";‘._." p,39MHb|e OkT96pb
2 /PU30HTDBI N\o3

Underground Horizons

000 «NPODH. !
OdmumansHeiin gunep BAL
g Cepepos3anagHom.pernoxe PoccHn

Ten.: 951-93-5050 &=
E-mail: 7@gnblider,m
http://gnblider.ru ~

2014

'l www.techinform-press.ru

i -

Mbl. TEXHOJIOTUM.
PE3VYJIbTAT.
FTOPAOCTD.

BbicOKOKa4YecTBeHHbIe
OeHToHMTLI M nonumepbl BAYJTIOKC

> §

49

=

A V¢

--.._“H-__ L




PoOKCKMMN TOHHEeJIb:



1 1.4 Lt
] = H =
-mebhs e 5f

K OTKPbITHIO ABWXEHUS roToB!




YBaxkaemble yntarenu!

Kaszanocb 6bl, CUTyaUMsa ¢ TPAHCMOPTHLIM Nepexoaom Yepes KepueHckuia
NPOJSIMB, CTPEMUTESIbHO Pa3BMBLLIASCS B NOCAeAHME NOAroaa, NpakTN4ecku
nposicHMnachk. B BLICOKMX MHCTaHUMAX onpeaenunu, rae (B panoHe Tys-
NMHCKOW KOCbl), 4TO (COBMELLLEHHbI MOCT) 1 3a CKONbkO (228,3 mnpa, pyob.)
6ynyT CTPOUTb, Aaxe 0603HAYMAM TOYHYIO AATy BBOAA B 3KCMayaTaumio —
16 nekabpsa 2018 roga. Co AHS Ha AeHb 0XUAanoch opuLmManbHOe Ha3Have-
HMe reHnoapPsaYMKa 3TOM rPaHANO3HOM CTPONKKN. HO 3TO «BOT-BOT» TAK U HE
npouncxoamno. YTo-To MAET He NOo NyiaHy, — TOJIbKO M YCNENM Mbl NPEANON0-
XWUTb, KK B MOCNeOHNe OKTOPbCKNE AHW NEHTbI MHPOPMareHTCTB 3anecTpe-
N 3arofioBkamu «KepyeHCKuii MOCT MOTYT 3aMeHUTL TOHHENeM», «CTpouUTb
MOCT OMacHO, HYXXEH TOHHENb» N T. 4. U T. M.

Hapno ckasaTb, YTO TOHHESIbHbIE BapMaHTbl M3HAYaIbHO PacCMaTprBaCh,
HO KaK-To, CKOpee, No UHepLmun, dopMansHo. MHOre akcnepTbl OTMEeTan Ux
cpasy, feckatb, 40poro 1 nonro. Mopon 1oxoamno A0 CMELLHOro: 3asiBNSNIOCh,
4TO C TOHHENIEM He yCreem No CPokam — HaAo YNOXMTLCS B YeThIpe roaa, a
TOHHENb BLICTPEE, YEM 32 YETLIPE C NOJIOBUHON, MOCTPOUTb HUKAK HENL3S. Mpn-
4eM He BaXHO, B KAKOM CTBOPE, MO KaKO TEXHONOMM, KaKUMK CUNamn U Cpea-
cTtBamu... He ycneem — n touka! Xots, K npumMepy, N0 NPUKMaKaM KUTANCKOM
CTPOUTENLHOW KOPNopaLumn (Ha ee CYeTy, B YaCTHOCTW, NOABOHLIN TOHHENb B
Makao), KpbIMCKIMIA TOHHESbHBIV NPOEKT MOXHO peann3oBath 3a 2,5 roja.

MoaTomy 1 noabopKy MaTepUanoB 0 NOrPYXHbIX TOHHENSX, FOe 0TMeYa-
nacb BO3MOXHOCTb MPUMEHEHWS laHHON TexHonornm B KepyeHckoMm nponvee,
Mbl FOTOBWIN CYry60 B MHOOPMALMOHHBIX LENsx: Aa, Obinm MHTepeCHbIe Noa-
BOJHblE NPeAJSIoXeHs], HO Ux oTcesinn. MocT Tak MOCT. BeposiTHO, Tak OHO 1
NpPon30naeT, N POCCUIACKOE MOCTOBOE 006U oaepxuT nodbeay. Ho noka ete,
Kak roBOPUTCS, BO3MOXHbI BApPUaHTbI.

Mo kpaitHeln Mepe, caenaH eLle OAWH Lwar No pa3BeH4YaHnio Muda 0 TOM, YTO
TOHHENb BCEraa Aopoxe MocTa. KepyeHckas UICTopus HarnsaHo AoKasbiBaeT,
4TO 3TO AANeKo He Tak. Bceraa TpebyoTcs KOHKPETHbIE pacyHeTbl KOHKPETHOro
MPOEKTa, a He OrynbHble, He NOAKPENNEHHbIE GUHAHCOBLIMM apryMeHTamm
BEpPAMKThI. M elle. BbicTynas B KOHLE OKTAOPS Ha Kpyriom cTone B Focayme,
3amnpep CoemuHa Kpbima, nonnpep, PK npu MpesnaeHTte PO 3as881n 0 TOM,

YTO «HY>XXHO CTPOUTb MOAYNbHbIV FTMOKMIA TOHHENb BEPXHEr0 3aneraHns» (Yutai:
NorpyxHow), no6aBuB, HTO «3Ta TEMA ELLE, HE 3aKPbITax.

Bynem BHMMATENbHO CNeauTb 3a Pa3BUTUEM COOLITUI.
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11 NPOEKTVPOBLLKOB

PASBUTUE METPOMOJIUTEHA
OTKPbIBAET MEPCIEKTUBbI

KOMIMJIEKCHOI'O
OCBOEHUSA
NOA3EMHOIO
NMPOCTPAHCTBA

FiTiTiiII = n
TTIAANAN B |

LLRRRNYT B B B

g g i'f-';'__,f'-- - ”

M 1y

B KpynHbix ropoAax ¢ BbICOKOM YACIEHHOCTbIO HacesIeHUs1 pa3BUTHUE NOA3eMHOM
TPaHCMOPTHON MHPPACTPYKTYPbI IBASETCS BaXHEALUUM YCII0BUEM TepPUTOPUaib-
HOro pa3Butus n obecnevyeHnss KOM@POPTHbIX N 6e30MacHbIX YCI0BUI NMPOXNBAHUS
ropoxaH. [pu aToM, KaK MoKa3biBaeT MUPOBas NPakTUKa, CTPOUTE/IbCTBO METPOIMO-
JIUTeHa No3BOJISIET He TOJIbKO 3(PEKTUBHO peLuaTb TPaHCHOPTHbIE U COLUalbHbIE
npo6siemMbl MeranosmcoB, HO U CO34aeT HeoOX0AUMbIE NPEANOCHIIKNA A1 KOM-
NIeKCHOro 0CBOEHMS MoA3eMHOro nNPOCTPaHCcTBa.

MOA3EMHBIE FTOPU30HTbI Ne3. Okta6ps/2014



Cnep,yeT OTMETWUTb, YTO HA CErOAHSILLHWIA LEHb NOA-
3eMHOE CTPOUTENBCTBO B POCCHN Kak OTAENbHAS 1
3HauMmas oTpacnb GakTUYecku OTCYTCTBYET. EAMHCTBEH-
HOE HanpaBNEHNE, KOTOPOE NPOAOIKAET Pa3BMBATLCS,

— 9T0 MeTPOCTPOeHne. OfHAKO NPUHLMMBI M NOAXOAbI K
MNaHNPOBAHWMIO HOBbIX IMHWIA W CTAHLMIA METPOMONUTEHA
He COOTBETCTBYIOT COBPEMEHHbLIM MUPOBBIM TEHAEHLMAM U
JaNeky 0T peabHbIX NOTPEBHOCTEN HaceneHus.

CnenyeT yuuTbIBaTh, 4TO CTPOUTENLCTBO METPOMOAMTE-
Ha — 3T0 He TO/bKO HEeOOXOAMMBIF MHCTPYMEHT Pa3BUTHS
TPAHCMOPTHOW CUCTEMBI MEranoamnca, HO 1 3P PEKTUBHLIN
PECYPC A5 KOMMAEKCHOTO 0CBOEHUS MOA3EMHOr0 NPO-
cTpaHcTea. MMpOBOM ONbIT HArNSAHO CBMAETENLCTBYET
0 TOM, YTO MNAHMPOBAHNE 1 NPOEKTUPOBAHME NIMHUI ME-
TPONOAWUTEHA M NOL3EMHBIX COOPYXEHUI KOMMEPYECKOT O,
KYNbTYPHOIO 1 COLMANBHOIO HA3HAYEHUS JOMKHO UATW B
pamkax eauHOro npouecca.

B 3TOM CMbICNE 0COBEHHO BaXHO, YTOOLI peann3aLms
MpOekToB B 06/1aCTN METPOCTPOEHWS N0 TEMNaM 1 Mac-
wrabam 6blna COOTHOCKMA C POCTOM 06BEMOB NOA3EMHOIO
CTPOWTENbCTBA B LieNIoM. B npoTneHOM ciyyae MeTpo obpe-
YEHO Ha CYLLLeCTBOBaHME BHe 00LLEein ropocKoi NPOCTPaH-
CTBEHHOWN CUCTEMBI.

I'naBHas npo6iema, ¢ KOTOPOWA Mbl CTaNIKMBAEMCS NPU
PacCMOTPEHWM 3TOT0 BONPOCA, — O4EBMAHAsA PasHuLa B
MCTOYHUKAX PUHAHCMPOBAHMS CTPOMTENLCTBA METPO M NOA-
3eMHbIX 00BbEKTOB KOMMEPYECKOT0 HA3HAYEHNs, Pacnono-
XEHHbIX B HEMOCPEACTBEHHO BNN30CTW OT CTAHLMIA METPO.
MeTpononuTeH kak HekOMMEpYeckas CTPYKTYPa, Hax04s-
Lasics B BEAEHWW FOPOLCKOM aAMUHMCTPaLMK, CTPOUTCS 3a
CYET PermoHanbHbIx 1 peaepanbHbiX B10aXeTHbIX CPeaCTB,
B TO BPEMS Kak KOMMEPYECKOE OCBOEHIE NOA3EMHOIO NpPO-
CTPaHCTBA UAET 3a CYET YACTHBIX MHBECTULWIA.

Mpw pa3Hbix crnocobax GUHAHCMPOBaHMS 1OCTUYb OIHO-
BPEMEHHOI peann3aLum NPoeKToB No CTPOUTENLCTBY
METPO ¥ NPpUAEratoLLmMX Noa3eMHbIX 06bEKTOB KOMMEpYe-
CKOr0 Ha3Ha4eHUs BO3MOXHO AIMLLIb NPW HAIMYWW JONTO-
CPOYHOI NPOrPaMMbl KOMMIEKCHOTO OCBOEHNS MOL3EMHOMO
MPOCTPAHCTBA W YETKO OTNAXEHHOr0 MEXaHWU3Ma rocyaap-
CTBEHHOMN NOAAEPXKM YACTHOrO MHBECTOPA.

Ou4eBMaHO, YTO HA CErOAHSLLHWIA IEHb OCTPO Ha3pena
HeoOXoAMMOCTb GOPMUPOBAHNS KOMMEKCHOMO UHCTUTYLW-
OHHOrO MEXaH13ma L1 PeLeHNs rPagoCTPOUTENbHBIX, TEX-
HWUYECKWX, IOPUANYECKMX 1 PUHAHCOBbLIX 3aaa4 B 0611aCTH
METPOCTPOEHMS 1 KOMMNIEKCHOrO OCBOEHWS NOA3EMHOrO
NPOCTPAHCTBA. MIMeloLwmnecs HECOOTBETCTBUS 1 NPABOBbIE
npo6enbl B POCCUIACKOI 3aKOHOAATENbHO 1 HOPMaTUBHO-
TEXHNYeCKoit 6a3e, perynupyoLLei BONpocs NOA3EMHOT0
CTPOUTENLCTBA, TPEDYIOT CKOPEMLLEr0 YCTPaHEHMS.

OTCyTCTBUE rOCYAapCTBEHHbIX FapaHTUiA
BNSl YaCTHbIX UHBECTOPOB

npu peanu3auum NPoeKToB
KOMIJIEKCHOIrO OCBOEHUS

NoA3eMHOro NPoCTpaHCTBa

MeTpOnonNUTEH ABAAETCSA HE TONLKO NEPEBO3YUKOM, HO
BLINOJHSAET rPafoo0pasyioLLyio GyHKLMIO, 0Becneynsas no-
BbILLIEHME YPOBHS KOMbOPTa 1 Ge30MacHOCTY NPOXUBAHNS

MOA3EMHBIE FTOPU30HTbI Ne3. Okts6ps/2014
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MMWPOBOW ONbIT HArNSAHO CBMAETENLCTBYET O TOM, YTO
NNaHMPOBAHME 1 NPOEKTNPOBAHNE NIMHWIA METPONONNTE-
Ha V1 MOA3EMHBIX COOPYXEHUIN KOMMEPYECKOro, KyNbTyp-
HOrO 11 COLIMaNbHOr0 HA3HAYEHNS JOMKHO MATY B pamKax

€41HOro npouecca.

B rOpPOACKOIA cpefe. Moa3eMHoe NpOCTPaHCTBO, MpUNeraio-
Liee K CTaHLMsIM METPOMONUTEHA, AOMXHO BKAOYaTh B cebs
BCE He00X0aMMble 30HbI 0BLLECTBEHHOMO NO/b30BAHNS —
TPaHCMOPTHbIE NEPECALOYHbIE Y3/bl, NELLEXOAHbIE Fanepen,
TOProBO-Pa3BNekaTeNbHbIE LIEHTPBI, 30HbI OTALIXA, KYNbTYP-
HblE U CNOPTUBHBIE COOPYXEHMS.

YunTbiBas, 4T0 METPO OTHOCUTCS K CUCTEME OBLLECTBEH-
HOro TPaHCNopTa M HaX0AMTCS Ha GanaHce ropoLcKoro
GloakeTa, ropofickas aAMMHUCTPALMS ONPEAENSET CPOKM 1
00bEMbI CTPOUTENLCTBA METPOMNONNTEHA, a TAKXE OCYLLEeCT-
BASieT GUHAHCMPOBAHME TVX MPOEKTOB.

YT0 KacaeTcs KOMMEPYECKMX NOA3EMHbIX 0OLEKTOB, NPK-
NEratoLLX K CTaHUMSIM METPOMONNTEHA, UX CTPOUTENLCTBO
1 HUHAHCMPOBaHWE OCYLLECTBINETCS YACTHLIMU UHBECTO-
pamu Ha OCHOBE roCYAapCTBEHHO-4aCTHOrO NAapTHEPCTBA.

0pnHaKo Ha CerofHALLIHUIA AEHb Mbl BULUM OTCYTCTBUE
3bdEKTVBHOrO B3aMMOLENCTBMS rOCYAAPCTBA U YAaCTHOrO
CeKTopa, YTO CTaBUT MOZ, Yrpo3y BO3MOXHOCTb peanu3aumnm
KOMMEKCHbIX NPOEKTOB, B KOTOPbIX COOPYXEHUE HOBbIX
CTaHL METPO TECHO YBS3aHO C MPOEKTaMM KOMMIEKCHO
3aCTPOVKM MOL3EMHOIO MPOCTPAHCTBA.

Cnepnyet NoHMMaTb, 4TO NtoBble MPOEKTbI KOMMIEKCHOrO
0CBOEHMS NOA3EMHOr0 NPOCTPAHCTBA B CUNTY CBOEI Mac-
WTABHOCTH, TEXHOMOMMYECKOI CIOXHOCTY 1 COLMANbHOA
3HAYMMOCTV TPEBYIOT NOAAEPXKKM rOCYAAPCTBEHHbIX CTPYK-
Typ. MpnBNEKaTb MHBECTOPOB KpaitHe BaXHO, 63 HUX MHO-
rvie MPOEKTbI HEOCYLLECTBUMBI. HO noKa y noTeHUMansHoro
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PaccmatpuBas BONpOoCh 9KOHOMMUYECKOIA LieNnecoobpas-
HOCTW MPOEKTa MOA3EMHOT0 CTPOUTENbCTBA, HE0OXo-
VMO Y4UTbIBATb rE0Nornyeckne 0CoBEHHOCTU Teppu-
TOPUK, CTEmNeHb M3HOCA U 0COBEHHOCTU PACMONOXEHUS

NoA3eMHbIX KOMMYHI/IKaLI,I/II‘/JI.

MHBECTOPA He BYaeT onpeaeneHHbIX rapaHTUiA, OH He CTaHET
BKJ1adblBATbCA B MPOEKTbI KOMMJIEKCHOr0 0CBOEHUS NoA-
3eMHOr0 NPOCTPAHCTBA, Tak Kak OKYNnaeMOoCTb NOA3EMHbIX
COOPYXEHWIA LOCTUrAeTCs YePEe3 AKCINyaTaLmio 0ObekTa.

3meHeHne KOHLenunn KoMnnekCcHOro 0CBOeHna noa-
3EeMHOr0 NPOCTPaHCTBA TPEBYET KapAMHANBbHOMO U3MEHe-
HWA NoAXo4a K NjiaHMPOBAHMIO CTPOUTENLCTBA, aHan3y
(UHAHCOBBIX 3aTPaT U NOCNEAYIOLLEN SKOHOMIUYECKON
BbIroAbl. HE06X0AMMO CO3aaBaTh COOTBETCTBRYIOLLE
YCNIoBUA And npuBie4eHUsa YaCTHbIX I/IHBGCTI/IU,VIVI, aang
3TOro CleayeT MeHsITb 3aKOHOAATeNbHYI0 6a3y M HaaensTh
npaBoM COBCTBEHHOCT Ha NMOA3EMHbIE COOPYXEHMS YaCT-
HbIX MIHBECTOPOB.

CoupanbHas 1 9KOHOMUYeckast CTOMMOCTb MPOEKTOB
KOMMEKCHOr0 0CBOEHMS MOA3EMHOT0 NPOCTPAHCTBA [OMX-
Ha OLLeHMBaTbCS 0ObEKTUBHO. KOMMEPYECKME COOPYXEHUS,
npunexatipe K CtTaHunsam MeTpo, HEOGXO,EI,I/IMO NnpoexTnpo-
BaTb 1 CTPOUTH OJHOBPEMEHHO C 06bEKTAMW MHPPACTPYK-
TYpbl METPOMNOAUTEHA.

MeTpononnTeH kak rocyapCTBEHHAs CTPYKTYpa MOXET
3aK/04aTh CornalleHms ¢ MHBECTOPaMM Ha y4acTue B Npo-
€KTe KOMIMJIEKCHOrO OCBOEHHS NOA3EMHOr0 MPOCTPaHCTBA.
MpaBo coBCTBEHHOCTY Ha 0OBEKTHI MOXET 0CTAaBaThCA 32
METPOMOMTEHOM, B TO BPEMS Kak Npasa Ha npuobiib 0T
JKCnNyaTaLn COOPYXEHUi i KOMMEPYECKOro Ha3HAYEHMS
MOryT ObITb Pa3feneHbl MeXay METPOMNONMTEHOM 1 UHBE-
CTOPOM B COOTBETCTBUI C YCNOBUAMU KOHTPAKTA.

PaccmatpuBas BONPOCH 9KOHOMUYECKOI Lienecoobpas-
HOCTU NPOEKTa NOA3EMHOr0 CTPOUTENLCTBA, HE0BX0AMMO

Y4MTbIBATH re0NorMyeckie 0COBEHHOCTY TEPPUTOPMM,
CTeneHb M3HOCA 1 0COOEHHOCTM PACMONOXEHNS NOA3EM-
HbIX KOMMYHUKaLuin. CnefyeT NpuHUMaTh BO BHUMaHWUE
CTOMMOCTb BbICBOBOXA2EMbIX 3EMeb 1 Pa3Mep MHBECTU-
LIMI, KOTOPbIE FOPOZ MOXET NOAYYUTb 38 CHET OCBOEHMS
[laHHbIX TEPPUTOPUIA. HeM KpynHee MHOrOQYHKLMOHANbHBIA
I'IO,D,3eMHbIVI KoMnnekec, TemMm ageLlesne ero CTponTenbCTBo Ha
€AMHMLY NIOLAAK, a 3a CHET SHEProaPEKTUBHOCTM NOA-
3eMHbIX COOPY)XEHMIA SKCMTyaTaLMOHHbLIE PACXOAbI 3a4a-
CTYI0 3HAYNTENIbHO HIXE, YEM Y MOCTPOEK Ha MOBEPXHOCTU.
CyLLecTBYIOT M HEMPAIMbIE BbIrOAbl, TakMe Kak yyyLIeHne
TPAHCMOPTHON 1 3KONOrMYECKO 0OCTAHOBKM MEranonmea,
C03AaHVe KOMDOPTHBIX YCAOBWIA MPOXMBAHMS AN FOPOXaH.

HecoBepLueHCTBO CUCTEMbI yNpaBneHUs
oTpacnblo NOA3EMHOro CTPOMTENbCTBA
M HESICHOCTb NOJIHOMOYMIA
rocyapCTBEHHbIX OPraHoB

3acTpoiika NoA3eMHOr0 NPOCTPAHCTBA BO3/E CTaHLAN
METPO MOXET OCYLLECTBNATLCA MO MHULMATBE OPraHoB
roCYApCTBEHHON BNACTW, METPOMOAUTEHA U KOMMaHWIA-
[AeBenonepoB. ABCOMIOTHO PasHble NOAXOAb! ¥ NPUOPUTETHI He
MO3BONSIOT ITUM CTPYKTYPaM BblpaboTaTh eayHylo 6naro-
NPUATHYIO CTpaTerno AedaTenbHOCTU ANg BCeX yHaCTHNKOB OT-
pacn1 noa3eMHoro cTpouTenscTea. QueBnaHo, YTo crcTeMa
roCyAapCTBEHHOr0 YrpaBneHus B 061acTy Noa3eMHOro CTPO-
UTENbCTBA HYXOAeTCA B PA3BUTUM 1 COBEPLUEHCTBOBAHNI.

Poccuiickuin n 3apyBexHbIi OMbIT CBUAETENLCTBYET O TOM,
YTO METPONONNTEH NPU NoJAepPXKe ropoacKkoro npaBuUTeNb-
CTBA AOJIKEH NMOMYYUTD MABEHCTBYIOLLYIO POJIb NPY PELLEHNN
BOMPOCOB, CBS3aHHbLIX C 0CBOEHWNEM NOL3EMHbIX TEPPUTOPWIA
B HEMOCPECTBEHHOM 6/IM30CTM OT CTAHLMIA METPO. MIMEHHO
METPOMOUTEH ABNSIETCS KNIOYEBOM GUrypoii (kak B 061acTH
VICCﬂe,D,OBaHMVI, TakK 1 KOMNJIEKCHOro 0CBOEHUA N0A3EMHOIo
NPOCTPAHCTBA MEranoancoB), KOTOPbIA HEOBXOAMMO Ha-
LENNTb NOHOMOYMSIMMW 415 PELUEHMS NPaKTUYECKMX 3a4aY,
CB$I3aHHbBIX C Pa3BUTNEM CUCTEMbI KOMMJIEKCHOIO NNaHnpo-
BaHWs B 0671aCTW NOJ3EMHOM0 CTPONTENLCTBA.

HepocTaTOMHOCTb MHXEHEPHO-
reosiormyeckux nccnenoBaHum
M OTCYTCTBUE NEepPCNeKTUBHOro
nNNaHWpoBaHus

YunTbiBas cxatble CPOKM Peanm3aLmm NpoeKToB METPO-
CTPOEHKUd, KOMMNJIEKCHbIe nccnenoBaHnsa noa3emMHOro
MPOCTPAHCTBA OCYLLECTBASIOTCS LOBOBHO MOBEPXHOCTHO.
MwmetoLascs 3akoHopaTenbHas 1 HOpMaTUBHO-NPaBOBast
6a3a perynmpoBaHusi ropoacKoi 3aCTPOVKM He COAEPXUT
cneunduyeckux TpeboBaHUiA K NPOEKTaM KOMMNEKCHOTO
0CBOEHNA Ha3EeMHbIX 1 NOA3EMHbIX TeppI/ITOpI/IVI, Haxonas-
LLMXCS B HEMOCPEACTBEHHOM BIM30CTU OT 06LEKTOB WH-
pacTpyKTypbl METPOMOAMTEHA, OTCYTCTBYIOT TPEOOBaHMS K
TPAHCMOPTHBIM M KOMMEPYECKUM NOA3EMHbLIM COOPYXEHM-
IM, CBA3bIBAOLLMM [LaHHYI0 MHPPACTPYKTYPY C rOPOLCKON
3aCTPOVKOIA.
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Kpome Toro, CyLecTByIoLLEE 3aKOHOAATENLCTBO 1
cucTema rpagoCcTPOUTENBHOMO NAaHMPOBaHMS He 0TBeYa-
10T COBPEMEHHbLIM Tpe6OBaHVIFIM KOMMNJIEKCHOIo OCBOEHUA
ropoackoro nof3eMHOro NPOCTPaHCTBa, HaxoasLLEerocs B
YacTHO COBCTBEHHOCTU, Tak Kak 3aKOHOAATENBHO He ype-
ryAMpOoBaHbl BOMPOCHI NpaBa COBCTBEHHOCTU Ha NOA3EMHbIE
00beKThI.

CoBpeMeHHble 1ccnefoBaHns B 061acTy passuTus 1
OCBOEHWS MOA3EMHOr0 NPOCTPAHCTBA BAOb IMHUIA Me-
TPONOANUTEHA AOMXKHbI BbITh NONOXEHBI B OCHOBY NEPCHeK-
TWUBHOrO NMNNaHMPOBaHNA N NPOEKTUPOBAHNA AAHHbIX NVHWA.
BaxHo, 4Tobbl McCnenoBaHNS KOMMIEKCHOr0 OCBOEHMUS
MOA3EMHOr0 NMPOCTPAHCTBA B 3TUX 30HAX NPOBOAMANCH HA
NnoAroToB1UTEIbHOM 3Tane NPoekTNPOBaHUA. y'-IaCTKVI, Ha
KOTOPbIX BO3MOXHO OJHOBPEMEHHOE COOPYXEHME CTAHLMIA
MEeTPO M NOA3EMHbIX 00bEKTOB KOMMepP4eCcKoro Ha3Ha-
YeHus, OOJDKHbI BKOYATLCA Kak B MPOEKT CTPOUTENbCTBA
MeTponoJinTeHa, Tak 1 B NPOEKT Pa3BUTUSA Ha3eMHOM ro-
POZCKOW 3acTpOikK. CcTeMa NaHMpOBaHMs 0MXHa ObiTb
yAyyLUEeHa C y4eTOM UCCNeN0BaHUA KOMMIEKCHOTO 0CBOE-
HWS NOA3EMHOI0 MPOCTPaHCTBA. B 3TOM CMbiCie 0COOEHHO
BaXHO CO3[1aH1E eUHbIX MHXEHEPHO-re0NorM4eckux KapT,
JA0LLMX LIENOCTHYIO KapTUHY 0COBEHHOCTEN YCTPOIACTRA
MoJ3eMHOr0 MPOCTPAHCTBA FOPOCKUX TEPPUTOPUIA.

OTcyTCcTBME CNeunann3mpoBaHHbIX
opraHu3auuii, peryimpyroLmx
OesaTeNbHOCTb B 06/1aCTU KOMMJIEKCHOTO
OCBOEHMS ropoACcKOro NoA3eMHOro
NPOCTPaHCTBA

CTtpemuTensHoe pa3BuTiie METPOMONMTEHA Aan0 TONYOK
KOMMIEKCHOMY Pa3BMTMIO MOA3EMHOI0 rOPOACKOro npo-
CTPaHCTBa, HO TakKe NopoauNo psad, npobnem, KOTopble
[OMXHbI ObITb PELLEHbI NTPOPUIBHBIMY CTRYKTYPaMI FOPOS-
CKOro NpaBUTeNLCTBA B KpaTyaiilumne cpoku. C To4KM 3peHns
VHBECTVUPOBAHMS, MNAHNPOBAHMS, YCTAHOBNEHUS NPaB
BNAJIEHNS, YNPABNEHNS CTPOUTENBLCTBOM U 3KCMyaTaLmeit,
METPONOANTEH KypUPYeTCa psaoM NpoduibHbLIX rocyaap-
CTBEHHbIX BeAOMCTB. OIHAKO 3aKOHOOATENLCTBO M CUCTEMA
HOPMATWBHO-TEXHWUYECKOrO PEryIMPOBAHNS HE COOTBET-
CTBYIOT TPEDOBAHMSM CErOAHSILUIHEr0 AHS1, HE YCTAHOBEHA U
OTBETCTBEHHOCTb TEX VN MHBIX FOCYAAPCTBEHHBIX CTPYKTYP
3a pasBuTIE OTPACN METPOCTPOEHUS. 3a4acTyio Geaepab-
Hble 1 PErMoHasbHbIe OpraHbl BAACTM He MOryT BbipaboTaTh
00LLYIO TOYKY 3PEHIS MO KMIOYEBLIM BONPOCAM, ONPeaennTb-
€81 CO CTpaTervein KOMMIEKCHOro 0CBOEHMS MOA3EMHOIO
MPOCTPAHCTBA, 4TO ABNSIETCS CYLLECTBEHHBIM CAEPXMBAIO-
LM HaKkTOPOM M OKa3bIBAET HEFATUBHOE BNMSIHWE HA NPO-
LIECC KOMMIEKCHOrO OCBOEHIS OKPYXAIOLLLEro MPOCTPaHCTBA,
NPV1BOAS K HEMOMPaBUMbIM OLLIMOKaM.

PelueHmem npobnembl MOXET CTaTb CO3AHNE eAUHbIX
MHDOPMALIMOHHBIX LIEHTPOB, KOOPAMHUPYIOLLWX MPOEKT-
HbIE U CTPOUTENbHBIE Pa00ThI N0 COOPYXEHMIO 0OBEKTOB
MoA3EMHOI MHDPACTPYKTYPbI 1 MPOKNAAKE MHXEHEPHBIX
KOMMYHVKaumid. HegocTaTok KoopanHaumm AeicTBnin
rOCYIapCTBEHHbIX CTPYKTYP, 3aKa34MKOB 1 NOAPSAYMKOB
nomkeH 6biTb NpeogoneH paay 3GHEKTUBHOCTY PeLLeHus
3aa4 B 061aCTV KOMMAEKCHOT0 0CBOEHUS MOA3EMHOrO
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npoCTpaHcTBa. [Mpn 3T0M 04EBUAHO, YTO OCYLLECTBEHNE
MHGPACTPYKTYPHBIX MPOEKTOB BO3MOXHO JINLLb NPK HANM-
4UM NOAMTUYECKON BOAU U FOCYLAPCTBEHHON NOAAEPXKKN.

Axanuaupys npo6nembl B 061aCTV KOMMNEKCHOTO OCBOE-
HWS NOA3EMHOr0 NPOCTPAHCTBA W MYTH WX PELLEHNS, He-
TPYAHO 3aMETUTb, Y4TO NEPCNEKTUBHOE PA3BUTIE FOPOACKMX
TEPPUTOPHIA M NOA3EMHOO MPOCTPAHCTBA BKIIOYAET B CE0S
BECb CMEKTP rPasoCTPOUTENbHBIX, TEXHUYECKMX, 0OLLECTBEH-
HbIX M 9KOHOMUWYECKMX 3afad. dbdekTBHasA peann3aums
MPOEKTOB METPOCTPOEHNS HAPSAY C KOMMEKCHBIM OCBOEHU-
€M MOA3EMHOr0 NPOCTPAHCTBA BO3MOXHA NWLLIb TOrAa, KOraa
CHOPMYNMPOBaHBI MHCTUTYLIMOHHBIE MEXaHU3MbI B3aUMO-
[LEeACTBUS MEXLY FOCYAAPCTBEHHBIMY CTPYKTYPAMM 1 BCEMM
Y4aCTHWUKaMM CTPOMTENBHOMN OTPaCn.

'0BOPSA 0 NEPCNeKTUBAaX KOMMIEKCHOTO 0CBOEHUS
non3emMHoro npocTpaHcTBa CaHkT-MeTepbypra, cneayet
OTMETUTb, YTO, MOMUMO CTPOUTENLCTBA METPOMOAUTEHA,
MacLLUTabHbIX MPOEKTOB B 3TOMN Chepe B banxaiiluee Bpems
He nnaHupyeTcs. [ing ropopaa ¢ ero 6oraTsiM apxMTEKTYP-
HbIM HAacneaveM 3TOro IBHO HeAOCTATOYHO, TeM Boee 4To
B Ja/IbHENLLIEM Xa0TNYHAs 3aCTPOMKA NOA3EMHbIX TEppu-
TOPWIA He NO3BOANT OCYLLECTBAATL KOMNEKCHbIE MHbPa-
CTPYKTYPHbIE NPOEKTLI. O4EBUAHO, YTO N3y4EHNE OMbITa 3a-
PYBEXHbBIX MEranoa1CcoB NO3BONMT M30eXaTb NOCNELCTBUN
MPWU3HAHHBIX BO BCEM MUPE TPaLOCTPOUTENbHBIX OLLMBOK,
CIKOHOMMB MacCy BPEMEHW W CPEACTB A5 peanu3aumnm
COBPEMEHHBIX 11 CTONb He0BX0aMMbIX CEBEPHON CTOAMLIE
MPOEKTOB NOL3EMHON ypOaHN3aLum.

OPPEKTUBHAA peanu3aLms NPOEKTOB METPOCTPOEHUS
HapsOy C KOMMIEKCHbIM OCBOEHVEM MOA3EMHOr0 npo-
CTPaHCTBA BO3MOXHA NINLLb TOrAa, Koraa chopmympo-
BaHbl WHCTUTYLMOHHbIE MEXaHW3Mbl B3aVMOENCTBUS
MEX[y rocydapCTBEHHbIMU CTPYKTYPaMM M BCEMU y4aCT-

HUKaMW CTPOWUTENBbHOI OTPACH.
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S.N. ALPATOV
CEO of the Association of Underground U N D E R G R o U N D
Constructiors and Designers
A sound underground transport
infrastructure is a key requirement EXT E N s I o N P AV ES
for sustainable regional development
and safe and comfortable living
mommmmeommaes.  THE WAY FOR COMPREHENSIVE

Best international practices

show that Underground railway

construction both enables efficient D EVE LO P M ENT

solution to various transport and

social challenges of mega-cities, O F TH E S U B S U R F AC E S P AC E
and offers requisite conditions for

comprehensive development of the

subsurface space potential. POTE NTIAL

It ought to be noted that underground
construction as a separate and significant
industry do not actually exist in Russia. The

only area that continues to evolve is the
Underground railway or metro construction.
However, principles and approaches currently
applied to planning of new lines and stations

do not conform to global trends and cannot
satisfy the real needs of population. It should

be kept in mind that underground construction
nowadays is not only an essential tool to develop
urban transportation system in megacities. It
has become a useful and effective resource

for comprehensive development of the
underground space potential. World practices
clearly demonstrate that planning and design

of metro lines and of underground commercial,
cultural and social facilities have to be integrated
into a single project and proceed in a single
workflow.

In this context it is especially important
to commensurate scale and speed
of Underground engineering projects
implementation with the growth of underground
construction sector as a whole. Otherwise,
the Underground railway is doomed to remain
outside urban common space.

The main problem that we face in dealing
with this issue are strikingly different financial
sources funding the construction of the
Underground lines and stations from one side,
and those providing means for the construction
of underground commercial facilities near metro
stations, from the other side. Being a non-profit
organization managed by the city administration,
the Underground railway is built and financed
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through federal and regional budgets, while
commercialization of underground space is
financed from private funds.

In view of the situation, the only way to bring
together Underground infrastructure projects
and commercial facilities development
initiatives knitting them into an integrated
whole, is to launch a comprehensive long-term
program of underground space development.
This program must be supported by a well-
functioning mechanism ensuring state support
to private investors. There is an evident and
strong need of setting up a comprehensive
institutional mechanism capable to resolve
urban planning, technical, legal and financial
problems related to the Underground
construction and comprehensive development
of subsurface space. Current inadequacy and
legal gaps in the Russian legislative framework
and in technical statutes regulating underground
construction issues, require urgent solutions.

The absence of state guarantees
for private investors involved in
comprehensive development of
underground space

The Underground railway (metro) is not
only a carrier; it isanimportant urban
element that sets new standards in terms of
safe and comfortable living environment. The
underground space adjacent to metro stations
should incorporate all necessary public areas:
transport interchange nodes, pedestrian
galleries, shopping centers, recreational,
cultural and sports facilities.
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The Underground railway is a part of public
transportation system, henceitis governed by
municipal administration that - defines construction
terms and volumes, and funds the projects.

As concerns commercial underground
facilities located near the Underground stations,
their construction is financed by private
investors through public-private partnerships.

Yet we are witnessing the lack of effective
cooperation between the government and the
private sector; the de facto situation impedes
the possibility to implement integrated
projects in which construction of new metro
stations is closely aligned with comprehensive
development of underground space.

It should be understood that because of
their scope, technological sophistication and
social importance any of underground space
comprehensive development projects will
require government support. It's extremely
important to intice investors, as without
them many of eventual projects would not be
feasible. But as long as a potential investor is
not entitled to certain guarantees, he will not
invest in underground space comprehensive
development projects, since the expected
return can be only achieved during the in-
service period, through the facility operation.

The shift in the concept of underground
space comprehensive development can be
reached by a fundamental change in the
approach to construction planning as well as to
the analysis of costs and subsequent economic
benefits. Private investors can be inticed only by
appropriate conditions, which means that the
existing regulatory and institutional framework
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should be modified in ways that permits
private investors to own and/or operate the
underground structures they invested in.

The social and economic value of
underground space comprehensive
development initiatives should be assessed
objectively. Commercial structures located on
areas adjacent to the Underground stations
must be designed and built concurrently with
the Underground infrastructure facilities.

Being a government institution, the
Underground railway may enter into
agreements with investors and participate
in underground space comprehensive
development projects. Ownership rights can
remain with the Underground railway, while
the rights to operating profit gained from
commercial facilities may be divided between
the Underground railway and the investor in
accordance with contractual terms.

When considering economic viability of an
eventual underground construction initiative,
one should take into account local geology, the
degree of wear and especially the location of
underground facilities.

Another important feature is the cost of
released lands, as well as the quantity of
investment that the city may obtain from the
development of these areas. The bigger are
dimensions of a multi-functional underground
complex, the lower are construction costs per
unit area, and energy efficiency of underground
structures will cut operating costs making them
significantly lower than these of the surface
buildings. There are also indirect benefits,
such as improved transport and environmental
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conditions in megacities as well as evolution of
safe and comfortable living environment.

Inefficient management

of underground construction
sector and ambiguous
competences of state agencies

Development of subsurface space adjacent to
the Underground stations can be driven by state
agencies, Underground railway or property
developers. These structures have completely
different priorities and apply very different
approaches to the matter. As a result, they
are not able to develop any common strategy
favorable for all and every stakeholder engaged
in the underground construction sector.

It is evident that public administration system
in the underground construction sector needs to
be upgraded and improved.

Russian and foreign practices show that the
leading role in the development of subsurface
space adjacent to metro stations should be
assigned to the Underground railway supported
by the city government. No other than the
Underground railway system is a key actor
both in the research and comprehensive
development of the underground space in
megacities, and this key actor must be granted
all the powers needed to develop a multiple
objective planning system in the underground
construction sector.

Inadequacy of geotechnical
survey and lack of long-term
planning

Given tight deadlines normally fixed
for Underground project implementation,
geotechnical survey carried out for the
subsurface development purposes is rather
superficial. The current legislative and
regulatory framework does not contain

any specific requirements for integrated
development of surface and underground
areas located in the immediate vicinity of the
Underground infrastructure. The law does

not set any requirements for transport and
commercial underground facilities that would
incorporate the infrastructure into urban fabric.

In addition, the existing legislation and
urban planning system do not match current
requirements of comprehensive urban
underground space development, especially
in case of privately owned spaces, since
ownership of underground facilities is still a
pending regulatory issue.

Forward planning and design of the
Underground lines must be based upon modern
research and development concentrating
on the extension of the underground space
along these lines. It is important to carry
out the underground space comprehensive
development research at the preparatory phase
of the design. The areas where construction of
metro stations can proceed in parallel with the
construction of commercial facilities, should
be included both in the Underground railway
and in urban development projects. Planning
systems must be upgraded and improved
following the results of underground space
comprehensive development research. In this
context it is especially important to create single
geotechnical maps that will display a coherent
picture of urban underground space structure.

The lack of specialized agencies
governing activities in the area
of comprehensive development
of urban underground space

Rapid development of the Underground
railway gave a boost to comprehensive
development of urban underground space but
has also brought a new set of challenges that
must be met by specialized local government

entities as soon as possible. Investment,
planning, ownership, management, construction
and maintenance issues of the Underground
railway are supervised by a number of specialized
public agencies. However, legislation and
technical regulation systems are not longer
in compliance with current requirements.
Responsibilities of various government agencies
for the development of the underground
construction sector have not been assigned.
Rather often federal and regional authorities
cannot reach a consensus on key issues, and
to come up with a strategy for comprehensive
underground space development. This is
animportant deterrent that undermines
comprehensive development of the surrounding
space and leads to irredeemable mistakes.

These concerns can be resolved by setting
up one-stop information centers that will
coordinate the design and building works in the
area of underground infrastructure and utility
lines construction. The lack of coordinate action
on the part of various governmental agencies,
customers and contractors must be overcome
for the sake of efficient and successful problem
solving in the area of underground space
comprehensive development. Itis clear that
a successful implementation of infrastructure
projects can only come as a result of an active
political will and public support.

Analyzing underground space comprehensive
development challenges and the means
to address them we will easily see that the
long-term development of urban areas and
of underground space includes the entire
spectrum of urban planning, technical, social
and economic tasks. Effective implementation
of Underground railway engineering projects
alongside with comprehensive development
of underground space is possible only under
adeveloped institutional framework set up to
ensure interaction between public authorities
and all construction industry stakeholders.

Speaking about the prospects for
comprehensive development of the
underground space in St. Petersburg, it
is important to point out that apart from
Underground engineering projects no
immediate large-scale underground initiatives
are planned here. For the city of a rich
architectural heritage it is definitely not enough,
particurarly since a further chaotic development
of underground areas will inhibit comprehensive
infrastructure projects. It is obvious that
analytical study of positive experiences
gained by world megacities will prevent
damaging effects of internationally recognized
architectural mistakes thus saving a lot of time
and resources for modern and so much-needed
projects of underground urbanization in the
northern capital.
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AJIEKCAHAOP

NEAYEB

O MPO30P/INBOCTH
[NPEOKOB,

«TAHUAX OT MNMEYKW»,
KOHCEPBATUSME

N U3ALLHOCTU
PELLIEHWW

Xutenu CeBepHoii CTONNLbI B TOC/IEAHEE BPEMS YXKe NPUBbIKIIA C U3PSAHONA foneii
CHUCXOAUTENIbHOI0 CKeNcmUca OTHOCUTLCS K NPE3eHTaLMUsIM MacLUTaOHbIX TPaHCMOPT-
HbIX MPOEKTOB, MEPUOANYECKM MOSIB/SIOLLMXCS N3 HEAP roPOACKOI aAMUHNCTPALIMH.
JAeckatb, «Me4TaTb He BpeAHO — BPEAHO He MeyTaTb». A BeAb Kak BCE NPEKPACHO Bbl-
rASAUT: MaKeTbl, CXeMbl, KOHKPETHbIE CPOKU, 00eLaHns GNecTaLYMUX NePCNeKTUB. ..
Kaxertcs, geno Ha masu, eLe YyTb-4yTb U HAYHETCS PeasibHbili CTPOUTE IbHBINA NPO-
Lecc, HO... MPOXOAUT BPEMS U NPOEKT OTK/1aAbIBAETCS B RO ALLMK. 3a4acTyio ero
OKOHYaTeJIbHO XOPOHSIT, MHOTAa BOCTAIOT, CAYBAIOT Mbl/Ib CO CTapbIX NaNoK 1 CHOBa
NbITAIOTCA 3aMyCTUTb, BIPOYEM, C TEM Xe ycrexoM... OCHOBHYIO MpuYnHY Nof00HO
Henocief0BaTeIbHOCTN BUBST, NPEXAEe BCEro, B HeXBaTke CpeAcTs: Ta xe Mocksa, K
npumepy, 6narogaps conuaHomy GUHaHCMPOBAHUIO B NOCNIEAHUE roAbl NEPeXuBaeT
HacTosLwmii 6yM TPaHCNOPTHOrO CTPOUTENbCTBA.

Paccka3atb 0 HenpocToii cyabbe neTepOyprcKux NPOeKToB, NPodaemax 0CBOeHUs
MoA3eMHOro NpoCTPaHCTBa B ropoge Ha Hese n MHOrom fpyrom Mbi onpocuIn BOoK-
TOpa TeXHU4YeCcKux Hayk, npogeccopa, 3asegyioLero kacgpeapoii «TOHHe N N MeTPo-
nonuteHbl» [leTepbyprckoro rocyAapcTBEHHOro yHUBepCcUTeTa nyTeli coobLeHuns
Anekcangpa Jlegsiesa.
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becepnosana
Mapus BACWJTbEBA
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nexcaHgp MeTtposuy, kakosa, No BaLiemy
HEeHWI0, NPUYMHA 0TKa3a oT npoekTa Op-
NOBCKOr0 TOHHENA?

— Bonpoc 0aHOBPEMEHHO 1 MPOCTON 1 CNOXHBIA. Ha
nepBbli B3rNs, Bce AoctatodHo 6aHanbHo: 000 «Hesckas
KOHLIeCCNMOHHas KOMNaHnga» — aBTOP NocnegHero BapuaHTa
MPOEKTa — He YN0XMIOCh B OTBELIEHHYIO FOPOLOM CyMMY.

Ho rosopuTb 06 MCTOPMM HECOCTOSIBLLErOCS 00bEKTA
cnepyet ¢ 6onee paHHKX cobbITUiA. Mano KTo NOMHWT, HO B
CBOE BPEMS K/TIOYOM K peanusaum npoekta OpnoBckoro
TOHHENS CYMTANOCh CTPOMTENLCTBO NepenpaBbl HA KaHOHEP-
CKWI1 OCTPOB.

— Kak oH1 MoryT ObITb CBSI3aHbI?

— WcTopus noggoaHbIx nepexoaos nod Hesoii nmeet 60-
nee 4em 40-neTHioo uctopito. OpnoBcKuiA CTBOP (Ha3BaHe
[iaHo Mo pacronarasLueica psaom aade rpada Opnosa) 6bin
0603HaueH eLLe B ['eHepanbHOM NyiaHe pa3suTiS JIEHWH-
rpapa 1965 ropa, a 14 net cnycta u B ['eHepanbHOM Cxeme
MNaHMPOBOYHOW OPraH13aLmMM 1 UCMONL30BaHUS NOL3EMHO-
ro NPOCTPaHCTBA, B CO3A4aHUM KOTOPOI NPUHUMAT y4acThe 1
BaLL NOKOPHbIN cnyra.

MecTo 370, KaK MPUHATO FOBOPUTL, CIOXMA0CH UCTOPUYE-
cku. Ha kapTe MeTepBypra MOXHO HaliTi HemMano reorpa-
U4HeCKUX TOYEK, FAe HaLLW NPeSKy CO34aBani BCE YC0BHMS
INsi CTPOWUTENBCTBA B OTAaNeHHOM ByayLlem nepexoaa
yepe3 Hey. OpnoBckuMin CTBOP — OfiHA M3 HKX. [lpyroe aeno,
MOTOMKaM CNEA0BA0 PELUUTb, YTO CTPOWT: MOCTbI UK
ToHHenu. B 1960-x ropax aToT Bonpoc BypHo obcyxnancs. B
pesynbTaTe CoNM HeLenecoobpasHsiM BO3BEAEHUE MOCTOB
B NPEAEenax MCTOPMYECKOro LEHTpA.

Camoe MHTEpPeCHOe, YTO rNaBHbIM, COrnacHo MeHepanbHON
CXeMe, CHMTasCs Nepexop B CTBOpe 22-23-1 nHuia Bacu-
NbEBCKOro 0CTPOBA BO3/e [OPHOIr0 MHCTUTYTA, BTOPLIM MO
3Ha4MMOCTM Bbin onpeaeneH OpnOBCKMIA TOHHEb, TPETLIM —
nepexop Yepe3 HeBy 6113 npocnekTa BonbLLEBMKOB, ellle
OLMH SOMKEH HAXOAMTLCS BbILLE MO TEYEHMIO PEKM Mexay Oy-
ayuwim OpnoBckuM TOHHeNeM v JuTeiiHbiM MocToM. Bcero
MNaHMPOBANOCh NOCTPOUTL CEMb NOBOAHBIX NEPENPAB.

Cpasy xe NpuLuno peLueHne 06 NCNoNb30BaHNM MeTOAA
OMYCKHBbIX CeKUMIA. [Inst 0BKaTKKM 3TON TEXHONOTM 1 BbiN
COOPY>XEH TOHHENb Ha KaHOHEPCKuiA OCTPOB, NEPBLIN 1 NOKa
€[VHCTBEHHBIV B CBOEM POSE.

— Moyemy Obi1 BbIGPAH MIMEHHO 3TOT MeToA?

— HecoMHeHHbIE NAoCkl JAaHHOW TEXHONOMM — BO3MOX-
HOCTb MOAYYNTb COOPYXEHNE HAUMEHBLLIEN NPOTSKEHHOCTMH,
HernyboKoro 3anoxeHus 1 Heobxoaumoro rabaputa. TOHHe-
11, CRyXxallme AN CHUXEHWS TPAHCMOPTHO HaNPsXeHHOCTM
MErarnonmcoB, AOMKHbI ObiTb KAk MUHUMYM 6-MONOCHBIMM
(3 monocbl B 01HY CTOPOHY, 3 — B APYryt0), @ KOHPUrypaLus
MPSAMOYrofIbHbIX CEKLMIA NO3BONSAET PEAN30BATH 3TO Ham-
nyyimm 06pa3oM. Kpome Toro, Mcnosnb3ays MeTof, OnyCKHbIX
CEKLIVIA, MOXHO BbIATL HA MOBEPXHOCTb B paiioHe Habepex-
HbIX.

ToHHenb Ha KaHOHepCKwiA OCTPOB UMEN CTaTyC aKene-
PUMEHTANLHOrO, TaK Kak Nof06Has TEXHONOTUS BNEPBbIE
1Cnonb30Banach B Halliel cTpaHe. MpoekT Obi yeneLuHo 3a-
BEPLLEH, XOTS NPULLNOCH NPEOLONETb HEMAO TPYAHOCTEN, B
TOM YMCNE U OpraHn3aumoHHbix. OBbEKT cianu B akcnyaTta-
uwio B 1983 roay, HO Janblue, K COXaNneHuio, N0 He NoLLo.

KaHoHepckwii TOHHENb

M ecnu npo cTBOP B panoHe OPHOro MHCTUTYTA Kak-TO Cpagy
3a0binu, To NpoekT OpPSIOBCKOTO TOHHESS NEPUOANHECKM
BCMNbIBAN YXXE B YCAOBWSX HOBOI Poccum.

— Pacckaxute 06 aTom noapoGHee.

— [NepBas nonbITka «MPoOMTL» MPOEKT Obia NPeanpu-
nata B 1990-e rogpl. Toraa npy noanepxke Nepeoro Mapa
Cankr-lNeTepbypra AHatonus Cobyaka rpynna sHTy31acToB
rOTOBWA CBOW COOBPAXEHMS MO 3TOMY TOHHEIO, YXE axe
onpefenunn nnaty 3a npoesg 1 . . Camo coboi, coopyxe-
HYie NPeanonaranoch CTPOUTL METOLOM OMYCKHbIX CEKLNNA,
HO, YBbI, YMEP 3aCTPENbLUVK AeNa, a BMECTE C 3KOHOMMKOM
PYXHYNW W BCE MAaHbI, CIOBOM, MPOEKT 3ar/oX.

Ha nopxone k 2000 rozy Temy OpnoBckoro nepexoga cra-
n1a NpoABMraT MockoBckas ¢upma «anc». OHa npegnoxuna
MOCTPOWTb [18a TOHHENS C TPEMS NOA0CAMM ABUXEHNS B KaX-
noM. Ho npoekT o6nanan cyllecTBeHHbIMM U3bsiHamu. [leno
B TOM, 4TO KOMMaHms 3akynuna B ['epMaHnum TOHHeNenpo-
XOOYECKWIA LT, KOTOPbIA BMIOCNeACTBMM Obll MOAEPHI3NPO-
BaH. Bce Obl HU4YEro, HO ero AMameTp no3eosa KOMGOPTHO
PacnoNoXM1Tb INLLIb [1BE NONOCHI ABUXEHMUS M0 4 M 1 ABe
neLexoaHble AOPOXKK. K TOMY BpEMEHU LWKT yXe ycrenu
NPUMEHUTL NPU Npoxoake J1ledopTOBCKOro TOHHENS, CAENaB
[IBE MONOCkI ABWXEHWS N0 3,5 M 1 ogHy — 3,25 M (npm Hop-
Me s COOPYXeHWiA Takoro knacca — 4 m). B pesynbrarte,
13-3a YacTbix [T 3TOT CTONMYHBIV 0OBEKT CTaNM Ha3blBaTh
«TOHHENEM CMEpTM».

— Bbinu nin ppyrue npeanoxenus?

— JleHmeTporunpoTtparc n MeTpocTpoit npeanaranm npo-
noxuTb B OpnIOBCKOM CTBOPE TPM TOHHENS MO ABE NONOCHI
IBVXeHNst. OBUH N3 HUX [OMXeH Bbli CRYXUTb ANs OpraHu-
3aL1M PEBEPCUBHOIO ABUXeEHMS. [ogoBHOE NpakTUKyeTCs
BO MHOIMX rOpofAax M1pa v, Ha MOV B3rsi, 3TOT BapuaHT
Hambonee yaadeH. Ho, K coxaneHuio, ero BCEpbe3 Laxe He
paccMatpuBani. A B npoekTe «[anca npo6aemoii CTan BbIX04,
Ha NMOBEPXHOCTb.

lMockonbky LUMT AOMKEH padoTaTh Ha 6onbLLel FnyouHe,
npv NOABEME NPULLOCH Obl IMKBUMAMPOBATL CKBEP Ha OX-
TWHCKO CTOPOHE W B pe3ynbTaTe ynepetses B ANPEnbCKyto
yAuLY, He NMPeHa3HaAYEHHYI0 1S UHTEHCUBHOTO ABUKEHNS.
Torza MOCKBMYM NPELNOKUNN 0OYCTPONTL MOA3EMHYIO HYaCTb
AnpensCcKom ynuLl — COOPYXEHWE, HEMBICIMMOE LAXe Mo
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HbIHELUHUM MepKaMm. [POEKT BieTan B KOMeeyKy, K TOMY Xe
MOAHSNACh BOSIHA HEA0BO/LCTBA CO CTOPOHBI MECTHBIX XMUTE-
neit, He 63 OCHOBaHWS NoMaraloLLMX, YTO CTPOIKA 3aTPOHET
MOMIOCTPOBCKUI BOGOHOCHBIA FOPU30HT, B pe3ynbTaTe
4ero NOATONNEHHLIMM OKaXYTCS BCE NOABabI U KOMMYHU-
Kawum 3TOro paoHa.

Mocksunym ywnu. Yepes HEKOTOPOE BPEMS NOSBU-
nack HeBckast KOHLECCUOHHas KOMNaHus, 3a9BMBLLIAs O
FOTOBHOCTU NOCTPOUTL B OPNIOBCKOM CTBOPE LUMTOBBIM
cnocobom fiBa LMAVHLAPUYECKNX TOHHENS, HO C MCMOJIb30-
BaHMEM Npurpy3aa Brnepeay 3abos, 410 N03B0AAN0 Obl NOA-
HATbCS Bbie. HO BHOBb BO3HUKM O4YePesHble Npo6ieMbl.
lMocKoNbKY BEISCHUNOCK, YTO TPAcca TOHHENS NonageT Ha
cBau OXTUHCKOW HaBEPEXHON, NPULLNOCH YXOAMTb ryOXe,
4YTO ONSATb NPUBENO K TPYAHOCTAM BbIXOLA HAa MOBEPXHOCTb.
Bonee T0ro, He LOBepsist CBOMM NMPELLIECTBEHHUKAM,
CMeuynanmcTbl KOMMAHWN HACTOSNN HA NOBTOPHBIX Fe0-
NOTNYECKMX M3bICKAHUAX N OBHAPYXUN BOAOHACHILLEHHbIE
TPYHTBI C MPUTOKOM HanOpHBIX BOA,. [poekT nepecmo-
Tpenu: Gbl0 NPUHSTO PELUEHNE O CTPOUTENBCTBE OAHOMO
[BYXbSIPYCHOrO TOHHENS amameTpom 19 M. Takoro B Mupo-
BOI NpakTyKe eLue He Bbino! Y akcnepToB cpasy BO3HMKNA
macca Bonpocos. Bo-nepsbix, Kak B CUTYaLMKM C TakuM
OrPOMHBIM 3a60€eM yaepxaTb PAa3HOMACTHbLIE CNIOU, EC/N B
OZHOM CJlyyae 3T0 NPUJINYHBIE TPYHTLI, @ B PYroM — BO-
LOHanopHeble u T. 4.7 Bo-BTOPbIX, KaK OPraHM30BaTh BbIXOL,
Ha NOBEPXHOCTb C HUXHEr0 YpoBHA? HO AN1s 3akasymka
(ropoma) nocneaHen kanaemn crtana BCe Xe HeNMoMepHas
CTOMMOCTb MPOEKTA, 4TO B UTOTE W PELLMNO ero CyAbOy.

— EcTb i1 BEpOSATHOCTB TOT0, YTO MAEA CTPOUTEJIb-
ctBa OpnoBCKOro TOHHENS BHOBb BCM/bIBET?

— Ha ceroaHsLLHMiA ieHb NPOEKT 3aKpbIT. 410 ByaeT aanb-
LLE C 3TUM CTBOPOM — Celiyac HUKTO He 3HaeT. B yem MHe
BMAMTCS OCHOBHAS NPUYMHa Heynay?

B coBeTckoe Bpems, HECMOTPS Ha TO YTO BEPTVIKASb
BNacTV Oblfa BbICTPOEHA HAMHOIO XECTye, MPK 06CYXAEHUM
JaXE MEHEE CEPbE3HBIX BOMPOCOB, YEM CTPOUTENLCTBO Ne-
pexonoB 4yepes Hesy, NpuBAekany aBTOPUTETHBIX CrieLmani-
CTOB. M 3T0 Aenanock BNosHe AEMOKPATUYHO — C 0BHapOo-
NOBAHMEM MO3WLIA BCEX CTOPOH, 0OMEHOM MHEHUSMM. 3TO
OblNN He HbIHELLHWE 0BLLECTBEHHBIE KPUKM, @ NNOLOTBOPHbIE
AVCKYCCUW B KDYy NPOdECCMOHANO0B.

[lonxeH ckasatb, 4TO B ciyyae ¢ OpnoBCKMM TOHHENEM
HW4ero nogo6HOrO HI B NEPBOM, HU BO BTOPOM, HU B TPETLEM
cnyyae He 6bino. [1a, Koro-To 0TAENbHO BblaepriBani n
npurnawanu, rae-Tto 6ecenosany, 0 4em-To rosopunmn. Ho
K akTUBHOM paboTe He Obina npuBneyeHa aaxe kadenpa
«TOHHENN 1 METPONOMMTEHDI» HALLETO BY3a, CreLuany-

CTbl KOTOPOVA MPUHUMANW HENOCPEACTBEHHOE YYaCTHE B
cTpouTensCTBE KaHOHEPCKOrO TOHHENS, Y4aCTBOBaM B
pa3paboTke NporpamMMbl OCBOEHMS NOA3EMHOIO NPOCTPaH-
CTBA, HAaKOMWNW AOCTATOYHO BOMBLLON OMbIT N0 BCEM TUMaM
TOHHENEW, B TOM YMCNE 1 NoABOAHBIM. Haww ropog obnagaet
[0CTaTO4YHBIM KONMYECTBOM KBAMPULIMPOBAHHBIX KAZPOB,
CMocoBHbIX AaTb 3aKNKO4EHME MO BCEM 3N10604HEBHbIM BO-
npocam, 1 He UCNONb30BaTh ATOT OrPOMHBIN NOTEHLMAN, Ha
MOi B3rnsa, abcypaHo.

K coxaneHuto, kaxzas HoBasi KOMaHza ropoAckoro npasu-
TENbCTBA NOYEMY-TO CYNTAET, YTO OHA HAYMHAET C HYNS. 3TU
«TaHLbl OT MEYKM» 1 NPUBEMN K TOMY, 4TO Mbl B 1970-X rogax
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JleopToBCKMii TOHHEND

IKCMNEPTHOE MHEHUE

Obinn 6aKe K COOPYXEHMO Nepexoaa Yepes Heay, yem B
HblHewwHee Bpemsi. CaHkT-MeTepbypry Heobxoamm npo-
(beccroHanbHBIN B3rnsA HA CAOXMBLLYIOCS TPAHCMIOPTHYIO
CUTYaLMIO N NONNTUYECKAs BOS 411 KOHLLEHTPALWW YCUNNIA,
HanpaBneHHbIX Ha PELLEHME HACYLLHbIX 3aJa4 B 3TON cdepe.

— A HyxeH nu ropoay OpnoBCKuii TOHHESb B NPUHLM-
ne? Beib MHOTME NPU3HAIOT, YTO TPAHCNOPTHYIO NPO-
0Onemy OH He peLuuT.

— B Mu1pe Hemarno KpynHbIX rOPOAOB, MOCTPOEHHbIX B YCTbE
KPYMHbIX pek. B 3ToM ciyyae LenecoobpasHo Yepes kaxaple
400-500 m opraHn30BbIBaTL NEPEXOL, B MPOTUBHOM Cly4ae
nosTy4aem 3HauMTeNbHbI nepenpober 1 TPYAHOCTW B NPEOA0-
NeHUM BoHOM nperpaabl. OpnoBCkuii TOHHENb B ONpeneneH-
HOW cTeneHu nomor Gkl aBTOTPAHCMOPTY BbleXaTb U3 LIEHTPA
B ctopoHy KALL. C apyroi CTOPOHbI, OH, BEPOSITHO, YCIIOXHWN
Obl CUTYaLMIO NPV BbE3/E B rOPOS, B YTPEHHME Yackl. Ho npu
XENAHUN MOXHO rPaMOTHO OTPErYNMPOBATL TPAHCTMOPTHbIE
MoTOKw, 3aT0 BbiNa 6kl cBA3b MeX Iy 6eperamu. MocMoTpuTe
Ha KapTy TPQHCMOPTHON HANPSYXEHHOCTI: Y HAC Beab CaMoe
rnaBHoe — nepeexarb Hesy. A eCiv 3aKpLIBAETCS KAKOA-
HWOYb MOCT, CUTYaLIS CTAHOBUTCS KPUTUHECKOA.

Mepexop Yepe3 HeBy — 310 akTyanbHeliLwas npobne-
ma. B cBoe Bpems rpynna aHTy3unacTos Bo rnase ¢ 3A0
«MHeTuTyT «CTpOoinpoekT» nNpeanarana nocTpouts HoBo-
Anmupanteiickuii MocT. Mpu BCex ero HeBONbLLIMX MUHYCAX,
ecnv Obl 3TO NPOKU3OLLAO, CTano bl nerye. MPoeKT 3aKpbinK,
HO NpoBnema ocTanack, BCE PaBHO HAJ0 YTO-TO CTPOMT.
Benp ceryac B nepmog, HaBuraLyum nonacTb HOYbKO C OJHO
CTOPOHbI FOPOAA Ha LPYTYI0 MOXHO TONBKO Yepe3 BaHTOBbIN
MOCT, rOpOZ, MPaKTUYECKM PA3LEeNEH NONoam.

KoHeuHo, HuKora He ObIBaET TaK, YTOOb! OJIHO UC-
KYCCTBEHHOE COOPYXEHVE PELUNO BCe NPobiembl. A BOT
CMCTEMHBIN NOAXOL, K CTPOUTENbCTBY CNOCOBEH UCMPaBMUTL
nonoxeHue. OcHoBHas netepbyprckas npobaema — oT-
CYTCTBME NNaHmnpoBaHmst. Tak Ha3bIBAEMbIV FeHMNaH ropoaa
npeacTaensieT coboi ckopee Habop 06LEeKTOB ans byay-
LLUMX NOAPSAYMKOB. HET CAMOro rnaBHOr0 — KOMMIEKCHOM
TPaHCMOPTHOI CXeMbl, Fae Obl 0TAENBHO PacCMaTPUBANIUCH
11 Bbln B3aMMOYBSI3aHbl BCE BUAbI TpaHcnopTa. MosTomy
HWKTO HE CMOXET 00bSICHIUTb, NOYEMY HaA0 CTPOUTL UMEHHO
OpnoBCKUiA TOHHEb, @ HE KaKo-nMbo apyroi. MpropuTeTsl
TaK ¥ He OMpeaeneHbl.
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— Ho TpaHcnopTHbIe NpoOnembl CyLLECTBYIOT U B ApY-
rux cTpaHax Mupa...

— [a, Ho OHu peluatoTcs. BoT Bam oauH npumep. Y
MIYMNC npoyHble CBA3M C VicnaHueli, poavHON HALero
nepBoro pektopa — ABryctuHa betaHkypa. Neprognyecku
1 kaK opuumanbHbI NpeacTaBuTeNb By3a noceluaio Ma-
apua. Jo 1990 roga TpaHCnopTHas cuTyauws B Hem Obina
elLe xyxe, 4em B [MeTepbypre. Ha kaxaom nepekpecTke B
LIEHTPE ropoaa — NOANLENCKNIA-PEryIMPOBLLKMK. Tpenu
CBWCTKOB pasfasanunch NOBCEMECTHO. [lonacTb 13 0HON
4acTy ropofa B APYryto BOBPeMst BbIo NPaKTUYeckn HeBO3-
MOXHO. M 4TO Mbl CErofiHs BUAMM B MCNAHCKOMN CTONMLE?
OHV MOCTPOUNM CUCTEMY TOHHENBHBIX PA3BA30K, BCE PaHEE
BO3BE/EHHbIE 3CTakaabl B LLEHTPe ropoja yopanu nog,
3eMJ110, MPONOXMAM LEHTPAbHYIO MOA3EMHYIO MarncTpab
Yepes BeCb ropoa, — v npobnem CTano ropasno MeHbLUe.
OcBOeHMe NOA3EMHOr0 NPOCTPAHCTBA, CTPOUTENLCTBO
FOPOACKMX TOHHeNe — 06LLEeMUPOBas TEHAEHLWS. Ay Hac
noka TO/bKO Pa3roBOPbLI BEAYTCS, KaK 1 rae CTPOUT.

— MoxerT ObITb, BCS NPOGIEMa B C/I0XHbIX NeTepOypr-
CKUX rpyHTax?

— Ha Bcsikne rpyHTbI eCTb CBOV TEXHONOMK. onnaHaLb!
HaxXOASATCS B rOPA3A0 XyALUMX YCIOBMSIX, HO YMYAPSOTCS
MPEKPaCHO CTPOUTBL Mo 3emneii. K coxanermio, Hall ropop
[0CTaTO4HO KOHCEPBATUBHINA, MHHOBALWAM 3AECh AANEKO He
BCErAa OTKPbITA WKpoKas opora. Mbl «CTEHY B FPYHTE» BHE-
JPSiNv He OfIHO AiecsTUneTIe. STOT Cnocob NosiBUNCS eLlle
B 1962 rony npu npoknaake MunaHckoro MeTpo. A nepBblit
OTEYECTBEHHbI OMbIT — CTPOUTENLCTBO NOA3EMHOrO rapaxa
Ha BOHX k Mockosckoit Onumnuane-80. B koHue 1990-x —
Hayane 2000-x 3Ty TEXHONOrMIO 1CMONb30BANN e YrOAHO,

OpnoBCKMil TOHHENb
(Bu3yanu3sauus)

HO TO/bKO He B MeTepbypre. JnLLb B HALLWM HW NOSIBUIOCH
HOBOE MOKO/IEHNE PYKOBOAMUTENEN, CNOCOBHBIX OLIEHNTD
LOArOCPOYHBIA SPOEKT OT NPUMEHEHNS TEX MW MHBIX MHHO-
BawLwii. ECTb xopoLuas norosopka: KTo XO4eT, TOT AeNaeT, KTO
HE XOYET, MLLET NpensaTcTams... Bce pasroBopsl 0 COXHbIX
FPYHTax W HEXENaHWe BHeAPSTb NEPENOBbLIE TEXHONOTN —
3BEHbS OJHON LIENW.

B yem Halia npo6nema? MoXeT Cly4nTbes Tak, 4To 00
0CBOEHWM NO3EMHOr0 MPOCTPAHCTBA MOXHO OYAET Hanpoyb
3a0bITb. BONbLIOE YMC/IO HOBLIX 3aHNIA UMEIOT rapaxHble
NOMELLLEHIS! W CBaiiHble OCHOBaHWS, YXOLALLME B rNYOUHY
6onee yem Ha 50 M. BoilieynomsiHyTas 'eHepasnbHasi cxema
1979 ropga no3sonsna cucTeMaT3npoBarth ByayLime nog-
3eMHble 00bEKTHI B FOPOAE U MOHMMATb, 4TO 1 rae OyaeT
pacnonoxeHo. Ee otbpocunu, 1 ceityac kaxaplil 3acTpoii-
LMK IeNaeT 4To X04eT. KTo ceav 3aMBaET, KTO pa3BMBaeT
NOA3EMHYI0 YaCTb 3aaHus. B pesynbtaTe 4epes HekoTopoe
BPEMS BbIICHUTCS, YTO Mbl XOTUM 3aHUMATLCS MOL3EMHBIM
CTPOUTENBCTBOM, HO... HE MOXEM. M CpeacTBa ecTb, 1 yXe He
TaK CTpaLLEH 3TOT FPYHT, HO BCE 3aCTPOEHO U 3aHSITO.

— Hackonbko MHe U3BECTHO, «CTEHa B IPYHTE» MOXET
NPUMEHSTLCSA M NPU CTPOUTENLCTBE TOHHENEN METOA0M
OMYCKHbIX CEKLUMA. ..

— KOHEYHO, 9T TEXHONOMMM CNOCOBHBI COMETATLCS APYr C
Apyrom. Knaccuyeckuin BapuaHT: pyciioBas 4acTb NepekpbITa
cekunsMu, a 6eperoBas NpeCcTaBnsAeT oo «CTEHY B FPyH-
T€». ITO 3HAYMTENBHO YNPOLLAET M YAELLIEBNSAET MPOEKT.

Bespe ecTb CBOM Hi0aHCHI. Ay Hac, K coxaneHuto, npeod-
nagaeT NoAXoL: NOCTPOMUTb YTO YrOAHO, MMLLb Obl TOJOPOXE.
ImaBHOE — BbIOPATL CaMblii PUHAHCOBOEMKWIA CMOCOD,
Camble 3aTpaTHble KOHCTPYKLMM 1 CamOoe JOPOroe MecTo,
4TOObLI BO3BECTI HEYTO rpaHAMO3Hoe. Moayac 3aaaya ynpo-
CTUTb, YOELIEBUTb AAXe He CTaBUTCS.

— Cpepnu BapnanToB KepyeHckoil nepenpasbl npea-
narancs NpoeKT TOHHENS C ONYCKHbIMYM ceKumsamu. Ha-
CKOJIbKO OH, C BalLei TOYKN 3PEHMS, BbIrOAEH?

— PaccmoTpeTh Takow MPOEKT B MpUHLMNE GbI0 Bbl
MHTEPECHO. OnyCKHbIE CEKLMM B MPOLLECCE CTPOMTENLCTBA,
KaK M3BECTHO, HAXOAATCA B ABYX CTaausx. B npouecce TpaHc-
NOPTUPOBKY VX BOLOM3MELLLEHVE [OMKHO NO3BOSTL flepXaTth
kpaii 6opta o1 0,5 10 1 M Ha BOLOA. A B MOTPYXHOM COCTOSI-
HIV OBLLMIA BEC KOHCTPYKLIMIA BMECTe ¢ 00paTHOMN 3aChInKoi
MOXET NPEBbILLATH BbITAKMBAIOLLIEE YCUIIME BCErO NNLLL HA
10%, TO eCTb AABNEHME HA FPYHT MOXHO CAENaTb KpaiiHe He-
60nbLLIMM. A JOCKOHANBHO He 3HaK0 XapaKTEPMUCTUKN UNCTBIX
OTNOXEHMIA B KEPYEHCKOM MPOMMBE, HO, LlyMaio, MOXHO CO3-
[JaTh Takve CeKLmm, KOTOPbIE HE OKaXYT CUIbHOMO LABEHUS
Ha rPYHT, HO BMECTe C TeM He By ayT 1 BCNbIBaTb.

Kpome Toro, NosiBUTCS BO3BMOXHOCTb B3 NMLIHMX 3aTpaT
3aN10XUTb MO TPW aBTOMOGUIBHBIE MONOCHI B 06€ CTOPO-

Hbl MIOC [1BE XENE3HOLOPOXHBIE IMHMKW. B 3TOM Cyyae
MOXHO B0BUTLCS NATUKPATHOMO BLIMIPLILLA B CTOMMOCTY MO
CPaBHEHWIO C MOCTOM. [leno B TOM, 4TO MOCTOBOE COOPYXe-
HWe [LO/KHO MMETb 04eHb MNyOOoKKe OMopbl, BOXOASLLME A0
rpyHTa, 061afaIoLLEro XOPOLLEi HeCyLLei CoCOOHOCTLIO.
HO NpoekTHbIE PELLEHNs C UCMONb30BaHNEM METOAA OMyCK-
HbIX CEKLA LLONXKHBI OTAIMYATLCS, ECAIM MOXHO Tak Ckasatb,
U3SILLHOCTBIO PELLIEHNIA, NPUHUMAs KOTOPbIE CleayeT 06si3a-
TESbHO Y4ECTb Kak 3apYOEXHbIiA, Tak U OTEYECTBEHHBII OMbIT.
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ALEXANDER LEDYAEV
ON WISDOM OF OUR PREDECESSORS,
ON STARTING ALWAYS FROM

THE ZERO POINT, ON CONSERVATISM
AND ELEGANT SHAPE

In recent times people of the Northern capital have grown used to express a
hefty dose of condescending scepticism when it comes to presentations of
large-scale transport infrastructure projects that from time to time emerge
“de profundis” of the city administration. People take them as in “to dream is
not harmful — what is harmful is not to dream.” After all, it looks so great, just
look at these models, diagrams, precise time-table, promises of excellent
prospects...

It seems that things are well underway, just a step to make — and a workable
construction process can start, but ... time passes and the project is shelved.
Fairly often it is given deep-six, sometimes they pull it out from a dusty box,
expose it to the light of the day, clean the dust out of the old folder, and try to
launch it again, though with the same result... This inconsistency is primarily
explained by lack of funds. Just one example: thanks to a major funding in
recent years Moscow was seized with a true construction boom. We invited

a recognized expert Professor Alexander Ledyaev, Doctor of Engineering,
Head of Department “Tunnels and subways” of St. Petersburg State Transport
University, to elaborate on challenging fate of Petersbhurg projects, on
underground space development problems and more.

lexander Petrovich, what do you
think was the reason to reject the
Orlovsky Tunnel project?

— The question is both simple and complex.
At first glance, everything is pretty simple. The
LLC “Neva Concession Company” which is the
Orlovsky Tunnel project designer, exceeded the
budget allotted to it by the city government. Butin
effect, the failed project story had started much
earlier. Now very few people remember it, but at
the time it was believed that the key to successful
realization of the Orlovsky Tunnel initiative was
the construction of a crossing to the Kanonersky
island.

— In what way these two were linked?

— The idea of a passage under the Neva has
over 40 years of history. The Orlovsky alignment
(the name originates from once existed cottage
built nearby and belonging to count Orlov) was
designated on Leningrad Master Plan as early
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as 1965, and 14 years later the same alignment
was marked on the city General Underground
Space Planning and Use Scheme drafted with the
participation of the present writer.

The spot can be called a historical one. On
St. Petersburg map one can find rather many
geographic locations where our predecessors
were creating all necessary conditions for the
construction of the Neva crossing that would be
built in a distant future. The Orlovsky alignment
was one of them. Another thing is that their
descendants had to decide what kind of structures
had to be built, bridges or rather tunnels. In 1960s
the issue was vigorously debated. Finally it was
decided that to build bridges in the historical
center of the city was not appropriate.

Most interesting was that according to the
General Scheme the main crossing should be
located near the lines 22-23 of Vassilevsky
island, in the vicinity of Mining Institute. The
second important was the Orlovsky Tunnel, the

Interviewed
by Maria Vasilieva
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crossing near the Bolsheviks Prospect had to be
the third one; one more crossing was planned

to be built higher up the Neva river, between the
future Orlovsky Tunnel and Liteynyi Bridge. There
had to be 7 underwater crossings altogether.

The idea to build an immersed tunnel came
almostimmediately. The tunnel to the Kanonersky
island was built to try out the technology, and up to
now it remains the first and the only one of its kind.

— Why the immersed tunnel technology
was considered a better choice?

— Evident benefits of the method are a shorter
overall length and a lesser depth of the tunnel
of required clearance. The tunnels intended to
reduce traffic intensity in megacities must have at
least 6 lanes (3 lanes in one direction and 3 in the
other), and the rectangular configuration of the
immersed tunnel elements (sections) enables the
realization of the construction in the best possible
way. Besides, the immersed tunnel technology
allows to precisely reach the required alignment
(the destinated point).

The tunnel to Kanonersky island was launched
asapilot, since it was the first application of
the technology in our country. The project
was successfully completed, although it
had to overcome many obstacles, including
organizational problems. The facility was brought
into service in 1983, but then, unfortunately, no
follow-up was given. And if the alignment in the
area of Mining Institute was somehow immediately
forgotten, the Orlovsky Tunnel project continued
to appear periodically in the new Russia.

— Would you please tell us more about that.

— The first attempt to “break through” the
project was undertaken in 1990s. Then with
the support of the first mayor of St. Petersburg
Anatoly Sobchak the group of enthusiasts worked
on technical details on the project; they had even
determined the toll charge, etc. It goes without
saying that the tunnel was to be built by immersed
tube method, but then the spearhead of the
initiative died, and with the budget failure all the
plans went sour, so the project stalled.

With 2000 coming, the idea of Orlovsky crossing
started to be promoted by a Moscow firm “Gals”.
The project envisaged two three-lanes tunnels
but it had significant shortcomings. The case is
that “Gals” had purchased in Germany a TBM
(Tunnel Boring Machine), which later on was
upgraded. Everything would be fine, but the TBM
diameter allowed to drive a tunnel with only two
lanes and two footpaths. By the time the TBM
had been already used for the construction of the
Lefortovo tunnel with two 4 m lanes and one 3.25
m lane (the standard requirement for this class
of structures is 4 m). As a result, due to frequent
accidents this Moscow underground facility
became known as “a tunnel to death”.

— Were there any other project proposals?

— “Lenmetrogiprotrans” and “Metrostroy”
proposed to build three two-lanes tunnels in the
Orlovsky alignment. One of them was intended for
contra-low traffic system. This solution had been
implemented in many cities around the world,
and to my mind, it was the best option. But both
“Gals” and “Metrostroi” encountered a significant
problem that was the surface exit. The TBM had to
excavate the tunnel at great depth, which meant
that a public square on the Okhtinskaya side would
be eliminated, and the tunnel would bump into the
Aprelskaya street not designed for heavy traffic.
Then the Moscow company proposed to rebuild
and fit out the underground part of the Aprelskaya
Street, that is to realize a project that would be
considered unreal even by today’s standards.
The project would cost a fortune, and what is
more, it raised the tide of discontent among local
residents who not without reason believed that the
excavation would affect the Polyustrovsky aquifer,
resulting in flooded basements and damaged
communications in the area.
So the Moscow company left. After a while
another company appeared, and namely. “Neva
Concessionary Company”. It declared its readiness
to drive two cylindrical tunnels using earth pressure
balanced tunneling method that would allow them to
move higher up. But then further problems arose.
It turned out that the tunnel route intersects the
Okhta piled embankment, hence it had to go even
deeper, which again posed the problem of surface
exit. More than that, mistrusting their foregoers,
the company specialists insisted on repeated
geotechnical survey. The survey revealed saturated
soils and influx of confined ground waters. The
project was modified, and the decision was taken
to build a double-deck tunnel with a diameter of 19
m. Such a solution had never been implemented
before in the world practice! Itimmediately raised
alot of questions among experts. The first question
was: in what way can heterogeneous soil strata
be held together if, say, there are decent grounds
from one side, and water-saturated soils from
the other? Another difficulty was the exit from the
second level and how to organize it. But for the
customer (the city) the last straw to break camel’s
back was an exorbitant cost of the project, and this
sealed its fate.

— Isitlikely that the idea of Orlovsky Tunnel
will surface again?

— Todate, the project is closed. What will
happen with the alignment — nobody can tell now.
What to my mind was the main reason for failure?

In Soviet times, despite the fact that the top-
down command structure was much tougher,
decisions on much less serious matters than
the construction of transitions across the Neva
could not be taken without the participation of
reputable professionals. And the procedure was

quite democratic: the positions of all parties were
made public, the exchange of views was open and
extensive. Instead of nowadays public screamings
there were fruitful discussions in a team of
professionals.

I must say that in the Orlovsky Tunnel case none
of this happened: neither the first, nor the second,
and nor the third. Yes, somebody was pulled out
and invited somewhere to talk about something.
But no professionals were engaged in a serious
work, not even the department of “Tunnels and
subways” of our university notwithstanding the
fact that our experts were directly involved in the
Kanonersky tunnel construction and participated
in drafting the underground space development
program. The St.Petersburg Railway university
experts have accumulated a lot of experience on
all types of tunnels, including immersed tubes. Our
city has a sufficient number of qualified personnel
able to exercise professional judgements on all
sensitive issues of the day. To ignore this huge
potential in my opinion is absurd.

Unfortunately, for some reason each new team
of city administrators believes that it has to start
from scratch. This continuous “starting again from
the zero point” resulted in our being much closer
to the construction of River Neva crossing in
1970s than we are today.

St. Petersburg needs a professional approach
towards actual transport situation aswellasa
political will to concentrate efforts on solving
urgent problems in this area.

— And does the city really need this
Orlovsky Tunnel? Many argue that the
transportation problem will not be solved
with it.

— There are many big cities built on riversin
the world. Inthese cities it is useful to organize
river crossings every 400-500 m, otherwise
thereisarisk of asignificant overmileage and of
related inconveniences. The Orlovsky tunnel could
facilitate access to the ring road for vehicles moving
out of downtown areas. On the other hand, it would
probably complicate the entrance to the city in
morning hours. But traffic flows can be intelligently
regulated if so needed, and on the plus side there
would be a connection between the two banks.
Look at the transport intensity map: in fact, the most
important thing in this city is to cross the Neva. And
when one of the bridges moves out of operation
the situation becomes critical.

The issue of Neva crossings remains of key
importance. At one time, a group of enthusiasts
led by JSC “Institute “Stroiproyekt “proposed
the idea of a New Admiralty bridge. With all its
disadvantages, if it occurred, the transport
situation would improve. The project had stalled,
but the problem remained, and something has to
be built anyway. Because now, during the night
navigation hours you can get from one part of the
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city to the other only through the cable-stayed
bridge, the city is practically split in two.

Of course, you can never say that one
artificial structure can solve all the problems. But
systemic approach to the construction activity is
ameans to remedy the situation. The major St.
Petersburg problem is the lack of planning. The
so-called Master Plan of the city is rather a list of
objects for eventual contractors than a planning
tool. It lacks the most important element, and
namely an integrated transport scheme, where
all transportation means would be considered
separately and be unified. Therefore no one would
be able to explain why it is necessary to build the
Orlovsky Tunnel, rather than any other. Priorities
have never been defined.

— But traffic problems do exist also in other
parts of the world...

—Yes, but they are being approached and
solved. Here’s one example. The St. Petersburg
Railway University has strong ties with Spain,
the birthplace of our first Rector — Augustine
Betancourt. As an official representative of the
University now and then | visit Madrid. Until 1995,
the transport situation there was even worse
thanin St. Petersburg. Every street intersection
in the downtown area was regulated by a traffic
guard. Whistles trills were heard everywhere.

To get from one part of town to another was
almost impossible. And what do we see today

in the Spanish capital? They built a system of
tunnel intersections, all ramps previously built

in downtown were removed underground, then
they opened a central underground road running
the whole length of the city — and a considerable
amount of problems was reduced.

Underground space development, urban
tunnels construction are irreversible global
trends. As for us, so far only long talks have been
going on about where and what we must build.

— Perhaps the whole problem is the
complexity of the St. Petersburg soils?

— There are diverse soils and not less
diverse applicable technologies. The Dutch
have always been in a much worse situation,
but they manage to build excellent structures
underground. Unfortunately, our city is fairly
conservative and is not always ready to open
doors for innovation. It took us decades to
introduce the “slurry wall” technology, the
method introduced in 1962 for underground
construction in Milan. The first domestic
application of the techniques was the
underground garage at VDNKh (All-Union
Exhibition of Economic Achievements), one
of the projects implemented for Moscow
Olympics-80. Since late 90’s and early 2000’s
the technology has been used anywhere, but
not in St. Petersburg. And only in recent years
there emerged a new generation of leaders
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capable to assess a long-term impact of
application of particular innovations. There is a
good saying: “Where there’s a will, there is an
action, where there’s no will, there is a search
for obstacles...” All this talking about complex
soils and the reluctance to introduce advanced
technologies are the links of one chain.

What is the essence of our problem? It may well
happen that we will have to completely forget
the idea of underground space development. A
large number of new buildings are provided with
garage spaces and are built on pile foundations
buried more than 50 m deep. The above-
mentioned General Scheme 1979

provided a systematic profile of future
underground facilities in the city, and allowed
to understand what and where will be built. The
Scheme was rejected, and now every developer
may do whatever he wants. One drives in piles,
the other develops the underground part of

the building. As a result, after a while it might
happen that we will found ourselves eager to
build underground, but ... we will not be able

to. We might be well funded, and no longer
afraid of challenging soils, but everything will
be already built up and there will be no vacant
space to build on.

— As far as | know, the “slurry wall”
technology can be used also for the
construction of immersed tunnels...

— Of course, these technologies can be
easily combined with each other. In the classic
version the immersed sections are installed in
atrench dredged in the bed, and a “slurry wall”
constitutes the end (or shore) section.

This solution makes the whole process much
easier and reduces the cost of the project.

The details may change with time and place.

But here unfortunately the prevailing approach
is “we are ready to build everything you wish as
long as you pay high”. The primary objective is
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to use the most money-absorbing technology,
the most expensive constructions, to find the
most expensive site, and to build something
unusual and grandiose on it. The aim to make
the project easier and cheaper might well be
never intended.

— Among the options proposed for the
Kerch crossing there was an immersed
tunnel project. Inyour view, what kind of
advantages could it bring?

— In principle, to consider this alternative
would be rather interesting. As is known, in
course of construction the immersed tube
sections pass through two distinct stages.
During transportation the water displacement
should allow to keep the freeboard of the
section at 0.5-1 m above the water. In the
submersed position the total weight of
structures together with backfilling can exceed
the buoyant force by only 10%, it means that
the pressure on the ground can be made
extremely low. | cannot say that | know the
characteristics of Kerch Strait mud deposits
inside out, but nevertheless | believe that all
things considered, it is possible to design and
produce the tunnel sections that will not exert
a high pressure on the ground, and at the same
not float upwards.

In addition, the solution gives the possibility to
construct at no extra cost three lane motorways
in both directions, plus two railway lines. This
would result in a fivefold competitive advantage
over the bridge alternative. The point is that the
bridgework must be supported on quite deep
piers that reach the ground having an adequate
bearing capacity.

But the immersed tunnel design solutions
must have — if it may be so said — an elegant
shape; the chosen solutions must necessarily
be based on both domestic and foreign
experiences.
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e ereas [0 BCTPEUM
B CAHKT-METEPBYPTE!

Poccuiickune cneunanuctsl B 061aCTi N043€MHOI0 CTPOUTENLCTBA MPUHSIN
yuactue B 14-ii MexayHapoaHow koHpepeHunn n Accambnee O6veguHenns
uccneno0BaTeIbCKMX LIeHTPOB No43eMHOro npocTpaHcTea meranonucos (ACUUS),
cocrosBlunxcs 23-27 centsbps 2014 roga B Ceyne (KOxHas Kopes). Aeneraumnio
BO3r/1aBU/ reHepanbHbii aupekTop O6beanHeHNs NOA3eMHbIX CTPOMUTENEel 1 NPpo-
eKTUPOBLUMKOB, YieH npaeneHus Coseta gupektopos ACUUS ot EBponbi Cepreii
Mo matepuanam Annaros.
OAQ «MetpocTpoit»
1 O6beanHEHNS
NOA3EMHbIX CTPOUTENEN
1 NMPOEKTUPOBLLIMKOB
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Ha TOPXECTBEHHOW LLEPEMOHWM OTKPBITIS BLICTYMMNN
npesugeHT ACUUS Aumutpuc Kannamnakoc (Dimitris
Kaliampakos), reHepanbHblii ynpasastowumin ACUUS Xak
becHep (Jacques Besner), a Takke Npe3naeHT KOHbepeH-
unu, npeacepatens Oprkomuteta ACUUS-2014 npodeccop
yHueepcuTeta Moncen (Yonsei) Pum Xonr Yyn (Rhim Hong
Chul). Pykosoaumten ACUUS nobnaronapunu npucyTcTByio-
LLMX 33 TO, YTO OHU HALLMN BO3MOXHOCTb JINYHO NPUBLITL B
Ceyn, a Takxe BbIpa3uam Hagexay, 4o paboTta B pamkax KoH-
depeHLmM OKaXETCS BECbMA MHTEPECHOI 1 NPOAYKTUBHOM.

B pamkax koHdepeHummn ACUUS-2014 ¢ kntoyeBbiM po-
knagom BeicTynun Jumutpuc Kanramnakoc. OH nogyuepkHyn
B2XHOCTb B3aMMOLEVCTBUS NOA3EMHbIX CTPOUTENEN C
MPeLCTaBUTENSMU FOCYAAPCTBEHHO BAACTY 1 FOPOACKMMM
XUTENSIMU 11 OTMETIN, YTO LIENbIO 3TOM paboThl ABNSETCS
$hopmMrpoBaHme KOMPOPTHOI NS YENOBEKA NOA3EMHOM
cpefpl, KOTopast MOXET BbiTh HE TOMbKO YHKLIMOHANBHOM,
HO 1 3CTETUYECKM HanonHeHHoi. nasa ACUUS otmeTun,

YTO NOA3EMHOE NPOCTPAHCTBO ABNSETCS HEOTHLEMIEMON
YaCTbHO XWU3HEAEATENbHOCTM HENOBEYECTBA HA MPOTSIXEHUM
ThICSYENETMIA, B YACTHOCTW, HA CErOAHSLLHUIA AEHb B MUPE
akcnayatupyetcs 6onee 11 ThiC. KM IMHWIA METPOMNOMTEHOB,
6onee 1 TbIC. KM HAXOAWTCS HA CTaAWKM CTpoMTENLCTBA. Mo
MHeHuo Inmutpurca Kanmamnakoca, co3aaBath NoA3eMHble
COOPYXEHWS NPOCTO GYHKLMOHAMBHBIMY YXE HEA0CTATO4HO,
HeoOX0AUMbI MHAMBUAYaSbHbIE, HEOPAVMHAPHbIE PELLEHUS,
nosgonsioLye GopMUPOBATL CPELY, APYXECTBEHHYIO ANs
yenoBeka. Takke 3KCNepT 3aTPOHYN akTyabHYIO 415 BCEX
KPYMHbIX FOPO0B NPoG/emMy «crareTTi» — 60MbLION0 YMcna
MOL3EMHbIX MHXEHEPHBIX KOMMYHMKALMIA, KOTOPbIE 3a4aCTYHO
pacnonaraioTcs xaoTnyHo. K npumepy, B NOA3EMHON HacTy
JloHnoHa HacuuTbiBaeTcs nopsaka 20 Teic. ceTeit. PelueHnem
npo6neMbI MOXET CTaTb Pa3MeLLEHNE NHXEHEPHbIX CETEN B
TEXHOMIOTMYECKNX TOHHENSIX.

Mpo6nemaTnky COBPEMEHHbIX apXMTEKTYPHBLIX HOpM AN
MOZ3EMHbIX COOPYXXEHNIA B CBOEM JOKNAAE 3aTPOHYN MPO-
deccop Kopenckoro MHCTUTYTa apxUTEKTYpbl EHI Pyxn XaxH
(Jong Ruhl Hahn). OH nogennncs onbiTom paboTsl B 06nactu
APXUTEKTYPbI MOLA3EMHBIX COOPYXEHWIA 1 NPUBEN MPUME-

Pbl OPUTMHANBHBIX AM3ANHEPCKUX PELLEHUIA. 10 MHEHMIO
npodeccopa, NoA3EMHOE MPOCTPAHCTBO NPEAOCTABNSET
LUMPOKME BO3MOXHOCTM 151 TBOPYECTBA M MOMCKA YHMKAb-
HbIX QPXUTEKTYPHBIX HOPM, HE TONBKO QYHKLIMOHANBHBIX, HO

W KYNIbTYPHO-3CTETHYECKNX. He0BX0aMMO NPOEKTMPOBATL U
CTPOMTb TaK, 4T0BLI ropoxaHam Bb110 MPUSTHO MPOBOAMTL
Bpemsi Mo, 3emneit, Toraa byneT ropasao ferye v nosyyatb
NOLLOEPXKY NPEACTaBUTENEI BNACTV U LUMPOKOI 0OLLLECTBEH-
HocTu. K npumepy, yaauHbIM apXMTEKTYPHBIM PELLEHVEM
npodeccop XaxH CYUTaeT NoL3eMHbIe G1UBNMOTEKM, KOTOPbIE
MO3BOJMISIIOT CO3AaBaTh ONTUMASIbHbIE YCNOBWS ANs pabOoThbl
MOCETUTENEN WU XPAHEHWS KHUT .

He MeHee UHTEPECHBIM NPUMEPOM 3D PEKTUBHOMO COYe-
TaHWs HA3EMHOI0 U MOJI3EMHOI0 CTPOMTENLCTBA MOXHO Ha-
3BaTb NOA3EMHbIE TeATPabHbIE MNOLLAaAKM, 00bEANHEHHbIE
C OCHOBHbIM MCTOPMYECKMM 30AHNEM C MOMOLLBIO NEPEXOA0B
1 NOABEMHbIX MEXaHW3MOB. TakOe TEXHUYECKOE PELLEHNE
MO3BONSIET CYLLLECTBEHHO PACLUMPATL BO3MOXHOCTM TeaTpa,
He HapyLLias apX1TeKTYpHOE CBOe0Opasme okpyxaioLLien 3a-
CTPOWNKM V1 HE U3MEHSS TOPOACKO NnanHawadT.

Tema ropoaa kak XXMBOro opraHi3mMa ctana Kio4eBoii
B BbICTYMIEHUM HE3ABUCUMOTO UTANIBSHCKOIO XYAOXHUKA
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Hapuucca Keanbsita (Narcissus Quagliata), npoxusaioLiero
B Mekcuke. Co3AaHHbIE M YHUKaIbHbIE 3NEMEHTLI MOA-
3EMHOro NpoCTpaHCTBa B ropofe aoctoH (Kaohsiung) Ha
TainBaHe NO3BONMAM €MY CTaTb HACTOALLEHA TYPUCTUHECKO
Mekkoi. Xutenn Kntas n MHOCTPaHHbIE TYPUCTBI MPUE3XatoT
ctopia, YTobbl YBUAETb KPACO4HbIN Kynon (camoe BonbLuoe
CTEKJIIHHOE NepeKpbITUE B MUPE), NPEBPATVBLLIMIA Nepe-
Caf04HyIo CTaHUMIo MeTpo «bynbeap Gapmosa» B Npou3-
BeEHe uckyccTea. 3Leck NPOBOAATCS CBaabObI, TOPXE-
CTBEHHbIE MEPOMPUATIS, SKCKYPCUM A1 BCEX XENAIOLLIX.
CraHums yxe cTana rnagHoi LOCTONPUMEYaTeNbHOCTbIO
ropoaa [aoCtoH, NPUHOCSLLEN Ka3He HeManbIi 4OX0[.
Kak otmeTun r-H KBanbsita, HeobxoavMmMo yaensitb 60/blue
BHVUMAaHUS apXUTEKTYPE W LEKOPY NOL3EMHBIX COOPYXEHU,
TOrAA OHW MOTYT CTaTb KYNbTYPHOW AOMUHAHTO ropoa n
MONYASPHBLIM TYPUCTUHECKMM OOBEKTOM.

ipeto meranonuca kak eAHOro OpraHn3ma passii Ha
KOHdEPEHLMM 1 HeOe3bI3BECTHbIN B POccum hpaHLLy3cKuii
apxutekTop JomuHunk Meppo (Dominique Perrault). Mo
€ro MHEHMIO, MOA3EMHOE MPOCTPAHCTBO MOXET YCMELLHO
1CMOL30BATLCS HE TOMKO A5 YTUANTAPHBIX LiENeiA, Ho 1
L5 XN3HW, 00bEAUHAS NOA3EMHBIE COOPYXXEHMS! 1 NPK-
POAHbIe 06beKTLI. Takum 06pa3oM, GOPMUPYETCS eaMHbIN
naHowadT, rae Ha3eMHble 34aHus, NOA3EMHbIE COOPYXEHUS!
1 NPUPOAA He NPOTMBOPEYAT APYr APYrY, & HAXOAATCS B
3CTETNYECKOM CMOMO3e. prMepoM TOro, YTO cafsl v Noa-
3EMHbIE COOPYXEHMS MOYT YCMELUHO 00bEANHATLCS, CRyXaT
MPOEKTbI KOHPEPEHL-LIEHTPA METANYPrNYECKOIA KOMMAHUN
Usinor-Sacilor 8 napuxckom npegmectbe CeH-)XepMeH-aH-
Jle n HaunoHansHoit 6ubnunotekm Bo dpaHumu. -H lMeppo
pacckasan cobpaBLIMMCS O TOM, YTO B HACTOSILLMIA MOMEHT
BeAyTCcs paboThl Haa, NPOEKTOM YCTPONCTBA NOA3EMHOIO
BX0Aa B NasunboH Dufour Bepcanbckoro agopua , npeaHa-
3HAYEHHOTO AN19 ONTYMU3ALMMN OBUXEHNS TYPUCTUHECKUX
MOTOKOB. [TpMMeYaTeNsHO, YTO COBPEMEHHAS KOHCTPYKLINS
BM/IOTHYIO NPUMBIKAET K GYHAAMEHTY MCTOPUYECKOTO 34a-
H¥s. MpeaBapuTENLHO NPOBEAEHHbIE PabOThI MO YCUNEHMIO
dyHLAMEHTa NO3BOASIOT U3beXaThb NPOcafok 1 aedopma-
LM CTEH ABopua.

B pamkax koHdepeHummn ACUUS-2014 ¢ noknapamu
TaKKe BbICTYNWAN POCCUIACKME CNELManmCThl. B yacTHOCTH,
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1. 0. 3aMecTuTeNs reHepanbHoro gupektopa OAQO «JleHme-
TporunpoTpaHc» Bnagnmmnp Mapkos nponHdopmMmposan
0 HOBbIX TEXHONOTVSIX, BHEAPSEMbIX HA CTPOUTENLCTBE
00bexkToB NeTepOyprckoro MeTpononuTeHa. 910 coobLe-
HVe 3anHTepecoBano XXaka becHepa, KOTopbI OTMETWI, YTO
YHUKaNbHbIE MPOEKTbI IMHWIA 1 CTaHLWIA METPOMOAUTEHA Fy-
60OKOr0 3a/I0XEHNS B UICTOPUYECKOIA HACTY U XMAbIX paioHax
CaHkT-lNeTepbypra 3aH1MaIOT LOCTONHOE MECTO B aHTONO-
TV MUPOBBIX MPOEKTOB NOL3EMHOI0 CTPOMTENLCTBA.
lMpe3noeHT MexayHapoaHo accoumaLmm CneLyanicTos
rOPM30HTaLHOrO HanpaeneHHoro 6ypexus (MAC HB) Anex-
caHap bpeiinbypa pacckasan o pa3suTM GECTPAHLLEAHON
TEXHONOMN NPOKAAKM UHXEHEPHBIX KOMMYHMKaLWIA B Poc-
cvn. Ha 3acegaHum npucyTcTBoBan akc-npesnaeHt ACUUS,
3KC-BULIE-Npe3naeHT accoumaumumn ITACUS (KomuteTa no
NoL3eMHOMY NPOCTPAHCTBY MexayHapoaHOM TOHHENBHOM
accouuaumu), GsiBLUMIA Npeaceaatens MexayHapoaHoro 06-
LecTBa GecTpaHLLEeiHbIX TexHonoruii (ISTT), pykoBoauTenb
LleHTpa BecTpaHLUeiiHbIX TEXHONOTMIA TEXHNYECKOr0 YHUBEP-
cuteta Jlyuananel Pait CtepnnHr. SkenepT, bk 3acayrv npu-
3HaHbl MMPOBLIM NMPOMECCHOHANBHBIM COOBLLECTBOM, aN
BbICOKYO OLIEHKY AESTENLHOCTY POCCUINCKUX CIELMANCTOB
Mo Pa3BUTUI0 BECTPAHLLEIHBIX TEXHOMOTWIA CTPOWTENLCTBA, a
TaKkKe BbIPa3 3aMHTEPECOBAHHOCTb B MPOBEAEHUM CrIELy-

a/IbHOV CeKLMM Mo GECTPAHLLEIAHBIM TEXHONOMVSIM B PaMKax
koHdepeHumm ACUUS-2016.

Cepreii AnnaToB NOCBATUN CBOE BbICTYMNEHWE NEPCEk-
TMBaM Pa3BUTUS MOA3EMHOTO CTPOMTENLCTBA B CaHKT-
MNeTepbypre. [oknaaumk OTMETMI, 4TO NPY 5-MUNIMOHHOM
HaceneHun CeBepHoii cTonuupl, 6onee 1 MaH YenoBek Npo-
XVBAET B UCTOPUYECKOM LIEHTPE, FE COCPELOTOYEHbI IENO0-
Bas M aIMUHUCTPATMBHAS XM3Hb ropopa. Mpun aTom obutate-
I LLEHTPAsIbHBIX PaNOHOB UCTbITLIBAIOT KATaCTPODUHECKNIA
AednumnT NHPPaCTPYKTYPHLIX 06beKTOB. Cepreit AnnaTos
3aTPOHYA BOMPOCHI, CBA3aHHbIE C MPOBEAEHNEM KOMMIEKC-
HbIX MHXEHEPHO-Te0N0MMYECKMX UCCNEL0BAHNIA, pacckasan
0 X0e CTPOUTENLCTBA TaKMX 3HAKOBbIX FOPOACKMX 06 bEK-
TOB, KaK 2-91 cLieHa MapunHCKOro TeaTpa U CTaHLys METPO
«AnmupanTteiickas». OH Takke NOAYEPKHYN, HTO TEXHUYECKME
CNOXHOCTU UMW NPUPOLHBIE YCNOBWS HE SBASIKOTCS MNaBHBIMY
NPENSTCTBUSMM HA MYTH K KOMMIEKCHOMY VMCMOb30BaHNI0
MOL3EMHOr0 NPOCTPAHCTBA. HeJoCTaTOK MCXOBHbIX AaHHbIX,
HEONPeaeNeHHOCTb B KOMMETEHLMSAX, 3aNMyTaHHOCTb MMYLLE-
CTBEHHbIX OTHOLLEHWIA M HESICHOCTb B NpaBwiax ONpeaeneHms
OKYMaeMOCTH KanuTanbHbIX BIOXEHWIA — BOT CaMble [aBHbIe
KamMH¥ MPETKHOBEHNS. [1nsi NpeoaoneHns 0TCTaBaHns B
BOMPOCAx OCBOEHWM NOA3EMHO0 MPOCTPaHCTBa HeobXoau-
MO BHEAPSTb NPaKTUKy NCNoib3oBaHns SD-mopenei ans
000CHOBAHS TEXHUHECKUX 11 YNPaBNEHYECKUX PELLEHWI 1
BK/I04ATb MCMONE30BaHME NOA3EMHON MHGPACTPYKTYPbI B
LONrOCPOYHbIE rPafoCTponTENbHbIE NaHsl. Cepren Annatos
MOAYEPKHYA, YTO 3TV Mepbl NO3BOAST paboTaTb CUCTEMHO,
peann3oBbIBaTb MaCLUTabHbIE M 3HAYMMbIE MPOEKTHI, COXPa-
HSIS HA MOBEPXHOCTM OAMH M3 KPACUBENLLIVX TOPOA0B MMpa U
[enas ero KOMOPTHLIM 47151 KM3HN.

Takxe B pamkax KOHEPEHLMM COCTOSANOCh 3aceaaHne
Mpasnenns ACUUS 1 'eHepanbHoii accambnen YeHOB 3Toi
opraHusau. Cepreii AnnaTos BbICTYMIA C OTYETOM O N0A-
rotoBke koHdepeHLm ACUUS-2016 B CaHkT-lNeTepbypre.
OH oTMeTMN pocT 06LEMOB NOA3EMHOTO CTPOUTENLCTBA B
CeBepHoii CTONMLE 1 MOAYEPKHYI, 4TO 6E3 KOMMIEKCHOrO
0CBOEHUS NOLA3EMHOI0 NPOCTPAHCTBA HEBO3MOXHO PELLUTD
TPaHCMOPTHbIE, COLaNbHbIE M 3KONOTYECKME NPOOIEMI,
0CTPO CTOSILLME NEPeL, COBPEMEHHbLIMI MEranoncamu.
Ynebl npasnexns ACUUS BbICOKO oLgHun paboTy, npo-
[leNaHHYo POCCUICKMM KOieramu, Noa4YePKHyB, YTO Ha
CeropHaLHNiA AeHb 3a CaHkT-MeTepbyprom 3akpenumncs
CTaTyC NAEe0N0rMYECKOro LIEHTPa NOA3EMHOTO CTPOUTENb-
cTBa B Poccum.

B pamkax o6cyxaeHns noarotoBku koHdepeHumn ACUUS
B CaHkT-[NeTepOypre BbICTyn1Na pykoBoaMTENb CYXObI MO
cBsA39M ¢ 00LecTBeHHOCTbI0 OAQ «MeTpocTpoii» EkaTtepuHa
Mvrynsk. Ona otmeTnna, yto OAO «MeTpocTpoii», kak 0AHO
13 BEQYLLYX POCCUIACKMX NPEANPUSTUIA B 06NacT1 NOA3EM-
HOrO CTPOUTENBCTBA, FOTOBO MPUHSTH aKTUBHOE Y4acTve B
MOAroTOBKe MPEACTOSILLEro MeponpusaTus 1 nepesana u-
muTpurcy Kannamnakocy Biae03anmch Npoxoadeckux pador,
OCYLLECTBEHHBIX CNIELMANCTaMI KOMMaHUM B UCTOPUYECKON
yacTtn CaHkT-lMeTepbypra Ha CTPOUTENLCTBE «AnMUpanTeii-
CKoW» — camoiA rnybokoi CTaHLymM MeTpo B Poccuu.

B pamkax LepeMoHmm 3akpbiTis KoHdepeHumn ACUUS
poccwiickas aeneraumst NpOBENa NPe3eHTaumio CleaytoLero
dopyma. MpeanaeHT 00beanHeHns Oumutpuc Kanuamnakoc
no6narogapun Cepres Annatosa 3a NPOPECCUMOHAMbHbIA
NOOXOA K AENY U 3aMETUJ, 4TO NPEACTABNEHHbIA BUAEOPO-

MOA3EMHbBIE FTOPU30HTbI Ne2. Uionb/2014



UK, NOCBSILLEHHbI CeBEPHOI CTOMMLE, NO3BONSIET B MOJHO
Mepe No4yBCTBOBATb KPaCOTY 3TOr0 ropoAa. Takxe poc-
cuiAckas CTOPOHa OpraH130Bana 1oTepelo, B KOTOPO Bbin
pasbirpaH cepTudukaT Ha 6ecnnaTHoe y4acTue B KOHPEPEH-
v ACUUS-2016 B CankT-MeTepbypre.

B 3aBepLLUeHne 4enoBoii NporpamMmmbl COCTOSNNCH
TEXHWYECKME TypPbl HA 06BEKT NOA3EMHOI0 CTPOUTENLCTBA
B yHMBepcutete Ewha Womans, cozgaHHbIi no npoekTy
apxutekTopa [lomervka Meppo. ABTOp NpoekTa INYHO
npoBen aKckypcuto, 06paTne 0coboe BHUMaHME NpUCyT-
CTBYIOLLMX Ha CUCTEMY 3epKasl, NO3BONSIOLLMX FEHepUPo-
BaTb AHEBHOW CBET W UCMOMb30BaTh €r0 [/ OCBELLEHUS
MOMELLEHWIA, HAXOASLLMXCS HUXE YPOBHS LHEBHO NOBEPX-
HOCTU. BaxHo, 4TO B NPOEKTE peann3oBaHa naes «XMBomn»
rOpPOJICKOIA cpefibl, 00beANHSIIOLLEH HA3EMHbIE COOPY-
XEHUS, NOL3EMHblE 00BLEKTHI 1 MPUPOAHBIA NaHAWadT B
€[VHOE Lenoe.

Y4acTHUKM KOHPEPEHLMM TaKxXe NOCETUN YHUBEPCUTET
Yonsei. Kamnycbl v cnopTyBHbIE 00BLEKTHI 1S CTYAEHTOB
coopyxalotcst MeTonoM top down. BbiGop TexHoRorum
006yCnoBNEH He0OXOAMMOCTbIO CKOPELLEr0 BOCCTAHOB-
NIEHMS 3EMHOW MOBEPXHOCTM y4acTka CTPOUTENLCTBA
D15 ABWKEHNS. [JaHHBIA NPOEKT NO3BONNT CYLLECTBEHHO
pacLwpnTb PEKPEALIMOHHOE MPOCTPAHCTBO YHNBEPCUTETA,

MOA3EMHbIE TOPU30HTbI Ne2. Uionk/2014

COXPaHMB NPy 3TOM NaHawadT 1 06ecneyns KOMPOPT 1
HEoOX0AMMYIO CKOPOCTb NEPEABVXEHNS N0 NOBEPXHOCTU.

Mongsops utorn, Cepreit ANNATOB OTMETIN BbICOKMIA
HayYHbIi NoTeHLMan koHdepeHLn 1 0bpatnn ocoboe
BHUMaHWE Ha OTNAXEHHOCTb CUCTEMbI B3aNMOLENACTBIS
CMeLnanucToB ¢ NPaBrUTeNbCTBEHHBIMU CTPYKTYPaMM 1
LUMPOKOIA 06LecTBeHHOCTLI0 Kopeun. OH nogyepkHys, 4To
ONbIT NMPU3HAHHBIX 3KCMIEPTOB B 0611ACTW KOMMEKCHOMO
0CBOEHMS MOA3EMHOr0 NPOCTPAHCTBA BbI3bIBAET BOMbLUOM
VHTEPEC Y POCCUIACKMX CNeLManicToB, 061aaatoLLmx co-
BPEMEHHOI NMPON3BOACTBEHHOI 623011, CNOCOGHBIX peLlaTh
niobble TexHuyeckue 3apayn. K coxanenmio, npobnemsl
rpagoCcTPOUTENLHOO NAHMPOBAHMS 11 3aKOHOAATENLCTRA B
06nacTn Nof3eMHOro CTpouUTeNbLCTBA B POccum 10 cux nop
0CTaK0TCS HEPELLEHHbIMMW. XOYETCS HAEATLCS, 4TO MONOXU-
TeMbHbII OMbIT BeAYLLMX MUPOBLIX iepXaB yoeauT BnacTb 1
06LLeCTBO B HEOOXOAMMOCTM NEPEXOAA HA HOBbII YPOBEHb
rpagoCTPOUTENLHOO NAHMPOBaHMS, KOrAa Ha3eMHOE 1
MOL3EMHOE MPOCTPAHCTBO ByAyT paccMaTpuBaTbCs kak
e[uHoe Lienoe. «ns Hac 0cobeHHO BaxHO, YTOOLI Creayio-
was koHdepeHums ACUUS, koTopas npoiiaeT B CaHkT-
MNetepbypre B 2016 roay, Obina noaaepxaHa Ha NPaBUTeb-
CTBEHHOM YPOBHE M NOMy4MAa WPOKUIA OBLLECTBEHHBIN
pe3oHaHc», — nogyepkHyn Cepreii Annatos.
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Currently in Moscow an
ambitious program of transport
system modernization is
underway. Implementing
partner of the project is

the engineering company
"Mosinzhproekt”. The

reform is designed to abolish
insufficiency of road network,
accelerate underground railway
development, create urban
light-rail system based on
Moscow Railway Small Ring,
construct transport connection
hubs, develop parking spaces,
upgrade public transportation
network rolling stock.

€ MOCHHKTIPOEKT

OTKPbITOE AKLUMOHEPHOE OBLWECTBO
101990, Mockea, CBepykoB nep., 4. 4/1. Ten.: (495) 623 49 91

OAO «MocuHXnNpoeKT»
101990, r. Mockga,

Ceepukos nep., a. 4/1

Ten.: (495) 225-19-40

E-mail: info@mosinzhproekt.ru
www.mosinzhproekt.ru

«MOCUH)XINMPOEKT»:
56 JIET C MOCKBOW

MockoBckue BnacTn HanpaBuayn KOJI0CCa/lbHbIE CHJTbl M CPEACTBA HA MOAEPHN-
3auuio TPaHCNIOPTHOM CUCTEMbI CTOJINLbI: PEKOHCTPYNPYETCS U pacLumpsieTcs
Y/IN4YHO-BOPOXHAs CETb, MPOEKTUPYIOTCS TPAHCMOPTHO-NEePeCcanoyHbIe y3/ibl
(TINY), pexopaHO GbICTPLIMU TEMNAMM CTPOUTCS METPOMOINTEH, oA NacCcaxup-
ckue nepeBo3ku nepenpodunupyercs Manoe konbyo MXA n 1. 4. B ocHoBy
pedopMbi 3a10XeHa uges co3gaHns CUCTeMbI KOMPOPTHOro 06LYEeCTBEHHOIro
TpaHcriopTa. OCHOBHbIM UCIIOJIHUTENIEM NPOrpaMMbl MOZEPHU3aLUN TPAHCIOPT-
HOWi cUCTEeMbI CTana UHXNHUPUHIOBas KOMMaHNs «<MOCUHXIPOEKT».

" porpamma pasBuTISi MOCKOBCKOIO TPaHC-
MOPTHOrO y3na NoApasymeBaeT NMKBUAALMIO
aeduumTa ynniHo-L0POXHON cetn, Gopcupo-
BaHHOE Pa3BUTUE METPOMOAMTEHA, CO3AaHNE
rOpPOACKOro Nerkoro MeTpo Ha ocHose MIKOKZ,
cTpoutenscTBo TIY, pa3suTie NnapkoBOYHOrO
MPOCTPaHCTBA, 0BHOBEHE NOLBMKHOMO COCTaBa
ropoaCcKoro TpaHcnopTa.

OnbIT MMPOBbLIX MErANONCOB FOBOPUT O TOM,
4TO KOMOPTHOE NEPESBUKEHVE MO FOPOLY MOX-
HO 06eCneYUTb TOALKO Gnarofaps KOMNIEKCHOMY
MOLX04Y K MOLEPHM3ALMM TPAHCMOPTHOM cucTe-
Mbl 11 6€3yCNOBHOMY NPUOPUTETY /151 BCEX BUAOB
06LiecTBEHHOrO TpaHcnopTa. OAHOBPEMEHHO C
3TUM N8 Toro, 4To0bl 6onee paBHOMEPHO pac-
npeaennTb aBTOMOOUNLHBINA TPADUK U CBECTU K

MUHUMYMY Nepenpobery, He0BXo4MMO INKBM-
AMpoBaTh AeOULMT OPOXHO CETU 1 NMOBLICHTD
XOPAOBYIO CBS3HOCTbL PAOHOB.

CornacHo nnaHam ropoACKyX BliacTen, 3a Tpu
roaa byneT NpoNoXeHo N PEKOHCTPYMPOBAHO
240 KM IOPOXHOr0 NONOTHA, NOCTPoeHo 40 TpaHc-
MOPTHbIX pa3esa3ok. [0 cpasHermto ¢ 2010T.
06beM CTPONTENLCTBA AOPOT B CTONNLE BLIPOC B
yeThipe pasa.

— Mockga BblLL1a Ha PEKOPAHBIE TEMMbI
CTPOUTENbCTBA LOPOT, KOTOPbIE CEroaHs Npe-
BbILLIAIOT HOPMATKBHBIE B ABA Pa3a, Mpu 3TOM 3a
nocnefHve roapl B cpeaHeM Ha 25% cHu3unach
CTOMMOCTb paboT, — OTMEYAET 3aMEeCTUTENb
mapa MockBbl N0 BONPOCaM rpagoCTPOUTENBHOM
NONUTUKK W CTpOUTENLCTBA Mapat XyCcHynivH.
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Aoporu Ha 3emne n nog 3emnei

BonbLuoit 06bem paboT 1 3aN0XEHHbI B NPOrpaMmy
BbICOKMI TEMIN PEKOHCTPYKLIAW 11 CTPOUTENBCTBA 1I0POX-
HOW MHGPACTPYKTYPLI NOTPE60BaNM CKOOPAMHUPOBAHHOMO
noAxoza B yNpaBneHuit BCEMU NPOoLEcCamMit — OT NPOeKT-
POBaHMs 10 BBOAA 00bEKTA B AKCMyaTaLmio. KOMMNEKCHBIN
MOAXO[ AVKTOBACS M NPOrpaMMOii CTPOUTENBCTBA HOBbIX
JIMHWIA U y4aCTKOB CTONMYHOMO MeTpononuTeHa. Mockos-
CKVe BNACTMN PELUNAN CO3LATb ANHBIA MHXMHUPUHTOBBIN
LIeHTp Ha Ba3e NPOeKTHOro MHCTUTYTA «MOCUHXNPOEKT>.

Bribop «MocuHxnpoekTa» B ka4ecTse rpagoobpasyto-
LUV MHXMHWUPUHIOBO-CTPOUTENBHO KOMMAHM CBSA3aH C
MCTOPUWEN 1 OMBITOM MHCTUTYTa — BONEee Yem 3a Noneeka
CreumanmncTbl KOMMaHUM CNPOEKTUPOBANN N MOCTPOVAN
COTHM BaXHeMLLMX 00bEKTOB, KOTOPbIE ONPEAENNM CO-
BPEMEHHbI 061K ropoaa. C MOMEHTA CBOEr0 OCHOBaHMS
WHCTUTYT CHOPMUPOBANCS B KA4eCTBE EAMHOIO LIEHTPa Mo
KOMMNEKCHOI pa3paboTke NNaHMPOBOYHbIX PELLEHNIA, MPO-
€KTOB MHXEHEPHOr0 060PYA0BAHUS HOBLIX XU/bIX PAiOHOB,
CTPOUTENbCTBA M PEKOHCTPYKLIMM YAULL U MNOLLaaen, nos-
3EMHbIX COOPYXEHUI 1 KOMMYHUKALMIA.

Mo npoekTam «<MocuHXNpoeKkTa» B pa3Hble rofpl Obiin
nocTpoeHsl yi. Fopbkoro, Cagosoe konbLo, yi. HoBocno-
6opicKas, BbIMETHbIE MArMCTPay (LLIOCCe SHTY3MaCTOB,
Bapuuasckoe, JleHnHrpagckoe u Apocnasckoe Wwocce),
CapoBoe KonbLO, TpeTbe TPAHCMOPTHOE KOMLLIO, PSIA, TPaHC-
MOPTHbIX TOHHENEN (BKo4as KyTy3oBckuit, TaraHckuin u [lo-
OPbLIHUHCKWIA), MHOTIE NYTEenpPOBO/bI, MOCTbI, HaBEepEeXHbIe,
rMOPOTEXHNYECKINE COOPYXKEHMS!, COTHU KMNOMETPOB Maru-
CTpasibHbIX Fa30MPOBOLOB, BOAOMPOBOAHBIX M KaHaM3aLW-
OHHBIX CETEN 1 COOPYXXEHMIA. 32 BECb NEPUOL LEATENLHOCTY
KOMMaHuu cneLmanmncTbl «<MOoCKHXNPOoeKTa» 3anpoeKT1PoBa-
7 CBbILE 4 ThIC. KM FOPOACKWX aBTOMAarucTpanei, bonee
100 TpaHCNOPTHBIX NEPECEYEHNIA B pasHbIX YPOBHSIX, Gonee
300 noa3emHbIX neLexoaHbIx nepexoaos, 20 kM Habepex-
HbIX, I6CATKI BOAOEMOB 1 0ObEKTOR O1aroyCTPOCTRA.

MOA3EMHBIE FTOPU30HTbI Ne3. Okts6ps/2014

B Mockse

3a roga
OyneT NPONOXeHo
11 PEKOHCTPYMPOBAHO

240

KM OOPOXHOro nosioTHa,
NOCTPOEHO

40

TPAHCNOPTHbIX
[pa3BA30K.

B HoBefiwweit nctopum «MOCUHXNPOEKTY» OTBEAEHbI
He MeHee macluTabHble 3anaqn. B 2011 rogy komnanus
BbIMrpana KOHKYPC Ha yrpaBfieHne NporpaMmMoii passuTms
meTpononuTteHa. B nporpamme «Metpo-2020» 3an0xeHo
cTpoutenscTBo 6onee 160 km nyTei, 79 CTaHLMIA, PEKOH-
CTPYKLMS 7 1 CTPOUTENLCTBO 9 31eKTPOAENO.

— Hawa rnaBHas GyHKLMS — ynpaBneHue CTPOUTENbHbI-
MU npoLieccamu. 1nst 3Toro Mbl cobpanui npodeccnoHanb-
HYI0 KOMaHAy ynpasneHueB. Takxe Mbl CO34anm cne-
LMan13MpoBaHHOE NOAPa3aeNeHne No NPOEKTUPOBAHNIO
006bekToB MeTpononTeHa. Takum 06pa3om, ans peannsa-
LMK HOBbIX 6OMbLLMX 3a4a4 KOANEKTUB «MOCHMHXNPOEKTa»
BbIPOC MOYTW BABOE U CErOAHS COCTABNSET NOPSIKa
2,5 ThIC. YeNOBEK, — PACCKA3bIBAET reHeparbHbli AMPEKTOP
komnaHum KoHcTaHTMH MaTBees.

VIHXVHWPWHIOBBIA NOAX0Z4 NO3BOANA COKPATUTL CPOKM 1
CTOMMOCTb peanuaaLmumn NnpoekToB. CTaHLMM Hernybokoro
3a/10XeHMs CTPOSTCS TENEPb 3a MONTOPA rofa, NPy 3TOM
o6Las cToumMocTb nporpaMmbl «<MeTpo-2020» cokpaTti-
nack Ha 4eTBEPTL. Takum 06Pa3oM, CHUXEHME CTOUMOCTM
3aKynKy MaTepuasnos 1 NEPEXOL, K TMMOBbIM MPOEKTam
CTaHumi no3s0nnn «MOCMHXNPOEKTY» BOBOE YBENNYUTDL
CKOPOCTb CTPOUTENLCTBA B3 NoTEPY KayecTsa. Ipn aToM
npoLiesypa onpeaeneHns CTouMocTy cTana bonee npo-
3payHa [19 rocyaapcTBa; CBEEHNS 0 3aKyrnkax W 3aKio-
YeHHbIX JOroBopax pasmeLLaloTCcs B OTKPLITOM JOCTYNe Ha
CaiiTe roc3akymnok 1 KOpPropaTBHOM CaiTe KOMNaHUM.

BaXHbIMM NPENMYLLECTBOM MHXMHUPUHIOBO KOMMAHWN
CAYXUT Hann4ue COBCTBEHHOM Hay4HOM 6a3bl. Cneunan-
CTbl «MOCHHXMPOEKTa» SBASIKOTCS aBTOPaM COTEH HOpMa-
TUBHbIX [JOKYMEHTOB B Cepe CTpomTenbcTea. B cocTase
KOMMaHWW AeNCTBYIOT ABA HAY4HBbIX LieHTpa — Hay4Ho-
1CCNEeLOBATENLCKNIA M MPON3BOACTBEHHbIA UHCTUTYT
TPAHCMOPTHBIX COOPYXXEHNI 1 HAY4YHO-MHXEHEPHBIA LLEHTP
M0 OCBOEHMIO NO3EMHOr0 NPOCTPaHCTBa. Takum obpa-
30M, KOMMaH1s IMEeET BO3MOXHOCTb He TO/bKO MPUMEHSITL



OBLLIMPHbIVA OMbIT, HAKOMNEHHBIV 3a roAkl PaboThl, HO U pa3-
pabaTbiBaTb HOBLIE YHUKANbHbIE TEXHUYECKME PELLEHMS NS
CTPOUTENLCTBA 0OBLEKTOB BLICOKOTO YPOBHS CNIOXHOCTMU.

KomnaHus Takxe BbICTYNAET B KAYECTBE reHepanbHoro
MPOEKTVPOBLLYKA MO PSAAY KNHO4YEBLIX 00BEKTOB BOPOXHOA
nHGPACTPYKTYPbl MOCKBbI, peanvayst NOMHbIA KOMMIEKC
MepOonpUSTIIA Mo Pa3paboTke U BEAEHMIO MPOEKTHON JOKY-
MEHTaLMK, a Take Mo Haa30py 3a paboTamit Ha MPOTSKEHUN
BCEro CTPOMTENBLHOMO npoLecca. CerogHs «MoCUHXNPOoeKT»
OCYLLECTBASIET reHePasIbHOE NPOEKTMPOBAHME W QYHKLMM TEX-
HMYECKOro 3aKa3ymka PeKOHCTPYKLIMN BbINETHbIX MarucTpa-
nev n MKAL, npoekTvpoBaHme y4acTkoB CeBepo-3anagHoii u
CeBepo-BoCTO4HOM X0pA, TPAHCNOPTHBIX PA3BA30K Ha Nepe-
ceyeHnn MKAL v ktoyeBbIx MarcTpanei ropoaa, oneparus-
HOE yNpaBneHMe NPOrpamMmoi ctpoutenscTaa TrY.

— CeronHs KpynHble TPAHCNOPTHbIE Y371kl CTPOSITCA HE
6onee aByx NET. XOTS N0 NPOEKTaM OpraHn3aLmn OpoXx-
HOrO CTPOWTENLCTBA OHA IO/IKXHA CTPOUTLCS rofa Tpu. Mel
M3MEHUN KOHKYPCHYIO M MPOEKTHYIO LOKYMEHTALMIO, CXaNN
CpoKm, 06ecneynnn 4eTkoe GDrHaHCMPOBaHWE, 3aCTaBu-

TN CTPOUTENE OPraHM30BaThCs M CKOHLIEHTPUPOBATLCA

Ha TaKu1X MyCKOBbIX 00bEKTaX — W CUTYaLMs U3MEHWNACH
paaykanbHo. Mbl yBeNM4MAM TeMMbI CTPOMTENBCTBA pa3a B
nonTopa-fga kak MUHUMYM, — KOMMEHTUPYET M3ap MoCKBbI
Ceprein CoOsHMH.

MarucTtpanu noegyT ObicTpee

PeKOHCTPYKLMS BBINETHBIX MArucTpanei ABNgeTcs O4HUM
13 NPUOPUTETHBIX HANPABAEHWI N0 PEDHOPMUPOBAHNIO
JIOPOXHO-TPAHCMOPTHON CUCTEMbI CTONNLIBI. B 06LLeit

B cTonnyHoi nporpamme
«MeTtpo-2020» 3an0xeHo

CTPOUTENBCTBO
6onee

160.

nyTen,

79

CTaHLWA,
PEKOHCTPYKLMS

[

M CTPOUTENBLCTBO

9

ANeKTPOmeno

CNOXHOCTY MO Nporpamme npaeuTenscTea Mockebl 6yaet
PEKOHCTPYMPOBaHO 270 KM pagnanbHbIX LWOCCEe W Npo-
CNeKTOB. PEKOHCTPYKUMS 12 BLINETHBLIX MarucTpanei ocy-
LLECTBASETCA N0 NPOeKTaM, pa3paboTaHHbIM MHXeHepamu
«MocuHxnpoekTa». [Tocne okoHyaHus pabot B 2016 rogy
Ha HWX 3apaboTatoT BblAENEHHbIE NOMOCHI, YTO NO3BONNT
HanagmTb 6ecnepeboiiHoe ABMXeHNe 0BLLECTBEHHOTO
TpaHcnopTa.

Ha ceropHsILLHMI feHb YXe 3aBepLLeHa PEKOHCTPYKLMSA
NEePBLIX NATY BbINETHBLIX MArncTpanen — BapLasckoro, Ka-
LUIMPCKOro, JIEHMHrpaackoro, ApocnaBckoro WOCCe 1 Tpac-
cbl Py6nesckoe Wwocce — banaknaeckuit npocnekT. HoBble
TPAHCMOPTHbIE Pa3BSA3KY MO3BOMMIIM OPraHN30BaTh HA HIX
6eccBeTOPOPHOE ABVXEHIE, HTO MPUBENO K YBENNYEHMIO
CKOPOCTW aBTOMOBWALHOrO NOTOKa NpUMepHO Ha 20%. [ina
6e30MacHOCTY NeLLIexo0B Ha 0porax npeayCMoTPeHb
NOA3EMHbIE U HA3EMHbIE Nepexobl.

OG6HOBNEHHbIE BLINETHbIE MarkcTpany 06ecneymBatoT He
TOMBKO HYX bl aBTOBNAAENbLEB — OLHOM 13 BaXHbIX 33434
PEKOHCTPYKLMM SBASETCS OPraHM3aLys BbigENEHHbIX N0A0C
ANs 0BLIECTBEHHOrO TpaHcnopTa. BmecTe ¢ 60KoBbIMY
npoe3namMu 1 3ae34HbIMW KapMaHaMy OHU CO34al0T KOM-
(OPTHbIE YCNOBWS ANS BUXEHIS aBTOOYCOB, NacCaxXmpbl
KOTOPbLIX TEMEPb He 3aBUCAT OT YPOBHS 3arpy>XeHHOCTH
zoporu.

B HacTosiee Bpems B Mockee feiicTByeT 18 BbiaeneHHbIX
nonoc 06LLei NPOTSXEHHOCTbIO 0kono 200 KM, MO KOTOPLIM
€XepHEeBHO nepeBo3nTcs 1,3 MiH naccaxmpos. 310 Ha 120%
6onblue nokasatenen 2012 roga, koraa cTaptoBana npo-
rpamma no opraHu3aum «eolaeneHok». K koxuy 2014 ropa
MPOTSKEHHOCTb CETW TaKVX NOOC YBEANYMTCS ELLE Ha 55 KM.
PesynbTaToM 310 paboThl CTAHET CBA3HAs CUCTEMA MapLL-
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PYTOB HA3eMHOr0 0BLLIECTBEHHOIO TPAHCMOPTa, KoTopas
Mo3BOAMUT ObICTPO 1 KOMDOPTHO AOOMPATLCS 0 MECTA Ha-
3HaYyeHus 6e3 NCnoNb30BaHKS INYHbLIX aBTOMOOUNEN.

«KneBep» AoNoAHAT
HanpaeJsieHHbIMU Cbe3aamMun

0pHa 13 HacyLLHbIX 33424 TPAHCMOPTHOI Nporpam-

Mbl — YBENMYEHME NPOMYCKHON CNOCOBHOCTI MOCKOBCKOI
konbLiesoii asTogopory. Ceitvac MKALL dakTuyecky SBasetcs
BHYTPUrOPOACKOM MarucTpasbio, UrpaioLLei KIOYEBYIO POib B
MOCKOBCKOM TPAHCMOPTHOM y3nie. 10 MHEHVIO CELManmMCTOB,
OCHOBHOW NPUYMHOI NPOBOK Ha HE SBASIOTCS «KNEBEPHbIE»
pa3Ba3ku, KoTopble coeanHsitoT MKALL ¢ BbINETHBIMM Marii-
cTpanamMu ropoaa. NMocTpoeHbl oHy 6bin B 1990-e rogpl, kor-
12 YPOBEHb aBTOMODMNM3aLMM ObiN Aanek 0T COBPEMEHHOTO.
Ha ceroaHALLH1IA IeHb «Knesepa» ucHepnani CBOI Mpomnyck-
HYt0 CNOCOBHOCTb: ecnv Npobka 06pa3yeTcst Ha OIHOM BbE3LE
Ha MKAZL, npakTnd4eckm cpasy «BCTaloT» U OCTaSIbHBIE.

B xome pekoHCTPYKLMM pa3BA3ku JONOHSIOT HanpaB-
NEHHbIMU Cbe3aamu, koTopble bonee ahdeKTUBHO cnpas-
NSI0TCA C BHICOKMMI Harpy3kamm, NOCKONbKY, B OTANYKE OT
KOHCTPYKLMIA KNEBEPHOr0 TUMA, NPU NPOE3e N0 HUM HE
CHUXAETCS CKOPOCTb TPAHCMOPTHOMO NOTOKA.

«MOCHHXNPOEKT» OTBEYAET 38 PEKOHCTPYKUMIO 9 3 17
TPaHCMOPTHbIX Pa3esa3ok ¢ MKALL. SddeKTMBHOCTbL MX Moaep-
HW3aLMI MOXHO OLIEHUTb Ha NPUMEPE CAaHHOM B CEHTSIOPe
3TOro roga pa3esasku Ha nepeceveHnn MKAL ¢ Bonrorpaa-
CKMM NPOCNEKTOM. B xoae pekoHCTPYKLM BblN COOPYXeHb!
[BE IEBOMOBOPOTHbIE 3CTakafbl 1 ABa MPABONOBOPOTHbIX
cbesna. Boonb BHeLHe 1 BHyTpeHHew cTopoH MKALL B paiio-
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BblAE/IEHHbIX M0S10C
00LLEl NPOTSKEHHOCTbIO
0KONo

200.

M0 KOTOPbIM eXeaHEBHO
NepeBoanTCs

1,3.

Maccaxmpos

He pa3Bsi3ky 0BYCTPOEHbI ABYXMONOCHbIE GOKOBLIE NPOE3Apl:
M0 HUM JIBUraeTCs 0BLLECTBEHHbIA TPAHCMOPT M aBTOMOOU-
1, CbE3XKAIOLLME HA MOBOPOTHbIE 3cTakambl. [ponyckHas
cnoco6HocTs MKAJL nocne OTKpPbITUS pa3Bsiaki yBEAMYMNach
Ha aToM y4acTke Ha 30-40%. AHanorunyHble NokaaTenm Oxm-
[AI0TCS M NMOCNE PEKOHCTPYKLIAM OCTasbHBIX PA3BS30K.

[lo koHua 2014 ropa nnaHMpyeTcs 3aBepLUMTL PaboThl
N0 MOAEPHN3ALMN Pa3BA30K HA NEPECEYEHNI KONbLLEBON
aBToAoporu ¢ AmMutposcknm n Moxarckum wocce, Muyy-
PUHCKMM 1 Boarorpafickum npocnekTamu.

— Takum 0Bpa3om, 3a ABa-Tpu rofia Ha CMeHy uc-
YepnaBLUMM NPONYCKHYIO CNOCOOHOCTb Pa3Bsiakam Tuna
«KneBepHblIA ncT» Ha MKAJ, npuayT 6051ee MOLLHLIE 1
6e30nacHble pa3Bsi3ku C HaNpPaBneHHbLIMM Cbe3nam, —
KoHcTaTupyeT Mapat XyCHyNnH.

Peanusaumnsa nporpamMmmbl o passuTuio AOPOXHO-
TPAHCNOPTHON NHDPACTPYKTYPLI CTONULBI YXE fana
OLLYTUMBIN 3 DeKT.

— HecmoTps Ha 3HAYMTENBHBIA POCT IMYHOIO aBTO-
TPaHCMOoPTa, CMTYyaLMs Ha MOCKOBCKMX JOPOrax 3a CHeT
NPOBEAEHNS KOMMAEKCHBIX MEPONPUSTUIA B LIENIOM HE
yxyawaetcs, — cuntaet Cepreit CobsiHUH. — B cpefHem
MPOMNYCKHas cnocobHOCTb PEKOHCTPYMPOBAHHbBIX 0POT
NOBLICUNACH Ha 25%.

Bnarofaps Tomy, 4TO B rOpoe OAHOBPEMEHHO Peanuay-
I0TCS BCE HANPaB/EHUs NPOrpammbl (KPOME CTPOMTENLCTBA U
PEKOHCTPYKLM SOPOT aKTUBHO CTPOMTCS METPO, MPOEKTUPY-
totca TI1Y, nog naccaxmpckue NepeBo3KM PEKOHCTPYMPYETCA
MKXJ), ropoxaHe OLLyLLa0T KOMNEKCHBIN 3 dEKT Mosep-
HW3aLMN TPAHCTIOPTHOM CUCTEMBI. JKcnepTbl HEBE30CHO-
BATENBHO MONArakoT, YTO YXKE Yepes 2-3 roga TPaHCMopTHas
CUTYaLUsi B CTOMLLE CTAHET 3HAYMTENBHO KOMBOPTHEE.
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A.H.TARO,
K.T.H., aoueHT CMOrAcCY

The paper explores application
of modern sheet piling
technologies for retention and
excavation support in various
site conditions. The author
proposes to base the choice of
technologies on processability
index calculation.

The article shows efficacy

of the suggested selection
technique based on
calculation of integral
processability index consisting
of labor input criteria, duration
of work, cost, size of the site,
headcount etc. An example
that follows illustrates
calculation of processability
index for various sheet pile
driving options.

BblBOP

TEXHOJIOMA
YCTPOWCTBA LUMYHTOBBIX
OrPAXIEHUN

lMpakTnka coBpeMeHHOro CTPOUTEIbCTBA XapaKTepu3yeTcs BO3pacTalownmm
o06bemMamMu BO3BE4EHNSI MHOFOATaXHbIX U BbICOTHBIX MPaXAAHCKNUX 34aHNIA

1 COOPYXEHMI, OT/INYUTENIbHOM 0COOEHHOCTbIO KOTOPbIX SBASETCS Nnepeaaya
3HA4YNTEJIbHbIX BEPTUKAJIbHbIX U FOPU3OHTAJIbHbIX HArPy30K Ha FPYHT OCHOBaHMS,
a Takoke Hann4yue pa3BUTON NOA3EMHOM 4YacTh, B KOTOPOU pacrnonaraloT TEXHU-
YyecKue nomeLLeHusl, NapKUHIrn, TOProBo-pPa3BiaeKaTesbHbIe LLeHTPbI U T. .

Py YCTPONCTBE DYHAAMEHTOB TaKUX

COOPYXEHWIA cneayeT peLatb Npodnemsl
YCTPOWCTBA CrieuyanbHbIX Orpaxaalowmx KoH-
CTPYKLWIA KOTNIOBAHOB, rNyBK1HA KOTOPbIX MOXET
pocturatb 15-20 M. K Takum KOHCTPYKLMSIM
NpenbABNAIOT creayloLme TpeboBaHus:

= HeobXo/yMas BOLOrPYHTOHENPOHMLIAe-
MOCTb NP BLICOKOM YPOBHE IPYHTOBbIX BOA;

B [0CTaTO4Hast XECTKOCTb A1 BOCNPUATUS
[IABNEHNS MPUNEralOLLEro MaccyBa rpyHTa,
NA0LWAA0K CKNaanpoBaHus, CTPOUTENBHOM
TEXHUKK;

B MUHUMANbHbIE TEXHWUKO-3KOHOMMUYECKME
nokasarenu (Tpymosarparbl, CTOMMOCTb, CPOKY
BbINOSIHEHWS PAbOT, MaTEPUANOEMKOCTb U T. M.).

K BbIGOPY TEXHOMOMMIA YCTPONCTBA Orpaxae-
HWIA KOTNOBAHOB NPeabABASOT 0CO0ble Tpebo-
BaHUS NPW HANNYUM 302HUIA 1 COOPYXEHMUI B
npesenax 30Hbl BASHUSA HOBOTO CTPOUTENLCTBA
(Mynbabl 0ceaaHus). YCTPOICTBO KOTNIOBAHOB
60nbLUKX 06bEMOB NPUBOANT K U3MEHEHNIO
HanpPsXeHHO-AehOPMUPYEMOr0 COCTOSHMS
rPyHTa, NpOcaaKamM ero NoOBEPXHOCTM 1 aedop-
MaLUsIM CYLLECTBYIOLLMX KOHCTPYKLWIA 34aHWIA,
npUNeratoLLX K CTPOMTENBHOM NNoLLaake.
Kpome Toro npu yCTpoMCTBE OrpaxaeHuin Takux
KOT/IOBAHOB Ha CTPOMUTENbHbIX MAOLLAAKaX C
reoIorMYeCKIM Pa3pe3omM, xapakTepuayoLLmM-
€S HANNYMEM MPOCTOEB Cabblx NOPOA, AnHa-
MUYECKME BO3LEWCTBIS, NPOU3BOANMbIE
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B X0[le CTPOUTENLCTBA, NPUBOAST K NPOSIBNIE-
HWIO TMKCOTPOMHbIX CBOWCTB IPYHTA B BULE CHY-
XEHUS CTPYKTYPHOI NPOYHOCTY €ro CKeneTa.

Cnenyet OTMETWTb, 4TO 151 YCTPOIACTBA
OrpaxneHunin KOTNIOBAHOB M CUCTEM WX Kpenne-
HWIA B HACTOSILLEE BPEMS UCMONB3YIOT Pa3Ho-
00pasHble TEXHONMOrUM C Pa3NNYHLIMM NOKa3a-
Tenamm 3GGEKTUBHOCTY, NPOSIBASIOLLMMUCS B
KOHKPETHBIX YCIIOBUSIX.

McenenoBaHnio KOHCTPYKTUBHO-
TEXHONOrMYECKMX MAapaMeTPOB YCTPOVCTBA
OrPaXJAIOLLMX KOHCTPYKLMIA KOTNOBAHOB
MOCBALLEHbI MHOTME PaboTbl 0TEYECTBEHHBIX
11 3apyOeXHbIX y4eHbIX. Bbinn uccnenoBaHbl
TEXHONOrMYeCk1e napameTpbl BUOPALMOHHOTO
MOTPYXEHUS CTANbHOO LUMYHTA, HA OCHOBAHMN
aHann3a onbiTa paboT 0BOCHOBAHbI paLyo-
HaslbHble 061aCTV NPUMEHEHNS MOHOAMTHBIX
GETOHHbIX OrpaXaeHnii B rpyHTE. Takxe pac-
CMaTpPMBANNCh N aHANM3MPOBANNCH PE3YNbTATHI
FEOTEXHNYECKOr0 MOHUTOPWHIA KOHCTPYKLIMIA
30aHUiA 1 COOPYXEHWIA, MPUAEraloLLX K yCTpa-
BaeMbIM KOTNI0BaHaM. BbipaboTaHbl METOAMKN
ONpeLeneHns TeXHONOTMYECKMX NapaMeTpoB
3aKperieHns rpyHTOBOro Maccyea o TEXHONO-
TV CTPYIAHON LEMEHTaLMN.

Ha ocHOBaHWM aHann3a AMTepaTypHbIX
MCTOYHUKOB M NPAKTUYECKOrO OMbITa CTPOU-
TENbCTBA YCTAHOBEHO, YTO B 3aBUCUMOCTU OT
YCNOBWIA NPOM3BOACTBA PABOT NPUMEHNMbI ABE
MPUHLMNMANLHO Pa3NNYAIOLIMECS TEXHONOMMM
YCTPOIACTBA OrPaXAEHNS KOT/IOBAHOB:

= MOrpyXeHye No KOHTYPY KOTNOBaHa roTOBbIX
3/IEMEHTOB B BUAE CBaii 3aBOACKOr0 N3roToBne-
HWsl, CTaNbHbIX 620K ABYTaBPOBOrO NOMEPEYHOr0
CeYEHVS C MOCNEYIOLLMM 3aM0/HEHVEM
MPOCTPAHCTBA MEXAY HAMM NaHENIMM 13
pa3nnYHbIX MATEPUAOB, LUMYHTA (CTANLHOIO,
MOAMMEPHOTO UNk Xene306eTOHHOrO);

B YCTPOWCTBO MOHOJNTHBIX CTEH B FPYHTE U3
kacaTenbHbIX (CEKYLLMXCS) CBaW UM TPaHLLE-
HbIX 3/IEMEHTOB, BK/TI0YAs CO3AHNE FPYHTOLIE-
MEHTHbIX MacC/BOB.

CTOUT OTMETUTB, YTO NPEeABAPUTENBHYIO
OLLEHKY MapaMeTPOB Taknx KOHCTPYKLWIA
CrnesyeT BbINOMHATb HA OCHOBAHWUM FEOTEXHU-
YECKMX PACYETOB, YYUTHIBAIOLLWX HAMPSXKEHHO-
L,eOPMUPOBAHHOE COCTOSIHWE MPYHTA U
KOHCTPYKLWA 3A2HWIA, NPUAEraloLLMX K CTPOM-
TENbHO MNOLLAaKe.

ABTOPOM YCTAHOBIEHO, YTO [/191 KOTIOBAHOB
rny6buHoin 5-10 M cpeay npeacTaBneHHoOro
TEXHOJOTNYECKOr0 MHOr006pasws yCTPOMCTBO
OrpaxaeHuiin M3 CTanbHOrO LMYHTA Pa3INYHbIX
¢$opm nonepeyHbIX ceveHunii aensetca apdek-
TWBHBIM MO KPUTEPUSM CTOMMOCTH, MPOLOSIXM-
TENbHOCTW PaboT 1 TPebyembIx NoLiaaen ans
YCTaHOBKM CTPOUTENbHBIX MALLVH.

B 60bLLEN CTENEHM 3TI NPEUMYLLECTBA
MPOSIBSIOTCS NPY NOBTOPHOM UCMO/b30BaHNN
wnyHTa (060pa4MBaEMOCTL) MM ErO U3BNEYE-
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Puc. 1. TexHonoruyeckue cxembl 060pyA0BaHUS ANS NOTPYXKEHNS WNYHTA: @ — KONEP C TMAPABANYECKUM MONOTOM; 6 — AU3eNbHbIH
MOJIOT, YCTaHOBNEHHbII Ha KaHe; B, T, A, €, X, 3 — BAABAUBAHUE CaMOXOAHOIA ycTaHOBKOi TUNa YCB-120 Ha Ga3e akckaeatopa, wa-
raioleil YCTaHOBKOM, MaLIMHaMK, NePeMELLaloLMMICS O LUNYHTOBOMY PSAY, CUCTEMOI, CMOHTUDOBAHHOI Ha OypOBOI YCTaHOBKE,
CTaLMOHAPHBIMM MALIMHAMK, a TAKXKe YCTaHOBKOI Ha 0a3e ryCEHUYHOro KpaHa; M, K, 1 — BUGPALMOHHbIE MALUMHbI, YCTAHOBNEHHbIE Ha
PYKOSITH 3KCKABATOpa, KpaHe U MauTe GypoBOiA YCTAHOBKY.

HWW M3 rPyHTa (N0 3aBepLLEeHUK PaboT HyNeBOro
LMKNa) ons AanbHenLwen yTmansaumm.

B HacTosiLee Bpemst B 3aBUCUMOCTM OT YCNo-
BWI CTPOMTENLCTBA NPUMEHSIOT CIEAYIOLLME TeX-
HOMOMUM NOTPYXEHNS CTANbHOIO LWNyHTa (prc. 1):

= 3a6VBHas C NPUMEHEHWEM CBANHBIX
monoToB (puc. 1a-6);

B CTaTUyeckoro Baasnmeanus (puc. 18-3);

= BUOPALMOHHOrO MM BUOPOYIAPHOTO
(puc. 1 n—x).

Takm 06pa3om, MOXHO CLENaTh BbIBOZ, 0
LLIMPOKOM HabOPE COBPEMEHHBIX TEXHONOMWI A
MOrPYXeHs LNYHTA, KaXaas 13 KOTOPbIX B KOH-
KPETHbIX MHXEHEPHO-re0IorHECKVX YCIIOBUSX
CTPOUTENBHOM NNOLLALKM 1 HAMYKS 6M3KO pac-
MOMOXEHHbIX 3AAHNIA UMEET CBOM MPEVMYLLIECTBA
¥ HeocTaTky. Ka4ecTBeHHas xapakTepucTuka
TaKMX TEXHONOMWI NpeaCTaBneHa B Tabn. 1.

B 3701 CBSA3M BLIOOP 1 HA3HA4YEHWE Napame-
TPOB PALMOHANBHBIX TEXHOAOMIA YCTPONCTBA
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Ta6nuua 1
KayecTBeHHasl XxapaKkTepyucTuKa TeXHOIOrniA NOrPyXeHNs CTabHOrO LMYHTa

Mpeumywectea Hepoctatku

3abuska

M YHMBEPCaNbHOCTb B PA3/IMYHBIX FPYHTOBbLIX YCII0BU-
X (BO3MOXHO MOTPYXeHWe XECTKOrO LUMYHTA B CIOU
MNOTHBIX FPYHTOB NPY NOBBILLEHHON YacTOTe yaapa 1
MaJoii BbicoTe cBpoca MosnoTa);
M HeGonbluas CTOMMOCTb paboT

I BO3MOXHbI AepopmaLyy WnyHTa (paspbiBOB 3am-
KOB, 3aBaJl OrPXAEHNS 1 T. M.) MPU NOrPYXEHUN,

M JMHaMWYECKVIe U LUYMOBbIE BO3AEVICTBIS HA OKPY-
XaIOLLY0 3aCTPOMNKY

BpasnuBaHne

B MYHUManNbHBIE YPOBHU LLyMa W AMHAMUYECKME BO3-
[LIeNCTBUS Ha FPYHT;
B BbICOKAs TOYHOCTb NOTPYXEHUS

I 60n1bLLIas Macca YCTaHOBKM;

M HeobXoaMMbI JOMONHUTENbHBIE MOLLHOCTU 3ek-
TpoaHeprum (ao 200 kBr);

I orpaHuyeHme npu paboTte B CTECHEHHbIX YCIOBUSIX
11 HaNNACTOBAHWIA MNOTHbLIX FPYHTOB;

W [10M. 3aTpaThl Ha YCUIEHWE OCHOBAHMS XOL0BOrO
MyTV MaLLMH

BubpaunoHHoe norpyxexme

B MUHWMAIbHBIA KOMMIEKT BCMIOMOraTeibHoro 060-
pyo0BaHMS;

B YHUBEPCASIbHOCTb B arperatmpoBaHiy BUGPATOPOB
C Pa3/NYHBIMM CTPOUTENbHBIMIA MaLLYHAMM;

B NpY 1CMONMb30BAHNM BbICOKOYACTOTHBIX PEXIMOB
NOTPYXEHIS! B TPYHTE FEHEPUPYIOTCA MUHIMATbHBIE
[IMHaMNYeCK1e BO3AENCTBUS

LUMYHTOBbIX OrPXAEHUI KOTNIOBAHOB MO LLENOiA
COBOKYMHOCTK 0BCTOATENLCTB NprobpeTaeT
BXHOE 3HAYEHME YXe Ha cTamum opopmne-
HUS y4aCTKa NOA 3aCTPONKY 1 GOPMUPOBAHNS
3aCTPOMLLMKOM 3a[1aHIS Ha NPOEKTUPOBaHME
o6bekTa.

C y4eTOM BbILLECKA3aHHOIO MOXHO CHOpMY-
JIMPOBATb CRELYIOLLME 3aa41 UCCNef0BaHNS,
TpebyloLLme PELIEHNS 415 COBEPLLIEHCTBOBAHMS
TEXHONOrMYECKMX NapaMeTPOB YCTPONCTBA
LUMYHTOBbIX OFPXAEHMI KOTIOBAHOB B Pa3niny-
HbIX YCNIOBUSIX CTPOUTENLCTBA:

1. BbINONHUTL aHaNUTHYeCKuii 0630p MeTO-
J0NOMMYECKIX OCHOB OLLEHKY CPABHUTENBHON
3D PEKTUBHOCTY PA3ANYHBIX KOHCTPYKTUBHO-
TEXHONOrMYECKMX PELLEHNIA YCTPOICTBA Orpax-
[EHWUI KOTNI0BAHOB.

2. OBoCHOBATb paLMOHaNBLHOCTb NPK-
MEHEHUSI METOAMKY PACYETOB NOKa3aTeNen
TEXHOIOTMYHOCTY A1l 060CHOBaHWS obnacTeit
MPUMEHEHUS PA3NINYHBIX TEXHOMOT .

3. ViccnepoBaTth CTPYKTYpY nokasateneit
TEXHONOMMYHOCTM 1S Pa3NNYHbIX YCIIOBUIA
CTPOUTENbHBIX MIOLAIOK.

4. MpoBeCTY aHann3 pe3ynbTaToB NPaKTMye-
CKOrO MPUMEHEHWS 3TOI METOAMKM ANS BbIBOpa
TEXHOOrMYECKMX MapaMeTPOB YCTPOIICTBA
LUMYHTOBbIX OrPXAEHMI KOTIOBAHOB.

Ha 0CHOBaHMM aHanM3a pasnnyHbIX METOANK
OLEeHKM 3G DEKTUBHOCTY TEXHONOT WA yCTa-
HOBNEHO, YTO NOCTABEHHYIO 3afa4y CreanyeT
peLuaTb UCX0As 13 MCCNeaoBaHMin GakTopoB
TexHonorumyHocTw. Mllog nocnepHen cnepyet

M OrpaHuyeHune npu paboTe B YCNOBUSIX HANNACToBa-
HWA NNOTHBIX FPYHTOB;

B NpyY MCMONb30BAHUN PEXMMOB MOFPYXEHNS C Ya-
CcTOTOM KonebaHuii oo 700 06/MUH BO3MOXHbI Pe30-
HAHCHbIE BO3LENCTBMS HA KOHCTPYKLMA COCEAHWX
3[jaHuiA, NpUBOAALLME K UX Aedopmamam

MOHUMATb COBOKYMHOCTb MONOXUTENBHBIX
Ka4€eCTB TOW UMK UHOI TEXHONOrMM YCTPON-
CTBA OrpaXAEHUI KOTNOBAHOB B KOHKPETHBIX
VHXEHEPHO-re0Normyeckmx yCoBmsX 1 0Co-
GEHHOCTSIX CTPOMTESNLHOI MAOLLAAKM MO BCEM
N OCHOBHBIM MOKA3aTENSIM CPABHUBAEMbIX
BapUaHTOB.

TexHONOrMYHOCTb CNEaYeT OLEHNBATB MO
TPEM YPOBHAM KPUTEPHEB:

1-11 ypOBEHb — MHTErPaNbHbIN;

2-11 ypoBEHb — 0B0BLLEHHbIE KpUTEPUN
OLEHKM Bap1aHTOB YCTPOICTBA LLNYHTOBOMO
orpaxmaeHust no Tpem rpynnam: 1-9 — npouns-
BOACTBEHHAS; 2-9 — KPUTEPUEB HAAEXHOCTU
11 KQ4YeCTBA; 3-51 — TEXHMKO-3KOHOMUYECKMX
rnokasarenei;

3-11 ypoBeHb — AnddepeHumantHbie Um
MPOCTbIE KPUTEPUMU.

Mpon3BOACTBEHHAS TEXHONOMMYHOCTb
XapakTepr3yeT paccMaTpPMBAEMYIO TEXHOIO-
TMI0 C TOYKM 3PEHMS TPYA03aTpaT, TPebyeMbix
MUHUMaNbHBIX Pa3MEPOB yyacTka paboT 1
TPaHCMOPTHOTO 06beMa TEXHUYECKNX CPEACTB
(6ypoBOI1 yCTaHOBKM, AN3ENBHOM CTAHLNN,
YCTAHOBKM BLABNMBAHKSA, KpaHa, BUOPALMOHHO-
ro 1 BCMOMoraTeisHoro 060opyoBaHus), npo-
3BOAMMOrO TEXHVKOM YPOBHS AMHAMWUYECKOTO
BO31ENCTBYS, 4TO 0COBEHHO BaXHO npu paboTe
B CTECHEHHBIX YCOBWSX CTPOUTENLCTBA.

TexHONOrMYHOCTb 3-1 FPYNMbI BKIOYAET
TEXHUKO-3KOHOMMYECKME OLLEHKI TEXHONOT I
M0 NoKa3aTensiM NPOU3BOANTENBHOCTY U CTOU-
MOCTW BbINOMHEHHbIX paboT.

[1ns1 OLLEHKM TEXHONOMMYHOCTY KAXA0ro U3
paccmaTpuBaeMbIX BapuaHTOB HeoBX0aMMO,
4TOBbI BCE KPUTEPUM M3MEPSICH B Npefe-
nax ot 0 40 1 B COOTBETCTBUM CO CIEAYHOLLM
YCNOBMEM:

0/ <1,
0<m <1 (1)
0<m <1,

y

roe J, m, m,; — UHTErpaibHble, 0000LLIeHHbIE
1 onddepeHLmManbHble KpUTEPUN TEXHONOTNY-
HOCTU, COOTBETCTBEHHO.

[Ing BLINOSHEHUS YKA3aHHOrO YCNOBMS He-
06X0a1MO, 4TOBbI BCE YaCTHbIE WM NPOCTLIE
nokasarenu Obim npeobpa3oBaHbl B 6e3-
pa3MepHbIe BEIMYMHBI MO NPUBEAEHHBIM HIXe
dopmynam:

m;=x, / x" (2)

mij :ximln/ xi]" (3)

rAe x, — nokasarenin pagninHbIX TEXHONOTiA
YCTPOICTBA CBail, N3MEPSiEMble B COOTBET-
CTBYIOLLMX BEIMYMHAX CTOMMOCTW, NPOAOI-
XWUTENbHOCTY paboT, 06bemMOB paboT U T. I,
A", 2™ — MaKCUMasbHbIE U MUHAMASbHbIE
3Ha4eHus nokasaTenei Aas paccMaTpUBaEMbIX
TEXHONOr M.

®opmyny (2) NPUMEHSIIOT, KOraa yBenuye-
Hie pacCMaTpMBAEMOro Nnokasatens BeAeT K
YBEMYEHNIO 0B0BLLEHHOO U MHTErPaNbHbIX
KpUTEPWEB, B MPOTMBHOM C/ly4ae 1CMomb3yioT
BbIpaxeHue (3).

0O606LLEHHBIA N UHTErPabHbI KPUTEPUM TEX-
HOJOTMYHOCTY PACCHMTLIBAIOT MO hopMynam:

m,‘ — 2 mij Kioﬁoﬁmen; (4)
J. = 2 m. K_mlrerpaslbn; (5)
i i i

rae K poomen, Jummerparen koahGULMEHTD
BECOMOCTH i-X 060OLLEHHBIX N UHTErPaANbHBIX
KpUTEPWEB ONPeensioT No MeToAy akcnepT-
HbIX OLLEHOK, MW NPUHUMAIOT N0 METOLMUKE
VHXEHEPHOro NporHo3npoBaHms. Cymma

K03 ULMEHTOB AOMKHA paBHATLCS 1.

Kpome TOro, B 3aBMCHMOCTM OT COCTaBa 1
KONMM4YECTBA aHANM3MPYEMBIX NOKa3aTenen ao-
MYyCKAETCS NPUMEHATD YNPOLLEHHYIO METOLMUKY
PacyeToB KPUTEPMEB TEXHONOMMYHOCTM NO op-
mynam 1-4. Takum 06pa3om, pacyeT no3sonseT
OLLEHMBATb PA3HOPOLHbIE XaPaKTEPUCTUKN B
€AVHON L pOoBON LWKane.

C yyeTom puc. 1 paccMoTpumM npuMep npu-
MEHEHMs 3TON MeToaMKM A5 0BOCHOBaHMS
CPaBHUTENBHON 3P PEKTUBHOCTMN CNEAYIOLLMX
TEXHONOMMIA NOMPYXEHNS LWIMYHTA:

A. YpapHblit cnoco6 norpyxeHus.

BapwanT 1. 3abuBKa WNyHTa rmapasnnye-
CKVM MOJIOTOM, YCTAHOBJIEHHLIM Ha FYCEHNY-
HOM KOMpe, Macca yaapHoW 4actn 6 1
(puc. 1a).

MOA3EMHBIE FTOPU30HTbI Ne3. Okta6ps/2014
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Ta6nunua 2.
npOCTble noka3arteJin TeXHOJIOrTMYHOCTU BapUaHTOB INMOrpPyXXeHus WnyHTa pa3inyHbIMu cnoco6aMM

HaumeHoBaHue NPoCTOro KpUTEPUS TEXHONOTNYHOCTY ()

MuH.
nnowagb
yyacTka,

MZ

BapuaHT 2. To e An3eNbHbIM MONOTOM, Nof-
BELUMBAEMOM Ha rpy30BOM KaHaTe CTPenoBoro
CaMOXO[HOro kpaHa (puc. 1 6).

B. BaasnuBaHue wnyHra.

BapuaHT 3. TlorpyxeHue LwnyHTa caMoxop-
Hoi ycTaHoBkoi YCB-120 Ha 6a3e akckaBaTopa
(puc. 18).

BapwmanT 4. To xe yctaHoskoi YBT-200 (CO-
450), nepecTaBnseMoit KpaHoM (puc. 1 ).

BapuaHT 5. To e CaMOX0AHOMN YCTaHOBKOM
CBY-B-6 Ha 6a3e kpaHa PK-250 (puc. 1 3).

CroumocTb
NOrpyXeHus
WINyHTa
(3a17), 1. pyd

Hopma
BPEMEHM,
T/CMeHy

Oon.
3aTparbl,
T. pyo.

CoctaB
3BeHa, Yen

BapwuaHTbi

BapuaHT 6. To e LuaratoLei yCTaHOBKOM A. 3abueka
vna Starke 320 (puc. 11). 1 5,0 15,0 147,9 224,2 4

BapwmaHt 7..To Xe YCTaHOBKOM Tmuna Still 9 40 150 39,9 60,5 9
Worker unm Giken, nepeauraioLLeiicst no TopLy
NOrPYXEHHOrO LLINYHTOBOrO psaa (puc. 1 a). b. Bpasnusatine

BapwaHT 8. To e BOaBNMBAIOLLEN CUCTe- 3 14,0 8,0 340,6 248,6 4
moit ABI Mobilarm, cMOHTVpOBaHHO Ha MauTe 4 14,0 8,0 101,5 74,2 4
BypoBoii ycTaHoBkM (puc. 1e). 5 135 9.0 102,9 156 4

B. BuOpaunoHHOe NOrpyXeHus LMyHTa.

BapuaHT 9. BbpaumoHHbIM norpyxarenem, 6 13,0 8,0 1552 1133 3
YCTaHOBMNEHHBIM Ha PYKOSATW MIPaBAMYECKOro 7 15,0 10,0 52,8 83,1 3
aKckasaropa (puc. 1u). 8 7.0 7.5 156,1 167,9 4

BapwanT 10. To Xe, NOABELMBAEMOM Ha

B. BubpauuoHHoe norpyxeHue
PY30BOM KaHaTe CTPENOBOr0 CAMOXOAHOM0
kpaHa (puc. 1K). 9 6,5 10 38,5 58,3 2

BapuaHnT 11. To Xe, yCTaHOBAEHHBIM Ha May- 10 7,0 15 447 67,8
Te 6YDOBOVI YCTaHOBKU (puc. 1 7). 11 75 15 156,1 167,9

PacuyeT BbIMOMHEH 151 YCTPOMCTBA Orpax-

[EeHWIA KOTNI0BAHOB W3 CTaNbHOrO LWNyHTa Tabnuua 3

kopbITHOrO Npodwung Tuna JlapceH IV gavHon
12 M. [pu 3TOM y4nTBIBANMCH CReayiowme
nokasarenu, NPeLCTABNEHHbIE B NOPSAKE yObl-
BaHWS 3HAYNMOCTY B CTPYKTYPE UHTErpanbHOro
KpUTEPUS TEXHONOMMYHOCTH:

AnddepeHumnansHbie KpUTEPUN TEXHONOTMYHOCTN BaPUAHTOB NOrPYXEHNS LWYHTA

AnddepeHumnanbHbie KPUTEPUM TEXHONOTUMHOCTH (1)
BapuaHTel
N N N T

B CTOMMOCTM NOTPYXEHNS LUMYHTA; A ! a0 i b s bt
B NPOV3BOAUTENBHOCTY; 2 1,00 1,00 0,96 0,96 1,00
= [OMOJHUTENbHbIX 3aTPaT Ha MOLrOTOBKY 3 0,29 0,53 0,11 0,23 0,50

OCHOBaHMS A1 XO0BbIX NMYTE CTPOUTENbHBIX

MaLLVH; 4 0,29 0,53 0,38 0,79 0,50
B MUHUMarbHBIX NNOLAAEi, He0OX0ANMbIX 5 0,30 0,60 0,37 0,37 0,50

[N opraHm3aLmmn paboyero yyacTka: pasmellle- B 6 0.31 053 0,25 0,51 067

HWS CKNAZAMPOBAHUS LLUIMYHTA, YCTAaHOBKM MaLLIWH,

BCMOMOraTenbHoro 060pYN0BaHNS U T.M.; 7 0,27 0,67 0,73 0,70 0,67
B YMCNIEHHOro COCTaBa 3BeHa. 8 0,57 0,50 0,25 0,35 0,50
MpocTble (YaCTHLIE) MOKa3aTeNM TEXHONOM Y- 9 0.62 0.67 100 100 100

HOCTM NPEACTaBNeHs! B Tabn. 2. Pesynbrathl : : : : :

npeoGpa3oBaHys YaCTHbIX NokasaTesneii 8 6es- | B 10 0,57 1,00 0,86 0,86 0,50

pasMepHbIe BEAMYMHbI N0 GopmMynam (2) n (3) 11 0,53 1,00 0,25 0,35 0,50

npeAcTaBeHbl B Tabn. 3.
KoadbdrumeHTsl BECOMOCTY 1 3HAYEHMS

006006LLEHHbIX KPUTEPUEB, PACCHUTAHHBIE MO
dopmyne (4), npuBeneHsbl B TabA. 4.

MprMeYaHms: 3Ha4eHIs NoKa3aTeNnen x, nx,
paccunTaHbl B LeHax Mast 2012 ropa.

PesynbTathl pacuetoB auddepeHLmpoBaH-
HbIX KPUTEPWEB A5 fanbHENLLEro aHanuaa
yno6HO NPeACTaBnAThL B BUAE CTONBYATLIX Ana-
rpamm, NPeLCTaBNEHHbIX Ha PUC. 2.

Ha puc. 2 ans kaxaoro BapuaHTa TeXHONormu
oTobpaxaeTcs nsTb CTONOLOB, COOTBETCTBYIO-

MOA3EMHBIE FTOPU30HTbI Ne3. Okts6ps/2014

LUMX KQXLOMY aHANU3NPYEMOMY KPUTEPUIO.
[Mpw 3TOM nyyLIEMY 3HAYEHMIO COOTBETCTBYIOT
CTONOLHI MaKCUMaNbHOM BLICOTHI. Tak, Ha OCHO-
BaHWM aHanu13a gmarpamm MOXHO Npeasapu-
TENbHO 3aKN04NTb 00 3G HEKTUBHOCTY NPUME-
HeHWs BUOPALWMOHHO TEXHONOI MM NOrPYXeHUs
wnyHTa. Cpeay TEXHONOrUA BAABNMBAHNS
npeanoyTeHne CneayeT 0TAaBaTb MPUMEHEHNIO
MaLLMH, NePEeaBUraloLLmMxcs No Topuam norpy-
XXEHHOrO LUNYHTOBOrO psiza (sap. 7).

3HayeHWst IHTErPabHOrO KPUTEPUS TEXHO-
NOTMYHOCTY J,, paccumnTarHble no dopmyne (5)
CYMMMPOBaHWEM NPOU3BEeAeHN 060BLLEHHBIX
KpuUTepueB Ha Ko3hdULIMEHTL BECOMOCTH,
rnokasaHbl B Tab”. 5.

C y4eTOM BO3pacTaHus UHTErpasibHoOro
kputepus /. o1 0,33 10 0,99 MOXHO 3aKnio4nTs
0 LienecoobpasHOCTV NPUMEHEHNS paccma-
TPUBaEMbIX BAPNAHTOB, PACMONOXEHHbIX B
cnenyowem nopsake pocta aGGEKTUBHOCTH:
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3HaueHus KpuTepues

n
w

o

5

[=]

8 9 10 1
Xgs Xy Xs— KpUTEPAY

Tun
060pynoBanms

Monot-kpaH
Ha 6aze
aKcKaBaTopa

YBT-200

Ha 6a3e
KpaHa

LUaratowee
waccu

Giken

TEXHONOrM4HoOCTH,
cornacHo Taon. 2

Ha base
6Gyposoi
Ha
aKckapaTope
Ha kpate
Ha 6a3e
6Byposoi

ﬁ_J

3abueka

BpasnuBanve

BuBpaLmoHHoe norpyxetve

Puc. 2. [lnarpammbi pacnpeaenesus GeapasmepHbIX KpUTEPUEB TEXHONOTMYHOCTH PaNMYHbIX BAPUAHTOB NOrPYXEHNS WNyHTa

BapuaHTbi

—_

A
2
3
4
5
b
6
7
8
9
B 10

—_
—

0,22
0,28
0,08
0,08
0,08
0,09
0,07
0,16
0,17
0,16
0,15

Tabnuuya 5

Tabnuua 4.
0606LueHHbIe KpUTEPUM TEXHONOrUYHOCTY BAPUAHTOB MOTPYXEHNUS WYHTa

006006LLeHHbIE KPUTEPUN TEXHOJIOTUNHOCTY (m,)

0,28
0,28
0,15
0,15
0,17
0,15
0,19
0,14
0,19
0,28
0,28

WnTerpansHbie KpUTEPUM TEXHONOMNYHOCTH ],

BapuaHTbi

1

A
2
3
4

B 5
6
7
8
9

B 10

1

WUHTerpanbHbie
KpUTEepUn

TEXHOJIOTNYH.

Ji=zmi'Ki

0,64

0,99

0,33
0,46
0,43
0,42
0,57
0,45
0,80
0,79
0,57

Mpumeyanune

Jlyqwee
3Ha4eHune

Xyowee
3HayeHne

m,-K m,-K

3 5 N
(K,=0,21) [(K,=0,14)

0,05 0,04 0,05
0,20 0,13 0,09
0,02 0,03 0,05
0,08 0,11 0,05
0,08 0,05 0,05
0,05 0,07 0,06
0,15 0,10 0,06
0,05 0,05 0,05
0,21 0,14 0,09
0,18 0,12 0,05
0,05 0,05 0,05

3-56-55-58-57/1151-510-59->2.Ha
OCHOBaHWW NPWBELEHHOrO pacyeTa cambiM
TEXHOJOTNYHBIM SBNISIETCS BapHaHT 2 3a0MBKM
LUMYHTA AM3ENbHBIM MOOTOM, NOABELLMBAE-
MOM Ha kpaHe. OfiHako 3T0T cnocob npume-
HSIOT UCKIOYUTENBHO B MMAPOTEXHNYECKOM
CTPOMTENLCTBE NPY OTCYTCTBUW CTPOrUX TPE60-
BAHWI K TOYHOCTW NOrPYXEHNS N OrPAHNYEHNIA
MO LWYMOBbIM ¥ IMHAMWYECKNIA BO3LENCTBUAM
Ha OKPYXAIOLLYIO Cpeqy.

Ha ocHoBaHuK faHHbIX Tabn. 5 cpeaHme 3Ha-
YeHUS MHTErpasbHOro KPUTEPUS 418 PA3NINYHBIX
TEXHONMOMMIA NOTPYXEHNS LUMYHTA COOTBET-

CTBEHHO PaBHbl:
= 3abuBKa 0,64;
W BLABAVBAHME 0,44;
= BMOPALMOHHOE NOrpyXeHNEe 0,72.

B 37011 CBS3M MOXHO 3aK/I0HUTb O PaLMO-
HaNbHOCTM MPUMEHEHNS TEXHONOM M BUOpALW-
OHHOrO NOrPYXEHMS LWINYHTA C MAKCUMabHBIM
3HaueHrem nokasarens J * = 0,72, Mpn
3TOM 3 PEKTUBHBI BUOPALIMOHHBIE MALLIHBI,

YCTaHOB/EHHbIE Ha PYKOSITW 3KCKaBaTopa
(/.= 0,80). in TexHONOT Ui BAABNMBAHMS
paLMOHabHO MPUMEHSITb YCTAHOBKW, NEpeaBy-
raioLyecs no WwyHTosomy pagy (/, = 0,57).

Ha ocHOBaHUM NPeACTaBAEHHbIX MaTEPUANoB
MOXHO 3aK/H04MTb, YTO 151 PA3AMYHBIX YCOBUIA
CTPOUTENBHBIX MNOLLAA0K BbIGOP TEXHOMOMN
MOrpy)XEHMS LWNYHTA HEOBXOAMMO NPOM3BOLANTD
MCX0As 13 pacyeTa MHTEerpasbHoro Kputepns
TEXHONOMMYHOCTU. [P STOM fyyLLEMY BapUaHTY
OyaeT COOTBETCTBOBATL €r0 MaKCUMaSbHOE
3Ha4eHve.

CnepyeT OTMETUTb, YTO B 3aBUCHMOCTM OT
YCNOBUIA paboT Ha KOHKPETHBIX CTPOUTENb-

HbIX N0LLaAKax HOMEHKATYPa U KOMYECTBO
KpUTEPUEB MOXET N3MEHSTLCS. Hanpumep, npu
paboTe BOMM3W CYLLLECTBYIOLLMX 3AAHMIA, 0CO-
6EeHHO B MCTOPWYECKOI YaCTV FOPOAA, BXHBLIMM
rnokasaTensiMy CTaHOBATCS YPOBEHb LLyMA
[JONONHUTENBHOE AaBNeHe 060pya0BaHs Ha
TPYHT, @ Takxke BO3MOXHOCTb MOrpYXXeHMs! LLMyH-
Ta B CTECHEHHbIX YCNIOBUSIX.

Ha 0CHOBaHUM NPUBEAEHHOTO BbILLE MOXHO
3aK/1t04MTb 06 3PHEKTUBHOCTI METOAMKM pac-
YETOB KPUTEPWEB TEXHONOMMYHOCTY AN OMpeae-
NEHVst pauMoHanbHbIX 061acTel NpUMeHeHNs!
Pa3NNYHbIX TEXHONOTWIA YCTPOWCTBA LUMYHTOBbIX
OrpaxzeHumin KoTnoBaHoB. [peacTaBneHHas
METOAMKA YHUBEPCabHA 4K PA3NINYHBIX YCO-
BUI CTPOUTENBHBIX MIOLWAA0K. ByayT MeHsTbCS
TO/bKO HAbOP aHaNM3MPYeMbIX NapaMeTPOB 1
3HaueHs 1x k0adPuumeHToB BecomocT. Cre-
[JlyeT OTMETUTb, YTO TaKOI NOAX0Z, paHee npu-
MEHSINCS TONbKO 7151 OLEHKM TEXHONOTMYHOCTH
MPOEKTHBLIX PELLIEHWI OTAENbHBIX KOHCTPYKLMIA
3aBO/CKOr0 M3rOTOBNEHMS.

Mpepnaraemast aBTOPOM METOZVKA NO3BO-
NSIET N0 OAHOMY KPUTEPWIO, N3MEPSIEMOMY 151
aHanM3npPyeMbIX BapUaHTOB B 4MHON LMdpPo-
BOW Lkane B npeaenax ot 0 oo 1,0, oueHuBaTh
Pa3HOPOAHbIE XapakTEPUCTVKN ONpeLensioLLme
3bHEKTUBHOCTb PA3NNYHLIX TEXHONOMWIA. B pe-
3ynbTate UCCNEeN0BaHNIA NPeIoKeHa CTPYKTYpa
nokasaTenei TexHoNOrMYHOCTM ANS Onpesene-
HWS CPABHUTENBHOM 3POEKTUBHOCTY BapPUAHTOB
paboT. 3HAYMMOCTb KaXA0ro Noka3aTens B
COCTaBe CTPYKTYPbI KpUTEPUS ONPEAENSETCS
K03hPUUMEHTaMN BECOMOCTH.

MpencTaBneHHble MaTepuanbl IMEIOT BaXHOE
NMPaKTU4ECKOe 3HAYEHME AN1S OLEHKM 1 BbIBopa
3hDEKTUBHbIX TEXHONOMMIA YCTPOMCTBA LLINYH-
TOBbIX OrPAKAEHNIA KOT/IOBAHOB B PA3NINYHBIX
YCNOBUSIX CTPOUTENBCTBA B 3aBUCUMOCTY OT
CTeneHn CTECHEHHOCTN CTPOUTENBHON MNOLLaa-
KW, UHXEHEPHO-Te00MMYECKIX YCIOBUIA U T. .
MprMeHeHVe METOLVKM NO3BONSET NONYYUTH
3HAYMTENbHBIN 3KOHOMUYECKUI 3D dEKT Npu
060CHOBaHMM cnocob0oB NPOU3BOACTBA PaboT
HYNEBOr0 LMK Ha CTaaum pa3paboTki Npo-
€KTOB opraHu3auuy cTpoutensctea (MOC) n
nponasofcTea pador (MMP).

MOA3EMHBIE FTOPU30HTbI Ne3. Okta6ps/2014
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Copepxadue:

KoMNeTeHTHaR UHDOPMALMA O AOCTHHEHM!

oTpacnu cTpad CHI u gankHero aapyGext

genceas WHhopMaLWAa M3 NepesIx PyK 0T MUHWCTROB

AOPOKHEIX AMUHUCTPALIMIA M KOMTaHWIA POCCHH W ET)

OTpacneesIe W pervoHaneHse 0630p6!, AHANUTHYECKUE |

pYSEMHLIX YYEHLIX U CTIBLUMANWETOBR Mo NpoGneman pa:

HOBBIE 33KOHLI M HOPMATHMBHBIE AOKYMEHTEI, pernaMeHTUpYIoLLne |

POXHOMD XO3ARCTEE, KOMMEHTaPUMK K HUM paspatoTHHKos; 5

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

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

.=

~5% CHI, agMUHHUCTPaLMA NPe3MABHTOB, NPABMTENLCTE M NOCONLCTE;
s, N ¢ B3 TPAHENOPTE W KOMMYHWUKALIWA, ROPOXHbIE anMuHucTpaLmm ctpad CHI
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Mpu cTpountenbcTee UHXeHep-
HbIX COOPYX€EHMWIA B yC/I0BUSX
MOBBILLEHHOr0 YPOBHS MPYHTO-
BbIX BOJ BaXXHO HaliTU Hanbonee
3KOHOMMYHBII CNOCO06 ocyLe-
HUSI CTPOMTENILHOIO KOT/I0BaHa
WU LUAXTBI.

LleHTpanbHOI 4acTbio CUCTEMBI
BOZOOT/INBA SIB/ISIETCH HACOC.

B 3aBucumocTy ot BbIGpPaHHOro
cnoco6a oprauu3savum Bogono-
HWXEeHUs MOryT ObITb MCMOJIb-
30BaHbl pa3NnyHble BapuaHTbI
Hacocos.
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COBPEMEHHbIE PELLEHAS
049 BOAOOT/IBA

B CTPOUTEJIbCTBE

H anbonee yaoOHbIMW N3 HUX ABNSIOTCS
MOrPYXHble KOHCTPYKLIMM, TakK Kak OHM
3alLMLLEHbI OT NPOHUKHOBEHWS Biari B cTaTop
auratens. MorpyxHble NePeHOCHbIE APEHaX-
HbI€ HACOChI MCMOMb3YIOTCA A1 MECTHOrO OCY-
LLIEHWS B OTHOCUTENBHO KOPOTKIE MPOMEXYTKM
BpemMeHu. CoBPeMEHHbIE MPOM3BOANTENN
npeanaratT LWMPOKYIO NHelky 0bopynosa-
Hua. K npumepy, A1 MECTHOTO BOLOOT/NBA B
HEBObLLMX 1 CPeaHMX 00beMax NPUMEHSIOTCS
nepeHocHble Hacocsk Flygt (LLBeums) nponsso-
anTenbHoCTbIo Ao 500 m3/yac. Oxun 06opymoBa-
Hbl 3aLLMTHO CETKOI A5 OrpaHNYeHNs 3axBaTta
HACOCOM KPYMHbIX 3arpsi3HEHUIA, CNOCOBHbIX
3a010k1poBaTh paboyee KONeco, a Takke
paboyrM KONECOM CaMOOUMLLAIOLLErocs TMna
(rmppaBnvka «N»). Tem cambIM fOCTUTAETCS
HafexHas pabota 6e3 0CTaHOBOK, HECMOTPS!
[aXe Ha NPUCYTCTBME B NepekayMBaeMoi Bofe
KaMHEeM, INCTLEB 1 CTPOUTENBHOIO Mycopa. Ha-
COC MOXET ObITb OCHALLEH KONECOM W3 BbICOKO-
XPOMICTOrO YyryHa — Matepumana, B HeCKONbKO
pa3 MoBbILLAIOLLEro CPOK CIYXObl FMAPABANKH
HAcoCa No CPABHEHMIO C UMMENNEPOM M3 Yy-
ryHa. laHHast mofienb crnocobHa paboTaTh kak
B FOPU30HTANILHOM, Tak 1 BEPTUKaIbHOM M0~
NIOXEHWM, 0TKAYMBas BOLY 10 «Xpana» (3axBaTta
B0O34yxa). bnarogaps y3komy an3aiHy kopnyca,
Hacoc Flygt moxeT pa3meLnarses B CKBaxmHe
UNn KONoaLe.

Mpw BLIBOPE CTALMOHAPHOTO CKBAXWHHOTO
BOJ00T/MBA NPEANOYTATENBHO UCTONL30BaHNE
HACOCOB C MEHBLLIVM KOJIMYECTBOM CTYNEHEN
1 MONIOCOB anekTponpreoga. Komnaxws Indar
(McnaHus) camocTosTENBHO NPOM3BOANT
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[JBuraTeny 4ns CBOMX HacocoB, JOGMBASCH X
MaKC/MaJIbHOro COOTBETCTBMS YCTaHOBIIEHHOM
ruapasnuke. [ins cypoBbIX yCnoBuiA paboTsl
B 3VIMHee Bpemsi Hacochl Indar ocHalLatoTes
BCTPOEHHLIMW 060rpeBaTENSMI, KOTOPbIE N0~
[IePXMBAIOT MONOXMTENBHOE 3HAYEHNE TeMMe-
paTypbl BHYTPY BUrATENs 1 KNIEMMHO KOPOBKH,
NPENSTCTBYS TEM CaMbiM 06Pa30BaHMIO KOHLEH-
carta. B ycnoBusx HU3KOro ypoBHs nepekaymsae-
MOW BOAbl Hanbonee 3GHEKTUBHLIMM SBNSKOTCS
HaCOChl C HKHUMW BCACOM. JIaHHBIA TUN ABNS-
€TCH MOLEPHU3MPOBaHHbIM aHaI0rOM CKBaXWH-
HOro Hacoca. [lBuratens CKBaXWHHOTO Hacoca
C HUXHWM BCACOM PACrosOXeH Haj HaCOCHOM
YaCTBIO V1 MOMELLEH B FePMETUYHBINA KOXYX. Mpn
paboTe arperara nepexkayv1Baemas XuaKocTb,
MPOX0As YePes KOXyX BAO/b ABUraTeNs, Oxnax-
[faert ero. [lnq KoMneHcaumy Sasnexns CHapyxm
V1 BHYTPY KOHCTPYKLIMN CKBXVHHBIE HACOCHI
3anoJHSITCS BOOON.

[Mpw cTpOMTENLCTBE TOHHENEN LIENecoo-
Opa3HO NPUMEHSTD PELLIEHUs, pa3paboTaHHbIe
[19 UCMOMb30BaHNA B LIAXTHOM BOLOOT/NBE.
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Yxe Gonee cTa NeT B LWaxXTax NPUMEHSIOTCS
Hacocbl komnanum Duchting (Fepmanus). Kak
nokasbIBaEeT NpakTuka, BMECTO CTYMEHYaToro
nepekaymBaHms ¢ apyca Ha apyc addekTneHee
1CNOMb30BATh OAMH HACOC, YCTAHOBIEHHBINA Ha
camoii rny6oKoii 0TMETKe WaxThl. Brarogaps
CHWXEHWIO KONMYECTBA HACOCOB JOCTUraeT-

CS1 3KOHOMUS AKCMNyaTaLMOHHbBIX PACXOH0B.
Kpome T0ro, ncnons3oBaHve 0AHOro (BMeCTO
HECKOMbKMX NepeKkaymBaloLLmMX) Hacoca no-
CNe0BaTeNbHO OAMH B Apyroii 6onee Lenecoo-
OpasHo C TOUKM 3pEHIS aHEprocOepexeHus.

CucTema LieHTpanbHOro BOAOOTAMBA, TO
€CTb C MCMONb30BAHNEM OfHOM LIEHTPANBHON
HaCOCHOIA CTaHLyK, paboTaeT NONHOCTLIO B aB-
TOMaTMYECKOM pexume. [1ns co3paHus Heobxo-
LIMOTO SAaBNEHUS HA BXOLE B BbICOKOHAMOPHBIN
HaCcOC 1CNONb3yeTCs NOAKA4YMBAIOLLMIA HACOC,

B KQYeCTBe KOTOPOro MOXET 1CMONb30BaThCS
MorpyxHoi, B0 NoYNOrPYXHOIA arpe rar.
BkiioueHne noakaymBaloLLEero Hacoca npous-
BOAMTCS NO CUrHay OT JaT4MKa YPOBHS BOAHI,
Mo AOCTUXEHWIN HEOOXOAMMOTO AABNEHNS HA
BCaCe OCHOBHOrO HaCOCa aBTOMATUYECKM OT-
KPbIBAETCS 3aABVXKA C 3NEKTPOMNPUBOLOM U1
BK/IOYAETCS MNaBHbIA HACOC. YaaneHue Bo3ayxa
MPOVCXOAMT Yepes BO3AYLUHbIE KnanaHbl U KOH-
TPONMPYETCS AATYMKOM. BbIK/IHOUEHME CUCTEMDI
NPOM3BOANTCS B 0BPATHOM MOPSAKE Tak Xe
aBTOMAaTU4eCKN. Becb Nopsmok AencTBuMi npu
BKJIOYEH/BLIKIIOYEHUM CUCTEMBI 3aMpo-
rPaMMMPOBaH B KOHTPONEPE LWkada ynpas-
neHnst. MHOrocTyneH4aTbie HacoChl KOMMaHUM
Duchting 06nafatoT NpoM3BOAUTENBHOCTBIO [0
1500 m3/4 1 Hanopom g0 2000 m.

Mpy CTPOMTENLCTBE B YCIOBMSX Aeduunta
NV NOJHOTO OTCYTCTBMS ANEKTPOCHABXEeHNS
HEBO3MOXHO 0B0NTMCH BE3 HACOCOB C AN3eb-
HbIM NpKBOAOM. LLIpoKyio N3BECTHOCTL B AaH-
Hoit 06nacTv nony4nno 06opyanoBaHue kKomna-
Huv Godwin (Beaukobputanus). Ero yao6etao
COCTOWT B TOM, YTO HaCOCY He TpebyeTcs 3anmB
BOLOW Neper, HaYanom paboTsl. YaaneHue Bos-
[lyXa W3 YIUTKM NPOUCXOANT aBTOMATUYECKM
nepes Ha4anom nepekaymsaxms. Kpome a1oro,
B MHelike Godwin MMEOTCS HACOChkI C Macns-
HbIM MPYBOAOM. TOT BapMaHT He3aMeHUM Npu
paboTe B YCNOBMSIX B3PbIBOONACHOI Cpefbl, rae
HeaonyCTUM PUCK BO3HUKHOBEHWS NCKPI.

3ayacTyio BOBOOTMBHbIE HACOCHI 3aLeii-
CTBOBaHbI OT Ha4ana v 10 KOHLA BCEro cTpou-
TENBHOrO NPOLIECCa, a Mx paboTa NpoMCXoanT
no popmyne 24/7 (24 yaca B CyTki/ 7 BHEN B
Hepento). MpasunbHbIiA BoIBOP 3GHEKTUBHOTO
PELLEHS 3HAYUTENbHO BAMSIET HA cebecTon-
MOCTb BCEX CTPOMTENbHbIX paboT. Obpatuasch
B CMELManM3npoBaHHble KoMnaHuu, obnagaio-
LLME MHOTONIETHIM OMbLITOM B 061aCTU BOZO-
MOHWXEHWS!, Bbl CMOXETE UCKHOYMTb OLLINOKM
B BbiGOpe 060PYA0BaHNS U CAKOHOMITL CBOE
BpeMms.

MOA3EMHBIE FTOPU30HTbI Ne3. Okts6ps/2014
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Eye-witness report from

Switzerland. In the land of B C E M M ¢ M 5 P A M M
cheese , chocolate and banks aEn
the author got acquainted with

Brugg Contec AG products, i.e. E ET o H A

with bicomponent polymerfiber

Concrix for load bearing

applications in shotcrete

used for tunnel construction. v

Microfiber Concrix can Oﬂ'M H ﬂ'EH b HA CEB EPO' BOCTO KE LLI B EM LlAPM M
increase the life expectancy

of the material and improve its

strength properties.

®unbpbl Ay — (MHOCK.) CWUMbl AYLIEBHbIS >>

(Hamekb Ha GUOPBLI, XMNKK, BOSIOKHA OpraHu-

yeckaro Tbna).

bos1bLLI0V TONIKOBO-(Pa3e010rnyeckmii CrioBaphb
Banepuit YEKAJINH MuxenbcoHa (opurnHaabHasi opgorpapus)
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TpaguumnoxHoe npeacTasnexue o LUseiiuapun
MOXHO KPaTKO NPeACTaBUTb BCEro JINLLb TPe-
Ms1 cioBamu: 6aHKu, cbip n Wwokonag. Cpasy
cKaxem, ecv ¢ ByMsI NOC/IEBHUMU B XO4€
HaLuei KpaTkoi KOMaHAUPOBKN B 3Ty CTPaHy
Mbl NYCTb Y BECbMa PparMeHTapHO, HO BCE Xe
cymesny No3HaKoMUTbCS (MPOAErycTUPOBaTh),
TO 3HaMeHUTYI0 GaHKOBCKYIO CUCTEMY Ham
BrOJIHE 3aMeHuna... pubpa. ITUM TOHKUM Mo-
JIMMEPHBbIM BOJIOKHAM, KOHEYHO, HE CY)XXAEHO
CTaTb O4HUM U3 LUBEALaPCKUX CUMBOJIOB, HO
OHM yXe Nno npaBy 3apaboTanu gobpoe UMs Ha
cTposinnowagkax Espocoto3a n scepbe3 Ha-
MepeHbl B camoe 6mxaiilee Bpems CHUCKaTb
pacnosoxeHne poCCUICKNX 3aKa34YnKoB.

H ac ObIN0 TPOE — rNABHbIA PEAAKTOP XypHana
«[JOPOT'N. NHHOBALMM B cTpOUTENLCTBE» PernHa do-
MUHA, BULLE-NPE3NAEHT KAIMHWUHIPAACKO KOMMaHWN «Ap-
MUpOBaHe 6eToHa BONOKHOM» AnekcaHap /30TOB 1 aBTop
aTux cTpok. Mepenet n3 CaxkT-MeTtepbypra B Liopux

(c nepecapkoit B XXeHese), 45 MuHYT Ha kombopTabens-
HOV# CKOPOCTHO 3NeKTprYKe 10 Buns, KpOXoTHOro No
POCCUIACKM MEpKaM ropoaka Ha CEBEPO-BOCTOKE CTPaHbI,
HECKOJIbKO COT METPOB [0 YIOTHOro oTens Schwanen — u
Mbl NOYTK y Lenn. TTo4TK, Tak Kak Ha CneayloLLee yTpo Ham
eLLe NpeacTosno HebosbLLoe aBTonyTelecTBMe A0 CaHKT-
anneHa, roe Ha NPoU3BOACTBEHHON 6a3e koMnaHumn
Brugg Contec AG u cocTosnack 06¢cTosTensHas becena ¢
€€ PYKOBOACTBOM.

Ckaxy cpasy: roCTENpPUMMHbIE X0351€Ba — reHepalb-
HbI aupekTop Mapuo BpyHH 1 rnaBHbIi MHXeHep Mapuo
MaHcep — He NoXanenn HA Cui, HU BPEMEHU Ha TO, YTOObI
C yTpa 1 [0 NO3AHEr0 BeYepa OKPYXUTb HAC 3a060TON 1
BHMMaHMeM. [prnyem, HECMOTPS Ha BCveckne Gpope-
MaXopHble 06CTOATENLCTBA, OHW CTapanuch Npuaep-
XVBATbCA YTBEPXAEHHON NOBECTKM AHA. LLBenuapckas
MYHKTYanbHOCTb! XOTS KOE-4eM 13 KyNbTYPHOW NMPOrpamMmmbl
BCE € MPULLIOCH NOXEPTBOBAT... KCTaTh, MHTEPECHBIN
LITPUX, YTPOM C KPbibLa 0TENS MHE YAaN0Ch OBHOBPE-
MEHHO NnLe3peTb Undepbnatbl YacoB, PACMNONOXKEHHbIX
Ha Tpex 3aaHusax Buns — xene3HogopoxHOM Bok3ane,
LLePKBY 1 MECTHO aAMMHUCTPALMN. U 4TO yAMBUTENBHO —
OHU NOKa3blBau OAHO M TO Xe Bpems!

Ho, kak roBopuTCS, «nepBbIM JeNIOM — CaMONEThI», a B
Hawem cnyyae — Ta camas dpubpa. OaHaKo 3HaKOMCTBO C
Hen Mapuo BpyHH Havan HeCKONLKO M3aaneka — ¢ KpaTko-
ro pacckasa o «cemeicTae Brugg». 3ta rpynna komnauwii,
SIBNAOLLAACSA COBCTBEHHOCTbIO OZJHON CEMBM, MO LIBEIA-
LLapCKMUM NOHATUAM OTHOCWTCS K NPEeanpUaTUSM CPeSHero
6usHeca. LLitab-kBapTvpa HaxoauTCs B LIBEALAPCKOM
ropoge bpyrr — oTctoga n ee Ha3BaHve.

B cocTaBe rpynnbl — naTb NOAPA3nENeHUn (NSToe
3aHMMaeTCs COOCTBEHHOW HeBUXUMOCTbIO). OfHO 13
OCHOBHbIX HaNpaBeHWn — BbIMYCK PA3NIMYHON KaBeNbHOA

MOA3EMHBIE FTOPU30HTbI Ne3. Oktsb6ps/2014
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NpPOAYKLMM, B TOM YMCAE ONTOBONOKHA. [lanee — rubkue
noNMMepHbIe TPYOLI NS BOAbI W rasa, CTasbHbIE TPOCHI, a
Takxe nameputenbHoe 060pya0BaHMe 1 CUCTEMbI YpaB-
NeHus.

A Tenepb Heckonbko Lundp. Okono 2100 COTPYAHMKOB,
cBbile 60 fovepHUX NpeanpuaTii. NMpon3BoOACTBEHHbIE
moLHocTu B Kutae, punuansl B Asctpanuu, KOAP, Yunu.
060poT rpynnsl B 2013 roay npesbicyn 660 MNH LwBei-
Lapckux ¢hpaHkoB. Takoe BOT 06pa3L0B0-N0oKa3aTeNbHOE
cemeiiHoe npeanpusTue cpenHero 6uaHecal

KoHeuHo, Ha BCe xopoLLiee TpedyeTCst BpeMsi, Npu4eM
CTabuNLHO-YCTOMYMBOE, KOTOPOTO Y HAC B CTPaHE, No
KpaiiHeit mepe nocnenHue 100 ner, yBel, He Habnoaa-
nocb. A rpynna Brugg MOXET, K npuMepy, NoXBacTaThes
XOPOLLEN NPOU3BOLCTBEHHOM Grorpadueii CBOUX KOM-
naHWin, OHOI M3 KOTOPbIX HbIHYe ncnonHunock 178 ner,
a apyroi — 136. Ha doHe Takux gonroxutenein upma
Brugg Contec AG HenpuanyHo Monopa (ev Bcero 4 rona),
HO 1 3TOMY €CTb CBOE 0ObSICHEHNE — B TEYEHNE HECKOb-
K1X AiecSTUNEeTUA OHa IBNSNack NoapasaeneHnemM Apyromn
KOMMaHUM BbILUEHA3BAHHOMO CEMECTRA.

MpPOHUKHYBLUMCH 06LLMM MacLUTaboM AesTeNbHOCTY, Mbl
TakuM 06pa3oM NNaBHO NEPELLN K TNaBHOW TeMe Hallei
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BCTPEYM — npoaykumm komnanum Brugg Contec AG. Mpea-
Bapsfa ee ofHa Noy4uTeNbHas MCTOpHS.

Okono 40 neT Ha3ap, OfyH U3 COTPYAHMKOB KOMMAHWK
Fortatech (MMeHHO ei1 1 ncnonHunoch HbiHye 136 neT)
paspesan TPOC 13 UCKYCCTBEHHOrO MaTepuana Ha Menkue
yactn n fobaswun ux B 6eTOH. McTopus ymanumeaeTt 06 uc-
TUHHBIX MPUYMHAX TaKoro nocTynka. Ho sicHo 0aHO — aKe-
NepUMEHTATOp He 0CTaBuN 6e3 BHUMaHKS TOT GakT, YTo
nocne 3aTBepAeHNs 6eTOH cTan 6oaee rnagkum.

B pe3ynbTate nonyynncs npoaykT, KOTOpkIi, Byny4u npes-
CTaBJIEHHbIM Ha BbICTABKE VHHOBALMI M M306peTEHNI B
XeHese, 3apabotan 3010Tyi0 Mefiaflb.
— Hawmm npeawecTBeHHMKAM TOrAa He yaanock Hana-
ONTb ero npogaxy B EBpone, — otmeyaeT Mapuno BpyHH. —
Bce rosopunu, 4To nnactuk B 6ETOHe — 3TO Yyllb coba-
uYbsl, HUKyaa He rogutes. MateHt npopanu B CLUA — cTpa-
HY, BCErAa OTKPbITYIO 415 HOBbIX Aael. U Tonbko yepes 10
neT BepHynu cebe Npasa Ha 3TOT NPOAYKT. 10 HbIHELHNM

mepKaMm, OH Obln 4OCTATOYHO NPOCTLIM, HO NPY 3TOM BCE
Xe 3HaYMTENbHO YBENNYMBAN NPOYHOCTL BeToHa. CerofHs
Mbl 3aHUMaeMCst ABYMS BUAAMM BOJIOKOH, MPUMEHEHNE
KOTOPbIX MO3BOASET MO0 NONHOCTLIO OTKA3aTLCS OT
1CMONL30BaHNS CTanu B BETOHE, MO0 4,0 MUHUMYMA CO-
KpaTuTb ee KONNYECTBO.

K nepsomy B1ay 0THOCSITCS MUKPOBONIOkHa Prbpodop
(Fibrofor) ouametpom meHee 0,3 MM, KO BTOPOMY — Ma-
kpodunbpa KoHkpuke (Concrix) ToawmHoi 0,5 MM. MMeHHO
[JBYXKOMMOHEHTHbIE CUHTETNYECKIE BONOKHA KOHKPUKC
BbI3BA/IN Y HAC MOBLILLEHHbIA MHTEPEC. OHK, B YACTHOCTH,
NPUMEHSTCS B TOHHENECTPOEHUN — apMUPYIOT TOPKPET-
6ETOH.

CneumanmncThl XOPOLUO 3HAKOT, YTO HA MPOTSXEHNUN MHO-
VX NIET TOPKPET-OETOH apMUPYeTCs CTanbHON GUBPOIL.
06LLen3BeCTHbI Kak BOCTOMHCTBA, TaK 1 HEA0CTATKN 3TOr0
martepuana. K yucny nocnegHux 0THOCSTCS CNOXHOCTH
NPUMEHEHUS!, CBSI3aHHbIe ¢ 60/bLLIKM BECOM MaTepuana,
KOMKOBaH1e BeTOHa B NPOLIECCE CMELLMBAHNS, NMPEXAEeB-
PEMEHHbI M3HOC 060PYA0BaHNS, NOBLILIEHHAS TPABMO-
0MACHOCT, @ TakX€e CKIOHHOCTb K KOPPO3UM.

Mepen Hamu — ynakoska KoHkpukca. LecTtb Thicay
BOJIOKOH [NMHOI 50 MM, 06beaANHEHHBIX BOAOPACTBOPSie-
MOi4 060N104KOiA. BuyanbHo HanoMuHaeT 60/bLLoi Habop
TOHYAWLLIKX NIOTHO NPUXATLIX K APYr ApYry 3y604nNCTOK,
npaegaa, UCMonb30BaTh WX MO 9TOMY HA3HAYEHMIO HENb3S —
3NIEMEHTAPHO rHyTCS (HO He nomatotca!). Mapuo MaHcep
nmiaeT ux 060104KM M BPOCaET Ha CTON — CUHTETUYECKUE
«TPOCTUHKM» PacchinaloTcs, NpeBpaLLiasch B nogobue
OLLETMHMBLLEr0Cs BO BCE CTOPOHDI Wwapa. Ha nepsbii
B3rNsf, TPYAHO cebe NPeacTaBUTb 3TO BONOKHUCTOE Ha-
rPOMOXAEHME B KA4ECTBE YyA0AENCTBEHHOMO 3IMKCKPA,
NPOZIEBAIOLLETO XM3Hb BETOHY. HO 3TO MMEHHO TakK, 4To
[0Ka3aHO MHOTOYMCIEHHBIMY TABOPATOPHLIMM UCTbI-
TaHUSMM (K NpUMepY, BO BCEMUPHO 13BECTHOM Hay4HO-
nccneposatensckom LeHtpe EMPF Schweiz) n npakTukoi

MOA3EMHBIE FTOPU30HTbBI Ne3. Okts6ps/2014



npumeHeHus. Ceitvac, K npumepy, KOHKpUKC BNOHE
YCMELWHO MCNONb3YIOT NPU CTPOUTENLCTBE BpeHHepckoro
XeNne3HoA0POXHOro TOHHeNs Mexay Vitanuein n Asctpuei
MPOTSKEHHOCTHIO 55 KM.

B TopKkpeT-6eTOHHbIX peLueHmsix KOHKpUKC no3BonseT
nepepacnpenensitb Harpy3ku B Matepuane npy BO3HMK-
HOBEHMM TPELLWH U CLEPXMBAET UX PACMPOCTPaHEHNME.
[naBHbIM 34ECb ABNSETCS KOMMYECTBO BOJOKOH Ha €AM-
HMLy 06bema. Beero yeTtsipe kunorpamma Makpoduopsl
Ha KybomeTp 6eTOHA NO3BONSIOT LOCTUYL TPEBYEMbIX
nokasartesneit no Harpyakam. CTanbHbIX Xe BONOKOH ANS
aTux uenei Tpedyetcs B 10 paa Gonblue — 40 kr. A HU3kast
Macca — 3KOHOMMS Ha CTOMMOCTM TPAHCMNOPTUPOBKA 1
CKNaaMpOBaHms.

Ewwe oamH nokasatenb 3¢ dekTMBHOCTH KOHKpUKCa —
yAepXuBaroLLas cnocobHOCTb NPy HanbineHuu. Ipybo
roBOPS!, C HAM TOPKPET-OETOH Nydllie NpUAMNaeT K NOBepX-
HOCTW, MEHbLLIe 0TBaNMBAETCA. A ynaBLIMIA HA 3EMAIO pac-
TBOP — C/IOBHO BbIKVHYThIE HA BETEP AeH3Haku. MpoBoay-
NN UCCNefoBaHUs B MAEHTUYHbIX YCIIOBUSX: MO CPABHEHWIO
CO CTaslbHbIM BapWUaHTOM, NPK NCNOb30BaHMM KOHKpUKca
MOTEPW CHUXAOTCS NpumepHo Ha 20%.

Henb3s He 06paTnTb BHUMaHUS 1 Ha Takoi SKOHOMUYe-
CKMIA acnekT, Kak NOBbILIEHNE M3HOCOCTONKOCTI HACOCOB,
LUNaHroB 1 APYruX YacTel foporocTosiero 06opynosa-
HWS, NPUMEHSIEMOr0 NPYW TOPKPETUPOBaHWK. He cekperT,
YTO CTaNbHbIE 3IEMEHTBI YACTO MOBPEXAAIOT UX, Kak,
BMPOYEM, 1 CMOCOBHBI 1 HAHECTU TPaBMY 00CYXMBAIOLLE-
My NepcoHany, NopeaTb CNeLoAexay.

KOoHKpMKC Takxe N03BOASET YCTPaHUTL Npobaemy
nedopmaumii NoN3y4ecTu, XapakTEPHYIO AN 0BbIYHbIX
MNacTMKOBbLIX BONOKOH. Kak noguepkHyn Mapmo Mancep,
BaXHO ObIN0 pa3paboTaTb BONOKHO, KOTOPOE Bbl He pac-
TAMMBaNOCh. [py1 €ro M3roTOBNEHWM NPUMEHSIOTCS YeThbIpe
pasnnyHbIX MaTepmana, B pesynbrate Yero CepaLeBnHa
o6nafiaet BbICOKMM MOAYNEM NPOYHOCTH, @ NOBEPXHOCTb
BOJIOKHA, CTPYKTYPMUPOBAHHAS HAHOMOANDULMPOBAHHON
000N0YKOIA, MMEET XOPOLLYIO aAre3uio K 6ETOHY.

B npouecce pa3paboTku KOHKpUKCa y4uThiBaNMCh
ManeiLme HoaHesl. OnTuManbHas LarHa BONOKOH, K Npu-
mepy, Obina onpeaeneHa Toabko Nocne Lenoro psiaa uc-
cnepoBaHuii B nabopatopum LLIopuxckoro yHuBepcuTeTa,
OMbITHBIM NyTEM Bbl/1 BLIYMCIIEH W YrON HAHECEHWS HACeYEK
Ha GMOPY, pacCTOsHME MEXAY HAMU. U 3TO [eiicTBu-
TEMbHO BAXHO: CAMLLKOM AJMHHOE BOIOKHO — JIONAeTcst
GETOH, a Haceukm 136aBASIOT OT AedOopMaLMiA, yNyyLLAIOT
cLenneHue.

13 KoHbepeHL-3ana Mbl NepeLLny B PaCnONOXEHHBIN B
3TOM Xe 3[1aHUM LieX, Fae Hac 0Xnaano HebosbLLIOoE pa3o-
YapoBaHWe — 13-3a HeBONbLLOI NONOMKY He paboTana aB-
TOMaTM3MPOBAHHAS IMHUS HApPe3KW 1 ynakoBki KoHKpukca.
Monydabpukar 8 606MHax NOCTYNAET 13-3a rPaHNLbl —
TaK BbIrOIHEE MO MPUYMHE CYPOBbIX AKONOrMYECKNX
HOPMaTMBOB, AencTaylowWwwx B LLBenuapuu. MoaTtomy Tak
(nermaTmyHO yBepeHbl B Ka4€CTBE CBOETO MOOKA YNUTaH-
Hble MECTHbIe BYPEeHKM, C anbMUACKM AOCTOMHCTBOM
nporynuearoLmecs 6ykeaabHO B HECKOMbKIX METpax oT
Liexa — MepHBIA MENOAMYHBINA 3BOH OT BONbLUMX LIENAHBIX
KOMOKO/bYMKOB PA3AaeTCs Mo BCeW OKpyre (y Kaxaoro u3
HUX, FOBOPSIT, CBOIA HEMOBTOPVMBIN 3BYK, MO KOTOPOMY
X0351€Ba 1 OT/IMYAIOT CBOMX KOPOB).
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Anexcanpp U3otoB,
Banepuii Yekanun, Peruna
®omuna, Mapuo Bpyxx

1 Mapuo Makcep (cnesa
Hanpaeo) Ha TYMaHHo
epiunHe ropbl Hoher
Kasten
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Y10 Xe KacaeTcs GUHULLHBIX onepaumii ¢ KOHKpUKCoMm,
TO 34€Cb HEOOX0AMMO OTMETUTb CleaytoLLMe feTanu.
BonokHa, noctynatome cpaay ¢ 20 606uH (13-3a 4ero
JINHWS YEM-TO OLHOBPEMEHHO NMOX0XA Ha TKALKWIA CTAHOK
1 CTPYHHbIA MHCTPYMEHT), HArpeBatoTCs, CTPYKTYPUPYIOT-
€5 1 GOPMUPYIOTCS B NY4OK-«kONBACKY», KOTOPbIA 3aTEM
«LIMHKYeTCS» 1 ynakoBbIBaeTCs. JInHWS ynpaBnseTcs
OAHMM 0MepaTopoM. JNEKTPOHHAs CUCTEMA KOHTPONPY-
€T BCE NapameTpbl, B TOM YUCE NOALEPXKMBAET CTPOrWiA
TEMMNEPaTYPHbLIA PEXUM.

Mmelowieecs 060pyaoBaHMe NO3BONSET BbIMYCKaTh
1,2 TbIC. TOHH B rof, ceitvac daktndecku Buixoaut 700.
Mpu 3TOM CMPOC NOCTOSIHHO PACTET, HO 415 BbIXOAA Ha
MOJHYIO MOLLHOCTb He XBaTaeT Cbipbs. Mpobnema peluntcs
C 3arnyckoM HOBOI0 3KCTPY31OHHOT0 060PYA0BaAHNS Ha
npeanpusTUM-napTHepe B FepmaHum.

B 3TOM Xe nomelleHun nuHus no ynakoske @ubpodo-
pa. BonokHo nocTynaeT co BTOPOro aTaxa, Ho HaMm Tyaa
HENb3S: MPOLECC NPOVN3BOACTBA — KOMMEPYECKAS TaiiHa.

Ha aTom fienosas YacTb NporpaMmbl Bbina 3aBeplieHa
1 Mbl OTMPABMANCh 3HAKOMUTLCSA C OCTONPUMEHATENb-
HOCTSIMU, NpeaBapuUTeNbHO NOAKPENMUBLLNCH U3bICKaHHBIMM
61104aM1 CbIPOBAPHU B MECTEYKE ANNEHLEN b (IMEHHO
31ecb AedULMT BPEMeHM NoMeLLan xoTs Bbl KpaTko 13y4nTb
NPOLLECC NPOM3BOACTBA 3TOr0 NpoaykTa). anee Haw nyTb
nponeran Yepes XMBOMUCHbIE LUBEALIAPCKIE AEPEBYLLKN K
rope Hoher Kasten, Ha KOTOPYIO Mbl NTOLHANNCH MO KAHATHOW
nopore. Ha BbicoTe 1795 M Hac nomxuaan pectopaH ¢ Bpa-
LLAIOLLWIMCS! MONIOM W...YCTO TymaH (cM. obLee $oTo Ha
ero GoHe). Ha aTom nybnnyHblii, HECKONBKO CyMBYPHBI OT-
YET O LUBENLIAPCKON KOMAHAMPOBKE NO3BONLTE 3aKOHUUTD,
OTMETMB HanocNeaoK MNLLb OANH HEBECCTOPHIA NOChI.
Ecnu TouHOE MeCTOHaxoxaeHue (4a n cam GakT CyLecTBo-
BaHW) TAKOro KOMMOHEHTA Kak «(nbpbl AyLun» 1 no cen
[JeHb [I0MOIJIMHHO HEN3BECTHO, TO OTHOCUTENBHO BETOHHBIX
&ubp (cvn) Tenepsb YX TOYHO MOXHO He BeCnOKOUTLCS.
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M.E. PbIXXEBCKWNA,

K.T.H., FeHepaJIbHbIi
OMPEKTOp

000 «MJIATO UHXUHUPUHT>,
naypear npemuu
JleHnHCKOro Komcomona

B 00NaCTV HAYKM 1 TEXHUKM,
3aCIyXEHHbIN

n3obpetarens CCCP

A BCE-TAKWU

3TO HOBO-
ABCTPUNCKUN
METO.,

Ecnv Bbl nageTe 1 Bam NtoioT B CnunAHy,

3HaumT Bbl Biepeau.
KoHyumii
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HoBoasctputickuii TOHHebHbI MeToa (HATM),
unmm New Austrian Tunneling Method otnpa3ga-
HoBas ceoe 50-netue. Ho Ao cux nop MHorue
crieuuannCTbl-TOHHEbLYUKUA He NPU3HAIOT
rnepBeHCTBa aBCcTpuiiLes B 3TOM Borpoce. Mon,
MeToZ He HOBbIl Y BOBCE He aBCTPUIICKMIA, Un
BooOLye owmboyHbIi. KTO-TO npeanaraet Bme-
cto Ha3BaHus HATM npumeHsTb 6onee (o nx
MHEHUI0) npuemnieMblii TepPMUH — MHOrOCeKuUn-
OHHBbII METOA MPOXoAKu TOHHenel — Sequential
Excavation Method (SEM).

" PVYMH 3TOMY, HA MOVA B3rNsA, HECKONLKO. BO-nepabiX,
MMEET MEeCTO NPOCTOE HEMOHUMAaHNe MeTo[a, BEAb
MHOIVE CNewanmcTbl L0 CUX NOP CHUTAIOT, YTO NPUME-
HeHve HabpbI3r-6eTOHHOM kpeni 1 ecTb HATM, a yx ecnm
HaOpPbI3r-GETOH UCMONb3YETC COBMECTHO C aHKEPHOI Kpe-
MbIO, TAK 3TO YK TOYHO cTONPOLEHTHBIN HATM. Bo-BTOpbIX,
HATM He Npu3HatoT U3 HaLMOHABHBIX aMOULMIA: NoYemy
Xe aBCTPUIACKMIA, Mbl Xe TOXE «PSALOM CTOSNN». B-TpeTbux,
MMEIOTCA 1 Te, KOTOPLIE Pa3yBEPUNCH B MPABUILHOCTY
METO0AA, TO ECTb OHU UCKPEHHE Nonaranu, 4To NPUMEHSIOT
HATM, HO 4YTO-TO HE NONYYaNOCh — NPOUCXOANMN aBaPUN,
W TYT Xe BCe CBanMBanu Ha HegocTaTkn Metoaa. B niobom
CNnyyae, 1 kak Obl 3TO He Ha3blBaNK, UMEHHO aBCTPUIACKWIA
Y4eHbliA 1 nccnenosatens, J1. Pabluesudy, a 3aTem
n J1. Mionnep, Npeanoxunu He ocobblii METO, CTPOUTENb-
CTBA, a HOBbI NOAX0A, KOHLENUMIO (drnocoduto) npoekTn-
POBaHUs 1 CTPOMTENBCTBA TOHHeNe. CyTb 3Tol Gpunocopum
[0CTaTO4YHO MPOCTA U 3aKMTI0YAETCS B TOM, YTO cama nopozaa,
B KOTOPOV COOpYXaeTcst Noa3eMHas BbipaboTka, ABNSIeTcs
OHWM 13 BAXHEALUMX 3NEMEHTOB PaboThbl KOHCTPYKLN, 1
MoaToMy He A0MXHa Bonee paccMaTprBaThCs Kak OAHa U3
Harpy30K Ha TOHHENbHYIO Kpenb unn 06aenky. Ho nopoaa sis-
NSIETCS YACTbIO 3TOM KPENW, KOTOPYO, MPY HEOOXOAUMOCTH,
Haf0 YCWUAUTb, «MOMOYb €1 YAEPXMBaTb camy cebs».
MpencTaBbTe cebe, YTO Bbl €4ETE B NOMYNYCTOM
aBTo0yce. Bbl CTONTE 1 IePXMTECH 3a NOPYY€EHb, Y4TOObI
He ynacTb. Ha ouepeaHoil 0cTaHOBKe B aBTOBYC BXOAST
JPYrve naccaxupbl U 1X KOMYECTBO YXE TakOBO, YTO NO-
3BO/ISIET BaM YAEPXMBATLCS Ha HOrax Aaxe He AepXach 3a
nopyyeHb. [lanee, Ha CneaytoLLein 0CTaHOBKE, B aBTOBYC
HaOMBaETCS Tak MHOIO HApOAY, YTO Bbl YXXe MOXeTe No-
XaTb HOTW 1 GaKTUYECKM BICETb 3a CHET TPEHMS Ha APYruX
naccaxupax. lpu 3T0M OHM TaKxke MOryT BOCMO/b30BaTHCS
[1AaBKOMN 1 NOIHOCTBIO MW YAaCTUYHO CHATb HArpy3Ky C HO.
AnanoruyHbim 006pa3om BefeT cebs u nopopna. B ecte-
CTBEHHOM COCTOSIHUM, 10 Ha4Yana MPOXOAKM, OHa HAXOAMTCS
BO BCECTOPOHHE CXaTOM (CMPECCOBAHHOM) COCTOSIHUM,
MPUMEPHO Kak Naccaxwupsl B aBToBYyce B Yac NuK (C nogxa-
ThiMW HOramu). BHauane npoxopaka TOHHENs CONpPoBOXaa-
€TCS YaCTUYHOI PA3rpPy3Kon NOPoabl, TO ECTb HEKOTOPbLIM
naccaxupam B aBTobyce HeoBX0AMMO NePeHecTH 4acTb
CBOEI HAarpy3ku Ha HOrW. Mpy 3TOM YeM CKOpee MaeT 3T0T
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[1Ba cambix rnaBHbIX BbIBOAA M3 HOBOABCTPUICKON GuUno-
copuu:
Bcemu cunamm 1 cpeacteamu Ctapancs Makcu-
MasnbHbIM 00Pa30M 11 BOBPEMS MCMONb30BATh CBOM-
CTBa CamOu Nnopozpl.
Haiigy npocTtble n apdekTnBHbIE CNOCOObLI 1 Cpea-
CTBa AJ11 YNYYLLUEHNS CBOMCTB MOPOAb!, MO3BOJIb €N

CaMoW «4epXartbCs 13 NOCNEAHMX CUIT».

npoLecc, TeM NopoAa MEHee YCTOM4MBA, YTO NPUBOANT K
NpMOMXEHNIO MOMEHTa 0BpyLLIEHUS. IpyrMum cnoBamm,
yem BbicTpee OyayT BbIXOAUTL NacCaxupsl 13 aBTobyca, Tem
CKOpPEe Bbl IGO0 NONHOCTbLI0 BCTAHETE HA CBOM HOMM UNHA,
€C/1 He yCneeTe, NPOCTO CBANMTECH. 3 BbILLECKA3aHHOMO
MOXHO CHOPMYNMPOBATL NEPBbI NOCTYNAT HOBOABCTPWIA-
ckoi dunocodun — NOpPoay He Cneayet CTPEMUTLCS
MONHOCTbIO YAEPXMBATb B ECTECTBEHHOM HaNPSXEHHOM
COCTOSIHUM, €M1 HA[I0 NOMOYb BOBPEMS MOBUN30BATH (3a-
[le/iCTBOBATL) CBOM CBOMCTBA U NPY 3TOM U3JIULLIHKE YCU-
n1s BOBPEMS NepeaaTth Ha kpenb. (PebsTa, aaBaiite Xutb
LPYXHO 1 NOMOraTh APYr APpYry YAEPXaTbCs Ha HOrax.
Momorain opyry, HO caMm AepPXuChb Ha Horax.) BosHukaet
BOMPOC: a kakue CBOWCTBA MOOMIM30BLIBATL, ECNIU NOPOLA
coeceM cnabasi 1 abCcontoTHO HeycToinumeas? Tenepb
npencTasbTe cebe, YTO Bbl HA MOPCKOM Bepery 1 neitae-
TEeCb MOCTPOWTL NECYAHbI 3aMOK MPSIMO Y KPOMKM BOAbI. Y
BaC, eCTECTBEHHO, HMYErO He MONy4aeTcs — NecoK cpasy
X€ OMNbIBAET, B HEM CAINLIKOM MHOMO BOAbI U MECHUHKM

HE MOryT CLLen1TCS OAHa C Apyroi. Bel nepeHocuTe cBou
YCWNNS HA COBEPLLEHHO CYXYI0 YacTb naiska. M Tam cHosa
He MOXETE MOCTPOUTb 3aMOK — NECOK OChINAETCS, B HEM
HET CBA3YIOLLEro KOMNOHEHTa — BOAbl. B TpeTwii pas Bbl
[leNnaeTe nonbITKy NOCTPOUTL 3aMOK B CIIETKA BIAXHOM
necke, 1 0 4y40, BCe NOAy4aeTcs — 3amMoK CTOUT. Iovemy?
Bbl nyTemM Npob 1 owmnboK Hay4MnMch NEPeBOANTL NECOK
113 HEYCTOMYMBOr0 B YCTOMYMBOE COCTOSIHME, BCErO NNLLb
Ccnerka ero CMouMB. Takke 1 Npu CTPOMTENLCTBE TOHHENEN
CremyeT 13biCK1BaTh CPeacTBa (METOAbI), MO3BOASIO-

Lwme cnaboi nopoge ctatb 6onee KPENKOA, 1 TEM CambIM
HeyCTOWYMBLI MaccyB NPeBpaTUThL B 0NEE YCTONYMBHIN

1 caenathb 370 OBICTPO 1 C MUHUMAbHBIMK 3aTpaTaMMm.
[MomHuTE, KaK B cTapoM ¢unbMe «KaBkasckas NIeHHNLA»:
TOT, KTO HaM MELLAET, TOT HaM MOMOXET. MTak, ABa cambix
rNaBHbIX BbIBOLA U3 HOBOABCTPWIACKON dunocodum:

1. Bcemu cunamu 1 CpeacTBamMum CTapancs Makcumanb-
HbIM 06Pa30M 1 BOBPEMS MCMO/b30BaTb CBOMCTBA CaMOi
nopoAabl.

2. Hainan npocTble 1 9 dekTnBHbIE CNOCOBHL! 1 CPELCTBA
LS yyyLLIEHUs CBONCTB NOPOAbI, MNO3BOb €/ CaMOii «aep-
XaTbCs U3 MOCNEAHNX CUil».
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DWall

Communication lines

Forepolling with steel pipe
Finishing

Shotcrete
Lattice girders
Grouting .

Hy a Tenepb NOroBOPUM 0 TOM, KaK 3TOr0 AOCTUYb.
Mpexae Bcero, HE06X0AMMO OMPeAENnTb, A0 KaKVX NOp 1
CKONbKO BPEMEHM Ta AW MHAs NOPOAA MOXET CamoCTos-
Te/bHO CONPOTMBIATLCS, TO ECTb CNIEAYET YNIOBUTD MOMEHT
LOCTUXEHNS PenakcaLmmy 0T BCECTOPOHHETO CXaThs 1
Hayasno AeCcTBMA HeJONYCTUMBIX A/1S HEE PACTATMBAIOLLMX
HanpsxeHnid. NMopogaa, kak GETOH, — OTAMYHO paboTaeT Ha
CXaTune 1 MN0X0 UM COBCEM HUKAK Ha pacTsxeHue. ns
TOro YTOGLI NOHATb, KakuM 06Pa30M 1 B KaKoi MOMEHT Bpe-
MEHM NOpoJe CNEAYET «MOMOYb», HEOBXOMMO NPOBECTY
MOHWTOPWHT B PEXMME peanbHoro BpeMenun. CoBpeMeHHas
HayKa 1 TeXHUKa pacnonaratoT 4OCTaTO4HbIMW MHCTPYMEH-
Tamu 415 peLLeHns Takon 3agaym, Npu 9TOM CUrHan o npe-
BbILUEHVY AONYCTUMBIX 3HAYEHWIA YCUIMIA MOXET 1 LONXEH
nocTynaTb aBToMaTu4eckn. MOHUTOPUHT B PEXMME peastb-
HOr0 BPEMEHM 1 €CTb ELLE OfiHA BaXHENLLAsA COCTaBHas
yacTb (noctynart) dunocodum HATM. Ecnm Bbl ncnonbayete
Ha NpakKTWKe BCe APYrue ee aTpubyThl, HO NP 3TOM He
BEIETE MOHUTOPMHIa COCTOSIHWSA FPYHTA B NpoLiecce pabor,
— 370 yXe He coBcem HATM, a BepHee, COBCEM yXe He
HATM, BeAb He 3psi ero Ha3bIBAIOT ELLE M CO3ePLATENbHBIM
meTopom (Observational method).

Tenepb, KOraa Mbl 3HaeM, YTO NOPOAE HAAO NOMOraTb
cebs ynepxusatb, M CNOCOOHLI ONPEAENUTb, B KO

Puc. 2. Torxens nog
aBTOMOGMIIbHOI SOPOTOi,
COOPYKAeMblii 0 MPUHLY-
nam, 6nuskum k HATM

MOMEHT BPEMEHM 3Ta NOMOLLb Hanbonee XenatenbHa 1
Jaxe Heobxoamma, 1, 6onee TOro, MOXeM C JOCTaTOY-
HOI CTEMNEHBIO BEPOSTHOCTM NPEACKA3aTh, KAKON CUsbl
OHa HYXHa, TO €CTb KaKMMW NPOYHOCTHLIMU 1 fedop-
MaTMBHbIMI CBOWCTBaMM A0MXHa 061aaaTh Kpenb, Mbl
MOXEM NEePenTH K CO3LaHMI0 nocneaHei. Mcxons 3
BbILIECKA3aHHOr0, Kpenb AoMXHA 061a1aTh CNeayoWwmmMi
XapakTepucTukamu:

® ObiTb JOCTATO4HO XECTKOM 1N, HA0BOPOT, NOAATNN-
BOVi (B 32BUCUMOCTY OT CBOWCTB BMELLAIOLLEN NOPOLbI), TO
€CTb MIMETb «JIMHEIAKY» XECTKOCTHBIX CBOMCTB;

® ObITb JOCTATO4HO NETKON M NErKOOBO3BOAVMON;

B [10/1XHa NOc/e BO3BEAEHUS N0 BO3MOXHOCTY BbICTPO
BCTYNaTb B aKTMBHYIO paboTy COBMECTHO C MOPOAOIA;

B NOALEPXMBATL NOPOAY U3BHE UM YNY4LIATH CBOWCTBA
nopOoAbI N3HYTPW;

= 061aaTh 4OCTaTOYHON HAEXHOCTIO 1 JONrOBEY-
HOCTBIO;

B ObITb M0 BO3MOXHOCTW 3KOHOMUYHOIA.

W TYT ans uHxeHepoB-n3obpeTaTenei WpoKoe none
LedTenbHOCTY OT MOLEPHN3ALIMM CBOVCTB M3BECTHON
HabpPbI3r-OETOHHOW KPEMU, UM APOYHOI, NN AHKEPHOIA
Kpenu u 1o pa3BuTIS HOBbIX METOZIOB CTabunmM3aumm
(ynpoyHeHns) maccyBa nopog, nyTeM 3aMopaxmBaHus
(freezing), apmMMpoBaHKS, HANPUMEP onepexaloLueit Tpy6-
HoM kpenbto (forepolling), an nonMMepHLIMM aHKepamm
(spilling), unu pasnuyHBIMK METOAAMU LIEMEHTALMM (X1-
MUYECKOr0 YNPOYHEHWS ), HANPUMED METOAOM CTPYHOIA
LiemeHTauum (jet-grouting). Bce aTo 1 MHOroe apyroe
ABASETCH HEOTbEMNEMON YacTbio unocodum HATM. Ty,
6€e3yCI0BHO, HaA0 MOMHWTb, YTO NOMOraTb MOOUIN30BaTL
CBOICTBA CNeLyeT TO 4aCcT MaccwBa, rae NPONCXoaaT
U1, BO3MOXHO, MPOU30MAAYT N3MEHEHUS HANPSXEHHO-
nedOpMUPOBAHHOMO COCTOSIHISA. A 3TO yXe crocobeH
nokasaTtb, HANPUMEP, METOA KOHEYHBIX 3IEMEHTOB MK
APYre COBPEMEHHBIE aHANNTNYECKINE N YNCTIEHHBIE
METOAbI pacyeTa. Ecnv oHu ByayT BECTUCH B TDEXMEPHOM
NPOCTPaHCTBE, T, 6e3YCNOBHO, NOKAXYT HE0OX0ANMOCTb
KpenneHns He TOMbKO KOHTYpa NonepeyHoro CeYeHnst, Ho
1 Maccuea nepen 3a60em TOHHeNs. Mo3TOMy BaxHERLWUM
LIaroM pacLuMpeHns ananasoHa npuMeHeHns Gunoco-
¢dum HATM aBnsieTcs BHEAPEHNE B NPAKTVKY TOHHENE-
CTPOEHUS PA3NYHBIX BULOB ONEPEXAIOLLETO KPEMNeHNs
(pre-excavation support), HanpuMep ¢ MCNONb30BAHNEM
aHKepPOB 113 KOMMO3UTHBIX MaTepuanos. Koe-KkTo n3 konner
yBepsieT, 4To 310 yXe He HATM, v Ha3biBaeT 3Ty TeXHO-
noruio AIEKO, Ho B KOHEYHOM cyeTe 3Ta, AK0Obl HOBas,
TEXHONOrUst CBOAMTCS BCE K TEM Xe NOCTynaTam u npuH-
Lmnam, YTo 1 HOBOABCTPUICKMIA METOA, XOTs1, BE3YCNOBHO,
3aCNYXMBAET BHMAHMS Kak PaCLUMPSIOLLAS BO3MOXHOCTY
nocnenHero.

M HaKoHeL, eLLe OavH WTPKX (eLue eLle OAMH NPU3HaK
HATM-¢unocodun) — dopma nonepeyHoro CeveHus
TOHHens. OHa BomxHa BbITb €CNW HE KPYTOW, TO MaKCu-
MaJibHO OKPYIOW UK SALEBWIHON, HE AOMYCKATh HUKAKMX
YrI0B M HEPOBHOCTEN. 3TO AOCTATONHO OYEBUAHAS AeTalb,
Beb VMEHHO Takas dopma obecrneymBaeT nyyilyto paboty
NoBbIX KOHCTPYKLMIA (BCTIOMHUTE OKPYT/IbIE LWAEMbI pbilia-
PE 1 BUTA3EN MAW NPOYHOCTb TOHKOW ANYHOI CKOPAYMbI)

1 CHUMaET NtoOYI0 BO3MOXHOCTb 06pa30BaHs NOKasbHbIX
(MeCTHbIX) HaNPSKEHWIA B NOPOAE W KPENH.
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MHorvie nonaratot, 4yto HATM nogpa3ymeBaeT MHOro-
CeKLIMOHHOCTb Pa3paboTKy NOPO/bI MPY CTPOUTENLCTBE
TOHHENEeN (MHOrOLITONLHEBOY METOS, MPOX0aKM) 1, Bonee
TOro, ONPEAENEHHYIO MOCNEA0BATENBHOCTL MPOXOAKN 3TNX
CEeKLWIA, KaK B «CTapoii aBCTPUNCKOM TEXHONOMN» NPOXOAKMN
BbIPabOTOK OOMBLLIOrO CeYeHMs!, C NPOXOAKON NEBON 1 Npa-
BOW LUTONEH, 3aTEM LIEHTPAbHOMO fApA U AANEE HUKHEMO
ycTyna (Lroccsl) 1 06paTtHoro ceoga (puc. 1). 34ecb MOXHO
ckasatb v 1a v HeT. [la — noTOMy 4YTO Takoi METOA ABASET-
CS1 BOCTATO4HO 3OPEKTMBHBIM C TOYKM 3PEHNS PA3BUTUS
3HAYMTENbHbIX KacaTeNbHbIX HANPSHXKEHWIA UMEHHO CNEBa U
CMpasa 0T OCY TOHHENS N HEOBXOAMMOCTM UX YMEHbLUEHUS
Ha PaHHNX CTaAMSIX MPOXOAKU, N OPUrMHANBHBIM, TaK Kak,

MO AaHHBIM aBTOPA, BNEPBLIE MPEANOXEH aBCTPUIACKAMU
nHxeHepamu. Het — notomy 4to HATM He oTpuLaeT Huka-
KOV Apyrov MeTog pa3paboTki NOpoabl 40 TEX NOpP, MOKa OH
fB1eTC 9ODEKTUBHBIM 1 MONHOCTHIO PEANN3YeT NPUHLK-
nbl ee dunocodpuu.

WTaK, 4TO Mbl IMEEM B «CyXOM OCTaTKE», YTO Xe AEeACTBU-
TenbHO nogpasymesaeT HATM?

Mpexae Bcero ahHeKTUBHOE COOPYXEHUE NI0BbIX BLOB
NoA3eMHbIX COOPYXEHMWI NPENMYLLECTBEHHO B ClabbiX
nopoAax ¢ MakcMmarsnbHO BO3MOXHO MoBunusaumeit
MPOYHOCTHBIX CBONCTB Camoii Nopofsl 1, Mpn HeoBX0AMMO-
CTW, YBENINYEHNS HECYLLIEI CNOCOBHOCTY MOPOZbI NYTEM ee
YAYHLWEHNS (YIPOYHEHWS).

[lnsi [OCTUXEHUS 3TOM LLeNu B NOSHON MEPe Hado CTpe-
MUTbCS BbINONHWTL CNELYIOLME YCNOBNS:

B YCTaHOBWTb C MaKCUMabHO BO3MOXHOM JOCTOBEPHO-
CTbI0 NPOYHOCTHBIE 1 iepOPMATUBHBIE CBONCTBA BMELLLAI0-
LUVt NOpoZbl 1O HaYana CTPOUTENLCTBA NOA3EMHOMO COOPY-
KEHUS;

B HenpepbIBHO C Hayana cTpouTensCTea 06bekTa u Ao
€ro 3aBepLUEHNS BECTU HaboaeHNS (OCYLLECTBNATL
VHCTPYMEHTaNbHbI MOHUTOPWHT) 38 U3MEHEHUSMMU
HanPsXXeHHO-1ehOPMMPOBAHHOIO COCTOSHUS KPEnu 1
OKPYXatOLLEro MOPOAHOT0 MacCuBa;

= pa3paboTaTb MEPONPUSTHS, MO3BOASIOLLME YXe Ha
CTaaunn NPOEKTMPOBaHUs 00beKTa MakCUMabHO 3aaei-
CTBOBATb/MOOMIN30BATh U BKIOYMTbL B paboTy BECh
MOTEHLMAN BMELLAIOLLLEr0 NOPOLHOIO MacCuBa;

= nonobpartk unn paspaboTaTthb BKI, NEPBUYHON Kpenu,
Mo3BOSSIOLLEN MakcMManbHO OLICTPO Noc/e pa3pabdoTku
nopofbl Ha NPUHATYIO ASIMHY 3aX0AKM BKIOYNTLCS B
COBMECTHYIO C MOPOAOIA paboTy, NPy 3TOM NO3BONSIOLLEN
nopoae AedopMmnpoBaThCs A0 PACHETHBIX 3HAYEHMIA
(Bpyrmm cnoamu, MCNONb3YNTE NOAATAMBLIE BUAbI KPENW
C 3apaHee 3aaHHbIMM NPOYHOCTHBIMM W LeOPMATUBHLIMM
XapakTepucTuKamu);

B 1CNONb30BaTh BCE BO3MOXHLIE TEXHONOMWN 1 CPEACTBA,
no3sosisioLLye 6e30NacHo W B KPOTHaMLLME CPOKM BO3BOANTD
(coopyxarb) NPOEKTHYIO NEPBUYHYIO KPenb;

B MPOEKTNPOBATL MaKCUMALHO rnaakyto (n3beraiite
yrnoB) GopMy Noa3eMHoN BbIpaboTKK C TEM, YTOObI
136eXaTh HexenaTebHON KOHLEHTPaLMN HaNPSXXEHWIA.

B nopaepxky HATM-dunocodum HanoMHnmM konneram
O[VH CTapbli uctopuyecknii Gunbm «300 cnapTaHLes».
CyTb nctopum B ToM, 4T0 300 BOMHOB 13 CnapThl BhILLAX,
4TOObI NPErPaguUTb AOPOrY MHOTOTLICSYHOM apMUK NEPCOB.
3aLLMTHUKN BOBPEMS 3aHAIN EAMHCTBEHHOE Y3KOE YLLENbE
Ha NyTy JBUKEHWS BPAXECKOro BOMCKA, rae NPOTUBHIK He
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= Grouting around pipes Thk. 250mm
= Shotcrete B40, Thk. 250mm

Puc. 3. Onepexaiowas kpenb
13 3KpaHa MeTannuyeckux
TPYO ¥ ropU3OHTaNbHbIX

CBaif 110 MeToAy CTPYMHOI
LieMeHTauyu ¢ nocnepylo-
LWUM KpenneHuem ToHHens
pelueTyaTbiMu pepmamu u
HalpbI3roeToHOM

== Horizontal and inclined jet-grouted piles
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_Forepolling by steel pipes

MO B MOJTHOW MEPE 1CMO0Mb30BaTh CBOE YUCIEHHOE NPENMY-
LecTBO. B 3TOM, yA06HO BbIOPAHHOM CrapTaHLamMu, MecTe
OHY 32 CHET YAAYHOI CTPATErUN 1 TaKTUKI HECKOBKO BHE
YAEPXMBaM YMCNEHHO NPEBOCXOAsILLEr0 Bpara. OHW Mornn
6bl naxe nobeauTb, ecv 6bl BOBPEMS NOAOCNENa NOAMOra.
Kasanocb 6bl, kakasi CBSi3b 3701 1cTopum ¢ HATM? Lleno B
TOM, YTO raBHbIM ycnosmem HATM-koHUenuyn SBnsieTcs
Takke MakC/ManbHOE UCMO/b30BaHWE CBOVCTB CaMOW Mo-
pozbl (Mo GunbMy, yenosuii penbeda MECTHOCTM), MOBUIN-
3aLKs BCEro NoTeHLmMana nopogHoro Maccuea, rpaMoTHO
paccunTaHHas v nogobpaxHas Kpenb, CnocobHas GbICTPO 1
Ha[eXHO B3aMOAEINCTBOBATb C OKPYXAIOLLE NOPOAOIA (N0
dnnbMy, 00y4eHHbIE CTPaTErin U TakTIKe BOMHbI) M TEXHONO-
rusi, obecneymnBaioLLias CBOEBPEMEHHYIO YCTAHOBKY, — 3TO
kpenu. 06s3aTeNbHLIM YCIOBEM YCMELHOTO NPUMEHEHNS
HATM-dunocodun SBASETCH MOHUTOPUHE 32 HAMPSXEHHO-
LehOopMMPOBaHHLIM COCTOSIHUEM MOPOAHOr0 Maccuea (no
dnnbMy, 3HaHWe TakTVKK 60s BRXECKON apmuu).

MHorve konnerv go cux nop otoxgectensior HATM ¢
HabpbI3r-OETOHOM, aHKEPHOW Kpenbio, Kpenbio bepHonbaa
Unu pelLeTyaTbiMm Gepmamu. Yeaxaemeble Konneru, Bce 00-
CTOWT COBCEM He TaK. Bce a1, 6e3yCNOBHO, BaxXHbIE 1 BCE
eLLe NPOrpecCMBHbIE BUAbI KPEMW MOA3EMHbIX BLIPAOOTOK
ABASIOTCS NULLb BUHTVKAMM CIOXHOK dunocodum nog Ha-
3BaHWEM «HOBOABCTPUICKMIA TOHHEMbHBIA METOA>. KeTaTu,
1 CPaBHUTENBHO HEJABHO MOSIBUBLLMECS APYrie CTPOu-
TeNbHbIE TEXHOAOMMW, TakMe Kak CTPYHAs LLeMEHTaLMs
(jet-grouting), onepexatowas TpybHas kpenb (forepoling)
UM @HKEPbI M3 KOMMO3ULIMOHHBIX MaTEPUANOB As onepe-
XatoLero kpennenus 3a6os (spilling) — aTo Bce Takxe
HOBbIE BUHTMKM, KOTOPbIE INLLIb PACLUMPSIOT FOPU3OHTbI
HATM-dunocodum. U elue oamH BaxHbIA MOMEHT. [a, nei-
CTBUTENBHO, B MAPOBOW NPaKTUKE, K COXANEHNI0, YXe He
pa3 BCTpeYanuch cyvam 06pyLLEHUs TOHHENEN, KOTOPbIE,
aKoO6bl, NPOXOAMANCH C Ucronb3oBaHmem HATM. Ho naxe
MOBEPXHOCTHBIV aHANM3 BCEX 3TUX CIy4aeB MOKA3bIBAET, 4TO
HOBOABCTUIACKIM TOHHE/bHBIM METOA0M TaM U «HE MaxHET».
B 60/bLLMHCTBE Cy4aeB NOA HM NOLPA3yMEBAKOT BCE TOT
Xe HabpbI3r-6eToH, B APYriX Cyyasix Hanpoyb 3abbiBaloT
0 HeoBXOAMMOCTM KPEN/IEHUs He TONbKO NOMEepPeyHoro



44 | MWUPOBOW OMbIT

Forepoling with steel pipe

KOHTYpa BbIpaboTkK, HO M nba 3ab0os, B-TPETLKX, BOOOLLE
He CNeAsT 3a COCTOsHMEM NOPOLb! M Kpenu (He obopyaytoT
BbIPabOTKY KOHTPO/IbHO-N3MEPUTENBHLIMI UHCTPYMEHTa-
MU, B-4ETBEPTIX, YCTAHABAMBAIOT KPEMb C 3an034aHNEM W
6e3 06ecneyeHmns ee NOSHOTO KOHTAKTa C NOPOAONA, TO eCTb
MPaKTUYECKM BO BCEX aBAPUIHBIX CAYYasx UMEET MECTO
noJiHoe HecobntofieHNe OCHOBHBIX nocTynaToB HATM. Tak
4YTO NpEXae, YeM rPELUMTb Ha IK0BbI MI0XYH0 TEXHONOTUIO,
CNnepyeT HAay4MTbCS ee NOHUMATh, CTPOUT, Kak Hago, a He
kak Tebe B1aUTCS 1 xo4eTcs!

lMpuBenem 0avH 13 NPUMEPOB CTPOUTENLCTBA TOHHENS
M0 TEXHONOTMK, 04eHb Noxoxeit Ha HATM, 1 Bce-Taku He sB-
NSOLLENCSs TaKOBOW. B 0AHOM 13 NPOEKTOB, peann3yemblx
B O6beayHeHHbIX Apabekmx dmupaTtax, BO3HUKIA HeobXo-
AVMMOCTb NOCTPOMTL NOA3EMHBIN NEPEXOS, MOL CYLLECTBYIO-
Leit ioporoi. ToHHenb bl NPU3BaH COBAMHUTL OTENb C
MNSHXKHON 30HOM, Ha KOTOPOI pacnonaranacs MUHWU-ronbd-
nnowapka. CeyeHne TOHHeNs BbIGUPANoCk 13 pacyeTa

Puc. 5. Mpoxoaka HuxHero
YCTYNa TOHHeNs ¢ YCTaHOBKO#
pewweT4aTbix GepMm u Ha-
OpbI3rOeToHNpOBaHNEM

npoxoza rocTeit 1 06CNyXMBAIOLLEro NepcoHana oTens ¢
O[HOW Ha APYryt0 CTOPOHY JOPOrK, & Takxe BO3MOXHOCTH
MPOe3Aa Mo TOHHENIO Tenexek aas ronbda. 3akasyuk npea-
JIOXIA BbINOSHWTL TOHHENb CO CEAYIOLLMMM pa3Mepamu;
LUMPWHOWA 6 1 BBICOTOW 4 M, o 0kono 30 M. TOHHENb
pacnonarasncs Ha rnybuHe 8 m (OT Lenbirv CBOLA TOHHENS)
(puc. 2). MeToL NPOXOAKM He AOMXEH HapyLLaTb [IBUXeE-
HWe TpaHcnopTa 1 06513aH rapaHTUPOBaTb MUHKUMAbHLIE
0CaaKv NOBEPXHOCTW. ocne NPOBEAEHUS MHXEHEPHBIX
13bICKaHWIA YCTAHOBNIEHO, YTO COOPYXEHME ByaeT nepece-
KaTb 06BOAHEHHbIE MESIKME 1 MbIIEBATLIE NECKM, KOTOPbIE
He VMenM CLEeNNeHus 1 obpyLIanMCch NPakTUYECK cpasy
rnoce BCKPbITKS 3a60S.

YunTbiBasi HE3HAYMTENBHYIO JJINHY TOHHENS, Eer0 pa3Mepbl
B CEYEHUW U HANMYME HEYCTONYMBBIX FPYHTOB NPEAIOKEHO
MPOXOAUTb TOHHEb MHOFOLUTO/IbHEBLIM METOLOM C UC-
NONb30BAHNEM ONEPEXAIOLLEN KPENW, NPEACTaBNSIOLLE
€060I1 3KpaH 13 MeTaNNYeckux Tpy6, COopyXaeMbli No
BHELUHEMY KOHTYPY KanoTTbl TOHHENS M FOPU3OHTabHbIX
TPYHTO-OETOHHBIX CBAlA, YCTPaUBAEMbIX METOLIOM CTPYVHOM
LiemeHTaLummn. MpyHTO6eTOHHbIe CBaw aMameTpoM ot 0,6 10
0,8 M paameLLany paBHOMepPHO No NAOCKOCTH 32608, YTO
[J0/XHO 0BecrneunBaTh YCTOMYMBOCTb NPY NPOXOLKe. KpaH
npeacTaensn coboi aga psaa MeETaNMYeckux Tpyb ama-
MeTpOM 89 MM 1 3aKpenieMbIX LLEMEHTHBIM PACTBOPOM B
ckBaxunHax anametpom 130 MM ¢ warom ot 250
10 300 mm. [1Ba psiga Tpyb pa3meLtanicb OTHOCUTENBHO
Jpyr apyra B WwaxmaTtHom nopsake (puc. 3). Mocne cTa-
6un13aLmm maccuea nocpeCcTBOM YCTPOCTBA onepe-
XaloLLLe KPEenw TOHHENb MPOXOAMNN C NOCAEA0BATENbHO
pa3paboTKoii Nopoabl CHaYana B NpaBoii WTOSbHE, a 3aTeM
B neBoli (puc. 4). PazpaboTky nopospl B KaXAOM LUTONbHE
MPOBOAMAN N0 1 M, C HEMELNEHHBIM KPENNEHNEM KaX[0ro
MeTpa peLleTyaTbiMm hepmamm 1 Habpbiar-6eToHoM. Pe-
wetyatble Gepmbl BbINOAHSANCH M3 apMaTypbl AMAMETPOM
35 MM 1 cedeHreM 25 x 25 MM 1 NpakTU4Yecku cpasy nocne
YCTAHOBKM OHM 3amnONHSNCh HAOPbI3r-6eTOHOM. Habpbiar-
6€eTOH NpeacTaensn coboit apMUPOBAHHYIO CUHTETUYECKON
ubpoii koHCTpYKUWMO knacca B40 n TonwmHoii 250 Mm. Mo-
e NOMHOW NPOXOAKYM NPABOVA 1 NEBOA LUTONEH U3 KANOTThI
CneBa v cnpaea KPenuy CTEHbI HXHEro yeTyna nocpes-
CTBOM CTPYIMHOI LieMEHTaLMK 1 fanee paspadaTbiBani no-
POy B HAXHEM YCTYNE, TAKXE C NOCNef0BaTENbHON, METP
32 METPOM, YCTAHOBKOI pPeLIETYaThiX GepM 1 3an0HEHNEM
X HabpbI3r-6eTOHOM (puc. 5).

ToHHenb BbiN yCNeLwHo NPoiAaeH, kak C4K1Tanu Bee,
metogoM HATM. U xoTa npu Npoxoake Mbl MPUMEHNAN
npakTuyecky sce npuHumnsl HATM-dunocoduu, Takue Kak:
MOBMAM3ALIMIO CBOIICTB FPYHTA MYTEM Er0 YCUEHNS Onepe-
XaloLLel Kpenbio, MCMO/b30BaHNE NErkOBO3BOAMMBIX U MO-
JIaTAMBbIX KOHCTPYKLMIA M3 peLueTyaTbix Gepm 1 Habpbiar-
6€TOHa, MHOTOLUTOJILHEBYIO MPOXOAKY, TNaLKM1e 04epTaHus
TOHHENS, BCE XE HENb3s CumTaTh 3Ty TEXHONoruio HATM,
TaK KaK NpoxoziKa ocyLiecTBAaNach 63 MHCTPYMEHTANbHO-
o MOHWTOPMHra. HabnioaeHns, KOHEYHO, BENNCh, HO NNLLb
BM3yaNbHO, «Ha rNa3ok». 3T0, HECOMHEHHO, MPOTUBOPEYNT
O[HOMY 13 rNaBHbIX NOCTyNaTos dpunocodum HATM, n noto-
My, B C/ly4ae HebnaronpusTHOro pesynbrata, Henb3s Obino
«PELUMTb» Ha 3TOT METOA,

Ycnex HATM-¢unocoduv B nocneaoBaTensHO 1 rpa-
MOTHOI peanun3aLym He BoIBOPOYHBIX @ BCEX €€ MPUHLMMOB.
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A NEW AUSTRIAN
TUNNELLING

.

7
gﬁr back, ignore it.

It only means th,é't_yor_u"{re ahead of them

L e N,

The New Austrian Tunnelling method
(NATM) has celebrated its 50th
anniversary. But still many tunnelling
experts do not recognize the primacy
of Austrians in this regard. It is often
said that the method is not new and is
not at all Austrian, or even is wrong.
Some propose instead of the name
NATM to use a more acceptable

(in their view) term, and namely,
Sequential Excavation Method (SEM).

I n my view, there are several reasons for that.
First of all, there exists a simple misperception
of the method, as many experts still believe that

if somebody uses shotcrete as ground support,
then itis quite enough to call the method NATM,
andif the shotcrete is used in combination with
rock bolt support, then that’s for sure one hundred
percent NATM. The second reason is that NATM
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Confucius

is not recognized because of national ambitions:
why is it Austrian? We, however, were “standing
by side". Here is also the third reason: there are
those who have lost faith in the correctness of the
method. They sincerely believed that they were
applying exactly NATM, but something did not
work, accidents occurred, and in the next breath
the blame was cast on shortcomings allegedly
inherent to the method. In any case, no matter
what you call it, it was an Austrian scientist and
researcher, L. Von Rabcewicz, and subsequently
also L. Muller, and what they proposed was

not a special construction method, but a new
approach, a new concept (a philosophy) of

the design and construction of tunnels. The
essence of this philosophy is quite simple. It
assumes that the rock to be excavated is one

of the most important elements of the work of
structure to be built, and therefore it should no
longer be regarded as one of loads on primary
or permanent supports but rather as a part of this
support which, if necessary, will be strengthened
in order “to assist it to hold itself.”

METHOD

. -‘"Ff_

Imagine that you are travelling in a half-empty
bus. You are standing and supporting yourself
against a handrail to prevent a possible fall. At
the next bus stop, more passengers enter the
bus, and now they are so many that you can stay
on your feet without even holding the handrail.
Further, at the next stop, the bus gets so crowded,
or better to say, jammed packed with people,
that you can lift your feetand — due to friction —
practically hang on other passengers. However,
other passengers can also benefit from the
squash, and completely or partially unload their
legs. Rock material behaves in a similar way. In
its natural state, before the excavation starts, it is
fully compressed (compacted) like passengers
in the bus at rush hour (with their feet lifted).
Initially excavation is accompanied by partial off-
loading of rock material, as if some passengers
in the bus would need to transfer a part of the
load to their legs. The faster is the process, the
less stable becomes the material, and the less
time remains before an eventual collapse. In
other words, the sooner the passengers will
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The "old" Austrian multiple heading advance method using the “new” Austrian philosophy

come out of the bus, the quicker you will either
fully alight on feet or — if you do not manage to
doitin time — simply fall down. Based on the
foregoing, we can formulate the first postulate of
the new-Austrian philosophy: we must not seek
to fully retain the material in its natural state of
stress; we have to help it to mobilize (to utilize) its
properties in due time, and at the same time to
transfer excessive strain to the support. (Guys,
let's live together peacefully and help each other
to remain on feet. Help the others, but keep

your feet). The question is, what properties have
to be mobilized if the material is very weak and
completely unstable? Now imagine that you are
on the beach trying to build a sand castle right at
the water's edge. Quire naturally, nothing comes
out of it: the sand creeps, there is too much water
in it, and the sand grains do not bond together.
Then you decide to transfer your efforts to a
completely dry part of the beach. And there again
you cannot build a castle - the sand falls as there
is no binding agent in it, that is no water. Then
you make the third attempt trying to build a castle
in dampish sand, and, lo and behold, everything
works, and the castle stands firm. Why? Because
through the process of trial and error you have
learned to transfer the sand from unstable to
stable state by slightly dampening it. The same
has to be done in tunnelling; we must find means
(methods) that allow soft rock to become more
resistant, thus converting unstable massinto a
more stable, doing it quickly and with minimal
expense. Remember what was said in the old
movie “Caucasian captive”: ‘he who gets in our
road shall help us”. So, from the new-Austrian
philosophy two main conclusions emerge:

1.In every way possible and in due time
try to make maximum use of the rock mass
properties.

2. Find simple and effective ways and means
to improve the rock properties; let the rock itself
"hang in there with the last of its powers".

Having said that, let's talk now about how to
achieve this. First you need to determine until
when and how long this or that material can

resist by itself. It means that we must snatch a
moment when relaxation of triaxial compression
is reached and tensile stresses unacceptable
for the material start to act. Rock mass behaves
like concrete: it is strong in compression but

is weak or even does not work at all in tension.
To understand how and at what moment the
material needs “the assistance”, we need to
monitor the process in real time. Nowadays,
scientists and practicing engineers possess
sufficient tools to accomplish the task, and when
the preset force threshold is exceeded, the
system can and must generate an alarm. Real
time monitoring is another important component
(a postulate) of the NATM philosophy. If in

your actual practice you use all other attributes
of NATM, but do not monitor in real time the
ground behaviour during excavation, then the
method you are using is not quite NATM, or
rather itis not NATM at all, because it is not

for nothing that the approach is called the
Observational method.

Now that we know that rock material needs
assistance to retain itself, and we are able to
determine at what moment the assistance
is most desirable and even necessary, and,
furthermore, we can with a reasonable degree of
probability predict the amount of the assistance
needed, that is we know the required strength
and deformation properties of tunnel support,
we can come over to the creation of the latter.
For all the reasons mentioned, the support must
have the following characteristics:

m be sufficiently rigid or, on the contrary,
flexible (depending on the properties of the
enclosing rock), i.e. the support must have a
whole “range” of stiffness properties;

m be sufficiently light and easily erectable;

m after installation to start as soon as
practicable an active work in collaboration with
the rock mass;

m retain the rock mass from outside or
improve rock properties from within it;

m have sufficient reliability and durability;

m be cost-effective whenever possible.

This gives much scope for engineers and
inventors, starting from optimization of
properties of the known shotcrete lining, or
arched support, or roof bolting, and up to
development of new rock mass stabilization
(hardening) methods with the use of various
techniques: freezing, reinforcement - i.e.
using forepoling or polymer anchors (spilling),
or applying various cementation technologies
(chemical strengthening) i.e. jet grouting. All
this, and much more, make an integral part
of the NATM philosophy. It will certainly be
remembered that the assistance to ground
strength mobilization should be given to that
part of the rock mass where changes of stress-
strain state have already started or are probably
going to start. And that is where, for example,
the finite elements or other modern analytical
or numerical calculation methods might come
in.  Ifthese tools will work in three-dimensional
space, then they will certainly demonstrate the
necessity to support not only the cross-section
contour, but also the rock mass ahead of the
face. Therefore, a major step forward that
increased the scope of the NATM philosophy
was made with introduction in tunnelling
practices of various kinds of pre-excavation
support, realized, for instance, with the use of
composite materials. Some of our colleagues
argue that this is not NATM anymore, and call
this technology ADECO, but in its ultimate sense
this allegedly new technology comes down to
the same underlying postulates and principles
of the New Austrian technology, although it
certainly deserves attention as an extension of
the NATM potential.

And finally, one more touch (yet another
sign of the NATM philosophy) is the shape of
tunnel or its cross-section. It must be if not
absolutely circular then as rounded or oviform
as possible, smooth and without any corners
and irregularities. This is a fairly obvious detail,
as it is exactly this form that ensures the best
performance of any structure (remember the
rounded helmets of knights and warriors, or the
strength of thin eggshell), and removes the very
possibility of local stresses formation within the
rock and within the support.

Many believe that NATM implies multi-
section tunnelling method (multiple heading
advance), and moreover, a certain sequence of
excavation of these sections, as it was in large
Ccross section excavation in the “old Austrian
technology”, when first left and right headings
were excavated, then it came to the central
pit, lower bench, and further to the invert. Is it
really so? Here you can answer both yes and no.
“Yes” — because this method is quite effective
due to the fact that significant shearing stresses
develop exactly to the left and to the right of
the tunnel axis, and these stresses have to be
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reduced at early stages of the tunnel advance,
and also because this method is original, as
according to the data available to the author,

it was first proposed by Austrian engineers.
"No" — because NATM does not deny any other
tunnelling method until it is effective and fully
implements the principles of its philosophy.

So, what do we have in the "bottom line",
what does NATM really imply.

First of all, it implies effective construction of
all types of underground facilities mainly in weak
soils with the greatest possible mobilization of
inherent geological strength available in the
surrounding rock mass, and, if necessary,
the increase in bearing capacity of the material
through its improvement (strengthening).

To achieve this goal, we must endeavour to
fully meet the following conditions:

m To determine with maximum fidelity the
strength and deformability of the surrounding
rock mass prior to the construction of an
underground structure.

m From the start of a construction project up
to its completion to perform observations (to
carry out instrumental monitoring) of changes in
the stress-strain state of the support and of the
surrounding rock mass.

m To develop measures that enable to use /
mobilize and put into operation the surrounding
rock mass to the maximum extent possible
already at the design stage.

m To choose or develop initial primary
support able to quickly start collaboration with
the rock mass after excavation by a specified
advance step; the support must allow the rock
mass to deform to the design values (in other
words, use flexible support with predetermined
strength and deformation characteristics).

m To use all possible techniques and
resources enabling to install primary support
safely and in the shortest time possible.

m To design the shape of underground
excavation as smooth as possible (avoiding
corners) in order to prevent unwanted stress
concentrations.

In support of the NATM philosophy | would
like to remind you an old historical film “The 300
Spartans”. The essence of the story is that 300
soldiers of Sparta marched to block the advance
of multi-thousand army of Persians. The
defenders blocked the only road by which the
massive Persian army could pass, and did it just
in time, so the enemy was not capable to fully
exploit its numerical majority. At this properly
chosen position the outnumbered Spartans,
with the chosen strategy and tactics held off the
enemy for several days. They might have even
won, if help had come in time. You may ask how
is this story related to NATM? The fact is that
the main condition of the NATM concept also
is maximum use of the surrounding rock mass
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properties (in the movie it is the ground relief),
mobilization of the rock mass to its full potential,
smartly designed and matched support which
assures quick and reliable interaction with

the surrounding rock (in the film these are
warriors who are strategically and tactically
trained), and the technology which provides
timely installation of this support. A crucial
prerequisite for successful application of the
NATM philosophy is monitoring the stress-
strain state of rock mass around the cavity
(in the film it is being aware of the battlefield
tactics applied by the enemy army).

Many colleagues still identify NATM with
shotcrete, roof bolting, Bernold sheets or
lattice girders. Distinguished colleagues, this
is absolutely not the case. All these certainly
important and still advanced types of support
used in the underground works are merely cogs
in a complex philosophy called New Austrian
Tunnelling Method. By the way, relatively new
construction technologies such as jet grouting,
forepoling or composite anchors used for pre-
strengthening of the face (spilling) - all these
are new cogs in a machine too, which only
expand the horizons of the NATM philosophy.
And one more important point. Yes, it’s true that
in the world practice and unfortunately not once,
some tunnels that supposedly were excavated
using the NATM method, did collapse. But even
a superficial look at these cases shows that they
were nowhere near New Austrian Tunneling
Method. In most cases, people call NATM same
old shotcrete, in other cases they completely
forget about the necessity to reinforce not
only the cross-section of excavation but also
the face, and thirdly, they do not monitor the
state of the rock mass and of the support
(the team is not equipped with measurement
instrumentation), and fourthly, they install
the support belatedly without ensuring its full
contact with the material; it means that in
almost all emergency cases we see a total
non-observance of basic NATM postulates. So
before blaming an allegedly bad technology,
you should learn to understand it, to build as is
requested, and not as you imagine and wish to!

Here is one example of a tunnel construction
technology which is very similar to NATM but
still is other than that. In one of the projects
realized in the United Arab Emirates it became
necessary to build an underpass beneath the
existing road. The tunnel was designed to
connect a hotel to the beach area with mini-golf
course on it. The cross section of the tunnel was
defined according to the needs of hotel guests
and its staff: the tube had to provide a pass from
one side of the road to another, and a pathway
for golf carts. The customer proposed to build
the tunnel with the following dimensions: 6m in
width, 4 min height and about 30 min length.
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The tunnel was located at a depth of 8 m (from
the tunnel crown). The obligatory condition was
not to block traffic and guarantee minimum
subsidence. Geotechnical survey showed that
the tunnel will intersect water saturated fine-
grained silty sands with no cohesion, and would
collapse almost immediately with the start of
excavation.

Given the small length of the tunnel, the size
of its cross section, and unstable soils it was
proposed to build the tunnel using multiple
heading method with the advanced support
or forepoling i.e. inserting steel tubes inside
sub-horizontal holes made around tunnel's
face; and horizontal jet-grouted soil-cement
columns. The soil-cement piles of 0.6 t0 0.8 m
in diameter were uniformly distributed on the
face to ensure tunnel stability during excavation.
The forepoling screen consisted of two series
of metal tubes 89 mm in diameter fixed with
cement grout in 130 mm diameter boreholes
at a pitch of 250 to 300 mm. The two series of
tubes were placed in a staggered order. After
the rock mass was stabilized by forepoling, the
tunnel was bored sequentially, first the right
heading was excavated, and then the left one.
Excavation proceeded in steps of 1 m; each
meter was immediately strengthened by lattice
girders and sprayed shotcrete. Lattice girders
were made of steel bars 35 mm in diameter
with the 25x25 mm cross section filled with
shotcrete almost immediately after installation.
The shotcrete was a 250 mm thick class B40
structure reinforced with synthetic fiber. When
right and left headings were excavated, right
and left sidewalls were reinforced by jet grouting
from the crown, and further excavation of the
bench was performed with step-and-repeat,
meter by meter placement of lattice girders and
shotcrete filling.

The tunnel was successfully constructed,
as everybody was sure of, using the NATM
technology. Although we have applied almost
all principles of the NATM philosophy, such
as mobilization of rock mass properties by
its strengthening with advance support, the
use of easily erectable flexible structures
of lattice girders and shotcrete, multiple
heading advance, smooth contours of the
tunnel, this still cannot be considered the
NATM technology, as excavation was not
instrumentally monitored. Of course, some
observations were made, but only visually, "by
eye". This of course contradicts one of the
main principles of the NATM philosophy, and
that’s why in the case of an unfavorable result,
the NATM method could not be blamed.

We may conclude that the strength of the
NATM philosophy lies in consistent and correct
implementation of not only some random part,
but of the whole set of its principles.
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B.M. CAIMUTA,

rNaBHbI UHXEHEP NpoekTa
NMPOEKTHOr0 UHCTUTYTA
«YKPCNELTOHHENbMNPOEKT»
(Kves, YkpauHa)

Construction of a double-
track railway tunnel which

had to replace the existing
single-track tunnel built in
1886, started in October

2013 in the section Beskid —
Skotarskoye of the Lviv railroad
in the Eastern Carpathians (on
the border between Lviv and
Transcarpathian provinces

of Ukraine). This section
makes part of the 5th Crete
International transport corridor
that passes through Russia,

Ukraine, Hungary, Slovakia,
Austria, Slovenia and Italy.

BECKUICKW
TOHHEJb:
130 JIET Clj’yQTﬂ

., A

Ansa ynyyweHus xene3Ho[0pOXHOro ABMxeHUs Mexay Bocto4yHoi n SanagHoii EB-
ponoii no 5-my Kpurckomy mexayHapoaHOMY TPaHCOPTHOMY KOpUAOPY (NPOXoanuT
yepe3 Poccuio, YkpauHy, Benrpuio, CnoBakuio, ABcTpuio, CnoBeHuio n Utanuio) Ha
yyactke beckug — Ckorapckoe B BoctouHbix Kapnarax (Ha rpanuue JIsBOBCKOM

u 3akapnatckoii o6nacTeii YkpauHbl) npeaycMOTPEeHO CTPOUTEIbCTBO HOBOIO ABYX-
MYTHOro TOHHEJS.
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Eecmmmﬁ TOHHENb BYLET COOPYXEH Ha XENe3Homo-
POXHOM NIMHUMN, COEAMHSIOLLEN CTaHLK JTaBOYHOE (Ha
CEBEePO-BOCTOYHOM CTOPOHE TOHHENS) 11 BonoseL, (Ha toro-
3anagHom cTopoHe). MpoMEXyTOYHbIE XEeNne3HOLOPOXHbIE
CTaHLMM C KaxA0n CTOPOHbLI TOHHeNs — beckua (Ha ceBepo-
BocTOke) 1 CkoTapckoe (Ha toro-3anage).

HoBbli# TOHHENb AMHON 1764,5 N. M. 3aMEHUT CYLLECTBY-
IOLLIMIA OOHONYTHBINA, NOCTPOEHHIV B 1886 roay. Momumo
Hero, Ha yyacTke JIbBOB — YXropog pacnonoxeHo 8 AByx-
MYTHLIX TOHHENEN.

TeppuTopus yyacTka NpoekTa ropHas,, BbICOTbl HAXOASATCS
B Avana3oHe oT 780 M (Ha YpOBHE Xene3Homn foporu) Ao
1014 m Hag, ypoBHEM MOPSI.

CyLuecTaytoLumin Beckuackuii TOHHeNb ByaeT akcnnyaTu-
pOBaTbCA B TEYEHE BCEr0 NEPMOLA CTPOUTENLCTBA, a MO-
Cle BBOAA B 3KCMNyaTaLMio HOBOTO TOHHENS BYAET CAYXMTb
B KQYECTBE aBapUitHO-CrnacaTenbHoro 06bekTa. Moatomy
BO BPEMS NPOBELEHMS BCEX CTPOUTENbHBIX PaboT KpaiiHe
BaXHO 06eCneynTh KOHCTPYKLMOHHOE eMHCTBO N MAHUMI-
31poBaTh BO3LEWCTBIE HA CTAPbINA TOHHENb.

[BYXNYTHbIN XENE3HOA0POXHbIV TOHHE b B NaHe 3a-
MPOEKTMPOBAH Ha paccTosiHMK 30 M (B OCSX) OT CyLue-
CTBYIOLLEr0 OLHONYTHOTO. Monepe4yHoe CeYEHNE HbiHEe
NeNCTBYIOLLEro TOHHENSs He 0TBeYaeT TpeboBaHMsM No
rabapurtam, CKOPOCTb ABUXEHMUS NMOE3A0B B HEM OrpaHi-
yeHa o 15 km/yac.

TOHHENb HaxoamMTCs B panoHe MasHoro Kapnatckoro
xpebTa. Fopbl CNoXeHs! GNMULLIEBOI TONLLEA MENOBOrO U
TPETNYHOrO BO3pPacTa, Ast KOTOPOW XapakTepHbl TUMUYHbIE
PaBHOMEPHbIE HACNOEHUS U3 TONCTONAUTYATBIX NECYAHN-
KOB ¥ TOHKONAUTYATBIX apruaaMToB. MOLWHOCTb aprunm-
TOBbIX TO/LL, BAPLUPYETCH OT HECKONBKMX CAHTUMETPOB
[0 HECKOMbKMX METPOB. Yron nafieHns nopos B CpeaHeM
cocTasnset 45° B toro-3anafHom HanpasneHun. Koapdu-
LMEHT KpenocTu nopog, no MpoToabskoHoBY konebnetcs ot
f,=180f =6.

CeiCMMYHOCTb TeppUTOPHK M3bICKaHWIA Mo Wwkane MSK-64
(npunoxenne b k [JBH — rocyaapCTBEHHLIM CTPOUTESNbHBIM
Hopmam YkpauHbl) cornacHo kapte OCP-2004-C —

8 6annoB ¢ NepruoioM NOBTOPSIEMOCTI COTPACEHUIA OAWH
pa3 B 5000 net (BeposTHOCTb NPEBLILUEHUS CEACMUYE-
CKOW MHTEHCWBHOCTU B TedeHue 50 net — 1%).

[ng ocywecTBNEeHNS BPE3KW TOHHENS, OpraHn3aumm
CTPOMTENBHOMN MNOLWAAKM HA MEPUOL, COOPYXEHUS 1
YCTPOICTBA XENE3HOLOPOXHbIX NYTEA HA MPOEKTHbBIX
OTMETKAX Ha NepuoA aKcnayaTaLumm Ha BOCTOHHOM 1 3a-
naiHoM nopTanax beckmackoro TOHHeNs NpeayCMOTPEHO
YCTPOWCTBO NOANOPHBbIX CTEH. OHM NpeacTaBnsioT coboit
6ypoHabmBHbIE xene306eToHHbIe cBaun (BHC) & 880 mm,
00beMHEHHbIE B NPOCTPAHCTBEHHbIE KOHCTPYKLIMM NPK
MOMOLLM XECTKOr0 3aLLEMEHUS B MOHONINTHBIE Xene-
306eToHHble pocTBEPKM. LLlar n annHa cBait, KoAMYecTso
PSILOB, MPOLEHT apMMPOBAHWS Ha3Ha4€eHbl B COOTBETCTBUN
C PacyeToM.

MPOTSXEHHOCTb NPUNOPTANBHBIX MOAMOPHBIX CTEH Y
BOCTOYHOr0 noptana coctasnsiet 73,8 M. BeicoTa TOPLOBOI
cTeHbl — 13,6 M. Bcero — 61 BHC.

Cunctema noanopHbIX CTEH, OrPaHNYMBAIOLLMX 3a-
nafHbIi nopTan, COCTONT U3 TOPLLEBOW CTEHbI ANIMHOM
12,5 M 1 BbICOTOI 12,4 M 11 IBYX OTKPBINKOB NEPEMEHHOA
BbICOTbI, CNeayolwmx 3a pefnbedom. KOXHOE KpbINo CTEHbI
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XPOHOJIOrnq
CTPOUTEJIbCTBA

Crapwblii Beckuackuii TOHHES b
LUWMHOIA 1746 M Bbln NOCTPOEH
B 1886 rogy eLe Bo BpemeHa
ABCTPO-BEHrepcKou Mmnepum.
B 1944 rogy npw oTcTynneHmm
BEHrepCKix BOVCK MOy4ns CEpbe3HbIe MOBPEXAEHNS — Oblv N0Z0pBaHbI 00a
riopTana vi cBoAbI B LuecTv mectax. OaHako yxe B aBrycte 1945 rona fiBuxeHve
110 HeMy Obl10 BOCCTaHOBJIEHO.

B 1954-1956 rogax B cBsiav ¢ anekTpudmkaumen yyactka MykaseBo — JlaBoyHoe
TOHHEJb Obl/T PEKOHCTPYMPOBAH: 000PYyA0BaHa CMCTEMA /IEKTPOOCBELLEHNS,
peanv30BaH KOMIMIEKC MeP o OTBOAY BOAbI, AOMOIHUTEIbHO COOPYXEHO

10 kamep 1 30 HuLw.

B 2004 rogy 6bin 3ak/t04eH [0roBop ¢ EBponeiickum 6aHKOM PEKOHCTPYKLIMM
 pa3suTusi (EBPP) o BblaeneHm KpeauTta Ha CTPOUTEILCTBO HOBOTO TOHHESS.
3atem Kk aTOMy NPOEKTY MPUCOEANHNICS EBDONEICKMIA MIHBECTULIMOHHBIN BaHK
(EVB). CtpountenbcTao Havanock 29 oktsbps 2013 roga. [1o AaHHbIM Ha Ha4ano
okTs16psi 2014 roga, NoApsSA4MKOM (CTPOUTENbHAS accoLmaums «MHTepOyaMOH-
Tax — YkpanHa») npoiiaeHo 558 M ToHHess, CKOpOCTb NPOXOAKM COCTaBASET
0KOJ10 3 M B CyTKM.

HoBelii BECKUACKI TOHHESTB MO3BOSIAT MOBBICUTH MPOMYCKHYIO CIOCOOHOCTb
y4actka ¢ 47 no 100 nap noe3aos B CyTK1, a CKOPOCTk [IBUXEHUs Bo3pacTeT ¢ 40
210 60 km/4. Cpok caaym obbekta — | kBapTan 2017T.

BECKWACKOIo TOHHENA

OrpaHu4MBaeT CKNOH NpoTsxeHHoCTbio 150,4 M. O6wwas
AJIMHA CTeH 3anagHoro noptana — 195,4 m. Beero —
212 BHC.

[ins otBOAA p. Beya Ha 3anagHOM nopTane Hag po-
CTBEPKOM NOANOPHON CTEHbI NPEAYCMOTPEH BbICTPOTOK
(MOHONMTHOE Xene306eTOHHOE PYCno ceyeHreM 3,6 X 3 M).
[ns cbpoca peyHoit BOfibl HA MOHUXKEHHbIE OTMETKM
npeaycMOTPEeH MOHONMTHLI BoaobOoiiHbIN konoael,. Mo-
n06HbI KONoAEL, 3anpoeKTUPOBaH M ans copoca ape-
HaXHOI BOAbI U3 CYLLECTBYIOLLEN LUTONbHU Ha 3anaiHOM
noptane (B paioHe NepeceyeHNs WTONbHM 1 NOANOPHOM
CTeHbl nopTana). 1ng 0TBOLa pyybeB v nponycka p. Beva
MOA, XeNe3HOA0POXHBIMY NYTAMU NPELYCMOTPEHO UC-
NoJb30BaHNE COOPHbIX XENE306ETOHHbIX TPYO CeYeHMEM
4 x 2 M. Ing 0TBOAA aTMOCHEPHBIX 0CAAKOB M APEHAXHBIX
BOZ, C HArOPHOM CTOPOHbI MOANOPHBIX CTEH NPEAYCMOTPE-
Ha CMCTEMA MOHONUTHBIX XENe300EeTOHHbIX BOAOOTBOLHbIX
NOTKOB CO COPOCOM BO/ibI B MOHOIUTHBIE KONOALbI.

B COOTBETCTBUM C TEXHONOMMYECKIM 3aaHNEM MPO-
€KTOM MPesyCMOTPEHO YCTPOICTBO BOKPYT NOPTaN0B
00X0[HbIX AOPOXEK (Ha KPYThIX yyacTkax — necTHuu,). Ha
0XPaHSAEMON TEPPUTOPUM PA3MELLAIOTCS 3AAHNS OXPaHbI
1 COOPYXEHMS CNeLnansHOro HazHadeHust. Mo nepumeTpy
YCTaHaBAMBAETCSA OrpaXAeHNe U NpeaynpeauTenbHbie
3HaKw.

[1nsi COOPYXEHMS HECYLLMX KOHCTPYKLMIA TOHHENS,
3BaKyaLMOHHbIX CO0EK, MOPTaNOB 1 NOAMOPHbIX CTEH,
MPUNOPTabHBIX 3AaHUIA N COOPYXEHWI B MPOEKTE NPUHST
MOHO/UTHBIN XeNne306€TOH. 15 BCex OCHOBHbIX HECYLLMX
KOHCTPYKLV KNacc NPOYHOCTM BETOHA Ha CXaTue Ha3HaYeH
B25, Mapku 6eTOHa N0 BOAOHENPOHULIAEMOCTM 1 MOPO30-
CTOWKOCTM, COOTBETCTBEHHO, — WB 11 F150.

)KenesHoa0pOXHbIN TOHHENb 3aMPOEKTMPOBAH B 061eNke
113 MOHOJIMTHOIO Xene306eToHa NOLKOBOOBPA3HOro 04ep-




OCHOBHbIE TEXHUYECKUE
XAPAKTEPUCTUKH
BECKWACKOIro TOHHENS

LUMPUHA (B CBETY) vvvvvveeiiieiieiisiesiesieniesiesienie e
BbICOTA (B CBETY) ... sieiaiei s
nybnHa 0T MOBEPXHOCTY BECKMACKOro XpeoTa ..........
noLWab NONEPEYHOTO CEHEHNS ..vivvrvrverareirereiranss

Kamepsi
CoenuHuTesbHble COOVKY (CO CTaPbIM TOHHENEM)

KonmmyecTBo Xene3HOA0POXHBIX TYTEM ..........ccveererrserenens

O6bem pa3pabatsiBaEMOro rpyHTa

MeTanioKoHCTPYKLMN BDEMEHHOO KDEMIEHUS ...

MOHOMTHBIE GETOH BDEMEHHOIO KDEMNEHWS ..........

APMUPOBaHNE MOCTOSHHOA OOLTKN ........cvvevvvarearas

MOoHONTHBIA OETOH MOCTOSHHOM 00AETKY ...........
[aPON30NFLMOHHAS MEMOPAHA .........eeeeeeeeenns

TaHus ¢ 06paTHLIM CBOLLOM. [Nl yCKOPEHWs MPOU3BOACTBA
paboT NPOEKTOM NPEAYCMOTPEHO 06aBNEHME NNacTy-
drKaTopa n ycKopuTens TBEPAEHNS B GETOH TOHHENBHBIX
obaenox.

ApMunpoBaHue 06aeNKN TOHHENS U 3BaKyaLMOHHbIX COOeK
NpPeayCcMOTPEHO NAOCKMMM CBapHBIMW Kapkacamu, 00beau-
HEHHbIMMW B POCTPAHCTBEHHYIO KOHCTPYKLMIO (B Npeaenax
0TCEKA MEX[Y aHTUCENCMUYECKMM LEDOPMALOHHBIMM
LUBAMW) NPY MOMOLLM CTEPXHEN NPOA0NBHOI (pacnpeneny-
TE/bHOW) apMaTypbl.
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C y4eTom raporeonornyeckmx ycnoBui yyactka cTpo-
UTENbCTBA, a TakXe NPOrHo3MpyeMbiX BOLONPUTOKOB AN
UCKIOYEHNS MPOHNKHOBEHNS B TOHHESb FPYHTOBBIX BOJ,
10 BCeii ero AnAnMHe NPeaycMOTPEHa 3aMKHyTas rmapou-
3071918 U3 BOLOHENPOHNLAEMOI NONMBUHUAXTOPUIHON
MeMOpaHb! TOMLLMHOM 2 MM, KOTOpas KpenuTcs K GETOHY
BPEMEHHOI kpenu. ng obecneyeHns 0TBOAA BOAbI CO
CBO/1a M CTEH TOHHENs B 3a00€N04HbI ApeHax, a Takxe
3aLWKTEl MEMOpPaHbI 0T MOBPEXAEHNS HEPOBHOCTAMY Yep-
HOBOro 6eTOHa Mex/ly BPEMEHHOI KPEnbIo 1 rmapounso-
nmpyioLLeit MemOpaHOoi YCTaHABNMBAETCSA APEHUPYIOLLIA
CNON reoTekCcTUNA TONLWMHOM 4 MM. B MecTax xonoaHbix
LWBOB 6ETOHMPOBAHNS 1 AePOPMALMOHHBIX aHTUCECMU-
4eCKuX LWBOB NPeLyCMOTPEHA YCTAHOBKA MMAPOLLMOHOK.

[ins 0TBOAA BO3MOXHbIX MPOTEYEK FPYHTOBBIX BOA,
KOHLEHCATHOW Baru 1 atMocdepHbIX 0CaaKOoB (Ha nopTab-
HbIX Y4aCTKax), & Takxe BOAbl OT NOXAPOTYLLEHNS BHYTPA
TOHHESbHO 06ENKM B kaHane nog 6annacTHbIM LebeHoY-
HbIM CNOEM NPeAYCMOTPEHA YCTaHOBKA rohPUPOBaHHOA
nepdOpPUPOBAHHOI NOAMSTUNEHOBOI TPYOLI C re0TeKCTIb-
HbIM GrALTPOM. [nst cBpoca Boabl 1 BO3MOXHOCTY PEMOHTA
[JpeHaxa o juHe ToHHeNs ¢ warom 40 M npeaycMOTPEHb
KONOALLbI C OTCTOMHOWM YacThiO.

BHyTpeHHee nonepeyHoe ceveHne 06aenok npe-
JlycMaTpuBaeT pacnonoxeHwve B ero npeaenax rabapura
npubanxexns ctpoeHuns C Ha neperoHax, 060pyLoBaHMs
CUCTEM BEHTUASLNN, 3NEKTPOCHABXEHUS, CAHTEXHUYE-
ckoro 060pya0BaHMs, a Takxe CUCTEM CUrHanuU3aLmm 1
CBSI3N.
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HapyxHoe o4epTaHue BCeX TMMNOB 064€EN0K C LieSbIO
ONTUMU3ALMM NPOXOAYECKIMX PABOT N YHNPUKALIMM NPUHATO
OLMHAKOBBIM. KOHCTPYKLIM 0BAEN0K OTINYAIOTCS TOBKO
NPOLLEHTOM apMMPOBAHMS, HA3HAYEHHBIM N0 PesyNbTaTam
pacuyeTa, B 3aBUCHMOCTU OT UCTLITbIBAEMbIX HArPy30K.

MpoponbHbIN NPOdUAL NYTU — OAHOCKATHBIA C
yknoHoM 3%o 1 12%o, B NNaHe pacnonoXeH no NPsSMoii.
Mexaynytbe — 4,1 M.

MpOEeKTOM NPEAYCMOTPEHO COOPYXEHWE HULL U Kamep,
PaCMONOXEHHbIX COOTBETCTBEHHO Yepe3 60 1 300 M B Luax-

MaTHOM MOPSAKe C KaX0# CTOPOHBI N0 BCEW ANIMHE TOHHENS.

Bcero npenycmoTpeHo 49 Huw 1 12 kamep.

[ns 06CNyXmBaHNs TOHHENS BO BPEMS SKCrnyaTaumm, a
Takke BO3MOXHOW 3BaKyaLmm NIOLeN, MeXay NpoexkTupye-
MbIM U1 CYLLIECTBYIOLLMM TOHHENSIMU NPELYCMOTPEHO COOPY-
XEHWE TPEX COBANHUTENbHBIX COOEK ANMHOM 0K 22 M.

BeHTunsums TOHHeNs OCYLLECTBASETCS eCTECTBEHHBIM
cnocoboM 3a CHEeT PasHOCTY aTMOCHEPHOrO JaBieHNs Ha
nopTanax, a Takxe NopLUHEBOro addekTa, BOHMKAIOLLEro
npyv [BUXEHUN TPAHCTOPTA.

[ns cucTeMbl NPOTUBOALIMHON 3aLLMTHI NYTEN NpK No-
Xape B 3BaKyaLMOHHbIX cOOiKax MPeaycMOTPEHbI BEHTU-
NSILMOHHBIE YCTAHOBKW. BEHTUNSTOPBI — PEBEPCUBHBIE W
OrHesalmTHele. Mpeaen orHecTonkocT — 2,5 yaca npu
Temnepatype +600°C.

B cBS13M C yAaNeHHOCTLIO y4acTka CTPOUTENLCTBA OT
00bEKTOB CTPOMMHAYCTPMM NPOEKTOM NPEAYCMOTPEHO
€03[aH1e OCHOBHOW BPEMEHHO CTPOUTESNbHOM MAOLLALKM
Ha BOCTOYHOM MopTane, MMEtoLLEer komnaekc u3 47 coopy-
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Crapblit Beckuackuii ToHHeNb

XEHWIA 1 30aHuiA, 06ecneynBaloLLIX HOPMabHbIA NPOLECC
CTPOMTENBHOIO NPOM3BOACTBA B 32606 M Ha MOBEPXHOCTM.

B cBsi3u ¢ 60/1bLLUMM NepenasioM BbICOT B PaiioHe CTPOM-
nnowaakw (0o 30 M) ans obLuei opraHusaumm penbeda no
CTpOMTENBHOM NnoLLaike Bbina BLINOAHEHA OTCHINKA rPyHTa
06bemom 135 Thic. M2, MnoLLaab CTPOMMNOLWAAKY —
29130 m?.

B npouiecce 0TChINKM CTPOMMAOLLALKK BbINO BLINOAHEHO:

B COOPYXeHWe BOAONPONYCKHbIX TPYD CEYEHUEM 2 X 2 M
o6Leit annHon 259 m;

= YCTPOIicTBO pycna p. Onopew 13 maTpacos PeHo
ceyeHmeM 6 x 2 x 0,3 M anuHol 78 m;

B YCTPOICTBO OrPaxAatoLLMX CTEH 13 raB1OHOB BLICOTOM
00 6 M o6Lwei aamHon 311 M.

lMocapka BpeMEHHbIX 30aHWIA 1 COOPYXXEHUIA BLINONHEHA
C YY4ETOM UX TEXHONOMMYECKOr0 Ha3HaYeHs1, NPOTMBOMO-
XapHbIX 1 CAHUTAPHbIX HOPM.

[Ing TPaHCNOPTMPOBKM MATEPWaOB HA CTPOMMIOLIALKY
Ha 060Mx NopTanax 3anpoeKTMPOBaHbl BPEMEHHbIE Xenes-
HOZOPOXHbIE MYTH, @ TAKXKE NOALE3AHLIE aBTOMOOUIbHBIE
JI0pOry NPOTsXeHHOCTLI0 900 M (Ha BOCTOYHOM NopTane) 1
2,2 KM (Ha 3anagHoM).

[nsi 0becneyeHns AMPEKTUBHbLIX COOKOB CTPOUTENLCTRA,
TpebyloLumx yknaakv 6onbLumx 06bemMoB 6ETOHA B Onpese-
NEeHHble CPOKK, MpeaycMoTpeHa ero 6ecnepeboiiHas
noctaeka ¢ BCY, pacrnonoxeHHOro Ha CTPOMNNOLLAAKE.
Pa3pab0oTaHHbIi NpK NPOX0/Ke TOHHENS TPYHT aBTOTPAH-
CMOPTOM BbIBO3UTCA B PaiOH 0TBana, 06beM KOTOPOro
cocTaBnset 242 Tbic. M3,
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on the runs
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9BakyaumoHHas cGoitka

Mpoxoaka [ABYXMYTHOrO XeNe3HOLOPOXHOr0 TOHHENS
MPOEKTOM NMPeyCMOTPEHa CNoCoBOM HUXHEr0 yeTyna
CO CTOPOHbI BOCTOYHOrO ropTana ¢ paspaboTkoii rpyHTa
B 3a60e GypoB3pbIBHLIM CIOCOGOM. MPOX0AKA KANOTThI 1

HUXHEro yCTyna TOHHeNsa npon3esoanTca nocnenoBaTesibHo.

lMpoxoaka kanoTThl OCYLLECTBSETCS Ha BCHO A/IMHY TOHHE-
NS, 3aTeM NMPOXOAUTCS HUXHWUIA YCTyN.

B 3aBMCUMOCTM OT MHXEHEPHO-TE0N0TNYECKMX YCIOBNN
CTPOUTENLCTBA TOHHENS MPELYCMATPUBAIOTCA ABE OCHOB-
Hbl€ TEXHOOTMYECKME CXEMBI MPOXOLKM.

MepBas cxema NpefHa3HayeHa Ais HebnaronpUSTHbIX
YC/IOBWIA MPOXOAKM Ha NPUNOPTAJIbHBIX y4acTKax, B 30Hax
HEYCTOMYMBBLIX FPYHTOB M B TPELLWMHOBATBIX 30Hax (k0addu-
LmeHTbI kpenocTv rpyHToB f = 1,0-2,0). [nst npesoTepalue-
HWs 0BPYLLEHS NOPOZ, MPELYCMATPUBAETCS 3aKPENeHne
CBOZ1a ONEPEXAIOLLMM 3KPAHOM 13 METANIIMYECKNX TPYO
C NOCneLyioLeN LIeMeHTaUe Yepes HUX rPYHTOB BOKPYT
CKBAXMH.

Mpu npoxofke kanoTThl (3axoaka 1,2 M) BeINOMHAETCS
BPEMEHHOE KpenyieHune BbipaboTku apkamm 13 AByTaBpa

\ Mpusimok 400x600x250(h)

Sink 400x600x250(n)

Ne30 ¢ HabpbI3r6eToHoM kn. B25. OTcTaBaHne BPEMEHHOMO
KpenneHus 0T 3a0051 He NPEBLILLAET BENNYMHBI 3aX0AKM.

Mpoxomka HAXHEro ycTyna Be4eTcs ¢ KOMOMHUPOBAHHLIM
BPEMEHHbIM KperieHneM 13 Habpbl3r-BETOHHOrO NOKPbI-
TWs, aDMUPOBAHHOT0 apMaTyPHLIMW apkamu U CETKOM B CO-
yeTaHuM ¢ camo3abypusatoLummmcs aHkepamn SDA R 32-S,
3axoaKkamun 2,4 M C 3aMblkaHWEM BPEMEHHOO KPEMneHus
M0 NOAOLLBE BbIPAOOTKM HA 3TOM y4aCTKe.

Mpw Bx0aE B OTHOCUTENBHO BNAronpUSTHLIE MO YCIIO-
BUSIM CTPOUTENBCTBA NOPOLbI (KO3DDULMEHTBI KpEeno-

CTM rpyHTOB f = 3,0-4,0) Ha OCHOBHOM Y4aCTKe TOHHENS
npeLycMaTpUBAETCS NEPEXOA HA BTOPYIO TEXHOIOMMYECKYIO
CXEMy, COrTacHO KOTOPOW NPOX0AKa BEAETCS C KPEMIEHNEM
BbIPABOTKM apMaTypHLIMU apkamu 1 aHkepammn SDA R 32-S,
3aX0AKOMN 2 M.

[poxoaka HXHEro ycTyna BeAETCS C BPEMEHHBIM
KpenneH1em aHkepamm n HabpbI3r-6eTOHOM Mo apMaTyp-
HbIM apKam 3axofKkamit 3 M ¢ 3aMblkaHMEM BPEMEHHOIO
KpenneHus no nogoLse BbipaboTku. Kpennexue nba 3a-
6051 OCYLLECTBASETCS CTEKNOMNACTUKOBLIMI aHKEPaMM 1
HabpbI3r-6eTOHOM & = 40 MM.

[ns nHuummnpoBanmns 3apsaos BB npoektom npeaycma-
TpmBaeTCa HeanekTpuyeckas cuctema NMPUMA-EPA-T,
obecneunBatoLLas, B OTIMYME OT TPAAULMOHHLIX CPEACTB,
MoBbILLEHHYI0 6e30MacHOCTb. bnarofaps HU3KOM YyBCTBM-
TENbHOCTM K 6AYXAaI0LLIMM TOKaM OHa NO3BONSIET NPOU3BO-
[INTb B3PbIBHbIE PaBOTHI 663 06ECTOUMBAHNS SHEPreTUYe-
ckoro 06opynoBaHKs. Mcnonb3yeTcs MeToA, NOCAeayoLLEro
OKOHTYPWBaHMS ¢ 06513aTENbHBIM NPUMEHEHEM KOPOTKO-
3aME/LIEHHOr0 B3PbIBAHMS rpynn 3apsgoB B CNeayiowen
nocnefoBaTeNbHOCTY:

m BpyOOBbIE;

m OTOOVHbIE;

B KOHTYPHbIE;

B MOLOLWBEHHbIE.

lMocne NonHO NPOXOAKM KanoTThl 1 HUXHEro YCTyna Bbl-
nonHsieTcs 6ETOHMPOBAHME NOCTOSHHO 0BLENKM 3ax0aKa-
Mu1 No 12 M B CrieaytoLLei nocnenoBaTenbHoOCTH:

m OETOHMPYETCS NOTOK 06eNKM;

= 1pyv NOMOLLM NepeaBnXHOI onanybku GETOHMPYIOTCS
CBO[L 1 CTEHBI.

MOA3EMHBIE FTOPU30HTbI Ne3. Oktabps/2014



000 STEXNPOPECC: odwumancHuit nocTasupk B Pocouo W cTpassl TamosenHoro Cowaa WaxTHOW TEXHMKM NDOMIBOJICTEA 3aBofia
<FADROMA- (Monslwia) npenaraet;

« WaxrHeie norpyawae (NMAM) LK-07, LK1, LK-1ACD, LK-2AC, LK-4 ¢ koswas ot 1,50° ao 4,50° W rpyzonosesyocTsio of 36 oo 11 17 npo-
vzoacTea komnakvwi FADROMA-Development r. Bpounas (Monwiwa). Norpyasuis LE-1, LK2AC no npasy cHrTasoTcs MyHLWMMKA 1o coveTa-
HAKD LjEHE — TEXHUYECKWE XapakTEPMCTIKY, BLIFOOHO OTIMMAIOTCA OT aHaNOrMYHBE MALLWH APVTHY NPpOUIBOaUTensd,

+ LlkaxTHbe camoceant WK-20 rpyaonogsemHocTse 16-20 1.

- Camoxofiyio BCIOMOraTENbHYI TEXHIKY (IUaXTHbE TONMMBO3ANPABLIMKH, LWAXTHbIE SBTOBYCH, LAXTHEIE MalLMHG! ANA TRAHCTIOPTHROBRKH W
NPAHEHHA BIPLIEYATH BRILECTE, LWAXTHLIE MaLLMHL! [ANA TPEHCNOPTUPOBKK MATEPWaN0s W 0DORYNOBIHIA, OCHALLEHHLIE TMAPOMAHWTTYIATO-
POM, CAMOXDJIHEIE HOXHUSHBIE 11 TENECKOTMYECKHE NOSLEMHAKY, YHUBEPCANGHLIE M LAXTHLIE MELUMHB! A1F NPOVMSBOACTES PEMOHTHBE W
CTPOMTENbHBY paboT, a Takke paboT No PeMOHTY LWAXTHON TEXHVKM B NOA3EMHBIX YCIOBUADL

KOMIAEETALAA W TEXHWMECKME NAPAMETDH LLIAXTHL MALUKH MOTYT DbiTh MIMEHEHBI C YHETOM NOKENEHMA 3AKATUMKOE,

TorpyauKH, CAMOCERNE! W BCNOMOTTENBHAR TEXHIKA MArOTaBNMBAIOTCA N0 3aKasy B TeyeHve B-11 mecaues (TOM LK 1 8 Teyenve 4-5 mecs-
UeE) B ZABMCUMOCTI OT MOAEMW

Yiazanube MM nana LK 1 scnomoratensHas TexHuka npowasoncTea sasona FADROMA: nmwransioe spems (c 80-% rofps npownoro crone-

THA) YeNelwHo paboTaloT Ka ropHOPYIHLE NpeanpuaTHax Poccuitckol denepalim.

127006, r. Mocsea, yn. Jonropykosckan, 0,23 A c1p. 1, Ten/dax: (495) 952-26-68 www.tehprngres.ru
Ten(495) 958-01-99, 958-02-99, E-mail: tehprogress@postu
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Puyapg JTYHHUCC,
MRS MOrPY)KHBIE
TOHHEJIN:
]

OBA CTONETUA
TEXHONOI'MHYECKOI0 PASBUTUA

Okonyanmne. Hayano B No2

Ha npoTshxeHumn AByX BEKOB NCMOJIb30BaHNE MOrPYXHbIX TOHHEIE/ CONPSXEHO

C COBEPLUEHCTBOBAHNEM TEXHOJIOMM, NOSBIIEHNEM HOBbIX N300PETEeHUIi U T.

A. 3T0 roBOPUT 0 TOM, YTO caMa uaes NPUMEHEHNUs ONYCKHbIX CEeKLMI HUKoraga
He Tepsisia cBOeJ aKTyanbHOCTU. B 3TOM BbinycKe Mbl 3aBepLuaemM nyonmkaumnio
¢parmenTa knurn Puyapga Jlynuucca n [pxoHataHa babepa, B KOTOPOM ucTopus
TEXHOJIOrMYeCcKoro pa3BuTs MeTOAa OTC/IEXNBAETCS BIJIOTb A0 HALUUX BHEH.

MOA3EMHBIE FTOPU30HTbI Ne3. Oktabps/2014



BeTOHHblE TOHHENN

HecMoTps Ha TO, 4TO UAES NOrPYXHBIX TOH-
Henel pogunacs B BenvnkoGputaHum, nonbITk1
nepeceyeHns Tem3bl STUM METOLOM NPEKPaTh-
JINCb, 1 HAYANOCh PA3BUTUE LLWTOBOIN NPOXOAKM,
kOTOpas cyMTanach NPEANOYTUTENLHO BNOTL
10 1980-x rogos.

B Hayane 1900-x nocTpoeH psig HeGONbLLIMX
MOrPYXHbIX TOHHENE 415 MHXEHEPHBIX KOMMY-
Hukawwii B Fepmarnm, @paHumm n JaHun. 310
OblNM NPEUMYLLIECTBEHHO CTaNbHbIE KOHCTPYK-
v ans TpybonpoBOAOB M BOAOBOALI. [1epBbiM
3aCyXMBAIOLLVIM BHYMaHUs 00BbEKTOM CTan
OETOHHbI YETHIPEXYTONbHbIA NELLEXOAHBIN
TOHHeNb @puapuxcxareH B FepmaHnm, cTpou-
TENbCTBO KOTOPOTO 3aBepLumnock B 1927 rogy.
MepBblit 6ETOHHBIA TPAHCMOPTHbIA TOHHENb
ObIN NOCTPOEH rofoM no3xe, B 1928 roay, B
CoeayHeHHbix LLTatax; 310 Obl y3e ynoms-
HyTbIn Posey Street Tunnel, pacrnonoxeHHbIN
mexay OknaHgom n Anamenoit B KanngopHuu.
Yepes fecsTb IET TEXHONOTMI0 CTPOUTENLCTBA
MOrPYXHbIX TOHHENEN NPUHSNV Ha BOOPYXEHNE
B lonnaxnonm.

C xaxabIM rogom Bo3pacTana Harpyaka Ha
MOCTbI Yepes peky Maac B Pottepaame, Heobxo-
VMO ObINIo BBECTU B CTPOI HOBbIE 0OBEKTHI, /1
4ero TpK MHXeHepa [lenapTameHTa ropoackoro
xo3siictea Pottepnama B 1929 rogy otnpasu-
nuck B CoeanHeHHble LLTaThl, 4TOOLI N3Y4mnTh
CNOoNb3yEMbIE TaM CMOCODbLI CTPONTENLCTBA
MOrPyXHbIX TOHHENEN. Pesynbtatom SBunoCk 3a-
KntoyeHmne KoHTpakTa B 1937 rogy Ha CTpouTeNb-
CTBO TOHHENBHOrO Nepexoaa yepes Maac.

B FonnaHaum, B CTpaHe AenbTOBbLIX HU3MEH-
HOCTEW, NCMELLPEHHOI MHOXECTBOM ECTE-
CTBEHHbIX 11 CO3AHHBIX YEIOBEKOM BOAHBIX
nyTen, CNefoBaso BBOAWTb B SKCMTyaTaLymio
OTHOCWTENBHO KOPOTKME BOLAHBIE NEPEX0bl.
BbicoTa MOCTOB, HeoBXxoaMMas ass npoxoaa
CynoB 1 6apx, noapasymesasna CTPOMTENLCTBO
DJIMHHbBIX NOAXOAHbIX NMYTEA. Takoe peLleHie He
NOAXOAMAO0 ANS MECTHOO NaHawadTa 1, kpoMe
TOro, TPebOBaN0 3HAYNTENBHBIX KANUTAN0BNO-
XEHWIA. B 311X 06CTOATENCTBAX 3KOHOMUYECKU
0NpaBAaHHbIM PELLEHVEM CTaNI0 CTPOUTENBCTBO
MOrPyXHbIX TOHHENE. Kpome Toro, Msarkve
aoBMANbHbIE MECYAHbIE MPYHTBI U BBICOKWIA YPO-
BEHb MPYHTOBLIX BOA, XapakTepHbin ans Huoep-
naHaoB, Aenanv aToT BeIBop elle Gonee npuene-
kaTenbHbIM. LLIuToBas npoxoaka, ncnonsb3yemas
B BenvkoGpuTaHnm, B Takux ycnoBwsx Obina Obl
BECbMa 3aTPYAHUTENLHOI. Kpome Toro, nmelo-
LLAsiCs NpaKTuKa CyooCcTpoeHus B [onnaHaum
[aBana BO3MOXHOCTb BbICTPO MPUCTYNMUTb K
CTPOMTENLCTBY NOA0GHBLIX COOPYXEHMIA.

TeM He MeHee roaHaLbl He MPUHANN TEXHO-
NIOTWI0 CTaNbHbIX 060N104€eK, pa3paboTaHHyio B
CoepmHerHbix LLTaTax. LieHbl Ha cTanb B EBpone
OblK BbILLE, NO3TOMY B [OnNaHANM NPEeAnoYy-

MOA3EMHBIE FTOPU30HTbI Ne3. Okts6ps/2014
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Puc. 9. TpaxcnopTuposka cekumit Maacckoro ToHHens

N1 UCNONb30BaTh XeNne300ETOHHbIE CEKLINN.
O6LLMIA NPUHLMI OCTaBaNICS TaknM Xe, HO
3NIEMEHTbI KOHCTPYKLMM NPOU3BOANINCH HE 13
cTanu, a n3 xenesobetoHa. PelueHue 06nagano
GonbLUei rMbKOCTLIO, CEKLMM TOHHENS CTanu
YeTbIPEXYrobHbIMW. BogHble nyTv FonnaHamm He
04eHb rnyboku, NoaToMy NpobeM ¢ ruapocTa-
TUYECKUM AaBNIEHNEM NPU TaKOI KOHGUrypaumm
He BO3HMKa0. 3Ta hopma Takke nyyLle Noaxo-
Juna K NpsiMoyro/IbHON TPAHCMOPTHO 060104-
ke, He0OXOAMMOI NS aBTOZI0POXHbIX TOHHENEA.

Mcnonb30BaHme CEerMeHTOB YETbIPEXYrofb-
HOrO CEYeHNs CTano BO3MOXHbIM Gnarofapst
METO/Y HarHeTaHWs NECYaHOr0 OCHOBAHMS
B NPOCTPAHCTBO NOJ, 3NEMEHTOM TOHHENS,
1300PETEHHOMY FOMINAHACKMMM UHXEHEpaMM
komnaxuu Christiani & Nielsen. B To Bpemsi He
CyLLECTBOBAO CNoCco00B, NO3BONSBLUMX C A0-
CTaTO4YHON aKKyPaTHOCTbIO BbIPOBHSTHL rpa-
BMIAHYIO OCHOBY Tak, YTOBbI YCTAHOBWTb Ha Hee
LUMPOKWIA XECTKIIA BNIOK, HE HAPYLLMB NPK 3TOM
YPOBHSi OCHOBaHUS 11 He NOABEPTHYB YKNaabiBae-
MYIO CEKLMIO YpE3MEPHBLIM Harpyskam. Maaccko-
ro TOHHens B Pottepaame (puc. 9), paboThl Hap,
KOTOPbLIM, HECMOTPS Ha BOEHHbIE AENCTBIS, 3a-
Bepmnnch B 1941 rogy, cTan He TONbKO NepBbIM
rONNAHACKMM TOHHENEM, HO TakXe W NepBbIM
KPYNHbIM 0GBEKTOM, NOCTPOEHHBIM C MOMOLLbIO
OMYCKHbIX CEKLMIA He Ha TeppuTopin CoeamHeH-
Hbix LLITaToB Amepuku.

Mocne 310ro B MMpe BbIN0 MOCTPOEHO eLLle
HECKO/bKO NOrPYXHbIX TOHHENEN, HO HACTOSLLMIA
PbIBOK B PA3BUTUK 3TON TEXHOMOTMW MPON3OLLEN
B 1960-x rogax. 310 6GbiN OTBET Ha NOTPEOHOCTbL
YCOBEPLUEHCTBOBAHNS [OPOXHON MHDPACTPYK-
Typsl Hupepnanaos. MepsbiM 13 06bEKTOB CTan
Ko3H-ToHHENb B AMCTEpAAME, NOCTPOEHHBIN

mexay 1961 1 1966 rogamm no 3akasy Mocynap-
CTBEHHOM CNy>0bl HAA30pa 32 FTMAPOTEXHNYE-
ckumm coopyxeHuamu (Rijkswaterstaat) MuHu-
CTepcTBa TPaHCMopTa U BOAHbIX KOMMYHUKALMIA,
npurnacvieluei pupmy Christiani & Nielsen k
Y4acTVio B NPOEKTE B KA4eCTBE W NPOEKTUPOB-
LmKa, v noapaa4mka. B 1960-x rogax Ha aToi
Tepputopumn (Huoepnauasl, bensrug, lanus)
6bIN10 MOCTPOEHO HECKOMbKO TOHHENEN TaKoro
TUna. Mogo6HbIN KPYMHbIA NPOEKT Bbin peanu3o-
BaH B Hnoepnavpax v B 1970 ropax.

YeTblpexyronbHble GETOHHbIE CEKLM CTaam
CTaHZAPTOM AN9 Psifa eBPONENCKMX aBTO-
JOPOXHbIX W XENE3HOA0POXHbIX TOHHENEN.
lonnaHackme NoaPSAYMKI 1 NMPOEKTUPOBLLIKM
HaKOMWAN 3HAYUTENBHBIA OMbIT MCMOL30BAHMS
3TOVi TEXHONOMAK, KOTOPBINA OHM YCNELIHO pac-
MPOCTPaHMAX No BCeMy Mupy. MorpyxHsie be-
TOHHbIE TOHHENM CTPOWAMCH Takke B MepmaHin
n LWeeumn. Christiani & Nielsen B 1960-x ropax
nocTpounmM ABa GETOHHbLIX TOHHENS B KaHage;
aBTOPOM npoekTa Obin Mep Xann. B ato Bpemsa u
FANOHMS TaKKe NPOsIBUNA CBOIO 3aMHTEPECOBAH-
HOCTb B 3TOV TEXHOMOTMK. B npoexTe nepeoro
MOABOLHOrO TOHHENS, MOCTPOEHHOrO B XaHe e,
1CNO/b30BaNACh TEXHONOMWS NPESHANPSIKEH-
HOro 6ETOHA, XOTS BHELUHMIA CNO KOHCTPYKLMM
MpY STOM OCTaBACA CTa/lbHbIM. 3TOT TOHHENb
Obln OTKPLIT ANs ABMxeHns B 1964 roay.

B CoenuHeHHbIx LLITatax TpaguUmMOHHO OT-
[2Banu NPELNOYTEHME CTaNbHON 0B0M0uKE,
EBpona noBceMeCTHO BHeapuna Xene3o0eToH-
HbIA BAPWAHT, a B ANOHMM MCMOL30BaAMCh 0ba
peLueHus. Hambonee MHTEHCUMBHO TEXHONOT S
MOrPY>XHbIX TOHHENEl Pa3BMBanach B raBaHu
'OHKOHTa, e Oblv NOCTPOEHbI MATb NOTPYXHbIX
MepexooB (ABa aBTOLOPOXHbIX, ABA XENes-
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Puc. 10. WHteHcusHoCTb CTPOUTENIbCTBA TPAHCMOPTHBIX TOHHeNei No pernoHam

HOLLOPOXHbIX V1 OZWH COBMELLIEHHBINA), W, KPOME
TOro, GbINM NPENOXEHDI K CTPOUTENLCTBY eLlle
ABa. Manasi rnybuHa yCcTponcTBa norpyHbIX
TOHHENE 0COBEHHO NOAXOANT A1S TEPPUTOPUIA
TUna ['OHKOHra, e B pe3ynbTaTe pocTa ropoaoB
OHVI BNINOTHYIO NPUABMrAOTCS K BOAE, TaK YTO
MOAXOAHbIE NYTW AOKHbI ObITh MAKCUMabHO
KOPOTKMMW. Kpome 3TOr0, MECTHbIE CKaslbHbIE
TPYHTbI 3aTPYOHSN LLMTOBYIO NPOXOAKY.

Mo Mepe CTPOUTENLCTBA BCE HOBbIX 1 HOBbIX
TOHHeNew TEXHONOMS COBEPLLIEHCTBOBANACh.
Hanpumep, BHavaie nec4aHoe OCHOBaHWE
HarHeTanoCh C NOMOLLbIO BHELLHEN YCTaHOB-
K1, KOTOpast 3aKpenanach HaBepXy TOHHENS!

1 B npoLiecce paboTbl NpoaBMranach BAosb
coopyxeHusi. CMecb Bofbl M Necka 3akaumea-
NlaCb CHaPYXM W HarHeTanach nog, cekumu. Takast
TEXHOAOMVIS CO3MaBaa NoMEXU IBUKEHMIO MO
BOZHOMY MyTW, Yero XoTenocs n3bexarts. Toraa
8 [onnaHaum Bbin NpeLoxXeH cnocob yCTpoii-
CTBa OCHOBaHMsI Yepe3 creumanbHble 0TBEp-
CTUSI, MPEAYCMOTPEHHbIE B CAMUX TOHHESbHBIX
anemMeHTax. 310 enano onepaumio 6e30MacHomn
IS POXOLIKW CY/0B.

B 1960-1970 ropax 66110 NpeanoxeHo pas-
DeNsiTb 3NIEMEHTbI TOHHENS HA CErMeHTbI, 4TO
CTano eLLe OfHUM CEePbE3HbIM LIAroM Briepes,
[o aToro cekuum annHoin okono 100 MeTpos
MPON3BOAUNNCL M3 MOHONUTHOTO XENe3o-
6eToHa. Takoi cnocod npmeoau K GbICTPON
TEPMOYCAAKE U K MOSIBNEHMIO TPELLMH, KOTOPbIE
PaCcnPOCTPaHSNNCh MO BCEMY SNIEMEHTY U OT-
KpbIBaNW NMyTb BOAE BHYTPb TOHHENS. TpeLUyHb
MOPTWAM BHELLHWIA BIAL U HApyLUANK BHYTPEHHIOK
OTAENKY TOHHENS; KPOMe 3TOr0, Yepes HUX B
Xene306eTOH NPOHMKaM XNopuabl, ryouTeNb-
HO BNMSIIOLLVE Ha BONTOBEYHOCTb U MPOYHOCTb
matepuana. [oaToMy nepsble GETOHHbIE CEKLIAN
ObINM 3aLMLLEHbI BHELHE MApOU30NSILIOH-
HOVi MEMOPAHOIA, M3rOTOBNEHME KOTOPOI ObINO
JOPOrocTOALLMM. [Ins TOro YTOBbI UCKOYNTDL
€€ NpUMeHeHue, B FonnaHanm NPeanoxeH

cnocob pasaeneHus CTOMETPOBOTO NeMeHTa
Ha OTAEeNbHblE CEerMeHTbl AnnHo 20-25 MeTpoB,
4YTO He NPUBOAMNO K BbICTPOI TEPMOYCAKE, U
NO3TOMY HWKaKOW rMAPON30NSALMOHHON MeEM-
GpaHbl He TpeboBanock. buim NpeanpUHATLI
YCUNKS NONYYUTb BOAOHENPOHWLIaEMbI BETOH
BMECTO TpeLLHoBaToro. CerMeHThl cnegosano
npeaBapuTeNbHO CTAHYTL st OYKCUPOBKMA, HO
Mnocne YCTaHOBKM B MPOEKTHOE MOJIOXEHNE Ha-
TSXXEHWE CHMANOCh.

91a TexHonorus paspabdatbizanach no-
CTEMNeHHO; CHavana nprem pasgnenenuns Ha
CerMeHTbl Obl/1 UCMO/b30BaH B HA3EMHbIX
NpoeKTax, Tak1x kak TOHHesb B a3ponopTy
Cxunxon, 3aBepLueHHbIiA B 1966 rogy. Mexay
CEerMeHTamMu yCTaHaBAMBaNOCh rAPOLLIMNOHOY-
HOe CoefiHeHne, 0BecneymBatoLLee 3aLuTy
OT NPOHWUKHOBEHWS FPYHTOBbIX BOA, Y BCETO
TOHHENS TOXe OblNa r1apo3aLLmuTa B BULE
BOJOHENPOHMLIAeMOI MeMBpaHbl, Tak Kak
MONHOCTbIO UCKMIOYUTL 0OPA30BaHME TPELLMH
6bl10 HEBO3MOXHO. 3TOT cnocob BnepBble Obin
MPUMEHEH NPU CTPOUTENLCTBE NOrPYXHOMO
ToHHens Heinenooordtunnel, otkpsiToro 8 1969
roay. MeTon BpEMEHHOr0 NpeaHanpsikeHns
CErMEeHTOB NP NPOU3BOACTBE CEKLIMA Obin
BrepBble MPUMEHEH B 3TOM NpoekTe. Mpu3Ha-
HVeM crnocoba cerMeHTaLm cTano CTpou-
TenbcTBe TOHHens Viaketunnel, oTkpbIBLIErOCS
B8 1975 rony. Mpuem oxnaxaeHus 6eToHa B
npoLEecce 3aTBepAeBaHMs N03BOUA Crpa-
BUTbCS C 06pa30BaHNEM TPELLWH U TEM CaMbIM
UCKIIOYMTb HEOOXOAMMOCTb NPUMEHEHNS T~
Jpon30nMpytoLLmx membpaH. TexHonorus npu-
MEHsINach yCnewHo v, HaunHas ¢ 1980-x roaos,
OHa yXe CTana OCHOBHOM 119 BCEX TOHHENEW,
cTposiwmxcs B Fonnangum v EBpone.

lMocne 3Toro Bo BCEX CTpaHax NPUMEHSINCh
KaK MOHOJINTHbIE CEKLMM, TaK 1 CErMEHTUPO-
BaHHbIe, 1 BLIOOP 4aCTo ONpeaensncs MHeHMeM
3aka3yuka o TOM, Kakoii 13 cnocoboB obecneyn-
BaeT 60nee HaEXHyI0 MMapO3aLLNTY.

CnenyeT OTMETUTb, 4TO B Ha4ane 1970-x
roANaHALL! NepBbIMI BHEAPWN TEXHONOMMIO
CerMeHTV1POBaHWs B HeGOMbLLMX TOHHENSX,
npeaHa3HaueHHbIX A1 MHXEHEPHBIX KOMMYHU-
kauuit. Cnocob Gbin YCneLIHO NPUMEHEH Mpu
CTPOMTENLCTBE KYNbBEPTOB MOA KaHaNOM AM-
cteppam — Peiin B 1971 rogy v ToHHenew Tpy-
6onposopa Hollandsche Diep and Oude Maas B
cepeauHe 1970-x ronos. 3T1 COOPYXEHNS CTaNM
npeaLLIecTBEHHUKAMI TOHHENE [Ns UHXEHep-
HbIX KOMMYHWKaLWIA, NOCTPOEHHBIX B A3WK, HO
410 Gonee BaXHO, OHW NPUBENI K Pa3BUTUIO
TEXHONOMM MOHOMMTHBIX XENe300€TOHHbIX
CErMEHTOB MOJIHOIO CEYEHUSI, UCMONb30BAHHOM
B 60/1bLUKX TOHHENsX Jresund 1 Busand.

B CoepmHeHHbIx LLiTaTax 6eTOHHbLIX TOH-
Hene cTponnock Mano. 1ga ToHHens Posey
Street, nocTpoeHHbix B 1928 1 B 1962 rogax,

a TaKxe TOHHeNb nog, kaHanomM GopT-MoiHT

8 BOCTOHE CTanu eAMHCTBEHHBIMW peann3o-
BaHHbIMM NpoekTamn. Kpome aprymeHToB
3KOHOMWYECKOrO XapakTepa, BO3HNK ELLE OAWH:
B pykoBoasiumx segomcteax CLUA npeano-
YnTaNM NOMNepEYHyYIo 1 NONYNONepeYHyIo CXeMbl
BeHTUnsAumK. MpumenHsemas B EBpone cuctema
MPOLONBHOW BEHTUNSLMM HE NOJb30BaNaCh
JI0BEPUEM aMePUKAHCKMX NPOEKTUPOBLLIMKOB.
OHK He BepuK, YTO TaknM 06pa30M MOXHO
06ecneynTb 10CTaTO4HbIE 0ObEMbI CBEXEr0
BO3Lyxa B TOHHeNe. Kpome TOro, UM ka3anoch,
yTo npumeHsiemas B CLLA seHTunsLms Gonee
Ha[ieXHa B Cnyyae noxapa. fonepeyHyto cu-
CTeMy fierye yCTaHOBUTb B TOHHENSAX OKPYTIOro
CEYEHNS, KaK1MU MO NPEUMYLLECTBY Obln
TOHHENN CO CTabHO 060MOYKONA, Tak Kak B
CBOAE 1 NOJ, HETbIPEXYrONbHBIM TPAHCNOPTHLIM
MPOCBETOM [LOCTATO4HO CBOBOAHOIO MecTa st
YCTAHOBKM BEHTUASALWMOHHBIX TPYO Kak nogayu,
Tak 1 0TBOAA BO3ayxa. B cpaBHUTENBHO KOPOT-
KUX HUAEPNAHACKUX TOHHENSIX, BJMHA KOTOPbIX
00bI4HO He NpeBbILaeT 1 KnnomeTpa, MCnosb-
30Banach CUCTEMA MPOLONBHON BEHTUNSLMM C
0CEBbIMW BEHTUASTOPAMM, YCTAHOBNIEHHBIMM

B TOHHENE W YCUIMBAIOLLIYMUI ECTECTBEHHbIIA
NOPLUHEBOW 3DEKT OT NPOXOASLLEro TPaHC-
nopta. CBO60OAHOE NPOCTPAHCTBO HYXHO
BCErAa, U 0TCYTCTBME HEOBXOAMMOCTH pac-
LWIMPSTL MW yryONsTb CeYeHMe NS YCTaHOBKM
BEHTUISALMOHHbIX KAaHaNO0B 6bIN0 6OMbLLINM
MPEVMYLLECTBOM.

MupOBOI OMbIT M PE3YNbTaThl UCTbITAHNIA B
KOHEYHOM cyeTe yOeamnm NpOeKTUPOBLLKOB
CLLA B TOM, 4TO NPOAO/bHAS CUCTEMA BEHTINS-
Ly Gonee HazexHa B Cry4ae noxapa, Tak YTo
Tenepb 6ETOHHBINA BAPUAHT NOTPYXHbIX TOHHENEN
cuuTaeTcst Hanbonee npuemneMbiM. ECTb ele
OfiHa NPUYMHA TaKOr0 MPEANOYTEHNS: CHXEHNE
noTeHLWana CTanemTeRHOR MPOMBILLIEHOCTM
caenano 6eToH 6oree NpUBAEKATENbHLIM 15
noapsaunkoB. Bropoi npoekT TonHena Muara-
YH B BUPritHAM No 3TUM NpUdMHaMm peanmayeTcs
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B OETOHHOM BapuaHTe, 1 NOXOXe, 4TO B OyayLiem
B CoeauHeHHbIx LLITaTax ctanbHbiX TOHHENEN
OyneT NOCTPOEHO BECbMA HEMHOIO UK [1axe Hu
OfHOro.

CocTaBHasi KOHCTPYKLMS
TUNa «C3HABUY»

9710 6onee nNo3aHsas pa3padoTka, Nonyymns-
Las HambobLLee pacnpocTpaHeHue B AnoHuu,
X0Ts B0oNblUas MCCNeaoBaTeNbeKas 1 aKe-
nepumMeHTanbHas pabota, npeaecTByioLLas
BHEPEHMIO METOAR, NPOBOAMNAch B Benmko-
GpuTanun. KoHCTpyKUmMs npeacTasnset coboit
«C3HABNY» 13 OETOHA, YIOXEHHOrO MEXAY ABY-
M$i CTaNbHLIMK MNACTUHAMK. PaccTosHe Mex-
[y CTanbHbIMU MNACTUHAMM 0ObIYHO COCTABASET
300 MM, 1 OHU COEAMHAOTCS C MOMOLLIbIO
3aK/a/HbIX CThIKOBbIX apMaTYPHBIX CTEPXHEN,
paboTatoLmx Ha cpe3. beToH yknaasiBaeTcs
MEXIY CTabHbIMW NACTUHAMM, MO3TOMY
3[1ECb HYXXHA Pa3XmXeHHas CaMoynioTHAOLLA-
sicsl BETOHHAs CMeCb. 1S 3TOro MeTOAA O4YEHb
BaXHO NPaBUNLHO YNOXMTb CMECh, 06ecrneymnB
€€ [J0CTaTO4YHOE YMNOTHEHNE, 1 3aN0NHNTbL BCE
MyCcTOe NPOCTPAHCTBO MeXAy NNacTUHaAMMU.
CrpykTypa «cTanb — 6eToH» 06naaaeT BbICOKOIA
MPOYHOCTbIO, MO3TOMY B KOHCTPYKTUBHOM
CMbIC/IE COCTABHOI UM KOMMO3MLMOHHBIN Ba-
PUAHT SBNSIETCS O4EHb 3NETraHTHLIM PELLEHNEM.
Cnenyert, 0HaKO, Y4ECTb, 4TO 06bEM BO3AYXA,
He0oOX0aMMbIiA LS ABUXEHMS XEeNe3HO[0-
POXHOrO MM aBTOMOBUIBLHOTO TPAHCMOpPTa B
MOrpyXHOM TOHHeNe, TpebyeT onpeaeneHHoM
macchl 6annacta, YTobbl TOHHENb HE MOT NM0A-
HUMAaTbCS. Takum 06pa3oM, XOTs 3TOT BapuaHT
¥ npegnonaran 1cnonb3oBaHne KOHCTPYKLMIA
MeHbLLIel TONLIUHBI, HO HEODXOAWMBI BEC BCE
Xe 0OCTUrancs aLKkamMu ¢ 6annacTom HaBepxy
VAN BHYTPEHHUM 6ANNacToM nog Npoesxen
YacTbio. K TOMY Xe BHYTPEHHsIS CTaNnbHast
«pybaLlka» HeynoOHa Ans YyCTPOICTBa psiga OT-
BEPCTUIA 1 HWLL, HEOBXOAUMBIX B COBPEMEHHBIX
TPaHCMOPTHbIX TOHHENSIX.

X0Ts METO, CEKLIMI TUNA «CIHABWY» NPOLLEN
CEPUI0 UCCNEN0BAHUI 1 UCTbITAHUIA MO NPO-
rpamme «1/3» B BenmkobputaHum, B pedynbTra-
T€ KOTOPbIX OblN U3AaHLI COOTBETCTBYIOLLME
HOPMbI 1 npaBuna npoekTupoeanus (SCI
Publication 132, 1997), ata TexHonorus Bce xe
He Nofy4Mna noNHOMacLITabHOro Pa3BUTUS
B EBpone. 3apaya HOBAaTOPCKOro BHELAPEHNS
COCTABHOI KOHCTPYKLIMM TUMA «C3HBMY» B TOH-
Hensx Kobe 1 Haxa bbina octaBieHa anoHLuam.

ToHHenu B InoHumn

Kpome Hupepnanoos v CoeamHEHHbIX
LLITaToB, pa3BMTMEM TEXHONOMM NOTPYX-
HbIX TOHHENEN 3aHMAaNach TaKKe N ANOHUS.
CTponTenbCTBO NEPBOro NOTPYXHOr0 TOHHE-
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nst B AnoHwun 3aBepLumnock B 1944 rogy. 310
Obl1 PEYHOVI TOHHENb AXM, aBTOAOPOXHbI 1
MeLexoaHbIn 0aHOBPEMeHHO. OfHaKo nepBbIM
TOHHENEM, UMEBLUMM [IEACTBUTENBHO BaXHOE
3HayeHNe, CTan PEYHOI TOHHENbHBIN NEPEXOL
XaHea — 36uTopK, NOCTPOEHHIN B 1964 rogy
Ha MOHOPENbLCOBOI fopore XaHesa.

970 COOPYXEHME NpeLCcTaBASET COOOI YeTbI-
PEXYrO/bHYIO CTaNIbHYI0 KOHCTPYKLIMIO BBICOTON
7,5 METPOB U LINPWHOIA 11 METPOB M COCTONT U3
CeKLyiA MHOM No 56 meTpos. MNepBble TOHHENM
B ANoHMK BbINn BECbMa KOPOTKUMMU, 11 6ONb-
LUMHCTBO W3 HUX UMENM OLMHAPHYIO 0BONOYKY.
MHorwe 13 3Tux ToHHenew ¢ 60bLIMM NPaBOM
MOXHO Ha3BaTb NMOL3EMHbIMM MOCTaMu. [ep-
Bblil TOHHENb U3 MHOXECTBA 3/IEMEHTOB —
Xanena noctpoeH B 1970 rogy nog pekoi Tama
1 kaHanom KanxvH B Tokwo.

C 310r0 MOMeHTa BbIN0 BBELEHO B CTPOM
MHOXECTBO TOHHENEN, MCMOb3YIOLWMX OfM-
HapHble 060N0YKM U MOHOMMTHbIE Xene3o0e-
TOHHbIE CEKLMM. BOMBLINHCTBO M3 HAX UMEIOT
NPSIMOYro/ibHOE CeyeHmne. B nocneaHve rogpl
SNOHLBI MPY NPOEKTUPOBAHMM NOTPYXHbIX
TOHHENEN NPUMEHNNM BONbLIE MHHOBALMIA, YEM
X KONNEeru B Apyrux ctpaHax. OHu cTpounm
CTabHble, BETOHHbIE TOHHENN U TOHHENN U3
COCTaBHbIX KOHCTPYKLMIA TUNA «C3HABUY» 1
pa3paboTanu HoBble CNOCcOObI 3aAENKN LLIBOB U
HOBbIE TWMbI CEACMOYCTONYMBLIX COEANHEHNIA
TOHHENbHBIX 31EMEHTOB.

PacnpocTpaHeHue norpyXHbix
TOHHENneun B Mupe

Mocne Toro, kak 8 1910 roay 66N NOCTPOEH
MepBblil TPAHCNIOPTHbI TOHHENb, NOHAA0OMI0CH
ele 35 neT, yTobbl MX KONMYECTBO AOCTUTIIO
[BY3HA4HOro yncna. Mocne aToro HaCTyNKUNO
KpaTKOBPEMEHHOE CHXEHWE TEMMOB CTPOU-
TeNbCTBA, BbI3BAHHOE BTOPOI M1POBOI BOMHON,
HO MOTOM HaCTYNUIO BPEMS MOCTENEHHOro
pOCTa, NPOAOMXAIOLLEr0Cs B TEYEHNE NOCNEn-
Hux 20 neT. B 370 Bpems 4MCcno NpoexkToB,
peann3oBaHHbIx B CoeanHenHbIx LLTatax 1 B
EBpone, 66110 NpUMEPHO 0MHaKoBbIM. OfHaKO
HaumHas ¢ 1960-X rogoB TemMN CTPOMTENbCTBA
B EBpONE 11, B HECKONBKO MEHBLLEN CTENEHMU,

B A31W 3HAUYMTENBHO BbIPOC, U B HACTOSLLEE
BPEMs B CPEAHEM KaX/blii ro, 3aBepLUIaeTCs
O[VH NPOEKT.

l'eorpadusi 06bEKTOB NOKA3bIBAET BreYaT-
NSIOLLMIA POCT YMCNA NOrPYXHBIX TOHHENEV B
EBpone, HaunHasa ¢ 1960-x, NponcxoasLwmx Ha
(hOoHe pa3BUTUS AOPOXHBIX ceTel (puc. 10).

HabnionaeTcs TeHAEHLMS YAJIMHEHNS O~
TPYXHbIX TOHHENEN, MayLLas napannenbHo ¢
COBEPLUEHCTBOBAHUEM CTPOUTENbHBIX TEXHONO-
TWiA, XOTS 10 CWX NOP CTPOUTCS MHOTO TOHHENEeN
annHoi 1-2 km.  C nosisneHvem bonee npo-
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CaypoBckasi Apasust
Poceus

Hogas 3enaxaus
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Ervner

Yexus
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. TpaHCnOpTHbIE TOHHENM

[[] ToHHenw Ansi UHXEHEPHbIX
KOMMYHUKaLWiA

Puc. 11. KonuyecTBo nocTpoeHHbIX TOHHENE no CTpaHam

TSKEHHbBIX TOHHENEN, TaKuX Kak NnaHnpyeMblii
aBTO- 1 XeNe3HO0POXHbI TOHHe b PemapH
mexay Janvein n Fepmannen, NpUBELEHHYI0
Jvarpammy NpuaeTtcs nepenenatb.

BonbLIas 4acTb N3BECTHBIX HA CErOaHS
TOHHENEN NOCTPOEHA BCEro B Tpex cTpaHax: Co-
eavHeHHbIx LLTtaTax, Hugepnanpax u AnoHum.
OpHako Ha ceroaHaLWHWA aeHb B Kntaickoin
HapopHoi Pecnybnuike, Bkntoyast FTOHKOHT, Ha-
61t0ancs 3HAYMTENbHBI POCT CTPOUTENLCTBA
MOrPYXHbIX TOHHeNeMN, 1 HaumHas ¢ 2000 roga
TaM NOCTPOEHO TOHHENEN CTOMBKO Xe, CKOMbKO
X CYLLLECTBYET Ha BCen TeppuTopun HuaepnaH-
[0B. Ha Tepputopuu maTepukoBoro Kutas ectb
MHOTO HU3MEHHBIX PErvOHOB, rae 60MblLUne
roposa pacnonoxeHbl B yCTbAX PEK, U METOL,
CTPOUTENLCTBA MOMPYXHbIX TOHHENEN 3aHUMAeT
BeayLlee Mecto. oxoxe, 4To Kutam octaHeTcs
CTPaHOM C CambIM 60/bLLIMM YUCOM HOBbIX TOH-
HEJNbHbIX MPOEKTOB ELLE B TEYEHWE MHOTVIX JIET.
Ha puc. 11 npuBeaeHbl KOAMYECTBA NOTPYXHbLIX
TOHHENEN, CTPOSLLMXCS B Pa3HbIX CTPaHax, no
AaHHbIM Ha 2011 roa. B coBpeMEHHOM Mupe
MPOCNEXVNBAETCH TEHAEHLYA CTPOUTENBCTBA
OETOHHBIX TOHHENEN, KaK MOHONUTHBIX, TaK 1
CErMEHTHbIX.
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Concrete tunnels

In Europe, even though the immersed tunnel
concept had originated in the United Kingdom,
the abandonment of the early Thames crossing
trials led to the development of shield tunneling,
which became the preferred tunneling method
there until the 1980s. A number of small utility
immersed tunnels were constructed in the
early 1900s in Germany, France, and Denmark.
These were generally steel pipeline runnels
and culverts. The first concrete immersed
tunnel of any significance to be constructed
was the Friedrichshagen Tunnel in Germany, a
rectangular pedestrian tunnel that was completed
in 1927. The first concrete transportation tunnel
was finished a year later in 1928 in the United
States, the Posey Street Tunnel between Oakland
and Alameda in California. Just over a decade
later, the immersed tunnel technique was
adopted by the Dutch. In response to a growing
traffic congestion problem across the bridges
over the Maas in Rotterdam, three engineers
from the Rotterdam Department of Public Works
traveled to the United States in 1929 to study
the immersed tunnel construction methods
being used there. The result was the letting of a
construction contract for the Maastunnelin 1937.

To satisfy an expanding road and railway
infrastructure network, the Dutch had to provide
many relatively short waterway crossings in their
low-lying delta country with its many natural
and man-made waterways. The height of the
bridges needed to allow ships and barges to
pass underneath would require long approach
structures. These would be intrusive in such a
flat landscape as well as adding to the overall
cost of the crossing. In these circumstances,
it became economic to construct an immersed
tunnel due to its shorter overall length. The
soft alluvial sandy soils and high water table
present in the Netherlands lent themselves to
the adoption of the immersed tunnel technique.
The option of using a tunnel shield that had been
successfully developed in the United Kingdom
would have been very difficult with the high
water table and soft permeable ground. The
Dutch also had a history and capability in marine
construction that could quickly adapt to building
animmersed tunnel.

IMMERSED TUNNEL.:

The Dutch, however, did not adopt the steel
shell design pioneered in the United States. Steel
prices were relatively much higher in Europe
than the United States, so the Dutch developed a
reinforced concrete section. The overall principle
of the tunnel construction is the same, but the
tunnel elements were built out of reinforced
concrete rather than steel. This is a very
adaptable form of construction, more so than the
steel shell, and this enabled a rectangular cross
section to be developed. The Dutch waterways
are not very deep, so the rectangular section
was easily capable of resisting the hydrostatic
pressures. The rectangular section also matched
better the rectangular traffic envelope required
for road tunnels.

The use of a rectangular cross section was
made possible by the development by the Danish
contractor Christiani &c Nielsen of a method of
injecting a sand foundation into a space below the
tunnel element. At the time, the techniques were
not available to screed a gravel bed accurately
enough to allow a stiff wide concrete box to be

placed on it without the possibility of inaccuracies
in the bed levels causing unacceptable stresses in
the box. The Maastunnel in Rotterdam, which was
completed in 1942 despite wartime conditions,
was the first Dutch tunnel and was the first large
transportation immersed tunnel constructed
outside the United States.

Subsequently, a few concrete immersed
tunnels were built around the world, but the real
impetus for concrete immersed tunnels came
in the Netherlands in the 1960s as the need for
improved transport links grew. The first was the
Coen Tunnel, in Amsterdam, built between 1961
and 1966 for the Rijkswaterstaat, the Dutch
Ministry of Transport and Water Management,
which again involved Christiani & Nielsen both as
contractor and designer. Several such tunnels
were then built in the area (the Netherlands,
Belgium, and Denmark) in the 1960s. There
was a similar large building program in the
Netherlands in the 1970s.

The rectangular concrete section became
the standard construction technique for these
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many European road and rail tunnels. The Dutch
and the Danish contractors and designers
involved developed considerable expertise and
experience, which they subsequently managed
to export around the world. Concrete immersed
tunnels were also built in Germany and Sweden.
Christiani & Nielsen also built two concrete
tunnels in Canada in the 1960s with Per Hall

as the designer. At this time, the Japanese

also showed interest in the technique. Their
firstimmersed tunnel, at Haneda, adopted a
different approach with a prestressed concrete
design, albeit with a steel outer layer, and was
opened in 1964.

The technique spread around the world, and
in general, the reinforced concrete section
became the preferred option. The United
States favored their steel shells, Europe
universally adopted reinforced concrete,
while the Japanese developed both. The
most concentrated development of immersed
tunnels is across Hong Kong Harbor, where five
immersed tunnel crossings have been built (two
road, two rail, and one road/rail combined), and
at least two more are proposed. The shallow
depth of immersed tunnels is particularly
appropriate to somewhere like Hong Kong,
where urban development presses in along
the sides of the harbor and the approaches to
the tunnel have to be as short as possible. In
addition, the underlying granite could make it
very difficult to bore a tunnel.

As more tunnels were built, the construction
methods were refined. For example, initially, the
sand foundation material under the tunnel was
jetted in place using external plant. A rig was
supported on the top of the tunnel and moved
along the length of the tunnel. A sand-water
mixture was piped down the outside of the
tunnel and injected in underneath the tunnel.
The use of such plant in the waterway was an
obstruction to navigation that would be better
avoided. The Dutch developed a method of
placing the foundation by injecting it through
ports cast through the floor of the tunnel
elements. This enabled the operation to be
carried out without obstructing the waterway.

Another major development was the
introduction of the segmental concrete tunnel
element in the 1960s and 1970s. Before this,
the tunnel elements, which were about 100
m long, were built as monolithic reinforced
concrete elements. Building such large
concrete sections led to early thermal shrinkage
cracking, and such cracks go right through
the concrete section and provide a path for
water to leak into the tunnel. As well as being
unsightly and affecting the internal tunnel
finishes, the leakage could cause chlorides
to penetrate the concrete, jeopardizing the
long-term durability of the reinforced concrete.
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Thus, the early concrete tunnel elements had

an external waterproofing membrane to make
them watertight. To avoid the need to apply the
membrane, which was time-consuming as well

as expensive, the Dutch developed the technique
of dividing the 100 m long clement into a number
of individual segments each about 20-25 m long.
These segments could be cast without any early
thermal shrinkage cracks, so the element did

not need an external waterproofing membrane.
The effort was put into making the concrete itself
watertight rather than surrounding potentially
cracked concrete with a watertight membrane.
The segments have to be temporarily prestressed
together to form a continuous element while it is
being towed and placed, but this prestress is then
cut after the element has been placed.

The technique was developed in stages;
segmental construction was used for land
tunnels initially on projects such as the Schiphol
airport tunnel that was completed in 1966.

Short segments were constructed with a
waterproof articulation joint between them to
prevent ground-water entering the tunnel. The
concrete tunnel structure still had an external
waterproofing membrane applied because
cracking could not be entirely eliminated.

This type of construction was first transferred
to the immersed tunnel method for the
Heinenoordtunnel that opened 3 years later in
1969. The method of temporarily prestressing
segments together to create tunnel elements
was established for the first time on this
project. The final step in the development of the
segmental construction method was made for
the Vlaketunnel that was opened in 1975. The
technique of cooling the concrete during curing
meant the cracking could be prevented and the
need for a waterproof membrane was eliminated.
The technique was successful, and since the
1980s, it has been adopted on all Dutch tunnels
and for the majority of the tunnels built in western
Europe.

Thereafter both segmental and monolithic
concrete designs were used around the world,
the choice often being dependent on the client's
view of which was the more watertight. Some,
like the Dutch, were satisfied that the measures
taken to produce crack-free concrete in the
segmental method were sufficient. Others were
not so convinced and preferred the security of an
external waterproofing system.

Itis worth noting that in the early 1970s,
the Dutch were also pioneering techniques
for full-section casting of concrete tunnels for
their smaller utility tunnels. By constructing
short runnel segments on end, they effectively
removed construction joints from the segment
structure and prevented cracking from occurring.
Segments could then be assembled together
to form tunnel elements. This was successfully
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achieved for the Amsterdam-Rhine canal culvert
in 1971 and the Hollandsche Diep and Oude
Maas pipeline tunnels in the mid-1970s. This was
the precursor to utility tunnels built in Asia, but
more importantly fed into the development of
full-section casting techniques used for the much
larger-scale resund and Busan Tunnels.

Concrete tunnels have remained little used
in the United States. The two Posey Street
Tunnels, builtin 1928 and 1962, and the 2002
Boston Fort Point Channel Tunnel are the only
concrete tunnels to have been built there. Apart
from economic arguments, another reason
was that U.S. authorities favored transverse or
semi-transverse ventilation. They did not believe
that the longitudinal ventilation system used
in Europe and elsewhere could provide clean
enough tunnels. They also considered their
ventilation systems inherently safer in the event
of afire. Transverse ventilation systems are easy
to accommodate in the basically circular cross
section used in steel shell tunnels because of the
spare space above and below the rectangular
traffic envelope. This provides space to duct air
into and out of the tunnel, so the United States
was happy with their approach. In the relatively
short Dutch tunnels, which are typically up to 1
km long, longitudinal ventilation was used, with
jet fans in the traffic bore assisting the natural
piston effect of the moving traffic. Space is at
a premium and not having to provide wider or
deeper cross sections to accommodate the air
ducts was a big advantage.

Worldwide experience and analysis and
testing has eventually satisfied U.S. authorities
that the longitudinal system is safe in the
event of fire and so now concrete immersed
tunnels are more acceptable in the United
States. Additionally, with the decline of the
steel industry, it is becoming more attractive
to contractors to construct in concrete as it
gives greater flexibility in how they approach a
project and a greater pool of labor resources to
draw from. The Second Midtown Tunnel project
in Virginia is progressing as a concrete tunnel
for these reasons, and it is likely that very few,
if any, steel tunnels will be constructed in the
United States in the future.

Composite sandwich tunnels

The use of steel-concrete composite sandwich
construction is a more recent development that
has mostly been promoted in Japan, although a
lot of research and testing has also been carried
out in the United Kingdom.

Construction consists of a sandwich of
concrete between two steel plates. Typically
the steel plates are about 300 mm apart and
connected with shear studs. The concrete is
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placed between the steel plates, so a very fluid
self-compacting mix is required. Placing this
concrete and ensuring sufficient compaction and
complete filling of the void between the plates
is one of the main challenges of this method.
Because the steel concrete sandwich is very
strong structurally, the composite section is a
very elegant structural solution. However, in any
immersed runnel, the air space to carry the road
or rail traffic requires a fixed amount of ballast to
hold it down. So, although the composite design
can give thinner structural members, the weight
still has to be provided by ballast boxes on the
roof or internal ballast under the roadway. The
internal steel skin also does not lend itself to the
many box outs and openings that are needed in a
modern road tunnel.

While research and one-third scale testing
of sandwich sections have been carried out in
the United Kingdom by the Steel Construction
institute to the extent that design rules have
been developed (SCI Publication 132, 1997), the
concept has not yet been used on a full-scale
tunnel in Europe. It has been left to the Japanese

===t Double steel shell
mm=_Concrete monolithic

== im0 Steel sandwich composite

to pioneer the use of steel/concrete composite
sandwich construction on the Kobe and Naha
Tunnels.

Tunnels in Japan

Apart from the Netherlands and the United
States, Japan has also been instrumental in the
development of immersed tunnels and warrants
specific mention. The first Japanese immersed
tunnel was finished in 1944. This was the Aji River
Tunnel and carried both road and pedestrians,
but it seems the first tunnel of great significance
is considered to be the Haneda Ebitori River
Tunnel, completed in 1964 for the Haneda
monorail. Itis a rectangular single shell steel
box 7.5 m high and 11 m wide, and the tunnel
consists of one 56 m long clement. The first
runnels in Japan were all quite short and mostly
single shell type construction. Many were built
more as underwater bridges than what we would

The first multiple element tunnel was the Haneda

now consider as a conventional immersed tunnel.

Tama River Tunnel builtin 1970 beneath the
Tama River and the Keihin Channel in Tokyo.
Since then, a number of tunnels have been
constructed, generally using the single steel
shell construction method or reinforced concrete
monolithic tunnel elements. The majority are
rectangular in cross section. In recent years,
the Japanese have been more innovative in their
immersed tunnel designs than any other nation.
They have built steel, concrete, and sandwich
composite tunnels, developed novel closure
joints, and developed seismic-resistant tunnel
element joints.

Growth in immersed tunnels
worldwide

After the first transportation tunnel was
builtin 1910, it took a further 35 years for the
number of projects to reach double figures.
Having reached that landmark, there was a brief
slowdown during the period of World War 11,
but afterwards, there was a gradual increase
in the number of tunnels built over the next 20
years. In this time, there were a similar number
of projects being built in the United States and
in Europe. However, from the 1960s, the rate of
construction in Europe and to a slightly lesser
degree in Asia increased significantly and has
stayed at an average of around one project
opening each year ever since.

The geographical distribution of immersed
runnels illustrates the dramatic increase
in numbers in Europe from the 1960s as
transportation links became more developed.

There has been a general trend toward longer
immersed tunnels as construction techniques
have improved, although many tunnels in the
1-2 km range are still being built. Longer tunnels
such as the planned 19 km road and rail Fehmarn
Crossing between Denmark and Germany will
redefine the graph.

The majority of tunnels built to date have been
constructed in just three countries: the United
States, the Netherlands, and Japan.

People’s Republic of China, including Hong
Kong, has seen the greatest increase in the
rate of immersed tunnels being built, and since
the year 2000, has constructed as many as the
total number built in the Netherlands. Mainland
China has many low-lying regions with major
cities built on estuaries and rivers that particularly
lend themselves to using the immersed tunnel
construction method. With the rapid expansion
of the country's infrastructure as a result of high
levels of national investment, it is perhaps of no
surprise that China is building so many immersed
tunnels. It is likely to remain the country with
the greatest number of new tunnel projects for
many years to come.

MOA3EMHBIE FTOPU30HTbBI Ne3. Okts6ps/2014



NMEPBBbIMN... o
7 I'IPCJ'IE,D,HVIVI?

) ;

\ [ i

Ecnu MockBy TpaHCNIOPTHYIO MOXHO CPaBHUTb C 6OraToii Kyne4yeckom BOYKOM,
npugaHoe KOTopoii Ha BUAY, U YeM YyfHee U NbiliHee ee 04eBaloT, TeM Jy4lue,
10 [leTepbypr ckopee — NOTPenaHHbIi XU3HbIO KHS3b, Y KOTOPOI0 OCTaUCh
LI BOCNIOMUHAHUS O ObIIOM BeJIMYMM 1 CTapblif LWKag co «ckeneTamms» He-
peann3oBaHHbIX NPoekToB. U Bpoae Obl Henlb3s cka3aTb, YTO B ropoge Ha Hese

COBCEM He CTPOSIT 4OPOry U MOCTbl — BCE-TaKu 3a NOCNeHNI BECATOK /1eT
3apaboTtanu u konbueBas, n yactuyHo 3CL — Tem He meHee, OPUrMHaIbHBIM
npoekTam xoAa, kak npasuio, Het. OgHa U3 cambix 60JIbHbIX TEM — OpraHu3a-
Lua nepenpas B UCTOPUYECKOI YyacTu ropoga. bes peLuexns aToii npobaemsi
TpaHcnopTHas cutyauns B lleTepbypre pucKyeT Koraa-Huoyab OKOHYaTe/IbHO

BbIATH N3-N0A KOHTPOJIS.

Azeub, rOBOPS CNOBaMM KNaccuka, «CyacTbe
b0 TaK BO3MOXHO, Tak 6/IN3KO...».

1 6b110 370 HU MHOTO HK Mano 30 neT Hasag,
KOrAa OTKPbISIOCh [BUXEHME M0 TOHHENIO Ha
KaHoHepckuin 0CTPOB. HEMHOIVE NOMHAT, YTO HA
3TOM COOPYXEHWUM 0bKaTbIBaNaCh TEXHONOTUS,
MO KOTOPOV JOMXHbI ObIK BNOCNEACTBUM BO3BO-
[VTb NUTEPCKIE NOLBOLHBIE Nepexoay!. [epsas
NacTo4Ka, K COXaneHuio, He cienana BeCHbl, HO
XOYETCSH BEPUTB, YTO 3TOT OMbIT He KaHy/ 6e3803-
BpaTHO B BOAbI Mopckoro kanana, — HacTynuT
[€Hb, N OH BCE XE NPUroaNTCS HOBOMY MOKOE-
HMIO NPOEKTUPOBLLVKOB W CTPOUTENEN.

Kopabnb Ha npukone

Beskuii, k1o x0T Okl pa3 nocetvn KaHoHep-
CKMiA OCTPOB, yAMBNSNCS 0co00ii aTMocdepe,
LiapsiLLen B 3TUX MecTax. MHora coapaetcs Brie-
YyatneHue, 410 3T0 MeCTO A0 CUX NMOp nNpuHanie-
XUT OTHOCUTENBHO HELLABHEM, HO Y)KE NOPSAKOM
noa3abbiToi anoxe. Foponckas okparHa, XoTs 10
LIEHTPa OTC0A1a BCEro HECKOSbKO KUNOMETPOB.
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OCTPOB 4eM-TO HANOMIHAET BbINIbIBLLEE
113 HEBLITVIS CYIHO, NOCTABNEHHOE Ha BEYHbII
Mpu1Kon, ero «kopabesbHbie» 04ePTaHIS, CIOXMB-
Luvecs Gnarogaps noctpoeHHomy B 1885 rogy
MopckoMy kaHany, NnLlib NOAYEPKMBAIOT 3TO
CX0ACTBO. BOMbLUYIO YaCTb CyLUM 3aHUMAET
KaHoHepckuin CynopeMOoHTHbIN 3aBog. 1o coayu
B aKCrnyataumio ToHHens B 1983 rogy Ha ocTpoB
MOXHO GblIO NONacTb, b MMES NPONYCK B
KapMaHe, 1 TOJbKO No BOAE (paboTana napom-
Hasi nepenpaga), Xuibe A8 3aB0AYaH CTPOWAM
TYT e, B HeBO/bLLIOM paboyeM Nocerke.

B 1969 roay 3neck Hayanocb CTPOUTENLCTBO
TOHHENbHOW Nepenpasbl HOBbIM s CCCP
METOLOM OMYCKHbIX CEKLWA. B KauyecTse 3akas-
4YunKa BbICTYNWA HE TOLKO FOPOA, HO 1 Cyaope-
MOHTHbI 3aBOA,

MeuTbl cObIBalOTCA?

Kak nony4unocs, 4to BbIGOP Nan Ha MeTo,
HWKOr[1a paHee He NPUMEHSIBLUMIACS B CTpaHe?
[Byms ronamu pasee kaHaackuin Moxpe-
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Recollections of those
who participated in

the construction of
Kanonersky tunnel in
Leningrad. This crossing
over the Sea Canal
started to operate since
1983, and was the only
facility in the Soviet Union
constructed by immersed
segments method. The
article presents some
interesting facts on origins
of the project initiative, on
construction of the dock
and gateway, onimported
equipment and materials.

MoarotoBuna

Mapus BACUIbEBA
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aNb BCTPEYan rocTen BCEMMUPHOMN BbICTABKM
«3JKcno-67». B cocTaB COBETCKOW Aeneraums
Bxooun MeaH Amutpuesny CoCHOB, B Te rofibl
nepBbli 3aMecTUTENb, a B OyaylieM —
MUHWUCTP TPQHCNOPTHOMO CTPOUTENLCTBA
CCCP. Te, kT0 €ro 3Han, 0T3bIBAINCh O HEM
KaK O JIMYHOCTW NereHapHoiA: TanaHTAVBbLIN
pyKOBOAMUTENb, NMPOGECCUOHAN BbICOYANLLEN
KBamMduKaumm.

BONbLWMHCTBO BbICTABOYHBIX NABUIbOHOB
pas3MecTunoCh Ha ABYX OCTPOBAaxX MOCPEAN
peku CsaToro JlaBpeHTMS:; CyLLECTBOBAB-
LIEM, HO 3HAYNTENbHO PACLIMPEHHOM MO 3TO-
My cnyyato (CBaToin EneHbl) u NCKYCCTBEH-
Hom (HoTp-[am). Ha cosganue nocnegHero
ywno 10 MAH M® rpyHTa, N3BNEYEHHOrO NPU
CTPOWUTENLCTBE MOHPEANLCKOro MeTpo. C
bonbLuoi 3emneit 0CcTpoBa CBA3bIBaNa NOA-
BOAHAA nepenpasa, N0CTPOEHHAs METOLOM
OMYCKHbIX CEKLMIA.

Korpa kopTex aBTOMOOUnEN, cneays no
HabepexHON, HbIpHY B TOHHENb, VIBaH Omu-
TPUEBMY 3aMHTEPECOBANICS COOPYXEHNEM,
€My pacckasanu 0 cnocobe CTPOMTENLCTBA,
YMOMSIHYB, Y4TO AAHHbIA METOA, CMONb3YETCs C
XIX Beka. Tocne 4ero nocneaoBan PE30HHbIN
Bonpoc: «EcTb in HeuTo nogobHoe B CCCP?»

«HeT, — oTBETMAM eMy. — [1paBaa, B Jle-
HUHIPaAe rpynna SHTY3nacToB aKTMBHO NPO-
TankvBaeT UAEI0 ONYCKHbIX CEKLUMIA», «3HAUNT,
HALO AaTb UM 3Ty MAEI0 U Peann3oBaThb», —
koHcTaTuposan COCHOB.

B vTore 6b110 NPUHATO pPeLLeHne 0 CTPOM-
TEeNbCTBE TOHHENBHOMO nepexoaa Ha Kawo-
HEPCKWI 0CTPOB Nog MopcKuM KaHanomM.
eHepanbHBIM NPOEKTUPOBLLMKOM BbICTYNUA
NEHWHIPaACcKuin puanan MOCKOBCKOr0 MHCTH-
TyTa «MeTpornnpoTpaHc» — «JIeHMeTponpo-
€KT» (HblHE «JIEeHMETPOrMNPOTPAHC»).

B kauecTBe cybnoppsaumka npueneknm J10
CKB 'nasmocTocTpost (HeiHe 3AO «MHCTUTYT
I'mnpocTpoiimocT — CaHkT-MeTepbypr»). Ha-
Y4HOE COMPOBOXAEHNE ObIN0 BO3NOXEHO Ha
JINXT v LHWIAC.

B lonnangwio v Fepmanuio ans nsyyexns
OnbiTa CTPOUTENBLCTBA NOAOOHLIX 00BEKTOB
B YCNIOBWSIX CNOXHbIX FPYHTOB OTNPaBUANCH
pykosoautens JIO CKB MaBmocTocTpos
JleB [ogonbLEB, MNaBHbIA WHXEHEP NPO-
ekta «JlenmeTtponpoekTta» Cepreit LLlykuH 1
pykosoguTens Moctootpsaaa Nel1 (cTpykTyp-
HOr0 NOAPa3AeneHns NEHMHrPaACcKoro TpecTa
«MocTocTpoit Ne6») KOpuit KoxyxoBcKwii.
CneupannuctaMm MMEHHO ero opraHusaunm
MPULLOCL OCBaNBaTh HOBYIO TEXHOMOIMIO HA
npakTuKe.

* k %

B pnanbHeiileM MeTop OnyCKHbIX CEKLIMIA nna-
HMPOBANY LWMPOKO PacNpPOCTPaHUTL B JIEHWH-
rpaje: CBOEro yaca oxuaanu eLie 7 CTBOpOB,
0603Ha4eHHbIX Ha [eHepanbHOM nnaHe pas-
BUTUS ropofa. HYKTO He aiyman Toraa, 4to aTum
MeYTaMm TaK 1 He CYXAeHO ByaeT cObITbCS.

CnoBo o0 npoekTe

PaspaboTaHHbiii npoekT KaHOHepcKoro
TOHHENS OTNNYANCS OPUIMHANBHOCTBIO U UMEen
MHOI0 0COBEHHOCTEN, CBS3aHHbIX B OCHOBHOM
C MHXEHEepHO-reoNorniecknmm yCnoBmsaMm
MeCTHOCTM. [POEKTUPOBLLMKAM CNeaoBano
NEPEHECTU MHOCTPAHHBINA OMbIT HA POCCUIACKYIO
MOYBY, a BLICTYMaTh B PONV NEPBONPOXOALEB
BCEerga HenpocTo.

06L1a8 AnMHA TOHHENBHOTO Nepexoaa,
BKJII04As pPamnoBble y4acTku, COCTaBnsAna
924 m, n3 koTopbix 375 M — nog Mopckum

kaHanom. 3TOT NOABOAHBIA y4aCcTOK Obin
3anpOEKTUPOBAH 13 NATH OMYCKHbIX CEKLWA,
pa3Mepbl Kaxaomn 13 Hux — 75x 13,3 x 8 M npu
TONLWMHe cTeHok 93 cm. Macca oiHOM cekumm
— 8 ThiC. T. 10 NEPUMETPY TOPLIbI OCHALLANNCh
crevuyanbHbIM Pe3HOBBIM YNIOTHEHWEM (TaK
Ha3bIBAEMOIA AXXMHOIA) 1 3aKpblBANNCHL MeTaN-
JINYECKON BOLOHENPOHNLLAEMON NEPETrOPOa-
koi1. Tem caMmbIM Kaxaas cekLys npuobpeTana
MNaBy4yecTb 11 B TaKOM COCTOSIHUM MOT N2
TpaHcnopTMpoBaTbes No Boae. CBEPXY Cekumm
pa3mMellanacs Lwaxra (Tpyba amameTpom

1220 mm), 0becneynBaioLLas 4OCTYN BHYTPb.

B npouecce CTbIKOBKM NepBast CEKLMS Npu-
MblIKana K TOpLYy yXe COOPYXEHHOro MOHO-
JINTHOTO Y4acTKa TOHHENS!, OCHALLEHHOIO
Takon Xe MeTaNan4eckon neperopoakon.

C nomoLLbIo creupanbHbIX ropU30oHTaNbHbIX
JOMKPATOB TOPLbI MPUXUMANUCh APYT K APYry
C NpefBapuTebHbBIM 06XaTMeM Pe3NHOBOM0
YMNOTHEHUS, 3aTEM NMPOM3BOAMAACHL OTKauKa
BOZbI 3 MEXTOPLIEBOrO NPOCTPaHCTBa, 1 6na-
rogaps CUne rmgpocTaTYeckoro AaBneHns
CEeKUWMSA NIOTHO NPUXMManack K MOHONUTHOMY
yyacTky. Takum 06pa3om 1 Oblan NooyepesHo
00beaVHEHBI BCE 5 CeKLMiA.

YuynTtbCcq HUKOraa He no3aHoO

[ng MHOrMX y4aCTHWKOB CTPOUTENBCTBA
KaHOHEepCKuin TOHHeNb CTan NepBbIM Cepbes-
HbIM UCTIbITAHWEM, NPOBEPKOiA HA NPOYHOCTb.
HecnpocTa cTpouTeneii 1 NpOeKTUPOBLLMKOB
Jaxe cnycTs 30 neT CBA3bIBAET UCKPEHHSIS
npyx6a. BcnomuHaeT fOoKTOp TEXHUYECKIX
Hayk, npodeccop, 3aseayLuii kapenpon
«ToHHenn n meTpononutersl» MIYMNC Anek-
caHap Jlenses:
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— OHTy3MacToMm, NpesoXMBLIMM UC-
MoMb30BaTb METOZ, ONYCKHbIX CEKLIA B
JleHuHrpage, 6bin OOLEHT Halwel kadeapbl
Anekcangp Anekcangposud Boropogeukmi.
VIMEHHO OH BbICTYNan Ha KOHbEPEHLUSIX, NO-
nyAspru3npoBan TEXHONOMMIO B Npecce, nucan
MoHorpadum. Moe akTBHOE 3HaKOMCTBO C
METOOM Hayanock ¢ paboTsl Hag AMNNOM-
HbIM MPOEKTOM NOJ, €ro PYKOBOACTBOM,
NPOAOXMAOCH B KAYECTBE NPOEKTUPOBLLMKA
CEKLWMIA B MHCTUTYTE «JIEHMETPONPOEKT», &
3aKOHYM0Ch HAMMCAHWEM KaHAMAATCKON, a
3aTeM 1 JOKTOPCKOi AnuccepTaLmm yxe no
pesynbTatam cTpouTenscTea KaHOHepCKoro
TOHHens. 3Ta TemMa 3aMHTEPECOBana MeHs B
NEepBYIO 04epesb CBOMMYU NePEeCEYEHNsIMY C
CYBOCTPOEHNEM. 34eCb HaM NOMOTI0 aKTUB-
Hoe coTpyaHuyecTso ¢ LLHWW nm. Kpeinosa
(HbIHE KpblnOBCKUI LEHTP).

B noBceaHeBHbI 06UXOZ MPOEKTUPOBLLM-
KOB BXOAM/ Takme YACTO KopabenbHble Tep-
MMHbI, KaK «auddEpeHT Ha HOC (KOPMY)», «KPeH
Ha NpaBbilid (1eBbIA) 60OK», «BbITANKMBAIOLLASA
cvna». Cneumanuctam cnegosano Nnpou3BeCTy
pacyeT, TOYHO 3HaTb, B KAKOW CE30H 1 Kakue
BOJTHbI MOXHO 0xupaTth. Ocoboe 6CnOKOCTBO
BbI3bIBA/IN [J/IMHHbIE BOJIHbI, CNOCOBHbIE Nepe-
NIOMWTb CEKLMIO, YTO CJTy4anoCh B MMPOBON
npakTuke. MpoeKTUPOBLLMKM N3yyanm Mopdo-
METPUYECKWE LaHHbIE, NPUKUABIBANW, FAE NyY-
LLe N3roTOBUTH CeKLmn. OKOHYaTENbHBIN BbIGOP
ObIn coenaH B nosb3y KaHoHepckoro ocTpoBa.

Bce npo6Gnembl — Ha Gepery

Cneqyet 0TMETUTb, 4TO C CaMoro Havana
TOHHENb CYMTaNCS AKCNEPUMEHTabHBIM. OBbINHO
noao6HbIE COOPYXEHS CTPOST B UAEASbHbIX
YCOBUSIX, HO HA 3TOT pa3 BCE 0Ka3aoch C TOY-
HOCTbIO 10 HA0BOPOT — CNOXHO BbINO OTLICKATH
XyALlee MecTo... Tpacca TOHHeNs Npoxoauna
nog Mopckum kaHanom, B KOTOPbIA 3ax0auin
KPYMHOTOHHaXHbIE Cyaa, U cneaoBasno pa3obpatb
4acTb NpUyana; KPOMe TOro, CTPOUTENN AOMKHBI
Obinn nepecedb 11 Xene3HofopPOXHbIX NyTei
craHuym Hosbii MopT. Ho Hamo otaath AOMXHOE
PYKOBOACTBY — B T€ rofibl He B0SANCh NMPUHAMATL
CMenble, BONEBbIE peLleHms. HecmoTpst Ha Bce
06cTOATENLCTRA, PABOTHI MPOAOXANNCS.

BcnomuHaet Bnagumup HenomHswwi, 3a-
MECTUTENb reHEPaNbHOro AMPEKTOPa No NPou3-
Boacty 000 «MocToBoe 610po»:

— MeHs HazHauMNM HayanbHKOM y4acTka
cTpouTenbcTBa KaHoHepCKkoro ToHHens. Beero
VX Bblno — TpK. TPETUIA Kak pas 1 cTan MouM,
OH pacronarancs Co CTOPOHbl [yTyeBCKOro
0CTpOBa. HaM npuLwInock NPOATW NECHO 1
TOProBbIi NOPTLI, FOPAOBKHY CTaHLMK HOBBIN
MopT. BonbLLUyI0 YaCTb BPEMEHN MPULLNOCH
YAENsTb He CTPOMTENBCTBY CAMOr0 TOHHENS, a
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BCMOMOraTeNibHbIM paboTaM: yCTaHaBAMBaAM
BPEMEHHbIE MOCTbI, Ha KOTOpble NEPeHOCHIN
LECTBYIOLLME XeNe3HOJOPOXHbIE MyTH, nepe-
o6opyaoBanu npuyanbHele cTeHkn Mopckoro
TOProBOro nopta.

PacckasbiBaet Panca Kannackaposa, rnas-
bl cneupanuct 3A0 «MHeTuTyT MMnpocTpoii-
mocT — CaHkT-lNeTepbypr»:

— B e roppl 51 kak pa3 3aHMmanach Npoek-
TMPOBAHMEM BPEMEHHBIX COOPYXeHHI. Camble
6onbLuve npobieMbl BO3HUKANN He Ha BOLE, XOTS
TEXHONOrust 1 Bblna HaM B HOBIHKY, a Ha Bepe-
rax. Bce ctpoutenbHble paboTbl no yCTaHOBKe
BPEMEHHbIX COOPYXXEHWIA POBOAUNMCE B OKHA,
4TOBbI HE MeLLaTh XenesHoi fopore. HecTaHpapT-
Hble CUTyaLWM 06CYXaaMMCh, NI0G0E peLLeHne
NPUHMMANOCH ONEePaTMBHO. HakaHyHe NocoBeLLa-
JICb, & HA CNIEAYIOLLMIA iEHb MPUHSTOE PeLUEHNE
MPOBOAMNOCH B XU3Hb. Mbl, MPOEKTUPOBLLMKY,
MOArOTaBAMBAEM YEPTEX, TYT XE Nepeaaem ero Ha
3aBOf, A€ CPa3y e NPUCTYNaN K UCNIONHEHUIO
3akasa. B Te rogbl MHOroe aenanoch no TenedoH-
HOMy 3BOHKY. KoopavHaLys paboTbl B pasbl NpoLLe
ObIna, N0 CPABHEHMIO C HbIHELLIHM BPEMEHEM.
BonbLuyto nomoLLb B paboTe OKasbiBan 3akas3ymk
— KaHoHepCKuin CyAOPEMOHTHBIN 3aBOL B MLE
3amecTuTens anpextopa Bnagummpa bpoxmara.
3T0 e MOXHO ckasatb 0 cnyxbax JleHmHrpag-
CKOrO MOPCKOro TOProBOro nopra.

Ook-wnio3

Mo Knaccuyeckoi TEXHONOrMM Ans M3roToB-
NEHUs CeKLUMIA NPUMEHSICS CyXon JoK. [Ang
€ro yCTpoiicTBa TPe60BaNOCh BbIKOMNATH KOT-
noBaH rnybuHoin 12 M, Ho B ycioBusix KaHoHep-
CKOro OCTPOBa Cpa3y BO3HYKana He0BX0AMMOCTb
HenpepbLIBHOO BOAOMNOHWMXEHNS (OTKauKK BOfI
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Hacocamu). Toramw nosiBUnack 1oes Co3paHuns
pok-1uto3a. Cnefosano orpaguTs Mecto pabot
12-MeTPOBOI HACbIMbIO, @ BHYTPW OPraH130BaTh
MAOLLALKY NS COOPY)KEHNS BCEX NATW CEKLNNA.
llocne ux U3roTOBAEHUS U MOMHOTO OCHA-
LLEHNS B [OK-LUIO3 3aKaumBanach Boga Ao
YPOBHS Bepxa CeKLyiA. [Tocne BCAbITIS OHK
nepeMeLLanich B LWNI030BYI0 kamepy. Boaa us
LOK-LLUAI03a 0TKa4YMBaaCh [0 YPOBHS BOAbI B
Mopckom kaHane. Mexay HAM 1 [OK-LU/I030M
yCTpauBanach TPaHLLES, Yepe3 KOTOPYHO CEKLIMM
BbIBOAWUCH V1 TPRHCMOPTUPOBANNCH K MECTY
YCTaHOBKM. BnonHe 3aKOHOMEPHOE peLueHne
L1 MOPCKOVA CTONMLBI, HO OHO YBENMYNIO CTOU-
MOCTb NPOEKTA.

BcnomuHaet Bnagnmup KocTuHCKwiA, rnas-
bl cneupanuct 3AO «MHCTUTYT MMnpocTpoit-
mocT — CaHkT-leTepbypr»:

— Bo Bpems cTpouTenscTea KaHOHepCKOro
TOHHENS 9 OblN rNABHBLIM VHXEHEPOM MPOeK-
Ta J1O CKB 'maBmocTocTpos. MIMeHHO y Hac
pa3pabaTtbiBaaMCh TEXHONOM MM N3TOTOBNEHNS
CEeKUWiA, WIM030BaHMs, BbIBOAA B Mopckon
kaHan, onyckaHus v cTolkoBaHms. OcTaTku
[OK-LLI03a U Ceilvac BUaHLI, a Necok AamMobl
MCNOAB30BANM 151 APYTUX CTPOUTENBHBIX Lie-
nen. Bce onvcaHHbIE TEXHONOMMN HE SBASIOTCS
NPOGUNbHBIMK 4151 MOCTOBWKOB, HO HUYETO
CTPALUHOr0 B 3TOM HET — 3T0 CneumduyHas,
HO BCE Xe UHXeHepHasa paboTa.

BonbLue BCEro BOMHOBAAMCL CTPOUTENN 1
MPOEKTMPOBLLMKI BO BPEMS 3aKayky BOLLI B
DOK-LWM03. [NaBy4eCTb CEKLUMIA pacCunTbIBa-
nack Takum 06pa3oM, TGk MPY UX BCMAILITUN
Obln 06ecneyeH cyxoit 6opT He MeHee 20 cwm.

Paccka3sbiBaeT AnekcaHgp Jleases:

— K obuiein panocT CTPOUTENEN OHM
Bcnbiv. Korpa ctano 04eBMaHbIM, YTO Cek-
LM NNaBaIoT, AMOLYM 3aLLKanMBano.
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Y Bnagnumupa KOCTMHCKOro cBov BOCNOMM-
HaHWS:

— Korpa 3anonHunu BogoM AOK-LUNIO3,
3penuie 6bino Breyatnswolee. Mpea-
cTaBbTe cebe OrpoOMHOe (TakiM OHO Toraa
HaMm NpefCTaBNAN0Ch) 03ep0, NOAHATOE Haf
3EMHOI TBEPAbIO HA 11-MeTpoByI0 BbICOTY. U
Ha 3TOM 03epe nnaBanu NaTb 75-METPOBbLIX
cekuui.

Feonornyeckme orpexu

MponomkaeT Bnagnmmp HenomHswmii:

— OcHoBHas 3apa4a CTPOUTENe Ha MOeM
y4acTke — YCTPOWCTBO LUMYHTOBOrO Orpaxae-
Hus. Mano Toro YTo Mbl NoMany Ha OCTABLUMECS
eLLe co BpemeH Gnokafbl CBanku, kyaa CBo-
31ncs OUTLIN KMPNWY, PACKypPOYEHHBIE CTaHKM,
MEeTan0oM. Ho rpyHTbI NPENOAHOCHAN HaM HEe
MEHbLUME CIOPMPU3bI.

[ns orpaxaeHns koTnosaHa Obin 326Ut
KOpOBYaThI LNYHT, YCUNEHHbI METANIOM C
TPEMS PsLamMm1 PACMIOPHOrO KPEMnneHus.

3ab1BaTh LUNYHT CULHO MELLAN BaNyHHUK.
Korpaa WwnyHT ynnupancs B BaayH 06beMOM
1,5-2 M, T0 OH, 06pa3HO rOBOPS, CKPY4MBANCs
B GapaHuii por.

PacckasbisaeT AnekcaHgp Jleases:

— CywiecTBOBasa peasibHasi 0nacHoCTb, 4TO
LUMYHT MOXET CNOXWUTLCA. He XBaTuT 3aienku,
KOrAa Ha4yHeM 3aBOAMTbL CekLmn. Mpuwnocs
yKNnaablBaTb Ha AHO KOT/IOBaHA NOABOAHIN
GETOH, C NOMOLLBIO BOA0/A30B pa3bupath pac-

MOPHbIE KPEnaeHns, 0CTaBAsAS BEPXHWIA PYC 1
3aBONTH NEPBYIO 1 BTOPYIO CEKLINK.

MHOro genanoch INLLHEro — W3-3a TOro, 4T0
MPOCTO OrbiTa He XBaTaro.

113-3a TaKOro poaa OrpexoB NPaKTUYeCKn
rnoJ, 3aHaBeC CTPOWUTENLCTBA NPOM30LLNA
aBapws, NPOPbIB NOMIOCTPOBCKOrO rOPU30HTA.
Mpuwnock 3aToNMTbL 3TOT Y4aCTOK, a 3aTeEM 3a-
MOPO3MUTb ero X1AKUM a30TOM.

JleHuHrpapckas mkKmHa

TpaHCNopTNPOBKA CEKLMIA MPOMCXOAMAA B
1979-M rony, 0 MecTa yCTaHOBKM BbIN0 0KONIO 2
kM. Bce noaBoaHbIe paboThl MPOLLAM Kak Mo Mac-
Ty, XOT 3AECh NPULLNIOCH MPOSIBUTH POCCUIACKYIO
CMEKanKy 1 NPUHUMATh HEMPOCTHIE PELLIEHNS.

[ns yknaakv ToHHens no pycny Mopckoro
kaHana pa3paboTany TpaHLLeto FybuHoi 22 M.
3atem ¢ nomoLLblo ebeaok M NoancnacTos
CeKLM NooYepeiHO OMycKanu 1 ycTaHaB-
NMBAnM Ha BEPTUKANbHbIE CTOMKM-IOMKPaThI
MPUMEPHO B METPE OT [IHA.

TexHonorus npeanonarana 1cnoib3osaHue
CreumanbHoro rofinaHAckoro 060pyaoBaHns
Ans 3ambiBa. o ero Tpy6am nocTynan necoxk,
MpV 3TOM JaT4MKy GUKCMPOBAM Hanyme oT-
BEPCTWIA 1 NycTOT. TaknM 06pa3om, METPOBOE
pacCTosiHME OT CEeKLMM 10 1HA 0Ka3blBanoCh
MNOTHO 3a61TO rpyHTOM. Bee 6bl XopoLLo, HO
MMMOPTHAs TeXHMKa Oblna NpeaHasHaYeHa ans
paboThl B OTKPLITOM akBaTOPUK; paboTa B KOT-
noBaHe TpeboBana CBOE TEXHONOr M.

MNosicHsieT Anekcanap Jlenses:

— Kak Bcerga, 3akas Lwen no A/MHHOM Le-
noyke 10 BHelwakcnopTa, B pesynbrate Obio
MONy4eHO HEMHOIO He TO, YTO OXwuaanock. B
KOT/NIOBaHbI yCTAHOBKA HE Bnesana. HecTb n
XBana HalmMm cnecapsm-ymensiam. OHu ee,
ronnaHaKy, CyMenu kak-To nogpesarb, Nojo-
THYTb 1 Mbl YCMELLHO 3aKOHYMIN «MOPCKYI0»
YacTb paboThI.

K cnoBy ckasatb, Takux HECTaHAAPTHBIX
cnyyaes ObINo HemMano.

MamsaTHa, K NpUMepy, UCTOPKS C PE3UHO-
BbIM YMAOTHUTENEM TUNA AKMHA, KOTOPbIN
Takke MPULLNOCH 3aKynaTb 3a rpaHnLen. U
HaMY4YMAINCh Xe CTPOUTENN C 3TUM PE3UHOBBIM
13aenmeM, Ha3BaHHbIM B 4ecTb IKuHbl Jlonno-
Opuoxuobl (yx 601bHO NONEpPeYHOe CeveHne
YNAOTHUTENS HAaNOMWHaNo 610CT 3HaMEHUTON
aKTPUCHI).

PacckasbiaeT Panca Kanvackaposa:

— [MaTeHT Ha BXWHY — ronnaHACKWIA.

Bce cTpaHbl, CTPOSLLME TOHHENN METOAOM
OMYCKHbIX CEKLIMIA, NOKYNAIOT ee B 3TOW CTPaHe.
MsI He cTanu uckntoyeHuem. Npasga, Asa
cneumanucta ua FonnaHanm, KOHCYNbTUPOBAB-
LUME NPOEKT, YBUAEB Y HAC 3aBOJ, PE3VHOBO-
TEXHUYECKUX U3LENNIA, YOVBNANCS, MOYEMY Mbl
nonoBHY0 NPOKIAKY CaMu CAENAaTb He MOXEM.
KT0 e Toraa 3Han, 4To Ham ¥ 3TUM NpUaeTCs
3aHUMaThCA.

Cutyaups no 6onu 3HakoMast, OnsTb AJIMHHAS
LIenoyKa 3as1BOK, TAHyLAscs A0 BHewwakcnop-
Ta. CKonbKO BCEro cekumin? Matb, Hy, 3Ha4nT, 1
PE3MHOBBIX YMAOTHUTENEN TUNA [KMHA BOMKHO
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ObITb CTOMBKO Xe, BOT 1 3aKa3anu 5 BMecTo 6.
Yto penatb? Obpatnamnce Ha «KpacHblii Tpey-
FOMbHUK>,

BcnomuHaet Anekcanap Jleases:

— Kak ckazan MHe AMpekTop 3aBofa, B MPWH-
LIMMe OHW Takoe MOTYT caenaTth. EnuHCTBEHHOE
HO: U3[.enne NONYYUTCS YepecHyp AOPOruM, BOT
ecnu Bbl 611 3aka3 Ha 250 WTyK, Toraa Obl OHKM
3aHsnnch. OgHa opma cTouT BelleHbIX AeHer.
JvpekTop NpeanoxXun Ham UCnoNbL30BaTb

KNEEHYI0 PE3UHY, YTO 1 BbINO B KOHLIE KOHLIOB
peanuaoBaHo. «<MeTponpoekT» paspaboTan
HEOBX0AMMbIE YEPTEXN W, K CIOBY, NIEHUHIPa-
cKast IKvHa CYXUT [0 CUX Mop.

Byaem nu ctpouTtsb ewwe?

Bonpoc putopuyeckui. [a, Ha HbHELHWI
MOMEHT B TOHHe/e HabI0fatoTCs NPOTEYKM, B
3TOM o 6onbLLUel YacT1 BUHOBATA M1pOU30-
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nauwms. Beap B rofibl CTPOUTENLCTBA MCMONb-
30Ba/IN CTEKNOTKaHb, pybepowua, rnapounson,
He OblIN0 HbIHELLHEero 13061 MaTepuanos.
06u1aHO Apyroe: ¢ TakuM TPYA0M Npro6-
PETEHHBIN OMbIT A0 CUX NOP OCTAeTCs HEBOC-
TpebOoBaHHbIM. I3MEHUTbL CUTYaLIMIO MOXET
TOJIbKO YbE-TO BONIEBOE PELLEHUE U BHTY3MA3M
OTAENbHbLIX CNELMancToB, KOTOPblE BO3bMYT
Ha ce6s 0TBETCTBEHHOCTb, MPOTONKHYT UAEIO,
kak 310 Obi0 B manekue 1970-e.

IOpwuii JIMNKWUH, npeacepatens coBeTa AUPEKTOPOB
3AO «MHcTUTYT MMNpocTpoiimocT — CaHkT-MeTepOypr»:

" ocne CTpouTesnbcTBa KaHOHEPCKOro TOHHENS, B FOPOAE Ha
Hese He pa3 npegiarany UCnoib30BaTh METOL, OMYCKHbIX
CeKLyii. BeickasbiBanach Aaxe Aes CTPOUTENLCTBA TOHHENS BAO/b
HabepexHoii HeBbl, 4T0OLI NepeHanpaBuTb Tyaa aBTOMOOMLHBINA NO-
TOK. HW OAH 13 NPOEKTOB, K COXaNEHMIO, TaK 1 He OblN peann3oBaH.
B utore Ha cerogHAWHMN feHb KaHOHEePCKUin TOHHENb — €ANHCTBEH-
Hblii B POcCUM 0OBEKT TPAHCMOPTHON MHGPACTPYKTYPbI, NOCTPOEH-
Hbli 3TUM MeToLOM. OZHAKO HaLeMy MHCTUTYTY BCE Xe YAanochb
MPYMEHNTb MOXOXYHO TEXHONOTMIO.

B pamkax peanusauum nporpammel «CaxannH-2» K Ham 06patu-
JICb HOPBEXCKWME KONNEry ¢ NpocbO0ii 3anpoeKT1POBATh N1aByyyio
nnatpopmy, Ha KOTOPOIA CNELOBANO YCTaHOBUTH A0DbIBAtOLLEE 060-
pynoBaHue. Mo dakTy nnatdopma npakTU4eckm NOBTOPSET KOHCTPYK-
LIMIO MOTPYXHBIX CEKLWIA, N3 KOTOPbIX COCTOSAN KAHOHEPCKMIA TOHHENb.
TexHONorms U3roTOBNEHNS NaBy4MX NAATHOPM, 3a UCKITIOHEHNEM
HEKOTOPbIX HIDAHCOB, TakxXe Oblna NPakTUYECKN NAEHTMYHA. PaboThl
M0 NPOEKTMPOBAHMIO BLIMONHANMCH B HOpBEr W, 3aTEM Halum cre-
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LManuCTbl MPUHSANM Y4acTue B CTPOUTENLCTBE NNaTdOPMbI B panoHe
Haxoaxun. BETOHMPOBaHE BLINOAHANOCH B CyXOM JOKE, 3aTEM ero
3anosHUAW BOLOW ANs AanbHenLLel 6yKCMPOBKM NaTdopMbl.

IMpoekT 6biN yCnewHo peann3oBaH, NoC/e Yero HECKOLKO cre-
LIMaNNCTOB HALLEro MHCTUTYTa NOYYMAM NpUrnalleHne Ha paboTy 3a
pybexom, YeM OHM 1 MPOAOIXAIOT 3aHUMATLCS MO CEt AeHb.

CTOUT OTMETUTb, YTO B BOMPOCAX NMPUMEHEHNS METOLA OMYCKHbIX
CeKLIA NPY CTPOUTENLCTBE TOHHENEW HanBOMbLLIMX YCNIEXOB AOCTUT -
na AnoHus. Tam 31a TEXHOMOMMS MCMNOL30BaNACh NPY COOPYXEHUM
nepenpas Mexay 0CTPOBaMU. M Koraa OHW FOBOPSIT O CTPOUTENBCTBE
TPAHCMOPTHOrO Nepexoaa, KOTOPLIA COeaMHAT AMNOHMIO C 0OCTPOBOM
CaxanuH, To NoapasyMeBaloT peannaaLiyiio NpoekTa ¢ NPUMEHEHNEM
WNMEHHO 3TOMN TEXHOMIOT UK.

Ha Mol B3rnsig, npu NPOEKTUPOBaHUM toOblx NEPEXOAOB CReayeT
YYUTbIBATb BAPUAHT CTPOUTENCTBA TOHHENS U3 NMOrPYXHBIX CEKLINIA.

Beceposan Unbs be3apy4ko
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E.H. KYPBALIKWI,
npodeccop kadeapbl
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The author of this article

tells us about benefits of
immersed tunnel sections in
the construction of transport
crossings through long
watercourses on the example
of projects implemented in
the USA, Scandinavia, South-
East Asia. The analysis
suggests that in choosing the
option for the Kerch Strait
intersection, the immersed
tunnel project may appear
most economical, reliable
and affordable in terms

of cost, construction time
and modern technology
application.

TpaHcnopTHbIA NEPEXO/ Yepes NPONHB SPECYHH

MpoTsxeHHbIe TPaHCNOPTHbIE NePexoabl Yepe3 NPOJIUBbI U LUNPOKUE PEKU TPaaULN-
OHHO BbIMNOJIHSIACH C UCIOIb30BaHNEM MOCTOB. B HeKOTOPbIX CAIyyasx Ans nponycka
BbICOKOTOHHa)HbIX CYZ10B MPUXOAMNTCS pacnosaratb MPOJIeTHbIE CTPOEHUS HA BbICOKUX
onopax. 310 yCN0XHSET KOHCTPYKLUMIO U NPUBOAUT K HEOOXOZUMOCTH YANMHATH NOA-
xoabl k moctam. OHUM U3 BO3MOXXHbIX BAPNAHTOB PELLEHUS! 3TOM TPAHCNOPTHOM NMpPo-
6n1embl ABNSETCS COOPYXEHNE TOHHE NS FOPHbIM cnoco6om. OgHaKo 1 B 3TOM criyyae
CYLLEeCTBYIOT HeKOTOPbIe 00513aTesIbHble TPe60BaHMUs, KOTOPbIE MPUBOAST K YAJMHEHUIO
nepexoAa: B 4aCTHOCTU, TOHHE b BOJDKEH pacnoniaratbCs HUXe AHa Bogoema Ha 25-30
u 6onee MeTpOB.
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TOHHeJ'II/I 13 OMYCKHbIX CEKLMIA, NepecekatoLLme BOAHbIE
nperpassl, MMeT LENbIA Psf NPENMYLLECTB NO CPaB-
HEHWIO C TOHHENSMW, COOPYXAEMbIMU FOPHBIM U LATOBBLIM
cnocobamu. MPOTSKEHHOCTb TakMX TOHHENEN CPABHUTENb-
HO MEHbILLE, TaK Kak OHW PACNONOXEHbI HA iHE BOJOEMOB C
HebonblKM 3arny6aeHnem. COOTBETCTBEHHO, 1 NOAXOAH!
K HUM MOTYT BbITb OTHOCUTENBHO KOPOTKMMN. [0AX0AbI K
MOCTaMm, KOTOpbIe NPK NEPECEYEHUM CYAOXOAHbBIX MPOAM-
BOB 11 pek He0OX0AMMO pacnonaratb Ha BbICOKUX OMopax,
00bI4HO 3HAYUTENBHO ASMHHEe. [pu nepeceyeHn BOAHOM
nperpazbl Ha PAaBHUHHOW MECTHOCTM CYLLECTBEHHO YBENN-
YMBaETCS M ANIHA MOCTOBOr0 nepexoaa (puc. 1).

TOHHEAM 13 ONYCKHbIX CEKLMIA MOTYT COOPYXaThCs
MPaKTUYeCkn B NtoBbIX FPYHTOBLIX YCIOBUSX, B TOM YiCIe
MY PACMNOA0XEHUN KOPEHHBIX MOPOZ B MPOAMBAX W PEKaX
noz, cnabbiMi BOAOHACILLEHHbIMW FPYHTaM Ha BONbLLOI
rnybuHe. Takue ycnosus 06bINHO CO3AAIOT CYLLECTBEHHbIE
npo6nemMsl NPy COOPYXeHKM 0nop GONbLIENPONETHLIX
MOCTOB.

[ns nepexofoB 60MbLLON NPOTAKEHHOCTY, UFPAIOLLUX
BaXHYIO pOnb B 06€CNeyeHNn yCNoBUin ans CyA0X0ACTBa,
Hambonee 3KOHOMMYECKM BbIrOAHOE PELIEHNE Npes-
CTaBASIOT CO6ON KOMOMHMPOBAHHLIE NEPEXOLbI «<MOCT
— TOHHENb». OHM COCTORT 13 NPOTSKEHHBIX 3CTaKaL,
KOTOPbIE NEPECEKAIOT CPABHUTENBHO Y3kKne 1 Hernybokue
BOZAHbIE NPerpazbl M 3aKaH4M1BAIOTCS HA UCKYCCTBEHHO
CO3[aHHbIX 0CTPOBAX, [Ae TPacca BXOAUT B TOHHENM,
PacnoNoXeHHbIE NOJ, CYA0XOLHbIMI HYaCTSIMM NPONINBOB,
KaHanoB n pex.

B HacTosLLee Bpems B MMPE NOCTPOEHO U 3KCnyaTupy-
etcs 6onee 100 TOHHENe 13 ONYCKHBIX CEKLIMIA PA3NNYHO-
rO Ha3HAYeHWs C Pa3HBIMU TUNAMU NONEPEYHBIX CEYEHMIA
(puc. 2). Cpeay HUX NPUCYTCTBYIOT Kak aBTOLOPOXHbIE,
Tak 1 Xene3HOLOPOXHbLIE TOHHENN (OLHO- W LLBYXMYTHbIE),
a Takke nepexofpl Ans OLHOBPEMEHHOrO MPOMyCKa Xenes-
HOZ,OPOXHOr0 1 aBTOMOBWIILHOO TPAHCMOpTA.

MpumMepbl peanns3oBaHHbIX
M CTPOSILLUXCS COOPYXEHUI

KoM6WHMPOBaHHBI TPAHCMOPTHBIA NEPEXOS, NPOTKEH-
HoCTbio 17 Munb 4epes Yecanukckuii 3anus (Chesapeake
Bay Bridge-Tunnel) y Hopdonka (CLUA, wrat Bupmxutus),
nocTpoeHHbIi B 1964 roay, BkloyaeT B cebst MOCT 1 iBa
TOHHENS 13 ONYCKHbIX CEKLIA, NEPECEKAIOLMX [1Ba OCHOB-
HbIX CYLLOXOLHbIX KaHana.

Mepaoii B EBpONe KpynHbIi MOPCKOW nepexof, (16,7 km)
C 1CNONb30BaHNEM TOHHENS U3 OMYCKHbIX CEKLMIA Bbin no-
CTPOeH 4yepe3 nponme ApecyHH (Oresund) mexay JaHuei
u LLseupeit. Tem cambiM Ob10 06ecneyeHo aBToMobunb-
HO€ M XEeNe3HOA0POXHOE coobLLeHne Mexay KoneHrare-
HOM 1 Manbme. [epexoa 13 TOHHENs Ha MOCT BbINOJHEH
Ha 60MbLLOM MCKYCCTBEHHOM OCTPOBE ANMHON 0KONO 4
kM. B mecTe nepexopa B Mope Ha 430 M Bbia paclumpeHa
Geperosasi 30Ha B [laHuu.

TonHenb [iporaeH (Drogden) npoTsikeHHOCTbIo 3500 m
cocTomT 13 20 cexumii annHoii no 176 m. Kaxpas cekums
cobpaHa 13 BOCbMM CErMEHTOB M0 22 M. TOHHENb Npeg-
Ha3HaYeH 419 ABYX XENE3HOLOPOXHbIX NYTEN W YeThIpEX
Mofoc aBTOMOBUILHOTO ABUXEHNS. Kpome Toro, B HEM
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Puc. 1. CpaBHeHue NpOTAXEHHOCTH TPAHCIOPTHbIX NEPEXOOB Yepe3 BOAHYI0 Nperpagy

Puc. 2. Tunbl nonepeyHbIX ceyeHnii TOHHENel U3 OMyCKHbIX CEKLMIA 1 MECTa MX NOCTPOIKM

86m

38.8m |

Fire insulation
material

Ballast concrete

Cable duct Emergency walkway

Stone material to protect the tunnel

Puc. 3. MonepeyHoe ceyenue
TOHHens [iporaeH

npeLycMOTPeHa 9BakyaLoHHas ranepes. Pasmepsl no-
MepeyHoro ceveHuns ToHHens — 8,6 x 38,5 m (puc. 3).

B 2010 rogy 661 NOCTPOEH TPAHCMOPTHLIV NEPEXoa,
MeXay BTOPbIM MO BennumHe ropofom l0xHoii Kopen —
MycaHoM, pacrnonoXeHHbIM Ha 0r0-BOCTOKE CTPaHbI, 1
octpoBom Komxe (Geoje). OH COCTOMT 13 ABYX BAHTOBbIX
MOCTOB 1 TOHHENS! U3 OMYCKHbIX CEKLMIA AnnHOM 3,2 km (18
cekumin no 180 m).

Ha nepeceyeHny rnaBHbIX CyA0X0AHbIX NYTER Mexay
ocTtpoBamu Daejuk n Gaduk He monyckanoch HUKakux
OrpaHNYeHin NO BLICOTE CYLOB, MO3TOMY TOHHEbHbIN
nepexof Obln 30eCh eAMHCTBEHHO BOBMOXHbIM PELLEHU-
eMm. [epBoHaYaNbHO PaccMaTpPUBANCS BapUaHT FOPHOro
TOHHeNs. Ho oTHoCMTeNbHO KpyThle Gepera 0CTPOBOB U1
HeobX0AMMOCTb BONbLLON FYOUHBI 3aN0XEHNS TOHHENS
(o1 25 0o 30 M HMXe MOPCKOro iHA) CAenanu aToT BapuaHT
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Puc. 4. I'IpuMep YCuneHus OCHOBAHMS TOHHENS NPU HanU4YUK cnabbix TPpyHTOB

HenpuemnembiM. 10 3TO NPUYMHE TOHHENb 13 OMYCKHbIX
CeKUMiA, rnybrHa 3anoXeHNs KOTOPOro NnLLb HEMHOTO
HIXe MOPCKOro [iHa, cTan Hanbonee NpueMaemsIM Bbl-
6opom.

MIHXEeHepHO-reonornieckine ycnoBus B MECTE pacnono-
XEHUst TOHHENS HeBnaronpUATHLI Ans cTpouTenscTea. Mop-
CKOe [IHO BAI0Nb ero TPAcchl, kpome Beperosbix obnacten,
COCTOMT 13 CIOSt MOPCKOA MIMHBI, MOLLHOCTb KOTOPOT0
npesbilaet 20 M (B HekoTopbix MecTax — 0 30 M). Y 6epe-
rOB Ha MOBEPXHOCTb BLIXOAAT KOPEHHBIE MOPOALI, & TaKKe
TOHKME CNoM necka 1 rpasust. [o3ToMy rpyHT B OCHOBaHWUN
TOHHENSs ObINO PELLEHO YCUNNTL CBasMM (puUC. 4).

Knumatuyeckue ycnosums B Kopenckom nponuee Lo-
CTaTO4HO CNOXHbIE. CUNBHOE TeueHue 40 2 M/, TaldyHbI 1

Puc. 6. CoopyxeHue cexumii
TOHHENei B CneLuansHom
Kkotnosane (Hupepnanpl)

BOJIHbI BbICOTO 0 8 M CEPLE3HO YCNOXHMAN TPAHCTIOPTH-
POBKY CeKLmin TOHHeNs. CecMUYHOCTb paioHa —
HEBBICOKAs, TEM HE MEHEE TOHHESb PACCHMTaH Ha ABa
YPOBHS 3eMNETPSICEHUIA: NpoekTHoE (I13) 1 MakcuManbHoe
pacuyeTHoe (MP3).

B HacTosILLEE BPEMS MEX DY MAaTEPMKOBLIM Kutaem un
'OHKOHrOM COOpYXaeTcst OfMH M3 Hanbonee CNOXHbIX
TPAHCMOPTHbIX NEPEXOL0B C TPEMS NONOCAMY ABUXEHNS
B K&XA0M Hanpasnennu (puc. 5). Mepexos NpoTskeH-
HOCTbI0 0010 30 KM COCTOUT M3 HECKOBKIX MOCTOB,
MCKYCCTBEHHbIX OCTPOBOB ¥ TOHHeNeN. [ing obecneyeHns
npOX04a MOPCKWX CyA0B NPELNONaraeTcs CTPOMTENbCTBO
BAHTOBOr0 MOCTa. Ha nepeceyeHn OCHOBHBIX CYAOXOAHbIX
nyTein y BocTouHoro 6epera peku (Pearl River) 6yaet no-
CTPOEH TOHHENb ANIMHOM 6,75 KM, LEeCTb U3 HUX NPEACTOUT
BbIMOJIHNTb 13 ONYCKHbIX CeKumii. Cbeaapl C MOCTOB B
TOHHENN PA3MECTSATCS Ha CKYCCTBEHHbLIX OCTPOBAX, MPO-
TSKEHHOCTb KQXA0r0 U3 KOTOPbIX COCTaBMT 625 M. [innHa
BCEN TPACChl, KOTOPas COeAMHUT [OHKOHT, Yxyxain
Makao, — okono 50 km, npegnonaraemas CTOMMOCTb —
10 mnpg gonn. CLUA.

HekoTopble Npo6iemsl, ¢ KOTOPbIMU CTONKHYNUCH NPO-
EKTUPOBLLKMA 1 CTPOUTENU:

m Gonbluas rnybuHa;

H pa3Hoobpa3Hble FPYHTOBLIE YCIOBWS;

B POJOMXMTENbHBIA PACYETHBIA CPOK SKCRyaTaLmm
(120 net);

B He0OXOLMMOCTb COOPYXEHNS UCKYCCTBEHHbIX
OCTPOBOB Ha MSTKVX rPYHTaX;

= TpeboBaHKe He M3MEHSITb HanpaBNeHne TeYEHWIA NpK
COOPYXEHWW OCTPOBOB;

B TPEXMONOCHOE [IBUXEHWE NPUBENO K YBENNYEHMNIO
LUMPUHBI NpoeTa TOHHenen 8o 14,55 wm;

B HeobXoaMMOCTb 3arnybneHus BEPXHEN 4acTu
TOHHENbHO 0646/1KM Ha 29 M 0T NOBEPXHOCTM MOPCKOr0
[Ha Ans 06ecneyeHmns NPoxoaa KPYMHOTOHHAXHbIX
TaHKepOB.

lMocne aHanu3a v CPpaBHEHUS PA3NINYHbIX BAPUAHTOB
Obl10 MPUHATO PELLEHIE O CTPOUTENLCTBE TOHHENS M3
XENE300ETOHHbIX CEKLIMIA.

CoopyXeHue 1 TPaHCNOPTUPOBKA CeKL it

O6bI4HO TOHHENM BBIMOMHSIOTCS U3 KENE30OETOHHbIX 1N
cTanebeTOHHbIX CEKLIMIA, KOTOPbIE COOPYXAOTCS B AOKAX
1N B CrieLManbHO BbIPLITLIX Ha Gepery KoTnoBaHax (puc. 6).

B HEKOTOPBIX Cyyasix MECTO NPOU3BOLACTBA CEKLIMNA
MOXET pacnonaratbCs Ha 60/bLLNX PACCTOSHUAX OT paitoHa
MOrpyXeHus Cekumin. B kauecTse npuMepa npueesem
Xene300eTOHHBIN 3aB0a, GasupyloLmiics B 40 kKM 0T MecTa
pacnonoxeHust TOHHeNs (puc. 7).

[ocne OKOHYaHUSt COOPYXEHUS TOPLLbI CEKLWIA repme-
TU3NPYIOTCH, 3aTEM OTKPLIBAIOTCH CMELMAIbHO CMOHTUPO-
BaHHbIE 3aTBOPbI 1 KOT/IOBAH 3anoHseTcst BoAon. Cekumm
paccymMTLIBAKOTCA TakuM 06pa3om, 4ToBL!I OHK 0Bnaaany
HeoOXOMMO NNaBYYECTbIO, MOSTOMY MOCAE 3aTOM/EHMS
KOTNOBaHa KOHCTPYKLMKX BCN/bIBAIOT.

0TOBbIE CEKLIMM BYKCMPYIOTCS MO BOAE K MECTY YCTaHOB-
Kku. Mpwy 3TOM MCNONL3YIOTCS B0 UX MNaBy4vecTs (puc. 8),
oo cneunanbHble NNoThI.
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MoproroBka ocHOBaHUM

Hanbonee pacnpocTpaHeHHbIM METOL0M NOArOTOBKM
TpaHLLEen ANs NOABOAHbIX TOHHENEN ABNSETCS UCMOb30-
BaHue rpendepoB n 3eMcHapsagos (puc. 9). B panoHax
C NOBbILLEHHbIMW 3KONOrM4eCKUMU Tpe6OBaHVI9IMI/I oang
YMEHbLLEHMS 3arpsi3HEHNIA BOGHOW Cpefbl NCMONb3YHoT-
cA rpeiidepbl ¢ repMeTUyHbIMI koBLuamu. OgHako npu
pa3paboTke TBEP/bIX CKasbHbIX MOPOA, MOXET BO3HUKHYTH
HeoBX0VMMOCTb B BbINOJHEHUM BYPOB3PbIBHLIX PABOT.

TpaHLIJeH [NA TOHHENA A0JKHa COOTBETCTBOBATL PACHETHO-
MY MA1aHy M NPOdUI0 TPACCHI C YY4ETOM BO3MOXHbIX 0OBaIOB €€
CcTeH. PaboTbl Mo yrnyﬁneano [Ha AO/MKHbI BbINOHATLCA TAKUM
06pa3om, YToOb! LLMPKHA IHA TPAHLLEM W MPOGUIL COXPaHi-
JMCb MPM NOATOTOBKE OCHOBAHMS 1 OMyCKaHUM CekLmiA. [HO
TpaHLen J0mKHO ObITb 3aM0THEHO TOYHTOM, YOOBNETBOPSAIO-
LLVIM NPOEKTHBIM TPEBOBAHWAM K MaTepHasiaM OCHOBaHWS.

[ins BblpaBHMBaHWS 1 GOPMUPOBAHNS OHA TPAHLLEN
pa3paboTaHo cneuyanbHoe 060pya0BaHE NS YKNaaku
cnosi rpasws. NMpouece aBnsieTcst HenpepbiBHbIM. OBopy-
[I0BaHMe YCTaHOBEHO Ha Bape 1 No3BoNseT GOPMUPO-
BaTb AHO TPAHLLEMN C TOYHOCTBIO 10 25 MM OT pacyeTHON
OTMETKM, 4TO AOCTUraeTCs Na3epHON CMCTEMOI yNpaB-
NEHNS TMAPABANYECKUMI LIUIMHAPAMM Ha NOAAIOLLEM
TpybonpoBoge.

YcTaHoBKa cekuui

Mocne NpuBLITUS CEKLMIA K MECTY YCTAHOBKM HAYMHAETCS
[0BOJIbHO CAOXHBIA NPOLIECC MX NOTPYXEHNS B Npeasa-
PUTENBHO NOArOTOBAEHHbIE TpaHLwew (puc. 10). O6bluHO
0YepeiHas CeKLMS ONYCKAETCS HA HEKOTOPOM PaCcCTOHUM
OT yXe YCTaHOBNEHHO 1 3aTEM MELIEHHO NEPEMELLAETCA
[10 CONPUKOCHOBEHMS C nocneaHei. Mocne aToro npomseo-
[STCS MOHTaXHblE paboThbl MO UX COEAMHEHNIO.

Ob6ecnevyeHune 6e3onacHoOCTU

[lnst npeaoTBpaLLEeHNS NOBPEXAEHNA TOHHENbHbIX
06/enoK, KOTopble MOryT NPOKU30ITY NP aBapUK CYI0B, a
TaKXe OT KOHTaKTa C IKOPSIMU, MPY BLINOAHEHWM 0BPaTHON
3aCbInky NpefycMaTpPUBAETCS 3aLLMTHBIA CNOW U3 TREPAOrO
rpyHTa (puc. 11).

[ins obecneyeHns repMeTUHHOCTY 11 HEOOXOAUMBIX
OTHOCUTESbHBIX CMELLEEHW MEXY CEKLMSIMU LLIMPOKOE pac-
MPOCTPaHEHWE B HACTOALLEE BPEMS NOAYYUAN COELUHEHUS
¢ npoknagkamu Tvna Gina 1 Omega (puc. 12).

OHu 6e3 noBpexaeHns 06eCcneynBatoT OTHOCUTE b=
Hbl€ CMELLIEHMS TOPLIOB CEKLMIA TOHHENE, BO3HMKAOLLIME
BCMeACTBIE 0CAMOK, NON3Y4ecTn OeTOHA, UBMEHEHWI
TEMNEePaTypbl, a TaKKe NPK 3EMNETPSICEHNSIX. [apaHTUNHBINA
CPOK CNyxObl Takux coeanHeHuii coctaensiet 100 ner.

JAOCTOMHCTBA N HEJ0CTATKN

BonbLLOE KONNYECTBO NOCTPOEHHBIX 1 AKCMyaTUPYEMbIX
B MIPE TPAHCMOPTHbIX NEPEX0/10B, BKIOYAOLLMX B CEOS
TOHHESMN 13 OMYCKHBIX CEKLWIA, CBUAETENBCTBYET O NMPEUMYy-
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Puc. 7. Bug nnowasku Ans OBHOBPEMEHHOI OT/IMBKN HECKONbKMX CEKLViA TOHHENS (3anapHblii Geper 3anuea HYuxxa
(Jinhae) B HOxHoii Kopee)

e T R
Puc. 9. MHorodyHKumMoHanbHas Gapxa ¢ 000pyA0BaHUEM ANs YryONEHUs U BbIPABHUBAHNS TPaHLWeY (a) U 3eMCHa-
pap ans paspaboTku TBEPABIX NOPOA rpyHTa (6)

Puc. 10. MorpyxeHue cekuuii Co cneuuanbHoi Gapxu
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Puc. 11. Mpumep nonepeyHoro ceyeHus TOHHENS C yka3aHueM 00PaTHOIA 3achinku
a 0
Gasket supporting plate Boof Bolt%mm fill

Bolts

Before initial contact|

Gina gasket

Steel strip

LLECTBAX KOHCTPYKLMIA, MO CPABHEHNIO C APYTVIMM TUNaMK
TPaHCMOPTHbIX NepexofoB. OTMETUM HEKOTOPbIE U3 HIX.

B HacToslLLee BpeMs B MVPe XOPOLLO pa3paboTaHbl BCe
aTanbl CTPOUTENBCTBA: COOPYXEHME W TPAHCMOPTUPOBKA
CeKLyiA, Cnocobbl NOrPYXEHNIA.

OpHOBPEMEHHOE NPOU3BOACTBO GONBLIOMO KOAMYECTBA
CeKLWiA TOHHenelt Ha 6epery No3BoNSeT CYLLECTBEHHO
YCKOPUTb XO[, CTPOUTENbCTBA, MCNOMb3YS MPU 3TOM BCE
TEXHONOMMMN 1 LOCTVXEHNS, KOTOPLIE MPUMEHSIIOTCS NPK
MPOV3BOACTBE Xene300€TOHHbIX N3LENNIA.

B npouecce CTpoMTensCTBa HE 0Ka3bIBAETCS HUKAKOrO
B/NSIHMS Ha CYIOXOACTBO.

Mpw akcnnyaTauyy TPAHCMOPTHLIX NEPEXOJ0B HE OrpaHu-
YMBAETCS HW BLICOTA, HY TOHHAX NPOXOASLLMX CYI0B.

MpoekT KOMBUHMPOBAHHOrO TPAHCNOPTHOMO NEPEXOLA,
COCTOSILLMIA M3 MOCTOB W TOHHENEN N3 OMYCKHbIX CEKLWAA,
MOXET 0Ka3aTbCs 60/1ee SKOHOMUYHBIM MO CPABHEHUIO C
MPOEKTOM BObLIENPONETHOrO MOCTA W FOPHOTO TOHHENS,
MOCTPOEHHOT O LLMTOBLIM COCOOOM.

CnenyeT OTMETUTb, YTO TOHHENM 113 OMYCKHbIX CEKLIA IMEIOT
1 HE[OCTATKM, CBSI3aHHbIE C BO3AENCTBIEM Ha OKPYXAIOLLYHO
CPELy: OHM MOTYT OKa3blBaTb BAMSHWE HA MECTa 0BMTaHS pbIb,
U3MEHSITTb TEYEHWST 1 YMEHBLLIATH MPO3PAYHOCTb BOHI.

Ho camblii rnaBHbIi HEOOCTATOK HA JAHHbBIA MOMEHT —
OTCYTCTBWE Kak OMbITa COOPYXEHUS TOHHENE Takoro Tuna
B Poccui, Tak v He0BXOAMMOIA 1S 3TOrO TEXHUKW. TeM He
MEHEe HacTano BPEMS MPUCTYNUTb K UX CTPOUTENLCTBY,
Tem 00/ee YTO B HaLliell CTpaHe CyLLecTByeT 00bLLOE KO-
JINYECTBO BOAHbIX (MOPCKMX M PEYHbIX) Nperpag, KoTopbie
CrnesyeT nepecekatb TPAHCMOPTHBIMU MEPEXOAAMM, HE
HapyLUAIOLLMMY YCOBMIA CYI0XOACTBA.

KepuyeHckuii nponue: BO3MOXHbI BapUaHTbI

AHanM3 NOCTPOEHHBIX 1 MPOEKTUPYEMbIX TPAHCMOPT-
HbIX NEePexoi0B, B KOTOPLIX UCTONb3YIOTCSA TOHHENN U3

_._._.._. After installation of Omega

Waieﬁidht wélded capnut
Anchot " %

Puc. 12. Coeaunerue mexay
CEeKUNSMH C UCTIONb30-
BaHWeM NpoKNajoK Tuna
Gina n Omega: a — Gina

B CBOGOJHOM COCTOSIHMM;

6 — Gina 1 Omega B paboyem
COCTOSIHUM.

OMYCKHbIX CEKLMIA, NOKa3bIBaEeT, YTO NP BbIOOPE BapMaHTa
nepeceyeHns KepyeHckoro nponvea, NPOEKT Takoro TOH-
Hens MoxeT BbITb HaMB0Nee S3KOHOMUYHBLIM, HAAEXHBIM 1
MPUEMAEMBIM C TOYKM 3PEHIS 3aTPAT, BPEMEHMN CTPOM-
TeNbCTBA W UCMONb30BAHNS COBPEMEHHBIX TEXHONOI WA,

Mpu BbIGOPE BapuaHTa MOCTOBOrO Nepexofa ans
obecneyeHns Npoxoaa BbICOKOTOHHAXHbIX CYAO0B He-
06X0AMMO CTPOUTENLCTBO 60NbLLENPONETHLIX MOCTOB
Ha BbICOKMX onopax. Cnabble BOLOHACHILLEHHLIE FPYHTHI,
rny6oKoe 3aN10XEHNE KOPEHHBIX MOPOA W BbICOKAs Cenc-
MWYHOCTb paiioHa co3aacT CepbeaHbie NpobaemMsl Npu
COOPYXEHWUU W 3KCTyaTaLWm TakKux COOPYXEHNIA.

Co6CTBEHHBIE YACTOThI kKONebaHui 60AbLIENPONETHBIX
MOCTOB NOMNaAAI0T B 061aCTb AOMUHUPYIOLLMX YacTOT
3EMNETPACEHUI, 4TO MOXET NPUBECTU K PE3OHAHCHBIM
SBNEHUSIM U NOBPEAUTb COOPYXEHWE Aaxe npu cnabbix
cencMmnyeckunx BoageiicTansx. Cnenyet OTMETUTD, YTO B
panoHe KepyeHcKoro nponvea BO3MOXHbI 3eMAETPsce-
Hus cunoit 9 6annos no wkane MCK-64.

TOHHENW B MEHbLUEH MEPE NOLBEPXEHBI CENCMU-
YeCKMM BO3JENCTBUSM, Tak KaK B HUX, B OTANYKE OT
Ha3EMHbIX COOPYXEHMWIA, HE BO3HUKAET PE30HAHCHbIX
sBAEHNIA. [Py NPOXOXLEHUN CENCMNYECKNX BOIH TOHHE-
m fedbopmmnpyioTes nnbo Tak Xe, Kak 1 OKPYXatoLwmin nx
MacCuB rpyHTa (CNu rpyHT TBepLbIi), TMO0 3HAYMTENb-
HO MeHbLLe (eCnn rpyHT — cnabblil). 3Tn gedopmaLnm
00bI4HO Marbl U HE NPEACTABNSAIOT CePbE3HOMN ONaCHO-
CTU AN TOHHENbHbIX 064eN0K.

Mo Hawemy MHeHwio, Anst Bbibopa Hanbonee onTu-
MaJIbHOrO TPAHCMOPTHOIO nepexoaa yepes KepueHckunia
nponuB HeobXoaMMO, KPOME MOCTOBBIX NEPEXOA0B,
JeTanbHo paspaboTtaTb BapuaHTbl C UCMOb30BaHNEM
TOHHENEN N3 ONYCKHbIX CEKLNA 1 KOMOMHUPOBAHHOIO
nepexona «MoCT — TOHHENb». B 3TOM cnyyae Bbess ¢
MOCTa B TOHHENIb MOXHO 3anpOeKTNPOBaTh Ha ecTe-
CTBEHHOM MW UCKYCCTBEHHOM OCTPOBE.

[lns OLEHKM BO3MOXHOW CTOMMOCTY NPOEKTa cnesyet
BEPHYTbCA K BbllLEHA3BAHHOMY MPUMEPY TPaHCMOPT-
HOrO Nepexoaa, KOTOPLIN CENYAC COOPYXAETCH MEXY
maTepukoBbIM Kutaem 1 FOHKOHrOM. MpOTSXEHHOCTb
nepexoga (MOCT, MCKYCCTBEHHbIE OCTPOBA, TOHHENN 13
OMYCKHbIX cexkumit) — okono 30 km. [nnHa Bcel Tpacchl
loHKOHT — Yxyxan — Makao cocTtasnset okono 50 km,
npengaputenbHas ctoumocts — 10 mnpa gonn. CLUA.

[Mepexon yepes KepyeHckuin NpoNunB 3HaYUTENbHO
KOPOYE ¥ NPOLLE B UHXEHEPHO-TEXHUYECKOM CMBbICHIE.
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BAPUAHT KOHCTPYKTUBHOIO
PELLEHUA$A

TPAHCIMNMOPTHOIO
NMEPEXOAA HYEPES3
KEPYEHCKUW
NPOJINB

TpaHcnopTHbIl Nnepexos Yepe3 Kep4yeHckuii NposuB Npu3BaH peLunTb npobaemy
kommyHuKauuii mexgy KpacHogapckum kpaem u KpbIMCKUM noayocTpoBOM r1o-
cpeacTeom obecneyeHns becriepeboiiHOro aBTOMOOUILHOIO U Xe1e3HOA0P0XHO-
ro cooowyeHus.
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A.H. BOJTOXWH,
3aMeCTUTENb IMaBHOO
MHXEHepa

OAOQ «YCK MOCT»

B xypHane «[log3emMHble
ropu3oHTbi» (cm. Ne1)
yXe nogHumanach rema
CTPOUTENbCTBA TPAHC-
MOPTHOro rnepexoAa ve-
pe3 KepyeHckuii nponus.
B npogomxeHne TemMbi Mbl
nybnukyem matepuan, B
KOTOPOM paccmaTpuBaeT-
CS1 KOHKPETHbIV BapUaHT
MOrpYXHOro TOHHens, 06-
nagaroLnii uesbiM psgom
npeumyLyecTB — KaK rno
CTOMMOCTHbIM roKa3are-
J1IM, TaK U C TOYKU 3PEHNS
6e3onacHocTy (0 TOHHe-
J19X TaKoro Tuna Yutamre
TaKxe B pasgene «Acto-
pudeckue 3KCKypCbi»).

U xots 3a 0CHOBY yXe
MPUHST BAPUAHT COBMeE-
LL{eHHOro aBTOMOOW/IbHO-
JKesne3HO[0POXHOro
MOCTa, KOTOPbIN NpoiaeT
ot TamaHcKoro rnosyo-
cTpoBa Yyepe3s kocy Tyana
B cTOPOHY Kepyu, AaHHas
Bepcus KpeiMcKoii nepe-
npasbl, AyMaeTcs, He
ocTaHetcs 6e3 BHUMaHUs
Hawmx yuraresnei.
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y0ﬂOBI/IFI KepyeHckoro nponvea AOCTaTO4HO COXHBIE Kak B
4aCTW rMAPOJIOTUHECKYIX 1 JIELOBLIX YCIIOBWIA, TaK U1 B 4acTu
reosIor4eCKoro CTPOEHS 1 CEACMUHECKON aKTUBHOCTM. [y-
G1Ha BOAb! 30,eCb HE3HAYMTEbHAS (OKOMO 7 M), 33 UCKIIOHEHN-
€M VICKYCCTBEHHO NOAAEPXMBAEMOr0 CYA0BOro xoaa (15 m).

B BeCeHHUI Neprog, Taxenble Nbabl BEIHOCUT HArOHHbIM
Te4yeHveM 13 A30BCKOro MOps B NPOIVB, CO3AaBas He-
GnaronpusTHytO s onop MocTa 06cTaHoBKY. PacyeTHast
CelicMMYHOCTb Mowwaakn — 9 6annos. Ha aHe npoauea pac-
NPOCTPAHEHbI UNNCTHIE OTNIOXEHS MOLLHOCTBIO A0 50 M.

Kputepuu

Vicxons 13 BbllLenepeyncneHHbIX YCNoBuin, BapuaHT
nepexoaa B BUAE MOCTOBOrO COOPYXEHNS fONMKEH YLOBNET-
BOPSATb CNEAYIOLLMM KPUTEPUSIM:

1. MponeTHoe CTPOeHMe A0NXHO 06ecreynBaTh NPOMyCK
BPEMEHHOI Harpy3ku 0T YETLIPEX NONOC aBTOMOOMILHOTO
OBWXeHns knacca A14, ABYXNYTHON XENe3HOLA0POXHOA
Harpyaku knacca C14, 1 (BO3MOXHO) IONONHUTENbHbIX Ha-
rPY30K OT MarncTpasibHbIX KOMMYHUKALWA — BbICOKOBOSLT-
HOVA INHWK, ra30- 1 BOOMPOBOAHbBIX CETEN, IMHIIA CBS3N.
MuHUManbHas AnHa Cyao0XxoaHOro nponeTa coctasut 220 M,
MoMOCTOBO rabapuT — He MeHee 45 m.

2. Onopbl MOCTa MaCCUBHbIE C NEA0PE3HbIMI YaCcTAMY B
YPOBHE Nleoxoaa, ¢ pyHaaMeHTamMu Ha CBanHOM OCHOBaHIN
13 BypoBbIX CBaVi CBEPXINYOOKOro 3anoxeHus aMbo Ha mac-
CVBHOM Xene300ETOHHON NAUTE Ha KOHCONMAMPOBAHHOM
€CTECTBEHHOM OCHOBaHWW. Cnabble FpyHTHI B BEPXHEN YacTy
reonoryyeckoro paspesa 1 BbICokas CEMCMUMYHOCTb NOLWAA-
KV MPUBEAYT K YBENMYEHMIO BECA KOHCTPYKLMM OMOp.

B cBA3K C HANMYMEM XENE3HOLOPOXHOI HAarpy3ku He-
peanuayema KOHCTPYKLMS MOCTa C MPUMEHEHNEM BUCSHEN
11 BAHTOBOI CUCTEM.

HeyanBuTenbHO, YTO NPU TaKMX MCXOOHbBIX JAHHbIX CTOU-
MOCTb CO3[1aHus nepexoga oueHnsaetcs B 200 u Gonee
MIIPA PyO.

MpennaraeTcs pacCMOTPETL BapUaHT Nepexona B Buae
TOHHEeNst BONBLLOr0 CEeYEHMs!, NO3BONAIOLLEr0 PAa3MECTUTb
BCE HE0OX0aMMbIE ANEMEHTHI NEPEX0AA — aBTOMOOMIbHYIO
1 XENE3HYI0 A0POTN, KOMMYHUKALWW, CEPBUCHBIE 1 3BaKya-
LIMOHHbIE NPOXOAHI.

Oy4eBMAHO, YTO COOPYXXEHWE TOHHENS C TaKUM NOMEPEYHBIM
CeYeHMeM METOZI0M NPOXOAKM He NPeACTaBNSETCS BO3MOX-
HbIM. KpOMe TOro, TOHHEb, COOPY)XEHHBIN C MPUMEHEHVEM
TNK, HeoOxomMmo 3arnybnsiTb HAKE MANCTBIX FPYHTOB, YTO
3HAYUTENBHO YBENMYMT €ro ANMHY Npu cOOM0AEHUN MaKCK-

Cxema pacnonoxexus
TIOrPYXHOTO TOHHENs

MaJlbHbIX MPOLObHbIX YKIIOHOB M CO34aCT 3HAYUTENBHOE M-
JIPOCTaTYeCKoe IaBNEeHe Npu NPOXOAKE Ha rnybuHe 6onee
50 M nog Tonwweit cnabbix rpyHTOB. Bee 3Tn dakTopbl AenatoT
TaKoW TOHHENbHbI NEPEX0L, HEKOHKYPEHTOCTOCOOHLIM Aaxe
M0 CPAaBHEHMIO C BAPUAHTOM MOCTOBOTO MEPEX0a.

B naHHo cuTyaLmm co3math nepexom, ¢ TpebyembiM no-
MepeyHbIM CeYeHUEM 15 Pa3MeLLIEHIS BCeX He0OX0UMbIX
3/IEMEHTOB MO3BOJIIET BAPWAHT NOrPYXHOrO TOHHENS. B TO
Xe BPEMS KOHCTPYKLWS NEPEXOA MO3BONSIET PACMONOXMTb
TOHHENb B YPOBHE 3aseraHuns cnabblx rPyHTOB, 4TO NO3BOAUT
MOJY4NTb COMOCTABMMYIO C MOCTOM OBLLYIO JJ/IMHY COOPYXe-
Hus. Mpwn 3TOM 3aTpaThl HA CO3AaHMe Takoro nepexopa 6yayT
3HAYUTENBHO HIXKE, MOCKOAbKY 0TNageT HE0OX0aMMOCTb
B COOPYX€eHUM BObLLOrO KONMYECTBA MaCCUBHBIX OMOP B
aKBaTopuW NponvBa (41 MocTa) M B raybokoM 3aneraHum
006bekTa (19 TOHHENBLHOrO BapKaHTa ¢ npuMeHeHnem TTK).
06LLas A/MHa COOPYXEHMUS C y4EeTOM NPOAObHBIX YKNOHOB
Xene3HOA0POXHOro NyTi COCTABMT OKOMO 6,2 KM.

TexHOoNorms COOpPYXeHus NorpyxHOro TOHHeNS NpPeano-
naraer:

B C03/aHne COOPHbIX XeNe300eTOHHbIX CEKLWIA TOHHENS
INHoi okono 150 M B CyXOM [IOKE;

= COOpPYXeHWe TpaHLLen No JHY NponBa Ans pasMeLLe-
HWSI TOHHENS;

B BbIBOA, CEKLMIA K MECTY MOHTaXa C MCMONb30BAHNEM
NONOXMUTENBHON NNABYYECTU CEKLMIA;

M YCTaHOBKY (3aTONNEHWe) CeKLMiA Ha OTCINAHHYIO
MOBEPXHOCTb;

B CTbIKOBKY V1 FepMETU3ALIMIO CThIKA;

B 0TKayKy BOAbI 13 CTHIKOBOW KaMepbl;

B 3aLLUMTHYI0 0OCHINKY TOHHENS CKaIbHbIM FPYHTOM;

H YCTPOIACTBO NPOE3Xelt 4YaCTH, BEPXHETO CTPOEHNS
MyTW, AKCMNYaTaALMOHHLIX CUCTEM 1 KOMMYHMUKALMIA

B MupoBoit npakTuke 13BecTHO 6onee 150 Takumx
TOHHENEN. VX KOHCTPYKLMS 1 TEXHONOTVS NPOM3BOACTBA
paboT 06ecneunBaloT KOHKYPEHTOCNOCOOHYI CTPOUTENb-
HYIO CTOMMOCTb, 3HAYNTELHOE CHUXEHUE CTPOUTENBHBIX
pUCKOB, HEBOMbLLIME, NO CPABHEHMIO C KOHKYPUPYHOLLMI
BapuaHTaMu, aKCryaTaLUmnoHHbIE 3aTparbl.

[Mo npeaBapuTENbLHON OLIEHKE, CMETHAS CTOMMOCTb Tako-
ro nepexopaa nog KepyeHckum npoamBoM COCTaBUT OKOSO
100 mapg pyb.

TexHonoruda

Cne,u,yeT BblAENNTb NATb OCHOBHBIX TEXHOJIOrNYECKNX
npoL,eccoB COOPYXEHMS NOrpPy>XXHOro TOHHeNd, onpeaensto-
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1 — aBTOMOOUIILHOE [IBUXEHNE 2 NONOCH!
2 — cepBuChl 1 3BaKyaLus
3 — KOMMyHuKauwu (ra3, Bogosog, BJ1)

Cexums 150 M — 35 000 TH/13 284 m®
Ocapika Ha nnasy — 5860 mMm
Bec 6annacra — 2500 TH

4 — 3nexTpodULMPOBAHHAR XENE3Has A0POra U aBapuiiHblii
CcnyxeBHbli Npoxos

LLIMX KaK CPOKW, TaK 1 CTPYKTYPY CTPOUTENLCTBA. [laHHble
MPOLECCHI OTHACTY MOTYT BbINONHATHCS MAPanieNbHo,
O[IHaKO B 1l0OOM Ciyyae SBNSIOTCS OCHOBOM rpaduika npo-
13BOLCTBA PalboT:

Co3spaHue TpaHwen nNo AHY NPOJIMBa ANg pasmelle-
HWS TOHHens. [Ny6uHa TpaHLWeN nepeMeHHas BAOb OCH,
MaKCUMasbHas raybuHa onpesensieTcs 13 yenosuin pasme-
LLIEHNS BCEX 3NIEMEHTOB COOPYXEHWS NOZ, CYA0BLIM XOA0M.

I'ny6uHa BOAbI B MECTE NPOXOXAEHNS CYL0B COCTaBNAET
15 M, BbICOTA 3aLLMTHOM KAMEHHO HABPOCKM Ha, TOHHE-
neM — 4 M, BbICOTa CEKLMM TOHHENS — 8,7 M, TONLMHA
pacnpenensiowen OTChinky nofg cekuun — 2 M. B ntore
MOJHAA MAHUMaNbHAA rNybuHa TPaHLWEN Nog, pasMeLLeHne
TOHHENs CoCTaBuT 0ko/0 15 M. Mpy BENMYMHE NPOLONLHOrO
YKNOHA Xene3HoA0POXHOro NyTn 12 %o 061138 MUHUMATb-
Hasl [LNVHa TOHHeNs 10 0TMETOK ype3a BOAbl COCTABUT 5 KM,
4YTO PaBHO KpaTyaiLLeMy PaccTosHMIO Mexay Geperamu
nponvga B EHnkanbCckom 1 )XyKOBCKOM CTBOpax — napan-
NenbHO Tpacce NapOMHOI nepenpasbl.

Mpw BbIGOPE APYrOro BapuaHTa NPOXOXAEHNS TPAcChl ee
[Ha ByaeT coCTaBnSTh nopsigka 11 kM, npy aToM oTnageT
HeoOX0AMMOCTb MPOXOXAEHUS 0POr No Koce Yylika. Obb-
€M JIHOYrNybuTeNbHbIX paboT MO NOArOTOBKE TPAHLLEW MPK
CaMOM NPOTSKEHHOM BapuaHTe cocTaBnsieT 8,5 MiH. M°.

B niobom apyrom BapuaHte — 4-4,5 miH. Mm%,

[OHoyrnybuTenbHble paboThl BbINOMHAIOTCS CreLManman-
POBAHHbIMW JHOYTNYOUTENbHBIMI CyAamMu — GPe3epHLIMM
3eMCHapsaLamMm 1 CamoX0LHbBIMY TPIOMHBIMM 3EMAECOCA-
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MonepeyHoe ceyenue cexumum
TOHHens

TOHHE/IN

MU C BbIBO30OM BbIOPAHHOTO rpyHTa B NOABOAHbIN OTBA.
JHoyrnybuTenbHble onepaunn ConpsxXeHs! ¢ HaHece-
HWEM 3HAYNTENBHOTO yLLep6a 3KONOTUYECKOI CUCTEME,
CBSI3aHHOI0 C 3aMYTHEHWEM BOJbl B MecTe pa3paboTkiu
rPyHTa 1 B MECTE NOABOAHON cBanku. OgHAKO TEMN 3TUX
paboT HanpsAMYyIo YBA3aH C TEMMOM COOPYXEHWS TOHHENS
1 No MacLTabam COBPEMEHHBIX IHOYT IYOUTENbHBLIX CYLOB
04eHb Heennk — nopsaka 200 Teic. M® B MecsL. Kpome
TOr0, PEMOHTHbIE HOYrNyOUTENbHbIE PaboThl B KepyeH-
CKOM NPOoJMBE BeLyTCS NOCTOSHHO B CYZ10BbIX XOAaX BLO/b
1 Nonepek Nposuea.

Co3paHue 0CHOBaHUS NOA TOHHENb. B kayecTee
OCHOBaHMS UCMONb3YETCS CNOW LEOHS (Mnu rpaBus) ToN-
LUMHOM 2 M. [OCKOMbKY Y NOFPYXHOMO TOHHENS B FOTOBOM
COCTOSIHMM HE3HAYNTENbHAA OTPULATENbHAS NABYYECTb,
€r0 [1aBneHne Ha OCHOBAHWE TAKKE HE3HAYUTENBHO.
VIMEHHO N03TOMY HMKaKMX Cepbe3HbIX 06beMOB paboT no
YCTPOWCTBY GyHAAMEHTa NOA TOHHENb B OT/AUYME OT MO-
CTOBOrO Nepexoda He npegnonaraetcs. Kpome Toro, npu
ceicMmnyecknx konebaHusx NOABUXKKM AHa He OyayT nepe-
[,aBaTbCs HAa TOHHENb, MOCKOMbKY HET XECTKOr0 3akpenne-
HUS TOHHENs K GyHaameHTy. O6bem paboT No Co3aaHMI0
OCHOBaHWSI (151 BapMaHTa TOHHENS C MakCyManbHOA
JJIMHOW) COCTABUT OKOMO 2,5 MATH. M3, NSl UX BbINOSHEHNS
noHanobaTcs cneuyanbHo 06opyaoBaHHbIE Bapxu — kaTa-
MapaHbl C TEXHONOMMYECKUMU MOCTUKaMK, BAOMb KOTOPbIX
nepemMeLLaeTca pacnpefennTensHoe YCTPOMCTBO AN
paBHOMEPHOW yKnaakm LeBHs (Mnn rpaBus) B OCHOBaHMe.
Mopo6HbIe paboThl BLINOAHAAMCH NPK cO3aaHUM GyHaa-
MEHTOB NUNOHHLIX ONOP MOcTa PuoOH-AHTUPMOH B KopuHb-
CkoM 3anmee (Ipeuus).

M3rotoBneHmne cekuuii TOHHEN B CYXOM JOKe.
Cekuyn ToHHens GyayT U3roTaBAMBaTLCS U3 MOHOMTHOMO
xene3o6eToHa. [1ns MMHUMW3aLn TpeLwHoobpasoBaHms
0T ycaakv 6eToHa npu TBEPAEHUM NOHAA00TCS cneum-
anbHble MeponpusTis. OHWM MOTYT BKNIOYATb MPUMEHEHNE
6e3ycaio4HbIX CaMOYMIOTHSIOLLMXCS cMeceit ans be-
TOHMPOBAHUS CEKLMIA HA BCIO BLICOTY CEYEHUS!, Ceuu-
aNbHble PeXMMbI TENOBNAXHOCTHO 06paboTkn 6eTOHa,
BKJTIOYAs MCKYCCTBEHHOE OXNaXAeHMe (0TBOL Tena) npu
TBEPAEHUM BETOHA, U, ECTECTBEHHO, YTENNEHWe onanyoku.
Pa3ymeeTcs, co3paHne cyxoro fioka camo no cebe — ao-
CTaTo4YHO 06bEMHas 3aaa4a, OAHAKO C Y4ETOM Pa3mMepoB
CeKLM Takoe COOPYXEHWE BMOJIHE OCYLLECTBMMO U NOCNe
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3aBepLLEHUs CTPOMTENLCTBA MOXET 1CMOb30BATHCS A1
CNMNOBaHWS N PEMOHTA CYA0B.

BbiBOA cexumy TOHHENS B NPOEKTHOE NONOXEHue.
['oTOBas cekuys 060pyayeTcs No Topuam CTLIKOBLIMU KaMe-
pamu n repmetnampyetcs. Cyxoi 10K 3an0HSETCS BOAON W
CeKLMS, UMEIoLLLast NONOXMTENLHYIO MNaBYYECTb, BbIBOANUTCS
B akBaToOpMI0, BYKCUPYETCS K MECTY YCTAHOBKM W 3aTann-
BaeTCs B NPOEKTHOE NOoXeHMe. B kayecTe Gannacta Mo-
XET BbITb MCNONB30BaH NPUrPY3 MO0 BPEMEHHbI BOAHBIN
6annacr. [ocne CTbIKOBKW CEKLIMM C PaHee YCTaHOBNEHHON
KOHCTPYKLEN 0TKA4MBAETCS BOAA U3 CTHIKOBOW KaMepbl,
Mocne 4ero NPOM3BOAMTCS OKOHYATENbHOE 0POPMIEHIE
CTblka. BpemeHHbIi npurpy3, 06ecneumBaroLii Haxoxae-
HI1e CEKLIMM B MPOEKTHOM NOIOXEHUMU, MOXET ObiTb yaaneH
nocrne yknagkv B TOHHENE MOHOAUTHOrO GeTOHA NANTI
npoesaa 151 aBBTOMOOMIbHOI 1 XENE3HOA0POXHON YaCTeN.
Inst obecneyeHuns Heobxoammoro Beca bannacTa JOCTaTOY-
HO YNOXMWTb NAUTY TOALLMHO 20 CM.

3awuTHas 3acbinka TOHHENs CKaNlbHbIM FPYHTOM.
06cbinka rotoBoro 06bekTa ckasbHbIM FPYHTOM BbINOSHSI-
€TCS 10 «4epHbIX» (MPUPOAHBIX) OTMETOK [IHA U CIIYXUT s
CTabuUNM3aLMM NONOXEHNS TOHHENS U 3aLLMTHI KOHCTPYKLIA
0T YZapOB NPy aBapusix CyL0B AW NpU OTLAYe CYLOBbIX KO-
peit. O6LMIn 06beM 3aChINKK COCTABUT 0KONO 1,7 MAH M,

Cpoku, 06beMbl U CTOMMOCTb

MpooMKUTENLHOCTL CTPONUTENBCTBA TAKOTO COOPYXEHNS
[0CTaTOYHO Benuka. MNepBbiii 3Tan — COOPYXEHNE CYX0ro
[0Ka N BPDEMEHHOI MHAPACTPYKTYpbl — 3aiMeT 0T 8 10 12
MecsiLeB. 3a 3TOT Neprog, HE0BXOAMMO BbINOAHUTL AHOYT Y-
61eHMe 1 OTChinaTb OCHOBaHME NoA TOHHENb.

[anee paboTbl ByLYT BLINONHATLCS MO LMKANYECKOI
CXeMe, BKJIo4aloLLeit BETOHNPOBAHUE CEKLLMM, BBIBOA,
rOTOBOM CEKLMM B aKBATOPWIO, YCTAHOBKY B MPOEKTHOE
NnoJioXXeHne Ha oHO, CTbIKOBKY U repmeTn3auuio, 3a-
LWMTHYIO 3aChbINKy TOHHEeN4d. an TeMne N3rotoBneHuns
CeKumi 2 WT. B Mecsy, 061125 NPOAOIXMUTENbHOCTb 3Tana
COCTaBuT 42 MecaLa C Y4eTOM TPEX HEBNAronpusTHbIX
MecsLEeB, kora paboTbl He NPON3BOLAATCS (LUTOPMOBbIE
ycnosu4, ne,uoxo,u). SaLLI,I/ITHaﬂ OTCbINKa NPOM3BOANTCA C
OTCTaBaHWEM OT MOHTaxa cekumii Ha 300 M, YTO YBEANMYUT
NPOAOMXMUTENBHOCTb 3Tana eLle Ha 2 Mecsaua.

Ha 3aknio4nTensHOM 3Tane BbINOMHATCS paGOTbI no

TpaHCnOPTUPOBKA CEKLMM
TOHHENs

YCTPONCTBY NPOE3Xei 4acTy, YKNaKe XeNe3HOA0POXHbIX
nyTew, NPoKnajKe KOMMYHUKALWIA 1 CEPBUCHbLIX 0BY-
CTPOWCTB (CUCTEM BEHTUASAILWMMN, MOHUTOPUHIA, BUAEOHA-
Oni0eHNs, OCBELLEHNS 1 T.N.). [TPOAOIKMTENLHOCTb 3Tana
— 6 mecsues.

Takum 06pa3om, 06LLas NPOAOIKUTENBHOCTL CTPOUTENb-
CTBa COCTaBMT 58-62 mecsaua, 4To Npy NpeanonaraeMbix
o6bemax paboT NPeACcTaBNAETCS 4OCTAaTONHO CXaTbIM
CPOKOM.

06bembl paboT 1 UX CTOUMOCTB:

[royrnybutenbHbie pabotl (8,5 MiH. M%) — 1,7 Mipg pyb.

Orcbinka rpasus (2,5 MiH. M3) — 3,2 MApA pyo.

MoHTax cexkuuii ToHHens (1040 Toic. M%) — 78 mnpg, pyo.

OTcbinka ckasnbHbIM rpyHTOM (1,7 MAH. M%) — 2,5 mnpa pyo.

BpemeHHas nHppacTpykTypa, BKAoYas Cyxom oK —

18 mnpg pyo.

CTOMMOCTb COOPYXEHMS OLEHNBAETCS NPUONN3UTENBHO
B 103 Mnpa py6. (Npu pacnonoxeHnun ToHHeNs B KOXHOM
CTBOpE C ANMHOM 6,2 kM) unu 156 Mapa, py6. (B WIMPOKOA
4acTi NponmBa, 0bwas anuHa — 11,7 km).

K HemocTtaTkam BapuaHTa Nepexo/a B Buae NorpyxHoro
TOHHENS CNeAyeT OTHECTW HEBO3MOXHOCTb Pa3aeneHus
paboT Ha iBe 04epeam (kak B Clyyae C MOCTOM), OAHAKO C
Y4ETOM 3HAYUTENBHON Pa3HMLbl B CTOUMOCTM BECb TOHHENb
6yneT cTouTb He BosbLIe, YeM NepBast 04epeb MOCTa C
[BYMS! N01I0CaM @BTOMOGUNBHOIO IBUXEHMS 1 OBHUM
XENe3HOLOPOXHbLIM NyTEM.

B 3aK/1104eHIE XO4ETCS OTMETUTb eLLe OIHO HeMano-
BaXHOe 06CTOATENbCTBO. 3afaHNeM Ha NMPOEKTUPOBaHNE
MOCTOBOr0 nepexofa B Ty3/IMHCKOM CTBOPE Ha CTaauun
T30 ( ucnonHutenb OAO «MNpPOTPaHCMOCT») YCTAHOBNEH
NOAMOCTOBOIA rabapuT B CyB0X0AHOM nponeTe 35 M Ha
0CHOBaHuK nucbma MenepanbHOro areHTcTBa MOPCKOro U
peyHoro TpaHcnopta. 1o MMerLLMMes MaTepruanam Mex-
roCyLapCTBEHHOMO 3KCnepTHOro coseta (Poccus —
YKkpaunHa), pa3pabaTbiBaBLLIEro HECKONbKO NEeT Ha3af,
TEXHWYECKWE YCNOBMS ANs NPOEKTUPOBAHNS Nepexofa,
370T rabapuT Obin 3afaH B 60 m!!! O6ocHOBaHMS 3TOrO
napameTpa y aBTopa AaHHOI CTaTby, K COXaNEeHMI0, HET,
HO ECTb, K TPUMEpY, AaHHble 0 3axoae B Aekabpe 2011
rona B Mapuynonbckuid nopt 6ankepa nengentom 56 000
T ¢ rabaputom 45 m. BrionHe BeposTHO, 4T0 Pocmoppey-
$noT 3anpaluuBan xapakTepuUCTUK Cy0B, CReayIoLLmMX no
KepyeHckoMy nponuBy, TOMbKO y NopToB PP 1 He nonyyan
3TN JAHHbIE (A, HABEPHOE, M HE MOT) OT COOTBETCTBYIO-
LLMX YKPAUHCKKX CTPYKTYP. ECan Xe okaxeTcs, 4To Ans
OCYLLECTBNIEHNS CYAOXO0ACTBA NOA HOBBIM MOCTOM HE00-
XOAMMO YBENNYNTL rabapuT npoxosa xoTs Obl 10 45 M, T0
LYMAETCH, YTO NPOEKTUPOBLLUMKM CTONKHYTCS C CEPbE3HOIA
npobaeMoi, CBA3aHHOM C KOHCTPYKLMEN QYHAAMEHTOB
onop. [1eno B TOM, Y4TO COYETAHME MACCUBHOWN TONLLYM
cnabblx rPYHTOB C BbICOKOM CEACMUYHOCTbIO NOLLAAKN
noTpebyeT COOPYXEHMS OrPOMHOr0 GyHAAMEHTA laxe
npu 35-MeTPOBOIA BLICOTE OMOP. A NpK YBENNYEHHOM
rabapute ([0 45 M) BO3HMKAIOT YXe Cepbe3HbIe COMHE-
HWS B peann3amn NpoekTa MocTa, No KpanHen Mepe, B
COOTBETCTBUM C 3asiBNEHHbIMM [paBuTENLCTBOM Poccum
duHaHcamm 1 cpokamu. M Torpa naes KoOMOMHUPOBAHHOTO
nepexona B BUAE TOHHENS (MO CYBOX0AHOW YaCTbio Npo-
JIMBA) U HU3KOBOJHOMO MOCTa NPUOBPETET aKTyaNbHOCTb 1
NpUBNEKaTeNnbHOCTb.
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A POSSIBLE STRUCTURAL

SOLUTION

FOR KERCH STRAIT
CROSSING

The transport crossing through the Kerch Strait is aimed at resolving the acute
transportation problem of underdeveloped communication line between
Krasnodar Region and Crimean peninsula by ensuring efficient and smooth road
and rail movement of goods and passengers across the Strait.

Building conditions of the Kersh Strait area are
severe enough, both in terms of hydrology
and ice drifts, and also for geological structure
and seismic activity. The strait is rather shallow
(about 7 meters deep), except for dredged
navigable channel (which is 15 m deep).

In springtime wind-induced current brings
heavy ice from the Azov Sea in the Strait, thus
endangering bridge piers. Estimated seismicity
rate of the area reaches 9 points. The strait
bottom is covered by 50 m thick mud deposits.

The criteria

A bridge crossing built in these conditions
shall satisfy the following criteria:

1. Bridge span must ensure temporary
loads from four-lane A14 road, from double-
track C14 railway, and presumably also
additional loads from high-voltage power lines,
gas pipelines, water supply networks, and
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telecommunication lines. Minimum length
of navigable span will reach 220 m, vertical
clearance cannot be not less than 45 m.

2. Bridge pillars have to be massive and
equipped with ice-cutting mechainsms
mounted on the ice-drift level, or otherwise
lying upon a massive concrete slab that rests on
consolidated ground. The weight of pillars will
have to be increased due to weak soils located
in the upper part of geological section and high
seismicity of the area.

3. Both suspended and cable-stayed bridge
solutions are unachievable because of the railway
load effect. No wonder that with such input data
the cost of crossing raised as high as 200 billion
rubles and could raise more .

This article presents a possible option of
the Kerch Strait crossing design, and namely,

a large section tunnel that can incorporate all
necessary elements of the crossing: motor roads
and railways, communication lines, service and
emergency exit routes.
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A.N Volozhin,
Deputy Chief Engineer
JSC “USK MOST”

The “Underground Horizons”
has already touched upon the
Kerch Strait crossing issue
(see Ne1). As a follow-up,

we publish here an article
examining a possible solution
for the Kerch crossing based
on the immersed tunnel
technology. The proposed
option offers an efficient, cost
effective and secure solution
(on immersed tunnels

see also our “Historical
journeys”). Although the
decision has been already
taken in favour of a combined
road and rail bridge passing
from the Taman Peninsula
through the Tuzla Spit
towards Kerch, we believe
that the version of Crimean
crossing presented here

will nevertheless attract our
readers’ attention.
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1 — Road traffic 2 lanes

2 — Services and evacuation

3 — Communications (gas, drainage)

4 — Electrified railroad and emergency operating aisle

Cross section of the combined Kerch Strait tunnel element

.
e

Immersed tunnel section (South Korea, 2008)

Itis obvious that to bore a tunnel of these
large dimensions is not possible. The more so,
a TBM bored tunnel shall lie below the slimy
ground, which will significantly increase its length,
considering longitudinal gradients. Drilling ata
depth of 50 meters under a thick soft soil strata
means drilling under significant hydrostatic
pressure. All these factors make the bored tunnel
option unable to rank even with the bridge solution.

In a given situation, a possible way out could
be an immersed tunnel with a cross-section
sufficient to accommodate all necessary
structural elements. The immersed tunnel
can be located at the soft soil level, and this
important feature makes total length of the
tunnel comparable with that of the alternative
bridge structure. In this case, the cost of the
crossing will be much lower, as there will be no
more need for massive bridge pillars drilled in
Kerch Strait waters, and deep and expensive
TBM tunneling will not be needed either. Total
length of the structure including railway track
longitudinal gradient will be about 6.2 km.

Section 150 m — 35 000 t/13 284 m®
Ocapka Ha nnasy — 5860 mm
Ballast weight — 2500 t

The immersed tunnel technology involves:

m manufacturing precast concrete tunnel
sections within a dry dock, the length of the
sections is about 150 m;

m dredging the trench at the bottom of the
Strait to accommaodate the tunnel;

m floating out and towing positively buoyant
sections to the installation site;

m installation (sinking) of precast sections on
a prepared bed;

m coupling of sections and sealing the joints;

= pumping water out of coupling chamber;

m protective backfilling with rocky ground;

m construction of carriageway and track bed
structures, installation of tunnel operating
systems and communication lines.

Tunnel alignment options

There are now approximately 150 immersed
tunnels that have been built worldwide. The
design and technology of immersed tunnels

ensure competitive construction costs, a
significant reduction of construction risks and
relatively low operating costs as compared with
alternative solutions.

According to preliminary estimates, the cost
of immersed tunnel for the Kerch Strait crossing
will be about 100 billion rubles.

Technology

There are five basic technological processes
underlying the submerged tunnel construction
that determine both building timeline and
project planning. These processes can be partly
executed in parallel, but remain essential for
setting up the construction schedule:

1. Dreging a trench in the bottom of the
strait to accommodate the tunnel. The trench
depth varies along its axis; the maximum
depth is determined by the necessity to locate
all elements of the tunnel structure under
navigable channel.

The water depth of the fairway is 15 meters,
the height of protective riprap above the tunnel
is 4 m, the tunnel section height is 8.7 m, the
thickness of gravel bed to be prepared for
placing the tunnel section onitis 2 m. As a result,
a total minimum excavation depth of the trench
for the tunnel placement will be about 15 m. With
railway track longitudinal gradient equal to 12 %,
the minimum total length of the tunnel alignment
up to the water edge will be 5 km, which is equal
to the shortest distance between the two coasts
of the Strait in Zhukovsky and Yenikalsky sites,
and parallel to the existing ferry crossing line.

An alternative route will be about 11 km long,
so that there will be no need to pass along the
Chushka spit. The amount of dredging required
for seabed intervention along the longest route
option is 8.5 million m?; in case of any alternative
route it will amount to 4-4.5 million m®.

Dredging works will be carried out by
specialized dredging vessels, that is by
cutter-section dredgers and trailing suction
hopper dredgers; the excavated ground will be
disposed in underwater stockpiles. Dredging
operations cause considerable damage to
the aquatic and marine environment: in the
excavation area and near the stockpile the
water becomes cloudy. However, the pace of
dredging work is directly linked to the tunnel
construction rate, and in view of modern
dredging facilities is very small — about 200
thousand cubic meters per month. Furthermore,
dredging along and across the Kerch Strait for
navigation purposes is performed continuously.

2. The immersed tube foundation prepared
on the seabed. The tunnel is based on 2 meters
thick broken stone (or gravel) layer. Since
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the immersed tunnel in its finished state has a
slightly negative buoyancy, the pressure it exerts
on the foundation is also negligible. That is why
no extensive works on tunnel foundation are
suggested, unlike it would happen in the bridge
case. Furthermore, in case of seismic vibrations
the sea floor shifts will not be transmitted to the
tunnel, as the tube is not rigidly anchored to

the foundation. The amount of works needed

to construct the tunnel foundation (for the
longest tunnel option) will be about 2.5 million
m®. To implement these works a job-dedicated
machinery will be needed: specially equipped
barges - catamarans with technological bridges;
along these bridges moves a dispensing device
designed for spreading in uniform layer the
crushed stone aggregate (or gravel) on the
base. Similar works were performed for the
construction of the Rion-Antirion bridge in the
Gulf of Corinth (Greece).

3. Prefabrication of tunnel sections in a
dry dock. The tunnel sections will be made
of in-situ reinforced concrete. To minimize
concrete cracking caused by shrinkage during
the curing process, some specific measures
will be required. These may include the use of
non-shrinking self-compacting compounds to
cast the sections for the full height along with
special thermo-moisture treatment of concrete
including artificial cooling (heat transfer) during
the concrete hardening, and, naturally, insulated
formwork. Of course, dry dock construction is a
quite heavy task by itself, but given the size of the
tunnel section, the task is entirely feasible, and on
completion of works the structure can be used for
vessel slipping or repair.

4. Installation of tunnel section into the design
position. Finished sections are equipped with
coupling chambers located at butt ends and
are sealed with watertight immersion joints.

The dry dock is then filled with water, and the
section having a positive buoyancy is floated to
the aquatic area, towed to the installation site
and sinked into the design position. Either a
kentledge or a temporary water dead weight can
be used as ballast.

5. Protective backfilling with rocky soil. The
rocky soil envelop shall reach the "black” sea
bed level (existing relief elevation). It is needed
to stabilize the tunnel and protect the structures
against possible damage in case of shipwreck
or dropped ship anchors. The total volume of
backfill will amount to 1.7 million m?,

Timing, work volumes, costs

Actual construction of immersed tunnels
takes much time. The first stage which is the
construction of a dry dock and temporary
infrastructure, will take 8-12 months. The
dock construction shall be performed in
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Combined (road and rail) tunnel section in Oresund (Denmark, 1999.)

parallel with the tunnel base dredging and
backfilling.

Further works are performed following an
operation cycle that consists of casting a tunnel
section, floating it to aquatic area, installation it
into the design position on the bottom, joining the
sections, and sealing the joints. Then the tunnel
is backfilled. With the productivity of 2 tunnel
section per month, the construction stage will
take 42 months, here included the three months
of adverse weather conditions when works cannot
be carried out (storm surges, ice drifts). Protective
backfilling shall be performed at a 300 m distance
from the last sections installed; and this will add
another 2 months to the construction period.

At the final stage the remaining works
are carried out: carriageway construction,
platelaying, communications lines and services
(ventilation systems, technical and CCTV
monitoring, lighting, etc.). The stage duration is
about 6 months.

Thus, the total duration of the construction
period will be 58-62 months, which, given the
scope of work to be performed, is quite a short
time.

Work volumes and costs:

= Dredging (8.5 million m®) — 1,7 billion
rubles.

m Backfilling with gravel (2,5 million m3) — 3,2
billion rubles.

m Installation of the tunnel sections (1040
thousand m?) — 78 billion rubles.

m Backfilling with rocky soil (1,7 million m3)
— 2,5 billion rubles.

m Temporary infrastructure, including the dry
dock — 18 billion rubles.

The cost of construction is estimated at about
103 billion rubles (when the tunnel is located in
the southern alignment and is 6.2 km long), or
156 billion rubles (when the tunnel is located in
the widest part of the Strait, and is 11,7 km long).

The disadvantages of the crossing realized
using the immersed tunnel technology
should include the impossibility to divide the
work into two stages (as is the case with the

bridge option), but given the significant cost
differential, the cost of the entire tunnel will not
exceed the cost of the first stage of a two-lane
and one rail bridge.

In conclusion | would like to mention a
circumstance of no smallimportance. In the
design assignment for the bridge crossing on
Tusla alignment on the feasibility study stage
(implementing partner of the project was JSC
“Giprotransmost”) the underbridge clearance
in the navigation span was equal to 35 m as was
defined in the instruction of Federal Marine and
River Transport Agency. According to available
records of Interstate expert council (Russia-
Ukraine) involved in the development of the
design specification for the crossing project
some years ago, the underclearance was set at
60 m!!! Unfortunately, the author is not aware
of how this parameter was substantiated, but
there are some available data, for instance, on
entrance of a dry balk carrier of 56000 tons dead
weight and of 45m size in the Mariupol port.

It is very likely that Rosmorrechflot had
requested the characteristics of vessels that
navigate the Kerch Strait only from Russian
ports, and did not receive similar data (perhaps
it was not possible) from relevant Ukrainian
structures. And if it turns out that for navigation
under the new bridge the clearance should
be increased at least up to 45 m, then it
might happen that the designers will face a
serious problem related to the abutment pier
foundations structure. The fact is that the
combination of a massive column of weak
soils with high seismicity of the area would
require a huge basement even if the abutment
piers will be 35-meter high. With the increased
gabarite (up to 45 m) serious doubts arise
over the bridge project as such, at least in
view of the costs and deadlines set by the
Russian government. And then the idea of a
combined crossing realized as a tunnel (under
the navigable part of the Strait) and a low
water bridge over it, will become relevant and
attractive.
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Xpebnii 6poLueH, peLueHne npuHaTo — KepyeH-
CKwif epexon AJ151 XeIe3HOA0POXHOIro
M aBTOAOPOXHOIr0 TPaHCNoPTa OyAeT MOCTOBbIM.

PemeHme 4MCTO NOSIMTUYECKOE U MPUHSATO OHO BOMPEKM
30paBOMy CMbICITy, BeZlb MOCTOBOI NEPEXOS, MPOUTPbI-
BAET TOHHENBHOMY M0 BCEM TEXHUKO-3KOHOMMYECKUM
KpUTEPUMSIM,  TAKKE B HAAEXHOCTW 1 LONITOBEYHOCTM B
YCNOBUSIX arPECCUBHOI CPeabl, MO CTOMMOCTM M CPOKaM
cTpouTenscTea. Kpome TOro, TOHHENbHBI BAPUaHT No
CPaBHEHMIO C MOCTOBLIM 0BECMEYMT YHLLYI0 COXPAHHOCTb
MECT apXE0IOrMyeCkmx M3biCKaHuii. ITOT BAPUAHT He Nyy-
LI 1 B naHe obecneyeHuns 6e30nacHOCTM, B TOM YUCTE:

B CTpaTernyeckom;

B MOpEnaBaHns;

M CEeinCMUYECKOIA;

B CTPOMTENbCTBA B CYLLECTBYIOLLMX MTMAPOMETEOPONOM M-
YECKMX (Hanmymne yparaHHbIX BETPOB, NEASHBIX 3aTOPOB 1
TOPOCOB) M rE0NOrMYECKMX (Hannume 40 M TOMLLM MOBbIX
OTNOXEHUIA, FPSAZEBLIX FEA3EPOB) YCNOBUSIX.

Hy 1, HakOHeLL, CamMOe rMaBHOE, B MMPOBOIA MPAKTUKE yXe
HaKONNEH 3HAYUTENBHBIV OMbIT CTPOMTENLCTBA U KCnyaTa-
LWV FyBOKWMX W NPOTSXEHHBIX NOABOAHBIX TOHHENEN, CaMbl-
MU 13BECTHBLIMM 13 KOTOPLIX IBASIOTCS TOHHENb CellkaH (53
kM), NOCTPOEHHBIN B 1988 rogy mexay AByMst 0CTPOBaMM Mog,
nponveom Llyrapy B AnoHum, 1 49-knnoMeTpoBbIi EBPOTOH-
Henb Nog, NPonnBoM Jla-MaHL, BBELEHHBIN B SKCMyaTaLymio
B 1994 ropy. CTout 06paTnTL NPUCTANLHOE BHUMAHIE U HA
[1Ba COBPEMEHHbIX MPOEKTa: aBTOLA0POXHOIO TOHHENS NOA,
nponveom bocdop B Typuuu, coeaunnsioLero Asuio n Es-
pony, 1 TOHHENBHOIO Nepexoaa Nof, pekon AHL3bI B Llanxae
(KHP). O6a aT1x coopyXeHust MOryT NpeacTaBnsTs co0oi
npoToTun KepyeHcKo nepenpaebl Mo Y4acTy CMOMb3YEMbIX
TEXHOMOMMIA M3-3a CXOXKUX MHKEHEPHO-TE0N0rMHECKIX
ycnosui. Tpu nx COOPYXEHUM MCMONB30BANCH MEXaHN-
3MPOBaHHbIE TOHHENENPOXOAYECKME KOMMNEKCHI B0BLLOrO
avametpa.

OoOwue ceeaeHus 00 o0ObeKTax

LLlaHxaiickunit aBTOLOPOXHbIN TOHHESb, PACMON0XEHHbIN B
I0XHOW YacTy fenbTbl peku AHU3bI (pyc. 1), SBASETCS OBHUM
13 BOXHENLLIUX MHDPACTPYKTYPHBIX NPoekToB Kntas. 310
Cambli1 60NbLLIOI B IMamMeTpe NOABOAHbIA TOHHENb B MUPE.
Ero npoTskeHHOCTb COCTABNSAET OKOO 9 KM, @ BHELLHMIA
AVaMeTp KaXaoro 13 AByX TOHHeneh — 14,2 m (npu aname-
Tpe TOHHenenpoxoa4eckoro komnnekca 15,36 m). Hanbonb-
Lwee 3arnybneHne TOHHENs Nof, PeKoii COCTaBNSIET OKONO
45 m. MpoekT 3agymbiBancs yxe B Havane 1990-x ronos,
0AHaKO NPeanpPOEKTHLIE MCCNEA0BaHUS HAYANNCh TONBKO
8 1999 roay v B 2005 roay 6binn OKOHYATENBHO ON0BPEHbI.
BblaeneHHble cpeacTea cocTaBnaoT 12,6 Mnpa toaHeii (B
3Ty CyMMY, MOMUMO CTPOWUTENBCTBA TOHHENS, BXOAMT NPO-
Knajika Tpacchl ANMHOI 25,5 KM 1 BO3BEAEHME MOCTa Yepe3
CEBEPHbI MPOAMB peku FAHL3bI NPOTIXEHHOCTLIO 000 10
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ocoGeHHocTH (cBEpXy
— NpopONbHbLIA paspes
EBpasuiickoro ToHHens,
cHuay — Llanxaiickoro)

KkM). MpoekT dpuHaHCcMpoBancs AByMst UHBECTOPAMU —

5 mnpp toaHei Bolgenunn Shanghai Chengtou Corporation v
Shanghai Road Construction Cooperation, 13 kotopbix 60%
NPVUHABNEXUT NepBeoii kopnopauwm, 40% — BTOpOW 1

7,6 MnpL, t0aHei BNoXwua KOHcopLmym BaHkoB (Bank
Consortium) Kutas. CTpontensCTBo TOHHENs Hauato B 2004 T.
1 YCMELHO 3aBepLueHo B nione 2010 .

[pyroii He MeHee UHTEPECHbI NOABOLHDIA aBTOLOPOXHbIN
[BYXYPOBHEBBIV TOHHEb, NOAYYMBLUMI Ha3BaHNE EBpasus,
MPOXOANT CTaamio CTPOMTENLCTBA B TypLMM. 3TO COOpYXe-
HVe Nog NPonmMBoM Bochop Npr3BaHo CoeanHUTL A3natckuii
1 EBpONencKuin KOHTUHEHTBI, 1 HA CErOAHSLIHWIA AEHb CYnTa-
€TCS CamblM rNy6OKMM NOABOAHLIM TOHHENEM B MUPE (Hau-
6onbluas rnybuHa ero 3aneraxus coctagnsieT 106 m) (puc. 2).
TOHHeNb ABNSETCS YaCTblO IOPOrU, MPOTSHKEHHOCTLIO 14,6 KM,
A/IMHa caMoro ToHHeNs — 5,4 km. Moaxoabl K BOAE CTPosTes
OTKPbITbIM CNIOCOBOM (eBponeiickas YacTb) U HoBoaBCTpuit-
CKMM METOAOM (a3uatckas YacTb). MoaBogHas YacTb TOHHENS,
COCTaBnsoLLAs 0KONO 3,6 KM, COOPYXaeTCs C UCTIONL30BAHEM
TOHHENENPOXOAYECKOro KoMmriekca koMmnaHuu Herrenknecht.
BHewwHmin iameTp ToHHeNs — 13,7 m. [poekT CTOMMOCTbIO
okono 1,3 mng, gonnapos CLUA nnaHnpyeTcs 3aKOHYNTL B
TeyeHue 55 mecsues. OKOHYaHWe NPoeKTa 1 BBOA TOHHENS B
akcnnyarauuio HamedeHsl Ha 15 nioHs 2015 roga. Ha HacTos-
LLMIA MOMEHT peann3aums ULET, COrnacHo rpaduky, yenewHo
NPOIAEHO OKONO 2 KM NOABOAHON YaCTW TOHHENs.

Feonornyeckue oco0€HHOCTU

06a TOHHens HaXoAsATCA B CEICMIYECKM OMaCHbIX 30HaX,
OLIEHMBAEMbIX COOTBETCTBEHHO B 7 11 9 6@nnos no Lukane
Puxtepa 1 B CROXHEMLLMX re0NorMieckux yCnoBusix, FpyHTbI
NPeACTaBNEHbl UNamMm1, NNACTUYHON MINHO, 06BOAHEHHLIMM
TIMHUCTLIMW MEcKamm, CynecsiMu 1 CyrMHKaMu, KoTopble
MNP MEXaHUYECKOM BO3AENCTBMM NEPEXOAAT B TUKCOTPON-
HOE COCTOsIHME (puC. 2). B 0Boux ciyyasix UMEtoTCs 30HbI
MPEeAnonaraeMoro Bbixofa ra3a (MeTaHa), IMH3bl C BOAON.
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KOHCTpyKTUBHbIE NapaMeTpbl

06paenka EBpasuniickoro TOHHeNs MeeT TonwmHy 0,6 M 1
BbINO/THEHA W3 Xene306eTOHHbIX B10KOB LLMPWUHON 2 W [NIMHO
0KONO 5 M. BHeLLHWiA amameTp ToHHens cocTasnsieT 13,7 M.
Takum 06pa3oM KofbLO TOHHENbHOW 064e1KN COCTOUT U3
8 cTaHaapTHbIX 610KOB 1 OAHOTO 3aMK0BOTO (puc. 3). Bee
6nokm n3roToBneHsl 13 6eToHa knacca C60, apMm1poBaHbI
METaNIMYECKIM KAPKACOM, BbIMOJHEHHBIM 13 apMaTypbl
knacca A4, Takxe COAepXaT CUHTETUYECKYO GUBPY, HE
TOMbKO CHUXAOLLYIO 3D dEKT TPeLMHo0Bpa3oBaBaHus
npwv TBEPAEHUN 1 HAOOPE NPOYHOCTY BETOHA, HO 1 NOBBI-
LUAIOLLLY0 NOXAPOCTOMKOCTb KOHCTPYKLMM. Kaxabii 6nok
TOHHENbHO 06/eNKN CHabXeH ABYMS PsAaMM PE3VHOBbIX
rackeT, 00eCne4MBaIoLLX BOLOHENPOHMLIAEMOCTb CThIKOB.
Bnoku ToHHEeNbHO 064e/KM NPU MOHTaXe COeAUHAIOTCS
cneunanbHbIMX METANNNYECKNMN 6ontamu pa3mepom
38xM39. Mocne MoHTaxa kaxaoro KonbLa 3a 004Ky TOH-
Hens NPOVM3BOAAT HArHETaHVE CNeLManbHOro ABYXKOMMO-
HEHTHOrO OpraHo-MUHEPabHOTO COCTaBA, KOTOPHIN BLICTPO

Puc. 4. NMponssoacteo

W XpaHeHue 6N0KoB
TOHHeNbHoM 06aenky LWan-
XaiiCKOro TOHHeNs

TBEpAEET 1 HABMPAeT NPOYHOCTb, MPY 3TOM 06ecreynBaeT
MOJIHbII KOHTAKT TOHHENbHOM 064EMKM C OKPY)XatOLLMM rPYH-
TOM U HEOBXOAMMYIO BOAOHEMPOHULLAEMOCTb. BHYTPEHHSIS
KOHCTPYKLMS TOHHENS TAKXe BbINONHAETCS 13 MOHOMUTHOMO
6eTtoHa knacca C60 u npeacTasnseT coboi 1BYXyPOBHEBYIO
MOCTOBYIO KOHCTPYKLIMIO, CBSI3aHHYIO C BHeLUHel 064enkoi
3aKnaLHOM apMaTypon (puc. 5). Ha BepxHeEM 1 HUXHEM
YPOBHE COOPYXEHS pacnoNoXeHO No ABE NONOCki 2 X 3,5 M
AN aBTOMOBUIBLHOTO TpaHenopTa. TOHHENb NpeaycMaTpu-
BaET NPOE3L, TO/bKO NIErKOBbIX MALLMH U MUHK-BTOBYCOB
10 3,5 T, Tak kaK BbICOTa KaXA0ro YPOBHSI COCTABASIET OKONO
3,4 M B cBeTy. Yepes kaxable 220 M TOHHeNb 000pya0BaH
3BaKOBbLIXOLAMY (TOYHEE, NEPEXOLAMM C OAHOTO YPOBHS HA
[LIPYroM) Ha Cny4ai BO3HUKHOBEHMS NOXapa 1 APYInX He-
LUTATHbIX CUTYaLMIA.

064enka TOHHeNs Mo PEKON AHL3bI TAKXE BbINOAHEHA
13 Xene300eToHHbIX BJI0KOB, N3roTOBAEHHbIX M3 BETOHA
knacca C60, 6noku MMeIT apMaTypHIi kapkac (puc. 4) n
COAEPXaT noMnponuneHoByto Guobpy, koTopas yBenu-
YMBAET CTOMKOCTb KOHCTPYKLMM Npu noxape. B oTanyme
0T EBpasuiickoro LLIaHxanCknii TOHHENb MMEET BHELLHWIA
avametp 14,1 M, kaxgoe ero KonbLO COCTOUT 13 7 CTaHAAPT-
Hbix 6JI0KOB (CErmMeHToB), 2 ONONHUTENbHBIX (C Pa3HbIMM
AnvHamu) n 1 3amkoBoro. LLinpuHa 6nokoB (konbLia) —
2,0 m, TonuwmHa — 0,65 M. Broku Takxe cHabXeHbl AByMS
psiLaMu racket, 06eCneyMBatoLLMX repMETI3aLMIO CTHIKOB
004enKM 1 BBINOSHEHHbIX M3 ChieLuanbHo HabyxatoLei
B Boge pe3nHbl (EMAM). Mpu moHTaxe 610KK (CErMEHTbI)
TakKe COeAMHSIIOTCS Mexay coboit bontamm pasmepom
38xM30. LLaHxaiickuii TOHHENb, MO CYTU AeNa, Takon Xe
[BYXYPOBHEBHIA. B 0Tnune ot EBpasminckoro Ha ero Bepx-
HEM YPOBHE NPEAYCMaTPMBAETCS TPEXNOAOCHOE ABUXE-
Hue. Mpuryem, NpUHUMas BO BHUMaHWe BbICOTY BEPXHENO
YPOBHS, PaBHyt0 5,5 M B CBETY, N0 TOHHENIO pa3peLLeH
npoesg, NPakTU4ecku iobbix BUAOB aBTOTPAHCMOPTA.
B LEHTPanbHOM YaCTW HKHETO YPOBHSA NPEOYCMOTPEHA
0fHa XENE3HOA0POXHAS NNHNA A8 NPOX0AA SNEKTPUYEK
1 MeTpo (puc. 6). BHYTPEHHSS KOHCTPYKLMS TOHHENS
BbINOSIHEHA 13 COOPHOrO M MOHONUTHOFO (TOBAPHOIO)
6eToHa knacca C60. V13 c6opHOro 6eTOHa BbINONHAETCS
LLeHTPabHbI KOPOB, NPeAHa3HaueHHbIA Ans Npoe3aa
noe3poB. Bce ocTanbHble 3N1eMEHTHI KOHCTPYKLMK Bbl-
MONHATCA N3 MOHONMTHOrO 6eTOHa. B TOHHENE UMeloTCs
0TCEKM ANs pa3MeLLeHNs aNeKTpUYecknx kabenei 1 Tpyod
BOJ0CHAOXEHNS N BOLLOOTBEAEHNS, @ TAKXE 3BAKOBbIXOb
ANl Nepexoaa Niofieii C ypOBHS Ha YPOBEHb B Clyyae He-
LUTATHbIX CUTYaLMIA.

OCc06eHHOCTU TEXHOJIOMMMN COOPYXXEHUS

lMpu cTponTenscTse Kak LLanxarnckoro, Tak 1 Espasuiicko-
IO TOHHENEN UCMOJIb30BAJICH MEXAHU3WNPOBAHHbINA TOHHENe-
npoxoayeckuin komnnekc (TBM) komnanum Herrenknecht.
B 0Boux criy4asix NpUMEHSINMCh LWNTBI C TAPABANYECKM
npurpy3om 3a6os (Slurry/Mixshield machine). CpenHss
CKOPOCTb NPOXOAKM COCTaBNANa OT 8 (Ha Ha4YanbHOM 3Tane)
10 12 M B cyTku. Takum 06pa3om, 3a CyTKM COOpYXanock oT 4
10 6 konev, BHyTPEHHSIS KOHCTPYKLUS 0B0NX TOHHENEH MOH-
TMPOBa/IACh NapaIEeNsHO C NPOXOAKOM, HO C OTCTaBaHNEM
npumepHo 1 km. Mpu ctpoutenscTae LLliaHxainckoro TOHHeNs
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Puc. 5. MonepeyHoe ceyenue u Bug EBpasuiickoro ToHHens

Puc. 6. Monepeynoe cevenue LLlanxaiickoro ToHHeNs

BHaYase 3aBO3NIN LEHTPabHbIA COOPHbIV Xene300eTOHHBIN
3NIEMEHT, YePE3 KOTOPLIA B Aa/bHENLLEM NPOA0IXANM Noaa-
BaTb 6/10KM (CErMeHTbl) TOHHESNbHO 06LeNKN, OAHOBPEMEH-
HO MOHTMPOBANN BEPXHMIA YPOBEHb BHYTPEHHEN KOHCTPYKLMM.
C otcraBanmem npumepHo B 500 M MOHTUPOBAN BEHTUAS-
LIMOHHbIV OTCEK B CBOAE TOHHENS. [MoxoxmmM 06pa3om BeayT
paboThl N0 MOHTAXY BHYTPEHHEN KOHCTRYKLIAW 41K TOHHENS
Espasus.

MexaHM3npoBaHHbIE
TOHHEeNenpoxoa4ecKmne KOMMIEKCbl

[nsi Npoxoaky TOHHENEN B Pa3INYHbIX MHXEHEPHO-
reosIorMYECKMX YCIIOBUAX HEMELIKAs KOMMaHWs
Herrenknecht npegnaraeT WWPOKMIA CNEKTP U Pa3MepHBIN
PAL, MeXaH13MPOBAHHBIX TOHHENENPOX0AYECKMX KOMMIEK-
coB — MTTIK (puc. 7). Cpemu HuX HanbonbLUNiA MHTEPEC
NPeACTaBnsioT yHMUKanbHble MTTIK ¢ akTUBHBIM NPUIPY30M
32009 Ang NPOX0AKM TOHHENEN B 00BOAHEHHbIX HEYCTONYM-
BbIX FPYHTaX Ha B0MbLLON rny6uHe. VIMEHHO Takue KOM-
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Development of Shield Diametres.

Development of Shield Diametres.
Mixshields

EPB Shields

1985 1996 2006
HERA 1997

2013 Concept
Hong Kong St. Petersburg
1760m 1925

1991 2000 2003 2006 2010
Taipei Madrid Barcelona Madrid

Hamburg
parvo
6.26m 9.33m 12.06m 15.20m 15.50 m

Iney ‘Shanghai
59%m 1070m 1400m  1543m

Puc. 7. Mpon3BoACTBEHHbIA PSR LWMTOB C aKTUBHBIM MPUrpy30M 3a6os komnanuu Herrenknecht
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MNEKChl U MOTYT NPELCTaBAATb MHTEPEC A1 COOPYXEHNS
TOHHENBHOrO Nepexoaa nog, KepyeHcknm NpoamnBoMm.

B atom cnektpe umetotcs MTTIK ¢ rpyHTONPUrpYy30M 80
15,5 M B AMameTpe v ¢ rmaponpurpy3om (6eHTOHUTOBbIM
pactBopom) amameTtpom 17,65 M. Cnefyet 3aMeTuTb, 4TO
komnaHus Herrenknecht ysacteoBana B ka4eCTse napTHepa
B npoekTe OpAoBCKOro TOHHENS, AN KOTOPOro NPeaoxXm-
112 YHVKaNbHbIA N0 CBOUM pa3Mepam 1 xapakTepucTvkam
MTIK grameTtpom 19,25 M. 3TOT 3aNpOEKTUPOBAHHbIIA KOM-
MNEKC He HaLlen peann3aumm TONbLKO U3-3a MPUOCTAHOBKM
NPOEKTa B CBSA3M C OTCYTCTBUEM DUHAHCMPOBAHMS.

OpnHaKo OMbIT NPOEKTUPOBAHUS 3TOT0 KOMMIEKCA Npy-
roavacs Npu peanuaawm npoekTa EBpasuniickoro ToHHens
(pwc. 8). XoTs nocneaHmin 06nafaeT HECKObKO MEHb-

LUMM MaMETPOM, HO HAXOAMTCS B CXOXWX MHKEHEPHO-
reosorNyeckmX yCaoBMSX U PacnonoXeH Ha GOMbLUOI ry-

OuHe, rae rnapoCcTaTMYeckoe AaBNeHne NpesbilaeT 12 bap.

MTTK He TONbKO UMEET XapakTepUCTMKI, NO3BONSIOLLME
BblAEPXMBATb Takoe AaBAEHUE, HO M CNOCOOEH OCYLLECT-
BASITb 3aMEHY NOPOAOPEXYLLEr0 MHCTPYMEHTA (IMCKOBbIX
LapoLLek, pe3uoB) 6e3 BbIxofa B KECCOH, YTO KOPEHHbIM
00pa3oM yMeHbLLaeT pucku npu paboTe.

BbiBOAbI M NpeaioXXeHns

VIMeIoLLMIACS OrpOMHBIA MUPOBOI OMbIT CTPOUTENb-
CTBa W 3KCnIyaTaumm NoaBOAHbIX aBTOLOPOXHbIX 1
XENEe3HOAOPOXHBIX TOHHENEN GONbLION NPOTAKEHHOCTM
11 BONbLIOTO AMAMETPA B CIOXHEALIMX UHXEHEPHO-
reoNorMYECKIX YCIOBMAX MOKA3bIBAET HE TOMbKO TEXHMYE-
CKYI0 BO3MOXHOCTb Pean3aLum Takmx NpOeKTOB, HO U 1X
TEXHWKO-3KOHOMMUYECKYIO 3D DEKTUBHOCTb, HALLEXHOCTb U1
J0r0OBEYHOCTb B CPABHEHUM C MOCTOBBIMM NEPEXOLAMN.
HecMoTps Ha 3HAYUTENBbHBIA MUPOBOIA OMBIT COOPYXEHNS
MOABOAHbBIX TOHHENEN METOLOM NOTPYXHbIX CEKLNIA, B
CNOXHbIX MHXEHEPHO-e0N0rM4EeCKMX YCOBMSX, B 30HAX C
CENCMNYECKON aKTUBHOCTbIO HA CErOAHSLLHNIA JeHb YaLle

9BaKyauuoHHas cOoiika

Puc. 8. BapuanT ctpouTenb-
ctBa KepyeHckoro nepexopa

215200
214600

OTAAI0T NPELNOYTEHE LMTOBOMY METOLY C MCMOML30Ba-
HVIEM BbICOKOMPOW3BOANTESbHBIX TOHHENENPOXOAYECKMX
KOMMEKCOB, kak Hanbonee 6e30MacHOMY, HALEXHOMY 1

3 dekTBHOMY MeToLy. B Halel cTpaHe yxe HakonneH
OMbIT CTPOMTENLCTBA U KCMNyaTaLmm TOHHENe 60NbLIOro
AmameTpa, NPOAEHHBIX LUMTOBLIM METOAOM (Npasaa, He
MoZ BOAHBIMM Nperpagamu)  UMEeeTCs XOPOLLIWIA OMbIT Npo-
€KTUPOBaHWS, B TOM YC/E TOHHENEN NOoL BOAHBIMM Nperpa-
Jamu, Hanpumep npoekT OpAOBCKOro TOHHENS ANaMETPOM
19,3 M. ABTOp BO3BpALLAET KONET U YUTaTENEN K CBOEMY
npeanoXeHnio No peanu3aumm Kep4eHckoro nepexopa (Cum.
XypHan «[ofzemHble ropuaoHTbl» N1, ¢Tp. 48-51) u npu-
BOAWT OOVWH M3 PaHee NPeaJIoKEHHbIX BAPUAHTOB (puc. 8).

MocnecnoBue

B nocnenHee Bpemsi BHOBb aKTUBU3MPOBANUCH BLICTY-
MAEHNS KONNEr B NOMb3Y TOHHENLHOrO MEPEX0Aa YEPEs
KepueHckuii nponue. OcobeHHO pagyioT BbICKa3bliBaHMs
HEKOTOPbLIX MOCTOBMKOB O MPEUMYLLECTBAX TOHHENBHOTO
nepexoga, onybanKoBaHHLIX B 3TOM HOMEPE XypHana.
lMpaBaa, nx B3rnsa HECKOAbKO OAHOCTOPOHHWUIA, MO KX
MHEHWIO, KOHKYPEHTHBLIM SIBASIETCS NULLb TOHHENBHbIN
BApWaHT, COOPYXaeMbI METOLOM NOMPYXHbIX CEKLMN
(TEPMMH MOCTOBMKOB: «MOTPYXHON TOHHENb>). ITO Mbl
yXe npoxoaunu Ha npumepe OpnoBCKOro TOHHENS.

ABTOpbI, C 0AHON CTOPOHLI, OTMEYAIOT OTCYTCTBME B
Poccum onbiTa COOPYXEHWS TOHHENEW TakKUM METOAOM
(a OH eCTb, XOTS 1 He3HAYNTENbHLIN, — KaHOHepCKuiA
TOHHENb B CaHkT-MeTepOypre) v He06XxoLMMOro Ans
3T0r0 CNeLmanM3npoBaHHoro 060pyaoBaHus, a, ¢ Apyron
CTOPOHbI, ONMCLIBAIOT NPEUMYLLECTBA peann3auum
npoekTa ¢ NPUMEHeHeM AaHHON TexHonoruy 6e3 yyeta
0COBEHHOCTEN MANCTBLIX FPYHTOB, MOTOAHbIX YCOBWA,
CYAO0XO[CTBA, 3KONOrnYeckmx TpeboBaHui, apxeonoru-
4ECKMX U3bICKAHWUI W, HAaKOHELL, CEeAICMUYHOCTH PaioHa
CTPOWUTENBLCTBRA.

MOA3EMHBIE FTOPU30HTbBI Ne3. Okts6ps/2014
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Hartanbss EPEMEHKO,
3aMeCTUTENb

reHepanbHOro AnpekTopa
3A0 «Cnew, CMY «3HeproJlaiH»

HecmoTtps Ha nocnegHne
JAOCTIWKEHNS HAYKN U TEXHUKW, NOA-
3eMHOe CTPOUTE/IbCTBO NPOAOIIKA-
eT ocTaBaTbcs cepoii, B onpege-
JIGHHOM CTEneHn HenpeacKasyemMoit
U BbICOKOPUCKOBOW. [laxe npose-
JAEeHHbIe CaMbIM TLYATE/IbHBIM
00pa30M UHXEHEPHO-
reosornyeckue n3biCKaHus (4To

YK TYT rOBOPUTB O [OMYCKaeMbIX

B X04€ NpoBeAeHNs Takux pabot
owunbkax!) nogyac He aBnAOTCH
rapaHTuei OT HeOXUAaHHOCTeN —
CBUAETENIbCTBOM TOMY NPo6/ieMbl,
BO3HUKLLIUE B 3TOM rogy € NPOXoA-
Kovi ToHHens PpyH3eHCKoro paany-
ca llerepbyprckoro
MeTPOMoIUTEHA.

CIIELl CMY

EPI'OJIAWVH

3A0 «Cneu CMY «3HeproJlaiin»
198323, r. Cankr-letepOypr,
noc. Flopenoso,

3apeyHasa yn., a. 20

Ten.: (812) 404-94-91
404-94-90

E-mail: m776@mail.ru
energoline@list.ru
www.energoline-spb.ru

HAIEXHAS BPOHSA

NS <HALEXbl»,

UJIN JIEKAPCTBO
OT USHOCA

yHI/IKaﬂbeIVI TOHHENENPOXOAYECKUI MEXAHM-
3npoBaHHbIi komnneke (TMMK) «Hapgexna»
avametpom 10,3 M nonan B 30Hy YPE3BbIHANHO
CNOXHbIX FPYHTOB, HACILLEHHYIO OFPOMHbLIMM
Ba/lyHaMu, 1 Pe3KO CHU3WA CKOPOCTb CYTOYHOM
npoxopkn — ¢ 15 5o 6 M. Kak okasanocs, kpyn-
HorabapuTHbIE FPAHUTHbIE KAMH BbI3BANN MO-
BbILUEHHbIE HArPY3KM HA 3NIEMEHTbI PEXYLLEr0
opraHa TMNMK, B pesynbTate 4ero nocnegHue
cTanu gedopmmposaTbes n nctupatses. OuH
3a Apyrum CTanu BeIXOZUTb 13 CTPOS PE3Lbl,

a 3a HUMK 1 pesLieaepxatenn — cpabotan
€B0e06pasHbIii «<apdeKT LoMMHO». Bo n3bexa-
Hve Gonee cepbesHbIX MOBPEXAeHNI «<Haaex-
Ibl» B cepeamHe nons rednoapsaayinky — OAQ
«MeTpocTpoii» — NPULWINOCH OCTaHABNMBATbL
MPOXOAKY.

— Mbl nonxHbI ObinK BbIOPATh BAPUAHT
ObICTPOr0, HO A HEKTUBHOTO PEMOHTa, —
0TMEYaeT 3aMecTuTeNb HavanbHka OAQ
«Metpoctpoi» MTO Cepreii KoHosanos. —

M cpeom npoymnx aKCTPEHHbIX Mep Bbino pelle-
HO UCMONb30BaTb TBEPAOCMNABHLIE 3IEMEHTHI

TungStuds, koTopble npexae Obln M3BECTHbI
HaM no 060pYA0BaHNIO A1 FOPU3OHTANBHO-
HanpaBNeHHOro BypeHus.

Takum 06pa3oM, B 4MCNO Y4ACTHUKOB Onepa-
LUnn No «peaHnMalmm» Komnaekca BOLLIO ne-
Tepbyprckoe 3A0 «Cnew, CMY «3Heprollaih»,
aBnglouieecsd O(bVILI,I/IaJ'IbeIM annepom npons-
BoauTeneit TungStuds — HemeLKoi KoMnaHum
BETEK Gmbh & Co.

Ho npexnae 4eM 0CTaHOBUTLCS HA NoAPO6-
HOCTSIX PEMOHTHBIX pPaboT, CleayeT ckasaTb
HECKO/bKO CIOB 0 CaMUX ANEMEHTaX. ITU «Ha-
LNenKu» (Tak X HasblBaloT B NPOdECCHOoHaNb-
HOV Cpese) UMEIOT CEPALEBUHY N3 TBEPLOrO
cnnasa (kapbua Bonbdpama n kobanbsTa),
6narofaps Yemy HagexHo 3almiaioT paboyne
MOBEPXHOCTY PexyLero 060pya0BaHMs OT
abpa3unBHOro 13Hoca. YHNKaNbHOCTb CrnaBa
cocTomT B Hambonee ahHEKTUBHOM UCMOMb-
30BaHMM NY4LLINX CBOICTB BbILLEHA3BAHHbIX
«UHrpeaneHToB». Kak n3BeCTHO, kapbug, BoNb-
cbpama ABNIAETCA OAHMM U3 CaMbIX TBEPAbIX B
MUpe maTepranos. [JoCTaTo4HO ckasaThb, YTO

MOA3EMHBIE FTOPU30HTbI Ne3. Okta6ps/2014



3TOT CN/aB B YeThbIPE pa3a TBepxe TuTaHa. Ho
NP1 3TOM OH 0BN1aLAET OLJHWM CYLLECTBEHHBIM
HEA0CTaTKOM — XPYMKOCTbIO.

CoenvHenve kapbuaa Bonsdpama (70%) n
msrkoro kobanbTa (30%) nossonsieT npuobpe-
CTh MaTepuany Takne BaXHble XapakTepucTnku,
Kak BSAI3KOCTb 11 YCTOYMBOCTb K SKCTPEMANbHBIM
yAapHbIM Harpyskam. B pesynbTate nokasarens
OTHOCMTENbHON TBEPAOCTN 3anaTeHTOBAHHOI O
cnnaea no wkane Mooca paBHa 9, 4To Ha OAMH
MYHKT YCTyNaeT TONbKO anmasy. TBepaocTb
TungStuds no wkane Pokeenna gocTuraet oT-
meTku 87, npefenbHOe AaBNeHUE Ha TBEPLbIA
cnnas Ao paspylenns TC — 170 Mpa. Mo
Lkane TBepaoCTy nopog, NpoToabskoHOBa Ma-
Tepuan coxpaHsaeT CBOM CBOMCTBA A0 KO3 du-
umeHTa 15 (Kpenkue rpaHUTHbIE NOPOAHI).

Cnosom, y MeTpocTposi npu BoIGOpE 3aLumThl
ans pexyLuero oprada TMMK Gbiim camble
BECKWE OCHOBaHWS OCTAHOBUTLCS UMEHHO Ha
BapuaHTe ¢ TungStuds.

0pHaKo NpUMeHeHUe MHHOBALWIA — 3TO
Bceraa puck. Kak noseget cebst HOBbI MaTe-
pvan npu ycCtaHOBKE B HEMPOCTLIX NOA3EMHbIX
YCoBwsX, fa eLue Npu BeCbMa XeCTKNX CPOKax,
OTBELEHHbIX HA PEMOHT?

Paccka3blBaeT 3aMeCTUTENb reHePanbHOro
nupektopa 3A0 «Cnew, CMY «3HeproJlaitH»
Hatanbst Epemetko: «06bem paboT Bbin 10-
CTaTO4HO 6OMbLUINM — LA YCUAEHUS pOTOpa
MPOX0oa4eckoro WmTa Ha nnowany 90 ke. M ¢
MOMOLLbIO CMEeLManbHOro CBapOYHOro annapara
6b10 ycTaHoBAEHO 13 ThiC. Nopoaopaspy-
watowwmx anemeHToB TungStuds. Mpryem B
YCNOBNAX CTECHEHHOCTW 1 NpeaenbHO CXaTbIX
cpokoB. OaHako paboTa Ha HeMeLKOM 060-
PYAOBaHMM NO3BONSET OCYLLECTBASTL NPUBAPKY
O[IHOrO 3nemMeHTa Bcero b 3a 0,8 cekyHabl.
Cnnag NpakTU4ecKy MOMEHTaNbHO CafNTCS B
BaHHY U3 PACMNABNEHHOW NErMPOBAHHON CTanu,
B KOTOPOW NPW 3TOM He CO3[A0TCS HaNpPsXe-
HUsI, NO3TOMY el He TpebyeTcs AanbHelias
Tepmuyeckas 06paboTka. Hanuume BbICOKO-
npodecCcHoHaNbHBIX KaPOB NO3BOMNI0 HaM
YCMELLHO CNpaBUTLCS C MOCTaBAEHHON 3afa-
yein. Takum 06pa3oM, Ha wuTe «Hanexaa» Obin
co3faH bydbep, 3HaUMTENBHO YMEHbLLAIOLLNIA

MOA3EMHBIE FTOPU30HTbI Ne3. Oktsb6ps/2014

NPSIMOt KOHTAKT ero JOPOroCTOALLMX UBHOCHBIX
MaTepranos C MOPOLOWA, TEMM XE OrPOMHbLIMU
BaNyHamu, KOTOPbIE NPEXAE 0Ka3blBaNM Ha HUX
CTOMb Pa3pyLLaloLLee BO3LENCTBUE.

— Cneuwanmctbl «Cnew, CMY «3HeproJlaiiH»
BbIMOMHWAN CBOIO PaBOTy Aaxe ObICTPEE, YEM Mbl
oxwuaanu, — otmeyaet Cepreit KoHosanos. —

A cypas no CKOPOCTW MPOXOLKM B CEHTSOPE (OHa
noctvraet 16 M B CyTKM), YCTaHOBNEHHBIE 3/IEMEH-
Tbl BMO/THE JOCTOHO BbIMOMHSIOT CBOM 3ALLMTHBIE
byHkumm. Ho okoH4aTenbHbIe BoiBoAbl 00 addek-
TMBHOCTM TungStuds Mbl CMOXEM CAeNaTb nocne
OKOHYaHMS MPOXOLKY B CIELYIOLLEM rogy.

Bnpouem, B «3Hepro/laiHe» NpakT1iecku
He COMHEBRIOTCS B OKOHYATENbHOM YCMEXE.
Cneupan1cTsl kKoMnaHun 06nanalT HemasbiM
OnbITOM paboTbl B Chepe 3aLynThl pasnny-
Horo 060pya0BaHMs 0T abpa3nBHOTO M3HOCA
B CaMblIX C/IOXHbIX YCNOBUSIX NPOBEAEHNS
noaseMHbIx paboT. Ho npexae 4em BbIHOCUTb
TEXHOMOTMIO Ha «LLMPOKMIA Cy A, Ny6ANKM», KOM-
NaHWsi [OCKOHaNbHO M3yynna ee Ha CoBCTBEH-
Hom 6ypoBom o6opynosanmm (3A0 «Cnew, CMY
«QHeproJlaiiH» akTMBHO paboTaeT B chepe
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rOPU30HTasbHO-HANPaBAEHHOT0 BypeHust).
McnblTaHns NpoLLAK yCneLwHo, Y4To 1 nobyamno
OpraHn130BaTh y4aCcTOK Mo M3rOTOBEHMIO, pe-
MOHTY 1 3aLuTe BypOBOro MHCTPYMEHTA.

A 3aWmiIaTh 8CTb YTO — LLIHEKM, KOBLLM 3KC-
KaBaTopoB, rpendepsl, KOHHEKTOPbI ANs
OypoHabuBHbIX CBalA, NOPOAOPA3PYLLAIOLLE
TMAPOHOXHULEI, PACLUMPUTENN U [P,

006 3P PEKTUBHOCTM AAHHOIO «/IEKAPCTBA OT
M3HOCA», NPaKTUYECKM HA MOPSIAOK NPOLLeRa-
IOLLLEro CPoK CyxObl BOPOrOCTOSALLUX MEXaHU3-
MOB, FOBOPUT TOT aKT, YTO NPEANPUATHIS, XOTS
bl pa3 BOCMOMb30BABLLMECS YCAYraMu Komra-
Hun «Cnew, CMY «3HeproJlaiH» (a B Ux uncne
Takme, kak 000 «BECT», 000 «HB-Jnaep»,
000 «CK FopuaoHTans», 000 «paguce», 000
«'eouson», 000 «CMY-22», 000 «CTpoiikom-
TexHonorus», 000 «B3CT», 000 «MeTepbypr-
ckast 6yposas komnaHus», 000 «PoccTpoii»,
000 «Mnococ-Cepsuc»), ctanu ee NOCTOSH-
HbIMU KneHTamu. M cnncok 3akasunkos 6yaet
HenpeMEeHHO NOMONHATLCS — YCMeLuHas npak-
TUKa NPUMEHEHNS TBEPAOCTIABHbIX 31EMEHTOB
TungStuds TomMy NOPYKO#A.
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['eHepasbHbIi AMPeKTop
000 «TexHonpok» Bnagumnp KAJIMHUH

B arom rogy KomnaHum «TeXHOMpPoK»
(r. HoBoyepkacck, PocToBckas 06-
nactb) ucnonxunocs 10 net. 3a ato
BpeMs He601bLLOI NPOU3BOACTBEH-
HblIii y4aCTOK MPeBPaTuIICs B CO-
BPEMEHHOE BbICOKOTEXHOJIOMUYHOE
npeanpusiTUe no BbiMyCKY U PEMOHTY
6ypoBoro 06opya0BaH1s N UHCTPY-
meHTa ans FHB, cnocobHoe ycneLHo
KOHKYpUpOBaThb C BEAYLNMU MUPO-
BbIMU PON3BOBUTENISIMH.

000 «TexHonpok»

346400, PocToBckas o6nactb,
r. HoBoyepkacck,
BaknaHosckwuii np-1, 1198
Ten.: 8 (800) 555-45-74

+7 (938) 120-0184

E-mail: info@tehnoprok.com
www.tehnoprok.com

BbICLLIMW MIJIOTAX

L= i)

OT «TEXHOMPOKA»

Pexyuie-ynnotHsiowmii pacumputens «Komnakm (a.y. 1200 mm, macca 925 kr)

OCHOBaTeJ'Ib komnaHun Bnagumnp Kanu-
HWH Npexae 3aBefosan nabopatopuen
6YpOBOro MHCTPYMEHTA 1 0B0PYL0BaHNS
tOxHO-Poccuiickoro rocynapCTBEHHOO Tex-
Huyeckoro yHusepcuTteTa (KOPITY, HblHe FOPT -
MYy (HAK) um. M.N. Mnatoga), yacTo ObiBan

B Hay4HbIX KOMaHAMPOBKAX MO CTPaHe 1 npe-
KpacHO pa3bupancs B 0Tpacnesbix Npobne-
Max. KOHKPETHBIM HanpaBieHEM PasBUTUS, a
nmerHo M'HB, Bnagumup Bagumosuy BMecTe
C COpaTHMKaMM No Hay4HOI paboTe 3aHsNCs
YXe N0 NpoCcbBe POCTOBCKMX CMELMANMCTOB U3
KoMnaHwii «[JoHCKoN AntoMUHMI» 1 «Co103-
[HoHCTpoii». Tak BCE 1 3aKpyTUAOCS. ..

— LUnpokas BOCTPEOOBAHHOCTb HALLEr0
MHCTPYMeHTa Ba3npyeTCst Ha HECKOSbKIX
npuynHax, — otmeyaet KanmHuH, — Bo-
nepBbix, MHOrMe 6ypOoBbIE KOMMAHUM CO-
TPYAHMYAIOT C HAMU 13-32 HEOOOCHOBAHHOM
[OPOrOBM3HbI MHCTPYMEHTA, NOCTABASEMOrO
13 CLLIA v EBponbl. Mbl e Moxem npeaio-
XWTb UM NPUBNEKATENBHbIE LIEHbI, OTANYHOE
Ka4eCTBO 1 KOPOTKME CPOKW MOCTaBKMU.

«TexHOMPOK» Takxe OTANYAET Haanuue
BbICOKOKBANMOULIMPOBAHHOIO MHXEHEP-
HOro v paboyero nepcoHana u CoNMAHoM
NPOU3BOACTBEHHOM 6a3bl — CTaHKOB ¢ YMY,
npeccoB, 060pyA0BaHMS ANs NNa3MEHHON
pesku MeTanna, 3alWmTbl MHCTPYMEHTA
0T abpa3mBHOro N3HOCA (MO TEXHONOrUM
TungStuds) n 7. o. Pacnonarast TexHuye-
CKMMW BOBMOXHOCTSIMM 151 HAape3Kun BCEX
BWA0B Pe3b0bl, CNeLuanmcTbl KOMNaHum
MOTYT U3rOTOBUTb MHCTPYMEHT NPaKTUYECKU

ns no6oi mawmHel FTHB. HambonbLueii nony-
NSPHOCTbIO y NOTPebuTENel NONb3yITCs Takne
BWIbI NPOLYKLMN, KaK PEXYLLE-YNNOTHAOLWME
paclumputenu (anametpom 160-1800 mm)
Compact, Kodiak, <MopkoBka», «PuHo» n
«Bboyka», NonacTHble 1 CKabHble paclIMpUTeNn,
BCTPOEHHbIE U HABECHLIE BEPTMIIOMN, NMUNOTHbLIE
LWTaHrn ¢ 6OKOBOI 3arpy3koi 3013, OypoBble
rONOBbI 11 TIONATKM, YCTAHOBKM MO CMELLVBAHMIO
6eHToHNTa 0T 3 10 15 KyBOB, CTAPTOBLIE LUTAH-
ru. Mpu 3TOM B KOMNaHWK cMeno 6epyTes 3a
M3roTOBNEHNE HECTAHAAPTHOW NPOAYKLNN.

B uenom xe «TexHonpok» NO3ULMOHN-
pyeT cebs B Ka4ecTBe KOHCTPYKTOPCKO-
MPOM3BOLCTBEHHOI CTPYKTYPHI.

— Hawm nHxeHepbI-TEXHONOTY SBASIOTCS UC-
TWHHBIMK NPOhECCMOHaNnamm CBOero aena, —
nopyepkueaet CtaHucnas PeiukoB, KoMMep-
4eckuin ampekTop komnanuu. — Nx pabota —
3T0 CBOEro pofia BhICLUWiA nunoTax. Bee ceon
MPOEKTbLI OHU PEann3yIT UCKYUTENBHO C
MOMOLLbIO Takux nporpamm, kak «KOMIMAC» 1
AutoCAD, a pacyeTbl LOKYMEHTaNbHO 060CHO-
BbIBAIOT C NMOMOLLbIO COTPYAHMKOB Kadeaps
conpomarta tOPITIY. lomxHbiM 06pa3om noaro-
TOBNEH W pabounii NEPCOHAN, YMEIOLLMIA YeTKO
peann30BbIBATb BCE KOHCTPYKTOPCKME 3a4YMKMU.
Hu 0aMH MUAMMETP C YepTexa He YCKONb3HET
OT VX BHUMaHMS!

PacckasbiBas 0 «TexHOMpoke», Henb3s 060ii-
TN CTOPOHOM 1 CTabKUNLHOCTL KAAPOBOr0 COCTa-
Ba KOMMaHUK, HabNoAAIOLLYIOCS B TEYEHUE LUe-
CTU NocneaHux net. A eab paboTa 34ech, kak
rOBOPUTCS, JAneko «He caxap». [la, CpaBHUTENb-
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LLlapowueyHbIi CKanbHblii paclmnpuTenb-TpaHchpopmep

Pexywe-ynnotHsiowue pacwmputeny «Koguak»

¢ TBepAoCNNaBHbIMK anemeHTamy TungStuds

JlonacTHoi pexyLumi pacumputens

HO BbICOKUIA YPOBEHb OMNaThl TPYAA NO3BONSET
TLLATENBHO GUNLTPOBATL CMIMCOK NPETEHAEHTOB.
Ho 1 cnpoc — cooTBeTCTRYIOWMIA. Beap Gyposu-
KV MPUHAZIEXAT K TO KaTeropum 3aka3ymkos,
KOTOPbIM BCE U BCeraa TPeByeTcs «eLLe BYepar.
B ¢BA3u C Wwimpokor reorpaduei nocTaBok (Bcs
Tepputopus Poccum natoc ctpanbl CHI) n, kak
CNepCcTBre, PasHULIEH B 4aCOBbIX NOsICaXx, CO-
TPYAHVKM «TexHONpOoKa» MPUHIMAIOT 3aKasbl 1
KOHCYNbTUPYET B Nl0B0e Bpemst AHS 1 Houn. He
PeaKocTb 1 paboTa Mo BbIXOAHBIM AHAM — 3[6Ch
MPEKPaCHO NOHUMAIOT, K KakiM NMOCNEACTBUSM
MOXET MPUBECTY OTCYTCTBWE TOrO UMM UHOO
MHCTPYMeHTa Ha 06bekTe MHB.

CnoBom, kK cpokam NoCTaBKM NPOAYKLN B
KOMMaHWUK OTHOCATCS YPE3BLIYANHO CEPLESHO.
M ecnu yxe Ha aTane neperoBopoB CTaHo-
BWTCA SICHO, YTO B MPEAIAraemble KIMEHTOM
BPEMEHHbIE PAMKM YNOXMTLCS HEBO3MOXHO,
TO Cpa3y Xe 0TKa3biBAOTCS OT 32Ka3a, KakuM
Obl BbIFOHLIM OH HU Obi. «<Mbl He laeM Hepe-
aNbHbIX 00eLLaHNi», — OTMEYaIoT B KOMMaHWM.
Mpw 3TOM paboTaloT NPEeENLHO ONepaTBHO
— CPEe[HMIA CPOK BbIMNOJIHEHNS 3aKa3a Ha CTaH-
[ApTHY0 NPOAYKLMIO HE NpeBbilaeT 3-7 AHeN.

B uenom B «TexHonpoke» BbIAENAOT CEMb
CBOWX MPEVMYLLECTB, KOTOPbIE NPUBAEKAIOT
KITMEHTOB:

1. OrpoMHBbIi NOTEHLManN.

2. OnTUManbHbIE LieHbI.
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CmecuTenbHas yCTaHoBKa

3. Bonbluoe Konm4ecTBo cNocoboB onnaThl.

4. LLInpokmne TeXHMYECKME BO3MOXHOCTH.

5. 100%-1 pesynbTar.

6. BbinonHeHne Cpo4HbIX 3aKa30B.

7. W3roToBneHne HecTaHaapTHLIX M3AENWIA.

B komMnaHum akTMBHO 3aHUMAIOTCS BHeape-
HWeM NepefioBbIX TEXHONOMMIA, pa3paboTKoi
HOBbIX BUA0B NPOAYKLMKW. B yacTHOCTH, Wi~
POKMM CMPOCOM Yy NOTpebuTeneit Nonb3ayoTcs
pexyLLe-ynaoTHsoLWwe paclumputenm «Kom-
nakT» 13 HABOPHbIX KONeL, C TPemMs crmpanb-
HbIMW NPOZOSLHBIMU NOXOMHAMM A5 BbIBOLA
wnama. HapyxHas noBepxHOCTb BCEX KONeL,
OCHallLleHa CMCTEMOM 3aLlyThl OT aBpPa3nBHOTO
n3Hoca TungStuds.

CT0nb X€ HafexHbIM 00pa30M 3aLLLLEHbI W
pexyLLe-ynaoTHALLME paclumputeny «Kogmak»
(c noxo6uHamMu 3BONLBEHTHON GOPMbI, Bnaro-
Japs Yemy LLIam Npuy BpaLLeHNN 3anpeccoBbl-
BAETCS B CTEHKM CKBaXWHbI) 1 «MopKoBKa» (M3
THYTOW NIMCTOBOI CTanu, 3anonHseTcs 6eHTo-
HUTOM).

JlonacTHble pexyluye pacwmpuTenn
(m.y. 300-1800 mm) npepHa3HayeHsl ans
paboTbl B MArKMX rpyHTax. Mpobnemy oTk0-
HEHWS OT HaNpPaBNeHNs CKBaXWHbI PaCLUMPW-
Tensgmm B0NbLLIOT0 AMameTpa B «TeXHOMpPoKe»
PELUMIN YCTAHOBKO Ha NepudepuitHoii yacTu
M3LENNS CErMEHTHbIX LLEHTPATOPOB, KOTOPLIE
He CO3Jat0T AOMNONHUTENbHLIX HArpy3ok, 0be-

BECTPAHLLEVHBIE TEXHOJOMMU

Byposhle ron0Bbl CO CMEHHbIMM pe3LaMun

CreymBas Npu 3ToM cTabuibHoe ABUXEHNE
OYpPOBOr0 MHCTPYMEHTA.

CnepyeT TaKxe 0TMETUTbL CHOPHO-pa3bop-
HbIl LAPOLUEYHbI CKanbHbIA paclumpuTens. B
KOMMNEKT BXOAAT: BaJ, TPU LLIAPOLIEYHbIX ANC-
ka pasHoro AMameTpa, LLEHTPATop 3ax04HON
4acTK, pacnopHas BTyNka Ans paboThl C 0OHNM
AVCKOM, NPYXXMMHAS BTYNKA, KITIOY.

MpenmyLLeCTBO AaHHON KOHCTPYKLMK:

B NPEeAnaraeTcs 04uH pacLumpuTenb
BMECTO Tpex. ITO N03BOASET AOCTUYb
CYLLECTBEHHOW 3KOHOMWM CPEACTB, YBENNYMB
TEM CaMbIM PEHTABENbHOCTL MPOKONA;

B PEMOHTOMPUIOZHOCTb. [JOCTaTO4HO
3aMEHWTb U3HOLLEHHYIO «flany» LapOoLLKW,
NMOO LWAPOLLEYHbIN ANCK LIENNKOM;

B B331MO03aMEHSEMOCTb, HTO NO3BONSET
BapbMpPOBAaTb PasHble AMaMEeTPbI pacLunpuTe-
Nl Ha OQHOM Basy.

B0O3MOXHO M3roTOBAEHME pacLLIMpUTENs OT
a.y. 300 no a.y. 1000 Ha ogHoMm Bany.

B acCOPTUMEHTHBI nepeyeHb «TexHonpo-
Ka» TakKe BXOASAT BCTPOEHHbIE U HAKUAHbIE
BepTaory (0T 5 10 250 TOHH), NUNOTHbIE
LWTaHrn ¢ 60KOBOI 3arpy3koi 3oH4a, OypoBble
rOJIOBbI CO CMEHHBIMM PEe3LiaMit, KOHHEKTOPbI
(Wwnnngenn) n T. o.

— Mcnonb30BaHMe MHHOBALMOHHBIX
TexHonorunii XXI Beka, NOCTOSIHHOE pacLunpe-
HWE aCCOPTUMEHTA — BECOMbIE CNaraemble
ycnexa, — KOHCTaTupyeT PblukoB. —

C Hamu BCe aKTuBHEe COTPYAHNYAI0T
TOProBble OpraHM3aumn, KOTOpbLIE NPExXae
3aHMMaNNCh peanunsameit KUTamnckoi npo-
AyKuumn. Tenepb UM He NPUXOAMTCS KPaCHETb
13-32 HN3KOr0 Ka4eCTBa Nepes KMeHTamm,
KOTOPbIE MPW 9TOM BCe Yallle 0TAAI0T Npea-
MOYTEHME HALIEN MPOAYKLMN, HEXENN, K
npuMepy, aMePUKaHCKO — OHa 3HAYUTENbHO
JeLwesne, aa 1 CPOKM NOCTaBKM KOpoye (npu-
yeMm B pasbl!) — AaHHbI GakTop Nopow faxe
BaXHee, Yem LieHa. B utore Temnbl pocta 06b-
€MOB MPOK3BOACTBA «TEXHONPOKA» EXEr0AHO
cocTaBnsioT okono 20%. M Ha jocTUrHyTom
0CTaHaBAMBaTbLCS He cobupaemcs!
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PbIHOKT'HbB:

LIEHBI, HOPMb
ONTUMMNIM

"...

Mpexae YeM npe[OCTaBUTL CJIOBO yYacTHUKaM 3a04YHOrO KPYrioro crona
«Poccuiickuii pbIHOK rOPU30HTaIbHOI0 HanpaBaeHHoOro 6ypeHus: npo6aemsl

M nepcneKTuBbI», HEOOXOAUMO caenaTb HeOOoIbLLOE PeaaKLMOHHOE MOSICHEHHE.
B npoiecce nogroTosKu Mbl MoJIy4nsIN akTUBHYIO NOAAEPXKY Lies10ro psaa crne-
Lnanmn3npoBaHHbIX KOMINAHWIA, BbIPaXXeHHYI0 B rOTOBHOCTU 00CY)XAaTb BK/OYEH-
Hble B MOBECTKY AHSA BONPOChI. Y 0 nocneaHero MOMeHTa Xganm obeLyaHHbIX
OTBETOB, OA4HAKO TaK U He nosy4nnn ux. OcTaeTcs T0JIbKO HaBesaTbCsl, YTO AaH-
Hble «0beLyanKnHbl» XoTsl Obl B CBOEI OCHOBHOM BeSTEIbHOCTH NPUAEPXMNBAIOTCS
B3AITbIX Ha cebs 00513aTenbCTB. [Ipn 3TOM OTAENbHbIE «4ECTb U XBaa» TeM, KTO
BCe Xe Halues BpeMs OTKIIMKHYTLCS Ha Halle npuriawieHme.

YBenuuupaetcs nu B no-
cnepHee Bpems 00bem 3a-
Ka30B Ha NnpoBeaeHue paboT
no TexHonormn FTHB? Kakue
¢dakTopsbl, B NEPBYIO OYe-
penb, BNUSIOT Ha CTENEHb
BOCTPe0OBaHHOCTU ITUX
yenyr?

A.WN. Bpeiigbypa:

— B HacTosILLee BpeMS A5 NpeanpusTui,
paboTatoLmx B chepe 6eCTpaHLLIENHOro
CTPOUTENbCTBA NMOA3EMHBIX KOMMYHUKALINIA,
HACTYNWAW He Camble NPOCTbIE BPEMEHa.

Mpexae Bcero, CkasblBAETCS KOHKYPEHLMS
Ha NOJTy4eHe 3aKa30B BO BCEX CErMEHTax
pbiHka MHB, a Takxke ee peskoe ycuneune
MEXIY NPEANPUATUAMM, SKCTTYaTAPYIOLLMMM
komnnekcel [HB knacca «MuHW» 1 «Muamn». Bce
370 GOPMUPYET PSL, HEraTUBHBIX TEHAEHLIIA,
XapaKTEPHbIX A1 COBPEMEHHOrO aTana dyHK-
LIMOHMPOBAHUS POCCUIACKOTO pbiHka MHB.

970 NponcxoamT Ha GOHE yCuneHns guktara
3akasuvka B LLleH000pa3oBaHWM HaLwKX paboT,
MPUBOASILLETO K BbIHYXAEHHOMY AEMIUHTY
LLeH Ha 3TW paboTbl CO CTOPOHbLI MPEANPUSTUIA,
akcnnyatupyowwmx TexHuky MHB. Cnepctan-
€M 3TOr0 SBNSETCH CYLLECTBEHHOE CHUXEHNE
LIEH 1 POCT KONMYeCTBa (GaKTOB BhINONHEHNS
paboThl HUXE CeOECTONMOCTN UK B palioHe ee
npeaenbHO MAHUMANbHbBIX 3HAYEHWA.

B cermente komnnekcos MHB knacca
«MaKCM» 1 «<Mera» NPOMCXOANT JabHenLuas
CBEPXKOHLIEHTPALIMS 3aKa30B Ha NEPEXOAbI
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60MbLLOIA ANVHBI 11 6ONLLIOFO AMameTpa. 370,

K COXaNneHno, NPUBOAUT K GOPMUPOBAHIIO
Y3KOro, GUKCMPOBAHHOIO Kpyra reHepanbHbIX
NOAPSAAYMNKOB CTPOUTENLCTBA IMHENHO YaCcTy
Tpy6onpoBoaOB 1 HehTEra3oTPaHCMOPTHbIX CK-
CTEM U, KaK CneficTame, elle 6onee y3koro Kpyra
npeanpuaTuiA-noapsaunkos MHB.

TakoB, B 06LLX YepTax, BECbMa HEOAHO3HAY-
HbI A15 JaNbHENLEro AVHAMUYHOIO PasBuTmUs
HaLUUX NPEeANPUATUIA 0OBEKTUBHO COXMBLUMIACS
(OH, B YCNOBUSIX KOTOPOrO Mbl B HACTOSILLEE
Bpems paboTaem.

J1.P. YcmaHoBa:

— Cutyaumio, KOTopas CAoXunach Ha cerof-
HALLHWIA oeHb B oTpacnu MHB, Henb3s HasgaTb
6naronpusTHOI, 06bEMbI PabOT YMEHBLLAIOTCS.
Ha 370 BAMsItOT 0BLLas cuTyaLyst Ha CTpom-
TEbHOM PbIHKE, LIEHOBOW AEMMUHT, LONYCK K
noa3eMHbIM paboTaM HempodeccHoHanos (B
TOM ycrne GUPM-0SHOAHEBOK, HE ABNAIOLLMXCA
yneHamu CPO) n 0TCYTCTBME YTBEPXKAEHHbIX
CTPOUTENbHBIX PACLIEHOK.

OpHako, B CBS3M C 3aCTPOEHHOCTHIO FOPOJ0B
11 Pa3BUTEM WX MHOPACTPYKTYPBI, NPOKNAAKA
KOMMyHUKaumin metogom HB cTaHoBMTCS BCE
Gonee akTyansHoil. He Bcerga npeacTasnsercs
BO3MOXHbIM 11 3KOHOMMYECKM LieNeco06pasHbim
MPOKNaabIBaTh KOMMYHMKALMM OTKPBITbIM CMO-
cobom. TexHonorus M'HB 0TKpbIBaET LMPOKME
TOPW30HTHI A1 NMOL3EMHO NPOKNaAKN HOBbIX
KOMMYHMKALMIA, 3aMEHbI CYLLECTBYIOLLWX 1 .
Bnarogaps aTum dakTopam MOXHO rOBOPUTHL O
NonynsPHOCTM U PacTyLLei BOCTPEBOBAHHOCTM
JaHHOr0 METOAA B JONrOCPOYHON NEPCNeKTUBE.
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A.N. BPEVOBYPL,
npesugeHT MexayHapoaHou
accoumaumm cneunanicTos

FOPU30HTANLHOIO HAMPaBNEHHOMO
bypeHus (MAC I'HB), reHepanbHbii
anpektop 000 «Hedterascnel-
ctpoi»/I'K «OHUPYC»

A.C. KWPUNNIOB,
reHepabHbli AVPEKTOp
000 «HB-JTngep»

MogrotoBun
Banepwii YHEKAJIMH
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C. A. Pbl4KOB,
KOMMEPYECKMI ANPEKTOP
000 «TexHonpok»

¥ 18

J1.P. YCMAHOBA,
reHepabHbIi SUPEKTop
'K FORWARD

N.A. LLENIKOB,
3aMeCTUTe/Ib FeHepasbHoOro
JMpeKTopa no NPou3BOACTBY —
[NaBHbIN MHXEHEP
000 «CIMBNC-MOC»

WU.A. Wenkos:

— Halwa komnaHns 6bina nepBonpoxoaLem
no BHeapeHuio TexHonorun MHB Ha Teppu-
Topum Poccun B 1994 rogy, noatomy mbl
MOXEM OLEHUTb PLIHOK, TaK Cka3aTb, U3 nep-
BbIX pyK. [1ns cebs Mbl 0TMeYaeM, 4To 06bem
3aKka30B Ha NpoBe/eHne paboT No AaHHO
TEXHONOrMK B NOCNEAHEE BPEMS NOCTOSHHO
yBeNM4YnBaeTcs.

Mbl B OCHOBHOM Cneuuanm3npyemcs Ha
CTPOMTENLCTBE TPYOONPOBOAHLIX NEPEXOA0B
MOBBILIEHHOrO YPOBHSA CNOXHOCTY B HedTera-
30BOM CEKTOpe (Mx oons B Halem noptdene
3aka3oB gocturaet 60%) u Bnamm, 4to pactet
CMNpOC Ha YrneBoLopPOAbl BO BCEX OTPACHSX
HaPOZHOr0 X035ICTBA, YTO, OE3YCNOBHO, NPU-
BOAMT K Pa3BUTUIO HePTEra3oBoii OTPaCHH.

[lng TpaHCNOPTUPOBKM YrNEBOAOPOLO0B
HeoOXOANMO pa3BUTIE COOTBETCTBYIOLLEN
MHPPACTPYKTYPbI, @ CaMbIM MOAXOAS LM
BWAOM TpaHcnopTa SBNseTcs kak pa3 Tpy6o-
NMPOBOAHbLIN.

Ecnu roBoputb 06 MCMOAL30BAHMW TEXHONO-
rum M'HB B HedTerazoBom cekTope, T0, Kak 13-
BecTHO, 70-80-e roabl XX Beka Obinv Bpeme-
HEM 3KCTEHCMBHOMO Pa3BUTMS HEDTEra3oBoro
xo3aiicTea B CCCP, korga 6110 NocTpoeHo
60/bLIOE KONNYECTBO NEPEXOLOB PA3ANYHOIO
Ha3HAYEHMS, B TOM YMCE MarucTpabHbIE He-
dTe- 1 ra3onpoBOAbI OTKPLITHIM TPAHLLERHbIM
cnocobom. OHu B HacTosILLEee BpeMs Bbipaba-
ThIBAOT CBOI PECYPC U TPEOYIOT 3aMEHbI.

A.C. Kupunnos:

— O6beM 3aka30B Ha NpoBeeHe paboT no
TexHonorum MHB B 2014 rogy cHuauncs. B ot-
pac/iu YyBCTBYETCS KPU3IC, CBA3AHHBIN C TEM,
4YTO B Havane rofa Aonroe BPEMS He MEHSCS
nopsZoK NPOBELEHNS TEHAEPOB B COOTBET-
cTBum ¢ TpebosaHuamn 44-O3. HecmoTps Ha
3T0, NOBLILLIAETCA POSib GAKTOPOB, BAUSIOLLINX
Ha BocTpeboBaHHOCTb yenyr MHB. K npumepy,
B KPYMHbIX FOPOAAX 3anpeLLeHa Npoknaaka
KOMMYHVKaLMA TpaHWeNHbIM cnocoBbom, pacTeT
noTPeBHOCTL B PEKOHCTPYKLMN CTapbIX KOMMY-
HUKaLWA.

KakoBbl OCHOBHbIE TEXHMYE-
CKue npo6iembl, ¢ KOTOPbI-
MM CTaNKMBAIOTCA KOMMa-
Huu, 3aHumatowmecs FrH6?

J1.P. YemaHoBa:

— K OCHOBHbIM TEXHUYECKIM TPYAHOCTAM
MOXHO OTHECTW OTCYTCTBME re0N0rMYECKMX
N3bICKAHUIA, OCTATKN NPEXHUX KOMMYHUKALWIA,
He 3aPVKCUPOBAHHBIX B JAHHbIX reoae3nye-
CKOV CbEMKM M NNaHe, a TakXe CYLLEeCTBYOLLMe
KOMMYHMKaLWW, He OTPaXeHHbIe B niaHe Moo
YKa3aHHbIE HEBEPHO.

A.WN. Bpeiigbypa:

— Mpoknanka noA3eMHbIX MHXEHEPHBIX KOMMY-
Hukauwmin metogom M'HB cesizaHa ¢ puckamu BO3-
HWUKHOBEHS TEXHOMOMYECKMX 1 3KOJOrA4ECKMX
npo6nem, HenpeaBMIEHHbIX 1 ABAPUIHBIX CUTYa-
LIVIIA, KOTOPbIE, B CBOKO O4epesb, MOMYT MPUBECTY
K HeXenaTebHbIM TEXHOTreHHbIM MOCNEACTBUAM,
COpBaTh NaHOBbIE CPOKM CAA4M OOBEKTOB, Bbl-
3BaTb Y0POXAHME CTPOUTENLCTBA UM CAENATb
€r0 3KOHOMWYECKM HEPEHTABENbHBIM.

[N CHAXEHMS 3TUX PUCKOB HEOOXOAMMO
nepBo0YePeaHOe BbICOKOMPOhECCHoHaNbHOe
peLUeHmne CneaytoLmx 3agad (B COOTBETCTBUM
¢ CTOHOCTPOW 2.27.17-2011 «[poknaa-

Ka NOA3EMHbIX MHXEHEPHbBIX KOMMYHUKALMIA
METOLIOM FOPWU30HTabHOrO HaNpPaBNeHHOro
OypeHus»):

1. ObecneyeHvie Hann4Ks OCTOBEPHON
VHXEHEPHO-reonorMyeckoi 1 raporeonornye-
CKOW MHGOPMALMK, ee NPaBUbHbINA YYET.

2. MoCTpOEHVEe Ha CTaaumM NPOEKTMPOBAHMS
onTUManbHo Tpacchl BypeHust, BKoyas yribl
BX0ZAa 1 BbIX0fa, pagunycsl narnba, sarnybne-
HYie, A/VHbI Y4aCcTKOB U1 Ap.

3. NpnMeHeHne HagexHoro 060pyaoBaHNS
1 TEXHONOTK, COOTBETCTBYIOLLIEN MHXEHEPHO-
reonornyeckmnm yCaoBHaM.

4. Vicnonb3oBaHie adhdekTnBHLIX Bypo-

BbIX PACTBOPOB B 00bEMaX, J0CTaTO4YHbIX [N
MUNOTHOrO BYPEHNS, PACLUMPEHNS CKBAXMHBI 1
npoTAr1BaHus TpybonpoBoaa.

5. Ucnonb3oBaHne HageXHbIX METOLOB 1
TEXHUYECKUX CPEACTB KOHTPOAS Npu BypeHnn,
pacLUMPEHUM 1 NPOTArMBaHUM TPYOONPOBo A,

6. O6ecneyeHmne HeNPePbIBHOCTY TEXHOO-
TMYECKNX 3TAN0B MEXAY NUIOTHLIM BypeHMEM,
nocnenoBaTesbHbIM pacLuMpeHem BypoBoro
kaHana v npoTsrueaHnemM TpybonpoBoaa.

7. ObecneyeHvie onycka K NpoBeaeHUIo padoT
TOJNKO BbICOKOKBAIMPULIMPOBAHHOO NEPCOHa-
na, NpoLueLLIero cneLyansHoe obyyeHue.

HeykoCHUTENBHOE BbINOMHEHME BhilLenepe-
YYCNEHHOrO MUHUMANLHOTO Habopa TpeboBa-
HWIA NO3BONUT YCTPAHWUTb MHOTME TEXHUYECKIE
1 TEXHOOTMYECKIE NPOOAEMBI, BOSHUKAIOLLNE
B NpoLiecce BbinonHeHus pabot metogom MHb.

A.C. Kupunnos:

— [naBHas TexHuyeckas npobnema — oT-
CYTCTBYE eI1HO 0083aTenbHON 6asbl Ans
NPOKNaaKM NOA3EMHbIX KOMMYHUKALMIA (TOYHAS
rnybuHa 3aneranus). 3a4acTyto HecoBnaae-
HI1Ee CXEM MCMONHUTENBHO OKYMEHTaLN
1 peasnbHbIXx CXeM MPOXOXAEHUS NPUBOAUT K
Cepbe3HbIM aBapusiM. B utore ctpapatoT kak
HEenocpeCcTBeHHbIe CNONHUTENN paboT, Tak 1
cnyyaiiHble cemaetenu Y.

W.A. WWenkos.:
— Jiobas poccuiickas komnaHus, paboTaio-
LLast Ha POCCUIACKOM pbiHKe HB, He3aBMcMMO
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0T CBOEro pa3mepa 1 06beMa paboT, CTankuea-
€TCS1 C LIENbIM PSoM NpoBieM Kak TeXHUYECKO-
ro, Tak 1 TEXHOOrM4eckoro nnaxa. NMpobnembl
TEXHWYECKOr0 XapakTepa, COCTOALLME B HAM4YMM
KayeCTBEHHbIX PEMOHTOMPUrOAHbIX GYPOBbLIX
KOMMIEKCOB, CHU3MAN CBOKO OCTPOTY, 0COBEHHO
B NOCNEAHE rofbl. Poccuiickuii pbiHOK 6YpoBbIX
MaLLIMH 1 3an4acTei Nony4un guHaMnyHoe
pasBuUTIE, U OCHOBHOI BOMPOC, C KOTOPLIM MpK-
XOAMTCS CTaNKMBATLCS HALLMM CrieusanmcTam
Mo PEMOHTY 000pYA0BaHNS, — CPOKM MOCTABKM
KNIOYEBbIX XOA0BbIX 3an4acTeil. B ceoelt pabote
Mbl, B YaCTHOCTY, UCMO/b3YeM MMMOPTHOE
HemeLKoe 060pyL0BaHME, CPOK MOCTaBKM
LeTanei K HeMy COCTaBISIET OKOJI0 MECSILA, YTO
[0CTaTO4HO 0NIO B YCNOBMSIX HENPEPBLIBHOMO
NPOM3BOACTBEHHOIO NpoLecca Ha GypoBOiA.
Ecnvn roBoputb 0 TEXHONOrMYECKMX Npobne-
Max, TO OfIHO/ M3 OCHOBHbIX 3[1€Ch TPAAMULIMOH-
HO ABNAIOTCS HEAOCTaTOYHbIE 06bEMbI NPeABa-
PUTENBHBIX MHXEHEPHBIX 13bickaHuii ans MHB.
Kpome Toro, B psge cny4yaeB MMeeT MecTo
HW3KOEe Ka4ecTBO NPOEKTUPOBaHMS. 3aKas3umkm
MCNONb3YIOT PA3NNYHYI0 HOPMATUBHYIO 633y,
4YTO, 3a4aCTYI0 MOXET CYLLECTBEHHO YBEANYM-
BaTb CPOKM 1 CTOMMOCTb NPOEKTUPOBAHMS

C. A. PbiykoB:

— TexHu4eckve Npodiems!, ¢ KOTOPbIMU B
NEePBYI0 04ePEeab CTaNKMBAIOTCH KOMMaHWK, pa-
6oTatowme B chepe MHB, cBA3aHbI C HeaOCTaT-
KOM AOCTOBEPHO MHPOPMALLMM O COCTOSHWN
MOA3EMHOr0 NPOCTPaHCTBA. Ha kayecTse n
Ccpokax paboT Takke CKasblBaIOTCS TEXHUYECKast
HenoaroTOBNEHHOCTb (KOraa Ha 00bekTe He
0Ka3blBAeTCA B 0CTATO4HOM 06beme Heob-
XOOMMOTO MHCTPYMEHTA M 060pya0BaHNS),
HenpaBWbHbIA BbIBOP TUMNA MPOMBIBOYHO XWa-
KOCTM W, KOHEYHO Xe, H13Kas kBanndukaums
TEXHWYECKOrO NepcoHana.

OTaenbHO X04eTes ckasaTb 06 MHCTPYMEHTE
ans THB, noctaBnsiemom 13 Kutas, CLUA v npu-
GanTUiiCKMx CTpaH.

30ech, Ha HaL B3rNsSA, CYLLECTBYIOT ABE
npobaembl.

Mepsas. Koraa H13kas LeHa MHCTpyMeHTa
COOTBETCTBYET €r0 HU3KOMY Ka4yecTBy. M 30ecb
BCe Bpoze Obl CNPaBeA/IMBO: CKONbKO 3aniaTui,
Ha CTOMbKO ¥ nonyymn. Ho npobaema octaeTcs
npobnemoit! Markas cTanb, HeKA4eCTBEHHbIE
CBapOYHbIE LLBbI, NNIOX0E KAYECTBO TBEPAOI0
Crnaga n 3arpsi3HEHHOCTb BHYTPEHHEN NONOCTH
PaCLUMPUTENENl HE COOTBETCTBYIOT CNIOXHBIM 1
OTBETCTBEHHLIM paboTam MHB 1 3a4acTyto npu-
BOAST, B JTy4LLEM Cy4ae, K NPOCTOl0 paboThl, a B
XYALIEM — K CEPbe3HBIM aBapHsIM.

Btopas. Korga CTOMMOCTb MHCTPYMEHTA, MO-
craBnsiemoro 13 CLUA, cknaabiBaeTcs He TOMb-
KO 13 OTMYCKHO CTOMMOCTMW NPOV3BOAUTENS,
HO 1 U3 CTOMMOCTY OCTaBKW, Ha0roB, Tamo-
XEHHBIX NOLLAUH 1 cOOPOB, & TaKKE CYLLECTBEH-
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BECTPAHLLEVHBIE TEXHOJOM MU

HOW HALLEHKI TOPTYIOLLMX OpraHun3aunii (ot 40
1o 100%). [aHHas LeHa aBnsieTcst 000CHOBaH-
HOV TOMbKO B ClTyyae OTCYTCTBUS NPON3BOACTBA
aHanor1yHOM NPOaYKLMM B HaLle cTpaHe. Ho
Mpu Hanu4um B Poccum 3aB0A0B MO BbIMyCKY
MHCTPYMEHTa, HYEM MO CBOEMY KAQYECTBY HE
YCTYMatoLLeMy MIMMNOPTHOMY, CHUTAEM 3aKYMKK
[AHHOTO MHCTPYMEHTA B BbILUENEPEYNCIEHHBIX
CTPaHax He YeM WHbIM, Kak HEOBOCHOBaHHbLIM
BbIBOAOM 3@ IPaHNLLy AEHEXHbIX CPEACTB, Ha-
HOCSILLMM CYLLECTBEHHbI YPOH POCCUIACKON
3KOHOMUKe!

OCHOBHbIM NPEVMYLLECTBOM COTPYAHMYECTBA
C POCCUIACKVMM NPOVN3BOSUTENSIMU SBASETCS
MoBbILLEHNE peHTabenbHOCTM paboT B chepe
HB, mocTMraeMoe 3a CYeT CHUXEHWS 3aTpat
Ha MHCTPYMEHT 1 0bopynoBaHue. Hannuvey
KOMMaHMM KQYECTBEHHOTO MHCTPYMEHTA NPEAo-
CTaBNsET BO3MOXHOCTb OpaThes 3a bonee
CNOXHble 0ObEKTHI, MOBLILIAET €€ LWAHCHI Ha
nobegy B TEHOEPAX.

OwyTunm nu Bbl B CBOEA
paboTe usmeHenue Tpebo-
BaHWiA K NpoBeAeHmio paboT
no texHonorum F'HB (ysenu-
YyeHue KonuyecTBa corna-
COBaHWIi 1 pa3peLuLeHmia,
Y)XeCTo4YeHue aKonoruye-
CKMX HOpM U ap.)?

J1.P. YcmaHoBa:

— B cBd3u ¢ Tem, 4to TexHonorus F'Hb
CTaHOBWTCS BCe Bonee BOCTPeBOBAHHON 1 Mo-
MyNSIPHOIA, COOTBETCTBEHHO YBENMYMBAETCA 1
KONMYECTBO HOPMATMBHBIX 1 BEAOMCTBEHHbIX
nokymeHToB. CTpyKTypupyeTcs hbopma nogauu

1 NPEA0CTaBAEHNS HOPMATUBHON JOKYMEH-
Taumun, pernameHTpyloTCs paspeLunTenbHbe
DOKYMEHTbI. BCe 9T0 NprBOANT K NOBLILLEHMIO
kayecTBa paboT 1 UCKNIOYEHUIO CYHaiHbIX
PUCKOB.

CuwnTato BbllLeyka3aHHbIE U3MEHEHNS
[eCTBEHHbIMU 1 3 dEKTUBHBIMI, HaNpPaB-
NIEHHBIMW Ha 3aLWNTY PbIHKA OT LENOro psaaa
MOSBMBLUMXCS B NOCNEAHEE BPEMS KOMMAHWIA,
CTaBsALMX Nog yaap umupx otpaciv MHB B
Lenom. HenpodeccroHanbHbI NOAX04 Npy-
BOZMT K MHOMOYMCEHHBIM aBapUsM U, Kak
CNefCTBME, HErAaTUBHOMY OTHOLLIEHWIO K MPOU3-
BOACTBY CTPOUTENbHLIX PaboT BeCTPaHLUEHbI-
MU METOLAMM.

Mpw 3TOM HeraTVBHbLIE MOMEHTbI NPOSIBNS-
l0TCS B TOM, YTO 3KOA0rM4YeCKme TpeboBaHms,
HeoBX0MMOCTb COracoBaHMIA 1 paspeLLe-
HWiA, yxecTo4eHue TpebosaHuin N[, (nepe-
BO3 KpynHOrabapuTHON TEXHMKM, BBELEHWE
OrpaHNYeHuiA Mo BECY), MaccoBas 3acTpoiika B
CTECHEHHBIX FOPOLCKUX YCNOBUSX MPUBOLAT K
3aTArVBaHWIO CPOKOB NOJTYYEHNS BOMYCKOB Ha
npoBeAeHMe paboT, a BNIOCNEACTBMM K CXaTbiM
CpOKaM CTPOMTENLCTBA, HEOBXOAMMOCTH MPO-
BeAeHNs paboT B HOYHOE BPEMS.

A.WN. bpeiigbypa:

— Ha coBpemeHHOM 3Tane B 6ecTpaH-
LUENHOM CTPOUTENLCTBE NO TexHonorun MHB
CNOXMIUCH YCTOWYMBbIE TPeBOBaHMS K NpoBe-
LEHMI0 3TUX PaboT Kak CO CTOPOHbI KOHTPOMU-
PYIOLLVX OPraHoB, TaK 1 3aka34ymkoB. C Halleit
TOYKW 3PEHNS, ONTUMAbHOE COOTBETCTBUE
3TuM TpeboBaHMAM 06eCcneynBaeT HeobX0-
AVIMYIO TEXHONOTMYECKYHO U 3KONOrMYECKYI0
6e30nacHOCTb 1X NpoBeaeHus. CyLiecTBeH-
HOrO YBENNYEHUS KONMYECTBA COrNacoBaHuii
11 pa3peLUeHmiA Ha MPOV3BOACTBO PaboT No
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TexHonorun HB B nocneaHne roabl Hamu He
00HapyxeHo.

A.C. Kupunnos:

— Kaxaplit rog Tpe6oBaHus K NpoBeAgHUIO
paboT yxecToyaloTcs, Heobxoanmo Bee Gonblie
JOKYMEHTOB M COrNAaCOBaHMIA.

WU.A. Wenkos:

— [la, 370 3amMeTHO. Mbl NOCTOSHHO HABIO-
[,AeM YBENIMYEHNE HArpy3ku Ha NOAPSIAYMKOB
'HB o CTOPOHBI BCEBO3MOXHBIX MHCMEKTY-
pytowmx opraHos. Ecnv B Havane 1990-x romos
TexHonorus MHB cTpagana ot oTCyTCTBYUS
HopMaTKBHOIA 6a3bl, TO ceitvac Bce Gonee
OLLYTWM NPECC OrpaHNYNTENBHBIX HOPMATUBHBIX
JOKYMEHTOB, BNJIOTb 10 CO3[aHMS HaAyMaHHbIX
«0MNacHOCTeN» CO CTOPOHbI TexHonoruu MB.
Kaxxgbiil KpynHbln 3akasunk B HedTerasoBoi
0Tpacnn CO3aeT CBOK HOPMATUBHYIO 6asy,

He ornaabIBasiCh Ha OCTaNbHbLIE KOMMAHUM Ha
PbIHKE.

Mpueepute npumep peanu-
3auum HanbGonee CNOXHOro
npoekrta N'HB ¢ yyactuem
Bawen komnaHuu. C Kakom
OCHOBHOW NpoOnemoit npu-
LLNOCh MPU 3TOM CTONK-
HyTbCA?

J1.P. YcmaHoBa:

— B uione 2013 roga Hatwa komMnaHus npu-
CTyNnuNa K peanu3awyn CnoXHOro U BMECTE C
TEeM BECbMa MHTEPECHOr0 NpoekTa. 3aka34nkom
paboT No PEKOHCTPYKLIMM 3IEKTPUYECKMX CEeTel
109 06bekToB 3umHein Onumnuagbl-2014 B
Coum BbicTynuno OAO «KybaHb3IHepro». CTpou-
TeNbCTBO KabenbHbIX kaHanoB (GyTnspoB)
1n0J, BbICOKOBONbTHbIE NHUM cBbille 1000 kBT

(nyyok 13 6 Tpyb (160, 225 Mm) 06LLMM ana-
meTpom go 700 mm oTpeskamu no 100-300 m)
Obl0 BbIMONHEHO B MNOHOM 00bEME U B CPOK.

TPYAHOCTY BO3HUKNN C 0BYCTPOCTBOM
MUNOTHBIX CKBAXWH B CNIOXHbIX FPYHTax 4-11
KaTeropuu, BBIY CMELIAHHOCTY Pa3NyHbIX
Mopof, Necka, raneyHmka u KPynHblx BaayHOB
(mo 1500 mm) ¢ nnacTamm aprunauTa u mepre-
nsi. CepbesHoit Npobaemoii Takke cTan U3HOC
MOPOOPa3PYLIAIOLLEr0 MHCTPYMEHTA, KOTOPBbINA
TpeboBan NOCTOSHHOrO PEMOHTA W BOCCTAHOB-
neHns.

A.C. Kupunnos:

— Hanbonee CnoxHblin NpoekT — npoknaaka
NOA3EMHbIX 37IEKTPOCETEN Ha OCTPOB B HOBroO-
POLCKOi 06AaCTV OAHMM NPOKOAOM NPOTSXKEH-
HocTbto 6onee 700 M. CnoxHoCTb — Heo6po-
COBECTHOCTb 3aKa3uuka, NPULLOCh NoNyyaTb
JEHbIV 4epes cya.

U.A. Wenkos:

— B ncTopuu Hawwei komnaHum MOXHO HanTH
OrPOMHOE KOAIMYECTBO YCMELLIHO BbIMOJHEHHBIX
CNOXHELLMX M OTBETCTBEHHbIX NEPEXO/IOB,
MHOTWEe 13 KOTOPbIX HE MMEIOT aHaNIOrOB H B
Poccum, Hi B Mupe («[onyboii notok», «<CeBep-
HbIi# NOTOK», ra3onpoBop, «xyora —/laza-
pesckoe — Coun», nepexofsbl 3a MonsipHbIM
Kpyrom, B pamkax 0CBOeHWS BaHKopcKoro He-
$TeraszoBoro MecTopoXaeHus 1 ap. ). Kaxaplii
nepexoz, HENOBTOPUM W UMEET YHUKaNbHbINA
Habop COMYTCTBYIOLLMX TPYAHOCTEN.

Hanpumep, npu cTpoMTENLCTBE ra3onpoBo-
Ja Ha 0. Pycckuid nog aHom nponvea bocdop
BocTouHbI B pamkax npoekTa «CaxanuH —
Xabaposck — BnagveocTok» (2010-2011), a
TakKe Mpu CTPOMTENBCTBE NOABOAHOIO nepe-
x04a HedpTenpoBoaa vepes p. Tas B paMkax
npoekTa «3anonsipse — lMyp-Me» (2013-2014)
0fiHa 13 OCHOBHbIX MPo6em Oblna cB3aHa

¢ noructukon. Ecnu Ha JanbHeM BocToke
NPWCYTCTBOBaNA 3N1EMEHTAPHAs YAANEHHOCTb
0T EBPONEeNcKoi YacT Poccum (4T0 BbI3bI-
Bas0 6obLUME COXHOCTY C LOCTABKOM Kak
nepcoHana, Tak 1 6ypoBoro 060pyaoBaHuUs 1
3anyacTeit), To Ans peku Ta3 3T xe npo-
6nembl ycyrybnsanmcb CypoBbIMIA KMMaTiye-
CkuMK ycnosuammn 3anonspbs. Hanpumep, B
ycnosusx KpaiiHero Ceepa 1 HEpPa3BMTOCTH
MHGPACTPYKTYpPLI, 3aB03 BypoBOro 060pyao-
BaHWS TETOM MOT OCYLLECTBAATLCS TOMBKO MO
BOZE, @ 3MMON — TOMbKO C 1CMOb30BAHNEM
3/IMHMKOB.

Hazo 0TMETUTb, YTO UMEHHO )15 TEXHONOr UK
'HB, B cuny HENPEPLIBHOCTY €€ TEXHONOMU-
YeCKmMX MPOLLECCOB, XapaKTEPHO CBEPXONe-
paTUBHOE Pa3pELLEHME BCEX BOSHUKAIOLLMX
TEXHUYECKMX BONPOCOB. COOTBETCTBEHHO, Bbl-
LUEHa3BaHHble TOrUcTMYecKue Npobaembl Npu-
BOAW/N HE TONBKO K YAOPOXAHWIO NPOEKTA, HO
1 K OFPOMHBIM CTOXHOCTSIM NPY OpraHm3aumum
onepaTuBHbIX MOCTABOK B CNy4ae HeoBX0AMMO-
CTW BONOJHUTENbHBIX TEXHUYECKUX PECYPCOB.

A.W. Bpeiigbypa:

— B 6ecTpaHLLetHOM CTPOUTENbCTBE NOA-
3EMHbIX KOMMYHUKaLWiA no TexHonorum b
NPOCTLIX 00bEKTOB He ObIBAET.

Kaxzplit nepexos no-CBOEMY YHUKAIEH W,
TpebyeT NONHOM Camo0TAA4M BCEX YHACTHNKOB
npoLiecca CTPOMTENLCTBA: OT ONepaTopa koM-
nnekca M'HB go reHepansbHOro AnpekTopa.

OCHOBHbIX e NpobaeM, 00LLMX Ans BCEX
06wbekToB HB, Bcero Tpu:

1. OtcyTcTBMe henepanbHON CUCTEMBI Lie-
HOOBpa30BaHNS.

2. OTCyTCTBME HOPMATUBHO-TEXHNYECKON
JOKyMeHTauumn dbeaepansHoro ypoBHs, 06s3a-
TeNbHOI ANS NPUMEHEHUS.

3. Hnskuii ypoBeHb NPOEKTUPOBAHMS COX-
HbIX 1 YHUKaNbHBIX 00bekToB MHb.
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Kak yacTto Bam npuxogurcs
CTankmeaTbcs C Hefo0po-
COBECTHOM KOHKYPEHLMein?
B kakoili mepe Hekaye-
cTBeHHas paborta ¢pupm-
OIHOAHEBOK CKa3blBaeTCH
Ha o0LemM uMmnaxe otpac-
NeBoro pbiHka?

U.A. Wenkos:

— BesycnoBHO, Ha pbiHKe ceryac cylue-
cTBYEeT npobnema AemnuHra u Hepobpoco-
BECTHOM KOHKYPEHLLMM CO CTOPOHBI HUpM-
OAHOJHEBOK, HO KACaeTCs 3TO B OCHOBHOM
MasneHbKUX NEPeXof0B HeBOMbLLIOro Ana-
meTpa. [1ns Taknx TAXEN0BECOB, Kak Hawwa
KomnaHus, paboTaloLx B CErMeHTe nepe-
XOLL0B MOBLILUEHHOr0 YPOBHS CIOXHOCTH, 3TO
He BCeraa BnseTcs akTyanbHeiM. HO 1 Mbl
BPEMS OT BPEMEHW CTaNKMBAEMCS C TaKUMK
«rope-bupmamu», KOTOpbIE, HE UMES COOT-
BETCTBYIOLLErO OMbITA, MPUBIEKAIOT 3aKa3-
ymkKa He6OMbLLOW CTOMMOCTBIO YCAYT W PbSIHO
GepyTCs 32 BLINOMHEHUE CNOXHbIX NEPEXOLOB,
3a4acTylo HaesCcb Ha aBoCb. HacTo NoTom
X CAMOHaJesHHOCTb, HEeMOAKPEnNeHHas Ha-
NM4MeM COOTBETCTBYIOLLEN TEXHNYECKON 6asbl
11 BLICOKOKNACCHbIX CMeLNanvcToB, BbinBa-
€TC$ B TO, YTO OHY «3aBANNBAIOT» NEPEXOS, W
3aKa3ynK B NAHNKe HAYMHAET CPOYHO 1CKaTb
HOBOrO NOAPSAYMKa. Ha NpoTsxeHnn cBoei
20-n1eTHE MCTOPUM HaLLa KOMNAHWUS HEOHO-
KpaTHO NepeLenbiBana, a 3a4acTyio NpocTo
3aHOBO CTPOWNIA TaKMe Nepexoabl.

B uenom MoxHo ckasatb, 4TO BMELIATESb-
CTBO GUPM-04HOLHEBOK B CEPbE3HBIN NPO-
LleCC B3aMMOOTHOLUEHWI Y4aCTHUKOB PbIHKA
"'HB HeobocHOBaHHO COMBAET LieHY, Ae30-
PUEHTMPYET 3aKa3umka 1 B UTOre MPUBOAMT K
LOMONHATENbHBIM PACX04aM C ero CTOPOHbI.

MOA3EMHBIE FTOPU30HTbI Ne3. Oktsb6ps/2014
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1 4T0 0C0BEHHO BaXHO — Takne GpupMbl Nof-
pbiBaloT cam uMuax metoaa MHb.

J1.P. YcmaHoBa:

— [leiicTBNUTENLHO, B NOCNEAHEE BPEMS MO-
SIBUNIOCb MHOXECTBO OpraHn3aLmii, KOTopble
cOMBAIOT LIEHbI, HAHUMAIOT AeLleByio pabouyio
CUNTY, HO B CM/TY CBOEIN HEOMLITHOCTM He Bbl-
nonHatoT paboTy. MpuxoanuTcs nepefensiBaTh
3a HUX 00bekThl, UMuaX MHB noapbiBaeTcs,
3aKa34ynKku B AanbHellem 0TKasblBaloTcs OT
1CMONb30BaHKS 3TOr0 MeToaa.

MpUYKHLI HeyAay MOTyT ObITb Pa3HbIMK,

HO B OOMbLUVHCTBE CNy4aeB OHU CBA3AHbI C
yenoseyeckum daktopom. Ha nepsom mecTe
CTOWT XanaTHOCTb, Ha BTOPOM — Henpodec-
CUOHaNN3M.

A.U. Bpeiinbypa:

— CrankuBatbCs ¢ HeLoOPOCOBECTHOM
KOHKYPEHLMEe HaM MPUXOANTCS EXEAHEBHO.
CoBpeMeHHbIi poccuinckuii peiHok MHB, K
Hawemy rnybokoMy CoxaneHuio, xapaktepu-
3yeTCsi OCTPOA, 3a4aCTY0 HELMBMIN30BAHHON
KOHKYPEHLMe NpeanpusTuin npu noay4eHnn
TOrO MAW UHOTO 3aKasa.

Mo MHEHUIO CNEeLManMCcTOB-NPaKTUKOB B
o6nactu 'HB, 0CHOBHOI NPUYMHON 3TO-
ro ABNSETCS NErkofoCTYNHOCTL NpoLecca
BXOXAEHUS B PbIHOK €0 HOBbIX Y4aCTHUKOB,
OTCYTCTBUE QefepanbHON CUCTEMBI LEEHOO-
Gpa30BaHNs faHHbIX PaboT 1 eAnHLIX TPe6o-
BaHW K NPOdECCHOHaNbHON KBanuduKaLmm
KOMMaHui.

A.C. Kupunnos:

— HepobpocoBecTHas KOHKYPEHLMA — He
camas ocTpas npobnema B 3ToM 6usHece. Ca-
masi 6onbluas — 3TO MHOXECTBO KOMMaHMiA-
NoCpPeaHUKOB, KOTOPbLIE NOy4atoT BCE «CJINB-
Ku» OT TEHAEPOB M CHUXAIOLLME WX «OTKaTbI».

Mo MHeHuI0 3KcnepToB,
OJHOW U3 OCHOBHBIX NPO-
6nem cdepbl FHB B Poccun
asnaetcsa aepuumt npodec-
CUOHanbHbIX Kappos. Mo-
LennTechb ONbiTOM peLueHust
37101 Npo6Nembl.

A.U. Bpeiigbypa:

— Poccwiickwnii poiHok MHB xapaktepuay-
€TC$s 60MbLUMM KONMYECTBOM BbICOKOKBANN-
dULMPOBaHHBIX KOMaHS, paboTaloLmMX Kak
B CMeuuanu3anpoBaHHbix Gupmax, Tak 1 B
NOAPa3AENEHMNSX, AKCNIYATUPYIOLLMX TEXHUKY
HB B pamkax KpynHbIX NPOU3BOLCTBEHHO-
CTPOMTENbHbIX KOMNaHui. Mpodeccnonanmam
onpegensietcs He GOPMOii opraHu3aLmm
Hanpasnenns N'HB n He BUOOM KOMNaHwii, a
npodeccroHanbHON NOArOTOBKOW COTPYA-
HUKOB Ha BCEX YPOBHSIX, @ TAKXE KA4YECTBOM
MPUMEHSIEMOI TEXHNKM.

B Hawweit accoLmaumm pa3paboTaHa cuctema
MOArOTOBKM U MOBLILLEHNS KBANNdUKALMMN
CreLmanncToB BCEX YPOBHEN, OCYLLECTBISIO-
LLMX 3KCMTyaTaumio TeXHUKM 1 TexHonorum MHb.
3a roapl pabotel B y4ebHOM LieHTpe MAC THB
npoLL/v oByyeHue v NoBbILLEHE KBanUUKa-
uum 6onee 3,5 ThiC. ONEPaATOPOB KOMMNIEKCOB
'HB 1 cneumanucToB NHXEHEPHO-TEXHUYECKOTO
nepcoHana.

OuepenHoi LMK y4eBHBIX MEPONPUSTHIA
no Tpaguumm npoiipeT B despane 2015 rona B
caHaTopuu «BacunbeBCkuii», pacnonoxXeHHOM
B8 20 km 0T ropopa Kasau.

EXerofHbIin y4ebHbI CEMUHAP 0NepaTopoB
komnnekcos 'HB cocToutcs 2-7 despans, a
€XErofHbIN CEMUHAP NOBLILLEHUS KBANMPUKA-
L UTP B o6nactn FHBE — ¢ 9 no14 despans
2015 ropa. YuebHbiid ueHtp MAC 'HB npurna-
LIAET BCEX XENAIOLLMX MPUHSTB B HUX y4aCTUE.
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J1.P. YemaHoBa:

— Y Hac npodeccroHanbHas KoManaa, ectb
KOCTSIK, Ha KOTOPOM BCE LePXMUTCS. Bhickasbl-
BaHWe «Kaapbl PELLAIOT BCE» — 3TO O HaLleM
npeanpusTn. TonbKO BbICOKMIA NpodeccroHa-
JIN3M 1 NPEAAHHOCTL CBOEMY ANy NO3BONSIOT
B CaMblX CNIOXHBIX CUTYaLWAX HAXOAWTb ONTH-
manbHble peleHust. C pagocTbio NPUHUMAEM B
CBOW KONNEKTWB HOBbIX NIOAENA, 0By4aeM nx, K

CY4aCTblO, Yy HaC BCE And 3TOr0 eCTb.

WN.A. lWenkos:

— Ecnu roBoputh 0 pbiHKe NpodeccmoHans-
HbIX kaipoB [HB, TO OH KOHEYHO, B OTANYME OT
3anafHblX CTPaH, eLle HaXxoaWUTCa B 3a4aTou-
HOM COCTOSIHUM. [1paKTU4ECK HET y4eOHBIX
3aBefIeHUiA, KOTOPbIE BbiNyCKanu Obl FOTOBbIX
CMeumanmcToB B LaHHOW 061acTH, kaxaas
KpynHasi Gypma no-CBOeMy BbIXOANT U3 CU-
Tyauum. Moatomy eule 20 net Hazan, koraa B
Poccu BoobLe Mano kTo cnbiwan o FHB, Mbl
pewwunu npobaembl ¢ NePCOHANOM NS HaLLE
koMmnaHum cnenyowmm obpasom. Mpuenekaem
ans paboTbl MONOABIX NtOAEN, YacTo Aaxe B
NEePVOA NOYYEHNS MU CPELHETO CNELM-
anbHOro UK BoicLiero 06pasoBaHus, cpasy
Xe 0TnpaBnsieM B KOMaHAMPOBKY Ha 6ypo-
Bble 00BLEKTLI, Fe OHW B KAYECTBE Y4EHNKOB

M CTaXepoB NOCTENEHHO 0CBanBalOT BCe

TOHKOCTU Npodeccuu. Y Hac ecTb OMbITHLIE
VHCTPYKTOPbI-HACTaBHKKM, paboTatoLLye B
KOMMaHW1 C MOMEHTa OCHOBaHUs1. Tak nocTe-
NEHHO 1 chopMmpoBancs NPodGeCcCMoHaNbHLIN
KOCTSIK KonnekTuea. bonee Toro, Bce BbiCLINE
PYKOBOAMTENN KOMMAHWUM HAYMHANW CBOIO Ka-
PbEPY UCKNIOYNTENBHO C PaboThl Ha BYPOBbIX,
MHOT1e NepcnekTBHbIe paboyne 1 macTepa
32 HECKOJTbKO JIET NPEBPATUANCH B OMbITHBIX

HayanbHUKOB BYPOBbIX KOMMIEKCOB.
TeM He MeHee, Mbl CTapaemcsl, ecinm

npefoCTaBISETCS Takas BO3MOXHOCTb, Ha-
npaBnsTb CBOWX PabOTHWKOB Ha Pa3nnyHble
o0yu4aloLume NporpaMmel, B ToM Ynche u B Ka-
3aHb. B 37011 CBA3M x04eTCs nobnarofapuTh
pykoBogncTeo MAC 'HE 3a npuknaabiBaemble
OrpOMHbIE YCUNKS NO pas3BnTU0 NPodeccuo-
HanbHOro 06y4yeHmns B chepe becTpaHLLeRHbIX

TEXHONOT WA,

B kakoii mepe COOTBETCTBY-
€T COBPEMEHHbIM peanusm
HOPMaTUBHO-TEXHUYECKas

6asalHB?

A.U. Bpeiinbypa:
— Ha cerogHsiLLHWiA 4eHb OTCYTCTBYET
HOPMaTMBHO-TexHK4eckas 6a3a 6ectpaH-

LUEAHOrO CTPOUTENLCTBA NOA3EMHBIX KOMMY-
HUKaLwmia no TexHonorum M'HB oba3atensHoro

NMPUMEHEHNS.

C Hawwmm y4acTrem pa3paboTaH 1 BBELIEH B
npakTuky CTaHaapT HaLUoHaNbHOro 06beanHe-
Hus cTpouTeneii CTO HOCTPOW 2.27.17-2011
«[poknaaka NOA3EMHBIX MHXEHEPHBIX KOMMY-
HVKaLWA METOLOM FOPU30HTA/IBHOTO Hanpas-
neHHoro OypeHus». MpogonxaeTcs paspaboTka
Ha ero ocHose MexrocyaapcTteeHHoro Ceoaa
npasun (MCIM) «[oa3eMHble MHXEHEPHbIE
KOMMYHUKaLmK. Mpoknaaka ropu3oHTaNnbHbIM
HanpaBneHHbIM BypeHuem»,

J1.P. YcmaHoBa:

— EanHOM HOPMATMBHO-TEXHUYECKO AOKY-
MeHTaLuMmM B 06NacTV NoA3EMHOr0 CTPOUTEb-
ctBa Hert. CywecTBytoLLME AOKYMEHTbI HOCAT
peKOMeHAATeNbHbIA XapakTep, a y BCEX 3akas-
unkoB ycnyr FHB pasHble TpeboBaHus. Hanbo-
nee npopaboTaHHble HOPMATUBHO-TEXHUYECKME
TpebOoBaHuMs CTb Y eCTECTBEHHBIX MOHOMOMNIA
(PXA, Masnpom, PocHedTb 1 ap. ).

U.A. Wenkos:

C npo6nemoii OTCYTCTBUS €AMHON
HOpMaTMBHO-TEXHWYeckoi 6a3bl THB cTankmea-
loTcs Bce noapsaayukm no MHB. A uto kacaeTcs
3aKa34nKoB, TO, Kak NPaBmMO, y Camblx KPYMHbIX
13 HWX CYLLLECTBYET COBCTBEHHAs HOPMATMB-
Has 6a3a. B yactHocTi, OAO «AK «TpaHc-
HedTb» 0011a1AET OAHOM U3 CaMbIX PA3BUTHIX 1
MNOAOTBOPHLIX HOPMATMBHBIX 6a3, XOTS 1 OHa
MOCTOSIHHO AlopabaThiBaeTCs»

TpebyeT M U3MeHeHNiA, Ha
BaLl B3rNa, C/IOXUBLLASCS
B Hawel cTpaHe cuctema
LeHooOpa3oBaHus Ha ycny-
rm FHB?

J1.P. YcmaHosa:

— CyLLecTBytOLLYME HA CErOAHALLHMIA AEHb
METONKM LIEHO0BPA30BaHNS HE MOIHOCTbIO
YYUTLIBAIOT COCTaB paboT 1 3aTpaThl Npu
1CMoNb30BaHUM MeToa 6ecTpaHLLenHON Npo-
KnagKun KOMMYHUKALMA. PaCLLEHKM He y4uTbl-
BalOT He0OX0AMMOE KONMYECTBO MaTepuanos
(BBMAY MHOrOOBpa3us Npon3BoanTeneit), a
TakKe pacxog, CTOMMOCTb, MOLLHOCTb 060-
PYLOBaHWs, AOMONHUTENBHOE 060PYA0BaHME,
npumeHsiemoe npu MHB (nonMBoMoeyHble
MaLUMHBI 415 TPAHCMOPTUPOBKM BOAI, MNOCOCHI
A5 0TKauKy BYpOBOro LfaMa, KpaHbl ins pac-
KPY4MBaHWS/3aKPY4MBAHWS LITAHT). B faHHO
CUTYyaLMn Ha NOMOLLb NPUXOAST BELOMCTBEH-
Hble PACLLEHKM, BOBMOXHOCTb VX MPUMEHEHMS
CYLLECTBEHHO MOMOraeT pacLEeHNTb paboTy.

A.WN. Bpeiig6ypa:

— Kak Mbl yXe 0TMeYanu Bbllle, K Hallemy
rnybokoMy COXaneHunio, eanHas denepanbHas
cucTema LeHoobpa3oBaHus 6eCTpaHLLENHOro

cTpoutenscTea no TexHonoruu MHB oteyt-
CTBYeT.

Hawa accouuavuys COBMECTHO C konnera-
MU U3 SPYruX NPOGECCHOHAIIBHBIX COI030B 1
accoumaupit, 06beamHsI0LLMX NPOdECCHOHA-
0B NOA3EMHOrO CTPOWUTENLCTBA, B TEYEHUE
nocnegHvx 4-5 netT NpoBOAUT NOCTOSIHHYIO
LieneHanpaBeHHyo paboTy Mo PELLEHNIO STUX
CNOXHbIX 33424, BO MHOrOM ONpeaensioLmx Gy-
JYLLYIO MHAMUWKY Pa3BUTWS HaLLen NoA0TPacam
CTPOMTENBHOrO Komnaekca. C coxaneHunem
MPVXOLNTCS KOHCTATMPOBATh TOT aKT, 4To,
HECMOTPS Ha NPOAENAHHYIO KONOCCabHYI0 pa-
60Ty, KapaMHaNbHbIX YAYYLLEHNA [OCTUTHYT He
YIAnoCh, B AANbHENLEM NPECTONT ELLE MHOMO
paboThbl B 3TOM HanpasneHWW. 3afaya okasa-
N1aCb HAMHOTO CNIOXHEE, YEM HaM Ka3anoch Ha
HayanbHOM 3Tane, Ho, MPOAOIXas ABNraTbCS
Brepea, Mbl YBEPEHbI B €€ YCNELWHOM PeLLeHnn
B 0603pM1MOit NepcnexkTuBe.

WU.A. Llenkos:

MbI NOCTOSIHHO CTANKNBAEMCS B CBOEW
paboTe ¢ npobnemon pasnuyHbIX LEHOBbIX
6a3 1 pacLeHOK 3aKa34nkoB. ECv roBopuTb 0
NPYMEHSEMOM HamK BECTPaHLLEHOM METoAEe
MPEcCco-LLIHeKOBOro BYpeHus:, TO 4acTo pac-
LIEHK Ha Hero HanoMuHaioT XIX Bek, korga npu
CTPOUTENbCTBE TPaHLLEi B Poccum ncnonb3o-
Ba/IM TOJNbKO JIOMAThl ¥ HUYEro He CNbILLANM 0
6ecTpaHLUeHbIX MeTofax. Takylo cuTyaumio
HaZl0 MEHSITb

B uenom page merano-
NUCOB MMpa 3anpelLleHa
npokiaaKa KOMMYHUKaLMiA
TpaHLUeNHbIM CnocoOoM.
Hackonbko peanbHo (uene-
coo0pa3Ho), ¢ BaLIeil TOUKU
3peHusi, BBeaeHue nogoo-
Horo 3anpera (1mM6o xect-
KMX orpaHu4eHuii) B Mockee
n Cankt-MeTepOypre?

J1.P. YcmaHoBa:

— B Espone o 95% pabot no npoknagke
ropoacknx KOMMYHUKaL 3aKOHOAATE N b-
CTBO 06513yET NPOBOAMTb C UCMONb30BAHNEM
TexHonorum 'HB. B Poccum aTa TexHonorms
npumensieTcs B 50-60% cnyyasix.

Bbino 6bl NPaBMbHLIM NPUBECTU HOPMbI
rpagocTpouTenscTea Poccuiickoit denepaym
B COOTBETCTBME C TPEOOBAHNSAMM MEXAYHA-
POAHbIX CTaHAAPTOB. BBEAEHME OrpaHMyeHui
My NPOKNaaKe CETEeN N KOMMYHUKALIAI B
rOPOACKON CPEAE B NaHe 3awuTsl naHawadTa
11 COXPAHHOCTM 3[1aHuiA 6b1N0 Obl NONE3HbIM,
npuyem 51 Obl BeNa peyb He Tobko 0 Mockse
1 Cank-lNeTepOypre. B Poccum MHOXECTBO

MOA3EMHBIE FTOPU30HTbI Ne3. Okta6ps/2014



MPEKPACHbIX CTAPVHHBLIX FTOPOAOB C YHUKaIbHON
WCTOPWEN 1 apXMTEKTYPOI. Ho, MOBTOPIOCH,
OrpaH14YeHuin, HO He 3anpeToB, Tak Kak He BCe
paboThl MOXHO BbINOAHUTE MeToaoM MHB.

A.N. Bpeiinbypa:

— C Haluel To4Ku 3peHus, 3anpeT Ha npo-
BeAeHne paboT Mo CTPOUTENLCTBY MOA3EMHbIX
KOMMYHMKaLMIA Pa3NINYHOr0 Ha3HaYeH!s Ha
TEPPUTOPUM KPYMHBIX TOPOA0B MO TpaamLy-
OHHbIM TEXHONOTMSIM C BHELLIHEN 3KCKaBaLMEN
rPYHTa SBASETCS YPE3BbIYANHO aKTyanbHbIM U
LienecoobpasHbiM, 0COOEHHO B ICTOPUYECKON
4acTy 3TUX TEPPUTOPUANBHBIX 06pa30BaHNIA.
OpnHako B cuny AeicTBMs KoMnnekca GakTopos
CyObEKTMBHOIO XapakTepa ero npakTuieckas
peanu3auus SBASETCS, Ha Hall B3rNsi, BeCbMa
npo6nemMaTu4HON, BO BCSKOM Cy4ae B Onmxait-
LLE NepcrexTuBe.

WU.A. Wenkos:

— Jio6oi1 06LLKIA 3aMPET, B TOM YMCNE U Ha Npo-
KnaaKy KOMMYHVKALWA OTKPLITHIM TPAHLLEAHBIM
C€rocoBbom, SIBHO BBOAUTCSA C BOMIbLLVM 3aMacoM.

EcTb 06CTOATENBCTRA, MPU KOTOPbIX AaHHbIV Bapii-
aHT Gyaet Hanbonee onTUManbHLIM. [pyroe feno,
€C/I1 Mbl FOBOPUM O TOM, 4TO MPU NPOEKTUPOBaHWM
B Ka4eCTBE NPV1OPUTETHOMO LIO/KEH PacCMaTpU-
BaTbCs BeCTpaHLLeiHbIA crocob. M Tonbko ecin

B CUTY TEX UMM WHBIX MPUYYH OH NPOUMPLIBAET, B
MOBECTKY [1Hs A0/HKEH BKIIO4ATLCS BONPOC 06 ne-
MO/b30BaHIY TPAHLLIEHOTO MeToaA.

Balua oueHka nepcnekTus
pa3sutus cdepbl 'HB B Ha-
LLIEW cTpaHe.

J1.P. YcmaHoBa:

— Hecmotps Ha npobnemsl, oTpacis MHB
MPOAOMKAET OCTABATLCS MPUBNIEKATENBHOIA.
Mpw 0bLLEit, HA NepBOIA B3rNSs, HACILIEHHOCTY
npeacTaensemblx yeayr no MHB, Mbl noOHMMaemM,
HACKO/bKO OrPOMHbI HALLIM NEepPCnekTyBbI. B
CBSI3M1 C Pa3BUTUEM MHOPACTPYKTYPLI HE0OX0-
IMMOCTb BecTpaHLLEenHo npoknaaky bynet
TOMbKO YBENNYMBATLCS.
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BECTPAHLLEVHBIE TEXHOJOM MU

U.A. Wenkos:

Mbl yBEPEHBI B XOPOLLIMX JOATOCPOYHBIX
nepcnekTueax pa3sutusg metoga B B Hawei
CTPaHE 1 XOTUM MOXENATb HALLMM KOAIEram
aKTMBHO Pa3BMBaTb PbIHOK W BLICTYNATh HA HEM
[O0CTOMHbIMM NpodeccHoHanamm.

A.WN. Bpeiigbypa:

— [opu3oHTanbHOE HanpasneHHoe byperne
ABNSETCA XOTS M BXHOM, HO BCErO NINLLb OLHOA
13 MHOXECTBA KOMMOHEHT COBPEMEHHOIO
CTPOUTENBHOMO KOMMJekca. B ceazu
C 9TVM NEPCNEKTUBLI HALLIErO PA3BUTUS HAX0-
JATCS B CUIbHOW CUCTEMHO KOPPENsLIMM Kak
C TEMNamu 1 AyHaMUKON PasBUTUS POCCUIACKO-
ro CTPOVMKOMMEKCA B LEAOM, TakK M C NOCTY-
naTebHbIM Pa3BUTMEM OCHOBHBIX OTPACNEN
3aKa34MKoB HaLmx paboT (TpaHcnopTa HedTn,
rasa 1 NpoAyKToB VX nepepaboTku, aNeKTpo-
3HepreTuku, caaam, XKX, NpoMbILLIEHHOTO U
rPaXaaHCKoro CTPOUTENbLCTRA).

Moa3eMHbIE CTPOUTENN — ONTUMUCTLI, N03-
TOMY Mbl Ha,eeMCS Ha JanbHenLIee AMHamny-
HOe Pa3BUTUE HaLLEeN Chepbl AEATENBHOCT.

MpouasopcTseo v npogaxa byposoro oGopynosadus FORWARD HDD

CTpouTensCTBO MHXEHEPHBIX ceTeit meTogom [Hb
CepaicHoe oBenyXKMBaHWe, PEMOHT, QuarHocTuka ycraHosok [HB

www.forward-hdd.ru
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* KYPC OBYYEHWUSA HAYMHAKOLLMX ONMEPATOPOB 'HE C U3YYEHWEM
NPAKTUYECKIX ACMEKTOB NMPOU3BOACTBEHHOM AEATENBHOCTMU:

e TEOPUS NO3ULIMOHUPOBAHWUSA W MPUHLMMN PABOTHI IOKALMOHHOIO
OBOPYAOBAHWS:

* TEOPUSA NMPUMEHEHWS BYPOBbIX PACTBOPOB B IHE;

e [MPAKTUYECKAS AEMOHCTPAUWS EECTPAHLUENHOIO CTPOUTESNIECTBA
TPYBEOMPOBOAOB METOAOM MHE C MPUMEHEHWMEM CNELMANBHOMO BYPOBOIO
WHCTPYMEHTA NS PABOTbI B CNOYHBLIX FTOPHO-FEONIOMMMYECKMX YCNOBUSIX.

MCNONMHUTENbHAA OWPEKUWA MAC N'HB: 420059, I' KA3AHb, Y. NABNIOXWUHA, O.104
TEJ.: +7 843 277 52 22, ®AKC: + 7 843 278 86 46
INFO@MASGNB.RU, WWW.MASGNB.RU
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