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YYPEOUTENb:
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YHUBEPCUTET)

PEOAKLUUOHHASA KONMNErua:
MaBHbIA pepakTop — AMutpak KOpuint ButanbeBuY4 — JOKTOp TEXHUYECKUX Hayk, npodeccop, pektop CeBepo-KaBkasckoro
rOPHO-MEeTansypruiyeckoro UHCTUTYTa (FroCyAapCTBEHHOTO TEXHONOIMYECKOro yH1BepcuTeTa) (Bnagvkaskas, Poccus).

3AMECTUTENU INMABHOIO PEAAKTOPA:

Temupaes P.B. — LOKTOpP CENbCKO-X0351MCTBEHHBIX HayK, Npodeccop, NepBbIi 3aMecTUTeNb MaBHOMo peaakTopa, NpopekTop no
Hay4HoI paboTe N MHHOBALMOHHON AesTenbHocT CeBepo-KaBka3ckoro ropHo-MeTannypruiyeckoro MHCTUTYyTa (rocyaapcTBeH-
HOro TEXHOMNOrM4Yeckoro yHnsepcuteta (Bnagukaekas, Poccus).

T'yHs A.H. — pokTop reorpaduyeckux Hayk, npodpeccop, pykoBoauTerb ropHoi rpynnel MAB-6 nporpammbl FOHECKO «Yenosek
n 6uocdepa» B NHcTUTYTE reorpacdum Poccuiickol akageMum Hayk, ctapLlumin HayuHbli cotpyaHuk UM PAH (Mockea, Poccus).
KntoeB P.B. — fOKTOp TexHu4ecknx Hayk, npodpeccop, 3aBeaylolnii kadeapoii «OnekTpocHabxeHne NpoMbllLNeHHbIX npea-
npusTuiny CeBepo-KaBka3ckoro ropHO-MeTannypriu4eckoro UHCTUTYTa (rocyfapCTBEHHOMO TEXHOMOrMYeckoro yHuBepcuTeta),
OTBETCTBEHHbIN 3a BbiMyCk HOMEPOB XypHana (Bnagukaekas, Poccus).

XocaeB X.C. — JOKTOp TEXHUYECKMX HayK, Npodeccop, 3aMecTUTenb HadyanbHuka YnpaBneHusi BHELUHUX CBA3EN U YyCTONYMBOTO
pa3BuTua CeBepo-KaBka3ckoro ropHo-mMeTanypriyeckoro MHCTUTYTa (rocyAapCTBEHHOTO TEXHOMOTNYECKOro yHUBepcuTeTa), oT-
BETCTBEHHbIN 3a BbINyCKk HOMEPOB XypHana (Bnagukaekas, Poccusi).

OTBETCTBEHHbIE CEKPETAPU (no HanpaBneHusm):

Hayku o 3emne — XauaeBa ®.M. — kaHanaaT reorpacdpmyecknx Hayk, AOLEHT, AekaH akynbTeTa reorpadu U reoakonorum, 3a-
Beayowumin kaceapont «eoakonorusi u 3emneycTporicTBo» CeBepo-OCeTUHCKOro rocyaapcTBeHHOro yHnsepeuteta um. K.Jl. Xe-
Taryposa, [peacenatenb otaeneHus Pycckoro reorpadvyeckoro obliectsa B Pecny6nuke CesepHasi OceTusi-AnaHus
(BnagukaBkas, Poccusi).

Akonozusi — puaHes E.A. — kaHanaaT TexHUYECKUX Hayk, AOLEHT kadeapbl «3konorus n TexHocdepHas 6esonacHocTby Ce-
Bepo-KaBkasckoro ropHo-MeTannypriu4eckoro MHCTUTYTa (rocy4apCTBEHHOIrO TEXHONOMMYeckoro yHuBepeuteTa) (Bnagvkaskas,
Poccus).

SkoHomu4veckue Hayku — ManaumneBa C.B. — JOKTOp 3KOHOMUYECKMX HayK, Npodeccop, 3aBeayoLLMii kadeapor aKOHOMUYe-
ckoit Teopumn CeBepo-KaBkasckoro ropHoO-MeTanypruiyeckoro MHCTUTYTa (roCyAapCTBEHHOTO TEXHOMOIMYECKOro yHMBepcuTeTa)
(BnagukaBkas, Poccusi).

TexHu4yeckue Hayku — JlonaeB A.B — [JOKTOp TEXHUYECKUX HayK, 3aBeayloLmnii kadpeapoin «ABTOMOOUIIbHBIE AOPOMM U aspo-
Apombl» CeBepo-KaBKka3ckoro ropHo-MeTansiypruyeckoro MHCTUTYTa (rocyAapCTBEHHOrO TEXHOMOrMYeCcKoro yHuUBepcuTeTa)
(Bnapukaskas, Poccus); XetarypoB B.H. — foktop TexHudeckux Hayk, npodpeccop kadenpbl «TexHomornyeckme MallvHbl U
o6opynosaHune» CeBepo-KaBka3ckoro ropHO-MeTannypruyeckoro MHCTUTYTa (rocyAapCTBEHHOMO TEXHOMOMMYECKOro YHUBEpCH-
Teta) (Bnagukaekas, Poccust).

PEOAKTOPBI:

Kapaes H0.U. - aupektop MexayHapoaHOro MHHOBaLMOHHOTO Hay4YHO-TEXHOMOMMYECKOro LieHTpa «YCTOMYMBOE pasBuTUE rop-
HbIX TeppuTopuity (MUHTL] «[opbi») CeBepo-KaBka3ckoro ropHO-MeTanypruyeckoro MHCTUTYTa (rocydapCTBEHHOMO TEXHOIO-
rmyeckoro yHuBepcuteta) (Bnagukaskas, Poccus).

MucukoBa U.A. — HayanbHVK peaakuMoHHo-u3aaTensckoro otaena Cesepo-KaBkasckoro ropHo-MeTansypriyeckoro UHCTUTYTa
(rocynapcTBeHHOro TeXHomnornyeckoro yHueepcuteta) (Bnagukaskas, Poccus).

PEOAKUWOHHbIN COBET:

MpeAcepatenb peAakUMOHHOrO coBeTa:

KotnsikoB B.M. - flokTOop reorpacguyeckux Hayk, akagemuk PAH, MoyeTHbIn npesnaeHT Pycckoro reorpaguyeckoro obuiectsa,
npeaceaatent 3KCNepTHOro coeeta HaumoHanbHoWM npemun «XpycTanbHbIi KoMnacy, YneH MexnpaBuTenbCTBEHHON rpynnbl
aKcnepToB No npobneme nameHeHus knumata (Mocksa, Poccust).

CONPEACEQATENU PEOAKLUMOHHOIO COBETA:

BeitHraptHep P. — nokTop Hayk, npodeccop YuusepcuteTa r. bepH (LLiBeiiuapusi), 3aBeaytowmin kaceapoii rmaponorumn reo-
rpachuyeckoro MHCTUTYTa YHuBepcuteTa . BepH. PykoBoauTtens MexayHapoaHoi Wccnepoatenbckon MHuumatueel (MRI)
(. BepH, LBeiiuapus).

[3acoxoB A.C. — JOKTOP NONUTUYECKMX HayK, 3aMecTuTens npeaceaatens Komuceumn Poccuiickon ®epepaumm no genam KOHE-
CKO (Mocksa, Poccus)

KaBanna P. — kaHauaaT TexHU4eckux Hayk, npodeccop, AMPeKTop MHCTUTyTa 0bpaboTkn meTannos AasneHnem Ppaibeprckoi
lopHoi Akagemun (Ffepmanus).

MyukoB J1.A. — [OKTOP TeXHUYeCKUX HayK, npodeccop, uneH kopp. PAH, npodeccop kadenpbl «be3onacHoCTb 1 3KONorusi rop-
Horo npouasofcTBa» MOPHOrO MHCTUTYTa HauMOHaNbHOro NCCreaoBaTeNbCKoro TEXHONOrNYeCcKoro yHuBepeuteta « MockoBCKkui
MHCTWUTYT cTanu u cnnaeos» (Mocksa, Poccusi)

COCTAB PEOAKLIMOHHOIO COBETA:

AnpapanveB A.A. — JOKTOP MeOULIMHCKUX HayK, akagemuk HaumoHanbHoi Akagemum Hayk Pecny6nukv KeiprsisctaH, Mped-
cepatenb noneuntensckoro Coseta YHINK «MexayHapoaHbin yHuBepceuteT KblprbiacTaHa» (BuLukek, Kbiprbidckasi Pecny6nuka).
Ba6asiH A. — kaHAnAaT PU3MKO-MaTeEMaTUYECKUX HayK, 3aBEAYIOLWMIA OTAENOM MOHUTOPWHIA U UHHOBaUM MHCTUTYTa reo-
noruyeckmx Hayk HaumoHanbHon Akagemun Hayk Apmerun (EpesaH, Pecny6nuka Apmenust).

Bapenkos H0.M. — kaHAMAAT reonoro-MyHepanorMieckux Hayk, BeAyLLMiA HayuYHbln COTpYAHUK MHCTUTYTa reorpacum PAH, Ha-
YYHbIN pykoBOAMTENb ropHow rpynnsl MAB-6 nporpammbl FKOHECKO «Yenosek un 6uoccepa» B UHcTuTyTe reorpacdmm PAH
(Mocksa, Poccus).

Bonbuwakos B.H. — noktop 6uonornyeckux Hayk, npodeccop, akagemuk Poccuiickon akagemumn Hayk, CoBeTHUK PAH, rnaBHbIi
Hay4HbIi COTPYAHWK, 3aBeayloLuii nabopaTopueli 9BOMIOLIMOHHON 3KOMOTMKU MIHCTUTYTa 3KOMOTMW PACTEHWIA U XUBOTHbIX YpO
PAH (Mocksa-EkatepuH6ypr, Poccusi).

Barun B.C. — [OKTOp 3KOHOMUYeCKUX Hayk, npodeccop, AMpekTop MHCTUTyTa MexayHapogHoro obpasoBaHus KOxHo-Poccui-
CKOro rocyjapCTBEHHOIO MOSIMTEXHUYECKOro yHUBepcuTeTa (HoBOYEpKacCKOro NoMMTEXHUYECKOro MHCTUTYTa) (HoBovepkacck,
Poccus).

BukropoB C.[1. — JOKTOp TEXHUYECKMX HayK, Npodeccop, 3aMecTuTenb AupekTopa no HayyHou pabote MIHCTUTYTa npobnem
KoMmnnekcHoro ocBoeHust Heap PAH (Mockea, Poccust).

asbipuHa W.M. — JOKTOp 3KOHOMUYECKUX HayK, kKaHaMAAT PU3MKO-MaTemMaTUyeckux Hayk, npodeccop, 3aBeaytoLlas kadge-
apot «MpuknagHas nHdopmaTuka u matematvika» 3abaikanbckoro rocyaapcTBeHHOro yHueepcuteta (Muta, Poccus).

Fonuk B.WU. — fokTop TexHuueckux Hayk, npodeccop; npodeccop kadeapbl «TexHonorus pa3paboTkn mectopoxaeHuin» Ce-
Bepo-KaBKka3ckoro ropHo-mMeTannypriyeckoro MHCTUTYTa (rocyapCTBEHHOMO TEXHOMOrMYeckoro yHusepceuteTa) (Bnagukaekas,
Poccus)

F'ponneH B.O. — OKTOp TEXHUYECKUX HayK, Npodeccop, 3aBeayoLwwmii kadeaport «ABToMaTuaMpoBaHHas obpaboTka UHGop-
Maumn» CeBepo-KaBKasckoro ropHO-mMeTannypruvyeckoro MHCTUTYTa (roCyAapCTBEHHOTO TEXHOMOrMYeckoro yHMBepcuTeTa)
(Bnaaukaekas, Poccus).

3anuxaHoB M.Y. — fnokTop reorpadmyeckux Hayk, npodeccop, akagemvk PAH, [MaBHbI HayYHbIN COTPYAHWK BbicokoropHoro
reochmanyeckoro MHCTUTyTa Pocrugpometa (Hanbuvk, Poccus).

KoHgpatbeB K0.U. — fokTop TexHuuyeckux Hayk, npodeccop CeBepo-KaBka3ckoro ropHo-mMeTannypruieckoro MHCTUTyTa (rocy-
[apCTBEHHOrO TEXHOMOTNYecKoro yHuBepcuteTa) (Bnagukaekas, Poccus).

Nypbe MN.M. — gokTop reorpacuyeckux Hayk, npodeccop, BeayLumnii meteoponor CeBepo-KaBkasckoro ynpasrneHusi o ruapome-
TEOPONOr U MOHUTOPUHIY OKpyXatoLLen cpeabl (PocTos-Ha-[oHy, Poccus).

MatBeeBa J1.I". — JOKTOp 3KOHOMUYECKUX HaykK, Npodeccop, 3aBeaytowas kadeapon «HDopMaLMOoHHas 3KOHOMUKa» 3KOHO-
Munyeckoro akynbteta KOxHoro degepanbHoro yHusepcuteta (Poctos-Ha-[JoHy, Poccus).

MuHuaeB M.LU. — fokTOp TEXHUYECKMX HayK, Npodeccop, NPOPEKTOp No Hay4HoW paboTe 1 MHHOBaLWsM [PO3HEHCKOro rocynap-
CTBEHHOTO HE(PTSHOTO TEXHUYECKOTO YHUBEpCUTET UM. akad. M. MunnuoHwwmkosa (Mpo3Hbii, Poccust).

MpxanoBa M. — nporpammHbIi cneumanuct otaena «3konorns n Hayku o 3emne» Cekpetapuata KOHECKO, (Mapux, ®paHumsi).
PeBsikuH B.C. — fokTop reorpaduyeckux Hayk, npodgeccop kadeapbl «Ob6Las reorpacumsi» HaumoHanbHoro uccnegosaTenb-
ckoro ToMckoro rocyaapCTBEHHOIO yHUBEPCUTETA, PyKOBOAWTESNb permoHanbHoi rpynnbl «Anta—CasiHbl» B cocTaBe CeTu rop-
HbIX LIeHTPOB MUpa, (AnTait, Poccus) .

CbicoeB H.U. — nokTop TexHnyeckmx Hayk, npocbeccop kadenpbl «HedTerazoBas TexHuka n TexHonorummy» KoxHo-Poccuiickoro
rocyapCTBEHHOro nonuTexHuyeckoro yHusepcuteta (HMW) nmenn M.W. Mnatosa, (HoBouepkacck, Poccus).

Wragens6ayap . — nokTop cunocodckux Hayk, npodeccop dpaitbyprekoro yHuBepcuteTa (FfepmaHns).
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YBaxkaeMble Kos1ern!

B cootBerctBum ¢ 3axmouernem [Ipesuamyma BAK MunoOpHaykn
PO or 19.12.2014 . Ne47/307 ¢ 2015 roma craTbu s MyONHKAIMA B
KypHaJe «YCTOHYMBOE pa3BUTHE FOPHBIX TEPPUTOPHID) IPUHUMAIOTCS
T10 CJIEAYOLIMM IPyIIIIaM HayYHbIX CIEHAIBHOCTEH M OTpacisiM HayK:

25.00.00 Hayku o 3emne (Bce HayuyHbIe CIEIIMAIBHOCTH B paMKax
rpynmbI);

05.00.00 Texnrueckue HayKu (TpH TPYIIBI HAYYHBIX CIEIIHATIBHO-
creil):

05.05.00 TpancnopTHOE, TOPHOE U CTPOUTENBHOE MALTMHOCTPOECHHUE,

05.13.00 Nudopmaruka, BBIMUCIUTEIbHAS TEXHUKA U YIIPABICHUE,

05.14.00 DOHepretuka.

08.00.00 OxoHOMHYECKHE HAayKH (Bce HAy4HBIE CIICIIMAIBHOCTH B
paMKax TPYTIIIE).

Kypnan BxirodeH B MexIyHapoaHyto pedepaTuBHyIo 0a3y JaHHBIX
U cucTeMy uTHpoBaHus Scopus. [TyOnukanunu B KypHaie « YCTouiBOe
pa3BUTHE TOPHBIX TEPPUTOPHID» NMPUHUMAIOTCS N0 CICAYIOIUM TpyTI-
1aM Hay4YHbIX CHEIHaIbHOCTEH ¥ OTpacisiM HayK:

1. Enginering (TexHHYeCKUE HAYKH).

2. Earth and Planetary Sciences (Hayku o 3emiie U TIaHETapHEBIE
HayKH).

3. Environmental Science (Hayka 00 OKpy>KaroIe cpese).

B cBsi3u ¢ TeM, UTO KypHal « YCTOHYMBOE Pa3BUTHE TOPHBIX TEPPH-
TOpUi» BXoAUT B «llepedeHb POCCHIICKMX pELeH3UPYEMBIX Hay4HBIX
JKYPHAJIOB, B KOTOPBIX IO/DKHBI ITyOJIMKOBaThCS OCHOBHBIC HAy4HBIE
PpEe3yIbTaThl AUCCEPTALlii Ha COMCKAHUE YUYEHBIX CTETICHEH NOKTOpa U
KaHMJaTa HayK» 1 BKIIOYEH B MEKTyHapOIHYIO pedepaTnBHYyIo 06azy
JIAHHBIX U CUCTEMY IIUTHPOBAHMS ScOpus, IPOChOa K aBTOpaM:

- coOmonarh TpeOOBaHUS K aBTOPaM ITyOINKaLNH;

- TEKCT CTaThbM CONPOBOXKAATh HEOOXOIMUMBIMH COITyTCTBYIOIIUMHU
MaTrepHuaaMu;

- He BBIXOIIUTH 32 PaMKH 0003HaYEHHOTO JIOIyCTHMOTO 00bEMa CTaThH;

- BBITIOJIHATH BCE TPEOOBAHUS, MPEIBABISEMBIC K PUCYHKAM, IHa-
rpammam, ororpadusm u np. Hamomunaem, 4ro pexakiys He BO3Bpa-
IaeT aBTOpaM IpUCIIaHHbIe MaTepHaiIbl PAaBHO Kak Ha OyMa)KHBIX, TaK U
Ha AJICKTPOHHBIX HOCHUTEIISX.

Coo0mraeM TaxKe, YTO KOIMUYECTBO JKYPHAJIOB, B PEKIAMHBIX LETAX
pacchUIaBIINXCS paHee OECIUIATHO, 3HAYNTENBEHO COKPAIIEHO, B CBSI3HU C
4yeM nH(pOpMHUpyeM, UTO MOAIIICKA Ha JKypHAI MPOAoDKaeTcs. Te, KTo
He ycreln nognucarscs Ha 2 noiryrogue 2018 rona B otnenenusix Pocre-
YaTh, MOTYT CIeJIaTh 3TO B CaMOl pelakiuu (MoJpoOHOCTH CTOMMOCTH
U yCIIOBHH oANUCKH B paszene «lloxmucka. Pexamay xypHaina).

Pepakiust Takoke OCYyIIECTBISIET YCIYI'W IO M3TOTOBICHUIO U Pas-
MEIICHHIO PeKJIAMHBIX MaTepHajloB Ha CTPAHHUIAX XKypHaia (OOIOXKKa,
[IBETHBIC BKJICHKH, YePHO-OeTIbIe BCTAaBKH). BBl MOXkeTe TIpopeKiIaMmupo-
Barh MPOAYKIHIO, pa3pabOTaHHYIO B BalIMX JIA0OPaTOpHsX M HayYHBIX
LIEHTPaX, NMPEVIOKHUTh 3allaTeHTOBAaHHOE BaMK 000pYZOBaHHUE, TPUOOPHI,
HOBBIE TEXHOJIOTHH, CJENaTh NPEAJIOKEHHUE O COTPYIHHYECTBE, MPEILIO-
JKUTb YCIyTH Hay4HOTO JINOO MPUKIIAIHOTO XapaKTepa, MOMbITaThCs IIPH-
BII€Yb MHBECTHUIIMH T10JT BAIlIM ITPOEKTHI, IPOAHOHCHPOBATh MOHOTPa(HIO,
T.. Ha TIPaBaxX PEKJIaMbl Pa3MECTHUThH JIFOOyI0 HEOOXOMMMYIO IS Bac MH-
(hopmarmro.

Caenas 3as1BKy ¥ IIPUCIIaB TEKCT M MPUMEPHBIH BUJI BaIlIei Ipesio-
JlaraeMoil peknambl, Bbl, cBs3aBIIMCh ¢ HAMH 1O TesieOHy pelaKiuu
+7(918)707-39-25, obroBapuBaere Bce netanu. [1oayduB OT HAC cyeT 3a
BBITIOJIHEHHYIO PaboTy, OIIauMBacTe €ro, a KOMUIO IUIATEeKHOTO TOIy-
YEHHS PHUCHUIACTE HA TEKTPOHHBIN a/Ipec PeAaKIHu.

Bcerna panel coTpytHUYECTBY.
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HAYRI O SEMJIE

EARTH AND PLANETARY SCIENCES
ENVIRONMENTAL SCIENCES

Kpynnuvie kamacmpodgui, ysice pazopusuiue u npooodicaouiue pazopansd co8pemMeHt-
HbLIL MUP, RPOUCXO00AN O HEXHCEIAHUSA Ye106€KA CHUMAMBbCA € 3AKOHAMU NPUPOObL,
OMm He}CeNaHus NOHAMb, YUMo 207100 Helb3A YHOIUMb, ONYCHMOWAS 3eMIIIO.

F’EONOro-aKOHOMUYECKAA OLIEHKA
3AMACOB MECTOPOXOEHUIA
KA3AXCTAHA

Kan JIOPCT

'Pyabko I'.U.,
2MsaTueHko A.B.,
3UcaraeBa ®.M.,*
*MopTHoB B.C.

Beenenne

I'eonornueckast orpacis Kazaxcrana, ximoueBsIM KputepreM 3(h(GEeKTUBHOCTH
paboTBl KOTOpPOH SIBISETCS MPHUPOCT Pa3BENaHHBIX 3aIlacoB IMOJE3HBIX MCKOIAe-
MBIX, IPU3BaHa 00ECIIEUNTH ONEpeKarolee H3yueHHE HEIp U BOCTIOIHEHHE MUHE-
panbHO-CBIpbeBOii 6a3sl [ 1; 2]. IlpuponHbie KaTacTpodbl yCHUIMBAIOT TPEOOBaHUS K
000CHOBaHHOCTH YNPABIEHUECKUX PELICHUH, HAIeTICHHBIX Ha TOCTH)KEHUE YCTOM-
YHBOCTH Pa3BHUTHUS U rOCyNapcTBa, M ero pernoHoB [3]. Bospacraer pons panmo-
HAJILHOTO pa3MeIleHNsI TEXHOTEHHBIX 00BEKTOB, HAyYHOH 0O0CHOBaHHOCTH CO3/a-
HUSI CTIEHUANIBHBIX 30H, OCHOBBIBAsACH Ha KapTorpaduueckoid 1 MHQOPMAIIMOHHON
0aze nmaHHbBIX. HapamuBanue SKCIIopTa MHUHEPaJbHO-CBHIPHEBOM Ka3aXCTAHCKOM
MPOAYKIMHU TpeOyeT peleHuns] CIOKHEHIINX OTPAceBbIX 3a/1a4: OTKPbITUE HOBBIX
MECTOPOXKAECHUM, CTPYKTYpHasl U TEXHOJIOIHYeCKas MOAEPHU3ALUS IEHCTBYIOIINX
MECTOPOXKACHHUH, MOATOTOBKA KBATH(UIUPOBAHHBIX KaJAPOB.

7151 COOTBETCTBUS YPOBHIO SKOHOMHUYECKOTO Pa3BUTHSI OOTaThIX MPUPOTHBIMU
pecypcaMu CTpaH, K YHCITy KOTOpBIX oTHOcHTCs M KazaxcraH, TpeOyeTcst HHTEH-
cuukanus ux HOOBIYM, yBEIHUEHHE TIIYOUHBI epepaboTKH B TOTOBYIO MIPOIYK-
LUIO C LIEJIBIO TOMyYeHUs! 100aBIeHHOM CTOMMOCTH B 00palaThIBaroLeld OTpacin
[4-8]. He Tepsiet akTyansHOCTH po0OieMa NOBBIIIEHHUS] HHBECTULIMOHHOM MIPUBIIE-
KaTeIbHOCTH OTPACIIU 33 CYET aKTUBHM3ALMHU TaKMX SKOHOMHUYECKUX METOMIOB, Kak
JIBTOTHOE HAJIOTOOONOKEHNE, IpeepeHINH, JTULEH3UH, OTMEHA HaJlora Ha 100aB-
JICHHYIO CTOMMOCTb Ha Ie0JIor0o-pa3BelouHbIe PadOThI U Fe0JI0THIeCcKy0 HHPOP-
MaIHIo.

Pemenne ykazanHbIX mpo6iem TpeOyeT He TOJBKO COBEPLISHCTBOBAHMS I'€0-
JIOTHYECKUX M Teo(u3nueckux uccienoBaHuil. Crnabo M3yUYEeHHBIMH OCTAIOTCS
9KOHOMMUECKAsl CTOPOHA IeOJIOrOpa3BeOYHON NEATETBHOCTH, TOCTOBEPHOCTh U
000CHOBAaHHOCTH T'€0JIOT0-9KOHOMHUUYECKON OLIEHKH MECTOPOXKIEHMH, YTO U OIpe-
JENAeT aKTyalIbHOCTh HACTOAIIETO UCCIIEAOBAHUS.

ABTOpaMH BBIIBUTAETCS TE3UC O TOM, UuTO Iporpecc Kasaxcrana cBszaH, npe-
/1€ BCETO, C HAIMYMEM MPUPOAHBIX PECYPCOB, MHOTOJIETHEHN NMPAKTUKOMN, OXBAThI-
BAIOILEH BCE CIOKHOCTU XO3SIMCTBOBAHMS, OTPA0OTKON 3aIIUTHBIX MEXaHU3MOB TI0
OTCTaMBaHHUIO HALMOHAIBHBIX MHTepecoB. Haxomnennslii KazaxcTaHoM ombIT 1Mo
HHIYCTPUATIbHO-UHHOBAIIMOHHOMY PA3BUTHIO MOXKET OBITH MOJE3HBIM AT pa3BH-

TocynapcTBeHHast KOMUCCHsT YKpanHbI 110 3aracaM IOJIe3HbIX HCKoaeMbiX, Ykpauna, rudko@dkz.gov.ua.
['e0510r0-3KOHOMHYECKast KOHCAITHHIOBasi Komranus, Kaparana, amyatchenko@mail.ru.
3KaparanHCKH TOCy/1apCTBEHHbIN TexHnueckuil yuusepeurert, Kaparana, adambekova_farid@mail.ru.
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

BAIOILMXCS CTPaH, MOCKOJIBKY HAIMISIIHO MOKA3bIBACT, KaK
TpaHC(OPMALIOHHBIE IPOLIECCHl YUUTHIBAIOT CIIEHU(DUKY
CTpaHbl, €€ TCONOJIMTUIECKOE TOJIOKEHUE, TPaIulud U
MEHTAJIUTET.

Iesnb craTbu — 000CHOBATH HANIPABICHUS YITyUIICHHS
re0JI0r0-3KOHOMHUYECKOH OLCHKM —KOM4elIaHHO-MEIHO-
CBHHIOBO-IIMHKOBOTO MecTOpoxIeHus1 KycMyphbIH.

3agauu: 1MokasaTh JCHCTBEHHBIE LIard TOCYIapCTBEH-
HOTO PETYJIMPOBAaHMS PA3BUTHS I'€OJOTMYECKOM OTpacin
Kazaxcrana; 00001IUTb pe3ysbTaThl reo0ro-3KOHOMHIYE-
CKOH OLeHKH MecTopokaeHuss KycMypbiH U 000CHOBaTh
1eNIecO00Pa3HOCTh €€ NANBHEHIIIEr0 COBEPLICHCTBOBAHMS
B COOTBETCTBHM C MEXIyHapOAHBIMH CTaHAAPTaMHU U C
YYETOM COLMATBbHO-IKOHOMHUUYECKHX U TOPHO-T€0JI0THYe-
CKUX (haKTOpPOB; pa3padOTaTh KOHKPETHBIE NPEIIIOKEHHS
M0 COBEPILEHCTBOBAHUIO I'€0JIOr0-3KOHOMUYECKOH OLIeH-
K{ MECTOPOXKICHHH.

WNudopmarmonHo-dakronornyeckoir  0a3zoil  mccie-
JIOBaHUS TIOCIYXWIM MaTepHalbl 3aKOHONATENFHOM M
HOpMaTuBHOW 0a3bl PecryOnmuku KazaxcraH, pe3ynbrars
Hay4YHBIX HCCIIEA0BaHUNA MeCTOpOXAeHUs: KycMypblH n
COOCTBEHHBIE PACUECTHI aBTOPOB.

OO00CHOBaHHOCTh M JJOCTOBEPHOCTH MOTYYEHHBIX pe-
3yNIBTaTOB OIPEACIISIOTCS CPABHUTEIILHBIM aHATIU30M, HUC-
TIOJIb30BaHUEM JI0CTOBEPHON 3KOHOMHYECKON U T€0JIOTH-
YecKoi MHpOpMAIH O CHIPheBOH Oa3e KaszaxcraHa, me-
cTopoxaeHnn KycMypbIH, IpUMEHEHHEM COBPEMEHHBIX
METOZIOB HAay4YHOTO HCCIICOBAHUS, YYETOM PErHOHAIIb-
HBIX MPUPOTHO-KIMMAaTHYECKUX U TOPHO-T€0JI0THIECKUX
YCIIOBUIL.

Tekylee cOCTOSTHHE Ie0JI0rOpPa3BeJ0YHON 0Tpacan
Kaszaxcrana

3a rogsl HOBOM MHAycTpuanuzanuu Kazaxcrana ak-
THUBH3HUPOBAJIOCH TOCYIAPCTBEHHOE PETYIUPOBAHHE OT-
pacnu: B utone 2016 r. Kazaxcran cran 10-m unenom Ko-
mutera CRIRSCO; cTpana Bommta B cocraB IIpaBnenus
opraHuzanyu MHuImaTiBa Npo3payHOCTH JESITENbHOCTH
noosiBarommux orpaciueit (UI1J1J10); ma 2018 r. O 3armia-
HUPOBaH MEPEBOA HAa MEXIYHAPOIHYIO CHUCTEMY OTYET-
HOCTH IIO 3aracaM yIieBoAopoaHoro celpbst SPE-PRMS;
B TOPHOPYIHOI OTpaciM 3alylaHupOBaH BBOX OOJETYeH-
HOTO METOJIa MPEIOCTABICHHUS [IPpaBa HEAPOIOIb30BAHHS
B COOTBETCTBUU C MOJENbI0 3amagHod ABCTpaiuu, ee
npuHUMIOM «IlepBhIii IpHIET — MEPBBIN MOMYIHID»; IS
UCKITIIOUeHus moBropa uHpopmammu B otderax UITJIO
C OTYETHBIMHM JAaHHBIMU CyOBEKTOB U TPAaBUTEIHCTBA B
2017 r. crapToBano NWJIOTHOE HccienoBaHue «MauH-
CTPUMUHI»; coBMecTHO ¢ Poccuell co3man KoHcopLuyM
«EBpazus», OTKpBIBIIMK BO3MOKHOCTH M3YUEHHMS Ka3ax-

CTaHCKMX HeZp Ha Teppuropuu llpukacrnumiickoli Bragu-
HBI, TPH YETBEPTH KOTOPOi pacmonoxkensl B Kazaxcrane,
ocrasisHOe — B Poccun.

[TomuMO TOTO, YTO POCT HOOBIYM ONEPEKAET TEMITBI
BOCIIOJIHEHHSI MHUHEPAJIbHO-ChIpbeBol 0a3bl Kaszaxcrana,
CJIO)KHOE TOJIOKEHHE T'€0JI0ropa3BeloqHON OTpacin 00b-
SICHSIETCSI BO MHOT'OM OTCYTCTBHEM (DMHAHCHPOBAHUSI, KO-
Topoe nocie pacnaga CCCP nMeno OromKeTHYIO OCHOBY,
YTO MPUBEJIO HE TOJIBKO K COKPAILIEHHIO Te0JIOropa3Beaoy-
HBIX pa0oT, OTTOKY KaJpoOB, HO M AUCOAIAaHCY MEXIY OT-
pabOTaHHBIMH M PUPALIIBACMbIMHU 3aIIaCaAMH.

Ot cuTyamuu B Te0JOTOPa3BelOYHONH OTPACIH BO
MHOT'OM 3aBHCHUT COBEPIICHCTBOBAHWE HHBECTUIIMOHHOTO
kinuMara B Kazaxcrane. HecMoTpst Ha akTHBH3AIHIO Teo-
JIOTOpa3BeIOYHBIX paboT B mocienHue roxasl, Kasaxcran
1o 00beMy WHBECTHLIMH B T€OJIOTOPA3BEAKY 3HAYUTEIHHO
OTCTaeT OT MepeIoBBIX CTpaH (Tadm. 1).

B 2018 r. Ha moucK U pa3BeIKy MECTOPOXKACHUN CTpa-
TETHYECKUX METAJJIOB, TAKMX KaK Me[b, 30JI0TO, PEIKHE
U pelKO3eMeNbHbIC METaJUIbl, CBUHEL, IUHK, XPOM, ObLIN
HaueneHs! 39 MHBECTUIIMOHHBIX MTPOEKTOB. Pasmep yact-
HBIX MHBECTULMI B T€OJIOTOPA3BEIKY COCTABIIIM HOPSAKA
4 MIIpJ. TEHTE.

VYkperieHue MexayHapoaHbix mo3unuii Kazaxcrana,
MIPUMEHEHHUE OIbITa TAaKUX CTpaH, kak ['epmanus u Hop-
Berus, JienaeT HeoOXOOUMBIM oOecIiedyeHHe Oe3BO3ME3 -
HOTO AOCTyIa K MH(GOPMAIMU O HEApPax W HEAPOIOIb30-
BaTeJIsiX, YCIOBUIX M KOHEUHBIX OeHeduuapax (Jimuax u
TOCYyAapCTBax, MPSIMO MM KOCBEHHO KOHTPOJIHPYIOIIUX
HEJIPOIIOIb30BATENS), BOCCTAHOBIICHUE HAJIOTOBBIX JIBIOT
Ha J00aBIECHHYIO CTOMMOCTBH IO I'€0JOTOPa3BEIOYHBIM
paboTaM, cBOeBpeMEeHHOE O()OpMIICHHE KOHTPAKTOB Ha
proOpeTeHne JIMIeH3H! [5].

WHBecThumy, HampasiseMble HA TIOMCKA U Pa3BEIKy
MECTOPOXKACHUH TOJIE3HBIX MCKOIMAEMBIX, HOCST HWHHO-
BallMOHHBIN xapaktep [6; 7]. B orpacnu mnanupyercs
YBEJIMYEHHE JOJIM TEONOrOpa3BeOYHBIX PalOT, BBHIMOI-
HSIEMBIX MHHOBALMOHHBIMU TEXHOJIOTUAMH, 10 75 %, B
CBSI3M C YeM CHCTeMa HaJIOrOOOIOXEHHs TeosoropasBe-
JIOYHOH JIeSITeNbHOCTH JOJDKHA OBITh CKOPPEKTHPOBaHA C
Yy4EeTOM HOBBILIEHHOTO PUCKA B TaHHOH cepe AesiTebHO-
ctu [8—10]. THHOBaIMOHHOE Pa3BUTHE OTKPOET BO3MOXK-
HOCTb 4epe3 NOOBIBAIOIINE OTPACIH C ITOMOIIBIO Pa3BH-
TUs 3—4 mepernena NepeKIFOYUTHC Ha 00padaThIBAIOIIHI
CEKTOp, CZENaB €ro MHBECTUIIMOHHO-TIPHBIICKATEIBHBIM.
Bbicokre WMHBECTHLMOHHBIE PHCKH, CONPOBOXKIAIOIINE
MIPOEKTHI Pa3BEAKH M pa3pabOTKH MECTOPOXKICHUH, YyKe-
CTOYal0T TPeOOBaHMSI HHBECTOPOB K MOAIMHHOCTHU MPEIOo-
CTaBIISIEMbIX CBEJICHUI O KOHKPETHBIX pecypcax u oOHa-

Taonuya 1/ Table 1

JuHamuka (pMHAHCHPOBAHMSA Te0JIOTMYeCKOr0 U3y4eHHsl Help 32 roAbl HHAYCTPHAJIbHON NMOJMTHKH, MJIPA. TeHre [2, 3]
Dynamics of financing geological studies of the subsoil within the years of industrial policy, bin. tenges [2, 3]

2011 2012 2013 2014 2015

2016

2017 2018 (nmaan) / (plan) 2019 (naan) / (plan)

4.3 8.7 9.4 9.1 11.4

8.2 9.3 11.8
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Tabnuuya 2 / Table 2
Tepable noje3nbie uckonaemble Kazaxcrana [2; 4; 5; 10]
Solid minerals of Kazakhstan [2; 4; 5; 10]
Menp,
Bua moJie3Horo CBumnern, InHk, Ypan, Keeso, Yroab,
307010, T MJIH. T
HCKOIAeMOro Gold. t Conper MJIH. T MJIH. T ThIC. T MJIpA. T MJIH. T
Mineral type ’ m]g ; > | Lead, min.t | Zinc, min.t | Uranium, th.t | Iron, bin.t Coal, min.t
3anacel Ha
FOCYAAPCTBEITHOM 1140 30 12 25 904 10 34103
Oamance / Reserves on
the state balance
KonuuectBo
MECTOPOXKICHUI 330 120 96 93 73 60 147
Number of deposits
3aKOHTPaKTOBaHO, %
Contracted, % 97 98 92 94 77 67 39

PYKeHHBIX 3anacax. OOLIEen3BECTHO, YTO OUPKU U OaHKH
OKa3bIBAIOT JJOBEpHE TOPHOAOOBIBAIOIINM M I'€0JI0ropas-
BEIOYHBIM MPEATIPUSTUSM JIUIIb B CIy4ae COOTBETCTBUS
UX JIESTENIHOCTH U MPEACTABICHHBIX OTYETHBIX JaHHBIX
MEXAYHApPOIHBIM CTaHIapTaM.

Ha texymuii meproa movT# TpH YETBEPTU MECTOPOXK-
nennii KazaxcraHa 3akOHTpPaKkTOBaHbI, U3 ACHCTBYIOIIUX
866 KOHTPAKTOB Ha HEAPOMOJIb30BaHUE 484 MPUXOIUTCS
Ha MECTOPOXKICHHS TBEPIBIX MOJNE3HBIX MCKOMaeMbIX. K
HanOosiee BOCTpeOOBAaHHBIM BHIAM HCKONAEMBIX OTHO-
CSIT 30JI0TO, M€Jlb, CBHHEII, IMHK, YpaH. AKTUBH3UPYIOTCS
paboTel o MeTamiaM (MTpuid, nTepouil) B 16 OCHOBHBIX
PYIHBIX TIPOBUHIUSX (Tabm. 2) [11].

C yueroMm 3apyOeXHOTO OMbITA, CIICHHU(UKH TPOBE-
JCHUSI Te0JIOrOpa3BeAOYHbIX PadOT B TPYAHOAOCTYITHBIX
paiionax KazaxcraHa u BnustHUSI Takoro (akropa, Kak
pasHooOpa3re MOBEPXHOCTHBIX M TOPHO-TEONIOTHYECKUX
YCJIOBHH, IJIaHUpYeTcsl pa3paboTKa MpOrpaMMbl MO U3-
YUCHHUIO PEIKO3EMENbHBIX 3JIEMEHTOB, OCHOBAaHHOM Ha
OLICHKE TMEPCIIEKTHB OCBOCHUSI HOBBIX YYACTKOB, C IPH-
BJICYCHHEM BBICOKOTEXHOJIOTHYECKHUX SIMOHCKUX M KOPEH-
CKHMX KoMITaHui [2; 12—14].

I'eosi0ro-3xK0HOMHYECKAs OLIEHKA 3a1aCOB
MecTopo:xaenust Kyemypbin

WnnyctpuansHO-MHHOBAMOHHOE pas3ButHe Kazax-
CTaHa NOTPeOOBAJIO MEPECTPOMKY Ie0I0ropa3BelOYHON
OTPACIIH B YaCTH COBEPIICHCTBOBAHUS T€OJION0-3KOHOMH-
YEeCKOH OLIEHKH MECTOPOXKICHHUM, ISl KOTOPBIX IJIaBHBIM
OCTAIOTCSl COLMAILHO-YKOHOMHUYECKHE W TOPHO-TEOJIO-
ruueckue Qakropsl [15, 16]. IlpuHEMarOTCS CHCTEMHBIE
JCUCTBUS MO CTHUMYJIMPOBAHHUIO T'EOJIOTHYECKUX M pas-
BEIOYHBIX HCCIICOBAHUH HOBBIX MECTOPOXKICHUM, MPH-
3BaHHBIX CTaOWJIM3UPOBATh CHIPHEBYIO 0aszy Al MHAY-
CTpUaIU3alu CTpaHsl [2; 5; 17].

B cBete ckazaHHOTO, 0cO0YI0 3HAYMMOCTh IPHOOpETa-
€T T'e0JI0r0-3KOHOMUYECKasl OLIEHKA TEX MECTOPOKICHHH,
KOTOpBIE PACHOJIAraloT MPOTHO3HBIMH PECypCamH I0JIe3-

T.10. Ne4(38), 2018 T.

HBIX HCKOTIAEMBIX, OJTHAKO €IIIe HeJIOCTATOYHO M3Y4YEHBI U
HE pPacroyiaraloT COOTBETCTBYIOIIEH HH(PACTPYKTYpOI.
K ux 4ymcimy oTHOCHTCS KOMYETaHHO-MEIHO-CBUHIIOBO-
IIUHKOBOE MECTOpOXIeHHe KycMyphIH, TEXHHKO-3KOHO-
MHUYECKoe OOOCHOBaHHE KOTOPOTO pa3paboTaHO elie B
COBETCKHH MEPHUOI.

PeannzoBanusiii B 1957 1. KOMIUIEKC AETAJIBHBIX I'€O-
JIOTO-TeO(H3MYECKUX padOoT BBIBIII OOJIBIIOHN IO TUTOMIA-
JTM MHTEHCUBHBII OPEOJ pacCEesTHUSI ME/IH, B TIpeesax Ko-
TOPOTO HaOIFOIATHCH TTOBHIIIIEHHBIE COIEPYKAHNS CBUHIIA,
IIUHKA U ciefipl 30m0Ta. [IpoBenenre mepBeIx OypoBbIX pa-
00T, OypeHre TpeX CKBaXHH CEBEpHEE KeJIe3HOH IUIAIBI,
KOTOPBIMH Ha Pa3IMYHBIX MHTEpPBAJIaX OBUIN TOJICEUCHBI
PYIHBIE METOCOMAaTHYECKH M3MEHEHHBIE MOPOIBI C TPO-
MBIIUIEHHBIMA COAEPKAaHUSAMHU MEJTH, 1aJI0 BO3MOXKHOCTh
OTHECTH PYIOTPOSBICHHUE K pa3psily MEPCIEKTUBHBIX.

B 1958-1977 rr. OypoBbie pabOTHI MPOBOAWIHCH TI0
CTamusIM, B pe3yJbTare 4ero YCTaHOBIEHO, YTO 3TO Me-
CTOPOXK/IGHUE OTJIMYACTCS IMOBBIIIEHHBIM CONIEPKAHUEM
MEJU 1 IMHKA KaK B IPUTIOBEPXHOCTHBIX CMEIIaHHBIX PY-
JlaX, TaK U B CYIb(QUIHBIX pyldax. belmy pa3BenaHsl MATh
JMH30BUIHBIX PYIHBIX TEN MPOTHKEHHOCTHIO 0 ITPOCTH-
panuto 10 350 M, o naaeHuto — A0 650 M IpU MOLTHOCTH
2-75 m. IlepBuuHble pyapl KOTYEAAHHBIE, CIUIOIIHBIE U
MIPOXKUIIKOBO-BKPAIJICHHBIC, CPEIHEE COMEpKaHUE 30I10-
ta— 1,12 /1, Mmenu — 3,37 %, uunka— 1 %. Ha ocHoBe
KOMILIEKCHOTO TEO0JIOTO-TeO(hU3NISCKOTO H3YUYCHUS Me-
CTOPOXK/ICHUS pa3pa0O0TaHbl KOHAWUIIUH TS JaTbHEUIIIETO
TMOZICYETA 3aIacoB Pyl

B nocrcoserckuit nepron TOO «Kopnopanus Kazax-
MBICY» — OJIMH W3 KPYITHEWIINX MPOM3BOAUTENCH MEIH B
Kazaxcrane, HaunHaeT oTpadaThiBaTh MECTOPOXKICHUE
OTKPBITBHIM CIIOCOOOM C TANbHEHIIEH 0TpaboTKON oA3eM-
HbIM MeToztoM. Jlo 2009 1. MecTopokaeHue ObLIO OHUM
13 OCHOBHBIX CHIPHEBBIX MCTOYHHKOB MEIHOW U MEIHO-
IIUHKOBOM pynel it KaparaiinnHckoil oOoraruTenbHOM
(haOpukw, BXOAAIIEH B KOPIOPAIIHIO.
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Taonuya 3/ Table 3

3anacel MecTopoxkaennsi Kycmypsin [18]
Reserves of the Kusmuryn deposit [18]

Kareropus 3anacoB / Reserve categories
Ne Buj moJie3HOro HCKOMAeMOro Ganancossie / Balance 6a1AHCOBEI
n/m / No Mineral type 3202TAHCOBBIC
C, C, Off-balance

1 Pyna, teic. T/ Ore, th.t 19105.2 1862.0 1183

2 Mens, teIC. T/ Copper; th.t 644.1 539 13.1

3 uHK, THIC. T / Zince, th.t 191.0 12.5 1.0

4 3omnoro, kr / Gold, kg 21122.0 2095.0 639

5 Cepebpo, T/ Silver, t 382.6 37.3 11.9

6 CeneH, T/ Selenium, t 1764.0 177.0 97.0

7 Temnyp, T/ Tellurium, t 809.0 81.0 -

8 Cepa cynbeunnas teic. T / Sulfide sulfur, t 4766.0 452.0 209.0

Conepxanue: / Content:

1 Mens, % / Copper, % 3.37 2.89 1.11

2 Huuk, % / Zinc, % 0.99 0.67 0.08

3 3onoto, r/T/ Gold, g/t 1.11 1.12 0.54

4 Cepeopo, r/1 / Silver, g/t 20.03 20.25 10.05

5 Cenen, % / Selenium, % 0.0092 0.0095 0.0082

6 Tennyp, % / Tellurium, % 0.0042 0.0044 0.0048

7 Cepa cynbunnas, % / Sulfide sulfur, % 2495 24.27 17.67

OpnHaxo cMeLIaHHbIH TUII py[ ¢ 0osiee BBICOKUM COIEP-
JKaHUEM OKHCJIOB MEJIM M LINHKA, BHICOKAs TPYIOEMKOCTb
o0oraiieHuss MEeJHO-IIMHKOBBIX PYyA, MPONOKUTEIbHAS
TPaHCIIOPTUPOBKA PyAbl aBTOCaMOCBaJlaMu IO Tpeiinep-
HOH Jjopore 10 000raTUTeIbHON (aOpHKH M HE JOCTATOU-
Hasl U3yUYCHHOCTh TEXHOJOTUH NepepadOTKN MeIHO-LINH-
KOBBIX PyZ OTPHLATEIBEHO OTPAa3HINCh Ha Ce0ECTOMMOCTH
KOHIIEHTpara, noiryyaemoro u3 Hux. IlostomMy B KoHIE
2009 . TOO «Kopnopamuss KazaxmsbIc» BBIHYKIEHO
OBUIO OCTAaHOBUTH JOOBIYHBIC PAOOTHI HA MECTOPOXKIE-
HuH, a B cepenuHe 2010 ©. ObUTO TOMYYEHO pa3perieHne
Ha «KOHCEPBAIIMIO» JOOBIYHBIX padoT 0 2012 .

B 370 %€ Bpemsi Kopropalus MpoBOAHIIA TeoIoropas-
BEJIOYHBIC PaOOTHl HA MECTOPOXKACHHUH, B TOM YHUCIIE JUIS
oTOOpa MPEACTaBUTEIBHOM TEXHOJOTMYECKOH MpOOBL,
MPOBE/ICHMS UCIIBITAHU 1 JanbHenIell pa3paboTKy cxe-
MBI NlepepabOTKH MEAHO-IMHKOBBIX pya. Jlopa3senka Oy-
POBEIMH paboTaMu ObLTa HE0OX0MUMa A1l 0TOOpa KePHO-
BOIO Marepuaja IJisi TeXHOJIOTMYECKOro KapTHPOBAaHUSL,
Jopa3Benku (DIIAHTOB MECTOPOXKIEHHSI KakK IO IPOCTH-
paHuIo, TaK U Mo MafeHuo. B cBsA3M ¢ HEOOXOAUMOCTHIO
NepecMoTpa IIYOUHBI OTPaOOTKH MECTOPOXKACHHS U €ro
W3Y4YEHHS IUIaHUPOBAJIOCH MIPOBECTH MH)XEHEPHO-TEOINIO-
rudeckoe OypeHue ¢ MOCIEAYIOMNM IIPOBEACHHEM TECTOB
Ha oIpezeneHne Pr3nKo-MeXaHHUECKUX CBOMCTB IOPOI.

HccnenoBaHusiMu yCTAHOBJIEHO, YTO OOJNbILIAsl 4acTb
MacCHBa TOPHBIX IOPOI HMMEET CPEOHIOI KaTeropuio
ycroituuBocTH (70+80 %), octanbHas yacTh TOPHOTO Mac-
CHBa, IPE/ICTABICHHAS B OCHOBHOM PYJHOM 30HOH, OKa3a-
J1aCh HEYCTOMYUBOM.

ITo pesynbraraM XUMHKO-aHAJIMTUUECKHX, METPOrpa-
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¢uueckux, MuHepanorpaguIeckux ¥ TEXHOJIOTHYECKUX
paboT, BBIIOMHEHHBIX B MPOLECCE PAa3BEIKH MECTOPOXK-
JCHUsI, BBIJCTICHO TPU NPUPOAHBIX TUIA PYA: NEPBUYHbIC
cynb(uaHbIC; CMELIaHHbIE; OKUCIICHHBIE.

[To cBoemy BemiecTBeHHOMY cocTaBy (mmpura a0 90
%) pyzsl MecTopokaeHHs KycMypbIH OTHECEHBI K MEIHO-
KOYEITaHHOMY ITPOMBIIIJICHHOMY THITY C JIABHBIMHU PYZIO00-
OpasyroLMi MUHEPAJIAMH — TUPUTOM, XaJIbKOIIUPUTOM,
caneputom, TaleHUTOM. B cOOTBETCTBUM C 3amacamy,
MECTOPOXKICHUE TIPU3HAHO MEJIKUM (Tadm. 3).

BHyTpH NpOMBIIIIIEHHOTO THIIA IT0 COACPKAaHUIO OKHC-
JICHHBIX M BTOPUYHBIX (JOPM MEAM WM IMHKA BBIIEICHBI
CMEIIaHHbIE U NEPBUYHbIEC CYIb(QUIHbIE PYAbI, KOTOPHIC
[0 TEKCTYPHBIM OCOOEHHOCTSIM JEJISITCA Ha CIUIOLIHbIC
U TPOKUIKOBO-BKpAIUICHHBIE, 110 COACPXKAHUIO MEIN U
LUHKA — HAa MEJHbIC 1 MEIHO-LIMHKOBBIC. B cooTBeTCTBHN
C TEXHOJIOTHYECKUMH CBOMCTBAMHU M CXeMaMu oborarie-
HUSI BBIICTICHBI JBA TEXHOJIOTMYECKUX COPTA: CMEIIaHHbIE
U TIEPBUYHBIE CYIb(QUIHBIC.

Bonee neranpHOE nccnenoBaHue KepHa U POCT JOCTO-
BEPHOCTH T'€OMEXaHMYECKOW OLICHKHM TOPHOIO MacchBa
OBUTH JOCTUTHYTHI OJarofapsi BBICOKOMY YPOBHIO T€0JIO-
ro-pa3BelOYHBIX paloT, MPUHITONH CXeMe BCKPBITUS, CH-
cTeMe pa3paboTKu, BBIOPAHHOW TEXHHWKU U TEXHOJIOTHH
BEZICHUS TOPHBIX padoT.

[lockonbky MectopokaeHne KycMmypbiH —sBiseTCS
00BEKTOM MOMCKOBOTO MCCIIEIOBAHMS B paMKax rocyaap-
CTBEHHOTO 3a/IaHMS 10 U3YYEHHIO MEPCIEKTUBHBIX ILIO-
mIaei s npuBiedeHns nHBecTHnH, B 2013 1. paboTsl
IO €ro MCCIIEIOBAaHNIO ObIIM BO300HOBIEHBI. [IprHuMas
BO BHUMaHHE 3HAYHUTEJILHOE BIMSHHUE KPYTOHAKIOHHOTO

T.10. Ne4(38), 2018 1.



3aj1eraHusl HEKOTOPBIX PYAHBIX T Ha YCTOWYMBOCTH Mac-
CHBa Py M OPOJ, O Mepe 0TPabOTKH TPeOOBaIOCh pac-
LIMPEHHE TeOMEXaHNIECKUX UCCIICOBAHUM 110 KOHTPOIIO
HaJl COCTOSTHHEM TOPHOTO MaccHBa, 0€30MaCHOCTBIO TOp-
HBIX pabOT M KOPPEKTUPOBKE TEXHOJOTHH BEACHUS TOp-
HBIX padoT.

Hns mocnenyromeil pa3paboTKH TEXHOJIOTHH Iepe-
pabOTKH MEIHO-IIMHKOBBIX PyA M CTPOUTEIHCTBA HOBOM
oOorarutenpHON (aOpuku ONHM3 MECTOPOXKIEHHs ObLia
OCYLIECTBIICHA J0pa3BeKa MECTOpOXaeHus. beumn oro-
OpaHbl TEXHOJIOTUUECKHE POOBI MEIHBIX M MEIHO-LIUH-
KOBBIX PyI M3 KEpHa CKBa)XWH, NPOOYpEHHBIX B KOH-
Typax PYOHBIX TeN, C MOJICEYCHHEM HX Ha pasiuyHbIX
TOPU30HTAX; U3YyYEHO CTPYKTYPHO-TEKTOHHYECKOE CTPO-
CHHE MECTOPOXKACHHS TMOCPEICTBOM OypEeHUs! CKBaKMH
C WCTIONB30BaHUEM BJICKTPOHHOTO KEPHOOPHEHTATopa U
TEOTEXHUYECKON JOKYMEHTALUH; IOU3y4deHbl (u3uKo-
MEXaHHYECKHE CBOIMCTBA Py U HOPOJ 1Mo oOpasuam, OTo-
OpaHHBIM M3 KE€PHA, U OKOHTYPHBAHHE MECTOPOKACHHUS,
myTeM OypeHus! CKBa)KHMHBI Ha KpatHEM CEBEPHOM H FOXK-
HOM Ipoduiie BKPECT NPOCTUPAHHSL.

Io cnokHOCTH cTpOeHusI MecTopoxaeHne Kycmypbia
orHocutcs ko 1I-i (3-if) rpymme: ceTh TpoOypEeHHBIX CKBa-
KHMH ¥ TOPHBIX BBIPAOOTOK OTBEYaET TPEOOBAHUSM H3yUCH-
HOCTH MECTOPOXXICHHH P 3TOM KaTerOPHH CIIOKHOCTH.

B pesynerate orGopa nabopaTopHOl TEXHOJIOTHYE-
CKOHl IpOOBI M TEXHOJOTMYECKUX MHCCIIEOBaHUN 000-
TaTUMOCTH PYyZA MECTOPOXKICHUSI OBUIO MOATBEPHKACHO
BBIJICJICHUE JIBYX NPUPOIHBIX THUIIOB Py — CMELIaHHBIE
U cynb(QUAHBIC, TPAHULA MEXKIY KOTOPBIMHU OIpeeiieHa
TOJIBKO 10 Pe3yJbTaraM JaOOPaTOPHBIX MCCIIEIOBAHHM.
Ob6a Tuma pyn moApasAeisIoTCs Ha COpTa: MEIHBIE U
MEIHO-IIHUHKOBEIC.

Anamm3 snmementoB BeimonHeH MetonoM ICP-OES c
MPEIBAPUTEIILHBIM ~ YETHIPEXKUCIOTHBIM — PA3JIOKCHUEM
po0, YTO CIOCOOCTBOBAIO ITOUTH MTOJHOMY IIEPEBOIY KOM-
MIOHEHTOB MOPOILIKOBON MTPOOBI B XUMHYECKUI PacTBOP.

Peanusanust nporpaMMBbl TOpa3BeIKU MECTOPOIKACHHS
U MPOTrpaMMbl OypeHHus! ¢ 1elbl0 OTOOpa TEXHOJIOTHYe-
CKHX P00 Jajia MoMI0KUTEIbHBIE PE3YIIbTaThl, II03BOJIMIIA
MEPECMOTPETh YINIbl OOPTOB KaK CYIECTBYIOIIETO, TaK U
MIPOEKTHOTO Kapbepa. [Iporpamma OypeHust CKBaXXUH C Lie-
JIBE0 0TOOPA TEXHOJIOTHYECKOH MPOOBI ajia BO3MOKHOCTD
MOJTYYUTh B JOCTAaTOYHOM OOBEME KEPHOBBIA Marepual
IUISl TIPOBEICHUS MCTIBITAHUNA U pa3pabOTKH TEXHOJIOTH-
YEeCKOT0 periaMeHTa epepadoTKU Py MECTOPOKICHHSL.

Jlo cux mop OTCyTCTBYIOT AOCTOBEPHAs HH(pOpPMALHs O
KauecTBE M KOJIMYECTBE AOOBITOM pyIbl U UTOTOBBIC JAaH-
HBIE KapTUPOBaHUs ¢ 0TOopoM Tpod BecoM a0 200 KT, He
MOJTYYCHBI PE3YAbTAThl TEXHOIOTHYECKUX UCCIEJOBaHMUH,
MIPOBEACHHBIX B MOJICBOI IEPHO, YTO BO MHOTOM 3aTpy.-
HSIET peLIeHHe BONpoca O MepeyTBEPKACHUN KOHIMIINHA
WIN TepecyeTe 3amacoB MecTopoxaeHus KycMmypbiH,
HIEPEBOJI YTBEPKIECHHBIX 3amacoB 1o kareropun C, u C, B
Ooree BHICOKHE KaTETOPHH.

B sT0i1 CcBA3M HEOOXOAMMO: HPOBECTH OPA3BEIKY
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MECTOPOKACHHS MyTeM OypeHUs] KOJIOHKOBBIX CKBAaXKHH;
BBIIIOJIHUTh OBapUAaHTHBIN nozacyeT 3anacoB u TAO mpo-
MBIIIIEHHBIX KOHIUIUHI; IePECUUTaTh 3alackl C yTBEPXK-
neaueM B ' K3 PK.

Tonpko 1ocje BHECEHUS! KOPPEKTUB B OOHOBIICHHBIC
JaHHbIC, T.€. BHYTPEHHEE CTPOCHME 3allacoB MEIOHBIX U
MEIHO-LIMHKOBBIX PYZ, KaKk M0 MecTopoxkaeHuio Kycmy-
PbIH, TaK ¥ IO OTACJIBHBIM PYJHBIM TeJlaM, UX B3aUMO-
pacnoyIoKEHHE U YCIIOBUS 3ajeraHus, OyayT M3MEHEHBI
HPOMBIIIIEHHO-TE€HETUUECKUE THIIBI pyd. B nanbHeimem
BO3MOXKEH IepecyeT 3amacoB Pyl HAa OCHOBAHMM CYILe-
CTBYIOLIMX KOHIULUIL.

IHoTeHuHnaJbHbIE BO3MOKHOCTH MEeCTOPOKIEHHUSI

«KyeMmypbin»

B 6mmxkaitmme rogpr oobeM maBecTHMin TOO «Kop-
nopanusa «Kasaxmplic» 3HaYUTEIBHO YBEJIMUYHUTCS Oraro-
Japsi BBOLLY IIPOEKTOB IO CTPOUTENBCTBY HOBBIX PYIHUKOB
Y WMHHOBALMOHHOTO IPOEKTa THAPOMETAJLLYyPruyecKon
nepepadOTKH YEpHOBOI'O MEIHOTO KOHLEHTpara ¢ HC-
M0JIb30BaHUEM KE3Ka3IaHCKUX PYI.

Ha 2018-2026 roap! st cTabUIU3auy JOCTUTHYTOTO
JOOBIYHOTO YPOBHS U KOMIIEHCALIMH BBIOBIBAIOIINX (DYHK-
LIUOHUPYIOLIMX 00BeKTOB Kopriopauuen «Ka3axmeicy 3a-
IUIAHUPOBAH psil MPOEKTOB, cpeanu KoTopbix — ¢ 2019 .
HAYHYTCS OTKPBITHIE TOpHBIE padoThl 1 B 2021 1. cTapryer
BBOJI IIOJ36MHOH AOOBIYM HA MECTOPOXKAEeHUH KycMyphIH.

B nensx cHmxeHHs ce0eCTOMMOCTH KOHLIEHTpaTa Me-
HSIETCSI CUCTEMa OTpadOTKU Ha MecTopoxaeHnu Kycmy-
poiH. Ha cMeHy kamepHO-cTon60BOI cucteme pa3pador-
KU, MO3BOJISIFOLLIECH M3BJICKATh BCE MMEIOLIMECS 3aIlachl,
BHEJPEHA Jpyras MOAENb — OTpadOTKa MEXITyKaMEepPHbIX
LEJIMKOB C BBICOKMM COAEPKaHUEM METajlla, YTo YIyd-
LIAT KAYECTBO KaTOIHOM MeIH.

ITpy BBINOJNHEHUH T'€0JIOrOPa3BEAOYHBIX paldoT C Io-
BEPXHOCTH HCIIOJB3YIOTCSl  BBICOKOIIPOHU3BOAMTEIbHBIC
oyposeie ycranoBku Atlas Copco CS-3001, mo3Bossito-
e OypuTh CKBakHHBI TiTyOnHOM 10 1200 merpos. s
9KCIUTYaTallIOHHON PAa3BEAKU UCTIONb3YIOT BHICOKOIIPOH3-
BOJUTENBHBIE OypoBble ycTaHOBKM Diamec 262 u Sandvik
DE 130, npumeHsieMble B TIOA3EMHBIX TOPHBIX BBIPA0OT-
KaX. AKTHUBHU3UPYIOTCSI HHHOBAL[IOHHBIEC HCCIICIOBAHUS:
NpOBEAEHb! TOMOrpadMuecKue MOUCKH PYIHBIX TeJl ITy-
TeM 30HAMpOBaHMA Ha TiyOuHy 800 METpoB, 3aruiaHu-
POBaH MPOEKT MUKPOCEHCMUYECKOTO 30HIUPOBAHUS VIS
OIIPEACTICHHS PYIHBIX 30H.

CoBepLIeHCTBOBaHUE Ie0JI0T0-3KOHOMHYECKOI

OLIEHKHU MeCTOPOKAeHHUH M0JIe3HbIX HCKONIaeMbIX

OnHUM U3 [IEPBOCTENICHHBIX YCIOBUN pOCTa HHBECTH-
LMOHHOW TPHBJIEKATEIbHOCTH MHUHEPAJIbHO-CHIPHEBOTO
xomIuiekca Kazaxcrana, BO3SMOXHOCTH ONPEIENICHNS MaK-
CHUMAJIHO JIOCTOBEPHBIX I€OJIOTMYECKUX M TEXHUYECKUX
CBEJCHUI MO pa3pabaTblBacMbIM MPOEKTaM CTAHOBUTCS
nepexol]; Ha MEXIYHApOIHYI0 CHCTEMY CTaHAAPTOB OT-
YETHOCTH 110 3anacam nojue3Hsix uckonaeMeix CRIRSCO.

[puanumuaneHeIx paznmunii B TpedoBanusx CRISCO
u locynapcTBeHHONW KOMMCCHM IO 3aracam IOJIE3HBIX
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nckonaeMbix PecnyOnmukn Kazaxcran He HaOmomaercs.
Bonee Toro, cucrema CRISCO, raoe 3amacel U pecypcbl
OIIEHUBAET KOMIIETEHTHOE JIMIIO, BHIIJISAUT Ooliee yIpo-
menHoi. B Kazaxcrane 3amachl JeTUIIMCh Ha IPOTHO3HBIE
P, P,, P,, npombiuiennoi kareropuu C, C,, A+B.

B cucreme CRISCO rpaganus mo 3amacaM TakoBa:
«IIONITBEPIKJICHHBIC), «HU3BIICKAEMBICY», «IKOHOMHUYECKU
nenecoodpasznapie». OOmUM TpeOOBaHHEM SIBISIETCS JI0-
CTOBEPHOCTH BCel MH(OPMAIIMH U IO 3aracam, B YaCTHO-
CTH. 3anacbl MUHEPAJIBHOTO CHIPBS HE SIBJISIIOTCS] HEUCCS-
KaeMbIMH, HEOOXOIMM CTPOTHH y4eT M KOHTPOIb HaJ MX
panroHaIbHBIM UCTIONE30BaHUEM.

C BHeIpeHHEM MEKIYHAPOIHBIX CTAHAAPTOB MPETEP-
MTUT U3MEHEHHUE S9KOHOMUYECKASL OYEHKA MECTNOPOHNCOEHUTI
nonesuvix uckonaemvix. Ha ee ocHOBe OymyT OTpe/eNieHbl
SKOHOMHYECKasi 3HAYMMOCTh U I1E1eCO00pa3HOCTh OCBO-
€HHSI MECTOPOXKIICHUS, TIOCIIC0BATEILHOCTh BOBJICUCHUS
B pa3pabOTKy OTACIBHBIX €0 YacTell, yCTaHOBJICHBI KOH-
JTUIIAY Ha MAHEPAJIbHOE CHIPhE, PACCUUTAHBI OaIaHCOBBIC
3armachl MECTOPOXKIICHHS, O4ePUSHBI OPUEHTHPHI TATEHEH-
IIUX T€0JIOTOPa3BeI0UHBIX paboT. MITOroBbIC TaHHEIE 3KO-
HOMHUYECKON OIIEHKH MOTYT MPUMEHSTHCS IS HOPMHUPO-
BaHUS TOTEPhH IOJIE3HOTO MCKOITAaeMOro MpH pa3paboTke
Y pacyeTe S5KOHOMUYECKHUX CAHKITMIA 32 MX MPEBHIIIICHHE.

Jis onTUMU3aMK IPUHUMAEMBIX PEIISHHH 110 1aib-
HEHIIeH OHKCIUTyaTallu MECTOPOXKACHUM, COCAMHEHUS
BOCMHO TIPOOJIEMBI YIIOBJICTBOPEHHS MOTPEOHOCTH 00-
IIeCTBA B KOHKPETHBIX MPUPOIHBIX PECYpcax U IKOJIOTH-
YyecKux TpeOOBaHMIA, Ha HAIIl B3TIISL, HAyYHAsS JOKa3aTeNb-
HOCTB T€0JIOTO-3KOHOMHUYECKON OIIEHKA MECTOPOKICHUI
TMOJIE3HBIX MCKOMAEMBbIX ITOBBICHTCS 3a CUET pacdueTa J0-
MIOJTHUTENBHBIX TTOKa3arteneil. Hampumep, cpaBHUTENB-
Hasi ce0eCTOMMOCTh JTOOBIYM PA3TUYHBIMU TPHEMaMH C
YYETOM COZICPIKAHHUS MOJIE3HBIX MCKOMIAeMBIX U PacXoJ0B
Ha PEKYJIFTUBAINN 3€MeITh; TPAHCIIOPTHBIE PACXOJIbI, CBSI-
3aHHBIE C JIOCTABKOW CBHIPhsSI KOHKPETHOMY TOTPEOUTEITIO;
CTeTIeHb 3arpyKeHHOCTH KJIFOYEBOTO OOOPYIOBaHMUS, 3a-
JIECTBOBAHHOIO B 00OTallleHUH U U3BJIEYEHNH MTOJIE3HBIX
KOMITOHEHTOB.

BesycnoBHO, OCHOBOIIONAraroIuM MPUHIIAIIOM, TO-
JIO)KEHHBIM B OCHOBY T€0JIOTO-3KOHOMHYECKOH OIIEHKU
MECTOPOXK/ICHU, OXBATBHIBAIOIICH BCE CTAaIUM TEOJIOTO-
Pa3BeIOYHOTO TPOIECcca, JOKEH OBITh TOJOKEH MPHH-
oM HauOoslee TOJIHOIO BOBJIEYEHHS B HAIMOHAJIBHOE
XO3SIMCTBO yXe pa3BelaHHBIX 3amacoB. Ha Hamr B3mmsi,
JIOJDKHBI YIUTBHIBATHCS €IIe U TaKWe SUHBIC PUHIIHITBL,
Kak HauIydIllee MPUMEHEHNE Y)Ke Pa3BeJaHHBIX 3allacoB
MOJIE3HBIX MCKOMAEMBIX; JOCTMIKEHHNE HOXOMHOCTH [10-
OblYM U TIepepabOTKH MHUHEPAIBLHOTO CHIPhS (HE HIDKE
0TpacjeBbIX HOPMATHBOB); CAMOOKYTIAEMOCTh TOOBIYH U
nepepadoTKH 0 KaXI0i eiHHUIE 0aTaHCOBBIX 3aIacoB;
BCECTOPOHHUH y4eT U HanOosee MoJTHOe OTpakeHHe Ha-
IIUOHATEHBIX TTOTPEOHOCTEM!.

[Ipu mpoBeneHWH TeoNOrO-3KOHOMUYECKON OIIEHKU
HEOOXOIIMO PYKOBOZACTBOBAaThCS MPHHATON B Kazaxcrane
€MHOI METOIUKON TEXHUKO-I3KOHOMHYECKOTO 000CHOBA-
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HUSI BpEMEHHBIX KOHIULUI. DTO MOBapUaHTHOE UCCIIEHO0-
BaHUE MECTOPOXKACHHS 11 0O0CHOBAaHHS PAllMOHAIBHBIX
CHOCO0OB M CHCTEM €ro pa3paboTKd, BhIOOpa HamOolee
3¢ dEeKTUBHON TEXHOJIOTHH TIepepaboTKu ChIpbs [18].

TexHUKO-3KOHOMHYECKOE O00OCHOBaHME MOCTOSHHBIX
KOHAWIMA pa3padaTbIBaeTCs MO0 MarepuagaM 3aBeplICH-
HBIX T€O0JIOropa3BelovHBIX pador. Llenb — ycTaHOBUTH
MacmTadbl M MPOMBIIUICHHYIO LEHHOCTh MECTOPOXKIe-
HUSL 4711 ONpeieNICHUs] LeIeco00pa3sHOCTH U SKOHOMHUYE-
CKOHM 3()(PEeKTUBHOCTH €ro MPOMBIIIICHHOTO OCBOCHH,
MPUHSTUS pelieHust 0 (PUHAHCHUPOBAHUM WHBECTHLIMOH-
HOTO TPOEKTa Ha OCBOeHME. Bce cMeTHO-(HHAHCOBbIE
pacueTsl NO IPUHATOMY BapUaHTy MPOMBIIIJICHHOTO
OCBOCHUSI MECTOPOXIICHUS BBIMIONHSIOTCS B paMKax pe-
JIPHO JIOMYCTUMBIX 3HAYEHMH BCEX MOTU(PUIMPYIOIINX
(haKTOPOB —TEXHUUYECKHUX, OIEPaTHBHO-TPOM3BOICTBEH-
HBIX ¥ 9KOHOMHYECKHX, OT KOTOPBIX 3aBUCHT KH3HECIIO-
COOHOCTB IPOEKTA U LIEIeCO00pa3HOCTh MHBECTUPOBAHMS
JambHEHIINX reosioropasBeouHbx padotr. KommuectBo
MIPUHUMAEMBIX B pacyeT (akTopoB JOJDKHO OBITH 1OCTa-
TOYHBIM JUI YCTAHOBJICHUSI NPOMBILIUICHHBIX 3aIlacoB.
Jnsi MOBBIIEHUsSI AOCTOBEPHOCTH OLECHKH HEOOXOIMMO
Oyzer ee 3aBepuIaTh (PMHAHCOBBIM aHAJIM30M MECTOPOXK-
JCHUsI, OLICHKOM TOYHOCTH pacdeTa COBOKYITHBIX 3aTpar
Ha OCBOCHHE MECTOPOXKICHHUSI.

KiroyeBbIM 31E€MEHTOM OLICHKH SIBJISIETCSI  BBIOOD
HanOoJsiee 1eJIecO00pPa3HOro BapHaHTa OTPAabOTKU Me-
CTOPOXKACHUS 110 NPUHLMITY JOCTHXKEHUS! HanOOJBILETO
9KOHOMHUYECKOro 3¢ eKTa, 3aTparuBaroOlIero WHTEPECH!
rocymapctea u uaBectopoB [19]. IloBbicsaT obocHOBaH-
HOCTb BBIBOZIOB PacdeT JIOXOAOB OT IKCIUTyaTalldd Me-
CTOPOXKICHUS U PacXOfOB HA JKCIUTyaTalui0 MECTOPOX-
JCHUSI, YUCTOTO JO0XOa WHBECTOPOB C y4YETOM YIUIAaThl
BCEeX 00s3aTebHBIX IUIaTeXKel; MoKasaTeseil, oTpaxaro-
LIMX 3KOHOMHYECKYTO 3()(EKTUBHOCTD HHBECTUIIMOHHOTO
MIPOEKTA 10 KOHKPETHOMY MECTOPOXKACHHIO, ACTaIbHBIN
aHaJIM3 CTPYKTYPBI ICHEKHBIX IIOTOKOB C YYE€TOM BPEMEH-
HOTO (paKTopa.

Ecnu roBoputs 0 OymylieM reoJorn4eckodl oTpaciu
Kazaxcrana, To 151 BCECTOPOHHETO HCCICAOBAHUS KO-
JMYECTBEHHBIX M KAa4ECTBEHHBIX XapaKTEPUCTHK HEAD,
3a CYET TOCYJapCTBEHHOTO OIO/KETa M TOCYAapCTBEHHO-
YaCTHOTO MAPTHEPCTBA 3aIUIAHUPOBAHO MPOJIOIKEHHUE pe-
THOHANBHBIX W TOJHOMACIITA0HBIX Pa3BeJOYHBIX PadoT,
BBISIBJICHHE TEPCIEKTHUBHBIX YYacTKOB HAa KOMMEPUYECKOe
YCTaHOBJICHHE TOJIE3HBIX MCKOMAEMbIX UISl IMOCIEAYIO-
LIMX pa3BEeJOYHBIX PA0OT 10 KOHTPAKTaM Ha HEAPOMOJb-
30BaHME. BHenpeHWe HHCTPYMEHTOB TOCYAApCTBEHHO-
YaCTHOTO TMAapTHEPCTBa OyAET CTUMYJIHPOBATh YacTHbIC
WHBECTHLIMH B PEATHM3ALMIO IPOEKTOB IO I'€0JI0TNIECKO-
My HCCIIEAOBAHHUIO HEOp, MPOBEACHUIO HanOoJiee PUCKO-
BBIX TCOJIOTHYECKHUX HCCIICOBAHMH, YTO aKTUBU3HPYET
MIPOABIKEHNE MHHOBALIMOHHBIX TEXHOJIOTHH B TEOJIOrO-
pas3BenouHble pabOTHI, YCKOPUT IEPEXO Ha MEXIYHAPOI-
HbIE CTaHAAPTHI OTYETHOCTH MO 3anacam [20].

Ha 2020-2030 roxmpl 3amiaHUpOBAHO HPOBEICHHUE
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ITOMCKOBO-OIIEHOYHBIX TEOJIOTOPa3BEIOYHBIX PadOT, OT-
KpPBITHE HOBBIX MECTOPOXIEHHWH W TIONICUET PECypPCOB
TOJIE3HBIX MCKOMAeMBIX, 00eCIIedeHne 11eTIecCo00pa3HOro
oTpeOIeHNsT HeJp Ha M3YYEeHHBIX TUTOMIA/ISX, TIPOIOIIKE-
HUE PETHOHAIILHBIX ¥ TIOUCKOBBIX pa0OT Ha HOBBIX TEPPH-
TOPHSX.

B cuny Toro, 4To Teonoropa3BeqoyHOE MPOU3BOI-
CTBO NMPUHUMAET OTYETIUBO BBIABICHHBIA HAYUYHO-UC-
crnedosamenvbekull 06pas, HeNb3sl HE 3aMETUTh TOF00ne
VHBECTHIIVH, HAIIEJICHHBIX Ha pa3Be/bIBaTEIbHBIC OIle-
panuu o MEeCTOPOXKICHUSM ITOJIE3HBIX UCKOIAeMBIX C
BIIOKEHUSIMU B HHHOBAIIMOHHYIO cpeny. B ciyuae mpo-
BEJICHUSI aHAIOTUH MEXJy WHHOBAIMSIMH U T€0JOTO-
Pa3BeIOYHBIMHU pabOTaMHu IIEPBOMY ATaIy OIOIKETHOTO
(hvHAHCHPOBAaHUS COOTBETCTBYIOT CTaJUU PErHOHAIb-
HBIX M TE0JIOTO-ChbEMOYHBIX pa0oT. DTanm PHCKOWHBE-
CTUIIUI COTOCTaBUM C paboTaMu, MpeaIoiaralniMu
MMOMCKOBEIE, MOMCKOBO-OLIEHOYHBIE NEHCTBHSA, U OXBa-
THIBAIOIIMMH HaYaJIbHBIE CTaANH pa3Benku. Ha qanaom
JTamne MPOUCXOAWT OIIEHKAa BO3MOXKHOTO IPOMBIIIIICH-
HOTO 3HA4YeHUS BBISIBICHHBIX OOBEKTOB, YTBEPIKICHUE
MIPOMBINIIEHHBIX 3amacoB. s yka3aHHOTO 3Tara Xa-
pPaKkTepHO ydacTHe KaK TOCYIapCTBa, TaK W YaCTHBIX
KoMITaHui. TpeTheMy 3Tany HHHOBAIIOHHBIX HHBECTHU-
N COOTBETCTBYIOT CTaIMH JOPA3BEIKH MECTOPOXKIEC-
HUW W 9KCIUTyaTallUOHHOW pa3Be/KH, T.€. pabOTHI, IPO-
BOJIMMBIE OOBIYHO Ha (JOHE MPOMBINICHHON HOOBYH
MOJIE3HBIX HUCKOITAEMBIX.

Ucxons u3 cymectByrouieit B Kazaxcrane cTpykTy-
PBI 3aTpar Ha TeoJoropa3BeoyHble PabOThI, OYEBUJIHO,
yto moutr 90 % 3arpar NpUXOAUTCS UMEHHO Ha dTall pH-
CKOMHBeCTUIIMH, puyeM cBbitie 70 % 3aTpar ABISIOTCS
HanOomee YA3BUMBIMU C TOYKU 3PEHHS TEOJIOTHIECKOTO
pUCKa, TTOCKOIBKY TPHUXOAATCS Ha CTaguu MOUCKOB. OO
WACHTUYHOH MpHUpoie PUHAHCHPOBAHHS HOBOBBEACHUH 1
BJIOKEHHH PECYPCOB B TIOUCKOBO-Pa3BENIOYHEIE JIEHCTBUS
TOBOPHT MHOTOE. DJTO, HalpUMep, HAYKOEMKHHA Xapak-
Tep MOMOOHBIX IIar0OB, TIOXO)KECTh B OIIEHKE YKOHOMUYE-
CKUX PHCKOBBIX CUTYalllii U BO3BPAICHUS TOTPAYCHHBIX
CpencTB, 0053aTeNbHOCTh TOCYIapPCTBEHHOUW MOMIEPKKH
KaK B BUZIC KOHKPETHOTO (PMHAHCHPOBAHHS Ha HAYaJIbHBIX
ITPOM3BOJICTBEHHBIX ATalax, TaK ¥ B BUE TIOOLIPEHHS HH-
BECTHIIMOHHBIX MTOCTYTJICHUH B JalbHEUTIIEM.

Kak nHHOBaIMOHHAs aKTHBHOCTB, TaK M T'€0JIOTOpa3-
BeZIOYHAsl JAEATENFHOCTh JOJDKHBI CTUMYIHPOBAThCS Ha-
JIOTOBBIMH JIBTOTaMu. Ho I T€ONOrHYecKuX MpenpH-
STUH HEOOXOAMMa ONTHMM3AallMs HAJIOTOBOH MOJUTHKHU C
YYETOM TeOJIOTHYECKOTO PUCKA.

3akJjioueHue

T'opHo-meramnypruueckuii  komruieke Kazaxcrana,
Oynyun Hambosee KOHKYPEHTOCHOCOOHBIM U JTUHAMHUY-
HO DPa3BHUBAIONIUMCS, 3HAYUTEIHFHO YCTYHaeT MHPOBBIM
THJIepaM 0 TEXHHYECKOMY BoopykeHHto. Tak, ocHare-
HHUE COBPEMEHHBIM 000pYI0BaHHEM H Pa3BUTHIMU CETAMHU
Tiepeiadu JaHHBIX Ha MECTOPOXKACHUIX cocTaBiseT 21 %,
56 % MecTOpOXKICHHUI XapaKTepHU3yeTCsl OTCYTCTBUEM Ce-
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Tell MO0 HEeMOoCTAaTOYHBIM UX pa3BUTHEM, 23 % MecTo-
POXKAECHHI TPEOYIOT MOJTHOM 3aMeHBI 000PYIOBAHUSL.

ITosTOMY yKE€ CEromHsl aKLEHT JAeNaeTcsl Ha ajar-
Tauuio TexHonoru Munyctpun 4.0, OpUHIUIHAIBHO
MEHSIIOIEH 3KOCHCTEMY IOCTABLIMKOB BOKPYT TOPHO-
JOOBIBAIOIIMX KOMIIAHUK € TPaJULIMOHHOW HA BBICOKO-
TexHonornynyto. Mamycrpus 4.0 B ropHOmOOBIBaroOIIeH
MPOMBILIUIEHHOCTH OKa3bIBAaCT COACHWCTBHE POCTY HPO-
W3BOJUTENBHOCTH TPyla M HapallMBaHUIO 00BEMOM
CO3JaBaeMON MPOMYKIMU Ul MOKPHITUSI HapacTarolle-
TO CHpoca, YCKOPSAET paspellieHe 3a1ad 1o pa3padboTke
HU3KOpeHTabenpHbIX pyd. s Kazaxcrana, kak obnana-
TeJsl C OJHOU CTOPOHBL, KPYNHEHIINX, a ¢ APYroi — mpe-
MMYIIECTBEHHO HEMPOCTBIX IJIsi pa3padOTKU PEe3epBOB
MHUHEpaIbHBIX Py, OHa HECET CYIIECTBCHHBIH 3 (EKT B
BUJIC HApaIIMBaHHUA LEHHOCTH PECYpPCHBIX HAKOIUICHHUH
Y MX 3KCIUTyaTaluy B OyayIem.

T'ocynapcTBO OKa3bIBaeT MOAACPKKY B PELICHUH aK-
TyaJbHOH NPoOIeMBbl OLIM(POBKU T€OITOTUIECKON OTpac-
JIM C OTCTaBaHUEM HALlMOHANBHBIX HHTEPECOB, IA€ 00b-
EKTHBHO HEOOXOAMMBI: €IMHAsi KapTa Ie0J0ropa3BeiKku
CTpaHbl, IEPEX0 K MHTEIJICKTyaIbHbIM MECTOPOXKICHH-
aM, TpaHcdepT TexHonorui. OnsIT no onudpoBke Me-
cropoxkaeHnit AO «OmbaMyHairas» — HeTIHON KoMIa-
HHUH, OCYLIECTBIISIOLICH IeoNoropasBelKy, pa3spaboTKy
He(Tera3oBbIX MECTOPOXKACHUH, TOOBIYY U ITOATOTOBKY
He(TH U ras3a, CBUACTEIBCTBYET, YTO 32 CUET OLU(POB-
K{ MEJIKHX MECTOPOXKACHUH ¢ HEOOIBbIIUM KOMUIECTBOM
CKBAYKUH MOXHO COKOHOMHUTSH Topsiaka 50—70 MIIH. TeH-
re. 3a 2018-2019 roasl muiaHupyeTcst aBTOMaTu3HpOBaTh
okoi0 10—20 MecTopokIeHUH, Cpeau KOTOPBIX U MECTO-
poxnenue Kycmypsin.

[lepexon OT pecypCHO-CHIPhEBOM K MHHOBAIIMOHHOU
MOJZIeNIM pa3BUTHs SKOHOMUKM Kaszaxcrana mukTyer He-
00X0MMOCTb PUHATHS CTUMYJIUPYIOIINX U IIPOTEKIHO-
HHUCTCKHX MEp rOCYJapCTBOM, YTO YCKOPHT AWBEpCH(UKA-
LU0 PETHOHANIBHON 3KOHOMHKHU M OyAeT criocoOCTBOBATh
YCTOMYMBOMY Pa3BUTHIO PETMOHOB. DTH MEPHI HALIEJICHBI
KaKk Ha YDIyOJeHHOE BOCHPOW3BEICHHWE MUHEPaJbHO-
CBIPbEBOI 0a3pl, oOecreyrBaroliee KOMIUICKCALUIO J10-
OBIBaEMOTO CBHIPBS IIPUPOCTOM 3aMIaCOB MPOMBIIITIEHHBIX
KaTeropui, Tak 1 Ha BO30OHOBIICHHE PadOT Ha MepCHeK-
THUBHBIX, HO 3aKOHCEPBHPOBAHHBIX MECTOPOXKICHUSIX,
BHECEHHE M3MEHEHUI B OPraHU3aluIo [e0J0ropa3Benoyd-
HBIX pador KazaxcraHa ¢ ycTpaHeHHEM 3aTpaTHBIX METO-
JIOB MX BBITIOJTHEHHSI.
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The thesis is put forward that the progress of Kazakhstan
is connected, first of all, with the availability of natural re-
sources; long-term practice, covering the complexity of man-
agement; development of protective mechanisms to defend
national interests. Kazakhstan's experience in industrial and
innovative development can be useful for developing coun-
tries, as it clearly shows how the transformation processes
take into account the specifics of the country, its geopolitical
position, traditions and mentality.

Further development of the geological industry of Ka-
zakhstan, the key criterion for the efficiency of which is the
increase in proven mineral reserves, due to the intensifica-
tion of production and increasing the depth of processing.
Along with the improvement of geological and geophysical
research, the economic side of geological exploration plays
an important role. In light of the above, the article aims to
substantiate the directions of improving the geological and
economic assessment of the pyrite-copper-lead-zinc Deposit
of Kusmuryn.

Objectives: to show the effective steps of state regulation
of the geological industry of Kazakhstan; to summarize the
results of geological and economic assessment of the copper-
lead-zinc Deposit Kusmuryn; to justify the need to improve
the geological and economic assessment of deposits in ac-
cordance with international standards and taking into account
socio-economic, geological and geographical factors. Infor-
mation and factual base of research-materials of the legisla-
tive and regulatory framework of the Republic of Kazakh-
stan, the results of scientific research of the field Kusmuryn,
own calculations of the authors. The validity and reliability of
the results are determined by comparative analysis, the use of
reliable economic and geological information about the raw
material base of Kazakhstan, the Kusmuryn Deposit, the use
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of a set of modern methods of scientific research, taking into
account regional climatic and geological conditions.

The results of geological and economic assessment of the
Kusmuryn field can be attributed to the category of promis-
ing, in the medium term it is planned to enter the field of
underground mining. In order to improve the geological and
economic assessment of deposits proposed to deepen the fea-
sibility study of permanent conditions, developed on the basis
of materials already completed exploration, financial analy-
sis. For the growth of scientific evidence of geological and
economic assessment of mineral deposits and optimization
of decisions on their further operation, specific indicators are
proposed. In conclusion, the article shows how the planned
effective measures of state regulation of the geological in-
dustry will affect the quality of exploration, their innovative
component, and in general, the sustainability of regional de-
velopment.

Keywords: Kazakhstan, investments, evaluation, deposit,
CRISCO standards, innovations.
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PETMOHAJIbHbLIE CTPYKTYPblI MUTPALIUU
XUMUYECKUX SNIEMEHTOB B JNIAHOLWWA®TAX
CEBEPHOI'O KABKA3A

'Oerrapesa T.B.%,
NMnuxosug A.A.,
NMbiceHko A.B.,
2KapaeB H0.U.

Brenenne

st onpenenenust COCTOSIHUS IPUPOJHOM Cpelibl TOPHBIX PETHOHOB, KaK HanOo-
Jiee YSA3BUMBIX K BO3ACHCTBUSIM YeJIOBEKa, 0CO00E 3HAYCHUE UMEET UX LIEJIOCTHOE
reOXUMHYECKOE U3yYEHUE 1 MOHUTOPUHT (DOHOBBIX F€OXUMHYECKHUX IAPAMETPOB.
Baxnelimell cocTaBisiomell T€OXMMUYECKOTO MOHMTOPHMHIA SIBISETCS HCCIIE-
JIOBaHME TEOXUMHMUYECKOM CTPYKTYpbI IPUPOTHO-TEPPUTOPHUATIBHBIX KOMILIEKCOB
pasHoro paHra u Tuma. BeprukanbHas TeOXMMHUYEcKasl CTPYKTypa JaHAmadToB
(dopMupyercsi B X0[ie MUTPALIMOHHBIX paJralbHbIX B3aUMOICHCTBUI B CHCTEMaX
THUIA «IUTOC(Eepa — PACTUTEIBHBIN TOKPOBY, «I10YBA — PACTEHHS», KIIOPOAA — MO-
YBa — pacTeHus»y u ap. [1].

C nenbio BBISBIEHUS CIOKHOW KapTHUHBI IPOCTPAHCTBEHHOTO pacIpefeeHns
XMMHUYECKHX 3JIEMEHTOB B TEOXHUMHYECKON CTPYKTYpE JIaHAIIA(PTOB TPAAULHOHHO
MIPUMEHSETCA PAJUATIBHBIN aHAIN3 MUTPAllMH XMMUYECKHUX 3JIEMEHTOB, UCIIOIb30-
BaHME KOTOpPOro 0oJjiee MIMPOKO ISl FEOCHUCTEM JIOKAaJIbHOTO YPOBHS, BIIEMEHTap-
HBIX JJaHTA(TOB [2]. B cOBpeMEHHBIX Hay4HBIX ITyOIHKALUIX HEJOCTATOUHO pa-
00T 10 U3YYEHHIO TEOXMMUYECKOH AnddepeHranuy BEpTHKAIbHONH CTPYKTYPBI
PETMOHANIBHBIX TE€OCHCTEM.

OcoOpl1ii MHTEpEC MPEACTABISIET U3yYeHNEe MUTPALMOHHBIX paaraIbHbIX B3a-
HMOJICHCTBUH B PETHMOHAJBHBIX TE€OCHCTEMaX C OJHOTHUITHBIM OHOJOTMYECKUM
KpPYTOBOPOTOM M HEOAHOPOIHBIMH ITOYBOOOPA3yIOIIMMHU Moponamu. B mpenenax
TaKUX PETMOHAIBHBIX T€OCUCTEM CKIAJbIBAECTCS OIPEETIeHHAs MOCIEA0BaTelb-
HOCTb U3MEHEHHSI HHTEHCUBHOCTH MUTPALlMU XUMHUYECKUX JIEMEHTOB B CHCTEME
«I104Ba — reTeporeHHbIe MOYBO0OPasyIoLIre Opoabl». B pesynbrare amurensHo-
r0 MPOTEKaHHs MPOLECCOB BHIBETPUBAHMS M TIOYBOOOPA30BaHUS B MaTEPUHCKHUX
nopozax ¥ 1no4sax (opMupyercs CucTeMa COSIUHEHHUH 3JIEMEHTOB C pa3NyHbIM
COOTHOILICHUEM UX MPOYHOCBA3AHHBIX U MOABWKHBIX QopM [3—6]. XapaKkTepHblii
JUTSL KaKI0TO KOMILIEKCa TMOYBOOOPa3yOIHX TTOPOA U MOYB Pa3iNyHbIi MUHEpa-
JIOTMYECKUM COCTaB M pa3Hasl yCTOMYMBOCTh MUHEPAJILHON Macchl K BBIBETPHBA-
HUIO NIPUBOJAT K MOSIBJIEHUIO COSIMHEHUI AJIEMEHTOB pa3HOM PacTBOPUMOCTH U
noaBwxHOCTH [ 7-9]. KommekcHoe couetanue hakTopoB BHYTPEHHEH 1 BHEIIHEH
MUTPALMU 3JIEMEHTOB B KOHKPETHBIX (PH3HKO-Teorpa)MuecKux YCIOBUSIX PEru-
OHAJIBHBIX F€OCUCTEM OIPENENIAET MUTPALMOHHOE MOBEJEHNUE KAXI0T0 XUMHUE-
CKOTI'O JIEMEHTA, €T0 paguansHoe nepepacnpeaenenue [10].

Baxneimmm pakTopoM pagraibHON MUTpalMi XUMHYECKUX JIEMEHTOB BbI-
crynaeT OMOreHHBIH (aKTOp, KOTOPBIA IMPOSABIAETCA UYepe3 XapaKTepHbBIC IS
kaxgoro Tuna bKa B onpeneneHHbIX THAPOTEPMUUECKUX YCIOBHUIX OUOT€OXHU-
MHUECKHE MPOLIECChl BEIBETPUBAHUS U TOUB00OpazoBanusl. B xone sTux mpomnec-
COB MPOHMCXOAUT OMOTEOXMMHUUECKask TpaHCHOpMaLUsl COSANHEHHNH 3IIEMEHTOB B
MaTepHUHCKUX MOPOAAX U MOYBAX ¢ 00pPa30BaHUEM PA3INYHOTO KOIMYECTBA IPOU-
HOCBSI3aHHBIX U MOABMXHBIX (popm. Koraa B penenax peruoHanbHbBIX T€OCHCTEM
o4B00OpazyIoLIKe NOPOIbl HPEACTABICHbI HECKOJIIBKUMU KOMILJIEKCAMH, TO BO3-
JelicTBue OnoreoxuMmyeckux npoueccos opHotunHoro bMKa cnenuduyno mmis
Ka)KJOro Mo4B00OPa3yIoIIero KOMIIEKCa U OIPEACICHHBIM 00pa3oM BIMSET Ha
BOBJICUCHHE XUMHYECKUX IEMEHTOB B MUTPALIMOHHBIE ITPOLIECCHI, TPUBOJAIINE K
Pa3NUYHON MHTEHCUBHOCTH MX IepeMerieHus B oussl [11-13].

!CeBepo-Kakasckuii penepasipiblii yauBepcuret, . CtaBpomnoins, Poccus, e-mail: dtb.70@mail.ru
2CeBepo-KaBka3ckuii FOpHO-METAILTypru9eCKril HHCTHTYT (TOCYAAPCTBEHHBIN TEXHOIOTHIECKHI YHUBEPCH-
TeT), I. Bnagukaskas, Poccust.
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Hens wucciaenoBaHusi — BBIBICHHE OCOOCHHOCTEH
MHTPAL XUMAYECKHX JJIEMEHTOB B CHCTEME «II0YBa —
MOYBOOOPA3YIOIIHE OPOBD) B PErHOHAIBHBIX T€OCUCTE-
max CesepHoro KaBkasa ¢ OJHOTHITHEIM OMOJIOTHYECKHM
kpyroBoporoM (b11Kom) 1 HEOqHOPOTHBIME TTOYBOOOpA-

muddepeHuanui B pacrpeelieHnd XUMUYECKHX dJie-
MEHTOB MEXIy MOYBaMH M TIOYBOOOPA3YIONIMMHU TIOPO-
JTAMH TI03BOJISIET YCTAHOBUTH T€HETHUECKUE B3aUMOCBS3H
MEXy 3TUMHU KOMIIOHEHTaMu reocucteM [14; 15].
MarepuaJibl 1 MeTOIbl HcCed0BaHuil. B xauecTBe

3yromuMu  ropoJgamMu. OnpeﬂeneHHe TCOXHMMYIECKOM PEruOHAJIbHBIX TCEOCUCTEM PACCMOTPCHbBI AOMHUHAHT-
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Puc. 1. Cxema gusuxo-eeoepaguuecko2o patilonuposanus cegeprno2o ckiona bonvuiozo Kaskasa [16]
Fig. 1. Scheme of physical-geographical zoning of the northern slope of the Greater Caucasus [16]

1. BeicokoropHas 06nacTs:

A. Dnp0pyc — KazbekoBckasi BBICOKOTOpHAs! TOJ00IacTh Ha CKIIaquaro-IbI00BEIX cTpyKTypax. Okpyra: 1 — Jlabu-
HO-TeOepAMHCKII TEMHOXBOMHBIX JIECOB M JILIIUHCKUX JIYTOB: 2 —Te0epIuHO-INnb0pyCCKUii COCHOBBIX, COCHOBO-TTHX-
TOBBIX JIECOB M ANBIUUCKKX JTyroB; 3 — KybaHo-Tepckuii COCHOBBIX JIECOB H aJIbIIUHACKUX JIyTOB.

b. Ceseporopcko-/lacecmanckas 8blcOK02OPHO-CPeOHe2OpHAs NOO0OIACMb HA PAHHEATbIUNCKUX CKIA0YaAmo-21bl006bIX
cmpykmypax. Oxpyea: 4 — Cesepo2oiimxcKuil WupoKoTUCmeeHHuix (0yKosvix) necos,; 5 — Kybanckuil wiupoKonucmeeHHvix 1ecog
u 1y206; 6 — Tepckuil cyOanbnuiicKux iyeo8, WupoKOIUCTNEEHHBLX J1eCO8 U 20pHbIX cmenell;, 7 — AnOuticko-A8apckuil anbnuiCKUx
JIy208, COCHOBbIX J1eC08 U cmeneli ¢ Hazoprvimu kcepodumamu; 8 — Camypo-Yanyuaickuil Ha2opHbIX KCePOPUMO8 U OCHEeNnHeH-
HbIX J1)208.

1. Cpednecopro-nuskocopuas obnacmo.:

B. Kybano-Jlazecmanckas nooobnacme cpeone2opuil Ha NO30HeAIbNUUCKUX CKIAOYAMbIX U MOHOKAUHANbHBIX CIPYKIY-
pax. Oxpyea: 9 — 3anadnokydanckuil wiupoxonucmseennvlx iecos, 10 —Jlabuno-Mankunckuil 1ecocmeneti u OCMENnHEeHHbIX Y208,
11 — Tepcko-Mankunckutl WupoKoIUCMBEHHbIX 1eco8 U 1yeos, 12 — Buympernnuil [lazecman Ha2opHuIX KCepo@humos u 0CmenHeH-
Holx 1y208; 13 — Cynax-Camypckuii tupoKoTUCEEHHbIX 11€CO8.

I Yeprnomopcrko-Tepcko-CyHoiceHckas no0obacms HUKO20pUlL HA HOBEUUUX CKAAOHYAMbIX CIMPYKMYPAX U NPeO02OPHbIX
pasuunax. Okpyea: 14 — Kepuenckuii cmennoti; 15 — 3anaononpuxyb6anckuil tupoKoIUCmeeHHbIX 1ecos u cmeneti; 16 — Ipuxy-
barnckull nped2opHbIX ocmentenHbx ayeos, 17 — Ipuxybancko-Kasmunsoockuii cmeneti u necocmenetl, 18 — Tepcko-Kybarnckuii
cmenetl u npedeopruix cmenet, 19 — Tepcro-Cynaxckuti cmennoii; 20 — Cynakcko-IIpukacnutickuii nOJIbIHHO-3/1GKO8bIX Cmenel
U KyCmMapHuKos.

1. High altitude area:

A. The Elbrus — Kazbek mountain subarea at the fold-hat structures. Districts: 1-Labino-Teberdinsky dark coniferous forests and Alpine
meadows: 2 —Teberdino-Elbrus pine, pine-fir forests and Alpine meadows; 3 — Kuban-Terek pine forests and Alpine meadows.

b. Severogoisk-Dagestan highland-mountain subarea of renealmia fold-hat structures. District: 4 — Severogoisk broad-leaved (beech) for-
ests; 5 — Kuban broad-leaved forests and meadows, 6 — Terek subalpine meadows, broadleaved forests and mountain steppes; 7 — Andean-Avar
Alpine meadows, pine forests and mountain steppes with xerophytes; 8 — Samura-Uluchaisky xerophytes and stupefied meadows.

1I. Srednegorie-low mountain area:

B. Kuban-Dagestan sub domain of middle categories on late Alpine folded and monoclonal structures. District: 9 — Westkuban broad-
leaved forests; 10 — Labino-Malkin steppe meadows, 11 — Terek — Malka broad-leaved forests and meadows, 12 — Inner Dagestan xerophytes
and stupefied meadows.; 13 — Sulak—Samur broad-leaved forests.

I The Black Sea and Terek-Sunzha sub region of the lowlands on the latest folded structures and Piedmont plains. District: 14 — Kerch
steppe; 15 — Westprekuban broad-leaved forests and steppes; 16 — Prekuban steppe meadows; 17 — Kuban-Kavminvodskaya steppes and forest-
steppes; 18 — Terek-Kuban steppes and foothill steppes, 19 — Terek-Sulak steppe,; 20 — Sulak-Caspian wormwood-cereal steppes and shrubs.
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HBbIE BBICOTHBIE Te000TaHWYECKHe mosica JaHAmadTHBIX
OKPYTOB, MMEIOIIKE 3HAYUTENIHOE BEPTUKAJIBHOE DPa3-
BUTHE ¥ TOPU30HTAJBbHYIO MPOTSDKEHHOCTh B Mpenesax
BBICOKOTOPHOM U CPEeIHErOpHO-HU3KOTOPHOH  (pu3uKo-
reorpaguyeckux obnacreil ceBepHbIX CKJI0HOB bosbiioro
KaBkaza [16]. [laHHble KpyNHbIE F€OKOMIUIEKCH HUMEIOT
pETHOHAIbHBIE PA3INYHs, HO3BOJIAIOLINE BEIACTATH B HUX
(uzuko-reorpaduueckre mogodIacTH W NaHAmadTHRE
okpyra (puc. 1).

B mpepenax xaxmo# ¢usuko-reorpaduyueckoil mo-
I00JIaCTH Pa3BUTHI HECKOJIBKO TOYBOOOPA3YIOLINX KOM-
IUIEKCOB, OTJIMYAIOLIUXCS MEXAY CO0OH MO TeHEe3ucy,
nmutonoruu u reoxumuu [17; 18]. B 2ap6pyc-Kazbexos-
CKOH BBICOKOTOpHOH nopobnactu [maBHoro, bokosoro
u IlepemoBoro xpedrtoB (puc. 1, A) mouBsl hopMuUpy-
IOTCS Ha TPOAYKTAaX BBIBETPHUBAHUS MPOTEPO30MCKHUX
KPUCTAIJIMYECKHUX CIIAaHLEB U THEMCOB, MaNIe030MCKUX
IPaHUTOUAOB, BYJIKAaHOTCHHBIX OTJIOXKEHUH HEOTeHa,
MAJI€030MCKUX BYJIKaHOTCHHO-TEPPUICHHBIX M TEPPH-
reHHeix ornoxeHud. B CeBeporopcko-JlarectaHckoi
BBICOKOTOPHO-CpeHeropHoii ofgobmactu (puc. 1, b) x
MOP(HOCTPYKTYPHBIM KoMIITIekcaMm [ OHTCKOro aHTUKIIH-
Hopus B 3anagHoMm KaBkasze u antuknuHopusim [ 1aBHO-
ro u bokoBoro xpe6toB [larectana npuypodeHs! IOYBO-
o0pasyrolre KOMIUIEKCH TePPUTCHHO-BYIKaHOT'€HHBIX
OTJIO’KEHHUU OPBI.

B Ky6ano-/larecranckoii momoOnactu cpeaHeropuit
(puc. 1, B) x MmopocTpykTypHOMY KOoMILTEKCY CKaIicTo-
ro xpedTa MpHypOYEHBI MOYBOOOPA3YIONINE KOMILIEKCH
TepPUTCHHO-KapOOHATHBIX OTJIOKEHUH BEpXHEH IOpHI U
mena. B npenenax Ilacroumuoro, JlapeuHckoro, bopry-
CTaHCKOrO M J[KMHAIBCKOTO XpeOTOB PacHpOCTpaHEHBI
TepPUTCHHO-KapOOHATHBIE OTIOKEHHUS MeJia U MaIeoreHa.
B Yepromopcko-Tepcko-CyHKeHCKOH 1moao0nacTu HU3-
koropuit (puc. 1, ) ocTaHIIBI HEOTEHOBOM Ky3CTHI U CH-
CTEeMBbI HU3KUX TOPHBIX Ipsix JlecucToro xpedTa crnoxeHsl
TePPUTCHHO-KapOOHATHBIMM HEOT'€HOBBIMH OTJIOKEHUSI-
MH. K MEXKy3CTOBBIM JEIpeccHsM MpUypPOUCHbI TEPPH-
T€HHbIE OTIIOKECHUSL.

I'eoxumuueckas criennuka MOYBOOOPa3YIOIINX KOM-
IUIEKCOB M TIOYB ompezesnieHa no faHHsM B.B.J[psiuenko
[17; 18] o conepkaHuu B HUX 25 XUMUYECKUX DJIEMEHTOB,
MOTYYCHHBIX B XOAE JIAHAA(PTHO-TEOXUMUIECKOH CheM-
ku Ceseproro KaBkaza macmraba 1:500000. Ha stoii 6aze
JaHHBIX pa3paboTaHa METOANKA U3YUEHHUS PETHOHAIBHBIX
CTPYKTYp MHUIPAllMi XUMHYECKUX JIEMEHTOB MEXIy I10-
YBOM M IreTepOreHHbIMU MOYBOOOPA3YIOLIMMH MTOPOIAMU
B NpeZeax BBICOTHBIX T€00OTaHMYECKUX IOSICOB JIAH[-
maTHBIX OKPYTOB, BKJIIOYAIOLIAS:

- OIpeneNieHHe MHTCHCUBHOCTU MHIPALMM XUMHYeE-
CKHX 3JIEMEHTOB C HCIIOJIb30BaHUEM KO3 QHUIEHTa pa-
IanbHON muddepeHnuammu R (3MOBHAIEHO-aKKYMY-
JSITUBHOTO), OTPAXKAIOILETO T€HETHYECKYIO CBSA3b MOUYBBI
¢ mouBooOpasytomieii nopomoii [14]. Pa3nas mHTEHCHB-
HOCTb PaJHalbHONM MUTPALMK 3aBHCUT OT KOJIMYECTBA
MOABMXHBIX M MPOYHOCBSI3aHHBIX COCAMHEHHH XMMHUYeE-
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CKHX 3JIEMEHTOB, OOPa3yIOLIMXCS B MOPOAAX M MOYBax
B XOA€ AJMTEIBHOTO HNPOTEKAHHS CJIOKHBIX IPOLIECCOB
BBIBETPUBAHMS M IIOYBOOOPA30BaHUS NPU KOMIUIEKCHOM
codeTaHuy (HaKTOPOB BHYTPEHHEH U BHELIHEH MUTPALN
XUMHYECKHUX 3JIEMEHTOB. B ciydae HU3KOH MHTEHCHUBHO-
CTH panuansHON Murparun (R <1) XUMHYECKHiA SIEMEHT
B IOpOJax HAXOIWUTCS MPEUMYILECTBEHHO B TPYOHOpa-
CTBOPHMBIX M YCTOWYMBBIX K PaspyLICHUIO COSANHEHUIX
U MPOUCXOOUT MUHHMMAJBHBIA €ro Iepexox B MOouBbl. B
Cllyyae BBICOKOW MHTEHCUBHOCTH PaJMaIbHOM MUTPALIN
(BbICOKOE 3Ha4Y€HHE R) XMMUYECKUH 3JIEMEHT B IIOYBOO-
OpasyroIx MOpoAax JErko MEPeXOAUT B IOIBHKHBIC
pacTBOpuMbIe (POPMBI 1 MAaKCUMAJIBHO NEPEMELIAeTCs B
MIOYBY;

- PaH>KUpOBaHME MOYB, CHOPMUPOBAHHBIX HA HEOIHO-
POIHBIX HOYBOOOPA3YIOIIMX IOPOAAX, IO BO3PACTAHMIO
ko3 GUIMEeHTOB paauanbHoi  auddepenuanyy, mo-
3BOJISIOLIEE MOIYYUTh ONPENETICHHBIN CTPYKTYPHBINA psilt
W3MEHEHUS! HTHTEHCUBHOCTH MHUTPAllMH KaXKI0TO XUMHYe-
CKOTO 3JIEMEHTa MEXIY MOYBOM M IOYBOOOPa3yOILUMHU
NOpoJaMu B Ipefiesiax BBICOTHOTO nosica. JlaHHast cTpyk-
TypHas muddepeHunanus paccMaTpuBacTcs Kak peeuo-
HANIbHASL CMPYKMYPA MUSPAYUU XUMUYECKO20 dNeMEHMA,
NPEICTABIAIONIAs OIPEACICHHYIO IIOCIEe0BaTeIbHOCTh
W3MEHEHUS! HHTEHCUBHOCTH MUIPALIUM DJIEMEHTA MEXIY
MOYBOH U HEOTHOPOAHBIMH IIOYBOOOPA3yIOILMMH OPOJa-
MM B IIpeAenax reocucreMsl ¢ oqHoTUIHBIM BUK;

- BBIJICJICHUE B BBICOTHBIX MOSICAX IPYII XUMUYECKUX
9JIEMEHTOB C OAWHAKOBOW DErHOHAIBHOM CTPYKTYpOH
MUTpPALMK, NPEICTaBISIOMNX COO0H MapareHeTHYECKHe
accoupanuy XUMHYECKHX 3JIEMEHTOB, y4YacTBYIOLIMX B
MUTIPALMU MEXIY ITOYBOM M MOYBOOOPA3YIOMIMMH HOPO-
Jlamu;

- COIIOCTaBJICHHE MEXIY CO00H pernoHaIbHbIX CTPYK-
TYp MUTPALUHM XUMHYECKHX 3JIEMEHTOB BBICOTHBIX IIO-
SICOB C OIMHAKOBBIM Ha0OPOM KOMIUIEKCOB I10YBOOOpa3y-
IOIIMX TTOPOA B Ipezeiax BEICOKOTOPHOM, CPeIHErOpHON
Y HU3KOTOPHOH (hU3MKO-TeorpaguyecKix Momgo0IacTe.
Beisnenue Benymux (axtopoB (OpMHPOBaHUS PETHO-
HAJIBHBIX CTPYKTYP MHUIPAlM{ XMMHUYECKHX 3JIEMEHTOB
(vcronb30BaHbl JaHHbIE 10 31 BHICOTHOMY IIOSICY).

B naHHOI cTaThe B KauecTBE MpHMeEpa PacCMOTPEHBI
PETHOHAIBHBIE CUCTEMBI MUTPALIMIH XUMUYECKUX JIEMEH-
TOB AJIsI IBYX BBICOTHBIX N0sicoB JlabuHo-TebGepaunckoro
OKpyra, BblAessieMoro Ha 3anaaHoMm KaBkase B mpenenax
Onp0Opyc-Kaz0ekoBCkol  BBICOKOTOPHOW — TIOIOONIACTH.
Okpyr 3aHuMaeT BepxoBbs pek benoil, bonbimoit u Ma-
niott JIabb1, Ypyna, bonbioro n Maoro 3enenayka u Te-
Oepabl.

IHosny4eHHBbIE pe3yJbTAThI U HX 00CY:KIEHUE

CBoeoOpasue NPHUPOIHBIX YCIOBHH paccMaTrpHuBac-
MOTO OKpyTra IpHBENO K 00pa30BaHUIO HECKOIBKUX BbI-
COTHBIX HOSICOB: CKaJIbHO-HUBAJIBHOTO U CYOHHBAJIBHOTO,
BBICOKOTOPHBIX JIyTOB, CMEIIAHHBIX M XBOWHBIX JIECOB.
ITouBbl BO BceX BBICOTHBIX HOsicax (HOPMHUPYIOTCS Ha
NPaKTUYECKH OIMHAKOBBIX KOMIUIEKCAX IOYBOOOPa3yro-
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IIUX TIOPOJI: METaMOP(PHYECKUX KPUCTAJUTMYECKUX CIIaH-
1ax ¥ rHercax mporeposos (mMeram.PR), metamopduye-
CKHX TepPHI€HHO-BYJIKAaHOTEHHBIX Ianeo3os (Meram.PZ),
MarMaTH4ecKHX MaJeo30MCKUX rpannTonaax (Marm.PZ) n
TEPPUTeHHBIX Taneo3os (Tepp.PZ).

Onpenenenue xoddduimentoB pamuansHon audde-
pEHIMALNK OKa3aJlo, YTO B I0YBAX JABYX BBICOTHBIX MO-
SICOB (CKaJIbHO-HUBAJIBHOTO M CYOHHMBAJIBHOTO M TIOsICA
BBICOKOTOPHBIX JIyTOB) Npeo0iIaaeT o0oraleHne XuMu-
YECKHMH JJIEMEHTaMH 10 CPAaBHEHHUIO ¢ MOYBOOOpPa3yIo-
MU Topofamu (Tadm. 1).

PamxupoBanue 1o BO3pacTaHHIO KOI(PPHUIMESHTOB
paguanbHON MU GepeHnranu B npenenax BbICOTHO-
ro mosica JaeT ONpPEACICHHYIO CTPYKTYpY H3MECHEHHS
MHTCHCUBHOCTH MHTPALMH KaXKIOr0 XMMHYECKOTO dJIe-
MEHTa MEXJIy MOYBOW M HEOJHOPOAHBIMH IOYBOOOpA-

3yIOIUMH TopoAaMu. Hampumep, CTPYKTYpHBIA psin
W3MEHEHHUS! MHTEHCUBHOCTH paJWaJbHOW MHIpPalH B
CKaJIbHO-HMBAJbHOM M CyOHUBAIBLHOM BBICOTHOM II0fICE
BBIDISIANT KaK:

s Cu — «veram.PZ < meram.PR < Tepp.PZ < marm.PZ»;

st Zn —«vetaM. PR < tepp.PZ <marm.PZ <meram.PZy;

st Pb — «varm.PZ < tepp.PZ < meram.PR < meram.PZ»
U T

C NOMOIIBIO KTaCTEepHOTO aHaN3a B BBICOTHBIX IMO-
scax Jlabuno-TebepaMHCKOrO OKpyra BBIACICHBI TPYI-
bl XUMHUYECKUX 3JIEMEHTOB C OAMHAKOBBIMHU CTPYKTY-
paMu pazualbHOTO NepepacipeesIeHIsI MEXIy OYBOM
W TETEPOreHHBIMH IOYBOOOPA3YIOUIMMH HOPOIAMH.
Tak, pe3ynpraTsl KJIaCTEPHOTO aHaIM3a PErHMOHAJBHBIX
CTPYKTYP MUTPALUN XUMHUYECKUX SIIEMEHTOB B CKAJIBHO-
HUBAJILHOM M CYOHHBAJIBHOM BBICOTHOM IIOSICE CBHIE-

Tabnuua 1/ Table 1

Koy dpuuments! pagnanabHoii nuddpepenuuanuu (R) 115 Mo4B ABYX BBICOTHBIX M0sicoB JlaouHo-TeGepaunckoro
OKpyra, cOpMUPOBAHHBIX HA HEOAHOPOJAHBIX NOYBOOOPA3YIOLIUX MOPOAAX
Coefficients of radial differentiation (R) for soils of two high-altitude belts of the Labino-Teberda region, formed on heterogeneous
soil-forming rocks

XUMHYeCKHe BricoTHble reogoTannveckue nosica / High-altitude geobotanical belts
3neMe},r"’l CKAJIbHO-HMBAJIBHBIN U CyOHUBAJILHBII .
Chemical vock-nival and subnival BBICOKOTOPHBIE Jyra / alpine meadows
elements

I I I 10% I 11 11 10%

Cu 1,19 0,95 1,49 0,99 1,16 0,63 1,48 0,84
Zn 2,07 2,74 2,48 1,68 1,54 2,01 2,07 2,13
Pb 1,51 1,80 1,41 1,79 1,19 1,48 1,21 2,07
Ag 1,70 0,91 1,27 1,19 1,38 0,64 0,94 1,07
Sn 1,15 1,33 0,92 0,98 1,10 1,26 0,78 0,97
Mo 1,06 1,07 1,24 1,33 0,75 0,97 0,92 0,62
w 1,33 0,96 1,76 0,82 0,81 0,58 0,82 0,73
Ba 1,41 1,63 1,35 1,64 1,45 1,46 1,04 1,42
Co 1,72 1,34 2,56 1,59 1,54 1,22 2,11 1,47
Ni 1,04 1,37 3,16 1,29 0,93 1,15 2,56 1,13
Mn 1,22 1,48 1,93 1,46 1,33 1,48 1,70 1,42

Ti 1,36 1,51 1,31 1,25 1,18 1,38 1,21 1,22

v 1,37 1,45 1,77 1,33 1,13 1,13 1,52 1,11

Cr 0,89 1,24 1,35 1,35 0,70 0,87 1,27 1,15
Ga 1,00 1,31 0,98 1,13 1,06 1,23 0,91 1,05
Ge 1,38 1,56 1,50 1,31 1,31 1,25 1,31 1,28

P 1,56 1,60 1,32 1,35 1,19 1,72 0,99 1,43

Li 1,19 1,30 1,53 1,24 1,17 1,12 1,39 1,08
Be 1,55 1,80 0,97 1,59 1,82 1,70 0,78 1,39

Sr 111 1,35 1,00 1,16 1,83 0,98 0,84 1,13

Y 1,10 111 1,34 0,88 1,08 0,86 1,06 0,78
Yb 1,35 1,17 1,33 1,00 1,41 1,04 1,28 0,92
Zr 1,22 1,58 2,17 1,09 1,03 0,84 1,37 0,99
Nb 0,82 1,06 1,33 1,43 1,00 0,92 1,13 1,33
Sc 1,71 1,07 1,49 1,50 1,03 0,82 1,13 1,21

Tpumeuanue: Tlouoobpasyromue mopomsl: 1 — Teppurennsie naneo3os; 11 — metamopduueckue naneo3ost; 1 — MmarmMaruueckue maacos3os;
IV — metamopduueckue nporepososi / Note: Soil-forming rocks. I — terrigenous Paleozoic, Il — metamorphic Paleozoic; III — magmatic Paleozoic;

1V — metamorphic Proterozoic.
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CEAMBHO-HHEANEHEGT 11 cVOHMEAT HEGE moRe |
roc &-nival and sub-nival belt
Mevop Bapga /| Wand's method
ERknUOoe pacctomHme [ Euclidean distance

1] 20 40 G0 il 100 120
Pce./Pmakc)*100

Puc. 2. Pezyromamol K1acmepHO20 AHANU3A PESUOHAILHBIX CIPYKIMYD MUSPAYUU XUMUde-
CKUX 2/IEMEHMO8 8 CKAIbHO-HUBAIbHOM U CYOHUBATILHOM 8blcOmHOM nosce Jlaburno-Tebepoun-
CKO20 OKpyea
Fig. 2. Results of cluster analysis of regional structures of migration of chemical elements in the

rock-nival and subliveway high-altitude belt of the Labino-Teberda district

ToB: Cu, Co, Ge u Zr; V u Li;
YuYb; Znu Cr; Sn u Ga; Mo
u W (puc. 3).

[pyrmer xummudeckux aie-
MEHTOB C OIMHAKOBOM peruo-
HaJbHOH CTPYKTypOM Mwurpa-
mun (puc. 4, 5) mMoryt OBITH
paccMOTpeHBl Kak OWOTeoXu-
MHUYECKHE TMapareHeTHIeCcKre
aCCOIMAIINK DIIEMEHTOB, yda-
CTBYIOIIME B MHTPAIIOHHBIX
mporeccax MeXITy ITOYBaMHU
U HEOTHOPOIHBIMH TIOYBO-
o0pa3yromumMi  TIopofiaMu B
MPOCTPAHCTBE PErHOHAIBHBIX
T€OCHCTEM C OTHOTHITHBIM
BlKowm. ITony4yeHHble JaHHbBIE
0 TpeobragaHii B BBICOKO-
TOpHOW TIOMOONACTH EIMHNY-
HBIX OMOTEOXWMHUYECKUX Tia-
pareHeTHYeCcKrX acCOIHAINi,
COCTaB KOTOPBIX OO0pasyroT
HEeOOIBIINE TPYMITHI XUMHYE-
CKHX 3eMeHTOB (0T 2 10 5),
CBUJICTENILCTBYIOT O TOCTO-
STHHOM OOHOBJIGHHH COCTaBa

TEJNBCTBYIOT O HAIMYUU HECKOJBKHX TaKUX HEOONBIIMX  BHICOKOTOPHBIX MOYB 32 CYET CUITLHON MEXaHHIECKON MH-
rpymnm: Cuu Co; Mo, Cru Nb; Zn u Ge; Ni, Mnu Li; V,  rpaiuu v BeIHOCA BEIICCTBA.

Y u Zr; Sr, Be, Ga, Ba u Pb; Sn u P (puc. 2). B BeiIcoTHOM OnnHakoBBIH HA0OP KOMILIEKCOB TOYBOOOPA3YIOIIHX
[0sICE BBICOKOTOPHBIX JYTOB OIMHAKOBas pErMOHAJIbHAS  TOPOJ B BHICOTHBIX TMOSICAaX JAHMIMAGTHBIX OKPYTOB (H-
CTPYKTypa MWIpPALlUM XapakTepHa A IPyNIl dJIeMEH-  3uKo-reorpaduueckux momobmacteii bompmoro Kaekaza

Bricogoropsee myvra /dlpine meadows
Metop Bapaa / Ward's method
Eeknuaoso pacctorHue | Eudlidean distance
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Puc. 3. Pe3ynomamol K1acmepHo2o aHanu3a pecuoHaibHblX CIPYKIMyp MUSpayuu Xumude-
CKUX 2/1EMEHMO8 8 NOsCe BbICOKO2OPHBIX 1y208 Jlabuno-Tebepouncrkozo okpyea
Fig. 3. Results of cluster analysis of regional structures of migration of chemical elements in the
high mountain meadow belt of the Labino-Teberda district

T.10. Ne4(38), 2018 T.

JaeT BO3MOXKHOCTH ITPOBECTH
COIIOCTABJICHUE B HHUX PETHO-
HAJIBHBIX CTPYKTYP MUIPaLUH
3JIEMEHTOB U BBISIBUTH CTETICHb
X CXOICTBAa. Takoe cpaBHe-
HHE TI03BOJISIET TOBOPHUTH O Be-
nmyuwx akropax GopMHpOBa-
HUSI PETHOHANIBHBIX CTPYKTYD
MHUTPAIMU 3TEMEHTOB MEXIY
MOYBAaMH UM TOYBOOOpasylo-
LIMMH TIOPOAAMH B YCIOBHSX
BBICOKOTOPHI, CpeAHETOpUIA U
HU3KOTOPHIA.

Ilpu cunbpHOM CXOACTBE
(mo 90 — 100%) B pernoHaIb-
HBIX CTPYKTypax MHIPaLUH
9JIEMEHTOB IO Pa3HBIM BBI-
COTHBIM TIOSICAM C OIMHAKO-
BBIM HaOOpOM KOMILJICKCOB
MOYBOOOPA3yIOMUX  HOPO,
OTIPEACTAIONIYIO POJIb B Pajiu-
albHOM IepepaclpeesieHUH
9JIEMEHTOB MEXAY I0YBAMH
U TIOPOAAaMH WUIpaeT JUTOIeH-
HBIN (akTop. IHTEHCHBHOCTH
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B marmaTHLeckse naneozos [ magmatic Paleozoic
B TeppMreHHbe nane3on fterrigenous Paleozoic

B METaMOpdrecRne npoTeposon /metamorphic Proterozoic

B metamopdumecsue naneoson /metamorphic Paleozoic

Puc. 4. Pecuonanvuvie cmpyKnypbl Muepayuy OmoeibHblX XUMUYECKUX INeMEHMO08 8
CKAIbHO-HUBAILHOM U CYOHUBATLHOM 8blCOMHOM nosice Jlabuno-Tebepounckoeo okpyea
Fig. 4. Regional migration patterns of individual chemical elements in the rock-nival and

Cu, Co

sublivional high-altitude belt of the Labino-Teberda district

1

V.Y Ir

W HalpaBICHHOCTh pPaanalib-
HOM MHTpalyy Ui 9TUX XH-
MHYECKUX JJIEMEHTOB B JIaH-
HBIX (PU3HUKO-TeOrpaguIecKix
YCIIOBUSIX BBICOTHBIX IIOSICOB
omnpenensercs B MEpBYIO Ode-
peab TEOXMMHYECKOH CIIelu-
anM3anyel  moYBooOpasyro-
IIUX TOPOJ, OCOOCHHOCTSIMU
TpaHC(hOpMaIM  MHHEPAJIOB
TIOPOA TPH BBHIBETPUBAHHUHU C
o0pa3oBaHHEM  Pa3IUYHOTO
COOTHOIICHUS] TIPOYHOCBS3aH-
HBIX WM TIOJBW)KHBIX COEIH-
HEHUI 2JIEMEHTOB.
OtcyrctBue wim ciaboe

45 cxonctBo (ot 0 mo 10%) c
3:; | OONBIIMMU ~ PA3TUYUSAMH B
; g : PETUOHANBHBIX  CTPYKTYpax
E i 1 MUIpAllMM XUMHAYECKUX DdJIe-
1, |
1 l : | MEHTOB [0 BBICOTHBIM MO-
of B
) L | sicaM ¢ OIMHAKOBBIM HA0OpOM
0
5n,Ga V. Y. ¥b Mo, W Cu, Co, Ge, 2r Zn, Cr KOMIIIEKCOB  MOYBOOOpasyio-
W MArMATHHECHIE Naneoon / magmatic Paleozoic mux 1nopoA CBUACTCIIBCTBYCT
W TeppuienHEIe nanceson fterigenous Paleozoic 0 TpeoONafaroeM BIUSHAN
B meTamopduieckie npotepozon /metamorphic Proterozoic ounorennoro (akropa. B atom
W METaMGPGHECKIE Nanco30n /metamorphic Paleozoic ciydae, OHOTeOXMMHUYECKUE
b
Puc. 5. Pezcuonanvhvie cmpyKmypbl MUZpayui OmoeibHblX XuMudeckux snemenmos ¢ no- ~ 1POUECCHL  pasHbIX  THIIOB
sice 8blCOKO2OPHBLIX 1208 Jlabuno-Tebepournckozo okpyea BbWKa, nporekaromue mpu
Fig. 5. Regional structures of migration of individual chemical elements in the high mountain BBIBETPUBAaHUU U r[quoo6pa-
meadow belt of the Labino-Teberda district 30BAHUH B BBICOTHBIX T'e0GO-
Taonuya 2 / Table 2
ComnocraBieHne PernoHAJIBHBIX CTPYKTYP MHTPAIIMU XUMHYECKHX Y1€MEHTOB B BHICOTHBIX MOsicax IbOpyc-
Ka30exoBckoii BEICOKOTOpHO¥ moxo0aactu
Comparison of regional structures of migration of chemical elements in high-altitude belts of the Elbrus-Kazbek Highland Subregion
CX0/ICTBO B PETHOHAJIBHBIX CTPYKTYPaX MUTPAIAH
. Similarity in regional migration structures
JlanpmadgTHbII BrbIcoTHBIE re000TAHNYECKHE TOsICA
9 7 ; 7 caadoe
oKkpyr / Landscaping High-altitude geobotanical belts o cpeanee / average | CHJIBbHOE / strong
(- 10%) (10 —90%) (90 — 100%)
- (V]
. | 1) cKaJIbHO-HUBAJBLHBIA U CYOHUBAITb-
Jlabuno-TebepauHCKMiA ) . . .y
N HbIH / rock-nival and subnival Zn, Pb, Ag, .
(3amagnsrii KaBkas) . Sn, Ni, Ga, Mo, W, Cu, Co,Y, Yb,
) . 2) BBICOKOTOpHBICE JyTa / alpine meadows | Sr, Ge, Sc, .
Labino-Teberdinsky . . Ba, Mn, Ti, Cr, Zr Nb, V
3) cmemanHbIe Jeca / mixed forests Be, P, Li
(Western Caucasus) . .
4) xBoitHbIe Jieca / coniferous forests
Tebepauno-Onsbpyc- | 1) CKkaJlbHO-HUBAJIBHBIH U CYOHHUBAIb-
ckuii (LeHTpaabHbIH HBIH / rock-nival and subnival Zn. Pb. A Ni, V, Li, Ga, Be,
Kagka3) / Teberdino- 2) BBICOKOTOpHBIE Jiyra / alpine meadows ’Sr S’n & Mo, W, Ba, Mn, Ti, | Cu, Co,Y, Yb, Nb
Elbrus (Central Cau- 3) cMeranHbie neca / mixed forests ’ Cr, Ge, P, Sc
casus) 4) xpoinbie Jieca / coniferous forests
Ky6ano-Tepckuii 1) ckaabHO-HUBAIBHBINA U CyOHHUBAJIb-
4 P! )¢ ) X4 Zn, Pb, Ag, Mo, W, | Cu, Co, Y, Yb,
(Bocrounsrit KaBkas) | Helil / rock-nival and subnival . L
. - Ba, Mn, Ti, Cr, Ge, P, | Nb, V, Sn, Ni, Li,
Kuban-Tere (Eastern 2) BEICOKOTOpHBIE ITyTa / alpine meadows
N . Sr, Sc Ga, Be
Caucasus) 3) xBoIiHbIE J1eca / coniferous forests
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Tabnuuya 3/ Table 3
Comnocrap/ieHUe PerHOHAJbHBIX CTPYKTYP MUTPALIMYA XMMUYECKHX 3JIEMEHTOB B BHICOTHBIX IOSICAX CPeIHErOPHbIX 110-
naodnacrei / Comparison of the regional structures of the radial migration of chemical elements in high-altitude belts of middle subregions

JlanpgmadgTHBIA OKPYT

BhICOTHBIE T€000TAHHYECKHE

CX0CTBO B PErHOHAJILHBIX CTPYKTYpPaxX MUIpa-
wmn / Similarity in regional migration structures

Landscaping fosica cnaGoe
High-altitude geobotanical belts small cpennee / average | CHJIbHOR / strong
_9Q° — 1000
(0 — 10%) (10— 90%) (90 — 100%)
Ceseporoiixorckuii, Kybanckuii, b BRICOKOTOHEIC JIyTa
. alpine meadows
3amagHoKyOaHckwmii, JlabuHO- . Zn, Pb, Sr,
. . 2) cMelIaHHble Jieca / mixed forests
Mankunckuit (3anaaabiii Kas- Ge, Sc, Be, P, Sn, . .
3) IMCTBCHHBIC Jieca Ag, Mo, W ; Cu, Ba, Ti, Cr, Li
ka3) / Severohoykhotsky, Kuban, deciduous forests Ni, Ga, Mn, Zr,
Zapadnokubansky, Labino- Co,Y,Yb,Nb, V
: 4) cTenu M OCTEIHEHHBIC TyTra
Malkinsky (Western Caucasus)
steppes and steppe meadows
1) BBICOKOTOpHBIE JTyTa
Tepckuii u Tepcko-MankuHCKui alpine meadows
p 13 2) cMemaHHbIe Jeca / mixed forests Zn, Pb, Sn, Ni, V, .
(Llentpanbubrit KaBkas) / Terek Cu, Ba, Ti, Cr,
and Terek-Malkinsky (Central 3) JMCTBEHHEIE Neca Ag,Mn, St | Be, W, Ge, P, Sc, Li, Ga, Mo, Co,Y
deciduous forests Yb, Nb o e

Caucasus)

4) cTenu M OCTETIHEHHbIE JTyTra
steppes and steppe meadows

Anpniicko-ABapckuii, Cymy-
po-Ynnyuaiickuii, BHyTpeHHuit

1) BBICOKOTOpHEIE JTyTa
alpine meadows

Harectan, Cymak-Camypckuii 2) cmemaHHEIe Jeca / mixed forests Zn, Pb, Ag, Mo, W, | Sn, Ti, Cr, Li,
(Bocrounsrit KaBkas) / Andean- |3) nucTBeHHEBIC Jieca - Ba, Mn, Ge, Sc Cu, | Ga, Co, Y, V, Nb,
Avar, Sumuro-Uluchay, Inner deciduous forests YD, Ni, Be P, Sr
Dagestan, Sulak-Samur (Eastern |4) cTenn U OCTEITHEHHBIE JTyTa
Caucasus) steppes and steppe meadows

Taonuya 4/ Table 4

ConocrapjieHre perHOHAJIBLHBIX CTPYKTYP MUIPAllMH XUMHM4YECKHX 3J1eMEHTOB B BHICOTHBIX Nosicax YepHoMOpCKo-
Tepcko-CyHixeHCKOi 10100,1aCTH HU3KOTOPUIi U MPeArOPHbIX PABHUH

Comparison of regional structures of radial migration of chemical elements in high-altitude belts of the Black Sea-Tersko-Sunzhensky
subregion of lowlands and foothill plains

BbICOTHBIE T€000TAaHHYECKHE

Cx071cTBO B PerHOHAJIBHBIX CTPYKTYPaX MHTPALHH
Similarity in regional migration structures

JlangmadgTHBIH OKPYr Hosica
Landscaping High-altitude geobotanical belts ciaadoe / small | cpeaHee / average | CHIbHOE Sstrong
(0—10%) (10 — 90%) (90 — 100%)
3amagHonpukybaHckuii u [1pu- 1) nucTBEHHBIE Jieca Cu, Zn, Pb, Ba,
kyOanckuit (3anmaauenii Kas- deciduous forests Sn, Sr, Ge, Be, P, V. Cr. Yb. Li Sc, Ti, Ag, Co,
ka3) / West Prikubansky and 2) cTenu M ocTenHeHHbBIe Tyra | Mo, W, Ni, Ga, T Mn
Prikubansky (Western Caucasus) | steppes and steppe meadows Zr, Y, Nb
Tepcko-Mankunckuii u Tep- 1) nucTBeHHBIE Neca Cu. Zn. Pb. A
cko-Kybanckwuii (LleHTpampHbIi deciduous forests Mr; Bei Sr; V%/, Be, YD, Ti, Ga, Sc, Cr, Ge, Li,
Kagkas) / Terek-Malka and Terek- | 2) crenu U oCTEITHEHHBIE JIyTa RS Y, Sr Mo, Co, V
Ni, P, Nb
Kuban (Central Caucasus) steppes and steppe meadows
Tepcko-Cynakcknii (Boctounbrit 1) miceennLIe neca Cu, Zn, Ag, Mn,
Kagkag) / Terek-Sulak (Eastern deciduous forests Ba, Sn, W’ N, Be, Yb, Ti, Ga, Sc, Cr, Pb, Ge
2) cTenu M OCTEIHEHHBIC TyTa P, Nb, Li, Mo, Y, Sr
Caucasus)
steppes and steppe meadows Co, V
N 1) TMCTBEHHBIE JTeca Zn, W, Ba, Mn,
Cynaxcko-llpukacrmiickuii (Boc- deciduous forests Ge, Cu, Yb, Ni
tounsrit KaBkaz) / Sulak-Caspian P Ag, V Sc, Cr, Pb, Mo
(Eastern Caucasus) 2) cTenr M OCTETHEHHBIE TyTa Sn, Ti, Li, Ga,
steppes and steppe meadows Co, Y, Nb, P, Sr
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TAHWYECKUX TO0SICaX, IPUBOIT K OTJIMYHSAM B CTPYKTYpE
MUTPALMU XUMHYECKHX 3JIEMEHTOB MEXTy ITOYBAMHU U He-
OIHOPOIHBIMH TIOYBOOOPA3YIOIUMH TIOPOAAMH.

B Dnp0pyc-Kaz6exkoBckoii BEICOKOTOpHOI Toao0i1acTu
9JIEMEHTOB CO CJa0bIM CXOICTBOM B CBOMX PETHOHAJIb-
HBIX CTPYKTYpax MHUIPALMU MEXIy MOYBaMH U MOpoJa-
MH OOJblIe BCEro B BBICOTHBIX HOsicax JaHAMAa(THBIX
okpyros 3amanHoro Kaskasza (tabn. 2). B To ke Bpems,
B BBICOTHBIX HOsicax JIaHIATHRIX OKPYroB BocTounoro
KaBka3za XMMHUYECKUX 3JIEMEHTOB C Pa3HBIMHU CTPYKTypa-
MH MHUTPallii HET, a Mpeo0IagatoT SIEMEHTHI ¢ OITM3KUMHU
WM OINHAKOBBIMH PETHOHATIBHBIMHU CTPYKTYypPaMy MHUIpa-
LM MEXIy TIOYBAMH U TIOPOIAMH.

B cpemneropubix ¢usuko-reorpaduyecknx momodia-
ctax (Ceseporopcko-Zlarecranckoii u Kybano-Jlarecran-
ckoi) B maHmmadTHEIX OKpyrax Bocrounoro Kaskaza
TaKke HaONIOMAeTCsl YBEIMYEHHE KONMMYECTBAa XHMHUYE-
CKHX 3JIEMEHTOB C CWJIBHBIM CXOZICTBOM B PErMOHAIIBHBIX
CTPYKTYypax MUTPALIMU MEKIy IIOYBOI 1 HEOAHOPOIHBIMU
MOpPOJaMU M OTCYTCTBHE B HUX XUMUYECKUX HJICMEHTOB
co cyabbIM CXOICTBOM, T.€. Pa3HbIMU CTPYKTypPaMH pajiu-
aNBHOTO TIepepactpenencaus (Taom. 3).

B UYepnomopcko-Tepcko-CyHKeHCKOH 1moao0iacTu
HHU3KOTOPUI M NMPEATrOpHBIX PaBHUH XapaKTEpHO Mpeol-
JaJaHue XUMHYECKUX 3JIEMEHTOB CO CIIa0BIM CXOICTBOM
B PErMOHANIBHBIX CTPYKTYPaX MUTPALIMK MEXIy MOYBaMU
Y TIOPOZIaMHU B BBICOTHBIX MOSICAX JIAHAIIA(PTHBIX OKPYTOB
3anagHoro, LlearpansHoro u Boctounoro Kaskasa (Ta0um.
4). B T0 ke BpeMsi OTMeUaeTcsi HEKOTOPOE YBEINUEHHE KO-
JMYECTBA XUMHUYECKUX 3JIEMEHTOB C CHJIBHBIM CXOZICTBOM
B CTPYKTypax MUTPALIMH B BHICOTHBIX HOsICaX JaHAIIA(T-
HBIX OKpyroB LlenrpansHoro Kaskasa.

3akaouenune

Nzyuenne ocobeHHOCTEN paananpHON nuddepeHIm-
Al XMMHUYECKUX SJIEMEHTOB B BBICOTHBIX I'€00O0TaHH-
YeCcKUX Mosicax JaHAmAa(THBIX OKPYroB (pu3mko-reorpa-
¢udeckux momobmacteir bompmoro Kapkasza mokasalo,
YTO B MX Hpefenax KaKAOMYy XUMHUYECKOMY 3JIEMEHTY
CBOMCTBEHHA CBOsI PETHOHAJIbHAS CTPYKTypa MUTPALIUH.
Ona npencraBisieT ONpeleNeHHYIO OCIe0BaTeIbHOCTh
B HM3MEHEHHMHM HHTEHCHBHOCTH DPaJHaTIbHONH MUTPALN
XMMHYECKOTO 3JIEMEHTAa MEXAY IOYBOH U IeTeporeH-
HBIMH TI0YBOOOPA3yIOLUIMMH TOPOAAaMH B T€OCHCTEMax
C OIHOTHUIHBIM OMOJOTMYECKHM KpyroBopotoMm. PasHas
WHTEHCUBHOCTb PAJAWAIBHOM MHrpalyuyd XUMHUYECKOTO
9JIEMEHTa TECHO CBSA3aHa C KOJIMYECTBOM €r0 MOABIKHBIX
W TPOYHOCBSI3aHHBIX COEOMHEHUH, 00pa3oBaHHE KOTO-
PBIX MPOUCXOOUT B MOPOJAX M IOYBAX B XOAE JJIUTEIb-
HBIX CJIO’KHBIX IIPOLIECCOB BBIBETPUBAHMS TOPHBIX MTOPOJ
U Mo4YBoOOpa3oBaHus. B kauecTBe BpeMEHHOIO mepuosa
(OpMHUpOBaHNS PETHOHATBHON CTPYKTYPbl MUTPalliy XH-
MHYECKOTO 3JIEMEHTa IPUHUMAETCS Ieproj] 00pa3oBaHUs
COBPEMEHHBIX TI0YB.

EnnHOMY »3KOMOrHYECKOMY MNPOCTPAHCTBY BBICOT-
HOT'O T0sIca MPHUCYIL OXHOTHUITHBIA XapakTep KOMIUIEKCa
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(akTOpOB, BIMAIOUIMX HAa PETHOHAIBHYIO CTPYKTYpY
MUTPALUN XUMUYECKUX 31eMeHToB [19; 20]. {15 BIcOT-
HBIX TOSICOB XapaKTEPHBI €AMHCTBO THAPOTEPMHUYECKUX
ycnoBuid, ogHotunHOCThs BUKa Beaencteue rocmnonactaa
OIHOHM pacTUTEIbHOCTH, €IMHBIN XapakTep mouyBoobOpa-
30BaTEJIbHBIX MIPOIECCOB, OTHOCUTENbHAS OJIM30CTh I'€0-
MOpGOIOTHYecKUX yclIoBUH. [eTeporeHHbI Xapakrep
CTPYKTYpe MUTPAIMU XUMHUYECKUX IIEMEHTOB MPUAAIOT
HEOAHOPOAHbIE MOYBOOOpasyloUIe Moponsl. BiusHue
JaTepanbHBIX MOTOKOB BELIECTBA HAa paldalibHYI0 MH-
Tpalyio XUMHUYECKUX AJIEMEHTOB B IIPEAesiax BHICOTHOTO
05ICA CBEZICHO K MUHUMYMY.

B Xxome MHUTpanuOHHBIX NPOLECCOB MEXAY IO-
YBAMU M HEOJHOPOIHBIMH MOYBOOOPa3yIOMIMMH IO-
polaMu B BBICOTHBIX MOSICaX CKJIAJbIBAIOTCS Iapare-
HETUYECKHE aCCOLHMALNN XUMUYECKHX 3JIEMEHTOB C
OIMHAKOBOW PETHOHAIBHON CTPYKTYpOH MUTpaLHHU.
B BbIcOKOTOpHO#H MOK00IaCcTH NMpeodIanaroT eqUHNY-
HbIE MapareHeTUYECKNE acCOLUALUHU, COCTaB KOTOPHIX
00pa3yloT HeOOJbIINE TPYNIBl XUMHUYECKUX DIIEMEH-
TOB, YTO CBUJECTEIBCTBYET O MIOCTOSIHHOM OOHOBIICHUU
MHUKPOBJIEMEHTHOTO COCTaBa BBHICOKOTOPHBIX MOYB 3a
CYEeT BBIHOCA BEIICCTBA.

CpaBHEHHE PETMOHAIBHBIX CTPYKTYp MHUTpallU XHU-
MHUYECKHX 3JIEMEHTOB Ha OCHOBE UMEIOIINXCS AAHHBIX I10
BBICOTHBIM TOSICaM BCEX JIaHAMIA(THBIX OKPYTOB BBICOKO-
TOPHOM, CPEeTHETOPHOW M HU3KOTOPHOW (DHU3UKO-Teorpa-
¢uuecknx monobnacTel CeBEpHBIX CKIOHOB bombIioro
KaBkasa mo3Bonmino cenars ciaeayromne BhIBOABL:

1. B ycrnoBusix BBICOKOTOpHii, CpEeTHETOpUI U HU3KO-
TOpHii ceBepHbIX CKIIOHOB bombmoro KaBkasza menstorces
Bemyume (GakTopsl GOPMHUPOBAHUS PETMOHATIBHBIX CTPYK-
TYp MHUTPaLMM XUMHYECKUX 3IEMEHTOB MEXAY MOYBaMU
U TIOYBOOOPA3YIOLIMMH ITOPOIAMH.

2. B BBICOKOTOPHOMW U CpeAHETOPHOM MOJ00IaCTSX,
IIpU ABMKEHUH OT 3amaaHoro k Bocrounomy Kaskasy,
npu GOPMHUPOBAHUHU PETHOHAIBHBIX CTPYKTYP MUTpa-
UUHW XMUMHYECKUX 3JIEMEHTOB YMEHBIIACTCS BIHSHHE
OroreHHoro ¢akTopa U yCHJINBAETCS POJIb TUTOICHHO-
ro ¢akropa. J{is BEICOKO- U CPEAHETOPHBIX T'€0CHUCTEM
3ananHoro KaBkasa, B cBsi31 ¢ UX O0NbIIEH YBIaKHECH-
HOCTBIO M OOJNBIINM KOJIMYECTBOM MOCTymnammen ¢u-
TOMAacChl B OMOJIOTHYECKHUI KPYTOBOPOT, CBOHCTBEHHA
Oojee CUIbHAsT WHTEHCUBHOCTH OMOTEOXMMUYECKHUX
MPOLIECCOB B MOYBAX U MOYBOOOpa3yoomux noponaax. B
BBICOKOTOPBSIX M cpeaHeropbsx Bocrounoro Kapkaza
BIUSIHUE OMOTEOXUMUYECKHUX MPOIIECCOB HA paguaib-
HYI0 MHUTPALHIO 3JIEMEHTOB OCIa0IseTcsl B CUITy KOH-
TUHEHTAJbHOCTH KJIMMaTa C MEHBIIUM KOJIHMYECTBOM
OCaJKOB, a TAK)K€ MEHbIIEH EMKOCTH OHOIOTHYECKOTO
KpyTrOBOpOTa B CBSI3H C MOHIKEHUEM IPOLYKTUBHOCTHU
ouoreno3os [17; 21].

3. Bo Bcell mogo0macTy HU3KOTOPUH U TPEATOPHBIX
paBuuH (1o 3amagaomy, Llentpansaomy n Boctounomy
KaBkazy) B ¢GopMUPOBaHHM PETHOHAIBHBIX CTPYKTYD
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MHUTrpalliyi MCKAY IMMOYBaMH U HO‘IB006p3.3y}0H.II/IMI/I I10-
poaamMu it OOIBIINHCTBA XHMHUYCCKUX JIEMEHTOB OC-
HOBHO€ 3HAYEHHE UMEET OMOT€HHBIN q)aKTOp.
BrisiBIeHHBIE 0COOEHHOCTHU paauaJIbHOro Iepepac-
OpeacICHUA XHUMHUYCCKHUX DJJICMCHTOB B TCOCHUCTEMAX
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The purpose of the study is to identify the peculiarities of
chemical elements migration in the system "soil —soil-forming
rocks" in the regional geo — systems of the North Caucasus
with the one type biological cycle and heterogeneous soil-
forming rocks. As the regional geo — systems are high-altitude
geo — botanical zones of high-mountain, mid-mountain
and low-mountain physical and geographical sub domains
landscape of the northern slopes of the greater Caucasus.

Research methods: The object of study is the regional
structure of chemical elements migration which are considered
on the example of two high-altitude zones of Labino-Teberda
landscape district allocated in the Western Caucasus within
the Elbrus-Kazbek Alpine sub domain. To determine the
intensity of chemical elements migration in the high-altitude
zones, the coefficient of radial differentiation R, reflecting the
genetic relationship of the soil with the soil-forming rock was
used. The allocation of par genetic associations of chemical
elements with the same regional structures of migration
between the soil and heterogeneous soil-forming rocks within
the boundaries of the high-altitude zones of the Labino-
Teberdinsky district was performed by the cluster analysis.
On the basis of the available data on high-altitude zones of all
landscape districts of the mountainous, mid-mountainous and
low-mountainous sub domains of the northern slopes of the
greater Caucasus, a comparison of the regional structures of
chemical elements migration was carried out.

Research results: In geo — systems of the regional level
with the same type of biological cycle and non-uniform soil-
forming rocks the regional structure of chemical elements
migration are formed. They represent a certain sequence in
changing the element migration intensity between the soil
and heterogeneous rocks within the boundaries of the high-
altitude zone. Different intensity of radial migration depends
on the number of mobile and strongly bound compounds of
the chemical elements. Their formation occurs in the rocks
and soils during the long course of complex processes of rocks
weathering and soil formation with a complex combination of
factors of internal and external chemical elements migration.

Conclusions. In geo — systems with the same type of
biological cycle and heterogeneous soil-forming rocks within
the physical and geographical sub domains of the northern
slopes of the greater Caucasus, the peculiarities of regional
structures formation of chemical elements migration have
been developed.

In the mountainous and mid-mountainous sub-regions,
moving from the Western to the Eastern Caucasus during
the formation of regional structures of chemical elements

T.10. Ne4(38), 2018 T.

migration, the role of the biogenic factor is weakening and
the influence of the lithogenic factor is increasing.

All over the low mountains and foothill plains sub-regions
(in the Western, Central and Eastern Caucasus), the biogenic
factor is of primary importance for the majority of chemical
elements in the formation of the regional migration structures.

Keywords: North Caucasus, soil-forming rocks, biological
cycle, chemical elements migration.
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Aand nogaepP>AHUA NOYBEHHOIO
nnoaoroaunA

'KupeeBa B.B.,*
"PacckasoBa T.I'.,
'Cep6ynoBa H.M.

Beenenue

PocroBckast 00acTh MOYTH MOJTHOCTBHIO PACTIONOKEHA B pailOHaX YEePHO3EMHBIX
TIOYB, JJIs1 KOTOPBIX XapaKTepHBI JBa MOATHUIIA: YEPHO3EM FOKHBIN U MPEIKABKa3CKUI
WM IPUa30BCKUi. [IpoBHHIMA IOATHIIA YEPHO3EMa MTPEAKABKA3CKOTO JIEKHUT B FOXK-
HOH yacTH 00JIaCTH B YCIOBHUSIX OOJIee TEIIOT0 M MSTKOTO KITMMAaTa.

[penkaBKa3ckre YepHO3EMBI 3AJIETAIOT OT A30BCKOTO MOpS BILIOTH 10 TOPHBIX
Tepputopuit KaBkaza. ToT moaTun 4epHO3eMOB 0011a/1aeT pa3BUTHIM MEPETHONHBIM
TOPU30HTOM C MOIIHOCTBIO 1,5—1,8 M, BBICOKMM cOfepKaHUEM OPraHHYECKHX Be-
LIECTB, YPOBHEM IeperHos 4—6 % 1 BBICOKOH MPOU3BOAUTEIBHOCTHIO [1-3].

CoxpaHeHre 3eMeNbHBIX PECYPCOB SIBISIETCS SKOJIOTMYECKON 3aadeli MHPOBO-
ro mMaciTada Jyis yCTOHYMBOIO Pa3BUTHS CEbCKOXO3IHCTBEHHOTO TIPOU3BOJICTBA U
MOJIEBOAICTBA B yacTHOCTHU. [10 Mepe yBennueHus HaceneHus: 3eMIIi Bce OoJiee Bax-
HBIM CTaHOBUTCSI COXPaHEHHUE TUIOAOPOAHS TIOUBBI ISl IPOU3BOACTBA CENBCKOXO035TH-
CTBEHHOMW TPOIYKINH.

AKTHBHOE HCIIONB30BaHHUE 3EMeITb O] MAITHIO UMEET MHOXKECTBO TTOCIIEICTBHIA.
3T0 U3MEHEHUE TYMYCHOTO COCTaBa, HalpPaBJICHHOCTH U aKTUBHOCTH OMOTEOXHMHU-
YEeCKUX IUKJIOB Pa3NuHbIX OMO(QHIILHBIX SIEMEHTOB, HF3MEHEHHE BOJHOTO PEKUMA,
IUIOTHOCTHU U CTPYKTYpHI TOUB [4; 5].

Kak 061 Hu ObUIM OOraThl YepHO3EMBI IIEPETHOEM, HO UX OpPTaHWYECKOe Belle-
CTBO Pa3pyIlacTCsl, CHWKACTCS M UX MPOM3BOIUTEIHLHOCTD. [ yMycOBOE COCTOSIHUE
mouB oOpariaer Ha ceOs BHUIMaHUe B OTHOIICHUH ACTPaJallMOHHON IeryMU(pUKau
YEepPHO3EMOB.

[Tpu4nHbI MOTEph TyMyca MaXOTHBIMHU [TOYBAMH CIIEIYIOIINE:

1. CHWXeHME KOJMYECTBa MOCTYMAIONINX B MTOYBY PACTHTENBHBIX OCTAaTKOB MPHU
MepexoJic ECTECTBEHHOTO arpoleH03a B arpoLCHO3.

2. YcuneHne MUHEpalu3alii OPTaHWYEeCKUX BEIECTB W3-3a WHTEHCUBHOM 00-
PpabOTKH OYBBI ¥ TIOBBILICHHS CTETICHH €€ adpallu.

3. Jerpamanusa ryMyca B pe3yibTaTe NPHUMEHEHHUsI KUCIBIX YIOOpEHUH M Kak
CIIC/ICTBUE aKTHUBALIMS TOYBEHHOW MUKPOQIOPHL.

4. Ycunenue MUHEpaTU3aliuy U3-3a IPOLECCOB OCYNICHHS MM OPOIICHHUSI.

5. BerpoBas 1 BofHas 3pO3Hsl I1OUB.

Hapymenne paBHOBecHs TOUBEHHOTO TIOAOPOAHS MIPOUCXOINT B CBSI3H C COKpa-
LIeHHEM MIPUTOKA OPTraHMYECKHUX BEIIECTB C KOPHEBBIMH 1 TIOKHUBHBIMH OCTAaTKaMHU
KyJIBTYypHBIX pacTeHuil. BenenctBue yOopku ypokasi co CKOHIIEHTPHPOBAHHHBIMHU B
HEM OpPraHMYeCKUMH W MHHEpATbHBIMU BELECTBAMU OPraHU3MBI TOYBOOOPA30Ba-
TEJIM He MOJYYaloT AOCTAaTOYHOTO Marepuaia sl pa3ioKeHUs, MUHEpAIN3alud 1
VAOBJICTBOPESHUS CBOMX MOTPEOHOCTEH B BEIIECTBE U SHEPTUU. DTO B CBOIO 0YEPE/Ih
BeZIeT K HEXeNaTeIbHOMY U3MEHEHHIO COCTaBa MOYBEHHOW MHUKPOQIIOPHI, pa3MHO-
YKEHUIO BpEANUTENEH.

3a mocneqHue AeCATHICTHA IIONOPOare Moy PocToBcKkoil 00macTH CHU3UIOCH
nouty Ha 15 %. J1o 3,09 % yMeHbIIMIOCH cofiep)kaHue TyMmyca, TOTia Kak KpUTH4e-
ckuM cuntaercs 3,5 %. Ha BoccTanoBneHHE BCero 0iHOr0 MPOLICHTa JaHHOH caMoi
Ba)XKHOU 4acCTH JJIsl IMTaHUs PACTEHUI MOYBHI TpeOyercs Oonee cra yietT. YacTth ee,
paspylIeHHas B HACTOsIIEE BpeMsI, MOXKET OBITh HaBCEra yTpaueHa AJisl OCIeyIo-
WX MTOKOJIeHUH [6].

[NoBbimenne 1 moaaepkaHWe MOYBEHHOTO IUIONOPOIUS — OHA U3 CIOXKHBIX U
Ba)KHBIX 33/1a4, 0COOEHHO B YCJIOBHSIX IOPOTOBU3HBI MUHEPATILHBIX YOOPEHUIA, TO-

! JIoHCKOIi TOCynapCcTBEHHBIN TexHuueckuit yausepeurert, 344000, r. Poctos-na-/{ony, Poccus,
valeriakireeva@gmail.com
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prode-cMa304HbIX MaTepUasioB, HEAOCTATOYHOTO MCIOJIb-
30BaHMs OPTaHUYECKUX YAOOPEHUH.

Hcromenne mouBbl MOXET OBITH MPENOTBPALLECHO IIpa-
BUIILHOW CTPYKTYpOM CEBOOOOpOTa, BHECEHUS YIOOPEHHIA,
BBEACHUS KYJIETYP MHOTOJIETHUX TpaB, IIPOBECHHUS A€3HH-
(beKLMH TIOYBBI U COBOKYITHOCTH OPraHHU3aLOHHBIX U arpo-
TEXHUYECKUX MEP CEeJIbCKOXO3SIHCTBEHHOTO POM3BOJICTBA.

Herymudukanus BegeT K CHIKECHHIO YPOXaeB U, B
UTOre, K BBIBOAY 3€MEJb M3 KaTeTOPUH CEIbCKOXO3Sii-
CTBEHHOTO HCITONb30BaHus [7; 8]. UToObl KOMIEHCHPO-
BaTh IOTEPU T'yMyca BCIEICTBHE IIPOLIECCOB MHUHEPAIH-
3a1uu (Pas3IoKeHus), [UIsl YAYULICHUs TUTaHUs BO3AEIbI-
BAGMBIX KYJIBTYp, 3aLUThl OT ()UTONATOI€HHBIX MHUKPO-
OPTraHMU3MOB, CHIDKECHHS HOTEPb CEJbXO3MPOLYKLIUH He-
00X0OMMO BHOCHTH B IIOYBY OpraHHMYECKHE BEILECTBA B
COCTaBe OpraHn4ecKux ynoOpeHuil. B xauecTBe TakoBBIX
B IIOYBY BHOCAT TOpd, cHAepaTsl — 3eJCHbIE YI0OpEeHUs,
HaBO3, ITUYUI TIOMET, canporienb (03epHbBIH 1), KOMIIO-
CTbI, HETPAJUIIMOHHbIE OPraHUYECKUe yIoOpeHus (0Txo-
OBl 1epeBO0OPaOOTKH, KOMMYHAIbHO-OBITOBBIE OTXOIPbI,
OCaJKH CTOYHBIX Bof). B HacTosee Bpemst pa3paboTaHbl
pas3iIMyHbIe CIOCOObI MOMY4YeHHS YIOOPEHHUH U3 OTXOIO0B,
00pa3zyromuxcs MpH nepepadboTKe MUIIEBBIX U CENBCKOXO0-
3HCTBEHHBIX IPOU3BOACTB.

OpraHuyeckuM BelecTBAM OHMOJIOTMYECKOro HpPOHC-
XOXKIICHUS IPUHAIUISKUT 0cobast ponb. Cpenn HuXx — Oen-
KU, )KUPBI, TyOUIbHBIE BELIECTBA, BOCKH, CMOJIBL, ()epMEH-
Thl, (peHONBL. Oco00O€ 3HAUCHUE HMMEIOT YIIEBOIABL. JTO
MOHOCAXapHu/bl, TUCAXapUAbl, LEIUII0N03a, TeMHULIEIIIO-
71032, IEKTUHOBBIE BEIIECTBA. bonbIias 4acTh yriieBoaoB
NPUXOIUTCS Ha OO0 Leutono3bl. OCHOBHAs ee 4acTb
MOCTYMAET C APEBECHBIMU OCTATKAMH, 1€ €€ COZlepIKaHHe
cocraisgeT 50-60 %, B MHCTBIX W TpaBe — nopsiaka 30
%. B mouBe 3T coenMHEHMs TOABEPralOTCs OKUCICHHIO,
(depmenTaruBHOMY THAponm3y [9; 10].

VrieBoapl BBINOJHAIOT B MOYBE clenuduueckue
(byHKIHA:

-(popmupoBaHE CTPYKTYpHI IOYBBI IIyTeM 00pa3oBa-
HHSI BOJOIPOYHBIX arperaroB 3a CUeT KJIESIIEH CHoco0-
HOCTH MUKPOOHOH cJIM3H1, 00yCIIOBICHHO! YIJICBOIaMU;

-00pa3zoBaHKMe OpraHOMHMHEPATILHBIX 30JIeH, yCHUIICHHUE
BBIBETPUBAHM MUHEPAJIOB 32 CUET 0Opa30BaHMs XejaT-
HBIX KOMIUIEKCOB;

-y4acTue B MOHOOOMEHHBIX IPOLIECCaX, BIMAIOIINX Ha
MONJIOTUTEJIEHYIO CIOCOOHOCTH I10YBBI;

-BJIMSIHUE HA KOPHEBOE [TUTaHUE PACTEHUH IIyTeM IIps-
MOT'0 NOCTYIIIEHHS (MOHOCAaXapua0B) 1, KOCBEHHO, Yepe3
00pa3oBaHKe BTOPUYHBIX COCIUHEHUH (IIOJIMCaXapuioB);

-yCKOpEHHE MUKPOOHOIIOrHYEeCKOr TpaHchopMalyuu
BEILECTB TyMyca IIPU HAIWYUH YIIIEBOAOB KaK HCTOUHHUKA
yIIEepona U SHEPTUH.

Benku u cBOOOAHBIE AaMUHOKHCIIOTHI — IJIaBHBIE KOMIIO-
HEHTbI OPraHMYECKUX BELLECTB MOUBbI, KOTOPBIE COEPIKaT
azot u pocdop [11]. Coneprxanue 6enkoB B OrmoMacce pas-
JIMYHO: B JIPEBECHHE OHO cocTaBisieT MeHee 1 %, Tpase —
5-10 %, Tkansix rpu6oB — 10-50 %, Oaxrepusx —40-80 %.
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Ponp aMUHOKHCIIOT B TOYBaX COCTOUT B TOM, YTO OHHU
CITy’KaT CTPYKTYpHBIMH €IMHUIIAMH B CHHTE3€ OelKa, pe-
TYISTOpoM (pepMEHTATHUBHBIX PEeaKIui, cyOCTparoM st
SHJOTEHHOTO AbIxaHus. OcoOeHHOCTh aMHHOKHCIIOTHOTO
COCTaBa IMOYB COCTOUT B KOPPEISINH C 3aliacaMu a30Ta U
rymyca. AMHHOKHCIIOTHI SIBJISTFOTCS BXKHBIM 3B€HOM B CH-
CTeMe MHUTaHWUA PACTEHUH, CO3MIAI0T YCIOBUS LIS Pa3BH-
THS IOYBO0OPA30BATENHHBIX TIPOIIECCOB U BO3IETBIBAHUN
CENbCKOX03AUCTBEHHBIX KYJIBTYp pacTeHui [11].

CocTaB TkaHeH pacTeHHI BKIFOUaeT okoio 80 xumude-
CKUX 3NeMeHTOB. Hanbonee HEOOXOAUMBIMU JIJIS JKU3HU
pacTeHuii SBISFOTCA 16 BIEMEHTOB: YIJIepos, KHUCIOPO,
a3oT, ¢ocdop, BOAOPOI, KWK, KalbIHA, MarHuid, yKeje-
30, cepa, 00p, MapraHelr, MOHO/IECH, Me/Tb, IIMHK, KOOAITBT.
VYrnepoa, KHCIOpPO, BOAOPO U a30T SIBJISIFOTCS] OpraHore-
HaMH, TaK KaK MPH CXUTAaHUW PACTEHUI OHH TIEPEXOIAT
B Ta3000pa3HOE COCTOSIHUE U YJIETYYHBAIOTCS B BO3MYX
[12; 13]. OcTanbHble TUTATENBHBIE 3JIEMEHTHI OTHOCATCSA
K 30JIbHBIM. B cpesiHeM cyxoe BelecTBO pacTeHH comep-
KuT, %: 45 — ymepona, 42 — kuciopoaa, 6,5 — Bogopoza,
1,5 —a3otau 5 — 30151

ConeprkaHue 307161 B PACTUTEIBHBIX OCTAaTKaX COCTaB-
nset: okono 1 % — B apeBecHbIX; 10 % — B TpaBax.

Oprannyeckre ygoOpeHHs CIIOCOOCTBYIOT IOBBIIIE-
HUIO CTaOWIU3AIMY TUIOJOPOIHUS TIOYUB, SIBIISTFOTCSI OCHOB-
HBIM 3HEPTeTHYECKUM BEIIECTBOM B cOCTaBe Mo4BEL. [1pn
TpaHC(hOpPMaITUH OPTAaHUIECKHX BEIIESCTB MPOUCXOAIT HE
TOJBKO TIPOIIECCH MUHEPAIIM3aIiH, HO W TYMH(DHKAITUH,
BeAyIIMEe K TOBBIIIEHHIO KOJIMYECTBA TyMycCa, 3alacoB
a30Ta, MaKpo- ¥ MUKPORJIEMEHTOB, KOTOPBIE BXOZST B CO-
CTaB BCEX OPraHUYECKUX YIOOPEHHUH.

B ommmume oT MuHEpanbHBIX yHOOpEeHWH, OpraHH-
YEeCKHE OCBOOOKIAIOT B IOYBE NMUTATEIFHBIC BEIECTBA
ITOCTENICHHO, HE TOBBINIAs KOHIEHTPAIUIO COJIeH B TO-
YBEHHOM pacTBOpE, B YAaCTHOCTM HHUTPATOB. Yiydyllla-
OTCS  (PUBUKO-XUMHYECKHE CBOMCTBA TIOYBBI, BOIHBIN
Y BO3IYIIHBIA PEKUMBI, CHIDKAETCS BpETHOE JEHCTBUE
KHCJIIOTHOCTU Ha POCT PACTEHUH, TOBBIIIAFOTCS MOTIOTH-
TeNbHasl CITIOCOOHOCTh, BIArOEMKOCTh, Oy(pepHOCTh, BO-
JonpoHUnaeMocts. Opranndeckue ynoOpeHHs Croco0-
CTBYIOT OOOTAI[EHUIO TIOYBBI MUKPOQIIOPOH, YCUITHBAIOT
OHMONIOTHYECKYI0 aKTHBHOCTb, BBIICJICHHUE YTIEKUCIIOTHI,
CHIDKAIOT CONPOTHUBIICHHE ITOYBHI TP 00paboTKe, co3a-
FOT ONITUMAITLHBIE YCIOBUS I MUHEPAITLHOTO KOPHEBOTO
MUTaHUs pacTeHuil. IX BHECeHHe B MOYBY YITydIlIaeT ee
(utocanurapHoe cocrosiHue [14].

[Tnomopoaue — Goree MIUPOKOE TOHSTHE, YeM arpo-
XUMAYeCKass XapaKTepPHCTHKA TI0YB M (PUTOCAHUTAPHOE
coctostHue. OHO BKIIIOYAET HE TOJILKO HAJTMYHUE PECYPCOB,
HEOOXOMUMBIX PACTCHUIO Ha BETETAIlMOHHBIA TEPHO,
HO | JIOCTYITHOCTh WX JUIS MUTaHus pacteHui. [Ipu 3Tom
YPOBEHB TIOYBEHHOTO TUTOJIOPOJIUS 3aBHCUT HE OT OOIIET0o
COZIEpKaHMs TYMyca, a OT KOJIMYECTBA eTo JIAOMIHHOM Ya-
CTH, OIIPEAETISIONIEH MUTaHHe PACTCHUH, OMOIOTHIECKUE
1 arpodu3nyuecKue cBoricTBa ous [4; 15; 16].

CymecTByronmii B HacTosimee BpeMs aeuuur Oenka
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B KOpMax AJIsI CENbCKOXO3SIMCTBEHHBIX )KUBOTHBIX OMpeE-
JemsieT HeoOXOOMMOCTh KOMIUIEKCHOTO HCIOJIB30BAHHMS
PacTUTENBHBIX PECYpPCOB, MPH KOTOPOM BCE HPOAYKTHI
(pakIMOHUPOBAaHHA, B TOM YHCIIE 00pa3yIOLIHecs: OTX0-
JbI TOJDKHBI UCTIONB30BAThCS C MAKCUMAIIBHOM 3¢ (eKTHB-
HOCTBIO.

Uccnenosarensimu AI'TY paspaboraHa TeXHOIOTHS
KOMITJICKCHOM TepepaOOTKH BEreTaTMBHOM MAacChl Cellb-
CKOXO3SICTBEHHBIX CESIHBIX 00O0BBIX TPaB C TOMyYEHHUEM
KOPMOB /7151 ’KMBOTHBIX. [Ipy 3TOM momy4aroT KopMOBOI
MIPOTEHHOBBIA 3€JICHbIH KOHLEHTPAaT W IPEecc-OCTaTOK
[17]. IIpecc-ocTaTok mocie U3MENbUEHUS] Ha MEJIbHULAX
neHTpoOexHoro [18] uam Apyroro Trria MOXHO HCIONb-
30BaTh AJIsI HPUTOTOBJICHUSI TPABSIHOW MYKH.

O6pazyromasicst >xuakas Gpakus — IeIPOTEHHU3UPO-
BaHHBIN KopruHeBbIi cok (KC) — sBnsieTcs oTXonoM mpo-
W3BOACTBA M HE HAXOOUT NMpruMeHeHHs . OT4acTH ero mbl-
TAIOTCS UCIIOIB30BATh KaK 100aBKY B KOPM )KUBOTHBIM — B
TYMEHHbIE KOpMa, B Ka4eCTBE CBIPbS AJIsI BBIPALMBAHUS
MHUKpoOoprann3MoB. Ho 0OBIMHO OH clMBaeTCs B KaHAIIU-
3aIMI0 ¥ 32001a4KBACT €€ CTOKH.

Bo3MOXHBIH IMyTh HCHONB30BAaHHUS KOPUYHEBOTO
COKa — BEPHYTh €T0 CHOBA Ha I10JI5, C KOTOPBIX ObUIH yOpa-
HBI CEJIbCKOXO03SICTBEHHBIE KYJIBTYPBI.

[Tpu mepepaboTke huTOMAaCCHI 10 pa3padOTaHHON TeX-
Hosoruu [17] BbIXOA 3€JI€HOr0 KJIETOYHOIO COKAa COCTAaB-
nseT 55-60 % OT MCXOIHOM JTUCTOCTEOEIHLHOI MAacChl, a
BBIXOJ] ICPOTEHHU3UPOBAHHOTO KOPUIHEBOTO cOKa — 90—
95 % ot konuuecTBa 3eseHoro coka. Ilpu cpemneit ypo-
YKAWHOCTH 3eJIeHOM Macchl JorepHbl 550—-600 1/ra coop
KOPUYHEBOTO coka cocTapisiet 270—340 m/ra.

ConepkaHue B KOPUYHEBOM COKE XOpOLIO YCBauBa-
€MBIX BEIIECTB — a30THUCTBIX COCAMHEHUH, YIJICBOIOB,
MHUHEPAIbHBIX 3JIEMEHTOB — OMNpeJessieT BO3MOKHOCTD
UCTIONIb30BAHUS IAHHOTO OTXOZA KakK CBIPhS AJIsl TIPHIO-
TOBJICHHS JKUJAKOTO OPraHMYECKOro yAoOpeHHs U BHeEce-
HUSI €TO B MOYBY AJIsI IPEJOTBPALCHUS HCTOIICHHS TIJI0-
JOPOAMSl U BO3BpATa dJIEMEHTOB MUTAHUS, YIAJICHHBIX C
YPOXKaeM CeJIbCKOX035ICTBEHHBIX paCTCHUH.

B 37Ol CcBA3M mpeAcCTaBIsANACh AKTyallbHOW paspa-
00TKa croco0a MPUrOTOBICHHS JKUAKOIO OPraHUYECKOTO
ynoOpeHHs: U3 OTXOJOB MepepabOTKH BETETaTUBHOM Mac-
CBbl KOPMOBBIX OOOOBBIX TPaB U BHECEHMS UX B IOYBY I10-
ciie yOOpKH pacTeHHUH Ha 3€JIEHBII KOpM.

Leab padorsl cocTosia B U3YYEHUH BO3MOKHOCTH
MIPUTOTOBIICHUS KHUIKOTO OPraHMYECKOr0 YIOOpEHHUsS U3
OTXOZIOB IepepabOTKH JIMCTOCTEOENBbHOM Macchl JIFOLep-
HBI M €T0 BIMSHUS Ha MOLAEPKaHUE IUIOAOPOAUS OUBBI
YepHO3eMa MIPEIKABKa3CKOT0.

MarepuaJi M MeTOIbI HCCJIe10BAHUI

Jnst monmy4eHus opraHudeckoro yioOpeHHs B JKcIie-
pPUMEHTaX HCIIONb30Bajiack (pUTOMacca BO3AETBIBACMOM
Ha 3eJIeHbId KOpM JIIOLIEPHBI MTOCEBHOM copTa MaHbId-
CKasl, CKOLICHHOH B (paze OyToHM3aLMy — Hadase IBeTe-
HUSI, KOTJa COAEp)KaHWE MHTAaTeNbHBIX BEIIECTB B HEH
HaunOobIIIee.
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IlepepaboTka aHuCTOCTEOCIBHON Macchl MPOBOAMIIACH
M0 TEXHOJOTUU BIIAXKHOTO (hpakunoHupoBanus [17], xo-
TOpasi COCTOUT B AE3MHTErpaluy U (HpakIHOHUPOBAHUU
BEreTaTHBHOM JINCTOCTEOETIBHON MacChl CEsTHBIX 0000BBIX
TpaB MOCPEACTBOM HMX MEXaHHMUYECKOIO 00E3BOKMBAHMS
MPECCOBAHUEM C Pa3eJICHUEM Ha IPECC-OCTATOK U 3eie-
HBII COK.

3eneHblil cOk noxBepraics HpakLHOHUPOBAHUIO C I10-
Jy4eHHEM NPOTEHHOBOTO 3€JIEHOro KoHueHrpara. OOpa-
3YIOLIMICS TPH 3TOM AENPOTEUMHU3UPOBAHHBIN KOpHUYHE-
BhIii cok (KC) sBisiiics oTxomoM nepepadoTKH.

B skcniepuMeHTax KOPUYHEBBIN COK MOZBEprajics aHa-
JM3y XMMUYECKOTO COCTaBa M MCIOJIb30BAIICS B KAYECTBE
CBIPbSl [UISl NIPUTOTOBJICHUS yAOOpEHHs, BHOCUMOIO Ha
HOJIsA, C KOTOPBIX ObUla yOpaHa BereTaTMBHAs Macca JIo-
LEPHBI.

XUMUUYECKUI aHAIN3 OMYUYEHHBIX IPErapaToB KOpuy-
HEBOTO COKa IMPOBOMIIN OOIIEIPHHATHIMA MeTofamu [ 19].

B onbITax 1o npuMeHEeHUI0 yI00peHHs U3 KOPUUHEBO-
T'0 COKa B Ka4€CTBE OPUEHTUPOBOYHOIO 00bEeMa BHECEHHUS
NPUHAMAIM BEIUYUHY, COOTBETCTBYIOILYIO KOJHYECTBY
KOPUYHEBOTO COKa, [IOTyYSHHOTO C €AMHHMIIBI IUIOMIAIH 32
CE30H.

[TpuroroBnenHoe ynoOpeHne BHOCUIN B MEXIYPAAbs
MOCJIE TPETHEr0 YKOCA 3€JIE€HOM Macchl JrouepHsl. Kon-
TPOJIEM CITY>KWJI Y4acTOK 0e3 BHECEHHS YIOOPEHUSL.

W3ydeHue cocTaBa MOYBBI IPOBOAMIOCH IO CIIEAYIO-
LIEHA CXEME:

1. McxonHast mouBa B HauaJie BereTauuu 0e3 BHECEHHS
yaoOpeHHs U3 KOPUIHEBOTO COKA.

2. Ucxonnas mouBa B KOHIIE BEreTany 0e3 BHECEHMS
yaoopenuns u3 KC.

3. IToyBa B KOHILIE BEr€TaLlMOHHOTO CE30HA IIOCJIE BBE-
nennst ynoopenus uz KC.

OO6pa3Lpl 0YBEI OTOMPAIMCH IO OKOHYAHKH IEPHOAa
BEreTalyy 1 TAKKe MOABEPrallch aHanu3y. B mouseHHOM
npodune mpodbl oroupanu Ha miyomHe 10,040,0 cm.
[Tpy u3yyeHnN XMMHYECKOTO COCTaBa MOYBBI ONpeness-
1 kucnoTHocTs (pH) BomHOW cycrieH3uu, conepiKaHHue
OCHOBHBIX COCTAaBJISIIOIIMX IUIOAOPOAMS IOYBBI — IIOA-
BIXKHOTO a3ota no merony M.B. Tiopuna u M.M. Kono-
HOBOM, IOIJIOIIEHHOTO Kallusi, TOIBMKHOU (pochopHOit
kucnotel — o merony K.H. Moruuunckoro, conepxanue
rymyca — no merony Tropuna [20]. AHaIU3 XMMHYECKO-
r0 COCTaBa MOYBBI IPOBOAMIICS B J1aboparopun Kadeapsl
MIOYBOBE/ICHHS U OLICHKH 3eMeNbHBIX pecypcoB HOxHOro
(enepanbHOTO YHUBEPCHUTETA.

s ycraHoBieHus 11e7eco00pa3HOCTH BHECEHHS YIO-
OpeHus o U3y4aeMylo KyJIbTypy OIpeesisuiach ypokaii-
HOCTb 3€JICHOH MacChl JIFOLIEPHBI 3@ IEPUOJ OJIb30BAHUS
TPaBOCTOEM.

IHosny4yeHHBIE pe3yJbTAaThl U UX 00CY:KIEHUE

B pesynbrare mpoBeAEHHOTO XMMHUYECKOTO aHAIM3a
YCTaHOBJICHO, YTO KOPUYHEBBII COK M3 3€JIE€HOH MacChl
JIFOLIEPHBI COAEPKUT CYIIECTBEHHOE KOJIMYECTBO IPOTeE-
WHa, 30JbHBIX 3JIEMEHTOB, (Qocdopa, KaIbLys, Kalusl U
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Taonuuya 1/ Table 1

XuMHUYeCKHI COCTAB KOPUYHEBOIO COKA U3 JIMCTOCTEe0eJIbHONH MACCHI JIIOLIEPHBbI
Chemical composition of brown juice from herbage of alfalfa

Exununna
Komnonent / Component S TTEn ey 11 T — Conep:xanue / Contents

Cyxoe BemectBo / Dry substance % 5,91-6,82
OO6uwmit a3ot / General nitrogen % 2,73-2,81
IIpoteun / Protein % 17,00-17,73

3ona / Ash % 16,57-16,78
Jlerkoruaponu3yembie yrieBoabl / o 3

Easily hydrolyzable carbohydrates o 10,91-12,84
dochop / Phosphorus % 0,13-0,37
Kanwmwuii / Calcium % 4,10-4,42
Kanwii / Potassium Mr % / mg % 35,2-42,1

Taonuuya 2 / Table 2

XuMHYECKHUil COCTAB MOYBBI PH BHECEHUHU Y100peHMsT
Chemical composition of soil at top-dressing

Mecto ordopa npo6 / Sampling point
ExuHunbI i i n
Moxasareis n3Mepenus CXO0THasI MOYBA, CXO0THasI MOYBA, 04Ba nog.ﬂe BBe/ICHHS
Ind Units of measure | MA9a710 BETCTAUMH | KOHEIl BEreTaluu y1oopeHust
naex n{en ; Initial soil, beginning | Initial soil, end of Soil after introduction
of vegetation vegetation of fertilizer
pH 7,98 7,91 8,02
T'ymyc / Humus % 4,382 4,355 5,557
VYriiepos BOAOpacTBOPHMOTO o
rymyca /errgoe’l;"ﬁa 0,0147 0,0108 0,0202
Carbon of water soluble humus ?
Yraiepox o6t % 2,617 2,688 3,362
Carbon general
[ogBmXHEIH a30T Mmr/100 T
Movable nitrogen mg/100 g 0,16 0,10 0.17
ITonBwxHBIH Pocdop mr/100 r
Movable phosphorus mg/100 g 26,3 23,7 28,2
TTonBy>KHBIN KaJIui mr/100 r
Movable potassium mg/100 g 27,07 17,72 26,98
Ilornomennsie cou HaTpUs mr/100 r 6.1 57 57
Eaten up salts of natrium mg/100 g ’ ’ ’
ITornoieHHble CONMM MarHus mr/100 ¢ 78 75 75
Eaten up salts of magnesium mg/100 g ’ ’ ’

JPYTUX COSITMHEHUH, HEOOXOANMBIX TSI HX BOCTIOJHEHUS
B I0YBE W TOJIHOIIEHHOTO TUTAHHS BBIPAIIMBAEMBIX Ha
Hell pactennii (Tadm. 1).

[Ipy M3ydeHNH XMMHUYECKOTO COCTaBa MOYBHI IMOCIIE
BBEJICHHS MIOJTy4E€HHOTO YIOOPEHUsI U3 MOKa3aTeNei Biu-
STHHSI XUMHYECKUX KOMITOHEHTOB TIOYBBI Ha YPOXKaHOCTD
pacTeHuit npeArnodTeHne ObUIO OTIAHO TTOJBKHBIM (op-
MaMm rymyca, dpocdopa, Kaus 1 a30Ta, Kak HanboIee J10-
CTYITHBIM (popMaM JUTsl MUTAHUS PACTCHUH.

Vrepoa BOOOpacTBOPHIMOTO T'yMyca — 3TO ITO/IBMKHAS
4acTh TyMyca, 00pa3oBaHHAs M3 MPOIYKTOB Pa3IOKEHHs

496

pPacTUTENBHBIX OCTATKOB M BTOPUYHO OOpa3OBaHHEIX Be-
IIECTB TyMyca, KOTOpPbIE MOTYT CBOOOHO IEPEXOANTH B
pactBopuMyto GopMy. DTa 4acTb cocTaBa rymyca ¢op-
MupyeT 3(h(heKTHBHOE MOYBEHHOE TUIOAOPOIHE, CIYKHUT
SHEPreTHYECKUM MaTepUaIOM U MCTOYHHKOM 3JIEMEHTOB
MIUTaHUS U JUIS PACTEHUH U TIOUYBEHHBIX MHUKPOOpPTaHU3-
MoB [7].

B ucxomHol mouBe B Havyalie BETE€TAIMOHHOTO TIEPHO-
Jla corep>kaHhe BOJOPACTBOPHMBIX TYMYCOBBIX BEIIECTB
OBLTO HEBBICOKUM, YTO BEPOSITHO, OOBSICHSIIOCH CHIDKEHH-
€M OHMOJIOTHYECKOH aKTHUBHOCTH YepHO3eMa B Pe3yiIbTare

T.10. Ne4(38), 2018 1.



YIUIOTHEHUS CJIOS TIOYBBI M CHIKEHHSI KOJIYECTBA IIOCTY-
MAOLIETO KHUCJIOPOAa, HEOOXOAUMOT0 MUKPOOPTaHU3MaM
IUTSL pa3JIOKeHHsT OPTaHMYECKUX OCTaTKOB (Taod. 2).

B koHIIe BereTallMOHHOTO NepHoaa, HECMOTPS Ha YBe-
JMYEHUE KOJIMYECTBA PACTUTENBHBIX OCTAaTKOB JIFOLIEPHBI,
00pa3oBaHUE TyMyca U BOZOPACTBOPHUMBIX BEIIECTB OBIIIO
HIDKE TI0 CPAaBHEHUIO € TI0YBO B Hauasie BEreTauy, B pe-
3yNbTaTe BBIHOCA MX C YPOXKAEM CKOILCHHOW BEreTaTHUB-
HOH MacChl JIFOLICPHBL.

[locne BBemeHMs OPraHUYECKOrO YAOOPEHHUS M3 KO-
PHYHEBOTO COKA JIFOLIEPHBI COACPKaHNE XUMHIECKUX 3JIe-
MEHTOB TOYBBI B PE3yJIbTaTe BO3Bpara yIaJeHHBIX C YPO-
’KaeM BelIecTB ObIJIO Ha TOM K€ YPOBHE, YTO B 0Opa3Lax
HCXOJHOM MOYBHI B Ha4Yajle BEreTaluy.

YpoKaiiHOCTB 3€JI€HOH MacChl JIFOLIEPHBI 32 BEreTallioH-
HBII nepuo onpeaersuiy nocne 3-ro ykoca. [Ipu BHeceHnn
ynoopenust n3 KC mon sonepHy ee ypoXaiiHOCTb Bo3pacTta-
J1a 3a TOJI TIOJIb30BaHUS TPABOCTOEM I10 CPABHEHHIO C ypOKa-
€M Ha KOHTPOJILHOM yJacTke Oe3 BBeZIeHHS! yIOOpeHHsI.

KPHTEPHUH ABTOPCTBA / Contribution.:

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

BriBoab1

OO0pasyromuiics Tpu TepepadoTKe BEreTaTHBHOMN
MAacChl JIIOIEPHBI OTXOJ — KOPUYHEBBIH COK COJICPIKUT
IIEHHbIC XMMUYCCKUE COCAMHEHUS, YTO IO3BOJISET HC-
MOJIb30BaTh €r0 KaK ChIphE JJIS MOJIYYCHUS OpTraHu4ve-
CKOTO yoOpeHus.

[locne BBemeHMsSI OPraHUYECKOrO YIOOpPEHHS COJIEp-
JKaHHE XUMUYECKUX SJIEMEHTOB MTOYBBI B PE3YJIBTaTe BO3-
Bpara yIaJICHHBIX C YPO)KaeM BEIIECTB OBLIO HA TOM JKE
YPOBHE, YTO B MCXOJHBIX 00pa3liax MOYBEI B Hayalle Be-
TeTaI|H, XapaKTCPHOM JUIS YePHO3EMOB MPEIKABKA3CKUX.

[lpu BHeceHwM ymOOpeHHMs TOA JIIOIEPHY ypOXKaud-
HOCTB 3€JICHOW MacChI 3a 3 yKOca BO3pacTalia 1o CpaBHe-
HUIO C KOHTPOJIBHBIM yYaCTKOM.
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The purpose of this work was to evaluate the opportunities
for production of a liquid organic fertilizer from the waste
left after processing of alfalfa herbage, and its influence upon
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preservation of fertility in the black soils of the Ciscaucasian
region.
Methods. To produce the fertilizer, we used the phytomass
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of Medicago sativa ('Manychskaya' variety) grown as forage
grass and mown during the budding stage and blooming stage
beginning.

Herbage was wet-fractionated (including disintegration
and fractioning of alfalfa vegetative mass) and dehydrated by
means of mechanical compression producing press cake and
green juice used further for green protein concentrates. Brown
juice also generated in the process was a by-product, which
used to be considered a waste.

In our studies, brown juice was employed as a raw material
for production of a fertilizer for the fields where alfalfa
herbage had been harvested. During the study of brown juice
applicability, we assumed the volume corresponding to the
brown juice amount gathered from a unit of area within a
season to be the reference fertilizer application volume.

Results. It was established that brown juice from
alfalfa herbage contains material quantities of nitrogen, ash
constituents, phosphorus, calcium, potassium, and other
compounds necessary for their replenishment in soil and
adequate nutrition of the plants cultivated there.

During chemical analysis of soil composition, priority was
focused on active forms of humus, phosphorus, potassium, and
nitrogen as the components most readily available for plant
nutrition and thus also acting as productivity indicators.

Performed analysis demonstrated that the levels of
chemical elements increased following fertilizer distribution
due to the return of substances extracted with the gathered
herbage reaching practically the same level as in the initial soil
samples collected in the vegetation period beginning (typical
productivity levels of black soils in the Ciscaucasian region).

Fertilizer application while alfalfa was still growing
resulted in herbage yield increase observed throughout 3 hay
cuttings in comparison with the control plot.

The method designed for complex utilization of vegetable
resources allows to produce besides animal feeding stuffa liquid
organic fertilizer minimizing soil depletion and maintaining its
productive capacity.

Keywords: soil fertility, herbage, organic fertilizers.
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MNbIJIETA30BbLIE BbIBPOCHbHI

C NOBEPXHOCTU NOPOAHBLIX OTBAJIOB
NMMKBUWAWPOBAHHDbIX LUAXT YIOJIbHOI'O
BACCEMHA

Beenenue

AbdporazoquHaMU4ecKre MPOLEeCCh MPOTEKAIOT Ha BCEX dTarax CyIeCTBOBAHUS
IIaXT U pyIHUKOB. [IpakTrka MoKa3pIBaeT, YTO CaMbli JJIMTENbHBIA 3Tal HEraTHB-
HBIX a39pOra30JMHAMHYECKUX MPOLIECCOB UMEET MECTO MOCIIE X 3aKPHITHS UITH JIUK-
Buganuu [ 1-5]. Dxomorudeckast MOJENb TEOTEXHOJIOTHUECKUX TIEPHOJIOB OTPAOOTKH
3aMacoB ymis HOI3EMHBIM CIIOCOOOM MOKA3bIBACT, YTO a3pOra30JHHAMUYECKUE MPo-
1ecchl, 00yCIIOBIEHHBIE MOA3EMHOM Pa3pabOTKO MECTOPOXKICHUH, JOKHBI OBITh
00BbEKTaMl MOHHTOPUHTA M TIOCJIE 3aKPbITH WaxT (puc. 1). s TepprukoHOB Xapak-
TEpHO 3HAYUTEJILHOE BBHIJETICHUE B aTMOc(epy IBUIH, KOTOpasi B CyXYyIO BETPEHYIO
TIOTOMy CAYyBAaeTCs C MOBEPXHOCTH OTBAJIA U YHOCHTCS Ha 3HAYUTEIbHBIE PACCTOs-
HUSL, 3arps3HsiA aTMoc(epy U TTOBEPXHOCTHBIN MOYBEHHBIN cIioii [6—8].

HHTeHcnBHOCTD MBII€00pa30BaHysl HAa IOPOJAHBIX OTBaJlax 3aBHCUT OT CIEAYIO-
mux (QakTopoB: THUIA M pa3MEPOB OTBaja, €ro OPUCHTALMK B MPOCTPAHCTBE, KOJIHU-
9YecTBa aTMOC(EPHBIX 0CAIKOB, OTHOCUTEIILHON BIa)KHOCTH BO3/LyXa, IPO3PaYHOCTH
arMocepsl, 00IaYHOCTH, 3HAUCHHUS ajib0eJ0 TTOBEPXHOCTH OTBajla, MUHEpaJornie-
CKOT0 cOCTaBa opoAHoi Macchl 1 Ap. Ha mopoansix orBanax maxt [logMockoBHO-
ro OacceifHa MakCHMMaJlbHasi HHTCHCUBHOCTD TbIJICOOPA30BaHMsI COCTABISIET OKOJIO
2,6 mr/ M>c. BeiniajieHue mbln 3a 3UMHUN Tepros Ha paccTosaun 300 M OT oTBasa
nocruraet 14,3 r/m? . CTeneHb MbUICHUS OTBAJIOB YBEIIMYUBACTCS C POCTOM HX BbI-
coThl. Tak, eci ¢ oTBana BeICOTOM 20 M 3a roJ] CAyBAaeTCs CIOM MU TOMIIMHON 3,8
cM, To ¢ otBaiia 50 M — 6,5 cMm.

B 3aBucHMOCTH OT yHEIBbHOTO HAKOIUICHHS IMBUIM MOXKHO BBIIEIMTH TPH 30HBI
BO3JCHUCTBUS TEXHOTCHHBIX MaCCHBOB Ha JIAHIIIAQTHI:

- MaKCUMaJIbHOTO BO3/ICHCTBHS, C BEICOKMM IBUICBBIM 3arpsi3HEHUEM TTOBEPXHO-
CTH 3€MJIM U PACIIONIOKEHHYIO, KaK MpaBwio, B paauyce 3—10 KM 0T TEXHOTeHHOTO
MaccHBa,;

- TIOBBIIIEHHOTO BO3JEUCTBYS, paCIIPOCTPAHSIOUIYIOCS Ha paccTosiHue 15—17 kv;

- KOCBEHHOT'0 BIMAHUSA € pagnycoM 10 50 kM.

Harypnsle HaOmoneHns MoKa3aiy, YTO MOBEPXHOCTH IIOPOJHOTO OTBajla SBIIs-
€TCsI ICTOYHHKOM BBIOPOCOB T'a30BBIX 3arps3HUTENICH B MPU3EMHBINA CIIOH aTMoc-
¢epsr [9-12].

B cooTBeTcTBUM € MPOrpaMMOi pPECTPYKTYpH3aLMH W CTpaTerueil pa3BUTHUS
YIOJIBHOM TNpOMBINUICHHOCTH Poccum mpemycMarpuBaeTcsi TpeBpalieHHEe ee B
yCTOWYMBO (DYHKIIMOHUPYIOIITYIO ¥ PeHTa0CIbHYI0 OTpaciib. B pe3ynbsrare ocymiect-
BIISIEMOI PECTPYKTYpH3allK YTOJBHOW MPOMBINIICHHOCTH Poccuy m IMKBUIAnInu
HepeHTa0eNIbHBIX YIIeA00BIBAIOMINX MPEAIPUSITHH TPOU30IIUIA TUKBHIALUS YTOMNb-
HBIX maxT [logMockoBHOTO yromsHOro 6accetina. Ho Bo3neiicTBrue Ha armochepy u
TEXHOTCHHAs] aKTUBHU3AIM TEOXMMHUUECKOTO TIEpeHOCa Ha TEPPUTOPHUSIX ITUX PETH-
OHOB IPOAOJDKAIOTCS.

MarepuaJ 1 METOABI HCCTETOBAHMSA

Hamypnovie naoniodenusn 3a ¢pldpocamu nvliu ¢ NOPOOHLIX OMEAN0E TUKEU-
ouposannsix waxm. Ha maxrax [ToqMocKoBHOTO yroyibHOTO OacceiiHa mpenMyie-
CTBEHHO MCTIOIb30BAJIMCH KOHMYECKHE U XPeOTOBBIC OTBAJIBI, IPH OTCHITKE KOTOPBIX
MPOUCXOIMIIA CEerperalysl MOPOoAbl 0 KPYIMHOCTU U TI0 COCTaBy. J{s oueHKH Bivs-
HUSL BBITIAZICHUS TIBUTH Ha TTOYBBI NPUIIETAIONINX K OTBATY TEPPUTOPUI MPOBEICHBI

'Tyabckuii rocynapcTBeHHbli yauBepcuret, Tyna, Poceust, ecology tsu_ tula@mail.ru
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¥TONBHAR LWAXTA
A COAL MINE

1-A FE0ONOMMYECHHA YPOBEHE
The first environmental level

}

}

2-A recaxoNorMYeckni yposeHs
The second environmental kewvel

l 1 3l reCIKDNOTHYECEHRA YPOBEHE
BosgedcTaue BoagedcTane The third environmental level
Ha Heopa B MOBSRXHOCTHOM FeOMEXaHWE- AIpONorueckie
npoyeccs oTpa- TEXHONOrHE- .
BOTHA 3NACOE CHOMG KOMMTEK- :::cnimﬁ'rm :,:rx::;:: | l l
B npegenas Ca Ha oxpy- JeMHOR No- BMA BLIpaGoTaH-
WaxXTHOrD nona AW Cpeny BOPXHOCTH HEIX NPOSTRAHETE BoagedfcTane DopMUpoBAHHE
_ _ W BOGOHOCHBIX NopoaHsx oT- TEXHOPEHHELE
Influencing upon Influencing sur- Geomachanics FOPMIOHTOR Ha BANGE HA ATMO- AYETwiMb M pas-
depths during face technologi- consequUences ZamHyo NoBepx- chepy, BogHEE pyleHne npn-
fmining process cal complex of undermining HOCTE pecypebi M noy- POaHbE NaHA-
within mine fiald upon environ- the sarth sur- BY wadiTos
gt face Asrological and
3 'y Y hydralogical im- Influgncing Farming anthro-
pacts of gobs and waste dumps pogenic desarts
waler-baaring ho- upan atmos- and destroying
rizens upon the phere, water nature land-
earth surface souwrce and sail scape

1-f reoTexHONOrMYECKHA nepuog. OTpafoTea JaNacon YINA B COOTRETCTOMH C NPORKTOM
It"s the first geotechnological | level. Coal extraction is in conformity with a project

2-f reoTeXHONOrMYSCEMA NEPHOD. JaKPEITHE WAXTE W SANsHSR LKA NEPMOL CYWSCTROBIHRA TEPPUTORMH MOPHOMD OTBOAA
I"s the second geotechnaological | level, Liquidating the mine and subsequent period of existence

Puc. 1. Dxonozuueckas mMooenb 2e0mexHoON02UYeCKUX Nepuooos ompadomKu 3anacos i NoO3eMHbIM CNOCobOM
Fig. 1. Environmental model of geotechnological levels for mining coal reserves by underground method

aHaJN3BI CONIEPKAHMUS TSHKEJIBIX METaJIOB B Mpo0ax, 0To-
OpaHHBIX B T€X K€ TOUKaX, IJIe OTOMPAINCH TPOOBI CHEX-
HOTO TOKpoBa. B Tabmnuiie nmpuBeAeHBI pe3yIIbTaThl KOIH-
YEeCTBEHHOTO aHalI3a IMPOo0 CHEXKHOTO MOKPOBA.

[Ipu WHTEHCHMBHON 3MHCCHU TIBUIH B OKPYKAIOIIYIO
Cpely Ha TPWIETAIONINX K TOPOTHOMY OTBAIly TEPPHTO-
PUSIX IPOUCXOUT CYIIECTBEHHOE 3arPsI3HEHUE OKPYKAF0-
el cpepl TSHKETBIMA MeTallaMy. AHaITU3 cOCTaBa IMo-
POAHOM MacChl TIOKa3bIBaeT, YTO 10 OOJBIIMHCTBY IIaXT
npesbimenns [1JIK mo TsokenbiM MeTamnam He HaOmro-
nmaercsi. VckimoueHrne coCTaBisieT CBUHEI, MPEBhIIICHNE
KOHLIeHTpauuu kotoporo aocturaer 8 IIJIK. V cBuHua
YeTKO BEIpa)keHa TEH/ISHINS K HAKOIUICHHIO B ITOYBE, TaK
KaK €r0 HOHBI MaJIOTIOABIKHBI JTaXKe MPU HU3KUX 3HAUCHH-
SIX BOJIOPOAHOTO ToKazarens pH. [losTomy mocrymatorias
C OTBAJIOB TIBLIB 3arPS3HSCT MPHUJIETAIOIINE TEPPUTOPHH.

Pesynbrars! viccnenoBaHuii CBHETENBCTBYIOT O CYIIIE-
CTBEHHBIX Pa3NIMUUAX paclpe/elieHHs CBUHIA U MapraH-
112 TI0 YTOJIBHBIM MECTOPOXKICHHSIM, U 10 (PaKIUIM T0-
POAHOM Macchl B oTBanax. /laHHbIE HaTYpHBIX HaOIIOMIE-

HHUH CBUJIETENBCTBYIOT O TOM, YTO (PpaKIMOHHBIN COCTaB
MIOPOJHOM MacChl HE OKa3bIBAaCT CYIIECTBEHHOTO BIMSHHS
Ha BOIOPOAHBIA NoKazarenb. ClenoBaTenbHO, MbUIb JIF0-
0011 KpyHOCTH, TOCTYNAOLIAsl C OTBAJIA B OKPYKAIOLIYIO
cpeny, MOAKHUCIISET TOYBHI.

Moodenuposanue Osuiicenus nomokoe 6030yxa npu
obmexanuu nopooHvIX 0mean06. MoaenpoBaHye IBH-
JKSHUsI BO3/IyXa MU 00TEKaHUH MOPOJHBIX OTBAJIOB ACH-
CTBYIOUIMX U JIMKBUINPOBAHHBIX YTOJBHBIX IIAXT CTAHO-
BUTCS OJHUM M3 OCHOBHBIX METOJOB aHaJHM3a KauecTBa
NpeIaracMplX 3KOJIOTHYECKHX PELICHUH MO0 3aIluTe
OKpY’KaloIllel cpenbl OT BpeIHBIX BO3ACHCTBUI OTBAJIOB
[13—16]. MonenupoBaHue a’poOrazoJqMHaAMHUUYECKHUX IPO-
LIECCOB MPY 00TEKaHNH OPOJHBIX OTBAJIOB OCHOBBIBAETCS
B 001IeM ciTyyae Ha cucteme ypaBHeHuit O. PeitHonbca,
OIMCHIBAIOIICH TeUEHNE BSI3KOTO, CAKMMAEMOT0 TEILIOPO-
BOJIHOTO ra3a B TPEXMEPHOHN MOCTAaHOBKE, KOTOPAsi COCTO-
UT U3 YPAaBHEHUH COXPaHEHMS, BKJIIOYAIOIINX INIOTHOCTh
BO3/yXa; KOMIIOHEHTBI CPEAHEH CKOPOCTH BO3IyXa; Bpe-
Msl; MPOCTPAHCTBEHHBIC KOOPAWHATHI, MYJIBCALMOHHBIC

ConepixaHue THKeIbIX METAJLIOB B IPO0AaX CHEKHOI'0 MOKPOBA HA TEPPUTOPHUSX, PHIEralolinX K 0TBaJxy m. Ne 67

(Tynbckas 06J1acTh)
Concentration of heavy metal in samples of snow mantle at the territories near the waste dump of the mine No 67

Nen/n| Mecto or6opa mpo6et / Sampling point K((j)l:llellTpﬂlIHﬂ, MF/K;H/ Concentration, milligralzzj/(l)cilogram
1 Ioponueiit otBan / The waste dump 91 42,8 1,4
2 30 mototBana / 30 m from the waste dump 26 26,6 0,66
3 |150 motoTBana/ 150 m from the waste dump 44 27,8 2,8
4 300 mototBana / 300 m from the waste dump 64 8,9 3,1

T.10. Ne4(38), 2018 T.
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

CKOPOCTH; CTaTMYECKOE NABJICHHE BO3yXa; SHTPOIHIO;
3P PEeKTUBHYI0, NTUHAMUYECKYI0 U TypOYIEHTHYIO BsI3-
KOCTb; Jienbra KpoHekepa; KHHETHYECKYIO SHEPIHIO Typ-
OyJIEHTHOCTH; TIOJIHYFO U CTaTHYECKYIO 3HTaNbIHIO [ 10].

J1n1s1 3aMbIKaHUs JAHHOW CUCTEMBbI YPaBHEHUH HCIIOJb-
3yeTcs MOTy3MIUpHIECcKasi MOJeb TypOyJIeHTHOCTH, CO-
CTOALIAs M3 ABYX YPaBHEHUH IIepeHoca:

— KMHETUYECKOM SHEPTUH TypOYIEHTHOCTH

d(pu,
oK)  9Put) _ 9 | MOk oy
ot ox; ox, o, |ox, )
ou, Ou; \ou, 2 du, |ou,
W ot e T (T [5—PE,
dx, Ox, |ox; 3 ox, |ox,
— CKOpPOCTH AucCrunialu KUHETHYECKOU OHEPTrUn Typ6y-
JICHTHOCTH
d(pu €
M.FM :i u & E + Ss + (2)
ot ox; ox; o, |ox,
bl Qe O \ou 2f 0 O O |
| 9 ox; ox, |ox, 3 "ox, |ox, =
K’ 3
M, = pe,—, &)

e C - K03(GUIMEHT K — € MOJETH TypOyJIEHTHOCTH.

Juckpernsanusi ypaBHEHUH OCYIIECTBISETCS METO-
JIOM KOHEYHBIX 00beMoB [10-12]. Jlnsg ommcanus pac-
NPEAEICHUS y3JI0B BHYTPH CETOYHOM MOA00IacTH BBO-
JIUTCS MOHATHE MOTOKOBOTO 3JIEMEHTA, KOTOPBIi 110 CBO-
eil cyTu SBJISETCS] KOHEUYHBIM 3JIEMEHTOB M Ha KOTOPOM
ompeneneHsl (QyHKUUU (HOpMBI KOHEUHOTO 3JIEMEHTA.
®yHaMEeHTaJIbHOE MPEUMYILIECTBO METONA KOHEYHBIX
00bEMOB O3HAYACT TO, YTO ITOTOKH B TOUKE MHTEIPHUPO-
BaHMS Ha CONPUKACAIOIIUXCS MOBEPXHOCTIX COCEIHHX
KOHTPOJIBHBIX 00BbEMOB PaBHBI, T.€. [IOTOK, HCTEKAIOLINN
U3 OIHOTO KOHTPOJILHOTO 00beMa U BTEKAIOIIUH B MPH-
neratonii 00beM, uaeHTHYeH. CTaHTApTHBIA TTOAXON
METOJa KOHEYHBIX 3JIEMEHTOB (4epe3 (yHKIHH (GOpMBbI
KOHEYHOTO 3JIEMEHTA) UCIIONB3YeTCs Uil OLEHKH IpO-
M3BOHBIX BceX Au(dy3noHHbIX uiaeHoB. [IponsBoaHas
oT ¢yHKIMK GOPMBI B IEKAPTOBOW CHCTEME KOOpAWHAT
MOXET OBITh BBIPaXXCHA B BHJE JIOKAJBHBIX NPOU3BO-
THBIX QyHKIUN opMbI Yepes sKoOuaH MaTpHUITsl TPe0d-
pasoBaHMs KOOpAMHAT. J{J1sl MOBBIMLIEHUS yCTOWYUBOCTH
CXEMBI OIIEHKA IPaJNeHTa IPOU3BOAUTCS B TOUKAX UHTE-
TPUPOBAHUS, PACTIONOKEHHBIX Ha TIEPECCUCHUH TTOBEPX-
HOCTH MHTETPUPOBAHHUS C PEOPOM IIOTOKOBOTO JIEMEHTA
(TMHEMHO-TMHEITHAS. MHTEePITOIISIIH ).

Koneexmueno-mypoynenmnotit oughghyzuonnniii ne-
PEHOC HBLIU 8 NPUIEMHOM CTI0€ AmMOcghepsl 30HbL Oeli-
CIMeUs nOPOOHO020 0Meand. YpaBHEHHE KOHBEKTUBHO-TYP-
OymeHTHOH MuQQy3rn THUTH B IIPU3EMHOM CII0€ aTMOChe-
PbI 30HBI JEHCTBHS OTBaJIa UIMEET CIACAYIOLINI BU:

dc dc 9%
n o n_—Dn n_ few
at u ax n axz 6cna (4)
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IJI€ ¢, — KOHLEHTPALKs IIbLIK B BO3YIIHOM IOTOKE; U —

CpeIHsisi CKOPOCTh BO3/yXa C IOJBETPEHHOH CTOPOHBI

orBana; D — xkospuuuent TypOyaeHTHOH auddysum

IIBUTU B IPU3EMHOM clioe arMocdepsl; k — Ko PUIHeHT

CEIMMEHTALMH; W — CKOPOCTb BUTAHHS IIbLIH B BO3IyXE.
HavasbHble ¥ rpaHHUYHBIC YCIIOBUS:

¢,(x,0)=0, ¢,(0,/)=c, =const, limc, #eo.  (5)
X—>o0
Pemrenue ypaBaenus (5) st ycinoBuii (6) orydeHo B
CIICIYIOLIEM BHUJIE:
u?  Akw,

72+

n n

0,5u

X |X

¢, (x,6)=0,5¢, exp[ 5

n

xj exp| —0,5

2 2
0,25+ ko, |r |+ exp| 0.5] |2+ 2
D

n n n

>

1o,

xerfc

xerfc
Nox
KonBeKTHBHO-TYPOYJIEHTHBII NIePeHOC ra30BbIX 3arpsi3-
HUTeJIell B IPU3eMHOM cJ10e aTMOoC(epbl 30HbI AeiicTBUS M0~
ponHoro orBaja. HarypHele HaOMIONEHUs! [TOKa3alH, YTO I10-
BEPXHOCTb OPOJHOTO OTBAJIA SIBIISIETCSI HICTOYHUKOM BBIOPOCOB
Ta30BBIX 3aTPSA3HATENICH B IIPH3EMHBIH ci10it atMmocdepsl. [a3o-
BBIE 3arPSI3HUTENN MOTYT PacIpOCTPAHATBCSA Ha 3HAUUTEIIbHBIE
paccTosiHus. YpaBHEHHE KOHBEKTHBHO-TYpOyJIeHTHOU nudy-
3MM T'a30BBIX 3arps3HUTENCH B IIPU3EMHOM CJlloe arMoc(hepsl
30HBI JEHCTBHS OTBAJIA UMEET CIICAYIOLIUHA BUI:

dc dc
s @)

en 4 ZTen — p _azc&n
ot ox " ox?
e ¢, — KOHIIEHTPAlUs ra30BOr0 3arpsA3HUTENS B BO3-
JYIIHOM MOTOKe; D — K03(pdHUUMEHT TypOyJeHTHOM
muddy3un ra30BOro 3arpA3HMATENS B MPU3EMHOM CIIOE
arMocepsl.
HavaneHble ¥ TpaHUYHBIC YCIOBUS:

n

2
05 | 0,25(u+4kwg]t . (6)

¢.,(x,0)=0, c,,(0,f)=¢, =const, limc,, #. (8)
X—yo0

Pemenne ypaBrenus (7) ans ycnosuii (8) moydeHo B
CIIEyIOIIEM BUIIE:

2
C.n(x,1)=0,5¢, exp[%Sux] exp —O,S(Du] x lerfc| 0,5 ﬁ—u /L +
2.n e.n e.n e.n

u
De.n

D

2.n e.n

2
+exp 0,5[ ] x |erfc| 0,5 DLHJ L )

IHosyyeHHBIE pe3yJbTATHI H X 00CYKIeHHE

Jleusicenue nomokoe 6030yxa npu oOmeKkanuu
nOpoOHbIX 0MEanoe. Pe3ynbraThl BBIYHCIHTEIBHBIX
SKCIIEPUMEHTOB MpeACcTaBleHbl Ha puc. 2, 3. B Ha-
cTosiiee BpeMsl €CTh NPOrpaMMHBIE CpEACTBa AN
YHUCIIEHHOHN peaju3aluy MpeasaraeMoro alroputMa u
YHUCIIEHHOTO MOJEJIMPOBAHMS BH)KEHUS BO3AyXa MpHU
00TEeKaHUM MOPOAHBIX OTBaJOB JII0OOH (Gopmbl. Bri-
YUCJIUTEIbHBIE SKCIIEPUMEHTHI OB MPOBENCHBI AN
KOHMYECKUX U XpeOTOBBIX OTBAJOB BHICOTOH 15 M mpu
ckopocTHd Betpa 5 M/c. [lomydeHHble pe3yabTaThl BU-
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3yallbHO JAEMOHCTPUPYIOT, YTO pas-
paboTaHHBIN aNTOPUTM TO3BOJISET
BOCTIPOU3BOJINTh KAPTHHY TEUCHHS
BO3/yXa TMPU Pa3TUYHBIX CXeMax
CKIIaIUPOBAHUS TIOPOJ HA TPOMBIIII-
JIGHHBIX TUTOMIaAKax maxrt. Cremyet
TaK)Xe OTMETHTh TOT (DAKT, 4TO IMMOJE
CKOpOCTEHl B MPH3EMHOM CIOE JO-
CTaTOYHO OBICTPO BHIPABHHUBAETCA.
[Ipn mMonmenupoBaHWU KOHBEKTHBHO-
TypOyneHTHON 1udQy3un NbUIH H
ra3oBbIX 3arpsA3HUTENECH MOXKHO HC-
MOJb30BaTh OJHOMEPHOE YpaBHEHUE
apaboIMIeCcKOTo THUIIA, TAe KOHBEK-
THBHBIM 4jieH OyIeT omnpenensiTh-
Cs CKOPOCTBIO BE€Tpa B MPU3EMHOM
cioe.

[Tons cxkopocteii Bo3ayxa mpu 00-
TEKaHHH KOHHYECKOTO OTBaja MOTYT
MpEeBbIIATh 3HAYEHUE CKOPOCTH CHY-
BaHUS TBEPIbIX YaCTHII MPAKTHICCKU
Ha 60 % miuomanu NOBEPXHOCTU OT-
Banma. llmomagum mWHUIAMMX MOBEPX-
HOCTEHl XpeOTOBOTrO OTBaja He Mpe-
BeimaroT 30 % ero oOieN miomagn
MoBepXHOCTHU. JJis ynpolieHus: pac-
YEeTOB BBICOTA CTPYH Ha BXOJHOH Tpa-
HUIIE YCJIOBHO IPUHUMAETCs He Oosiee
BBICOTHI OTBAJIA.

Crnenyrommm 3TanoM HCCIea0Ba-
HUS SIBJSIETCSl WHXKCHEPHBIA aHaIH3
pe3yabTaTOB MOJEITUPOBAHUS M pas3-
paboTka TEXHWYECKUX CPEACTB IS
peannzanuy 3K0JI0rH4eckoi Oe3omac-
HOCTH TEPPUTOPHH, IPHUIIETAOINX K
nopoAaHsiM otBasiaMm [17-20]. 1o mo-
3BOJIUT TIOBBICUTH Ka9€CTBO MPOESKTH-
POBaHWMsI U SKCIUTyaTalluy BEHTHIIAIIN-
OHHBIX CHUCTEM.

OpHoMepHas 3ajada O pacmpo-
CTPaHEHUH Ta3000pa3HbIX U MBUIEBHIX
3arps3HEHUN JaeT MpHUEMIIEMBIE pe-
3yIBTaThl TOJIBKO HA HEKOTOPOM PACCTOSHUHU OT OTBAJIA,
YHCJICHHOE 3HAUYCHHE KOTOPOro MOXKET OBITH Ompezaese-
HO pelIeHHeM ypaBHeHU! PeliHonbaca.

Ilepenoc nvinu ¢ npuzemnom cnoe ammocghepol
30HbL Oelicmeua nopoonozo omeand. Pe3ynsTaTsl BbI-
YUCIUTENBHOTO SKCIEPUMEHTAa C HCIOJb30BAaHUEM 3a-
BrcUMOCTH (9) mpencTaBieHsl puc. 4.

AHanu3 pe3yNbTaToB YKCIEPUMEHTa MOKa3al, 9To B
Iporecce MepeHoca MbIIN NMPOUCXOAUT JOBOJIBHO HH-
TEHCUBHOE €€ OCaXKJCHUE U HAKOIUICHHUE HAa BHEIIHEH
MIOBEPXHOCTH MOYBHL. [Ipy 3TOM MHTEHCUBHOCThH OCaX-
JIEHUS THUIM BO MHOTOM OIPEAEINSASTCS BEIUIMHON
CKOPOCTH BUTAHHS THUIM U 3HaueHUeM Kod(dduimeH-
Ta ceAUMEHTaluuu. B 3aBUCUMOCTH OT CKOPOCTU BETpPa

T.10. N24(38), 2018 T,

Puc. 2. Obmexanue KoHuyeckoeo omsana glcomoti 15 m, gemep 5 m/c —
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60CMOYHbLU

Fig. 2. Flowing the conical dump with height 15 m, eastern wind velocity 5 m/s

U JUIATETHHOCTH €0 ACWCTBHS TMBUIH MAaJbIX (hpaKiuit
MOTYT PaclpOCTPaHATHCA Ha 3HAYUTENBHBIE PacCTOs-
HUS OT MBUTAIIET0 O0TBaja. JTOT (akT MOATBEPKIAETCS
Y pe3yJIbTaTaMH HaTyPHBIX HAONFOICHUM.

TakxuMm 00pa3oM, Mpu OIeHKE BO3ICHCTBHSI TTBLIH 10~
POAHBIX OTBAJIOB Ha OKPY>KAIOIIYIO Cpely HEOOXOOUMO
peniaTe HeCTalMOHAPHYIO 3a7a4y, YTOOBI IPOTHO3UPO-
BaTh JIWHAMHKY TBUIEBOH CHTyallMl B 30HE JEHCTBUS
oTBaa.

Ilepenoc zazoevix 3aczpaznumeneil 6 NPU3EMHOM
cnoe ammocgheput 30HbL Oelicmeus nOpoOHO20 Omeand.
3aBucUMOCTH (9) UCMONB30BaHA JUIS BBIYACIHTEIHHOTO
9KcTIepuMenTa (puc. 5).

B mpomecce mepeHoca razoBoro 3arps3HHUTENS €ro

503



YCTOVHBOE PA3BUTIIE FOPHBLIX TEPPATOPWIA

FOEEEE L0580

Puc. 3. Obmexanue xpebmosoeo omeana gvicomoii 15 m,gemep 5 m/c — gocmounviil
Fig. 3. Flowing the crest dump with height 15 m, eastern wind velocity 5 m/s
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Puc. 4. Pacnpedenenue noiu 6 6030yxe, oomexarouwem omsan: C (x,t) =c /c,; 1 —t=3 Mun: 2 —t =5 mun;
3—t=7mun; 4—t=9 mun; 5—t= 16 mun
Fig. 4. Distribution of a dust in air flowing a dump: Cn(x,t) =c, /cb; 1 —t =3 minute; 2 —t =5 minute;
3 —t =7 minute; 4 —t =9 minute; 5 —t =16 minute
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Puc. 5. Konyenmpayus 2a306ulx 3a2psazHumerneii 8 NPU3EeMHOM Clloe
ammocgepuol: C&n(x,t) = c&n(x,t)/cl; 1 —t=3mun; 2—1t=5mun; 3—1t=7 Mun;
4—t=9mun; 5—t=11 mun
Fig. 5. Gas pollutant concentration in surface layer: C, (x,t) = c, (x,t)/c,;

1 —t =3 minute; 2 —t =5 minute; 3 —t =7 minute;4 — t =9 minute; 5 — t =11 minute

KOHIICHTPAIUA MEHAETCS HE3HAYUTEILHO B TEUEHUE I1e-
puona neiicteus BeTpa. IIpu 3TOoM BeIBEEHUE Ma30BOI0O
3arpsi3HATENS U3 BO3AYILIHOIO IOTOKA OCYIIECTBISAET-
Ccsl, B OCHOBHOM, 32 CYET COPOLNHU KUIKUMHU U TBEPIBI-
MH 4YacTHUIaMHU. B 3aBHCHMOCTH OT CKOPOCTH BeTpa M
JUTUTEITFHOCTH €T0 JEUCTBUSA ra3000pa3HbIe 3arpsi3HU-
TEJIN MOTYT PAacTpOCTPAHIATHCS HAa 3HAYUTENbHBIE pac-
CTOSIHUSL OT IOPOJAHOTO OTBala, 4YTO IMOATBEPKAAECTCS
pe3yabTaTaMy HaTypHBIX HAOMIOACHHH.
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Purpose. The work deals with the problem of minimiz-
ing the negative impact of the tailings of coal mining and
processing on the ecosystems of the environment by opti-
mizing the parameters of the construction and operation of
the dumps.

Methods. The object is achieved by a method of math-
ematical modeling aero — gas — dynamics processes based on
the system of Reynolds equations in the flow of air masses of
waste rock dumps.

Results.

The simulation parameters of aero — gas — dynamics pro-
cesses in the flow of waste dumps of atmospheric flows were
obtained using O. Reynolds equations describing the flow
of the viscous, compressible heat-conductive gas in three-
dimensional formulation which consists of the basic conser-
vation equations. On the basis of the simulation results the
generalized geo — ecological model of technological periods
of coal mining by underground method is formulated which
is a matrix of the physical models of dust and gas pollutants
emission processes in the environmental ecosystems and their
mathematically formalized description. It is shown that the in-
tensity of dusting rock dumps depends on a number of factors,
the main of which are the dispersed composition, dust humid-
ity, as well as the direction and speed of the wind. The analy-
sis of the results of the computational experiment determined
that during the transfer of the gas pollutant its concentration
under wind action in the simulated space changes slightly. It
was found that the intensity of dust deposition in the area of
mines is determined by the value of the dust soaring rate and
the value of the sedimentation coefficient.

Summary. The territory of the studied mines is pol-
luted mainly with lead. Calculation aero — gas — dynamics
processes parameters of waste dumps flow on the basis of
Reynolds equations in three-dimensional formulation gives
correct results.

Keywords: production and processing tails, coal, envi-
ronment, dump, mathematical modeling, air masses.
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PA3BUTUE CEACMOCTOMKOIO CTPOUTENbLCTBA
HA TOPHbIX TEPPUTOPUAX CEBEPHON OCETUU
HA OCHOBE HOBOW PErT'MOHAJIbHON KPUBOW
KO3®®OUUMEHTA OUHAMUYHOCTHU

1 3aanuweunu B. B.,*
2PekBaBall. A.,
" Menbkos [0. A.

CeBepHHﬁ Kaska3, xapakrepu3yacb yMEpEHHON CEHCMUYECKOW aKTUB-
HOCTBIO, OTHOCHTCS K pailoHaM ¢ BBICOKMM IOTEHIIMAJIOM CeHCMUYe-
cKkoii ormacHocTH. B mpomniecce uzydenns cxona negnauka Komnka B 2002 1. 6b110
YCTaHOBJIEHO, YTO MAKCUMaJIBHOE MIPOSIBICHUE 3€MIIETPSICEHUI B TOPHBIX paii-
onax CesepHoit Ocerun nocturaino 9-10 GamnoB. bonee Toro, mo3xe ObLIO
YCTaHOBJIEHO, YTO MPOXOASAIINNA HEMOCPEACTBEHHO B I0XKHOW 9acTH TEPPUTO-
pun r. Bnagukaskaza, cronunsl PCO-Ananus, pa3ioM MoOXeT OBITH MCTOY-
HUKOM CHJIBHOTO 3€MIIETPSICEHUS C MAaKCUMAaJbHOW OXUIAEMOW MarHUTyIOH
M=7,1, uro moxeT ¢popmupoBarb 9—10-0anabHbIe BETHYUHBI CEHCMUUECKOM
AKTUBHOCTH HEMOCPEICTBEHHO B I'YCTOHACEIEHHOM Topojie. ITO 00CTOsTENb-
CTBO HEOOXOAWMO YUUTBIBAThH MIPH CEHCMOCTOMKOM MPOEKTUPOBAHUH U IpakK-
THYECKOM cTpouTenscTBe. CelicMuueckas 06€30MacHOCTh — OCHOBAa yCTOHYH-
BOT'O Pa3BUTHUS TOPHBIX TEPPUTOPHII.

B ycnoBusix ymepeHHOH ceicMHYECKOM aKTMBHOCTH, KOTJa 3allMCH CHIIBHBIX
BO3JICHCTBUI Ha HCCIIEAYEMOHW TEPPUTOPUH MPAKTUYECKU OTCYTCTBYIOT, UCIIOJIb-
3yHOTCA pa3lIUYHbIE MOZIEH IEHEPUPOBAHH CHHTETHYECKHX akceneporpamm. Ox-
HUM U3 METOJIOB SABJISIETCS] CTOXACTUUECKUI METOZl, OCHOBaHHBIM Ha BEPOSATHOCT-
HBIX MOJIEJISIX C YYETOM PErHOHABHBIX OCOOEHHOCTEH 04aroB 3eMJIETPACCHUH.

HeoOxoauMocTh pacueTa 31aHUI U COOPYKEHUI Ha CEHCMHUYECKHE BO3ICH-
CTBUS B Pa3HOOOPa3HBIX CEHCMOTEKTOHHYECKIX H HHKEHEPHO-T€0JIOTUIECKUX
YCJIOBHSIX NMPHUBENA K CO3AAHUIO CTOXaCTHYECKUX MOJIEIEN CEeHCMUYECKHUX KO-
nebanuii rpyHTOB [ 1-3]. CHHTETHYECKIE aKCeleporpaMMbl CTPOSITCS Ha OCHO-
BE BEPOSTHOCTHBIX MOJEJEH C yU4ETOM pEerHOHAJIbHBIX OCOOCHHOCTEH 04aros
3emieTpsicenuil [4-9]. B pesynbrare mosiBisieTcss BO3MOXKHOCTH pa3paboTKu
PETHOHANBHBIX KPUBBIX KO3 (UINEHTa AMHAMUYHOCTH HA OCHOBE CTOXACTH-
4ecKoro MozienupoBanus. Jlanusiit Meton ObL1 mpuMeHeH 1utst Tepputopun Ce-
BepHOU OceTnn Ha OCHOBE MOAXOa, MPeANIokeHHOTo B pabore I1. PexBana [2]
U B JaJbHEHNIIIEM UCIIOIB3YEMOTO aBTOPOM I OLIEHKH CEMCMUUECKUX BO3JECH-
cTBUH 171 Tepputopuu . Toumucu [10-12].

CuHTeTHUeCKas akceleporpamMma BOCIPOM3BOAUTCS sl Habopa mapa-
METpPOB, 3aJ]aBa€MbIX B 3aBUCHMOCTH OT Kjacca pellaeMbIX 3a1ad. B Hamewm
ciayvae, A ONpEAENIeHHs peaklUMM 3/1aHus Ha CEHCMUYECKHE BO3JEHCTBHA
paccMarpuBaroTcs konebanus ¢ nepuonom 0,2—0,5 ¢ ¥ IPOAOIKUTENEHOCTBIO
10-30 C. JlanHble 3Ha4YeHMsS XapaKTE€pHBI A IUIOTHBIX TPYHTOB. Binsdnue
CTPOEHUS BEpXHEH YacTH pa3pe3a Ha CIEKTPaJIbHBIN COCTaB KoJIeOaHU B KaxK-
JIOM KOHKPETHOM CIIy4ae paccMaTpUBAETCsA HaMU OTAenbHO [13-14].

Jns MonenupoBaHus MOJOOHBIX BO3IEHCTBHM MCIONB3YETCS KBa3UCTALM-
OHapHas WM aMIUIMTYAHO-HECTallMOHapHas MoAenb. B Hel cocraBisromue
CECMHUYECKOTO BO3AEUCTBUS MPENCTABISAIOTCA B BUAE NPOU3BEIACHUS CTalU-
OHApHOW cilydallHOW (YHKUMH M JETEPMHUHHCTCKOW ormbaromieil. [maBHOM
XapaKTepUCTUKON CTAIMOHAPHOTO Ipolecca SABISAETCA CHEKTpasibHas IUIOT-
HOCTb, KOTOPasi, KaK MPaBHUJIO, OIMHMCHIBAETCS APOOHO-paMOHAIBHON (yHKLIH-
eil. [lockonbKy ypoBeHb MOIYISIIMU KosieOaHui He npesbimaeT 10—15%, ona
HE YYHUTHIBAETCS.

Teodusmuecknii uuctutyt BHI] PAH, 1. Bnamukaskas, Poceust, cgi_ras@mail.ru
*HarmonanbHasi Acconuanus [ py3un 1mo ceficMOCTOMKOMY CTPOHTENBCTBY M MH)KCHEPHOH CEHCMOJIOTHH,
Towunucu, ['py3us, rekvavapaata@yahoo.com
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TakxuMm 00pa3oM, ceicMUUYeCKOe BO3ICHCTBUE MOJIEe-
nupyeTcss HabopoM HecTalMoHapHBIX ['ayccoBBIX Mpo-
1IECCOB, KOTOPBIE OTINYAIOTCS JIPYT OT Jpyra mpeooda-
JTAOIIUM TIEPUOJIOM M TIPOJOKHTEILHOCTRIO Kojebha-
Huii [15]. B pesynprare mogenupyercs pasHooOpa3Has
BO3MOXKHAsI peain3als CHEKTPOB Pa3IUYHBIX 3eMIIe-
TPSACEHUH TEPPUTOPHUH Ha OCHOBE HMX PETrHOHAIBHBIX
ocobenHocTel. Kakplii i-i aIeMeHT 3ToT0o Habopa Uiu
YCKOPEHHE TPyHTa Z(1,(,) NPEACTABISAET COOOH IPOU3-
BeJIEHUe CTannonapHoro 'ayccosa npouecca X(7, ) ¢
HYJIEBBIM MaTeMaTHUECKUM OXKHJIaHUEM M JeTEPMHUHHU-
poBaHHOU orubaroment A(7, ), oOecIeynBaroIen co-
OTBETCTBYIOIYIO HECTAIIMOHAPHOCTH JBH)KCHHUS TPYH-
Ta, B IMana3zoHe ® . < M.< O _

ax’

Z(t,w)=X({t,w)A(t,w,), (1)

rIe O, — npeobdrazarias JacTora i-ro mpoiecca, e
TPAaHUYHBIE 3HAYECHUS (O . ¥ O 3aJ[al0TCsl HA OCHOBA-
HUU SMIUPUYECKUX JTAHHBIX.

CootBeTcTByOmKe (QyHKIMH B BbIpakeHH:n (1)
OTIPENENSIOTCS Ha OCHOBAaHWU CTaTHCTUYECKOTO aHa-
JIU3a aKceJeporpaMM 3eMIIETPSCEHUN U TAHHBIX O BO3-
MOXHBIX O4arax 3eMJICTPSICEHUN Ha UCCIEAYyEeMOU Tep-
PUTOpHUH, WX MapaMeTpax (MarHUTynAa, INIyOWHA o4ara)
U CBS34X C MapaMeTpaMu BO3JeHCTBUH (ceiicMuueckas
WHTEHCUBHOCTh WJIM aMIUIUTYa YCKOpEeHHs, Mpeood-
JATAIOMNUA IePUO, MPOIOKUTEIHFHOCTh KOJICOaHMIA)
[16-20].

AHanmM3 WHCTPYMEHTAJbHBIX JAHHBIX IOKa3bIBAET,
YTO JAaKe B MpejiesaX OlHOTO periOHa HHTEHCUBHOCTb,
MPOAOHKUTENBHOCTD U MPEe00IIafaoiii IepHo/ KoJle-
6anuif MoryT paznuyarbes. [loaTomy B KaXxaoi cocTas-
JIAIOIIEN B CTOXaCTUYECKONW MOJEIN pacCMATPUBAETCS
JUana3oH 4acToT ® . < ® =@ _ , C I[IeJbI0 yueTa Bapu-
alliy 9acTOT KOJIeOaHU MPH Pa3InYHON peaaTnu3alluu.

Torma Mozmens MOXeT OBITH Mpe/CcTaBleHa B popme
MYJIBTUIIMKAaTUBHBIX IpoueccoB laycca, Kaxnablid i-i
3JIEMEHT KOTOPOTO PacCYUTHIBAeTCs 1O (hopmyIe:

Z2(t, ) = A(t, 0, )o(w,)x(t, @;) )

e ©, — Kpyropas 4acToTa, COOTBETCTBYIOMIAs IPE00-
JaaroIei YacToTe j-ro mporecca;

o,(t, ®) — CpeTHEKBAAPATUYECKOE 3HAYEHUE YCKOpe-
HUS,

X (t, ®) — HOPMAJIM30BaHHas Cily4aiiHas QyHKIHs ¢
HYJIEBBIM MaTeMaTHYeCKUM OXXHIaHHUEM, KOTopas Xa-
paKTepH3yeTCsl KOPPEISAIMOHHON (DYHKIIMEH:

K(7)= e % cos X (3)
NN

K@)=e " (coswr+0a,/w sinw 17]). (4

510

HopmanuzoBanHas orubaromass (pyHKIHS CTaIuo-
HapHOTO Tpolecca s (GUKCUPOBAHHBIX 3HAYCHHM o,
MpecTaBisieTcs B popMe uMmnyinbca bepnare:

Alt,0,)= Ate™; |4

YuuTeBass HOPMHUPOBaAHHUE |Ai(t,c0j)|max=1 dhopmyna
(5) mpumer BuA:

=1. ©)

max

At 0,) = e (6)

Jns MonenupoBaHUsT TPEXKOMIIOHEHTHBIX 3aIlACEl
HCHOJB3YIOTCA  MacmTabupyiomue KodppHuuueHTs
[12]: nns ropuzonTanbHbx KoMmoHeHT 1,0 u 0,85 u s
BEPTHKAJIBHOW KOMIOHEHTHI — 0,7.

Jns MonenupoBaHUs CIlydyallHOrO IIpouecca ¢ 3a-
JTAHHOW KOPPEJISIITUOHHON (PYHKIMEH ObLT UCTIOIb30BaH
CIEAYIOIINI YUCICHHBIN aJrOpUTM:

1. IlocTpoeHHE COOTBETCTBYIOIIEH KOPpPEISLHOH-
HOW MaTpULBIL.

2. @akropu3anus KOPpeIsLUOHHOW MaTpULbI IO
Xo0enKoMy U BbIACNIEHNE HUKHEro TPEYrojabHOTO CO-
MHOKHUTEJISI.

3. ®opMupoBaHUE BEKTOpa-cTONOLA W3 HE3aBHCH-
MBIX CIy4alHBIX YHCEJ C COOTBETCTBYIOUIUM 3aKOHOM
pacnpeneneHusi, HyJeBbIM MaTeMaTHYECKIM OXKHIaHH-
€M U €AUHUYHOUN AUCIIEPCUEH.

4. YMHOXEHHE HUKHETO TPEYTOJIbHOIO COMHOXKUTE-
JIl Ha BEKTOP.

Anroputm 0b11 peanu3oBaH B cpexe MATLAB.

B pesynbrare, B MOIeNH y4YHTHIBacTCA YETHIpE Ma-
pamerpa. Bmecrte ¢ TeM Kaxablii COMHOXXUTENb, COOT-
BETCTBYIOIMH ONPEETEHHOMY 3HAYEHUIO O, 33/1a€TCs
CIIEIyIOIIUMH TpeMs IapaMeTpaMHu:

0L — KO3 PUIHEHT KOPPEISLUH, OTPENesieT UPH-
HY CIEKTpa;

€ — onpexaenser 3PPEKTUBHYIO POTOIDKUTEIHLHOCTD
aKTUBHOW (pa3bl KOJCOAHUM U HECTAIIMOHAPHOCTh MPO-
necca;

C — HHTEHCUBHOCTD CIIy4aifHOTro mpolecca, KoTopas
OTIpEJIeINIIETCS €T0 UCIIepCHei.

B pacuerax Obuta mpuHsTa ciepyromas (QyHKIH-
OHAJIbHAsl 3aBUCHMOCTh MEXIY MapaMeTpaMmu o, €, G
[15]:

E = 0,0560 , (7)

0,36w<ax <050 ’ (8)
0.5

o=Bw , 9)

rae B =15, 30, 60 nius uateHcuBHOCTH 7, 8 1 9 6ayIoB
COOTBETCTBEHHO.

Jns ompeneneHus nmpeoOlamarmmero nepuoaa
T xonebGaHM TPYHTA, NPOJOJKUTEIHLHOCTH KOJIE-
O0anuii D, MAKCUMaIbHOTO YCKOPEHHUS U/ M OXKH-
JaeMOW MHTEHCUBHOCTH [ OBIIM HCIOIL30BaHBI
AMIUPUYECKHE COOTHONICHUsS, NPHUBEIACHHBIC B
pabote [16]:
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lgT =015M +0,251gR—1,9 , (10)
lgD=0,2M +0,51gR-13 , (11)
U =5600(R +40)2 "M (12)
I1=25(1gU +0,03D)+15 - (13)

Takum 06pa30M, HUCXOAHBIMH NAaHHBIMU JJIA pacuc-

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

TOB CIy)KaT MakCHMaJbHas MarHutyna M | riyOuHa
MakKkc
oyara s U Kapta pa3JioOMOB.

Ucnionsays Beipaxenus (9) — (10) mis Makcumaib-
HBIX 3HAYEHUH MArHUTYI U MUHUMAIbHBIX 3HAUYCHUN
TUTONICHTPATBHBIX PACCTOSHUM, TPEJCTABICHHBIX B
Tabu. 1, ObUTH BBIYMCIICHBI TAPAMETPhI, HEOOXOUMBIC
JUTSl TCHEPUPOBAHUS CHHTETHYCCKUX aKCEIepOrpaMM

Tabnuua 1/ Table 1
ITapaMeTpsbI 04aroB BO3MOKHBIX 3eMJICTPsICeHHIT
Parameters of sources of possible earthquakes
MuHuMaJIbHOE PACCTOSIHNE OT O:xuaaemasi MAKCHMAJILHASI HHTEH-
Paznom M I'ny6una ouara h, kM | 30HBI 10 TPAHHMILI FOPOAa A, KM CHBHOCTD B I. Biiankaskas, /
Fault A Source depth h, km Minimal distance from zone to the Expected maximum intensity in
border of the city, 4, km Viadikavkaz, I

3 6,5 15 5 8,8
2 4 6,5 15 21 8,1
fe 2 7,0 15 33 8,3
vl 6,5 15 40 7,3
fc 3 7,0 15 48 7,8
o 6,0 15 75 5,7
23 1 5,5 15 76 4,9
f1 7,0 15 77 7,2
/3 6,5 15 77 6,4
fe 1 7,0 15 99 6,8
22 7,0 15 120 6,5
fc 5 6,0 15 122 5,0
M2 5,5 15 123 4,2
M1 5,5 15 123 4,2
23 6,0 15 125 5,0
93 5,5 15 126 4,2
7 7,0 15 126 6,4
17 5,5 15 141 4,0
21 7,0 15 142 6,3
f15 6,5 15 149 5,5
f16 6,0 15 149 4,7
2 6,5 15 170 5,3
f 1 6,5 15 173 5,2
14 6,0 15 176 4,5
f10 3 5,0 15 179 2,9
f6 6,5 15 183 5,2
e 5,0 15 193 2,8
f10 2 5,0 15 196 2,8
f10 1 5,0 15 219 2,6
s 7,0 15 224 5,6
23 4 6,0 15 237 4,0
fc 4 6,0 15 253 3,9
f23.3 5,0 15 253 2,4
A1 5,5 15 280 3,0
235 6,0 15 311 3,6
22 5,0 15 330 2,0
21 5,0 15 379 1,8
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Fig. 1. Synthetic accelerograms for the three most hazardous zones:

3,24, fe 2

(Tabmn. 2). IIpu onpeneneHnu mapamMeTpoB MPOTHO3U-
PYEMBIX 3€MIICTPACCHHM NPUHUMAETCS OAMHAKOBAas
BEPOATHOCTH BO3HHKHOBEHHMS Odara B Ipeaesiax Kax-
OM 30HBI.

Ha puc. 1 npeacrasieHsl akceaeporpaMMbl, T'eHe-

512

T.s

Puc. 2. Cmoxacmuueckas Kpusas Ko3¢gpuyuenma ouHamuy-

HOCMU, NOTYYeHHAs 6 8ude ozubarouyell 0is cex Mooenupye-

MbIX 30H (KPACHAA TUHUS), KPUBAA KOIDPuyueHma OuHamuy-
HOCMU, CO2NACHO 0eliCM8YIoWUM CIMPOUMETbHLIM HOPMAM

(MYHKMUPHAs TUHU)
Fig. 2. The stochastic dynamic coefficient curve, obtained in the
form of an envelope for all simulated zones (red line), the dynamic
coefficient curve, according to the current building codes (dashed line)

pupyembie U3 Hanbojiee OMACHBIX 30H AJII TEPPUTO-
puu 1. BnagukaBkasa. Tpetsst 30Ha (fc_2) xapaktepu-
3yeTcsi HauOoNMbLIeH MAarHUTYIO U SMULEHTPaTbHBIM
paccTosiHUEM, B CUJIy Yero OTMeJaeTcs mpeodaaganue
0ojee HU3KUX YacTOT M yBEIMYCHHUE IJIUTEIBbHOCTU
KoJIeOaHUH.

B pesynbprare miis Bcex CHHTE3UPOBAHHBIX aKce-
JeporpamMMm OBIIM MOCTPOEHBI KpHUBBIE KO3(hdUIIMCH-
Ta JAMHAMHUYHOCTH W COOTBETCTBYIOLIAs Orudaromas,
MpeacTaBlIeHHass Ha puc. 2. BeImosHeHO cpaBHEHHE
C KpuBOH KO3(p(UIMEHTa AWHAMHUYHOCTH COIJIACHO
ctpoutensHeiM HopMaMm CII 14.13330.2014 (akTyanu-
supoanHoro CHull II-7-81* "CrpourenscTBo B ceiic-
Muueckux parionax"). B obmactu 0,4-2 ¢ mosy4eHHbIE
3HaYeHUs1 cOOTBETCTBYIOT kpuBoii CHull, B KopoTkO-
MEPUOIHON YacCTH OTACIbHbIC 3HAYCHUS MPEBBILICHBI B
1,6—1,7 pa3, uTo 0OBIYHO M HaOIIONAETCS TIPH aHAIH3E
peanbHbIX 3anucel 3emierpsiceHuil. [ns cpennux 3Ha-
YEHU MpeBBILLICHUE cocTaBiseT 1.3.

BriBoabI

1. PaccumTaHbl THUINOBBIE CEHCMUYECKHE BO3JEH-
CTBUSI, MO3BOJISIOLINE OLICHUThH CIIEKTPBI PEAKIUH 3a-
CTPOMKHM NpH CUIBHBIX 3€MJIETPSACEHHUSIX OT Hamboisee
OTIaCHBIX JJIsl TEPPUTOPHH T. Briagukaskasa pa3ioMoB.

2. HWcnonp3oBaHa KBa3WCTAlMOHApHAas MOAEIb, B
KOTOPOH COCTaBISIOIINE CEHCMHYECKOTO BO3ACHCTBUS
MPEICTABIISAIOTCS B BUE IPOU3BEICHHS CTAllMOHAPHON
city4aitHOW ()YHKIIUU U JETEPMUHUCTCKON OTHOAIOIIEH.

3. Ilonyuyena orubaromas KpuBas, YUUTHIBAIOILAS
BIIMSIHME BCEX CEHMCMHUYECKUX MCTOYHHUKOB AJISI TEPPH-
TopuH I. Bragukaskasa.
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Tabnuua 2 / Tuble 2
IHapameTpsl 0’kHIaeMBbIX KOJIeOaHUH
Parameters of expected loadings

Paziom R, km T, c D, c u, cm/c? I(u,D), 6ann o,c! | ac! | gc! | o cm/c?

Fault R, km T s D, s u, cm/s?> | I(u,D), intensity degree| o, s’ | a, s’ & 5 o, cm/s’

fv3 15,8 0,24 3,98 325,73 8,1 26,51 | 13,25 | 0,40 108,58
2 4 25,8 0,27 5,08 234,67 7,8 23,46 | 11,73 | 0,35 78,22
fc 2 36,5 0,35 7,61 258,48 8,1 18,09 | 9,05 | 0,27 86,16
fvl 432 0,30 6,57 146,73 7.4 20,62 | 10,31 | 0,31 48,91
fc 3 50,4 0,38 8,94 185,20 7,8 16,69 | 8,35 | 0,25 61,73
fvo 76,1 0,30 6,93 50,46 6,3 21,27 | 10,64 | 0,32 16,82
23 1 71,9 0,25 5,57 32,79 5,7 25,13 | 12,57 | 0,38 10,93
fl 78,6 0,42 11,16 107,61 7,4 1494 | 747 | 0,22 35,87
3 78,7 0,35 8,87 72,09 6,8 17,75 | 8,88 | 0,27 24,03
fc 1 99,8 0,45 12,58 77,49 7,2 14,07 | 7,04 | 0,21 25,83
22 120,8 0,47 13,84 58,56 7 13,42 | 6,71 | 0,20 19,52
fc 5 122.,5 0,33 8,79 25,78 5,7 18,89 | 9,44 | 0,28 8,59
9 2 123,6 0,28 7,02 17,04 5,1 22,40 | 11,20 | 0,34 5,68
9 1 123,8 0,28 7,02 17,00 5,1 22,39 | 11,19 | 0,34 5,67
23 126,4 0,34 8,93 24,59 5,6 18,74 | 9,37 | 0,28 8,20
93 127,2 0,28 7,12 16,32 5,1 22,24 | 11,12 | 0,33 5,44
fv7 127,3 0,47 14,20 54,13 6,9 13,24 | 6,62 | 0,20 18,04
7 141,4 0,29 7,50 13,86 49 21,65 | 10,83 | 0,32 4,62
21 143,3 0,49 15,07 45,08 6,8 12,86 | 6,43 | 0,19 15,03
f15 149,6 0,42 12,23 28,25 6 15,12 | 7,56 | 0,23 9,42
f16 149,6 0,35 9,72 18,93 5,4 17,97 | 8,98 | 0,27 6,31
fj2 170,7 0,43 13,06 22,87 5,9 14,63 | 7,31 | 0,22 7,62
fil 173,9 0,43 13,19 22,19 5,9 14,56 | 7,28 | 0,22 7,40
f4 176,4 0,36 10,55 14,53 5,2 17,24 | 8,62 | 0,26 4,84
f10 3 179,2 0,26 6,71 6,36 4 2426 | 12,13 | 0,36 2,12
6 183,5 0,44 13,55 20,33 5,8 1436 | 7,18 | 0,22 6,78
fie 193,8 0,26 6,98 5,59 3,9 23,79 | 11,89 | 0,36 1,86
f10 2 196,5 0,27 7,03 5,47 3,9 23,71 | 11,85 | 0,36 1,82
f10 1 219,1 0,27 7,42 4,55 3,7 23,07 | 11,53 | 0,35 1,52
fs 2244 0,55 18,86 21,66 6,3 11,49 | 5,75 | 0,17 7,22
23 4 2374 0,39 12,24 8,84 4.8 16,01 | 8,00 | 0,24 2,95
fc 4 253,1 0,40 12,64 7,92 4,7 15,75 | 7,88 | 0,24 2,64
23 3 253,1 0,28 7,97 3,56 3,5 22,25 | 11,13 | 0,33 1,19
f4 1 280,5 0,34 10,57 4,44 39 18,25 | 9,12 | 0,27 1,48
23 5 311,7 0,42 14,02 5,50 4.4 14,95 | 7,48 | 0,22 1,83
22 3299 0,30 9,10 2,23 3,1 20,82 | 10,41 | 0,31 0,74
21 379,3 0,31 9,76 1,74 2,8 20,11 | 10,06 | 0,30 0,58

4. B untepane nepuogos I = 0,1-0,4 ¢ oxxugaemo-
ro CEHCMUYECKOTO BO3ACHCTBUSA MOIYUYCHO INPEBBILIE-
Hue B 1,6 pa3 oT HOPMAaTUBHON KpUBOH KOAPhHUIIMEHTA
JUHAMUYHOCTH, JUIS CPEAHMX 3HAYCHUH NPEBBILICHHUE
cocrasnsieT 1,3, B unrepBane nepuonoB 7 = 0,4-2,0
paccuuTaHHblE MaKCHMaJbHbIC 3HAYEHUS HAXOIATCS B
npezaenax npoeKTHOM KpUBOH.

5. BmepBble monyueHa peruoHajbHas AMHAMHUYE-

T.10. Ne4(38), 2018 T.

CKasl KpHUBas, KOTOPas MOXKET OBITh YCIEIIHO UCTIOIB30-
BaHa MPH CEHCMOCTONKOM MPOEKTUPOBAHUH U MPAKTH-
YECKOM CTPOHUTEILCTBE

6. Hcnonbs3oBaHre HOBOM PETHOHAJIBHOU KPUBOU
ko3 humeHTa TUHAMHUYHOCTH NPU CEHCMOCTOWKOM
ctpoutenscTBe B CeBepHOil OceTHH MO3BOJIUT NOBBI-
CUTb 0€30MaCHOCTb HACEJICHUSI — OCHOBY YCTOWYMBOTO
Pa3BUTHUS TOPHBIX TEPPUTOPHH

513



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

PaGora BeinosineHa B paMmkax [IporpaMMbI 10Jrocpo4HOro IKOHOMUYECKOro coTpyTHnyecTBa Poccuiickoii @enepaimn
" PecnnyOnmuxu Apmenust Ha nepuozn 10 2020 roga (Tema: «Pa3pa0doTka MogeIy AMHAMMYECKOT0 PerHOHAJBHOIO NOKa3aTeJIst
(ko3 puuEeHT AMHAMIYECKOIi KPUBOI) HH/KEHEPHO-CelcMOJIOrM4eCKHX YCI0BMiIl TEPPUTOPHH HA OCHOBE AaHAJIM3Aa HHCTPY-
MEHTAJBHBIX 3aMUcell CHILHBIX U Pa3pYUIMTENbHBIX 3eMieTpsicenuii») / The work is carried out under long-term economic
cooperation program of the Russian Federation and Armenia fill 2020 (The subject elaboration of the dynamic regional coefficient
model for the engineering-seismological areas conditions based on the instrumental records analysis of the strong and breaking
earthquakes").

KPUTEPUH ABTOPCTBA / Contribution:

3aanmumBuin B.B. — pyKoBOACTBO uccienoBaHUEM, IOCTAHOBKA 3aJa4, aHaIU3 pe3ynsraros; PexBasa IL.A. —
KPUTHYECKHI aHaIM3 Pe3yJbTaToB, KOHCYJIBTHPOBAHHE TI0 BOIPOCAM peaiu3aluul pa3padaThiBaeMOil METOIHKH;
MeaskoB JI.A. — porpaMmHasi peanu3anus aJrOpUTMOB, pacueThl, TOATOTOBKA WILTFOCTpAIWid / Zaalishvili V.B. —
management of research, statement of tasks, analysis of results;, Rekwava P.A. — critical analysis of results, advice on the imple-
mentation of the developed methodology, Melkov D.A. — software implementation of algorithms, calculations, preparation of

illustrations.

KOH®JIUKT HHTEPECOB / Conflict of interest:

ABTOPBI 3aBISIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB / The authors declare no conflict of interest.

JUTEPATYPA:

1. Boore D.M. (1983). Stochastic simulation of highfre-
quency ground motions based on seismological models of the
radiated spectra // Bull. Seism. Soc. Am., 73. 1983. Pp. 1865—
1894.

2. Rekvava P.A. Use of regional models of seismic effect
in building design. 10th European Conference on Earthquake
Engineering, Duma (ed.). 1995. Pp. 253-256.

3. Beresnev 1.A., Atkinson G.M. Stochastic finite-fault
modeling of ground motions from the 1994 Northridge, Cal-
ifornia earthquake. 1. Validation on rock sites. / Bulletin of
the Seismological Society of America. 1998. Vol. 88. No 6.
pp. 1392-1401.

4. Boore D. Thompson E. Revisions to Some Parameters
Used in Stochastic-Method Simulations of Ground Motion //
Bulletin of the Seismological Society of America. 2015. Vol.
105, No. 2a. April 2015. DOI: 10.1785/0120140281.

5. Yaghmaei-Sabegh S., Lam N. T. K. Ground motion
modelling in Tehran based on the stochastic method // Soil
Dynamics and Earthquake Engineering, 2010. Vol. 30, No 7.
Pp. 525-535.

6. Medel-Vera C., Ji T. J. A stochastic ground motion ac-
celerogram model for Northwest Europe // Soil Dynamics and
Earthquake Engineering. 2016. Vol. 82. Pp. 170-195.

7.Kkallas, C., C. B. Papazachos, B. N. Margaris, D. Boore,
C. Ventouzi, and A. Skarlatoudis (2018). Stochastic strong
ground motion simulation of the Southern Aegean Sea Benioff
zone intermediate-depth earthquakes // Bull. Seismol. Soc.
Am. 2018. 108. 946-965

8. Kkallas, C., Papazachos, C. B., Boore, D., Ventouzi,
C., & Margaris, B. N. (2018). Historical intermediate-depth
earthquakes in the southern Aegean Sea Benioff zone: mod-
eling their anomalous macroseismic patterns with stochastic
ground-motion simulations // Bulletin of Earthquake Engi-
neering. DOL: 10.1007/s10518-018-0342-8.

9. Kkallas C., Papazachos C. B., Margaris B. N., Boore D.,

514

Ventouzi Ch., and Skarlatoudis A. Stochastic Strong Ground
Motion Simulation of the Southern Aegean Sea Benioff Zone
Intermediate-Depth Earthquakes // Bulletin of the Seismologi-
cal Society of America. 2018. Vol. 108, No 2. Pp. 946965,
April 2018. DOI: 10.1785/0120170047.

10. Rekvava P and Mdivani K (2010) Modeling of Earth-
quake Ground Motion for Tbilisi Region // Global Journal of
Researches in Engineering. Revolutions in Engineering. 2010.
10 (3). 2-7.

11. Rekvava P., Mdivani K. (2011). Elaboration of the Seis-
mic Influence Spatial Models for Performance-Based Design
Considering Seismological and Engineering-Geological Con-
ditions of Thbilisi Region / Georgian National Science Founda-
tion, Grant N GNSF/ST08/7-484.

12. Rekvava P. and Mdivani K., Qajaia L. (2014) Accelera-
tion response spectra for Tbilisi city with site effects / Proces.
Second European Conference on Earthquake Engineering and
Seismology, Istanbul, Aug. 25-29. 2014. 11 p.

13. Zaalishvili V.B., Melkov D.A., Kanukov A.S., Dzer-
anov B.V., Shepelev V.D. Application of microseismic and
calculational techniques in engineering-geological zonation
/I International Journal of GEOMATE. 2016. Vol. 10. No 1.
Pp. 1670-1674.

14. Zaalishvili V.B., Kanukov A.S., Melkov D.A., Makiev
V.D., Dzobelova L.V. Development of a unified model of geo-
information system for city planning and integration / Interna-
tional Journal of GEOMATE. 2018. Vol. 15. No 51. Pp. 160—
166.

15. Aiizentepr S1.M. Coopy>KeHHsI C BBIKITFOYAFOIUMHUCS
CBA3AMU I ceficMuueckux paiioHoB. M.: Ctpoitusnar, 1976.
229 c.

16. AntukaeB @.®., 3anonsckuit K.K., Hepcecor N.JI.,
Teitn6epr B.B. UHTEeHCHBHOCTD 3eMIICTPACEHHUH U KOJIHUe-
CTBEHHBIC XapaKTepHCTHKK Kosebanuii rpyHToB // CelicMuye-
ckoe pailonupoBanue. M.: Hayka, 1980. C. 13-21.

T.10. Ne4(38), 2018 1.



17. Zaalishvili V.B., Melkov D., Kanukov A.S., Dzeranov
B.V. Spectral-temporal features of seismic loadings on the ba-
sis of strong motion wavelet database // International Journal
of GEOMATE. 2016. Vol. 10. No 1. Pp. 1656-1661.

18. Uepnos 10 K., UepHos A.}O. BepoatHocTHBIE MOAETH
CEHCMHMYECKUX BO3IEHCTBHI AJIS MPOTHO3UPOBAHMS CEHCMHU-
YEeCKOH OMAaCHOCTH B MHXKEHEPHBIX IeJsix // I'eonorust u reo-
¢usmka FOra Poccun. 2017. N 2. C. 116-128.

19. Yepnos I0.K., Uepnos A.}O. Mozgenu 11 onucaHus
CBSI3M IIMKOBOTO YCKOPEHUS C MaKpOCEHCMUYECcKoi OabHO-
CTBIO cOTpsiceHui rpyHTa // I'eonorust n reopusuka FOra Poc-
cun. 2017. N 3. C. 117-124.

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

20. Yepuos IO.K. PexoHCTpyKIHs BEPOATHBIX CIEKTPOB
KoJIe0aHU TPyHTa MPH CHIIBHBIX 3eMileTpsiceHnsiX CeBepHOTo
KaBka3za 1o nx MakpoceicMHYECKOMY ITOJIO (CTaThsl B KOJIJIEK-
THUBHOHM MoHOTrpadun) // I'eonoro-reopusnyeckre ucciaeaoBa-
HUs TiTyOnHHOTO cTpoeHnsi KaBkasza: reosnorust 1 reousmka
KaBka3za: coBpeMeHHbIE BBI30BBI W METO/BI HCCIEAOBaHUH /
Ilon pen. B.b. 3aanumBunu. Bnagukaskas: 'O BHIL PAH.
978-5-904868-21-5. 2017. C. 251-257.

CBEJIEHUA Ob ABTOPAX | Information about authors:

PEKBABA Ilaara AdecaJyiomo-
BUY — JIOKTOp TEXHHYECKUX HayK,
npodeccop, aupekrop, Haruonais-
Has accounuanus ['pysun mo ceiicmo-
CTOMKOMY CTPOHMTENBCTBY U UHXKEHEP-
HOH ceiicmonoruu, TOwmucn, I'py3us.
e-mail: rekvavapaata@yahoo.com

Paata Ab.REKVAVA — Doctor of Tech-
nical Sciences, Professor, Director, National Association of Georgia
for Earthquake Engineering and Engineering Seismology, Tbilisi,
Georgia. e-mail: rekvavapaata@yahoo.com

MEJIBKOB JImutpuii Anpapee-
BUY — KaHAWJAT TEXHUYECKUX HayK,
BEAYIINI HAYyYHBIN COTPYIHUK OTAETA
reou3nKu, WHXXEHEPHOW CerlcMOoIIo-
My U reonHpopmaruky. [eopusmnye-
ckuil MHCTUTYT — ¢unnan denepaib-
HOTO TOCY/IapCTBEHHOTO OIOJKETHOTO
yupexaeHuss Hayku DenepanbHOro
Hay4HOTO IIeHTpa "BraguxaBkasckuii
HayuHbl LeHTp Poccuiickoil akane-
muu Hayk", 362002, Bnagukaskas, Poccus

Ten.: +7(8672)76-19-28, e-mail: melkovd@mail.ru

Dmitry A. MELKOV — Candidate of Technical Sciences, Leading
Researcher of Department of Geophysics, Engineering Seismology
and Geo-informatics.

Geophysical Institute — branch of Vladikavkaz Scientific Center
of the Russian Academy of Sciences, Vladikavkaz, Russia

Ph.: +7(8672)76-19-28, e-mail: melkovd@mail.ru

T.10. Ne4(38), 2018 T.

3AAJIMIIIBUJIN Baanuciaas
BopucoBu4 — nokrop ¢usnko-mare-
MaTHYECKUX HayK, podeccop, TUpeK-
TOp, 3aBEAYIOIINHA OTAeIoM reodusu-
KM, MHKEHEPHOH CEHCMOJIOTUU U Teo-
MHPOPMATHUKH.

leodusndecknit UHCTUTYT — HrITH-
an ®enepanbHOr0 rocyAapcTBEHHOTO
OIO/KETHOTO yupexeHns: Haykn Pe-
JIepa’dbHOTO HAay4dHOTo LIeHTpa "BrnagukaBka3cKuil Hay4yHBII
ueHtp Poccuiickoit akanemun nHayk", 362002, BnagukaBkas,
Poccus

Ten.: +7(8672)76-40-84,

e-mail: vzaal@mail.ru

Vladislav B.Zaalishvili — Doctor of Physical-Mathematical Sci-
ences, Director, Head of Department of Geophysics, Engineering
Seismology and Geo-informatics.

Geophysical Institute —branch of Vladikavkaz Scientific Center of
the Russian Academy of Sciences, Vladikavkaz, Russia

Ph.: +7(8672)76-40-84, e-mail: vzaal@mail.ru

515



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

DEVELOPMENT OF SEISMIC RESISTANCE CONSTRUCTIONS IN THE MOUNTAIN TERRITORIES
OF NORTH OSSETIA ON THE BASIS OF A NEW REGIONAL CURVE OF DYNAMICITY
COEFFICIENT

1Z.aalishvili V.B.,*
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1 Melkov D.A.
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The Northern Caucasus that is characterized by moderate
seismic activity refers to areas with high seismic hazard poten-
tial. In the process of investigation the Kolka glacier in 2002, it
was found that the maximum earthquake effect for example in
the mountainous regions of North Ossetia was reaching 10-11
points. Analysis of instrumental data shows that even within
the same region, the intensity, duration, and predominant pe-
riod of oscillations may vary. Moreover, it was later found out
that the fault in the southern part of the city of Vladikavkaz,
the capital of the Republic of North Ossetia-Alania, can be a
source of a strong earthquake with a maximum expected mag-
nitude of M = 7.1, which can form 9-10 points intensity values
directly in densely populated city. This circumstance should
be taken into account in seismic design and practical construc-
tion. Seismic safety is the basis for the sustainable develop-
ment of mountain areas. In conditions of moderate seismic ac-
tivity, when there are practically no records of strong motions
in the area of interest, different models of generating synthetic
accelerograms are used. One of the methods is a stochastic
one based on probabilistic models taking into account regional
features of earthquake sources. To simulate the effects, a qua-
si-stationary or amplitude-nonstationary model is used. Com-
ponents of the seismic action are represented as a product of a
stationary random function and a deterministic envelope.

Synthetic accelerograms were obtained for the most dan-
gerous for the territory of the city of Vladikavkaz city seis-
mic zones. Curves of the dynamicity coefficient and the cor-
responding envelope were constructed, taking into account the
particular locations of the sources of possible earthquakes on
the investigated territory, accounting for which will increase
the safety of the population. In the interval of periods 7 =
0.1-0.4 s expected seismic effect is 1.6 times higher than the
standard curve of the dynamic coefficient. for average values,
the excess is 1.3, in the interval of periods 7'= 0.4-2.0, the cal-
culated maximum values are within the calculated curve. For
the first time, a regional dynamic curve was obtained which
can be successfully used in earthquake-proof design and prac-
tical construction.

Keywords: seismic effects, accelerogram, stochastic meth-
od, dynamic factor
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OBECMNEYEHUE YCTOM4YMBOIO PA3BUTUA
FOPHOTEXHUYECKOW CUCTEMbI

HA 3ABEPLLUAIOLLENA CTAOUM NOA3EMHOW
PA3PABOTKHU XUINbHbIX 30JIOTOPYAHbIX
MECTOPOXOEHUWA YPATA

Beenenne

JKunbHbIe 3010TOpYIHBIE MECTOPOXKIICHUS Ypalla UMEIOT Psii 0COOEHHOCTEH:
CIIOKHBIE TEOJIOTHYECKOE CTPOCHUE W YCIIOBUS 3aJieTaHUsl PYAHBIX TEJ; pa3Hoo-
OpasHble (PH3UKO-MEXaHUIECKUE CBOMCTBA MOPO/; TEKTOHUYECKAsk CTPYKTypa PyA
1 BMELIAIOUINX TOPOJ; BBICOKHE TPABUTALIOHHO-TEKTOHUYECKUE HANPSHKEHUS B
TOpPHBIX MaccHBax. 3HAYUTENbHASI YACTh 3allacoB 30JI0TOCOEPIKAIINX Py MECTO-
POXKICHUH cOCpeOTOYEeHA B KPYTONAAAIOIINX KHUJIaX M JKWIOOOpa3HBIX Telnax,
XapaKTEPU3YIOLIUXCS CIIOKHON CTPYKTYPOH M HaJTMYMEM HECKOIBKHX TUIIOB PYI.
Ux pa3paboTka cBsi3aHa ¢ OONBIIUM Pa3yO0KMBAaHUEM PYAbI M BBICOKUMH KO3(-
(unMeHTaMy BCKPBILIU, YTO NPEIOPEeeNsieT 3HaYUTeIbHbIE SKCIUTyaTalliOHHbIC
3aTparsl P UCTIONB30BaHUN TPAJAUIIMOHHBIX TEXHUYECKUX CPEICTB M TEXHOJIOTH-
YECKUX METOJIOB JI00BIUU U NepepaboTku pya. Kpome Toro, nopaboTka MeCTOpoK-
JCHUH BIIEYET TSDKEIIbIe COIMANbHBIE TIOCIECTBUS, a TUKBUAALUS TPEAIPHATHS
CBsI3aHa C TSHKEJIBIMU JITS CPEIbl OOMTaHUSI SKOJIOTHYECKUMHE mociecTBUsIMU. Oc-
HOBHOE HampapJIieHUE AJIs IPEOIOJICHUS HETAaTUBHBIX COLUAIIBHBIX SBICHUH, CHU-
KEeHHs HeOIarompUsATHBIX MOCIEACTBUH TOPHBIX PadOT Ha COCTOSHHUE OKpYKaro-
el cpensl U o0ecnedeH s YCTOWIMBOTO Pa3BUTHS TOPHOTEXHUUECKOW CHCTEMBI
Ha 3aBEpIIAIOLINX CTaIUSIX KCILTyaTallid MECTOPOXKICHUH CBS3aHO C MOBBIILICHHU-
€M TIOJTHOTBI OCBOCHUSI HEZIP M CO3IaHMEM HOBBIX pecypcocOeperarommx 1 Hep-
ro3()(HeKTUBHBIX TEXHOJIIOTHI KOMIUIEKCHOTO OCBOCHUSI MeCTOpoXKaAeHHH [ 1-3].

Ocol0eHHOCTH 3aBepiIalOmIeli CTAIMH OCBOCHHUS MeCTOPOKAeHUI YpaJia

B Hacrosiiee BpeMsi 3KCIUTyaTallMOHHbIE pa0OThI Ha JKUIBHBIX 30JI0TOPYIHBIX
MECTOPOXKACHHUAX Ypaia XapaKTepu3yloTcsa COKpalleHHeM 00beMa BOCTIPOM3BOI-
CTBa pecypCcHON 0a3bl, CHIYKEHHEM KaueCTBEHHBIX XapaKTEPUCTUK J0OBIBAEMBIX
PYZ, YCIOKHEHHEM reOMEXaHNIeCKO 00CTaHOBKH, BBIPAXKAIOLIUMCSI POCTOM HH-
TEHCUBHOCTH IPOSIBIICHUI TOPHOTO JaBJI€HHs B TMHAMHUYECKOH (opme, yaopoxa-
HHUEM J00BIYH, OCIIOKHEHUEM KOJIOTHYECKOH CUTYallMi M COLMAIBHBIX TPOOIieM
B Pa3BUTOM TOPHOAOOBIBAIOLIIEM PETHOHE.

Ha coBpemeHHOIl cTaanu pa3BUTHSI TOPHOTEXHUUYECKUX CHUCTEM B PE3yNbTa-
T IIMTEIBHON HKCIUTyaTallid MECTOPOXKIECHHH BCE MHUHEPAIbHO-CHIPHEBHIC 3a-
Machl TEXHOT€HHO HM3MEHEHBI, HaXOIATCS B 30HE Pasrpy3KH MM KOHIICHTPaLUH
KacaTeJIbHBIX 1 HOPMaJIbHBIX HAIPsDKEHUH, B 30HE Pa3ylpPOYHEHUS U OOPYyLIEHHS
BMEIIAIOUINX TIOPOA, MOABEPKEHBI MPOLIeccaM BTOPUYHOTO U3MEHEHHS CTPYKTY-
PBI MaccuBa U BEIIECTBEHHOTO COCTaBa 30JI0TOCOMIEPKAIIETO ChIphs [4]. D10 00y-
CIIaBJIBACT MPOSBICHHE HETATUBHBIX TOPHO-TEOJIOTMYECKUX, TOPHOTEXHUIECKUX
1 TEOMEXaHMYECKHX (aKTOPOB, KOTOPHIE B YCIOBHAX HEAOCTOBEPHOCTH TOPHO-
reoJ0rn4ecKoi MHPOPMALMU OCTIOKHSIOT BEACHHE TOPHBIX pabOT U CTAHOBSATCS
MIPUYMHON OTKIOHEHHH OT MPOEKTHBIX TEXHUKO-IKOHOMHUYECKHX IOKa3aTeseH
Ppa3paboOTKH MECTOPOXKACHUI.

[Ipu 5ToM Hanbosee GnaronpuATHBIE A1 Pa3paOdOTKU PYAHBIC 3aJIEKH YKE U3-
BJIEUEHBI, HO OCTAJIIMCh B HEIpPaX JIOKaJbHBIEC BBIKJIMHKH, TEXHOTCHHO M3MEHEH-
HBIE YYaCTKU C 3JIEMEHTaMH JIEPEBIHHOM Kpemu, 3amackl B OXPaHHBIX IIEIHKaX.
Bce a1 yyacTkH XapakTepusyloTcst 0oiiee HU3KHM, [0 CPAaBHEHHIO CO CPEAHUM
B 0aNaHCOBBIX pyJax, COIEpKaHHEM LIEHHBIX KOMIIOHEHTOB M 0o0Jiee CIOKHBIMH

"MucTuTyT NpobieM KOMIUIEKCHOTO OCBOCHHUS HEAp UM. akanemuka H.B. MensrukoBa Poccuiickoii akame-
mun Hayk (UITKOH PAH), Mocksa, Poccus, rylnikova@mail.ru
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TOPHOTEXHHYECKUMH M TEOMEXaHWYECKHMHU YCIOBHIMHU
pa3pabotku. [Ipuyem, To psity y4acTKOB MECTOPOXKIe-
HUH, UICTOPHYECKU MHOTOKPATHO BOBJIEKAEMBIX B SKCILTY-
arairo, He COXPAaHWIIACh T€OJIOTHYECKast U TeXHUUECKast
JOKyMEHTAIHs, TIO3TOMY BO3HUKAIOT J[OTIOJHHUTEILHBIE
TPYAHOCTH C U3yYEHHUEM TOPHO-TEOJIOTHIECKUX YCIOBUH
3aJieraHusi 1 00OCHOBaHUEM TOPHOTEXHUYECKHX Tapame-
TPOB pa3padOTKH.

AHaM3 MPaKkTHKA OTPaOOTKH JKIITBHBIX MECTOPOXKIE-
HUI TIOKa3aJ1, 4TO IS 3aBEPIAIOIIESH CTAJNH UX OCBOCHUS
XapaKTEePHO CIOMKHOE TeoJIOTMYeCKOe CTPOCHUE U U3MEHe-
HHUE YCIIOBUM 3aJIeTaHUsI OCTABIIMXCS TEOJIOTHYECKUX 3a-
T1acOB, TIOHIKEHHOE COJICPKaHNe IIEHHBIX KOMIIOHEHTOB B
pynax, HaJM4re BTOPUYHON MUHEPAIH3aI[H BMEIIAOIINX
TIOPO]T, IOBBIIIICHHBIEC 3HAYSHNS BEPTHKAIBHBIX ¥ TOPH30H-
TAJILHBIX COCTABIISAFOIINX HAIMPSHKEHUH B TOPHBIX MacCH-
BaX, BBICOKAs CKOPOCTh TIOHIKEHHSI TOPHBIX Pa0oT 1 00Jb-
mas TIyOWHa pPa3pabOTKH, YBENMYCHUE WHTEHCUBHOCTH
JTMHAMAYECKUX TIPOSIBIICHUI TOPHOTO JIABIICHUS, YCIIOXK-
HEHHUE YCIIOBUI BEIEHHsI OYMCTHON BHIEMKH B TEXHOTEHHO
M3MEHEHHOM MACCHBE, POCT 3aTpar Ha TPAHCIIOPTUPOBAHHE
Y TIOhEM PYIHON Macchl, MaJblii MacITad U MOITHOCTh
PYIHBIX TeIl, BEICOKOE pa3yO0KHBaHHE W 3aCOPEHHUE JTOOBI-
BaeMBIX pPyIl, pOCT 00BEMOB TBEPABIX OTXOIOB TOPHO-000-
TaTUTENBHOTO MPOU3BOACTRA [5].

BrImonHeHHBIH aHaM3 OMBITa OCBOSHHS 30JI0TOPYII-
HBIX MECTOPOXKICHUH, pa3padaThlBaeMbIX AKITMOHEPHBIM
obmectBoM «HOxypamzonoro I'pynma Komnanuit» (AO
«fOI'K»), mokaszan, 4to ansi OONBIIMHCTBA MECTOPOXK-
JICHUH XapaKTepeH OTHOCHUTEIhHO HEOOJBIION 00beM
OCTaBIIMXCs 0aTAHCOBBIX 3aMlacoB M, COOTBETCTBEHHO,
OTPaHUYCHHBI CPOK SKCIUTyaTallid Ha 3aBepIIaroIiei
CTaJIH, HU3KOE U BeChMa N3MEHUMBOE COJIEpIKaHUE 30J10-
Ta B pyJe, 3a4aCTyI0 — JUIUTEILHBII ¥ MHOTOBEKOBOI TIe-
PHOI OCBOEHHS, TIEPEILSIIININ B 3aBEPIIAIONIYIO CTAIHIO,
Kora yxe gopabotansl 75 — 80 % 0anaHCOBBIX 3aracos.

Cy1ecTByoIe MPUHIHIEI TPOSKTHPOBAHUS TOPHO-
TEXHUYECKOI CHCTEMBI B JIAaHHBIX YCIOBHSIX He oOecredn-
BalOT CTaOMJIBHBIX TTOKa3aTelNei 3PEeKTUBHOCTH TOPHOTO
MIPOM3BOJICTBA U TPEeOyEeMYI0 YCTOHYHMBOCTH B YCIOBHSIX
KoJIeOaHMH IIeH Ha METaJUTbl, HK3MEHYUBOCTH CONICPKAHUS
MeTaluia B py/e U JIp., YTO MPUBOAUT K CHMIKEHHUIO TEX-
HUKO-DKOHOMHUYECKUX TIOKa3areneil u TpedyeT MHOTO U
0oJree OTBETCTBEHHOTO ITOIX0/1a K 000CHOBAHHIO KOHIIETI-
[IMH ¥ BEIOOPY TEXHOJIOTHIA OCBOSHHUSI MECTOPOXKIICHHS Ha
3aBepIIaroIeii CTanuu.

B TO e BpeMs aHanmM3 BapHMAaHTOB 3KCILTyaTaldd
y4acTKa HEAp CBUJICTENBCTBYET, YTO MECTOPOXKICHHUS
MTOJIE3HBIX MCKOTIAEMBIX JaKe Ha 3aBEpIIaroIIeM dTare
pa3paboTK OaJIaHCOBBIX 3aMaCOB UMEIOT 3HAYUTEIBHBIC
HEOCBOCHHBIE T€OPECYPChI, KOTOPBIE MOTYT OBITh 3(pdek-
TUBHO BOBJICYEHBI B HWCIIONIb30BaHUE: B HeEApax 3eMITn
OCTaJIMCh MPUPOTHO-TEXHOTEHHBIE 3aachl B Pa3TUIHOTO
poAa OoxpaHHBIX, OAPhEPHBIX, HECYIIUX U TPEAOXPaHH-
TENBHBIX IENIMKaX, B 3aKJIAJIOYHBIX MAacCUBax, 30HaX 00-
PYIIEHus, 3armachl Ha OONBIINX TTyOWHAX, HA YIAIEHHBIX

T.10. Ne4(38), 2018 T.

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

y4acTKax MECTOPOXKICHHS, B BBIKJIMHKaX PYIOHBIX Tedl.
Kpome Toro, ocranuch paHee HEKOHAWIIMOHHBIC PYBL,
HAKOIUIEHO TEXHOT€HHOE CBHIPbE, MPOIICHBI TOPHBIC BbI-
PaboTKH 1 CPOPMHUPOBAHO BEIPAOOTAHHOE IPOCTPAHCTBO,
TEXHOTeHHBIN JanAmadT. B psne cinyuaeB obecneunBaert-
Cs1 IpUpOCT OAIAHCOBBIX 3aI1aCOB B XOJI€ AKCILTYaTal[IOH-
HBIX T€0JIOTOPa3BEeJOYHBIX paloT.

YCTONUMBOIO pa3BUTHA TOPHOTEXHUUECKON CUCTEMBI,
CHIDKEHHS 3KOJIOTHIECKOM HArpy3KH Ha cpey OOUTaHUS
Ha 3aBEpIIAIOLICH CTaauK BO3MOXXHO JOOUTHCS ITyTEM BOC-
TIOJTHEHUS ITPOU3BO/ICTBEHHBIX MOIIIHOCTEHN PYIHHUKOB 3a
CYET MX TEXHUYECKOTO MEPEOCHAIIICHNUS ¥ BOBJICUCHUSI B
SKCILTyaTalHIo BCETO PECYPCHOTO MOTEHIMAIA Hellp KOMOU-
HHUPOBaHHEM (PU3UKO-TEXHUUECKHUX U (PUBHKO-XUMHIECKUX
TEOTEXHOJIOTUI ¢ BO3MOXKHOCTBIO YTHIM3ALN KOHEUHBIX
OTXOJIOB B 3aKJIAJIKE BEIPAOOTAHHBIX MIPOCTPAHCTB [6; 7].

Konuenuusi pa3sBuTHsi TOPHOTO NMPEANPUSTHS

HAa 3aBepHIaloNIeil CTAANHU KUZHEHHOT0 UK/

AHanu3 MpaxkTUKY SKCIUTyaTallil MECTOPOXKICHUI Ha
3aBepIaroIei CTaJAnK ToKa3al, YTo MoJA Hell HeoOXomu-
MO TIOHMMATh CTaJUIO0, KOIJ]a OCHOBHBIE 3amackl (10 80%
0aslaHCOBBIX) 10 0a30BOMY IPOCKTY OTPabOTaHbI, HO I0-
SIBUJINCh HOBBIC TEXHOJIOTN I[OGBI‘II/I u Hepepa60TKH I10-
JIC3HBIX HMCKONACMBIX, YCJIOBUA IJId NEPECMOTpa KOHOU-
1uid, oOecrieynBaroIye NPUPOCT 3aacoB.

Ha 3aBepmaronux craausx 3KCIUTyaTalldd MpPH TMPo-
€KTHpPOBAaHMM YCTONYMBOW 3KOJOTWYECKH COaIaHCHpO-
BaHHON TOPHOTEXHUYECKOW CHUCTEMBI CIEAYET UCXOAUTH
13 00eCIIeueHNS BBIMOTHEHHS CICAYIOIINX TPEUMYILECTB
OCBOEHHS HEeJlp:

— CHHMXCHUC BIIMAHUA TOPHO-TCOJIOTMYCCKUX YCJ'IOBI/Iﬁ
Ha TEXHOJIOTUYECKHE MPOLIECCHI MTOJI3EMHOTO PYIHHKA;

— OTKa3 OT IepBOHAYaJIbHON HM30MpaTeabHON OTpa-
00TKM Hamboliee OOraThbIX YYacTKOB MECTOPOXKACHHS U
nepexoJ] K COBMECTHOU pa3paboTKe C BO3MOXKHOCTBIO Ce-
JIEKTUBHOM BbIJIa4U PA3HOCOPTHBIX PYL;

— HE3aBUCHUMOCTHb OCHOBHBLIX TCXHOJIOTUYCCKUX IIPO-
LIECCOB BO BPEMEHH U MIPOCTPAHCTBE;

— BBICOKHH ypOBeHb MH()OpPMATH3AIMU W JHCIIeTde-
pH3aLKU TEXHOJIOTUIECKHUX MPOLIECCOB,;

— (opMaymzaims U CTaHIAPTU3AIUS OCHOBHBIX TEX-
HOJIOTMYECKHX MPOIIECCOB;

— MPOU3BOJCTBO TPOAYKIIUK C 3aJaHHBIM CTAOWIIb-
HBIM Ka4€CTBOM,

— CTaOMJIBHOCTB CTPYKTYPBI H3[IEPKEK ITPOU3BOICTBA
B TEUCHHE OCHOBHOMW ()a3bl pabOThI PyIHHKA.

Peanmaunsi YKa3aHHBIX MPUHOWUIIOB OCYHICCTBIIACTCA
Ha OCHOBE BOCIIPOM3BOJICTBA HOBBIX (PYHKIHMH 3€MHBIX
HEeJIp 3a CYET:

— pa3paboTKu U COBEPIIICHCTBOBAHUS TEXHOJIOTUH JI0-
OBIYM ¥ MepepaboTKU Pyl OCTABICHHBIX 3aMlacoB C U3Me-
HEHHEM TPeOOBaHMI K KaYeCTBY CBIPbS;

— IepecMoTpa KOHAULUI;

— HUCTIONIb30BaHUS BHIPAOOTAHHBIX IIPOCTPAHCTB B Pa3-
JIMYHBIX TCIIAX;
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— mepexo/a Ha 100bIYY UHBIX ITOJIE3HBIX NCKOIIAeMBIX;

— OTpabOTKU 3aKOHTYPHBIX 3aIlacoB Kapbepa HHHOBA-
IIMOHHBIMHU T'€OTEXHOJIOTUSIMU;

— OCBOCHHSI 3aIlacoB MOJIE3HBIX HCKOIAEMBIX, KOTO-
pble paHee ObUTM OTHECEHBI K 3a0aJIaHCOBBIM;

— OTpabOTKU TEXHOTEHHOTO CBHIPBS U3 OTBAJIOB M XBO-
CTOXPaHMJINIIL;

— BOBJICYCHHS B OTPAOOTKY 3aKOHCEPBUPOBAHHBIX 3a-
MIACOB B IIEJIMKAX PA3IMYHOTO HA3HAYCHNS,

— TOBBIMEHUS 3HEProd(PPEKTHBHOCTH TOPHOTEXHU-
YECKOW CHCTEMBI ITyTeM JHEepProcOepeXeHusi M HUCIIONb-
30BaHUSI TEXHOTECHHBIX BO30OHOBIISIEMBIX MCTOYHUKOB B
X071 TEXHOT€HHOTO IIpeoOpa3oBaHmsl HEMP.

KoMmmiekcHOE M MHOTOLIENIEBOE HCIIONB30BaHUE BCEX
BHUJIOB T€OPECYpPCOB, KOTOPbIE MOTYT OBITh 3(h(EeKTHBHO
BOBJICYEHBI B DKCILTYaTAIHIO Ha KOHKPETHOM yYacTKe JIU-
TOC(epbl B KOHKPETHBIN MEPHOJ €r0 OCBOCHUS, TPEAIO-
JaraeT BHEIPEHHE MHHOBALMOHHBIX pecypcocOeperaro-
X 1 3HeprodPeKTUBHBIX TEOTEXHOIOTHI Ha Oa3e:

— PeCTPYKTYpHU3aLliH 3aIacoB;

— COBEPLICHCTBOBAHMS TEXHOJIOTUH MOOBIMHM pyx H
YIIPaBICHHUS Ka4eCTBOM PYIHOH Macchl C IEIbI0 CHIKE-
HHE BIMSHHS TOPHO-T€OJIOTHYECKUX YCIOBHH Ha TEXHO-
JIOTMYECKHUE TPOIIECCHI TIO3EMHOTO PYIHHKA;

— OTKa3a OT IepBOHAYAIBHONW M30MpaTeNbHOH OTpa-
0oTkM HamOosee OOraThIX y4acTKOB MECTOPOXKICHUS W
Hepexo/l K COBMECTHOM pa3padoTKe Pa3HOCOPTHBIX PYI;

— TOBBIIICHUS YPOBHS HH(OPMATH3AINH, AUCTIETYEPH-
3allMM U CTAaHIAPTU3ALMS TEXHOJIOTHYECKUX MPOLIECCOB;

— CO3/aHUS JIOTUCTHYECKOH CXEMBI, IO3BOJISIOIICH
00eCIeunTh TEePCIeKTUBHBIA POCT MPOU3BOICTBEHHON
MOIIIHOCTH PYy/IHHKA;

— mepexozia Ha IPUMEHeHne KOMOMHUPOBAHHBIX (DH3H-
KO-XMMHYECKHX M (PU3UKO-TEXHUYECKHX TeOTEXHOIOTHI;

— pacUIMpeHus] COCTaBa BOBJICKAEMBIX B JKCILTyara-
IIHIO TEOPECYPCOB.

BocnpousBoacTBo HOBBIX (DYHKIMH 3€MHBIX HEIp
HPOU3BOJUTCS COITIACHO AITOPUTMY PECTPYKTYPU3ALUH
reopecypcoB Ha 3aBEpLIAIONICH CTaJWH, KOTOpasi BKIIIO-
YaeT MOCIIeIOBATEIbHOE BBHITIOJIHEHUE CEMH JTaIloB: Te0-
JIOTMYECKUX, T€OMEXaHNUECKUX HCCIICIOBaHHMN, BBIOOpa
HanpaBJIeHUS U CHCTEM pa3padOTKH, KOMIUIEKCHBIX H
71a00paTOPHBIX HCIIBITAHUHA HE TOJBKO IPUPOIHOTO, HO
U TEXHOTCHHOT'O CBHIPbsi (PHCYHOK). DTO TaKKe OIpee-
JIeHHE BO3MOYKHOCTH BOCITPOU3BOJICTBA JICKTPOIHEPIHH,
ompenesieHHe TEPCIeKTUB HCIOIb30BaHMUs BBIPAOOTaH-
HBIX MPOCTPAHCTB M, C YYETOM BCErO INEPEUYNCICHHOTO,
IPOBEJCHHE  IKOJIOTO-3KOHOMUYECKOTO  00OCHOBAHHMS
1eJIeCO00Pa3HOCTH BOBJCUCHUSI B OKCIUTyaTallMIO BCEX
OIIPEeNIETICHHBIX B XOJ€ PECTPYKTYPH3ALMU IPHPOIHBIX U
TEXHOT€HHBIX T€OPECYPCOB.

Peanm3zanust qaHHBIX TpeOOBaHUI K OCBOCHHIO MECTO-
POYKIICHUI TOJIC3HBIX HCKOTIaeMbIX Ha 3aBEepIIAIOIIeH CTa-
JIMU JIOJDKHA OBITh OCHOBaHA HA NMPUMEHEHHH T'€OTEXHO-
JIOTHH, 00eCIeunBaroNeli MaKCHMalIbHOE HCTIONIb30BAaHUE
COBPEMEHHBIX JJOCTH)KCHHI B 00JIaCTH aBTOMATU3alUH U

520

poboTH3anKy NPOU3BOACTBEHHBIX IIPOLIECCOB € UCKIIIOYE-
HHUEM WM OTPAaHUYEHHUEM IPUCYTCTBUS JIFONEH B OIIACHBIX
30HaX.

[Iupokoe NpUMEHEHHWE aBTOMAaTU3aLlUM HPOU3BOA-
CTBEHHBIX IIPOLIECCOB € 00ECHEeYeHHEM MAaKCUMaJIbHON
3¢ (PEKTUBHOCTH U NPOU3BOLUTEIBLHOCTH TEXHOJIOTHYE-
CKOr0 000pYyA0BaHH B paMKaxX €JMHOTO TEXHOIOTHYECKO-
ro KOMIIIEKCa, BKJIIOYAOLIee:

- TEXHOJIOTMIO BBIEMKH, OOECHECUMBAIOLIYI0 CTPOrO
YIOPSIIOYEHHYIO AOOBIYY Pa3IMYHBIX THIIOB PYI BO Bpe-
MEHHU U IPOCTPAHCTBE;

—  CHCTEMY IMOA3EMHOH PYIONOArOTOBKM U TPaHC-
MopTra, MO3BOJIIOIIYI0O 00ECHeuuTh TpeOyeMble COpT-
HOCTb U KaueCTBO PYIHOI MacChl;

—  TEXHOJIOTHIO 3aKJIaJ0YHbIX paOOT, TO3BOJISIOLLY IO
3a CYET YTWIM3AlMU B COCTaBEe 3aKJIaJOYHBIX CMECEH OT-
XOZIOB TOPHOTO MPOU3BOIACTBA U CO3MAHUS 3aKJIaJOYHOTO
MacCHBa C 33JaHHBIMHU (PU3UKO-MEXaHMYECKUMH U TEXHO-
JIOTHYECKUMH CBOMCTBaMHU ()OPMHUPOBATH B CIIydae TEXHHU-
YEeCKOM BO3MOXXHOCTH U 3KOHOMHYECKOH LIeJIeCO00pa3Ho-
CTU HOBBIM BHJ Teopecypca B BUAE OydyILero TeXHOTeH-
HOTO MECTOPOXKAEHHUs [8], CIIOCOOHO MWHHMH3HUPOBATH
notpedieHne MarepHajIbHbIX, SHEPIETUUECKUX, TPYHO-
BBIX U (DMHAHCOBBIX PECYPCOB U CYILECTBEHHO IIOBBICUTH
MOJIHOTY U KOMIUIEKCHOCTh OCBOCHUSI HeZlp 3EMJIH.

Hcnoab3oBanne BO300HOBISIeMbIX HCTOUHMKOB
JHeprun

[onHoe packpbiTHE MOTEHLMANa PEeCypcHON 0as3bl H
obecriedeHne yCTOMYMBOro 06€30MacHOr0 U YCTOHYMBOTO
Pa3BUTHS TOPHOTO MPEATIPUATHS Ha 3aBepluaroiiell cra-
JIMH SKCIUTyaTallil MECTOPOXKICHUI Hepa3phIBHO CBA3a-
HBl C pPAlMOHAIBHBIM HCIIOIb30BaHHEM HEBO30OHOBIIS-
€MBIX MPUPOIHBIX U TEXHOI'€HHBIX MCTOYHHMKOB SHEPTUU
U TIepexofioM Ha HCIOJIb30BaHHE BO30OHOBISIEMBIX HC-
TouHuKOB [10-19]. [Ins o6ocHOBaHMS HAMPaBICHUMA HC-
CJIEZIOBAHUN M TIOMCKAa TEXHOJOTMYECKHUX PELIeHHUH I10
MOBBILIEHUIO SHEProcOepekeHHsI U pecypcocOepekeHus
TOPHOTO MPOU3BOICTBA MPOBEIEHAa CHCTEMAaTH3aIHs Ipo-
LECCOB M YCTPOWCTB Uil TMOMYYEeHHS BO30OHOBISIEMBIX
HCTOYHUKOB SHEPTUU NPH KOMILIEKCHOM OCBOEHHH HEIP.

B pesynbrare nccienoBanrs BO3MOXKHOCTEH HCTIOIb-
30BaHHS BO30OHOBISEMBIX MCTOYHUKOB SHEPTUU TNPHU-
POIHOTO M TEXHOTEHHOTO MPOUCXOXKJIECHUS B Mpolecce
KOMILJIEKCHOTO OCBOEHMS 30JI0TOPYIHBIX MECTOPOXKJIe-
HUW oIpeieneH NMPUHIUI ydeTa MOTOKOB THApPOCMeE-
ceil. JlokazaHO, UTO PHEPreTUYECKAN MOTEHLIMA 3TUX
MMOTOKOB B TOPHOTEXHHYECKOH cHUCTEeMe HauOOJIBIIUI
U TO3TOMY MEPCIEeKTUBEH JUIsl UCIOJIb30BaHUS B MPO-
MBIIIJIEHHBIX YcloBusaX (pucyHok) [20]. Onpenenenst
yCIIOBHS cOOpa pa3IMYHbBIX IOTOKOB THAPOCMeECeH B Ka-
pBepe U B MOJ3EMHBIX TOPHBIX BBIpabOTKax. ITO — IO-
TOKH BOJIBI IIIAXTHOTO BOJOOTINBA, TOTOKH F'UAPOCMECH
U 3aKJIaJJOYHON CMECH.

JHoxazaHo, 4TO ¢ yBelWYeHHeM DTyOHHBI TOPHBIX pa-
00T 00beMBI TIeperyCcKkacMol IaXTHOM BOIIBI PACTYT, MO-
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Tabnuya 1/ Table 1

AJITOPUTM PeCTPYKTYPU3ALUHU IeOPecypcoB HA 3aBepLIAIoNIeii cTaauu

Algorithm of restructuring of geo-resources at the final stage

HaunmeHnoBanme 3Tana
The stage name

Conep:xanue pador
Job content

I'eosiornyeckue mcciaeno-

— olIpeJieNIeHHUE 3aI1acoB NPUPOHBIX U TEXHOICHHBIX 00pa3oBanuii / determination of reserves of natural
and man-made formations;
— KapTUpoBaHue / mapping;

nomic substantiation

1 BaHHUs ;
. — otbop npob / sampling;
Geological research N
— OIICHKA COJeP)KaHHsI OCHOBHBIX IIEHHBIX KOMIOHEHTOB, BPEIHBIX IIpuMecel / assessment of the con-
tent of the main valuable components, harmful impurities.
— OLICHKA HAIPSHKEHHO-1e(pOPMUPOBAHHOTO COCTOSIHUS / Stress-strain state assessment;
I'eomexaHnYecKast — OLICHKA CTPYKTYpPbI MaccHBa / assessment of massive structure;
OLIeHKA COCTOSIHUSA Mac- | — OIICHKA COCTOSIHHUS BBIpaOOTaHHBIX POCTPAHCTB / assessment of the state of the developed spaces;
1I CHBa FOPHBIX NMOPOJ — ompeeneHre apaMeTpoB Tpolecca COBIKEHUs / determination of the parameters of the movement
Geomechanical assessment | process;
of rock mass condition — OLICHKA YCTONYMBOCTH TOPHOTEXHUIECKON CUCTEMBI / mining system stability assessment;
— ChEMKa TEXHOTECHHOTO JaHamadTa / survey of man-made landscape.
Bocxonsmas / Upward:
Hucxonsmas / Downward: — KaMepHas ¢ TBepACIoLIeH 3a-
— noxaTaxHoro oopymenus / under-floor collapse; KIIaKon
Bbi6op HanpaBieHus py /i P . . .
— 3Ta)XKHOTO 00py1IeHus / storey collapse; chamber with hardening filling;
M CHCTeM pa3padoTKu . N
I L — ¢ MarasMHUpoBaHueM / with storage; — KaMmepHas ¢ TUAPO3aKIaIKON
Direction and systems . ; .
. — 3Ta)KHO-KaMepHasi (CaMoIIOrallleHue MycToT) / storey chamber | chamber with hydraulic filling;
development choice . .
(the backfilling); — MO/ TAXKHAS orOoiika
— 9Ta)KHO-KaMepHasi ¢ 3aknaakoii / floor-chamber with a filling. sublevel blasting;
— c 3akuaakoit / with filling.
V3yueHue BEIIECTBEHHOTO COCTaBa, XapaKTEPUCTHK CTPYKTYPbl CHIPbS M (U3HKO-MEXaHUYECKUX
KomnuekcHsie 1adopa- | coiicts / Study of material composition, characteristics of raw material structure and physical and
TOpHBIE UCHIBITAHMS NPH- | mechanical properties:
POTHOTO M TEXHOTEHHOTO |— ONpEACICHNEe XUMHUIECKOro U (a3oBoro cocrasa / determination of chemical and phase composition;
v ChIPBS — MUHepanorudeckui ananus / mineralogical analysis;
Complex laboratory tests of | — umuk-ananus / image analysis;
natural and man-made raw | — omnpezeneHue rpaHysIpHOTO cocTasa / determination of granular composition;
materials — M3y4eHHe: BIaXXHOCTH, IOPUCTOCTH, KPEIOCTH, BOAONIOTIOLIeH s / study: humidity, porosity,
strength, water absorption.
— mapaMeTpsl BOJOOTINBA / drainage parameters,
OnpenesieHne BO300HOB- . Lo
— mapaMmeTpsl ruapocMeceit / parameters of hydraulic mixtures;
JIsieMBIX HCTOYHHKOB N . .
v SHeprun — mapaMeTpsl TBEPICIONINX cMecel / parameters of hardening mixtures;
. — pekynepauus / recovery;
Definition of renewable en- pekynep V5 . .
erov Sources — SHeprus TOPHOTO MaccuBa / energy of the mine massive;
& — SHeprHs CWIBI TSHKECTH OONBIIErpy3HOTO TpaHcnopTa / energy of gravity of heavy transport.
Onpenesienne NoTeHUA-
Jia BEIPAaGOTaHHBIX MPO-
P P — 00BeMBI TO3eMHBIX Kamep / the volume of the underground chambers;
CTPANCTE M TEXHOTEHHOTO TapaMeTpsl KapbepoB / pit parameters
— ; 5;
Vi Aanqmagra HapaMeTpLI XBI())CTI())X aIfI/IHiHI / parameters of tailing dumps
. . - 101 ).
Determination of the poten- P p P p g P
. — TmapaMeTpsl OTBAJIOB / dump parameters.
tial of developed spaces and
man-made landscape
DKOJIOTrHYECKHE UCCIICIOBAHMUS; IKOHOMUYECKAs OLICHKA MIPEUIaracMbIX TEXHOJIOTHI
IK0JI0T0-IKOHOMHYECKOE . . . .
Environmental studies; economic assessment of proposed technologies:
o0ocHOBaHMe N . .
VIL . — wMacmTab Bo3AeHCTBUS Ha cdepy oburanus / scale of impact on the habitat;
Environmental and eco-

— M3MEHCHHUE XapaKTEePUCTHK Cpebl oOuTanus / changes in habitat characteristics;
— PpeHTa0eIbHOCTH HCIOIB30BaHUs Te0pecypcoB / the profitability of the resources using.
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0606w ennas mexHon0SUYeCKds cxema QopmMuposanus NHOMoKo8 CUOPOCMECU 8 OM-
kpoimuix I (kapvep) u 6 nodzemuvix eoprwvlx svipabomkax I (I'B) om cucmemvl 6000-
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oboeawyenus obocamumenvrot gpabpuxu IV(OD)
A generalized flow scheme of formation of flow of slurry in open-I (open pit) and underground

MECTOPOXKICHUH TIO3BOJISIET TPOBO-
JIUTH COBMECTHOE BOCIIPOU3BOICTBO
ANIEKTPOIHEPTHH OT TOTOKOB 3aKJIa-
JOYHOW CMECH U TIeperryCKaeMbIX
MIAXTHBIX BOJ, TIEPEMEIIAIOIINXCS 10
BEPTUKAILHOMY 3aKJIaJIOYHOMY TPY-
OonpoBoly B 30HY OOCITYKWBaHHSA
3aKJIaJIOYHBIX paboT.
3akJiouenue

Takum o0Opa3zoM, Ui TOPHOTO
MIPEANPUSTHS  3aBeplIaomas Ccra-
IISI — OTO CTaausl BO3MOXKHOTO pas-
BUTHSI TIPOU3BOZCTBA HA HOBOW KOH-
LIENTYyaJIbHON OCHOBE, OTJIMYAIOILECH-
Csl OT MIPHUHATON B 0a30BOM IPOEKTE
pa3paboTkn MectopoxneHus. OHa
OTIPEJIEIISIeTCS TTOITATHBIM U YCIIOB-
HO HEONPEAETICHHO JJTUTEIbHBIM
pa3BUTHEM TOPHOTEXHUYECKOH CH-
CTEMBI C BOBJICUEHHEM Ha KaXKJIOM U3

mining 11, from a system of drainage of the surface stowing complex Il and the thickened

tailings of the concentrator IV

STOMY TMOBBIIIAIOTCSI ¥ BO3MOYKHOCTHU MO UX HCIIONIBb30Ba-
HUIO JJIs1 BOCIIPOHU3BOCTBA 3JIEKTPOIHEPTUH.

HcnpiTanusi NOATBEPAMIIM TMPAKTHYECKYIO IIENECO0-
OpasHOCTh M BBISIBIJIM YCJIOBHSI BOCIPOM3BOJACTBA 3JICK-
TPOHEPIUH OT TEXHOTEHHBIX UCTOYHHKOB Ha THIPO3JICK-
TpoycTaHoBKax Majoi momHocT A0 30 kBT. Ha ocHOBe
BBIIIOJIHEHHBIX HMCCIICIOBAaHUN TNpeIOkeHa METOIHUKA
OTIpEe/ICNCHNs] BOCIIPOM3BOAMMOM MOIIHOCTH M BBIOOpa
I'DY manoit MOIHOCTH MO mapaMeTpaM padOduXx 30H B
00NacTH MPEANIOYTUTEIFHOTO MCIIONB30BAHUS TOTO WM
uHOoro THma ruapotypoun [20]. [IpoBeneHHBIMU OTBIT-
HO-TIPOMBIIUICHHBIMH HCIIBITAHUSIMU JJOKa3aHA BO3MOXK-
HOCTb ITOJIY4€HHS B IIAXTHBIX YCIOBHUIX BO30OHOBIISIEMON
SHEPIHU OT MOTOKOB THIPOCMECEH: IMIaXTHOW BOJIBI, TH-
JPaBIMYECKON 3aKJIaJKH Ha OCHOBE TEKYLIMX U CTYLICH-
HBIX XBOCTOB 0OOTalIeHUs, TBEPACIOIICH 3aKJIaJI0YHON
CMECH C Y4EeTOM HMX BELICCTBEHHOI'O COCTaBa, IUIOTHOCTH
u Bsazkoctu [20].

BHenpenue cucteMbl BOCIIPOM3BOCTBA IEKTPOIHED-
TMH OT TOTOKA IEPErMyCKaeMOM BOIBI M 3aKJIQJOYHON
CMECH Ha MOI3EMHOM DPYyIHHKE JOMOJHUTEIBHO IMO3BO-
JIUT YMEHBIIUTD MoTpedneHne »1ekrposneprun 10 20 %.
Ipennoxena KackagHasi cxeMa IOCIEI0BaTEILHOTO Che-
Ma Ha MPOMEKYTOYHBIX TOPU30HTAX SHEPTHH TOTOKOB BO-
JoornuBa. [ peanuzanuy SHEPreTHUECKOro MOTEHIHA-
Jla TIOTOKOB THAPOCMECH pa3paboTaHbl U apOOHPOBAHBI
B MPOMBIIIJICHHOM MaciuTade KOHCTPYKLIUH JEHCTBYIO-
mux Mozeiel I'DY ¢ anexrporeHeparopamy Manoi (o
100 kBT) MOIIHOCTH ¢ NMPSIMOYTONBHBIMU JIOIACTHBIMU U
KOBIIIOBBIMU pabounmu kosecami [20].

KomriekcHOe NMpUMEHEHHE 3aKIaJouHbIX padoT Ha
BEpXHUX M HIKHUX TOpH30HTaX mIaxT Ha Koukapckom

522

3TalOB HOBOTO BHJA I€OPECYpCOB B
none3Hoe 3(P(EeKTUBHOE HCIOIB30-
BaHKE. DTOT ITAIl Pa3BUTHS IPEAIPH-
STHS TIpeaIoaracT NPOEKTHPOBaHUE
YCTOHYUBOH 3KOIOrMYecKH cOaJaHCUPOBAaHHONW T'OPHO-
TEXHUYECKOH cUCTEMBI, 00ECIIeUNBAIOICH KOMIUIEKCHYIO
I00bIuy U nepepabOTKy OCTaBIIMXCSI IPHPONHBIX U BO-
BJICUEHHE B HKCIUTYaTALIMIO TEXHOT€HHBIX [€0PECYPCOB.

O0ocHOBaHa KOHLEIIMSA OCBOCHUS MECTOPOXKACHHUI
Ha 3aBEPLIAIOLINX CTaUsIX SKCIUTyaTalllH, BKIIOYAOIas
PECTPYKTYPH3aLMIO 3allacOB U KOMIICHCALUIO BIIMSHHS
HETaTUBHBIX (DaKTOPOB IIPU JOPAOOTKE MECTOPOXKACHHUS
3a CYET BHEIPEHMsI pecypcocOeperaroiux U 3Heprosd-
(hEeKTUBHBIX T€OTEXHOJIOTHH.

Ha npumepe 3010TOpYIHBIX MECTOPOXKACHUN Ypana
JOKa3aHO, YTO IIOJHOE PACKPBITHE MOTEHLMAa pecypc-
HO 0a3pl M OOecIiedueHre yCTOHYNBOTO O€30MacHoro u
TFapMOHUYHOIO Pa3BUTHUsI TOPHOTO NPEINpPHUATHA Ha 3a-
BEpLIAIOIIEH CTaANH HKCIUTyaTallid MECTOPOKACHUN He-
Pa3pbIBHO CBSI3aHBI C PAlMOHAIBHBIM HCIOIb30BaHUEM
HEBO300HOBISIEMBIX NPUPOJHBIX M TEXHOT€HHBIX MCTOY-
HHUKOB SHEPrUM U IEPEXOAOM Ha MCIOJIB30BAaHUE BO300-
HOBJIIEMBIX HCTOYHHKOB.
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At the present stage of development of mining systems
as a result of long-term exploitation of gold ore deposits
in the Urals, there is a reduction in the volume of repro-
duction of the resource base, a decrease in the qualitative
characteristics of mined ores, the complication of geome-
chanical conditions, expressed in the increase in the inten-
sity of manifestations of mountain pressure in a dynamic
form, the rise in the cost of production, the complication
of the environmental situation and social problems in the
developed mining region. At the same time on the final
stage of development of balance reserves have significant
undeveloped, which can be effectively engaged in the use
of natural and man-made reserves of different kind of secu-
rity, barrier, carrier, and safety pillars, backfill areas, areas
of collapse, the stocks at greater depths, in remote areas of
the field. In addition, it was previously off-grade ore accu-
mulated technogenic raw materials, completed the excava-
tion and formed the mined-out area, man-made landscape.
It is proved that the concept of field development at the
final stages of operation should include the restructuring of
reserves and compensation for the impact of negative fac-
tors in the refinement of the field through the introduction
of resource-saving and energy-efficient geotechnologies. It
is shown that the full disclosure of the potential of the re-
source base and ensuring the sustainable safe and harmoni-
ous development of the mining enterprise at the final stage
of field operation are inextricably linked with the rational
use of non-renewable natural and man-made sources of en-
ergy and the transition to the use of renewable sources.
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Keywords: mining system, sustainable development, un-
derground geotechnology, the final stage, gold deposits.
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®JIOPA NAPABOYEBCKOIO 3AKA3HUKA
U EE CUCTEMATUYECKUU AHATINU3

BBenenne

OnHa U3 BOXHEUIINX COBPEMEHHBIX MPOOIeM — COXpaHeHHe OHOpa3HOOOpa3us,
CITy’KaIllEro TIaBHBIM CPe000Pa3yIOIIUM PE3ePBOM ILIAHETHI H 00CCIICUNBAIOIIAM
BO3MOXKHOCTB €€ YCTOHUMBOTO Pa3BUTHsI, COXPAHECHUS €CTECTBCHHOM Cpelbl O0MTa-
HUS B OMOJIOTHYECKUX pecypcoB. IHTEHCUBHOE HCITOIh30BaHHUE OOIECTBOM PECyp-
COB TPUPOIBI HEM30EKHO COMPOBOXKIACTCS HAPYIIICHUEM ECTECTBEHHBIX SKOCHUCTEM,
Cpebl ¥ MECTOOOUTAHUS KUBBIX OPraHW3MOB, COKpAIICHUEM WX apealia, YHCIICH-
HOCTH TIOMYJISIIIAN 1 JJaKe NCUE3HOBEHUEM OT/EIBHBIX BUIIOB. Oc000 OXpaHseMble
MIPUPOJHBIC TEPPUTOPHU — 3aMOBEIHUKH, 3aKa3HUKH U JIPYTHE — C UX OTPaHHYCH-
HBIM PEXKHMOM XO3SICTBEHHOM JEATEIILHOCTH HAUMEHEE MOJIBEPKEHBI HETAaTUBHBIM
BO3/ICHCTBUSM U JIOJKHBI CITY)KHUTB TENISIM COXPAaHSHHSI €CTECTBEHHOM Cpesibl, OXpa-
HBI ¥ BOCIIPOW3BOJICTBA BCero OnopazHooOpasus. Ho, k coxkareHuto, OHM He BCerna
COOTBETCTBYIOT CBOEMY (PYHKIIHOHAIILHOMY HAa3HAYCHHUIO.

«ITapabo4eBckuit» rocynapCTBEHHbINM OMOIOTMYESCKHI 3aKa3HUK — OJTUH U3 BOCh-
MU 3aKa3HUKOB PeCIyOIrKaHCKoTo nogurHeHust. OH ocHOBaH B 1963 rony B qonuHe
p. Tepex (LllenkoBckoii parion Yeuenckoit PecyOnukn). Ero oomas mmomans — 12,0
THIC. Ta, B TOM 4YHclie 6 ThIC. Ta JiecHOro GoHia. OCHOBHOE HA3HAYCHUE 3aKa3HUKA —
OXpaHa U BOCCTAHOBJICHUE PEIKHX M MCYE3AIOIIUX BUIOB PACTCHUN M KUBOTHBIX
WJIA BUJIOB, IICHHBIX B XO3IHCTBEHHOM HAYYHOM M KYJIETYPHOM OTHOIICHHUU IPUPOJI-
HBIX KOMIUIEKCOB U MOJIIEPKAHUE SKOIOTH4Yeckoro Oananca [1].

K coxanenuto, 10 CHX IOp HE U3YYCHO COBPEMEHHOE COCTOSIHUE 3KOCHUCTEM, pac-
TUTEIHHOTO MMOKPOBA U KMBOTHOTO HACEJICHUS 3aKa3Huka. Her cBeneHmii o cocraBe
ero (UIOpkI, B TOM YKCJIE O PAPUTETHBIX, PEIIUKTOBBIX U IICHHBIX B HAYYHOM U MPaK-
TUYECKOM OTHOIICHUW BUJOB, HYXKJAIOIIUXCS B OXpaHe, Oe3 4ero HeBO3MOXKHa (-
(bexTHBHAS TPUPONOOXPAHHHAS U SKOJIOTUYECCKA OPUCHTUPOBAHHAS JCATEILHOCTh
3aKa3HUKA.

Wzyuenue ¢ropsl 110001 TEPUTOPUM OCHOBBIBACTCSI HA MHBEHTApHU3AIUMU BUJIO-
BOT'O COCTaBa, Ha KOTOPOM 0a3upyeTcsi KOMIUIEKCHBIH e aHalN3 (TAaKCOHOMHYECKOM,
XPOHOJIOTHYECKOM, IKOJIOrO-reorpapuyeckoii, 3KOIOrnYecKol, OUOIOrnYeckord U
JKOJIOTO-(PSHOTUYECKON | JP.). DTO HEOOXOAMMO U JUIS OLIEHKH (DIIOpHI B 1IETIOM, CO-
CTOSIHUSL TIOMYJISIIMN KOHKPETHBIX BUJIOB U (PUTOPECYPCHOTO MOTEHIIMANA, & TAKKE
JUTSL HAyYHOTO 000CHOBAHUSI MEPOTIPUATHH 0 PAIlIOHATLHOMY HCIIOJIB30BaHHUIO, CO-
XPaHECHUIO ¥ BOCIIPOU3BOJICTBY OMOpPa3HOOOpa3Hsl.

Bonpoce! ananuza ¢iaopsl pa3padarsiBaiinch MHOTUMU HCCieoBaresiMu: Braun-
Blanquet J. [2-4], Koch W. [5], JIaBpenko E.M. [6]; Bym H.A. [7], Davis P.H. [8],
Walter H. et. al. [9], TonmaueB A.H. [10; 11], Kamenun P.B. [12], FOpues B.A. [13],
Cepenun PM. [14] u ap. TeopeTuueckre U METOANYECKUE BOMPOCHI IPUMEHUTEb-
Ho K [IpenkaBka3bio pa3paboransl B padotax A.JI. UsaHosa [15; 16]. PacturensHbIit
OKpOB Tepputopun YeueHckoit PecryOnrkuy o BEICOTHBIM MOSICAaM OMTUCAH B pado-
te A.W. lanymxo [17], B KoTopoii naercs Taxxke oduiee onucanue (ropsl U pacTu-
TENBHOCTH ITOMMEHHBIM JIecaM, B TOM 4YHCie TOIUHEI p. Tepek. OHa 13 BaKHEHIIINX
3aJ1a4 COBPEMEHHOCTH — COXPAHEHUE CPebl OOUTAHHUS U OMOJIOTUYECKOTO Pa3HOO-
Opa3us, Kak HeOOXOAMMOTO YCJIOBHSI JUIi TAPMOHUYHOTO M YCTOWYHBOTO PAa3BUTHUS

'KoMIutekcHsIi HaydHO-HCCnenoBarenbckuii nHeTuTyT M. X.W. MbparnmoBa Poccuiickoil akageMun Hayk,
r. I'posnsiif, Pocenst, umarovbiolog@mail.ru
2Axanemust Hayk Yedenckoit PecryGmukw, T. I'po3Hsrii, Poccust
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MIpUpOkI 1 o0IIecTBa. M3ydeHne BHIOBOTO cOCTaBa KOH-
KPETHBIX (PJIOp TO3BOJISET MO3HATH UX (PUTOPECYPCHBIN
MTOTEHIINAN, UCTOPHIO U TEeH/ICHIIU Pa3BUTHS PACTHTENb-
HOTO ITOKPOBa KOHKPETHBIX TEPPUTOPHIA.

Heap uccaenopanmii. M3yueHue coctaBa u cucreMa-
TUYECKUH aHanmu3 (rropbl 0c000 OXpaHIEeMOW TPUPOTHON
Tepputopnn — [lapabodeBCKoro 3aka3HHKa, BHISIBICHUE
PapUTETHBIX, PEIUKTOBBIX H PECYpPCHO ITOJIE3HBIX BHIOB.

O0beKT 1 MEeTOAUKA UCCICTOBAHMIA.

OropucTryeckre uccienoBanus Ha teppuropun [la-
paboyeBckoro 3aka3HUKa HAMHU MPOBOAWINCH B TEUCHHE
2012-2015 romoB. [1is1 meTambHOTO 3HAKOMCTBA C (IIopoit
ObUTM pa3paboTaHbl MapIIPYTHI, OXBATHIBAIOIINE C CEBEpa
Ha 10T W C 3alaja Ha BOCTOK pa3HbIE y4acTKH U MECTO-
oOutaHus 3aka3Huka. [loneBbie nccnenoBaHus IPOBOIH-
JIUCh B Pa3HbIE CE30HBI IO/la — BECHOH, JIETOM, OCEHBIO.
s yTouHEeHHsI BUJIOB UCIIONB30BaHa 3-ToMHas «PDropa
Ceseproro Kaskaza» (1978-1980) A.W. 'amymxo [18].
BaxxapiM acniekToM (IOPUCTUYECKUX HCCIIENOBAaHUN SIB-
TIsieTcs OO CHCTEMAaTHIECKH aHANMN3 (IIOPHI, TI03BO-
JISOIINH 000CHOBAHHO TIOJIOWTH K TIOHUMAaHHIO BOIIPOCOB
(hmoporenesa. TpagWIIMOHHO TaKOi aHAIM3 OXBAaThIBAET
BCIO (pIIOpY KOHKPETHOH TeppUTOPHH (KaK EAMHOE IEJI0e),
YTO BIIOJIHE ompaBnaHo. [IpennpuHATHII HaMK cHCcTeMa-
tudecknit ananus uopsr [lapaboueBckoro 3aka3Huka 0a-
3UpyeTcs Ha TeopeTnieckux paspabdorkax A.Jl. Mpanosa
[15; 16] ¢ unonb3oBanueM cuctemsl JHrepa [19].

Pe3ynbTarsl HccaenoBanmii. 3a 3TOT mepuos HaOIo-
JCHUM Ha TEPPUTOPHU 3aKA3HUKA BBIABICHO 266 BUAOB
cocyaucThiX pacteHud u3 205 pomoB u 71 cemeiictsa.
[IpencraBuTeny HEKOTOPHIX CEMEHCTB pacIpOCTPaHEHBI
Ha TeppuTopuu YedeHckoit PecryOnuky mpakTHIecK BO
BCeX MOWMEHHBIX JlecaX W Ha PaBHUHHBIX TEPPUTOPHUSX,
OTHOCSIINXCA B TOM WIM UHOM Mepe K IoMMaM pek, XOTs
JIOJISL y9acTHsl KOHKPETHBIX POJIOB U BUIOB B (hopMHpO-
BaHUH PACTHUTEIFHOTO MOKPOBA IO OTAEIBHBIM JIECHBIM
KBapTajaM HeonuHakoBa. CUcTeMaTHdeckas CTPYKTypa
SIBIISIETCSL CaMOM Ba)KHOM XapaKTEePHUCTHKOU JTr000i (hiro-
PBL, 2 aHAJIM3 YUCIIEHHBIX B3aMMOOTHOIIIEHUH MEXTy TaK-
coHamu (ceMeiicTBamMH, poJaMHd M BHIAMH) TO3BOJISIET
OTIPENENTUTh CIIEU(HUKY BUAOB, BBIIBUTh 3aKOHOMEPHO-
CTH, CBSI3aHHBIE C UCTOPUYECCKUM pa3BUTHEM (DIIOpPHI TOI
WA UHOHM TEPPHUTOPHH.

Cucremarnuecknil aHaim3 (JIOpBl UCCIIEyEMOTo 3a-
Ka3HWKA IPUBOUTCS B TaOITHIIE.

K xpynaeiimmm cemeiictBam IlapabodyeBckoro 3a-
Ka3HWKa OTHOCATCS cemelictBa Asteraceae (13,16%
BUIOB  (uopbl  3aka3HWKa), Rosaceae (7,52%),
Lamiaceae (6,76%), Fabaceae (5,64%), Poaceae
(4,51%), Boraginaceae (4,13%), Brassicaceae (3,75%),
Caryophyllaceae (3,00%,), Apiaceae (3,00%), Malvaceae
(2,63%). Ha aux npuxomurcs 111 (54,1%) ponos u 145
(64,4%) BUIOB.

[lepBoe, uTo MprBIEKaeT BHUMaHUE — STO TIOJIOKESHUE
ceMeHcTB Asteraceae, Rosaceae u Lamiaceae B CIIICKax
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cemeiictB ¢uop IlpenxaBkasps (MBanos, 1998) u Ilapa-
OoueBckoro 3aka3Huka. llepBas Tpoiika ceMeWcTB co-
BlaiaeT. PaHTu oCTaNbHBIX OOLIMX TSI CPaBHUBAEMBIX
(rop ceMeiicTB B criekTpax pasHsaTcs. M3 3Toro BeITekaeT
Ba)KHOE 3aKITI0YEHUE: HECMOTPS Ha SKOJIOTMYECKYIO CIIell-
n(UIHOCTH, OCHOBHOE sipo (ropsl [lapaboueBckoro 3a-
Ka3HUKa MPUHAIISKUAT CEMEHCTBaM, OTPENEISIONINM ee
OO0IIyI0 CUCTEMAaTH4eCKyI0 CTPYKTYpY, HO C HEKOTOPBIM
TIOBBIIIIEHHEM POJIH TIONYITyCTHIHHBIX U MYCTBIHHBIX Ce-
meiictB (Caryophyllaceae n Boraginaceae). llepBoie 25
(35,2 % ) cemeiicTB, copepkaliye TpU U Ooliee BUIOB,
cymmapHo ob0beauHstoT 163 poma (79,1 % or oOmero
yncna popos) u 205 sunos (77,1 % Bceit ¢nopsr). Bo
¢rope 3aKa3HUKa OTHOCHTEIIEHO BRICOKUH MIPOIIEHT MaJIo-
YHCJIICHHBIX CEMEHUCTB, coCcToAmMX u3 1-2 BHaoB. Takux
3nech Oonee momoBuHEL — 46 (64,8 %). B cymme o 00b-
enuusIoT 62 Buaa (23,3 % dmopsl 3aKka3HUKa).

®nopa 3akazHuka npeacrasieHa 205 pogaMy BbICIIUX
cocyaucTbIX pacteHuid. Cpeau HUX MO 5 BUIOB COHEP-
s)Kart Artemisia u Centaurea; 1o 4 Buga — Potentilla, 1o 3
Buna — Allium, Crataegus, Inula, Populus, Trifolium, Salix,
u Viola; mo 2 Buna — Achillea, Ajuga, Althaea, Bromus,
Carex, Cynoglossum, Echium, Euonymus, Euphorbia,
Gagea, Galium, Geranium, Lamium, Lathyrus, Malva,
Medicago, Menta, Morus, Nonea, Orchis, Plantago,
Polygonum, Poa, Prunella, Prunus, Primula, Ranunculus,
Rhamnus, Rubus, Rumex, Salvia, Sambucus, Solanum,
Stachys, Typha, Ulmus, Verbascum, Veronica, Viburnum,
Vicia. Cymmapno nepeuncinenssie 50 (24,4 %) ponoB 00b-
enuasroT 115 (43,2 %) Bumos.

Ocranpabie 151 pox cogeprxar nwmib o 1 Buny: Abu-
tilon, Acer, Agrimonia, Amygdalus, Alcea, Alliaria, Al-
nus, Arctium, Astragalus, Bidens, Calystegia, Cannabis,
Capsella, Carpinus, Clematis, Clinopodium, Carthamus,
Calamagrostis, Cephalanthera, Chelidonium, Cichorium,
Cirsium, Convallaria, Cornus, Cynanchum, Cydonia,
Cynodon, Cucubalus, Dactylis, Datura, Daucus, Desc-
urainia, Dipsacus, Echinops, Elaeagnus, Epilobium, Eri-
anrthus, Ficaria, Fragaria, Frangula, Fraxinus, Geum,
Glycyrrhiza, Hedera, Hesperis, Humulus, Hypericum,
Iris, Lapsana, Lavatera, Leonurus, Lepidium, Ligustrum,
Linaria, Listera, Melandrium, Melilotus, Mespilus, On-
osma, Ophioglossum, Origanum, Periploca, Phlomis,
Phragmites, Platanthera, Quercus, Raphanus, Salvinia,
Scabiosa, Scilla, Sisymbrium, Symphytum, Swida, Tama-
rix, Tamus, Taraxacum, Thlaspi, Tilia, Tulipa, Urtica, Ver-
bena, Vinca, Vitis u np.

®dropa [lapaboueBcKoro 3aKa3HUKa, KaK 9acTh (QIOPHI
[IpenxaBkas3ps, COOTBETCTBYyeT 3akoHOMepHocTsIM Cpe-
JTIM3EMHOMOPCKHUX (PII0p, TaK KaK B CHEKTPe KPyIMHEHIINX
CEMEICTB ee BeAyIIyl poib, Kak u Bo ¢mope [Ipeaxas-
Kas3bs [15], 3anmmaror Asteraceae, Poaceae, Fabaceae.
OCO0EHHOCTBIO MX TAaKCOHOMHYCKOTO CIIEKTpPa SIBIISIETCS
pacrionokeHre Ha TIEpBOM MecTe ceMelcTBa Asteraceae,
a mocje Hero Rosaceae u Lamiaceae. BBICOKOE TTONOXKeE-
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OO0mmii cucreMmarndeckuii cniekTp uiopsl IlapadodeBckoro 3akasHuKa
General systematic range of flora of the Parabochevsky wildlife area

No CemeiicTBa Kon-Bo ponos % ponos Kon-Bo BH0B % BHI0B
3 Family Genus amount Genus % Species amount | Species %
1 2 3 4 5 6
1 Asteraceae — ACTpOBBIE 24 11,77 35 13,16
2 Rosaceae — Po3onBeTHBIE 14 6,83 20 7,52
3 Lamiaceae — SICHOTKOBBIE 11 5,36 18 6,77
4 Fabaceae — BoboBsie 10 4,88 15 5,64
5 Poaceae — MATIHNKOBEIE 10 4,88 12 4,51
6 Boraginaceae — BypadaukoBbie 8 3,90 11 4,13
7 Brassicaceae — Kamryctasie 10 4,88 10 3,75
8 Apiaceae — CenbuepeitHbIe 8 3,90 8 3,00
9 Caryophyllaceae — I'Bo3muaHBIC 8 3,90 8 3,00
10 Malvaceae — MannBoBEIE 5 2,44 7 2,63
11 Salicaceae — IBoBBIC 2 0,97 6 2,25
12 Scrophulariaceae — HopuaHUKOBBIE 4 1,97 6 2,25
13 Orchidaceae — OpxunHEIC 4 1,97 5 1,88
14 Ranunculaceae — JIXOTUKOBEIE 4 1,97 5 1,88
15 Dipsacaceae — BopcsiHkoBbIe 4 1,97 4 1,50
16 Polygonaceae — I'peuniuinbie 2 0,97 4 1,50
17 Rubiaceae— MapeHoBbIC 3 1,46 4 1,50
18 Solanaceae — TlaciieHOBBIE 3 1,46 4 1,50
19 Liliaceae — JIuneiiunie 4 1,97 4 1,50
20 Alliaceae — JlykoBbie 3 1,46 3 1,13
21 Asclepiadaceae — JlacToBHEBBIC 3 1,46 3 1,13
22 Betulaceae — bepesoBbie 3 1,46 3 1,13
23 Geraniaceae — I'epanneBbie 2 0,97 3 1,13
24 Rhamnaceae — KpymmHoBbie 2 0,97 3 1,13
25 Violaceae — ®unankoBsie 1 0,48 3 1,13
26 Apocynaceae — KytpoBbie 2 0,97 2 0,75
27 Cannabaceae — KoHomieBbie 2 0,97 2 0,75
28 Sambucaceae — By3uHOBBIC 1 0,48 1 0,38
29 Celastraceae — bepeckiieToBbIC 1 0,48 2 0,75
30 Convolvulaceae — BbIOHKOBBIE 2 0,97 2 0,75
31 Cornaceae — Kusnunossie 2 0,97 2 0,75
32 Cyperaceae — OcOKOBBIE 1 0,48 2 0,75
33 Euphorbiaceae — MonouaifHbie 1 0,48 2 0,75
34 Oleaceae — MaciuHOBEIC 2 0,97 2 0,75
35 Onagraceae — Kunpelinsle 2 0,97 2 0,75
36 Papaveraceae — MakoBbie 2 0,97 2 0,75
37 Plantaginaceae — IlomopoXxHUKOBBIE 1 0,48 2 0,75
38 Primulaceae— TlepBorBeTHEIC 1 0,48 2 0,75
39 Typhaceae — Poro3oBeie 1 0,48 2 0,75
40 Ulmaceae — InbMOBEIE 1 0,48 2 0,75
41 Viburnaceae — KanuHoBbIe 1 0,48 2 0,75
42 Moraceae —Tymogvie 1 0,48 2 0,75
43 Equisetaceae — XBo1eBbie 1 0,48 1 0,38
44 Ophioglosaceae — YKOBHUKOBBIC 1 0,48 1 0,38
45 Salviniaceae — CabBUHUEBBIE 1 0,48 1 0,38
46 Aceraceae — KiieHOBEIE 1 0,48 1 0,38
47 Araceae — ApouHbie 1 0,48 1 0,38
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Orxonuanue / Ending

1 2 3 4 5 6
48 Araliaceae — ApanueBsie 1 0,48 1 0,38
49 Asparagaceae — CniapxeBble 1 0,48 1 0,38
50 Campanulaceae — Konokoap4eKOBEIC 1 0,48 1 0,38
51 Caprifoliaceae — YKumonocTabie 1 0,48 1 0,38
52 Convallariaceae — JlanapleBble 1 0,48 1 0,38
53 Cutraceae — KytpoBbie 1 0,48 1 0,38
54 Dioscoreaceae — JlnockopeiHbie 1 0,48 1 0,38
55 Elaeagnaceae — JloxoBbie 1 0,48 1 0,38
56 Fagaceae — ByxoBbie 1 0,48 1 0,38
57 Hypericaceae — 3Bepo0oiiHbIC 1 0,48 1 0,38
58 Juglandaceae — OpexoBbie 1 0,48 1 0,38
59 Juncacea — CUTHUKOBBIE 1 0,48 1 0,38
60 Iridaceae — VlpucoBsie 1 0,48 1 0,38
61 Lentibulariaceae — I1y3p1p9aTKOBBIC 1 0,48 1 0,38
62 Lythraceae — [lepOeHHUKOBBIC 1 0,48 1 0,38
63 Orobanchaceae — 3apa3nxoBbie 1 0,48 1 0,38
64 Santalaceae — CanTanaoBsie 1 0,48 1 0,38
65 Simaroubiaceae — Cumapy0OoBBIC 1 0,48 1 0,38
66 Tamaricaceae — I'peOCSHITNKOBEIC 1 0,48 1 0,38
67 Tiliaceae — JIunoBbie 1 0,48 1 0,38
68 Urticaceae — KpanuBHble 1 0,48 1 0,38
69 Valerianaceae — BanepnanoBsie 1 0,48 1 0,38
70 Verbenaceae — BepOeHoBbIe 1 0,48 1 0,38
71 Vitaceae — Bunorpaanolie 1 0,48 1 0,38

Hroro / Total 205 100 266 100

HHUE B COCTaBE BEIYIIMX ceMeicTB Fabaceae yka3piBaeT
Ha MPUHAJUIEKHOCTh U3y4aeMOM SKOJIOIMYECKONW IPyIIIbI
pacTeHuii, kKak 3neMeHToB Quiopsl, K TypaHckol ¢uopu-
CTHUYECKOM TTOJI00IACTH.

Bo ¢uope 3aka3zHMKa NPUCYTCTBYET MHOIO BHIOB,
3aHeceHHbIX B Kpachyio kuury Yeuenckoit PecrmyGmm-
ku [20]: Allium paradoxum, Althaea armeniaca n A.
officinalis, Amygdalus nana, Cephalanthera damasonium,
Cucubalus baccifer, Cydonia oblonga, Eryanthus ravennae,
Hedera pastuchovii, Iris pseudacorus, Malus orientalis,
Ophyoglossum vulgatum, Orchis picta, n O. purpurea,
Periploca graeca, Primulama crocalyx u P. woronowii,
Salvinia natans, Tulipa biebersteiniana, Vitis sylvestris. Bce
OHH TIOJISIKAT CTPOTOi OXPaHe KaK PEAKUE WM LICHHBIC B
XO3SIMCTBEHHOM WMJIM HAyYHOM OTHOILICHUH BUJIBL.

PenxyMu Ha TeppUTOPHM 3aKa3HUKA SIBIISTIOTCS TAKKE
Allium ursinum, Chelidinium majus, Clematis orientalis,
Listera ovata, Physalis alkekengi, Oenothera biennis,
Orobanche coerulescens, Platanthera bifolia, Scilla sibirica,
Viburnum lantana, Vinca herbacea. Y4auTbIBass MaJIOUHCIICH-
HOCTb MX TOMYJIAIMH 1 OECKOHTPOJIbHBIE COOPBI HEKTOPHIX
3 HUX (Allium ursinum — U1 TIAIIEBBIX TieNel, a Scilla
sibirica — Ha OyKeThI KaK JISKOPaTHBHOE pacTeHHE), HEO0X0-
JIMO TIPENPUHSATH MEPBI IT0 UX 0XPaHEe U BOCIIPOU3BOJICTRY.

Hpesusisi npupona seco IlapaGoueBckoro 3akas-
HUKa TOATBEP)KIACTCS OOMIMEM TPETHUHBIX PEIUKTOB
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Kak B npeBecHOi dmope (Euonymus europaea, Carpinus
caucasica, Cornus mas, Corylus avellana, Cydonia
oblonga, Ligustrum vulgare, Lonicera caprifolium,
Malus orientalis, Periploca graeca, Populus hybrida,
Pyrus caucasica, Quercus robur, Rubus caesius, Salix
alba, Sambucus nigra, Tilia cordata, Ulmus suberosa,
Viscum album, Vitis sylvestris), Tak u cpenu TpaB (Alliaria
officinalis = A. petiolata, Allium ursinum, A. paradoxum,
Arum maculatum, Convallaria transcaucasica, Humulus
lupulus, Tamus communisu ap.). Bompoc 0 peuKTOBOCTH
(ITophI 3aKa3HNWKA, OCOOCHHO TPABSIHUCTOH, TpebyeT ao-
MOJTHUTEIILHBIX UCCIICIOBAHHI.

®dropa 3akasHUKa Oorara XO3SHUCTBEHHO IMOJIC3HBIMHU
(TMIIEBBIMH, JIEKAPCTBEHHBIMH, JCKOPATHBHBIMH, MEIO-
HOCHBIMH, JPEBECHO-CHIPLEBBIMHU U JIp.) BUaaMu. Pa3zme-
PBI U YMCICHHOCTD MO HEKOTOPBIX M3 HUX CHIIBHO
COKPaTUJIUCh M3-32 OECKOHTPOJIbHBIX 3arOTOBOK IS TIH-
MeBBIX nenei (Allium ursinum, A. paradoxum) n Ha Oy-
keTsl Ayis nponaxku (Convallaria transvaucasica, Primula
woronowii u P. macrocalyx, Scilla sibirica).

s coxpaHeHHs ecTeCTBEHHOTO OnopazHooOpazus U
mmoJie3Horo reHooHaa (GIopsl HEOOXOAMMO CTPOTOE CO-
OIONICHUE OXPAHHOTO PEXMMa 3aKa3HWKA, Ha HaydHOH
OCHOBE HAJIaJNTh MOHHUTOPHHI 33 COCTOSIHUEM ITOITYJIsI-
U KPaCHOKHMYKHBIX, PAPUTETHBIX, PEIUKTOBBIX BUIOB
1 9KOCHUCTEMBI.
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Ha necHbix Teppurtopusix ITapaboueBckoro 3aka3HuKa,
IIe MPEACTAaBJICHO OOJBIIOE KOJIMYECTBO TPABSHHUCTHIX
U JPEBECHBIX BUJIOB, UIPAIOIIUX HEOJUHAKOBYIO POJIb B
(OpMHUPOBaHNH PACTUTEIHHOTO MOKPOBA U (PUTOLICHO30B,
npencTaBiseT uHTepec auddepeHunpoBaHHBIA TOIXO0NR
K aHanmu3y ¢Iopsl (TpaBIHUCTON M JpeBecHOi). Ha Ham
B3IV, 3TO MO3BOJIUT JOMOJHUTH HAIIM MOIXOABI K I10-
HUMAaHMIO HAalpaBJICHUH NCTOPUYECKOM MUTpalluiil BUIOB,
Y4YacTBOBAaBIIMX B (HOPMUPOBAHUU (IIOPHI KOHKPETHBIX
TEPPUTOPUIA.

OxpaHa PeJMKTOBBIX MOWMEHHBIX JIECOB, BBIIOJIHSIIO-
IIMX KOMIUIEKC MPUPOJOOXPAHHBIX, CPErI00OpasyIonrX,
COLIMAJBbHBIX (YHKIMH W coAepsKalx Oorarblii reHo-
(OHZ PENMKTOBBIX, MOJIE3HBIX B XO35MCTBEHHOM M Hayd-
HOM OTHOILICHUSIX BUIOB — BayKHEHIIIEE YCIOBHUE COXpaHe-
HHSL SKOCHCTEM U OMOpecypCHOTo IMoTeHIana Oacceiina
p. Tepek.

3akiaouenune

1. Bo ¢umope IlapboueBckoro 3akazHuka YedeHCKOM
PecnyOnuku BBIsIBIIEHO 266 BUIOB BBICIIUX COCYIUCTBIX
pactenuit u3 205 ponos u 71 cemeiicTaa.

2. Kpynaeiimumu cemectBamMu (PIOpHI  SBISTIOTCS
Asteraceae, Rosaceae, Lamiaceae, Fabaceae, Poaceae,
Boraginaceae, Brassicaceae, Caryophyllaceae, Apiaceae,
Malvaceae, oovemuusrone 111 (54,1%) pomoB u 145
(64,4%) BumOB.

3. Tpernunsle penuKTHl (GIOPHI MPEACTABIISIOT:
Alliaria officinalis, Allium ursinum, A. paradoxum, Arum
maculatum, Euonymus europaea, Carpinus caucasica,
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Parabochevsky State Biological Reserve was founded in
1963 in the valley of the r. Terek (Chechen Republic) on an
area of 12.0 thousand hectares. But information about its na-
ture including flora is very limited.

The purpose of the work. The study of the composition
and systematic analysis of the flora, the identification of rare,
relict and resource-useful species.

Research methodology. Floristic studies were carried

T.10. Ne4(38), 2018 T.

out in 2012-2015 in different seasons of the year along
routes covering different sites and habitants of the reserve.
To clarify the types 3-volume determinant A.I. Galushko
"Flora of the North Caucasus" (1978-1980) was used. The
attention is paid to the systematic composition of the flora,
the presence of relics, rare and economically useful species.

Results. The reserve has revealed 266 species of vas-
cular plants from 205 genera and 71 families. The largest
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families — Asteraceae, Rosaceae, Lamiaceae, Fabaceae,
Poaceae, Boraginaceae, Brassicaceae, Caryophyllaceae,
Apiaceae, Malvaceae — accounted for 111 (54.1%) genera
and 145 (64.4%) species. The largest are genus, including
by (Artemisia, Centaurea), 4 species (Potentilla), 3 spe-
cies each (Allium, Crataegus, Inula, Populus, Trifolium,
Salix, and Viola). 2 species contain 40 genera. A total of
50 (24.4%) genera numbered 115 (43.2%) species. In the
remaining 155 genera— one type. The Red Book Books
(Allium paradoxum, Althaea officinalis, Amygdalus nana,
Cephalanthera damasonium, Cucubalus baccifer, Cydonia
oblonga, Eryanthus ravens, sites, sites, sites, sites, sites,
sites, sites, sites, sites . woronowii, Salvinia natans, Tulipa
biebersteiniana, Vitis sylvestris), other rare species (Allium
ursinum, Chelidinium majus, Clematis orientalis, Listera
ovata, Physalis alkekengi, Oenothera biennis, Orobanche,
you will also be looking for what you are looking for, if you
are looking for what you and also your company is looking
for, if you are looking for what you and also your company
is looking for, this is what you and your company will be
looking for. and tertiary relics (Euonymus europaea, Car-
pinus caucasica, Cornus mas, Corylus avellana, Lonicera
caprifolium, Populus hybrida, Pyrus saucasica, Quercus
robur, Rubus caesius, Sambucus nigra, Tilia cordata, Ulmus
suberosa, herbal — Alliaria officinalis, Allium paradoxum,
Arum maculatum, Convallaria transcauca sica, Humulus
lupulus, Tamus communis, etc.).

Conclusions. The flora of the reserve which is rich in
systematic composition (266 species from 205 genera and
71 families) contains many relict, rare and economically
useful species, most of which should be protected and re-
produced.

Keywords: Chechen Republic, Barabashevsky reserve,
flora, family, genus, relicts, protected and rare species.
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MATEMATUYECKOE MOOEJTIMPOBAHUE
IBONMIOLUNU NEOHUKA OOKAHKYAT | .
B COBPEMEHHbIX KTMMATUYECKUX | ‘PucakEA.’

*KopHeBa U.A.,

yC”OB I/IFlX ‘NMonoBHuH B.B.

Beenenue

Crparernueckoe IIaHUPOBAHUE COLUATBHO-3KOHOMUYECKOTO Pa3BUTHUS TOPHBIX
PETHOHOB M MX BBIXOJI B IIEPCIEKTUBE HA TPACKTOPHUIO YCTOHYMBOTO Pa3BUTHA TPeOy-
€T OLIEHKHU NIPUPOHBIX PECYPCOB TEPPUTOPUH U, HE B MIOCIICAHIOIO O4YEPEb, BOTHBIX
pecypcos. [IpobieMa onTHMHU3aUH UCTIONB30BAHUS BOAHBIX PECYPCOB OCTPO CTOUT
BO MHOTHX PErHoHax MHpa, KOTOPhIE MO)KHO OTHECTH K TOPHBIM M MPEITOPHBIM, U
T7Ie PEYHOM CTOK B OOJBIION CTENEHHN 3aBUCUT OT COCTOSTHUSI TOPHOTO OJICACHEHHUSL.

B HacTosiee Bpemst perynupoBaHue BOAHBIX pecypcoB Ha KaBkase, Blipouem, Kak
B JIPyTHX PEruoHax Mupa (B 4aCTHOCTH B AJIbIIax), 3aTPyAHEHO (parMEeHTHPOBAH-
HBIM BOJIONIOJIB30BaHUEM, HEPABHBIM JOCTYIIOM K BOJIE, IPOTUBOPEUYNBON MPAaBOBOI
CUCTEMOH B 00JIaCTH PETyITHPOBAHUS BOIOMONL30BaHus [1]. B ycrnoBusx naMeHeHus
KITMIMaTa, KOTOpO€ HEMOCPEACTBEHHO 3aTParuBacT TOpHBIE TEPPUTOPHH U BBIpaxka-
eTCsl, MPEXKIE BCETO, B MOCTENIEHHOM POCTE MPU3EMHOM TeMIlepaTyphl BO3AyXa U B
M3MEHEHUH PEXUMa BBIMAJEHNS 0CAKOB, IPOTHOCTUYECKHUE PACUETHI JIEAHUKOBOTO
CTOKa MPEACTABISAIOTCA OAHON U3 HanboJee akTyalnbHbIX 33/1a4 pa3paboTKu cTpare-
M PETHOHAIBHOTO Pa3BUTHS.

JlegHUKOBBII CTOK SIBISAETCS OTHMM M3 OCHOBHBIX MCTOYHHMKOB MPECHOM BOIBI
B 0OIMpHBIX peruoHax. IleTpaxoB u ap. [2], ccputasich Ha oT4eT MexxayHaporIHOH
TPYIIBI SKCTIEPTOB 110 U3MEHEHUIO KJIMMaTa, IPUBOJAT JJaHHbIE 0 TOM, 4To B Cpen-
Hel A3uu Tanas BoJla TOPHBIX JIGAHUKOB cocTapisier 20—40% netHero cToka pek. B
JKapKye 3acyILIIMBbIE TO/bI 3Ta 10551 JoXoAuT 10 70—80%. ComtacHO IpyruM OLEH-
KaM [3], BO BIaKHBIX KIUMAaTHIECKUX O0JACTSIX JO0JIsl CTOKA C TOpP COCTABIISACT MpHU-
mepHo 30-40% (3mech, cKkopee Bcero, MMEEeTcsl B BULY BECh CTOK, a HE TOJIBKO JIe/I-
HHUKOBBIi1). DTOT (PakT OOBSICHATCA TE€M, UYTO IOPBI MPOU3BOIAT OOJIBIIE CTOKA, YEM
MIPEATOpbs U HU3MEHHOCTHU B pacyeTe Ha VHULLY IUIOIIAAH, YTO CBA3aHO CO CPaBHU-
TEJILHO BBICOKMM KOJIMYECTBOM OCAJIKOB U CPABHUTEIHLHO HEOOMBIINM UCIIAPEHUEM.
B 3acynumuBbIX 00nacTsX BhIICYKa3aHHAs AOJSI MOKET COCTaBiATh 50-95% [3].

l'opHble 1eIHUKH PEACTABISIIOT COOOH, TO-BUAMMOMY, HaHOOIee yA3BUMYIO IS
KJIMMaTUYECKUX U3MEHEHUH yacTh Kpuocdepbl. B 20-m 1 Hauane 21-ro Beka Obuia
OTMEYEHa yCTONYMBasi TEHACHIHS COKPAIICHHs TUIOMAAN U 00beMa FTOPHOTo oJeze-
Henus KaBkasa [4; 5]. B ycnoBHSX M3MEHSIIOMIETOCS KIIUMAara 3Ta TEHACHLUS, BEpO-
SITHO, coxpaHuTcs [6]. HagexHble MpOorHocTH4eCKHE OLIEHKH 3BOJIIOLUH OTAEIbHBIX
JIETHUKOB BO3MOXKHO IOJYYHTh, UCIIOJIB3YsS METOJ] MaTEMaTH4eCKOro MOJEIUpPOBa-
Hust. [IpoOnema 3akirodaeTcs B TOM, YTO MCXOAHBIX JAHHBIX JJIsI aKKYPaTHOTO BBbI-
MOJTHEHUS YUCIIEHHBIX KCIIEPUMEHTOB KpaiiHe HEeI0CTaTOuHO, B CBA3HU C YEM YCHIIUS
IO NPOBEICHUIO MPOrHOCTHYECKUX PACUETOB IPUXOAUTCS KOHIIEHTPUPOBATh HA OT-
JIETIbHBIX OMOPHBIX (THUIUYHBIX 1O PsAAY TOKa3aTesel) JIeqHUKaX, U B AajbHEHIeM
SKCTPATIONUPOBATh PE3YABTATHl HA JOCTATOUHO OOJBIION PErHOH.

Jns Lenrpansaoro KaBkaza TakoBbIM OIMOPHBIM JIEAHUKOM SIBIISIETCS JICTHUK
JxaHKyaT. OTO YHUKANBHBII IPUPOAHBIA OOBEKT C TOUKU 3PEHUS OOMINS ITUTEIb-
HBIX ¥ KOMIUIEKCHBIX HaOmrogeHuid. Hampumep, HempepbIBHBIE Macc-0ajaaHCOBBIE
HaOJIONCHUST POAOIDKAIOTCS 3[€Ch Ha MPOTSHKEHUU TMOCTCAHUX MATHIACCATH JIET.

!®unuan UHCTHTYTa IPUPOAHO-TEXHUYECKNX crucTeM, I. Coun, Poccust

2CounHckHi Hay4qHO-HccienoBarenbckuil eHtp PAH, r. Coun, Poccust, 0.0.rybak@gmail.com,
SUuCcTHTYT NI06atbHOrO KinMara u okonorun Pocruapomera u PAH, r. Mocksa, Poccust
“MocKOBCKHiT TOCy1apCTBeHHBIH yHHBepcuTeT M. M.B. JlomoHocoBa, I. MockBa, Poccust
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Puc. 1. Jleonux /icanxkyam: euo na ppoumanvHyro yacme u3 ywenvs Aovin-Cy (a); 6uo na pponmansvHyro uacms ¢ OOK08oU
Mopenbl (0); A3bIK IeOHUKA, NOKPLIMbILL OCLINHBIM MAMEPUATOM (8); 4acmb 1eOHUKA 8 NPUGPOHMATLHOU YACMU, NOTHOCHbIO

CKpbIMAsi OO MOPEHHBIM YeXA0M (2)
Fig. 1. Djankuat Glacier: a view on the terminus from Adyl-Su valley (a); a view on the glacier terminus from the side moraine (6); terminus
of the glacier covered with debris (8); frontal part of the glacier totally covered with debris (2)

Wroru neproro necsatuieTusi HAOMIOMCHUH OBLTH TOJBE-
JeHbl B MOHOTpaduu [7], cTaBIei, Mo CyTH nena, Kiac-
CHUYECKOH, BBIBOMIBI U 0000IIEHHS KOTOPOi HE MOTEPsUTH
aKTyaJbHOCTHU JI0 HacToswero BpemeHu. [lo Marepuanam
HaOmroneHnit Ha J)kaHKyaTe HanvcaHbl JECATKUA CTATew,
JUCCePTaIHid, CTYACHYeCKHX padboT. O0BEM MMOMyYeHHO-
T0 ¥ 00pabOTaHHOTO MaTepralia B 3HAYNTEIBHOW CTENICHN
o0reryaer craHJapTHBIE B MareMaTHYECKOM MOIEIHPO-
BaHWH JIGAHUKOBBIX OOBEKTOB IPOIENYPHl KAITMOPOBKH,
Bepu(DUKaIMY 1 BATAIAINN MOJICITH.

[To cBouM MOphOMETPUYECKUM H MPOYNM XapaKTe-
puctukam nenHuk JIxaHkyar (puc. 1) MOXXHO cuuTarh
tunuyHbeIM 17151 LlenTpansHoro Kaskasza. Ero miomans —
2,7 xB. KM [8], miomaas MOBEPXHOCTHOM MOPEHBI HA HEM
no aanHbM Ha 2010 . — uyTh 6ombmie 0,3 km? [9]. Cpen-
HAS IUIOIIA/b JOJHMHHBIX M KapOBO-IOJUHHBIX JICAHU-
KOB, COCTaBJISIIOLUX OCHOBHYIO Maccy oneneHeHus Llen-
TpansHOro KaBkasa, cocTaBiseT COOTBETCTBEHHO 3,6 U
1,6 xm? ipu cpenHelt miomaau Mmopenst 0,3 u 0,1 kB. kM
[11]. TloBepxHOCTHAs MOpEHA MO CBOMM TeIuiohu3nye-
CKUM XapaKTepUCTUKaM PE3KO OTIUYAETCS OT YUCTOU
MMOBEPXHOCTH JbJa. Tak, eciu XapakTepHoe anb0emno
a2 nexuT B npeaenax 0,2-0,4, To xapakrepHoe anb0e-
Io ocsinHoro marepuaia — 0,05-0,15. CooTBeTCTBEHHO,
MOpEHHBIN Yexo 3QPeKTHBHEE MOTIIOIIAET KOPOTKOBOJ-
HOBYIO paJiMalivioO, PaAUKaIbHO MEHIET HHTCHCUBHOCTh
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abmauuy, cnenoBaTeNIbHO, PEXUM U 00bEM CTOKA Tajon
Bozbl [9]. B To >k BpeMs MOpPEHHBIA 4€XOJd BBIMOJIHSA-
€T TeIJION30JIUPYIOUIYI0 (PKPaHUPYIOUIYI0) (DyHKUUIO.
Ecnu TonmmHa MOpPEHHOTrO 4exJia He MPEBBILIAET KpH-
THYECKOTO 3HaueHHs («KPUTUYECKOH TOJILUHBI)), TO
€ro HaJuuue CHocOoOCTBYET YCHJICHHIO aOmsiLuu depe3
MeXaHWU3M yMeHbIeHus anpoeno [12]. MakcumanbHOTO
3HAUEHHS 110 CPABHEHUIO C YUCTOHM MOBEPXHOCTHIO Tas-
HHUE NOCTUTAeT NPH TONLIMHE CIIOs, KOTOpasi HOCUT Ha-
3BaHue «3¢ppexTnBHOI» [13]. 3HaueHus 3ppeKTUBHOM 1
KPUTHYECKOH TOJIINH MOPEHHOTO YeXJ1a BAPbUPYIOTCS B
LIMPOKOM THAINa30HE — OT HECKOIBKUX MIJIJTUMETPOB 110
HECKOJIbKUX CAHTUMETPOB (cM. Tadm. 1 B [14]).

3agaun HACTOSLIETO MCCIENOBaHUS 3aKJIIOYAJIUCh B
TOM, YTOOBI BBISICHUTD:

1) Haxomutcst i ieqHuK JKaHKyaT B paBHOBECHH C YC-
JIOBHBIMH COBPEMEHHBIMHU KJIMMATHYECKUMH YCIIOBHSIMH;

2) KakoBa poJb MOBEPXHOCTHON MOpPEHBI B (hopMupo-
BaHMHU TOJICH COCTaBISAIOIINX MOBEPXHOCTHOTO OanaHca
MaccChl;

3) Kak MOBEPXHOCTHAsI MOPEHa BIHAET Ha MPHCIOCO-
OreHMe JIeqHMKA K 3aJaHHBIM KJIMMaTHYeCKUM YCIIOBHSIM.
IHocTaHoBKa U NMpoBeeHUE YUCTEHHBIX
JKCIEPHMEHTOB

OcHOBHbIE OJIOKM MaTeMaTHYeCKOM MOmeIH — OH-
HAMHMYECKUM (U1l pacyeTa CKOPOCTH TEUCHHMS JIbJA),
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KIIMMAaTH4IecKuil (A7 3aJaHusi KIMMAaTHYeCKHX Mepe-
MEHHBIX, UCIOJB3yEMBIX B YMCIEHHOM AIKCIIEPUMEHTE)
1 Macc-0amaHCOBBIA (11 pacdeTa MOBEPXHOCTHOTO Oa-
nmaHca Macchl). I1oCKonbKy BCE TEepedHCclICHHBIE OJIOKH
Y B3aWMOJICHCTBHE MEXIy HUMH JOCTaTOYHO MOApPOO-
HO omnucanbl panee [15; 16 u ccpIkd B 3THX paboTax],
MBI He OyZeM OCTaHABIIMBATHCSA Ha paz0ope CTPYKTYpPHI
Mofiend. HamoMHHM IMIIF OCHOBHBIE OTIPENEIICHHUA,
KOTOpBIC HCHONBL3YIOTCS HIbKEe. B HacTtosmiedt padore,
YIeIbHBIA OaraHc Macchl (fanee — 6alaHC MacChl) TOP-
HOTO JenHuka SMB omnpenensercs Kak pasHOCTh MEXKIY

cymmapHo# akkymyisimuer ACC U CyMMapHBIM CTOKOM
365

RO: SMB=Y,[ACC—RO]. AKKyMyJAIHsS PaCCIHTHI-

BaeTCs Kak C}lfMMa BBINIABIIMX TBEPIBIX OCAJKOB, U3 KO-
TOPOU BBIYMUTAETCS KOJMYECTBO MCIIAPUBIIEICS BJIAru C
noBepxHocTy SU, TaBUHHOTO MUTaHUs LF 1 METeIeBOro
nepenoca MF: ACC=PS-SU+LF+MF. BenuunHa cto-
Ka CKJIaJbIBaeTCd M3 MacChl pacTasBIIEro CHEra M JbJa
M, xotopasi yMeHblIaeTcs Ha KOJIMYECTBO BTOPUYHO 3a-
Mep3eit Bogsl RF. OcoOeHHOCTH OLIEHKH aKKyMYJISIHN
JIETAJILHO 00CYXIaroTcs B [16], aroput™ pacyera moj-
MopeHHoro Tasiuusg — B [17; 18].

B xauecTBe MCXOAHBIX KIMMaTHUECKUX MEPEMEHHBIX
OBUIM MCIIOJIB30BaHbl OCPEIHEHHBIE 32 IeCSATh OajJaHco-
BbIX JieT (1999/2000 — 2008/2009) 3Ha4eHUs IpU3eMHON
TeMIieparypsl Bo3ayxa Ha mereoctannuu (MC) Tepckon
u cymmbl ocankoB Ha MC Mectua (puc. 2). Obe merte-
OCTaHIIMK PACIONOKEHbI MOOIN30CTH OT JienHuKa. Ha
caMoM JIeJHUKE BOJIHM3H OT CHETOBOW JIMHUH B TEUCHHE
MOCIIETHETO ECATUIICTUS B JIETHUI Ce30H paboTaeT aB-
tomarudeckas meteoctanmms (AMC [Ixankyar). Como-
CTaBJICHUE JIAHHBIX HAOJIONCHUN 3a MPU3EMHOU TeMIIe-
patypoii Bo3ayxa Ha Held u Ha MC Tepckosl MO3BOIHII
MIOCTPOUTH IPOCTYIO JIMHEHHYIO 3aBHCHMOCTb MEXAY
psaaMu U, TakuM 00pa3oM, MPUBOAUTH HaONIIONEHHUS Ha
MC Tepckon K yCIOBUSM JI€IHUKA, YIUTHIBAS TAKXKE U
TeMIIEpPaTypHbI ckadok. Pacuer ckopocTu TasiHUS Me-
TOAOM DHEpreThdeckoro OamaHca MpeAcTaBIsIeT coOOn
JIOCTATOYHO PYTUHHYIO 3aJlady M paHee BBITOIHSICS A
nennuka Jxaunkyar [15].

CrnoxxHee 00CTOMT JIEII0 ¢ TIPUXOIHON YacThIO OajiaHCca
maccel. CortacHo orenke [lanosa u np. [5], ocCHOBHBIMU
HUCTOYHUKAMU TUTaHUs JeqHukoB KaBkasza (mpuxomHo#
YyacT OanaHca Macchl) SIBISIOTCS aTMOC(EPHBIE 0CAAKU
(6omnee 50%), merenesolit nepenoc (10-42%) u cHexxHbIE
naBuHbI (3—76%). [1puONM3UTENBHBIN MONICYET, OCHOBAH-
HBIH Ha aHaJIM3€ TaHHBIX PErYSIPHBIX CHETOMEPHBIX Che-
MOK, TTOKa3bIBa€T, YTO 3MMHHE OCAJKH Ha JiefHuKe J[xaH-
KyarT J0JKHBI BBOE MPEBBILIATH TO0BBIE CYMMBI OCAIKOB
n3mepenHbix Ha MC Tepckon 1 MC Mectua (Ha obenx
METEOCTaHLUIX TOAOBBIE CYMMBI 0CaJKOB IIPHOTH3UTENb-
HO oauHakoBbl). 1o Bcelt BUAMMOCTH, MPUYUHOMN MTOBBI-
LIEHHOTO KOJUYECTBa OCAJKOB SIBISIFOTCS OCOOEHHOCTH
MeCTHOH arMocdepHoi nupKysuuu [7]. Pazdpoc Boiie-
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Puc. 2. Cpeonecymounas npuzemnas memnepamypa 6030yxa
(°C) na memeocmanyuu Tepckon (a); cymouHbvle cymmul 0cao-
K06 (Mm) Ha memeocmanyuu Mecmua. /lannvie ocpednenvi
oz eudponocuueckux em 1999/2000-2008/2009.

Fig. 2. Mean daily surface temperature (°C) at Terskol meteostation
(a); daily precipitation (mm) at meteostation Mestia. Data were
averaged for 1999/2000-2008/2009 hydrological years.

MPUBEJCHHBIX OLIEHOK METEJIEBOro MepeHOca 1 JTaBUHHO-
TO TIMUTaHUS HE MO3BOJISIET pa3paboTark eMUHYI0 TTapame-
TPU3AIMOHHYIO CXeMY, KoTopast Obl oOecrieunBana peaiu-
CTHYHBIE Pe3yJBTaThl ISl BCEX JISAHUKOB. BMecTo 3Toro
MPUXOIUTCS IPOU3BOANUTH KaTMOPOBKY M HACTPOHKY (op-
MHUPOBaHUS MPUXOAHON YacTH OayaHca JUisi KaKJIoro OT-
JISNIbHO B35ATOTO JieaHuka. Hactpoiika Macc-0anancoBoro
OJoKa JIs YCIIOBHIA JienHuKa JIkaHKyar Obljia BBITOJTHEHA
st 6anancoBoro aecsrnetust 1999/2000-2008/2009 rr.
C YYETOM OIICHKH BKJIaJa JABUHHOTO muTaHus [15].

Hamwu 0110 OCTaBICHO JIBA YMUCIEHHBIX SKCIIEPHMEH-
Ta JyuTensHoCThio 90 MonensHbIX JieT (2011-2100 rr). B
MIEPBOM DKCIIEPUMEHTE MOPESHHBIH YeXO0JI HE YUHTHIBAJICS,
BO BTOPOM — YYUTHIBaJIcs. BriOop crapToBoro roga Obut
0OyCTIOBIIEH TeM OOCTOSITEILCTBOM, YTO KapTa pacrpe-
JIETICHUs] MOIIHOCTH MOPEHHOTO YexJia Oblia COCTaBlIeHa
o cocrosuuio Ha 2010 . (puc. 3a) Mo JaHHBIM TOJIEBBIX
m3Mepennit [9]. Panno3onaupoBanue nennuka J>xkankyar
Y pacdeT TOJIIMHEI JIbJa mpoBoawiauchk B 2012-2013 .
[8] (puc. 36). [Tomumo 3TOTO, HAMOOIIEE MOIHBIC U C MU-
HUMAJIbHBIM KOJIMYECTBOM MPOITYCKOB PSIbI MPU3EMHOMN
TeMITepaTypbl BO3ayXa ObUIM TONYYeHbI B JETHUH CE30H
2007 u 2011 roxsl.

Ilepen HayaaoM 3KCHEPHMEHTOB «KIMMATHYECKUE)
psnabl (pHc. 2) CYUTHIBAIKUCH B MOZETH KaXKABIi Tof1, MOKa
Macc-6aJaHCOBBIM 070K Mozeny (MpY OTKJIFOYEHHOM M-
HaMUYEeCKOM OJIOKE) HE BBIXOIWI Ha CTAIMOHAPHBIN pe-
JKHM — pacdeThl HOBTOPSUTHCH JI0 TEX MOP, TIOKa COCTaBIIS-
folIMe Oananca Macchl Ha JOCTUTANH IIOCTOSTHHBIX 3HAYe-

300 350

535



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

HUH, 4TO MOTPeOOBaI0 HECKOIBKUX MOZETBHBIX JieT. MTo-
TOBBIE TIOJIS TasTHUS 1 OallaHCca MacChI TIOKa3aHbI Ha puc. 4.
O4eBUIHO, YTO MOPEHHBIA MOKPOB BBIMOJIHSAET TOJBKO
SKPaHUPYIOIIYI0 (PYyHKIIHIO, TOCKOJIBKY €r0 TOJNIIUHA IT0-
BceMecTHO mipeBbimaet 0,5 M. Paznmuuus B pesysbprarax,
MIpEeCTaBIICHHBIX Ha puc. 4a u 40, 4B 1 4r HaOMrOHAIOTCS
TOJIBKO B OONIACTSIX, IIOKPHITEIX MOPEHHBIM YEXJIOM.

lopuzoHTaNEHBIE KOMIOHEHTHI CKOPOCTH TEUEHUS U U
V HaXOWJIMCh TIyTEM PEIICHUs] CUCTEMbl HEJTMHEHHBIX 3J1-
JUNTUYECKUX ypaBHEHUH [14]:

O y4acTKa, rie ToluHa npebimaet 60 M (cM puc. 36),
YTO, BO-NIEPBBIX CBA3aHO C TPYAHONOCTYMHOCTHIO IIATO,
a, BO-BTOPBIX, C €r0 MOrPaHUYHBIM MOJNOXKeHHeM (Tpa-
HuLa ¢ I'py3ueil mpoxXomuT Mo Mjaro, W 4YacTh €ro Ha-
XOIOUTCS HA TEPPUTOPHUU COIPENEIHLHOIO TOCyAapCTBa).
Henb3s uckIounTb, 4TO TpaHula JISAHUKA, IPOXOIAIIAs
1o Jenopasaeny Ha JPKaHTyraHCKOM IJ1aTo, OKa3aHHas
Ha pHC. 30, TOCTOSIHHO MUTpUpyeT. Bo3aMoxHO, uTO (ak-
THUYECKas IUIOLIAb JIEAHUKA MEHSETCS OT IOJIOKEeHHUS
9710l rpanuusl. Hamomuunm, yto J[kaHTyraHckoe miaro
ABJSIETCS OONACThIO MUTAHUS M UIA

o du o ov| o ou| O odv| 9 _odu os
4—|n—| +2—| n—=| +—| Nn—| +—| N—| +—| N—| =p,g — nenHuKa JIEeK3bIp, CaMoro OOJBIIOro
ox\ ox ox\ dy) oy\ dy) ody\ ox) 0z\ oz ox neannka [pysnm.
ol ov o ou) of ou) of ovl of ov Js Bce nmporpamMmebl [Uist pacyeToB Ha-
48_ "ﬂa— F2—I M|+ (M|t M| T o =P8 nucansl Ha s3eike FORTRAN90/95.
)y dy\ odx) ox| dy) ox\ odx) dz\ 0z y
YuclieHHbIE OKCIIEPUMEHTBI  [IPOM3-
e 1 — 3hdeKTHBHAs BA3KOCTh, paBHAs: Bonwimch Ha kiactepe (HP XC Cluster Platform 4000)
. . L)/2n KOMIIBIOTEP-
U o |(0u)” (9v)" Qudv  1{du dv)"  1(9u)” 1(dv)"| , () Horo uenrpa
1’|=—A(T) XN Tl5| Y55t 55| T T+ CBobogHOTO
2 ox ay ox dy 4(dy ox 4\ 0z 4\ oz
YHHBEPCHTE-

A(T) — peonorndeckast pyHKIHS, 3aBUCSIIAS OT TeMITepa-
TYpBbI JIbJ1a; S — BBICOTA IIOBEPXHOCTH JIEIHHUKA, b — BBICO-
Ta MOACTHIIAKOLIEN TIOBEPXHOCTH, O — IUIOTHOCTD JIbJIA,
g — yCKOpeHre CBOOOIHOTO majeHus, n=3. B Hacrosei
pabote peonorndeckas (yHKIUS 3aMEHSETCSl Ha mapa-
METP A, HOCKOJIbKY JIEHMK CYUTAETCS H30TEPMUUECKUM
U «TEIUIBIM», TO €CTh HaXOIIIUMCS NPH TeMIleparype
TutaBieHus. Bektop ckopoctu 0a3aimbHOTO (TIBEIOOBOTO)
CKOJILKEHHUSI CUMTAETCA MPONOPLUUOHATIBHBIM HaTpsDKe-
HHIO Ha HIDKHEH I'paHulle B TPEThEH CTENICHH:

- 3
ul,= _AslTb,

3)
rie A, — kKo3pPUIUEHT TpEHUS.

Jns pemenust ypaBHeHu# cuctemsl (1) npumensncs
METOJ CONPSIKEHHBIX TpaaneHToB. CaMa crcTeMa pera-
Jach UTepanuoHHO MerofoM Ilukapa ¢ mpumeHeHHEM
CHEIMAIBHOTO peNlaKCallioHHOro anropurMa [14]: nmep-
BOE M BTOpoe ypaBHeHHA H3 (1) pemaroTcst He3aBUCUMO
JOpyT OT Apyra, Aajice HalJeHHBbIC 3HAYCHUS U U V TOJ-
cTaBisgrOTCa B (2), mocie 4ero 0OHOBJICHHOE 3HAYCHUE
1 moxctasnsiercs B o0a ypaBHeHus (1), u mpomenypa
MoBTOpsieTCA. BBUIM HCTIONB30BaHbI T€ K€ 3HAYECHHUS Ma-
pameTpoB A, u A, Kak U B MOJEIIAX MHAMUKH JICTHHKA
Mapyx u Moprepau [14]. [Tons aMIuInTy CKOpocTH Mo-
BEPXHOCTHOTO TE€UEHHsI M 0a3ajJbHOTO CKOJBKEHHUS I0-
Ka3zaHbl Ha pUC. Sa 1 50. MakcuManbHble 3HAYEHUS! CKO-
POCTH Ha MOBEPXHOCTH JIEAHUKA MpeBbImaioT 50 mM/rox
Ha y4acTKe, Tie TOJIIMHA Jbaa npeseimaer 100 M npu
OTHOCHUTENBFHO OOJBIION KPyTH3HE CKIIOHA (pHc. 5a). Ha
BCEM MPOTSHKEHUH NPABOTO MPUTOKA U HA MPAKTUUECKU
poBHOM /[>)KaHTYTraHCKOM IIJIaTO B BEPXHEH YaCTH JICAHU-
Ka TIOBEPXHOCTHAsl CKOpOCTh He mpesbimaet 0,1 m/rog.
Crnenyer OTMETHTB, YTO TONIIMHA JibAa Ha J[>KaHTyraH-
CKOM I1JIaTO HE MU3MEPSIIach (3a UCKITIOUEHHUEM HEOOIIBINO-
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ta bproccens (Vrije
Universiteit Brussel/Univerdité libre de Bruxelles).
PesyabTarthl u 00cyxkaenue

[Tocne Toro kak macc-0anaHCOBBIN OJIOK OBLT BBI-
BEIEH HAa CTAalMOHAPHBIA PEXUM, MOAKIIOYAICS AU-
HaMu4yeckuil Oyiok. BBox psaoB KiIMMaTH4eCcKOTo
(opcHHTra OCYIIECTBISIICA €XEr0JHO HA MPOTSHKEHUU
IEBSHOCTA MOJENbHBIX JET. BrioHe ecTecTBEHHO, YTO
B pe3yabTaTe CBOOOIHON BOMIOLMH MEHAIACh KOH(U-
rypanus gegHuka. O4eBUIHO, YTO HAa MOMEHT Havala
YHUCJICHHBIX 3KCIIEPUMEHTOB, JIEAHUK HE HaXOOUTCS B
pPaBHOBECHHM C KIMMATUYECKUMHU YCIOBUSAMH 1999—
2008 rr. M3-3a 3TOro NpoucxoauT OTCTyHNaHUE JEIHU-
Ka 10 JOCTH)KEHHS PaBHOBECHOTO COCTOSIHUS (puc. 6).
XapakTepHO, YTO NpPH HEy4eTe BIHUSAHHUS MOPEHHOTO
yexjia MPOUCXOAUT IMOCTENEHHOE OTCTyHaHHe S3bIKa
nexHuka 6onee, yeM Ha 900 M U OTUIIEHEHHE TTPABOTO
pykaBa (puc. 6a). B To xe BpeMs, €clu yUUTHIBaeTCA
9KpaHupyomui 3QQPexT NOBEepXHOCTHONH MOPEHBI, TO
OTCTyHaHHUE $3bIKa JICAHWKA 3HAYUTEIBHO MEHBIIE —
meHee 200 M, U OpaBbld pyKaB OCTAaE€TCA COCAUHEH-
HBIM C OCHOBHBIM T€IIOM JieqHuKa (puc. 60). [Ipu atom
npuUGPOHTOBOW YYacCTOK, 3aIULICHHBIH MOPEHHBIM
MIOKPOBOM, COEIMHEH C CAMHM JIEJHUKOM JIUIIb Y3KOH
MEePEMBIUKOM.

CoxkpariieHue TOJIIIMHBI JbJIa, YTO BIIOJTHE €CTECTBEH-
HO, YYUTBIBAs 3KpaHUPYIOIIUH 3P (eKT MOPEeHHOTO Yex-
Ja, Harn0oJee 3HAUUTEIBHO Ha yUYaCTKaX C YUCTHIM JIbJIOM
(puc. 66 u 62). Bnonb ocu Teuenus (puc. 5a) popmupy-
IOTCSl YYaCTKM YMEHBLICHUS W YBEJIHUYEHHS TOJIIUHBI
abaa (puc. 66 u 62), KOTOpbIE, OYEBUAHO, HOCAT JUHAMH-
YEeCKHH I'eHe3UC (B YaCTHOCTH, OYar YMEHBIIEHHsS TOJ-
LIMHBl HAXOOUTCSA B 30HE akkymyisinuu). CokxpalueHue
TOJIIMHBI B IPUPPOHTOBOM 001aCTH CBA3aHO C MPOLEC-
COM TasiHHS, KOTOPOE HE MOXKET ObITh KOMIIEHCUPOBAaHO
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Puc. 3. Kpacnvim nokasamvl auetiku npocmpancmeenHot cemku 25x 25 m, nokpulmule MOPEHHbIM YeXJIOM (@); nojie moauuHsl
ab0a (M) Co2NACHO OaHHBIM PAOUO30HOUpoBanus (6). 30ech u Ha NOCIEOVIOWUX PUCYHKAX HA DOKOBLIX 2DAHUYAX 0003HAYEHO

paccmostue 8 Mempax om YCJI08HOU HYLe8OU MOYKU. 3eeHbIMU U30TUHUAMU NOKA3AHA 8bICOMA HAO YPOBHeM MOpsL (M)
Fig. 3. Shown in red, are debris covered cells of the spatial 25x 25 m grid (a); ice thickness field (m) according to radio echo-sounding
measurements (0). Hereafter numbers on the sides of the figures denote distance in meters from a conventional zero point. Shown in green,
are isolines of altitude above sea level (m)

aJIBEKLMEH JIba C YYaCTKOB, PACIIOJIOKECHHBIX BBIIIE
o TeyeHuto. HakoHern, yBenuueHHe TONIMHEI JbJa Ha
JI>xaHTyraHCKOM IUIaTO OOYCIIOBJICHO TEM, YTO CHETOHa-
KOIUIEHHUE 3/1eCh IpeodaiaeT Haj TasHUEM, a CKOPOCTH
TEUCHHs KpaiiHe Maibl 1711 3QQPEeKTUBHOTO NepeMere-
HUS JbJa BHU3 HO TeueHHo. C 3TUM K€ CBA3aHO yBe-
JMYEHHUE TOJIIMHBI JIbAA B BEPXHEH 4acTH MPaBoro py-
KaBa, HaXOJSIIETOCS BbIIIE CHETOBON JIMHUM (M KOTOpast
OTYJICHAETCS] OT OCHOBHOW YaCTH JIETHUKA B YHCICHHOM
JKCIIEpUMEHTE 0€3 yueTa HKpaHUPYIOLIeH POd MOpEH-
HOTO 4YexJja — puc. 6a).

To oOGcrosrenscTBO, uyTO JXKAaHKyaT HaxOOUTCA B
nucOasiaHce ¢ COBPEMEHHBIMU KIIMMATHUECKUMH YCIIO-
BUSIMH, TIOATBEPKIAETCA COKPALICHUEM €To IUIOLIaau B
000MX YHCIIEHHBIX dKcIIepuMeHTax (puc. 7a) [1pu stom,
€CJIN MOPEHHBIA 4€XOJ YYMTBIBACTCSA, TO COKpAILCHHE
IUTOINAAN UAET OTHOCUTENBHO PABHOMEPHO, IOCTETIEHHO
3aryxas nocne 2080 r. be3 yuera skpanupyronieit poau
MIOBEPXHOCTHOM MOpEHBI JIeAHUK TepseT 15% mmomanu
B IIEPBOE AECATHIETHE, IIOCIIC YEro MPOoLece 3aMeIseT-
csl, ¥ TUTOINAh JIEMHUKA cTadmmm3upyetcs mocie 2065 1.
Ha ypoBHE 78% OT COBpEMEHHOM.

Pe3koe ymenbpmienne oobeMa Ha 5% cMeHseTcs po-
ctoM B 2030 r. 10 IpaKTUYECKU COBPEMEHHOTO YPOBHS
B 2100 (puc. 76). naTepecHo, 4TO MpU ydeTe MOPEH-
HOTO 4exJa MPH YMEHBIICHUH IJIOLIaANd MPOUCXOAUT
yBeJIMYeHHE 00beMa JIeAHNKa NpuOau3nuTensHo Ha 4%
K 2100 . IIpu 5TOM OCHOBHOM POCT MPUXOAUTCA Ha
niepuog 2050-2060 rr., mocne 4ero o0beM MEHSETCS
KpaitHe He3HauuTenbHo. [1o Bcelt Bunumocty, 3a 40-50
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JIeT JIGAHWK NPUXOOUT B PaBHOBECHE C COBPEMEHHBIM
knumaroM. Eciin e BIMsSHUE TOBEPXHOCTHONH MOPEHBI
HE YYUTBIBAETCS, TO MPHUCIOCOOICHNE MPOUCXOINUT 32
ropuzoHTOoM 2100 T. (Cyas Mo MpOoAOHKAIOIIEMYCsl PO-
CTy o0beMa).

i1 IpOTHOCTUYECKUX OLEHOK JOCTYIHBIX BOIHBIX
PECypcoB BaXKHBI pacueThl JIEAHUKOBOTO CTOKa. B Goiee
PeaTUCTUYECKHUX YCIOBHSIX, KOTZIa YUUTHIBACTCSI MOPEH-
HBIN 9€XOJ1, ISTHUKOBBIN CTOK K KOHILY CTOJIETHUS JOJKCH
cokparutbes Ha 18—19% (puc. 8a). Crabunusanus cToka
nocie 2020 . oT4acTH OOBICHIETCS TEM, UYTO B CTallM-
OHApHBIX KJIMMAaTHYECKUX YCJIOBUAX IUIOIAAb JICAHUKA
MEHSIETCS] MaJIo.

B menoM no neAHMKY y4eT 3KpaHHUPYIOIIEH poJH IMo-
BEPXHOCTHOM MOpPEHBI MO3BONAET YTOYHHUTH NPOTHO3
nenHuKoBoro croka Ha 9—10% (puc. 80). Makcumanb-
HBIA DKPaHUPYIOUIHHA 3PGeKT nocTUraeTcst B mpudppoH-
TOBOM 4acTH, Te A0JIS TOAMOPEHHOTO TasiHUS COCTAaBJIs-
eT 35-55% OTHOCUTENBHO TassHUSA YHCTON MOBEPXHOCTH
nmpaa (puc. 9). B Menbieit crenenu 3ToT 3GHEeKT CKa3bi-
BaeTcs BBILIE M0 TEUCHUIO Ha IpaBoM pykase (60—80%).

IToy4eHHBIE pe3ynbTaThl COMOCTABUMBI CO CIENaH-
HBIMH paHee oreHKamu. JlamOpexT ¢ coaBTopamu [17]
MOACYMUTANHM, YTO TOJOBasi cymMMa aOIsALuM Ha 3aMope-
HEHHBIX y4acTKax JielHHKa J[KaHKyaT COKpaliaercsi Ha
26%, 4TO BIOJHE COOTBETCTBYET MOIMOPEHHOMY Ta-
SHUIO Ha TPaBOM pyKaBe, HO HECKOJBbKO HUXKE, YeM B
npu¢ponrosoit yacti. Ouenku Ilento [18], caenannsie
JUTsT IByX JenHukoB B bpurtanckoir Komym6un (Kana-
na), Ooylee OMM3KW K HAITUM: TOIOBas aOJISAIHS ITO1 3a-
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Puc. 4. Ckopocmv nosepxHocmno2o masHusi (Mm/200), (a, 6), ROBEPXHOCMHbLIL OALAHC MACCHL (8, 2) npu omcymcmeuu (a, 8)
u npu wanuwuu (0, 2) MopeHHo2o uexaa. YepHoil HCUPHOU TUHUE NOKA3AHA CHe208dsl TUHUL (8, 2)
Fig. 4. Melting rate (mm/year), (a, 6), surface mass balance (s, 2) under condition of absence (a, 8) and presence (6, 2) of the debris cover.

Bold black line indicates equilibrium line
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black — initial contours. Difference between final and initial ice thicknesses (m), (8, 2). Figures (a, 8) — debris cover is absent,

(6, 2) — debris cover is present

MOpPEHEHHBIMH yYacTKaMH cokpariaercs Ha 25-30% mo
CPaBHEHHUIO C «YUCTBIMI», a a0JISIIUs B TO3THUNA JICTHUN
MIEPHOJI, KOTZlAa MCYE3aeT BECh CE30HHBIN CHEXHBIM IO-
KkpoB — Ha 30—40%.

[Tony4yeHHBIE OLEHKH, pa3yMEeTCsl, UMEIOT CMBICI
TOJIBKO B YCIIOBHO HEH3MEHHOM KIMMAaTe U K TOMY K€
HE YYUTBIBAIOT pa3pacTaHre MOPEHHOTO MOKpOBa B Oy-
nymem. XoTsl, no MHeHuto [lonoBHuHa u ap. [9], 3a Bce
BpeMs MOHHTOPHHTA HE MPOU30ILIO0 NPUHINITHAIBHON
CMEHBl MeXaHu3Ma, OOYCJIOBIMBAIOIIEI0 MHPOCTPaH-
CTBCHHBIC 3aKOHOMEPHOCTU B paclpeaesieHHuH o0J0-
MOYHOT'O MaTepHuaa 1o NOBEPXHOCTH JIEAHUKA, OTHAKO
Macca JIMTOT€HHOM MAaHTHH, BIEKOMOW JEIHHKOM Ha

T.10. N24(38), 2018 T,

CBOEHM MOBEPXHOCTH, YBEIUUMIIACh B KOJIMUECTBEHHOM
ucuucieHuu. [locnenuee siBseTCs IPUUYUHOMN MOCTOSH-
HOT'O pa3pacTaHus MOBEPXHOCTHOW MOpeHbl. OLICHUTH
MacmTadbl pa3pacTaHus MOPEHHOTO MOKPOBa — 3ajada
4ype3BhIYaiiHO ciokHas. OOJOMOYHBIA MaTepuan TO-
najaeT Ha MOBEPXHOCTD JIEAHUKA B PE3YyNbTAaTe TPYIHO
(hopManu3yeMbIxX MpoIeccoB (KaMHETAa Ibl, 3allblICHUE,
BEITAaUBaHWEe U Jp.). bonee Tpex meciATKoB NeT Hazaj
Oblma paspaboTaHa MoOJIeNb BBHITAWBAHUA MOPEHHOTO
MaTepuana u3 Tena gegauka [13]. OgHako 00dbIIOE KO-
JINYECTBO AOMYIIEHUM, IPUHATHIX B MOJIEIIH, IETAIOT €€
MpUMEHEeHNE B TPOTHOCTHYECKUX pacderax ¢ OONbIIoi
3a071arOBPEMEHHOCTHIO OYEHB TIPOOIEMATHIHEIM.
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Fig. 8. Total glacier run-off from Djankuat glacier (min. m3)
(a); ratio of the total glacier run-off in the numerical experiment
with debris cover and the similar characteristic in the numerical

experiment without debris cover (6)
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3akaouenue

B pabote OpuH paccMOTpPEeHBI OCOOCHHOCTH BOJIIO-
UM Jeaarka /kaHKyar B COBpEMEHHOM KIIMMaTe, KOTO-
PBIi YCIIOBHO CUMTAJICS HEM3MEHHBIM JI0 KOHIIA TEKYIIIETO
CTONETHA. BBIIO YCTaHOBIIEHO, YTO TEOMETPHS JIeTHH-
Ka HaXOmWTCs B IucOanaHCe C KIIMMAaTOM JECATHIICTHS
19992008 rT. YTOOBI IPUHTH B paBHOBECHE, JICAHUKY, C
YYETOM BIUSHHS OPOHUPYIOIIEH PO MOPEHHOTO YeXJia,
YaCTHYHO TIOKPBIBAOIIIETO 30HY a0JIAIHH, TPEeOyeTCsT OKO-
JI0 TIOTyBeKa. be3 ydera TakoBOTO JIGAHWK HE JOCTHTaeT
COCTOSTHHISI PABHOBECHS /IO KOHIIA TEKYIIETO CTOJIETHSI.

Bponupyroiasi pojib HOBEPXHOCTHOM MOPEHHI BbIpa-
JKaeTcs B TOM, YTO TOJJ0Basi CyMMa TasHUS TIOJ HUM CHH-
xaetcst Ha 20—-65% B 3aBHCHMOCTH OT TONIIUHBI YeXJIa.
B mermom amis nenHuKa Mpu ydeTe MOPEHHOTO YeXJia ro-
JI0Basg CyMMa TaJloi BoAsI cHrKaeTcs Ha 9—10%, xorma
JIETHUK TIPUXOANUT B PABHOBECHUE C KITMMATOM.

T.10. Ne4(38), 2018 1.
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Glaciers in the Caucasus have been continuously shrink-
ing during the 20th and in the beginning of the 21st century.
Mountain glaciers provide up to 70% of the total river run-
off in the adjacent territories. Realistic prediction of future
glacial run-off is a key problem of water supply in mountain
and piedmont regions. The task of prediction can be solved by
means of dynamical modeling of mountain glaciers. Because
of lack of regular observations, it is feasible to focus on sev-
eral reference glaciers in the region and to further extrapolate
modeling results on the whole glaciated area.

In the paper, we report about application of a 3D higher-
order ice flow model coupled to a surface mass-balance mod-
el for carrying out prognostic numerical experiments aimed at
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simulation of future dynamics of Djankuat Glacier. Djankuat
is a typical valley glacier on the northern slope of the main
Caucasus chain. It is one of the most studied glaciers in
Russia, which has been continuously monitored during the
last fifty years. From the point of view of completeness and
duration of observations, Djankuat is an ideal glacier for
mathematical modeling. Considerable parts of the ablation
zone of Djankuat are covered with debris. Heat and physical
properties of the debris layer are very different from those
of ice. Debris layer determines ablation rate and run-off re-
gime. Dependently on thickness, it can accelerate ablation or
totally isolate ice cover from melting.

To force the model, we utilized observations from the
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nearest weather stations (Terskol and Mestia), as well as ac-
cumulation and ablation field measurements as controls. In
the prognostic numerical experiments, we simulated possible
Djankuat evolution until the year 2100 under stationary cli-
matic conditions.

We established that geometry of the glacier in imbalance
with the climatic conditions of the decade 1999-2008 years.
To reach the equilibrium, the glacier will need nearly half a
century taking into account insulating role of the debris par-
tially covering ablation zone. In case debris cover is not con-
sidered, the glacier does not reach equilibrium until the end
of the current century. Supraglacial moraine is responsible
for 20-65% reduction of the annual melting under the de-
bris layer dependently on its thickness. For the whole glacier,
with the debris cover taken into account, the annual amount
of melt water reduces by 9-10% when the glacier equilibrates
with climate.

Keywords: mountain glacier, mathematical model, mass
balance, debris, glacial run-off
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Introduction

An important component of Global Goals for Sustainable Development is a
goal associated with industry and innovation. Minerals are raw materials essen-
tial for modern society. The mining and quarrying industry is very important to
industrial, social, and technological progress.

One of the basic characteristics determining significance of raw materials for
metallurgical enterprises is their permanent high recovered grade in the fed ore
concentrate. It can be provided only when all processes of ore processing from
mining to concentration and sintering are subject to continuous efficient control
[1-4].

Automated control systems (ACS) of processes are widely used in mining
and metallurgy. At magnetic and concentrating plants, their efficiency depends
greatly on the choice of controlling algorithms and the capacity of systems to
provide IT support them [5-7].

Thus, increasing efficiency of automated control over iron ore magnetic con-
centration is a research problem which is essential for Ukraine’s economy. Its
solution allows improving the end product quality and reducing energy consump-
tion at current mining enterprises’ operating capacity [8—11].

Problem statement

The research is aimed at developing a system of adaptive control of magnetic
separation of iron ores to reduce the period of searching for the extremum of ob-
jects dynamic characteristics under disturbances and noises in controlled signals.

Review of the literature

In [12; 13] and others, iron ore concentration controlled through improving
operation of magnetic separators of iron ores of primary concentration is substan-
tiated. The choice of the control structure, application of some criteria in creating
systems of automated optimization are determined by their software and algorith-
mic support, i.e. the possibility to receive online data on current parameters of
concentration and their efficient application to controlling impacts.

'Kryvyi Rih National University, Kryvyi Rih, Ukraine, morkunv@gmail.com
2Academy of Mining Sciences of Ukraine, Kryvyi Rih, Ukraine
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

Magnetic separators of iron ores are basic concentrat-
ing machines in a technological line of iron ore magnetic
and concentrating plants. In [12—-16], a magnetic separa-
tor is regarded as a controlled object with a single input
(feed) and two outputs (tailings and concentrate). Fig. 1
shows basic parameters determining magnetic separation.
It includes controlled variables: (the magnetic iron con-
tent in the middling product (8, ), the middling product
yield (y, ); disturbing impacts (the magnetic iron content
in the fed product (the magnetic separator feed) (o) and
the recovered grade (); controlling impacts (the classi-
fier drain density (p_), the auxiliary water consumption
in the separator bath (Q , ), the magnetic field strength of
the separator (H,), the rotation rate of the separator drum

().

f-)c'r. Ha Q) # H il

L]

Magnetic separator /
MaruuTHslif cenapatop

tf/ —’ — ﬂHH fHF

— ﬁ\'m Y

Fig. 1. Basic parameters of magnetic separation
Puc. 1. Ocnoguvie napamempsl npoyecca MazHUmMHoU cenapayuu

As shown in [12; 17-18], the magnetic iron content o
and the degree of mineral release in the classifier drain y
are basic disturbing impacts in magnetic separation. The
slurry density changed in case of classifier drain causes
changes in the granularmetric composition of the solid
phase slurry, thus altering ratios between its strongly-, fee-
bly- and non-magnetic fractions. The p_ increased reduces
the yield of released ore grains while that of strongly-mag-
netic fraction y, increases because of the increased yield
of strongly-magnetic aggregates. The strongly-magnetic
fraction yield is proportional to the magnetic iron content
o, in the fed ore. The reduced density of the classifier drain
makes the strongly-magnetic fraction yield be close to the
output equal to a (the magnetic iron content).

In [18], there are suggested simple expressions de-
termining the yield of strongly-magnetic fraction y, , the
yield of released ore grains v, and strongly-magnetic ore

aggregates Ve

v, =0+K -d-(0,7-a); (1)
ym:oc—K3-67-(0,7—oc); )
YW:(K1+K3)-67-(O,7—(X), 3)

where d =K,(p. —p,) is the average size of solid par-
ticles in the slurry; K, and K, are coefficients depending
on the size of ore impregnations; K is the coefficient de-
pending on physical and mechanical properties of the fed
ore and grinding modes.
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The changed textural and structural characteristics
of the fed ore change coefficients K, K, and K, caus-
ing changes in the quality of separation products. Thus,
coefficients K, K, and K, determine the value of basic
disturbing impacts in relation to magnetic separation. A.
N. Mariuta received the ratio equation of the solid slurry
density of the classifier drain p ;and the iron content a:

PuPrc 14

R@—a(ﬂﬂ}—ﬂx)_5_2,2a, (4)

o, =

where p’ is pure magnetite density; p, is quarts density.

A detailed analysis and systematized criteria of im-
proving mineral concentration including technological,
thermodynamic, kinetic, static, technical-economic, eco-
nomic ones, etc were proposed in [19]. It is indicated
that technological criteria mathematically expressed as
a combination of basic concentration parameters are no-
table for their efficiency, simplicity and visualization.

Analysis of technological criteria results in the Han-
cock criterion substantiated by Luiken, Birbauer, Din,
Chechott, Verkhovskyi [19] and others.

This criterion can be expressed as follows

v(B-a)

~ )
o
{5}

where 7 is the concentrate yield; o is the recovered grade
in the feed product; f is the recovered grade in the con-
centrate; f3, is theoretically maximum recovered grade.

The popularity of this criterion is explained not only
by its physical and geometrical interpretation, but also
by the fact that it is simple, universal, contains all basic
parameters (Y, f, o) and is statistically efficient [19].

A.N. Mariuta indicates that it is reasonable to apply
this criterion to evaluation of the magnetic separator ef-
ficiency [18]. Formula (5) reveals that maximum values
of E for various values of a can be achieved only when
there is a certain ratio between y and (B-ov). The classifier
drain increased makes the concentrate yield y greater and
reduces the difference B-o.. The reduced drain density
produces the reverse effect.

In [18], Mariuta suggests a complex criterion of ef-
ficiency £, which partially reflects the course of the pro-
cess from both the technological and the economic view-
points

J=

J, =P+k,y — max, (6)

where k, is the coefficient characterizing weight ratios
between variables § and y

The coefficient k, indicates how the Fe content can be
reduced in the concentrate to increase its yield and vice
versa. The values of k, depend on o and other properties
of the fed ore. Formulae (5) and (6) allow controlling
magnetic separation in the most efficient way.

Materials and methods

The mentioned above allows us to conclude that the

classifier drain density is the basic controlling impact in

T.10. Ne4(38), 2018 1.



the “classifier-magnetic separator” system. Operation
of the magnetic separator can be assessed on the basis
of the data on the recovered grade (Fe) in its products
or the solid slurry density considering (4). The model
of magnetic separation should consider changed textual
and structural characteristics of processed ores, grinding
modes and equipment conditions. Overall quality indices
of concentration are determined by the ore quantity fed
to the mill.

The material-balance equation for the magnetic sepa-
rator looks like [19; 20]

am _ i v -y 7
=M —(M-M,) (7)
or considering thatM, =B0,, M, =90,, M =00 ,
r & -a0-po-90,, (®)

where M, M M 0O, Q,, O indicate weight and volume
consumption of the fed material, concentrator and tail-
ings; V'is the volume of the working area of the magnetic
separator; m is the iron quantity in the slurry in the work-
ing area of the separator.

Considering the fact that under the current mode, the
Fe content in the working area of the separator is equal to
that in the concentrator we obtain

_B_K”
W(P)—a—m 5 (9)

lished Fe content in the concentrator at the separator out-
put.

Synthesize and study models of technological aggre-
gates and a concentration line as a whole were presented
in [14; 15; 18; 20]. For instance, [20] provides a system
of equations combining characteristics of the output
product of the classifier with parameters of the middling
product and tailings of the magnetic separator.

do
5—-+8=0,53,(1-2); (10)
B'=—0,695C +0,893(, +0,712; (11)
9%<C(, <32%, (12)

B a_qp/y
B rp=pi-2),

where {, is the slurry density at the classifier drain; B
and { indicate the Fe content in the middling product and
tailings.

As is shown, the magnetic separator represents a se-
quence of two links — non-linear static and output linear
ones. To consider dynamic properties of the input part of the
magnetic separator, the given model should be supplement-
ed with input dynamic links along each control channel.

Taking into account the the fed material Q balance
equation, the concentrate C and tailings 7 for the mag-
netic separator it can be written as follows [19; 21]

T.10. Ne4(38), 2018 T.
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Cu B’

—>» B=-0,695; +0,893C, +0,712
B e?
K, = = 3
S, 0,53¢
_ KIZ (p):_:_ Sm
> €, Sp+l —>

Fig. 2. The structural scheme of the magnetic separator model
Puc. 2. Cmpyxmyphas cxema mMooenu MazHUmMHo20 cenapamopa

Qo.=CB+(0-C)9; (13)
Qo=(0-T)B+T9, (14)

where Q, C, T indicate the mass of the feed material, con-
centrate and tailings; o, 3, O are the Fe content in the
feed material, concentrate and tailings.

Then the concentrate yield is determined by the ex-

pression

_ ERTYY
= B 100% . (15)

-100=

QO

Tk
Thus, (5) results in
vp-0) _ (o-0)(p-0)

oc(l—ﬁ“) of 1--% |(p-0)

T B

E=

(16)

It follows from (16) that the Hancock criterion can be
calculated either on the basis of measurements of the Fe
content in the feed material, concentrate and tailings or
measurements of the feed material and concentrate mass
and the Fe content in these products. In the latter case,
the values of QO and C can be measured by one of the
known methods, e.g. the ultrasonic one.

In this case, the object equation looks like

x=J(PB+f, ) y=x+x, (17)
where f{¢) is the external disturbance applied to the ob-
ject input with the controlling parameter; k() is the dis-
turbance accompanying the measurement of the object x
output; y(¢) is the measured variable (the result of the x
measurement).

Functions f{z) and x(f) are random processes with
unknown laws of distribution. Yet, it is known that they
have zero mathematical expectation and limited disper-
sion. One should find the algorithm of searching for the
extremum under which the mathematical expectation of
the output M{J(B+f), a)+k} reaches the minimum value
[22-27].

To simplify the solution of the problem, let us con-
sider /=0 and then the equation (17) will look like

x=Jf, a)y=x+«k (18)
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According to the stochastic approximation method,
every measured condition of an object should be used to
measure the controlling impact so that the condition is
observed at the limit [32]

M{J(B, a)tk} = min. (19)

Let us measure the controlling impact according to
the algorithm

Blk+1)r]=pckr)-

a, J'(B(kT)+ABk, (x)—

2AB, L}’ (B(KT )-AB,, ) } (20)
k=0,1,2,...

Here, the measurement results are used

J (BOKT )+ AB,, o) = J (BT )+ AB,, o) +x(”; (21
J (B(KT )= B, o) = J (B(KT )~ AB,, o) + (>, (22)

where !, k(* are random values realizing measure-
ment disturbances in the interval [(k-1)7, k7], while
KZU # Kf) as they are measured at different time periods
within the given interval. It should be noted that unlike
(20), the value AP, of testing steps is not constant and
measured with k=0, 1,2, ....

The stochastic approximation method allows finding
parameters of the working and testing steps b,, A, (k =
0, 1, 2, ...), under which the algorithm (20) provides the
extremum J ' (fulfillment of condition (19) under distur-
bances. They are known to have zero mathematical ex-
pectation and limited dispersion.

Let us determine parameters of the working and test-
ing steps. To achieve the search algorithm convergence
(20) the parameters of the working and testing steps
should satisfy the condition

lima, =0,k=0,1,2,..; Y a, =c; (23)
k=1

k—>o0

ZLB} =

The given conditions are observed if
a, =1/k"; AP, =1/k";
200-pw)>1,
where 0 < p<1; u>0.

24)

Considering (21) and (22), let us write down the algo-
rithm (20) as follows

B(k+1)T] = B(kT )~ ——

J(B(kT)+ABk, oc)— N
28,

~J (B(KT ) - AB,, o)

a7 )=

(25)

=B(kT )-a,7, + zZE (K =K), k=0,12...

k
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As the testing steps are quite small (f,=r,,) and con-
sidering M{ x{"” } = 0, i=1, 2, we calculate the mathemati-
cal expectation of the k-th step efficiency:

M{Vk}:M{B[(kH)T]:B*}:
B(kT )P

, (26)

=l-a, —k
B(kT )-B
Proceeding to the condition (24), we calculate the

mathematical expectation and dispersion of the working
step A B(kT ). It is evident that

M{APB(kT)}z_a_k[J(B(kTHABk,Oc)_].

20B, | ~J (BT )~ AB,. @)

_ S R DLV RREY) 2=
M{A BT )= M{A B(KT )}} A[{zABk(Kk K/ )}

2
a
=m${ﬁ+@J,k=QLzm.
k

where o) (i=1, 2) — are dispersions of random values
V2

koo N

It is evident that the sum of dispersions of the arbi-

trary large number of working steps taken during the
search should be limited

oo 2 - 2
a; |: 2 2 ] 2 a;
o, +0 <O < o
ZzABi k 2k ZA 2 2

k=1 k=1 k

27
where o* = max[ci +G§k]/4 <oo,

Hence follows a condition (24) indicating that the val-
ue of the testing step AP, should go to zero more slowly
than a,, as otherwise dispersion values of the working
steps will become intolerably large according to (27).

Let us consider the search for the extremum of multi-

parameter objects under disturbances
x=J(B, B, a,a,);  y=x+k (28)

In this case, adaptation algorithms will be written as:

B, [(k+1)T]=B,(kT)-
__ﬁLlJ(ﬁMT)+AmJ%MT)apaﬁ—} 29)
208, | =J (B,(KT )= AB,, B, (KT ), o1y, 00,) |
k=0,1,2,..;
B, [(k+1)T|=B,(kT )~

a, |J (B(KT), By(kT)+AB,, oy, 0ty ) —
_ELJ’ (B.(KT ), B,(KT )= AB,, o, 01,)
k=0,1,2, ...,

where the measurement results are

}, (30)
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J (B/(KT)+AB,, B,(KT), 0, at,)=
= J(B](kT)“'ABk’ Bz(kT)r oy, a2)+K2U ’

J’(Bl(kT)_ABkrﬁz(kT)’ OCI,OCZ): .
=J (B,(KT )= OB, B, (kT ), o1, 00 )+ k>

J(Bi(KT), By (kT )+ 0B, 0, 00,)=
= J (B,(KT ), B, (KT )+ AB,, oy, 0, )+

J(Bl(kT): Bz(kT)_ABk, o, OLZ)=
=J(Bl(kT), B,(kT )-AB,, a,, c, )+KW

where A is a testing step taken as the same for both
controlling impacts; «!, i=1, 2, 3, 4, indicate realization
of the random process x(¢) with four measurements of the
object output at the interval [(k—1)T7, kT).

For determining the search convergence, parameters
of the working and testing steps should satisfy conditions
(23) and (24) for a single-parameter object as well. The

condition (24) looks like
Now o 2

>

k
2
o AR
and indicates that the increased k should make the testing
step greater and exceed the working step parameter. It
should be noted that the stochastic approximation meth-
od suggests that

, 31)

lim AB, =0. (32)

Besides, the method imposes an auxiliary condition
on the function J as in the area of its extremum an in-
equality should be observed

(B - ) +(B, - Bz) (33)

P, 9B, .
and the rate of increase of J should not exceed that of the
square parabola when leaving the target.

To optimize the system dynamic characteristics deter-
mined by the initial linear part of the controlled object, a
method determining the constant value of z(e0) of the ini-
tial signal z of the object, i.e. the object’s initial signal on
the basis of the initial part of the transfer process caused
by the changed input signal at the step Ay is applied. The
value z(e0) can be calculated for a small time period and
the time lag Az between steps can be insignificant, which
reduces the search time of the extremum greatly.

With complete compensation of dynamics and time
delays in the object, the search for the extremum would
be based on the object’s static characteristics. In this
case, the actuator’s reversion is determined by the fol-
lowing inequality

f(x,)-f(x,.)+8<0, (34)

where J is the optimizer’s insensibility area.
The change of the object’s output signal as a result of
the n-th step of the actuator is determined by
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Az, = f(x,)A-f(x,,)C~z,B;

A=1-q,, B=1-¢q,, C=¢,—q,,
At Y

9, =¢€ " ; Q2=3Tl'

For f(x ) and f(x ) recurrent formulae look like

f(xn){Azn - f(xnl)C+(zo +n§iAz,.)B}A";

i=1

n=2 : (35)
f()cn_l ) = {Azn_1 —f(xn_2)C+(z0 +ZAZ[ JB:‘Al
i=1
According to the mentioned results, the control is
formed in compliance with this expression

U=(Az, Az, ,q,) 4" [ Az, (1)~ Az, (1) Jg 4. (36)

Thus, to calculate the operator U, two recent changes
of the object’s output coordinate are measured in the time
period A ¢ between the actuator’s steps Az and Az ,a
well as two recent changes of the output z durlng the pure
time delay 7 read from the actuator’s step moment.

Experiments

Fig. 3 presents an experimental dependency between
the Fe content increment in the concentrate of the pri-
mary magnetic separators and the classifier drain density,
while Fig. 4 depicts dependency of the concentrate yield
on this parameter.

The given dependencies were obtained at the concen-
tration plant of the PJSC “ArcelorMittal Kryvyi Rih”.
The research suggested that with formed constant levels
of the section capacity and the identical initial raw mate-
rials, the classifier drain density and the size of the mate-
rial fed for the primary separation changed. Changes in
the Fe content of the middling product and tailings were
traced as well as the yield of these products. Besides, the
influence of the changed capacity of the feed ore section
on the magnetic separator operation characteristics was
determined when the classifier drain density was main-
tained at a given level by changing the auxiliary water
fed to its bath. Fluctuations of the magnetic iron content
in the feed ore were insignificant and as a result of ob-
tained data, while calculating the weight-average content
for each density, they were in the limits of an admissible
error. During the whole set of experiments, feed density,
strength and working parameters of the separators re-
mained constant.

Fig. 5 shows experimental dependencies of the Fe
content in the middling product of primary concentra-
tion. Fig. 6 depicts dependencies of the middling product
yield of primary concentration on the initial feed at the
following formed levels of the classifier drain slurry den-
sity: 1 — 1700 g/1; 2 — 1800 g/1; 3 — 1900 g/1; 4 — 2000 g/1;
5-2100 g/1; 6 — 2200 g/1.

The dependencies in Fig. 3 and 4 reveal that the in-
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granulometric composition of the

30

magnetic separator feed.
Results

25—

With the improved search, test-

ing and working disturbances within

controls u, and u, are formed so that

corresponding transients should at-
tenuate in a minimum of time in the

object’s input linear parts. All nec-

essary limitations as to controls u,

u, and phase coordinates x, x, are

observed. At the same time formed

10

disturbances are used to change in-
crements of the value z to indentify

27
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Fig. 3. Experimental dependencies between the Fe content increment in the concen-
trate of the primary magnetic separators and the classifier drain density, the capac-
ity of the initial feed section of 230 t/h: 1 — B—oi; 2 — B-o1,,
Puc. 3. DxcnepumenmanvHas 3a8UCUMOCTL MEXCOY NPUPAUeHUeM COOEPIHCAHUS dcene3d 6 000-
2AUeHHOM NPOOYKIME MASHUMHBIX Cenapamopos I cmaouu u nIomHOCMbIO CIUSA KAACCUDUKA-
mopa, npouseo0UmenbHOCHb ceKyuu ho ucxoonomy numanuio 230 m/vac: 1 —B-o; 2 —B-o,

2150 2300 static characteristics of the object’s
non-linear part for each control
channel.

Fig. 7 provides a model of the
developed system of adaptive con-
trol of iron ore magnetic separation,
which is synthesized in the sub-

system Simulink 4 of Matlab 6.01

5%

[28-31].

The static characteristics of the

38

non-linear controlled object is set
in block Fcn4 as function f{u).

57 I

Inertial properties of the non-

5

linear controlled object are simu-

lated by means of transfer function

54 /

blocks (aperiodic links) Transfer
Fcn2 and Transfer Fen3. To form

53 ,./

transport delay for the object’s

input and output, blocks of fixed

L—""_ L
55 b—"]
o

31

signal delay (Transport Delay) are
used. Input dynamic links are unit-

o5

1700 1750 1800 1850 19400 19500 2000 2050

Fig. 4. Dependencies between the classifier drain density and the concentrate yield
The capacity of the initial feed section: 1 —230 t/h; 2 — 205 t/h
Puc. 4. 3asucumocmuv mencoy nIOMHOCMBIO CIUBA KAACCUDUKAOPA U 8bIXOOOM 0602auyeH-
HO20 npobykma, }’lpOu3600Mm€/le0Cmb cekyuu no MCXO&HOM_)/ numanuro.

1-230m/u; 2 —205 m/u

creased classifier drain density increases the middling
product yield, while the Fe increment in the middling
product reduces. Thus, controlling the classifier drain
density, one can achieve an optimal ratio between quan-
tity and quality of the primary middling product.

Analysis of dependencies in Fig. 3 and 4 shows that
although their overall view remains the same for differ-
ent levels of the classifier drain density, the impact of
the feed ore section capacity on operation of the mag-
netic separator is notable for significant ambiguity and
depends on particular maintained density.

The increased classifier drain density and the ore
section capacity increase this ambiguity caused by the
classifier’s unstable mode under conditions changing the

550
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ed into the block Subsystem, the
output ones — into the block Sub-
system 1. As in real control sys-
tems there are some disturbances,
the model includes blocks imitat-
ing them: Dead Zone, Backlash u
Band-Limited White Noise.

Functions of the extreme regulator are simulated by
means of signum-reley Signl. The object’s static char-
acteristics are pre-computed in the block Subsystem 5
(Fig. 7). The control adaptation algorithm is realized in
the block Subsystem 2. Parameters of separate elements
of the ACS are optimized by means of the block Nonlin-
ear Control Design (NCD).

Fig. 8 provides the flowchart of the system of adap-
tive control over magnetic separation on the basis of ul-
trasonic control in the Hancock criterion variant.

The system of adaptive control over magnetic separa-
tion functions according to the above mentioned algo-
rithm.

The behavior of the ASAC (Automated System of

T.10. Ne4(38), 2018 1.
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changes of the object’s static and

60

dynamic characteristics, the best
parameters of the search, the tra-

58

jectory of which does not change,

56

are achieved if these characteris-

tics change within  25% thus fully

meeting the technological require-

— — ments.
48 B s RN S N\ . There are formulated condi-
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1 4 — = s T tions and specified regularities of
» 3 7 6 the search for the objective function
extremum in the discrete system

42 0 ,,,,;/ of automated optimization of iron
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40 > ore magnetic separation. It is deter-
200 05 210 215 0 225 230 2315 40 mined that with Changing physical_

Fig. 5. Experimental dependencies of the Fe content in the middling product of
primary concentration on the capacity of the initial feed section, the classifier drain
density: 1 — 1700 g/l; 2— 1800 g/l; 3 — 1900 g/l; 4— 2000 g/l;

52100 g/l; 62200 g/l

Puc. 5. Dxcnepumenmanvhole 3a6UCUMOCTIU COOEPICAHUSL HCELe3d 68 NPOMAPOOYKMe
I cmaouu obozawenusi om npouse0OUMENbHOCMU CeKYULU NO UCXOOHOMY NUMAHUIO.
ITnomnocmo nynvnvl Ha ciuge kiaccugpukamopa: 1 — 1700 &/n; 2 — 1800 o/n; 3 — 1900 2/,

4—-20002/n; 5-21002/n; 6 —2200 2/n

mechanical and chemical-mineral-
ogical characteristics of processed
ores, the minimum search period
can be provided if the controlling
impact is formed on the basis of
differences of not less than two si-
multaneously changed values of the
controlled object’s input coordinate
between the actuator’s steps dur-

7.% 4 | . !
50 ing the pure time delay. The latter is
” determined considering the current

= e position of the controlled coordi-

% H—1 - = nate regarding the extremum point
4 — - -~ 7 ' in the form of piecewise constant
52 E e = i — = functions with limited values of ac-
<0 et | ceptable controls, the parameters of
i I e which are conditioned by the ob-
1 ject’s input dynamic characteristics.

a6 There are determined regularities
44 of forming the extreme control over
42 inertial objects with time delays and
0 & '_irmh ¥ changing static and dynamic charac-
002 2046 209 2134 2078 222 266 11 2354 298 2442 teristics ensuring the minimum time

Fig. 6. Dependencies of the middling product yield of primary concentration on
the initial feed section capacity, the classifier drain density: 1 — 1700 g/l;
2-1800g/l; 3—1900¢g/l; 4—2000g/l; 5—-2100g/l; 6 —2200 g/l
Puc. 6. 3asucumocmu vixooa npomnpooykma I cmaouu obozaujenus om npouzeoou-

menbHOCImU CeKYUU NO UCXOOHOMY RUMANUIO, NJIOMHOCMb NYIbNbL HA CIUGE KAACCUPUKAMO-
pa: 1-1700 2/n; 2— 1800 o/n; 3 — 1900 o/n; 4 —2000 &/n; 5— 2100 2/n; 6 — 2200 o/n

Adaptive Control) with changed static and dynamic char-
acteristics of the object, parameters of disturbing impacts
and noises are studied. Fig. 9 shows results of the search
for the objective function extremum in the adaptive sys-
tem of extreme control with noises in the controlled signal.
Discussion

Conducted investigations indicate that the period of
searching for the extremum in the ASAC is stable if the
static characteristic drifts within £50% of the rated value,
the dynamic link parameters change within +70% and
noise power from 0 to 0.12. In case of arbitrary and short

T.10. Ne4(38), 2018 T.

of transients in the system of control
over magnetic separation based on
measured values of the controlled
coordinate at intervals between the
actuator’s steps formed according
to the object’s current static and
dynamic characteristics, which are
determined under intensive disturbances in the form of
unclear sets, the membership of which is set by ratio
predicates.

There are determined conditions and parameters of
the stable search for the extremum in the system of auto-
mated control over iron ore magnetic separation, which
realizes suggested search principles under intensive dis-
turbing impacts on the object in controlled signals.

Conclusions

The developed adaptive system controlling magnetic

separation allows reducing time of searching for the ob-

551



YCTOVHBOE PA3BUTIIE FOPHBLIX TEPPATOPWIA

dround

“Wm Banual Switeh Siop SLimulation

Suboprtemd

P
L

ARl Sasilch Femd HED Dutpor

il Seafehd

X Gemphd
S ulbsFrrbemed

Craad Tone Tign

Zars-Crder  Fyll Precision
Hebdi Fitter Subsysiems

Elldai  Band-Limiled
Gain1  White Mok

Transpod i - i
Dol Sroundd e Display2

Fig. 7. The flowchart of the model of the system of the adaptive control over iron ore magnetic separation
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Fig. 8. The flowchart of the system of adaptive control over magnetic separation: 1 —mill; 2 — classifier;, 3 — magnetic
separator,; 4 — feeder-conveyor; 5 — bin; 6 — actuating motor; 7 — controlled valve of water consumption; 8, 10 — Fe-content
sensors; 9, 11 — flowmeters, 12 — input signal former, 13 — optimizer, 14 — controlling impact former; 15 — system controlling
water feed into the mill; 16 — system controlling water consumption in the classifier

Puc. 8. bnox-cxema adanmugnoli cucmembvl ynpagieHus npoyeccom MacHumuou cenapayuu: 1 — menvnuya, 2 — knaccugpuxamop, 3 —
MazHumHwlll cenapamop; 4 — Konsetiep-numamens, 5 — 6yHKep, 6 — npUSOOHOU 0guzamens, 7 — pe2yiupyemblil KIanan pacxooda 600bl 8 K1ac-
cugpuxamop; 8, 10 — damuuxu cooepoicanus sncenesa; 9, 11 — pacxooomeput, 12 — hopmuposamens 6xo0Ho2o cuenana, 13 — onmumuzamop;
14 — opmuposamens ynpasnsiowux ozoeticmauil; 15 — cucmema ynpagienusi nooayeti pyosi 8 menvHuyy; 16 — cucmema ynpagnenus pac-
X000M 800bL 8 KAcCCUPuUKamop
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Umodel 1

Fig. 9. Results of the search for the objective function extremum in the control system: 1 —y=f(x), § = 0,1, 2 — y=1,33f(x),
T'=13T,t,'=12t, T,'=1,4T, t,” =0,7t, 8 = 0,05

¥ 3

Puc. 9. Pesynomampl noucka sxcmpemyma yenesoi gynkyuu 6 cucmeme ynpaenenus. 1 —y=fix), 8 = 0,1; 2 -y=1,33f(x), T,"=1,3T,
t,'=12t, T=1,4T, 1, =0,7t, 8 = 0,05

jective control function, maintaining the optimal ratio
of the concentrate yield and the grade contained under
conditions of changing quality of initial ores and equip-
ment. There are determined conditions and the best pa-
rameters of searching for the extremum in the system of

adaptive control over iron ore magnetic separation under
disturbances and noises in controlled signals. They can
be achieved when deviations of the object’s static and
dynamic characteristics from rated ones do not exceed
1+25%.
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Ieab. B pamkax ycTOWYMBOM MHIyCTpUANM3aLUMU Iie-
b0 paboTHI SBISETCS CO3MAaHHWE TEOPETHUECKON Oaszbl u
pa3paboTKa aJanTHBHOW CHCTEMBI YIPABICHUS MPOLIECCOM
MarHATHOHM Cenapanuy XKeJIEe3HbIX pyl, MUHUMHU3HPYIOIECH
BpEMSI IIOMCKA SKCTPEMyMa XapaKTEPUCTHK IUHAMHUYIECKUX
00BEKTOB B YCIOBHUIX BO3AECHCTBHUS BO3MYILECHHUI W IOMEX B
KOHTPOJINPYEMBIX CUTHAJIAX.

T.10. Ne4(38), 2018 T.

Metoapl. B cTtarbe Mconb30BaHBEI METOABI ONTHMAIb-
HOTO YIPAaBJICHHUS, METO CTOXaCTUIECKOH AIIPOKCHMAIIAN
JUTS TTOBBIIEHUS 3(p(PEKTHBHOCTH ONTUMAIBFHOTO YIIpaBie-
HUS, METOIBI YHCICHHOTO MOJIEIUPOBAHHS JJISI CHHTE3a U
aHaJIN3a MaTeMaTHIEeCKOM MOJIENN CUCTEMBI SKCTPEMAIIEHO-
TO yTpaBIeHHS, KOMIBIOTEPHbIE HH)OPMAIMOHHEIE U TIPO-
TpaMMHBIE TEXHOJOTHH U pealn3alidl pa3paboTaHHOTO
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AITOPUTMA TIOMCKA SKCTPEMyMa B BHJE IPOrPAMMHOIO 00e-
CIICUYCHMS.

Pe3yabrarel. B crathe npuBeneHa TeopeTHueckas 6aza
(hopMUpPOBaHUS YIIPABIAIONINX BO3ICHCTBHN B CHCTEME IKC-
TPEMAJILHOTO YNIPABIECHUS JTUHAMHYECKIMHI 00BEKTaMH, TI0-
3BOJIFOLIMX IPU HATUYHH BO3MYIIIEHUI K IOMEX B KOHTPOJIU-
PYeMOM CHTHaJ€ JAOCTUTHYTh SKCTPEMyMa XapaKTEePUCTHUKH
00BEKTa yIpaBiIeHNS 32 MUHIMAJILHOE BpeMsl. YCTaHOBJICHBI
3aKOHOMEPHOCTH ()OPMHPOBAHMS 3KCTPEMATIBHOTO YIIpaBiIe-
HUSI THEPIIMOHHBIMH OOBEKTaMHU C 3a/IEPXKKOW M M3MEHSIIO-
IIAMHCS CTAaTUYECKUMU W TUHAMHYECKHMH XapaKTepHCTH-
KaMH, 00eCIIeunBaoNINe MUHIMAIIEHOE BPEMST MTEPEXOIHBIX
MPOLIECCOB B CHCTEME YIPABICHUS MPOLECCOM MarHUTHOU
Celapaliy KeJIEe3HbIX pyA Ha 0a3e M3MEpEHHBIX 3HAYEHHH
peryaupyeMoll KOOpAMHATHI 4Yepe3 MPOMEXYTKH BPEMEHH
MEXKy IIaraMy MCHOJIHUTEIFHOTO MEXaHW3Ma, (opMHpye-
MBI€ B COOTBETCTBUU C TEKYIIMMU 3HAYEHUSMH CTATUYECKHUX
Y TMHAMHAYECKHX XapaKTEPUCTHK 00BEKTa, KOTOPBIE OTIpe/ie-
JSIFOTCS] B YCIIOBUSIX JICHCTBUSI MHTEHCHBHBIX BO3MYIICHUH.
PazpaboTana aganThBHAsI cCUCTEMa yNPABICHHS MPOLECCOM
MarHUTHOHM Cenapalyy KEJIE3HBIX PyX, MHHUMH3HAPYIOLMIEH
BpEMS MIOMCKA SKCTPEMyMa XapaKTePHCTHK AMHAMUYECKUX
0OBEKTOB B YCIIOBHSX BO3/ICHCTBUS BO3MYIICHUH U IIOMEX B
KOHTPOJINPYEMBIX CHTHAJIaX.

BoiBoabl. Pa3zpaborannasi aganThBHasI CHCTEMa YIpaB-
JICHH IPOLIECCOM MarHUTHOM Cenapalyy >KeJIe3HbIX Py Mo-
3BOJISIET MUHUMH3HPOBATh BPEMsI IIOMCKa IeTIeBOH (DYHKIHN
YIOpaBJIEHUs, MOANECPKUBAaTh ONTHMAIbHOE COOTHOLICHHE
MEXJy BBIXOJOM KOHILIEHTpPAaTa U COAECPXKAHUEM MOJE3HOTO
KOMIIOHEHTAa B HEM B YCJIOBHUSX M3MEHSIOIIErOCs KauecTBa
VCXOJHOH PYIBl U COCTOSIHHSI TEXHOJIOTHYECKOTO 000pymo-
BaHMsI. YCTaHOBIIEHBI YCIOBUS U BIEPBBIE OMPEAEICHO, YTO
HaWIy4lIie napaMeTphl TIOMCKa 9KCTPEMyMa B CUCTEME aB-
TOMAaTHYECKOTO YIPABJIECHUS IPOLIECCOM MAarHUTHOM Cema-
pauyy KeIe3HbIX Pyd, KOTOpas peanu3yeT MpelIOKEHHBIE
NPUHOUIBI TIOMCKA, NPH HAJIMYWM BO3MYIIECHHH M IIYMOB
B KOHTPOJIMPYEMBIX CHUTHAJIAX JOCTHTAIOTCSI B TOM CiIydae,
KOI7Ia OTKJIOHEHHE CTaTHYECKHX W JTUHAMHYECKHX XapaKTe-
PHUCTHK 00BEKTa YIPaBICHHS OT HOMUHAJILHOTO 3HAUYCHHUS HE
npessimaet £25%.

Knroueevie cnoga: ananTvBHAs CUCTEMa YIPaBIICHHUS,
MarHuTHasl cenapanusi, xeje3Hast pyJa, Iynblia, IMOUCK IKC-
TpeMyMa.
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UCNOJNIb30OBAHME OCOBEHHOCTEMN
CJIO0XKHOI'O PEJIbE®A

ans YCTONYMBOIO PA3BUTUA FOPHbIX
TEPPUTOPUN

Beenenne

IlocnenHee necsATuiaeTHE 03HAMEHOBAJIOCH IIPUCTAIILHBIM BHUMAHUEM MHPO-
BOI1 0OIIIECTBEHHOCTH K BOTIPOCAM TOPHOW TEMAaTHKH U CBSI3aHHBIM C HEW pa3BUTH-
€M uesioBedeckor IuBmian3anuu. OOIIEeCTBEHHOCTh IPUXOIUT K OCO3HAHUIO TOTO,
YTO YCTOWYIMBOCTH U CTAOMIBHOCTD PAa3BUTHSI CTPAaH HEBO3MOXKHBI 0€3 BCECTOPOH-
HEH Monaepku TOPHBIX PailOHOB U UX HACEJIEHUs, SBIIFOIMXCS XPAHWINIIAMHI U
XPaHUTEJIIMU LIEHHEUIINX IPUPOJHBIX PECYPCOB U ATHOKYJIBTYPHOTO Hacleaus U
HaXOAALINXCSA B HEPABHBIX YCJIOBUAX 110 CPABHEHUIO C PaBHUHHBIMU U ypOaHU3U-
POBaHHBIMH TEPPUTOPHUIMHU.

B cBsa3u ¢ ob6ocTpeHnEM SKOJIOTHYECKOW M COIMAIIBHON CHTYallid B TOPHBIX
peruoHax OTMEYaeTcs YCHJICHHE BHUMAHUS K KOMIIJIEKCHOMY HM3YyYEHHIO I'palo-
CTPOUTENILHOMN MPOOJIEMBI B aCIIeKTe cpesl 30H «I OpbI-ropoa-4enoBex.

Topsl BIHAIOT Ha TPaTOIKOIIOTHYECKOE COCTOSHHE arMOC(hepHO TopoacKoit
cpensl OONMBIIMMH KOJNEOAHHMSIMH BBICOTHBIX OTMETOK, CIOXHBIM penbedom, 00-
YCIIOBIIMBAs HMCKIIOUUTEIBHOE MHOTOOOpasue M IEeCTPOTy KIMMAaTU4eCKHX yc-
JIOBUH, B OIMYME OT PaBHUHHBIX TEPPUTOPUIL, Ille KIMMAaTHYECKHE M3MEHEHUS
IIPOCJICKHUBAIOTCS 110 TOPU30HTAIIHN, B TOPAaX Pe3KHUE Pa3IHyusl HAOIIOAA0TCS U 110
BEPTUKAJIU. 3A€Ch YTO HU CKJIOH WJIM J0JIMHA, TO CBOe0Opa3Hblil knumar. Bee ato
3aTpyAHseT NpoOieMy 30HUPOBaHMS TEPPUTOPHH CIOKHOTO FOPHOTO peibeda 1o
KJIMMaTHYECKUM XapaKTEPUCTHKAM W BIIOCIEACTBUHM NMPUHIMII MPOESKTUPOBAHUS
3[JaHUH U UX KOMIUIEKCOB.

CrnoxHbIil penbed), ¢ YI€TOM OCBOEHHS TOJ] 3aCTPOHKY TEPPUTOPUH, XapaKTe-
pHU3yeTcs COBOKYITHOCTBIO (pOpM pacwiieHeHHUs 3eMHOI mosepxHocTu. [1o Bennan-
HE ATOTO pacwICHEHUs ACIUTCSA Ha MEra-, Makpo-, Me€30-, MUKPO- ¥ HaHOpeNbe(,
KOTOPBIH B Pa3HOW CTENCHU UCTIONb3YETCs IPU PEIIeHNH KOHKPETHBIX I'PaoCcTpo-
UTENbHBIX 3a7a4.

W3ydenuro pexuma BETPOB B ropax ObLI IOCBAIIEH PsJ UCCIEIOBaHUI OTede-
CTBEHHBIX M 3apyOeKHBIX yueHbIX [1—4]. 3HaunTeNbHBIA BKIIAA B TpoOIeMy rpao-
CTPOUTENBHOIO aCIIEKTa OCBOEHHS CIIOKHOTO pejibeda BHECIH aBTOPbI, IPEICTaB-
nieHHbIe B TpyAax [5—20]. TopHoi TeMaTnkoil 3aHUMArOTCSl MHOTHE MEXTyHapOIHBIS
OpraHu3alyy, TPagOCTPOUTENbHBIE ACIIEKThI OCBOECHHS TOPHBIX PAallOHOB N3Y4aINCh
PSLIIOM HCCIIE0BATENbCKUX HHCTUTYTOB, OTEIECTBEHHBIMU M 3apyOEKHBIMHU yUCHBI-
Mmu [5-20]. B HEX OTMe4aeTcst, 9T0O OCHOBHBIM UPKYJSIIMOHHBIM TIpoIieccoM, Gop-
MUPYIOIIUM KINMaTH4eCcKrue yCIOBHUS B Ipezenax ropHo-maoauHHEbIX cucteM (I71C)
HU3KOTOPBS M CPETHETOPHS ABISIETCS TOpHO-AonuHHAs TupKyrstus (II11).

Leap ucciaenosanusi. C 1enp0 YCTOWYMBOTO Pa3sBUTHS TOPHOTO penbeda ¢
YUETOM YHHMKAJIbHOCTH IPUPOIHO-IKOJIOTHUECKOTO JIaHAmadra 3acTpauBaeMbIX
TEPPUTOPHUH Ha CIOKHOM penbede, a TakkKe CIeNU()UIHOCTH KIMMAaTHIECKUX 0CO-
OeHHOCTEH, 00yCIIOBICHHBIX MECTHBIMHU YCIOBMSAMHM JIaHAmAadTa, CyiecTByromas
ApXUTEKTYpPHAas TUIIOJIOTHS XKUIbIX 31aHUN U UX IUIAHUPOBOYHASI OpPraHU3aLusl IS
TEPPUTOPUI OCBOCHHUS CUCTEMAaTHU3UPOBaHA, IONOJIHEHA U YTOUHEHa, C(hOPMHUPOBaH-
Hasl B €€ paMKax METOIUKA IPOEKTUPOBAHUS aKTyaIn3UPOBaHa.

"MoCKOBCKHiT TOCYIapCTBEHHBI CTPOUTENBHBIH yHIBepcHuTeT, 129337, Mockea, Poccnst, adham52@mail.ru
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3 TamGoBCKHiT TOCYIapCTBEHHBIN TeXHUYeckuil yauBepcuret, 392000, . Tam6os, Poccus, timrus64@mail.ru
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SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

Tabnuya 1/ Table 1

®opmoodpa3oBanus peabeda MOTEHHHILHOTO CTPOUTEIHCTBA
Relief shape formation of potential construction

Dopmel peaseda

Kpynueiimne Kpynuue Cpeanne Menkne Meawuaiimne
Faimeper, {meropenned) (maxpopeased) (mesopensed) {mmxpopeased) (nanopeased)
_‘“P“_ﬂ The largese Large Medinm Small (microrelicf) The smalfest
Dimensions, {megorelief) (macrorelief) {mesarelief) (manorelicf)
shapes
Noprzontaneaete  JIGCATRH 1 COTHI Coramn TeicH: Comum TeICAY JecaTsn i coTHR MeTpl, AccaTin
Horizontal THICHY KBAAPATHEIX  KBAAPITHEIX KBAIPATHRIX KBAAPATHBIX METPOB
KHACMETPOB EHAOMETPOB KILTOMETPOB Merters, lens
Tens and hundreds Hundlreds of Hundreds Tens and of mefers
of thousamds thovsands of thowsands hundreds
of sguare of sguare of square of sguare
kilometers kilometers kilometers meters
Beprukansnsie CoTHi 1 TRICHH CoTHn 1 TRICHH Jeearen meTpos MeTtpel, pese MeTtpu, accamin
Vertical METOB Merpos Tens of meters ACCATEN METPOB METPR
Hundreds and Hundreds Meters, less than Meters, lens
thovsands and thousamds rens of mefers of merers
of meters of meters
Mpusiepe FNopeie cTpans, O aeabHBIC Fops, Xonuel, oBpary, Byrpw, kyprauei, CRAOHEI KOTAOBHH,
peaseda HArOpeA, ODWHPHME  FOPHBIC XpebTe, Dapxammee uenn APOMOHHB A0ITHH
Examples BOBRIIEHHOCTH 0 GOnBUIHE pEUHBIC Hills, ravines, Hillocks, barrows,  Slopes af hollows,
of relicf HHIMEHHOCTH MOTHHBI, MCHTOPHBIC barchan chains sullies valleys
Meormitainons BIAAHHEL, KOTAORHHE
camiries, Mighlands,  Separate mountains,
vast hills MOURITIN PFANEES,
and fowlands large river valleys,
infermantane
depressions, hollows
opumet penseda - _“
Forms of refief .
Ipanocrpontenen  CTpocHme weawx lNopona cpeanne u lopoaa cpeanne Haceacunme Faanus n
OF OCBOCHNE CTPRIH, FOpoaa MENKNE, KPYTIHBE METHHE, HACCICHHBIC TYHKTHI, $1aHHA KOMILTCKCH
Urban KPVIHBIE, KPYTIHBIS HACETICHHBIC NYHKTEL MYHKTHI H KOMIIEKCE! Busldings awd
develapment HACCHCHHBIC mywsTe  Cirfes ave mediim and Clrtes are medium and — Settlements, compleres
The structure of simall, large settlemenis small, settlements buildings and
enfire counfries, complexes
citiex are large, large
sefilements
Ofnemmuo- ‘
TMIAHHPOBOMHAR
CIPYKTYPa
ropoaos,
HACEICHABIX
NYHETOB W3IAHNIT
Volumetric and
planning

strciure of ciifes,
seftlements and
huildings

Pazpaborars MeToauyeckre NpeUIoKEHHS 110 TIIaHHU-
POBaHUIO 0OBEMHO-IIPOCTPAHCTBEHHONW CTPYKTYPHI TO-
POZCKOM 3aCTpONKH, MPOCKTUPOBAHUIO JKUMIbSI M SKHIIBIX
KOMIUTEKCOB, TI0 crtoco0y KOMIIOHOBKH B (hOpMOOOpa3o-
BaHMSX pesibeda 1 OTHOCHTENIFHO CKIIOHA.

Ha ocHoBe u3yueHHs1 0TE€4eCTBEHHOTO U 3apyOesKHOTO
OIIBITa TPOEKTUPOBAHMUS U CTPOUTEIHCTBA 30aHUH U 3a-
CTPOWKH Ha CIIOKHOM pelnbede 0000IIeHa U CHCTeMAaTH-
3upoBaHa mpobiema GpopMooOpa3zoBaHus penbeda ¢ BbI-
SIBJICHHEM 30H MOTEHLHAJIBHOTO cTpouTenscTBa. Ha Gaze

T.10. N24(38), 2018 T,

METOAMKH OLEHKU (POHOBBIX M Pa3padOTaHHOH aBTOpamu
METOAMKE OLEHKU MECTHBIX OCOOBIX KIMMAaTHYECKUX YC-
JIOBUIA cOpMYIHPOBaHbl (POPMBI pesibeda Mo KPyImHOCTH
JUISl TPAIOCTPOUTENTBHOTO OCBOCHHSI.

W3yyeHa TeppuTOpHs CIOKHOTO perbeda ¢ MophoIoru-
YECKOH, MHUKPOKIMMATHYECKOH M OMOKIMMAaTHYECKOH Mo-
3UIMH C BBIABICHUEM IPAJIOCTPOUTENBHON MaHEBPEHHOCTH
penbedHoi cutyanun. Ha 3Toit ocHOBe pa3paboTanbl 00b-
€MHO-TIPOCTPAHCTBEHHBIE U aPXUTEKTYPHO-TUIAaHUPOBOYHbIC
CTPYKTYpPbI TOPOJOB, HACEICHHBIX ITyHKTOB U 31aHHH.
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YCTOVHBOE PA3BUTIIE FOPHBLIX TEPPATOPWIA

Tabnuya 2 / Table 2
®opMuUpOBaHUS NIAHUPOBOYHOH OPraHM3alNi 00beKTOB
Formation of planning organization of objects

Popma peaseda [lpuanANLI OcBOCHNA D®opma peabeda [Ipurunne: ocBoeHHA

Form of relief peabeda Form of relief peaseda/Frinciples of

Principles of development development of relief
of relie
TMosTopsemocts JInneiinoe
peibeda pasMCIICHHE
Repeatability of the Linear placement
relief

TIporuronocTanne-
HHe pemnedy

Croboanoe
]]ETIMEHIEHHE:

Relativity to the ' ‘ - Free accomma
relief : dation
- it
= e, L
PG f N = %
————
Cnnanme c Emnmirinan gopma
peikedion Single form

Merger with relief

T g

lHopannenne I'pynnosas dopma
peibedy Group form
Subordination to ,
the relief :ib}%
%—)) =
KotnosuiHaA 'apMomdeckan
thopma ropma
Hollow form Harmonic form
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CocraBneHHast Kiaccuukays penbeda MECTHOCTH
IO CTETICHU CJIOKHOCTH, a TAKXKe MaTepHabl IpasocTpo-
UTEIBHON HAayKH, OCBELIAIOINE 0COOEHHOCTH (hopMupo-
BaHUS TOPOACKUX CTPYKTYP U CTPOMTENbCTBA 3AaHUN HA
TEPPUTOPHUSIX CO CIIOKHBIM penbe(oM, MO3BOJMIMN OLle-
HHUTH BJIMSHHUE CIOXHOIO peibeda Ha IUTAaHUPOBOYHBIC
U TPOEKTHBIE PEICHUS OOBEKTOB I'Paj0CTPOUTEIILHOTO
MPOCKTUPOBAHUSI.

@opMyJTHPOBKA M METO/ PellieHHs 3a/1a4H
ONTUMM3ALMH

[Ipu amanmuze mnpobieM TIpagoCTPOUTENHCTBA HA
CIIOXHOM pelibe)e CTAaHOBUTCA SICHO, YTO CYIIECTBYET
HEKuil poben B 00JacTH IPaodKOIOTHIECKUX HCCIIe-
JOBaHUH B OCOOBIX 3KCTPEMAalbHBIX KAPKO-LITHUIEBBIX
KIMMaTHYECKUX YCIOBHSIX.

HecmoTpss Ha MHOXKECTBO HCCIIEIOBaHUI O H3yYe-
HHUIO BONPOCOB (HhOPMHUPOBAHMS TEILIO-BETPOBBIX MPO-
LIECCOB TOPHOTO paii0Ha, BEI3BAHHBIX MPUPOIHO-KINMa-
TUYECKUMH YCJIOBUSIMH M oporpaduei, a Takxe TepMH-
YECKUMH YCJIOBUSIMH JIESITETIBHOTO CJIOS CKIIOHA, IMEET-
csl psn IpoOIeM.

[maBHO# mpuumHON (QOPMHPOBAHUS TOPHO-IOIHH-
HOTO U CKJIOHHOTO BETpa IEPEeCceYeHHON MECTHOCTH SIB-
JsieTcs HepaBHOMEPHOE paclipelefieHHe Ba)KHOTO KITH-
Maroobpasyromero (pakTopa — COTHEYHOH paguanuy 1Mo
CKJIOHaM Pa3HOW 3KCIIO3ULIUHU U KPYTHU3HBL.

B mpenenax teppuropun ropHoro penbeda opmu-
PYIOTCSl CJeAyIolIKe BHIBl HANpaBJICHHOCTU ACHCTBHSA
I'’/IC: mmpoTHBIe, MEpUIMOHAIBHBIC, PACKPBITHIE Ha Ce-
BEp, PACKPBITHIE HA BOCTOK, PACKPBITHIE HA IOT, PACKpPbI-
ThIC Ha 3amag.

B ycnoBusix pa3sBuTHS TOPOIOB 1 HACEJICHHBIX ITyHKTOB
9TU 30HBI NPeo0pas3yloTcs B MOTEHLIHAIbHBIC O4aru Hau-
OobLICH KOHIIEHTPALMY 3arpsi3HEHNS BpEIHBIMH U SIIOBH-
TBIMH TIPEMECSMH aHTPOIIOTE€HHOIO MPOUCXOXKICHHS, YTO
JieTIaeT UX OMAaCHBIMH B HKOJIOTMYECKOM OTHOLLICHHH.

BeTpoBoil pexxuM B rOpHBIX pailoHax ompenensercs
B 3HAYUTENBHOW CTENEHH OpOrpapuyecKuMH OCOOEH-
HOCTSIMH MECTHOCTHU. B BBICOKOTOpHBIX paiioHax HaOIro-
naetcs HanOosbinas moBropseMocts (50...60%) mamno-
BETPEHBIX YCJIOBHHA. BO BHYTpUTOPHOM MPOCTPAHCTBE U
TOpHOH KOTJIOBHHE NPeo0IafacT MITUIb.

KnumMaT 10KHBIX PETMOHOB B LIEJIOM XapaKTepU3yeT-
csi obmnmeM Teruia M CyxocTblo. OIHAKO CYLIECTBYIOT
OoJpIIME Pa3Inuus B XapaKTEPUCTHKE KIMMaTa TOPHON
Y paBHUHHOU yacTedl. Bo BHyTpUropHoM paiioHe KIuMar
YMEPEHHBIN ITOJIyCyXOH U TOBOJBHO KAPKUH B TOTUHAX.
BHemHeropHelif palioH UMeeT CyXOW KJIMMAaT ¢ Xap-
KHUM JIETOM CO CpEeIHEH TeMIlepaTypoil BO3AyXa B HIOJIE
+23°C. Hu3MeHHas 30Ha XapaKTepu3yeTcs JKapKUM Jie-
TOM CO CpelHel Temneparypoil urons +25°C.

ConHevHas paguays sIBISIETCS] OCHOBHBIM HCTOUYHHUKOM
TETUIOBOW HEPTUM ISl BCEX MPUPOIHBIX MPOLIECCOB, Pas-
BUBAIOILXCS B aTMOc(epe U B BEPXHUX CIIOSIX JIUTOC(EPBL.
Hapsiny ¢ aTum ncnionb3oBaHue SHEPrUd Uit GOpMHUpPOBa-
HHS MUKPOKJIMMAaTa MMEET HCKIIOYUTENBHOE 3HAYCHHE B
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ApXUTEKTYPHO-CTPOUTENBHON HpakTHke. PacrpeneneHue
[0 TEPPUTOPUH NPSIMOW COJHEYHOW pajualik Ha TOpU-
30HTAJIbHYIO IOBEPXHOCTH COOTBETCTBYET PACIIPEICTICHHIO
TIPH SICHOM HeOe: MPUXOA B LIEJIOM 110 TePPUTOPUH YBENH-
ymBaetcs ¢ cepepa Ha tor (ot 2605 no 3110 Mmx/m?). Bei-
JeJseTCsl palioH OTKPBITHIX TOPHBIX KOTJIOBHH, [I€ TIpsAMast
pamuarust gocturaet 4325 Mmx/M>

Ha TeMneparypHblii pe;KiuM ropHBIX PaiOHOB, KPOME BbI-
COTBI MECTHOCTH, OKa3bIBaeT BIMSHUE TAkKe (hopma pesbe-
¢a. JlHeBHBIC HarpeBaHUs BO3AyXa U HOUHBIC OXJIAXKICHHS
€ro UMEIOT MUHUMAJIbHBIE 3HaUeHHs Ha BRITYKJIBIX (hopMax
(BepiIMHAX, OTKPBITBIX CKJIOHAX), & MAaKCHMAaJbHbIC — HAJl
BOTHYTBIMH (3aMKHYTBIMH BIIaJJMHAMU, TOTMHAMH).

HaunOonee BbicOKHE TemmepaTypbl OTMEYAlOTCS B
uiosie. B HM3MEHHO-CTENHBIX paloOHax TEePPUTOPHUU
CpelHss TeEMIIeparypa U cocTaiseT +26...+27°C.

B xapkxoe 5eto aOCONMIOTHBIM MAaKCHMyM TeMIIe-
patypsl BO3lyXa B HIOJIE — aBI'YCT€ MOXET JOCTHUraThb
+42...+44°C B KOIOBUHE W B HU3MEHHBIX YaCTIAX TEp-
pHUTOpHUH.

[To runcomMeTpuyecKoMy MOJIOKECHHUIO, XapaKTepy H
¢dopme penbeda TEPPUTOPUHU MO BEPTUKAIU paszaelie-
HBI Ha:

ropel O BBICOTE OT YPOBHS MOpS: HHU3KHE —
1000...1500 M, cpeaaue — oxono 2000 M, BeICOKHE — 0O-
nee 3000 Mm;

PaBHHHBI IO BBICOTE OT YPOBHS MOpsI: HU3MEHHOCTH —
0...250 M, Bo3BBILIEHHOCTH — 250...500 M, IIOCKOTOPBST —
oomnee 500 m.

[lo BenuuMHe yKJIOHA yYacTKH ACTATCS Ha:

poBHBIE — < 3%;

C MaJIbIM YKJIOHOM — 3—8%);

CO CPETHUM YKIOHOM — < 20%;

C KPYTBIM YKIOHOM — > 20%.

Pe3yabTarhl ONITHMAJIBHOTO IPOEKTHPOBAHMSA

B 3aBucuMocTn OT MacmTabHOCTH KJIMMAaTHYECKUX
SIBJICHUH, W3ydaeMble II0J] CTPOUTEIHCTBO TEPPUTOPHH
ObUTH TIOZpa3aeNieHbl Ha MakKpo-, Me30-, MUKPO-30HBI U
HAHO-30HY, KOTOPBIE HMEIOT CBOIO CIIEIU(DUKY.

His oneHkH Me30-, MHKPO- U HaHO-KJIMMaTH4Ye-
CKHX SIBJICHHI TEPPUTOPHI CO CIOXHBIM pelibedom,
MPUMEHSST METOIbl KOJIMYECTBEHHON M KaueCTBEHHOMN
OLICHKM MAacIITA0HBIX KJIMMAaTHYECKUX SBJICHUN IS
Ka)KJ0H 30HBI, OCHOBBIBAsICh Ha 3KCIEAULUOHHBIX U3-
MEpEHHUSIX NapaMeTpoB KIMMAara, OTKOPPEKTHPOBaHA
METOJOJIOTHS OLIEHKH TeoMOp(OIOrHUeCcKOl XapaKTe-
PUCTHKHU (YKIJIOH, 3KCIO3UIMS, KPYTHU3HA, PACUICHEH-
HOCTb, TEOMETPHUUYECKasl BBICOTA) penbeda C LEebIo
NPUMEHEHHUS! B CTPOUTENBCTBE 3AaHUM U IpajocTpo-
UTEJIBbCTBE.

Mopdomerprdeckas Kapra KOHKPETHBIX Y4YacTKOB
HCCIICIOBaHUS BBISIBUIIA XaPAaKTEPUCTUKM KOHKPETHON
(hopMbI penbeda, YTO MO3BONUIO ONPEACITUTH 00BEM-
HO-TUIAHUPOBOYHBIE CTPYKTYpPBI TOPOACKUX 3aCTPOCK B
3aBUCUMOCTH OT (opMo0oOpa3oBaHus peibeda MOTeHIH-
AJIIBHOTO CTPOUTEIILCTBA.
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BriBOIBI

Ha ocHoBe nanamadTHON CTPYKTYPHI TOPHOTO PETH-
OHa, O0IIEeT0 KIIMMaTHIeCKOTo (poHA, MUKPOKITUMATHYIC-
ckoro ¢oHa, MOpGhOIOTHIECKOH crienupuKy penbeHon
CUTYyaIlll, MHCOJAIMOHHOTO peXnMa ChOpMyITHPOBaH
PSA  apXUTEKTypHO-TUIAHWPOBOYHBIX U O0OBEMHO-TIPO-
CTPAaHCTBEHHBIX KOMITO3HUIINH YKHITBIX KOMILIEKCOB TOPO-
JTIOB ¥ HACEJICHHBIX ITyHKTOB (Tabm. 1 u 2).

YuuteBas YHHUKaIbHOCTh MPHUPOTHOTO JIaHAmAaTa
3acTpamBaeMbIX TEPPUTOPHUIl CO CIOKHBIM penbedom, a
TaKkKe KINMaTHYECKHe OCOOEHHOCTH, OOYCIIOBIIEHHBIC
MECTHBIMH YCIIOBUSIMH JaHAmadTa, CymecTByIOMas
ApPXUTEKTYPHAS THUIIOJIOTHUS KIIbIX 3MaHUH U MX IJIaHH-
POBOYHAsI OpPTaHW3ALMS IS TEPPUTOPUI CO CIIOKHBIM
penpe)oM C yJ4eTOM OCOOCHHOCTH MECTHOTO KJIMMara
maHamadTa CHCTEMaTH3WpOBaHa, AOMOJHEHAa W YTO4-
HeHa, a cOPMHUPOBAHHASA B €€ paMKax METOAWKA IPO-
eKTUPOBaHMS aKTyanu3upoBaHa. Pa3paboTaHsl MeTOAH-
YeCcKHe MPEUIOKEHHS TI0 IIAHUPOBAHUIO TIIAHHPOBOY-
HO-IIPOCTPAHCTBEHHOM CTPYKTYpBI KUJIOH 3acCTpOMKH,
MPOEKTUPOBAHUIO JKMIIbSI M JKMJIBIX KOMIUIEKCOB, IO CITO-
00y KOMITOHOBKH B (hOpMOOOpa30BaHUAX pebeda 1 OT-
HOCHTENBHO CKIIOHA. [Ipn mprMeHeHnn mpeayaraeMbIx
TUTAHHPOBOYHO-TIPOCTPAHCTBEHHBIX CXEM Ha IPAKTHUKE
HEOOXOANMO:

- BBIETIUTH XapakTepHbIC IS KaKIOW TUIAHUPOBOY-
HOM CTPYKTYphI 3aCTPOUKH M THITA TOMOB OCOOCHHOCTH,
YUHUTHIBAIOIINE MECTHBIE KIMMAaTHYECKHE YCIOBHUS pe-
nbeda, KOTOpele B HAMOOJBIICH CTEIICHH OIPEACIISIOT

APXHUTEKTYPHO-KOMIIO3UIIIOHHOE U OOBEMHO-TUIAHHPO-
BOYHOE PELICHUE 3JaHuUs U 3aCTPOHKH B 3aBHCUMOCTH OT
cnoco0a KOMIIOHOBKH OTHOCHTEJIEHO CKIIOHA U ITpeobpa-
30BaHUe penbeda 1 1eel 3acTpoiKy;

- apXuTeKTypHOe (HOpMHPOBAHHE ILUIAHUPOBOUHON
OpraHu3ally ClIeAyeT HalmpaBUTh Ha CO3AaHUE TaKUX
00BEMHO-TIJIAHUPOBOYHBIX PEIICHUH JKHJIBIX TPYII, KO-
TOpPBIE BIMCHIBAIOTCS B CTPYKTYPY TOPHOTO JaHgmadTa,
co3laBas apXUTEKTYPHO-TUIAHUPOBOYHYIO M OOBEMHO-
MPOCTPAHCTBEHHYIO KOMITO3UIIHIO KOMIUIEKCOB, 00pasys
APXHUTEKTYPHO-CTPOUTEIILHYIO CHUTYallHI0, HCKII0Yalo-
LIYIO HETaTUBHOE BO3ACHCTBHE Ha pelbed.

Ha ocHOBe mpoBeAEHHOTO HCCIEAOBAHUS CO3IAHBI
KaueCTBEHHBIC apXHTEKTYPHO-TPallOCTPOUTENBHBIE pe-
[ICHHUS HACEJICHHBIX ITyHKTOB, JKHJIBIX OOpa30BaHUN H
KOMIUIEKCOB Ha CJIOXKHOM penibede U CKIOHaX, KOTOphIe
CHOCOOCTBYIOT (DOPMUPOBAHHIO PEATIBHOTO IPaJIOCTPOU-
TEJILHOTO dJIEMEHTa B 001eM 00pase MmoceleHuid B rap-
MOHHUH CO CIIENU(PHYECKUMH MPUPOAHO-KITMMATHYECKH-
MH 0COOCHHOCTSIMH MECTHOCTH.

PexoMeHnaanmuu

B kaxnol KOHKpeTHOW CHUTyalluM HeoOXOAMMO
YUYECTh LEIOCTHOCTh BOCIPHSTHSI TPaJOCTPOUTEIBHO-
ro TNOTCHLHAlla €CTECTBEHHOTO penbeda, 00ecreynTh
MOAYMHEHNE OOBEMHO-IUIAHUPOBOYHOW —OpraHU3aluu
00BEKTOB 00beMHBIM (popmaM penbeda, OpraHHIHOMY
BKITIOUCHHIO apXUTEKTYpHOTO O0OBEKTa B oporpaduue-
CKYIO CHUTYaIlUIO U OKPYKAIOLIYIO CpENy.

PaGoTa BbINo/IHEHA B COOTBETCTBHH MJIAHOM HAYyYHO-HCCJIEOBATENLCKHX PadoT « DYyHKINS, KOHCTPYKIHUSI
H cpena B apXuTEeKType 30aHuii u roponoB» / The work was carried out in accordance with the plan of scientific
research "Function, design and environment in the architecture of buildings and cities».
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Purpose. In order to develop the architectural typology
of the residential buildings and their planning organization
for the development territories, the analysis of the problem
of the sustainable development of mountainous territories,
taking into account the uniqueness of the natural and eco-
logical landscape of the built-up areas in the difficult terri-
tories, the specific climatic features due to local conditions
of the landscape was carried out.

The article deals with the features of designing and im-
proving the volume-planning structure of cities and resi-
dential buildings in the complex territories, taking into ac-
count the orographic features of the structure and climatic
conditions of the area. The problem of the mountain region
development for the purpose of planning structure of the
inhabited formations and settlements considering the local
climatic features is studied.

In the practice of complex areas urban development,
there is a significant gap in the field of the urban environ-
mental studies in terms of the comfortable eco-environment
for cities and settlements formation, characterized by a
complex orographic situation, causing specific local cli-
matic conditions.

Methods. The study area of the complex topography
with morphological, microclimatic and bioclimatic posi-
tions with the identification of the urban maneuverability of
the relief situation, updated, expanded and refined is shaped
in the framework of the design procedure . On this basis,
the method of organization of spatial and architectural-
planning structure of cities, settlements and buildings was
carried out.

Results. Based on the study of domestic and foreign
experience in the design and construction of buildings and
buildings on complex terrains the problem of shaping the
terrain to identify the areas of the potential construction
were generalized and systematized. Using the method of
background evaluation and method of assessment of local
special climatic conditions formulated landforms for urban
development elaborated by the authors.

For the purpose of the sustainable development of
mountain relief, taking into account the uniqueness of the
natural and ecological landscape of built-up areas on dif-
ficult terrain, as well as the specificity of climatic features
due to local landscape conditions, the existing architec-
tural typology of residential buildings and their planning
structure for development areas is systematized and re-
fined. The methodological proposals for planning the spa-
tial structure of urban development, design of housing and
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residential complexes, the method of layout in the land-
forms and relative to the slope were developed.

The classification of the terrain according to the degree
of complexity, as well as the materials of urban science,
covering the features of the formation of the urban struc-
tures and construction of buildings in areas with complex
terrain allowed to estimate the impact of complex terrain on
the planning and design solutions of urban design.

Conclusions. The developed methodological propos-
als for the planning — spatial structure design of residential
buildings, housing design and residential complexes, the
method of layout in the formation of the relief and the slope
are scientific and practical skills for the sustainable devel-
opment of mountain areas.

Keywords: relief, mountain relief, urban planning,
sustainable development, planning, building, orography,
morphology.
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HA3EMHbIE KOJIECHbIE TPAHCIOPTHbBIE
Moaynu and PELLEHUA 3AO0AY MOHUTOPUHIA
OKPYXAIOLWEW CPEQbI FTOPHbIX TEPPUTOPUIA

Brenenne

[IprMeHUTENBHO K PEIICHNIO Pa3HOOOPa3HBIX HAPOAHOXO3IHCTBEHHBIX 3a7ad
Ha OONBIIMX YCTOWYMBO Pa3BUBAIOLIMXCS, B YACTHOCTH TOPHBIX M NPEATOPHBIX,
TEPPUTOPHSIX HEOOXOAUM PETYISIPHBIM U pa3sHOOOPa3HBIN MO (DYHKIMOHAIEHOMY
Ha3HaYE€HUIO0 MOHUTOPHHT OKpYXarowel cpensl [1; 2], a *MEHHO: IMHAMHKH CO-
CTOSIHUSI JOPOXKHBIX TOKPBITHI; MPUAOPOKHBIX MPUPOAHBIX 00pa30BaHUN U HMH-
JKEHEPHBIX COOPYKEHHH, TOPOKHBIX YKIOHOB; COCTOSIHHSL M YKJIIOHOB a3pOIpPOM-
HBIX MOKPBITUH, a TaKKe MOCIEHNONIETHOIO COCTOSHUSI HapyKHBIX ITOBEPXHOCTEHN
(ro3esska; KPhUIbEB M IIACCH BO3LYLIHBIX CYJOB; OKPYKAIOLIETO BO3IYIIHOTO
MPOCTPAHCTBA C LEJbIO BRISBICHHUS, HAIIPUMED, OCCIIMIIOTHBIX JIETATE/ILHBIX aIllla-
PaToB B CTPaTErM4ECKN 3HAYUMBIX paiioHax. IlepcrieKTHBHBIM SIBIISAETCS IPUMEHE-
HUE I OTUX 1ieJIed Ha3eMHBIX TPAHCIIOPTHBIX KOJIECHBIX MOIYJIEH KaKk HOCHTENEH
anmaparypbl MOHHTOPHHTA, Pa3MELIaeMOil Ha JOMOJHUTEIBHBIX YHPABISEMbIX
CTaOMIM3MPOBAaHHBIX MJIaTGOpMax, yCTaHABIMBAaEMbIX Ha OOpTy HocuTems. Tpa-
JULHMOHHO B KaY€CTBE TAKUX HOCHUTENICH MCIIONB3YIOTCS CIEHaIbHO 000pYI0BaH-
HBIE YETBIPEXKOJIECHBIE TPAHCIIOPTHBIE CPENCTBA. BMecTe ¢ TeM npencTaBiseT cy-
IIECTBEHHBIN NHTEPEC IPUMEHEHNE B KAU€CTBE HOCUTENIEH OHOOCHBIX KOJECHBIX
mopyneit (OKM). OcHoBHBIM focTtonHcTBoM OKM sIBIISI€TCS TO OOCTOATEIBCTBO,
YTO OH MPEACTABISIET OO0 (PaKTHUECKH HAa3eMHBIN KOIECHBIM THPOCKOITMYECKUN
CTaOMJIM3aTOp C OAHO- WM JABYXCTEHNEHHOH YNpaBiIseMOil CTaOHIM3HPOBAHHOMN
riaropmoit. PU3NUECKO OCHOBOMN MOCTPOCHUSI TAKOTO CTA0MIIN3aTOpa SIBIISIETCS
Hanmure y OKM ecTecTBEeHHOH cTeneHn cBOOOIBI €ro MIaT(OopMbl OTHOCHTEIIHLHO
36MHOW TIOBEPXHOCTH BOKPYT OCH KOJIECHOM MapBhl.

Taxum o6pazom, OKM, B oTiHune OT ABYXOCHBIX TPEXKOJIECHOM UIIH YEThI-
PEXKOJIECHOW KOHCTPYKLUH, coBMenaeT (yHKIMH Ha3€MHOTO TPAHCIIOPTHOTO
MOIYNS U CTa0MJIM3MPOBAHHOW IMIaT(GOPMBI C BO3MOXKHOCTBIO aBTOHOMHOTIO
yIpaBJiIeHHS yIIIOBON OpHeHTaluel miaTr(GopMbl ¢ HOCUMOM anmnapaTypoi; npu
3TOM OTCYTCTBYET HEOOXOOUMOCTb B HCIOIb30BaHMK Ha 6opty OKM nomon-
HUTENbHOW ympasisieMor miuardopmel. Kpome Toro, OKM, kak KOMOakTHbBIE
BBICOKOMaHEBPEHHBIE TPAHCIIOPTHBIE CPEACTBA — HOCUTENM Pa3HOOOpa3HOM
M3MEPHUTEIBHON U YIIPABISIONICH anmaparypsl, yI00HO TaKkKe HCIIOIb30BaTh B
KauecTBE OOBEKTOB CTYICHUYECCKHX MCCICIOBAaHUN B yueOHO-HAay4yHBIX jJabopa-
TOPUAX YHUBEPCHUTETOB [3; 4].

WzBectHbl myOnmukanuu [5—8], mOCBAIIEHHBIE pa3paboTke W UCCIIECTOBAHHIO
OKM, srimouaronmx miargopMy, oOIaaarolyl0 BepXHEH MasTHUKOBOCTBIO U
MMEIOIIYIO OIHY BpAalIaTeIbHYIO CTENIEHb CBOOOBI OTHOCUTENBHO OCH KOJIECHOM
napsl, epeMenIaomuxcsi 0e3 MpOCKanb3bIBaHUS 0 MOACTHIAIONIEH MOBEPXHO-
ctu. B aTux paborax paccmarpusatorcs pexxuMsl GpyHKInoHnpoBanust OKM tons-
KO KaK CpeZcTBa TPAHCIOPTUPOBKH MOJIE3HOM HArpy3Kk IO 3aJaHHOW MPOCTpaH-
cTBeHHO-BpeMeHHO# Tpaektopuu (IIBT). IIpu 3ToMm pemaercs 3amavya ctabunmza-
LM HEYCTOWYMBOTO MOJIOKEHHMS IIaT(OPMBI B INIOCKOCTH TOPU30HTA HA OCHOBE
NPUHLUITA HHEPLMOHHON CTa0MIM3ali MOMEHTAMH CHJI MHEPLIUH OTHOCHTEIILHO
OCH KOJIECHOH Haphl, pa3BUBaEMbIMH 32 CUET HAIIPABICHHOIO YCKOPEHHOTO Iepe-
MEILEHNs MOYJIA, KaK 3TO Peaan3yeTcsl, B YaCTHOCTH, B U3BECTHOM TPAHCIIOPTHOM
cpeacTse Segway.

"MocKOBCKHiT aBHAIIMOHHbINH HHCTUTYT (HAIIMOHAIBHBIN HCCIIENOBATENBCKHUIT YHUBEpCHTET), MockBa, Poccust
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OnHako B yKa3aHHBIX paboTax MPaKTUYECKA OTCYT-
CTBYyET pEIICHHE 3a/Iaudl YIIPaBJICHUS YIJIOBOW OpHUEH-
tanpe maargopmel OKM  OTHOCHTENBHO IIOCKOCTH
TOPU30HTA TPU TPOHM3BOJEHOM MOCTYIATENbHO-BpaIa-
TeNbHOM ABMKeHUU Monyins. B OKM ¢ uHepruoHHOU
crabumm3zarpell Taropmbl, O0JagaroIIed TONBKO OfI-
HOW BpaIllaTeIbHON CTETEHhI0 CBOOOIBI OTHOCHUTEIHHO
OCH KOJIECHOW Mapbl, HEBO3MOXXHO O0ECIIEUUTh ITOJTHOE
COBMeIIeHHEe TUIAaT(QOPMBbI C TUIOCKOCTHEO TOPU30HTA TIPH
JBIDKEHHUH TI0 HEPOBHOM IMTOBEPXHOCTH.

Kpome Toro, cymiectByer HEOOXOMUMOCTH KypPCOBBIX
pazBoporoB OKM mipu HaBeIeHNY JINHAH BU3UPOBAHMUS all-
raparypbl MOHUTOPYHTA, JKECTKO TIPUBS3AHHOM K TI1aTdop-
Me, Ha 33/JaHHYF0 TOUKY B pocTpancTie. [locienHee obcTo-
SITETIHCTBO CYIIECTBEHHO BIMSIET HAa XapaKTep TPASKTOPHOTO
npwkeHnst OKM, B To BpeMsi Kak 3(QEKTUBHBII MOHHUTO-
PHHT TIpe/riosaraeT He3aBHCHMOCTh TIPOIIECCOB TPAEKTOP-
HOTO JIBFKCHHUS 1 HABEJICHS JIMHUW BU3UPOBAHUSL.

Lempro HacTosimelr paboTHI sBIsETCS 0000IIeHNe pe-
3yJIBTaTOB TEOPETHYECKUX HCCIIENOBaHUN M pa3paboTOK
OKM, mpoBomuMbIX Ha Kadenpe «ABTOMaTU3NpPOBAHHBIE
KOMITJIEKCH CHICTEM OPHEHTAIlMY U HaBUTaum» MOCKOB-
CKOTO aBHaIMOHHOro MHCTUTYTa (MAU). OTH paboThI Ha-
mpaBneHbl Ha co3nanne OKM kak 3(h(heKTHBHBIX TpaHC-
MOPTHBIX CPEACTB JUIS PEIIeHHs 3a/ad MOHHTOPHUHTA W
OCYIIECTBIISIIOTCS B HalpPaBICHUAX: (OPMHUPOBAHUS ajlb-
TepHaTUBHBIX CTpyKTyp OKM; pa3paboTKu MPHHITUIIOB U
ITOPUTMOB YTIPABJIEHUS YIIIOBOW OpHUEHTAIUEH MX IDiar-
(hopM; pa3pabOTKH MPUHITUIIOB 1 aJITOPUTMOB YIIPABICHHUS
memkenneM OKM mo 3aganHoit [1BT. Paspaborano coot-
BETCTBYIOIIIEE aIllIapaTHOE M POrpaMMHOE 00eCTICUeHHE.
1. BapnanTsl cTpykTyp M pusnyeckne mogean OKM

B ocHOBY hopMupoBanus CTPYKTYp pa3padaTbiBaeMbIX
OKM nonoxeHbl OCHOBHBIE (DyHKIIMOHAIBHBIE TPU3HAKHY,
OTIPEJIEIISIONINE KOMMYECTBO CTENeHeld CBOOOABI IUIaT-
(hopMBI OTHOCUTEITFHO OCH KOJIECHOH Taphl (MCIIONB3YIOT-
Cs1 OJTHA WUJTH JIBE),  TAKXKE CITOCOOBI yIIPaBIeHUS YIIIOBOI
OpHEHTAIMeH TIaTPOPMbI, B YaCTHOCTH, CTAOMIH3AIINN
€€ OTHOCHUTEINIFHO IJIOCKOCTH TOPU30HTa (MHEPIIMOHHBIN,
TPaBUTALMOHHBIN, CHJIOBOM T'MPOCKONMYECKHUNA, Maxo-
BUYHBIH, KOMOWHUpPOBaHHBIN). Bo Bcex KOHCTPYKIHSIX
MIPUMEHSIETCS IBYXKOHTYPHAs (TPaeKTOPHO-JIOKOMOIIHOH-
Has) cucteMa ynpasienus (J{CY) nemwkennem OKM mo
3ananHod [1BT [9]. Pemenue 3agay onpeneneHus: HaBu-
TallMOHHBIX MMapaMeTPOB W MapaMeTPOB YITIOBOW OpUEH-
TaIi OCYIIECTBISIETCS B OOIIEM Cly4yae KOMIUIEKCHON
CHCTEMOW HaBWTAllMH, BKIOUaromied OecruardopMeH-
HYI0 HHEepLUalIbHy10 HaBurauonnyto cucremy (BUHC) ¢
KOppeKIuei 1mo MH(popMamyu OT JaTYUKOB YIIIOBBIX CKO-
pocrTeii U yCKOpeHui Koiec, MPUEeMHHKA CITy THUKOBOH Ha-
uranmonHo#t cuctemsl (CHC), Buneokamepsl. Haxoaur
MIPUMEHEHNE TaKKe KOMIUIEKCHAs CHCTeMa HaBHTaIld
U JOKasbHOTO Kaprorpaduposanus [10]. Ha puc.1a,6,6
MIpeCTaBICHBI XapaKTepHble BapuaHThl cTpykryp OKM
pa3padarsIBaeMOTo psja.

Bce paccmarprBaemMble MOIYITH TIPEACTABISIOT COOO0
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OKM c mrardopMoii, yCTaHABINBAEMOHN TEM WM WHBIM
o0pa3zom Ha ocu kojiecHoi nmapsl. OKM BKITIOUaroT: coo-
CTBEHHO KOJIECHYIO Iapy ¢ Koseel 2b U ¢ 0ChI0 BpalleHHs
Oy, (O_— ueHTp 0CH KOJIECHOW Iaphl), Ha KOTOPOH pac-
TIOJIOXKEHB! YIIpaBIsieMble IPUBOIHBIMU ABUIATEIAMH KO-
JIeca paiiycoM 7 M MacCou /m, (Ha OCSX BPAIEHHs KOJIEC
YCTaHOBJICHBI JaTUYUKH UX YIJIOBBIX CKOPOCTEH U yCKOpe-
HUi); mar¢hopMy ¢ MPUOOPHBIM KPOHIITEHHOM OOIIEi
Maccoi m , (B Bapuantax la m 16 oHa yCTaHOBIIEHA He-
TIOCPEICTBEHHO HA OCH KOJIECHOM napbl O ), W HMEET OT-
HOCHUTENBHO Hee OJIHY CTENEeHb CBOOObI, B BapuaHTe 1,6
OHA YCTaHOBJICHAa B INPOMEXYTOYHOW pame, MMEoLen
CTENEHb CBOOOIBI OTHOCHTENBHO OcH O, U MOXET pas-
BOPA4MBATHCS BOKPYT ocH pambl O x ). Takum obpasom, B
BapuaHTax la u 16 miardopma UMeeT OfHy CTEIEHb CBO-
00IIbI OTHOCHUTENIBHO OCH KOJIECHOH Iaphl, a B BapHaHTE
16 — nBe. Ha nmpubopubpIx kpoHIuTeiHax miatgopm OKM
B obmiem ciaydae pasmerniensl: [ICY; BUHC; Buneokame-
pa; npueMHuk CHC; anmmapartypa moHuTtopuHnra. LleHTpsl
Macc miaropm OKM pacrosiiokeHbl B TOUKE 0,, orcro-
Sl OT OCH KOJIECHOH Akl Ha PACCTOSHIH /, (BEpXHsis
MasTHUKOBOCTb IIaT(hOpM).

Ha puc. 1 ucnone3oBaHbl ciegyromue oomue st Becex
OKM cucremsr koopauaar (CK): O,,.— craproBas HHEp-
unanbHas (ocu O, O Jexar B FOPU30HTATILHON IIOCKO-
ctu); O x y z — CONPOBOXKIANOIIAA (€€ OCH TapaLIEIbHbI
cooTBercTBytomUM ocsim CK Oxyz); O xy,z,— TPaeKTop-
Has (och O X, IEKUT B TOPU30HTAIIBHOMN ILIOCKOCTH, OCh
Oy, COBIANAET C OCHIO KOJECHOW mapbl, och Oz, 10-
nonusier CK 1o npaBo#i Tpoiikn); O Xy, z,— CBA3aHHAs
¢ marpopmoit (O x,, Oy~ COOTBETCTBEHHO IIPOIOJIb-
Has ¥ Tonepeynas ocu mwiarGopmel, ock O z, JTOTIOIHAET
CK no mpagoii Tpoiiku, B Bapuantax la u 16 oce Oy,
COBIIAJAET C OCHIO KOJIECHOH Iapkl, B BapuaHrte 16 — och
O x,, coBnanaer ¢ ocbro pambl O x,). JIonoaHUTENBHO Ha
puc. 16 Beeniena CK O x,y,z,, cBa3anHas ¢ pamoi (O x, —
pojoiIbHas OCh pambl, O y, — TONEPEYHAss OCh PaMbl —
0Cb ee cTabummsanum, copnanaromas ¢ O y., ocb O z, 10-
noiaser CK mo npasoit Tpoiiku). Ha puc. 1 0603HaueHbI
TaKOKe: JIMHEHHAs: CKOPOCTh V IepeMeIeHns LeHTPpa OCH
KOJIECHOU Maphl OC OKM O0THOCUTEIBHO HOACTUIIAIOIIEH
TIOBEPXHOCTH; ), ¥, — YIVIbl COOCTBEHHOTO BPALIEHHS CO-
OTBETCTBEHHO IIEPBOTO M BTOPOIO KOJIEC; Ot — YIOJ OT-
KJIOHEHUs IIAaT(OPMBI OT INIOCKOCTH T'OPH30HTA BOKPYT
ocu crabummsanmu miargopmsr O y, B OKM Ha puc. 1 g,
6 (pamsbl ¢ WIAT(HOPMOH OT IIIOCKOCTH T'OPU30HTA BOKPYT
ocu crabummzanuu pamel Oy, 8 OKM na puc. 16); f—
YroJl OTKJIOHEHMS IUIaT(OPMBI OT IUIOCKOCTH TOPHU30HTA
BOKpYT ocu crabumsanuu miargopmer O x, B OKM Ha
puc. le; ¥, ¥, ¥, — ymibl IOBOPOTOB MaxOBHKOB COOT-
BETCTBEHHO OTHOCHUTEJIHO PaMbl U IUIAT(OPMBI BOKPYT
OCeH X COOCTBEHHOTO BPAILEHUS; P, p, — IEPEMEILECHHUS
YIPAaBJIIEMbIX IPY30B [0 HAIPABJSIOLIMM COOTBETCTBEH-
HO Ha pame M MIaT(popme; J,, 0, — YIIIbl HPELECCUH COOT-
BETCTBEHHO IIEPBOTO U BTOPOT'O CUJIOBBIX IBYXCTEIECHHBIX
TUPOCKOIIOB; X, ¥ — KOOpAMHAThI ieHTpa O, B CTapTOBOK
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN
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Puc. 1. Bapuantsl crpykryp OKM / Fig. 1. Variants of UWM structures
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CK; 60— yrom xypca, OTCUUTHIBAEMBIA BO-
kpyr ocu Oz (yronm mexmy ocamu O x_u
Ox)).

B OKM Ha puc. la crabunmzanus miar-
(OpMBI B INIOCKOCTH TOPU30HTA BOKPYT OCH
KOJISCHOHM Mapbl MO YIUTy G OCYIIECTBIISIETCS
Ha OCHOBE NPUHLHIA WHEPLUOHHOH cTabu-
JIN3ALAN MOMEHTOM CHIIbI HHEPLIH m_ |/ [
[Ipu 5TOM NMHEHHOE YCKOpEHHE LIEHTPa OCH
KOJIeCHO# Tapsl /' hopMHUpyeTcs 3a CUeT Ha-
MIPaBJIEHHOTO YCKOPEHHOTO BPAILIEHNUS KOJIEC,
Ha JIBUTATEId KOTOPBIX OT OJOKa MHEpIHU-
oHHOI crabmwmzauun 1wiardopmsl (BUCIT)
MOCTYTAIOT YIIPABISIIOLINE CUTHAIIBI B (PyHK-
un m3Mepsiemoro BUHC yrna a.

VYopaBneHue ymIOBOM — OpHEHTaluen
w1aTOpPMBI 10 YOIy o ¥ CTaOMIM3aLus ee
OTHOCUTENIBHO IIJIOCKOCTH TOPH30HTA BO-
KpyT ocH kojiecHo# napsl B OKM Ha puc. 16
OCYILECTBIISIOTCS. HA OCHOBE IPUHIIMIIA CH-
JIOBOM THPOCKOITMYECKOW CTaOMIM3alun
IIPU IOMOUIY THPOCKOMa / ¢ KHHETUIECKUM
MomeHToM H [11; 12]. IIpu Hammuuu Bo3My-
WAKOWEr0 MOMEHTa M, , NPUIOKEHHOIO K
miardopme BOKpyr ee ocu Oy, THPOCKOI
MpeLeccupyeT OTHOCHTENBHO IUIAT(OPMBI
C YIJIOBOM CKOPOCTBEO 51 U TIEPBOHAYAIILHO
MapypyeT BO3MYIIAIOIINA MOMEHT THPOCKO-
mugeckuM MoMerToM H &, OnHOBpeMeHHO
T0 CUTHAITY 00 YIVIE TIPEECCHH J, THPOCKO-
1a OCYIIECTBIISIETCS MepeMeIieHne rpysa /
Maccou m_ TapajuiebHO OCH OX mna Be-
JIMYUHY P, 9TO TOPOXKIAET MOMEHT CHIIBI
TSDKECTH M, gp, (g — YCKOPEHHE CHITBI TShKE-
CTH), TAPUPYIOLIHIA B KOHEYHOM CUETe M&y.
CoOCTBeHHO YTIpaBIE€HHE YIJIIOBOW OpHEH-
Tarpe miaTopMbl IO YIITy ¢ OCYIIECTBIIS-
€TCsl ¢ TIOMOIIBI0 jJaTtdanka MoMeHTa (M)
THPOCKOIIA, Ha KOTOPBIN MOCTYIAEeT yIpaB-
JISIFOIIMI CUTHAJ O TOTPeOHON OpHUEeHTAINH
1aTOPMBL.

JononanTtensHO Ha Tuiatgopme ycra-
HOBJIEH MAaxOBHK 3 C OCBIO BpAIIEHUS,
napamensHoii Oy . B cooTBETCTBHHM €
npuninoM A.}HO. WmmmHckoro cropocTb
BpalleHnss MaxoBuka ¥, (opmupyercs Ha
OCHOBE COOTHOIIICHHUS

Wy =—m V[T, (1.1)

e J }  MOMeHT WHEPLIUHU MaxoBHKa 3 OT-
HOCHTEIIBHO OCH €TO BPAILlCHUS.

IIpy BBINONHEHUMM IPWIOKEHHBIA K
mwrarpopme MOMEHT cuil uuepuun m, Vi
KOMITEHCHUPYETCS PEaKTUBHBIM MOMEHTOM —
JyM3 {/, » IPUIOKECHHBIM K ILIaTopme co

T.10. Ne4(38), 2018 1.
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Puc. 2. Dynxyuonanvras cxema ynpasnenus ogudicenuem no 3adannou IIBT
Fig. 2. Functional diagram of motion control for a given STT

CTOPOHBI TIPHUBOJHOTO JBWTATENl TPEThEr0 MaXOBHKa
[13]. Tem cambiM OOecTIeUMBaETCS HHBAPUAHTHOCTB ILIAT-
¢opmer OKM 10 OTHOLIEHUIO K CHJIaM MHEPLIUH, TIOPOXK-
JIA€MBIM €T0 YCKOpEHHEM V.

B OKM Ha pwuc. 16 ynpaBieHue yIiioBOH OpHEeHTAITUEH
m1aTOopMbl M CTAOWIHM3AIHsI €€ OTHOCHTEIBHO IIIOCKO-
CTH TOPHM30HTA BOKPYT OCH pambl Oy TI0 YIITy o X BOKPYT
ocu marpopmel O x 0 yrity 3 TAKKe OCYIIECTBIISIOTCS
Ha OCHOBE IPUHITUTIA CHIIOBOM THPOCKOITMIECKON CTa0u-
JIU3AIHH TTPH TIOMOIIIY TUPOCKOTIOB /, 2 ¢ KHHETHYECKUMH
momeHTaMu H [14]. ITpu 3TOM BO3MYIIIAIOIIAE MOMEHTHI,
MPUJIOKEHHBIE K pame M&y 1 K wiarpopme M, , KoMIIEH-
CHPYIOTCSI COOTBETCTBYIOIIIMMH THPOCKOITHYECKUMHI MO-
MeHTamMu H§, u H§,, a Tak)ke MOMEHTaMU CUII TSKECTH
m_gp W m_gp,, CO31aBaCMBIMH TIPH yNPABISEMBIX TIepe-
MEIMIEHHUX TIEPBOTO M BTOPOTO TPy30B. JlomomHuTEN HBIE
COOTBETCTBYIOIINE CTAOMIH3UPYIONINE MOMEHTHI (pOopMH-

1 e
PYIOTCSI KaK PeaKkTHBHbIC MOMEHTHI — J ;‘ ¥/, MaxoBu-

Ka [/, yCTaHOBJIIEHHOIO Ha pamMme, U J:‘Z ¥, maxoBuka 2,
YCTaHOBIIEHHOTO Ha miarhopme (J;“ , J? — MOMeHTHI
HWHEPIUY COOTBETCTBEHHO MaXOBHUKOB /, 2 OTHOCUTEIHHO
WX ocell COOCTBEHHOTO BpallleHUs). YIPAaBJISIOIINE MO-
MCHTHBI ABUI: aTelieil STHUX MaXOBHKOB SIBJISTFOTCS (I)yHKHI/ISI-

MH COOTBETCTBYIOIIMX YIJIOB NPELECCUH TUPOCKOIIOB )
u 0, . OrpaHndeHye CKOPOCTeil BPAICHHS MAXOBHKOB /]

U ¥, ocyliecTBISeTCsl €CTECTBEHHBIM 00pa3oM 3a CyeT
YIPAaBISIEMBIX TIEPEMELIECHUA p, Tpy3a [ u p, Tpy3a 2 B

(bYHKITUM COOTBETCTBEHHO ¥, u ¥, . CoberBeHHO yrpas-
JICHWE YIIIOBOH OpHeHTaIueH miar(opMbl TIO yIiiaMm o 1
peanuzyercst ¢ noMouibo JIM COOTBETCTBEHHO TMPOCKO-
noB / n 2. MaxoBuk 3, mOMUMO (DYHKIIMM KOMITCHCAITHH
MOMEHTA CHJI MHEPLIUU mHVlu (o anamorun ¢ OKM Ha
puc. 16), obecrieurBaet rpu BeIomHeHUH (1.1) 11 KOMTICH-
CAllMI0 CBOMM TMPOCKOIHMYECKHM MOMEHTOM J;”3 v, 0
MOMEHTa IIeHTPOOEKHBIX cul uHeptmu —m [ V6 , npu-
JIOKEHHOTO K Twiarpopme BOKpyr ocu O X B mpouecce
passopotoB OKM 1o yriy kypca 6. Ilpu sTom obecrie-
YHMBACTCS MHBAPUAHTHOCTD IIAT(GOPMBI IO OTHOLICHHIO

T.10. Ne4(38), 2018 T.

K CHJIaM HMHEPIHH, [IOPOKIAEMBIM KaK YCKOPEHHEM |/ ,
TaK u yckopenueM J/g. ITo cymecrsy OKM Ha puc.16
U 6 TIPEICTABISIIOT COOOH COOTBETCTBEHHO OAHOOCHBIN U
JBYXOCHBIH CHJIOBBIE TMPOCKOIIMYECKHE CTaOMIM3aTOPhI
¢ HecOaIaHCUPOBaHHBIMHU UIATHOPMAaMH, HHBAPUAHTHBIC
10 OTHOIIEHHWIO K CHJIaM MHEPIMHU, BO3HHMKAIOUIMM IpHU
MOCTyTaTeNnbHO-BpalarensHoM AapkeHnn OKM 1o ro-
PH30HTAIBHOM NMOJCTUIIAIONIEH TTOBEPXHOCTH.

2. O6001menHas MmaTemMaTuueckas mogeanr OKM

Haubonee obmieit MareMaTHIeCKOi MOZIENBIO IS MO-
IyTliel pa3padareiBaeMoro psma seisiercs Monenb OKM,
npencraienHoro Ha puc. 18. Cocrosame OKM, mepe-
MEIIaronerocsi 6e3 MPOCKANb3bIBAHMS 110 TOPU30HTAIb-
HOW ITOICTHIIAIONIEH TOBEPXHOCTH, OyIEeM OIPEIesATh
YKa3aHHBIMH Ha 9TOM PUCYHKE KOOPAMHATAMH Y, Y., O, 3,
Vs Wy, Vsy Py Py 0,5 0,, X, y, 0. Tlepememenns OKM no
KOOpAWHATAM X, ), €T0 pa3BOPOTHI MO YIIIy Kypca 6 u u3-
MEHEHHUSI CKOPOCTH V 1IEHTpa OCU KOJIECHOU Maphl B MPO-
necce HaBuranuu OKM 1o 3agannoit [IBT peanmsyrorcs
MyTEM YyTIPaBJICHNS BPAIIEHUSIMHU KOJIEC C MTOMOIIBIO MO-
MEHTOB CHJI, Pa3BUBAEMBIX ITPUBOJHBIME IBHUTATEIISIMU
koieC. IIpu oTCyTCTBHH MPOCKANB3BIBAHUS KOJIEC IMEIOT
MECTO CJICAYIONINE COOTHOIIEHHS st ckopocteir OKM:

v r. . 9 _r ( . . )

Ucnons3ys ypaBaeHust Jlarpamka Jj1s1 HETOJIOHOMHBIX
cuctem [15], coorHomerue (2.1), a TakKe COOTHOIICHHE
Vet 24 ).}2 , ipeHeOperast TMHAMUKOW MaJIOMHEPITHOHHBIX
HCIIOJIHUTEIBHBIX JBurareiieii anemeHtoB OKM, MOKHO
MOTYYUTh CUCTEMY M3 OJIMHHAMIATH YPAaBHCHUH JTBIKCHUS
OKM B roopruHarax o, B, 6,, 6,, p,» Py ¥,» Wy, Vs, 0, V. B
YaCTHOCTH, TIPUMEHUTEIBHO K 3aj[aue CTaOMIM3aIyy IrIaT-
¢dopmbr OKM B IIOCKOCTH TOPU30HTA TIPU €TI0 TIPOU3BOTb-
HBIX JBMkeHHAX 1o [IBT B npennonoxeHny ManocTy Besu-
HHH a’aﬁaé‘]agzadaﬂ:é‘]aééaplﬁpz 959 COOTBCTCTBy-
TOIT[asl CHCTEMa YIIPOIIICHHBIX ypaBHEHUI numeeT Bux [14]:

. e\ M2 -
Jyoc mngluoc H(ﬁ+51) mepgp1 +Jx \p26+mnl V=

. VY (2.2)
M

1 _MM3 06l o2t M@.y ’

569



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

. . . M3 . . . _
JxB—mngluB+H(oc+62)+m2pgp2—Jy WSG_mnlL;Ve_
=M +M (2.3)

M2 8.x
J! (B+61 )+H(X =M,,..; 2.4)
ol w - '
‘]y (a+52)_Hﬂ_MIl.M.r2’ (2.5)
mey (B —ga+V —1,0)=—2; (2.6)
n

N M
my (5, +gB+V0)=—"2; 2.7)

n
I (@) =M, (2.8)
J)l;lz (ﬁ_'_wz) — MMZ; (29)
I (a+ys) =M, (2.10)
mr+2=2 V=M M+ M+ M, (2.11)

r

M2

J).
FET S b s
b r b

v+t +

M3

2
b

r .

(l//3:6+1//3ﬂ) = MHBZJ_Mquj+ M‘/’z - M/’l» (2-12)
e M}[Bl u Mmz’ M}I.M.I‘.] n Mq.M.r.Z’ Mrp] u MrpZ’ Mm’ MM2 u
M, — MOMEHTBI CHJI, pa3BHBACMbIE COOTBETCTBEHHO JIBH-
rarejsiMM IIEPBOr0 U BTOPOIO KOJIEC, JaTYMKaMH MOMEH-
TOB Ha OCSIX MPELECCUH NIEPBOTO U BTOPOIO IMPOCKOIIOB,
JIBUTATEJIIMHA [IEPBOIO M BTOPOTO I'Py30B, JBUIATEISIMU
IIEPBOT0, BTOPOrO U TPETHEr0 MAXOBUKOB; M. s M [, — Mo-
MEHTBI TPEHHUSI KAUE€HUS, IPUII0KEHHBIE COOTBETCTBEHHO K
MIEPBOMY M BTOPOMY KOJIECaM; MBy 1 M — BO3MyIIaromme
MOMEHTBI, IPUJIOKEHHBIE COOTBETCTBEHHO BOKPYI OCEH
CTaOHMIIM3AIH PaMBbl H TD1aT()OPMBI; j — IEpeAaTOqHOE OT-
HOILIEHUE PEYKTOPOB IPUBOJIHBIX JIBUTATENEH KOJIEC; 1 —
[epeJaToOyHOE OTHOLIEHUE YIIIa IOBOPOTA POTOpa MPUBO-
JIHOTO JBUTaTelIs Ipys3a K MOCTyNAaTelbHOMY IEepeMelie-
HUIO Tpy3a; m — cymMMapHast Macca OKM; J — cymmapHbIit
MoMmeHT uHepuu OKM BOKpyT BepTHKaIBHOH OCH; Jy 51
J, — CyMMapHbIe MOMEHTBI HHEPLIMM PaMbl U IJIAT(HOPMBI
BOKPYI' COOTBETCTBYIOIIUX CBSI3aHHBIX C HUMH OCEW; Jy “
J, 'n J, "2 — TIaBHbIC [IEHTPAIbHBIE MOMEHTBI HHEPIMHU BO-
KpYT COOTBETCTBYIOLIMX OCEH KoJjieca, NACHTUYHBIX IEp-
BOMY ¥ BTOPOMY THPOCKOIY (BEpXHHE WHIEKCHI 03HAYAIOT
IIPUHAUIEKHOCTb COOTBETCTBYIOIIEMY THUILy U HOMEpPY
anemenTa OKM, HIDKHHE WHAEKCH — COOTBETCTBYIONICH
TJTaBHOW IIEHTPAJILHOM OCH AJIEMEHTA).

MowmenTel Tpenus kauenus M, M, B (2.11), (2.12)
TakoBHI [11]:

M, =-aR, sign[ V=50

V+
]; M, =-aR, sign[ b

;)

»(2.13)
IJie 0. — MPOJOJIbHBIA CHOC HOPMAJIbHBIX PEaKiMi Moj-
crwnaromeit mosepxuoctH R, =mg/2—J)"y,60 / 2b,

Ml ]
R, =mg[2+J"y,0 / 2b | npUIOKEHHBIX COOTBETCTBEH-
HO K IIEPBOMY U BTOPOMY KOJIECAM.
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VYcia0BUA OTCYTCTBUSI IPONOJBHOTO M IIONEPEYHOTO
MPOCKAJIb3bIBAHMSI KOJIEC IPU 3TOM UMEIOT BUJ [11]:

j'l < ¢long1Rzl ’ j'Z < ¢long2R22 ’ AB < ¢lathzl +¢1a12R22 > (214)

1€ D> Pongz ¥ Bt » Py — KOIDPHUITHEHTHI COOTBET-
CTBEHHO MPOJOJIBLHOIO U IONEPEYHOro CLEIUICHHUH C MOA-
CTUJIAIOIIEH OBEPXHOCTHIO IEPBOTO M BTOPOT'O KOJIEC.

B cucreme ypaBuenmit (2.2)— (2.12) moacucrema
(2.2) — (2.10) ompenensieT MpOLECCH YIIIOBOK CTaOMIHM3a-
UM 1 OPUEHTALIMH OTHOCHUTENIFHO INIOCKOCTH TOPU30HTA
mwiatpopmel OKM, a moncucrema (2.11), (2.12) — nBu-
JKEHue IeHTpa ocH konecHoi mapsl mo IIBT. IIpu stom
B moacucreme (2.2) — (2.10) craOunuszauus miatGopmsl
peanu3yercss palroHaJIbHBIM BBHIOOPOM  YIIPABIAIOIINX
MOMEHTOB MaxoBUKOB M, M ,, M . v rpy30B Mrpl u Mrpz,
a ynpasJieHHE yIIOBOM OpHEeHTaluel — BIOOPOM MOMEH-
T0B M, UM . pasBUBaeMbIX 1aTYMKAMH MOMEHTOB
rupockorioB. B monacucreme (2.11), (2.12) dopmupoBanue
nmemwkeHnss OKM no 3amannoii [IBT peanusyercs BbiOO-
pom MomeHTOB M | v M . pasBUBAEMBIX JBHIATENIMU
KoJIec.

Tpancdopmarueii cuctemsr (2.2) — (2.12) mytem yaep-
JKaHUs B HEH TOJIBKO T€X YpaBHEHHM, KOTOpbIE OIHCHIBA-
10T JMHAMHKY 3JIEMEHTOB, U3 KOTOPBIX COCTOMUT TOT MU
uHoit OKM, ¢ yuetoM (pyHKIIMOHAIBHBIX OCOOCHHOCTEH
(opMHUpPOBaHMS B HUX YNPABISIOIINX MOMEHTOB HETPYA-
HO MOy4uTh Maremarnueckue monenu OKM, npencras-
JIeHHBIX Ha pHC. la u 10.

1

3. Ynpasienne apu:kenneMm OKM no 3aganHoit
NPOCTPAHCTBEHHO-BPEMEHHOI TpaeKTopuu

B mporiecce MOHUTOpPHHTA BO3HUKAET 33/1a4a, B 00IIIEM
ciydae, BeiBoga OKM Ha 3amannyro I1BT u3 mpon3Boib-
HOM TOYKH MOCTHUIIAIOIIEH TOBEPXHOCTH U MTOCIIETyIOIIE-
ro nerxenns o [IBT. Ota 3agada a3 dexTrBHO penraeTcst
Ha 0CHOBe ucnonb3oBanus JJCY, BKIIrogaronie TpackTop-
HYIO ¥ JIOKOMOITHOHHYIO ITOICUCTEMEI (pHc. 2) [9].

B TpackTopHO# moncHcTeMe BBIPaOATHIBAIOTCS IT0-

TpeOHble 3HaueHus ckopocrel V. u @ OKM, peanusa-
LUsI KOTOPBIX oOecreunBaeT ycTonumBbIi Bbixonq OKM
Ha 3anaHHyto [IBT u nBmxeHue mo He. OTH CKOpOCTH

COBMECTHO € MX TEKYLIMMHU 3HA4CHUAMH V U 0O, usme-
psembivu BUHC OKM, nocrynaror Ha (hopMupoBaHHe
momentoB M u M , neurarenen xonmec depes ITHJI-
PEryIATOPhl JIOKOMOIIMOHHOM MOACUCTeMBbI. [1oTpeOHbIC

3HA4YEHMsA CKOpOCTeH V. m én, YHIPaBISIONIHUX JIOKOMOIIH-
OHHOMW TIOAICHCTEMOM, BBIPAOATHIBAIOTCS B TPAEKTOPHOM
nmoacucteme. CooctBeHHo 3amanHast [IBT ompenensiercs
TPOrPaMMHEIM BEKTOPOM (|, -

Qo = [ Xup(1) Yip(1) B,(1)] 3.1)

yi (s xnp(t) ynp(t) an(t) — COOTBETCTBYIOIIIME MTPOTPAMMHBIE
KOOpAHMHATHI, 7' — CHMBOJ TPAaHCIIOHUPOBAHMUSL.

YuuTteIBas OTCYTCTBHE TpocKkanb3biBanuss OKM B mmo-
[IepPEeYHOM HaIpaBICHUH (BJOIb OCH KOJIECHOM Maphl), yc-
JIOBHE KOTOPOTO MUMEET BHI:

T
5
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—X,,8in6, +y, cosf, =0,

(3.2)
KMHEMAaTH4eCKy1o Mofens apmkernss OKM moxHO mpen-
CTaBHTh TaK:

cos®,, 0
. . p

4, =|sin6, 01
1]
0 1 b

DTy MoIenb MOXKHO TPaKTOBAaTh KaK ypaBHEHHE JIBH-
JKeHUs1 00bEKTa C BEKTOpOM cocTostHuS (3.1) 1 BeKTopoM
nporpammHoro ynpasiesus U,

(3.3)

Vo
U, = 0 (3.4)

p
V o=+ /32 432 . g =2minTiwim (35
rae Vop = T X TV > Upp 2 2 :

Xap +Vip

Texymue koopauHaTel X, ¥, O OTIMYAIOTCS OT IIPO-
TPAMMHBIX X, V., an, Ha y4acTKax BBIXOJA U3 NPOU3-
BOJILHOM TOYKH Ha MPOTrPAMMHYIO TPAEKTOPHIO, a TaKXKe,
B YaCTHOCTH, BCJIEACTBHE HAPYIICHUs YCJIOBHH HETrOJO-
HOMHOCTH 1 Bo3neiictBust Ha OKM pa3Ho0Opa3HBIX BO3-
MYILIECHUH.

B paborax [16-19] nmokazaHo, 4yTO B 00IIEM ciydae
JUIS1 KOJIECHBIX MAIlMH PA3JIMYHBIX THIIOB TOTPEOHBIE 3HA-
YCHUsI CKOpocTer V. u én, o0ecIeynBaroIue yCTonq-
BbIH BbIXOJ U ABMokeHue 1o 11BT, npumeHuTensHo K Hero-
JIOHOMHOW KWHEMaTHYeCKOW MOAENH MAalluHBI (MOIYJIs)
Buja (3.3), nenecoobpazHo (opMHUPOBATH TAK:

V V., cosest+ ke

)i

0, - énp +V, ke, +kysine, (3.6)

rae e, e, ¥ e, COOTBETCTBEHHO TaHTECHIHAJIbHAs, HOP-
MaJlbHasl ¥ YIJI0Bast KOMIIOHEHTHI BEKTOpA OIIHOKH € Tpa-
€KTOPHOTO YIPaBJICHUS

cos@.  sin€ 0] X, =X,
e=|-sin@ cosf, O||y,—¥y.|; (3.7
0 0 1], -6

k,, k, n k, — nonoxurenbubie koddurmentsr [18-20].

OcHoBHble XapakTepHble TapameTpbl OKM, mpezacras-
JICHHOTO Ha puc. 16, yka3aHbl B TaOnuIe.

B [14] npumMenuTensHO, HAIpUMeED, K PeKUMY YTIPaBIIs-
emoro npxeHnss OKM 1o 3aaHHON TPaeKTOpUH C OHO-
BPEMEHHOM CTaOWIIM3aImell ero miarhopMbl B IIOCKOCTH
TOPU30HTA MPUBEJIEHBI PE3YIIBTAThl CUHTE3a MOMEHTOB M,
M ,, M , 1 MOMEHTOB M1131 u Mrp2= SIBIISTEOIIIAXCS JIMHEHHBIMU
¢dyskmsiMu koopanaar OKM, pa3BHBaeMbIX COOTBETCTBEH-
HO MPUBOIHBIMH JIBUTATEIISIMH YTIPABIISIOIINX MaXOBUKOB H
YIIPaBISIEMBIX TPY30B, U 00SCIICUMBAFOIINX BHICOKOTOUHYIO
crabumi3aiuio miar)opMbl B TUIOCKOCTH Topu3oHTa. [lo-
Ka3aHO TaKke, 4To AP(EKTUBHOE YIPABIICHUE JIBMKCHUEM
OKM 1o 3a1aHHO# IPOCTPaHCTBEHHO-BPEMEHHOM TpaeKTo-
puH JocTHraeTcst mpH (POPMUPOBAHUH BECOBBIX KOA(DPHUIIN-
€HTOB OIIMOOK B (3.6) Ha OCHOBE COOTHOIICHUIA:

T.10. Ne4(38), 2018 T.
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b =k =2&-(6° +(Ev));

k, = 77-|v| ,
e &, ¢, 71 — NONOKUTENBHBIE TAPAMETPBHL.
Ha puc.3 npencraBneHa oOo3HadeHHas —LUd-
poil [ XxapakTepHas TPAeKTOpHUi THMOA <«3MEUKa»

(x(r)=40sin(/100), y(¢)=40sin(£/1000)), 1o koto-
poii ocymectsisuiack Hapuranus OKM B mporiecce guc-
JICHHOTO 3KCIIEPUMEHTA.

Hudpamu 2 n 3 o6o3znaueHsl Tpackropun OKM c
y4acTKaMH BBIXO/Ia Ha TPAEKTOPHIO / U3 MPOMU3BOIBHBIX
TOYEK MOJICTUIaIoNIe moBepxHocTH. Ha Bcex yuactkax
XapakTepHO#l Tpaekropun ycioBus (2.14) orcyrcrBus
MPOCKaJIb3bIBaHNA KOJieC BhITONHAIOTCA. Ha puc. 4 mpu-
BEZICHBI COOTBETCTBYIOIIHME TIPOIIECCH CTAOWMIN3AIINU
miargopmer OKM, Ha KOTOPBIX BCIUIECKH OTKJIOHEHWH
0 o ¥ f BO3HUKAIOT HA y4acTKaX KypCOBBIX Pa3BOPOTOB
Y TIpY U3MEHEHHAX CKOPOCTH.

YKpYyIIHEHHO Ha PHUCYHKE TIPEJCTaBICHBI MPOIIEC-
CBI cTabmm3anyy MIaTGopMbl HA YYacTKe HAdaIbHOTO
pasrona OKM. BuaHo, 9TO OTKIOHEHHUS TUIAT(GOPMBI OT
TUIOCKOCTH TOPW30HTA, MOPOXIAeMble COOCTBEHHO Tpa-
€KTOPHBIMH BO3MYIIEHHSIMHU, TIPH XapaKTEPHOM TUIABHOM
M3MEHEHUH CKOPOCTH MAJIbL.

4. Oco0eHHOCTH aNNapaTHOro U MPOrPaMMHOI0
ob0ecneyenuss OKM

BUHC kaxnoro n3 OKM BkIt04aeT MHEPIUATBHBINA
M3MepUTEbHbI Moaynb (u3nenue Analog Device), co-
CTOSIIMNA U3 TPEX MUKPOMEXaHWYECKUX JIaTYUKOB YIJIO-
BOI CKOPOCTH, TPEX MUKPOMEXaHUYECKHX aKCeJIepoMe-
TPOB CO B3aMHO OPTOTOHAJIbHBIMH OCSMHU YyBCTBUTEINb-
HOCTH M BEKTOPHOT'O MarHUTOMETPA, a TAaKKe BKIIOYAET
mUQpoBOil cUrHABHBIA mponeccop [21; 22]. Dnexrpo-
NPUBOJ, KOJIEC COCTOMUT M3 JBYX OJIOKOB, COIEpKAallhX
KOHTPOJUIEPHI ¥ JBUTaTEIN MOCTOsIHHOTO Toka Faulhaber
C DHKOZEpaMH, Ha 0a3e CHUTHAIOB KOTOPHIX (OPMHUPY-
I0TCSI U3MEPEHUs] YIIOBBIX CKOPOCTEM U YCKOPEHUM
konec. LleHTpaibHbIi BBIYMCIUTENb peanu3yeT (yHK-
UM yIpaBlieHHus anmapaTHeiM obecnieyenneM OKM B

20 0 20 40

Puc. 3. I'paghux evixooa na [I1BT
Fig. 3. Moving to the space-time trajectory graph
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Puc. 4. [lepexoonvle npoyeccyl npu cmabunuzayuu niampopmol
Fig. 4. Transition processes during platform stabilization

Xapaxmepnvie napamempor OKM | Characteristic parameters of UWM

Iapamerpsi Macca, Kr MomeHTbI nHepuun, Krm>/ Moments of inertia, kgm’
Daemenrt / Element
Parameters Mass, kg J, J, J.
Maxosuk 1/ Flywheel 1 - 2 4.23-102 8.7-102 4.23-102
Maxosuk 2 / Flywheel 2 - 2 8.7-10 4.23-102 4.23-102
Maxosuk 3 / Flywheel 3 - 2 4.23-102 8.7-102 4.23-102
n=0.1 m
Ipysst 1,2/ Loads 1, 2 lrpl —03 M 3 - - -
T'upockonsr 1, 2 / Gyroscopes 1, 2 H=17Hwmc 2 4.23-10* 4.23-10* 8.7-107
b=04wm
r=025m
Koneca 1, 2 / Wheels 1, 2 J :_1 >, 1 3.29-102 6.25-102 3.29-102
a=1-10"m
¢long1= ¢long2 =07
lallz lat2 =07
[Inarpopma / Platform 1=02m 12 0.512 0.461 0.247
Pama / Frame - 6 0.357 0.211 0.175

LIEJIOM, CHHXPOHHU3UPYET BpeMsl B PA3IUYHBIX MOACH-
cTeMax, o0eclieunBaeT B3aNMOJICHCTBHE C OMEPaTOPOM.
[Iporpammuoe obGecneuenne (I10) meHTpalbHOTO BHI-
YUCIUTENS pa3/eNIeHo Ha PsiJl OTAEIbHBIX HOATPOTPaMM,
00BbeIMHEHHBIX MpH Nomouy nakera Robot Operation
System (ROS). Kaxnmas noamporpaMma BBIOTHSIET
OJIHY y3KOCTIEHMAIN3UPOBAHHYIO 3ajady, UTO [TO3BOJISAET
YUUTBIBATh CHENU(UKY KaKIOr0 U3 pa3padaThiBaeMbIX
OKM. IIO cocrout u3 ciaenyromyuXx OCHOBHBIX MOATNPO-
rpaMM: OIIpoca JIaTYUKOB; pacdyeTa HaBUTallMOHHBIX KO-
opauHat B ctaproBoil CK, a Takxke nmapaMeTpoB YIIOBOi
opueHtannu OKM; ompeneneHus 3anpeTHbIX 30H (Ipe-
nATcTBUl); mianuposanus [1BT; peanuzauuu anropur-
MmoB B JICY; cBs3u ¢ unTepdelicom oneparopa.

Ha puc.5 ans mpumepa mpenactaBieH pa3paboTaH-
Hblii B MAU Bapuant OKM, npeaHasHaueHHOTO IJIs

Puc. 5. OKM 0na monumopunea a3poopomuol ungpacmpyx-
myput / Fig. 5. UWM for aerodrome infrastructure monitoring
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peleHus 3aad MOHUTOPHMHIA a’3pOAPOMHOM HH(pa-

CTPYKTYPBHL.
3akiroueHune

W3noxenspl npoBoguMble B MOCKOBCKOM aBUALlMOH-
HOM WHCTHTYTE (HAIIMOHAJIEHOM WCCIIEIOBATEIHECKOM
YHUBEPCUTETE) pPE3yJIbTaThl MCCIEAOBAHUNA W pa3pado-
TOK OJHOOCHBIX KOJECHBIX MOAYJIEH KaK HOCUTENIEH am-
napaTypsl MOHUTOPHHTA OKPYKAIOMIETO MPOCTPAHCTBA,
B YaCTHOCTH, B YCIIOBHUSX NPEATOPHBIX TEPPUTOPHU.
OcymiecTBIIeHO 0000IIEHNE 3TUX PE3yJIBTATOB B YaCTH:
paspabotku cTpyktyp OKM; mocTpoeHus ux marema-
THUYECKUX MOJENIe KaK YCTPOMCTB C HEroJIOHOMHBIMU
CB3IMU; (DOPMHUPOBAHUS CIIOCOOOB YIIPABICHHS YIJIO-

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

BOI1 OpHeHTanuel u cTabnnmu3anuen ux miaThopm; pas-
paboTku anroputMoB ynpaeieHus nuxenrneM OKM mo
3aJaHHOM MNPOCTPAaHCTBEHHO-BPEMEHHON TPACKTOPHUH.
VYkazanbl HekoTopble obmme it Bcex OKM ocobeH-
HOCTH HX aNIIapaTHOIO W MPOrpaMMHOTO 00ECIICUCHHUS.
MonenupoBaHue U SKCIEPUMEHTAIbHBIC HCCIECA0BaHUS
nokasaiau 3 (HEeKTUBHOCTD NPEIIOKECHHBIX TEXHUUECKUX
pemrenuit OKM. B enoM co3gan nHCTpyMeHTapHii, 00e-
CTIIEUYMBAIONINA BO3MOXKHOCTh d((EeKTUBHOTO BBIOOpA
TOTO WJIM MHOTO THMAa U3 psaaa paspabarsiBaeMbix OKM
MPUMEHUTENIEHO K TPeOOBAHUSAM, BBIIBUTAEMbBIM pelae-
MO 3a1aueil MOHUTOPHHTA
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GROUND VEHICLE MODULES FOR SOLVING THE TASKS OF ENVIRONMENTAL MONITORING
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The purpose. This paper is devoted to the generaliza-
tion of the theoretical research and uniaxial wheeled modules
(UWM) development results, conducted at the department of
“Automated complexes of orientation and navigation systems”
of the Moscow Aviation Institute (MAI). This work is aimed
at the development of UWM as efficient vehicles for solving
various monitoring tasks in the steady developing areas, in
particular — mountains and foothills. It includes monitoring
the state of pavement dynamics, roadside natural formation
and engineering structures as well as the airfield infrastructure
and the surrounding airspace.

The methods. In the UWM structures development pro-
cess we used the gyroscopic stabilizers construction meth-
ods, in particular, the method of ensuring UWM'’s platform
invariance to the inertia forces arising from its arbitrary move-
ment along the space-time trajectory (STT). The generalized
UWM’s mathematical model is obtained based on the second
kind Lagrange equations for non — golonomic systems. When
forming the signals for UWM platforms angular orientation
control and stabilizing them in the horizon plane, we used
inertial, gyroscopic, gravitational and flywheel methods and
their combinations. For the stable UWM’s movement along
given STT all structures use two-circuit control method.

The results. The functional features defining the variants
of the UWM structures and including the number of platform’s
degrees of freedom relative to the wheels set’ axis, as well as
the ways to control its angular orientation are summarized. A
generalized UWM mathematical model has been construct-
ed, and the particular UWM models can be derived from it.
It is proposed to use a unified approach to the UWM move-
ments along given STT control system construction. Common
UWM’s software and hardware features are revealed. Present-
ed UWM simulation results have confirmed the effectiveness
of the proposed technical solutions.

Conclusion. The generalizations of the work done at MAI was
carried out, in particular, UWM structures development, math-
ematical models development, the formation of ways to control the
angular orientation and stabilization of UWM platforms, develop-
ment of the motion control algorithms for UWMs moving along
given STT. In general, we have created the toolkit that makes it
possible to effectively select one or another type of the developed
UWNMs in relation to the current monitoring task requirements.

Keywords: uniaxial wheel module, platform, monitoring,
mountain area orientation control, trajectory control
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OBECMNEYEHUE 3KOJNTIOM’MYECKOU
BE3OINMACHOCTWU NPU PA3SPABOTKE
KTU-TEBEPOWHCKOIO
BOJIb®PAMOBOIO MECTOPOXOEHUA

'Cokonos WU.B.,*
"CmupHOB A.A,,
"HukutuH U.B.

Beenenne

[To mMepe ucTomIeHUs] 0OIIEMHUPOBHIX 3aMIaCOB TBEPABIX MOJE3HBIX HCKOIIAe-
MBIX Oe3omacHocTh Poccuu Bece Golbliie 3aBUCHT OT CBOEBPEMEHHOTO BOCIIPO-
W3BOJICTBA MUHEPAIBHO-CHIPbEBON 0a3bl M €€ 3PPEKTUBHON MPOMBIIIIICHHON
skcrutyararui [ 1]. B HacTosiee BpemMst 0COOCHHO aKTyaabHBIM SIBISIETCS JOOBI-
Ya pyA PeIKUX METaJUIOB, M3 KOTOPBIX OJHUM M3 BaXKHEHIINX AJIs oOecnedeHus
TEXHOJOTMYECKOW M IKOHOMUYECKOW Oe30MacHOCTH Halleld CTpaHbI SBISETCS
BONIb(pam.

Bonbdpam ncronb3yercst Kak KOHCTPYKIIHOHHBINA MaTepHa il KOCMHYECKUX
W JPYTUX ammaparoB, SKCIUTyaTHPYEMBIX IPH BBICOKHX TEMIIEparypax, Ui U3-
TOTOBJIEHHSI OPOHEOOMHBIX CHApSIOB, AeTajell CaMOJIeTOB U JBHUTaTesiel, He3a-
MEHUM B aTOMHOH MPOMBILIIEHHOCTH, PAKETOCTPOSHUH U IPYTHX BHICOKOTEXHO-
JIOTUYHBIX oTpacisix. HecMoTpst Ha To, uto Poccus 3aHrMaeT BTopoe MecTo mociie
Kutas mo obbemam m0oObIMM W TONy4YEeHUs BONb(ppama, Ha BHYTPEHHEM PBIHKE
HaOmogaeTcs 3HaYUTENbHBIN AeUIUT BOIb(PaMOBOTO CHIPBS, KOTOPBIH MOMKET
OBITh YACTHYHO MJIH MTOJTHOCTHIO CKOMIICHCHPOBAH 3a CUET BBOJIA B AKCILTYaTaIHIO
HOBBIX MECTOPOK/ICHHH.

CeBepo-KaBkaszckuii perHoH SIBISIETCSI OMHUM W3 IVIaBHBIX MTPOM3BOJUTEINCH
Boibpama B Poccum. IlpaButennctBom KapauaeBo-Uepkecckoit PecmyOmu-
KU TIPHHSTO PELICHHE O CTPOHUTENBCTBE AKCAYTCKOTO TOPHO-O0OTaTHTENBHO-
ro komOunara (I'OKa) s noObum u nepepaboTki Boinb(paMoBBIX pya Kru-
TebepanHckoro Mmectopoxaenus. CtpourtensctBo Akcayrckoro 'OKa mo3Bonut
HE TOJIBKO YBEJIMYHTH MPOU3BOACTBO Boib(ppama B Poccuu, HO M 3aMETHO IIO-
BBICUTB MTPOMBILIIEHHBIN oTeHan KapauaeBo-Uepkecckoit PecriyOnuku u cos-
Jarb nopsaka 600 HOBBIX pabounx MecT [2].

Mexny Tem Kru-TeGepnuHckoe MECTOPOXKACHHE HAaXOAWTCS B HEMOCPE.-
CTBEHHOH Onmm3ocTH oT TeOepAMHCKOro rocyaapcTBEHHOTO OMOC(EPHOTO 3aro-
BE/IHMKA, BKIIFOUCHHOTO BO BCceMUpHY0 ceTh pUpoaHbIX pe3epBaros [3]. Tebep-
JUHCKUI 3aMI0BETHHK SIBJISIETCS IPUPOJOOXPAHHBIM, HAyYHO-HUCCIIEI0BATENECKIM
1 DKOJIOTO-TIPOCBETUTENBCKUM YUPEXKICHUEM (eaepaiabHoro 3HaueHus. B nentpe
3all0BEeJHHKA PACTIONOKEH IIMPOKO U3BECTHBIN 1 AKTHBHO Pa3BHUBAIOILUIACS CIIOP-
TUBHO-03JJOPOBHUTEHHBIA KOMIUIEKC ¥ TOPHOJBLKHBIN KypopT «domOaiiy. [Tomy-
JSIpHBIE TYPUCTHYECKHE MApUIPYTHI MPOJIOXKEHBI 110 BCEH TEPPUTOPUH 3alOBE-
HUKa. B CBsI3U ¢ 3TUM Jaske He3HAUMTENILHBIC HETaTHBHBIE M3MEHEHHS reorpadu-
YeCKOH M MPUPOTHON 0OCTAaHOBKH TEPPUTOPUH MECTOPOKICHUSI MOTYT HAHECTH
CEpbEe3HBIH YPOH YHUKAJILHON MPHUPOIHON 30HE 3al0BETHUKA, a CIE0BATENbHO,
OHH HEJIOITyCTHMBI.

OOmye KOHIETIIMK MOACPHU3ALMH U Pa3BUTHS TOPHBIX Tepputopuit CeBep-
Horo KaBkaza 1ocTaTo4Ho oapoOHO paccMOTpeHBI B paboTax [4—7], oqHako KOH-
KpETHBIC MEPOTIPUSATHS M YCIOBHS Pa3BUTHS MPOMBILIICHHOTO MPOU3BOJICTBA B
HETOCPECTBEHHON OM30CTH OT 0C000 OXPaHSIEMBIX PUPOTHBIX TEPPUTOPHIL B
HUX HE OTPaKCHBI.

Takum 00pa3oM, MPEAMETOM PAaCCMOTPEHUsI HACTOALICH CTAaTbU SBISIOTCS
TEXHOJIOTHYECKUE pelIeHHs 10 ocBoeHnI0 Ktu-TebepIMHCKOro MeCTOpOXKICHNUS,
o0ecreyrBaroIre KOJIOTHYECKYI0 0€30MacHOCTh MPHUIIETAIONINX TEPPUTOPHA, B
ToM yrcie TeGepJMHCKOTO 3ar0BeTHHKA.

! IHCTHTYT rOpHOTO Jie1a YpabCKoro oTaeseHus Poccuiickoit AkaieMun Hayk,
ExarepunOypr, Poccus, geotech@igduran.ru
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Puc. 1. I'eonozuueckuii paspesz no Kmu-Tebepounckomy mecmoposicoeHuro
Fig. 1. Geological section of the Kti-Teberda tungsten deposit

OO0mue cBeteHUsT 0 MECTOPOXKICHUH

Kru-TebGepauHckoe MECTOPOXKACHHE PACIIOIOKEHO B
3eneHuykckoMm paiione KapauaeBo-Uepkecckoit Pecrry-
Onvku Ha ceBepHOM ckJloHe [1aBHOTO KaBkasckoro xpeb-
Ta B UCTOKAX PeKH AKcayT U IPUYypOIEHO K TOPHOMY Mac-
cuBy Kypramun-Yar ¢ abCOMIOTHOM OTMETKON BEPIIUHBI
3302 wm [8]. Paiton MecTOpOXXIeHUS ABISCTCS TUITUIHOMN
BBICOKOTOPHOM 00MACTBIO € PE3KO PACHWICHEHHBIM pellbe-
¢om. CKJIOHBI ymienuidi UMET (GOpMy OTBECHBIX CKall,
BOZOpa3elibl U300WITYIOT TPEOHEBUIHBIMH U IHKOOOpa-
HbIMH BepIIuHaMH. CKIIOHBI TOPHBIX MAacCHBOB KPYyThIC
(30-40°), gacto ¢ obpbiBamu. [IpeBbleHre Bomopasze-
JI0B HaJl pycnamu pek coctasiser 1000—1700 m.

OcobeHHOCTH penbeda MECTHOCTH OOYCIIaBIUBAIOT
nepeMeIeHne YeTBEPTUIHBIX OTIIOKEHUH U CKaThbIBaHHE
0OJIOMKOB KOPEHHBIX TOPOJ C BHICOKMX OTMETOK Ha HH3-
kue. Hanbonee omacHbIMU SIBISIFOTCSI KaMHeENaIbl, 0OBa-
JIBI, OCBIIK, OTIOJI3HU. BhICOKa cTeneHp JaBUHHOM omac-
HOCTH B 3UMHHI niepuof. [laHHbIe MPUPOIHbIE SBICHHS
MOTEHIMATBEHO OTACHBI JJIsl BCEX BO3MOXKHBIX YYaCTKOB
pasMelIeHns 3AaHui U COOPY>KEHUH NPOU3BOICTBEHHON
W COLMANbHOW HHQPACTPYKTYphl BOJHM3H MECTOPOXKIE-
HUSL, a TAKXKe I TPAaHCHIOPTHBIX KOMMYHHUKAIIHAH.

Knumatnueckue yciaoBusi paiioHa XapaKTepU3YHOTCS
KOPOTKUM JIOKUTUBBIM JIETOM M XOJIOTHOH CHETrOO0OHIIb-
HoW 3uMmoil. KommdectBo ocankoB cocrasiser 1300-
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1900 MM B rof1, MperMyIIECTBEHHO B BUE cHera. Tommu-
Ha CHEXHOTO MOKPOBa 2—3 M, B MOHWKEHUAX penbeda —
1o 8 M. CpenHemecsa4yHas MOJOKUTENbHAs TeMIlepaTypa
+9°C, orpunarensHas -6°C.

OCHOBHOIM BOZIHOW apTepHel pailoHa sIBIAETCS peka
Akxcayt ¢ nputokamu Ktu-Tebepna u [xanoBuer ¢ Hemno-
CTOSIHHBIM BOIHBIM PEKHUMOM, 3aBHCSIINM OT MHTCHCHB-
HOCTH TasiHUsI JIGAHUKOB Y CHEXKHUKOB.

Psom ¢ MecTopoXkaeHreM HaXOAUTCs TIOCETIOK Te0yIoro-
Pa3BEIUMKOB, OT KOTOPOTO IO JOJIMHE PEKH AKCayT NPOXOIUT
IPYHTOBAs 0pOra /10 aBTOTpacchl YepkeccK-3eTIeHIyKCKasL.

[IpuypoduenHocts MecTopoxaeHUsT K FOkHOMY KpbLTy
Kru-TebepmuHcKkol aHTHKITMHAA 00YCIIaBIMBAET MOHOKITH-
HaJIBHOE 3aJIEraHNe MOPO, OCIIOKHEHHOE OONBIINM KOTHYe-
CTBOM Pa3PbIBHBIX HAPYIIEHHH C aMIUTUTYIAMH CMEIICHHS OT
TIEPBBIX /10 HECKOJIBKUX COTEH MeTpoB (puc. 1). BxkparieHHO-
TIPOKIJIKOBEIE (BONB(paMOBBIE) PY/IbI 3alIeraroT B aM(roo-
JIMTax Ha OHOM CTPYKTYPHOM YPOBHE, B IpEZiesax KOTOpOro
BBIIIEJICHO YEThIPE PyAHBIX TeMa ¢ ymioM naaenus 20-40° u
MOITHOCTBIO 2—15 M, Ha OTAENBHBIX ydacTKax a0 25 M [9].
Pyner u mopomsl cpeHel KpenocTd U Kpelikue, cpefHe- 1
MAaJIOTPEILIMHOBATHIE, B OCHOBHOM JIOCTATOYHO YCTOMYMBBIE;
B 30HaX JpoOJIeHus, TPUYPOUCHHBIX K TEKTOHMYECKIM Hapy-
LICHHSIM — CHJIbHOTPEILIMHOBATBIE U HEYCTOMUMBBIE.

l'unporeonorndyeckue ycaoBUsT MECTOPOXKACHHUSA HO-
CTaTOYHO ONAronpusATHBIC B CBSA3M C TeM, 4YTO OoJjblias

T.10. Ne4(38), 2018 1.
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SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

Puc. 2. ['uopoeeonocuueckuti pazpes no Kmu-TebepOunckomy mecmoporcoenuio
Fig. 2. Hydrogeological section of the Kti-Teberda tungsten deposit

YacTh 3alacoB HAXOMUTCS BBINIE pyciia MPUIIETAROIIIX
pex (puc. 2). IIputok BoApl OmpenenseTcss ypoBHEM aT-
MOC(EpHBIX O0CA/IKOB H HHTEHCUBHOCTBIO TastHUS JICTHH-
KOB M CHe)XKHUKOB. B CBSI3H ¢ 3TUM 00BEM BOJOIPUTOKOB
ouenuBaercs ot 170 m*/gac (3umoit) go 650 m3/gac (j1e-
TOM), B cpesiHeM okomo 370 m*/gac.

BremonHnena geranpHas pa3Benka MECTOPOXKICHUS.
JLJ1s1 3TOTO TIPOIEHBI TPH T€0JI0rOpa3BeI0YHEIE ITOIBHN
U JOCTaToOYHO OOJBIIIOE KOJIMYECTBO MPOTSHKEHHBIX pas-
BEZIOYHBIX BHIPAOOTOK Ha TPEX TOPU30HTAX.

Hdns mectopoxaeHus Ha ocHoBaHUM TOO MOCTOSH-
Heix KoHmuimi (MHCTHTYT «['mMmponBermer», 1986 1)
TIOJICYMTAHBI U YTBEPKACHBI OaIaHCOBBIC 3aIachl Py/bl B
KoJIM4ecTBe OKOJIO 30 MIIH. T.

OcHOBHOI pynooOpasyromii MUHEpad — ILEEeTTHT
(oxomo 98%).

Cpennee conepkanue Tpuokcuaa Bonbppama WO, B
pyzax — 0,366%, npuCyTCTBHE APYTHX MOJIE3HBIX KOMIIO-
HEHTOB HE3HAYMTEIBHO.

OcHoBHBIE TeXHHMYeCKHE pellieHUs 110 0CBOCHHIO
MeCTOPOKICHUS, 00ecIedHBAIOIIHE IKOJIOTMYECKYI0
0e30macHOCTh MPUJIETAIIINX TEPPUTOPHIA

[Ipu BEIOOpE criocoba pazpadbotku Kru-Tebepauackoro
MECTOPOXKICHHUS OTHUM M3 OCHOBHBIX TPEOOBAHUIA SIBIISI-
€TCs MOJTHOE COXPaHEHIE 3eMHOM MTOBEPXHOCTH. JTO Tpe-
OOBaHME IMPEAOTIPEACISIET MOA3EMHBIN crtocod pa3padoT-
KH BCEX 3allacoB, B TOM YHCJIE HAXOMSIIUXCS HETOCpe-
CTBEHHO Yy 3eMHOI oBepxHocTH [10].

Hucrurytom «'mnpousermer» npu paspadbotke TOO
KOHAMLMUKN TrofoBasi NpOU3BOAUTEILHOCTh PYJHUKA IPH-
HATa 650 THIC. T py/IBI B ro. Mcxoms U3 aHanu3a 3amacoB
MECTOPOXIACHHUA U OpI/ICHTHpOBO‘-IHOfI OLICHKKW TOPHBIX
BO3MOXKHOCTEH MOXKHO IIPUHATL IIPOU3BOACTBCHHYIO
MOIITHOCTh PYJHHUKA B 1 MJIH. T pyAbI B TOI.

T.10. Ne4(38), 2018 T.

Ha ocHOBaHuM HcclieOBaHNUH U TIOTYTTPOMBIIITICHHBIX
ucTbITaHui 1o oOorameHuo pyasl Kru-TeGepaunckoro
MecTopoxaeHus, BeimonHeHHbIX B BUMCe u LlenTpans-
Ho# naboparopuu [1I'0O «CeBkaBKa3reonorus», aBTopamMmu
[11] mpemnoxkena cxema oOoraimieHus pyabl ¢ MOTyYeHHU-
€M ILIEETUTOBOIrO KOHIEHTpAra ¢ COACp>KaHueM TPHUOKCH-
na Bonbppama WO,, paBabiM 55-60%. Cxema BKIIO4aET
IpobrneHue JoOBITON PyAbl, PEHTeHO-IIOMHHECLIEHTHYIO
cermapaiuo, MW3MeJbueHne OOOTalleHHOIO MpOAyKTa B
MENbHULAX, TPEXCTAAUIHYIO (DIOTAIMI0 U XUMUYECKYIO
JIOBOZIKY KOHIIEHTpara. l3Bnedenne Tpuokcuaa Bosbgpa-
Ma WO3 B KOHLIEHTPAT COCTABUT 85%, BHIXO/l KOHIICHTpa-
ta—0,5-0,6%.

ITpu nanHOM cxeme oOoralIeHus BEIXOJ XBOCTOB 000-
TalieHusl OYeHb BBICOK: CYXHE XBOCTBI PEHI€HO-JIOMH-
HECIICHTHOH cemapanuu cocTaBiaT okoio 40% ot oObeMa
JIOOBITON pyabl, IaMbl (urotaruu — oatu 60%. Takum
o0Opazom, o0muii 00beM MUTAMOB MPU OTPaOOTKE MECTO-
POXIICHHSI COCTABUT OKOJIO 18 MITH. T (TTprMepHO 8,2 MITH.
M*), JUI pa3MeIIeHUs] KOTOPOTo MOTpedyeTcs BbIIEICHIE
3HAYUTENBHBIX MIomanei. [Ipu sTom HEoOxoqUMO CTpO-
UTENBCTBO THAPOTEXHUUECKUX COOPYKEHUH A1 00€3B0-
JKMBAHMS IIUTAMOB M OYMCTHBIX COOPY)KCHHH LUIAMOBBIX
BOZ, MPEIOTBPAILAIONINX 3arpsA3HCHHE BOXHBIX HCTOY-
HHUKOB paiioHa MecTopoxaeHus. CremyeT y4dTHIBATD,
YTO NUIAMOXPAHWINILA SBISIOTCS HCTOYHUKOM MOIITHOTO
TEXHOTCHHOTO BO3ACHCTBHUSI Ha OKPYXKAIOIILYI0 MPUPOI-
Hyto cpeny [12—16]. BeneactBue 3Toro, OCHOBHBIM CIIO-
coboM obecrieueHHsl SKOJIOTHYECKOH 0e30IacHOCTH MpU
ocBoeHuH Krtu-TeOepauHCKOro MECTOPOXKIACHHS SBIISCT-
Cs1 MAKCMAJIBHO TIOJTHOE pa3MeIIeHHe OTXOI0B 000raTH-
TEJIBHOTO MPOU3BOJCTBA M NPEKAE BCETO IIJIAMOB B BBI-
paboranHoM mpoctpanctse [17-20]. JlaHHOE ToNOKEeHHE
B 3HAUUTEJBHOM CTENICHHU ONPEAEIACT BEIOOP TEXHOJIOTHU
MIO/I3MHOM JOOBIYH PY/IBI.
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Fig. 3. Upward filling system of horizontal slicing

Manass MOLIHOCTh PYIHBIX TNl M 3HAUUTEJIbHAS TIIY-
OvHa UX 3aJeranus Ha OOJbIIeH YaCTH MECTOPOXKACHHS B
MPUHLMUIIE T03BOJISIET IPUMEHUTH CUCTEMBI ¢ O0pPYIIEHH-
€M pyZIbl ¥ BMeInaromux nopod. O0pyiieHe npyu 3ToM He
BBIHET Ha TOBEPXHOCTH, HO HE UCKITIOYAIOTCS JIOKaJIbHbIC
MOZIBM)KKY HAJIETAIOIIEro MaccHBa, 00pa3oBaHUE B HEM
TPEIIMH C a3pOAMHAMUYECKOM CBS3bIO C MOBEPXHOCTHIO
U HapylICHUE TEMIEPaTypHOTO PEXHMMa BBIIIEIICKAIINX
neaHukoB. Kpome Toro, mpu JaHHBIX CHCTEMax HpPaKTH-
YeCKU HMCKIIOYEHO Pa3MelICHHE B BHIPAOOTaHHOM IIPO-
CTPaHCTBE ITyCTHIX OPOJ U OTXOAOB 00OTAIICHHS.

BcenenctBue storo Hambonee 11e1eco00pa3HBIM BbI-
DISAUT TPUMEHEHHE CHCTEM pa3paboTKU C 3aKiIaiKon
BBIPA0OTaHHOTO MPOCTPAHCTBA XBOCTaMH OOOTAIICHHUS.
ITpu 5TOM ONTUMABHBIM SIBIISIETCS] BOCXOASAIINI TOPSIOK
0TpabOTKU PYAHBIX TEJl, OCKOJIBKY UX CPAaBHUTEIIBHO He-
OOMNBIIOHN YToMl NaJeHus MPaKTHIECKU UCKIII0YaeT MoApa-
OOTKy BBIIIENEKAIINX 3aM1aCOB.

IlepcrieKTHBHOI B paccMaTpuBacMBbIX YCIOBHSX BbI-
DISAUT KaMEepHO-CTONI00Basi cucTeMa pa3paboTKu BOCXO-
JUSIIIIMU TOPU30HTATBHBIMU CIIOSIMU C CYXOW MJIM THIIPaB-
JMYECKON 3aKJIaJKoi BbIpaOOTaHHOTO MPOCTpaHCTBA. B
3TOM Cllyyae MoJJIep KaHue HaJIETaoIINX Nopos obecrie-
YHMBACTCS OCTABJICHUEM HEM3BJICKAEMBbIX CTOJIOUATHIX WIIH
JICHTOYHBIX LEenuKoB. [locie BBIEMKH OYepemHOro Cios
BBIPA0OTaHHOE IMPOCTPAHCTBO 3ATIONHSIETCS CYXOH WM
THAPABIMYECKON 3aKIafKOd M3 XBOCTOB OOOTaIICHHS.
3akagKa CIIyKHUT TOYBOHM BBIIIENEKAILETo OTpadarhiBa-
eMoro ciosi. Bce nmpon3BoacTBeHHBIE POLIECCH JOOBIYH
PYAbI BBINOJHSIOTCS NPU HMOMOIIM KOMIUIEKCa CaMOXOMI-
HBIX MallWH, YTO HO3BOJSET O0ECIIEUUThH OCTaTOYHYIO
HKOHOMHUECKYIO 3(p(heKTHUBHOCTD U BBICOKYIO IPOM3BOIM-
TENBHOCTD TpyHa. JlaHHas cuctema pa3paboTKU YCIICIIHO
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IIpUMeEHsIeTCs TIPU 0TpaboTke CaTKHMHCKOTO MECTOPOXKIe-
HUS MarHesura [21].

OCHOBHBIM HEJOCTaTKOM KaMEpPHO-CTOJIOOBOW CHCTe-
MBI SIBIISIETCSl BRICOKHIA YPOBEHB TIOTEPh PY/AbI B HEU3BIIE-
KaeMbIX Henukax 10 20-25%. Jlns cHUKeHUs YKa3aHHBIX
MOTEPh BO3MOXKHA TIOJTHAS WIIM YaCTUYHAsI 3aMEHA PYIAHBIX
LIEIMKOB Ha UCKYCCTBEHHBIE (OETOHHBIE), B TOM YHCIIC B
BHJIC HCKYCCTBEHHBIX TTOTOJIOYHH IOOBIYHBIX OJIOKOB [22].

BTopeiM BO3MOXXHBIM BapHaHTOM SIBIISAETCS TPUME-
HEHHWE CHCTEMBI pa3pabOTKU C 3aKIaJKoH BBIPaOOTaH-
HOTO TIPOCTPAHCTBAa TBEPICIOIIUMH cMecsiMU (pHcC. 3).
[Ipu maHHBIX cuCTeMax MPOUCXOIUT JTOCTATOUHO MOJTHOE
3aloJJHEHUE BHIPAOOTAHHOTO MPOCTPAHCTBA 3aKIAIKON
C HAJEXKHBIM TOJJIEPKAaHUEM BHCSYET0 OOKa M MUHH-
MaJbHBIM OCEAaHHEM Hajeraromux nopox [23]. Heco-
MHEHHBIM MTPEUMYIIECTBOM CHUCTEMBI SIBIISIETCSI BRICOKOE
n3BJedYeHue pynsl (morepu 3—4%) mpu HE3HAYUTEITEHOM
pa3yooxkuBanuu. HemocTarkoM CHCTEMEBI ¢ TBEpACHOIIEH
3aKJIaIKOH SBJIsIeTCs MOBbIIeHHas Ha 25-30% no cpaBHe-
HUIO C IPyTHUMHU CUCTEMaMH pa3pabOTKH ce0ecTOMMOCTh
no0bM pymel. [ OIEHKH BO3MOXKHOCTH HCIIONB30-
BaHUsI OTXONIOB OOOTAIEHUs PYIBI JUI TPUTOTOBIICHUS
TBEPACIONINX CMecel JOIKHBI ObITh TMPOBEICHBI CIIEIH-
aJIbHBIE UCCIIEA0BAHMA.

CrnemyeT yauThIBaTh, 4TO 00BEM BEIPAOOTaHHOTO IPO-
CTpaHCTBa OyleT HEMOCTATOUCH ISl pa3MEIleHHs BCEX
XBOCTOB 00OTaIleHus], K KOTOPBIM CIEAyeT IpUOaBUTh U
ITyCTYIO MOPOAY OT MPOXOIKH BBIpaOboTOK. [losTomy He-
KOTOPYIO 9aCTh CYyXHUX XBOCTOB H ITyCTHIX TIOPOJI MTPUIETCS
CKJIaJIpOBaTh B OTBaJiax Ha TOBEPXHOCTH, a B BBIPaOO-
TaHHOE MMPOCTPAHCTBO ITOMENIATh HIIaMbl (PIoTarum.

Haubonee pactpocTpaHeHHBIM CIIOCOOOM TPaHCIIOP-
THUPOBKH 3aKJIAJIOYHBIX CMECEH Ha PYIHHKAX SBISETCS

T.10. Ne4(38), 2018 1.
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Puc. 4. Ilpeonacaemas cxema sckpvimusi Kmu-Tebepounckozo mecmopooicoenus
Fig. 4. Designed scheme of opening of the Kti-Teberda tungsten deposit

CaMOTEYHBIH TPYOOTPOBOIHBIN TPAHCIOPT, HO I €ro
OCYILIECTBJICHUS KOMIUIEKC IPUTOTOBJIEHUS 3aKJIaj04-
HBIX CMecell JOIDKEH pacriojiarathCsl BBIIIE OTPadaThI-
BaeMBIX PYIOHBIX Teld. B Hamem ciy4yae CTpOMTENBCTBO
TaKOTO KOMIUIEKCAa BOJIM3H BEPIIMHBI TOPHOTO MacCHBa
Kypramun-Yar 3aTpyJHUTENIEHO 1 KOJIOTHYEeCKH He0e30-
MIaCHO, a TMOJIbEM BCEro o0beMa 3aKJIaIoYHOTO Marepraa
K HeMy HepanuoHajieH. Kpome Toro, mpu HCnonb30BaHUN
JKUJKOM THIPaBINYECKONM WM TBEPACIOLIEH 3aKIaIKd
BBIPa0OTaHHOTO TIPOCTPAHCTBA BO3HUKAIOT CIIOKHOCTH B
ee 00e3BOKMBAHNH, OTBOJIE BOJBI M CTPOUTENBCTBE Iepe-
MbIueK. Beneacteue aToro Hanbosee mpearnoYTUTEIEHBIM
BBHIIVISIJIAT MPEIBAPUTEIILHOE CTYIICHHE U 00C3BOKUBAHHE
[IJTAMOB U pa3MelleHre UX B BBIPA0OOTaHHOM IPOCTpaH-
CTBE B BUJIE CyXOM 3aKJIaJIKU, TPAHCIIOPTUPYEMOM aBTO-
TPaHCIIOPTOM WM KOHBeHepamu [24; 25]. OnHako 3To mo-
TpeOyeT BBENICHUS B COCTaB 00OTaTHTEILHOTO KOMILIEKCa
CTICIMATIBHOTO OTJIENICHUS JJIsl CTYIICHHSI U 00e3BOKHBA-
HUSI IDTaMOB. Takoe pelieHne Mo3BoIUT 00eCednuTh 000-
POTHOE BOJIOCHAOKEHNE 000TaTUTENEHOTO TIPOU3BOJICTBA,
YTO TaKXKe SBISETCA HEMATOBAKHBIM IS TPEIOTBpaIle-
HUS 3aTPsI3HEHUS BOJHBIX HCTOYHHUKOB pailoHa MECTOPOXK-
neHus (peku AKcayT C ee IPUTOKAMH).

Hucturytom «lunporserMeT» pu paspadbotke TOO
MTOCTOSHHBIX KOHJIUIMN TMPEIOAKEHO BCKPHIBaTh MECTO-
pOXIIeHHE MITOIBHIMH U JIBYMsI BEPTUKAIBHBIMU CTBOJIA-
MU (KJIETEBBIM U BEHTHIILIMOHHBIM) P CPeIHEH BhICOTE
ITaxa 65 m.

YuuThiBasi pactoyioK€HUE PYIHBIX TET U BOCXOASIIMIMA
MOPSIIOK UX OTPAOOTKU BCKPBITHE MECTOPOXKICHUSI LIelie-
COO0pa3HO OCYIIECTBIATH ITOJIBHIMH U aBTOTPAHCIIOPT-
HBIM YKJIOHOM JIJISI TPAHCIIOpTa PY/bl M IEpEMEIeHHs ca-
MOXOJTHOM TeXHUKH (puc. 4), OTKa3aBIIUCh MPH 3TOM OT
MIPOBEICHNS BEPTUKAIBHBIX CTBOMNOB. Hapsimy ¢ nckmoge-
HHEM PEeCypco- U TPYAOEMKOT0 Tpoliecca CTPOUTENhCTBA
BEPTUKAJIBHBIX CTBOJIOB, MIpEAJIaraeMasi CXxema rmo3BojIsieT
OCYIIIECTBHUThH MO3TAITHOE BOCXOJIAIIEE BCKPHITHE MECTO-
POXIIEHHS, TEM CaMBIM COKPaTHTh KallWTaJIbHbIE 3aTPaThl
Y CPOK BBOZA pyIHHKa B 3KcIutyatanuio. Kpome storo,

T.10. Ne4(38), 2018 T.

CYIIIECTBYIOIIHNE Te0JIOTOPa3BEA0YHbIE BEIPAOOTKH, B TOM
YHCIIe ITONBHH, TIOCNIE UX 00CIIEIOBAHUS U BOCCTaHOBJIE-
HUSI MOKHO HCIIONIB30BaTh JJIS1 BEHTWISLIMK PYJHUKA U B
KadeCTBE 3allacHBIX BBIX0A0B. Hanbonee nenecoodpa3Hoit
BBIIISIIUT HarHeTaTelIbHask CXeMa MPOBETPUBAHUS C Pa3-
MELICHAEM ITIaBHOW BEHTWISITOPHOW YCTAHOBKHM Ha HUXK-
Hel IIaBHOM IITOJIBLHE U BbIJJauel 3arpsA3HEHHOTO BO3TyXa
Yyepe3 BBIIEPACIION0KEHHBIE IITONbHH.

XapakTep MOBEPXHOCTH, ONACHOCTh OIOJI3HEHN 1 KaM-
HEMaJ0B, JABUHOOMACHOCTh KaK B MpeJiesiaXx TOPHOro OT-
BOJIa, TaK M B ONMKalIIeil MECTHOCTH BBI3BIBAET TPYIHO-
CTH C BBIJICJICHUEM JIOCTAaTOYHBIX MOJXOASAIINX TUIOMIAIei
JUIS pa3MeIIeHus] 000raTUTEIbHOTO KOMITIeKca, 0COOeH-
HO C Y4€TOM pa3MeIleHHs PYIHBIX CKJIa/I0B, OTBAJIOB U CO-
IIyTCTBYIOIIKMX KOMMYHUKaLM. BeneacTeue 3Toro B po-
eKTe KOMOHMHATa JJOJKEH OBITh PACCMOTPEH aJIbTEPHATHB-
HBI BapHAHT C MOJHBIM WM YaCTHYHBIM pa3MelleHneM
000TaTUTENHHOTO TIepe/IeNa B TIO3¢MHOM POCTPAHCTBE.
BerIrmonHeHHBIE HaMH UCClieoBaHus [26; 27] moka3biBa-
IOT, YTO CTOMMOCTH CTPOUTENBCTBA MO3EMHOTO 000TaTH-
TEJIFHOTO KOMIUIEKCa COMOCTaBUMa MITH JJaKe HECKOJIBKO
HIDKE CTOMMOCTH CTPOUTENIECTBA aHAJTOTUYHOTO TTOBEpPX-
HOCTHOTO KomIuiekca. [Tom3eMHbIi 000raTUTeIbHBIN KOM-
TUIEKC MOXET OBITh PACIOIOKEH B OKOJIOPYIHOM TOPHOM
MacCHBE ¢ TOPH3OHTAIBHOM TuTomaapio 200x200 M 1 BBI-
cotoit 100-120 M, pu 3TOM 00BEM TOPHO-KATUTAITBLHBIX
BBIPabOTOK cocTaBuT He 6omee 120—150 Thic. M>.

Hocrarounasi myOokasi repepaboTka pyabl TPUBO-
JIAT K TOMY, 9TO 00BEM KOHEUHOH MPOIYKIIUK KOMOUHATA
CPaBHHUTEIHHO HEBETHUK — OT 4 110 6 THIC. T MIECITUTOBOTO
KOHIIEHTpAaTa B TOA. YUYUTHIBasE UMEIOIIMECS TPAHCIIOPT-
HbIE KOMMYHHKAIIUY ¥ TIEPCIICKTUBEI X Pa3BUTHUS B BBI-
COKOTOPHOI MECTHOCTH, I1eJIECO00Pa3HO OPHEHTHPOBATH-
csl HAa aBTOMOOWMJIbHBIN TPAHCIIOPT KOHIIEHTpaTa 70 00b-
eKTOB ero repepaboTku. sl CTpOUTENbhCTBA PYAHUKA U
TPaHCIIOPTUPOBKH IMPOAYKIMK KOMOWHATa MoTpedyeTcs
PEKOHCTPYKIHS CYIIECTBYIOIIEH aBTOIOPOTH 10 CTAHUIIBI
3eneHayKCcKas IIHHON 0KoJI0 70 KM.

bBesonacHele momanu Ui pasMelieHus OOBEKTOB
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

MPOMBIIIIEHHOHN 1 COlMaIbHON HHGPACTPYKTYpBI BOIM3H
MECTOPOKACHHS BECbMa OIPaHNUYCHBI ¥ TPEOYIOT 3alUThI
OT J1aBUH 1 00BanoB. Tak, HanpuMep, IOCEINOK Ui paboT-
HHUKOB KOMOMHATa MOXXHO PacIIOiIOKHUTh TOJIBKO HIXKE IO
TEYEHUIO PeKu AKcayT B 7 KM OT MecTopoxkaeHus. Benen-
CTBHE 3TOro Ha AKcayTCKOM KoMOWHaTe Lenecoodpas3Ha
BaxTOBasi OpraHu3alys paboThl CO CTPOUTENHLCTBOM BaX-
TOBOTO [IOCEIKA.
3akunouenne

1. IIpu crpoutensCTBE M IKCILTyaTalMu AKCayTCKOTO
I'OKa ocHOBHBIM TpeOOBaHHEM SBISIETCS OOECIEUECHHE
9KOJIOTNYECKOH 0e30IaCHOCTH U COXPAaHHOCTh OKPY>Karo-
1Ied TEPPUTOPHH, & OCOOCHHO NPHJIETAIOLIETO K PaiioHy
MecTopokaeHHs TebepAnHCKOro rocyiapcTBEHHOTO O1o-
c(hepHOTO 3aM0BEAHUKA.

2. Iyt coxpaHEHUs 3eMHOU OBEPXHOCTH PEKOMEH-
IyeTcsi TMOA3EMHBIN crmoco0 pa3paboTKH CHUCTEeMaMHU
C 3aKJaJKOW BbIPAa0OTAHHOIO MPOCTPAHCTBA U BOC-
XOISALIMM IOPSAJKOM BBIEMKHM PyIHBIX Ted. HaumbGonee
palMOHANBHBIM SIBISETCS NPUMEHEHUE CUCTEMBI TO-
PU30OHTAJIBHBIX CJIOEB C CyXOH WM THUAPABIMYECKON
3aKJIAZIKOH M HCIIOJIb30BAaHMEM CAMOXOIHOW TEXHUKH.
AJBTepHATUBHBIMU BapHUaHTaMH SIBISIOTCS KaMEpHO-
cTo100Basi CUCTEMA C OCTaBJICHUEM HE3BJICKAEMBIX 1ie-
JIMKOB MJIM CUCTEMA C TBEPCIOIIEH 3aKIa KON ISl OJ-
JepKaHHUsl BUCSIYEro OoKa.
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ENSURING ECOLOGICAL SAFETY AT THE MINING
OF THE KTI-TEBERDA TUNGSTEN DEPOSIT
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The purpose of this work is the development and evalua-
tion of technological solutions and measures to ensure ecologi-
cal safety and preservation of the surrounding area, especially
the nearby Teberdinsky state biosphere reserve, during the
construction and operation of the Aksaut mining and process-
ing plant on the basis of the Kti-Teberda tungsten deposit.

Method of research. Analysis of mining and geological
conditions and studying the experience of development of de-
posits of nonferrous metals, evaluation of the ecological situa-
tion of the territory of occurrence of the deposit.

Results. According to the results of the research it was es-
tablished:

- for ensure ecological safety and preservation of the sur-
rounding area is recommended that the underground method
of development of the Kti-Teberda tungsten deposit of systems
with the tab of the developed space and the ascending order
of excavation of ore bodies. The most rational is the use of a
system of horizontal layers with a dry or hydraulic tab and the
use of self-propelled machinery. The most rational is the use
of mining system of horizontal slicing with a dry or hydraulic
backfill and the use of self-propelled machinery. Alternative
options are a chamber-and-pillar system with the leaving of
non-attracted pillars or a system with a hardening tab to main-
tain the hanging side.

- the scheme of ore processing of the deposit involves deep
enrichment with a high yield (up to 99%) of dry tailings and
flotation sludge. To eliminate the adverse impact of sludge
storage on the environment, sludge should be placed in the de-
veloped space, with the appropriate pre-thickening and dehy-
dration of sludge.

- the opening of deposit is recommended by adits and
transport slope, while refusing the carrying out of vertical
shafts. Given the existing transport communications and
prospects of their development in the highlands, it is advis-
able to focus on road transport concentrate to its processing
facilities.

- for the construction of the underground mine and trans-
portation of products of the mining and processing plant, it is
necessary to reconstruct the existing road to the village Zelen-
chukskaya with a length of about 70 km. Along with servic-
ing the needs of the plant, the road will improve the transport
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accessibility of the district and expand the development op-
portunities in the region of other sectors of the economy of the
Karachay-Cherkessia Republic.

Conclusions. The proposed technical solutions and organi-
zational measures allowing economic efficiency and ecologi-
cal safety to mining of the Kti-Teberda tungsten deposit.

Keywords: tungsten deposit, mountain territories, ecologi-
cal safety, mining and processing plant, scheme of opening,
mining system, enrichment technology.
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PASPABOTKA ABTOMATU3NPOBAHHbIX
CUCTEM YNPABJIEHUA

ansda roPHOOOBbLIBAKOLWUX
NPEONPUATUA

BBenenne

W3BecTHa BBICOKAs 3HAYMMOCTD NPEANPHUATHI TOPHOIOOBIBAIOLICH ITPOMBILIJICH-
HOCTH KaK JUIsl 5KOHOMHKH pecityonnk CeBepHoro KaBkasa 1 Bcelt cTpaHbl, Tak 1 7151
YCTOMUYMBOIO pa3BUTHsI TOPHBIX TEPPUTOPHIL. B TO *e Bpems yKka3aHHBIE NIPEANIPH-
SITUS, pacoararoIiecs: Ha TOPHBIX TEPPUTOPHUSX, MOTYT MPEACTABIATH OMACHOCTh
CBOMMH BBIOpOCaMH B arMoc(epy BPEAHBIX U ONACHBIX BEIECTB, aBAPHAMH H T.1I.
[TosToMy HCKITIOUEHHE BEIOPOCOB M IIPEOTBPALCHUE aBApUi U IPEAaBapUIHBIX CH-
Tyaluii, CHTyalui, CBA3aHHBIX C PUCKaMH IS IPOU3BOJICTBA, SIBJIAETCS aKTyaJIbHON
npobnemoii. Perenne 31oit mpoOneMsl, TakuM 00pa3oM, UMEET OrPOMHOE 3HAUCHUE
KaK JJIs1 COXPaHEHHUS! €CTECTBEHHON MH(PACTPYKTYPhl TOPHBIX PETHOHOB, TaK M IJIs
YCTOMUYMBOIO Pa3BUTHUS ITHX PETUOHOB.

AHam3 ITUTepaTypHBIX UICTOYHUKOB TIOKAa3aJl, YTO JUTUTEIBHOE BPEMS KaK oTede-
CTBEHHBIC, TaK M 3apyOeKHbIE yUCHBIE MOCBAIIAINA CBOM PA0OTHI peLIeHni0 0003Ha-
YeHHOW npodnemsl [ 1-17].

OpnHako Ha OCHOBe pa3paboTku obmIei Teoprn moctpoeHust ACY st TopHOIO-
OBIBAFOIIUX MIPEANPUATHH [1-5], yIydlieHnss UX TEXHUYEeCKOTO OCHAIeHus [6; 14],
BHEZIPEHNUS B IPOLIECCHI YIIPABIEHUS MPOU3BOJACTBOM MAaTeMaTHYECKUX Mozenen [7;
8] 1 mporpaMMHBIX TIpoayKToB [9; 10], pa3BUTUS METOAOB YIpPaBICHUS TOPHOAO-
ObIBaromuMu TipeAnpusTusmu [ 11—17] u3BecTHBIC HcCIe0BaTeNr B CBOMX padboTax
pelany OTAENbHBIC 3a/1a4M 0 MOBBIIICHUIO 3((GEKTUBHOCTH TOPHOAOOBIBAIOIINX
HNPEANPHUITAN U MO YCTONYMBOMY pa3BUTHIO TOpPHBIX TeppuTopuil. [IpoBeneHHbII
aHaJIM3 TaKXKe TO3BOJIMII CIETIaTh BBIBOJ, YTO IEPCIIEKTUBHBIM ITyTEM PELIeHHs 000-
3HAYEHHOH MpoOJIeMbl SBISETCA MyTh, IPEIyCMaTPUBAIOIINI COBEPIICHCTBOBAHUE
COBPEMEHHBIX MPOU3BOACTB, HAXOMAIINXCS B MH(PACTPYKTYpEe TOPHBIX PETHOHOB,
Ha OCHOBE IIPUMEHEHHUS BBICOKO HH(OPMALMOHHBIX, HHTEJICKTYaJIbHBIX aBTOMAaTH-
3MPOBAaHHBIX CHCTEM yIpaBieHus BceM npearnpusitieM (ACYII), 3HaueHne KOTOPBIX,
IJIaBHBIM 00Pa3oM, OTpeAessieTCs BO3MOXHOCTSIMU Hctionb3yeMbimu B ACYII aBro-
MaTU3HPOBAHHBIX CHCTEM YIpaBleHHs TexHosnorndeckumu npoueccamu (ACYTII)
MIPOMU3BOJCTBA. DTH CHCTEMBI 00ECIIEUNBAIOT, B TIEPBYIO OYepelb, CHIDKCHUE Opaka
1 TIOBBIIIEHUE MPONU3BOAUTEIBHOCTH TPYAQ, a 3HAYNT, 3HAYUTEIBHOE MOBBIIICHUE
adpexruBHOCTH Tipon3BoAcTBa. Ho m3BectHhie ACYTII npu sToM He obecrneun-
BAalOT BBIABICHUE U UCKIIIOYEHHE PUCKOBAHHBIX AT MPOMU3BOJCTBA CUTyallUH, T.€.
He 00ecreunBaloT UCKIIOYEHHE MIPOU3BOJCTBEHHBIX PHCKOB, BKIIIOYas aBapHiHBIC
CHUTYalllH, TEM CaMbIM He 00eCIIeYMBAIOT COXPAaHEHHE KOIOTHUECKOTO OJ1arococTo-
SIHUSI TOPHBIX Tepputopuid [1-17]. B cBsi3u ¢ 3TuM B paboTe cTaBUTCS 3a7ada pas-
padotk ACYTII ¢ BO3MOKHOCTAMH BBISIBJICHUSI, TPEAYNPEKACHUS U TPEJOTBpa-
LIEHHUs PUCKOBAHHBIX ISl IPOU3BOJICTBA CUTYAIMH, a TaKKe 00eCTeueHHs B LIEJIOM
YCTOHYMBOTO pa3BUTHS TOpHBIX Teppuropuil. Pazpabdorka ACYTII ¢ yka3aHHBIMU
BO3MO)KHOCTSIMH SIBIISIETCSL aKTyaJIbHOM 3a/laueil, pelieHne KOTOPOH, MO CYILIECTBY,
npenonpenenser co3aanue HoBoro kinacca ACYTII [18—22], a 3HauuT HOBOTO Kiacca
ACVYIL

Takum obOpaszoM, npennaraemasi padoTa SIBISIETCS aKTyaJbHOM, TaK KaK IOCBS-
LIeHa PeLIeHHIO pobieMbl, cB3aHHON ¢ pa3paborkoit ACYTII ¢ pacmmpeHHBIMI
(YHKIIMOHAIBHBIMUA BO3MOXKHOCTSAMH.

!CeBepo-KaBka3ckuil rOpHO-METaTyprudecKiil HHCTHTYT (TOCYIapCTBEHHBIH TEXHOIOTHYCCKUN YHHBEPCH-
TeT), Bnagukaskas, Poccus
2000 MMUII "UPCODT", Bnaaukaskas, Poccust
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Puc. 1. bnok-cxema ACY TII eviwyyenauueamenvrozo yexa (BL) ¢ noocucmemoii uckmouenus npou3so0CmeeHHbIX PUCKO
(ITUIIP) / Fig. 1. A block-scheme of the ACS TP leaching shop (LS) with industrial risks (SEIR) exception subsystem (the scheme notation:
CEO — the chief engineer's office, IDCS — the intelligent data acquisition system, LS — the leaching shop)

IMocranoBka 3agaun no paspadorke ACYTII

3amada paszpaborkn ACYTII paccmarpuBaercs B pa-
00Te a7 ciTydasi aBTOMaTH3aIMK TEXHOJIOTHYECKOTO TIPO-
Iiecca, CBSI3aHHOW C BhIIIeNadynBaHueM IUHKA. Cremyer
OTMETHUTh, YTO B TMPOM3BOJACTBE IO BHIIIEIAIHMBAHUIO
[MHKa BO3HUKAIOT 1O PNy MPUYWH HeOIaromnpusTHbIE
cuTyarnuu (pUCKOBAaHHBIC CHUTYallUHd WUIH PHUCKH), KOTO-
pBIe TOHKHBI 0OHApPYXUBAThCS Ha PaHHEH CTaJWU U WC-
KITIOUaThCS IO CBEpIICHUs aBapuu. J{Js peanusanyu 3TiHx
dbynaknmii n paspadareBactes ACY TII ¢ momencTemoit
WCKJTFOYEHHUST TIPOM3BOJICTBEHHBIX PHCKOB, BKIIIOYAsl PH-
CKH, IPUBOJISIINE K ABAPUITHBIM CUTYaITHsIM.

M3BectHO, uto (yHKImonnposanue ACYTII B Ha-
CTOSIIIIEE BpEMsI OCHOBAHO Ha Oe3yIPeUHBIX HHPOPMAIIH-
oHHBIX TexHOonorusax (MUT), ocHOBHOM 3amadeii KOTOPBHIX
B TIPOM3BOJICTBE MO BHIIMIENAYMBAHUIO IMHKA SBISIETCS
nHDOpMUpOBaHUE CITY)ObI TIaBHOro mMmikenepa (CI'M),
MIPUHUMAIOIIEH peleHre, O TEKYIIEM COCTOSHUHN TTOAKOH-
TPOJIFHOTO €MY TIPOHM3BOJICTBA, B TOM YHCIIE HH(OPMAITUIO
0 TIPOTEKaHUH 3TAIOB TEXHOJIOTHYECKOTO IpOoIlecca, Co-
OTBETCTBUU X TTaPaMETPOB HOPMATHUBHBIM TTOKA3aTEsIM,
0 TapaMeTpax paboTaroIIero B eXy 00OPYI0BaHUS U T.1I.
Bromae nmonsTHO, uT0 ocHOBOM UT sBiIseTcs WHTEIICK-
TyanbHas cucteMa coopa ganueix (MCCJI), omHoM U3 ToA-
3a/1ad KOTOPOH SIBIISIETCST cCOOp MH(POPMANU B (PPOBOF
(hopMe ¢ KOHTPOITEHO-U3MEPHUTENBHEIX TTprOopoB (KUIT),
BBITTONTHAIOMNX (DYHKITUN U3MEPEHHS TTapaMeTPOB TEXHO-
JIOTHYECKOTO TPOoIiecca Ha BCEX €ro CTaIusX.

OnHako BBUAY HATHYHS OOJNBIITOTO KOJIMIeCcTBa 000py-
JIOBaHWS, HETPEPBIBHOCTH TEXHOJIOTHYECKOTO TIPOIlecca,
HECTaOMIIFHOCTH TEXHOJIOTHYECKMX MapaMeTpoB M 3ava-
CTYIO HHU3KOTO Ka9eCTBa CHIPBS, MOATOTOBKA W TPUHSITHE
OTIEPAaTHBHOTO yTIPABJISIOIIETO BO3/ICHCTBHS HA OOBEKTax
KOHTPOJISl M YIIPABJICHUSI MOTYT OBITH CEphE3HO 3aTpyIHE-
Hbl. CTOUT OTMETUTH, YTO TPU MOCTYIUIEHHH OOJBIIOTO
oobema uHpopMarm y CI'M ymenbmaercs 3dhdekTrs-
HOCTh TIPUHIMAEMBIX PEIIeHNH, T03TOMY TepeaBaeMast

T.10. Ne4(38), 2018 T.

Ha CI'M undopmanus 1o o0beMy J0KHA COOTBETCTBO-
BaTh HOPMaTHBHOMY TIOKa3aTeio.

3nech 11e1eco00pa3H0 OTMETUTh, YTO C MPOOIEeMOit
YCTpaHEHUs aBapuil U NPEAABAPUMHBIX CUTYyallUil TECHO
CBSI3aHBI 3a/la4l OOECIeUeHHs] KOHTPOJIS, 0e30MacHOCTH
OKpY>KaroIeil cpeasl B COOTBETCTBHU ¢ DenepabHBIMU
3akoHaMH, B KOTOPBIX COZEpKarcs TpeOOBaHUs, OIpese-
JSTFOIIAE HEOOXOMUMOCTh HATMYHS HA METAJLTYPrHIeCKUX
MIPEANPUATUSIX TOACUCTEM, TTO3BOJISIOMIMX: MOBBICUTh
9KOHOMHYECKYIO M 3KOJOTMYECKYIO OLEHKH JesTeNbHO-
CTH TIPEIIPUSATHS; CHU3UTH 3aTpaThl, CBSI3aHHBIE C MPH-
POIOOXPaHHOH JIESITEILHOCTHIO; TIOICPKUBATh CTAOUITh-
HYIO0 pabOTy arperaroB ¥ XHMHYECKOTO COCTaBa ChIPbS B
npezenax HOpMaTUBOB; OOECTIEUUTE POCT PEUTHHTA TIPE-
MIPUATHS HA POCCUIICKOM M MEXIYHAPOAHOM PBIHKAX.

Amnanu3 Bo3MOXXHBIX myTed coznanus ACYTII mo3Bo-
JIUI BBISIBUTDH, YTO OJUH W3 TEPCIIEKTHBHBIX BAPHAHTOB
pelleHNs BBILIETIEPEUHCIIEHHBIX 33/1a4 OCHOBBIBACTCS Ha
priroueHnn B coctaB ACYTII nomcucTeMbl UCKITIOUEHHS
npounsBoacTBeHHBIX puckoB (ITUIIP), mo3Bonstoreit ore-
HUBATh CIIOXKHBIIYIOCS IPOU3BOACTBEHHYIO CHTYaIHIO
Ha y4JacTKax IIeXa BBIIIETaYMBaHNS [IMHKA U OTIPENIENIATh
HanOonee d3QEeKTUBHBIE PEIICHUS M0 YIPABICHHIO TEX-
HOJIOTHYecKuM TporieccoM. IIpy 3ToM ocHOBHas 3ajaua
IINIIP — 310 HE AOIYCKaThb OTKJIOHEHUN TEXHOJIOTM4Ye-
CKUX TIapaMeTpPOB 3a JIOMyCTUMBIE HOPMBI (B IPOTUBHOM
Cllydae: BBIABISATH NPUYHHBI OTKJIOHEHMH M MecTa MX
BO3HMKHOBEHHS, ONPENENATh CTEINEeHb BO3MOMKHBIX IIO-
CJIEZICTBUI OT OTKJIIOHEHHUH, ONIEpaTUBHO MOATOTABIUBATh
peLIeHNs 110 JIUKBUIAINH CIOKUBIINXCS TPON3BOACTBEH-
HBIX PHCKOB, BKJIIOYasl aBApUIHBIE CUTYAIMH U TIP. ).

Pa3pab6orka 610k-cxembl ACYTII, umeronieit
B cBoeM cocrase ITUITP

s pazpaboTku Hanbonee ONTUMATbHON CTPYKTY-
pet ACYTII mo BBITETaYMBAHUIO ITMHKA OBUTA M3YyYCHBI
VIpaBIsoOnMe U WHOOPMAIMOHHBIE CHTHAIBI B peallb-
HO neiicTBytomeM mpom3BoncTBe OAO «DIEKTPOITIHK
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Puc. 2. Cmpyxmypuas cxema ACY TII npouzeo0cmea no evliyelauuéaHuio YuHKa
Fig. 2. Structure scheme of the ACS TP production on zinc leaching (the scheme notation: CEO — the chief engineer's office, IDCS — the intel-
ligent data acquisition system, SEIR — the subsystem exception of industrial risks, CMI-the control and measuring instruments,
AM — the actuator mechanism, TO — technological object)

(r. BragukaBka3), Obuta mpoBeleHa WX KilaccHU(uKauys,
ObUTH omnpesienieHbl MX OCOOCHHOCTH U B3aUMOCBS3b. Tam
Ke OBUIM HCCIEeNOBaHbl CTPYKTYPHBIC COCTABIISIOIIIE
MPOU3BOJCTBA IIMHKA, OBUTM YYTEHBI BO3MOXHBIE CXEMBI
X B3aUMOJCHCTBHS, HCCIICHOBAHBI pa3HbIC BapHaHTHI
coBMecTHOI pabothl Takux OnokoB ACVYTII, kak CI'U,
WCC/], ITUIIP. Ha ocHOBaHMHM 3THX UCCIIEAOBAHUI 1 ObLIa
paspaborana 6nok-cxema ACYTII, npuBenenHas Ha puc. 1.

B 6nok-cxeme ACYTII noka3anbsl BOSMOXKHBIE YIIPaB-
JSIOLME U MH(GOPMAIMOHHBIE CHTHANBI, MCIOJIb3yeMbIe
Uil obecrieueHrsl BHICOKMX 3(QEKTHBHBIX MOKa3arenen
(YHKUINOHMPOBAHUS NPENIPHUATHS. DTH CUTHANBI YCIIOB-
HO pa3lelisioTcsl Ha CIEAYIOLINE BUIbL:

- cuznanvl ynpasnenus 1-20 ypoena U (1) (k=1, ..., K) —
HEoOXooUMbIe Il MOIAEPHHM3ALMK TPOU3BOICTBEHHO-TEX-
HOJIOTHYECKOH JESTeTbHOCTH 11eXa U BHEAPEHUS PEKOMEH-
JIalMii 110 MPEAOTBPAILICHHIO HAPYIICHUH B X0O/E TEXHOIOI U~
YECKOTI0 MPOIIecca BBILETAYMBAHMUS LIMHKA;

- cuznanwl 6o30eiicmeun 1-2o0 ypoens Mj(t) G=1,

.., J) — obecrnieunBarole CUCTEMY YNpaBICHUS alpH-
OpHOH wuH(pOpMaLUe 0: MPOU3BOACTBEHHOM IUIAHE,
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3asBJICHHBIX MOILHOCTSIX OOOpYIOBaHUS, MOJABAEMOM
KOJIMYECTBE U KaueCTBE CBIPhS, IJIAHOBOM H3MEHEHUU
CTPYKTYpPBI YIpaBJieHUs, COOSIX arperaToB Lexa, OTKIIO-
HeHusax B pabote camori ACYTII, HapymeHusx cocraBa

pacTBOPOB;
- CUZHATIbl, COOMEEMCMEYIOUUE 6X00HbBIM KOHMPO-
aupyemvim napamempam V(1) (i =1, ..., I) — npenocras-

JSTFOIIME JaHHBIC O MOKA3aTeNsIX KauecTBa IMOIaBacMOro
JNIEKTPONTUTA, OrapKa; MHPOPMAIIUIO O TEXHHYECKOM CO-
CTOSIHMM arperaroB IieXa, PacTBOPOB; HH(OPMAIHIO O
CTPYKTYPHBIX XapaKTEPUCTUKAX 000PYIOBAHUS H T.1I.;

- CUCHANbL, COOMGEMCMEYIoujUe GbIXOOHbIM nApa-
mempam 1-z0 yposna X (t) (m = 1, ..., M)— npenocras-
JISFOIIME JaHHBIE 00 00beMax MPOU3BOACTRA, KOJIHUCCTRE
M3BJICUCHHOTO IIMHKA B PACTBOP, HHOOPMAITHIO O TEKYIIEM
COCTOSTHUH 000pYI0BaHMs, HH(POPMAIIHIO [T HAI30PHBIX
OpraHoB BJIACTH;

- CUZHATIbL YRPAGICHUS 2-20 YPOGHA Dj(t) G=1,...0)-
HEOOXOMMBIE I 00eCTieueH sl HH(pOpMAIHel 0 BbIpadoT-
KE PEIICHHH MO BO3ACHCTBHIO HA CIIOKHBIITYIOCS CUTYAITHIO
B BBIIIC/IAYMBATCITEHOM IIEXC;

T.10. Ne4(38), 2018 1.
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Fig. 3. Functional scheme of the industrial risks (SEIR) exception subsyste;, a member of the ACS TP (the scheme notation:
CEO — the chief engineer's office, IDCS — the intelligent data acquisition system, LZ — the leaching of zinc)

- CUCHAIBI 0 MEXHONO0ZUYECKUX NAPAMEempax Sp(t),
Zp(t) (» =1, ..., P)— npencrapnsromux HH(OPMAIIHOH-
uhle curHanbl oT KT, mepenatontuecs B UCCJI, kotopsie
rmocite 00paboTKH MOKHEI iepenaBathes B CI'U B ompe-
JIeTICHHOM BUJIE;

- CUZHAIbL OONOTHUMETbHO20 XaAPaKmepa VK,,@) =
=1, ..., P,r=1, ..., R)— BaxHbIC I 00€CIICUCHNS HH-
hopmarmeit, Heooxomumoit [TUIIP amst BeipaboTKH perre-
HUS IO CJIOKUBLIEHCS HEraTUBHOW CUTYALIUU;

- CUZHabl 0 BbIXOOHBIX Rapamempax 2-20 ypoeH:
Y (f) (m =1, ..., M) — cooTBETCTBYIOMIKE 0OPAOOTAHHBIM
TaHHBIM, TIokaszpBatonuM CI'M BO3MOXKHOCTE pasperrie-
HUS CIIOKUBIIIEHCS CUTYAIINH B TIEXE;

- CUZHATIbL BO30€CIICIBUA 2-20 YPOGHA Oi(l) G=1,...,J0)—
obecrieunBarorye nH(opMarwiel 0 BOSMOXKHOCTH HACTPOM-
ku, o0yueHus [ITTAC Ha OCHOBaHHH BO3MOYKHBIX CIICHAPHICB
Pa3BUTHS CUTyallMid ¥ TIPUYHMH HAPYIIEHUS TEXHOJIOTHYE-
CKOTO PeXKHMAa;

-cuznanvl ¢o3o0eicmeun 3-20 yposua R (1) (n = 1,

.., N) — ucrons3zyembie sl obecreueHus WHPOpMa-
nyel 0 KavyecTBe MOJaBaeMOTO B IIeX CHIPhS, BKIIFOUAs
ANEKTPUYECTBO, IPUPOIHBIA Ta3, ANEKTPONHT U T.1., O
CIIpoce Ha PBIHKE IBETHBIX METAJJIOB, O KIMMaTH4e-
CKHX YCIIOBHUSAX H JIp.

C y4eToM TpOaHATU3UPOBAHHBIX HH(POPMAITMOHHBIX
CHTHAJIOB BBIIIEIAYMBATEIBHOTO [1€Xa MOXKHO 3aKITo-
yuTh, uTo [IWIIP nomkHa HenmpephIBHO pearupoBaTh Ha
CUTHAJTBI YIIPaBIICHHS, BO3/IEHCTBUS M HA CUTHAIIBI, COOT-
BETCTBYIOIIIE TEXHOJIOTUYECKAM IMapaMeTpam. B stom
Cllydae MOXXHO OXKHJIATh TIOJHOE WCKITIOYEHHe HeOiaro-
TIPUATHBIX TIPOM3BOJICTBEHHBIX cUTyarwid [ 18—20].

Pa3zpab6orka crpykrypHnoii cxemsl ACY TII ¢ ITUITP

Ha ocHoBanuu paspaborannoii Ook-cxemor ACY TI1
" aHaJIn3a €€ I/IH(i)OpMaHI/IOHHBIX " YIpaBJIAIOUINX CUT'HA-
7I0B ObL1a pa3paborana ctpykrypHas cxema ACY TI1, a¢-

T.10. Ne4(38), 2018 T.

(heKTHMBHOCTH (PYHKIIMOHHPOBAHHS KOTOPOW, KaK TTOHST-
HO, BO MHOTOM OTIPE/IENAETCs] TeM, HACKOJIBKO aKTHBHO
[TUIIP B coctaBe ACY OyneT B COCTOSIHUH ITOIICPKUBATE
paboty CI'M B IpHHATHH YIIPABICHIECKOTO PEIICHUS TIO
WCKITFOYEHHUIO TIPOU3BOJICTBEHHBIX PHCKOB U HeOIaromnpu-
SITHBIX CUTYaIlUil.

I'maBabIME yHKIIISIME ACY TII ¢ TTAIIP mpencras-
JISIFOTCSA CIIEMYOTIHE:

- ompeJeNieHHe BEPOSATHBIX MPUYMH, BBI3BIBAIOIINX
MIPOM3BO/ICTBEHHBIE PUCKU B TEXHOJIOIMYECKOM POIIecCce
BBIIIENIAYMBAHNUS [IMHKA,

- BEIOOp HAWITYUIIETO PelieHHs 10 JIMKBUAAIUH CIIO-
JKUBIIICHCS HETaTUBHOU CUTYalIUU;

- camooOy4eHune, KOTOpoe MPeaoIpeaessieT pa3BUTHE
MHTEJUIEKTYaJbHBIX BO3MO)KHOCTEH, YTO BO3MOXKHO Ha
OCHOBE NPUMEHEHMSI HEUPOHHBIX CETEH WM HEUYETKOU
JOTWKH (TIOHSATHO, YTO TPUMEHEHHE JJIEMEHTOB HCKYC-
crBenHoro unteswiekra B ITUIIP cymecTtBeHHO ymyulia-
€T pellleHre BOPOCOB HCKITIOUEHHS MPOM3BOACTBEHHBIX
PHCKOB M HEOJIATONPHUATHBIX CUTYallUi Ha MPEIIPUSITHN ).

Pa3paborannas crpykrypHas cxema ACY TII mpo-
M3BOJICTBA TI0 BHINIETAYMBAHAIO ITUHKA TpHBEJcHA Ha
pucC. 2, U3 KOTOPOTO BUAHO, YTO BCSI CTPYKTypa MPOU3-
BOJICTBA pa3JielieHa yCIOBHO Ha 3 ypOBHS: aIMHHUACTPA-
un, ACY, BEIIIeTaunBaTeIbHOTO IieXa. Paccmorpenue
B3aUMOJICHCTBUS dTUX YPOBHEH Mexk Iy co00i 1 paboTHI
MOJICKICTEM YPOBHEW HE MPENCTABISIETCS BO3MOXKHBIM B
HacTosimel paboTe, MOSTOMY OTMETHM TOJBKO OCHOB-
HBIE 3aJ[a4H, pPelIaeMble CHCTEMON B aBTOMaTH3HPOBAH-
HOM pEXKUMe:

- TIOTIOJTHEHUE HOBOW MH(opMaImel 0 COCTOSTHUN TEX-
Honoruyeckoro obopynosanus (or TO, no TO,), 0 BO3-
MOYKHBIX CHTYAIHSIX BBIIIEIa9NBATEIBHOTO II€Xa M O CITo-
cobax BO3eHCTBHS Ha HUX;

- TIOWCK ¥ BBIOOP PEIICHHI B CITy4asiX MPeIPHUCKOBAaHHBIX
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Y PUCKOBAHHBIX CUTYaLIUH, CITyYMBILMXCS PaHee, B TOM YHC-
Jie CUTyalui npeJaBapuilHOro 1 aBapuUHOIO Xapakrepa;

- (hopMUpOBaHHE OTBETOB Ha 3aIPOCHI, IOCTYHAIOLINE
or CI'M.

Tak Kak BBILEIAYMBATEIBHBIA 1I€X NPEANPUATHS
NPEICTaBIsAETCS OONBIIMM KOJMMYECTBOM TEXHOJIOTHYE-
CKOTo 00OpYIOBaHUs C Pa3IMIHBIMU TEXHOJIOTNMYECKUMHU
napaMeTpaMy, UCIIOJTHUTENbHBIME Mexann3mamu (VIM),
KOHTPOJIbHO-M3MEPUTENbHbIME  ipubopamu  (KHIIT, ...
KHII ) B Gonbiom o0beMe, TO CHCTEMA yHPABJIEHHS Xa-
PaKTepU3yeTCsl BEICOKOH CIOKHOCTBIO.

Paszpatdorka ¢pynkunonanbnoi cxemsl IIUIIP

[penmaraemas IIITAC B crucreme ymnpaBieHus TOIDKHA
o0nafgars BOSMOKHOCTBIO KOPPEKTHPOBKH HFIMEIOLIUXCS B
HEW TaHHBIX Ha dTane o0ydenws u HacTpoiiku, a CI'U nomxk-
Ha 00eCIeurBaTh BOZMOKHOCTh KOPPEKTUPOBKH CIIOCOOOB
BO3/ICICTBUSI HA CIIOKHUBIIYIOCS PUCKOBAHHYIO CHUTYaIIIO
Ha BCeX ydacTkax mpomsBozcTa [21; 22]. C yyeToM 3THX
TpeOoBaHMA ObDTa pa3paboTaHa (YHKITMOHATBHAS CXeMa
IITAC, npusenennas Ha puc. 3. Hamo otMeTuTs, 171 yiyd-
meHns pyHKIMOHANBHBIX BosMoykHOcTer [TUIIP B Helt go-
CTaTOYHO UCTIONTB30BaHKE IIEMEHTOB HEUYETKOH JIOTHKH [21].

B ctpyxrype [IMIIP BbIeneHb 5 OCHOBHBIX OJIOKOB U
COOTBETCTBYIOIIUE UM CBA3HU L ...L  TIO niepeaue uHpop-
MaIMH CIIETYONIEr0 Ha3HAYeHS:

L, — wapopmanms O TEKyLIEH CHTyaluu, UMEIOLIEH
MECTO B BBIIIETIAYNBATEIHHOM II€XE, U HCIIOIB3YEMOM IS
OTICHKH HeoOXoAuMOoCTH BhIpadoTku pemeHust CI'U;

L, — nupopmarmst ayist CI'U 0 HenagoOHOCTH BMeIa-
TENbCTBA B TPOIECC BBIMIENAYMBAHUS ITUHKA, YTO BO3-
MOXXHO TIPH PerNIAaMEHTHPOBAHHOM XOJI€ BBIIIEAYMBAHUS
[IUHKA;

L, — nndopmanus o CIOKUBILEHCS HETATUBHOM CHTYa-
AU, TIPYA KOTOPOI HEOOXOAUMO OTIPENEITUTh TUIT TEKyIIIeH
CUTYyalINH;

L, — vadopmanus 0 K1acCu(GUIMPOBAHHOM CUTYyaIWH,
MIpU KOTOPOH B 010K évtbopa peutenusn (bBP) nepenaercs
nHpOpMAITHS;

L, — undopmanus 0 «HalJIEHHOM» PELIEHHH 110 CIIO-
KUBILEHCS CUTyalluy, ipeoOpazyemMasi B BHJ, TOHATHBIN
CI'H;

L, —vupopmanus 1yt UICCJL 0 BHIOpaHHOM peleHnn
0 CJIOKHBIIICHCS TIPETaBaAPHIHON CUTYaIlUH (HMCIIOIB3Y-
€TCA TOJIBKO B CIy4ae OTCYTCTBUSI JEHCTBUI CO CTOPOHBI
CI'n;

L, — viigopmanys 1o 1aHHOH CBSI3H TIEPENACTCS TONb-
KO B CITy4ae OTCYTCTBHS OHOTO PEIICHHS CIOKUBIIEHCS
MIPEAPUCKOBAHHON CUTYaIlUH, TIPH KOTOPOU MPHOETaroT K
HIOMOILU Q7I0OKa 00padomKu npedeapumenbHuIx peuie-
nuii (BOIIP) nyis BBIOOpa HAMITYHIIETO aTBTEPHATHBHOTO
peleHus, nepeaaBaemoro BrnocueacTsuu B bBP;

L, —vndopmarmst mist CI'M 0 penienun 1o BeIXOy K3
CIIOKUBIIIEHCS CUTYaIluH WA 00 OTCYTCTBHH TaKOBOTO;

L, — uudopmanus mis BBoza 3anpoca CI'M 0 BO3MOK-
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HBIX CUTYaLlUsIX WIIK BBO COOCTBEHHBIX PEIICHHUH MO BO3-
MOYKHBIM CHUTYaIHSM;

L, — urdopmarms o Heodxonumoctu o0ydenus bBP.

Ilocne ommcanusa cesazei, ucnonb3dyembix B I[TUIIP,
Ba)XHO PAaCCMOTPETb OCHOBHBIC (PYHKLHH 3TUX OJOKOB,
TeM Oonee, uto pabora [TUIIP HaxomuTcs B mpsiMoii 3a-
BHCUMOCTH OT BhITIONHsIeMbIX Onokamu [TUTTP dyskmmii.

bnok oyenku cumyayuu (bOC) npenHazHaueH A
OLECHKH U OIpEAeNeHHs HEoOXOAMMOCTH BMeLIaTelb-
ctBa CI'M B ClOXMBIIYIOCS CUTYal[MIO MPOW3BOACTBEH-
Horo mpouecca. Ecnu Tekymias curyauusi He TpeOyer
BMemarenbeTBa, T0 BOC He mepenaer nHpopmanuio Ha
nanbHeinyo oopadorky B [IUIIP. OnHoBpemenno bOC
undopmupyer CI'U uepes onok euszyanusayuu (bB)
00 OTCYTCTBHM HEOOXOTUMOCTH BO3ICUCTBHS Ha 00B-
€KT C MapaMeTpamu, BbI3bIBatonMMHU pucku. Ecan BOC
OIIPE/IENINII CUTYalUIO KaK MHIMACHT, PUCK WJIH IIpeiaBa-
puiiHas CUTyauusi, aBapuiHas CUTyalusl WM aBapus, TO
JUIS CTIOKUBIICHCS CUTyalMu S HEOOXOaMMa BBIPaOOTKaA
ynpasisitoniero Bozaeiictaus B [TNTIP.

[ocrynatomas unpopmanus B BOC moxer ObITh
HECKOJIbKHX THIIOB: YETKasi, HEUETKasl, HEYETKO MHOXeE-
CTBEHHAsl. JTO HAKJIAAbIBAET OCOOCHHOCTH Ha alrOpUTM
JCUCTBUS, KOTOPBII BKIIIOYAET CIEAYIOIINE [IarH.

Ecmm B BOC noctynaroT TONbKO XOpOLIO ONpeeICHHBIE
(oTHOCHTEIFHO TIOpOra PaBeHCTBA) CUTYaLMU SO, TO OTHO-
[IEHWE HEYETKOTO PaBEeHCTBA Ha MHOXecTBe SI = Ss U So
(tme So — MHOXXECTBO BXOIHBIX CUTYaLMi) U SIBJISCTCS OTHO-
LICHUEM HEYETKOH 3KBUBAJICHTHOCTH.

Cutyanuu, BXOAAIINE B HA0OP SX, Ha30BeEM ''ITa0H-
HBIMH" (BBISIBJICHHBIMH 3KCIIEPTaMH) [UISl aHAIN3UPYEMO-
ro npouecca. Habop S ={s , s,, ..., S } STaOHHBIX CUTya-
LU HEe COACPKUT HEYETKO PaBHBIX MPH 33JaHHOM TI0pore
paBeHCTBa CUTYalMid. DTO CIOCOOCTBYET YMEHBIICHHIO
Pa3sMEpHOCTH BXOISLICH aHANU3UPYEMOH HH(pOpMaLuH
Ipolecca BhILIETaYuBaHus 1 HEe CHIXaeT 3((PEeKTUBHO-
CTH MOJENH YNpaBiIeHHs B Mpenenax J0CTOBEPHOCTH,
OIpaHUYMBAEMBIX TIOPOTOM PABEHCTBA.

Tak KaKk MHOXECTBO S HEUETKO PABHBIX CUTYaLHi, TO
YHCIIO KJIACCOB SKBUBAJICHTHOCTU HEYETKOIO pa3OMeHHs
MHOXXecTBa S/ COBHagaeT ¢ YHUCIOM 3TAJOHHBIX CHTya-
umit sl Kaxxnas curyamust s/€Ss u siBnsieTcs: pencTaBy-
TeleM KJacca 3KBHUBAJCHTHOCTH Al, COOTBETCTBYOLICH
aToit cutyanuu. Kiaccy A/, momumo s/, mpuHajexar Bce
HEYETKO paBHbIC s/ BXOJHbIE CUTYAIIMU U3 MHOXXECTBA BO3-
MOKHBIX SO.

CnenoBatenbHO, M00as BXOAHAS CUTYyalysl SO HEYeT-
KO paBHA TOJBKO OHOM ATAIOHHOM CUTyalluH Si€Ss, KO-
TOpasi ONpeaessIeTCsl OCIEA0BATEIbHBIM CPABHEHUEM SO
¢ Kaxoit curyamueii sleSs (I € [ ={1,2, ..., n}).

Ecmu B BOC noctynaer miaoxo onpeaeiacHHas CUTya-
st So, TO B 3TOM ClTy4yae OTHOIICHHE HEYETKOTO PaBEH-
CTBa Ha MHOXecCTBe S1 sBISieTCS] OTHOILICHUEM HEYETKON
TOJIEPAHTHOCTH. UHCII0 KIACCOB CONPSIKEHHOTO ¢ HUM He-
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YETKOTO MOKPBITHS PABHO 71, Kakaas cutyauus s/eSs co-
OTBETCTBYET Kiaccy Al MOKpBITHS MHOXeCTBA S1.

OnHako Kiacchl OKPBITHS MOTYT UIMETh HEUETKO ITy-
CThbI€ IIEpEeCceUeHHUs, KOTOPbIE COCTOAT U3 IJIOXO Ompese-
JICHHBIX BXOJHBIX CHTyalMi So. CienoBaTenbHO, MIIOXO
OIIpE/ICJICHHAs] BXOAHAs CUTYalusl SO MOXET ObITh YETKO
paBHa 3TaJOHHBIM cUTyalusiM [20].

B ciiyudae oluieHKH TUIa CUTyallMH Kak "onacHoi', uH-
(dopmanus nepenaercs B 010K Kaaccuuxkayuu cumya-
yuu (PKC). B HeM npoucxoauT pa3ieieHue CUTyaluid Ha
KJIaCChl, KXKIBII U3 KOTOPBIX OJHO3HAUYHO WJIH C Omperie-
JICHHBIMHM NPHUOPUTETAMU COOTBETCTBYET TEM HJIM MHBIM
BO3MOXXHBIM PELICHHUSIM IO BO3ICHCTBHIO HAa YYaCTKHU BbI-
LIeauuBaTeIbHOrO 1exa. Paspaborannbiii Onok oOnana-
€T TaKUMU BO3MOKHOCTSIMH, KaK ITOUCK MParMaTni4ecKux
MIPU3HAKOB, 00ECIICYNBAIOLINX HAXOXKACHHE 0000IIEHHBIX
OIMCAaHUN CHUTyalMd, IMO3BOJIIOIINX, B CBOIO OYepEnb,
pelIaTh 3a1a4K OMCKa PeLIeHUi 11 3¢ GEKTUBHOTO BO3-
JeicTBUs Ha 00beKT; obecrieueHne paboThl C UMEHAMH,
KOTOPBIE IIPHUCBAUBAIOTCS OTACIBHBIM HOHITHSIM M CUTYa-
siM; 000011IeHHE TPOLEAYP, OCHOBAaHHBIX HA CTPYKTYpe
OTHOILICHUH, IPUCYTCTBYIOIIEH B ONMCAHUU CUTYaIUi.

Aaroputm pa6orst BKC

Ero moxno mpencraButh ciemyronmM obpasom. Ha
MHOKECTBE Pa3IMIHBIX CUTyaluil {Si} MpOM3BOANUTCS MX
paz0OmeHre Ha KJIACCHI, TIPU KOTOPOM KaXKIbId Kiacc Si
MMeeT B Tpejeniax JaHHOH MOJeNTH yIpaBieHHS HEKOTO-
PYIO aJIeKBaTHYIO HHTEPIIPETAIMIO TIPOIIecca YIIPaBICHUS
cutyanuei. Ha MHO)KeCTBE IOTHBIX CUTYaIni {Si} BbIIe-
JIieTCs TaK0€ MHOXKECTBO KJIACCOB Si, TIPH KOTOPOM Kax-
IBIA M3 HUX JIOMyCKal OBl a/leKBaTHYI0 WHTEPIPETAIIUIO
JUTS TIPOIIEAYPHI TIOMCKA PEIIeHHs M0 BO3ACHCTBHIO HA
00beKT. B wactHOCTH, KiTaccuukanms Si Mo HEKOTOPOMY
OCHOBAHHIO JIOJDKHA OBITH COTJIACOBaHA C Kilaccu(uKarm-
elf Ha MHOXXECTBE YIPABIISIIOIINX BO3ICHCTBUN {Fk}.

BBP ompenenser 3TanoHHYI0 cUTyanuio sieSs (Tae
Ss — MHOXECTBO 3TaJIOHHBIX CHTyalluid) IUIsl HauOoiee
Omm3Koi BxomHO# cutyanmu So u Bbimaer CI'M ympas-
nsromiee perieHrne Fk, COOTBETCTBYIOIIEE CHUTYAIMH Si.
VYnpagsrnsiomiee pelieHne BbIpakaeTcss HEYETKO, TO €CTh
nmeer Gopmy, npeanouturensuyo g CI'W. [na coy-
YaeB OTCYTCTBHSI €IMHCTBEHHOTO PEIICHUS 10 YIpaBie-
muto B [IUIIP mpenycmotpeHa mpouemypa oOparieHus
k BOIIP, kotopas obecneunBaeT MOWCK W3 MHOXECTBA
aJBTEPHATUBHBIX PELICHUH Hawlydluero pemeHus. Ha
OCHOBAaHWH MHEHHS IKCIIEPTOB KAKAOMY YIPABIISIOIIEMY
pemrenuto npricBanBaercs Bec W e [0; 1], u pemenue ¢
HanOoneIIuM BecoM Bermaercst CI'U.

Taxum o6pazom, bBP, BKC u BOIIP coBmecTtHO hop-
MHUPYIOT pelieHHs, HEOOXOIUMBbIE ISl TIPEIOTBPAIICHHUS
MIPOM3BOICTBEHHBIX PHCKOB.

3akiouenue

B pabote pemiena akryansHas mpoOniema, onpenens-
eMasi KaKk 3HaYMMOCTBIO COXPAHEHUSI €CTECTBEHHOIO CO-
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CTOSIHUSI TOPHBIX JIaHAWA(TOB, TAK ¥ 3HAYUMOCTBIO 00e-
CIEUEHHS FKOJIOTHIECKOTO OIaroCOCTOsIHUS TOPHBIX TEp-
puTOpUi, ONMU3NIEKAIMX K NPEINPHATHAM TOPHONOObI-
BAIOLIEH NPOMBILUIEHHOCTU. sl pemieHusi BEIOpaHHON
npoOneMsl U pazpaborana uHresvekTyanbHas ACY TII,
CHoCcOOHasi UCKITIOYaTh BPEAHBIE BEIOPOCH! B arMocdepy,
NpeNOTBpAILaloNas PUCKOBAHHBIE CUTYallM, BKJIIOYAs
aBapud M T.A. TakuMm 00pa3oM, BHEAPEHHUE HA HpEIIpH-
arusx monooHex ACY TII obecreurBaer coxpaHeHHE
MH(PACTPYKTYPhl TOPHBIX PETMOHOB, a 3HAYUT yCTONYH-
BOE pa3BUTHE TOPHBIX TEPPUTOPHH.

[IpennoxxeHHsl B paboTe Moaxon K oOecrneveHunto
011aroCOCTOSHUS TOPHBIX TEPPUTOPHUH, BKIIOUAs TIOBBI-
menne 3QQeKTUBHOCTH pabOTHl TOPHOAOOBIBAIOLINX
npennpusaTuii, obecrnedeHue 0e30MaCHOCTH PabOTHH-
KOB MpPEIUpUATUH, NPUMEHUM sl obecrieueHus Ona-
TOCOCTOSIHUSI U PAaBHUHHBIX TEPPUTOPUH, HA KOTOPBIX
pacronararoTcsi UpeANpUsITHS C «BPEIHBIMH» IPOU3-
BOJICTBaMH, U 0€30MaCHOCTH PaOOTHHKOB 3THX NpEa-
MPUATHH.

PaccmoTrpennsie B paboTe NPUHIUIBI TOCTPOCHUS
ACY TII, noaxonpl K MOBBIIIEHUIO WX HHTEIJIEKTY-
aJbHBIX CHOCOOHOCTEH (BO3MOXHOCTEH) MPUMEHUMBI
npu noctpoenuud ACY 1 MHOTHX OTpacied mpo-
MBIIIJIEHHOCTH, IJI1 MHOTHX HAaIpaBICHUH Hay4YHBIX
HCCJIETOBAaHUH.
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The aim of the work is to solve one of the important prob-
lems of sustainable development of mountain areas, provid-
ing for the development of mining enterprises of high-perfor-
mance, intelligent automated production management systems
(ACS P).

The methods used in the work: the method of system
analysis, methods of control theory technical objects, methods
of mathematical modeling event situations, the method of the
theory of fuzzy sets, etc.

The results of the work. Based on the analysis of the liter-
ary sources chosen way forward for sustainable development
of mountainous areas, providing for the introduction of min-
ing enterprises with the purpose of meaningful ACS P improve
both efficiency of production of these enterprises, and improve
the environmental well-being of the territories adjacent to the
enterprises.

A flowchart of ACS P, as well as structural diagram and op-
eration algorithm of ACS TP with improved functionality were
developed. These ACS TP correspond to many conditions and
mining development is a significant part of ACS P. Designed
for ACS TP the intelligent subsystem elimination of production
risks (SEPR), defining emergency situations. The algorithm of
action and the functional scheme of this SEPR are offered.

The work is also developed for the information support
of ACS TP intelligent data collection system, one of the sub-
tasks of which is the collection of information in digital form
from control and measuring devices that perform the function
of measuring the parameters of the process at all its stages.
The main functions of the developed process control system
are defined: identification of the probabilistic reasons causing
production risks in technological processes; selection of the
best solution to eliminate the current negative situation; self-
learning, which predetermines the development of intellectual
capabilities of the process control system, which is performed
on the basis of fuzzy logic.

An important part of the work is the development of
blocks that are part of the SEPR, the development of the
structure of their interaction and algorithms for their op-
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eration. The names of the blocks: a visualization block, the
block decision, the processing unit prior decision, the evalu-
ation unit situation unit classification of the situation, "say"
about the importance and complexity of the tasks specified
blocks.

Conclusions. The main conclusion of this work is the high
desirability of introducing developed APCS in mining enter-
prises to successfully meet the challenges of sustainable devel-
opment of mountainous areas and infrastructure conservation
in mountain regions. Other findings of the work are: the pro-
posed work approaches to ensure the well-being of mountain
territories and increased mining operations, including enhanc-
ing the safety of workers, apply for enterprises available in
plain areas; the design principles of ACS TP, including those
involving enhancement of intellectual ability (capacity) of the
individual blocks of ACS TP, apply when designing ACS for
many industries, with design of ACS for scientific research.

Keywords: mountain territories, sustainable development,
mining enterprises, technological process, production risks,
accident prevention, automated control system, subsystem of
elimination of industrial accidents.
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APPLICATION OF KNOTHE-BUDRYK
THEORY AND RIGID BODY CONDITION
FOR ASSESSMENT OF SUBSIDENCE
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1. Introduction

Mining influences on the surface depend on many factors, like depth and thick-
ness of seams, types of bedrocks and soil, excavation method and soil, the load
of constructions [1]. In open pit mines the damages are clearly visible — the soil is
removed from the wide areas, the landscape is changed by tonnes of exploitation
wastes, the ground water level is lowered, the ground vibrations appear and the
pollution of water, ground, and air (dust, noise) around the excavation area [2—5].
In underground mining where some of these problems do not occur, mining dust
can be filtered out from the air, the noise level is lower due to the depth, and the
damages on the surface are smaller. On the other hand, the area influenced by
subsidence is larger due to the depth of excavation, the underground water may be
polluted and its level lowered. Also, there appear different types of deformations
[1; 6-8].

Proper assessment of mining influences and monitoring surface’s subsidence
is mine surveyors’ task. The main goal is to prevent damaging buildings and con-
structions on the surface, measuring of and restraint upon the inevitable influences
of exploitation [9; 10] and eliminating existing damages. For many years, scien-
tists have been trying to describe deformation processes with mathematical and
empirical models [11-14].

In the beginning, the data was received from classic survey techniques like
leveling. Nowadays, more common become the use of state-of-the-art tools like
GIS [15], GNSS [16; 17], satellite interferometry [18—20], prediction by artificial
neural networks [21] and many others.

The Knothe-Budryk model [11; 12; 22], with further developments, is one of
the most important prediction models in polish mine industry. It describes hori-
zontal and vertical displacements, inclinations and deformations. The Knothe’s
generalized differential equation for description of subsidence of a point over time
was compared with two-parameter Sroka-Schober's model [23] leading to the
conclusion that both models have some imperfections. Knothe’s model is easier to
applied, while the Sroka-Schober’s model is better for a description of deforma-
tions for pillar-chamber extraction.

The Knothe-Budryk model was applied in numerous case studies. The theory
was successfully applied to assess the deformation of the urban area of Bytom city
in Poland [24] and horizontal displacements of coal mine BW Prosper Haniel in
Germany [25]. Niedojadto, Jura [26] applied the model with fixed parameters for
pillar-chamber extraction in LGOM area (Poland). Authors proved the need of
changing theory’s parameters describing rock mass for a wider observation area.

The constructions, or their isolated parts, are considered as a rigid body after
the end of a construction process. However, due to different factors, they may be
cracked or bent, and may not be longer considered as a rigid body [27]. Mattern,
Blankenhorn [28] have presented the results and the comparisons of building col-
lapse simulation from finite element and rigid body models. Kuras [29] used rigid
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body method to evaluate deformations of retaining walls
due to the weather conditions and the natural use of the ob-
ject. The rotation of the rigid body is one of the parameters
used in the evaluation of damages and the danger to the con-
structions placed on the mining influence areas [30; 31].

The paper’s authors present assessment of mining in-
fluences on the water reservoirs supplying water to the cit-
ies of Upper Silesian Coal Basin (Poland). In this area,
the underground coal mining has a long history. For a few
centuries, the area of around 5000 km? has been used to
develop coal and metal industry. The industry growth was
accompanied by the growth of population and urbaniza-
tion of those lands [32]. Due to the essential role in the
water supply system, the installation cannot be turned off
during the excavation process underneath. Despite the
mining activity, the reservoirs were still in use during the
excavation and subsidence process. Each one of them was
emptied and filled up with water few times. In order to
assess the mining influence and evaluate the risk the struc-
tural health monitoring network was established.

The main objective of this study is to assess the influ-
ence of exploitation on the water tanks and evaluate the
health of the reservoirs. The computation of rigid body
condition was used to determine the stability of concrete
monolith construction and to make a conclusion about its
further working. In contrast to the aforementioned litera-
ture, in this study, the results of rigid body method are used
for the verification of the predicted values from Knothe-
Budryk theory. The authors point no-mining factors, not
included in the models, which could negatively be influ-
enced on the object during the deformation process.

2. Methodology

Knothe-Burdyk theory

Land subsidence is a vertical movement (downward)
relatively to a datum. In mining areas, it is usually caused
by post-excavation voids and abandoned workings. The
changes of pressure equilibrium in the rock mass causing
the collapse of rocks into the empty spaces. As the result,
the deformations appear on the surface [33]. The surface
damages caused by excavation of underground coal seams
can be divided into the discontinuous and continuous de-

formations. The phenomena from the first group appear
mostly randomly and they are difficult to predict. The phe-
nomena from the second group are easier to predict due to
their clear correlation with mining activity. Scientists have
been researching the problem of mathematical description
of continuous deformations.

In Upper Silesia Coal Basin, excavation was conducted
with longwall mining system. The longwall is the work-
ing face advancing laterally towards the mine boundary.
The excavation takes place in the narrow open strip (face
working) between mined-out seam (goaf) and the coal-
face. Space is protected against roof falls by an array of
vertical props capped with horizontal bars, or by compos-
ite supports having broader roof canopies [1].

Budryk and Knothe [22] created the subsidence theory,
especially for the Upper Silesia region. In order to com-
pute the maximal predicted subsidence W, one has to
know the thickness of excavating seam g, and exploitation
parameter a (values between 0 and 1).

— %
Woae =478 ()

The maximal area of exploitation influences contains
mining area and area in the influence range of exploita-
tion 7 (Figure 1). To compute the range r (Eq. 2), one has
to know the depth of seam /4, and the rock mass param-
eter tan(p) (where S is the angle of main influences). With
known values of maximal subsidence W and range r,
one can compute the inclination 7' (Eq. 3) in the distance x
from the edge of exploited seam.

r= L 2)
1gf
W, -7
T — max e ] (3)

For standard geological conditions of Upper Silesia
Coal Basin, the assumption of tan(f) = 2 is usually made.
With known parameters of exploitation and empirical val-
ues of subsidence, one can determine, if exploitation is the
only cause of displacements. If the real values of subsid-
ence are bigger than theoretical ones, then one can assume
there is more than one cause of deformations. This theory
assumes that above the sidewall of longwalls, subsidence

) s

Fig.1. Parameters of the Knothe-Budryk Theory / Puc. 1. [lapamerpsl Teopun Knora-bynpuka
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occurs only the half of maximal predicted descending. In
addition, in this area, maximal inclination appears. In the
neighborhood, maximal tensions also occur (extending
and compressing forces). Thus, to protect the construc-
tions on the surface in the proper way, they should be lo-
cated outside the area of the range of exploitation. Build-
ings inside the range of exploitation area are endangered
by tensions and uneven subsidence causes inclination.

Rigid body condition method

Buildings in the mining areas are endangered with
damages caused by uneven subsidence of ground under
them. Despite vertical movements, there are also hori-
zontal movements causing tensions in the ground (ex-
tension and compression). As the result, the construction
can change its shape. To prevent from cracking, different
building techniques are applied, like expansion joints and
separated foundations. The goal is to raise construction
from smaller objects considered as rigid bodies. The rigid
body’s shape remains unchanged in time, and its elements
cannot move against each other.

External tensions can violate the stability of the rigid body.
In order to check the rigid body condition, surveyors conduct
different kinds of measurements. As the result, the geometri-
cal features of the measured object are established. With a
few series of observations, one can compute the changes in
shape with time. If the changes are smaller than boundary
value (tolerance), then the rigid body condition is met. Other-
wise, the object cannot be considered as a rigid body.

Before deformation process, the building can be con-
sidered as the rigid body. If the surface is lowering uni-
formly, all points of the object are lowering in the same
way and one is able to calculate the mathematical plane for
them. It can be described using the least square method.
In the matrix 4, each row contains control point’s X and ¥
coordinates. The matrix L contains deformation values for
each control point correspondingly to matrix 4 [27].

A L b'e
X, Y, AL, E,
X, Y, AL, E,
X, Y, 1] |aL| | w,
X Y 1 AL,
-1
X=(4"4) *4'L @)

The least mean square method (Eq. 4) is used to compute
the result matrix X. The matrix X contains values of plane
inclination in directions X (£,) and Y (£,), and the coordi-
nates system origin point’s subsidence (W,). Therefore, all
computations should be conducted in the local coordinate
system. The computed values are relative to the beginning
plane before the deformation process. The first two values
can also be assumed as the rotation R around axes X and ¥
(Eq. 5). Using those two values one can calculate maximal
inclination £, _(Eq. 6) and its azimuth 4z, = (Eq. 7).

T.10. Ne4(38), 2018 T.
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R, =-E,
R, =-E, )
4 E
Az, = tan (E—J (7)

Statistical measure

Using equation 8 the differences between real values
of displacement and theoretical ones are computed. The
accuracy of the models is measured using the standard
deviation (Eq. 9) of the least square method and the vari-
ance-covariance matrix (Eq. 10), where n is the number
of observations and u is the number of the computed pa-
rameters. The variances of the observations are along the
covariance matrix diagonal.

V=AX L. 8)

V2
m, = \/nz_u : ©9)

-1

Cov(X)= m;-(4"4) a0

The value m_ is compared with the boundary value
multiplied by the statistical significance value & (k=2 for
P=95.5%, k=3 for P=99,7%). If the value m, is bigger, the
object cannot be considered as a rigid body anymore. The
different points of object do not behave in a linear way and
move against each other.

3. Description of the study site and the data used

The coal exploitation before reservoirs’ construction

Coal seams under reservoirs were excavated several
times during the years. From the middle of XIX century
shallow seams were exploited (depths around 60m). Some
years before constructing works, there were also exca-
vated seams on depth around 90m, 150m, and 370m in
the longwall system. Before putting reservoirs into opera-
tion, the deformation process has already ended. Thus, one
can assume that the construction was not influenced by
the previous mining activities. For the next decades, water
tanks had not been monitored due to the lack of mining
works underneath.

The coal exploitation after reservoirs’ construction

After the year 2000, a new exploitation in the long-
wall system (IwA) was designed on the depth up to 400m.
The distance to the reservoirs from the closest point was
not smaller than 200m. Thus, the object was placed on the
borderline of excavation’s mining influences area and the
influences are negligible.

The exploitation of the two next seams was planned
as follows: the sidewall of the next longwall (IwB) was
placed exactly under one of the reservoirs, and close to the
others. The third longwall (IwC) was planned to run under
the whole object. As the result, the influence on the object
was unambiguous and inevitable.
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Object and the health monitoring network

Each of six reservoirs is based on the concrete mono-
lith foundation. The constructions’ walls are made out of a
reinforced concrete and according to the project could be
considered as a monolith.

In order to assess the water tanks’ stability, a monitor-
ing network was established. It contained control network
points, ground benchmarks, benchmarks on the buildings,
inclinometers and control points on the pillars of build-
ings. Measurements were conducted with 1mm accuracy.
The measurements were taken every two weeks, and dur-
ing the period of biggest deformations, even more often.
24 benchmarks were used to monitor water tanks (four on
each of buildings).

4. Results
Mining influence assessment using the Knothe-
Budryk Theory

The excavation parameters used in Knothe-Budryk
theory were presented in Table 1 (with rock mass pa-
rameter tan(B) = 2). The distances to the furthest water
tank were almost 200m. According to the predictions of
Knothe-Budryk theory (Table 1), all water tanks were in
the influence range of exploitation IwB. The exploitation
of IwB was conducted around 300" day after the begin-
ning of survey observations.

The longwall IwC was designed under reservoirs and
parallel to the IwB. During the mining works on IwC, the
influences of IwB had appeared on the surface and damaged
unequally the construction. The damages and further danger
to the water tanks resulted in a decision to stop exploitation
IwC around 1100 day of observations. Its parameters in the
moment of abandon are presented in table 1.

The described object was in the influence area of two
longwalls (IwB and IwC). Figure 2 depicts localization of
object and exploitation fields. For both excavations, the
water tanks were placed in the incline and tensions occur-
ring area.

The displacements and tensions were revealed on all
elements of the structural health monitoring network.
Figure 3 depicts subsidence of benchmark on the wall of
one of the reservoirs. Dotted line presents the moment of
exploitation IwB under the water tanks, and dashed line
denotes the moment of stopping IwC. The displacements
of the benchmark are distributed randomly before the min-
ing works. After mining excavation, the points lowered up

to around 0.5m. In the end, the distribution once again is
random. The first subsidence caused damages on the con-
struction. Due to these damages, the decision to stop Iwc
was made to prevent from escalating the danger. Thus, the
influence of lwc have not revealed on all the control points
of the monitoring network.

For each water tank, the maximal subsidence W
and distance to excavated seam x were found and used
to compute the inclination 7', (Eq. 3). The results are pre-
sented in Table 2. The maximal theoretical inclination 7'
was computed to compare with the results of rigid body
method. All computations were conducted in local coordi-
nate space, separate for each water tank. The center point
(0,0,0) was placed in the middle point of the construction
(Fig. 2 — black dots), and axes were directed to bench-
marks n-2 (north) and n-3 (east), where n is the number
of a water tank.

Result of Health of buildings evaluation using the

rigid body condition method

The rigid body condition was calculated in the local
coordinate system with the beginning at the center of each
water tank. The boundary error m was assumed as the
mean error of accuracy of measurements. The parameters
of space orientation (rotation, inclination, inclination’s
azimuth) were computed for each water tank in succeed-

Fig. 2. Localization of reservoirs (blue) on the plan of coal
exploitation and influence range (IwB — short dashed line,
IwC — long dashed line)

Puc. 2. Jlokanuzayus Koiiekmopos (Cunutl) no niaHy dKCniyamayuy
yensa u ouanasou gosoevicmeus (lwB — kopomkas nyHKmMUpHas TuHUA,
IwC — Onunnas nynkmupras 1uHus)

Table 1/ Tabruya 1

The parameters of excavation and the results of Knothe-Budryk Theory
Hapamempul packonok u pesynbmamot meopuu Knome-byopuka

D Depth, m Influence range, m Distances to reservoirs, m
Iybuna, m Jluanazon enusHust, m Paccmosnue 0o pesepgyapos, m

IwA ~400 ~200 >200

lwB ~570 ~285 0-200

IwC ~570 ~285 >150
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Fig. 3. Subsidence of benchmark 1-1/ Puc. 3. Ocedanue yposns 1-1
Table 2 / Tabnuya 2
Maximal inclinations of each water tank for IwB and IwC
Makcumansnble HAKIOHBL KAXC0020 pe3epeyapa ons 600ut 01is IwB u IwC
Tank num. IwB wC
o ] T .. [mm/m]
MNe pesepsyapa X [m] T [mm/m] x [m] T [mm/m]
1 -0.41 -1.45 46.3 -1.33 267.5 -0.09
2 -0.37 -1.30 65.0 -1.10 233.0 -0.16
3 -0.57 -2.00 26.6 -1.94 237.0 -0.23
4 -0.52 -1.83 454 -1.69 202.4 -0.37
5 -0.73 -2.57 7.0 -2.56 206.4 -0.49
6 -0.67 -2.35 25.7 -2.29 171.8 -0.75
Table 3 / Tabruya 3
Parameters of space orientation for reservoirs (series 77)
Tlapamempol npocmpancmeenHoll opuenmayuu 000Xpanuuuy (cepusi 77)
Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6
Pe3zepsyap 1 Pesepsyap 2 Pesepsyap 3 Pezepeyap 4 Pezepeyap 5 Pesepsyap 6
Series 77 / Cepus 77
P AELD Dev. \ELD Dev. VELLE Dev. \ELD Dev. Value Dev. Value Dev.
senuYU- senuyU- eenuyu- senuyU-
nocpew. nozpeuH. nozpeui. NOZPeUHt. | BeUYUHA [NOSPEUH.| BeUNUHA | NOSPeLH.
Ha Ha Ha Ha
Center point
subsidence, mm /fTo- | _yo3 9| 07 | 3333 | 133 |-5393| 3.7 |-489.0| 50 | -6905 | 125 | -639.5 | 0.5
HUJICEHUEe YeHMPalb-
HOU MOYKU, MM
Rotation around axis
X, mm/m / Bpawenue | 2.54 0.06 2.02 1.096 | 2.310 0.31 3.45 0.41 5.146 1.034 1.696 0.04
60Kpye ocu X, mm/m
Rotation around axis
Y, mm/m / Bpawenue | -4.44 0.06 -4.33 1.09 2 0.31 -4.91 0.41 -4.56 1.03 -4.56 0.04
6okpye ocu Y, mm/m
Inclination in axis X,
mm/m / Ckronnocms | -2.54 0.06 -2.02 1.09 -2.31 0.31 -3.45 0.41 -5.15 1.03 -1.69 0.04
6 ocu X, mm/m
Inclination in axis ¥,
mm/m / Cknonnocme | 4.44 0.06 4.33 1.09 322 0.31 491 0.41 4.56 1.03 4.56 0.04
g ocu Y, mm/m
Overall inclination,
mm/m / [onnas 5.12 0.01 4.78 0.23 3.96 0.08 6.00 0.07 6.88 0.15 4.87 0.01
CKJIOHHOCHIb, MM/M
Inclination azimuth,
grads [ Asuvym | 36690 | 074 | 37223 | 1461 |360.35| 499 [361.02| 439 | 34617 | 9.57 | 37734 | 054
CKAOHHOCMU, 2PAdU-
enm
T.10. N=4(38), 2018 T 599



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

§ 8 8 § B E

0,00

-0,10

-0,20

Subsidence [m]

700
800
900
1000
1100
1200

Days since the first measurement

Fig. 4. Averaged subsidence of benchmarks on the st water tank

Puc. 4. Ycpeonennas npocadounocmys yposHeii Ha 1 pezepgyape 0713 800bi

ing series. The example for the series 77 is presented in
Table 3.

For comparison, three measurement series were picked
up. The series 7 was made on 179 days after the begin-
ning of observation, but still before the start of exploitation
IwB. Series 42 was made on 613 days, during the period of
the fastest subsidence, and series 77 on 1085 day, when the
process of lowering was almost over.

The parameters of planes for each water tank were
used in the computation of the differences between theo-
retical and real values of vertical displacements, and the
mean errors m. The results for the series 7, 42 and 77 are
presented in Table 4. The fulfilled rigid body conditions
are marked in gray.

5. Discussions
The trend for all benchmarks is the same — pairs of

point 1-2 and 3-4 are lowering with different speed, but
with similar to each other. In the other words — points 1
and 2 are lowering faster than 3 and 4. Figure 4 presents
these phenomena. As a result, all constructions inclined in
direction of line 4-1 (north-east), the 1% water tank in about
0° 21.3’. Figure 5 presents localization of benchmarks on
the reservoirs, the final subsidence of them presented with
Kriging interpolation.

The direction of contour lines is approximately parallel
to the sidewalls of longwalls IwB and lwC. The computed
parameters of mathematical planes for each reservoir con-
firm these observations. Table 2 presents the maximal val-
ues of inclination of objects computed using the Knothe-
Budryk theory.

This inclination and subsidence are clearly caused by
exploitation of IwB. The influences of IwC could elimi-

Fig. 5. Final subsidence contours (Kriging method) with localization of benchmarks (values in millimeters)
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Cocmosnue meepoozo mena (napamemp k=2 u k=3) ¢ owubxoii m, ons pados 7, 42 u 77

Table 4 / Tabruya 4
The rigid body condition (parameter k=2 and k=3) with m_ error for series 7, 42 and 77

Series 7 Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6
Cepusa 7 Pezepeyapl Pezepeyap 2 Pezepsyap3 Pezepeyap 4 Pezepeyap 5 Pezepeyap 6
m, 2.31 1.00 9.00 2.00 0.50 2.50

2m, 2.83 2.83 2.83 2.83 2.83 2.83
3m, 4.24 4.24 4.24 4.24 4.24 4.24
Series 42 Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6
Cepus 42 Peszepeyap 1 Pe3zepeyap 2 Peszepeyap 3 Pe3zepeyap 4 Peszepeyap 5 Pezepeyap 6
m, 12.12 2.00 2.50 17.50 2.50 2.00
2m, 2.83 2.83 2.83 2.83 2.83 2.83
3m, 4.24 4.24 4.24 4.24 4.24 4.24
Series 77 Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6
Cepus 77 Peszepeyap 1 Peszepeyap 2 Pezepeyap 3 Pe3zepeyap 4 Pezepeyap 5 Pezepeyap 6
m,, 1.44 26.50 7.50 10.00 25.00 1.00
2m, 2.83 2.83 2.83 2.83 2.83 2.83
3m, 4.24 4.24 4.24 4.24 4.24 4.24
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Fig. 6. Periods of filling up (blue line) water tanks with subsidence of benchmarks on each reservoir
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nate them if the works did not stop before going under-
neath the buildings. However, due to the abandoning of
IwC, constructions remained inclined. In addition, some
of the IwC’s influences occurred on the water tanks, are
closest to the IwC. The 6th water tank started to incline in
direction of line 3-4 (south-west).

The theoretical inclination values from the Knothe-Bu-
dryk theory are a few times smaller than the overall incli-
nation values computed from the rigid body method (e.g.
for the series 77 in Table 3). Even the maximal theoretical
values still do not present the observed scale of the phe-
nomena. Thus, this theory cannot be applied to all objects
and conditions to predict inclinations. This can be also a
clue, that the mining factor is not the only one influenc-
ing the object, and the observations of subsidence are not
enough.

The results between the series may differ due to the dif-
ferent speed of lowering as well as the errors made during
the measurements. Thus, to establish the rigid body con-
dition, the computations were conducted for the different
series. The final values for three example series, 7, 42 and
77, are presented in Table 4.

The series 7 was conducted before the excavation un-
der the reservoirs. Almost all results are positive, only the
results for the 3™ water tank are negative. However, other
measurement series from that period give positive values
for that building as well. One can assume that all objects
can be considered as the rigid bodies.

The series 42 was conducted during the period of the
fastest displacements. The condition of the rigid body is
fulfilled only by some objects. Depending on the series
from that period of time, the objects sometimes meet the
condition, and sometimes not. Despite the measurements
errors, it can mean that buildings are no longer the rigid
bodies.

The series 77, in the end of the subsidence process,
reveals that almost all constructions were damaged and
cannot be longer considered as rigid bodies, most of the
results are negative. This can be considered as an assump-
tion for further investigation of construction. For series 77
only 5% reservoir fulfills the rigid body condition and 6"
fulfills for k=3, and almost for k=2. But with other series
from that period, one cannot confirm the buildings are still
rigid bodies.

During the exploitation and subsidence process, the
reservoirs were fully operational. In different times, they
were filled up with water and emptied. Figure 6 presents
periods of filling up water tanks. One can notice, that
short after water release the subsidence doesn’t occur or
slower down (around days 350, 700 and 800). Around
day 400, the first vertical movements are revealed. High-
ly recommended, and inevitable was to refill the tanks
during the period of lowering movements. The influence
of installation working (mass changes, the pressure of
water on the reservoirs’ walls) wasn’t considered during
the planning of exploitation, and in the displacement’s
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measurements. The lack of data and scientific knowl-
edge makes it impossible to establish only the influence
of mining activity on reservoirs in case of occurrence of
filled up/emptied factors.

The differences in the rigid body parameters between
series can be caused by uneven vertical movements caused
by stopping IwC, the work of reservoirs (filling up and
emptying) during the process of deformation, damaging
the control points and measurements errors and mistakes.

6. Concluding remarks

checking the condition of a rigid body on the object
can bring information about the influence of underground
exploitation on the buildings and installations on the sur-
face. Due to the tensions constructions, may not remain
rigid bodies. For the presented constructions results sug-
gest, that all buildings were damaged. They will demand
further inspection and repairs if they remain in working.

The reservoirs were lowering uneven due to the mis-
takes in the process of excavation. If IwC wasn't stopped
in front of the object, the surface subsidence would be
made even again. In another way, the constructions re-
mained inclined in the direction north-west (to the [wB)
and slightly to the south-west (IwC). Inclination can have
further negative results due to future work of object e.g.
damage caused by bigger water pressure only on the part
of walls.

In the excavation with longwall system under the
building important is to consequently remove a similar
thickness of seams. In another way, it causes horizontal
movements and tensions, causing bigger damages of the
structures on the surface. The presented object was in the
zone of extending movements. If the longwall C was fin-
ished, according to the plan, the whole object would be in
the area free of tensions, with surface lowering equally.

The discrepancy of theoretical and practical values of
inclination suggest investigating other factors during the
subsidence process. One of them could be the changing
mass of construction during the subsidence process due to
filling/emptying with water. Stopping the use of reservoirs
for the period of mining works and deformation process
could help in preventing the occurrence of damages. Un-
fortunately, there are no plans for next excavations in this
area due to the existing damages.

T.10. Ne4(38), 2018 1.
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Ilenpro maHHOrO MCCHEOOBAaHUS SBISETCS OLECHKA IO-
BEPXHOCTHOTO OCEIaHUs B pe3yiabTare rOPHOLOOBIBAIOLICH
JEeSITeTPHOCTH Ha HCCiIeayeMoM ydacTke B Bepxueit Cu-
ne3un ([Tompmra). JIist 9TOrO UCHOIB30BANIUCH JAHHBIE T€O-
JI€3UYEeCKOT0 MOHMTOPHHTA BPEMEHHBIX PSAIOB 3a TPEXJIET-
Huit epuox (2009-2012 rr.). Teopust Knore-byapuka Obina
MIPUHSTA JUISL OLCHKH BJIMSHUS ITOA3E€MHBIX TOPHBIX PadoT
Ha MPOCAJ0YHOCTh U HAKJIOH, B TO BPEMsI KaK Ul OLCHKH
YCTOWYMBOCTH 31aHUHN UCTIOIb30BAJICSI METOI TBEPAOTO TENA.
KoHeuHble 3Ha4YeHUs] HAKIOHA, BBHIYHCICHHBIC 110 METOLY
TBEPJIOTO TeNa, B HECKOJIBKO pa3 OoJIblIe, YeM ITPOTHO3bI Te-
opun Knore-bynpuka. CnenoBarenbHO, BEIYUCICHHE COCTO-
SIHUSI TBEPZIOTO TeJia ObUTO OBl IPaBHILHBEIM HHCTPYMEHTOM
JUISL IPOBEPKHU IPEICKa3aHHbIX HAKJIOHOB M3 Ae(opMaIion-
HBIX MOJIeNeH, Takux Kak Teopusi Kaora—bynpuka.
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KawuesBsble caoBa: teopus Kuora—bynpuka, TBep-
J0€ Teo, MpocaaKa, HampsHKeHHe, pe3epByapsl, [10Jb-
mia.
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OLEHKA 3®PEKTUBHOCTU NPUMEHEHUA
TEXHOJIOT'MYECKNX CXEM NPOBEAOEHUA
BbIPABOTOK 4N NOBbIWEHNA YCTONYNBOCTU
MX KOHTYPOB

BBenenue

KpoBist mnmactoB B IpoBOXMMBIX TOPHBIX BbIpaOoTkax Kaparanmuuckoro
YIoJbHOro OacceiiHa MMEIOT HEBBICOKYIO YCTOWYMBOCTb M IPU OOHa)KEHHH 00-
Jiee OJHOTO MeTpa, OOpYIIAIOTCsl, a TAKXKE CKIOHHBI K Pa3MOKAHUIO M MyYEHHIO.
B TekTOHMYECKOM OTHOIIEHUH pa3pabaThlBaeMble YIOJIbHBIE IUIACTBI OTHOCSTCS
K cnoxHbIM. [llupokoe BHeOpEeHHE TEXHOIOIHYECKHX CXeM OeCLIeTMKOBOM BhIEM-
KM IIJIaCTOB OOYCIIOBHJIO BBICOKHE 3aTpaThl Ha MOAEp)KaHUE KPOBIHM, HEOOXOoau-
MOCTb IIPOBEICHUS TOPHBIX BBIPAOOTOK B IIPUCEUKY K BEIPAOOTaHHOMY IPOCTPaH-
ctBy. I[loBeneHnue ropHoii KpOBIM yronbHBIX M1acToB KaparanauHckoro 6acceiiHa
OIIpENENSIeTCS X COCTaBOM, (PU3UKO-XMMHUUYECKUMH CBOMCTBAMH, PACCIIOCHUEM H
TPEIMHOBATOCTHI0. HenocpencTBeHHas KpoBiisd YrOJBHBIX IIJIACTOB Yallle BCErO
IpeAcTaBlIeHa aprIJUINTAMH, PEXE aJIeBPOJIUTAMH U, B €AMHUYHBIX CIIydasx, Iec-
YaHUKaMH, OCHOBHAsI KPOBJISI OOBIYHO CJIOKCHA IIeCYaHUKaMHU. B 1mouBe yronbHbIX
IUTACTOB TAKKe NMPeodnanaroT apruuiuTsl [ 1-4].

Lesbi0 HacTOSILIEr0 HCCIEOBAHUS SIBIIICTCS HAYYHOE 00OCHOBAaHHE TEXHO-
JIOTHH yTIPAaBJICHUS YCTOMYHUBOCTBIO KOHTYPOB FOPHBIX BBIPAOOTOK € YIETOM IPO-
SIBIICHUI TOPHOTO JaBJICHUS B TOPOJTHOM MAcCHBE IPU U3MEHEHUHU €r0 TeoMexa-
HUYECKOTO COCTOSTHUS.

Metonmnka HccjIe0BaAHUH

IlocTaBieHHas 1enb AOCTUTAETCs PELICHUEM psa 3aJad Ha OCHOBE aHaIM3a
HAy4YHOI'O U MPAKTUYECKOTO OIbITA, CHCTEMATHU3aUH U KPUTHIECKOT0 000011IeH s
AHAJIOTOB C MOAEIMPOBAaHNEM HOBALIMN B MECTHBIX YCIOBHAX H IPOTHO3UPOBAHUE
[IEPCIIEKTUB pealu3ald HETPaJAULIUOHHBIX PEIICHUI MO YIPOYHEHUIO MacCUBa
IIpY TEXHOT€HHOM BMEILIATEILCTBE.

Pe3syabraTsl HecaeaoBaHUl

B pabote npuBeneH KpaTKHil aHaIW3 HCCIIEAOBAHUI OTEYECTBEHHOH M 3apy-
0eXHOM NPAaKTHUKH IPUMEHAEMBIX CXeM IOATOTOBKH U OTPa0OTKU BHIEMOYHBIX IO~
JIeH, OKa3bIBAIOUINX BIMSHNE HAa CO3JAHHUE 30H ITOBBIIIEHHOTO ¥ OTIOPHOI'O TOPHOTO
JaBJICHNS, MYHTEHCUBHBIX Ae(opmannii KpoBix, OOPTOB U MOYBBI TOPHOMN BEIPadOT-
KW, HAaXOZAIIUXCS B Tpefiesiax obimacTeit ux BO3IEHCTBHS.

B yronpubIx maxrax 3anagnoi EBpons! npu yBennueHun IryOuHBI pa3paboTKu
IIPOBOAATCS BBIPAOOTKH OOJIBIIOIO CEYEHUSI, KOTOPBIE OCYIIECTBISIOT UX KpeIuie-
HUE C WCIIONF30BAaHHEM KOMIUIEKCA KOMOWHAIMH HaOpBI3r-O€TOHHON, aHKEPHOM
CHCTEMBl U METaJUIO-PaMHON KpENHu C PACHOIOKCHHEM BBIEMOYHBIX BHIPAOOTOK
napajieNIbHO HAaIllPaBJICHUIO [NIaBHBIX TOPHU30HTANIBHBIX HaNpspKeHUH [S — 9].

AHITIHHCKas BBICOKOIIPOYHAs aHKEPHAsI CHCTEMA C YCTAHOBKOW aHKEpOB Ipe.l-
Ha3Ha4YeHa Uil 00ECHCUCHUs MOBBIIIEHHON MPOYHOCTH CLEIJICHUS U BBICOKOTO
COIIPOTHUBIICHUS CIBHKEHHS TOPHBIX IOPOJ.

TpaauunoHHBIA TPOU3BOACTBEHHBIN ONBIT 3anananblii EBponbl nmpexycmarpu-
BaeT PaCIOJIOKEHHUE JIaB PAIOM APYT C APyTOM JIsi IOBTOPHOTO HCIIOJIB30BaHUS
TOPHO BBIPaOOTKY MPEABIAYINEH JTaBbI MIIH MPOXOIKON TOTIOTHATENBHON — 00BI4-
HO Ha pacctostHud oT 0 10 5,0 M oT Hero. JlaHHAs TEXHOJIOTHYECKAs CXeMa MOJ-
TOTOBKH HE CIIOCOOCTBYET BBHICOKOIIPOU3BOIUTEIBHON JTaBHOI BBIEMKE 0OpaTHBIM
XOZIOM.

B BenukoOpuranuu pa3zpaboTaHa TEXHOIOTUS YIIeJ00bIYH, KOTOpas C yBEJIH-

'KaparaHInHCKHIi rOCyIapCTBEHHBIN TEXHIYECKUI YHUBepcHTET, I. Kaparanza, PecryOmika Kazaxcran
2Exn6acTy3CKuil HHXXCHEPHO-TEXHHYECKNH HHCTUTYT MMeHH akagemuka K. Carmaesa, r. Dkubactys, Pecry-
6muka Kazaxcran
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Puc. 1. Metoanieckuii oaxox K BEIOOPY 3((EKTHBHBIX CIIOCOOOB M CPENICTB KPEIUIEHUS TOPHBIX BHIPAOOTOK
Fig. 1. Methodical approach to the choice of effective ways and means for fixing mine workings

YEHHUEM ITyOHHBI Pa3pabOTKU YTOMBHBIX IIACTOB C MOJ-
TOTOBKOH OZJHOYCTBEBBIX IITPEKOB C LEIUKOM (CcTOI00M
YIIIs) 3HAYUTEIBHBIX Pa3MEpPOB MEKAY JIaBaMU IT03BOJIS-
€T OCYILIECTBUThH CKOPOCTHYIO IPOXOJKY C IPUMEHEHHEM
AQHKEPHOTO KPEIUICHHsI, HE3aBUCUMO OT CMEXXHOTO0 32001

B otnnume ot noObrum yris B crpanax 3anaaHod Es-
ponsl, B CoennHennsix llltatax Amepukn u B ABCTpa-
JIMM TIPAKTUYECKH C TAKUMH K€ TOPHO-T€0JIOTHYECKUMHU
YCIOBUSIMH JOCTHTAIOTCS TOJIOKHUTENbHBIC PE3YNIbTaThl
MPU HCIOJIb30BAHUKM MHOTOIITPEKOBBIX TEXHOJOTHYE-
CKUX CXEM BEICHHS yIeNOOBIYM C MPOBEICHUEM BBI-
€MOUYHBIX IITPEKOB MPSMOYTOJIBHOTO CEUYEHHsSI U Kperie-
Hus ux ankepamu. B CIIIA u ABCTpanuy MHOTOIITPEKO-
BbIC TEXHOJIOTHYECKUE CXEMbI HCTIOIB3YIOTCS TIaBHBIM
00pa3oM mpu cToa00BOH pa3paboTKe MPH IJIMHE JaBbI OT
200,0 no 250,0 M. BeieMouHBIE IITPEKH OPSIMOYTOIBHO-
r0 CEYCHUS! MPOBOIATCS TPYNIAMH U3 IBYX M YETbIpeX
napajiebHbIX BEeHTWISLUOHHBIX 1 KOHBEHEPHBIX BbIpa-
6otok (mupuHoit ot 5,0 mo 6,0 m). llITpexn, Henocpen-
CTBEHHO NPHUMBIKAIOIIUE K JIaBe, [TOTaIllaloTCs BCIen 3a
ee MPOXOJIOM, OCTaJbHBIE B OOJIBIIMHCTBE CIy4yaeB, HC-
MOJIB3YIOT TOBTOPHO.

Ha yronpneix maxrax B CoennnenHsix IllltaTax Ame-
PHUKH HanOoIblIee MPUMEHEHNE UMEIOT TPEXIITPEKOBAs
moarotoBka (52%), 3arem detbipexmTpekoBas (46%) u
HE3HAYUTENbHO ABYXIITpEeKoBas (2%).

B yreno6siBaromux crpanax CHI™ mpenmyiectBes-
HO NPHUMEHSIOTCS OCCIETMKOBBIE CHCTEMBI Pa3paboTKu
[10-14].

Ha cerogusimiamii mepuon mnpeoOiagaromasi gois
yIeno0bIBAIOIINX [AXT HPOBOIUTCS C NPUMEHEHHEM
aHKEepHOH cucTteMsbl. IIpu 3TOM MPOMCXOOUT paciimpe-

T.10. Ne4(38), 2018 T.

HHUE TEXHOJIOTHYECKUX BO3MOKHOCTEH MOA3EMHOMN yIe-
JOOBIYH.

B Kaparangunckom OacceliHe MPUMEHSIIOTCS TEXHO-
JIOTHYECKHE CXEMBI pa3paOdOTKH BBIEMOYHBIX LIEITMKOB MO
MNPOCTHUPAHUIO U MO NaJICHHUIO YTOJIBHOIO IJIacTa.

Mopudukauun cxem pa3paOOTKU BMECTE€ C TOPHO-
TEXHOJOTMYECKUMHU (PaKTOpaMy OKa3bIBaIOT CYIIECTBEH-
HOE€ BJIIMSHUE Ha CIIOCOOBI M CPEICTBA KPEIUICHHUS Top-
HBIX BBIPAOOTOK.

B Tabn. 1 mpuBeaeHb! (axTopsl, 00YyCIOBIICHHbBIC
TOPHO-TE€OJIOTHYECKUM OCOOEHHOCTAMHU pa3padOTKH B
CTpaHax C Pa3BUTON YrOJbHON MPOMBIIIJICHHOCTHIO.

Iopusie BblpaboTkn Kaparannunckoro Oacceiina
MUMEIOT KaK apodHOe, TaK W NPSMOYTOJILHOE CEueHHE.
OneHka TEXHOJIOTHUECKUX (DAKTOPOB SKCIUTyaTaluu
CHCTEM aHKEPHOI'0 KpEeIUIEHHUs MOKa3bIBaeT, 4To Pdek-
TUBHOE M HAJCKHOE KPEIUICHHE IOArOTOBUTEIBHBIX
BBIPa0OTOK B yCJIOBUSIX 3aJleTaHUs B KPOBJIE CIa0bIX Tpe-
IIMHOBATHIX ITOPOJ C YBEIUUECHHEM [TyOUHBI pa3paboTKu
Y B Pa3JIMUHBIX 30HAX BIIHMSHUS OYMCTHBIX pabOT MOXKET
OBITH 0OECIIeUYeHO NMPH NPUMEHEHUH CTaJICIIOIMMEPHBIX
AQHKEPOB, 3aKPEIUIIEMBIX 1O BCEW AJMMHE MHImypa Obl-
CTPOTBEPACIOLIMMH CMOJIaMH C HECYyLIeH CIocoOHO-
cteio 250,0-300,0 kxH u mmmaoit ot 2,0 mo 3,0 m; mis
WCIIOJIb30BAHUSL B CIIOKHBIX TOPHO-TEOJIOTHYECKUX YyC-
JIOBUSIX TPEIYCMOTPEHO MX YCWICHHE CIICLHaIbHBIMU
(kaHATHBIMH) aHKepaMu JiuHOU 10 95,0 (6,0-7,0) m.

OcCHOBHOI 3amayell aHKEPHOW CHCTEMbI KpETUICHUS
ABISIETCS. MOOWIM3alMs W COXPaHEHHE CBOMCTBEHHON
JaHHOMY MAacCHBY IIPOYHOCTH C Te€M, YTOOBI OH CTAHOBUJICS
CaMOIIOICP)KUBAIOIIMM. AHKEpHas! CHCTEMa KpPEIUT rop-
HYIO TIOpPOZY, COXpaHss OrpaHHYCHUE JBIKCHUS KpOBJIM
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Tabnuya 1/ Table 1

DakTopbl, 00yCI10BJEHHbIE TOPHO-T€0JI0THYEeCKUM 0CO0EHHOCTSIMU pPa3padoTKu

Factors due to mining and geological features of development

Kaparanaunckui
Mapamerost / Options I'epmanus | BeaukoOpuranus | ABcrpanus CIIA Oacceiin
P P P Germany Great Britain Australia USA The Karaganda
Basin
I
Aybuna paspadorit, m 10001200 600-800 200-260 200-360 550-820
Depth of development, m
BepruxansHoe ropHoe naBie-
uue, MIla / Vertical compo- 20-23 10-13 5,5-6,0 7-9 10-15
nent of rock pressure, MPa
T'opuzoHTanbeHOE rOpHOE NaB-
nenue, MIla / Horizontal com- 0-23 20,0-21,5 10-13 13-17 10-14
ponent of rock pressure, MPa
Cpennsist foObIBaeMasi MOIII- 1.0-8.5
HOCTbH YTOJBHBIX IIJIACTOB, M O
1,12 2 1 1
Average recoverable thickness ’ > 3 > CPEATLA
mean 2,28
of coal seams, m
Cpeanuii yron najieHus pas-
pabarsiBaeMbIX YTONBHBIX TIIa-
ctoB, rpajn / The average angle 5-10 5 5 5 7-20
of occurrence of the layers
under development, deg
APTUJLINTHI, APTHJUTHTHI,
APTHJUTHTBI,
AJICBPOJTUTHI, AJIEBPOJTUTHI,
ApTHJUTUTHIL, aJIeB- | aJIeBPOJIUTHI, AprUJUTUTBI, aJIeB-
MECYaHUKH C MECYaHUKH,
POJIUTHI, IECYAHU- | TECYAHUKH C POJIUTHI, IECYAHUKH
MPOYHOCTHIO Ha U3BECTHSKH C
oxcarite 40-80 | KM € MPOUHOCTBIO | POYHOCTHIO HPOYHOCTEIO Ha C MPOYHOCTHIO Ha
CBoICTBa TOPHBIX TOPO] Ha cxkarue 25-65 | Ha cxarue 5-80 cxarue 10-80 MIla
MlIla cxarue 10-80 e
KPOBJIU IIJIACTOB - . MIla MIla . argillite, siltstones
. argillites, silt- s . i . MIla / argil- ;
Properties of the rock layers argillites, siltstones | argillites, silt | .. : you, limestone
stones you, lites, silt stones
of the seams you, sand stones stones you, . sandstones
sand stones . e you, limestone ) .
. e with durability sand stones with durabil-
with durability . . . o sandstones . .
compression | compression ratio | with durability with durabilit ity compression of
P of 25—65 MPa compression Oy 10-80 MPa
ratio of 40 to for 5-80 MPa compression of
80 MPa 10-80 MPa
. APTHJUTUTHI,
CBoliCTBa TOPHBIX MTOPOJI T10-
YBBI, IPOYHOCTH HA OTHOOCHOE HACTITIHO TIee-
) . aprUIInTEL, 45 apriyuutel, 45 | aprusuntsl, 40 | daHuky, 40 aprusuiThl, 20
cxarue, MIla / Properties of o . . . .
. L argillites, 45 argillites, 45 argillites, 40 | argillites, part- argillites, 20
soil rocks, uniaxial compres-
. . ly sandstones,
sion strengthin, MPa 40

U TIO3BOJISSI TOPU30HTAJIBHOMY HANpPSDKCHUIO YIEp)KUBaTh
KpPOBJIIO HAa MECTe, He J1aBasi €i BbINaiaTh. [ mojyiepykanust
TOPHOH KPOBJIM B ITO/ITOTOBUTEILHOI BBIPaOOTKE TpeOyeTcst
JIOCTAaTOYHOE TOPH3OHTAIBHOE HAINpPSDKEHUE JUTS OTpaHH-
YeHHsl JBIKSHUS KPOBIM U ee 3(DPEKTHBHON (DUKCAIUHL.
T'opHast KpOBJISl CKJIOHHA K OOpYILIEHHUIO, OTCIIauBasCh I10
HaIlIaCTOBaHMIO. B3pbIBHBIE PabOTHI CHOCOOCTBYIOT BBI-
NaJICHHIO OCNTA0JICHHBIX IUIACTOBBIX TOPHBIX MOPOJ, YTO
co3iaeT HeOe30MmacHbIe YCIoBHs Tpyaa. YToObI oy Takoi
TOPHOH KpOBJeH 0e301acHoO padboTarh, HEOOXOIUMO CO3/IaTh
AHKepOBaHMEM HeCyIIyIo OaiKy B kposie. [lepBocTeneHHoM
3a/1a4eil aHKePHON Kpemu Ipy 00pa30BaHUU OaJIKH SIBIISICT-
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CsI POTUBOCTOSHUE C/IBMKEHHUIO CIIOEB TOPHOM MOPOABI MO
TOPU30HTATBHBIM HATJIACTOBAHUSIM.

BosneiicTBue aHkepHBIX Kperiel OoJbIlie BCEro mpo-
SIBIISIETCS. TaM, TZ€ BO3HUKAIOT BBICOKHE HaNpPSDKEHHS
C/IBHTa B M30THYTOH Oalike, TO €CTh Ha KOHIaX OajKH.

YcraHOBKa aHKEPHOW KpemH BOINM3H TOPHBIX BbIpabo-
TOK 00€CHeYrBaeT OTHOCHTENBHYIO HE3HAYHTEIbHOCTD
C/IBIKEHUS TOPHBIX MOPOA Y MAaKCUMAJIbHOE CLETICHHUE
MEXNy OTAEIbHBIMU YacTsAMHU. COXpaHEHHE TAKOTO Clie-
IUICHUS SBISIETCS HEMPEMEHHBIM YCJIOBHEM CaMOIIOJ-
Jep>KaHusl TOPHOTO MAaccHBa, M JIt00as moTeps cuerie-
HUS BEIET K 3HAYUTEIIHON TIOTEpPe MPOYHOCTH.

T.10. Ne4(38), 2018 1.



SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

Tabnuya 2 / Table 2

q)aKTopr, CBfAI3AHHBIC C TEXHOJIOTHYECKNMH CXEeMaAMHU NMPOBEICHUA TOPHBIX BLIpaﬁOTOK H BEACHUHA OYUCTHBIX paﬁOT

Factors associated with mine workings and cleanup operations

e O— Kaparangnackmii
CKHE HADAMETDEI I'epmanus Besiuxodpuranust ABcTpanus CIIA Dacceitn
ap P Germany Great Britain Australia USA The Karaganda
Technological parameters ;
Basin
Cxema IoAroTOBKH
npSIMOTOY- BO3BPAaTHO NPSIMOTOYHASA,
BbIEMOYHBIX 3260€B MPSAMOTOYHAS NPAMOTOYHASL | TPSAMOTOYHAST
. Hast TOYHAN BO3BPATHOTOYHAN
Scheme of preparation of cross-flow cross-flow cross-flow
R cross-flow recurrent cross-flow, recurrent
excavation sites
NMoAaT/IMBbIE, | MNOAATIIMBBIE, (o crle- —
OcTapjieHne 1eJIHKOB i JkecTKHe, 80—120 M 1020 m 10-30 m HOMY I Hoelc )
Leaving the lobes rigid, 80—120 m compliant, compliant, (accorg'n pto VTZcia /
10-20m 10-30m g 105p
project)
®opma ceyeHus rop-
HBIX KANATAJILHBIX,
BCIOMOTaTeIbHbIX
apoy4Hasi,
BBIEMOYHBIX FOPHBIX NPsSIMOYTOJIb npsSIMOYToJIb
ApouHoe npsimoyrosibHoe | IIpsiMoyrosibHoe npSIMOYroJbLHAast
BbIPa0OTOK HOe HOE
. arched rectangular rectangular rectangular arched,
Cross-sectional form of rectangular rectangular
. rectangular
capital
auxiliary, and excavation
workings
Pa3mepsI ropHoii
BBIPA0OTKH, M
Working
dimensions, m:
Beicora / height: 4,148 2,541 2,5-5,1 2,142 2,1-3,5 3,5-3,7
upuna /width: 6,1-7,5 5,1-5,8 4,5-6,1 5,1-6,2 4,7-6,1 5,5-6,5
Taonuuya 3 / Table 3
TopHo-TexHOIOTHYECKUE MapaMeTPbl IPUMEHEHUs aHKePHOH Kpenu
Mining and technological parameters of anchor support use
Kaparanaun-
ITapameTpnl I'epmanus BesmkoOpuTanust | ABcTpajaus CIIIA cKHii 0acceiiH
Options Germany Great Britain Australia US4 The Karaganda
Basin
Texnosnoruueckue paxropnl / Technological factors
JINHA aHKEPHOM Kpenu, M
A PHOH KpeitH, 25,0-30,5 22,0 19,0-21,0 16,0-19,0 22,0
Length of anchor, m
JJmHa aHKepa Kpenu 1o rop-
HOM mopoae, M 2,1-2,4 2,1-2,4 1,524 2,124 2,3(2,9)
Anchor length by breed, m
PacueTHas Hecymiasi crnocoo0-
HOCTh, KH ( B 3aBHUCHMMOCTH
0T MaTepuaJia) 360-540 310 220-320 150-220 250/130
Estimated load-carrying capacity,
kN (depending on the material)
IInoTHOCTHL YCTAHOBKH aHKe-
POB Kpenu, aHKep/m>
Anchor installati on density,
anchor / m?:
Kposas / roof 1,0-2,0 | 1,4-2,2 1,1-3,0 0,5-0,7 0,4-0,7 1,0-1,5
Bopt / flanks: 0,6-1,9 | 0,5-1,2 0,3-0,9 0,11-0,23 0,09-0,15 0,6-0,7
6098
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Comolex of the factors mfluencing effectiveness and stabiity of the developments fived anchor kreptvvu
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Puc. 2. Komnnexc ghakmopos, enusrouux Ha 3(HekmusHocmy 1 YCmouyusocnb 20PHbIX 8blpaOOMOK, 3aKPENIeHHbIX AHKEPHO
Kpenvio | Fig. 2. A complex of the factors influencing effectiveness and stability of the developments fixed by anchor timbering

Puc. 3. Benmunayuonnouii wimpex 42K 12-3 waxmor umenu Kysembaesa ¢ kanamuoimMu ankepamu u ycuieHue KpenieHus co-
npsicenus 1aevl 45K 1-3 ¢ noMowplo KAaHAMHbIX GHKEPOB. A — NONEPEYHbILL pa3pe3 cxeMbl AHKepHO20 Kpennienus, b — cxema
KaHammo2o ankepa, ¢ — ycuieHue KaHamHuobiMu OpHbIMU aHKepamu
Fig. 3. The ventilating drift 42K12-z mines of Kuzembayev with rope anchors and strengthening of fastening of interface of a lava 45K1-z by
means of rope anchors: a — cross — section of the anchors scheme of fastening; b — the scheme of rope anchor;
¢ — strengthening by rope anchors.
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-~
Puc. 4. Benmunayuonnviii wmpex 42, -3 waxmol umenu Kyzembaesa (b) co cmanenonumepnvimu ankepamu 6He 301bl 61UAHUL
000bIUHBIX pabom. a — ceueHue 8 NPoxooke, b — ceuenue npu sxcnryamayuu 8bipabomru
Fig. 4. The ventilating drift 42, ,, mines of Kuzembayev (b) with steel polymer anchors out of a zone of influence of clearing works:
a — the section in the penetration; b — cross section during operation of the mine
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Puc. 5. Conpsoicenue 1a6bt ¢ 6eHMUNAYUOHHBIM wumpekom 23K -3 waxmbl umenu Kyzembaesa
Fig. 5. Interface of a lava to a ventilating drift 23,, _mines of a name of Kuzembayeva
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Puc. 6. Texnonozus kpenienus COnpadicenus 1aevl ¢ Koneetiepnoim umpekom 23x -3 waxmot umenu Kysembaesa
Fig. 6. Technology of fastening interface of a lava to a conveyor drift 23k7-z mines of a name of Kuzembayeva
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Puc. 7. Bapuanmuel kombunuposanHozo KpenieHus gvipabomox no niacmy K10 waxmol umenu Kyzembaesa:
a — ¢ naockum gepxusakom; b — apouroil ghopmei
Fig. 7. Options of the mixed fastening of developments on layer K10 mines of Kuzembayev: a — with a flat roof; b — arch form

AHKepHasi cuCTeMa KPEIUICHHUS, COCTOSIIAs U3 aHKe-
POB, YCTaHABIMBAEMBbIX U 3aKPEIUIAEMBIX B IPOOYPEHHBIX
B KPOBIIO 1 O0Ka BBIpaOOTOK CKBRKMHAX, OTMIOPHBIX 3Jie-
MEHTOB JJIsl aHKEPOB U MEKaHKEPHOI 3aTsDKKU TIOPOA Ha
KOHTYp€, B OTINYHE OT METAJUIMUECKUX PAMHBIX U IPYTHX
MOANEPKUBAIOIINX Kpenel, cpaszy e IOCie yCTaHOB-
KU OCYLIECCTBIISIET CBSI3BIBAHHE U YIPOYHEHHE MAacCHBa
B KpOBJIe U OOpTax BHIPAOOTKH M aKTUBHO NMPOTHUBOACH-
CTBYET Pa3BUTHUIO CMELICHUN U pa3pyIICHHs TOPHBIX I10-
pox. DTO NMPEerMYLIECTBO MO3BOJISET MPU HAUMEHBIIEM
pacxoze MeTaiia 00ecTieunTh NOBBIIEHHE YCTOHYUBOCTH
W HaJeKHOCTU MOANEpKaHus BeIpaOboToK. pyrum mpe-
MMYILECTBOM aHKEPHOU CHCTEMBI SIBISETCS BO3MOKHOCTD
TIOTHON MEXaHU3aLUH KPEIUICHHUS, B PE3yJIbTaTe Yero 3Ha-
YUTETIBHO CHIKACTCS TPYAOEMKOCTh MPOXOAYECKUX TOP-
HBIX pa0dOT M BO3pacTaeT MPOBEACHUE TOPHBIX BBIPAOOTOK.

AHKepHast Kperlb [TpeJHa3HaueHa ISl HCIIOIb30BaAHUS
B TIPOM3BOJICTBE PAa0OT MO BO3BEACHUIO AaHKEPHOU CHCTE-
MBI Ha [IaXTax B TEUEHHE BCEr0 CPOKa CIyXObI BEIpado-
TOK B Pa3JIMYHBIX TOPHO-TEOJIOTHYECKUX U TOPHOTEXHH-
YECKHUX YCJIOBHUSX, BKIIIOYasi 30HbI HHTCHCUBHOTO TIOBBI-
LIEHHOTO TOPHOTO JAaBJIEHUS, B BhIpaOOTKaX, MPOUICH-
HBIX II0 YTOJBHOMY IUIACTy, B CJIA0BIX TPEILIMHOBATHIX
TOPHBIX TOPOJax, Ha YIapOOIACHBIX  BBIOPOCOOIIACHBIX
YTOJBHBIX IJIacTax, Ha MoApabOTaHHBIX M HaapaOoTaH-
HBIX yYacTKax LIaXTHBIX MOJIEH.

Br10op Tuna 1 napamMeTpoB aHKEPHOW KPEIH 3aBUCHT
OT MHOXXECTBA (PaKTOPOB, K KOTOPBIM OTHOCSITCS: CTPOE-
HHUE U (PU3UKO-MEXAaHHMUECKUE XapaKTEPUCTUKH TOPHBIX
MOPOJI, CTENEHb HApYIIEHHOCTH M BOJOHOCHOCTH Me-
CTOPOKACHUH, ITyONHA pa3paOOTKH, pACCTOSHUE MEKIY
IUIacTaMu, KOHQUTypays, Ha3HAYCHUE U CPOK CITYXKOBI
TOpHOH BBIPAaOOTKH, YCIIOBUS €€ 3KCIUTyaTaluu, Pacxos,
CTOMMOCTb, AC()UIUTHOCTE M IPOYHOCTHBIE CBOMCTBA
MaTepranoB aHKEPHON KpEmH, TeXHOJIOTMYHOCTh H3T0-
TOBJICHUS ¥ BO3BEIICHUS AaHKEPHOI CHCTEMBI.
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B Tabn. 3 mnpuBeneHbl TOPHO-TEXHOJOTHUYECKUMHU
(akTOpBl, 00YCIOBICHHBIE TOPHO-TEOIOTHIECKUMH 0CO-
OCHHOCTSIMH Pa3pabOTKH, NMPUMEHEHHUEM TEXHOJOTHU
AQHKEPHOTO KPEIUICHUS! B MOATOTOBHUTEIBHBIX BBIPAOOT-
KaX, BEPTUKAIBHONW U TOPU30HTAIBHONW COCTABIISFOLIMX
KPUTEpHS Harpy>kKeHHOCTH MacCHUBa FOPHBIX ITOPOJ, TEX-
HOJIOTMYECKHX YCIIOBHI MPUMEHEHHUSI aHKEPHOH KPEeIu B
CTpaHax ¢ Pa3BUTON YTOJbHOH MPOMBIIIIEHHOCTHIO.

B pab6ote mpuseneH (puc. 1) MeToqMYeCKHA MOIXO
K BbIOOpY 3((eKTUBHBIX BUAOB M CPEACTB AHKEPHOTO
KpEIJICHHsI TOPHBIX PaboT MPH NMPOBEACHUH OYHMCTHBIX
BBIPa0OTOK.

Ha BBI6Op c110coOOB M CPEeACTB FOPHOTO aHKEPHOTO
KPEIJICHHUSI OKa3bIBAIOT TOPHO-TCOJIOTHUECKUE U TOp-
HOTEXHUUYECKUE YCIOBHUS YIIEAOOBIYH, OCIIOXKHSIOLINE
(hakTOpBI BemeHUS TOPHBIX BBIPaboTOK (puc. 2). Taxxke
OKa3bIBAIOT BIMSHHUE MapaMeTpbl KpeIICHUs U MoAaep-
YKaHUS TOPHBIX BEIPaOOTOK, CXeMBI Pa3BUTHS TOPHBIX pa-
00T M BEHTWISLIMH, UX KOJUYECTBEHHBIC MapaMeTpsl U
COOTHOIICHUS JOOBIYHBIX U HOATOTOBUTENBHBIX TOPHBIX
pabot, GpoHTOB MOAPAOOTKH M HAIPAOOTKH YTOIBHBIX
mactoB [16-20].

TexHonorndyeckre cxemMbl OECLEINKOBONW OTpabOTKU
YTOJBHBIX TJIACTOB MPH MPOBEIECHUH BHIPAOOTOK BIPH-
CEUKy K BbIpabOOTaHHOMY IPOCTPAHCTBY 00ECICUMBAIOT
HEOOXOIMMOCTH T'aPaHTUPOBAHUS YKa3aHHBIX BBIIIE pa3-
PBIBOB BO BPEMEHHU MEXIy OOpyIIEHHEM IOPOI U Mpo-
BEZICHUEM NPHUCEYHBIX BBIpaOOTOK. HOo B TO e Bpems
9TO CO3JaeT Ha YIIEeAOOBIBAIONINX IIAaXTaX ONpeeicH-
HBIE TPYAHOCTH 110 TOATOTOBKE U BBOJY B 3KCILTyaTalHIO
HOBOTO (ppoHTa OYMCTHBIX padoT. [Ipodnemsr mo noxro-
TOBKE OYHCTHBIX pab0OT MOKHO OyIeT peIinTh ITyTeM pe-
anu3aliy CJIEAYIOINX 337a4: OCTaBJICHHE BPEMEHHBIX
LEJINKOB YIVIsl HA BCIO JUTMHY WJIM YacThb JAJMHBI BEIEMOY-
HOTO MOJSI C MOCHEAYIOIUM HX HOTalIeHUEeM; TPyIIo-
BOM IOATOTOBKOW CJIOEB M IMPOBEICHHEM HPUCEYHBIX
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BBIPAOOTOK OTAEIBHBIMU YYaCTKAMU MEXIy HPOMEXY-
TOYHBIMH KBepIJIaraMu (re3¢HKaMu) BHE 30HBI BIUSHHSA
TOPHOTO JABJICHUSI OYUCTHOTO 3a005; OTpabOTKOMN LeTH-
KOB B IIAXMAaTHOM IIOPS/IKE; [TOOYEPEAHOH OTpabOTKON
CTOJIOOB B KPBUIBAX JBYCTOPOHHUX BBIEMOYHBIX MOJCH,
MaHeJsX; IPOBEACHUEM MPUCEYHON TOPHOM BHIPaOOTKU
BCJIE 32 JIABOM CMEXHOIO CTOJI0a CO BCIIOMOTaTeIbHON
(hmaHTOBOIT TOPHOI BBIpaOOTKH, Opemcoepra [21-23].

[Ipu npoBenenun ropHbIX BeipaboTok B Kaparannus-
CKOM YTOJbHOM OacceiiHe B 3aBUCHMOCTH OT CXEM pa3-
BUTHS M SKCIUTYyaTallMOHHOTO HA3HA4YCHUS! TOPHBIX BbI-
pabOTOK NMPHUMEHSIOTCS CIENYIOLINE TEXHOJIOIHMYECKHE
CXeMbl KpEIUICHHS MPUKOHTYPHBIX TOPHBIX IOPOX IO
KOHTypaM BeIpaboToK (puc. 3—7).

Ha puc. 3 npuBeneHa TeXHOIOTHS CXEMbI KPETICHHS
no yronbHoMy miaacty K12 BEHTWISIMOHHOIO WITpEKa
42K12-3 mraxtel umenn KysembGaeBa mo kposiie u 00-
KaM (CO CTOPOHBI JaBbl — CTEKJIOIJIACTUKOBBIC aHKEpa)
CTaJICTIOJIMMEPHBIMHI 1 KaHATHBIMU TOPHBIMH aHKEpaMu
(TpexypoBHEBasi cUCTEMa KPEIUICHUS]).

TexHonoruyeckas cxema IM03BOJSIET YCTOWYMBO MOA-
JepKMBaTh TOPHYIO BBIPA0OTKY B 30HE BIMSHHUS J0-
ObIUHBIX paboT Ha ydacTke nepen (POHTOM MOABUTAHUS
naBel. KaHaTHble aHKepa YCTaHaBIMBAIOTCS BIIEPEIH
30HBI OTIOPHOTO AABJIEHUS JaBbl Ha paccTosHuu ot 100,0
1o 120,0 m.

B BenTmsimmonssii mrpek 42K 12-3 maxTel uMeHu
KyzembaeBa cranenoianMepHble aHKEPBl BHE 30HBI BIIUSI-
HUS JOOBIYHBIX pabOT 3aKPEIUICHBI B OIHOYPOBHEBBIC U
JBYXYPOBHEBBIC TEXHOJIOTMYECKUE CXEMBI U B 30HE BIIH-
SITHASI OYUCTHBIX padot (puc. 4, a,b).

Ha puc. 5 u 6 npuBeieHa TEXHOJIOTUSI aHKEPHOT'O Kpe-
IUIEHUS 110 yroabHOMY Iuiacty K12 compsbkeHus naBbl ¢
BEHTWJISIIMOHHBIM IITPEKOM M KOHBEHEPHBIM IITPEKOM
23K7-3 ¢ HCHONB30BAaHUEM [IByXypPOBHEBOH CHCTEMBI
KpemieHus: B KaparaHanHCKoM yronbHOM Oacceiine, mo-
3BOJISIIOLINE MOJACPKUBATE CIOCBYIO KPOBJIIO B 1OOBIY-
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HOM COCTOSIHM TOPHOM BBIPAOOTKH 32 JIaBOM Ha rpaHHIIEe
C BBIPa0OTaHHBIM IIPOCTPAHCTBOM.

Ha npumepe maxtel umenu KysemOaeBa mpusene-
HBl TE€XHOJOIMYECKHE CXEMBl (pHC. 7) KOMOMHHPOBaH-
HOTO KpeIUIeHHUs (apodHasi Kpelb ¢ aHKepaMmu) TOPHBIX
BBIpabOTOK 10 TiacTy K 10 ¢ ceuenuem B cety 11,9 m?
(puc. 7,a) u 14,5 m* (puc.7,b) U B MPOXOIKE COOTBET-
ctBeHHo 14,0 M> 1 18,1 M2, B TOM YHCIie TIO YTOJBHOMY
wiacTty, coctapnsier 13,0 M? u 14,7 M?, a takke 1,0 M*>
3,4 M2 o ropHoit mopoye. Mcnonb3oBaHue aHKEPOB Kpe-
TwieHus B 0opTax 3a00s B 3TON TEXHOJIOTHYECKON CXeMe
CO CMEILIaHHBIM KPEIUIEHUEM He MPEAYCMOTPEHO.
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NPUMEHEHUS] TEXHOJIOTHYECKUX CXEM KpEIUICHHS BbIpa-
0OTOK NpU HOATOTOBHUTENBHBIX paboTax M yCTaHOBIIE-
HUH 3G PEKTUBHBIX TEXHOJIOTMYECKUX CXEM MPOBEACHHUS
U KPEIUICHUs] KOHTYPOB HOATOTOBHUTENBHBIX BBIPAOOTOK
Ha YTOJIbHBIX IIaXTax AJIsl OBBIMICHHUS YCTOMYMBOCTH MX
KOHTYPOB.
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KPEIJICHUS! TOPHBIX BBIPAOOTOK UIS YTOJBHBIX IIAXT, a
000011IeHHbIE TTAacTIOpTa KPEIJICHUsI BBIPA0OTOK MO3BO-
Js10T chopMHUpOBaTh 0asy AaHHBIX, KOTOPYIO MOXKHO
paccMarpuBaTh B KAUECTBE OCHOBBI M MIPEAIIOCHIIKH IS
CO3[aHMsl MPOTPECCUBHBIX THUIIOBBIX TEXHOJOTMYECKHX
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The purpose of the work is to assess the mining conditions of
application of technological schemes of fastening workings in the
preparatory work and the establishment of effective technologi-
cal schemes of holding and fixing the contours for the preparatory
workings in the coal mines to improve the stability of their contours.

The idea of the work is to establish technological principles
for managing the stability of mine workings contours taking
into account the manifestations of the mountain pressure of the
adjacent massif and changes in its geo — mechanical state.

The widespread introduction of technological schemes for bezt-
selikovuju dredging of reservoirs has led to high cost of borrowing
workings, the need for the workings at the worked-out space. The
behavior of rocks of the coal seams roof of the Karaganda basin is
determined by their composition, physical and chemical properties,
stratification and fracturing. The direct roof of coal seams is most
often represented by mudstones, less often siltstones and in isolated
cases sandstones, the main roof is usually composed of sandstones.
The soil of coal seams is dominated by mudstone.

The method of solving the tasks on the basis of the analy-
sis of domestic and foreign experience in the development of
technological schemes of mining in the conditions of reservoir
mineral deposits; technological and technical evaluation of the
effectiveness of solutions in industrial conditions.

The work was carried out within the framework of research
works on the theme "development of effective technology of
preparatory workings with anchorage, taking into account the
stress-strain state of the rock mass".
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In carrying out this work, we used a set of methods of exper-
imental and theoretical research and the following conclusions:
- the presented methodical approach will allow to make a
choice of effective ways and means of fastening of mine work-
ings for coal mines and generalized passports of fastening of
workings-to form a database that can be considered as a basis
and prerequisite for the creation of progressive standard techno-
logical schemes of workings and justification of the parameters
of fastening and maintenance of workings;
the peculiarity of the presented approach to technology,
systems and means of contour fastening is that it allows the
most effective use of the bearing capacity of the host rocks,
which significantly reduces the material consumption and the
cost of the support, increases the stability of the contours and
reduces the defect of the cross sections of the supported work-
ings.

Keywords: mining and geological conditions of develop-
ment, influencing factors, technology, holding, fastening, meth-
ods and means of fastening, mining, coal mines.
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PA3PAEOTKA METOLOB
KOPPEKTUPYIOLUMX ANITOPUTMOB
AN NOCTPOEHWA ONTUMANbHOR
CTPATEMMM PA3BUTUS TOPHbIX | ‘MaxoussaCA.:

'WmaTtoBa E.B.,

TEPPUTOPUN | “Kanapokosa M.M.

Beenenne

3aaun pa3BUTHS TOPHBIX TEPPUTOPHUI TpeOyroT ocoboro moaxona. Hamo 3a-
METHTh, YTO OTCYTCTBHE €JMHON MOJIENIN Pa3BUTHUS TOPHBIX TEPPUTOPHI MPHBO-
IMT K pazHoOOpa3Hio PEKOMEHAIMH, KOTOpbIE HE BCEI/ia MOTYT OKa3aThCs CO-
[JIaCOBaHHBIMH. J1JIs1 JOCTHIKEHHUS yCTOHUMBOTO Pa3BUTH HEOOXOAUMO ITPOBECTH
KOMIUTEKCHYIO OLIEHKY IPHPOHO-PECYPCHOT0 OTEHIMAIA U YPOBHS SKOHOMHUYE-
CKOT'0 pa3BUTHS aHATM3UPYEMOI TEpPUTOPUH; PACCMOTPETH COBOKYITHOCTD paHee
pa3paboTaHHBIX MOZIEJIEH OLICHUTD IIPEUMYILIECTBO U HEJJOCTATKH KaXKION 13 HUX.

B Hacrosimieii pabote npeziaraeTcst METo KOMIICKCHOM OIIEHKH MHOMKECTBA
Mojienel pa3BUTHS TOPHBIX TEPPUTOPHIA JUIs BBISIBICHHS HauOosee ONTHMAIIbHOM
MOJIENTH U3 TIPEJUIOAKEHHBIX WIIN TOCTPOEHUS ONITUMAJIBHOM B pe3ysbTaTe CHHTE3a
1 KOPPEKIMHU yXe CyIIecTBYomuX. /laHHbIH METO] OCHOBaH Ha JIOTMKO-MaTeMa-
TUYECKOM amrapare, aJalTHPOBAaHHOM /s pelleHHs MOCTaBIeHHON 3araun. B
paMKax TpenIaraeMoro Nmoaxona Kakaas MOJENb pa3BUTHS BBICTYINAeT B Kade-
CTBe aJiropuT™Ma. PerieHre 1aHHOM 3a7ja4 COCTOUT B IMMOCTPOEHUM TaKOM OINTH-
MaJbHOW KOHLEMIINHU Pa3BUTHUS 33JaHHBIX TOPHBIX TEPPUTOPHIA, KOTOPas BKITIOUa-
eT B ce0sl perMyIIeCcTBa UCCIIeyeMbIX KOHLSTILIUH U IPY 3TOM JIMIIEHA UX HEeJ0-
cratkoB. [TocTpoeHHas OnTHMalIbHAsI KOHLETILUSI Pa3BUTHS B OyJIeT BHICTYIIATh B
KauecTBe MCKOMOM MOZIETH ONTUMAJILHOTO Pa3BUTHSL.

Mertonsl MaTeMaTH4ecKOW JIOTUKH MOTYT CIYXKMTh OCHOBOW JJIsi CHHTE3a
YCTOHUYMBBIX KOHLEMIWI Pa3BUTHSI LIEJIOTO psijia PETMOHOB Ha 0asze yxke cylie-
CTBYIOIIMX. OJTO TO3BOJISIET CO37[aBaTh HOBBIE METOABI ABTOMAaTH3MPOBAaHHOIO
MOCTPOCHUSI KOHICTIMN Pa3BUTHSI TOPHBIX TEPPUTOPHUH, OIM3KHE TI0 Ka4eCTBY K
paccyxeHuto 3kcrepra [6].

ITockonbKy KaXIblii PaCCMaTpUBAEMBbI TOPHBINA PETMOH UMEET ONPEACICHHBIN
Ha0Op PECypCcoB, U3MEPSEMBIX CBOEH MIKAJION pa3BUTOCTH 3TOTO pecypca B IAHHOM
peruoHe, To YI00HO KOOMPOBATh KayK/IBIH MPHU3HAK MPEIUKaTaMH Pa3HOM 3HAYHO-
CTH, COOTBETCTBYIOLLIEH IIIKAJIE, UCIIOJIL3YEMOU JUI PACCMAaTPUBAEMOIO pecypcea.

ITocTanoBka 3aga4uu

B xadecTBe XapakTepHCTHK pa3BUTHsI TEPPUTOPHH, KaK MPaBHIIO, BBICTYIIAIOT
9KOHOMHUKA, COLMajIbHas cpepa, peCcypCHbI MOTEHIA pa3BUTHS U T.4. JTH cde-
PHI pa3BUTHs B GOPMAITBHOM MOCTAHOBKE 3a71a4y OyTyT IMEHOBAThCSI CBOHCTBAMHU
WM XapaKTEepUCTUKaMU 00bekTa. Bce 0OBEKTHI, pernOHBI TOPHBIX TEPPUTOPHIA
00NIaar0T CBOMMH XapaKTepHBIMH MpH3HaKaMu. Hanpumep, pecypcHBIi MOTeH-
LIUaJ JTI000TO PETHOHA OTIPEAEIIeTCS 3eMEIbHBIMU, BOAHBIME, OMOJIOTMYEeCKUMH,
SHEPreTHUECKUMH, TPYAOBBIMH M TPOYUMHU. [1OCKONBKY NMpH3HAKH 00TafaroT
pa3HooOpa3reM U pa3IMYHBIMHU HIKaJTaMH U3MEPEHHUS, IIPEACTABIACTCS YIOOHBIM
KOAMPOBAaTh MX MEpPEeMEHHO-3HAYHBIMH NpefnKaTaMu. B pamkax mpezsaraeMoro
MOJIX0/1a 3a/1a4y TIOMCKa ONTUMANIbHOM CTpaTeTHH Pa3BUTHUS TOPHBIX TEPPUTOPHI
MOKHO C)OPMYITHPOBATh Ha SI3bIKE MATEMaTHIECKOM JIOTHUKH.

Onucanue KaXAOTO peruoHa OyleT MPeACTaBICHO 7M-MEPHBIM BEKTOPOM
X={X,, X,p...., X_}, TN€ M — YUCIIO UCIONB3YEMBIX B JJAHHOM PETMOHE PECYpPCOB
JUIs TIOCTPOEHUS] KOHUETLUH Pa3BUTHUS PETHOHA, j-1 KOOpAMHATa 3TOr0 BEKTO-

'"MHCTUTYT NpUKIAAHON MateMaTuky U aBromaruzaiu KBHI[ PAH, Hansuuk, Poccust.

TyT 1Ip > >

MHCcTUTYT MHPOPMATUKH M IPOOJIEM PETHOHAILHOTO asnenust KBHI] PAH, Hanpunk, Poccust.
Ty > s
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pa — 3aKOIMPOBAHHOE 3HAYCHHUE, OTPAKAOIIEE COCTOSTHHE
pecypca ImoJ1 j-M HOMEPOM B COOTBETCTBHH CO IIKAJION H3-
MEpEeHHsI COCTOSIHUS JAHHOTO pecypea, j=1,...,m. B onm-
CaHWH PETMOHA BO3MOXKHO OTCYTCTBHE 3HAHHUS O 3Ha4e-
HUH TOTO WM HHOTO pecypca. MHOXKECTBO 3a/IaHHBIX pe-
THOHOB U PECYPCOB, PACCMATPUBAEMBIX JUIS TIOCTPOCHUS
KOHIIETIIINN YCTOHYNBOTO Pa3BUTHSI, TPEACTABIISTIOT COO0H
MPEAMETHYIO 001aCTh, Ha KOTOPOH OBLIIO PacCMOTPEHO 7
KOHIETINi (TpeasiaraeMpIXx Mopenei pasutusi). Jlms
BCEX CYIIECTBYIOIINX KOHIENIMHA WMEETCs SKCIepPTHas
OIIEHKa, KOTOPYIO MOXKHO TIPEJICTaBUTH OyNeBOH (ByHKITH-
ell, MPUHUMAIOIIEH 3HaYeHNEe: WIH TUIOXO0, WM XOPOIIIO.
MOXXHO TIPEIONIOKITh, YTO HU OJHA U3 paccMaTpuBac-
MBIX KOHIICTIIINI He ABIseTCs uaeansHou. [losTomy mipen-
JaraeTrcs MPUMEHUTHh METOIbl JIOTHYECKOW KOPPEKIHU
CYIIECTBYIONINX KOHIENINH sl TOCTPOSHHs HanOoIee
YCIICIITHOM TTO0 OTHOIICHHUIO K UCCIIEyEeMBbIM PErOHaM.
MareMaTH4YecKasi MOCTAHOBKA 3a1a4u

Bynem paccmarpuBark mpeaMeTHyo 001acTh, COCTOS-
IIyI0 U3 MHOXKECTBA PErMOHOB M MX PECypCOB, a TaKKe
PSA KOHLIETIUI pa3BUTUs A » A J An.

Bynewm cunrars X={x , X,,....,x_},x,€{0,1,.....k-1},rne
k €[2,...N], NeZ — MHOXeCTBO peCypCcoB 3aJIaHHOTO pe-
THOHA, TPEJICTABICHHBIX MPEANKaTaMU, 3HAYHOCTh KOTO-
PBIX COOTBETCTBYET IIKAaJIe IJIsl OIIEHKU TAHHOTO Pecypca;
X=1x,(0), X,(¥)seeer X ()}, i=1,...,l — BEKTOp NpHU3HAKOB
peruona y. €Y, Y={y,y,....y,} — MHOKECTBO PETHOHOB;
A={4 p Ay, A n}— MHO)KECTBO KOHIIETIIUH Pa3BHUTHS,
a,(X,,y,)€{0,1};i=1,2,....,I; j=1,2,....,n — Ka4eCTBO JIAHHOU
KOHLENIMM Ha 3aJlaHHOM Habope pecypcoB X={x (),
X,(V)sees X (0)}5 =1,2,...,[: oIpenensemoe popmyioii

a, (») :{1’ A_/.(X,.)zyi

, i=12,..,0 j=12,...n,
0, 4,(X,)#y,

T.e. | — KOHIeTIINS Pa3BUTHS AJ. XOpOolIa 1JIsi PETHOHA Y, TI0
3aJIaHHBIM PECYPCaM X,

0 — KOHIIeTIIINS Pa3BUTHS AJ. HE XOpOla [Tl PETHOHA Y,
TI0 33/IaHHBIM PECYPCaM X.,.

Bce panee ommcanHOe MOXET OBITH MPECTABICHO B
BHJIE TaOMUIIEI (TA0M. 1).

4, ={ai(yl)’ai(y2))3"‘5ai (J’/)}’ i=12,...,n — BexTop,
MIPEICTABIICHHBIA CTOJIOIOM 3HAYCHHUNA OICHKH KauyecTBa
paboThI KOHIETIMH A, B K&K/IOM M3 33/IaHHBIX PETHOHOB.

HexoTopsie 13 3aJaHHBIX PETHOHOB HE UMEIOT OIIEHKH

Ay, € Y|4 (X)) %y Ay (X)) # Ve 4, (X)) £ 1,

i=L2,...,0Lj=1,...,n.

HeoOxomumo pa3paboTaTh KOHICMIIMIO HAa OCHOBE
YKE CYIIECTBYIOIUX, KOTOpask O0ECIICUUT YCTOMYMBOE
pa3BUTHE BCEX PETMOHOB, MPEJCTABICHHBIX B 33JJaHHOM
npeaMeTHol obmactu. T.e. Haiitu 4, (X,)|4,,,(X,)=y, 1
A, (X)‘Am (X) =Y.

Onpedenenue. Bynem roBopuTh, 4TO KOHIETIUS Pa3-
BUTHSI PETHOHA YCTOMUYMBA HAa MHOXKECTBE PETHOHOB
Y, ompenenseMbIXx COBOKYHHOCTBIO pecypcoB X ecim
Yy e Y:aj(X,.,y[)zl,izl,z,...,l;j=1,...,n.

C uenwplo MPOBEACHHS aHaIM3a PAacCMOTPEHHON
BBIIIE MPEAMETHOH o0JiacTd, NPUMEHHM anredpy
MepeMEeHHO-3HaYHON joruku [3; 4]. DT0 mo3BONSIET
OCYLIECTBUTH (OpPMaIU30BAaHHOE OMUCAHWUE pa3HO-
ponHbIX mapameTpoB. [lpemocTaBnss A KaKIOTO
13 HUX YOOOHYIO IIKajly onucaHus, Takum oOpazom,
KaXIblil OTHENIBHBI pECypC NPEACTABUM B BUJE:
xe{0,1,... .k —1}.

Onepanuy nepeMeHHO-3HAYHOW JTOTHKHU

Onpedenenue. BbIcKa3pIBaHWS — TIEpEMEHHO-3HAY-
HOW JIOTHIKH SIBIISTIOTCS BBICKa3bIBAHUSIMU, MCTHHHOCTD
KOTOPBIX ~ OIPE/IENIACTCS  CICAYIOIMMH  3HAYCHUSIMU
{0,1,....k =1}, k, €[2,...,N], NeZ, B — dopmyna BeICKA3bI-
BaHMS, OTIPEAEIICHHAS TPEMSI OIIEPALIMAMHU:

- OTpHIIaHWe WM 00O0OIIeHHas WHBepcus (yHapHas
oreparsi),

- & KOHBIOHKITHS (OMHApHAas),

- MTU3BIOHKINSA (OMHApHAs).

Hcnonb3yrorcs Takke KOHCTAHTBI:

0,1...k -1, k,,6[2,...,N], NeZ .

I[Tycte X — He3aBHCHMMas MHOTO3HA4YHAs MEPEMEHHAs
Bemunna, X €[0,...,k -1], sBsromascs oqHON U3 xapak-
TEPUCTHK perMoHa. BBemem ere HeCKOIBKO (QYHKIMNA U
CBOMCTB NEPEMEHHO-3HAYHOM JIOTUKH.

[lepeuncnum GyHKINN IEpeMEHHO-3HAYHON JIOTHKH,
KOTOpBIE€ HA3bIBAOTCS AIIEMEHTAPHBIMH.

1. 3Ha4ueHne nepeMeHHOI:

' 0, x,#j

2. MuBepcus, KOTOpyro OyAeM Ha3bIBaTh 0000IIEHHOI:

j_ .0 1 j-1 Jj+ k-1,
HU OJTHOM KOHIIETIIMK pa3BUTHS. MaTeMaTn4ecku 3TO BbI- P ELVEVLVX Ve VeV
TIIOUT TaK:
Taonuua 1/ Table 1
BxonHble JaHHbIE U OLleHKH KOHUENUUA pa3BuTus / Input and assessment of development concepts
X, X, X, Y A . A2 . An

xi(yl) X, (yl) X (yl) Y a1(y|) az(yl) an(y])

X (Vz) X (yz) B X ()/2) Y a (yz ) az(yz) an()/2 )

x,(v) x, () x, ) » a,(y,) a,(y,) a,,)
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JlaHHOE TIpE/ICTABICHNE JaeT BO3MOXKHOCTH yUeCTh
JMI00BIe MHTEPIPETAINN OTPUIIAHMSA B PA3IHIHBIX MHO-
FO3HAYHBIX JIOTHIECKHX CHCTEMAX.

3. Ilycts mepemennbie X € [0,....k ~1],Y €[0,....k, 1]
MIMEIOT Pa3HyI0 3HAYHOCTb, TOI/IA 0600IIEeHHAs JU3BIOHK-
LS
x . v,
k-1k-1]| >

k-1 mpu ——s 1
k-1 k-1

uHade

Xszrna){

e [ =
k. —1

J

4. O6001eHHAsT KOHBIOHKITUS

X &Y =min L,L *]
k=1k-1] ,

Y

k.—1 npu
v k-1

’ k-1
k —1

J

e /=
uHaue

5. UMmukanuto ajisi mepeMeHHO-3HaYHOM JIOTHKY 3a-
JaJTIM CIIEAYIOMINM BBIPAKEHHUEM: X —»Y =X VY.

OneMeHTapHble (DYHKIMH TIEPEMEHHO-3HAYHON JIOTH-
KH 0071aJTaI0T CIICMYIONIMMH CBOMCTBAMH [4]:

0&X =0,
1&X =X,
(k-1)X = (k-1),
0X=X,
x./&xk — xja ]zk )

0, j#k
(Dymcwm OUECHKU KOHUenuuu ycmoﬁtlueozo pazeu-

mus 20pHbIX meppumopuil
Onpedenenue: PemaronyM npaBuiioM Ha30BEM:

&ZXWJ%%
i=1,. x; (y)e{0,1,....k 1}k €[2,

B nHamewm ciyyae npaBuiio YTBEPHKIAET, YTO KaXbIid
PETHOH XapaKTepU3yeTcsl COBOKYITHOCTBIO CBOHMX PECyp-
coB [5].

Ilycte nMeeTcst n KOHLENUMM pa3BUTUSI TOPHBIX Tep-
puropuii {4, A4,...., A }, 4aCTHYHO YCTOMYMBBIX Ha 3a-
JTAHHOM MHO)KECTBE PETHOHOB. J[JIs1 Ka)KI0TO 3aJaHHOTO
MHO)KECTBA PECYPCOB X, CTPOUM OLEHKY YCTOMYMBO-
CTH KOHI_ICHI_II/II/I Pa3BUTHS W TIONydaeM Ha0Op BEKTOPOB

{a y)sa; (3,))-- (yl)} =1,2,....,n B BHJE
CTOH6Ha A‘ HonyqaeM pGSYHBTaT OLIEHKH KOHUEMIMU Ha
KaxX /10 3az[aHH01/1 CTPOKE, COOTBETCTBYIOIIEH PETHOHY Y,
KOTOPOMY COOTBETCTBYET IPOAYKIIHOHHOE MPABUJIO:

&L x, (¥) = v
xs(yl.)e{0,1,...,k,—1},i=1,...,

., N], NeZ

l,s=1,....om.
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Jozuueckuit no0xo0 K peanuszauuu pacuiupaiouieil
KOHUenyuu ycmouyueozo pa3eumus 20pHuIxX
meppumopuii

OueBuaHA II€7I€COO0PA3HOCTh  BBIOOpPAa  KOHIIETI-
UMM YCTOMYUBOTO pa3BUTHs, WMEIOLICH CBOWCTBA:
A/.(X[)zy‘., aj(X[,y,)zl. B cnyyae ecnm xots Obl
OlHA KOHUENIMsS pa3BUTHUA HALUIa pElIeHWE BUJA:

n
A,-(X,-)=yl-, TO ijlaj(yi)zl. Ecnu Hu omnHa u3 pac-
CMaTpHUBaeMbIX KOHIICTIIUI HE YCTOHYMBA B PETHOHE
n —
ymoV'ia,(y,)=0.

[IpencTaBuM BCIO MpenMETHYIO 001acTh B BHJIE peliia-

FOIIUX TIPABILT:

&.T:lxs (yi) Vi
i=1,...,l,xx(y,.)€ {0,1,...,

g KaxaoW KOHLENIMK pa3BUTHA BbIOEpEM Te
MpaBUia, MO KOTOPHIM KOHLIENIMA YCTOMUYMBA B JaH-
HOM permoHe ecmi Ja (y,)=1, TO & x (v,)— v,
i=1,...,0x, (yi,)e{O,l,...,k —1},kr€[2,...,N], NeZ

CoctaBuM (DyHKIIHIO, KOTOpast OyJeT SBIATHCS KOHB-
FOHKIMEW TaKUX MPaBWI JJIS1 pacCCMAaTpUBACMOM KOHIIETI-
1. PyKOBOJCTBYACH CIEAYIONMMHU JIOTHYECKAMH pac-
CY)KICHUAMH: KOHICIIMS PasBUTHA A, ycToifunBa B pe-
THOHE Y, Ml KOHUCTILMS PA3BUTHS A, yCTOI/I'-II/IBa B pETHOHE
Y, 1 B OCTQJIbHBIX PETHOHAX, SaIIaHHBIX KaKk pPEerroHbl, B
KOTOPBIX JaHHAs KOHIIETIINS yCTOWYIHBA!

F'(Xi):&a :1(&;nzlxs(yi)%yi):&a/(m:l( s=1 % (y,)vy,)

J

B pesynbrare manHas OysieBa (QYHKIHS MOXET OBITH
3anmucana B Bupe CHAH® u coxpamena. s 3amaHHON
KOHIICTIIIMH Pa3BUTHS A; MBI TONYYHIH QyHKIWMIO F, 3Ha-
YeHHe KOTOPOH paBHO €AMHHILIE TaM, [e AaHHask KOHIIET-
s Pa3BUTHS SIBISIETCSl YCTOWYMBOM, M paBHA HYIIO — B
clly4ae, Korjia KOHICTIHS HeyCTOHYIHBA.

Orta OyneBa QyHKLUs UTPaeT PONb OLEHOYHOTO (PyHK-
IIMOHAJIA KaYeCTBa U 001a1acT PSAIOM CBOWCTB [2].

Jozuueckuit no0xo0 K ROCHMPOEHUIO YCHOUUUBOU
KOHUenyuu pa3eumus 2OPHsIX meppumopuil Ha 3a0aH-
HOM MHOIICECmEe PecuOH08

JobGaBuM B mpenpiayllylo TaOiIMIly TpeOOBaHUS K
ycroiumuBoctu 4 (X) u cocraBum Tabmuiy (cm. Tabi. 2):

Te. nna A , (X)Bce snavenus a,, (v )=1,i=1,2..., L.

ITockonbky aj(yi) siBJIsIeTCs OyaeBOW MEpeMEHHOMH, TO
A, (4, 4;...4)) — OyneBa (yHKIMS, IPUHUMAOIIAS 3HAYC-
HUA | Ha BCeX 3aJjaHHbBIX B IPEMETHOH 001acTH Habopax
( AL 4. A ) 3anuIneM 310 B CIEAYIOLIEM BUIE:

k. —1},k €[2,...,N], NeZ.

(i

A (A A A) =V & A7 (y,), i=12,..,0, j=12,..,n
A, a (y)=1
a7 ()= {2 )=
A5, a;(y)=0

[TonsTHO, YTO A ' — 3TO COBOKYITHOCTB permarontux
IIPABWJI, HA KOTOPBIX KOHIIENIUS YCTONYNBA, A — COBO-
KYIIHOCTb p€IIarONuX IpaBuJI, HA KOTOPBIX KOHI.[CHI.[I/DI HEC

YCTOHYHMBA.
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Tabnuua 2 | Table 2
BxonHble naHHBIC U OLCHOYHAS (DYHKIUSA KOPPEKTHPYIOLIEH KOHIeNIIMH
Input data and evaluation function of the corrective concept
X, X, X, Y 4, 4, A A

x,' (yl) x2 (y]) xm (yl) y] al(yl ) az(y] ) an(yl ) 1

X () X, () X, () Y, a,(,) @, a,(,) 1

x] (yl) x2 (y]) xm (yl) y] al(yl ) az(y] ) an(yl ) 1
Taonuuya 3 / Table 3

3aBMCHMMOCTH MeXKIY PecypcaMy B YKa3aHHBIX PerHOHAX, CTeleHb YCTONYUBOCTH Pa3BUTHSI NPeIJIaraeMbIX KOHLEeIUi
The dependence between the resources in these regions, the degree of sustainability of the proposed concepts

X, X, X, Y A'1 Az A'3 144
0 0 1 a 1 0 1 1
0 2 1 b 0 0 1 1
2 1 2 c 0 1 0 0
1 2 0 d 0 0 0 0

A= &, (&L x, (3,) > y,) xorma a,(y,)=1,

s=1""s

A" =& (&2, x,(y,) > ¥,) korma a,(y,)=0,
MOXXHO 3anKcarh B CJIETYIOIEM BHJIE:

4;= &izl(vilmvy,-) xorma a,(y,)=1,

A, =&, (&ZT’ZIX(y,-)&;,-) Koraa a,(y,)=0.

IIpumep.

Iycts 3amanel crnemyromme yemosust: X ={x,x,,x;},
x,€{0,1,2}, rae X — 310 HAOOP pecypcoB, HALIPHMED, MUHE-
paJIbHBIE PECYPCHI M pa3paboTKa MECTOPOKICHHH TTOe3HBIX
WCKOIIaeMbIX B TOPHBIX YCJIOBHSIX, BOIHBIE PECYPCHI TOD,
3eMeNbHbIe PeCcypChl TOPHBIX TEPPUTOPUIL U BCE OHH Olle-
HHUBAIOTCS TPpeXOaJUTHHOM IIkayion. ) — pecypc OTCYTCTBYET,
1 — pecypca Maino, 2 — pecypca gocrarouHo. Paccmarpria-
FOTCSI YeThIpe PETHOHA {a, b, ¢, d}, I Pa3BUTHS KOTOPHIX
TIPEJVIOKEHBI COOTBETCTBYOIME KoHuerwu {4, A, 4,4 }.
3aBUCUMOCTH MEXIy pecypcaMH B YKa3aHHBIX PETHOHAX,
CTeNeHb YCTOWYMBOCTH PA3BHUTHS TPEMJIAraeMbIX KOHIIEH-
IINIA OTpaykKeHBI B TAOII. 3.

Ha ocHoBe mpeacTaBieHHBIX TaHHBIX TTOCTPOUM KOP-
PEKTHUPYIOIIYIO KOHLIENIIHIO YCTOWYNBOTO Pa3BUTHS pe-

THOHOB, BKITFOYAIOIIYIO B Ce€0sI TIOJIOXKUTEIbHBIE CBOHCTBA
3aIaHHBIX KOHICTIITUH W MOOAaBJISIFOIINE OIPEIcIICHHBIC
IIpaBMIIa, KOMIIEHCHPYIOIINE X HETOCTATKH.

F=A,(A4.. . 4)=v_ & _ 47 ()

n+l

F=A8&A8&A&ANA &AL & A& AN A & A, & Ay & AV A & Ay & A, & A,

3anuieM pelaroiye NpaBuiia u npeodpasyem ux:

A= (x) &x) &x) > a) & (x & x; &x} > b)&(x) &3 &x) > d) =

— 2 2 1 1.0 1.1 0.0 0.0
=X, VX VX, VXX VXXV XX VXXV

0 0.2 2 1 2 0.0 0 0.1 1
vxyd v bx xy v bx;x; v bdx; v ax, x, v ax, v ax,x; v x,d

Konuenmst passutust A, BHIUIEISET MHIUBATYIbHBIE

MIPU3HAKU PETHOHA d.
3axJ/r04eHne

B pesynbrare NnpoBENEHHOIO MCCIEIOBAHUS MOYKHO
C/IeTaTh BBIBOJ O I1€JIeCO00Pa3HOCTH MCITIONB30BAHUS Ma-
TEMaTU4YeCKOM JIOTUKH JUIsl MHTEIUIEKTYalbHOTO aHaIu3a
KauecTBa KOHLIETIINN yCTOWYNBOTO Pa3BUTHUS TOPHBIX TEP-
putopuid. [IpoBecTr CHHTE3 M KOPPEKLIUIO YXKE CYLIECTBY-
omux KoHuenui. IlomydeHHbI pe3yaprar NIPUMEHHUTH
JUIsL BBIPAOOTKU BBICOKOA(D(EKTUBHBIX IKCIEPTHBIX Olle-
HOK ¥ PEKOMEH/IAlIMH C LENbI0 MOCTPOEHUS ONITUMAIBLHOM
CTpaTeruu pa3BUTHA TOPHBIX TEPPUTOPHUHL.

Hccneoosanue gvinonneno npu gpunancosoii noooepricke PODU ¢ pamkax nayunozo npoexma Ne 18-010-00943
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METHODS DEVELOPMENT FOR CORRECTING ALGORITHMS FOR CONSTRUCTING OPTIMAL
STRATEGY OF MOUNTAIN AREAS DEVELOPMENT

L. A. Lyutikova,
2C.A.Makhosheva*
IE. V. Shmatova
M. M. Kandrokova

! [nstitute of Applied Mathematics and Automation KBSC RAS, Nalchik, Russia
2 Institute of Informatics and Problems of Regional Management of KBSC of RAS, Nalchik, Russia, salima@list.ru

DOI: 10.21177/1998-4502-2018-10-4-617-623

The study of mountain areas has always been given great
attention by science. However, the lack of a single model for
the development of mountain areas leads to a variety of rec-
ommendations that may not always be consistent. To achieve
sustainable development, it is necessary to conduct a compre-
hensive assessment of the natural resource potential and the
level of economic development of the analyzed territory. To
considers previously developed models of development and
assess the possibility of their implementation and orientation.

The purpose of this work is to build an optimal strategy
for the development of mountain areas on the basis of previ-
ously known models by extracting the most optimal solutions
from them.

As a working method, a logical analysis of a given subject
area is proposed, in which the objects are different spheres
that determine the level of development of mountain areas,
and the signs are their characteristics presented in terms of the
variable-valued logic of predicates. As the characteristics of
the development of the territory can be the economy, social
sphere, resource potential of development, etc., these areas of
development in the formal formulation of the problem will be
called objects.

Description of the object (characteristics) is represented

622

by a set of features that can accurately diagnose the desired
object. The set of a number of objects and their features is a
sample, which worked a certain number of algorithms (pro-
posed models of development). The quality of each algorithm
of the model is estimated by the Boolean function. None of the
considered algorithms performed perfectly on the whole set of
given objects. We propose a logical method for constructing
a new algorithm (correction model), which is optimal for the
entire set of recognized objects. The method is based on the
construction of a new logical function of the classifier.

The result of the study is an optimal model that includes
the positive properties of the previously considered models
and at the same time corrects their shortcomings.

The proposed approach can be the basis for obtaining ex-
pert assessments and recommendations in order to build an
optimal strategy for the development of mountain areas.

Keywords: concept of development, region, data, knowl-
edge base, subject area, variable-valued logic, sustainable de-
velopment, classifier of concepts.
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HOPMbI MPOEKTUPOBAHUA AOPOI' B TOPHbIX
ycnoBuAax ¢ YHETOM OBECMNEYEHUA
BE3OIMNACHOCTU ABUXEHUA

Beenenne

Kak n3BecTHO, rOpHBIE TEPPUTOPUN ITPU OCBOSHUH U B CBOEM PA3BUTHH B OIIpe-
JeJICHHOM CTENeHU OTCTAIOT OT paBHUHHBIX. 1o cyTH, M000€ HauMHAaHKE B TOPHOI
MECTHOCTH 3KOHOMHYECKOIO, COL[MAIIBHOTO M APYIOro XapakTepa HAauWHAETCs C
pelIeHns TpaHCHOPTHOU pobeMsl. B HacTosiee Bpemst K TpaHCIIOPTHBIM IIPOEK-
TaM NPEeNbSBISIOTCS 0COOble TPEOOBAHMS B YACTH BBICOKOM MHTEIUIEKTYaIbHOCTU
C IPUMEHEHNEM HHHOBALIMOHHBIX Pa3paboToK, 0€30macHOCTH, HH()OPMUPOBAHHO-
CTH O JOPO’KHOH 00CTaHOBKE, KOM(OPTHOCTH, IKOJIOTUIHOCTH U OECLIYMHOCTH.

Ecnu Ha paBHUHE IIpy BEIOOpE HANpaBIICHUH JOPOT HET MPAKTHUECKU OIpaHH-
YEHUH, TO B TOPHBIX YCJIOBHUSX MPOKJIAIbIBAHUE JOPOTH CTAIKHBACTCS C MHOXeE-
CTBOM IpoOJIEM, CBSI3aHHBIX C PACUJICHEHHBIM peibedoM, TpeOyIomux IpuMeHe-
HUs Oosiee 000CHOBAHHBIX MAKCUMAJIbHBIX YKIIOHOB M MaJIbIX PaJlyCcOB KPHUBBIX,
a TaKkXKe ¢ OIPEeAeTICHHBIMU reorpaduecKUMHU 0COOCHHOCTSIMH YIIENbsl, KOTOPbIE
WHOH pa3 MEHSIOT HampasJeHHE IOPOru Ha (poHTajIbHOE OT HeoOxoaumoro. Ha
CKJIOHAX 3THX YILEJUH Pa3BUTHI SK30TCHHBIEC MPOLIECCH B BUAE OINOI3HEH, 0OBa-
JIOB, OCBITIEH, CeJeil, JIABHHO-JIEIHUKOBBIX 00pa30BaHWUN M Halelel, AMHaMUKa
KOTOPBIX OCJIOKHSIET MPOEKTUPOBAHHE, CTPOUTENBCTBO U IKCIUTYyaTal[UI0 TPaHC-
nopTHeIX aprepuil. Co3naHue NpoeKTa TPAHCIOPTHBIX KOMMYHHKALMH B TOPHBIX
YCJIOBUSAX KpaliHe CIO0XHBIH MpoLecc.

[Ipo6neMbl TPOEKTUPOBAHNUS TOPHBIX JOPOT B IIOCIIEAHEE BPEMS YCIIOKHSIIOTCS
elle U B CBA3M HEOOXOAMMOCTBIO BHEAPEHUSI MHTEIUIEKTYAIbHBIX TPAHCIOPTHBIX
cucreM. Takue cucTeMbl U1 TOPHBIX AOPOT Y Hac NOKa HAXOIATCS B cTanuu (op-
MupoBanusi. Harmpumep, nmpobieMe yMeHbIIEHUS YPOBHS IIyMa B paMKaxX MHTE-
JICKTYyaJIbHOM TPaHCIIOPTHOM CHCTEMbI B TOPHBIX YCJIOBHUSX HE yAEISIETCS BHUMA-
HUSI, HECMOTPSI Ha €€ JOCTaTOYHO XOPOLIYI0 pa3padOTaHHOCTh JUIsi aBTOMOOMIIb-
HBIX JJOPOI' B PAaBHUHHBIX yCJIOBHAX [1].

Lesbio paGoThl SBISETCS MOHUTOPHHT aBapUHHOCTH MIPH SKCILTyaTalldK TOp-
HBIX IOPOT Ha npuMepe TpaHckaBka3ckoil aBromaructpaiu (Tpanckam) u npume-
HEHHE JIEHCTBYIOIIMX HOPM U IPABUJI NIPH U3BICKAHUM U IPOEKTUPOBAHUH JOPOT.

Metonsb! uccaegoBanuii. VcciienoBaHus BEIUCh METONOM aHAIN3a CYLIECTBY-
IOLIMX IPOEKTHBIX Pa3padOTOK, MOHUTOPHHIA IKCIUTyaTallii TOPHBIX JOPOT U aBa-
PHUMHOCTH.

Pesyabrarsl ucciaenopanmii. CTeCHEHHBIE YCIOBUS M3BICKAHUM M MPOEKTH-
POBaHHA TOPOr B TOPHBIX YCIOBMSIX BBIHYXJAIOT HCIOIHUTENEH MpOEKTa M3-3a
CJIOKHOTO penbeda NMPUMEHSITh MAKCUMAJIbHBIE U IPENENbHO JOIYyCTUMBIE MIPO-
JOJbHBIC YKIIOHBI, MaJIble PaANyChl KPUBBIX, YTO, COOTBETCTBEHHO, B IEPUO] IKC-
IUTyaTallid CO3AAeT OIACHBIE YCIOBHS JOPOKHOTO IBHXKEHHS M IPUBOIUT K YBe-
JIMYEHHIO YacTOThI Ype3BbluaiiHbIX mpoucumectsuii (UII) u nopoxkHO-TpaHcnopT-
HbIX npoucmectuit (ATII) [2].

PacueTHble napameTpsl IBUKEHHSI aBTOTPAHCIIOPTHBIX CPEACTB Ha TOPHBIX J10-
porax OepyTcs B [1Ba paza MEHbIIE, YeM Ul paBHUHHON MecTHOCTU. K npumepy,
quist 11I-i1 kaTeropuu nopor pacdeTHas CKOpOCTh MpuHHMaercs 50 Km/4, KoTopast
JUIsl HOPMAJIbHBIX PaBHUHHBIX ycioBHH cocTaBisieT 100 km/4. YkazaHHast pacuer-
Hasi CKOPOCTh NPUHUMAETCS MPH 3KCIUTyaTallMy JOPOT B HOPMAJIbHBIX ITOTOAHBIX
YCIIOBHSX U CLETIJICHUH IIMH aBTOMOOMIIEH € TOBEPXHOCTHIO ac(anbTo-06TOHHOTO

"MockoBCKHiT aBTOMOOHIEHO-IOPOXKHBIN TOCYAAPCTBEHHBII TEXHHYIECKUI yHUBEepcHTeT, MockBa, Poccust
2CeBepo-KaBKka3Cckuii rOPHO-METaLUTyprHiecKHil HHCTUTYT (TOCYJapCTBEHHBIH TEXHOJIOTHIECKUH YHHBEPCH-
TeT), Bnaaukaskas, Poceus, kortiev73@mail.ru
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Puc. 1. Corcamoiii npodonshwiii npoghuib 0opozu
Fig. 1. Compressed longitudinal profile of the road

MOKPBITH. MakcuMamnbHbIe MPOAOIBbHBIE YKIOHBI IS
toi ke III-i xaTteropuu JOpPOru AOMYCKAETCA MPUHATH
80 %, a MUHMMAJIbHBIE paauyChl KpuBbIX — 100 M. [Tpn
TaKUX KOHCTPYKIMOHHBIX IIapaMeTpax SKCIUTyaTalus
JIOPOTY KpailHE OCJIOXKHSETCS.

Ha mpumepe TpaHckaM mnpakTHYecKoe NpPHUMEHEHHE
HOPM TIPOEKTUPOBAHMS JOPOT B TOPHBIX YCIOBHAX OBLIO
OCYIIECTBIICHO TMPOEKTHBIM HHCTUTYTOM «Coro3mopmpo-
ekt B 1970-1973 rT. [3]. [lo CTIOXKHOCTH TEXHUIECKUX Pe-
LIEHUH 3Ta J0pora He UMEET aHAJIOTOB B OTEYECTBEHHOM
U E€BPONEHCKON MpaKTHKe, MOCKOJIbKY IEPEeceKaeT ropbl
Ha abcomrotHO# BhIcoTe cBbimie 2000 M u mo cytu 80 %
BCEW JUIMHBI IOPOTHM HAXOJUTCS B OMACHOM, C TOYKU 3pe-
aus JITT1, 30He W3-3a 3UMHUX U HEOIArompusATHBIX CKIIO-
HOBBIX TMPOIIECCOB. YCTPOMCTBO M MOHTaX KOHCTPYKIIUA
raJieped ¢ MPUMEHEHHUEM B TIPOEKTE [6] IOITyCTHMBIX HOPM
MIPOEKTUPOBAHNS MAKCHMAIIGHBIX MPOAOIBHBIX YKIOHOB
Y MUHAMAJIBHBIX PaJyCOB KPUBBIX OCIOXHSIINA IKCILTya-
TaIWOHHBIC yciIoBuA Tpanckam [3] ¥ BBEIBIUIH 32 ITEPHO
30-7eTHEH dKCIDTyaTaliy JOPOTH HEMAJIO IPOOJIeM.

IIpomoneHerit poduns Tpanckam mokasaH Ha puc. |
[4] u mpencTaBisieT cO00M cXeMy MPEOIOICHUS TOPHOTO
nepesaia. [Ipononbueie ykinonst 10 40-50 % Ha nepebix

22 xmmoMmeTpax FHOxHoro ydactka u Ha 37-54 xumome-
Tpax CeBepHOTO yJ4acTKa TOBOPST O HAJMYWH 3/1€Ch Clla-
00if OTTaCHOCTH C TOYKH 3PCHUS aBapUHHOCTH.

Uro xe kacaercs mocnenuux 10 kmromeTpos FOxHO-
TO yJacTka u 8 kujmoMeTpa yuactka CeBepHOTO IMoaxoaa,
T0 3716Ch 3an0kenbl 70-80 % -Hple ykinoHbl. C Takumu
YKIIOHAMH JKCIDTyaTalnys JOPOTH B 3UMHEE BpeMsI TIpe/i-
CTaBJISIET COOOM OOIBIITHE CTIOKHOCTH, B PE3YIBTATE YETO
kosmmuectBo JTII MHOTOKpaTHO BO3pacTaer.

ABapuiHOCTH Ha TOPHBIX JOpOrax ycCyryomsercs u
M3-3a KIMMAaTHYeCKUX YCIOBHM. [IBrkeHMe OobIire-
TPY3HBIX TPAHCIIOPTHBIX CPEICTB C HU3KOW CKOPOCTHIO
Ha MOIBEMAax JIOPOTH CO3MAET UISL JIETKOBBIX aBTOMa-
IIMH aBapHiHYI0 00CTAaHOBKY, TaK KaK CHMKAETCA BO3-
MOYKHOCTb OOTOHA W3-32 BCTPEYHOTO TPAHCIIOPTA, Cia-
00if BUIUMOCTH ® Ap. B 3uMHUI mepron, Korja u3-3a
aTMoc(hepHO-KIMMaTHIECKUX YCIOBUH MPOe3kasi 9acTh
MTOKPBIBACTCS TOJIOJICIOM M KOA((UIIMECHT CIETICHUS
IIMH TPAHCIOPTHOTO CPEJCTBA C MOBEPXHOCTHIO MIPOE3-
JKEW 4acCTH JJOCTUTAET HYJEBOTO 3HAUYEHHUS, aBAPUIHHOCTD
YBEIMYMBAETCSA B HECKOJIBKO Pas.

o pe3ynmpratam MOHHTOPHHTA 32 SKCIITyaTallHOHHBI-
MU ycioBusiMu TpanckaM, BoenHo-I'py3uHckoit noporu

ABapuiiHOCTb B 3aBHCHMOCTH OT NPOJ0JILHOIO YKJIOHA 1711 qoporu II1-if Texnn4yeckoil KaTreropuy B rOPHBIX YCJIOBHAX
Accident rate depending on the longitudinal slope for the road of the third technical category in mountain conditions

Cpennnii poct konrndecrsa ATII, B %
CpenHuii yKi10H, %o Ha 1 kM foporun % OT 0011ero KOIu4ecTBa
Average slope, %o Average increase in the number of road accidents, % of the total
% per 1 km of road
10 0,33 0,7
20 0,56 1,2
30 0,8 1,7
40 1,7 3,6
50 3,25 6,95
60 7,1 15,7
70 12,5 26,7
80 20,6 44,8

T.10. Ne4(38), 2018 T.
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN
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M

20 KHJIOMETP JIoporu/
T Average annual number of
accidents per kilometer
15 -
10 1
51
+ 033
( : . ——>
YT 2 3 4 5 6 7 8
IIpoaonshei ykiI0H, %a
a) Longitudinal slope, %

\
>
Pajinychl KpUBBIX, M
The radii on the curves, m

J (1] S
Yinon 8%/slopes

T 4007
13501
13001
12507
12007

T 1507
1 100f

50T

0500 1000150020002500 3000
HMHTEHCHBHOCTDL ABHIKCHHSA ABT/B CYTKH

6 ) Traffic Intensity per day

Puc. 2. I'paguxu pocma JTII: a) na oOHoMm Kunomempe 00pou 8 3a8UCUMOCTNU OM NPOOOTbHO20 YKIOHA (Ha npumepe
FOoicnozo yuacmra Tpanckama); 6) npu UHMEHCUBHOCIU OBUICEHUS 8 3ABUCUMOCIU OM NPOOOTbHO20 VKIOHA (1) u paduycos
Kpugwix (2)
Fig. 2. Schedules of growth of the road accidents: a) on one kilometer of the road depending on a longitudinal bias (on the example of the
Southern site of Transkam); b) at intensity of the movement depending on a longitudinal bias (1) and radiuses of curves (2)

U OpyruX ropssix popor, ananuza JTII u3 craructuye-
ckux ganubIx 'BJIJ] PCO-Ananus u FOxnoi Ocetuu u
UX CPaBHEHHsI C TAKMMHU K€ [TOKa3aTeNIMI aHAJIOTHYHBIX
YYacTKOB JIPYTHMX TOPHBIX JOPOI, COCTaBJCHA TaOIuIa
ABapUITHOCTH B 3aBUCHMOCTH OT HPOJOJNBHBIX YKIOHOB
qutst 111-i4 Texamueckoii kareropuu nopor (tabmumna). [pu
3TOM IPOBEJCHHBIC CPABHEHUS ITOKa3aTelseil MoKa3bIBa-
10T BBICOKYIO CTENEHb X CXOACTBA [5; 6].

Tabnuua u puc. 2 MOKa3bIBAIOT, YTO CTENECHb PHCKa
aBapuil pe3KO MOBBILIAETCS C YBEIMUCHUEM MTPOIOIBHBIX
YKJIOHOB TOpHO# fgoporu. Ha puc. 26 npuBeneH rpaduk
3aBucumoctH pocta A TII npu onpeaeneHHO UHTEHCUB-
HOCTH JBIDKCHHS M OTHOBPEMEHHOM HAJIMYMHU Ha IOPOTe
MPOJOJIBHBIX YKJIOHOB U PaguycoB KpuBbIX. llepeceue-
HHUE AuarpaMM IpH pa3inyHbIX Qakropax pucka (YKIO-
HOB M KPHUBBIX) NOKA3bIBAET, YTO ONTUMAJIBHBIM IS J10-
poru III-i TexHu4yeckon Kareropuu sBisieTcs 40% -Hbli
YKIIOH U paauyc KpuBoi He MeHee 200 M.

WzyuuB pesynbrarel aBapuitHoCcTH (Tabnuua, puc.2),
CIIEAYeT CAeaTh BBIBOM, YTO K IPUMEHEHHIO HOPM MaK-
CHUMaJIbHO JOIYCTHUMBIX YKJIOHOB IPH MPOCKTHUPOBAHUU
TOPHBIX JOPOT CJIEAYET OTHOCUTHCS OCTOPOXKHO.

Hccnenys oTpuuaresbHOE BIWSHHE MOBBIIICHUS
HOPM IIPU NPOEKTUPOBAHUH, CIIEAYET OTMETHUTD:

ITo HOpMaM IPOEKTUPOBAHUSI TPH TPOAOJIEHOM YKIIO-
He Gonee 30%, ma noporax III-i kareropum crenyer
NPEAYCMOTPETh AONONHUTEIbHYIO MOJIOCY Uil OOTOHA
IpY JBIKEHUH B CTOPOHY HOABEMA U CMELIAHHOM CO-
CTaBe TpaHCHOPTHOro motoka. CoOmoneHne yKa3aHHO-
ro TpeOOBaHUS HOPM MPOCKTHPOBAHMSA CHU3WIO OBI 1O
OTIpEeNICHHOM CTENeHN aBapUHHOCTh, HO UCTIONHHUTENN
MPOEKTa 3a4acTyl0 NpeHeOperaroT BEpOsSITHOM oxuiae-
MO ONacHOCTHIO. B HacTosiee BpeMss HHTEHCHBHOCTD
Ipy30MepeBo30K Ha TpaHckaMm HHU3Kasl, HO MO0 MEpe BO3-

626

POXAEHNS YKOHOMUYECKUX CBA3EH MEX Iy 3aKaBKa3CKH-
MU rocynapcrBamMu U Poccuell HHTEHCHMBHOCTBH BO3pac-
TET B HECKOJIBKO pa3. [IpoBoauMele HbIHE PabOTHI 1O pe-
KOHCTpyKuuu TpaHckam mpoBonsTcst 6e3 ydera Tpebo-
BaHM OTAENBHBIX HOPM MIPOCKTUPOBAHUSA U NIEPCIEKTHB
OTIACHOCTH JBIKCHHSI.

C yd4eToM BBILIEU3JIOKEHHOTO CIEAYET CAENaTh BbI-
BOJIBL:

® Ipu NPOEKTHpPOBaHMU TopHOW poporu III-i1 Tex-
HUYECKON KaTeropuu CleqyeT IMPUMEHSTh JOIyCTUMbIE
yKJIO0HBI B 60%0 BMeCTO 80%o;

® S3KCIEepTH3a HOPM MPOEKTUPOBAHMS JOJIKHA MPO-
BOIUTHCS TSl KaXKI0T0 KOHKPETHOTO 00BEKTa C 0COOBIM
MIOJXOJIOM M YYETOM BOECHHO-CTPATErH4eCKOro 3Ha4eHus
TOpHOW JOpPOTH, HE OTPAHMYMBASICH TOJBKO (HaKTOPOM
MHTEHCUBHOCTH TPAHCIIOPTHBIX CPENICTB;

® mpolecc MPOSKTHPOBaHHUA OOBEKTOB TPAHCIOPT-
HBIX apTepUil 1OJDKEH B 00513aTeIbHOM HOpsIIKE obecre-
YUBAThCS HAyYHO-TEXHUYECKUM COIPOBOXKICHUEM I10
BOIIPOCaM JIOPOKHO-TPAHCHOPTHON 0€301MacHOCTH.

CxeMaTnueckoe peleHre OJHOIO U3 ONaCHBIX y4acT-
koB TpaHCkaMm, ¢ y4yeTOM NPUMEHEHHS H3IO0XKEHHBIX
B JJAHHOM HCCIICIOBAaHUH JOIyCTUMBIX M O€30IaCHBIX
HOPM NPOEKTUPOBAHNUS, IOKA3aHO Ha pHC. 3.

Cnengyer OTMETUTh, YTO B UCTOYHUKE [5] mpuBeneH
HE JIy4lIMH BapHaHT PEKOHCTPYKLUH JOPOTH, MOCKOJIb-
Ky HEPEHOC TPacchl Ha MPOTHBOIOJIOKHBINA CKJIOH 3a-
METHO YBEIMYUBAE€T CTOMMOCTHBIE MOKAa3aTelau 3a CUET
CJICAYIOIUX IPUYNH:

- He0OXOIMMO CTPOUTENLCTBO ABYX IEPEXOJHBIX MO-
CTOB uepe3 peky Pykznow;

- BO3BEJICHNE IPUHLUNNAIILHO HOBOTO YJ4acTKa JOPOTH;

- YBEIMYEHHUE AIEMEHTOB OMACHOCTEN U PUCKOB CXO-
Jia JTaBHH.

T.10. Ne4(38), 2018 1.
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Fig. 3. Fragment of the expected development of the dangerous area due to the longitudinal maximum slope

B npennaraemoM aBTopaMy HaCTOSIILIETO HCCIIEAO0BA-
HUS BapHaHTe (puc. 3) 3TH MUHYCHI UCKIIOUeHBl. Ha oc-
HOBaHUH M3JIOKECHHOTO CIEAYET CAeNaTh BHIBOA, YTO IPU
YBEJIMUEHUHN JJTMHBI ONACHBIX YYaCTKOB JOPOTH B LIETISIX
CHIDKCHUSI HOPM IPOCKTHPOBAHMSA, U COOTBETCTBEHHO
konuuectBa JTII, cienyer mpuMeHSTh B HOpMax Mpo-
EKTHPOBAaHHUS 3HAUYEHHE MaKCHMAJIbHOTO MPOJOIBEHOTO
yKkioHa He 6omee 60 %,

C yKa3aHHBIM YKJIOHOM YYaCTKH JIOPOTH B J0CTaTOY-
HOH Mepe anpoOupoBaHbl Ha TpaHCKaM C TOUKH 3PEHHUS
0e30MmacHOCTH, YTO MTOKa3aHo B TabmuIle u Ha puc. 2 [5; 7].

IIpu paccmoTpeHMH BOIpOcCa BIUSHHA HOPM MpO-
JONBHBIX YKJIOHOB Ha nHTeHcUBHOCTH JTII, Henb3s He
3aTPOHYTH 3KCIUTyaTallHOHHBIE YCIIOBHS JIABUHO3AIIUT-
HBIX COOPY)KEHHH, Takux Kak ranepeu. Ha paccmarpu-
BaeMoM yuacTke TpaHckam (puc.3) ObIIO BO3BEICHO
JIABUHO3AIUTHOE COOPY>KCHHE MPSMOYTOJIBHON (POPMBI
13 COOPHBIX KENe300€TOHHBIX KOHCTPYKIUH C YKIOHOM
ocu coopykeHust 70 % , COOTBETCTBYIOLIUM YKJIOHY Ca-
MO JJOPOTHY Ha 3TOM OTpe3Ke Joporu. B pesynsrare He-
YAOBJIETBOPUTEIILHON SKCIUTyaTalluy COOPYKEHUS, 3ama-
3yIIHOE MPOCTPAHCTBO BHYTPEHHEH CTEHBI rajiepeu 3a-
MOJHAJIOCH BOAOH, 00pa3oBasiach KIkeoOpa3Has Macca,
KOTOpas AaBWiIa Ha BHYTPEHHIOIO CTEHY Tajepe, B pe-
3yJbTaTe 4Yero JIABUHO3AIIMTHOE COOPYKEHHE PYXHYJIO
[8]. BmecTo pa3pylIeHHOM YacTH 3alUTHOTO COOpPYXKe-
HUS OBbLIa MOCTPOCHA KeNe300eTOHHAs TTOATIOPHAs CTe-
Ha 0e3 HaJuIeXxalero TeXHHIeCKoro 000CHOBaHUs, KOTO-
past 3aMETHO CHU3WJIA YCJIOBHSI 0€30aCHOCTH IOPOKHO-
ro aBmwkeHus. [lonoOHbIe BapuaHTHI "PEKOHCTPYKINH" B
3apyOeKHOM MPAKTHKE HE BOSMOXKHEI [9].

B HacTosiee Bpemst 3BOIOLMOHHOE Pa3BUTHE MPAK-
THKH CTPOHUTEIBCTBA JIABMHO3AIIUTHBIX COOPYKCHHUH
nocturno Ha TpancKAM Takux pa3mMepoB, 4TO OJIMH IO-
TOHHBIM METP COOPYXKEHHUS 00XOANUTCS FOCYJapCTBEHHON
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kasHe B 1,9 MutH. py0. D70 sIBHasi TEHACHLMS K yI0pOXKa-
HUIO COOPY>KEHHS U B LIEJIOM TPAHCIIOPTHOTO 00BEKTa, HO
KaK BHUJIHO U3 IPUBEIICHHOIO IPUMEpa, TOJO00HOE Pa3BH-
THE HAJIOTOIUIATENBLINKY CTPaHBl OOXOAMTCS CIMIIKOM
JIOPOTO M TO3TOMY CIENYyeT HCIONb30BaTh, U3y4aTb U
NPUMEHSATH B TOM YHUciie U 3apyOexxHbiii onbiT [10—-12]. B
9TOM JKE pyCle ClIeqyeT OPUEHTHUPOBAThCS Ha CO3/1aHUE
MHTEIUIEKTyaJIbHBIX TPAHCIOPTHBIX CUCTEM M pa3BUTHE
ux snemeHToB [13—-15]. BHenpenue 3apyOexHOTO OIIbI-
Ta B UCCJIEIOBAHUAX, IPOEKTUPOBAHUH U CTPOUTENHCTBE
[16—-18] naet cBOM MOIOKUTEIBHBIE PE3YIBTATHI.

B nocnennue necars ner yaensimu CKI'MU (I'TY)
no npumepy CKaHIMHABCKUX CTpaH pa3padoTaH psijg Ma-
JI03aTpPaTHBIX U MHHOBALIMOHHBIX JAaBHHO3ALIUTHBIX CO-
OpyXeHHi, onoOpeHHbIX PocniareHTOM 1 00001ICHHBIX B
Hay4YHO-TEXHUYECKOH POCCUHCKOHN U 3apyOeKHOM JInTe-
parype [19], B ToM unciie MpUMEHEHHBIX IPH pa3padoT-
K€ MIPOEKTHBIX MpeUIoKeHN EBpoasnarckoi sxkene3Hoi
noporu [20].

BrIiBOABI

1. AHanu3 cTaTUCTUYECKUX AAHHBIX aBapUHHOCTU U
MOHHMTOPHUHTIA CJIOKHBIX YYacTKOB TOpPHBIX JOpOT JaeT
OCHOBaHUS 7151 OTPaHUYEHUS] HOPMBI IPOAOJIBHOTO MaK-
CUMAaJIBHOTO YKJIOHA B 60%o.

2. Pan nabnronennii 3a 40—50-1eTHUH 11epro moka-
3BIBACT, UTO MOANOPHBIE CTEHBI CO CTOPOHBI BHYTPEH-
HEro OTKoca He AaT 3()(EKTUBHOM 3aIlUTHl TOPHBIX
JOpOT OT OI0JI3HEH, 00BaJIOB, TaBUH U Ap., @ 3a4aCTYIO
YXyOIIAT ycIoBUs 0e30MacHOCTU. DTO 3HAYUT, YTO
UX CTPOUTEILCTBO AOJKHO OBITH AJOCTATOYHO CEPhE3-
HO 00OCHOBAaHO U OTPaHUYEHHO.

3. CTpouTensCTBO Ha TOPHBIX JOPOrax 3alllUTHBIX
COOPY>KEHHUI OT CKJIOHOBBIX SIBJIEHHUI JOJIXKHO COIPOBO-
JKAATBCS DKCIEPTHBIM HAyYHO-TEXHUYECKHM 3aKIII0Ye-
HUEM, COCTaBJICHHBIM CIIEIIMAIMCTOM, BIaJCIOLINM HOP-
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MaMHM IPOEKTUPOBAHUS, CTPOUTENILCTBA M SKCILTyaTallun
TOPHBIX JOPOT.

4. IIpobnema MpOeKTUPOBAHHS TOPHBIX JOPOT U pas-
BUTHE TEPPUTOPUHN JOIDKHBI CTaTh OOImIeH mpobieMoit
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Introduction. As you know, mountain areas in their devel-
opment to some extent lag behind the plains. In fact, any un-
dertaking in the highlands of an economic, social, agricultural
or other nature aspects begins with the solution of the transport
problem. At present, transport projects are subject to the re-
quirements of high intelligence with innovative developments,
safety, awareness of the road environment, comfort, environ-
mental friendliness and quietness.

If on the plain when choosing the directions of the road
there are practically no restrictions than in mountain condi-
tions the laying of the road faces a lot of difficulties of relief
character, requiring the use of maximum slopes and small
radii on the curves, as well as a certain geographical location
of the gorge, which sometimes is frontal from the required
direction of the road. On the slopes of these gorges to some
extent surface exogenous phenomena were developed in the
form of landslides, landslides, mudflows, avalanche-glacial
and ice formations, the processes of collapse which compli-
cate the design, construction and operation of the transport
artery. Creating a transport project in such difficult mountain
conditions is extremely difficult, but important. The urgency
of this problem increases the need to present to the prom-
ising transport communications intelligence that is not yet
sufficiently formed for mountain roads.

The purpose of the work is to monitor the operation of
mountain roads by accident on the example of the Transcauca-
sian highway (Transcam) and the application of existing rules
and regulations in the search and design.

Method of research. The research was conducted by the
method of analysis of existing design developments, monitor-
ing of mountain roads operation and accident rate.

Research result. Complicated conditions of the survey
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and design of roads in mountainous conditions forced proj-
ect implementers because of relief conditions to apply the
maximum and the maximum allowable longitudinal slope,
small radius curves, respectively, that during operation cre-
ates a hazardous traffic condition and leads to road acci-
dents.

Keywords: mountain road, elements of the road plan, safety,
slopes, radii of curves, road traffic accidents, slopes, landslides,
avalanches
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SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

INTYBOKOYBAKAEMBIE KOJUIETH!
B coomeemcmeuu c 3axniouenuem Illpezuouyma BAK Munoopuayxu P® om 19.12.2014 2. Ne47/307 ¢ 2015 200a cmambu
015 nyOnuKauuu 6 JHcypraie « Ycmoiuugoe pazgumue 2OpHbIX MEPPUMOPUIL) RPUHUMAIONC RO CTIEOYIOWUM OMPACTIAM U

2pynnam HayK:
25.00.00 Hayku o 3emne (6ca ompacns Hayk o 3emie);
05.00.00 Texnuueckue nayku (mpu zpynnsl u3 ompaciu):

05.05.00 Tpancnopmnoe, 2opnoe u cmpoumenvrnoe MawUHOCmMpoenue,
05.13.00 Hughopmamuka, eviuuciumensHas mexHuKa u ynpaeienue,

05.14.00 Snepzemuxa;

08.00.00 Ixonomuueckue nayku (6csa ompacib IKOHOMUYECKUX HAVK).
B cootBeTcTBUM C Tpajanueil HayK, IPUHATONW B MEXIyHapOJHBIX cUCTeMax IuTupoBaHus Scopus 1 Web of Science, crarbu st
nyONMKaLKY B )KypHae « YCTOHUMBOE Pa3BUTHE TOPHBIX TEPPUTOPHID) IIPUHUMAIOTCS 10 CIEIYIOIIMM OTPACISIM U TPYIIIaM HayK:

1. Engineering (TeXHUYECKHE HAYKH);

2. Earth and Planetary Sciences (Hayku 0 3emiie U IIIaHETapHbIC HAYKH);

3. Environmental Science (Hayka 00 OKpy>KaroIien cpese).

B xypHane «YcroliunBoe pa3BUTHE TOPHBIX TEPPUTOPUID) NIEUATAIOTCS:
- CTaThH C U3JI0)KCHNEM HOBBIX HayIHBIX PE3YyNIBTAaTOB, 00beMOM He Oosee 10 MalMHOMMCHBIX CTPAHMI], BKITIOYast HILTFOCTPaliuy

¥ TaOJIHUIBL,

- KpaTKue COOOIICHHS, coiep Kaliie HH(POPMAIMIO O BAXKHBIX PE3YIbTaTaX MpeIBapUTENbHBIX NCCIENI0BAaHMH, 00beMoM 3—5
CTpaHHII (3TH MaTepHalIbl BIIOCIEACTBUH MOTYT UCIIOIB30BATHCS B TEKCTE ITOJIHOM CTAThN);
- 0030pBI TEYaTHBIX PadOT 10 aKTyaJILHBIM Mpo0JieMaM YCTOWYMBOTO pa3BUTHS TOPHBIX TeppUTOpHii, 00beMoM 2025 cTpanun

110 3aKa3y peaaKuuu.

K 0Hy6J'II/lKOBaHI/IIO TaKIKC NPUHUMAIOTCS TUIATHBIC PCKIIAMHBIC COO6H_IGHI/IH 0 HOBBIX Mare€puajiax, TEXHOJIOI'uAX, HpI/I60an u

arraparype, COOTBETCTBYIOIINE TEMATHUKE XXypHaJia.

Bce paboThl TOMKHBI COOTBETCTBOBATh TEMaTHKE XKypHaiia. [IpefgocTaBneHHbIe pyKOIMCH MPOXOT ATAMBI IPEIBAPUTEIEHOTO
¥ UTOTOBOTO PELICH3UPOBAHUS, U B CIydac HEOOXOIMMOCTH, HANPABISIOTCS aBTOpaM Ha WCIIPaBICHUE M 10paboTKy. Pykomnmcu B
JKypHaJe MyOIuKyIoTCs Ha PyCCKOM JIHOO aHITIMHCKOM S3bIKax, aHHOTAIMU Ha PYCCKOM U aHIIMHCKOM SI3BIKaX.

Kypran myOniKyeT HCKIIOYUTETBHO OPUTHHAIBHBIE CTaTbi. ABTOP HECET HOJMHYI0 OTBETCTBEHHOCTDH 3@ COOMIONECHHE ITOTO
TpedoBaHus. Pykonucy, He MPUHSATHIC K OMyOIMKOBaHHUIO, aBTOpaM HE BO3BpamaioTcs. Perakuus Takke He BO3BpAIaeT IIPUChIIa-

€MbIC MaTCpraJIbl.

Penakuust ocraBiisieT 3a €000l IPaBo NMPOM3BOAUTL COKPAIICHHE H PEJAKTOPCKYIO NPaBKy TekcTa cratbu. Mcnpas-
JICHHS] B TEKCTe H WLTIOCTPALMAX ABTOPbI MOI'YT BHOCUTB TOJIBKO HA CTaJiMM MOATOTOBKH CTaTbu K Habopy. Koppekrypa

aBTOpPaM JJ1s1 IPOCMOTPA He BbICHLIACTCH.

Hecobmnronenue npasui 0popMIICHHS PYKOITUCH MIPUBEACT K OTKIIOHCHHIO CTAThH.

[Ty6nukarus OecruiatHa A7l aBTOPOB CTATeH, HAMMMCAHHBIX 110 3aKa3y PEAaKIUH, U VIS aCIUPAHTOB.

3a cBeIeHUs B PEKJIAMHBIX MaTepHaliaX PeaKiis OTBETCTBEHHOCTH HE HECET.

[Nepemneyarka OMyCKaeTcsl TOJNIBKO C Pa3pelleHUs] PEAAKIMU U ¢ 00s3aTeIbHOM CChUIKOW Ha XKypHaJ «YCTOMYHMBOE pa3BUTHE

TOPHBIX TEPPUTOPUIL».

HNHcTpyKuIus 11 aBTOPOB

B penaxiiro HeoOX0IUMO MPEAOCTaBUTD CIEIYIOIINE MaTe-
pHabL:

- cTaThs (CTPYKTYpY U IpaBuiia 0hOPMIICHUS] CMOTPH HIXKE);
MPECTABISIETCS KaK B OyMayKHOM (2 3K3.), TaK U B AIEKTPOHHOM
BHJe. BTOpO sK3eMIuIsAp 0053aTeIbHO MOAMUCHIBACTCS aBTOpa-
MU;

- Ha OTZACJIFHOM JIUCTE: CBEICHHS 00 aBTOpax, COAEpIKaIINe
(haMunHIo, MM, OTYECTBO, YUCHYIO CTETICHb, 3BaHNE, HA3BaHUE
OpraHU3allNH, CIYK€OHBIM ¥ JOMAIIHUH ajgpec U TeraedOoHbI,
e-mail (eciu ecTh) M yKa3aHHE, C KEM M3 aBTOPOB MPEATIOYTH-
TeJIbHEE BECTH MEPENNUCKY;

- HalpaBJIeHHE OT OpPTaHM3alWH, €CIH IPEIOCTaBISIEMbIE
MarepHalibl SIBJISAIOTCS PE3YJIbTaToM padOThI, BHINOIHEHHOH B
9TOM OpraHu3ally; B HAIIPABJICHUHU CJIENyeT yKa3aTh Ha3BaHUE
PYOpHUKH KypHaa;
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- DKCIIEPTHOE 3aKJIIOUEHNE WM APYTrod JOKYMEHT, pa3pela-
IOIIMH OITyOJIMKOBAaHKE B OTKPBITOH I1€4aTH, yTBEPIKACHHBIE PY-
KOBOJIUTEJIEM OpraHU3ally M 3aBepeHHbIE TepOOBOH NEeYaThio
(pezcTaBIsIOT TONBKO aBTOPHI U3 Poccun);

- KOMIIaKT-IUCK, CONepIKaIlii 00s13aTeNIbHBINA TIaKeT dJIeK-
TPOHHBIX (haitsIoB (MOAPOOHBIE NHCTPYKIMK MPUBEACHBI HUXKE);

- PEeKOMEHJALMK JUIs NEPEBOJYMKA, BKIIIOUAIOLINE Hayd-
HBIE TEPMUHBI, KJIIOUEBBIE CII0BA, COKPALICHHs, (DaMIWINK U T.
1. (€cnM TIpeAmnonaraeTcs W3IaHue TIEPEBOTHOTO BapHaHTa 3a
pyoOexom).

IIpaBuia odpopMmieHHs CTATHH

Ha mepBoii cTpanutie q0mKHE OBITh yKkazaHbl: YJIK; Ha3Ba-
HHE CTaThbH Ha PyCCKOM SI3bIKe (IIPOIMCHBIMU OyKBaMu, O3 Ka-
BBIUEK, IEPEHOCHI HE IOITYCKAIOTCS, TOUKA B KOHLIE HE CTaBUTCH,
TIOTYEPKUBAHKE HE UCIIONIB3YETCsT), KeNIb 14 MOITy>KUPHBIHA, BbI-
paBHHMBaHHUE MO LEHTPY; MHULKAIBI ¥ ()aMUIIMH aBTOPOB (KETIb
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12 momy>kKHpHBII KypCHB, BBIpaBHUBAHHE IO IIPABOMY Kparo),
Ha3BaHHE YUPEKICHHUS, TOPOJ, CTPaHa IPEACTABIISIONINX PyKO-
TIHCH JUIS OITyOJIMKOBAHMSI.

Texcr crarbu Habupaercs mpudrom Times New Roman pas-
MepoM 14 nT yepe3 OXMHAPHBIM MHTEPBaJI, BBIPAaBHUBAHHE I10
¢opmary. [lonzaronoBok — MIpUQT KypCHBHBIN, BHIPAaBHUBAHUE
10 JIeBOMY Kpato. [Ipu HarmicaHuu cTaTbu UCTIONB3YHOTCS 00I11e-
NPUHSTBIE TEPMUHBI, CAWHUIBI W3MEPEHHS U YCIOBHBIE 000-
3Ha4YeHMs1, eMHOOOPa3HBIE 0 Beel crarke. PacimgpoBka Beex
UCIIONIb3yeMBIX aBTOpaMH 0003HAYEHHI 1aeTcsl TIPH EPBOM YIIO-
TpeOIeHNH B TEeKCTe. ByKBBI JIATHHCKOTO an(aBUTa HAOUPAIOTCS
Kypcugom, OYKBBI TPEUECKOTO ali(paBUTa — MPSIMBIM IIPHPTOM.
Maremarmdeckue cuMmBoib! lim, g, In, arg, const, sin, cos, min,
max M T.IL. HaOuparoTcs MpsMbIM mprugpToM. CHMBOI HE JOJDKEH
CIIMBAaThCSl C HAJCMMBOJIBHBIM JJIEMEHTOM B XMMHYECKHX dJle-
menTax (H,0) u emummuax usmepenuit (MB1/cm®) — mpsambiv
(0ObruHBIM) HIpUQTOM. He cremyer cMemmBarh OANHAKOBBIE 10
HaNMCaHHIO OyKBBI JIATHHCKOTO, TPEYECKOTO U PYCCKOTO ali(haBy-
TOB, HCTIOJTb30BaTh COOCTBEHHBIE MaKpOChL. bykBoI /1 J, VU U, €
ul,hun,gug Vu U, O (Oyksa) u 0 (Hysb) ZOIDKHBI Pa3THIaTHCS
TI0 HAYEPTaHUIO.

Mexay nugpoBbIM 3HaYEHNEM BEJIWYMHBI U €€ Pa3sMEpHO-
CTBIO CJIE/lyeT CTaBUTh 3HAK Hepa3phIBHOTrO mpoberna. [lepeno-
CBI B CJIOBax JIM00 HE YMOTPEOISTh, JINOO ITOIh30BaTHCS KOMaH-
JIOHM «paccTaHOBKa IEpeHOCoBy». He ncrons30Bars B TEKCTE LIS
(opmarrpoBanus 3HaKH 1pobena. Pasmiyars neuc «-», 3HaK
MHHYC «—» H TUPE « — ».

®DopMyIIbl CO3AI0TCS C TIOMOIIBI0 BCTPOEHHOTO PeakTopa
¢dopmyn Microsoft Equation ¢ Hymepanueir B KpymibIX CKOO-
Kax — (2), BBIPaBHUBAIOTCS MO MpPaBOMY Kparo, pacuimppos-
Ka Bcex oOo3HaueHwid (OykB) B popMymnax maercs B MOPSIKE
ynomuHaHus B opmyne. @opMyInbl JOMMKHBI ObITH aKKYPaTHO
HaOpaHBl Ha KoMmmbioTepe. Bo m3bexaHme HeqopasyMeHHH H
omrOOK pelakIst peKOMEH/IyeT aBTOpaM HCIONb30BaTh B (hOp-
MyJnax OyKBBI JIJATHHCKOTO, TPEYECKOT0 M JAPYTHX (HE PYCCKHUX)
andaBuToB; mpu HabOpe GOpMyIT HEOOXOIMMO COONIOCTH pa3-
Mepbl 10 yMomyaHuio. CrielyeT y4uTbhIBaTh, YTO MPH BEPCTKE
(OpMyJIBI TOIDKHBI TOMEIIATHCS Ha ITOJIOBHHE CTPAHULIBI (8 ¢M).
Bombimme ¢opmynbl HeoOxoauMo OyneT pa30uBaTh Ha OTIEIb-
Hble ()parMeHThl. PparMeHTs POPMYIT IO BOSMOKHOCTH JIOJDK-
HBI OBITh HE3aBUCHMBI (IIPU UCIIOIB30BaHUU (HOPMYIIBHOTO pe-
JTaKTOopa Kakaas CTpOoKa — OTJAeNbHbIN 00bexT). Hymeparuo u
MO BO3MOYKHOCTH 3HaKH NPENUHAHUS CIIEAYET CTaBUTh OTJCIb-
HO OT (popMya1 0OBIYHBIM TeKkcToM. HymepoBath crnemyer TonbKo
T€ (hOPMYIIBI, HA KOTOPBIE €CTh CCHUIKU B TEKCTE.

Tabmumpl, pucyHKH, ¢oTorpaduil pa3MEINAOTCs BHYTPH
TEKCTa M MMEIOT CKBO3HYIO HyMEpaLHIO 110 CTaThe (HE 1o pas-
nenam!) M coOCTBeHHbIE 3aroloBKH. Ha3BaHWS BCeX PHCYHKOB,
¢otorpaduii 1 TabIUI TPUBOIATCS HA PyCCKOM s3bIKe 11 Kermem,
KypcuBoM. Hymeparms 0003HaueHHi Ha pUCYHKaX JAaeTcs MO I10-
PSIIKY HOMEPOB IO YaCOBOH CTpEJIKE WM CBEPXY BHH3. PUCYHKH
HEOOXOIMMO BBITIONHSATH B KOMITBIOTEPHOM BHJIE, JKENATeIbHO B
nporpamme Word 97, Corel Draw (o 13 Bepcum) mo ciemyro-
MM TIpaBHJIaM: IIHUPHHA PUCYHKA He Goliee § ¢M; TONIIMHA JIU-
HHMH: OCHOBHBIX — 1 1T, BcmomoraTenbHbiX — 0,5 nt; s 0003Ha-
YEeHUH B TI0JIe PUCYHKA UCTIONB30BaTh MpU@T Times New Roman
pa3mepom — 9 nT. PucyHKE ¢ OONBIINM KOJHYECTBOM JeTajiei
(cmoxHBIE cXeMBI, Tpa(uKh) pa3MemamTcs Ha BCIO IMTHPHHY
crpaHuns (16,5 cM). BekTopHBIE pECYHKH 3alHCHIBAIOTCS B OT-
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JenbHbIe (Daiinbel 1OKyMeHTOB. DOTOCHUMKH TOJDKHBI OBITh KOH-
TPacTHBIMH M BBINOJIHEHHBIMU Ha MaToBol Oymare. OTcKaHHUpO-
BaHHbIE (oTorpaduu 3anuceiBaroTcs B Qaiinsl B popmare TIFF,
JPEG. CkanupoBath n300pakeHUE clieayet ¢ paspemieaueM 300
dpi 1 KOHTpacTHBIX YepHO-0enbiX pucyHkoB U 600 dpi — s
TIOJTyTOHOBBIX. L|BETHBIE WILTFOCTPAIMY JIOITYCKAIOTCS 1O COTVIa-
COBAHUIO C pellaKIUEil.

O003Ha4YeHs, TePMUHBI, WUTIOCTPATUBHBIA MaTrepual, CITH-
COK JIUTePaTyphl JOJDKHBI COOTBETCTBOBATH AericTByronmM [ OCT.

Bubmiorpadirdeckrie CChUTKA B CITFICKE JIUTEPaTypPhl HyMepy-
FOTCSI B TOH ITOCIIEIOBATEIFHOCTH, B KAKOH YIIOMHHAIOTCS B TEKCTE.
Onucanue mureparypHbix HcTouHUKOB 1o TOCT 7.0.5-2008.

IIpunaoxenns k crarbe

1. AHHoTamms (Ha OTHENBHOH crpanHune — He Oomee 100
cioB). B Hell He pekoMeHmyercsi MCHONb30BaTh (HOPMYIBI H
CCBUIKM Ha JuTeparypy. Ecim pykomuchk mopaercs Ha pycckoM
A3BIKE, TO aHHOTAIIMS IOJDKHA OBITh ITPOIyOIMpOBaHa Ha aHIINIA-
CKOM C yKa3aHHEeM Ha3BaHUS CTaThy, (PaMHIINIA 1 HHUIHAJIOB aB-
TOPOB Ha ATHUX sI3bIKaX. ECIM pyKONHCh Mof1aeTcsl Ha aHIIIUHCKOM
A3bIKE, HEOOXOAMMO MPHBECTH TAKXKE AHHOTALMIO HAa PYCCKOM.
Amnnoranus edaraercs mpudtom Times New Roman (12 keris)
B OZTHOM (paiiiie B CreayroIIeM TOpsIKe: Ha3BaHHE CTAThH, aBTO-
PBl, HANMEHOBAHHE OpPTaHM3aIMH, TEKCT aHHOTALlMN HA PyCCKOM
SI3BIKE; JaJiee, 4epe3 2 CTPOKH, B TOH JKe TIOCTIEI0BATENFHOCTH —
Ha aHIVIMHCKOM SI3bIKe. AHHOTAIMSI TakoKe MyONIMKyeTCs Ha caiTe
XKypHaIIa www.naukagor.ru. (Ha pycCKOM M aHIJIMHCKOM SI3bIKaXx).

2. CBeneHus 00 aBTOpax Ha PyCCKOM M aHIJIMHCKOM SI3bIKaX
neyaraercs mpudTom Times New Roman (10 xers) 1 107KHO
coJleprKarh CIEAYIONYI0 MH(OPMAIMIO: JODKHOCTh, HAy4HOE
3BaHUe, YUeHas CTeleHb, Harpajpl U HayuHbIC MMPEMHH, KPYT
Hay4HBIX HHTEPECOB, KOJIIMYECTBO MyOIMKALUiA, MECTO pabOTBhI,
e-mail, Homep TesnedoHna.

3. ®otorpadun aBTopoB s pestome B ¢popmare TIFF wmmm
JPEG (300 dpi).

4. Pedepar crarsu (ot 300 cno). [TapameTps! ctpanmiimt: Gop-
Mar A4 (210x297 MM); MEKCTPOIHBI MHTEPBAJI TOIYTOPHBI;
mpudt Times New Roman (12 xemb) B omHOM (aiine B cremy-
IOIIEM TOpsIIKE: HAMMEHOBAHNE CTAThU, aBTOPBI, HANMEHOBAHUE
OpraHu3anyy, pedepar Ha pycCKOM SI3bIKe; faliee, 4epes 2 CTPOKH,
B TOH 7K€ MOCIIE0BATENHHOCTH — Ha aHIJIMHCKOM SI3bIKE.

5. DnekTpoHHas BEpCHsl CTAaTbU TPEACTABISETCS B Pelak-
muto Ha CD-R-mucke unm mo »MeKTpOHHOW mouTe. 3armuch
(haiisoB BBHIMOHSIETCS B TEKCTOBOM pemaktope Microsoft Word
(pacupenust .doc wnu .rtf), s Habopa HopMyIl IPUMEHSITH
penaxrop Equation 3.0.

JIOIKHBI IPUCYTCTBOBATH CEyIOmue (aiibr:

- OCHOBHOM, COZIEp KAIINHA TEKCT CTaThy, BKIIOYas GopMy-
JbI, TaONWIBI, PUCYHKH, TOAPHCYHOUYHBIEC IOIINCH, CIHCOK
JMTEpaTypbl, aHHOTALMS U KIIFOUYEBBIE CII0BA HA PYCCKOM U aH-
IJINICKOM SI3BIKAX;

- COZIEpYKalIHi TOBKO MILTFOCTPALIMH, KOTOPBIE JIOJDKHBI OBITH
HMMEHOBAHBI TaKMM 00pa3oM, YTOObI ObLIO MOHSTHO, K KaKoH cTa-
ThE€ OHM MPUHAISKAT U KAKMM 110 HOMEPY PUCYHKOM CTaTbH OHH
sBISTFOTCsL. Kk piid (haiiin TOIDKeH ComepykaTh OUH PHCYHOK.

DnekTpoHHas U OyMa)kKHAsi BEPCHUM CTaTbU IOJDKHBI OBITH
a0COJIFOTHO WAEHTUYHEL.

Ecnum aBTOpBI HE MOTYT ITOJTHOCTBIO HIIM YACTHYHO YHAOBIIET-
BOPHUTH TPeOOBaHMS 10 O(POPMIICHHIO PYKOIIMICH Ha IHCKE, M
HE0OXOIMMO TPOKOHCYIBTUPOBATHCS B PENAKIINH.
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The journal publishes only the original articles. The author is fully responsible for the requirement.

The manuscripts are not returned to the authors in case of being rejected in publication. The editor has a right to make reductions
and corrections of the article text. All corrections in the text and figures can be done by the authors only at the stage of the typesetting

preparations. The correction isn’t sent to the authors for revision.
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authors’ copies or their articles from the editorship.

The editorship isn’t responsible for the advertisement information.
Reprinting is allowed only with the editorship permission with the obligatory references to the journal «Sustainable Development

of the Mountain Territoriesy.
INSTRUCTIONS FOR THE AUTHORS

The following materials should be presented to the editorial
office:

- an article, both in paper (2 copies) and in the elec-
tronic version. The second copy must be signed by the
authors;

- a separate sheet with the information: about the authors
(surname, name, patronymic name, scientific degree, rank,
name of the organization, office and home address and tele-
phone number, E-mail (if exists) and the reference to the author
to contact with;

- a confirmation from the organization in case the presented
materials are the result of the work carried out in that organiza-
tion; the journal heading should be pointed out in the confirma-
tion;
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- an expert conclusion or any other document allowing the
publication in the open press confirmed by the organization
head and proved with the stamped seal; the expert conclusion is
presented only by the authors from Russia;

- CD or a diskette with the files containing an obligatory set
of the electronic files;

- recommendations for the translation including scientific
terms, key words, cuttings, surnames, etc. (if the translated ver-
sion is supposed to be published abroad).

THE ARTICLE LAY-OUT RULES

The following information should be pointed out on the first
page: the article heading in Russian (in capital letters, without
quotation marks, without division of a word, without a full stop
at the end, underlining isn’t used), point 14 semi bold, centre
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aligning; the authors surnames (point 12 semi bold type, the
right-edge aligning), the organization name, town, country, a
person responsible for the manuscript publication.

The article text is typed in Times New Roman (14 pt) through
an ordinary interval aligning along the format. A subtitle is typed
in italics, aligning along the left edge. The common terms, mea-
surement units and conventional symbols similar for the whole
article are used. The decoding of all symbols is given for the first
text use. The Latin alphabet letters are typed in the italics while
the Greek and Latin letters in the straight type. The mathemati-
cal symbols lim, Ig, In, arg, const, sin, cos, min, max, etc. are
typed in the straight type. The symbol shouldn’t coincide with
the over symbol element in the chemical elements (H,O) and
measurement units (MBt/cml) and must be of the straight (ordi-
nary) type. You shouldn’t mix similar written letters of the Latin,
Greek and Russian alphabets and should use the proper macros.
The letters L and J, e and I, h and n, q and g, V and U, O (letter)
and 0 (zero) must differ in inscribing.

There must be a sign of the continuous gap between a value
figure meaning and its dimension. The hyphens are not used oth-
erwise the command «hyphens arrangementy, the gap signs also
mustn’t be used in the text for the lay-out and a hyphen «-», a
minus sign «—», and a dash « —» should be differentiated.

The formulas are designed with the help of the built-in for-
mulas processor (Microsoft Equation), the enumeration being
done in the round brackets (2), aligned along the right edge;
the decoding of all signs (letters) in the formulas is given in the
order of the formula reference. The formulas should be typed
on computer. To avoid the errors and misunderstandings, the
editorial staff recommends the authors to use the Latin, Greek
and other (not Russian) alphabet letters in the formulas and to
keep to the omission sizes while the formulas printing. One
should account that during the page-making the formulas must
be placed on the half of the page (8 sm), the big formulas being
split into the separate fragments. If possible, the fragments must
be independent; each line is a separate object. The enumeration
and stops should be put into an ordinary text separately from the
formulas. Only the formulas having the text references should
be numerated.

The tables, pictures and photos are placed inside the text and
must have a through numeration along the text (not by the
sections!) and their own headings. The titles of all tables, pic-
tures and photos are presented in Russian (11 point, italics).
The numeration of the picture symbols is given in clockwise
order or from up to down. The pictures should be done in
the computer form, preferably in Word 97 program using the
following rules: a picture width — not more than § sm, a line
thickness: the main — 1 pt, auxiliary — 0,5 pt; for the symbols
in the picture area — «Times New Romany type of 9 pt must
be used.

The pictures with the great amount of details (complex
schemes, graphs) are placed on the whole page width (16,5 sm).
The vector pictures are written into the separate documentary
files. The photo pictures must be contrast and performed on the
mat paper. The scanned photos are written into the files of TIFF,
JPEG format. To scan the image one should use the resolution
of 300 dpi for the contrast black-white pictures and 600 dpi for
semitone ones. The colour illustrations are admitted on the edi-
torial is agreement.

All symbols, terms and illustrations should correspond to the
operative standards.
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The literature sources should be numerated in the order of
the text reference (not in the alphabetic order). The literature
sources list is given as a total list at the end of the article. The
list is composed according to the references consequence in the
text. References should be designed according to GOST 7. 1-84.
All references to the literature sources are applied in the square
brackets [3].

SUPPLEMENTS TO THE ARTICLE

1. Abstract (on a separate page — not more than 100 words),
without formulas and literature references. In case a manuscript
is presented in Russian, the abstract should be repeated in Eng-
lish with the article heading, surnames and names in this lan-
guage. In case a manuscript is presented in English, the Russian
variant must be supplied. The abstracts are typed in Times New
Roman (12 point) in one file in the following order: the article
heading, the authors, the name of the organization, the abstract
text in Russian with the further information in 2 lines in the same
sequence in English. The abstracts are also published in the jour-
nal site www. naukagor.ru (in Russian and in English).

2. Resume in Russian and English is typed in Times New
Roman (10 point) and must contain the following infor-
mation: a place of work, a post, a scientific rank, degree,
awards and scientific grants, professional experience, the
main sphere of the scientific interests, the number of the
publications for each author.

3. The authors’ photographs for the resume should be done
in TIFF or JPEG format.

4. The essay text (one page) for the publication in the es-
say journals. The page parameters: A4 (210x297 mm) format;
interline interval — one and a half; Times New Roman (12 point)
type in one file in the following order: the article heading, the
authors, the organization name, an essay in Russian, then in 2
lines in English.

5. The electronic version of the article.

To reduce the material preparation time for the publication
and to avoid errors during typing, the materials should be pre-
sented on the CD-R disks. The files are written in the word pro-
cessor Microsoft Word (doc or rtf), the formulas being printed
with Equation 3.0. The author’s name should be pointed out in
the file title. Several file copies are preferable.

The following files are to be present on the diskette:

— the main file containing the article text, formulas, tables,
pictures, under picture signatures, reference list, abstracts in
Russian and English;

— the file containing only the illustrations for to the exact
articles or pictures. Each file must have one picture.

The electronic and paper versions should be identical.

In case the authors fail to meet the requirements on the man-
uscript design on the disk, they should consult the editorials.

The editorial office address: 44 Nikolaev Str., Vladikavkaz,
North Ossetia-Alania, Russia, 362021, The North Caucasian In-
stitute of Mining and Metallurgy (The State Technological Uni-
versity), the Editorials of the journal «Sustainable Development
of Mountain Territories».

Phone: +7(8672) 40-73-60, +7(918)707-39-25 (mob.).

E-mail: editor@naukagor.ru.
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AOOPOI'ME PEKJIAMOOATEJIN!

pEﬂﬂI{uHH ¥MypHana npwrnawaeTr Bac PA3IMECTUTE pexknamy no
TEMaTHKe XypHana Ha ero cTpaHuuax (npepoctaesnenue yenyr e cepe
WH(OPMALNOHHBIX TEXHONOrWI U NporpammHoro obecneveHus, kynnsa-
npogaxa NpUPoOAHLIX MATEPWManNoE — KaMHA, WHOTO ChLIpLA, NPEeanoMe—
HWA 0 NAapTHEPCTEE B HAYYHOA-NpakTH4YECKON AEATENLHOCTH, B obnactn
METannypru4eckoro npoussoacTea u oboraweHns pya, aHoHe onybnn-
KOBaHHBIX MOHarpachui, WHOR NeYaTHon NpoayKLMK U np.).

He npuHumMaloTcA ANA pasMelleHnA peknaMibie MaTepuansl, coaep-
KaHue unn othopMNEHUE KOTOPBLIX HE COOTBETCTBYET MOPanbHbLIM U 3TH-
YECKMM HOpMam, NPOTUBOPEYNT AeRCTBYIOWEMY 3akoHoaaTenscTey PO
WK MOXET OTPULATENLHO CKA3aTLCA Ha peanuaauyuu xypHana «Ycron-
4YWBOE PA3BWTHUE NOPHBLIX TEPPUTOPWAY.

Pepakyua xypHana octaenser 3a coboi Nnpaeo He NPUHUMATE K pas-
MELLEHUID TE UMW WHBIE PEKNaMHBLIE MaTEpHan..

Ecnu peknamupyemsid TOBap MNKU ycnyra nognexut obazatensHoi
cepTunKauumn NN NMUEH3NPOBAHUIO, UNK ECNW AEATENLHOCTL pekna-
MOAATENA NOANEMWT NUUEH3WPOBEHWIO, B PEKNamHbie MaTepuanki
fonwed GbITe BKNIDYEH HOMED NULUEH3WM WAW CepTUUKaTa Ha pekna-
MWPYEMBLIA TOBEP WNW YCAYry WM HOMEP NWUUEH3WW HA AEATENLHOCT,
ocyujecTensemyio peknamopatenem. Pepakums xypHana «Ycroiuusoe
pasenTHe ropHbIX TEppUTOpWAn Bnpaee noTpeboeaTs NpegbABnEeHWA
cepTudMKaTa Mnu NUUEH3uK,

Tupax 500 3ka3. NepwoanyHocTe KypHana 4 paza & rof.

O6wem wypHana 100-120 4yepHo-6enwix nonoc, NONHoOWBETHaA oBnoxKa,
UEBTHBIE BKNEAKW.

Tepputopuna pacnpocTpadenwa Poccuna, CHI, cTpadw EBponel, Aznn.

PacueHkn Ha paamelyeHne peknamel (B pybnax, B .4. HOC 18%)

Mecto EEMCUHICHIH PeERTaMEBI CToHMOCTE
| 2=8 00 3-8 CTp. AVIOGKKH | LIBCTHAR ) 15 (K
d=g cTP, ORIOHKE (BCTHAS ) 140 (HHD
| Crpariia BIEYTPI Y PpHAT (HBETHAR) Ad 6 000
CTpasnia BHYTRH ®ypHama (Mepro-tenag ) Ad 5 00H)
| 1/2 Ad (mepro-Genas ) 2 500
L 14 Ad (vepro-Oenan ) 1 3iHl

Bce pEKknamofareny  nony4yanT GecnnaTHele 3K3emnn APkl WMypHana < Mx
PEKNEMOR.

nFII'I FEEI-MBI.I.[BHI'IH PEKN@Mbl B TREX W Gonee HOMER&SX NpeQOCTABNAETCA CKAOKa
e paamepe 10% oT cTOMMOCTH paKNaMEl.

Mo Bonpocam pasMelEeHWA PEKNAMBl HB CTPEHWUEX mypHana «YcToR4YmBEDe
PAIEWTHE rOPHLIX TEPPUTOPWAR 0BPAWATHCA B PEAAKLWKD XypHANE:

Ten.: +7[918)707-39-25, e-mail: editor@naukagor.ru
nﬂEHgﬂK QI:IJI:IDMHBHI'IH JaKa38 HE pa3MELBEHWE PEKNEGME] B MyRpHanNe:

1. Heofxogumo ohopmuTs Aoroeop cornacHo npunaraemon dopsme (Bce nogpoBHOETH Ha
ohMUMANEHOM CARTE XYpHana «YCTOAYMEDE PAIBMTHE FOPHLIX TEPPUTOPMAS) W HANPAEKTL BrO
B PEAAKLNI RypHana,

2.B CNy4Yae ecnd 30KA3LIBAEMAR PEKNEMHERA NNOWANE MOKET BbITh npenocTaEneHa, Bam
GyneT BLICTABNEH CYET, 8 Nnowaas ByneT 3apesepevposaya, ECRM cHET HE ONNEYEH B TEYBHWE
5 BaHKOBCKWX J],Heﬁ. PEQAKLWA ENPABE OTMEHWTE PEIEPERPOBEHHE IBKEIAHHOND PEENEMHOID
MECTA.

3. Maker npepocrasnaetch Ao 20 Ydcna MECAUA, NPEAWECTEYIOWETD MECALY BeiXoga
COOTEETCTBYIOWErD HoMmepa sypHana. [Mawker nepepsetca & dopmare Tif, CMYK 300
pixels/inch wnw Grayscale] wa CD-ROM. Mepepava MExeTa no 3INEKTPOHHOW nouTe
OroBaPHEAETCA 0TARNLHO. Mo BAWEMY KENAHH0 BOIMOXHO WIMOTORNEHHE peXnamHoro Bnoka
AvaadHepamiu wypvana. [leTand 3akaia oroEapuBaTCA no TenedioHy PEOSKUMH KA 0o
INEKTPOHHOA NOYTE.

T.10. Ne4(38), 2018 1.



ot sl By
Vi ol 0 T W LR

¥ W QAP Iw W
YHRIEEFCING

s
MR

|| L 1!
Ve KT

i B ) : CeroaHA Cepepo-FaBkaickiil ropHO-METAnnYRrM4eckuin
——— i WHCTHTYT (rOCYAapCTREHHEIR TEXHONOTUUYECKMIA

- 1 1 : o] YHMBEPCWTET) — 3TO AWHAMMYHO Pa2BUEAIOWEECH BbiClIee
yuehHoe 3aBefeHie. TOTOBALLEE CNeLWannCTOR NA MHOTWX
OTpacnen HapoaHOro XO3ANCTEE, KPYNHLIR
HAYYHO-TEXHMYECKMA LUEHTD, BeOyLWWA akTUBHYD W
NACAOTEOPHYI0 HaYUHO-WCCAENoBATENLCKYI0 JeATENBHOCTD.

CKIMK cerogHa — 3aT0 GNaroyCTPOEHHBIN M YXOMEHHLIR CTYOeHYECKNA
ropogok, 20 yueGHbIX W BCNOMOTATENBHBIX KOPNYCOR, NPOCTODHOE
OOILEMMTIE, HOBLIW NNaBaTENbLHLIA BaccefiH, CNOPTHEHLIA KOMMNEKT C
HyTEONLHLIM NONEM M, KOHEUHO, CTYABHTHI,
Ha geeHaguatv dakynsTetax YHHBEPCWTETA B HACTOALEE BPEMA
obyuaetca Bonea 6 (00 crynentos no 36 cneunanbHOCTAM W
HanpagneHuam. 371o: lopHo-reonormuecknid, MeTannyprudeckni,
INEKTRPOMEXAHWYECKMA ¥ APXUTEKTYPHO-CTROWTENEHEIA haKkynLTeTh,
PaKyNbTETH INEKTPOHHOW TEXHKMEN, WHEOpMaLWOHHBIX TEXHONOIMA,
Mulessix NPOM3BAACTE, JKOHOMMYECKM, HIpWMOMYECKWRA, a Takse
dakyneTeThl 3acuHoro obyueHud, [oBY30BCKOR NOAroTOBKW,
MoBBlUeHMA KBaNMGHEALMK W NEPENOAroTORKY CNEUWanicTos,
B acnupanType yHHMBEPCUTETa MO PYKOBOOCTBOM HalllX MMEHNTEIX
yUeHbx npogon#aer obydeHne Bonee 180 acnHpaHToB.

. ; Foe | Mpw CKIMKW dyHELMOHMPYIOT AWCCEPTALMOHHBE COBETH, B KOTOpBIX
‘P"é@‘;, eerofHo npoxoant Gonee 50 3aluT AOKTOPCKMX W KaHOMOAATCRMY

* | AvccepTauui.
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