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KOMILJIEKCHUI MOHITOPUHI BUPOEKHU B YMOBAX 30BHIIITHIX
JANHAMIYHUX BIIJINBIB

BuxoHaHHS TIpHUYONPOXITHUIBKUX POOIT OYpOBHOYXOBUM METOJIOM BILUIMBA€E HA ICHYIOUl OTO-
YyIo4l CIOPYAU, L0 MOXE HOTIPIIUTH iX eKcIulyarauito. Po3risHyro mpoOieMy KOMIUIEKCHOIO
MOHITOPUHTY BUPOOKM B YMOBAaxX 30BHINIHIX BIUIMBIB 3 METOI IOINEPEIKEHHS BUHUKHEHHS
aBapIfHUX CUTYaIIld.

Boinosinenne ropHonpoxoaueckux padboT OypoB3pbIBHBIM METOJ/IOM BIIMSIET Ha CYIIECTBYIOLINE
COCEJTHUE COOPYKEHHS, YTO MOXET YXYALIUTh UX JKCIUTyaTanuio. PaccmMoTpena mpobiema KoM-
IJIEKCHOTO MOHUTOPUHIA BBIPAOOTKU B YCIOBHSX BHELIHUX BO3JIEHCTBUH C IIEJIBbIO MPEAYNpPERKIe-
HHSI BOSHUKHOBEHHUS aBAPUUHBIX CUTYallUM.

Performing underground construction works by drilling-and-blasting methods influence on
close engineering structures, that impairment their exploitation. This matter is dealt with in prob-
lem of complex monitoring the tunnel underground under blasting influence.

Beryn. IlomupenHs TpaHcOpTHOT IHPPACTPYKTYPH € OJHUM 3 TPIOPUTETHUX
HaMpsMiB B PO3BUTKY €KOHOMIKM YKpainu. TyHeni noTpeOyroTh MiIBUILIEHHS NPOMY-
CKHOI 3JaTHOCTI, 1[0 BUPIIIYETHCS HUISIXOM MPOBEIEHHSM HOBUX Ta PEKOHCTPYKIIIi
ICHYIOUMX CTIOTy4YeHb. BUKOHAHHS MIPHUYONPOXITHUIBKUX POOIT BIUIMBAE HA ICHYIO-
41 CIOPY/IU, 10 MOXE TMOTIPIIUTHU X exciuryartaiito. Cy4acHi MEeTOu IPOrHO3yBaHHS
npoleciB gepopMyBaHHsS OOPOOKH TYHEJIB HE BPaXOBYIOTh YCiX (haKTOPIB, 11O BILUIH-
BalOTh HA TEXHIYHUHN CTaH 1HXKEHEPHUX cHopya. B HOpMAaTUBHUX NOKyMEHTax MH-
TaHHS BIUIMBY CYCIIHIX CIIOPYJ] pO3TISTHYTO HEJOCTATHHO.

[Ipo6iema KOMILJIEKCHOIO MOHITOPUHTY BUPOOKH B yMOBaxX 30BHIIIHIX BILIHU-
BIB 3 METOIO TOMNEpEeHKCHHs] BUHUKHEHHS aBapiiHUX CUTYyallli BU3HAYa€ 3aaadi a0-

53



ciaimxenn. [Ipu 1poMy O4YEeBUHO, IO KOHTPOJIb TEXHIYHOTO CTaHY BUPOOKU MOBH-
HEH HOCUTH CUCTEMATHYHHU MiAX1J 1 JO3BOJSATH 31MCHIOBATH OLIIHKY 3MiH, 110 Bij-
OyBarOThCSl HA OCHOB1 BUPOOJICHUX KPUTEPIiB.

Ha Bcix eramax OyniBHHUIITBA 3aJII3HUYHUX TYHEJIIB OCHOBHOIO TEXHOJIOTI€IO
pYHWHYBaHHsSI MacuBY TipCbKHUX MOpia € BUOyxoBa TexHousoris. [1ig yac OyaiBHULITBA
Ta PEKOHCTPYKIli MPAKTUYHO BCiX TYHEIIB OJJHUM 3 OCHOBHHUX 3aBJlaHb MOJIEpHI3allil
€ 30epeKeHHS JIII0UMX TYHENB, K1 MOTPAIISIOTh B OJMAKHIO CEUCMIYHY 30HY M1 4yac
MPOBEJICHHS MIIPUBHUX POOIT MPU MPOXOAIL HOBUX BUPOOOK.

006’€KTOM J0CTITKEHHS € KOMIUIEKC POOIT MO CIOPYI’KEHHIO HOBOTO TYHEJIO
BEJIMKOTO Tiepepizy Ha neperoni beckun — Ckorapceke, Ykpaina. Tak, mig yac OyiB-
HHULTBA BECKHICHKOrO JBOKOMIMHOTO TYHENO 3 AiaMeTpoM mepepisy 120 mM” Ta mpo-
TSOKHICTIO 1822 M, MPOXITHUIBKI pOOOTH TMJIAHYETHCS MPOBOAUTH B 25-TU M BiJ Ma-
payiesIbHO ICHYIOYOI0 MEPIIOro TYHENIO.

BukianieHHsi 0CHOBHOr0 MaTepiaay. by1iBHULITBO HOBOTO TyHENIO OyJe 3/iiic-
HIOBajach B nopojax 3 /= 1.5-4.0, mo npencraBieHi B OCHOBHOMY MillIaHUKaMU, TJIU-
HUCTUMH CIIAHIIMU Ta apriTiTaMu, 3a JOOMOTor O0ypoBUOYyX0BOT TeXHOJIOT1 (pHcC.1).

Puc. 1. T'eonoriunuit po3pi3: 1 — nimaHuky; 2 — IIAMHUCTI CJIAHLII 13 30HOI0
TPIIMHYBATOCTI; 3 — chnaHul; 4 — apruIiTy.

ByaiBHULITBO BETUKOMPOIITHUX BUPOOOK CYLUIBHUM 3a00€M 3HAYHO BIUIMBAE
Ha HaIpyKeHO-Ae(OPMOBaHUM CTaH MOpia 1 ePeKTUBHICTH poOiT. TOMy B LIbOMY BH-
MajKy Ba)JIMBO BUOMPATH ONTHUMAJIBHY CXEMY PO3KPUTTS 320010 i 30UIbIIEHHS
CTIHKOCT1 MacWMBY HABKOJIO BUPOOKM 1 MIBHJKOCTI MPOXOJKH. 3HAIOUW HAIPYyKEHO-
neOpMOBaHMI CTaH MOPiT, MOKHA BU3HAUYUTU KOHCTPYKIIIO KPIMJICHHS, BETUYUHY
HABAaHTAXXEHHS Ha KPIIUICHHS MIJ3€MHOi CIIOPYAH, ONTUMAJIbHY CXEMY NMPOXOIKHU, a
TaKOX KUIBKICTh YCTYIIIB 3a0010. 30KpeMa, NpoXoaKy beckuicbkoro TyHenro miaHy-
€ThCSl 3MIIMCHIOBAaTH JBOMa yCTYNaMH 3a HOBOABCTPIMCHKOIO TEXHOJOTIE€IO (puc. 2).
Ile B cBOIO Yepry J103BOJUTH MOETAMHO MPOBOAUTU OypoBHOYXOB1 poOOTH Ta 3MEH-
ITUTh CEUCMIYHUHN e(DEeKT Ha eKCITyaTOBAaHUN TYHEJIb.

Po3poOka TexHoIIOr1i poOIT 31 CIOPYAXKEHHS TYHEII0 HOBOABCTPIMCKUM METO-
JIOM BUXOJIUTh 3 HACTYITHUX OCHOBHUX MOJIOKEHB. [licis mpoxoaku TripHUYO01 BUPOO-
KU TIOpO/ia B IPUPOJHOMY MACHBI MOCTYIOBO NEPEXOAUTH 3 MPYKHOTO CTaHY B CTaH
BTpaTH CTIMKOCTI 1 Jaii B HECTIMKHUMA cTaH. Y CTaHOBKA TUMYAaCOBOI'O KPIIJICHHS ITiJT
Yac MPOXOAKH MOBUHHO 3a0€3MEeYUTH CTIMKICTh MacuBy. [Ipu oMy KpirsieHHS Mo-
’Ke MpaIoBaTH SIK )KOPCTKA OMopa JJisi HABKOJUIITHROTO MAacuBYy, a00 sIK MiAAAaTIMBA
KOHCTPYKIIisl, IO Aomyckae aedopmMarliii crijapHO 3 MacuBoM. HoBoaBcTpiickuii me-
TOJ JJa€ MOKJIUBICTh IBUAKICHOTO 1 €EKOHOMIYHOT'O CIIOPY/IXKEHHS TYHEN1B, OCKLIbKHU
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3aCTOCYBaHHS MIAAATIMBOTO KPIMJICHHS 1 ONTUMalbHE BUKOPUCTAHHS MPUPOIHOT
CTIHKOCT1 MacCUBY JI03BOJISIIOTh 3MEHIIIUTH METAJIOEMHICTh TUMYACOBOTO KPIMJICHHS 1
TOBIIMHY MOCTIMHOT 0OPOOKH, SIKY PO3PAXOBYIOTh 3 YpaxyBaHHSIM CIPUNHATTS T1pCh-
KOr'0 TUCKY TUMYACOBUM MIAAATIMBUAM KPITIJICHHSIM.

Puc. 2. HoBoaBcTpiiichkuii criocio 3 po3aUICHHAM Ha JBa YCTYIIH.

BaxxuBuM e1eMEeHTOM MpU LbOMY € 3/11MCHEHHSI MOHITOPUHTY 3a CTaHOM Ha-
BKOJIMIIIHBOTO MAacCUBY 1 HAOpU3rOETOHHOTO KPIMJIEHHS B MPOLECI CIIOPY/KEHHS TY-
HEJI0, Ha MIICTaBl pe3yJbTaTiB SIKOTO B MPOEKT OYAIBHUILITBA MOXYTh OyTH BHECEHI
ONEepaTUBHI KOPEKTUBH, 110 BKIIOYAIOTh 3MIHM KOHCTPYKTHUBHUX MapaMeTpiB 00po0-
KM Ta TEXHOJIOT11 BEJIEHHS POOIT.

[MutanHs celicMiyHOT Oe3MeKr 1HXKEHEPHUX CHOPYA B OUTBIIOCTI BUIMAJIKIB BU-
PIIIYETHCST Bapialli€lo JUIIE Macu OJHOYACHO MifipBaHoro 3apsaay BP, a mpakTtuuno
BC1 peKOMEH/1allii 0JI0 PO3PaxXyHKy MapaMeTpiB OypoBHOYXOBHX pOOIT BITHOCSATHCSA
710 JadbHBO1 ceicMiuHO1 30HH. To/1 SIK BiICTaHh MK HOBUM 1 JIIFOYUM TYHEJISIMH Ya-
CTO BIJMOBiga€e ONMKHINA ceHCMIYHIN 30H1 BUOYXY, SIKa OLIHIOETHCSI BEJIMUMHOIO, 1110
ctaHoBUTh 120—150 paniyciB 3apsy, U0 MOXE MEPEBUILUTH BiJICTAHb MK CYCI/IHI-
Mmu criopyaamu (30-50 m).

VY 3B's3Ky 3 IIuM, BUHUKA€ HEOOXITHICTh 3a0€3MeUeHHs] CeUCMIUHOI Oe3meKu
YUHHOTO TyHento. KpurepieMm OIiHKK ceMCMIYHOT i1 € JomycTrMa BifHOCHA aedop-
Mallisi TIPCbKUX MOPiJ, 1[0 BCTAHOBIIOETHCS 3 KilacuQikallii Cnopys mo ix BiAMoBiga-
JBLHOCTI 1 TepMiHY eKcrutyatarlii. [{irouuit TyHenb BiTHOCUTHCS 110 | Kiacy, BiAMOBI-
He 3HaueHHsa ckinanae 0,0001[1]. [Hmmit kputepit — monmycTrMa MIBUIKICTh KOJIH-
BaHb, ckiagae 6,8 cm/c [1].

ByaiBHUILITBO Ta pEKOHCTPYKIIA TYHEIIB B TAKMX OOMEKEHUX 1 CKIAIHUX 1H-
KEHEPHUX 1 FPHUYO-TEOJOTTYHUX YMOBaX CTaBJSITh HOBI BUMOTH JIO MPOEKTYBaHHS
Ta BeJICHHS1 OypOBUOYXOBUX POOIT.

JIJisi BUKITIOUEHHS B3a€EMHOIO BIUIMBY JBOX BHUPOOOK BIACTaHb MK HUMU IO-
BUHHA CKJIaJlaTU HE MeHIle 5 miameTpiB BUpoOku [2]. CkiamHi yMOBH OYyIIBHUIITBA
HE JT03BOJISIIOTH 3HAYHO 30UIBIINTH BIACTaHb MK TYHEISIMU, TOMY BUHUKA€E HEOOXI1-
HICTh MPOBEJEHHS KOMIUIEKCHOTO MOHITOPHHTY 3 METOIO 30€peKeHHs A1€3AaTHOCTI
CTaporo TyHeIIo B nepio OyAiBHULITBA HOBOro. KOHTpOJIb TEXHIYHOTO CTaHy BUPOO-
KU MOBUHEH JO3BOJISTH 3A1MCHIOBATH OLIHKY 3MiH, 110 BIIOYBalOThCS HA OCHOBI Ta-
KHX KpUTEPIiB SIK: TEOMETpisd mepepizy BUPOOKU, KOHTPOJIb CEUCMIUHOI Ail BiJl Mpo-

55



BEJICHHSI BUOYXOBUX pOOIT B HOBOMY TYHEJI1 Ta HaNpyXeHo-AehOpMOBaHHI cTaH 00-
POOKH J11F0YOT0 TYHEINIO 1 OTOUYIOUUX MOPII.

OcoOnuBICTIO MOJEIOBAHHS PO3IIIIHYTOT CUCTEMHU € Ta OOCTaBHHA, IO MPH
MIPUAHATIN cXeMi MPOBEJeHHS POOIT BIUIMB Ha KOHCTPYKI[IIO ICHYIOYOT0 TYHEJIO0 HO-
CUTh XapakTep MOETAMHUX JUHAMIYHUX HaBAaHTAKECHb.

PimenHsi Takoro 3aBAaHHS MOJIMBE 3a JIOMOMOI'OI0 CYYaCHUX KOMII'FOTEPHUX
nporpaMm. OJHUM 3 TaKUX PO3PaXyHKOBUX KOMIUJIEKCIB € OoOpaHa A AaHUX JIOCIHi-
KeHb KoMm'totepHa nporpama «Z_ SOIL.PCy, po3pobaena ¢ipmoro ZACE Services
Ltd. (I0Beitapis). Lleit mporpamMHMii NMPOAYKT JO3BOJISIE BPAaXOBYBaTH BIIACTUBOCTI
OTOYYIOUMX MOPIJ 1 KOHCTPYKIIMHUX MaTepiaiiB, HOCIIAOBHICTh 3BEICHHS CIIOPY/ 1
T.71. 30Kkpema, B po6oTi [3] y pe3ynbTaTi MPOBEICHOT0 MOJICIIIOBaHHS OyJIM BU3HAYCHI
MO>KJIMB1 IEPEMIILICHHS €JIEMEHTIB KOHCTPYKLINA 00’ €KTY, 110 OXOPOHSAETHCS JIs1 BCIX
OCHOBHUX €TaIiB Oy/IBHUIITBA.

VY po6oti [4] 3a3HaueHO, IO 3a JOMOMOIOI0 MPOTPAMHOI0 3a0e3MeueHHs
«Z_SOIL.PCy», M0oXxHa MOJENIOBATH CEUCMIUYHUN BIUIMB HA 1HXKEHEPHI CIIOPYAH, SIKi
OXOpOHSI0ThCS. B yMoBax OyzaiBHULITBa beckuicbkoro TyHento, 3 METOIO 3abe3lie-
YEeHHSI OXOPOHU ICHYI0YOr0, BUKOpUCTaHHs AaHoro [13 6yso 6 JOUiIbHUM.

[HCTpyMEHTOM HOCHIIKEHb HANPYKEHO-Ae(hOPMOBAHOIO CTaHY TIPCHKOT0O Ma-
CHUBY 1 €JIEMEHTIB KpIIUIEHHS B YMOBaX KOMOIHOBaHUX IWHAMIYHUX HaBaHTaXKEHb
MOKe OyTH YHCelIbHE MOJENIOBAaHHA B MPOCTOPOBIM MOCTAHOBII 3 BUKOPUCTAHHSIM
CydacHOI KOMIT'FOTepHOT nporpamu «Z-Soil 3D»[3].

[IpoBeneHHsI MOJEIIOBaHHS 3 YpaxyBaHHIM (DaKTHUHOI €TamHOCT1 OyAiBHUIIT-

Ba TaKOX J03BOJISIE MPOBOJIUTU MPOrHO30BaHy OIIHKY Jedopmaliil 1 yMOB podoTu
€JIEMEHTIB KOHCTPYKLIi B Oyap-sikuil nepion vacy. Lle, B cBOw yepry, Ja€ MOXKIIH-
BICTh IPU BeACHHI 0€3MepepBHOIO MOHITOPUHTY CBOEYACHO pearyBaTH Ha MOKJIMBI
HECIIPUATIIMBI MPOLIECH 1 BHOCUTH 3MIHU B MPHUIHATI KOHCTPYKTUBHO-TEXHOJIOT1YH1
pilieHHs. AJjle MaTeMaTU4YHE MOJENIOBaHHS KOMIUIEKCHOTO BIUIMBY Ha TEXHIYHHUM
CTaH BUPOOKH caMme 1o co0i1 He 3a0e3neuuTh MoBHOI Oe3neku 00’ exra. CKiaaHi 1HxXe-
HEPHO — Te0JIOTIYHI YMOBHU MPOBEACHHS POOIT BUMAararTh MOJBOBUX JOCIIIKECHBb
0e3nocepeIHbO B TYHEN, III0 OXOPOHSIETHCS.
MOHITOPUHT T€OMETPUYHUX 3MILIEHB Y Mepepi3l BUPOOKU YCIIIIHO 3/11HCHIOBABCS 32
nonomororo yazepHux 3D ckanepiB [5]. B Hamomy Bumanaky, B SIKOCT1 TE€XHIYHOIO
oOJiaTHaHHS MMPOTIOHYETHCSI BUKOpUCTATH eleKkTpoHHui Taxeometrp TOPCON IS-305
(puc. 3) 3 mporpamMuuM 3a0e3nedeHHsIM Image Master for IS, skuii mo3Bonse 3aiiic-
HIOBATH SIKICHUH KOHTPOJIb 332 MEpEepi3oM BUPOOKH Ta (PIKCyBaTH T'€OMETPUYHI 3Mi-
HIeHHs1 0OPOOKH TYHEIIO, 10 EKCILTYaTy€eThCS.

3a nonomoror Moy "MOHITOPUHT" MPOBOAUTHCS aBTOMAaTUYHE BUMIPIOBAHHS
paHiIle 3a3Ha4YCHUX (BUMIpPSHHUX) MIIICHEH 3 MEBHOIO 3aaHOI0 MIEPIOMYHICTIO 1 3aIlH-
COM JIaHUX y Tam'sITh nipuianay. Monayns "TpaexTopis" 103BoJIsIE IPOBOAUTH aBTOMATH-
YHUU 3a1MC JAHUX Y BHYTPILIHIO TaM'sITh IpUJIaly Yepe3 BKa3aHUi Mepio] yacy.

Ouinka HanpyXeHo-1e(OpPMOBAHOTO CTaHy KOHCTPYKIIi, IO OXOpPOHSETHCS
Oyne 3A1MCHIOETHCS B TIep10/1 OYIIBHUIITBA HOBOTO TYHEIIIO 3@ JIOMTOMOTOI0 TEH30MET-
PUYHUX 1 CTPYHHHUX JIATUMKIB, 3 AKUX 3HIMATUMYThCS JAaHl B PI3HUHN Yac B 3aJ1€KHOCTI
BiJl IHTEHCHUBHOCTI 3MIHHU IOKa3aHb, a TAKOX IHJAMKATOPHUMH MPHJIAJlaMU BHUCOKOT
TOYHOCTI.
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Puc. 3. Enextponnuii taxeomerp TOPCON IS-305

[lomo ceiicMiYHOTO BIUIMBY Ha ICHYIOYUH TyHENb, 3yMOBJIEHOI'O IIPOBEICHHAM
OypoBHUOYXOBHUX POOIT M1 yac OYIBHUIITBA HOBOTO, - Oy/yTh BCTAHOBJICHI CeHCMIY-
H1 IaTYUKH, 10 (PIKCYBATUMYTh 3HAUECHHS IOETAIMTHO, PA30M 3 MPOCYBAHHIM BUOOIO.

BucnoBok. Po3poOka MeToly yrnpaBiiiHHS Mepepi3oM BUPOOKU B yMOBaX KOM-
OIHOBaHMX AMHAMIYHUX HAaBaHTaXXEHb MOTpeOye KOMIUIEKCHOTO MiAXOAY /0 BU3HA-
YEeHHsS] KPUTEPIiB BIUIMBY HA TEXHIYHMUI CTAH CIOPYIW HUIAXOM MOEJHAHHA MaTema-
TUYHOT'O MOJIENTIOBAHHS Ta MOJILOBUX JOCIHIIKEHb. Po3poOka mporpaMu MOHITOPUHTY
EKCIUTyaTalllfHUX XapaKTEPUCTHK € HEOOX1IHOI0 YMOBOIO YCIHIIIHOTO OYyIBHHUIITBA
TyHemo. OTxe, Ha CydyacHOMY PiBHI, IMiJl 4ac OYJIBHUILITBA CKJIAJJHUX 00’ €KTIB HEOO-
X1IHO 3/1MCHIOBATH KOMIUIEKCHUI MOHITOPHUHT, SIKUWA 3a0€3MeYUTh KOHTPOJIb BIUIH-
BIB BCIX TEXHOJOITYHUX (PaKTOPIB HA caMy KOHCTPYKIIIO Ta HABKOJIUIIHI 00 ekTH. B
naHiil po6oTi OyJ10 3aMPONOHOBAHO IIISIXHU peaslizallii MOCTaBICHOI 3a/1ayl.
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