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AnHoTanus. B craTtee npuBeneH aHaim3 crmocob0B o0ecreyeHus yCTOMIMBOCTH BPEMEHHO He-
pabounx u Hepabounx OOPTOB Kaphepa C IEJbI0 pa3MEIICHUsT Ha HUX 000pYyI0BaHUS HOBOTO TEX-
HUYECKOTO YPOBHS M JIOCTH)KEHUS MUHUMHU3AIMHA 00bEMOB BCKPBIIIHBIX paboT mpH yriyOke Kapbe-
POB IIpU YBEJIMYEHHUH YTIIOB OTKOCa O0pTOB. M35105K€HbI NPUYMHBI HAPYIIEHHS] YCTOMUUBOCTH OTKO-
COB OOpPTOB KapbepoB, CIOKEHHBIX Pa3IMYHBIMU THUIIAMU TOpPHBIX mopoji. [IpoaHanm3upoBaHbI
MpUMEHsIeMble B MUPOBOM MPaKTUKE CHOCOOBI MOBBIILIEHUS YCTOMYMBOCTU YCTYIOB M COOTBETCT-
BEHHO OopTa B 1ieJoM. BEITIOJIHEHA cHCTeMaTH3alus CYIIECTBYIONIUX CIIOCOOOB OOECIICUeHHS yC-
TOMYMBOCTH OOPTOB KapbepoB W OTKOCOB OTBAJIOB MO THUIAM CJaralouiux mopoja. ABTOpamu Ipe /-
jaraercss KOMOMHUPOBATh CTPOUTENBHBIA U OMOJIOTUYECKUH CTIOCOOBI YKPEIIJICHHUS! CKJIOHOB, IIpe-
CTaBJICHHBIX MMOJYCKaJIbHBIMU MOPOJIaMH, Ha 0OBOJHEHHBIX y4acTkax OopTa (Mpu yrie HakjiIoHa JI0
600) WJIM SIpyce OTBaJIA.

KuiroueBble cjioBa: Kapbep, yCTOWYUBOCTH OOpTa Kapbepa, Hepabouuii 0oprT.

BBenenue. Bo3pacramomumu TeMnamMu yBeJIMYUBACTCS TIyOHMHA TOPHBIX paboT 3a
CYET TIOCTOSIHHO PACTYIINX MAcCIITa00B TOOBIUN MOJIE3HBIX UCKOMAEMbIX U MHTEHCH-
¢dukammu paboT Ha Kapbepax.

C poctoM riyOMHBI KapbepoOB YBEIMYMBAETCS M BHICOTa HEpaOOUWX OOPTOB, a
CJIEIOBATEILHO U OMACHOCTh UX nedopmanmn [1].

Kax Bugno u3 tabmuust 1, mo manaem ['TT «'TIN «KpuBGaccmpoekT», dhakTude-
CKHE MapaMeTpbl Hepabouux OOPTOB KaphepoB (MHUpPOBAsl MPAKTHUKA) UMEIOT 3Haye-
HUS, TIPU KOTOPBIX CTAHOBHUTCS BOTPOC 00 00ECTICUeHNN UX YCTONYHBOCTH.

Kak M3BeCTHO, H3MEHEHHe yria Gopra riryGokoro kapsepa Ha 1° Bemer k n3MeHe-
HUI0 00beMa BCKPBIITHBIX pabOT HA MUJUTMOHBI KyOMYecKuX MeTpoB. B Toxke Bpems
3aBBIIIEHUE TOTO YIJIa MOXKET MPUBECTH K KaTacTpo(uuecKoMmy OIOI3HIO O0opTa U
CepbE3HOMY HapyIICHHUIO paboThI Kapbepa [2].
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Tabmuua 1 — @akTrueckue napaMerpbl Hepabounx OOPTOB KapbepoB (MUPOBAst IPAKTHUKA)

HaumenoBanue 00beKTOB [Tapamerpsl OopTOB
Crpana, kapbep bopr kapsepa Beicota,Mm | Yroi HakioHa, rpamu.

Kapsep TpyOku «MHTEpHAIIMOHATBHASD) CeBepHblii 330 57
Poccus 3amnaaHbIi 325 53
Kapsep pyoku «Mup» Poccust OxHbIi 443 48
3anaHbId 453 47
Kaprep «Cunbeep bemmy CLIA --- 339 56
Kaprep «Cakaron» CILIA Bocrounsiit 345 45
Kapoep « JIa Kapunany» Ne 1 657 47
Mekcuka Ne2 610 45
Kaprep Ne 1, ITpI'OK Bocrounsrit 226 46
Kazaxcran 3amaHbIi 193 45

3apyOeKHBIN ONMBIT PadOTHl KAphEpOB B MPOUHBIX CKAJbHBIX TOPHBIX MacCHUBaX
npu GOPMUPOBAHUHM KOHEUHBIX OOPTOB C YBEJIMUYCHHBIMH 3HAYCHUSMH UX YIJIOB 3a
CYET BEPTUKATBHBIX OTKOCOB TMOKAa3aJl, YTO YIJIbl HAKJIOHA OOPTOB Ha KOHEYHOM KOH-
Type K Hacrosimemy BpemeHH coctaBisitoT 50-80°. Ha Bcex kapbepax KpuOacca
CTOUT TIpoOJieMa BBIEMKH OallaHCOBBIX 3aI1aCOB B MPOEKTHBIX KOHTYpaxX MPU MHUHH-
MaJbHBIX 00BbEMaX BCKPBIIIU. YUUTHIBAs TO, YTO IO BCKPBIIITHBIM paboTaM UJET TCH-
JNEHLHUs OTCTaBaHUs, TO IUIOMIaAb BCKPBITHIX 3aM1aCOB C KaXKIbIM FOJIOM YMEHbIIIAE T-
Ccsl, YTO 3aTPyAHSET WX BbleMKYy. OIHUM U3 IMyTeH pEelIeHUs BO3HUKIIEH MPOoOIeMbl
ABJISIETCS. OCBOCHHME 3THX 3aM1aCOB MYyTEM NPUMEHEHHS HOBBIX TEXHOJIOTMYECKHUX pe-
IICHUH, TTO3BOJISIIOIIUX PACIIUPUTH CHIPhEBYIO 0a3y kapbepa. K HUM OoTHOCST yBenu-
YeHHe Pe3yJbTUPYIOIIUX YTI0B OOPTOB KaphepoB MpU 0OECIIEUEHUH UX YCTONYUBO-
CTH.

[ToaToMy, aHanmM3 U 0OOCHOBaHUE CITIOCOOOB OOECIIEUEeHUs] YCTOMYMBOCTH OOPTOB
Kapbepa sIBIsIeTCs akTyanbHOU 3amaueit. Crenyer 3a0J1aroBpeMEHHO BBITIOJIHATH Me-
pOTIPUATHS 10 00ECIIEUYEHUI0 CTOMKOCTH OTKOCOB OOPTOB KaphepOB M OTBAJIOB U UX
YKPEIUIEHUIO, a TaKXe€ MPOBOJMUTH MPOTHO3MPOBAHHE MOTEHIMAIbHBIX 30H BO3HUK-
HOBEHUS OIOJI3HEBBIX MPOLECCOB.

AHaJu3 pe3ybTAaTOB HUCCIAEA0BAHMIA. 3HAUUMbINA BKJIaJ B Pa3BUTHE METOJI0J0-
rudeckoro (hyHaaMeHTa B 00JIACTH CTOMKOCTH OTKOCOB M OOPTOB KaphepoOB, a TAKKE
r€OMEXaHUYECKOTO 00ecreueHus OTKPBITHIX TOpHBIX pabor BHecnu M.I. HoBoxu-
noB, A.M. ApcentbeB, I0.I1. Acradrer, B.®. beizos, B.I'. bausntokos, E.JI. T"amy-
ctsaH, J.I'. T'azues, A.FO. JIpwxenko, E.O. Hecmamnsiii, H.E. TleB3uep, b.H. Tapra-
koBckuii, [.JI. ®ucenxo, [LU. ®enopenko, A.H. Illamenko, A.I'. IMlamaps, M.C.
YeTrBepuk u 1p.

Pe3ynprarel nccnenoBaHui, TOCTUTHYTHIE B YKpPaWHE, HANPABICHHBIE HA U3yYe-
HUE MPOSBJICHUS MPOLECCa CABUKEHUS TOPHBIX MOPOJI HA PYJTHBIX MECTOPOXKICHHUSIX,
MO3BOJIIIOT 0OOCHOBAHHO MPOU3BOJUTH BEIOOP PACUETHBIX CXEM YCTOMYMBOCTHU MOJI-
paboTaHHBIX OOPTOB, BBHITIONHATH MEPOMPHUATHS IO MPEJOTBPAIMICHUIO OMOI3HEBBIX
MIPOIIECCOB U CIIOCOOOB 00ECIEUECHHS] YCTOMUUBOCTH OTKOCOB M BPEMEHHO HEpaboumX
u Hepabounmx OOpPTOB Kaphepa C YYETOM TEOJOTHYECKUX M THUAPOre0JOrHYECKHUX
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CBOWCTB FOPHOT'O MacCHBa M Harpy30K FTOPHO-TPAHCIIOPTHOTO 00OPYIOBaHUSI.

Ha mpoTspkeHuu MHOTHX AECATHICTHI YYECHBIE W MPOW3BOJCTBEHHUKH 3aHUMA-
10TCA pa3pabOTKOIl Bce HOBBIX U 0oiiee 3PPEKTUBHBIX CITOCOOOB YKPEIUIEHUSI OOPTOB
KappepoB M OTKOCOB OTBAJIOB BCKPBIMIHBIX TOPOJ [JIS Pa3IUYHBIX TOPHO-
TeOJIOTHUECKUX U TOPHO-TEXHUUYECKUX YCIOBHM KCIUTyaTallMH 3TUX 00BeKTOB. O-
HAKO JI0 CETOAHAIIHETO JHS HU OJIMH U3 HUX HE SIBIISIETCS YHUBEPCAIBHBIM. B CBsI3H €
THM B JaHHON paboTe BBIMIOJIHEH aHAIU3 CYMIECTBYIOIIUX CIIOCOOOB YKPETUICHUS,
MpOU3BEJIeHA CUCTEeMATH3AIMsI X 10 BO3MOXXHOCTH MCIOJB30BaHUSI Ha pa3HBIX TH-
nax Mmopoji.

N3n0:xeHune maTepuasa u pe3yabrarbl. Kak u3BecTHO, nMpu pa3zpaboTke MecTo-
POKJIEHUH MOJIE3HBIX UCKOMAEMbIX OTKPBITBIM CIIOCOOOM 0c000€ 3HaUeHHe Tprodpe-
TaeT npodsieMa yCTOHIMBOCTH TIOPOTHBIX OTKOCOB — YCTYIIOB M OOPTOB KapbepoB.

Ha ycTOWYMBOCTH OTKOCOB OKa3bIBAIOT BJIHMSIHHE MHOTOUYWCIICHHBIE (DaKTOPHI:
re0JIOTHYECKUe, THIPOreOJOTHIEeCKIE, TOPHOTEXHHYECKHE, & TaKKe KIMMAaTHYECKUE
YCIIOBHSI.

YCTOWYMBOCTh OTKOCOB YMEHBIIIACTCS C YMEHBIICHHEM XapaKTePUCTHK COTMPO-
TUBJICHUS CIIBUTY (CIICTJICHHS U BHYTPEHHET'O0 TPEHUS ), YBEITUYCHUEM TPEIIMHOBATO-
CTH TIOPOJI, KOJTMYECTBA Pa3phIBHBIX T€OJOTUICCKUX HapyIIeHH [3].

OObpazoBaHue MOBEPXHOCTEH CKOJBKEHUS M MX IMOJIO)KEHWE B MacCHMBE B 3HAYM-
TEJILHOM CTETICHH 3aBUCUT OT OPUCHTHPOBKHU IMOBEPXHOCTEH OCIIA0JICHHS, B TOM YHC-
Je, CIIOMCTOCTH, CJAaHIIEBATOCTH, TEKTOHWYECKONW HAPYIIEHHOCTU. 3a4acTyl0 ATH
(aKTOPBI SBISIOTCS PELIAIONIUMH IIPH OLIEHKE YCTOMYMBOCTH OTKOCOB.

BonoHocHBIE TOPH30HTHI, BOJOEMBI, OTKPBIThIE M MOJ3E€MHBIE BOJAOTOKH BOJIH3H
Kapbepa Tak)Ke MOTYT OKa3aTh CYIIECTBEHHOE BIUSHHUE HA YCTOHYHNBOCTH OTKOCOB.

Knumarudeckue ycnoBus pailoHa MECTOPOKICHHS BIUSIOT Ha BHIBETPUBAHUE T10-
PO, YMEHBIICHNE UX MPOYHOCTH U YCTOMYUBOCTH B OTKOCAX.

['opHOTEXHHUYECKHE YCIOBUS: BEICOTa OOPTOB M YCTYIIOB, YIIIbI OTKOCOB, ITMPUHA
IUTOIIA/I0K, KOH(pUTYpanus OOPTOB B IJIAHE U B pa3pese, MMOJI3eMHbIe TOPHBIE BbIpa-
00TKH, CITOCOO TPOU3BOACTBA OYPOB3PHIBHBIX PaOOT M Ap. TAKKE OKa3bIBAIOT BIIHSI-
HHE Ha YCTOHYMBOCTH YCTYIIOB U OOPTOB KaphepOB.

Ha ycToitunBOCTH OTBaJIOB CYIIECTBEHHOE BIUSHUE OKAa3bIBAIOT YIoJl HaKJIOHA
IUIOIIAJIKK OCHOBAaHHUS OTBaJ1a, 00BOJHEHHOCTH ITOPOJ OCHOBAHMSI U OTBAJIbHBIX Macc,
TEXHOJIOTHS (POPMHUPOBaHUS OTBAJIOB.

B tabnuue 2 npuBeneH aHaiu3 BUJOB U MPUYUH AePopMaliil yCTyIOB Ha Kapbe-
pax [4].

OCHOBHBIMM MPUYMHAMH HAPYLIECHHS CTOMKOCTH OTKOCOB Ha Kaphepax sIBJISIIOTCS:
HEONAronpusTHbIE CTPYKTYPHO-TUTOJIOTMUYECKUE YCIOBHS, W3MEHYMBbIE (DHU3HKO-
MEXaHWYECKUE CBOMCTBA MOPOJA BCIEIACTBUE M3MEHEHHUS MX BOIOHACBHIIIEHHOCTU U
YMEHBILIEHUS! CTOUKOCTH BO BPEMEHH, a TaK)Ke JUHAMUYECKOE BIMSHUE HAa MOPOIHBIN
MacCHB TOJ] ICHCTBUEM TOPHO-TPAHCIIOPTHOTO 0OOPYIOBAHMS U MACCOBBIX B3PHIBOB.

OmnbIT BeieHUS TOPHBIX padOT, MOKA3bIBACT, YTO AJIS MOBBIIICHHUS] YCTOWYHUBOCTU
OTKOCOB YCTYIOB B OCJIA0JICHHBIX 30HaX U B 30HAX C MHTEHCHUBHOM TPEUIMHOBATO-
CTBIO IOPOJ HEOOXOAUMO MPOU3BOAUTH UX YKPEIUICHHUE.
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Tabnuma 2 — AHanu3 BUJ0B U IpUYUH AedopManuil yCTyIoB Ha Kapbepax

Buner nedopmanmii

OCHOBHbBIE IPUYUHBI

Ocenanne mpuOOPTOBON MOBEPXHOCTH B TIIMHH-
CTBIX IOpOJax (BEpXHss IpyIIia yCTYIOB)

0
YBenudeHue yrioB OTKOCa YCTYNmoB ¢ 35 1o
530; MOBBIIIEHHAs OOBOJHEHHOCTH, BEJICHHUE
B3pbIBHBIX padoT

Hedopmarusi cTpoeHHBIX (CUETBEPEHHBIX) YC-
TYNOB B CKaJbHBIX MOpoJax (CpeiHss rpymnmna

YCTYIIOB)

VBenuueHrne yrioB otkoca yeryma ¢ 60-65° 1o
75°

Hebopmanuy CKaabHOTO MacCHBa, COIPOBOX-
JAI0IUecs 3aKoJaMu U OOpYILIEHHEM BBbIIIETIE-
KAIIKUX MOPOJ (HUKHSS TPYIIa YCTYIOB)

HecooTtBercTBue NpUHATOTO B MPOEKTE yria OT-
KOCa CTPOEHHBIX (CUETBEPEHHBIX) YCTYNOB (Pu-
3UKO-MEXAaHUYCCKHUM XaAPAKTCPUCTUKAM IMOPOJ U

TOPHOTCXHUYCCKUM YCIIOBUAM

Panee uccnenorano (ApcentbeB A.UW., 1982 r.), yTo Mo NpUHIMIY BO3AECUCTBUS
Ha YKpEeIUIsieMbl MacCUB CIIOCOOBI YKPEIUIEHHUs] OTKOCOB Ha Kapbepax JeATcs Ha ye-
THIPE OCHOBHBIE TPYIIIIbI:

1) ucmosnp3yromue MPUHIMI MEXaHUYECKOTO yaepKaHus (MHXEHEPHBIC WU Me-
XaHUYECKHE);

2) HampaBJIEHHbBIC Ha yIy4llIeHUuEe (PU3NKO-MEXaHUUECKUX CBOMCTB TOPHBIX MOPO/T
(yrmpouHeHue nopon);

3) obecnieunBaroNre HAICKHYIO U30JSIUIO TOPOJ MOBEPXHOCTU OTKOCA OT BO3-
JENCTBUSI BHEITHUX (PAaKTOPOB (M30JS LU TOPOI);

4) KOMOMHUPOBAHHBIE.

J1Jist IOBBINIEHNS] YCTOMYMBOCTU YCTYIIOB U COOTBETCTBEHHO OOpTa B IEJIOM, TO-
CTaBJICHHBIX B KOHEYHOE MOJIOKEHUE TPUMEHSIOT CIIeAYIONUE CIIOCOOBI YKpPEIJICHUS.

1. ITokpeITHE HECYLIEN TOBEPXHOCTH YCTYIa MOJIUMEPHBIM IMOKPBITHEM.

2. Cnoco0 yKperuieHUs ¢ MOMOIIBI0 CTalbHOW apMaTyphl W kKaHaTa (B ciiabo u
CHIIbHOBBIBETPHUBAEMBIX TIOpoaax) [5].

3. Meton ankepHoro kperuieHus. Vcxons u3 obecnedeHus: yCTOMYMBOCTH BBICO-
KOTO YCTyIa, aHKEPHYIO Kpelb 11eJIeCO00pa3HO yCTaHABIMBAThL B BEPXHEHW 4acTH yc-
Tyna, rJi¢ OHa JOJKHA COEAUHSATh, YKPEIUISATh BOBMOXKHYIO TPEIIUHY OTpPbIBA I10 JIHU-
HUU Hgp M B HMKHEHN YacTH OCHOBAHUS YCTyIa C HalpaBlIeHUEM aHKepa BriyOb mac-
cuBa [4].

4. CriocoObl yKperieHusI BEpXHEel OpOBKHU YCTyMa MPH MOMOIIH TOCAJAKH MHOTO-
JIETHUX TPaB U KYCTAPHUKOB MO/ MOJUMEPHBIM MOKPBITUEM.

5. CriocoObl yKperieHus MPeI0XpPaHUTEIbHBIX OEpPM YCTYIa TPaBOCESTHUEM (TIPU
MIOMOIIIH TTOCAJIKM MHOTOJICTHHX TpaB). [locienoBaTeIbHO BBICAXKUBAIOT PACTCHHS-
CUJepaThl C Pa3IUYHON KOPHEBOU CUCTEMOM (HANpUMeEp, CEMENCTBA KPECTOIBETHBIX,
0000BBIX WJIN 37AKOBBIX.). [Ipu co3manum ycTOWYMBOM NEPHUHBI MOKHO H30€XKaTh
CKAThIBAHUSI KAMHEW HA HIKEJIeKAIIUE YCTYIIbI.

6. Crioco0 yKperuieHusI BRICOKUX YCTYTOB MSTKUX W TMOJTYCKATBHBIX MOPOJ MPHU
yIJIe HaKJIOHA 110 70° ¢ moMomIBIO reoKapKacoB, MPEICTABISIONINE COOOM CIIOMIHOM
KOBEp M3 MOXYJEH TeOopelmeTKH. ['eopemeTka — 3T0 KOHCTPYKLHS B BUIE COT, CO-
CTOSIIIAsl U3 MOJUATUIICHOBBIX JICHT TOJUIMHON 1,5 MM, CKpEIJIEHHBIX MEXAYy cO00il B
IaXMaTHOM TIOPSJIKE CBAPHBIMU BBICOKOIPOYHBIMU IIBaMU. B 3aBUCHUMOCTH OT reo-
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MEXaHWUYECKUX CBOWCTB TOPHBIX MOPOJ, SYEHKH T'COPEIICTKH 3aMOIHSIIOTCS CIOEM
0ETOHOM MOpPO30CTOMKOCTBIO HEe HUKe M 200, medHeM Win TONIbKO TOPHO-NeCHaHOU
CMECBIO M MOCIIEYIOIINM [TIOCEBOM CEMSH MHOTOJIETHUX TpaB. Kpemnenue reokapka-
ca Ha MOBEPXHOCTH OTKOCA OCYILECTBISAETCS ¢ MOMOIIbI0 METAJIIOMIACTUKOBBIX WITU
MJIACTMACCOBBIX aHKEPOB MIMHOU 50-80 cM. 3amonHEeHne 4€eK T€OPEUIeTOK Mpeaia-
raeTcsl BBIMOJHATH C MOMOIIBI0O OOBIYHOTO O0OPYOBAaHHUS, TAKOTO KaK MOTPY3YUKH,
OyJbI03ephl U IKCKABATOPBI ¢ 00OpaTHOM JIomaToil B cooTBeTcTBHHM ¢ [IpaBunamu [6].
IIprBO3HON MaTepuan MOXKET TAKXKE BBIIPYKaTbCsl HENIOCPEACTBEHHO B siYeiKu. 1Ipu
3aMOJHEHUH SYEEeK CIOM 3alOJHUTENS JOJKEH OBbITh BBIIIE CTEHOK SYEeK HE MEHee
gyem Ha 50 mm [7].

/. Crioco0 MOBBIIIEHUS] YCTOMYMBOCTU OIOJ3HEBOIO CKJIOHA CKaJbHBIX MOPOJ C
O0OBOJTHEHHBIMHM y4YacTKaMH C TOMOIIbI0 aHKEpOBaHUS Ha OepMax Teppac CKJIOHA,
dbopmMupoBaHue MPOTUBOPA3MBIBHOT'O PKpaHa B OCHOBAHUM CKJIOHA W OMOPHBIX rabu-
OHHBIX OJIOKOB B OCHOBaHHH M Ha OepMax teppac [8].

8. Cnioco0 ykperieHHuss 0TKOCOB Ha riryouHe cBbimie 200 M TIpyu pacCKOHCEPBUPO-
BaHUM HEPAOOUNX OOPTOB KPYTOHAKIOHHBIMHU U BEPTUKAIBHBIMU YCTyaMU METOJIOM
B3PBIBHOTO IIEJIEBAHUSI, TPH KOTOPOM MPOOYypHUBaeTCs psijl pabounX CKBaKUH BOJIHM3U
IUTAHUPYEMOT0 OTKOCa OEpMBbI C MPUMEHEHUEM B HUX [IEMEHTHOM CMECHU WJIM CMOJIBI.
[Ipu 5TOM BOJIOIIEMEHTHOE OTHOIIEHUE U JIOII0 100aBOK OTBEpJUTENEH B CMOY pe-
TYJIUPYIOT C YY€TOM BOJOOOMIBHOCTU MOPOJ U MPOJIOJKUTETLHOCTH BPEMEHH OT 3a-
knaaku cmecei. [locne mpoBeneHrs B3pbIBHBIX pa0OT BBIMOIHSIOT JAOMOJIHUTEIHHOE
YKpeITUIeHne MPUOTKOCHOTO MacchBa OypeHUEM IIMYPOB BAOJIb OTKOCA U YCTAHOBKHU
AHKEPOB, KOTOPHIE CBA3BIBAIOT CO LIJAHIaMHU, YCTAHABIMBAEMbIMU 3a MPEAEIOM KITU-
Ha pa3pylieHus, U COCIUHAIOT TPOCOM. 3aTeM OypsT IIMYyphl MOJ aHKEpa B YKper-
JIEHHBIE YYaCTKHU IO ONPEIEICHHON CETKE M HABEHIMBAIOT METAJUIMYECKYIO CETKY Ha
BBICOTY pa3pyllIeHUs KJIMHA U TOHKCHUPYIOT IEMEHTHOU cMechio [9].

9. Crioco6 BOCCTaHOBIIEHHSI HAPYIICHHBIX BEPTUKAIBHBIX YCTYIOB, TIPHU yTiie Ha-
xinona 70° u BbImIe c(hOpMHUPOBAHHOTO CKaJbHBIMHU MOpOJaMu Ha TiyouHe Huxe 300
M B MIEPUOJI IKCIUTyaTalluu U 10paboTKu kapbepa. CyTh BOCCTAHOBIIECHHUS 3aKII0YALT-
Csl B TOM, YTO TIOCIIE 3aYMCTKH OTKOCA YCTyma OT pa30pOCaHHBIX KYyCKOB TOPHBIX IO-
POl TIPOU3BONAT OypeHHEe CKBaXMH M OCTOHMpPOBAaHWE CBail BIOJIb HAPYIICHHOTO
ydacTKa ycTymna Ha BepxHel O0epme. CeKIuu yaepKUBAIOIINUX JIEMEHTOB yCTaHABIIU-
BaIOT B TOTOBOM BHJIE, 3aBO/I X 32 CBAW Ha BEpXHEW OepMme, U )KECTKO 3aKpEIIsioT,
a MOcCJe 3aChIIKU BCKPBIIIHBIMYU MOPOJIaMH IJIAHUPYIOT YCTYI HA MPOEKTHYIO MIUPU-
uy [10].

10. PazpabGatsiBaembii B UI'TM HAH VYkpaunbsl cnocod yKpemsieHus YCTYIOB
OOpTOB Kapbepa M0 TEXHOJIOTHH IMOCIOWHOW TOPHO-TEXHUYCCKOW M OHMOJOTHYCCKOM
PEKYJIbTHUBAIMU BKJIIOYAET B C€0sl HAHECEHUE MOCIOMHON PEeAKONM CMECH COCTOSAIIEH
M3 OTXOJ0B oOoramieHuu (IIJIaMoB), TPaBUs, KPYIMHO M CPEIHE3EPHUCTOrO MECKa,
YIOOpEHH U CeMSIH paCTEHUH COPTOB, HEMPUXOTIIUBBIX JIJISI BRIPAIIIUBAHUS.

VYuuthiBas crocoObl pa3pbIXJIEHUsI TOPHBIX MOPOJ (MEXaHUYECKOE U B3PBIBHOE) B
3aBUCUMOCTH OT THUIIa BMEINAIOUUX MOpPOJA (MATKHUE, MOIYCKalIbHbIE, CKaJIbHBIE),
KOHTYpPOB 0OpTa M THUIIOB I'€OJIOTOCTPYKTYPHBIX OOCTAHOBOK, BBI3bIBAOIIUX Jedop-
Mall{ OTKOCOB KapbepOoB, Ha CXeME M300pa’KeHO BO3MOKHOE NPUMEHEHHE CIEAYIO-
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IIMX CIIOCOOOB YKPEIUIEeHHsI Hepabounx OOPTOB.

Tano nopon
Mzazxue nopodvi CraioHeie :Eopodbs
CriocoGmr: CnocoOsr:
2:4:5:6; 10  J 1:3: 7:8:9: 10
Iloaycxkarvuvie nopodsl
Crnioco0sr:
1:3:4:6:8:9:10

Pucynoxk 1 — BapranTsl BO3MOKHOTO TPUMEHEHUS CITOCOO0B YKpETIEHUsI Hepabounx OOPTOB
B 3aBUCHMOCTH OT THIIa BMEIatolIel Mopo/ib! (HoMepa criocoOOB Ha PUCYHKE COOTBETCTBYIOT
BBITIIETTPUBEICHHBIM)

HauGonbmmit 00beM BceX TOpHBIX PadOT MPUXOIUTCS HAa TBEPIbIe MOPOLI (T10-
JyCKaJbHbIE U CKaJbHBIC), TIOITOMY M3YYEHHUE U aHAJU3 CIIOCOOOB YKpEIUIeHUs Oop-
TOB, COCTOSIIIINX U3 ATUX MOPOJI, IPEACTABISAET OCOOBIN HHTEPEC.

ABTOpaMH CTaThM TIpeJIaraeTcsi KOMOMHUPOBATH OMOJIOTMYECKUM U CTPOUTEI b-
HBII CIIOCOOBI YKPEIUIEHHS CKJIIOHOB, CQOPMUPOBAHHBIX MOJTYCKATBHBIMH MOPOJAMHU,
Ha OOBOIHEHHBIX ydacTKax Gopra (IpH yrie HakmoHa 1o 60°) win spyce oTBaia.
CyTth cnocoba 3akiiro4aeTcss B TOM, YTO Ha CIUIAHUPOBAHHYIO TOBEPXHOCTh CKIIOHA
BHAYaJIe KPErsT reopelieTky, Mpe/ICTaBIsSIoNIyI0 cOO0H COTOBYIO KOHCTPYKIIMIO U3
NOJIMATUIICHOBBIX JICHT TOJIIMHOM 1,5 MM, CKpEIUIeHHBIX MEXIy cO0O0il B IIaxmart-
HOM MOPSIIKE CBAPHBIMU BBICOKOIIPOUYHBIMU IIBaMH. [Ipy pacTsikeHHMH KOHCTPYKUUH
B paboyeli TNIOCKOCTH 00pa3yeTcsl YCTOMYMBBIN TOPU30HTAIIBHO U BEPTUKAIBHO Kap-
Kac, KOTOPBIN IIpeIHa3HAuYeH JIJIsl (PUKCAIlMW HATIOJIHUTENS (TPYHT, KBapIEBbIN MECOK,
6etoH u T.11.). KpemnieHne reopenieTok Ha MOBEPXHOCTSAX CKJIOHOB BBIMNOIHSIOT MPHU
nomotu [-06pa3ubix ankepoB 12-16 MM u mimuHo# 0,6-1,2 M, M3TrOTOBJICHHBIX W3
CTaJM, WIH BBICOKOIPOUYHBIX IJIACTUKOBBIX MAaT€pUANIOB, YCTAHABIMBAEMBIE 110 KOH-
Typy KaKJIOW TeOpemeTKU. 3aTeM STYSHKN 3aloIHII0T CI0eM OeTOHAa MOPO30CTOMKO-
cThio He HIke M 200, mebHeM Uil TOIBKO TOP(O-TecYaHOi CMECHIO ¢ BKIIOUEHHUEM
JIECCOBUJIHBIX CYTJIMHKOB C JaJdbHEHIIUM MOCJIEIOBATEIIbHBIM MTOCEBOM CEMSH MHO-
TOJICTHUX TpaB (puc. 2).

[Ipennaraercst BbICAXKMBATh TPABOCMECH, COCTOSIIME W3 MHOTOJIETHUX TpaB Ce-
MeKCTBa KPECTOLIBETHBIE C MOYKOBATHIMU KOPHSMH (paric, ropuuia 1 T.1.), 0000BbIe
WJIU 3JIaKOBBIE C PA3BETBICHHBIMHU KOPHAMH (JIIOLIEPHA, ICHAPIET, 3€JICHbIA TOPOIIEK,
JIOHHHK JKEJIThIA, SYMEHb, POKb U T.I.) U O000BBIE CO CTEPKHEBBIMU KOPHIMH (JTFO-
nuH U T.11.). KopHu TpaB Ha 0TKOCax OyayT pa3BUBATHCS B TOPU3OHTAILHOM U BEPTH-
KabHOM HampaBlieHusx. OcHoBHas macca kopHel (60-80 %), ocoOEHHO 37TaKOBBIX,
pa3MelaeTcs B MOBEPXHOCTHOM cjioe TOIIMHONW 10 40 cM (IepHOBBIN TOPH30HT).
[IpoHukaronme B TpyHT KOPHU TPaB CKPEIUISIIOT M€CYaHbIe, MbIJIEBATHIC U TTTMHUCTHIC
YaCTUIIBI TPYHTA B 00jiee MOHOJMTHYIO Maccy M 00pa3yroT MpouYHyI AepHUHY. [lo-
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CaZKy CEMsH PacTCHUH MpeNIaraercs OCYIIECTBIATh C IIOMOIIbIO YKCKaBaTOpa TUIIA
ApariaiiHa, y KOTOPOTO BMECTO KOBLIA NMPUKPEIJIEH KYJIbTUBATOP BHOpPALMOHHBIN
LITBIPEBOMU.

S A
e R N
N " N

1 - nparnaiig, 2- TOpHBIC TOPOIBI (OTXO Bl 00OTAICHHMS ), 3 — TpaBuid, 4 — MeCYaHO-TJIMHUCTO-
JIECCOBUJIHASI CMECh, 5 — KYJIbTUBATOP BUOPAIIMOHHBIN IITHIPEBOH, 6 — IIJTAHT JIJIs1 TTOAaYX BOJIBI,
7 — KatoK, 8 — HOX, 9 — maHT 1 moaayuu BoAabl, 10 — dpopcynka, 11 - nedbenka

Pucynox 2 —Ilocangka cemsiH pacTeHUM Ha CKJIOHE

HoBu3zHol n mpenmyIiiecTBaMu MpeACTaBICHHOTO BhIIIE CIIOCO0a SBISAETCA:

1. PaBHOMEpHOE pacrmpeeseHre MocagouHol cMecH (IIU1aMbl, OTXOJIbI oOorare-
HUS1, IECYaHO-TJIMHUCTO-JIECCOBU/IHAS CMECh) 00IIel TOMIIMHOM He MeHee 1 M.

2. OGecrneyeHre paBHOMEPHOTO HAHECEHUsI CEMSIH PaCTeHUI Ha MOATOTOBICHHYIO
TPYHTOBYIO CMECh C HCKITIOYEHUEM UX Tepepacxoa.

3. Ob6ecnieueHne OIArOMPUATHBIX YCIOBUN JJII aKTUBAIIMK BCXO/A U YKPEIUICHUS
CEMSIH, CBSI3AHHBIX C XOPOIIMMH MOKA3aTEISIMUA MPOTPEBAHMS U BJIArOMPOHUIIAEMO-
CTH TIOYBBI M HAKOTUJICHHUS TEIljIa Ha TTOBEPXHOCTH OPOBKHU yCTYIIA U CKIIOHOB.

4. VicknrogaeTcsi mpUMEHEHHE CIEUATBLHOTO 000pYAOBaHUS ISl HAHECEHUS TO0-
CaJI0YHO-CEMEHHOM CMECH.

Kpome 3T0OTO, MOMUMO TIPUMEHEHHS CIIOCOOOB MO OOECTICYCHHUIO YCTOWYMBOCTH
BpEMEHHO Hepabounx U Hepabouux OOPTOB Kaphepa HYKHO TaK¥KE UCITOJIH30BATh IO~
CTOSTHHBIE MapKIIEHePCKUEe HAOIIOJACHHS 32 MACCHBOM TOPHBIX TIOPOJ C TIOMOIIIBIO
BBICOKOTOUHBIX GNSS cuctem i1 CBOEBPEMEHHOTO OIOBEIICHHS M TPe0TBpallle-
HUS KPYITHBIX OITOJI3HEBBIX mporieccos [11,12].
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BeiBoabl. OTKpbITas pa3paboTKa COMPOBOXKIAETCS MOCTOSHHBIM YBEJIUYEHUEM
IIIyOMHBI CYIIECTBYIOIIMX KapbepOB, a TAKXKE BBICOTHI BHEIIHUX OTBAJIOB. B CBsA3M ¢
TUM BO3pPAcTaeT BHUMAHUE K MpoOIeMe yCTOMUYMBOCTU OOPTOB 3TUX KapbepoB U OT-
BaJIOB, T.K. UX J€(QOPMUPOBAHUE MOXKET MPUBECTU KaK K SKOHOMUYECKUM H3IEPK-
KaM, TaK M MPEJCTaBIATh yrpo3y JUJIs Jtofel, paboTaommuX Ha TOPHOPYIHBIX Mpea-
PUATHSIX.

Ho B ToXe BpeMs yBelnnyeHUE yTioB OTKOCa OopTa riyO0OKUX KaphepoB, MPHU CO-
XpaHEHUU UX YCTOMYMBOCTH, MO3BOJIIET YMEHBLIUTH 00BEM BCKPBILIHU, YTO IPUBOJIUAT
K CHH)KEHHIO ce0eCTOMMOCTH JOOBIYM M K YMEHBIICHUIO IJIOLIAU BHEIIHUX OTBa-
JIOB, a KaK CJEICTBHE, K COKPAIIEHHUIO IUIOIIAJA MAaXOTHBIX 3€Meb OTUYXIaeMbIX
0] UX pa3MellleHue.

[loaToMy oOecrieyeHuEe yCTOMYMBOCTH OOPTOB KaphepoB, MPU MaKCHUMAaJIbHO
BO3MOXKHBIX YIJIaX WX HAKJIOHA, SIBJISIETCSA aKTyaJlbHOM 3ajadeil, Tak KaKk OHa Harps-
MYIO CBfI3aHa C TOBBIIIEHHMEM 3KOHOMUYECKON 3((HEKTUBHOCTH OTKPBITHIX TOPHBIX
paboT u ¢ obecnieyeHrneM ux 6€30MacHOCTU. A PAaCCMOTPEHHbIE CYIIECTBYIOIINE CIO-
coOBbI YKpEIUICHHs YCTYNOB OOpTa Kaphepa MO3BOJISIOT CAENATh BBIBOJI, YTO C IENbIO
NoBbIIEHUST KOdhdUIMeHTa 3amaca yCTOMYUBOCTH HEOOXOJIMMO MPUMEHSTH pa3pa-
OOTaHHbIE TOpPHO-TEXHHWYECKHE (raOuoHHBIE OJIOKM, aHKepa), CTPOUTEIHHO-
MOHTa)KHbIE (TTOJMMEPHBIE MOKPBITUS, CETKH, PEIIETKH, IIEMEHTUPOBaHUE) U OUOII0-
rudeckue (TpaBocesiHHE, KYCTapHHKH) CIOCOOBI 3aKperuieHHus yCTYINOB. ABTOpaMH
CTaTbU TpeJylaracTcsi KOMOMHMPOBATh OMOJIOTMYECKHM U CTPOUTEIBHBIA CIOCOOBI
yKperyieHus: ckioHoB. Hawnydmum cnoco6oM OyneT TOT, KOTOpBIM YYUTHIBAET
CTPYKTYPHO-JIUTOJIOIMUECKHE YCIOBHS, (PU3UKO-MEXaHUUYECKUE CBOWCTBA MOpPO, a
TaKXKe JIMHAMMYECKOE BIMSHUE Ha IOPOJHBIM MaccuB MOJA AEHCTBUEM TOPHO-
TPaHCIOPTHOTO 0OOPYOBAHMS U MAaCCOBBIX B3PBIBOB.
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AHoTauis. B crarTi HaBeeHO aHali3 crloco0iB 3a0e3MeYeHHsI CTINKOCTI TAMYAacOBO HEPOOOUNX
1 HepoOounx OOPTIB Kap'epa 3 METOIO PO3MIIIIEHHS Ha HUX 00JaHAHHS HOBOTO TEXHIYHOTO PIBHS Ta
JOCSATHEHHS MIHIMIi3alii 00CsriB po3KpUBHUX pOOIT MpH MOMNIMOIEHH] Kap'epiB 32 PaXyHOK 3011b-
LIEHHS KYTIB YKOCy OOpTiB. BukianeHo NMpUYMHU MOPYIIEHHS CTIMKOCT1 yKOCIB OOpTIB Kap'epis,
CKJIaJICHUX PI3HUMU TUIIaMU TipcbkuX nopia. IIpoaHanizoBaHo 3aCTOCOBYBaH1 y CBITOBIM MpPaKTHII
crocoOu /ISl MABUIIEHHS CTIMKOCTI YCTYITIB 1 BIAMOBITHO OopTa B mitoMmy. BukoHaHO cuctemaTu-
3aIlil0 ICHYIOUMX croco0iB 3a0e3neyeHHs CTIKOCTI OOPTIB Kap'epiB 1 YKOCIB B1/IBaJiB 3a THUIAMH
nmopin. ABTOpaMH TIPOTMOHYETHCS KOMOIHYBaTH OymiBENbHHUIN 1 O10JOTIYHHI CIIOCOOHM 3MIITHEHHS
CXWJIIB, MPEJCTABIEHUX HAIMIBCKEIIbHUMH MOPOJAAMH, HAa OOBOJHEHUX IUISHKax OopTa (IIpH KyTi
Haxwmry 70 60°) abo spyci BigBaty.

KurouoBi ciioBa: kap'ep, CTIMKICTh OOpPTY Kap'epy, HepoOoumii GOpT.

Abstract. The authors studied and analyzed methods ensuring stability of temporarily basset
edge and basset edge for the purpose to place there new up-to-date equipment, minimize scope of
stripping operations, and increase depth of the quarries by increased angles of slope of the pits edg-
es. Main causes of disturbed stability of slopes of the pits edges consisting of different types of
rocks are considered. Methods which are used in the world practice for improving stability of
benches and pit edge are analyzed. Existing methods ensuring stability of pits edges and slopes in
the heaps are systematized by types of the rock components. The authors proposes to combine con-
struction and biological methods for stabilizing slopes, containing hard rocks, in the flooded areas
of the edge (angle of slope up to 60°%) or on sub-panel of the waste heap.

Keywords: quarry, stability of pit edge, basset edge.

Cmamows nocmynuaa 8 pedaxyuro 13.10.2014
Pexomenoosano k neuamu 0-pom mexu. nayk M.C. Yemeepuxom
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Kustov V.V., M. S. (Tech.)
(State H E I «NMU»)
CONTROL OF STEEL FLUX GRANULOMETRIC
CHARACTERISTICS IN THE FINISHED-PRODUCT WAREHOUSES OF
THE PJSC "DOKUCHAIEVSK FLUX-DOLOMITE WORKS"

AHHoTanus. VccnenoBana cBsi3b MKy IPaHYJIOMETPHUUECKUM COCTAaBOM CHIITy4ero MaTepua-
Jla, TEXHOJIOTHeW (opMUPOBAHUS HACHITHOTO 0Opa30BaHMs M CTPYKTypou maccuBa. [Ipemioxena
cXeMa Mo OMPEEeNICHUIO paclpeiesieHus ChIITy4ero MaTepuraia o KpymHOCTH B TOHKOM CJIO€ OTKO-
ca HaCBHIITHOTO 00pa30BaHUs HA OCHOBE KPUBOM PacIpeIeICHHs] YaCTHOCTEH BECOBBIX BBIXOJI0B. Ha
npuMepe ckinanoB ToBapHou mpoaykiuu YAO «/lokydaeBckuit ®JIK», paccMoTpeHa 0COOCHHOCTD
pacnpesiesieHus: ChIIy4ero MaTepuana Mo KpymHOCTH B HAChIMM pa3iandHoil ¢opmbl. [IpennoxeHs
CXEMBbI CEJIEKTUBHOM pa3rpy3Ku HAMOJbHBIX CKIAJ0B NPEANPUITHN 110 MTPOU3BOJICTBY METALTYyprH-
4yeckuX (UIIOCOB Pa3IMYHBIMU BUAAMH BBIEMOYHO-TIOTPY304HOIO O0OOpynoBaHus. JlaHbl peKOMeH-
JAlMK 110 CHIDKEHUIO 3aTpaT Ha MOJiep KaHhe KaueCTBEHHBIX MOKa3aTesield TOBapHOM MpOayKIIMU
Ha HaMOJBHBIX CKJIaax (aroco 00bIBAIOIINX PEANPUATHI.

KiloueBble cjioBa: mMeTalulyprudeckue (QIIrOChl, TPaHyJIOMETPHUUECKUN COCTaB, cerperamus,
CKJIaJIbl TOBapHOM MPOAYKIMHU, TEXHOT€HHbIE 00pa30BaHUs, pacIpeeieHue ChIIy4ero maTepuaia
10 KPYHMHOCTH, CTPYKTYpa MacCUBa.

[Tonxonmpl K OMPEACIICHUIO Ka4yeCTBa METAILTYPrUUeCKUX (PIIFOCOB OMPEesIIOTCS
TEXHOJOTUYECKUM YPOBHEM MOTpeOUTENeH TaHHOTO MHUHEPAIBHOTO CHIphS. [ 'paHy-
JIOMETPUYECKUNA U XUMHUUYECKHI COCTAaB TOBAPHOW MPOAYKIIUU (hITIOCOTOOBIBAIOIITIX
MPEINPUITUI ABISIOTCS ONPEAEISIIOIINMU MOKa3aTEISIMHU.

B pesynbrate mepepaboTku KapOOHATHOTO CHIPBS 3€PHOBOM COCTaB TOPHBIX IO-
PO TpeTepneBaeT 3HAUUTENbHbIE KOJeOaHUs. JTO Ha KOHEYHOM CTaauu mpolecca
nepepadOTKU MOKET MPUBECTU K BBIXOJY KAUECTBEHHBIX IMOKAa3aTeJIed 3a Mpeesbl
HOPMAaTUBHBIX TPEOOBAHUU MO COJAEPKAHUIO ONpeaesieHHOW KpynHocTHu. [Ipu moiy-
YEHUU W3BECTHSIKA OOBIYHOTO Ha LHUKIUYHO-TIOTOYHOM TEXHOJIOTMYECKOW JIMHUU
(LIIITJT) YAO «/loxyuaeBckuii ¢uroco-monoMutHbiii komOouHaT) («IDJIK») mo pe-
3ylbTaTaM CHUTOBOTO aHajan3a Marepuayi ¢ KpymHOCTh0 40 — 80 MM comepkut
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