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HAVYHBIE CTAThY I'napomereoposorus u IKO0JIOT U
Ne 4 2017

V]IK 551.582.3
H.H. A6aer !

I/II[EHTI/BI)I/IKAHI/IH HNEPCIHHEKTUBHBIX PAHOHOB pINIb |
PA3ZBUTHS COJIHEYHOM YHEPT ETUKU B
PECIIYBJINKE KA3AXCTAH

Knwouesvie crosa: CYMMAapHas ColHewHas paguanys, npsIMast ComHeyHas
panuanus, Teoperuyueckuis TIOTeHUHnaN, reorpapuyeckuii [OTEHIIHA

B cmamve na ocnose Amuacq conmneunvix pecypcoe Pecnybnuxy
Kasaxcman npusederns, pesyrbmamor pabom no uoenmughuxayuu nep-
CREKMUBHBIX Pationoe pazeumus conneunos onepeemuxu. Hoenmughura-
Yus nepcnekmusnbvix paiionos OCHO8bI6ANACHL Ha Memoduke paspaboman-
HOU U ucnonbsyemoi Kpynuvlmu: mexcoynapoonvimu nabopamopusimu ¢
obracmu 60306n0enseM06 onepeemuxu NREL u IRENA. B cmampe Ol
onpedenenvt meopemuyecrus ceoepagpuueckuii nomenyuan CONHeYHbIx
pecypecos Kazaxcmana. Panxcuposanue meppumopuu nokasano, umo ye-
n1ecoobpasno ucnonvzosams COMHeunyo paduayuio rxax anemepramug-
HbLLL UCTMOYHUK SHepauu O paseumus corneynprx onekmpocmarnyul.

enbro nanuoit PaboThl sBNSETCS BHITOTHITS HICHTHHKALHIO mep-
CIICKTHBHBIX DETHOHOB, HAa OCHOBe Pa3paboTaHHOrO  KoMmaHueit «Sapa
Pro&Tech» Atnaca COJIHEYHBIX PECYpCOB Pecniy6nuku Kazaxcran,

s
! Haquo-HccneuoaaTenbcxnﬁ uentp, PI'TI <<K33]‘HIIp0MeT>>, r. Anmarel, Kazaxcran
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uapopmannonueix (I'MC) naHHBIX U KapT, KOTOPbIE SBJIAIOTCS MOJE3HBIM HH-
CTPYMEHTOM JUIsI aHAJIN3a PAcHPEHEICHHUs PECYPCOB.

Hcxonnbiii MaTepuaj U MeTOAbI HccaenoBanusi. OCHOBOM IJIA aHa-
JM3a MPUPOJHOTO MOTEHIHANIA IBUWICS ATIAac COMHEYHBIX pecypcoB Pecy6mu-
ku KaszaxcraH, paspaborannsnii kommanuei «Sapa Pro&Tech» B pamkax Ilpo-
exta Munucrepctsa sHepretuku Pecyonuku Kazaxcran u I[Iporpammel pa3su-
s OOH «Oxazanune mognepxku [IpaButensctBy Pecry6mukxu Kazaxcran B
peanuzaimu KoHuenmuu nepexozia K 3€JI€HOM 3KOHOMHMKE M MHCTHTYLHOHAIIH-
3anuu [Iporpamwmer [lapTHepcTBa «3eneHsid MocT»».

IMpu pa3paboTKe HMHTEPAKTUBHOIO aTjiaca COJHEYHbIX pecypcoB PK,
OJHON M3 PEKOMEH/JIOBAaHHBIX 0a3, OMyOJIMKOBAaHHOH B OTKPBITOM JAOCTYIIE
Tonbko B mioHe 2016 r., sBmimace KiauMaTtudeckas 0aza gaHHeIx SARAH-E.
(Surface Solar Radiation Data Set — Heliosat, East). baza Gru1a copmupoBana
Mpd  TECHOM COTpyOHHYECTBE EBpOIEHCKOrO0 KOCMHYECKOIO areHTCTBa
(EUMETSAT CM SAF) u O65eIMHEHHOTO HCCIEN0BATENBCKOTO IeHTpa EB-
porneiickoit komuccuu (r. Ucnpa, Uranus). SARAH-E ocHoBana Ha 6a3e naH-
ueix cytHukoB METEOSAT EAST. Kimmatudeckas 6a3a manasix SARAH-E
MPEIOCTABIISIET HHTEPEC, TaK KaK COAECP)KUT JaHHbIE 3a IOCIEIHUE NECATUIETHS
U MOKPBIBAaET BCIO TeppuTopHio Kasaxcrana.

Jlannas 6a3za ObuTa HCIIONB30BAHA KaK UL U3yYEHUs PECYPCHOTO (Teo-
PETUYECKOr0) MOTeHIaNa TeppuTopu Kazaxcrana, Tak U Ul OLEHKH Teorpa-
¢udgeckoro MOTEHIMAana BO30OHOBISIEMBIX HCTOYHHUKOB BSHEPrHH, MPUMEHSAA
moaxox I'MIC, a Takxke COCTaBJICHHs KapT MPUTOAHOCTH TEPPUTOPHH IS pas-
MEILEHUS KPYITHBIX COTHEUHBIX dekTpocTanimu (COC).

PaiioHnpoBaHre TEppUTOPHU IO OOECIIEUEHHOCTH COIHEYHBIMHU JHEp-
reTHYECKUMH pecypcaMu ObLJI0O OCHOBAaHO Ha BBIOOpE IOKa3aTenei, KOTOphle
oTpaxasii ObI CpEeAHUN MHOTOJIETHHH PEXUM COJTHEUHOM pajiHalliy.

B kauyecTBe OCHOBHBIX IOKa3aTeNleil TrelropecypcoB ObUIM BBIOPAHBI
CyMMapHas pajdanys ¥ rofioBas CyMMa MpsIMOHM pajuanud, MOCTyNaromed Ha
NEPIEHTUKYISIPHYIO TIOBEPXHOCTh, KOTOPbIE HIMPOKO UCIIOIB3YIOTCS U1 OLIEHKH
pabOTBI COJTHEUHBIX TEIJIOBBIX KOJUIEKTOPOB U (POTORIEKTPUUECKUX CTAHIIMH.

Pe3yabTaThl U o6cyxaenne. [Ipyn H3ydyeHNN NOTEHIMANA HCTOYHHUKOB
BO300HOBJISIEMOI SHEPTHH, PACCMaTPUBAIOTCS PAa3IMYHbIE «KATEIOPHUHU IIOTEH-
[MAJIOB»: TEOPETHUECKUH, reorpaduiyeckuil, TEXHHYECKHH W SKOHOMHYECKHUH
[2]. [Ipu unenTHdUKAaIMK IEpCIIeKTUBHBIX palioHoB PK nms pasBurus conHed-
HOM 3HEPreTHKH OBUTH PACCMOTPEHBI IIEPBBIE [IBE KATETOPHU.
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OIIeHKY COJHEYHOTO TMOTEHIHAIa Ha OCHOBE TEOPETHYECKOTO M Te0-
rpapuyecKoro MoTEHIKAla MOKHO IPECTaBUTh B BUIE OJIOK-CXeMEI (puc. 1).

Kapra notenumana
NHEYHOM pagnaumm

- 4

b 4

Puc. 1. Fnok-cxema oyenku meopemuieckozo i 2e02paguiecko2o NOmeHyuana
meppumopuu.

Teopemuueckuii ROmMenyuan ONUCHIBaeT 00BEM TOCTYIIHOIO pecypca
0e3 yuera addexruBHOCTH U noTepb. OH PaBeH MAaKCHMAJILHOMY KOIUYECTBY
9HEPIUH, KOTopas GU3NUECKH AOCTYIHA U3 OIPEAEICHHOTO HCTOYHHKA.

Ha ocnoanuu Metomuk IRENA, NREL 6b11 ofipesieNieH KJIacc TpH-
TOJHOCTH TeppuTopuu mns PV-cuctem n CSP-cuctem (tabu. 1) [2, 3].

J1g pa3BUTHSI COHEYHOM JHEPIETHKU U pa3MemeHnﬂ KpPYIIHBIX COJI-
HEYHBIX snekTpoctannuii (PV-cucrem), HEOOXOAMMBI JaHHBIE O CYMMAapHOM
COJIHEYHOM pajMaluy, magarnei Ha oleHnBaeMyto nosepxHocts (GHI).

JInst KOHIIEHTPHUPOBaHHBIX COJHEYHBIX ekTpocTaniui (CSP-cucrem),
HCToNb3yeTcs npsiMast cosiHeuHas paaumanms (DNI). Ytobsl cocpemoTounTsh
GOJIBIIIYIO IUIOMNIA/]h COTHEYHBIX JY4eH, MIIM COJIHEUHON TEIIOBOM SHEPIUH, Ha
HeOOIBIIOH IUTOMAIU — UCIIONB3YIOTCS 3€pKajla UK JIMH3BI.

Hcmonb3ys BblllIeyKa3aHHBIE METOAUKU U IapaMeTphl OblIa NPOBEAEeHA
uneHtuukanys reppuropun Pecrry6nuku Kazaxcran 1uist pasBUTHS COTHEYHON
SHEPIeTHKH B LIEJIOM.

C 1eNnbo aHaM3a TEOPETUIECKOro MoTeHrana B nporpamme ArcGIS,
Ha OCHOBe KiauMaTuieckoi 0a3el maHHBIX SARAH-E 6butM mOCTPOEHBI KapThI
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rOZI0BOTO paclpeie]iCHNs] CyMMapHOH U IPSMO pafyaiyy MpyU CPEIHUX yCIIo-
BUSX oOnagHOCTH i Tepputopuu Kazaxcrana (puc. 2, 3).

Ta6numna 1
Knacc npuroiHOCTH TEPPUTOPUH 110 TEOPETUYECKOMY OTCHLIAATY
COJIHEYHOU pajuaiyi [2]

3HadeHue
paananuy, Kiacc npurognoctu XapakTepuCcTHKa
kBT-u/M>
CymmapHas coiHeuHas paouayus
> 1500 Haubonee npuronusii  O6ecnednBaroT CTaOMIBHYIO SKC-
ILUTyaTaluIo TEeIHOCHCTEM
1001...1500 IIpuromgHsrit YnoBieTBOpsieT TpEOOBAHMAM IKC-
IUTyaTaluy MaJIbIX U CPEIHUX TeIHO-
cHCTeM
<1000 ManonpuroaHsii VYcnoBust HeOMIAarONpHUATHBL IS HC-
[IOJTb30BaHUA KPYIIHBIX U CPEIHUX
TeJIMOCHCTEM
Ilpamas conneunan paduayus
> 2000 Haubonee npuronusii  OOecreunBarOT CTaOMIBHYIO JKC-
IUTyaTaluIo TeTHOCUCTEM.
1801...2000 IIpuroaHsrit Y 1oBieTBOpsieT TPEOOBAHMIM IKC-
IUTyaTallii MaJIBIX U CPEHUX Te-
JIHOCHUCTEM.
< 1800 ManonpuronHsii VYcioBus HEOIArONPUATHBL JJIS
HCIOJIb30BAaHUS KPYIHBIX U Cpel-
HUX T'€JIMOCUCTEM

IToTeHnManpHBIA MPUXOJ COTHEYHOW pagualliil Ha 3EMHYIO IOBEpX-
HOCTB OTIpefiesisieTcs reorpaduueckoil MuUpoTo Mecta. MOXHO BUAETH, YTO IO
Mepe TPOIBIKCHUS C CeBepa Ha IOT MPOHMCXOIUT CYIECTBEHHOE BO3pacTaHHE
COJTHEYHOW pajualiu. JTa BEIHYMHA M3MEHsSETCs B IOJITOpa pas3a, NpHYeM K
0Ty €€ BO3pacTaHhe CTAaHOBUTCS OoJiee MHTEHCUBHBIM. CaMble BBICOKHE 3HAaYe-
HHS CYMMapHOM COJIHEYHOM pajuanuy, HaOJloJaeMble Ha KpaifHeM fore, Ipe-
Bemarot 1600 kBTu/M*rox (puc. 2).

Ha puc. 3 mpuBeneHo pacupezneieHyue roJ0BbIX CyMM NPSIMON COJIHEY-
HOW pajualyy, MOCTYyaomed Ha eAUHUIly HoBepxHocTu. Cleayer OTMETHUTb,
YTO M Ha CEBEPE W B IIEHTPAITBHON YacTH PecHyONUKU CyMMBI NpsSMOH panma-
[IMH 3HAYMTENBHBL U cocTaBisior 800...1200 kBra/m*rox. Hanbombiee koin-
YEeCTBO MPSMOH CONHEYHOH SHEprur HaOII0JaeTcs Ha ore peciryOIuKHy.

ITo mpuBemeHHOH BbImIE KiIaccuukanuy, Bcsi TeppuTopus Kazaxcrana o
TEOPETHYECKOMY MOTEHIHANY IIPUT0iHA Ul Pa3BUTHUSA COJIHEYHOM 3HEPIeTHKU
W KPYIIHBIX TEIHOCHUCTEM, a Hanbosee MPUTOTHBIMHU SIBIISIOTCA PalOHBI I0JKHEE
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48° c.am. Jlnsd KOHUEHTPUPOBAHHBIX COJHEYHBIX dnekTpoctaHuuit (CSP)
TEPPUTOPUS  KIAacCUQUIHUPYETCS KaKk  MaJONpUrofHas W  I[PHUTOJHAs.
[puronueiMu TeppuTopHsMH sBisiFoTcs  Kbi3putopauHckas, JKamObuickas,
I0xHO-KasaxcraHnckas ¥ I0ro-BOCTOYHAs YacTh AJIMAaTHHCKON 00J1acTH.

xBru/m2
« 1000 MANONPUTONHLIA
1 1001-1500  MPUFOOHGIA

> 1501 HAVBONEE NPUrONHLIN
e cymmit
npu y , kBTu/m2
B o0 1000 [ nor- 1200 wot-1d00 AN 1501 reco b 875175 360  $25 700
BEER oor-vo0 7 201-1300 B wor-vsco  QHBEEE 10011700 o — e —

Puc. 2. Kapma meopemuuecko2o nomenyuana cymMmapHot CONHEeYHOU
paouayuu Pecnybnuxu Kazaxcman.

n ¢ KBTu/mM2
H < € 1800 NMARONPUTOAHBIA

18012000 MPUIOAHLIA

I cymmt Ha
npu y , kBru/m2

R o200 U r00r-1200 R re0r-vec0 RN oot - 2000
[ eot-1000 i

oErsis 4% s 700
- — —
1 1201 1400 B 1e01 - 1800

Puc. 3. Kapma meopemuueckoeo nomenyuaia npsamou COIHeYHoU paouayuu
Pecnybauxu Kaszaxcman.
Teozpagpuueckuii nomenyuan MOXHO pacCMaTpUBaTh KakK MPOMEXY-
TOYHBIN MIATr K pacyeTy TEXHUYECKOTO MOTEHIHAA BO3OOHOBISEMBIX HCTOUHH-
KOB dHepruu. ['eorpaduveckuii MOTEHIMAT YUUTHIBAET 007aCTH, KOTOpPBIE SIB-

&
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JNAIOTCS TOAXOJAIMMHI M TIPUIOAHBIMHA ISl MCIIOJIB30BaHUS B KOHKPETHBIX 00-
JacTAX BO30OHOBIIIEMOW SHeprud. B 3aBHCHMOCTH OT  IPHUPOIHO-
reorpaUuUECKUX pecypcoB, Ha OCHOBaHUH BhIlIeyKazaHHOH MeToauku IRENA,
OBUIM COCTABJIEHBI KapThl reorpaduueckoro noreHnuana reppuropun Kasax-
crana (puc. 4, 5), rae ObUIH UCKIIIOYEHBI CIEIYIOmuUe (PaKTOPEI: BCE HAKIOHHbIE
YYaCTKH €O CKJIOHaMH, mpeBblmarommmu 10°, BogHbIe 00BEKTHI, 0c000 OXpa-
usembix Teppuropun (OOIIT), cenbCKOX039KHCTBEHHEBIE 3EMIIH.

0 76150 300 450 600
1301, 1400 R 1501 . 1600 - — s—

w01 1500 (RN 1e01 1700

Puc. 4. Kapma zeozpaghuueckozo nomeHyuana CyMmapHoU COMHEYHOU
paouayuu Pecnybnuxu Kazaxcman.

wot-re00 [ 10012000 i i i ot

P reor 1800

Puc. 5. Kapma zeozpaguuecko2o nomenyuana RpAmoti CONHeuHot paouayuu
Pecnybnuxu Kasaxcman.
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Pecnybnuka Kazaxcran xapakTepu3yeTcsl HEBBICOKMMU TEMIIAaMH BHe-
IPEHUs] ATbTEPHATUBHBIX UCTOYHUKOB SHEPTHHU, HO B MOCIEIHHE OBl MOKHO
Ha0JII0/IaTh PACTYIIMHA HHTEPEC OTIEIBbHBIX PETHOHOB, OCOOEHHO FOXHBIX, K
pa3BUTHIO BO30OHOBIISIEMBIX HCTOYHUKOB 3Heprun (BUD). Oxgnako, nns pa3su-
THSL COJTHEYHOW DHEPTeTHKH M OLEHKU €€ JOCTYMHOIO MOTEHUHana, Ul Mpak-
TUYECKUX LeNeld W pa3pabOoTKHA TPEIOKEHWH 0 BHECEHUIO M3MEHEHHUH B
CpelnHe- W JONTOCPOYHBIE IJIaHBI TEPPUTOPUATIHLHOIO Pa3BUTHS PETHOHOB, He-
00X0IMMO peanbHO OLUEHHUTH IUIOUIa U IEPCIIEKTUBHBIX PAaOHOB.

B paborte Ha OCHOBE TEOPETHYECKOTO U reorpauieckoro MmoTeHuana,
ObUTM pacCUMTaHBI TUIOMANNA MaJIONPUTOJHBIX, MPUTOAHBIX UM Haunbonee npu-
TOJIHBIX TEPPUTOPHIA JJIsi Pa3BUTHSI COJTHEUHOM dHEPreTHKH (Tab. 2).

BeiBoabI:

1. Pacripenenenne MOTEHIIMANBHBIX TEIMO3HEPTETUYECKUX PeCyp-
coB Ha Teppuropun PecryOnmky KazaxcraH HOCHT B IIeJIOM 30HAIBHBIA Xapak-
Tep, YTO CBSA3AHO C PaJUAITMOHHBIMU U IUPKYISIIIMOHHBIMHU TIPOIIECCAMMU;

2. Ha ocunoBannu metoguk IRENA, NREL onpenenen kiacc npu-
rojHoCTH Tepputopun PecryOnmuku Kazaxcran mjist pa3BUTHS COTHEYHOM SHEP-
retuku (PV-cucreM) W KOHIIGHTPHUPOBAHHBIX COJIHEYHBIX AJICKTPOCTAHIIMMN
(CSP-cucrem);

3. CocTaBieHbl KapThl TEOPETUYECKOTO U Ireorpaduueckoro Io-
TEHI[HAJIa U OIPE/IENICHBI IDIOMIaN TI0 KIIACCY MPUTOTHOCTH;

4. ITosrydeHo, 4TO 1O TEOPETHYECKOMY MOTEHITHATY AJIS PAa3BUTHSA
COJTHEYHOM SHEPTETUKHU M KPYITHBIX TEITHOCUCTEM, BCS TeppuTOpus PecryOnmku
KknaccuUIMpyeTCs Kak MPUTOIHAS ¥ HanboJiee MPUroJHast;

5. Jl1s KOHIIEHTPHPOBAHHBIX COJIHEUHBIX SJCKTPOCTAHIIMM — Kak
MaJIOTIPUTOHas U MpUroaHas. [IpuromgHsIMH TeppUTOPUAMHU ABILIFOTCA KbI3bI-
nmopauncKkast, JXamObuickas, FOxHo-KazaxcTaHckas W I0TO-BOCTOYHAsS YacThb
AJIMaTHHCKOH 00JIaCTH;

6. ITo omeneHHOMY TeorpauyecKoMy MOTEHIHALY, PacCUUTaHbI
TUTOMA/IM IPUTOHBIX M Harboliee MPUTOAHBIX TEPPUTOPHUI ISl Pa3BUTHUS COJ-
HEYHOU SHEPreTHKH;

P PamwxupoBanue teppuropun PecmyOmuku Kazaxcran mo mpu-
OpHTETY TIOTCHIIMAJIA COJIHEYHOW paguanuy (o o0ecrneueHHOCTH I'eTuopecyp-
caMM) IOKazajo, YTO [eJIeco00pa3sHo HCIIOIb30BaTh COIHEUHYIO pagualivio KaKk
aNbTEPHATUBHBIN WCTOYHHUK DHEPTUU JJIS PAa3BUTHS COJIHEYHBIX JIEKTPOCTAH-
LUH U U1 JOTIOJIHUTENIBHOTO UCTOUYHUKA SHEPTHH HACEIECHHUIO.
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KA3AKCTAH PECIIYBJIMKACBIHJIA KYH DHEPTETUKACBIH
JTAMBITYFA KOJIAMJIbI AYJIAHJAAPIbI AHBIKTAY

Tyiiinoi ce3dep: >xanmbl KYH paHalMsiChl, TiKeJE€H KYH paJHalMsChl,
TEOPUSIIBIK QJICYET, reorpadsuIbiK aeyeT

Maxanaoa Kaszaxcman PecnybnukacbiHvly KyH pecypcmapboliblly
Amanacer nezizsinde KP aymaevinoa KyH SHepeemuKacvli Oamblmyed
KOLaUIbl ayoanoapobl aHbIKmay OOUbIHUA HCYPRI3II2eH HCYMbICMAPObIH
Homudicenepi  kenmipineen.  Konaunwr  ayoanoapowl  aneikmay
HCAHOAHAMBIH  DHEP2EMUKA — CANACLIHOA — JCYMbIC — amKapamblH
xaneiapanels ipi NREL owcone IRENA mexemenepinoe Oauvinoansin,
navidaranvinameln  20icmemenep Gouvlnwa KHcypeizindi. Makanaoa
Kaszaxcman Pecnybnuxaceinbly KyH pecypcmapbiHbly, MeopemuKaiblk
JAHCIHE 2€02PAPUANBIK NOEHYUANbI AHLIKMANZAH. AUMaKmbly petumun2ici
KYH O/leKmp CMAHYUANapblH OaMblmy YuliH Oanamansl 3Hepeusi Kesi
peminoe KyH paouayuscvih NauOaiIaHy YCblHbLIZAHbIH KOPCemmi.

Abayev N.N.

THE IDENTIFICATION OF PROMISING AREAS FOR THE
DEVELOPMENT OF SOLAR ENERGY IN THE REPUBLIC OF
KAZAKHSTAN

Key words: total solar radiation, direct solar radiation, theoretical poten-
tial, geographical potential

In the article, based on the Atlas of Solar Resources of the Republic
of Kazakhstan, promising areas for the development of solar energy in the
Republic of Kazakhstan are presented. The identification of promising areas
was based on the methodology developed artd used by major international
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laboratories in the field of renewable energy NREL and IRENA. The theo-
retical and geographical potential of solar resources of the Republic of Ka-
zakhstan was determined in the article. The ranking of the territory showed
that it is advisable to use solar radiation as an alternative source of energy
for the development of solar power plants.
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