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322| PamazanoBa K, Hyprman A, JKaiicaHOaeBa A. «BY/ITTBI TeXHOIOTHSIAP/bI 1430
nayzianaHy KesiHZleri Toyekeszep MeH KayircCi3zik 1mapanapbiH 3epTTey»
323| Caxatrbekkpi3bl T., baxtuspkpisbl T.A. «loT KypbIIFbUIAPBIHBIH, JKesiferi
Kayirncisgirin Kanaii KamTamachi3 eTyre Oomajbl: cTpaTterusuiap »koHe packet | 1434
tracer KeMeriMeH MoJie/ibJIey »
324| Ceprasel M. «IloBbllieHre TTPOU3BOAUTENHHOCTH Pa3pabOTUMKOB C ITOMOLIBIO
UHTETPUPOBAaHHBIX ~ HWCKYCCTBEHHBIX  WHTE/UIEKTOB W coobOpaxkenus | 1440
Krbep0Oe30racHOCTH»
325| CynranoB A.M. «CreraHorpadus B Knbepbe30macHOCTH Ka3axCTaHa» 1443
326| TanarapoB E., Iprebaii C., CynraHoB A. «WI-FI >keniciHzie maKbIpblIMaraH 1447
KOHAaKTap/lbl aBTOMaTThl TYpP/e aHbIKTay >Kykeci»
327| Taybaii M.E. PamatysiaeB O.A. «Pummnr: >xemijeri beef azici apkpiibl angay 1452
JK9HE OfIaH CaKTaHy»
CEKIUs 3
ECTECTBEHHbBIE HAYKU
[MOACEKLNA 3.1
AKTYAJIBHBIE ITPOBJIEMbBI COBPEMEHHOI
BNOJIOTUN
328. | Akumkapa A.b. Tepbapuiifiy OoTaHMKabIK 3epTTeysepie 1457
KOJIZIAHbUTYbl JKoHe Tepbapuii KOpBIH/AFbI Kerle
LIBMTIiH Ka/IbINTaCy epeKllesTiKTepi
329. | Akpuibek A. ActaHa Ka/lachlHAAFbl OOTAHUKA/BIK  OaFbIHBIH, 1459
na"amadTTaFel geranium sanguineum GUOJIOTHSTIBIK,
epeKIle/liKTepiHe cunarTaMma oepy
330. | Oninxan XK. Mob6unbi 6atinaHbIc TIeH KoijaH0aiapbIH, alaMHbIH, 1463
MiHe3-KYJ/IKbIHA 9CepiH aHbIKTay
331. | ba3zapbaera K. JKacecnipimMepze AeBUaHTThI MiHe3-KYJIbIKThIH, jaMy 1467
Kaymi
332. | bangocosa A.B. MeToauKa WCMOMb30BaHUsI UTPOBBIX TEXHOJIOTUM Ha 1471
ypOKax OHO0JIOTHH
333. | BaiigocoBa A.b. AKTyasbHble TIPOOJ/IeMbl COBpeMeHHOUN Orosioruu ¢ 1474
WCI0/Tb30BaHUEM WUT'POBBIX TeXHOJIOTUU B
00pa3oBaHUH
334. | FasuzoBa O. CaynesieHreH ereyKyMpBIKTapblH OyipekTepiHzeri 1477
MopdodyHIIMOHANIBIK, ©3TrepicTepAi CalbICThIPMaJIb
Oaranay
335. | EpkiH 3.b. buonorust cabakTapbiH/ia OKYIIbLIAPAbIH ChIHU Oy 1482
KabineTiH >keTingipyge OAyM  TaKCOHOMUSICBIH
nanjiaaHy
336. | )KaHabepreHoBa KeHeTTeH >Xypek 6J1iMi: reHeTHKasbIK acreKTijepi 1486




A.O.

KOHe aJI/IbIH aJTy Iapasapbl

337.

JKanakysnosa H.A.

OcimaikTepAiH  9pTYp/i  OpTa  ’KaFaiiapbliHa
0aliIaHbICTBI SKOIOTHS/IBIK TONTapFa 0emiHyi

1491

338.

Kymaranuesa H.b.

Akmona  oOsbIcBl  Kenjepi  Oa/IbIKTapbIHBIH
CaJILICTBIPMa/Tbl MOPMOIOTUSIUTBIK Tas[aybl

1494

339.

KymaxaHs I K.

EreykyiipbiKTaparbl pafualysra jkayar peTiHze
MUTOXOH/PUSJIBIK aKybI3[japblH ©3repyiH 3epTTey

1497

340.

Nbparnmosa M.A.

Mir-29a-3p B KayecTse T[epCrIeKTUBHOIO
HEHWHBAa3VBHOIO 6uromapkepa pasiraLiiOHHOr0
NOpakKeHUst

1501

341.

KananbepreHora

ILE.

buosiorusi cTygeHTTepiHe >KOFapFbl MaTeMaTUKaHbI
OKBITY/IbIH, €PEeKIIeTIKTePi

1506

342.

KamueBa A.B.

JKaTakxaHaja TyparbIH OipiHIli KypC CTyAeHTTepiHiH
TICUXUKAJIbIK [IeHCAYJIbIFbIH 3ePTTEY

1509

343.

Kyansies C.H.

ConrycTik  KazakcTaH OOMBICBIHBI  (Y9/IMXaHOB
ay/laHbl) 6CIM/IIK >KaMbLIFbICBIHBIH, epeKIlIe/TiKTepi

1513

344.

Kyrtunbaera C.b.

Opra MeKTen OKYILIbI/IaPbIHBIH, buosnorus
cabaKTapblH/la WHHOBAI[USUIBIK, TEXHOJIOTUs/IapAbl
Taii/iaaHyIbIiH epeKIleikTepiH 3epTTey

1516

345.

Kymyposa A.A.

CpaBHeHHe TICMXO(MHU3HOJOTMUECKUX 0COOEeHHOCTEeH
Pa3BUTHS YUaIIuxcst YacTHOMU u
o0111e06pa30BaTe/IbHOM 1IKOJTBI

1520

346.

Kann6aiikpi3sl E.

ArpoOMOH  TIperapaThiHBIH ~ JKa3gblKk  Ouzjai

6CIMJIiriHiH 6Cyl MeH faMyblHa Jcepi

1524

347.

Kotinbibaii A.C.

AkMoma 0oO/IBICBIHAFLI Janajblk, canbeHzi (salvia
stepposa) MaJieHUeTTeHipy JKaFAalbIH/a OCiIl - JaMy
epEeKIIeJIIKTEDIH 3epTTey

1527

348.

Munyap C.M.

JKamMOBIT 0OJBICHI TIEPCIIEKTUBTI KypaMbiHAa 3Gup
Maiibl Gap [9pinmik ecimzikrep tanacetum vulgare
»kaHe achilleamille folium maMybIHBIH, GHOIOTHSIBIK,
epexliesiiKTepi

1530

349.

Monpabaesa T.E.

Binom school MeKTeMNTepiHiH, ouonorus
cabakTapbiH/a upgrade TeXHOJIOTHsi/IapbIH
naijjanaHy TUIMZIJIITiH 3epTTey

1533

350.

Mypartkpi3el C.

JKambbi1 00JIBICBIHBIH, naHadTapbIHAAFbI
Ka/laMrbIp/iap (caryophylloideae juss)
TYKbIM/IACBIHBIH, 6CYiHe TMaTOMUTTIH 9CEePiH 3epTTey

1537

351.

Meip3aresngi E.K.

MekTen OKYyLIbLIApbIHBIH MOP(MOIOTUSIIBIK, JKoHEe
NcUXo(U3UO0IOTHSUIBIK, epeKIliesikTepiHe 6iiM 6epy
MaMaH/IbIFbIHBIH, JCepi

1540

352.

Hasemm O.K.

AxTyanmpHble  mpobseMbl  /1aDOpaTOpPHBIX U
MpaKTUYeCKUX paboT 1o Ouonorud B IIKOJAX
pecny0IMKK Ka3axcTaH

1543

353.

HuertynaeBa A.A.

Buosnorust cabakrapeiHza STEM TeXHOMOTHSACHIH
KOJIJJ@aHY/IbIH MaHbI3bI

1546

354.

CanbmeHoBa A.A.

Kopiaran oprara OGedtiMzenyiHe  6aiilaHBICTBI
fragaria vesca 1. aHaTOMUSIIBIK, epeKIleTikKTepi

1551

355.

Cennyniia A.C.

CoBpeMeHHble  TOAXOAbl K  CTUMYJMPOBAHHUIO
XOHJpOreHe3a

1556

356.

Conomko JI.P.

MuToxoH/Ipya/ibHas AUCPYHKIIVS KaK MOJIeKy/IsipHast
OCHOBA KJIETOUHOT'O CTapeHUst

1560




357. | CramkyioBa b.A. Kekieray Kasiachbl ypbaHod10pachIHbIH, 1565
TaKCOHOMMUSI/IBbIK aHa/IU31
358. | Cynran A.A. OpTYp/l  CHOPT  TypJepiMeH  aillHa/bICaThbIH 1569
CTyJleHTTepAiH, (Uu3UKa/lbIK [aMy KepCeTKillTepiH
3epTTey
359. | ToBkymosa A.C. BpoHx feMikrieci >koHe cO3bUIMabl OOCTPYKTUBTI 1573
eKIe  aypybl  aWKaCc  CHHJPOMbI  Ke3iHJeri
MMMYHOIVIOOY/THH e JIeHTeliH 3epTTey
360. | TokraceiH H.M. buonorust cabarbiH/la TAHBIMABIK KbI3BIFYIIBUIBIKTHI 1577
OenceHipyAiH  JKOJMBI  peTiHJe BUPTYa/I/bl
3epTxaHa/apAbl NanjanaHyabiH THIMIIT]
361. | XaxaiixaH A. OKOMOTUS/IBIK, ~ JK9He  K/IMMATThIK  (pakropsap 1581
KOHTEKCTiHJe akMosia 00JIbIChl (hUTOMacca Kopsapbl
MEH OHIMJIJITIHIH e3repyi
362. | XycanHoB A.T., I'ymMuHIIiK ~ TIperiapaTTapAblH,  ’Ka3dplk,  Ouzaid 1584
Appipbek ©.C., TYKBIMZIADBIHAAFBl  (PU3UOJIOTUSITBIK-OUOXUMUSITTBIK
JypmekOaeBa rpoLiecTepre >kdHe MOP(QOJIOTHS/IBIK ©3repicTepre
II1.H. acepi
363. | Nursagat A. Cognitive and physiological foundations of visual 1587
perception: the role of infographics in education
364. [NOACEKIINA 3.2
COBPEMEHHBIE BOITPOCHI
BMOTEXHOJIOT'MIN U BMUOMEIVILIVIHBI
365. | AprpiHrasvHa A. banvikTapael  ecipy ke3iHzeri cygblH ~ (u3MKa- 1592
b., XUMUSJIBIK, KYPaMbIH Ca/bICTbIpMasbl Taazay
Kapraesa A. b.
366. | bekbonar b., AynaHacThIpblIFaH apIia CopTTapbiHa CUIlarTaMma 1595
Camat A. T,
Cnenkoa H. H.,
Kypmanbaesa A. b.
367. | bepikoBa M.C., AJiMa aFallbIHbIH LIATOCIIOPO3 ayPYbIH aHbIKTAy 1598
Tynerenosa JK.A.
368. | bunanos ©. P. OcobeHHOCTH TIOATOTOBKMA —Pa3/IMYHbIX OpPraHOB 1601
Clarias gariepinus pjis OLeHKU copepkanus MO-
(hepmMeHTOB
369. | [lpobora B. A. CpaBHUTe/IbHBIN aHa/IM3 MCII0/Ib30BaHUs TepOKCHa 1604
Kanblusg W AyOWUIBbHOM KHC/IOTBI JJIST YIIydIlleHHUs
BbIXOZla BBIK/IeBa ’kabpoHOro pauka Artemia
parthenogenetica
370. | Eprasel b. AHTaroHucTHUYeCKas aKTUBHOCTh LITaMMOB 1608
Bifidobacterium bifidum, BbifeneHHbIX U3 (eKanui
CeMHHEBHOIO MJa/leHLia, B OTHOLLIEHUH
Staphylococcus aureus
371.| Epnan K.E., BanbikTapabiy JPTYpJIL KOpeKTeHJipy 1611
Tayeken XK.K. KaFai/IapbIH/IaFbl 6CY MapaMeTpJ/iepiH Oakbuiay
372. | XKymabek A.b., OTaHpIK OMali/IbIH 6CyiHe Ca/ULIU KbIIIKbUTEI MeH 1615
bazapbaesa K. K., | TornbIpakTarbl MOJTUO/IEHHIH, 3CEPiH 3epTTey
AxbacoBa A. XK.
373. | Kamanu A. C. JKapma HerisiHferi TaHFbl KYpFakK acTbl OHAIPY 1619




TeXHOJIOTUSIChIH/IA KOJIZIaHyFa apHaJIFaH
NMpoOMOTHKANBIK ~KacheTKe Ue MHUKpoar3aiapzbl
3epTTey

374. | KamugeH A.A., V3yueHne cocTaBa aKTUBHOTO WJia B OMO/IOTHUeCKOM 1622
Mongabaii M.XK. OUMCTKE CTOYHBIX BOJ|
375. | Kanuesa A. b. Conopka  Kak  HCTOYHHUK  (hapMaKoorhyeCcKu 1625
aKTUBHBIX  COeJMHEeHUM: TpaJULIMOHHbIE U
OMOTEeXHOJIOTHYEe CKHE TIOAXO/IbI
376. | KynaiibepreHoBa dusnosniornyeckre GyHKI[UU KDeMHUS B AUATOMHUTE U 1628
H.K. 0COOEHHOCTH €ro B3aUMOJIEMCTBUSI BMeCTe C
KOpMaMH pbIib
377. | MauuaH 3., Ky/1akkanTelH, afiaM JieHcay/IblFbIHa 3Cepi 1630
JKapbuikarn A.
378. | Manukosa A. XK., V3yyeHyie BAMSIHUS TMIIOKCUYECKUX YCJIOBUU BOJbI 1634
Beticenbaes P. A. Ha cozepxxaHne MO-(epmMeHTOB B pasMUHBIX
OpraHax pbl0
379. | Mypar K,C. TunanvsHbl TUIM/I a3bIKTaHAbIPY CTPATErHdsiChbIHBIH, 1637
Herisi
380. | Hyprasuesa JK.H., | I[IpoOMOTHKaNbIK MWUKPOOPraHU3MIEpP KeMmeriMeH 1640
Tynerenosa JK.A. eIlIKi CYyTi MeH CHBIP CYTiHiH KOMOMHAIUsChIHAH O1O-
HOTYpT ’Kacay >kKoHe OHbIH TaFaM[bIK KYH/bLIbIFbIH
aHbIKTay
381. | HypbGekoBa A.A, Ponmb  xXenaTHBIX KOMILIEKCOB MHWKDPO3JIEMEHTOB B 1645
Kanayuesa H.K. COCTaBe [MAaTOMUTA B TMIOBBIIEHWU MUTATeTbHON
L[EHHOCTH MsICa PbIO
382. | CaruposigvHa H. I'uaporioHUKanbIK >kKaraaiga Oujaili MeH apriaHbIH 1648
K., Ba3ap6aeBa K. | ecyiHe aybIp MeTasiiap/ibIH 3CepiH 3epTTey
JK., Akbacosa A.
XK.
383. | Caruponga H. E. Banblk 1apyallbLibIFbl  ©HIMZEpiHIH — caracbiHa 1652
KODEKTEH/IIDY epeKIlIe/TiKTepiHiH acepi
384. | CarpiabaeBa [I. A. | CoBpeMeHHbIe BbI30BbI v TN1epCIeKTHBbI 1655
OMOTEXHO/IOTUM W OWOMEIUIUHBI: OT TEHHOTO
peJlakTHpOBaHus Jilo) MepCOHaIM3UPOBaHHOU
MeJULMHbI
385. | Toxibaii /1. B., banbiKTapzAbl apTYpJli »KaFjainapja ecipy KesiHzeri 1657
Tanrar6ekosa /I. a30TThl KOCBUIBICTAp/AblH, KYPaMbIH CaJbICThIpMaslbl
C. Tangay
386. | YanuxaH A. C., Op TYPJIi CYTTepAeH 3€eH CaHbIpayKy/larbl KEMeriMmeH 1662
Tynerenosa JK.A. ipimIiik TEeXHOJIOTUSAChIH Kacay JKoHe
CasbICTBIPMalibl 3epTTey
387.| Y306ekoB A.b., CBsi3b MeXXJy aHTUOKCHJAHTHOM aKTUBHOCTBIO U 1667
MacamimoB K. K. | MUTMeHTHBIM ~ COCTaBOM MHKpO3esieHn 0000BbIX
KY/IBTYD, BbIPAIlleHHBIX THIPOTIOHHBIM CITIOCOO0OM.
388. | Alpamys A., Genetically engineered modified microorganisms in 1670
Aldibay S. the food industry
389. | Dairov A.K. Efficacy of preconditioned human umbilical cord 1674
blood mesenchymal stem cells in a mouse model of
psoriasis
390. | Meshtayev D.T. Variant calling of M. tuberculosis samples 1679




391.

TTOACEKIINA 3.3
AKTYAJIbHBIE [TPOBJIEMbBI OXPAHBI
OKPY)KAIOIIIEN CPE/JIbI

392.

Amnaronuii P.K.

JKaliblk, e3eHi KaliblIMachiHAaFel  Populus 1.
TYbICbIHa OHMOMOP()OJIOTHSIIBIK, TasI/1ay KoHE ChIPTKBI
acep eryii Qakroprap

1683

393.

Animikos M.M.

AHanu3 MPOCTPaHCTBEHHOTO pacrpesieneHus
TUAPOXUMUYUECKHAX KJ/IaCCOB KayecTBa
MOBEPXHOCTHBIX BOJ B Kasaxcrane ¢ 2019 no 2023
rof

1686

394.

AnmkoB M.M.

Pacuer wunHpekca 3arpsasHeHus p. Celppapus Ha
TeppuTopuu pecnybmvky Kasaxcran ¢ 2019 mo 2023
roj

1689

395.

baiigayneros [1.C.

OnTumM3aIKs ¥ MOZle/TMpOBaHue BbIOOpa /lepeBLeB
JUIS BBICAZIKW B CEBEPHBIX PErdoHax pecITyOnmuku
Kazaxctan c 1enbl0 [IOCTWXKEHHUs YITIepOLHOU
HEUTPaIbHOCTU

1692

396.

bensieBa [1.A.

Bo3MoXXHOCTM TIpuMeHeHUs1 B Oa/ibHEONI0rHyeCcKuX
Lle/IsIX CTOYHBIX BOJ JOMEHHOTO 11exa

1695

397.

Bonar A.b.

Kapkapasibl yATTBIK TaOWFM mapKiHgeri OeTasbiC
KOJIiHiH Cy KYCTapbIHbIH ajyaH TYPJIJIiri

1698

398.

Enen6epren M.E.

Bnusinue 3HeproaddeKTUBHOCTH 3/laHUM Ha POCT
T/IeCeHU ¥ MUKPOK/IMMAT TIOMeIleHUH

1703

399.

Kanracbaes K.K.

OHepKaCINTIK CyapAbl TazapTy »KOJ14aphl

1708

400.

JKunanmnaosa A.C.

CoBpeMeHHbIe TOJIXO/IbI K W3yUeHHIo,
KJacCU(UKAL[MM Y TPUMEHEeHHI0 carporiess: 0630p
OTeueCTBEHHBIX U 3apYOeKHBIX UCC/IeI0OBAHUN

1710

401.

KymabekoBa M.M.

Acrana KaslacblHJa KATThI TYPMBICTBIK,
Ka/IZILIKTapAbIH, JKUHaKTaTybl JKIHe OHBI
3a/1a/1ChI3/JaH/IbIPY/IbIH, 6apbICh

1713

402.

Kamues H.C.

Onpegenenvie  IIJIB ra3oB [ CHWKeEHUS
BO3/IEMCTBUS Ha OKDY)KAIOLLYIO Cpe/ly Ha IpuMepe
TOO I'P3C "Kazakhmys energy"

1718

403.

Mapuyk E.B.

CpaBHUTE/bHBIM  aHaMM3 HAKOIJIeHUs  TSDKeJIbIX
MeTa/uIOB B pa3/IMUHbIX [IOYBEHHBIX T'OPU30HTAX
arposkocucteM C. EruHgbikonb, AKMOJHUHCKOMN
obsactu

1721

404.

Hyproxunza A.E.

CuenapHas
BLIOPOCOB
Kazaxcrana

OlleHKa TMOTeHIana
MapHUKOBBIX  Ta30B B

COKpalleHUsI
pervoHax

1724

405.

ITak A.E.

CpaBHUTE/IbHBIM aHaM3 METOJ0B 3KOJ0THYeCKOTOo
00yJeHHs yUalxcsi MIa/IIUX KJIaCCOB

1729

406.

Ilak A.E., Kanuesa
IT.

duTtopeMegualsl Kak CrocoO OYMCTKU TIOYBHI B
palloHax TeIUIOVIeKTPOLIeHTpaleld: CPaBHUTE/IbHBINA
aHa/IU3 pacTeHUU-TUNepakKyMyJ/IsiTOPOB

1734

407.

Xabppasakos A.K.,
Ncnsmos O.H.

Bnusinne Tiktok-Brgeo Ha skonornyeckoe obyuenue:
TIepCrieKTUBbI MUKPOOOyUeHust

1739

408.

Daribayev A.Zh.

Melafen: innovative plant growth regulator

1744

409.

Ibrayeva A.

Phytoremediators as a basis for the production of fuel

1746




pellets: ecological and technological aspects

410. | Mirzabekova Bioecological features of representatives of the 1749
M.Zh. nightshade family (Solanaceae Juss.)
411. | Yeleusizova A.B. Issues of ecological stability of natural pastures 1753
412. [MOACEKLVA 3.4
AKTYAJIBHBIE TTPOBJIEMbBI HAYKU O 3EMJIE
413. | Abgpamosa T. A. ActaHa arsomMepalUsiCHIHBIH,  Kacbul — OeneyiH 1756
3epTTey/liH TeOpHUsJIbIK HerizgeMeci
414.| Apup6aii C., MaHnrbicTay 0O/BICHI TeOXKYHenepiHiH KypbUIbIM/BIK 1759
AsibekoBa M. epeKiesikrepi
415. | Anpamosa A. XK. [TigepTi e3eH anmabbl reoxykHeciHiH KYPBITBIM/BIK, 1763
epeKIle/TiKTepi
416. | AmanxosioBa A. b. | Conrycrik Kazakcran 0OJIBICBIHBIH, Tamak 1767
OHEPKICiOiHIH aMy >Karaaibl
417.| Axmet6ekoBa I'. C. | TeopeTnueckue OCHOBBI paliloHMpPOBaHUs 1772
TePPUTOPHI TYPUCTUUYECKUX 30H
418. | AsibekoBa M., KpI3b110p/1a Ka/laChIH/jaFbl aTMOCGhepasIbK ayaChIHbIH, 1779
Apupb6ati C. JIACTAHYBI
419. | OmipxaHoBa XK. A. | Apan ay[jaHbIHbIH, 9/IeyMeTTiK-9KOHOMUKA/IbIK JaMy 1783
TMepCrieKTUBaJIapbIH Oarasiay
420. | bonar6ekkpi3nl XK. | Abait 06/1bICBIHBIH, Ka3ipri 3aMaHFbl ZieMorpadUsiIbIK, 1788
Macesienepi
421.| Oabbuibaera A. 2018-2024  keUiflap  apanbIFbIHAAFEI  AKTebe 1792
KAQ/JaCblHbIH, JKepZl MaljanaHy  e3repiCTepiHiH
JIMHaMUKAaChbl
422.| Jamertosa I'. H. Tepicakkan e3eni anabbiHgarel NDVI Herizinge C- 1798
(hakTOp/bl aHbIKTA
423. | Hactan6ekoBa XK. | TangplkopFaH KasjacbIHBIH, Ka3ipri 3KOHOMHKaJbIK- 1803
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MMPUMEHEHUE HEMPOCETEBOM MOJEJIA LSTM JIJISI IPOTHO3UPOBAHUS
CTOKA PEKMU CBIPJAPBA B IOKHBIX PETMOHAX KA3AXCTAHA

Tamesa Epke AiifocoBHa
kallenelis67@gmail.com
Crynent EBpasuiickoro HanmoHanpHOro yHusepcurera uM. JIL.H.I'ymuiesa,
Acrana, Kazaxcran
Hayunsiii pyxoBoaurens — H. K. Ep:xanosa

M'uaponoruyeckoe MoJIETUPOBAHUE SIBISETCS BaXKHBIM HWHCTPYMEHTOM Ui 3(PGHEeKTUBHOTO
yIOpaBlIeHUs] BOJHBIMU pecypcaMu, OCOOEHHO B PETHOHAX ¢ AePHUIMTOM BOJbL. C TOMOIIbIO
MaTEeMaTHYeCKUX MOJEeJIed MOKHO IPOTHO3UPOBATh KIIIOUEBBIE 3JEMEHTHl BOJHOTO LMKJIA —
OCaJK{, CTOK, MH(QHUIBTPALUIO W HCIAPEHHE — M TEM CaMbIM ONTHUMH3UPOBATH YIIPABICHUE
BOJIOXO3SIICTBEHHBIMU cucTeMamMu. Ha (oHe rinolaibHbIX KIMMATHUYECKMX W3MEHEHUH W pocTa
AQHTPOIIOT€HHOW HArpy3Kd TPaAUIMOHHBIE MOJEIM 4YacTO HE CIpPaBISAIOTCS C HEJIWHEUHBIMU
MpoLieccaMy, XapaKTePHBIMU JUIsl THAPOJIOTUYECKUX cucTeM [1].

TpaguioHHble TUAPOJIOTHYECKHE MOJENH, TaKhe KaK KOHIENTyalbHble U (PUINYECKUE
MOJIETI BOAOCOOPOB, YaCTO HEJOCTATOYHO TOYHO YUUTHIBAIOT HEIMHEHHbIE 3aBHCHUMOCTH MEXIY
KJIIMMaTHYE€CKUMHU U THUAPOJIOTHYECKUMHU NepeMeHHbIMUA. C pa3BUTHEM METOJOB HCKYCCTBEHHOIO
untemnexkra (MM), B 4acTHOCTH HMCKYCCTBEHHBIX HEMPOHHBIX CETeM M PEKYPPEHTHBIX MOJENEH,
MOSIBUJIACh BO3MOKHOCTh 3HAUYUTENILHO MOBBICUTh TOYHOCTh T'UJIPOJIOTUYECKHUX MPOTHO30B 3a CUET
00pabOTKH OOJBIITMX MACCUBOB IAHHBIX M BBISIBJICHUS CKPBITHIX 3aKOHOMEpPHOCTEH [ 1].

Pexyppentusie Heiipornbie ceTd (RNN) mpenctaBisioT coOoi KiIacC HCKYCCTBEHHBIX
HEUPOHHBIX ceTei, KOTOphIe YHPEKTUBHO 00padATHIBAIOT TOCIEIOBATEIFHOCTH JTAHHBIX, TAKUE KaK
BpemeHHbIe psnbl. Kiaccuueckue RNN o0manaioT crocoOHOCTRIO 3allOMUHATh MH(YOPMAIHIO W3
MPEABIIYIUX I1aroB BO BXOJHOW TOCJIETOBATEIBLHOCTH 32 CUYET HATWYHUS CKPBITBIX COCTOSIHHI.
Opnako B cuiy ¢ dekra ucuesawlero rpaauenta tpaaunuoHasie RNN He Bcerma crocoOHBI
a3 dexTuBHO paboTaTh C JOATOCPOUHBIMU 3aBUCUMOCTSIMHU B JTAHHBIX.

Jlnis pemieHus 3Toi mpoOieMbl OBUTH pa3pabOTaHBl CETHU C JOJITOCPOYHON KPATKOCPOUHOM
namateto  (Long  Short-Term  Memory, LSTM), koTopble  NpEnCTaBIAIOT  COOOi
ycoBepiieHCTBOBaHHYI0 Bepcuto RNN. ['maBHoit ocobennoctbto LSTM sBnsieTcst Hamu4ue
CHEIUaJIbHOTO MEXaHu3Ma — siueek mamsatu (memory cells) u ynpapnsrommx “BeHTmiien” (gate
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mechanisms), KOTOpPBIE PETYIUPYIOT TOTOK HHGopMarnuu B ceTu. biarogapst stomy LSTM cioco6HBI
COXpaHATh M MCIIOJIB30BaTh BAXKHYIO MH()OPMAIMIO HA MPOTSIKEHUU JITUTEIBHBIX MPOMEKYTKOB
BpeMeHu 0Oe3 pucka e€¢ morepu.Monmens LSTM mno3Bomsier 3¢ (EKTUBHO BBISBIATH CIIOKHBIC
HEJIMHEWHbIE 3aBUCUMOCTH B JIaHHBIX O CTOKE, KOTOPBIE 4acTO 3aBUCAT HE TOJBKO OT TEKYLIUX
3HAYEHUH, HO U OT HAKOIUIEHHOTO BJIMSHUS OTOJIHBIX M KIIMMAaTHYECKUX (PaKTOPOB 3a MPEIbIIyIIne
rogel. Oto nenaer LSTM ocoOGeHHO MOoJe3HbIMHM JUIsl 3a/1ad JIOJIFOCPOYHOIO NMPOTHO3UPOBAHUS
TUAPOJIOTMYECKUX [TAPAMETPOB, 1€ BaXKHA KaK KPAaTKOCPOYHAs, TaK U JOJITOCPOYHAs MaMsITh MOJAEIIH
O [TOBEICHUU CUCTEMBI.

Takum o6pa3om, ucnosb3zoBanue LSTM-Mozeneir B THAPOJIOTHYECKOM MPOTHO3UPOBAHUH
MO3BOJISIET 00JIee TOYHO MOJECITUPOBATh CJIOXKHBIE BPEMEHHBIC 3aBUCUMOCTH B JaHHBIX O CTOKE peK,
YTO MOATBEPKIAETCA KaK MUPOBBIM, TaK U PETUOHAIBHBIM OIIBITOM.

Ha MexayHapoaHOM ypOBHE HCIOJIB30BAHME HEUPOCETEBBIX Mojenied, Bkimodas LSTM,
MIOKa3bIBAeT 3HAYUTEINIbHBIEC YCIIEXH B 3a/1a4aX TUAPOIOrHYecKOro MoieupoBanus. B 6acceitne pexu
Annzel (Kuraii) unaterpauust mozgeneit LSTM B omnepaTtuBHbIE IPOrHO3HBIE CHUCTEMBI M103BOJIMIIA
JOCTHYb TOBBIIIEHUSI TOYHOCTH JOJIOCPOYHOIO IPOTHO3UPOBAHUS CTOKA MO CPAaBHEHHUIO C
TPaJULIMOHHBIMU METOJAMM, 4YTO 3HAUYUTEIBHO YJYHYIIWIO TPOLECC BOAOXO3SICTBEHHOIO
pEeryJaupoBaHus B yCIOBHIX KIMMAaTUYECKOM U3MEHYMBOCTH [2]. B bpa3zunuu npu monenupoBaHUN
ctoka peku Can-®Opancucky ucnons3oBanne LSTM obecnieumio CHUXKEHUE CPEIHEKBAIPATUIHOM
omnOKu Ha 25% 1O CpaBHEHUIO C KIACCHUECKUMH MOJENSIMU BpPEMEHHBIX psnoB. [lomydeHHbie
pe3ysbTaThl  MOATBEPIMWIM  YCTOMYMBOCTb HEMPOCETEBBIX IMOAXOAOB K  H3MEHSIOIHMCS
TUAPOMETEOPOIOTHYECKUM ycioBusM peruoHa [3].B WMuaum npumenenne LSTM-moneneit B
CHCTEME pPaHHETO OIOBEIICHHWs O IMaBOJKax B OacceiiHe peku ['aHT MO3BOJMIO CYIIECTBEHHO
YIIy4IIUTh TOYHOCTH KPATKOCPOYHBIX TPOTHO30B, UTO MOJIOKUTEIBHO CKa3aaoch Ha 3 PeKTUBHOCTH
MEPOIPUATHIA TI0 CHUYKEHHIO YIIepOa OT MaBOJKOB B CEJIbCKOXO035HCTBEHHBIX 30HaX [4]

B kauecTBe 00beKTa HccienoBaHus BeiOpaHa peka Colpapbs Ha YYacTKe B I0XKHBIX PETHOHAX
Kaszaxcrana. [[nst moctpoeHHs] MOAETU MCIONb30BAIUCH THAPOJIOTHYECKUE JAAHHBIE 110 T'OJI0BOMY
cpeaHeMy pacxojy BoJibl (M?/c). [lyis perieHus ocTaBaeHHOM 3aauu Oblia pa3paboTana MO/Ieb Ha
6a3ze LSTM. B kauecTBe UCXOIHBIX JaHHBIX UCIOJIb30BAIKNCH CPEIHETOIOBBIC 3HAUEHHS PACX0JI0B
BoibI 32 2011-2021 roast no nocty «Coipaapbs — HUxKHUH Obed [LlapaaprHCcKOro BOgOXpaHUITUILA

Paspaborannas mozens LSTM mpoaeMoHCTpHpoBana BBICOKYIO TOYHOCTh Ha JTame
TECTUPOBaHUs, MPEACKa3aB CPeTHUN ro10BOM pacxo Boabl Ha 2022 rox co 3HadeHueM 348 M*/c ipu
(daxkTuyeckom 3HaueHun 346 m3/c (morpemrHocth HeMeHee 1%). I[locie ycmemHoW Banumanuu
Mo/1eJI1 ObLT BBIIIOJHEH MTPOrHO3 CPEAHEro0BOro pacxozaa Bojabl Ha 2023-2026 ronel. [lonydyeHHble
pe3yNbTaThl CIAEAYIOLIHUE:

. 2023 rom — 395,7 m3/c,
. 2024 ron — 410,8 m3/c,
. 2025 rom — 429,2 m3/c,
. 2026 rox — 438.,0 m3/c.
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Pucynok 1 TectupoBouHBIH rpaduk cpegHero roJoBoro pacxoa Boas! 3a 2022 rof
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Mporko3 pacxona Boabl
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Pucynok 2 nmporuno3Hslii rpaduk cpeHero rojioBoro pacxozaa Bojabl Ha 2023-2026 rosl

Bacceiin pexku CrpIpmapbsi XapaKTEpU3YETCS CIOXKHOW THIPOJIOTHIECKOW OOCTaHOBKOM,
00yCIIOBJIEHHON KaK MPUPOJIHBIMH, TaK M aHTpomoreHHbIMU (pakTopamu. Teppuropus OacceitHa
OXBaThIBAET HECKOJIBKO TocyaapcTB lleHTpasnibHOM A3uM, YTO NPUBOIUT K HEOOXOAUMOCTH
KOOPJAMHALIMK BOJIONOJI30BAHUS MEXAY CTpaHaMH. JJONOJHUTENBHYIO CI0KHOCTh CO3AAET BHICOKAS
M3MEHYMBOCTH CTOKA, CBSA3aHHAS C KJIMMATHYCCKUMU KOJICOAHUSIMHU, H3MEHEHUSIMHU PEKUMA 0CAJIKOB
Y aKTUBHBIM PETryJHMpPOBAHUEM CTOKA BOAOXPAaHUJIMINAMHU. YKazaHHbIE (PAKTOpPbl 0OYCIOBIMBAIOT
HEJIMHCWHOCTh M BBICOKYIO JTMHAMHYHOCTH THJIPOJIOTHYECKHX MPOIECCOB B OacceliHe. B Takmx
YCIOBUSIX TPAJAULMOHHBIE METOAbl NPOTHO3UPOBAHUS YACTO JEMOHCTPHUPYIOT HEAOCTATOYHYIO
TOYHOCTh M yCTOMUMBOCTH. [Ipumenenue moneneit Tuna LSTM mpexacrasisieTcsi 000CHOBAaHHBIM
peumienreM. JlaHHas apXUTEKTypa pPEKYppPEHTHBIX HEHUPOHHBIX CeTei CmocoOHAa YYUTHIBATH
JIOJITOCPOYHBIC 3aBUCMMOCTH W aJalTUPOBATHCS K CIOKHBIM BPEMEHHBIM PsJIaM C BBHIPAKCHHBIMU
CE30HHBIMU M MHOTOJIETHUMH KoJiebanusamu. Mcnonb3oBanrne LSTM-Mozeneit mo3BosseT MOBBICUTH
HaJI&KHOCTh MPOTHO30B CTOKA, YTO OCOOEHHO BAXKHO IS BOJOXO3SMCTBEHHOTO IJIAHUPOBAHUS U
a/lanTanyy K KIMMaTHUYeCKUM U aHTPOTIOTeHHBIM H3MEHEHUIM B O6acceitne Crlpaapbu.
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