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AnHoTanus. B craThe npuBeneHb! Ucceq0BaHus Tpoliecca GopMUpOBaHUS 30H pa3pyLICHUS B
MOPOTHOM MaccuBe Kak (akTopa, BIHUSIOIIET0 HA COCTOSHUE M€OTEXHOJIOTHYECKONH CUCTEMBI «Mac-
CHB TIOPOJ] CMEKHBIX BBIEMOUHBIX YYaCTKOB — IOJJEPKAHNUE BBIPAOOTOK». Y CTaHOBIIEHBI FreOMeXa-
HUYECKHE 3aKOHOMEPHOCTH (POPMHUPOBAHUS 30H Pa3pyLICHUS MPHU OTPAOOTKE CMEKHBIX BHIEMOY-
HBIX Y9aCTKOB: 00BEMbI HAPYIICHHBIX TIOPO BOKPYT BRIPAOOTKH M HEOOXOAMMAasi HeCyIasl Croco0-
HOCTb CPEJICTB KPEIUICHHS BO3PACTAIOT MPSMO MPOMOPIUOHATIBHO C TIyOUHOM, IPU 3TOM YCTOWYH-
BOCTbh CUCTEMBI «KPETb-MacCHB)» 00paTHO MPOMOPIMOHATIbHA BECY Pa3pyLICHHBIX TOPOJ KPOBIH; B
nporuecce OTpabOTKU CMEKHBIX JIaB C YBEIMYEHUEM PACCTOSHUSA OT KPOBJIM Iiacta ¢ 7 M 10 60 M
MaKCHUMYMbI HaIPsHKEHUM CHIDKAIOTCS JI0 JIBYX pa3 MpU OTpaOOTKE MEPBOIl JIaBHI U A0 YETHIpEX pa3
— U1 CMEXHBIX JIaB; KaK MPH 0TpabOTKE OJIHOM JIaBbl, TaK U MPU OTPAOOTKE CMEKHBIX J1aB 00BEMBI
paspyuieHuii mopoa ot AedopManuii pacTsHKEHUs] MPeodIialaloT Hall 00beMaMu pa3pylieHud OT
nedopmalii ciBura MOCKOIbKY HaJl TOPHBIMH BBIPAOOTKAaMU MPOMCXOAUT 3aBHCAHUE BBIIIENEKa-
IIUX MOPOJ, Ha KOTOphIE MEPBOHAYAIBHO JIEHCTBYIOT PacTATMBAIOIIUE CUJIbl, HO CyMMapHbIe 00be-
MBI pa3pylICHHBIX MOPOJ MpU OTPabOTKE MEepBOil JaBbl B 2-6 pa3 MeHbINE, YeM IpHU OTpabOTKe
CMEKHBIX JIaB; OTpa0OTKa CMEXHOM JIaBbI BBI3BIBAET pe3koe B 3-4 pas3a yBeIMUYEHUE 30H paspyliie-
HUW TOPOJl, UHTEHCUBHOCTh POCTAa KOTOPBIX B JAJIbHEHIIEM CHUKACTCS, TIPH 3TOM COXPaHSIETCS
00JIbIlast CKOPOCTh Pa3pyILICHUs MOPOJ MPU IKCIUTyaTallii CMEXHBIX JIaB, YeM MPH IKCIUTyaTaluu
oniHOM naBbl. [lomydyeHHbIE HayuHbIE PE3YyIbTaThl UCIIONb3YIOTCS IS ONpeAEeHUs] pallMOHATbHBIX
[apaMeTpoB CUCTEM pa3pabOTKU U MOBBIILIEHUS HHTEHCUBHOCTU PabOThl TOPHOI0OBIBAIOLINX MPE -
MIPUATUH.

KuroueBble cjioBa: reoMexaHrKa MOPOJHOIO MacCcHBa, 30HbI Pa3pyIIEHHs], CMEXHbBIE YUaCTKH
1axT, MOAECIUPOBAHUE MACCHBA TTOPOJT

Pacuersl n3MEeHEHUI MapaMeTPOB 30H pa3pyLIEHUs] B MOPOJIHOM MAacCUBE IIPHU OT-
pa6OTKC CMCIKHBIX BBICMOYHBIX YYaCTKOB 00€eCIeUYnBaOT BO3MOKHOCTh COBMECTHOM
OLOCHKU I'€COMECXAHNYECKOT'O U Ia30JMHAMHNYECKOI'O COCTOSIHUH IMPUKOHTYPHBIX IMOPOJ
Y BbIpaOOTaHHBIX IpocTpaHCcTB. HanpskeHHO-1e(hopMUPOBAHHOE COCTOSIHUE MTOPO/I-
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HOTO MAacCHBa WCCIICIOBAHO METOJIOM KOHEYHBIX 3JICMCHTOB IyTEM pPEIICHUS Tps-
MBIX 3aJ1a4, B KOTOPBIX Ha OCHOBE M3BECTHBIX (DU3MKO-MEXaHUUYECKUX CBONCTB MOPOJI
BBITTOJTHSJICS PAcYeT BO3MOXKHBIX Jie(hopMaliuid, TJIaBHBIX HANIPSHKECHHUH U 30H HEYIIPY-
rux aedopmaiuii s pa3IMYHbIX STAoB OTPAOOTKH CMEKHBIX OYMCTHBIX BhIpadoO-
ToK. [Topo/iHBIN MacCHB paccMaTPUBAETCs KaK TPCIIMHOBATAs TeOJIOTHYECKas cpefa
C HEPaBHOKOMITOHEHTHBIM HCXOJHBIM IOJIEM HANPsIKCHUN (OMHCBHIBACTCS TCH30POM
HANpPsHKCHUHN ) U1 KOTOPOU MPUHSTO JOMYIICHUE, YTO B IpeeiaX 0JJHOT0 KOHEYHOTO
AJIEMEHTa TI0JIe HaNpsDKEHUH 0JHOpOAHOOCHOBHBIC YpaBHEHUS TECOPUHU YIPYTOCTH
W3BECTHBI WM IMPEACTABISAIOTCS YCIOBUSAMHU CTaTHYECKOTO PAaBHOBECHOTO COCTOSHHS,
COBMECTHOCTH nedopMmaruii u Hanpspkenuit [1], [Zienkiewicz, O.C.,1971]. Yupyrue
neopManuu MPOUCXOIAT IO OMPEASICHHOTO YPOBHS, MOCIE YeT0 MPOUCXOUT TIPO-
IIECC pa3pylIeHUs] TOPHBIX TOPOJT (TIPOTPECCUBHOE YBEIMUYCHHUE ITEPEMEICHUH H Jie-
¢dopmaruii). [IpeBbilieHue BHSITHUMA HANIPSDKEHUSMHA TIPOYHOCTH TIOPOJ] B YCIOBHSX
naedopMmar pacTsokeHus: orpanudeHo kpurepueM C/5 (C — mpezen mpoyHOCTH HA
CIBHT). YPOBCHb IPEBBINICHUS BHEIIHUMH HAMPSHKCHUSIMH IMPOYHOCTH TIOPOJ B
yCIOBUSX JehOpMaIliy CIBHUTa ONPEAEIISUICS U3 U3BECTHOTO Kputepus Kymona-Mopa

r=C+o0,10¢, (1)

I7ie 0, — HAPsDKeHHE, HOPMaJIbHOE K IUIOIaJIKe ciBura, [1a; ¢ — yroyn BHyTpeHHETO
TpeHus, Tpaj.

Pacuer maremaTrueckoil MO/IENIM BKIIIOUAET pa3/ielieHue y4acTKa MacCHMBa OO/
Ha 3JIEMEHTHI, POPMUPOBAHUE MATPUIIBI )KECTKOCTU CUCTEMBI, COCTABIICHUE U pelie-
HUE CUCTEMBbI JIMHEHHBIX YpaBHEHUMN, BHIUMUCICHUE MEPEMEIICHUN B y3JIax MOJIEIH,
ornpesereHrne KOMIIOHEHT HarpsikeHud. Eciu o1HO U3 mpenenbHbIX YCIOBUM BBINOJ-
HSJIOCh, TO PacdeT 30H HEeYNpyrux aedopmariuii OCyIecTBISSTCS METOJIOM Hadalb-
HbeIX Hanpspkenuit [Zienkiewicz, O.C., 1971]. Moaenb reoMeXaHUYCCKON CHCTEMBI
COJICPKUT CTPYKTYPHBIE XapaKTEPHUCTUKH MacCHBa M (U3MKO-MEXAHHUCCKUE CBOM-
cTBa mMopoa. TexXHOJOrus KOMITBIOTEPHOTO aHaju3a peaju30BaHa B MPOTPAMMHOM
komiuiekce UT'TM HAHY «GEO-RS» [2-4].

Jlmst  ycTaHOBJEHUS OOIIMX 3aKOHOMEPHBIX IOBTOPSIONINXCS CBSI3CH MEXKIY
MPEANIECTBYIOIMMHA U TIOCIEAYIOINIMMHU COCTOSHUSIMU T€OMEXaHUYECKOW CUCTEMBI
HEOOXOJMMO HCIOJIb30BaTh YCPEIHEHHbIE CTATHUCTUYECKHE IMOKa3aTenu (U3HKO-
MEXaHUYECKUX CBOMCTB MOpOJa C ydeToM KoddduimentoB Bapuanuu. CpenHue
POYHOCTH YTJICBMEIIAONIMX MOPOJ 10 YCTAHOBJICHHBIM JaHHBIM [5] cOoCTaBIsIIOT:
JUTSL apTUJUIMTOB U aneBposuToB 15-46 MIla (paz6poc 27-29 %), nist mec4aHUKOB —
47-70 MITa (pa3opoc 19-20 %), mist uzBectHsikoB — 55-82 MIla (pa3opoc 18-19 %).
[Ipu sTOM cpemHue mpeaensbl CONMPOTUBICHUS CKATHUIO TTPU BOJIOHACKHIIIICHUH CHUYXKA-
IOTCS: JIJISl aprHUJUIUTOB M aJIeBPOJIUTOB Ha ~ 61-62 %, nisi mecuaHMKOB M U3BECTHS-
koB Ha ~ 31-33 %. IIpu BiaroHachIeHUH TOPOJIBI UMEIOT OOJIBIINM pa30poc 3HaAUE-
HUi Ha ~ 48-58 % [J1s TIMHUCTBIX apTWIIUTOB U alleBpOJIUTOB U Ha ~ 44-52 % nns
MECYaHUKOB M HM3BECTHSAKOB. Pe3ynbTaThl aHamM3a (U3HKO-MEXaHHUYECKHX CBOWCTB
OO/ MPUBEICHBI B Ta0JI. 1, 3aJaHHBIC B MOJICIIA XapaKTEPUCTHKN — B TaOJI. 2.
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Tabmuua 1 — Cpennue 3HaYeHHS MOKa3aTesIeid MPOYHOCTH M KO PHUIIMEHTOB BapHaIllUl IPOYHOCTH
TOPHBIX MTOPOJ

CpenHue 3HaYeHUS IPOYHOCTHBIX CBOMCTB MOPO/T
Tun nopox [Ipenen Cpennuit CuensieHue Yroin BHYT-
OPOYHOCTH | KO3 PUIH- C, pEeHHEro Tpe-
Ha C)KaThe €HT Bapua- MIla HUS @, Tpaj
Ocx, MIa mu V, %
Apruuir 40,0 28 15 20
ApPruiiuT BOJAOHACHIIICHHBIN 15,4 55
AneBpoJIAT 455 28 18 25
AJIEBpOJIUT BOJIOHACHIIIIEHHBIN 17,4 54
Ilecuanuk 69,6 19 27 32
[lecyanuk BOMOHACHIIIICHHBII 46,9 35
W3BecTHsK 82,0 19 19 27
H3BecTHIAK BOIOHACHIIIEHHBIA 55,1 32

Ta6muma 2 — [IpunsaTeie B Moaen (PU3NKO-MEXaHUISCKHUE CBOKMCTBA IMTOPO/T

CaoiicTBa mopoj
Monyme | Koadpdu-| O6bem-| VYron [Cuerie- | Koaddumument
Tun mopoj yIOPYroCTH| IUEHT | HbBIA Bec| BHYTp.| HHE CTPYKTYPHOTO
x10™ [Tyacconal TpeHUsl oclabeHust
E, MIla Y v, MH/M]| o, rpagl C, MIla Kerp
Apruuiir 0,3 0,33 0,024 20 15 0,3
ATNeBpOIHT 2,0 0,23 0,027 25 21 0,3
[lecyanux 45 0,28 0,026 32 27 0,3
UsBecrHsk 4,0 0,25 0,026 27 19 0,9
YT0JIb TPEIIMHOBATHIN 0,8 0,29 0,018 24 12 0,35

Crneunduka oTpabOTKH CMEKHBIX BBIEMOUYHBIX YYAaCTKOB 3aKIIIOUACTCS, MPEXKIIEe
BCETO, B TOM, YTO CMEKHbIC OYHCTHBIE BHIPAOOTKH HEMPEPHIBHO MEPEMEIIAIOTCS B
npoctpadcTBe. [loaroToBUTENbHBIE BHIPAOOTKH MOIACPKUBAIOTCS WM HAa BCEM HX
MPOTSKEHUU, WJIK Ha HEOOJIBIIION YaCTH, MPUMBIKAIOIICH HEMOCPEACTBEHHO K 3a0010.
30HBI pa3rpy3Ku U ONMOPHOTO JIABJICHUS TIEPEMEIIAIOTCS B TPOCTPAHCTBE BMECTE C 3a-
00eM ounCTHOU BhIpaOOTKH. [lo/ BIMsIHUEM BBICOKUX HAINPSXKEHUN MTPUMBIKAIOIINE K
BBIPA0OTKE YTOJb U MOPOJbl Pa3pylIAIOTCs, UX HECylas CIOCOOHOCTh MajaeT, MakK-
CUMYMBI OTIOPHOTO JIaBJICHUS TIepeMeIIaroTcs Briyob maccuBa. [loatomy omnpenensi-
IOIMM (DAaKTOPOM aKTHMBH3AIIMU TIPOLIecca pa3pylieHrs B MOPOJHOM MAaCCHUBE CMEXK-
HBIX BBIEMOYHBIX YYaCTKOB CITY’KHUT IOCJIEIOBATEILHOCTh U TIAPaMETPhl OTPaOOTKH
OUYHMCTHBIX 3200€B.

PacueTHble CXE€Mbl T€OMEXaHMYECKOM MOJENH IMOCTPOEHBI IyTEM BOCCO3JaHUs
T€OMETPUYECKOTO MOJ00Us HCCIIeIyeMO 00JacTH B OKPECTHOCTH CMEKHBIX BbIE-
MOYHBIX y4acTKoB pazMepoM 380x100 m u Brimroyanu 8000 sniemenToB u 4131 y310B,
puc. 1. [TapameTpsl HaNPsHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS TTOPOJHOTO MACCH-
Ba ONpECSIINCh B y3J71aXx M JIEeMEHTaxX MoJienu yepe3 kaxbie 1...2 M. [ToaroroBu-
TeJIbHbIC BBHIPAOOTKH B MOJIENIM UMENU MPsSMOYTojibHylo ¢gopmy. Pacnpenenennas
Harpy3ka Ha pacyeTHYIO CXeMY COOTBETCTBOBaJIa riyouHaM pazpabotku ot 400 M 110
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1200 m. Ob6macTh yCTAaHOBKM MEXaHU3UPOBAHHOM KPEMH CMOJICIHPOBAaHa Ha PAcCTO-
SHAUA 2 M OT IUIOCKOCTH 32005, 9YTO COOTBETCTBYET I€OMETPUYECCKHUM IapaMeTpam
MEXaHM3UPOBaHHOW Kperu. MccienoBaHus MPOBENCHBI MyTEM IOCIIEI0BATEIHLHOTO
BBIUMCIICHUSI CEPUM KBA3HUCTAIMOHAPHBIX HANPSOKEHHO-e()OPMUPOBAHHBIX COCTOS-
HUW MaccHBa MOPOJ, KOTOPBIE OTPAKAOT HanOoJiee XapaKTEPHbIC dTANbl OTPAOOTKH
CMEXHBIX Y4aCcTKOB IIaxT, Ta0JI. 3.

vH
PP LV P L L PP P L L LV LB B L L -

100 m

|4
|

380 u I, 250 m

L

F
¥

Pucynok 1 — PacueTHas cxema /sl OLCHKH 30H pa3pylLIeHUs B TOPOAHOM MacCUBE
IIpU OTPAOOTKE CMEXKHBIX BBIEMOYHBIX YUaCTKOB

Tabnuma 3 — Uccnemyemplie 3Tambl OTpabOTKH CMEKHBIX BEIEMOYHBIX YIaCTKOB

XapakTepHCTHKa KBa3UCTAMOHAPHOTO COCTOSIHUSI
B okHe s1aBbI
g 2 | BerpaGoTaHHOE IPOCTPAHCTBO — HOTEPS YCTOHYMBOCTH HEMOCPE/ICTBEH-
£ E HOM KpoBiH 5-40 M 3a aBoi
'S 5 | BoIpaboTanHO€ MPOCTPAHCTBO — Pa3pyIIEHUE HUKHENW YaCTH OCHOBHOM
g :!,; kposyu 30-70 M 3a J1aBoit
= | BeipaboTaHHO€ MPOCTPAHCTBO — NOTEPS YCTOWYMBOCTH OCHOBHON KPOB-
mm 80-90 M 3a maBoit
g B 30He oT)kuMa yriIsl mepesi OYMCTHBIM 3a00eM
Lc% = B oxHe naBbl
S, § BripaboTtannoe MPOCTPAHCTBO — TOTEPS YCTOHIMBOCTH HEMOCPEACTBEH-
© = HoH kposiau 5-40
§ 2 | BeIpaGoTaHHOE MPOCTPAHCTBO — Pa3pyIICHUE HUKHEN 9aCTH OCHOBHOM
= 5 kposnu 30-70 m 3a naBoi
o 5 BripaOoTaHnHOE MPOCTPAHCTBO — MOTEPS] YCTOMYMBOCTH OCHOBHOM KPOB-
5{ mu 80-90 M 3a naBoii

C uenpio ycTaHOBJIEHHUS HauOoJiee OOIIMX B3aMMOCBS3EM MEXIy HapameTpaMu
TEXHOJOTUU OTPAOOTKM CMEXKHBIX BBIEMOYHBIX YYaCTKOB U  HaIpsHKEHHO-
ne(hOpMHUPOBAHHBIM COCTOSIHHEM TIOPOJHOTO MAacCHBa MCCIEAOBaHBI U3MEHEHUS KO-
3¢ GUIMEHTOB KOHIIEHTpAIMK Ky MaKCHMAJIbHBIX TJIaBHBIX HANPSOKECHHH o1 MPH pas-
JUYHBIX JdTamax OTpaOOTKU TMEPBOM JIaBbl U JaNbHEHIIEeH OTpabOTKEe CMEKHOH ja-
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BoI (Ky=01/yH, puc. 2).
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PucyHok 2 — Hampsi>keHHOE COCTOSIHHE TTOPOJT KPOBJIM CMEXHBIX JIaB B TIPOIECCE UX OTPAOOTKH Ha
yAQJICHUH OT TiacTa: a—Ha 7 M, 0 —Ha 30 M, B — Ha 60 M
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Kak mokazanu pacueTsl ¢ yBEIMYEHUEM PACCTOSHUS BBEPX OT IJjlacTa ¢ 7 M JI0
60 M rpaduku KOAIDPUIUEHTOB KOHIEHTPALUM HAMPSHKEHUN BBINTOJIAKUBAKOTCA.
MakcumanbHble KOHIIEHTPAIlMU HAIIPSKEHUN TTPU 0TpabOTKE MEepBOi JIaBbl (3Tarbl 1-
4, cm. Tabu. 3, puc 2, a-B) ymeHbImaroTes ¢ 2,3 no 1,3, npu ganpHeimen otpaboTke
CMEXHBIX JIaB — ¢ 6,5 5o 1,6 (atambl 5-9, cm. Tabn. 3, puc 2, a-B). To ecTh, ¢ yBeIu-
YEeHUEM PACCTOSHUS OT KPOBJIM Ijacta ¢ 7™M g0 60 M MakCUMyMbl HamlpsHKEHHM
CHUKAIOTCA MU O0TpabOTKe MEepPBOM JIaBbl JO JBYX pas3, Uil BYX JiaB — JI0 YEThIpEX
pa3. Jlns mepBoii JaBbl CO CTOPOHBI HETPOHYTOTO MAacCHBa MpPU yAAJICHUH BBEPX OT
I1acTa 3aBUCMMOCTH MMEIOT MOXO0KHM XapakTep, B YaCTHOCTH, AJIsI BCeX IpadUKoOB
YpOBEHb HANPSHKEHUI B 30HE CTAI[MOHAPHOTO OTMOPHOTO JABJICHHUS HaJ BHIPAOOTKOI
YMEHBITIAeTCs 10 ypoBHs YH (kK03hDHUIHEHT KOHIIEHTpAIIMN HAMIPSHKEHUN PUOITH3U-
TEIbHO paBEH €IMHUIIE) MPU OTIAJICHUU OT HEe B CTOPOHY HETPOHYTOTO IIacTa Ha
paccrosinue 10 160 M.

[Ipu nanbHeMme oTpabOTKE CMEXHOW JIaBbl MPOUCXOIUT pasrpy3Ka KpOBIHU
HETOCPEICTBEHHO HaJl BHIPAOOTAHHBIM MPOCTPAHCTBOM Ha pacctosHuu 10 30 M, rie
Ha0JII0AaeTCsl BOCCTAHOBIICEHUE HAIPSHKEHUH 10 YPOBHS HETPOHYTOTO MacchBa IO-
pox. Ilpu ynanenuu B KpoBito 1iacta cBbiiie 30 M KOHIEHTpAIUsl HANPS>KEHUH Hajl
BBIPAaOOTAaHHBIM MPOCTPAHCTBOM BO3pACTaeT, T. €. MPHU MEPEeXoJie OT Pa3pyIICHHOTO
MOPOJTHOTO MAacCHUBa FOPHBIX MOPOJ HAJl JIABOW K HEPA3pYyLUIEHHOMY MPOUCXOIUT T0-
BBIIIICHUE HANPSDKCHUM, KOTOPhIE KOMIIEHCUPYIOT MOHMKEHHBIE HAIPSHKEHUS B pas-
PYIICHHBIX HIKHUX CJIOSX TIOPOJI.

Jlst icciemoBaHrs TUHAMHUKA W3MEHCHHS HANPsDKCHWH M YTOYHCHHS BEIMYUH
KOHIICHTPAIIMU HAMPSHKEHUH B KPOBJIC TIPH OTPAOOTKE CMEKHBIX BHIEMOYHBIX y9aCT-
KOB Ha puc.3 mnpuBeneHbl Tpaduku pazHOCTEH KOA(D(PHUIMEHTOB KOHIEHTPALMH
HANPSDKEHUH TpH oTpaboTke ool u 1Byx nas (K — Ki) 0 TOPH30HTaIBHBIM Ceue-
HUSIM Ha PACcCTOSIHUM OT KpoBiM muiacta 7 M, 30 m u 60 M. [IpoBeneHne BTOpou BbI-
paboTKH (KOHBEWEPHOTO IITPEKa CMEKHOM JIaBbl) M JajdbHEHIas oTpaboTKa CMEXk-
HO1 JIaBbI IPUBOIAT K KapIMHAIHLHOMY MOBBIIICHUIO HAMIPSHKEHUI Ha/l KOHBEHEPHBIM
IITPEKOM, KOTOPHIE B TP pa3a MPEBBIIAIOT 3HAYCHUS HANIPSDKCHUM HaJ| EpBOM BbI-
paboTKOM (IITPEKOM IEePBOH JIABHI).

HavanbHbie pa3pylieHus: Topoa KPOBIU MPOUCXOAAT B 30HE OTXKUMA YISl TIEpe]t
OUYMCTHBIM 3a00eM u B okHe JaBkl (1, 5 u 6 sTansl orpaboTku, Tadd. 3, puc. 4). Bme-
CTE C TeM aKTHMBHOE OOpYIIIEHHE CIIOEB KPOBJIM HAYMHAETCS MO JUHUHU MOCTAHOBKU
MOCAI0YHOTO psJla CTOCK MEXaHW3MPOBAHHOW Kpemu. PacdeTHble KBazuCTaIlMOHAp-
HbI€ COCTOSHMS MOpoA B mpoMexyTke 5...40 M 3a naBoit (2 u 7 3Tamsl 0TpadbOTKH,
Tabn. 2.3, puc. 2.4) COOTBETCTBYIOT 30HaM pa3pyLICHUs, KOTOPbIE PaCPOCTPAHAIOT-
Csl Ha HIDKHIOIO YacCTh KPOBJIM HEMOCPEICTBEHHO HAJl BHIHUMAEMBIM IIJIACTOM Ha BBI-
coty 3...4 KpaTHO! BEIHUMAEMOW MOITHOCTH YTOJBHOTO IJIACTa. ITO COOTBETCTBYET
MOTepe YCTOMYMBOCTH HEMOCPEICTBEHHOM KPOBIIHM IJIacTa, puc. 4. 30Ha pa3pylieHHUHA
ropHbIX nopoj Ha pacctossHuM 30...70 M pa3BUBaeTCs MO BEPTUKAIM HaJl BHIHUMAE-
MBIM TUTACTOM.

PazButne obnactu Heynpyroro aedoOpMHUPOBAHUSI TOPHBIX MOPOJ B BEPTUKAITh-
HOM HAaIlpaBJICHUU MPOUCXOAUT O OTMETKH OTXO0/Ja O4yHUCTHOTO 32005 Ha 80...90 M
(atamel 3, 4, 6...9). MakcuManbHas BbICOTa 00JaCTH HAJl BRIPAOOTAHHBIM MPOCTPaH-
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CTBOM, Pa3pyIIEHHON OT AeopMmalil pacTsbkeHus, coctasisier §8...20 M Haj pa3pa-
0aThIBa€MbIM IJIACTOM. BBIllle TpaHUIIbl 30HBI PACTSHKEHUS! IPOUCXOIUT MPOTUO CI10-
€B F'OPHBIX MOPOJ 0€3 HapylIeHus CIUIOMHOCTU. [Ipu nanpHeNeM yBeIM4YeHNN BbI-
pabOTaHHOIO MPOCTPAHCTBA 30HA PA3PYLICHUN PACIPOCTPaHsIETCA TOJIbKO B HaIlpaB-
JICHUM TTOABUTAaHUsI OUUCTHOTO 3a0051.

6

w

F =N

N

Namenenns
HanpsokeHHi, K 2-k, !
w

—

295

135
PacctosHne B10/1b 1aBbl, M

a) -2
-, 2
5
=21
2=
22
~ g,
li I ..lh...
15 93 II” ||||IIIIIH|IIIIIHHI"" 215 255 295
05
PaccrosHie B0/ 1aBbL M
0) -1
0.7

e o o o
w B O o

Hamenenms
HanpsioxeHuit, k,2-k, !

o
()

...|||I||II|IIIIIH\|\| “I“"

175 215 255 295
Paccroxmle BI0JIb JTaBEL M

B) 0,2

Pucynok 3 — I3MeHeHUsT KOHIIEHTPAIIUU HAMPSKSHUH KPOBJIH B IMPOIIECcCe OTPAOOTKH CMEXHON
JIaBBI HA yJIAJICHUH OT Ij1acta: a —Ha 7 M, 6 — Ha 30 M, B — Ha 60 M
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- — pa3pyuieHue ot AeGopMaIuii pacTsHKeHUS; — paspyiieHue ot Aegopmaruii cIBura

Pucynok 4 — ®opMupoBaHU€e 30H pa3pylIeHUs IPU OTPAOOTKE CMEKHBIX BEHIEMOYHBIX YYaCTKOB
Crnengyer OTMETUTBH, YTO MPU OTPAaOOTKE OJHOW JIaBbl, KaK U TMPU OTPabOTKE
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CMEXHBIX JIaB, eopMaluy pacTsKeHHUs TpeodaagaroT Haj AepopMalusiMU CIBUTA,
pHcC. 5, TIOCKOJIbBKY HaJ TOPHBIMU BBIPAOOTKAMHU IMPOMCXOIUT 3aBHCAHUE BBIIIEIEkKa-
IIMX MOPOJ, Ha KOTOpPbIE MEPBOHAYAIBHO JNEHCTBYIOT pacTsruparouue cuibl. Cym-
MapHble 00BEMBI pa3pyIIEHHBIX TOPOA MPH OTpPadOTKE MepBOd JaBbl B 2-6 pa3
MEHBIIIE, YEM MPH OTPAOOTKE CMEKHBIX JIaB.
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Pucynok 5 — JluHamuka pa3BUTHS 30H Pa3pyIICHUS B MTOPOAAX KPOBIU CMEKHBIX BEIEMOYHBIX
Y4aCTKOB IMPH OTpabOTKE OAMHOYHOM JIaBHI (2) U JaibHENIel oTpaboTKU CMEKHOM J1aBhI (0)
C y4eToM Xapakrepa aedopMaIiiii TeoMeXaHUICCKOW CHCTEMBI

OTpaboTKa CMEXHO JIaBbl BBI3BIBAET PE3KYI0 MHTEHCU(UKAIIMIO pOCcTa 00BEMOB
pa3pylIeHHbIX OpoA B 3-4 pasa, puc. 6, a. C TeUeHUEM BPEMEHH CKOPOCTh JI€3UHTE-
rpaly MOPOJ MOXKET CHHXAThCsl puc. 6, 0, HO, B LIEJIOM, TEHJICHUUS YBEIUYCHHUS
00BbEMOB U MHTEHCUBHOCTH Pa3pylLI€HUH MPU BBEICHUH B SKCILTyaTallMI0 BTOPOIL J1a-
BBl HE U3MEHSIETCS.
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Pucynox 6 — 3aKkOHOMEPHOCTH yBEeNTMUEHUSI 00hEMOB (2) U HHTEHCHBHOCTH POCTA Pa3pyIICHHBIX
30H B IOPOJTHOM MAacCHUBE MPU OTPaOOTKE CMEKHBIX YYaCTKOB

CpeﬂCTBa OXpPaHbI MOATOTOBUTCIIbHBIX I'OPHBIX BBIpa6OTOK N TEXHOJIOI'HUs UX BO3-
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BEJICHUS TIPU OTPAOOTKE CMEKHBIX BRIEMOYHBIX YUAaCTKOB CTOJIOOBOM CHCTEMOM pas-
pPabOTKU JOJDKHBI COOTBETCTBOBATH CUJIOBBIM BO3JICUCTBUAM U AcehopMallusM I0-
POJHOTO MacCHMBa B ONpEJACICHHbIE BPEMEHHBbIE HMHTEPBabl AKCIuTyatamuu. [Ipu
ATOM YyCIENIHOE MOAep>KaHue BBIPAOOTOK IpeAroiaraeT coOI0IeHUE psiia OCHOB-
HBIX T€OMEXaHUYECKUX TPEOOBAHUN: KOMIICHCAIIUIO OTIIOPA U3BJICUCHHOTO YTOJIbHO-
ro IJlacTa Ha y4yacTKax COMPSDKEHHS JIaBbl CO IITPEKOM B BHIPAOOTAaHHOM MPOCTPaH-
CTBE paHee OTpadOTaHHBIX JIaB; HCKIIOYCHHUE pa3pylIeHUs OepMbl; oOecIieueHHe
YCIIOBHM JJISI YTIPABICHUS pa3MepaMH 3aBUCAIONMIUX HaJ BBHIPAOOTKOW MMOPOIHBIX
KOHCOJIEW TyTeM moa0opa OOOCHOBAHHBIX TMapaMeTPOB OXPAHHBIX KOHCTPYKIMH —
BBICOKOH MOJATIMBOCTH TSI TFIABHOTO OITYCKAHMS KPOBJIA WJIM BBICOKOW YKECTKOCTH
TUTsI OOpYIICHHS 3aBUCAIOIIECH KOHCOIM KpoBiaH. OnpeaesieHne pairoHaIbHbIX Tapa-
METPOB CHCTEM KPEIUICHHS TPE/I0IaraeT OMeHKY MPOTHOCTUYECKUX CIIEHAPUEB W3-
MEHEHHUS Harpy30K Ha Kpemu OT Beca OOpyIIeHHBIX mopoA. Harpy3ku Ha Kpenu BHI-
YUCJISIOTCS MyTEM pacdeTa Beca pa3pyIICHHBIX AJIEMEHTOB IeOMEXaHWYeCKOM MoJie-
JIX B CTBOPE KPOBJIM BBIPAOOTKH HEMOCPEICTBEHHO BO3JIE OOHAKCHUS B 30HE €€ BIIH-
STHUS (30HBI Pa3pYILICHHUS COCTOST U3 3JIEMEHTOB, Y KOTOPBIX Pa3pyLIWINCh OJTHA WU
OoJsiee MEXaHWYECKHX CBs3eil). MeToloM MaTeMaTHYeCKOTO MOJICTHPOBAHUS yCTa-
HOBJICHBI T€OMEXaHUYeCKHEe 3aBUCUMOCTH POCTa 00BEMOB 30H pa3pyIISHUs B TIOPO/I-
HOM MaccuBe (OTHOCSTCS K €IMHUYHOM IIIOMa i OOHAXKEHUS BRIPAOOTKH) OT TIIyOHU-
HBI TIPH OTPaOOTKE CMEKHBIX BBIEMOYHBIX y4acTKOB, TaOis. 4. C yBeIWYECHUEM TIIy-
ounbl pazpadbotku ¢ 400 M 10 1200 M 00beMBI HAPYIIIEHHBIX MTOPOJT BOKPYT BHIPAOOT-
KH 1 HeoOXoauMasi HecyIlIasl CIIoCOOHOCTh CPENICTB KPEIICHUST BO3PACTAIOT MPSIMO
MIPOTIOPITMOHAIBHO C TITyOMHOM, TIPH 3TOM yCTOMYMBOCTH CUCTEMBI «KPEITb-MaCCHB)
0o0paTHO MPOTOPITMOHAIBHA BECY Pa3pyIICHHBIX MTOPOJT KPOBJIH.

Tabnuna 4 — 3mMeHeHns 00beMOB 30H HEYNpyrux aedopmanuii (OTHOCATCS K €TMHUYHON
IUI0IIAAu OOHAXKEHUS BBIPAOOTKH) B Mpoliecce OTPAOOTKU CMEXHBIX BBIEMOUHBIX YUYaCTKOB

Dtarbl OTPabOTKH CMEXHBIX JIaB AHanuTuyeckas Koad. Koad.
3aBUCHMOCTH JIETepMHU- | KOppens-
HallUU R? IIUH lyy

OtpaboTka nepBoi J1aBbl (pa3pyLIeHUs OT Je-

N V =307,6 In(H) — 1432 0,983 -
(dhopManuil pacTsKEeHHMs])

OTpa6OTKva NepBOil J1aBbI (pa3pylIeHus OT Jie- V = 4,7760004H 0,927 B
¢dbopmaruii ciBura)

OtpaboTka nepBoii J1aBbI (C}:MMapHBII/I o0beM V =568 H_ 969 0,967 0,08
30H HEYNpYrux aegopmariuii)

JanbHelimas oTpaboTKa CME3KHO! JaBbI (pas- V=251 H+209 0,718 0,85
pyueHus ot Ae@opmanuii pacTsKEHUs )

JanbHeiimas oTpaboTKa CME3KHO JTaBbI (pas- V =318H 1178 0,969 0,98
pyleHus ot gegopmariuii ciura)

JanbHelimas oTpaboTka CMEXHOI J1aBbl (CyM- V=119 H 143 0,955 0,98

MapHbIN 00BbEM 30H HEYNpYyrux nedopmanuii)

Takum oOpa3oMm, IS JIaB MOJIOTO3aJIETAIOIUX YTOJbHBIX MJIACTOB OBLIM YCTAHOB-
JIEHBI HEKOTOPbIE€ OOIIUE MOJIOKEHHUS, OTPAKAIOIIME XapaKTep U 0COOCHHOCTH MOBe-
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JCHHSI TIOPOJI KPOBIHM MPHU MEPEMEIICHUH B MPOCTPAHCTBE YIOJHHOTO 3a00s B MpO-
ecce OTpabOTKU CMEKHBIX BBIEMOUHBIX YYACTKOB:

- 00BEMBbI HApYIIEHHBIX MTOPOJ] BOKPYT BHIPAOOTKH W HEOOXOAMMas HeCyIast CIo-
COOHOCTBH CPEJICTB KPEIUICHUS BO3PACTAIOT MPSMO IMPOMOPIMOHAIBHO C TIIyOUMHOM,
IIPU 3TOM YCTOMYHUBOCTb CUCTEMBI «KPEIMb-MaCCHUBY» 00PATHO MPOMOPIIMOHAIbHA BECY
pa3pylUICHHBIX MOPOJI KPOBIIH;

- B IIpoliecce OTpabOTKU CMEKHBIX JIaB C YBEJIMUYEHHEM PACCTOSHHS OT KPOBIHU
miacta ¢ 7 M 10 60 M MakCUMyMbl HallpsHDKEHUH CHHMDKAKOTCS 10 IBYX pa3 MpHU OTpa-
00TKe MEepBOM JIaBbI U JI0 YETHIPEX pa3 — JJIA CMEKHBIX JIaB, MUKU HANPSHKCHUHN B
30HE OMOPHOTO JABJICHUS PACIONaraloTcsl NPEUMYIIECTBEHHO Ha pacCTOSTHUU OT 3a-
0051, paBHOM 3-5 MOIIIHOCTEW BRIHUMAEMOTO IUIACTa; HaJl BCEM OYHCTHBIM MPOCTPaH-
CTBOM YpPOBEHb HAINPSIKEHWH B MACCUBE MOCTENEHHO YMEHBIIAETCS, & B 30HE OIOp-
HOTO JaBJICHUS — YBEIUYUBACTCS;

- KaK Ipu OTpabOTKE OAHOM JIaBbl, TaK U MPU OTPAOOTKE CMEXKHBIX JIaB O0OBEMBI
pa3pyuieHui mopoa oT AegopMaluil pacTsbKeHUs: IpeodaaaoT Hajl oObeMaMu pas-
pyuieHuil ot aedopmanuii ciBUra MocKoJIbKy HaJl TOPHBIMHU BBIPaOOTKaMU MPOUCXO-
IUT 3aBUCAaHUE BBIIIEIEKAIINX [IOPOJ, HA KOTOPbIE IEPBOHAYAIIBHO JEHCTBYIOT pac-
TATUBAIOLINE CUJIbI, HO CyMMapHble 00BEMBI pa3pyLIEHHBIX MOPOJ IpU OTPabOTKE
nepBoi J1aBbl B 2-6 pa3 MEHbIIIE, YeM MpU OTPaOOTKE CMEKHBIX JIaB;

- oTpabOTKa CMEXHOMU JIaBbl BBI3BIBAECT pe3koe B 3-4 pa3a yBeJIMYEHHUE 30H pas-
PYLIEHUN MOPOJI, UHTEHCUBHOCTh POCTAa KOTOPBIX B JIaJbHEHIIEM CHUXKAETCA, MPHU
ATOM COXpaHsieTcsi O0JbIIas CKOPOCTh Pa3pyLICHHs TOPOA PH IKCILTyaTallud CMEX-
HBIX JIaB, YEM MPU SKCILTYyaTAMKU OJHOU JIaBbI.

[lonmy4yeHHbIEe Hay4dHbIE PE3YJbTAThl HMCIOIB3YIOTCA JUIsl ONpPEACIICHUS paluo-
HaJbHBIX MMAPAMETPOB CUCTEM pa3paOOTKM U MOBBILIEHUS MHTEHCHUBHOCTH PadOThI
TOPHOI00BIBAIOLIUX MPEAIPUSITHIA.
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AHoOTauisg. Y cTaTTi HABEJCHO JOCITIKEHHS Mpouecy GOpMyBaHHS 30H PyHHYBaHHS B ITOPOJI-
HOMY MacHBI1 SIK YUHHHKA, 110 BIUIMBA€ HA CTaH I€OTEXHOJIOTIYHOI CUCTEMH «MAaCUB TOPIJ CyMiXK-
HUX BUIMKOBHX JAUTBHHIb — MiATPUMaHHS BUPOOOK». BcTaHOBIEHO reoMexaHidHi 3aKOHOMIPHOCTI
(dbopMyBaHHS 30H pyHHYBaHHS IIPH BIANpPALIOBaHHI CYMDKHUX BUIMKOBHX JIUIBHHUIE: OOCATH HOPY-
IIEHUX OP1Jl HaBKOJIO BUPOOKHU 1 HEOOX1/IHA HeCyua 3/1aTHICTh 3ac001B KPIMJIEHHS 3pOCTalOTh Mpsi-
MO MPOTOPLIHHO 3 TTUOUHOIO, MPU IILOMY HEOOXiJHA CTIHKICTh CUCTEMHU «KPIIJIEHHSI-MacuB» 00e-
PHEHO IpomnopliiiHa Ba3l 3pyHHOBAHUX IMOPIJ MOKPIBII; B MPOLEC] BIAMPAIIOBAHHA CYMIKHUX JIaB
31 30UIBIIEHHAM BIJCTaHI BiJl MOKPIBl IacTa 3 7 M 10 60 M MaKCUMYMU Hanpy’>KeHb 3HUKYIOThCS
710 IBOX pa3iB MpH BIANPALIOBaHHI NEPIIOT JIaBH 1 JO YOTUPHOX pa3iB — JJIsl CyMDKHHX JIaB; K IpH
BIJIIIpAIfOBaHHI OJIHI€T JIaBH, TaK 1 IPHU BiANpPALIOBaHHI CYMIXHMX JIaB 00CsATH pyHHYBaHb MOPiJ Bij
negopmarliiii po3TAryBaHHs IepeBaXkaloTh HaJ oOcsAraMu pyilHyBaHb BiA nedopmalliil 3cyBy OCKi-
JbKU HaJ TIPHUYMMHU BUPOOKaMU BiI0YBAa€ThCS 3aBHCAHHsS BEPXHIX MOPiJ, Ha K1 CHOYATKY JI1IOTh
PO3TATYIOTH CHIIH, ajJie CyMapHi 00CATH 3pyHHOBAHMX TIOPiJ] P BiAMPAIIOBAHHI NIEPIIO] JIaBU B 2-6
pas3iB MeHIle, HK IpHU BIANpAIfOBaHHI CYMDKHUX J1aB; BIANPALIOBAHHSA CYMIXKHIHM JIaBH BUKIIMKAE
pizke B 3-4 pa3u 30UIbIIEHHS 30H pyHHYBaHb MOP1J, IHTEHCUBHICTh POCTY SKHX B HOJAJIBLIOMY
3HIWKYEThCS, TIPU I[bOMY 30€epiraerbcs Ounblia IIBUAKICTh PYHHYBaHHS HOpPiA NpU eKCIuTyaTarii
CYMDKHUX JIaB, HIXX MU eKcIUTyaTtalii oaHi€i gaBu. OTpuMaHl HAyKOB1 pe3ylbTaTh BUKOPUCTOBY-
IOTBCS JUIsl BU3HAYCHHS PalliOHAJIBHUX MapaMeTPiB CUCTEM PO3POOKH 1 MiJBUILEHHS 1HTEHCUBHOCTI
po0OTH TripHUYOI00YBHUX MiITPHUEMCTB.

K1r040Bi ci10Ba: reomexaHika mopoJHOIO MacHBY, 30HH PYWHYBAaHHS, CYMIKHI JUISHKH IIaXT,
MO/IETIIOBaHHSI MacCUBY TOP1JT

Abstract. The article presents the study of caving zone formation considered as a factor affect-
ing the state of geotechnological system "rocks of adjacent panels — roof supports”. The following
geomechanical regularities of caving zone formation while mining the adjacent panels are estab-
lished: volumes of disturbed rocks around the mine workings and the needed load-bearing capacity
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of the roof supports increase in direct proportion to depth, though the needed stability of the system
"roof support-rock massif" is inversely proportional to the weight of broken roof rocks; in the pro-
cess of adjacent longwall mining, when distance from the coal seam roof increases from 7 m to
60 m, the stress maxima reduce twice when the first longwall is mined and reduce by four times
when the adjacent longwalls are mined; in case of mining the first longwall as well as in case of
mining adjacent longwalls, volumes of rocks broken by stretching strains predominate over the
volumes of rocks broken by shear deformations because overlying rocks which are initially under
the action of tensile forces, hang over the mine workings, though total volume of broken rocks in
case of mining the first longwall is 2-6 times less than in case of mining the adjacent longwalls;
mining of adjacent longwall causes a sharp, by 3-4 times, increase of zones with broken rocks, in-
tensive growth of which is further decrease, and speed of the rock failure is higher when the adja-
cent longwalls are used than when one longwall is used. The obtained scientific results are used for
determining rational parameters for mining methods and increasing intensity of mining enterprise
work.

Keywords: geomechanics of rock massif, caving zone, adjacent districts in mines, rock massif
modeling.
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