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2.1.1. CtpoutenbHble KOHCTPYKIIMH, 3JaHUS U COOPYKEHHUS (TEXHMYECKUE HAYKH )

VIIK 624.1

HcTopus pa3BUTHS TOHHEJIECTPOEHUSI U €r0 COBPEeMEHHOE COCTOSIHNE

'Kyposckuii C.B., 2Cocnun I.A., ‘Mumun JI.A.

1000 «Bsicmas IIkona O6paszosanus», Mocksa, Poccus
2pr'AOY BO «IlepMckuii HalMOHABHBII
HCCIIEA0BATEIbCKUN ITOIMTEXHUYECKUN YHUBEPCUTETY, [IepMb, Poccus

ABTOp, 0TBETCTBEHHBIIi 32 mepenucky: Mumus Jlennc Anexcanaposud, e-mail: 9651530@gmail.com

AHHoTaums. B 1anHO# cTaThe MpecTaBlieHbl BOPOCHI,
OTpaXarolfue WCTOPUIO Pa3BUTHS TOHHEIECTPOCHUS
U COBpEeMEHHOe ero cocrosHue. Jlius TOro uTOOBI
PacKpBITE  JAaHHYIO TEMaTHKy, CTPYKTypa CTaTbH
OmpeneNseTcss  CICAYIONUMH  OJIOKAMHU:  BBEJCHHE,
XapaKTepUCTHKA UCTOPUUECKUX ITATNIOB U PETPOCIIEKTUBBI
MHUPOBOT'O TOHHEJIECTPOEHUS], IEPCIEKTHUBHBIE HAITPABJICHUS
MEXIYHAPOJTHOTO TOHHEJICCTPOCHUS W CTPOHTEIHCTBA
TPAHCIOPTHEIX ITyTEH, KITFOUEBIC HATIPABIICHIS HAYYHBIX
HCCTICIOBAaHUH B chepe pa3BUTHS MHEPOBOTO TOHHEIICCTPOCHTIS,
SKCIIEPUMEHTAIIBHBIEC U TEOPETUYESCKUE METOBI B IPOBEACHIN
COBPEMEHHBIX HAyYHO-HCCIIEIOBATEIbCKIX pPadoOT B
cdepe TOHHeNnecTpoeHus, BbIBOAbl. Ha coBpeMeHHOM
9Tare KJIrOYCBBIMU HAITPABJICHUAMU HAYYHBIX I/ICCHC}]OB&HI/Iﬁ
B chepe pa3BUTHUSI MUPOBOT'O TOHHETIECTPOCHHS BBICTYTIAIOT:
dhopMupOBaHHE METOMOJIOTHYCCKUX OCHOB, a TaKKe
MOJIJIBHBIX TPOTPaMM, CIOCOOHBIX aBTOMATHU3HPOBATH
MPOLIECChl TPOEKTUPOBAHUS TOHHEIEH NpH TOMOIIU
COBPEMCHHBIX IMU(MPOBBIX TEXHOJOTHI; MEPCICKTUBHOEC
pa3BUTHE TOPHBIX METOIOB B TOHHEJIECTPOECHUU MPHU
MONYCKAMhHBIX JIMOO CKaJbHBIX MAaCCHBaX TPYHTA,
MPaKTHYECKOE HCIIONB30BAHKE TIPOTPECCUBHBIX TEXHOJOTHIA
(hopMHPOBaHNS METOJIOB B TOHHEJICCTPOCHUH, ONTHMAJIHHBIX

THIIOB ~ ONEPESKAIOMMX M  KOHTYPHBIX Kpemel ¢
OJIHOBpeMeHHI)IM HpI/IMeHeHI/IeM HpOpBIBHI)IX I/IHHOBaHI/Iﬁ
MPOXOJKK B TOHHEJIECTPOEHHUH, KOTOpas 00ecreunBaeT
KpaiiHe BBICOKOE 3HAUEHHWE MPHUPOCTA, yMEHbBIIEHHE
CTOMMOCTHBIX XapaKTEPUCTHK BBIMOIHIEMBIX CTPOUTEIIBHBIX
pabort. [TocteneHHO cdhepa TOHHETECTPOCHUS CTAHOBUTCS
B HH]Ty CTPUATIBHOM €o001IecTBE HAYKOEMKUM
CEKTOPOM, OOYCITOBJIEHA MACIITA0HBIM IPAKTHYECKAM
TPUMEHEHHEM HMHHOBAIMOHHO-IIU(PPOBBIX TEXHOIOTHIA
Ha 0ase SKOHOMHYHBIX CTPOUTENBHBIX KOHCTPYKIIHH,
BBICOKOTIPOM3BOANTENBHBIX ~ MCXaHH3UPOBAHHBIX M
ABTOMATH3MPOBAHHBIX KOMIUIEKCOB, WHHOBAIIMOHHBIX
CTPOUTEIBHBIX MATEPUAIOB, ONTHMAIBHBIX METOIO0B
BBIITOJIHCHUA CTpOI/ITeJ'[I)HI)IX pa60T, qTo O6eCHeqHBaeT
JIOCTATOYHO BBICOKOE 3HAUEHHUE TPUPOCTA B CTPOUTETHHOM
CEKTOpE C YYETOM COOJIONEHHS DKOJOTMYECKOH |
TEXHUYECKON 0e30acHOCTH.

KuroueBsble ciioBa: TOHHCJICCTPOCHUEC; UCTOPUS PA3BUTHS,
COBPEMCHHOC COCTOSAHUEC, HAYYHO-UCCICAOBATCIBCKUC
pa601m; MECTObI; HPOIrPECCUBHBIC TEXHOJIOI'MU; IICPCIICKTUBHBIC
HaIlpaBJICHUA
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History of development of tunnel construction and its current status
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Abstract. This article presents the issues reflecting the
history of tunnel construction development and its current
state. In order to fully explore given subject, the article
structure is defined by the following blocks: introduction,
characteristic of historical stages and retrospective of the
world tunnel construction, perspective directions of
international tunnel construction and construction of
transport routes, key directions of scientific researches in
the sphere of world tunnel construction development,
experimental and theoretical methods in carrying out
modern research works in the tunnel construction sphere,
conclusions. At the present stage the key directions of
scientific researches in the sphere of the world
tunnel construction development are: formation of
methodological bases as well as modular programs
capable to automate the processes of tunnel designing
with the help of modern digital technologies; perspective
development of mining methods in tunnel construction at
half-rock or rocky soil mass, practical use of progressive

methods formation technologies in tunnel construction,
optimal types of advance and contoured supports with
simultaneous use of modern tunnel construction methods,
which provides an extremely high value of increase,
reduction of cost characteristics of performed
construction works. The tunnel construction sphere is
gradually becoming a science-intensive sector in the
industrial community, is caused by large-scale practical
application of innovative digital technologies on the basis
of economical building structures, high-performance
mechanised and automated complexes, innovative
building materials, optimal construction work methods,
which provides a sufficiently high value of growth in the
construction sector taking into account the observance of
ecological and technical safety.

Keywords: tunnel construction; history of development;
modern state; scientific research; methods; progressive
technologies; perspective directions
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BBenenune

Introduction

B wucropuueckodd peTpoCHEKTHBE TOHHENW TMOSBWINCH Ha (OHE
HEOOXOJMMOCTH JTOOBIYM PA3TUYHBIX TOJIE3HBIX HMCKOIMAEMBIX, Py, B IEJIX
MIOCTOSTHHOTO O0ECMEeUeHUs] MYHULMNAIbHBIX O0pa3oBaHUl U KpemocTei
BOJIHBIMHU PECYPCaMHM.

[TosiBuBIIMECS TIEpBbIE TOHHEIN MOTJIM OOCITY>KHUBATh TOJBKO JIBUKCHHE
TPAHCIOPTHBIX CPEICTB, MX CTPOWIM B JOCTATOYHO KPENKUX CKaJbHBIX
nopojiax, GopMUPYEMbIX TOCPEICTBOM PYYHOTO TPYa, IOCTOSHHOU 00ICIKH Y
TOHHEeJIEH He ObLIO.

[Tocnenyromiee  pa3BUTHE  BHEUTHEDKOHOMUYECKHUX  OTHOIICHUU
CIIOCOOCTBOBAJIO  CTPOUTENHCTBY TOHHENEW Il JBMXKEHUS MOPCKOTO
TPAHCIIOPTA B €BpONCHCKIX KaHamax [1; 2].

B cooTBeTcTBMM ¢ MCTOPUYECKMM pPa3BUTUEM TOHHEJIECTPOEHUS,
SBJISIFOLIETOCS. TUIIOM HH)KEHEPHO-TEXHUYECKON NIE€ATEIbHOCTH, BBISBIISIIOTCS
TPU UCTOPUYECKUE CTATUU:

1. Oran |: pacuser [peBuerr Pumckoit Mmnepun u [dpeBneit I'penun,
nepuon Ipesnero mupa.

Oran |l: CpenneBexkoBbe u 3akaHunBasg XVIII Bexowm.

Oran I1l: ¢ XIX Beka 1 o HacTosIee Bpems.

XapakTepucTHKA HCTOPUYECKHUX ITANOB
U PEeTPOCHEKTUBBI MUPOBOI0 TOHHEJIECTPOEHUS

Characterisation of historical stages
and retrospective of the world tunnel construction industry

Hcropuyeckne MCTOKM TOHHEJIECTPOCHUSI OTHOCATCS K BPEMEHHOMY
niepuoy JpeBHero mupa.

PaboTel B 10JI3eMHOM MPOCTPAHCTBE, OCYIIECTBIISIEMbIE HA TEPPUTOPHUH
Puma, BaBunona, ['petun, Erunra, Obutn opueHTHPOBaHBI Ha JOOBITY pa3sHBIX
MOJIE3HBIX UCKOMAEMbIX, KOHCTPYUPOBAHHS XPaMOB.

[Tox:xe ToHHENU OBLTU HEOOXOAMMBI ISl TPAHCHOPTHOW JIOTUCTHKU U
oOecrieueHus: BOJOCHAOKEHUSI HA TEPPUTOPHH.

B Ttabnune 1 mpexacraBiieHa KpaTkash XapaKTepUCTUKA HCTOPUYECKOU
PETPOCIEKTUBBI MUPOBOTO TOHHEJIECTPOCHHUS.

[Tpu cTpouTenbCTBE TOHHENEH HA TPETHEM dTare BOSHUKAIU pa3IuvHbIe
CIOXHOCTH. Hampumep, mpu KOHCTpyupoBaHUU TNiepBOro CHUMILIOHCKOTO
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TOHHENS (puc. 1) BO3HHMKIM Takue MPOOJIEMBI, KaK: 3HAYUTEIbHOE TOPHOE
JABJICHUE, CYLIECTBEHHBIN MPUTOK TOpsYel BOJIbI, TEMIIEpATypa I0XOAMIIA JI0
55 rpaaycos no Lenbcuto.

Ha Teppurtopun llIBeiinapun 10cTaTOYHO MACIITAOHBIM MPOEKTOM CTaJIO
BO3BEJICHHE JKEJIE3HOJIOPOXKHOIO TOHHENSI B TOPHOM MECTHOCTH, CyMMapHas
JUTHHA KOTOpOoro — Ooiiee 50 KMIoMeTpoB. DTOT KEJIE3HOAOPOKHBIN TOHHEh
npeaHa3HayeH s 0ObeUHEHUs: aBTOAOPOXHbIX Mmaructpaieil IlIBelinapuu,
Wranuu u I'epmanun [3].

Taouauua 1/ Table 1

Kparkas xapakrepucruka

HCTOPUYECKOH PeTPOCIEKTUBLI MUPOBOI0 TOHHEJIECTPOEHMSI

Brief characterisation of the historical

retrospective of the world tunnel construction industry

Hanmenosanue 3Tamna
Stage name

KpaTxoe CoACpKaHNEC, 3SHAYUMbBIC UCTOPUYECKUC COOBITHS
Summary, significant historical events

Oran I: pacuser
Hpesneit Pumckoii
Wmnepun u [pesueit
I'peruu, nepuox
JpeBHero mupa
Stage I: the heyday of the
Ancient Roman Empire
and Ancient Greece, the
period of the Ancient

ITosiBneHue APCHAXKHBIX, aBTOAOPOKHBIX, BOAOIIPOBOJAHBIX TOHHGHCP'I, HEKOTOPbIC
13 KOTOPBIX (I)YHKIII/IOHI/IPYIOT 1 B HACTOAIICC BPpEMsL

The emergence of drainage, road, and water tunnels, some of which are still in operation
today

PaGoThl 1O TOHHENECTPOCHHIO MPEUMYIIECTBEHHO OCYIIECTBISUIUCH OTHEBBIM
crocobom
Tunnelling works were predominantly carried out by fire method

ITocne Toro, xak [peBusisi Pumckas Mmnepust pacnanace, B pa3BUTUH MHUPOBOIO
TOHHEJICCTPOCHHW IPOU30ILIa CTarHaus
After the Ancient Roman Empire collapsed, the development of the world tunnel construction

CpenHeBeKOBbE U
3akaHuuBas X VIII
BEKOM
Stage I1: Middle Ages to
the end of the XVIII
century

World -
industry stagnated
Ha (1)OH6 pacinpe€Hns BHEITHEOKOHOMHNYCCKUX 0THOH.IGHI/II>1, KEIaHns YMEHBIINUTH
TOProBbIE MOPCKHUE MYTHU CTAJIN BO3BOAUTH CYyHOXOIHBIE TOHHEIH, C IOMOIIBIO
KOTOPBIX 00BEIUHITUCH MOPCKHUE ITyTH
Following the expanding external economic relations and the desire to reduce trade sea
Oran II: routes, they began to build canal tunnels, which united sea routes

Bo ®pannum n AHTINH OBUTO CIIEIaHO PEKOPIHOE YHCIIO TOHHEISH TSI MOPCKOTO
tpancnopta — 40-60 enuHMI

In France and England a record number of tunnels for maritime transport was made —
40-60 units

Ilo JUIMHC U BHYTPECHHEMY CCYCHUIO PEKOPAHBIM CTaJl PoBckuii TOHHED
In terms of length and inside dimension, the Rove Tunnel became a record-breaking tunnel

[Mocnenyromee pa3BUTHE MHPOBOTO TOHHENECTPOCHUS OBUIO OOYCIIOBICHO
BO3HUKHOBEHUEM JKEJE3HOAOPOKHBIX MyTEH

The subsequent development of the world tunnel construction was conditioned by the
emergence of railway tracks

Oran III: ¢ XIX Beka u
I10 HACTOAIIEC BPpEM
Stage I11: from the XIX

century to the present day

[TosiBiieHue TOHHENEHN AT JKEJIE3HOI0POKHOI0 TPAHCIIOPTa
Emergence of tunnels for railway transport

CyIecTBOBaHHE OTPaHUYCHHNA B KOHCTPYMPOBAHWM JJWHHBIX TOHHEIEH IIO0
MPUYHHE HEIOCTaTOYHO YPOBHS TEXHUKH U 000pyIOBaHUS

The existence of limitations in the construction of long tunnels due to insufficient technology
and equipment

[NosiBneHre 6ETOHHBIX M TOIBOIHBIX TOHHENEH B MUPE
The emergence of concrete and underwater tunnels in the world

Hcemounux | Source!

1

KpaTkas ucTopus pa3sBuTHs TOHHEJIeCTpoeHus [ DiaekTpoHHsIi pecype]. — URL: https://snoval.wixsite.com/pgupst

m/blank-eijql (nata obpamienus: 22.06.2024).
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Pucynok 1. Cumnionckuii monHensb
(ucmounux: https://www.techeblog.com/slj900-32-is-the-massive-580-ton-machine-they-

use-to-buildbridges-these-videos-show-how/. Aemop: Jackson Chung)

Figure 1. Simplon Tunnel
(source: https://www.techeblog.com/slj900-32-is-the-massive-580-ton-machine-they-use-to-
buildbridges-these-videos-show-how/. Author: Jackson Chung)

IlepcrnieKTUBHBIEC HATIPABJIEHUSA
MEKIYHAPOIHOT0 TOHHEJIECTPOECHUS
U CTPOMTEIbCTBA TPAHCHOPTHBIX MyTel

Promising directions of international
tunnel construction and construction of transport routes

B wMexmyHapogHOM cooOmIecTBE Ha 3Tarne MPOCKTHPOBAHUS U
MPAKTUYECKOTO OCYIIECTBJICHHS HAXOJIUTCA MHOrooOpa3ue WHHUIMATHUB,
CIIOCOOCTBYIONTUX  PAa3BUTHIO  CTPOUTEIBHOTO  CEKTOpa, TPAHCTIOPTHOM
JIOTUCTUKH, B YaCTHOCTH, MACIITA0HOE CTPOUTEIHCTBO PA3IMYHBIX TOHHEIICH
(roponckux, BOAHBIX, TOpHBIX). CoaepkaHue BeCcbMa KPYIHBIX |
MEPCICKTUBHBIX HMHHUIIMATAB B MHPOBOM TOHHEIIECTPOCHHH OTPAKECHO B
Tadue 2.
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Ta6auua 2 / Table 2

Coaepixkanue BecbMa KPYNHBIX
U NePCIeKTHBHBIX HHMIUATHB B MUPOBOM TOHHEJIeCTPOCHHH

Contents of very large and promising
initiatives in the world tunnel construction industry

OOuas quHa, Tum ITepuon BBeneHUS
Tonnens KHUJIOMETPOB TOHHEJIS B 9KCIUTyaTalllio
Tunnel Total length, TTOHHIetM Tunnel
kilometres unnettype commissioning period
Tonnens uepe3 Kopeiickuil nmposnus 182 Bonnsrii o
Tunnel through the Korea Strait Water
Tonnens yepe3 Anbnbl, coeanHenne Utannu n N
ABCTpHH 56 T'op HbIH 2025
P . . Mountain
Tunnel through the Alps, connecting Italy and Austria
TonHenb yepe3 Anblibl, coeanHenne Utanuu u .
T'opHbIit
Dpanrym 52 Mountain 2023
Tunnel through the Alps, linking Italy and France
Tounnens yepes ['ubpanTapckuii mponus 39 Bonnsrii 2025
Tunnel through the Strait of Gibraltar Water
Tonnens B Kutae I'opHeii
Tunnel in China 33 Mountain 2024
Tonnens, coequnenue Januu u I'epmanuu 18 lopubiit 2024
Tunnel, connecting Denmark and Germany Mountain
Tonnens B llIBenuun l'opoackoit
Tunnel in Sweden 16 Urban 2024

Hcmounux: cocmasneno asmopom na ocnose [1; 3—6] / Source: compiled by the author based
on [1; 3-6]

B eBporneiickux rocynapcTBax MpoaOKUTCS CTPOUTEIBLCTBO TOHHEIIEH,
4TO CIIOCOOCTBYET Pa3BUTHIO CETH aBTOMOOWJIBHBIX MarucTpajiel depe3 Bee
crpanbl-uieHbl EC.

[Ipu aKkTUBHOM BO3BEJICHUM TOPHBIX U BOJHBIX MUPOBBIX TOHHENEH OyAeT
chopMUpoBaHa MEXAYHApPOIHASI TPAHCIIOPTHAS CUCTEMA, C TIOMOIIbIO KOTOPO
MO>XHO Oy/eT 00bEIMHUTh aBTOJOPOKHBIE MATUCTPAIU U KEIE3HOAOPOKHbBIE
nytd. Takas MexAyHapoaHas cucTemMa Oyner oOecrieueHa paboToit
TPAaHCIIOPTHBIMU BHICOKOCKOPOCTHBIMH CPEJICTBAMH.

Ha pucynke 2 mpuBejeHa KapTa MEpPCIEKTUBHON aBTOTPAHCIIOPTHOU
cuctembl Ha Teppuropun PO.

[TepCrieKTHBHBIM HAMPABICHUSAM MEXIyHApOIHOTO TOHHEIECTPOCHUS U
CTPOMTENIbCTBA TPAHCIIOPTHBIX IyTE€H TakXe CHOCOOCTBYET aKTHBHOE
(bYHKIIMOHUPOBAHNE KOMITAHUH-TIPOU3BOAUTENCH 000PYI0OBAHUS M TEXHUIECKUX
YCTPOMCTB [Tl KOHCTPYHUPOBAHMS TOHHEIEH. MeXIyHapOIHBIMU OPraHH3aIHsIMH,
3aHUMAIOIIUMHU  JHAAPYIOIIME TO3MIMH B  OTPAaCI€BOM CEKTOpE II0
U3TOTOBICHUIO  HMHHOBAallMOHHBIX  MEXAHM3MPOBAHHBIX  KOMIUIEKCOB B
ToHHeNecTpoeHun, BbicTymaoT Herrenknecht, Wirth (I'epmanus), Lovat
(Kanama), Mitsui Miike Machinery Co, Kawasaki Heavy Industries Ltd
(Anonwus), The Robbins Company (CILLA).
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Pucynok 2. Kapma nepcnekmu6Hoi agmompancnopmuou cucmemvl a meppumopuu P®?

Figure 2. Map of the prospective road transport system in the Russian Federation?

2 TlosiBUIach cXeMa BBICOKOCKOPOCTHOM MarucTpaiu, KoTopas npoiaer gepes OMck [Dnekrponnstii pecype]. — URL: https://omskinform.ru/news/136307 (ata obparenus:

22.06.2024).
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KiroueBble HATIPABJIEHUSI HAYYHBIX
uccjaea0BaHuii B chpepe pa3BUTHSI MHPOBOIO
TOHHEJIECTPOCHUS

Key research areas in the world tunnel construction development

B coBpeMEHHBIX YCIOBUSX HAy4HO-UCCIEIOBATEIbCKHE PabOoTHI,
pPacCMOTPCHHBIC B KOHTEKCTE BBIOpDAHHOW TeMaTWKH NaHHOW ctartbu [1-20],
MOCBSIIICHBI TAKUM KJIIOUEBBIM HANPABICHUSAM, KaK:

1. Yaydmenne mporecca BbiOOpa 00bEMHO-TUIAHUPOBOYHBIX PEIICHUMN
JUISL KOHCTPYMPOBAHUSI PA3JUYHBIX TOHHEJEH B 3aBUCHUMOCTH OT WX THIA
(ropoackue, BOJHBIE, TOPHBIE), YYUTHIBas Teorpauueckoe pa3MelIieHHe
JaHHOM MacIITaOHON KOHCTPYKIIMH, T€0JIOTHYECKHUE OCOOCHHOCTH TEPPUTOPHH,
3€eMEJIbHBIX PECYpCOB, TPYHTA, TPAHCIOPTHO-JIOTUCTUYECKUE  YCIIOBHS
(GYyHKIMOHUPOBAHUSI TOHHENS, a TaKXKE T'PaJOCTPOUTEIBHBIE OCOOECHHOCTH
TEPPUTOPHUAITBHON €TUHUIIBI.

2. AHanu3 W OIleHKa pe3yJbTaTUBHOCTU MPOTPECCUBHBIX DEIICHUN B
KOHCTPYMPOBAaHWW TOHHEJEH Ha 0a3e MOCTOSIHHOW OOJENKH, B YaCTHOCTH,
pa3Hble 000JIOYKHM H3 OETOHHBIX CMECel C OJIHOBPEMEHHBIM CKAJIbHBIM
aHKEepPOM, BO3BEJICHHEM apOK, COOPHBIX 00JIEIOK U3 KeIe300€TOHHBIX OJIOKOB,
KOTOpPBIE B CTHIKAX MOYKHO PETYJIUPOBATH, CTAJIbHBIX 001€JI0K, KOMOMHUPOBAHHBIX
KOHCTPYKITUH, 00JI€JI0K, MPU KOTOPHIX MPUMEHSUTUCH IPOPHIBHBIE TEXHOJIOTUU
Y KOMIO3UIIMOHHBIE CTPOUTEIBHBIE MaTepUAIbI.

3. [locnenyroiee pa3BUTHE U MPAKTUYECKOE TPUMEHEHUE CTATUYECKUX U
AMHAMHYECKAX METOJWYECKUX TNPUEMOB JUIS BBISIBICHUS WHIUKATOPOB
HECYIIIUX CTPOUTENBbHBIX KOHCTPYKIMM TPU B3aUMOACHCTBUM TOHHENS C
3eMEeJbHBIMUA pEecypcamMi Ha Pa3HbIX CTAIUSAX SKCIUTyaTallid CTPOUTEIHHOTO
00BEKTa U €ro NPOU3BOJICTBA.

4. ®opMHUPOBAHHE METOJOJOTMYECKHX OCHOB, a TaKXe€ MOIYJIbHBIX
porpamMM, CIOCOOHBIX AaBTOMAaTHU3UPOBATh MPOLECCHl IMPOEKTUPOBAHUS
TOHHEJIEH MPU MOMOILY COBPEMEHHBIX HU(POBBIX TEXHOIOTUH.

5. MoapenupoBanue aepopManuii U IBWIKEHWN TOBEPXHOCTH IIOYBHI,
MTOA3EMHBIX HHKECHEPHO-TEXHUUECKUX KOMMYHHUKALIMM, COOPYKEHNUN U 3TaHUU
B HA3¢MHOM IIPOCTPAHCTBE, NMPUYUHOW KOTOPBIX BBICTYNAET MNPOXO0KICHUE
TOHHEJISI TPAHCIIOPTHBIMU CPEJCTBAMM.

6. [lepcriekTBHOE pa3BUTHE TOPHBIX METOJOB B TOHHEJIECTPOCHUH MPHU
MOJTyCKAJIbHBIX JIMOO CKAJIbHBIX MAaCCUBAX IPyHTA, IPAKTUYECKOE UCIOIb30BAHNE
MPOrPECCUBHBIX TEXHOJIOTUN (HOPMHUPOBAHUS METOAOB B TOHHEJIECTPOCHHH,
ONTUMAJIbHBIX TUIIOB OIEPEKAIOIIMX U KOHTYPHBIX Kpener ¢ OJHOBPEMEHHBIM
IIPUMEHEHUEM TPOPBIBHBIX WHHOBALlMM IIPOXOAKH B TOHHEJIECTPOCHUM,
KOTOpasi o0ecrneunBaeT KpailHe BBICOKOE 3HAUYEHHE MPUPOCTA, YMEHBIICHHE
CTOMMOCTHBIX XapaKTEPUCTHUK BBIIOJIHIEMBIX CTPOUTENBHBIX PaOOT.
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7. Pacmiupenue cdep NPaKTUYECKOTO OCYIIECTBICHHS MPOXOAKU B
TOHHEJIECTPOCHUU 3a CYET HCIOJIb30BAHUS IIMTOB U MEXaHU3UPOBAHHBIX
KOMIUIEKCOB B pa3JIMYHBIX MAacCHUBaX TIPYHTa IOCPEJACTBOM HHTErpalU
WHHOBAI[MOHHBIX BUJIOB IIMTOB W MEXAHU3MPOBAHHBIX KOMILJIEKCOB,
BKJIFOYAOIIMX MHOTOJAMCKOBBIE POTOPBI M 0a30BBIE 3JIEMEHTHI, IPUTPY30UHYIO
Kamepy, KOTOpas TOJ TOPHBIM JAaBICHHEM 3alOJIHAECTCS CIEHUATbHON
CYyCHEH3UEH, IIUTHI-DKPAHbI, IOCPEJACTBOM KOTOPBIX MOKHO pPEAIN30BATH
IIPOXOJKY B TOHHEJIE B ABYX HAIIPABJICHUSX: IO BEPTUKAIHU U 110 TOPU30HTAIIH,
MEXaHU3UPOBAHHBIE KOMIUIEKCHI B TOHHEJIECTPOECHUH. BhIsSBICHNE ONTUMAIBHBIX
3HAQYEHUN TEXHUYECKUX HHJIUKATOPOB IMPOXOJKHM B TOHHEJIECTPOCHUH,
TEXHUYECKOT0 000PYI0BaHHUS, UCTIOIB3YEMOI0 B COCTABE MEXaHU3UPOBAHHOTO
KOMILJIEKCA.

8. dopmupoBaHuE U MHTETPAIYS THHOBAIMOHHBIX TUTIOB THPOM30JISIIIMOHHOTO
000pyI0BaHUs B TOHHEJIECTPOEHUH Ha 0a3e )KUAKUX COCTAaBOB, MHOT'OCIIOIHOTO
CBIPBSI, TEPMETUYHBIX YIUIOTHUTENEH (puc. 3).

IMonepeunsie (KOJIbLEBHIE)

CTBIKH
IIpononsuble
(panuanbHBIC)

Pucynox 3. Ilposepka cmvikoe 6 moHmnene npu nomowu
UHHOBAYUOHHBIX MUNO8 SUOPOUOTIAYUOHHO20 000PY008aHUs 8 mOHHelecmpoenuu [7]

Figure 3. Tunnel joint line inspection using innovative
types of waterproofing equipment in tunnel construction [7]

0. VBenuueHnne  pe3yNbTaTUBHOCTM M CTENEHH  O€30MacHOCTH
TOHHEJIECTPOCHHSI TIPU TOPOJCKON 3aCTPOWKE MPHU MOMOIIU MOTYyOTKPBITHIX U
OTKPBITBIX METOJIOB, YUWTHIBAsl MPAKTUYECKOE HCIOIH30BAHUE ONMTHMAIbHBIX
TUTIOB KPEMH, HAPUMEP, ApPMUPOBAHHBIX CBal, TPYHTOBBIX Harelnei, OypoBbIX
CBall, MHTETPAIMH TPOTPECCUBHBIX TEXHOJIOTHH MOCPEJACTBOM TaKHX METOJIOB,
KaK: OIEPTHIN CBOJI, paMHas KpeIlb, B padOTy KpaHOBOTO 000py10BaHus (puc. 4).
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Pucynok 4. Ilpakmuueckoe npumenenue
nepeo8UICHON ONaIyOKU 8 MOHHENeCMPOeHUU (UCMOYHUK:
https://kursizdat.ru/index.php?route=product/product&product id=986.

Asmop: O.D. [lpyscununa)

Figure 4. Practical application of mobile formwork in tunnel
construction (source: https://kursizdat.ru/index.php?route=product/product&prod-
uct_id=986. Author: O.E. Druzhinina)

10. AprymeHTamsi TPaKTUYECKOTO MPUMEHEHUS  MPOTPECCHUBHBIX
TEXHOJIOTUI TPOJABIMBAHUS TOHHENIEW B IEIOM JIMOO WX OMNpPEeIeICHHBIX
YYaCTKOB B COYETAHWHM C YCTAHOBJICHHBIMH WCKYCCTBEHHBIMHU OapbepaMu,
YTOYHEHHE METOJMYECKOrO IMOJAXO0AAa K BBIABICHHUIO MEP NPOAABIVBAHUS W
JNETEPMUHAHTOB CONMPOTHUBIICHUS JAHHOMY MPOLECCY B UEMAX JaJbHEHUIIEro
WCMOJIb30BaHUs PA3HBIX HWHTEPOPETANNM OJHOTO M TOrO XK€ MEeToJa K
3arIAHUPOBAHHBIM YCJIOBUSIM BBIMOJHAEMBIX CTPOUTEIBHBIX Pa0OT.

11. AHagu3 M OIlEHKAa MHOTOCEKIIMOHHOTO B3aMMOJICHCTBHS BOJIHBIX
TOHHEJIEM C TIOTOKOM pPECYpCOB Ha JTalle BBINNOJHEHUS KOHKPETHBIX
CTPOUTEINIBHBIX padoT, GOPMUPOBAHNUE METOAMUECKUX MOX0JI0B K BBISBICHUIO
WHJIMKATOPOB TEXHUYECKUX CEKIIMHA Ha OMpEICIICHHBIC BIUSHUS, 00ECIICUCHHE
CTAaOMILHOCTH BOJHBIX AJICMEHTOB TOHHEJS J0 Hadyaja OMYCKaHHUs CEKIIMH B
BOJIHBIE PECYPCHL.

12. dopmupoBaHUE METOMIECKOTO TIOIXO0/IA K BBIYMCIICHHIO TEXHOTIOTHIECKIX
WHJUKATOPOB CHEIHATBHBIX CIMOCOOOB yYCTOWYMBOCTH MACCHBOB TPYHTOB B
TOHHEJIECTPOCHUU:

® HCKYCCTBCHHOC 3aMOpPa>XMBAaHUC,
® KOMIICHCAIMOHHOC HAIrHCTaHUC,
® BOJOIIOHMIKXCHHC,

e CTpyWHas LIEMEHTAIHS.
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13. Vnydienue cpeicTB U METOI0B UHKEHEPHO-TEXHUYECKUX MOUCKOB
MIPU BBIMOJHEHUU PAOOT B TOHHEJIECTPOCHHUM, B YACTHOCTH, SKOJOTUUYECKHX,
TEOJIOTUYECKUX U TEOJIe3MUYEeCKUX, Ha 0a3e MPOTrPEeCCUBHBIX TEXHOJIOTHUH,
MPUMEHCHUSI KOMIIBIOTEPHBIX WHHOBALMM, KOCMHUYECKHX W a’pPOCBhEMOK, a
TaKX€ METOJ0OB BBITTOJIHEHUS I€0A€3UUECKUX paldoT.

14. TlnaHoMepHOE pa3BUTUE ABTOMATHU3UPOBAHHBIX, WHHOBAI[MOHHBIX
CUCTEM OTCJIC)KUBAHUS COCTOSHMUSA C YYETOM HAIPSKEHHOCTH ONEPATUBHOTO
MEHE/UKMEHTA CTPOMUTENIbHBIX PabO0T, BO3MOXHBIX Jedopmaluii MacCHBOB
IpyHTa, KOTOpbIE OyAyT BIMATH Ha JOPOXKHBIM TOHHENb, OTCJIECKUBAHUS
DKOJIOTHYECKUX, TIEOJIOTHYECKHX M TE€OJE3UYECKUX XAPAKTEPUCTUK B XOMIE
KOHCTPYUPOBAHHUSI TOHHEJIEW U UX MOCIEAYOMIEr0 dKCILTyaTUPOBAHUS.

15. ®opmupoBaHre peKOMEHIATEIbHBIX HAMPABICHUN MO YBEIMYEHUIO
YPOBHSI I0JATOBEYHOCTH, HAJIEXKHOCTH M O€30MACHOCTHU MPH IKCITyaTUPOBAHUU
COOPY)KEHHUH TOHHEJIECTPOCHMs. YIy4lIEHWE METOAUYECKOrOo IOAXO0Aa K
BBISIBJICHUIO HWHAMKATOPOB TEXHUYECKUX CHUCTEM, HaIPUMEpP, OCBEIICHMUS,
BEHTWISILIMY, BOJOOTBEACHMS, INPAKTHYECKOMY IPHUMEHEHUIO TEXHUYECKOIO
o0opymoBaHUs, KOTOPOE CHOCOOHO OOECIEYUTh YPOBEHb OC30MMaCHOCTH
aBTOMOOMJIBHOTO U KEJIE3HOJOPOKHOTO ABMKEeHUs. O1leHKa pUCK-(PaKTOpOB U
CYMMAapHOI'O 3HaYEHUS PUCKOB, MOSABIISIFOLINXCS B IPOLIECCE IKCILTYaTUPOBAHHUS
TOPOJICKUX M aBTOMOOWIBHBIX TOHHENEH, CO3JaHUE PEKOMEHJATEIbHBIX
HAIIpaBJICHUM, TMO3BOJSIOIIMX MPEAOTBPATUTh BO3HUKHOBEHHE aBapUMHOMN
CUTYAIlMH, a TAK)KE JTUKBUIUPOBATH OTPULIATEIbHBIE MOCIEACTBUS.

IKCIepMMEHTAJIbHbIE M TEOPEeTHYECKHE METOAbI B
NMPOBeIeHUU COBPEMEHHBIX HAYYHO-HCCJIEA0BATENbCKUX
padoT B chepe TOHHEJTECTPOCHUS

Experimental and theoretical methods
in conducting modern research work in the field of tunnel construction

Hayuno-uccienoBarenbckue paboThl, B KOTOPBIX OTPAXKEHBI PE3YJIbTAThI
aHaJIN3a TOHHEIIECTPOCHUS HA CTaAUAX IIPOCKTUPOBAHUS, OCYIIECTBIICHUSA
CTPOUTENBHBIX PA0OT, OSKCIUTyaTUPOBaHUS, OOYCIOBIEHB TMPUMEHEHHUEM
MHOrooOpa3usi METOJMYECKUX TMPUEMOB, YCIOBHO MOApa3JCseMbIX Ha
AKCIIEPUMEHTAIIBHBIE U TEOPETUUECKHUE.

TeopeTrueckuMH METOIaMU HAyYHO-MCCIIEIOBATENILCKIX PaOOT BBICTYTAIH
HUKECIEeTYIOLIHE:

1. DMnupudeckue METOIbl.
2. YucineHHble METOEL.

3. AHaIUTHYECKHUE METOIBI.
4

Merop! nHGpOpMamoHHOTO MozAeupoBanus uiu BIM metonst (Tab. 3).
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Ta6auuma 3/ Table 3

Coneprkanne TeOpeTHYECKHX METO/IOB

HAY4YHO-HCCIeJ0BATE]bCKHX PadoT B chepe TOHHEIeCTPOEHUSs

Content of theoretical methods of research

and development works in the field of tunnel construction

I'pynna
TEOPETUUECCKUX METOJA0B
Group of theoretical methods

CozepixaHue UX IPaKTUYECKOro MPUMEHEHHUS
The content of their practical application

OMOupHYECKUE METOIBI
Empirical methods

[MpakTHyeckoe NpHMEHEHHE B HAay4YHO-HCCIIEIOBATENbCKONH paboTe IPeAIoIoKeHUH,
KOMIUIEKCAa MEXAHUYECKUX XapaKTEpPUCTUK MAaCCHBOB IPYHTA, CTPOUTENILHOIO M MEXaHMUYECKOTO
o0opynoBaHus

Practical application in research work of assumptions, a set of mechanical characteristics of soil masses,
construction and mechanical equipment

DMIUPHYECKHE METOJbl MOJAPa3yMEBAIOT MOJA CO0OH MPHUOIMKCHHBIC, HCIIOJIb3yEeMbIC
MIPEUMYIIECTBEHHO Ha CTaguM CLEHApHOTO IPOEKTUPOBAHUS HTOrOBOTO IPOLYKTa —
TOHHEA

Empirical methods imply approximate methods used mainly at the stage of scenario design of the final
product — the tunnel

qI/ICJ'IeHHLIe METOObI
Numerical methods

I'pynma MeTonoB, KOTOpBIE IMPUMEHSIOTCA B HAay4YHO-HCCIIENOBATENbCKHX paboTax Mo
OTHOIIEHUIO K TPAaHUYHBIX COCTABIISAIOIINM, KOHEYHBIM COCTaBISIIOLIMM, IUCKPETHBIM

COCTaBJISIOIIUM
A group of methods that are applied in research works in relation to boundary components, finite
components, discrete components

B coBpeMEHHBIX YCIIOBUSX UMCIIEHHBIE METOJbl SIBJISIIOTCS BECbMA PacHpOCTPaHEHHBIMU
Cpelr Hay4YHO-HCCIICOBATEILCKUX paboT Ha (oHe wuHTeHCUBHOTO passutusi WUKT u
KOMITBIOTEPHBIX MHHOBAUI

In modern conditions numerical methods are very widespread among scientific research works against
the background of intensive development of Information and Communications Technology and computer
innovations

UucneHHbple METOJbI TMOJAPAa3yMEBAIOT TEXHHKO-MATEMaTHYeCKOE MOJCIHPOBAHUE B
MPOCTPAaHCTBE, (OpMUPYEeMOM Ha 0a3e MPOEKTa TOHHEJICCTPOCHHUS, MPH MPAKTHYCCKOM
MIPUMEHEHUH NMPUKIAJAHBIX KOMIIJIEKCOB, MO3BOJIAIONINX, B YACTHOCTH, CO3/1aTh YUCIECHHYIO
MOJENb B TaKO# CHCTEMe: «MacCHB IPyHTa — TOHHEINIb — TFOPOJCKO#t MaHamad™

Numerical methods imply technical and mathematical modelling in the space formed on the basis of the
tunnel construction project, with practical application of application complexes, which allow, in
particular, to create a numerical model in such a system: «soil mass — tunnel — urban landscape»

AHaIUTHYECKHE METO/IbI
Analytical methods

bazupyrorcs Ha MpakTUYECKOM IMPUMEHEHHUH JI0CTaTOYHO TPYAHOTO TEXHUKO-MaTeMaTUIECKOro
amrmapara ¢ BKIIOUCHHEM HHTETPabHBIX ypaBHEHHH, MuddepeHnanbHbIX ypaBHEHUH, C
WCIIOJI30BAHUEM KOHIICTITYAILbHOH MOJEIH MAaTeMaTHYeCKUX (YHKIUH KOMIUIEKCHOTO
WH/IUKATOpa, 6230BIX MPHUHIMIIOB MATEMATHIECKON CTATUCTUKU U TEOPUH BEPOSTHOCTEH
They are based on the practical application of rather difficult technical and mathematical apparatus
including integral equations, differential equations, using the conceptual model of mathematical
functions of complex indicator, basic principles of mathematical statistics and probability theory

B coBpeMeHHBIX YCIOBHSX IaHHas TpyIla METOAOB Hay4YHO-HCCIIEIOBATENBCKUX paldoT
NPUMEHACTCA B LEJIAX PCLICHUA CICHHUAIM3UPOBAHHBIX 3a/a4 B cd)epe MCXaHHUYCCKOT'O
MOCTPOEHUS 00BEKTOB MMOI3EMHOTO MTPOCTPAHCTBA
In modern conditions, this group of research methods is applied to solve specialised problems in the field
of mechanical construction of underground space objects

MeTonant
UH(OPMAIIMOHHOTO
MoaenupoBanus i BIM
METO/IbI
Information modelling
methods or BIM methods

Mopenb, ocHoBanHas Ha BIM Meronmax, BOMpaeT B ce0si KOMIUIEKC XapaKTEPUCTHK
(byHKIIOHATBHBIX M (PU3HYECKHX), 00yCIOBIMBAIOMINX MOKa3aTeN MaTepHaIOEMKOCTH,
reoMeTpHUYEeCKON KOHCTPYKIMU TOHHENEH, UX BO3/AEUCTBUS HAa IPUPOJHYIO CpeLy

The model based on BIM methods includes a set of characteristics (functional and physical), which
determine the indicators of material intensity, geometric design of tunnels, and their impact on the
natural environment

[Mony4eHHble MUQPPOBBIC TaHHBIC MOXXHO IPUMEHATH Ha PA3HBIX CTaIUSIX TOHHEICCTPOCHUS:
MIPY BBIMOJHEHHH CTPOUTEIBHBIX paboT JIMOO Ha CTaIUH SKCILTYaTHPOBAHHUS

The obtained digital data can be applied at different stages of tunnel construction: during construction
works or at the operation stage

[Myrém BIM meTomoB popmupyercs peanbpHas HHOOPMALMOHHAS MOAETHh TOHHENS, KOTOpast
B IMOCJICAYIONIEM CPAaBHUBACTCA C KOHHCHTyaJ'[LHOﬁ MOICIBIO

BIM methods are used to create a real information model of the tunnel, which is subsequently compared
with the conceptual model

Cocmaeneno asmopom na ocrnose [1-20] / Compiled by the author based on [1-20]
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Ta6auua 4 / Table 4

Coaepixkanue 3KCIIepUMEHTAJIBHBIX METO10B
HAY4YHO-HCCIeJ0BATE]bCKHX PadoT B chepe TOHHEIeCTPOEHUSs

Content of experimental methods of research
and development works in the tunnel construction field

I'pynna
OKCIICPUMEHTAJIbHBIX C
OICPKAHNUEC UX MTPAKTUICCKOI'O IIPUMCHCHUA
METOI0B Content of their practical application
Group of experimental

methods
[IpakTHyeckoe MpUMEHEHHE B HAYYHO-HCCIIEAOBATEIBCKOW paboTe (H3MIECKUX
MoJienield, 0a3upyroNMXcs Ha NPUHIUIAX YMEHBIIEHHOTO0 00BbeKTa (H3MYECKOTro
MOJCIUPOBAHUA
Practical application in research work of physical models based on the principles of reduced
physical modelling object
JlaGopaTopHBIE METOBI MIPEAYCMATPHBAIOT YETKOE COOIIOIEHIE OA30BBIX MTOJIOKEHUH
KOHILICTIIUHU HO,Z[O6I/I}I BCIIMYMH, a TAKXKXEC UX PasMEPHOCTHU B Pa3pe3€ MEXAHUYICCKHUX
XapaKTEPUCTUK
Laboratory methods provide a clear observance of the basic concept provisions of the quantities
similarity, as well as their dimensionality in terms of mechanical characteristics
[IpakTryeckoe mpruMeHEHNE 1a00PaTOPHOTO METOJa OCHOBEIBACTCS HA €70 COYCTAaHHH
C MHBIMH METOAAaMHU, HAIIPUMEDP, CTEPKHEBBIE MOIECIIH, I.[GHTpO6C)KHLIe KOHIICIIINH,

JlaGoparopHsie OITHUKO-IOJIIPU3ALUOHHBIE METOJIBI, METOIBI YKBUBAJICHTHBIX MATEPHAIIOB
METOJIBI The practical application of the laboratory method is based on its combination with other

Laboratory methods methods, e.g. rod models, centrifugal concepts, optical-polarisation methods, equivalent
materials methods
J'Ia60paT0pHLIe MECTOAbBI CHOCO6CTBy10T I'paMOTHOMY HW3MCHCHHUIO TCXHUYCCKUX
mapaMeTpoB (PH3MUYECKUX MOZETEH, JOBEACHUS HX IO pa3pylICHHUH, YTO SBISETCA
OCHOBOIIOJIararomuM acIriI€KTOM BBISIBJICHUS Hecymef/i CIIOCOOHOCTH CTPOUTEIIBHBIX
KOHCTPYKLMH
Laboratory methods contribute to the competent technical parameters modification of physical
models, bringing them to failure, which is a fundamental aspect of revealing the load-bearing
capacity of engineering structures
Htorosrie PE3YJIbTAaThl, JOCTUTHYTBHIC HA Oase J'Ia60paT0prIX MCTO0B, B OCJICAYIOILIEM
TIEPECYUTHIBAIOTCS TSI TOTO, YTOOB! ChOPMHUPOBATH HATYPHBIN OOBEKT
The final results achieved on the basis of laboratory methods are subsequently recalculated in
order to form a full-scale object
HayuHo-uccnenoBareibckue pabOThl MPOBOAATCS C HUCIONB30BAHHEM HATYPHBIX
METOAOB Ha CTaJAdW BbIINOJHCHUA CTPOUTCIIbHBIX pa60T, OKCILTyaTUpOBaHUA
KOHKPETHOI'O y4aCTKa TOHHENEH 1100 TOHHENEH B eJIoM
Research work is carried out using full-scale methods at the stage of construction works,
operation of a particular tunnel section or tunnels as a whole
B COBPEMEHHBLIX YCJIIOBUAX HATYPHBIC METO/bI ABJIAIOTCA BECbMa paCHpOCTpaHéHHLIMI/I
CpeaM HAYYHO-HCCIICI0BATEILCKUX PaboT Ha GoHe mHTeHCHBHOTO pasButus UKT u
HarypHbie METOABI | KOMIBIOTEPHBIX HHHOBAIIHH

Field methods Nowadays, full-scale methods are very widespread among research and development activities
in the context of intensive development of Information and Communications Technology and
computer innovations
HOCpeIICTBOM HATYPHBIX MCTOJ0B MOXHO KOJIWUYECTBEHHO U3MCPUTH TCXHUYCCKHEC
XapaKTCPUCTHUKHU TOHHEJIEN npu 1noMomuM aBTOMAaTU3UPOBAHHBIX TEXHOJIOT UM
OTCJIC)KMUBAHUA
Full-scale methods can quantitatively measure the technical characteristics of tunnels using
automated tracking technologies

Cocmaseneno asmopom na ocrnose [1-20] / Compiled by the author on the basis of [1-20]

BKCHepI/IMeHTaJIBHBIMI/I MCTOJaMHU HAYYHO-HUCCIICAOBATCIIbCKUX pa60T
BBICTYIIAJIM HUKCCICAYIOIIHNC:

1. JlaGopaTropHbi€ METOBI.
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2. Harypusie metozsl (Ta01. 4).

[Ipy KOHCTPYMPOBAaHHM UM CTPOUTENBCTBE JOCTATOYHO CIIOKHBIX
COOPY)KEHUU JOPOXKHBIX TOHHEJIEHW OCYIIECTBISUIMCh JIKCIEPUMEHTAJIbHbBIC
Hay4HbIE PalOOTHI, B paMKax KOTOPBIX MPOUCXOJWJIA CHHEPTHS HECKOIBKUX
rpynn pPacCMOTPEHHBIX BBIIIE METOJOB: YHCICHHBIX, JSMIUPUYECKUX,
HATYypHBIX, AaHAIUTUYECKUX U JIAOOPATOPHBIX METOOB.

Kpome peanuzanuum Hay4dHO-HCCIEAOBATENBCKUX  pabOT, MOXKHO
OCYILECTBIISITh HAYYHYIO IMOAACPKKY M HMCCIEAOBATENBCKOE COMPOBOKICHHE
CTauU KOHCTPYUPOBAHUS TOHHENEW, g TOro 4YTOObl OOECIEeUYUTH
COOTBETCTBUE MTPOEKTHBIX PEIICHUI HOPMATUBHO-3aKOHOIATEILHBIM TPEOOBAHUSIM
U TOJOKEHUSIM, CTaJWM BBITIOJIHEHUS] CTPOUTEIBHBIX pPadOT, B YAaCTHOCTH,
peanuzanuio padoOT MO OTCIEKUBAHUIO TEXHHUYECKUX M KOHCTPYKTOPCKHX
MIEPEMEHHBIX MJI1 MX COOTBETCTBHUS 3aIUIaHUPOBAHHBIM PEIICHUSIM U
napaMerpaMm. B COOTBETCTBUM C KOHEYHBIMU pe3yJibTaTaMU HAYy4YHO-
HCCJIEI0BATENLCKUX padoT (POPMUPYIOTCS PEKOMEHIATEIIbHbIE HAIPaBICHUS,
MpUMEHSIEMbIE B JajbHEWIIEM Ha pa3HbIX CTaauiX (KOHCTPYHpPOBAaHUE,
BBITIOJTHEHUE CTPOUTEIBHBIX pabOT, SKCIUTyaTUPOBAHUE), a TaKXKE B MPOLIECCe
BHECEHUS U3MEHEHUH B JIEUCTBYIONIUX U HOBBIX 3aKOHOJIATEIbHBIX aKTaX.

BbIiBOABI

Conclusions

Pestomupysi  BBIIIEU3JI0OKEHHOE, IIEJIECO00pa3HO  OTMETUTh, YTO
HUCTOPUYECKAS] PETPOCIIEKTHBA OTPACIEBOTO CEKTOpA TOHHEJIECTPOCHHUS
oOycCliOBlIeHa TpeMsl HMCTOPUYECKMMHU cTaausmu: dTam |: pacuser JlpeBHeit
Pumckoii Mmnepun u [peBneit ['peunn, nepuon JpeBHero mwupa; stan ll:
CpenneBexkoBbe U 3akaHuuBasi XVIII Bexom; sram Ill: ¢ XIXBeka u 1o
HacTosiee BpeMs. Ha kaxaoil U3 NepeyncIeHHbIX CTauid ObLIN JOCTUTHYThI
OIpPEJEIICHHBIE PE3YJIbTAaThl, KOTOPbIE B JIaJbHEHIIEM IMOBJIUSAJIM HA MHPOBOE
TOHHEJIECTPOEHUE, COBPEMEHHOE COCTOSIHHE W MEPCHEKTHUBHBIE HAINPAaBICHUS
HAy4HO-UCCJIEIOBATEIbCKUX padoT, MPOBOAMMBIX OJKclepTaMu B cdepe
TOHHEJIECTPOCHHUSI.

B wmexayHapomHoM cooOliecTBe Ha JTane MPOSKTUPOBAHUS U
NPAKTUYECKOTO OCYIIECTBICHUS HAXOJIUTCS MHOrooOpa3sue WHUIIMATHB,
CHOCOOCTBYIOIIMX PA3BUTHIO CTPOUTEIHHOTO CEKTOPA, TPAHCTIOPTHOM JIOTHCTUKH,
B YAaCTHOCTH, MaCIITAOHOE CTPOUTENLCTBO PA3IUYHBIX TOHHENEH (TOPOJCKHUX,
BOJHBIX, TOPHBIX). IlepCreKTUBHBIM  HAIMpPABICHUSIM  MEXKIYHAPOJAHOTO
TOHHEJIECTPOCHUS M CTPOUTEIHCTBA TPAHCIIOPTHBIX MYyTEH TaKKe CITIOCOOCTBYET
aKTUBHOE (PYHKIMOHUPOBAHHE KOMIIAHUN-TIPOU3BOAUTENCH 000PY/IOBaHUS U
TEXHUYECKUX YCTPOMCTB JJI1 KOHCTPYUPOBAHUS TOHHENEH.
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BbII0O  yCTAaHOBIIEHO, 4YTO KJIOUEBBIMU HAIPABICHUSMU HAYYHBIX
UCCJEeIOBaHU B cdepe pa3BUTHS MHPOBOTO TOHHEJIECTPOEHHUS BBICTYIAIOT:
yIy4IlIeHHe Tpoiiecca BbIOOpa OOBEMHO-TIJIAHUPOBOYHBIX PEIICHUN IS
KOHCTPYUPOBAHHUSI PA3JIUYHBIX TOHHEJIEW B 3aBUCUMOCTH OT HX THIA
(ropoackue, BOJHBIC, TOPHBIE), YYUTHIBasS Teorpauueckoe pa3MelIeHHe
JAaHHOM MacITaOHOW KOHCTPYKIUH, T€0JIOTUYECKIE OCOOEHHOCTH TEPPUTOPHH,
3eMEJIbHBIX PECypCOB, TPYHTa, TPAHCIOPTHO-JIOTUCTUYECKUE  YCIIOBUS
(YHKIIMOHUPOBAHUS TOHHENS, a TaKXKe TIPajJoCTPOUTENIbHbIE OCOOCHHOCTH
TEPPUTOPUAIBHON  €AWHUIIBI; aHAJW3 M  OLEHKAa  Pe3yJbTaTUBHOCTHU
MIPOTPECCUBHBIX PEIICHUI B KOHCTPYUPOBAHUHU TOHHEJEH Ha 6a3e MOCTOSHHOM
Oo0JIeIKM, B YaCTHOCTH, pa3Hble O000JOYKM U3 OETOHHBIX CMeced C
OJIHOBPEMEHHBIM CKAJIbHBIM aHKEPOM, BO3BEACHUEM apOK, COOPHBIX 00/1€TIOK U3
&KeJe300€TOHHBIX OJIOKOB, KOTOPBHIE B CTHIKAX MOXHO PETYIMPOBATH, CTATBHBIX
00J1eI0K, KOMOWHUPOBAHHBIX KOHCTPYKIIMH, OOJENOK, TIPH KOTOPBIX
MPUMEHSUINCh TMPOPBIBHBIE TEXHOJIOTMU U KOMIIO3UI[MOHHBIE CTPOUTENIbHBIE
MaTepualibl; MOCIEIYIOIEE pa3BUTUE M  MPAKTUYECKOE IPUMEHEHHUE
CTaTUYECKUX M JIMHAMUYECKMX METOJAMYECKUX MPUEMOB [JIsl BBISIBICHUS
WHJIUKATOPOB HECYIIUX CTPOUTENIbHBIX KOHCTPYKIUA MpU B3aUMOJIEHCTBUU
TOHHEJISI C 3€MEIbHBIMU pecypcaMH Ha pa3HbIX CTaAUSAX OKCIUTyaTaluu
CTPOUTENBHOTO 00BEKTA K €r0 MPOU3BOJICTBA; (POPMUPOBAHUE METOI0JIOTUUECKUX
OCHOB, a TakKXK€ MOJAYJIbHBIX MPOrpaMM, CIIOCOOHBIX AaBTOMATH3UPOBAThH
IIPOLIECCHI TPOCKTUPOBAHUS TOHHENEH MPHU MOMOIIM COBPEMEHHBIX HUPPOBBIX
TEXHOJIOTHIA; MOJIETUPOBaHue AehopMalvii U ABUKEHUIN MOBEPXHOCTH MOYBHI,
MOJ3EMHBIX NHKEHEPHO-TEXHUYECKUX KOMMYHHUKALIUM, COOPYKEHUN U 34aHUN
B HA36MHOM IIPOCTPAHCTBE, MPUUYUHOW KOTOPBIX BBICTYHAET MPOXO0XKICHUE
TOHHEJIS TPAHCIOPTHBIMU CPEICTBAMU; MEPCIEKTUBHOE PAa3BUTHUE TOPHBIX
METOJIOB B TOHHEJIECTPOCHUU MPH MOTYCKAIBHBIX JIMOO CKAIbHBIX MacCHBAX
IPYHTa, TPAKTUYECKOE  HCIOJIb30BAHUE  MPOTPECCUBHBIX  TEXHOJOTHI
dbopmMupoBaHUsI METOJOB B TOHHEJIECTPOCHUHU, ONTUMAJIBHBIX THIIOB
OMEPEXKAIOIIUX M KOHTYPHBIX Kpemell ¢ OJIHOBPEMEHHBIM NPUMEHEHUEM
MIPOPBIBHBIX MHHOBAIIMN MPOXOJKA B TOHHEJIECTPOECHUH, KOTOpas 00eCIeuynBaeT
KpalfHe BHICOKOE 3HAUC€HHE MPUPOCTA, YMEHBIIIEHUE CTOUMOCTHBIX XapaKTEPUCTHK
BBITIOJTHSIEMBIX CTPOUTENIBHBIX padOT U JIp.

[ToctenenHo cdepa TOHHEIECTPOCHUSI CTAHOBUTCS B MHIYCTPUAILHOM
COO0O0I11eCTBE HAYKOEMKHUM CEKTOPOM, 00YCIIOBIIEHA MACIITAOHBIM MPAKTUYECKUM
MPUMEHEHNEM WHHOBAIMOHHO-IIM(PPOBHIX TEXHOJIOTHI Ha 0a3€ SKOHOMUYHBIX
CTPOUTENIbHBIX KOHCTPYKUHUIA, BBICOKOTIPOU3BOAUTEIBHBIX MEXaHU3UPOBAHHBIX
U aBTOMAaTU3MPOBAHHBIX KOMIUIEKCOB, HWHHOBAllMOHHBIX CTPOUTEIbHBIX
MaTepHayioB, ONTUMAJIBLHBIX METOJOB BBIMOJHEHHUSI CTPOUTENBHBIX padOT, UTO
oOecreynBaeT JOCTATOYHO BBICOKOE 3HAYEHUE MPHUPOCTa B CTPOUTEIHHOM
CEKTOpPE C YUETOM COOIIOICHHSI SKOJIOTUUECKON U TEXHUYECKOM 0€3011acHOCTH.
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