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BEPUDOUKALINA MOOEJIN
FTOPHbIX OBBAJIOB HA OCHOBE
KOHTUHYANBbHOIO NOAXOOA

Kan JIOPCT

2Qpnoea H.C.,*
1KameHeukun E.C.

Beenenne

O6Ban — 3710 00pyLICHNE KaK OTAEIBHBIX IO U OIOKOB, Tak U Ooiee KpyI-
HBIX 00BEMOB TBEPIBIX U OTHOCUTEIHHO TBEPABIX TOPHBIX MOPOA U3 OOHaXxKe-
HUH, PacToOJOXKEHHBIX Ha TOPHOM CKJIOHE WJM W3 KPYTOW, IOYTH OTBECHOM
BEPXHEH YacTH CKJIOHA, CONPOBOXKAAIOLIEECS UX CKAaThHIBAHUEM, OIPOKUIbIBA-
HUEM U packaibiBaHueM [1].

BaxkHoCTh N3yueHus OJOOHBIX SBICHUN OIIPENeIsIeTCs LeIbIM PAIOM IpH-
YMH, CPelu KOTOPBIX ONACHOCTH UISl JKU3HEAESITEIHbHOCTH YeslOBeKa Ha Co-
OTBETCTBYIOLINX TEPPUTOPHUAX; PACHPOCTPAaHEHHOCTb, YBEIMYMBAIOILASCA B
CBSI3M C OCBOCHUEM TOPHBIX WM NPENTOPHBIX TEPPUTOPUI; HEOKHIAHHOCTh UX
BO3HUKHOBEHHMSI; y4acTue B (POPMUPOBAHUN U U3MEHEHUU pelibea MECTHOCTH
U T. 0. B Hacrosmmee BpeMs akTyallbHOM 3aladedl SBISIETCS OLIEHKa pa3MepoB
30H MOPaKeHHsI IPH 00BaslaX MACChl TOPHBIX TIOPOA.

s uccnenoBanus 0OBaNIbHBIX IPOLIECCOB IPUMEHSIOTCS Pa3IN4HbIE METO-
Ibl, CPEAN KOTOPBIX BAXKHYIO POJIb UIPAET MAaTEMAaTHYECKOE M KOMIIBIOTEPHOE
MoznenupoBaHue [2-9], B 0COOEHHOCTH AJISl TE€X CJIydaeB, KOT/a peajbHbIC Ha-
OJIONEHHS M CO3/laHUE HKCIIEPUMEHTAJIBbHBIX YCTAHOBOK OKAa3bIBAIOTCS 3aTpPyH-
HUTEJIbHBIMH.

Ha ceromusmHuii neHb 47151 ONKMCAHUS TOPHBIX O0BAJOB MCIIONB3YIOTCS, B
OCHOBHOM, AMCKpPETHBIE MOAETH. JJUCKpeTHBIE MOJEIN MOTYT ONMCHIBATh ABH-
KEHHE MOTOKA BEILECTBA JIMOO B BHUJE ABMKEHHS TPYIIBI OTIAEIBHBIX HE CO-
YOApSAIOLIUXCS APYT € APYTOM YacTHL, KaKJasi U3 KOTOPBIX 0€3 CONPOTUBICHUS
MIPOXOIUT CKBO3b APYTYIO (COCEIHIOI0) YacTHILy, TM00 B BUIE IPYIIIEI YIIPYTO
COyIapSIOMINXCS APYT ¢ Apyrom dactull [3—7]. OHU MO3BOJISIFOT MOZACIUPOBATh
OTPaHUYCHHOE KOJMYECTBO IBMKYIIMXCS OOJIOMKOB. YBEJINUEHHE KOJINUECTBA
MOJEJIHUPYEMBIX OOJIOMKOB TpeOyeT IOCTaTOYHO MOIUHBIX BBIYMCIUTEIBHBIX
pEeCypcoB, T.K. HEOOXOIMMO paccMaTpHBaTh IBMKEHUE KaXAOro oOJIOMKa B
OTHeNbHOCTH. VI3BECTHHI TakXe M KOHTHHYallbHbIEe Mojenn oOBaioB [§; 9], B
KOTOPBIX ABIJKYILASCS Macca BELIECTBA NPEACTABISICTCS B BUAE CIUIOLIHOM
cpelbl, XapaKTepU3yIOIIelcs Hepa3pbIBHBIM IIOJIEM 3HAYCHUH (U3NIECKUX
napaMerpoB. Ho 3Tu Mozenn He y4uTBIBaIOT MPOLIECC OKMXKEHUS IOTOKa 00-

"FOXHBIN MaTreMaTHIeCKU HHCTHTYT-(puiiran BiiajikaBka3cKoro Hay4qHoro eHTpa Poccuiickoil akagemMun
Hayk, I. BnagukaBka3, Poccus

2®unancoBbIi yHEBepcHTeT pH [IpaButenscree PO, . Biuanukaskas, Poccust

*e-mail: norlova.umi.vnc@gmail.com
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

BaJIHBIX TOPHBIX MOPOJ, IBMKYIIUXCS MO CKIoHY. [lof
OXIDKEHHEM MTOHMMAETCsl H3MEHEHUEe 0OBEeMHOH IIIOT-
HOCTH OOJIOMKOB IO TOJIIHHE CJIOsI, KOTOPasi MOXKET Me-
HATbCSI BO BpeMs ero ABuxkeHus. HecmoTps Ha nocra-
TOYHO OOJIBIIOE KOJTMYECTBO M3BECTHBIX 3apyOeKHBIX
W OTEUYEeCTBEHHBIX HAyYHBIX PalbOT, OTCYTCTBYET MaTe-
MaThyeckass Mojesib 00BajoB, KoTopas Obl yYHTHIBasa
OXIDKEHHE OOJIOMKOB, BBI3BAaHHOE HX XaO0THYECKUM
JBUKEHUEM.

B pabote [10] ucciienoBaiach MaTeMaTU4eCKas MO-
JeNlb IBKEHHS OOJIOMKOB FOPHBIX IOPOJ C UCIIOIB30-
BaHHEM KOHTHUHYaJbHOTO IOAXOAA, KOTIJa JBH)KEHUE
MIOTOKa BELIECTBA MPEACTABISAETCA B BUJE CIUIOIIHOMN
cpenpl. B Mozenn yduThIBaeTCs OXKMXKEHHE IOTOKa
00BaJIbHBIX TOPHBIX MOPOJ B MPOLECCE WX ABMKEHUS
Mo CKJIOHY. MonenupoBaHue OXHMKEHHUS TOTOKa 00-
BaJIBHBIX TOPHBIX MOPOJ OCYLIECTBISETCS C HCIOJb-
30BaHHEM KHHETHYECKOW TEOPHUM TpaHYJSIPHBIX Ta3oB,
KOTOpasi yYUTBHIBAET Xa0THYECKOE IBUKECHHE 0OIOMKOB
(BcnencTBHE UX CTOJIKHOBEHUH APYT C APYrOM U C TO-
BEPXHOCTHIO CKJIOHA) KaK B IUIOTHOM, Tak W B pa3pe-
KEHHOM COCTOSIHMH. Takum 00pa3oM, KWHETHUYecKas
TeOopHsl TPAHYJSIPHBIX Ta30B 2T BO3MOXKHOCTh YUECTh
BIIMSIHHE CTOJIKHOBEHHH OOJIOMKOB JIPYT C APYTOM H CO
CKJIOHOM Ha JBHWXeHHe 00BajioB. PaHee Takoil momxon
HE MCIIOJIB30BAJICS I ONMCaHUsl 00BaJIOB.

CrnenyeTr oTMETHTH, 4TO B padore [10] npencrasie-
HBl pe3yibTaThl MOJCIMPOBAHUS ABMKEHHUS 00BaIOB
B JAByMepHOM HpuOnmxeHuu. bouto mpoBeneHo cpas-
HEHUE IOJIyYeHHBIX pPE3YyJlbTaTOB PacdeTOB C pe3ylib-
TaTaMy JIpyTUX U3BECTHBIX Mozenel [5; 11], koTopsie
OTIMCHIBAIOT peanibHble Habmonenus. [loaydeHnsle pas-
Mephl 30HBI MOPaXXEHUSA B CPEAHEM COBIAJAIOT C pe-
3yJIbTaTaMH, KOTOpBIE PacCUUTaHBl IO YNPOIIEHHBIM
JUHAMUYECKUM MOJAEISM H MOJMyueHBl Ipu o0paboTke
JaHHBIX HAOIIOJCHHM.

B manHoi#1 paboTe mpencTaBieHbl Pe3yabTaThl TPEX-
MEPHOTO MOZCTUPOBaHMs ABIKEHHS OOBaJOB C HC-
M0JIb30BAHMEM MOJEIN Ha OCHOBE KOHTHHYaJIbHOTO
MOJX0Ja C YYETOM OXKUKECHHUS MOTOKa OOBAJILHBIX TOP-
HBIX MOpoJ. Bepudukanus Moaenu ocymecTBIsIIach ¢
HCIIOJIb30BAHUEM PE3YIBTATOB IKCIIEPUMEHTOB, IIPOBE-
JCHHBIX B J1a00OpaTOpHbIX ycnoBusx [12].

[Tony4yenHsle pe3ynbTaTbl CPaBHUBAINCH TaKXKe C
pacueTamMu ABMKEHHS OOJIOMKOB TOPHBIX MOPOA IpH
o0Bajie, TOMYYeHHBIMH C WCIOJb30BAHUEM MOJEIH, B
OCHOBE KOTOPOH! JIEKUT METOJ AUCKPETHBIX JIEMEHTOB
(MZ3) [13]. B sTom cimydae BBIYHUCICHUS OCYIIECT-
BISUIMCH C HCIIONB30BaHHEM CBOOOAHOTO OTKPBITOTO
nporpammHoro kona LIGGGHTS [14], B koTopoM pe-
anu3oBad M/ID. B pacueTax MCHojb30BaHbl MOHOIU-
criepcHbIe CEepUUEeCKUEe YacTHULBI AUAMETPOM 5 MM,
YTO NMPUMEPHO COOTBETCTBYET CPEJHEMAcCOBOMY pa3-
Mepy 4acTHI] B SKCTIEPUMEHTaXx.

Ha puc. 1 npencraBineHo Moj0oKeHUE YacTHUI 10JI0-
MUTA T0CNe O0pYyIIeHHs, TOTYyYEeHHOE MPU BU3yalln3a-

8

UM pe3yIbTaTOB pacyeTa C HCIOJIb30BAHUEM METOAA
JIUCKPETHBIX 3JEMEHTOB. M CHoiab30BajioCch 3HAUCHHE
Macchl JJOJIOMHUTA m = 3 KT, yIjia ckiioHa f = 35 rpany-
COB, BBICOTBI, Ha KOTOPOW pacrojiarajics Mmarepuan, i =
50 cm. Pasmepsl pacueTHO# 001aCTH COOTBETCTBOBAIN
pa3Mepam PKCIepUMEHTaIbHON yCTaHOBKH. JalbHOCTh
npoOera Marepuaia onpeaesuiach Tak )Ke Kak U B KC-
MEpUMEHTATBHBIX HMCCIEIOBAHUIX IYTEM IMPOBEICHUS
TpaHUIIbI, pa3fesIoONel CIUIONIHYIO YacTh Marepuaia
OT YacCTH, B KOTOPOU Marepuai paspexeH (puc.l).

Puc. 1. Pesynomamot sxcnepumenma. Buo ceepxy /
Fig. 1. Experimental results. The view from the top

MarepuaJi 1 METOABI HCCIeI0BAHMSA

Jns MopenupoBaHHs ABMXKCHUSI 0OBaJIOB Ha OCHOBE
KOHTHHYaJILHOTO TIOX0/Aa ¥ KMHETUYECKOH Teopuu rpa-
HYJISIPHOTO Ta3a MCHOJB30BANCS MAKeT I YHCICHHOTO
MOJIETUPOBaHUs 331a4 ruipoaspomexanuku OpenFOAM.
Hns omucaHus OBHKEHHUST 00Bajia C YUETOM OXKIKCHUS
ucnonb3oBaics pemarens twoPhaseEulerFoam. B perra-
tene twoPhaseEulerFoam peann3oBana ABYyX>KHUIKOCTHAs
MOZIENb KHISIIEro (OKM)KEHHOTO) CJI0si Ha OCHOBE KOH-
THHYaJBHOTO Toaxona (moaxoaa Dinepa), MpU KOTOPOM
JBIDKEHHE CJIOsI paccMaTpuBaeTCs KaK JABW)KEHHE ABYX
B3aUMOJICHCTBYIOLINX KOHTUHYYMOB, CBSI3aHHBIX C Ta30M
u vactuamu. OCHOBHBIE YpaBHEHHsS IBYXKHIKOCTHOH
MOJIENN — ypaBHEHHS HEPa3phIBHOCTH U ypaBHEHHUS KOJIHU-
4yecTBa IBMKEHUS it o0enx (a3 [15-18]:

%(O%p(p)_" V- (O(sopq)U‘P): 0, (1

%(oc(pp(paq,)+ V. (ocq,p(PUq,Uq,)+ V. (a(PE(p,ejf)z

=—0 ,VP+a,p, g+ M

2

Wnzexe a, 03Ha9aeT NPHHANCKHOCTH K (ase (TBep-
JIOW «a» win ra3oBod «by», 00e (as3wl cumraroTcs He-
CIKMMACMBIMH); ¢, — 0OBEMHAsI 0I5 COOTBETCTBYIOILIEH
aser; p, — MIOTHOCTE (askr; 5¢ — BEKTOP CKOpPOCTH
¢daser; R ¢.op — TeH30p 3)HEKTUBHBIX HANPSHKEHUI; P —
JIaBJIeHHEe Ta30BOi (a3pl; & — yCKOpeHHE CBOOOIHOTO
NAJEHUS; A7 — WIEH, MOJIETUPYIOIIMH OOMEH MMITYIIb-
coM Mexay Ghazamu. Beipakenus 11 K03hGUITUCHTOR U
YIEHOB, BXOAAUINX B ypaBHeHus (1-2), moapoOHO omu-
caHsl B ureparype [15-17].

s yaera 3 dekToB, 00YyCIOBICHHBIX B3aUMOJICH-
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CTBHEM YaCTHI IPYT C APYIOM, HUCIIONIb3YETCs] KUHETH-
yeckas Teopus (10 aHAJIOTMK C KUHETHYECKOH Teopueil
rasa), ¢ IOMOIIbIO KOTOPOH MOXKHO BBIPA3UTh 3P PEKTHB-
HBIC HAIIPSDKEHUS!, BOHUKAIOIIUE B JUCIIEPCHOH dase 3a
CUET JBIKCHMS YaCTHII U 32 CYET CTOJIKHOBEHHH YaCTHIL
apyr ¢ apyrom. Ilo aHajmoruu ¢ TepMOAMHAMHYECKOI
TEMIIEpaTypoil, BBOOUTCS TpaHyJspHas TeMmIeparypa
O, KaK cpedHss dHeprus QIyKTyaluid CKOPOCTH YaCTHIL
(06710MKOB). YpaBHEHHUE [UI pacueTa rpaHyIsIpHON TeM-
reparypsl IpeAcTaBIeHo B padote [16].

3agaua pemagach B TpEXMEPHOM NpHOmmKeHuu. Mc-
TIOJTb30BAJIMCH CIIEAYIOLINE HAadaIbHbIC YCIOBHSL:

U.=0; Uy =0, P=0;0,=06;06=0. (3)

Ha puc. 2 cxemarndecky IpeacTaBieHa 00IacTb pac-
YeTOB M I'paHUYHbIE yCIOBHUS 3a1auu. PaccmarpuBanach
0011acTh, COCTOAIIAS M3 CKJIOHA, COMPSDKEHHOTO C TOpH-
30HTAJBHBIM Y9aCTKOM. PacueTsl IpOBOIMIIM TIPH pa3HOM
3HAYEHMH yIVIa CKJIOHA K TOPH30HTAIBHON MOBEPXHOCTU
(B,= 35 rpamycos, B, = 46 rpaxycos u ,= 53 rpamyca).

outlet

inlet
outlet

wall

“wall |

Puc. 2. Obnacmo pacuemos /
Fig. 2. The calculation area

Pa3smeps! BeruncinTensHON obnactu: Beicota H = 3
M, JUIMHA TOPU3OHTAJIBHOIO ydacTka L = 1,5 M, mmupu-
Ha r = 0,45 M, BBICOTa, HA KOTOPOH pacroiarainach 00-
BaJIbHAsl Macca B HauyalbHBIK MOMEHT BpemeHH, 4 = 0,5
M. JIBmwKeHue oOBana pacCUMTHIBATIOCH B CpPeJHEM 3a
40 — 60 c. DTO MO3BONUIIO PACCMOTPETh JABHKEHUE 00-
BaJIbHON Macchl N0 CKJIOHY M TOPU30HTAIbHOMN MOBEPX-
HOCTH 7O MOMEHTa, KOIJa oHa ocrtaHoBuTcs. [Ipu aTom
HCIOIB30BAJICA LIar 1o BpeMeHu, pasHbiid 0,005 c. Hlar
o npoctpancTBy paseH 0,05 m. [IpoBommnocek pacma-
pannenuBaHue pacueToB Ha 4 siapax. Bpems pacuera on-
HOT'O BapHaHTa COCTaBIsUIO MpUMEPHO 30 MUHYT.

B BepxHeil yacTH CKIOHa B HauyaJbHBI MOMEHT Bpe-
MEHH pacrioyiaraiack 00BanbHas Macca B BHJIE TPEYTroJib-
HOM npu3MBbI, 00beMoM npumepHo 0,0023 m?. OGBanmbHas
Macca MpeiCcTaBIsuIach Kak COBOKYITHOCTh TBEP/BIX 4a-
ctul cdepuueckoit Gopmel. Juamerp wactui (0610M-
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KOB) MPUHUMAJICS OJMHAKOBHIM M PaBHBIM 5 MM, UTO
MIPUMEPHO COOTBETCTBYET CPEAHEMACCOBOMY pa3Mepy
YacTHI] B dKciepuMenTax [12].

BaxxHo oTMeTHTH, YTO B paMKaxX KOHTHHYaJIbHOTO
MoJIX0/1a HeoOXOAMMO YYHTHIBATH OTHOIICHUE pa3Mepa
BBIYUCIUTEIBHON SYCHKU (IPOCTPAHCTBEHHOTO Ilara) K
pasMmepy (AuaMeTpy) 4acTull, T.K. KOHTUHYaJIbHBIN MO/~
XOJI OCHOBaH Ha TUIIOTE3€ CILUIOMHOCTU cpeanl. Corac-
HO 3TOU THIIOTE3¢ Macca cpeibl (KOHTHHYyyMa) pacrpe-
JielicHa B 00beMe HeMPEPBIBHO H, B 00IIIEM, HEpaBHOMEP-
HO. OCHOBHOU TUHAMUYECKON XapaKTEPUCTUKOU CPEJIbI
SIBIIIETCS TJIOTHOCTH (0OBEMHasl JOJsI) pacIipeesieHus
Macchl o 00beMy. ['MIoTe3a CIIOmHOCTH Cpebl 03Ha-
YaeT, YTO BCSIKUI MaJIbIid 3JIEMEHT 00beMa CpeJIbl CUnTAa-
€TCS BCE-TaKH HACTOJBKO OOJIBIIINM, YTO CONCPIKUT €IS
o4yeHb Ooubiioe uyucio vactuil [19; 20]. [lox mameiM
3JIEMEHTOM 00bEeMa B JJAHHOM CJIy4ae MOIpa3yMeBacTCsI
pa3Mep BBIYKMCIUTEIBHON STYEUKH.

[anee nmpeacTaBieHbl: TpaHUYHBIE YCIOBUS Ha BXOA-
HOI JieBoii Tpanutie (inlet):

a_on.auzo. %:
on > > on

Ua = 0 ; U]) = O ; O
TpaHUYHBIC YCIIOBUS Ha BEPXHEH W MPaBOM CBOOOTHBIX

rpanunax (outlet):

aUa _O'an _O_a_P_O.a(X‘a _0. ae _0.

om ’om ’on  >dm  om
a TaKoke IpaHUYHbIe YCIoBUs (YCIOBUS NPWINNAHKA) HA
crerkax (wall):

Ua =0- Ub:()-a_on- aa“ =0.£:

’ > On > on > on

Crnemyer OTMETUTD, YTO Il OOKOBBIX MMOBEPXHOCTEH
(puc. 2) ucnonb30BaUCh TPaHUYHBIE YCIOBUS Ha CTEH-
KaX, TO €CTh YCIOBHS NPHIHIIAHHUS.

Br1o npoBeneHo uccnenoBaHne BIUSHUS TPAaHUYHOTO
yCIIOBHSL Ha CTEHKax Ha pe3yiasrarsl pacderos [21]. Ilo-
JY4€HO, YTO B Ka4€CTBE TPAHIMYHOTO YCIOBHUS Ha CTEHKaX
MPEANOYTHTENIFHO WCIIONb30BATh YCIOBHE MPHIATIAHUS
WM YCIIOBUE C1abdoro MpOCKANIB3bIBaHUS (IIPY 3HAUCHU-
X Kod(duipeHTa npockanbs3biBanus B npeaenax ot 0,1
10 0,4). Pe3ynsTarsl pacueToB, Oy4YeHHbIE IPH YCIOBUU
NPWINIIAHKS, TPAKTUYECKH HE OTINYAIOTCS OT pPe3ynbra-
TOB PacyeToB, MONTYYEHHBIX TPH CJIa00OM MPOCKaJIb3bIBa-
HUH, U XOPOIIIO COOTBETCTBYIOT PE3yJIbTaTaM PacyeToB IO
YIPOILCHHBIM JTUHAMHYECKHM MOJIENSIM U pe3ylibTaram
00paboTKK JaHHBIX HaOMoneHuit. [loaToMy B 1aHHOM pa-
0oTe B KayecTBEe TPAaHMYHOTO YCJIOBHUS Ha CTEHKax ycTa-
HOBKH JJISI CKOPOCTH OOBAaJIbHOM MAacchl HCIIOJIB3YETCs
yCJIOBHE PHJIUIIAHUSL.

IMonyyennsie pe3yabTaTsl H UX 00CY:KIeHUE

Ha puc. 3 mpencrasieHsl pe3yiabTarTel pacueToB pac-
npesesieHnst O0bEMHON IO YacTHIl & Mocie oOpyue-
HUsI TOPHOW TTOPOJIBI LTS CTy4asi, KOTJa yroj CKJIOHA K TO-

O .
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Puc. 3. Pesynbmamol MOOEIUPOBAHUSsL C UCHOIb308AHUEM OBYXHCUOKOCMHOU MoOdenu /
Fig. 3. The simulation results using the two-fluid model

PH30HTAILHOM MOBEPXHOCTH paBeH 35 rpaaycos. Monens
OCHOBaHA Ha KOHTHHYaJILHOM IOJIXO/IE, TOITOMY 00BasIb-
Hasl Macca BU3YaIH3HPYETCs B BHJIE CIUIOIIHON CpEbI C
HETIPEPHIBHO pacrpeeseHHON 00beMHON 1071e YacTHII.

HanpHOCTE TpoOera Macchl HAa TOPH30HTAIEHOM
y4yacTKe onpeessiiachk ciaeayomuM oopazom. PacuetHas
obnacth pa30dHMBanach Ha HECKOJIBKO MPOIOJIBHBIX ceye-
HUH (IIOCTPOCHHBIX B HANPABICHUU OCHU Z) BIOJIb T'OpPH-
30HTAJIBHOTO YYacTKa B HAIpaBIEHHH OCH X. B KaxmoM
CEYEHUH OBLIM MOCTPOCHBI KPUBBIE paclpeaeaeHust 00b-
€MHOM JIOJIM YaCTHI] & BJIOJIb OCH X.

Ha puc. 4 mpeacraBieHsl KpHUBBIE pacHpeneeHUs
00bEMHON MIOJM YacCTHIl BIOJIb OCH X B MPOJOJBHOM
CEYEHUH MpH z = 22,5 cM, YTO COOTBETCTBYET CEpPENHU-
HE IIMPHUHBI ¥ pacdeTHoi obnactu. Kpusas / Ha puc. 4
COOTBETCTBYET pacHpeieIeHUI0 00BEeMHON JOIN YaCTHIL
TIpY 3HAYEHUHU yIIa CKiIoHa B, = 35 rpanycos, kpusas 2
— PacnpeeNeHuIo Py 3Ha4eHuH 3, = 46 rpaaycos, Kpu-
Bas 3 — pacnpenenenuto npu B, = 53 rpaxyca. Crenyer
OTMETHTh, YTO KPUBBIE PACIIPEIEIIEHHUS 0. , TOCTPOCHHBIE
B JIPYT'HX MPOJOJIBHBIX CEUEHUSIX MPHU Pa3HBIX 3HAYECHU-
X Z, HE3HAUUTENBHO OTIIMYAIOTCS OT KPUBBIX, IPEACTaB-
JICHHBIX Ha puC. 4.

B pabote [20] npencraBieHsl pe3yabTaThl OOHOMEP-
HOTO (B BEPTHUKAJIbHOM HAIPaBICHUH) MOJEIHPOBAHHUS
JUHAMHUKU BUOPOKHMITAIIETO CIOsI, KOTOpPBIE OBLIM TIOJTY-
YEHBI C UCTOJIB30BAHUEM MOJIEJIEH Ha OCHOBE KOHTHHY-
aJbHOTO MOAX0/1a U KNHETHYECKOW TEOpUH TpaHyIIIpHO-
ro raza. HrkHss rpaHuna ciios onpenessuiach ¢ UCTONb-

10

30BAHMEM 3HAYEHUA OOBEMHOM JOJIM YaCTHIL aa=0, 05.
B nmanHOW pabore rpaHUIA, pa3meisolias CIUIONIHYIO
4acTh MaTepHalia OT YacTH, B KOTOPOU Marepuan paspe-
JKE€H, TAKXe ONpEAeIsIach C UCIOIb30BAHUEM 3HAYCHUS
a,=0,05.

10 o ols 02 035 XM

Puc. 4. Pacnpedenenue 06vemMHOU 00U YACMUY 8 YeHmpe

NpU PA3HBIX 3HAYEHUSX Y2l CKIOHA /
Fig. 4. The distribution of the volume fraction of particles in the
center at different values of the slope angle

W3 puc. 4 BuaHO, 4TO € yBEINYEHUEM 3HAUYEHUS yIia
CKJIOHa [} yBeNWYHMBaeTCs NAIBHOCTh MpoOera Macchl
BIOJIb TOPU3OHTAIBHOTO y4acTka. JaapHOCTH mpobera
MaccChl COCTaBMIIA Ip = 13,8 cm mpu B, = 35 rpamycos;
Ip= 5,3 cM mipu B, = 46 rpaxycos u Ip = 18,3 cM mpu

B,= 53 rpanyca.
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Ha puc. 5 mpencraBieHo cpaBHEHHE Pe3yJIBTaTOB
JKCIEpUMEHTOB (KpuBas 1) ¢ pe3ynprataMu pacueToB,
MIOJTy4YeHHBIMU C HCITOJb30BAaHHEM MOJEIH Ha OCHOBE
METOAa TUCKPETHOTO dlieMeHTa (KpuBas 2), U pe3ylb-
TaTaMH pacyeToOB, MOJIYYCHHBIMH C HCIOJIh30BAHHUEM
JBYX>KAJKOCTHOW MOJIENIM Ha OCHOBE KOHTHHYaJbHOTO
MOJIX0/]a M KMHETUYECKOH TEOpPUHM TPaHYISIPHOTO rasa
(xpuBas 3). [IpuBenena 3aBUCUMOCTD JATLHOCTH TIPO0Oe-
ra Macchl OT yIvla CKJIOHA ITPH €€ Ha4aJIbHOM PacIojioxKe-
HHMH Ha BeICOTE /1 = 50 cM.

lp,cMm
25
20
15
e |
—-%=2
10 ke 3
5
0 T T !
30 40 50 60 P, rpagycet

Puc. 5. 3asucumocmo danvrocmu npobeea mamepuana om
yena cxknoua. CpasHeHue pe3ynvmamos IKCHePUMeHmos ¢
pe3yIbmamamu pacyemos /

Fig. 5. The dependence of the material run distance from the slope
angle. Comparison of experimental results with the results of
calculations

B 1ienom, pesysibTathl pacueToB YAOBIETBOPHTEIHLHO
OIMCBHIBAIOT DKCIIEpUMeEHT. J[adbHOCTh Tpobera Bo3pac-
TaeT MPAKTHYCCKH JIMHEHHO C YBEIHMUYCHUEM yIyia CKJIO-
Ha. [Ipn maneix 3Ha4YeHUsAX ymia ckiona (B, = 35 rpany-
COB) HaOJTIO/Ia€TCs 3aBBIIIICHUE PE3YIHTATOB PACUETOB 110
CPaBHEHHIO C YKCIIEPUMEHTATbHBIMH JIAHHBIMH, 0COOCH-
HO B CJIy4ae MCIIOJIb30BAHUS JBYXKHIKOCTHON MOJIEIIH.
Bo3MokHO, 4TO 17151 MOJICITMPOBAHHUS JIBUYKEHISI 00BATIOB
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IPU MaJIbIX 3HAYCHMSAX yIila CKJIOHA 00e MOIeNn HyXIa-
I0TCSI B JOPabOTKe.

B ocranbnbix ciydasx (korma B, = 46 rpamycoB u
B, = 53 rpamyca) pacueTHbIE 3HAYEHUS HECKOJIBKO HUKE
9KCIIEPUMEHTAJIbHBIX. B 3THX ciydasix 3KCIIepUMEHTab-
HBIM JaHHBIM JIy4Illle COOTBETCTBYIOT PACUEThI, II0JIyUCH-
HBIE C HCIIOJIb30BaHUEM JIBYX)KUAKOCTHOM Mozenu. Kpo-
M€ TOrO, 3aTpaThl MAIIMHHOI'O BPEMEHHU Ha BBIIIOJIHEHHUE
pacyeToB ¢ MCIOJIb30BAHUEM JBYX’KHUAKOCTHOW MOJEIH
NPUMEPHO B YETHIPE pa3a MEHbILE, YeM B Cllydae HC-
M0JIb30BaHMS MOZAEIN Ha OCHOBE JAUCKPETHOTO 3JIEMEH-
ta. I1pu aTOM pacnapanieniBanue BEIYUCICHUH B 000MX
ClIydasix IPOBOAMIIOCH HA YEThIpEX sAapax (4acTtora mpo-
1eccopa Taxke OblIa NPUMEPHO OAMHAKOBAs).

HeOonbioe pacxoxieHue pe3yabTaToB pacdeToB U
9KCIIEPUMEHTOB MOXHO OOBSICHUTH KaK HEIOCTATOUYHON
TOYHOCTBIO OINpeJesieHUs JaJbHOCTH Mpodera Macchl U
B DKCIIEPUMEHTaX M IpU 00pabOTKe pe3yabTaroB pac-
YeTOB, TaK U TEM, YTO IPHU MPOBEIECHUH PACUETOB HUC-
MOJIB30BAINCH C(hepHUYeCcKre YaCcTHLIBI OJHOTO pa3Mepa.
B neiicTBUTENBHOCTH, B 3KCIEPUMEHTAX YacCTHLbI J10-
JIOMHUTa MMEIOT HENPaBWIbHYIO (OpPMY, U UX pa3Mephl
BapbUPYIOTCA OT 3 10 6 MM.

3akiaoueHune

ITo pe3ynbraraMm NpPOBEACHHBIX MUCCIIEIOBAHUHA MOX-
HO CZI€NaTh BBIBOJ O TOM, YTO ABYXXHIKOCTHYIO MOJIEJIb
Ha OCHOBE KOHTHHYaJIBHOTO IOAXOAA M KUHETHYECKOH
TEOPUU TPAHYJSPHOTO Ta3a MOXHO MCIIOIb30BaTh VIS
OIMCaHMA IBHKEHUSI 00BAJIOB TOPHBIX MOPOJ U OLICHKU
oOyacTy mopakeHus npHu obBanax. Moznenb Mo3BoOISET
NOJIYYUTh PacueTsl MPUMEPHO B YETHIPE pasa ObicTpee
[0 CPAaBHEHUIO C MOJIEJIBIO HA OCHOBE METONA JUCKPET-
HBIX 3JIEMEHTOB. DTO SABJISIETCS CYIIECTBEHHBIM IIPU MO-
JeTUPOBAHUH PeabHbIX TOPHBIX O0BAJIOB.
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An actual problem is the assessment of the affected areas
size in the case of rock mass crashes at the present time.
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To study the rock fall processes, various methods are used,
among which an important role is played by the mathemati-
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cal and computer modeling.The rock fall movement of the
slope which is associated with the horizontal section was
investigated in the paper. The theoretical investigation was
performed using two-fluid model based on the continuum ap-
proach and kinetic theory of granular gas. At the continuum
approach the moving mass of a substance is represented as
a continuous medium characterized by the inseparable field
of the physical parameters values. To describe the fluidi-
zation of the mass of rock fall in the course of its motion,
the kinetic theory of granulated gas was used, which takes
into account the chaotic motion of debris both in the dense
and in the rarefied state.Fluidization means a change in the
density of the layer which can change during its movement.
Verification of the model was carried out using the results
of the experiments obtained on the laboratory equipment.
The comparison between the experiment results and calcula-
tions, performed using two-fluid model and discrete element
method were presented. The numerical calculations of the
affected area of rock fall performed for various values of the
slope angle to horizontal surface satisfactorily describe the
experiments. The affected area increases almost linearly with
an increase in the slope angle. The experimental data is cor-
responding to the calculations obtained using the two-fluid
model at relatively large values of the slope angle better than
the calculations obtained using the discrete element method.
In addition, the computer time spent on computations using
the two-fluid model is about four times less than in the case
of using the discrete element method.Based on the results of
the study, it can be concluded that the two-fluid model based
on the continuum approach and the kinetic theory of granu-
lated gas can be used to describe the motion of the rock fall
and to estimate the affected area.

Keywords: continuum approach, rock fall, affected area,
granular gas, fluidization.
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APPLICATION OF LANDSCAPE ECOLOGY
METHODS IN THE STUDY
OF GEOSYSTEMS OF BAIKALIAN SIBERIA

Introduction

Landscape Ecology should continue to refine knowledge of when spatial
heterogeneity is fundamentally important, and focus on forecasting future
landscape [1]. A landscape with structure and pattern implies that it has spatial
heterogeneity, or an uneven, non-random distribution of objects across the
landscape [2]. Landscape patterns result from complex relationships among
multiple factors, many of which are well known. Heterogeneity is a key element of
landscape ecology which separates this discipline from other branches of ecology
[3—6]. However, forecasting the future landscape remains a challenging task in
which the suite of drivers of landscape patterns and their interactions must be
considered. Understanding the relative importance of different factors (and their
roles at multiple scales) in producing landscape patterns is another important
challenge [1].

A useful starting point for landscape heterogeneity research has been to explore
landscape as groups of plant communities or ecosystems forming ecological units
(patches) which have distinguishable structural, functional, morphological, and
disturbance regimes [7]. Since some plant species have a higher sensitivity to
change in the ecological habitat conditions, the presence of such species in plant
communities is indicative of short-term fluctuations in the landscape structure.
The reasons for phytocenotic changes are associated with both natural and
anthropogenic changes in heat and moisture conditions, either individually or in
combination.

Landscapes of the Baikal Siberia are a unique environment and valuable natural
resources. According to the landscape-ecological regionalization of the Russian
Federation, the territory under investigation is incorporated in the Pre-Sayan
province of the subtaiga zone of the Middle-Siberian sector [8]. Landscapes of
the Baikal Siberia are situated at the interface between the southern Siberian dark
taiga, the eastern Siberian Light-coniferous and Mongolian-Daurian forest steppe
[9]. Territorially, mountain-taiga forests are dominant, but the peculiarities of the
natural conditions of the region are the cause of the wide diversity of landscapes
systems or geosystems, with a high degree of spatial contrast. The altitudinal-
zonal differentiation of the geosystems reflect the optimal, limited and reduced
conditions of the vegetation habitat of the taiga forests and steppe. The local
differences in the landscape-ecological conditions, the distribution of atmospheric
precipitation and especially heat predetermine the uniqueness of the landscape.
Additionally there is a high degree of contrast in the territorial landscape structure
with the co-existence of the steppe, meadow-bog, sub-taiga, mountain-taiga,
sub-golets and golets vegetation communities. The complexity of the landscape
structure is enhanced by the mixed character of the succession-dynamical states of
geosystems arising as a consequence of different impacts.

In this research, the Western and Southern Baikal Regions were selected as the
study sites. A small-scale landscape pattern of these three major vegetation types,
namely the southern Siberian dark taiga, the eastern Siberian Light-coniferous
and the Mongolian Daurian forest steppe was found depending on the site
characteristics. The objective of this study was to analysis the spatial variability
of elementary landscape units or elementary geosystems, such as facies, and their
connection with different factors using structural-dynamic methods. The present
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Fig. 1. The study areas location within the Southern (4) and Western (B) Baikal Region and fragments of landscape map,
which was created by Mikheev, Ryashin (1977) [10]

issue focuses on investigating landscape heterogeneity
and the interactions of multiple driving forces producing
landscape structure and pattern.
Study area

The Preol’khon landscapes, which are located in the
centre the Western Baikal Region, and Tunkinskie Goltsy
Range and Khamar-Daban Range landscapes located in
the Southern Baikal Region are the focus of this study (Fig.
1). The character of the natural conditions in the southern
and western part of the Baikal Region, including mountain
relief, climate variations, and diversity in vegetation and
soil cover, are the cause of this landscape heterogeneity.

Northern-Asian Golets and Taiga Geosystems: Go-
lets and sub-golets Baikal-Dzhugdzur and Easten-Sayan:
I. Golets tundra: / — lichen flattened surface, 2 — slopes
talus with lichen cover and sparse cedar dwarft cover;
II. Sub-golets shrubs and open larch woodland: 3 — lev-
eled surface and slopes open larch woodland with cedar.
Mountain-taiga Baikal-Dzhugdzur: III — Mountain-taiga
larch forest of limited development: 4 — slopes larch
forest with pine, 5 — slopes larch forest with cedar and
mixed undergrowth, 6 — valley yernik; IV. Mountain-tai-
ga larch forest of optimal development: 7 — slopes larch
forest shrubby undergrowth with the dominated Rho-
dendron dauricum, 8 — slopes larch forest with pine and
forbs, 9 — valley of meadows with gramineous (some-
time steepificated) cover, 10 — piedmont birch-larch up-
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land with shrubby undergrowth and herbaceous cover,
11 — valley swampy meadows, 12 — bottoms of depres-
sions larch forest with pine and forbs. Mountain-taiga
Southern-Sibirian: V. Mountain-taiga dark-coniferous
forest of limited development: 13 — gently sloping for-
est from cedar and fir with fruticulose — small herba-
ceous and true moss cover, 14 — slopes sedar forest with
spruce, larch and small herbaceous — true moss cover;
VI. Mountain-taiga pine forest: 15 — slopes pine forest
with shrubby undergrowth and herbaceous cover, 16 —
slopes herbaceous steepificated with Rhodendron dauri-
cum. VII. Submountain-taiga pine forest: 17 — plain pine
forest with Rhodendron dauricum bushes, 18 — bottoms
of depressions pine forest with Rhodendron dauricum
bushes, 19 — valley poplar-pine forest and osier-bed plain
meadow. Central-Asian steppe geosistems: Mountain
Easten-Zabzikalskie: 20 — bottoms of depressions gra-
mineous steppe (feather and wheat grass), 21 — terrace
low-bunchgrass steppe, 22 — bottoms of depressions fes-
cue, and cobresia and shortgrass medow-steppe with fro-
zen, 23 — valley carex-gramineous swampy of solonetzic
meadows. 24 — Aquatory of the Baikal Lake. 25 — Fed-
eral highway. 26 — National boundaries.

Climate is believed to be the binding natural factor
of landscape dynamics. The extreme continental climate
of the Baikal Region is formed as a result of changes in
atmospheric circulation in warm and cold periods. The
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climate around Lake Baikal (455 m a.s.l.) is continental
with large seasonal variations in precipitation and tem-
perature [11;12]. January and July represent the cold-
est and warmest months respectively, and these clearly
show the annual temperature range which indicates the
severity of seasonality in the region. In July, tempera-
tures in the intermountain depressions can reach 35 °C,
dropping in January below -40°C in the mountains. The
surrounding Lake Baikal mountain ridges are 1700 to
2500 m high and annually they receive over 700 mm pre-
cipitation. The intermountainous depressions and coast-
al plains (500-700 m a.s.l.) experience a drier climate
with average annual precipitation 250-300 mm/year
or even less [12]. The maximum atmospheric precipita-
tion occurs during summer in June to August. The ef-
fect of rather low precipitation on the forest vegetation
at lower elevations is compensated for by low summer
temperatures of 14 to 16°C in July, and by low evapora-
tion. The total solar radiation is maximal for Siberia, and
20% larger compared with other areas at the same lati-
tudes. The local barometric maximum occurs in summer,
when repeated air streams from lake to land increases,
and a breeze with high-valley circulation develops. Lake
Baikal substantially exerts these pressures on coast land-
scapes from season to season, because it has a huge water
body and significant longitudinal extension of this water
area. During warm periods, air temperatures on the coast
are lower, and in autumn and winter they are higher com-
pared to the average for other areas in the Baikal Region.

The nonfrost vegetation period continues for about
4-4.5 months on the coast and 2-3 months in the moun-
tains, since the climatic conditions are not uniform (Ta-
ble). The humidification conditions vary from insufficient
moistening for the Preol'khon landscapes to excessively
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moist in the Khamar-Daban Range. As a result, moisture
conditions are favourable for supporting a wide spread
of taiga dominated by the boreal summer-green (e.g.
larch — Larix, birch — Betula, poplar, aspen — Populus),
evergreen (e.g. Siberian stone pine — Pinus sibirica or
cedar, spruce — Picea, fir — Abies) and eurythermic (e.g.
Scots pine — Pinus sylvestris) broadleaved and conifer-
ous arboreal taxa. Dark-coniferous (dark-needles) forests
of cedar, fir, spruce and pine grow in the most humid
sites. Light-coniferous (light-needles) forests dominated
by larch, pine and birch occur in relatively dry sites of the
lower mountain belt. Steppes' associations with grasses
and Artemisia species, and light open forests with the
dominant Scots pine and larch are widely spread in the
Preol'’khon landscapes. The dominant positions in the
structure of plant communities of steppes are occupied
by representatives of] the grass family, depending on the
growth period, water availability in different seasons, and
the character of anthropogenic influences. These consist
of Festuca lenensis, Poa attenuama, Koeleria cristata,
and Agropypon cristatum. The most characteristic repre-
sentatives of the grasses are Pofentilla tanacetifolia, and
Heteropappas altaicus. Shrubby sub-alpine associations
represented by shrubby pine — Pinus pumila, alder —
Alnus fruticosa (Duschem fruticosa) and birch — Betula
middendorfii, cover the upper parts of the northern slopes
above 1300-1800 m and the southern slopes at 2000—
2200 m.
Methods

According to landscape ecology theory, landscape
structure is determined by the composition, the configu-
ration, and the proportion of different patches across the
landscape, while function refers to how elements in the
landscape interact based on their life cycle events [3].
Pattern is the term for the contents and internal order of a
heterogeneous area of land [7]. We studied this landscape
structure as a set of the geosystems existing in different
dynamical states as a result of their directed transforma-
tion under spatial and temporal changes in natural condi-
tions and under anthropogenic impact [13; 14].

Natural complexity can be best explored using spatial
analysis tools based on the concepts of geosystems dy-
namics as a process continuum which can be partly de-
composed into elements or patches. Geosystems, a term
coined by the Russian geographer V.B. Sochava in 1963
[15], represent a special class of open and dynamic sys-
tems, hierarchically organized into an elementary area of
the terrestrial surface and at regional, and planetary lev-
els. This definition is applicable across scales and adapt-
able to different systems both terrestrial and aquatic, and
also to natural human-dominated systems. The geosys-
tems paradigm directs the following:

(1) The study of the spatial and temporal regulari-
ties of landscape structure and states of both natural and
human-dominated geosystems;

(2) analysis disturbances and successions for assess-
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ing and forecasting the development of geosystems with
regard to their spontaneous and antropogenic dynamics
and the natural regimes corresponding to them;

(3) the quest for rational techniques for quantitative
assessment of geosystems states and landscape-forming
processes;

(4) The systems analysis of spatial links at the elemen-
tary, regional and planetary levels and their interactions;

(5) The analysis of the socio-economic factors and
their roles as the environment changes.

The structural-dynamics approach to understanding
the spatial-and-temporal heterogeneity of geosystems is
basic, and it has been employed since the early 1970's
as a means of studying not only the morphological signs
of its components, but also dynamic communications
between them [16]. The geosystems dynamics as result-
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spatial heterogeneity in at least one landscape-forming
factor or driver. Thus, each spatial unit, or patch, in the
concrete spatial scale, (eg. landscape facies), which is
representative of one invariant structure can possibly be
considered as a step, or element, in a factored-dynamic
series (eg.lithomorphic, hydromorphic, etc.) [17] or in
patch dynamics [2], Each of the factored-dynamic series
characterises refraction of the ecological conditions and
processes in landscape facies, as a result of increasing or
decreasing the effect of one of the local factors. There-
fore, structural-dynamic analysis allows definition of the
typological "kernel" of landscape structure of a concrete
territory, and it also reveals all possible transformations
of structure under the influence of local factors.
Analysis of vegetation heterogeneity is frequently
used to examine the spatial variability of landscape or
geosystems units. Vegetation dynamics serves as a re-
liable indicator of dynamic transformations of geosys-
tems, because it is a function of the interaction of the
main landscape-forming factors [13; 18]. Vegetation
composition was chosen as a key criterion for structural-
dynamic analysis because vegetation controls many pro-
cesses in the functioning of ecosystems and geosystems,
and it constitutes a “critical component” for them [19;
20]. Therefore, when determining the dynamic connec-
tions of geosystems, due consideration must primarily be
given to the species composition and to the cenotic struc-
ture of plant communities. Furthermore, it is necessary
to take into account the landscape-ecological (ecotopic)
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characteristics. Changes in the structure of plant commu-
nities, and also successions in florocenotic composition
have indicative significance.

The location of the geosystems under investigation
was chosen due to altitudinal-zonal variations of land-
scape-ecological conditions, and in compliance with the
principles of landscape profiling, since geosystems' alti-
tudinal differentiation can be regarded as a regional land-
scape model. Diversity and contrast of landscape struc-
ture were also considered. The field explorations within
key plots were carried out during 2003-2007 for the
Western Baikal Region, and 2007-2009 for the Southern
Baikal Region. These explorations included a detailed
landscape-geobotanical survey of typical landscape fa-
cies of the territory in order to study their structure, with
due regard to the space inhomogeneity of the hydrother-
mal conditions and also anthropogenic disturbance. Re-
leves consisting of about 320 homogenous plots of 100 m?
were made according to the catena method, which entails
a number of locations connected according to topoeco-
logical profile, with various landscape-ecological condi-
tions. Furthermore, structural heterogeneity of the topog-
raphy, including watersheds, slopes, ravines and terraces,
was taken into consideration because the boundaries of
landscape facies generally correspond to the boundaries
of elementary land forms, and this is especially true for
mountain conditions. The floristic composition of tree
and herbaceous-subshrub layers was described and the
ecotope was characterized (land forms, humidification
degree and soil properties) on releves for biogeocenoses
as elementary patches of the landscape facies.

Specific tasks included the study of the morphologi-
cal structure of the geosystems, the properties of land-
scape components (geological basement, relief, mezzo-
and microclimate) and an estimation of anthropogenic
disturbance. A combination of field explorations with
GIS-technology involving remote sensing and mapping
was used to examine landscape structure. This proce-
dure implies the possibility of switching from a local to
a regional level of analysis, and it also allows making a
distinction between the regional and local features land-
scape structure.

Results and discussion

Our investigations into the spatial-coenotic changes
of mountain taiga, sub-taiga and steppe vegetation within
the study areas made it possible to identify the spatial
variability features for typical regional and local geosys-
tems. We identified dominant and edificatory species of
tree, shrub and herbaceous-subshrub layers of vegetation
of the typical facies, and peculiarities of it spatial hetero-
geneity in the key plots.

Landscape structure analysis was made of the mid-
dle-scale landscape profiles using the comparative-geo-
graphical method, since the landscape topographic pro-
file and spatial combination of the facies within it reflect
the main structural and dynamic features of the territorial
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landscape structure with regard to regional nature char-
acteristics. Geosystems of two middle-scale landscape
profiles were investigated in the Southern Baikal Region,
where the first profile occupies the northern macroslope
of the Hamar-Daban Range and the second is the south-
ern macroslope of the Tunkinskie Goltsy Range which
includes medium-and low mountain belts and piedmonts.
In the Western Baikal region, one middle-scale profile
was examined in the piedmont of the Primorsky Range
and Preol'khon plateau.

Firstly comparative analysis of the key plots has
helped us to determine changes in the biogeocenoses'
vegetation species composition as elementary landscape
facies patches. This depended on their ecotop charac-
teristics and the characteristics of the neighborhood and
boundaries.

The vegetation of the Southern Baikal Region pri-
marily consists of dark-coniferous forests with Pinus
sibirica, Abies sibirica and Larix sibirica in the upper
mountain belt, and light-coniferous (also called subtaiga)
forests with Pinus sylvestris, Larix sibirica and Betula in
the lower mountain belt and piedmonts. Within the study
area, there is a gradient between the geosystems of the
Hamar-Daban Range, which are relatively close to the
southern Siberian dark taiga, and the geosystems of the
Tunkinskie Goltsy Range, which are closer to the eastern
Siberian light taiga. There is increased precipitation in
the Hamar-Daban Range affording better growth condi-
tions for the dark taiga, since Pinus sibirica and Abies
sibirica have greater water demands than tree species in
the light taiga. In general, although Pinus sibirica needs
a better water supply than Picea obovata, therefore re-
quiring high precipitation, soil water content, air humid-
ity, and high snow cover in winter time, Picea obovata
is less sensitive to water-logging but more sensitive to
late spring and summer frosts and to rapid temperature
changes.

Vegetation of the Tunkinskie Goltsy Range depends
to a greater degree on altitude. The piedmont and low
mountain belt are stocked with light coniferous forests
dominated by Larix sibirica and Pinus sylvestris, with
the inclusion of Betula and also Pinus sibirica which is
concentrated on sites with optimal water-supply. For-
ests with Larix sibirica dominate the mountain taiga of
the Tunkinskie Goltsy Range. In the forests of the taiga
mountain Tunkinskie Goltsy Range, Larix sibirica in-
creases on the steepest slopes, and simultaneously Rho-
dodendron aureum appears in the undergrowth, while
Carex and Gramineae increase in the ground cover.

The light-coniferous forests of the mountain-taiga and
sub-taiga types are the prevaling primordial vegetation in
the Western Baikal Region. The piedmonts of the Pri-
morsky Range and Preol'khon plateau are distinguished
by the complexity and contrast of vegetation cover due
to the formation of a taiga forest-steppe borderline [21].
Within the study area, the borderline between light conif-
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erous taiga forests and steppe is neither a single abrupt
forest line, nor a continuous transition similar to the for-
est-steppe stage between the zonal taiga and the zonal
steppe. Here, it is an aspect-dependent vegetation mo-
saic, where forests mainly cover the northern and eastern
slopes, whereas steppe vegetation occupies slopes with
southern and western aspects which are more sun-ex-
posed and face the Lake Baikal aquatory.

The vegetation cover of the investigated part of the
Primorsky Range piedmont is composed of pine-larch
and larch forest, including open woodland. It also in-
cludes Daurian Rhododendron, Duschekia fruticosa,
Cotoneaster melanocarpus, and Spiraea media with true
moss-sedge, forbs-sedge and, more rarely, steppified
forbs ground cover. In felled and burned-out areas, there
are secondary birch and aspen shrubs forests. Both natu-
ral and antropogenic forest fires and other disturbances
lead to the creation of a secondary mixed coniferous
and mixed light-coniferous-birch forest, which often in-
cludes aspen.

The sun-exposed slopes of the Preol'khon plateau and
parts of the Primorsky Range piedmont are too dry and
stony even for Larix Sibirica. On these slopes, the tem-
perature increases and air humidity decreases with re-
duced of distance from the aquatory of Lake Baikal, and
they are covered with gramineous grass and gramineous-
forbs vegetation. The steppe slopes are characterised by
sparse vegetation of shortgrasses and short herbs, and
projecting coverage of 30-60% of the ground depends on
soil thickness and water supply. Nevertheless, the upper
parts of the most southern slopes are covered by sparse
larch and larch open woodland with shrub undergrowth
of Daurian rhododendron and Cotoneaster melanocar-
pus, and Carex and steppified forbs occupy the ground
cover. Steppe facies with a prevalence of xerophytes and
Artemisia frigida predominate on the steepest southern
slopes, and also on the slopes surrounding Baikal and
near human settlements.

In the second step, similar biogeocenoses were
grouped into landscape facies according to the composi-
tion of the dominant and edificatory species of tree, shrub
and herbaceous-subshrub vegetation layers with equiva-
lent ecotope properties. It was detected that moisture and
heat condition variation leads to changes in facies struc-
ture, however the effects geomorphologic processes such
as gravity-slope, water erosion and avalanche are also
important. Characteristics of the underlying surface con-
trols the complexity and contrast of the facies and their
area, form and occurrence frequency.

Our investigations showed that the landscape struc-
ture of the study areas is characterized by a combination
of facies which can be described by general dynamical
correlations such as the facies of a lytomorphic row and
a hydromorphic or xerotopic row, as presented in Fig. 2
and 3. The sequence of facies within these rows reflects
changes in their vegetation structure in concordance with
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changes in ecological conditions. The spatial variability
in composition and the relationship of the main tree and
herb species indicate local differences in the patterns of
water supply, and also the enhancement of the lithomor-
pic character of conditions for facies (Figuries 2 and 3).

The position of the facies on the axis of the xerotopic
row corresponds to the water requirements of the coe-
noses that form this facies, i. e. their position shows a
decrease in demand for water or a resistance to water
deficiency of each subsequent facies compared with the
previous one. The position of facies along the axis of the
hydromorphic row demonstrates an inverse relationship.
Facies in the lithomorphic row have closer dependence
between the vegetation composition and both the degree
stoniness of the surface and soil, and the soil thickness of
several facies formed under similar microclimatic condi-
tions, but under different geological and geomorphologic
conditions.

Thus, dark-coniferous taiga forests with cedar, fir,
spruce and pine grow on the most humid sites, while
light-coniferous taiga forests dominated by larch, pine
and birch occur on relatively dry sites in the lower
mountain belt. With increasing moisture, larch has wider
distribution, but it is replaced by spruce under water-
logged conditions. But larch also dominates on steeper
and rocky slopes with drier condition, while humidity
increase results in

Conclusion

In summary, we can conclude that spatial heteroge-
neity of the investigated geosystems' structure in the
Southern and Western Baikal regions are determined by a
complexity of local landscape-ecological characteristics
and anthropogenic impacts. The existence of mosaics of
vegetation cover on the studied territory is evidence of
the varied and dynamic structure of these geosystems.

Our investigations into the spatial-coenotic changes
of vegetation cover of the taiga, sub-taiga and steppe
geosystems of the Southern and Western Baikal regions
allowed us to establish the dependence of spatial land-
scape heterogeneity on the variability of landscape-eco-
logical conditions at the biogecoenose and landscape fa-
cies level. The changes in species composition and the
abundance of plants correspond to the "refraction" of
the landscape-ecological conditions due to the increas-
ing influence of such driving forces as stoniness and the
steepening slopes of the underlying surface, as well as
the degree of moisture.

Our studies show the efficacy of the structural-dy-
namic approach applied to the analysis of landscape
heterogeneity. This approach was especially beneficial
in presenting the modification order of the facies under
the influence of important local factors, such as in the
factored-dynamic series model.

Construction of a factored-dynamic model of geosys-
tems for the landscape heterogeneity study of the South-
ern and Western Baikal regions has helped us to charac-
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terise the typological structure of geosystems and the for-
mative principles of spatial distribution of the elementary
morphological units. It also allows assessment of the pe-
culiarities and sequences of possible dynamic changes in
the structure of both local and regional geosystems under
given environmental changes. This includes zonal and
altitudinal differentiation of the environment and also the
morphological peculiarities of separate geosystems and
the specificity of relief and lithology. These models will
support understanding and integrating information on
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JUI TUIMYHBIX PErHOHANBHBIX reocucTeM balikambcko-
TO PErHOHa 3TO UCCIEJO0BAaHUE NMPOCTPAHCTBEHHON HEOIHO-
pomHOCTH JaHmmagTa NPOBOAWIOCH HA YPOBHE BIIEMEH-
TapHBIX TEePPUTOPHANBHBIX enuHuI, (ammii. [IpoBenenHoe
HCCIIEIOBAHAE MPOCTPAHCTBEHHO-IEHOTUYECKUX H3MEHE-
HUI TOPHO-TA€XHBIX, MOATACKHBIX U CTEHMHBIX T€OCHUCTEM
OxHo-batikanbeckoro u 3amagHo-balikanbckoro permoHa
MO3BOJMIO YCTAaHOBHUTH 3aBHCUMOCTH MPOCTPAHCTBEHHOU
HEOIHOPOJHOCTH JaHAmAadTa OT M3MEHYMBOCTH THAPOTEP-
MaJIbHBIX M JUTOMOPQHBEIX ycioBHH. OTHpPaBHOW TOYKOH
IIPU HMCCIIEIOBAaHUN HEOAHOPOAHOCTH JaHAmadTa ObLIO0 M3-
yueHHe JaHTmAGTOB KaK TPYIIl PACTHTEIHHBIX COOOMIECTB
WJIN SKOCHCTEM, OOpa3yIONIMX OSKOJOTHYECKHE EAWHHMIIBI,
KOTOpBIE OOJNIQIAI0T Pa3IMIMMBIMH CTPYKTYPHBIMH, (DyHK-
IIMOHAIBHBIMU, MOP(OIOTHYECKUMHA W HapyHICHHBIMH pe-
JKIMaMH. Bbuti ompezneneHsl JOMUHHUPYIONINE BHIBI PACTH-
TEJIFHOCTH, & TaKKe OCOOEHHOCTH HMX MPOCTPAHCTBEHHOTO
pacrpeneneHus Ha KII0YeBBIX ydacTkax. CIOKHOCTh JIaHI-
MaTHOH CTPYKTYpPHI YCHIIMBAETCS CMEIIAHHBIM XapakKTe-
POM CYKIIECCHOHHO-AMHAMHYECKUX COCTOSIHHN TE€O0CHCTEM,
BO3HHUKAIOIIUX B PE3YIbTATe Pa3IUYHbIX BO3AeHCTBHMN. [1pu-
MEHEHHE CTPYKTYPHO-IMHAMUYECKOTO MOAXOAa K aHaIu3y
MPOCTPAHCTBEHHOW HEOTHOPOAHOCTH B HAIIEM HCCIENOBA-
HUH ITO3BOJIMIIO TTOKA3aTh MOPSIIOK M3MEHEHUH (aruii n3-3a
HN3MEHYMBOCTH 3KOJIOTMYECKUX YCIOBUHU B BUAE MOAEHEH, a
MMEHHO (haKTOPaTbHO-JHHAMHICCKHX PSIOB. OTH MOJEIH
MIOMOTYT B IIOHUMAaHUH ¥ WHTErpanuy WHPOPMAIUK O IPO-
CTPaHCTBEHHOW M BPEMEHHON HEOJHOPOIHOCTH CYIIECTBYIO-
X ¥ TIPOrHO3UPYEMBIX T€0CHUCTEM, HEOOXOIMMBIX JJIs 00e-
CIEYEHHSI OCHOBHBIX (DYHKIWH IeocCHcTeM. DTO pecypcHas,
cpemoobpasyromasi, Cpeo3alinTHas W COIHaiIbHAs (yHK-
ur. MBI n3ydany JaHqmaTHYIO0 CTPYKTYpY, KaK COBOKYTI-
HOCTb T€OCHCTEM, HaXOAALIMXCS B Pa3HBIX AMHAMHYECKUX
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COCTOSIHHSIX WM MCTIBITHIBAIOIINX TPAHC(HOPMANNIO MO BIIHS-
HUEM NPHUPOAHBIX YCIOBUN M aHTPOIOTEHHBIX BO3JECHCTBUI.
Ananu3 maHImAa@THON CTPYKTYpHl IPOBOAMICS C HCIIONb-
30BaHMEM CPEAHEMACIITaOHBIX JaHAMA(THBIX TPOdHIEH ¢
WCIIONIb30BaHNEM CPaBHUTEIHHO-TEOrpaUIecKOro METOoAa,
MOCKONBKY JaHAmAa(THBIN Tomorpadudeckuidi npoduis u
MPOCTPAHCTBEHHOE COYEeTaHHE (hannii BHYTPH HETO OTpaxa-
FOT OCHOBHBIE CTPYKTYPHBIE W JUHAMHYECKHE OCOOCHHOCTH
TEPPUTOPUATBEHOHN CTPYKTYPbI TaHAIIA()Ta B COOTBETCTBHH C
PEeTHOHATBHBIMA XapaKTEPUCTHKAMH.

KoaroueBble cioBa: mananmadTHAS SKOJIOTHS, IPOCTPaH-
CTBEHHAsT HEOIHOPOJHOCTH, T'€OCHUCTEMBI, CTPYKTYPHO-IH-
HAaMUYECKUI aHallN3, TOPHO-TAae)XXHBIC W MOATACKHBIE Jeca,
TopHas cTemb, baiikanbpckas CHOUpb.
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WOEHTUDOUKALINA SKONOIMMYECKUX
PUCKOB, CBA3AHHbLIX C PASBUTUEM
PEKPEALUOHHO-TYPUCTUYHECKUX
PETMOHOB YEPHOMOPCKOI'O
NMOBEPEXbA KABKA3A HA NMPUMEPE
KOMMJIEKCHOW OLIEHKU 3KOCUCTEMbI
FOPHOWN PEKU NNAYPA

TypkoBa H.K.,
'lop6yHoea T.J1.,*
2IMTrobumues A.J1.

Beenenue

Ha coBpemeHHOM 3Tane KOMIIJIEKCHOTO M3Y4eHHUs! TOpHbIX pek COUYMHCKOro
peruoHa Ha3pesa HeoOXOAMMOCTh MISHTU(UKAIINN SKOJIOTUIECKUX PUCKOB, CBS-
3aHHBIX C Pa3BUTHEM PEKPEALMOHHO-TYPUCTCKUX PErHOHOB YEPHOMOPCKOTO IIO-
oepexps KaBkaza. Kak ormewaer bagenxoB lO.I1. [1], Ha coBpemMeHHOM 3Tarme
HEOOXOOMMbI MEXIUCLMIUIMHAPHBIE MCCIEIOBAaHUA 10 U3yYEHHIO IIpo0ieM rop-
HBIX TEPPUTOPHUH C YJaCTHEM BCEX 3aMHTEPECOBAHHBIX CTOPOH M CHELHAIHCTOB.
Tonpko Takol MOIXO MOKET 00€CTIEUHTh TUIATPOPMY IS YCTOHYUBOTO Pa3BUTH
TOPHBIX PETHOHOB.

Cotpynankamu CounHckoro ¢umuana GI'BHY «UIITC» PAH coBmecTtHO co
cnermanuctamu OI'BY « CHI'MC YAM» Pocruapomera B paMKax TrocyapCTBEH-
HOTO 33JaHuA 10 pa3paboTke 3(h(PeKTUBHOI CUCTEMBI HKOIOTHYECKAX WHIUKATO-
POB OBUI MHUIIMUPOBAH MPOEKT MCCIENOBAaHUSI OMOPa3HOOOPas3 sl peK YepHOMOp-
ckoro mobepexnsi KaBkasza Ha Teppuropuu bonbmioro Coun. HccrenoBanus mpo-
BommiHCh ¢ OKTIOps 2016 rona mo centsiOpsr 2017 roma BrmountenpHO. Hapsimy
¢ (pU3MKO-XMMHUYECKUMH U TUAPOXUMHYECKUMH IOKA3aTeNsIMH KauecTBa BOIBI,
onpenensiembiMu Jaboparopueit PI'BY «CLII'MC YAM», onpenensiiucs OHoIo-
ITMYECKUE NHIEKCHI, OTPa’KAIOIINE COCTOSIHUE OHOIIEHO30B PEK.

Omnpenenenne THAPOXUMHUYECKUX IOKa3aTreield NMPOU3BOAUTCSA B PaMKaxX BbI-
MIOJIHEHUS TOCYAAaPCTBEHHOIO 3aJaHUs Ha BBINOJIHEHHE TOCYAaPCTBEHHBIX PadOT
o ocHOBHBIM BuaMm fAestenbHoctd PI'BY «CLUI'MC YAM». B nporpammy Ha-
OJroICHUI BKIIIOYEHO ONpENeNeHNEe OCHOBHBIX (PU3UKO-XHUMHUYECKUX MapaMeTpOB
BOJBI, a TAKXKE Psa 3arpsA3HSAIOLINX BELIECTB, B YACIIE KOTOPhIX HEPTEIPOIYKTHI,
OMOTCHHBIE 3IEMEHTHI, B3BELLICHHBIE BEIIECTBA, TSKETIbIE METAJIIbI, OPTaHHUUECKUE
BemiecTBa (1o BIIK n XIIK) u psg npyrux.

I'mppobuonornueckas olieHKa COCTOSIHUSA peK Ha Tepputopur boismoro Coun
TOCYIapCTBEHHOM MporpaMMoil HabmoneHnii Pocruapomera He mpemycMOTpeHa.
OnHako OMONIOrMYECKUE MHIUKATOPHI B OTIMYHE OT TMAPOXMMUYECKHX IOKa3a-
TeJe COCOOHBI IaTh OTBET HA BOIPOC O Pa3BUTHHU COOOIIECTBA THAPOONOHTOB
U aJUTUBHOM BIIUSIHMU Ha HEro ()aKTOpOB U3MEHEHHsI Cpebl OOMTaHUs B Tede-
Hue BpeMeHH. OHM MOTYT IOMOYb B OOHApyXEHUH U HACHTU(DHUKALNT SKOJIOTHYe-
ckuX TpobieM Ha paHHuX cramusax [2]. Ilocne mposenenus B ropone Coun XXII
Omummuiickux 3uMHAX urp U X1 Tapamuvmuiickux 3umanx urp 2014 rona, uc-
CJICZIOBAHUS 110 U3YUYCHHUIO JOJITOCPOYHOIO BIUSIHHSA PA3BUTHS TOPHBIX KypOPTOB
Kpacuott [TonsHbl Ha OnomornvecKre cooOIIecTBa MPUPOIHBIX BOIOEMOB TOTO
paiioHa He mNpoBOAWINCH. 1103TOMYy HEBO3MOXXHO NPENOCTaBUTHh HAY4YHO-000-
CHOBaHHOE 3aKIIFOYEHNE 00 M3MEHEHUSIX CTPYKTYPhl OMOJOTHYECKHX COOOIIECTB
PEK HOA BAMSHUEM aHTPOIOI€HHOI HAarpy3KH OT CTPOUTEILCTBA U 3KCILUTyaTalluu
ONUMITHICKON WHPACTPYKTYphl. HekoTophle ydeHble oOpamaiT BHUMaHHE Ha
BO3MO)KHOCTh BTOPHYHOTI'O 3arpsI3HEHUS CPeIIbl MaJIbIX PEK B 30HAX HHTEHCUBHOI'O
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

PasBUTHS TYpH3Ma, KOTOPOE BBI3BIBACTCSI MPOLIECCAMHU
JEKOMITO3MLMHY TOMAAAI0NINX B BOLY 3arps3HUTENCH.
3T0 cHOCOOCTBYET MOSBICHUIO B TOPHBIX BOZOEMAax HE
CBOWCTBEHHBIX UM OPraHM3MOB, YCTOHUUBBIX K aHTPO-
MIOT€HHOMY 3arpsi3HeHuo [3].

HayuHast HOBU3HA JaHHOW PabOTHI COCTOUT B TOM, YTO
OHa SIBJISIETCS. HAYaJIOM IIEPBOT0 Hocie 3UMHEH OnuMnu-
anbel 2014 roga KOMIUIEKCHOTO MCCIIEIOBAHMS BOJOEMOB
TOPHOTO KjacTepa ropoaa-Kypopra Coun, crassiuee Ie-
JBIO ONPENeNUTh M MPOAHATH3UPOBATh 3KOJIOTHYECKHE
OMAacCHOCTH M PHUCKH JUIS NPHPOAHBIX BOAOEMOB MpPHU
OCBOEHHMHM TOpHBIX Teppuropuil KaBkasa, a Tarxoke mpo-
CJICANTH TUHAMUKY NONTOCPOYHBIX MU3MEHEHUH PEYHBIX
OMo1eH030B B 3THX paiioHax. Oco0yro BaXKHOCTH TaKoe
ucclieloBaHUe NPUOOpETaeT B CBS3M C IUIAHAMH Jajb-
HEeHIero pa3BUTHS TOpHBIX Tepputopuil Kaskasckoro
rOCYJapCTBEHHOTO TNPHPOAHOrO OHOCGEepHOro 3aro-
BE/IHUKA, TaK KaK OHO MO3BOJIUT MACHTU(GHULINPOBATH H,
BO3MOJKHO, IIPEJOTBPATUTh, HEONPABIAHHbBIE PUCKHU JUIS
OHMOIOTMUECKUX COOOIIECTB 3TOr0 YHUKAIBHOTO PEruo-
Ha KaBkasa.

B kadectBe 00BeKkTa HMCCieMOBaHUS ObLIa BBHIOpaHa
peka Jlaypa (mpaBblii mpUTOK peKHd M3BIMTHI) TIO PAILY
MPUYHH, KOTOpBIE OYIyT pacCCMOTPEHbI HUXKE.
Onucanue uccjieyeMoro 00beKTa 1 aHTPONOTreHH O

Harpy3KH

Pexa Jlaypa OepéT cBoe Hayaslo Ha FOXKHBIX CKJIOHAX
xpebTa Accapa Ha TeppuTopun KaBKa3ckoro 3amoBeHu-
Ka, BrajgaeT B p. M3biMTa B 50 KM BBILIE €€ YCThSI.

CornacHO AaHHBIM TOCYAapCTBEHHOI'O BOAHOTO pee-
cTpa, Aunrce — npaBbli IPUTOK peku Jlaypa [4], koTo-
pasi, B CBOIO OYepe.b, SBJISIETCS IPaBBbIM MPUTOKOM PEKU
M3eiMTBl. O1HAKO B O0JIee paHHHUX HCTOYHUKAaX AUHIice
YIOMHMHAETCA KakK MPUTOK pPeku M3bMThI, a Jlaypa —
Kak OpuToK Auwurce [5; 6].

HazBanue pexu umeer nBa ToskoBaHHs. CormacHo
NIEPBOMY, B MIEPEBOJIE C AABI'CKOIO OHO O3HAYAET «KO3bS
Boga». CormlacHO BTOPOM BEPCHH, peKa MOoIy4niIa Ha3Ba-
HHUE OT IUIEMEHH AXYHIICOY, IPOKHUBABIIETO 110 €€ Oepe-
ram [7].

B peky BmagaroT MHOTOYHCIICHHBIE TOPHBIE PYUbH.
Penbed pycna — ropHbIi, 0COOEHHO B BEPXOBBSX, IJI€
MHOTOYHMCIICHHBI BOJOMA/IBL.

B HmKHEM TedueHNH peKH paHee pacronaraics pado-
ynii nocénok Cnanuesslid Pynnuk. B Hacrosmee Bpems
peka Jlaypa npoTekaet B 30He (pyHKIHOHUPOBAHUS KPYII-
HBIX PEKPEALMOHHBIX 0OBEKTOB U OMYJISIPHBIX TYPUCTH-
YEeCKHX MapLIpyTOB ropHoro kinacrepa I. bon. Coun.

B mmxHem Teuennn peku Jlaypa B ee qeBoOepekHOM
noiiMe Ha OTpEe3KEe MEXAY TOUKOW CIUSHUSA ¢ p. AuHIl-
ce u BnajgeHueM Jlayper B p. MMty B 2008 romy Obin
oTKphIT [ opHO-TyprcTHaeckuii neHTp [TAO «l"azmpom».
ITpu noaroroBke k 3uMHUM Onumnuiickum urpam 2014
roga MHQPACTPYKTypa TOPHO-TYPHCTHYECKOTO LIEHTpa
3HAYUTEIBHO PacIIMPUIIACK, I1aTo XpebTa [Icexako u e-
BOOEpEKHBIE CKIIOHBI IOJMHBI PeKH ObIIIH 000pyI0BaHbI
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TOPHOJBDKHBIMU TIOXBEMHUKAMH W TPaccaMu, BKIIIOYAs
OMAaTIOHHBII U JBDKHBIA KOMIUIEKCHI, TOCTPOEHO MHO-
KECTBO TOCTHHUYHBIX, PECTOPAHHBIX, pa3BIeKaTeIbHbBIX
U Opyrux OObEeKTOB HMHQPACTPYKTYPHI, COCAMHEHHBIX
MeXIy COO0H pa3BETBICHHON TPAHCIIOPTHOM CETHIO.

Ha npaBom Oepery peku, Ha Tepputopun Kaskascko-
IO TOCYAapCTBEHHOTO MPUPOAHOTO OMOCHEPHOTO 3amo-
BEJHMKA, PACIIONOKEH IKO-KOMIUIEKC «Jlaypay, KoTopsIit
BKJIIOUAeT B ceOsl LIENbIi psili aHTPOIOT€HHBIX OOBEKTOB!
BOJILEPHBI KOMIUIEKC IOUKHX >KUBOTHBIX, KOHIOLIHIO,
JloMa Ui COTPYIHUKOB 3allOBEAHMKA Ha kopaoHe Jlay-
pa, ToCTeBbIE IOMUKH, TApK NPUKITIOYEHUH, Kade, OaHto,
CTOSIHKY JJIsl aBTOTPaHCIIOPTa U Apyrue 00beKTh HHppa-
CTPYKTYpBI.

Brone npasoro 6epera p. Jlaypsl mposioxkeHa aBTOMO-
OumbHas [opora, BeAyluasi K 3Ko-KoMmIuiekey «Jlaypa» u
Ha xpebet [Icexaxo, k coopyxeHussM [opHO-TyprcTHYE-
ckoro neHrpa ITAO "T'aznpom". Bee 3T 00bEKTHI, Kak
[I0Ka3aJ10 HCCIIEIOBAHUE, B COBOKYITHOCTH OKAa3bIBAIOT
3HAUUTETIbHYI0 aHTPONOTCHHYIO Harpy3kKy Ha JOJIMHY
p. Jlaypa. Kpome Toro, pycio peku Ha 3TOM y4acTKe 3a-
pErynupoBaHO rabMOHAMH, YTO 3aTPYAHSIET MIPOLIECCHI €€
CaMOOUHIIIEHUS.

Tl'eonormveckasi xapakKTepucTHKA BOXOCOOPHOTO

Oacceiina p. Jlaypsi

B reonornyeckoM CTpOEHHH TEPPUTOPHUH, IO KOTO-
poli mpotekaeT peka Jlaypa, mpUHUMAIOT y4acTHe Me-
30-KaliHO30#CKHe MOpOAbl T€OCHHKIMHAIBHOU (opma-
LU, CPENN KOTOPBIX BBIAEISIOTCA: NECUYaHO-ITIMHHUCTASA
(TmuHMCTO-CcNaHLeBas acnuaHas) GopManus HIWKHEH u
CpemHell 10pbl, TeppUreHHO-KapOoHaTHas (Qruienas)
(hopmarusi BepXHei I0pbl, Mella K YaCTHYHO HajleoreHa.

YeTBepTHYHBIE OTIOXKEHUS Ha paccMaTpUBacMOU
TEPPUTOPHH UMEIOT BECHMA IIHUPOKOE PACIPOCTPaHEHNE
U pa3zHooOpa3Hble ycnoBus 3ajeranus. Cpenu HUX cie-
OyeT BBIOCITUTH JAETIOBHAIbHO-IIPONIIOBUANBHBIC, MPO-
JIOBHAJILHBIE U aJUTIOBUANBHBIC OTIIOKECHUS B MIEPEyIIIy-
OJICHUSIX PEYHON TOJMHBI, XapaKTePU3YIOIIUECs pa3iny-
HOW BOZOHOCHOCTBIO.

B nonune pekwu, B paiione koppoHa Jlaypa, B ceMHu-
JecsITble TOABl MPOIUIOTO BeKa OBUIO pa3BenaHO Auui-
CHHCKOE MECTOPOXKJICHHE MOI3EMHBIX ITPECHBIX BOJ, KO-
TOpPOE 10 CTPOUTENHCTBA TOPHO-TYPUCTCKOTO KOMILIEK-
ca SIBJISUIOCH PE3EpBHBIM AJIsi 00ECIeUeHHsT MUTHEBOTO
BofgocHaOxeHus! TopHbIX nocenkoB Kpacnas [lonsina n
Ocro-Cagok. B Hacrosmiee BpeMs U3 JaHHOTO MECTO-
POXIEHHS MPOU3BOOUTCS BOIOCHAOXKEHUE TONBKO TOP-
HO-TypucTckoro kommiekca ITAO "T'asnpom™", xoTopsIit
000opyIoBal B AOJIMHE peKU HEOOMBIIONH Bomo3ab0p st
coOcTBeHHBIX HYykA. OcranbHas TeppuTopus AuUuI-
CHHCKOTO MECTOPOXAEHHUS IOA3EMHBIX IPECHBIX BOJ
3aCTpPOCHa KOTTECKAMHU M OTEJSIMH, NPUHAIUICKALTIMU
[TAO "T'aznpoM" u (akTHUECKH yTpadeHa, KaKk pe3epB
BBICOKOKa4EeCTBEHHON MHUTHEBOM BOJBI JUISI HYXKI 3TOrO
TOPHOTO paiioHa.

[eonornueckoii 0COOCHHOCTBIO PETHMOHA SIBISETCA
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HaJIMYME TCOXUMHUYECKUX AHOMAJIMH TSKEIBIX MeTaj-
noB. Ha tepputopun BomocoopHoro 6acceiina p. Jlaypsr
BBISIBJICHBI JIOKQJIbHBIE TEOXUMHUYICCKIE aHOMAINU MEAn
U UHKA B IOBEPXHOCTHOM cJioe mouBkI oT 0 10 30 cM n
B rpyHTax Ha ryoune ot 30 cm 1o 1,0 M.

B mepuon MHTEHCHBHOTO CTPOMTENBCTBA PEKpealu-
OHHBIX W OJIMMIIMACKUX OOBEKTOB BBISBIICHA AKTHBH-
3alusl 3K30T€HHBIX reosiorudeckux mpouecco (OI'T),
HanOoJee OMacHBIMH W3 KOTOPBIX SIBJISIFOTCS OIOJ3HH,
CeJH, OCBIIH U 3PO3usl.

Onon3Hu OIMPOKO paclpOCTPaHEHBI B 3TOM paioHe
B CBSI3H C OCOOCHHOCTSIMH T'€OJIOTMYECKOr0 CTPOCHUS
U HaJIW4YMEM CKJIOHOB 3HAYMUTENBHOM KpyTH3HBI (Oojee
15-30°). [JdpyruMu BaxKHBIM (aKTOPOM BO3HHKHOBEHUS
OTIONI3HEH SIBJIAIOTCSI IMEPEYBIAXHEHUE MOPOJA aTrMoc-
(depHBIMU OCagKaMM U IMOA3EMHBIMH BolamH. B 3THx
YCIIOBUSIX WMHTEHCUBHAs CTPOUTENbHAs IESTEIbHOCTD
B nonuHe peku Jlaypa, compoBoxzparomasicsi BEIpyOKoi
nieca, TIOPE3KOi CKIOHOB MPH NPOKJIAAKE TOPOT U CKJla-
JUPOBAaHHEM CTPOUTENBHBIX T'PYHTOB BBI3Baja PE3KYIO
AKTHBM3ALHUIO DPO3HOHHBIX, OIOJ3HEBBIX M CEJIEBBIX
MIPOLIECCOB B JIONMHE PEKH.

Cenu HaxoATCs B CIOXKHOM B3aWMOOTHOUIEHHH C
apyrumu tunamu OI'TI (omomn3HsiMu, oOBanaMu, OCHI-
ISIMH, 3pO3UEH U JIp.), KOTOPbIE MOATOTABIMBAIOT U J10-
CTaBJISIIOT B PYCJIO BOZOTOKA TBEPLYIO COCTABIISIOLIYIO,
a B HEKOTOPBIX CJIy4YasX HIPaloT PELIAloNIyl0 pojib B
(hopMupoBaHUH KHUIKOU cocTaBistomIel ceneit. [Ipsamoe
BIMSHUE Ha OOpa30BaHUE Celel OKa3bIBAIOT TE€OMOp-
¢onoruyeckue akTOphl: YKIOHBI TAJbBETOB, KPyTHU3HA
CKJIOHOB, MOP(OJIOTHsl JOJIUH. YYacTKU JOJHMHBI, CIIO-
KCHHBIC CKaJbHBIMU MOPOAAMH, SIBIISIOTCS MCTOUYHHUKA-
MH OCHITICH, 0OBaJIOB U cenei [8].

Oposust SBISETCS OAHUM M3 OCHOBHBIX (DaKTOPOB
neHypanuy. OCHOBHYIO pOJIb UTpaeT JIMHEHHBIA TIO-
BEPXHOCTHBII CTOK, ()OPMUPYIOILHUIICA 3a CUET aTMOC-
(epHOTrO M BEPXOBOTO MOA3EMHOr0 muTanus. OcobeHHO
OIIACHO YHHUYTOXEHUE PACTUTEIBLHOCTH Ha CKJIOHAX, T
aKTHBM3ALMS ONACHBIX 3K30T€HHBIX MPOLIECCOB MOXET
MPUBOOUTE K KaracTpoduueckuM mnocienctsusm. Ilon
MMOKPOBOM PacTUTENBLHOCTH 3PO3HUsl MOYB MPOTEKAET Ma-
JI03aMETHO, HO IIPU HAPYLLICHUU PACTUTEIBHOTO MTOKPOBa
OHA MOKET HPOSBUTHCS KAaTacTPO(PHUUECKH, MpeBparlia-
sicb B OexnctBue. bokoBoil 3po3uu U, 0COOCHHO, HPO3UH
OeperoB, B OONBLIMHCTBE CIIy4aeB ITOJIBEPKEHA BHICOKAs
noliMa peKu U NepBble HaAIOWMEHHbIE Teppachl. MIMen-
HO 3TH YYacTKd B IOCIIEHEE AeCATHICTHE Haubolee
aKTHBHO OCBAaWBAIOTCS YEIOBEKOM, YTO COMIPOBOXKIACTCS
YCHUJICHUEM TIPOSIBIICHHUS ONMACHBIX I'€OJIOTHUECKUX MPO-
neccoB. Pemaromum ¢akTopoM, COCOOCTBYIOIIUM Ka-
TacTpo(huIeckoMy Pa3BUTHIO IUIOCKOCTHOH 3PO3HH, SIB-
JISIeTCS CTPOUTENbHAS ACATENBHOCTh, KOTOpast 3a4acTylo
OCyIIECTBIsIeTCA 0e3 OCYLISCTBICHUS HEOOXOOMMBIX
MPUPOLOOXPAHHBIX MEPOIIPUATHI.

Crnenyer ormeTuTs, uto nocne 2010 rr. B paiioHe Ky-
poptoB KpacHoii MONSIHBI MPOHU30IITIO PE3KOE yBEIHYe-
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SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

HHE CEJICBOM AKTHUBHOCTH, BBI3BAHHOE YHHUYTO)KEHHEM
PacTUTETHHOTO TOKPOBA M aKTHUBH3ALKEH 3PO3MOHHBIX
MPOLIECCOB Ha CKJIOHAX, BCIEACTBUE aKTUBHBIX paboT MO
CTPOMTEJILCTBY U PACIIMPEHUIO CIIOPTUBHBIX U PEKpea-
LUOHHO-TYPUCTCKUX OOBEKTOB. B pesynbrare ceneBbie
U IpyTUe ONacHbIC FeOIOTHYECKUE MTPOLIECChl AKTUBH3H-
POBANKCH JaXke TaM, IJe OHU paHee MOpQOIOTHIECKU HE
MIPOSIBISLTUCH WITH OBLTH MaJIO3HAYUTEIHHBIMU [9].

Kpome Toro, MaccoBoe U3bsATHE TPaBUHHO-TAIEYHOTO
Mmarepuana u3 pycen p. Jlaypsl B meprnoJ MHTEHCUBHOTO
CTPOMTEJIECTBA PEKPEAIMOHHBIX M OJIMMIMHACKUX 00B-
extoB (c 2007 mo 2014 roapl) mpUBENO K W3MEHEHHIO
PEeKUMa PEKH, MPOBOLUPOBATIO AKTUBH3ALMIO OMACHBIX
9K30TCHHBIX T'COJIOTMYECKHUX IPOLECCOB M, KaK CIEA-
CTBHE, 3HAYUTEILHOMY YBEIHMUYEHHIO MyTHOCTH BOABI U
ee 3arps3HeHHIO.

Bospociee copepskaHue B3BEILCHHBIX BEIIECTB U
MOABHMKHBIX (POPM TSKEJIBIX METAIJIOB, TOCTYMAIOIINX B
BOJIOEM BCIICICTBHE AKTHBH3ALUHU 3K30I'€HHBIX I'€0JIOTH-
YECKHUX MPOLIECCOB, MOBBIIIAET PUCKH HETAaTHBHOTO BIIU-
SIHUS 3THX (aKTOPOB Ha SKOCUCTEMY PEKH.

I'vaponorust u ruapoxumus p. Jlaypa

Peka OTHOCHTCSI K TOPHOMY THITy, XapaKTepH3yeTcs
CHJIBHBIM T€UE€HUEM, OOJIBIIMMH MPOAOIBHBIMH YKIOHA-
MH U 4aCTBIMH M3MEHECHUSIMH YPOBHS M pacxola BOJBL,
CBSI3aHHBIMH C KOJIMUYECTBOM aTrMOC(EpHBIX OCaIKOB.
TemneparypHbIi U KUCTIOPOIHBINA PEXXUMBI 3TOTO BOLOE-
Ma TaKkKe TUIIMYHBI I pEK TOPHOTO TUIIA: TeMIIEpaTypa
B TeUeHHe Troja konebnercs ot 8 o 15 °C, a conepkanue
PacTBOPEHHOTO KHCJIOPOJa HE OITyCKaeTCsl HIKe 8 Mr/i
[10].

ITo manabeIM OI'BY «CIII'MC YHAM» p. Jlaypa oTHO-
CUTCA K KaTeropuy MaJIbIX peK. THIl MUTaHUs CMEIIaH-
HBIH (IOX/AEBbIe MaBOAKU U cHerotasHue). [lo xapakre-
Py NMHUTaHUS U paclpenesicHus CTOKa BO BPEMEHH, peKa
OTHOCHUTCS K 5-i1 30He mpuOpexHOW monockl YepHo-
MOpCKOTo mobepexbs. st pekn XxapakTepHa CpeaHss U
HHU3Kasi BOAHOCTb, Npeodnagaer 3uMHUMA cTok. JlonmnHa
peku TpaneneuaanbHasd, mupuHod 130—-180 M; CKIIOHBI
KpyThle 45—-60°, cuapHO pacuwieHeHsl. BricoTa Bogopas-
JIENBHBIX XpeOToB 10 2,5 kM. CKIIOHBI CIIOKEHBI CKaJlb-
HBIMH TOPOJAMH, MOKPHITHI CJIOEM 3JIIOBHAIIBHO-/IEIIO-
BHAJIBHBIX CYIIIMHKOB TonmuHou 0,2—0,5M, Ha KOTOPBIX
c(hOopMHPOBaHBI TOPHO-JIECHBIE JEPHOBO-KapOOHATHBIC
1oYBBl. CKJIOHBI TOKPBITH CMEIIAHHBIM JIECOM BBICOTON
mo 15-20 m u xycrapamkom. [loiima mpaBoOepexHas,
mupuHoi 10 130 M, rycto nopocias noajgeckoM. Pycino
M3BUIIMCTOE, TaneyHo-OymsDKHOE, AedopMupymomeecs,
MECTaMU C CHJIBHO BBIPaXKEHHOH KOCOCTPYHHOCTHIO. be-
pera kpyTteie 1-1,5 M. Peka He mepechixaeT U He mepe-
Mep3aerT.

Kak ObIO OTMEUYEHO BBILIE, HWKHEE TEUCHHE PEKU
Jlaypa pacnonaraercs B 30He ()yHKIIHOHHUPOBAHUSI KPYII-
HBIX OJTUMIIUHCKUX M TYPUCTHUECKUX 00BbEKTOB, HH(ppa-
CTPYKTypa KOTOPBIX 3HAYUTEIbHO pacUIMpHiach MpU
MOJATOTOBKE K 3UMHUM Onumnuiickum urpam 2014 rona.
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Ecimn o Hawyanma ONMMMITUACKOTO CTPOUTENBCTBA ITYHKT
THJIPOJIOTHYECKAX W THIPOXUMHUYECKUX HAOIIONEeHUH
«Kopmon Jlaypa», BXoAsmuii B cOCTaB CETH TOCyHap-
CTBeHHOH ciyxObl HaOmroneHnii Pocrumpomera u Haxo-
JIamuics B 2,4 KM BBbILLIE BOAACHUS PEKU B p. M3bIMTY,
paccmarpuBaincs kKak ()OHOBBIH, TO K HACTOAIIEMY Bpe-
MEHH TaKo# MOAXOJ eBa JIU OTpaBliaH — Ha pexy Jlaypa
OKa3bIBACTCS 3HAUWTENIbHAS aHTPOIOTCHHAs Harpys3Ka,
CBsI3aHHAsI C OCBOEHHEM HOBBIX TEPPUTOPHI Ha BOJIO-
COOPHBIX TIIOMIAAX.

OMNBIT COYNHCKUX MTPUPOIOOXPAHHBIX OpTraHU3AINA U
PE3YBTaThl KOMITIEKCHBIX UCCIIEAOBAHUH PEK MPUOPEK-
HoW mosnockl YepHoro mMops B paiioHe I. bon. Coun mo-
Ka3bIBAIOT, YTO OJTHOM U3 OCHOBHBIX IPOOIIEM, C KOTOPOH
MIPUXO/IUTCS CTAIKUBATHCS B PETHOHE, SIBISETCS 3BTPO-
(uKaus MPUPOTHBIX BOMOEMOB, KOTOpas BO3SHHKAET B
pe3ynpTare MOMaJaHus B BOJOEMBI HEOUHIIEHHBIX WIIN
HEIOCTATOYHO OYMILIEHHBIX XO3SHCTBEHHO-OBITOBBIX W
JIUBHEBBIX CTOKOB C TEPPUTOPHUI HACEICHHBIX ITyHKTOB,
NpeanpusTui U apromaructpaieit [11; 12].

DTO TaKke CIPaBEUIMBO U IS OI[CHKH aHTPOIIOTCH-
HOW Harpy3KH Ha MPHUPOTHBIC BOAOTOKH OacceiiHa peKu
MB3BIMTHI, TTPOTEKAIONINX 0 TEPPUTOPHUH, 3aTPOHYTOMN
ONTUMITHMICKIM CTPOUTEINHCTBOM, TaK KaK B HACTOSIIEE
BpeMs JaHHbIE 0OBEKTHI UCTIONB3YIOTCS UIS TeNiei pe-
KpPEaIMoOHHOTO Typu3Ma, KOTOPBIi SBISETCS OCHOBHBIM
BUJIOM JIESTEIILHOCTH B HACEJIEHHBIX ITyHKTaX TOPHOTO
knactepa I. bon. Coun.

I'mapoxummdeckast OIieHKa COCTOSTHUS peku M3bIMTa
U ee IPUTOKOB, B TOM umcie pek Jlaypa u bemenka, Ha
MPOTSDKEHUHM  OJIUMITHIICKOTO CTPOUTENHCTBA OCYIIECT-
BIISIIOCH HECKOJIBKUMH opranuzanusiMu: OI'Y «KyOaHb-
MoHuTOpuHIrBoA» U1 HUUM mpuxnanHoil U 3KkcnepuMeH-
TanbHOU dKonorun KyOaHCKOro rocarpoyHHBEpPCHUTETa
B 2010 rony, otnensHo PI'Y «KyOaHEMOHUTOPHUHTBOMY
—¢ 2009 o 2015 rr. ®I'BY «CHHI'MC YAM)» Ha mocTo-
STHHOM OCHOBE OCYIIECTBIISICT PETYISPHBIE THAPOXHMH-
YecKue HaOIloIeHns Ha pekax M3bimra u Jlaypa.

[To pe3ymbraram HaOMIONEHUI JaHHBIX OpPTaHU3aINI
B TO/BI OJMMITHICKOTO CTPOUTENIECTBA B peke M3bIMTa
HaOIroMaNKuCh 3HaYnTenbHbIe pesbitnenus [1/IK mo co-
JIepKaHUI0 HE(TEIPOIYKTOB, PSlia TSHKEIBIX METAJUIOB
(>xemes3a, pPTyTH, KaaMusi, MEAH, IIMHKA), TPYIHOOKHC-
nsembix (o XIIK) u nerxookucnsemsix (mo BIIK) op-
TaHWMYECKUX BEIIECTB, & TAaK)KE€ BBICOKOE COMIEepIKaHUE
B3BEIIICHHBIX BEIIECTB, 3HAYUTEIHHO IMPEBHIIIAOIIEE
CpeIHeCTaTUCTHYECKHE TToKa3aTen 0ojee paHHUX JIET.

Hopmarusamu I1JK 11t peiO0X03sHCTBEHHBIX BOAO-
€MOB yCTaHOBIICHO, YTO TIOBEIIIIEHUE COJCPKAHUS B3BE-
IIICHHBIX BEMIECTB B MPUPOTHOM Bojgoeme Ha 0.25 mr/n
M0 OTHOIIEHWIO K ()OHY MOXKET BBHI3bIBATh HETATHBHBIC
MOCIIEACTBHASA I JKMBBIX OpraHm3MoB. Kpome Toro,
pa3IMYHBIMK aBTOpaMH OBLIO JTOKa3aHO, YTO aHTPOIIO-
TeHHOE TIOBBHIIIICHUE KOHIEHTPAIIUH MEIKOAMCIICPCHOMN
B3BECH B BOJIOEMeE, IpOIoIDKaroIieecs Ooiee Jaca, Mo-
JKET TPUBECTH K 3HAYUTEIHHBIM MOTEPSM B €ro Omorie-
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HO3aX, NPEUMYIIECTBEHHO BIMsS HAa MAaJOIOIBUXKHBIE
(hopMbl OeHTOCA ¥ TIEPU(PUTOHA U BOMOQPIIBTPYIOIINE
opranusMbl. [Ipy 3TOM MOBBILICHHOE COEPKaHNUE B3BeE-
LICHHBIX BEILIECTB OKA3bIBAET BIMUSHUE HA TUAPOOHOHTEL,
HE TOJIBKO yXynmas (pu3ndeckue cBoicTBa BOAHOM cpe-
Ibl, YTO MPUBOAUT K CHW)KEHHIO MHTEHCUBHOCTH INHUTa-
HUS, ABIXaHUS U TOIBMKHOCTH JKUBBIX OPTaHU3MOB, HO
1 YBEJINYMBAsi TOKCUYHBIE CBOMCTBA JPYTHUX 3arpsa3HUTe-
JIeH, TaKUX KaK MOoIBIWKHBIE opMbl MeTaiioB [13; 14].

[Tocne nposenenus B 2014 rogy OauMOuicKUX Urp
Harpys3Ka Ha peKH, CBSI3aHHAasI C UHTEHCUBHBIM CTPOUTEIb-
CTBOM B I'OpHOM KJacTepe, JOJDKHA OblIa CyIIeCTBEHHO
cHU3UTHCS. TeM He MeHee, Ha pa3BUTHE OMOLIEHO30B YHH-
KaJlbHBIX NPHUPOIHBIX BomoeMoB KaBkasa mpomoikaroT
OKa3bIBaTh BIIMSIHUE SKCIUTyaTalusl BO3BEICHHBIX CIIOP-
THUBHBIX M PEKPEALIMOHHO-KyPOPTHBIX OOBEKTOB, JIMB-
HEBBIE M XO30BITOBBIC CTOKH C TEPPUTOPHH 3HAUYUTEIIb-
HO Pa3pOCILIMXCS MPUJIETAIOMINX HACEICHHBIX ITyHKTOB.
[lo gamHBIM THApOXMMHUYecKHX HaOmoxeHuin DOI'BY
«COI'MCYAM» B 2014 1 2015 rogax ka4uecTBO MOBEPX-
HOCTHBIX BoJ peku Jlaypa ObUIO 0XapaKTEepHU30BaHO Kak
«c1abo 3arpsi3HEHHas», KJIacc YUCTOTH — 2, YTO CBUAE-
TEJICTBYET O MPOAOJDKAIOIIEMCS TI0CIE OJUMIIUHCKOTO
CTPOUTENHCTBA BO3JCHCTBAN BHEIIHUX (hakTopoB [14].

B 2010 rogy ®@I'Y «KybanemorutopuarBon» u HUN
MIPUKJIATHON W SKCIEPUMEHTaNbHON 3Komoruu KybOaH-
ckoro I'AY Bxmounian OHONIOTHUECKUE HCCIICAOBAHUS
B KOMIUJIEKCHYIO [IPOTpaMMy M3Y4YEHUS BIUSHUS TEXHO-
TEHHOT'O BO3ACHCTBHSA Ha Maslble PEKU Ha TEPPUTOPUU
OJIMMITUIICKOTO CTPOUTENILCTBA, B TOM uuciie no p. Jla-
ypa. ABTOpHI IPHUIIUIK K BBIBOLY, YTO Haubonee nHOp-
MaTUBHBIM IIOKA3aTEJIEM JKOJIOTHYECKOTO COCTOSHUS
peku sBisieTcst canpoOubIil nHAeke llantine u bykka u
Ouotnueckuil MHAEKC BynuBuca, 4yTo monTBepikaaeTcs
U HAaIUMHM HcclienoBaHusIMU. [1o TaHHBIM BbIIIEyKa3aH-
HOW paboTHI oNpeneneHo, yTo peka Jlaypa mo nHaekcy
CanpoOHOCTH COOTBETCTBYET IOIPAaHMYHOMY COCTOS-
HUI0O MEXAY OIIMro- M [-Me3ocanmpoOHO#l 30HOH. 3Ha-
YEeHUS! MHAEKCA MPUHUMAIN MHUHMMAJIbHBIC 3HAUYCHHS,
COOTBETCTBYIOIIIME YHCTOMY BomoeMy, B HosiOpe (1.34),
a MakcumanbHbIe (2.06), XapakTepu3ylole yMEepeHHO
3arpsi3HEHHbIE BOZOEMBI, B ceHTI0pe. CpenHuii mokasa-
Tenb uHAeKkca BynuBuca ans pexu Jlaypa Obut paBeH 8,
YTO OTHOCHUT €€ K UYMCThIM BogoTokaM [10]. HApyrux nan-
HBIX TMAPOOMOJIOrHYecKUX HcciienoBanuii pexu Jlaypa
IUIsl OLICHKH BJIMSIHUS Ha HEee Pa3BUTHs KypOpTOB OOHa-
PYXUTh HE YAJIOCh.

[lo MHEHHMIO CIIEHUMANINCTOB, UCCIEAOBABIINX BO3ACH-
CTBUE CTPOMTENBHBIX M OEperoyKpemnuresbHbIX pador
Oaccelina p. Tepek Ha cocTaB peuHbIX OMOLIEHO30B, MPO-
LIECC BOCCTAHOBJICHHS OMOJIOTHUECKUX COOOIIECTB B TOp-
HBIX peKax I0CJIEe BO3ICHCTBHS TEXHOTCHHBIX (DAaKTOPOB
MPOXOJUT OYEHb MEJIEHHO U MOXKET 3aHSATh rofsl [16].

B Tex cnmyvasix, Korga aHTPOIIOTE€HHAsl Harpyska Ha
TOpHBIC BOAOEMBI NPOAOJDKAETCS WM IOBTOPSIETCA B
TEUCHUE AJIMTEIBHOIO BPEMEHH, OMOJIOTHMYECKHE CO-
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o01ecTBa He UMEIOT BO3MOKHOCTH BOCCTaHABIHMBATHCS
B CBOEM MPEKHEM BHJIE M BBHIHY)XKICHHO NPHUCIOCAOIH-
BAIOTCSI K 3arps3HEHUIO CPEIbl: HCUE3aI0T HIACMUYHBIC
BUBI, XapaKTepHbIE ISl YUCTBIX OJMIOCAIPOOHBIX BO-
JOEMOB, U TMOSBIAIOTCS YCTOWYMBBIC K 3arpsi3HEHHIO
rpymnmnsl THAPoOHOHTOB. [lo3TOMY upe3BBIYAHHO BasKHO
OTIPENENUTh U U3YyYUTh SKOJIOTUYECKHUE PHUCKHU, CBSI3aH-
HBIE C OCBOEHHEM TOPHBIX KJIaCTEpOB TYypPHUCTUUECKON
WHAYCTPHUH, KOTOPBIE MOTYT NPHBECTH K MPAKTHYECKU
HeoOpaTuMOW Jerpajaiuvy NPUPOAHBIX COOOIIECTB B
JONTOCPOYHOH MEPCIIEKTHBE.
MarepuaJjibl U METOAbI

B naHHOM HccnenoBaHMM IOKA3aTeNld HMHAEKCA ca-
MMPOOHOCTH W OIEHKa OWOJNOTHYECKOTO pPa3sHOOOpasus
coobmiects Makpo3oobeHTOoca u rmepuduToHa p. Jlaypa
OBUTO MCHOJIB30BAaHO B KAa4eCTBE OCHOBHBIX IOKa3aTesei
9KOJIOTMYECKOTO COCTOSIHHS BOIOEMA HA ITAHHOM y4acTKe.
Pesynbrarel OMONOTrMYECKOro aHajiM3a CPaBHUBAIKCH C
THAPOXUMHYECKUMH M T€OIKOJIOTUIECKUMU KPUTEPUSIMU
OLICHKH HCCIJIClyeMOTO Y4acTKa PEKH AJISI OIPEeAesICHUS
BO3MOXHBIX MPUYMH TpaHCHOPMALMN PEUHBIX OHOLICHO-
30B M ONpENENICHUS! OCHOBHBIX 3KOJIOTHYECKHX PHCKOB
IUISl TOPHOTO BOZIOEMA.

OT0Op W THAPOXUMHYECKHE HCCICAOBAHHS MPOO
BOJBI MIPOBOAMINCH B COOTBETCTBUH C JIEHCTBYIOLUIMMU
aTTECTOBaHHBIMU MeTOAMKaMu u3MmepeHud P 52.24.,
paspaboranueiMu PI'BY «I'XU» Pocruapomera [17].
OTt0op npousBonwics B MyHKTe HaOmroneHui «Kopaon
Jlaypa» ceTH TroCyJapCTBEHHOH CIyObl HaOMIOnCHHUI
Pocrunpomera.

COop Omosormyeckoro Marepuana Makpo3000eHToca
OCYIIECTBIISUICS B TOM )K€ MECTE B COOTBETCTBHH € O011Ie-
MIPUHSTBIMH METOJIaMH, YTBEPKICHHBIMHU [ napomereoc-
nyx06oii PO [18]. Kpome Toro, B seTHHii mepuoy ObUTH
oToOpaHs! poOsI B 1 KM BbIIE 1O TeueHuto p. Jlaypa ot
nyHkTa HaOmoneHnit «Kopnon Jlaypay, amst onpeneneHus
COCTOSIHUSI OMOJIOTHUECKUX COOOILECTB BHE BIMSHUA TY-
pHUcTHYECKUX OOBEKTOB KomIuiekca «I'azmpom». IIpoOsr
¢uxcupoBanuch 75%-M pacTBOPOM 3THIOBOTO CIIUPTA.

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

[lpu kamepanpHOIl 00pabOTKE THIPOOHOHTHI pac-
NPEAEISUTUCH TI0 CUCTEMAaTHUYEeCKUM IPyTIaM, ONpeaes-
JMCh 10 BHJAM M NEPECUUTHIBATINCH Ha | KBagpaTHBIN
METp MOBEPXHOCTH HA Bomoema [19; 20].

B kauyectBe 3Kcmpecc MeTozna OLECHKH Ouojoruye-
CKUX COOOILIECTB HCIONB30BaJICs HHACKC Bynusmca,
KOTODPBIM ONpeneNnsuicss Ha OCHOBE BBIIECICHHBIX TPYIII
OpPraHu3MoOB. YpoBeHb 3PTpodUKaM PEKH OIpere-
JSUICSL TIO 3HAYCHUSIM canpoOHoro mHAekca mno [lantne
u bykky. Jlis1 onpeneneHus MHIUBUILYaIbHOTO Carnpoo-
HOT'O MHJEKCA SHIEMUYHBIX U CYyO-9HIEMHYHBIX AJISI PEK
KaBkaza py4eHUKOB HCIIONIb30BAINChH IaHHBIC HAYYHON
pabots! SxkumoBa u ap. [21]. Kpome Toro, 6putH paccumn-
TaHBl MHAEKC OTHOCHUTEIBHOTO BUJOBOTO pa3HOOOpasus
[IlenHoHa, MHAEKCHI BbIpaBHEHHOCTH 110 [Iueny [22].

Pe3yabTarhl u 00cyxaeHHe

BunoBoii cocraB makpo3oobeHToca peku Jlaypa ort-
JMYaeTCs CPAaBHUTEIBHO HEOONBIIMM BHAOBBIM pa3-
HooOpa3ueM. B mpoGax 3a BpeMsl uccieoBaHUs HICH-
TuduIIpoBanocs ot 8 (Mapt) mo 19 (utonb) BUAOB TH-
npobuonToB. HanMeHbIasi cpenHssi YHCIEHHOCTh Op-
TaHU3MOB B Mpo0ax oTMmevanack B Mapre (29,4 Ha Mm?).
YucneHHOCTh THAPOOHOHTOB 3HAUNTEIIHLHO BO3pacTaa B
netHue Mecsibl (o 138,3 Ha M?), HAaUMHAS ¢ KOHIIA afpe-
JIs1, TIOCJIE CXO/1a CHEXKHBIX ITOKPOBOB HA TEPPUTOPHSAX,
NPUIETaoNNX K MecTy oToopa mpod. B cpennem 72,2%
0o0OHapyXeHHBIX B Ipo0ax BUAOB OTHOCSATCS K TPyIHIIaM
PeOdMIBHBIX PYYEHHUKOB, BECHIHOK U MoneHOK. OnHa-
KO, aHalW3 MPOLEHTHOTO COOTHOLICHUS! YUCICHHOCTH
TUIPOONOHTOB YCTOMUMBBIX K OPTaHUUECKOMY 3arpsizHe-
HUIO (C MHAMBHUIYAJIBHBIM CAaPOOHBIM MHICKCOM 2 WIIH
BBIIIIE) [TOKA3aJl, YTO OTHOCHUTENILHOE KOJIMYECTBO TAKHX
OpPraHU3MOB B MPo0ax CTaOMIIBHO BO3pAcTaeT ¢ MapTa Mo
utonb (puc. 1).

Kpome Toro, Ha puc. 2 oTpaskeHa 3aBUCUMOCTb H3Me-
HEHUS! JOJIM OPraHU3MOB, YCTOWYMBBIX K 3P TpOpHKALIN
B CBSI3H C CE30HHBIM IOBBILICHUEM TEMIICpaTypbl BOILI B
JICTHHUE MECSILIBL: C UIOHS 110 aBrycT. B cenTsa0pe ux nons B
npobax cHmkaercs. Conep>kaHue PacTBOPEHHOTO KHCIIO-

IIpouenTHAas 10J151 OPraHU3MOB, TOJIEPAHTHBIX K OPraHNYecKOMY 3arpsi3HeHHIO /
The percentage share of tolerant to pollution organisms

in the sample
[
(=]

% K oGWe H YHCAE HHOC TH OPEI HHIMOBE B
npoGe /5% to the total number of organkms
9,
“n
“%
%

B % TONEPAHTHBIX K 3BrPASHEHHID
o W dopm / % tolerant to pollution
o forms

Bpema otGopa npob f Sampling time

Puc. 1. Ilpoyenmuas 00151 Op2anuzmos8 Makpozoobenmoca p. Jlaypa, monrepanmusix K Op2aHu¥eckoMy 3a2psi3Henulo cpedsl /
Fig. 1. The percentage share of macrozoobenthos organisms in the Laura river, tolerant to organic pollution
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

HN3meHeHue 1011 TOJIEPAHTHBIX K OPraHM4YecKOMY 3arpsi3HEHHIO (POPM B 3aBUCHMOCTH OT
H3MEHEHHs TeEMIIePaTypbl BOAbI /
Changing in the tolerant to pollution percentage share depending on water temperature fluctuation
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Puc. 2. Uzmenenue npoyeHmHoil 00nu 0peaHu3mos MaKpo3oobenmoca p. Jlaypa, monepanmuuix K OpeaHuieckomy 3a2psasHeHuo
cpedvl 8 3a8UCUMOCIUL OM KoNleDanull memnepamypul 600bl /
Fig. 2. Changing in the percentage share of macrozoobenthos organisms of Laura river, tolerant to organic pollution, depending on water
temperature fluctuations

poma ocTaBajoch CTaOMIIBHBIM B TEYEHHE BCETO TEpHOa
WCCIEAOBaHUM, U HE MIPUHUMANO 3HaYeHU Hmxke 7,9 °C
3a CUET THUAPOJOTMYECKHX OCOOCHHOCTEH TOPHOW PEeKH.
Oto obecrieunBaeT 3(p(HEKTUBHOE OKUCIICHHUE ITOCTYTA0-
IIeld B BOIOEM OpTaHUKHU U CIOCOOCTBYET MPOIIECCYy CaMo-
OYHIICHNSI.

CpenmHee 3Ha4eHUe MHJEKca BymuBrica 3a nepuon wc-
ciefoBaHus ObLIO 7.6, 9TO COOTBETCTBYET YUCTOMY BOJIO-
emy. OHaKo okasaTeny HHeKca ByuBrca ncnonp30Ba-
JIUChH TOJILKO JIJISl SKCTIPECC OIIEHKU Ka4eCcTBa BOTHOM cpe-
JTbI, TaK KaK OH HE JJOCTAaTOYHO YyBCTBUTEJICH K HE3HAYH-
TENBHBIM M3MEHEeHUsM B OnorieHo3ax. /laHHbIe aHanm3a
CanpoOHOCTH TOKAa3bIBAIOT, YTO YPOBEHB 3(QTPOPHUKAIINU
peku Jlaypa HaXo#WTCsI B IOTpaHUYHOM 30HE MEXTy OJIH-
rocanpoOHo# (4ncToil) u P-me3ocanpoOHoi (YyMEpeHHO
3arpsi3HEHHOI) 30HOU. Ero cpemHee 3HadeHHe 3a BpeMs
ucciienoBanns Obu10 1,44. MuHMManbHbIE 3HAYEHUS Ha-
omomanuce B okTsiope (1,18), a MakcuMamnbHEBIE — B OIS
(2,0). Habmromanock TOBBIIIIEHHE UHJIEKCA CanpoOHOCTH
no 1,57 B MapTe, 4TO BEPOATHO CBS3aHO C MHTEHCUBHBIM
TasHUEM CHETa W 3arps3HEHHBIMH CMBIBAMH C JIOPOT U
MIPOM3BOJICTBEHHBIX YUACTKOB B PEKy. 3HAYCHUS WHAEKCA
CanpoOHOCTH TTOBBIIAIHNCEH, HAUUHAS C alpes 110 HIOIb—
asrycr (1,2-2), moka3ano Ha puc. 3. B ceHTs10pe HaOr0na-
JIOCh HE3HAYNTENbHOE CHIKEHHE MHJIEKCA CAalPOOHOCTH.

[IpennonaokuTenpbHO, 3TO CBA3aHO C YMEHBIICHUEM
BOJTHOCTH PEKH M OTPaHUYCHUEM ee pa30aBIIroIIei CIio-
COOHOCTH, TIOBBHIIIEHUEM TEMIIEPaTyphl BOIbI, a TaKKe
C yBeNIM4YeHHEM O00BEMOB MMOIMAAIOIINX B PEKY MPHMe-
cel, BEI3BaHHBIM MTPOBEACHUEM TyPUCTHUECKOTO CE30Ha
Ha TEPPUTOPHH, NPUJIETAIONICH K PEKEe U YBEITHUYSHHUIO
TPaHCIIOPTHOTO MOTOKa. HeoOXoauMo OTMETHTH, 4TO B
MapTe MpH MOBBIIICHUH HHJIEKCA CalPpOOHOCTH B ITPOOax
HaAOIOIAIOCH TIOBBIIIIEHHOE COEPIKaHNE JIETKOOKHUCIIS-
eMbIx oprannyeckux Bemects (o BIIKS) (1,7 mr/n) mo
CpPaBHEHUIO ¢ TIPoOaMu, OTOOPaHHBIMH B OKTSOpE, arpe-
se v mroie — 0,7; 1,4 u 0,9 mr/n coorBeTcTBeHHO. [10BEI-
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meHHoe 3Hauenne BITKS HaOmromasoch TakXe B UIOHE
— 1,6 mr/m.

DTO TPaKTUYECKU IONHOCTHI COOTBETCTBYET JNaH-
HbIM uccnenoBanuit 2010 roga, nepuoay BpeMeHH, KOrna
B paiioHe peKH BeIOCh MHTEHCHBHOE CTPOUTEIBCTBO, U
Harpy3ka OIpeeNsiiach padoTaMH 10 OCBOCHHUIO Tep-
putopun. Ilo qaHHBIM calpoOHOTO aHaIN3a, OMOIIEHO3BI
pexu Jlaypa B Hacrosimee Bpemsl He MOKa3bIBAIOT IIPH-
3HAKOB BOCCTAHOBIICHUS IO YPOBHS, COOTBETCTBYIOIIETO
onurocanpoOHOMY TOpHOMY BogoeMy. Kak onmuceiBaeTcst
BBIIIIE, B IPOOaxX OMOTHI, HAPSAY C TUAPOONOHTAMY — HH-
JTUKaTOpaMH YUCTOM BOMBI, ObLIH OOHAPYKEHBI OPTaHU3-
MBI YCTOMYUBBIE K OpraHUYECKOMY 3arps3HeHuro. [lpu
9TOM clieayeT oOpaTuTh BHHUMAaHWE Ha TO, YTO aHAJH3
CanpoOHOCTH YyBCTBUTEIIEH MPEX/e Bcero K adTpodu-
Kalliy BOJIOEMA, a HE K MOBBIIICHHOMY COJIEPXaHHUIO B
BOJI€ HEKOTOPBIX TSKEIBIX METAJIIOB.

BrIBOIBI TIPEIBIIYIIIUX UCCIEAOBAHUI M MHOTOJET-
mux Habmoaennit ®I'BY «CLI'MC YAM» yka3biBatoT
Ha TO, 4TO BEIcOKoe comepkanue (Oomee 1 I1/JIK) psinma
TSOKETIBIX METAJJIOB XapaKTepHO JJIS BCEX TOPHBIX PEK
UepHoMopckoro mobepexbs KaBkaza u 00ycloBIEHO
€CTECTBEHHBIMH aHOMAIIUSIMHU TOPHBIX MOPOJT MOJIOIBIX
rop KaBkaza. OTo cBUIETENECTBYET 00 OTCYTCTBHU CBSI-
3W MEXIY 3arps3HEHHEeM WM aHTPOIIOTEHHBIM BO3ZCH-
CTBHEM Ha Ka4eCTBO PEYHEIX BOJ. Peka Jlaypa B naHHOM
cily4ae He SBISIeTCS MCKIIOYeHHEM. 3arpsa3HeHue TaKh-
MU METaJlZIaMH, KaK MeJIb U IIMHK SBISETCS JUIS TAHHOTO
BOJTHOTO O0OBEKTA XapaKTePHBIM WIIH yCTONUNUBBIM.

OpHako yBeNMYeHNE HHJIEKCA CalPOOHOCTH, KOTOPOe
(ukcupoBanock kak B 2010 roqy, Tak ¥ HAIIMMHU HCCIIE-
JIOBaHUSMH, TOBOPUT O BIHMSIHHUU, CBS3aHHOM C ITOBBI-
LIEHWEeM ypoBHA 3Tpodukanmu peku. D10 B Oonbliei
CTETICH! 3aBUCHUT OT UHTEHCHUBHOHN IKCILTyaTalluu peKpe-
AIMOHHO-TYPUCTHYECKUX U KUIIBIX OOBEKTOB, IMOMaaa-
HUS B PEKy HEOUHUIIEHHBIX WM HEIOCTaTOYHO OYHWIIICH-
HBIX XO3SHCTBEHHO-OBITOBBIX CTOKOB U MIOBEPXHOCTHBIX
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Puc. 3. Usmenenue snauenuii unoexca Canpodornocmu 6 npobax pexu Jlaypa /
Fig. 3. Changing of Saprobic index values in Laura river samples

CTOKOB C BOJOCOOPHBIX IJIOIMIAACH, BKIIFOUasl JIMBHEBYIO
KaHAJIM3ALHIO0 aBTOIOPOTH, TIPOJIETAIONIEH BAOJIb PEKH.

Mexay TeM CTOUT OTMETHTh, YTO PEe3yNbTaThl TH-
npoxumudeckux HaomoneHuit ®I'bBY «CLUI'MC HAM»y,
MIPOBOAMMBIX B OCHOBHBIEC THIApOJIOTHYECKUE (Da3bl, HE
CBUETEILCTBYIOT O HaIW4YWH B Bojmax p.Jlaypa moBwI-
LICHHOTO U BBICOKOTO COZEpKaHUsl OMOTEHHBIX 3JIeMEH-
TOB a30THOH U (HOCHOPHOH TPYHIIBL, UTO CBUAETEIBCTBY-
eT 00 3¢Tpodukanmy pexn MPEeUMyIIECTBEHHO 3a CUET
MOCTYIIJICHUS] OPTaHUYECKHUX BELICCTB.

Hnst ompeneneHus OTHOCUTENBHOTO OOMIIMSI BHIOB
rupoOnonToB peku Jlaypa onpenensics unnekc Llen-
HOHA, a JIJIs OIIEHKH BBIPABHEHHOCTH BUIOBOTO COCTaBa
OMOIOrHYECKOTO COO0IIEeCTBA — MHAEKC BHIPABHEHHOCTH
[Mueny. OnpeneneHo, 4To B TeUCHUE TaHHBIX HCCIIEA0BA-
Huil nanexc llleHHOHa BapbupoBaics OT 2 — B OKTI0pe
1o 2,78 — B aBrycre. OTMEUYEHO, 4TO, €CITU 3HAYCHHSI MH-
nekca llleHHOHA N3MEHSITICH HE3HAYUTENBHO C OKTAOPS
o Maif (ot 2 1o 2.13), To B HrOHE HAOIOAAIOCH PE3Koe
MTOBBIIIICHHUE ATOTO Mmapametpa (puc. 4).

Takoe N3MEHEHHE OTHOCUTENBHOTO BUIOBOTO Pa3HO-
00pasusi B BOZOEME COIVIACYeTCsl ¢ U3MEHEHHEM €ro CTa-
Tyca o OLeHKe carpodHoro uHaekca. [opHas peka, mo-
CTETICHHO MEPEXOAUT U3 OUT0oCcanpoOHON 30HBI, XapaK-
TEPU3YIOLIEHCS OTHOCUTENIBHO HEOOJBIIMM BHIOBBIM
0orarcTBOM, NEPEXOAUT B 30HY [-Me30CcanpoOHOCTH,
XapaKTEePHU3YIOIIYIOCS YBEIMYEHHEM TPO(QHOCTH BOAO-
€Ma, MHTEHCUBHBIMU OKHCJIMTEIBHBIMH MpoIeccaM U
OOJIBIINM OOHIIMEM BUJIOB.

ITpoGst u3 p.Jlaypa, oroOpaHHble B 1 KM BBIIIE MO Te-
YEeHUIO OT MyHKTa Habmonenuii «Kopnon Jlaypay, xapax-
TEpU30BAINCH KaK OJUTOCANpPOOHBIC (CPEeAHHH HHIEKC
canpobHocTH — 1,28. Cpennauii nHneex ByauBrca B 3Trx
npobax OblT 9,5, OTHOCALIMI ATH YYACTKH K OYEHb YH-
CTBIM BoioeMaM. 3HadeHus uHjekca [llenHona 3a nccne-
JTyeMBbIH TIEpHOJT N3MEHSITICh HE3HAYUTENBHO (2,49-2,62).

Wnpexc [llenHOHa HE OTpa)kaeT MHAMKAaTOPHOW 3Ha-
YUMOCTH OTJENBbHBIX OPTaHU3MOB U HMX YYBCTBUTEINb-
HOCTH K OTIpE/IeICHHBIM (haKTOpaM U3MEHEHHsI Cpellbl U
YKa3bIBAaeT TOJNBKO Ha M3MEHEHUS! CTPYKTYpPbl OHOLICHO-
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3a. 3HaueHUs BBIPABHEHHOCTH BHJIOBOTO COCTaBa Mpak-
THYECKH HE U3MEHSUIMCH B XOJ€ MCCIIENOBaHU Ha 00e-
WX CTaHIUAX, XapaKTepu3ys CPABHUTEIHHO CTaOWIHHBIE
OMOIIEHO3bI, PUCTIOCOOUBIITUECS K U3MEHEHUSIM BHEIII-
HUX (haKTOpOB.

3akaouenue

Pexka Jlaypa, Haxomsch B 30He OypHOTO pa3BUTHUS TOP-
HO-KYPOPTHOM HHYyCTPHH, HMEET BAXKHOE PEKpeaIlnoH-
Hoe 3Ha4YeHue. [Ipu ruapoXuMIIecKoil OIleHKe KauecTBa
BOJIBI peKu M3bIMTa cTBOP Ha peke Jlaypa paccmarpuBa-
eTcs Kak GoHOBBIA. Kpome Toro, 3TOT BOJOTOK SIBISETCS
OJTHUM U3 TIPUTOKOB peKd M3BIMTa — OCHOBHOTO MCTOY-
HUKa BOAOCHAOKeHHsI AJuIepcKoro paiiona r. Coun.

BrisiBieno, uro (hayna Makpo3000eHTOCa peKkH B OcC-
HOBHOM TIpEJCTaBlieHa PEOQUIBHBIME OpPTraHU3MaMHU
ONMUTOCApPOOHOW 30HBI, XapaKTePHBIMH JUISI YHCTBHIX
TOPHBIX BOJIOEMOB: JTUYWHKAMHU PYYEHHUKOB, BECHSIHOK
1 mnopeHok. OmHaKo HapALy C TaKUMH OpPTraHW3MaMH
B Tpobax ObLIM OOHApYKEHBI OPTaHU3MBI TOJEPAHT-
HbIE K OPTaHWYECKOMY 3arpsS3HCHHIO M XapaKTEepPHbBIS
Ut B-Me30canpoOHoit 30HBL. OIpeneneHo, 9To CTaTyc
pEKH OmpeseNseTcss B MOTPAaHUYHOM OTPE3KEe MEXKIY
ONUTOCANPOOHBIM U [3-Me30CanpOOHBIM yUACTKOM, UTO
MTOJTBEPKAACTCS TPEABLAYIINMA UCCIIETOBAHUSIMH, BBI-
nonHeHHbMU B 2010 1. Panee mpenmonaranoch, 4To Ha
Ouosornyeckue cooOIIecTBa PEKH OKA3hIBACT BIIHSHUE
CTPOUTENECTBO KPYIHBIX OIUMIHUICKIX OOBEKTOB U
aHOMaJIBbHO BBICOKOE COJIEPKAHHE HEKOTOPBIX TSKEIBIX
METaJIOB B BOJ]aX TOPHBIX PEK YEPHOMOPCKOTO mmodepe-
kKbt KaBkaza. OHaKO0, HCXO/S U3 TIPUHITUIIA CAIPOOHOTO
aHanm3a 1 OMOTHYECKOTO MHJIekca BynuBuca, 3Tu ompe-
JIeJICHUs] HalleJIeHbl TIIaBHBIM 00pa30M Ha OTpe/eeHre
3¢ TpodUpPYIONIETO BIUSHUS Ha BOJOEM. AHanHW3 JaH-
HbeIX MHAeKkca [lleHHOHA TakXke yKa3blBaeT Ha CTaOWIIb-
HYIO TpaHC(HOPMAIIHIO OMOTOTHYECKAX COOOMIECTB PEKU
OT OJIUTOCarpoOHOTO BOIOEMA, C OTHOCUTEIFHO OCIHBIM
BUJIOBBIM M YHCIIEHHBIM COCTaBOM, K Me30CalpoOHOMY,
XapaKTepU3yIoMIeMycsi OONBITUM BHAOBEIM pa3HOOOpa-
3U€M, MHTEHCHUBHBIMH OKHUCIHUTEILHBIMU U CAMOOYHIIIA-
IONUMH TIporieccaMi. HUKakux WHIUKATOPOB TOKCOO-
HOCTH, TAKUX KaK pPE3KOe CHIDKEHIE YHUCIEHHOCTH Opra-
HU3MOB, WX YTHETEHHUE, HAPYIICHUE MPOIECCOB KU3HE-
JIeSITENILHOCTH, B TIP00ax HE BEISBICHO. DTO YKa3bIBAeT
Ha TO, YTO OCHOBHBIMH TpPUYMHAMU H3MEHEHUH OHO-
[IEHO3a TUITUYHOW TOPHOM PEKH SBIIIETCS WHTCHCUBHAS
AKCILTyaTaIs peKPearimOHHO-TYPUCTHIECKIX 00BEKTOB
0e3 MpUHATHI HEOOXOAMMBIX Mep Mo 00eCreueHuIo Co-
OTBETCTBYIOIIEH OYHCTKH XO3SHCTBEHHO-OBITOBBIX CTO-
KOB, 3arpsS3HEHHBIX IJIMBHEBHIX CTOKOB C aBTOAOPOT U
MIPHUJIETAIONUX OCBOCHHBIX TEPPUTOPHIA, SKOJIOTHUSCKH-
Oe30macHON yTHIM3aIK OBITOBBIX OTXOJOB B palloHax
BOZIOCOOpPA TOPHOH peKw.

Crnemyer OTMETHTb, 9YTO OMOIIEHO3BI YUCTHIX TOPHBIX
BOJIOEMOB O4Y€Hb YyBCTBHTEIHHBI K OPraHUYECKOMY 3a-
TPS3HEHUIO0 U 3PTpoduKanmuy U 00Naaa0T HEBBICOKOH
CMOCOOHOCTRI0 K camoouuineHuto. [loatomy mnst co-
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XpaHEHUs UX cTaryca OyIeT ollpaBIaHo BBeAcHUE Oojee
KECTKOI'0 SKOJIOTUYECKOI0 KOHTPOJISL Ha XO35ICTBEHHBIX
00beKTaX, paclojioKEHHBIX B 30HAX BOJOCOOpa TakuX
BOJOEMOB U OILICHKE COCTOSIHUSI CaMHUX peK. Takoil KOH-
TPOJIb NOJDKEH OBITh KOMIUIEKCHBIM U BKJIIOYATh B ceOs
KaK XMMHYECKUH aHajau3 BOJbI, JOHHBIX OTIOKEHUH U
OMOTBI, TAaK U WHTErpajbHbIe OMOJIOTHYECKUE METOIbI
[23; 24].

Ha npumepe KoMIIeKCHON OLIEHKU rOpHOM peku Jlay-
pa MOXXHO MICHTH()UIIMPOBATH OCHOBHBIE HKOJIOTUUECKHE
PHCKH, CBA3aHHBIE C Pa3BUTHEM PEKPEALIOHHO-TYPHCT-
CKHX PETHOHOB YepHOMOpPCKOro nodepesxnst KaBkasa:

-BO3pOCIIEe 3a MEPUOJ PeAIN3aLUH OJIMMIIUICKOrO
MIPOEKTa TEXHOICHHOE BO3IEIHCTBUE HA I'e0JIOTHYECKYIO
Cpelly pernoHa NpPOBOLMPYET aKTHUBHU3ALMUIO yXKE CyLIe-
CTBYIOILMX OIIOJI3HEH, CeNei, 3pOo3uu U T.A., YTO HOBBI-
11aeT PUCKH OE30IaCHOCTH KU3HEICSTEIbHOCTH Yelo-
BEKa 1 HKOCUCTEMBI B LIEJIOM;

- MaccoBO€ U3bATHE IPaBUIHO-TAJICYHOTO MaTepuana
IUISL CTPOUTENBCTBA PEKPEALIMOHHO-TYPUCTCKUX OOBEK-
TOB U3 PyCeJl TOPHBIX PEK MIPUBEIO K U3MEHEHHIO PEKH-
Ma 3TUX PEK M aKTUBU3ALMH OIACHBIX SK30T€HHBIX MPO-
LIECCOB;

- B pe3ynbTare aKTHUBHU3AaLUHU ONACHBIX I'€OJ0rude-
CKUX IIPOLIECCOB HA CKJIOHAX TOPHBIX PEK HMPOHMCXOAMT
YHUYTOXXECHUE NPUPOJHOro JjaHmmadTa, 3arps3HEHHE
MOBEPXHOCTHBIX M MOA3EMHBIX BOJ, AETpajalysi MOYB,
YHUUYTOXKEHHE MECT 0O0uTaHus (Iopsl U GayHbI;

- HaJJM4YMe B IOYBO-TPYHTAX pailoHa JIOKAJIbHBIX I€0-
XMMUYECKUX aHOMAaJIMH MOXET HMPUBECTH K IEPEHOCY
3arps3HAIOIIMX BEIIECTB B PE3yJbTaTe aKTUBU3ALMU
OTIOJNI3HEBBIX, CEJIEBBIX U 3PO3MOHHBIX MPOLIECCOB B BO-
JHbIE SKOCUCTEMBI TOPHBIX PEK U UX 3arps3HEHHUIO;

- TOBBILICHUE YPOBHSI OPraHUYECKOTO 3arpsi3HEHUs
PEKH HEOUMILEHHBIMHU WIM HEAOCTATOYHO OYHUILEHHBI-
MH XO3SIICTBEHHO-OBITOBBIMU CTOKAaMH B KOMILJIEKCE
C BO3POCIIUM COACP)KaHHEM MEJIKOIUCIIEPCHBIX B3BE-
LICHHBIX BEIIECTB, IOCTYNAIOLUINX B BOJOEM BCICICTBHE
AKTHBM3ALUN HK30TCHHBIX TI'€OJIOTHYECKUX IPOLIECCOB,
1 MOBBIILIEHHOTO COAEP)KaHUsI HOHOB MOJBIKHBIX (OpM
TSDKEJIBIX METAJUIOB IPH E€CTECTBEHHBIX AHOMANHUSX,
CBOHCTBEHHBIX 3TOMY I'OPHOMY PalOHY, CO3JaeT PUCKU
aJJUTUBHOIO YBEIMYECHUS! CTEIICHH HEraTHBHOI'O BIIMS-
HUS 3TUX (PAKTOPOB Ha COOOIIEeCTBa THAPOOHOHTOB;

- 00€3BOKMBAHKE PEKU B JICTHUH N1EPUO, CBA3aHHOE
C MHTCHCHUBHBIM 3a00pOM BOJbI AJIsl HY>KA WHTCHCHUBHO
Pa3BUBAIOLIETOCS KypOpTa, MPEMATCTBYET €CTECTBEHHO-
My NPOLIECCY CAMOOUHILEHHS BOIOEMA U IOCTAaTOUHOMY
pa30aBJICHUIO MOCTYNAIOLINX B HETO 3arps3HEHHBIX CTO-
KOB. JTO BeIeT K MOCTeNneHHOH 3(pTpodruKanum ropHoH
PEKH, U3MEHEHHUIO COCTaBa OMOJIOTUYECKUX COOOIIECTB
U cTaryca ee TpoHOCTH;

- U3MEHEHHE COCTaBa OHOJIOTMYECKHX COOOIIECTB
PEeKH, BBI3BaHHBIX €€ 3PTpoduKanueli, N3MEHEHHUEM
(U3UKO-XMMUYECKUX CBOWCTB BOIBI U BOTHOTO PEXHUMa
CO3Ja€T PUCK CHHKCHUS PhIOOXO3SIICTBEHHOIO U peKpe-
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AIMOHHOTO 3HAYEHUsl HE TOJNBKO camoil p. Jlaypa, HO u
p- M3bIMTa, SBISIOLIEHCS ONHUM W3 BaXKHEUIINX BO-
THBIX 00beKTOB COYHMHCKOTO PETHOHA M PECYPCOM HH-
CTOH MUTHEBOM BOABI ISl TOPO/Ia-KypopTa.

[lo pesynpraTam mpoOBENEHHBIX HCCIEIOBAHUN Clie-
JIaH BBIBOJ O HEOOXOIMMOCTH PACIIMPEHUS MpPOTpam-
MBI MOHUTOpHHTA M0 pekaMm Jlaypa, M3pMTa U UX Oc-
HOBHBIX TIPUTOKOB M BKJIFOUEHHS B HEE HCCIIEJOBaHUH
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The goal is to identify ecological risks, associated with
development of recreational and tourism objects in the mount
cluster of Sochi. The anthropogenic, geological, hydrological,
hydro chemical aspects which represent danger for the resort
as well as for unique ecosystems of the mount river Laura
were studied.

Methods. During 20162017 the complex research of the
Laura river were conducted within the framework of which
the analysis of exogenous geological processes and study-
ing of hydro-chemical and hydro-biological parameters of
ecological situation of the water body were carried out. The
examinations of water were carried out in accordance with
methods approved by the Hydro-meteorological Service of
the Russian Federation. For evaluation of biological commu-
nities conditions the saprobical method and analysis of bio-
logical diversity were used.

Results. The research indicated that intensive anthropo-
genic influence on the geological environment of the region
provokes activation of the dangerous geological processes
increasing the risks for humans health and safety as well as
for the natural communities of the river Laura. It was deter-
mined that during summer months in the hydro biocenoses
of the Laura river due to the complex "Gazprom" influence
on zone share tolerant to the organic pollution of macrozoo-
benthic organisms significantly increases. Resulting from
the river dewatering and increasing anthropogenic pressure,
the status of the river on this area was changed from oligo-
saprobical to B-mezosaprobical. The increase in the river
pollution level by domestic wastewater combined with the
raised fine-grained suspended solids content and excessive
metal ions concentrations due to the natural geochemical
anomalies creates risks of additive influence of these fac-
tors on the mountain river biocoenoses in the region. It was
revealed that the Laura river above the resort complex ter-
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ritory where there is practically no anthropogenic pressure
during the whole investigation period was characterized as a
clean, oligosaprobic waterway.

Conclusion. A comprehensive study of the Laura moun-
tain river allowed identification of the environmental risks
for the river ecosystem. It was revealed in the course of the
research that the changes in the water body hydro biocenoses
composition creates the risks of decreasing the fishery and
recreational value not only of the Laura river but also of the
Mzymta river, the inflow of which it is. The authors recom-
mend the expansion of the monitoring program of these rivers
which should include the study of the actual referencing areas
and a comprehensive analysis of all biotic and abiotic factors
affecting the ecological status of water bodies.

Keywords: ecological risks, hydrological regime, dan-
gerous exogenous processes, hydro chemical parameters,
euphtrophication, bio indication, macrozoobenthos, species
diversity.
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ONTUMUSALUNA SEMIIENOJIb3OBAHUA
B TOPHbIX PEFTMOHAX
CEBEPO-BOCTOYHOI'O KABKA3A

123a6ypaesa X. LL.,*
123ayp6ekos L. LLI.,
2TanmacxaHoB X. 3.

Beenenue. 3eMelbHBIE PEeCypChl — CTPAaTETHYECKUil (DAKTOp COIHAIIbHO-
SKOHOMHMYECKOTO pa3BUTHS JIIOOOTO rocynapcTBa. BEITONHSS poiib cpeicTBa
MIPOM3BOICTBA, IPOCTPAHCTBEHHOTO 0a3nca pa3MelIeHUs] HACeIICHHUS U MPOU3-
BOJUTENBHBIX CHUII, & TAKXKE BAKHEUIINX IKOJOTHUECKUX (QYHKIIMH, 3eMIIS BbI-
CTyIaeT B Ka4yecTBe aOCONOTHO OIPAaHUYCHHOTO pecypca, KOTOPBI HEBO3MOXK-
HO BOCIIPOHM3BOAUTH. JlaHHOE OOCTOSTENBCTBO, B CBOIO OUEpPE/Ib, ONPENeIIsieT
HEOO0XOAMMOCTh IMMOMCKA HAYYHO-000CHOBAHHBIX, IKOHOMHUECKH dPPEKTUBHBIX
1 9KOJIOTUYECKU OE30TAaCHBIX MOAXOIOB K UCTIOJIb30BAHUIO 3eMENbHOTO (hOoHIa
KaK Ha TOCYIapCTBEHHOM, TaK ¥ HAa PETHOHAIILHOM U MYHUIIUIIAIEHOM YPOBHSX.

KaBka3 B menoM mogo0HO JAPYrUM TOPHBIM PErHOHAM MHpa CTAIKUBAETCS
¢ MI00aNbHBIMH BBI30BaMH, OOYCIIOBIICHHBIMH WU3MECHEHHEM KJIMMara, I'eoro-
JIUTHYECKOW HaNPSKEHHOCTHIO, COLMATbHO-3KOHOMHUYECKIMH, SKOIOTHYECKU-
MU TIporieccamu. PernoHbl Ha ceBepo-BocToke KaBkasa m3maBHA 3acelsInCh
Pa3IMYHBIMA 3THOCAMHM — HOCHUTEJIIMU YHHKAJIbHOH ITyOOKOH CaMOOBITHOMH
KyJlbTyphl. B reoskonoruueckoM otHomeHun Yeuns, Jarecran u MHrymerus
OTHOCSITCS K IPUBJIEKATEIbHBIM peruoHaM Poccun BBHy 3HAUUTEIBHOTO OHO-
THYECKOTO M JIAHIAPTHOTO Pa3HOOOpasusi, OOJBIIOTO KOJUYECTBA PEIKUX U
OTHECEHHBIX K MCYE3aIONM BHIIOB (GIIOpHl U (ayHbI, SHIEMUYHBIX BHUJIOB H
YHUKAIBHBIX IPUPOAHBIX KOMIUIEKCOB, YTO CO3JAeT MPEANOChUIKH IS IIHUPO-
KOTO CIEKTpa 3eMIICTIONB30BaHMs. B yciaoBuax ropaeix peruonoB Kaskaza 3e-
MEJBbHBIE PECYPCHI M 3eMJIETIONH30BaHUE — OMPEAEIIAIONINE YCTOHIUBOTO CyIIe-
CTBOBaHMS MX HAPOJOB HA IPOTHKEHINH MHOTHUX BEKOB.

O0beKT ncciaenoBanus — ropusie peruousl CeBepo-Bocrounoro Kaskasa.

Hean — skonoro-reorpadhuveckuii aHaIM3 MPoOJIEM U MPEANOCHUIOK ONTH-
MH3aLMHU 3eMIIEeTIONb30BaHus B pernonax Cesepo-Bocrounoro Kaskasa.

MarepuaJibl 1 MeTOAbI HCCTeT0BAHUS

Jnst peanmu3anMy MOCTABJICHHOW menH ObLT cOOpaH W MpOoaHaIM3HMpOBaH
3HAUYUTEIbHBIH 00beM HAyYHOU JUTEpaTyphl, GOHIOBOTO U KapTorpapruecKo-
ro Marepuasa, BKI04as MaTepHabl PErHOHATBHBIX MUHUCTEPCTB U BEZOMCTB,
(YHKIMOHHUPYIOIIUX Ha TeppuTtopuu Yeunu, [larectana u Murymerun (MuHu-
CTEpPCTBO CEIBCKOTO XO3SHCTBA, KOMUTET IO CTATUCTUKE, MUHHCTEPCTBO JIECHO-
ro X03s1¥icTBa U 1p.). B Xone uccnenoBanus NpUMEHSINCH METOBI CPAaBHUTEIb-
HO-Teorpa)uueckoro aHain3a, CTATUCTHYECKUI U KapTorpaduIecKuii MeTOIbI.
Jis BbIIEICHUST 00BbEKTa UCCIICA0BAHMS TPUMEHSJICS 0acCeHHOBBINM MOAX0/, Ha
OCHOBE KOTOPOT0 00OCHOBaHA €CTECTBEHHAsSI I'PAaHHIIA UCCIIEYEMBIX PETHOHOB
B cOCTaBe eMHOT0 BogocbopHoro baccelina — Cepepo-Bocrounoro Kaskasza.

Hrorosas kapTa-cxemMa peKOMEHIyeMbIX PUOPUTETHBIX HAIIPABICHUHA pa3-
BHUTHUSl WCCIIEAYEMBIX PErHMOHOB pa3paboTaHa IMyTeM HAJOXKEHHS CEepHH KapT
(pactpocTpaHeHus CeNbCKOXO3SHCTBEHHBIX YTOANN, HCTIONIb30BAaHMS MTaXOTHBIX
Yroauii, Te03KOJIOTHIECKOTO KapKaca, TYPHCTCKO-PEKPEalMOHHOTO TTOTeHIINA-
J1a), OTpaXKAIOMIUX (PAKTHYSCKHE YCIOBHSI U OCOOCHHOCTH 3€MJICTIONb30BaHHS.
Onu BoinoaHeHs! B mporpamme Corel Draw.

Pe3ynbTarhl u o6cyxnenune. Konnenmus cOanaHCHpOBaHHOTO 3€MIICTIONb-

'T'po3HEHCKNIT TOCYIapCTBEHHbIN HEPTAHOM TEXHUIECKUI YHUBEPCHTET M. akal. M.Jl. MuuHoHImKoBa,
. I'po3nsiif, Poccust.

2KOMILIeKCHBIIT Hay4HO-HCCIeoBaTeNbekuit HHCTHTyT uM. X. M. MOparnmoBa Poccuiickoii akageMun Hayk,
1. I'po3nsiii, Poccus,

*E-mail: zaburaeva@inbox.ru
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

30BaHUS OPHEHTHPOBaHA Ha OOECIICUCHHE PallOHANb-
HOTO WCTOJNB30BaHUS M OXPAHBI 3eMENbHBIX PECYPCOB,
BOCIIPOU3BOJICTBO MPOJAYKTUBHOTO TIOTEHITHATIA CETbCKO-
XO3SHCTBEHHBIX 3€MENb U MOBBIIICHHE 011aroCOCTOSHUS
moaeit [1]. Ee peanuszanuss BO3MOXHA JIMIIb HOCPEA-
CTBOM TUTAHUPOBaHUS 3€MJICTIONB30BaHUSI B KOHTEKCTE
KOHIIENIUN YCTOMUHBOTO pa3BuTus [2].

Peur uper o0 obOecredeHUH 3KOJIOTH3AIUU 3eMIIe-
MOJTb30BaHMsI, Oa3upylolleiics Ha HOPMAaTHBHO-TIPaBO-
BbIX ocHOBax [3]. B Poccun mopsimok ucnoiab30BaHUs
MIPUPOJHBIX PECYPCOB M B IIEJIOM 3KOJIOTHYECKUE OT-
HOIIIEHUS, OXpaHa OKPYXarolleld Cpenbl periiaMeHTH-
PYIOTCS Kak OCHOBHBIM 3aKOHOM TocymapctBa — KoH-
ctutyuueid PD, Tak u MEeXIyHApOIHBIMU JOTOBOPaMH,
CHEIMaTbHBIMU 3aKOHOJATEIbHBIMI aKTaMH, yKa3aMHu
[Ipesunenta PO. McTouHrKaMu 3KOJIOTHYECKOrO MpaBa
BBICTYNAIOT TaK)kK€ HOPMATHWBHEIE MPABOBBIE aKThI (pe-
JIepajbHBIX OPTaHOB HMCIIONHUTEIFHOW BIACTH, CyOBEK-
T0B P® 1 opranoB mectHoro camoympasienusi. Oouue
TIPUHIIUIIBL PETYIIMPOBAHUS OTHOIIICHUH B chepe OXpaHbl
OKpY’Kalolle cpeasl U PalioHAIBHOTO MPHPOJIOIIOINE-
30BaHUS Ha (hefiepaibHOM M PETMOHAILHOM YPOBHE 3a-
kperuieHsl B Koncrtutymun PO (cr. 72). B Hacrosimee
BpeMsI OCHOBHBIM 3aKOHOJIATEIIbHBIM aKTOM 3KOJIOTHYE-
ckoro npasa B P® Beictynaer @enepanbHblii 3akoH «O0
OXpaHe OKpy>Karollel cpeapl», npuHsIThid B 2002 I

Baknelllinit HHCTPYMEHT PAaBOBOTO PETYAUPOBAHUS
3eMJIETIONB30BaHMUS — 3eMENbHEIN Kojieke PD, B cooTBeT-
CTBHUH C KOTOPBIM 3€MJIS IOJKHA OXPAHATHCS KaK OCHOBA
KU3HU U JCSITeTbHOCTH YelI0BeKa, MPUPOIHBIA 00BEKT U
CPEICTBO MPOU3BOJICTBA. 3eMENbHOE 3aKOHOATEIhCTBO
B peruonax CeBepo-Bocrounoro Kapkasza 0asupyercs
Ha Koncturyuuu PO, 3emensHoM kopekce PO u uHBIX
HOPMAaTHUBHO-TIPABOBBIX aKTax (elepalbHOro (3aKOHBI
«O06 o0opoTre 3eMenb CeTbCKOXO3SICTBEHHOTO Ha3Ha-
yeHus», «O0 0cob0 OXpaHsIeMbIX TPUPOIHBIX TEPPUTO-
pusix», «O 3eMIIEyCTPOICTBE» H Jp.) U PETHOHAIBLHOTO
(Koncrurynmnn Yeunn, [arecrana, MHrymeTnu, 3aKOHbBI
UYeunn u Uarymernn «O 3eMeNbHBIX OTHOIICHHUSIXY, 33~
koH Jlarectana «O 3emiie» u 1p.) ypoBHS (puc. 1).

Cucrtema ympaBleHHsT YCTOMYMBBIM 3€MIICTIONH30Ba-
HUEM I[IOMHUMO HOPMAaTHBHO-TIPABOBBIX HHCTPYMEHTOB
JIOJDKHA BKJIFOYATh IKOJIOTO-)KOHOMHYECKHE (IKOJIOTH3a-
UL CEIhCKOXO3SMCTBEHHOTO TPOM3BONICTBA, cOANaHCH-
POBaHHOE COOTHOIIICHHE MEXIY HCIONB30BAHUEM U OX-
paHoil 3eMeNBEHBIX PECYPCOB U JIP.) U COIMANIbHBIE (3KO-
Jormyeckoe o0pazoBaHue, BocuTanue u np.) [4]. Hexo-
TOpBIE aBTOPHI B ONTHMHU3AIH 3eMJICTIONH30BAHHS BUIST
HanOonbIuil 3(h(heKkT B MOTHBAIIUH JTMYHOTO U ITyOIN4-
HOTO 3eMJICTIONB30BaHMsI TIOCPECTBOM 3KOHOMUYECKOTO
WHCTPYMEHTapUsl (PUCKaIbHOW MOJIUTHKH — HAJIOTOOOIIO-
xeHus u mrpados [5]. B menom MonepHU3anus TOPHBIX
TEPPUTOPUIA M WX YCTONYMBOE pa3BUTHE NTOJDKHBI OBITH
OPHEHTHUPOBAaHBI Ha SKOHOMHYECKHI POCT TPU yCIOBUU
oOecrieueHus] COUANBbHON A(PPEKTUBHOCTH U IKOJIOTHU-
yeckoil O6ezomacHocTH [6]. B psanme pernonoB Poccun (Ha
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Anrae, B Jlarectane) y»ke HaMETHIMCh TEHACHIUT MOJEP-
HHU3aLUH HEKOTOPBIX TOPHBIX PaiiOHOB IOCPEICTBOM pas-
BUTUS Typu3Ma U coBpeMeHHbIX [T-TexHomnoruii [7].

[Ipu onTuMM3anMu CHUCTEMBI 3€MJICTIONB30BAHUS HeE-
00XOIMMO YYHUTBHIBAaTh CYLIECTBYIOLIYIO CTPYKTYpY 3€-
MeJBHOro (hOoHAA PErvoHOB. JIMCKyCCUM OTHOCHTEIBHO
ONITHUMAJILHOTO OanlaHca Mexay (GopMaMu HCIOJIb30Ba-
HUS 3eMelb B Hayke uayT ¢ aaBHux nop (B.B. Jlokyua-
eB, [1.JI. Apmann, A.I. Ucauernxo, H.®. Pefimepc u ap.) u
BEChbMa JAJIEKH OT eAuHOi mo3uumu. IIpu onpenenenun
ONITHUMAJIBHOM CTPYKTYPBhl 3€MJICTIONb30BAHUS CIIECAYET
YAuTBIBaTh psa (hakTopoB: crenuduka naHamadTHONR
CTPYKTYPBI, Pa3BUTHSI PETHOHA, YPOXKAHHOCTh HA €AWHU-
Ly IUIOLWAAM U Ip. DKOJOIMYEeCKHEe HOPMBI COOTHOILE-
HUSI CTPYKTYPBI 3€MJICTIONB30BaHUSI Hanbosee eTaibHO
npopaboTansl st crenHoi 30861 (B.B. Jlokydaes, H.®.
Peiimepc, A.A. Momganos, H.U. [lapdenosa u np.). Uc-
cienyemble pernonsl CeBepo-Bocrounoro Kaskaza pac-
TIOJIOXKEHBI B HECKOJIbKUX IPUPOIHBIX 30HAX — HAYMHAS OT
3aCyLUTMBON MOJIYITyCTHIHHOW 30HBI U 3aKaHYMBAsi 30HON
QJIBIUHACKUX JIyTOB U JIEIHUKOB.

B cooTBeTcTBHY ¢ IEHCTBYIOLIMM 3aKOHOAATEIbCTBOM
Poccuiickoii ®epepanyiui  CTpyKTypa 3€MIICHIONIB30BaA-
HUSL ONPEAEIACTCA KaTeropusiMHU 3eMeb, BBIACIAEMbIMU
o LesieBoMy HazHadeHuro. ComiacHO KoHuenuuu cOa-
JIAHCUPOBAHHOIO 3€MJICTIONB30BAHUS CTPYKTypa 3emile-
M0JIb30BaHMs JOJDKHA BKJIIOYATh MCIIONB30BaHUE (3eMIIN
CEJIbCKOXO3SHCTBEHHOTO HAa3HAYCHHUs, MOCEJIECHHUH, Mpo-
MBIIIJICHHOCTH, TPAHCIIOPTa U MHOTO Ha3HA4YEHUs), OXpa-
Hy (0c0o00 oxpaHseMble IPUPOAHBIE TEPPUTOPUN) U BOC-
IIPOMU3BOJCTBO (3EMJIM JIECHOTO, BOTHOTO (OH/a, 3amaca).
Hecmotpst Ha TeppuTOpHAIbHYIO OOLIHOCTE U arpapHyo
CHeLUaIN3alMi0 SKOHOMUKU pernonsl Cesepo-Bocrou-
Horo KaBkasza OTIMYArOTCS O CTPYKTYpPE 3€MIIETIONB30-
BaHUs (puc. 2—4). Tak, nois 3eMeNnb CeIbCKOXO3SICTBEeH-
HOTO Ha3HAa4eHUs BappupyeT B mpenenax 41,6-86,4%, a
3anaca — ot 0 1o 22,7%. JlaHHas CTPYKTypa pe3Ko OTIH-
yaeTca U oT o0wero ¢oHa Mo cTpaHe, rae npeodaataroT
3emMu JiecHoro (oHma (puc. 5).

B Taxom xittoue B cTpane B 1esioM B 010k «Mcnomb3o-
BaHME» BXOAUT okoio 1/4 e€ Tepputopun. B Yeune, Un-
rymeTud 1 Jlarecrane 3TOT OKa3aTesb NpeBbILeH B 2,9;
1,8 u 3,6 pasza coorBercTBeHHO. [10 MHeHut0 JI.M. Bypna-
KOBOI1 [8], pa3pabarbiBaBIieii SKOIOTHIECKIE HOPMATHBBI
Uit ANTalcKoro Kpas, Uil arpapHOOPHEHTHPOBAHHOTO
peruoHa ONTHMAJIBHBIM SIBJISICTCSI HAlIM4YME HE MeEHee
68% cenpxo3yromuil. B ycnosusx Cesepo-Bocrounoro
KaBkaza Takoil BBICOKMH NOKa3aTeib, Ha HaIl B3IIAA,
MOXET CIIPOBOLIMPOBATh YCHJICHHE IIOYBOPA3PyLLIAOLINX
IIPOLIECCOB (B MEPBYIO OUEPEAb IPO3UHU U 3aCOJICHHUSA).

Hama nosunms 6mmska x pacueram H.D. Pefimep-
ca. C y4eToM pernoHaJIbHON crielU(pUKN HCCIeayeMbIX
cyObekToB (penbeda, pa3BUTH SKOHOMUKH U JIp.), SKO-
JIOTMYECKHUX NAapaMeTPOB, MPEIOKEHHBIX MPEAbLIYIIH-
MU HCCIICIOBATEISIMH, 110JIaraeM, YTO B LIEJIOM I10 PErHO-
HaM J0JIs1 KUCIIONIb3YEMBIX» 3eMeIb I0/DKHA OBITh B IIpe-
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SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

3EMJIEITIOJIb3OBAHHUE / LAND USE

A

lDezlepaJIbele 3aKO0HBI,

HopMaTHBBI, aKkThl / Federal laws,
standards, acts:

1. 3emenwHbIH KOOeke (2001) /
Land code (2001).

2. Koucruryuus (1993) /
Constitution (1993).

3. 3axon «O0 obopote 3emenb
CeJIbCKOXO3SIHCTBEHHOIO
HasHaucHus» (2002) / Law «About
land turnover of agricultural
purposee» (2002)

4. 3akon «O0 oxpane
okpyxatouieit cpeas» (2002) /
Environment protection act (2002)
5. 3akoH «O06 0c000 OXpaHACMbIX
MPUPOIHBIX TEPPUTOPHAX» (1995)
/ Law «On specially protected
natural territories» (1995)

6. 3akon «O 3emuieycTpoiicTBe»
(2001) / Law «About Land
Management» (2001)

7. I'paiocTpoUTENLHBIH KOJIEKC
(2004) / Urban Development
Code (2004)

Pernonanbnoe 3akoHoaareabcTBo / Regional law:

1. Koncrutyiuu YeucHekol Pecrybnuku, Pecnybmmku
Jarecran u Pecniyonuku Murymerns/ Constitutions of
Chechen Republic, of the Republic of Dagestan and of the
Republic of Ingushetia

2. 3akoH YP «O perynupoBaHuH 3eMeTbHBIX OTHOIICHUH B
Yeuenckoit Pecirydnuxe» (2014) / Law of the Chechen
Republic «On regulation of land relations in the

Chechen Republic» (2014)

3. 3akon P/ «O 3emzue» (2003) / Law of the Republic of
Dagestan «About the land» (2003)

4. 3akoH PU «O perynupoBaHuu 3eMeENbHBIX OTHOMIEHHI»
(2007) / Law of the Republic of Ingushetia «On regulation
of land relations» (2007)

5. 3akon YP «O06 obopoTe 3emenb CenbCKOX03IHCTBEHHOTO
naznadenus» (2007) / Law of the Chechen Republic
«About land turnover of agricultural purposee» (2007)

6. 3akon P/ «O6 obopoTe 3eMenb CeTbCKOX03MHCTBEHHOTO
nasuadenus B PecnyOnuke Jdarecran» (2003) / Law of the
Republic of Dagestan «About land turnover of agricultural
purposee in the Republic of Dagestan» (2003)

7. 3akon P «O06 ocobennoctsix obopora 3emelb
CEeNbCKOX03sHcTBEHHOrO HazHadeHus» (2010) / Law of the
Republic of Ingushetia «About features of land turnover
agricultural purpose» (2010)

8. 3akon YP «O0 0c000 0XpaHAEMbIX IPUPOTHBIX
Tepputopusx» (2006) / Law of the Chechen Republic

«On specially protected natural territories» (2006)

9. 3akoH P/1 «O0 0co00 oXpaHAsEeMbIX IPUPOIHBIX
tepputopusx» (1992) / Law of the Republic of Dagestan
«On specially protected natural territories» (1992)

10. 3akoH PH «O0 0c000 0XpaHAEMbIX IPHUPOIHBIX
Tepputopusx» (1999) / Law of the Republic of Ingushetia
«On specially protected natural territories» (1999)

11. 3akon P/l «O ropusix Tepputopusax PecnyOnuxu
Jarecran» (2010) / Law of the Republic of Dagestan «About
mountain territories of the Republic of Dagestan» (2010)
12. 3akoH PH «O ropneIX TeppuTopuax PecnyOnnku
Wurymerus» (2016) / Law of the Republic of Ingushetia
«About mountain territories of the Republic of
Ingushetia» (2016)

Ipumevanue: YP - Yeuenckas Pecnybnuka, Pl - Pecniybnuka Jarecran, PH - Pecnybnuka Murymerus /
Note: UP - Chechen Republic, P - Republic of Dagestan, PU - Republic of Ingushetia

Puc. 1. IIpasogvie ocrogel pecynuposanis 3emnenonv3oeanus 6 pecuonax Ceeepo-Bocmounozo Kaexasa /
Fig. 1. Legal bases of regulation of land use in regions of the Northeast Caucasus
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YCTOVHBOE PA3BUTIIE FOPHBLIX TEPPATOPWIA

Fesin ocobo Feman Feaan

VXPAHAEMBIX BOJHOID 3amaca;

TeppITOpit Jeman dromzaz 0,6/ 8,2/ Reserve

n oiLexTon; ALCHAT Lands of lands;8,2
O/Landsof  domia; vate

especially
natural
territories
and abjecis;0

Fesan

MPoMBITIT-
JEHHOCTH 0

HHOTE
na'm:-u-mm;,
2,1/Lands of
the industry

and other EYHKTOR;
appointment; 6,6/Lands of
2,1 settlements;b,

f

Fem
HACETEHHBIX

Puc. 2. Cmpyxmypa semenvhozo ¢onoa Yeuenckoii
Pecnybnuxu /
Fig. 2. Land fund structure of Chechen Republic

Jexn Jesam ocobo  Jemam Jexman Jeman
NpOMBIN-  OXPARAEMBIX  JIECHOTD samacazl/ BOTHOTD
JeHHOCTH M TeppuTopiii  domnaa; s 4/ Heserve onaa; 0,5/

WHOTD u obbexton; Lands of lands; 0 Lands of
nasnaqenns; 06/Landsofl  forest water

0,9 Lands of
industry and
ather
appoitment;
0.9

especially
natural
territor

fund;:8,4

fund; 0,5

Jeman
HACETeHHBIX
mvEKTOR:3,2/

Lands of
settlements;
3.2

Puc. 4. Cmpyxmypa 3emenvhozo ¢ponoa Pecnyonuxu

Iazecman /
Fig. 4. Land fund structure of Republic of Dagestan

nenax 30-40%, a ocrampHas 9acTh JOPKHA BKIIFOYATH
KAaTEeropuu, OTHECEHHBIE K OXPAaHE U BOCIPOU3BOACTBY
(3emm 0co00 OXpaHSAEMBIX TPUPOIHBIX TEPPUTOPHUH,
3amaca, BOOJHOTO M JiecHoro ¢onpa). Buytpu cyObekra
¢ yderoM naHAmadTHON 30HKI JAHHOE COOTHOIIeHHE Oy-
JIeT OTJINYaThCs.

Baxxnyro pons B oOecriedeHnr cOaaHCUPOBAHHOCTH
U B LEJIOM YCTOMYMBOTO Pa3BUTHUSI UTPAIOT 3€MJIU OCO-
00 OXpaHsSEeMBIX MPUPOIHBIX TeppUTOpHii. B pernonax
Cesepo-Bocrounoro KaBkaza Ha uUX JONI0 DPUXOIUTCS
ot 11,8% B Jlarecrane mo 19,6% B Yeune u 20,9% B
WNurymernn. OnHako B NEUCTBUTEIBHOCTH OHU BKIIIO-
YEHBI B APYTU€ KaTErOpUU U B COOTBETCTBYIOLLIEH KaTe-
ropud 3eMenb Ju00 He OTPaKAIOTCs, TUO0 y4TeHa WX
HE3HAYUTENbHAs 10JI1 BBUAY TOrO, YTO OPTaHHU30BAHBI
0e3 u3BATHS y 3eMilenonb3oBareneii. B manHol curya-
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Jeman Tearam
BOTHOTD Janaca; Jesam
dhomma; 0,2/ 22,7 Reserve CEIBCKOX0-
Lands of lands;22,7 InficTBen-
water HOTO

fund;0,2
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territories 1.8/Lands of 10,8/Lands
and industry and of
objecs;0,1 other settlements;
appoitment; 108
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Puc. 3. Cmpyxmypa 3emenvrozo gpornoa Pecnyonuxu
Hneywemus /

Fig. 3. Land fund structure of Republic of Ingushetia
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CEIBCKD-
XOTHICT-

Jeman
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Reserve
lands; 5,2
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BOIHOTG
thonaazl,6/L
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water
fund;1.6
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NPOMBIT-
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HHOTO
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HACE TEH-
HEIX

BEHHOTO  pypkroB;
HasMade- |3 Tandsof  HalHade-

HEAIL6! settlements: A1
Agri- 1,2 Lands of
ltural industry and
other
appoitment;
1,0
Jeman ocobo
OXpaHAEMBIX
TeppHTOpi
I ibEKTOR;
2,7 Lands of
especially
natural
territories
and
objects;2,7

Puc. 5. Cmpyxmypa semenvhozo gonoa Poccutickoti
@edepayuu / Fig. 5. Land fund structure of Russian Federation

UM CJI0XHO OOBEKTHBHO OLICHUTH (haKTHUIECKOE 3eMJIe-
MoJb30BaHKe. BaxkeH yueT M CTPyKTypa 3eMenb 0co00
OXpaHSIEMBIX NPUPOIHBIX TEPPUTOPHiL, POPMUPYIOLINX
nanHyro kareroputo. Ha Cesepo-Bocrounom Kaskaze
OTCYTCTBYIOT HallHOHAJIbHBIC NAPKH, a B YeuHe u 3amo-
BeAHUKU. B 0011eil qone Takux 3eMenb TOMUHUPYIOT To-
CyZapCTBEHHBIC IPUPOAHBIC 3aKA3HUKH (peaepanbHoro u
PETHOHAIIBHOTO YPOBHEH.

B KOMIIIEKCHBIX HCCIENOBAaHHUAX TOPHBIX TEPPHUTO-
puil U1 yCTOMYMBOTO Pa3BUTHUS BBIIEISAIOT TPU BaXKHEH-
LIMX KOHIENTYaIbHBIX OAX0/1a, OCHOBAHHBIX Ha TIOKOM-
MMOHEHTHOM aHaJIu3€ U CHHTE3¢ IPHUPOIbI, XO3IHCTBa U
HaceJICHHs TOPHOI TeppUTOpHH, 000CO0ICHNN BeayIIeH
po0OneMbl (TIPOOIEMHO-OpPUEHTHPOBAHHBIN TTOIXO0M) U
[IyOOKOM aHallu3e COLMAJbHBIX MPOLECCOB (COLHAIIb-
HO-OpHUEHTHUPOBAHHEIHN momxon) [9].
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Kak mokaspiBaeT MUpOBasi MPaKTHKa B PA3BUTUH TOp-
HBIX CTPaH NPUOPUTETHBIMU OCTAIOTCSl HHAYCTPUANIBHOE,
arpapHoe U peKpealmoHHOe HanpasieHus. [lepBbie nBa u3
HHUX C T€0IKOJIOTMYECKUX MOIX0A0B HaMEHee MPHUBIICKa-
TEJbHBI BBUY YA3BUMOCTH U YyBCTBUTEIBHOCTH FOPHBIX
T€0CHCTEM K aHTPOIOTeHHBIM BO3/eicTBUAM. B pszge eB-
PONEHCKUX TOPHBIX CTPaH PEKPEaLlOHHAS ICSITEILHOCTD
BBICTYIaeT B KadecTBe HanOoJsiee ONTHUMAIBHON U BBICO-
KOZIOXOZIHOW OTPAaciii S3KOHOMHKH, B TOM YHCJIC pa3BUTHE
cUMOMO03a arpapHOH W TYPUCTCKOH cdep IesTeNbHOCTH
[10;11]. Koneuno xe B ycnoBusx pernoHoB Cesepo-Boc-
TouHOro KaBkaza ¢ y4eToM MX arpapHOi HampaBlIeHHO-
CTU OTKa3 OT Pa3BUTHUS JAHHOTO CEKTOpa SKOHOMUKHU HE
MIPEACTaBIACTCd BO3MOXKHBIM M HeoOxomuMmbIM. Tpanu-
LUOHHBIE BU/IBI 3€MJICIIOJIb30BAHMS CIIECIYeT pa3BUBaTh U
MOZEPHHU3UPOBATh, IPH 3TOM HEOOXOJMMBI HHHOBALIMOH-
HBbIE HayYHO-0OOCHOBAaHHBIE MOAXOMB! K IIAHUPOBAHHIO
Pa3BUTHUS TOPHBIX PErOHOB [12].

YHUBEpCaIbHBIX MOAENEH MO ONTUMH3ALNU 3eMJie-
MOJIB30BAHMS, KOTOPHIE MOITIM ObI IPUMEHSTHCS TIOBCE-
MECTHO, He cymiecTByeT. OHU TOJDKHBI pa3padareiBaThCs
C YYETOM PETHOHAJIBHBIX 0COOCHHOCTEH M MOTYT BKJIIO-
YaTh pa3iu4HbIe dTanbl. HekoTopble aBTOPHI CUMTAIOT,
YTO ONTHMHU3ALMOHHAS MOJENb Ha Ha4yajJbHOM 3Tale
npeamnonaracT o0paboTKy CTaTHCTUYECKHUX JAaHHBIX C
LEJIBI0 MPOTHO3a CIpOca Ha MAXOTHBIE 3EMIIM, 3EMIIN
3aCTPOMKHM M UCXOHS U3 ATOTO CTPOMUTCS pEerroHajIbHas
MoOJeNb 3eMienons3oBanus [13]. Mogenu pa3Butus rop-
HBIX TEPPUTOPHUI NOJDKHBI OBITH aJallTUPOBAHBI K KOH-
KPETHBIM Teorpa)MuecKu YCIOBHSIM MECTHOCTU M y4H-
TBIBaThb YCTOU, TPAAULIUH NPUPOAOTIONB30BaHUS (3emIie-
TOJTE30BaHMsI) KOPEHHBIX STHOCOB [14].

[lonaraem, 4TO aJIrOpuTM OLEHKHM M ONTHUMH3a-
UM 3EMJICTIONIB30BAHUS JOJDKEH BKJIIOYaTh TPHU dTara
(puc. 6). Ha HagansHOM 3Tare HeoOXonuMa MOHUTOPHH-
roBast OLICHKA 3eMeJIb — KOMIIJICKCHBIE HENPEPhIBHbBIEC Ha-
OJIOZCHUS 32 KAYECTBEHHBIM COCTOSIHUEM 3eMellb (OOHH-
THUPOBKA TIOYB, Pa3BUTHE ACTPAJALMOHHBIX IIPOLIECCOB).
[Iponecc pa3pabOTKK CTpaTerHyecKoro IUlaHa YIpas-
JICHUS! 3eMENIbHBIMH PECYypcaMu B YCIOBHUSIX arpapHOO-
PHEHTUPOBAHHON TEPPUTOPHUM HPEAIoaraeT BbIsBIIC-
HUe TpobieM 3emutenonb3oBanus [15]. JlaHHas oneHka
BKJIIOUAET TAKXKE CBEICHHSI O IIPAaBOBOM PEKUME 3EMeEIb
U KOHTPOJIb 32 BBIMOJHEHWEM 3€MIICTIOIb30BATEIISIMU
MIPUPOIOOXPAHHBIX MEPOTIPUATHI.

Ha cnenyromem stane HeoOXOIUMBI aHAIN3 JUHAMH-
KM 3THX IPOLECCOB M OLIEHKA MOTEHIMala (3eMeIbHO-
PECYPCHOTO, Yel0BEYECKOro, MHHEPaIbHO-CHIPHEBOTIO,
Oonopa3HooOpa3usi), CrOCOOHOTO O0ecreunTh cOanaH-
CHPOBAaHHOE  3€MJICTIONb30BaHUE.  3AKIIOYMTENbHBIN
3Tar ONTHMHU3ALMH 3€MJICIIONb30BaHus B peruoHax Ce-
Bepo-Bocrounoro KaBkaza mpeamornaraer pa3paboOTKy
MIPUOPUTETHBIX HAIPaBICHUII C YYETOM pE3yJbTaroB,
MOJTYYEHHBIX Ha MPEIbIAYIIMX dTanax ¢ odecrnedyeHrneM
COXPaHEHHsI ¥ BOCIIPOM3BOACTBA NPUPOJHO-PECYPCHOTO
MOTEHNHana, O0Mo- M 3THOKYJABTYPHOTO pazHOOOpa3HsL.
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BaxHast poiib OTBOANUTCS OLIEHKE MOCIEACTBUN Pa3BUTHS
JAHHBIX HAIpaBICHUHA U B MOCIEOYIOUIEM HX YYETy B
PasBUTHU U IPOTHO3UPOBAHHUH 3E€MJICTIONIB30BAHUS.

VYuuThIBas arpapHyl0 HaIpaBICHHOCTb HSKOHOMH-
K1 TOopHBIX pernoHoB Cesepo-Bocrounoro Kaskaza (B
KOHTEKCTE YCTOWYMBOTO Pa3BUTHS), a TAKKE CIIOKHB-
Hmyecsl JaBHUE TPAAULIMHU, YCTOM M HBIHELIHUE Peauu
Y TEHACHIIMY MUPOBOTO PAa3BUTH B UCCIIEAYEMBIX PETH-
OHax, CIeIyeT pa3BUBATh TPH HANpPABICHUSA: arponpo-
MBILJICHHBIH KOMIIJIEKC, CUCTEMY OCO00 OXpaHSeMbIX
NPUPOIHBIX TEPPUTOPUI M TYyPHCTCKO-PEKPEALUOHHYIO
JesTenbHOCTD (puc. 7). OQHaKo yCIOBHS BEACHUS CEllb-
CKOXO3SHCTBEHHOTO MPOM3BOACTBA 34€Ch CYLIECTBEHHO
OTJIMYAIOTCSl OT PAaBHUHHBIX LIEJIBIM PSAIOM XapakTep-
HBIX 0COOCHHOCTEH, HAKJIQABIBAIOLINX CBOW OTIEYATOK
Ha YPOBEHb KOJIOTMYECKH 0€30IacHOr0 M HKOHOMHYE-
cku 3(h(PeKTUBHOTO (QYHKIMOHUPOBAHUS arpO3IKOCUCTEM
(BepTUKaNbHAs MOSCHOCTH ITOYBEHHOTO U PACTUTENBHO-
TO IIOKPOBA, CHJIbHAS PACUIICHEHHOCTh penbeda, MeJIKo-
KOHTYPHOCTB 3€MJICTIOJIB30BAHUS | AP.).

Ilpn onTUMHU3aLMU HCHONB30BAHUS CEIBCKOXO3SH-
CTBEHHBIX 3€MeJIb BaXKHAS POJIb OTBOIUTCS UX 3aIINUTE OT
3arps3HUTENEH, B YACTHOCTH, XUMUYEeCKUX [16], a Tak-
e OoprOe ¢ aerpanauei 3eMenb (BOAHON U BETPOBOU
apo3uel, 3acoleHueM, AeryMupuKanue u ap.). 3nech
MMEEeTCS] 3HAYUTENIbHBIN MOTEHIMAM (3eMeJIbHO-pecypc-
HBIH, YeJI0BEUECKUI, OMOKINMATHUECKUI ) A1 pa3BUTHS
arponpoMBIIIJIEHHOro KoMIuiekea [17].

s peanuzanuu BbIIEyKa3aHHBIX Lelel TpeOyeTcs
Ps YCIIOBUH, BKJIIOYAst CIEAYIOIINE:

BHenpenue aganTHBHBIX (JOPM 3€MIICTIONB30BaHHMS.

ITonHOTA UCTIONB30BAHUS TAXOTHBIX 3€MEITb.

IToaroToBka BHICOKOKBAJIM(HUIUPOBAHHBIX KaApOB —
3eMJICyCTPOUTENEH, arPOHOMOB U JIP.

Koomnepanusi pacTeHHEBOAYECKOH M KHUBOTHOBOAYE-
CKOM oTpacinei.

OOHOBNICHNE U PACIIUPEHUE MaTepUaIbHO-TEXHUYE-
CKOM 0a3bl.

MexXpernoHajabHOE COTPYAHUYECTBO C YUETOM pPas-
JeneHus Tpyaa (npeobnaganue pacTeHHEeBoICTBa B Yeu-
He u Wurymerun, a B Jlarectane — *XMBOTHOBOJCTBA,
PBIOOTIOBCTBA).

C y4eToM NpUPOJHO-KIMMATHYECKUX WU MOYBEHHO-
reoMop(OJIOTMYECKUX YCIOBHH B psiie pallOHOB HaMu
PEKOMEH/IyeTCs] IPUOPUTETHOE Pa3BUTHE 3eMIICACTHS, a
B JIPyTUX — *KUBOTHOBOACTBA. 30HA 3eMJICICIIHSI BKIIOYa-
eT paioHbI (IPEUMYILECTBEHHO B CTEITHOM 30HE), B KO-
TOPBIX CENBCKOXO3HCTBEHHBIC Yro/bsl MPEICTABICHEI B
OCHOBHOM TaXxOTHBIMH yroabsiMu (Manrobekckuii, CyH-
JKeHCKUH, | po3HeHCcKkmit, XacaBrOpTOBCKHiA, babaropToB-
CKuil U 1Ip.). 37ech COCPENOTOUEHBI YePHO3EMHBIE, JTYTO-
BO-KaIlITAHOBBIE, KALITAHOBBIC M APYTHE PA3HOBUAHOCTH
MIOYB.

Pocty ypoxkaiiHOCTH M BajoBoro c6opa celabCcKo-
XO3SHCTBEHHOH NPOAYKIMHM B UCCIEIYyEMBIX PETHOHAaX
OyzeT crmocoOCTBOBAaTH M BOBJICYCHHE B O0OPOT HEHC-
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

MonuToprHroBas oreHka semenb/Land monitoring

i

BouutupoBka nous/
Assessing soil fertility

A4

Copneprxanue rymyca,
IIUTATEbHBIX BELIECTB/
The presence of humus and

v

ﬂerpa)laLlHOHHble
MPOLIECCHI HAa 3eMIISIX/
Land degradation

AV

ITpaBoBBIC HOPMBI/
Precepts of law

v

v

® Boxnast 1 BETpoBast 3po3usi/
Water and wind erosion
® Jlerymuduranms/

e Pasrpannuenue npaB coOCTBEHHOCTH
na 3emuro/Differentiation of lands
according to forms of ownership

e KoHTponb nepeBosa 3eMenb

mineral substances degumification CeIbCKOXO3SHCTBEHHOTO
¢ ® 3aconenue/Salinization HA3HAYEHUs B HHBIE KATErOPHH/
Monitoring of the transfer of

® 3Barpsasuenue/Pollution

Tunonorus noys/

Types of soils agricultural lands to other categories

o KoHTpOIIb 32 BEINOTHEHHEM
HPHPOIOOXPAHHBIX MEPOTPHATHIH
3emiienonp3oBareasimu/ The monitoring
of compliance by land users measures
for environmental protection

AHaIHU3 TUHAMHKH/
Analysis of dynamics

Y
A

OuieHKa 1oTeHHaa 3eMIIerob30BaH s/
Assessment of land use potential

y L ¢ 4

Hpupmmo-pt;;ypcm]m Yenopeueckuii BropastooGpasue/ MunepasibHO-ChIpbeBast
norexnuuan/Natura Kanuran/ Biodiversity 6a3a/ Mineral resources
resource potential Human capital }
WuBeHTapu3aims/
Inventarization

v

Pazpaborka npMOpPUTETHBIX CTpaTerui
pa3BuTHs 3emiicnionb3oBaHus/Devise of
priority strategies for land use development

4 [ [ r
ATIK/Agro- »{ Typusm u pexpeanus/ » [TpombInuieHHOCTE/—»{ OOpasoBarenbHblil cexTop /
industrial sector | Tourism and recreation [*—|Industry s Education sector
v
e CellbCKOE X03HCTBO/| |@ ATpoTypu3M/ e JloObiua HedTh, ® DKOJIOrHYeCcKoe 00pa3oBaHue
Agriculture Agro-tourism, raza/Extraction 1 Bocniutanue/ Environmental
® JlecHoe xo3siicTBO/ | l@ DxoTypH3M/Eco-tourism of oil, gas learning and upbringing
Forestry » CrioptuBHBIA Typusm / | |® CTpouTeibHbie ® [ToaroroBka kajapos -
® KoorneparuBbi/ Sports tourism marepuasbl/ 3EMIICYCTPOUTEICH,
Cooperatives ® Haponueie pemecia / Construction arpoHOMOB, MCHC/[JKEPOB
National crafts materials B chepe Typusma u jip./
e [aioMHHYECTBO/ ® JlecosaroroBka/ Training of land surveyors,
Pilgrimage Forest harvesting agronomists, managers for

¢ tourism sector, etc.

]

A J
OtieHKa MOCIEACTBUIA ¥ HX YUeT B 3eMJIenonb30Banny/ Impact assessment
and their incorporation for land use

Puc. 6. Ancopumm oyenku u onmuMU3AYUYU 3eMAENONb306AHUSL /
Fig. 6. Algorithm of an assessment and optimization of land use
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? Hapoausie nposeicns £ National crafis:

.-"f M [ORenHpHOE MACTEPCTRO |
Jewelry mastery

P Kosporkasectso / Carpel weaving

F XyimkecTecunas obpaboTra nepena,
kamua Wood art, stone culling
Harorornenie soilmodisix switemni /
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F Towuapusiil npoMscen /
Pottery crafts
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Development of the agro-
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Crop production
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1
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{ Agrahanskij wildlife preserve 5 - Camyperuii sakaanmk / Samurskij wildlife preserve
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mountain botanical garden of Dagestan scientific center of Russian academy of sciences @ —— -
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Hamamatjurtovskij:d 8- Aursoproncenii / Jangijurtovskij: 19 Anapeiiayascrsit / Andrejaul'skii; 20- Memnurmsmierii / Melishtinski;
21- Kaswenrernii / Kajakentskij; 22- Kacymwentesnii / Kasumkentskij; 23- Beswruncrnii / Bezhtinskij; 24 Kocofero-KeneSernii / Kosobsko-
Kelebskij: 25- Yapogsucksii / Charodinskij; 26- [ewnarapesuii / Deshlagarskiy; 27- Horaiickii /| Nogajskij
wpnpodnii maps  natioral park: 28« Bepxomii Tyund / Verhnij Gunib
Myumgrnaraise pations | Muicipal areas: Hweyienraa 7 Ingashetifa: 1- MaroGesceni © Malgobekskij: 2 - Haspanoscemit | Nasranovskij:
3 - Cymmenckni /[ Sunzhenskij; 4 -/lseiipaixcknii / Deherajhski.  Yewns S Chechaja: 5 - Hayvpernin | Naurskip; 6 - Wlensoscioii © Shelkovsko);
T - Haarepesnwii / Wadterechnyj; & - Dpoawencenii / Groemenskij; 9 - Cymaencknii £ Sunzhenskij; 10 - Dynepaecesnii © Gudermiess I - ¥pye-
Mapramosckniil | Urus-Martanovskij; 12 - Auxoii-Mapranosckuit [/ Achhoj-Mananovskij, 13 - Wanwnekwii / Shalinskij; 14 - Kyvpuanoiickui
Kurchalojskij; 15 - Hosai-10proscenin ¢ Mozhaj-Jurtovskijs 16 - Beaencesit © Vedenskij: 17 - Waroickad / Shatojskij; 18 - Hoys-Kaosnckuin #
ltum-kalinskij; 19 - Ilapodicsuii / Sharojski) dacecmran / Dagestan: 20 - Horaicksii / Nogajski); 21 - Tapysosesuil / Taramovskij; 22 -Kusnapekuii
Kizljarskij; 23 - Badmwoproscksii / Babajurtovskij; 24 - Xacamwprorckwii / Hasavjurtovskil; 25 - Kwswmoprosckwit | Kiziljurtovskij;
26 - Kyaropeanuiexuii | Kumtorkalinskij; 27 - Hosonakekuii [/ Novelakskij; 28 - Kaslekopernil [ Kazbekovskij; 29 - byiinakcenii / Bujnakskij;
30 - Boranxceuwii / Botlihskiy; 31 - ysiGeroscriin / Gumbetovskij; 32 - Yugyveynecsnin [ Uncukul'sky: 33 - Kapadyoaxwentesnii / Karabudahkentskij:
34 - Uymaguuexuin | Cumadinsky; 35 - Axeaxeswii [ Abvahskij; 36 - Xywsaxesnit / Huneahskij; 37 - leprebuascemin [ Gergebil’s
38 - NMepmmmncknii ¢ Levashinskij; 39 - Ceprokaammcenii / Sergokalinskij; 40 - Kassewrcenil ¢ Kajokentskij; 41 - Iassnnekndi [ Shamil'skij;
42 - l'ynubcxuil [ Gunibskij; 43 - Hyowmunckwii / Cuntinskij; 44 - beworunckuil yaacrox [ Bezhtinskij wchastok; 45 - Thapamuncsnii / Tljaratinskij;
46 - Yapommucestit / Charodinskij: 47 < Jlascsnin / Laksky); 48 - Axyunmmesnin [ Akushinskij: 49 - Haxagecescr © Dahadaevskiy: 50 - Kairaresui »
Kaptagskij; 51 - JlepGenreenii / Derbentskij; 52 - Kyauueknin / Kulinskij; 53 - Pyrynscksii ( Rutul'skij; 54 - Arvaseswdi £ Agul'skij; 55 - Xuscsnii
Hivskij; 56 - Tadacapascenii / saranski); 57 - Kyvpaxcenii / Kurahskij; 58 - Cyaefiman-Cransesnii / Sulejman-Stal'skij; 59 - Marapaskenresuii »
Magaramkeniskij; 60 - Axrancenii [ Ahtynskij; 61 - Jlogyanapancenii £ Dokuzparinskij

Puc. 7. Pexomenoyemvie HanpasieHus 3emnenonvbsosanus 6 pecuorax Cesepo-Bocmounoco Kaskasza /
Fig. 7. The recommended directions of land use in regions of the Northeast Caucasus
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M0JIb3YEMOH MAlIHH, B T. 4. IAIIHU oA MUHaMHU (HYeuHs),
JOCTaTOYHOE BHECEHHE MUHEPAJIBHBIX U OPTaHUYECKUX
ynoopenuii. Jloys HencIob3yeMo MalIHA B psijie paio-
HoB pocruraet 20—40% (Ypyc-Mapranosckui, lanun-
ckuit, Hazpanosckuii, KymropkanuHackuii u ip.).

B Hu3MeHHOI 1 TOpHOI yYacTsx Haubollee mepcrex-
TUBHO Pa3BUTHE XMBOTHOBOICTBA. [Ipn 3TOM B mepBoit
OHO JIOJDKHO MMETh LIafsiue GopMbl, HOCKOIBKY 34€Ch
MOJIYYMIN Pa3BUTHE MPOLECCHl OILYCTHIHUBAHUS U B 1ie-
JIOM JIaHHasi 30HA ysA3BHMa B F€03KOJIOIMYECKOM OTHOILIE-
Huu. B npenenax Yeunu — sto tepputopust Haypckoro
u [lenkoBckoro paiioHoB, B a Jlarectane — Horaiickuit
u TapymoBckuil pailonsl. Pekomennanust npuopuTETHO-
ro HanpasieHus AIIK He HCKITIO4aeT BO3MOKHOCTH HC-
M0JIb30BaHMS JaHHBIX 3eMeb B MHBIX Lessix. Hampumep,
B psiie TOPHBIX PaHOHOB ONAroNpHUsTHBIEC YCIOBUS VIS
BO3JIEJIBIBAHUS SKOJIOTUYECKH YUCTOro Kaprodes, 3ep-
HO0000BBIX KynbTyp. OgHaKO 3TO MMeeT KpaitHe (par-
MEHTapHBIA XapaKTep.

B uucne ¢akTopoB, NMMUTHPYIOIIMX CcOanIaHCH-
poBaHHOe 3emieniosib3oBanue Ha CeBepo-Bocrounom
KaBkaze: merpagalMoHHBbIE TPOLIECCHl Ha 3eMIIIX (BO-
IHas ¥ BETPOBasl PO3Hs IIOYB, 3aCOJIECHHUE, NeTyMUH-
Kalusi U Jp.) U COCPEJOTOUEHHE CBBILIE ITOJIOBUHBI BCEX
MaxOTHBIX YIOOWHM B OCTpO3acylUIMBOM 30He. Bce ato
B COBOKYITHOCTH C IPYTUMH NPUYUHAMHU HE MO3BOJISET
BOBJICKATh B 00OPOT BCE OanaHCOBBIE IUIOIIAAN CEIBCKO-
X03s5ICTBEHHBIX 3eMenb. Cpenu pernoHoB Cepepo-Boc-
Tounoro Kapkasza Oosee MOMHO NMaxOTHBIC Yronabsl HC-
nonb3ytores B Unarymeruu (70%) u B Jlarecrane (68%).
B Yeune ucnonp3yeTcs UMb MoJ0BHHA NamHu (52%).

COalaHCUPOBAaHHOE 3€MJICTIONIB30BAHNE HE CBOTUTCS
YHUCTO K arpapHOMy (3eMIIeZiesiie) U BKIIOYAaeT Hapsady
¢ 0e30I1aCHBIM CEJIbCKOXO3IHCTBEHHBIM IIPON3BOJCTBOM,
BCE€ aCIEKThl PALMOHAJILHONW M SKOHOMHYECKU 3Pdek-
TUBHOH CTPYKTYPBI 3€MJICIIONB30BAHMS, CO3aHHE HAU-
JTy4InX 1 0€30MaCHBIX yCIOBUH Ul pa3iuyHbIX GOopM
JKU3HEIESTEIbHOCTH HACENICHUs, KaK HBIHE >KHUBYIIHX,
TaK ¥ OyoyIIMX ITOKOJICHUH.

Jlpyroe nepcnekTHBHOE HampaBiCHUE Pa3BUTHUS pe-
ruoHoB Cesepo-Bocrounoro KaBkaza — Typucrcko-pe-
KpealroHHas cgepa. JaHHBIH MOTEHUMAan MpeacTaBieH
COXPaHMBIIMMHCS OO HAIIMX AHEH BHIAMH HapOTHOTO
npombiciia (foBeJIMpHAs oOpaboTKa METauIoB, HAcedka
METaJJIOM II0 JepPeBY, TOHYAPHOE AEN0, KOBPOTKAYECTBO
U JIp.), 00BEKTaMH NAJIOMHUYECTBA U KYJIBTYPHO-HCTOPH-
YeCKUM HacyieiueM (CKJIETIbl, OaleHHbIe CTPOCHUS U JIP.).

CeBepo-Bocrounsiii KaBkas u3naBHa HacemnsitoT Ae-
CSITKH 3THOCOB, COXPAHMBLIMX YHHKaJbHbBIC TPaIuLMU
U KyJIBTypHO-HpPaBCTBEHHBII 00nuk. TpaguunonHele Ha-
POAHBIE IPOMBICIIBL, cloxuBLIMEecs Ha CeBepo-Boctou-
HoM KaBkase eme B 310Xy CPEIHEBEKOBbSI M ITOYUIHB-
LIME U3BECTHOCTH JaJIeKO 3a €ro MpeAeiaMu, He TOJIBKO
CBUJIETENH JpeBHEH u nonroil uctopuu Haponos Cee-
po-Bocrounoro Kaskasa, yacTe UX KyJIbTYpHOTO Haclie-
JIHs1, HO ¥ OTPOMHBIN OTEHLINAN YCTOMYMBOTO PA3BUTHSL.
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WzyueHne TeppuTOpHANTBbHON OpraHU3alMy [IPOMBICIIOB
MO3BOJIIET HAMETHUTh IIyTH UX COXPAHEHHUS M NajbHEil-
LIETO pa3BUTHA B IepHo (pOpMHUPOBaHUS TYPHCTCKO-pe-
KpeaunoHHoi unayctpuu Cesepo-Bocrounoro Kapkasa.

3HaunTeNnbHAas I0JS JAHHOTO MOTEHLHANa COCPEeNo-
TOYEHA B TOPHBIX M BHICOKOTOPHBIX paiiOHaX, IIe coxpa-
HWINCh U MPOJOJDKAIOT IE€pPENaBaThCs U3 MOKOJCHUS B
MIOKOJICHHE CEMEIHbIE CEKPEeThl MacTEPOB IOBEIMPHOTO,
TOHYApHOTO M APYroro peMecia, BO MHOTOM Omarona-
P coxpaHUBILEICS BHYTPHOOLUIMHHONW 3aMKHYTOCTH H
uenoctHoctH [18]. Beicouaiiiiee MCKYyCCTBO HCIIONHE-
HUS BOIJIOIIAETCS B JKCHCKHUX YKpAIICHUSX, IPEeAMETax
CEpBUPOBKH CTOJIa, TUCbMEHHBIX NPUOOpax, pa3InIHbIX
BUJAX OPYXHs (MeUeH, TyKOB, HOXKEH, IIJIEMOB).

be3ycnoBHO, acCOPTUMEHT NMPOLYKTOB, B YaCTHOCTH,
IOBEJIMPHOTO MAacCTEpPCTBAa C MOMEHTA 3apOXIEHHs Ipe-
TepIiell 3HaYUTeNbHbIe n3MeHeHus. Eciau B cpeHue Beka
peMecio Ky3HELOB BO MHOI'OM IIOZPa3yMEBAIO KOJIBIY-
I'l, MEYH U cabiy, TO K HaCTOsILEMY BpeMeHH Hanboee
aKTyaJIbHbl IOBEJIMPHBIC YKPAIICHUS, XOJIO0IHOE ACKOpa-
THUBHOT'O OPY’KHE, BBILIUBKU 30JI0TOM U CEpeOpOM U T.A.
IOBenupHOe MacTepcTBO coxpaHuiock B [laxanaeBckoM
(c. Kybaun), Xynzaxckom (c. ['onatie), Jlakckom (c. Ky-
MyX) ¥ ApYTuX paiioHax. KoBpoTkauecTBOM 3aHUMAIOTCS
MacTtepa AXTHIHCKOTO (C. AXThI), JloKy3mapuHCKoro (c.
Muxkpax), Tabacapanckoro (c. XydHu, ApKUT) U psna
IpYTUX paiOHOB. MacTepoB rOHYAPHOTO PEMECIIa MOXK-
HO HaliTU B PABHUHHOM 4acTU — B XaCaBIOPTOBCKOM paii-
one (c. CyneBkeHr), B ropHoii — B Illaroiickom (c. Llla-
Toit), Jxeitpaxckom (c. JIskru), CymnerimaH-CranbckoM
(c. Ucnmk) m npyrux patioHax. M3rotoBieHune BOWIOU-
HBIX M3IENIUI BCTpedaeTcsl pexke U 10 HAIIUM JaHHBIM
coxpaHwiock nuib B bormuxckom (c. Paxara), Benen-
ckoMm (c. Bemeno) u Hoxaii-lFOpTtoBckom (c. Cumcup)
palioHax.

[TaMATHUKH HCTOPUHU W KyJBTYPHI PaCIpPOCTPaHEHBI
MIOBCEMECTHO, XOTS MMEIOT An(epeHIMPOBAHHbBIN Xa-
paxrep no tuny penseda. Ha paBHHHE OHM npeuMy1ie-
CTBEHHO IIpeICTaBlieHbl NamsiTHUKamMu BouHam BOB,
JOMaMH, B KOTOPBIX JKHJIM 3HAMEHUTOCTH, 00EIHCKaMH,
KypraHHBIMH TPYyNIIaMH, & B TOPHOH 4acTH — CTOPOKe-
BbIMH, 0OOPOHUTEIILHBIMH, CUTHAIBHBIMU OalIHsIMH, Oa-
penbedamu, HaA3EMHbIE CKIICTIaMH, CBITWIMIIAMH U Ap.

Jua ahexTrBHOTO PYHKIIMOHUPOBAHUS U Pa3BUTHUS
TYpPUCTCKO-peKpeannoHHoi cdepsl HeoOxoaumo obe-
CIEUYMUTh: Pa3pabOTKy MEXPETHOHANBHBIX MPOTrpaMM
pa3BuTHA TypusMa (B T. 4. CO3QaHHE TYPHUCTHUECKUX
MapuUIpyTOB); CO3JaHKUE ONAronpuiATHOIO MHBECTULIOH-
HOTO KJIMMara; CO3AaHue HHPPACTPYKTYPBl; IOATOTOBKY
BBICOKOKBANU(UIIMPOBAHHBIX MEHEIKEPOB B cdepe Ty-
pHU3Ma; BBIAEICHUE SKOHOMUYECKHUX 30H Ha TEPPUTOPHH
Yeunu, Unrymerun u [larecrana, xapakTepu3yOLIUX-
Csl HAIMYHMEM TYPHCTCKO-PEKPEaIOHHOTO HOTEeHLHAaNa
(MaMATHUKOB MCTOPHM M KYJIBTYPbI, OOBEKTOB Ul Ia-
JIOMHHMYECTBA U Ap.).

COXpaHeHI/IIO O9THOTCHCTHYCCKOI'O pa3Hoo6pa31/I>1
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Cesepo-Boctounoro Kagkaza Oynmer cmocoOcTBOBarh
COXpaHEHHE U 00OTalleHue 3THOTCHETHYECKOTO MOTEeH-
nuana Yeunwn, Jlarecrana n Wurymernn; gpopmupona-
HUE MEXPETMOHAIBHOTO M MEXITHHYECKOTO MHTEpeca
K KyJIbTYpe M TPaAUuLMsIM 3THOCOB, Hacesstomux Cese-
po-Boctounsiii KaBka3; mpoBeaeHHe STHOKYIBTYpPHBIX
(ecTuBane, SpMapoK HAPOTHBIX NMPOMBICIOB; (HOPMH-
POBaHME MEXITHUUECKON TOJICPAaHTHOCTU M yCTPAHEHHE
0apbepoB (aIMUHHUCTPATUBHBIX, SKOHOMHUYECKUX U JIp.)
U1l MEKPETHOHAIBHOTO COTPYAHNYECTBA B cepe yCIyT,
TOPTOBJIH H TIp.

Cucrema 0co60 OXpaHsIeMBbIX IPUPOTHBIX TEPPUTOPHUI
(OOIIT) npusBaHa o0eCHEYUTh «COATAHCHPOBAHHOCTHY
AHTPOIIOTEHHOTO BO3ACHCTBUS U CIOCOOCTBOBATH YCTOM-
YMBOMY pAa3BUTUIO PETHOHOB. Benuka poib CHCTEMBI
OOIIT B coxpanennu 6uopasHooOpa3usi U 0OecreueHHN
ycToiumnBoTO (cOamaHcupoBaHHOTO) passutus [19; 20].
OOIIT Ceepo-Bocrounoro Kaskasa He sBnstOTCA CHUCTE-
MOH, T.K. IPEICTABICHBI Pa3PO3HEHHBIMH YYaCTKAMU OX-
paHseMbIX TEpPPUTOPHIA pa3IMuHBIX KaTeropuid. B meixom
Ha CeBepo-Bocrounom KaBkasze Ha UX 10510 MPUXOIUTCS
oxono 15% (1016 Teic. ra) TeppuTOpHN.

Baxnas ponp B obecnieueHHH cOallaHCUPOBAHHOTO
3eMJICTIONB30BAHMUS U B IIEJIOM YCTOMYMBOTO pa3BUTHSA
peruonos Cesepo-Bocrounoro Kaskasa orBoautcst ¢op-
MHUPOBAHUIO Ha 3TOH TEPPUTOPUH T'€0IKOJIOTMUYECKOTO
kapkaca. OH OJDKeH 00eCleynTh OpraHu3alMio IMyTel
MUTPaLUH KUBOTHBIX M JIMKBUAALMWIO aAMUHHCTPATHB-
HBIX 6aprepoB B opranuzanuu cetu OOIIT.

B BrIcOKOTOpHOM YacTh Ha 0a3e 3allOBEJHUKOB H 3a-
ka3HukoB Yeunu, MHrymeruu u Jlarecrana, UMEIOIIHUX
(enepanbHBI U PETHOHANBHBIA CTAaTyC, BUAMTCS LEje-
co00pa3HbIM OpTraHU3alus TpaHCTPaHUYHOTO Onocep-
HOTO 3allOBEJHHUKA C IIEJIbI0 COXPAHEHHUS! YHHKaJIbHOTO
OMONIOrHYECKOTO pasHo00pasus ATOM 30HbI. Peanmszanus
3TOTO MPOEKTa TpedyeT pa3padOoTKy HAYyYHBIX OCHOB IS
yCTOWYMBOTO (PyHKIMOHHUPOBaHUS (HOPMHPYEMOIo 3a-
MOBEIHMKA IyTEM MEXPErHOHaJbHOM KOOpAMHALIMH, a
B IocienyomeM — GyHKIHOHAILHOE 30HUPOBAHUE TEP-
PHUTOPHUH JaHHOTO OHOC(EPHOro 3arI0BEIHUKA C BBIJEIIC-
HUEM 30H aOCOJIIOTHOTO 3allOBEAOBaHMS U TEPPUTOPHH
JUISL pa3BUTHSI HAyYHO-TI03HABATEILHOTO TypH3Ma.

OnruMu3zanys 3eMIICTIONB30BaHus JA0JDKHA OCYIIECT-
BIIATBCA KaK HA PETMOHAIBHOM, TaK M Ha MyHUIIUIAIBHOM
ypoBHe. OcoOoro BHMMaHUS 3acIyKHUBalOT ypOOreocu-
CTEMBI — LIEHTPbI Pa3BUTHSI MHHOBALIMOHHOTO MOTEHIMA-
na. B mocnenHue ropl ¢ Lenbio aHaau3a CTPYKTYPHI U 3¢-
(DEeKTUBHOCTH 3€MJICTIONB30BAHUS IIUPOKO MIPUMEHSIOTCS
METObI AUCTAHIMOHHOTO 30HANPOBAHUS, ITO3BOJISIONIIE
NPOCIEANUTh U JUHAMUKY 3€MIICTIONB30BaHus [21].

Kpynasie ypooreocucremsr CeBepo-Bocrounoro Kas-
Ka3za cJIeAyeT pa3BUBaTh KaK M0 TPaIULINOHHBIM HallpaBIie-
HUSIM (IIPOMBIIIJIEHHOCTD, TYPHU3M, ONTOBBIN/PO3HIYHbIN
000pOT TOBAapOB MOTPEONCHNUS), TAK U IIyTEM BHEAPEHHUS
B HayKy, 00pa3oBaHHE M MPOHM3BOICTBEHHYIO cepy HH-
HOBALIMOHHBIX TexHojdorui [22]. B Maxaukane, [ po3Hom
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u Ha3zpanu cocpenoroueHsl OCHOBHBIE 00pa3oBaTebHbIC
YUPEXKICHUs], HayYHO-HCCIIEeNOBaTeIbcKUe 0a3bl, IMOJI0-
JKUTEJIBHOE CalbJ0 MHUIPAlUH, €CTECTBEHHBIM MPUPOCT
HaceleHHs. 31eCh HMMEIOTCSl OJaronpusITHBIC IMPEITo-
CBUIKM ISl Pa3BUTUSI M HAPAILMBAHUS MHHOBALIMOHHOIO
noteHimana. OqHako peanu3anys 3TUX 3a1ad HoTpedyer
JOCTAaTOYHBIX 3aTPaT, KaK B IUIAHE MHBECTHLIUH, TaK U MO
BpeMeHH peanu3auud. PopMUpOBaHKE U UCIIONB30BaHHUE
VMHHOBALIMOHHBIX PECYpCOB (MaTepUasIbHBIX, (HHMHAHCO-
BBIX, MHTEJUICKTYaJIbHBIX) MO3BOJIAT IOBBICUTH YPOBEHb
COLIMAJIbHO-3KOHOMHYECKOIO Pa3BUTHUs TOPOIOB, POCTa
071arocoCTOsHU HaceleHHus M O0EeCIeUUTh 3KOJIOTHYe-
CKYI0 0€30IacHOCTb ypOOreoCcHcTeM.
BriBoabI

Ontumuzanys 3eMJIeTONb30BaHUsl — BaKHEHIIas
CTparernyeckas 3ajada B YCIOBHUAX pernoHoB Cesepo-
Boctounoro Kaskasa ¢ ObICTpO pacTyIiuM HACEICHUEM.
C yuerom nuddepernmanuu Hpruznko-reorpaduaecKux,
HNPUPOIHO-KIMMAaTHYECKUX YCIOBHM M NPUPOIAHO-PE-
CYpPCHOTO, OHOKJIMMaTHYECKOTO, 3THOI'CHETHYECKOTO,
PEKpealioHHOT0, HHHOBALIMOHHOTO TOTEHIMAJIOB B HC-
CIIEAYEMbIX PETrHOHAaX B KaueCTBE NPUOPHUTETHBIX BBI-
JeJICHBI: Pa3BUTHE AarpoNpPOMBILUICHHOTO KOMIUIEKCa,
CHCTEMBI 0C000 OXPaHAEMBIX IPUPOIHBIX TEPPUTOPUH U
TYPHUCTCKO-PEKPEalIOHHOM chepbl.

VYeroitunBoe (HEUCTOIIMTEIBHOE) PA3BUTHE 3eMIIEIC-
JMsL TIEPCIIEKTUBHO B PAaBHUHHBIX palioHax ¢ Haubojee
IUIOAOPOAHBIMYU IOYBAMH, LIETUMHHBIMH 3€MJISIMH IIPH Ha-
Y4HO-000CHOBAaHHOM IOAXOAE K €ro opranuzauuu. s
JKUBOTHOBOZICTBA OJIAaronpuUsTHBIE YCJIOBUS MMEIOTCS B
TOPHBIX U OTYACTH HU3MEHHBIX PaliOHaX.

CeBepo-Bocrounsiii KaBka3 u3naBHa HacemnsitoT fAe-
CSITKH 3THOCOB, COXPAHMBLIMX YHHKaJbHbBIC TPaluLMU
U KyJbTYPHO-HPAaBCTBEHHBIH OOMMK. TpaguunoHHbIe
HapOIHbIE POMBICIIBI — HE TOJIKO CBHUICTEIH APEBHEH
U AJUTENbHOM uctopun HaponoB Cesepo-Bocrounoro
KaBka3za, 4acTb UX KyJIBTypHOTO HACIEIHs, HO U OTPOM-
HBI{ MOTEHIMAJ YCTOWYMBOTO Pa3BUTHs. 3HAUUTEIIbHAS
€ro J0Jsl COCPEelOoTOYEHA B TOPHBIX M BBICOKOTOPHBIX
paiioHax, rae COXpaHWINCh U MPOAOJDKAIOT IepeaaBaTh-
Csl U3 MOKOJICHUS B IIOKOJICHHE CEMEHHBIE CEeKPEThl Ma-
CTEpPOB IOBEJIUPHOrO, TOHYapHoro aena u ap. Crnemyer
HaMETUTh IyTH COXPAHECHUS HAPOIHBIX MPOMBICIOB U
UX JAaJbHEHINEro pa3BUTUS B HepHOA (HOPMUPOBAHHUS
TypUCTCKO-peKpeallnoHHoil uHayctpun Cesepo-Boc-
tounoro Kapkasa.

B uccienyeMbIx pernoHax mnpeodiagaeT CelnbCKoe
HaceJIeHWe, TEM HE MEHEE B CTPATErMYECKOM IUIaHUPO-
BaHUU UX Pa3BUTHA 0C000€ BHUMAHUE CIIEAYET yACIATh
KPYIHBIM T'€0CHCTEMaM, IOCKOJIBKY 34€Ch COCPENOTO-
YeHa OCHOBHas 10Js1 00pa3oBaTEeNIbHBIX M HAay4YHO-HC-
CJICOBATEIICKUX YUPEKACHUI U 3HAYUTENIEH TPYAOBOH
noreHuuan. Takue kpynHble ropoga kak I'posseiil, Ma-
xaukana 1 Ha3spanp ciemyer pa3BuBaTh Kak MO Tpalu-
LUOHHBIM HAaIpPABICHUSM (IPOMBILUICHHOCTb, TYPH3M,
OTITOBBIA/PO3HUYHBIA O0OPOT TOBApOB IMOTPEOICHHUS ),

43



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

TaK W IyTeM BHEIPEHUS B HayKy, 00pa30BaHUE U MTPOU3-
BOJICTBEHHYIO C(pepy MHHOBALUOHHBIX TEXHOJIOTHI.
OnTtuMuzanys  3eMIICTIONB30BAaHMUS — IPEAIoJaraet
¢dopmupoBanne Ha Teppuropun CeBepo-Boctounoro
KaBkaza re03ko10rn4eckoro kapkaca, ooecrneynBaronie-
ro 0eCcTpensITCTBEHHYIO MUTPALIUIO )KUBOTHBIX M JIUKBH-
M0 aIMHUHHUCTPATUBHBIX 0apbepoB B OpraHU3alMU
CHCTEMBI 0CO00 OXPaHSAEMBIX MPUPOIHBIX TEPPUTOPHH.

KPUTEPHHU ABTOPCTBA / Contribution:

Ota cuctema mpu3BaHa 00eCeYnTh 3KOJIOIHIECKOE PaB-
HOBECHE IPU WHTEHCHUBHOM XO3IHCTBEHHOM HCIIOJIB30-
BaHUM 3€MeNb. TypUCTCKO-PEKPEallMOHHBIA MOTSHLHAI
peruonos Cesepo-Bocrounoro Kaskasa no3sossier pas-
BHBATh 3/I€Ch Pa3JIM4HbIe BUABI TypU3Ma, B YaCTHOCTH,
Hay4HO-TIO3HABAaTEJIbHBINA, arpapHblid, 3THOrpaduye-
CKHUil, CHOPTUBHO-O3OPOBUTEIbHBIN, IKCTPEMAJIbHBIH,
a TaKk)Ke MAJIOMHUYECTBO K CBSITHIM MECTaM (3UsIpaThl).

3adypaeBa X.III. — nmpoananm3upoBana u 0000mmIa TaHHBIE, pa3padoTana aJroOpUTM OIICHKH M ONTHMHU3AIINH 3€MIIETIONb-
30BaHMs, HAMKCaja PyKOIHMCh U HECET OTBETCTBEHHOCTH 3a Iuiaruat; 3aypoexon IIIIII., TaiimacxanoB X.J. — ygacTBOBaIu B
aHaJM3e IPaBOBBIX OCHOB 3eMJICTIONB30BaHUs / Zaburaeva Kh. Sh. — analyzed and summarized the data, developed the algorithm of an
assessment and optimization of land use, wrote the manuscript and responsible for plagiaris; Zaurbekov Sh. Sh., Taymaskhanov Kh.E. — par-

ticipated in the analysis of the legal basis of land use.

KOH®JINKT HHTEPECOB / Conflict of interest:

ABTOPBHI 3asIBIIIOT 00 OTCYTCTBUH KOH(IMKTA uHTEepecoB / The authors declare no conflict of interest.

JUTEPATYPA:

1. 3abypaesa X. III. [IpoGmemMBbl 1 TPEATOCHUIKH COaaH-
CHPOBAHHOTO 3eMJIeNoNb30BaHus B YedeHckoi PecrryOnmke:
monorpadus. Kammaunarpan: Crpax barruku, 2010. 211 c.

2. Paul De Wit, Willy H. Verheye. Land use planning for
Sustainable Development. Land use, land cover and soil sci-
ences. 2009. Vol. III. P. 33-60.

3. John R. Nolon. Compendium of land use laws for Sus-
tainable Development. Cambridge University. 2006. 442 p.

4. TonpmakoBa H.B. CucremHoe ympaBieHue nepe-
XOOM K YCTOWYMBOMY 3emiienonb3oBaHuio // HaydHsrid
anmpmanax. 2016. N 2-1 (16). C. 306-309. DOI: 10.17117/
na.2016.02.01.306.

5. Kupeera E.E. Jxonoro-skonoMmuaeckas 3ppekTHBHOCTH
ynpasieHus 3emienonb3oBanuneM // Bectank BCTYTY. 2015.
N 2.C.94-101.

6. I'yns A.H. MonepHu3auus u yCTOWYUBOE pa3BUTHE TOp-
HBIX TeppuTopuii / YcToHYMBOE pa3BUTHE TOPHBIX TEPPHUTO-
puii. 2016. T. 8. N 4. C. 281-288.

7. Bagenxos FO.I1., dynen A.H., Mynyes 1II.C., Myxa6-
OaroB X.M. MonepHu3amus ¥ pa3BUTHE TOPHBIX PalfOHOB: CO-
BETCKHUH U POCCUICKHIA OIBIT // YCTOHYNBOE pa3BUTHE TOPHBIX
teppuropuit. 2016. T. 8. N 4. C. 323-337.

8. bypnakoa JI.M. Crpareruueckoe ynpapjieHUE 3eMENbHbI-
MH PEeCypcamMH B CHCTEME YIPABIICHHS yCTONYMBBIM Pa3BUTHEM
arpapHOTO MPUPOJIONOIb30BaHMs // BecTHuk Anraiickoro rocy-
JapcTBeHHOTO arpapHoro yauBepcutera. 2007. N 10 (36). C. 5-9.

9. I'yaa A.H. CounanbHO-OpUEHTUPOBAHHBIE KOHUEIIIUU
U TIOXOMBI B MCCIIEAOBAHUY TOPHBIX TeppuTopuii KaBkaza u
o0ecTieueHNH yCTOHYMBOTO Pa3BUTHS // YCTOWIHMBOE pa3BUTHE
ropHbIX Tepputopuit. 2015. N 3 (25). C. 15-22.

10. Rural tourism in France — supplementary activities on
the farm. URL: http://vranicarajac.wordpress.com/2012/05/16/
rural-tourism-in-france-supplementary-activities-on-the-farm/
(mata obpamenus: 18.06.2017).

11. Rural tourism in Italy. URL: http://www.italianreflec-
tions.com/2010/04/rural-tourism-in-italy.html (mata oOpame-
Hus: 18.06.2017).

a4

12. Sustainable Development in Mountain Regions: South-
eastern Europe / Editor Georgi Zhelezov. Switzerland: Spring-
er, 2016. 404 p.

13. Wenbo Chen, Gerrit J. Carsjens. A spatial optimiza-
tion model for sustainable land use at regional level in China:
a case study for Poyang lake region // Sustainability. 2015.
Vol. 7. P. 35-55.

14. Bypazuesa O.I, Horgae X.0., Mammagmu T.51. Mo-
JIeTTb TIOJICP’KHBACMOTO Pa3BUTHsI TOpHBIX Tepputopuii Ce-
BepHoro KaBka3za // YcroiumBoe pa3BUTHE TOPHBIX TEPPHUTO-
puii. 2016. T.8. N 4. C. 348-359.

15. Hlapa6apuna C.H. Crparerndeckoe ympaBieHUE B
HEISX ONTHMH3AIMKA 3eMJICTIONIB30BAHUS  arpapHO-OpHEH-
TUPOBAaHHOW TeppuTopHu // MeXIyHapOAHBIH KypHAI MpH-
KIagHbIX U (yHAameHTanbHbIX HccnenoBaHui. 2013. N 5.
C. 70-73.

16. Vink A.P.A. Land use in advancing agriculture. Spring-
er-Verlag. Berlin Heidelberg. New York. 1975. 383 p.

17. Kpacuos E.B., 3a0ypaesa X.III. I'opnas Yeuns u co-
npeaensHble Tepputopun CeBepo-Bocrounoro Kaskaza: mo-
TEHILIMAJl YCTOWYHMBOTO 3eMJICTIONB30BaHusl // YCTOWYMBOE pa3-
BUTHE TOpHBIX Tepputopuiil. 2012. N 3 (13). C. 158-163.

18. MaromenoB A.Jl. DTHOJTMHTBUCTUYECKHE ACTIEKThI U3-
YUSHHUsI HAPOJHBIX IPOMBICIIOB U peMecen Jlarecrana // Bect-
HUK MHCTUTYTA S3bIKa, JIUTEpATyphl U UcKyccTBa uM. I. [lana-
cel. 2013. N 3. C. 34-51.

19. Onumenko B.B., Tam6ues b.H., Y3nenosa ®.M. K
BOMNPOCY MPeoOpa3oBaHus TOCYIAPCTBEHHBIX 3allOBEIHUKOB
B ycroitunBom pazsutun CeBepHoro Kapkasa // YcroitunBoe
pa3BuTHE rOpHBIX Tepputopuit. 2015. N 2(24). C. 27-32.

20. beparorun K.1., bonpmakos B.H. O crpareruu u Tak-
THKE COXpPaHCHHS OHOPa3HOOOpa3si TOPHBIX PETHOHOB Kak
HEOOXOUMOr0 YCJIOBHS YCTOHYMBOTO pa3BuTHs // YcToiuu-
BO€ pa3BUTHE TOpHBIX Tepputopuil. 2010. N 3 (5). C. 31-38.

21. Tadesse W., Coleman T. L., Tsegaye T.D. Improvement
of land use and land cover classification of an urban area using
image segmentation from Landsat ETM+data. In: Proceedings

T.10. N21(35), 2018 T.



of the 30" International symposium on remote sensing of the
environment, 10-14 Nov. 2003, Hondulu, Hawaii.
22. 3abypaesa X. I11., Kpacuos E. B. Ananu3 tpaachopma-

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

n ypooreocucrem Ceepo-Bocrounoro Kaskasa ¢ ucnons-
3oBanueM [ IC-texnonoruii // Bectauk Kpacl'AY. 2016. N 10.
C. 88-94.

CBE/IEHHA Ob ABTOPAX | Information about authors:

3ABYPAEBA Xapa Ilaxunos-
Ha - KaHIUJIaT reorpaguyeckux Hayk,
JIOLEHT Kadeapbl SKOJIOTUH U HPUPO-
JIOTN0JIb30BaHus, [’ po3HEHCKHil rocy-
JAPCTBCHHBIN HE(DTIHONH TEXHHYCCKUI
yHuBepcuter uM. axkaa. M.Jl. Mun-
JMOHIIMKOBa, T. [pos3Hbiii, Poccus;
CTapmIuii HAyYHBIH COTPYIHHUK J1abo-

> paTopuy  TEOJOTMH M T'€0IKOJIIOTHUH

KoMruiekcHOro Hay4HO-HCCIIEIOBATEIBCKOTO WHCTUTYTA HM.
X.W. NbparumoBa Poccutickoli akameMun Hayk, T. [ po3HBIH,
Poccus.

OO6nacTh HayYHBIX WHTEPECOB: T'€ODKOJOTHUS, MPUPOIO-
MIOJIb30BAHUE, MEIUITMHCKAS DKOJIOTHSI.

Astop Oosiee 80 Hay4HBIX MyOIHKALKi, BKIFOYast 4 MOHO-
rpadun.

Ten. +7 (966) 724-84-4,

E-mail: zaburaeva@inbox.ru

Khava Shahidovha ZABURAEVA — Candidate of Geographi-
cal Sciences, Associate Professor of the Department of Ecology and
Nature Management, Grozny State Petroleum Institute named after
M.D. Millionshikov, Grozny, Russia; Senior researcher of the labo-
ratory of Geology and Geoecology, Complex Institute named after
Kh.1. Ibragimov of the Russian Academy of Sciences, Grozny, Russia.

Research interests: Geoecology, Nature management, medical
Ecology.

Author of more than 80 scientific publications, including 4 mono-
graphs.

Tel.: +7 (966) 724-84-4, E-mail: zaburaeva@inbox.ru

MUU HayK, I. ['po3nslii, Poccus.

r. [’ po3nsiit, Poccust.
Ten. +7(8712) 22-36-07

3AYPBEKOB Hlapnytau Hlam-
CYTAMHOBMY — JIOKTOp reorpagude-
CKHX HayK, mpodeccop, 3aBemyromuii
Kaenpol PKOIOTHH U IPUPOIOTIOINE-
30BaHMsI | pO3HEHCKOro  rocymap-
CTBEHHOT0 HE(TSIHOTO TEXHUYECKOTO
yHuBepcurera uMm. akaa. M.J. Mun-
JIMOHIINKOBA, T. I'po3HbIi, Poccus; 3a-
BEAYIOIINI TabopaTopueii reoJoruu U
reoskosioruu KoMIiekcHoro Hay4yHO-
HCCIIeI0BaTeIhCKOr0 HHCTUTYTa M. X.W. Moparumosa Poc-
CUICKOM akaJieMuH Hayk, I. [ po3nsiid, Poccus.

OO06nacTh HAyYHBIX HHTEPECOB: T'EOJIOTHUS, TEOIKOIOTHS,
9KOJIOTHSI.

ABgtop 6onee 140 HayyHBIX MyOIUKAIIMA, BKJTFOYast 6 MOHO-
rpadwuii.

r. I'po3nbiii, Poccus

Ten. +7(8712) 22-36-07,

Sharputdi Shamsutdinovich ZAURBEKOV — Doctor of Geo-
graphical Sciences, Professor, Head of the Department of Ecology
and Nature Management, Grozny State Petroleum Institute named
after M.D. Millionshikov, Grozny, Russia; Head of the laboratory of
Geology and Geoecology, Complex Institute named after Kh.1. Ibragi-
mov of the Russian Academy of Sciences, Grozny, Russia.

Research interests: Geology, Geoecology, Ecology.

Author of more than 140 scientific publications, including 6
monographs.

Tel.: +7(8712) 22-36-07

TAMMACXAHOB Xacan JIuMcy/ITaHOBHY — JOKTOP SKOHOMHUYECKUX HayK, Tpodeccop, PeKTop
I'pO3HEHCKOTO TOCYAaPCTBEHHOTO HE(PTSIHOIO TEXHUYCCKOTO yHHUBEpcuTeTa uM. akan. M.J]. MuuinoH-
KKOBa, I. ['po3Hblid, Poccust; raBHbIl HAy4YHBIH COTPYIHHUK Ja0OPATOPUH SKOHOMHYECKHX HCCIIEI0Ba-
HUi KOMIUIEKCHOTO Hay4YHO-HCCIen0BaTeIbckoro nHetuTyTa uM. X. M. Moparumosa Poccuiickoii akase-

OO0nacTh Hay4HBIX MHTEPECOB: PErMOHANbHAS SKOHOMHKA, YKOHOMHUKA arporpOMBIIUIEHHOTO KOM-
TUIeKCa, MPOOJIEMBbI COIIMATBHO-DKOHOMHYECKOTO Pa3BUTHS B YCIOBHSIX PHIHOUYHON SKOHOMHUKH.
Agtop Oosiee 170 Hay4yHBIX IMyOIUKaLUiA, BKIIOYas 25 MOHOTpaduii.

Khasan Elimsultanovich TAIMASKHANOV — Doctor of Economics, Professor, Rector, Grozny State Petroleum Institute named after
M.D. Millionshikov, Grozny, Russia,; Chief researcher of laboratory of economic researches, Complex Institute named after Kh.1. Ibragimov

of the Russian Academy of Sciences, Grozny, Russia.

Research interests: Regional economy, agricultural economy, socio-economic problems in conditions of market economy.
Author of more than 170 scientific publications, including 25 monographs.

Tel.: +7(8712) 22-36-07

T.10. N21(35), 2018 T.

a5



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

LAND USE OPTIMIZATION IN MOUNTAINOUS REGIONS OF THE NORTHEAST CAUCASUS

12 Kh.Sh. Zaburaeva*
12 Sh.Sh. Zaurbekov
L2 Kh.E. Taimaskhanov

!Grozny State Petroleum Institute named after M.D. Millionshikov, Grozny, Russia.
2Kh.1. Ibragimov Complex Institute of the Russian Academy of Sciences, Grozny, Russia.

DOI: 10.21177/1998-4502-2018-10-1-35-47

The purpose of the article is to analyze the problems
and pre-conditions of land use optimization in mountain re-
gions of the Northeast Caucasus. To achieve this goal the
authors have applied the comparative-geographical analysis,
statistical and cartographic methods.

Results and discussion. The article proves that the con-
cept of balanced land utilization is a combination of rational
use and protection of land resources and reproduction of pro-
ductive capacity of agricultural lands. The algorithm of land
use optimization in the regions of Northeast Caucasus includes
a number of serial stages: monitoring assessment of land fund
condition, enclosing the analysis of dynamics of these pro-
cesses, the quantitative and quality standard of potential of the
steady (balanced) land use and development of the optimum
directions of land use on condition of preservation of natural
and resource potential, biological and ethnocultural diversity.
Consequence assessment of the development of the specified
directions and their subsequent consideration in development
and forecasting of land use is important.

Optimization of land use has to be carried out both on
regional and municipal levels. In addition, special atten-
tion should be paid to urban geological systems as centers
for development of innovative potential. Large urban geo-
logical systems (Grozny, Makhachkala, Nazran) should be
developed trough the improvement of traditional directions
(industry, tourism, wholesale/retail commodity circulation)
as well as through integration of innovation technologies in
science, education and production sphere.

Conclusions. During the research the authors have re-
vealed both positive (natural and resource, ethnogenetic, inno-
vative potential, etc.) and negative (land degradation process-
es, poorly developed infrastructure, etc.) aspects for balanced
land use in the regions of Northeast Caucasus. Agroindustrial
complex, the system of natural protected areas, tourism and
recreation activities are the most recommended as the priority
direction of development. Natural-climatic and soil-geomor-
phological conditions in a plain (steppe zone) mainly promote
agriculture development, and in a mountain part — livestock
production. In the Northeast Caucasus an important part is as-
signed to the formation of geoecological framework in order
to ensure ecological balance in the intensive economic use of
lands. Tourist and recreational capacity of this territory allows
to develop here scientific and cognitive, sports, extreme, eth-
nographic, rural and other types of tourism.

Keywords: balanced land use, mountain regions, urban
geological system, optimization, sustainable development.
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PALUNOHAJIbHOCTb UCMNMOJIb3OBAHUA BOOHbIX
PECYPCOB B 3KOHOMUKE NOPHbIX TEPPUTOPUA
CEBEPHOI'O KABKA3A

Beenenne

[IpoGnema parMoHaIBPHOCTHU UCIIOIB30BaHUS BOAHBIX PECYPCOB KaK OHOTO U3
CUCTEMOOOPa3YIONINX (PaKTOPOB JKU3HEACITEILHOCTH aKTyallbHa JUJIsl BCEX Peru-
oHOB Poccuiickoit @enepanuu. 910 00bICHAETCS HEOOXOAMMOCTBIO JTOCTIKEHUS
FapMOHU3ALMK B3aUMOJCHCTBUS SKOJOTHUYECKONU, IKOHOMUUECKON U COLUATbHOU
ctep, obecnieueHns IPPEKTHBHOTO PeCypcooOECreUeHUs] PErHOHAIBHOTO XO-
35IUCTBA C LIETBIO BBIXOAA PETHOHOB HA TPACKTOPHUIO YCTOMYUBOro pocra. B co-
BPEMEHHBIX YCIOBHSX peaH3alys MTPUHIIUIIOB YKOJIOTHYECKA OPUEHTUPOBAHHO-
IO YCTOWYUBOTO PAa3BUTHS TEPPUTOPHM SBISETCS OAHUM W3 KIFOYEBBIX YCIOBUI
COXpaHEHHUsI 3/I0POBbsl HACEICHUS U (DOPMHUPOBAHHS FKOJIOTO-OPHUEHTUPOBAHHBIX
SKOHOMUYECKHX HHTEpPECOB. VICTOpUUECKU CYIIECTBYIOIINE PETUOHAIBHBIC pa3-
JUYHAS B MPHPOJHO-KIMMATHYECKHUX, COIMAILHO-I)KOHOMUYECKUX U JAPYTHX Xa-
pakTepucTukax TopHbIX pecrmyonuk CeBepHoro Kapkaza SBISIOTCS TPUYHUHON
BBICOKOW KOHKYPEHIIUU B cpepe pecypcooOecrieueHHOCTH. B JaHHOM KOHTEKCTe
YPOBEHB MPUPOIOOXPAHHOM JIEATEILHOCTH CTAHOBUTCS OTHUM W3 3HAYMMBIX (hak-
TOPOB KOHKYPEHTOCIIOCOOHOCTH TOPHBIX TEPPUTOPHA, 00s3aTEINBHBIM YCIOBUEM
HX YCIEUIHOTO COLUATbHO-IKOJIOT0-3KOHOMUYECKOTO Pa3BUTHUS.

WHTeHCHBHOE M HACTYNATEIbHOE Pa3BUTHE UHIyCTPUH IIPUBOAUT K HEOOXOIH-
MOCTH pa3pabOTKU HAy9HO-OOOCHOBAHHBIX IMOXOJIOB K OIIEHKE PAI[MOHATBHOCTH
HCIIONIb30BAHMS IPUPOAHBIX, B YACTHOCTHU BOIHBIX, PECYPCOB FOPHBIX PETHOHOB,
«CHUJIBHO YS3BHMBIX K BHEIIHEMY BO3JICHCTBUIO TPUPOIHO-TEPPUTOPHAIBHBIX
KOMILIEKCOB» [1]. B 3Toil CBSI3M N7l MOBBILIEHUS 3HAYUMOCTH IKOJIOTHYECKOU
COCTAaBIISIIONICH B CTPATErHMYSCKUX JIOKYMEHTaX Pa3BUTHS TOPHBIX pECITyOIIMK
HEOOXOAMMO PEaTM30BBIBATh KOMIUIEKCHBIA TOAXOM K OLEHKE PaIliOHATBHOCTH
KCIIOJIb30BAHMS BOJHBIX PECYPCOB Ha OCHOBE ydeTa CIEAYIOLIUX TPYII MOKa3a-
TeJIei: BOMOOOECIIEYeHHOCTH, HAarpy3KH Ha BOAHBIE PECYPCHI, BOIOEMKOCTH, Kave-
CTBa BOJIHBIX PECYPCOB.

Deontoyusa no0xo006 K ucciedo6anuo npoodiemovl payuoHaIbHO20 6000N0Ib-
306anus. CONpsHKEHHOCTh BOIIPOCOB PAacHpeesieHus BOAHBIX PECYPCOB U YPOB-
Hs pa3BUTHS TEPPUTOPUH, BhIpaxkaeMoro B mokaszarene BPII, B mocnemnue romst
HaXOIUT Bce OoIblliee OTpaKEHUE B HAYYHBIX MyOnmukamusx. B cBoux wmccieno-
BaHUSAX POCCHUICKHE W 3apyOe)KHbIE YUCHBIE, 3aHHMAIOIUECS PEIICHUEM 3aaqu
COTIaCOBaHUs MOTPEOHOCTEH perruoHa B BOAHBIX PECYPCax C BO3MOXKHOCTBIO UX
yaoBIeTBOpeHH [2; 3], 0TMe4aroT He0OXOAMMOCTh IIEICOPUEHTHPOBAHHOCTH BO-
JI000eCTIeYeHUs] perHOHANBHOM X03IWCTBEHHON CHCTEMBI KAK OCHOBHOTO YCIIOBHS
COXpaHEHUsI ETOCTHOCTH U YCTOHYMBOCTH €€ Pa3BUTHA. bolblioe uncio paboT
MOCBAIIECHO BONPOCaM PallMOHANIBHOIO HCIOJNB30BAHUS BOJIHBIX PECYpCOB Kak C
MTO3UINI SKOHOMHYECKOH IeNeCO00pa3HOCTH, TaK M JTOCTIKEHUS HanOOJBIIIEro
YPOBHSI COIVIACOBAHUSI HHTEPECOB OTAEIbHBIX Bomomnoabs3oBatene [4—8]. B psne
uccnenoBanuit [9—15] mpoBoaNTCS OLIEHKA BOIHBIX PECYPCOB Kak (hakTopa peanu-
3ali¥ CTPATETMYECKUX IUIAHOB PAa3BUTHS PETHOHA, a Takke 3(P(HEKTUBHOCTH UX
HCIIONB30BaHUs B oTpaciieBoM acnekte [16; 17]. Ilpu sToM psia uccinemnoBateneit
OTMEYAIOT, YTO PAllMOHAIBHOCTh paclpeelCHUsI BOAHBIX PECYPCOB AOKHA OLe-
HUBaThCs ¢ no3unuii obecniedenns pocra BPII Ha ocHOBe WHTEHCHUBHEIX (haKTO-
POB. DTOM e TOUKH 3pEHUS NPUICPKUBAIOTCS U aBTOPHI HACTOSIIECH CTAThU.

B nmyb6mukanuu Kepumoa M.A. u 1p. oTMe4aercs, 4TO «rOpPHBIE TEPPUTOPUHI

"Poccuiickuit HHOOPMAIIMOHHO-aHATUTHIECKAN W HAyYHO-HCCIIENOBATENBCKUAN BOIOXO3MMCTBECHHBINA IIEHTD,
PoctoB-na-/lony, Poccus,

2HOsxHsIi (enepanbHbIi yHUBepcHTeT, Poccuiickuil NHPOPMALIMOHHO-aHATUTHICCKUN 1 Hay9YHO-HCCIIE0Ba-
TEIBCKHUH BOIOX03IHCTBEHHBIN 1IeHTp, PocToB-Ha-/lony, Poccus,

*e-mail: matveeva_lg@mail.ru
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XapaKTEePU3YIOTCSl BBICOKUM YPOBHEM JIAHAIA(THOTO U
OMONIOrMYECKOTO pazHooOpa3us. 31ech COCPENOTOUYCHBI
OCHOBHBIE 3aI1achl MMTHEBOI BOJbI, MUHEPAIbHO-CHIPbE-
BBIX, PEKPEAllMOHHBIX U TUAPOIHEPIeTHUECKUX pPecyp-
COB, KOTOPBIE SBJISIFOTCS OCHOBOM Pa3BUTHUS SKOHOMHKID
[18,c.211]. BmecTe ¢ TeM 3TH U psia APYTUX aBTOPOB OT-
MEUaloT BBICOKYIO JUHAMHYHOCTh M YYBCTBHTEIBHOCTD
TOPHBIX JTaHAIA(TOB K BHELITHUM BO3ACHCTBUSAM, B CUITY
Yero ropHsle JaHImadThl OTHECEHB! K 0YEHb PAaHUMBIM
U YSI3BUMBIM SKOCHUCTEMaM U UX UCCIIEIOBAHHE SIBIISCT-
cs1 mpuoputeTHbIM HampaBieHueMm B XXI Beke [19]. B
JAHHOM KOHTEKCTE MPEACTABISIOT METONOTOTUYECKUI
U TIPaKTUYECKHH WHTEepec IMyONMKaluy Y4YeHbIX, IO-
CBSIILICHHBIC OLIEHKE HCIIOIb30BaHUS BOJHBIX PECYPCOB
B Pa3IMYHBIX PETMOHAX C YYETOM BIMSIOLIMX Ha BO-
JnonoTpebieHrne KIMMaTHYeCKUX W Ipyrux (axkTopos
[20-23]. B uncne 0OCHOBHBIX (PAKTOPOB, OMPEIEIISIONINX
00BbEMBI IPOCKTUPYEMOTO BOAONOTPEOICHNUS, OOIBIINH-
CTBO aBTOPOB BBIJICIJISIOT M3MEHSIOMINECS TOTOAHbBIC U
KJIMMaTHYECKUE YCIIOBHSA, ONPEIEISIOMINE BIIAYKHOCTD
Mo4YBHI [24; 25], BOBMOKHOCTH KOMILIEKCHOT'O UCITOJIB30-
BaHMsI IOJ3EMHBIX U MOBEPXHOCTHBIX BoJ [26]. CooTBeT-
CTBEHHO OOJIBILIOE YHUCIO PaboT COIEPXKHUT pa3paboTKy
9KOHOMHKO-MaTeMaTHUeCKUX MOZETIeH OINTHMAaIbHOTO
yhnpaBieHHs BOAHBIMH peCypcaMH, B KOTOPBIX COYeTa-
IOTCSl KJIMMAaTHYECKHE M COLMAIbHO-3KOHOMHUYECKHE
cueHapuu [27-29], a Takxke HOCTUKEHUE KOATUIUOHHO-
ro KOMIIPOMHCCA Ha OCHOBE LICHOBOTO PEryIHPOBAHUS U
CTUMYJIMPOBaHMS K BHEIPEHUIO BOIOCOEPETraloInX TeX-
Hosoruit crumynuposanust [30-34].

ey 1aHHOrO MCC/IeIOBAHUS COCTOMT B aHAIN3E
YPOBHS UCTIONIB30BaHUSI OTPAHUYEHHBIX BOIHBIX PECyp-
COB B ropHbIX pecrmyonukax CesepHoro KaBkaza ¢ mo-
3ULUI PaLMOHAIBHOCTH BOIONOTPEONICHHUS AJISl OLIEHKU
BO3MO)KHOCTEH MOBBIIIEHUS 3()(EKTUBHOCTH BO000E-
CIIEUYEHHUS C 1IETIbI0 JOCTHKCHUS! YCTOWUYHMBOTO PA3BUTHUS
3THX PETHOHOB B CTPAaTErMYECKON MEPCIEKTUBE.

MarepuaJibl M1 METOAbI HCCJIEI0OBAHUS

MarepuanamMu [UI1 HallMCaHUS CTAaTbH MOCIYXWUIH
pe3yNbTaThl UCCIeN0BaHUM, MPOBOANMBIX aBTOPAMHU IO
COCTOSTHHIO, OIICHKE M PAallHOHAJBLHOMY HCIIOJIb30BAHUIO
MIPUPOIHO-PECYPCHOTO (BOAHOTO) MOTEHIMANa TOPHBIX
tepputopuii CeBepHoro KaBkaza, a Takke Marepuaibl
MOHUTOPHHIA BOJHBIX O0ObEKTOB, CTATUCTUYECKUE U JIU-
TepaTypHbIE HCTOYHUKH 110 JAHHOHW TEeMaTHKE.

ABTOpCKas TUIIOTE3a COCTOUT B TOM, YTO PallMOHAIIb-
HOCTb UCTIOJIB30BAHUS BOJHBIX PECYPCOB OTPaKaeTCs, B
MIEPBYIO OYEPE/b, B TOKA3ATENSAX BOLZOEMKOCTH BaJIOBOTO
peruoHansHoOro npoxykra. Ilpu 3ToM cHMXXEHHE BOAO-
emkocty BPII npu Hanmu4mnu TeHACHIIMU pocTa 00bEMOB
MOCJIETHETO 03HAYAET, YTO B PErHMOHAJBHOM XO3SHCTBE
UCTOJIB3YIOTCSL pecypcocOeperaroniie HHHOBAlMOHHbIE
TEXHOJIOTUH, 00ECIICUNBAIOLIIE COLUATBHO-IKOHOMHYE-
CKHE Pa3BUTHE PETUOHA 3a CUET MHTEHCUBHBIX, a HE JKC-
TEHCHUBHBIX (JAKTOPOB, UTO UMEET BaKHEHIIEe 3HaUCHHE
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B COBPEMEHHBIX HMIIEPATHUBAX HEOWHAYCTpHATU3ALNN
HaIlMOHAJIBHON SKOHOMHKH.

i monTBepKICHUA JAHHON TUIIOTE3HBI, a TAKKE IS
MCCIIeIOBaHUs YPOBHSI pallOHAIbHOCTH BOAONOTpEOIe-
HUS B TOpHBIX pecityonukax CesepHoro KaBkasza B mc-
CIICZIOBAaHMHU TIPOBEIEH aHAIU3 IOKas3aTesied Harpy3ku
Ha BOJHBIE PECYPCHI, BOAO0OOECIEYEHHOCTH U BOAOEM-
koctu BPIIL.

IosryyeHHbIe pe3yabTAThl U UX 00CY:KIeHUE

Haczpy3ka na eoomwvie pecypcvl u 800oodecneuen-
HoCmb 20pHbIX meppumopuil. HecMoTps Ha OrpOMHBIN
MOTEHLUAT BOJOXO3SIMCTBEHHBIX CHCTEM pacCcMaTpH-
BaeMbIX TOPHBIX TEPPUTOPUH, BOMPOCH! PAallMOHAIBHO-
TO MCIOJIb30BAaHUS IIPUPOAHBIX PECYPCOB, B TOM YHCIIE
BOJHBIX, UMEIOT JUI 3TUX CyOBEKTOB 0c000€ 3HaUYCHHE,
YUUTBIBasi TO 0OCTOSATENBCTBO, YTO B JAHHBIX PETHOHAX
HaOMIOAeTCsl «BBICOKUM» M «KPUTHUYECKH BBICOKUID
YPOBEHb Harpy3kd Ha BOAHBIE PECYpPCHI, YTO HAITISIIHO
JIEeMOHCTPHUPYIOT JaHHbIE, IPUBEICHHBIC B Ta0. 1.

Pe3ynbraTel HCCIIEIOBaHUS IIOKA3ald, YTO «BBICO-
KyI0», «OYEHb BBICOKYIO» M «KPUTHUECKU BBICOKYIO»
Harpy3kKy Ha CpEIHHE MHOTOJECTHHE MECTHBIC BOJAHBIC
PeCypChI UCTIBITHIBAIOT BCE TOPHBIE PETUOHEL, Kpome Ye-
ueHckoi Pecnyonmuku (puc.1l). «Huskas» u «odeHb HU3-
Kas» BOJIOOOECIIEYCHHOCTH (Tali. 2) CyMMapHBIMH BO-
JHBIMU pecypcamy (ThIC.M?/TOJ] Ha Yell.) B CPEIAHHUE IO
BOJHOCTH Tofibl oTMevaercsi B Pecriyonuke Marymerns
(3.94 tHIC.M*/TOA Ha Yen.). [Ipu HACTYIUICHHMH MaJlOBO-
JHBIX JIET U IEPHOJOB BOZOOOECIICUEHHOCTh CYMMAapHBbI-
MU BOJIHBIMH PECYpCaMH N3MEHSETCS 10 YPOBHS «OYCHb
Hu3Kass» B PecyOnuke UHTYImerus.

B pacuere Ha cpeaHue MHOTOJIETHHE MECTHBIE BO-
IHBIE PECYpPCHl «KaTacTPOUUECKH HU3KHNY», «OYCHb
HU3KUI» W «HU3KUID» YPOBHHM BOZOOOECIECUYCHHOCTH
MMEIOT MECTO BO BCEX TOPHBIX perroHax, kpome Kapa-
yaeBo-Uepkecckoii Pecnyonmuku u PCO-Ananuns. Ilpu
HACTYIJICHUH MaJIOBOJHBIX MEPUOAOB BCE TOPHBIE TEP-
putopuun, kpome KapauaeBo-Uepkecckoit PecryOmuku,
UMEIOT «KaTacTpo(UUECKU HU3KHUI», «OUeHb HU3KUI» U
«HU3KHID» YPOBHU BOA0OOOECIICUCHHOCTH.

Takum 00pa3oM, HaMeHee BOIOOOECIICYEHHBIM pe-
ruoHOM siBisgercsi PecnyOnuka Murymerus, rae B cpel-
HHE 110 BOXHOCTH TOABI OTMEYACTCS «HU3KUID U «OYCHb
HU3KUI» YPOBHH BOAOOCOECIICUEHHOCTH, @ B MaJjOBO-
JHBIE TOIBI BOAOOOECIICUCHHOCTh U3MEHSETCS 0 YPOB-
HS «OYEHb HU3KON» U «KaTacTpo(UIeCcKu HUZKON». ITO
MIOATBEPKAACTCS TAKKE CPEOHHMH IOKa3aTeNsiMH 00e-
CIEYCHHOCTH 3TUX PETMOHOB BOIHBIMH PECypcaMu: IO
JaHHBIM 3a 2015 1. 3TOT mMoKasaTelb cocTaBigeT 2,892
TBIC. M*/TOJI Ha YeJIoBeKa — IouTH B 11 pa3 Hike cpeaHe-
poccuiickoro 3Hadenus (31,71 Teic. M*/ToN Ha YETOBEKA)
U TIOYTH B 2,5 pasa HIWXKe, 4eM B Hanbonee obecreyeH-
HOW BOIHBIMU pecypcamu Pecnyonmuke KapauaeBo-YUep-
keccust (13,681 Teic. M*/ron Ha yenoBeka) [16]. Cutya-
sl B IaHHOH cdepe B paccMaTprBaeMbIX peciyOnnKax
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Tabnuua 1/ Table 1

Harpy3ka Ha BogHbIe pecypebl (%) B ropHbIX pecnydiankax CK@O! /
Pressure on water resources (%)in mountain republics NCFD'

Harpyska Ha cyMMapHbI€e BOIHbIE Harpy3ka Ha MecTHbIe BOIHbIE pecypchbl, %o /
pecypesl, % / The burden on local water resources, %
He load on the total water resources %
Cyowexrnt PO / HA CPEIHAE | -y paKTepucTHK HA CpeAHue XAPAKTEPHE™ | ) | anoBo- | - pAKTEpHC
RF constituent territory | wmuoroser- P P P THKA YPOBHSI . THKA YPOBHSI
YPOBHSI HATPY3KH | MHOT'OJIETHHE JTHBIH mepuoxn /
HHe / on the . HArpy3KH / HATpy3KH /
/ characteristics of the | [ on the long- o for the low- _
long-term load level R ———— characteristics of | e characteristics
average & the load level of the load level
Kabapauno-bankapckas BBICOKas / KPUTHYECKHU
Pecniy6nuka / 13.49 yMepeHHast / moderate 34.67 hich 61.91 BBICOKas /
Kabardian-Balkar Republic & critically high
KapauaeBo-Uepkecckas OHCHD BEICOKASL / OYEHb BBICO- OUYEHb BBICO-
Pecnybmnuka / Karachai- 46.89 ) 46.89 Kast / 52.69 Kast /
B . . very high . )
Circassian Republic very high very high
Pecry6mxalarectan / OYEHb BBICO- O4YEHb BBICO-
Yol 16.80 | ymepenuas / moderate 43.96 Kast / 54.95 Kast /
Republic of Daghestan . .
very high very high
Pecnyonuka Uurymerust / BBICOKast / BBICOKas /
Republic of Ingushetia 7.99 HU3Kas / low 24.64 high 35.71 high
Pecnyonuka CeBepHast / /
Ocerusi-Ananus / Republic 14.18 yMepeHHast / moderate 27.99 BBI(;Z(Z).K;X 32.17 BHC}SKZ A
of North Osetia-Alania 8 8
UYeueHckas Pecny6J.mKa / 272 rskast | low 13.54 ymMmepeHHas / 18.05 yMepeHHas /
Chechen Republic moderate moderate

' CocrasneHo aBropamu 1o Marepuanam ¢popm 2-TII-Boxxo3, pasmentena 8 AIC I'BP, AUC T'MBO.
" Drawn up by the authors the materials of the forms 2-TP-Vodkhoz, placed in GWR AIS, AIS GMVO.

obocTpsieTcss TeM, 4TO Ha (hOHE OTMEUCHHOW HU3KOU
BOOJIOO0ECIIEYCHHOCTH O0IITHE TTOTEPH BOIBI IIPH TPAHC-
MMOPTHUPOBKE B TOPHBIX Tepputoprsix CKDO cocTaBisioT
boiee 25%, 4TO SABIASETCS cCaMbIM OONBIINM 3HAYCHUEM
JTAHHOTO TIOKa3aTeNs cpeny Becex (penepaabHbIX OKPYTOB
PO.

OO0eCIeYeHHOCTh BOAHBIMH PECypCcaMul CTaHOBHT-
csl CAEPKUBAOIINM (PaKTOPOM yCTOMYUBOTO Pa3BUTHS
TOPHBIX TEPPUTOPHA, I HUBETUPOBAHHUS KOTOPOTO HE-
00XOIMMO PETyIUPOBAHUE BOMOIMOTPEOIICHUS, a TaKkKe
MIpHUBJIEUYEHNE OMONHUTEIBHBIX HCTOYHUKOB BOIHBIX
pecypcos.

3HAYUMOCTEL peIIeHUS MPOOIEMBI PAMOHATIHLHOTO
WCTIOJIH30BAaHUS BOJHBIX PECYPCOB B TOPHBIX PETHOHAX
CK®O ycmimmBaeTcst ¢ y9eTOM WX MPEHUMYIIESCTBEHHO
CEJIbCKOXO3SIMICTBEHHOW CNENUaNU3aluU NPU OTHOCHU-
TETbHO OOJBIION MPOMOIKUTEIHFHOCTH MAaJOBOIHOTO
Tepro/ia 1Mo CPaBHEHUIO C JPYTUMHU pernoHaMmu Poccuu
(puc. 2). Tak, B mepro1 MaJIOBOJIBSA, TIO OTICHKaM JKCIIep-
TOB, 00bEM BOIHBIX PECYpPCOB B TOPHBIX PECIyOJIMKax
Cesepnoro KaBkaza moxer camkarbes Ha 30—40%, a B
HEKOTOPBIX CIydasX COCTAaBIATH TOIBKO 19% oT mx 3Ha-
YeHUS B CPEIHUN IO BOTHOCTH Tof (puc. 3).
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IIpu 3TOM y€NbHBIN BEC 3eMETb CEIbCKOX035HCTBEH-
HOTO Ha3HAuEHUS B CTPYKType 3eMeNbHOTo (hoHma rop-
HBIX pecryonuk npesbimaeTr 50%, Torma Kak 3eMIId BO-
nmHoro oHaa He mpeBbimatoT 1% (Tadm. 3).

O1H BepupUIIUpyEeMbIe peaabHOW MPAKTUKON (PaKThI
JIENTAl0T aKTyallbHBIM B3aUMOYBSI3aHHOE HCCIIEOBaHNE
poOIeMaTHKN BOAOOOECTICUECHUSI PETHOHAIBHOTO XO-
351MCTBA M AMHAMUKHU NIOKAa3aTeNIed COLMAIBHO-3KOHOMH-
YECKOTO pa3BUTHS TOpHEIX pernoHoB CKDO.

Ilokazamens 6000emMKOCIU 841106020 PECUOHAILHO-
20 npooykma ¢ zopuuix pecnyonukax CK®O0. Ananzu-
pys ypoBeHb BomoeMkocTd BPII B dpemepanbHBIX OKpy-
rax, MO)KHO OTMETHTb, YTO HanOOJbIIEe €ro 3HaYeHHe
xXapakTepHo uMeHHO s perroHoB CKDO (puc. 4, 5).
[Ipu aTOM, maxke HECMOTPSI Ha HANWYHNE SPKO BBIPAKEH-
HOM TEHICHIINW CHIDKEHHS JTaHHOTO TMOKa3aress 3a Io-
cnemuaue 5 net (Ooyee yeM B 3 pasa), OH OCTaeTCS B JABa
pasa BBIIIE, 9eM B OCTAIBHBIX CyObeKkTax PO,

T.10. N21(35), 2018 T.
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Tabnuya 2 / Table 2
BonooGecneueHHOCTH BOTHBIMHE pecypcaMu 1o ropHbiM peciyomukam CK®O (Teic.m?/ron Ha vyei.)' /
Water availability for water resources in the mountain republics of the NCFD*(ths. cbm / year per person)’

BonoobecneueHHOCTH cyMMap-
HBIMH BOTHBIMH PeCypcamMu,
TBIC.M>/TO/1 HA YeJ. /
Water availability by total water

BomoodecneueHHOCTh MECTHBIMH BOTHBIMHU pecypcamu,

Water availability by local water resources, ths. cbm / year

ThIC.M*/TO Ha Yel. /

resources, ths. cbm /year per per person
CyobexTsl PO / person
RF constituent territory XapaKTepUCTH- XapaKTepUuCTH-
CPETHUMH XapakTepu- CPeIHUMH 32 MaJIOBO-
Ka B01000e- . Ka B01000e-
MHOI0- CTHKA BOJI0- MHOI'0- JHBIN Tepu-
CIeYeHHOCTH / Crie4YeHHOCTH /
JIETHUMH | 00€CTIeYeHHOCTH / | JIETHUMH . on / for the .
. characterization characterization
/ average | characterization of | / average low-water
; g ; of water . of water
perennial | water availability | perennial o period o
availability availability
KabapauHo-bankapeias cpenusis / HU3Kas / O4YEHb HU3Kas /
Pecnyonuka / 8.47 pmean 3.19 low 1.71 very low
Kabardian-Balkar Republic "y
Kapauacso-fepkeccras BBICOKas / BBICOKas / BBICOKast /
PecnyOmuka / 12.23 hich 12.23 hich 10.75 hioh
Karachai-Circassian Republic & & &
Pecniy6mnmka Jlarecran / cpenHsist / HU3Kast / O4eHb HU3Kast /
. 7.04 2.54 1.98
Republic of Daghestan mean low very low
KaTacTpodu-
Pecrry6mmka Uarymerus / HU3Kast / OYeHb HHU3Kas / TPOg
Republic of Ingushetia 3.94 low 1.23 very low 0.85 HecKu Husias /
P disastrously low
Pecrybmmka Cesepraz BBICOKas / cpemusis / HU3Kast /
Ocertus-Ananus / Republic of 10.53 hioh 5.21 pmian 4.50 low
North Osetia-Alania &
! CocraBneno aBropamu mo marepuanam ¢opm 2-TII-Boaxos, pasmemiena B AUC I'BP, AUC TMBO /
2Drawn up by the authors the materials of the forms 2-TP-Vodkhoz, placed in GWR AIS, AIS GMVO.
Taonuua 3 / Table 3

Toxazamenu cmpykmypul 3emenvhozo ponoa pecnyonux CK®0O*
Indicesofavailable land structure in the NCFD republics’

YneJabHBIH Bec 3eMeJIb CeIbCKOX0- YneJabHbIH Bec 3eMeJIb BOAHOTO
CyGbextoi PO / 351iCTBEHHOTO0 ()OH/A B CTPYKTYype (onga B cTpyKTYypE 3eMeIbHO-
. . 3eMeJbHOTo (hoHIa, Yo 1o donna, %
RF constituent territory . . . . . .
Specific weight of agriculturall ands in Specific weight of water reserves
available land structure,% in available land structure,%
Kabapmuao-bankapckas PecmryOmika /
Kabardian-Balkar Republic 86,43 0,53
KapaqaeBo—‘{epI'ceccxa'm PGCHYGJ'I'I/IKa / 4159 0.16
Karachai-Circassian Republic
Pecryonuka Jlarecran /
Republic of Daghestan 28,06 0,22
Pecmybmuka Uarymerust /
Republic of Ingushetia 37,22 0,71
Pecnry6imka Ceseprast Ocernsi- Ananust / 57 42 031
Republic of North Osetia-Alania ’ ’
Yeuenckas Pecnyonuka /
Chechen Republic 63,5 0,56

2O¢umanbHeli caiit MuHECTEpCTBa IpUpos! 1 9koorun PO. URL: http://www.mnr.gov.ru/gosdoklad-eco-2015/skfo.html (nara o6pauienns 15.11.2017) /
2 Official website of the Ministry of nature and environment. URL: http://www.mnr.gov.ru/gosdoklad-eco-2015/skfo.html (accessed 15.11.2017).
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Puc. 1. [Jupdhepenyuayus nazpysxu na cpeonue MHO20NeMHUe MeCnHble 600HbLE pecypchl 8 20pHbix pecnyonukax Ceeeptoo

Kasrasza' (%) /

Fig. 1. Differentiation of load on average of many years local water resources in mountain republics of the North Caucasus' (%)

! Cocrasiieno asropamu / Drawn up by the authors.
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Mean duration of low water periods

P from 3 10 5 years from 7 o 10 years [0 over 15 years
= Boundaries of federal districts ——— Boundaries of constituant territorie

N up to 3 years from 5 to 7 years I from 10 to 15 years

Puc. 2. Cpeonssi npooonsicumensbHoChs MAI0800HbIX NEPuodos 6 pecuonax Poccuu' /
Fig. 2. Mean duration of low water periods in regions of Russia’

Map saymbols
Mean duration of low water periods

s from 3 to 5 years from ¥ to 10 years BN over 15 yoars
— Boundarias of federal districts Boundaries of constiluent lerritories

N up o 3 yaars from 5 to 7 years [N from 10 10 15 years

Puc. 3. Boouvie pecypcbl Mano8ooHbIx Nepuodos (6 QOIAX Om CPeOHEMHO20emHe20 3Hauenus)’/
Fig. 3. Water resources of low water periods (in portions of average of many years in of low water periods)’

1.2 Cocrasnieno aBropamu / Drawn up by the authors.
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B2011
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POV Y R

Puc. 4. Uzmenenue noxasamenei sodoemxocmu BPII 6 ¢hedepanvuvix oxpyeax, w*/p." /
Fig. 4. Change in water capacity indices of the GRP in federal districts, cbm/rouble !

Map symbols
Specific water capacity, ths. cbm/min.roubl. GRP

. = 2-5 5-10 I >10

— Boundaries of federal districts ——— Boundaries of constituent territories

Puc. 5. Yoenvnas soooemxocmo BPII ¢ Poccuu? /
Fig. 5. GRP specific water capacity in Russia’

! PaccunTano no uctodnuky: Pernonst Poccun. Cormansao-skoHoMuueckue mokasarend. 2016. Crar. ¢6. / Pocerar. — M., 2016, — 1326 c. / Calculated by
source: Regions of Russia. Socio-economic indicators. 2016. Statistical compilation / Rosstat. Moscow, 2016. — 1326 p.
2 Cocrasneno asropamu / Drawn up by the authors.
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Tabnuua 4/ Table 4

BacceiiHoBbIe ynIpaBJIcHHS U OTJe/bI YIPABJICHHA BOAHBIMHE pecypcamu Ha Tepputopun CKOO /
/ Basin administrations and departments of water resources management in the NCFD territory

CyonexTbl PD / RF constituent territory

BacceiinoBoe ynpasJjienue /
Basin administration

Kabapmuno-bankapckas Pecniyonuka / Kabardian-Balkar Republic

Ky0anckoe BBY /
Kuban'Basin Water Administration (BWA)

KapawaeBo-Uepkecckas Pecryonmka / Karachai-Circassian Republic

Pecnybmuka [larecran / Republic of Daghestan

Pecnyonuka Uarymerust / Republic of Ingushetia

3anagno-Kacnwmiickoe BBY /
Western-Caspian BWA

Pecrry6nmka Cesepnast Ocerusi-Ananus / Republic of North Osetia-Alania

UYeuenckas Pecrryommka / Chechen Republic

Bonnsie pecypcbl ropHbIx pernoHoB CKOO naxonsr-
Csl B BEJICHUHU JIBYX BOIHBIX 0acCEHHOBBIX yNpaBlICHHH,
MpeACTaBICHHBIX B Ta0. 4.

Hns ananuza QaxkTopoB, OKa3aBIIMX BIUSHHUE HA M3-
MeHeHune Bomoemkoctd BPII, Obina ncnonbs3oBana ¢ak-
TOpHasi MOJEIb BUJA: Be= VCB/BPH, rIe Be — BOJOEM-
Kocth BPII, VCB — 00beM noTpeOIIeHus CBEXKEH BOBI.

Junamuka ypoHs BonoemMkocTd BPII ropHbIx peru-
oHOB CK®O otpaxena Ha puc. 5.

Pesynbrarsl mpoBeAeHHOTO aHaIN3a MO3BOJIMIN Clie-
JIaTh BBIBO, YTO MO YPOBHIO MOTPEOIECHUS CBEXKEH BOMBI
aHAJM3UPYEMBI MaKpOpPErHOH 3aHMMAaeT cpeJHee 3Ha-
YeHue cpeam Bcex cyownekroB PD. Cremyer Takxke OT-
METHTh, YTO B IIEJIOM B MakpOPETHOHE BBICOKHX 3Haue-
Husax Bogoemkoctu BPII KapauaeBo-Uepkecckas Pecny-

YeyeHckana Pecnybnuka/Chechen Republic

Pecnybnuka CegepHas Ocetua — Ananmna/Republic of
Severnaya Osetia-Alania

Pecnybnuka WHrywerua/Republic of Ingushetia

Pecnybauka farectan/Republic of Daghestan

Kapauaeso-Yeprecckana Pecnybaura/Karachai-Circassian
Republic

KabapauHo-Bankapcran Pecnybnura/Kabardian-Balkar
Republic

OnmKa, BOOHBIE PECYPChl KOTOPOH HAXOATCA B BEICHUN
Ky6anckoro BBY, cTaOuipHO MMeeT TOBOJIBHO HHU3KHE
3HAUCHHs JIAHHOTO ToKasarens (MeHee 1 M*/Thic. pyo).
Takske 3HAYUTEIBHO CHU3WINCH 32 MOCIEIHHUE MATh JIET
(Menee 1 m*/ThIC. py0) mokaszarenu BojgoemkocTi BPIT
B PecnyOnuke Wurymerus u PecnyOnuke CeBepnas
Ocetusi-Ananus, rae B MOCIEIHNE TObl OTMEYAETCS aK-
THBHOE pasBuTue npeanpusatuii cheper AIIK (manHOE
NPOTUBOPEYHE MEXKAY POCTOM MAacIiTaboB IMPOU3BOA-
ctBa otpacieit cepsr AIIK u omHOBpeMEHHBIM CHUXKE-
HHeM BooeMkocTu BPII MoxkeT 0OBSCHATHCS pa3sHBIMU
NPUYMHAMH, B TOM YHCJIC UCIIOIB30BaHUEM HHHOBALIH-
OHHBIX, pecypcocOeperaromnx TEXHOIOTHI).

Caeznenust 00 ypoBHE MOTpeOJeHUsT CBEXEH BOIBI B
ropsbIx pernoHax CK®O npencraBineHsl Ha pUCyHKE 6.

! m 2016
2015
m 2014

m 2013

m 2012
m 2011/

W 2010

= |

1000 2000 3000 4000

Puc. 6. /Junamura yposus nompebnenus ceedxiceit 600ul 6 pecuonax CK®@O, (m?)!/
Fig. 6. Dynamics of fresh water use level in NCFD regions, (m?)!

! PaccunTano 1Mo uctouHuky: Pernonst Poccnu. Cormansao-okonomMudeckue nokaszarenn. 2016. Crar. ¢6. / Poccrar. — M., 2016, — 1326 ¢. /
! Calculated by source: Regions of Russia. Socio-economic indicators. 2016. Statistical compilation / Rosstat. Moscow, 2016. — 1326 p.
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J

Rl

YeueHckan Pecnybnuka/Chechen
Republic

Pecny6auka CesepHaa Oceta —
Ananua/Republic of Severnaya
Osetia-Alania

Pecny6auka WHrywetua/Republic of
Ingushetia

Pecnybnauka Narectan/Republic of
Daghestan

Kapauaeso-Yepkecckaa
Pecnybnuka/Karachai-Circassian
Republic

KabapauHo-Bankapckas
Pecnybnura/Kabardian-Balkar
Republic

2015
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Puc. 7. [unamuxa BPII 6 2opuvix pecuonax CK®@O, man. py6.' /
Fig. 7. Dynamics of GRP in NCFD mountain regions 8, min. rouble’

Junamura noxazamensa eoooemkocmu BPII ¢ 2op-
Hblx pezuonax. CleTyrOIUM JIOTHYECKUM 3TalloM HC-
CJIEOBAaHUs SIBISETCS BBIABICHHE TEHACHLUN H3MEHE-
Hus nokazarens BogoeMokoctd BPIL. Ilpu astom, mo-
CKOJIbKY TOKAa3aTellb YPOBHS BOJOEMKOCTH M3MEHSAETCS
JIOCTaTOYHO PAaBHOMEPHO B OTPAaHWYEHHBIX MpeAenax,
9TO TO3BOJIAET HCIOIB30BATH SMIUPHUUYECKOE NPABUIIO
Crepmxeca A1 ONpPENENICHUS ONTHUMAJIbHOIO KOJIWYe-
CTBa MHTEPBAJIOB, HA KOTOpBIE pa3OMBaeTcsl Habmonae-
MBI AMANa30H CIy4alHOH BEIMYMHBI IPU MOCTPOESHUU
ructorpammsl. llpuHuMas BO BHUMaHUE, YTO B pamMKax
JTAHHOTO HCCIIEOBAaHUS AHAJIU3UPOBANACh JOBOJIBHO
Oosblas COBOKYITHOCTH [TOKa3aTenei, a ux pacmpenene-
HHUe ONM3KO K HOPMaJbHOMY, MOKHO TOBOPHUTH O AOCTa-
TOYHOH CTENEHH JOCTOBEPHOCTH MOTyUEHHBIX PE3yIbTa-
TOB.

CornacHo Moy4eHHBIM pacdyeTaM MOKHO BBIIEIUTh
TPaHUIBl MHTEPBAJIOB, ONPEAEISAIONINX HAaWBBICIIUN U
HaunOoJjee HU3KUI ypoBeHb BogoeMkocTy BPII B ropabix
pecnyonukax CeBepHoro Kapka3za 3a paccMaTpuBaeMbIi
nepuos. JlaHHbIe MOKa3aTeN! SBIAIOTCA OTHOCUTENBHBI-
MH, XapakTepusys ypoBeHb BogoemkocT BPII (Beicokwmit
WJIM HU3KH) 110 CPAaBHEHUIO € TIOKA3aTeIsIMU BOJIOEMKO-
CTH pacCMaTpUBAaEMBbIX PETHOHOB B KOHKPETHOM rofy. To
€CTb, IPUHUMAs BO BHUMaHHE OOLIYI0 TEHACHLINIO CHU-
eHust BonoeMkoctu BPIL, cexpmas rpynma (BeICOKHIA
ypoBeHb BogoeMkocTH) B 2015 rogy oOpazoBaHa 3Haue-
HUAMU nopsiaka 5,3 m*/Teic. pyo., uro aust 2010 roxa siB-
JIANOCH AOCTATOYHO HU3KUM 3HAYEHHUEM.

Pe3ynbraTsl pacuera Kolu4ecTBa HHTEPBAJIOB U pac-
MIPEEIICHUE YUCIEHHOCTH MOJIY4YE€HHBIX BETUYHH YPOB-
Hs Bogoemkoctu BPII mpuBeneHs! B Ta0m. 5.

K nepBoii rpynne ropHeIx peruoHOB oTHocuTcs Ye-
YEHCKasl PeCIyOIrKa ¢ OTHOCUTEIEHO TTOCTOSIHHBIM JI0-
CTaTOYHO HU3KUM ypoBHeM Bogoemkoctu BPIL. Opno-
BPEMEHHO OTMETHM, YTO /ISl NaHHOW pecIyOnuKw Xa-
pakTepHBI OoJiee BhIcokHe TeMmnbl pocta BPII mo cpas-
HEHUIO C IpyruMu TopHbiMH pecryonukamu CKDO, 3a
nckmodeHueM Pecnyonmuku Jlarectan. OgHOBpEMEHHO
JUTSL OCTAJTBHBIX TOPHBIX PECITYOINK XapakTepHO CHUXKE-
Hue Bomoemkoctu BPII, mpuuem mns PecryOmuku [la-
TeCTaH TaKOH TMepexo[| ABISAETCS CKauKOOOpa3HBIM MpH
CaMBIX BBICOKHX M OTHOCHTEIHHO CTAOMIBHBIX TEMITax
pocta BPIL. 310 no3BonsieT caenarb BBIBOI O TOM, YTO
HanOoJiee paIrMoHaIbHOE BOIONOTpeOIeHHe (C TTO3UITH
OpHEHTAIINY BOAHBIX PECYpPCOB Ha pEIlIeHHe CTpaTeTuye-
CKUX 3a]1a4 pa3BUTHS PETHOHAIHHOTO XO3SMCTBA) Xapak-
TepHo 11 PecrryOnmku [larecran.

3akirouenne

PesynbraTel nNpoBeAEHHONW OLIEHKH YpPOBHS palyo-
HaJHHOCTH BOJOTOTPEONIEHUSI PETHOHATIBHBIM XO3SM-
CTBOM TOpHBIX pecryomuk CeepHoro KaBkaza mo3Bo-
TSeT pa3paboTaTh KOHKPETHBIE MEPOTIPUSATHS 10 ITOBBI-
meHuro YPPEKTUBHOCTH HCITOIB30BAaHMS BOJHBIX PeCyp-
COB B paMKax CTPaTernii COIHAIbHO-3KOHOMHYECKOTO
Pa3BHUTHS pacCMaTpPUBAaEMbIX pernoHOB. CuenaH BBIBOJ,
YTO B PETMOHAX C TEHICHINEH K CHIKEHHUIO ITOKa3aTels
BOIOEMKOCTH Ha ¢oHe pocta BPII mpumenstores Bomo-
cOeperarole HTHHOBAIIMOHHBIE TEXHOJIOTHH, 00ecIIeun-
BaIOIME COIHMATFHO-IKOHOMUYECKOE PA3BUTHE 32 CUET
WHTEHCHUBHBIX, a2 HE JKCTEHCHBHBIX (PaKTOpPOB. JTO, B
yacTHOCTH, Pecrrybnuka JlarectraH, 9To O3BOJISIET TOBO-
PUTH O BHICOKOM YpOBHE PAallMOHAIBFHOCTH BOAOIMOTpE-
Onenwst B 3ToM cyonrexTe PO.

! Paccuntano no ucrounuky: Pernoust Poccrun. CormansHo-3xkoHOMUuYeckue nokasarenu. 2016. Crar. ¢6. / Poccrar. — M., 2016, — 1326 c.
! Calculated by source: Regions of Russia. Socio-economic indicators. 2016. Statistical compilation / Rosstat. Moscow, 2016. — 1326 p.
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Tabnuya 5 / Table 5

PesynbTarhsl pacyeTa HHTEpPBaJIbLHBIX 3HAYeHUI Moka3aresieil Bogoemkoctu BPII B ropubix pecydiaukax CeBepHoro
Kagka3sa B coorBercTBHH ¢ npaBuiom Crepakeca /

Results of interval values computation for GRP water capacity in dices in mountain republics of the North Caucasusac cording
to Sturges'rule

VnrepBanbuast PBHUIA/ | | oo 03536 | | 47743127 | 1,13570754 | 1,01987544 | 09607237 | 0,71298933
Interval difference

< 1 2,02497182 | 1,58321951 | 122777915 | 1,0926644 | 10249131 | 0,76380529

E\ 5 2 391970718 | 3,06065078 | 23634867 | 2,11253985 | 19856368 | 1,47679462

: g3 3 581444254 | 4,53808206 | 3,49919424 | 3,13241529 | 2,9463605 | 2,18978395

S 2% 4 7,70917790 | 6,01551334 | 4,63490179 | 4,15229074 | 3,9070843 | 2,90277329

EES 5 9,60391326 | 749294462 | 5,77060934 | 5,17216618 | 4,867808 | 3,61576262

g° 5 6 11,4986486 | 8,97037590 | 690631689 | 6,19204162 | 58285317 | 4,32875195
S 7 13,3933839 | 10,4478071 | 804202443 | 721191707 | 6,7892554 | 504174128

Kak BumHO, 110 Xapaktepy U3MeHEeHHs YPOBHS BOJ0eMKOCTH BPII MOXXHO BBIIENHUTH TPH TPYMITH TOPHBIX PETHO-

HOB (Tabm. 6).

Tabnuua 6 / Table 6

I'pynnupoBka ropubix pernonoB CK®O no xapakTepy u3mMeHeHusi ypoBHs BogoemkocTu BPIT /
Grouping of the mountainous regions of the NCFD by the nature of the change in the level of the reservoir of GRP

Xapakrep H3MeHeHHUs BOJI0eM-
koctu BPIL / The nature of the
change in the reservoir of GRP

Peruons! / Regions

Hanpagienue uameHenust Bogoemkoctu BPIT
(rpynn) / The direction of the change in the water
capacity of GRP (groups)

OTHOCHUTENIBHO OCTOSTHHBIN
ypoBeHb Bogoemkocty BPIT /
The relatively constant level of

the reservoir of GRP

Yeuenckas Pecry0Omvika /
Chechen Republic

JlocTarouHo HU3KHK YPOBEeHb BomoeMKkocT BPIT /
A sufficiently low level of the reservoir of GRP

YpoBeHb BOJOEMKOCTH PETHOHA 32 BECh paccMaTpuBac-
MBI TIEpHOJT HE MpeBBIa 4 M>/ThIC.pyo.,
ak 2015 . — 1,6 M*/TBIC.pYO /
The level of the region's water capacity for the whole
period under review did not exceed 4 cbm/ths. rouble,
and by 2015 — 1.6 cbm/ths. rouble

CHmKeHHe ypOBHS BOJIOEMKOCTH
BPIT/
Reduction of the level of the
reservoir of GRP

Pecmybmuka CeBepHast
Ocerusi-Ananusi /
Republic of North Osetia-Alania,
Kabapouno-bankapckas peciyomm-
ka / Kabardian-Balkar Republic,
Pecny6mnuka Uarymerus /
Republic of Ingushetia

[epexon B «cocemaue» rpymsl (Heboee 2 mepexonoB)
! The transition to "neighboring" groups (no more than
2 transitions)

PecniyOnuka [larecran /
Republic of Daghestan

«Cxa4k000pa3HBIi mepexo B rpyIs (He Oonee 2) /
"Jump" transition in groups (no more than 2)

O60ocHOBaHO, 4TO AJIs1 YCIEIIHOTO YIPaBICHUS paly-
OHAJIbHBIM HCIIOJIb30BaHUEM BOIHBIX PECYPCOB TOPHBIX
tepputopuii CK®O u perynupoBaHus ypoBHs Harpy3Ku
Ha UX BOAHBIC PeCypchl HEOOXOIUMO MPOBEICHHUE Pery-

JIIPHOI'O MOHUTOpPHHIA BOZ[OHOTpe6J'IeHI/I$I " KOPPCKIUHN
TUIIOJIOTU3alluU PETUOHOB B 3aBUCUMOCTU OT CKJIAAbI-

T.10. N21(35), 2018 T.

BAIOIIMXCSl TCHACHLUUN HM3MEHEHHMs IOKa3aTeled BOIo-
MOJIb30BaHMA, YTO OyIET CIOCOOCTBOBATH BHIXOLY TEp-
PUTOpPHII Ha TPAaEKTOPUIO YCTOHUYMBOIO 3KOJIOTHYECKU
OPHEHTHUPOBAHHOTO COLUANTBHO-IKOHOMHYECKOTO POCTA.
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Competiveness enhancement of the North Caucasus
mountain territories against the background of high water ca-
pacity in the regional production and simultaneous lower lev-
el of water supple call forth urgency for carrying out a com-
prehensive analysis of water use efficiency in the examined
regions and this is the objective of the present research. The
authors think that from the position of development stability
in the mountain territories, water use efficiency should be as-
sessed together with socioeconomic indices of these regions.
This will make it possible to raise harmonization level of their
ecological, economical and social spheres.

Materials and research methods. Assessment of water
resource use efficiency is carried out from the position of the
system-synergetic approach using the following groups of in-
dices: loadings on water resources, water supple, water capac-
ity, water resource quality.

The results received and their discussion. The research
results indicated that in spite of a significant potential of water
economy systems in the mountain territories they were no-
table for the high and critically high levels of loading on water
resources. All the mountain regions, except the Karachi-Cir-
cassian Republic and the Republic Severnaya Osetia-Alania,
have “catastrophically low”, “very low” and “low” water sup-
ply levels. This is an impeding factor for their steady develop-
ment and mares the task of enhancing water use efficiency im-
portant. Significance of solving this problem increases taking
into consideration primarily agricultural specialization of the
North Caucasus republics in addition to that arable land in-
tensity in their availavle land structure exceeds 50% and low
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water period lasts for 10 years, on the average. The authors’
hypothesis is that efficiency of water resource use is primar-
ily reflected in water capacity indices of the Gross Regional
Product (GRP). Analysis of this index for the considered re-
gions showed that they had its highest level among all the RF
constitutional territories. At the same time, under the trend of
growing the GRP, reducing in its water capacity is observed.
This means that in the corresponding regions resource saving
technologies are used and these assure the socio-economical
development at the expense of intensive rather that extensive
factors. The highest indices of the GRP growth rate are typical
for the Republic of Dagestan that allows to say about the high
level of water use efficiency for this region.

Conclusion. Regular monitoring of water use efficiency
indices mares it possible to develop definite measures within
the frame of strategies for the steady social and economical
development of the mountain territories.

Keywords: resource use, stability, water resource conser-
vation, water use, efficient water use.
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HEAVY OIL DEPOSITS

AND COMPOSITIONAL ANALYSIS

OF SOME BITUMINOUS OIL SAND
SAMPLES OF SOUTH WESTERN NIGERIA 'Nwizug-bee Leyii Kluivert

Introduction

1. Bitumen occurrences

1.1 Surface occurrences: Extensive bituminous seepages and sediments im-
pregnated with tarry oil (oil sands) define a narrow band about 5 — 8 Km wide
between latitude 6° 37" N and 60 48" N, stretching from just east of Ijebu-Ode
town, in Ogun State to the banks of Siluko river at Ofosu village in Edo State,
with approximate distance of 110 Km. They occur in two different forms:

e Asseepages in farmlands, seen mostly on hot sunny days, from the under-
lying sandstone reservoir,

e As surface and near surface impregnated sediments exposed along road —
cuts, cliff faces, riverbanks and at the break of slope [1 — 3].

With the exception of road — cuts, most of these outcrops and seepages oc-
cur in geographic positions not easily accessible. An example is in deeply in-
cised valleys underneath cover of lush vegetation. These sediments are cretaceous
(Maastrichtian) in age and abort on basement complex rocks over the Okitipupa
structure. They form the oldest outcropping sediments within the Benin basin.
These hydrocarbon shows were a source of attraction to early explorationist, and
between 1907 and 1966, oil exploration activities were focused within the mar-
ginal and coastal area of the Benin basin [4—6].

1.2 Subsurface occurrences: Subsurface occurrences of bituminous sands
and heavy oil are from flows and shows in abandoned wells drilled in the onshore,
costal and near offshore areas of the Benin basin. Most of these wells penetrated
horizons with highly viscous hydrocarbons in relatively shallow depths. Two ma-
jor horizons generally referred to as Horizons X and Y have been encountered
within the shallow levels [7 — 9].

2. Top lateritic soils: Thickness, a function of topography and degree of lat-
eritization, ranges from 1.5 m to 8§ m. Lateral variations occur due to the original
in-situ material. Usually, thick vegetation cover with a rich darkish loamy soil 0.0
—0.65 m is observed. Where the top loamy soil is absent, the lateritic soil is com-
posed of lateritized clay, sand and pebbles. The colour ranges from grey to yellow,
brown and reddish brown. In a typical vertical distribution indicated below, the
thickness of the colour band is controlled by the degree of lateritization, advanced
stages thick column of reddish to reddish — brown soils. A typical soil profile is:

*Thin darkish loamy soil cover

*Light grey — brownish with patches of whitish to yellowish clay/sand.

*Fine medium grained sands and clays with pebble mixtures. Clays confer
some degree of plasticity. Pebbles are sub-angular to sub-rounded. Average diam-
eter 0.003 m—0.01 m [10 — 12].

3. Upper shales and limestone: The upper shales and limestone, age Maas-
trichtian — Palaeocene, have thickness ranges from 3m in up dip boreholes to 55
m in down dip boreholes. In a borehole, BH — 10, located about I Km south of
the bitumen outcrop belt, it attains a thickness of 50m. It is composed of marine
clays, sandy clays, silty clay, clayey sand, shale, limestone, calcareous sands and
clay stones. Predominantly lithofacies are sandy clays and silty clays. Others oc-
cur as thin beds. The shales are grey to dark — grey — black, may be soft and plas-

! Department of Petroleum Engineering, Rivers State University of Science and Technology, Port Harcourt,
Rivers State, Nigeria
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tic. Clay stones are fairly compact and hard. Shales are
thinly laminated. Lignite streaks and pyrite are common.
Whitish crystalline limestone to greyish sandy limestone
occur as thin beds, size 0.008 m, becoming thicker east-
wards [13 — 15].

4. Upper bituminous sediments (Horizon X): This
sequence is composed of fine to medium grained sands
with interbeds 1 — 2 m thick of sandy — clay or clayey
sands, clay, shale and loose sands devoid of bitumen.
Lignite streaks and framebold pyrite occur in the fine —
grained sediments. Shell fragments of macrofossils and
cast of pelecypods occurs. The outcrop sections around
camp Loda are known to contain inoceramus foramini-
fers and dinoflagellates. Oil sand thickness varies from
9m to 22 m, with an average of 15 m [16 — 18].

5. Lower bituminous sediments (Horizon Y): It is
composed of fine to medium grained sands, with thin in-
terbeds, having a maximum thickness of 2m, with grey
— sandy clays and dark — grey shales. Shales are fossilif-
erous, containing abundant shell fragments of bivalves,
lignite streaks and nodules of pyrite. An oil water con-

tact separates the oil sands from the clean water bearing
sands below. In some boreholes, the bitumen in the sands
flows.

The depth to the top of this sand body ranges from
0.2m, near the outcrop areas to 83m, in more southern
areas. East — West variation of depth to top of sand in-
creases eastwards. The thickness of the Y Horizon varies
widely from 3 m (East) to 22.6 m (West). Within an aver-
age thickness of 12 — 16 m (Western half), decreasing in
the South — East direction. The horizon thus significantly
becomes irregular and inconsistent. In the sediment —
basement rock contact areas, the clayey units are gener-
ally absent [19 — 22].

6. Compositional analysis of bituminous oil sand
samples: Bituminous oil sand samples were collected
from various locations across the tar belt, grouped into
three (3) and analyzed. Percentage by weight of bitumen,
mineral matter and water were determined. The results
are presented in table 1, 2 and 3 while figure 1, 2 and 3

present graphical illustrations of these parameters.

Table 1
Compositional analysis of group 1 bituminous oil sand
P LS B}thr:;/zn Mine\jﬁoﬁdaﬁer \\)\K/;t:?r
1 Yegbata (C1) 20 82 0.9
2 Yegbata (C2) 19 80 0.8
3 Igorisa(Left 1) Pit 1 17 83 0.7
4 Igorisa(Left 2) Pit 2 7 90 1.8
5 Yegbata (Right 1) Pitl 14 82 1.3
6 Yegbata (Right 2) Pit2 15 81 1.0
Table 2
Compositional analysis of group 2 bituminous oil sand
Lemeleht Sesan Bi\:]uZ:en Mine}ZI%Iatter vaa;[:?r
2 Sogbon(Pit 1) 12 85 5.4
3 Iju — Oke(Pit1) 8 90 4.6
4 Iju — Oke(Pit2) 5 92 4.1
5 Oke — Idebi 11 84 52
6 Idogun 14 50 6.3
Table 3
Compositional analysis of group 3 bituminous oil sand
SR S (s Bi\ivuil/(;:n Mine\r):l,i[(ij[atter va:?r
1 Sogbon (Pit 2) 35 95 4.5
2 Ladan (Pit 1) 19.8 78 53
3 Ladawo (Pit 1) 17.2 80 52
4 Ladawo (Well 2) 18.3 79 5.1
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Fig. 1. Graphical analysis of group 1 bituminous oil sand

5
T4
2
®
E
2
E 3 B W% Water
E B Wt Mineral Matter
£ Wi Bitumen
o
52

1

L] 20 40 60 80 100
Percentage by weight [Wit%)

Fig. 2. Graphical analysis of group 2 bituminous oil sand

T.10. Ne1(35), 2018 T B65



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

L]

Samples of Bituminous oil sand
[ 5]

WSS Water
B Wt Mineral Matter
B Wt Bitumen

Q 20 an 60

80 100

Percentage by weight [Wit%)

Fig. 3. Graphical analysis of group 3 bituminous oil sand

6.1 Analysis of results and discussion: As shown on
the graphical analysis of group 1, 2 and 3 of the bitumi-
nous oil sand samples, there is high composition of min-
eral matter followed by bitumen and water. The composi-
tion of water is significantly low in group 1 bituminous
oil sand samples compare to group 2 and 3 (Table 1 — 3).
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Ienn: B pabote mpeacTapieH KOMIO3UIHOHHBIA aHAIN3 HEKOTO-
PBIX 00pa3OB OMTYMHHO3HOTO HE(TSHOTO IECKAa U MECTOPOXKICHUN
Tspkenoi Hedru B FOro-3amannoit Hurepun. [IpoBomurcs yrmyOneH-
HOE HCCIIEZIOBaHNEe OUTYMHBIX 3aNeKeH, BEPXHHUX JATEPUTHBIX T10YB,
BEPXHHX CJAHIEB U W3BECTHAKOB, BEPXHHX OHTYMHBIX OTJIOXKECHUH
(ropm30HT X), OTIOKEHHI HIPKHETO THIICOBOTO OMTYMa (TOPH30HT Y).

MeTtoasbl: 00pa3ubl ONTYMUHO3HOTO HE(TIHOTO MECKa, B3SThIC
U3 PasIHYHBIX MECT II0 BCEMY CMOJITHOMY IOSICY, OBLIHM pa3szelie-
HBl Ha TPH TPYNIBI U MPOAaHAIM3UPOBaHEI B adoparopuu. IIpo-
IIEHTHOE COOTHOIIEHKE Mo Becy ( Bec, %) OuTyma, MUHEPaIbHBIX
BEIIECTB U BOBI ompenensiercs tadm. 1, 2 u 3. [paduueckue muo-
CTpaLlUH B IPOIIEHTAaX OT MACChI ONTyMa, MUHEPAIbHBIX BEIECTB U
BOJBI IIPECTaBIEHBI Ha puc. 1,2 u 3.
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Pe3ynbTarhl: M0 pe3yabTaTaM KOMIO3HIIHOHHOTO aHAIn3a He-
KOTOPBIX 00pa3oB OUTYMHHO3HOTO HE(PTSHOTO MecKa, COOPaHHBIX
B Pa3iMYHBIX MECTaX MO BCEMy MOSCY, IPOLEHTHOE COACpIKaHHe
MMHEPAJILHOTO BELIECTBA 3HAYMTENBHO BBIIIE, 32 HUM CIELYIOT
OuTyM U Boza. MUHEpaIOrHYecKHid COCTaB KIacCH(PUIpyeTcs Ha
DIMHSAHBIC TOJIE3HBIC MCKOIIAEMbIe, TSHKEIble MUHEpAbl U [VIMHHU-
cteie MuHepanbl. CyIiecTBYeT TPU OCHOBHBIX THIIA IJIMH: KAOJIH-
HMT, CIIIOla H MUHEpaJbl CMELIAHHOTO CJI0sA. TspKenble MUHEpaIbl
BKJIIOYAIOT JIMMOHMUT, IIUPHUT, KNAHUT U CUIUIMMAHUT, B TO BPEMsI KaK
HE [IMHUCThIE MUHEPAJIbl BKIIIOYAIOT ITOJIEBOIl LIMNAT, KBapll, Kallb-
1uT ¥ Tunc. [lecku, 6orarsie KBapieM, ¢ HeOOIbIINM KOIUYECTBOM
IJIMHBI, UMEIOT OOMIIbHBIN KAOJIHHHUT.
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BriBox: Hurepuiickue o0Opasibl OMTYMHHO3HOTO HE(TSHOTO
IIECKa COCTOST B OCHOBHOM M3 MHHEPAJILHOTO BEIECTBa, 32 KOTO-
pBIM ciemyeT OMTyM, ¢ MEHBIINM COCTaBOM Boxbl. OOpa3ubl OH-
TYMHHO3HOTO HE()TSIHOTO IecKa COCTOAT B OCHOBHOM M3 OMTyMa,
MHHEpPAJIFHOTO BEINECTBA U BOABI. Ba’KHO OTMETHTH, YTO 3TH TPH
OCHOBHBIX COCTaBa HE()TSIHOrO MECKa SBIAIOTCS SKOHOMUYECKH
LEHHBIMH.

KiroueBbie c0Ba: ONTyMHUHO3HAast HE(PTh, HEPTIHOU IECOK,
KOMITO3HITHOHHBIN aHaJH3, TSHKENast He()Th, CMOJISTHOH ITOSIC, OTIIO-
JKEHHSI, MUHEPAJIBI, B IIPOIIEHTAX IO BECY.
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BNMUAHUE TEXHOMEHHOU TPAHC®OPMALUU
BO30OYLWHOW CPEOAbLI HA YCTOMYUBOCTb
XBOWHbBbIX JIECOB KAPAYAEBO-YEPKECUU

"Oera H.C.,
'OHunweHko B.B,*
MetponaenoBckuin B.C.

Beenenue

KapauaeBo-Yepkecust — necHas pecrnyOnuka. Oxono 34% ropHoii Tepputo-
puM HOKpBITO JecoM. EcrecTBeHHble jeca TeOepauHCKOro rocyJapcTBEHHOIO
npupogHoro 6mocdeproro 3amoenuuka (TITIB3) mpencraBmsror coboit de-
HOMEH OMOJIOTHYECKOTO M JaHAMA(PTHOTO pasHOOOpa3usi WX BHUAOBOTO COCTa-
Ba, MOMYJSLMOHHBIX 00pa30BaHUM U YHUKAIBHBIX 110 JIAHAIIA(THON CTPYKType
JIECHBIX COOOIIECTB.

Mo3aunka pacrpocTpaHeHus TOPHBIX JIECOB 3all0BEIHIKA OTPa’KaeT BECh CIICKTP
BEPTHKAIBHON 30HAJIBHOCTH HA OTPAaHMYECHHOH TEPPUTOPHH, KOTOpas SIBISETCS
3epKaIbHBIM 0TOOpaKEHNEM ITUPOTHO-TIOSICHON nuddepeHraIyy JecoB Ha 00-
LIMPHBIX IPOCTPAHCTBAX NpHpoaHo-reorpaduueckux 30H Poccun. Ilpouspacras
CIIOHTaHHO, B CIIOXKHBIX YCIOBHSX pejbe(a JIECHbIE 3KOCUCTEMBI (OPMHUPYIOT
COBEPIIEHHO HEIPEICKa3yeMblil COCTaB, BEPTHKAJIBHYIO CTPYKTYpY U JIECOBOI-
CTBEHHO-TAKCAIIMOHHBIE TApaMeTPBI JIEMEHTOB Jeca. OTaenbHbIe 0COOU U TOIY-
JSIIUY JEPEBLEB, MOCEISICh HA BAJyHaX, PACIIEIMHAX CKaJIbHBIX OOHAKCHUH U
KaMEHHBIX POCCHIIISIX, BECbMa CYIIECTBEHHO OTIIMYAIOTCS POCTOM M Pa3BUTUEM OT
HOPMAJIBHBIX HACAXKICHNUI PaBHUHHBIX TEPPUTOPUIL, HA KOTOPbIE OPUEHTUPOBAH
HOPMAaTHBHO-CIIPABOYHBII MaTepual J1€COX035IICTBEHHOM MTPAKTHUKH.

HUccnenys sxomoro-reorpaduyaeckne 0COOEHHOCTH TOPHBIX JiecoB TebepauH-
CKOT'O 3aIlOBEIHUKA, aBTOPBI OTMEYAIH CreluprIecKue 4epTbl (YOPMUPOBAHUS
JPEBOCTOEB — BBICOKYIO IIONHOTY M 3allac HaCAKJCHUH, COMKHYTOCTb I10JIOTa U
KOJIMYECTBO JICPEBLEB HA SIUHULIE IJIOIAH, HE COM3MEPUMBIE C [I0KA3aTeNIMU
JIPEBOCTOEB PaBHUHHEIX TeppuTopuii [1-4].

B cTecHEHHBIX yCIOBUAX CIOKHOIO pelibeda MPUPOIHbIE Jeca 3alI0BEAHNUKA
0COOEHHO YyTKO HCIBITHIBAIOT BIMSHHME NOTEIUICHUs Kinmara. B cpexnem, 1o
KapauaeBo-Yepxkecckoit Pecrybnmke 3a mocneqaue 30 meT temmeparypa BO3-
Iyxa moBeicriachk Ha 1.3 °C, KOJHYECTBO BBITIAIAIONINX OCAJKOB, OCOOEHHO B
JIETHEE BpeMsl, yBEINIIIIOCH 10 178 Mmm/rox [5; 6].

Ilorennenne kmuMMara MMeEET AOCTATOYHO CEpbE3HbIE IOcCiencTBus. Bo-
IIEPBBIX, YCUINBAETCSI IPOABIKEHUE BEPXHEH I'PaHHLBI Jieca K BOLOPA3ZEIaM.
Murpanys IepeBbeB BBEPX COKPAIIAET SKOJIOr0-reorpaguieckoe IpocTpaHCTBo,
TO €CTh CO3/1A0TCS YCIOBHS VISl CHIDKEHUSI OOLIEH MOMYIISILMY B3aMMOCBSA3aHHBIX
BUJIOB, YTO NIPUBOAUT K CHIDKEHUIO KOHKYPEHTHOCIIOCOOHOCTH OT/EIIbHBIX BUIOB
13-3a TEHETUYECKOTO U 3KOJIOTMUYECKOTo AaBiieHus. [loTenenne kiuMara OKa3bl-
BaeT 0oJiee CUIIbHOE BO3JIEHCTBHE Ha TOPHBIE JIeca, YeM Ha JIF00bIe JPYTHe JIeCHbIE
coo01IecTBa, MPOU3pacTaIOIINe Ha OTHOCUTEIHHO HEOOMBIINX BhICOTaX [7].

I'opHble neca, ocnabneHHbIE BO3NEHCTBUEM 3arpsi3HEHHOIO BO3IyXa, CTaHO-
BATCS OOJiee YyBCTBUTEIBbHBIMHU K BO3ICHCTBHUSAM KOMIUIEKCA APYIrux (hakTopos,
0COOEHHO TTOTOIBI (BETEp, CHET, MOPO3) ¥ BPEAHBIX HACEKOMBIX (JIMYMHKU MOJIH,
€JIOBBIE JKYUKH, KYKU KOpoeisl). Bech 3TOT mpoliece yCKopsieT 1erpafaliyo Jieca.
Ho nasxe B OTHOCHTENIFHO CTAOMIIBHBIX YCIIOBUSX BO MHOTMX F'OPHBIX palioHax pe-
CITyONIMKY Ka4eCTBO JICCOB yXyamaercs. IIpuponHblie JecHble 9KOCUCTEMBI CTaHO-
BATCS MEHEE Pa3HOOOpa3HbIMU M3-3a MEUICHHON IOBTOPHON KOJOHM3AIMHU IIpe-
XKJI€ YCIEIHO CYIIECTBOBABIINMH 3/1€Ch BUJIaMU PACTEHUH 1 )KUBOTHBIX, a TAKXKE
13-3a UCTIONIb30BAHUS MOHOKYJIBTYP B HCKYCCTBEHHO BOCCTaHABIIMBAEMBIX JIECaX.

'KapagaeBo-YUepkecckuii rocymapcTBeHHbIH yHuBepcuTeT nmenn Y.J[. Anmesa, Kapadaesck, Poccust

*e-mail: ovv333@mail.ru

2BoTaHUYeCKHil caJ-HHCTUTYT JlambHEBOCTOMHOTO oTaenenus Poccuiickoit AkaneMun Hayk, BiagauBocTok,
Poccus
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JomonauTensHbIN yiiepd ropasiM jgecam KUP mpuHOCST
YCUIIMBAIOLIEECs] 3arpsi3HEHHE BO3AyXa M MHOTOUYHMCIICH-
HbIC HECAHKIINOHUPOBAHHBIEC CBAJIKH.

CymiecTByeT MHOXECTBO CBHICTEIBCTB YXYALICHUS
TOPHBIX JIECOB OT aTMOC(EPHOTo 3arps3HEHUs], BO3POC-
LIETO B PE3YyNIbTaTe BHINAACHUS KUCIOTHBIX OCAIKOB, (ho-
TOOKCHJAHTOB M OCAJKOB TSDKEJIBIX METauIOB. B ropax
BBINAaAaeT OoblIee KOMTUIECTBO OCATAKOB, IOATOMY OHU
WCTIBITHIBAIOT OONBILIME HArPy3KH OT JIIOOBIX XUMHYE-
CKHX BEIECTB ¥ 4acTHIl U3 arMochepHoit Bnaru [8—10].

3a mocieaHue ToAbl B €CTECTBEHHBIX Jecax Tebdep-
JUHCKOTO 3allOBEAHMKA 3apETrHCTPUPOBAHO MAacCOBOE
ycbixanue enu Boctounoi (Picea orientalis) puc. 1. Ot-
MEUYCHO KaK CAMHUYHOE, TaK U MOIYIALHUOHHOE €€ yChI-
XaHHE B COCTaBe COOOIIECTB M 3KocucTeM. OcoOeHHO
KOHTPAacCTHOE DPACHpPOCTPAHEHHE YCBIXAIOIIEH enu OT-
MeyaeTcsi B BEPXOBBAX JOJIMHBI peku Tebepabl, HCTOKU
KOTOPOI HAaXOIsTCA B yCThE ABYX YIIEIMN NPU CIUSHUN
pex Amanay3s u ['onauxup. B aT0it wactu TebepanHCKoTO
3aMOBEJHUKA K HACTOSIIEMY BpeMeHH ycoxyd a0 47%
oco0eil e BOCTOYHOW MPUCTIEBAIOIICH 1 €CTECTBEHHON
crienoctu B Bo3pacrte ot 80 1o 180 net. bonee nunTeHCUB-
HO MJET YCBhIXaHHUE IPEBOCTOEB €CTECTBCHHOM CIICIOCTH.
[MpucnieBatonue emu (80—-120 met) Oonee yCTOWYMBHI,
OJTHAKO TaKKe IMOJIBEPKEHBI YChIXaHUIO.

T'unome3a ocHOBaHa Ha OYEBHIHOM (pakTe 3arps3He-
HUS aTMOC(EPHOTO BO3YyXa B TECHBIX YIIENbIX U TOH-
HaX HEYKJIOHHO YBEJIMYUBAIOLIMMCS aBTOTPAHCIIOPTOM,
HKCTEHCHBHBIM PEKPEAlMOHHBIM U TPAAULMOHHBIM MPH-
POOMOIB30BAHUEM.

I[enwio viccnenoBanus SBISIETCSl YCTaHOBJICHUE MPU-
YMHHO-CJICICTBEHHBIX CBSA3EH YCHIXaHUS €IbHUKOB B yC-
JIOBUSIX MHTEHCUBHOT'O OCBOCHHUS TOPHBIX TEPPUTOPHUH.

3aoauu:

- cOOp PKCTIEPUMEHTAIBHBIX U (POHAOBBIX MOKAa3aTe-
JIeii 3arpsI3SHEHHOCTH aTMocdepHoro Bo3nyxa B Kapauae-
Bo-Uepkecckoii PecryOnuke;

- HaOJIOACHUS M OLCHKAa AaHOMAJbHBIX MPUPOIHO-
KIMMAaTHYECKHX SIBICHUH B CPEIHETOPhAX PETHOHA;

- CONPSDKEHHBIM aHAJIN3 U CHHTE3 AOIYCTHMOTO BIIU-
SIHUS 3arpA3HAIOLIMX BO3AYIIHYIO CPEly WHIPEIHECHTOB
Ha XBOWHBIC TPEBOCTON TOPHBIX CKIOHOB.

Metoabl uccieaoBanusi. MeTOIOJIOTHYECKUN I10/I-
XOJl MCCIIEIOBAaHUS KauecTBa BO3AYLIHOTO OacceiiHa oc-
HOBaH Ha JCTAJbHOM aHaJU3€¢ CTPYKTYphl M CE30HHOU
JUHAMHUKE 3arpsi3HEHUS] [0 MapLIPyTHBIM IIOCTaM Ha-
OmroneHus, KOTOpeId mpoBoauTcs: PocTexHagzopom mo
KYP. llenTp 1aboparopHOTo aHATN3a U TEXHHUECKHUX U3-
Mepenuit mo KYP u HayuHO-HCCIenoBaTenscKas 1abopa-
TOpHUsl TeosKoaornyeckoro Mmouutropunra KUI'Y Beinosn-
HSIIOT HaOIOACHMS HA JONOIHUTENBHBIX IyHKTaX 0T00-
pa pa3oBbIX Mpo0O B XOI€ COLUUATBHO-TUTHEHHYECKOTO
MOHHUTOPUHTA. ABTOPHI IPHHUMAIIM HEMOCPEICTBEHHOE
ydacTHe BO BceX BUAAX PadOT, CBSI3aHHBIX C T€0IKOJIOTH-
YecKMM MOHUTOPHMHIOM OKpyXkarouei cpeasl Kapauae-
Bo-Uepkecckoii PecrryOmuku
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[lepeyenp 3arps3HAOMNX BEIIECTB, IOIICKAIIAX
KOHTPOJIIO, ONPeIeNieH Ha OCHOBE CBE/ICHUH O COCTaBe U
XapakTepe BHIOPOCOB OT UCTOYHUKOB 3arpsi3HEHUS B I0O-
pOIie ¥ METEOPOIIOTUIECKUX YCIOBHIA PAaCCENBAHUS IIPH-
meceil B coorBerctBuu ¢ PJ] 52.04.186-86 «PykoBoa-
CTBO IO KOHTPOItO 3arps3Henus atmocdepsr» u TOCT
17.2.3.01-86.

AMIUIATYHa aOCONIOTHBIX OTMETOK OOCIIEIOBaHHBIX
ydacTkoB cocTaBisieT 440 m (ot 1760 M 110 THY TOTUHBI
10 2200 M BBEpX IO CKIIOHAM).

PesyabTarel m ux o0cy:xknenume. Ha ckioHax ce-
BEPHBIX pa3HOCTeH pyMOOB STHUX y3KHUX «TECHHH» IIPO-
M3pacTar0T TEMHOXBOMHBIE Jieca W3 MHUXTHl KaBKa3CKOH
(Abies Nordmanniana) u enu. JIaBUHHBIC JIOTKH CKJIO-
HOB 3aceJIeHbl OCHHOH, Oepe3oil, psAOUHOM, MaTuHON U
ropogamu-nuonepamMu. Ha moliMeHHBIX ydacTKax pac-
MIPOCTPAHEHbI OT/ACIbHBIE YYACTKH COCHOBBIX M €II0BO-
IMUXTOBBIX JAPEBOCTOEB CPENU OCHOBHBIX ILIOIIAJICH JIH-
CTBEHHOTO Jieca. [IOMUHUPYIOT Ha CKIIOHaX AMaHay3a U
T'onauxupa enpHUKY, TUXTAPHUKHU U COCHSIKU. B moiime
peo0bIaaloT OJIbXOBBIE IEHO3Bl. Bece 3TH TUIBI mpen-
CTaBIIAIOT c000# Hanbosee MPOLYKTHUBHBIE JPEBOCTOU C
XOPOIIIO BRIPAKEHHBIM TpeoliagaHreM dTu(pHUKaTOPOB.

Y NOmHOXHK CKIIOHOB, MPUMBIKAIONINX K YIIETbSM,
OTMEYAIOTCSA CICABl XO3MCTBEHHOM AesaTeNbHOCTH. Ha
MIPUTTOVMEHHBIX Teppacax COXPaHWINCH KAMEHHBIE CTPO-
€HHS, CBHUJCTENIBCTBYIOIINE O >KUBOTHOBOAYECKOH mes-
TEIIFHOCTH B mponuioM. Hajanure moidycrHuBIIMX MHEH 1
OTCYTCTBHE BBICOKOCTBOJIHOTO Jleca YKa3bIBaeT Ha Tpa-
TMIAOHHYIO (popMy Xo3stiicTBOBaHMs. EMuHWYHO mpowns-
pacraromye BBICOKO-BO3PACTHBIE CTBOJIBI OCHHBI, KIICHA
BBICOKOTOPHOTO M COCHBI CBHJICTELCTBYIOT 00 aHTPOIIO-
TeHHOM W3MEHEHUM E€CTECTBEHHBIX CYKIECCHH B Jiecax
NpUNOMMEHHOM 30HbI. [1o MOI0roM TEMHOXBOMHBIX JIpe-
BOCTOEB 3aTE€HEHHBIX CKJIOHOB COXPAHWIHNCH IOJICHHH-
Bl OT MUXTHI KaBKa3ckoi. llodtu paznmoxuBIIviecs THU
Bcrpevarorcst 1o otMeTku 1900 M, Ha 200 MeTpoB BblIlLIE
JTHA YIIETWid. 3aroTOBIIEHHBIE COPTUMEHTBHI CBHJIETENb-
CTBYIOT O BBIPYOKE JTUTHBIX CTBOJIOB MUXThHI KABKAa3CKOH,
BEPOSITHO ISl TIONY4eHHUs] KpoBelbHOU npaHu. Hepemko
Ha CTBOJIAX BCTPEYAIOTCS MEXaHWYECKHE ITOBPEKICHUS
B BHJE YDIyOJEHHBIX 3aTECOK, KOTOPbIE HAHOCWIHCH C
LIENBI0 OTIpEJIeNIEHHs] KadeCTBa CTBOJOBOW JIPEBECHHBI.
YcraHOBIEHHE XapaKTepa aHTPOIIOTEHHBIX BO3ICHCTBHI
Ha OT/AEJbHBIE YYaCTKH B IIEJIOM CIIOHTAHHO Pa3BHBAIO-
IIUXCS JIECHBIX COOOIICCTB MO3BOJSCT OOBEKTUBHO Xa-
paKTepH30BaTh peajibHOE pacIpeieleHue pacTUTENbHBIX
COOOIIECTB B MO3aUKE €CTECTBCHHBIX SKOJIOTMYCCKHX
Hull. BeposiTHee Bcero OpMUpPOBaHNE «UUCTHIX €ITBHH-
KOB» Ha CKJIOHAX YIIEJIUH MPOUCXOAMIO B YCIIOBHAX BBI-
0OOPOYHOH, IPUUCKOBOH BBIPYOKH SIUTHOM MTUXTHI.

Enb 00BIMHO COMOMHUHUPYET C MUXTOH B POIU COITYT-
CTBYIOILIEH MTOPOBI, YIA4HO 3aIOJHSS MPOCTPAHCTBA, HE
rcHnonb3yeMble muxTol. OnmHaKo B 0OIIEM TEMHOXBOW-
HOM MAacCHBE BCTPEYAIOTCS «OCTPOBa» C JIOMHHHPOBA-
HHUEM €JIH B COCTaBaxX JIPeBOCTOEB. TeMHOXBOWHBIE Jieca
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BcTpevaroTest 10 otMeTku 2300 me-
TPOB HajJ ypoBHeM Mops. Hanbonee
XapaKTePHbIMU YCIOBUAMH IJISI HUX
SIBJISIIOTCSI HIDKHSISL M BEPXHSIA Ya-
CTU CKJIOHOB. Y TMOAHOXUS CKIIOHOB
MIPUYPOYCHHOCTh  [TUXTOBO-EJIOBBIX
THIIOB Jieca OOBSCHACTCA YCTOM-
YHBOH WX CTPYKTYpOH, ONMH3KO#H K
«KIIMMaKCOBOMY» COCTOSHHIO. B
BEPXHEM TIOfICE PacIpOCTPAHEHUS
TEMHOXBOWHBIC JIeCa CMEHSIOTCS
KPHUBOJIECHAMH,  (hopMUPYIOLMMHU
BEPXHIOIO rpaHully jeca. B moiimen-
HOH 30He 1o orMeTku 1900 M mpe-
00IIaIal0T  OJIBXOBBIE COOOIIECTBA
B pasHBIX CTaAusAX cykueccuil. B
OOJBILIMHCTBE OJIXOBBIX THIIOB Jieca
HaONogaeTcsl TEHACHIMS K CMEHE
HUX TEMHOXBOWHBIMH Jecamu. JlJist
MTUXTOBO-CJIOBBIX JIECOB 3allOBEIHMU-
Ka XapaKTepHbl Pa3HOBO3PACTHOCTh
no IX—X kmaccoB; BBICOKHMH 3artac
JPEBECHOTO sApyca, Hepenko pocturaromuii 2000 m3/ra, u
MOBBILICHHBIE MOKA3aTeau ycaoBUN mpouspacTanus -1
OoHHTETA.

VYHHUKaNbHOCTh 3THX JI€COB B HX HCKIIOYHTEIHEHOM
9KOCHCTEMHOM Pa3HOOOpPa3uH, 03A0POBUTEIBHBIX, JIAH/-
mahTHO-()OPMHUPYIOIINX, BOIOPETYAUPYIOIIMX 1 MHOTHX
apyrux ¢yHkuumsx. IloaTromy BrojHe MOHSTHBI CTpeMIIe-
HUsI aBTOPOB B MCCIICIOBAHUN NPHUYMHHO-CIEACTBEHHBIX
CBsI3ell B IIpoOlLIecce MAacCcOBOTO ycbixaHus enu. [loBbImeH-
HBIH MHTEpEC BBI3BAH TaKke (PaKTOM JaHHOTO SIBJICHHS B
YCIIOBHSX 3all0BeJHOrO pexkuma. [laronormueckue u apy-
T'Mi€ BU/IbI aBTOPUTETHBIX KOMUCCHUI 1 CTICIIMAJIMCTOB ITOKA
yOemuTehbHBIX OOBSICHEHUH HE JalTH.

CHCTeMHBIN T€OIKOIOTHUECKUIT MOHUTOPUHT OKpY-
Karonle npuponHoi cpensl KapauaeBo-Uepkecun Ha
6aze HUJI reoskonornueckoro monutopuara KUI'VY
uM. Y.JI. AnreBa mo3BONMA HPEANONIOKUTh, YTO Macco-
Boe ycbixanue enpHUKoB B TI'TIB3 mpoucxoqur B pesynb-
Tare JOCTATOYHO JUIMTEIBHOTO 3arpsi3HEHHs arMmocdep-
HOTO BO3/IyXa B YSI3BUMOM MPOCTPAHCTBE TECHBIX yIIETHH
TebepanHCKOTo 3aMOBEIHUKA U YBETMUEHUH HCTOYHUKOB
BBIOpOCa Ha COIPEACIBHBIX, HHTEHCUBHO OCBAaUBAEMbIX
AHTPOIIOTEHHBIX TEPPUTOPUAX PETHOHA.

T'opHBIe TeppUTOpUH B LETIOM MPUHUMAIOT OOJIBILIOE
KOJIMYECTBO OCAJIKOB, B OTJIMUME OT APYTUX GOpM perbe-
¢a, 1 TakUM 00pa30M HCIBITHIBAIOT OOJBIINE HArPy3KU
JMOOBIX XMMUYECKHX BELIECTB M 4YacTUll U3 arMmocdep-
HOH BIary.

PacturensHOCTE TOp, BKIIOYasl Jieca, IOABEpKEHa
MPSIMOMY OCKACHUIO BJIard Ha JIUCTBY, BETBU U CTEOIIH,
a TaKKe MOCTYIUICHUIO B HUX BJard U3 MOYBBI, KOTOpas
COZICPKUT HEKOTOPBIE U3 3THX MEPEHOCUMBIX 110 BO3IY-
Xy BELIECTB. B OTAENBbHBIX AOMMHAX KUCIOTHOCTh OCa-
KOB YBEJIMYMJIACh, OHU COACP)KAT 3JIEMEHTAPHYIO CEpy,
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Puc. 1. I'opubie envruku, ycoxuiue om 3a2psazHeHust ammocpeproeo 6030yxa (Ywenve
Tonauxup (TI'TIF3)) /

Fig. 1. The mountain fir groves which dried out from pollution of free air (the Gorge Gonachkhir
(TNNBP))

OKHCH a30Ta, aMMHUAK U TsDKeIble MeTaubl. Kpome Toro,
B 00J1aCTH OOBOJIAKMBAIOIIEH TOPHI O0JIaKaMu, KOTOPHIS
3a/Iep’KUBAIOTCS B KPOHAX JIEPEBbEB, 3TOT IOTIOIHUATENb-
HBI «TYCTOM TyMmaH», COCTOSIIMNA W3 3arps3HSAIOIINX
METaJUIOB, YCHWJIMBAeT WX BozzeicTBue (puc. 1). Baxk-
HBIM KOMITOHEHTOM CTaHOBHUTCS O30H.

HcTounnkaMu 3arps3HAIONIMX HHIPEANEHTOB CIY)KaT
BBIXJIOITHBIE Ta3bl aBTOMAIIIVH, YTOJIb U HE(PTEPOIYKTHI,
C)KUTaeMbIe Ha TEIUIOBBIX KOTEIBHBIX, MPOMBIILICHHBIE
OoliyIephl MPEATOPHBIX TEPPUTOPH, BHIOPOCHI TTPONU3BOI-
CTBEHHBIX TPENNPUATHHA, yTONb, APEBECHHA W HedTe-
MPOMYKTHI, MCIOIB3yeMbIe IJIsi 000TpeBa MOMEIIEHHH B
JIOMAalTHEM XO3AKCTBE, U CKUTAHUE CENbCKOXO3UCTBEH-
HBIX 0TX0I0B. KoJruecTBo aBTOMOOHIIBHOTO TPaHCIIOPTA,
B TOM 4YHCJIe M KpyImHOrabapuTHOTO, Ha aBToTpacce Te-
oepma — Jlom6ait — I'onauxup ¢ 2000 roma yBEIHIMIOCH
Oosee gem B 5 pa3 [11].

HcTounnkw, Kak MpaBuIilo, MECTHBIE, 0COOEHHO B TOp-
HeIX monmuHax Kybanu, TebOepne, bompimoro 3eneHdyka,
VYpymna n bomnpmroi JIabb1, e oTMEUeHB! yIaCTHBIIAECS
Cllydyau MHBEPCHUM THAPOTEPMHUYECKUX TOKazaresneH, Ty-
MaHOB, CMOTOB, U3MOPO3€Hd U T. [I., YMEHBIIAIOT PACCEH-
BaHUE aTMOC(EPHBIX 3arps3HUTenei. VICTOUYHNKY TaKke
MOTYT HaXOAWThCS 3a Tpanuriei (ImaBabiM KaBkasckum
XpeOTOM) WJIM B COCENHHUX CYOBEKTaxX pernoHa. MHorue
W3 OTHX 3arpsA3HSIONIMX BEIIECTB B arMocdepe IoJTro-
BEYHBI M PACIPOCTPAHSIOTCS B YIIENbS BETPOBBIMH II0-
ToKamu. HeGnmaronpusaTHoe BO3IECHCTBIE HA TOPHEIE Jieca
3arps3HSIONINX BEIIECTB, TEPEHOCUMBIX Ha OOJIBIITIE pac-
CTOSIHHS 10 BO3YXy Yepe3 TOCYAapCTBEHHBIE U aJIMUHH-
CTpaTWBHBIE TPAHMIIBI, CTAHOBHUTCS BAXKHBIM IMPEAMETOM
uccienoBanmii [12].

Tak, HaOmrogaeMasi HaJl XBOMHBIMM JIECAMM B JIETHEE
BpeMs ToiryOoBarass IbIMKa MPEACTABISAET COOOM a’po-
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Puc. 2. JJunamuxa ocrosubix 3azpsaznumeneti 6030yuino2o bacceiina K9P /
Fig. 2. Dynamics of the main pollutants of the air basin of the Karachay-Cherkess Republic

307Ib, BO3HMKAIOLIMHA B pe3ynbrare (HOTOXUMUYECKOTO
OKHCIICHHSI TEpPIICHOB. YYacCTHUBIIMECS TyMaHbI, CMOTH,
W3MOPO3H, KHCIOTHBIE OCAaKH W MHBEPCHU CBHUIETEIb-
CTBYIOT O JIOKQJIbHOM KOHLIEHTPALUK 3arpsi3HSIOMINX Be-
LIECTB B aTMOC(EpHOM BO3LyXe. 3a HCTEKILHi, Ooiee yeM
15-neTHuit meproA, BaOBBIH BEIOPOC 3arpsA3HIOIINX Be-
mectB B armochepy KUP B romoBoM 1UKIE yBETHUUICT
Oonee yeM B Tpu pasza (¢ 19.2 go 58.1 TeIC. T. B TOX), IpH
9TOM B 2.4 pa3a noBbICKUIACH 0011as 3a001eBaeMOCTh Cpe-
I HACEJICHUS PECITy OJTHKH.

JluHamMyka CyMMapHOTO KOJHMYECTBa BBIOPOCOB IO
KYP ot n1Byx OCHOBHBIX 3arpsi3HUTENEH (aBTOTpaHCIIOpTa
Y IPOMBILJICHHOCTH) TIPEACTaBJIeHa Ha puC. 2.

Hecmotrps Ha yBenudeHHe AOIM BBHIOPOCOB OT IPO-
MBIIIIEHHOCTH B MOCJICAHUE TOABI 32 MHOTOJIETHHUH Iie-
puoz (c 1999 ), Ha 10110 ABTOTpAHCHOPTA MPUXOAUTCS
B cpenHeM 65% 3arpA3HAIONIMX BEHIECTB, K OCHOBHBIM
U3 KOTOPBIX MOKHO OTHECTH: OKCHJ YIJIEpOHa, OKCHI
azora, JIOC. 3arps3HuTenu arMoc(epHOro Bo3nyxa OT
MPOMBIIIJIEHHOTO MTPOM3BOACTBA, B CPEJHEM COCTABIISIIOT
okoro 35% ot obmero od0beMa BEIOPOCOB. B cTpykType
MPOMBIIIIEHHBIX BHIOPOCOB MpPe00IaaoT: TBEpAbIE Be-
ecTBa, OKCUABI a30Ta, yrieBogopomns (6e3 JIOC), okcup
yrmiepona. BeleykasaHHbIE KaTeropuy 3arpsi3HSIOIINX
BEILIECTB SIBISIOTCS ONPENEIISIIOIMMHU B HETaTUBHOM BITH-
SIHUM KaK Ha OKPY)KAIOLIYIO Cpely, TaK M Ha 30pOBbE ue-
JIOBEKa.

Hawnbonee 3HaunTEeNBHBIE MOBPEXKICHUS JIECOB IPO-
MCXOISIT 1OJ] BO3ACHCTBUEM CEPHUCTOIO aHTUAPUIA U €T0
MPOU3BOIHBIX (TPUOKCH] CEpPbI, cepHas Kuciota). Cye-
CTBEHHBIE MOBPEKACHHS BBI3BIBAIOTCS] TAKXKE OKHCIIAMU
a3oTa, 030Ha, (TOpa, XJIOpa, MPOAYKTaMH (OTOXHMHUYE-
CKOTO CMOTa U IpyruMu BeriectBamu. He peako oHu Bo3-
JIEHCTBYIOT COBMECTHO.

BiusHME TOKCHIAHTOB Ha pAacTeHUs] MPOSBISETCS
m00 B BHJE MEIUICHHBIX (XPOHWYECKHX) OTpPABICHHIA,
100 B BUJE OCTPBIX MOPaXKeHUH THIa 03koroB. COOTBeT-
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CTBEHHO T'MOENb JIECOB TAKXKE MOXET OBITh MEIJICHHON
(«r3pexuBaHue» M MOCTENICHHBIN pacmnam) 1100 BHE3al-
HoH (katacTpoduueckoif). OTMHPaHHIO 1epPEBbEB OOBITHO
MIPEAIIECTBYET CKPBITBII MEPUOA MOPa’KEHUs], KOTOPHIH
3aTeM OBICTPO MposBIAETCA Ha (QoHE HeOMarompHATHBIX
METEOPOJIOTHYECKUX WM IPYyrux (HaKTopoB (CypOBbIE
WM HEOOBIKHOBEHHO TEIJIbIE 3UMBI, JIETHUE 3aCYyXH, pa3-
MHO)KEHUE BpeAUTENIeH, aHTPOIIOTeHHBIE HArpy3KH U T.I1.)
[9; 13]. Bee atu hakTops! B OonblIei CTENEHH NPOSBIIS-
1orcs B fonnHax Kapagaeo-Uepkecun.

Oxcuapl a3ota BbIOpachIBalOTCA B arMocdepy B pe-
3yNbTaTe Pa3IMYHbIX IPOLIECCOB TOPEHHMS, B KOTOPBIX a30T
(N) B BO3myX€E OKHCIISIETCSs, IPEBpaIascCh B OKCHJ a30Ta
(NO) ¢ nebompmoii npumeceio auokcuaa asora (NO,).
ITpu mueBHOM cBete NO Jerko npespaiiaercs 8 NO, B
pesyabTate POTOXUMHUYECKUX PEAKLUH ¢ yJacTHEM YIJie-
BOZIOPOJIOB, NPUCYTCTBYIOIIUX B Bo3ayxe [14]. DT BbI-
OpoCHI, Kak OTMEYaeT aBTOpP, MOT'YT OBITh BEChbMa CyIIe-
CTBEHHBIMH, KOTJIa OHH IPUXOST U3 CUIBHO YOOOPEHHBIX
CENIbCKOXO3SHCTBEHHBIX 3€MEIIb U JIECOB, ITOABEPKEHHBIX
BO3/ICHCTBHIO BBICOKHX YPOBHEHN OCaXIE€HUS a30TOM. BBI-
OpOCHI OT TPAHCIIOPTA SBJISIOTCS [IABHBIMHU HCTOYHUKAMU
BBIOPOCOB OKCHZIOB a30Ta. bosbinne konmuecTa okcuaa
a30Ta TaKXe BbIOPACHIBAETCS XMMHUYECKHMHU 3aBOAAMH,
HarpuMmep, B Tpolecce MPOU3BOIACTBA yaoOpeHuid [14].
[IpousBoacTBO ynoOpeHuil, Upe3MepHOe BHECCHUE YHO-
OpeHuil ¢ a30TOM M >KMBOTHOBOACTBO TAKXKE SIBILSIOTCS
BOXHBIMM HMCTOYHHMKAMH a30T COAEPKAaLIUX BBIOPOCOB
ammuaka (NH,).

K zarpssuurensm Bo3ayxa KapasaeBo-Uepkecun ot-
HOCHUTCS TaKKe OOJIbIIasi rpyIia JeTy4uX OpraHn4ecKux
coequnennii (JIOC), koTopast COCTOHT U3 YIIIEBOIOPOIOB
U OPraHWYeCKUX aTMOC(EpHBIX KOMIIOHEHTOB, OTJIMYa-
tommxcst ot CO,, n oxenna ymiepopa (CO). O6pasyror-
cs1 JIOC u3 mpupOIHBIX H aHTPOIIOTEHHBIX MCTOYHUKOB.
Pactenus u3my4aroT JeTy4dne OpraHnyecKue COeqMHEHNS
OMOTeHHOTO XapakTepa, KOTOpPbIE BKJIIOYAIOT HM30IPEH,
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CIHPTEHI, CIOKHBIE 3(PUPBI, TPOCThIE 3PUPHI U KUCIOTHI.
Wzonpen sBnsieTcs Hanboliee pacpOCTPaHEHHBIM yIle-
BOJIOPOJIOM, KOTOPBIA HM3Ty4aeTCsl Ha3eMHOW PaCcTHTENb-
HoCThIO [15; 16].

VYrnexucaslii ras, metan (CH,) n 3akucu azora (N,O)
BJIHSIIOT Ha TIaTOJIOTUYECKOE COCTOSTHUE JIECOB ITyTEM BO3-
JICVCTBUS HA HUX B KaUueCTBE TIAPHUKOBEIX ra3oB. Bece oHn
MIPOM3BOMAATCS B PE3YIIbTaTe KaK MPUPOIHOM, TaK U aHTPO-
TIOTEeHHOW IeATETLHOCTH. XOTS 3TH ra3bl caMu 110 ceOe He
SIBIISTFOTCS 3arPsS3HUTEINSIMHA, WX HM30BITOYHOE MPOU3BOJI-
CTBO B pe3yNbTaTe YeJOBEUECKOM JeATeNFHOCTH MPHUBO-
JIIT K 3aTrpsI3HEHUIO OKPYKAIOIIeH CpeIbl.

[Toxapbl ABJIAKOTCA OCHOBHBIM HCTOYHHKOM SO,, as-
PO30IIK Cephl, YEPHOTO YITIEPONa, THKEIBIX METAIOB H
OpPTaHMYECKUX 3arpsi3HUTEIEH.

BonbmmHCTBO M3 YKa3aHHBIX BHIIIE BEIIECTB SBIISIOT-
sl Ta3000pa3HBIMU ¥ JACUCTBYIOT Ha JEPEBhSI B KAYECTBE
CYXHX OCaJIKOB HEMOCPECTBEHHO 4epe3 JUCTBY. Hekoro-
pBI€ U3 HUX BEIYT K TIOMKUCICHHUIO — IIPH XUMHUYECKUX pPe-
aKIsIX C BOJIOW B arMoc(epe OHM CTaHOBATCS MPHUYUHOM
KHCJIOTHBIX OCQJIKOB. JI0XIb C KHCIOTHOCTBIO 5.6, make
IIPA OTCYTCTBUM TTOIKUCIISIONINX 3arps3HUTENEH BO3IY-
Xa, ¥3-3a MPUCYTCTBHA ymiekucnoro rasa (CO,) B Bo3ayxe
obpasyet yronbHyto kuciory (H,CO,).

JlecHble OWMOTEOICHO3BI CTPANAIOT OT BO3JCHCTBUS
KHCJIOTHBIX JTOXKJIEH, KOTOPBhIE BO3HUKAIOT KOHIIEHTPHUPY-
FOIIIIMHUCST B BO3YIITHOM Cpe/ie OKCHIIAMH a30Ta U THOK-
CHJIaMH Cepbl. YCTaHOBIIEHO, YTO XBOWHBIC TIOPOIIBI Aepe-
BbEB B 0OJIBIIIEH CTENIEHN MTOIBEPKEHBI HETAaTUBHOMY BIIH-
SIHAIO KUCJIOTHBIX JOXKICH, HEXKEI! IUPOKOIUCTBEHHBIE.
[Tpu 3TOM GombIlle BCEro CTPaAalOT HACAXKICHUS BOIW3H
KPYITHBIX HACEIEHHBIX W MPOMBINIICHHBIX TIeHTpax [17;
18].

PasHbIe nmpeBecHBIE MOPOABI HEOMWHAKOBO UYBCTBH-
TEIbHBI K 3arPsS3HEHUI0 aTMOC(epHOro Bo3myxa. OqHu u3
HUX OoJiee CTOWKH, NpyTue, HalpOTHUB, OYE€Hb YS3BHUMBIL.
DTO 0TYACTH 3aBUCHT OT TOTO, KaK JOJTO COXPAaHSIOTCS
Ha JIepeBe JINCThsI WIIM XBOWHKH, KaKOBa TIPOJOIKUTEIb-
HOCTb X XW3HH. Hanpumep, TMCTBEHHBIE IEPEBHA C OMa-
JIAFOIIEH €XKETOMHO JINCTBOH JIydIlle TIPOTHBOCTOST BpPE/I-
HOMY JCWCTBHIO IPOMBIIIUICHHOTO JbIMa, YeM BEUHO3ee-
HBIEC XBOWHBIE, Y KOTOPBIX XBOMHKH JKUBYT HECKOIIBKO JIET.

W3 Bcero pasHOOOpa3sus ApPeBECHO-KYCTAPHUKOBBIX
IOpOA, B CHIIy CBOMX OHMONIOTHYECKOH H (hmu3noioruye-
CKOll BOCIPMHUMYHUBOCTH, HanOosee ysSI3BUMON K BO3JEH-
cTBHIO arMoc(epHbIX 3arpszHuTenelt B KapagaeBo-Uep-
KEeCHH OKazanach elb BoCTouHasA. [lo mpoBeneHHBIM Ha-
OJFONICHUSIM TIPOLIECC YCHIXaHUsI €1 MTPOUCXOIUT OT TOJI-
HOXWSI CKJIOHOB K BEpXHEW IpaHUIle pacIpOCTPAHEHUS,
Ha BCEX IKCTIO3UIIHSX. YCBIXalOT B OCHOBHOM OCOOH BepX-
HUX SPYCOB B COOOINECTBAX, WM TIOIBEPKEHHBIE CBO-
0OMHOMY BO3ACHCTBHIO TIEPEMEIIAIONINXCS BO3MYIITHBIX
Macc. Morooe mokoneHue (TOIpOCT), PacIoIoKeHHOe
B HEIMOCPEJICTBEHHON ONMM30CTH K YCOXIIUM JEPEBBSIM,
COXpaHSET CBOIO KU3HECTIOCOOHOCTh. JlepeBbst elu, mpe-
KpaTUBIIVE CBOU (PU3HOJIOTUIECKYIO AEATEIILHOCTh, He3a-
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MEIJIUTENFHO 3aCeNSIOTCS BTOPUYHBIMUA SHTOMO-BPEIH-
TEJSIMH, YTO MOXKET YKa3bIBaTh Ha JOCTATOYHO JTUTEIh-
HBI TIEPHONl TyOHTEIBHOTO BO3JCHCTBHUSI HETaTHBHBIX
(haxTOpOB, CIIOCOOCTBYIOIIMX YCBIXaHHIO. B oTimmume ot
JIPYTUX XBOWHBIX TIOPOJT YCOXIIIast XBOSI €M BOCTOYHOU HE
3aJIepKUBaeTCS Ha BETBIX U OBICTPO OMajaerT, T.e. 0co0b
JIUIIAETCS CBOETO aCCUMIISIIOHHOTO aIapara, Crrocoo-
HOTO K CAMOBOCCTAHOBIICHHIO, YTO U SBJSIETCS PUIUHOMN
ycbixanus. HaOmoneHns 3a ApyruMu XBOWHBIMU TTOPOJIa-
MU TIOKa3bIBAIOT, YTO W3MEHUBIIAS OKPACKY XBOSI COCHBI,
TOAIBEPIKEHHAS, BO3JICHCTBUIO KUCIOTHBIX JTOXKIIEH, 0M-
roe BpeMsi COXPaHSETCs Ha BETBSAX, BOCCTAHABJIMBAsI CBOU
¢usnonornveckne pyHknuu. [Tnxra xaBka3ckas moka He
MIPOSIBIISIET BUJIMIMBIX MTPU3HAKOB BO3/ICHCTBUS KHUCIIOTHBIX
ocajkoB [19].

3akmiouenne. 3HaHWA 00 OTPHIATEIEHOM BO3ZEH-
CTBUH HA YKMBBIE OPTaHWU3MBI, TIOMIMO JIEPEBHEB, OYCHBb
CKY/IHBI, HO 110 HEKOTOPBIM MPU3HAKAM MOXKHO ITOJIaraTh,
YTO 3TO BO3/ICHCTBHE YPE3BBIYAHHO CEPhE3HO (HAIIPUMED,
aHanu3, mpoBeneHHbI Dnoy3ekom) [20].

lopHeie 7eca, ocnaOiieHHBIE BO3ACHWCTBHEM 3arpsis-
HEHHOTO BO3/IyXa, CTAHOBATCA 0OJee YyBCTBHTEILHBIMHU
K BIMSTHHUIO KOMILIEKCa APYTUX (PaKTOpOB, OCOOEHHO IT0-
rofsl (BEeTep, CHET, MOP03) M BPEIHBIX HACEKOMBIX (JIH-
YUHKHA MOJIH, €JIOBBIE KYYKH, )KYKH-KOPOEIbl). DTOT MPO-
LIeCC YCKOpsIeT Aerpafaluio geca. CTeneHb MOBPEkKACHUS
Jieca YCHITUBAETCS C YBEITMYCHUEM BBICOTHI HAJI YPOBHEM
MOpSi, TJIe 3arps3HSIONINE BElIeCTBA KOHIIEHTPUPYIOTCS B
ocaJlkax, HalprMep B TyMaHe WM WHee. XBOWHBIE BUIBI
MOBPEXKIAAIOTCS HAMHOTO CHIIbHEE (OCOOCHHO €Ilh), YeM
JMCTBEHHEIE JIepeBhs. B mocnemHee BpeMs mporecce ychi-
XaHUS eI BOCTOYHOH Ha TeppuTopuu TebepauHCKoro 3a-
MOBEHUKA MTPHOOpeT BeChMa 3HAYUTEIBHBIN, ONM3KHNA K
KaTacTpoprIeCKOMY XapakTep, IpUIeM B Bo3pacte, Om3-
KOM K €CTECTBEHHOH CIENI0CTH, OCHOBHOTO sipyca B JIpe-
BOCTOSIX. MOJI0/10€ TIOKOJIEHUE TIPH STOM COXPAHSET Y/I0B-
JIETBOPUTETHHYIO KH3HECIOCOOHOCTh. Enb BocTOYHAsS
— OYEHb BOCIIPHUMYHBA K TETUIOBBHIM M T€OXUMHYECKIM
spdexram. [loaBeprasch BHE3aTHOMY BIMSHHUIO TIOBBI-
IIEHHOTO TeIlIa U KUCIIOTHBIM (a3pO30JIbHBIM) OCaJIKaM,
B OTJIMYME OT MHUXTHI KaBKa3CKOW M COCHBI KPIOYKOBATOM,
eJb He MPOSABISIET COCOOHOCTH K JUTMTETHHOMY COXpa-
HEHHIO XBOW, a, CJIEJIOBATEBHO, OBICTPO €€ TepseT. YCKO-
PEHHOTO BOCCTAHOBJICHUS (DU3NOJIOTHIECKHUX (DYHKIIUH Y
XBOM €JTH BOCTOYHOH, B OTIIMYHE OT COCHBI KPIOYKOBATOM,
He mpoucxoaut. OcinablneHHble W YCOXIIUE AePEeBbsS He-
3aMEITUTENBHO 3aCENSIOTCS BTOPUYHBIMU BPETUTEIISIMA
(xopoemamu, JryboemaMu W JIPYTUME TIPEICTABUTEISIMU
JIECHOUM SHTOMOGAYHbI), BOZHHUKAET peaibHas OMacHOCTh
Pa3BUTHS SITU300THH.

Cucrempl yrpaBieHHs JiecaMd HEOOXOANMO OpHEH-
TUPOBATh HA NPUHIMIIBI YCTOHUMBOCTU. DTO O3HAYAET,
YTO yHpaBJeHHE JOIKHO COOTBETCTBOBATH OKPYIKAFOIIEH
cpene, OOIIECTBEHHOW IONBb3€ W OBITh SKOHOMHUYECKH
JKH3HECTIOCOOHBIM. Hy)KHO CTpeMuTBCS COXpaHsITh OHO-
pa3HooOpasne B TEHETHKE Ha YPOBHE BHUIOB U IKOCHUCTEM.
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Bynymue miaHsl 1 CHCTEMBI YIPaBICHHS JIECaAMH JIOTK-
HBl KOHLIGHTPHUPOBAThCS, MPEKAE BCEro, HA COXPaHEHHU
00raTtoro €CTeCTBEHHOTO Pa3HOOOpa3usi TOPHBIX JIECOB U
Ha SKOJIOTHYECKUX (PYHKIMSIX, KOTOPbIE OHH BBIIOJHSIOT.
O310pOBUTENBHBIC U PEKPEaLlIOHHBIE (PYHKIIMH UCIOIb30-
BaHUsI JIECOB 3aBUCAT OT 3TUX JBYX PeIIalomuX (pakropos.

AHanu3 U KOMIUICKCHAsI OLIEHKA CTPYKTYPBI U HCTOU-
HHUKOB BBIOPOCOB B BO3AYIIHYIO Cpeay, PU3NOTOrHUECKHE
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Spontaneously developing coniferous forests of the Teberdin-
sky national natural bio spheric park, in the majority, are in a ripe
or over age stage that creates prerequisites of decrease in their re-
sistance to the influence of the external factors — fire danger, envi-
ronmental, forest pathological susceptibility. In the dark-coniferous
forests of the reserve located in the zone of the intensive recreation-
al development for the last five years the very considerable drying
of fir-tree forest stands is noted.

Research objective is identification of cause and effect relation-
ship of the forest drying in the conditions of climate warming and
intensive operation.

Monitoring of Karachay-Cherkessia air environment quality on
the observations route posts by Rostekhnadzor for the Karachai-
Cherkess Republic is taken as a basis of methodology. The center
of the laboratory analysis and technical measurements for the Kara-
chai-Cherkess Republic and research laboratory of the geo environ-
mental monitoring of KChGU carried out observations on padding
points of selection of single tests for the sanitary and epidemiologic
monitoring. The data of the hydro meteorological monitoring and
the abnormal atmospheric phenomena are created.

T.10. N21(35), 2018 T.

The analysis and synthesis of the experimental and share mate-
rial allowed to establish hypothetically:

- the impurity of free air fluidized chemicals increased more
than by 3 times from 2000;

- regional warming of climate and the frequent abnormal atmo-
spheric phenomena (hydrothermal inversions, smogs, fogs, hoar-
frost, acid rains ...) confirm the increase in the free air impurity
level;

- the main ingredients worsening quality of the air environment
are: white damps, sulfurs, nitrogen, aerosols, hydrocarbons and also
volatile organic compounds which are formed from the local sourc-
es and get into the gorges with the wind streams;

- the majority of the specified substances — gaseous also affect
trees as dry settlings, and being acidified by the condensation mois-
ture of air drop out in the form of the acid rains;

- the drying process of fir-trees happens from the bottom of
slopes to an upper bound of the growth. Individuals of the top tiers
in communities and subject to immediate influence of the airflows
dry out, first of all. The younger generation (subbody height) located
close to the dried-out trees keeps viability.
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Keywords: fir-tree forest stand, hillsides, free air, prospecting,
polluters, aerosols, natural and anthropogenic phenomena, acid
rains, inversions, stability of coniferous breeds.
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HEKOTOPbLIE OCOBEHHOCTH
r’MAPOXUMUYECKOIO PEXXUMA HOBOA®OHCKOW
NELLEPBLI (3ANAOHbLIA KABKA3) B KOHTEKCTE
COBPEMEHHOIO MMHEPAJTOOBPA30OBAHUA

N YCNOBUU NMUTAHUA KAPCTOBbIX BO[,

'Yepesiyosa 0.41.,*
MoTanos C.C.,
20ununnoBa K.A.,
306ap P.C.

Beenenue

HoBoadonckas nemepa (A0xasus, 3ananubiii KaBkas) 3anokeHa B U3BECTHS-
Kax HIKHEMEIOBOTO Bo3pacra (rorepuB-6appeM™) B 0ceBoit actu xpedra Ax-
Awmrsa. B neriiepe nMeroTcs MOCTOSIHHBIE TTOJ3EMHBIE 03€pa, THAPOANHAMUUECKH
CBsI3aHHBIE C TIOI3EMHBIMHU BOJIAMH, YPOBEHb KOTOPBIX MOJBEPKECH 3HAYNTEILHBIM
KoeOaHusAM TIpH MaBokax. JIokaau3anus pa3rpy3Ku KapcTOBBIX BOJI MEIEPhI He
JI0 KOHIIa SICHA: 10 HauOoJiee PaclpoOCTPAaHEHHOMY MHEHHIO, OHa TIPOUCXOANT B
HCTOYHUKE (B OKIIt03€) B fAosnHe peku [cbipiixa [1]. [To MHeHUIO APYTHX UCCIIE0-
BareJiei, OHa MPOUCXOAUT B BOKIIIO3aX P. MaaHWKBaphl, a IBUKEHUE TTOJ3EMHBIX
BOJI HAaMpaBJICHO Ha foro-3amaf [2].

Hesabio HacTosiEld paGoThI SBISIETCS MOTYYEHUE JOMOIHUTENBHBIX IaH-
HBIX O THAPOXUMHUECKOM pekuMe McTouHHKa [lceipixa, 03ép memepsl U Ka-
MEJLHBIX BOJ, 8 TAKIKE N3yUCHNE HEKOTOPBIX aClEKTOB, CBA3aHHBIX C COBPEMEH-
HBIM MHHEPaJI000pa30BaHUEM.

l'uapoxumudeckre UCCIEeNOBaHUS BHITIOIHEHBI B HOXKHO-YpambCKOM LEHTpPE
KOJJIEKTHBHOTO TTOJIb30BAHUSI 10 UCCIIEAOBAHUIO MUHEPAIBHOTO ChIpbs MHCTHTY-
ta munepanoruu YpO PAH, . Muacc (arrecrar akkpenuramuu Ne AAC.A.00330).
Bonoponueiii nokazarens pH, OKUCIUTENBHO-BOCCTAHOBUTENBHBIA MOTEHIUAI
Eh u 251ekTporipoBoqHOCTD N3YYaINCh MEKTPOXUMHIECKAM MeTonioM (pH-metp-
musuBosisTMETp pH-121, konmykromep HI933000). Jlns onpenenenus HCO,,
Cl, SO,* mpuMeHSIMCh TUTPUMETPUYECKHH, MEPKYPOMETPHUYECKHH U TypOH-
nmumerpurdeckuii Metonsl; NO,” NO,” NH," onpezensmnck (poTokonopumeTpude-
ckuM MeTozioM (orosnekrprdeckuii koaopumerp KOK-2-YXIT 4.2); Ca?*, Mg*,
K*, Na' onpenensuiich METOIOM aTOMHO-a0COPOIIMOHHON CIIEKTPOMETPHH
(mpubop Perkin-Elmer 3110); MUKpO3JIEMEHTBI OTPENENSUINCH METOJOM MacC-
CHEKTPOMETPHH C HHAYKTHBHO CBS3aHHOH 1mia3moii Ha nmpubope Agilent 7700x.

[Ipo6s1 kamenbHbIX Bog (2016—1017 rr.) aHaNM3UPOBANIMCH TOJEBHIMU Me-
togamu "Mokpoii xumun" (FOCT 24902), noHHBII cocTaB BOIBI OMPEAEIISIICS
TuTpoMeTpruieckuM metoaoM (Na+K pacuerHsiM mytem). Bogoponuslit mokasa-
TeJIb U3MEPSIICS Ha MECTE ¢ TIOMOIIbI0 ipubopa Hanna HI 9125.

JIy1s IMarHOCTUKY MUHEPAIIOB MCTofb3oBaiics mudpakromerp JIPOH-2.0, CuKo.

OKuCIUTETHHO-BOCCTAHOBUTENBHBIN MoTeHnran Eh Bo Bcex mpobax cocTas-
qsieT 260-275 MB, 9TO TUIIMYHO J1J1s1 KUCJIOPOAHOM C1ab00KUCIUTEIbHOM 00CTa-
HOBKH, O1aronpusaTHOM it murparmu Fe3t, Mn?t, Mo®*, Cu*"[3].

[To MakpOKOMITOHEHTHOMY COCTaBY BC€ MPOOBI OTHOCATCS K MPECHBIM (MU-
Hepanuzaiusa 354.4—238.2 Mr/i) ruipokapOOHaTHO-KAJIBIIUEBBIM BOJAM C HEW-
TpaJbHOM U CIa00INEIOUYHON peaKIMel, THITUYHBIM JJI1 KapCTOBBIX BOA. B uc-
Toynuke [Iceipxa, MO CpaBHEHHUIO C MEIIEPHBIMU 03EpaMH, HECKOJIBKO IMOBBI-
LICHO coAepKaHUe XJIOpa M HATPUs, YTO COINIACYETCS C JAHHBIMH MPEIbIAYIINX
uccnenosanuii [1; 2] u 6onee neranbHO OyaeT 00CYKIaThCs HUXKE.

13anoBemmnk «lllynpran-Tamm, xep. Uprusist, PecyOmika barkopracran, Pocers, e-mail: Kittary@yandex.ru

*HNucruryt munepanoruu YpO PAH, r. Muacc, Poccust

SUHCTHTYT 3K0IOTHH AKageMun Hayk AGxasui, I. Cyxym

**B nuTepaType TOBOPUTCS TOIBKO O 6appeMCKOM BO3pacTe BMEIIAOMUX Hopox. OxHaKko BUIOBBIE OIpe-
nenenust popamuaupep, BeoaHeHHBIE M.A. AsekceeBbiM (Bcepoccuiickuil HayqHO-HCCIECAOBATEIBCKUH
reonoruaeckuil nHCTUTYT uM. A.IL. Kaprusckoro, . Cankr-IleTepOypr) mo MoIydeHHBIM aBTOPaMH CTAThbU
9JIEKTPOHHBIM MUKpOodoTOrpadusmM numdoB BMEINAOIMX HOPOI U3 3aj1a AICHBI, JAIOT BO3MOXHOCTH 000-
CHOBATh TOTEPHBCKHUIA BO3PACT ULl HIJKHEH 9acTh paspesa (HeolyOiInKkoBaHHbIe qaHHbIe, 2017).
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Tabnuya 1/ Table 1

Du3uKo-xuMrYeckue nokasaresu Box 03ép Hosoadounckoii nemepot u ucrounuxa Iepipuxa /

Physicochemical parameters of the lakes of the NovoafSkaya cave and the source of Psyrtskha

O3epo Anarosusi | O3epo IlpoBaibHoe | O3epo Hapraa | O3epo Ciopnpu3 | Ucrounuk [Icpipixa
IMoka3zareJn / CCo03/ (T'osty0o0e€) CCo7/ CC09/ CC14/
Indicator Anatolia lake CCO06 / Provalnoe Nartaa lake Surprise lake The source of
CcCo3 (Blue) lake CC06 cco7 CcCo09 Psyrtskha CC14
t°C 124 11.8 13.2 HIT 12.3
52 o 24;‘1’;2 7.62 7.16 7.22 6.69 7.20
) H‘;’Iflfl;;gi ory 7.55 7.45 7.50 7.55 7.40
EE};Z “:nBv/ 265 270 256 265 270
v, iCu/en/ 183 235 207 253 337
y, us/cm
mr/n / (mg/1)
HCO* 153 181 157 177 183
Cl 8.51 21.3 17.0 13.5 42.5
SO 16.8 19.8 23.0 29.5 19.3
NO2- 0.069 0.037 0.071 0.036 0.009
NO3- 2.85 1.60 3.75 2.00 3.25
NH* 0.10 0.15 <0.05 0.175 <0.05
Ca* 53.0 65.4 59.8 58.3 65.1
Mg?* 1.29 1.48 1.57 1.41 3.50
K+ 1.93 19.6 7.50 19.2 11.0
Na+ 1.16 1.26 0.84 1.29 26.7
O01mas MuHepa-
mm3arwys / Total 238.2 311.1 271.0 302.4 354.4
mineralization

KoHneHTpaum MHKpO3JIEMEHTOB, HOPMUPOBAHHBIC
Ha KJIapKu Ui MOA3EMHBIX BOJ 30HBI THIEpreHes3a Mo
C. JI. llIsapuesy [5], mpuBenens! Ha puc. la. Cogepxa-
HHUE OOJBIIMHCTBA METAJUIOB HE MPEBBIIIAET KIapKOBOE.
Jns o3ép IlposansHoe, Hapraa u Cropnpus ormevaercs
MPEBBILICHUE 10 UTTPHIO; AJIsl ucTouHuKa [Ichipixa — no
CTPOHLIMIO, U ob1Iee A BceX ONPOOOBAHHBIX MYHKTOB
— 1o Gaputo. [TockonbKy UTTPUH U CTPOHITUI MOTYT BXO-
IUTHb B KPUCTAJUIMYECKYIO PEIMIETKY KaJjblUTa B BUAC
n30MOpPGHON NPUMECH, MOXKHO IPEANONIOKHUTE CBS3b
JaHHBIX 3JIEMEHTOB C BMEIIAIOIIMMHU KapOOHATHBIMU
nopopamu. B nenom, pacnpeneneHne U KOHLEHTpPALUU
SNIEMEHTOB OJNIM3KKM MEXIy CO0OH, OfHaKo Ui Iemep-
HBIX 03Ep XapaKTEPHO IOBBIIICHHE COAEPYKAHUS CHIE-
po- u xanpkopuibHbEIX dnmeMeHToB (Cr, Mn, Fe, Ti, Ni)
1o cpaBHeHHIO ¢ uctoyHukoM IlIceipixa. Hanbonbiiee
CXOZICTBO B pacHpeaeIcHUH MUKPOJIEMEHTOB OTMEYACT-
cs1 1 uctounuka Ilceipixa u o3epa AHaTtonus B 3aie
Amnakorist HoBoagoHCKo Tiemiepsl.

I'eoxuMudecKkre CHEKTPBl JIAHTAHOUJOB, HOPMHUPO-
BaHHBIX Ha ceBepoamepukaHckuil cianern (NASC), mo-
Ka3aHbl Ha puc. 1b. [{ns Bcex 0o0Opa3ioB OOHApYXKEHO
npeobnananue J€rkux P33, uTo MOXkeT 00BIICHATHCS Ha-
JMYMEM MHMHEPAJIOB, KOHLIIEHTpHUpYomuXx Jérkue P30 B
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oOnacTy nmuTaHus (TaKUX Kak I0JIeBbIC MINAThHI, OUOTHT,
IJIMHHUCTHIE U (poc(aTHbIe MUHEPAITHI).

Kak u3BecTHO, Cpean TaHTaHOUOB €CTh T, KOTOPHIE
0COOCHHO CHJIBHO PEearupyloT Ha M3MEHEHUE T'€OXHMHU-
yeckoi ooctaHoBkU. [[Ba u3 Hux — Ce u Eu — obnaga-
IOT YyBCTBUTEIBHOCTBIO K PEJJOKC-YCIOBHSAM CPEIIbI, TAK
KAaK y HHMX MEepEeMeHHas BajJeHTHOCTh [5]. EBponueBsie
U IepUEBbIE AHOMANHMU OLEHHMBAIMCH O (opMynam
Euw/Eu* = 2(Eun)/(Smn + Cdn) u Ce/Ce* = 2(Cen)/
(Lan + Prn), rae n — 3T0 KOHLIEHTpALM 3JI€MEHTa, HOP-
MHUpOBaHHas Ha ceBepoamepukanckuil cianer (NASC).

Jnst m3ydeHHBIX TpoO BOABI XapaKTEpHA SPKO BBI-
paKEHHAs TOJIOKUTEIbHAS ~EBPONHUEBAasl aHOMAJUS
(Ew/Eu = 3.09-10.56). BaxxHe#WmuM KOHIIEHTPATOPOM
€BpONUS SIBJISCTCS MOJEBOH IIMAaT, KOTOPBIM, COIIacHO
HAIIUM UCCIIEJOBAHHSIM, IIMPOKO PACIIPOCTPaHEH B BUIE
BKJIIOUCHUH BO BMELIAIOUIMX H3BECTHsAKaxX. Llepuenas
aHoMmanisi MeHee BbIpakeHa. OHa orpunarenpHa (< 1)
11 ucrouHuka IIceipixa n o3epa AHaTONMs, M MOJOXKHU-
tenbHa A7 03€p [IpoBansHoe, bessimsianoe U Cropnpus.

CoorHomeHre cyMmMbl P33 ¢ HEKOTOpPBIMH dIIEMEHTaMU-
TU/IPONM3aTaMH [TOKa3aHo Ha pHc. 2. BuaHO, 4To 171 skee-
3a, Maprasia 1 aJIOMHHHS HAOMIONAeTCsl TECHAsI KOppers-
st Takast 3aKOHOMEPHOCTb MOKET OOBSICHATBCS TEM, UTO

T.10. N21(35), 2018 T.
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Tabnuua 2/ Table 2

MuxkpodieMmeHTHBI cocTaB Boj 03ép HoBoadoHckoii meneps u ucrounuka Iesipuxa (Mkr/ou) /
Microelement composition of the lakes of the Novoafonskaya cave and the source of Psyrtskha (mcg/l)

O3epo Anaronusi | O3epo [IpoBajibHoe O3epo Hapraa O3epo Crop- HcTounuk
Dnement/ CCo03/ (Toxy6oe) CCO06 / CCo07/ npu3 CC09 / Mcwipuxa CC14 /
Element Anatolia lake Provalnoe (Blue) Nartaa lake Surprise lake The source of
CcCos3 lake CC0O6 cco7 CcCo9 Psyrtskha CC14
Li 0.36 0.72 0.45 0.86 4.46
Be 0.004 0.007 0.025 0.010 0.002
Al 22.0 77.1 233 89.9 21.3
Sc 0.047 0.066 0.092 0.093 0.061
Ti 0.65 2.41 4.36 1.74 0.72
\% 0.30 0.38 0.71 0.42 0.28
Cr 0.39 1.19 0.84 0.36 1.44
Mn 0.85 24.2 59.7 28.0 3.27
Fe 19.0 105 284 100 18.0
Co 0.21 0.40 0.70 0.40 0.27
Ni 0.98 1.23 1.21 1.14 0.81
Cu 1.76 0.96 0.81 0.94 1.37
Zn 3.72 7.21 3.26 3.58 13.1
As 0.159 0.46 0.189 0.143 0.185
Rb 0.48 0.67 0.47 0.58 1.18
Sr 53.8 54.0 53.5 107 277
Y 0.116 1.64 1.37 0.99 0.122
Zr 0.012 0.041 0.060 0.138 0.005
Nb 0.007 0.011 0.009 0.008 0.003
Mo 0.27 0.29 0.24 0.23 0.37
Cd 0.169 0.044 0.037 0.151 0.133
Sb 0.041 0.036 0.019 0.021 0.019
Ba 105 46.7 41.6 77.6 38.0
Ta 0.001 0.001 0.001 0.002 0.001
W 0.018 0.026 0.005 0.004 0.007
Tl 0.006 0.009 0.009 0.008 0.006
Pb 0.106 0.32 0.50 0.22 0.067
Bi 0.003 0.005 0.002 0.007 0.001
Th 0.002 0.006 0.004 0.007 0.002
U 0.123 0.174 0.24 0.179 0.187
Jlanranouasl / Lanthanides
La 0.087 0.34 1.03 0.43 0.082
Ce 0.072 0.42 1.34 0.45 0.077
Pr 0.018 0.23 0.25 0.26 0.015
Nd 0.080 0.33 0.99 0.39 0.065
Sm 0.020 0.068 0.21 0.086 0.017
Eu 0.020 0.075 0.067 0.032 0.008
Gd 0.027 0.081 0.24 0.109 0.018
Tb 0.003 0.009 0.032 0.013 0.003
Dy 0.016 0.057 0.189 0.079 0.011
Ho 0.005 0.012 0.037 0.014 0.003
Er 0.011 0.032 0.103 0.047 0.008
Tm 0.001 0.004 0.013 0.005 0.001
Yb 0.007 0.029 0.075 0.033 0.006
Lu 0.002 0.003 0.012 0.005 0.001
LREE* 0.325 1.553 4.112 1.747 0.283
HREE** 0.045 0.147 0.461 0.198 0.032
Eu/Eu*** 9.47 10.56 3.09 3.55 422
Ce/Ce**** 0.77 1.20 1.25 1.00 0.87

Ipumeuanue: * Cymma N€TKUX JTaHTaHOUIOB; ** CyMMa TSDKENBIX JTAaHTAaHOU/IOB,;

*#% Epponmesas anomanmus: Ew/Eu* = 2(Eu )/(Sm_ + Cd ); **** Llepuesas anomanus: Ce/Ce* = 2(Ce )/(La + Pr )/

Note: * Sum of light lanthanides; ** Sum of heavy lanthanides; *** Europium anomaly: Eu/Eu* = 2(Eun)/(Smn + Cdn);

T.10. N21(35), 2018 T.

**%* Cerium anomaly: Ce/Ce* = 2(Cen)/(Lan + Prn)
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Puc. 1. I'eoxumuueckue cnekmpvi MUKpOIJieMeHmos (a) u ianmanoudos (b) 600 ozep Hosoaghorckou newjepol u ucmouHuxa
Tcvipyxa: 1) 3an Anaxonus, ozepo Anamonus, 2) 3an Anaxonus, osepo Ilposanvroe (Tonyboe); 3) 3an Hapmaa, 03epo
besvivsinnoe; 4) ozepo 6 sane Ciopnpus; 5) soxmios Icvipyxa /

Fig. 1. Geochemical spectra of minerals (a) and lanthanides (b) waters of the lakes of the Novoafonskaya cave and the source of Psyrtskha:
1) Anakopia chamber; lake of Anatolia; 2) Anakopia chamber, lake Provalnoe (Blue); 3) Nartaa chamber, lake Nameless, 4) Lake in the Surprise
chamber; 5) the source of Psyrtskha
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Puc. 2. Coomnouienue 1aHMaHOUO08 U HEKOMOPIX NeMeHMO08-2UOPOIU3AMO8 /
Fig. 2. The ratio of lanthanides and some hydrolysates

KOJUTOMBI 3TUX METAJIJIOB SBILIIOTCS BAXKHEHILIMMU KOHIICH-
TpaTopamMH-HOCHUTEIISIMU JIAHTAHOWIOB B 30HE TMIIEPreHe3a
[5]- Ucxons u3 KOoppemsiiiy ¢ aIFOMHUHUEM, TaKXKe MOXHO
MPEATIONOXKHTD, YTO KOHLIEHTPAaTOPOM METAJUIOB BHICTYIIAET
YIIBTpayCIIepCHAs! B3BECh NIMHUCTHIX MUHEPATIOB.
Pe3ynbrarsl TEpMOANHAMHYECKOTO pacyéTa HHIEKCOB
HACBHILEHUS BOJX K Pa3jIMYHbIM MHHEPAIbHBIM BHIAM,
BeInonHeHHoro B nporpamme PHREEQC Ver. 2 nmpuse-
JeHbl B Tabn. 3. J{as OCHOBHOIO mopoAoo0pasyromero
MHUHEpaja — KaJblUTa — BOAA HAXOAUTCS B COCTOSHHH,
ONM3KOM K PaBHOBECHIO, YTO CBSA3aHO C JJHUTEIbHBIM
BpEMEHEM €€ HaXOXIEHHUs B CUCTEME BOJa — I0poJa, HO
arpeccrBHa K KapOOHaTaM MarHus U ’eJesa, a TakKe K
cynb(ary KaJpLusi— THICY. PacdueT mporHo3upyer BO3-
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MOXKHOCTP OTJIOXKEHHSI COSMHEHUH Kelle3a B Pa3InIHON
crenenu okucaenus: ruapokcuaos Fe(OH), u FeO(OH),
U OKCHIOB FezO3 Hu Fe304; TUAPOKCUAOB AIFOMUHHUS
Al(OH), u AIO(OH). Ilepechimennii K MapraHencoaep-
JKaIUM MUHEpaaM He 0OHapYKeHO.

[IpuBeneHHbIe pacyeThl MO KapOOHAaTaM ITOATBEPIK-
JAIOTCSl HATYPHBIMH HAONIONEHUSIMH — COBPEMEHHOE
KapOOHaTHOE MUHEPaIooOpa3oBaHUE B O3epax MelIephl
HE TIPOUCXOJIUT, TAK)KE OTCYTCTBYIOT TPaBEPTHUHBI HA BO-
kmo3e llcpipxa. BmecTe ¢ TeM K MOM3eMHBIM 03epam
MIPUYPOYCHBI YEPHBIE MUHEPAIbHBIE OTIOKEHHUS C Me-
TaJUIMYECKUM ONIeCKoM, 00pa3yrolie TBEpble KOPOUKH
HaTEYHOTO OOJIMKa Ha TIIMHHUCTHIX W KapOOHATHBIX CyO-
CTpaTax TONIUHON 10 2—3 MM (puc. 3a).

T.10. N21(35), 2018 T.
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Taonuua 3/ Table 3
PacueT MHIEKCOB HACBILIEHHS K PA3JIMYHBIM MHHEPAJIbHBIM BUIAM /
Calculation of saturation indices for different mineral species
O3epo
O3epo Anaro- O3epo IIpoBansHoe (I'o- Hapraa O3epo Crop- | Ucrounuk Ilcbipu-
Munenan / Mineral st CCO3 / yooe) CC06 / C CI‘)O 6/ npu3 CC09 / xa CC14 /
pax/Minera Anatolia lake Provalnoe (Blue) lake Nartaa Surprise lake The source of
CcCo3 CCo6 lake CCO7 CcCo9 Psyrtskha CC14
Kamenpr / Caleite -0.151 -0.102 -0.15 -0.066 -0.163
CaCoO,
Cuncput | Siderite -1.68 0.873 0487 0.9 1,66
FeCO,
Homomur / Dolomite
CaMg(CO,), -1.75 -1.69 -1.72 -1.58 -1.43
Tunic / Gypsum
CaSO4XHL0 -2.36 -2.23 -2.19 2.1 -2.26
Fe(OH), +1.49 +2.01 +2.57 +2.2 +1.13
Fe(OH), -6.48 -5.86 -5.36 -5.78 -6.7
Al(OH), -1.28 -0.643 -0.689 -0.691 -1.16
Mn(OH), -8.16 -6.92 -6.42 -6.67 -6.7
I'érut / Goethite
FeO(OH) +6.9 +7.42 +7.97 +6.61 +6.53
Fewarur / Hematite +15.7 +16.8 +17.9 +172 +15
Fe,0,
Marnerut | Magnetite +15.5 +17.2 +18.8 +17.6 +14.6
Fe,O,
Hpomosur / Pyrolusite 134 124 -11.8 -11.9 134
MnO,
Huacnop / Diaspore + N 4 N +
AIO(OH) 2.7 3.34 3.29 3.31 2.83
T'u66cur / Gibbsite
+ + + + +
Al(OH), 1.53 2.17 2.12 2.14 1.66

Puc. 3. XKenezo-mapeanyegvie omuodicenus Ha 2uHax Ha bepeey osepa 6 3ane Hapmaa:
a) HamypHas makpogomoepagpus; b, ¢) anexkmpornvle Mukpogomozpaguu /
Fig. 3. Iron-manganese deposits on the clays on the shore of a lake in Nartaa chamber: a) full-scale macrograph; b, c) electronic micrographs

T.10. N21(35), 2018 T.
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OTIIOXKEHHSI TIPEACTABICHBl TOYKOBUIHBIMH 000-
COOJIGHHSIMH METaKOJUIOMIHOW CTPYKTYPBl pa3MepoM
10-50 MKM, MpEeUMyIIECTBEHHO TUAPOKCUIHO-MapraH-
[IEBOTO COCTaBa C BBHICOKHM COJIEP)KaHUEM JKene3a (CM.
puc. 3b, c; Tadmn. 4). Ilouku neperuieTeHsl MEXIy cOOOH
MMyYKaMy HUTEH CyOMHUKPOHHOH TOIIIMHEI, CKOpEe BCe-
T0, MPEICTABISIOIIAMU COOOH MHUKPOOHBIE MAaThI XKe-
JIe30- WM MapTraHENOKHUCISIONNX OaKTepui, MO3TOMY
MOXKHO TIPEATOIIOKUTh WX ydacTHe B MHUHEpanIooOpa-
3oBaHuu. CKopee Bcero, OMOXMMHYECKHE TPOIECCHl U
(hopMHUpOBaHHE arperaToB MPEUMYIIECTBEHHO U3 KOJLIO-
UIHBIX PACTBOPOB OOBSCHSIOT MOSIBIICHUE MapraHIIEBON
MUHEpaIU3alii MPH OTCYTCTBHU K HEW TPEIIOCHUIOK
0 TEPMOJIMHAMHYECKUM OIIeHKaM (cM. Tabm. 3).

Nzydennsie oOpasubl oboramensl 6apuem (Ba 0.5—
1.3 macc. %), 4T0o comacyercsi ¢ THIPOXUMHYECKUMHU
JTAHHBIMU O KOHIIEHTPHUPOBAHUH ITOTO BJIEMEHTA B MPH-
ponHbIx Bonmax. Ilo HammM maHHBIM, OAPUT B BHJE MH-
KPOBKJTFOUEHH 4acTO BCTPEYAETCs BO BTOPHUYHBIX Kap-
OOHATHBIX ¥ CYTh(ATHBIX OTIOKEHUAX Ieiephl. Takxke
OoTMeYeHa cTabmibHas mpumech Kambius (Ca 4.1-6.4
Mmacc. %), aukens (Ni 0.5-1.5 macc. %), xams (K 0.3—
0.7 macc. %) — 9TH 3JIEeMEHTHI, CKOpPEe BCET0, TAKIKE BXO-
JISAT B TIOTJIOMIEHHBIN KOMIUIEKC [5].

[To manHBIM peHTreHO(a30BOTO aHamM3a B 00pasile
unentuuumposansl ksapi SiO,, nut (K (H,0) ,.) x
x (Al, Mg, Fe), (Si, Al), O, [(OH), x H,O], nu-
pur FeS,, npesnopyrun Fe, Ti,O, u MaHraHoTuxut
Na Mn** (CO,),(SO,). BeposiTHO, YacTh MHHEpaIbHOH
MpOOBI MPEICTaBIeHa PEHTIeHOAMOP(HBIM BEIIECTBOM
— Onroke He onpeNe’EHHBIMH THIPOKCHIAMH W/WIIHA OK-
CUTHIPOKCUIaMHU MapraHiia u xxenesa (cM. puc. 3).

JKemezomapraHiieBble OTIOKEHUS B 03€pax TATOTEIOT
K MTOBEPXHOCTH TIIMHUCTBIX OCAJKOB, YTO JNAET OCHOBA-
HUE TIPEIOJI0KHUTh TUIIEPTEHHBIN METacoMaro3, B XO/Ie
KOTOPOTO KOJUTOMIHBIE THIPOKCHIBI KeJle3a U MapraHia
3aMeIlalT NIMHUCTBIE MUHEpasl [6]. Bo3moxkHoe mpo-
WCXOXKJICHUE OTPHUIATEIHHBIX IEPUEBBIX aHOMAIUH B
MOJI3€MHBIX 03&pax, OMMMCAHHBIX BHINIE — PUKCAIU MaH-
raHo(WIIBHOTO TIepHus U3 BOJBI B THAPOKCUIBI JKeye3a U
Maprasua [3].

I'mppoxumuyeckue 0co0eHHOCTH
HHQUIBTPAIIMOHHBIX BO H COBPEMEHHOE
Kap0OHaTHOe MUHEPaJ000pa3oBaHue

[IpencraBneHne O THAPOTEOXUMUYECKUX IPOIIEC-
cax B CHCTEME "METEOpHbIE BOJbl — IMOYBEHHBIN CIOU

Y DTIMKApPCTOBasi 30Ha — BaJl03HAs 30HA — arMocdepa
Meniepsl" MOMOraeT B MOHUMaHUU COBPEMEHHON aKTHB-
HOCTH IIPOIIECCOB KOPPO3HH U OTIIOKEHHSI KAPOOHATHBIX
muHepanos [7-10]. B2016—2017 r. HaMu GBI BEITIOTHEH
PAa HaOMIONEHUH 32 XUMIUYECKHM COCTaBOM BOJI Karexa
B Pa3JIMYHBIX YACTSIX TEIIEPhl, a TaKkKe BOJ| SITHUKAPCTO-
BO 30HBI, BCKPHITHIX IIypdaMu (KOJIOIIaM1) Ha TIeTep-
HOM MaccuBe (Taor. 5).

J1s OIIeHKH TMOTEHIMaNna K KPUCTAJUTU3AIUN Kallb-
nuTa OBLTO TIPOBEICHO BHIYMCICHUE PABHOBECHBIX KOH-
LEHTPAUi JUIS KOTKPBITON CUCTEMBD» Ha MaplIuaIbHOE
napienue yrnekucnoro rasa (pCO,) B armocdepe neme-
pHI (puc. 4a). CymiecTByeT MHEHHE O TPEUMYIIECTBEHHO
KOHJICHCAIITMOHHOM MUTAHHWH KallebHBIX BOJX B Ieliepe
[11]. OpHako HaAMIM OLIEHKH MO3BOJIAIOT JONYCTUTH Ta-
KOW MEXaHW3M TOJBKO JJIS Psifia TOUEK Karexa, COCTaB
KOTOPBIX HAXOAWUTCS BOJHM3M PaBHOBECHOH NWHHUH (TI0-
CKOJIBKY COCTaB KOHJIEHCATHBIX BOJ (OpMHpYETCS B
paHoBecuu ¢ pCO, B BO3yX€e). DTH TOYKU HAXOAATCS
B 3anmax MaxamkupoB, Ha Bxoae B 3a1 Creneosoros, B
BepxHEeH vacTu 3aja ArcHH (cM. puc. 4a). OcranbHble
TOYKH Karle)ka B TIelepe UMEIOT HH(PUIBTPAIIHOHHOE TTH-
TaHUe, Ha YTO TaKXKe YKa3bIBaeT OIM30CTH 10 MUHEPAIIH-
3alKy K BOJIaM SITUKapPCTOBON 30HBI.

[Ipu KOHTaKTE TaKUX PACTBOPOB C MEMIEPHBIM BO3IY-
XOM OyIeT MPOWCXOAWTH Pa3JIOKeHHE THIpoKapOoHara
CO CMEIIEHNEM PAaBHOBECHSI B CTOPOHY KPUCTAJLTU3AIIUN
KanpIuTa. Hanbomnbime npeBpieHns Hal paBHOBECHON
TMHUEW HaOMomaroTcsl Ha Hareke «benas ropa» B 3aine
MaxaxxnupoB, Ha nogbeMe B 31 I uBu CMbIp, B 3aie An-
cHbL. IMEHHO Ha ATHX y4acTKaX W HaOIIONAeTCsl UHTEH-
CUBHBII POCT HATEKOB.

Or1eHKa CKOPOCTH POCTA CTAIATMUTOB B 3aBUCUMOCTH
OT KOHIICHTPAIMX YIJIEKHUCIIOTO Ta3a B BO3AYXE U COnEp-
xanust Ca** B Boge (1o mozenu [12]) mokasana Ha puc. 40.
Haubonbmas crkopocts pocra (160-220 mxm/rom) mpo-
THO3UPYETCS JJIsl TOUKH Karexka «benas ropay B 3ane Ma-
XaJDKAPOB, a MuHIManbHas (50—100 mxm/ron) — B Kopain-
JIUTOBOM rajiepee 1 B 3ajie AICHBI.

Ha puc. 5 nokazanbl MossipHBIE (MOJIEKYIISIPHBIE) CO-
OTHOIIIEHUS MEXIY KallbI[HeM U MarHHUEeM B KalleIbHBIX
BOZIaX, BMEMIAIOIINX M3BECTHsAKAxX (32 ompeneneHus) u
B Pa3IMYHBIX COBPEMEHHBIX KapPOOHATHBIX OTIIOKEHHSIX
rieriepsl (creneoremax). s OONBIIMHCTBA TOYEK Kare-
Ka 9TOT MOKa3areNb HIKe, TH00 OJIM30K K BMEIIAOIINM
ropojaam, Ho Juts Box KopamumroBoii ranepen xapakrep-

Taonuya 4/ Table 4

XuMHYeCKHUi COCTAB KeJie30MapraHueBbIX 0TI0:keHuii u3 o3epa Hapraa no gannsim JJIC, mace. % /
Chemical composition of ferromanganese deposits from the lake Nartaa according to EMF, mass. %

(0] Mg Al Si S K Ca Ti Mn Fe Ni Ba
19,7 0,4 4,1 32 0,3 6,4 54,9 8,2 1,5 1,3
40,0 0,8 6,5 10,5 0,7 4,1 0,2 27,5 8,7 0,5 0,5
40,6 0,4 3,7 2,3 0,67 6,0 38,6 6,2 0,7 0,9
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Tabnuua 5/ Table 5
Pesyabrarsl Ha0/I04eHUI 32 XUMHYECKHM COCTAaBOM KalleJIbHbIX BOJ B Iewepe /
Observation results of the chemical composition of drip waters in the cave
IIpo6a / Sample HMara/Date| t°C | pH |HCO, | SO} | CI | Ca,” | Mg," | Na"+K* | Mun. / Min.
1 2 3 4 5 6 7 8 9 11 12
DnuKapcToBas 30Ha HaJl Melepoii (parion cena Auykea) / Epikarst zone above the cave (in the area of Anukva village)
Mypd 1 (h=4m)/ Hole I (h=4m) A?fgr {7 14,5 16,61 | 213,5 | 0,8 |[3,56| 71,1 0 1,5 290,5
ypd 2 (h = 6 m) "Konomen Cymu- aBr /
xa"/ Hole 2 (h= 6 1) "Sushka Well” Aug 17 144 16,55|411,75| 0,8 |[7,12(1323| 0,62 7.2 559,8
KanenrHbIe BOBI B TONOCTIX niemiepsl / Drip waters in the hollows of the cave
V 3amamHoi cTeHs!I 3. AHaKOmus / ait /
Near the Western wall of Anakopia 13,1 | 7,81 | 268,4 5,4 3,6 | 90,2 0 2,5 370,1
May16
chamber
3ax Anaxornust, "Harek Yepen" / aBr /
Anakopia chamber "Skull dropstone” | Aug 17 1917511 1373 1 08 12,5 46,1 0 73 204,0
3an Anaxomnusi, psaom ¢ "Uepermom" / aBr /
Anakopia chamber, near the "Skull" Aug 17 771112201038 0 |40l 0 04 163,3
Maii /
Ha "Bbemnoti rope" 3aa Maxamkupos / May 16 13,2 [ 7,78 | 271,5 0,2 3,6 | 90,2 0 1,2 366,7
On the "White hill" of Makhajir
chamber smp /Janl7 | 13,2 | 7,88 | 213,5 | 0,77 | 7,1 | 67,1 | 1,9 4,96 295,3
Kopanmurosas ramepest / aBr/
Corallite gallery Aug 17 7,7 | 186,1 | 08 | 89 | 64,1 1,2 0,4 261,5
[epen 3amom Aroxaa / aBr /
In fiont of Auhua chamber Aug 17 7,54 | 1983 | 0,8 |3,56]| 61,1 3,1 1,5 2684
M/ gt aa 661 | 02 | 53 | s3] 12 2,9 2288
May 16
Kanex Ha Bxoze B 3. CrieneoioroB / p—
Water drip at the entrance to 13,5 17,53 | 183,0 | 0,00 | 53 | 60,1 0,0 3,44 251,8
. Jan 17
Speleologists chamber
/44705 1373 | 08 |125|461 | 00 | 73 204,0
Aug 17
Karrexx va mompeme B 3. ['mBr CMebIp / ait /
Water drip on the rise to Givi Smyr 13,3 17,95 | 265,4 0 3,6 | 87,2 0 2,3 358,5
Mayl6
chamber
3an AncHsl, "KaJbpiUTOBast Topa” aBr/
cnpasa / Apsnyy chamber, "calcite Aue 17 7,84 | 231,8 | 0,8 |3,56| 77,2 0,6 0,3 3143
mountain", right part &
3an ATcHBL, "KaJbIATOBAs ropa” aBr/
ciesa / Apsny chamber, "calcite 7,78 | 259,3 0,8 |3,56| 86,2 0,6 0,3 350,8
o Aug 17
mountain”, left part
3an ATCHBI, TI0]T "KaMEHHBIM BOJIO- aBr/
nanoM" / Apsny chamber, under the 7,84 | 1830 | 0,8 |7,12 60,1 0,6 3,8 2554
” ” Aug 17
'stone waterfall
3an ANCHEL, Hbke "KaMEHHOTO Mait/ 135 1695| 2410 | 0 | 27802 0 0,6 324,5
Bomormama" / May 16 ’ ’ ’ ’ ’ ’ ’
Apsny chamber, lower the "stone aBr/
waterfall" Aug 17 74212044 | 08 | 53] 70,1 0 0,4 281,0
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Puc. 4. a) Pasnosecnvie konyenmpayuu Ca’* na pCO, ammocghepot newyepol Ons unGUIbmMpayuoHHbIX 600 ¢ YKazanuem
nopozosozo snauenus Sl , +0,3 (no [13]), 0o komopozo npoucxodum dezazayus u OMIOdCEHUE KATLYUMA.
Touxu nabmooenus: aeeycm 2017: 1) kaneoic 6 3ane Ancuvl, HabrroOamenbHas moyka Hudce "Kamenrnoeo eéooonada’; 2) noo
naméxom "Yepen" 6 3ane Maxaxcoupos,; 3) psoom ¢ namékom "Yepen"; 4) koparnumosas eanepes; 5) nepeo 3anrom Arwxaa,

”.

Hanpomug "mynno2o monoka",

6) Ancnol, "kanvyumosas copa” cnpaea npu éxooe 6 3an, 7) Anchul, "kanvyumosasn zopa” cnesa npu

6x00e 6 3a1, Hanpomue 6xo0a 6 I enuxmumoguwiii epom, 8) Ancrul, nod "kamennvim 6odonadom"; 9) na exoode 6 3an Cneneonozos;

Aneapv 2017: 1) kaneoic na "Benotui cope”, 3an Maxaoocupos; 2) kanedic 6nu3y 3ana AncHol, HAOIOOAMENbHASL MOYKA HUICE
"kamernoeo 6odonaoa’; maii 2016 2ooa: 1) kanesic na "Benou cope”, 3an Maxaoocupos; 2) kanedic y 3anaoHoll CmeHul 3.
Anakonusi, mynuxogoe omgemeieHue psioom ¢ Hamekom "Yepen'"; 3) kaneoic 6 3ane Anchvi, HAOIIOOAMENLHASL MOYKA HUNICE
"kamennoeo sodonaoa'; 4) 3an Cneneonoeos, kanexc neped noovemom 6 3an I ueu Cmoipa, 5) na exooe 6 3an Cneneonocos;
b) oyenounas ckopocms pocma cmanazmuma npu nocmosiuHom pacxooe 1 xanna 6 mun. [12]/
Fig. 4. a) Equilibrium concentration of Ca2+ on pCO2 atmosphere of the cave for infiltration water with the indication of a threshold value of
Slcalc+0,3 (according to [13]), which occurs degassing and deposition of calcite.

Observation points: August 2017: 1) Water drip in the Apsny chamber, observation point lower the "stone waterfall"; 2) Under the "Skull”
dropstone in Makhajir chamber; 3) Near the "Skull" dropstone; 4) Corallite gallery; 5) In front of Auhua chamber, opposite to the "moon milk";
6) Apsny, "calcite mountain”, right at the entrance to the chamber; 7) Apsny, "calcite mountain”, left at the entrance to the chamber, opposite
the entrance to Geliktovy grotto; 8) Apsny chamber, under the "stone waterfall"; 9) At the entrance to Speleologists chamber; January 2017:
1) Water drip on the "White hill", Makhajir chamber, 2) Water drip near the Western wall of Anakopia chamber, dead end near the "Skull"
dropstone; 3) Water drip in the Apsny chamber, observation point lower the "stone waterfall"; 4) Speleologists chamber, water drip in front of the
rise to Givi Smyr chamber; 5) At the entrance to Speleologists chamber;

b) Estimated growth rate of stalagmite at a constant flow rate of 1 drop per min. [12]

HO CYyILIECTBEHHOE HAKOIUJICHWE MarHus (3TH TOYKH OT-
JMYAIOTCS OYEHb MAJIBIMU PAcXOAaMH Karexa, He Oojee
100 M1 32 CyTKH).

VBenuuenune cootHoueHus: Mg/Ca B mHUIBTpanu-
OHHBIX BOJAaX [0 3HAYCHUH, NPEBBIIAIONINX TAKOBBIC
Ul BMEILIAIOIINX H3BECTHIKOB, MOXET OOBACHSITHCA
YK€ MPOU3OLIEIIINM OCAXKICHUEM KaJlbLUTa, B IIPOLEC-
ce KOTOPOro IPEHMYLICCTBEHHO MCIOIb3YIOTCS HOHBI
KaJbLIUs, a OCTATOYHBIM pacTBOp oboramaercs MarHueM
[14]. Takoii mporecc BO3MOKEH MPH AJIUTEILHOM HaX0X-
JICHUU BOJ B KAPCTOBOM MAacCHBE M HAJMYUHU HPOMEXKY-
TOYHBIX MOJOCTEH, B KOTOPBIX MPOUCXOOUT OTIOKEHHE
KajpluTa. B COBpeMEHHOM OBICTPOPACTYIIEM KalbLH-
Te B rypax Ha benoil rope maruuii OTCyTCTBYeT, HO [UIs
cneneoteM KopannuroBoii ranepeu, 3a10B Crenaeonoron
u Al0Xaa, CONIaCHO T'MIPOXUMHYECKHUM OCOOCHHOCTAM
MUTAIOLUIMX PACTBOPOB, HAOIIOAAETCS 3HAYMTEIILHOE
YBEIMYEHHE MAarHe3WalbHOCTH, BIUIOTH 0 KpUCTAaJ-
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nu3auuu rugpomaruesuta [15]. Ilpu sToM u3ydeHHBIE
CreseoTeMbl (KOPaJUIMTHI U AHTOOHUTHI) PacTyT B yCIO-
BUSIX MCIAPUTEILHOTO HACBILICHUS M3 KaIWUIAPHBIX U
IUIEHOYHBIX BOJ, YTO CHOCOOCTBYET NOMOJIHUTEIBLHOMY
KOHLEHTPUPOBAHHUIO MarHusl.

K npodieme ¢popMupoBaHusi XUuMHU4€CKOI0 COCTABA
KaPCTOBBIX BO/ MEIIEPHOT0 MACCUBA M CBA3H C
TepMaJIbHBIMM BOAAMH IIyOMHHOI LMPKYJISLUN

AHOManbHbBIE JUISI KapCTOBBIX Box 3amagHoro Kas-
Ka3a THAPOXMMHYECKHE HapaMeTpbl ObUiH 3adUKCH-
POBaHbBI Ul HCTOYHUKA (BOKJIIO3a) B JOJHHE DPEKH
[ceipixa, pacnoiIoKEHHOTO PSIOM € Memepoil H, Mo
MHEHHIO OOJIBIIMHCTBA UCCIIEA0BATENCH, CBI3aHHOTO C
e€ noazemMHoi runpocucteMoit. Bokiro3 Ilceipuxa npu-
YpOUEH K TOM e Pa3JIOMHOH 30He, YTO U I0XKHBIE T0JI0-
CTH MELIEPHON CUCTEMBI, U 110 BEICOTHOMY YPOBHIO Ha-
XOIUTCS B 5—6 MeTpax HHMXKE ypOBHS IEIIEPHBIX 03€p.
BonbmmHCTBO aBTOPOB MPHUAEPKUBAIOTCS MHEHHS, YTO

T.10. N21(35), 2018 T.
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Fig. 5. The molar ratio of magnesium and calcium in the drip waters with limestone and in some carbonate speleothems

uctouHuk Ilceipixa cBA3aH ¢ IyOMHHBIMH MUHEPAJb-
HBIMH BOJIAaMH, MIOJAHUMAIOIIMMUCS K ITOBEPXHOCTH MO
TEKTOHMYECKUM HapymeHusMm [l; 2]. MunepanbHble
BOJIBI ATOH IpyNNbl TE€pMajbHBIC, MPEUMYILECTBEHHO
XJIOPUIHO-HATPUEBBIE, PEXe CyIb(PaTHO-XJIOPUIHO-HA-
TPUEBBIE, C HAMOPHBIM peXUMOM. OHHM HPUYpPOUYEHBI
K TOTPY>KEHHBIM YacTSAM aHTHKIMHAJIbHBIX CKJIAJOK B
KapOOHATHBIX MOPOAAaX MEJIOBOrO BO3pacTa M paclpo-
CTpaHEeHB! BAOJNb Bcero mobdepexsns. CpenHsis rryOnHa
3aJleraHusl ATOr0 BOJAOHOCHOTO KOMIIJIEKCA COCTAaBIISET
500-600 M [16]. Cpenu ra3oBbIX KOMIOHEHTOB STHUX
BOJ Hamboisiee mpeobnasaoT a30T U CEPOBOAOPOA, CO-
nepxanue H,S nocturaer 20-25 mr/m [14].
Huarpamwmer [latinepa (puc. 6), mocTpoeHHBIE HAMHU
o nuteparypHbiM [16—18] u donmoBeM [15] maTepu-
anaM, a TakXe apXUBHBIM JAaHHBIM AOXa3CKOTO Trocy-
JnapcTBeHHOro LleHTpa 5KOJIOTrHYecKOro MOHMTOPHHTA
u Uucturyra sxonorun AHA (anamutux O.B. Ilycro-
BapoBa), MOKa3bIBAIOT BapUallMl MAaKPOKOMIIOHEHTHO-
ro cocTaBa A UCTOYHHKA IIchIpiixa, KapCcTOBBIX BOJ
Hogoadonckoit nemeps! u OTanckoil nemep (mpumMop-
CKO€ HHU3KOTOphe, HHKHEMEJIOBbIE H3BECTHSKH), BBI-
COKOTOPHBIX KapCTOBBIX MAacCHMBOB Xurncta u b3bi0b, a
TaK)K€ OCHOBHBIX IPOSIBICHUN XJIOPUAHO-HATPUEBBIX
a30THO-CEPOBONOPONHBIX BoA. Bomer memep Hoso-
adonckasa n Orarnckas UMEIOT YUCTbIH rUAPOKapOoHaT-
HO-KaJlbIHEBBIA cocTaB. COCTaBHI BOJ, pa3rpyKaroIinx

T.10. N21(35), 2018 T.

BBICOKOTOPHBIE MacCcHBbI XHIcTa U b3bI0b (mocieaHuit
WHAWLUPYETCS 0 UCTOYHUKY MuuinTa), BApbUpPYIOT OT
THAPOKapOOHATHO-KAJIBLUEBOTO K THAPOKApOOHATHO-
MarHueBOMY, YTO CBSI3aHO C HaJW4YHEM JOJIOMHTOB B
ob6nactu nuranus [20].

CocraB Box uctounuka Ilceipiixa pes3ko oTiInYa-
€TCSl OT KapCTOBBIX BOJ 30HBI AKTUBHOM LMPKYISIIHH.
XUMHUYECKHI COCTaB, B 3aBUCUMOCTH OT PEKHUMa BO-
JHOCTHU, U3MEHSETCSI C TUAPOKAPOOHATHO-KAJIBLUEBOTO
B MAaBOJOK Ha T'HAPOKAPOOHATHO-XJIOPHUIHO-KAIbIIH-
€BO-HaTPUEBbI — B MEXEHb. Pe3ynbTaTbl CpaBHEHUS
THAPOXMMHUYECKOTO COCTaBa BOA McToYHMKaA Ilchipiixa
1 MUHEPAIBHBIX BOJ (pUC. 60) COTNIACYIOTCS C TOYKOH
3pennst B.H. Jlyonsackoro [2] 06 ydacTun mociueaHux
B MUTaHUH UCTOYHUKA.

Crnenyer OTMETHUTBh, YTO MHUHEpaJbHBIC BOIBI 3TOU
TpYyNIBl UMEIOT JOBOJBHO MECTPHIH XUMHUYECKUH CO-
CTaB, HO BCE K€ yNaeTcs BBIACIUTH HEKOTOPBIC 3aKOHO-
MepHocTH. Tak, ncuezHoBeHHE CyIb(aToB (IPU ITOM J10-
MHUHHPYIOIIUM aHHOHOM CTaHOBHTCS XJIOPUA) OTpaxkaeT
CTENeHb MX OMOXMMMYECKOro pasyoxeHus. llpu stom
JOCTOBEPHO CHMIKACTCS U COICpPKaHUE CEPOBOLOPOAA
— IIPY TOJTHOM PENyKLUWH Cyab(paTroB B MUTAIOLIEM pe-
3epByape OH MOXKET MCUE3HYTh COBCEM, U BOABI IPUOO-
PETaloT XJIOPUIHO-HATPUEBBIM COCTaB (UTO, BUAUMO, U
HaOM01aeTCsl B OTHOLICHUH COBPEMEHHBIX BOJ, MTUTAI0-
KX UCTOUHUK [IchIpiixa).
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Fig. 6. Chemical composition of the cold karst waters, waters of the source of Psyrtskha (a) and mineral nitrogen-hydrogen sulfide sodium
chloride waters (b)

3akaouenune

[IpoBenéHHbIe HAOMIONCHHMS TO3BOJISIIOT IIPEITIO-
JIOXKHTh, YTO MEPEHOC METAJIOB B THJIPOCUCTEME MOJ-
3eMHBIX 03€p HoBoadoHCcKoi mnemepbl MPOUCXOIUT CO-
BMECTHO C KOJUIOMAMH JKeJie3a ¥ MapraHiia u, BO3MOX-
HO, C B3BECHIO IIMHUCTBHIX MUHepanoB. COBpeMEHHOE
JKeNe30-MapraHieBoe MUHEpaiooOpa3oBaHHe IPOUC-
XOJIUT U3 KOJUIOUIHBIX PaCTBOPOB, C BO3MOXHOMU POJIbIO
JKEJIe30- U MapraHCIOKUCIISIOIINX OaKTepuH.

[TosnyueHHBIE JaHHBIC MOKA3BIBAIOT PA3IMYAIONIUH-
Cs1 MAKPOKOMITOHEHTHBIN COCTaB, HO MPHU 3TOM 00HAPY-
JKUBAIOT CXOJCTBO T'€OXHMUYECKHX CIICKTPOB MHUKPO-
JJICMEHTOB U JIAHTAHOMJIOB B MCTOUHUKE [IchIpiixa u B
03épax Hosoadonckoii mnemiepsl. s Bcex oOpas3ior
00HapyXeHO mpeoliiafaHue JIETKUX JIAHTAHOWJIOB U
BBIPQKEHHAs MOJIOXKHUTEIIbHAS SBPOIMEBasl aHOMAJIUS.
B T0 e BpeMs HAKOIJICHUE METAJNIOB KOHTPOJIUPYETCS
JIOKaJIbHBIMU (paKTOpaMu — HAJIMYKMEM KOJIJIOMIOB-KOH-
LIEHTPATOPOB, OTIIOKCHUEM MHUHEPAJIOB XKeJie3a U Map-
radia (4To JejgaeT HEKOPPEKTHBIM MPSIMbIC CPAaBHEHUS
MHUKPOJJIEMEHTHOTO COCTaBa JUIsl ONPEISICHHUS TUIPO-
JMUHAMUYCCKOM CBS3M MEKIY Pa3IMUHBIM BOJOIPOSB-
JICHUSIMU).

HaGmronenuss HaJl XMMHYECKUM COCTaBOM Karlelib-
HBIX BOJI B IEIIepe MO3BOJISIOT CACIATh BHIBOJ, YTO HAM-
0osiee OOMJIBHBIC W MOCTOSHHBIC TOYKH KaleXa UMEIOT
WHQWIBTPALMOHHOE MTUTAHUE H CIIOCOOCTBYIOT OBICTPO-
My OTJIOKEHHIO Kajbiuta (160—220 MKM/TOA B MOJIEIH,
pacCYMTaHHOM JIJIS CTaJIarMUTOB MPH pacxoje | Karuis B
MunyTy [12]). s psiga Todek XxapakTepHO yBEIHMUCHUE
MoJIsIpHOTO cooTHOoeHus: Mg/Ca B HHQUIBTpallHOHHBIX
BOJIaX 0 3HAYCHMIA, MPEBBIMIAIONINX TAKOBBIC JIJISI BME-
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MIAIOIIUX H3BECTHAKOB, YTO CO3[aCT MPEAMOCCHUTKH K
KPHUCTAJUTU3AIMH MarHe3uadbHbBIX KapOOHATOB.

IIpoBesicHHBIC CPAaBHEHUSI COCTABOB KapCTOBBIX BOJ
Hogoadonckoit neimepsl ¢ pa3iuyHbIMU MOA3EMHBIMU
BOJIOTIOSIBIICHUAMHU HuU3koropbsi (Orarckas rmeriepa),
BBICOKOTOPHBIX KAPCTOBBIX MACCUBOB XHUIICTa U b3bIOb,
a TaK)K€ OCHOBHBIX MPOSBICHUIN TTYyOHHHBIX XJIOPHUJI-
HO-HATPUEBBIX a30THO-CEPOBOMOPOIHBIX BOJ MPHUEP-
HOMOPCKO# 30HBI AOXa3uH MO3BONSIIOT C/IEIATh BBIBOJ,
YTO COBPEMCHHBIH THAPOXUMHYECKHUU pexum Hoso-
ahOHCKOM TMeIIepsl CBS3aH C XOJOMHBIMH THUIAPOKAp-
OOHATHO-KAJIBIUEBBIMUA BOJAMH, HOPMHUPYIOIIIUMUCS B
XUMHYECKU YUCTHIX KapOOHATHBIX MOPOaX B Mpeaeaax
HU3KOTOPHBIX MACCUBOB. BO/IbI BEICOKOTOPHBIX KAPCTO-
BBIX MAaCCHBOB HAJCKHO MHIUIUPYIOTCS MOBBIIICHHON
MarHe3uaibHOCTHIO, MOITOMY HX yYaCTHE B MUTAHUU
Merepsl NPECTAaBIAETCS MalOBEPOSTHBIM. B TO ke
BpeMs JIISl PACIOJIOKEHHOTO BOMU3M Hee (M TpUypo-
YEHHOTO K TOH XK€ TEKTOHUYECKOW CTPYKType, 4TO U
FOXKHBIE 3aJbl TICHIEpbl) UCTOUHUKA [IchIpIixa ¢ BhICO-
KOW BEPOSITHOCTHIO MOYKHO CJIENIaTh BBIBOJ O MOATOKE
[IyOMHHBIX MUHEPaIbHBIX BoA. KocBeHHO 00 3TOM MO-
I'YT CBHJICTEICTBOBATh U aHOMAJbHBIC 3HAYCHUS 00b-
eMHol akTHBHOCTH pagona (4000-20000 bk/m?) psaom
C UCTOYHHUKOM.
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SOME FEATURES OF THE HYDROCHEMICAL REGIME OF THE NOVOAFONSKAYA CAVE (WESTERN
CAUCASUS) IN THE CONTEXT OF THE MINERAL FORMATION AND THE GENESIS OF KARST WATER
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Abstract

The purpose of this work is to obtain additional data on
the hydrochemical regime of lakes and drip waters of the No-
voafonskaya cave, as well as to study some aspects related to
modern mineral formation.

The obtained data reveal a different macrocomponent
composition, but at the same time — the similarity of the geo-
chemical specters of trace elements and lanthanides in the
source of Psyrtsha and the lakes of the Novoafonskaya cave.
The prevalence of light lanthanides and a pronounced posi-
tive europium anomaly is typical for all the samples. At the
same time, the accumulation of metals is controlled by local
factors — the presence of colloids-concentrators and the depo-
sition of minerals of iron and manganese (which makes incor-
rect the direct comparison of the trace element composition
to determine the hydrodynamic connection between various
water manifestations). The results of studies of ferromanga-
nese mineral deposits in the lake of the Nartaa chamber are
presented.

Observations on the chemical composition of the drip
waters in the cave allow us to conclude that the most abun-
dant and constant drop points have infiltration recharge and
contribute to the rapid deposition of calcite. Some points are
characterized by an increase in the molar ratio of Mg/Ca in
infiltration waters to values higher than those for the enclos-
ing limestones, which creates preconditions for the crystal-
lization of magnesian carbonates.

The comparisons of the composition of the karst waters
of the Novoafonskaya cave with various underground water
occurrences of karst waters in the low-mountainous and high-
mountainous areas of Abkhazia, as well as the main manifes-
tations of the deep chloride-sodium waters of the Black Sea
area of Abkhazia, allow us to conclude that the modern hy-
drochemical regime of the Novoafonskaya cave is associated
with cold HCO3--Ca2+ waters in chemically pure carbonate
rocks in low mountains. At the same time, it is possible to
conclude with a high probability that there is an inflow of
deep mineral waters in the source of Psyrtsha located near
the cave.

Keywords: Novoafonsk caves, Karstology, Hydrochem-
istry and Mineralogy of caves, Climatology of karsts.
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DYNAMIC PROCESSES AND DEVELOPMENTS
IN THE CENTRAL KARAKORAM

Matthias Schmidt

Introduction

Rural areas are sometimes referred to as "deceleration oases", in which de-
velopments seem to be delayed. Particular pronounced forms of rural habitation
are high mountain regions, whose inhabitants are often characterized as back-
ward and traditional. In the sense of classical regional development theories,
high mountain areas show factors that inhibit development, such as a pronounced
relief, a high potential of natural risks, low population and settlement densities or
a lean network of traffic and communication infrastructures. According to these
aspects, they are often considered as "underdeveloped" areas.

Undeniably, high mountain habitats require special efforts from the inhabit-
ants due to their topographical and ecological features. However, to what extent
these development-inhibiting factors are still influential or explanatory today, is
to be examined by looking at the astonishing dynamics and development suc-
cesses in the Central Karakoram of Northern Pakistan, thereby calling into ques-
tion the theory of the backwardness of mountain societies.

Baltistan — a hopeless case?

This study refers to the region of Baltistan in the Central Karakoram (see
Fig. 1), whose inhabitants speak a Tibetan dialect, Balti, and who mainly belong
to the Twelver Shia Islam (Schmidt 2004, 2012). In 1842 Baltistan fell to the
Princely State of Jammu & Kashmir and thus came under the rule of the British
Empire. Since the partition of the subcontinent and the first Kashmir war, the
region has been under Pakistani administration and is part of what is now the
administrative territory of Gilgit-Baltistan.

In the reports of colonial adventurers and explorers, who travelled to Baltistan
in the mid-19th century, there were marked attributions of underdevelopment and
civilization deficits, coupled with an urge to proselytize and a feeling of undaunt-
ed superiority. For example, the Baltis are described as "uncivilized savages"
and "wild looking men" (Younghusband 1896: 260) or as "primitive and unintel-
ligent" (Workman & Workman 1908: 201). As far back as the 1960s, geographer
Furrer (1967: 13) wrote: "In the high-altitude settlements in particular, people
still live on a Stone Age cultural level." This perception of the backwardness of
the societies in the highlands of Baltistan persists until today in the collective
memory of a modernizing world. For example, Alok Bansal of the Institute for
Defense Studies and Analysis (New Delhi) recently associated the region with
stagnation, poverty and backwardness: "Gilgit and Baltistan constitute the most
backward areas in the entire South Asia and the region seems to have missed the
development bus completely" (Bansal 2008: 93).

A look at the natural conditions and socio-political backgrounds seems to
confirm this impression. For instance, the Karakoram has a deficit in resources,
the settlements are relatively small, remote and seemingly isolated, the Balti
ethnic minority is politically marginalized and the inhabitants, infrastructures
and buildings are exposed to a high natural hazard risk. In addition, the large
distances between the settlements and to central markets make the transport of
people and goods time-consuming and cost-intensive. Assuming that the spatial
parameters of density and distance have a significant impact on economic devel-
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Fig. 1. Study Region Baltistan (Draft: M. Schmidt 2018)

opment (World Bank 2009), the positive developments

of the past decades in Baltistan, which is considered to be

ecologically disadvantaged, socioeconomically margin-

alized and politically controversial, are astounding.

Creative adaptations to topographical and ecological
challenges

The basis of local livelihoods is mixed mountain ag-
riculture, a combination of irrigation farming and mobile
animal husbandry. This form of agriculture is adapted to
the ecological conditions of the Karakoram with its semi-
arid valleys, short growing seasons and considerable dif-
ferences by elevation. Over the centuries of adaptation,
the Baltis developed elaborate practices for the effec-
tive use of the scarce resources soil and water (Schmidt
2004).

In the light of significant population growth, utilis-
able farmland in particular is a limiting resource. As a
result of the practiced inheritance law, which is based on
a mixture of Islamic law and local customs, land owner-
ship per household has steadily declined. Thus, the agri-
cultural resources are no longer sufficient to secure the
food supply.

One strategy to reduce this supply gap is to grow
cash crops, such as apricots, apples or potatoes, which,
as seed potatoes, produce relatively high prices in the
urban centres of Pakistan. The earned income can be
used to purchase the state-subsidized wheat flour. With
such a strategy, the difficult agro-ecological conditions
are transformed into an advantage. An important pre-
condition for supra-regional marketing is the Karakoram
Highway, built in the 1970s, through which the region is
connected to the Pakistani lowland all year round. But
even this important "lifeline" is interrupted several times

2

a year after heavy precipitation events or earthquakes
followed by rock falls, mudflows or avalanches. The
relatively extensive construction of roads — almost every
settlement in Baltistan is connected to the road network
(see Fig. 2) — is mainly a consequence of the strategic-
military importance of the region in the Kashmir conflict.
External development impulses and modernization

Governmental and non-governmental organizations,
such as the Aga Khan Foundation (Fazlur-Rahman
2007), have been providing important development im-
petus in education, health, agriculture, infrastructure or
microcredit for decades. Particularly striking successes
can be seen in the education sector (Benz 2014). The
literacy rate in the Skardu District increased from 33
per cent in 1998 to 57 per cent in 2013 (Statistical Cell
2013). Meanwhile the advanced school enrolment rate
affects not only boys but also girls (see Fig. 3); however,
there is still a significant gap between the sexes in higher
education.

Concerning infrastructure, in addition to the already
mentioned expansion of roads, the water supply has also
improved in many places through the installation of wa-
ter pipe systems. Proportionally, more people have ac-
cess to clean drinking water in Baltistan than in the rest
of the country (World Bank 2010). A measurable conse-
quence of higher levels of education and improved water
supply are the lower mortality rates in infants, children
and mothers, which are still above the national average
(Statistical Cell 2013).

In addition to the population growth, changed living
preferences have significantly modified the settlement
structures. Increasing urban sprawl is particularly notice-
able in larger agglomerations, which often seals valuable
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Fig. 2. Road in Basha Valley (Baltistan) (Photo: M. Schmidt)

farmland. In Shigar Proper, about three-quarters of resi-
dential buildings are not older than 25 years or have been
modernized (Kreutzmann et al. 2008). Traditionally built
of stone, clay and wood, and thus relatively earthquake-
proof and well isolated, closely built farmhouses with
integrated cowsheds have become rare. Single-storey,
detached residential buildings are preferred today, which
are similar in style to those in the Pakistani lowlands, but
are clearly less insulated.

The expansion of electrification is also progressing
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Fig. 3. Girls High School in Shigar Proper (Photo: M. Schmidt)

rapidly, with the result that more and more settlements
and residential buildings are being connected to the pow-
er grid. This goes hand in hand with the entry of TVs, re-
frigerators, washing machines and computers. Telecom-
munications are spreading at a particularly rapid pace:
in 1998, there were only 25 landline connections in the
entire Shigar Valley that could only be used nationally
via a telephone exchange; in Shigar today, thousands of
households have at least one mobile phone, that provides
low-cost calls worldwide (own surveys). As a concomi-

SIC]



YCTOVHBOE PA3BUTIIE FOPHBLIX TEPPATOPWIA

e ' nas St

-

= L = L

Fig. 4. Porters of a Mountaineering Expedition near Askole (Photo: M. Schmidt)

tant of increased use of electricity and changing living
conditions, a not inconsiderable share of income must be
used to pay the electricity bills, creating a dependency on
regular monetary income.

Region-specific development potential

The cultural and natural uniqueness of Baltistan of-
fers great tourist potential. Gilgit-Baltistan is advertised
as the most spectacular and fascinating region of Paki-
stan (Pakistan Tourism Development Corporation 2015).
In addition to groups and individual travellers, trekking
tourists and alpinists from all over the world visit the
Karakoram, offering the local population various season-
al employment opportunities, such as mountain guides,
porters, cooks or drivers (see Fig. 4). In this way, many
young men in Baltistan earn an important extra income
during the summer months, which roughly equals the an-
nual salary of a teacher. Tourism is now the most impor-
tant economic sector in the region after trade, but is frag-
ile and subject to considerable fluctuations due to road
blocks, negative reports on Pakistan in the international
media or political-military conflicts.

Another more recent source of income is the often
extremely dangerous exploration of precious stones and
minerals. Amethysts, aquamarines, rubies, topazes, tour-
malines and other gems from Baltistan are traded world-
wide. But also the removal of marble for customers in
urban agglomerations provides as niche production in-
comes for a few, who are in mining, trade or transporta-
tion.

Diversified multi-local livelihoods
However, the greatest contribution to individual and,
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indirectly, to regional development is provided by the
mobility willingness of the local population. The reduced
significance of agriculture, the lack of off-farm employ-
ment opportunities, the desire to participate in modern-
ization and the increasing monetization of lifestyles make
it necessary to look for employment and income outside
the region. Already the service in the army has a certain
tradition. Large families send one or more sons to the
army, reducing the pressure on limited land resources.
With severance payment at the end of the military ser-
vice, retired soldiers often make productive investments
in a vehicle or a shop. Educational and labour migration
to urban agglomerations or abroad, especially to the Gulf
States, is also widespread today. The remittances support
the local livelihoods and are increasingly being invested
in the education of children. However, the absence of
household members means a higher workload, especially
for women. What makes things even more difficult is that
traditional ideas about gender-specific division of labour
and the strict separation of the spheres of men and wom-
en make the pursuit of certain activities almost impos-
sible. For example, field irrigation and pasture services
are purely male domains. In the absence of male workers
in the household, some jobs can only be carried out with
the help of arrangements with friends or paid services
(Schmidt 2004).

Today, many of Baltistan's households have nation-
wide and even global networks and pursue multi-local
livelihood strategies. The concomitant build-up of so-
cial capital with a large geographical reach increases the
chances to participate in global prosperity developments.
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Through these networks and the collected impressions,
experiences and knowledge, diffusion of development
impulses occurs. This ultimately leads to changes in lo-
cal lifestyles. Thus, electronic devices become more im-
portant as status symbols and the modified architectural
styles deliberately express the desired or successful life-
style changes. However, social transformation also mani-
fests itself in an increasing unwillingness to participate in
formerly obligatory communal work such as the mainte-
nance of irrigation canals or the provision of services on
mountain pastures.
Conclusion

The predominantly rural high-altitude Baltistan re-
gion stands out against the widespread thesis of stag-
nation and backwardness as a result of dynamic devel-
opments. Through creative adaptive processes of its
residents as well as externally induced measures and
programs, natural development barriers lose their impor-
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BrICOKOTrOpHBIE paliOHBI YacTO PAaCCMAaTPUBAIOTCS Kak
parioHBI 3aCTOsI, Ul KOTOPBIX XapaKTEPHBI €CTECTBEHHBIE U
COLIMAJIbHBIE OIPaHNYEHHs B oOnacTu pa3BuTus. LleHTpans-
HbII Kapakopym — 310 Takast o0s1acTh, B KOTOPOQ THOETCKO-
roBopsnye banTel CTaIKUBAIOTCS C CYypOBOH M BpaXKaeOHOU
IPUPOAHON cpefoi. B COOTBETCTBUM C KJIACCHUECKUMU TEO-
PHSIMH PETHOHAIBHOTO Pa3BUTHUSI BEICOKOTOPHBIE PAHOHBI Xa-
paKTepu3yroTcs (aKTopaMu, NPEMsITCTBYIONIMMHI Pa3BUTHIO,
TaKUMHM, KaK BBIPQKEHHBIH peibed, BBICOKWI IOTEHIHAI
NPUPOIHBIX PHCKOB, HU3Kas IDIOTHOCTH HACEJICHHS M IOCE-
JICHUH WM ci1abasi CeTh TPAHCIIOPTHBIX W KOMMYHHKAIHOH-
HBIX HH(ppacTpykTyp. Ho ceronus LlenTpansHslii Kapakopym
BBIJIEISIETCS] HAa (DOHE MIMPOKO PacIIPOCTPAHEHHOTO TE3UCa O
CTarHali M OTCTAJIOCTH B pPe3yJibTaTe AWHAMHYHBIX IPO-
LIECCOB pa3BUTHUS. biaromapsi TBOPYECKHM alaNlTalOHHBIM
IPOLIECCaM CBOMX JKUTENEH, a TAK)KE BHEIIHIM MEpaM U IIpo-
rpamMMam, Oapbepbl €CTECTBEHHOTO Pa3BUTHS TEPSIOT CBOIO
3HAYMMOCTh M MHOIJA Ja)K€ MOTYT UMETh CBOM IIpEHMYIIIe-
cTBa. PacmmpeHue TpaHCHOPTHOH M KOMMYHHKAllMOHHOH
MH(PaCTPYKTYpPHI U, CIIEI0BATENBHO, ITOBBIIIEHUE JOCTYITHO-
CTH U CO3/IaHHE CETEH SBIISIOTCS BaKHBIMH MPEANOCHIIKAMHI
pacHmypeHyst THAUBUIYAIEHBIX MaclITa00B JESITENbHOCTH U
pa3BUTHS MHIMBHIYaJIbHBIX CHOCOOHOCTEH. B paMkax HbI-
HEIIHUX CTPaTEerHi 00ECIeYeHHsI CPECTB K CYIIECTBOBAHUIO
B 5TOM BBICOKOTOPHOM pEruoHe Bce Ooiyiee BaKHBIMU (hak-
TOpPaMH CTaHOBSTCSI MECTHBIE CETH, COLIMAIbHBIN KaluTall 1
(hopmansHOE 00pa3oBaHHE.
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A COMPARATIVE ANALYSIS OF TWO MOUNTAIN
RESEARCH COMMUNITIES:
INTERDISCIPLINARY AND INTERNATIONAL
AGENDAS

Le Jeune,*
Christine M.

Introduction

As a social-cultural anthropologist seeking to pursue questions of environmental
governance and community agency in Russia, I have become interested in the North
Caucasus as a potential region of focus for future fieldwork. The immense ethnic,
linguistic, and religious diversity of mountain communities in this region make it
highly interesting for anthropological research in general and for examining the vari-
ability of outcomes in local' environmental governance in particular. My interest in
studying North Caucasian mountain communities situates me within a global schol-
arly community? on mountain research, as well as within a regional Russian and
North Caucasian® scholarly community* on mountain research. It is therefore impor-
tant to evaluate the research agendas of these scholarly communities with the aim of
understanding their disciplinary and regional foci, evaluating what the disciplinary
and regional foci say about these scholars’ approaches to their regions of study, and
identifying where the social sciences as a whole and anthropology in particular can
contribute to mountain research in the North Caucasus. In my analysis, [ compare
two peer-reviewed, open access journals that represent the following two groups of
scholars: Mountain Research and Development (MRD), published by the Interna-
tional Mountain Society (IMS) through the Center for Development and Environ-
ment at the University of Bern, Switzerland, and Sustainable Development of Moun-
tain Territories (SDMT), published by the North Caucasian Institute of Mining and
Metallurgy in Vladikavkaz, the Republic of North Ossetia-Alania. I selected these
two journals because they represent the two academic mountain research communi-
ties that I wish to examine, and because they offer a succinct and highly comparable
format for examining and analyzing research agendas.

Theoretical Background

The past decades have seen an increase in global changes that adversely affect
natural environments and the people dependent upon them for ecosystem ser-
vices (e.g. food, freshwater, timber, and energy). Academic and policy-oriented
initiatives have developed in response to concern over the precarious situations
of an increasing number of social and ecological systems. Such initiatives in-
clude the growth of research networks and programs dedicated to the study of
the environment and sustainable development, and agendas by global organiza-
tions such as the United Nations Educational, Scientific, and Cultural Organi-
zation program on Man and the Biosphere and the United Nations Sustainable
Development Goals (2015). These initiatives have recognized the biodiversity of
mountain territories and the significance of these environments for the local and
global population’.

A growing number of scholars from various disciplines have acknowledged
that their own research agendas must reflect the realities of the relationship be-

!'I define “local” more specifically as “municipal”.

2 Otherwise referred to in this paper as the global mountain research community. This global community
consists of scholars located in countries around the world and whose research focuses on mountain areas in
various regions of the world. What unites the global scholarly community, as discussed later, is a common vision
and future research agenda, as well as participation in key mountain research organizations and conferences.

* With a few exceptions that include western European scholars from Germany, Switzerland, Austria, and
France.

4 Otherwise referred to in this paper as the regional mountain research community.

5 As noted, e.g., in goal 51.4 of the United Nations Sustainable Development Goals: “By 2030, ensure the
conservation of mountain ecosystems, including their biodiversity, in order to enhance their capacity to provide
benefits that are essential for sustainable development”. United Nations 2015.

* Departament of Anthropology. University of Florida. Gainesville. USA.
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tween humans and the natural environment. This shift
reflects a practical argument in favor of interdisciplinary
research in that “problems of the world are not organized
according to academic disciplines” (Stember 1991, 2).
Within sustainability science, a key argument in favor
of interdisciplinarity is that “research on complex sus-
tainability problems requires the constructive input from
various communities of knowledge to ensure that the es-
sential knowledge from all relevant disciplines and ac-
tor groups related to the problem is incorporated” (Lang
et al. 2012, 26). In addition to the practical argument,
an intellectual argument in favor of interdisciplinary re-
search is that “ideas in any field are enriched by theories,
concepts, and methods from other fields” (Stember 1991,
2). The practical and intellectual arguments for interdis-
ciplinarity are captured in the use of the social-ecological
systems (SES) framework as a means for examining the
dynamic relationships between humans and their natural
environments (see Fig. 1 and further discussion of the
SES framework below). As its name implies, this frame-
work incorporates the social sciences and the natural sci-
ences to promote an interdisciplinary approach.

The value of this interdisciplinarity is evident in the
depth and breadth of research conducted by mountain
research scholars using this approach, which result in
well-rounded and well-informed analyses. This research
includes studies such as Catherine M. Tucker’s (2008)
examination of dynamic forest landscapes and collective
action in La Campa, Honduras, James S. Gardner and
Julie Dekens’s (2007) work on mountain hazards and the
resilience of social-ecological systems in India and Chi-
na, and Brian K. Hand et al.’s (2018) study of riverscape
management in the Columbia River Basin from a social-
ecological perspective.

In a series of comprehensive studies that highlight
the need for interdisciplinary approaches to mountain re-
search in the North Caucasus, Alexey Gunya (2015) first
discusses the demise during the Soviet era of scholarly
approaches that integrated the study of humans and their
natural environment. He explains how a one-sided ap-
proach that considers only the human or the natural com-
ponent can lead scholars to reach incomplete conclusions,
and demonstrates in subsequent studies the importance
of examining both the social and the ecological systems.
Gunya et al. (2016) examine how the social, political,
and economic changes brought about by modernization
processes affect the local population’s relations to land.
The authors discuss how multiple state and non-state ac-
tors and institutions emerged from the post-Soviet land
privatization process, which led the local population to
develop new informal rules and networks that it could
use to navigate the new institutional and legal landscape.
Gunya takes a deeper look at the institutional condi-
tions that accompany development in Jan Koehler et al.
(2017). The article takes up Elinor Ostrom’s approach to
studying the use of common resources by emphasizing
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the importance of institutions in regulating their use so
as to prevent their overuse and degradation (the “tragedy
of the commons”). The authors apply Douglass North’s
(1990) institutions-as-rules approach, whereby insti-
tutions are the “rules of the game in a society” (North
1990, 3) that include both formal rules such as laws and
institutions enforced by the state, as well as informal
rules that manifest themselves as constraints (e.g. con-
ventions, norms of behavior, and codes of conduct) and
are enforced by “members of the relevant group” (Greif
and Kingston 2011, 14). The article’s detailed analysis
shows how in the context of the North Caucasus, infor-
mal institutions can play an equally if not more important
role than formal institutions. The state should therefore
give greater consideration to informal institutions and
the potential for hybrid formal and informal institutions
if it aims to implement more effective development pro-
grams. Finally, Gunya and Miskarova (2017) apply this
interdisciplinary thread of SES research to a case study
examining the development of the mountainous Elbrus
region. The study applies a social-anthropological ap-
proach by analyzing the dynamic relationships between
the actors, resources, institutions, and landscape in which
the resources are used. The authors findings show that
a complex and competitive relationship exists between
the formal and informal institutions of the state and local
community in the Elbrus region, with different implica-
tions for land use depending upon the ability of the local
community to successfully assert its rights vis-a-vis the
state.
Mountain Research Agenda-Setting

In 2015, scholars from around the world who perform
research in mountain regions gathered for the third time
in Perth, Scotland. Entitled “Mountains of Our Future
Earth: Defining Priorities for Mountain Research”, the
2015 conference was one of a series held by the Cen-
tre for Mountain Studies every five years and purports
to be the “biggest meeting of its kind in mountain re-
search”.! One of the main priorities of the Perth I, II,
and III Conferences, as the mountain research commu-
nity has named them, is to analyze current mountain
research and emerging issues in this research, identify
thematic and regional gaps in this research, and encour-
age a purposeful research agenda that will close these
gaps. The 2015 Perth III Conference evaluated the moun-
tain research community’s progress in taking seriously
these calls for more deliberate research agendas to fill
the identified gaps. In a report synthesizing the outcomes
from the Perth III Conference, scholars performed an
extensive comparative analysis of abstracts accepted to
the 2010 Perth II Conference versus abstracts accepted
to the 2015 Perth III Conference, and tracked changes
in the thematic and regional focus of these submissions

! See The Mountain Research Initiative webpage at <http://mri.scnatweb.ch/
en/events/list-of-all-events-2/events-in-2015/mountains-of-our-future-earth-
conference-2015>. Accessed 25 November 2017.
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(Gleeson et al. 2016). While the scholars identified some
progress with regard to both regional and thematic gaps,
they noted that much work remains to address them:
geographically, Europe remained over-represented and
Africa, North America, and Latin America under-repre-
sented;' thematically, the natural sciences continued to
dominate, while social science, resource management,
and interdisciplinary contributions continued to lag be-
hind (Ibid., 541 and see Fig. 1 below). The top half of
Fig. 1 displays the parts of a simplified representation of
mountain social-ecological systems (SES). As discussed
above, scholars studying complex mountain landscapes
utilize social-ecological systems science to examine is-
sues of global change as they relate to the vulnerability

! Over-represented or under-represented with regard to the number of
mountain areas and people living in mountain areas in a certain region, e.g.
Asia has 36% of the world’s mountain areas and 53% of the world’s mountain
people, but only 19% of the Perth II abstracts (of a total 433 abstracts) and
30% of the Perth III abstracts (of a total 446 abstracts) focused on Asia. See
Gleeson et al. 2016.

Mountain social-ecological

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

of mountain systems and the human communities they
support (Alessa et al. 2018). The SES framework was
originally developed by Elinor Ostrom as a means for
gathering and organizing the findings of scientists across
disciplines, with the aim of promoting an interdisciplin-
ary understanding of how to describe and explain these
complex systems (Ostrom 2009). In the SES framework
pictured in the top half of Fig. 1, the natural sciences are
represented in the green bubble on the right entitled eco-
logical systems, while the social science disciplines are
represented in the yellow bubble on the left entitled socia/
systems. Ecological and social systems both impact re-
source use and management (the middle bubble), which
incorporates the benefits that humans receive from use of
the natural environment (ecosystem services) as well as
the human social systems that influence the choices made
about this use (decisionmaking). The yellow arrows in-
dicate the impacts of global dynamics on the respective
social and ecological systems, and the green arrows in-

Earth system

systems (SESs)
Soclal-ecological
systems
¢ Soclal systems
Population Ecalegical systems
Locioeconomic Biochemivtry
structurg ll
Peltical=instdutional |
R
Impacts of global dynamics (environmental, socloeconomic, political-anstitutional)
Impacts of land system dynamaics
Perth I, 2010 Perth lll, 2015
4%

Al

Fig. 1. Changes in common thematic foci from the Perth II and Perth Il Conferences (Gleeson et al. 2016, 541.)
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dicate the impacts of land system dynamics on the entire
SES framework. The lower half of Fig. 1 displays the
thematic emphases and the thematic shifts that occurred
in mountain research between 2010 and 2015. During
this period, the natural science bias decreased from 34%
to 27%, social science research rose from 10% to 15%,
and research on the interactions between social and eco-
logical systems through resource use and management
increased from 4 to 18% (Fig. 1). Although the scholars
who analyzed the outcomes of the Perth III Conference
welcomed this shift, they still noted that much work re-
mains to close persisting thematic and regional gaps. To
address these shortcomings, the authors recommended
that future mountain research (Gleeson et al. 2016, 545):!

1. Identify and engage with social and policy scien-
tists to expand from biophysical foci into the social and
policy realms.

2. Encourage interdisciplinary collaboration by taking
an integrated systems approach that utilizes the mountain
social-ecological systems framework (Fig. 1).

With regard to geographical under-representation in
research, the authors recommended that mountain re-
search scholars should perform a “rapid review of the
literature, in all languages, to obtain a more complete
overview of the research output and capacity in these re-
gions” (Ibid.). While Russia technically belongs to the
over-represented European geographical category, I ar-
gue in this paper that scholars pursuing research on the
North Caucasus mountain region have remained primar-
ily an insular and exclusive group, and are thus underrep-
resented in the global mountain research community. A
review of the journal Sustainable Development of Moun-
tain Territories (SDMT) contributes to a more complete
understanding of this regional scholarly community’s
past and current research on the North Caucasus moun-
tain region.

Global and Regional Mountain Research
Communities

In a review? of the mountain research literature and
professional organizations dedicated to supporting the
global mountain research community, [ have identified
two organizations that represent the global mountain
research community and the regional mountain
research community. These include the Mountain
Research Initiative (MRI), which organizes the Perth
Conferences, and the International Mountain Society

! Among other recommendations less relevant to the purpose of this paper.

2 The review included literature such as Ariza et al. 2013, Bj6rnsen et al.
2012, Gleeson et al. 2016, Greenwood 2013, Weingartner and Gunya 2016,
Kohler et al. 2015, Messerli 2012, and Schmidt 2017, and journals such as
the Journal of Alpine Research, the Journal of Mountain Science, eco.mont —
Journal on Protected Mountain Areas Research and Management, Mountain
Research and Development, and Sustainable Development of Mountain Ter-
ritories. It also included organizations such as the Mountain Social Ecologi-
cal Observatory Network (MtnSEON), The Mountain Institute, the Centre for
Mountain Studies, the Mountain Research Initiative, the International Center
for Integrated Mountain Development, Mountain Partnership, and the Moun-
tain Sentinels Collaborative Network.
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(IMS), which publishes the journal Mountain Research
and Development (MRD).> Both organizations strive to
integrate mountain scholars from around the world, and
to facilitate collaboration on research across disciplines.*

A noticeable overlap exists between scholars who
engage not only with the MRI and Perth Conferences,
but also with the IMS and MRD: of the 46 total scholars
involved with MRD in an editorial or managerial capacity,
37 are also listed in the MRI community and experts
database (an 80% overlap).® And at least 50% or more of
the authors of the Perth II and III Conference synthesis
papers® are also editorially or managerially involved with
the MRD and listed in the MRI community and experts
database.” In contrast, of the 34 total scholars involved with
the Russian journal Sustainable Development of Mountain
Territories (SDMT) in an editorial or managerial capacity,
only 9 are also listed in the MRI community and experts
database (a 26% overlap), and none are authors of the Perth
II and III Conference synopsis papers. The lack of overlap
correlates with a comparatively low total number (132) of
scholars from Russia represented in the MRI community
and experts database (see Table 1 below).® These figures
indicate that beyond a low level of engagement (132 total
scholars) in the larger mountain research community by
scholars located in Russia, scholars in Russia who stem
from the North Caucasus mountain research community
are particularly underrepresented (9 of 132 total scholars,
or only 6.8%).

The MRI Europe Program’ acknowledges this
underrepresentation in its “MRI Europe Vision”
statement. The purpose of the organization’s “European
node for mountain research” is to “bring together
researchers who might otherwise never meet and
connect scientists from different mountain regions (e.g.
Carpathians and Alps)”.'

* The IMS’s primary function is to publish MRD, and a search for the IMS
website brings up the MRD website only. The two are synonymous with each
other.

4 As noted in their mission statements: The Mountain Research Initiative.
“About MRI”. <http://mri.scnatweb.ch/en/the-mri/about-mri>. Accessed 25
November 2017; and Mountain Research and Development. “Mission and
aims”. <http://www.mrd-journal.org/about.asp>. Accessed 25 November
2017.

*See The Mountain Research Initiative. “Experts Database and Community”.
http://mri.scnatweb.ch/en/people/expert-database-who-is-who-in-global-
change-research-in-mountains>. Accessed 25 November 2017.

¢ A Perth I synthesis paper was never published.

" Gleeson et al. 2016 and Bjornsen et al. 2012. Also see The Mountain
Research Initiative. “Experts Database and Community”. <http://mri.
scnatweb.ch/en/people/expert-database-who-is-who-in-global-change-
research-in-mountains™>. Accessed 25 November 2017.

8 The total number of scholars from Russia is 132, compared to 300 from
France, 364 from the United Kingdom, 387 from Germany, 392 from Italy, 429
from Austria, 1,174 from Switzerland, and 1413 from the United States. These
numbers refer to the location of scholars listed in the MRI database, not their
nationality (although location and nationality are often the same, especially in
Russia). I chose to highlight the numbers of scholars in these countries because
they represent the regions where scholars are otherwise most engaged in the
global mountain research community.

> The MRI organizes regional network programs that focus on Europe,
Africa, Latin America, and the Carpathians.

10 The Mountain Research Initiative. “MRI Europe Vision”. <http://mri.
scnatweb.ch/en/networks/mri-europe/vision>. Accessed 25 November 2017.
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The number of scholars listed in the MRI community and experts database according to country

Country / Cmpana Number of Scholars / Konuuecmeo yuenvix
Russia / Poccust 132
France / ®dpanmms 300
United Kingdom / BennkoOpuranus 364
Germany / I'epmanust 387
Italy / Utamms 392
Austria / ABcTpus 429
Switzerland / IIBetinapus 1174
United States / CLLIA 1413

One of the Europe Program’s long-term visions is to
launch “similar networks in other European eco-regions”
— whereby the Caucasus mountain region is listed as one
of these eco-regions — with the purpose of “enhancing
the overall efficiency and effectiveness of the science
network”.! Development of a network with scholars from
the North Caucasus mountain research community would
also contribute to the MRI Europe Program’s short-term
vision of facilitating “mountain research cooperation
between countries and regions”, assisting local scientists
to “develop regional research strategies”, and raising
the visibility of high-quality research projects with the
aim of attracting funding from institutions such as the
European Union.?

The MRI Europe Program’s vision statement points
to an awareness that the global mountain research com-
munity has not yet connected to the regional community
of scholars engaged in research in the North Caucasus.
This regional group consists of a small community of
primarily Russian and North Caucasian scholars® whose
research focuses on the mountain territory of the North
Caucasus. Geographically, this region consists of the
Greater Caucasus Mountains, which lies between the
Black Sea to the west and the Caspian Sea to the east.
I identify the scholars and research foci in this com-
munity by analyzing 32 publications in the journal Sus-
tainable Development of Mountain Territories (SDMT)
(Yemoiiuusoe Pazsumue [opruix Teppumopuii), which
has existed since 2009 and is housed at the North Cauca-
sian Institute of Mining and Metallurgy in Vladikavkaz,
North Ossetia-Alania. The journal is headed by scholars
known in Russia and Western Europe for their research
on mountain territories and its publications reflect the
research agendas of the regional community of schol-
ars working on the North Caucasus. A map of the geo-
graphical locations of SDMT contributors reveals that
the majority of authors stem from the North Caucasus,

! Ibid.

2 Ibid. Source: Own compilation based on The Mountain Research Initiative.
“Experts Database and Community”. <http://mri.scnatweb.ch/en/people/
expert-database-who-is-who-in-global-change-research-in-mountains>.
Accessed 25 November 2017.

3 Most of these scholars are ethnically Russian or Caucasian, in addition to
being based in Russia or the North Caucasus.
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elsewhere within the Russian Federation, and Eastern
Europe (see Fig. 2 below).
Research Questions and Methodology

Based on the lack of integration between the two
mountain research communities as discussed above, |
perform a comparative analysis of these communities
as represented by their respective journals. Mountain
Research and Development is closely linked to and
representative of scholarly work by the global mountain
research community — the same community that is
active in the MRI and Perth Conferences. Sustainable
Development of Mountain Regions is closely linked to
and representative of scholarly work by the regional
mountain research community on the North Caucasus.

Given the vision of the global mountain research
community to engage with regional mountain scholars
and to fill the regional and thematic gaps in research foci,
I compare the two journals with particular attention to
the regional and thematic differences between them. In
doing so, I ask:

* Is there any regional overlap? If so, does the overlap
have a particular thematic focus?

* What academic disciplines are most and least
represented? Where do the social sciences stand?

* What does a particular thematic focus reveal about
the way that the academic community conceptualizes
the region of its focus (e.g. borders, nature, people,
communities)?

* Where could the regional mountain research
community benefit from collaboration with scholars
from the global mountain research community and vice
versa?

I analyze all 32 issues published between 2009 and
2017 in the journal Sustainable Development of Mountain
Regions, which has existed since 2009. For the sake of
consistency, I likewise take 2009 as a starting point for
analyzing all 37 issues published between 2009 and 2017
in the journal Mountain Research and Development,
which has existed since 1981. Both journals publish an
average of four issues per year.

* SDMT occasionally publishes three issues in a given year, and MRD
occasionally publishes five or six issues in a given year.
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Fig. 2. Geographical Locations of SDMT Authors.
Source: Sustainable Development of Mountain Territories. “The Geography of Authors of the Journal ‘Sustainable Development of Mountain

Territories

Mountain Research and Development

None of the 37 issues published between 2009 and
2017 contained articles that focused on the North Caucasus
or Russia. Only two articles published in 2010 and 2016
respectively focused on the mountain regions of Georgia,
and another published in 2016 focused on mountainous
terrain in the Kyrgyz Republic. Although the articles
found in MRD do represent a wealth of regional diversity!
in terms of research focus and authorship, I found Russia,
the South Caucasus, and Southeast Europe to be one area
of regional weakness. MRD is also diverse in terms of
authorship. Approximately 70%? of the articles are co-
authored by at least two or more scholars from different
institutions located in different countries. Generally, at
least one of the co-authors is located at an institution in the
country of study. For example, in one article authored by
six scholars on the topic of land use in the Himalayas of
Eastern Nepal, one of the scholars is based in Nepal, two
are based in the United States, one is based in the United
Kingdom, and two are based in Switzerland (Garrard et al.
2016). Contributors to MRD articles are affiliated not only
with universities and institutions of higher education but
also with international bodies such as the United Nations
and European Commission, as well as NGOs, research
institutes, national associations, and consulting companies.

Although scholars from a variety of disciplines have
contributed to MRD, a disparity in representation still
exists. Some of the most represented disciplines across
all issues include geology, geography, (human) ecology,
(geo)botany, biology, forest and water management,
forestry, environmental sciences, chemical sciences, soil

! Including countries such as China, Belgium, United States, United King-
dom, Australia, New Zealand, The Netherlands, Italy, Pakistan, Nepal, Austria,
Bhutan, Uganda, Peru, Ethiopia, Germany, Norway, Spain, Czech Republic,
Poland, Slovakia, Ukraine, Romania, Switzerland, Thailand, Turkey, Benin,
Tajikistan, Afghanistan, India, Mexico, Myanmar, Japan, Ecuador, Guatemala,
Philippines, Bolivia, Rwanda, Tibet, and Eritrea.

2 Based on a calculation of the authorship of all articles published between
2009 and 2017.
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”. <http.//naukagor.ru/en-gb/Geography>. Accessed 25 November 2017.

and water conservation, and agricultural research. Some
of the less represented disciplines include economics,
anthropology, political science, sociology, history,
philosophy, linguistics, religion, and archaeology.
Although scholars from the social sciences and
humanities make regular and visible contributions to
MRD, they remain underrepresented. And despite high
levels of co-authorship, most collaboration occurs along
disciplinary lines (e.g. geographers collaborating with
geographers from other institutions and countries).

Most articles have a regional or country focus and
center on issues such as resource management, tourism,
species diversity, climate change impacts, hydrology,
irrigation,  democracy, governance, community
livelihoods, protected areas, biodiversity, land reform,
and environmental change. Occasionally, articles take
a global focus and discuss mountain environments in
general on topics such as forest science and forest policy,
or climate change adaptation strategies in mountain
communities. MRD’s issues vary in their format between
an “open issue” that touches on a variety of themes,
and a “special issue” or “focus issue™ that centers on
a particular topic such as biodiversity, gender and
sustainable development, family farming in mountain
regions, and water governance in mountains. Despite
existing overrepresentation of certain disciplines,
MRD nevertheless maintains diversity in the thematic
and regional focus of its articles. In an open issue, it
is not uncommon to see articles such as “Regional
Assessment of Recharge Elevation of Tap Water Sources
Using the Isoscape Approach”, “Habitat Ecology of
Ophiocordyceps sinensis in Western Nepal”, “Albertine
Rift Conservation Society Network: A Sustainable
Mountain Development Hub for Africa”, “Asian Sacred

3 Although both the special issues and the focus issues center on a particular
topic, the focus issues tend to have a more practical application than the special
issues. For example, the topic of the latest focus issue from August 2017 is
“Mountain Forests and the United Nations’ Sustainable Development Goals”.
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Natural Sites: Philosophy and Practice in Protected Areas
and Conservation”, and “Linking Up the Alps: How
Networks of Local Political Actors Build the Pan-Alpine
Region”.! Such publications demonstrate the thematic
and regional diversity that the global mountain research
community aims to promote and further expand, as the
MRD mission statement also reflects:?

The overall mission of Mountain Research and
Development is to foster sustainable development in
mountains by supporting peer-reviewed interdisciplinary,
disciplinary, and transdisciplinary research on
mountains, developing scientific capacity, capitalizing
on development experiences, promoting policy dialogue,
and strengthening networks within the mountain
community.

Sustainable Development of Mountain Territories

In comparison to the MRD mission statement, SDMT
“illuminates fundamental and applied regional, national
and international research and provides a platform to
publish original full papers and related reviews in the
following areas: engineering, earth science, economic
science in the field of sustainable development of
mountain territories”.> As this statement indicates,
contributors to SDMT stem largely from engineering,
technical, and natural science disciplines, which results
in research and publications focused largely on geo-
environmental and engineering aspects of mountainous
terrain that discuss the ability to exploit the natural
resources found in this terrain and to build man-made
infrastructures upon it. Outlier articles include research
by scholars in medicine, economics, tourism studies,
human geography, anthropology, political science,
sociology, history, philosophy, linguistics, religion, and
archaeology.

Unlike MRD, SDMT has a dominant regional focus
on the North Caucasus. SDMT began bilingual English-
Russian publication with Volume 7, Number 1 in 2015,*
and since then the journal has published a handful of
publications on regions other than the North Caucasus,
such as the European Alps or the Ukrainian Carpathians.
A slight amount of regional overlap between the two
journals does exist within this handful of articles focused
on regions other than the North Caucasus, but where this
regional overlap does exist there is little to no thematic
overlap. Such a small number of overlapping articles

! These articles were published in the May 2017, Volume 37 Open Issue of
MRD.

* Mountain Research and Development. “Mission and aims”. <http://www.
mrd-journal.org/about.asp>. Accessed 25 November 2017.

* Sustainable Development of Mountain Territories. “Editorial policy”.
<http://naukagor.ru/en-gb/about/structuremagazine>. Accessed 25 November
2017.

* I would assume but need to verify that bilingual publication began in an
effort to increase the international visibility and reach of SDMT. The bilingual
format includes a cover page and table of contents in both Russian and English,
and an English or Russian abstract of each article, depending on the language
of the original article (e.g. if the article is written in Russian, the abstract is
written in English and vice versa).
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are ultimately insignificant and provide too little data to
draw any conclusions about similarities and differences
in regional and thematic approaches.

Given the insular nature of the regional mountain
research community as evident by its lack of overlap with
MRD and its low level of engagement with the global
mountain research community through the MRI and the
Perth Conferences, I now take a closer look at the thematic
foci of the articles published in SDMT and examine what
these research agendas reveal about the way that this
regional academic community conceptualizes the North
Caucasus with regard to its borders, natural environment,
people, and communities.

As discussed above, the SDMT's thematic foci
revolve much more around the natural, technical, and
engineering sciences than the thematic foci of the MRD,
which — while still prone to unequally representing
certain academic disciplines — are comparatively more
balanced and representative of a number of disciplinary
approaches. A common theme across SDMT issues is
the question of how scientific knowledge of geological
and geographical phenomenon can be utilized to exploit
the natural mountain environment for human use. The
authors often use economic development to justify
this exploitation, which includes the following forms:
extraction of mineral and other natural resources,’
installation of man-made infrastructures, and exploitation
of the nature for the purposes of tourism and recreation.

Articles in SDMT often do not make note of internal
borders within the North Caucasus. Again, this is related
to the fact that SDMT's contributing scholars stem
primarily from the engineering, technical, and natural
science disciplines. Scholars from these disciplines
often do not delineate the internal regional borders of
the North Caucasus or consider the social, political, and
historical factors that contributed to the formation of
these borders. Instead, the maps display the entire region
as one and delineate it only according to the geological,
technical, or other phenomenon under examination. An
example of this type of delineation and appears in an
article co-authored by physical geologists on the topic
of “Geochemical fields of rocks and soils of the Greater
Caucasus: An evolutionary approach and research
methods” (Degtyareva et al. 2017).

In contrast, scholars who publish in SDMT from
underrepresented disciplines including economics,
anthropology, political science, sociology, history,
philosophy, linguistics, religion, and archaeology more
readily acknowledge regional, ethnic, and linguistic
borders in their publications. An example of this attention
to internal borders appears in an article published by
an economist on the topic of “Mountain Territories
of the Republic of Dagestan: Economic Potential and
Development Institutions” (Askerov 2016). A focus on

>Such as mining, oil extraction, and freshwater extraction.
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the mountainous territory while ignoring regional borders
is problematic in this region, which has a long history
of interethnic tensions and territorial disputes. Such a
history grants great importance to the borders existing
within the region and these should not be swept aside,
regardless of how irrelevant the scholar deems attention
to these borders to be for her research.
Conclusion

The above discussion of scholarly contributions to
SDMT highlights an ongoing imbalance in contributions
across disciplines. To break away from this approach,
the regional mountain research community could benefit
immensely from contributions and interdisciplinary
collaboration with scholars from the social sciences and
humanities. Scholarship from these disciplines would
reinsert the human-environmental relationship into the
equation. Currently, none of the articles that focus on
the various forms of exploitation discussed above reflect
deeply on how communities might be affected by these
plans. What benefits and drawbacks will the extraction
of mineral and other natural resources, the installation of
man-made infrastructures, or the exploitation of nature
for the purposes of tourism and recreation have for
communities and individuals living in the areas where
such plans will be carried out? How will their environment
be altered in the process? Who is implementing and
carrying these plans out (e.g. the Russian state, a private
stakeholder, or a joint public-private stakeholder), and
how will any conflicts that arise between the actors
pursuing these plans and the communities affected by
them be mediated? Anthropology is particularly well
suited to engage with these questions at the local level by
use of ethnographic field methods and through its holistic
approach to understanding the human condition.

This analysis also reveals the need for greater
engagementwiththe globalmountainresearchcommunity.
Such collaboration would prove advantageous for both.
The regional mountain research community would
benefit from collaboration with global mountain research
scholars from the humanities and social sciences if it
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YToOBI MOHATH, KaK AHTPOIMOJIOTHS MOXET CIOCOOCTBO-
BaTh TOpPHBIM HccienoBanusiv Ha CeBepHom KaBkase, B
CTaTbe AHAIN3UPYIOTCS HAYYHO-HCCIIEAOBATEILCKUE IPO-
rPaMMbI PETHOHAJIBEHOTO POCCHHCKOrO0 TOPHOTO HAay4YHO-HC-
CJIE/IOBATEIHCKOTIO COO0IIECTBA U Ooiee KPYIMHOTO II00aib-
HOTO COOOIIECTBA TOPHBIX UCCIIeNOBaHUM. [Iyisl mpoBeneHUsI
9TOr0 aHajIM3a B CTaThe OMPEHCICHBI B PELICH3UPYSMBIX
JKypHaJa OTKPBITOTO AOCTYMa, KOTOPbIE MPEICTABISIOT 3TH
JIBE TPYIIIbI YUCHBIX: «[ OpHBIC HCCIIEIOBAHHUS U Pa3pabOTKH
U YCTOMYHBOE PAa3BUTHE TOPHBIX TeppuTopuii». CpaBHEHHE
TOPHBIX HCCICIOBAHUN, IPEACTABICHHBIX B ATUX XKypHaaX,
npeuiaraeT CKaThIi H COMOCTABUMBIH (popMar IJisl H3y4eHUsI
U aHaNM3a HCCIIeNOBATEIbCKUX Mporpamm. B cratbe Brep-
BB 00CY)KIAeTCsi METONONOTHYCCKUI Mepexon K OoJbIieit
MEXTUCLHUIUTHHAPHOCTH B PaMKax MI00aIEHOTO COO0IeCcTRa
TOPHBIX HCCICIOBAHMN. DTOT COBHUT MPOHM3O0LIET, KOra y4e-
HbIC, M3yYalOIIUe CIIOKHBIC TOPHBIC JAHAMADTEI, TOHSIH,
YTO JJIsl M3yYECHHS BOMIPOCOB IIO0ATBHBIX M3MEHCHHUH HE0O0-
XOAMMO H3y4YaTh KaK YeJIOBEUYCCKHE, TaK U MPUPOAHBIC dJIe-
MEHTBI, KOTOPBIE B3aUMOJCHCTBYIOT H BIHSIOT APYT Ha Ipyra
B TMHAMUYHBIX COLUATbHO-IKOJIOTNYSCKHX OTHOLICHHSIX.

3aTeM B CTarhe PAacCMaTpUBACTCS CTCIEHb, B KOTOPOIl
KaXXJJ0€ HCCIIENOBATEILCKOE COOOIIECTBO IPOBOINUT MEHKTHC-
[UIUTHMHAPHYIO UCCIIEI0BATENIbCKYIO MIPOTPAaMMY H MEXKIyHa-
POOHOE HAayYyHOE COTPYAHHYECTBO. AHAIM3 yIaCTUS B MEXK-
IOYHApOIHBIX M MEXIUCLMIUIMHAPHBIX CEeTAX M JKypHalax
TOPHBIX HCCIEC0OBAHUI MOKA3bIBACT, YTO POCCHUICKHE YUCHBIC
MMEIOT HU3KHI YpOBeHb yuyacThs. Kpome Toro, myOaukanuu
9THUX YYCHBIX COCPEIOTOYCHBI MPEXKIE BCEr0 Ha CCTECTBCH-
HBIX, TCXHUYCCKHX M MHKECHEPHBIX HAayKax, MPAKTUYCCKH HE
HUMCIOIHUX COTPYAHHUYECTBA CO CTOPOHBI COLMATBHBIX HAyK.
CraTbsl 3aBepLIaeTCsl 3aMEYaHHSAMH O TOM, KaK HECI0co0-
HOCTb YYHTHIBATH COLMATBHBIC SIEMEHTBI MOXKET OBITH MPO-
OJIeMaTHYHON M PEKOMEHAAIMSAMHU IJIsl TEPBBIX ILIATOB IO
6onee 3(h(HhEeKTHUBHOMY Pa3BHUTHIO JOJITOCPOYHBIX MEKITYHA-
POIOHBIX U MEXAUCUHUILIMHAPHBIX CBs3eil B OyayieM. BeiBox
TAK)Ke CTABHUT BOMPOCHI IS OyIylIMX MCCICAOBaHHH, KOTO-
pbIe HEe MOT'YT OBITh PACCMOTPEHBI B PAMKAX CTAThH.

KiroueBblie clI0Ba: rOpHBIC HCCICIOBAHHS, aHTPOIIOJIO-
IHs, COLHANbHBIC HAyKH, €CTCCTBEHHBIC HAyKH, COIHAb-
HO-9KOJIOTHUYECKHE CHCTEMBbI, MEXIUCIUILTMHAPHOCTb, MPO-
rpaMma HCClieJOBaHHH
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TEXHNYECRVE HAYRI

ENGINEERING

Ecnu ov1 2 3axomen yumamao, euje ne 31as OyKe, IMo 066110 0bl Heccmbiciuyell.
Touno max ce, eciu 0bl 2 3axX0Men CyOums 0 A6J1CHUAX RPUPOODL,
He uMes HUKAKOZ0 NPeOCMAgIeHUs 0 HAYanax eeueil, 3mo 0vl10 66l MaKoil yce deccmuicauuel.

Muxaun IOMOHOCOB

OCHOBA YCTOMYMBOIO PA3BMTMA
PCO-ANAHUS —  NoprynBC,

3ToTtesB 1.,

FTOPHOOOBbLIBAIKOLWAA OTPACIHIb | “uyn yan

HUctopust mpomblinuieHHON pa3paboTtkn CaJOHCKUX MECTOPOXKIACHUN Hacuu-
TeIBaeT nout 200 neT. Bee 310 BpeMs pynoBMeIAIONIye MOPOIbl COXPaHsIIN OT
OOpyIIEHHUS ITyTEM OCTABJICHUS PYAHBIX LEJIUKOB, YACTUYHOE U3BJICYCHUE KOTO-
PBIX CONPOBOXKIAIOCH NPUMEIIMBAHUEM IIYCTBIX TIOPOJ K PyAE HWIIH pa3yOoKuBa-
HueM pyn [1-3].

[Ipu oOoramennu pya U3 TOPHOH Macchl H3BJIEKaIaCh TOJIBKO YacTh MOPOJ, a
OCTaJIbHAs YacTh BMECTE C PyJHBIMH YaCTHLIAMH COCTABJIATIA «XBOCTBD», KOTOPBIE
CO BPEMEHEM IIPEBPATHUIINCh B TEXHOTEHHBIE MECTOPOKICHHUS.

Co BpeMeHeM Ha CaZJlOHCKHX PYIHUKAX HAKOMUIOCH OKOJIO 7 MITH. T XBOCTOB,
KOTOpBIE CTalIH MOCTOSHHO ACHCTBYIOIIUM PEaKTOPOM XMMHUYECKHX MPOLECCOB
3apakeHUs OKpy’Karolei cpenbl He Toabko pernoHa PCO-Ananust, HO U npuiie-
raromux pernoHos Kaskasa, Ora Poccun u Kacrus.

[TonbITKM W3MEHHUTH TEXHOJIOTHIO Pa3pabOTKH MECTOPOXKICHHUH, B TOM YHC-
e, U IepepabOTKU XBOCTOB, CIEPKHUBAIOTCS HE TOJIBKO YIKOHOMHYECKHUMHU CO00-
POKEHHUAMH, HO U HECIOCOOHOCTBIO TPAIUIIMOHHBIX TEXHOJIOTHH OOOrameHus,
KOTOpBIE M3BJICKAIOT TOJBKO LENEBBIE A JAHHOTO MECTOPOXKIEHHUS METAILIBI, a
OCTaJIbHBIE OTIPABIIAIOTCS B XBOCTHI.

[IpoGnema Ge3oTx0MHON M pecypcocOeperaromeil pa3paboTKi MOXKET OBITh
pelIeHa ¢ UCTOIb30BaHUEM HOBBIX TEXHOJIOTHI TOOBIYM U MepepaboOTKH, CyII-
HOCTb KOTOPBIX CBOAMUTCA K CIEIYIOIUM MOJ0KEHUIM:

- noOprya 6oraThIX pya TPaIULMOHHBIMU TEXHOJOTHAMHU C OTIIPABKOM Ha 3a-
BOJICKYIO IIepepaboTKy M 3aKiIajKa IIyCTOT TBEPACIOLINMH CMECIMU;

-BbIILENIAYMBAHNE METAIJIOB U3 OeTHBIX Py 0€3 U3BJICUECHHS UX Ha 3EMHYIO O-
BEPXHOCTh U HCIIOIb30BAHNEM XBOCTOB JUIS TOAEPKAaHHsI TOPOJAHOTO MAacCHBa;

-riepepaloTKa y>kKe HaKOIUICHHBIX XBOCTOB C MPEBPALICHUEM UX B TOBAPHYIO
MPOAYKLHUIO TOCIIE U3BICUEHUS METAJJIOB U COJIEH TEXHOJIOTUSAMH, OCHOBAaHHBI-
MU Ha MEXaHOXUMHYECKOW aKTUBAI[MM C U3MEHEHHEM CBOWCTB.

I'opHonoObIBaroLIEe HANPaBICHUE TPOMBILIICHHOCTH OCETHH KOTa-TO yCKO-
pWIIO BXOXKJIEHHE €€ B CEMBIO HapoAoB Poccuu 1 Bcerna Onpenensio ee S3KOHO-
MUYecKoe cocTosiHUE. [IpnarHON Kpu3nca roOpHOM OTPACIH MOCIYXKHIO TO, YTO

!JIoHeUKHiT HALIMOHAJIBHBII TeXHUYECKHH yHUuBepcurer, I. Jloneuk, Joneukas Haponuas Pecry6nuka,
*e-mail: borshevskiy@gmail.com

*HaumnoHabHbIN TEXHUYECKUi yHUBepcHTeT, I. Kpusoii Por, Ykpanna

3VHuBepcuTeT ropHOro Jena u reonorun "Ce. Usan Punbckuii”, . Codus, Bonrapus

“Kuraiickuii reosiornueckuii yuusepeuter, r. [lexun, Kurait
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

CTpaTernYecKrue MeTalUIbl JOOBIBaJM C JTOTHPOBaHUEM
TOCYapCTBOM, He yTpyXaas ceOs paIuKaIbHOH MoJep-
HU3ALUEN TEXHOIOTUH.

YMEHBIINTH TEXHOTEHHYIO HArPY3Ky XBOCTOB 000Ta-
IICHUS Ha OKPYXKAIOIIYI0 CPely C IONyYeHHUEM DKOHO-
MUYecKoro dddexra MOKHO yTunuzanueit xsoctoB. Ho
WCIIOJIH30BATh XBOCTHI, HAIIPUMEP, B CTPOUTEIHHON HH-
JlyCTPUH HEJNb35 M3-32 OCTATOUYHOTO COACPKAHHUA B HUX
METAJJIOB U CEPHI.

W3Bneuenue 1eneBbIX KOMIIOHEHTOB U3 XBOCTOB HYXK-
naeTcs B 000CHOBAHHMM TEXHOJIOTHYECKOM BO3SMOKHOCTH
1 DKOHOMUYECKOH IeIeCO00Pa3HOCTH C YUETOM JKOJIO-
THYECKHUX aCTeKTOB M PHIHOYHBIX OTHOIIICHUH.

Llensro ucclieqoBaHUS SKOHOMHUYECKUX U SKOJIOTHYe-
CKUX acIeKTOB pacCMaTphBaeMOr0 HAIpaBIICHHS SBIISI-

eTcsi 000CHOBaHHE DKOJIOTO-dKOHOMHUYECKOH 3(deKTHB-
HOCTH TEXHOJIOTHI OXpaHbl OKPYKAIOIIEH Cpedpl MyTeM
YTHJIM3AlUU XBOCTOB JOOBIYN U MEPepadOTKH Py/ HETpa-
JHALMOHHBIMH METOJAMH Ha OCHOBE BBIIIEIaYUBAHMSL.

Teoperndeckoe 00OCHOBaHHE NPUPOAOOXPAHHOCTH
TEXHOIIOTUH yTHIIM3AIMH OTXOJOB O0OTaIlleHus AOCTH-
raeTcs peleHueM 3a/1ad:

- ACCIIeIOBaHUE Iy TeH yCTPAaHEHUS OTIACHOCTH OKPY-
JKaroLlel cpene;

- aHaJIU3 BO3MOXKHOCTH HCIIOJIb30BaHHUSA OTXOI0B IS
CTPOUTEINHCTBA;

- YCTaHOBJICHHE JKBWUBAJICHTHOCTH BSXKYIIUX IPH
YTHIIU3AIUN OTXO/IOB;

- WCCIIeJIOBaHUE TMapaMeTPOB MPHUPOIAHOTO BHINIETA-
YHUBAHMS XBOCTOB;
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Fig.1. Scheme of electrochemical extraction of metals from solution
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- pa3paborka >PQEKTHBHBIX TEXHOJOTHH yTHIIN3a-
LIU1 XBOCTOB.

Hdns  pemieHus TOCTaBICHHBIX 3a1ad HCIONb3Y-
0T KOMIUIEKCHYIO METOAMKY, OCHOBY KOTOPOH COCTAaBJIsI-
10T aHAJIU3 CYILIECTBYIOLIETO MOJIOKEHHsI, UCCICIOBAaHIE
9KOJIOTO-3KOHOMUYECKHUX ACIEKTOB YTWJIM3ALUH XBO-
CTOB, IIPOTHO3 U 3KCIIEPTHAS OLICHKA.

Co3nanue 0€30TXOAHBIX TEXHOIOTUH yTHIIN3ALH-
€l IPOMEXXYTOYHBIX MPOLYKTOB AOOBIYM CTAJIKUBACTCS
¢ TpynHocTsiMu. Tak, Menkast pakuus XBOCTOB oOora-
LICHUS] IPUTOJHA Ul CTPOUTEIHCTBA B BUIE IIEOHS U
MecKa, B TOM 4YHCIE, Il W3TOTOBJICHHUS TBEPICHOLINX
cMeced mpu 3akianke mycTtor. KpynHas ¢paxuus mpu-
roJHa AJIsl UCIOJIb30BaHus B Buae meOHs u rpasusi. Ho
HCIIOJIB30BaTh COAEP KAaIlMe METAJJIbl XBOCTBI HE TOJIb-
KO HE BBIOZHO SKOHOMHYECKH, HO U omnacHo. [Tlostomy
ycIiex JaHHOTO HAlpaBJICHUs 3aBUCHUT OT OCBOCHHS TEX-
HOJIOTHMH BBIIIETaYNBaHHUS.

Ha TEPPUTOPUU PecrryOnukn CeepHast
Ocerus-Ananust xpanurcss 10 10 MJIH. TOHH XBOCTOB
o0oraieHus 1 MeTaJTypruueckoro nepeaeia 1-4 kiac-
coB onacHOCTH. [IpobieMa HaKoOIIEHUS OTXOIOB MUHE-
paJIOB COCENCTBYET C APYroi mpobiemoil: aeduuurom
CTPOUTENIbHBIX MaTepuaioB. [lo3ToMy Hanu4ue TeXHO-
JIOTMYECKH IOATOTOBJICHHOIO CBIPbS, KOTOPOE MOXKHO
YTWIM3UPOBATh JUISI CTPOUTENBCTBA, MPUBJIEKAET BHU-
MaHHe. JTO OTHOCUTCS K XBOCTaM oboraieHus Musyp-
CKOll oborarutensHON (GadpuKu, OTKyIa CTPOUTEIIBHBIE
MaTeprabl MOXKHO JIETKO JOCTaBIIsATH Ha 00bekThl Ce-
BepHO# 1 FOxuO# OceTnn, OnaroycTpanBaeMbie B paM-
kax nporpammsl “I'opsl Ocetun”.

Okcroryaranus CagoHa Obuta Hawara B 1863 1. 3a Bpe-
M$ 3KCIUTyaTalMd MECTOPOXKIEHHS MOTEpU METAIOB B
no6bITOM pyne coctaBuiu 20%, a pa3yOoKuBaHUE PyIbl
nopoaoi — 40% [4-6]. Konauuu Ha MeTaw1 yMEHbIIH-
JIMCH 3a 3TO BpeMs Ha 2 nopsaka. [losropHas pazpaboTka
MECTOPOXKACHUS — OZHA U3 IIEPBBIX B TOPHOM IPaKTHKE
CCCP 06pu1a Hadata B 1942 1. 1 mpofoIpKanachk B BHIE
OCHOBHOM €ATENbHOCTH BIUIOThH A0 MOJTHOM OCTAaHOBKU
MIPOM3BOACTBA IOCJIE M3MEHEHUSI CTPAaTErHH MPOU3BOI-
ctBa B 1990 .

YMeHbLICHHE COIepKaHUs METAIOB B OaJaHCOBBIX
pyZax ¥ BOBJEYEHHE B OOOralleHHE YHNOPHBIX MeTaj-
JIOHOCHBIX MMHEPAJIOB CHU3WIO H3BJIEUCHUE METaija
U3 PYI U CIIOCOOCTBOBAJIO POCTYy OOBEMOB XBOCTOXpa-
HWINILA, TIOATOMY B CBOE BpeMsl BO3HMKIA Mpobiema
CTPOUTENILCTBA BTOPOH OYEPEAM XBOCTOXPAHMJIHILA
it CalOHCKUX PYIHUKOB. XBOCTOXpaHWIMIIE BOJIW3U
PeKH ApIOH HE MOKET NPEJOTBpAIlaTh MONaJAaHue Po-
IOYKTOB 000TraleHus B OKPY>KaIOIIyI0 Cpey U SBISIETCS
MPEAMETOM IIPOEKTOB €r0 JIMKBUAALIUH.

Teopust u IpakTHKa UCTIOIB30BAHUSI OTXOIOB IPOM3BOA-
CTBa pa3paboTaHa TpylaMH akaJeMHuKoB AromkoBa M.I.,
Kotenxo E.A., Jlomonocosa I'I,, Ilpranosa M.H., I1lecra-
koBa B.A., Octpoymko M. A. u MHOTHX Jipyrux [7-9].
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Puc. 2. Cxema u npunyun pabomosi 0e3uHmMezpamopHoll
VCMAHOBKU: a — cxema; 6 — 0gudicerue Yacmuy 6 pabouem
opaane; 6 — pabouas cxema: P, P,— paccmosnus mencoy
yenmpamu 06yx coceonux navyes kpyea, R, R ,— paduycet
Kpyea nanvyes; O— pa3Mep YacTHIIEI 00padaTbIBaeMoro
Marepuana /
Fig. 2. Scheme and principle of operation of the disintegrator
installation: a — scheme; b — the movement of particles in the working
body,; C—working scheme: P P, = the distance between the centers
of two adjacent fingers of the circle; R, R ,— the radius of the finger
circle; Ol - the particle size of the material to be treated

AHajui3 HalpaBJICHUN MCII0JIb30BaHMs XBOCTOB IIOKA-
3BIBACT, YTO 00BEM MX YTHIM3AIMM IOKA €Ille MaJl, PU
3TOM OCHOBHOE MPEMATCTBHE ISl YTHIIN3ALUN — HU3Kas
aKTUBHOCTh M OCTaTOYHOE COJICPIKaHUE METAJLIOB. BoJib-
IIMHCTBO XBOCTOB YTHJIM3HPYETCS 0€3 M3BJICUCHHS ME-
TaJUIOB, YTO SBJISICTCS MAJUTHATUBHBIM PEIICHUEM.

Teopus BeIle/IauMBaHus Pyl Oblia pa3paboTaHa BO
BTOPOH TOJIOBHHE MPOonuioro Beka. C Tex Iop OHa Io-
JIy4uJia pa3BUTHE MPH J0OBIYE HanOOJIee JIETKO BCKPBI-
BaeMBIX DY 30JI0Ta, ypaHa, MEIX U JPYTUX METaIOB
[10-12].

[lpu 3amMeHe CTaHOAPTHOTO BSKYIIET0 — ILEMEHTa
— aKTUBHBIMU (DpaKIUSIMHU XBOCTOB OOOTaIl[CHUSI OITH-
MaJIbHOE COYETAHUE 3aIIOJHUTENS, [IEMEHTa U T00ABOK
HAXOJUTCS [0 KPUTEPHUIO MTPOUHOCTH MTPH PACXOJIe TOPT-
JIAaHJLIEMEHTA ¢ J00aBKOM rpaHyIUPOBaHHBIX IIJIAKOB.

HauGonee TpyaHbl Ui YTHIM3alUU YIOPHBIC U
MHOTOKOMITOHEHTHBIC XBOCTBI 00oraieHusi. Hamu nepe-
pabortaHo mo 1 M3 XBOCTOB Ka)k0i M3 000TraTUTEILHBIX
(adpuk. M3 pacTBOPOB MMOCIIEI0BATEIILHO IIUHKOBOM IIbI-
JIBIO ¥ KAJILIIMHUPOBAHHOMN COMOM OCaXIaiu Melb, Ke-
JIe30, CBUHEI, IUHK.
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Puc.3. Kombunuposannas paspabomka mecmopoxcoenus. 1 — bocamule pyovl; 2 — 6edHvie pyosi; 3 — Kyua svliyenauuganus,; 4 —
PYOO-KOHMpONbHAs CINAHYUsl, 5 — oboeamumenvhas cmanyus,; 6 — 3aK1a00uHblll KOMNIEeKe, 7 — yex npu2omoeieHis pacmeopos
peazenmos /

Fig. 3. A combined field development: 1 —rich ore; 2 — copper ore; 3 — heap leaching; 4 — rotocontrol station; 5 — processing station; 6 —
stowing facility; 7 — plant the preparation of solutions of reagents

ConaHoil kucnoTo# 3a 60 MUH. B pacTBOp mepeBee-
HOo: 1mmHKa — 100 1, cBHNA — 30 1, Menu — 60 T, skeme3a
— 116 r nm cootrBeTcTBeHHO — 45, 26, 38 11 12 % ncxoxn-
HOT'O METalla.

Pabounii opran ycTaHOBKH IUPKYISIIHOHHO-TIOPIIU-
OHHOTO THIIA —3JIEKTPONAIIN3ATOP U3 TTAKETOB, AHWOHH-
TOBBIX MeMOpaH reHepupyeT aHonuT ¢ pH2 u oxucnm-
TEILHO-BOCCTAHOBUTENBHBEIM moTeHiraioM 1100-1200
M3, KOTOpPBI aHAJIOTHYEH PACTBOPAM KHCJIOT, a KaTOJIUT
¢ pH 11,4 — pactBopam menoueit (puc.1).

O} PeKTHBHOCTh aKTHBAIIUN OIICHUBAETCS 0 W3Me-
HEHUIO NIPOYHOCTH OeTOHa. BeToH ¢ mpeXHWM COOTHO-
LICHUEM BSDKYLIUX U 3aIllOJIHUTENEH, B Bo3pacTe 28 nHel
uMmen npouHocTs yxe 2,7 Mlla. Dddexr npupamenns
akTuBHOCTH AOocTUT 20% 1O CpaBHEHHIO ¢ 6a30BBIM 3HA-
YEHHEM.

JesunTerparop npencraniseT co00il yCTaHOBKY, Ha
CTaHWHE KOTOPOW CMOHTHPOBAHBI BUTATEIN POTOPOB.
B kop3mHe pae3uwHTErpaTOopa MPOUCXOIUT AaKTHUBAIUSL
MpOIIeCcca BHIIETaYNBaHIS METAJLTOCOAEPIKAITIX MITHE-
paJioB (puc.2).

YcTaHOBIIEHO, YTO OCTOH C 3aITOJIHUTENIEM U3 XBOCTOB
oboraIeHus yIoBIETBOPSET CTPOUTEIHHBIM TPeOOBaHH-
SIM, @ XBOCTBI MOTYT CIYXXHUTb 3allOJHHUTEIEM PH H3T0-
ToBIEeHNH OeToHOB Mapku 100 u BeIIIe.

Jns moramenust OonmpImMHCTBA MycTOT CaTOHCKHX
MECTOPOXKICHUH TIPUTOAHBI TBEPICIONINE CMECH IPOY-
HocThio 0,5-1,5 MIla, npuueM yBenuu€HUE MPOUYHOCTU
cMmecei oneHuBaetcs ko3ddunuentom 1,15 — 1,25.

[Ipy onMHAKOBOM COOTHOIIEHWH M KauyeCTBE KOM-
MTOHEHTOB TBEPJCIOIIEH CMeCH ee MPOYHOCTh MPH KOM-
IJIEKCHOM akTUBauu yBennuusaeTcs Ha 30—40%.

AXTHBaIUS XBOCTOB OOOTaIleHHs] aHOIUTOM 3JIEK-
TPOXMUMHUYECKONH 00pabOTKH OOecrieYrBaeT M3BJICUCHHE

10 60% ocTaTOYHBIX METAJIOB, YTO MO3BOJISET HCIIOIb-
30BaTh XBOCTHI IIPH M3TOTOBICHUH OETOHOB M TBEPICIO-
mux cmeceit [13-16].

[IpuponooxpanHoi cxeMOl yTHIM3ALUH ABISIETCS KOM-
OMHMpPOBaHWE TPAAWLIMOHHBIX TEXHOJIOTHH MOITOTOBKU
CBIPbs, TEXHOJIOTHI aKTHBAlMK B OBICTPOXOIHBIX ammapa-
Tax ¥ TEXHOJIOTHH BBIIETaYMBAHUS METAILIOB (puc.3).

PagukanpHOE cokpaleHre 00beMOB XBOCTOB B Xpa-
HWINIIAX 00ecrneynBaeTcsl MPH MX BBIMIEIAYMBAHUN B
aKTUBaTOpax ¢ u3BjeueHneM 10 60% MeTanIoB U coyel,
YTO TMO3BOJISIET UCIOIB30BaTh BTOPUYHBIE XBOCTBI IS
W3TOTOBJICHHS TBEPACIOMINX CMECEe NPOYHOCTHIO A0 1,5
Mlla npu 3KBUBaJICHTHOCTH 4 KI' aKTUBUPOBAHHBIX XBO-
CTOB M | KT LIeMeHTa.

3¢ eKTUBHOCTh TEXHOJOTHH YTHIM3AaLUU XBOCTOB
OTIpeeNsieTcs peleHHeM MaTeMaTHYeCKOi MOJEH Mo-
PaOKEHHUS OKpYXKaloLled cpenpl MO 3KOHOMUYECKOMY
KPUTEPHIO, KOTOPBII 3aBUCUT OT KOPPEKTHOCTH TEXHO-
noruit 1oObun u epepadbotku [17-20].

B xone uccnenoBaHus yCTaHOBJICHBI J€KBaTHbIC 3a-
KOHOMEPHOCTH YIIPaBJISIEMOTO TEXHOJIOTHYECKOTO BhIIIE-
JIAYMBaHUSI XBOCTOB C KOPPEJSILMEH MEX Iy KPYITHOCTBIO
XBOCTOB, CKOPOCTBIO BBIILEIAUMBAHMS U TEPUOANIHO-
CTBIO IIPOIIECCOB BCKPBITHS HIEMEHTAPHOTO KyCKa.

[omyueHbl 3aKOHOMEPHOCTH UCIIOIb30BAHHUS BTOPHY-
HBIX XBOCTOB JUISl M3TOTOBJIEHMS TBEPACIOIIMX cMeceil
npouHocThio 10 1,5 MIla ¢ ucronszoBanuem (heHOMEHa
9KBUBAJEHTHOCTH AKTHBUPOBAHHBIX XBOCTOB M LIEMEHTA.

VYcTaHOBJIEHBl 3aKOHOMEPHBIE CBSI3H MEXIY JKOJIO-
ruell TOPHOIPOMBILIUIEHHOTO PETMOHA M TEXHUYECKUM
YPOBHEM TOPHOTO MPOM3BOACTBA M pa3paboTaH Mexa-
HU3M PETYIHPOBaHUS 3TUX OTHOLICHUH.

[IpakTuueckasi HEHHOCTh BBIMIOJIHSIEMBIX ATl pealu-
3allMM KOHLEINH paboT COCTOUT B CIEAYIOIIEM:
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MCXOAHOE Chipbe
100% M + peareHT

dKTHEHPOBAHHbIE
¥eoctel 50% 0,076
MM

NpoAYKLUHOHHBIA
pacreop 70% M +
AKTHBHMpPOBaHHbIE
XBOCTbI

Puc.4. Oynxyuu desunmezpamopos: 1 — ons npueomognenusi 6emonuvix cmecetl; 2 — 015l U3GNeUeHUs MEMAIo8 U
npu2omosnenus bemonnvix cmecet /
Fig.4. Functions of disintegrators: 1— for the preparation of concrete mixtures; 2 — for the extraction of metals and the preparation of concrete
mixtures

- TMPEAJIOKEHBI HETPAIUITUOHHBIE TPOIECCHI BhIIIe-
JIAYUBaHUSI XBOCTOB IIyTEM BOBJICYCHHUS UX B IIPOU3BOJ-
CTBO;

- o00oCHOBaHAa MeETOJMKAa OIpeAeTCHUS Tapame-
TPOB KOMOWHHPOBAaHHOW MEXaHOXMMHUYECKOW aKTHBa-
[IUY, TIOBBIIAFOIINX TTPOYHOCTH TBEPCIOIINX CMecel Ha
OCHOBE XBOCTOB;

- pa3paboTaHa METOIUKA OMpEICIICHUS SKOHOMMYeE-
CKOM 3 PEKTUBHOCTH BOBIICUEHUS XBOCTOB B ITPOU3BOJI-
CTBO.

Y4acTOK MOATOTOBKM OTXOAOB K YTHJIM3aLUU XBO-
CcTOB 00OraleHuss OTINYAeTCs OT M3BECTHBIX KOMILIEK-
COM ISl TIPUTOTOBIICHUSI OETOHOB M CMecCeH, BKIIFOYast
aktuBaropbl. OH MOXET OBITH TIOCTPOCH U 000pyIOBaH
MEeXaHU3MaMH, KOTOPBIE BEITYCKAIOTCS CEPUIHO WIIH U3-
rOTaBJIUBAIOTCA COOCTBEHHBIMHU CHIIAMH.

JlesuHTerparop. Marepuan JocTaBisieTcsl Ha BepX-
HIOI0 OTMETKY, MPOXOMUT CUTO ¢ oTBepcTHsMu 20 MM
U TomnanaeT B yCcTaHOBKY. [IpomyKTsl W3MensieHus Ha-
MIPABIISAIOTCSA B TEXHOJOTHUYECKYIO IIETIb.

OyHKINY Ae3UHTETpaTopa MPH YTHIN3AIUN XBOCTOB
oOorarieHus sl MPUTOTOBJICHHUS TBEPICIONINX CMecei
JlaHbl Ha puUC.4.

YcTaHOBKa 3IEKTPOXUMUYECKON akTuBauuu. s npu-
TOTOBJICHHSI aHOJTUTA TP KOMOMHUPOBAHHON aKTUBAIIUU
XBOCTOB HCITONIB3YIOT ITPOMBIIIIIICHHBIE YCTAHOBKH.

OnTuMaabHOM CXEMOU yTHIIM3AlUK SIBISETCA BapH-
aHT C aKTHUBAIlMEH KOMIIOHEHTOB CMECEH Ha OCHOBE KOM-
OMHHUPOBaHUS TPAIUIIMOHHBIX TEXHOJOTHUH MOIATOTOBKHU
CBIPBS, TEXHOJIOTUH MEXaHWYECKOW aKTUBAIMH B OBI-
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CTPOXOAHBIX ariiaparax TUTA IE3UHTErPaTop U AIEKTPO-
XUMHYECKHUX TEXHOJIOTHH MepeBo/ia METAJUIOB B PACTBOP
Y U3BJICYCHHS UX U3 PacTBOPA.

Komrieke mo mepepaboTke XBOCTOB MOET OBITH I10-
CTPOEH Ha MpoMILToImaaKe Mu3ypckolr 000raTUTEThHON
¢abpuxu. OH BKIIIOYaeT B CBOM COCTaB APOOMIIBHO-CO-
PTHPOBOYHOE OTHAEJICHHE, IIeX MO H3BIICYCHUIO MeETal-
JIOB B PacTBOP W U3 PACTBOPA M 3aKJIAJOYHBIN KOMILIEKC
B paMKax eIWHON TPaHCIOPTHO-KOMMYHHKAIIMOHHON
CETH.

OpHEeHTUPOBOYHBI 00BEM CTPOWTENHCTBA U3 YC-
J0BUSL rooBo MomHocTy npeanpustus 200 TeIC. T:
20%10x10 M B TpeX YpOBHSX.

Hcnonr3oBanne pekoOMEHA0BaHHON TEXHOJIOTHH 00e-
CIIEUMBAET pa3paboTKy 3amacoB MecTopoxaeHnit CamoH-
CKOW TPyMITBl ¢ MUHAMH3AKUEH yrpo3bl IS OKPYKaro-
el cpenpl Ha MPUHITUIAX pecypcocOepekeHus u 0e3-
OTXOIHOCTH.

OcBoeHHE B MEPCIIEKTHBE KOMOMHUPOBAHHOHN TEXHO-
JIOTUH JOOBIYH C M3-BIIEYCHUEM Ha MOBEPXHOCTH U 3a-
BOJICKOH TTepepaboTKOl OOTaThIX PY/l U BBIICTadYNBAHH-
€M TIOJ] 3eMJIeH U B Ky4daX Ha IMOBEPXHOCTH OCTHBIX Py
MO3BOJIUT COKPATUTh BbIX0J XBOCTOB Ha 30—40%, KoTO-
pbie OymyT repepadaThIBaThCsI MO MPEIOKEHHON CXeMe.
B teuenne 15-20 net MOXXHO mepepadOTaTh HAKOILICH-
HbIE XBOCTHI B palioHE C. YHaJ.

Bropuunbie XBOCTHI TiepepaboTKH, OTBeYas TpeboBa-
aHusm [1JIK, ynpounsrot 6a3y cTpouTenbHON HHITYCTPUU
CesepHnoii u FOxHoi Ocetnn, obecriednBas IEHIeBBIMU
WHEPTHBIMU 3aIIOJTHUTEIISIMHU.
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ITponyKkThl epepabOTKH XBOCTOB 00OTAIICHHS ITPE/-
CTaBISIFOT cO0O0# LIEHHBIN TOBap, peanu3alus KOTOPOro
obserdaer (h)MHAHCOBOE COCTOSIHUE OCHOBHOTO TMPOM3-
BOJICTBA.

Jonrocpounslit 23pPexT nposiBIsIeTcs B BO3IMOXK-
HOCTH JKCIUTyaTallud MECTOPOXICHHH 0e3 CTpou-
TEJIbCTBA BTOPOM OYEPEAN XBOCTOXPAHUIIUILLL, ITOTY-
YeHUH HOBBIX (PMHAHCOBBIX MOTOKOB U pPaTuKaib-
HOM O3JI0POBJIEHUH OKPY’KAIOILEH Cpeibl HE TOJIBKO
PCO-Ananus, HO U Ipyrux peruoHoB CeBepHOTro
Kagka3za u IOra Poccum.
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The purpose of the article is to substantiate the need to
develop the framework conditions for self-cost production,
which can be the basis economy betterment in the region,
by justifying the ecological and economic efficiency of
environmental protection technologies through the utilization
of tailings production and ore processing.

Methods. Evidence includes generalization and critical
analysis of publications, results of technological and economic
research, expert evaluation and scientific forecasting of
development prospects.

Results. The information about the history of industrial
development of Sadon deposits and the problem of accumulation
of ore processing tailings, which became a source of chemical
contamination of the environment. The problem of waste
accumulation is characterized. The concept of non-waste and
resource-saving development of fields using new technologies
is described. A reference is given to the theory and practice of
using production waste with detailing the direction of extraction
of metals by leaching the tailings of enrichment. The principle
of operation of the disintegrator with the activation of the
process of leaching of metal-containing minerals is described.
The direction of combination of traditional technologies of
preparation of raw materials, technologies of activation in
high-speed devices and technologies of leaching of metals
is detailed. Natural connections between the ecology of the
mining region and the technical level of mining production
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are established. It is shown that the effect of the concept
implementation is manifested in the extension of the field life,
obtaining new financial flows and radical improvement of the
environment.

Summary. The basis of economy betterment could be
combined technology of field development with rational
combination of elements of traditional and new leaching
technologis. Economics of mining can be improved creating
the adjacent marketable products after metalls extraction from
the tailings.

Keywords: mining industry, metal mining, leaching
technology, region, conversion.
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ESTIMATION OF THE RELIABILITY
OF THE VENTILATION CONTROL
SYSTEM AT THE MINING SITES

"Tran Viet Anh.,
ZKlyuev R.V.,
2Bosikov LI.,*
2Tsidaev B.S.

Relevance. The intensification of mining operations in the underground mode,
the increase in the depth of development and the associated complication of the
ventilation network of modern mines, the increase in gas evolution, dust genera-
tion, heat generation and the uneven distribution of these in time and space require
the solution of the issues of further improving the ventilation of mine workings in
order to improve the safe conditions and productivity labor [1-5].

The solution of the problem of further increasing the efficiency of ventilation
can be achieved by rational and timely redistribution of the air supplied to the mine,
i.e. on the basis of management of ventilation of mines. Managing the ventilation
of mines will improve working conditions, improve safety techniques, increase
extraction of minerals and reduce energy costs for ventilation.

With the set goal and tasks, we will investigate the problems of further increas-
ing the efficiency of the technical system of the mining complex, develop an inte-
grated system, assess the reliability of the ventilation control system, and mine and
mine mining sites in mountainous areas [3—12].

The mine 18 is presented on Figure 1 (Rostov Region, Russia).

Formulation of the problem. The breakdown into components of limited com-
plexity arise in connection with the layout of the control system (CS) in structural
units, limited in volume and in the number of external links. Since the volume of
the structural unit is practically limited, in each block, when assembling the circuit,
only a plurality of such elements can be placed, the total volume of which does not
exceed the capacity of the block. In addition, the building blocks are connected to
each other with a different number of connections. This imposes a restriction on
the number of external links of each block with elements of other blocks. The for-
mally considered problem reduces to splitting a specially introduced graph, which
is a suitable model of the scheme under consideration to subgraphs of bounded
complexity [6—-11; 17].

The mining site of the longwall 31 is presented on Figure 2.

Development of an integrated system. We begin by describing a specific vari-
ant of the algorithm G3 enumerating in the graph F all possible g-compatible sub-
sets of the given set of vertices Q € V, that are unions of some maximal dense sub-
sets of O and containing a given vertex ¥, Q. The algorithm works in the proposed
variant in the construction of the graph of the F' * result successive contraction in
the graph F’ of each maximal dense subset 4 € Q to some one vertex v, such that
different such subsets contract to different vertices in the enumeration in graph F *
of all g-compatible subsets of some set Q * containing some vertex V", and in the
replacement of each such subset B by the union of maximal dense subsets of O *_—
O, contracted by the construction of F * to the vertices v¥e B. The set Q * here
consists of all those vertices in the graph F' * to which the different maximal dense
subsets of Q (including the one-element subsets) contract, and the vertex in F ¥, to
which a subset containing vo is contracted. The enumeration of q-compatible sub-
sets of O * containing the vertex V * is trivial-by successively (in order of increas-

ing cardinality) enumeration of all subsets of O * containing v*< B and selecting

"Department of Geoscience-National Taiwan University IGS-Vietnam Academic of Science and Technology
2North-Caucasian Institute of mining and metallurgy (State Technological University), Vladikavkaz, Russia
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Fig. 1. The mine 18 (Rostov Region, Russia)

among them those subsets that are g-compatible in F *. The construction of the graph F*, the set Q, and the vertex
v, is carried out simultaneously with the construction in F of maximal dense subsets of Q by means of the following
simple algorithm G4, which follows from the properties of the disjointness and connectivity of such subsets and the

density conditions for the union of dense sets [13; 14; 16; 18].

Algorithm G4
F*=F Q"=W"v,e 0}, v, =v, 0 := {v} for each vertex v, e Q.
1.1:=1.

2. If the /> | Q| , then n. 5; otherwise /:=[+1.

3. We select in O * another subset 4 of cardinality f connected in ' * and satisfies §4; on the exhaustion of all such
AcQ" a return is made to point 2.

4. If in the column F'3 4, € 4 (¢(4)) < g(4)), then subsection 3; otherwise the set A contracts in /" to some vertex
V, that is accepted in the case v,* € A with v * in the new box F*, Q":=(Q"- A)U{V }, O, = UQ, and v*€ 4 the transi-
tion to p. 1 is carried out.

End: the resulting graph F~, array Q", superlative v,* and subsets O "C Q, contracted to the vertices v* € Q" and
representing all possible maximal dense subsets of Q form the result of the operation of the algorithm.

The contraction of the subset ACV to one vertex, which appears in the description of the algorithm, consists in
identifying, among themselves, all vertices in 4. Formally, the result of this operation is achieved by the following
sequence of actions:

1) all vertices of the set 4 are removed from the set of vertices of the graph under consideration;

2) anew vertex v, with a weight equal to the sum of the weights of the removed vertices is added to the remaining
vertices of the graph, in this case we say that 4 contracts to v ;

3) from the set of edges of the graph all edges incident to vertices in 4 and not incident to vertices outside of 4
are deleted;

4) in the remaining edges of the graph, each vertex of 4 is replaced by the vertex V/, without changing the weights
of the edges;

5) of all identical edges possible as a result of the indicated substitution, one edge with a weight equal to the sum of
the weights of the edges being replaced is preserved. In addition, it is permitted (with a view to simplifying the graph's
image) to delete any node node incident to no more than two edges, together with the edges incident to it. Moreover,
if the removed vertex is incident to edges of the form 4/ and km, then a new edge /m with weight / is introduced into
the graph or the weight of the existing edge Im increases by /. This simplification, obviously, does not affect the final
result of the solution of the problem under consideration [17-21].

Let's illustrate the work of the algorithm by points, for example, the graph F, shown in Figure 3, with the set of
element vertices V= {1, 2, ..., 12}. Weights of edges, other than 1, are shown on the graph by the numbers of the cor-
responding edges.

Let 0= {1,5,8,9,10, 11, 12}, g=7 and V =1.

0.F:=F, Q"={I", 5%, 8, 9, 10", 1I", 12"}, v, *:=1, O .:=={1}, O..:={5},
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0,.={8},..,0,,.={12}.

1-2. [:=2.

3-4. As a result of a successive search of connect-
ed in F * subsets of cardinality 2, there is a subset 4 =
={11 *, 12 *}, which contracts in F* * to the vertex v, =
=(8, 9, 10) *, after which Q": — {17, 5%, 8", 9%, (10)", (11,
12)},0,:={U, 12}

1-2. [:=2.

3-4. There is no dense subset O * of cardinality 2.

2. :=3.

3-4. There is a set A = {8 *, 9 * 10 *}, which con-
tracts to the vertex v, = (8,9, 10) *; as a result of Q"=
={I', 5%, (8,9, 10)", (11, 12)"}, O, -={8, 9, 10}.

5. As a result of the search of subsets of O * of cardi-
nality 2, 3 and 4, there is no subset 4 — Q" with a property
that satisfies the contraction condition, therefore:

6. The result of the algorithm is the Se;[ Q* =[x Fig. 2. Mining in the longwall 31 (Karaganda coal basin,
5%,(8,9,10) %, (11, 12) *}, the subsets 0"={l} O, ={5} Kazakhstan)
Oiso10:— 18,9,10} and O, ..~ {11, 12}, representing all

possible maximal dense subsets of O, V=1 and the graph F* * shown in Figure 3.

7. Enumerating subsets of Q' * containing v,"=/, checking them for g-compatibility (for ¢ = 7) and replacing each
such subset by a union of the elements entering into it, we obtain the set G3(Q)={{1}, {1, &, 9, 10}, {1, 11, 12}, {1,
5}}.The vertices i and j of the graph F are said to be quasi-adjacent in F if they are adjacent in F| or there is a vertex
in V-V, that is adjacent to vertex i and vertex ;j and is not adjacent to any other vertex. We introduce the following
notation for certain subsets of element vertices in any graph H obtained from the graph F by contracting to single
vertices of certain subsets of vertices in V'

B={i:q(i)>q},

B = {/: i and j are quasisim- essent in H A w + w<wuq(i)> q(ij)};

B'={i:ieBAB,#0};B/'=1{jjeBAq(ij)<q}.

Letthe set D = {{i,j} q(i,j) <q A w+w <w }, then the algorithm G3 for constructing the initial partition R of the
set V, into (g, w) — compatible subsets is formulated as follows way [16-19].

Algorithm G3

0.R :=,W.=G

1. If B=O, then item 3; otherwise, if B'=(, then item 4, otherwise, select a vertex ie B’ with the largest ¢ (i) and
for it the vertex j B' with the smallest sum (w,+ w) if B' =, or the vertex j € B, with the smallest q(i,)), if B, = O.

2. The set {i, j} contracts to one vertex, the resulting graph is taken as W and p. 1 is satisfied again.

3. If D #J, then some of the sets {i, j} € D contracts to a single vertex, the resulting graph is taken for W, and
§3 is again applied to it, otherwise all those subsets of vertices in F that eventually turned out to be bounded to the
vertices of the graph ¥, and also the one-element subsets of all other vertices of the graph F that are not involved in
the contraction are declared classes of the partition R,

4. End: R is the result of the algorithm G3.

The answer R =(J means that the given algorithm can not (due to the locality of its character) find a partition of
the set V/ into (g, w) — compatible subsets or there is no such partition at all.

Note that, in view of assertion 5, the inequality ¢(i) > q(i, j) for i, j € V, is possible only if the vertices i and j are
quasisimis — sive in the graph F. This explains the selection rulej for i in §1 of the algorithm c the goal of contracting
the pair {i, j} to one vertex.

Let us demonstrate the work of this algorithm on points by the example of the graph depicted in Figure 3 for
g = 7 and w = 12. We calculate the previously required quantities: g (a) =7, g (c) =8, q (d) =9, q (g) =9, q (h) = 6,
q(c,d)=06,q(ch)=10,q(e)=6,q(e,g =8 q(gh =38

0. B={c, d, g}#J, B={d}, B 7{c}, Bg={e}, B'={c* d, g}#. The vertices i = d and j = ¢ are selected.

2. The set {c, d} contracts to one vertex v . The result of the contraction is shown in Fig. 3,a. In this graph,
q(v,)=6, q(g, v, J)=I3.

0. B={g}#J, B = {e}, B={g}#3. The vertices are selected i=g u j=e.

1. The set {e, g} contracts to one vertex v_; The result of the contraction is shown in Figure 5,c. In this graph,
q(vgg) =8, q(a, v,/ =8, qav_, veg) = 12, q(h, v, =T.

1. B={veg}, B ={h}, B'={veg}7é®. The vertices I = Ve J = h are chosen.

veg
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2. The set {h, v_} contracts to one vertex v__; The re-
eg egh

sult of the contraction is shown in Fig. 5,c. In this graph, 0 —— 9
q (x) < g for each x and ¢ (a, vegh) = 6.
1. B#Q.

2.W={{av,} }# and the set {aq, Vegh} contracts
to one vertex v, the contraction result is shown in Fig-
ure 5,d. In this graph, W =0

3. The result of the algorithm is the partition R ={{c,
d}, {a, e, g, h}}. Below we describe another algorithm
G4 for constructing the initial partition Ro of the set V,
in the graph F into (g, w) — compatible subsets, which in
some cases delivers a more accurate solution [15-18].

Algorithm G4

Let X/ =V, then the step i (i > 1) of the algorithm is 1
as follows. We choose some vertex y € X'; We construct /

two maximal (g, w) — compliant subsets X, X, — X7, con-
taining the selected vertex y; a subset with the greatest
sum of weights of vertices in it is taken as the class X, 12
of the required decomposition R ; the set X"'*/= XX

is computed; if it is not empty, step i+/ is performed;
otherwise the partition R is constructed. The subsets X,

and X, are constructed using the following two algorithms R/ and R2, respectively. The algorithm R/ for any set ¥
c V,and a given vertex y, € Y first constructs the maximal w-compatible subset of 4 containing y , which is typed
consecutively by including in its original subset A={y,} (for the time being this) each vertex j €Y-4, for which
Wj+w(A )<w and the number g(AU{j}) has the smallest value. Then, by permutation of pairs of quasiperactive verti-
ces, one of which belongs to A and is not equal to y , and the other is contained in ¥-4, the greatest possible decrease
of g (4) is made. If as a result of such permutations g (4)> g and 4 # {y,}, then by successive elimination from 4 each
time of sueh a vertex j # y , for which g (4- {j}) is minimal, the inequality ¢ (4) < q. Then, if possible, the extension
of the resulting (¢, w) incompatible set Z by including some elements of Y—4 into it [18-21].

The algorithm R2 differs from the algorithm R/ only in the way of constructing the original w-compatible set 4,
while the remaining actions in it coincide with the actions of the algorithm R/. By definition, let S’ (v )= {y,} and for
any positive integer 1 8’ (y )= 8", (S, (v,)), where &', (Z) for any ZC Y is the set of all vertices in Y, quasi-adjacent
vertices in Z. Then for the initial w-compatible set 4 in the algorithm R2 we take a set obtained from B = S’Y v,
for ] =] w/wyO [ by successively excluding from each vertex j different from y, and minimizing the value g(B — {j}),
which terminates when the inequality w (B) < w is satisfied [15-18].

In addition to the above notation, the description of algorithms uses the following: Y, *(4)= {i: i €Y-A \w (4) +
Tw <w).

Algorithm R1

0. R={y,}.

1.If Y "(A)#D, then subsection 2, otherwise a certain
vertex a € Y, "(4)with the smallest value g(4u{ay}),
A:=Au{a} and p. 1 is satisfied again.

2. We choose (if possible) some pair of quasimexes in
F of vertices i €4 andj €Y-A, i #y_ such that w(4)—

—wrw, S wAqAU{i{i}) < g(A4), A:=4 Vijj-{i}
and subsection 2 are satisfied again; If there are no such i
and j, then the next action of this algorithm is performed.

3. If g(A) < g, then subsection 4; otherwise, for
A #{y,} thereisavertex b €4, t# ,, with the smallest
value q(A-1b}), A:=A-{b}, and again §3; if A={y },
then A:= J and p. 5.

4. A vertex i€ Y, '(4) with the property g(4U{i}) <gq,
A:=Auv {i} is found and the point 4 is repeated again; if Fig. 4. The result of the algorithm

Fig. 3. Graph F with a set of elementary vertices

120 T.10. N21(35), 2018 T



SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

Fig. 5. Stretching to one vertex

there does not exist such a vertex i, we perform step 5.

The end; 4 is a (¢ and w — compatible subset of Y
containing the vertex v the result of A # means that the
given algorithm can not construct (g, w) — the compatible
subset of ¥ containing y_, or there is no such subset at all
[15-18].

Algorithm R?2 differs from algorithm R/ only in items
0 and 1, the rest of the actions in it coincide with the ac-
tions of the algorithm R/.

Algorithm 42

0. t:=]w/wyo [, A:=S‘y(y0).

1. If w (4) <w, then subsection 2, otherwise the ver-
tex of yeA, y # y_ with the minimal value of g(4-{y}),
A:=A — {y} is chosen and again one of the points 1 .

2. 2-5. We will implement 2-5 of the algorithm R/

Conclusion. Based on the studies carried out, the fol-
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lowing conclusions can be drawn:

- Partitioning into components of limited complexity
with the layout of the control system by venting the min-
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B HacTosiiee BpeMsi OTCYTCTBYIOT HE TOJIBKO ITPAKTHYE-
CKHE, HO ¥ TEOPETUIECKHE METO/IBI pacdera 3(h(heKTHBHOCTH
(DYHKITMOHMPOBAHUSI CHCTEM, KOTOPBIE MOTYT H3MEHSTHCS
CIlyJaifHBIM 00pa3oM depe3 KOpOTKHE MHTEPBAJbl BPEMEHH.
V3meHeHne BBIIONHAEMBIX CUCTEMOH (yHKIHMI Bcerna mpu-
BOIUT K U3MEHEHUIO €€ CTPYKTYPEI.

CyIIecTBYIONIE METOIBI HE 00SCIIEUNBAIOT BO3MOKHOCTb
pacdera HaIe)KHOCTH COBPEMCHHBIX CHCTEM, OOJIaJaroIInX
OOJIBIINM KOJIMYECTBOM COCTOSIHAH W CIOXKHBIMH CBSI3SIMH
Mexay HuMH. [IpakThdecknm He paccMaTpHBajiCS BOIIPOC
MOJICTUPOBAHKS COOCTBEHHOTO BPEMEHH IKHU3HH CIIOXKHOM
CHCTEMBI, KOIZIa €€ 3JIEMEHTHI Pad0TaloT HE OAHOBPEMEHHO.
[TonoOHast kKapTUHA UMEET MECTO U B OTHOIICHUH TUHAMUYIHO
M3MEHSIOIIEHCSl TPAHUIIBI MEK/Ty OTKA30BBIMH U PabOTOCIIO-
COOHBIMH COCTABIITIOIINMHE. 3a[1a4H TAKOTO YPOBHSI CIOXKHO-
CTH B TEOPHUH HA/IC)KHOCTH HEIOCTATOYHO U3y4eHHI. Pemenne
MEPEYHCICHHOTO Kpyra mpooiieM Ype3BhIYaiiHO aKTyalbHO B
HacTosIIee BpeMsl.

B crarbe onuchIBaroTCs HCCJICA0BaHUA TPOBOAUMBIC aB-
TOPaMHU Ha rOpHOAOOBIBArONMX MpeanpusiTusix CeBepHOro
KaBkasa un Kazaxcrana.

Ieasr mccneqoBaHmii — OLIEHKA HAJEKHOCTH CHCTEMBI
yapaBJ€HUA BeHTPIJ'IHIJ,PIeﬁ Ha I[O6bl'-IH])IX y4dacCcTKax maxT u
PYAHHKOB B YCIIOBUSIX TOPHBIX TEPPUTOPHUHM.

3aga4u uccaeJ0BAHUN:

— IMPOU3BECTU KOMIIOHOBKY CXCMbI ynpaBna}omei& CHUCTEC-
Mbl BEHTWIAIHWU B KOHCTPYKTUBHBIC 6J'IOKI/I;

- YCTaHOBUTDH CBOMCTBA IJIOTHBIX MHOXKECTB, C IIOMOIIIBIO
KOTOPBIX HEOOXOIMMO JI0Ka3aTh YCJIOBHUS PEANN3alMU aJIro-
pPUTMa IEPEYUCICHHS U ONEPaIlK COKPAIIECHUS.

ITocTapneHHbIe 3ajaull PEIIAlOTCs HA OCHOBE KOMILIEKC-
HOTO HCCJIEJJOBaHUS MPOOIEM MOBbIMIEHUS 3 (HEKTUBHOCTH
TEXHUYECKOM CHCTEMBI TOPHOAOOBIBAIOIIETO KOMILIEKCA.
Just aToro paspadbarbiBaeTcs WHTEIPUPOBAHHAsl CHUCTEMa
OLICHKU HAACKHOCTU CUCTEMBI YIIPABJICHUA BeHTHJ’IHIJ,PIeﬁ Ha
}106I)ILIHI)IX yJacTKax mMaxT U pyAHHUKOB B YCJIOBHAX TOPHBIX
TEPPUTOPUH.

Pe3yabrarbl ncciaenoBanmii. Pazpaborana MHTErpUpo-
BaHHasg CUCTEMaA OLCHKU HAAC)KHOCTHU CUCTEMbBI YIIPABJICHUSA
BeHTHHﬂLII/ICﬁ, Ha L[OGI)I‘IHI)IX y4dacCcTKax IaxT U pyAHUKOB.
Pa3paboran anroputM, OCHOBaHHBIH Ha MOCTPOSHUH rpada.
Pegynprar mocienoBaresibHOTo CTSATUBaHUS B rpade Kakao-
IO MaKCHMaJbHOTO IUIOTHOTO MOJMHOMKECTBA K HEKOTOPOH
OJHOH BepIIMHE 3aKII0YaeTcs B TOM, YTO pa3Hble IMOIAMHO-
JKECTBA CTATMBAIOTCS K pasHbIM BepuivHaM. [lonmydeHHbIE
AJITOPUTMBI MOTYT YCIICIIHO IMTPUMEHATLCA IIPU IMOJITHOM aHa-
JIN3€ yCTOﬁ‘lHBOCTH Cprﬁ OTACIBbHBIX HE3aBHUCHUMBIX BEHTHU-
JIAOUOHHBIX YYaCTKOB U HC6OJ'II)H_II/IX maxTt. bojee IIHUPOKOEC
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WCIIOJIb30BaHNE pa3pab0TaHHBIX B MHTETPHPOBAHHON CHCTE-
M€ KPUTEPUEB M AJITOPUTMOB BO3MO)KHO ITOCIIE YIPOICHHUS
CXEM TI0 MpeJIaracMbIM METO/IaM.

KoaioueBbie cioBa: anroput™, rpadyk, JeKOMIO3UIINS,
OLICHKAa HAJISKHOCTH, CHCTEMa BEHTHIIIUH, 3(dexTrs-
HOCTb, ()YHKIIMOHUPOBaHHE, COBMECTHMBIC ITOMHOKECTBA
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NEPCNEKTUBbLI AUBEPCUDUKALINA
TEXHOJIOM'M 0OBbl4 METAINNOB
B PCO-ANNAHUA

Ope6eHwTeaT K.,
Tonuk B. U.*
2OmuTpak 0. B.

Beenenue

Pecriybnnka CeBepnast OceTus-AnaHus pacroiaracT MOIIHBIM TOPHO-TIPO-
MBIIUICHHBIM MTOTEHITHaIOM (puc.1).

JloObrua u mepepaboTKa MUHEPAIHHOTO CHIPBS BCET/a Oblila OCHOBHOM JIESATEIb-
HOCTBIO HACEJISFOINX PETHOH HApoJI0B. B HOBeliel nctopun rpagoo0pa3yonmm
npennpustueM CeepHoit Ocetnn O6bu1 CaOHCKUH CBHHITOBO-ITUHKOBBIA KOMOH-
Hat (CCLIK). CeBepnast Ocetus obecrieurnBaia oTpeOHOCTH B METaIIIaX C MEPBBIX
JIET BXOXKICHUS B ceMblo HaponoB cHauana Poccuu, a 3atrem CCCP. beuto Bpems,
korna Ocerus yaosierBopsuia morpedroct Poccun 1 CCCP B CBUHIIE TOTHOCTHIO

¥ B LIMHKE Ha 2/3.

B pesynsrare sxonomuueckoit pedopmsl 90-x ronoB CCLIK, kak 11 O0IBIIMHCTBO
JOTALMOHHBIX NPEANPHUATHH, MPAKTHUECKH MPEKPaTUiI JOObIUY PyAbl, HE B CHIJIaX
KOHKYPUPOBaTh Ha PHIHKE METAIJIOB B CHIIy OCOOGHHOCTEH CBOETO PasBHUTHS, Kak
CTpaTernyeckoro oobekra. BocctaHoBIeHHE SKOHOMHUUYECKOTO TOTEHLIMANa TOPHO-
JOOBIBAIOIIEH SIBJISIETCS OMHOM U3 IPUOPUTETHBIX MPOOIEM Pa3BUTHS U YKPEIUICHHS
nernpeccuBHON skoHOMUKH CeBepHoit Ocerun [1-3].

[IpakTrka TOPHOrO NMPOM3BOACTBA CBHUAETENBCTBYET, YTO YacTh J0OBIBAIOLIMX
NPeANPUATHI HAXOIUT BBIXOA U3 CIIOKUBIIEHCS CUTYallud B JUBEPCU(PUKALINHY TeX-
HOJIOTHH 100bIYM U nepepaboTku pya. OMHUM U3 pealbHBIX HANPaBICHUH OXKHBIIE-
HUSI IPOU3BOACTBA SIBJSIETCS] KOMOMHUPOBAHUE TEXHOJIOTHI M3BJICUEHHS METAJUIOB
C UCIIOBb30BaHUEM METOIOB BBILIETIaYMBAaHUS B OJIOKaX, Ky4ax U AC3UHTErparopax.
[TnoHepHbIe UCCIEOOBAHMUS 3TOIO HAPABICHUsI OOHAPYKUIN UX NEPCIEKTHBHOCTh
B YCJIOBUSIX IIPOUCILEIINX U3MEHEHUH COCTOSIHUSI MUHEPAJIbHO-CHIPbEBOH Oa3bl pe-
THOHA.

AHAJIN3 NOCTeTHUX UCCIENOBAHNN U MyOIUKAINT

[IpoGneMbl COBEpILICHCTBOBAHUS M Pa3BUTHS TexHOJIOrHH pa3pabotku CamoH-
CKUX MECTOPOXKIEHHUH Bceraa ObUTH MPUOPUTETHBIMU U1l yueHblx CeBepHoro Kas-
Kaza [4-06].

VY4eHslit ¢ MUpOBBIM UMeHeM, npodeccop CKI'MU Octpoymiko 1.A. He TOmb-
KO JIOKa3aJl BO3SMOXKHOCTb M L1€JI€COO0Pa3HOCTh M3BJICUCHHUS METAIOB U3 He-
KOHIULMOHHBIX Ul TPAIULIUOHHBIX TEXHOJOTHH Py U IIaXTHBIX CTOKOB, HO U
oOecriedns Hay4yHOE COIPOBOXKACHNE IPOSKTUPOBAHUS, & 3aTEM U CTPOUTENILCTBA
MEPBOr0 B MUPOBOM NMPaKTUKE MOA3EMHOIO PyJHHKA AJS AOOBIYM OaTaHCOBBIX
pyZ. YHHKaJIbHOE NPEANPUITHE HE TOIYYHIIO Pa3BUTHS, IIOTOMY YTO He ObLI pe-
LIEH BONPOC NepepaboTKH HOBOTO AJIS 3aBOJA « DNEKTPOLMHK» BHIa KOHLEHTPA-
Ta.

lTonmuk B.M. u KonzppareeB HO.M. MHOTOQaxkTOpPHBIMH HCCIEIOBAaHUSIMHU B
pamkax denepanbHOR MporpaMMbl 10Ka3ajid, YTO COKpAIEHUE 3allacoB PYyI C
MPOMBILIICHHBIM COJEPXKAHUEM METAJVIOB MOXET OBITh KOMIIEHCUPOBAHO OC-
BOCHHEM 3aI1acoB OETHOIO IO COAEP)KAHUIO METAJIOB ChIPbS aJIETEPHATHBHOMN
TPaAWLMOHHBIM CII0CO0AM TEXHOJOTHEH HOOBIYM ITOJIE3HBIX UCKOMAEMBbIX C aK-
THUBALMEH IPOLECCOB BBILIEIAYNBAHUS ITyTEM MEXaHOXUMUYECKOTO BO3AECHCTBUS
B JIe3UHTErparope.

'Texundeckuii Yausepcurer ['opHast Akagemus, . @paiibepr, [epmanns
2CeBepo-KaBKa3Cckuil rOpHO-METAIUTYPrUYeCKUil HHCTUTYT (TOCYAAPCTBEHHBIN TEXHOJOTHYECKUH YHUBEPCH-
TeT), I. Bnagukaska3, Poccus

T.10. N21(35), 2018 T




YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

HccrnenoBanusiMmu TokazaHa BO3MOXHOCTH TIPH Ce-
TOIHAIIHEW MHHEPAIBHO-CHIPhEBO 0a3e yBEIUYHUTh
MOKa3aTey MPeINpUATHs He Ha TMPOIEHTHI, a B pa3bl.
B CKI'MMU pazpaboTaHbl TEXHOJIOTHH H3BICYCHUS ME-
TaJUIOB U3 XBOCTOB MEPepabOTKH YIOPHBIX CYIb(MUITHBIX
CBUHEII- ¥ ITHKCO/EPIKAIIHX PYII U 3 PACTBOPOB ITOJIE3-
HBIX KOMIIOHEHTOB M3 IAaXTHBIX CTOKOB C OYHCTKOH OT
COJIEH M METAJIOB JI0 MPEAETHHO-T0IYCTUMBIX KOHIICH-
Tpauui.

Bce u3BecTHBIE paHee TEXHOJIOTUH YMEHBIIAIOT TOTe-
pH MeTasuia, HO He JIeNIAl0T MPOIEeCC W3BJICUECHUS MeTall-
JI0B 0€30TXOMHBIM [7-9].

Cokpalienue 3amacoB pyd € MPOMBIIUICEHHBIM CO-
JIEpKaHUEM IIBETHBIX METAJUIOB JeNlaeT HEeoOXOIu-
MBIM TIOWCK TEXHOJIOTHH peHTabelsHOH Iepepa-
0OTKHM OeIHBIX 320aTaHCOBBIX PYI U
OTXOJIOB TIEPBUYHOTO OOOTAIECHHS.
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Puc. 1. Munepansnas 6aza PCO-Ananus. Mectopoxe-
2 Hust: O — METAINIMYCCKHUC, A— HeC‘IaHO—I‘paBHﬁHLIe; V- CTpO-
HUTCIIBHOT'O ChIPbhA, ® — U3BCCTHAKOB M JIOJIOMUTOB, O — J1eue0-
HBIX rpsizeil. OOBeneHbl MecTa KaTacTpo(hHUIECKOTO 3arpsizHe-
1 3 HUA

Puc. 2. Cxema mexanuueckoi akmueayuu MUHepanlos 8
oesunmezpamope: 1 — anexmpoosuecamens, 2 — pabouas
Kop3uHa; 3 — eubpoeacauasn ocHosa,; 4 — ocnoganue
Fig. 2. Scheme of mechanical activation of minerals in the
disintegrator: 1 —motor; 2 —working basket; 3 — vibration damping
base; 4 — base
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Fig. 1. Mineral resources of North Ossetia-Alania Deposits:
O — metal: A — sand and gravel;V — and building materials;

® — [imestone and dolomite; O — therapeutic mud. Places of cata-
strophic contamination are pointed out.

paJIOB B ammaparax MmyTeM IPUIIOKEHHUS BEICOKOH MEXaHH-
YECKOM 3HEPruM JIOMOJHEHA XMMUYECKOW KOMIIOHEHTOM,
YTO PaJUKAIBFHO TIOBBIIIAET BO3MOKHOCTH H3BJICUCHUS
METaJTOB U3 MUHEPAJIOB (pHucC. 3).

[Ipn rcnons30BaHUM TEXHOJIOTHH C BBIIIEIAYHBAHIEM
METaJUIOB OIACHBIE HEYNPABISIEMBIE MPOIECCH MPUPOA-
HOTO BBIIIETAYMBaHM METAJUIOB M3 PyI B HEApax 3ame-
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HSIFOTCS YIIPABISIEMOH MepepaboTKON PacTBOPOB B paMKax
3aMKHYTOH 1 KOHTPOIMPYEMOH Ha Ka)IIOM 3Tarie CUCTEMBL.
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Puc. 3. Acnexmol nosvluieHus AKMUGHOCMU MUHEPANIO8 8
Ooezunmezpamope: 1 — akmugayus MexaHuueckoll IHepeuell;
2 — axmueayusi 0OHOBPEMEHHO MEXAHUYECKOU U XUMUYECKOU
oHepeue /
Fig. 3. Aspects of minerals activity increase in the disintegrator:
1 — activation of mechanical energy, 2 — activation of both mechanical
and chemical energy

B pesynberare yBenmuquBaeTcss KOJTHMYECTBO H3BIEKAEMBIX
METaJUIOB, YBEIMIUBAETCA O0BEM CHIPBS IS CTPOUTENb-
HOW MHIYCTPUH U yCTPAHAETCS OMACHOCTD JUISI OKPYKaro-
e cpemsl peruona [13—15].

Iean uccanenoBanmsi

B ycnosusx CCLIK ncuepnanme 3amacoB 0aaHCOBBIX
PYI JIMIIAET MEPCIEeKTHBB MOJAESPHHU3ALIMIO IIPOU3BOJICTBA
Ha OCHOBE TPAJULUOHHBIX TEXHOJOTH. AHAIU30M CO-
CTOSIHUSI TOPHBIX TIPEINPHUITANR W PETHOHA W aHAJIOTHY-
HBIX NOpeanpustTuii mMupa U Poccun ycTaHOBIIEHO, YTO
peabHBIM HaNpaBlIeHHEM Pa3BUTHS SIBISETCS ITUBEPCH-
(hvkaruss MPOM3BOACTBA TYyTEM KOMOWHHPOBAHHUS Tpa-
TUIAOHHBIX W HETPAIWIIMOHHBIX TEXHOJOTWUH IO0OBIYH
u miepepaboTku pya. Peannmarus ogHoro m3 (armManoB
[BETHOM METAJUTYyPTHH B IPOILIOM ITO3BOJHT OXKHBHUTH
SKOHOMHMKY JICTIPECCHBHOTO pernona [16—18].

B orpaboranHbIX pymHbeIX Tenax CamoHCKHX MECTO-
POXIIEHHUH B BUE DKCILUTyaTallHOHHBIX MTOTEPH, EINKOB H
BO BMEIIAIOMINX MTOPOIAX OCTABIEHBI 00hEMBI MHHEPAITb-
HOTO CBHIPBSI, CPAaBHUMBIC C 00BEMOM JOOBITHIX pya. B 1mo-
cienamne roap! CagoHCKHe PYTHUKH TOOBITH OKOJIO 1 M-
JIFOHA TOHH TaKo# Py/bl, OCTABHB B HEAPAX CTOJBKO XKe.

Lenbto nccnemoBaHus SBISIETCS. BOCCTAHOBIICHHE 3KO-
HOMHYECKOTO COCTOsIHHS TopHOU oTpaciu PCO-Ananus
IyTeM UBEPCU(PHKAIINI TEXHOJOTHH €r0 MECTOPOXKIe-
Huil. THCTpYMEHTOM MOCTMKEHHS IIEJH SIBISIETCS N3BJIe-
YeHHEe METAJUIOB U3 paHee CUMTABIIErOCs HEKOHIUIINOH-
HBIM CBIPBAL.

OcHoBHoI1 pa3aeJ

Ha CeBeprom Kamkase m3BectHo okomo 600 merar-
JUYECKUX MECTOPOXKIACHUN U PyJONPOSIBICHUNA, KOTOPhIE
JUTSL TPAAWIIMOHHBIX TEXHOJIOTHI HOOBIYN U epepadoTKn
HENPUTOAHBI, a JIsI HOBBIX TEXHOJIOTHI SKOHOMHYECKH
MpUBJIEKaTeNbHbI, Harpumep, Kakaayp-XaHUKOMCKOE Me-
CTOPOXK/ICHUE.
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TexHoIOrHUECKass BOSMOKHOCTh XMMHYECKOI'O U3BJIe-
yeHus: MeTauioB U3 CalloHCKUX PyI JOKa3aHa HE OJHO-
KpaTHO M TOJBKO HECONIACOBAHHOCTH ACUCTBHUNA MEXKIY
YYaCTHUKAaMH OCBOCHUS HOBOW TEXHOJIOTHH HE MTO3BOJIMIIA
pa3BuTh focTUrHyThIA ycnex. B 1974 r. CCLK nomyunn
KOHLICHTPAT BhIILIETaYUBAHUSA, COAEpKamiilS % uuHKa u
JIpyTUE METAJUIBI, IS TIepepaboTKA KOTOPOTO METaJLTyp-
THYECKHUH 3aBOJ] HE TIOCTPOMIT TEXHOIIOTUIECKOHN JTMHUH.

Ha ®uarnorckoM MECTOPOXKICHUN MTyTeM OCKIACHUS
COJOW UM IIUHKOBOW MBUIBIO U3 IIAXTHBIX BOJ 3a 48 CyTOK
MOJTy4eHO 32 T HUHKOBOTO KOHIIEHTpAaTa C BIAYKHOCTHIO
65—78 % u conepkanueM, %: uuHka — 10 30, Hukens — 0,
xene3a — 6, ceuHna — 10 0,54, memu — o 0,15, xagmus
—0,021. B copacsiBaembIX B ruzpochepy Bogax KOHIICH-
Tpanus 1uHKa cHrkena 10 0,01-0,1 mr/n, ceuana — 0,1-
0,15 mr/m [5].

B cBoto ouepens Ha ApXOHCKOM pyaHHKE 3a 51 cyTku
TaKHAM e criocodoM ocaxkaeHo 40 T MMHKOBOIO KOHIIEH-
Tpara BIAXHOCTbIO 65—78% c comepxanueM, %: LIMHKa
1o 25, xene3a — 6,0, ceuana — 0,3-0,5, menn — 0,15-0,28,
kaamust — 0,054, ko6ansra — 0,08, Hukens — 0,075 (puc. 4).

B ciyuae peanuzauun unen M. A. Octpoymiko o 1o0ObI-
4e ¥ nepepadoTKe HEKOHAUIIUOHHOTO ISl TP TUIIMOHHBIX
TEXHOJIOTUH CBHIPbSI MOXHO ObLITO 100BIBaTh A0 2500 T
IIMHKA B TOJ C MEHBIIINMH 3aTpaTaMH, 9TO MOTJIO OBI c/ie-
JIaTh MPOAYKINIO IPEANPHUITHIT KOHKYPEHTOCIIOCOOHOM.

B03MOXHOCTH T€OTEXHOJIOTMYECKUX METONOB I00BI-
YH METAJIOB MOATBEPKAAIOTCSH (PEHOMEHOM MPUPOIHOTO
BBIIIENIAYMBAHUS C PACTBOPEHHUEM M BBIHOCOM METAJLJIOB.
B mporieccax BbIenayMBaHus METAUIBI TIEPEBOISATCS B
MOOMJIBHOE COCTOSHHE HE TOJBKO TEXHOJIOTMYECKHU, HO U
MIPUPOJION, TIO3ATOMY SKOHOMHYECKast 3PPEKTUBHOCTH MX
W3BJICYCHUS CTAHOBUTCS TPUEMIIEMOH IS SKOHOMHUKHU
MIPEATIPHUATHS, & C YIETOM CHIDKEHHS 3aTpar Ha IoJiep-
>KaHUE SKOJIOTHH yBelIn4yuBaercs [6].

B ycnoBusax CagoHCKUX MECTOPOKICHUH B IpoLece
JIOOBIYM METAJIOB MOTYT OBITH BOBJIEUEHBI METAJIOCO-
JieprKaIine pecypehl ¢ cofepkanneM MeTaiioB 1 %.

B Hacrosiee Bpemsi CaJoOHCKOE MECTOPOXKIE-
HUE TIpeACTaBIsdeT co00il peakTop OObBEMOM OKOJIO
2,5 MJIH. M*, B KOTOPOM MIAXTHBIMH BOJIAMH U IIAXTHOU
arMocdepoli BHINENaYNBaETCs OKOJIO 4 MJIH. TOHH PYII,
conepxamux 6onee 5000 ThIC. TOHH CBUHIA U ITUHKA. C
Y4E€TOM PACKPHITHASA TPEIMH BO BMEMIAIONINX MOPOIax
00beM peakTopa yBennuuBaercs eie Ha 0,5 MiH. M3, J10-
crhras 3 MiH. M.

[ToncueT 3amacoB ¢ KPUTHYECKUM TPEICIIOM B BHIE
CYMMAapHOTO colep>kanusi cBUHLA U nuHKa 0,5 % moka-
3BIBACT, YTO KOJIMUYECTBO MOTEPSHHBIX B Heapax CaaoH-
CKHUX MECTOPOXACHUN Py COJepKAaHNEM CBUHIIA U ITHH-
Ka COOTBETCTBEeHHO 2,6 n 3,6% cocTrapiseT 2 MIIH. TOHH,
a BMECTe C BKpAIICHHBIMU PyJlaMH B OOKOBBIX TIOPOAAX
ngocturaet 30 MJTH. TOHH.

CeromHsiHue IUIAaHBI  BO3POXKACHUS  MOTEHIMAIA
CCHK cBs3anbl ¢ mo0braeit 200 THIC.T/T. pyIbI TPaIHIH-
OHHBIMH METOIIaMU Ha ()IaHTaX W IIyOOKHX TOPHU30HTax
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUATOPUN

Puc. 4. Texnonoeuueckas cxema ocancoenuss MEMauios u3
WIAXMHBIX CMOK08 /
Fig.4. Technological scheme of metals deposition from mine effluents

3rupackoro, CagoHCKOro U ApXOHCKOIO MECTOPOXKICHUN U
NPH OCBOEHUH HOBOTO J[PKUMHMIOHCKOTO MECTOPOXKACHHSI.

IlepcnexkTuBbl 0€30TX0QHOI NEepepabOTKH HEKOHIH-
LIUOHHBIX PYH OTKPBHIBAIOT PE3YJbTATbl HCCICAOBaHUS
BapUaHTOB H3BJICYCHUSI METAJIOB U3 XBOCTOB Mu3yp-
CKOl oOoraruTenbHON (Ppadpuku U pyn APXOHCKOTO Me-
CTOPOK/ICHUSI C MEXaHOAKTUBALUEH B AE3UHTETpaToOpE:

- BBILIETIAYMBAHUE XBOCTOB WIIM PYIBl B JAC3UHTErpa-
TOpE;

- aruTalMOHHOE BBIIIETAYMBAHHE AKTHBUPOBAHHBIX
XBOCTOB U PY/bl IPEABAPUTEIHHO aKTUBUPOBAHHBIX B Jie-
3UHTEIpaTope;

- MHOTOKpAaTHOE BBIIIENAYMBAHUE XBOCTOB U PyAbI B
Je3HHTerparope.

AHanu3 pe3ynbTaToB 3KCIEPHMEHTOB M OIMCHIBAIO-
IIMX UX YPAaBHEHHH PErpeccHH IMO3BOJISET XapaKTepHU30-
BaTh MEXaHU3M M TOJHOTY M3BJICUECHHUSI METAJUIOB U3 He-
KOHJIUIIMOHHOTO CBHIPBSL.

W3BneueHne MeTauIOB B PacTBOP NPAKTHUECKH CO-
BIAJaeT NPH aruTalMOHHOM BBIIIETAYMBAHUM, Aaru-
TAIlMOHHOM BBIIIENAYMBAHUN II0OCJE€ AKTHBALlMM B Jie-
3UHTErpaTope W NpPH BHIMIENAYMBAHUN C MHOTOKPAaTHON
aKTHUBaLMEH Ae3UHTErpaTope.

B T0 Xe Bpemsl IIpu aruTauuOHHOM BBIIIETAYNBAHUN
MHHEPAJIOB, IPEIBAPUTEILHO aKTHBUPOBAHHBIX B CyXOM
COCTOSIHUM, WM TIPU BBIIIETIaYNBAHUM OIHOBPEMEHHO
C aKTUBAaLMEeHW MpPU OAHOKPATHOM MPOIyCKAaHWH Uepe3
JIE3UHTErPaTtop B pacTBOP MEPEXOAUT MEHbLIee KoInye-
CTBO METaJIJIOB.

W3BneyeHne MeTauioB B PAcCTBOP HPAKTUUECKH OIH-
HAaKOBO M MPU MHOTOKPATHOW aKTUBALUH B JIC3MHTErpa-
TOpE, U MPU NPOCTOM aruTAlMOHHOM BBIIIETAYUBAHUN U
NPY aruTallMOHHOM BBIIIEIAYMBAHUY TTOCIIE AKTUBALMHU U
BBILIETAYUBAHUS B JIE3UHTETPATOPE.

BmMecre ¢ TeM BpeMst aruTallMOHHOTO BBIIIEIAYHBAHHS
Oosee yeM Ha J1Ba TIOPsIIKa OOJBIE BpeMEHN 00padOTKU
UCTIBITBIBAEMBIX MaTepHajioB B JIe3MHTErparope. MoxHO
YTBEPXKIaTh, YTO BBIIIEIAYMBAHNE ITyJIbIBI XBOCTOB HJIH
PYABI TP MHOTOKPAaTHOM aKTHBALIWH C BhIIIETIaYMBaHUEM
B Ae3uHTerparope 6omee 3h(heKTUBHO, YeM MPOCTOE aru-
TaIIMOHHOE BhIIeTaunBanue [19].

B camoe mocneanee BpeMsi UCCIEIOBaHUS IO U3BJIE-
YEHUIO METAJIJIOB NMPOAOIKEHBI Ha XBOCTaX MepepadoT-
ku JloHOacckuX yriei u Kelne3ucThiX KBapuuToB Jlede-

128

JuHckoro mectopoxacHuss KMA. CXoguMocCTs pe3ylb-
TaTOB BBIIIECIAYMBAHUS MUHEPANOB B AC3HHTETPAaTOpE
MOATBEPKAAET KOPPEKTHOCTh HCCIENOBAHUI W HOBOU
TEXHOJIOTHH.

Musepanamu-okuciIuTesiMi B pyrnax CaloHCKHX
SIBJSIFOTCS IUPUT U MTUPPOTHH, YCKOPSIIOLINE OKUCIICHHE
PYIHBIX MHUHEpaJIOB KHCIOPOZOM Bo3myxa. Ha moBepx-
HOCTU CYNb(OUAHBIX DPYI HPOHUCXOIST BEPTHUKAJIbHBIC
nepemenieHus. lIpy OKHCIeHHHM NHpHUTA BBLACTSETCS
3400 xkan/kr Terura, KOTOpO€ CHaJalla CIIOoCOOCTBYET
BBILENIAYMBAHUIO, HO 3aTeM BBIICIISIOIINECS Mapbl 3a-
TPYAHAIOT IPOHUKHOBEHHE KUCIIOPOAA B PAaCTBOP.

[Ipu okHcICHHUH B NMPHUCYTCTBUHM BOIBI BBHIACIACTCS
oxra monekyna H,SO,, 7 MOJIEKyII 3aKUCHOTO CEPHOKHC-
soro xene3a. OgHa MoJIeKysla TUPPOTUHA KOMIIEHCHPYET
HEIOCTATOK 3aKMCHOTO JKeJIe3a y 5 MOJIEKYN IUPHUTA, 110-
9TOMY ISl BBIILIEJIAYMBAHUS ONTUMAJIEHO COOTHOILECHHE
NUpUTa U IUPpOoTUHA 1:5.

[MuppotuH okucnsiercss ObICTpee MHUPHUTA, BBLACISA
terwto. [IuppotrHa B pynax okoso 2%, ¢ HUIM CBA3aHO
OKOJIO 6% cepbl, a OCTaJIbHAs cepa CBA3aHA C MUPUTOM.
IIpu okucnenuu ero Bwiaensiercss okojao 100 r cepHoit
KHCIIOTHI, 3 KoTopoi 90 r HelTpanu3yercs: kapOoHara-
MU, KOTOPBIX B pyJax COAEpPKUTCA OKosIo 5%.

B rpannnax CaloHCKOrO MECTOPOXKACHHS BhIJe-
JSI0TCA Ba THUIIA OPYACHEHHUS: IOJIMMETANINYECKOe U
MUPPOTHHOBOE. B MOIMMETaIIMYEeCKOM MECTOPOXKIe-
HuM nuputa He 6onee 20 %, NUPpOTHHA U MapKa3uTa —
10 10 %, a B MUPPOTHHOBOM MECTOPOXIECHUU MUPHUTA
10-20 %, nuppotuna 6omnee 20 %, a MapkazuTa Maso.

Hnst MecTopoXIeHHH XapakTepHa 3aMeHa IHppo-
TUHOBOW MMHEpAIM3aLUN MUPUTOBON C yHaJeHUEM OT
KpPYIHBIX pa3ioMoB. B pynax nabmromaercsi CHH)KEHHE
MUPPOTHHA C YBEJITMUYEHUEM IIUPUTA B HANPABICHUAX OT
nepudepun K LEHTPY U CHU3Y BBEPX.

BepxHsist yacTh MECTOPOXKICHHS CONCPKUT OoJbliIee
KOJIMYECTBO UPHUTA, U IPOLIECCHI OKUCIICHHS IPOTEKAIOT
B HEWl akTHBHEE MPUMEPHO B 3 pasa.

CoBMecTHOE AEHCTBHE MMHEPAIOTHYEeCKHX (aKTo-
POB CIIOCOOCTBYET aKTUBHOMY M3BJICUCHHIO METAJIOB B
pacTBOp B MPHUCYTCTBUHM IHPHUTA B BEPXHEH 4YacTU Me-
CTOPOXJEHHS U MACCUBHOE B MPUCYTCTBUU MUPPOTHHA
B HIWOKHEH 4acTH.

Jly4dime nmepcreKTHBBI BBIILEIAYUBAHUS Py UMEIOT
BEpXHUE YacTu ydacTkoB XoJ, LlenTpansubiii u Kupo-
Ba. Heckosibko Xyke YCIOBHSA BCKPBITUS CyIb(UIOB
IUI OCTAJIbHOM YacTH YKa3aHHBIX YYacTKOB M y4acT-
ka Homas 3ona. HeymoBnerBopurenbHO oOecneueHb
KHCJIOTAMHU y4acTOK ApTeM, HHXKHHE YaCTH y4aCTKOB
Hentpansusiii, Kuposa, HoBast 30Ha 1 yuactok Bropas
pyZHas 30Ha.

[IpucyrcTBHe nupuTa, MapkKa3uTa W MapMarura c
TOHKAM B3aMMHBIM IIPOPAcTaHUEM MMHEPAJOB CIIO-
COOCTBYET MPOAODKEHHIO (PU3MYECKUX M XUMHUYECKHX
[IPOLIECCOB MPUPOAHOTO BHILIETaYMBaHUs B HEAPaX U Ha
3eMHOHU TIOBEPXHOCTH.
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[IpoGnema BoBNIEUEHUS B MPOU3BOACTBO HEKOHHIIH-
OHHBIX MUHEPAJbHBIX PECypCOB CTAaHOBHUTCS BCe Oolee
aKTyaJbHOH 1O MEpe WCYEpIaHHs 3aracoB IEHCTBYIO-
X Mectopoxaenuii [20].

3akaouenne

Bo3M0OXXHOCTH BBDKHUBAHHS JEMPECCUBHBIX TOP-
HOJOOBIBAIOMUX TPEANPUITHI MOTYT OBITH yIyd-
IIeHBI IyTE€M TOBBIMICHUS OO0OBEMOB MOOBIYM MU-
HEPaJbHOTO CHIPHS 3a CUET HCIIOJIb30BaHHS HETpa-
JMUIIMOHHBIX TEXHOJIOTHH C BBINIENIAaYMBaHUEM TPHU

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

KOMOWHUPOBAaHUM C TPAJUIMOHHBIMH CIIOCOOaMU
JOOBIYU PYII.

OcBoeHHE MHHOBAIMOHHBIX TEXHOJIOTUH OCBOEHHUS
HEKOHWIIMOHHBIX 3allaCOB MECTOPOXKACHUN METOlIaMHu
BEIIIEIaYNBAHUS SBISETCS BO3MOKHOCTBIO YBEIHYUTH
SKOHOMUYECKHUH IMOTEHIINA PETHOHA.

lopronoOrBaromme  npeanpusitus  PCO-Ananus
pacronararoT IpUOPUTETOM B OCBOCHHH TEXHOJIOTHH C
BEIIIIEIIaYMBAHAEM, O0NaIal0T MHPPACTPYKTYPOH M Ka-
JIpaMu JJIs1 PeaTu3aliiil HOBBIX TEXHOIOTHA.

B craTbe npeacrapiieHbl pe3yJibTaThl HCC/IEI0BAHUIA, BLITIOJIHEHHBIX 10 nporpamme Erasmus + 574061-EPP-1-2016-1-
DE-EPPKA2-CBHE-JP '""Modernization of geological education in Russian and Vietnamese universities''.
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Introduction. The mining region RSO-Alania looks for
ways of recovery of the mountain industry which is in the
protracted crisis condition after the managing system change
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in Russia. In similar conditions in case of exhaustion of the
majority of inventories of balance sheet ores the real direc-
tion of development is production diversification, in this
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case, by a combination of traditional and nonconventional
technologies of production and conversion of ores.

Materials and methods. For the purpose of the poten-
tial recovery of one of the non-ferrous metallurgy leaders
the complex method of researches including stages from the
mining experience analysis to assessment of nonconvention-
al technologies of metals production from substandard raw
materials is used.

Results. Experience of balance sheet ores leaching first
in the world practice of underground mine built for this pur-
pose in Sadon ore node is systematized and used. The poten-
tial amount of raw materials source for leaching technologies
is determined. An assessment of metals production prospects
with the use of traditional technologies is given. An assess-
ment of a potential object of leaching is given. The conclusion
is drawn on the possibility of earlier subsidized mining enti-
ties survival when using nonconventional technologies by a
combination of the traditional and innovative methods of ores
production. This conclusion is confirmed with researches in
case of metals production from other ores and coals.

Discussion. Diversification of the mountain entities and
complex use of resources in conditions of RSO-Alania is
more effective in comparison with the construction of the
new mountain entities because of the available business as-
sets and inventories use. The new direction of the mining
entities survival due to nonconventional technologies use in
case of the technologies combination on the economic basis
is the real direction of the depressive region budget replen-
ishment .

Keywords: diversification, technology, production, con-
version, ore, leaching, field, Sadon, combination, economy.
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YCTONYUBOE PA3BUTUE MOPHbIX
TEPPUTOPUMN:

MHBECTULUOHHAA
NMPUBJIEKATEJIBHOCTb
TEXHOIEHHbIX 3AMNACOB 30JI0TA

Beenenue

TexHOTeHHBIE PeCypChl 3aHUMAIOT B CTPYKTypE 3amacoB 3010ta B Poccuu ot 7
1o 12 % [1; 2]. BoBneueHue ux B XO3SIMCTBEHHBI 000POT MOXKET OBITH aKTyalb-
HBIM HallpaBJIeHUEM YCTOWYMBOTO Pa3BUTHUSI MHHEPATbHO-CBIPHEBOM Oa3bl CTpaHbI
[3-5]. U3BecTeH 3apyOexHBIH OMBIT OCBOCHHS PECYPCHOTO MOTCHIIMAIA MaI000b-
€MHBIX MECTOPOXKICHUN TEXHOTC€HHOTO IPOUCXOKIeHuUs [6—13].

Bogneuenne B MpOM3BOACTBEHHBIH UK OTXOJO0B POCCHITHOMN 30J10TOJ00BIYN
MaJIBIMUA TOPHBIMH MPEATNPHUATUSIMHE SIBIISICTCS YCIOBHEM YCTOMYMBOTO Pa3BUTHS
TEPPUTOPHIA: YBEIUYUBAIOTCS TUIATEXH B OIOMHKETHI Pa3HOrO YpPOBHS OT JIMICH-
3UPOBAHMS HEIp U HAJIOTOOOIOKEHHST POU3BOJICTBEHHON NEATCIBHOCTH U 3aHA-
TOCTh HaceneHus [14-21] npu oJHOBPEMEHHOM CHIDKEHUU HArpy3Kd Ha OKpYyXka-
o1Lyto cpeny [22; 23]. Pemenue 3aga4yu S5KOHOMUYECKU BBITOAHON 3KCILTyaTaluu
Hepacnpe/esIeHHbIX CPer HEAPOIOoIb30Bareinel MalooObeMHBIX 00BEKTOB (C Oa-
JIAaHCOBBIMHM 3amacaMuB peruoHax Cubupu u JlansHero Bocroka Gonee 1,2 Thic. T
Ha 100 y9acTtkax, 4to cocrasnset 38 % 3amacos 3o10ta Kareropuit BC, u 20 % no
xareropuu C,) NO3BOJIUT MOTy4YUTh NPUPOCT JOOBIMHK 30710Ta B Onmsxaimme 10-20
net Ha 20-30 T exxeronHo [24].

IlocTanoBka 3axaun

OOBEKTOM HCCIEeOBAaHHS SIBISIOTCS TEXHOTCHHBIE MHUHEPAIbHBIE PECYpChl —
OTXOZIBI POCCHITHON 30JI0TOIOOBIYH.

Hean padoTel — pa3paboTKa TEXHOIOTUH MEPEePadOTKU TEXHOTCHHBIX POCCHI-
Mei 30J0Ta MaJbIMH TOPHBIMH NPEINPUSTHAMHU C UCTOJIB30BaHUEM (U3UKO-Me-
XaHUYECKUX M (U3UKO-XMMHUYECKHUX MPOLECCOB, 00ECIIEUNBAIOIIEH MOIydYeHHEM
3¢ pexTa, 0CHOBAHHOTO Ha CHHYKCHUH CYMMAapHBIX KalnuTaJIbHBIX, SKCILUTyaTalllioH-
HBIX M OpraHW3allMOHHBIX 3aTpPaT, 38 CYET TyOOKOH TOBOIKU 30JI0TOCOAEPIKALINX
KOHLIEHTPATOB JI0 BHICOKOJIMKBUHOM TOBAPHOU MPOIYKILIMH.

AdprHaKHBIN 3aBO MOKET MPUHATH OT MPEeANpUsATHS OeIHbIe KOHIEHTPATHI,
HO I1aTa 32 uX ad(pUHAXK HACTOIBKO BBICOKA, YTO JieNIacT UX MPOU3BOJCTBO MaJo- U
naxe HepeHTabenbHbIM. Tak, 1eHa adguHaka KoHIEeHTpara, cogepxkaiero 1-2 %
Au, paBHa croumocTtH 4,4 % HaxofsIerocs B Hem 30510T1a (apQuHax, TpaHCIOPT
u crpaxoBka — $US0,29 3a 1 r Au) npu ussneuernu 85 % Au; nena adpduHaka
2—10 %-ro xonuentpara Toxe 4,4 %, Ho uzBneuenue Au— 95 %. CrnenoBarensHo,
NIPY TIPOU3BOJICTBE OEIHBIX KOHIIEHTPATOB mpeanpusTue Tepser 1o 20 % xumude-
CKHM YHCTOTO 30JI0Ta.

s KpynHBIX BEPTHKAIGHO MHTETPHPOBAHHBIX XOJIAWHIOB OCBOEHHE HEOOJb-
HIMX I10 3aracaM MeCTOPOXKICHHUH (a TakKe JOpaboTKa CTAaphIX MOCIE TOCTIKEHUS
OTIPE/ICTIEHHBIX TEXHOIIOTHYECKUX M SKOHOMUYECKUX TPAHUII) B YCIOBHUSIX HECOBEP-
IICHCTBA HAJIOTOBOW CHCTEMBI, PE3KHX U3MEHEHUH KOHBIOHKTYPHI U IIEH Ha MHPO-
BBIX PBIHKax METAUIOB CTAaHOBHUTCS SKOHOMHUYECKH HeleraecooOpa3HOi: MHBECTHU-
M HE OKYIIAIOTCSI B CKOJIbKO-HUOYIb TIPHEMIIEMbIE CPOKH (YIeTbHbIEC KaTUTAIbHBIE
BIIOXKEHHS B CTPOUTENILCTBO CTAIMOHAPHOM 30510TOM3BIeKaTebHON (habpuku (3UD)
nmocturatorT $US43-50 Ha 1 T T010BO# TIepepaboTKH, ceOEeCTOMMOCTh 00OTAICHUS
1 T pyast coctaBiser $US13—15), MHBECTHIIMOHHBIC LUKIIBI JUTUTENBHBIE (5—15 neT),

! Hayuno-nponsBozacteerHoe npeanpusitue "I’ EOCy», Branukaskas, Poccnst
2AxiroHepHoe obmectBo "HaydHo-rexnuueckas dupma "Ansrait", [lekun, Kurait
3CeBepo-KaBKa3ckuil rOPHO-METAIULYPTHYECKUH MHCTUTYT (TOCYAAPCTBEHHBIH TEXHOJIOTHYECKUH YHHUBEPCH-

teT), Bnagukaskas, Poccust
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penTabenbHOCTE IpousBoacTBa Hu3Kas (0—10 %). Oro
03HAYaeT, 4TO B LN 'cOpoc—TIpensokeHue" CBOMCTBO
HMHBECTHLIMOHHOIO TOBapa NMEIOT MaJO0O00BEMHBIE TEXHO-
reHHbIE OOBEKTHI, OCBAUBAEMbBIC NPEANPHUATHIMHU MaJOTo
omneca. DhHeKTHBHOCTh pabOTHI MAJIBIX TOPHBIX TPE/-
NPUSTAN OIpeAenseTcs TMOKOCTBIO YIPaBICHUs U Olle-
PaTHUBHOCTBIO PEarvpoBaHUs Ha W3MEHEHHE BHELIHUX
HWHCTUTYLMOHAJIBHBIX 1 (PUCKATBHO-9KOHOMHUYECKHX (haK-
TOPOB, HEOOJIBILINE CPOKH OLICHKH KOJIMYECTBA 1 Ka4eCTBa
3a1acoB, CYILECTBEHHO MEHBILINE KalUTaJIOBIOKEHHS
pu OBICTPOM BBOJIE B SKCILIyaTaluIo IPOU3BOACTBEHHBIX
MOLIHOCTEH, HECJIOXKHASI OpraHu3alus paboThl (BaxXTo-
BBIM METOJIOM C CE30HHBIM PEKUMOM PalbOThI).
3HaYMMBIMU JJOBOJAMH B MOJIb3Y OCBOCHUS HEOOMBIINX
MECTOPOXKICHUI MaJIbIMU NPENPUSTUSIMH BBICTYIIAIOT Ta-
KH€ apryMEHTHI, KaK: UCIIOJIb30BaHIE MECTHOTO HaCEeIECHHS
Ha IPOM3BOJICTBE; CKPOMHBIEC TpeOOBaHUs K MHPPACTPYK-
Typ€; IPUBIIEKATEILHOCTD U1l HHOCTPAHHBIX KOMITAHUH €
LEJIbI0 CO3IaHUsI COBMECTHBIX NPEINPUSITHH, YTO IIPUBO-
IUT K COKPALIEHHIO pa3Mepa HEOOXOAUMBIX KalHUTaIbHBIX
BIIOKEHUI M1 BpEMEHH ISl OpraHU3allii IPOM3BOACTBA.
[IpumeneHnne MOOWJIBHBIX O0OOTaTUTENBHBIX KOM-
mwiekcoB (MOK-texHomornit) 1 C€30HHOTO peXrMa pa-
60T15I (120—-160 mHeli B o 10 12 9acoB B CyTKH) TIO3BO-
JISIeT U3MEHHUTh B CMETE 3aTpaT OTHOIIEHHE CTOMMOCTH
000pYIOBaHUS K CTOUMOCTH CTPOUTEIHLHO-MOHTaXHbIX
pabotr (CMP). Ecmu mpu crpoutenscte 3UD 310 0T-
HouieHue coctapisieT 1:4, To mpu nepexoge Ha MOK-
TEXHOJIOTUMOHO M3MeHseTcsa Ha 1:3, T.e. MO3BOJseT Ha
25 % yMEeHBIINTH pa3Mep MHBecTULMH. Ecimu cpok BBO-
Jla B JKCIUTyaTallMi0 MOOMIBHBIX (cOOpHO-pa30OpPHBIX)
ycTaHOBOK Ha ocHOBe MOK-TexHOnOruii He MpPeBhIIACT
1 roma (MOK mpousBomutensHOCTRIO 15 T/4 cTOMMO-
cteio $US 2-3 mutH. 00cayXuBaeT 7 4ellOBEK B CMEHY),
To ctpoutenscTBo 3D Tpedyet 4-5 net [25].
CaeprxrBatomiuM (HaKTOpOM OCBOEHUS TEXHOTECHHBIX
MECTOPOXKACHUH SIBISICTCSA BBITEKAIOIINN W3 HEOOXOIH-
MOCTU COONIONEHUS] HOPMAJbHOTO aMOPTHU3ALMOHHO-
ro cpoka cymiecrBoBanus 3@ (Hopma amopTh3anuu
14-15 %) HebonpI10i 00BEM NMPOU3BOICTBA MPOAYKIIUH,
4acTO HEJOCTAaTOYHBIM Il OKYIaeMOCTH KalUTaJbHbBIX
BJIOJKCHMH M 9KCIUTyaTallMOHHBIX 3aTpar.
TeopeTnueckas 6a3za
HoBble BO3MOXXHOCTH Uil MONY4YEHHS B YCJIOBHUSX
MaJIOr0 TOPHOTO MPEANPHUITHS TOBAPHOW MPOAYKLHH C
BBICOKOH 100aBJIEHHOI CTOMMOCTBIO B BUJIE LIUIMXOBOTO
30J10Ta, EPEIIaBIsIEMOro Ha CIUTKH ciiasa [Jope, mo-
SIBUJIMCB C PA3BUTHEM TEXHOJOIMH MarHUTOXXUIAKOCTHOM
cenapanuu [26]. Haubonee >exTrBHBIM ee BapHaH-
TOM SIBJISIETCS Celapalysl B HECMELINBAIOLINXCS PAa3HO-
IUIOTHBIX MarHUTHBIX XKUAKOCTAX [27], Korga B pabodmx
30HaxX amnmnapaToB ABIKYLIEH CUIION B cemapanrOHHOM
MaccoIepeHoce ABISETCS IMHEHHOE HaTSDKEHHE .
BBenenue npencraBieHus 0 TUHEHHOM HATSKCHUH |
JIBYMEPHOTO JaBICHHUs (MM HATSKCHHS) O, TIPH MCKPHB-
JICHUU JTMHUH TPeX(a3HOro KOHTAKTa IOJ0OHO TOMY, KaK
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MPEICTABICHHUE O MOBEPXHOCTHOM HATSXKECHUH CBSI3aHO C
BO3HMKHOBEHHEM KallWJIIAPHOTO JaBjeHus P , Korja mo-
BEPXHOCTh pasierna JIByX (a3 uCKpUBJICHA.

Ha Touku a v b, pacmoNoKEeHHBIE CHMMETPHYHO OKO-
JI0 TiepecedeHnd HopMmanu N ¢ nuHHeH TpexdasHoro
KOHTAKTa C PaJuyCcoM F, ICUCTBYET HATSHKCHHE X MO Ka-
caTeNmpHOU K ATHM To4KaMm (puc. 1.)

4

____faTa X satoo N\

Puc. 1. Cxema mpexgpasnozo koumaxma /
Fig 1. Diagram of the three-phase contact

OT0 HaTsKeHHE 00pasyeT CUILy 2y sin% B HampasJie-
HUH, TapasuienbHoM V. Toraa Ha eqUHHUITY JUTHHBL IyTH ab
2x sin

a
JeUCTBYyeT cuina o > 5. JIByMepHOE naBieHue (HaTsKe-
ab

HUE) IS TOUKU Tiepecederus ¢ N noimydum npu ab —0.

. 0a
' 2y sin— . Sa X
o, =lim, S =xlim, —=xK; == (1)
ab—0 ab—0 r
ab ab
da

MTOCKOJIBKY lim-Z- npu ab —0 paBeH KpUBU3HE JTUHHUH
Ky = 1/7 B 310ff TouKe.

Bo03HUKHOBEHHE KOHTaKTa MEXIY >KHUIAKUMH WIH
JKUIKOH M TBepAOH (azaMH COIPSIKEHO C HEKOTOPHIM
SHEPreTHYECKUM OapbepoM, 00yCIOBICHHBIM ACHCTBH-
€M JIMHEHHOTO HATSDKEHHMS, €CIM OHO IOJIOXKHTEINIBHO.
PaccmoTpumM B KauecTBe mpumMepa (puc.2) cOeauHEHHE
TBEPAOH YacTHUIIBI C KUAKOW TpaHuLer pasaena («Kui-
KOCTb—KHJIKOCTB» WU «OKUIKOCTb—Ta3»).

A

Puc. 2. Cxema npogpuns meepooui cghepuneckoli uacmuysi Ha
noeepxHocmu HCUOKOU Kaniu /
Fig. 2. Scheme of profile of a solid spherical particle on the surface of
a liquid drop
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st aToro ciyyast Beipaxkenure (1) MOXKHO 3ammcarh B
Buje [28]:

-2
G =27mRo,sin” ., ()
e 9GGEeKTUBHOE HATSKEHUE PABHO:
x( 1 1
0, =0+~ ————— [cosl 3)
R| sino  sino, ’

TI€ ¢, — YTOJl, IPH KOTOPOM PajiiyC TEPUMETPA CMavH-
BaHMS 7' COOTBETCTBYET IOCIEAHEH BO3MOKHOCTH KOM-
MCHCALUN HATSDKEHUS BIOJb MOBEPXHOCTH cdepsl mpu
00pallleHu KpaeBoro yria cMadyuBaHus 6 B HyJb.

Takum 00pazoM, cuctema BelleT cedsl Tak, KaKk eciu
OBl HaTsSHKEHHE >KUAKOCTH OBUIO TOBBILICHO Ha KOMIIO-
HEHTY AG,, COsOL.

C yMeHbLICHHEM paanyca NepuMeTpa CMaduBaHus »
ABYMEPHOC JaBIICHNE (WIH HATsDKCHNE) AG, =1/ yBenu-
YUBACTCSl U CTAHOBUTCS CHJIOBBIM M 3HEPTETUYECKUM Oa-
PbEPOM, TIPETIATCTBYIOINM 3aKPETICHUIO MEIKHX YacTHIL
Ha Mex(a3HOW TpaHUIe, U MPUIHHOH UX 3PPEKTUBHOTO
W3BJICUCHUS B TSOKENyI0 (hpakiio MXK-cenapanum.

IHony4yenHsble pe3yabTaThbl

PazpaboTana TEeXHOJIOTHSI M3BJICYCHUS M3 TEXHO-
TeHHOH POCCHIIM 30JI0TOCOACPIKALICTO KOHLEHTpara
(puc.3). U3Bnedenue 3070Ta M3 TMECKOB TEXHOTEHHOMN
pocceimu (o0 = 300 mMr/m® 3o0moTa) JIeBOW Teppachel p.
Xapra amxe pyd. Hmwxane Wararm (Amypckas o0I1.) B
koHueHTpar (B = 374 r/M*Au, € = 90,0 % Au) BbITON-
HEHO B ycloBHAX Maioro ropHoro npenmpusitus (I'TTI
«AMyp30JI0TOpPaBEAKa»), a €ro JOBOJKA — B Ja0OpaTop-
HBIX YCJIOBHSX. TE€XHOJOrHA OT M3BECTHBIX OTIMYAETCS
croco0OM JOBOAKH 30JI0TOCOAEPIKAILETr0 KOHLEHTpara
JI0 MIPOIYKTa, COOTBETCTBYIOLIETO TpeOoBaHUIM addu-
Ha’ka 30J10Ta.

JoBoaka HauMHAaeTcs C yNaleHUs W3 KOHLEHTpara
Cynb(HUIO0B MBIIbAKA, CYPbMbl U CBHHLIA METOIOM Ba-
KyyM-TepMudeckoit cyonumanuu [29]. OqHOBpeMEHHO
MIPOMCXOIUT TEPMOAECTPYKLHMS [TUPUTA 10 MATHUTHOTO
MIUPPOTHHA, KOTOPBIN BBIACISIOT U3 KeKa IOCie e3UH-
Terpauuy. M3 HeMarHuTHON (hpakuMu 30JI0TO HKCTparu-
PYIOT B pacIIaB/ICHHbIH CBUHEL, MEXaHUYECKH IIepeMe-
LIMBasi IIUXTY, COCTABICHHYIO M3 30JI0TOCOAEPIKAILETO
Marepuana, CBUHLA U €AKOTO HaTpa, [0 METOAUKE, OIH-
canHoil B [30]. Menkuii cBUHEI| U3 IIEJIOYHOTO IIaBa
BBIJIEJIIIOT METOIOM MAarHUTOXXHMIKOCTHOM cemapauuu ¢
OuCIIOIHOI cpenoii pa3zneneHus mociie IUCIEepPrupoBa-
Husl. CBUHIOBBIH CIIaB 00ECCBHHIIOBBIBAIOT BaKyyM-
TepMUYeCcKol cyOnmmanueil. Bakyym-TepMudeckue mm-
POCETEeKIIMN BBIMOJHSAIOT B OJHOM U TOM K€ PEeaKTope,
a JUCIIeprauyio KeKOB U LIEJIOYHOTO IJ1aBa — Ha OHOM
Je3UHTErparope.

BrImonHeHO cpaBHEHHE TEXHHMKO-3KOHOMHYECKOU
3¢ (eKTUBHOCTH IByX TEXHOIOTHH (Tabi.1) — cymiecTBy-
ol1ei (aBTOKJIaBHOE BCKPHITHE—LIMAaHUPOBAHUE) U Pa3-
paboTanHo#i B mpoekte (puc. 3).

BeisiBieHO, 4TO mpHMEHeHHE pa3pabOTaHHOW TEXHO-
JIOTUM JOBOAKH 30JI0TOCOIAEPIKAILMX KOHLIEHTPATOB IO
JUTraTypHOI'O METalla B CPABHEHUH C CYILLECTBYIOILEH TH-
JPOMETAILTYPIUYECKO TEXHONOTHEN MO3BOJISIET CHU3UTD
3arparthl Ha mportiecc (Tadm.2).

Ouenka 3()(eKTUBHOCTH WHBECTHLMH Jana Clemyro-
LK€ BEJIMYMHBI [T0KA3aTesIel SKOHOMUYECKOH 3 deKTuB-
HOCTH:

1) umcThIii AUCKOHTHPOBAHHEIA noxon NPV = 40425,20
TBIC. PYO.;

2) BHyTpeHHs11 HopMa poxoaHoct IRR = 21,2607 %;

3) Kod(pHUIMEHT AUCKOHTHPOBAHHOM  CTOMMOCTH
PVR =1,12;

Taonuya 1/ Table 1

TexHHUK0-IKOHOMHUYecKHe noka3aresu / Technical and economic indicators

Texuosorusi / Technology
0oTaH-
Ne En. H3MEPEeHUs pa3spa CylecTBYIOLIast
n/m TSI s Index.measurement Hast B “poe.KTe / B IIPAKTHKE /
developed in the o .
. existing in practice
project
1. Kanwuranensie 3atparst / Capital expenditure
11 Ha TEXHOJIOTHYECKOE o§opyﬂOBaHMe/ py6./1/ Thl/t 141.9 2183
on technological
|2 | HACTPOMTENECTBO SIAHUH 1 COOpYKeHHii / for the py6./r / thllt 50,6 546
construction of buildings and structures
DKCIUTyaTalliOHHBIE PacXobl (C y4eTOM aMOpTH3a-
2. [IHOHHBIX OTYHCIICHHIA) / pyo./T / rbl/t 4023,4 54184
Operating expenses (including depreciation)
3. Pacxon anexrposuepruu / Power consumption kBT1/T kwt/t 3,69 5,61
Pacxon marepuasioB 1 peareHToB /
4. The consumption of materials and reagents pyo./r/1blit 2,50 3,09
5. Omnara tpyna nepconana / The salaries of the staff py0./T / rbl/t 4,76 4,76
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Ilecku pocewinu /
Sands of placer

£
Mynenoaenenne / Pulp division

OcHoBHas BUHTOBasA cenapauus 1 /
Basic screw separation |

I 1
Konuentpar/Concentrate ~ XBoctbl/Tailings

OcHoBHas BUHTOBas cenapaums I1/
Basic screw separation |

1
Konuentpar/Concentrate  XBocrel/Tailings

KOHTpD.’]bHaH BHHTOBaA cernapaumns !

Control screw separation

Konuentpar/Concentrate  Xsoctsi/Tailings
LlenTpodexnas cenapauus / ¥
Ccntrifugal separation
I 1
Konuenrtpatr/Concentrate  Xsoctsl/Tailings B orean /

T T In the dump

BakyyMm-TepMHYECKOE BCKPBITHE CY/Ib(HHI0B /
Vacuum-thermal opening of sulphides

1
Kek / Kek

L
]
Bosrous! (rajieHuTa, aHTHMOHHTA,

apcenonupura) / Obozones (galena,

antimonite, arsenopyrite) Jlesunrerpaus 1 /

< Disintegration |

MaruuTHas cenapauus / Magnetic separation
I 1

Marnurnas ¢paxuns / Hemarunthas dpakuus /
Magnetic fraction Non-magnetic fraction
\ J

DKCTpaKiua Au B CHCTEME «MeTalll-MeTamn /
Extraction of Au in the "metal-metal” system

I 1 Konzencar cBHHIA

Ulenounoii nnas / Alkaline smelt Ceuuiossiii cruias / plumbum alloy B obopor / Condensate
l plumbum in circulation
Jlesunrerpanus 11/ BakyyMm-TepMHueckas BO3TOHKa CBHHIA /
Disintegration II Vacuum-thermal sublimation of plumbum
L
Y P N
u y
Cenapauus B MarHUTHOH %HAKOCTH / \ ‘
Separation in a magnetic fluid HInuxosoe 3010710 / Gold in the concentrate

I 1
Jlérkas ¢pakuns /  lnuxosoe 301010 / Gold in the concentrate
Light fraction

Ha cneuxpanenue /
For special storage

Ha nnaeky / On melting

Puc. 3. Texnonozuueckast cxema nepepabomru Necko8 mexHo2eHHoU poccolnu /
Fig. 3. Technological scheme of man-made placer sands processing
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Taonuya 2 / Table 2
CpaBHeHHe TEXHUKO0-9KOHOMUYECKHX noka3areseii / Comparison of technical and economic indicators
N JloCTUrHYyTOE CHHKEHHe M0KA3a-
I /;1 Moxa3zarens / Index Tedst, % /
Achieved decline in the indicator
1. VYnenbHBIE KanmuTadbHbIE 3aTpatsl: / Unit capital costs:
1.1 Ha TEXHOJIOTHYECKOe 00opynoBanue / on technological equipment 35,0
|5 | HaCTPOUTENECTBO 3MaHUI U COOPYXKEHU / for the construction of buildings and 73
' Sstructures ’
DKCIUTyaTallMOHHbIE PacXo/ibl (C yYETOM aMOPTH3ALMOHHBIX OTYHUCIICHU) /
2. ) . ) o 25,7
Operating expenses (including depreciation)
3. Pacxon anexrposneprun /Power consumption 34,2
4. Pacxon marepuainos u pearenToB / The consumption of materials and reagents 19,1
Omutara Tpyna nepconana / The salaries of the staff 0
Tabnuua 3 / Table 1
PacuéT Ha/10roB M nJiaTe:;kei Npu 0TPadOTKe TEXHOTeHHOI pocchinu /
Calculation of taxes and payments for working off man-made placers
Enunuus1 uamepe- Besmuuna nokasare-
Ne Moxa3zarens / Index Hus / ast / The value of the
Index. measurement index
| TomoBas BBIpyUKa OT peaii3alim TOBapHOI IPOYKLIHH / THiC. pY6. / th, 1] 312490,52
Annual revenue from sales of commercial products
2 IIpousBoncteennsie GhoHAbI Beero / Production assets total ThIC. pyO. / th. rbl 377983,64
2.1 Kanwuranenusie 3atparet / Capital expenditure ThIC. pyO. / th. rbl 342182,50
Oo6opotHbIe cpezcTsa (20% OT 3KCIUTyaTalliOHHBIX 3aTpar) /
2.2 Working capital (20% of operating costs) Tic. pyo. / th. 1b] 3580114
3 T'onoBEIe 3KCIUTyaTallOHHbIE 3aTpaThl / Annual operating costs ThIC. pyO. / th. rbl 179005,68
Hamnoru B cebecronmoctu Bcero / Taxes in the cost of all TBIC. pyO. / th. rbl 18749,43
B TOM 4YHCIIe Ha 00bIay (6% ot m.1) /
4.1 Including extraction (6% of claim 1) TBIC. PYO. / th. rbl 1874943
CyMMa rofioBBIX 3aTpar ¢ HaJorom /
> The amount of the annual cost of tax ThIC. PYO. / th. rbl 197755,11
Banogast Beipyuka / Gross proceeds THIC. pyO. / th. rbl 114735,41
7 Haoru ot BanoBo# Beipyuku / Taxes on gross revenue ThIC. pyO. / th. rbl 8315,64
B T.4. HAJIOT Ha UMyIecTBO (2,2% ot 1.2) /
7.1 ¢ h. property tax (2.2% of claim 2) TBIC. pyO. / th. rbl 8315,64
8 Hamorosast npuoswis / Tax profit THIC. pyO. / th. rbl 106419,77
Hanor na npu6suis (20% ot 11.8) / Income tax (20% from n. 8) TBIC. pyO. / th. rbl. 21283,95
10 UYucras npudsuis / Net profit THIC. pyO. / th. rbl 85135,82
CyMMa rofoBbIX 3aTpar ¢ y4eTOM BCeX HaJIOroB /
1 The sum of the annual cost, including all taxes ThiC. pyo. / th. 1l 206070,75

4) o6mmit mokazarens BozBpara ORR = 11,81 %;

5) ko3hUIMEHT pPEHTA0ETFHOCTH WHBECTHIIMOHHOTO
mpoekra ARR = 24,88 %;

6) TUCKOHTHPOBAHHBIM MEPHOJ OKYIaeMOCTH KamuTaja
naBectopa DPP = 8§ net (puc.4).

DKOHOMHUYECKYIO A(PQPEKTUBHOCTL OTPAOOTKH TEXHO-
TEHHOM POCCHIITH B IIEJIOM XapaKTepU3yIOT TaHHbIE Ta0I. 3.
3akaouenune

Topubrii OM3HEC OTHOCHUTCSA K (OHIOEMKOUW cdepe
MIPOMBITIJIEHHOTO TPOM3BOJICTBA, MOBBIMIEHUE 3(deK-
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TUBHOCTH U KOHKYPEHTOCITIOCOOHOCTH KOTOPOH BO3MOXK-
HO Ha OCHOBE YBEJIHYEHHS KOJIMYECTBA MAJIBIX TOPHBIX
npeanpustuid. [Ipeanpustusi Majgoro ropHoro Om3Heca
MOTYT CTaThb CBS3YIOIIMM 3BEHOM MEXAy cOaJaHCcHpO-
BaHHBIM PA3BUTHEM PETHOHAJBHBIX MPOHU3BOJCTB U 3a-
HATOCTBIO HACENEHUsI, T.6. YCTOMYUBOTO Pa3BUTHUS Tep-
putopuii. IlepcrieKTUBHBIM HAaINpaBICHUEM Pa3BUTHUS
MaJIoro TOPHOTO OM3HECA SBISETCS BOBICUCHHE B XO3SM-
CTBEHHBIN 000pPOT OTXOJ0B POCCHIITHON 30JI0TOAOOBIUH.
B crarpe mpuBeneHa TexHomorus (OCHOBaHHAS HA WHHO-
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pocevinu /
Fig 4. Cash flow and return on investment period in the individual development of man-made placer
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Enterprises of small mining business can become an ef-
fective mechanism for the increasing the sustainability of the
territories development which determines the relevance of
the work that can be used to draw up the program of enter-
prise investment development.

The aim of the work is to develop technology for pro-
cessing technogenic gold placers by small mining enterprises
using physical-mechanical and physicochemical processes
which provides an effect based on the total capital reduction,
operational and organizational costs due to deep refinement
of gold-containing concentrates to highly liquid commercial
products.

Finishing begins with the removal of arsenic, antimony
and lead sulfides from the concentrate by vacuum-thermal
sublimation. Simultaneously thermal destruction of pyrite oc-
curs to magnetic pyrrhotite, which is isolated from the cake
after disintegration. From the non-magnetic fraction, gold is
extracted into molten lead, mechanically mixing the charge,
composed of gold-bearing material, lead and sodium hydrox-
ide. The fine lead from the alkaline melt is isolated by the
method of magneto-liquid separation with a bilayer separa-
tion medium after dispersion. The lead alloy is lead-free by
vacuum-thermal sublimation.

Scientific novelty is the introduction of the linear tension
concept in the mechanics of three-phase contact. When sepa-
rating in the bilayer separation medium, the equilibrium condi-
tion of the particle on the plane surface written according to
Young's law and Neumann's rule, must be supplemented by
the linear tension of the curved interphase surface. The linear
tension is a force and energy barrier that prevents the fixation
of fine particles of noble metals at the interphase boundary and
the reason for their effective extraction into the heavy fraction.

Indicators of the project economic efficiency are pre-
sented.

T.10. N21(35), 2018 T.

Keywords: gold-containing concentrate, fine-tuning, vac-
uum-thermal sublimation, disintegration, gold extraction into
lead, magnetic-liquid separation, economic efficiency.
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BO3OEUCTBUE CTOKOB C NOPOAHbIX
OTBAIOB LAXT YIrOllbHOrO BACCEMHA
HA NMOYBbIl NPUNErAOLWUX TEPPUTOPUIA

MpsizeB M.B.,
KauypuH H.M*,
Cracb I'.B.

Beenenne

B MOCICAHNUE TOAbl B MUPE paCTET 3HAUCHUEC YIUIA KaK MCTOYHUKA SHEPIrunu U
OXKU/IaeTCs, UTO B MEPCIIEKTUBE TaKasi TEHAEHIUS coxpaHuTcs. CoracHo MPOrHO3y
«Energy Information Administration», k 2030 1. 10715 yIJisi B MUPOBOM TOTpeOIIe-
HUU DHEPTOHOCUTENICH cOCTaBUT OKOJo 28%, a B TIPOU3BOACTBE ICKTPOIHEPTHH
— mpumepHo 45% (nanpumep, B 2004 . — 43%). B HacTosmIee BpeMst yroib HMEET
LIEHOBBIC MTPEUMYIIIeCcTBa Tiepell HeThIO M MPUPOAHBIM razoM. HecMoTpst Ha BO3-
pacTarolye TpaHCIIOPTHBIE U3IEPIKKH, AHAJTUTUKH Ha3bIBAIOT YTOJIb «KOHKYPEHTO-
CIOCOOHBIM YHEPrOHOCUTEIEM Oyayieroy». JlonrocpouHasi mporpaMMa pa3BUTHS
YTOJIbHOM TPOMBIIITIEHHOCTH Poccuy Takke HalejleHa Ha pean3alyio MOTeHIIH-
AJIbHBIX KOHKYPEHTHBIX IIPEUMYIIECTB POCCUMCKUX YTOJIbHBIX KOMIIAHUH U Tepe-
X0 K MHHOBAlTUOHHOMY COIMAJIBHO OPUCHTHUPOBAHHOMY THUITY DKOHOMHYCCKOT'O
pa3BuUTHsA CTpaHbl. [IpOTHO3HBIN AMANIa30H PAIMOHAIBHBIX 00BEMOB JTOOBIUN YIS
B 2030 1. momxeH coctaButh 380 — 430 mutH. T. [Ipu 3TOM Hay4HBIE HCCIeIOBaHNUA,
CBSI3aHHBIC C DKOJIOTHYECKON OIIEHKOW PEeCTPYKTYpPH3allMU W TUBEPCHPHKAIIUH
YTOJBHOM MPOMBIIUICHHOCTH, MMO3BOJIAT peOPMUPOBATH SKOHOMHUKY CTPaHBI BO
MHOTHX MTPOMBIIUICHHBIX OTPACIISIX Ha COOCTBEHHOW PUPOIHO-PECYPCHOM 0a3e.

B cooTBeTcTBUM ¢ TIpOrpaMMOi pecTpyKTYpU3alliy U OOIIEeH cTparerueit pas-
BUTHS YTOJIBHOM MPOMBIIIEHHOCTH Poccuu npenycMarpuBaeTcst mpeBpalieHue ee
B YCTOHYMBO (YHKIIMOHHPYIOIIYIO U PEHTA0ENbHYI0 O0Tpacib. B pesynbrare ocy-
IIECTBIISIEMON PECTPYKTYPHU3ALMHN YTOJIBHOM MPOMBIIIIIEHHOCTH Poccun M TUKBU-
Tl HepEeHTAOCIbHBIX YIICIOOBIBAIOIINX MPEANPUATHI MPOU30IILIa JTUKBUIA-
nus psaa maxt Kysdacca u Bocrounoro JlonOacca, a Takyke MOJTHAS JIMKBUIAIUS
YTOJBHBIX IAaxXT H pa3pe3oB [logMockoBHOTO yroibpHOTo Oacceitna. Ho Becbma
OIIyTHMBIEC MaclITa0bl BO3/ICHCTBUS Ha aTMOc(hepy U THApocdepy, a TAKIKE TEXHO-
TCHHAas aKTHUBU3ALUA T'COXUMHUYCCKOTO NMEPEHOCA HA TCPPUTOPUAX ITUX PETHUOHOB
coxpasstorcs. Oco0yro 0CTPOTY PHOOPETAIOT MPOOIEMBI, CBSI3aHHBIE C YKOJIOTH-
YCCKUMMH IIOCIICACTBUSIMU, OGYCJ'IOBJ'IeHHI)IMI/I, BOB}ICfICTBHeM MMOPOJAHBIX OTBAJIOB
YTOJIBHBIX IAXT TOPHOIIPOMBIIIJICHHBIX PETHOHOB.

[IpoexThl MpoBeneHus paboT MO IKOJOTHUECKOH peadMIIUTallny HApyIIEeHHBIX
TEPPUTOPHIA, MIPETYCMOTPEHHBIE IPOCKTAMU JIMKBHJIAIIMU [IAXT, H 00ECIeUNBAI0-
e MPUBEACHUC TeppI/ITOpI/Iﬁ TPOMBITIIIJICHHBIX IIJIOMIAA0K JIUKBUANPYEMBIX HIaXT
B DKOJIOTMYECKH 06€30MacHOe COCTOSHUE, KaK MPaBUIIO, HE CO/lepIKaT JeHCTBEHHBIX
TEXHUYECKUX MEPOIPUATUH IO JIOKAJIU3ALUK BO3ICHCTBHS OTBAJIOB HA OKPYXKaro-
IIyI0 cpeny. B mydiiiem ciyyae, Bce CBOAUTCS K MOHUTOPUHTY 3TUX BO3JIEHCTBUM.
OnHako CyIIeCTBYIONINE METO/IBI OIIEHKH BO3/IEHCTBHS OTBAJIOB IIaXT HA OKpY’Ka-
IOIIYIO0 cpeny TpeOyroT 0ojiee MTyOOKOro HayYHOTO 000CHOBAHME IS Pealu3alluu
3¢ (EKTUBHBIX aJITOPUTMOB 3KOJIOTHUECKOTO MOHUTOPHUHTA.

MarepuaJ M MeTOABI HCCJIE0BAHNSA

Du3uko-xumuueckue ceoiicmea nopooHol maccol omeanos uiaxm Iloomo-
CKOBHO20 y2071bH020 Oacceiina. B Tynbckoit 001acTH OCHOBHBIM TIOJIE3HBIM HC-
KOTIAeMBIM JI0 HeJJaBHETO BpEeMEHHU ObLT OYpbIil yroib, J00bYa KOTOPOTO Hauanach
B 1853 romy. 3a 10 Bpems B obnactu 10o6wiTo Oonee 1 mupxa 200 muH T yoist. B
[MoamockoBHOM OacceifHe cyMMapHas IUIOIaAb, B TOW WIM WHON Mepe MonBep-

TynbcKuii TocyapcTBeHHBII yHUBepcuTeT, Tyna, Poccuiickas @enepanus, e-mail: ecology tsu_tula@mail.ru
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JKCHHas] TEXHOTEHHOMY BO3/CHCTBHIO, CBSI3aHHOMY C
Pa3paboTKO MECTOPOXKICHUH YIVISl, COCTABIISIET OKOJIO
12 % ot oOmieli TeppuTOpun 001MacTH. 3aKPBITHE IIAXT
Ha Teppuropun TynbcKoil 001acTH CO3AaJI0 3KOJIOrHYe-
ckue mpobnemsl [1 — 6]. Ilpomomkaercs oTpuIaTenbHOE
BO3JeiiCTBUE MOPOOHBIX OTBAJIOB JIMKBUAMPOBAHHBIX
YTOJBHBIX INAXT HAa BCE COCTABIIIOIIME OKPY)KAIOLICH
cpezbl U B HacTosiee Bpemsa. Ha nHeBHOI moBepxHOCTH
pasMeLICHO B BUJE PA3IMYHBIX OTXOIOB YIOJBHOH IPO-
MBIIUIEHHOCTH Oonee 250 MITH. T TOpHBIX TIopoA. B Ha-
CTOsIILIee BpeMs ITOJABIISIONIAs YAaCTh IIOPOJHOM Macchl B
IToamockoBHOM OacceiiHe cocpeJoTOueHa B TEPPUKOHAX
maxT eMKocTbio 300 — 600 ThIC. TOHH, HOCTPOEHHBIX B
40-e rozpl MPOILLIOro Beka. B XpeGTOBBIX MOPOAHBIX OT-
Bajax, o0Opa30BaHHBIX Ha 00Jiee COBPEMEHHBIX IIAaXTaxX,
Haxoautcs 10 900 Teic. TonH nopox [7 — 10]. [Topoansie
OTBaJIbl YTOJBHBIX INAXT SIBJISIIOTCS KOMIUIEKCHBIM HC-
TOYHUKOM 3arpsi3HEHUsI OKpy»katomeil cpeasl. Ha puc. 1.
nprBeneHa 0000IEHHAs T€03KOJI0OTHYeCKast MOJIEIIb I10-
POAHOrO OTBaIA.

Pa3paboranHasi Te03’KOJIOTHUECKass MOAENID SBISETCS
OCHOBOW (PM3MYECKUX MOJEJCH MPOLECCOB MUTPALMU
3arpsi3HUTENCH W MX MareMarhdeckoro omnmcanus. Oue-
BUJIHO, YTO HMHTEHCHBHOCTH IIPOLIECCOB MaccooOMeHa
MOPOJHOIO OTBaja C OKpYyXKarollel cpenoil BO MHOIOM
OIIPEAENACTCS T€OIKOJIOTHIECKUMH M TeOTEXHOJIOTHYe-

CKUMH TIEpHO/IaMU CYIIIECTBOBAHUS ITOPOAHOTO OTBaJa Ha
MIPOMITIOMIAJIKE MaXThI. [Ipy 3TOM IMKBAAANINS IAXTHI HE
O3HayaeT JUKBUJALMKY OTBaja M, OH, KAK MCTOYHHK >KH/I-
KHX CTOKOB, MOXKET JI€HCTBOBAaTh B T€UEHUE MHOTHX JIET
[11—14].

[loponnbie oTBasbl (GOPMUPYIOTCS W3 PA3HOPOITHOM
TOPHOW Macchl, B KOTOPOW BCJIEJCTBUE €€ M3MEITFICHUS
Y TIepeMEINBaHus B MPHCYTCTBUH KHCIOPOZa BO3IyXa
AKTHBH3HUPYIOTCS (PU3UKO-XMMUYECKHE TPOIECCHl. YKa-
3aHHBIE TIPOIIECCHI SABJISFOTCS OCHOBHBIM (DaKTOPOM, OTIpe-
JETISIOIAM KaK HaIlpaBIeHHOCTh, TaK U HHTEHCUBHOCTh
BO3/ICHCTBHUS OTBaJla Ha OKpyKarolyro cpeay. Comepxa-
HUE TSDKEJIBIX METAJUIOB | Mpeselbl n3MeneHus pH xak B
FOBEHWJILHOHN MTOPOJHOM Macce, TaK M B IMOPOJAHON Macce
TEPPHUKOHOB, OTCHITIKA KOTOPHIX 3aBepIlieHa Ha MPOTSKE-
Huu nocienHux 70 JeT, moKa3aHbl Ha puc. 2.

[IpoBenens! wnccrnenoBaHus Mpod TOPOTHONH Macchl
MIPEACTABIIIONINX BCE THUIBI M pa3Mepbl OTBAJIOB, OTCHI-
MIAHHBIX B pa3JINYHbIEC TIEPUO/IBI U PACTIONIOKEHHBIX B pa3-
HBIX acTax [ lomMockoBHOTO yroipHOTO Oacceiina. OToop
po0 MPOU3BOAMIICS HA PA3IIMYHBIX YPOBHAX TI0 TIEpHUMeE-
TPy OTBaJja C IaroM CETKH paBHBIM 50 M.

[IpuBeneHHbIE HaHHBIE CBUIETEIBCTBYIOT O BBICOKOM
KHCJIOTHOCTH MTOPOTHOM MAaCCHI, KOTOPAas MPeoTpeaeisieT
MTOJIBYPKHOCTB COZIEPIKAIIUXCS B HEH TSKEITBIX METaJLIOB.
CrnenoBarenbHO, OCHOBHAS 4acTh BEPTHKAIBLHONH MUTpa-
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ATMOCQEPHI S ; : HYDROSPHERE
SURFACE AIR e
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Fig. 1. Geoecological model of rock blade
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Puc. 2. Konyenmpayusi Memauioe 6 nOpoOHbIX OMeanax /
Fig. 2. The Concentration of metals in waste dumps

MU KUCIIOTHBIX CTOKOB MPOUCXOAUT TIOCPECTBOM HX (DHIIBTPAIH, TIPH KOTOPOH HHTEHCHBHOCTH MPOIIecca TOMUMO
(bMITBTpAIIMOHHBIX XapaKTEPUCTUK TPYHTA CYIIECTBEHHO ONPENENIIeTCS BpeMEHEM KOHTAKTa CTOKOB C TIOJICTHIIAIOIIEH
NnoBepXHOCThIO. ClieA0BaTENBHO, Il IPOTHO3UPOBAHUS U3MEHEHHS KUCIOTHOCTH MPUJIETAIOIUX K OTBAITy IOYB, He-
00XOIMMO HCCIIEAOBaHHE MPOIECCOB POPMUPOBAHHUS KHCIOTHBIX CTOKOB.

Muzpayus moKcuuHbIX KOMROHEHMO8 8 NOYEY U NOOCIMUNAIOWUE ROPOObL C OMBAN08 Y201bHbIX waxm. B cuny
MHOT000pa3usi TOPHOTEXHUIECKUX, TEXHOIOTUIECKUX U APYTHX YCIOBHIA (YOPMHUPOBAHUS U TPAHC(POPMAITHH MTOPOITHBIX
OTBAJIOB TIOCTYIUICHHE CTOKOB Ha IPHUJICTAIOIINE TEPPUTOPUH IPOUCXOANT BCICACTBUE CTEKAHHSI 00OTaIlIEHHBIX CEPHOI
Y YTOJBHOUM KUCIIOTaMH aTMOC(EpHBIX 0caakoB. [IponcxonuT pacTekaHue U WHPUIBTPALNS CTOKOB Ha TOPU30HTAIb-
HBIX YYacTKax penbeda, a TAKKE CKAaIUTMBaHUS CTOKOB B HU3WHaX. [Ipy 3ToM HE3aBUCHMO OT MyTe MUTPAILIMH CTOKOB,
WX paclpoCTpaHeHHE BBI3BIBACT M3MEHEHNE KHUCIOTHO-IIEIOUYHBIX H OKUCIUTEIHHO-BOCCTAHOBUTEIHHBIX yCIOBUI B
MoYBax (B 3HAYUTENEHOU CTETICHH OTIPEeIIieMbIX UX Oy(hepHON eMKOCTEIO), TPUBOJIAINEE K MPOTEKaHUIO pa3HOO0pa3-
HBIX XUMHYECKHUX PEaKIMiA, B YACTHOCTH, TIPUBOAIINX K YBEIMUEHHIO JTa0MITFHOCTH TOKCHYHBIX BemiecTs [15 — 18].

Taxum o6pazom, 11t obecriedeHns: 630MacHOCTH HACENICHHS, IIPOKUBAIOIIETO Ha TIPUIIETAOIIHNX K TIOPOIHBIM OT-
BaJlaM TEPPUTOPHSX, U TIPEIOTBPAIICHHS IeTPaIalluy TTOYB HEOOXOINMO ITPOTHO3UPOBATH MACIITA0bI H HHTEHCUBHOCTh
3arpsisHEHUS OKPY>KaroLleil cpelibl TOKCUYHBIMU BeecTBamu [ 19 — 20].

3arpsi3HEHNE OKPYKAFOIIEH Cpelbl TOPOTHBIMH OTBaJIaMH BKITFOYAET BEPTUKAIBHYIO MUTPAIIHIO (PUITBTpaTa mopoI-
HOTO OTBaJIa B TIOYBY €0 OCHOBAHUS, pAaCTEKaHHE CTOKOB aTMOC(EPHBIX OCAIKOB C MTOBEPXHOCTH OTBAaja Ha MpUera-
FOIIMX TEPPUTOPHSIX U BIUTHIBAHUE UX B MIOYBBI, 4 TAKXKE IEPEHOC TPYHTOBBIMHU BOJIAMH BEIIIECTB, IKCTPArHPYEeMbIX U3
MOYBBI KACJIOTHBIMU CTOKAMH.

BeprukanpHas Murpanys 3arps3HUTEINS B TIOYBY U Jlaliee B MOACTUIIAIONINE TIOPO/IBI YIOBICTBOPUTEIHHO OTHCHIBA-
€TCs OJJHOMEPHBIM ypaBHEHHEM KOHBEKTHBHOM MU (y3HUH C y4eTOM KHHETHKH COPOIIMH 3arps3HATENS TBEpIoH (a3oit
[TOYB M MOICTUIIAIOIINX U TIOpofl. B maHHOM citydae 1ienecooOpa3Ho paccMaTpUBaTh IMOMTyOECKOHEYHOE IPOCTPAHCTRO.
YpaBHeHHE MUTpALIMY 3aTPS3HUTENS UMEET CIACAYIOIUN BU:

2
%-FW%:DSB—E—KC (1)
ot 0z 0z ’

rae ¢(z,t) — KOHIIEHTPALMs 3arpsI3HUTEIIS. B TOPHBIX TIOPOJaX; W — CPeAHssl CKOPOCTh (PUIBTpallK TOYBEHHOTO pac-
TBOpa; Dy — koaddunmeHT quddysun; K — KOHCTaHTa CKOPOCTH COPOLIMH 3arps3HUTENS TOPHBIMU TIOPOJaMH.
HauaneHble 1 TpaHUYHBIC YCIOBUS:

¢(z,0)=c, =const, ¢(0,¢)=c, =const, lim ¢ #oo- )
Z—00

Pemenne ypaBuenwus (1) anst yciouii (2) moirydeHo B BUTE:
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c(z,t)=coexp(—Kt)+ 0,5exp(0,5(xz)<cb [exp(—m)erfc(o,Sm—\/ﬁ) +
+exp(m)erfc(0,5m+\/ﬁ)}—cOexp(—At){eXp[— A(B—K)}x

xerfe| 0,541 - \[(B=K)t |+ exp| J4(B-K) |

xerfe] 0,5V ATt + (B —K)t}}>,

€)

me A=z"/D;; B=0,25D, (w?/ D] +4K/D,)-

CrnenyeTr OTMETUTb, YTO 3aBUCIMOCTh BEPTUKAJIBHOTO
pacripesieNieHns KOHIIGHTPAIUK 3arps3HUTENS, OINpee-
ssiemast 1o gopmyite (3), umeer obmuid Bua. B onpene-

JIEHHBIX YCIIOBUSAX 3aBHCUMOCTH (3) MOXKHO YIIPOCTHTH.
IHosyueHHbIe pe3yJbTAThI M UX 00CYKAeHUE

BBIOpOCHI ¢ TOPOMHBIX OTBAJIOB WUMECIOIINE HU3KHIA
ypoBeHb pH, momamas Ha TpUIIETarolIie TEePPHTOPHH,
pa3pymarT MIOA0POANE TI0YB, BCIEACTBHE YEr0 BOKPYT
orBana (HOPMHPYETCS TEXHOTeHHass MycThIHsA (puc. 3).
[Tpoucxoaut HapyllleHHe paBHOBECHS OKpYXarolIeH cpe-
Iel [15-19].

HUccnemopanus npoduiiel rpyHTa BIOIbL Pycia CTOKA,
B Pa3MUYHBIX TOYKAX TEXHOTEHHOW MYCTHIHU W Ha HE3a-
KHCTICHHBIX ((POHOBBIX) yUaCTKaX MPHIICTAIONINX K OTBa-
JIaM TePPUTOPHUI TTIOKA3aJId TECHYIO CBSA3b MOIBH)KHOCTU
nejoreHHoro maprasiia u ypoBHs pH mnous. Ilpu sTom
cHmwkeHne pH mous 10 4 equHWII IPUBOIUT K 00pa3oBa-
HHIO B | M® TpyHTa MOABIKHOTO MapraHiia, J0CTaT04HOTo
JUTSL CBEPXHOPMATHBHOTO 3arps3HeHus 20 ThIC. M® TOBEPX-
HOCTHBIX BO[I.

Takum 06pa3zom, BCIieACTBHE OrpoMHOM pasHuiisl [TJIK
Maprafia U IMo4YB ¥ BOTHBIX OOBEKTOB, AaX€ OTHOCH-

TEJIFHO HEOOIBIIOE OAKHUCICHNE TI0YB MOXKET TIPHUBECTH
K KaTacTpOpHIECKOMY 3arps3HEHHIO BOTHBIX OOBEKTOB.
Jannbiii hakt noareepxkaactces 30 KpaTHBIM IPEBbI-
menueM [TJIK 1151 moBEpXHOCTHBIX BOJ Ha PACCTOSHUU
300 M OT TeppHKOHA OTPAOOTAHHOM IMIAXTHI «KIaHKOB-
ckas». B To ke Bpemsl mpu aHamM3ax mpod POTHUKOBOMH
BOJIBI, OTOOPAHHBIX 32 BOJIOPA3/IeIOM Ha PACCTOSHUU B 1,5
KM OT TEPpPHKOHA, MapraHel] He OOHapy»XeH Jaxe B cie-
JIOBBIX KoimdecTBax. VI3 MpUBEAECHHBIX pe3ylbTaToB Cie-
JIyeT, 4TO B HACTOSIIICE BPEMSI OJJHUIMH M3 OCHOBHBIX (haK-
TOPOB, OKa3bIBAIOIINX ACCTAOMIM3UPYIOIIee BIMIHAE Ha
COCTOSIHUE OKPY’KAaroIel Cpeibl, sIBISIETCS (DHIBTPAIHs
3arps3HAIONINX BEIISCTB M3 TeJa OTBaja B BOAOHOCHBIE
ropu3oHTHL [Ipr 3TOM ocymecTBiIsIeTCs BRBIHOC pacTBOpa
CEpPHOI KHCIOThI aTMOC(EPHBIMU OCaJKaMK C OTBaa Ha
npuiieraromue Teppuropun. CepHas KHACIOTa HaKariiH-
BaeTcAd B TIOBEPXHOCTHOM CJIO€ TTOPOIHONW MacChl BCIIE-
CTBHE HHU3KOTEMIIEPaTypHOTO OKHCIICHHS BEIIECTB, CO-
Jep KaluX Cepy U BXOAAIINX B COCTAB MIOPOJHOI MAacCHI.
Hcnonp3oBadmne 3aBUCHMOCTH (3) ITO3BOJSIET pac-
CUNTATh BEPTHUKAJIbHBIA NPO(HIb KOHIEHTPALUH 3a-
TPASHATENS B TIOYBE W MOACTHIIAIONINX MOPOAaX B 30HE

Puc. 3. Texnoeennas nycmoins meppukoHa ompabomannou waxmel Ha meppumopuu Tynvckoul obracmu /
Fig. 3. A man-made desert of the waste heap of the mine on the territory of Tula region
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cizt) [T I

Z, M

Puc. 4. Bepmuxanvhwiili npodhuib KOHYeHMpayul 3a2psizHumens 8 nouee U NOOCMULAIWUX NOPOOax 6 30He OelCmaus NopoOHO-
eo omsana: C(z,t) =c(zt)c; 1 —t=1cym.;2—t=2cym.;3—t=3cym.; 4—t=4cym.;5—t=5cym./
Fig. 4. Vertical profile of pollutant contentrations in soil and underlying rocks in the rock dump zone: C(z,t) = c(z,t)/cb; 1 —t = 1 day.;
2—t=2days.; 3—t=3days.; 4—t=4days., 5—t=75days.

JIEWCTBHSA TIOPOIHOTO OTBasa JUIsl JIH00Oro BujA 3arpAsHuTeNs. B yacTHoMm ciydae, korna ¢, = 0, 3aBucumMocTts (3)

3amucarh CIeAYIONIHM 00pa3oM:

¢(z,t)=0,5¢, exp(O,SOLZ)[exp(—ﬁz)erfc(O,Sz/\/D_st —x/E) +
+exp(flz)erfc(0,52/ Dt + \/E)}—kexp(m)erfc(O,S\/A_/t + \/E)} ; “4)

e f,=0,5w?/D?+4K/D,.

BrruncnuTenbHbIe 9KCIEPUMEHTBI TPOBENEHBI C UC-
MI0JIb30BaHUEM 3aBUCUMOCTH (3). Pe3ynbTaTsl BEIUNCIH-
TEJILHOTO SKCIIEPUMEHTA MPEeCTaBIeHBI Ha puc. 4.

Pe3ynbrarel BBIYMCIMTENBHOTO DKCIEPHMEHTA MOKa-
3BIBAIOT, YTO MUTPAIM TOKCHYHBIX KOMIOHEHTOB YKH/[-
KHX CTOKOB C TIOBEPXHOCTH OTBaJIa MPUBOANUT K UHTCHCHB-
HOMY 3arpsiI3HEHHIO TIOUBBI U MOACTHIAONIHNX TIopo. [Ipu
3TOM TPO(HIIH KOHIICHTPAI[UH UMEET BOTHOOOpA3HBIN Xa-
pakTep C TOYKON MaKCMMyMa, OOYCJIOBICHHOUN B TaHHBIN
MOMEHT BPEMEHH B KOHKPETHOH TOUYKE paccMaTpHBacMO-
r0 MPOCTPAaHCTBA PaBEHCTBOM CKOPOCTEW Ipoliecca KOH-
BEKTUBHO-IH(h(Hy3MOHHOTO TIepeHoca U COPOLUH.

BuiBoabI

O000I1ICHNE PEe3YSIBTaTOB HATYPHBIX HAONIOICHUA, Jia-
OOpaTOPHBIX SKCIEPUMEHTOB M MaTeMaTHYECKOr0 MOJe-
JIMPOBAHUS MTO3BOJIMIIH CHIENATh CIEAYIONINE BHIBOJIBL:

1. 17151 OLIeHKH BIMSTHUS TOPOTHBIX OTBAJIOB YTOJIBHBIX
LIaXT Ha COCTOSIHUE OKPY’KAIOIEH cpe/ibl He0OX0AUMO Ha
OCHOBE TOMIOTpaUIECKUX TAHHBIX OMPENEITUTh IUIOIIAIb
OacceliHa cTOKa ¥ OCHOBHBIC MTYTH MOCTYIUICHHS TIOJLTIO-
TAHTOB Ha TEPPUTOPHUH, IIPHIIETAIOIINE K OTBAIIY.

2. XVIMUYECKH aKTHBHBIC BOIOPACTBOPUMEBIE COEIU-
HEeHus1, 0Opasyrouecs: Ipu QUIBTPAIMH aTMOC(HEpPHBIX
0CaJIKOB Yepe3 TeJO 0TBaJa, MOTYT CKaIlJIMBaThCs B 00pa-
30BaBUIEHCS MO/ HUM DIMHUCTON HENPOHULIAEMON MYJlb-
e, a B IIEPUO/IbI HHTEHCUBHBIX aTMOC(HEPHBIX OCAKOB H

T.10. N21(35), 2018 T.

CHETOTasIHUS, TEPEeTIONH s 3Ty JIMH3Y, TONajaThk B OKpy-
JKaroIlMe OTBaJI MMOYBBI M PacIIpOCTPAHATHCS C TPYHTOBBI-
MU BOZIaMH.

3. HamubGonee 3HaYMTENBHO MPOIECC 3aKUCICHUS MO-
YBBI MPOSABISIETCS B MOBEPXHOCTHBIX TOPU30OHTAX, XOTS
TeHJeHIUA K CHIXeHuto pH mpocnexuBaercs no Tiy-
OMHBI B HECKOJIBKO JIECATKOB CaHTUMETpPOB. [Inomoponue
MI0YB B OCHOBHOM OIIPEAEIsIeTCs 3HaUCHUEM TaKUX arpo-
XUMUYECKUX TMOKa3arenen kak pH, noaBuKHbIE COEANHE-
HUA Ppochopa 1 Kausl.

4. Murparyst TOKCHYHBIX KOMIIOHEHTOB JKUJKUX CTO-
KOB C TIOBEPXHOCTH OTBajla MPUBOAUT K WHTEHCHUBHOMY
3arpsA3HEHNIO MOYBHI M MOACTHIIAIOMIKX Mopoz. [1pu atom
npouiib KOHIEHTpAMH UMEET BOJNHOOOpa3HbIM Xapak-
TEp C TOYKOM MakCUMyMma, 00yCJIOBJICHHO!N B TAHHBIH MO-
MEHT BpEeMEHH B KOHKPETHOH TOYKE paccMaTpHBaeMOro
MIPOCTPAHCTBA PABEHCTBOM CKOPOCTEN IPOIECCOB KOH-
BEKTUBHO-I1(P(Qy3MOHHOTO TIepeHoca U COpOLIUH.
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Basic mineral wealth was brown coal deposits of Moscow
Coal Basin in Tula Region until recently. Mining brown coal
deposits of Moscow Coal Basin was begun since 1853. More
than 1 milliard and 200 million tons of coal were mined that
time. Summarized area which somehow or other undergoing
anthropogenic influencing connected with mining coal deposits
is equal about 12 % from common territory of the region.
Liquidating mines in the territory of Tula Region created
environmental problems. Negative influencing liquidated waste
dumps continue upon all components of environment until our
time. There are more than 250 million tons of rocks on the earth
surface of different forms of mining industry wastes. Integrated
environmental model of waste dump is proposed which can be
basis of physical models for migrating pollutants processes and
their mathematical description. It’s shown that intensity of mass
exchange processes between the waste dump and environment
as a rule is identified by environmental and geotechnological
periods of waste dump existing on surface industrial area of
a mine. Under such conditions liquidating the mine doesn’t
signify liquidating the waste dump and the one can function
as sludge liquor source during a lot of years. Mathematical
model of vertical migration a pollutant into soil on base of one-
dimensional equation of convective diffusion with taking into
account sorption kinetic of the pollutant by solid phase of soil
and rocks is proposed. Calculating experiments were realized
and it’s established that migrating toxic sludge liquor from
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waste dump surface result in polluting soil and underlying rocks.
Vertical concentration profile has wave-like nature with point of
maximum which stipulating velocities balance of convective-
diffusion transfer and sorption processes at the moment of time
in concrete point of considering space.

Keywords: waste dump, liquidated mine, Coal Basin,
pollutant, soil, filtration, mathematical model.
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OBO3PEHMNE
REVIEW

Mepa MHCU3HU HeE 6 ee Oflumeflbnocmu, a 6 Mmom, KaK 6bl ee ucnojib3oeail.

OCOBEHHOCTHU
PEAJIUSALUNUN NMPOEKTA ERASMUS+
B TOPHbIX BY3AX

M. MOHTEHbD

rabapaes O. 3.,
'CokonoBa E. A.%,
'BanunkoeBa M. U.

TCHI[CHI_II/II/I MHPOBOTO IKOHOMHYECKOTO Pa3BUTHSA TPEOYIOT pacIIMpeHHs
cdep MEKXAYHAPOIHOTO B3aUMOJEHCTBUS HA YPOBHE TOCYAApCTB, PErHO-
HOB, @ TAKXKE B OTAEIBHBIX OTPACIISIX IPOMBILIICHHOCTH M IIPOU3BOACTBA. Peanmsa-
L[MH TAaKOT'O COTPYAHUUYECTBA JOBOJILHO MHOTOIPaHHBI: COBMECTHOE IIPON3BOACTBA,
KOHCYJIBTALINH, CTaKUPOBKHU, 00yUCHHUE U NIEPEIIOArOTOBKA IIEPCOHAIA U JIP.

CuHeprus Takoro cOTpyAHHYECTBA OUeBHUIHA Kak it PO, Tak u 1i1s1 3apyOesx-
HBIX IAPTHEPOB: CO3/IaHNE NHHOBALMOHHON 3KOHOMHKH, TEXHOJIOTHIECKOE Pa3BU-
THE, Pa3BUTHE HAyYHO-UCCIIEIO0BATEIbCKON NEATEIbHOCTH, PACIIMPEHUE PHIHKOB
cObITa, MPOABIKCHUE POCCUHCKMX TOBApPOB M YCIYI, HE MMEIOLIMX AHAJIOTOB 3a
pyOexoMm.

MexayHapoaHbIii 00pa3oBarenbHbI MpoekT Erasmus+ mo mporpamme «Mo-
JEPHU3AIMS T€OJIOTHIECKOr0 00pa30BaHUSl B POCCHUIMCKUX M BBETHAMCKUX YHH-
Bepcuterax (MUHEPAJD)» peammsyercst B pamkax bomonckoro mpomecca [1-5]
(Geology; economy; Others (58:34:8), Single degree (120 ECTS credits, 2 years)).

st yenenmHoro cotpynandectBa BY30B-mapTHEpoB HEOOXOIMMO:

-TIOBBICUTD aKaJIEMHYECKY0 MOOHIBHOCTH cTyAeHTOB 1 I1I1C,

-TIOIy4UTh IPAKTHUECKUI OIIBIT PA0OTHI B YCIOBUSIX II00AIN3aIIMH SKOHOMHUKH
P® u sxonomuku EC;

-o6ecrnieunts copmectuMocTh OOIL, B3anMHOe ITpU3HAHNE JUIDIOMOB 00 0Opa-
30BaHMAMN M BO3MOYKHOCTH MTPONOIKUTH 00ydenue B PO u B EC;

-BHEAPUTH Hanbosee 3pPeKTHBHBIE MHHOBALMOHHBIE TEXHOJIOTHH B 00pa3oBa-
HHUH ¥ IPOMBIIIIEHHOCTU CTpaHAMU-IIapTHEPaMU;

-pacupuTh HedopmaabHOE obmieHne ctyneHToB [6—7] PO u EC, xotopoe mo-
3BOJIUT JIyYIlIe IOHATH APYT APYra U MPEONO0JIeTh UMEIOLINECS Y KaXKI0H CTOPOHBI
IIPEAPACCYAKH U CTEPEOTHIIBL.

B pamxax mpoekra Erasmus+ OblTa TOCTHTHYTa JOTOBOPEHHOCTH O Hadaje
pa3pabOTKH COBMECTHOIO y4eOHOro IUlaHa Maructparypsl «IIpon3BoncTBEHHBIN
MEHEKMEHT B 00JIaCTH I'e0JI0TUM He(TH U ra3a» ¢ MOCICAYIOIUM IPU3HAHUEM
JUIUIOMOB PaBHO3HAYHBIMU B CTpaHaX-MapTHEpax ¢ HabopoM rpyni B Iepmanuy,
Wrammu, ABctpun, Bretname u Poccnn.

Yyactrie CKIMU (I'TY), xak omHOTO M3 MapTHEPOB MPOEKTa, MO3BOJSIET pe-

! CeBepo-KaBKa3cKuil TOpHO-METaJLTyPrudecKiil HHCTUTYT (FOCYAapCTBEHHBIH TEXHOJIOMMYECKUI YHUBEPCH-
ter), Bnagukaskas, Poccuiickas denepauust
*e-mail: katya sea@mail.ru
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LIMTH 3a/ady, KOTOpas MOCTaBJIeHA CEroiHs mepel poc-
CUiickoll cucteMorl 00pa3oBaHUS — YCHIICHHE IO3HIINI
P® ma MupoBoM phiHKE 00pa3zoBaTenmbHBIX yciyr [8].
CrenoBarenbHo, paboTa B JaHHOM HallpaBICHUH U TPH-
BJICUCHHE HWHOCTPAHHBIX CTYACHTOB Ha CErOAHSIIHHN
JICHB SBIISCTCS CTPATErNUECKH BasKHBIM M IPHOPUTETHBIM
HaIlpaBJICHHEM B 00Pa30BaHUH.

Commacio  IlaptHepckomy  commameHutro  2016-
2974/001-001, 3akIr04eHHOMY MEXIY CTpaHAMH-ydacT-
HUKaMH Tiporpammbl Erasmus+ u crpaHamu-napTHepa-
MH, B IIEPCHEKTHBE IUIAHUPYETCS] pean3anys IporpaMm
JIBOMHBIX JUIUIOMOB, KOTOpas INpELyCMaTpuBacT OIHO-
BpEMEHHOE OO0y4YCHHE CTYACHTOB B POCCHUICKHX W 3a-
PYOSKHBIX By3ax C HEPCICKTUBOM MONYy4YEHHUS! KaK poc-
CHICKOTO, TaK ¥ 3apy0eKHOTO AUIUIOMA O MPUCYKACHUU
CTETIeHU Marucrpa.

OpHako ¢ y4yeroM TpeOoBaHusi VcnomHUTENBEHOTO
areHTCTBa MO 00pPa30BaHMUIO, KYJIBTYPE U ayIHOBU3Yallb-
HbM cpenctBaM EC (EACEA) peanmzamnus nporpamm mno
OCHOBHBIM CIICIMAJIBHBIM AUCIMIUIMHAM OCYILECTBIISCT-
Csl Ha aHIJIMMCKOM $I3bIKE, YTO BJIEUET 3a coOoi ompene-
JIEHHBIE CIIOKHOCTH [9].

s obnerdenust BOCIpUSATHS Marepuaa 1o TeXHu4Ie-
CKUM JAWCLUUIUTIHAM XKEeJaTeNbHO:

- 00ecreunTh Bee IEKIUN JEMOHCTPALMOHHBIMHU MaTe-
pHuanamu (Ipe3eHTaursIMH) A1 00JIerYeHus BOCTIPUATHS
nH(poOpMaIK, KOTOPYIO CIOKHO YJIOBHTH Ha CIyX; BHeE-
JPUTh MHTEPAKTUBHYIO (OpMY ypoka (BOIIPOCHI, MEpCo-
HaJIbHBIA BAPUAHT 3aJ1aHus U T.11.);

- peanu30BaTh BO3MOKHOCTb TECTHPOBAHUS AJIs OTIpe-

JIeNICHHsT YPOBHS BOCIIPUATHS MaTepraia i BO3MOXKHOCTH
OLIEHUThH YPOBEHb KAUECTBA 01a4l MaTepHaa.

OnmHUM W3 KIFOYEBBIX MEPONPHUSATHI MPOEKTa SBIIS-
€TCSl OpTaHu3aIMsl «3UMHEH HIKONBD» — MPOBEICHHE OH-
TAWH-JIEKIIAA U TIOMYJSAPU3allid W TIOBBIIICHUS HH-
Tepeca Kk reonorud. Pazpaborka Kypca nekimii 3uMHEH
komnbr «FOHBIH reomor» moTpedyeT OT MperoaaBaTess
3HAUUTEIHHBIX YCHIHN, TIPU 3TOM HEOOXOIUMO ITO9ep-
KHYTb, YTO UCIIOJIb30BaHUE MATEPHUATIOB 3UMHEN IIKOJIBI
B TIOCJIEYIOIIEM COKPATHT BpeMs Ha ITOJTOTOBKY K JIEK-
UM M TIO3BOJIUT OPTaHW30BaTh paboduee Bpems 10 YH-
TaeMbIM JCIUILTHHAM ¢ OoIbIIei 3 (GEeKTUBHOCTHIO 110
CPaBHEHHIO C TPAIUIIMOHHON CHUCTEMOW MPETOaBaHus.
[IpenmymiecTBa OT HCMONB30BaHUS AIEKTPOHHOTO Kypca
JUTSL CTYIGHTOB TOX€E OYECBHIIHBI:

- oOyuatomuiicst OyeT UMeTh BO3MOXXHOCTH CBOOO/I-
HOTO JIOCTYTIa K MaTepHrajiaM B yI0OHOE eMy BpeMs;

- 00yJarOIIHIiCs CMOXKET CAMOCTOSITETIHHO pa3padaThl-
BaTh IUIAH M3yYeHHs MaTepHaja, COIJIACHO YCTaHOBIICH-
HBIM CpPOKaM W COOCTBEHHOM 3arpykKeHHOCTH u paboTo-
CIIOCOOHOCTH.

O4eBUAHO, YTO HAIMYWE HWHOCTPAHHBIX CTY/ICHTOB
MIpeACTaBIsIeT OO0 CIIOXKHBIN TIpoIiece s 000 op-
raauzaiyn kak B PO, Tak u B EC. Heobxomumo mpusie-
YeHHE BBICOKOKBATH(DUIIMPOBAHHBIX KaJIPOB, KOTOPBIE
CMOTYT TIIATEeNIbHO TUIAHUPOBATh KypC TUCIUIUINHBI HC-
XOIsl W3 TPOTHO3MPOBAaHUS BO3MOXKHBIX CIIOCOOHOCTEH
o0y4aromierocs (S3bIKOBOH YPOBEHb, HAITMOHAIIEHBIE 0CO-
OeHHOCTH, 0COOEHHOCTH Y4eOHOU JesSTeNHOCTH B 3aBH-
CHUMOCTH OT PETHOHA U JIp.).

*B cmamuve npeocmaesiensl pe3yibmamol UCc1€008aHUll, 6blnOAHeHHbIX no npozpamume Erasmus + 574061-EPP-1-2016-1-
DE-EPPKA2-CBHE-JP "Modernization of geological education in Russian and Vietnamese universities
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Purpose: For the past decades the specialists training in
geology has been declining significantly and as a result the
foreign companies are starting to play a bigger role in re-
source exploration in Russia. This situation gave rise to the
necessity of improving higher education in the field of geol-
ogy. The purpose of the article is to describe the international
educational project funded by Erasmus+ , to investigate the
new master program under the project and to substantiate
the new multimedia —based teaching methodology. The new
curriculum developed according to European educational
standards is described. The article also elaborates on the
innovative methods and benefits of the educational project
Erasmus+.

Methods: The methodology of research is based on com-
paring European, Russian and Vietnamese education systems
for harmonization the curriculum for Master programs in pe-
troleum geology.

Results: One of the key tendencies in economy is
strengthening international cooperation which requires revi-

T.10. N21(35), 2018 T.

sion of modern educational standards and internalization of
educational programs. Erasmus + foundation provides oppor-
tunities for promoting mobility of both students and academic
staff and for elaborating unique curriculums under the Bolo-
gna process recommendations in countries outside European
Union. The project “Modernization of geological education in
Russian and Vietnamese Universities” (MINERAL) involves
academic mobility for sharing practical knowledge in geolog-
ical education, introduction of innovative teaching methods
and recognition of diplomas in partner countries. North-Cau-
casian Institute will be the basis for signing a letter of inten-
tion for double-degree diplomas. However the most serious
problem for project partners is that the master program should
be implemented in English. To motivate students an online
school “Young Geologist” is planned with basic lectures by
leading professors from partner and program countries (Ger-
many, Italy and Austria) in English.

Conclusion: To promote geological education in mining
universities in accordance with European standards it is
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crucial to attract highly-qualified professionals, improve
language learning and employ on-line educational platforms
in collaboration with European universities, which can be
achieved under the Erasmus+ projects.

Keywords: Erasmus+, educational project, master pro-
gram, innovations, European educational standards.
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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.

Tekcr crareu Habupaercst mpudrom Times New Roman
pa3smepoM 14 nT yepe3 OAMHAPHBINA MHTEPBAJ, BEIPABHUBAHUE
o opmary. [TogzaronoBok — mipu(T KypCUBHBIN, BEIPABHUBA-
HHE I10 JIeBOMY Kpato. [Ipy HanucaHuu CTaTbl UCHONB3YIOTCS
OOIIENIPUHATHIE TEPMHUHBI, €IUHUIBI U3MEPEHUSI U yCIIOBHBIE
o0o3HaueHus1, enMHOOOpa3HbIe 10 Beell crathe. PacmmdpoBka
BCEX HCIOJIB3YEMBIX aBTOpaMH OOO03HAUYCHUH JAETCsI IPH Tep-
BOM YIOTpeOJICHNH B TeKCTE. ByKBBI TaTHHCKOTO ayaBuTa Ha-
Ouparorcst Kypcuom, OyKBBI TPEUECKOTO an(aBUTa — MPSIMBIM
mpudroM. Maremaruueckue cuMBONEI lim, g, In, arg, const,
sin, cos, min, max u T.J1. HaOUparoTcst PsIMbIM HIpupTOM. CHM-
BOJI HE JIOJDKEH CIIMBATBCS C HAJICHMBOJILHBIM 3JIEMEHTOM B
xumugeckux sementax (H,0) u exunnnax nsmepennii (MBT/
cM?) — ipssmbIM (00braHBIM) TpudToM. He cremyer cMmemiBarh
OJIMHAKOBBIE TI0 HAIMCAHUIO OYKBBI JIATHHCKOTO, TPEYECKOTO U
pycckoro angaBUTOB, HCIIONB30BaTh COOCTBEHHBIE MAaKpPOCHL
Bykeoi /uJ,vuv,eul,hun,qug, Vu U, O (6yksa) u 0 (Hy1b)
JIOJKHBI Pa3IIMIaThCs! IO HAYEePTaHHUIO.

Mexay nugpoBbIM 3HAYEHHEM BEJIWYMHBI U €€ Pa3sMEpHO-
CTBIO CJIELyeT CTaBUTh 3HAK HEepa3phIBHOTrO mpobena. [lepeno-
CBI B CJIOBax JIM00 HE YIMOTPEOISTh, JINOO TTOIh30BaThCSI KOMaH-
JIOM «paccTaHOBKa IEpeHOcoBy». He ncrons3oBars B TEKCTE TS
(opmaTrpoBaHus 3HaKH 1pobena. Pasmuars neduc «-», 3HaK
MHHYC «—» H TUPE « — ».

@®opMyIbl CO3AAI0TCS C TOMOIIBIO BCTPOEGHHOTO PEAaKTopa
¢dopmyn Microsoft Equation ¢ Hymepalueii B KpyIibIX CKOOKax
— (2), BBIpaBHUBAIOTCS IO MPABOMY Kpato, pacim(poBKa Bcex
o0o03HaueHui (OykB) B (hOpMyiiax JacTcs B MOPSIKE YIIOMHHA-
HuA B popmyne. PopMyIisl TOIDKHBI ObITH aKKYpaTHO HaOpaHbI
Ha KommbioTepe. Bo m3bexanme HemopasyMeHHH W OMIMOOK
peaaKiysg peKOMEHIyeT aBTOpaM HCIONB30BaTh B (OpMyrax
OYyKBBI JIATHHCKOTO, TPEUECKOTO U APYTUX (HE PYCCKUX ) andaBu-
TOB; TIp Habope GopMyn HEOOXOIMMO COOIIOCTH pa3MepHI 110
ymomyanuo. Cleayer y4uThIBaTh, YTO TPH BEPCTKE (HOPMYITBI
JIOJDKHBI TOMEIIAThCS Ha TIOJIOBUHE CTpaHuLIb (8 cM). bonbime
(opmynsl HeoOXomuMo OyzieT pa3OuBaTh Ha OTAENBHEBIE (par-
MeHTBL. @parMeHTs! GopMyIT IO BO3MOXKHOCTH JIOJDKHBI OBITh
HE3aBUCHUMBI (TIPH HMCHOJIL30BaHUK (JOPMYIIBHOTO penakropa
KaXk[asi CTPOKa — OTIEbHbIA 00bekT). Hymepaiuio u mo Bo3-
MOXKHOCTH 3HAaK{ MPENUHAHMS CIEIYET CTaBUTh OTIEIBHO OT
(dopMyn1 0OBIMHBIM TeKcTOM. HymepoBarh cielyer TOJbKO Te
(hopMyIIBI, Ha KOTOPBIE €CTh CCBUIKHU 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: IIHPHHA PUCYHKA He Goliee § ¢M; TONIIMHA JIU-
HHH: OCHOBHBIX — 1 1T, BcmomoratenbHbix — 0,5 nt; 11 0003Ha-
YEeHUH B TI0JIe PUCYHKA UCTIONB30BaTh MpU@T Times New Roman
pa3mepom — 9 ntT. PucyHKH ¢ GONBIIMM KOTHYECTBOM JeTaieH
(cmoxHBIE cXeMBI, Tpa(uKh) pa3MemamTcs Ha BCIO IMTHPHHY
crpaHuns (16,5 cM). BekTopHBIE pECYHKH 3alHCHIBAIOTCS B OT-

154

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 U1l KOHTPACTHBIX YepHO-OenbIx pucyHKoB U 600 dpi — mis
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. AnHoTaiwms (Ha OTHENBbHOHM cTpaHuie — He Oonee 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; aJiee, 4epe3 2 CTPOKH, B TOH XKe IOCIIeIOBATEIbHOCTH —
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
(haiiyoB BBHIMOIHSIETCS 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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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-
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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 8 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: 8(8672) 40-75-75;

+7(8672) 40-73-60, +7(918)707-39-25 (mob.).

E-mail: editor@naukagor.ru.
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NDOK3IBBCTA ND PEKBHU3UTAM: B nnarexHom nopyveHun
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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.
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)

: 1 g -1 CerogHa Cepepo-KagKaszckwii ropHO-MeTannyprvieckui
Bt ) "1 vHCTMTYT (rocymapcTeeHHbLIA TEXHONOTMYECKMIA

3 L] yHMBEpCUTET) — 3TO QMHAMWYHO Pa3BWBAIOUISECA BhbiCLUEE
yuebHoe 3aBeqedie, TOTOBALWES CNEUNANNCTOB AN MHOTWY
oTpacnel HapoaHOro XO3AWCTEE, KPYMHLIA
HAYYHO-TEXHWYESCKIA UEHTD, Beayllii aKTHEHYIO W
MAOAOTBOPHYIO HAYUHO-WCCNeoBaTENBCKYIO AEATENBHOCTD,

CKIMW cerogia — 310 GRaroycTPOERHHLIA U YXOREHHBIA CTYARHYBCKMA
ropofok, 20} yueGHLIX W BCNOMOraTenbHLX KOPNYCoB. NPOCTOpHOE
oOWexnTIe, HOBLIA NNaeatentHblid BacceiH, CrOPTUBHBIA KOMNNEKC €
dyTOONLHEIM NONEM M. KOHEYHO, CTYIEHTEL.

Ha peenaguaty daxkynbTeTax YHUBEDCWTETA B HACTOALEE BPEMA
obyuyaetca Bonee 6 () cTygeHTor no 36 cneuwansHOCTAM M
Hanpaeneduam. 31o; fopHo-reonormyecknid, MeTannypriveckin,
SNEKTPOMEXAHMUECKUA W APXWTEKTYPHO-CTPOUTENBHEIR DakynbTeTsl,
PaKynbTETel INSKTPOHHOA TexHKn. MHDOPMALUMOHHbIX TEXHONDIMA,
MUiessix NPOMIBOACTE, IKOHOMMUECKHA, HOpUaMUecknid, a Takse
dakynsTeTsl 3acuHoro obyueHua, [OBY3OBCKOR NOLIOTOBKM,
MoebilweHws kBanuQLEKaLMK ¥ NEPENoroTOBKM CNeLWanicTon.

B acnupaHType YHUBEPCUTETa NOJ PYKOBOMACTEOM HalMX MMEHWTHIX
yueHb NpogomxaeT obyuedue Bonee 180 acnWpaHToB.

Mpw CKIMIA dyHKUMOHWPYIOT AWCCEPTAUWOHHBIE COBETH, B KOTODbIX
EmerofaHe npoxoant Gonee 50 3alMT AOKTOPCKAX 1 KaHOWOATCKWX
AUccepTauui.
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