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AHAJIN3 XPOHOI/ISOJII/IVHEIL/'IHI)IX MOJEJIEA MPOLIECCA
CABU/XKXEHUSA 3EMHOU NIOBEPXHOCTH B YCJIOBUAX
3AITATHOI'O IOHBACCA

Ha3zapenko B. A., Creabmamyk E. B.
(I'BY3 «HI'V», 2. /[nenponemposck, Yxkpauna)

3a pezynrbmamamu HAMYPHUX [HCMPYMEHMATbHUX Cnocmepe-
JHCEHb pO3pO00JIeHa NPOCMOPOBO-4aACO8d MOOENb (OPMYBAHHS 3eMHOI
NOBEPXHI Y MYIbOI 3PYUeHHs Ol YMO8 BY2LIbHUX WaxXm 3axioHo2co
onbacy. 3anpononosano Hosuil mun i301IHIl, WO XapaKmepuzyoms
yac i Micye BUHUKHEeHHS V MY1b0i 0CIOaHb | HAXUIG NeBHOT BEIUYUHU.

Space-time model for formation of ground surface subsidence
profile is developed based on the results of field instrumental observa-
tions for conditions of coal mines in the Western Donbas. A new type
of contour-chronoisosubsidence is proposed. These lines characterize
the time and place where certain subsidence is formed.

Ha coBpemeHHOM 3Tarie pa3BUTHs yTIIEI00bIBAIOIEH MPOMBIIII-
JIEHHOCTH CTPOUTEIHLCTBO HOBBIX IIAXT IPAKTHUYECKH HE BEIETCS.
[IpupocT m00BIYM YT, OJHOTO M3 OCHOBHBIX YHEPTOHOCHTENICH B
YKkpanHe, OCyIIECTBISETCS 3a CUeT pa3pabOTKU HOBBIX YTOJBHBIX
IJIACTOB TIYOOKOTO 3ajieraHusl U PACHIMPEHUs IIAXTHBIX MOJeh aei-
CTBYIOIIIMX IIIaXT. B pe3ynbrare B pa3andyHbIX cepax KU3HEACATEIIb-
HOCTH OOIIECTBa BO3HUKACT MHOXKECTBO MPOOJIeM, OT pelieHns KOTO-
PBIX 3aBUCHT 3((PEKTUBHOCTH MCIIOIB30BAHMS MMPHUPOIHBIX PECYPCOB,
COCTOSIHHE OKPYIKaroIIeH cpelbl, 0€30MacHOCTh MPOU3BOACTBA U JIP.
OnHUM U3 acreKTOB KOMIUIEKCa IIPOOJIeM SBJISETCS pacIIupeHue Tep-
PUTOPHIA, KOTOPHIE OKA3bIBAIOTCS B 30HAX BIMSHUS TOPHBIX pa3pado-
TOK, W, KaK CJICJACTBHE, YBEIMYCHHUE UYMCIAa OOBEKTOB, TPEOYIOIINX
3aIUTH OT BPEJTHOTO BIUSHUS TOPHBIX PabOT.
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Obecnieuenue 6e30macHoi MOAPAOOTKH COOPYKEHUM U MPUPO/I-
HBIX OOBEKTOB SIBJISIETCA OJTHOM M3 OCHOBHBIX 3aJa4 MapKIIEHIepCKOM
CJIY>KOBbI TOPHOTO TpeAnpusTHs. PermieHue 3Tod 3agadu 3aBUCHT OT
OOBEKTUBHOCTU TMPOTHO3UPOBAHUSI BIUAHUS TOPHBIX BBIPAOOTOK Ha
nojipabaTeiBaeMble 00BEKTHI, UTO B CBOIO OUEPEb, ONPECIISICTCS CO-
OTBETCTBUEM MPHUHATHIX UCXOIHBIX MMapaMETPOB YCIOBUSIM pa3palboT-
KM MECTOpOXJeHHs. B HacTosiiee BpeMsi pacueT OKHUJIaeMbIX CJBH-
XKEHUI U nedopMalnii 3eMHOW OBEPXHOCTH, SIBJISIOUIANCS OCHOBOM
JUIsl BEIOOpa COOTBETCTBYIOLIMX MEpP OXpPaHbl MOJApadaThIBAEMbBIX CO-
OPYXE€HHUI U MPUPOAHBIX 0OBEKTOB, MPOU3BOJUTCS IO HOPMATUBHOMU
Metoauke IlpaBui [1]. OngHako aelcTByrOIMas METOAMKA MpPEayCcMar-
pHUBAET pacyeT CIBIXKEHUHN U nedopManuii Mpu 3aKOHUYUBIIEMCS TTPO-
1ecce caBukeHus. Pe3yapTarhl pacyeToB HE JIalOT MPEACTABICHUS O
pazButum gedopMaiuii MOBEPXHOCTH BO BPEMEHU U HE YUHUTHIBAIOT
paznuuus pa3BuTus Aedopmainuii Ha OTJAEIbHBIX y4acTKax 30HbI BIIU-
SITHUSI OYMCTHBIX paboT. ITOT (akT cTajl MPUUYUHONW MUHTEpPECa MHOTUX
UCCIIeIOBATENE K TMHAMUKE MTPOIECCa CABUKCHUS.

WccnenoBanusa MOCIEIHUX JIET MO3BOJUIM YCTAaHOBUTH OOIIKE
3aKOHOMEPHOCTH Pa3BUTUSI MYJbJbI CABWKEHUSA Ha cTaauu ee (dop-
MUPOBAHUS U pa3padoTaTh METOJAUKY MPOCTPAHCTBEHHO-BPEMEHHOIO
MozenupoBanus [2, 3, 4, 5] u rpadhuUecKyr0 MOACIb CABMXXEHUS TIO-
BEPXHOCTU. ITa MOJIEJIb MPEICTaBI€HA COBOKYITHOCThIO CIIEIHMAIBHBIX
W30JIMHUHM, KOTOpPbIE JAlOT BO3MOXHOCTh OMPEEISTh MECTO BO3HUK-
HOBEHHUSI M 3HAUYECHUS OCEAaHUN M HAKIOHOB B MYJIbJE CIABUXKCHHUS, a
TaKkxe ee Npoduiib Ha JIF0OOM MOMEHT BPEMEHU U MPHU JFOOOM MOJ0-
KEHUU JABUXKYIIETOCS OUYUCTHOTrO 32004 jaBbl. Haznauenuit moaenu —
MPOTHO3UPOBAHUE OKHUAAEMBIX OCEJAHUW M HAKJIOHOB MOBEPXHOCTHU
0€3 BBITIOJTHEHHUS CJIOKHBIX M TPOMO3JIKUX MaTEMAaTHYECKUX PacUeTOB
u rpaduueckux nocrpoeHuil. Huxe npuBeeHbl pe3ybTaThl aHAIU3A
DTUX MOJIENIEH.

Ecnu orieHuBaTh MPOCTPAHCTBEHHO-BPEMEHHbBIC MOJICIN Pa3BU-
TUsI oceganuid (puc. 1) U HaKJIOHOB (pHUC. 2), TO MOXHO YTBEPK/aTh,
4YTO XPOHOM3OJUHUM B cucteMe koopauHat L/H, D,/H pacnpeneieHbl
B HUCXOJSIIEM MOPSIAKE CO CABUTOM B CTOPOHY JIBUKEHUSI OYMCTHOIO
320051, @ ©X OTMETKH 0 Mepe yBenuueHust opauHatel D,/H Bo3pacTa-
101. C yBenuuenueM D/H TpOUCXOAUT yBEIWYEHUE 30HBI BIUSHUS
OUYMCTHOM BBIPAOOTKU HA 3€MHYIO MOBEPXHOCTh — YBEIUUYUBAETCS UH-
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TepBai adcuucce L/H, 0XBaThIBAEMBIX MOJICIIBIO.
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dopMa M30JIMHUM B LIEJIOM OCTACTCA HEM3MEHHOM, a OTACIIbHbBIC
YYACTKH M30JIMHUM UMEIOT Pa3IMYHbIA HAaKJIOH. OTpe3Ku MpsIMBIX JIH-
HUM, KaCaTeJIbHbIC K U30JUHUAM, U3MEHAIOT YToJl HakJIoHa OT 90° B Jie-
BOM yacTu Mojieau 10 0° — B 3aMKOBOM BEpXHEM 4acCTH U 3aT€M JI0 yriia
45° — B mpaBOM YacTH MOJieJid (MPH YCJIOBUH PaBEHCTBA MAaCIITA0O0B MO
ocsim L/H w D/H).

[IpsIMOTMHEMHOCTh M B3aMMHasl MAPALICIBHOCTh YYaCTKOB H30-
TUIIC CBUJIETEIBCTBYET O CTAOMJIBHOCTH M PaBHOMEPHOCTH IIpoliecca
CIABWKCHMSI, M30THYTOCTh W HEMAPAUIEIBHOCTh YYaCTKOB SIBJISICTCS
MIPU3HAKOM aKTUBHOT'O U3MEHEHUS BEJIMYMH MOJCIUPYEMBIX BEIWYMH.
Ha mnosmorux ydactkax H30JMHUN MOJEJIEU TPagueHT OCEHAHUU U
HAKJIOHOB HaumOoJbpiui. [lo Mepe pocra yria HakjIoHA TPagUEHT
YMEHBIIAETCS U MPU BEPTUKAIBHOM MOJIOKECHUU TPAMCHT PAaBEH HY-
JIXO0 — MPOLIECC OCTAHOBUJICS.

Hcxonst U3 U3JI05KEHHOTO BBIIIE C 1IEJIbI0 YCTAHOBJICHUS XapaKTe-
pa OPOTEKAHUSI MPOILIECC OCEAaHUd 3€MHOM MOBEPXHOCTH HA CTaJUU
dbopMUpOBaHUS MYJIbJIbl, MPEACTABISICTCS IPUHIIUIINAIBHO Ba*KHBIM
BBIJICJIUTH MPSIMOJWHEHNHBIE YYACTKH W30JIMHUM MOJIEIW W KPHUBOJIH-
HCWHBIC YYACTKU C HM3MCHSIONIMMCS YIJIOM HAaKJIOHA KacaTeJbHBIX K
HuM. B cpene AutoCAD ObL1 BBINOJHEH KOMILIEKC Ipad)MueCKUX Mo-
CTPOCHMH, 3aKJIFOYAIOIINICS B MPOBEJCHUN KACATEIbHBIX MPSIMbIX JIW-
HUM K M30JIMHUAM MOJIECJIEM HA Pa3IMyHbIX ydyacTkax. [lyrem Bu3yasb-
HOI'O KOHTPOJISI YCTAHOBJICHBI TOYKH COMNPSKEHUS MPSIMOJUHEWHBIX U
KPUBOJIMHEWMHBIX YYAaCTKOB M30JIMHUN Ha 00EUX MOJCIISIX PUCYHKOB 3 U
4. OTH TOYKHU OBUIM COEMHEHBI MOJUIIMHUEH, KOTOpask MOCIE CrIaXu-
BaHUs IpeoOpa3zoBaHa B CIviaiiH. IlogydeHHBIE B pe3yJbTaTe reoMeT-
PHUYECKUX TOCTPOCHUM JIMHUU IIEPEX0JIa KPUBOJHMHEWHBIX YYaCTKOB
V30JIMHUM B PSIMOJIMHEWHBIE MTOKA3aHbl HA PUCYHKE 3.

B pesynbprare coBmelnieHus rpa@ukoB Mojenell ocegaHuid u
HAKJIOHOB YCTAHOBJICHO, YTO 3T JIMHUU MTPAKTUYECKU COBMAIAKOT APYT
C APYTrOM, YTO MO3BOJIAJIO CO3/1aTh OOOOIIEHHBIN TpadUK XapaKTEPHBIX
JIMHUW ¥ TOYEK JTMHAMHAYECKOM MOJICIIM MPOIECcCa CABUXKCHUS HA CTa-
muu (popMupoBaHUST MyJbAbl. DTOT TpaduK IMOKa3aH Ha pUCYHKE 4.
CornacHo pe3yJibTaTaM HCCIIEIOBAaHWN MaKCUMAJIBHBIX OCEIaHUN B
dbopmupyrolencs MyJbe [6] mpoliecc ocelanus 36MHOM TTOBEPXHOCTH
IPU OTXOJIE JIABbl OT PA3PE3HOM II€UYX HAYMHAETCS MPU pa3Mepe BbIpa-
0otanHoro npoctpancta D, = 0,2H.
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JIlnHug Havana npouecca COABWKEHNA

TIHn 8 nepexoaa KPUBOMUHENRHBIX
Y4aCcTKOB W30NNHWIA B NPAMONMHEAHbIE

™,
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b « W HYNEBBIX HAKNOHOB

1 -

1 A

N B ci@‘\@}f{

DyH

Puc. 4. O00011eHHbIN rpaduk XapaKTEPHBIX TOYEK U JIMHUU JTU-
HAMUYECKOH MOJIENM Tpollecca CIBIKCHUS HA CTaJIUU
(bopMHUpPOBAHUS MYJTbIBI

JIuHUA MaKCHMAJIbHBIX OCEIaHHMI M HYJIEBBIX HAKJIOHOB, M300-
pakeHHas Ha puUcyHke 4 nuHuen Ab, ecnu ee MPOJOIKUTh, 3aUMET
nonoxenue HB. CormacHo TeM ke uccienoBaHusIM [6] oTpe3ok bB Ha
rpaduke MoAeNu OyAEeT BEPTUKAIbHBIM (MapajuieIbHbIM JIMHUM MPO-
CKIIUU pa3pe3HOM TeUn).

JIuHus nmepexona KpPUBOJIMHEWHBIX YYAaCTKOB W30JMHUM B IIps-
MOJIMHEWHbIEC /[ED COCTOWUT W3 JIByX Y4YacTKOB: /[E — nyra OKpyX HO-
CTU paauyca, paBHoro 1, T.e. H, EH — oTpe30K NpsAMOH, napajieib-
HBIN JIMHUU MOJIOKEHUsT 04uCTHOTO 320051 O0I". OTpe3ok bK sBisiercs
nponokenneM JHuM J[EL. JluHus mnepexona KPUBOJMHEWHBIX
Y4aCTKOB M30JIMHUN B MPSMOJIMHENHBIE 3/ b Tak K€ COCTOUT U3 ABYX
Y4acCTKOB: 3/ — nyra OKpy>KHOCTH paauyca, paBHoro 1, /b — oTpe3ok
PSMOM.

Ha rpaduke pucyHka 4 MOKHO BBIACIHUTH MSTh 30H, B KOTOPBIX
KOH(UTYypalnrsa U30JIMHUN U XapaKTep CABUKEHUS pa3INyaroTcsa. 30Ha
1 xapakTepuszyercsi akKTUBHBIM H3MEHEHHWEM OCEHAHUW U TOJIOKH-
TEJIbHBIX HAKJIOHOB MOBEPXHOCTH U COOTBETCTBYET (hOPMUPYIOIICICS
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oOpaTHOM MOJyMYJibJIE TUHAMUYECKON MYJIbJIbl HA CTaAUU POPMUPO-
BaHUA [7]. 30Ha 2 TaK k€ XapaKTECPU3YETCS] aKTUBHBIM U3MECHEHHEM
OCEJIaHUM U OTPULATEIIBHBIX HAKJIOHOB MOBEPXHOCTU U COOTBETCTBY-
eT hopmupyrouencs npsiMoit moymysiabae. 3oHa 3 0003HaYaeT yyacT-
KM 36MHOM TNOBEPXHOCTH, HA KOTOPBIX OCEIAHUS JIOCTUIJIM CBOETO
MpeieNia U IPOLEeCC CABMKEHUA 3aBepluwics. M3onuHum B nipenenax
ATOU 30HbI BEPTUKAJIbHBL.

3oHa No 4 COOTBETCTBYET CTaJlMM CUHXPOHHOTO CHBHXKECHUS, B
KOTOPOM MpoduIIb MYJIbJbI OCTACTCS HEU3MEHHBIM U MpsAMas MOJIy-
MyJibJla IEPEMEIIAeTCsl BCIIE 32 OYMCTHBIM 3a00eM. M3onuHuu moze-
Jiel B 3TOM 30HE MapalijIeIbHbl JUHUM TMOJO0KEHUS OYUCTHOTO 32004,
YTO CBHJICTEJILCTBYET O PABEHCTBE CKOPOCTEH mMepeMerieHus 3a0os
JIaBbl U JUHAMHAYECKOU MYJIbJIbl HA TOBEPXHOCTH.

B maTon 30HE M30JMHUM OCENAHUS U HAKJIOHOB OTCYTCTBYIOT,
31ech OcellaHusl JOCTUTIM MaKCUMyMa M OCTAalTCSl HEM3MEHHBIMH
MpU YBEJIMYEHUHU pa3Mepa BbIpaOOTaHHOIO mnpocTpaHcTBa D, Hakio-
HbI TIOBEPXHOCTH PaBHbI HYJIO. JTa 30Ha 0003HAYAET IUIOCKOE JHO
MYJIbJIBI.

TakuM 00pa3oM, MOKHO CKa3aTh, YTO B 30HaX 3 W S5 mporecc
CIBWKCHUS 3aBEPIIUJICS, a B 30HaX 1, 2, 4 — HaXOAUTCS B CTaAUU aAK-
TUBHOTO Pa3BUTHSL.

Ha pucynke 5 mnoka3zaHa HoOmOrpaMma pa3BUTHUS Ipolecca
CIABHXKECHUS ¢ 0003HAYEHHUEM BCEX CTaJUi, yepe3 KOTOPbIE MPOXOIUT
MyJbJa CABMXKEHUS MPHU OTXOJE JaBbl OT Pa3pe3HOM IE€YH U BBIACIIC-
Hbl XapaKTEPHBIX 00JaCTH MYJIbJIbl CIABM)KEHHUS, & UMEHHO: 00JIacTh
dbopMHUpOBaHUS MYJIbAbI C BBIJICICHUEM B HEMl oOsacTteit (hhopMHpOBa-
HUs OOpaTHON M MPSIMOUN MOJYMYJIbJ; 00JacTh OKOHYAHHUS Ipoliecca
CIABIKCHUS, BKJIIOYaromas o0jiacth (HOPMUpPOBAHUS IUIOCKOTO JHA
MYJIbJIbI; 00JIACTH CHHXPOHHOI'O CABUKEHUS IOBEPXHOCTH.

BriBOABI.

XPOHOU30JIUHEWHBIE MOJIEIN OCEIAHNUS U HAKIIOHOB 3€MHOM I10-
BEPXHOCTU XapAKTEPU3YIOT PA3BUTHUE MYJIbJIbI CIABUXKCHUS HAa MAJIO-
M3y4YeHHOUW cTaguu (popmupoBanus. M3o0auHum mMojaeneil mo3BOJISIIOT
ONPENEIATh BEJIWYUHBI OCETAHUNM M HAKIIOHOB IMOBEPXHOCTH U IPO-
¢buae MyJIbIbI Ha JIFOOOW MPOU3BOIBHBINT MOMEHT BPEMEHH, XapaKTe-
PHU3YIONIWNICS TTOABUTAaHUEM OYHCTHOTO 3a00s OT Haudajia OTpabOTKH
JIaBBI.
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Puc. 5. Homorpamma cragui pa3BUTHS MOPOLECCA CIABUKECHUS
HaJ pa3pe3HOr NeYbIO

[TomyyaeMbie 1O MOAENSIM BEIWYUHBI CABWXKEHUM U aedopma-
M MMEIOT BBICOKYIO HAJIe)KHOCTb, HA YTO YKa3bIBa€T CPABHEHHE C
pe3yJibTaTaMH  HATypPHBIX HWHCTPYMEHTAJIbHBIX MAapKIIEHIEPCKUX
HaOoeHni Ha maxTax 3amagHoro Jlonbacca.

B cpaBHeHMU C W3BECTHBIMU CIIOCOOAMM MPOTHO3UPOBAHUS OCe-
JTAHWUM, BKJIIOYash U HOpMaTtuBHYI0 MeToauky llpasun [1], pa3pabo-
TaHHAasi MOJIEIb 00ecreurnBaeT OOJBIIYI0O TOYHOCTh U UCKIIIOYAET IPO-
MO3JIKA€ BBIYMCIICHUS U BCIIOMOTaTe/IbHbIC rpauyecKkue moCcTpOSHUsI.

Mertoiuka TPOCTPAaHCTBEHHO-BPEMEHHOIO MOJICTUPOBAHUS U
pa3paboTKa XPOHOU3O0JUHEHMHBIX MOJEJICH MpoIecca CABUKECHUS 3EM-
HOM TOBEPXHOCTH MOXET OBITh peaJiM30BaHa Ha YTOJIbHBIX MECTO-
POXKIAECHUSIX C TOPU3OHTAIBHBIM WJIM MOJOTUM 3aJIETAaHUEM ILIACTOB.
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