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MYKAJAUMA

MyOpaMuu MaB3yu TaXKHMKOT. MyXuMUATA MaB3yd TaxXKUKOT Jap OoH udozaa
Me€0aa, KU JIEKTPOIHEPTeTUKa Jap MIAPOUTH MYOCHPH YaXOHH SKE a3 OMUIXOU
OyHEMn Ba MyaWsHKYHAaHJIaW PYIIIA YCTYBOPH WYTHMOWIO HMKTHCOJWW JIaBJIATXO
meboman. Adzoumn TanaboT O6a >HEprusi, rapMIIaBUM II00aii, 3apypaTd KOXHUII
JOJIaHd TIApPTOBXOM Ta3XOM TYyJIXOHAW Ba Ty3apuil 0a WKTHCOTUETH KaMKapOOH,
XaMYyHUH pymu  OOCypbaTH  TEXHOJIOTHSIXOM  pakamMil Ba  MaHOabXoH
TayauAIIaBadian dHeprus (a3 Kaouiaum odToOn Ba 00J) IIAPOUTH HABU CTpaTeri
Oapou 6axIIM YHEPreTUKau KUIIBapX0 3401 MEHAMOSI.

3axupaxou Oy3ypru ruaposHepreTukun Yymxypun TOYMKHUCTOH HMMKOH
MEJIMXaH/, KA KHIIBap 0a cCaMTH TAbMUHHN aMHUSATH dHEPIeTUKA, OanaH OapoTaHu
YCTYBOPHUU TabMUHOT Ba 4YajOW CapMOSTy30pHXOM JOXWJIN Ba OalHAIMUIIAIM
KaJlaMXOHW YCTYBOp POXaHJ03#W HaMmos[. Bopuja HamymaHw TaqyXU30TXOM MYOCHPH
3axMpaKkyHaHJau KyBBaum Oapk, OayiaHn OapIOmITaHW camMapaHOKUH (HabOHSITH
Hepyroxu 6apkuu 06 (HBO) Ba xamruponu man6abxou OapKapopIiaBaHIan YHEPTUs
(MBD) xaMuyH OMWIXOM TabCUPry30p Jap KaMIIaBHM Ta3XOu TYJIXOHAr#,
MYyCTaXKaMCO31UH YCTYBOPH Ba YbTUMOTHOKHHA HH30MH dHEPTETUKIA, MHIYHHH OaaH/
OapaomTaHn MaBKEHW pPakoOaTmasupuu KUIIBAp Jap O030pH YaXOHUU IHEPreTHKA
ap3é0i MerapaHI.

XaMuyHUH, 4Opil HAMYaHU HU30MH YCTYBOP Ba KaM Kap/JAaHH ra3xou I'yJIXOHAri
Jap COXau DHEpPreThKa, puosAu Xu(3u MyXUTH 3HUCT, Oapou TYCTapHIl JIOJaHU
JoUXaxou «cab3», Oamana OapAomITaHW caMapaHOKWU HCTU(dOIaM JHEpPrusi Ba
nemoypau TEXHOJIOTUSIXOM KaMKapOOH HAKIIM XalKyHaH/na Me003aa. ba uH MabHid,
OMY3UIIM 3aXUPaxou THUAPOIHEPTETUKHA, TaXJIWIH HWMKOHUATXOM MCTEXCOJ Ba
TAaKCUMOTH HepyH OapK, MHUYHHH NEIITyUXOW TardupEéOuu uKiImM Oapou KaOymnu
KapOpXOW CTpaTerii Ba OapHOMAape3nH yCTYBOPHU OaxImy dHEPTreTUKA aXaMHUSTH UMM
Ba aMaJIi JOpaHL.

bo wH TaB3ex, MaB3yWm TaXKUKOT — OexTap KapJaHu poxxoW uctudoma Ba
ONTHMH3ATCUAN 3aXHUpaxou THIAPOIHEpreTHKid map Yymxypun TOUMKHCTOH Ba
JYpPHAMOHM PYLIAN YCTYBOPH OHXO — Ha TaHXO 0a TaXKMMU aMHMSTH DHEPreTHKHA Ba
pYWIIM MKTUCOINA TabCUp MepacoHaia, Oajnku Oa Taxusd CTpaTErusii MUJUIUH
uctudoman OKUJIOHAM 3aXUpaxou Tabuil Ba MYyTOOMKIIABHA 0a HKJIMM MYyCOHAAT
MEKYHa].

3axupaxou aHTHIIT Ba TUAPOIHEPTETUKI UMKOH MEJIUXAH]I, KU TaTA00TH JOXHUITiA
0a DHEprusi TabMUH IITyaa, XaM3aMOH IUBepCU(PHUKATCHUIN MaHOABXOHW YHEPTETHKA
TabMUH Tapaan. bo maprazapmomT ad3ouiy TamadoT Ba MaXIyIUATXOU 3aXHPAXOH
Ha(T Ba ras, TaXKUKOT Oa OMY3HUIITH POXXOH ONTUMAINKA UCTH(OAAN AaHTHIIT Ba TUTAp
MaHOabX0 paBOHA IIyJaacT, KK METaBOHA| PYIIIJIA CAHOATH YHEPTETUKIA, UCTEXCOIOTH
KUMHEBHT Ba METALTYPTUPO JACTTUPH HaMyla, TAbCUPU MycOil 6a MaUMyH MaxCyJIOTH
noxwiia (MM/]) Ba caTxy 3uHIaruy axoJmpo JommTa 0o1ma.

Kopu gucceprarcmoHii camMapaHOKWHM JHEPTreTUKHHM  Aapéxow  Oy3ypru
TouukucToHpo 00 uctudoa a3 KyapaTy Xocu yapacHu 00 TaxJIuia HaMya, KUThaxou
a3IUATHOKM COXTMOHHM HEPYroxXxou Oapku oOHMpO MyaiissH Ba 3aMHHAW WIMUU
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OaHaKIIarMpuy pyIIIA CAaHOAT Ba TAabMUHU AMHUSTH JHEPreTUKHUPO (dapoxam
Meco3aa. Xam3amoH, uctudomam mojmenxoun Snowmelt Runoff Model (SRM) Ba
Modified Universal Soil Loss Equation (MUSLE) 6apoum ap3ébum Ttancupu
TaFrdupEéOMM UKJINM, D3pO3USIM XOK Ba TaxXIIMHIIABA O0a YCTYBOPUU HHU30MU
TUAPOIHEPIeTUK 0a TaXKUKOT CaMapaHOKUU BOKEHH 3aXHpaxou o0 Ba XaTapxou
SKOJIOTUPO WHBUKOC MEKyHaa. VIH OoMe3MIlM TaxXJWUIXOU SHEPreTHKH Ba JKOJIOTH
3aMUHad WM Oapou KaOyJu KapopXOW CTpaTerid Jap pyuau YCTyBOPH KacKaauu
TUAPOIHEPreTUKAa Ba ONTUMHU3ATCHUSIM XapoyoT Ba HMKTUIOPU HEPYroxxo (apoxam
Meopa/.

Japayan TaxKUKH MaB3yu wiamil. Omy3umm (apoxu macwhanaxou myOpam
BoOacTa Oa pymiau sHepreTrka oxupu acpu XX Ba aBBayid acpu XXI oro3 mrygaacr.
Oupg 6a OMy3UIM THAPOIHEPIEeTHKA, MApPKa3Xou OapKy rapMuanxid Ba MaHOabXou
OapkapopIliaBaHian SHEPTUs Jap TaxKUKoTXxou onmmMonu Canurud B. [1], IBerc H.
[2], Wegerich K. [3] Kosowska K. [4], Kapumos K. [5], Cexperapes lO. [6], Azumon
VY. [7], BanoB A. [8] Ba AxpopoBa A. [9] Oappacii mrymaana. JypHamou pymiau
HU30MXOHU CaBJOM KBOTax0 Oapou MapTOBXOM Ta3XOW TYyJIXOHAW Jlap TaXKUKOTXOU
Kopeitiies M. [10], Myapenos A. [11], Zhang Z. [12] Ba Boemare C. [13] Taxmui
rapauaaana. Taxm gypHaMou UCTUdogau TEXHOIOTUIXOU 3aXUPAKyHUN CAHOATUH
Hepyu Oapk gap acapxou Kammmysmun JI. [14], Vcauesa WM. [15], Habib A. [16] Ba
Sahoo S. [17] memmumxonm rapaumaact. MHYYHHH, MachallaXxOd MYyXHMH TaTOHKH
TEXHOJIOTUAXON THUAPOIHEPTETUKIA Ba TabCUPU TAFUUPEONHM HUKIUM 0a UKTUIIOPH
THIpOdHEreTHKA a3 4youuOu onumonu Hopmartos II. [18], Unger-Shayesteh Ba
murapoH [19], UmomoB A. [20], ITynaros 5.9. [21], KobOymues 3. [22], ®a3buioB A.
[23], Croukwuii K. [24], [Tetpos I'. [25], HaBpy3o0B C. [26], YcMoHoBa 3. [27], AXMenoB
X. [28], HaBnatmoeB C. [29], Kyp6onanuzona C. [30], Cynronos III. [31] Ba
['ymaxmanos A. [32] maBpuau omy3umn Kapop rupudTaann. Kopu aucceprarcnoHnn
MaszKyp 00 MyTTaxua KapJiaH! TaXJIWIu XamaqyoHuoau napeéxou TOYUKUCTOH, ap3E0un
CaMapaHOKUU YHEPTECTUKI, TAhCUPHU TAaFHUPEOUU UKIUM, SPO3Us, TAXITUHXO, TAXJIUIU
ceHapusBi Ba ucTUdOAaN YCYJIXOU MYOCUPU UIIMid, Oapou OaHaKIIarupuu CTpaTeri
Ba YCTYBOPUU HU30OMH THAPOIHEPreTUKUM KUIIBAP 3aMUHAW WM Ba aMallM KaBil
dapoxam Meopajl, Ki OHPO a3 TAXKUKOTH IemTapa GpapKKyHaHa MErapoHa/l.

PoOuram Taxkukor 00 OapHoMaxo (JIOMXax0) Ba MAaB3YbXOM WJIMIl.
TagkuKoTH AUccepTaTCHOHA OeBOCHTa 00 caMTXOou ad3aTUATHOKH CUECATH JIaBIIaTi
Ba Py WIMA-TeXHUKUU Yymxypuu TOUMKUCTOH alloKaMmaHn Oyna, Jap oupau
camTXou wiMud WHCTHTYTH Machanaxou 00, THUAPOIHEPreTHKA Ba HKOJIOTHUSU
AKaneMusii MWUIMA WIMXOM TOYMKHUCTOH aHYyoM JoAa IoygaacT 0a MHCOIU
«CTpareruau pymijl Ba ONTUMAJIKyYHOHHMM MYBO3WHAW 3aXUPaxod HHEPreTUKIl.
Cenapusiu pyuiiu rujipo-aHruintuu sHepretukun Toyukucton» (K 0120TJ010298)
Ba «Macownu TamakkyJi€0i Ba TaH3UMHU OOOBapAXOM CaxT Jap OOBEKTXOU OOWHU
Touukucton Ba poxxou xamwm owm» (KJ 0120TJ01029). UnuynuH, MyTOOMK Oa
CTpaTerusiui MUJUIA Ba Xy44aTXOU KOHYHI MYpO rapauaaact, a3 yymia «Crparerusu
vy pyman Yymxypun TogukuctoHn To comu 2030», «Crparerusa MWUIAHA
MyTOOUKIIaBil Oa Tariinpéoum uxkiaumu Yymxypuu TouukucTtoH TO conu 2030,
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«Ctparerusu Musunu oou Yymxypuun Togukucron 6apou naBpau To comm 2040y,
«Ctparerusu muwmmuu Yymxypun TodquKuCTOH oujl 6a macT KapaaHu xaBhu odaTxou
tabuit 6apou conxou 2019-2034», «Crparerusu Yymxypun TOYMKHCTOH Aap coxau
WIM, TEXHOJIOTMs Ba MHHOBarcus To coiau 2030», «bapHoman naBmatum Tamép
KapJaHu Kaapxou catxu Oamanau wimid 6apou comxou 2021-2030», «bucrconau
oMy3uill Ba pyuyiu ¢GaHxou TaOMATIIMHOCH, JAaKUK Ba pUE3N Jap cOoXau HIMY
maopud», «Koncencusixou ryzapuiin Yymxypun ToqukucToH 6a pyumiad ycTyBOp»,
«KoHcencusaxon pyumin coXaxou KOMIUIEKCH CY3UIIBOPH-IHEPTETHUKUA YyMXypuu
Tounkucron», Konyuxon Yymxypun Touukucron: «Jlap 6opau sHepreTuka», «Jlap
6opau capdauyit Ba camapaHokuu sHeprus» Ba «Jlap 6opau uctudoman MandoabXxou
OapkapopiaBaHgan SHeprusi». TaJKUKOT 3aMUHAW WIMI Ba aMalWH KaBil Oapou
PYLLAX YCTYBOPH HM30MM THAPOIHEPIETHKH, caMapaHOKUHM HUCTU(OAAaU 3aXUPaXOU
00i1 Ba auBepcuduKaTcusii MaHOabXou OapKapopiaBaHaau dHeprus nap Yymxypuu
Touukucton papoxam meopa.

TABCUPU YMYMUU TAXKUKOT

Makcaau TaxKUKOT. Taxusi Ba aCOCHOKUM YCYJIXOW WJIMHUU XaMIupon Oapou
Oaslang OapJOIITAaHUU CAMAPAHOKH Ba YCTYBOPUM HU30MHU SHEPreTHUKUU Yymxypuu
ToyukUCTOH Aap acocu ap3€0MKU MayMyHH 3aXHpaxou OOMIO SHEPreTHKi, TaXJIWIH
TabCUPU TAFUUPEOUHM HKIMM Ba OMWIXOM TaOWN-UKJIMME, MHYYHUH XaMTHUPOHUH
ONTUMAIUU MaHOABXOU TYHOT'YHH dHEpTUs 00 UCTH(OIa a3 MOJIEICO3UN MaTeMaTHKA
Ba TaXUsiU CEHApUSBUPO Jap 6ap Merupas.

Ba3zudaxoun TaxxkukoT. bo Makcanu pacuman 6a xamadu TaxKUKOT, Jap KOpH
JMCCePTAaTCUOHM XaJuld MaYyMyHU Ba3u(axou 3epruH MyaisiH rapIuaaacr:

1. OMy3umn Ba3bu KOMIUIEKCHM 3HEPreTHKH, HAKIIA T'HAPO3HEPreTUKA Ba
TabCUPHU TAFHUPEOUHU UKIUM 0a 3aXHpaxou 00l Ba UCTEXCOJIU HEPYH OapK.

2. Taxusan ycynxou Oanana OapAOIUTaHW CaMapaHOKA Ba YCTYBOPUH HHU30MH
SHEPreTUKUM KUIIBap 00 ONTUMHU3ATCUAN KOPU HEPYTOXXO0HU OapKu 00 Ba XaMIUPOUH
MaHOabX0H OapKapopIiliaBaHa.

3. Ap3é0uu HaKIIM aHTHILT, THIPOIHEPreTHKA Ba MaHOabX0U OapKapopIillaBaHa
Jap TabMUHU PYLIIW YCTYBOPU HU30MHU SHEPreTukil. [IemHnxoaxou miMin-TeXHUKMA
Oapou nuBepcu(UKaTCUS Ba ONTUMHU3ATCUSIM MaHOAabXOW DHeprus, OanaHja
OapomITaHu CaMapaHOKi Ba YCTYBOPUU HU30MHU SHEPTETUK.

4. Taxus Ba aCOCHOK HaMyJlaHU JACTIOXU CaMapaHOKU XYHYKKYHHM MaHEIXOU
o¢Tob#1 map acocu momaxHaau o0 Jap makiu KyOypu (Typbam) cypoxaop.

5. Taxamnu MoAenxou MaTreMaTHKA Ba ONTUMU3ATCHOHI OapoW WIOPaKyHHH
pedan o0 Ba ucrtexconu Hepyu Oapk nap HBO-xom Poryn Ba Hopak, mHUyHUH
OMY3MILIM TabCUPU TaFrdUpEOMHM MKIMM Ba 53po3usi 0Oa TOWIOpUM HHU30MHU
TUJIpO3HEPreTHKil. MyailsiHCO31HM MaKOHXOH a(p3aIMATHOK Ba HEPYTOXXOHU OSHIA10pU
napéxo, TaXJWIA 3aXUpaxoW THIAPOIHEPreTUKi Ba JAYPHAMOXOU HWHKHUIIO(PH HEpYyH
Oapk map xap3am japéu Baxi.

O0bexTn TAXKUKOT. CWicW/a HMHIIOOTXOM THAPOTEXHUKUU XaB3au Japéu
Baxm.



MagB3yu TaXKMKOT. ACOCHOKKYHUU WJIMI Ba TaXUsid CEHAPUSIU THAPO-AHTUIIT
O0apou ONTHMMH3AaTCHUAM TAaBO3YHHM DHEPreTHKA Ba OanaHa OapAOlTaHU aMHUSATH
sHepreTuknn Yymxypun TOYMKHUCTOH dap acoCu TaxJIMIW CHUCTEMaBil, ap3&omm
UKTHUCO/Ii1, MOJICJICO3UM MAaTeMaTUKil Ba JYPHAMOXOW PYILIJW THUIPOIHEpreTuxka 00
HAa3apJIOLITH YOJIUIIXOU UKJIMMH Ba DKOJIOTH ap XaB3au Aapéu Baxi.

HaBronnu wmamii. /lap xop HaTM4axoud HaBU WIMHUM 3epuH 0a JacT oBapjaa
Iy AaaH/I;

1. bapou mapoutn Yymxypuu TOUMKHCTOH TaxJIMJIM MyKOHWCAaBHUH CUCTEMaBUU
3aXMpaxou aCOCHUU PHEPreTUKi (TUIPOIHEPTETUKH, aHTUIIT, Mab/IaHil Ba MaHOABXOU
OapkapopiliaBaHja) Jap acocu 3aMHHAW STOHAWM METOJOJIOTUM DKBUBAJICHTU
SHEPreTUKHUU COJIOHA aHYOM J10J1a 11yJa, UMKOHUATXOU BOKEUH PYLIAN SHEPreTUKaU
KHIIIBap MyailsiH KapJia iy aaHz.

2. Cenapusiu pylayd TUIPO-aHTUIITHM HU30MHU DSHEPreTukun YyMmxypuu
TOYMKUCTOH TaxWsl Ba a3 YMXATH WIMHA aCOCHOK Tapauaa, Aap acOCH MOJEIXOHU
MaTEMaTUKI-ONTUMUA3ATCUOHI Ba TaAKIUAN peyaxou (haboIHITH HU30MU YHEPTreTUKI,
MHYYHUH CaMapaHOKUU KOpU HEpyroxxou Oy3ypru Oapku ob6#, a3 yymua HBO-u
PoryH, MaBpuu ap3€01K KOMIUIEKCH Kapop J0/1a Iy 1aH/I.

3. MaxayausaTXou SKOJOTW Ba PYUIAM HYTUMOMIO HKTHUCOAW Jap IIapOUTH
KUILBAPXOU KYXi1 00 rUposIHEpreTUKan 6apTapuIoIiTa Tax; i rapAauia, HUIIOH J10/1a
mryn, ku xamrupoun HbO-u Poryn 60 man6abxou OGapkapopliaBaHIaud dHEPTUs Ba
MaHOabXOM  CY3MIIBOPUU  HUCTUXPOYH, YCTyBOpUU  Imabaka  DHEPTeTHK,
TUBepCU(UKATCHUSIU capyaliMaxor YHEPTUs Ba KOXUIIH MMAPTOBXOU KapOOHPO TabMHH
MeHaMos7l. XaMuyHuH, Oapou OanmaHj OapAoITaHU CcamMapaHOKUM MaHOabXoH
OapkapopIiaBaH au YHEPTHUS TaCTTOXU XYHYKKYHHUH TTaHEIX0u 0100 60 rnctrdonan
KyOypu cypoxmop 00 KyH4H 45° Ba Hacocu GUIIOPH MACT TaX|sl Kapaa Iry/I.

4. CamapaHOKMM SHEPrEeTUKUHU N1apE€X0 Ba KUTHAXOM OSHIAIOpPU OHXO Oapou
CapMOSTY30pil Ba TapXpe3uM HEPYroxXO ACOCHOK Trapau/ia, TabCUPU HPO3Us Ba
TaxIIMHIIABHA 0a yCTYBOPUM HU30MH THIPOIHEPreTUKit 60 uctudoman MoACIXOU
MaTreMaTukii Ba TexHoyorusixou GIS ap3€oit mya. Humon noaa mrya, ku uctudoaan
meronosiorusixon SRM Ba MUSLE 6apou Taxjamim XaB3axou KyXil MMKOHHUSITH
KaOyJIM KapopXou YCTyBOppo ¢apoxam meopad. Tabcupu TardupéOum HKIUM 0a
3axypaxou 00i Ba MKTUIOPU THAPOIHEPTETUKI ap XaB3au napéu Baxmn map acocu
cenapusixou CMIP5 Ba CMIP6 ap3€6ii rapauaa, MyaiisiH kapaa Uiy, Ku ad30uiiu
Xapopart Ba Tariup&omnn peqan 6opumior 6a capdu 06 Ba camapanokun HBO Tancup
MEpacoHaJ.

Hykraxou 0a XuMosl nmelIHUXOAIIABAHAA. bapon XuUmMosi MyKappapoTH acoci
BAa HATUYAaXOU TaXKUKOTHU JUCCEPTATCUOHN MEMTHUXO0 METrapIaH/;

- TaxJIMJIA CHUCTEMaBHH 3axvpaxou sHepretukuu Yymxypuu TouukucToH 060
uctudoaa a3 METOOJIOTHSIM YKBUBAJICHTH COJIOHA, CEHAPHSU THAPO-aHTUIIT, UHIYHUH
MOJIEITXOU ONTUMH3ATCUOHI-TAKIHINNA (PabOJUATH HU30MH DHEPTEeTUKH Ba ap3é0un
camapanokun HBO-u Poryn Ba poOurtam cu€caTtu DSHEPreTUKH, MaXJlyAUATXOU
DKOJIOTH Ba PYLIAU UKTUCOAN Jap KUIIBAPXOU KyXH aHYOM JI04a IIyJaacT.



- xamruponn HBO-u Poryn 60 man6abxoum OGapkapopiiaBaHja Ba CUCTEMaXOU
WHTEJUICKTYaJIUU UJIOPAKyHUH HEpyH OapK Ba camMapaHOKHH Iabakaxo, XaMTrUPOHH
aHTHINT Ba HA(T 00 UKTUAOPHU TUIPOIHEPTETHKI Ba TUBEPCUDUKATCHS, CAMAPAHOKHUH
SHEPreTUKHUU JapEX0 Ba KUThaxou ad3aausiTHOK 0apou capMOsAry30pi Ba TapXpe3uu
HEPYTOXXO.

- ap3é0uu 3ppo3us Ba TaxIIMHIIABH 00 Mosenxon maTeMatukii Ba GIS, Tabcupu
OHXO0 0a YCTYBOpUM HU30MH THIPOIHEPIeTHUKH; HATUYAXOW HCTU(HOIAU MOJICITXOU
SRM Ba MUSLE yuxatu KaOyiu KapopXoHU YCTYBOpP Jlap HEPYTOXX0; CEHApUIXOU
CMIPS5/CMIP6 4uxaTu MyaiisitH HaMyJlaHH TardupéOMM HWKJIMM TabCUpU OH 0Oa
camapaHokuu HbO-po; xaM3aMOH Taxusiu 1acTrOXU XYHYKKYHHUH MMaHEIX0ou 0(hToOi
00 momanan Kyoypu cypoxaop 6apou 6ananj 0apAoIITaHu caMapaHOKUH MOTYJIXOH
(OTORIEKTPUKIA.

AXaMHATH HA3apPUSIBA Ba aMaJIuM TAXKUKOT. TaxKUKOTH AricCepTaTChus Oapoun
mapout Yymxypun TOUYMKHUCTOH TaxJIMJIM CUCTEMAaBHM 3aXUpPaxou SHEPreTHKH Ba
ap3€é0uu yCTyBOPH Ba CaMapaHOKUU HU30MM SHEPreTUKH 00 XaMTUpOUH MaHOAbXOU
TYHOTYHU OSHeprusapo (apoxam wmeopan. CeHapusaXOou TUIAPO-aHTUINTHH PYIIJIA
SHEpPreTUKa Ba MOJEIXOU ONTUMHU3ATCUOHU-TAKIMANM MAaTEeMaTUKUU pedau KOpHu
HU30MHU JHepreTukuu kuisap, a3 yymia HBO-u Poryn, camapanokuu 1iabaka,
KOXMIIIH [MapTOBXOU KapOOH Ba TUBEPCU(DUKATCUSU capyalliMaxou SHEPTUIAPO MYyailsiH
MeKkyHaHJ. HaBronuxow wunmii 06a TaxJiuiau poOUTan cu€caTu HHEPreTUKi,
MaxIyIUATXOU SKOJIOTH Ba PYUIAW WKTHUCOAM, ap3€0MU Spo3us Ba TaXUIMHINABM,
XaMYYHUH TaxXysd ACTTOXU XYHYKKYHUU TnaHenxou oprodit Ba uctudomgaum GIS Ba
ceHapusxou CMIP5/CMIP6 nuraponmaa mymaana. TaXKUKOT XaM Jap CaMTH
Ha3apUsIBUM YCYJIXOHM MOJIEJICO3M Ba ONTUMU3ATCUSIM HU30MU SHEPTreTUKHA Ba XaM Jap
CaMTH aMaJil, MEIIHUXOAXOW TEXHUKUIO CcTpareri Oapom Oamann OapaomraHu
YCTYBOPHUBY CaMapaHOKUH UCTU(DOIau 3aXUPaxX0or SHEPTUSPO TABMUH MEHAMOSI].

Jlapayau ’bTUMOTHOKUM HATUYAX0U AuccepTaTcusi. Hatnyaxou TaxKukoT 00
IBTUMOJHOKMM OanaHja ap3€é0i MelaBaHja, 3€p0 OHXO 0a TaxJIMJIM CUCTEMaBH,
MOJIEJICO3UHU ONITUMU3ATCUOHA-TAKJIUIUA MaTEeMaTUKUY HU30MU SHEPTETUKH, ap3E0uun
9po3us Ba TabCUpHU TariupéOum ukymmm 00 uctudona a3 SRM, MUSLE, GIS Ba
ceHapusxou CMIP5/CMIP6 acoc &draana. MabiymMoT a3 MaHOAbXOU PACMHH
qyMXypUsiBii Ba OallHaIMUJIAN, yCyJIXOM caHYuaamryaa Ba (ap3usiXxou acOCHOK
uctudona urygaang. Hatmgaxo 00 TaXKMKOTH TENIMHA MYyKOMCa Ba ampoOarcus
nryaaHy Ba MyToOuK 0a xamad Ba Basudaxou mucceprarcusi Oyaa, 6apou Kalyiu
KapoOpXOou CTpaTerd Jap pyUAM YCTYBOPU DSHEPreTMKa Ba THAPOIHEPreTHKAU
TOYMKUCTOH acOCH WIMI Ba aMaJIil MEJUXAaH/I.

MyToOuKaTu qucceprarcusi 0a MIMHOCHOMAU MXTHCOCH MiMid. [Tucceprarcus
0a Oanmgxou 3,11 HHM30MHOMA Ba IMIMHOCHOMaW wuxtucocu wwimuu 6D074401-
COXTMOHU TUAPOTEXHUKIA MyTOOMKAT MEKYHA/I:

- 3. Tamxkunéi camMTXOM HaBU OSHAAOMHUM  XOJaTH  IIUAAATHOKM
MIAKJINTAPKYHUW WHIIOOTH THAPOTEXHUKWU TaMmOarin Ba OeTaHOari; TaKMEIIA
YCYJIXOU MyalsTHKYHUM HAMyAXOU F'YHOTYHU KyBBaxX0 0a MHIIOOT, TUJIPOTUPEXHU 001,



6uno Ba Ounom MommHX0M HBO-1 Gapkii; aCOCHOKKYHHH POXXOW YBTUMOJHOKHA Ba
MyCTaXKaMU1 KOHCTPYKCHUSIU UHIIIOOTH 001 HAKJINETIA;

- 11. Dbrumomnokun wuctudogadbapii WHIIOOTH THAPOTEXHHUKH, TAIIKUIH
KPUTEPUSIXOU HaBU OexaTapi, CUCTEMaxoHd HaBU HA30paTil Ba MyIIOXH/IaBil a3 Oosou
MHIIOO0TX0, TAKMWJIH YCYJIXO0HU JUArHOCTUKAN TEXHUKH BA MOHUTOPUHTH CUCTEMau 00
Ba 00BEKTXO.

Homryu maB3yu aucceprarcus 6a mmHocHoMau uxtucocu 6D074400-CoxTMonH
ruaporexHukin Ba HHIIOOT (6D074401-CoXTMOHM THAPOTEXHHKH) MyBO(HUKAT
MEKYHa/.

CaxmMu maxcuu A0BTAAa0M papadyam wiaMil. Myamwmud kopxow acocuu
TaJKUKOTPO aHYOM HAMyJaacT, KU MH KOPXOM TaxJIMJIM CHUCTEMaBUU 3aXUPaXOU
SHEpreTukin Aap TOYMKUCTOH, TaxWsU CEHAPUSU TUAPO-AHTHUINT Ba MOICIXOU
ONTHUMHU3AaTCUOHA-TAKIUANN HU30MH JHEPTeTUKA, ap3E0MH XaMTHpOUU MaHOabXoH
SHEPrusl Ba TAbCUPU IKOJIOTH, MOJIEIICO3i Ba TaXJIMINA TAbCUPHU TaFHUPEOUU UKIUM Ba
3po3usi 0a YCTYBOPMM HHM30MHU THUIPOSHEPIeTHKH, XaMUyHUH TaxXusid JacTTOXH
XYHYKKYHUHM TaHenxou ortodupo napOap mervpasj. Xamad xucoO0xo, yambOacTu
HATUYaxo Ba XyJ0cabapopuxo a3 YOHMOM Myauiu( 11axcad Uupo Iy aaH/I.

TacBu6 Ba amanmucosin. Hatnyaxon WMy TaXKUKOTH AUCCEPTATCUOHM Jap SIK
KaTop KOH(PEPEHCHUIXOU YyMXypHUsIBA Ba OaiiHAIIMUIIAJ, MHUYHUH Jap CEMUHAPX0 Ba
qanacaxon wiMuu WMHCTUTYTH Macbhallaxou 00, THAPOIHEPreTHKa Ba SKOJIOTHSH
AKaneMusii MUUTHH UiIMXon ToyukucToH aap conxou 2022-2026 myxokuma, TacBUO
Ba MaBpuIM HCTH(OA Kapop J0ja IIygaaHi. A3 qymiia, HATUYaxo Jap CEMUHAPY
KOH(DEePEHCUAXOH WIMIT-aMaltid, a3 KaOWUIu CEMUHAPHU UIMi-aMaiit ouja 6a caMapaHoOKii
Ba capdakoponan Hepyu 6apk (Yymxypuu Yomon, ssaBap-mapt 2023), koHdepeHncusn
Oaltnanmunani oua 0a yopit Hamynanu HbO-xou xypn nap Ocuéu Mapkasii (Kopesin
YanyOii, oxtsa0pu 2023), xoH(pepeHcusn OallHaAIMUIAIUM —«3axupaxou 00,
WHHOBATCUS, 3axupa Ba sHeprusicapdanamon» (Lymande, okraOpu 2023), uHUyHHUH
KoH(pepeHcusan yymxypusBid Oaxmmuga 6a «/laxconam OaitHanmunanuu aman “O0
O6apou pymaum ycryBop, 2018-20287» (ymanbe, anpenu 2023) mNemHUXO]
rapauaaana. XaM3aMoOH, HaTUYaxou TaXKUKOT J1ap CeMUHApXOoM WIMUU MapOyT 0Oa
omysumu OapHomaxou LEAP Ba WEAP, pymam ycTtyBop Ba MaHOabXoH
OapkapopiliaBaHjan SHEPrusi, UHYYHUH MachallaxOM MOHUTOPHUHI Ba HUIOPAKYHUU
3aXupaxou 00 Jap KUImBapxou Y36ekucroH Ba Yymxypum Mapaymuu Yun (comu
2025) 6appacii mrynaana. Hatugaxoun OagacTomana qap aMalivusv WIMA-TaXKAKOTH Ba
TaXUsAu TaBCUSAXO Oapou HAOpPaKyHHHM YCTYBOPHU 3axHpaxod o0 Ba BJHEpreTukau
OapkapopimraBanaa uctudosa rapauaa, axaMUsaTH Ha3apyusiBi Ba aMailil TOpaH/I.

NuaTHmopor a3 pyiu mas3yu gucceprarcus. MasMyHH acOCHM TUCCEPTATCHS
nap 22 tapnudoTH WIMHA, a3 Yymiia 12 makoja gap MadallaxOoW TaKpH3IIaBaHIau
dexpuctu TaBcusiHamynaun Komwmccusin onuu artectarcuoHuu Hazau llpesuneHtu
Yymxypun Touukucron, 1 marentn xypau Yymxypun Touukrcron (Ne NJ1682) Ba 9
MaKoJia Jap MaBOAU KOH(POHCXOU MIMHH CaTXH T'YHOTYH HAIllp IIyJaaH/.

CoxTtop Ba xaumm aucceprarcusa. CoxTopu aucceprarcus a3 Mykanauma, 4
000, xynoca, 12 3amMmumaxo Ba pyiixatu agadbuétu uctudopamyaa a3z 165 Homryi
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ubopat act. Xaymu ymymuu aucceprarcus a3 190 caxudan vonit udbopar 6yna, 142
caxuan OH MaTHH acoci Mebotraa. Mukmopu pacMxo 43 ajiar Ba yaaBaixo 35 aiaapo
nap 06ap merupas.
MYXTABOU ACOCUU JTUCCEPTATCHUA

Jlap Mykajgauma Ba KUCMAaTH MyKappapoTUH KOPH JAUCCEPTATCUOHN axaMUSITH
WHTHUXO00M MaB3yh aCOCHOK Kapja Iyja, CaTXyd OMY3HUIIM MaB3y'h, aJJOKAMaHIUHU OH 00
CTpaTerusxo Ba 0apHOMaxou UMt oBap/a Iy aaact. Makcaja Ba Ba3udaxou TaXKUKOT,
00BEKT Ba YCYJIXOM TaXKMKOT MyaisiH Kapja I1yja, HaBTOHUXOU UJIMiIA Ba HYKTaXxou
acocuu 0a XMMOS TIENTHUXO/IIIaBaH/a OBapa IIy/1aacT.

Hap 600u iIKyMH JMccepTaTrcus MIapOUTH UMPY3aud COXau YHEPreTHKa XaMuyyH
SIK€ a3 CAMTXOU KaJIMJAWHU PYIIAU UKTUCOANI0 MYTUMOUM KUIIIBAPXO TaXJIWJI IIIy1aacT.
«Coxa Takpuban 60%-u ucTebMoan yaxoHuU aHrumt Ba 40%-u HCTEHMOJU Tra3u
Tabuupo gap Oap merupaa. VHUYyHWH, HHIIOH Jd0Ja IIyJaacT, KU TaFrdHUPOTH
TEXHOJIOTH JIap JICKTPOIHEPTeTHKA TAIa00Tpo Oa 3axupaxou MabIaHUIO aliEén XOM
3uén MmeHamos» [33]. Pacmu 1 Ba 2 xauymMu yMyMUH HEpyH OapKH 4aXOH Ba HKTHIOPH
yMyMUHU HacOIIlyjia Ba UCTEXCOIN HEPYH OapK a3 pyu MaHOAbX0 HUILIOH MEIUXAH/I.

«/lap mapoutu HOyCTyBOpUU 0030pU YaXOHHUM SHEPIreTHKM, KU 00 OojiopaBUU
HapXu ras3, HaQT Ba aHTUIIT TaBcuU(d Me€dan, TAFUUPOTH COXTOpPH Aap cuécatu
SHEPreTUKHM KHUIIBApX0 0a Hazap Mepacaja. TaxJIMiIX0 HHUIIOH J0Jd, KU ad30uIln
SKOOpay HapXH ra3 Jap SK KaTop JaBiaTrxo 6a 0o3ramT € 3uén rapauaanu uctudoaan
AHTHUIIT 0APOU UCTEXCOJIM HepyH OapK MycouaaT Hamym» [34].

MabiyMOTH BOKEW Ba MEMIOMHUIIIaABaHaa oujl 6a
HCTEXCOJIM YaXOHUHM HEPYH OapK
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Pacmu 1. - Xaumu ymymMuu ucrexcoiu Hepyu 6apku qaxonii (TBT)



HxTHI0pH HACOmYAA Hcrexconu Hepyn 6apK
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Pacmu 2. - IKTaopu yMyMHuH HAcOIIIy1a Ba UCTEXCOJIM HEPYH OApK a3 pyn MaHOABXO Jap
ceHapusiu naptoBxou cudp (Net Zero Emissions), conxou 2010-2050

Hap 000 aywM MacbhajlaxOM acoCHMM pPYHIAM COXah »dHEpreTuka 00
JTapHAa3apAOIITH IIAPOUTH TaOW#, UKTUCOMA Ba WKIUMUU Yymxypun TOYUKHUCTOH
TaXJIWI 1Ty 1aan. « HUIoH 10/1a 1y 1aacT, KA COJIXOHM OXUP Xa4MH HCTHXPOYH aHTHIIIT
nap kuiBap 0a TaBpu Hazappac ad3ounr Edra, 6a pymaM coxau JHEPreTUKa MyCOUIAT
Hamymaact. MiH paBaHj OoucH 3uéj myganu xadMu (Qypyin, BOPUIOTH MOJUSBA Ba
OexTap TapJuJIaHd UMKOHHUSATXOM CapMOSTy30pUH KOPXOHAXOHW COXa TapauaaacTy

[34].
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Pacmu 3. - Mcrexconu anrumT gap ToyukucToH aap coixou 2006-2024

Hap pacmu 3 Ba yanBanu | uctexconu aHrumt gap TOYMKUCTOH Aap COJIXOU
2006-2024 Ba 3axupaxou THAPOIHEPTeTHUKUM TOYMKHUCTOH OO0 Ha3apOolITH
KaTerOpHUsAX0 HUIIIOH JI0Ja IITy/1aacT.
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lIa)lBaI/I 1. - 3ax1/1pax01/1 THAPOIHCPICTUKUHA TouukucToH 00 Ha3apAO0LITHU KaTCrOpUiIxo

3axupaxou -
cAHOATI 3axupaxou 3XTUMOJIi
Munt .. Pe3um, Pe3nm
arKa 9, Hlapéxou kasion L >10xm L <10xm
MBT.Cc TBr.c N
MBr.c TBrT.c N MBT.c C) 9, TBT.c
Cyrn 1590 13,93 544 13,52 1303 11,4 1288 11,28
HTH sa 17709 | 15513 | 22744 | 9924 | 974 | 481 | 16056 | 40,65
XaTJIoH
BMKBb 5884 51,54 6990 1,23 555 2,38 3713 2,53
Xamrii 25183 220,6 31278 74,0 832 8,61 21057 84,46
Ipoduian TYI0HAR CHICHIAH HEPYTOXX0H fapKu
o0nn Baxm
Bananawm az
catxu baxp, m
Poryn
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Pacmu 4. - TacBupu HakIIan 1apo3uu cujcuia napéu Baxim
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Poryn. TaH3HMH SHepTeTHKA Hopaxk. TaH3HMH HIOBarHH 00&pHA

Pacmu 5. - Tan3umu cusncunan madypou oou o6andopxon Hopak Ba Poryn gap conmu 60 oOpaBu
MHEHA
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Jlap HaTnyan TaTOMKK YOpaOMHUXOM OapHOMAaBM, Aap JAaBPOHU MCTHKJIOIHAT K
KaTop HEPYTOXX0ou OapKu 00Mu Xypa coxXTa mryaaact. iH HUIIIOH MeuXal, Ku OaxIimm
TUAPOIHEPTeTUKAN XYypA TaApUYaH XaM4IyH YHCYPH MYXUMH TabMWHU MHUHTaKaBHH
Hepyu Oapk pywa mee€odan. Hap waasanu 2 pyiixatu HBO-u xypn nap Yymxypuwu
TOYMKHUCTOH HUIIOH JI0/1A LIy 1aacT.

Yaasauau 2. - Hepyroxxou 6apku ooun xypa (HbO-u xypn) nap Uymxypun TounkucToH (IIaxiv

myppau yaJBaJl Jap 3aMUMau 5-U AUCcepTaTCHs MENTHUXO0/ Ty1aacT)
Buiosit Hlymopa HxKTupop, xasop kBt
XatioH 39 1654
Cyrn 82 9044,1
BMKBb 55 5325
HTM 129 8836,5
Xamari 305 24859,6

NuuynnH, map 000M AyrOM TabCUpH TariupEéOMu UKJIMM Oa caMapaHOKUU
nanenxon odrobn Oappacii mrymaact. «Kaitm rapammaact, ku OanmaHn IrygaHd
xapopatd MyxuTu arpod, mMaxcycaH gap ¢daciu TOOMCTOH, OOMCH TapMIIIABUU
naHenxou o@rodi Ba Koxuil €(PTaHM caMapaHOKMUM OHXO Merapjaj. Xapoparu
HOMUHaIUU Kopu maHenxo 25-30 °C Oyna, 3uén myJaHd XapopaT a3 uH MebEp 0a
UCTEXCOJIN HEpyHU OapK Tabcupu MaH(it MepacoHa. bapou mact HaMmyJaHU XapopaTu
naHenxo Ba OanaHja Oap/IOIITaHW CaMapaHOKHUU OHXO JTACTIOXU MaxXCyCH XyHYKKYHi
Taxys Ba MEMHUXO] mrynaact. Cucrema TaBacCyTH KyOyp Ba Hacocu (hUIOpH TMacT
Jap caTXy MaHeIXxo KaTpaxou Mmaijgan o0 XOCHII HaMyJa, «0OpOHU CyHBR» 0a Byqy.l
Meopa. I ycyn xapopatu nanenxopo 1o 20-25 °C nact kapja, Kopu caMapaHOKUU
OoHXOpO TabMuH MeHamosa» [35]. Jlap pacmMm 6 nactrox Gapow XyHYK HaMyJdaHid
naHeaxon opToOi HUIIOH JT0/a IIyAaacT.

Pacmu 6 - Jlactrox 6apou XyHYK HaMyJaHU ITAHETX0U 0(PToOwM

Boou cerom 0a Taxusy MOJIETXOM MaTEeMaTUKA Ba UMHUTATCHOHHH OE€XTapCO3UM
pevaun kopu HBO Poryn 6axmmma nrygaact. «Xamadu acocun 600 TaXKHUK Ba ap3¢0un
UKTHJIOPH THAPOSHEPTETUKHH JapEXon Oy3ypru TOYUKHCTOH, MHUYHUH OMY3HIIH
TabCUPH PABAHIXOM TaXIIWHIIABHA 0a yCTYBOPHUU HU30MH dHEPreTHKid Mebormmaa. Jlap
JOUpad TaXKUKOT 3aXUpaxoW THAPOIHEPTETUKUU JapéXOM acOCHUU KHIIBap,
HUIOHIUXAHAaX0W (abOIMATH DHEPTeTUKA Ba OMHIXOM Oa BydyAopaHaau
TaxXIMHIIABHA TaXJIWJI Tapuaan]l. XaMuyyHUH, TAbCUPU PaBaHIXOM TaxIIMHIIABH 0a
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baboMMATH WHIIIOOTH TUIPOIHEPIreTHKN ap3€0i mriyaa, Oapou Oananm OGapaomiTaHud
YCTYBOpPH Ba CaMapaHOKHWHM HU30MH DHEPTrE€TUKN YOpaxOUu MJIMHA Ba aMajli MENIHUXO/
nrygaasm [36].

Hap pacmxou 7, 8, 9 Ba 10 Hakmaxou UCTHU(OHAOAPUU SHEPIETUKUU JAPEU
Cypxo00, uctudonadbapuu sHepreTukun 1apéu OOUXUHTOB, UKTUIOPU DHEPTETUKUU
XaMmau 1ap€Xou KaJloH! TOYMKHUCTOH Ba CaMapaHOKHH YHEPTETUKHUH TapEX0ou Oy3ypru
TOYUKHUCTOH HUIIOH JI0J1A 11y 1aacT.
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= 4500 , 450

= 4000 7 400
2> 3500 — 1 350
- o
= 3000 i 300
= _ =
5 2500 - 250 &
S 2000 , 200 £
= 1500 / 150
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‘5 1000 - 100
7
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Macoda a3 capuamma, KM

Pacmu 7. - Hakman uctudonadapun suepretukun gjapéu Cypxo0
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Pacmu 8. - Hakmaun uctudonadbapun saepretukun napéu OOuXuHroo
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Pacmu 9. - IKTuAOpH SHEPreTUKHUN XaMan JapéxXou KalloHH TOYUKHCTOH
40
35
E 30
E 25
2 20
3 15
P
S 10
5
0

0 50 100 150 200 250 300 350 400
Macoda a3 capuamima, km

Baxm = = O0uxuHOr00 Cypxo0
SArHOO

Kodapauxon 3apaduron

Pacmu 10. - Camapanokun sHepreTukuu aapexou 0y3ypru Toyukucron, dN/dL, MBT/km.

Yansaau 3. - Ap3uIIXOM caMapaHOKHMM MHUEHAW SHepreTuknu jaapéxon Baxm, OOuxuHro6 Ba

Cypxo00

Hapé Baxm OOuxuHTro0 Cypxo06

Dn/dL, MBt/km 14,71 9,97 9,89

bapou ny Hepyroxu Oapku oOue, ki Jap 1y KuTbau gAapé 00 camapaHOKUH
SHEPreTHKUH T'YHOTYH COXTa MEIIaBaH, YyHHH KaOyJ Kap/a 1y

D1/02 =k (1)

Arap napo3uu KUThaxou napé, ku a3 younobu xap ny HbO uctudona memanans,
Oapobap Ooraa, Xapo4oTH COXTMOHI HU3 siIKxena Merapaas. [lap uH xonat uKTumIop
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Ba ap3WINU TaYXW30TH HEPYTroxxo 0a caMapaHOKHH SHEPTETHKUU OHXO MYTaHOCHO
xoxaz Oy.

N1/N2 =k (2)
pratXusoT

1 P;a!{xusoT =K (3)

Py = P 4 i @

jap uH 4o: Py; P7T pKCM _ vaGiaru ymymi, xapoqoTi Tauxu30T Ba KopXou

coxTMoHi-MoHTax# (KCM) 6apou HBO Nel.

MertaBoH KalyJ1 Hamy1, K 0apou Xap r'yHa HEPYroxu 0apku o0, XaMUyHOH KU
6apou HBO-xoum ammakaii coxTamiyjaa Ba Jap XOJM COXTMOHOyaaum papéu Baxin,
xapoyot 6apou Tauyxu3oT 30 dous, Ba 6apou (KCM) 70 ¢ousu ap3umu ymymun HbO-
PO TaIlIKWJI MEIUXAH/, IbHE:

0.3
P = P = 0.429PfM (5)
bapon HBO Ne2 Hu3 60 4yHMH MIAKJI XOXEM JOLIT:
PTa‘{XMBOT
P, = PyET 4 piCM = 1 /i + PKM (6)
Bo rysomrranu ap3umxo 6a popmynaxou rupudramryaa P70 Mo 6a nact
MEOPEM:
2V 0.439PFM + P{M  1.429 @)
P2 ™ 0.429pKM " 140429
ot P 7
SAbne ap3umm ymymun HBO Nel nap:
1.429
1+ 0429/
ap3um ymymud HBO Ne2 sik mapoTtu6a 3uéarap act. AmMmo:
P; = piN; (8)

Jlap uH 4o:
p; — ap3umm xocu coxtmMonu HBO Ni, map oxup Oa makiu 3epuH XHCOO Kapja
MeIaBa;

P%Z _ 1.429 _ 1.429 (9)
k(1+0429/,) " (k+0429)

LCOE (Levelized Cost of Electricity) Humonanxaniau UKTUCOAUECT, KU ap3UIIH
MuéHan uctexconmu | kBT-coar Hepym OapkKpo nap TaMOMHU JaBpan (HabOHSITH
HEPYIroX MyaussH MeKyHaa. MH HUImoHIMXaHaa Xamad XapodoTxo, a3 Yymia
capMosTy30pii, UCTU(O1a, HUTOXJIOPH Ba XaYMU UCTEXCOIN HEpYpo nap Oap rupudra,
Oapou MyKoHWCaul CaMapaHOKUM HWKTUCOJMM JIOMXAXOW OJHEPreTukin uctudoaa
MelaBa.
®opmynau ymymuu LCOE uyHuH act:

g letMe + F
-\t

L aen (10)
LT+t

LCOE =
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K4 J1ap oH Iy — capmosiry3opii, M; — xapoyotu uctudo/a Ba Huroxaopi, Fi_ xapoyoru
cy3umBopii, Ei — xaumu uctexconu Hepy, r — Mebépu Taxdud (AMCKOHT) Ba n — AaBpau
uctudpona wmebomann. «Jap mykomca 0o xaB3am napéu Baxm, ku ske a3
caMapaHOKTapyH MUHTAKaXOMW Py rujipodHepreTrka aap Yymxypuu TouyukucToH
0a xuco0 MepaBaj, ap3WIlKd BOXUIMHM COXTMOHU HEPYroxxou Oapku oOi Oa TaBpu
Hazappac nact mebomany [37].

bosin kaiin Hamy, ku 1ap 600u Ma3Kyp MHUYHUH, 00 MaKcaau ap3¢0un TabCUPH
ApO3USM XOK Ba TaxXUIMHIIABA O0a 3aXxUpaxou TUAPOIHEPTeTUKH Jap IIapOUTH
Tarinp&oun ukymm, mojaenu MUSLE uctudoma rapaus.

Myonamitan MUSLE uynun udoma merapaan:

A=RxKxLSxCxP (11)
Omunu 3po3uoHokur 6opumiot (R) Tascupu 6opumoTpo 6a paBaHaX0H IPO3UIH
XOK MTHBUKOC MEHaMOs/1 Ba popMyiian XMCOOKYHUH OH YyHHH acT:
12

R = z 1735 x 10[(1.5 x L,"~0.8188)] (12)

=1

®opmynan xucoOkyHuu oM K uyHuH udoa merapaa:

K ={0.2+ 0.3 X 0.0256 x SAN(L — S Eyh s (S oz
= {02+ 0.3 x exp[~0. =203 * Crazs > (¢

025 x C . 0.7 x SN1 (13)
Tt enpB372-295x0)Y <1 TSN T exp(=551 + 229 x SNT)

Hap uH yo:

SAN, SIL, CLA Ba C myTtanHocu0aH xuccau maccau (%) KyMm, JIOH, Tl Ba KapOOHH
OpPraHUKUPO Aap TApKUOU XOK HPo1a MeHaMOsiHI. IH HUIIIOHIUXaH/1aX0 XyCyCUSATXOU
IpaHyJIOMETpiA Ba TapKUOM OpPraHWKUM XOKPO HMHBHKOC Kapja, 0a jgapadau
APO3USIIABUU OH TAbCUPU MYCTAKUM MEPACOHAH/I.

69°0'0"F 70°0'0"F 71°0'0"F 72°0'0"F 73°0'0"F
T T T T 1

39°0'0"N P -139°0'0"N

[ R
MJemm/(hm" *h+a)

3IR°00"NP =38 0'0"N

B o- 1200
- 1200 — 1800
[ 1800 - 2600
0 60 120 km [ 2600 - 3200
37°00"N - I T I 3200 - 4000 <437°0'0"N

1 L 1 1 1
69°0'0" 70°0'0"F 71°0'0" 72°0'0"§ 73°0'0" |

Pacmu 11. - TakcumoTn hazonn oM R nap xae3an napéu Baxmm
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Pacmu 12. - TakcumoTr azonn ommm LS map xaB3aum mapéu Baximn

69°00° | 70°00"F 71°000"F T2°00"k 73°00"

>z

39°00"°NP -139°0'0"N

c
B oo -o0.5
o Ak
D 015-025 Jd3sc00eN
B 025 - 035
oo
o505
0 55 110 km
3T°00°NP L 1 J =437°0'0"N
L L L L L
69°00"E 70°00"E T1°0'0"E 72°0'0"E T3°00"E

3S00NP

Pacmu 13. - Takcumotn ¢azonn ommu C gap xaB3au napéu Baxm

69°00"F 70°0°0"F 71°00"F 7200k 73700k

39°00"°NP =139°0'0"N
38°00"N = <438°00"N
0 55 110 km
37°00°Np= L L ) =137°00"N
1 1 L 1 1

69°0'0"F 70°00"F 71°00"F 72°00"F 73°0'0"°F

Pacmu 14. - Takcumotr azoun omunu P nap xas3au gapéu Baxiu

«MuHTakaxou JIOpoW ap3umixow Oamana (omaTtaH  3uéna

MJ-mm/(ra-coar-coi)) acocaH Jap KHUCMAaTXoM MOEHOOM XaMBOPUU XaB3au Japéu
Baxm yoitrup mymaann. Ma xonar 6o muagatd HucOataH OamaHnu OOpHUIIOT Ba
XYCYCHATXOH MKJIMMUU MHUHTAKaxou MacTKyx Bobacta mebormany [38]. lap pacmxou
11,12,13 Ba 14 Takcumotxou (pazonn omunxou R, LS, C Ba P nap xaB3au mapéu Baxim

HHUIIOH J0/Ja 11y/aaacT.
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AKcapu MUHTaKaxou mapkid kumarxou 3uéna a3 0,25 nopanj, nap Xoje Ku Jap
rap0 ouxo acocaH kamtap a3 0,25 mebomann. MH xoiar HHUIIOH Meauxaid, KU Jiap
KrcMaTxou 00m000m xaB3a ¢umop 0a dopaxou MyxodwuzaTd XOK Ba 00 Oermrap
MmeOomiaa. Hatnyaxo HUIIOH MeauxaH[, KU capyaliMaxou xap3au gapéu Baxin 6a
ApO3USU WAAUAM XOK Ay4dop rapauaaanja. MH xonaT MeraBoHaj OoucHu ad3ouiiu
WHTUKOJIM TaxIIMHXO Tapaunaa, ©O0a dYamMbllaBUM OHXO Jap 00aHOopxou
THIPOIHEPTETUKUHA MUEHA00 Ba TOEHOO TaXIUIU YHITA 390 HAMOSII.

69°0'0" 1 70°0'0" 111 71°0'0" LI 72°0'0" 11 73°0'0" I

39°0'0" CLI =139°0'0" CII

2
332 Dposusn Xok

T/(xm+com)
[ 0-500
[ 500 - 2500 -38°0'0" CL1I
I 2500 - 5000
[ 5000 - 8000
[ 8000 - 12,000

0 55 110 km
M| S

1 1 1 1 1
69°0'0" 111 70°0'0" 111 71°0'0" LI 72°0'0" 11 73°0'0" LI

38°0'0" C1UI

37°0'0" C1I -137°0'0" CILL

Pacmu 15. - TakcumoTn (pazoun 3po3usiv XOK Jiap xaB3au gapéu Baxi

Tamb 0BAPEIT MABIYMOT

Haepxo Map mymoTH MabIyMOTH 2¢0CHH CNOPG
HIE, THIMTT qyrpodi
Api3€01m 3axHpaxon Tab cHpy TAFFIp €0 M MK, IV TabcHpm TaFip €0 1 1K M
THJIP 03HEPT e THKA 0a capdu 0d 04 5p oL XOK
SEM Veynxo MUSLE

(1) Takcrmo e Pearson
Hapbu ITT on
(2) @ oprryman S eyime l l
TIOTEHCHA T o -
THLIPOSHeEpre THRIT ., Tanb crpH TAFFE €01 EIKIEM Oa

3aXHPax0H THIP 053HEPTe THRIT

Pacmu 16. - Xapurau poxu ucrudonadapuu mogenu MUSLE nap xar3au gapéu Baxin

bo ad3onmm taxmumaxo xaymu Myduau 06aHOOp KaMm mryma, catxu o0 mact
Mmerapaaa. [ap Hatuya dumopu o6 koxuin €dra, UCTEXCOIU HEpyU OapK Maxy
MelaBaa. Xuco0Xo HUIIIOH MeAuXaHd, Ku Xap 1 M* TaxmmHiasit meraBonaa 1o 0,7—
1,0 M® xaumu mypuam 06aHOOPPO KOXUII TUXA]T.

Hap 000mM 4yop ycyaxou 0axOoJUXUU DHEpPruscaMapaHOKUM JapEXOU KaJIOHU
TouMKHUCTOH Ba AYpHAMOW PYIIJIA KOMIUIEKCH OON-dHEPTeTHUKN TaXJIWJ IIyJaaH]I.
«MHuyHuH gap 600M Ma3Kyp TabCUpH TarMMpEOUU WKIKUM Jlap AOUpPau CEHAPUSXOU
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uknumii (RCP2.6, RCP4.5 Ba RCP8.5) 6a 3axupaxom TUIPOIHEPTETUKUU XaB3au
napéu Baxir Taxkuk mrygaact» [39].

«lap 3amoHum Myocup, ku 00 OanmaHj WIyAaHU SXTUEYOT Oa Hepyu Oapk,
TUTapryHUXou o0y XaBO Ba yapa€HXOM MylLIaxXacHh TMApOJIOrid TaBcH(p MelaBal,
Machanan HUCTU(OJaM caMapaHOK Ba YCTYBOPH 3aXHpPaxoW THUAPOIHEPTeTUKA
axamusaTu Oewmtap maiino mexkyHan. Yymxypuu TOYMKHMCTOH, KM JOPOM 3aXHUpaxou
Oy3ypru o0l Ba UKTUJIOpU Ha3zappacHu TUIpOsHEpreTHKii Mmedomaa, 0apou TabMUHU
AMHUSATU SHEPIeTUKA Ba PYyIIJIM YCTYBOPU UKTHCOIA 0a MCTU(OAAN ONTUMAIUU WUH
3axupaxo Taks MekyHaay [40].

Moaeau marematukun TaH3umu maBcumud HBO Poryn. [lap maxim ymymn
XUCOOX0 a3 pyu MOJENN MEeIHUXOANIYAa Aap IMIAaKJIA YaBall H4po Kapja MelIaBaH/I,
KU J1ap 3aMUMaH IUCCEPTATCUS OBapja IIy/1aacT.

Xauymu yapaéau o0 6a 06anOoOp map sk MoX (a3 pyu apsumxon Kumatu Q),
WBopI/IumaBﬁ, KM3-

Wopnmmasa = Q*60*60*24*n (14)

Jap uH yo:

N - IryMopau py3xou Xap MOXXO0

Xapoyotu Boken € nemoununryaan o6 a3 tapadhu HBO xamuyH Qupo, K MEBEPU
MuEHAKM MOXOHA 60 Boxuau M/c uctudoa Merap/aj, HULIOH J0/a LIyaacT.

Xaumu o6m ryzamra a3 HbO gap Tynu sik MOX (Z1ap acocH KUMaTXO0W MabJIyMH
Quso), XaMuyH Whpo 60 BOXHAU KM XHCO0 Kapaa MeIaBal.

Whso = Qupo*60*60*24*n (15)

KU JIap OH: N - UHYYHUH IIyMOpau py3xo Jaap K MOX acT.
Xaumu Mu€Hanm 00aHOOP XaMUyH Wyminan mrmxon 02 TAPUKHU 3€pUH XUCOO Kapja

McC1IaBaza:
WMMéHaI/I HHTHXOA — (WI/I6TI/IZ[OI7I + WI/IHTI/Ixoﬁ)/ 2 (16)

Humonnuxanaaxou a3gactpaBum 00 Jap HaTHYaW TOJIOMIIA OBapja IIyJ1aaH/T.
Xaumu ractoBapuu 00 a3 Oyxopmasil 6a yeHakH KM xuco0 kapaa memasas. MH xuco6
60 Taks 6a Bobactaruu H = £ (Wv), ku gap pacmu 17 HUIIIOH 10712 1Ty 1aacT.
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Pacmu 17. - O6an6opu HBO-u Poryn. Bo6acrarii: H=f(W)
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\_ Humonanxannau catxu 06aHo0p, M. )
Pacmu 18. - O6an6opu HBO-u Poryn. Bobacrari: W=f (H)
Yansaau 4. - Bobacraruu xaymu o6anbopu PoryH a3 HUIIOHAaH caTXH OH
H, m 1185 | 1203 | 1217 | 1230 | 1241 | 1251 | 1260 | 1268 | 1275 | 1282 | 1288 | 1290
W, kM3 | 3 4 5 6 7 8 9 10 11 12 13 | 13,3

KyHE

Arap MO UH QYyHKCHUSApO Oapbakc TaOaWI TUXEM, BOOACTArMu 3€pUHPO XOCHI

M.

A3 uH 40, 00 Ha3ap/IONITH OH KU:

W =1f(H)

20
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W06aH60p = .]_S(H)dH (18)

ku jap oH: S(H) - maiinonu carxu 06aHOO0p, XamuyH (yHKCUsIM caTxu 00 Jap OH,
BoOacTaruu OXMpUHPO Oa TaBpU Bo3eX 0a acT OBapJilaH MyMKHH acT:

dWoﬁaHﬁop
S(H) = ——= =
( ) dH
d(0,0000024-1821228785279H 3-0,00843530375184813H2 + 9,85922059165082H — 3859,0462219014—9) _ (19)

dH
0,00000725463686355837*H? - 0,0168706075036963*H + 9,85922059165082

Yaasaum 5. - Bobactaruu Maiiionu catxu o6an6opu PoryH a3 HUIIOHAaU caTXy OH

H, m 1180 1200 1220 1240 1260 1280 1290
S, kM2 53,26 61,17 74,88 94,40 119,72 150,84 168,58
Yansaau 6. - HBO-u Poryn. Bo6acraruu S = (W)

W, km® 3 4 5 6 7 8 9 10 11 12 13 13,3
S, kMm% | 54,69 | 62,85 | 72,45 | 83,91 | 95,52 | 107,60 | 119,72 | 131,47 | 142,51 | 154,27 | 164,91 | 168,58
14 ‘ N
13 —
12 /./ /.
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Pacmu 19. - O6an6opu Poryn. Bobactarit: S=f (H)
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Pacmu 20. — O6anbopu HBO-u Poryn. Bobacrarii: S=f (W)
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Jap pacmxou 19 Ba 20 BoOactaruu macoxat a3 ¢uirop Ba BoOacTaruu MacoxaT
a3 XayM HUIIOH J10/1a IITy/1aacT.

Tubky HaTHYax0M XOCWIITy 1, TaadoTu 00 a3 06andbopu Porynpo 60 uctudona
a3 MabJIyMOTH TaXKUKOTH Jap XyqI4aTXOH JJOMXABUHU TEXHUKM METITHUX O Iy 1a My alisiH
Kap/a maBai.

Xucobu tanadot 60 hopmyiau 3epuH cypaT MErUpa:
H6yx0pmaBl71 =S* tTaJ'la(bOT*lO_G (20)

Hap un 4o S:
S = '0,0377792687 (WﬂaBOMHOKI/H/I Mnéﬂa)3 + 1,0055598849 (WﬂaBOMHOK“H Ml/lé]—[a)z + 3,1891993856
W[IaBOMHOKI/II/I MHEHA + 3617031932722-

[Tac a3 uH ap3uIIXOW HaTUYau MUEHAU XayMU 00aHOOD J1ap sSIK MOX XHUCOO Kapja
MCEHIaBaH/, Wxnco61/1 MuéHa
Wxncoﬁm MuéHa — W)laBOMHOKI/II/I MuéHa — Hnononm - HﬁyxopmaBﬁ (2 1)

Xaymu maprodranu xoni/Oexya 00 MAapTXOH 3epUH XHCOO Kap/a MeIaBa;

- Arap Wiucosu vmena KAMTAP a3 XayMU Iyppau 00aHoop:
Wxncoﬁm MuéHa <13,3 KM® (22)

63, H6exy;[a = 0
- Arap WXHCO(SH muéna 43 Xa4YMU IIyppau 06aH60p KaJIOHTap acCT:
Wico6u wmsna™ 13,3 KM (23)

6a H6exyz[a = WXJ/ICO6I/IMI/IéHa_1313

A3 pyu uH ap3umxou MyBOPHUKH [T;omomm 0ApOM XapodoTH MUEHAU SKMOXAU

6exyna, Qsexyra, a3 PyU BOOACTart XucoO Kapaa MEIIaBaHI:
10°

Qsexyna = Mnonoum * 36400+ 7 (24)

Jap Ky4o: n - IIyMOpau py3xo Jap sK MOX.
Xaman UH IMKOH MEeINXaJl, Ki CaTX! MyIaxxacy (HHImoHaun) oo qap o6anbop 6a
Xucoou MuéHa nap sk MoX xuco0 kapna masaja. Bobactaruu nouxasit: H = £ (W) nap
pacmu 21 HUIIIOH JTO/IA IITyTaacT.

1300 o o g0
S 1250 .—-—°-'sl°s¢-—o—--.-.-.
i ,1.1""‘"
s 1200 P
: 2 >
5 21150 /
"z y
s & 1100 /
= {
§ © 1050 4
S ° 1
g 1000 [
= {
= 950

0 2000 4000 6000 8000 10000 12000 14000 16000
Xagmu 06aHO0p, Ky0. KM.

Pacmu 21. - O6an6opu HBO-u Poryn. Bo6acrarii: H=f (W) 6apou o6an6op
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Nu xarm kaq 6a tamomu xauymm obanbopu HBO PoryHn, a3 gyymmna xaymu
uctudomananrya Ba GougaHoOKu 00 Jaxi nopaa. bo Makcaaum TaH3UME KOPU HEPYTOX,
MOJIENIN TaXuATapania TaHXo XaqymMu My puan 06andboppo 6a xucod merupa, OuHOOap
uH 0apou MyailsiTH HaMyTaHHU CaTXu 00 yCYJIu JaKuKTap UCTU(OIa MEIIIaBa/l.

Apzunixou koxdurcuentu A (= 9,81 n) nap Bodactaruu ymymii 6apou Xucod
KapJaHu UCTEXCOJIM HepyH OapK HHIIOH J0/a IIyAaacT:

D = A*Q*H (25)

KW TO Ty3apOHHJIaHU TaXKUKOTH Tadbuit nap xyaun HbO-u PoryH, 6a monanan HBO-u

Hopak ka0yn mryaaact:
A =10,37901 — 0,00672* Hpyrro (26)

ba Monangu HBO-u Hopak ap3umixou xaaad MMKOHIIA3UPH KaBUTATCHUS Ba
KOOWIMSITH Ty3apHIly ap3uiiy xapoqotu 06 tTaBaccytu HbBO xucob kapma nrymaasn;

QMAX = 0,00003 869*(H6pyﬂ'0)4'0,03 529695*(H6pyﬂ'0)3 +1 1,92065309*(H6pyﬂ‘0)2

-1765,53505094* (Hapyrro) +98141,08410839 (27)
Bab]1 a3 MH NCTEXCOJIM HEPYH OapK JIap K MOX XMCO0O Kap/a MeIaBaj;
D =A% QH]SO>I< H6pyTTo (28)

Mopaenco3uu TabCUPH TAFAHPEONMU HUKIUM 0a capdu 00 Ba OaHAKIIATHPHUH
HKTHI0pH 00aHO0PX0PO OapoM TAbMUHH YCTYBOPHH TAbMHUHOTH JHEPTeTHKIA.

«Xam3amoH, gap 000U maszkyp Oapou xucoOOapopit Mojenu pakamuu pened
(DEM) 60 TakcumoTtu KuThaxo 0a docwmnam 20 kM ucrudoma rapauna. HMxrumopu
HazapusBid 00 mapHazapaomTd ¢GapkusaTu OanaHauu OatHM OypuIIxou 0071000 Ba
no¢HO0 Ba MHYYHUH XayMH MHUEHAU coJioHau capdu o0 MyailsiH kapna myja, a3 pyu
bopmynau 3epuH Xucob kapaa merrasam [41]:

Errwater =P 9 Q- AH -t (29)

KU JIap OH:

Errwater — UKTUIOpU Ha3apUsiBUM TUaposHepreTukuu napé (J); p — 3uuuum o6
(map Taxkukotu ma3kyp 1,0 kr/m xaOyn rapampaact); § — WUTOOM apTUIIM 0307
(9,8014 m/c?, MyTOOMKH KOHYHU 403u0an yMyMu4axoHii, conu 1979, 6apou ap3u 39°
xuco0 mynaact); Q — xaumu mMu€Hau cojoHau capdu o6 (m*/c); AH — dapkustu
Oanmanauu OaliHM KUThaxou Oypuild 6051000 Ba MOEHOO (M); t — TaBOMHOKHUM BaKT
(8760 coat map stk com).

bo nmapuazapaomtd oH KW Jiap xaB3au japéu Baxm caxmu capdu 6apdo6 map
TallakKKyJd Madypou yMyMHH 00 Xxeie Oananjg wmebomiaa, ©6apou MOJEICO3HUH
paBaHIXOU THUIIPOJIOTHA Jap IIAPOUTH CEHAPUSXOU TYHOTYHH HKJIUMA MOJEIH
ruaposioru SRM uctudona rapaua.
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«Moxemn SRM sk Mojenu KOHCENTyaluH «jaapaqa-py3» (degree-day) Oyna,
Macoxatu 00 Oapd mymoHWANTyJapo XaM4yH SKE€ a3 HUIIOHAWXAHIAXOU acOCHUU
BOpHIOTA 06a MHOOAT Merupaa. Myonunau acocun oH THOKK dopmynau (30) udona
merapaan [42].

A-10,000
Qns1 = [Csn “any (T, + AT,)S, + CRnPn] oz Ann

86 400 (1 - kn+1) + ann+1 (30)

KU JIap OH:

Q — xaumu MuéHau maboHapy3uu caphu o6 (M*/c);

C — xkoadducuentu capd, ku Tamadgorpo xamuyH HucOatu capdp 6a GopumioT
(runoff/precipitation) udona mexynan; Cs — koadducuentu cappu O6apdood; C. —
ko3pducuentu caphu odu OOpOHIt; & — OMIIM «Jlapaya-py3», KU YMKU OOIIaBUU
O6apdpo a3 xucobu sik napaya-py3 HuioH meauxan (cm-°C'py3!); AT — ucinoxu
xapopar (IKCTpamoJiATCHs) a3 MCTTOXM MYyLIOXHAaBi Oa OanaHauu MHUEHAU
TUIICOMETPUU Xap3a € MuHTakau Oananmuto penedn (°C); S — xuccam macoxaru 00
O6apd mymonugantyaa HucOat 6a MacoxaTu yMyMii; P — MUkgopu 60puIioTe, Ku aap
TalIaKKyJu capdu 00 HIITUPOK MEKYHAT;, A — MacoxaTh XaB3a ¢ MUHTaKau OalaH o
penedin (km?); K — koadducuentn koxui (recession coefficient), ku mactmaBuu capdu
o0po map nmaBpaxou OcoOmaBuu Oapd Ba Oe Oopumor TaBcud MeHamos, N —
nangapxaMuu py3xo JAap JaBpau XUCOOKyHUU capd.

10,000

Ndonan

86,400
MellaBas.

bo napnazapmomTu Tabcupu Hazappacu TardupéOum ukauMm gap Yymxypuu
ToYUKUCTOH, HU30MH MOJENICO3W Jap KOPU JTUCCEPTATCHOHMU Ma3Kyp Oapou ce
CEHapusal KOHCEHTpaTcusu Hamosinjaaruu naptoxo - RCP2.6, RCP4.5 Ba RCP8.5 -
TaTOWK rapaua. bapou wH TypHAMOU UKIUMUAN MauMyad MOJEITXOU OaifHATIMUIIATIH
CMIP5 wuctudoma mya. Jlap pacmu 22 TakcuMmoTd (Ha3ouHd  3aXHUpPaxou

TUAPOIHEPIreTUKI Tap XxaB3au Aapéu Baxin HUIIOH A0j1a 1Ty aaacT.
69°0'0" LI 70°0'0" 1L 71°0'0"1L 72°0'0" LI 73°0'0"1L

Oapou TabauIu BOXUAXO0 a3 cM/KM?/py3 6a m?/c uctudonaa 6ypna

39°0'0"C -139°0'0"C

3axupaxou JHeprusu 0o
x10 kBt-coar/cona

B 0 - 800 438°00"c
[ 8001600

[ 1600 - 2400
B 2400 - 3000

-53
0 35 110 kM - SRS
37°0'0"C | IS S @ Dbypumm nonepeuit  437°0'0"C

38°0'0"C

1 1 1 1 1
69°0'0"111 70°0'0"1 71°0'0"I 72°0'0"1I 73°0'0"11

Pacmu 22. - Takcumotn (pa3ouu 3axupaxou THAPOIHEPTETUKIA 1ap XaB3au Aapéu Baxur
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Taxaunu OMOpil HUIOH MEIUXad, KU aKCapusITH XyAyJAXO JOPOU UKTUIOPH
HazappacH dHepreTukii mebomrana Ba 6emr a3 90 ¢pomsu macoxaru xap3a 3uéna a3 100
MIIpZT KBT-coat gap sK coJl MUMKOHUATH UCTEXCOIU HEPY JOPaH/I.

Yaasaau 6. - Xruco00apopuu 3aXUpaxou THAPOIHEPIETUKA Jap KUThaX0N HAMYHABUHU THIPOJIOTH

Hom 6(:1).1?5::;:::) XauymMu MUEHAH COJTOHAMN 3axupaxou ruJApo3HepreTuKi
capgu 06 (M*/c) (x10® kBT coat/coJ)
a3 carxu 0axp
Fapm 2007 321,92 554,65
Poryn 2036 645,00 1127,37
Hopak 1413 650,05 788,53

Taxaunmu omopur MablyMOTH MuEHaconam JnaBpaum conxou 1976-1985
HAaTHYaXOW 3E€PUHPO HHUIIOH J0A. TaKCHUMOTH JOXWJIMCOJOHAW 3axUpaxou
THJIPOSHEPTETUKA Xelle HOMYTaBO3WH MeOomiaa. KumaTxonm macTrapuH aap MOXXOU
sSHBap—MapT Oa KaiJ rupudTa myaa, myrasocudan 6,03 x 10%; 12,24 x 10® Ba 8,58 %
108 kBT:coarpo Tamkuia MeauxaHa, Ku 0apou xap sik KUTha Takpuoan 2,77% Xaumu
coJioHapo aap 6ap merupas.

bapbakc, OananaTapuH HUIMIOHAMXAHIAXO Jap MOXU UIOH MYIIOXH/Ia MEIIaBaH/
- 47,83 x 108%; 97,04 x 108 Ba 68,02 x 10® kBt coar, xu 6a xucoou muéna 21,96% a3
Xa4MH YMYMUU COJIOHAPO TAIIKUI MEIUXAH]I.

Jlap mauymyb, O0a maBpam cepobit (Maibi—ceHTs0p) 75,13% xauymum ymymuu
3aXUPaxOU THAPOIHEPTETUKI POCT MEOA, 1ap X0Je K XapT MOXH OOKUMOH/Ia TAHXO
24,87%-po nap 6ap merupana. MH xonat 3apypatu TaH3UMU MaBCUMHH 3aXUPaxou 00
Ba OaHaKIIArMpUU UKTUAOPU 00aHOOPXOpO 0apou TabMUHHU YCTYBOPUHM TabMHUHOTH
SHEpreTukii Aap dacau kamoOn HUIIOH Meauxan. Pacmxou 23, 24, 25 Ba 26 TakCUMOTHU
OXTUMOJIUU 3aXHPaXOW THUIPOIHEPTETUKHA, XYCYCHSITXOM TaKCUMOTH 3aXUpPaxou
TUAPOIHEPTETUKIA J1ap 1aBOMU COJI, MOZEJICO3uH capdu 00 nap KUThau THAPOJIOTHH
Fapm nmap acocu monmenu SRM Ba mykoucau capdu BOKEH Ba MOACIICO3ZMIIYAAU
maboHapy3in 60 ucrtudoma a3 auarpaMMaxod mapokaHga (scatter plot) WHBHUKOC
HAMOSTH]I.
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Pacmu 23. - TakCUMOTH 3XTUMOJIMH 3aXHPAXOH THIPOIHEPTCTHKI
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Pacvmu 24. - XycycHSITXOM TAKCUMOTH 3aXHPaXOH THIIPOIHEPTETHKHA 1ap JaBOMHU COJ

MyBodukatu Oamanau OallHU MabIyMOTH MYLIOXMJAIIyJa Ba HATUYaXOH
MOJIEJICO31 XaM Jlap MapXujau TaH3uM (KaauOpoBKa) Ba XaMm Jlap MapXujau CaHYHUII

(BanmmaaTcus) 6a Hazap Mepacas.
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Pacmu 25. - Mopenco3uu capdu 00 nap kurbau ruaposioruu Fapm nap acocu mogenn SRM
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Pacmu 26. - Mykowncan capdu BOKEe# Ba MOICIICO3UIITYIan MaboHapy3i 60 uctudoa a3
JuarpaMMaxou nmapokasza (scatter plot)
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Kumatxou 6amanau R? Ba NSE (>0,97) manenu myBodHKaTh xene XyOn MoeI
00 MabIIyMOTH BOKE# Oy/1a, KOOMIUSATH OH Oapou Mojienico3uu capdu o0 1ap mapouTu
TaFUUPEONN UKIMMPO TACIUK MEHAMOSH]I.

TariiupEOun HUIIOHIUXAHIAXOU HKJIMMI — Xapopatu Makcumanii (Tmaxc),
xapopatu MuHuMani (Tmun), xapoparu muéna (Tmuéna) Ba 6opumor (P) — Gapou
MUHTAaKal TaXKUKOT HHUcCOAT 0a JaBpal MOJEJICO3W Jap 4YaaBaidud [ TMEIIHUXO]]
rapJuaaacT.

Yaasauu 7. Kumarxou TariinpEéOUu ceHapUsIXOM HKIIAM 1ap XaB3au qapéu Baxin HucGar 6a naBpan
acoci (1976-1986)

Humonauxanga | Cenapust 2030 2040 2050 2060 2070 2080
Tmaxc (°C) RCP2.6 0,19 0,18 0,33 0,46 0,44 0,27
RCP4.5 0,20 0,28 0,36 0,52 0,62 0,61
RCP8.5 0,21 0,51 0,76 0,83 1,19 1,40
Tvun (°C) RCP2.6 0,22 0,22 0,35 0,40 0,44 0,27
RCP4.5 0,26 0,32 0,33 0,50 0,49 0,51
RCP8.5 0,19 0,46 0,63 0,70 1,04 1,15
Tmuéna (°C) RCP2.6 0,21 0,20 0,34 0,43 0,44 0,27
RCP4.5 0,23 0,30 0,35 0,51 0,56 0,56
RCP8.5 0,20 0,49 0,69 0,76 1,12 1,28
P (Mm) RCP2.6 6,67 5,96 6,97 9,60 6,06 11,41
RCP4.5 6,27 3,79 8,18 9,86 8,16 8,75
RCP8.5 8,19 8,22 10,44 8,25 6,72 6,21

Adzoummn muéHaconaum xapopar gap aoupau 0,31-0,82 °C ap3é6i mryna,
OopuIIoT HU3 0a XMCcOOM MUEHA TaKpuOaH 8 MM 3UE Merapaal.

Tubku HaTUyaxou pacMu 27, 60 3U€ 1 IITyITaHU XapopaT Ba OOPUIIIOT XauMu capdu
00 HM3 0a Japavaxou T'YHOTYH ad3ouin Me€ban. Jlap maH4oX coyiM OsHIa, 00 caTXH
bTUMOTHOKUH 95%, Xaumu ymymuu cappu o0 O6apou kutbaxou Fapm, PoryH Ba
Hopak myTtanocu6an 415,64 + 57,77; 832,78 £ 114,52 Ba 839,30 &+ 168,09 M*/consipo
TaIIKWI MEIUXal.

WHu tariivpoTn WKIMMiIA MeTaBOHaA Oa ad3ouwmm OGacoman Ba MUAAATH CEITY
00Xe3MX0 J1ap MUHTaKa rapjaaji, Ki 3apypaTH TAaKBUITH HIOPAKyHUU 3aXUPaxou o0 Ba
MyTOOUKCO3UH HHPPACOXTOPH THAPOTEXHUKUPO TAKO30 MEHAMOS],
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Pacmu 27. - Taritmp&Oum capdu 00 1ap MaporuTH CCHAPUIKOU TYHOTYHH UKJITUMEA

Harngaxoun xuco66apopit 1ap pacMu 28 menrtHuxo1 rapauaan]i, Ku JHHAMUKaK
TaFrupEOUN MKTUIOPU TUAPOIHEPTETUKH JAap KUTHaXOM TAXKUKIIyJa Jap MIAPOUTH
T'YHOTYHH UKJINMHPO HHBUKOC MEHaMOsTHI. PacMu 28 HUIIIOH Menuxai, K1 1ap Xap ce
CeHapwsl, 3aXUPaxou THIpPOoIHEepreTrKa 00 ad3oumm yapaéau o6 ad3onr Mme€OaH T Ba
a3z 162 + 22.54 1o 328,108 £ 45,652.24 xBt/coat/con gap carxu ybTUMOTHOKHH 95%
dapk mexyHaHa. A3 yuxaTtH pazon, ap3oumm xyparapus gap Fapm, 0ysyprrapus aap
Hopak Ba OGabn a3 on gap PoryH mymoxuja MemiaBaj. Tamoroiud TardupoT 00
Tariup&ouun yapa€uu 06 MyBoQUK acr.
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Pacmu 28. - Taritup&6uu 3axupaxou TUAPOIHEPTETUKH 1ap HIAPOUTH CEHAPUIXOU TYHOTYHH
UKJIUMU

NuuynnH, 1ap 6001 Ma3Kyp MO KOHCENTYaInd UCTEXCOJIM HEpYyH OapK Jap
XaB3an Aapéu Baxmr xamMdyH cucTeMan WIMi-aMallid, Ku 0a TaxJIiid XaMaqyoHUOaw
paBaHAXOW THUIPOJIOTH, PHEPreTUKA Ba HMKJIUMI acoc €draacT, MEIIHUXOJ Kapja
MemiaBaj. Jap mapoutu myocup, ku 00 ad3ouriu tanadbot 0a SHEprus, HOyCTyBOPUHU
HKJIMM Ba 3aXMpaxou MaxJIyJau TaOuil TaBcud MemaBaj, 3apypatd uctudomau
PaBUIIXOU XaMayoHUOa 6apou UI0pAKyHUU CaMapaHOKU CUCTEMau YHEPTreTUKH By dy/l
nopan. Yymxypuu ToyukuctoH, ku 3uéaa a3 90 ¢pousu uctexconu Hepyu 6apKu Xyapo
a3 xucoOu HepyToxXxXou Oapku o0l TAabMUH MEHAMOsl, 0a TaBpU MYCTaKUM a3 X0JIaTh
3axupaxou 00# Ba TarlupEéOMM OHXO BoOacTa mebomaa. A3 UH Py, TaXUSIU MOJEIH
WJIMUHU aCOCHOK, KU MMKOH MEIMXaJl PaBaHIXOU TaOWil Ba TEXHUKHA Jap SIK HU3OMH
SATOHA TaXJIWJI Kap/ia IaBaH/l, aXaMUSTH KU JOpa.
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Pacmu 29. - Mojienu KOHCENTyalid-MaTeMaTHKUN XaMT'IpOEHaN HU30MHU THAPOIHEPTETHK Jap XaB3au Aapéu Baxi gap mapoutn TariupEonn uKimm




XYJIOCAXO

HaTtnyaxou acocuy WiIMHU JUCCEPTATCUSA

1. bopu aBBan map mapoutu Yymxypuu TOYMKUCTOH TaxJIWUiId MYKOHUCABUU
CUCTEMaBHH 3aXHUPaX0oH SHEPTETHK, a3 TyMIIa THAPOIHEPTETUKA, aHTHIIT, 3aXHUPAXOH
MUHEpaJIid Ba MaHOAbXOM OapKapoplllaBaHIau SHEPIHs, Jap aCOCH METOIOJOTHSH
SKBUBAJICHTH SHEPIreTHKHH COJIOHA aHYOM Joja iy [1-M].

2. CeHapusii TUIPO-aHTHINTH Py 3HepreTukan Yymxypuu ToOUMKHUCTOH
Taxysi Ba AaCOCHOK Kapja IIyJ, Ku OananHj OapJomiTaHd YCTYBOPHH IlIa0akau
OHEPreTUKil Ba aMHHUSATH TAbMUHOTH HEpyd OapKpo TabMHUH MeHaMoOsia. Ap3&é0uxou
MOJIENTXOU ONTHUMHU3AaTCUOHA-TAKIUANN MaTEMAaTUKUU pedal KOpPU CHCTEMau
SHEPTeTHKH, a3 YyMJjia, MOJIEIIXOU caMapaHoKi 6apou Hepyroxxou 0y3ypru 6apkii, 6a
moHanau HBO PoryH, Taxus mygaan, To HEpyroxxou OapKHpo yCTYBOpPOHA HI0pPa
KyHaH[ [2-M].

3. TaxkukoTx0 coOUT HamyaaHz, ku xamrupoun HbBO-u Poryn 60 maHOabxou
OapkapopIIaBaH aW dHEPTUS Ba CHCTEMaXOW WHTEUICKTYalIMd HWIOPAKyHUH HEPYH
0apk, ycTyBopHMH Ia0aka Ba caMapaHOKHHM HMCTH(OIAW SHEPTHIPO 3HMEN HaMyja,
XUCCaW CY3UIIBOPUM HCTUXPOYMPO KOXMIN Meauxaa. MH XamMruposm Ha TaHXO
yCTyBOpHUH Imabaka Ba 4ajabu capMOSITYy30pUXOpO TabMUH MEKyHaj, Oanku 0a Kam
KapJlaHu MapTOBXOH KapOOH Ba TahCHPH IKOJIOTHA HU3 MycouaaT MekyHas [4-M].

4. Taxymnu ad3anuaTx0 Ba UMKOHHUSATXOUW XAMTHPOMH MaHOAbXOW aHTHUINT Ba
Ha(T 00 UKTUAOPHU THAPOIHEPTETUKI HUIIIOH IO/, KA UH PABHUII YCTYBOPHH I1a0aKkau
SHEPTeTUKH, MUBEPCU(UKATCUSU capyaliMaxod JHEprus Ba YyOpOHH HOPACOTHH
dacnin mgap HBO-xopo TabMuH MeHaMOsi. XaM3aMOH, CaMapaHOKUHA SHEPTETHKUN
nap€xo Ba KUThaxOW OSHIAAJAOPU OHXO Oapou yajaOu capMoAry30pil Ba TapXpe3nu
HEpYroXXOou HaB aCOCHOK Kapja mryaaact [5-M].

5. PaBaHIxom 3po3us Ba TaxIIMHIIABA XaMYyH OMIJIXOM MyXHMH TaOuit 0Oa
YCTYBOpH Ba caMapaHOKUHU (PabOJUATH HU30MH THAPOIHEPTETUKIA TahCUPH Ha3zappac
MEpacoOHaH/l, KU UH TabCUP JIap JOUpan TAXKUKOT 00 UCTU(Oa a3 MOJIETXOU MYOCUPH
MaTeMaTHKil Ba TexHoJjorusxou reomHdopmarcuonit (GIS) xamaqonuba ap3ébii Ba
TaxJIUJA Kapjaa 1ryA. HaBroHmxoum wWiIMi HUINOH JOJAHA, KU HUCTUOAAH
metononorusixon SRM Ba MUSLE 6apou TaxJmiau xaB3axou KyXi, a3 yymia aapéu
Baxii, IMKOHUST MeIMXaJ] KApOPXOU YCTYBOP Ba MKTUCOJIUUA COXTMOHHU HEPYTOXXOPO
KaOyn Hamyx [17-M].

6. Taxymu aypHaMOUW PYIIAN 3aXUPaxOoW THIPOIHEPTETHKA JAap XaB3au Aapéu
Baxm cobutr Hamyn, kv ap30MIIM axojiad Ba pyLIIM UKTUCOIX TanaboT 0a HepyH
Oapkpo 3uén Hamya, XaMm3aMoH (GUIop 6a MyXuTH 3UCTPO 3UEA MeKyHaa1. Moiencosit
Ba ap3¢oun ceHapusixou CMIPS5 Ba CMIP6 numion 10/, ku TariupeéOun UKJIUM OOUCH
a30UIIM X0JIATXOU OOPUIIIOTH IIaJK1 Ba KaMIllaBuu capdu 00 a3 mupsxxo rapauia,
0a UKTUAOPHU THJIPOIHEPTETUKI TABCUPH YU MepacoHad. XaMHUH TaBp, Jap CypaTu
ad3oumm xapopatr 1o 2 °C xaymu capdu 006 map xam3a To 16,5 % 3uén myna,
TaFiupEéOMn mMaBcuMii Ba ¢azoun OOpHUIIOT 0a camMapaHOKHUH HEPYTroxXXO TabCHUPH
Hazappac gopaz [10-M].
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7. Jlap coxam »Heprusiu OapKapopiliaBaHzia, IacTrox 0apou XyHYKKYHHH
naHenxou opToOi Taxus Kapja nrya. Jlap oH momranaa qap makim Kyoypu cypoxiop
60 kyHuu 45° HrcOaT 6a caTxu nmaHen HacoO rapauaa, 00 Hacocu (GUIIOPH MACT Ba XaTU
TabMHHM 00 MaiBacT MemaBaa. H AacTrox UMKOH MEINXad, Ku XapopaTH MaHelxo
To 20-25°C macT myna, caMapaHOKH Ba YCTYBOPMM KOpPHM OHXO Jap IIAPOUTH
Xapopatu 0ajaH Ba TariupEOnK nKIMM O0a TaBpu Hazappac ad3owum E6an [9-M].

8. lap Maqymyb, HATUYAXOM TUCCEPTATCHUS HUIIIOH MEANXAH/, KU Oapou TabMUHH
YCTYBOPUHU JAapO3MyIJaTH HU30MHU dHepreTukuu Yymxypun TOYUKHUCTOH 3apyp acT,
KA HWJIOPaKyHHU XaMTHpPOEHAHW 3aXHpaxou 00#, TaTOMKH MOJICIXOW CEHApUsBHA Ba
ONTHUMU3ATCUAN PeYau KOPU HEPYToXxou Oapku o0 60 nctrudoaan ycyiaxou WiMii Ba
MHHOBAaTCHOHH TabMHUH Kap/a mmasaz [12-M].

TaBcusixo oua 6a uctudoaam aMaaIud HATHYAXOM TAXKHUKOT

1. TakBUATH UIOPAKYHUU XaMTHPOIIIyjau 00aHOOPX0 Ba HEPYroxXxou Oapki, 60
ad3anusar 6a Hepyroxu 6apkuu ooun PoryH, 6apou 6anan s 6apomTaHd caMapaHoKid,
aMHUATU YHEPTETUKH Ba YCTYBOPH 0a TarinpEOMU MKJIUM Ba XaTapXOHW TaXIIUHIIIABH.

2. SIx4os kapjaanu Hepyroxu Oapkuu PoryH 60 uxtuaopu odtobin Ba ot map
JIOMpau PAaBUIIM XAMTUPOMM CUCTEMaBi 0apou T'YHOTYHpPAHT KapJaHU TabMHUHOT,
Oexrap KapJaHd YbTUMOJHOKI Ba MyTOOMKIIABUM I1a0aka Ba KaM KapJlaHu TabCUpU
AKOJIOTH XaHTOMU YaJ0u capMOsITy30pid.

3. Uctudonam mMoaenxou ONTUMHUZATCUA-CUMYJISITCHUS, ap3€0uu (HaboauaTu
Hepyroxxou Oapkii, acoo6xou GIS Ba nHumonmmuxanmaxou rtuaposiorii (NDWI,
MUSLE) 6apou memryuu JaKuKH SpO3Usi, TaxXIIMHIIABA Ba TabCUPH MKJIUMiA 0a
CUCTEMau YHEPreTUKil Baceh Kap/ia 1iaBa.

4. Kam kapjanu BoOacTarit a3 aHTHINT TaBACCyTH TaXUSU OMEXTau MyTaBO3HHHU
sHeprusu 6apkii, opToOi Ba 6oii, OexTap KapAaH! YbTUMOIHOKUH CUCTEMA, LyOpOHH
HOYCTYBOPHMH MAaBCUM#l Ba KOXUIII IOJaHH MAPTOBXOU KapOOH.

5. bo Hazapaomty KJIUMH TOYUKUCTOH, OAPOU HUTOX JOIITAHU CAMapaHOKH Ba
To3arid Oapou naHenxou oPToOH POXXOU XAJIM XYHYKKYHHH ap30H (Kam KapaaHH
xapoparu catx 1o 20-25°C)-po uctudoaa 6apesn.

6. TakBusT 0o1aHN UH(DPPACOXTOPU HEPYTOXXOU OapKit Ba 00aHOOPXO Ba KaOyJu
OaHaKIIarupuu ceHapusiBii 6apon MyTOOUK IIyJaH 0a OOpUILIOTH 3UE] Ba XaTapXou
00Xe3UM HOTaXOH# Jap MapOUTH TaFUUPEOUN UKITUM.
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BBEJIEHUE

AKTYaJlbHOCTH TeMbl  MCCICAOBAHMSI. BBIpAXKAaeTci B  TOM,  YTO
JJEKTPOIHEPTETUKA B COBPEMEHHBIX MHUPOBBIX YCJIOBHUAX SBISAETCS ONHUM U3
OCHOBOIIOJIATAIOIIUX W ONpEAENAIMMNX (PAKTOPOB YCTOWYMBOTIO COLMAIBHO-
SKOHOMHUYECKOTO PpAa3BUTUA TocyJapcTB. PacTymue noTpeOHOCTH B 3HEPIuH,
rJ100aJIbHOE TIOTEIUIEHHE, HEOOXOIMMOCTh COKPAILIEHHS BHIOPOCOB MAPHUKOBBIX T'a30B
U Mepexo/i K HU3KO YIIIEPOJHON SKOHOMHMKE, a TaKKe OBICTPOE pa3BUTHE LU(PPOBBIX
TEXHOJIOTUA U BO30OHOBJISIEMBIX MCTOYHUKOB SHEPrUM (TaKUX, KaK COJHEYHas U
BETPOBAsi) CO3JAIOT HOBBIE CTPATETMUYECKUE YCIOBUS MJII SHEPreTUUECKOTO CEKTOpa
CTpaH.

Kpynueie  rugposnepretnyeckue  pecypcebl  Pecnybnmuku — Tamkukucran
MO3BOJISIIOT CTpaHe MpPEeANPUHUMATh YCTONYMBBIC LIard B HANPABICHUH OOECIeueHus
JSHEPreTUYeCKOM  0€30IaCHOCTH, IOBBINIEHMM  YCTOMYMBOCTHM  IOCTaBOK MU
OPUBJICYCHUHH BHYTPEHHUX M  MEXKIyHapOAHBIX HHBECTUIMH. BHeapeHue
COBPEMEHHOTO OOOpYNOBAaHMS JUIsl HAKOIUIEHUS AJIEKTPOSHEPIHH, IOBBIIICHUE
sdpdexktuBHOCTH  paboThl  rumpodniekTpoctaniuii  (I'DC) w  uHTErpanus
BO300OHOBIIIEMBIX HCTOYHHUKOB »Heprun (BUD) onenuBaroTcs kak (akTopsl,
BJIUSIIOILME HA COKPAIllEHHE BEIOPOCOB MAPHUKOBBIX Ia30B, YKPEIJIEHUE YCTOMYMBOCTH
M HaI&KHOCTU  DHEPreTUYECKOW  CHCTEMBI, a  TakK€  IOBBILICHHE
KOHKYPEHTOCTIOCOOHOCTH CTPaHbl HA MUPOBOM SHEPIe€TUUECKOM PBIHKE.

Kpome TOro, BHenpeHuWe YCTOWYMBOW CHUCTEMBI M COKpalleHHE BHIOPOCOB
NapHUKOBBIX Ta30B B 3HEPreTUUYECKON OTpaciu, coOitojieHue TpeOOBaHUN OXpaHbl
OKpY>KaroIlEel Cpebl UTPAOT PEIIAOIIYIO POJIb B PACIIMPEHNN «3€JICHBIX» IIPOEKTOB,
B TOBBIIIEHHMH S(O(YEKTUBHOCTH UCHOJIB30BAHUS DHEPIMU U  IPOABIKCHUU
HU3KOYTJIEBOJHBIX TEXHOJOTMM. Tak Kak, m3ydas TMIPOTEXHMYECKHE PECCYPCHI B
TamkukucTane, a TakkKe  aHAIM3  BO3MOXKHBIX  IPOU3BOJICTBEHHBIX WU
pacnpenenuTeNbHbIX BO3MOXHOCTbEM B O0JACTBH  3JEKTPOIHEPIeTHKHU, JAIOT
BO3MOKHOCTb IIPrHO3UPOBATh UX COCTOSIHUS B YCOBUSIX MEHSIOLIETOCS KIUMaTa. JTO
HEO0OXOIUMO JIJISl IPUHATUM CTPATETUYECKUX PEIICHHI HA TOCCYITapCTBEHHOM YPOBHE,
KOTOPBIN MO3BOJIUTH CHOPMUPOBATH HAyYHO OOOCHOBAaHHBIE MPOTpaMMbl B cdepe
SHEPIreTUKH.

Hcxoass W3 BBINIE YKAa3aHHOIO TEMa MCCIEAOBAaHUA ONTUMAJbHBIA IYTh
UCTIOJIb30BaHUSl M OINTUMU3ALMS THAPOIHEPreTHYecKuX pecypcoB B PecnybOiuke
Tamxkukucrad, HTa€r BO3MOXKHOCTb Pa3BUTHUIO HE TOJBKO JHEPreTHYECKON
0€30MacHOCTH M SKOHOMHYECKHM Iporpeccam, HO W BHECET BKJIAJ B pa3pabOTKy
HAallMOHAJIBHOW CTPATEruu PallMOHAIIBHOIO MCCIIOIb30BAHUS IPUPOIHBIX PECYPCOB U
aJjanTaluy KIMMaTUYEeCKUM W3MEHECHHUSIM.

BpIsBIIEHO, UTO YTOJIBHBIM M THAPOIHEPreTUUYECKUE peccypebl TaipKuKucTaHa
MO3BOJISIIOT O0ECNEYUTh BHYTPEHUN CHPOC IHEProoOECcHeueHus, OJHAKO OHA TaKXKe
MO3BOJISIET IPOBOJIUTH AUBEPCU(UKALIMIO HCTOYHUKOB 3Hepruu. Cripoc Ha HEPTH U ra3
pacer eXEerogHo M TEM CaMbIM IOSBISIETCS OTPHUYEHHE HA TaKUE PECCYPCHI.
Hacrosimee uccnenoBanue HampaBlIeHO Ha HaydyHOE€ OOOCHOBAaHUE PALMOHAIBLHOT
O MWCHOJIb30BAHMS YIVIS, TUAPOIHEPTETUYECKUX U IPYTUX IHEPTETUUECKUX PECYPCOB
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PeciyOmukn  TamkukuctaH ¢ yd4€TOM MOTPEOHOCTEH DIEKTPOIHEPTETUKH |
MPOMBIIIJIEHHOTO CEKTOpA.

B nanHo#t pabote pacMOTpEHHBI KJIIOYOBBIC (hAKTOPHI THAPOIHEPIETUUECKOTO
pecypca 0oJbIINX PeK HAXOAAMUXCA B TaKUKUCTaHe, ObUTH MOJIMHO TPOCMOTPEHHO
IJIaBHBIA CBOMCTBA (POPMHUPOBAHUSI CIMBA PEK U OMNpEACNCHUS TOYEK IS
CTPOUTENILCTBO BOJHOIHEPTETUUECKUX OOBEKTOB.

Jlnst  ompeneneHuss BOJHOAHEPreTUYECKOrO TMOTEHLMATa M MpeACKa3aHUs
U3MEHEHUS KIMMarta ObLJIo Ucnob3oBanHo Mojaeieit Snowmelt Runoff Model SRM u
Modifided Universal Soil Loss Eqution (MUSLE). Buenpenue moyry4eHbIX JaHHBIH U3
Mozeneil Ja€T BO3MOKHOCTh OIEHEHBATh CYIIECTBYIOLIETO CTOKA, TSHUS JISTHUKOB,
0CAJIKOB M MPOIIECC IPO3UU ONPENIEIAeTh BOJHOIHEPIETUUECKOTO pecypca.

CreneHb HM3YyYeHHOCTHM HAY4YHOUl TeMmbl. V3ydeHHE aKTyaJbHBIX BONPOCOB
Pa3BUTHS SHEPrETUKH Hadaloch B KoHIE XX - Hadane XXI Beka. [Ipu n3ydenun
BOIIPOCOB  THUAPOIHEPTEeTUKH,  TEIUIOJICKTPOIEHTpaIe U BO30OHOBISIEMBIX
MCTOYHUKOB SHEPTUH OBLITN PACCMOTPEHBI UCCIICIOBAHUS TAKUX YUEHBIX Kak CallbITHH
B. [1], llIsem H. [2], Wegerich K. [3] Kosowska K. [4], Karimov K. [5], Sekretarev Y.
[6], Azimov U. [7], UBanoB A. [8]u Axpoposa A. [9]. Kopeitie M. M. Co3nanue
CUCTEMBI KBOT Ha BBIOPOCHI MapHHUKOBBIX Ta3oB [10], aHamu3upoBanuce B padoTax
Mynpernoa A. [11], Zhang Z. [12] u Boemare C. [13]. AHanu3 mnepcrneKTun
UCIIOIb30BaHUsl TEXHOJIOTMH MPOMBIIIJICHHOTO HAKOIUICHUSI SJEKTPOIHEPTUU ObLI
npejacTanieH B pabotax Kamumysmmmna JI. [14], Ycauesa. [15], Habib A. [16] u Sahoo
S. [17]. Kpome TOro, BaXKHEWILIHE BONPOCHl BHEAPEHUS] THIAPOIHEPIETUUECKUX
TEXHOJIOTUH U BIIMSHUE U3MEHEHHUs KIMMaTa Ha TUAPOIHEPreTUYECKUN MOTEHUMAI
o pacemotrpenbl yuéasiMu HopmatossiM I1. [18], Unger-Shayesteh u ap. [19],
HNmomossim A. [20] ITynatoBeim S.9. [21], KoOynuessim 3. [22], @a3puioBeiM A. [23],
CrouxunsiM K. [24], ITetposem I'. [25], HaBpy3oseim C. [26], YecmanoBeiM 3. [27],
Axwmenossim X. [28], JaBnatmoessim C. [29], Kypoonamzona C. [30], Cynronos 1.
[31] u I'ymaxmanmoBeim A. [32]. lanHas nuccepranmoHHas pabora, 0ObeIUHSIONIAs
KOMITJIEKCHBI ~aHanu3 peK Ta/pKUKUCTaHa, OIEHKY JHEProddheKTUBHOCTH,
BO3JICUCTBUA W3MEHEHUs KJIMMaTa, HPO3UMU, HAHOCOB, CIICHApPHBIM aHaIu3 Hu
HCII0JIb30BaHUE COBPEMEHHBIX HAyUYHBIX METOJIOB, 00ECIEUUBAET MPOYHYIO HAYUHYIO
U TPAKTUYECKYI0 OCHOBY JJIi CTPATErMYeCKOro IUIAHUPOBAHUS M YCTOWYHMBOCTH
TUAPOIHEPIETUYECKON CHUCTEMBI CTPaHbl, YTO OTJIAYaeT €€ OT MPeablAyIINnX
HUCCIIETOBAHMM.

CBs3b HCCIEI0BAHMI C MPOrpaMMamMu (IPOEKTAMH) M HAYYHOH TeMAaTHKOM.
JluccepTallUOHHOE UCCIEOBAHUE HEMOCPEICTBEHHO CBS3aHO C IPUOPHUTETHBIMU
HaIlPaBJICHUSIMA TOCYJapCTBEHHOW MOJUTUKA M HAyYHO-TEXHHYECKOTO pa3BUTHS
PeciyOnukn TamKuKucTaH W TPOBOAWIOCH B pPaMKax HAYYHBIX HaIPaBJICHHM
NHcTUTyTa  BONHBIX, THAPOIHEPTETUYECKUX W IKOJOTUYECKHX  TIPoOIIeM
HAallMOHAJIBHOW aKaJeMHM HayK TaJDKMKUCTaHa, Hanpumep, «CTpaTerus pa3BUTHUS U
onTUMHU3alMg OajmaHca DJHEPreTHYecCKux pecypcoB, «CueHapuil  pa3BUTHS
ruaposHepretuku Tamxukuctana» (I'J] 0120TJ010298) u «Bonpocs! hopmupoBanus
U PEryJIMPOBAHUS KECTKUX SIIIMKOB B BOJHBIX 00beKTax TaKUKUCTAaHA U MYTH UX
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pewenus» (I'J1 0120TJ01029). Takxke B COOTBETCTBUM C HAIIMOHAIBHOM CTpaTeruen u
IIPABOBBIMH JIOKyMEHTaMHU OBbUIM PEaIM30BaHbI, B COOTBETCBUU ¢ «HarmonanbHas
ctparerusi paszsutusi PecnyOmuku Tamkukucran g0 2030 roma», «HammonampHas
CTpaTerusi ajanTauuu K M3MeHeHuto kimmara PecnyOnuku Tamxukuctan no 2030
rona», «Haunonansnast Bongnas crparerus Pecriyonuku TamkukucTad Ha mepuo 10
2040 roga», «HauunonanbHas ctpaterus PecriyOnuku TaTKUKUCTaH MO CHUKEHUIO
pucka cruxuiHbix OenctBuii Ha 2019-2034 ropwi», «ctpaterus PecnyOnuku
TamkukucTan B 00JlacTM HayKH, TEXHOJOTMM W wuHHOBanui g0 2030 romay,
«rOCyJapCTBEHHAs MpPOrpaMMa MOATOTOBKM HAYYHBIX KaJ[pOB BBICOKOI'O YPOBHS Ha
2021-2030», «J/lBamuartwiieThe W3YYCHHS W Pa3BUTHS €CTECTBEHHBIX, TOYHBIX H
MaTEeMaTUYECKUX HAyK B 00JIaCTH HAyKu W oOpa3oBaHus», «KoHmenmuu mepexona
PecniyOmukn TamKukucTaH K YCTOWYMBOMY DPa3BUTUIO», «KOHIICTIIIMH Pa3BUTHS
oTpaciiel TOIUIMBHO-PHEPIeTHYECKOro KoMmiuiekca PecnyOnuku TamxukucTany,
3akoHbl PecnyOmuku Tamxukuctan: «O0 sHepretuke», «O0 3HeprocOepexeHUH U
3O PEeKTUBHOCTU» U «OO HCMOJIBb30BAHUM BO30OHOBIISIEMBIX HCTOUYHUKOB SHEPTUN.
UccnenoBanne oOecrneunBaeT MPOUYHYIO HAYUHYIO U MPAKTUYECKYHO OCHOBY JJIsi
YCTOMYMBOTO  Pa3BUTUSL  THAPOIHEPIeTHUYECKOM  cuctembl, 3P (HEKTUBHOCTH
WCII0JIb30BaHUs BOJHBIX PECYPCOB U TUBEPCUBUKAIIUA BO3OOHOBIISIEMBIX HCTOYHUKOB
sHepruu B PecnyOnuke TamKukucTaH.

OBIIAA XAPAKTEPUCTHUKA NCCJIEJOBAHUA

Heab ucciaenopanus. PazpaboTka u HayuHOe 00OCHOBaHME MHTETPAIIMOHHBIX
METOJIOB, HANpaBJICHHBIX Ha TMOBbBIIICHUE JPGEKTUBHOCTH ¢ YCTOMYMBOCTU
OHEPreTUYecKor cuctembl PecryOmuku TaKMKHCTaH Ha OCHOBE KOMIUICKCHOM
OIICHKW BOJHO-YHEPTETHUECKUX PECypCOB, aHAIW3a BIHUSHUS U3MECHEHHS KIMMaTa u
IPUPOTHO-KIIMMATHIECKHUX (PAKTOPOB, a TAKIKE ONTUMATLHON WHTETPAIIMH PA3THIHbBIX
WUCTOYHUKOB JHEPTUU C HCIIOIH30BAHUEM MAaTEMaTHYECKOTO MOJCIUPOBAHUS U
CLEHAPHOT0 MOJIX0/a.

3agaum  wmccaeaoBanusi. J[11  TOCTWOKCHUS  MOCTaBJIEHHOW  IeM B
JMICCePTAIIMOHHOM paboTe MpeayCMOTPEHO PEIICHHE CIIEeYIOIeT0 KOMITIEKCa 3a1ady:

1. W3yuyuTh COBPEMEHHOE COCTOSIHUE HHEPreTUYECKOro KOMILIEKCa, POJb
THJIPOPHEPTIETUKY, a TAaKXKe BJIMSHUE M3MEHEHMsI KJIMMAaTa Ha BOJIHBIE PECYpChl U
IPOU3BOJICTBO AIEKTPOIHEPTHH.

2. Pa3zpaboTka MeTO/OB MOBBINICHUS JPGEKTUBHOCTH W YCTOWYHUBOCTH
AHEPTeTUYECKON CUCTEMBI CTpaHbI myTEM ONITHUMU3AIUN paboThI
TUAPORJICKTPOCTAHITUN U MHTETPAIIMU BO3OOHOBIISIEMBIX NICTOYHUKOB SHEPTHH.

3. Omenka ponu yriasi, THAPOIHEPTETUKH M BO30OHOBISEMBIX HCTOYHUKOB
SHEPrUU B 00€CTIEUEHNH YCTOMYMBOTO PA3BUTHS YHEPreTUUECKON cuctemMbl. HayuHo-
TEXHUYECKUE TPEIJIOKECHUSI IO JAUBEpCUPUKAIMN M ONTUMHU3AIUN HCTOYHUKOB
SHEPTUHU, TTOBBIMICHUIO YPHEKTUBHOCTH U YCTOMUYUBOCTH YHEPTETUUECKON CUCTEMBI.

4. Pa3pabotka u o0OocHOBaHHE J()PEKTUBHOTO YCTPONCTBA OXJIAKICHUS
COJTHCUHBIX TIaHEJIeH Ha OCHOBE PACIBUIATENSI BOJIBI B BUE TEp(HOPUPOBAHHON TPYOBI
(TypOuHBI).
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5. AHaM3 MaTeMaTHYECKUX U ONTUMHU3ALMOHHBIX MOJIETIEH yIIPaBIEHUS BOJHBIM
PEKUMOM | BBIPAOOTKOM 3eKkTpodneprun Ha Poryackoit u Hypekckoit 'DC, a Taxxke
W3YYCHHE BIWSAHUSA M3MEHEHUs KIAMara W JOPO3MM HA  YCTOWYMBOCTH
TUAPOIHEPreETUYECKON cucTeMbl. OnpeneeHue INPUOPUTETHBIX YYacTKOB U
NEPCIEKTUBHBIX THAPOIIEKTPOCTAHIIMM Ha peKaxX, aHAIN3 TUAPOIHEPreTUYECKUX
PECYpPCOB U NEPCHEKTUB PA3BUTHS DJIEKTPOIHEPTrETUKH B Oacceiine pexku Baxi.

O0bexkT wuccaenoBanusa. Komiuiekc THIPOTEXHUYECKUX COOPYKEHUH B
Oacceiline peku Baxi.

IIpeamer wucciaenoBanusi. HayuHoe oOocHOBaHue u pa3zpaboTka THAPO-
YTrOJIBHOTO CIIEHapusi ONTHMHU3ALMM SHEPreTHYecKoro OajlaHca M TMOBBIIMICHUS
sHepreTuyeckor Oe3zomacHoctu PecnyOnmku TapKUMKHMCTaH HA OCHOBE CHCTEMHOIO
aHanM3a, DKOHOMHYECKOM OLIEHKH, MAaTEMAaTUYECKOTr0 MOJEIMPOBAHMS U IIPOTHO30B
Pa3BUTHS THAPOIHEPIETUKHU C YUETOM KIMMAaTUYECKUX M SKOJOTMYECKHX MPOOJIEM B
OacceitHe pexu Bax.

Hayuynasi HoBU3aH McciegoBaHuil. B pabore MmoiyyeHbl CleIyOUMe HOBBIE
HAy4HbIEC PE3yJIbTAThI:

1. lna ycnoBuit PecnyOnuku TamkukucTtaH ObLT NPOBEIEH CUCTEMHBIN
CPaBHUTEIIbHBIN aHau3 OCHOBHBIX DHEPreTUYECKHUX peCypcoB
(TMIPOIHEPTeTUYECKHUX, YTOJbHBIX, MUHEPAJIbHBIX U BO30OHOBIISIEMBIX) Ha OCHOBE
€IUHOM METOJOJOTUYECKOM ©0a3bl T0JI0BOTO JIHEPreTUYECKOTO IKBHUBAJICHTA,
OIIPENEIICHBI PEAIbHBIE BOBMOKHOCTH PAa3BUTHsI SJHEPIE€TUKU CTPAHBI.

2. CueHapusi  pa3BUTHUS  TWJIPO-yTOJIBHOM  3Heprocucrembl  PecrmyOnuku
TamxkukucTaH BHEIPEH M HAYyYHO OOOCHOBAaH, Ha OCHOBE MAaTHMAaTHYECKOIO
MOJICTUPOBAHUS KOMILJIEKCHOTO OIICHHEH PEKUM pabOThl CHUCTEMBbl SHEPreTUKH, a
TakkKe (PyHKIMOHAIBHOCT PabOTHl KPYIMHBIX THAPOCTAHIINH, B TOM uncie PoryHckoit
I'sC.

3. [IpoBenéH aHanM3 SKOJOTHYECKHX OaphEPOB M COMHAIBLHO YKOHOMHYECKOTO
nporpecca B YCIOBHSX TOPHBIX CTpaH C JIOMHHUPYIOUIEH THIPOIHEPTETUKOM,
unrerpanuu Porynckoi ['DC ¢ BUD u npyrumu BUJaMH dHEPrETUYECKUX PECYPCOB
o0OecrieynBaeT yCTOWYMBOCTU DHEPrOCUCTEMBI, AUBEPCUPHUKAIMSI HCTOYHUKOB
SHEPruu ObLIO pa3paboTaHO YCTPOMCTBO CUCTEMA OXJIOKICHUS COTHEUHBIX MMaHEIEH C
UCIIOJIb30BaHuEM TmepdapupoBaHoid TpyObl moa yriom 45°C u Hacoca HHU3KOIO
JABJICHUS.

4. lokazaHo 3(G(EKTUBHOCTh PEK M HUX MEPCHEKTUBHBIX YYacCTKOB JJIst
VMHBECTUPOBAHUSA M INPOCKTUPOBAHWE TUAPOCTAHIUM, OLCHEHO BIUSHUE 3PO3UU U
OTJIOXKEHHH Ha YCTOMYMBOCTH THJIPOIHEPIETUUYECKONW CHUCTEMBI C HMCIOJIB30BAHUEM
meronosioruii SRM u MUSLE nys aHanmu3a TopHBIX OacCeHOB Aa€T BO3MOXKHOCTH
IIPUHUMATh pa3syMHBIM penieHue. BiausHue n3MeHeHMs KIMMaTa Ha BOJIHbBIE PECYPCHI
U THAPOIHEPTEeTUICCKUN MOTEHIIUaN OacceiiHa peku Baxin ObIsI0 OIIEHEHO Ha OCHOBE
cuenapueB CMIPS u CMIP6, u Gb110 yCTaHOBIIEHO, YTO MOBBILICHUE TEMIIEPATYPhI U
M3MEHEHHUE PeXNMa OCATKOB BIUAIOT Ha pacxo Boabl U 3pdextuBHocts ['DC.

IHonoxkenusi, BBIHOCHMMBIE Ha 3amUTy. JINsg 3alKATH  NPEICTABIISIOTCA
OCHOBHBIE TIOJIOKEHHUS U PE3YJIBTAThl TUCCEPTALMOHHOTO UCCIEOBAHMS:
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- TPOBENCH CHUCTEMHBIH aHAIU3 DSHEPreTHUECKUX pecypcoB PecmyOmuku
TamKUKUCTaH € MCIOJIb30BAHUEM HSKBHBAJICHTHOM TOJOBOW METOJOJIOTHH, THIPO-
YIOJBHOTO  CIIEHapusi, a TakKe ONTUMH3AIMOHHO-UMHUTAIMOHHBIX  MoOJieNen
(GYHKIIMOHUPOBAHUS YHEPTETUUECKOM CUCTEMBI U OLIEHKHU 3P (HeKTUBHOCTH PoryHckoit
I'DC u B3aUMOCBS3U PHEPreTUUECKON MOJUTUKHU, DKOJIOTUYECKUX OTPAHUYCHUN U
SKOHOMMYECKOTO PAa3BUTHS B TOPHBIX CTPaHAX.

- unrerpanus PoryHckori I'9C ¢ BO300HOBISIEMBIMH UCTOYHUKAMU IHEPTUM U
UHTEJUIEKTYaJbHBIMU ~ CHUCTEMaMu  YINpPaBIEHUS  DHEPronoTpedsieHHeM U
3¢ (PEeKTUBHOCTHIO CEeTeH, HHTErpamus yrig U HepTH C TUIPOIHEPTeTUYECKUMHU
MOIIIHOCTSMU U JuBepcudukaius, sHeproddHEKTUBHOCT, PEK W MPUOPUTETHHIX
YYacTKOB i1 UHBECTULIUNA U MIPOEKTUPOBAHUS SJIEKTPOCTAHIIUIA.

- OILICHKA 3PO3MU U OCAXKJACHHUS ¢ momoIlpio Marematuueckux u ['MC monenei,
UX BIHSHUE HA YCTOWYMBOCTh THJIPOIHEPTreTUUECKON CHUCTEMbI, PE3YIbTAThI
npumeHeHuss mojeneili SRM u MUSLE aiig npuHSATHS yCTOMYMBBIX pPEIUIEHUN Ha
anektpoctanuusx; cueHapuu CMIPS/CMIP6 st onpeneneHus BIUSHUAS U3MEHEHUS
kinMmata Ha d(dektuBHocTh [DC; OIHOBpEeMEHHO pa3pabOTKa YCTpOWCTBa
OXJIQXJEHUSI COJHEYHBIX TaHele ¢ mnepdOopupoBaHHBIM  TPYOONPOBOJAHBIM
pacnbUIUTEIEM ISl TOBBIIEHUS 3QPEKTUBHOCTH (POTOITEKTPUUESCKUX MOTYJICH.

Teopernueckasi 1 NpakTH4YecKasi 3HAYUMOCTh MccJieoBaHud. VccnenoBanue
st ycnoBuii  PecnyOnuku  TakukucTaH oOecleurMBaeT CHUCTEMHBIM —aHAW3
OSHEPreTUYECKUX PECYypCOB U  OIEHKY YCTOMYMBOCTU H  A(PPEKTUBHOCTH
SHEPreTUYECKOW CUCTEMBI C MHTETPALMEN Pa3IMYHbIX UCTOYHUKOB dHepruu. ['mapo-
YTOJIbHBIE CIICHAPUU Pa3BUTUS DHEPreTUKU U ONTHUMU3AIMOHHO-UMHUTALIMOHHbBIC
MaTEMaTUIECKUE MO OMPEILISIIOT PEXUM PabOThI IHEPTETHUECKOW CHCTEMBI
ctpanbl, Bkiouyas Porynckyo ['OC, 3 ¢heKkTUBHOCTh CeTH, COKpalleHne BhIOPOCOB
yriiepoga MW JAUBEpCU(UKAINIO HWCTOYHUKOB »HHepruv. HayuHble WHHOBaIUU
COCPENOTOYEHBl HA AHAJIM3€ B3aUMOCBSI3H MEXAY DJHEPreTUYECKOW NOJUTHKOM,
AKOJIOTMYECKUMH OTPAHUYCHUSIMU U YKOHOMUYECKUM Pa3BUTHEM, OIEHKOUN 3pO3uu U
OCaXJICHUS, a TaK)Ke Ha pa3pabOTKe YCTPOWCTB OXJIAXKACHUS COTHEYHBIX MaHENeH U
ucrnionb3oBanuu ['MC u cuenapueB CMIPS5/CMIP6. MccnenoBanue mpenoCcTaBiIsieT
KaK B TEOPETUYECKOM IUIAHE METOAbl MOJEIUPOBAHUA H  ONTHUMH3ALMU
SHEPreTUYECKONW CHUCTEMbI, TAK U B MPAKTUYECKOM IUIAHE TEXHUKO-CTPATETUYECKHUE
MPENJIOKEHHUS] TI0 TIOBBIIIEHUIO YCTOWYMBOCTH M A(H()EKTUBHOCTH HCIIOIH30BAHUS
SHEPreTUYECKUX PECYPCOB.

CreneHb  [10CTOBEPHOCTH  Pe3yJbTaTOB  aAuccepTauuu. Pe3ynbTaTh
MCCJICJIOBAHUS OLICHUBAIOTCS C BBICOKOM CTEMEHbIO IOCTOBEPHOCTH, MOCKOJIbKY OHHU
OCHOBaHbl ~Ha  CUCTEMHOM  AaHaju3e, MaTeMaTU4YeCKOM  MOJEIMPOBAHUU
SHEPrOCHCTEMBI, OLIEHKE JpO3MU M BO3JCHUCTBUS U3MEHEHUS KJIUMara ¢
ucronb3oBanueM creHapueB SRM, MUSLE, 'HC u CMIP5/CMIP6. JlanHbie
MOJTIy4eHBI W3 O(PUIIMATHHBIX HAMMOHATBHBIX W MEXIYHAPOJIHBIX HCTOYHUKOB,
WCIIOJIb30BAaHBI TIPOBEPECHHBIE METOJBI W OOOCHOBAaHHBIC THIOTE3bl. Pe3yibTaThl
COTOCTaBJIEHBI U aTPOOUPOBAHBI C MPEBIAYIIUMH UCCIETOBAHUSIMU U COOTBETCTBYIOT
HEeJIsIM U 3a7ja4aM JuccepTalnuu, 00ecreynBasi HAyYHYI0 U TPaAKTUYECKYI0 OCHOBY JUIsSI

47



IOPUHATHS CTPATETMUECKUX PEIICHUN B 00JIACTH YCTOMYUBOTO Pa3BUTHS YHEPTETUKH U
TUIPO3HEPTETUKH TaKUKHUCTaHA.

CooTBercTBHE JUCCEPTANMH  MACHOPTY HAYYHOH  CHEHHAJIBHOCTH.
Juccepranust COOTBETCTBYET MNyHKTam 3,11 monoxkeHns M macnopra HAay4dyHOU
crennasibHOCTH 6D074401 -1 MapoTeXHUYECKOE CTPOUTEIBCTBO:

- 3. OpraHu3alMOHHbIE HOBBIE HAIPaBJIEHUS MPOTHO3UPOBAHUSA COCTOSHUSA
HanpsHKEHHOCTH (PopMooOpa3oBaHue TUAPOTEXHUUYECKUX COOPYKEHUN TaMOaroBo u
OETOHHOM apMaTyphl; COBEPILIEHCTBOBAHUE METOJIOB ONPEIENICHUs PA3INYHBbIX BUIOB
HaIPSDKEHU HAa COOPYKEHMSX, TUAPOAJIEKTPOCTAHLMAX, 3AAHUSAX U COOPYIKEHUSAX
mammH ['DC; oOocHoBaHMe myTell HAAEKHOCTM M MPOYHOCTH KOHCTPYKLHHU
TUAPOTPAHCIIOPTHBIX COOPYKEHUM;

- 11. Hané&xHocTh 3KCIUTyaTallud THAPOTEXHUYECKHUX COOPYKEHHH, CO3IaHHE
HOBBIX KpPUTEpHUEB OE30MaCHOCTH, HOBBIX CHUCTEM KOHTPOJII U HaOMIOACHUSA Hal
COOPY)KEHHSIMH, COBEPIICHCTBOBAHUE METOJOB TEXHMYECKOW JUArHOCTUKH U
MOHHUTOPHUHIA BOJIHBIX CUCTEM U OOBEKTOB.

HanMeHoBaHME TeMBbl AMCCEPTALMM COOTBETCTBYET MACHOPTY CHELHUAIBHOCTH
6D074400-I' mapoTeXHUUECKOE  CTPOMTENBCTBO M coopyxeHus (6D074401-
['unpoTexHuyecKoe CTPOUTEIBCTBO).

JInuHblil BKJIAax aBTOpPa. ABTOP BBINOJHUI OCHOBHBIE HCCIEA0BATEIBCKHE
paboThI, KOTOpPhIE BKIIOYAIOT B c€0s CUCTEMHBIN aHalIM3 DHEPreTUUYECKUX PECYPCOB
Tamxukucrana, pa3paOOTKy T'HAPO-YrOJbHOIO CIEHApUS M ONTHUMH3ALMOHHO-
UMUTALMOHHBIX  MOJEJEH 3HEPreTUYECKOM CHUCTEMBI, OLEHKY HWHTErpaluuu
MCTOYHUKOB DHEPIrUU M BO3JEHCTBHUS HA OKPYXKAIOIIYIO CPeny, MOACINPOBAHUE U
aHaIM3  BIWSHHA  M3MEHEHHs  KiIuMMarta M 3pO3UM  Ha  YCTOMYMBOCTH
TUIPO3HEPreTUUECKON CHUCTEMBI, a TaKXe pa3padOTKy YCTPOMCTBA OXJaXKICHHUS
COJIHEYHBIX MaHened. Bce pacuérel, 00001IEHNs pe3yabTaTOB M BBIBOJBI CHIETIAHBI
aBTOPOM JIMYHO.

Anpobauus padorsl. HayuHble pe3ynbTaThl JUCCEPTALUOHHOIO UCCIEIOBAHMS
00CY X IalIMCh, YTBEPXKAAIUCh W HCHOJIB30BAIIMCh HA pANE PECHyOIMKAaHCKUX H
MEXAYHApPOJHBIX KOH(EPEeHIMI, a TakkKe Ha CEeMHHapaxX W Hay4YHbIX CECCHSIX
NHctuTyTa BOAHBIX MpoOJieM, TUIPOIHEPreTHUKH U 3Kosoruu HanmonanbHOM
akageMuu Hayk Tamxukucrana B 2022-2026 rogax. B yacTHOCTH, TOABENEHBI UTOTH
HaYYHO-IIPAKTUYECKUX CEMUHAPOB U KOH(PEPEHLUH, TAKUX KaK HayYHO-ITPAKTHUECKUN
cemuHap 1o 3HeprodpdekTuBHOCTH U dHEprocOepexeHuto (smoHckas PecmyOinuka,
saBapb—MapT 2023 T.), MexTyHapoaHas KoH(pepeHus mo BHeaApeHuto Maibix [ OC B
HentpansHoii Asum  (FOxnas Kopes, oxra6ps 2023 71.), MeXIyHapomHAas
KoHpepeHuus «BonHble pecypcbl, HHHOBAlMM, XPaHEHUE U HHEProcOEpeKeHUue»
(dymranbe, okts16pb 2023 1.), a Takke pecmyOIuKaHcKas KOHPEPEHIHs, TOCBAIEHHAS
«MexXayHapoJIHOMY JECATUIIECTUIO AeUCTBUM “Boma 1 ycTOMYMBOTO pa3BUTHS,
2018-2028” (monenenbHUK, anpeib 2023). B To ke Bpems pe3yibTaThl HCCISA0BaHUS
00CyXIaJIMCh HA HAYYHBIX CEMUHApPAX, MOCBAEHHBIX U3ydyeHHto mporpamm LEAP u
WEAP, ycTOYMBOMY pa3BUTHIO U BO30OHOBIISIEMBIM HCTOYHUKAM 3HEPTUH, a TAKXKE
BOIIPOCAM MOHUTOPHUHIA U YIIPABJIECHUS BOJHBIMU pECypcaMu B CTpaHax Y30eKHUCcTaHa
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u Kuraiickoii Haponno#t Pecniybnuku (2025 ron). IlomydeHHble pe3ynbTaThl ObLIN
WCIIOJIb30BaHBI B HAYYHO-UCCIIEIOBATEIHLCKON MIPAKTUKE U pa3padOTKe PEKOMEH TAIHiA
0 YCTOWYMBOMY YIPABICHUIO BOJHBIMU pecypcaMH U BO30OHOBJISIEMBIMU
MCTOYHUKAMU YHEPTUH U UMEIOT TEOPETUUECKOE U MPAKTUUECKOE 3HAUCHHUE.

[Myoankannu mo teme auccepranuu. OCHOBHOE COJEp)KaHUE AUCCEPTALMH
onyOJMKOBaHO B 22 Hay4yHBIX paboTax, B TOM 4HCIEe 12 CTaThiX B H3JaBaeMbIX
YKypHaJlax peecTpa, peKOMEHI0BaHHOTIO B BrICIIEN aTTeCTallMOHHON KOMUCCHUEN TIPU
[Ipesuaente PecnyOomuku Tamxukucran, 1 Mamom mnartente PecnyOnuku
Tamxukuctan 1 B 9 cTarhsiX B Marepualax Hay4YHbIX KOH(EpeHIHH pa3IudHOro
YPOBHSI.

Ctpykrypa U o0bem guccepranmu. CTpyKTypa AHCCEPTALMU COCTOUT W3
BBeJIeHHUs, 4 TJIaB, 3aKIIOYCHHUs, |2 TPUIIOKEHHM M CHHCKa HCIOJIb30BaHHOU
auTepatypsl u3 165 HammeHoBanuii. O0muii 006EM auccepranuu coctaiseT 190
MEYaTHBIX CTpaHull, 142 cTpaHULIBI U3 KOTOPBIX SIBJISIIOTCS OCHOBHBIM TEKCTOM.
KonmuecTtBo pucynkoB coctasnset 43, Tabmuui 35.

OCHOBHOE COJEPXKXAHUE JMCCEPTALIMHU

Bo BBeieHMM 1 HOPMATUBHOM YaCTH IUCCEPTALMOHHON pabOThl 000CHOBBIBAETCS
Ba)KHOCTb BbIOOpA TEMBI, IPUBOJIUTCS YPOBEHb U3YUEHUS TEMBI, €€ CBA3b C HAYUYHBIMU
CTpaTerusiMM U nporpammamu. OrpeeneHsl HelIu U 3a/1a4i UCCIIEOBAHUS, OOBEKT U
METO/Ibl HCCIEAOBAaHMS, IPEICTABICHA HAay4yHas HOBM3HA U OCHOBHBIE MOMEHTHI,
NOJIJIEXKAIIME 3aALIUTE.

B mepBoM riaBe auccepranuy aHAUIM3UPYIOTCS COBPEMEHHBIE YCIIOBUS B
SHEPreTUYECKOM OTpaciy Kak OJHHM M3 KIIOYEBBIX HAIPABICHUN COLMAIBHO-
SKOHOMHUYECKOTo pa3BuTus crpaH. «Ha momto orpacnu mpuxomutcs okoino 60%
MupoBoro norpednenus yrig u 40% norpedieHus npupoAHOro raza. Takxke ObLIO
IIOKA3aHO, YTO TEXHOJOTHYECKUE W3MEHEHHS B DJIEKTPOIHEPIETHUKE YBEIUYHMBAIOT
CIpOC Ha MHUHEpaJIbHBbIC U ChIpbeBbie pecypchl» [33]. Ha pucynkax 1 u 2 mokasan
o0muii 00b€M MHUPOBON SJIEKTPOIHEPIMU U OO0IIas YCTAaHOBJICHHAs MOIIHOCTh M
BBIPA0OTKA MEKTPOIHEPTUH 110 UCTOUHUKAM.

«B  ycnoBusx  HeCTaOMJIBHOCTM  MHPOBOIO  JHEPreTUYECKOTO  pBIHKA,
XapaKTEepU3YyIOIIETrocsl POCTOM II€H Ha Tra3, HepTh M yrojib, HaOJIONA0TCA
CTPYKTYPHBIE U3MEHEHUS B DHEPIreTUYECKON MOJUTUKE CTpaH. AHAIN3 I0Ka3al, YTO
PE3KUI pOCT LIEH Ha r'a3 B PSJIE CTPaH CIIOCOOCTBOBAJI BO3BPALLEHUIO WM YBEIUYECHHUIO
MCIIOJIB30BaHUS YIS ISl IPOU3BOCTBA AIIEKTPOIHEPTUm» [34].
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PakTU4eCKue U NMPOrHO3UpPyEMbIE JaHHBIE 0 MUPOBOM
MIPOU3BOACTBE JIEKTPOIHEPIUU

Pucynok 1. - O0muii 06beM MUPOBOTO MPOU3BOACTBA nekTpodHepruu (TBT)

YcranosaeHHasi MOITHOCTD IIpou3BoaCTBO YIEKTPOIHEPTHA
40 o NSRRI
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~ &=
E 30 =
2 5
= 5
20 g
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2010 2023 2030 2040 2050 2010 2030 2050
B Conneunas PV BetpoBas sHepreTHka m ['mnposHeprernka
BrosnepreTuka n oTxozmb! B [Ipyrue BUD AToMHas SHEpreTHKa
Bonopon u ammuak Hcxonaemoe Tommnuso B Yronn
TIpuponsslii ras B Hedts B AKKYMyJIATOpHEIE OaTapen

Pucynok 2. - O0mias ycTaHOBIEHHAS! MOIITHOCTh U TIPOU3BOCTBO AJIEKTPOIHEPTUHU T1O
WMCTOYHHMKAM B CIIEHAPUU JOCTIKEHHUS HYJIEBBIX BBIOpOcoB, 20102050 rr

Bo BTOpoOi#l riIaBe TPOAHANMU3UPOBAHBI OCHOBHBIE BOIPOCHI Pa3BUTHS

SHEPreTUYECKON OTPACIIH C YYETOM MPUPOIAHBIX, IKOHOMUYECKUX U KIMMATHYECKUX
ycnoBuit Pecriyonuku Tamkukucran. «bblio mokazaHo, 4To 3a MOCIEAHUE FO/Ibl 00BEM
N0OBIYM YIJIA B CTPaHE 3HAYUTENbHO YBEIUYHIICA, YTO CIOCOOCTBOBAJIO PA3BUTHUIO
HHEPreTUYECKOM OTpaciid. DTOT MPOUECC MPUBEN K YBEIUYCHHIO 00BEMOB MPOJAK,
(UMHAHCOBBIX TOCTYIUIEHUH W YJIY4YIIEHUIO MHBECTUIIMOHHBIX BO3MOXXHOCTEH
npeAnpusTHii orpaciuy [34].
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JloObrua yriist (ThIC. TOHH)
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PucyHok 3. - JIoosrua yrist B Tampkukuctane B 2006-2024 rogax

Ha pucynke 3 u B Tabmuie 1 moka3ana go0wrua yris B Tamkukucrane B 2006-
2024 romax u THIPO3HEPreTUUECKUE pecypchl TaPKUKUCTaHa C YUETOM KaT€rOpu.

Ta6auna 1. - T'uaposneprerrueckue pecypebl TaPKUKUCTaHA TI0 KATETOPUSIM

TpombIienybre IMoTeHUMaIBLHBIE PeCYpPChI
pecypesl
OoaacTh KpynHubie pexn yreuka, Yreuka
9, L >10xkm L <10xm
MBr.e | 1prc N,
MBr.c TBT.c N MBT.c 9 9, TBt.c
Cyra 1590 | 13,93 544 | 13,52 | 1303 | 11,4 1288 11,28
PPITu 17709 | 15513 | 22744 | 9924 | 974 | 481 | 16056 | 4065
XaTioH
TBAO 5884 | 51,54 6990 | 1,23 | 555 2,38 3713 2,53
BCEI'O 25183 | 220.6 | 31278 | 740 | 832 861 | 21057 | 8446
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Baxmicknii kackan 1 JC
Bricora NPoAoJILHBIH MpopuiIbL

HaQ yPOBHEM
MOpA, M
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CaHrmyanHCKan 1
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600 4
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MepenagHan
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500 + 485
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Pucynoxk 4. - [lnan kackanga pexu Baxin

EcrecTBeHHOE TeueHue peku

CPEJJHUE EXXEMECSAYHBIE 3ATPATHI,
M3/C
N
ISg=
S o
/’

Cpemnauii pacxoJ1 BOABI TIOCIIC PETYIUPOBAHUS YPOBHS BOJBI B BOJIOXPAHUIIHUIIE
PoryHn. PerynupoBaHue sHEpreTHUKH.

Hopak. JIonosHUTENbHBIA KOHTPOJIb I0JIUBA.

Pucynok 5. - Kackagnoe perynupoBanue BoiHOTo notoka B Hypexckom u Porynckom
BOJOXPaHWINILAX B TEYEHHUE I'OJ]a CO CPEJHUM YPOBHEM CTOKA

B pesynpraTe peanuzanuy  OPOTPAMMHBIX ~ MEPONPHUSATHUM B TEPUOJ
HE3aBHCUMOCTH OBIJI TIOCTPOCH PsiI HEOOJBIINX THAPOIIEKTPOCTAHIIMMA. ITO
MOKa3bIBACT, YTO CEKTOP Majioil THAPOIHEPTeTHUKH TMOCTEIICHHO pPa3BUBACTCS, Kak
BOXHBIA JJIEMEHT PETHOHAJIBLHOTO »JHeprocHabkenws. B Ttabmuie 2 mnpuBenéH
nepedeHb Manbix ' DC B PecriyOnuke TamkukucTaH.
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Tabauuma 2. - Manble TUIPOAIEKTPOCTAHIIMK (Malible THUAPORNIEKTPOCTaHIIMU) B PecmyOmuke
Tamxukucran (mojHas Tabnuia npeacrapieHa B [IpuiokeHnn 5 K AUCCEPTAIIHH )

0Oo0aacTh KoauuecTBo MoIHoOCTb, Thica4 KBT.4
XaTioH 39 1654
Cyrn 82 9044,1
I'BAO 55 5325
PPII 129 8836,5
BCEI'O 305 24859,6

Taxxxe BO BTOpOH IaBe 0OCyX IaeTcsi BIWSHHME HW3MEHEHHsS KIMMara Ha
3¢ (PEKTUBHOCTH COJIHEUHBIX MaHeneil. «OTMeuyaeTcs, 4YTO TMOBBIIIEHUE TEMIIEPATyphI
OKpY>KaroIel cpejibl, 0COOCHHO JIETOM, MPUBOAUT K HarpeBy COJIHEUHBIX MaHEIel u
cHmkeHuto ux 3ddexktuBHOCTH. HomuHanbHas pabodas Temmeparypa MaHelen
coctaBisieT 25-30 °C, npeBblllIeHHE 3TOW TeMIepaTypbl OTPUIIATENBHO CKA3bIBACTCS
Ha BBIPAOOTKE JIEKTPOIHEPTUH. [|JIsl CHIKEHUS TEMTIEpaTyphl TTaHEJICH 1 MTOBBIICHUS
uX 2(PQGEeKTUBHOCTH pPa3pabOTaHO W MPEACTABICHO CHEIHAIBFHOE OXJIAXKIAIOIIEe
yctpoiictBo. Cuctema mno TpyoonpoBoay U HACOCY HU3KOTO JaBJICHUS MTPOU3BOIUT HA
MTOBEPXHOCTH TTaHEJICH MEJIKHE KaIlIu BOJBI, CO3/IaBast KUCKYCCTBEHHBIN TOKIbY. DTOT
METOJ] CHIDKAeT TeMmneparypy maneneut 1o 20-25 °C, obecneunBas ux 3ppeKTUBHYIO
paboty» [35]. Ha pucyHke 6 moka3aHO YCTPOMCTBO JJIsi OXJIaKICHHUS COJIHEYHBIX
naHesei.

PucyHnok 6 - YcTpoiicTBO 17151 OXJIaXKACHUSI COTHEYHBIX MMaHemei

Tperbsi raaBa mnocsilieHa pa3pabOTKE MATEMAaTUYECKUX U HMMHUTAIMOHHBIX
Mozenei ontumuzanuu pexuma padbotel Porynckoit '9C. «OCHOBHOM 11EBIO T1aBbI
SIBJISIETCS MICCJIEIOBAaHUE U OLIEHKA THPOIHEPTeTUUECKOTO MOTEHIIMANIa OOIBIITUX PEK
TamKukncTaHa, a TAK)KE U3yUEHUE BIUSHUS MTPOLIECCOB OCAXKICHUS HA YCTOMYUBOCTh
OSHEPreTUYecKor cucteMbl. B pamkax wuccienoBaHusi ObLIM MpPOAHATU3UPOBAHBI
TUAPOIHEPTETUYECKUE PECYPCHI OCHOBHBIX PEK CTPAHbI, IOKA3ATEIN YHEPTETUUECKOMN
AKTUBHOCTU U (PAKTOPHI, BHI3BIBAIOIINE OTJIOKEHUS. Takke ObLIO OLIEHEHO BIUSHUE
IPOLIECCOB OCAXKJIEHUS Ha pabOTy TUIPOIHEPTETUUECKHX OOBEKTOB, MPEIJIONKECHBI
HAyYHbIE U MPAKTHYECKUE MEPHI 10 TOBBIIIEHUIO YCTOWYUBOCTH U d(PPEKTUBHOCTU
SHEPreTHUECKOMN crucTeMbl» [36].
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Ha pucynkax 7, 8, 9 u 10 nmokazans! miaHsl s3Hepronorpedienus pexku Cypxoo,
sHepronoTpedienne peku OOUXMHro0, SHEPreTUYECKUI MOTEHINAT BCEX KPYIHBIX
pek TamxukrucTana v SHEpPro3PPeKTUBHOCTD KPYIHBIX peK TaKuKHUCTaHa.
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= 1500 p 150 &
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PaccrosiHue OoT uCTOKA, KM
Pucynoxk 7. - Inan ucnonszoBanus 3Hepruu pexu Cypxoo
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9 Q
2 1000 &
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PaccrosiHue oT ucToKa, KM

Pucynoxk 8. - [1nan sueprononb3oBanus peku OOUXUHTo6
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Pucnyok 9. - DHepreTrueckuil MOTeHIMAN BCEX OCHOBHBIX peK Ta/yKUKUCTaHa
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Kadapnauran 3epaduran

Pucynok 10. - DHeproaddhekTuBHOCTh OCHOBHBIX pek Tamkukucrana. dN/dL, MB1/km

Tabéauuna 3. - 3nauenus cpenneit saeprosddexruBHocTH pek Baxi, O6uxunros u Cypxob

Pex Baxm OOuXHHTOB Cypxo06
Dn/dL, MBt/km 14,71 9,97 9,89
st ABYX THUIPORJIEKTPOCTAHIINN, KOTOPBIE Oy IyT MOCTPOSHBI HA JIBYX y4acTKax
peKH ¢ pa3Hoi F3HEPTrod(PPEeKTUBHOCTHIO, OBLIIO MPHUHSTO CJIEAYIOIICE:

D1/92=k 1)

Ecnu qyiHa y4acTKoB pekH, ucnoiib3yembix ooeumu I'9C, paBHBI, TO 3aTpaThl HA
CTPOUTENILCTBO TaKkKe OyAYyT OJIMHAKOBBIMU. B 3TOM cilyyae MOIIHOCTh U CTOUMOCTD
o0opyioBaHUs 3JIEKTPOCTAHLINI oynyT IIPOITOPILIMOHATIbHBI 150:¢
3HeprodPheKTUBHOCTH.

N1/N2 = 2)
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P060py,£lOBaHI/Ie
! =K 3)
P060py[mBaHue
2
__ pobopyaoBaHHe CMP
P, = P} + P¢ (4)

. 1000 OBaHHUe
3aece: Py Py PYA ; PSMP_ o6mas cymma, 3atpatsl Ha 060pynoBaHue u

cTpouTenbHO-MOHTaxHbIe padoThl (CMP) s 'DC Nel.

MOXXHO TPUHATH, YTO IJIS JIOOOW THUIPOIIEKTPOCTAHIIMM, KaK M IS yKe
noctpoeHHbIX W crposimuxcsi ['DC Ha peke Baximm, 3aTparel Ha 000pyIOBaHUE
coctaBisroT 30 nponenrtos, a st (KCO) 70 nporenToB ot o6mmieit croumoct ['OC,
T.:

0.3
6
POV = S PP = 0.429PF" (5)
Jiis 'OC No2 mbI Takke OyzieM UMETh Takyto hopmy:
5 POGopygosﬂane 6
000 OBaHHUE
P, = PSOcPYA + PSMP = 1 « -+ PSMP (6)
[MoacTaBuB 3HAYEHHS B QOPMYIIBI, ITOTyYEHHBIE P P % MET Oy amM:
P, y 0.439P"" + P;"P 1.429
P = CMp = 7
2 0429P%) | pow 1+ 0429/ (7)
To ectp o61masg croumocts I DC Nel B:
1.429
1+ 0429/
obmast croumocth ['DC N2 Ha oguH pa3 Bbiie. OHAKO:
P; = piN; 8
31ech:
p; — yaenbHas cTtouMocTh ctpoutenbcTBa ['DC Nj, B uUTOre paccuuThIBAeTCs B
CJIEIYIOIIEM BU/IE:
P1
%g B 1.429 1429 )
, = =
k(l + 0429 /k) (k + 0.429)
LCOE (Levelized Cost of Electricity) - skoHomuueckuii TmOKa3aTelb,

ONPEAEISIOIUI CPEAHIOI0 CTOMMOCTD IPOU3BoJIcTBA 1 KBT 4 anexTpo3nepruu 3a Bech
HNEepUo/ IKCIUTyaTalluy 3JEKTPOCTAHIMHU. DTOT MOKas3aTellb BKIIOYaeT B cels Bce
3aTpaThl, BKJIOYAs HMHBECTUIMH, JKCIUIYyaTAlMIO, TEXHHUYECKOE OOCIyKUBaHHUE H
00BEM  MPOM3BOJCTBA  JJIEKTPOIHEPIUH, M  HUCHOJIB3YEeTCS JUIsl  CpPaBHEHUS
SKOHOMUYECKOI 3PPEKTUBHOCTH SHEPTE€THUECKUX MTPOECKTOB.
O6mas dopmyna LCOE takosa:
ylotMe+ Fy
T+t

St (10)

LA+

LCOE =

56



rae lr-uaBectMumMn, M; — 3arparbl Ha JKCIUIyaTalMK0) M TEXHUYECKOE
oOcnyxxuBaHue, Fr — 3arpaTel Ha TOMBO, Et — 00beM BBIPaOOTKH 3IEKTPOIHEPTHH, T
— CTaBKa JMCKOHTHUPOBAaHUS (AMCKOHTUPOBAHMS) U N — NEPUOJ Ucodb30BaHus. «Ilo
CpaBHEHUIO ¢ OacceilHoM peku Baxii, KOTOpbI sBIsieTCS OJHUM W3 Haubolee
3¢ (PEKTUBHBIX PETHMOHOB pa3BUTHUsS THIpodHepreTuku B PecnyOnuke Tamxukucras,
yAENbHAs CTOMMOCTb CTPOMUTENBCTBA TUAPOIIEKTPOCTAHIIMN 3HAYUTEIIBHO HUKE»
[37].

CreyeT OTMETUTD, UTO B JAHHOM I'J1aBE TAKKE JIJIs1 OLIEHKU BIUSHUS DPO3UU ITOYB
U OTJIOKEHUW HAa TUAPOIHEPreTUUYECKUE PECYPCHI B YCIOBHUSAX MU3MEHEHUS KIIMMaTa
ObL1a ucnonb3oBana mojens MUSLE.

VYpaBuenne MUSLE BoipaxkaeTcs clieyronmm o0pa3om:

A=RxKxLSxCxP (11)
Koaddumment sposzuonnoctr ocankoB (R) oTpakaer BiausHME OCAAKOB Ha
IIPOIIECCHI APO3UH TTOYBHI, U €ro (hopMyJia pacuéra BBITIISIUT CICAYIOMUM 00pa3oM:
12

2
R = Z 1735 X 10[(15 x [,7 ~0.8188)] (12)
i=1

@opmyna ans  BeuucieHus kodddunmenta K BwIpakaeTcs CIEAYIOIIHAM
o0Opazom:

SIL
K = {0.2 + 0. ~0.0256 X SAN(1 — vxa
{0.2 4 0.3 x exp[~0.0256 X SAN (1 — 7o} X (7)™ % (
0.25 % C (1
C +exp(3.72 —2.95 x C)) ( .
0.7 X SN1

"~ SN1+ exp(—5.51 + 22.9 x SNl))

31ech:

SAN, SIL, CLA u C npecTaBisitoT COOTBETCTBEHHO MacCOBY10 10110 (%) mecka,
nja, TIIMHBI ¥ OPTAaHMYECKOTO YTIIEPO/ia B COCTABE MOYBBI. DTH MTOKA3aTEIH OTPAKAIOT
IPaHyJIOMETPUYCCKHUE CBOMCTBA U OPTAHMYECKHI COCTAB MTOYBBI M OKA3bIBAIOT MIPSIMOE
BIIUSTHUC HA CTETICHB €€ APOIUPOBAHMSL.

69°00"F 70°0'0"F 71°0'0" 72°0'0"F 73°0'0"
T T T T T

1 R

MJemm/(hm" *hea)

- 0~ 1200
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0 60 120 km [ 2600 -3200
37°00"N I SR - 3200 - 4000 437°00"N

' e 1 A L A
69°0'0" 70°0'0" 71°0'0" 72°0'0" 73°0'0"

Pucynok 11. - [IpoctpancTBeHHOE pactpenernenne koddgduimenta R B 6acceitne pexu Baxir
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Pucynok 12. - IlpoctpanctBeHHoe pacnpezaenenue ¢akropa LS B 6acceitne peku Baxm
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Pucynoxk 13. - IlpoctpanctBenHoe pacnpeaenenue ¢pakropa C B 6acceiine pexu Baxin
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Pucynok 14 - I[IpoctpancTBeHHOe pactpeneicaue pakropa P B Oacceitne pexn Baxmr

«Paiionsl ¢ BeiIcOKMMHU 3HaueHUssMH (00b19HO 60see 2600 MK -mm/(Ta 4 Tox))
PacIoJIOKEeHBI, B OCHOBHOM, B HHKHUX YacTsIX paBHUH OacceiitHa pexu Baxmi. Oto
CBSI3aHO C OTHOCHUTEIIBHO BBICOKOM MHTEHCHBHOCTBIO OCAJKOB M KIMMAaTHYECKUMU
0COOEHHOCTSIMH HU3MEHHBIX pernoHoB» [38]. Ha pucynkax 11,12,13 u 14 mokazaHsl
MPOCTpaHCTBEeHHbIE pactpeneneHus gakropoB R, LS, C u P B 6acceitne pexu Baxii.

BoabIIMHCTBO BOCTOYHBIX PETMOHOB UMEIOT 3HaueHusa Oosee 0,25, B TO BpeMs
KaK Ha 3arajie OHU, B OCHOBHOM, HIKe 0,25. DT0 00CTOSITEIHLCTBO YKa3bIBa€T HA TO,
YTO B BEPXHHUX YaCTAX OacceilHa /aBlieHHE Ha MEphl 3alIUThl TOYBBI U BOBI BHIIIIE.
Pe3ynbrarhl moKa3bIBalOT, UTO UCTOKM OacceiiHa pexu Baxin moaBepriuch CUIbLHOM
5PO3UHU MOYBBL. JTO MOXKET MPUBECTU K YBEIWYEHUIO MEPEHOCA HAHOCOB U CO3AaTh
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CCPBC3HYIO YI'PO3Yy HMX HAKOIUICHHUIO B CPCAHC-M HU3MCHHBIX THAPOIHCPICTUUICCKHUX
BOJOXPAaHUJIMIIIAX.
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Pucynoxk 15. - TIpocTtpancTBeHHOE paciipeiesieHre Spo3uu MOUBkI B Oacceline pexku Baxiin
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THAPOIHEPTETHYECKHE PECYPEhI

Pucynoxk 16. - ITnan ucnons3oBanns mojenu MUSLE B Gacceline pexu Baxim

C yBenuueHWEeM KOJIMYECTBA HAHOCOB TMOJE3HBI 00BEM BOJOXPAHUIMINA
YMEHBIIIAETCS, @ YPOBEHB BOJIbI CHUXKAETCS. B pe3ynbprare qaBieHue BOIbl CHHXKAETCH,
a BBIpa0OTKA AJIIEKTPOIHEPTHH OTPAaHUYMBACTCS. PacueTsl MOKa3bIBAIOT, YTO KaXAbIN |
M3 OTJIOKECHHIA MOYKET YMEHBIIUTH MOJIE3HbIN 00bEM Bogoxpanunuma a0 0,7-1,0 Mo,

B YyeTBepTOH rjiaBe [IPOAHAIM3UPOBAHBI METO/IbI OLICHKU
SHeprodPGHeKTUBHOCTH KPYMHBIX pek TaKUKUCTaHa W TEPCHEKTUBBI PAa3BUTHS
BOJTHO-DHEPreTUUECKOro KoMIuiekca. « Takxke B TaHHOU riiaBe UCCIETYETCSl BIUSHUEC
W3MEHEHUsI KiuMara B paMkax kiaumatuueckux cireHapueB (RCP2.6, RCP4.5 u
RCP8.5) Ha ruposHepreTHieckre pecypcsl bacceiina peku Baxm [39].

«B crosimee Bpems, XapakTEpHU3YIOLIEeCs TMOBBIIIEHUEM NOTPEOHOCTH B
AIEKTPOIHEPTUH, U3MEHEHHUSIMU TOTOAbl M CHEUU(PUUECKUMU TUIPOIOTUYECKUMHU
TEYCHUSIMU, Bce OoJblliee 3Ha4YeHHe MpuodpeTaeT Bompoc 3PPEKTHBHOTO W
YCTOMYMBOTO  HCIOJB30BAHUS THIPOIHEPTETHUECKUX pecypcoB. Pecmybmuka
Tamxukucrtan, obiagaroas OrpOMHBIMH BOJHBIMH PECypcaMyd M 3HAYUTEIBHBIM
TUAPOIHEPTETUYECKUM MOTEHIIMATIOM, IOJaraeTcsi Ha ONTUMAJIBHOE HCIIOJIb30BaHUE
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ATUX PECYpcoB g 00eCledYeHHs] dHEPreTU4YecKol Oe30MacHOCTH U yCTOWYHBOTO
9KOHOMHYECKOTO pazputus» [40].

MartemaTnyeckass mMoje/b Ce30HHOro peryjupoBanusi Porynckoit I'9C. B
oO1eM BUJEe pacy€Thl BBIOJHSIOTCSA MO MPEAJIOKEHHOW MOJENIHU B BUJE TaOIULBbI,
KOTOpasi IPUBEICHA B IPUIOKEHUU K JUCCEPTALIAH.

O0BéM noTOKa BOABI B pe3epByap B Mecsl (1o 3HaueHusM Q-3HaueHust) Wipurox,

KMS.

Wl‘[pI/ITOK = Q*60*60*24*n (14)

31ech:

N-KOJIMYECTBO THEN B KAXKJIOM MECALIE

PakTHUYECKNE WIM IPOTHO3UpYEMbIe 3aTpaThl BoAbl HA ['DC yka3pIBarOTCSA Kak
QNB, cpenHeMecssuHas CTaBKA, HCIOJIB3yeMasi B €MHUIIAX M°/C.

O0BEM Boabl, mpomenmeid ['IC 3a Mecsn (MCXOAs U3 U3BECTHBIX 3HAUCHUU

Qrsc), paccuuThiBaeTcst Kak Wroc Ha IUHUIYY KMS.

Wrsc = Qrac*60*60*24*n (15)

I N - TAKXKE KOJIMYECTBO JHEW B MECSILIE.
Cpennuit 00BEM pe3epByapa pacCUUTHIBACTCS B KadecTBe KoHeuHoit WMID

CIEAYIOIUM 00pa3oM:
ch. npoM— (WHaq + WKOH)/2 (16)

BonHble 3HAKW, YKa3bIBaKOIIME HA 3aJ€PKKY BOJBI, MOJYYEHBI B PE3YJIbTATE
bunbTpanmu. KoamdecTBo BO/IbI, BRIXOISINIEH U3 UCTIAPEHUS, U3MEPSIETCS B KM3. DTOT
pacu€t ocHoBaH Ha 3aBucumoctu H = f (WvV), kak nmokazaHo Ha pucyske 17.

/
1290
|
1270

1260 /
1250

1240
1230
1220

1210 /
1200 ./

1190

1180 -
3 4 ) 6 7 8 9 10 11 12 13 14

OtMeTKa YpOBHS BOJIOXPAaHUIIUIIA, M.

O0beM BOIOXpaHMIIUIIE, KYO. KM.
- /
Pucynoxk 17. - Bonoxpanunuiie Porynckoit 'DC. 3aBucumocts: H=f(W)
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Pucynoxk 18. - Bonmoxpanunume Poryackoit I'9C. 3aBucumocts: W=f (H)
Tabauna 4. - O66M PoryHckoro BogoXpaHHUIIMILA 3aBUCUT OT OTMETKH €T0 YPOBHS
H, m 1185 | 1203 | 1217 | 1230 | 1241 | 1251 | 1260 | 1268 | 1275 | 1282 | 1288 | 1290
W, km® 3 4 5 6 7 8 9 10 11 12 13 | 13,3
Ecau Mb1 0OpaTuM 3Ty (QYHKITHIO, TO TTOJTYUYUM CJICTYIONIYIO 3aBUCUMOCTD:
W =1 (H) (17)
Ortcrona, yuyuThiBasi, 4To:
Wy = f S(H)dH (18)

rae: S(H) - miomans moBepXHOCTH BOJMOEMA, Kak (PYHKIMS YPOBHS BOJBI B HEM,

nocJacaHsAd 3aBUCUMOCTDb MOXKET OBITH ITOJIy4CHA ABHO:
dWg—
S(H) = e =
d(0,00000241821228785279H 3_ 0,0084-35303'75184813'}—[2 +9,85922059165082H — 3859,04—62219014—9) _

dH
0,00000725463686355837*H? - 0,0168706075036963*H + 9,85922059165082

(19)

Tabaunna 5. - 3aBUCUMOCTD IJIOMIAAN TOBEPXHOCTH POTryHCKOro BOJOXpaHMUIIMUILA OT OTMETKH €TI0

TIOBEPXHOCTH
H, m 1180 1200 1220 1240 1260 1280 1290
S, km? 53,26 61,17 74,88 94,40 119,72 150,84 168,58
Taoawnua 6. - Porynckoii 'DC. 3aBucumocts S = f (W)
W, km® 3 4 5 6 7 8 9 10 11 12 13 13,3
S,km? | 54,69 | 62,85 | 72,45 | 83,91 | 9552 | 107,60 | 119,72 | 131,47 | 142,51 | 154,27 | 164,91 | 168,58
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Pucynok 19. - Porynckoe Bogoxpanunuiie. 3aBucumocth: S=f (H)
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Pucynoxk 20. — Bogoxpanunuiue Porynckoit '9C. 3aBucumocts: S=f (W)

Ha pucynkax 19 m 20 mnokazaHa 3aBUCHUMOCTb IUIONIAA OT JaBJICHUS H
3aBHCHUMOCTD IIOIIAIHA OT 00BbEMA.

[To morydyeHHBIM pe3yJIbTaTaM MOXKHO OIPEISIUTh IMOTEPH BOLI N3 PoryHckoro
BOJIOXPaHUJIMILA, UCTIONIB3YSI TaHHBIE MCCIIE0OBAaHUM, MPEACTABICHHBIE B MPOCKTHOM
TEXHUYECKOW TOKYMEHTAIIUH.

Pacuér yObITKOB TPOM3BOAMTCS 110 Ciieaytomen hopmyre:
HI/ICH = S* tHOTepB*lo-e (20)

31ece S:
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S = -0,0377792687 (Wep. mpovies)? + 1,0055598849 (W cp. nposiec)? + 3,1891993856 W cp,
npowee, + 36,7031932722.

Ilocne »rtoro pPaCcCUHUTBIBAIOTCA HTOI'OBBIC 3HAYCHHA CPCOAHCTO 00BEMa

BOJOXPAHWIININA 32 MECALL, W cpenumit suaucums
ch. pacueTH. = \W Cp. IPOMEX. — Hq) — Iien (21)

O0BEM TyCTOrOo/MOTEPSHHOTO OpOCKa pPACCUMTHIBACTCS TPU  CIICTYIONTUX
YCIIOBHUSIX:
Ecin W ¢penmee snauenne MEHBIIIE, YEM MOJIHBIA 00BEM pe3epByapa:

chenHLn}'l pacyeTH. <13,3 KM3 (22)
621 on_]‘[ = O
Ecinut W cpemmit pacuer OOJIBIIIE, UEM MOTHBIA 00BbEM pe3epBYyapa:

chezlm,w“r pacuerH > 13,3 KM3 (23)

63 onna = WCpeI[HLIﬁ pacueTH '1313

HUcxons u3 3tux coOTBETCTBYIOWMUX [lopoym 3HAYEHUWN, IJI9 CPEIHUX
CIKCMCCAYHLBIX pacxosz, HOTpaquHBIX BHYCTYIO, Q6exyﬂa paCCqHTLIBaGTC}I I10
3dBUCUMOCTIAM.

0 . 100
= ¥ ——w—w m e
xon ¢ 86400 * n

I7ie: N-KOJIMYECTBO JIHEW B MECHIIE.
Bce 310 o3BoJII€T paccuuTaTh yAENbHBIN YPOBEHD (OTMETKY ) BOJbI B BOJIOEME B
cpemHeM 3a mecsIl. 3aBucumocTth npoekrta: H = f (W) nokaszana na pucyske 21.

(24)
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O0BeM BOJIOXPAHHUIIHUINA, KY0. KM.

Pucynok 21. - Bonoxpanwmmmie Poryrackoit 'OC. 3aBucumocts: H=f (W) st Bomoxpanumia

Ota KpuBas OTHOCUTCS KO BceMy 00bEMY Bogoxpanminina Porynckoii ['9C,
BKJIFOYAsl HEUCIIOBh3yEMbIE W TOJIE3HbIE 00BhEMBI. B 1iemsax perynupoBanus pabOThI
ANIEKTPOCTAHIIUUA Ppa3pabOTaHHAs MOJENbh YYHUTHIBAET TOJBKO IOJIE3HBI 00BEM
BOJIOXPAHUJIMINA, TOATOMY JIJIsl OMNpPEJEICHUs YPOBHSI BOJbI UCIOJB3YeTCs Ooliee
TOYHBIA METOI.
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3nauenus kodpdunmenta A (=9,81 n) ykazanel B 00IIei 3aBUCUMOCTH JIJIS

pacdéra BBIPaOOTKH JIEKTPOIHEPTUU:
2 =A*Q*H (25)

KOTOpBbI ObLI MPUHSAT J10 TPOBEJIECHUS €CTECTBEHHBIX HCCIEIOBAHMM HAa CcaMou
Porynckoii I'DC, Takoii kak Hypekckas I'2C:
A =10,37901 — 0,00672* Hepyrro (26)

Kak u Ha Hypekckoit ['DC, paccunTaHbl MaKCUMAIIBHO JOMYCTUMbBIE 3HAUEHUS
KaBUTAIIMHU U MPOIYCKHAs CIIOCOOHOCTh CTOYHBIX BOJ uepe3 ['DC:
Qmax = 0,00003869* (Hepyrro)*-0,03529695* (Hopyrro)®

+11,92065309* (Hspyrro)? -1765,53505094% (Hgpyrro) +98141,08410839 (27)

ITocne atoro PaCCUUTBIBACTCA Bblpa6OTKa SJICKTPOOHEPIuu B MECAII:
D=A* (QHEO>k H6pyTT0 (28)

MonenupoBanue BIUAHUA U3MEHEHUS KIIMMATa Ha PacXxo/1 BOJIbI U INITAHUPOBAHUE
€MKOCTH BOJOXPAHUJIUI JJIsI 00ECTICUeHHsS] YCTOMUMBOCTH dHEpProcHadkenus. «llpu
9TOM, B JIaHHOW TJaBe JJIs BBIUYMCICHUM Oblja WCIHOJb30BaHa IU(pPOBas MOJEIb
penseda (DEM) ¢ paznenenremM ydyacTkoB Ha nHTepBaibl 1o 20 kM. Teoperuueckas
MOII[HOCTb OMNPEAEISAECTCS C YUYETOM PA3HULBI BBICOT MEXKIY BEPXHUM U HUWKHUM
cpe3aMH, a TakKe CpPEIHEroJIoBOro o0bEMa pacxojia BOABI M PACCUMTHIBACTCS IIO
cienyromiei hopmyne» [41]:

Errwater =p 9 Q- AH -t (29)

B KOTOPOWU:

Etrwater — Te€OpeTHueckass THApPOIHEpreTudeckass MomHocTh peku (J); p —
IJIOTHOCTHh BOJBI (IIPUHSATO B HACTOSIIEM HcchenoBanuu 1,0 Kr/m); g — yCKOpeHHe
cBoGoaHoro nagenus (9,8014 m/c?, paccuuTano Mo MEXKyHAPOIHOM IPABUTALMOHHOM
dopmyrne 1979 roma mns mmpotsl 39°); Q — cpemHerogoBot 00BEM pacxoma BOIBI
(M3/c); AH — mepenaj BBICOT MKy y4aCTKAMHU MEPECEUCHUS BEPXHErO U HMKHETO
TeueHus (M); t — MPOAOIIKUTEILHOCTh BpeMeHu (8760 yacoB B rof).

YuuteiBasg, yTo B OacceitHe peku Baximn Bkiaa cHeromaja B (GOpMHUpPOBaHUE
00111eT0 BOJOTOKA OUYEHb BBICOK, JJISI MOJICTUPOBAHUSI THIPOJIOTHYECKHUX MPOIECCOB B
YCIOBUSX  Pa3IMYHBIX  KIMMAaTHUYECKUX  CIICHApueB  OblIa  HUCIIOJb30BaHa
ruaposiornueckas mojaeinb CPM.

«Moaens SRM  sBisieTcsi KOHUENTYyaldbHOW MOJICNBIO «TPAaayC-II€Hb» W
YUYUTBIBAET IUIONIA]b, TOKPHITYIO CHETOM, B KAYECTBE OJIHOIO U3 OCHOBHBIX BXOJHBIX
noka3zaresieil. Ero ocHoBHOe ypaBHeHHUe BeIpaxkaercs hopmysioit (30)» [42].

A-10,000
Qni1 = [Con " an(Ty + AT) Sy + Cru B m (1 —kn41) (30)
+ ann+1
B KOTOPOW:

Q — cpeHECYTOUHBII 00BEM MOTPeOIEHHS BOIBI (M2/C);
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C — xoaddunmenT pacxoja, BEIPAKAOIIMN MOTEPU B OTHOIICHHH pacxoja Ha
ocaaku (runoff/precipitation); Cs — ko3¢ dumuent pacxoaa cuera; C, — ko3pduIueHT
pacxoja JOXKIEBOW BOABI, a — KOIDPHUIMEHT «Trpamyc-IACHb», MOKa3bIBAIOITUI
rIyOuHy TastHusI cHera 3a cu€T rpagyca-ans (cm-°C1-aenn 1); AT — TemneparypHas
KOppekiusi  (3KcTpamoJisilus)  HAOMIOJATENbHOM  CTAaHIMM  HA  CPEAHION0
TUIICOMETPUYECKYIO BBICOTY OacceiiHa WiIu BO3BBILIEHHOCTH MecTHOCTH (°C); S — o
IJIOIIA/IU, TIOKPBITOM CHEroM, MO OTHOIIEHHUIO K 00Iel ruiomanu; P — xoaudecTBo
0CAaJIKOB, YYaCTBYIOIIMX B (POPMUPOBAHUH PACXOJIa BOJIbI; a — IUIONIalb OacceiHa WiH
BO3BBIIEHHOCTH  (kM?2); K-koopduument 3aryxanms (recession coefficient),
XapaKTEepU3YyIOIIUi CHIDKEHHE pacxoja BOJbI B IEPUOJbl BBIMAJCHUS CHEra H
OTCYTCTBHUS OCaJKOB; N — IMOCJIEAOBATEIbHOCTh JHEW, 3aTPAUYCHHBIX HA PacUYETHBIN
HEPUOL.

Bripaxxenue HCTIONB3YETCs I MTPeoOpa3oBaHUs €IUHUI] U3MEPEHUS U3

86,400
cM/kM?/iens B M3/c.
YuuthiBas 3HAUMTENbHOE BIMSHHE UW3MEHEHUs Kiaumata B PecryOnnke
TamkukucTal, cucTeMa MOJICTUPOBAHUS B JAHHON JTHUCCEPTAlIMOHHOW paboTre Oblia
IPUMEHEHA JUId TPEX CLEHAPUEB PENpPE3CHTATUBHOM KOHIEHTPALMM OTXOJOB -
RCP2.6, rcp4.5 u rep8.5. Jlg 3Toil KIIMMaTUYECKONW MEPCHEKTUBBI ObLT UCIIOIb30BaH
HaOop MexayHapoanblx Moxaener CMIPS. Ha pucynke 22  mnokaszaHo
MPOCTPAHCTBEHHOE PACTIPEICIICHUE THIPOIHEPIrETUUECKUX PECYPCOB B OacceiiHe peku

Baxim.
69°0'0"E 70°0'0"E 71°0'0"E 72°0'0"E 73°0'0"E
1 1 1 1 L]

C

A

39°0'0"N |- 39°0'0"N

I'napoIHepreTnyeckue pecypebl
x10 kBt-4/roa
B 0 - 800 —38°0'0"N
[ 800 - 1600
B 1600 - 2400
B 2400 - 3000

0 55 110 xu N 3000 - 5374
L . @® Tlonepeunoe ceyenne =137°0'0"N

38°0'0"N

37°0'0"N

1 1 1 1 1
69°0'0"E 70°0'0"E 71°010"E 72°0'0"E 73°0'0"E

Pucynok 22. - [IpocTpaHCTBEHHOE pacpe/Ie/ieHue THAPOIHEPTETHUSCKUX PEeCypcoB B Oacceiine
pexu Baxin

CTaTHCTHYECKHI aHAJIN3 MIOKA3bIBACT, YTO OOJIBIIAS YaCTh TEPPUTOPHUH 00J1a1aeT
3HAYUTEIBHBIM JHEPIeTHUYCCKUM IMOTEHIMaIoM, a 0ojee 90 MpOIEHTOB ILIOMIAIN
Oaccelina cmocoOHbI BeipadatsiBaTh 0osiee 100 miipa kBT 4 351eKTpOIHEPrUuu B roj.
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Taﬁ.lmua 7. - Pacuer THAPOIHCPICTUICCKUX PECYPCOB HA 06pa3u0131>1x THAPOJJOTUYCCKUX YUACTKAX

Pa3HocTh BbICOT (M) Cpenneronosoit I'maposneprernueckue
HaszBanmue 3 8
HaJ YPOBHEM MOps pacxoa Boasbl (M°/c) pecypcesl (X10® kBt 4 / rox)
apm 2007 321,92 554,65
Poryn 2036 645,00 1127,37
Hypek 1413 650,05 788,53
CraTucTHYeCKU aHaIu3 CPEIHErOJ0BBIX JaHHBIX 3a mepuon 1976-1985 rr.
nmokasal clenyrouue pe3yabTaThl. BHuyTpenHee pacmopeneiaeHue

THUAPOIHEPIETUUECKUX PECYpPCOB KpaitHe HepaBHOMepHO. CaMble HU3KHE 3HAUYCHHS
ObLTH 3aUKCUPOBAHbI B sHBape—MapTe 1 coctaBmin 6,03 x 108; 12,24 x 10® u 8,58 %
10 kB kBT'4 cOOTBETCTBEHHO, YTO COCTaBIISIET OKOJI0 2,77% romoBoro oobeMa Jist
Ka)kJ10T0 KOHTHHEHTA.

HampoTuB, caMble BBICOKHE TOKa3aTenu HaOIromaroTcs B wioHe - 47,83 x 108
97,04 x 10 u 68,02 x 10 kB kBt'4, uro B cpennem cocrapisier 21,96% ot obiero
TrOJI0BOr0 00BEMA.

B uenom, Ha mepuoj HachlleHusi (Maii—ceHTsi0pb) mpuxoautcs 75,13% ot
o01iero 00bEMa THAPOIHEPTETUUECKUX PECYPCOB, @ HAa OCTAJIbHBIE CEMb MECSIIEB
npuxonutcst auib 24,87%. IT0 00CTOSATENHLCTBO MOAYEPKUBAECT HEOOXOIUMOCTH
CE30HHOTO PEryJUpOBaHUS BOJHBIX PECYypCOB U IUIAHUPOBAHUS  EMKOCTH
BOJIOXPAHWJIMIIL JJIi OOECIEUYEHUsT YCTOWYHMBOCTH DHEProcHaOXEHHUS B CE30H
nedunura. Ha pucynkax 23,24,25 u 26 moka3zaHO BEPOSTHOCTHOE pPaCHpEICIICHHE
TUJPOIHEPIETUUECKUX pecypcos, 0COOEHHOCTH pacnpeaeneHus
THUJIPOIHEPIETUUECKUX PECYPCOB B TEUEHHUE T'0jia, MOJCIMPOBAHUE pacxoaa BOAbI HA
ruaposiornaeckoM ydactke ['2C na ocHoBe Mojienn CPM u cpaBHeHne haKTHUECKOTO
U MOJEJIMPYEMOr0 CYyTOYHOTO Pacxo/ia C UCMOJIb30BAHUEM IHArpaMM PACCESTHUS.

= 3Ml'll/lpld‘lecl(aﬂ JacToTa
48 3 i Teopemqecxa» yacrora

TuaposuepreTudeckue pecypces (x109 kBr-u)
3

001005 051 2 5 10 20 3040506070 80 90 95 98 99 99.9 99.99
Yacrora (%)

(A) T'apMm cranmms
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110
105 + 3Mnupuyeckas yacrora
100 — TeopeTtuyeckas yacrora
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(b) Paryn cranuus

4 3Mnupuyeckas yactota
70 — TeopeTnyeckas Yactota

vapo3aHepreTuyeckue pecypcbl (x10° KBT-y)

0.01 0.05 051 2 5 10 20 30 4050 60 70 80 95 98 99 999 99.99

Yacrora (%)

(B) Hypek cranmus

Pucynok 23. - [loTeHnuanpHOe pacipeaeneHue TuapodIHEPreTUUECKUX PECYPCOB
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PucyHnoxk 24. - OcoOeHHOCTH paclpeaesicHUs THIPOIHEPTETHISCKUX PECYPCOB B TCUECHHUE I0J1a
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Bricokas coriiacoBaHHOCTh MEXKIy HAOII0IaeMbIMU JAHHBIMH U PE3yJIbTaTaMH
MOJICITUPOBAHUS HAOJI01aeTCSA KaK Ha ATale HACTPOUKH (KaTuOPOBKH ), TAK M HA dTArle

MIPOBEPKU (BATHIALINH).

HabmronaeMulil CTOK
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Pucynok 25. - MonenupoBaHue BOJOMOTPEOICHHS B THAPOIOTUIECKOM peruoHe ['apm Ha ocHOBe
monenu SRM
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(B) Ilepuon Banumarmu (1981-1985 rr.)

Pucynok 26. - CpaBHeHue (pakTHYECKOro ¥ CMOJICITMPOBAHHOTO CYTOYHOT'O IOTPEOJICHUS C
UCIIOJIb30BaHUEM JuarpaMmm paccesiaus (scatter plot)
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Bricokue 3nauenus R? u NSE (>0,97) cBumeTensCTBYIOT 00 OY€Hb XOPOLIEH
COBMECTUMOCTH MOJICTIH C PEATbHBIMU JTAHHBIMU U TOATBEPKIAIOT €€ CIIOCOOHOCTH
MOJEIUPOBATH PACXO]] BOJBI B YCIOBHUSIX U3MEHEHUS KINMMATA.

W3MeHeHne KIMMAaTHYECKMX IIOKA3aTeIed — MaKCUMaJbHOW TEMIIEPATYPHI
(Tmax), MmunuManeHol Temneparypsl (Tmin), cpeaneit Temnepatypsl (Tmiena) u
ocaakoB (P) — nns oOmactu uWccleoBaHMS IO CPaBHEHUIO C  TEPUOJOM

MOJCIMPOBAHUS MIPEJICTABIICHO B TabuIie 8.

Tabauna 8. 3HayeHUsT HW3MEHEHMS KIMMAaTHYECKHX CIIEHapueB B OacceiiHe peku Baxm mo
OTHOIICHHUIO K OCHOBHOMY niepuony (1976-1986

INokazaren | Cenapus 2030 | 2040 2050 | 2060 2070 2080
Tmakce (°C) RCP2.6 0,19 0,18 0,33 0,46 0,44 0,27
RCP4.5 0,20 0,28 0,36 0,52 0,62 0,61

RCP8.5 0,21 0,51 0,76 0,83 1,19 1,40

Tmun (°C) RCP2.6 0,22 0,22 0,35 0,40 0,44 0,27
RCP4.5 0,26 0,32 0,33 0,50 0,49 0,51

RCP8.5 0,19 0,46 0,63 0,70 1,04 1,15

Tepennsrii (°C) RCP2.6 0,21 0,20 0,34 0,43 0,44 0,27
RCP4.5 0,23 0,30 0,35 0,51 0,56 0,56

RCP8.5 0,20 0,49 0,69 0,76 1,12 1,28

P (Mm) RCP2.6 6,67 5,96 6,97 9,60 6,06 11,41
RCP4.5 6,27 3,79 8,18 9,86 8,16 8,75

RCP8.5 8,19 8,22 10,44 | 8,25 6,72 6,21

CpenHero10Boil MpUpOCT TEMIEpaTyphl olieHuBaeTcs B auana3zone 0,31-0,82 °C,
KOJIMYECTBO OCAJKOB TAKXKE YBEIUIUBACTCS B CPEAHEM IIPUMEPHO HaA 8§ MM.

CornacHo pesyibTaTaM pUCYHKa 27, C TIOBBIIIEHHUEM TeMIIEpaTypbl U
BBINIAZICHUEM OCAJKOB OOBEM MOTPEeOJCHUSI BOJbI TaK)KE YBEIMYMBACTCS B pa3HOU
creneHu. B Oonwxkaiiime naThAecAT JIET IPU YPOBHE HAJIEKHOCTH 95% oOuuit pacxon
BoAbl Ha ['apmckom, Porynckom u Hypekckom ydactkax coctaBuT 415,64 + 57,77,
832,78 £ 114,52 1 839,30 £ 168,09 M3/CyH, COOTBETCTBEHHO.

OTH KIMMAaTU4YECKHE WM3MEHEHHS] MOTYT MPUBECTH K YBEIWYEHUIO YaCTOTHI U
WHTEHCUBHOCTY HABOJHEHHI M HABOJHEHUN B PETHOHE, YTO TPEOYEeT YCHUJICHHS
yOpaBi€HUsT  BOJHBIMHM  pecypcaMH M aJlanTaluud  TUIPOTEXHUYECKOMN

UH(PACTPYKTYPBHIL.
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PncyHOK 27. - I3meHeHHs B l'IOTpe6J'IeHI/II/I BOJBI IIPU PA3JIMYHBIX KIIMMATUYICCKUX CLHCHAPUAX

Pe3ynbraTel pac4éTOB MpPEACTABICHBI HA PUCYHKE 28, OTpa)k)aroIIeEM THHAMUKY
W3MEHEHUSI THAPOIHEPreTUYECKUX MOIIHOCTEM Ha HCCIEAYEMBbIX Y4YacTKaxX IpH
Pa3JIMYHBIX KIMMAaTUYECKUX YCIOBHUAX. PUCYHOK 28 moOKa3bpIBaeT, 4TO BO BCEX TPEX
CLEHApHUSX 3alachl TUAPOIHEPTUH YBEIUYMBAIOTCS C YBEIIMYEHUEM pAacXoia BOIbI U
Koneomoress ot 162 £ 22.54 no 328,108 £ 45,652.24 xBtu/rox, mpu ypoBHE
Haa&xHocT 95%. IIpocTpaHCTBEHHO HAUMEHBIINM TPUPOCT HabItogaeTcs B ['apme,
Haunbonbmuii-B Hypeke, a 3arem B Poryne. CKIIOHHOCTh K H3MEHEHHUSIM COTJIACYETCS C
W3MEHEHHUEM ITOTOKA BOJBI.
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(C) Hypekckas cTaHLMSA

Pucynok 28. - lI3MeHEeHHs B THAPOIHEPTETUICCKUX PECYPCax MPH Pa3IMIHBIX KITMMATHIECKUX
CLIEHApUAX

Taxke B JaHHOW TIJaBe MpPEACTAaBICHA KOHIENTYyallbHAas MOJENIb BBIPAOOTKH
AJIEKTPO3HEprUn B OacceilHe peku Baxm kak Hay4YHO-pakTHYecKas CHUCTEMa,
OCHOBAHHAs HA KOMIUIEKCHOM AaHAJIM3€ THUIPOJOTHMYECKHX, DHEPreTUYECKHX U
KJIIMMAaTHYECKUX TMPOLECCOB. B COBPEMEHHBIX YCIOBUAX, XapaKTEPHU3YKOUIUXCS
MOBBILICHHBIM CIIPOCOM Ha SHEPTHUI0, HECTAOMIBHOCTHIO KJIMMaTa U OrpaHUYEHHBIMU
MPUPOIHBIMU pPECypcaMu, BO3HHKAET HEOOXOAUMOCTh MPUMEHEHUS KOMIUIEKCHBIX
moaxomaoB s AG(EKTUBHOTO  YNpaBleHUsS DJHEProcucremMoi. Pecmybmnka
Tamxukucran, kotopas obecrneuuBaeT Oonee 90 MPOIEHTOB CBOEW BBHIPAOOTKHU
3JIEKTPOIHEPTHUM 32 CUET TUJIPOIIEKTPOCTAHIINM, HAXOAUTCS B MPSIMOM 3aBUCUMOCTH
OT COCTOSIHUSI BOJIHBIX PECypCcOB M MX M3MEHYMBOCTH. [lo3TOMYy mMMeeT KitoueBoe
3HaueHHE pa3paboTKa HAyYHO-00OCHOBAHHOM MOJIENH, TO3BOJISIONIEH aHAIIU3UPOBATh
IIPUPOJIHBIE U TEXHUYECKHUE IIPOLIECCHI B €AMHON CUCTEME.
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Pucynok 29. - KonnenTyaibHO-MaTeMaTH4ecKas HHTETPUPOBAHHAS MOJIENb THIPOIHEPTETHUECKOM CUCTEMBI B OacceitHe pexu Baxi B ycioBusix
U3MEHEHUS KIIMMaTa
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BbIBO/IbI

OcHoBHBbIE HAYYHbIE Pe3yJabTaThl JUCCEPTANNH

1. BriepBbie B ycnoBusix Pecniyonuku TamxukucTan Obl1 MPOBEAEH CUCTEMHBIN
CPaBHUTEIIbHBIM  aHAJIM3  DHEPreTUYECKUX  PECcypcoB, B  TOM  YHCIIE
TUAPOIHEPTETUYECKUX, YTOJBHBIX, MHHEPAIbHBIX PECYPCOB M BO300OHOBIISEMBIX
VUCTOYHUKOB DJHEPrMH, HA OCHOBE METOJOJIOTUM TOJOBOIO SHEPreTUYECKOTO
sKBUBasieHTa [1-M].

2. bein pa3paboraH ¥ O0OOCHOBAaH THUAPO-YTOJbHBIA CIIEHAPUN Pa3BUTHS
SHEPreTUKU Pecny6nuku TamxukucTaH, 00€eCIIeYnBaTOIIHIA MHOBBIIICHUE
YCTOMYMBOCTH DSHEPTOCUCTEMBI W 0€30MacHOCTH dHeprocHaOxkeHus. OneHKH
ONTUMHU3AMOHHO-UMUTAIIMOHHBIX MaTeMaTHYECKUX MOJENed pexuma padboThl
SHEPrOCUCTEMBI, B TOM 4YHCIIE MOAeNed 3PQPEKTUBHOCTH, pa3pabOTAHHBIX IS
KPYIHBIX 3JIeKTpocTaHluii, Takux kak Porynckas ['DC, nmna obGecnieueHus
YCTOWYUBOTO YIIPABJIEHUS JIEKTPOCTAHIUAMU [2-M ]

3. ITo mpoBeACHHBIM MCCIICIOBAHUSM BBISIBJICHO, YTO TIPHU HHTETpAIuu PoryHCKoiM
I'DC ¢ apyrumMu MCTOYHMKAMH BO30OHOBJISIEMON SHEPrUM a TaKkKe MPUMEHEHUE
MHTEJIEKTYAJIbHBIX CUCTEM YIIPABIICHHS SJIEKTPOIHEPIrUeH MOBBIIAET F()EKTUBHOCTD
UCIIOIb30BAHUSI DJIEKTPOAHEPIMM U CHEKEHHMIO HCIIOJb30BaHUA HMCKOMAEMOIO
ToruuBa. TakoW MOIX0/T MO3BOJIIET CHU3UTH BHIOPOCKHI B aTMOCHEPY YTIECKUCIBIX Ta30
a TaK)Ke MPHUBJICYCHUIO B CEKTOP MHBECTHUIMH [4-M].

4. BBISBICHO UYTO MPU HUHTETPALUM YTOJBHBIX M JAPYIMX BUIOB HCKOMAEMOIO
TOIUIMBA C THUJAPOIHEPreTUYECKUM IMOTEHIIUAJIIOM I[IOKAa3bIBA€T YCTOMYMBOCTH B
SHEProoOEeCleueHN, a TaKXKe JUBEpCUPUKAIMIO HCTOUYHUKOB HHEPrUU U
KOHIIEHCALMIO CE30HHOTOo Jnedenuta 3HEpruu. ITO obecneynBaeT 3(PpQPexkTuBHOE
UCIIOIb30BaHUE  BOJHBIX  PECCYpCpPOB U TPUBJICUEHHE  WHBECTULMM B
THJIPO’HEPTETUUECKU CeKTOp [5-M].

5. JlokazaHo, 4TO B IpOLIECCE APO3UU M HAKOILJICHUE HAHOCOB, UTO SIBIISETCA
€CTECTBEHHbIMU  TNPUPOAHBIMU  SIBJICHMSIMH,  CYLIECTBEHHO  BJIMSET  HA
(GYyHKIMOHUPOBAHUE THUIPOIHEPTETUUECKUX CUCTEM. B pamkax wucciieqoBaHUs 3TO
BIUSIHUE OBLJIO BCECTOPHHE OIEHEHO M MPOAHATU3UPOBAHO C HCIIOJIH30BAHUEM
COBPEMEHHBIX MaTEeMaTHYECKUX MOJelIel M TeOMH(POPMAIMOHHBIX TEXHOJOTUN
(I'MC). Hayuynast HOBM3Ha MCCJIEAOBAaHMS MOKa3ajaa, YTO MPUMEHEHHUE METOJI0J0THI
SRM u MUSLE nig ananmu3a ropHbIX OacCceiiHOB, B TOM 4YHcIIe OacceitHa pexku Baxi,
MO3BOJIIET MPUHUMATh YCTOMYHMBBIE U SKOHOMUYECKH OOOCHOBAHHBIE PEIICHUS MPU
CTPOMTENLCTBE THAPOAICKTpocTanuii [17-M].

6. AHanu3 MEPCIEeKTUB Pa3BUTHUS THAPOIHEPIETUUECKUX PECYPCOB B OacceiiHe
peku Baxin mokasan, 4To poCT YUCIEHHOCTH HACEJIEHUS U YKOHOMUYECKOE Pa3BUTHE
YBEIIMYUBAIOT MOTPEOHOCTH B AJIEKTPOIHEPTUH U OJJHOBPEMEHHO YCHIIMBAIOT HATPY3KY
Ha OKpYyXXaroImiyto cpemy. MoxaenupoBanue u onenka cienapuu CIMPS u CIMP6
MOKa3aau, 4YTO KIMMATUYECKUE HU3MEHEHUS MPUBEIU K YBEIWYCHUIO JIUBHEBBIX
JOXKJIEW U YBEJIIMUECHHUIO BOJIOIOIL30BaHUS U3 JIETHUKOBBIX HCTOYHUKOB, YTO B CBOECH
oduepe/lb ~ NpUBEAET K  3HAYUTEIBHOMY  HETaTUBHOMY  BJHUSHHUIO  Ha
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THJIPOSHEPreTUUEeCKUl moTeHuuan. TakuM o0pa3oM, B CBSI3U C YyBEJIWYEHHEM
cpenHeronoBoi temneparypsl 10 2°C 06beM pacxoa BOIbI B TEPPUTOPHHU OAaCCEHHOB
TamxukucTana yBenuuuthbes Ha 16,5%, ce30HHbIE U3BMEHEHMS U XapaKTep BbINaJICHUH
OCAJIKOB MPUBEIYT K 3HAYUTEIbHOMY HETaTUBHOMY BIIMSHUIO Ha 3()PEKTUBHOCTHU
ruapodsiekTpoctaniuu [10-M].

7. B cdepe BO30OHOBIAEMBIX HMCTOYHUKOB HHEPTrUU, OBUIM MPEIJIOKEHHBI
o0opyoBaHUs I OXJIQXJICHUS COJHEUYHBbIX maHened. Ha conbHUYHBIX maHenei
IPEITI0KOHHBI OBIP30BUKH BOIBI IJIs1 OXJIOKICHHS U OYHCTKHU MMOBEPXHOCTU MaHeNen
TpyGuaToM Buae ¢ YKIOHOM B 45° OTHOCHTENHHO HOBEPXHOCTH, C HACOCOM
OTHOCUTEJIBHO Majoi MOIIHOCTH. Takod Tum oOOpyJIOBaHUS IMO3BOJAIOT JEp>KaTh
TemIepaTypy Ha noBepxHocTd mnaseneidi B npexene 20-25°C, 4ro mo3BOIMTH
YBEIUYUTH YPHEKTHBHOCTh M YCTOWYUBOCTH MAHEEH B YCIOBUSAX CYXOTO U JKapKOTO
kaumara [9-M].

8. B menom, AOCTMXKEHHS AMCCEPTAIMHM MOKA3bIBAIOT, YTO AJIsA OOeCHedeHus
JOJITOCPOYHOM YCTOMYMBOCTH HEPTreTUUECKOTO pesxkuMa Pecniybnuku Tampkukucrana
HEO0OX0IUMO NEPEeXOoAUTh Ha MHTErpupoBaHHOE yIpaBiI€HUE BOJHBIMU pECypCcami,
MOJIETMPOBAHUS CLICHAPUEB U ONTHUMHU3ALUU peXUMa pabOThl THAPOIIEKTPOCTAHIIMIMA
C MPUMEHEHUSIMHU HAYYHBIX 1 HHHOBAIIMOHHBIX METO0B [12-M].

HpC,ZUIO)KeHI/IH IO IPAKTHYCCKOMY IMPUMCHCHHUIO PC3YJIbTATOB UCCICIOBAHHA

1. VYkpemieHnne KOMIUIEKCHOTO yIpaBiieHHs Bojoxpanwmmimamu u ['DC, ¢
npuoputetoM Ha Porynckyro [DC, ana mnoBbimeHus 3PGHEKTUBHOCTH,
SHEPreTUYECKON 0Ee30MacHOCTH M YCTOWYMBOCTH K M3MEHEHHMIO KJIMMaTa M PUCKAM
3anJICHUSI.

2. OOwegunenue Porynckoii ['DC ¢ COMHEYHBIMH W BETPOBBIMHU
ANEKTPOCTAHLUMAMM B  pPaMKaxX CUCTEMHO-MHTETPAlMOHHOIO  MOAXOAa UL
TuBEepcU(pUKAIIMA UCTOYHUKOB YHEPTUH, MOBBIIICHUS HAJIEKHOCTU U aJIallTUBHOCTHU
SHEPrOCUCTEMBI, CHW)KEHHSI BO3JECHCTBUSA HAa OKPYKAIOUIYIO CPely U MPHUBJICUECHHUS
VHBECTHUILINH.

3. Pacmupenue MCHoONb30BaHUS ONTHUMHU3ALMOHHO-UMHUTAIIMOHHBIX MOJIENEH,
onieHoK mnpousBoautenbHocTH ['OC, uHCcTpymMenToB [MIC M rHaponornyeckux
ungexcoB (NDWI, MUSLE) st TO4HOTO MPOTHO3UPOBAHMS DPO3HH, 3aUJICHUS U
BO3JICVCTBUSA U3MEHEHUS KIINMAaTa HA YHEPTETUUYECKYIO CUCTEMY .

4. CHmKeHHEe 3aBUCHMOCTH OT YIS 3a CYET pa3BUTUA COaTaHCHPOBAHHOTO
COYETaHUsl THUIPO-, COJHEYHOM W BETPOBOM SHEPrUHU, MOBBIIICHUS HAIEKHOCTH
CUCTEMBI, KOMIIEHCAIIUN CE30HHBIX KOJIEOAHUI U CHUKEHUS BHIOPOCOB yIIepoa.

5. C yuerom kinmara TamxukrucTana, MPUMEHSITh SKOHOMUYECKH d(h(PEeKTUBHBIC
pEelIeHUs] 1O OXJaXKICHUIO COJHEYHBIX TMaHeled (CHIKEHHE TeMIlepaTyphbl
noBepxHocTH Ha 20-25 °C) mis noanepxxanus YPPEeKTUBHOCTUA U YKOJTOTUIHOCTH.

6. Yixpenuts unppactpykrypy ['OC u BOAOXpaHWIHIL U BHEIPHUTH CIIEHAPHOE
IJIAHUPOBAHUE /IJI 1Al TAllMU K YBEJIMYEHUIO KOJIMYECTBA CUIIBHBIX I0K/IEH U pUCKaM
BHE3AIHbIX HABOJHEHHUU B YCJIOBUSX U3MEHEHUS KIMMATA.
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peXkuM pabOThl KPYIHBIX THUIPOIIEKTPOCTAHIIUM, BKItouas PoryHckyro [9C,
MpPOAHANIN3UPOBAHA B3aMMOCBSA3b JHEPre€TUYECKOW TMOJUTUKH, DKOJIOTUYECKUX
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ABSTRACT

of the dissertation abstract (avtoreferat) of Rahmonov Sharifkhuja Sayvalievich
on the topic: “Hydropower Scenarios for Optimizing the Balance of Energy
Resources and Modeling the Operation of Hydraulic Structures in the Vakhsh
River Basin” submitted for the degree of Doctor of Philosophy (PhD) —in
specialty 6D074400 — Hydraulic Engineering and Structures (6D074401 —
Hydraulic Engineering Construction)

Keywords: hydropower, Vakhsh River Basin, optimization of the energy balance,
mathematical modeling, Rogun HPP, Nurek HPP, water and energy resources, climate
change, soil erosion, sedimentation, GIS, SRM, MUSLE, CMIP5/CMIP6.

Object of the research: The energy system of the Republic of Tajikistan, taking
Into account the role of hydropower and other energy sources, as well as the impact of
climate change, erosion and sedimentation on water and energy resources and the
sustainability of electricity generation in the Vakhsh River basin.

Subject of the research: Complex of hydraulic structures in the Vakhsh River
Basin.

Purpose of the work: To develop and scientifically substantiate integrated
methods for improving the efficiency and sustainability of the energy system of the
Republic of Tajikistan.

Obtained results and their novelty: As a result of the research, a comparative
system analysis of the main energy resources of Tajikistan was carried out on the basis
of the annual energy equivalent, and a hydropower-coal development scenario for the
country’s energy system was scientifically substantiated. In addition, the operating
regime of large hydropower plants, including the Rogun HPP, was assessed using
mathematical optimization models, and the relationship between energy policy,
environmental constraints and economic development was analyzed. To improve the
efficiency of renewable energy sources, a solar panel cooling device using a perforated
pipe and a low-pressure pump was proposed. Another important scientific novelty is
the assessment of the impact of climate change on water resources and the hydropower
potential of the Vakhsh River basin based on CMIP5 and CMIP6 scenarios.

Field of application: The research results may be applied in the fields of
hydropower, water resources management, sustainable energy development planning,
optimization of hydropower plant operation, assessment of climate change impacts,
analysis of erosion and sedimentation, integration of renewable energy sources, and
development of national energy strategies.
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