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COMPREHENSIVE USE OF RENEWABLE ENERGY SOURCES FOR ENERGY
SUPPLY OF ENERGY TECHNOLOGICAL PROCESSES IN RURAL REGIONS

Annotation: This article proposes an innovative version of the energy complex, which
considers the possibility of using four or more renewable energy sources, the design of which is
recognized as an invention. It has been verified that the optimal amount of renewable energy
sources used in the energy complex definitely depends on the characteristics of the renewable
energy source (wind speed, duration of solar radiation and the angle of inclination of the sun's
rays to the horizon, pressure and flow rate of water and the volume of biogas produced, etc.) and
consumer power consumption energy system. The full life cycle of an energy source is analyzed
by comparing different types of energy. Based on the analysis of the amount of generated and
consumed electrical energy on the corresponding source of renewable energy, according to the
readings on the touch liquid crystal display, the results of energy efficiency (the ratio of the
amount of generated energy to the theoretical amount of energy generated, for example, per day,
week) of one or another renewable energy source are presented. Cases of the need to make a
decision to replace an inefficient source of renewable energy are identified (for example, if the
energy efficiency of using a solar battery is higher than the energy efficiency of wind turbines,
then a decision is made to increase the power of the solar battery (the number of solar panels
increases) or vice versa). The energy complex developed by the authors for energy supply of
energy technological processes (as a source of green energy) is recommended to be used as an
autonomous source in remote mountainous areas where there is no centralized energy supply.

Keywords: energy complex; renewable energy sources; green energy; energy efficiency;
energy intensity; energy supply.

MOPO®OMETPUUYECKHUE XAPAKTEPUCTHUKH O3. BAJIKAL

Amamkyiaos C.K., Meip3axmeros A.B.!, Kyae6aes K.M.',
TypcynoBa A.A.', Bacnakosa I'.P.', Mcakan I.!
'Unemumym 2eoepaghuu u 600noii 6esonacnocmu MHBO Pecnybnuxu Kasaxcman,

Annomayun: B oannoii cmamee npugooumcs pe3yibmamsl UsmMepumeibHulx
pabom u bamumempuyeckol CvbeMKuU, nposedeHnvle Mncmumymom eeocpaghuu u
800HOU Oe3onacHocmu no akeamopuu ozepa banxkaw, nposeden cpagHumebHbIl
AHANU3 KAPMOMEMPUUECKUX XAPAKMEPUCMUK.

Kniowueevie cnoea:  mopgomempuueckue — xapaxmepucmuku — o3epd,
9KCNeOUYUOHHbIE UCCIIe008AHUS, UMepumelbhble pabomovl, OAMuMempuiecKast
Kapma.

Ozepo bankam sBasieTcss 0ECCTOYHBIM  MOJYIPECHOBOAHBIM  03€pOM B
bankanr-AnakojJbCKOM KOTJIOBHHE Ha I0ro-soctoke Kazaxcrana. KotinoBuHa
BXOJUT B CHUCTeMY pasyioMoB JKeTbicy AnaTtay, B KOTOPBIX TakK)K€ PacIoJIOKEHbI
o3€pa Cacpikkoib, Asakosib U 03epo D0u-Hop. ITu 03€pa sBISIOTCS OcTaTKaMu
JpeBHEro XaHxalcKoro Mopsi, HEKOria 3aHuMaBIIero Bcro bankaii- AakoJibCKyIO
BraguHy [2, 11]. OCHOBHOI OTIMUUTEIHLHOM OCOOEHHOCTHIO ITUX 03€p SBISICTCS
WCKITIOUNTENIbHAS MEJIKOBOJIHOCTh U CIIOKHAsT MOPQOMETpUsi. ITO CBS3aHO C
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OOILIMM TEHE3UCOM 03€p, MOYTH BCE OHM OOpPa30BAIMCH 32 CUET HAKOTUICHMS
pEYHOro CTOKa Ha JIHE OOIIMPHBIX KOTJIOBUH BblAyBaHUU. [losiBieHue o3epa
bankai cBsizdaHa ¢ MHTEHCUBHBIM BBINAICHUEM aTMOC(EPHBIX OCATKOB B TOPHBIX
00JacTsAX U TasTHUEM JIbJIOB TIOCJIEHEr O oJie/ieHeHus [9].

OCHOBHBIM UCTOYHUKOM O3€pa SBJISIETCS TpaHCTpaHWyHasa peka Mite, koTopas
nporekaeT Ha Teppuropun Kuras u Kazaxcrana. Ilo nannemm [1, 6, 7, 11, 14] peka
Nne obecrneunBaet okoso 80 % mputoka, pexa Kaparan 13 %, pex Jlencer 4 %,
peka Akcy 2 %, 6accelin peku Asiko3 1 %.

Ozepo bankam coctouT U3 AByX vacteid 3amaaHoro u Bocrounoro bankaia,
KOTOPBIE COEIMHSIETCS NMPOJUMBOM Y3bIHApal. DTH JBE YAaCTH OTIMYAOTCA U 10
riyoune, oobemy U MuHepanmzamuu Boasl [1, 8, 12, 13]. KornoBuna o3epa
COCTOUT W3 HECKOJBKHX MAaJeHbKMX BhHaauH. B 3amagHoit yactu bankama
UMEIOTCSl JIB€ BHaJAUHBI TIyOuHOW A0 7-11 M: ofHAa M3 HUX MPOTIHYJIACH C
3amaiHoro mobepexbsi oT ocTpoBa Tacapan g0 Mbica KopkbiHTyOek, BTOpas
TSHETCS Ha Iore OT 3aliuBa bepThiC, KOTOPHIN SABISAETCA CaAMbIM TITyOOKHUM MECTOM
3amagHoro bankamia. ['myObuna BnaauHsl BocTouHoro bankamia mocturaer 16 M,
HanOoJIbIIasl TTyOMHA BCeM BOCTOUHOM YacTu — 23,5 M., cpelHss TiyOuHa BCEro
o3epa coctaBisgeT 5,8 m [15].

[lepBble ruapOMETpHUECKUE pabOTHl Ha 03€pe OTHOCATCS K Hayaimy XX Beka.
OHu ObUIM OpPraHW30BaHbl THAPOMETPUYECKOW YACThIO OT/AENA YIYYIICHHH MpH
Mununcrepcerse 3emnenenus B 1910 rony Ha p.Mie B 12 km Huxe noc. Mnulickoe.

B 20 rogax XX Beka 5KCHEAUIMOHHBIE UCCIIEIOBAHUS HA 03€PE MPOBOIUIINCH
CpenHea3naTcKUM TOCYIAapCTBEHHbIM  yHuBepcutetoM (1926-1927 rr) wu
VYrpaenenuem BogHoro xo3siictea HK3 KazCCP (1925-1926 rr.). B 1928-1931 rr
no 3amanuto Komurera comeiictBusi TypkectaHo-CuOUPCKON >KEJIE3HOW Jopore
paboTana KOMIUIEKCHAs Hay4YHO-TIPOMBICIIOBAsl dKcrenuuus WMHCTUTYT pbIOHOTO
xo3siicTBa 1o pykoBoacTtBoM I1.d. JlompaueBa [3-5]. Dkcnemuiuei ObUIH
coOpaHbl OOIIMpHBIE MaTepuanbl O (ayHe, JOHHBIX TPYHTax, TEPMHUKE,
TMIPOXMMHUYECKOM DPEXHMME BOA 03€pa MW Jp. Bmnepeele mnocrpoeHa
OarumeTpuyeckas kapra ozepa B macitade 1:300 000.

B 1930-1932 rr. qist 000CHOBaHMS MeCTa CTPOUTENbCTBA banxamickoro
MEEIUIABMIIBHOTO 3aBOAa M MCTOYHUKOB €ro BOJOCHAOXKEHHsS Ha o3epe Obuia
nposeneHa sxkcneauua ' TU mox pykosoacteom b.11. ITaHoBa.

Bonbiioit Bkiag B U3ydeHHE NPUPOIHBIX YCIOBUH o03epa M ero OacceiHa
BHecinu banxam-Mnuiickags rugposnorndeckas u  Minuiickasgs  KOMIUIEKCHAs
skcneauunn AH KaszCCP B 1941-1944 rr. 1o pe3ynpTaraMm JaHHBIX SKCHEAUIAN
OblIa cocTamiieHa OoJjiee TouHasi OaTuMeTpuueckas kapra B macmrade 1:250 000,
M0 KOTOPOW OBUIM MOJTYYEHBI KPUBBIC 3aBUCUMOCTH OT YPOBHS O3€pa IUIONIaaeH
3epkaia W OOBEMOB BOJBI, a Takxke 1o pa3padorke I[lInuTHUKOBa A.B.
pykoBoautens skcneaunuei FOunycos I.P. cocTaBun BogHO-coneBoit OangaHc o3epa
3a 1911-1946 rr. 1 onpeaenuiu 00bEM MEPETOKA BOABI U3 3aMaJHON B BOCTOYHYIO
yacTh o3epa [16, 17].
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B 1960-1963 rr. cextropom reorpadunn AH Ka3CCP (upiHe WHcTHUTYT
reorpaduu u BoaHou 6e3onacHocTy PK) nmpoBonumuce 6aruMeTpudeckue CheMKH
KOTJIOBUHBI, U3y4€HHE UX MOPPOMETPUU U TUHAMUKU OEPETOB.

B 1970 rr. I'maponipoextoM u B 1977 1. ¢ monpaBkamu Yuctsieroit C.I1. 6b11H
yTOYHEHBI MOp(hoMeTpUUecKrue XapakTepucTuku o3epa bankam. B 1981-1989 rr.
Ha o03epe npoBoauiu wuccienoBanus locymapcrBenHbli [wmaponormyeckui
Hucrtutyt (1. Cankr-Iletepbypr), KazHY um. ans-®apabu, UnctutyT reorpaduu u
BosHOM Oe3onacHocT HAH PK.

B 1984-1985 rr. kadenpoit ruaponoruu cymu KasHY um. anp-dapabu (ObIB.
Ka3sl'V um. C. KupoBa) ObuM OpraHu30BaHbl SKCIEIULIUOHHBIE pPaOOTHI IS
YTOUHEHUSI OAaTUMETPUYECKON KapThl o3epa bankamr myTreM 3XOJOTHPOBAaHUS €ro
BOJHOM TOJIILIH.

HccnenoBanus MophoMETpUUECKUX XapaKTepucTuk o3. bankam B 1984—1985
rogax mpoBoagwiuch ¢ cyaHa «lapud Mycuny», SBISIOMIKUMCS PHIOOJIOBEIIKUM
TpayinepoM JiauHoN 17,5 M, mmpuHoi 4 M u ¢ ocagkoil 1,8 M, UTO HE MO3BOJISLIO
IPOU3BOAUTH H3MEpPEHUE IIIYOMH NPUOPEKHOM MEIKOBOJHOM YacTH o03epa.
MecTonoNoKEHNE TOYEK M3MEPEHUS OINPEACIBUINCh IyTEM  IITYPMAaHCKON
npoknaaku. Ilo pesymbraram paborT ObUIM NOCTPOEHBI Oarurpaduueckue U
00BEMHBIC KPUBBIE KaK 03€pa B 1I€JIOM, TaK U OTJIEJILHO €ro 3anaHON U BOCTOYHOM
yacte. [lo pesynpraram paboT ObUIa MOCTpOECHA OaTUMETpUUECKas KapTa o3epa
bankam macmra6a 1:200 000.

B nepuon ¢ 2011 nmo 2023 rr. B pasnsie roma WHctutyrom reorpaduu u
BOJIHOM 0€30MacHOCTH ObUIM BBIMOIHEHBI MCCIIENOBATENbCKUE PabOThl Ha 03€epe
bankamr 1Mo yTOYHEHHIO COBPEMEHHBIX MOP(OMETPUYECKUX XapaKTEpPUCTHUK, C
npuMeHeHueM katotHoro karepa Quicksilver Weecend ¢ manoit ocankoit, 4to
NO3BOJISIET TPOM3BOAUTH HCCJENOBAHMS HA MEJIKOBOAbE. A TakkKe Ha KaTepe
MOOYEPETHO OBLUTM CMOHTHUPOBAHBI IXOJOTHI Tpou3BoACcTBa (upmbl Lowrance
HDS 12 live u «LMS-527cDF 1GPS». O0e monenn »X0JOTOB OCHAIEHbI 12-
KaHaIbHbIM GPS-NpHEMHUKOM M 1O CBOMM S3KCIUTYaTAlMOHHBIM M TEXHUYECKUM
XapaKTepUCTUKaM IMPAKTUYECKH OAWHAKOBBI. [IMTaHue »X0J0Ta OCYHIECTBIISLIIOCH
3a CYET KOMMAKTHBIX 12-BOJIbTOBBIX aKKyMYJSITOpPHBIX Oatapeit. Pabouas yactora
U3JTy4daTessi 3ByKOBBIX BOJIH 3X0JI0Ta Obla ycraHoBieHa paBHoi 200 kI'u. YacroTa
oOHoBieHus curHaina GPS-npuemuuka 10 I'u. B u3amMepeHHbie 5X0710TOM 3HAYECHHUS
BBOJIMJIMCH TIOTIPABKHU Ha TTyOUHY AaTUMKa 3X0JIOTA.
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Pucynox 1 — IloneBsie u3mepurenbHbie paboThl Ha o3epe bankam B 2023 r.

HeoaHokpatHbie ucclieoBaHUsI aKBaTOPUU oO3epa bankaii, mpoBoANMbBIC
Nucturytom  T'eorpadmm  u  BogHON  O€30macHOCTH  TO3BOJIMJIA  HaM
MIPOAHATIM3UPOBATh U3MEHEHUE TTapaMETPOB 03€pa, B 3aBUCUMOCTH OT U3MEHEHUS
ypoBHsI Bonbl o3ep. Ilo pesymbratam wuccienoBaHuil OBLIM MOCTPOCHBI Tpaduk
3aBUCUMOCTH (pHCYHOK 2), OaTuMmeTpuueckas Kapta (PUCYHOK 3) W TPHUBEICHBI
OCHOBHBIC KapTOMETPUUYECKHE XapaKTepUCTUKU o3epa (tadmuma 1). [lpu yposHe

BOJIbI 342 M abc., miomaae 3epkana cocrapuset 17005 KMZ, a 00beM BOJIBI B 03€pe
106 kM.

Taoauna 1. Kapromerpuueckre XxapakTeprucTUKH 03. bankai

H, m.a0c¢ S, km? V, km?
328 1025 2,71
329 1801 4,13
330 2188 6,12
331 2514 8,47
332 2818 11,1
333 3199 14,1
334 3685 17,6
335 4096 21,5
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336 5845 26,5
337 10317 34,6
338 12720 46,1
339 13943 59,4
340 14946 73,9
341 15926 89,2
342 17005 106

[Tpumeuanue. H — oTMeTka ypoBHs BojbI B 03epe (M a0c.); S — muiomaas 3epkaina
(xkm?); V — 00beM BOJIbI B 03epe (Km?).

Jlns otMeTku ypoBHs Boabl 341,75 m aGc., mpu KOTOPOH, MPOU3BOIUIIHUCH
U3MEPEHUS, TOJYUYEHBI Cclieaytomre MOpPHOMETPUUYECKUE XAPAKTEPUCTUKHU 03€pa
bankam u ero yacrei: MakcuMasibHasi rimyouHa Boctounoro bankama — 21,0 M;
MakcuMalibHasi riayouHa 3amagHoro bankama — 13,0 M; cpegnsis TiryOuHa
Boctounoro bankama — 8,56 M; cpennsis rmyouna 3anagHoro bankama — 4,33 M;
cpeansisi rmyouHa Bcero ozepa — 6,06 M; miomans Boctounoro bankama — 6849
KM2; Iomans 3anagHoro bankama — 9887 KMZ, IJI01Iaab Bcero ozepa — 16737
I(Mz; 00BveM BocTounoro bankama — 58,6 KM3; o0wbeM 3anajgHoro bankamra — 42,8
KM®, 00bEM BCero o3epa— 101,4 KM’

F, kxm? W, kv
18000 120,00
16000
100,00
14000
12000 80,00
10000
60,00
8000
6000 40,00
4000
20,00
2000
0 0,00
328 329 330 331 332 333 334 335 336 337 338 339 340 341 342
H, m.ab6¢c
e[ [5101118/1b BOJAHOM MOBEPXHOCTH, KM> O0OBeM BOIHOM MacChl, KM?

Pucynok 2. I'paduk 3aBUCUMOCTH MTapaMETPOB 03€pa OT YPOBHSI BOJIbI
CornacHo pUCYHKY 2 MOKHO HaOJI0/1aTh NPSAMYIO 3aBUCUMOCTb YBEIHUCHUS

TJIOMIAN U COOTBETCTBEHHO 0ObEMOB BOJIBI 03€pa C MOBHIIIICHUEM YPOBHS BOJIBI B
o3epa bankar.
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Pucynok 3. batumeTrpuueckas kapta 03. bajkari mo JaHHBIM MOJEBBIX padot 2022
I. C TUAPOJIOrHYecKuM pailonnpoBanueM coriacHo (I1.d. JlompayeBy)

CucreMHBId MOAXOA K M3YyUYEHUIO U OLEHKE MoOppoMeTpuyecKux
XapaKTePUCTUK C UCIOJb30BAaHUEM COBPEMEHHOT0 OOOpYIOBaHUS MO3BOJIAET HE
TOJIBKO JOCTOBEPHO U OOBEKTHBHO OLIEHUTH CTETIEHb UX U3MEHEHUI CO BPEMEHEM,
HO ¥ 000CHOBATh KOMIUIEKC MEPOTIPUITHIA, ONIPEACIUTh BUIABI K 00BEMBI PaboT 110
JETAIbHOMY YTOYHEHUI0 MOP(QOMETPUUECKUX XapaKTEPUCTUK KOTJIOBUHBI O3epa
bankam B Oonee KpymHOM MacmiTabe, ¢ JAeTaiu3alieil 3aJMBOB M THITMYHBIX
NPUOPEKHBIX 03€P.

baaromapuocTu. HccimenoBanwe mNpoBOAWMIIOCE B paMKax —IPOEKTa
AP19677869 «I'uaposiorM4ecKue OCHOBBI YMPABJICHUS YPOBEHHBIM PEKUMOM
o3epa bankam». Msr Omarogapusl  PITI  «Kasrugpomer» 3a mommepkky
THAPOMETEOPOTIOTHUECKUMHU JAaHHBIMHU.
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TABCU®OTU MOP®OMETPUU KYJIU BAJIXALI
Annomamusa. Jlap maxonau maskyp Hamuyaxou KOpXou aHoo3a2upii 6a HABOPSUpUU
bamumempii, Ku a3z yoHubu Mncmumymu ceoepagus eéa bexamapuu 06 oap axkeamopusu Kyiu
banxaw eyzaponuoa wyoaacm, osapoa uyoa, maxauiu MyKOUcaguu mascug)omu xapumarxauiii
6 YEHKYHIL 2V3apOHUOA uyoaacm.
Kanuosoocaxo: mascugpomu mopgomempuu Ky, maxkukomu dKCNeOUmcUoHi, KOpxou
anooszazupii, xapumau bamumempil.

MORPHOMETRIC CHARACTERISTICS OF LAKE BALKHASH
Annotation: This article presents the results of measuring work and bathymetric survey
carried out by the Institute of Geography and Water Security in the waters of Lake Balkash, and
a comparative analysis of cartometric characteristics is carried out
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