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Axanemust MuHepanbHBIX pecypcoB PK (Anmartsr, Kazaxcran)

O PE3YJBTATAX I'IJIPOJIOTHYECKUX HABJIIOJIEHU
HA O3EPAX TOCYJAPCTBEHHOI'O HAIITMOHAJIBHOI'O
MNPUPOJHOI'O MAPKA «BYPABAM» 3A 2019-2020 I'OJIbI

Annoranus. Ozepa ['HIII «Bypabait» mMeroT 601bII0€ peKpeannoHHOE 3HAYCHNE U HTPAIOT BEAYIIYIO POIb B
pasButun Typusma B Kasaxcrane. B mociennue pecsitunetus HaOMIOMAETCsl TEHACHIUS YCBIXaHUS 03€p, MOITOMY
MPOBEJCHUE PETYIAPHBIX HAOIMIONCHUH 3a TMIPOJOTMYECKUM PEXHMOM O3€p SBIAETCA aKTyalbHOH 3amadei.
ITpuBonsiTcst pe3ynbTaThl HAOMIOJCHUN HAa TMAPOIOTMYECKHX IIOCTaX, CO3JAaHHBIX Ha Hamboiee KPYNHBIX 03epax
HaIMoHaJIbHOro mapka. OTMedaeTcsl MOBCEMECTHOE CHI)KEHHE YPOBHS BOJBI B 03€pax, 3aBHCALIEe OT BEITHYHHBI
aTMOC(EpHBIX OCaJIKOB M TEMIIEPATypPhl BO3AyXa.

KiroueBnble c1oBa: 03epo, ypOBEHb BOJBI, MUHEPATU3AIMS, OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIN MOTEHINAI,
NEKTPONPOBOJHOCTD, KIIMMAT, TUAPOIOIMYECKUNA MOCT.

Beenenune. O3epa, pacnonoxxennsle Ha tepputopun ['HIIII «bypabait», mo ompeneneHnto Kypop-
TOJIOTOB SIBJISTIOTCS] BYKHBIME TTPHPOTHBIMU JieueOHBIMU (pakTopamu. C konma XIX Beka Ha Oeperax o3ep
HAYMHAIOT CTPOUTCS JIa4yM, BOCHHBIE TOCIHTAJIH, JAOMa OTIbIXa, CAHATOPHHM, IETCKHE O30POBHUTEIHHBIC
yupexxaenust [1]. Ha teppuropum HaummoHanpHOTO mnapka QyHKuuoHupyeT Llyunncko-BopoBckas
KypoptHas 30Ha. C cepemunbl XX Beka Ha HEKOTOPHIX M3 03€p HAYMHACTCS MPOBEIEHHUE PETYISIPHBIX
THUIPOJIOTHYECKAX HaOmrofeHnii. B HacTosimee Bpemsl CTallMOHApHBIE THUAPOJIOTHYECKHE HAOIIOIEHUS
ocymectBisitoTrcs Komuterom reonormu Pecrybnmkm Kazaxcran u PI'TI «Kasrumpomer». B Teuenue
MOCIIETHETO CTOJETHS Ha O3epaxX MPOBOMATCS Pa3MUYHBIMH HAayYHBIMH W HAYYHO-TIPOM3BOJICTBEHHBIMHU
OpraHM3alisIMA MHOTOYHCIIEHHBIE AKCIEAUIINOHHBIE HCCIEIOBAHHS, KOTOPBIE TaKK€ W3Y4arOT BOIHBIN
peXUM 03ep.

AHanu3 pe3ynbTaToB THUAPOIOTMYECKUX HCCIIEAOBAaHUI TOKa3bIBA€T, YTO 3a IOCIEIHHE CTO JIET
MIPOM30IIIIO CYIIECTBEHHOE CHIDKEHHE ypoBHS Bombl B o3epax ['HIIII «bypabait», HampuMep ypoBeHb
Bozbl B o3epe lllopran monusuics 6omee yem Ha 14 M, B o3epe YibkeH Illabakter — Ha 10,8 M, Kummn
abakter — 6,5 M, Karapkons — 2,3 M [2]. [loHmkeHHe ypoBHS BOABI B 03epax MpPOAOJKACTCS U B
HACTOSIIIEe BpeMsl ¢ HEKOTOPHIMHU HE3HAYUTEIFHBIMU TIOBBIIICHUSMHU B OTACIbHBIC YBIAKHEHHBIE TOJIBI.

TenmeHIMs K TOHMKEHUIO YPOBHA BOJABI B 03€pax BBI3BIBAET HEKOTOPHIE OIMACEHHS B IEPCIIEK-
TUBHOCTH OCBOEHHUS TEPPUTOPHM HAIMOHAJIHHOTO IMapKa B KayeCTBE TYPHCTUYECKOIO0 U KYPOPTHOTO
KIIaCTEpOB.

Jns peanuzanusi rocy1lapCTBEHHBIX MPOTrpaMM, HalpaBiieHHbIX Ha pa3ButTue lllyunHcko-bopoBckoii
KypOpPTHO# 30HBI, TpeOyeTcsi pa3paboTKa JOJITOCPOYHOTO MPOTHO3a YPOBEHHOro pexkuMma o3ep. C 3Toit
LEJNBI0 BOSHUKAET MOTPEOHOCTH B JabHEHIIIEM U3yUYeHUH BOJHOTO OanaHca 03ep, KOTOPBIi CKIIaIbIBaeTCsI
W3 JAHHBIX HAOMIOJCHHUN 3a TEKYIIUM PEXXHMOM 03€p M METEOPOJIOTHUSCKAMH 3IIEMEHTAMU.

B 2019 rony MuCcTHTYT reorpaduu 1 mpupoaonoas30BaHus MexkTyHapoHOTO HAyYHOTO KOMILIEKCa
«AcrtaHa» B paMKax HayuHoW paboTel «KommuekcHas oueHka skocucteM lllyunHcko-bopoBckoit
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KYpPOPTHOM 30HBI C OMNpPEEICHHEM HKOJOTHYECKOW HArpy3KH B LENSX YCTOWYHUBOTO HCIOIB30BaHUSA
PEKpEeannoOHHOTO TMOTeHIMana» co3nain Ha o3epax lllopran, bypabaii, Kummu IllaGakter, Ynbeken Illa-
Oaxtel, Karapkons u JXykeil ruapomorndeckue MOCTHI U MPOBEACHHS JIOKATHPHOTO MOHHTOPHHTA 3a
PSKUMOM BOJIOEMOB. ['Maponornyeckue HaOJIOACHUS Ha MOCTaX OCYINECTRIsSeT HayuHblid oTmen ['HIIIT
«bypabaii».

B maHHO# cTaThe MPUBOAATCS pe3yIbTaThl HAOMIOACHHM, TTpoBeaeHHBIX B 2019-2020 ronax.

Mertoasl ucciegopanuii. VccinenoBanusi Ha THIPOJOTMYECKUX ITOCTaX, CO3AAHHBIX HAa YKa3aHHBIX
IIECTH 03epax, BKIOYAIM B ceOsl HAOIOACHHUS 3a KaYECTBOM O3E€PHON BOJBI, YPOBHEM BOJBI B 03€pax,
JIEIOCTaBOM, MOIIHOCTBIO JTbJIa, TEMIIEPATYPO BOJIBL.

Hccnenoanus mpoBoauiuck ¢ uroHsS 2019 roga mo mexadbprs 2020 roma. KagecTBo BoABl M3ydaIoCh
l-ro, 11-ro u 21-ro umcima kxaxzporo Mecsauna. Ompenensuii pH, OKHUCIUTETHEHO-BOCCTAHOBUTEIBHBIN
noteniman (OBII), amextporpoBogHOCTE (S), COIEHOCTH, 00IEe CoMepKaHHEe PACTBOPEHHBIX TBEPIBIX
BemecTB (TDS) — munepanuzanus. M3Mepenus ocymecTBIsIUChH mpuoopamu TDS metpoM u pH MeTpom
C 3aBOJICKOI KalTHOPOBKOH.

TonmuHa Ib1a HAXOUIACH C MIOMOIIBIO Jieaomepa. M3mepenust npoBoauiuck ¢ aekadpst 2019 rona,
€ MOMEHTa MOJIHOro JeAocTara, 10 1 anpens 2020 roga.

YpoBeHb BOJBI YCTaHABIMBAJICS C MOMOIIBIO CBaM, 3a0MTOH B O3EPHBIA TPyHT. 3a HYJIEBYIO TOUKY
MPUHUMATACh BEPXHssS 4YacTh CBaW, Yy KOTOPOW 3aMepsuiach aOCONIOTHas OTMeTKa ¢ momoripio GPS
npueMHuKa. MepHOU pelKoil 3aMepsioch PacCTOSIHHE OT HyJIEBOM TOUYKM cBau 10 Bonbl. M3mepeHus
MPOBOAWINCH €XKETHEBHO, J1Ba paza B €Hb, B 8§ u u B 20 4.

Pe3yabTarpl. O000LICHHBIE PE3YIbTAThl UCCIeIoBaHus kKadecTBa Boabl B o3epax ['HIII «Bypabaii»
npuBelieHbl B Tabnmunax 1| u 2. 3HavueHus ToKaszarelel, MOJyYeHHBIX B XO/€ TOJEeBBIX paboT, CpaBHU-
BaJIICh C HOPMAaTHWBaMH, NpPEIbSBIIEMbIMH K 1-3 Kijaccy KadecTBa BOIBI PHIOOXO3SHCTBEHHOTO Ha-
3HaueHUs [4] ¥ K KadecTBY BOJbI NMUThEBOTO HazHaueHus [5], OBII u S ganHBIMH NOKyMEHTaMU He
HOPMUPYIOTCS. J[J1s1 HArIsIMHOCTH HA pUCYHKE | mpuBeACHBI TpaduKy KoJieOaHusi MHHEPAIU3allii BOJIbI B
o3epax 3a mepuoa uccienoBaHuil. Ha rpadukax BUAHO, YTO MHHEpalu3alus BOJIBI TOIBEpXKEHA
CE30HHBIM U3MEHEHHUSIM.

Cyl1ecTBEHHOE CHUKEHIE MUHEPAIU3AIUU BOJBI IPOUCXOIUT B ampelie, Korjaa B 03epa MOCTYIAET C
BOJIOCOOPHBIX 0OacceiHOB Tallas CHEroBas BOJa C BeChMa HU3KOW MWHEpaiu3alfeld, a TakkKe 3a CUeT
TasgHUS O3EPHOTO JbJA. 3aMepbhl MUHEpPaIH3alli¥ IPOBOIMINCH B IPHUIIOBEPXHOCTHOM CIIO€ BOJIBI,
OTpakas MPAKTHYECKH MUHEPAIU3ALIMIO BOJIbI pAaCcTasBILIETO JIbJa.

K nHauvany mas Tanas BoJa mepeMEUIMBAETCS C OCHOBHOW MacCOM O3€pHON BOIBI, MIPU 3TOM MUHE-
payn3anys BOJABI B 03€pe JOCTUTAET CPEIHEH BETHINHBL

JletHue atMoc(epHbIe 0CaAKH HE BHOCST CYIIECTBEHHOTO BKIIa/la B MUHEPAIU3AIMIO BOABI B 03epax.
B 3umnMii nepuoa, HauuHAsS ¢ MOMEHTA JIEAOCTaBa, MUHEpAIN3allks BOABI B 03epaxX YBEIMYUBACTCA 3a
CYeT OTXKATHS COJIeH U3 3aMep3aroleii BOIBI.

Tabnuna 1 — KayectBo BobI B 03epax 3a 2019 rox

pH OBII, TDS (cp.), S,
O3epa cp. mV MI/1 MKCw™/cM
Hopmatuss! no xiace. Nel51 [4] 6,5-8,5 - 1000-1300 -
Hopmaruss! o CIT Ne209 [5] 6,0-9,0 - 1o 1000 -
7,16-8,61 345-495
lopran (7.99) 132-320 (388) 505-737
N 6,98-8,48 156-268
Bypabaii (7.92) 162-295 (214) 220-399
Vnbken I1labakTb 6{;_3’21)8 166-301 75(79_9192)49 1020-1836
Ky [abakTst 7’9(3_‘18301 147-329 40(205-3 3)50 3770-7350
7,9-9,22 698-1069
Karapxons (8,46) 128-308 (810) 914-1470
. 7,4-9,21 2100-6360
Kyxkeit (8,49) 140-322 (4770) 2110-9420
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Tabnuua 2 — KauectBo Boasl B 03epax 3a 2020 rox

pH OBII TDS (cp.) S
Osepa cp. mV MT/JT MKCM/cM
Hopmatuss! no kiace. Nel51 [4] 6,5-8,5 - 1000-1300 -
Hopmatussr o CII Ne209 [5] 6,0-9,0 - 1o 1000 -
7,66-9,75 170-700
Hlopran (8,44) 88-324 (444) 253-813
N 7,0-9,9 181-1067
Bypabaii (1,79 65-313 77) 157-1594
VYneken [1labakTer 7’?8_ 1517’; ? 117-302 3?12(_);27‘;’8 497-1852
Kumn [HabaxTer 7’(785 _596’)6 2 135-301 27(3&_15 8)50 2350-7530
6,63-9,09 447-1052
Karapxons (8,56) 114-279 (858) 668-1504
N 7,85-9,14 2820-7160
Kyxkeit (8,78) 87-302 (4740) 2270-9490

Tpumeuanue. 3nech u B Tadauie 1 B ckoOKax yKka3aHa CpeHsisl BEIUYHHA.
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Ha pucynke 2 npuBenens! rpadyky KoueOaHus ypoBHsI BOJABI B 03epax 3a IEPUOJl HCCIEIOBAHHM.
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Pucynox 2 — I'paduku xonedaHus ypoBHs BOJBI B 03epax

KadectBo BOABI B 03epax, TMIPOJMHAMUYECKUNA DPEKUM BOJOEMOB 3aBUCAT OT KIUMATHYCCKUX
YCJIOBHM, MO3TOMY ISl aHAK3a MOJYYEHHBIX MAaTepUajOB MPUBOAUM JaHHBIE IO METEOPOJIOTHYECKUM
CTaHIUSM, PACHOJIOKEHHBIM B HAlMOHAJILHOM Hapke, U o Mereoctanunu Kokieray, umeromein cambli
JUTUTEIBHBIN psl HAOIIOICHUIA Ha TEPPUTOPUH, TIPUIICTAIOIICH K MapKy.

Tabmuma 3 — Xapakrepuctuku knumara B paiione I'HIIIT «Bbypabaii»

oxasarem MereocTaHIA
Koxmeray | Bypa6aii | IllyumHck

[epuon HaOMrOICHUI, JIET 95 40 40
CpenHeMHOTOJIETHHE Ocallku ruposioruaeckoro roga (XI1-X), mm 308,3 331,0 354,0
Ocanku ruaposoruueckoro roja 3a 2018-2019 rr., mm 298,1 3934 473,5
Ocanku ruaposoruueckoro roja 3a 2019-2020 rr., mm 229.5 328.,6 331,0
Cpennemuoronetaue 3¢ dexrunbie ocaaku (XI-1IT), mm 61,5 70,0 78,2
D¢ dexrusnsle ocaaku (XI-11T) 3a 2018-2019 rr., Mmm 62,7 72,2 110,8
D¢ dexrusnsle ocaaku (XI-11T) 3a 2019-2020 rr., Mmm 66,1 69,5 115,5
CpeaHeroioBasi TeMIepaTypa Ipu3eMHOT0 BO3/IyXa 3a BeCh Mepuoj HabmroaeHuit, °C +2,56 +2,83 +1,9
Temmnepatypa npusemHoro Bo3ayxa 3a 2019 r., °C +3,9 +2,9 +0,6
Temmnepatypa npusemHoro Bozayxa 3a 2020 r., °C +5,74 +5,1 +4,2
Cpennsis Temmiepatypa temioro nepuoza (V-VIII) 3a Becs nepuon Habmronenui, °C +17,0 +16,2 +15,9
Cpennsis Temiiepatypa temoro nepuozaa (V-VIII) 3a 2019 r., °C +17,3 +13,0 +11,53
Cpennsis Temiiepatypa temoro nepuozaa (V-VIII) 3a 2020 r., °C +19,0 +17,9 +17,6

HaunGonpias BenMWYMHA OCAIKOB THAPOJOTHYECKOTO T0Jld, YYACTBYIOIIMX B TMOMOJHECHUU 03€p,
otMmeudaerca no MereoctaHuuu Ilyunnck. B 2019 romy ocaaku TuapojIOTMYECKOro rojia Mo METEo-
cranmusM bypabaii u lllydnHCK OBUIM BBINIE CPETHUX MHOTOJETHUX ocaakoB. B 2020 romy ocamku
THAPOJIOTHYECKOTO T0/1a OBLIN MEHBIIIEC CPETHEH MHOTOJICTHEH BEITMUNHEL.
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OddexTuBHBIE OCAAKK XOJIOIHOTO TepHoAa, (HOPMHUPYIOIINE OCHOBHOW OOBEM BECEHHETO IOJIO-
Boabs, B 2019 romy ObLIM OONbIIe CPEeAHWX MHOTONCTHHX 3((OEKTUBHBIX OCAAKOB IO BCEM METEO-
cra”mmsM, a B 2020 roxy 0butH 6osbiie 3¢ heKkTUBHBIX ocanakos 2019 roxa.

lomoBast TemnepaTypa npu3eMHOT0 Bo3ayxa mo MereoctaHuusm Kokmeray u bBypa6aii B 2019 romy
OBLIa BBIIIE CpEHEH TOJ0BOIM TeMIlepaTyphl 3a Bech Nepro HabmoaeHni, mo MereocTannuu lyunHck
2019 rox 6511 6051€e MpoxmagHbM, 2020 TO IO BCEM TPEM METEOCTAHIIUAM SBISICTCS 00JIee TETUIBIM.

CpenHaa TemnepaTypa Bo3Ayxa TeIuioro nepuoja roaa 3a 2019 ron, xotopas BIUsET Ha BEIUUUHY
WCHapeHusl BIIaTW C BOJHOW MOBEPXHOCTH 03ep, HemocpencTBeHHO B ['HIIII Obma Huke cpemHeil MHO-
rosetHelt BenuanHEL. Jleto 2019 roma ObUTO IPOXITaTHBIM.

B 2020 roxgy temmeparypa BO3AyXa B TEIJIBINA MepHOA roaa Obuia BBIINIE CpEAHENH MHOTOJIETHEH
TEMIIepaTyphl BO3LyXa TEIIOTO NEPHOAa, JIETO OBIJIO TEIUIBIM B MpeAeax BCEro peruoHa.
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Pucynok 3 — Cpennemecsunbie ocanku mo mereoctanuusam Lyunnck u Bypa6aii 3a 2019 u 2020 rogst

B 2019 rony cruiomnHo# eAsHON MOKPOB HA 03€pax yCTAHOBWJICS BO BTOPOIl MOJOBHHE HOAOps. B
koHIle AekaOps 2019 r. TommuHa 7bAa HAa o3epax gocTHria 31-52 cM, MOCTENEHHO YBEIUYHUBASCH B
TEUYCHHE 3UMBI, K aIlpellto TONIIUHA Jbaa gocturaet 53-85 cM. HanmeHbmas TonmHa J1b/1a PUXOIUTCS
Ha 03epo bypabaii, uro oOBsCHIETCS Oo0Jiee TEIUIBIM JIOKAJIbHBIM KIMMATOM B PErHOHE HAI[MOHAIBHOIO
napka. B 2020 r. BCkpbITHE 03ep HAYAJIOCh B MEPBBIX YHCIax ampeis. B Tabnuie 4 mpuBeneHa xapak-
TEPHUCTUKA TOJIIUHBI JIHJIA.

Tab6nuna 4 — TonmuHa b2 B 03epax B 3uMHHH repuoxa 2019-2020 rr.

Ozepo JexaGpb SuBapp Depainb Mapt Anpeinb
Karapkons 44 50 75 75 80
Kyxeit 52 57 75 82 85
lopTan 31 56 68 75 73
Ky labakTst 41 54 68 56 66
VYnepken [1labakTer 46 56 75 75 65
Bypabaii 42 50 56 63 53

Ucnoneiys popmyny Tropka, IO JaHHBIM HaONIONCHHUN 3a TeMIIEpaTypod BO3AyXa Ha METEOCTaH-
musix bypabait u LllyunHck Oblia paccunTaHa BeMYMHA HCTIAPEHHsI C BOAHOM MOBEPXHOCTH JaHHBIX 03€p
(Tabmuua 5), KoTopas Toka3ala, 4To B paiioHe o3ep bypabaii u Ynbken [1labakTel BenmuurHa UCTIApEHHS 32
2019 rox Opmia Menbine Ha 100 MM OTHOCHTENBHO CpPEIHETO MHOTOJETHero 3HadeHus. B 2020 romy
WCIIapeHHe MPEBHIIIANIO CPEIHIO MHOTOJETHIO BenuduHy Ha 107 mM. B paitone o3epa lllopran Benu-
ypHa ucnapenus B 2019 roxy Obuta meHbie cpenHedt MHOTONETHEH Ha 185 mm, a B 2020 roxy Obuia
OorpIrie cpemHel MHOTOJIETHEH Ha 97 MM.
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Tabmuna 5 — Mcnapenue ¢ BOOHOI MOBEpXHOCTH 03ep 1o popmyie Tropka, MM

MeteocTtanuus Cpennee 2019 . 2020 1.
Bypabait 755 655 862
yuunck 735 550 832

O6cy:xnenue:

1. Bo Bcex o3epax, 3a uckiIoueHueM ozepa bypabaii, HaOmogaercs o0mmas TeHACHIMSA K CHUKEHHIO
ypoBHeH Boawl K KoHLy 2020 roma. B 2020 rogy ypoBHU BOABI B 0O3€pax K MEpUONY JIEJOCTaBa ycCTa-
HOBWJIMCH Ha 15-35 cM Hmke MHUHHMAJIBHBIX YPOBHEH, ompezaerneHHBIX B 2019 roay. B o3epe bypabaii
YPOBHH OBLTH B MHTEPBaJIe YPOBHEH, HAOIIOAaEMBIX B MHOTOJICTHEM PSAY.

2. B 2019 roxy coznmanuck 6aronpusTHRIE KIMMATHYECKUE YCIOBUS IS TIOTIOTHEHUS 03€:

OCaJK{ THUAPOIOTHIECKOTO roja OBUIH BBINIE CPEAHEMHOTOJIETHeW BennduHbl Ha 18,8 % B paiione
MereocTanuu bypabait u na 33,4 % B paiione meteoctanuuu LIyanHCK;

B paiione lllyumHcka romoBas TemiepaTypa Bo3lyxa Obuta 3HauutenbHO HMke (+0,6 °C) cpenne-
MHOTOJIeTHEH Temmepatypsl (+1,9 °C), B paiioHe bopoBoro rooBas Temmneparypa Bo3ayxa Oblia OJ1u3Ka K
CpeIHEeMHOT OJIETHEH TeMIieparype;

3¢ GEeKTHBHBIE OCAAKH 3MMHETO MEpUOJa, CO3JAIOIINE MOJOBOABE U MPAKTHUECKH MOJHOCTHIO MO-
CTyHaroIye B 03epa ¢ BOAOCOOPHBIX OacceitHoB, B paiione Llyunncka 6bputn Ha 41,7 % Boime (110,8 Mm)
CpPeTHEeMHOTOJIETHUX 3HaueHuid (78,2 MM), B paiioHe bopoBoro ONM3KH K CpPeIHEMHOTOJICTHUM
3HAYCHHSIM;

aHOMaJbHO BBICOKHE BEIIMYMHBI aTMOC(HEPHBIX OCalKOB B CeHTAOpe Ha Bceil mmomaan ['HIII npu
HU3KHUX TeMIIepaTypax TeIIoro JISTHETO MepHoa 3HAUYNTENbHO HUXKE CPeIHEMHOTOJIETHUX (IIPOXIIaIHOE
JIETO), BIMSIONIMX HA BEITMYMHY HCIIAPEHMS BJIArM C BOJHOW MOBEPXHOCTH, OTPA3HINCH HAa MOBBIIICHUU
YpOBHEI BOJBI BO BCEX 03€pax B OCEHHUI MepHO/ roa.

3. B 2020 roxy co3manuck KIMMaTHYECKUe YCIOBUS, HEe OJIarONpHUsTHBIE JJIsl BOJHOTO OallaHca 03ep:

ocaiku ruaposioruueckoro roxa B bopoBom wu IlyunHcke OBUTM HWXKE CpPETHEMHOTOJICTHUX
3HAYCHUI;

roJIoBasi TeMIepaTypa BO3IyXa OblIa BBIIIE CpelHEMHOroNeTHUX 3HadeHui B lllyunHcke B 2,2 pa3za
(+4,2 °C mpotus +1,9 °C) u B bopoBom B 1,7 paza (+5,1 °C mportus +2,83 °C);

TeMIiepaTypa Terioro nepuoaa B boposom u lllyumnacke Ha 1,2-1,3 °C BbImIe cpeaAHEMHOTOIETHUX
3HaUEHUH TeMIepaTypsl TEIUIOrO MepHoja, YTO BeJAeT K 0oyiee BHICOKOMY HCHApEHUIO BIIATH C BOIAHOMN
MTOBEPXHOCTH 03€D;

JIETHHE OCAJKM He OKa3ajH BIUSHUSI Ha YPOBEHHBIN PEXXUM 03€p.

4. CHmxeHue ypoBHEH BOJBI B 03€pax B IIEJIOM MPHUBEJIO K MOBBIIICHUIO MUHEPATU3AI[MH BOJBI B HUX
K koH1y 2020 rona.

3akaouenue. OCHOBHBEIM (DakTOpoM, BIUSIONIAM Ha BOmHEIN Oamanc ozep I'HII «bypabGaii»,
ABJISIETCSl COYETAaHHE BEIMYMH aTMOC(EPHBIX OCAIKOB U TEMIIEpaTyphl BO3AyXa Kak B FOJOBOM pas3pese,
TakK Y 3a JICTHUH [TePHO.
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2019-2020 J)KBIUITAPFA APHAJIFAH «<BYPABAM» MYTII (MeM/IeKeTTIK YITTHIK TAOUFH MapKi)
KOJAEPIHJAE T'HIPOJIOT' USIJIBIK BAKBIJIAYJIAPIBIH HOTU/KEJIEPI TYPAJIbI

Annoranus. «bypabaity MYTII xemaepiHiH peKkpearsUIBIK MaHBI3BI 30p koHe Kazakcranma Typu3MIi
JAMBITYa JKeTeKIIi pen atkapanbl. COHFBI OHXKBUILIABIKTapIa KeJAepaiH KeOy ypaici Oaiikamanpl, COHABIKTaH KO-
JIEpAiH THAPOJIOTHSIIBIK PEXKUMIHE YHEMI OaKbuIay XKYPri3y e3eKTi MiHAeT 00JbIn Tabbutapl. YITTHIK MApKTiH H ipi
KOJIIEPIHe KYPbUIFaH THIPOJOTHSIIBIK OeKkeTTepieri Oakpliay HOTHXKENepi KenTipuireH. ATMocdepanbik KaybIH-
IIAIIBIH MEH aya TeMIlepaTypachiHa OaijIaHbICThI KOJIJIEperi Cy IeHIeiiHIH ToMeH/ eyl OaliKkanaibl.

Tyiiin ce3aep: cy AeHreiii, MUHEpalliaHy, TOTBIFY-TOTBIKCBI3JAHY QJIEYeTi, JIEKTP OTKI3TilITIrl, KIUMaT, TH-
POJIOTHSLITBIK OCKET.
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ON THE RESULTS OF HYDROLOGICAL OBSERVATIONS
ON THE LAKES OF THE SNNP (State National Natural Park) «BURABAY» FOR 2019-2020

Abstract. The Burabay lakes are of great recreational importance and play a leading role in the development of
tourism in Kazakhstan. In recent decades, there has been a trend of drying up of lakes, so regular observations of the
hydrological regime of lakes is an urgent task. The article presents the results of observations at hydrological posts
established on the largest lakes of the national park. There is a widespread decrease in water levels in the lakes,
depending on the amount of precipitation and air temperature.

Keywords: lake, water level, mineralization, redox potential, electrical conductivity, climate, hydrological post.
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FKAWBIK AJTABBI O3EHIEPIHIH KOTUKBLIIBIK MY3/IBIK
PEJKAMIHIH O3TEPICTH BAFAJIAY

AnHotanus. KnmMatTeiH esrepyi xarmaibiHga JKaliblK e3eHI anaObIHBIH ©3CHIEpiHIeTi My3 KYOBLIBIC-
TapbIHBIH Taina 0oy JXKoHEe My3[JaH Ta3apy Mep3iMAEpiHIH KOIDKBUIABIK e3repici KapacThIpbUIbl. KeInKeIIabIK
MY3IBIK PEKUMI )KOHE METEOpPOJIOTHSUIBIK IapaMeTpliepl Oaranay YIIiH €Ki Ke3eH TaHJalbIN ajJbHIblI: OaKbuiay
KYPri3iuireH yakpITTan Oactam 1973 »xputra aeiin xoHe 1974-2019 xok. (1970 xpuigapaaH KeWiHTT KapKbIHIbI
KJIUMATTBIK KbUIbIHYFa OaianbicThl). JKaWbIK €3eHi anaOblHIaFrkl My3 KYOBUIBICTAphIH aya TeMIIepaTypachbiMeH
CAJIBICTHIPMAITBI TallZIAy HOTHXKECI aya TeMIIepaTypachIHBIH ©CY TCHICHIMSACHI aiiKbIH OalKaaFaHIBIFBIH KOPCETTI,
ochlfaH OalaHBICTBI ©3eHAepAe My3 TY3UIIMIEpiHIH Y3aKThIFbl MeH Iaiaa 0oy KyHi Kell Mep3iMre BIFBICHIII,
MY3/1aH Ta3apy yakKbITHl epTe asgKTaJFaHABIFel Oaiikamaabl. CTATHCTHKANBIK ONIiCTepHi MaimanaHa OTHIpHII, 1974-
2019 XpUTFBI KE€3€H MEH CTAlMOHAPIBIK-KIUMATTHIK Jkarmail (Oakputay OacramranHaH 1973 %ok, AediH) Ke3eHIH
CaNTBICTHIPa OTHIPHIIT, MY3IBIK PEKUMHIH KapacTHIPBUIBII OTHIPFaH CHUIIaTTaMaJIapBIHBIH ©3repicine Oara 6epinmi.

Tyiiin ce3aep: XKaiipIk 3¢Hi, aya TeMIIepaTypachl, My3 TY3UIiMAEpi, My3ABIK PEXXUMi, My3 KaTy.

Kipicne. Kazakcran e3eHIepiHiH MY3IBIK PEXKUMIH 3epTTEy — €IIMI3IIH reorpadUsiIbK OpHBI MEH
KIIUMATTBIK JKaFJailapblHbIH CPEKIICIIKTepiHe OaiIaHBICTBI MaHBI3Jbl FHUIBIMU-TOKIPUOCTIK MIHIET
0omBITT TaOBLIANBL. O3eHACPAIH MY3/IBIK PEKUMIHIH 03repyiH Oaranay KbICKbI Ke3€HJE THIPOTEXHUKAIBIK
KYPBUIBIC, HABUTAITHS JKaFIaiapsl, OTKeIAep i YUeIMaacTeipy, I’ DC skoFaprel )KoHE TOMEHTI ObeTepiH-
Jieri OyjaHy, TYMaH, as3 KoHe T.0. CHAKTBI KOJAiChI3 METEOPOJIOTUSIIBIK KYOBUIBICTAP YIIIIH CO3Ci3 63€K-
TIJIK TIEH MaHBI3JBUIBIKKA Ue. MY3IBIK PeKUMAI OaranaMail cy OObEKTUICPiH MaijaiaHyIbl OHTalIaH-
IBIPY MYMKIH eMec, acipece My3 KYOBUIBICTAphl IAPYaIIbUIBIK KBI3METTIH Oip TYpiH BIHTAJIAHIBIPHITI
eKIHIII TYPIiH IIEKTey KaraaibHa [1].

XKaitpix (Opan) eseHi — Eyponansiy Enin men lynaligan keifinri ymwiHmi cy xonsl. Peceli denepa-
rusicel (P®) xone Kazakcran PeciyOonukaceiabiy (KP) aymarbl OOHBIHIIA aFbIN ©TETIH TPaHCIIEKAPAIBIK
Cy 0OBEKTLIepl caHaThIHA JKaTaJbl, OHBIH JKaJIIBl V3BIHIABIFEI 2428 kM Kypaiiael, Kazakcran aymarbiamga —
mamamen 1100 xkm [2].

My3abIK peKUMHIH CUTIAThl KeNTereH (hakropiapra OalIaHbICThI, OJapAblH iIIH/E €H MaHbI3bICHI -
KITUMATTHIK JKarfainap, e3€HAEpAiH CYIBUIBIFBI, KEP acThl CYJIApBIHBIH MOIIIepi, aFbIC >KBUIIaM/IBIFbI
oHe T.0. MY3IIBIK pesKUMIIET] 3aMaHayH e3repicTep HeTi3iHeH e3repMerti KITMMAaTTHIK KaFaaiiapsy oce-
pineH Oomasel [3]. XKaliblK amaObIHBIH ©3CHIEPl YIIIH aHTPOIIOTCHIIK dCEPIiH SPTYPIIi Typiepiae epeKie
e3eKTimiKKe ne. by sxympicta JKaibIK anaObIHAaFBl ©3€HIEPIiH KOIDKBUIIBIK MY3IBIK PEXHMI MEH OHBIH
Ka3ipri KIIMMATTHIK KaFaaiaarsl e3repyi KapacThHIphLIa k.

1948 >xpuinan 2019 xpinFa AeHiHri apaiblKTarsl 14 THAPOIOTHSUIBIK, OCKETTEpAiH AEPEKTEp KaTapbl
HeTi3re anblHABl. MYy3JbIK PeKUMHIH CHUIATTaMaNapbIHBIH ©3TepyiH 3epTTey Ke3iHIe eKi Ke3eH Kapac-
THIPBUIABL: 1948-1973 sxone 1974-2019 xox. Ke3eHaep 63¢H arbIHBIHBIH ©3TepyiHIH ecenTeyiepl OOMBIHIIIA
Cwmarynos XK.JK., bacnakosa I'.P. [4] eHOekTepiHEeH, COHBIMEH KaTap ©3€H aFbIHBIHBIH ©3repyiH 3epTTeyre
KaThICKaH 0acKa/a FaJlbIMJIap/IbIH eCeNTeyIepi OOMBIHINA aHBIKTAIIBL.

3epTTenin OTBIPFaH ayMak OOMBIHIINA KYMBIC ICTEN TYPFaH THAPOOCKETTep MEH METEOCTaHIHsIIAP-
JIBIH KapTa-CXeMachl TOMEH/Ie KepceTiireH (1-cyper).

Koamanblaran nepektep MeH dicTep. bactankel aknmapar periHie y3ak Mep3imii Oakpuiay Kartap-
JIApBIHBIH MY3JIBIK PeXKUMIHIH HETI3T1 CHITaTTaManapbl — My3 KaTy Y3aKTHIFbI )KOHE MY3 KYOBLIBICTAPBIHBIH
OacTairy XoHE asKTaly Mep3iMmiaepi, COHmal-aKk METEeOPOJOTHSIIBIK CHIaTTaMaiap (aya TeMIepaTrypachl
°C) rumpoNOrHAIBIK XKBUTHAMATAD MEH Y3aK Mep3iMi KaJacTpIbIK Kallbliay AepekTepineH xone «Kas-
runpomer» PMK sxenmicinen anwiaapl [5-7]. Cy alinbiHBIHAA Ky3/e KbUDKBIMANTHIH My3 Taiina OoiraH
KYHHCEH 0acTam KOKTeM e MY3IbIH JKBUDKYBI OacTaiFaHFa MeHiHT1 Ke3eH KaTy Y3aKTHIFGI Je TYCIHUIET.
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1-cypet — XKaiipik-Kacnuii cy mapyalubiiblK anaOblHAAFE] METEOCTAHIIUATIAD MEH
JKYMBIC iCTEHTIH THAPOOCKETTePAiH KapTa-CXeMachl

OseHjieperi 3epTTey MYHKTTEPIH TaHAAy Ke3iHJe Oakpuiaynap, 9ferte, KeMinae 55-60 KbplUiiabl Ky-
paiTHIH koHE OaKpUIay JIEpeKTepi TOMBIK KaTapiap TaHAaJbI alnbiHABL. Anaiina, Oipkarap e3eHmepie My3
KaTy Y3aKTBIFGI YIIIiH HaiaalaHbUIFaH KOIDKBUIIBIK JEepeKTep Keibip OekeTrep OOMBIHIIA KhICKA KaTapbl
Kypazasl (1998-2019 xok.).

OsenHzeri My3IblH Maiiga OONMYBIHBIH HEri3ri (akTopiapblHBIH Oipi - cy TeMIepaTypachIHBIH HOJ
rpamycka IediH TeMeHeyi OOJNBIT TaObUIafbl. O3CHIET1 aNFallKbl MY3 TY3UTy KYHI peTiHIe OacTamKbl
KPUCTAJIAPABIH Maiiga 00NybIMEH KaTap KaOBIPIIBIK MY3, aHXBIP JKYPYl JKoHE T.0. KYOBLIBICTap/IbIH Ka-
JIBINITACY JKUBIHTBIFbIHAH aNbIHab! [8]. YKalbiK ©3¢HIHIEe MY3/IbIH aJIFAIIKbl TYPJICPIHIH Naiina 00ybIHbIH
ANIIBIHIA CYABIH CaJKBIHIAYHl OPBIH albIl, ON1 Oip Me3riije >kKoHe OHBIH OapIIbIK Y3BIHABIFBI OOWBIHIIA
Oipkenki OactamMmaiasl. My3ablH maina OO0y yaKbITHIHBIH BIFBICYBI CAJIKBIH KE3CHJETI aya TeMmIiepa-
TypachIMEH JKoHE Cy PEKHMIiHIH ©3repyiMeH aHBIKTaIaIbl.

Kanmer, XKaitplk e3eHi anaObl OOWBIHINA TaHAAJTBIN aJbIHFaH TUAPOOEKeTTepre KaKblH OpHAJIacKaH
8 MereocTaHIMAAa aya TeMIIepaTypachblHBIH OpTalllalaHFaH KOIDKBULABIK JKYPICi CHIATTaNbIN, YaKbIT
OOMBIMEH ©3TepTillTIri MEH MY3/IbIK PEXKUMIE acepi OaranaH bl (2-cyper).

CONTYCTIKTEH OHTYCTIKKE Kapail ayMakThlH YJIKCH KeJeMiHe OalIaHbICTHI aya TeMIepaTypachlHbIH
KaJBINITACY JKaFJaiibl aliTapipIKTail epekiieneHeni. AyaHblH KBUIIBIK OpTalla TeMIIepaTypackl KapacThl-
PBUIBII OTHIPFaH ayMaKThIH COJITYCTIK-IIBIFBICBIHIA 2,8 C-ran OHTYCTIriHAC 12 C-xa neiiin ayBITKHUJIBI
(1-xecte). Aya TemnepaTypachlHbIH KbUI CAUBIHFBI aFbIMbI KbICTA TYPAKTHI as3apMeH, KbICKa Mep3iMJe
JKBLTYIBIH KaPKBIH/IBI 6CYIMEH JKOHE JKa3/IbIH BICTHIK O0JybIMEH CHITATTaNaAb! [9].
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2-cyper — XKaibIK o3¢Hi amaGbIHbIH METCOCTAHIMATAPEIHAAFEN aya TemmepaTypachiHbii (°C)
opTama KeIKeUIIbIK 1961-2020 xoK. xKypici:
a — Axrebe MC, 2 — Opan MC, 6 — Kamenka MC, ¢ — Ateipay MC

2-cypet OoiibiHIIa, OapibIK METEOCTaHIUsIapAa TeMIlepaTypa MOHIHIH KOFapbUIaFaHbIH, TPEHATIH
OH MoHTe He OosFaHbIH cunaTtTtaiiabl. AkTede, Opan, KamMeHnka MeTeocTaHIMSIapBIHAA aya TeMIeparypa-
CBHIHBIH OPTAIIIA >KBUIABIK MOHI coHrbI keserue 1-1,5°C-ka eckeni Gaiikamampr (1-kecte). YKahaumplk kiu-
MAaTTHIH JKBUIBIHYHI ajar OOMbBIHIIA TeMIlepaTypa MOHIEPiHiH >KOFapiaybIMEeH KepiHyAe, KYpFaK >KbUiaap
CaHBIHBIH OHTYCTIK ayMaKkTa 75% ecyi e3eHIepAeri My3bIK KYObUTBICTapAbIH KBICKapybIHA XKoHE OacTany
KYH/IEPiHiH BIFbICYbIHA aliTapIBIKTall acep eTe.

My3 Ty3iniMaepiHiH naiga 00y KyHI MEH Tycy KYHI €Ki Ke3eHre KapacTelpbuiasl: 1948-1973 xk.,
1974-2019 >ox. 2-kecTene TUAPOJIOTHAIBIK OCKETTepAe alFallkbl My3 KYOBUIBICTAPBIHBIH Maiina Oorybl-
HBIH €pTe KOHE KeIll KYHAEP1 XKoHE MY3/bIK KYOBUIBICTAPIbIH Y3aKThIFbl KOPCETUIIEH.

—— |4 ——
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1-xecte — JKaiibIK ©3eHi anaObIHBIH OpTallia aAiJIbIK XKaHE XKBUIIBIK aya Temreparypacsl, °C

Keser I II I v v VI VII VIl IX X XI XII | XKsur

AxTobe, 219 M

1961-1973 -15.3 -13,9 | -6,1 6,6 | 154 19,6 22,3 19,9 13,6 43 | 2,0 | -10,2 | 45

19742020 | -12,8 | -12,5 | 51 | 73 | 156 | 21,0 |230| 209 | 140 | 54 | 33| 97 | 53

19612020 | -133 | -12,8 | 53 | 72 | 155 | 20,7 |228| 207 | 13,9 | 52 | 30 | 98 | 5,1

Maprex, 177 m

1961-1973 -15,2 -139 | 58 | 6,7 | 154 19,4 22,2 19,9 13,5 43 | -1,9 | -10,0 | 4,6

1974-2020 -12,5 -124 | 52 | 7,2 | 155 20,7 22,7 20,7 14,0 53 | 33| 97 5.3

19612020 | -13,1 | -12,7 | 53 | 7,0 | 155 | 204 |226| 206 | 13,9 | 51 | 30 | 98 | 5,1

Kamenka

1961-1973 -14,0 -129 | 54 | 7,0 | 154 19,2 22,0 20,2 13,6 50 | -1.4 | -88 5,0

1974-2020 -11,0 -11,1 44 | 73 | 15,7 20,4 22,5 20,7 14,1 56 | 22 | -84 5.8

1961-2020 -11,6 -115 | 46 | 73 15,6 20,1 22,4 20,6 14,0 55 | -20 | -85 5,6

Opan, 35 m

1961-1973 -14,0 -129 | 50 | 7,6 | 159 19,6 22,4 20,6 14,0 52 | -1,2 | -87 5.3

1974-2020 -10,9 -10,9 | -3,8 | 82 | 16,2 20,7 22,8 21,0 14,6 6,1 -1,9 | 82 6,2

1961-2020 -11,5 -11,3 | 4,1 8,0 | 16,1 20,5 22,7 20,9 14,5 59 | -1,8 | -83 6,0

i

o

IHFbIpIay, 103 M

1961-1973 | -14,5 | -132 | 55 | 7.4 | 159 | 196 |226| 207 | 141 | 50 | -1,5 | -93 | 5,1

1974-2020 -11,8 11,7 | 45 | 7,9 | 16,1 21,0 23,2 21,2 14,7 6,0 | -2,6 | -89 5,9

1961-2020 -12,4 -12,0 | 47 | 7,8 | 16,1 20,7 23,1 21,1 14,5 57 | 24| 90 5,7

SuBapueBo

1961-1973 -14,2 -13.3 52 1 7.5 15,9 19,4 22,1 20,2 13,9 5,1 -1,3 | 9,1 5,1

19742020 | -11,3 | -11,3 | 42 | 80 | 162 | 20,7 |22,7| 207 | 143 | 60 | 21 | -85 | 59

1961-2020 -11,9 -11,7 | 44 | 7,8 | 16,1 20,4 22,6 20,6 14,2 58 | -2,0 | -8,6 5.8

ATpIpay, -24 M

1961-1973 -9.4 -7,4 0,1 10,8 | 19,3 23,3 25,9 23,9 17,0 8,4 2,0 -4,6 9.1

19742020 | -6,8 66 | 12 | 11,5 [ 192 | 247 |271| 251 182 | 94 | 14 | 42 | 100

19612020 | -7.4 67 | 09 | 11,4 | 192 | 244 |268| 248 | 179 | 92 | 1,5 | 43 | 98

Maxamber, -18 M

1971-2020 -8,3 -8,0 0,1 10,9 | 18,7 24,2 26,5 24,4 17,3 8,5 0,6 -5,1 9,2
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2-kecte — JKalbIK ©3¢Hi anaObIHIAFEl MY3 TY3UTIMICPiHIH Y3aKTHIFBI MEH €H epTe jKoHE eH Kell OalKaiFaH KyHaepi

No O3cH — Gexer Kesen, My3 Ty3imimMaepinig EH epre Oaiikanran En kemn Galikanran
HOK. Y3aKTBIFbI MY3 KYOBUTBICHI MY3 KYOBUIBICHI
1948-1973 I)/11-(11)/04 01.11.1953 19.04.1964
11 [aran . — KameHHBIi a.
1974-2019 (III)/10-(11)/04 16.10.1976 15.04.1999
1948-1973 D/11-(11)/04 01.11.1964 19.04.1966
22 | Hepxken o. — benec a.
1974-2019 @D/11-(11)/04 01.11.2016 14.04.1998
33 | Hdepken e. — Tackana a. 1999-2019 D/11-(11)/04 01.11.2016 14.04.2015
1948-1973 D/11-(T)/04 07.11.1953 19.04.1966
44 | XKaiiblk 0. — Maxamber a.
1974-2019 {D/11-(1)/04 03.11.1975 11.04.1985
1948-1973 @/11-(11)/04 07.11.1953 14.04.1954
55 Kaiibk 0. — ATbIpay K.
1974-2019 ID/11-1)/04 02.11.1975 04.04.2003
66 | JXKaifbik o. — SIHBapHEBO a. 2008-2019 D/11-(I1)/04 07.11.2011 15.04.2017
77 | XKaiipik o. — Tainax a. 2009-2019 D/11-(1)/04 08.11.2011 08.04.2012
1948-1973 {D/11-(1)/04 01.11.1951 21.04.1964
88 | Enex . — Axre0e K.
1974-2019 D/11-(1)/04 01.11.2014 11.04.1987
99 | Enek e. — LlenuuHsIi a. 2002-2019 {D/11-(1)/04 04.11.2003 15.04.2005
1948-1973 I/11-(11)/04 01.11.1966 20.04.1969
110 | Ko6na e. — Kobna a.
1974-2019 D/11-1)/04 02.11.1975 04.04.2003
1948-1973 I)/11-(11)/04 01.11.1963 17.04.1958
111 | Iemareipiay e. — Kenryoek a.
1974-2019 D/11-(1)/04 11.10.1976 17.04.2015
1948-1973 D/11-(11)/04 01.11.1966 20.04.1979
112 | Lsmareipnay . — JIyOenka a.
1974-2019 @D/11-(11)/04 26.10.1979 20.04.1992
113 | Kapransl e. — Kapranunka a. 1974-2019 I)/11-(11)/04 16.10.1996 15.04.1998
114 | Bepre o. — IMuTpueBka 1974-2019 {D/11-(1)/04 01.11.2014 18.04.2003

2-kecteneH JKaWbIK e3eHIHJE MYy3 KYOBUIBICTAPBIHBIH KAJIBINTACY YaKbITBIHBIH KeIl Mep3imiaepre
aybICKaHbl KepiHic Oepesi. ANanTblH >KOFapFbl ayMarblHAa COHFHI Ke3eHae 1974-2019 xok., laran e. -
Kamennslii a. OekeTiHae My3 TY3UTy TpOIECi Ka3aH albIHBIH COHBIHJIA, COJaH KEHiH OpPTAaJBIK JKOHE
OHTYCTIK ayMakTap/a - KapalllaHblH OipiHII OHKYHIIriHAe *kypeni. JKalblK ©3€HiHIH COJ JKaK canalapbl
Enek 6. — Akro0e K. OckeTi OOMBIHIIIA My3 KYOBLIBICTAPBIHBIH Taia 00y CUMAThl TYPaKThl, OH caja-
naps! Jlepked e. — Beiec a., /lepkest 0. — Tackana a. GoifbIHIIIA MY3 TY3UTy MpoLEci OApIBIK Ke3eHIEp/Ie
KapallaHblH OacblHIa OacTaibll, COYipAiH EKIiHII JKapThIChIHA JNIeHiH JKanFacaubl XoHE alTapibIKTal
e3repicrep Oaiikanmaiinel. HIbIHFBIPIay 6. — KeHTy0ek a. OeKeTiHAe COHFBI Ke3eHAe MY3 TY3LTIMIepiHiH
epyi 10 kyH epre OaiikanraH, an Xo6maa e. — Kodga a. ruapoOekeTiHae My3 KYOBLIBICTAPBIHBIH KOPIHIC
Oepyi 10 kyHre ke OaliKanbIm, Y3aKThIFbI KBICKAP b,

bakpiiay nepekTepin Tanmay KepCeTKEHAEH, MY3ABIK KYOBUIBICTAPABIH Maiaa 00y KYHIEpi COHFBI
KE3CHJIe KapallaHblH eKiHII oHKyHairiHe Xooaa e. — Ko6aa a., KaiibIk 6. — AThIpay K. ruapoOeker-
TepiHAe KeII MepP3iMIe aybICTHI.

Exi ke3eHi cajbICThIpa OTHIPHIN, MBIHAJAW KOPBITHIHABIFA KeIyre OONajbl: 3aMaHAyU KIUMATTBIK
)armainapaa JKalbeIk e3eHiHIe My3 KYOBUTBICTAPBIHBIH KAJTBIITACYBI OpTa CEeMeH KapallaHblH 2-KapThI-
ChIHA KeJemi, al My3 TY3UIIMAEPIHIiH epyi cayipAiH 2-KapThIChIHA JeHiH asKTanansl. My3 Ty3imiMaepiHig
Y3aKThIFbl KbICKAPFaHBIH XOHE TMakaa 001y KyHIepi KellipeK Mep3iMre aybIiCKaHBbIH aTal Ty MaHBI3[IbI.
O3cHHIH MY3IBIK PSKUMIHIH €3repyiHe KIMMATTHIH ©3repyl MEH aHTPOMOTCHMIK (aKTOp aWTapibIKTaM
acep eTei.

KopsbIThiHABI. Makanana KapacThIPbUIFAH KYMBICTAPAbl KOPBITHIHABUIAN Kene, YKalblK e3eHi ana-
OBIHIAFBI 3€PTTEIIN OTHIPFAH ©3€HIepAeri MY3IbIK PEXXUMHIH epeKIIeNiKTepiH Oaranay TOMEHIETi HOTh-
JKeNepi KopCeTTi:

— 16 —
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COHFBI XbUIIApPhl MY3 KaTy Ke3eHiHJe MY3IbIH Maifa 007y Mep3iMIepiHiH BIFBICYBI )KOHE MY3 KaTy
Mep3iIMIePiHIH HEFYPIIBIM KeIll 0alKaTybl OPBIH aly/a;

XKaifbIK e3eHIHIeTi anFalKel My3 KYOBUTBICTaphl OpTa €CelIeH KapamlaHblH eKiHIIi OHKYHAIriHIe
naiiga 6osagsl;

Ka3ipri KIMMAaTTHIK JKarjaiiapia My3 KaTy Mep3iMi opTa eceNllieH Kapaimia albIHBIH COHBIHAA —
JKENITOKCAHHBIH OipiHIi Oec KYHIITiHAC Oalikamyna;

MY3 KaTy Ke3eHiHiH opTalla Y3aKTHIFbl oprTa ecemmeH 9...11 xynai xypaiiasl, 1950-60 xpuinapmeH
canpIcThIprada 1...3 KyHre Kebipek;

©3CHJEPIIH MY3/IaH Ta3apy yaKbITHI epTe OalKalbIl, OpTalla eCeNIeH Coyip albIHBIH OipiHII KapThI-
CBIHJIa KepiHic Oepei;

OapIIbIK MeTeoCTaHIMATIapAa TeMIIepaTypa MoOHIHIH JKOFapbljIaFaHbIH, TPEHATIH OH MoHTe ne OonFa-
HBIH OaiikaiiMb3. Akre6e, Opan, KamMmeHnka MeTeocTaHIIMIIaphIHAA aya TeMITepaTypPackIHBIH OpTaIia >KbII-
IIBIK MOHI COHFBI KE3€H/IE 1-1,50C-Ka eckeHi Oatikanaabl. JKahaHIbIK KIUMATThIH KBUIBIHYBI ajlall OOHBIH-
I1a TemIlepaTypa MOHIEpiHiH >KOFapiaybIMeH KepiHyle, Oyl e3 Ke3eriHae MY3IBIK KYOBUIBICTapAbIH
Y3aKTHIFBIHBIH KBICKAPYbIHA, 0aCTaTy jKOHE asKTally KYHIEPiHiH BIFBICYbIHA alTapIIbIKTal ocep eTei.
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OIIEHKA U3BMEHEHMSI MHOT'OJIETHEI'O JIEJOBOI'O PEXKUMA BACCEMHA PEKH JKAWBIK

AHHOTauus. PaccmarpuBaeTcss M3MEHEHHE CPOKOB TOSIBIICHHS JICIOBBIX SIBIEHUH B OacceitHe p. JKaiibik
(Ypam), cBA3aHHOE C aHTPOIIOTEHHOM JESITENbHOCTHIO M N3MEHEHHEM KinMara. J{Jsi OLleHKH MHOTOJIETHETO JIEA0BOTO
peKrMa (IMHAMUKH JIEOBBIX SIBJIICHUH) 1 METEOPOJIOTHUECKHX ITapaMeTpoB ObLIH BbIIENIEHBI JiBa eproja: 1o 1973
roga u 1974-2019 rr. B cBSI3U C UHTEHCHBHBIM MOTEIUIEHHEM KinMmara nocie 1970-x rogoB. CpaBHUTENBHBIN aHATIN3
JIeIOBBIX sIBIeHMH OacceiiHa pexu JKalblk C METEOPOJIOTHUECKMMH XapaKTEpPUCTUKAMM (TeMIlepaTypa BO3ayXa)
MOKa3al, YTO TPEeHA aTMOC(EpHBIX OCaJKOB MMEET TEHICHIHMIO K HEOOJIBIIOMY YMEHBIICHUIO M SIPKO BBIpayKeHa
TEHJICHLIUS] POCTa TeMIIepaTyphl BO3AyXa. B cBA3M ¢ 3THM JaTa MOSBJIEHHS JEIOBBIX 00pa3oBaHUM CABHHYNACh HA
Gosree mo3mHEE CPOKH, @ MPOJOJDKUTENBHOCTh MX CYIIECTBOBAHHMS COKpaTHiack. [IpuBeneHbI OLEHKH W3MEHEHHH
paccMaTpUBaeMBIX XapaKTEPUCTUK JIEIOBOTO pekuma Oacceitna pekn JKaifbik 3a 1974-2019 1T. o cpaBHEHHIO C
MEPHUOIOM YCIIOBHO CTAIlMOHAPHOW KIMMATHYECKOH cuTyanuu (¢ Hadama HaOmromeHuilt mo 1973 r.) ¢ mcmomnb3o-
BaHMEM CTaTUCTUYECKHX METOMOB.

KiroueBbie cioBa: p. JXKaifbIk, atMocepHbIe ocanku, TeMIepaTypa Bo3IyXa, JISAOBbIe 00pa30BaHIsL, JCIOBBII
PEKHUM, JIEOCTAB.
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ASSESSMENT OF CHANGES IN THE LONG-TERM ICE REGIME OF THE ZHAIYK RIVER BASIN

Abstract. This study examines the change in the timing of the appearance of ice phenomena in the basin of the
Zhaiyk river associated with anthropogenic activity and climate change. To assess the long-term ice regime
(dynamics of ice phenomena) and meteorological parameters, two periods were identified: before 1973 and 1974-
2019 due to intense climate warming after the 1970s. A comparative analysis of the ice phenomena of the Zhaiyk
river basin with meteorological indicators (air temperature) showed that the trend of precipitation tends to decrease
slightly and there is a pronounced tendency to increase air temperature, in connection with this, the duration and date
of the appearance of ice formations decreased for a later time. Estimates of changes in the considered characteristics
of the ice regime of the Zhaiyk River basin for the period 1974-2019 are given. compared with the period of the
conditionally stationary climatic situation (from the beginning of observations to 1973) using statistical methods.

Keywords: r. Zhaiyk, atmospheric precipitation, air temperature, ice formations, ice regime, freeze-up.
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T'EOJIOTO-TEOMOP®OJIOTMYECKHNA AHAJIN3
OITOJIBHEBBIX ITPOLHECCOB B 3AIIOBETHUKE «I'OBYCTAH»
B IIEJISIX TYPUCTCKO-PEKPEAIIUOHHOM JESATEJBHOCTHU

AHHOTANMA. AHATH3UPYIOTCS OIOJI3HEBBIC IMPOIECCHl C YYETOM HHTCHCHBHOTO PACIIMPEHUS TYPHUCTCKO-Pe-
KpEAIMOHHOM NeATEIFHOCTH B HAIIMOHAILHOM 3aroBeHuKe «I 00ycTan», pacroI0KEHHOM B IOTO-BOCTOYHOHN 4acTH
Bonpmoro Kaekaza. BaxxHOCTh MPOOJIEMBI COCTOUT U B TOM, YTO Ha TeppuTopuu ['00ycTaHa HamedaeTcs: co3gaHue
HAIMOHAIILHOTO I'e0Mnapka MEeX/IyHAPOHOTO 3HAUYCHHSI.

Ha ocHOBe cOOCTBEHHBIX MOJIEBBIX IKOJIOTUYECKUX, TEOIOr0-reOMOP(OIOrHYECKUX UCCISI0BAHMM, (JOHIOBOTO
1 KapTrorpaduyeckoro marepuaja, a TakkKe C HCIOJIb30BaHHEM adpokocMudeckux CHUMKOB (AKC) 1996, 2000-
2020 rr. macmraba 1:60 000 ycranoBieHo, 9TO 3a ucrekmme 50 jet miomane Teppuropuu ['odycrana, moaBepraio-
11asICsl OTMOJI3HEBBIM MpolieccaMm, Bbipoca B 1,5-2 pa3za. [lonydeHHble 1aHHbIC TO3BOJIMIIM COCTaBUTh KapTy pailoHH-
poBanus bonbmoro Kaskaza M 1:1 000 000 mo omos3HeBo#l omacHocTH (B Oayuiax), KoTopas 00bEKTHBHO OTOO-
paXacT KOJIMYECTBECHHBIC W KAUYCCTBCHHLIC XAPAKTCPHUCTUKU OIIOJIBHEBBIX ITPOLECCOB. Pe3yanaTb1 I/ICCJ'ICJIOBaHI/lﬁ
MIO3BOJISIT MCIIOJIb30BaTh MOJyYeHHbIE IaHHBIE JUIsl pa3paboTKu MporpaMMbl 0€30MacHOr0 M YCTOWYMBOTO (PyHKIINO-
HUPOBAHHS U OCBOCHUS B LIEJIAX PEKPEANMOHHO-TYPHCTUYECKOTO Pa3BUTHS T'eOCHCTEM A3epOaiiKana.

KunroueBbie cjioBa: HalMOHAIBHBIN 3amoBeIHUK «['00ycTaH», OMOJ3HEBEIC MPOIECCHI, OMACHOCTh, TUCTaH-
IIUOHHOE 30HIUPOBAHKE, TYPUCTCKO-PEKPCAIMOHHAS IEATCIEHOCTb.

Brenenue. B nocnennue necATHICTHS OJHOW M3 TUHAMHYHO PA3BHBAIOIIUXCS Cep IKOHOMHKH B
AzepOaiikaHe SBISETCS TYPHUCTCKO-PEKpeallMoOHHAas OTpacib. Peannsanus TypHCTCKO-pEKpeannoHHON
NEATECITFHOCTH B HAITMOHAJIILHOM 3arlOBEIHUKE TpeOyeT HAydHOTO OOBSICHEHUS «C YIETOM OIIEHKH OIpe-
JICTICHHOM TEPPUTOPHH JJIsI IPUTOTHOCTU KaKUX-THM00 BUIIOB TypHU3Ma U pekpearum» [1].

3amoBennuk «l'00ycraH» He clydallHO OBUT BBIOpAaH B KaveCTBE OOBEKTAa HCCIICIOBAHMS.
AKTyanpHOCTh pabOTHl 3aKIOYaeTCs B TOM, YTO Ha TeppuTopuu ['o0ycraHa miaHWpyeTcs CO3/IaHue
HaIIMOHAJIIBHOTO Teomapka MEXTyHapOTHOTO 3HAYEHHWS. | JTaBHBIM ITOCTYJIATOM OOpa3oBaHHS TeollapkKa
SIBIIICTCS «IIPEIOCTABIICHUE BEPOSITHOCTU COXPAHCHUS M PEKIAMUPOBAHHUS T€OJIOTO-TeOMOPHOIOTHIECKOMH
BaXKHOCTH JIaHHBIX 30H B MHTEpecaxX IMPOCBEUICHUS, KYJIBTYPbl U HAyKH BMECTE C UX NMPUMEHEHUEM B
pPOJIM TIOCTOSTHHOTO 3KOHOMHYECKOTO pecypca, K MPUMEPY C IOMOIIBI0 (OPMUPOBAHHS OTBETCTBECH-
HOTO  Typu3Mma» (YcTaB  MEXIyHapOOHOW  MPOrpaMMbl 1O  TE€OHAyKaM M TEOMapKaM.
http://geomem.ru/geoparks/GEOPARKS-PROGRAMME rus.htm).

TI'oOycTtan, 3aHmMas [OTO-BOCTOYHOE TMOorpykeHme bonbmoro Kaekasza, mpeacraBiser dYacTh
OJTHOMMEHHOH TE€OCHHKIMHAIBHOM CKiIamgdaTo obnactu. ['eomopdonormdeckoe MHOrooOpasue ero
MPHUPO/JIBI TIPEJICTABICHO YIUBUTECIBLHBIMU T'€0JI0T0-TeOMOPQOIorHuecKuMu hopMamu peibeda (CTOIOBBIS
ropel berokpamr u Kuuukpam, xunrupaar, Ieixras, [onrapaar, xoaM S3buUibl; Ips3eBble BYJKAHbBI
Iux3zeupnu, [Mupukumikionb, Yennpaar, l'otypaar, Jamruns, Toparaii, AiipanteksH, betok Ksuuzanar,
Ar3pibup, ['sstamapaxtapma, baxap), KOTOpble MO3BOJISIOT OTHECTH HMX K YHCIY T€OJOTHYECKUX
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NaMsITHUKOB A3zepOaiilkaHa, BKIIIOYEHHBIX B PeeCTp MaMATHUKOB BceMUpHOTO MPUPOIHOTO U KYJIBTYP-
Horo Hacnenuss FOHECKO [2].

TI'oOycTan — kpail oBparoB u OaJoK, M3PE3aHHBIA MHOTOUYHCICHHBIMH PYCIIAMH TIEPECOXIINX PEK.
AbcomoTHas Beicota — T. I'mmxaxu (1047 m). Cxknaggatble CTPYKTYPBI COCTOSIT U3 TMECYaHO-TIMHUCTHIX
MopoJl, Meprejeii W W3BECTHIKOB. ['00ycTan, HeOonbIONH mo miom@aau paiioH bonemoro Kaskasa,
BBIICIISICTCA PEoOIafaonMM Pa3BUTHEM IIPOLECCOB CyOapHIHOIO COBPEMEHHOTO IeoMopdoreHesa.
3/1ech MPOUCXOIUT PE3KOE CHIKEHHE TOPHBIX XpeOTOB, KOTOPhIE, OJTHAKO, COXPAHAIOT TOCIOCTBYIOIIEEe
CyOIIMPOTHOE KaBKa3CKOe HampaBiicHHe. MHOrHe XpeOTbl M TOpPHBIE MAacCHBBI MMEIOT YIUIOLICHHBIE
BEpLINHBI (TIOBEPXHOCTHU BhIpaBHUBaHMA) — J[xanru, Mnbxuaar, 3aapaar u ap.

N3 omacHbIx TeoMopdomorndeckux mporeccoB (OI'TI) B ['oOycTane NOMUHHUPYIOT 3PO3HOHHBIC U
omonzHeBble. Cpenu 3PO3HOHHBIX IMPOIECCOB IMPOKO Pa3BUTHI OBparu W Oankw, oOpasylolme 31ech
HETIOBTOPUMBIN OBpa)kHO-OanouHslii penbed. dopmupoBaHue W MPOSIBICHHE OIOI3HEBBIX IPOLECCOB
CBSI3aHO C PAcIpOCTPAaHEHUEM CKJIOHOBOrO TuUna MecTHOCTH. ClleoBaTelnbHO, 3TH MPOLECCH! SBISIOTCS
OTHUMH W3 BaXKHBIX (DaKTOPOB HEOJIATONPHUITHOTO 3KOreoMOpP(OIOTHUECKOTO COCTOSIHUSI TEPPUTOPUH
I'obycrana. Ananmu3z OI'Tl, a UMEHHO OMOJ3HEBHIX, BHICTYIIAET HEOOXOAWMBIM BIIEMEHTOM HAay4YHBIX
uccnenoBanuil [3, 4], 4To JaeT BO3MOXKHOCTh OLIEHMBATH T'€OJIOr0-reoMopQOIOrHYecKue TYPHUCTCKO-
peKpeannoHHble pecypcebl ['o0ycraHa.

MocranoBka mnpodaembl. Ha ¢one mangemuu xoponaBupyca COVID-19 Bo3poc uHTEpec k
BHYTPEHHEMY TYPHU3MY, KOTOPBIH BBI3BAN LIMPOKOE MTOCELICHUE TYPUCTAMHU UCKIIIOYUTENIBHO OXPAHAEMBIX
IPUPOAHBIX TEPPUTOPHI, 8 KOHKPETHO TE€X, KOTOPbIE PACIOJI0XKEHBI PAJOM C KypOPTHOH 30HOH M KpyII-
HBIMH TOPOJICKMMH arjioMepanusiMH. OTO B CBOIO ouepelb BEIET K BEPOSTHOCTH 0Opa3oBaHUs IPo-
TUBOCTOSIHUSI MEKAY NPUPOLOOXPAHHON NESITENBHOCTHIO 30H, MOIYMHEHHBIX MHUHUCTEPCTBY HKOJIOTHH, U
PEKpEallMOHHON AEATeIbHOCThIO chep TypHu3Ma.

B mpencraBieHHON cTaThbe OIIEHMBAIOTCS MEPCIEKTUBBI pPa3BUTHS pekpeanuu B ['oOycraHckoM
HaIlMOHAJIBHOM 3allOBEJHUKE Ha OCHOBE I'€0JIOT0-reOMOP(OIOTHUECKOT0 aHAIN3A.

MeTtoauka wucciaeaoBaHuil. BakHO! TeMol H3y4eHHUs CIYXKHUT KPYMHOMACIITa0HOE HKOTeOMOp-
donoruyeckoe KapTHUPOBAHUE UIsI PETHOHAIBHOTO YPOBHA Ha IpuMepe a3epOaiiyKaHCKOH dacTu
Bonpmoro KaBkaza ¢ 11e/1bl0 OLIEHKM BEpOSTHOW OIOJI3HEBOM OMAacHOCTH Ha TEPPUTOPUH 3allOBEIHMKA
«I'obycTan» B LENIX TYPUCTCKO-PEKpEaloHHON nesiTenbHOCTH. OCHOBOM AJSL CTAThbH IOCITYXHIIH
MIOJIEBBIE HKOJIOTMYECKHE M TI€0JIOTO-TeOMOP(OIOrHYECKHE HCCIEJOBAHMUS OIOJI3HEBBIX IPOLECCOB C
UCIIOJIb30BaHHeM KpynHoMmacmTaOHbix kapt (M 1:100 000) m memmdpupoBaHHS LBETHBIX adpOKOC-
muuecknx cHUMKOB (AKC) 1996 u 2000-2020 rr. macmraba 1:60 000.

Pesyabtatbl ucciaenoBanmii. OCHOBHBIE 4YepTHl COBpeMeHHOTO Treomopdorene3a [‘oOycrana
OmpeAensioT: 1) KIuMaT MOMYyMyCThIHb U CyXHX CTelel; 2) HIMPOKOe paclpocTpaHeHHEe HEOoreH-4eTBep-
TUYHBIX OTJIOKEHHH; 3) Oe3/ecocTh TeppUTOpuM; 4) sIBICHHSA TPsS3€BOrO ByJNKaHW3Ma. [loa BiuMsiHUEM
9TUX (PaKTOPOB 00pa3yloTCsi CBOCOOpasHble YePTbl WHTEHCHBHO PACWICHEHHOIO apHIHO-3PO3HOHHOTO
penseda. s ['oOycTana TUIMYHA OPTOTOHAJBbHASL CETKA KPYIIHBIX Pa3jIOMOB — MEPECEUCHHUE PA3IOMOB
ceBepo-3anagHoro (CyOIMPOTHOTO) U CEBEPO-BOCTOYHOTO (CyOMEpHINOHANBEHOTO) IPOCTHPAHUH.

Becyr mepuon reorekroHndeckoro pasBuTHs bonbmoro Kaskasa, 0coOeHHO mpH TOCIIEAHEM
HEOTEKTOHHYECKOM 3Tale YCWICHHS T'OPU30HTANBHBIX U BEPTUKAJIbHBIX IOABHXKEK (T.€. C MHOIECHA),
reoMOp(OCTPYKTYPBI SBISUIMCH TOCIOJCTBYIOMIMM (PAaKTOPOM, OMNPEIACNSIONINX TEHICHIIMUA Pa3BUTHS
nporeccoB dk3oMopdoreHesa. Hambonee OTUETIIMBO BBIpaXKEHHBIE MOPQPOCTPYKTYPHI FOTO-BOCTOYHOM
yacti bonpmoro KaBkasza cocraBmsror obnuk penbeda ['oOycraHa, KOTOPBIM OTIMYACTCS OOJIBLINM
pasHooOpasneM Kak B MOPQOIOTHIECKOM, TaK U B TCHETUUECKOM TIIaHE.

lobycran xapakTepusyeTcsi IPSMBIM TEKTOHUYECKUM penbedoM, TAe aHTHKIMHAJIBHBIM CKJIaIKaMm
COOTBETCTBYIOT XpeOThl W TpsAasl ¢ abcomoTHeMH BbicoTamMu 10 800-1100 M, a CHHKIWHAIBHBIM —
KOTJIOBUHBI U 10JMUHBIL. B roro-socrounoii uactu I'oOycrana Giaromapst IMTOCTPYKTYPHBIM OCOOCHHOCTSIM
pa3BUT UHBEPCHOHHBIN penbed. ApHIHO-IESHYJallMOHHBIE MPOLECCHl U CO3/IaHHbIe UMH (HOPMBI penbeda
(Oenyen, TTUHUCTEIN KapcT, cyddO3NOHHBIE KOTIOBHUHBI) ITUPOKO PA3BUTHL.

Hawuboiee ceBepuas gacts ['o0ycrana (k ceBepy oT p. CyMmMranTdaii) XxapakTepu3yeTcsi HHTEHCUBHO
paculieHeHHBIM M BBIpa0OTaHHBIM penbedoM. B penbede mpeobnanaroT CHHKIWMHAIBHBIE TUIATO M BO3-
BeimenHocTH (Illaxangar, Masi), a Takke MOHOKIMHANbHBIE XpeOThl U rpsaabl (Cusku, [nbnsaar u np.).
[psimoii TekTOHUYeCKHi penbed coxpaHuiics 3HaunTenbHO Menbie (TyBa, Hedtuk u mp.) [5].
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Ha roxHBIX criioHax psga TonoXuTenbHbIX MopdocTtpyktyp (Illaxanmar, Tyea, Cusku u mp.)
IIIPOKO pa3BUT OemiieH. | 'ps3eBynkaHWdecKas ACATEIHHOCTh OTPAaHWYHMBAETCS HAIMYHEM HEOOIBIINX
MacCUBHO JaehcTByromux rpudoHoB. IOkHee monubbl p. Cymrantdyaid B CyOIIMPOTHOM HAaIpaBJICHUU
npoctupaetcs [llaitbnap-YurenuHckass 30Ha € TOPSIMBIM, HO CHUJIBHO H3MCHEHHBIM TEKTOHHYECKUM
penbedoM. 30Ha COCTOUT U3 ABYX MapaJIEIbHO BBITSHYTHIX JIMHUH aHTUKIMHAIBHBIX ¥ MOHOKITMHAIIBHBIX
BO3BBIINIEHHOCTEH, Tpsa, XpeodTos: 1) Ilaiibmap-KaiOmapckuii MOHOKIMHATBHBIA XpeOeT, aHTHKINHATb-
HbIe yBabl Tanbimka, JlocTei00361; 2) ATsUICKas aHTUKIMHAIBHAS Tpsiia, Bo3BbieHHOCTH CyHryp, BosH-
Ata. Ha 10ro-BocTouHoM wuX HpoAoukeHun pacmnonoxeHsl KoyHnckas u  Ksacmanu-YurenuHckas
MOHOKJIMHAJIbHEIC Tpsaasl. Ha 3amame 3oHa HaxomuTcs Ha abcomoTHBIX BeIicoTax 1000-1100 M, B BOC-
TOYHOM HANpaBJICHUHU CTYMEHYATO Omyckaschk a0 250 M. Yka3zaHHbIE MOP(OCTPYKTYPHI CIOKEHBI
OJIUTOIICH-MUOIICHOBBIMU (Ha 3amajie) W CPEIHEIUIMOIICHOBBIMU (Ha BOCTOKE) MECYaHO-TVIMHUCTBIMU
OTJIOKCHHSMH. MUOIICHOBBIC OpeKYHEBUIHBIC U3BECTHIKKA M AojoMHUTHl Mectamu (I1lafiomap, Kaitbmap,
ATs1) BEHYAIOT B BUJC TPUB BOJOPa3CiIbHYIO 4acTh XpeOToB. JlaHHBIE MOP(OCTPYKTYpPBI OTIACISIOTCS
JIpyr OT Jpyra IMOCPEJCTBOM OOIIMPHBIX TEPPACUPOBAHHBIX JIOJUH W PaBHUH, KOTOPBIC SIBISIOTCS
(parMeHTaMH TO3HETUTHOIICH-PAHHETUICHCTOIICHOBBIX JPEBHUX MONHWH majieo-J[kaHrndyas W maneo-
Uukniasaast. Ha F0)KHBIX CKJIOHAX XpeOTOB U Tps HAOIIOMAI0TCs OeAIeH ] M TIIMHUCTBINA TICEBIOKAPCT [6].

ILentpanpHyto "acte ['obycrana 3anmmaer oOmmpHas JkefipaHkeumesckas HANOXKEHHAs CHHKIIU-
HaJbHAas JeTPecCHsi, BBINIOJHEHHAs MOIIHOW TOJNIIEW CpeaHe- W BEPXHEIUIMOIICHOBBIX IIeCYaHO-
TJIMHUCTBIX OTJIOKEHWH. B I0r0-BOCTOYHOW YacTH JEMpPECcCHH BCS 3Ta TOJIIA MEpeKpPBITa MOITHBIMU
IiacTaMu aOIIEepPOHCKUX HM3BECTHIKOB. [IpuoceBas 4acTh ACMPECCHM MPEACTABISCT COOOW OOLIUPHYIO
paBHUHY aJUTFOBHAIILHO-TIPOJIFOBHAILHOTO (Ha CeBEepO-3amajic) 1 abpa3noOHHO-aKKyMYJISITHBHOTO (Ha FOro-
BOCTOKE) TIPOUCXOXKACHUS. PAaBHUHHBIN penbed) MecTaMu HapymaeTcst OpaxMaHTUKIMHAIEHBIMA yBaJIaMH,
TpsSlaMd U OCTaHIEBHIMU BO3BBHIMICHHOCTSAMU. CKIIOHBI WX PACWICHEHBI T'yCTONH OBPa)KHOM CETHIO THIIA
OenyeHs.

B Jxeiipankeume3ckoil JAerpeccuy OIMPOKO Pa3BHUTHI TpsizeBble BynkaHbl (Toyporaif, bombimoii
Ksamzsnar, Mansrii Ksanzsaar, Otman-bo3aar u mip.), oOpa3yromniiue orpoMHbBIE KOHYCHI ¢ OTHOCHTEIBHON
BbIcoTOM 710 300-350 M.

Ha roro-zamanme x JIkelipaHKkedMe3CKOW NEMPECCHU MPUMBIKAIOT AJATCKas TPsAa U HU3KOTOPBS.
AnsTckas Tpsaia XapakTepU3yeTcs MPSAMbIM TEKTOHHYECKHM pelibe()OM, CII0KEHA CHIBHO JHMCIIOINHU-
POBaHHBIMH CpEIHE-BEPXHEIUTHOIIEHOBEIMU TIECKaMM, TJIMHAMH W H3BECTHAKAMHU. UETBEPTHUYHBIE OTIIO-
JKEHHSI ClIaraloT MOPCKHE Teppachl, Bpe3aHHBIE B CKIOHBI. ANSTCKas Tpsiia B IJIaHE UMEET TyrooOpazHyIo
¢opmy. Hanbonee BbICOKMM BepmmHaM AJSTCKOW TIPS COOTBETCTBYIOT KOHYCHI TPS3EBBIX BYJIKAHOB.
[locnenHrE BEIHOCST Ha MOBEPXHOCTH OTPOMHOE KOJIMUYECTBO PHIXIIOTO MaTepHala — IPs3eBYIKAHUIECKON
Opekuum, KoTopasi JIETKO MOIaeTCs DPO3UH U 00YCIIOBINBAaeT MHTEHCUBHOE pacuJIeHeHue penbeda.

Mexay AJSITCKOM TPsAmoil M I0KHOW NPUIOAHATONH yacThio MapasuHckoro mnaro (. ['mmkakn)
PacrooKEeHb MOHOKJIMHANBHBIC U aHTHKJIMHAIBHBIC IPSIbl U XPEOThI, IPOTIATUBAIOLIUECS B CyOITHPOT-
HOM HampaBieHun: Hapaapanckas, Keunramnckas, 3aruprenunckas, ¥ MOakuHcKas, [ amannapTenmHCcKas
Tpsael M XanlaMaguHCKU XxpedeT. BepumHsl u TpeOHN UX CI0XKEHB OpeKINEeBUIHBIMU H3BECTHAKAMH U
JTIOJIOMHUTaMHU, a TaK)Ke€ BEPXHEIUIHNOIEHOBBIMY TecuaHUKaMH. BricoTsl ux xonebmtorcs ot 500 go 700 M u
UMEIOT aCUMMETPUYHOE CTPOCHHE, C KPYTHIMH IOXKHBIMH U TIOJIOTUMH CEBEPHBIMH CKJIoHaMU. CBOMBI
AHTUKJIMHAJICH, KOTOPBIE CIIOKEHBI OoJiee MOAATIUBBIMUA MECUYAHO-TIMHUCTBIMU OTJIOKCHUSMHU, B
OCHOBHOM pPa3MBIThL. Ha I0KHBIX CKIIOHAX XpeOTOB M TIPS ITUPOKO Pa3BUTHI TIIMHUCTHIN TICEBIOKAPCT U
Oenmnenn.

I'eomoro-reomopdonorndeckas cruerudpuka, a TakXKe OTpPOMHAs POJh TEXHOTEHHOTO (akTopa B
npeoOpazoBaHuu penbeda ['00ycTana B IOCIEAHNE TOABI B CBSI3H Pa3BUTHEM TYPUCTCKO-PEKPEAIIMOHHOM
JIeATEIPHOCTH aKTHBU3UPOBAIN OIOJ3HEBBIE IMPOLIECCH], MPUHUMAIOLIUE IE€Hb OTO JTHS 3HAYUTEIbHBIM
Macmrad. Ha tepputopun ['oOycTana rycTast u ri1y0OKO Bpe3aHHAsh OBPaKHO-OAIOUHAsI CETh OCIIOKHEHA
OTIOJI3HEBBIMU CMEIICHUSIMH, BCTPEYAIONIUMCS Ha KPYTHIX CKJIOHAX Oamok u oBparoB. OTOJI3HEBBIC
MPOIECCHl OTMEUAIOTCS B IEHTpanbHOW yactu ['o0ycrana. OHM TpPOTITMBAIOTCS BIOJIL BHEUIHEH (Iie-
pudepriiHOl) YacTH HU3KHX TOpP B CEBEpO-BOCTOYHOM HampaBieHuu. Ha wccnemyemoit Tepputopuu
Pa3BUTHI BEPXHEMENOBBIE N3BECTHSKH, TJIMHBI, TIECYAaHUKH, YeTBEPTHYHBIE KOHTHHEHTAIbHBIE OTIIOKEHUS
(TIMHBI, IECUaHUKH, KOHTJIOMepaTsl U Ap.). Ha MHOormx ydactkax ['oOycTaHa OIOJI3HM 3aKperuieHbl Ha
CKJIOHaX TOp M MOPCKHUX Teppacax. OO0 3TOM CBHIIETENLCTBYIOT Pa3BUTHIE 3[1€Ch OCIUICH] W TIIMHUCTHIN
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kapcT. CeificMuuHOCT AocTHraeT § 6amnoB. OMON3HM 3TOr0 palioHa OXKHBISIOTCS B IIEPHOJ MPEBHILICHUS
aTMOC(EepHBIX OCaAKOB cpenHerogoBbix HopM 10 400-500 mMm (B A3zepOaiimxane Haumbomee Maioe
CPEIHETOIOBOE KOJMWYECTBO ocamkoB — MeHee 150-200 MM BBITagaeT B OTO-BOCTOYHOW HacTH
I'obycrana). [To muenuto U. . MapnanoBa, ®@. M. IN'amxu-3ane, T. A. Anuesa [7], knumarudeckue yc-
noBusi 'o0ycrana mpakTU4eCKH HE MOTYT OBITh OCHOBHBIM (haKTOPOM TPOSIBICHHUS OMOJ3HEH. [ 1aBHyrO
poib UIparT reojoro-reomopdoiorudeckue (GaxkTopel, a B IOCIEAHHE TOAbl — AaKTHBU3ALM
aHTPOTIOTCHHOTO (aKTopa.

Onon3HM NpeuMyIIECTBEHHO Pa3BUTHI B Oacceiine p. [lupcaaryaii (pucyHok 1), B BEpXHHUX U CPEIHUX
TedeHusIX nNpuTokoB p. Cymrautuaii (I'o3myuaii, Unkunpyaii, Tynap). Hanpumep, B 6acceiine p. 'o3myyait
pacmpoctpader CapbIIalICKUi OMOI3EHB-TIOTOK JUTHHON 2-2,5 KM B IMTUPUHON 1 KM.

Pucynok 1 — OnonsHeBbie npomuecchl B gonuHe p. [lupcaaTyait

Omnon3HeBbIe TMPOLECCH aKTHBHO pa3BuBaiuch u Ha 106-115 kM aBTOMOOMIBHON Hoporu baky—
lobycran—1llemaxa (MpOTSKEHHOCTh aBTOMOOMIBHOTO monoTHa 122,7 kM). B reonornueckom crpoeHnn
UCCIIElyeMO TEeppUTOPHH TPHHUMAIOT Y4YacTHE aJUTIOBHAJbHO-ICIIOBHANBHEIC, KOJUTIOBHATHHBIC
OTJIOKCHHSI YETBEPTUYHOTO BO3pacTa M MAaWKOIICKHME OTJIOKEHWs majneoreH-HeoreHa. lllemaxa-I"o0y-
CTaHCKasi CTPYKTYypa B TEKTOHHYECKOM OTHOLICHWHU COOTBETCTBYeT Mapa3a-CrOHIUHCKON TeKTOHUYECKOI
30He. TeppuTopus XapaKTepU3yeTCs CIOXHBIMH THAPOJIOTHYECKHMHA W HWHXKEHEPHO-TEOJOTMYESCKAMHU
YCIOBHSAMH. 31€Ch BBISABICHO IATH JIOKAJIBHBIX OMON3HEBHIX 30H — 106, 107, 108, 111 u 115-xm aBTO-
nmoporu. Mx mamuuaa mocturaer ot 140 mo 270 m, mmpuna — ot 30 mo 135 m. CrtpoutenpHbIe pabOTHI
aBTogoporu baky-I'oOycran—Illemaxa Opiin Hawatel B mioHe 2007 r., a 3aBepuieHsl B utoie 2009 r.
OcCHOBHBIC NPUYUHBI PA3BUTHS ONOJI3HEH — MOApE3Ka CKJIOHA, HENOOLCHKAa COCTOSHHS OIOJI3HEBOTO
CKJIOHA, MaruCTPaIbHON aBTOMOOWMIIFHOW JOPOTH, B TOM YHCII€ CEPhE3HOCTH OIACHOCTH €€ Pa3pyIIeHusI.
Cucrema apeHaxa Oonpliell 4acThlo HE padoTalla, MH)XEHEPHBIE YCTAHOBKM JABHO HCTPATUIIH PECypc
sKkcruryaTanuy. HaGmonanuch CTeHKH CphiBa OTIOJI3HEH 110 JIOpOTe, T.€. He HIDKE W HE BBIIIE, a MPSIMO I10
MOJIOTHY .

Vxazom [lpesunenra AszepOaiixana ans 0€30MacHOrO W HOPMAJIBHOTO MEPEABHIKEHUS TpaHC-
MOPTHBIX CPEICTB Ha aBTOMOOMIBHON nopore baky—I oOycran—Illemaxa, Haunnas ¢ 100 go 115 km, c
utoHs 2019 1. mpoBenmeHBI JOPOKHO-BOCCTAaHOBHUTENbHBIE paboThl. [lo cepeamHe Tpacchl yCTaHOBJICHBI
OCTOHHBIE OrPaXICHHUS, BO3BEICHBI OMIOPHBIC CTEHKHU U3 jKeJie300eToHa (pUCYHOK 2, Tabnuma 1).

B HenaBHee BpeMsi B CBSI3M C aHTPOIIOTEHHOM HArpy3KOHW OXKMBMJIMCH OTIOJI3HU B HACEJICHHBIX MYHK-
tax ['o0ycrana (Tabmuma 2).

OmomHeBas 30Ha c¢. Jxeupnu pacroaracTcsi B ee ceBepHON dactd Ha Bbicote 920-1000 M B 11-
12 kM ot paiinentpa ['oOycraH. B reomornueckoM CTPOCHUHM YYacTBYIOT MSATKHE W IIACTUYHBIC aJLIIO-
BHAJHHO-/ICTIOBUAIIEHBIE OTJIOKEHHUS YETBEPTUIHOTO BO3PACTA, a TAKXKE TSDKEJbIE TIIMHUCTBIE OTIIOKEHHS
momHocThIo 0,5-2 M. lllemaxa-I'o0ycTaHckas CTPyKTypa B TEKTOHHYECKOM OTHOIIEHHH COOTBETCTBYET
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Pucynok 2 — Onon3ueBsie nporecchl Ha 106 kv aBromoporu baky—I o0ycran—Illemaxa

Tab6muua 1 — JlaTbl BOSHUKHOBEHHSI OIOJI3HEBBIX IpoLieccoB Ha nopore baky—I'o6ycran—Illemaxa 3a 2015-2019 rr.

aTa BO3HHK-
Ne A CrnencTBus ONONI3H
HOBEHUSI OTIO3HS

1 | 12 Hos6ps1 2015 1. Pa3pymena gacts noposxnoro nonotHa Ha 106 kM. Ha acdanbToBOM MOKPHITHH BRISBICHBI Tpe-
LIVHBI MIAPUHOH 2-5 cM, aimuHOH 1,5-2 M. JIopoKHOE TTOJIOTHO B HECKOJIBKHX MECTax IPOCelIo.
Ha omnopHotii crene npoun3sonuia aedopMariis

2 | 3 o 2016T. Ha 106-107 kM aBTOJOPOTH Pa3BIIMCh MHOTOUYHCIICHHBIC TpeIHHEL. [IprocTanoBiIeHO
TPaHCIOPTHOE JBIKCHUE

3 | 14 HosOps 2016 T. O>kuBJIEHHE OINOJ3HEBBIX IpoleccoB. OMoI3HeBas Macca Iperpajauia IBHKEHUe
aBTOTpaHCIOPTA

4 | 6 nexabps 2016 . TIpuocranoBieno coobuieHue ¢ 4 HaceICHHBIMHU TYyHKTaMH

5 | 19 nexabps 2016 r. | IlepexpsiTo aBrxeHue aBrogoporu baky—I'o0ycran—Illemaxa

6 | 17 dempans 2017 r. | Oxusinenue omnonsHs. Jlopora npocena Ha riryouny 40-50 cm

7 | 2 uronsa 2017 1. O>xuBuics ononsess Ha 106-107 kM aBTOROpOTH

8 | 28 urons 2017 r. O>xuBuics ononsens Ha 106-107 kM aBTOROpOTH

9 | 21 urons 2017 1. OskuBmiics onoisens Ha 106-107 kM aBTomoporu. B mByx mMecrax mpocen acanbt

10 | 28 aBrycra 2017 . OsxuBmiicst onon3eHs Ha 106-107 kM aBrogoporu. [IprocTaHOBICHO ABM)KEHNE MAITHH

11 | 12 cenrs6ps 2017 r. | OxkuBumiics onon3eHs Ha 106-107 kM aBTOHOpOTH

12 | 19 okrs16ps 2017 . AcdanbT B HEKOTOPBIX MECTax MPOCeI, BBISIBICHBI TPEIIMHBI JUIMHON 2-3 M, riryounoi 10-20 cm,
Mmectamiu 10 30 cm

13 | 19 anpens 2018 . Bo MHOrux Mecrax Joporu npocei acdanbT, pa3BUThl MHOTOYHCIICHHBIE TPEIHHBI

14 | 24 anpens 2018 . Ha nopore HabmogaroTcst ONON3HE-TIPOCaI0YHbIE siBIeHU. CBAIMINCH YCTaHOBICHHBIE BIIOJH
JIOPOT'U IOPOAKHBIEC 3HAKU

15 | 24 anpens 2018 1. Ha nopore HabM01a0TCS MHOTOYHCIICHHBIE TPEIIUHBI

16 | 5 peBpans 2019 . BerrsaBiieHb! MHOrOYMCIIEHHBIE TPEIIUHBI IHPUHOM 1-3 cM Ha 111-115 KM 10pOXKHOrO IONOTHA.
B HeckoabKHX MeCTax BCTpeYaroTCs IPOca ouHO-ONOI3HEBBIE IPOLIECChI

Ne 2, 2022
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Tabnuma 2 — /laTel BOSHUKHOBEHHS BEChMa OIMIACHBIX OIOJI3HEBHIX MporeccoB B ['o0ycrane 3a 2001-2021 rr.

No Mlara BosHuK- [TapameTpsl onon3Hs CrieIcTBHS OTION3HS
HOBEHHUSI OTIOJI3HS

1 | Anpens 2001 r. 1. 100-110 M, mup. 20-15 M | Ononzens nposiuics B ¢. Texkne Mup3ababais! Ha BBICOTE
800-1000 m u cMermaeTcs B 1OAMHY p. Xamxardai

2 | Ampens-maii 2003 r. | Hu. 800 m, mmp. 200-220 m Omno3eHp MPOSBUIICS B CEBEpHOM yacTu ¢. [ xeupu.
JlokanbHO 0’KHMBUIIMCH 3 OIOJ3HS

3 | Okts6ps 2003 1. Jn. 600, mmp. 320 m OrnoJ3HM 00pa30BaKCH B IICHTPAIBHON ¥ 3aMaJIHON YacTIX
c. Jlxeupiu. Y CTaHOBIIEHB! MHOTOUYKCIICHHBIE OIIOJI3HEBBIE
TpPEIHHBI

4 | Anmpens 2004 1. Ji1. 400-1000 M, mmp. 800 m Omnomnsens obpaszoBaics Ha BeicoTe 880-1050 M B ieHTpaIbHOM
yacti ¢. ['ypbanun

5 | Ampens 2006 r. Ji1. 300-320 M, mup. 40-70 M | OsxuBnerue onons3ag Ha Beicote 950-1000 M B c. Yanos

6 | Oxts6pb 2006 T. Ji. 600 m., mmp. 320 m O’KUBJIEHHE OTION3HS B CEBEPHOI YacTH ¢. [IKenpiiu Ha BBICOTE
920-1000 M

7 | Oxts6ps 2008 1. JIn. 380 M, mup. 90-1000 m O>XuBJIEHUE OTION3HS B 3aMaJIHON YacTH ¢. YamoB

8 | 6 ampens 2012 r. Ji. 150-180 M, Ty6. 30 M B nocenke ['o0ycTan moj yrpo30ii oKa3ainuch JpeBHUE Ha-
CKaJIbHBIE PHCYHKH U JOUCTOpHYeckne nemeps ['o0ycran-
CKOT'O HAIIMOHAJIBHOTO 3aMOBEIHHUKA

9 | 19 oktsa6ps 2016 1. Ji. 100 m 3 xuibIX goma noc. ['o0ycTaH pachonoKeHbl B OTIOJI3HEBOH
30HE

10 | 17 ceBpams 2017 1. Jt. 320 m., mup. 120 m O>xuBnieHue onoasHs B ¢. Yanos. B oqHoM 1oMe ycTaHOBIIEHBI
TPEIIIHBI

11 | 24 anpens 2019 1. J. 80-90 m, mmp. 55-60 m B c. [>xaupiu 0)XMBUBUIICS ONOJI3€Hb. Y CTAHOBJICHBI
MHOTOYHCIICHHBIE OTIOI3HEBBIE TPEIHHBI

12 | 24 urons 2020 r. MHOTO4YNCIICHHBIE TPEIITHBI B c. [Tonamiel moBpekaeHa MIECTUMETPOBAs HETABHO OTpe-

mup. 5-7 cm MOHTHPOBAHHAs CEJIbCKas 10pOra
13 | 31 mapra 2021 1. Ha crenax 1oMoB TpemuHbI B c. Ixanpnu Ha creHax 6onee 40 1ToMOB 00pa3oBajHCh He-
1. 55-60 cm, mmp. 3-4 cm OoupIIMe TPEUIMHEL B pe3ynpraTe Omoia3Hs JBa KHUJIBIX A0Ma

OKa3aJINCh B ABapPUHHOM COCTOSIHHH

Mapaza-CroHIUHCKOH TEeKTOHWYecKoi 30He. [IprumHa pa3BUTHS OMOJI3HA — OJHM3KOE PAacHoJOKeHHUE
MOJ3EMHBIX BOJ, JIUTOJOTMYECKHH COCTaB TOPHBIX MOPOA, PACIIONOKEHUE Cella Y TIOAHOKHS TOPBI, YKIOH
CKJIOHA.

Onomn3HeBas 30Ha c. ['ypbanun Haxoautcs B 5-6 KM oT paiiiieHTpa ['o0ycTan B mpeAropHoi 30He Ha
Beicote 880-1050 M, rae ykimoH ckioHa coctapmser 30-35°. B reomorHdeckoM CTPOSHHH Y4aCTBYIOT
MSTKHE U IJIACTUYHBIC AJUTIOBHAIBHO-ICIIOBHANBHBIC OTJIOKCHHMS YETBEPTUYHOTO BO3DPACTa, a TaKXKe
TSDKEJIbIe TIIMHUCTBIE OTI0XKEHHsI MOIIHOCTHIO 0,5-3,5 M. Omnon3HeBas TpelHa paciojaraeTcst Ha BHICOTE
1050 m. JImuna onon3us konebnercs ot 400 go 1000 M, mmpura — 800 M, MOIITHOCTH OTIOJI3HEBOTO TEJa —
npumepHo 0,72 MaH M°. OIOI3eHb B OCHOBHOM aKTHBH3UPYETCS B PE3yIIbTATe BHIIAICHUS aTMOCHEPHBIX
0CaJIKOB.

Omnomn3HeBas 30Ha ¢. YanoB HaxoauTca B 5 KM OT paiuentpa ['oOycran Ha Bbicote 950-1000 M. B
TEO0JIOTHUECKOM CTPOEHUH YYacTBYIOT aJIJIIOBUABHO-/IEIIOBUANIBHBIE INIMHUCTBIE OTJIOXKEHHUS YETBEPTHY-
HOTO Bo3pacTa. TeppuTopHs B TEKTOHHYECKOM OTHOIIEHHMH pacrojaraercsa B 3oHe lllemaxa-I'oOycran-
CKOI'0 CHUHKJIMHOpUsS. B ceBepo-3amagHON 4acTH cesla OTMEUYEH OJHOMMEHHBIN I'psi3eBOM ByJIKaH. I'pyH-
TOBBIC BOIBI (hopMupyroTcss Ha TiyOuHe 3,5-12 m. OpnHa omon3HeBas 30Ha uMmeeT uiuHY 300-32 M,
mmpuHy 40-70 M. Bropas omomsneBast 3oHa qymmHOM 380 M u mmpuHOn 90-100 M. HaGmomatoTcss MHO-
TOYMCIICHHBIE OIIOI3HEBbIE TPEIIMHBI, a II0 BCEH AMHE OE3bIMSIHHON PEKU — 2 JIOKAJIbHBIX OTIOJI3HS.

OmnomsneBas 30Ha c. Tekie pacnojaraercsi Ha JeBoOepexbe Oe3bIMSIHHOTO MpHUTOKa p. [lupcaaTyait
Ha BeIcOTE 970 M, B 4 KM OT paiiienTpa ['00ycTan. B reonornueckom cTpoeHNH y9aCcTBYIOT aJUTFOBHAIBHO-
JEeNMIOBUAIbHBIE OTJIOKEHHS YETBEPTUYHOTO BO3PAacTa M MAWKOIICKME IUIACThl IaJeoreH-HEOIreHa.
Tepputopus B TEKTOHWYECKOM OTHOIIEHHMH HaxoauTcs B 30He lllemaxa-I'00ycTaHCKOTO CHHKIMHOPHS.
[Monzemublie BoabI BhIsIBICHBI HA TyOunHE 4,5-10 M. Onon3HeBas 30Ha umeet AnuHy 100-110 M, mupuny —

— 4 ——
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20-25 m. JInnHa omon3HEeBBIX TpeluH nqocturaet 35-40 m, mupuna — 1,2-1,5 cMm, Buanmas riryouna — 0,5-
0,6 M. IlprurHa aKTUBHU3AITUH OIIOJI3HS — POJHUKOBBIC BOABI M BITIAICHUE aTMOC(HEPHBIX OCaIKOB [8].

B xonme ucciieoBaHUs BBHINOJIHEH CPaBHHUTEIbHBINA aHAIU3 OMOJI3HEBBIX IPOIECCOB MO padoTam
b. A. Bynarosa [9], A. A. Muxkaunosa [10] u np. ¢ pe3ynbTaTraMy HaIlMX JAHHBIX Ha OCHOBE JEIIU(pH-
poBanus 1BeTHbIXx AKC 1996, 2000-2020 rr. macmrada 1:60 000 u 3KCIIETUITMOHHBIX HCCIICTOBAHHA.
Wccnenosarenn tepputopuio ['o0ycraHa OTHOCHIM K palioHy cO cinaboil aKTHBHOCTBIO TIPOSIBIICHUS
OTIOJI3HEBBIX MPOLECCOB (BO3MOXKHO pa3BuTue onomsHed Ha 20-30% teppurtopun). Hamm nccnegoBanus
BEISBWIIM, 4TO 32 MuHYyBIIHe 50 ser ruomans ['o0ycraHa, moaBepraromascs OMOJI3HEBBIM IpOIleccaM,
BbIpocna B 1,5-2 paza (pucynok 3). Hampumep, B c. ['ypbanun — ¢ 2,5 no 4,8 ra, B cenax [lomamier u
Jxaupiu — ¢ 4,2 o 6,1 ra. [TosTomy '00ycTan HaMu OTHECEH K TEPPUTOPHH ¢ YMEPEHHOMW aKTHBHOCTHIO
MIPOSIBICHHS OTIOJ3HEBBIX MPOIIECCOB (BO3MOXKHO pa3BuTue ononsHeit Ha 30-50% teppuropun).
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Pucynok 3 — Kapra paiionupoanus bonbmoro Kaskasa 1o onossHeBoit onacHOCTH (B Oauiax)

1. Tepputopuu co cna®oii Omoi3HEBOH OMACHOCTHIO (BO3MOXKHO pa3BuTHe omoisHeir Ha 20-30%

Teppuropun) — 1 6a.
2. Tepputopun ¢ yMEpEeHHOH OIOJI3HEBOH OMACHOCTHIO (BO3MOXHO pa3BuTHE omoi3Heil Ha 30-50%

TEeppUTOpUH) — 2 Oasa.
3. TeppuTtopuu C BBICOKOH OMNOI3HEBOI OMAcHOCTHIO (BO3MOXHO pa3BUTHE omomsHed Ha 50-65%

TeppuTopun) — 3 Oasa.
4. TeppuTopuu C 04EHb BEICOKOH OITOI3HEBOH OIMMACHOCTHIO (BO3MOYKHO pa3BUTHE OIOI3HEH Ha Oojee

65% Teppuropun) — 4 Oaiia.

OO0cy:kaeHune pe3yJibTaTOB. Pa3BUTHE TEXHMUYECKHX CPENCTB AMCTAHIMOHHOTO 30HAMPOBAHHSA
3emiu B3 KOcMoOca W ToiydeHHne adpokocmudeckux cHUMKOB (AKC) ¢ BeIcOKO# pazpemaromiei criocod-
HOCTBIO TIO3BOJIWJIO B XOZI€ MCCIICAOBAHUS IIOBBICUTH ONIEPATUBHOCTh U YBEITUYUTH 00beM HHPOPMAINH B
LEeNsAX M3YYEeHHUs OIOJ3HEBBIX IMPOIECCOB B HAalMOHANBHOM 3amoBeqHuke «['oOycran». IlomydeHHbIe
JaHHBIE B pe3yJbTaTe MOJICBBIX MCClenoBaHui u aemmdpupoBanus pasHoBpeMeHHbIXx AKC 1996, 2000-




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

2020 rr. macmraba 1:60 000 maau BO3MOXXHOCTbH ONEPAaTHBHO COCTaBUTH KapTy pailoHHpoBaHUs boib-
moro Kaskasa 1o onos3HeBoi onacHOCTH (B 0ajuiax), KOTOpas 00bEKTUBHO 0TOOPaXaeT KOJIMYECTBEHHbIE
Y KaueCTBEHHBIE XapaKTEePUCTUKHU OINOJI3HEBBIX IIPOLIECCOB.

3akarouenne. CeroHs TEPPUTOPUH HAIIMOHAIBHOTO 3amoBeHNKa «["00ycTany» MpHCyIle ycuieHne
TEXHOTEHHOW [ESITEIbHOCTH: IIUPOKOMACIITaOHOE BO3BEIEHHE IOCTPOEK TYPUCTCKO-PEKPEallMOHHOM
cdepsl, NPOBEACHUE 3€MIIIHBIX PadOT W Ap., KOTOpbE B OyAyIleM upeBaThl HApaCTaHUEM YHCJIA ecTe-
CTBEHHBIX KaracTpod ¢ Ooyiee Cepbe3HBIMH IMOCICICTBHAMHU [UIS HAaceleHUs W HHOPACTPYKTYPHI.
Co3manHast kapra paidoHHUpoBaHMs a3zepOaiimxanckoil dactu bonpmoro Kapkasza 1o omnoi3HeBoi
OMAaCHOCTH MOJKET CIYXKUTh OCHOBOM INpH KPYNHOMACIUTAOHOM IUIAHMPOBAHMM PEKPEAllMOHHOM 3KC-
IUTyaTaly TEPPUTOPUN, Ul oOecliedeHus ee 3aluieHHocTy. [Ipyu nposeneHny u gaxe IUIAHUPOBAHUH
TYPUCTCKO-PEKPEAIMOHHON ESTEIbHOCTH B HAIIMOHAJIBHOM 3anoBeAHuKe «['00ycTaH» Ui pacKphITHS
YMEHBIICHUS YTPO3 HEOOXOIMMO OCYLIECTBIISATH IOCTOSIHHBI MOHUTOPHHT 32 OIOJI3HEBBIMH IPOLIECCAMU,
OpPraHU3alMI0 UX IPOTHO3a B MECTAX C BEICOKON OIOJI3HEBOI OIACHOCTHIO.
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C. A. Tapuxa3zep

['eorpadust FEUIBIMIAPBIHBIH KAHAUIATHI, JOLUCHT, )KETEeKII FhUIBIMUA KbI3METKEP
(T'eorpacdust unctutyThl ak. I'. A. OnueB atbiHAarbl O3ipOaiiykaH YITTHIK FRUIBIM aKaleMusichl, baky, O3ipOaiikaH)

TYPUCTIK-PEKPEALIUAJIBIK KBISMET MAKCATBIHJIA «I'OBYCTAH» KOPBIFBIHIATBI
TOWKIK MPOLECTEPIH I'EOJIOT UAJIBIK-TEOMOP®OJIOT UAJIBIK TAJLJIAY

AnHoranus. Maxkanaga YiakeH KaBkas3aplH OHTYCTIK-IIBIFBIC OeJiriHAe opHamackaH «['00ycTaH» YJITTBHIK
KOPBIFBIH/IA TYPHUCTIK-PEKPEALMSIIBIK KbI3METTIH O€JICEH/I JaMybIH €CKepe OTHIPHII, KOIIKIH ITPOLeCTep] TajlzaHa bl
Byt mMoceneHiH MaHBI3ABUTBIFEI [[00yCTaH ayMmarblHAa XalbIKApANbIK MaHBI3BI Oap YIITTBHIK TEOMapK Kypy >Kocrap-
JaHyna. ©31Mi3iH 3KOJIOTHJIBIK, T€OJOTHSUIBIK JKOHE reoMOp(OIOTHsIIBIK 3epTTeyliepre, KOMMaIBIK jKoHE KapTo-
rpadusUIBIK MaTepuanaapra, conaii-ak 1996, 2000-2020 >xox. adporapbeluThlK cypertepi (AKS) naiinamany Heri-
3iage. 1:60 000 macmTaOb1 cCOHFBI S0 KBUIIA KOIIKIH IMpolecTepine yibiparad ['o0ycran aynansr 1,5-2 ecere yiraii-
FaHBIH aHBIKTAAbl. AJBIHFAH MOJIMETTep KOIIKiH IPOLECTEPIHIH CAHIBIK JKOHE CallalbIK CHIAaTTaMallapblH 00BeK-
TUBTI TYpIe KOpceTeTiH KemKiH Kaymi OoitprHma (Oamnmapna) 1:1 000 000 macmrabrarsr YikeH KaBkazgsig
ayJIaHAACTBIPY KapTachlH KYPyFa MYMKIHIIK Oepi.

3epTTey HOTIDKENepl ajblHFAaH MONIiMeTTepaAl ©O3ipOaiikaH reo)KyHenepiHiH peKpealusuiblK KOHE TYPHCTIK
JlaMybl YIIiH KayiIlci3 jKoHE TYpPaKThl XXYMBIC iCTeyl koHe JaMybl yiIiH barnapiamansl 93ipiiey yIIiH naiinananyra
MYMKIiHIK Oepeni.

Tyiiin ce3nep: «['oOycran» yITTBHIK KOPBIFBI, KOIIKIH HpoLECcTepi, Kayil, KAIIBIKTHIKTaH 30HATAY, TYPH3M
JKOHE PEKpEeansuIbIK KbI3MET.

S. A. Tarikhazer

Candidate of geographical sciences, associate professor, leading research worker
(Institute of Geography named after acad. H. A. Aliyev of ANAS, Baku, Azerbaijan)

GEOLOGICAL AND GEOMORPHOLOGICAL ANALYSIS OF LANDSLIDE PROCESSES
IN THE RESERVE "GOBUSTAN'" FOR THE PURPOSE OF TOURIST AND RECREATION ACTIVITIES

Abstract. In article analyzes landslide processes, taking into account the intensive expansion of tourist and
recreational activities in the Gobustan National Reserve, located in the southeastern part of the Greater Caucasus.
The importance of this problem lies in the fact that it is planned to create a National Geopark of international
importance on the territory of Gobustan. Based on own field ecological, geological and geomorphological studies,
fund and cartographic material, as well as using aerospace images (ASI) from 1996, 2000-2020 and scale 1:60 000, it
was found that over the past 50 years, the area of Gobustan, subjected to landslide processes, has increased by 1.5-
2 times. The data obtained made it possible to compile a map of zoning of the Greater Caucasus with a scale of
1:1 000 000 according to landslide hazard (in points), which objectively reflects the quantitative and qualitative
characteristics of landslide processes. The research results will make it possible to use the obtained data for the
development of the Program for the safe and sustainable functioning and development for the recreational and tourist
development of Azerbaijan's geosystems.

Keywords: Gobustan National Reserve, landslide processes, danger, remote sensing, tourism and recreational
activities.
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MUDFLOW PROCESSES IN GEORGIA

Abstract. Natural calamities become more topical in the beginning of XXI century, as the pressure of them on
human environment becomes much heavier. Background of global climate change processes immeasurably increases
the risk of uncontrollable natural catastrophes. Among the multi-spectral geological processes in Georgia the most
impressive phenomena are landslides and debris/mudflows, washing out of marine coasts and river banks within the
limits of settlements. According to special research data, the landslide, mudflow, and river bank erosion out reac-
tivation processes are growing exponentially from year to year.

Keywords: Climate change, Debris flow, Geology, Hazard, Mudflow.

Introduction. Georgia is one of the mountainous countries, where the multi-spectral natural cata-
strophes are distinguished by development scale, recurrence frequency, and negative consequences for
population and economy. Besides that, the territory of the country is located within the limits of 7-9 point
intensity earthquake risk area. The earthquakes are directly connected with stimulation of landslide-gra-
vitational and debris/mudflow phenomena. Major part of Georgian population, agricultural lands, roads,
oil and gas pipe-lines, hydro-technical and irrigation facilities, electric transmitting lines, and mountainous
tourism facilities periodically endure the attacks of natural phenomena. The risk area is rapidly increasing,
that can be proved by the data of “SakGeologia” (Geology service of Georgia) collected in areas of risk
zone on caused damage in different years (figure 1).
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Figure 1 — Areas of the risk zone of natural geological processes and areas damaged in different years in Georgia

According to data of UN experts, more than a half of damage caused by elemental processes to the
world population and economy, including casualties, is related to Debris/mudflows, Landslides and
Floods. These processes are fully connected with climatic factors. Despite the continuous efforts of human
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to overcome these dangerous phenomena, the risk of them remains the same, even at the background of
modern sciences and technologies. There are not still invented any reliable ways for solving this problem.

These hardly predictable phenomena represent one of the most serious problems for Georgia. 40% of
territory of the country is under the threat. While floods are mostly threatened lowland population,
debris/mudflow risk must be taken into account almost for all geo-morphological zones, starting with
foothills, and ending by high mountain-nival zone. Among 5 000 rivers transformable into mudflows in
the Caucasus, about 3 000 are within the borders of Georgia. It should be taken into account as well, that
about 60% of population live in the small river basins, most of which are also debris/mudflow trans-
formable. Hundreds of settlements are located within the area of mudflow activity (in Tbilisi it is recorded
more than 50 debris/mudflow gorges), as well as highways, railways, trans-Caucasian gas pipe-line and
Baku-Thbilisi-Ceyhan oil pipeline, irrigation facilities and agricultural lands.

Caucasian region is under big interest of researchers for already more than 150 years because of
complex natural conditions of mudflow development processes and because of significant damage caused
to population and engineering facilities [1]. For instance, the mudflow developed in Telavi (1977) ravine
damaged the infrastructure of town Telavi, calculated as 30 million dollars. Mudflow developed in the
same year in upper stream of river Tskhenistskali caused damage of about 100 million dollars to local
population and economic facilities. Mudflows developed in mountainous Ajara in 1982-84 and 1989-91
caused damage of 300 million USD.

The discussion of the results. Not only high intensity mudflows are dangerous for mountain popu-
lation and their engineering-economic facilities, but also the low and medium intensity. These types of
mudflows developing in extremely sensitive geological conditions of Tsiv-Gomboro, Saguramo-lalno,
Kartli, lagluji, Kvernaki ridges, and surrounding hills of Tbilisi, are characterized by intensive develop-
ment of mudflows and high recurrence (downpours of more than 30-40 mm/per 24 hours always cause
mudflow transformations). They are highly dangerous for population and engineering-economic facilities
(figures 2, 3).

il

MR
Figure 2 — Debrisflow in Rikoti Pass Figure 3 — Debrisflow in Tbilisi (Svanidze str), June 2015
(Khashuri Municipality), June, 2011 (Photo George Gaprindashvili)

(Photo George Gaprindashvili)

Large scale development of diverse mudflow processes (caused by downpours or developed in result
of clogging of ravines by landslide processes) in Caucasus in general and particularly within the territory
of Georgia is conditioned by extremely ‘sensitive’ geological environment and specific climatic features.
Mudflows provoking by downpours (65-85%) dominate on others, also considering particular geological
conditions, caused by landslides and rock avalanches (10-30%) [2].

Intensity of the development of mudflows in Georgia (as regards time and space) is increasing from
North-West towards South-East. This is conditioned by increasing of climate continentality, by increasing
of aridity and decreasing of humidity coefficient, by narrowing of mountain forest belt and gradual
decreasing of plant cover, and, which is more significant, by wide distribution of geologically unstable
rocks in regard to erosive and denudation processes.
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According to statistical analysis data the same amount of mudflow forming downpours cause diffe-
rent effects in different areas according to geological environment all over the world mountain countries.
The same amount and duration of precipitations can cause either high waters, or typical mudflows. For
instance, the minimal amount of daily precipitations for Carpathians is 30 mm, for Crimea Mountains —
from 25 mm to 70-100 mm, Altay and Jungarian mountain areas — from 30-40 mm to 70-90 mm. In
Tien Shan and Pamir-Alay mountain system the daily precipitations over 60-100 mm take place once in
100 years, while in the rest regions of Middle Asia 50-80 mm of precipitations take place once in 20 years
in average [3].

Distribution of downpours in space and time in Caucasus is not still well investigated. According to
I. Salukvadze [1]. the percentage of downpours in the whole number of precipitations in South Caucasus is
highly changeable, depending on the distance from sea and the relief. In particular, for Poti it is over 80%,
for Samtredia — 23%, for Tsipa — 12%, for mountain Sabue and Khashuri it is approximately 5%, for
Thilisi — 49%, and for Telavi — 44%. Though the daily distribution of precipitations in space is quite
complicated, it can be said that, taking into consideration specific sensitivity of a given geological envi-
ronment, the lower threshold of a mudflow forming sum precipitations is 30-40 mm per day. At the same
time, the shorter is period, during which this amount is performed, the higher is probability of intensive
mudflows, and in other words, period and intensity are in invert correlation. Cases of duration of precipi-
tations, from 4-6 days to 32-48 days during warm season are described in Black Sea coastal zone and
mountain regions of Georgia. Almost the same mean amounts, 30-50 mm of downpours are described in
eastern part of Caucasus. Difference is noticed only in their recurrence frequency. Mudflow trans-
formations can be observed in almost all geologically ‘sensitive’ river catchment basins in case of daily
downpours of 50-80 mm. Together with increasing of intensity of precipitations, geographical scale of
mudflows is also increasing. It is proved by investigations that in case of daily precipitations of over 80-
120 mm, catastrophic mudflows develop in all climatic-geological environments. For instance, downpours
of frontal character (over 120 mm per day) at Caucasus scale caused in June, 14, 1944 and August 17,
1953 catastrophic mudflows at regional level. Precipitations in amount of 170-185 mm fallen in one day
(10-11 August of 1977 and 19 July of 1983) on the both slopes of Caucasus caused catastrophic mudflows
in basins of rivers Tskhenistskali, Alazani, and Baksani and their tributaries. It should be noted that if until
70s of XX century the recurrence mean frequency of mudflow forming precipitations (over 80-120 mm)
for the Caucasus was described as once per 20 years, and once in 40 years for the Lesser Caucasus, sig-
nificant increasing of the recurrence frequency is observed during the last period. For instance, according
to data of Lagodekhi Meteorological Station, the maximal amount of such type of precipitations (over
150 mm) was registered 3 times in 1983, 2 times in 1986, and once in 1988. Each time catastrophic
mudflows developed in Kakheti river basins.

It should be noted that at the edge of XXI century the activation periods of mudflows (like of other
exo-geological processes) and their geographical scale are being considerably increased. Data given in table
and figure 4 prove the above-mentioned observation. This must be connected first of all to the in-creased fre-
quency of mudflow forming precipitations, which in its turn is provoked by global climate change [4, 5].

On May 17, 2014, a catastrophic debris/mudflow event occurred at the confluence of the Tergi River
and the Devdoraki-Amali River in the Dariali Gorge. On May 17, a rock-avalanche came down from Mt.
Mkinvartsveri (figure 5), bringing along five million cubic meters of rock, which was covered by ice and
snow. The rock mass fell down on the Devdoraki glacier, deformed it and went on to the Devdoraki River.
From the confluence with the Amali River, the flow transported the rock debris and mud downstream to
the lower reaches. At the confluence of the Amali and Tergi rivers, the flow created a huge debris cone,
approx. 2 mln m’, that totally blocked the Dariali Gorge (figure 6) and took the lives of eight people. On
August 20, 2014, heavy rainfall in Devdoraki valley triggered the movement of the huge debris mass that
had accumulated there on May 17, 2014, turning it into a mudflow and killing two people working at a
hydroelectric power plant construction site near Tergi River. The events of May 17 and August 20 caused
major material damage to the country as a whole, disrupting the Georgian Military Highway, the North-
South Gas Pipeline, cutting a high-voltage power transmission line, damaging vehicles, blocking the
access to a border defense facility and customs checkpoint, the Residence of the Georgian Patriarchate,
and causing huge everyday problems to people working there. The main causes of the disaster were the
geological structure of the area, local tectonics and morphology, as well as the negative impacts of climate
change [4, 6].
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Extreme activation years of mudflow processes in Georgia
Mean
River basins Years recurrence
frequency, year
Chorokhi- 1921, 1932, 1948, 1953, 1961, 1970, 1972, 1977, 1982, 1984, 1986, 1988,
Ajaristskali 1987-89, 1991, 1996, 1998, 1999, 2001, 2003, 2004, 2005, 2008, 2014, 3.6
basin 2018, 2020
1954, 1955, 1959, 1960, 1964, 1966, 1968, 1970, 1972, 1975, 1976, 1977,
Enguri basin 1981, 1982, 1987, 1988, 1989, 1992, 1997, 2002, 2003, 2004, 2005, 2019, 2.2
2020
Tskhenisrskali 1915, 1921, 1932, 1934, 1939, 1940, 1953, 1961, 1963, 1966, 1970, 1973,
ubper basin 1975, 1976, 1977, 1982,1984, 1987, 1988, 1992, 1997, 2003, 2004, 2005, 3,6
PP 2008, 2010, 2021
Rioni upper 1921, 1932, 1939, 1940, 1953, 1961, 1963, 1966, 1970, 1973, 1975, 1976,
basi PP 1977, 1982, 1984, 1987, 1988, 1992, 1997, 2003, 2004, 2005, 2008, 2010, 3.6
asin
2020
Terei upper 1776, 1778, 1785, 1808, 1817, 1827, 1832,1842, 1897, 1909, 1910, 1929,
basié; PP 1935, 1937,1944, 1953, 1955, 1956, 1957, 1959, 1966, 1967, 1968, 1970, 7,45
1981, 1982, 1996, 2002, 2003, 2004, 2007, 2014
1897, 1903, 1920, 1926, 1931, 1940, 1952, 1953, 1954, 1960, 1963, 1964,
Araevi basin 1967, 1969, 1971, 1972, 1973, 1975, 1977, 1978, 1979, 1980, 1981, 1982, 79
& 1983, 1986, 1987, 1988, 1992, 1994, 1996, 1997, 1998, 2000, 2002, 2004, ’
2005, 2006, 2007, 2008, 2009, 2014, 2017, 2020
Kakhetian 1899, 1903, 1906, 1922, 1934, 1947, 1949, 1951, 1952, 1956, 1957, 1958,
1961, 1962, 1963, 1967, 1970, 1973, 1975, 1976, 1977, 1981, 1983, 1984,
Caucasus 3.02

1988, 1989, 1990, 1991, 1995, 1998, 1999, 2002, 2003, 2005, 2010, 2018,
2020
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Figure 4 — New / re-activated Debris/mudflows in Georgia, 2011-2018, by region [5]
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Figure 5 — Rock-avalanche (Debrisflow source area) Figure 6 — Blocked Tergi river and created reservoir
(Photo M. Gaprindashvili) (Photo M. Gaprindashvili)

On June 13-14 2015, heavy rainfalls caused a sharp rise in water levels in the Vere River and its
tributaries, and triggered large-scale landslides and debris/mudflows, which resulted in the disruption of
adjacent highways. Landslides turned into muddy streams, the river waters full with the debris mass
flooded some districts of the Georgian capital (figure 7), Tbilisi, and washed away and/or inundated
houses and infrastructure at the lower reaches of the Vere valley, killing 23 people. The disaster almost
destroyed the Tbilisi Zoo, many animals were killed and others were found outside the zoo. Together with
other triggers (geology, morphology, tectonics, hydrogeology), the natural disaster on the Vere river was
caused by the fast increasing of the river level resulting from heavy rainfalls (about 149 mm) associated
with climate change, and primarily by a landslide with an area of 32 hectares and a volume of 1 mln cubic
m that had formed between the villages of Tskneti and Akhaldaba (figure 8), a significant part of which
clogged into the Vere riverbed. At the same time, more than 100 landslides were activated in the valley on
June 13-14. Long-term geological observations and analyses show that debris/mudflows occur in relevant
geological conditions in case of 40-50 mm rainfall per day. The stronger the rainfall, the more extreme
mudflows would occur [4, 7].

Figure 7 — Debris.mudflow in Tbilisi Figure 8 — Akhaldaba “big” Landslide
(Photo G. Gaprindashvili) (Photo G. Gaprindashvili)

Conclusion. The territory of Georgia, is divided into 9 conditional areas (figure 9) [8] by damage
caused by debris/mudflow processes, and according to the hazard risk which is based on syncretic
synergism of the elements, which are part of geological environment system, characterized by extremely
complex multifactorial features and debris flow processes stimulating factors:
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Figure 9 — Debris/mudflow hazard zones in Georgia

1. The area with very high damage probability and with high risk of recurrence (Ks-0.8-0.9),
includes: Low and middles sized mountains constructed with Molasse sediments of Intermountain Belt of
Eastern Georgia, Upper parts of riv. Rioni, Tskhenistkali, Enguri, Tergi, Aragvi basins. Transformation of
debris/mudflows takes place almost every year (daily rainfall 30-50 mm and more). Often it is repeated
several times in a year.

2. The area with high damage probability and hazard risk (Ks-0.6-0.8), includes: Area constructed
with flysch rows and Mesozoic shale of north and south slopes of central and eastern segments of the
Caucasus, highland of Adjara of Lesser Caucasus. Debrisflows recurrence period once in 2-3 years. Wide
range of released materials volume - 0.1-0.2 mln.m’.

3. The area with significant probability of damage by debris flow transforming rivers and hazard
risk (Ks-0.5-0.6) includes Trialeti and Meskheti ranges, middle and upper part of the river Kodori (western
Caucasus) and river Bzipi basins. Debris flows recurrence period once in 3-5 years. The volume of mate-
rial released by debrisflows from thousands of cubic meters to amounts 0.5-1.0 mIn. m’.

4. The area with moderate risk of debrisflow hazards (Ks-0.3-0.5), includes middle part of the rivers
Rioni, Tskhenistskali, Enguri and Kodori basins, headwaters of river Kvirila basin, low and middles sized
mountain zone of Aphazeti Caucasus, the basin of river Algeti, Trialeti range on the territory of Tbilisi
city, lowlands of Adjara. Debrisflows recurrence period once in 3-10 years.

5. The area with limited debris flow hazard risk (ks-0.1-0.3), includes: lowland zone of raised horst
of the Dzirula, Khrami, and Loqi, Foothills of Guria and Imereti, debrisflows in the basins of rivers
Psou, Sandripshi, and Zhoekvara take place once in 3-7 years, the volume of released material amounts
5-10 000 m’.

6. The area with low probability of damage caused by debris flow processes and hazard risk
(Ks- 0.01-0.1), includes areas constructed by carbonate rocks of low and middle sized mountains of
Racha, Askhi, Khvamli, Arabika, and rivers Bzipi and Kodori, foothills of Guria and Adjara.

7. The area with very low probability of damage caused by debris flow processes and hazard risk
(Ks-<0.01), includes: Iori Plateau and part of the downstream of river Mtkvari;
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8. The area weak probability of damage caused by debrisflow processes and hazard risk includes
Akhalkalaki plateau and volcanogenic highland of Javakheti.

9. The area, where is no danger by debris flow hazard risk, includes Kolkheti lowland and Black
Sea coast, plains of Eastern Georgia, Kartli and Alazani.
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I'PY3UAJAFBI CEJ ITPOLOECTEPI

Annoranus. XXI racelpabiH OachiHIa TaOWUFK amarTap ©3eKTi 0oia TyCyne, ONapblH aJaMHBIH TIPIIUIIK €Ty
opTachlHa KbICBIMBI alTapibIKTail apThin Keneni. KnmmarTeie skahaHabIK e3repyi mpouecTepi aschbliHIa OakbUIaH-
OalTBIH TaOMFHU amaTTap/blH Kaylli ejmeyci3 ecyne. I py3usiarsl Kol CHeKTpili FeoJIOrHsUIbIK MPOLECTepIiH imiHge
eH acepii KyObuIbIcTap KOUIKIH MEH Cell, TEeHi3 JKarajlaylapbl MEH eJJii MEKeHepIeri ©3eH jKarayayilapbIHbIH 3po-
3usACH OOJNBIN TaObUTaAbl. ApHAUE 3epTTeyinep OOMBIHIIA KOIIKiH MEH Cell MPOIECTEpPiHiH, jKarajiay 3pO3HSICHIHBIH
KapKBIHBI KBUIIAH-)KBUIFA apTHIIT KeJIei.

Herisri ce3mep: KITUMAaTTHIH €3repyi, CeJl, TeOJOTHS, Kayill, JTaiiIbl Cell.

9. HepeTeJm', H. Bonaummmz, TI. Fanpnnaamnnnn3, M. Fanpnﬂuamnnnn"

'J1.r.1., raaBHbIT Hay4HBII coTpyaHuK (TOumucckuii rocynapcTBeHHBIN yHUBEpCHTET, UHCTHTYT reorpadun
uM. Baxymru barpatnonn, HannonansHOe areHTCTBO 1O OXpaHe OKpyKaromei cpenst, Towmmucu, I py3ns)
lra., BeIyIIHNH Hay9IHBIH cOTpyAHUK (TOMINCCKII roCcy1apCTBEHHBIH YHUBEPCHTET,

Wucruryt reorpaduu um. Baxymtu barpatinonun, Tonnucu, ['py3us)

STrm., Hay4HbIH coTpyaHUK (TOMIMCCKUil rocyaapcTBeHHBIN YHUBEpcUTeT, MHCTUTYT reorpaduun
uM. Baxymru barparnonu, HantmonansHoe areHTCTBO okpy»katomeit cpeast I pysun, Towucu, I'py3us)
*PhD noxropaut (OTaen reonoruy, HarmonansHoe areHTcTBO M0 OKpyKaromeii cpene [pysuu, Toumucu, Ipy3us)

CEJIEBBIE ITPOLECCBHI B I'PY3UHN

Annoranus. B Havane XXI Beka CTUXHUITHbIC OCICTBUS CTAHOBATCS BCE OOJiee aKTyaabHBIMH, UX JaBJICHUC Ha
cpexy oOHWTaHUs YeIOBeKa 3HAUYUTEIHHO Bo3pacTaeT. Ha (oHe MpOUCXOIAIIUX MPOIEeCCOB TI00aTbHOIO H3MEHEHUS
KJIUMaTa HEM3MEPHMO BO3PACTACT PUCK BO3HHUKHOBEHISI HEKOHTPOJIHPYEMBIX IPUPOIHBIX KaTacTpod. Cpeau MHOTO-
CICKTPAITBHBIX T€OJIOTHYECKUX TMporeccoB B ['py3unm HamOoyee BICYATISIONUMHE SBISIOTCS OIMOJ3HU M CEJICBBIC
MTOTOKH, Pa3MBIBBI MOPCKUX MOOEpexuii 1 OeperoB pek B Mpeaeiax HAaCeIeHHBIX IMyHKTOB. [10 JaHHBIM criennab-
HBIX UCCJIENOBaHUM, U3 roJia B TOJ MPOUCXOAUT CTPEMUTENBHBIN POCT ONOJ3HEBBIX U CEJIEBBIX MPOLIECCOB, Pa3MbIBOB
Oeperos.

KiioueBble cii0Ba: N3MEHEHHE KIIMMATa, CEJIEBOM IMOTOK, F€O0JIOTHS, ONTACHOCTh, TPA3EBOI TOTOK.
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C. K. Beiicos,' I'. O. Xampaes®

'K.r.H., Be[lylmii HayuHbIi coTpyaHuK (HalMoHa bHbIH HHCTUTYT HyCThIHb, PACTHTENHHOTO M JKHBOTHOIO MUpA
MHuHHCTEPCTBA CETLCKOTO X035HCTBA M OXpaHbl OKpYyXKaromiei cpenpl, Amxadan, TypkmeHncTaH)
*K.I.H., 3aBe/IyrolIHii Kaheapoii THIPOMeTe0pOIOruH
(TypxmeHckuit rocy1apcTBEHHBIH YHHBEPCUTET HM. MartemMryiisl, Amrxadan, TypKMeHICTaH)

OCOBEHHOCTH HNPOBEJAEHUA ®PUTOMEJIIMOPATUBHBIX PABOT
JJIAA SAINATHI THXKEHEPHBIX OB BEKTOB
OT JE®JIAIIMOHHBIX ITPOLHECCOB B ITYCTBIHE KAPAKYM

Annoranus. OmpeneneHsl dPGEKTUBHBIE CHOCOOBI 3aIUTH PA3IUYHBIX WH)XEHEPHBIX OOBEKTOB, PACIOIO-
JKEHHBIX B YCJIOBHSX IyCThIHM KapakyMm, Merogamu (DUTOMEIHOPATHBHBIX Pa00T. MHOrOJETHHE HCCIIEIO0BaHMS,
npoBeeHHble HalmoHanbHbIM HHCTUTYTOM ITyCTBIHB, PACTHTEIBHOTO M )KUBOTHOTO MHpa MHUHHCTEPCTBA CEIbCKOTO
XO3SIMCTBA M OXpaHbl OKpykaromieil cpenbl TypkMeHHCTaHa, JOKa3bIBAIOT, YTO IPUMEHEHHE (PUTOMEIHMOPATUBHBIX
METOHOB JaeT HambOonpmmil 3ddexr mrd crabuau3anuu MOJBWKHBIX M TEXHOTGHHBIX IeckoB. Kpome Toro,
BOCCTAHOBJICHUEC KOPECHHOI'O paCTUTECIIBLHOI'O MMOKPOBA BEACT K IMOBLIIICHUIO yCTOﬁHHBOCTH ITIYCTBIHHBIX 3KOCUCTEM U
YBEJIMUYEHUIO apuIHOro Ouopa3HoobOpaszus. Takue MeToipl (UTOMENHOpAIMU MPUMEHSIOTCS TOJIBKO B KOMILUIEKCE
Julsl CTaOWIIN3alMK TTOJIBHXKHBIX TIECKOB B HE3aBUCHMOCTH OT PErMOHANIBHBIX 0cOOeHHOCTeH mycThiHn Kapakym.

KiroueBble cioBa: nporeccsl aedisinny, GUTOMETHOpaTUBHBIE METOJIBI, 3aKPEIUICHHs MOIBIKHBIX MECKOB,
BUJIbI PACTUTEIILHOCTH, JIECOPACTHTEINIBHBIE YCIIOBHS, ITycThIHS Kapakym.

MHOTroaeTHUN OIBIT pasMCuICHuA, CTPOUTECILCTBA U OKCIUTyaTallUH PAa3JIMYHbIX WHXXCHCPHBIX 00BEK-
TOB B mycThiHe Kapakym TpeOyeT HaJaeXHbIX, HO 3()()EKTUBHBIX METOJOB MX 3aIUTHI OT AC(ISIIMOHHBIX
MIPOIIECCOB, OCOOCHHO ¢ YUYETOM MECTHBIX JICCOPACTHTEIBHBIX YCIIoBHU [1-4,8]. BUABI COOTBETCTBYIONIMX
JIPEBECHO-KYCTapHUKOBBIX TOPO]] BRIOUPAIOTCSA C YYETOM HX OHOJIOTMUYECKUX OCOOCHHOCTEH M PEKOMEH-
IYFOTCSI HAMU C yYE€TOM HM3MCHCHHUsS TIIyOWHBI 3aJICTaHWsS W MHUHEPaTU3aluu (B 0COOCHHOCTH OT THIIA
3aCOJICHHOCTH) TPYHTOBBIX BOJ.

Ha oTaensHBIX MecyaHbIX MacCHBAaX, PACIIONOKEHHBIX CPEAN OCBOSHHBIX 3€MeJb, a TAK)KE B IOJIOCE
KOHTAKTa MYCThIHU C Oa3UCHBIMH JaHIIapTaMu, PEKOMEHIYEeM IOCEBbI U IMOCAJKYy YEPHOTO Cakcaylia,
YyepKke3a, KaH/IbIMa. Y TIOMSHYThIE YYaCTKH YaCTHYHO 3aKPETUIeHbl TPABSIHICTON PaCTUTEIHLHOCTHIO U HY K-
JTAIOTCS TOJIBKO B MPOBEIEHUN MEPOMPHUATHH 10 YCHICHUIO €CTECTBEHHOTO 3apacTaHusl KyCTapHUKAMH U
noJyKycTapHuKamu-rcammoduramu [9]. Ha ocTanbHBIX y4acTKaxX MyCTBIHHBIX 9KOCHCTEM PEKOMEHIYIOT-
Csi1 B OCHOBHOM 4E€pKe3, KaHJbIM, cakcayibl Oenblii U uepHbIid. [loBceMEeCTHO Ha MaJlOMOIIHBIX MECKaXx,
MPUITIECYaHEHHBIX TAKBIPaX W B HW)KHEW YacTH CKIIOHOB M TIeCUaHBIX OYTpOB, HA BCEW MOBEPXHOCTU MeEIl-
KHUX Tpsia, OyrpoB, Ky4eBhIX NECKOB Hambosiee MmpueMyeMbl Ui MTOCaJIKU YepHBIM cakcayl, depke3 Pux-
Tepa U KaHIBIMbI MEJIKOILIOHBINA U I'yCTO IETHHKOBBIN. TaM jke Ha BEpXHEH TPETU CKIOHA CPEIHHX TP,
CpemHell W BepXHEW YacTsAX CKJIOHOB KPYIHBIX TPSJ CIEAYeT BBICAXKMBATh TOJNBKO OB cakcaynl ¢
YY4E€TOM MOIIIHOCTH U OOJIBIION TITyOWHBI 3ajJeTaHus TIECYaHbIX OTI0KEHHH.

B Mecrax MEPECCUCHUA KPYIIHBIX, BBICOKUX U CPCAHUX I'PAL, JICKAIINUX Ha TaKbIpaX U TaKbIPOBUIHBIX
OTJIOKEHUSIX Ha BEpXHEH 00apXaHEHHOW YacTH, IENeCOO0pa3sHO WUCIONb30BATh JUIS MOCAJIKH CaXKCHIIBI
KaHJbIMa JIPEeBOBHUIHOTO, cakcayna Oenoro, dyepkesa [lamerkoro. Ha 20moBBIX meckax, Jie)ammx Ha PhIX-
JIOTIECYAHBIX OTJIOKEHUIX Mpa-AMyJIapby, TOBCEMECTHO HEOOXOAUMO HMCIIOJIb30BATh TOJIBKO OCIIbIH Cak-
cay.

B MeXrpsaoBbIX MOHMKEHHSX HIIM Ha MAaJIOMOIIHBIX TecKaxX BOJM3HM TaKbIPOB, HA MaJOMOIIHBIX,
MEJKUX, CPEIHHUX TIEPEMBIIKAX TP eTecoo0pa3Ho BEICAKUBATH KAHIBIM U YePKeE3.

Ha meckax ¢ OMM3KUM 3alleraHueM HEMPOTOYHBIX 3aCOJICHHBIX B PA3HOW CTENCHU TPYHTOBBIX BOJ
(rmy6una 0-1,5 M) peKOMEHIyeM IOCaIKH CaXXEHIIEB 13 TPEOCHIINKA, TOMOMS Pa3HOIMCTHOTO MK TypaH-
U, aTpuiniekca. Ha cymecdansIx meckax ¢ Oym3kuMu (TTyOMHA 3ajeranus 1,5-2 M) MpecHBIMH MPOTOY-
HBIMH TPYHTOBBIMH BOJaMHU (Yallle BCTPEUAIOTCSA HAa OKpPaMHAX OPOIIAeMBIX 3€Mejb) IEIeco00pa3HbI
MOCAJIKU IIEIKOBUIILI O€Joi, sS0I0HU, aiiBbl, BHHOTPA/Aa, COCHBI AJBJIAPCKON, TyH M Makiropbl. OnHaKo
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JaHHBIC HACAKACHUS JOJDKHBI PEryJISIpHO TONMBaThcAd B MepBble 2-3 rofga, a B MecTax, IIe IIyOuHa
TPYHTOBBIX BOJ[ COCTABIISICT TIy0ke 3 M, B TeUEHHE BCETO NIEPHUO/Ia )KU3HH JEPEBbEB U KyCTaPHHUKOB.

Ha ygacTkax meckoB ¢ OIIM3KUM 3ajleraHueM T'PYHTOBBIX BOJI, IPHUJIETAONINX K COJIOHYAKaM, COJIOH-
YaKOBBIM BIAJUHAM (J€NH3aM), ¥ Ha 3aCOJICHHBIX MOYBaX C M30BITOYHBIM YBIKHEHHEM PEKOMEHIYyEM
BBIC2)KMBATh aTPHUILIEKC, TYPaHTy, TPEOCHIIMK U JIOX BOCTOYHBIA. OHHU TOXE HYXIAIOTCA B IIOJHBE B
nmepBele TOABI BereTammu W pocta. llostomy mimst moctmxerms 100% TpMKUBAEMOCTH pacTeHUH
HEOOXOJMMO BBICR)KMBATh CA)KEHI[BI MYCTBIHHBIX PAacTeHUH (cakcayll, yepke3, KaHJbIM) M MOJUBATh HUX
XOTs OBl OIMH pa3 B Mecs (Mai, HIOHb, HUIOJIb, aBI'YCT) U3 pacyera 10 1 B JIyHKY B BeUepHHE M HOUYHEIC
yacel. be3 nmonuBa HacaxaeHUs B MecKax NalT npuxuBaeMocTh 10-70% B 3aBUCMMOCTH OT yCJIOBUU rona
W MECTa WX MpOH3pacTaHus. 3a BECh IEPHOJ BEreTalii OCYIIECTBIAIOTCS 17 MONMMBOB (B TOM dHHCIE
BecHOH — 4, metoM — 9 u oceHbto — 4). Ha kaxnoe BricakeHHOE pacTeHue pacxonyercs 16 (Ha meckax) —
20 1 (Ha TAMHHUCTHIX TIO0YBax) Bobl. [Ipu sTOM Ha Kaxmoe pacTenue pacxoayercs 270 (Ha meckax) — 340 1
BOJBI B TEUEHHE BETeTaIlH. 1akoe KOJWYEeCTBO BOJBI HEOOXOJMMO B IMEPBBIA TOJ IOCAAOK UIA TIPO-
MauMBaHUS MOYBBI B 06beMe | M°, BO BTOpOIl TOJ BEreTAllMH IeIeco00pasHO YBEINUHTh ero 10 1,5 M.
OTHUM METOJIOM MO’KHO CO3/1aTh MHOTOIIEJIEBBIE HACAXICHUSA Ha INECKax, IJe YCTaHOBJIEHbl MEXaHUYec-
KHe 3amuThl. ['ycToTa cakeHIIeB KyCTAPHUKOB MPH MX ITOCAIKE MO0 MEXaHWYECKUM 3all[UTaM COCTaBISET
3000-3500 mTyk Ha 1 ra. [Ipu 3TOM T'ycTOTa MOCaZ0K APYrHMX HAa3HAYCHUN MOXKET ObITh 0T 12 500 10 500
Ha 1 ra, a cxema pasmemieHuss — ot 2x3 10 4x5 M B 3aBHCHMOCTH OT BHJa MOCaJOYHOIO MaTepuaia u
HA3HAYEHUs CO3/[aBaeMbIX HacaxieHwid. CpoKd, HOPMBI M TIyOWMHA 3aJeNIKK CeMsiH TOKa3aHbl B Tal-
JIIe.

I'my6una 3anenku ceMsH, Hopwma BeiceBa Heobec- Cpoxku nocesa
cM KPBUICHHBIX CEMSH, KI/Ta CeMSH
Pactenue
necyaHble | CylecyaHble LlenTpanbHble | 3ayHry3ckue
HOJTHAS IOJIOBHHA
[OYBBI MOYBBI Kapakymbt Kapakymbl
o . DeBpalib- Maprt-
CakcayJ1 YepHbIid U OeIbIit 3 1,5-2 6 3 p P
MapT anpelb
UYepkes [Tanerxoro 3 2 6 3 -//- -//-
KaHapIMbl KpyTHOILUIOAHBIE
AIBIMEI KDY " 79 5-6 9 45 WA
(ZpeBOBHIHBIH, TOJIOBA METY3bI)
KaHapIMbI MEJIKOILIOAHBIC
o . 4-6 3,5 7 3,5 -//-
(BBICOKHI, TYPKECTAaHCKHIA)

[Ipumensirorcst B2 OCHOBHBIX (P (PEKTHBHBIX METO/A MPOBEIEHHS JIECOBOCCTAHOBUTEIBHBIX U (PUTO-
MEJHOPAaTUBHBIX MEPONPHUATHH, pa3padoTaHHBIX yueHbIMU MHcTHTYyTa mycThiHh AHT, — momocHsIi U Ky-
mucHerid [10]. IlosiocHBbIE HAcaXIEHUS CO3MAIOTCS C BHEIIHCH CTOPOHBI WHXCHEPHBIX yYacTKOB, TJIE
YCTaHOBJICHBI MEXaHMUECKHE 3aIIUTHI U YK€ TIOCaKEHBI KyCTapHUKH-TIcaMMO(uThl. CTPYKTypa MOJIOCHBIX
HAaCaXICHUH M3MEHSETCS B 3aBUCUMOCTH OT WH)KEHEPHO-TeOMOP(OIOrHIECKUX YCIOBUI U BUAOB PacTu-
TeJbHOCTH (pUCYHOK 1). OHHU OIpenensioTcss TAKUMHU KPUTEPUSMH, KaK THII 30JI0BBIX OTJIOXKEHUH, CTe-
MIEHb 3apallleHHOCTH TIOBEPXHOCTH penbeda MECKOB PacTHTENLHOCTBIO, TTyOWHA 3ajieraHus W CTETeHb
MHUHEpaJN3alud TPYHTOBBIX BoA. llonocHble HacaxIeHHS MPEACTaBIAIOT COO0M KyCTapHHKH U3 TIcaM-
MO(HUTOB, MMOCAKCHHBIX WM TIOCESHHBIX MoyiocaMu. VX mmpuHa konebaercs ot 4-6 mo 10-20 m. [l ux
CO3/IaHUs MIPOBOAMUTCS MpPENNocagoyHasi MOJArOTOBKA IMOYBBl B 3aBUCHMOCTH OT IUIOTHOCTH JEPHOBOTO
ropuzoHTa. OHa BBINOJHAETCS Yalle OCEHbI0. BcmaxmBaroTcst monockl Ha riryOuHy 25-27 cM 4-X KOp-
MyCHBIM TPakTOpHBIM ruryroM mapku [1H-4-35. [llupura oOpabaTeiBaeMoii MOIOCH! 3aBUCHT OT IIUPHHBI
3alIMIIAaEMOr0 MHKEHEPHOTo o0bekTa. Ha momysapocmmx mneckax NPOBOXUTCA IPEANOCAIOYHAs HIIH
MIpeNOCceBHas OArOTOBKA MOYBBI, HO TOJIBKO B MECTAaX HAJIMYUA TPABSIHUCTON JEPHUHBI.

Kyaucnbl mpecTaBisiioT co00i cucTeMy M3 TpexX BCIaXaHHBIX MOJIOC, Kaxnaas WHupuHoil 1,4 M, pas-
MEILEHHBIX Yepe3 Kaxsle 3 M. KynucHble HacakaeHus, Kak U PsiA0OBbIe, CO3AAI0TCS MEPIECHANKYIIIPHO
TOCHOJCTBYIOIIUM BETpaM, B 3aBHCHMOCTH OT JIECOPACTHUTENBHBIX YCIOBHI WH)XEHEpPHOTo ydacTka. Ha
J0JIOBBIX IECKaX C OJIArONPHUATHBIMU YCIOBHSMHM AJISI IPOPACTAHUS PACTHTENBHOCTH PACCTOSHUS MEXKIY
KyJINCAMH{ JOJDKHBI COCTaBIATh 40 M, a Ha y4acTKaxX ¢ yAOBIECTBOPUTEILHBIMH YCIOBUSIMU — 30 M 1 ¢ He-
6maronpustaeiMu 20 — 20 M (pHCYHOK 2).
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duToMeNnnopaTUBHBIC Pa0OThl BOKPYT Pa3MUHBIX HHKEHEPHBIX OOBEKTOB 10 BAaXKHOCTH W Ha3Ha-
YEHHUIO MOYKHO Pa3JIeUTh Ha CIEAYIONINE YCIOBHBIE TPYIIITBL:

1. Hacaxxnenust mepBOil 30HBI, T.€. HEMOCPEACTBEHHO MPUJIETalolue K Tpacce JUHEUHBIX WHXKEHEp-
HBIX 00BEKTOB: aBTOMOOWMIIBHBIM U JKEJIC3HBIM JOporaM (PUCYHOK 3).

Ik

Pucynok 3 — IIpoBenenue GpUTOMETHMOPATUBHBIX PAOOT ¢ KOMOMHUPOBAHHOW YCTaHOBKO#
PSIOBBIX MOJIYCKPBITBIX MEXaHMYECKUX 3aILHUT BIOJIb aBTOMOOMIBHON JOPOTU

Ona nHaumbonee, B 1eUIAIUOHHOM OTHOLICHWH, OMAaCHAas M CUJIBHO 3aHOCHMas W BbIAyBaeMasl 30Ha,
TaK KaK B HEH 0JI0BBIN peibed U pacTUTEILHOCTh OUE€Hb HapyIICHBI INIAHUPOBKOI B X0Ji€ CTPOUTENBCTBA
naHHoro oOwexra. HacaxneHust mepBod 30HBI CIELYET CO3[aBaTh TOJIBKO B KOMIUIEKCE C yCTAHOBKOM
MOJTYCKPBITHIX (KJIETOYHBIX U PAJOBBIX) 3aIUT U3 KaMbIIlIa U C pacTeHUAMHU-3aKkpenuTeasiMu. HacaxneHus
pacronaratoTcs Ha paccTossHuM 10 60 M o 00e CTOPOHBI OT MHKEHEPHOIO 00BEKTa U CO3AAIOTCS MyTeM
10ceBa U MOCAAKH KyCTapHUKOB-TIECKOYKpETIUTENEH: cakcayia, YepKesa, KaHapIMa 110 MEXaHUYECKUM 3a-
[IMTaM Ha TOJBIDKHBIX y4acTKax M HIDKHUX 2/3 dactell OapxaHoB. A BepxHss 1/3 yacTh OapxaHa ocTaB-
JISI€TCSI OTOJICHHOM, TaK Kak B MOCJIEJACTBUM OHA 3aKperIsieTcd MEXaHWMYECKMMH 3aIllUTaMH T0CIE BBINO-
JaKUBaHUS ee mpeoliagaommMu BeTpamu. [Iporece BolpaBHUBAaHUS BEpXHEH 4acTH OapxaHa 3aBHCUT OT
BETPOBOI'0 PEXXHMMa TEPPUTOPUH, BBICOTHI OapxaHa, adpOANHAMUYECKUX YCIOBHH M MOXKET 3aBEPIIUTHCS
Yyepe3 HeCKOJIbKO MECSIICB WM Henlelb. Ha BhIpaBHEHHOW MOBEPXHOCTH HEOOXOJMMO ONEpaTHBHO yCTa-
HOBUThH THIIBl MEXaHWYECKHX 3alIUT C OJHOBPEMEHHOH MOCAaIKOW M MOCEBOM PacTCHHH-IIECKOYKpEIH-
TeJIeH, HO TOJIBKO B YKa3aHHbBIC ONTUMAJIbHBIC CPOKU.

Hacaxnenust mepBoil 30HBI MOTYT CO3/1aBaThCs JIOKAJFHO HE TOJBKO HAa MAJEHBKHUX MM OOJBIINX
ydacTKax, HO M B MeCTax paclpocTpaHeHHs OapXaHHBIX LENed W MoJel CIUIOMIHON MONocoil mo oe
CTOPOHBI OT HH)XEHEPHOI'0 O0BEKTA.

2. Co3gaHue HacaXKAECHUH BTOPOH 30HBI, T.€. YYaCTKOB, [I€ PACTUTEIBHOCTD U penbed) MEeCKOB ObLIH
OUYEHb CHJIPHO M3MEHEHB!l M YaCTUYHO BbIpaBHEHBI. B 1aHHOI 30HE TOXE ClIeyeT NPOBOJUTH YCTAHOBKY
CTOSYMX (KJICTOYHBIX M PAOOBBIX) 3aIIUT M3 KaMblIlla WIK OPYTrOoro pacTUTEIHHOIO Marepuana B KOMII-
JIEKCE C TIOCEBOM M IOCAJKOH PAaCTUTENbHOCTH, HO B HE3HAUUTEJIbHBIX 00BEMAax IO MEXaHHYECKUM 3a-
[IMTaM, B OCHOBHOM Ha CJIa00 3aHOCHUMBIX MEJKHX OTOJICHHBIX ISITHAX MOJBHKHBIX NieckoB. [llupuna Ha-
CaXKIEHUH MOXET cOoCTaBIITL 60-150 M.

3. Co3ngaHue MHTPA30HAIBHBIX HACAXIEHUH OCYILECTBISAETCS METOAOM IIOCEBA U MOCAAKH COJICBBI-
HOCIMBBIX (raJouThl) W coJie-, 3aCyXOYCTOWYMBBIX (TaJIOKCEpPO(UTHI) PACTEHUH. DTH HaCaXKIACHUS
OXBaTHIBAIOT HE TOJILKO OTOJICHHBIE, HApYIIEHHbIE U OapXaHHBIE MECKU, HO U MOJIBMXKHBIE (POPMBI penbe-
¢a, nexalye Ha COJIOHYaKax, TO €CTh B MECTaX U30BITOYHOTO YBIAXKHEHHUS — OPOIIAEMbBIX 3€MIISIX, KOTJIO-
BUHAX, OBparax 1 Apyrux MOHWXKEHUsX penbeda.
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OHU co3naroTcs ¢ BEIOOPOYHOM YCTaHOBKOW MEXaHWYECKHX 3alllUT, a Ha ¢1a00 3aHOCHMBIX y4acTKaX
penbeda — TONBKO MOCAAKON pacTeHUH-TIECKOYKpenuTeneh. [ 3Toro MOXKHO HCIOJIB30BaTh TTOPOIHI,
MPOM3PACTAIONINE B YCIOBHIX H30BITOYHOTO YBI&KHEHHS M B MecTax oOpa3oBaHMs (QUIBTPAMOHHBIX
o3ep. OHM cOo37ar0TCsl COBMECTHO C ITOCAIKaMU IEPBOI1 30HBI.

4. HacaxxaeHus TpeTheil 30HbI CO3Ja0TCsI Ha CTHIKE TpaHmIl neckoB HimkHeamymapeuHckoro u [lpu-
KOITeTIarckoro oasucoB ¢ mycthiHed Kapakym. 1x obmas momoca cocrasiser B mupuHy 100-500 M, HO
0e3 ycTaHOBKM MexaHMueckux 3amuT. C ydeTtoM penbeda, TUIOB MOYB MOKHO MPOM3BECTU MOCEB MIIH
MOCaKy WJIH e COYeTaHHe MOCaJ0K pacTeHHi-eckoykpenuTeneii. Ha rpsmoBoM TakeIpHOM KOMILIEKCE
HacCa)ICHM CO3MAI0TCs Ha mojoce mupuHoi 1o 1000 M. Ha momy3apocmux u pa30UTHIX TIECKax MTHPHUHA
yBenuunBaeTcs 10 1500 m.

I'maBHBIE QYHKIIUHN TPEThEW 30HBI HACAKACHUN 3aKITIOYAOTCS B CICIYIOIICM:

COJIEHICTBOBAaTh E€CTECTBEHHOMY 3apacTaHHI0 BHYTPHOA3WCHBIX M TPHOAZHUCHBIX IIECKOB ITyTEM
CTPOTOIl OXpaHbl KyCTapHUKOB-CEMEHHUKOB, 2 B MECTaX MX HEJAOCTATOYHOM I'yCTOTHI MPOBECTU MOCATKY
Ca)KEHLIEB WY TIOCEB CEMSH pacTEeHUH;

CO3/1aTh HACAXJCHUS M3 JEKOPATHUBHBIX, IUIOJOBBIX, STOAHBIX BUIOB PACTEHUH IS O3EIICHEHUS U
pa3BUTHUS CaTOBOJCTBA Ha COMYTCTBYIOIINX WH)KEHEPHBIX O0BEKTaX: OCTAHOBKAX, CTOSHKAX ISl OTABIXA,
kage, Ha myHKTax TexobcmyxuBanus 1 A3C;

OpTraHMU30BaTh JIECHbIC KYPTHUHBI, TIOJOCH U TIAPKH JJIs1 PEKPEAIIMOHHBIX IIeTIe OKOJIO MECT OTIbIXA.

Jna 3¢d¢hekTHBHOTO HCIIONB30BaHUS TEPEUYHNCICHHBIX 30H M3 Pa3MYHON pPACTHUTEIHHOCTH CIEIyeT
CTPOTO YYMTHIBATh KOJIMYECTBO M CPOKH BbIMaJeHUS aTMOC(epHBIX ocaakoB. OHM CO3/1al0T OJaronpusT-
HBIE YCJIOBUS AJISl €CTECTBEHHOTO BO30OHOBJICHHUS Pa3IMYHBIX BUIOB pacTuTenbHOCTH, a 80-90% ocagkos
BEITIAJIAET B BECEHHUH MEPUOJI C MapTa MO CEpeUHY Masi, HO OOMIIBHOE WX BBINIAJCHUE OBIBAET TOJNBKO pa3
B 5 JIeT.

duroMennopaTuBHEIE paObOTHI MPOBOIATCSA CTPOTO MO OYEPEIHOCTH M B HECKOJBKO MOCIE0BATENb-
HBIX U B3aMOCBSI3aHHBIX JTaIlOB:

[TOATOTOBKA MOYBHI (TOJBKO Ha 33JEPHEINBIX IECKaX, Ha TaKbIpax, COJIOHYAKAX W JAPYTUX IUIOTHBIX U
BETPOYCTONYNBBIX TTOBEPXHOCTSX );

moI00p acCOPTUMEHTA JIPEBECHO-KYCTAPHUKOBBIX MOPO/I, TIOCEB CEMSH M IOCAJKa Ca)XXCHIIEB, CesH-
LIEB UJIM YEPEHKOB, MIOJIUB, OXpaHa U 3alIUTa KyJIbTYp OT BpEeIUTEINECH;

Ha y4acTKax MECT OTJbIXa, MyHKTax TexoOcinyxuBanus U A3C, peKOMEHIyeM BBICAKUBATH CIICIYFO-
1€ TTOPOJIBL: TYsI, COCHA, SIOJIOHS, HHXKUD, IIETKOBHIIA, TOMIOJIb Ha MOJIUBE;

Ha TPaHUIIAX OPOIIAeMBIX 3eMeNb TPeOyeTcs MOocaJKa CaKEHIIEB JI0Xa, TYPaHTH U JIp. C TIOJUBOM B
nepsbie 2-3 roja;

Ha MEeCYaHbIX MaJIOMOIIHBIX OTJIOKEHUSIX HEOOXOIMMO COACHCTBOBATh €€ €CTECTBEHHOMY BO300HOB-
JIEHUIO ITyTEM CTPOTOM OXpaHbl PACTUTEIHLHOCTH;

Ha 3aHOCHMBIX y4acTKaxX TpeOyeTcs JIOKalbHAs YCTAHOBKA MEXaHUYECKUX 3aIIHUT C TIOCAIKOM 110 HUM
YepHOTO cakcayJlia, KaH/IbIMa, YepKe3a; Ha yAaJeHHH OT WHKEHEPHBIX OOBEKTOB CIEAYEeT MPOBOAUTH TO-
ceB ceMsH (B OCHOBHOM Ha y4YacCTKaX, T/I€ MOITHOCTH DOJIOBHIX OTJIOXEHHWH Ha COJOHYAKaX, TaKbIpax,
mepesiorax cocrasisier 6ojnee 1 M); TycToTa OCaZOK U BBICEB CEMSH HY)KHO PETyJINPOBATh B 3aBUCUMOCTH
OT JIECOPACTUTENHHBIX YCIOBUHN M CTENIEHH OTOJIEHHOCTH;

Ha MepeceucHrH OapXaHHBIX TpsAJl U HAa OTKOCaX, B MECTaxX cpe3a IMEeCYaHbIX 3apOoCIIUX Tps,
HEo0XOMMa CIUIOIIHAS YCTAaHOBKA 3aIlUT C MOCAIKOM KYCTapHUKOB.

Heo0xo0auMo npoBOAUTh BEIOOPOUYHOE 3aKpeIicHHe 0apXaHOB ¢ 00CHX CTOPOH JIMHEHHBIX 00BEKTOB
no mupune 20-40 M u nuHe 10 60 M. TpebyeTcs mpeaBapUTeIbHbIE BBIIONAXUBAHUSI KPYTHIX OTKOCOB B
MeECTax CpPe30B BBHICOKHX IECYAHBIX TIPSl M 3aKPETNIEHHE OTKOCOB B MECTaxX Cpe3a J0JIOBBIX I'psij ¢ 00s13a-
TEeTHFHOUN yCTaHOBKOW MexaHmdeckux 3amuT. [lupuna 3amut — 20-40 M, mmuaa — 10 200 M. Ha BeICOKHX
OTOJICHHBIX OapXaHHBIX (opMax 3akperuisercs 2/3 HWKHEH YacTU HABETPEHHOTrOo CKJIOHA. JIoKanbHO
3aKpEIUIIIOTCS MeJIKue OapxaHHbIe (OPMBI B MOHIKEHHSIX U siueiikax. Ha Menkux orojeHHBIX ydacTKax
MOJTy3apOCIINX TIECKOB HEOOXOAWMa BBIOOPOYHAS TOCAJKa KYCTApHHUKOB 0€3 YCTAaHOBKH MEXaHHMYECKHUX
3alIUT M 3aKpeIUIeHnEe OTKOCOB B MECTax Cpe3a MOIMEPEeYHBIX WIIH MPOJOJIBHBIX (PEeIKO) MecyaHbIX TpSa U
nepemslyex [5-7].

3akperuieHne OTKOCOB 3€MIISTHOI HACHITK JTUHEWHBIX 00BEKTOB MPOBOIUTCS C MCIIOJIH30BAHUEM TIIH-
HBI, Ie0CHKH, OCOOCHHO B MEKTPSAIOBBIX MOHMXKEHMsX. HyXHa crulomHas 3ammra ¢ JIByX CTOPOH Ha
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OTpe3Kax CHpsSMIICHHS, T.€. HApYIIEHNsI OBUIOTO €CTECTBEHHOTO penbeda. TpeOyroTcs CIIONIHbIE 3alIUThI
¢ o0eux CTOpOH JMHEHHBIX OOBEKTOB B MECTax IepeceyeHHs OapXaHHBIX Mojeld. MecTamMu BO3MOXKHBI
TUTAHWPOBKA W yCTaHOBKAa MEXAaHMYECKUX 3aIUT B mosoce mupruHoit 10 20 M. [lo Mexarmyeckum 3amm-
TaM Hy»Ha MMOCaKa U MOCEB MO MOJHOPMBI cesHIeB (1750 mt/ra) u cemsn (3-4,5 xr/ra). B nepBbie Me-
CSIIBI MEXXTPSAJOBBIEC TIOHIKEHHS HE 3aKPEIUIIOTCS MEXaHHUYECKUMHE 3allliTaMU JI0 3allOJHEHUS! UX 30J0-
BBIM MaTepuasioM. /o BeIpaBHUBaHUS penbeda Ha 2/3 HIKHHUX TPsI, pacmoyiokeHHbIX B 30-60 M OT JiH-
HEHHBIX 00BEKTOB, YCTAHABIUBAIOTCS MEXaHMUECKHE 3alUTHl H TPOBOIUTCS MOJHBIH KOMIUIEKC MOCeBa U
nocaaku. Ha paccrossaun 1o 200-300 M OT mosiockl TMHEHHOTO 00OBEKTa B 3aBUCUMOCTH OT YCJIOBHH H
CTETICHH OTOJICHHOCTH TIECKOB CIIEAyeT MPOBECTH CBOOOIHEIN ITOCEB CEMSH ICaMMOGUTOB 03 BCIAIIKH
MMOBEPXHOCTH. Y CTaHOBKA 3aIUT OCYIIECTBIIAETCS MPU TEPECEUeHUH MeCYaHbIX TP, OyrpoB, HApYIICH-
HBIX B XOJI¢ BO3BEJICHU 3eMIITHOrO mosioTHa. Ha yaanenuun ot monockl noporu 1o 200-300 M pekoMeH-
IyeTcsl ocesTh ceMeHa rncamMmmMo¢puToB. Ha ydacTkax 305I0BBIX OTJIOXKEHHH, HE HAPYLIEHHBIX IUIAaHHPO-
BOYHBIMH paboTaMH, MOCaJKa ICaMMO(HUTOB OJDKHA MPOBOIAUTHCS BBIOOPOYHO HA MOJIOTHUX CKIIOHAX,
CHJIBHO pacyUJICHEHHBIX S3BaMHU BbIIyBaHHs Ha paccTossHuU oT 60 1o 150-200 m.

Ha mecuanbie oTIOXEHHSI W HaJMYUe KyCTapHHKOB-CEMEHHUKOB IPOIIE MPOBOAMTH €CTECTBEHHOE
BO300OHOBJIGHHE [PEBECHO-KYCTAPHUKOBOW PACTUTEIBHOCTH C OJHOBPEMEHHBIM CO3AaHHEM OXPaHOU
nosocsl 1000-1500 M. Ha cuibHO 3aHOCHMBIX y4acTKax WH)KEHEPHBIX OOBEKTOB CIIENyeT YCTaHABINBATh
MEXaHMYECKHE 3allIUTHI C TIOCEBOM CEMSH KaHAbIMa, YepKe3a U YepHOro cakcayna. [Ipu nepeceueHnn enu-
HUYHBIX CPEIHUX U KPYITHBIX IIECYaHBIX OYTPHUCTHIX MECKOB M APYTHX KPYHHBIX (hOPM 30JI0BOTO penbeda
TOXXE€ HEOOXOJWMO CO3JaHWE MEXaHMYECKHX 3alllUT C MOCAAKOM KaHIbIMa, YepKe3a M cakcayna (pucy-
HOK 4).

Pucynok 4 — [Nocaaku 4€pHOTO cakcaylia Ha MAJTOMOIIHBIX IECYaHBIX OTIOKECHHUIX

I110THOCTH MOCAAKK 3aBHCUT OT CTENEHHM OrOJICHHOCTH U MOJBMXHOCTH HeckoB. Ha crmabo 3aHo-
CHUMBIX y4acTKax JIMHEHHBIX 00BbEKTOB cJieyeT BEIOOPOYHO YCTaHABIMBATH PSAAOBBIC 3aIIUTHI U BHICEBAThH
MOJIOBHHY HOPMBI CeMSH U cakeHIleB (1,7 TeIc. IITYK Ha OAMH Ta) cakcayla, yepke3a W KaHapiMa. Ha
CHJIHO 3aHOCHUMBIX OTpe3KaxX AOPOTW Ha OTOJICHHBIX Ipsjax U OapxaHax HeoOXoIuMMa yCTaHOBKa MeXa-
HUYECKHUX 3alUT C OJHOBPEMEHHOH MMOCAAKON Ca)KEHIEB KyCTapHUKOB-IICAMMO(UTOB: cakcayia 0ejoro,
yepKe3a U KaHAbIMA.

®duroMenropaTHBHbIC pabOThl HA MOJBHKHBIX NIECKaX JOJDKHBI BHIITOIHITHCS C YUETOM CTEIICHH I10-
JOBIDKHOCTH OapXaHOB, ITyOWHBI 3ajieraHus TPYHTOBBIX BOJ, MOJCTHJIAIOLIMX OTJIOKEHUH, Xapakrepa U

— 4) ——
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OCOOCHHOCTEW pacIpe/ieNieHus] IMyCTHIHHOW pPacTUTENHFHOCTH. 3HaHHWE J3THUX YCIOBUH IO3BOJIsET Oolee
MPAaBIIIBFHO MOIXOANTH K BEIOOPY KYJIBTYpP ISl Pa3HBIX DKOJOTHYECKHAX YCIOBUH M ¢ OONBIIUM YCIIEXOM
BECTH arpojiecoMenuopaTHBHbIE paboThl. lloceBbl MX MPOU3BOAAT MPU HEOOXOIUMOCTH 3aKpETUICHUS
CWJIBHO TIOJIBM)KHBIX ITECKOB, KOTJIa HAa HUX HEBO3MOXKHO KYJbTHBHPOBATh KyCTAPHHUKH, WU B CIy4YasX,
KOTJIa TI0 XO3SIICTBEHHBIM COOOPaKEHHSIM HEOOXOIUMO YBEIWYHTH 3aIachkl KOPMOBBIX TpaB. BriOop mo-
ceBa WJIM TOCaJOK PAacTEeHHWil pemaeTcs B 3aBUCHMOCTH OT THIIa TecKoB. Ha meckax ¢ XopommMmu 3Ko-
JIOTHYECKMMHU YCIIOBHSIMH, HalmpuMep BHYTPH 0a3HCOB WM Ha WX TpaHMLE, € TPYHTOBBIE BOABI
CPaBHHUTENIHHO TPECHBIC U 3AJIETAI0T HErNTyOOKO, XOPOIIHKA Pe3yabTaT MOKET OBITH MOJyUYeH MPHU IOCEBE
KyCTapHUKOB H TPaB.
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KAPAKY¥YM HIOJIHAEI'T AE®JIANUAIBIK IPONECTEPAEH NHKXEHEPJIIK OBBEKTIJIEP/II
KOPFAY YIINIH ®UTOMEJNOPALNUSAJBIK ) KYMBICTAP/bI )KYPT'I3Y EPEKIIEJIKTEPI

Annoranus. Kapakym 1mieii xaraaiibiHIa OPHATIACKAH OPTYPJIi HHKCHEPIIIK HbICAHAAPAbI (PUTOMETHOPATHUBTIK
JKYMBICTAp 9/IICTEpIMEH KOpPFayJIblH THIMII 9JicTepi alKbIHAAIIB. TYPIKMEHCTaH aybll IapyallbUIbIFbl )KOHE KOp-
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KOIDKBUIIBIK 3epTTeyliep (DUTOMEIMOpATUBTI SJicTepAl KONJaHy S>KbUDKBIMAJIBI JKOHE TEXHOTEHAIK KYMAap.sl
TYpaKTaHIBIPYFa YJIKEH dcep eTeTiHmiriH monenaeiinai. COHBIMEH Katap, ecCiMJiK »KaMBUIFBICHIHBIH KaJIlblHa Keyi
I16J1 AKOXKYHENEpiHiH TYPaKTHUIBIFBIHBIH XKOFapbllayblHa JKoHE apUATi (KypFrak) OMOSPTYPIIUIIKTIH >KOFapbulaybIHa
okeneni. PutomenunopausaHbH 0y1 oxicTepi Kapakym mesiHiH afMakTHIK epeKIIeNiKTepiHe KapaMacTaH KBUDKBI-
MaJibl KYMIap/bl TYPAKTaHIBIPY YIIiH TOJNBIK KeIIeHIe FaHa KOJIIaHbLIA/IbL.

Tyiiin ce3aep: nedmsamus mpouectepi, GUTOMEINOPATHBTIK 9IICTEP, KBUDKBIMAIBI KyMIApIsl OEKiTy, eCiMaik
TYpJepi, opMaH ecipy xarmgaiiaapsl, Kapakym meti.
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FEATURES OF PHYTOMELIORATIVE WORKS TO PROTECT ENGINEERING FACILITIES
FROM DEFLATION PROCESSES IN THE KARAKUM DESERT

Anstract. Effective methods of protection of various engineering facilities located in the conditions of the
Karakum desert by the methods of phytomeliorative works have been determined. Long-term studies conducted by
the National Institute of Deserts, Flora and Fauna of the Ministry of Agriculture and Environmental Protection of
Turkmenistan prove that the use of phytomeliorative methods has the greatest effect on the stabilization of moving
and technogenic sands. In addition, the restoration of native vegetation leads to an increase in the resilience of desert
ecosystems and an increase in arid biodiversity. These methods of phytomelioration are used only in combination to
stabilize moving sands, regardless of the regional characteristics of the Karakum Desert.

Keywords: deflation processes, phytomeliorative methods, fastening of shifting sands, types of vegetation,
forest conditions, Karakum desert.
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ASSESSMENT OF THE POTENTIAL USE OF ICESat-2 DATA
FOR BATHYMETRIC MAPPING OF SMALL LAKES OF KAZAKHSTAN

Abstract. Lake bathymetry is of great importance for water resources management and hydrological modeling.
Bathymetric mapping of lakes was predominantly conducted with the use of highly-priced methods such as airborne
lidars, active imaging sonars, multibeam echosounders. With the advancements in GIS and emergence of remotely
sensed data new approaches for bathymetry extraction were developed. However, despite a high motivation to obtain
bathymetric information for small lakes from remotely sensed data, there is a lack of reliable methods that can be
implemented under various climate conditions and on a wide scale.

In this paper several remote-sensing-based methods for bathymetry mapping of small lakes are discussed. The
new Ice, Cloud, and land Elevation Satellite-2 (ICESat-2) data was used to extract bathymetric information on three
small lakes of Kazakhstan. The assessment of ICESat-2 for lake bathymetry extraction was conducted using field
measurements as the validation data.

Keywords: lake bathymetry, Ice, Cloud, and Land Elevation Satellite-2 (ICESat-2), satellite altimetry data,
synthetic aperture radar (SAR), remote sensing (RS), lakes of Kazakhstan.

Introduction. Despite the fact that lakes cover a small part of the Earth’s surface, they play a crucial
role in runoff regulation, ecosystem functioning, wildlife preservation, and agricultural irrigation. Fresh-
water lakes and reservoirs are of high importance in densely populated areas in arid or semiarid regions
[1-3]. Mapping lake bathymetry is required for monitoring temporal changes of water bodies, studying
lake processes, and as an input for hydrodynamic and water quality modeling [4]. Moreover, bathymetry
data is also needed for calculating water balance which is a key component of water resources mana-
gement [5].

Since bathymetry mapping of lakes with in situ measurements of water depth is a costly labor-inten-
sive and time consuming task, several approaches of bathymetric information extraction have emerged
recently [6]. These methods include bathymetry retrieval using synthetic aperture radar images (SAR), or
optical satellite images.

Bathymetric data can be extracted from optical satellite images in two ways: empirical and physics-
based methods. More precisely, both methods are based on the assumptions that the intensity of light is
reduced exponentially with water depth. Empirical methods in contrast to physics-based require known
water depth points to calculate unknowns. Physics-based methods can be applied without valid data,
however they tend to be computationally intensive and difficult to implement, thus empirical methods
serve as a convenient and practical approach for bathymetry extraction from optical satellite images [7]. It
can be concluded that optical RS-based bathymetry (remote sensing, RS) has several drawbacks such as
the existence of reliable water depth data. In addition, this method neglects possible deviations of
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interpolated water depth values due to presumable uneven distribution of known water depth points or
insufficient number of these points.

SAR bathymetry retrieval methods rely on linear wave theory and can be divided into two appro-
aches: the first method is based on the presence of a current coupled with the presence of small-scale
waves visible on a radar image; the second requires long swell waves interacting with the seafloor which
in turn leads to the shoaling effect necessary for wavelength and wave height changes [8-9]. Since these
waves cannot be detected on the surface of small lakes on publicly available radar images with a spatial
resolution of 10 m (Sentinel-1), it is not viable to extract bathymetry data using SAR images.

ICESat-2 (Ice, Cloud, and Land Elevation Satellite-2) launched on September 15, 2018 can serve as a
new instrument for facilitating bathymetry data extraction. ICESat-2 is equipped with ATLAS (Advanced
Topographic Laser Altimeter System), a photon-counting lidar, which uses green lasers at a wavelength of
532 nm. ICESat-2 ATLAS is more sensitive than other full-waveform lidars and able to penetrate the
water column up to 40 m in very clear water. ICESat-2 has a repeat cycle of 91 days; the distance between
two different tracks can reach 3.3 km, and along-track distance is 0.7 m [10]. Although ICESat-2 satellite
altimetry data has been mostly used for deriving bathymetry in the near shore zones, several research
studies investigating lake bathymetry extraction were conducted: one which introduces new algorithm for
calculating supraglacial lake bathymetry [11], and another research exploring bathymetry retrieval for
shallow desert lakes [5]. Considering the results of the aforementioned studies it is possible to draw a
conclusion that ICESat-2 data can be utilized for lake bathymetry extraction.

The objectives of this paper are: 1) to study the potential use of ICESat-2 ATLAS data for bathy-
metry extraction for small lakes of Kazakhstan, 2) to derive water depth points from ICESat-2 data for
selected small lakes (the area of the lakes is between 0.9 and 10 km?), 3) to assess the reliability of the
derived water depth points.

Materials and methodology. ICESat-2 ATL03 dataset which consists of height above the WGS 84
ellipsoid, latitude, longitude, and acquisition time of all photons was selected to study the possibility of
using ICESat-2 altimeter data for lake bathymetry extraction [12]. ATLO3 product is available for down-
loading on the OpenAltimetry platform which was created to explore, access and visualize data from
ICESat and ICESat-2 (https://openaltimetry.org/).

Three test sites were chosen to analyze the possibility of bathymetry retrieval from ICESat-2 ATLO03
(table 1). The test sites selection was based on such criteria as the presence of ICESat-2 transects over the
lakes under clear-sky conditions, and fair visibility of the lake bottom. These sites consist of three lakes:
Lake Korzhynkol (figure 1), Lake Sivkovo (figure 2), and Lake Temyrastau (figure 3).

Table 1 — Lakes selected for the bathymetry extraction from ICESat-2 ATL03

Lake Geographic Height Maximum | Area Date of
Coordinates of Center | above Observed || (km?) ICESat-2
of Lake (WGS 84) the sea | Depths Overpass

level (m)
(i)
Korzhynkol || 49° 26" 01.68125744" N, 842 17.9 1.61 2019-08-
82° 39'19.12822846" E 27
Sivkovo 55° 13" 18.79365319" N, 130 2.4 1.65 2019-10-
69° 06' 11.66325830" E 01
Temyrastau || 50° 43" 05.15321818" N, 321 1.0 4.82 2021-06-
69° 56' 28.47752333" E 28

Field observations containing latitude, longitude and water depth collected using Lowrance HDS-12
Live active imaging sonar were used as the validation data to analyze ICESat-2 bathymetry data.

Lake bathymetry extraction workflow consists of several steps (figure 4). Firstly, extracted ICESat-2
altimetry data was filtered using DBSCAN (Density-based spatial clustering of applications with
noise); outliers were excluded from the dataset. On the next step, the lake surface points and lake bottom
points were identified manually. Thirdly, water surface elevation of the lake was interpolated; water depth
points were calculated based on the difference between water surface elevation and lake bottom points.

—— 44 ——
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Return Signal Photons

Figure 1 — Geolocated photon data for Lake Korzhynkol

Return Signal Photons

Latitude

Distance (km)

Figure 2 — Geolocated photon data for Lake Sivkovo

Return Signal Photons

Figure 3 — Geolocated photon data for Lake Temyrastau

ICESat-2 data analysis consists of three processes. Field observation points were selected within a
distance of 50 m from ICESat-2 water depth points. The bathymetry data derived from ICESat-2 was
evaluated using selected field measurements using four quantitative statistics.

Results. ICESat-2 water depth points were checked against the extracted field observation points:
Lake Korzhynkol — 4 out of 174, Lake Sivkovo — 11 out of 319, Lake Temyrastau — 5 out of 271 (figure 5).
The assessment of the reliability of ICESat-2 altimetry data was carried out by calculating statistical
indicators which are widely used for model validation (table 2). The following indicators were computed:
MAE (mean absolute error), RMSE (root mean square error), PBIAS (percent bias), and NSE (Nash-
Sutcliffe model efficiency coefficient).
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Data Extraction

1 Filtering data and
removing noise using
DBSCAN

2. Obtaining points on the
surface and on the bottom
of the lakes

3. Interpolating water
surface elevation.
Calculating water depth

Data Analysis

1 Extracting field
observation points

2. Comparing ICESat-2
bathymetry data to field
observations

3. Assessing lake
bathymetry data derived
from ICESat-2

Figure 4 — Lake bathymetry data extraction and assessment using ICESat-2 ATL03 geolocated photon data

Table 2 — Data reliability assessment based on NSE, RMSE, PBIAS [13]

Performance rating NSE RMSE PBIAS
Very good 0.75 < NSE <1.00 0.0 < RMSE <£0.5 |PBIAS| < 10
Good 0.65 < NSE <0.75 0.5 < RMSE <£0.6 10 < |PBIAS| <15
Satisfactory 0.5 < NSE <0.65 0.6 < RMSE <0.7 15 < |PBIAS| <25
Unsatisfactory NSE < 0.5 RMSE > 0.7 |PBIAS| > 25
"2 @ Field observations . L4 0.4 ° ® b
@ (CESat-2data [} ™ ® ° -0.6
-3 2 * L] ® LR . 08 L [ ]
g 3 ® £ ,, ® Fieldobsarvations
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e ® ~ e 0 .
-1 . .
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@ P @ [ICESal-2data ® =
1
1.0 1.5 20 25 a0 35 40 2 4 B 8 0 o 1 2 3 4 5 6
Numbeér of Pomnts Number of Pomnts Number of Pomnts
Lake Korzhynkol Lake Sivkovo Lake Temyrastau

Figure 5 — Comparison of ICESat-2 lake bathymetry data and field measurements

According to the calculations shown in table 3, the ICESat-2 data for Lake Sivkovo and Lake
Temyrastau cannot be considered as a reliable source of bathymetric data. The ICESat-2 bathymetry data
for Korzhynkol Lake can be classified as data with a high level of reliability based on the NSE and PBIAS
values. However, taking into account the RMSE value, this data is regarded as unsatisfactory (the criteria
presented in table 2 were used to assess the data reliability).

—— 4 ——
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Table 3 — Calculated statistical indicators for test sites [14]

T - Calculated values
Statistical indicators Variables Korzhynkol Sivkovo | Temynstan
1 « .
MAE = - S y; — observed values o _
n z_; |JJ JJl y; — simulated values 0499 2.069 0.940
RMSE = |5 Wi Y ~ observed values 0.704 2250 0.960
'\ —~ n ¥; — simulated values
Z( -y ) Y,°%* — observed values
PBIAS = 1 — L 5.023 113.210 188.120
Z(}.‘.m) Y™ — simulated values
ST QL - QL) Q% — observed values
NSE = 1 t=1 o m pad
ok Y] Q;, — simulated values 0.770 -19.210 -26.180

a1 (Q.', Q..) @, — average of the observed values

Discussion and conclusion. The comparison between ICESat-2 data and field observations demon-
strates that altimetry data collected under conditions of less cloudiness remains noisy despite being pro-
cessed by filtering algorithm.

The differences in data reliability assessment of ICESat-2 ATL03 data extracted for three small lakes
of Kazakhstan indicate that the transects over shallow small lakes situated on flat plains (Sivkovo and
Temyrastau) contain more sources of noise and are not suitable for bathymetry retrieval, whereas transects
over deeper small lakes located in mountainous regions are less prone to these issues.

Due to the lack of a sufficient number of transects along small lakes and the presence of high amount
of noise in the extracted data, the use of ICESat-2 altimetry measurements to produce reliable lake
bathymetry is currently not feasible. However, it can be stated that with the emergence of other altimetry
missions with a more frequent monitoring of inland water surfaces the bathymetry mapping using RS data
will be a more promising approach.
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A. E. Myxamenuna', JI. K. A6uena’, K. M. Kyne6aes®

'T'e0aKmapaTThiK TEXHOIOTUSIAP OPTANBIFBIHBIH Killli FBUTBIMU KbI3METKEpi
(«I"eorpadms >xoHe cy Kayincizairi unctutyTe» AK, Anmarsl, Kazakcran)
*T'e0aKIapaTThIK TEXHOIOTUSIAP OPTAIBIFBIHBIH IHPEKTOPHI a.K., T.F.K.
(«['eorpadus xoHe cy Kayincizairi uHCTUTYTED AK, Anvatel, KasakcTan)
’Cy pecypcTaphl 3epTXaHACKIHBIH FHUIBIMU KbI3METKEpi
(«['eorpadus xone cy Kayincizairi uHCTUTYTED AK, Anmvatsl, KasakcTan)

KA3AKCTAHHBIH IHAFYBIH KOJJAEPIH BATUMETPHSLIBIK KAPTAYA TYCIPY YIIIH
ICESat-2 JEPEKTEPIH HAUJAJIAHY MYMKIHAITTH BAFAJIAY

Annoranusi. Kengepain 0aTUMETPHACHI Cy peCypCTapbiH 0ackapy MeH MHIPOJIOTHSUIBIK MOJIEIb/ICY CallaChIHAA
yikeH MaHbIsra ne. Kemmepnai GaTnuMeTpHsUTBIK KapTara Tycipy KeOiHece OOPTTHIK JHaapiap, 3XOJOTTap HeMmece
COHapJyap CHSKTHI KBIMOAT omicTepZi KOJAaHa OTBIPHIN, Ky3ere achipbuiabl. 'AJK mamysiMeH jkoHE KAIIbIKTHIKTAH
30HATAY JIEpPEeKTEPiHiH Naiga 0oaybIMeH 0AaTUMETPHSUIIBIK MOJTIMETTEP/ ally IbIH JKaHa TAclIiepi xKacanpl. Anaizaa,
KAIIBIKTBIKTAH 30HATAY JepeKTepi OOWBIHINA INAFbIH KOJjep YIIH OaTUMETPUsUIBIK aKmaparT aiyfa JercH
KBI3BIFYIIBUIBIKTBIH JKOFaphl OOJybIHA KapaMacTaH, YJIKCH aiiMakTap YIIiH JKOHE dPTYpJIi KIMMATTHIK JKaFaaiiapaa
naiinananyra OOJNATBIH CEHIM/IL dIIiCTEp i JE KOK,

KambIKThIKTaH 30HATAY AEpeKTepi HeTi3iHae INarblH Kejiepi OaTMMETpHsUIBIK KapTara TYCIpYIiH opTypii
omictepi KapacTeIpbuiaabl. KazakcTaHHBIH yII Kexi OoibIHIIA OaTUMETPISUTBIK akmapat anmy ymniH, ICESat-2 jxana
CIYTHHUTIHEH JepeKTepi (My3 KaMBUIFBICHI, OYIT )KaMBUIFBICH JKOHE TEHI3 IeHreHiHeH OWIKTIKTI OakpUIayFa apHal-
ran cryTHUK Ice, Cloud, and land Elevation Satellite-2) mafimanansuael. Ken 6atumetpusicein amy ymin ICESat-2
Oaranaysia iepeKTep carnacblHbl pacray, JajajblK eieyiep/i naiaanaHa OThIPhIIT KaCallIbl.

Tyiiin ce3mep: Kei OATHMETPHSCH, MY3 JKaMBLIFBICHI, OYJIT JKaMBLIFBICHI JKOHE TCHI3 ICHreHiHeH OMIKTIKTI
Oakputayra apuanrad crnyTHHK (Ice, Cloud, and land Elevation Satellite-2, ICESat-2), cnyTHUKTIK aqbTUMETpHs
JiepeKTepi, cuHTe3eareH aneprypacst 6ap panap (LCA), XKepnai kambikreikrad 3oua1ay (KK3), Kasakcran kemnaepi.

A. E. Myxamenuna', JI. K. A6uena’, K. M. Kyne6aes®

"Mafuiuit HayqHbIH COTPYAHHK LEHTPA FeONHPOPMAIIHOHHBIX TEXHOIOTHIA
(AO «MHCcTHTYT reorpaduu U BOJHOM Oe3omacHOCTH», AnMathl, Kasaxcran)
*K.I'.H., 1.0. JUPEKTOPA LIEHTPA FeONHPOPMAIIHOHHBIX TEXHOIOT Uit
(AO «MHCcTHTYT reorpaduu 1 BOOHOM Oe3omacHOCTH», AnMathl, Kasaxcran)
*HayuHblif COTPYIHHK J1a6OPATOPHH BOTHBIX PECYPCOB
(AO «MucTutyT reorpaduu u BogHoM Oe3omnacHocTH», AnMatel, Kazaxcran)

OIEHKA BO3MOKHOCTHU UCITOJIb30BAHUSA JAHHBIX ICESat-2
JJISI BATUMETPUYECKOI'O KAPTUPOBAHUS MAJIBIX O3EP KASAXCTAHA

AnHoTanus. batumerpus o3zep uMeeT 0OJBIIOE 3HAYCHHE B cepe ynpaBiIeHHs] BOJHBIMH pECypcaMi B THAPO-
JIOTHYECKOTO MOJENHUpoBaHMs. batumerpmdaeckoe KapTHpOBaHHE 03€p MPEUMYIIECTBEHHO MPOBOIUTCSA C HCIIOJNb-
30BaHUEM JIOPOTOCTOSIIMX METOIOB — OOPTOBBIX JIAIAPOB, 3X0JOTOB wiu coHapoB. C passutuem I'MC u moss-
JICHHEM JMCTAaHIIMOHHOTO 30HIMPOBAHUSA ObUIA Pa3pa0OTaHbl HOBBIC MOJIXOIbI K H3BJICUCHHIO OATHMETPHUCCKHX

—— 48 ——
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JnaHHbiX. OJIHAKO, HECMOTPSI HA BBICOKYIO 3aHHTEPECOBAHHOCTh B MOJYYCHHU OATHMETPHUYECKON MHpOpMAIUHU IS
MallbIX 03€p C MOMOIIBIO JUCTAHIIMOHHOTO 30HIUPOBAHMUS, IO CHX MOP OTCYTCTBYIOT HAJCIKHBIE METOJIbI, KOTOPHIC
MOYHO OBUTO OBbI UCIIOJIB30BATH MTPU PA3IUYHBIX KIMMATHISCKUX YCIOBHSAX U VISl OOJBIINX TEPPUTOPHUH.

OO6cyXaaroTcs pazIMYHBIE CIIOCOOBI 0AaTHMETPHUYECKOTr0 KapTHPOBAaHHUS MANIBIX 03€p HOCPEICTBOM IHCTaH-
UOHHOTO 30HaUpoBaHus. [lanHpie HOBoro cinyTHHKa ICESat-2 (cryTHHK a7st HaOMIOAESHNUS 3a JIEASHBIM ITOKPOBOM,
00JIa4yHBIM TIOKPOBOM U BBICOTOM Haja ypoBHeM Mmops, Ice, Cloud and Land Elevation Satellite-2) 0buti ncrnosns3o-
BaHbI JUIsl TIOJIy4eHusl OGatumerpudeckoi uHpopManuu o TpeM ozepam Kaszaxcrana. Onenka ICESat-2 anst usBie-
YCHUA 6aTI/lMeTpl/II/I 03€p MpoBOANJIACH C TPUMEHCHUECM IMOJIEBBIX I/I3MepeHHﬁ B KQUE€CTBEC JaHHbIX IJIA BaJIWJallUH.

KirueBble ciioBa: OatuMeTpus 03epa, CIYTHUK JUIs HAOJMIOACHHUS 3a JISJSHBIM MMOKPOBOM, OOJIAYHBIM IIO-
KpOBOM U BbIcOTOH Hax ypoBHeM Mopst (Ice, Cloud and Land Elevation Satellite-2, ICESat-2), nannsle criyTHUKOBOH
IBTUMETPHH, pafap ¢ cuHTe3npoBaHHoW aneprypoil (LCA), nucranunmoHHoe 3onHaupoBanue 3emiun (/133), ozepa
Kazaxcrana.
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1 wrons 2022 roma Ha TOPKECTBEHHOM COOpaHHH, MOCBSIICHHOM 75-meTHUMY oOuieto Harwo-
HanpHOU akanmemun Hayk PK, Ilpencenarens IlpaBnenus AO «HHcTHTYT Treorpaduu u BOAHOH 0e3-
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«Kypmer».

12 wronst 2022 roga MucTHTYyT Teorpaduu u BogHo# Oe3omacHoctu nocetwn [Ipesument HAH PK,
akagemuk M.JK. XKypunos. Ha yuenom coBere M.JK. XKypunos TopxectBeHHO Bpyumn A. P. Meney
Briciyto Harpany Hanuonansnoit akagemun Hayk PK — 3onortyto megans HannonansHOM akageMuu HayK
PK 3a BbICOKHME HayyHbIE JOCTI)KEHHs B reorpaduu, B YaCTHOCTH B MCCIEIOBAHUSIX NPHUPOIHBIX OIac-
HocTel M BoaHBIX mpobnem Kazaxcrana. M.K. JKypuHoB Taxke moOnarofapuil KOJJIEKTHB HHCTUTYTa
reorpaduu 1 BOIHON 0€30II1aCHOCTH 32 CAMOOTBEPKECHHBIN TPY/ U BBICOKHE TOCTH)KEHHS B HAYKe.

Komnektus AO «UHcTUTYT Teorpaduy W BOAHOM 0O€30MaCHOCTH» W PEIAKIMOHHAS KOJUICTHSI
)ypHana «['eorpadus u BoJAHBIE pEeCYpChD» OT BCel AyIIH Mmo3apamiser AxMerkana PaxmerysiaeBuua ¢
BBICOKMMH Harpajgamu ¥ XKellaeT JaTbHEHIINX Mpo(eCCHOHANBHBIX YCIEXO0B, KPETKOTO 3I0POBbS H BCETO
HawIy4miero!
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INPABUJIA JJISI ABTOPOB

B xypHane myONUKYIOTCSI CTAaThH, ITOCBSIIEHHBIC POOJIEMHBIM BOIIPOCaM Teorpadpuyeckoil HAayKH U T€0IKO-
JIOTHH, a TaKKe HAay4YHbIE COOOIICHHS TEOPETUYECKOTO, METOAMYECKOrO, SKCIIEPHUMEHTAIBHOTO M TMPHKIATHOTO
XapakTepa, TeMaTHUECKHE 0030pbl, KPUTHYECKHE CTAThH M PEIICH3HUH, B TOM YHCIIE B BHJIE TUCEM B PEIAKIIHIO, OMO-
nuorpaduIecKue CBOJIKH, XPOHUKA HAYYHOH JKM3HU. TEeKCTHI cTaTel M IPYTUX MaTepHaIoB MOTYT MPEIOCTaBIATHCS
Ha Ka3aXCKOM, PYCCKOM WA AHTJIMHACKOM SI3BIKaX. PeuaKum{ NPUHUMACT MaTepuajbl B J3JICKTPOHHOM BHJC,
HaOpaHHbIE B TEKCTOBOM penaktope Microsoft Word, B compoBoxieHHN HIASHTHYHOH OymaxkHo# Bepcuu. [loss:
BepxHee U HIkHee — 2,4 cM, npaBoe u eBoe — 2,2 cM. Tekcr (mpudr «Times New Roman») naercst B 0J1Hy KOJIOHKY
yepe3 MEeXCTpOuHbIi wuHTepBad 1,0 M JUIss HEro yCTaHaBIMBAeTCs aBTOMAaTHYecKuil mepeHoc. CTpaHHUIBI
HyMepyloTcs. Matepuan cTaTtbi (TEKCT, BKJIIOYas AaHHOTAIMM Ha Ka3aXCKOM, PYCCKOM W aHTJIMHCKOM S3bIKax,
PUCYHKH, TaOJHUIBI, CHCOK JUTEPaTypsl) odopmisiercs omauM daitmoM. OO0BeM CTaThil CO BCEMH CTPYKTYpPHBIMH
aIeMeHTaMH He oibkeH npesbimath 50 000 3HaK0B ¢ nmpodenamu (1o 12 crp.), npyrux marepuanos — 20 000 3HAKOB
¢ mpobemamu (10 4 cTp.).

Pykommcu crareit odopmistoress cienyromM obpazom: 1) Y/IK (BeIpaBHMBaHHE TEKCTa <JIEBBIA Kpaib»,
kersb 10); 2) uepe3 oAWH UHTEPBAJI MHULUABI 1 (JaMHUIIMK BCEX aBTOPOB Yepe3 3aIsiTyio (BBIPABHUBAHUE TEKCTA K10
LHEHTPY», HAUePTaHUE «IOIYXHUPHBIN», PETHCTP «HAYMHATH C TPOMHCHBIX», Keriib 11; ecim aBTOpPOB HECKONBKO,
nocie (haMUIIMU KaKIO0r0 YKa3hIBACTCS HAJICTPOUYHBIM MHACKCOM IMOPSAKOBBIA HOMEp apabckoi mugpoit); 3) depes
OJIMH MHTEPBAJ — YYEHOE 3BaHUE W CTEIEeHb aBTOPA, JOJDKHOCTh, B CKOOKaxX — INOJIHOE Ha3BaHWE OpraHU3alluu, B
KOTOpOW OH padoTaeT, Topoi, cTpaHa (BbIpaBHHBaHHE TEKCTa «I0 LIEHTPY», Kerib 10; eciu aBTOpPOB HECKOIBKO,
CBEJICHMS JAIOTCS O KaKAOM M3 HUX OTAEJIBHON CTPOKOH uepe3 OJMHAPHBIN HHTEPBAJ, a HAYMHACTCS KaXK/asi CTpOKa
C HaJCTPOYHOI'O MHJEKCa IMOPSIKOBOrO HOMEepa mHociie GpaMuiny aBToOpa); 4) dyepe3 ONUH WHTEPBAI — HA3BaHHE
cTatbM 0e3 mepeHoca (BBIDABHUBAHWE TEKCTA «IIO LEHTPY», HAuepTaHHE «IIOMYXXHUPHBIH», PErucrp «Bce
MIPOIHCHEIe», Kerab 14); 5) uepe3 onuH nHTEpBal — aHHOTams 3 5—10 npeanoxennii, o6bemom a0 1200 3HAKOB C
npobenamu (HaUYMHATH a03al] CIEAYIOMHM O00pa3oM: «AHHOTAIWS. ... (Ka3. 53.)», «AHHOTAIHA. ... (pycc. 53.)»,
«Abstract. ... (aHT71. 53.)») Ha TOM S3bIKe, HA KOTOPOM HAIMCaH OCHOBHOW TeKCT pykommcu (abzar «0,75 cmy,
BBIPaBHUBAHKE TEKCTA «I10 MTUPUHE», PETUCTP «BCE CTPOUHBIEY, Kerib 10); 6) uepe3 oauH HHTEPBAT 5—7 KIIFOUEBhIX
cinoB (HaumHATh ab3ar ciemyrommM obpasom: «TyitiH cesmep: ...», «Keywords: ...», «KiodeBsie ciosa: ...»),
COPTUPOBAHHBIX NO an(aBHUTy, HA TOM S3bIKE, HA KOTOPOM HaIlMCaH OCHOBHOH TeKCT pykomnucu (ad3an «0,75 cmy»,
BBIPAaBHUBAHME TEKCTA IO IMIMPHHE», PETUCTP «BCE CTPOUHBIEY, Kerib 10).

OCHOBHOW TEKCT pa30MBAcTCS Ha CTPYKTYPHBIC 3JIEMCHTBI: BBEICHHE, MOCTAHOBKA MPOOJIEMbI, METOHKA
UCCIIEJOBAaHUH, ICTOYHUKH JIaHHBIX, PE3YJIbTaThl HCCIIC0BAHMH, 00CY)KIEHUE PE3YIIbTaToB, 3aKIII0UeHNE (BBIBODI),
WCTOYHHMK (PMHAHCHUPOBAHUS HMCCIIENOBaHUM (IIpM HEOOXOAMMOCTH), CIHCOK JuTeparypbl. Ilepen crmckom smte-
patypsl MOXET MOMeEIIaThesl 0JIaroapHOCTh JIMIIAM W OpraHM3alsIM, OKa3aBIIMM ITIOMOIIb B HAIIMCAaHWU CTATBH.
HeobmenpuasaTeie a00peBHaTyphl HODKHBI pacIIn(pOBBIBATECS B TEKCTE IPU IEPBOM YIOMHHAHWH. [lapameTrpsl
TekcTa: ab3ar «0,75 cM», BEIpaBHIBAHHE 10 MIHPHHEY, PETHCTP «KaK B MPEATIOKCHUAK», KeTb 1 1.

ITox 3aronoBkom «JIMTEPATYPA» npuBOOUTCS CHMCOK MCTOYHHMKOB, Ha KOTOPBIE €CTh CCBUIKM B TEKCTE.
Jlutepatypa mNpHBOAWTCS CHaJajda Ha S3bIKE OpWUTHMHANA, 3aTeM IyOnupyeTcs Ha aHIJIIMKACKOM  SI3BIKE
«REFERENCES» (a63am «0,75 cM», BRIpaBHUBAaHUE «I10 IIUPUHE», PETUCTP «KaK B MPEUIOKECHHSIX», KeTab 9). B
TEKCTEe CCBUIKM Ha HOMEpPA CIMCKa JAIOTCS B KBaAPATHBIX CKOOKax. 3aluch Kaxmoi OnOInorpaduueckoi CChUIKH B
CIIMCKE Ha4yMHAaeTcsa ¢ ee mopsiakoBoro Homepa B TekcTe: «[1]Ilerposa C.H. Hayuno-uccnegoBarenbckas
JESTeBHOCTD ...»). Crucok muteparypbl odopmisercs mo ['OCT 7.1-2003 u THIaTeIbHO BBIBEPSETCS aBTOPOM.
Tpancnurepauus He nomyckaercs!

Hanee crnenyer pestome. Jlist cTaThy, NMPEAOCTABICHHOW Ha KA3AXCKOM s3biKe, TPEOYIOTCS PYCCKHUHM W aHT-
JUICKUNA NEPEBOMBL; HA PYCCKOM sA3blKe — Ka3aXCKUN U aHTTIMICKUN NEPEBObL; HA AH2AUNICKOM 5A3biKe — Ka3aXCKUH U
pycckuil mepeBoabl. [ aBTOpoB M3 3apyOexbsi pe3loMe Ha Ka3axCKHH SI3BIK IEPEBOAUTCS B pENaKUUH B
COOTBETCTBHH C IPENOCTABICHHBIM Ha PYCCKOM M AQHTIIMHCKOM s3bIKaX. CTpyKTypa ABYS3BIYHBIX pe3lOMe: HHHU-
Uanel ¥ (paMUIINK BCEX aBTOPOB Uepe3 3arTyro (TIocie paMmiiny KaKI0TO YKa3bIBAeTCA HAJICTPOYHBIM HHIECKCOM
MOPSAKOBEIM HOMEp apaOCckod Imdpoii); ydeHoe 3BaHHE W CTENEHb aBTOpa, AOJDKHOCTh, B CKOOKaxX — IOJHOE
Ha3BaHHE OpraHU3aIlNH, B KOTOPOW OH paboTaer, ropoi, CTpaHa (€cim aBTOPOB HECKOIBKO, CBEIACHHS MAIOTCS
OTIENIFHOW CTPOKOW Yepe3 OAMHAPHBIA HMHTEpBaj, a HAYMHAETCS Kaxnaas CTpPOKa C HaJACTPOYHOTO HHICKCA
MOPSIIKOBOTO HOMepa Tmocie (amMuinu aBTOpa); Ha3BaHWE CTaTbW; AHHOTAMs, MPUBEICHHAs B Hayaie
cTatbM (HayMHATH ab3all CieAyrmUM o0pa3oM: «AHHOTAaUus. ... (Ka3. s13.)», «AHHOTauus. ... (pyc. 13.)»,
«Abstract. ... (aHIJI. 513.)»; KIIIOUEBBIE CIIOBA, IPUBEJICHHbIE B HaYaJle CTaThH (HaYMHATH a03all ClIeTyIOLIMM 00pa3oM:
«Tyiiin ce3nep: ...», «Keywords: ...», «KioueBsie cioBa: ...»).
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Tabnuer HabmpatotTcs B popmare Microsoft Word (re Microsoft Excel), kerms 9. B cTatbe qarotcst cChIIKH Ha
Bce TaOnuIbl. Pacnonarate ux ciemyeT cpasy Imocjie yYIOMUHAHHS B TEKCTEe WM Ha Clenytomeil cTpanune. HazBanue
TaOIUIIBI TOJDKHO OTPaXkaTh ee coaepkaHue, ObITh TOYHBIM, KpaTkuMm. Hampumep, «Tabmuma 1 — Cpenauii MHOTO-
neTHuit pacxox p. XKaiibik, M’/c». PasMemars ero cienyeTr Han Tabnuiei, 6e3 abzalHOro OoTcTyIa (BHIpaBHUBAHHE
TEKCTa «I0 LEHTPY», Kerib 9). He nmomyckaercst mepeHoC yacTH TaOJMIBI Ha CIEOYIONIyI0 crpaHuly. bomipmme
TaGJIMIBl JOIyCKaeTCsl pa3MellaTh Ha BCIO CTPaHMIy C OpUeHTalueill «ambOomHas». TaGmuuel U rpadsl B HEX
JIOJDKHBI MMETh 3arojOBKH, COKpAILEHMsl CIIOB He aomnyckatorcs. [loBropsiromuiicsi B pa3HbBIX CTpOKax Tpadsbl
TaOJIMIBI TEKCT U3 OJTHOTO CJIOBA IOCIIE NIEPBOTO HAIIMCAHMUS AOIYyCTUMO 3aMEHSTh KaBblukamMu. Ecin oH cocTouT n3
JIBYX U OoJiee CJIOB, TO IIPU NEPBOM ITOBTOPEHUH €r0 3aMEHSIOT CJIOBAMH «TO XKe», a Jajiee — KaBblukamu. CTaBUTh
KaBbIYKM BMECTO MOBTOPSAIOMIMXCS LU(pP, MapOK, 3HAKOB, MAaTeMaTHYECKHX M XHMHUYECKHUX CHMBOJIOB HE
nonyckaercsi. Eciu naHHble B KakoH-T00 CTpoKe TabIHIbl He IIPUBOIST, TO B HEH CTaBAT ITPOUEPK.

PucyHky nOIKHBI OBITH BBITTOJTHEHB! B XOPOIIEM KayecTBe, a UX 00lIee KOJIMYECTBO He MPEBBIAaTh 5. PucyHkn
pacroyaraloT HEHNOCPEICTBEHHO IIOCIE TEKCTa, B KOTOPOM OHHM YIOMHHAIOTCS BIIEpBBIC, WM Ha CIEAyHOLIeH
cTpaHuLe. Bece HaxnucH Ha pUCYHKax JOJDKHBI XOPOLIO YUTATHCS; IO BO3MOXKHOCTH UX CIIEIYeT 3aMEHSTh OyKBaMH
w nudpamu, a HeoOXOJUMBbIe TIOSICHEHUsI 1aBaTh B TEKCTE WIIM B IMOJPHCYHOUHBIX IONHUCAX. B moapucyHouHoi
MOJNUCH HEOOXOMMO YETKO OTIENUTh (HOBas CTPOKA) COOCTBEHHO Ha3BaHUE PHCYHKa OT OOBSCHEHHH K HEMy
(3xcmmmkamms). IlogpucyHOUYHBIE TOANMHACH JOJDKHBI COOTBETCTBOBATH TEKCTY (HO HE TOBTOPSTH €ro) M
n3obpaxenmsiM. Hampumep, «PucyHok | — Kapra miotHocTn HacenmeHust B Oacceiine p. JKaifpik, den. Ha 1 kM
(BBIpaBHHBaHHE TEKCTA IO LEHTPY», Kerib 9). @ortorpaduu nomkHbl ObITh YeTkuMH, O3 nedekroB. Bee pucyHnku
TaKXKe MPEAOCTABISIOT OTACIbHBIMU (ainamMu: Ui pacTpoBbiX n3oOpaxenuit — B popmare JPEG/TIFF/PSD, nns
BeKTOpHBIX — B coBMecTMMOM c Corel Draw mimm Adobe Illustrator. Paspemenne pacTpoBbIX H300pakeHHH B
orreHkax ceporo 1 RGB uBerax nomxuo 6b1Th 300 dpi, u€pHo-6enbix — 600 dpi. PekomeHnayemble pa3mepsl: MIHPHHA
— 85, 120-170 MM, BbicoTa — He Oonee 230 mm. Ilpm HeoOxommmocTH (aitnel MOTyT OBITH 3aapXMBHPOBAHBI,
MpeanovYTuTeNnsHO B popmarax ZIP mmm ARJ.

MatemaTtudeckue 00603Ha4YeHUS U (GOPMYIIBI HY>)KHO Habupatb B Microsoft equation u pa3Memars B TEKCTe Ha
OTJCNBHBIX CTPOKaX, HyMepys TOJIBKO Te, Ha KOTOpbIC €CTh CCHUIKH B TEKCTe. Pycckue M rpedeckne OyKBBI B
dopMynax M CTaThiX, a TaKKe MATEeMaTHYeCKHEe CHMBOJIBI M XHMHYECKHE DJIEMEHTHl HaOHpaloTcs NPSMBIM
MIPUPTOM, TATHHCKHE OYKBBI — KypCHBOM.

K craTtpe cienyer mpuioXuTh: 1) COMPOBOANTENHFHOE MICHMO; 2) pereH3uio Ha 1 cTp.; 3) 3KCIIepTHOE 3aKITI0-
YyeHue 00 OTCYTCTBHU CEKPETHBIX CBEJCHUI B MyOJIMKALUK, BbIIAHHOE OpraHu3alyel, B KOTOpO BhITIOJIHEHA paboTa
(B 0coOBIX CiTy4asix BO3MOYKHO COCTaBJICHHE B PEJAKIMU MOCIIE BHYTPEHHErO PELEH3UPOBaHUS); I HEPE3UACHTOB
Pecniyonukn Kaszaxcran skcnepTHOe 3akiroueHue He TpeOyercs; 4) KpaTkoe 3akiroucHue jadbopatopuu (Kadeapsl,
oTIena W IIp.), I/Ie BBHINOJHEHa INpeJCTaBlIeHHas K NyOiukanuu pabora; 5) cBemeHHs o KaxiaoMm aBrope: OO
(TIOJTHOCTEI0), YYEHBIC CTEIICHb W 3BaHUE, JOJDKHOCTh M MECTO paboThl, KOHTakTHEIC E-mail, TenedoHsr, dakc.

CraanHble B pelakIMIO MaTepHaibl aBTopaM He Bo3BpamatoTcs. He cooTBeTcTByroIIEe TPeOOBaHUAM CTaThH HE
paccMarpuBaroTcs. Ecii cTaThs OTKIIOHEHA, pellakiusl COXpaHseT 3a OO0 MpaBo He BECTH AUCKYCCHIO IO MOTHBaM
OTKJIOHCHHUSL.

Bce mMaTepuaibl IpoXoAaT BHYTPEHHEE M BHELIHEE PELCH3UPOBaHUEe. Penakiys mpocuT aBTOPOB OTMEYATh BCE
M3MEHEHH, BHECEHHBIC B CTaThIO IIOCIIEC MCIPABICHHS WIM AOPaOOTKH TEKCTa 110 3aMEYaHUsAM pEeLeH3eHTa (HalpH-
Mep, uBeToM). IIpu paboTe Hax PYKOIMCHIO PEHAKIMs BIIPAaBE €€ COKPAaTHTh. B ciydae mepepabOTKM CTaThbH 110
npoch0e pENaKIMOHHON KOJUISTMH JKypHala JaToOW MOCTYIJICHUS CYMTACTCSA Jara IOJIyYCHHUsS peaaKiueit
OKOHYAaTCJIbHOTO BapuaHTa. 3a JOCTOBEPHOCTb NPUBCACHHBIX B CTATHC HAYYHBIX (l)aKTOB TMOJIHYIO OTBETCTBECHHOCTDH
HeceT aBTOp (aBTOPHI B PaBHOM Mepe, €CIIU UX HECKOJIBKO).

Anpec penakuuu ;xkypHaja «'eorpadus u BogHbIe pecypcbi»:
Pecnyoimka Kazaxcran, 050010, r. Anmmvatsl, yi. [Tymkuaa, 99,
AO «MuCTHTYT Teorpadun 1 BOAHON OE30MTaCHOCTH.

Temn.: +7(727)2918129 (npuemnas); dpaxc: +7(727)2918102
E-mail: ingeo@mail.kz u journal.ingeo@gmail.com

Caiit: http://www journal.ingeo.kz
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FouibiMu KapusisIaHBIMIApP/AbIH 3 THKACBI

«[eorpadust MeH cy pecypcTapbl» KYPHAIBIHBIH pPENAKUUSUIBIK AKACHl XaJbIKApPaJblK KOFaMIACTBIK Ka-
ObUIaFaH JKapusulay STHKACBIHBIH KaFMOaTTapblH YCTaHAIbl, COHIaK-aKk Oenensl XaJbIKapalblK >KypHajnap MeH
OacranapablH KYHIbI TOKIPHOECIH ecKepei.

bacra KpI3MeTiHZETi JKOCBIKCHI3 TOXKIpHOeHi OonaplpMay MakcaThiHIA (IUIaruat, yKajfaH aknapaTThl YCHIHY
JKOHE T6) JKOHC FbUIBIMH KapUsAJIaHbBIMAAPAbIH KOFapbl cCallaCblH KaMTaMacCbl3 €Ty, aBTOP/JAbIH aJiFaH FbIJIbIMU
HOTH)KEJIEPIH KYPTIIBUIBIKIIEH TaHBICTBIPY MaKCaThIHAA PEIaKLUMUSUIBIK KEHECTiH opOip Mylleci, aBTOp, peleH3eHT,
coHyaii-ak Oacria OapbIChIHIA KAaTBICATHIH MEKEMeNep 3THKaJbIK CTaHIAapTTap/bl, HOpMaiap MEH epexesepll Cak-
TayFa JKOHE oJIapJblH Oy3bUTYyBIH OOJAbIpMay YLIIH OapIblK ic-mrapanapisl Kaobuigayra MiHzgerTi. Ockl mporecke
KaTBICYIIBIIAPBIH OapIIbIFBIHBIH FBUIBIMH JKapHsUIaHBIM 3THKACHl €peXeJepiH CakTay aBTOPJIApAbIH 3USTKEPIIiK
MEHIIIK KYKBIKTapblH KaMTaMachl3 €Tyre, 0achUIBIM CallachlH apTTBIPYyFa JXOHE aBTOPJIBIK aKlapaTTapibl, >KeKe
TYJIFaNapAblH MYAJeci YIIiH 3aHChHI3 MaliaaaHy MYMKIHAITIH OOABIpMayFa bIKIall €Tei.

Penaxmmsira keminm TyckeH OapilblK FEUIBIMHA MakKajajap MIHAETTI TYpAE €Ki jKaKThl IoiynaH eTexi. JKypHan
pemakuusACckl MaKaJaHBIH JKypHaN OeliHiHe, peciMIey TananTapblHA COMKECTIriH Oenrimeiimi jkoHe KoMka30aHBIH
FBUIBIMH KYHJBUIBIFBIH AHKBIHAANTHIH KOHE MaKajla TaKbIPhIObIHA HEFYPIIBIM XKAKbIH FBUIBIMHA MaMaHIAaHABIPYJIaphl
0ap eki ToyeJci3 PeLeH3eHT — MaMaHAap bl TaFalbIHIANTHIH JKYPHAIIbIH KayalThl XaTHIBICBIHBIH OIpiHIII KapaybiHa
Kibepeni. Makananap/pl pelieH3HsUIay bl pelaKIMsIIBIK KEHEC JKOHe PeAAKIMIIBIK ajKa MyIIesepi, cCoHai-aK 6acka
eNJep/liH IIAaKbIPbUIFAH PELEH3EHTTEpl JKy3ere achelpajpl. Makanara capanrama >KYprizy yuiiH Oen-rin 0ip
PEICH3EHTTI TaHaay Typanbl memrimai bac pemaktop kKaObuimaiinbel. Pernensusiiay mepsimi 2-4 anTaHbl KYpauisl,
Oipax pereH3eHTTiH OTiHilI OOMBIHIIA 01 Y3apThUTYbl MYMKIiH.

Pemakuust MeH penieH3eHT Kapayra jKiOepiireH skapusuiaHOaraH MaTepualiapblH KYNHSUTBUIBIFBIH CaKTayFa
kernumik Oepeni. XKapusimay Typaibl HISOIMIII KypHAIABIH PEIAKIUUIBIK alKachl PElCH3UsUIaylaH KeiiH KaObuI-
nmaiiner. Kaxxer OonraH jkarmaiiza Koimkaz0a aBTOpIIapra peleH3eHTTep MEH PeJakToOpiIapablH eCKepTyiepi OOMbIHIIA
JKeHJeyTe Kibepineni, comaH KeliH oNl KalTa pereH3MsUIaHambel. Pemakmms STHKa epexelNepiH Oy3raH JKarjaiina
MaKaJaHBl JKapusayZaH Oac TapTyFa KYKbUIBL. Erep akmaparTThl IDlaruat el caHayFa JKeTKUTIKTI Heri3 Oolca,
KayanThl peIakTop JKapusyIayFa Kol oepmeyi Kepek.

ABTOpIIap pelaKuusFa YChIHBUIFAH MaTepHAILIAPAbIH jKaHa, OypBIH XKapusulaHOaraH )KOHE TYITHYCKa eKeHAIriHe
Kenuimik Oepesi. ABTOpIap FHUIBIMA HOTHIKEIICPIH CEHIMIUTINT MEH MaHBI3AbLIBIFbIHA, COHIAM-aK FHUIBIMH THKA
KaruJaTTapblH caKTayFa, aTall aiiTKaH/a, FhUIBIMH dTUKaHbI Oy3y (akTijepine ko 0epmeyre (FhUIBIMU JIepeKTep.i
TY)KBIPBIMIIAY, 3epTTEY IEPEKTEpiH OypMmarayra oKeleTiH Oypmaliay, IUlardaT JKOHE JKaJFaH TCH aBTOPJIBIK, Kaii-
Tasay, 0acka ajamJapblH HOTIKENIEPiH HEMJICHY XKOHE T. 0.) jKayanThl 00JIa bl

MakanaHsl peakiusra xibepy aBTOpJIapAblH MaKaJlaHbl (TYITHYCKaza Hemece Oacka Tinjepre Hemece Oacka
Tingepre aynapsiiFan) 6acka >KypHaiIFra(kypHaingapra) OepMereHiH jkoHe Oyl MaTepuan OypbIH >KapuslaHOaFraHbIH
Oinpipeni. OWTIece, Makana aBTOpJapFa aBTOPJBIK KYKBIKTHI Oy3FaHbl YIIIH MakKalaHbl KaObuigamay Typajibl
YCHIHBICIICH Jepey KaWTapbUiagbpl. backa aBTop >KyMbICHIHBIH 10 MaibI3bIHAH aCTaMbIH OHBIH ABTOPJIBIFBIH JKOHE
JIEpPEKKe3re cliTeMeci3 ce30e-co3 Kemmipyre Ko OepinMeiini. ANBIHFaH KOpiHICTep HeMece MalliMAeMeNnep aBTop
MeH 0acTamnKsl Ke3/1i MiHIETTI TypAe KopceTe OTHIPHIIN jkacarysl kepek. [llamanaH TIC KeIipy, COHIai-aK Ke3-Ke-
reH HbICAaHJaFbl IUIarkaT, OHBIH iIIiHIe POCIMAGIMEreH AoHeKce3aep, e3repTy Hemece Oacka aJaMaapAblH 3epTTey-
JIepiHIH HOTHXKENEpiHe KYKBIKTap MEMJICHY STHKAJbIK €MeC JKOHE Kousaiichi3. 3epTrey OapbichiHA KaHIail ga Oip
TYpZie ocep eTKeH OapiblK ajamaapiblH YJIeciH MOWbIHIAY Ka)KeT, aTall aWTKaHAa, Makajana 3epTTey XKyprisy
KEe31H/Ie MaHbI3/IbI OOJIFAH KYMBICTApFa CIITEMENep YChIHBUTYBI Kepek. Kocamkel aBTOpIIap IbiH apachiHia 3epTTey- re
KaTbICIIaFaH aJaMIapbl KepceTy 00oIManbl.

Erep xymbIcTa Kate TalObuIca, peakTOpra Te3 apaja xabapiay Kepek >KoHe Oipre Ty3eTy Typasbl MIenliM
KaObLIIay KepeK.

Koixaszbansl xapusiaynan 6ac TapTy Typaiisl IIEIIiM peleH3eHTTEP/IH YChIHBIMIapblHa COMKEC PeAaKIUsIIBIK
aJIKa OTBIPBICBHIHIA KaObUIIaHAABl. PelakuusuiblK aJKaHbIH LICIIIMIMEH JKapHsulayFa YCHIHBUIMaraH Makajla Kairta
Kapayra KaObUigaHOaiinsl. JKapusiaynan Oac TapTy Typajbl xabapiama aBTOpFa SJICKTPOHIBIK IIOIITA apKbLIbI
Kibepimeni.

Pemakupsanblk anka MakalaHbl JKapusulayFa kiOepy Typasbl memiM KaOblIgaraHHaH KeHiH penakius Oy
Typalibl aBTOpFa xabapaii/ibl )koHE )Kapusiiay Mep3iMiH KepceTei.
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ITHKA HAYYHBIX IyOIuKaAnMi

Penakimonnas xomterus xypHana «leorpadust u BOXHBIE PECYpChl» HPUAEPKHUBACTCSA NPUHSITHIX MEKIY-
HApOJHBIM COOOIIECTBOM NPHUHIMIIOB ITyOJIMKAIIMOHHON ATUKH, a TAK)KE yYUTBHIBACT LICHHBIA OINBIT aBTOPUTETHBIX
MEXIYHAPOIHBIX )KYPHAJIOB U U31aTEJILCTB.

Bo wu30exanne HeZOOPOCOBECTHOM IPAaKTHUKK B IyOJMKAIIMOHHOW JESITENbHOCTH (IUIaruar, H3JI0XKEeHHe
HEJIOCTOBEPHBIX CBEJCHHUW W JIp.) M B LEJISIX OOEcCrevyeHHs BBICOKOTO KauecTBa HAay4YHbIX MyOJMKaluWi, MpU3HAHUS
0O0IIECTBEHHOCTBIO MOJIYYEHHBIX AaBTOPOM HAy4YHBIX PE3YJIBTATOB KaKAbIH WIEH PEIaKIMOHHOTO COBETa, aBTOp,
PELIEH3EHT, a TaKKe YUPEXKJCHUs, YIaCTBYIOIINE B M3aTEIECKOM Ipoliecce, 00s3aHbl COONII0AATh ITHYECKUE CTaH-
JIapThl, HOPMBI M NPaBWJIa W NPUHUMATh BCE MEPHI AJISl MPEAOTBpAlIeHUs] nx HapymeHud. CoOmrogeHne mpaBuil
STHKW Hay4YHBIX ITyOJMKanuii BCeMH yY9aCTHHKaMHM 3TOTO IMPOIEcca CIOCOOCTBYET 0OECIIeYeHHIO MPpaB aBTOPOB HA
MHTEJJIEKTYalbHYI0 COOCTBEHHOCTb, MOBBIIICHNIO KAa4ECTBA M3/1aHHUA M MCKIIOUEHHIO BO3MOXXHOCTH HETPaBOMEp-
HOT'O MCIOJIb30BAHUS aBTOPCKUX MAaTEPHAIOB B UHTEPECAX OTAENIbHBIX JIUII.

Bce HayuHBIE CTaThH, MOCTYIAIONIUE B PEAAKIHUIO, ITOMIEKAT 00S3aTEIBHOMY JBOWHOMY CJIEIOMY PELEH3H-
poBanmuio. Pemakius XKypHama (oTBeTCTBeHHBII cekperaph JKypHaia) yCTaHaBIMBaeT COOTBETCTBHE CTATHH IIPO-
¢wmo Kyphana, TpeboBaHusIM K 0pOPMIICHHIO M HANpaBIsIET €€ Ha MEPBOE PACCMOTPEHHUE, ONPECIsIeT HayqHYIO
LEHHOCTh PYKOITMCH M Ha3HAYaeT JIBYX HE3aBUCUMBIX PEIIEH3EHTOB — CIELUAINCTOB, UMEIOIIMX HanboJsee Onn3kue K
TEME CTaThbH HayYHBIE ClIElMaNu3aluy. PereH3npoBanne crareil OCyIecTBIsIeTCS YWiIeHaMH PeJaKIMOHHON KoJuie-
THH, a TaKKe MPHUIVIAIICHHBIMU PELeH3eHTaMU M3 JPyTuX cTpaH. PemeHne o BBIOOpE TOrO WJIM MHOTO PELEH3EHTa
JUISL TIPOBENICHUSI SKCIEPTU3bl CTAThbU NMPHHUMAET TJIaBHBIN penaktop. CpoK peleH3MpOBaHMSI cOCTaBiseT 2-4 He-
JIeH, HO 110 MPOChOEe PeIieH3eHTa OH MOXKET OBITh IMPOJIJICH.

Pemakiust n penieH3eHT rapaHTUPYIOT COXpaHEHNE KOH(DHACHIMAIEHOCTH HE OITyOJIMKOBAaHHBIX MaTEpPHAJIOB.
Pemrenue o myOnukanuu nmpuHUMAETCS PENaKIMOHHON Kosuterneil XKypHana mociie perieH3upoBanus. B ciydae He-
00XOIMMOCTH PYKONHMCH HANpaBIsIETCsl aBTOPaM Ha JIOPaOOTKY IO 3aMEYaHMAM PEIEH3EHTOB U PElaKTOpOB, 3aTEM
OHa MOBTOPHO peneH3upyerca. Pemakiusi ocTaBisieT 3a coOON IIPaBO OTKJIOHUTH IyONMKAIMIO CTAaTbU B CIIydae
HapyILIEeHUs MPaBui 3THUKH. OTBETCTBEHHBIH PENaKTOp HE AOJDKEH NOIYCKaTb K IyOJMKauu MH(GOPMALUIo, €CIH
HMeeTCs J0CTaTOYHO OCHOBAaHUII M0J1araTh, YTO OHA SIBJISIETCS IIATHaTOM.

ABTOpBI TApaHTHPYIOT, YTO NMPEACTABICHHBIE B PENAKIMI0 MaT€PUAIIbl SBJISIOTCS HOBBIMHU, paHee He OIyO0uu-
KOBaHHbBIMU W OpUT'MHAJIbHBIMH. Ounn HECYT OTBETCTBEHHOCTH 3a JOCTOBCPHOCTH M 3HAYUMOCTHb HAYYHBIX PE3YJIb-
TaTOB, a TAKXKE COOJIOJICHNE NPUHLIUIIOB HAyYHO! STHKH, B YACTHOCTH HeEJOIyleHNe (pakToB HapyIIeHNs] HayYHOU
5TUKU ((aOpuKalys HaydHBIX JAQHHBIX, (QajbcuUKanus, Beaylias K HCKRKEHHUIO HCCIIEOBATENLCKUX JaHHbBIX,
IUIaruar v JIOXKHOE COaBTOPCTBO, AyOIMpoBaHUE, IPHCBOCHUE YY)KUX PE3yIbTATOB H JIp.).

Hamnpasnsist cTaThyl B peJaknuio, aBTOPHI MMOATBEPXKIAIOT, YTO JAaHHAS CTaThsl HE ObUIa paHee OMyOJMKOBaHA M
HE TepeaBaiach B APYroi xypHan(bl) Kak B OpUTHHAJE, TaK U B IIEPEBOJIC HA JPYTHE SI3BIKN WM C APYTHX S3BIKOB.
B mporuBHOM ciydae cTaThsi HEMEUICHHO BO3BpAIacTCsl aBTOpaM C PEKOMEHAAIMEH OTKJIOHUTH CTaThio 3a
HapylIeHHE aBTOPCKUX MpaB. He momyckaeTcs 10CI0BHOE IUTHPOBAaHHE pabOTHI APyroro aBropa 0e3 yka3zaHus €ro
aBTOPCTBA U CCBUIOK Ha MCTOYHUK. 3aMMCTBOBAHHBIC (PParMEHTHI MM YTBEPKICHHS AOJDKHBI OBITH O(OPMIIEHBI C
00s13aTENbHBIM YKa3aHUEM aBTOpPa M TEPBOMCTOYHMKA. Upe3MEepHBIC 3aMMCTBOBAHUS, a TAKKE IUIArHaT B JIFOOBIX
dhopmax, BKItOYass HeO(OPMIICHHBIC ITUTATHI, epedpasupoBaHue, MEPEeBO WK MPUCBOCHUE MPAB HA PE3yJIbTaThI
JYKUX HCCHeﬂOBaHHﬁ, HEOTUYHBI U HEIIPUEMIIEMBI. HeO6XOI[I/lM0 NnmpUu3HaBaTh BKJIaJl BCEX JIUI], TaK WJIM HHA4YC
IOBJIMABIIMX Ha XOA HCCJICAOBAaHUA. B YaCTHOCTH, B CTAThC JOJI)KHBI OBITh MMPCACTAaBJICHbI CCBIJIKM Ha pa60T1)1,
KOTOpbIE MMEIIM 3HAaueHHEe NpH NPOBEICHUM HccienoBaHus. Cpeau COaBTOPOB HENOIYCTHMMO yKa3bIBaTh JIMI, HE
y4acTBOBaBLIMX B MccienoBaHnu. Eciim oOHapyxeHa ommoka B paboTe mocie moiaun CTaThHi, HEOOXOIUMO CPOYHO
YBEJIOMHUTD PEAAKTOPa M BMECTE NMPHUHSATh PElIeHHe 00 UCTIPaBICHHUH.

Pemmenne 06 oTkaze B myOIMKaMy PyKOIUCH ITPUHUMACTCS PEIAaKIIMOHHON KOJUIETHEH B COOTBETCTBHH C PEKO-
MEHJAUMsIMH peneH3eHToB. CTaThs, HE PEKOMEHJOBAHHAs PEIICHHEM DPEAAKIMOHHOM KOJUIETHH K ITyONIMKanny, K
MOBTOPHOMY pPaccMOTpeHHUIo0 He mpuHuUMaercs. CoolmeHne o0 OTKaze B IyOJNHKAIlMHM HAIMpPaBISAETCS aBTOPY II0
3JIEKTPOHHOM IMOYTE.

Iocne npunsiTust penkoiuterneit XXyprana pemeHus o JOMyCKe CTaTbu K MyOJIMKALUK peJaknus HHQOPMHUPYET
00 3TOM aBTOpa M yKa3bIBAET CPOKH ITyOIUKAIIHH.
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