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Pa6ora BeinonHeHa B denepaibHOM IOCYyJapCTBEHHOM O0)KETHOM 00pa30BaTeIbHOM
YUPEXKACHUHU BbIcLIero oopa3zoBaHust «Poccuiickuil rocyapCcTBEHHBIN Ie010ropa3Be1I0uHbIN
yauBepcurer umeHn Cepro Opmxonukuiaze» MI'PU Ha kadenpe MHKEHEPHOH Te€0JOrHMU
THJPOre0IOrnYecKoro paxymnprera

Hayunerit SApr JropmMuiia AnekcaHapoBHa
PYKOBOAMTENb: JOKTOP I'€0J.-MUHEPATIOTUYECKUX HayK, Ipodeccop Kadeapsl HHXEHEp-
HOU T€0JIOTUU TUAporeonorunyeckoro axyiaprera MI'PU

Hayunbiit ®omenko Urops KoncranTnHoBu4
KOHCYJIBTAHT:  JOKTOP T'€0JI.-MHHEPAJIOTHIECKUX HAYK, mpodeccop Kadeapbl HHKEHEP-
HOM reosioruu ruaporeosiorndeckoro dakynpreta MI'PU

Odunmansasie  CepreeB Cepreii BanenTnnoBu4

ONIIOHEHTHI: JOKTOp TEXHUYECKUX HayK, mpodeccop. 3aBenyromuii gadopaTopueit
FOPHOTO JIaBJIEHUSI W CABWXKEHMS TOpHBIX MopoJ Bcepoccuiickoro
Hay4YHO-UCCIIEN0BATEIBCKOIO HHCTUTYTA 10 OCYIIEHUIO MECTOPOKIACHUN
MOJIE3HBIX UCKOMAEMBIX, 3aIIUTE MHXKEHEPHBIX COOPYKEHHI OT 00BOTHE-
HUSI, CTIEHUAIBHBIM TOPHBIM paboTaM, TeOMEXaHHuKe, reo(hu3nKe, THAPO-
TEeXHUKE, reosioruu u mMapkieiaepckomy aeny (OAO «BUOT'EMy).
3epkaab Ogaer BnagumupoBny
KaHAUJAT Ie0J1.-MUHEPAIOTMYECKUX HayK. Benymuii Hay4HbI COTPY.I-
HUK J1a00paTOpUH MHKEHEPHON re0IMHaAMHUKU 1 000CHOBaHUS HH)KEHEP-
HOM 3amuThl Teppuropuit MI'Y nmenu M.B. JlomoHOCOBA.

Benymas @enepanbHOE  IOCYIApCTBEHHOE  OIO/DKETHOE — 00pa3oBaTesbHOE

OpraHM3alus:  yYpeXJIECHHE BBICIIEr0 00pa3oBaHUsA «YpPalIbCKUI TOCYAApCTBEHHBIN
ropHeiii yausepcuret». Kadenpa ruaporeonorum, MHXEHEPHOH reosio-
U Y TEOIKOJIOTHH.

3ammra COCTOUTCT «  » 2021 roma B 15 yacoB 00 MUHYT Ha 3acelaHuU
muccepraimonHoro cosera [[ 212.121.01 nmpu ®IT'BOY BO «PITPY wumenu Cepro
OpmxoHukua3e» no aapecy: no aapecy: 117997, r. Mocksa, yia. Muknyxo-Maknas, 1. 23,
3aJ1 TUCCEePTAIMOHHBIX COBETOB (Ka0.4-73).

C nucceprainueid MOKHO 03HAKOMUTKLCS B Hayunoit 6ubnmoreke u Ha caiite ®I'BOY
BO «Poccuiickuii ToCcynapCTBEHHBIA TI'e€0J0TOpa3Be0YHbIN yHUBEpcUTET MMeHu Cepro
Opmxonukuaze» mno azapecy: 117997, r. MockBa, yn. Mukiyxo-Makmas, a. 23,
https://www.mgri.ru/

ABTopedepar pasociaH « » 2021 .

VY4eHblil cekpeTapp AUCCEPTALMOHHOTO COBETa
J1212.121.01, n-p reon.-MuHepai. HayK, JOLEHT o Bsizkosa O.E.



OBLIASA XAPAKTEPUCTUKA

AKTYaJIbHOCTH PadOThI

Kypckast MarHuTHast aHOMalus — KpyIHENHIIas B MUPE KeJNe30pyAHast IPOBUHIIUS 3eM-
HOro mapa miomaaso 125 000 km? ¢ 3anacamu 51 mip. ToHH. B e€ npeznenax noKanu3yercs
18 MmecTtopoxaeHuii u 26 nepcueKTUBHBIX y4acTKOB. PazpaboTka CTONIEHCKOro Kene30py/i-
HOT'O MECTOPOKJICHHSI OTKPBITHIM CIIOCOO0OM, COMTPOBOKIAIOIIEECS H3BICUYCHHEM OIPOMHBIX
Macc TOPHBIX MOPOJ U PY[I, KapAUHAIBHO U3MEHSET HANPsKEHHO-1e(POPMUPOBAHHOE COCTO-
sHUEe MaccuBa. PaboTa npeHa)XHOW CeTH MPUBOAMT K OOpPa30BaHUIO JETPECCHOHHOW BO-
POHKH, BOSHUKHOBEHHUIO OOLIMPHON 30HBI a3palllH, YBEIMYEHUIO CKOPOCTH TOTOKA U Tpaju-
€HTa Harmopa — (OPMUPOBAHUIO TEXHOT€HHOTI'O BOJOHOCHOTO TOPH30HTA. /[[nuTenbHas sKc-
IUTyaTalus Kapbepa COIPOBOKAAETCS POSBICHUEM UHKEHEPHO-TE€0JIOTMYECKUX ITPOLIECCOB:
ocblnieli, 00BaJIOB, OMOJI3HEH, OIUIBIBUH, cy(do3uun. Pa3BuTHe mpoieccoB, HHULUUPYEMOE
TEXHOJIOTUYECKUMHU PabOTaMHu, HOCHUT NPOTPECCUPYIOLIUN XapaKTep B MPOCTPAHCTBEHHO-
BPEMEHHOM OTHOIICHWHU. Bompock! ycToitunBOCTH OOPTOB Kapbepa, odecreunBaioniie 6e3-
aBapHitHOE BeJleHHe TOPHOAO0OBIBAIOIINX PA0OT MPH JIUTEIBLHOM SKCIUTyaTallud MECTOPOXK-
JIEHUS], SIBJISIETCS] BECbMA aKTyaJIbHBIMHU.

eab padoTsI

Pemenue npoGiembl o0ecriedeHusi yCTOWYMBOCTH MacCHBa MOPOJ B IMHAMUKE Pa3BU-
THUS TOPHBIX padoT.

OcHoBHbIE 32Ja4H HCCIETOBAHUS

1. YcraHoBieHME TEHACHUMA HM3MEHEHUS KOMIIOHEHTOB WHXEHEPHO-I€0JI0rHYeCKUX
YCIOBUM TPH JTUTETHHOM (DYHKIMOHHPOBAHUU MPHUPOJHO-TEXHUYECKHX CHUCTEM
(ITTC) «Kenezopyaubie MmecTopoxaeHus KMA.

2. BrisBnenne ocHOBHBIX (hakTOpoB, Biustonmx Ha ycroiuuBocTh IITC «Kenezopyansie
MecropoxaeHus KMAy.

3. OOGocHOBaHME MapaMETPOB U Fr€OMEXaHUUECKUX MOJieNiel pacuéra yCTOMYMBOCTH OOp-
TOB Kapbepa ¢ y4ETOM OCHOBHBIX IIPUUYUH M YCIOBUH, ONPEACISIIONINX Pa3BUTUE MIPO-
[IECCOB M 00YCJIaBINBAIOIIUX IEPMAHEHTHOE U3MEHEHHE COCTOSIHUSI TOPHOT'O MACCHUBA.

4. Pa3zpaboTka BpemMeHHOTO mporHosa kodddummenta ycroitunBoctu (Ky) B xome amu-
TEJIBHOM pa3pabOTKN MECTOPOKIACHHUS OTKPBITHIM CIIOCOOOM.

5. OntuMu3anusi CUCTEeMbl MOHUTOpPUHTA Ha 0a3e aHajau3a U3MEHEHUs MapaMeTpoB IMPO-
neccos u gBiaenuii B [ITC MITN.

Hay4ynasi HOBHM3HA

1. Paccmotpena crpykrypa IITC «Kenezopyaubie mectopoxaeauss KMA.

2. BpIsgBiIEHBI TEHIEHIMN U3MEHEHUSI KOMIIOHEHTOB MH)KEHEPHO-T€0JIOTMYECKUX YCIOBHMA
npu utensHoM ¢pyakunonupoBanuu [1TC «KeneszopynHbie MECTOPOKICHUS.

3. Pa3zpabotaH anroputM ONTUMHU3ALMU YIIIOB OTKOCOB Kapbepa IIyOOKOTro 3aJ0KEHUs C
Y4€TOM HM3MEHEHMSI COCTaBa M CBOMCTB I'PYHTOB, IMHAMHUKH TEXHOI'€HHOI'O BOJIOHOC-
HOT'O TOPU30HTA, MeXaHU3Ma (POPMHUPOBAHUS MTPOLIECCOB.

4. Jlana omeHKa yCTOWYMBOCTH OOPTOB Kaphepa Ha KOHEYHBIX KOHTYpax C MCIOJIb30Ba-
HUEM COBPEMEHHBIX TEXHOJOTHil (IMporpamMMHBIN KoMmIuleKc Rocscience) metomamu
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npeaenbHoro paBHoBecus: Moprenmrepn-Ilpaiica, bumona, IH0y 1 MeTo0M KOHEU-

HBIX 2JIEMEHTOB.

5. BesBieHo BnusiHEE HA KO3()(OUIIMEHT YCTONYMBOCTH OOPTOB Kaphepa MoabEMa YPOBHS
MTOA3EMHBIX BOJI.

6. OmnpeneneHo BAMSHUE Ha TIO0ATBHYIO YCTOWYUBOCTD OOpTa Kapbepa BCKPBIIIHN MPOY-
HOCTH MEJIOBBIX IIECKOB M BEJIMYMHBI YIJIa BHYTPEHHETO TPEHUS [VIMH JIEBOHCKOTO BO3-
pacra.

7. OlLleHeHO BIMSHME Ha T7100aJbHYI0 YCTOMUNBOCTh OOpPTa TEXHOTEHHOM HArpy3KH OT OT-
BAJIOB I'PYHTA.

8. YcTaHOBJIEHO CHH)KEHHE YCTOMYMBOCTH OOPTOB Kapbepa Mpu yBEIWYEHUH TPEIIMHOBA-
TOCTH U OJIOYHOCTU PYJHO-KPUCTAINIMYECKUX MIOPOJI MACCUBA.

9. llpennoxeHa ONTUMHU3ALMS CUCTEMbI MOHUTOPUHIA C YYETOM U3MEHEHHSI KOMIIOHEHTOB
MHKXEHEPHO-T€0JIOTMYECKUX YCIOBUI IO BIMSHUEM TEXHOTE€HHBIX B3aMMOJECHCTBUI
IIPOM3BOJICTBEHHOTI'O IIpolLiecca.

IIpakTH4Yeckoe 3HAYEHHE

[TosryueHHbIE TPOTHO3HBIE OLIEHKH YCTOMYMBOCTH OOPTOB Kaphepa MOTYT ObITh UCITOJIb-
30BaHbI [TPU IPOESKTUPOBAHUY U pa3pabOTKe MECTOPOKIEHUHN CO CXOIHBIMU HHKEHEPHO-TE0-
JIOTUYECKUMU YCIOBUSIMHU.

3amumaembie M0J10KeHHUSA

1. Jlokansnas IITC «Kene3opyanoe mecropoxaeHue CTONIEHCKOE» BKIKOYAET dJe-
MeHTapuble [ITC: «kappep», «XBOCTOXPAHUIIUIIEY, «OTBAI, «APEHAXKHAS CEThY, KaXKas U3
KOTOPBIX XapaKTEPH3yeTCs CBOMMHU OCOOEHHOCTAMHU (YyHKIIMOHHUPOBAHUS: OIMpPENEIEHHBIM
HabOpPOM IPOIECCOB, PA3BUBAIOIINXCA IEPMAHEHTHO, 0€3 HACTYIUICHHS CTaAUK CTaOUIn3a-
MU MOJ BIUSHUEM JUIMTEIbHBIX TEXHOT€HHBIX B3aUMOJIEUCTBUN, COCTABISAIOIINX OCHOBY
skcruryatauuu IITC. IlpocTpaHCTBEHHOE paclpoCTpaHEHHE, PEKUM U BPEMs IPOSBIICHUS
MPOLIECCOB pa3IuuHbl B Xoj€e pynkunonuposanus [1TC.

2. Ontumusanus @ynkuuonuposanus [ITC MIIU 6a3upyercs Ha COBpEMEHHOM METO-
J0JIOTUHU pacu€ToB OOPTOB Kaphepa U BKIOYAET: 1) BbIACIIEHNE HHKEHEPHO-T€OIOTHYECKIX
komruiekcoB (UT'K), pasnuyaromniyiecss ropHO-re0JIOTHYECKUMH YCIIOBUSAMH U MEXaHHU3MOM
(bopMUpPOBaHUS MPOLECCOB; 2) WHKEHEPHO-TEOJIOTUIECKYIO0 THITH3AINI0 OOPTOB Kaphepa ¢
y4€TOM COCTaBa M CBOWCTB I'OPHBIX MOPOJ, ITMHAMUKHA TEXHOT€HHOI'O0 BOJAOHOCHOI'O T'OpH-
30HTA; 3) BEIOOP PacUETHBIX MAPaAMETPOB ISl YUCIIEHHOTO MTPOTHO3UPOBAHUS COCTOSIHHS OT-
KOCOB Kapbepa; 4) 000CHOBaHUE U peau3alis FEOMEXaHUUYECKUX MOJIeIel pacuéra yCcTou-
YUBOCTU OOPTOB Kapbepa ¢ y4€TOM OCHOBHBIX NMPUYUH U YCIOBUH, ONPEIENSIONINX MeXa-
HU3M pPa3BUTHSI IPOLIECCOB.

3. 3aKOHOMEPHOCTH M3MEHUYHMBOCTH KOMIIOHEHTOB WH)KEHEPHO-T€OJIOTHYECKUX YCIIO-
BHUI SIBJISIIOTCSI OCHOBAHMEM JIJIsl YCTAHOBJIEHUS NPEAENIbHBIX 3HaueHui napamerpoB IITC
«CTOWUIEHCKOE MECTOPOKIEHHUEY, IPU KOTOPOM JUIUTEIBHO (DYHKIIMOHUPYIOIIAs CUCTEMA HE
BBIXOJUT 3a Mpeaesbl (IpaHullbl) 00JacTH JOMYCTUMBIX COCTOSIHUN. DTO MpeaycMaTpuBaeT
OLIEHKY KOA(PHUIMEHTA YCTOHYMBOCTH OOPTOB Kaphepa IMPH TEXHOTEHHOM U3MEHEHUH COCTO-



SIHUS M TPOYHOCTHBIX CBOMCTB I'PYHTOB, ClAraroiux 0opra, IMHAMUKH MOJ3€MHBIX BOJI, IIPU-
IPYy3KH MaccuBa OTBaJIAMH B MPOIECCE U3BJICUEHUS MOJIE3HOIO MCKOMaeMoro (pa3paboTku
Kapbepa).

JIMYHBIN BKJIAJ aBTOpa

B ocHOBY pa0oOThI MOJI0KEHBI JTMYHBIE MaTepUANIbl aBTOpA 10 MOJIEBBIM U J1abopaTop-
HBIM HCCJIEIOBAaHUSIM IPOYHOCTHBIX CBOWMCTB I'PYHTOB XBOCTOXpaHWIMILAa CTOMJIEHCKOIO
I'OKa; ananutuueckuii 0030p HaAYYHO-TEXHHUUECKOW JUTEPATyphbl MO CYIIECTBYIOIIEH MPO-
6neme; 00paboTKa apXUBHBIX WHKEHEPHO-T€OJIOTHYECKUX, THAPOTEOTOTHIECKHUX, THIPOXH-
MUYECKUX TAHHBIX; pa3paboTKa aNropuTMa ONTUMHU3ALMU YIJIOB 3aJI0KEHUS OTKOCOB C HC-
MOJIb30BAaHUEM COBPEMEHHBIX T'€OMH(OPMAIIMOHHBIX TEXHOJIOTHH.

Anpobauus padoTsl

OcHoBHBIE Pe3yJIbTAaThl UCCIEIOBAHUM 1O TeME AUCCEepPTAMU ObUIH JT0JI0KEHBI U 00-
CYKIQJINCh HAa MEXAYHApPOJHBIX, BCEPOCCUICKUX U PErHMOHAIbHBIX HAayYHO-IPAKTHUECKHX
koH(pepenmumsax: XII Mexaynapoanas HaygyHO-TIpakThyeckas KoHpepenus «HoBwie ugen B
Haykax o 3emiue», Mocka: MI'PU-PITPYVY, 2015 r. OKutunckas O.M.); MexpernoHaabHbIe
TepentseBckue urenus «Hayka Ha KMA: nctopust 1 COBpeMEHHOCTBY, IMTOCBAIIEHHBIX [[HIO
poccuiickoi Hayku U 100-netuto co ausa poxaenus B.M. TepeHnTbeBa, nepBoro gupekropa
Hayuno-uccnenoBarenbckoro nuuctutyta no npodiaemam KMA, I'y6kun: MBYK «My3seti uc-
topun KMA», 2016 r. (OKutunckas O.M.); XIII MexnyHapoaHas Hay4dHO-IIpaKTA4YECKas
koH(pepenmus «HoBble uaen B Haykax o 3emiue», Mocksa: MI'PU-PI'TPY, 2017 r. OKutun-
ckast O.M., Spr JI.A.); III Becepoccuiickas HayuHas KoHpepeHus « MalbIeBCKue YTeHUs»,
Crapeiit Ockon: CO® MIPU-PITPY, 2017 r. (Kutunckas O.M.); MexpernonaipHas
Hay4dHO-TIpakTUueckast KoHpepeHus: «Muccuss KMA B uCTOpUYECKOM U COLMATBLHO-IKOHO-
MHUYECKOM Pa3BUTHH pernoHa u Poccum», mOCBIMEHHON 85-eTHIO NOOBIYHN MEPBOM PYIIbI
KMA, I'yoxun: MBVYK «Myseii ucropunt KMAy», 2018 r. OKutunckas O.M.); Mexaynapoa-
Hasl Hay4yHO-TIpakThyeckas KoHpepeHuus «Ctparerusi pa3BUTHS F€OJOTHYECKOTO UCCIIEN0-
BaHMs Heap: Hactosmee u Oyaymee (k 100-neturo MI'PU-PITPYVY)», Mocksa: MI'PU-
PITPY, 2018 r. (Apr JI.A., ®omenko U.K., XKuruackas O.M.); II Obmepoccuiickas Hay4yHO-
npakTHieckass KoHGEepeHIUs MOJIOIbIX CrenuanucToB «HXeHepHble U3bICKaHUS B CTPOU-
tenscTtBe», MockBa: OO0 «UTMUCy», 2018 r. (Kurunckas O.M.); MexayHapoaHas
Hay4YHO-TIpaKTUUYeCcKasi KoHpepeHIHsT «AKTyalbHble BOMPOCH! reojoruny», Crapsiii Ockot:
CO® MI'PH, 2019 r. (OKutunckas O.M.).

Iyoankauun

[To Teme paboThl ONYyOIMKOBAHO B OTKPBITOM nedatu 10 pa®oT, B TOM unciie 4 cTaThu B
pELEeH3UPYEMBbIX KypHallaX U3 CIKCKa, pekoMeHaoBaHHOro BAK.

Crpykrypa n 00béM padoThI

JluccepTranusi COCTOUT U3 BBEIEHNUS, IIATH IJI1aB, 3aKitoueHus. OHa conepxut 145 crpa-
HUI] TeKCTa, conpoBokaaercs 11 Tabnumamu, 57 pucyHkaMu U CIMCKOM JuTepaTypsl u3 110
HaVMEHOBAHUM.

BaarogapuocTu

ABTOp HCKpeHHE 0J1arolapeH CBOeMYy HayqYHOMY PYKOBOAMTEINIO Mpodeccopy, J0KTOpYy
reojioro-MuHepanorudyeckux Hayk JI.A. SIpr, 3a BHUMaHue K HacToOsIIeH paboTe C MepBbIX
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IHel e€ HalmMcaHus, IEHHBIE COBEThI, 00CYXIEHHUS 1 MOPAJIbHYIO MOAIEPKKY B TEUCHUE pa-
OOTHI HaJ| AMCCEepTAIUEH.

OT0 uccienoBaHUE OBUIO OCYIIECTBICHO MPH 3HAYUTENIBHOW MOMOINU TMpodeccopa,
JOKTOpa reojoro-MmuHepaiorunyeckux Hayk M.K. @omenko. ABTop BeIpaxkaeT emy IiyO0oKyIo
MPU3HATETHHOCTb.

ABTOp Onarofaputr COTPYAHHKOB Kadenphl HMHKEHEPHON T'€OJOTUU U THIPOTEOIOTUN
MI'PU 3a KOHCTpYKTHBHBIE U TOJe3HbIEe coBeThl. Oco00 xouercs mobiarogaputhb mnpodec-
copa, IOKTopa reosoro-muHepanornyeckux Hayk B.B. Ilenauna 3a ero noopoxenatenbHOe
OTHOIIIEHHE BO BpeMsi 00yueHusi aBTopa B acniupaHrype, aoueHnta B.B. HeBeueps 3a aktus-
HYIO HOJJEP>KKY MIPH MOATOTOBKE PabOTHI.

OOunme coOpaHHOTO apXMBHOTO MaTepHaia ObLI0 Obl HEBO3MOXKHO 0€3 y4acTusi co-
tpyaaukoB OO0 HTIL HOBOTOK, AO «Croitnerckuit 'OK», AO «Jlebenunckuii 'OK».
3a oKa3aHHOE COJEHUCTBHE aBTOP BHIPAXKAET UM CBOIO MPU3HATEIHLHOCTD.

BBEJIEHUE

Kenezopyanas npoBunuus Kypckoit marautHoit anomanuu (KMA) pacnonaraercst B
XOPOII0 OCBOEHHOM L{eHTpanbHOo-UepHO3eMHOM paiioHe eBponerckon yactu Poccuu. 1o 3a-
racam M KauecTBY Kelle3HbIX pya Oacceiiny KMA npuHaanexuT Beayliee MecTo B MUpeE, 10
no0bIue — nepoe Mecto B Poccun. IHTEHCMBHOE IIPOMBIILITIEHHOE OCBOEHUE JKEIE30PYAHOIO
6acceitna KMA navanock B 60-x . [Inmomaaes Kypckoit marautHo# anomanuu - 125000 KMZ.
B npenenax benropoackoii o6mactu gokanuzyercs 18 mecTopoxaeHuit u 26 nepcrneKTUBHBIX
yuyactkoB KMA, kpynHelumMu u3 HUX sBisitoTcs: Jlebennnckoe n CTOMIEHCKOE MECTOPOXK-
neHus. B HacTosmiee BpeMs 3TU MECTOPOXKICHUS pa3pabaThIBalOTCS OTKPBITHIM CIIOCOOOM.

I'JTIABA 1. UICTOPUYECKUE ACIIEKTHBI U3YUYEHUSA
HWHXEHEPHO-I'EOJIOTMYECKHX YCJOBHUM )KEJE3O0PY THBIX
MECTOPOXKIEHU KMA
I'eonornueckue uccnenopanus Kypckon MarauTHoM aHoManuu Hadaimuch B XIX Beke

IL.b. Unoxonuesbim, U. H. CmupHoBbIM, J. E. Jlelictom. XX Bek [1918-1926] no uzyuenuto
KMA cBs3an ¢ umenamu ILI1. JIazapesa, . M. ['yOkuna, A.Jl. Apxanrensckoro, B. U. Jly-
guikoro, H. Y. Ceuransckoro, A.Il. Kapnunckoro, K.II. Kozuna, N1.1. KopOyma u np.
[1950—-1955]. T'unporeonornyeckue U MHKEHEPHO-TEOJIOTHUECKUEe ucciaeaoBanus Ha JleOe-
JTUHCKOM U MUXaiI0BCKOM MECTOPOXKICHUSX TIOTBEPAUIN PEHTA0CIIEHOCTh OTPaOOTKH 00-
raThIX PyJ OTKPBITHIM CIIOCOOOM, MOCJIE Y€TO NapalieIbHO C pa3BeIKON HauaaoCh NPOEKTH-
poBanue pyaHukoB. OOmiee reoioruueckoe pykoBoACTBO ocymiectsisiiock M.H. Jlo6po-
x0ToBbIM [1955-1959], N.H. Jleonenko [1958-1980], B.II. Imutpuessim [1980-1990]. B
TpEXTOMHOM MOHOTpaduu «I'eonorus, ruporeoorus 1 xeie3Hble py bl 6acceitna Kypckoit
MarauTHoM aHomanum» WM.H. Jleonenko u nap. [1972] nana cpaBHUTENbHAs OLIEHKA KeJle-
30pyaHbIx MectopoxaeHniit KMA. 3a nocnenyromue 30 J€T B perioHe BBIIOJIHEHBI OIPOM-
Hble 00BEMBI T€0JIOrOPa3BEOUYHBIX paboT, B pe3ysbTaTe KOTOPBIX OCYIIECTBIEHA KOJIUYe-
CTBEHHAs U KaU€CTBEHHAs OLIEHKAa MUHEPAJIbHO-ChIPbEBOM 0a3bl AEHCTBYIOLIUX TOPHOAOOKI-
Baronux npeanpustuit u Bcero perunona KMA. IIporao3upoBannio KauecTBa MarHeTUTOBBIX
Py ¥ KOHIIEHTpaTOB mocBsiieHbl padoTel B.I1. Opnosa, B.I1. JImutpuesa. O6001eHueM u
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cUCTeMaTH3alMell MaTepHUalioB MO KeJIe30pyIHbIM MecTopoxaeHusiM KMA 3anumanuch
JLIL. Turynos, M. U. Bepurun, B.JI. Konu6a6a, B.C. Yassuenxko, J[.M. Edpemos, C.5. Men-
BenoBckuit u ap. [1991-1997]. H.A. Coko10BbIM ObLIH COCTaBJIEHBI T'€0JIOT0-7KOHOMUYECKHIE
KapThI KeNe30pyaHbIX MecTopokaeHnii KMA macmrada 1:500 000 [1998].
NHXeHEepHO-T€0I0TUYECKUE U TUAPOrE0JIOTMYECKUE YCIOBHS PErHOHa U3Yy4alIUCh I10-

MyTHO C Pa3BEJIKOW U IKCIUTyaTalMeil KeIe30pyIHbIX MECTOPOXKACHUN U BOJOCHAOKEHHEM
HaceneHus. B konie XIX Beka C. H. HUKuTHHBIM B ITpo1ecCce KOMIUIEKCHBIX UCCIIEIOBAHUIA
COCTaBJIEHBI IEPBBIE THPOre0JOrNYECKUE KapThl OacCeiiHOB KpynHbIX pek EBpomneiickoii ya-
ctu Poccun. I'niporeonornyeckoi cb€MKOM Mo pexe OCKOI, U3y4eHUEM MOI3EMHBIX BOA IS
BOJIOCHAOKEHHS B MOCIEPEBOIOIIMOHHBIN nepuo/] 3anuManuch H.A. Pycunosuy, /1. B. 3a-
xapesuy, H. JI. Kpacnonesues, B.1. 'ony6kosuy, B.H. I'paBueBa. Pe3ynbpTaTsl IepBbIX rUi-
POT€0JI0rNYECKUX UCCIEA0BAHUIN Ha )KEJIE30PYAHBIX MECTOPOXKACHUAX B CTapOOCKOIBCKOM
u ['yOxuHCKOM paiioHax ocBemieHsl B paborax H.A. Pycunosuua, B.T. Bapdonomeesa, A. 1.
Hpyxununa, C. I'. JIudbepenko, B. @. Ilpeiica u ap. CoctaBneHrneM OnMcaHus BOJOHOCHBIX
TOPU30HTOB C UX KOJIMYECTBEHHOM M KaUeCTBEHHON XapaKTepUCTHUKAaMU, BOTIpocamMu (popmu-
POBaHUs, MUTAHUS U Pa3Tpy3ku moa3zeMHubIx Bo 3anumanuck E. K. EBrexosa, T. E. ['opbar-
kuHa, U. I1. AnomionoBa, A. A. AnekceeB, A. A. Apxunona, T. A. Muxaiinosa u ap. [1955-
1957]. O. K. Akundeena, 1. O. 3axapos, 1. A. Usanosa, B. Il. UmyTun coctaBuim nHxe-
HEPHO-T'€0JIOTMYECKUE U THIPOre0JIOTHYECKUE KAPThI C TOAPOOHOM XapaKTEPUCTUKON MHXKe-
HEPHO-T€0JIOTUYECKUX U THIPOTE€OJOTUUECKUX YCIOBUH JKEJIE30pYAHBIX MECTOPOKICHUN B
pe3ysabpTaTe cpeAHEMACIITaA0OHON HHXKEHEPHO-T€OJIOTHYECKON ChEMKH paiioHa.

Bonbmioit pazmax moay4Yuiin reojaoropa3BeaodHbie paboThl HA MECTOPOKACHUSAX U UC-
CJIEIOBAHMS, CBA3AHHBIE C OMPENEIEHUEM TOPHO-TEXHUYECKUX U SKOHOMHYECKUX YCIOBHI
pa3paboTKU. YiKe Ha CTAJANH JETAIbHOM Fe€0J0rnYecKOil pa3BeIkK1 BEyTCs THIPOreooruye-
CKHE€ U UHKEHEPHO-T€0JIOTHYECKHUE UCCIICIOBAHUS KPYITHEUIIIMMHU OPTaHU3aLUsIMU CTPAHBI —
BCEI'MHI'EO, nmaptusimu ['YIP, ®I'VII « BUOI'EM». M3yuenneM ruiporeoiornyecKux u
MHKEHEpHO-Treosiornueckux yciosuit KopoOkoBckoro, Jlebeaunckoro, CToHneHCKOro u
JIPYTUX JKEJIe30pYAHBIX MecTopoxaeHui 3anumanucek ®@. B. Kynu6ab6a, E. H. Kypnsaua, B.
®. Hebocenko, M. H. Bypmuctpos u np. [1951-1958]. U3yuenne CTapooCKOIBCKOTO Kee-
30pyAHOTO paiioHa BeinonHsIa JlabopaTtopus runporeonornyeckux npodiem AH CCCP nox
pykoBojacTBoM B.A. IIpukionckoro u N.B. Ilonosa [1952]. UcciienoBanusamMu 10pCKUX MO-
pon 3anumanace W.I'. KopobanoBa [1963]; mibIByHHOCTbIO OATCKHUX M BOJIKCKHX IECKOB
N.M. T'opekosa [1957]; nedopmanmsimu otkocoB kapsepa B.H. CinaBsinos [1953]. UHCTHTY-
ToM «DyHIAMEHTIIPOEKT» COCTaBJIEHO 3aKII0YEHHE 00 HMHKEHEPHO-T€OJIOTMYEeCKUX YCIo-
BUSX y4acTKa CTPOUTEILCTBA NEpBoi ouepean Jlebenunckoro kapbepa [B.A. ['yuH, 3.A. 3a-
6a3HoBa u p.1957]. Tunuzanus nHKEHEPHO-TEOJIOTHIECKUX YCIOBUH MPU OTKPHITOM pa3pa-
O0TKE JKeNe30pYAHBIX MecTOpokieHni B CTapooCKOIbCKOM paiioHe Obuia BoimonHeHa H.K.
[Tapdenronsi, U.B. ITonosim, H.H. CrnaBstHoBbIM, @.B. Kynu6aboii u ap. Ucnsiranus ¢pu-
3MKO-ME€XaHU4YeCKuX cBOMCTB nopoj nposoawia rpynna BCEITMHI'EO nox pykoBoacTBOM
B.J. dyoposkuna [1962,1964]. MoaenupoBaHuI0 THAPOre0I0rnuecKux mpoieccoB Ha 9BM
nocsiiera padora M.H. [Tasnosa [BCETMTHI'EO, 1959], B koTOpO#1 MOABEACHBI HTOTH TH/I-



POT€0I0rnYECKOro U MHXKEHEPHO-reosiornueckoro nuzydenus reppuropun KMA. b.H. Cmup-
HOBBIM [ 1966] cocTaBieHa kapTa THAPOre0J0TMYECKOr0 pailOHUPOBAHMS, Ha KOTOPOM BbIJIE-
neHo 10 ruaporeoIornYecKux paioHOB MO JTUTOJIOTO-CTPATUTPAGUIECKUM OCOOCHHOCTSIM U
pacrpoCTpaHEHUIO OCHOBHBIX BOJOHOCHBIX TOpH30HTOB. MHCTHTYTOM BUOT'EM OBLTH BBI-
MOJIHEHBI uccaeaoBanus [ 1972-1985] mo BusHUIO Ha PEXXUM MOJ3€MHBIX BOJI OCYIIIEHUS Ke-
TIE30PYAHBIX MECTOPOXKICHUMN, IEHCTBYIONINX ¥ IPOSKTUPYEMBIX BO03a00POB; OIICHEHKI BO-
JOTIPUTOKH B IPEHAKHbBIE CUCTEMBI KapbepoB Jlebenunckoro u CroitsieHcKoro, puibTparu-
OHHBIE MOTEPH U3 XBOCTOXPAHWIIMII, BHIMOJHEH MPOTHO3 MU3MEHEHHUS peXuMa (QUIbTpaLUU
noa3eMHbIX BoJ 10 2018 r. JlaGopartopuel nHxeHepHOU reosioruu U reoMexanuku [DIVII
«BUOT'EM», 2003] ocyiiecTBIEH aHAINU3 yCIOBUN (DOPMUPOBAHUS U IKCIUTyaTallud OOPTOB
JlebeanHCKOrO Kapbepa U OTBAJIOB, UX I€OAMHAMUYECKOTO COCTOSIHUS U CTENEHU YCTOWYH-
Boctu. ['omGeprom WN.T'., Pomrane A.A. u ap. [[EOJIMHK, 2001] co3nana ruaporeonoruye-
ckasi ”H(QOPMALIMOHHO-KOMITBIOTEPHASI CUCTeMa JJIS YNpPaBICHUs] HEApaMu Ha TEPPUTOPUH
KMA benropoackoil 006JacTd U1 aBTOMaTU3MPOBAaHHAS CUCTEMA MOHUTOPUHIA MOJ3EMHBIX
BoJ B 30H€ BiusiHuA Jlebenunckoro ['OKa.

KpynHb1i BKI1aJl B METOOUKY DKOJIOTUYECKUX UCCIENOBAHUIN Ha XKEJIE30PYIHBIX MECTO-
poxknennsix KMA Buecna [1980-2000] KomrmekcHas 1abopaTtopusi THAPOTCOJOTHH U TIPH-
pomocOeperaronux ropubix Texnosnoruiit PAH non pykoBonctBom B. A. Muponenko. Mo-
Horpadus «IIpobremsl runporeoskonorun» B 3-x T Muponenko B.A. u p. [1998—1999] no-
CIIy’)KHJIa OCHOBOHM [UIsl pelIeHHs] SKOJOrMYeckux mpobiem. BompocaMm panmoHanbHOTO
HEJIPOTOJIL30BaHUS MOCBAIIEHB paboTel: A.M. badoma [HUM KMA, 2002]; A.H. Iletuna
[benl'Y, 2010]; U. U. Itudanora, A. U Cmpunonosa, E. H. Tpodhumosoii u mp.

I'/TIABA 2. IPUPOJHO-TEXHUYECKASA CUCTEMA
«KEJIE3OPYIHBIE MECTOPOXKIAEHUS»

C konna 70-x rogos XX cToseTHsl B OTEYECTBEHHYIO I'eoorndeckyto jureparypy I'.K.
Bonpapukom ObUT BBEJIEH TEpMUH «pUpoaHo-TexHudeckas cucrema» (IITC) ¢ nensbto pac-
CMOTpPEHUS BO3HUKAIOUIUX B IIPOLECCE B3aUMOAECHCTBHUS YEI0BEKa U MIPUPOJIbI 0COOBIX 00pa-
3o0BaHui — cucteM. «IITC — 310 0cOOBIE LIEIOCTHBIE CUCTEMBI, YIIOPSAI0OUEHHbIE B IPOCTPaH-
CTBEHHO-BPEMEHHOM OTHOILIEHWM COBOKYIHOCTh B3aMMOJEHCTBYIOIIMX KOMIIOHEHTOB,
BKJIIOYAIOIINX OPYAMS, IPOLYKTBI U CPEACTBA TPYAA, CCTECTBEHHBIE M UCKYCCTBEHHO MU3MeE-
HEHHBIE TIPUPOIHBIE TeJa, a TAK)KE €CTECTBEHHBIE U HCKYCCTBEHHBIE HH(POPMALIMOHHO-3HEP-
reTuyeckue nojs». B mporecce P yHKIMOHUPOBAHHS TOPHOI00BIBAIOIIEE TPEATNPHUATHE (TEX-
HUYECKas CHUCTEMa) B3aUMOJEHCTBYET ¢ KOMIIOHEHTaMU MPUPOIHOM Cpebl: TOPHBIMH Mac-
CUBAMM M PYIHBIMHU TEJlaMH, BOAOHOCHBIMU TOPH30HTAMHU U ITOBEPXHOCTHBIMHM BOJHBIMH
00BbEKTaAMH, IOYBAMH, PACTUTEIBHOCTBIO, IPU3EMHBIM CII0€M aTMOC(EPHI, COJIHEYHOH 3HEp-
ruei.

N3yueHne OCHOBHBIX KOMIIOHEHTOB IPHUPOJHO-TEXHUUECKUX CHCTEM M BEIIECTBEHHO-
HHEPreTUYEeCKUX CBsI3eH MEKIy HUMHU, ONPEIEISIOINX UX CTPYKTYpY (puc.1), ClyX UT OCHO-
BOM ONTHMAJILHOTO YIPABIEHUS TOPHOAOOBIBAIOIIKM MPEANPUATUEM, A TAKKE NPOrHO3a U
KOHTPOJISI COCTOSIHUSL IPUPOJHON CPEbl, YTO, B KOHEYHOM CUETE, CIIOCOOCTBYET palliOHAb-
HOMY PKOHOMHYECKH U SKOJIOIMUYECKU COATaHCUPOBAHHOMY OCBOCHUIO IIPUPOAHBIX PECYPCOB
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B TOPHOJOOBIBAIOIIMX palioHaX. [ OpHONPOMBINIIIEHHBIE MPUPOTHO-TEXHUUECKUE CHCTEMBI
10 CBOGH CTPYKTYpPE MOTYT OBITh PA3IMYHOTO YPOBHS: SJIEMEHTAPHOM, TOKAJTbHON U PEeruo-
HaJIbHOM.
PEI'’MOHAJIBHAS TITC
KYPCKAS MATHUTHASI AHOMAJIMSA

1

JIOKAJIBHAS IITC
KEJIE3OPY IHBIE MECTOPOXIEHWA

l

SJIEMEHTAPHBIE IITC
KAPLEP, IPEHAXHAA CETD,
XBOCTOXPAHWJIMIIE

!

30HbI DJIEMEHTAPHOM IITC
BOPTA KAPLEPA, IEITPECCMOHHA A
BOPOHKA, KVIIOJI PACTEKAHUA
Puc. 1. Crpykrypa IITC KMA

JlokasibHast IpUPOIHO-TEXHUYECKAs cucTeMa « Kene30pyJTHOe MECTOPOKIEHUEY BKITIO-
yaet sreMeHTapHbie [ITC: kapbep, XBOCTOXpaHWIIHILE, THAPOOTBAJ, OTBAJ BCKPBIIIHOM TO-
poJibl, IpeHa)kHas ceTh. Kaxnas u3 HUX XapakTepU3yeTcsi CBOUMU OCOOEHHOCTSIMU (PYHKITH-
OHHMPOBAHUS: HAOOPOM IPOLIECCOB, UX PEKUMOM U YHCIEHHBIMU XapaKTEPUCTUKAMMU.

Ocobennoctu ctpoenus cepbl B3aumoaeiicTeus. bopra kapbepa Ha KOHEUHBIX KOH-
Typax (GopMHUpYIOTCS B TOJIIE NOPOJ OCAJOYHOTO YeXJa, 3aJerarollero Ha HEpOBHOM IO-
BEPXHOCTH MOPOJI PYAHO-KpUCTAIITMYEecKoro ¢pyHnaMenta. OyHIaMEHT MPEACTaBIEH KOM-
MJIEKCOM MeTaMOp(hUUECKUX MOPOJ JOKEMOpHs: kene30pyaHoil kopoOokoBckoil (PRiks) u
nojAcTHiIaroniel e€ croiieHckol ceutoil. KopobkoBckas cButa, cpeHeid MomHocThio 600 M,
SBJISIETCA MPOJYKTUBHOM, CIIOKEHA MPAKTUYECKU TMOJHOCTHIO JKENE3UCTHIMU KBAapIUTAMHU.
[ToBceMecTHO 1O MOpoAaM JTOKEMOpHs pa3BUTa KOpa BBIBETPUBAHUS, MOIIHOCTBIO 5-50 M.
CnoKHOCKIaA4aThll PYAHO-KPUCTAUIMYECKUA (PYHIAMEHT pa3OUT KPYIMHBIMU TEKTOHUYE-
CKMMU HapyIIEHUSMH Pa3InyHOTO Mopsaka. Pa3pbiBHbIE HapylIeHUs KpyTonajgatouiue (65—
85°). 30HBI TEKTOHUYECKUX HAPYILIEHUN MTPEACTABIIAIOT COOOM 30HBI IPOOIEHMS, pacCiaHIIe-
BaHUSl C TJIMHKOM TPEHHMsI, CONMPOBOXKIAIOUINECS 30HAMHU IOBBIIIEHHONW TPEIIMHOBATOCTH.
Paccrosaus mexnay 3oHamu HapymieHui kosebsiercs ot 30 mo 150 M. Cuctemsl TpeniuH u
Pa3IOMOB PACWICHSIOT PYyAHO-KPUCTAIUIMYECKUI MaccuB Ha Oioku. [lo ctenenu cTpykTyp-
HOM HapyIIEHHOCTH MAaCCHUB XapaKTEPHU3yeTcs KaK KPYIMHO-, CpeAHEOI0UHBIH, B KOPE BHIBET-
pUBaHUS — KaK MEJIKOOJIOUHBIH.

Ocanounslii 4exoi1, MOIHOCTbI0 90—200M TpaHCTPECCUBHO MEPEKPBHIBAET KPUCTAILIN-
yeckue nopojsl. OH CI0KEH rOPU30HTAIBHO 3aJIeTal0IMMH YETBEPTUYHBIMU TI€CUaHO-TIIH-
HUCTBIMU OTJIOXKEHUSIMU (MHXKEHepHO-reosiornyeckuit anemedt (MI'D) 1); maneoreHOBIMU
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TJIMHUCTBIMHM OTJIOKEHUSMH KueBCcKoW cBuThl (UI'D 2); meprenpHO-MenoBor (popmanmeit
cantoHckoro (UT'D 3) u typon-koHbsikckoro (UI'D 4) spycoB; neckamu aab0-CEHOMaHCKOTO
apyca (UI'D 5); ropckumu necuano-aneBputucteiMu (UI'D 6) 1 1€BOHCKMMU TNIMHUCTBIMHU
otnoxxenussimu (UI'D 7), BHIMONHAIOMIMME [TyOOKHE BMaJAWHBI B KpUCTAJUIMUYECKOM (yHAa-
MeHTe 1okeMOpus. UI'D 8 — 0Ti10KeHMSI KOPbI BBIBETPUBAHHUS.

Hanuuue 4yeThIpéX BOJOHOCHBIX T'OPU30HTOB: PYAHO-KPUCTANIMYECKOTO, allb0-CEHO-
MaHCKOT'0, TYPOH-KOHBSIKCKOTO, YETBEPTUYHOTO CYIIECTBEHHO OCJIOKHSET YCIOBHS pazpada-
ThIBaeMbIX MecTopoxkaeHuil. Ocymenue Jlebeaunckoro u CTOMIEHCKOTO KapbepoB OCY-
HIECTBJISETCS. KOMOMHUPOBAHHBIM CITIOCOOOM C IPUMEHEHUEM OI3€MHOTO ¥ BHYTPUKAPhEP-
HOTO JIPEHAKHBIX KOMIUIEKCOB.

I'TABA 3. TEHAEHIIUU UBSMEHEHUA KOMIIOHEHTOB
THAPOTEOJOTMYECKHUX YCJOBUM KEJE30PYJIHBIX
MECTOPOXJIEHUM ITPU JJIMTEJBbHOM PABPABOTKE OTKPBITHIM
ClIOCOBOM

DKcIutyatanusi TOpHOAOOBIBAIOIINX MPEANPUATUI 00ycClIaBIMBaeT U3MEHEHHUE THAPO-
JMHAMHUYECKOTO PeXUMa U XUMUYECKOTO COCTaBa MOJA3eMHbIX Boj. OlieHKa BIUSHUS QyHK-
MOHUPOBAHUS 0OBEKTOB HA T'€OJIOTUYECKYIO CPEAY BBIIIOJIHEHA HA OCHOBAaHUU HH(OpMaIH,
MoJly4yaeMoi B paMKax MOHUTOpHHTA. [lapameTpaMu HaOIIOCHUS SIBISIOTCS: YPOBEHHBIN pe-
UM TIOJI3€MHBIX BOJI, UX XMMHUYECKHI COCTaB, COCTOSTHUE OOPTOB KapbepoB.

I'unporeonoruueckue ocodennoctu Jledbenunckoro u CTOMIEHCKOTO XKEIe30PYIHBIX
MECTOPOKICHHUU ONPEIEIAIOTCS HAIMYUEM JIBYX BOJIOHOCHBIX KOMIUIEKCOB: PYAHO-KPUCTAJI-
JMYECKOT0 HAMOPHOT0, MOITHOCTHIO 20—50M 1 HaBIOPCKOTO Ge3HANOPHOT0. ApXen-npoTe-
po3oiickuil BojoHOCHbIN KomIuieke (AR-PR) npuypoueH k Kope BbIBETpUBAHUS — BEPXHEMN
TPEIIUHOBATON 30HE METaMOP(PHUECKUX KPUCTAIUTMUECKHUX MOPOoJ] (OOraThiM KeJIe3HbIM PY-
J1aM, JKeJIe3UCThIM KBapIMTaM, KpUCTAJUIMYECKUM CIaHIaM, THeHcaM U TpaHUTaM), XapaKTe-
pHU3YETCs HAIIOPHBIM PEKUMOM, ITbE30METPUUYECKHUN €TI0 YPOBEHb, IPAKTUYECKU COBIIAJAECT C
YPOBHEM NOJ3EMHBIX BOJ HAABIOPCKOIO KOMIUIEKCA, 3a CUET KOTOPOTO OCYILIECTBIISIETCS €r0
nutanue. Haapropckuili BOAOHOCHBIN KOMILJIEKC MPUYPOYEH K aTb0-CEHOMAHCKHUM TeCKaM U
TYPOH-KOHBSIKCKUM MEPIeJIbHO-MEJIOBBIM OTJIOKEHUSIM. [ MapaBInuecKu CBsI3aHHBIE allbO-
CEHOMAHCKHUI U TYpOH-KOHbSIKCKHI BOJOHOCHBIE TOPU30HTHI IPEJICTABISIOT COOON €IMHYIO
OE3HAMOPHYIO CHUCTEMY, MHUTAIONIYIOCS 32 CYET aTMOC(EPHBIX 0CATKOB, HHPHIBTPALUU U3
peku OcKoiel] ¥ TEXHOT€HHBIX BOJOEMOB (XBOCTOXPAaHUIIUIL, THIPOOTBAIOB, OTCTOMHUKOB).
30HaMu Pa3rpy3KH BOJIOHOCHOTO KOMIUIEKCA SIBJISIOTCS APEHAXHbIE CUCTEMBI, OOpTa Kaphb-
epa, B0J103a00pbl U JosinHa peku Ockoe.

JlnutenbHas paboTa apeHaxHbix cucteM B nipeaenax [1TC «Jlebequnckoro u CrolineH-
CKOTO JKeJIe30PYAHBIX MECTOPOXKICHUIN» (HOPMUPYET CIHOKHBIN TEXHOTCHHBINA THAPOAMHAMHU-
YECKUM PEeKUM MOJ3eMHBIX BOJI (pHC. 2). OH 00yCIIOBIIEH: — pa3BUTHEM JEIIPECCUOHHOMN BO-
ponku auameTpoM 10 kM u rinyOuHOM 43 M, MacTadbl KOTOPOW BO3PACTalOT MO Mepe yBe-
JUYCHUS Pa3MEepPOB Kapbepa;, — (GOpMHUpPOBAHUEM KYIIOJIa PACTEKAHUS O] XBOCTOXPAHUIIU-
IEM, BBICOTOM 25 M, IMHAMUKA KOTOPOI'O TECHO CBSI3aHa C IPOU3BOICTBEHHBIMU IIPOLIECCAMMU
J0OBIYM TOJIE3HOT0 MCKOMIAEMOr0; — U3MEHEHHUEM TPaJHEeHTOB HAMoOpa U CKOPOCTH MOTOKA,
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HapyIIamIrMe MEXaHU3M B3aUMOJCHCTBUS MEXKy TBEPAOW M KHUIKOM (a3oit; — cpaboTKOM
CTaTUYECKUX 3al1aCOB MOJA3EMHBIX BOJ M BOBJICUEHHUEM B IIPOLIECC AUHAMUYECKUX PECYPCOB,
3aBUCSIIMX OT HOBBIX 00JIACTEH pasrpy3Ku U YCIOBUI MUTAHUS, B TOM YHCIIE QUIBTPAIIUOH-
HBIX IOTEPb U3 XBOCTOXPAHUJIUIIL; — IEPETEKAHNEM BOJ] U3 BEPXHUX TOPU30HTOB, BCIIEICTBHE
CHIKEHUSI HAIlOpOB MOA3EMHBIX BOJ Ha KOHTYypax Kapbe€poB, UTO NPHUBEIIO K YACTUUYHOMY
OCYIICHHIO MEPreIbHO-MEeI0BON (hopMaIIHH.
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Puc. 2. CxemaTudeckuil THAPOTCOJOTUYECKHI pazpe3 mo JleOenMHCKOMY KaphbepHOMY IIOJIIO:
1 — COBpPEMEHHBIE aJUIIOBUANIBHBIE OTJIOKEHUS: NIECKH, CYNECH, CYTVINHKH; 2 — HI)KHE-BEPXHE-4eT-
BEPTUYHBIE OTJIOXKEHHUS, JACTIOBUIA: MECKU, CYNECH; 3 — HEOTeH-aleOreHOBbIE OTIOKEHHUS MOJITaB-
CKOM CBUTBI: IIECKU; 4 — [1aJICOT€HOBBIE OTJI0KEHUSI KHEBCKOW CBUTHI: TJIUHBI; ) — TYPOH-KOHBIKCKHUN
spyc: OenbIid MUCYUN MeJ, Meprenb;, 6 — alb0-CEHOMAHCKHM sSPYyC: TJIAYKOHUT-KBAPIIEBhIC MECKH;
7 — IOPCKHE OTJIOKEHUS 0aT-KeJIOBEHCKOro sipyca: TJIUHBI, aJIeBPUTHI, IECKH; 8 — I€BOHCKHE OTI0XKE-
HUS: TJIMHBI C TIPOCIIOSIMU TecKa; 9 — apXeHWCKO-POTEPO30HMCKIE KPUCTATUITMUECKHE 00pa30BaHMS:
JKEJIE3UCThIE KBAPLUTHI, TPAHUTHI, CIaHIbl; /() — Teonoruyeckas CKBaxxuHa u €€ Homep; / / — ypoBeHb
BOJIOHOCHOT'O TOPU30HTA: d - B €CTECTBEHHOM COCTOSIHUH (710 pa3pabOTKU Kapbepa), O - B HapyIIeH-
HOM cocTostHun Ha 01.01.20151; /2 — teno qamObl XBOCTOXpaHUIIHINA

Ha reppuropuun I[ITC «Croitnenckoro u Jlebe1MHCKOro KapbepoB» YETKO MPOCIIEKUBA-
€TCsl TPEH/| CHI)KEHMSI YPOBHS MO/I3EMHBIX BOJ B pailoHE JeNpecCUOHHON BOPOHKH (puc. 3).
Ha repputopun Croinenckoro mecropoxaeHus ¢ 2004 mo 2015 B pyHO-KpUCTALIMUYECKOM
BOJIOHOCHOM TOPU30HTE YPOBEHb CHU3HJICS Ha 8,7 M, B a1b0-CEHOMAaHCKOM BOJJOHOCHOM TO-
pU3O0HTE Ha 2,2 M, B TYPOH-KOHbSIKCKOM — 1,3 M.

3amMelieHre NPUPOAHBIX OJ3EMHBIX BOJI TEXHOT€HHBIMU SIBJISI€TCS] HEIPEPBIBHBIM IPO-
[IECCOM Ha BCEM MPOTSHKEHUU PAOOTHI TOPHOPYIHBIX MPEATIPHSITHIA.
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Puc. 3. I'padvikn n3MeHeHHs ypOBHEH MOI3EMHBIX BOJ] aJIb0-CEHOMAHCKOTO (CKBakuHa 9") n
TYpPOH-KOHBSIKCKOTO (CKBakuHa 15") BomoHOCHBIX Topu30HTOB (2006-2015 rr.)

[Togzemubie BOABI anb0-CEHOMAHCKOTO BO3pacTa IMIUPOKO HCHOIB3YIOTCSA AJIS XO3s5H-
CTBEHHO-IIUTHEBOT'O BOJOCHAOKEHHSI M U3BJICKAIOTCA IPEHAXKHBIMU cucTeMamu JleGenanH-
ckoro u CTOMJIEHCKOTro KapbepoB U BoJ03a00pamMu. OCHOBHBIMU UCTOYHUKAMU 3arpsi3HEHUS
noa3emMHbIX BoJ (I1B) ABisitoTCs: NpyAbI-OTCTOMHUKH, OTBaJIbl, XBOCTOXPAaHWIMILA U 1p. u-
HaMUKa MOJ3€MHBIX BOJI IIPU BCKPBITHH U JJIUTEIBHON pa3paboTKe MECTOPOKICHUS SBIISETCS
OJIHOM W3 MPUYUH, BIMSIONIMX Ha U3MEHEHUE XUMUYECKOro coctaBa. CHIKEHHE YpOBHEU
MOA3EMHBIX BOJl, U3MEHEHUE TPAJUEHTOB HAIOPAa U CKOPOCTH MTOTOKA HAPYLIAIOT MEXaHU3M
B3aUMOJICHCTBUS MKy TBEPIOH | KUKoU (ha3oil. [IpodbiemMe n3MeHEeHNUsST XUMHUYECKOTO CO-
CTaBa MOJ[3EMHBIX BOJI ITOJI BIIMSHUEM UCKYCCTBEHHBIX (PAKTOPOB HA OCHOBE TEOPUU U METO-
JIOB MaccorepeHoca, mocBsieHs padbotel Muponenko, H.H. Bepuruna, B.M. I'onsabepra,
B.M. Illectakora, C.P. KpaitnoBa, B.M. IlIBena. PazpaboTka xene30pyaHbIX MECTOPOXKIIC-
HUM PUBOAUT K BO3PACTAHUIO KOHLIEHTPAUUHA HOPMHUPYEMBIX KOMIIOHEHTOB 1 MUKPOKOMIIO-
HEHTOB B BOJIaX TYPOH-KOHBSKCKOTO U aJIb0-CEHOMAaHCKOT0 TOPU30HTOB. DTO CBSI3aHO C IO-
CTYIUICHHEM U3 OTBAJIOB, XBOCTOXPAHIIIHIIIL, 1aMO B TIO/I3€MHBIE BOJIbI «HOBBIX MUKPOKOMIIO-
nentos» (F-, Zn, Cr®", Ni, Co, B**, Cd, Mn, Mo, Pb, Al, Cu), 4T0 NpMBOJUT K HAPYIICHUIO
€CTECTBEHHBIX (PU3UKO-XUMUYECKUX PABHOBECUHN B CUCTEME «BOJIa — TOPHAs IOPOJIa — ra3
Y CO3JIaHUI0 HEPABHOBECHOTO COCTOSIHMSA. J[MHAMHMKa M3MEHEHUS XMMHYECKOrO COCTaBa C
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2004 1o 2015 rr. anp0-ceHOMaHCKOT0 BOJIOHOCHOTO FOPU30HTA MpHUBE/IeHA Ha pucyHke 4. B
MIpEeAeIIax KeJe30pyAHBIX MECTOPOKACHUMN CYIIECTBEHHOE BIMSHUE HA MUTPALlMOHHYIO I10-
JBKHOCTh KOMIIOHEHTOB OKa3bIBaeT >kene30. «['eoXuMuio xejne3a B MOJ3EMHBIX BOJAX
ONPENETAIOT CIEAYIOIINE €r0 CBOMCTBA: MaJlasi pACTBOPUMOCTb THAPOOKHUCH TPEXBAIIEHTHOTO
&KeJe3a U COCIMHEHHUM JBYXBAJEHTHOTO jKejie3a CO MHOTMMHU aHMOHAMH IOJ3€MHBIX BOJ;
CIIOCOOHOCTB K 00pa30BaHUI0 YCTOMUYMBBIX KOMILIEKCHBIX coenunenuii ¢ CO3%, SO4* u op-
rannyeckuM BeniectBom» [Kpaiinos C.P, Perxenko b.H, [lIsenr B.M]. Brienaunanue kap-
O0HATOB M3 KapOOHATHBIX MOPOJ (MMMCYUN MeJ, MEprelib KOHBSIK-TypOHA), HOHOOOMEHHAas
COpOIMs TIMHAMH IOPbl OTPAHUYHMBACT MUTPALMIO XKeje3a B KUCIOPOACOAepKaIIUX BoAaX U
MPUBOJUT K HAKOIUIEHUIO €ro B MOA3EMHBIX BOJAAX /10 3HAUUTEIbHBIX KOHIEHTpanui (37
MI/JT) B BOJIaX.

(mr/im)
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Puc. 4. /lunamuka N3MEHEHNS XHMHUYSCKOTO COCTaBa allb0-CEHOMAaHCKOT0 BOJOHOCHOTO
TOPU30HTA 10 CKBaXKHHE 9 '

JlnHaMIKa TEXHOTEHHOTO BOJIOHOCHOTO TOPH30HTA SIBIISIETCSI OJTHUM M3 OCHOBHBIX (hak-
TOPOB, ONPENEAIOUUX YCTOWYMBOCTh OOPTOB Kapbepa. I paAleHT u3MEeHEeHUs YpOBHS MOJ-
3eMHBIX BOJI B pe3yJjibTaTe padoT IpeHaKHON CUCTEMBI MPOBOLIMPYET pa3BUTHE CyPHO3MOH-
HOT'0 Ipolecca, NOATOIUIEHHE OTKOCA YCTYIIOB U UX Pa3pyLIeHHUE, NEPEKPhITHE YCTYIIOB Je-
(bopMUPOBaHHBIMU MAaCCaMHU.

I'TIABA 4. TEOAUHAMUYECKOE COCTOSHUE U CTEIIEHb
YCTOMUYUBOCTHU BOPTOB KAPHEPA

bopta xapbepoB, SBISSICH 30HAMHU U3MEHEHHOTO HAMPSKEHHO-e()OPMHUPOBAHHOTO CO-
CTOSIHUSI, HAXOJISITCS B TMOJIO’KEHUU BPEMEHHOTO PaBHOBECHS], HAPYIIAEMOT0 (PMIIbTPAIIMOH-
HBIMU TPOLIECCAMHU, BBIBETPUBAHUEM M CEHCMHYECKUM BO3IEHCTBHEM MAaCCOBBIX B3PHIBOB,
YTO MPOBOLMPYET MPOSBICHUE TPABUTALMOHHBIX MpoUeccoB. [I[pUunHBI U yCIOBUS HHXKE-
HEPHO-TE€0JIOTMYECKUX MPOLIECCOB, pa3BUBAIOLIUECS B X0/1€ G YHKIIMOHUPOBAHUS dJIEMEHTap-
Hoit [ITC «Kapbep» xene3opyaHbix MmecTopoxaenuii CroiieHckoro u JIebenuHCKOTO, Mpe/-
cTaBJieHbI B Ta0nuiel.
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Tabmuua 1. [TpuuuHbl ¥ yCIOBUS pa3BUTHSA WHXEHEPHO-TEOJIIOTUIECKIX MPOIIECCOB B XO/1€
¢ynkmmnonupoBanus anementapuoit [ITC «Kapbep»
(mectopoxaenusi CtoiisieHckoe u JIeGequHCKoe)

IIpouecc YcaoBust Iprnunnb MHocaencreust
Ocbimanus TpemuHoBatbie TpyHTHL: | BoiBeTpuBanue rpyH- | BeinosiaxxuBanue OTKOCOB,
— CBSI3HBIC U HECBSI3HBIC; | TOB; MEePEKPHITHE HIKHUX TLJI0-
— CKaJIbHBIE U TIOJTyC- B3pPBIBHBIC PaOOTHI B maaok yerynos. [lepma-
KaJIbHbIE Kapbepe HEHTHOE Pa3BUTHE
OOGpymieHus Hannuue noBepxHocTeld | YTJibl aJeHUs 1o- BrinonaxkxuBanue 0TKOCOB,
ocnabyieHus, 30H 1U3b- BEPXHOCTEH ocnalie- | MOJHOE WM YACTHYHOE
IOHKTHBHBIX HAPYIICHUH | Hus 6onbie 25-30°, MEPEKPHITUE HIDKHUX IIJIO-
Y TPEIIMHOBATOCTH, KOH- | TPEIMHOBATOCTH — manok ycrynos. Hauboss-
TaKTOB IOPOJI C Maje- 35-40° 1ast OmacHOCTb TS TeX-
HUEM B CTOPOHY Kapbepa HUYECKHUX CPEACTB U MEp-
COHalla
Onon3HeBon llecuano-enunucmoie N3menenus nanps- 3aBasbl, OMIOJI3HH, Aedop-
MpoILIeCC cpyHmbol. — HU3KUC JKEHHOT'O COCTOSHUA Mainuu 00pTOB, TIEPEKPHI-
NPOYHOCTHBIE CBOHCTBA | [yyirop: Hesaperyl- | THE YCTYIOB.
TIACTHHIHBIX TIMHHCTBIX poBaHHOCTb NOBepXx- | Hapymenue texnonorunye-
TPYHTOB; — YIJIbI
Najenns cioés Gopme | HOCTHBIX M TOA3EM- CKOT'O pUTMa, pa3pylicHue
yIUla BHYTPEHHETO HBIX BOJl; CHUYKEHHUE TPAHCIIOPTHBIX KOMMYHHU-
TpPEHUS. MIPOYHOCTHBIX Karui
CkanvHvle epynmuoi: CBOMCTB IPHU yBJIAXK-
HalIWMHAe NIMHKA TPCHUA, | HeHuu; reHepatbHBIC
Ziiiﬁ;ﬁ?;;ﬂe YTIIBI 32JI0KEHUS 6Op-
HAPYILICHNS, Majaomue | o0 Gombme 25-35
B CTOPOHY Kapbepa
[ToBepxHOCT- [TpubopTroBoif MaccuB ATMocdepHBbIe Paspymenue u noarore-
Has 3po3us CJIOKEH NECYaHO-TJIMHU- | OCAJKH U MOJA3EMHBIE | HUE YCTYIOB OTKOCA
CTBIMHM I'PYHTAMH BO/Ibl, CTEKAIOLIUE TI0
OTKOCY
OunbTpanu- IIecuaHo-rnuHUCTEIE N3menenue ypoBHs ITogronnexnue ycTynos u
OHHBIE TPYHTBI, IOJ3€MHbIE MOA3EMHBIX BOJI B p€- | UX YaCTUYHOE pa3pyliie-
nedopMaruu BOJIbl C TEXHOTE€HHBIM 3ynbTare paboT ape- | HHe, MEPEKPHITHE YCTYIIOB
TUAPOJUHAMUYECKUM pe- | HAKHOM CUCTEMBI neOopMUPOBAHHBIMHU Mac-
KUMOM caMu
Cyddo3sus: [IproTKOCHBII MaccuB I'mppocratnyeckoe u | Co3nanue ycaoBUM s
MeXaHu4ve- CJI0’KEH NIECKaMU; TUAPOJUHAMUYECKOE | PA3BUTHUS IPYTUX IPOLIEC-
cKasl, JaBJICHUE; COB: OIIOJI3HEH, OTUIBIBHH,
XUMUYECKas COJICPKUT PACTBOPUMBIE | BBILIEIAUYNBAHUE 00BasoB U Jp.
MOPOIBI (GUIBTPAIIMOHHBIM TI0-
TOKOM

AKTyaIIBHOCTB obecrneueHus YCTOﬁqHBOCTH MacCCHBa IIOPOJd B JTMHAMUKEC PA3BUTHUA T'OP-

HBIX paboT oueBuHA. OCOOEHHOCTH MHKEHEPHO-T'€0JI0THYECKUX YCIOBH, B TOM YHCIIE JIH-
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TOJIOTO-IIETPOrpadUYECKOro cocTaBa, PU3NKO-MEXaHUUYECKUX CBOMCTB, CTPYKTYPHON Hapy-
HIEHHOCTH, TapaMeTPOB €CTECTBEHHOTO MOJI HAPSKEHUN TPeOyIOT MHIUBUYaIbHOTO MO/-
X0J1a K MPOLECCY MPOTHO3a TIOBEIECHUS MAacCUBa MOPOJ MPU BCKPBITUM UX FOPHBIMM BbIpa-

6OTK3MI/I. ABTOpOM npeaiaracTcs alrOpuTM OIITHUMHU3AIUHU YIJTIOB 3aJIOKCHHA OTKOCOB (pI/IC
5).

PA3JEJIEHUE MACCHUBA I'OPHBIX ITIOPO/] HA UTK
Pa3INYAIOIINXCA TOPHO-TEOJIOTMYECKUMH YCIOBUAMU U
MEXaHU3MOM (OPMHUPOBAHUS TPABUTALMOHHBIX MTPOIIECCOB

4

NHKEHEPHO-I'EOJIOI'HYECKAS TUIIN3ALIUA BOPTOB
KAPBEPA B ITPEJEJIAX BBI/IEJIEHHBIX UT'K

U

BbIBOP PACYHETHBIX IIAPAMETPOB /IJISA YUCJIEHHOI'O
IMPOI'HO3MPOBAHMUA
COCTOSIHHSI OTKOCOB Kaphbepa

¢

OBOCHOBAHMUME " PEAJII/ISAHI/I{[ IF'EOMEXAHHUYECKHUX
MOJEJIEM
pacuéra yCTOHYMBOCTH OOPTOB Kapbepa

Puc. 5. Anroputm onTuMu3anuu yrioB 3aJ05KEHUSI OTKOCOB Kapbepa

OnemenrapHas [ITC «Kapsep CToinieHCKHID I€TUTCA Ha ABAa MHKEHEPHO-Te0I0ornye-
ckux komruiekca: Bepxauit MI'K-1 momuoctsio 10 90 M u Hwxkauit UI'K-2, MoHoCThIO 110
600 m. ITapametpsl pacuéta UT'K-1, c10KE€HHOTO PHIXJIBIMHU U MOJYCKAaJIbHBIMU IPYHTAMU:
IJIOTHOCTD, p; cueruienne, C; yrojl BHYTPEHHEro TPEeHUs, ¢ °;, MOJlyJlb YIIPYTOCTH, E; K03(]-
¢bunment Ilyaccona, u; koadduruent Gunbrpanmu, Kgp; Tpurpyska ot oTBayioB, Pyon. [1apa-
Metpsl pacuéra MI'K-2, npeacTaBieHHOro cKalbHbBIMU TpyHTaMu: p, C, ¢°, E, u, TpemHoOBa-
TOCTh U OPUEHTHPOBKA CUCTEM TPEUIMH MO OTHOLIEHUIO K O0pTaM Kapbepa, 6JI0YHOCTh Mac-
CUBa, aHU30TPOMUS MPOYHOCTHBIX CBOMCTB. THUIMH3aALKA OCAJOYHOrO uUeXja BBHIMOJHEHA C
y4ETOM T'€0JIOTHYECKOTO CTPOCHHUSI, TUAPOrE0JIOrHYECKUX YCIOBUM (BEIUYHHBI BOJOIPUTO-
KOB IO KOHTYPY Kaphepa ¢ y4€TOM BOJONPOBOAMMOCTH U Kp), PU3UKO-MEXaHHMUYECKHX
CBOMCTB I'PDYHTOB.

Ontummsanus ¢pyuakuorupoBanus [ITC MIIU 6azupyercs Ha COBPEMEHHON METOJ10-
JIOTUU pacuéTa yCTOMYMBOCTH OOPTOB Kaphepa.

A. OneHka ycTOHYHUBOCTH 0OPTa Kapbepa HA KOHEYHBIX KOHTYpax, ()OpMHPYIO-
muxcs B ToJie ocagounoro yexsa (MI'K-1). CtpykTypa reoMmexaHndecko Mojienu 0opra
Kapbepa B TOJIIIE MOPOJ 0CAAOYHOT0 uexJa (puc. 6) BKIIOYAET § MHKEHEPHO-T€OJOTMUECKUX
anemenToB (UI'D1-UI'38). B paboTe nCmonb30BaHbl METONBI: MPEACIFHOTO PAaBHOBECHS
(meron Moprenmrepna-Ilpaiica, ynpomernasie MeToasl bumona u SIu0y B mporpamMmMHOM
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koMmruiekce Rocscience Slide 7, Slide 3D) n KOHEUHBIX 3JIEMEHTOB, MIPEACTABIISIIONINN KJTacc
YHICIIEHHBIX METO/I0B (B mporpaMMHOM Komiuiekce Rocscience RS2).

MopenupoBanue yCTOMYUBOCTU OOpTa Kapbepa BBIMOJHEHO MO CIEAYIOIIUM CXEMaM:
1) pacy€T JI0KaIbHOM YCTOMYMBOCTH C OINPEieIEHnEM MUHUMAIIbHOTO KO3 puiinenta ycroii-
yuBocTH (Ky) Gopra kapbepa; 2) onpenenenue riodaibHoi ycrounoctu rpynToB UI'K-1.
Pesynbrarsl pacuéra JOKadbHOM YCTOMYMBOCTU OOpTa Kaphepa, BBHINOJIHEHHBIE METOJIAMHU
MpeIeTbHOTO PABHOBECHS], TIO3BOJISAIOT C/I€NIAaTh BHIBOJ, UTO HanOoiee BEPOSATHBIM ClIEHApUEM
SIBJISIETCS JIOKaJIbHAS TOTEPS] YCTOMYMBOCTH OTKOCA, CII0KEHHOTO neckamu. Pe3yinbTaThl pac-
4y€Ta ro0anbHON YCTOWYMBOCTH, BBHITIOJTHEHHOTO METOJaMU IIPEIEILHOTO paBHOBECHUs (pHC.
6) ¥ METOJIOM KOHEUHBIX JIEMEHTOB (puC. 7), MO3BOJISIIOT CI€NaTh BBIBOJI, YTO MPHU II100aIb-
HOU moTepe ycroitunBoctu 6opra B MI'K-1, ocHOBHOI aedopMupyemblii TOPU30HT OyIET
MPUYPOUYEH K KPOBJIE IJIMH JEBOHCKOr0 Bo3pacta UI'D 7.

H,m

YPOBEHB NIOA3EMHBIX BO/I

Puc. 6. Monens pacuéra riiodaibHOM YCTOWYHMBOCTH OOpTa Kapbepa METOIOM MPEACIbHOTO
paBHOBECHS

Ky-1.3

“Lm
it [t oot Rt bt Lt il fontnd i) st Ll kel ot gl At Dbl L It ot Vit hliad radiid S f it Iyl el Koo bt Sttt b bt fosil buiced juun ot ks
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 4
Puc. 7. Monenb rno0anbHOro pacyéra yCTOWIMBOCTH OOpTa Kapbepa METOIOM KOHEUHBIX 3JIeMEH-

ToB: Ky — k03 puumeHT ycroitunBoctu
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Pe3ynbpTaThl MOJETUPOBAHUS YETHIPHMSI METOJAMH, MOKa3aiu, 4yTo KOd(DPHUIIMEHTHI
ycToitunBoct 60pTOB Kapbepa MI'K-1 cocrasmsror 1,07 — 1,3, T.e. IITC «KenesopyaHoe
MECTOPOKJICHHE)» OJIM3Ka K TPaHUIle 00JIaCTH AOMYCTUMBIX COCTOSIHHI.

b. Ouenka ycroiuuBOCTH OOPTOB, CJI0KEHHBIX CKAJbHBIMHM I'PYHTAMH PYAHO-
kpucramanyeckoi Toamu (MI'K-2). B mMaccuBe nokemMOpusi MpOCIEKUBAKOTCA TPU CH-
CTEMBbI TPEIIMH: — CUCTEMa TPEIIUH HAIUIACTOBAHUS MO CIOUCTOCTH CEBEPO-BOCTOYHOTO U

I0r0-3aI1a/IHOro najieHust, a3uMyT nageHus 310-320% yron nagenus 60-85°, cpennee paccro-
ssHUe Mexay TpemHamu (L) — 0,7 M; — cUCTeMa IPOJIOJIEHON TPEIIMHOBATOCTH OTHOCH-

TEIBHO CKJIAIUATOCTH CyOmapasuiesibHas MPOCTUPaHUIo Tiopo, yroa nagerus 10-30°, cpen-
HEE paccTosiHue MeXAy TpeumHamu — 0,85 M; — cHCTeMa MONEePEeYHON TPEIMHOBATOCTH

OTHOCHUTEJIBHO CKJIA4aTOCTH, CyOOPTOTOHANbHAS MPOCTHPAHUIO TPEIIMH HAIUIACTOBAHMSA,
Kkpyronanatomas 60-85°, cpenHee paccTosiHue MeXy TperuuHamu —1,0 M.

[lo creneHu CTPYKTYpHON HAPYIIEHHOCTH MACCHUB CKAJIbHBIX MOPOJ XapaKTepu3yeTcs
KaK cpe/iHe-, KpyIMHOOIOYHBIM.

Ontumuzanusa ¢ynkuonupoBanust [ITC «Kenesopynnoe mectopoxknenue» 6a3upy-
€TCsl Ha METOJI0JIOTMH pacuyéra yCTOMYMBOCTH OOPTOB Kapbepa, METOJaMU NPEAEIIBHOTO PaB-
HOBECHS, KOHEUHBIX 3JIEMEHTOB U OOBEMHBIX CKAJIBHBIX OJOKOB, IMO3BOJISIONINE OIICHHUTH
YCTOMYUBOCTD C YUETOM CYIIECTBYIOLINX IJIOCKOCTEN paszzena (TpeluHOBaTOCTH).

Ouyenka ycmouuugocmu omKocoe memooamu npedebHo20 paguogecus. 1lpu oueHke

YCTOHYMBOCTHU OOPTOB Kapbepa METOJaMU MPeIeIbHOTO PABHOBECHS IJIsl YUETA CYIIECTBYIO-
HIMX TJIOCKOCTEH paszzesna (TPelrMHOBATOCTH) MOTYT ObITh IPUMEHEHBI CIIEeIYIOUIUe JOTO-
HUTEJbHBIE TIOJIOKEHUS: — PACUYET MPOU3BOAUTCS IO ONTUMU3UPOBAHHOM OJIOKOBOM MOBEPX-
HOCTH CKOJIBXKE€HHSI, KOTOpasi MOJEIUPYET HAIIpaBICHUE UMEIOIIUXCSl B MACCUBE MOBEPXHO-
cTel pasnena, — 3a/laHie MPOYHOCTHBIX XapaKTEPUCTUK CKAJIbHBIX TPYHTOB MPOU3BOAUTCS HA
OCHOBE MOJI€JIM aHU30TPOIMHON MPOUYHOCTU. JIJIsi CKalbHBIX TPYHTOB ObLIa MCIIOJIH30BaHA
AHU30TPOMHASI MOJEJb IPOYHOCTH: 1) MPOYHOCTHh TPYHTOB B MAaCCUBE (MPUHSITHI JJIsI CUIIHHO
TPEIIMHOBATHIX OPO/); 2) MPOYHOCTh IPYHTOB MaccHBa B MPOJOILHOM HANpPaBIECHUU OTHO-
CUTEIJIBHO CKJIQ4aTOCTH, CyOnapayyIeIbHO MTPOCTUPAHUIO TPEIIUHAM ¢ yriiamu majaenus 10-
30°; 3) npOoYHOCTh TPYHTOB MacCHBa B IMONEPEYHOM HAIMIPABICHUH OTHOCUTEIBHO CKIa4aTo-
CTH, CyOOPTOTOHAJILHO IMPOCTUPAHUIO TPEIUH HAIUIACTOBAHUsA, C yriamu nageHus 60-85°.
JluarpamMma IpOYHOCTHBIX CBOMCTB MacCHBa CKaJIbHBIX TPYHTOB C YYETOM UX aHU3OTPOIIHH,
UCIIOJIb30BaHHAsI IPU pacuéTe MpUBeE/IeHa HA PUCYHKE 8.

PesynbpraTel pacuéra (puc. 9) mokaswiBaroT, 4To Kod3dumuent ycroiunBoctu (Ky)
0opTa Kaphepa CHIKACTCS P YBEJIMYEHUU YTJIA MMaJIEHUsT CyOrOpU30HTAIBHBIX TPEluH (B

nuanaszone 10-30°) u ymeHblIeHnr — CyOBepTHKaIbHBIX (B 1uama3oHe 85-60°). Haubomnee He-
OJIaroNPUsATHOE COYETAHKE: CYOrOPU30HTAIBHBIE TPEIIUHBI ITAIal0T B CTOPOHY Kapbepa oI
yriom 30°, cyOBepTHKabHBIE — 1O yriioM 60°, mpu KOTOPOM OOPT Kapbepa HaXOIUTCS B
COCTOSIHUM OJTU3KOM K MIPEICIIbHOMY PaBHOBECHIO.
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__ JaNEN  E
B Il

Puc. 8. peco. Do/ ]2 [ 3

Puc. 8. IlnarpaMma aHM30TPOINIUH MPOYHOCTHBIX CBOMCTB MacCHBa CKAJIbHBIX TPYHTOB: I— 0T 90 1o
85°: C =690 klla, p= 32°; 2—ot 85 no 60°: C =730 klla, ¢ =28°; 3—ot 60 no 20°: C= 690kI]Ia,
@=32°4—ot 20 no 10°: C =510 klla, = 29°; 5—ot 10 no -90°: C =690 xlIla, p= 32°.

Puc. 9. Monens pacuéra ycroiunBocTa 60pTa Kapsepa (Bapuast I): / — mopoast UT'K-1,

2 —noponsl UT'K-2; 3 — 610k cMerieHust Topos.

Ol{eHKtl ycmoﬁlmeocmu OMKOCO8 MEMOO0OM KOHEUHBIX IJ1eMEHIO08 cyuémom mpe-

wiunosamocmu maccuga. CTpyKTypHbIE HEOJHOPOJHOCTH MACCHBA FTOPHBIX MOPOJ (MMHUTA-
1Usl CTPYKTYPbI IEPBUYHON MIM BTOPUYHOM TPEUIMHOBATOCTH) MOT'YT OBITh CMOJIEIIMPOBAHBI
C HCIIOJIb30BAaHUEM MEXaHU3Ma COBMECTHBIX I'paHull. C UCIOIB30BAHUEM 3TOTO MEXaHU3MA
OBUIO OLIEHEHO BIMSHUE MPOYHOCTH MOPOJ U OJIOYHOCTH CKAIBHOTO MAacCHBa Ha YCTOWYH-
BOCTh OOpTa Kapbepa.

Bausnue npounocmu nopoo 6 maccuge na Ky. Oqaum u3 HaudoJjee CylecTBEHHbIX HH-
KEHEPHO-TE0JIOTHUECKUX (PAKTOPOB, ONPEACNAIOIINX YCTOMYMBOCTh OOPTOB KapbepoB B
CKaJIbHBIX TPYHTAX MPUHSITO CUUTATh UX MPOYHOCTH. C 11eJIbI0 OLIEHKH 3HAYMMOCTH JIaHHOTO
(dakTopa, METOJIOM KOHEUHBIX 3JIEMEHTOB ObLIH BBHITIOJHEHBI PACUETHI IO TPEM BapUaHTaM:
B-I — cunbHOTpEIIMHOBATHI MacCHUB, MPOYHOCTHBIE cBoMcTBaA: C= 690 klla, p= 32°; B-II —
cpeanerpemnuoBatbiii MaccuB: C=1130 kIla, p= 36°; B-III — cmaboTpenimHoBaTHIi1 MacCHUB:
C= 3140 «Ila, p= 39°. PaccrosiHue Mexay TpEIIMHAMU YCJIOBHO IPHUHSITO MOCTOSHHBIM U
paBHbIM 10 M. Pe3ynbTaThl pacuéra ycToiMunBOCTH OOpPTa Kapbepa MPHUBEACHBI HA PUCYHKE
10.

Bauanue onounocmu na Ky 6opma xkapvepa. CymecTBeHHBIM (HaKTOPOM, OTIPEAEIsIo-
MM YCTOWYUBOCTH OOPTOB KaphepoB B CKAIbHBIX IPYHTaX, SIBISETCS OJOYHOCTH MACCHUBA.
B pacu€rax MeTo0M KOHEUHBIX 3JIEMEHTOB PACCTOSIHUS MEXAY TPEIIMHAMH MPUHUMAIIUCH
st BapuanToB: B-1=10 m, B-11=20 M, B-I11=7,5 m, B-IV=5 m, B-V= 2,5 M. Pe3ynbtaThl pac-
4yéTa yCTOMYMBOCTU OOpTa Kaphepa mo Bapuantam B-II — V mpuBenens! Ha pucynke 11.

PesynbraTel MOgenupoBaHUs NOKa3and, 4To Koddunuentsl ycroitunoctu (Ky) 6op-
TOB Kapbepa B ckajibHbIX nopoaax (MI'K-2) 6musku x 1, T.e. OTKOCHI Kapbepa B CKaJIbHBIX
rpyHTax 00JaAat0T HE3HAYUTEIbHBIM 3a11aCOM YCTONYHUBOCTH.
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H, m
B-I
L,m
H, m
B-1T
L,m
H, m
B-II1
L,m

Puc. 10. Pe3ynbpTaThl MOJICTUPOBAHUS YCTOHYUBOCTH OOPTa Kapbepa € LeNbI0 OLIEHKU BIHUSHUS
MIPOYHOCTH CKaJbHBIX TPYHTOB Ha Kodhduruent ycroitunBoctH (Ky): B-1, B-1I, B-1II — BapraHThI
pacuéra
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B-11

Lm BV

Puc. 11. Pe3ynpTaThl MOIETUPOBAHHUS YCTOWIUBOCTH OOPTa Kaphepa METOIOM KOHEUHBIX
3JIEMEHTOB C LEJIbIO OIICHKH BIMSHUSA OJIOYHOCTH MAaCCHBA CKAJIbHBIX TPYHTOB HAa KO3 PHUIIUEHT
ycronuuBoctH (Ky): B-1I-B-V— BapuaHnTtsl pacuéra

I''TIABA 5. ”TH®OOPMAIIMOHHBIE OCHOBbBI OBECIIEYEHUSA
ONTUMAJIBHOM SKCILTYATAIIMU ITIPUPOJHO-TEXHUYECKUX CUCTEM
«KEJE3OPYIHBIE MECTOPOXIEHU S

OnTtumanbHOe PYHKIIMOHUPOBAHUE JIOCTUTAETCs B pe3yibTaTe aHaiau3a MHpopMaluu,
xapakrepusyromei nuHamuky [ITC. Pa3Butue mpoueccoB, HHUIIMUPYEMOE TEXHOJIOTHUYE-
CKUMH pabOTaMu, HOCHT MPOTPECCUPYIOLIHIA XapakTep B MPOCTPAHCTBEHHO-BPEMEHHOM OT-
HoueHnu. CucTeMa MOHUTOPHUHTA ITO3BOJISIET YCTAHABIMBATH OCHOBHBIE TEHACHIIUU PacIpo-
CTpaHEHHUs1 HETaTUBHBIX MOCIEACTBUI. DTO MpenonpeIeisieT OTHOUIEHUE K IPOCTPaHCTBEH-
HOM cHucTeMe NYHKTOB MOJy4yeHus MH(poOpMaluu, Habopy HaONI0JaeMbIX HapaMeTpoB U
peXrMa Ux HaOIIOIeHU .

CoxkpallieHHe HEraTUBHBIX IIOCJIEICTBUNA BO3MOXKHO TOJIBKO IPH YETKOM IMOHUMAHUU
MPOLIECCOB pa3BUBAIOIIMXCS B cdepe B3aUMOACUCTBHS MPUPOAHO-TEXHHUUECKHX CHCTEM
(IITC) «Kenezopyausie MecTopoxAcHUs». I3MEHEHUS] COCTOSIHUS PUPOTHO-TEXHUYECKON
cucremsl «OKene3opyIHOE MECTOPOKICHUE» B X0JI€ TEXHOTEHHBIX BO3JAEHCTBUN HILTFOCTPHU-
pyeT ¢pyHKIMOHAIbHAs OJ0K-cxema (puc. 12).
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Ob6ecneuenune 6€30MacCHOCTH BEACHHS TOPHBIX PabOT TpeOyeT MOHUTOPHUHTA 33 COCTOS-
HUEM NPUOTKOCHBIX MaccuBOB. Cucmema MOHUMOpUH2a 8KII0YAEm: — UHKEHEPHO-T€0JIOTU-
yeckoe 00CJIe0BAHUE COCTOSIHUS OTKOCOB M MECT MPOSIBJICHUS NHKEHEPHO-T'€0JI0TMUYECKUX
MPOLIECCOB; — MHKEHEPHO-TEOJIOTUYECKasl TUITU3allisg OOPTOB Kapbepa ¢ y4ETOM JIMTOIOTO-
NEeTPOrpaguuecKOro COCTaBa, YCIOBUHM 3aJleTaHHUs OPOJ, UX TPEIMHOBATOCTH, OJIOYHOCTH
Y CBOMCTB, I'MIPOT€0JIOTMUECKHUX YCI0BUil; — 000CHOBAHHE MECTOIOJIOKEHUS HA0JII01aTENb-
HBIX MpoduUIe U KOJTUYECTBO PENEPOB C YUETOM BBIJICICHHBIX UHKEHEPHO-TEOJIOTMUYECKIX
AJIEMEHTOB; — MapKIIEHIepCKUE NHCTPYMEHTAJIbHBIE U3MEPEHHUS 10 PENEpaM, MO3BOJISAIOIINE
OTpeIeNIUTh TOKA3aTeNu, XapaKTepHU3yIolue Mpolecchl AehopMUPOBaHUS MPUOOPTOBBIX
(IpUOTKOCHBIX) MAaCCHBOB; — OMPOOOBAHKUE TOPHBIX MOPOJ IS JaOOPATOPHBIX UCCIEA0BA-
HUH C LIETBIO OLICHKU CHM)KEHMSI IPOYHOCTH F'OPHBIX MOPOJ MTOJ1 BIUMSHUEM IIPOLIECCA BBIBET-
pUBaHMS, IEPMAHEHTHO Pa3BUBAIOLIETOCS IIPU BCKPBITUA MAaCCHBA; — CPABHUTEJIbHBIN AaHAJIN3
pPacu€THBIX U HATYPHBIX JaHHBIX, XapaKTEPU3YIOLIUX YCTOWUYMBOCTh OOPTOB Kapbepa 1 000c-
HOBaHHE ONTHUMAJIBHBIX UX YIJIOB 3aJ0KEHHUS.

TEXHOI'EHHBIE
= BJIOKHA N3MEHEHHME COCTOSHUSA
BO3JIEUCTBUA [——> —_—>
CHUCTEMBbI CUCTEMBbI
nTC
A 4 Komnnenrparuu 3B (3arps3HIIONINX Be-
> IIECTB), 00JAYHOCTH, BIAKHOCTH
» Atmocdepa
Paspaborka »| CTPYyKTypbl B KOMIIOHEHTHOTO COCTaBa,
RAREEDE B MPOAYKTUBHOCTH, 3B
OypOB3PBIBHBIM
crocooom .
> [TouBsl o ®dopmupoBaHUE HOBBIX 00IacTeit
MUTAHHS
7'}
v .
W3meneHne HapsHkEHHO-1e)OpMHUPO-
Tnapocdepa: BaHHOTO COCTOSIHUSI MaCCHBA, yBEIHIeC-
Pa60T% JpeHaX- TOBEPXHOCT- »| HHC TPCUIMHOBATOCTH TOPOJ, HHTCH-
HOW ceTu HEIE BOOBL | cudukarus BBIBETPHBAHNS MIOPOLL,
CHIDKEHHUE POYHOCTHBIX CBOMCTB, pa3-
4 BUTHE FPABUTAIOHHBIX MIPOILIECCOB
v
>
. @DOPMHUPOBAHKE TEXHOTEHHOTO PEXUMA
> TopHbIii ]
MO/I3eMHBIX BOJI: CpabOTKa 3amacoB MmojI-
D yHKIUOHUPO- ELACCHE 3eMHBIX BOJI, YBETHIEHNE MOIIHOCTH
BaHKE - 30HBI a9PaIMH, U3MEHEHUE HHTEHCHBHO-
XBOCTOXPaHU- CTH HHQUIBTpaMoOHHOro nutanus [1B,
A A 4 MOSIBIICHHE HOBBIX 00JaCTel NMUTAHUS U
R Pasrpys3KH, MOHMKEHHE HAIIOPOB
7| TlomzemubIE < MO/I3EMHBIX BOJI HA OOJIBIIHMX TUIOMIAMAX
BOJIBI (mempeccroHHAs BOPOHKA) IIPH BO3pacTa-
> < HUH CKOPOCTEW (DUIIBTPAIMH, YBETHIE-
HHUC B3aMMOCBA3U IOBCPXHOCTHBIX H
MO/I3EMHBIX BOJI M MEK/Ly TOPU30HTAMH
MOCPEICTBOM IIEpETEKaHusl. 3arps3HeHre
- 6+ . 2+
Fe,F,Zn,Cr , Ni, Co, B , Cd, Mn,
Mo, Pb, Al, Cu

Puc.12. ®ynkuronanbHas 010K-cXeMa MPUPOTHO-TEXHHUECKOW CUCTEMbl aKTHBHO-
pa3pabaTeIBacMOro KeJIe30pyIHOTO MECTOPOKICHUS
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Onmumu3ayus cucmemovt HAOIIOOCHUA 34 YPOGHEM NOO3EMHBIX 600 NO pe3yibma-
mam ananu3a epemenHsvix ps0oe. CylecTByONMI MACCUB JAHHBIX 32 YPOBHEM IOJI3EMHBIX
Box (2004-2015rr.) mo3BoMII aBTOPY OOOCHOBAThH AJITOPUTM ONTHMH3AIMKA WH(OpMAIUH,
BKJIIOUAIOIIUIA: pa3/ieIeHUuE TUAPOTe0IOrMUeCKHX Mojiei Ha 00J1aCTH, OTIUYAIOIIHECs THIPO-
re0JIOTUYECKUM PEKUMOM; YCTAaHOBJIEHUE TPEH/Aa B U3MEHEHNHU TapaMETPOB; ONTUMH3ALUIO
yrcna Habmoaenni. ['padyukn n3mMeHeHns ypoBHEH MOI3EMHBIX BOJ BO BPEMEHH COAEpKAT
GbaykTyauuu, OTHOCSIIHUECS K MepUoJaM CHErOoTasHUS U OOWJIBHBIX OCAQJKOB U CHIKEHUE
YpOBHEH B OCTalIbHOE BpeMs rojaa (puc. 13). B xone ananm3a ObUIM HCTIOIH30BAHBI JABE BhI-
OOpKHM JaHHBIX: MepBasi BKJIOYalla eXEeMECSUHbIEe JaHHbIE M0 3aMepaM YPOBHS IMOA3EMHBIX
BOJI, BTOpasi — eXKeKBapTaibHbie (cM. puc.13).

a) 0)
= 1 =
= =
S
2 : 2
z z
= 2
z \ z 3
o 2 Q —
) 2 1
= S
= =
4
= =
) -]
2 &
=) (=
2. =1
> >
Bpewms, mec. Bpewms, mec.

Puc. 13. BpemeHHbIe pspl (@) U TPEHA U3MEHEHHS (0) YPOBHS MOJ3EMHBIX BOJ TYPOH-KOHBSKCKOTO
BOJIOHOCHOT'O TOPU30HTA 10 JaHHBIM HabOmonennii 2004—2015 rr.: / — KpuBbIE allIPOKCUMAIIHH €XKe-
MECSYHBIX 3aMEPOB; 2 — KPUBBIE allIPOKCUMALINU €KEKBapTaJIbHBIX 3aMEPOB; 3 — IMHEUHBIN TPEH]

J171s1 BBISIBJICHM S OOIIUX TEHICHIIMI U3MEHEHUS YPOBHS MOJI3EMHBIX BOJ U C LI€JIBIO MPO-
rHO3a €ro JajbHEWIlero N3MEHEHUs, Ha OCHOBE PACCMOTPEHHBIX BBIILIE BPEMEHHBIX PSIO0B
ObLIIM MOCTPOEHBI rpaduKHU CKOJB3SIIETo cpeaHero. B mpouecce anmpokcuMauy BpeMeH-
HBIX PSIZIOB YCTAHOBJIEHO, UTO YpaBHEHHUE JIMHEHHOTO TPEH/A M0 €KEMECSYHBIM U €KEKBap-
TaJbHBIM 3aMepaM COBIAIaeT npu jgoctoBepHocTH 0,99. Takum obpazom, cuctema HabIo1e-
HUN MOKET ObITh ONITUMHU3UPOBAHA 33 CUET MEPEX0/Ia OT EKEMECTUYHBIX HAOIIOIEHUN K exXe-
KBapTaJIbHBIM, P COXPAHEHUH KaY€CTBA MOJIYy4YaeMbIX PE3YJIbTaTOB.

Ilymu ynpaenenus IITC «/Kenezopyouvie mecmoposricoenun» na 6aze moodenei
ycmouyugocmu 60pmoes kapvepos. 3anaun ynpasieHus jokanbHbiMu [ITC moryT pemarbes
¢ yu€ToM mepekpEcTHBIX cBsizeil. B Teopun bombsmmx cuctem «large-scale interconnected»
OCHOBHO€ BHUMAaHHE YJIENISIETCS MEPEKPECTHBIM CBS34M, KOTJa IEPEMEHHbBIE OJIHOW IOJCH-
CTEMBbI BXOJISIT B ONKCAHUE IPYTUX CUCTEM. JTO XapaKTepU3yeT B3aUMOIeHCTBUE MOJCUCTEM
apyr ¢ apyroM, munysa neHtp [JlurBunuer U.C., [ypkos B. N.]. MeTon onTuMaibHOTO
ynpasnenus [ITC «KeneszopynHbie MeCTOpOXXACHUSD B YaCTU YCTOMYMBOCTH OOPTOB Kaph-
epa 06a3upyeTcs Ha JBYX-YPOBEHHBIX CUCTEMAX C MEPEKPECTHBIMU CBS3sIMU. B kauecTBe Mu-
HUMU3HPOBAHHBIX KPUTEPHUEB (PYHKIIMOHUPOBAHUS PACCMATPUBAIOTCS OTKIOHEHHS TEKY-
HIEr0 COCTOSIHUS OT MPEJIETbHO-I0MYCTUMBIX. B KauecTBe ONTUMHU3UPOBAHHBIX TapaMETPOB
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— YPOBCHb HAABIOPCKOI'O BOAOHOCHOTO I'OPHU30HTA, ITPOYHOCTHBIC CBOJCTBA aJIbO0-CEHOMaH-

CKHUX IICCKOB U ACBOHCKHX I''IMH, TPCITUHOBATOCTb U OJIOYHOCTH I[OKeM6pI/II‘/JICKOFO MacCCuBa.

[Ipennaraemplii MOAXO/ SBIISETCS OJHUM U3 MTyTEH, 00ECTIEUNBAIOIINX YCTOMYUBOCTH OOPTOB

KapbCpa Ipu JUIMTEIBbHOM €ro OKCILTyaTalluu.

a) 1,20
L
1,00 N\
0,80 N
>
2 "‘\
0,60 >
040 ““\“-\
0,20
0 5 10 15
IToabéMm ypoBHS MOA3EMHBIX BO, (M)

0) 135

Ky

oo,

e,

1,33

1,31

1,29
127

M,

1,25

e,

123
121

o,

1,19
0

Ioabém ypoBHS MOA3eMHBIX BOJ, (M)

5

10

15

Puc. 14. Bnusaue noxbéMa ypoBHS HaIbIOPCKOTO BOJIOHOCHO TOPU30HTA HA JIOKAIBHYIO (@) U

robanpHy0 (6) ycroiunBocTh Oopta Kapbepa (Ky), merog Moprenmreps-IIpaiica
a) 145 2,2
) A 9% s
1,4
et 1,8 o
1,35 > 1,6
et 1.4 o
1,3 o
Z 15 Z 12
> 1 £
ot
12 Vaal 08—
el 0.6
1,15 04 12
SR
1,1 0,2
10 15 20 25 30 35 40 0 2 4 6 8 10 12 14 16 18 20 22 24 26
YroJ BHyTpeHHero TpeHus, (rpai.) YroJ BHyTpeHHero TpeHms, (rpam.)

Puc. 15. Biusnue Ha rnobaipHy0 ycToiiunBocTh 60pTa Kapbepa (Ky) yriioB BHyTpeHHEro TpeHus
ab0-CEHOMAaHCKHUX MECKOB (a), MmeTo1 MoprenmtepH-IIpaiica u 1€BOHCKHUX TJIHH (6), METO

bumona
a) 1.24 0) 1.28
C=3140 xI1a,
1,23 1,27 s
1,22 ’ ¢=39
’ 1,26
b2 1,25
g 1’2 Q > ..._.-....
L1 124 C=690 klla, <~ C=1130 kl]a,
> — 290 7 — 1240
=32 =36
1,18 1,23
1,17 1,22
1,16 1,21
0 5 10 15 20 25 1 2 3
Paccrosinue mexxkay TpemiuHamMu, (M) Tun nopoabt

Puc. 16. 3aBucumocts koddurmenta ycroirunboctu (Ky) 6opra kappepa oT 6J109HOCTH (@) U
MPOYHOCTH (6) CKaJIbHOTO MAacCUBA: / — CHIIbHOTPEIIMHOBATHIE TIOPObI; 2 — CPEAHETPELIMHOBATHIE
HOPOJbl; 3 — C1a00TPELMHOBATHIE TOPOIbI

I'paduku 3aBucumocTr K03 punnenta

ycroiturBocTH (Ky) OT BbIllle IEpeuncIeHHbIX

(bakTOpOB CBUAETEIBCTBYIOT O CHIXKEHUH YCTOMYMBOCTU OOPTOB Kaphepa MpH: MOBBIIICHUN
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YPOBHS MOA3EMHBIX BOJ (puc. 14), CHUKEHUH yriia BHYyTPEHHETO TPEHUs NP BOJIOHACHIIIE-
HUU aJIb0-CEHOMAaHCKHUX MECKOB (puc. 15, @), CHIKEeHUH MPOYHOCTHBIX CBOWCTB IUIMH JI€BOH-
CKOI'0 BO3pacTa IpH MOBBIIIEHUH UX BIAXKHOCTH (puc. 15, 6), yBeIUUEHUU TPEIIMHOBATOCTH
1 OJIOYHOCTH PYAHO-KPUCTAITMYECKUX MOPOJ] MaccuBa (puc. 16).

Pe3ynpTaThl XOpOIIO COTIIACYIOTCS ¢ OOMIENPU3HAHHBIME TIPEICTABICHUSIMU O MTPUIH-
Hax HapylIEeHUsS YCTOMYMBOCTH MPHOTKOCHBIX 30H MaccuBa. JOCTOMHCTBOM IOJTY4YEHHBIX
JaHHBIX SBIISETCS BO3MOKHOCTh YCTAHOBIIEHUS MO rpauKaM MpeJesibHbIX 3HaYeHUN n3Me-
HEeHUs (PaKTOPOB, ONPEIEIAIONINX KaK JIOKATLHYIO, TaK U TNIOOAIBHYIO0 YCTOMYHBOCTH OOPTOB
kapbepa (Ky), npu KoTopbIX cucTemMa He BbIAIET U3 00JaCTH TOMYyCTUMBIX COCTOSTHUMA.

3AK/IIOYEHHUE

OcHOBHBIE Pe3yNbTaThl IUCCEPTALUOHHON PAOOTHI 3aKIIOYAIOTCS B CIEAYIOIIEM:

1. Paccmorpena crpykrypa npupoano-texuudeckux cucreM (I1TC) «Kenezopyausie mecto-

poxnenuss KMA». B e€ npenenax otkpeito 19 mecropoxaenuii, seustomuxcs [ITC no-
KaJIbHOTO YPOBHS U BKIto4aronux sneMentapusie [ITC: kapbepbl, XBOCTOXpaHWIMILA, OT-
BaJIbl BCKPBILIHBIX [TOPOJ, APEHAKHBIE COOPYKEHUs, KaKaasi U3 KOTOPhIX XapaKTepu3y-
€TCsl CBOMMH OCOOEHHOCTSIMHU (PyHKIIMOHUPOBAHUS.

2. BblABIEHBI TEHJCHIMHM W3MEHEHUS KOMIIOHEHTOB MH)KEHEPHO-TE€0JIOTMYECKUX YCIOBHH

npu anutensHoM ¢yukunonupoBanuu [1TC «Kenesopynnsie mectopoxaeHus». Pa3su-
THE MPOLECCOB, UHUIIUUPYEMOE TEXHOJIOTUUECKUMU Pab0TaMU, HOCUT IIPOTPECCUPYIOLITUH
XapakTep B MPOCTPAHCTBEHHO-BPEMEHHOM OTHOIICHUU. JTUTeNbHOE PYHKIIMOHUPOBAHUE
[ITC «Croitnenckuit 'OK» (50 neT) mpuBeno kK M3BMEHEHHIO TPAHMII, PeXUMa U Habopa
IIPOLIECCOB.

3. ¥YcraHOBJEHbI NPUYMHBI U YCIOBHS Pa3BUTUS MHKEHEPHO-T€OJOTHYECKUX MPOIECCOB B

xozae pynkunonuposanus snementapHoil [ITC «Kapsepy» jxene30pyaIHbIX MECTOPOXKIe-
Huii Croiutenckoro u Jlebenuuckoro. BypoB3peIBHBIE paOOTHI, IEPMAaHEHTHOE YTIIyOJIIe-
HUE Kapbepa NPUBOAAT K U3BMEHEHUIO HANPSHKEHHOTO COCTOSHUSA, Pa3yIFIOTHEHUIO MTOPO/I,
YBEJIMYEHUIO TPEIIMHOBATOCTU MACCUBA, CKOPOCTHU BBIBETPUBAHHUS, CHUYKEHHIO IPOYHOCT-
HBIX CBOMCTB MOPOJ, Claramiiux 00pTa Kapbepa, akKTUBU3ALUU WHKEHEPHO-Te0JIoTnye-
CKUX IPOIECCOB: OOPYILIEHHUS; OMOJI3aHMs; TOBEPXHOCTHOM 3po3un. DopmupoBaHue Tex-
HOTEHHOTO PEeXMMa IMOJI3€MHBIX BOJ (00pa3oBaHME JCTIPECCHOHHON BOPOHKH, BOSHUKHO-
BEHHUE IPaJIMEHTOB HAMOpa U BO3pacTaHWEe CKOpPOCTel (PUIIbTpallK; YBEIHMUYEHHUE MOIIIHO-
CTH 30HBI a’pallii; U3MEHEHHE WHTEHCUBHOCTH MH(QWIBTPALMOHHOIO MUTAHUS MOJ3EM-
HBIX BOJ|; YBEJIMYEHUE CTENEHU B3aMMOCBSI3U NOBEPXHOCTHBIX U MOJ3EMHBIX BOJI) IPOBO-
UpYyeT BO3HUKHOBEHHE B 0OpTax Kapbepa TAKUX TOPHO-TEOJOTUYECKUX MPOILIECCOB KaK:
MeXaHu4ecKass U Xxumudeckas cypdosus, GpuinbTpanoHHbe nedhopManuy, OIUIBIBAHHE.
Obecneuenue ycToiunBocTy 60pTa Kapbepa, 6e3aBapuitHOe BeJleHnEe TOPHOA00BIBAIOLITUX
paboT Npu ATUTENBHON IKCIUTyaTallud MECTOPOKICHUS, SIBISIETCSI IEPBOOYEPEIHOM 3a/1a-
Yeu.

4. Pa3paboTaH ajroput™M ONTHUMHU3ALMU YIJIOB OTKOCOB Kaphepa TIIYOOKOTO 3ajI0KEHUs

BKJIFOYAIOIIMINA: BBICJIICHUE MHXEHEepHO-reonornyeckux komiuiekcoB (MI'K), paznuuaro-
IIUXCS TOPHO-T€OJIOTHIECKUMU YCIOBUSIMH U MEXaHU3MOM ()OPMUPOBAHUS TPABUTAIIMOH-
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HBIX [IPOLIECCOB; NH)KEHEPHO-TE€0JOTUUECKYI0 TUITHU3ALNI0 OOPTOB Kapbepa ¢ y4éTOM CO-
CTaBa ¥ CBOICTB I'PYHTOB, TUHAMUKH TEXHOT€HHOT'O BOJIOHOCHOT'O TOPU30HTA; BEIOOD pac-
YETHBIX MMApaMETPOB ISl YMCICHHOTO NMPOrHO3UPOBAHUSA COCTOSHUSI OTKOCOB Kapbepa;
00OCHOBaHME U pealn3alio TeOMEXaHNUYECKUX MoJieNel pacuéra ycTOHUMBOCTH OOPTOB
Kapbepa ¢ y4ETOM OCHOBHBIX IIPUYMH U YCIIOBUH, ONPEIEIAIOINX PAa3BUTHUS ITPOLIECCOB.

JlaHa o11eHKa YCTOMYMBOCTU OOPTOB Kapbepa HA KOHEYHBIX KOHTYPAX, BHIIIOJIHEHHAS C UC-

MOJIb30BAHUEM COBPEMEHHBIX TEXHOJIOTHH (KOMIBIOTEPHBIX MPOTpPaMM), KOTOpasi MoKa-
3aJia, 4TO MPUHATHIE B HACTOSIIIEE BPEMS YTJIbI 3AJI05KEHUS OTKOCOB B OCAJJ0OUYHOM TOJIIINHE
SBJISIFOTCS] HEJJOCTATOYHBIMU JIJIs1 00€CTIeUeHUsI JUTUTEIbHOM YCTOMYMBOCTH OOpTa Kapbepa
Ky 1,1-1,3. PacuéTsl ycTOWYHMBOCTH BHITIOJIHEHBI B MPOrpaMMHOM KoMILIekce Rocscience;
METOJIaMHt TIpeJIeTbHOTO paBHOBeCcHs — B Rocscience Slide 7, MeT010M KOHEUHBIX 3JIEMEH-
ToB — B Rocscience RS2. OcHoBHbIE (haKTOPBI, ONPEAEIAIONINe YCTOUYUBOCTh OOPTOB Ka-
phepa: HECTAIMOHAPHBIN THAPOTCOJIOTHISCKUN PEKUM U CBSI3aHHBIE ¢ HUM Cy(hdo3moH-
HBIC TIPOIIECCHI B TIECKax (JIOKaJIbHASI TIOTEPs] YCTOMYMBOCTU OTKOCA) U KoJieOaHUE MOpo-
BOT'O JIaBJIEHUS! B TJIMHAX JEBOHCKOTO Bo3pacTa (OCHOBHOM Je(opMUpyeMbIil TOPU3OHT
IIpU 100aIbHON OTEPE YCTOMYMBOCTH OOpTA).

[IpenniokeH aaropuTM ONTHUMM3AIMU YIJIOB OTKOCOB OOPTOB Kapbepa, 3aJI0KEHHBIX B

PYAHO-KPUCTAUINYECKON TOJIIE, ¢ Y4ETOM aHU30TPONUU MPOYHOCTHBIX CBOMCTB MOPOJ,
TPEIIMHOBATOCTH U OJIOYHOCTH CKaJIbHOIO MaccuBa. B HacTosiiiee BpeMs OOpT Kapbepa B
CKaJIbHOM MacCHBE C «HEOJaronpusTHOW» OpUEHTALMEeN CUCTEM TPEIluH: (C MaJeHUueM
CyOropM30HTAJIBHBIX TPELIMH B CTOPOHY Kapbepa — 30°, cyOBepTukanbHbie — 60°), Haxo-
JUTCSI B COCTOSIHUM OJIM3KOM K IIPEEIIbBHOMY PABHOBECHIO: ITPOI0JIKAIOILAsACA pa3padoTKa
Kapbepa BeET K BO3PACTAHUIO PUCKOB €r0 3KCIUTyaTalluy.

JanpHeimas pazpaboTka Kapsepa (MpoeKTHass MOUTHOCTh 450 M) TpedyeT KOHTPOJIs CO-
CTOSIHUSI IPUOTKOCHBIX MACCHBOB B paMKaX MOJEpPHU3ALUM MOHUTOPUHIA. AHAIU3 Bpe-
MEHHBIX PSJIOB 32 15-1eTHUI Ieprol 3a ypOBHEM TEXHOT€HHOT'O BOJIOHOCHOT'O KOMILJIEKCa
MO3BOJISIET ONTHUMHU3UPOBATH CUCTEMY MOHUTOPUHIA C IEPEXOJOM OT E€XKEMECTUHBIX

HAOJIOJICHHI K €XKEKBAPTAJIbHBIM TPU COXPAaHEHUH KauecTBa IMOJIy9aeMbIX Pe3yIbTaToB.
[TporHo3HbIe OLIEHKHA YCTOMYUBOCTH OOPTOB Kapbepa JOJDKHBI BHIIOIHATHCS C YUETOM U3-
MEHEHHS KOMIIOHEHTOB WH)KEHEPHO-TEOJIOTUYECKUX YCIOBHH MO BIMSHUEM TEXHOTEH-
HBIX B3aUMOJICHCTBHI MPOU3BOJICTBEHHOTO TpoIlecca: TUHAMHUKH IOA3EMHBIX BOJI, CHU-
’KEHUU TIPOYHOCTHBIX CBOMCTB OPO/] BCKPHIIIHN (aJIb0-CEHOMAaHCKHX MECKOB M IEBOHCKHIX
IJIMH) TP YBEIMYEHUW WX BIAXXHOCTH, BO3PACTAaHUM TPEUIMHOBATOCTH U OJOYHOCTH
PYIHO-KPUCTAJUIMYECKUX TTOPO/I.

B cootBerctBum ¢ Teopueii 6ompimux cuctem «large-scale interconnected» ympaBnenue
nokansHbIMU [ITC B 4acTu ycToiunBOCTH OOPTOB Kaphepa, MOKET 0a3UpOBATHCS Ha IBYX-
YPOBEHHBIX CUCTEMaX C MEPEKPECTHHIMU CBS3SIMHU. B KauecTBe MUHMMH3UPOBAHHBIX KPH-
TepueB GYHKIIMOHUPOBAHMS PACCMATPUBAIOTCSA OTKIOHEHUS TEKYIIETO COCTOSIHUS OT Ipe-
nenpHO nomyctumoro (Ky). B kadecTBe onTUMHU3MPOBAHHBIX MapaMeTpoB ((hakTOpoB) —
YPOBEHb HAIBIOPCKOTO BOJOHOCHOTO TOPU30HTA, IPOYHOCTHBIE CBOWCTBA aJIbO-CEHOMAaH-
CKHUX MECKOB U JAEBOHCKUX TJIMH; MPOYHOCTH, TPEIIMHOBATOCTh M OJIOYHOCTH JOKEMOpHUIi-
CKOT'0 KPUCTAJTMYECKOTO MaCcCHBA.
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10. [TomydeHHBIE TPOTHO3HBIE OIIEHKH YCTOMYHUBOCTH OOPTOB Kapbepa MOTYT OBITh HCITOJIh30BaHbI
IpPU MPOCKTHPOBAHUHM MU Pa3pabOTKE MECTOPOXKICHUU CO CXOTHBIMH HH)KEHEPHO-TEOJIOTHYe-

CKHMHU YCJIOBUSAMU.
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