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AKTYaJIbHOCTh U BOCTPeOOBAHHOCTH TeMbI auccepTranmuu. B Mupe HaydyHBIX
UCCJIEIOBAaHUIM 0c000€ BHUMAHUE YACNSIETCS pPAIlMOHAIBHOMY U YCTOWYHUBOMY
UCIOJIb30BAHUIO BOJOXPAHWIUIL C YYETOM OCTPOTHI MPOOJEMbl AePUIIMTA BOIHBIX
pPECYpCOB BBI3BAHHBIX H3MEHEHHEM KiaumaTa. OCOOEHHO aKTyalbHbl BOIPOCHI IO
3¢ (PEeKTUBHON M HAJIEKHON SKCIUTyaTalldd BOAOXPAHWIMIL M  CTAOWIM3AlUHU HX
MOJIE3HBIX 00BEMOB JIJIs1 0OecrieueHus Oecriepe0oitHOM mo1aun BOJIbI OTPEOUTEIISAM, B
TOM YHCJIE CEJIIbCKOXO3SMCTBEHHBIM KYJIbTYpaM B BETr€TalMOHHBIM Tniepuoa. B
HACTOSIIEe BPEMs B Pa3BUTHIX CTpaHaX C yU4E€TOM TJIO0AIBHOTO M3MEHEHUS KIIMMAaTa,
MIPOBOJIATCS WCCIEAOBAHUS MO pPa3paboTKe ONTUMAJIBHBIX PEKHUMOB IKCILTyaTaIluu
BOJOXPAHWIHILl C  HCIOJh30BAHHEM  T'C€OMH(POPMAIMOHHBIX  TEXHOJIOTHH,
MaTEeMaTUYeCKOTO0 MOJCIUPOBAHUS M OaTUMETPUYECKUX CheMOK. OIleHKa ypOBHS
3aMJICHUS C YYE€TOM POJIM PEYHBIX OACCEHHOB M PYCIOBBIX IIPOIIECCOB OCTACTCS OTHUM
U3 OCHOBHBIX BOIIPOCOB COBPEMEHHOM PYCIOBOM THAPABIUKHA U THAPOJIOTHH. B cBsizu
C ATUM 0co0O€ BHHUMAaHME YJelseTcsi obecrneueHuro Oe3omacHoi U 3P GHEeKTUBHOM
AKCIUTyaTallil BOJOXPAHWIHUIN, a TakKe IPOTHO3UPOBAHUIO CPOKOB CIYKOBI H
3aMJICHUSI 9TUX COOPYKEHUH.

B wmupe Oomnblioe BHHUMaHHUE YNENSETCS MCCIEIOBAHUSAM IO pa3pabOTKe
3¢ (PEKTUBHBIX, HAJACKHBIX W YCTOMUMBBIX pEHICHUH U pa3paboTke >(PPEeKTUBHBIX
METOJI0B ONITUMH3AIIMN Pa0OThl BOJIOXPAHUIIUII U YIIPABIECHUSI HCTOYHUKAMH HaHOCOB,
KOTOPBIE CTIOCOOCTBYIOT 3aMJICHUIO U YMEHBIIIAIOT MOJIE3HYI0 €eMKOCTh BOJOXPaHHJIHIIL.
B Hacrosmiee Bpems OJHOM W3 OCHOBHBIX 3a/ad, CTOSAINIUX IIepe]] HAYIHBIM
COOOIIIECTBOM, SIBIIICTCS  YCOBEPIIICHCTBOBAHWE METOJOB THAPABINYECKOTO M
THUAPOJIOTHYECKOTO MOJICITHUPOBAHUS TSI TTOBBIICHHS d(PPEKTUBHOCTHA M HAJICKHOCTH
paboThI Bogoxparmmil. KirtoueBbie BOMPOCH BKIIOYAIOT MOMCK TIOXOISIICH CHCTEMBI
MOHUTOPHHTA CEAMMEHTAITMN BOJIOXPAHMUIIUII, OIIEHKY POJIM BOAOCOOPHOM TIJIOMIAIN a
TaK)K€ POJIM PYCJIOBBIX MPOILIECCOB B CEAMMEHTAIIMU BOJOXPAHWIMIL U Pa3pabOTKy
METOJIOB COKpAIlIeHHs] TPUTOKA HAHOCOB B BOJOXPAHWIMIE ¢ YIPABJICHHUS
CYIIIECTBYIOIIMMH MAaCcCaMH OTJIOKEHUN B BOJIOXPAHUIIHIIAX.

B mnactosimee Bpemsi ympaBiieHHE BOJHBIMU PECypCcaMH SIBISIETCS TJIaBHBIM
npuoputeToM st Adranuctana. M3-3a HendHEKTUBHBIX METOAOB IKCILTyaTalluu |
HEHAJUIeKAIIEro  OOCIyXUBaHMs ~ TOpHbIE  BojoxpaHwmma  AdraHucraHa
MOJIBEPraloTCsl WHTECHCUBHOMY 3aWJIMBAHUIO, YTO OTPUIATENILHO BIMAET HA UX
HOPMaJIbHOM (DYHKIIMOHMPOBAaHMM U ycToWuMBocTH. B wemsx 3¢@dekTuBHOTO
MCITOJIB30BaHUS BOJHBIX PECYPCOB pa3padaThIBAIOTCS METOBI IO OIICHKE U U3yUYEHHUIO
PEUYHBIX 0ACCEWHOB M KOPPEIAIUU MEXTY CEITUMEHTAIIMEH BOJOXPAHUIIHII U BBIHOCOM
HAHOCOB M3 BOJOCOOPHBIX IUTomiaaek. [Ipy mpaBHJIbBHOM NMPUMEHEHUH dTUX METOOB
BOJOXPAHWIIAINA MOTYT (DYHKIIMOHMPOBATH  HA TPOJOJIKUTECIBHBIC TEPHOIBI.
IIpocrota m sKoHOMHYEcKass 3(PQPEKTHBHOCTh STUX METOJOB JEJIAIOT HX JIETKO
BOCIIPOM3BOIUMBIMU B BOJIOXpaHMIHIAxX AdraHucTaHa.

Hacrosiiee nuccepTallmoHHOE MCCIIEIOBAHUE B OTIPE/ICTICHHON CTETICHU CITYKUT
peanu3anuuy 3aa4d, HaMe4ueHHbIX B YKazax [Ipesunenrta PecyOmuku Y36ekucran No
VII-60 ot 28 suBapst 2022 roga «O crtpareruu pasutusi HoBoro Y3b6ekucrana Ha
2022-2026 rompi», Ne VII-5742 ot 17 utonsa 2020 roga «O mepax no 3¢ hexTuBHOMY
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MCIIOJIb30BAaHUIO 3€MENbHBIX U BOJHBIX PECYPCOB B CEJIbCKOM X03s11cTBe», Ne VI1-6024
or 10 uronsa 2020 «O6 yrBepxkaeHnn KoHIenuu pa3BUTHS BOJHOTO XO3SHMCTBA
Pecnybnuku VY36ekucran Ha 2020-2030 roxp» u B IloctanoBnenuu IlpesumeHta
Pecniyonuku Y36ekuctan Ne III1-3286 ot 25 centsiops 2017 roga «O Mmepax 1o
JajgbHENIleMy COBEPIIICHCTBOBAHUIO CUCTEMBbI OXPaHbl BOJHBIX OOBEKTOBY», M JPYTUX
3a7a4, HAMEUYCHHBIX B HOPMATHUBHO - MPABOBBIX JOKYMEHTAX, KacCalOUIUXCSA TaHHOMN
NEesITeIbHOCTH.

CooTBeTcTBHE HMCCJIEIOBAHUI NPUOPUTETHBIM HANPABJIEHUSIM Pa3BUTHS
HAYKH M TexXHoJorud Adranucrana. [[aHHOe wucCCleNOBaHHE MPOBOJWIOCH B
COOTBETCTBUM C NPUOPUTETHBIM HAMPABICHUEM pa3BUTUSI HAYKH U TOIACPKKU
WHHOBaNMid B Adranucrane, BbIpaXeHHBIM B CTpaTerHYeCKUX paMKaxX pPa3BUTHS
Adranucrana Ha 2020-2025 roasl: «YmpaBieHHe BOJHBIMU pEeCypcaMu CTpaHbl B
LeNsaX OO0EeCleueHUs] HACEJICHWs] YUCTOM BOJIOM, Pa3BUTHUSI CEJIBLCKOTO XO3SIMCTBA,
BBIPAOOTKH AJICKTPOIHEPTHH U 3aIUTHI OKPYKAIOIIEH CPEIIBI.

Crenenb wu3y4YeHHOCTH TNPoOaeMbl. CTPOUTEIBLCTBO THIPOTEXHUUYECKUX
COOPYKEHHUH B pycJie peKH IPUBOJAUT K TiepedopMUpOBaHUIO pyciia. B BepxHem Obede
B pe3yJIbTaTe MOANOPA BOABI IIIOTUHON MPOMUCXOIUT OTI0KEHUE HAHOCOB, 3aWJICHUE U
OoJAbEM JHA pyciia KOTOphble OEpyT Hadajlio ¢ BOJOCOOpHOM Iuiomanu. Bompocamu
3auJICHUs] BOJOXpaHWIMI] 3aHuManuch yudeHwsle, C.T.Antynun, M.A.BenukaHos,
A.B.Kapaymes, A.H.I'octynckuii, K.U.Poccunckuii, WM.A.Ky3pmun, W.N.JIeBn,
M.A.MoctkoB, WN.A.Monnoanos, [.W.IllamoB, W.A.lllneep, B.I'.Canosmn,
B.C.JlaniieHKoB, A.M.Myxamenos, K.III.JIaTunos, N.A.by3yHOB,
@.[II.MyxamemxkanoB, X.A.Mcmaruno, B.A.CkppuibHukoB, 9.K.Maxmynos,
M.P.bakueB, ®.XuxmaroB, A.M.Apudxano, @.A.I'anmapoB, M.P. Hkpamona,
I'.JlaBponos, N.A.AxmeaxomxkaeBa, J{.P.bazapos, Julien P.Y., Kane B. Morgan R.P. u
Renard K.

I[To BompocaM yaydlI€eHUS PpeKUMa BOJOXPAHWIMIL 3aHUMAINCh YYEHBIC
A.b.ABaksiH, A.E.Acapun, A.M.Myxamenos, A.b.Kuraes, I.M.Matap3uH,
J.A.Huxudopona, S.®.Ilnemkos, III.P.ITo3zmgaskos, JI.B.Iloramoa, M.A.IIpeiTKOB,
A.Jl.CaBapenckuii, B.Il. Canrankun, C.X.Tarmasu, B.A. Ilapanos, ®.XukMartos,
®.A.Tl'ammapo, FO.H.IllaBamna, B.W.Iltedan, K.K.9gensmreitn, D.W.Baker,
B.P.Bledsoe, C.M.Albano, N.L.Poff, G.Williams, G.L. Morries, R. Poeppl,
S.AKantoush, Y.G.Lai, B.N.Eustis, D.S. van Maren, S.Heaven, T.Tanto, D.Rycroft u
PAI APYTUX YYCHHBIX.

CBsa3b TeMbI JHCCEPTANMM € IUIAHOM HAYYHO—HUCC/IEA0BATEJIbCKHX PadoT
BbICIIIET0 00Pa30BaATEJIbHOI0 YUpPEKIAEHHs], I/1e BHINOJHEHA NCCePTAIUS.

JluccepTalluOHHOE UCCEIOBAHUE BBIMOJIHEHO B COOTBETCTBUH C TIJIAHOM HAy4HO-
ucciegoBareabckux pabor HamumonansHoro MHccnemoBarenbckoro YHHBEpCUTETA-
Tamkentckoro Mucruryra WuxkenepoB Hppuranmm n Mexanuszanum CenbCKoro
XossiictBa mo xo3moroBopHoit Teme: Nel7/2019 «Pa3paboTka pexomeHmamuii 1mo
OTIPENICIICHHUIO T0JIe3HOro o0béma TammmapikaHckoro BomoxpaHmiaumay (2019 r.).
Taxoke guccepranust COOTBETCTBYET MpoekTy Jlemapramenrta 6acceiina pexu Kalyi mo
OIICHKE TEKYIIEH CIOCOOHOCTH M YCTOWYMBOCTU SKCIUTyaTallMd TUIPOTEXHUYECKUX
COOPY>KEHHUI, pacnosiokeHHbIX Ha peke Kadym (2020 r.).
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Leabio ucciaeq0BaHNi SBISAETCA OIEHKA MHTUHCHUBHOCTH Tepe(opMHpOBaHUS
JTHAa TOPHBIX BOAOXPAHUJIUI.
3ajgaum uccJIe10BaHMIi:
OTIpE/ICIICHHE HACTOSAILIEH MopdomeTpun BOJOXPaHUJIUIIA yTEM
O0ATUMETPUUYECKOTO UCCIEIOBAHUS. .
ONPENIECIICHUE FPaHYJIOMETPUUECKOTO COCTABA OTIIOKEHUN U UX KOHLIEHTPALUH Ha
JTHE BOJIOXPAHUJIUIIA Ha OCHOBE MPOBEICHUSI HATYPHBIX U3MEPEHUM U J1a00paTOpHOTO
aHanm3a.
pa3paboTKa METOJUKU OMpeAeNiCHUS HAHOCOCIEPKUBAIOIIEH CIOCOOHOCTH
BOJAOXPAHWINILA 3a TMEpUOJl MHOTOJETHEH 3KCIUlyaTalud DyTeM aHalu3a
TUJPOJOTUYECKUX U OATUMETPUUECKUX TAHHBIX;

OIlCHKa BOJHOW 3po3uu B Oacceiitne pekn KaOynm meromom RUSLE c menpro
BBISIBJICHUSI KOPPEJSIUMU MEXKY SpO3UEH U 3aMJIMBAHUEM BOJIOXPaHUIIUIIA.

O0beKTOM HCCIe0BAHNM SIBIISICTCS BOAOXpaHWIKIIA AdraHucTaHa.

IIpeamMeTrom mcclieqoBaHusl SIBISETCS O0Opa3OBaHHE OTJIOXKEHUUW B TOPHBIX
BOJOXPAaHWJINILAX, UX KOJIMYECTBEHHBIE U CTPYKTYPHBIE COCTABIISIOIINE, U3MEHEHHE JHA
BOJOXPAHWIIUIN, BIUSHUE BOAOCOOpOB OaceilHa peK Ha 3aWieHHe TOPHBIX
BOJOXPaHUJIHIIL.

Metoasl ucciienoBanusi. B mponecce MpoBeneHUS UCCIECIOBAHUI W3Y4YEHBl U
AHAIM3UHUCIIONB30BaHbI OOIICTIPUHATHIE METOJbI TUJIPOJIOTUA U THAPABIUKH, METOIBI
ruaporpaduueckoit (0atuMeTpudeckoi cbeMku) u amnupuaeckoit Mogenu RUSLE mis
BBISIBJICHUS OLIEHKU BOJHOM 3pO3UH HA 3aWJICHUE BOJAOXPAHUIIUIIIA.

Hay4Hasi HOBU3HA MCCJICIOBAHUSA 3aKJII0YACTCHA B CICAYIOLIEM:

C Y4Ye€TOM MHOIOJIETHEH JKCIUlyaTaluu pa3padoTaHa OaTHUMETpUYecKas KapTa
BoJOoXpaHwinilna Harmy /171 oneHKH ero COBpeMEHHOT0 TMAporpaduuecKoro COCTOSHUS;

OLIECHEHO MepedOpMUPOBAHUE JIHA YAl TOPHOIO BOJOXPAHWIIMINA C YYETOM
KOHIICHTPAIIMU HAHOCOB U UX TPaHYyJIOMETPUUYECKOTO COCTABA;

pa3paboTaH  METOJT  ONpENeTICHUS  HAHOCOYJEP)KHMBAIOIIEH  CIIOCOOHOCTH
BOJOXPAaHWJIUILA B IEPUOJ IKCIUTYaTAMU C YYETOM B3aUMOCBSI3U MEKY OCaKICHUEM
HAHOCOB B Yallle BOJOXPAHUIIUIIA U €r0 HAHOCOIPOITYCKHON CITOCOOHOCTBIO.

metonoM RUSLE mpoBenena oienka BOJHOM 3po3un B OacceitHe pexu KaOy,
MOJIYYE€HBI 3HAUCHUS SPO3UU ISl BOJIOCOOPOB M KOPPEIAIUS MEXKIY BOJHOM 3po3ueii u
3aWJICHUEM BOJIOXPAHWIIMIIIA.

IIpakTH4yeckue pe3ybTaThl HCCJIE0BAHUI 3aKIH0YAETCH B CJIeAyI0IIeM:

Ha OCHOBE 0aTUMETPUUECKUX UCCIAEIOBAHUM, THIPOJIOTUUECKUX JAHHBIX, MOJEBBIX
M3MEPEHU M aHaJIM30B YCTAaHOBJIEHA CTENEHb 3aWIEHHOCTH U paclpeiesieHHue
OTJIOXKEHUM 1O JTHY TOPHOTO BOJIOXPAHMIIUILIA;

onpeneneHbl CPOK IMOJIE3HOTO MCMOJb30BaHUS W TOJIHBIA TEpHOJ| 3auiieHUs
BOJOXPAHUIIUIIA.

Ha OCHOBE mpuMeHeHus smnupudeckoro metoaa RUSLE, paccuntana nerpaaanus
nmouB B Oacceitne pexu KaOyna, ompenenenbl Kod)PUITMEHTHI MOCTYIUICHHUSI HAHOCOB B
MOTHOXbE BOAOCOOPOB U JaHBI PEKOMEHIAITNH.

JlocToBepHOCTL pe3yJIbTATOB HCCJAeI0BAaHMU. [[OCTOBEPHOCTh HAYyYHBIX
MCCJICIOBAHMM 3aKJTFOYAETCS] B UCTIOJIB30BAHUH OOIIEPUHITHIX METOJO0B B TOM YU CIIE

6aTI/IMeTpI/I‘—ICCKI/IX CbCMOK, IIOJICBBIX I/I3MepeHI/If/'I IMPOBOAUMMBIX B CCTCCTBCHHBIX
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YCIOBUSIX M JAOOPAaTOPHBIX aHAIM30B MPOO a TakkKE DMIEPUUYECKHX METOJOB,
CpPaBHEHUU pE3YJbTATOB HCCIEAOBAHUM C 3apyO€KHBIM OIBITOM W BHEIPEHHUU
pE3yIbTaTOB MCCIIEIOBAHUN HA ITPAKTUKE.

Hayuynas u npakTuyeckasi 3HA4YUMOCTb Pe3yJbTAaTOB HCCJET0OBAHMIA.
Haydnast 3Ha4MMOCTb MCCIIEJOBAaHUMN 3aKJII0YAeTCsl B COBEPIICHCTBOBAHUM METOJIOB
OLICHKK TepedOpMHUpPOBAaHUS JHA TOPHBIX  BOJOXPaHWIIMIIL, oTnpeeIeHUH
HAHOCOY/CPKMBAIOIICH CIMOCOOHOCTH BOAOXPAHWIMINA, a TaKXKE BBISIBICHUU
KOPPEJSLUHA MEXAY HHTEHCUBHOCTBIO 3aMJIEHHS BOAOXPAHWINILA U BBIHOCOM HaHOCOB
C BOJIOCOOPHO¥ TUTOIIAIH.

[IpakTrueckass 3HAYMMOCTb PE3YJIBTATOB HCCIEAOBAHMM  3aKIOYaeTCs B
YBEJIMYEHUHN CPOKA CIIY>KObI TOPHBIX BOJOXPAHWJIUIL U YIYyYIIEHUU SKCIUTyaTalluud U
00CITy’KUBAHUU BOJOXPAHUJIHIILI.

Bueapenne pe3yabTaToB HccaeaoBaHnid. Ha 0oCHOBE NOJIy4eHHBIX pe3yJbTaTOB
UCCIIEAOBAaHUM MO 3aUJIEHUIO TOPHBIX BOJOXPAHUIINILL:

METOJIbl MPAKTUYECKOTO0 MOHMTOPUHTA M UM3YYCHHUS HW3MEHEHUS 4YaIlu
BOJOXPAHWIIMIL B YCIOBUSX HEJOCTATOYHOCTH THUAPOJOTHYECKUX JIAHHBIX H
OTCYTCTBHUSI YCTOWYMBOI CUCTEMbl MOHUTOPUHTA BHEJIPEHBI B BojoXpaHuiuiie Harmy
Opu  JlerapTaMeHTe DYHEPreTUKU U BOAHBIX pecypcoB CapyOuiickoro paiioHa
npoBuHIy KaOyn (crnpaBka Ne 1 MunHHCTepCcTBa YHEPreTUKUA U BOJIHOTO XO35MCTBA
Adranucrana ot utoinis 10, 2023). B pesynbrare Obuta co3gana 6aTuMeTpuyeckas Kapra
BOJIOXPAHWIHILA U yJ1aJIOCh YTOUHHUTh €ro MOP(HOMETPUUECKUE MOKA3ATEIH.

pa3paboTaHHAasE METOAMKA OIpPEAENICHUS HAHOCOCIAEP>KMBAIOLIEH CIIOCOOHOCTH
BOJIOXPaHWINILA 32 TIEPHOJ] SKCIUTyaTalluy BHEJIpEHa B Bogopxpanwiuiie Harmy npu
JenapTaMeHTe SHEPreTHKU M BOJHBIX pecypcoB CapyOHiiCKOro pailoHa IPOBHHIIMU
Kabyn (cripaBka Ne 1 MuHuCTepCcTBA SHEPIETUKHU U BOJHOTO X035icTBa AraHucraHa
ot utons 10, 2023). B pe3ynbrate 000CHOBaH OOBEM 3aWJICHUS BOJOXPaHUIUINA U
00beM HaHOCOB, COPaChIBAEMBIX W3 BOJIOXPAHUJIMINA B HIDKHUN Obed.

¢ momombio RUSLE npoBenena orienka BoAHOM 3po3uu B 6acceitHe pexu Kabyn
U BHEJPEHbl METOJbl CHUXEHHUS SPO3UU U CEAUMEHTAIMU, KOTOpPHIE B pPE3yJIbTaTe
OpUBEAYT K YBEJIMYCHHUIO TIOJE3HOTO o0beMa Bojgoxpanwiuma Harmy, mpu
JenapTaMeHTe SHEPreTUKU M BOJHBIX pecypcoB CapyOHiicKOro paiioHa TMPOBHHIIMH
Kabyn (cripaBka Ne 1 MuHucTEepCTBA SHEPTETUKHU M BOJHOTO X035HcTBa AdraHucraHa
or wrosis 10, 2023). B pesynbraTe NPUMEHEHHS PEKOMEHIAYEMBIX METOJIOB
CYILIECTBEHHO COKpPAaTUTCA BOJHAs 3po3usi B OacceilHe peKW, YTO MPHUBENET K
YBEJIMUYEHUIO TTOJIE3HOT0 00BheMa Bojtoxpanminiia Ha 30%.

AnpobGauust pe3yJbTaTOB HMCCJIeA0BaHMsA. Pe3ynbraTel uUcCClIE€IOBaHUN
0o0CYXZIeHbl Ha 5 MEXIYHApOAHBIX U PECIyOJMKAHCKMX HAy4YHO — MPAKTUYECKUX
KOH(EepeHIHUsIX.

Ony0,IJMKOBAHHOCTD pe3yJibTaTOB HCCJIeIOBAHUS. ITo TeMe
IUCCepTAllMOHHON  paboTel  omyOnmkoBaHbl 17 Hayunbix pabGor. W3  Hux
6 B 3apyOeKHBIX KypHaJlaX, PEKOMEHJOBAaHHBIX BEICIIIEH aTTecTallmOHHON KOMUCCHEH
PecniyOnuku  Y30ekuctan uis mMyOJMKallMd OCHOBHBIX HAy4YHBIX pPE3yJbTaTOB
auccepraiuu gokropa ¢unocopuu (PhD), B ToM yunciie onmyOJuKOBaHbI B U3JaHHUIX 3
pecnyOIuKaHCKOM M 8 B 3apyOeKHBIX JKypHAIaX, BXOISAIUX PEUTHHT 6a3bl SCOPUS.
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Crpykrypa u o0beM auccepranmu. Jlucceprauus COCTOUT W3 BBEICHUS,
YeTBIpEX  TJIAaB, 3aKIIOYCHUS W CHOHCKAa HCIOJIb30BAaHHOW muTeparypbl. O0bem
JauccepTaiuu coctapisieT 123 cTpaHuil.

OCHOBHOE COIEPKAHUE IUCCEPTALIMU

Bo BBeeHuM 000CHOBaHA aKTYalIbHOCTh U BOCTPEOOBAaHHOCTh MCCIIEIOBAHU,
eI W 3aJa4d, OOBEKT M MPEIMET, IOKa3aHO COOTBETCTBUE HCCIEIOBAHMS
IPUOPUTETHBIM HAMPABICHUSAM PA3BUTHS HAYKHM M TEXHOJOTHUM CTPAHbBI, WU3JIOKEHBI
Hay4yHas HOBU3HA U MPAKTUYECKHUE PE3YyJIbTAThI UCCIEN0BAHUS, PACKPBITHI HAYYHAS U
pPaKTHYECKass 3HAYMMOCTh IIOJYYEHHBIX pE3YyJIbTaTOB, JaHbl MPEMJIOKEHUS IIO
BHEJPEHUIO B IIPAKTHKY pE3YyJbTATOB HCCIECIOBAHUSA, NPUBEIACHBI CBEICHHUS 10
OMyOJIMKOBAaHHBIM padoTaM U CTPYKTYpE IUCCepPTaIUU.

B nepBoii riaaBe nauccepranuu «CoBpeMeHHOE COCTOSIHHE HM3YYEHHOCTH
npodjembl  mnepeopMHMpPOBaHHSL  PyCJIa TOPHBIX  BOAOXPAHJIHMID>  JaHa
BCECTOPOHHAsI MHpOpMaIHs 0 Kiaccudukanuu Bogoxpanwmil. [Ipenocrasien o030p
BOJIOXPAHWIUIL B pErHOHAIBHOM M I100aibHOM MaciTade. [lokazansl mpuemyniecTsa
M HEJIOCTAaTKU BOJNOXpaHWIHII. HecmMoTps Ha HEZOCTaTKH BOJOXPAHWIMILI, OHH IO-
PEKHEMY SIBIISIOTCA OUEHb BaXKHBIMU OOBEKTaMU, U UX POJIb B YIPABIECHUU BOJHBIMU
pecypcaMu B 310Xy M3MEHEHUs KJIMMAaTa OYEHb BaXkHa. B 3TOoM rnase, pacCMOTPEHBI
npoOJieMbl CTPOUTENBCTAaBa M AKCIUTyaTaUuu BoAOXpaHWIMIL. CTPOUTEIBCTBO
BOJOXPAHWIHIL PE3KO HApYyIIAeT OTHOCUTENBHOE PABHOBECHE, YCTAHOBUBILIEECS B
IIPUPOJIEC, U BBI3BIBACT MHTEHCUBHOE PAa3BUTHUE DPA3JIMYHBIX IPUPOIHBIX IIPOLIECCOB:
nepeopmupoBaHre OEperoB, MOBBILIEHUE YPOBHS TI'PYHTOBBIX BOJl, BBI3bIBAIOIIIEE
ITOATOIUIEHUE CENBCKCXO3SIMCTBEHHBIX YIOJIMM, HACEIICHHBIX ITYHKTOB, W3MECHEHUE
METEOPOJIOTUM MECTHOCTH, NOYBEHHOI'O IMOKPOBA PACTUTEIBHOCTH. CTPOHUTENBCTBO
BOJOXPAaHWINIL U BI3BAHHOE UMU 3aTOIUICHUE 3€MEJb U MHOTHE U3 YKA3aHHBIX BBIIIE
IIPOLIECCOB NPUBOAAT K CYIIECTBEHHBIM HM3MEHEHHUSAM B JKOHOMMKE IPUIIETarOLINX
palioOHOB U B JIOJIMHE PEKU HIKE TIOTUHBI [ DC. 3anieHne BOOJOXpaHWIUIIA SIBISETCS
OuYeHb OOJIBIIION MPoOIIeMOl B MUpE B HacTosIIee BpeMs. V3-3a u3MeHeHus1 KiiuMara u
Jerpagaluyy MoYB Ha BOJOCOOPHOM IJIOIIAAM KOJIWYECTBO HAHOCOB YBEIMYHMBAETCS C
KaKIbIM JHEM. OIBIT 3KCIUTyaTalMy BOJOXPAHWIMIL U UCCIEA0BAHMM, IPOBEIEHHBIX
3a mocieaHue 15 yeT Kak B CTpaHe Tak M 3a pyOekoM, MOKa3alid, YTO HauOOJbIINE
OTPULIATENBHBIE MOCIEACTBUA IS NPUPOABI CBA3AHBI C CO3JaHMEM OYEHb KPYIIHBIX
BOJOXPAHWINIL. YYUTHIBAsL, YTO HEKOTOPBIE U3 OTPULATEIBHBIX MOCIEACTBUNA MOTYT
UMETh HEOOpaTUMBIH XapakTep, CJelyeT IoJjlaraTb, 4YTO B MEPCHEKTUBE OYIyT
CO37aBaThCs MPEUMYLIECTBEHHO CPEHKUE U HEOOJIbIINE BOJOXPAHWIINILA, PEIIAIOIIIE
KaK KOMILUIEKCHbIE, TaK U OTpaciieBble MPOOIeMbl Pa3BUTHUS XO3AHUCTBA.

B 37Ol TnaBe ke, moAPOOHO OMUCHIBAIOTCS OCHOBHBIE METObI ONPEICICHUS
TBEPJOTO CTOKAa TOpPHBIX M paBHUHHBbIX pek. llkama ¢pakuuit mnpennoxxeHHas
B.H. I'onuapoBbsIM nipuBoAUTCS B TabnuuHOM (hopme. KosinuecTBo HAHOCOB B €TUHULIE
oObemMa BOJIbI MJIU C €IMHUIBI IIOIAAN BOJOCOOpa U3MEHAETCS KaK MO MJIOLaId, TaK
U BO BpeMmeHH. PaznuueH u (pakiimoHHBIN (3epHOBOI) cocTaB HaHOCOB. Ha mporiecc
00pa3oBaHMsI HAHOCOB B PEKax BIIMAIOT: YKJIOH, MOYBA, pacHaiika, 3a00J04€HHOCTb,
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JECUCTOCTh,  penbed, BIAXKHOCTH  BoaocOopa. WHTEHCHBHOCTh  3amJICHUS
BOJOXPAHWIHIL W MPYJIOB YCWIMBAETCA NPU HAIMYMHUKA B HAHOCAX OPraHUYECKUX
npumeceil. [IoHATUS cpoka 3auiieHUs U CpoKa CIY>KObl BOJOXPAHWIMIL MPEJIOKHBI
M.B, IlotanoBom mpuBeaeHsl ¢ Qopmynamu. ['padoaHaTUTHUYECKHI METON
I''A AnekceeBa misa ompeaeneHuss HopMmbl ctoka U ¢opmyna B.b.IlonskoBa u M.B.
[TotamoBa moapoOHO OMHUCHIBAIOTCS B 3ToM TnaBe. Meroabl u ¢opmynsr  HIIO
CAHUWPU (HUUUBII) u yuensix A.H. T'octynckoro u @.II. MyxamemxkaHoBa,
Teiinopa, Opta, [I'.W.IllamoBa, B.C. CxkpbeuibHukoBa, W.A.AXMeaX0aXKaeBbl,
B.C.JlanmeHkoBa pacCMOTPEHBI B IEPBOM TJIABE.

3nech Takke JaHa MHGOpMalMs O XapaKTEpPEeCTHKE TOPHBIX BOJIOTOKOB
Ad¢ranucrana. CTpoUTETBCTBO BOJ03a00PHBIX COOPYXKEHUM TECHO CBSI3aHO C (op-
MHPOBAaHUEM pycClla PEKH, U3MEHEHHEM €€ PYCJIOBBIX IapaMETPOB C 3IIEMEHTaMHU
noToka. boJabIMHCTBO MalbIX TOPHBIX pek LlenTpanbHoil A3un u Adranucrana c Mak-
CHMAIlbHBIMU MABOJKOBBIMU PACXOJAMH, PEIKO NpeBpimarommmu 50 mi/c, cimyxar
UCTOYHMKAMU IUTaHUS MPEATOPHBIX OPOCUTENBHBIX CHUCTEM. DBOJIBIIEHCTBO peK
Ad¢ranucrana SBIAIOTCS TOPHBIMH WM MPEATOPHBIMU HMMEIOUIUME CPABHUTEIBHO
00JIbIIINE YKIIOHBI.

B mnoroke BMecTe ¢ BOJOW, mepeaBHUraeTcss OOJIbIIOE KOJIMYECTBO HAHOCOB
KpYyNHOW (Ppakiuu, BIUIOTH JI0 BalyHOB, KOTOPbIE YPE3BBIYANHO 3aTPYIHSIOT
AKCIUTyaTalMIo BO103a00PHBIX COOPYKEHUI, 3a0HUBasi UX BXOJHbIE OTBEPCTHSI U 3aHOCS
TOJIOBHBIE YYAaCTKH OPOCUTEIIBHBIX CUCTEM, YTO BBI3BIBAET 3HAYUTEIILHBIE 3aTPATHI 110
OUYHCTKE X OT HAHOCOB.

OObIYHBIE METO/BI TUAPABIUKU HEJOCTATOYHO YUYUTBHIBAIOT TAKWE SIBJICHUS MPHU
yCTpPOMCTBE BOJ03a00PHBIX COOpYyKeHUNH. OCOOEHHO TPYAHO H3y4yaThb CTPYKTYpY
OypHOTro MOTOKA, IBUKEHHUE JOHHBIX HAHOCOB M YCTAHOBUTH CBSI3b MEXKIY KUIAKUM H
TBEPJIIM CTOKaMH TOpPHBIX pek. 110 JaHHBIM HAMIMX HCCIENOBaHMI, TOPHBIE PEKU
Oacceitna KaOyn uMerOT MHOTO OOIIEro Mo XapakTepy re0JIOTMYeCKOro CTPOCHHS,
HAJIMYUIO PACTUTENbHOCTU, ¢GopMe U KoHurypanuu OacceiHOB B IUIaHE, TIO
BBICOTHOMY MOJIO)KEHHIO U YKIIOHAM.

Bo BTOpoOM riaBe nucceprauvu UMeELIeHd Ha3zBaHue «Il'maposorumyeckasi
HU3Y4YeHHOCTh TOPHBIX peK A(QraHucTaHa» pacCMAaTPEHbl OCHOBHbIE OCOOEHHOCTH
penbeda, reorpadUUecKOro CTPOCHUS, KIMMaTa, TOPHBIX XpeOTOB, MYCThIHb U
OacceitHOB pek AdraHucraHa; npeaocTaBieHa MH(OpMAIUs O BOAHOM U OTPOMHOM
TUAPOIHEPTETUIECKOM NOTEHIMAIIE CTPAHbl, KOTOPBIN €Ie HE UCIIOJIb30BaH B IOJHOM
Mepe; NEepEeurcIeHbl CYHIECTBYIOUIME TUIPOIHEPIeTHUECKUE M THUAPOTEXHUYECKUE
coopykeHuss AdranuctaHa. JTa rjaBa CIYKUT TMpeNtoJueld K BbIOOpY O0OBEKTa
uccienoBanus. B »Toil rinaBe gaercs moapooOHas HUGOpPMAIMS O TUAPOrpaPUIECcKOi
XapaKTEPUCTHUKE PEUHBIX OacceitHOB AdraHucTraHa.

Adranucran - cTpaHa, He UMEIOIAs BbIX0J1a K OTKPBITOMY MOPIO, €€ TEPPUTOPUS
paszmensieTcss Ha MSITh OCHOBHBIX peuHbIX OacceitHa: 1. KaOym, 2. Amymapes, 3.
I'ensmang, 4. I'apupon, 5. CeBepnbiii. Kpome Toro, oxono 11,3% tepputopun cTpassl,
uTo cocTasuseT 72 500 kM2, He MMEIOT IOBEPXHOCTHOTO CTOKA.

B A¢ranucrane cpaBHUTEIBHO MHOTO PEK, HO BHYTPUTOJOBOE paclpeaeseHue
UX CTOKa HEOJIaronpuaTHO JUIsi OpOIIAEMOro 3emMjeAenus. ITO OObsCHAETCA
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OTCYTCTBHEM IIOCTOSIHHBIX JIEJHUKOB M IIOCTOSSHHON CHErOBOM JIMHUHU, KOTOpbIE
ABIISIIOTCS. OCHOBHBIM CTOKOOOpasyromuM (akTopoM IMUTaHUS PEK B pailoHax
BBICOKOTOpPHOTO penbeda. B MexeHb - 0CeHbIO, KOTJa OUTH HE OBIBAET OCAJIKOB U
3UMOM, KOI/Ia BBIAJAET CHET - €IMHCTBEHHBIM HCTOYHMKOM IHMTAHMS CTOKA PEK
ABJIIIOTCS TOJI3EMHBIE BOJBL. JIpyruM cTOK0OOpa3yromuM GakTopoM SIBIISIOTCS TaJlble
BoAbl. CTerneHb BOJOHOCHOCTM PEK 3aBUCUT OT KOJMYECTBA CHETra, BBINMABIIETO B
ropax, ¥ Xo/ia TeMIeparyp.

B »T0i1 raBe Takxke naerca MHGOpMaLKs O THAPOIHEPTETUYECKOM MTOTEHIHAE
cTpaHbl. AraHuctad uMeeT OOJIBLION MOTEHIMAN U1 Pa3BUTHS BOJHBIX PECYPCOB U
rupodHepreTukd. CTpaHa HCHOJb30BaJla TOJBKO OJIHY TPETh CBOEH BOABI IS
OpOILIEHUS, a JAJIs TUIPOIHEPIreTUKY OHA €]1Ba UCI0JIb30Baja 3% CBOETo MOTEHIHANIA.

[IpenocraBinsgercs uHbOpMaIs 0 TJIaBHBIX TUIAPOTEXHUUECKUX u
TUAPOIHEPTETUYECKUX 00BEKTaX CTPaHbI, BKIIOYAs TaHHBIE 00 HCCIIeyeMOM 00BEKTe
-I'DC Harmy.

ITnotuna Harmy pacmomokena B 70 kM k Boctoky ot Kabyna. Ona Obuta
nocrpoeHa B 1968 roay misi NMPOU3BOACTBA SJIECKTPOIHEPTMU M TOAKIIOYEHA K
HallMOHaJIbHOW ceTu Adranucrada. B Hacrosimiee BpeMs THAPOIJIESKTPOCTAHIIUS
ABJISIETCA KPyIHENIIEH B cTpaHe. BeicoTa miioThHBI Bogoxpanuiauia cocrasiser 110
M, mrHa 360 M, a o0mast éMKocTh JocturaeT 550 MHJUIMOHOB M3, MoJIe3Hass EMKOCTh
cocTapisgeT 380 MUIJIMOHOB M,

JlanHbIe 0 TOPHBIX pekax AdraHucraHa TpeOYIOT IPOBEACHUS TOMOJTHUTEIBHBIX
MOJICBBIX HCCIAEAOBAHUM I pa3paboTKu 3 (PEKTUBHBIX, HAACKHBIX U YCTOMUHUBBIX
CTpaTeruii, a TakKe JId YCTAaHOBJEHUSA JCHCTBEHHBIX METOJOB ONTHMH3ALIUU
SKCITyaTallud  BOJOXPAHWJIWIL W YNpPaBJICHUS  MCTOYHUKAMM  HAHOCOB,
CITOCOOCTBYIOIIMX 3aUJIMBAHUIO M, TEM CaMbIM, CHWIKAIONIMX TOJIE3HYIO €MKOCTb
BOJIOXPaHHUJIHIIL.

B Tpetbeii riaBe qucceprauuu noja HazBanueM «IloJieBble uccjie10BaHUA M0
onpeae/IeHUI0 3auJIeHUsl BOJAOXpaHuIuil 0acceiiHa peku Kadya» npencTaBiieHb
pe3yabTaThl MOJEBBIX MCCIIEAOBAaHUN MO BBISBICHUIO CYIIECTBYIOIIMX MPOOJIEM B
SKCILJTyaTallud  BOJAOXPAHWJIMII, BBI3BAaHHBIX OTJIO)KGHHMEM HAHOCOB. Takxke
MIPUBOJIATCS] CBEICHUS O JKUJIKOM U TBEPAOM CToke peku KalOyi, nmogydeHHbie B X0/€
MOJICBBIX ~ HM3MEPEHMH W Ja0OpaTOpPHBIX  AHAJIM30B  JUIS  BBIPAOOTKH
HaHOCOYICP>KUBAIOIIECH CTIOCOOHOCTH BOJIOXPAHIIIUINIA.

CyllecTBYIOT Kak IMpsSMbIE, TaK M KOCBEHHBIE METOAbl OICHKH 3aWJICHUS
BoJOXpaHuiuina. [IpsiMble METObI BKJIFOUAIOT TMOJIEBbIE U3MEPEHUS U MOTYT OBITh
KJIacCU(UIIMPOBAaHBl HA OCHOBE KOHKPETHBIX METOJIOB M  00OpYIOBaHUS,
UCIIOJIB3YEMbIX BO BpeMs oOcienoBaHus. KocBeHHbIE METOMAbI, C APYroll CTOPOHHI,
paccMaTpUBaIOT CIIOKHOCTh MEPEHOCa U OCAXJACHUS HAaHOCOB B BOJOXPaHUJIMILAX C
MMOMOIIBI0 MAaTEMaTUYECKOIrO0 M BBIYMCIHUTEIBHOTO aHaiu3a. B Xoae ucciemoBaHui,
IIPOBEJICHHBIX B paMKaX JUCCEpPTallMH, ObLI MCIOJB30BaH OATHUMETPHUYCCKUNA METO.
JUISL OTIpEJIeTICHUs YPOBHS 3aWJICHUSI BOJOXPAHUIIUINA, a JIJI OIEHKH BOJAHOM 3PO3UHU B
Oaccetline npumensiiack Mmoaenb RUSLE.

B »Tom pa3pene coOpaHpl M TpoaHAIU3HPOBAHBI JAaHHBIC W3 Pa3IMYHBIX
UCTOYHUKOB O peke Kalyn, kotopas sBISETCS OJHOM M3 KPYIMHEUIINX pPEK
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Adranncrana. OHa BakHa i BCEX CEKTOPOB SKOHOMMKH CTpPaHBl, BKJIIOYas
UPPUTAINIO, THIPOIHEPreTHKY, PBIOOJOBCTBO, PEKPEalri0 M BOJOCHAOKEHHE.
Bopoxpanunume Hariay - oOBEKT AucCcepTaliM TMUTAETCS JIBYMS OCHOBHBIMU
nputokamu peku Kabyn (Kabyn wu [Manmxkmiep). Pexka B OCHOBHOM IHUTaETCs 3a CUeT
TastHUSI CHETOB B TOPHOM MECTHOCTH IeHTpasibHOro Adranuctana. O0mas miomaib
Gacceiina pexu coctapuser 22046 km?. CpeJHErOI0BOM PacX0 Ha THAPOIOTHIECKON
cranmuu Harnmy cocrasmster 122 m%/cex. B pucynke 1 mokasaHo BHYTPUTOABOE
pacripesie;IHie CTOKa.

25.00
20.00
15,00

5.00
o B 00N l 0 m
X XII
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% oT rojiororo

=

Mecsmub!
Puc 1. Buyrpurogosoe pacnpenejieHue croka (% ot roaoBoro) Ha

ruapoJiorudeckom nmocry Haruy 0acceiina p. Kaoyu

Kax u )xu11kuii cTOK, TBEpbIA CTOK BEpXOBbEB peku Kalyi1 1 ee mpaBbIX MPUTOKOB
OTJIMYAETCS M0 00bEMY M XAPAaKTEPUCTHUKAM OT TBEPAOTO CTOKA JIEBBIX IPHUTOKOB,
crekaromumx ¢ orporoB ['mHmykyma. B otuere xomuccnun PAQO 18 HEKOTOPBIX
y4aCTKOB ObUIM 00pa0OTaHbl UMEBIIUECS B TO BpeMs JaHHBIE 3a pa3Hble rojibl ¢ 1957
o 1965 rr. Cpennsisi MyTHOCTB peku KaOyin Ha yuactke Harmny Obu1a mpruOIu3uTensHo
onenena komuccueit ®AO B 1,7 kr/m® (s 1957 1.), a B. JI. Hlynsuem B 1,6 kr/me.

[To manHBIM THApONIOTHYEcKOro yrpaieHuss KaOymnbckoro OacceitHa, cpeaHuit
pacxon HaHocoB misi mputoka Ilanmkmep Ha ruaponocrte Harny-2 cocraBisieT
1,62 xr/m?, a nna nputoka KaOGyn na Tanrurape - 1,76 kr/m>.

[To maHHBIM TMONEBBIX WM3MEPEHMM M JTAOOPATOPHOTO aHajIM3a OTJIOKEHUN Ha
ruaponocrax Harmy-2 m Tanrurapy 3a 12 mecsaueB 2020 u 2021 rr., npoBeneHHBIX
HaMU, pacxo]l HaHocoB peku [lanmxmep cocrapnset 1,66 kr/m3, a mputok Kabyn - 1,78
KI/M3. AHaIM3 3TUX OTJIOKEHUU B KOPPEISUUU ¢ OATUMETPUYECKUMU JaHHBIMH JUJIS
ONpeaeNeH!s] HAHOCOYIEPKUBAIOIIEH CIOCOOHOCTH BOAOXPAHWIMILEM MPEACTABICH
B ['mage IV.

HatypHble ucciienoBaHus Ha BOJOXPAaHWIMILE MPOBOIWINCH C 22 CEHTAOpPS 10
2 okta0ps 2020 roma. Ilpm OaTtumerpuyeckoil cheMKe BojoxpaHwiMina Harmy
HCIIOJB30BAJIMCh MOTOPHAs JOJIKAa M 3XOJIOT ¢ oaHodydeBbiM 200 kI’ Tumom Sea
Charter 480DF (puc. 3). Oto o06opymoBanue ObUIO TMOJKIIOYEHO K TI00aTbHOMN
KMHEMAaTHYECKOM ~ CHCTEME  IO3MLMOHHUPOBAHUS B pealbHOM BpPEMEHU
(RTK-GPS) miis onpeniesieHnst aOCOMOTHBIX KOOPIUHAT X, y U Z IHA BOJOXPAaHUIIHUIIIA.
B mpornecce ucciaenoBanus ObL1o BeIOpaHO 34 TOYKM Ha JHE BOJAOXPAHUIIWINA, W3
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KOTOPBIX OBLIM OTOOpaHBI MPOOKI TOHHBIX OTJIOXKEHUH il aHamm3a (puc. 2). BBumy
yao0cTBa MCIOJIb30BaHUS B BOJHOM cpejie g 0TOOpa mpoO JOHHBIX OTJIOKEHUM
npuMeHsiiics rpeidepHsiil mnpodbooTdéopHUK Van Veen (puc. 3).

* ‘ : LR .. »
. : L
Y 1 -
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o |

Puc.2. Mecrta Ha aHe Pucynok 3. Oxouorsl Fish Elite 480 u Sea

Bopoxpanmiuma Harmy, orkyna Charter 480DF u VVan Veen Grab sampler
ObLIN B3SITHI IPOOLI HAHOCOB HAHOCOB

daiinpl maHHBIX B dopmaTe slg, coOpaHHBIC B XOAC DXOJOKAIMOHHOW CHEMKH
BojoxpaHwmima Harmy, 6sutn 06paboTaHbl U MpOaHATM3UPOBAHBI ¢ HCTIOJIB30BAHIEM
nporpamMmHoro obecniedeHuss u ArcGIS. Otu ¢aiinm BKIIOYAIOT JaHHBIC O TIIyOWHE
BOJIBI U MECTOMOJOKEeHUH JOoAKU. C TMOMOMIBIO TTpOorpaMMbl Sonar Viewer TIyOWHbI
ObLTH peoOpa3oBaHbl B OTMETKH JHA BOJOXPAHUIIUIIA B COOTBETCTBHH C OTMETKaMH
BOJIOXPAaHWJIMIIA HA JaTy CheMKH (pHC. 4).

[OHo BoAOXpaHUAULLA

Ewun

¥ rMHa

¥ necokK

rpasui
Puc. 4. Kapra BbIcOT 1HA
Bojoxpanmiauina Haray, Puc. 5. PacnipenesieHue HAaHOCOB Ha JIHe
COCTABJICHHAS 10 0ATUMETPUYECKUM Bojpoxpanwiuma Harny

aaHHbIM B 2020 roay

[IpoOBl JTOHHBIX OTJIOXKEHUW OBUIM OTOOpaHbI C TIOMOIIBI0 TrperdepHoro
npobooTOopHrka Van Veen co Bcex HaMeueHHbIX Touek (puc.2). OO6pasisl
ObUTM aHanu3upoBaHbl B jaboparopuu B KaOyne. I[lonsaTtne mnpoucxoxaceHus

13



OTJIOXKEHHH, UCTOPUU TMEPEHOCAa W YCIOBHA HAHOCOHAKOILICHHS B BOJOXPaHHUIIUIIE
Haruty 3aBHCHT r1aBHBIM 00pa3oM OT METO/a TPaHyIOMETPHUIECKOTO aHaJIH3a.

B 1iesmom, cyst Mo OOHMIMIO OTJIOXKEHUH OT CaMOTO BBICOKOTO JI0 CAMOTO HHU3KOT'O
HPOIICHTA, THO BOJIOXPAHUJIMIIA B OCHOBHOM COCTOUT U3 Miia 52%, rimHbl 23%, TpaBust
9% u necka 16% (puc.5).
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Puc 6. IIponeHTHOE pacnpeneieHne 3epeH 0caaKa Ha MPOOHOM yYacTKe

['MuHUCTBIE OTIOXKEHUS CIOXKEHBl TJIWHOW aneBputucTton 78,5 %, riaumHOU
nbeuieBaToit cymecu 11 %, rmuHoN necyaHucTol rpaBuitHo-nibuIeBaTou 1,5 %, rmuHoun
IPaBUMHO-TIECYaHUCTON mbLIeBaTOU 1 %. I'paBUIHBIE OTIIOKEHHUS IECYAHO-TIBLIEBATO-
[JIMHUCTBIN TPaBUUM U MECUaHO-TPABUMHBINA OTJIAaraloTcs Ha OeperoBoil JUHUU 000UX
BEPXHUX KpPBUIbEB BOJIOXPAHWIMINA, YTO MOXET OBITh CBSI3aHO C BOJIHOBBIM
Bo3aeiicTBueM. bosee 60% necyaHo-aneBpUTOBBIX OTIIOKEHUN OTKIAABIBAETCA Y YCThS
pexk Kabyn u IManmxkmep. Oxono 30-40% TAMHUCTBIX OTJIOKEHHM OTKJIAbIBACTCS B
paiioHe IIIOTUHBI (puc.6).

[To 3HayeHUsIM CTaHAAPTHOTO OTKJIOHEHHUS OTJIOKEHWM CJielaH BBIBOJ, YTO
70,4 % OTNOXUBIIMXCS B BOJOXPAHWIMIIE OTJIOXKEHHN OTHOCITCA K OYEHb ILIOXO
OTCOPTUPOBaHHBIM U 17,4 % K KpailHe IJI0X0 OTCOPTUPOBAHHBIM , a OCTAJIbHASL YaCTh
OTJIOKEHHH IJI0XO OTCOPTUPOBAHBI , KOTOPBIE COCTABIISIIOT TOABKO 12,2% 0T 0611ero
KOJMYECTBA OTJOXMUBIIMXCA HAHOCOB. I[lo gaHHBIM  J1abOpaTOpHBIX  padOT
CPEIHEB3BEIICHHBIN YIEIbHBIN BEC OTIOKEeHUM cocTaBisieT 1.48 TOHH/M®.

Pe3ynbTaTh OaTMMEeTpUYeCKOM CBhEMKH TMoKa3ainu, 4to okoyno 34.5%
BOJIOXPAHWJIMILA 3AII0JHEHO HAHOCAMH, YTO COCTaBIAIOT 0KoJo 189 mMimH M3, Unucteie
U TJIUHUCTHIE OTJOXKEHHUS 3aJIeTal0T B OCHOBHOM B IIEHTPAJIbHOW YacTH BOJIM3H
MJIOTUHHOM YacTH BOJOXPaHUIIMIIA, & CMECh TJIMHBI, TTeCKa U HEOOJIBIIIOTO KOJIUYECTBa
rpaBUsi KOHIIEHTPHUPOBAHHO B TIPaBOM H JieBOM iaHrax mnpuTokoB Kabyma u
[Tanxmepa.

B 4yerBepTOil ri1aBe auccepranuu, O3ariaBlIeHHON «OLEeHKa MHTEHCHBHOCTH
nepedopMUpPOBaHMS [HA TOPHBIX BOAOXPAHMJIMINY TPUBEACHBI PE3YyJbTAThI
MCCJIEIOBaHMs BOJHOW 3po3uu B Oacceiine peku KaOyn ¢ mcmosib30BaHHMEM MOJEIH
RUSLE B couerannu ¢ nporpammoit ArcGIS. Takke BKIFOYEHBI PE3YIbTAThl HATYPHBIX
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UCCJIEIOBAHUNM M PEKOMEHJALUU MO YIYYIICHUIO 3KCIUTyaTallid BOJOXPAHWIUIL U
parmoHaIbHOMY YIIpaBJIeHUIO OacceiiHoMm peku Kadyi.

Mopaens RUSLE mnonydymna mupokoe pacnpocTpaHeHue Ojarogapsi CBoOeH
HAJCKHOCTH M TOIMYJSIPHOCTH CpEIu TMOJIb30BaTele Mo BceMy MHpy. Mojenb
onpenensieT 00IIyIo 3po3Ui0 B 6acceiiHe, BRIHOC HAHOCOB C BOJOCOOPHOM TUIOMIAIN U
K03 (UIIUEHT JOCTaBKU HAHOCOB C Kaxa0ro Bogocoopa. Monens RUSLE nmokasbiBaer,
KaK KJIMMArt, 1o4Ba, Tonorpadusi U 3eMJIENOJb30BaHUE BIUSIOT HA 3PO3UIO MOYBHI B
BOJIOCOOpax.

Mogens RUSLE ocHOBaHa Ha MCIOJIL30BAaHUU CIIEAYIOMIEH (opMyIbl ISl aHaIu3a
3pO3uH.

A=R-K-L-S-C-P (1)

rae: A-pacdeTHas CpeAHssi MPOCTPAHCTBEHHAs MOTEPS MOYBBI M CPEAHSS
BpEMEHHAs IMOTEPSI TTOYBHI HA CIUHUITY TUTOIIA I,

Mopens RUSLE wucnonb3yer miecTh NapamMeTpoB BKIIOYAs 3PO3UOHHYIO
CIOCOOHOCTH 10kAeBoro ctoka (R), spo3uonHyto cnmocooHocTh nouBsl (K), mmHy u
KpyTusny ckioHa (LS, ynpasnenue mokposom (C) u dakTop npakTuku moaaepxku (P)
I OLEHKU CPEIHEroJ0BOM CKOPOCTH MOTEPU MOYBHI. J[Mamna30Hbl 3HAUEHUN LIECTU
napameTpoB s 6acceiiHa peku KaOys BBITISIAT ClIeayomuM 00pa3oM:

—  KoaddurueHT 3po3rMOHHOM aKTHBHOCTH JT0K1eBoro ctoka (R): 11,6 ~
150,2 (100 ft x tons x acre-1 x yr-1): Koadduruent spoaupyemoctu moussl (K):
0~0,48;

—  Koaddunuent nmmnel ckinona (L): 0 ~ 2,8;

—  Koaddumuent kpyrusznst ckiona (S): 0 ~ 16,1;

—  Koaddunuent ynpasnenus nokpeituem (C): 0 ~0,5;

— ®akrop npaktuku noanepxku (P): 1,0.

UToOBl OIEHUTh CPEIHErOJIOBYI0O CKOPOCTh CMBIBAa TMO4YBBI MJisi OacceiiHa,
BBIIIC€YKa3aHHBIE 1IECTh TapaMETPOB OBLIN MEPEMHOXKEHBI C TIOMOIIBI0O HHCTPYMEHTA
pacTpoBoro Kayibkynsitopa. Ha PucyHke 7 mpeacTtaBieHbl KapThl CPEIHETOIO0BOM
CKOPOCTH CMbIBa MOYBBI JyIst Oacceiina. CpelHerojoBble MOTEPH MOYBbI OLIEHUBAIOTCS
B 4748 tonn/xm?/rox. CpeqHErofoBble TEMIIbI CMBIBA IOYBBI 3aBHUCAT OT THUIIOB
pacTUTEIBHOTO MOKpoBa OacceliHa. O01Ias cpeHeroJoBasi CKOpOCTh MOTEPh MOYBHI B
Oacceline pexu KaOyn cocrtaBnser okono 47 MWUIMOHOB TOHH B roj. [lmomans
MacTOUIIHBIX YTOAUN COCTaBISIET OKOJIO 57% oOT oOlel CpeIHEerogoBOM CKOPOCTH
MOTEPH MOYBHI, 32 KOTOPOH CJIEIyeT rojiasi IoYBa ¢ OOHAKEHUEM T'OPHBIX MOPO/I.

Brixogq HaHOCOB 3aBUCHUT OT OOIIEH 3po3und B BOJOCOOpE M OT BBIHOCA
SPOAMPOBAHHOIO MaTepuaia 3a Mpeenbl Bogocoopa. ToNbKO YacTh 3pOIUPOBAHHOTO
MaTepuaia ¢ BO3BBIIIEHHOCTEH BOJOCOOpa BBIHOCUTCS 3a Mpenesibl BogocOopa.
KonudyecTBO HAaHOCOB, BBIHOCHMBIX €CTECTBEHHBIMH TOTOKAaMH, HAMHOTO MEHBIIIE
o0111e# 3p03uUn B BEpXHEM BOJ0COOpE.

OcHOBHasi 4aCTh HAHOCOB OTKJIAJILIBAETCS B MPOMEXKYTOYHBIX MECTax, KOTa
IPOMYyCKHAas CIIOCOOHOCTh CTOKA HEIOCTATOYHA IS TTOAEPKaHUS TIepeHoca.
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HexoTopast yacTh Matepuaiia 3aJIepKUBAETCs B MOIME, @ YaCTh OTKJIAbIBACTCS B
KaHaJiax, HO OOJIbIIas YaCTh 3POIUPOBAHHOT0 MaTepuaa 3a/Iep>KUBAETCS B 03epax UK
BOJOXPAHMIIUIIAX.

o .'.\.:-’
—— - ~
R factor B
K factor
+ +
45 '
y g!ﬂiigﬁsz .
- * / Legond
'y e 4-‘ / Soil-loss_avg
- / tons/acrely:
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Gragd 0 ™ 100
P ™ K dciratons

A—

C factor

LS factor

Puc. 7. Kapra cpeaHeroioBoii CKOpocTH CMbIBA IIOYBbI B 0acceiiHe
pexu Kaoy.a

OO611ee KOIMYECTBO HAHOCOB, JIOCTABIIIEMBIX K BBIXOIY M3 BOJ0COOpA, H3BECTHO
KaK BbIXOJT HAaHOCOB. I10 ornpeseneHunto, BBIX01 HAHOCOB Y MPECTaBIIICT COO0M 0OIIHiA
CTOK HAHOCOB M3 BOJIOCOOpHOro OacceiiHa 3a OMpENENICHHBIM IEpUOJ] BPEMEHU M
0OBIYHO M3MEPSETCS B TOHHAX B roj. JJist maHHoTO BotocOopa uinu Oacceiina, yaenbHast
nerpaganus SD mosydaeTcs myTeM JCNICHHsS BbIXOJla HAHOCOB YS Ha Iuiomanpb A
BoJI0cOOpHOTO OacceitHa. CrenoBaTenbHO:

Ys
SD =-— (2)
rie. SD = ynenpHas gerpamanus  (3po3us) B TOHH/KM?.  TOg,

A = mromaas Bogocoopa B KM2,
V4eHble U MCCIENOBATENM YCTAHOBWIM CBA3b MEXKIY TEMIIOM IOCTYILICHUS

HAHOCOB U TUIONIALI0. B 3THX OTHOIICHHUSX HAOII0JaeTCsl aHAJOTUYHAS TEHICHIIHS:
BOJIOCOOPHI € OOJIBIIIEH IIOIIAAbI0 UMEIOT MEHBIINKN KOA(DPUIIUEHT JOCTAaBKU HAHOCOB.
DTO CBSI3aHO C TEM, YTO Ha OOJBIIMX TEPPUTOPHUSAX OOJbIIE HIAHCOB 3aJIePKaTh
HAHOCHI; TO3TOMY BEpOSITHOCTh TOINAaJaHHsl HAHOCOB B MOTOK HEBEIUKA. YYEHbIE
pa3palboTayii CIeAyIOIUe YPaBHEHHs B3aMMOCBSA3M MEXAY IUIOIIAAbI0 U JOCTaBKOMN
HAHOCOB.
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Pendpo pazpabotan ypaBHeHue:
log(Spr = 1.7935 — 0.14191log(A) (3)
rae: A — miomans Bogocbopa B kM2, a Spr — K0>()(QHIMEHT JOCTaBKH HAHOCOB B
nporeHTax (%). bolic ycTaHOBUI B3aUMOCBSI3b:
SDR == 04‘1A%3 (4)
rae: Ar — momanas Bogocoopa B kM2, a Spr — K03 (HIMEHT J0CTABKU HAHOCOB.

YuwibsiMC W bBepHAT HCHONB30BaIM HAKJIOH TJIABHOTO pycla PEKU s
POTHO3UPOBaHUS KOd(D(PHIMEeHTa TOCTYIUICHUSI HAHOCOB:
rae: SLP — ykiioH ocHOBHOTO moToKa B rpotieHTax (%)

Perdpo momudummposan monens (R2) cnexyrommm o6pazom:

log(Spr) = 2.94259 + 0.832621og(R/L) (6)
riae R - penbed BogocOopa, onpeenseMblii Kak pa3HHUIA BEICOT MEXITY MAaKCUMAaTbHOM
OTMETKOM BOJI0COOpa U BBIXOJOM BogocOopa. L — MakcumainbHas JyiiHa BOgocOopa,
U3MEpEHHas MPUMEPHO MapajieIbHO OCHOBHOMY CTOKY.

JlaHHBIE TIO OTJIOKEHHSIM OBUIM B3SITHl M3 CEIUMEHTOJOTHYECKOTO pasjelia
reHepanbHOro IaHa OacceitHa peku KaOyn. C momoipio Habopa HMHCTPYMEHTOB
ArcHydro B ArcGIS Obutr ouyepyeHBI BOJOCOOPBI JUISI KaKIOW THAPOJIOTHYCCKOM
CTaHIIMU, a 3aTeM W3 KapThl IpO3uH, MpeackazanHoi moaensio RUSLE, u3Bnekanach
CPEIHETOA0BAs P03 TOYBKI I KaXXA0ro Bojocobopa. B pucynke 8 mpeacTaBiieHs
yaenpHas JAerpajanus W IUIOImaab BoaocOOpa IS THAPOIOTUYECKUX CTaHIUM,
PacIoIOKEHHBIX B OacceiiHe.
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Jlerpagaiiud oTIOKEHHHA HA CTaHIH
ton/km?2/year
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== JleTpagalys OTI0KEHHI HAa CTAHITHH T/KM2/T0T Bomocoop, kM2

Puc 8. Jlerpagauusi 0TJ10KeHUI ISl CTAHIUIA, PACI0JI0KeHHBIX B 0acceiiHe peKku
Kaoya
B tabnuie 1 npeacrasieH kodGphUIMEHT NOCTYIJIEHUS] HAHOCOB, PACCUUTAHHBIM
Ha OCHOBE B3aMMOCBSI3H MEXK/y TOJI0BOM 3pO3UEH MOUBBI, ONPEAEIEHHON C TOMOIIBIO
monenn RUSLE, u naGmaromaeMbpIMH HAHHBIMH O BBIHOCE HAHOCOB M3 OTYETA O
TreHEpaAIbHOM IIJIaHE, M MO0 CPaBHEHUIO ¢ KOA(M(UIIMEHTOM IMOCTYIUICHHUS HAaHOCOB,
paccunTaHHBIM yueHHbIMU Boyce u Renfro.
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CpemneronoBasi CKOpOCTh IOTEpPh TTOUBHI B Oacceitne pexku KaOym oriennBaercs B
4748 TouH/kM%/ron. Y nenabHas nerpagauuss Ha crtaHuud Harmy cocrtabmsier 308
TOHH/KM%/TO]I.

Tao6auna 1.
Pe3yabTaThl Spr B BogocOopax 0acceiina pexu KadyJa
& N . = =
22 5888 55,8 Sor (%)
5 4 T < Ha~| = R © 2o
Hazpanue S 2| &8 XES 5OE§§
ITonBomoc6opa 3 § g g X o d g o = Hao6umro
s S | » 55 -"=&aF Z | Perpo | Boiic | maemsr
M = = Q- % = 9
Haumxmmp I | 1286 269 3143 223 | 5.8 2.5
Bariapa 10861 455 5346 165 | 3.7 4.6
XuoKpan 1579 250 2937 215 | 5.9 6.3
[ar 3789 150 1763 17.3 | 49 7.9
Tauru Fapy 8550 122 1433 17.2 | 3.1 6.3
Harny 22046 308 3290 13.7 | 2.7 7.4
I'yn6axap 3543 560 6580 125 | 45 6.4

OueHkr HOPMBI JOCTaBKM HAHOCOB IOKAa3bIBAKOT, YTO 3HAYECHHSI HAXOIATCS B
JMana3oHe Spr, YCTAaHOBJICHHBIX MoJeisiMu Manepa, Yunbsimca u bepuara , Perdpo
u boiica. O6umii HabmoMaemMblii KOA(PUIIMEHT TOCTaBKU HAHOCOB B OacceilHe peku
Kabyn xonebmercs ot 2,5 mo 10,8 %, rme Spr = 2,5 % HaOmrogaeTcs Ha
ruapomeTpuueckoid ctanuuu Ilanmkmep |, pacnonoxenHoit Ha peke Ilanmxiep, u
Spr = 10,8 % na ruapomerpuveckol craHuuu JlaxaHa, pacroIO)KEHHON Ha peke
Kynap. 3nauenue Spr s craniuu Harmy cocrasnsiet 7.4%.

Pe3ynpTaThl 0aTUMETPUYECKON CHEMKH - €MKOCTh BOAOXpaHwiuma Harmy npu
HITY cocraBager 550 mmn M3, IlockonbKy Tomorpaduueckoil KapThl IIOCIE
CTPOUTEIHCTBA IIOTHHBI Harimy He cyliecTByeT; mo3ToMy 3Ta Iudpa CIyKUT OCHOBOU
JUIl  HAllMX pacyeToB HW3MEHEHHS] €MKOCTH BOJOXpaHWiIuia. Pe3ynabTarbl
OaTUMETPUYECKUX HUCCIIEJOBAHMN MOKA3bIBAalOT, 4to 189,6 MiH. M® HaHOCOB
HaKOMMWJIOCHh 3a MOcaeAHue 52 roga B BOAOXPAHUIIUILE. DTO O3HAYAET, UTO €KETOTHBIN
TEMII COKpAIlleHUsI EMKOCTH BoJOXpaHuiuia coctasisii 0,67%, 4To MEHbIlIE MUPOBOTO
nokazarenst 1% wu nmokasarens bmmxaero Bocrtoka 1,02%. KonmmuecTBO OTIOKEHUM,
HAKOIJIEHHBIX B 30HE MOJIE3HOTO U MEPTBOI0 OOBEMOB BOJIOXPAHUIIUIIA, COCTABIISIET
92, 43 mma M° u 97, 17 M3 cooTBeTcTBeHHO, uTO cocTaBisieT 48.75% wu 51.25% ot
oOIIEero KOoJM4ecTBa OTJIOKEHHBIX HaHOCOB. Mcmonb3ys (opmyibl, pa3paboTaHHbIE
M.B. TlotanoBeiM, MOXXHO pacCcuuTaTh CPOK CIY>XObl BOJOXPAHWJIMINA U TEPUO]T
3ariieHus Bogoxpanunuiia. Cpok Ciiy»O0bl BOJOXPAHUIIUINA, TO €CTh BPEMs, B TEUCHHE
KOTOPOTO MEPTBBIM 00BbEM 3amOJIHAETCS HAHOCAMU M OOECIeYMBAETCA HOpPMAaJIbHAsS
mojada BOABI TMOTPEOUTENSIM, PACCUMTHIBACTCS MO crheayromei (opmyne. 3mech
MIPEANOIaraeTcsi, YTO CHavasa 3amoJIHIeTCS MEPTBBIN 00BEM, a 3aTeM TOJIC3HBIMH.
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17%107
1.84%106

Vi
tC = MO0 —
p W,

=92 rona. (7)
rae: Wp — cpeHuUi MHOTOJIETHUH 00BbEeM HAHOCOB PEKH, M3/TOI,

ITo MaHHBIM OAaTUMETPUYECKON CHEMKH, 0Koslo 97,17 MiH M® HaKOIJIEHHBIX B
BOJOXPAHWIUILIE OCAJKOB HAXOJUTCA B MEPTBOM 30HE, TO €CTh €XKETOJAHO B MEPTBOM
30He HakamuBanoch 1,84 man m® nanocos. CnenosarensHo, V, ,=1,84.

[lepyon 3amnuBaHusA, TO €CThb MNPOJOJLKUTEIBHOCTh TOJHOTO —3aWJICHUS
Bojoxpanuiuina 10 HITY, MoxHO paccuntath 1o ciieayromei ¢popmyre:
Vany 55*107
t, =——= = 153 rona. 8
Y W,  3.6%106 a (8)
Viny
rae, = = - o0BeM pesepByapa Ha otmeTke HITY
p
Takum oOpa3oM, COTJIaCHO TPUBEIECHHOMY pacueTy, CpOK CITYKOBI

BOJIOXPAHWININA COCTaBJsAET 92 rona, a Mepuo.I 3aIMBaHUs BOJOXpaHMIHma — 153
roja. Jpyrumu cnoBamu, k 2121 rogy BogoXpaHWIUIIE OYJET MOTHOCTHIO 3aUIICHO.

[lo panneiM Jlemapramenrta ruaposnoruu OacceitHa KaOyma u  moseBbIx
UCCIIENOBaHUM, TPUTOK peku [laHmKillep BHOCUT B BOJIOXPAHWIHIIE CPEIHETOA0BOM
pacxon 101,5 m*/c u mytHocTh 1,61 kr/m>. B 1O ke Bpems, mputok peku KaOyn
obecreunBaeT cpenHerooBoit pacxon 16,15 m*/c u myrHocts 1,76 kr/m?. Ilyrem
anredpanveckux pacueToB ONMPEJIEIICH TOI0BOM MPUTOK HAHOCOB B BOJAOXPAHIIIUIIE U
KOJIMYECTBO HAHOCOB, HAKOMMUBIIMXCS B JHE BOJOXPAHWIMIIE 3a 52 roja €ro
SKCILTyaTauu (Tadymma 2).

Tab6auna 2.
CkopocTh MPUTOKA HAHOCOB B Bojgoxpanmiauie Hara
Kon-Bo Kon-Bo O6bem
O6bem
Qcp, Qu, | HAHOCOB 32| HAHOCOB 32| HAHOCOB 32
[IpurTok 3 3 HaHOCOB 3a
m°/cek | Kr/m CYTKH, o7, TOJI., 3
3 52 roma, m
Kr/cyT TOHH/TOJ m°/roJ
[anmpxmep| 1054 | 1.6 | 14570496 | 5318231.04 | 3574080 | 185852160
KaGyu 16.6 | 1.76 | 2524262.4 | 921355.776 | $19190.7 | 32197916.9
OO1iee KOIMYECTBO OTIOXKEHUI 3a 52 rofa, B TOHHAX | 4193270.71 | 218050076.9

Kak Bugno, exeronno u3 nputokoB [lTanmxkmiepa u KaOyna B BoJoOXpaHWIHIIE
Harny nocrymaer 6239%10° tonn nHanocos. ITammxmep moctasun 5,31*%10° Tonn
85,23%, Kabyin - 921*10° Tonn 14,77%. T'omoBoii 006eM BBEIHECEHHOTO HAHOCA IIPU
cpenneii mnortHocty 1,48 Tonn/m® cocrasnser 4,19%108 M3 3a rog, uro pasen 218*10°
M° 3a 52 rojia SKCIUTyaTaluy BOAoXpaHuImIa. [1o 1aHHBEIM OaTUMETPUYECKON ChEMKH,
3a 52-JETHHI EpUOJ SKCILTyaTaluy B Bogoxpanuinine Harny nakonuaocs 189*10°
m® HanocoB. OJIHAKO, IPH CPABHEHUHM JAHHBIX PACYETOB M3 TAOIMIEI | ¢ pe3ynbTaTamMu
OaTUMETPUYECKON CheMKH OOHapyXeHa pasHuua B pasmepe 29*106 m3. Takum
o0pa3oM, yKa3zaHHOE KOJWYECTBO HAHOCOB OBUIO TMEPEHECEHO B HIDKHIOI YacTb
BOJIOXPAHHIIUIIA.
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W3 momyueHHBIX BBIIIE YUCEN MOXKHO PAacCUMTaTh CIIOCOOHOCTH 3ajepKaHUs
HaHocoB (TE) Bonoxpanununia Harny no ypaBuenuto Taxepriamcu u Cab3uBaH.

T.E. =[YIm-Y0m] 100/ ¥Im, (9)

rae. Y Im — ofmiee KoJUYeCTBO OTIOKEHHUHM, MOCTYHAIIMKUX B BOAOXPAHUIIUIIE, a
> Om — o0111ee KoJIMYeCTBO OTI0KEHUH, BEIXOIAIINX U3 BOJOXPAHUIIUIIA.

Y Im = 218*10° tonn, YOm = 29*10° TonH.

Taxum obpaszom, T.E. = (218*10° -29*10°)100/(218*10°) = 86,7%

CnenoBatenbHO, 3()PexkTUBHOCTh BomoXpaHwiMiia Harimy mo 3anepkKuBaHUIO
HAaHOCOB 3a BPEMsI €ro JKCIUTyaTalliu cocTaBisieT 86,7%, 4TO 03HAYAET, YTO OKOJIO
13,3% HaHOCOB OBLIO BEIHECEHO B HMKHIOIO YacTh BOJOXPAHWIIMIIA 32 3TOT MEPUO,.

PesynbTaThl v cBoka npuMeneHust Moaeau RUSLE i olieHKu 3po3uu MOYBkI B
Oacceitne KaOyma. 3amieHue peKk W BOJOXPaHWIHIN MPOWCXOAUT Ha BOAOCOOpax,
MUTAIONUX PEK U BOJOXpaHWUINA. ECIM OTCYyTCTBYeT 4YETKOE NpPEACTaBICHUE O
NPOUCXOXKJECHUN OTJIOXKEHUM M MyTAX HMX TPAHCHOPTUPOBKH, OYyIET CIOKHO
pa3zpaboTtath 3((HEKTUBHBIE CTPATETHH PEIICHHS TPOOJIEMbI 3aMJICHUS BOIOXPAHUITHIIL.
3HaHue MNpoOJeMbl OJWHAKOBO BAXXHO KaK /I MNPOCKTUPOBAHMS, TaK U JUIA
AKCIUTyaTalll BOJAOXPAHUIUII. Pe3ynpTaThl OLIEHKH BOJHOM 3pO3UU MPOBOJUMOU C
nomotibio Mogenu RUSLE noka3zanu, 4to cpeaHeroqoBas CKOpOCTh NOTEPh MOYBHI B
Oacceiine peku KaOyn onenuBaercs B 4748 toHH/kM?/ron. TlacTOuIIHbIC YrOJbs,
3aHUMaloIMe OOJIBIITYI0 YacTh OacceiiHa, SIBJISIOTCS OCHOBHBIM MCTOYHHMKOM JPO3UU
(oxoso 57%). becnionHble 3eMiHM, COCTaBIsONIME OKOJIO 38%, BHOCSAT BTOPOMU IO
BEJIMYMHE BKJIAJ B OOIIYIO CKOPOCTh NMOTEPH MOYBHI B OacceiiHe.

VaeneHas paerpagauus BogocOopa Harmy cocrasmser 308 tom/km?/ron. Ilo
MPOBEJICHHON OlICHKE, 3HaueHue Spr (KO PUIIMEHT JOoCTaBKM HAHOCOB) aiisa Harmy
coctramsier 7,0. [To rpaduky boiica, 3T0 3HaueHHE BBIINIE HOPMBI TI0O CPABHEHUIO C
IJIOMAbI0 BoJOcOOpa. DakTopbl, B TOM YHCIE BBICOKHE CKIOHBI, YPE3MEPHO
JIerpagupoOBaHHbIC 3eMJIM (TTACTOMINA U TOJIBIE 3€MJIM ), CITIOCOOCTBYIOT U30BITKY ATOTO
3HaueHusd. [ cmsrdeHus mpoOJeMbl BOAHOM HPO3UM U JAErpajaliuu  3eMejb
pekoMeHayeTcsi CHU3UTh 3HaueHus (aktopoB K, C m P. MupoBas mnpaktuka
MOKAa3bIBAET, YTO, MIPUMEHUB DPsiI MEp, 3HAYCHUSI ITHX (DAKTOPOB M BOJHOW IPO3HH
MOYHO CYIIECTBEHHO CHU3HUTh. (Cleayrolre Mepbl pEKOMEHAYETCS JIJIsl YMEHbIIEHUS
Ha3BaHHBIX (PaKTOPOB:

VYnpasieHue BBITACOM CKOTA W MOPEAOTBPALLCHUE YpEe3MEpHbIM BbInac. B
HACTOAIIEEC BPEMsI M3-3a YPE3MEPHOIrO BhIMAca, MACTOUIIHBIE Yroibs HAXOASTCA B
CTaJuy CUJILHOM Jierpaialiui,

[Ipexpanienue aeHynanuu OECIUIOAHBIX 3€MENb IYTEM 3alpeTra Ha BBIPYOKY
KyCTapHUKOB. J[JI1 BOCCTAHOBJICHHMS yTPAa4€HHOTO PACTUTEIBHOTO TOKPOBa
PEKOMEHYIOTCS JIECOHACAKICHUSI M 03€JICHUTEIbHBIE MEPOIPHUSTHUS;

Jlist perieHus mpo6sieMbl OOJBIINX YKIIOHOB, KOTOPhIE CIIOCOOCTBYIOT CHJIBHOM
9pO3UH, PEKOMEHAYIOTCS METOAbl TEppPacUpOBaHUs, CO3AaHUA TMPYIOB U
KOHTYPHUPOBAHUS, 0COOECHHO JIJIS HEOPOIIAEMbBIX KYJIBTYD;

Ha yuactkax ¢ KpyThIMH CKJIOHAMH, TZI€ Tpeo0IagaeT OBpakHAs 3PO3Hf,
HACTOSITEIHHO PEKOMEHYETCS CTPOUTH KOHTPOJIHHBIC JAMOBI.
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OnbIT aHAJOTMYHBIX OACCEMHOB TOKa3all, YTO, MPHUHSAB YIOMSHYTBIE MEPHI,
9pO3UI0 TOYBBI MOXKHO CHU3UTh 110 30% wu Oomee. Takum oOpazom, B ciiydyae
NPUMEHEHMs TUX METOJIOB IIOTOK HaHOCOB B Hariy moskeT cHusuthed ¢ 1,62 kr/m 1o
1,25 kr/M3, a cpok 10J1€3HOT0 UCHIONIB30BAHMS BOAOXPAHUIIMILA MOKET YBEIUUUTBCS  C
92 no 119,6 ner.

3AK/IIOYEHUE

1. Ha ocHOBe 6aTUMETPUYECKUX MCCIIEIOBAHUM, COCTaBIICHA THAporpaduyeckas
KapTa BOJOXpaHWIHINA JUIsl pa3paOOTKHA CTEMEHU 3aWJICHUS BOJOXPAHUJIUINA H
KOHIECHTPAIMU OTJIO0KEHHUM 32 52 - TETHUM MEPUOJT €T0 IKCIUTyaTaunu. JlocTaBIIeHHbIE
HaHOCHI B BOJJOXPAaHWIHIIIE 3a TIEPUO]I SIKCIUTyaTallM OlICHUBAeTCs B pazmepe 189 miiH
M, 4TO SKBHMBAJIEHTHO €KETOJHOM MOTEpe MpoeKTHOM eMkocTu Ha 0,67%. IIpu Takom
Pa3BUTHH COOBITHI BOJOXPAHWIHINE OYIET TOJHOCTBIO 3aWJIEHO 10 HOPMAaJIbHOTO
noArnopHoro ypoBHs k 2021 T.

2. Ha ocHOBe NOJIEBBIX U3MEPEHUN U PACUETOB YCTAHOBIIEHBI KOJIMYECTBEHHbIC
nokaszarenu oObeMa oTiokeHu. Ha ocHOBe TONEBBIX HCCIENOBaHUN |
TUAPOJOTUYECKUX  JAHHBIX yCTAHOBJIEHO 4YTrO0 6,23 MJIH. TOHH HAaHOCOB
TPAaHCHIOPTUPOBAIOCH B BOAOXpaHWiIvie 3a ToA. OO0mwmii o00BeM HAaHOCOB,
TIEPEHECEHHBIX B BOJOXPAHMIIMIIE 3a 52 roja SKCILUTyaTalud, cocTapisgeT 218 mun. e,

3. JlaGopaTropHbIMU aHalM3aMH YCTAaHOBJICH TPaHYJIOMETPUUECKHI COCTaB
OTJIOXKCHUM U HaljeHa 3(PPEKTUBHOCTh BOJOXPAHWININA TI0 33JIEPKAHUIO HAHOCOB,;
COTJIaCHO JIaDOpaTOPHBIM MCCJIEAOBAaHUSAM COCTAaB HAHOCOB HAKOIUICHHBIA B
BOJIOXPAHWINILE COCTABIISIET: W — 52%, rmuHa —23%, rpaBuid — 9% u necok 16%.

4. TlpoBeneHa oleHKa 3po3uu MOYBbBl B OacceliHe p. KaOyn ¢ ykazanuem
JNEeNUCTBYIOMIMX (DAKTOPOB; BBISIBICHA crieludUUecKas 3p0o3usi M JOCTaBKa OTIOKEHUHN
C BOJ0COOPOB TIABHBIX MPUTOKOB OacceliHa. CpeTHerooBas CKOPOCTh MOTEPHU MOYBbI
B Oacceiine pexu KaOyn onenusaercs B 4748 Tonn/km2/roz, a o0Imas cpeaHeroaosas
CKOpPOCTh TIOTEPH TMOYBBI COCTABIIACT MpUMEpHO 35.5 mutH. ToHH/roA. [TacTOMIIHBIC
yrofbsi, Ha KOTOpbIe Mpuxoautcs 57% o01ei cpeIHeroI0Boil MOTepy MOYBbI, BHOCST
OCHOBHOM BKJIaJl B JCrpajJalMio 3eMelb B OacceitHe. becruognbpie  3emMiw,
POU3BOAILINE 0KOJIO 38% Aerpagannu, IBISIOTCS BTOPBIM IO BEJTMYMHE HCTOUHUKOM
MOTEph MOYBHI B 3TOM OacceifHe.

5. Ha npumepe Harny I'SC paccMOTpeHbI MPUYUHBI 3aUJICHUSI TIPEATOPHBIX U
TOPHBIX BOJIOXPAHUJIUII. ITO CBOEro poja MEpBO€ UcCienoBaHue B AdraHucrane u
MOXET CTaTh XOPOILIMM HayajioM Il TMOJOOHBIX MCCJIEAOBaHUM B JIPYrUx
BOoJOXpaHuIuIax Adranucrana.

6. Bomoxpanunumie Hariry odeHp BaXHO IS MOJIEpKaHUs OajlaHca HAHOCOB
HIOKEe To TeueHUto peku Kalyi, rie pacnoyioKeHbl Takuhe BOJOXPAHUIIMING, Kak
Capy6u, Jlapynta u mnanupyemoe Capyou |l. Beixom u3 cTtpost wiu paspylieHue
BOJIOXPAHUJIUIIIA OKAKET CEPhE3HOE BO3ICHCTBHUE HA ITH )KU3HEHHO BOXXKHBIE OOBEKTHI,
a ero ofmiee BO3JIEHCTBHE HA OKPYKAIOIIYIO CPEIy M DKOHOMHUKY CTpPaHBI OKaKETCS
HEKOMIIEHCUPOBAHHBIM.
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7. Jlo HEgaBHETO BpeMEeHU BoAOXpaHmauiie Harmy ympaBisisioch HeaaeKBaTHO.
B mocnemnmne Toapl Mano yCHIWN OBUIO TPENNPHHSITO U1 PEIICHUs MPOOIeMBbI
CEIMMEHTAIlMU B BOJOXpaHWiuIle. JIOHHOE BOJOCIYCKHOE COOpPY)XCHHE HE
(YHKITMOHUPYIOT TOJDKHBIM 00pa3oM, a iepcoHalI, paboTaroIHMii Ha BOJOXPAHMITHUIIIE,
He 00J1a/1aeT JOCTAaTOYHBIMHA BO3MOXKHOCTSIMU U HaBBIKAMH JJIS1 SKCIUTyaTalld TaKOTO
BaXHOTO OOBEKTa. HacTosITeNbHO pPEKOMEHIYeTCs YIAYYIIMTh OJKCIUTyaTalWio Hu
TEXHUYECKOe OOCTy)KMBaHWE BOJOXpaHWIUIIa. KpomMe Toro, BaXHO CO34aTh
HaJICKAIYI0 CUCTEMY MOHHTOPHHTA W yNpPaBJICHUS HaHocaMu. Kak yrmoMuHamoch B
TUCCEPTAINH, TICPUOJ] BRICOKMX MABOJAKOB C MapTa MO Mail MOKET OBITh MCTIOJIb30BaH
JUTSI TUJPABIMYECKON TPOMBIBKH BOJOXpAaHUIUINA. Takke HEOOXOIUMO IOBBICUTH
paboTOCTIOCOOHOCTh TIEPCOHANIa 3TOTO O0BEKTa HW HEOOXOAWMO TMPHUBICYL K
YOPABJICHUIO 3TUM 00BEKTOM OTEYECTBEHHBIX M 3apyOEIKHBIX OMBITHBIX CTICIIHAIHCTOB.
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INTRODUCTION (PhD dissertation abstract)

Relevance and demand for the dissertation topic. In the world of scientific
research, special attention is paid to the rational and sustainable use of reservoirs,
taking into account the severity of the problem of water resources deficit caused by
climate change. Particularly relevant are the issues of efficient and reliable operation
of reservoirs and stabilization of their useful volumes to ensure uninterrupted water
supply to consumers, including agricultural crops during the growing season.
Currently, in developed countries, taking into account global climate change, research
IS being conducted to develop optimal modes of reservoir operation using
geoinformation technologies, mathematical modeling and bathymetric surveys.
Assessing the level of siltation, taking into account the role of river basins and channel
processes, remains one of the main issues of modern channel hydraulics and hydrology.
In this regard, special attention is paid to ensuring the safe and efficient operation of
reservoirs, as well as predicting the service life and complete siltation of these
structures.

In the world, much attention is paid to research on the development of efficient,
reliable and sustainable solutions and the development of effective methods for
optimizing the operation of reservoirs and managing sediment sources that contribute
to siltation and reduce the useful capacity of reservoirs. At the same time, taking into
account the elements of the water balance in reservoirs, determining the decrease in the
useful volume of reservoirs and increasing the useful volume are urgent tasks.
Currently, one of the major challenges facing the scientific community is to improve
hydraulic and hydrological modeling methods to increase the efficiency and reliability
of reservoirs. Key issues include finding a suitable reservoir sedimentation monitoring
system, assessing the role of catchment area and the role of channel processes in
reservoir sedimentation, and developing methods to reduce sediment inflow into the
reservoir and manage existing sediment masses in reservoirs.

Water resources management is currently a top priority for Afghanistan. Due to
inefficient operation and maintenance, mountain reservoirs in Afghanistan are subject
to intense siltation, which negatively affects their normal functioning and sustainability.
In order to effectively use water resources, methods are being developed to assess and
study river basins and the correlation between reservoir sedimentation and sediment
loss from catchment areas. With proper application of these methods, reservoirs can
operate for long periods. The simplicity and cost effectiveness of these methods make
them easily replicable in reservoirs in Afghanistan.

This study, to a certain extent, serves to implement the tasks set in the Decree of
the President of the Republic of Uzbekistan dated February 7, 2017 UP-4947 “On the
Strategy of Action for the further development of the Republic of Uzbekistan™ and the
Decree of the President of the Republic of Uzbekistan dated September 25, 2017
PP-3286 “On measures on further improvement of water bodies protection systems”
and other regulatory documents related to this activity.

Correspondence of the research to the priority areas of science and
technology development in Afghanistan. This study was conducted in accordance
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with the priority direction for the development of science and support for innovation in
Afghanistan, expressed in the Afghanistan Strategic Development Framework for
2020-2025: "Managing the country's water resources to provide people with clean
water, developing agriculture, generating electricity and protecting the country's
environment, which will contribute to the sustainable development of Afghanistan.”

Degree of research on the problem. The construction of hydraulic structures in
the riverbed leads to the reshaping of the riverbed. In the upper pool, as a result of the
backwater of the dam, sedimentation, siltation and rise of the bed of the channel occur,
which originate from the drainage area. The scientists S.T.Altunin, M.A.Velikanov,
A.V.Karaushev, A.N.Gostunsky, K.I.Rossinsky, I.A.Kuzmin, I.l.Levi, M. A. Mostkov,
I. A. Moldovanov, G. I. Shamov, I. A. Shneer, V. G. Sanoyan, V. S. Lapshenkov, A.
M. Mukhamedov, K. Sh. Latipov, I. A. Buzunov, F.Sh.Mukhamedzhanov,
Kh.A.lsmagilov, V.A.Skrylnikov, E.Zh.Makhmudov, M.R.Bakiev, F.Khikmatov,
A.M.Arifzhanov, F.A.Gapparov, M. R. Ilkramova, G. Davronov, I.A.
Akhmedkhodzhaeva, D.R. Bazarov, Julien P.Y., Kane B. Morgan R.P. and Renard K
have carried out researches on the topic.

Scientists A.B. Avakyan, A.E. Asarin, A.M. Mukhamedov, A.B. Kitaev, Yu.M.
Matarzin, D.A. Nikiforova, Ya.F. Pleshkov, Sh R. Pozdnyakov, L. V. Potapova, M.
Ya. Prytkov, A. D. Savarensky, V. P. Saltankin, S.H. Taglavi, V.A. Sharapov,
F.Khikmatov, F.A.Gapparov, Yu.N.Shavnina, V.l.Stefan, K.K.Edelshtein,
D.W.Baker, B.P.Bledsoe, C.M.Albano, N.L.Poff, G.Williams, G.L. Morries, R.
Poeppl, S.A.Kantoush, Y.G.Lai, B.N.Eustis, D.S. van Maren, S.Heaven, T.Tanto,
D.Rycroft and a number of other scientists have conducted research on improving the
regime of reserviors.

The connection of the dissertation topic with the research work of the
research institution where the dissertation was completed. The dissertation research
was carried out in accordance with the research plan of the “Tashkent Institute of
Irrigation and Agricultural Mechanization Engineers” National Research University on
the economic contract topic : No. 17/2019 “Development of recommendations for
determining the useful volume of the Talimarzhan reservoir” (2019). The dissertation
also corresponds to the project of the Kabul River Basin Department to assess the
current capacity and sustainability of the operation of hydraulic structures located on
the Kabul River (2020).

The aims of the research is assessment of the intensity of change in the bottom
of mountain reservoirs.

Research objectives:

determination of the actual morphometry of the reservoir using the bathymetric
study method.

determination of the granulometric composition of sediments and their
concentration on the bottom of the reservoir based on field measurements and
laboratory analysis.

development of a method for determining reservoir sediment trap efficiency over
the operational period by analyzing hydrological and bathymetric data.

assessment of water erosion in the Kabul River basin using the RUSLE method in

order to identify a correlation between erosion and siltation of the reservoir.
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The object of the study is the reservoirs of Afghanistan (Naglu reservoir).

The subject of the study. Formation of sediments in mountain reservoirs, their
quantitative and structural components, changes in the reservoir bottom, the influence
of catchments on the siltation of mountain reservoirs.

Research methods. In the course of the research, widely accepted methods of
hydrology and hydraulics, hydrographic techniques (bathymetric surveys), and the
empirical RUSLE model were utilized to assess water erosion and its impact on the
siltation of the reservoir.

Scientific novelty of the research:

taking into account long-term operation, a bathymetric map of the Naghlu
reservoir was developed to assess its current hydrographic state;

the reshaping of the mountain reservoir bowl was assessed taking into account the
sediment concentration and granulometric composition of alluvial deposits;

a method has been developed to determine the reservoir sediment trap efficiency
during its operation period, considering the relationship between sediment deposition
in the reservoir bowl and the reservoir's sediment passing capacity.

the RUSLE method was used to assess water erosion in the Kabul River basin,
erosion values for catchments and a correlation between water erosion and reservoir
siltation were obtained.

The practical results of the study are as follows:

Based on bathymetric studies, hydrological data, field measurements and analyses,
the degree of siltation and distribution of sediments along the bottom of the mountain
reservoir were established;

The useful life and the full period of siltation of the reservoir were determined.

Based on the application of the empirical RUSLE method, soil degradation in the
Kabul River basin was calculated and specific degradation rates at the foot of the
catchment areas were determined and recommendations were given.

Reliability of the received results. The reliability of scientific research lies in the
use of generally accepted methods, including bathymetric surveys, field measurements
carried out in natural conditions and laboratory analysis of samples, as well as empirical
methods, comparison of research results with foreign experience and the application of
these results in practice..

Scientific and practical significance of the research results.

Improving methods for assessing the reshaping of the bottom of mountain
reservoirs; determining the sediment trap efficiency of the reservoir, as well as
identifying the correlation between the intensity of reservoir siltation and the transport
of sediment from the catchment area determine the scientific significance of the
research.

The practical significance of the research results lies in increasing the service life
of mountain reservoirs and improving the operation and maintenance of reservoirs.

Implementation of the research results. Based on the obtained results of studies
on siltation of mountain reservoirs:

Methods of practical monitoring and studying changes in the reservoir bowl in
conditions of insufficient hydrological data and the absence of a sustainable monitoring

system were implemented in the Naghlu reservoir of the Department of Energy and
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Water Resources of the Sarubi District of Kabul Province (Certificate no. 1 Ministry of
Energy and Water of Afghanistan dated July 10, 2023). As a result, a bathymetric map
of the reservoir was created and its morphometric indicators were clarified.

The developed methodology for determining the sediment-holding capacity of the
reservoir during the operation period was implemented in the Naghlu reservoir of the
Department of Energy and Water of the Sarubian District of Kabul Province (Certificate
no. 1 Ministry of Energy and Water Resources of Afghanistan dated July 10, 2023). As
a result, the volume of siltation of the reservoir and the volume of sediment discharged
from the reservoir into the lower pool were substantiated.

RUSLE has been used to assess water erosion in the Kabul River Basin and
iImplement erosion and sedimentation mitigation methods, which will ultimately
increase the useful capacity of the Naghlu Reservoir, under the Department of Energy
and Water Resources, Sarubi District, Kabul Province (Certificate no. 1 Ministry of
Energy and Water of Afghanistan dated July 10, 2023). As a result of applications of
recommened methods, the water erosion in the river basin will reduce substantially
reslulting in the increase in the useful volume of the reservoir by 30%

Approbation of the research results. The results of the study were discussed at
4 international and 3 national scientific and practical conferences.

Publication of research results. 17 scientific papers have been published on the
topic of the dissertation. Of these, 6 are in foreign journals recommended by the Higher
Attestation Commission of the Republic of Uzbekistan for the publication of the main
scientific results of the Doctor of Philosophy (PhD) dissertation, including published in
3 republican editions and 8 in foreign journals included in the Scopus rating database.

Structure and scope of work. The dissertation consists of an introduction, four
chapters, conclusions, and a list of references. The material is presented on 123 pages.

MAIN CONTENT OF THE THESIS

The introduction substantiates the demand for and relevance of the research, the
goals and objectives of the research, characterizes the object and subject, shows the
correspondence of the research to the priority directions of the development of science
and technology in the country, outlines the scientific novelty and practical results of the
research, reveals the scientific and practical significance of the results obtained, and
introduces the results into practice research, information on published works and the
structure of the dissertation.

The first chapter of the dissertation “Current state of knowledge of the problem
of reshaping the beds of mountain reservoirs” provides comprehensive information
on the classification of reservoirs and provides a comprehensive classification of
reservoirs. An overview of reservoirs on a regional and global scale is provided. The
advantages and disadvantages of reservoirs are explained. Despite some shortcomings,
reservoirs are still very important assets and their role in water resource management in
the era of climate change is very important.

This chapter discusses the problems of creating and operating reservoirs. The
creation of reservoirs sharply disrupts the relative balance established naturally and
causes intensive development of various natural processes: reshaping of the banks,
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rising groundwater levels, causing inundation of agricultural land, populated areas,
changes in the meteorology of the area, and the soil cover of vegetation. The creation
of reservoirs and the resulting inundation of land and many of the above processes lead
to significant changes in the economy of the surrounding areas and in the river valley
below the hydroelectric dam. Siltation of the reservoir is a very big problem.
Unfortunately, a correct solution to the problem has not yet been found. The lifespan of
a reservoir depends on the amount of sediment in the water. Due to climate change and
soil degradation in the catchment area, the amount of sediment is increasing every day.
Experience in operating reservoirs and research conducted over the past 15 years both
in the country and abroad have shown that the greatest negative consequences for nature
are associated with the creation of very large reservoirs. Considering that some of the
negative consequences may be irreversible, it should be assumed that in the future,
mainly medium and small reservoirs will be created, solving both complex and sectoral
problems of economic development.

This chapter describes in detail the main methods for determining the solid runoff
of mountain and lowland rivers. The fraction scale proposed by V.N. Goncharov is
explained in tabular form. The amount of sediment per unit volume of water or per unit
catchment area varies both over area and over time. The fractional composition of
sediments is also different. The process of sediment formation in rivers is influenced
by: slope, soil, plowing, swampiness, forest cover, relief, and moisture content of the
catchment area. The intensity of siltation in reservoirs and ponds increases with the
presence of organic impurities in sediments. The concepts of siltation period and service
life of reservoirs proposed by M.V. Potapov are explained with formulas. Graphic-
analytical method of G.A. Alekseev for determining the flow rate and the formula of
V.B. Polyakov and M.V. Potapov are described in detail. Also methods and formulas
of NPO SANIIRI and scientists like A.N. Gostunsky and F.Sh. Mukhamedzhanov,
Taylor, Ort, G.I. Shamov, V.S. Skrylnikova, I.A. Akhmedkhodzhaevs,
V.S. Lapshenkova are discussed in the first chapter.

It also provides information on the characteristics of mountain watercourses in
Afghanistan. The construction of water intake structures is closely related to the
formation of the river bed, changes in its channel parameters with flow elements. Most
of the small mountain rivers of Central Asia and Afghanistan, with maximum flood
flows rarely exceeding 50 m?/s, serve as power sources for foothill irrigation systems.

Most of the rivers in Afghanistan are mountainous or piedmont with relatively
large slopes. In the flow, along with the water, as mentioned above, a large amount of
coarse sediment moves, up to boulders, which extremely complicate the operation of
water intake structures, clogging their inlets and carrying the head sections of irrigation
systems, which causes significant costs for cleaning them from sediment.

Conventional hydraulic methods do not sufficiently take such phenomena into
account when constructing water intake structures. It is especially difficult to study the
structure of a turbulent flow, the movement of bottom sediments, and to establish a
connection between liquid and solid runoff of mountain rivers.

According to our research, the mountain rivers of the Kabul basin have much in
common in terms of the nature of the geological structure, the presence of vegetation,

the shape and configuration of the basins in plan, altitudinal position and slopes.
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The second chapter of the dissertation “Hydrological study of the mountain
rivers of Afghanistan” examines the main features of the relief, geographical structure,
climate, mountain ranges, deserts and river basins of Afghanistan; information is
provided on the country's water and huge hydropower potential, which has not yet been
fully exploited; the existing hydropower and hydraulic structures of Afghanistan are
listed. This chapter serves as a prelude to selecting a research subject.

This chapter provides detailed information about the hydrographic characteristics
of the river basins of Afghanistan.

Afghanistan is a landlocked country, its territory is five river basins:

1. Kabul, 2. Amu Darya, 3. Helmand, 4. Garirod, 5. Northern. Along with this,
about 11.3% equal to 72,500 km? of the country’s territory does not have surface
drainage, which include the southern part of rocky and sandy deserts and the area
between the tributaries of the deltas of drainless rivers flowing from the northern slopes
of the Hindu Kush.

There are relatively many rivers in Afghanistan, but the intra-annual distribution
of their flow is unfavorable for irrigated agriculture. This is explained by the absence
of permanent glaciers and a permanent snow line, which are the main runoff-forming
factor in feeding rivers in high mountain areas. During the low water period - in autumn,
when there is almost no precipitation, and in winter, when snow falls - the only source
of river flow is underground water. Another flow-forming factor is melt water. The
degree of water content of rivers depends on the amount of snow that has fallen in the
mountains and the course of temperatures.

This chapter also provides information on the country's hydropower potential.
Afghanistan has great potential for the development of water resources and hydropower.
The country used only one-third of its water for irrigation, and for hydropower it barely
used 3% of its potential. Information is provided on the main hydraulic and hydropower
facilities of the country such as Surubi Hydroelectric Power Station, Kajaki
Hydroelectric Power Station, Salma Dam, etc. Information about the object of the study
Naglu hydroelectric power station is also given.

The Naghlu Dam is located 70 km east of Kabul. It was built in 1968 to produce
electricity and is connected to the national grid of Afghanistan. Currently, the dam is
the largest power plant in the country. The height of the dam is 110 m, the length is 360
m, and the reservoir capacity reaches 550 million m®. The useful capacity of the
reservoir is 380 million m?.

The data on mountain rivers in Afghanistan require further field studies to develop
effective, robust and sustainable strategies, as well as to establish efficient methods to
optimize reservoir operations and manage sediment sources that contribute to siltation
and thus reduce reservoir storage capacity.

The third chapter of the dissertation, entitled “Field studies to determine the
siltation of reservoirs in the Kabul basin,” presents the results of the field study
aimed at identifying existing problems in reservoir operation caused by sedimentation.
It also provides information on the liquid and solid runoff of the Kabul River, obtained
from field measurements and laboratory analyses, to assess the sediment retention
capacity of the reservoir.

There are both direct and indirect methods for assessing reservoir siltation. Direct
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methods involve field measurements and can be categorized based on the specific
techniques and equipment used during the survey. Indirect methods, on the other hand,
address the complexity of sediment transport and deposition in reservoirs through
mathematical and computational analysis.

In this research, the author utilized the bathymetric method to determine the level
of reservoir siltation. Recognizing that sedimentation begins in catchment areas, the
author also employed the RUSLE method to asess issues related to erosion and sediment
delivery to adjacent areas of the reservoir.

This section collects and analyzes data from various sources about the Kabul
River, which is one of the major rivers in Afghanistan. It is important for all sectors of
the country's economy, including irrigation, hydropower, fisheries, recreation, and
water supply. The Naghlu Reservoir, the subject of this dissertation, is fed by two major
tributaries of the Kabul River (Kabul and Panjshir). The river is fed mainly by snowmelt
in the highlands of central Afghanistan. The total area of the river basin is 22,046 km?.
The average annual discharge at the Naghlu hydrological station is 122 m®/sec. Figure
1 shows the intra-annual flow distribution.
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Figure 1. Intra-annual distribution of runoff (% of annual) at the Naglu
hydrological station of the river basin. Kabul

Like the liquid runoff, the solid runoff of the upper reaches of the Kabul River and
its right tributaries differs in volume and characteristics from the solid runoff of the left
tributaries flowing from the spurs of the Hindu Kush. In the report of the FAO
commission, the data available at that time for different years from 1957 to 1965 were
processed for some sections. The average turbidity of the Kabul River in the Naghlu
section was approximately estimated by the FAO commission at 1.7 kg/m? (for 1957),
and by V. L. Schultz at 1.6 kg/m?.

According to the hydrological department of the Kabul basin, the average sediment
discharge for the Panjshir tributary at the Naghlu-2 hydrographic post is 1.62 kg/m3,
and for the Kabul tributary at Tangigar - 1.76 kg/m>.

According to our field measurements and laboratory analysis of sediments at the
Naglu-2 and Tangigaru gauging stations for 12 months in 2020 and 2021, the sediment
discharge of the Panjshir River is 1.66 kg/m3, while the Kabul tributary is 1.78 kg/m®.
The analysis of these sediments in correlation with bathymetric data to determine the
sediment holding capacity of the reservoir is presented in Chapter IV. The field survey
of the reservoir was carried out from September 22 to October 2, 2020. A motorboat
and a Sea Charter 480DF single-beam 200 kHz echo sounder (Fig. 3) were used for the
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bathymetric survey of the Naglu Reservoir. This equipment was connected to a real-
time global kinematic positioning system (RTK-GPS) to determine the absolute X, y
and z coordinates of the reservoir bottom. During the study, 34 points on the bottom of
the reservoir were selected, from which bottom sediment samples were collected for
analysis (Fig. 2). Due to the ease of use in the aquatic environment, a VVan Veen grab
sampler was used to collect bottom sediment samples (Fig. 3).

Figure 2. Locations on the bottom of
the Naglu Reservoir where sediment
samples were taken

Figure 3. Fish Elite 480 and Sea
Charter 480DF echo sounder and Van
Veen grab sampler

The slg data files collected during the sonar survey of the Naglu Reservoir were
processed and analyzed using software and ArcGIS. These files included water depth
and boat position data. Using Sonar Viewer, the depths were converted to reservoir
bottom elevations according to the reservoir elevations on the date of the survey
(Figure 4).
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Figure 4. Elevation map of the bottom
of the Naglu reservoir, compiled from
bathymetric data in 2020

A better understanding of the sediment origin, transport history and sediment
accumulation conditions in the Naglu Reservoir depends mainly on the particle size
analysis method. Overall, based on sediment abundance from highest to lowest

Figure 5. Sediment distribution at the
bottom of the Naglu reservoir
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percentage, the reservoir bottom is primarily composed of silt 52%, clay 23%, gravel
9% and sand 16% (Figure 5).

Clay deposits are composed of silty clay 78,5%, silty sandy loam clay 11%, sandy
gravelly-silty clay 1.5%, gravelly-sandy silty clay 1%. Gravel deposits sandy-silty-
clayey gravel and sandy-gravel are deposited on the shoreline of both upper wings of
the reservoir, which may be associated with wave action. More than 60% of sandy-silty
sediments are deposited at the mouth of the Kabul and Panjshir rivers. About 30-40%
of clay sediments are deposited in the dam area (Figure 6).
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Figure 6. Percentage distribution of sediment grains in the bed of the reservior

Based on the standard deviation values of the sediments, it was concluded that
70.4% of the sediments deposited in the reservoir are classified as very poorly sorted
and 17.4% as extremely poorly sorted and the rest of the sediments are poorly sorted |,
which constitute only 12.2% of the total amount of sediment deposited. According to
laboratory data, the weighted average specific gravity of sediments is 1.48 tonn/m?3,

The results of the bathymetric survey showed that about 34.5% of the reservoir is
filled with sediment, which amounts to about 189 million m3. Silt and clay deposits
occur mainly in the central part near the dam part of the reservoir, and a mixture of clay,
sand and a small amount of gravel is concentrated in the right and left flanks of the
Kabul and Panjshir tributaries.

Calculation of siltation of the reservoir and the connection between bathymetric
survey and field research is given in the fourth chapter.

The fourth chapter of the dissertation, “Assessing the intensity of change in the
bottom of mountain reservoirs,” analyzes erosion in the Kabul River basin, which
feeds a number of reservoirs, including Naglu. To study erosion in the basin, a RUSLE
model was used in conjunction with the ArcGIS program. The model has become
widespread due to its reliability and popularity among users around the world. The
model determines the total erosion in the basin, sediment removal from the watershed,
and the sediment delivery rate from each watershed. The RUSLE model shows how
climate, soil, topography and land use influence soil erosion in watersheds.

The RUSLE model shows how climate, soil, topography, and land use influence
erosion in and between streams caused by rainfall impacts and runoff.

The basic assumption of RUSLE is that detachment and deposition are controlled
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by the sediment content of the stream. The process of erosion is not limited to the
source; however, it is limited by the flow capacity.

When the sediment load reaches the flow capacity, detachment can no longer
occur. USLE and RUSLE estimate average annual erosion using the same equation, but
RUSLE is based on recent changes in various parameters, which are shown in Equation:

A=R-K-L-S-C-P (1)

where: A is the estimated average spatial soil loss and average temporal soil loss
per unit area;

The RUSLE model uses six parameters including rainfall erodibility (R), soil
erodibility (K), slope length and steepness (LS), cover management (C) and support
practice factor (P) to estimate the average annual rate of soil loss. The ranges of the
six parameters for the Kabul River Basin are as follows:

1) Rainwater runoff erosive rate (R): 11.6 ~ 150.2 (100 ft x ton X acre-1 x year-1)
2) Soil erodibility coefficient (K): 0 ~0.48

3) Slope length ratio (L): 0~2.8

4) Slope coefficient (S): 0 ~ 16.1

5) Coating control coefficient (C): 0~0.5

6) Support Practice Factor (P): 1.0

LS factor g

Figure 7. Map of the average annual soil loss rate in the Kabul River basin

To estimate the average annual soil loss rate for the basin, the above six parameters
were multiplied using a raster calculator tool. Figure 3 shows maps of the average
annual soil loss rate for the basin. Average annual soil loss is estimated at
4748 ton/km?/year.

The average annual rate of soil loss depends on the types of vegetation cover in
the basin. The overall average annual rate of soil loss in the Kabul River basin is about
47 million tons per year. Grassland area accounts for about 57% of the total average
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annual soil loss rate, followed by bare soil with rock outcrops. (Figure 7)

Sediment yield depends on the overall erosion in the catchment and on the
transportation of eroded material outside the catchment. Only part of the eroded material
from the higher elevations of the catchment is carried outside the catchment. The
amount of sediment carried by natural streams is much less than the total erosion in the
upper catchment. The bulk of sediment is deposited in intermediate locations when
drainage capacity is insufficient to support transport.

Some material is retained in the floodplain and some is deposited in channels, but
most of the eroded material is retained in lakes or reservoirs.

The total amount of sediment delivered to the outlet of the catchment is known as
sediment yield.

By definition, sediment yield Y is the total sediment discharge from a watershed
over a period of time and is usually measured in tons per year. For a given catchment
or basin, the specific degradation SD is obtained by dividing the sediment yield Y by
the area A of the catchment. Hence:

_ X
SD =— (2)
where SD = specific degradation (erosion) in metric tons/km2. year,

A = catchment area in km?

Drainage area and sediment delivery coefficient. Since the late 1950s, a number of
researchers have established a relationship between sediment supply rate and area. A
similar trend is observed in these relationships: catchments with larger areas have lower
sediment delivery rates. This is because larger areas are more likely to retain
precipitation; therefore, the likelihood of sediment entering the stream is low. Scientists
have developed the following equations for the relationship between area and sediment
delivery.

Renfro developed the equation:
log(Spr = 1.7935 — 0.14191log(A4) (3)
where A is the drainage area in km2 and SDR is the sediment delivery ratio in
percentage (%).

Boyce established the relationship:

Spr = 0.41A73 (4)
where At is the drainage area in km? and Spr is the sediment delivery coefficient.
Williams and Berndt used the slope of the main river channel to predict the

sediment supply rate:

where SLP is the slope of the main flow in percent (%)

Renfro modified the model (R2) as follows:

log(Spr) = 2.94259 + 0.832621og(R/L) (6)
where R is the relief of the catchment, defined as the difference in height between
the maximum elevation of the catchment and the outlet of the catchment.

L is the maximum length of the catchment measured approximately parallel to the
main drainage (Figure 8).
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Specific degradation at the hydrological stations in Kabul River
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Figure 8. Sediment degradation for stations located in the Kabul River basin

Estimation of sediment delivery rates. Sediment data was taken from the
sedimentology section of the Kabul River Basin Master Plan. Using the ArcHydro
toolbox in ArcGIS, sub-watersheds were delineated for each rain gauge station, and
then average annual soil erosion for each sub-watershed was extracted from the erosion
map predicted by the RUSLE model.

Table 1. Sprresults in Kabul River basin watersheds

3 s _ -
= v ©
%g E-‘SES ?C_UD: SDR,%
S o> ® 5: £ o
Watershed | = S < -
~ NE = NE = o 3 E
= < 8 < 8 = % é S
Panjshir | 1286 269 3143 22.3 5.8 2.5
Baghdara 10861 455 5346 16.5 3.7 4.6
Hijran 1579 250 2937 21.5 5.9 6.3
Gat 3789 150 1763 17.3 4.9 7.9
Tangi Garu 8550 122 1433 17.2 3.1 6.3
Naglu 22046 308 3290 13.7 2.7 7.4
Gulbahar 3543 560 6580 12.5 4.5 6.4

Table 1 presents the sediment input coefficient calculated from the relationship
between annual soil erosion calculated using the RUSLE model and observed sediment
output data from the master plan report, and compared with the sediment input
coefficient calculated by Boyce and Renfro.
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Estimates of sediment delivery rates indicate that values are within the range of
SDR established by the models of Maner, Williams and Berndt , Renfro, and Boyce.
The overall observed sediment delivery rate in the Kabul River basin ranges from 2.5
to 10.8%, where Spr = 2.5% is observed at the Panjshir | gauging station located on the
Panjshir River and Spr = 10.8% at the Dahana_Kunar gauging station. located on the
Kunar River. The Spr value for Naglu station is 7.4%.Review of methods for
determining changes in the morphology of the bottom of reservoirs and the research
results

Results of bathymetric survey - The capacity of the Naglu reservoir at the NPL is
550 million cubic meters. Since there is no available topographic map after the
construction of Naglu Dam; therefore, this figure serves as the basis for our calculations
of changes in reservoir capacity. The results of the bathymetric studies show that 189.6
million m? of sediment accumulated in the reservoir over 52 years. This means that the
annual rate of decline in reservoir capacity is 0.67%, which is less than the global rate
1% and the Middle East rate 1.02%. The amount of sediment accumulated in the zone
of useful and dead volumes of the reservoir is 92.43 million m2 and 97.17 million m?,
respectively, which is 48.75% and 51.25% of the total amount of deposited sediments.

Using formulas developed by M.V. Potapov, it is possible to calculate the service
life of the reservoir and the period of complete siltation of the reservoir. The service life
of the reservoir, that is, the time during which the dead volume is filled with sediments
and normal water supply to consumers is ensured, is calculated using the following
formula. It is assumed that the dead volume is filled first, and then the useful one:

«107
t,, =2e=2719 _ 99 years (7)

Pw, 1.84x10°

where Wp — average long-term sediment volume of the river, m/year.
According to bathymetric survey data, about 97,17 million m? sediment
accumulated in the reservoir is located in the dead zone, that is, annually an amount

of 1.84 million m?® of sediment accumulates in the dead. Thus: V,, , =1,84.
The siltation period, that is, the duration of complete siltation of the reservoir to
the NPL, can be calculated using the following formula:

Vany 55%107
t, = —2 =
Y W,  3.6x10°

= 153 years (8)

Viany

where, — reservoir volume at NPL mark. Thus, according to the above

p

calculations, the service life of the reservoir is 92 years, and the siltation period of the
reservoir is 153 years. In other words, by 2121 the reservoir will be completely silted.

Results and summary of sediment data from field surveys. The Naglu Reservoir is
fed by two tributaries of the Kabul River, the Kabul and the Panjshir. According to the
Kabul Basin Hydrology Department and field studies, the Panjshir tributary feeds the
reservoir with a mean annual flow of 101.5 m®/s, with a sediment discharge of
1.61 kg/m?, and the Kabul tributary feeds the reservoir with a mean annual flow of
16.15 m®/s, and with a sediment discharge of of 1.76 kg/m?3.
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Using algebraic calculations, we determine the annual sediment load in the
reservoir and the amount of sediment accumulated in the reservoir over 52 years of its
operation. The calculations are summarized in Table 2.

Table 2. Sediment influx rate into Nagu Reservoir
Sediment Sediment
Sed. Sed.

, s, | amount for | amount for
Qumean Q Volumes, | volumes, m?

m°s | kg/m® | 24 hours, year, !
kg/day ton/year m*/year | for 52 years

Panjshir | 105.4 | 1.6 | 14570496 | 5318231.04 | 3574080 | 185852160
Kabul 16,6 | 1.76 | 2524262.4 | 921355.776 | 619190.7 | 32197916.9
Total quantity of the sediments for 52 years 4193270.71 | 218050076.9

As can be seen, annually 6239 * 10° tons of sediment enter the Naglu reservoir
from the tributaries of Panjshir and Kabul. Panjshir transported 5.31*10° tons 85.23%,
Kabul - 921*102 tons 14.77%. The annual volume of removed sediment with an average
density of 1.48 ton/m? is 4.19*10°% m3, which is 218*10° m® over 52 years of operation
of the reservoir. According to bathymetric survey data, over the 52-year period of
operation, 189 * 106 m® of sediment accumulated in the Naglu reservoir. However,
comparing the sedimentation calculation data, we find a difference in the amount of
29 * 105 m? surplus. Thus, it can be concluded that this amount was transferred to the
lower part of the dam. From the numbers obtained above, we can calculate the sediment
trap efficiency TE of the Naglu reservoir using the equation Tahershamsi and
Sabzivand.

Tributary

T.E.=[YIm - YOm] 100 / YIm, 9)

where Y>Im — the total amount of sediment entering the reservoir, and
> Om — the total amount of sediment leaving the reservoir.
To calculate the trap efficiency:

Y Im = 218*10° tons, YOm = 29*10° tons

Thus, T.E. = (218*10° -29*10°)100/(218*10°) = 86,7%

Therefore, the sediment trap efficiency of the Naglu Reservoir during its operation
from its construction in 1968 to 2020 is 86.7%, which means that about 13.3% of the
sediment was transported to the lower part of the reservoir.

Results and summary of the RUSLE model for soil erosion assessment in the
Kabul Basin. River and reservoir sedimentation occurs in the catchments that feed the
rivers and reservoirs. Without a clear understanding of the sediment origin and transport
routes, it will be difficult to develop effective strategies to address the problem of
reservoir sedimentation. Knowledge of the problem is equally important for both design
and operation of reservoirs. The results of water erosion assessment using the RUSLE
model show that the average annual soil loss rate in the Kabul River Basin
is estimated at 4,748 tons/km?/year. Rangelands, which occupy most of the basin, are
the main source of erosion about 57%, while barren lands, producing about 38%, make
the second largest contribution to the overall soil loss rate in the basin.

The specific degradation of the Naghlu catchment is 308 tons/km?/year.
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According to the assessment, the Spr (sediment delivery ratio) value for Naglu is 7.
According to the Boyce plot, this value is above the norm compared to the catchment
area. Factors including high slopes, excessively degraded lands (pastures and bare
lands) contribute to the excess of this value. To mitigate the problem of water erosion
and land degradation, it is recommended to reduce the values of factors K, C and P.
World practice shows that by applying a number of measures, the values of these factors
and water erosion can be significantly reduced. The following measures are
recommended to reduce these factors:

Management of livestock grazing and prevention of overgrazing. Currently, due to
overgrazing, pasture lands are in a state of severe degradation;

Cessation of denudation of barren lands by prohibiting the cutting of shrubs.
Afforestation and landscaping are recommended to restore the lost vegetation cover;

Terracing, ponding and contouring techniques are recommended to address steep
slopes that promote severe erosion, especially for rainfed crops.

In steep slope areas where gully erosion is prevalent, check dams are strongly
recommended.

Experience from similar basins shows that by taking these measures, soil erosion
can be reduced by 30% or more. Thus, if these techniques are used, the sediment load
in Nagla can be reduced from 1.62 kg/m?® to 1.25 kg/m?, and the useful life of the
reservoir can be increased from 92 to 119.6 years.

CONCLUSIONS

1. Based on bathymetric studies, a hydrographic map of the reservoir was compiled
to develop the degree of siltation of the reservoir and the concentration of sediments
over a 52-year period of its operation. The sediment delivered to the reservoir during its
operation period is estimated at 189 million m3, which is equivalent to an annual loss
of the design capacity of 0.67%. In this scenario, the reservoir will be completely silted
up to the normal backwater level by 2121.

2. Based on field measurements and calculations, quantitative indicators of the
volume of sediments were established. Based on field studies and hydrological data, it
was established that 6.23 million tons of sediment were transported into the reservoir
per year. The total volume of sediment transferred to the reservoir over 52 years of
operation is 218 million m?.

3. The particle size distribution of sediments was determined using laboratory
analysis and the efficiency of the reservoir in sediment retention was found; according
to laboratory studies, the sediment composition accumulated in the reservoir is: silt -
52%, clay - 23%, gravel - 9% and sand 16%.

4. Soil erosion in the Kabul River basin was assessed, indicating the factors in
action; specific erosion and sediment delivery from the catchments of the main
tributaries of the basin were identified. The average annual soil loss rate in the Kabul
River basin is estimated at 4748 tons/km?/year, and the total average annual soil loss
rate is about 35.5 million tons/year.

Rangelands, producing 57% of the total average annual soil loss, were the main
contributors to the basin. Barren lands, producing about 38%, were the second largest
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contributor to the total soil loss rate in the basin.

4) Soil erosion in the Kabul River basin was assessed, indicating the factors in action;
specific erosion and sediment delivery from the catchments of the main tributaries of
the basin were identified. The average annual soil loss rate in the Kabul River basin is
estimated at 4748 tons/km2/year, and the total average annual soil loss rate is about 35.5
million tons/year. Rangelands, producing 57% of the total average annual soil loss, were
the main contributors to the basin. Barren lands, producing about 38%, were the second
largest contributor to the total soil loss rate in the basin.

5) The Naghlu HPP is used as an example to examine the causes of siltation in foothill
and mountain reservoirs. This is a first-of-its-kind study in Afghanistan and could be a
good starting point for similar studies in other reservoirs in Afghanistan.

6) The Naghlu reservoir is very important for maintaining sediment balance
downstream of the Kabul River, where reservoirs such as Sarubi, Darunta and the
planned Sarubi Il are located. Failure or destruction of the reservoir would have a
serious impact on these vital facilities, and its overall impact on the environment and
the country's economy would be uncompensated.

7. Until recently, the Naglu Reservoir has been poorly managed. In recent years, little
effort has been made to address the sedimentation problem in the reservoir. The bottom
outlet structure does not function properly, and the personnel working in the reservoir
lacks the capacity and skills to operate such an important facility. It is strongly
recommended to improve the operation and maintenance of the reservoir. In addition,
it is important to establish a proper sediment monitoring and management system. As
mentioned in the thesis, the high flood period from March to May can be used to
hydraulically flush the reservoir. It is also necessary to improve the performance of the
personnel of this facility and to involve domestic and foreign experienced specialists in
the management of this facility.
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KHWPHULI (pancada noxropu (PhD) nuccepranusicu aHHOTAIUSICH)

TagKMKOTHHHT MaKcaaW TOr CyB oMOopiapu TYOMHUHI KailTa MIaKJIJIaHUII
KaJaTUTMHY OaxoJiall.

TaagKuKOTHUHT Basudaapu:

0aTUMETpUK TaAKUKOTIap OVinua TOF CyB oOMOOpJiapu TYOMHUHI KaiTa
HIaKJUTAHUIIIUHA OaxoJanl.

Jana TaJAKUKOTIapu Ba JabopaTopus TaXJIWUIAPU aCOCHAA YYKHHIUJIAPHUHT
IPaHYJIOMETPUK TapKMOM TAaKCUMOTMHM Ba YJapHUHI CyB oMOopu TyOuaaru
KOHTCEHTPAIUSICUHY aHUKJIAIIL.

TUAPOJIOTUK Ba OATUMETPUK MabJIYMOTJIApPHU TaxXJIWJ KWIWII Hynu OuiaH Kym
WWJUTMK DKCIDTyaTanus JaBpUAard CyB OMOOPWHUHT YYKWHAW CUFUMHUHH aHUKJIAII
YCYJIMHU UNUTA0 YUKUII;

KoOGyn napécu xaB3acumnaru cyB spo3uscuau RUSLE ycynuaan doitnananu0, cys
OMOOPHUHUHT 3PO3USCH Ba JIOMKAJAHUIIM YpTacUAaru OOFIMKIUKHA aHUKJIAIIL.

TagkKuKOTHUHT 00beKTH. AdroHUCTOH cyB omOopiapu (Harmy cyB omOopu
MHUCOJIUA)

TagKMKOTHUHT NPeIMETHHHU. TOF CyB oMOOpJiapuaa YyKUHIUIAPHUHT XOCHJI
OYnuIIM, yJIapHUHT MUKJIOPHUI Ba TapKUOU KOMIIOHEHTIIAPH, CYyB OMOOpU TYOMHUHT
y3rapuiiiv, CyB HUFUII XaB3aCUHUHT CYB OMOOPJIAPUHUHT JIOHKA OOCHUIIINTa TAhCUPH.

TaagKMKOTHUHT ycy/uiapu. TagKMKOTHU YTKa3UII Kapa€HU1a CYyB OMOOPUHUHT
JOoMKaaHUIIK OVirYa CyB APO3UACHHU OaxOJjallHU aHUKJIAIl Y9yH YMYMUU KaOys
KWIMHTaH TUJPOJIOTUS Ba THUJAPABIMKA yCylmiapu, ruaporpadguxk (0aTUMETpUK
TaKUKOT) ycysuiapu Ba smnupuk RUSLE moxaenu unuiatunras.

TagKUKOTHUHT MJIMHUI STHTUJIMIH KyHuaaruiapaad noopar:

KYIT WWTMK SKCIUTyaTallUsiHU XUCOOTa OJITaH X0Jijla, XO3UPTH Tuaporpadux
X0JIaTUHU Oaxonami acocuna Harmy cyB oMOOpMHUHT OAaTUMETPUK XapHUTAcH HIILIA0
YUKUJITaH,

TOF CyB OMOOpM KocacH TYOMHUHI KailTa [MAKIJIAHWUIIN YYKUHIU
KOHIIEHTPAIMSICH Ba YYKUHIUHUHT TPAHYJIOMETPUK TAPKUOMHU XucoOra oJraH XoJaa
0axoJjaHraH;

CyB OMOOpH XaB3acuaa YYKUH/IA YYKHUIITN Ba YIAPHUHT YMyMUH y30K MYAIaTIN
YYKUHIW YTKa3UIId OWJIaH OOFJIMKIMTHHU XUCOOTa oJraH Xojaa, CyB OMOOPHHMHT
doliganaHu faBpUAard YYKUHAM CAFUMUHUA aHUKJIAII YCYJIU UI1a0 YMKUJITaH;

RUSLE ycynmunan doinananu6, KoOyn napécu xap3acuiia CyB 3PO3USICUHU
Oaxonaml acocuaa CyB XaB3aJlapu YUYyH 3po3us KUiIMaTiapu Ba CyB OMOOPUHHUHL
JOMKAJIAHUIIIK YPTacuaru OOFIUKIIUK OJIMHTaH.

TaagKuKOT HATHKAJTAPUHMHT KOPUIl KMJIMHUIIU. TOFIIM CyB OMOOpJIapUHUHT
Joiika Ooculiy Oyitnya TaAKUKOTIIap HaTWKajlapura Kypa:

THIPOJIOTHK MabIyMOTIap eTapiu Oyiamaran Ba 6apkapop MOHUTOPUHT TU3UMU
MaBXyJl 9Mac MIAPOUTIAA CyB OMOOpJapu KOCacHJard Y3rapuillapHU aMaiui
MOHUTOPUHT KWIWII Ba ypranum ycyiiapu KoOyn BumosiTh DHepreThka Ba CYB
Xykanurn Oomkapmacura Kapanum Harmy cyB omOopupma Kopud JTHITaH
(AdronncTon DHepreTUka Ba CyB Xy Kanmurd BazupiuruHuHr 2023 #iun 10 utongaru

Nel-connu mabmymoTrHOMacu). Hatmwkana cyB OMOOPMHUHT OaTUMETPHUK XapUTACH
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Ty3uIu0, YHUHT MOP(POMETPUK KYpCATKUWIAPUTA AHUKJIUK KUPUTHII WMKOHHSTH
APATUIITAH.

CyB OMOOPHMHHMHI HIIUIAll JAaBPUIAr¥M YYKUHIW CUFUMHUHU aHUKJIAI Oyinya
unuiad yukwiran yciny6 KoOyn Bumositu DHepretdka Ba CyB pecypcliapu
OomkapMacura Kapauuin Harny cyB omOopuaa xopuih KwinHrad (AQFOHUCTOH
DHepreTuka Ba CyB XyKanuru Bazupiauru"HuHr 2023 iun 10 urompmarm Nel-connu
MabIyMOoTHOMacH). HaTwxkama cyB omOopuaaru JIOWKaJaHUII XaXMH Ba CYB
OMOOpHIaH MACTKU Obe(ra OKU3WIraH YYKHUHAN MUKJOPU ACOCJIAHTaH.

RUSLE monenu épnamuna KoOyn napécu xaB3acuaa CyB 3pO3UsICUHU OaxoJialil
amaJira OIMPUIIIN, SPO3Us Ba YYKUHAMIAPHU KaMaTupui ycysuiapu Kooy Bunosta
CapyOu TyMaHMHHHT CyB pecypcliap OomKapMacua >Kopuil dStuirad. (AQFroHUCTOH
DHepreTuka Ba CyB XYyKaquru BazupiauruHuHr 2023 iwn 10 wmrompmaru Nel-conmm
MabiiymoTHOMacH). Hatmxkana Harmy cyB omOopuHuHT (hoinanu XaxxMu Ba (onaanu
KyBBaTuHH 30 dounsra OMIMPUII UMKOHUITH SIPATUIITaH.

TaagKuKOT HATHKAJAPUMHMHI anpolauuscu. Yoy TaAKUKOT HaTHXKalapu
5 Ta XaJKapo Ba pecryOirKa WIMUR-aMaInil aHKyMaHIapuia MyXxokama KAIuHIH.

TaaKuKoT HATHKAJTAPUHM YBJIOH KMJIMHUIIMU. JluccepTanus MaB3ycu Oyinya
17 Tta wunmuit makona yon otwirad. [llymapgan ¢dancada noxropu (PhD)
JCCEPTALMACHHUHT AaCOCHI HMIMHIl HATIKANAPHHH YOI STHII YYyH Y30eKHCTOH
PecniyOnukacu Onuii artectanusi KOMUCCUSICK TOMOHUJIAH TaBCUS STUJITaH XOPUKUHN
KypHaJap/a 6 Ta, ury skymiaaaan SCoPUS peHTHHT Ma’ TyMOTIap 6a3acura KUpUTUIITaH
3 Ta peciryOnuKa HaIpiIapuaa Ba 8 Ta XOPWHKHIA KypHAIIap/1a 90 dTUJITaH.

JluccepTauMSHUHT TY3WJIMIIM Ba Xa:xkMu. [lucceprarcusi TapKuOW KUPHII,

TYpT 000, Xyrnoca Ba ¢oinananwiran agaductnap pyiixatunan uodopar. Dissertatsiya
hajmi 123 bet.
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