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NIITHUH KAJIIIBI MYHO31O0MOCY

JluccepTauMsIHBIH TEeMACHIHBIH aKTyaJayyJayry. Keiprei3cranjia TOMOHKY
TaOUTHIA JKaHA TEXHOTEHAMK KyOyiylmTap KEHUpHU TapajraH: JIapbisuiapAblH
TBHITBIHJIAPHI )KaHa My3bLIaNIaphl Oap Cell arbIHAAphI, Oy KaIbIra OeNrmIyy KaHa
KOPKYHYUTYY KyOyJIyIIl — Cyy TallTKbIHBIHA JTBIT KEJIET.

AKBIpKBI KbUTAapa KbIprbI3cTaHIbIH KJIMMAThIHA MYHO3YY OOJITOH KECKHH
XKbUTYY (DOHYHZIa KBIIIKBI ME3TWIJE KaJIbIH KapJaH KAWWH Taiga Oorym, Japbls-
Jap/ia My3 THITBIHAAPHI Naiiaa O0JTOH MBIHJANH KOPYHYIITOPre Ky6e 00iyynaobI3.

byn kepynymtyn ausik mucanaapsl 2012-2013 sxana 2017-2018-xbu1napasia
KblbIHAa Oomyr, 2022-2023-xbuiaap/blH KbIMIBIHAA Aja-Apda gapeisiga, Cyy
oenymtypry4 cuctema (CBC) burikektern CKpsiOMH KOUOCYH 10, alpbIK4a KeIype-
JepJlyH acThIHJA >KaHa OWp Karap ailMakTapja KailTajaHraH. byn ¢uzukaibik
MIPOIIeCCTEeP MY3blIall KAMTBITAH CEICPANH KECEMETTEPHHE AITbIT KEJIeT.

KP Osreve kbipAaaniap MUHHUCTPJIWTMHUH 7ceOu OOIOHYA JapbISHBIH
xrubje xkairamkad CbC meHeH Ana-Apua AapbIsChiHIA, OMPUHYM TOMTOTY
THITBIH TalJla KbUTyy4y TOCKOOJAYKTapnbl Ownnupet. Kaitramanyyuy kyOymyii-
TapAblH KECEMETTEPUH KOy JKaHa Aapblsi KIITUHAE KOPKYHYUTYH QJJIBIH allyy
MEHEH JapbISHBIH >KI9TUHAEC KOPKYHYYTY KYTYI, y3aK yOakeIT OO0 HOOMOTTO
TypraH TEXHHMKAcChl 0ap ajamIapAblH KYHY-TYHY JapbISHBIH apKbl KarblHIa Kam
KOPYYCY ajja KaH4a KbIMOaTKa TypraHbl aHBIK. KOProO yYapajiapblHa YbITBIMAP.
Koipreiz PecniyOnukaceinbia JKapaHabplk KOproHyy OOr0HYa BEIOMCTBOJIOP apalibIK
KOMHCCHUSIChIHA KapaluTyy TaOurblii »aHa TEXHOTEHJIUK MYHO3/Iery ©3reue
KbIpJAaJap/iblH  aJlJbIH allyy »J>KaHa »>KOI0y Maceieliepu OOHYAa WIMMUN
WHCTUTYTTap aHa MaMJICKETTUK OpraHjap MEHEH OUpPre/IUKTe MaMJIEKETTHH,
KOOM/IYH >KaHa >KapaHJapJbIH TaOWTbIA KBIPCHIKTAp/IaH, KPU3UCTEPJEH KaHa
KaractpodanapaH yIyTTyK KOOICY3AYKTYy KaMChI3 KbUIyy Macelecu MEHEH
TY3[10H-TY3 OailnanblTyy. TeMa 351 apajiblk mporpammanapra 1a OalaHbIITYYy,
mucaiibl, 2019-xpuiapia 22-24-malibiHaa A3epOaiikanabiH baky maapbsiHaa 6TKOH
«Taburplii  jkaHa  TEXHOJOTHSJIBIK  TOOOKEIIUKTEpIW  a3auTyy OoroHYa
WHHOBaIMsap» bupunun EBpasusiibik KoH(pEpEeHIUSICHIHBIH [IporpamMmachiHbIH
aJIKarbIH/A, aHJa dKW WIUMUN OasHIaMa »Kacajblll, Te3UCTEp KbIHATBIH/A KaHa
bupunun EBpasusuibik xaHa Tabureiii Texuonmorwsuiap KondepeHIUSICHIHBIH
[IporpamMmmackiHa KapbIsJIaHTaH.

N3nianeeHyH MakceaThl kaHa Muaerrtepu. U3nineeHyH MmakceaTobl —AJia-
Apua JapeIsichIHIA My3bUIail O0ap cejeH >KaHa My3 ThITBIHIApPhIHAH KOPToo
BIKMAJIAPBIH KaHa TY3YIYIITOPYH HUIITEM YbITYY.

benrunenren Makcat AuccepTanusaia TOMOHKY MHJIAETTePAN YEUYY apKbLIyy

HIIKEC alllThI:



1. [Hapsisiaparsl cell arbIMAapblH »aHa My3 ThICBIHAAPBIH H3WIIO0HYH
TEOPUSUIBIK >KaHa SKCHEPUMEHTANJIBIK METOJAOPYH aAaOUusTTapIbl Kapamn 4bIryy
YKaHa Tanz0o0.

2. T'uapoMeTeopoJOTHUSIBIK MaallbIMaTTapbl Tail00 MeHeH Aja-Apua
JTAphIACHIHAA TaWTajdaKk My3AyH Taiga OOJIyIIyH, «My3 TBHITBIHABIH Oalibl jKaHa
TYJIKYCY» U3UJI06 METOJUKACHIH UIITEN YbITYY.

4. ITaTeHTTUK U3[166 HILTEPUH KYPry3yYy MEHEH Japblsjiapiarsl CEJIEH jKaHa
MYy3 THITBIHAAPbIHAH KOPTOO bIKMaJIapblH KaHa TY3YJYIITOPYH UIITEI YBITYY.

5. Jlapbisinapzia My3 THITBIHAAPBIHBIH TaliAa 00JTyIIyHa k01 6epOee yuyH Ana-
Apya JapbIACBIHBIH HYTYHYH Cyy OeJymITypyydy TY3YJYIIYH >kaHa TYOYH
MOJICPHU3ALUAIOOHY OHYKTYPYY.-

NimTuH uiaMMuil sKaHbLIbITBI TOMOHKY/IOU:

1. KbllimMbLT Jien aTajaraH HEPCEHW OallTankbl OallKapyyHYH >KaHbl BIKMAcChl
CyHylITaJlyyia. Tmaijga OoJiroH OyiraHraH 3aTThlH TpPaeKTOPUsIChl OOrOHYA
KOProjiyydy OOBEKTHIIEH Oypyy YUYH Myp/ia KOIJIraH YEKTeelepay KOJJIOHYY
MeHeH cenauH "tuimm'; 2019-xkb1161 Ne2140 mmaTeHT ajabIHTaH.

2. JlapbIsHBIH HYTYHYH OPTOCYHaH Ka3bUIr'aH KaHaJra TOIIeJNTreH YyHKYPIAYH
KIIKTEPUHJC >KAaTKaH My3 THITBIHBIHBIH jKaHa Kap KaTMapblHBIH OCTHHIE HpU
KeHJEpAU Kapman Typyy apKbUlyy Japhisiiapia My3 ThITBIHIAPBIHBIH JKaHa
JApbIIHBIH HYT'YH OOWJION OTOpKY 30HAJaH KEJIreH CENIAEPAUH alJiblH allyyHYH
(bU3UKaIBIK MPOLIECCUHUH MAaTeMaTUKAJIBIK MOJICSIA UIITETUIT YbIKKaH.

3. JapbisnaplblH KOTOpPKY 30HACBIHAA KEJIUI TYIIKOH YOKMeJlep MEHEH
Japbisiiap/ia My3 THITBIHAAPBIH Maiia KbUTyyAaH JKaHa CeJJIeH KOProo MacelieCuH
yeuyyre MyMKYHIYK Oepyydy npubopiop umrenun YbikkaH, 2019-xbimbsr No 2141
xana 202 1-xputb1 Ne 2250 ofinon Ta0yynapsl YUyH HaTEHTTEP albIHTaH

4. Ana-Apua 1apbIsChIHIa MY3 THITBIHIAPBIHBIH MMaii1a 60IyITyHa K051 6ep0oe
YUYH cyy OOnyIITYpYYUy TY3YAYIITY JKaHa Japbisi HyTYHYH TYOYH KOHCTPYKITUSsIIaH
YKOTOpy TypraH OWUpHUHYM TEMKUYTEH IIapKbIpaTMara 4euH MOJEpPHHU3AIUSIIO0
CYHyLITaJIyya.

AJIBIHTaH HATBIKAJAPABIH MPAKTHKAJIBIK MAAHUCH.

1. Hemepneren jkaaHmaH cell arblHAAaphl OOIOHYA CYHYIITAJBIN >KaTKaH
JTUCCEPTAIMSUTBIK WIII OyJI >KapaThUIBIINI KyOYJIYIIYHYH KypaMbl jKaHa TY3YMY
XKOHYHAe Oaalyy MaanpiMaT OoOJIyll caHajaT, aHblH naiiga OoNyIIyHYH
OallTaJbIIbIHAA HOIIePIereH >KaaHdaH ceNauH "TuiuH" Oamkapyy, "e3eryH"
Oalkapyy Y4yH apHairaH oijion Talyy Y4yH TY3YJYII MEHEH CYHYII KbUIbIHTaH
MaTepHuaibl KOJJAOHYY, OLIOHIO0M 3JI€ arbIM/IbIH HYT'YH, 00pOOH-YaNKbIHIBIH HYT'YH
KOpProoHYH HaThlibkackiHaa xetummmieT. 2019-xpimmer “Cen  arbiHAbLIApBIHAH
KOProo Y4YH Ty3yayur” oinion Tadyycy yuyH Ne 2040 maTeHT ajbIHTaH.



2. Jlappianapia My3 THITBIHIAPBIHBIH Maiina OonylryHa »oil Oepbee ydyH
JApbIIHBIH ~ HYTYHJA ~ MY3[IyH  THITBIHBIHBIH ~ OYTYHI®W  KeJeMYHYH
KBbIAMBUICHI3/IBITBIH KAMCBI3 KbUTYY MEHEH MY3/lyH aCThIHAH CYYHY OypYy BIKMAachl
)kaHa npubopy cynymranar. 2019-xpeuiel «Jlapeisiapaa My3 ThITBIHIAPBIHBIH
QJIJIBIH aJTyy YIYH KypyaMay oiton Tadbyycy yayH Ne 2041 maTeHT anblHTaH.

3. JapoissHpiH HYryH OOIUION KOTOPKY 30HaJaH My3bUlall KaMTBITaH
CTUXUSIIYY CEJIIN KOy MakcaTeiHaa 202 1-xeunel “Jlapsisiiapaars! ThITbIHAAPIBIH
naiiia OoNymIyH aifblH alyy YYYH THAPOTEXHHKAIBIK Kypyiamauap” OWJIOIN
tabyycyHa Ne 2250 naTeHT aJIbIHTaH.

4. Ana-Apua JgapbichiHAQ TOJYK MacIITa0Jyy 9SKCIEPUMEHTaJIbIK
V3WIIO6J6pAY KYPIY3reH, Aapbliarsl CYyHYH arbIMbIHBIH PEXWUMUH, ajlaplblH
JApbIAHBIH TYOYHIOry KaHaIIbIH >K3IKTEPUHIE TOIIONIreH >X33KKE THUTU3IeH
TAaCUpPUH BHU3YyalJbIK OallkoO MYMKYHUYJYTY MeHeH «[ MapoTeXHUKaIbIK
KypYyJIyIIKa» OKIIONI JSKCIIEPUMEHTANIBIK MOJEIM MINTENWI YbIKKAaH JKaHa
Jaspanras.

5. Ana-Apua [apbICBIHBIH HYTYHYH Y4YacTOTyHJa Cyy OenyITypyy4y
TMJIPOTEXHUKANIBIK TY3YJIYLITY MOJEPHU3ALUAIO0 OoloHYa A0JI000pAy HILTEN
YbITYY, JapblsiiapAa My3 ThITBIHAPbIHBIH Naliaa 6oylryHa xoi 6epoee.

Koproo yuyH KowJraH aucceprauusiiblH HEITM3ru K000J10pY:

1. Ana-Apya HapbISICBIHBIH HYTYHYH Y4YacTOTYHAAa KypyJYyLITyH OOCOrocyH
TOCYyra aJiblll KeJyy4dy “ThITBIHABIH Oallbl MEHEH TYJKYCYHYH maijga OoJyiry
MEHEH, JIapblsfa CENJACH TypraH Cel arbIMbIH TY3YY4Y MY3 THITBIHAAPBIH TY3YY4Y
map ¢opMachiHAArkl My3bUIAMNIapABIH  Maiia OOJYIMIyHYH MaTeMaTHKaJIbIK
MOJENAEPH.

2. Ana-Apua AapbISICBIHBIH HYTYH MOJIEPHU3ALMSIIOO0, JapbISHBIH 06resee
YU4yH KOONTyy OeJyTyHAe bUIaiilaH TypraH My3 ThITBIHIApbIH 06reT KO0y
MaKCaTbhIHAA.

N31eHyyuyHYH :Keke caiabIMbl. [[uccepranusi aBTop TapaOblHAH KYprysy-
JreH 3 alJIblHYa W3WIJeOHYH HaThliKackl OONyn caHanaTr. ABTOPAYH KeKe
CaJIBIMbI KOIOJITAaH MaKcaTKa JKEeTYY YUYH BIKMaJIapAbl TAHAOOJOH, HU3UIIO6JIepIy
KYPTY3YYAOH, alblHFaH HaThIkKanapabl TalJ0O0JIOH >KaHa KOPYTYHIylapbl
TY3YYAOH Typar.

NmTuH KbIABIHTBIKTAPBIHBIH anipodauuscel. byn auccepraluusiHbl U3MWII-
JIOOHYH JKYPYLIYHII® aJbIHTaH HaThIIKalap TOMOHKY 3JI apajiblK JKaHa YIYyTTYK
KoH(epeHUMsAIapaa kaHa ceMuHapiapja OasHpanraH. JuccepTauusiiblK HUIITHH
HETU3TU >KO0O0JIOpY JKaphlslaHAbl >kaHa Owngupwinu: Oup osmrek PUHIL
xKypHaneiHaa Poccus Mnumpaep akanemusicblHblH akagemurn C.B. flkonesa
(Mocksa, 15-mapt, 2021-xkbu1); 2019-%bU1abIH 22-MaiibiHaH 24-MaliblHa YEHUH
AzepOaibkanapiH  baky maapeiHna oTkeH “TaOWreiii jkaHa TEXHOJOTHSIIBIK



TOOOKEJIIUKTEpAM MHUHUMAIJAIITEIPYy/darkl WHHOBauusiiap” arryy bupuHun
EBpasusiiblk KOHQEpEeHIUSHBIH aJIKarblH1a Oup U1l CyHYIITaNbl; Oup OasHaamMachl
“Te3uctrep >KbIHATBIHAA  KapbIUIaHbl, OKYMYIITYY-II€aror, (pusnuka-marema-
TUKa WIMMJIEPUHHUH JOKTOpY, npodeccop, Keipreiz PecryOnukaceHbIH YIIyTTyK
WINMJIED aKaJeMUSICBIHBIH Myde-kKoppecnonaeHTH P.M. CynrananueBanbiH 70
XKBUIIBITEIHA apHanTaH “Unumaern skana OmmmM OepYYHYH akTyallyy Macesenepu
KaHa MHHOBALMSJIAPBI aTTyy dJ1 apajblKk WIMMUNA KOoH(epeHIusaa OasHIaMachl,
(bumkek, 2023).

KpIiBIHTBIKTAPABI 0acMaja Kapbisijioo. J(uccepTauusaiabslk Ui OorOHYA
W3WJIIOOHYH HETU3rM KBIMBIHTBIKTAphl 9 WIMMUN Makanajla, aHblH WYMHIE 3
Kbiprei3 PecnyOiinkacbiHBIH 0iJ10N Ta0yydyilyK MaTEHTHUH/IE KapbIsUIaHTaH.

JuccepTalliiHBIH CTPYKTYpachl kaHa KkeJemy. /[luccepranus Kupuil
co3/16H, 4 0eTyMIeH, KOPYTYHAYJaH, NaliJalaHbUIrad agadusITTapIbIH TUBMECHHEH
TypaT, MallWHKaAa OachkliraH TeKCTTUH 147 OetmHpme OasHmanmat, 1 Tabmwmima, 6
rpaduk, 38 cypet, 120 aranmsimrarsl aqadusATTapIbIH TH3MECHH XaHa 6 THPKEMECHH
KaMTBIWUT.

byrkepysren nmrep JKoropky Maremarvka xaHa KoyimoHMO Maremaruka
*aHa uWHPopMaTUKa KadeapandapblHbIH WIMMHA-TEXHUKAIBIK CEMHUHAPBIHBIH
KCHEUTUIITEH JKBbIMBIHBIHAA CYHYIITAJbIN, KaKThIpbUIAbl. .Pa3z3akoBa, buiikek,
2025-x

JluccepTanMsHbIH KbICKAYa Ma3MYHY

Kupuiryyae TeMaHbIH akTyalnayyIyryH HErM3/el, U3WII00HYH MaKCaTTapblH
’KaHa MWIIETTEPUH (QOpMYJIUpPOBKaNall, WIITHH WIMMHANA >KaHBUIBITBIH >KaHa
IIPaKTUKAJIBIK MAaaHUCH KOPCOTYJITOH.

bupuHuM riaBa japsissiapaarsl el arbIMJApbIH ’KaHa My3 ThITBIHAAPbIH
U3WJIIOOHYH Macesejepyu »aHa METoAopy OoroHuYa agabusarrapibl Kapooro
apHaJIraH.

byn xyoynymrrapast M.IL. Tlcapes, H.JI. benos, B.A.by3un, P.B.[lonuenko,
ITpockypsikos, B.I1. bepaennukoB, A.H. Umxkos, B.®. Ilepos, K.A. Muxaiinos,
T.X. Axmenos, B.K. lebonrsck, A.T. Unesacos, b.W. buitbocynos, I'.I1. Jlorunos,
A.N. buitbocynos, K.Y. Koxorynos, U.A. AGaypacysoB xaHa 6alika UIMMIIO310p
V3WIIIECIIKEH.

Byn nuccepranusiHbIH TeMachlHa THEIIETYY WIMMUN afa0usTTap/Ibl Tali100/0
HEru3ru 0achlM Japbisarbl My3 THITBIHJIAPHI CBISIKTYY KETHUILRIPIUK ME3THIAYY
TaOurbIi KaTacTpodanblk KyOymymTapra Oypyiarad. TaOureiii 0aikooia0p apKbLUTyy
M3WIAeHreH Aula-Apya JappLICBIHIA JKaHa ajapAbl MOJACIIACLITHPYY YYYH
TUELIENYY TEOPUSIIBIK MATEMATUKAIIBIK METOIJIOP UIITENIHIT YbIKKAH.

Taktan aliTkaHAa, JApbISHBIH KM JKbUIABIK Tajllaa OailkoOJIOpPYHYH HATbIN-
*)acelHaa Ana-Apua )xaHa AnamyIyH JapbisilapblHbIH BHUIIIKEK [1aapbIHbIH YETHH/IE



Japbisiia My3 TOHTOHAYTY aHBIKTAJIIbl. AJaMyIYH JapbIAChIHAA TaOBLITaH XKOK,
My34yH TBHII'BIHBIHAH HETHU3TH THITBIHAAp AJja-Apuya JapbIACBIHAA >KaWTalIKaH.
Jlapblsiia My3 THITBIHBIHBIH )KOKTYTYHYH ceOenTtepu. AjlaMy/1yH JapblsiChIHBIH HYTY
TEpeH, TYOy Kyyll OOJNrOHAYrY MEHEH TYILIYHAYPYJAOT. ANl 5MH JapbISHBIH
HYTYHJIarbl Cyyjap KbIIIbIHIA MY3AYyH aCThIH/IA arar.

AnabusTrapabl Kapamn yblryy POCCHSIHBIH TepeH Cyyiyy dapbiapblHIa My3
THITBIHAAPBIHAH KOProO MACEJeCH CYYHYH JKOTOPKY arbIMbl OOIOHYA MY3AYyH
KBUIBIN KETUIINH YKaHa MY3bUIail arbIMbIH Oypyy KOy MEHEH raHa 4eqyuJepuH
KepceTyn Typar. ONIEHTUI, My3/JaK KY3YHA©® CyyHYH OETMHEH HWHTEHCUBIYY
KBUTYYJIyK O€pYYAeH THILIKApbl, arbIMAbIH bUIAAM/BITEl a3 OONTOHAYKTaH, TOHYY
HETM3UHEH JKep YCTYHAOI'Y My3 ThITBIHJAPHI KOK 00710T. CaJblIThIpMaIlyy KbLUTYY
KY3YH/10, TECKEPUCUHYE, MBIHAAN arbIMAap My3 THITBIHAAPBIH Mal/1a KbULYy YYYH
JKareIMIyy LiapTrapra 33, aHTKEHH, afaTTa, KaTyy ’KaaH-4yayblHAAp JKaHa KapblH
OPUIIM CYyHYH arbIMbIHBIH BUIIAMJBITBIH KOTOpYyJIaTyyra ajbll KeneT. TepeH
CYyJyy Aapblsiiap/ia KbUIyyJIyK O€pYYHYH a3 UHTEHCUBIYYJIYTY MEHEH HETU3HHEH
CYy WYMHJIETH My3/Jap CYyHYH OeTuH/e naiaa 00J0T jkaHa OUIOJ 1€ yuypJa TOHYY
ME3THIIN Y3aKKa cO3yJart, 0yJ Cyy MUMHAETH MY31yH YOH KOJIOMYHYH TONTOIYIIyHa
mapT Ty3eT.

AnabusTTapibl KapooJ0 TAIA00r0 ajblHFaH UIITEP TEPEH CYYIyy Aaphlsiap
YUYYH Kapajelll, My3 KaTMapjapbl aubUIbll, >KyMYIUTa KapairaH Aapbisjiap Y4YH
Tyypa KeJaOeuT ap KaHJaill bIKkMaJlap MEHEH JKapbUIbIN, aHJaH KUWUH OaTKaK »KaHa
MY3yH KbUIBIIIbIHA 0AIIKOO KYPIy3yJjepy >KeHYHI® KEHUpPHU TYLIYHYK OepuIIIu.
AHna Ana-Apya napbICBIHA KBIITHIH Karaajdl ME3TWJIMHIE TBHITBIHAAD arblH
YKOJIIOTY TBITBIH TY3YY4YYy MaTepuaiiapAbl ajblll cajlyy ’KaHa arblH Cyy apKbUIyy
arblll 6TKOH CyyJla THITBUIBII KajraH ka0yyHy OOIIOTYy MEHEH raHa »KOroJar.

DKMHYM 06JYMIO U3WIIe6HYH METOJOJIOTUACKH jKaHa bIKMajlapbl OCpUIIMIL,
M3WIJ0OHYH OOBEKTH KaHa IPEIMETH MYHO310JIOT.

W3unpeenyn oObekTucH Oonyn Ana-Apya JapbISICBIHBIH - HYT'YHJATbI
MY3bUIaNIyy CYYHYH arbIMbl caHanaT. KblllIbIH1a TOMOHKY TEMIIEpaTypaja MbIHIAM
CYYHYH arbIMbl My3bUTaiJIap/IbIH Naiia O0TyIIyHa ajblll KeJeT, allapAblH TOHYILY
cyy OenymITypyyuy TY3YJIYIITOPAYH ThITbIHBIHA QJIbIN KEJIET.

M3uiieeHyH METOAOJOTHACH JapbISHBIH HYTYHAArbl CYYHYH arbIMbIHBIH
(bU3MKAIBIK TPOLECCTEPUH HU3WIIO6JI0H TypaT. UBIHBITBl CYIOKTYKTYH arbIMbIH
oenruniee nemn scenrtece 0070T Ana-Apua AapbIAChIHIAa My3blIal Maiiia 60JITroOHTO
YyeilnH, OyJ arbIMIbl M3WIJAEHYYYY AAapbISHBIH HYTYHAArbl CyyHYH arbIMbIHBIH
MaTeMaTUKaJIbIK MOJENM KaTapbl (OpPMYJIMPOBKAIIOOI0 MYMKYHAYK Oeper. A
OepuiareH TeMmmoeparypaja d3Kd —eJd4eMAYY KOOpAMHATTAp CHUCTEMACBIHIA
CYIOKTYKTYH KBIMMBUIBIHBIH AU QPEpeHInanIblK TEHIEMEICpUH ublrapyyra
HETU3/IECIITEH.



My3bliail KaMThITaH arbiM OOIOHYa MY3bLJail KaMTBITaH CENUH JUHAMHKa-
ChIHBbIH Tenaemenepu HaBbe-CTOKC TEHIEMECMHUH CUCTEMAachblHA HETHU3ACIINAIIN
KCPEK. P; Uy; Uy; Uy, TOPT MAPAMCTPUH aHBIKTOO YYYH TOPTYHUY TEHICME KCPCK.
TepTyHUY T€HAEME — CYIOKTYKTYH arbIMbIHBIH Y3TYJITYKCY3AYTYHYH quddepeHim-
aJIIBIK TEHJIEMECH, THEIIENYY KOOPAUHAT OKTOPYHYH OarbIThl OOIOHYA bUIAAMIbIK-
TapJIbIH MPOCKIUSIAPBIHBIH ©3TOpYYJIOpYHYH CyMMAachl Helre Oapadap SKeHIUTUH
3CKE aJlyy MEHEH Oup Katap e3repTYYJepeH KUHUH ajblHIaH, 0.a. :

ov, N ov, N ov,
OX oy oz

By napbIsiHBIH )KOTOPKY HYT'YHaH KEJIT€H CYyHYH KeJIoMY Cyy OelyIITypyYy4y

TY3YJTYIL apKbUTYy arblll YbIKKaH CYyHYH KeJIeMYHe Oapabap SKeHIUTUH OMIITUpET

=0.

)KaHa Ou3 Japelsfarbl CyyHYH arbIMbIHBIH KaajaraH OeJyTryHIery arbIMJIbIH
BULIAMJIBITBIHBIH  TYPYKTYYJIYTYHa TEHIEME ayialbl3, 0.a. CYyHYH arbIMbIHBIH
Y3TYATYKCY3IYTYHYH T€HIEMECH:

0,5, =0,5,= VS = Q = const.

Yynuy 0esiymae My3bUlail KaMThiTaH CEIACPANH TUHAMUKACHIHBIH HETH3TH
TEHJIEMEJICPUHUH YbITApPBUIBIIITAPEl KapaiaraH. MimTe CyloKTyK XKaHa KaTyy
06IyK4Ye TYPYHIOTY Y3TYIATYKCY3 OPTO MEXaHWKACBHIHBIH MOJIETH KapajaT, ajap
Y3TYJITYKCY3IYK KACHETHHE 39, TAKTaIl alTKaHa, MaCCaHbIH OOTYIITYPYJIYIITY JKaHa
KEHUJ KbIUMBUIYYJyry. MBbIHIa KacueTTepAr HEru3 KbUIBI allbll, Ou3
CYIOKTYKTYH JUHAMHUKACHIHBIH HETU3TU TEHIEMEJIEPUH, OLIOHIO0M 3J1€ WICIIKEKTYY
CYIOKTYKTYH JWHAaMHUKAChIH W3WII60A0 ap KaHaall OO0XXOMOJAOp KaHa
KOHOKOUIOIITYPYYJIop OOroHYA anapiabl KOJJIOHYYHYH (PU3HKAJBIK aliMaKTapblH
TY300Y3.

Kapanbin kaTkaH CYIOKTYKTYH OachbIMBI P, THITBI3IBITHI p, TEMIEpaTypacsl T
OpPTOCYHJarbl OaiyaHbIITHl OenruiereH alaifblH TEHAEMECH KaJIbIChIHAH
p = F(p,T) TypyHae >a3bliaT, MbIHIA | — OCpPWIT€H UYEKHUTTETH aOCONIOTTYK

TeMIIEpaTypa.
JIeKapTTBIK KOOPAUHATTAPAATHI Y3TYITYKCY3IYK TEHAEMECHU TYPIo 39
dp , d(pw) , 9d(pv) , d(pw)
—_— - 1
Jt t dx t dy T 0z 0 (1)

Nnemikek KpIchI0aral CyrOKTYKTYH KbIMMBUI TEHIEMECH TYPre 33

<6u ou N 6v+ OW)_ F op N 62u+62v+62w
ot Tlex Ty T Waz) T T T e T2 Tz

Il
=
I
5

d d d
p("+u—”+ =~ +w W)

((’)2u 9%v 6
ot ox 0z

0x2  0y?2 622) (2)



(aw N ou N ov N 6W> _ ok op 0%u N d%v N 92w
P\at ™ “ox ”ay Woaz) T e T, T Hloaxz 0y2  0z2
Cyrok (a3zacel cyy ’kaHa KaTyy ¢azachl My3bUIaii OONTOH 3KH (a3zainyy

arbIMJIBIH JKaJIMaK adalibl YUYH KOpPCOTYJITreH TEHJEMEJIEPIN TOMOHKYYO Ka3zyyra

00JIOT:
dp | 9(p(uxtur)) 9(p(Vyt+v1)) _
ot T 0x t ay =0 )
0(Uy + Up) 0(Uy + Up) 0(vy + vp)
p ( }Kat + (Uy + u;) )Kax + (Vg + vp) )Kay =
op az(um+uT) az(v>K+UT)
R o
0(vy + ;) 0(Uy + u;) 0(Vy + vp)
p(FE T ) ST () e )=
op 02u(uy +uy)  0%(vy + vy)
- F ———
Yoy T H 02 oy?

OmeHTHn, 3ku om4eMayy GOpMyIHpPOBKaJarbl WICIIKEKTYY KbIChuiOaraH
CYIOKTYKTYH KbIUMBUIbI YUYYH TEHJEMEJEP CUCTEMACHl TY3YJOT: Y3TYJITYKCY3OYK
TEHJIEMEJIEpU >KaHa WICIIKEK KbIChIJIOAraH CyrOKTYKTYH KbIMMBLI TEHIEMEIIEPH.

Maccanbik kyuTep OepuiIreH Jem dCenTerce, aHjaa TepT oearucus U, V, W, Z
YOHAYKTAp KaJlaT jkKaHa ajapjAbl aHBIKTOO YYYH TOpT TeHaemeOu3 Oap. bupok
Oenrmiel KeTyydy Hepce, OYIrYHKY KYHI® UYEWMH YOH MAaTeMaTHKaJIbIK
KbIABIHYBUIBIKTapaH yiaM HaBbe-CTOKC TeHAEMENEepUHUH TOJIYK Typae Oup na
YKAJTBl YBITAPBUIBIIIBI AJBIHTAH dMeEC, 0.a. HIICIIKEKTYYIYTYH 2CKe airaH OapJbIK
KOHBEKTUBIIUK TEPMHUHACPIN CAKTOO MEHEH. BUpPOK, ommoi 3¢ yuypaa, K33 Oup
Keke yeuumep Oap. Mucaibl, TYTYKTOTY JIAMUHAp/ABIK arbiM Y4YH K€ YEKTHK
KaTMapaarbsl areiMaap Y4YH, Oyl KOHKPETTYY YE€UUMIEP SKCIEPUMEHTAIJIBIK
HaTbliKanapra yIIyHYaJIbIK IIalKel KeyeT, omonaykTtan HaBbe-CTOKC TeHIeMe-
JIEPUHUH KaJIbl KOJIJIOHYIYIIYHA IEKTEHYY KbIMbIH.

Kannaiinplp Oup KOHKPETTYY Maceje YYYH UYEKTHK KaTMap TeOpPHSICHIHBIH
TEHJEMEJICPUHUH CHUCTEMAChIH Yeuyy/le OEpuireH MaceleHWH OalllTankbl >KaHa
YEKTUK MIAPTTapblH ACKE alyy 3apbul. AJITa4yKbl MIAPTTAP WIIEHIKEKTYY CYIOKTYK
YUYYH HICAIYY CYIOKTYKTarblJai 3je Ty3yJeT. Ajap KbIMMBUI TYpyKCy3 00JICo,
aHAa yOakKbITTBIH OeNrwiyy Oup Ke3 HpMEMHUHJIe OallTanKbl KaTapbl ajlbIHTaH
BUITAMIBIK, OachlM, TeMIlepaTypa aHa THITBI3ABIK  KOOpPAMHATAIAPbIH
byHKUMsIIaphl KaTtapbl KepceTyieT. Mpaeannyy CylOKTyKTaH OJIyTTyy aibipMma-
YBUIBIKTAP Y€K apa MmapTTapblH Ty3yyAe mnaiiga Oosot. Umeanayy CYROKTyK
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TEOPUACHIHJIA CYIOKTYK KaHIAWABIp OUp HYEKTYY CalbIITHIPMaTyy bUIAAMIIBIK
MEHEH arbIMJlyy JICHEHUH OeTu OOIOHYA JKbUIAT JIeN OOJDKOIOHOT. DTepAe Karyy
TEJIOHY WJICIIKEKTYY CYIOKTYK TErepeTe aliIaHbIN arbll )KYPCO, aHla a3bIPKbl KO3
Kapalrap jkaHa SKCIEPUMEHTAJABIK MaajbIMaTTap OOOHYA CYHOK OelyKuesep
TEJIOHYH OeTHHE Ka0bIlaT, AEeMEK, bUIAaMIbIK BEKTOPJIOPYHYH HOpMaJayy TaHa
AMEC, TAHIME€HUUAIJbIK KOMIIOHEHTTEPH Ja >KaOBIIIAT, CYIOKTYK MEHEH TEJIOHYH
OETHHJIETH YEKUTTEP/IE bUITaMIBIKTap Oupaeil O0Iylry Kepek.

Juccepranmsga My3bUIaiiibl KaMThITaH TyTAllIKaH THUOTETW CEJN arbIMIaphbl
Kapanar. AHJa CYIOK jKaHa KaTyy OeiykudenepayH (My3blaail) bUIAAMIBITHl I
KY3YHIe Oupnaedr nen OomkonnoHOT. bamkaua alTkaHAa, TeTEpPOreHAYY SKU
¢dazanyy cucremanapja My3blUlall KaMTbhIraH CeJJep JJaMUHApAyy arbiM Karapsbl,
CYIOK JKaHa Katyy ¢azanap Oupje buiiamMabIKTa KbIMMbLIAAIaT.

dp , 9(pw) |, d(pv) _
ot + dx t dy =0.
ou Ou w\_ p _9% (az_“ ﬂ)
’D(at+uax+vay)_Fx ox T Moz T 5y ®)
(av+ ou N 617) _ g op N 0%u 0%v
P lac T%9x T Vay) T Y T oy T Blaxz T ay2

My3blLaiisl 6ap cenauH KbIMMBUIBIHBIH HETU3TH AU epeHnai bk TeHIeMe-
JIEpYH allyy YYYH HPOIECCTUH KU 0JT4OM]TYY MOJEIUHUH KU (pa3alyy arbIMaapbiH
U3UJI166/16 KOJIJIOHYJITaH TOMOHKY 161 005KOMOJII0PTO TOKTOJI00Y3:

1. OpTO4O 3KM bUIIAMJIBIKTA, 0.a. CENAUH ap OUp YEKUTUHAE KU bUITAMIIBIK
0ap - CYIOKTYKTYH bUTJAMBIThI )KaHa CEJJIMH bIIAAMIBITbL. MbIHAA O6TYKYeIepayH
KBIUBIHABICHl OUPAUK KOJIOMIOTY OOIYKUOIOpIYH CaHIBIK KOHIIEHTPAIMSICHIHBIH
*aHa Oup OONYKYOHYH MacCCachblHbIH KeOeUTynyuryHe Oapabap ImapTTyy
06YKUeJIOpYH THITBI3BITEl MEHEH OYTKYJI KOJIeMre Y3IYJATYKCY3 TapajiraH e
ACENTENET.

2. ATbIM 3KH ©JTY6MYY XKaHa TYPYKTYY dMeEC.

3. benykuenep Oupmei exdeMae kaHa OMpHU-OUPU MEHEH ©3 apa apakeTTe-
HUITICUT.

4. bacbkIM CYIOKTYK TapaObIHaH raHa Ty3YJIeT O6JIYK4YeJIepaYH TaaCUPHU ICENKE
aJIBIHOANT;

5. CyIOKTYKTYH MacCachlHbIH arbIMbl KaHa arbiM OoloHYa OeiyKuelepayH
MacCCaJIbIK arbIMBIHBIH bULIAMIBITH TYPYKTYY.

6. Mnemkek KyyTep My3bUIail CYIOKTYK MEHEH €3 apa apakeTTEHI€HJIEe raHa
naiiia 60J0T.
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Byn 605k0MO110pI0H THILIKAPBI, OM3 CENANH KU (ha3anyy arbIMbl KaTMapIbIH
TEPEHJAUTY OTYOMJIOPTe CaJBIIITHIpMaNyy Oup Tom a3 OOJNroH 3pKuH Oetu Oap
IPaBUTALMSUIBIK Tajaaja My3blUIall KaMThITaH MACCHUBAWH KbIMMBUIBI KaTapbl
MOJEIJENET JAeN 3CenTeiOn3. ATBIMIBIH TEPEHIUTH KaHAIJbIH Tyypachl >KaHa
y3yHJIyTYHa CabIIITRIPMaTyy KbliiJla KHYMHE Jen 3centeiions. byn yuypaa arsim
KaHaJJarbl HSKU OJIYOMAYY arbIM KaTapel Kapanar. KananaslH Kecwinmm
BIKTBIIPAYY (popMara 33 jkaHa aHbIH y3yHIYTy OOIOHYA ©3repylly MyMKYH. AHJIaH
KUWWH, My3bUIaii KaMTBhITaH CENIANH JKU eJ4eMAYY 9KH (a3ainyy arbiMbl YUYH
TOMOHKY TEHJIEMEJIEp CaKTajar.

6u+ 6u+ 6u_AR n
ot T Yax T Vay

av av ov

—4+u—+v—= A,R,v" 6

or TUGT dy 2742 (6)
MpbiHaa U — pUTIAMIBIKTAPABIH Y3YHYHAaH TY3YY4Y KOMIIOHEHTH, V — BUIJAaMJIbIK-

TapJAblH TyypaCblHaH KCTKCH KOMIIOHCHTH, THCHICIYY OamTankel JkaHa YEKTHK
IapTTapbl MCHCH.

u(0,t) = uy
v(0,t) =v;
u(x,0)=0 (7)
v(y,0) = 0.

byn ydypaa «cbrHOO» O0Jyn caHairaH Y3TYATYKCY3IYK TEHIEMECH H3WIIie-
HYYYY TIPOIECCTHH (DU3UKAIBIK-MAaTeMaTUKAIBIK MOJACIUHUH  TYYPaJIBbIThIH
KaMCBI3JauT.

byn xxepae Ai, Ri, Az, R, maanunepu (Typykryynap) OepuireH. Aj skaHa Ay,
arbIMJIBIH MYHO3/IOMOCYHO Taacup 3TYY4Yy arbiM K03 OUIIMEHTTEPH, CYYHYH TOHYY
YEKUTUHJIETH KBINMBUIIATHI KaaH-9aublHABIH WHTEHCUBIYYJIYTYH KepcoTeT, Riu",
RoV" kapmblIbIK KyuTep. ATar aiTkanaa, N = 1 ydyH ajcei3 Kapiibuibik 0ap, N = 2
YYIYH KY4dTyYy Kapmbuiblk Oap. KoopaumHata OKTOpYy X KaHAJABIH OOMOHIA, Y
KaHaJIbIH 00IOH 1A TypraHaai cei3puirad (3.1-cyper).

HuddepeHunanaplk TeHAEMENEp CUCTEMACBIHBIH ©3repyjiMe MaaHWIEepH
©JIYOMCY3 YOHAYKTapra 4YelHH TOMOHJIOTYJIOT, aHJaH KUWUH ajlap Cell XKYPYY4dy
MAaKCUMAJIIYy apaJIblIK 3KEHHMH 3CKE aJIbII, KBICKAPTBUITAH apajblK JEM aToOro
00710T. AH/Ia KbICKapTHUITaH apajiblK K€ ©JTY0MCY3 K63 KapaH IbIChI3 ©3repMe 00JIOT

~ X o
1.X = T Oyn maanu OneH lre yeiinH e3repeT, L - Makcumanayy apasibik;

2.

=
Il

Y .
n Oyn maanu OneH lre yelinH e3repeT, L - Makcumainyy apaiblK;
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~

t
3.t = - » MBIHJIA T - makcumanayy yOaKsbiT.

[IpakTHKaIbIK KOHBEPTE€HIMAHBI KaMChI3 Kbllyy X , Y sxkanat OupaukTeH anma

KaH4ya a3 Jen kaOwul anbiHAT. KepekTyy e3repMesniep - y3yHyHaH bUiaamiabik U,
14

~ U ~
TyypacblHaH KETKEeH bUIAaMAbiK V. Omuemcy3 typae an U = —, V =

max Vm ax

00J10T.

Hartpliii>kamarsl TeHIEMEeNIepInH CUCTeMAachl N = 1 y4yH THemienyy Oamramnkb
’KaHa YEKTHK IIapTTapbl MCHEH YEKTYY albIpMadblIbIKTAp BIKMAaChl MEHEH YCUHIICT.

TenmeMenep cUCTEMAchlH CaHABIK TYPA® YedyY YUYYH albipMa TOPUOCYH
KUPTU3e0u3: Xk = Xo + K AX, Yj = Yo+ j Ay, ti = to + iA4t, Mmpiama AX, Ay, At MeHKUHIIK
aHa yoakTeutyy kagamaap (i=1,2, ..., M, k=1, 2, ..., N), TyyHayJIap/sl aqapabiH
alBIPMAYBLUIBGIK MAMUJICIIEPH MEHEH aJIMAIITHIPBII, albIPMAYbLIBIK TEHACMETCPINH
CHCTEMAaCHIH anaobI3.

U. —U: U. —U. U.: —U:
i+1,k i,k +U i+1,k i,k +V i,k+1 i,k —

: : F
At Lk Ax Lk Ay 1
Vitp,k—Vik Viti,k—Vik Viti,k—Vik
) ) ) ) ) i ) ) — F
At + Ul,k Ax + Vl,k Ay 2 (8)

Mpemna F; xana F, TypykTyy maanunep — Oyn jkaaH-4adblHABIH WHTCH-
CUBIYYIYTY, WICHIKEKTYYIYK KO3(P(GUIIMESHTH XKaHa KapIIbUIbIK Kydy. Kepekryy
©3repMeJIeopIlyH MaaHuJepuH aHblkTo0 YuyH U, V, Oyn axbIpksl aifpipma
TEHJEMEJICPUHUH CHCTEeMAachlHAaH OW3 TOMOHKY KaWTajaHyydy QopMyranapibl

aja0bI3:
Uit = (Fr = (U1 = Uik " Ui + Fi(Vigerr = Vig) ) /8x) - At+Ujyq
Vierk = Fpm ((Uiksr — Uik) Vi + Fo(Vigaer — Vir)) /DY) - At + Vi1 i (9)

rnei=1,2,...,M-1, k=1,2,...,N-1.

byn renaemenepaun cucremachkiat (9) 1=0xana k =0 yuyn U1 1, Vi1 dyHK-
LUSTIApPbIHBIH MAaaHWJIEPUH BIPAATTYY TYP/e Ta0a0bI3.
U1 =(F = ((Uy, = Uo) - Uo1 + F1(Voz = Vo,1))/Ax) - At+Ug 4

Vi1 =F-((Uix+1 — Ug1) " Vo1 + Fo,(Vo2 — Vo,1))/Ay) - At + Vo1 (

TepTyHuy raaBaga Amna-Apda JapbIsChiHAQ My3 THITBIHIAAPBIHBIH Taka
OomyiryHa k071 6ep0eeuy TMAPOTEXHUKAIBIK KYPYJIYIITY UIIKE aliblpyy OoroHYa
CyHymTap OasHIanaT jkKaHa Ccyy OenymTypyydy TY3YJIYIITY MOJEPHU3AIHUSIOO0
J07000py KaHa OJ000p WIIKE alIBIPhUITAaHIAaH KUHUH TOMOH TEeMIIepaTypaIbIK
IapTTapja, My3 THITBIHBI Maiiga 00m00uT. 4.1-cypeTre. Ana-Apya AapbIsICHIHBIH
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JKI3TUHEH OATHIIITAH YBITHIIITHI KaparaH a6aJ'H>I, TBhII'bIH Haﬁna 0OJITOHT0 YEHUHKH
arbIMBbI Y3YJII'OH.

Coopy#keHue
Beper #.E

JanBuImEd NOOHATE .
h (1-2 samopom . BacceliH
Eeper BepxHWA KoHTyR 5
SEH{DFI-EI .

¥ aarcp

ol ana /

Jaf eI

4.1-cypet. Ana-Apua 1apbIACHIHBIH HYT'YH OOWJION y3yHYHaH KECHIITEH YYaCTOKTYH CXEMAchI.
CBC TeH My3bLU1aliIpl KAMTBITAH arbIMIBIH IIAPKBIPATMAChIHA YeHHH (a0aHbIH TEMIIepaTypachl -
17 °C ammaranja); CTpyKTypaHbIH O0COTOCY THITBIH MEHEH TOCYJITaHTa YCHHH.

4.2-cypette Ana-Apua HapbIsCHIHBIH a0aibl, OIIOHAOW dyie¢ OaThIIITaH
ypITbIlIKa Kapal kapaynar, CbCTUH KeTepylreH KianaHIapbIHBIH aCTHIHJATBI

TOCKYYTapJbIH OapAbIK 8 OUPAUTHH TOCYY MEHEH THITbIH Naiijja O0JTOHI0H KUWHUH
Y3TYJITYKCY3 arbiMbl Oap.

Coipy#ea HUE
Beper a<E

3a0BuHd NUOHATE .
h (1-2 saxopom - baccei
Eeper BepXHWiA KOHT YR "
ZAMO0a -

Croiike ans# /

rclaps ik it

4.2-cypeT..YUacCTOKTYH MaKeTH OaThIIITaH YbITHIITH Kapai, Ana-Apua JapbIsICBIHBIH
HYT'YHYH OOIOHJArbl y3yHYyHaH KeTkeH Trikene CBCTeH ThITBIHBI 0ap KOHCTPYKITUATA YCHHHKA
06IYTYHI0, KOHCTPYKITUSHBIH aIbIHAA OacceiH naiaa 00onroH (abaHbIH TeMIepaTypachl
- 17 - 21 °C mapsisigad X0ropy)
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4.3-cypeTTe KenmypesepayH acThIHIArbl THAPOTEXHUKAJIBIK KypYIyll KaTaphbl
UIITENINI YbIKKaH Japbisiiap/ia My3 ThITBIHAAPBIHBIH Maia O0MylIyHaH KOProovy
Kapa)kaTTap, YbITbIIITaH OaThIIIKA Kapai Kapajirat, a) — A-A ory 6010H4Ya y3yHyHaH
KECHJIMIIH, CYpOTTe KepcoTyireH. 4.3, 6), ' TKubIH kepyHy1IY.

a) A-A

MocT B ceueHun

Ohag K6 Crena

i) %% ba% w

4.3-cyper. a). - mapsisiiapaa My3 THITBIHIAAPBIHBIH Maiiia 00rynryHa skoi 6epbeedy
kenypenepayH acteiaarsl ['TK: nuarpamMana amslia Tyc CyyHyH arbIMbIH Omiaupert: 1 -
KOTOPKY 0acceiiH; 2 — TapbIiHBIH HYT'YHYH YCTYHKY TETIKHYHHJIETH MY3 KaTMaphbl; 3 — My3JIyH
YCTYHIOT'Y Kap KaTMapbl; 4 — JapbIsHbIH HYI'YHAArbl YCTYHKY TEIKMYTH 0611YY; 5 — AapbIiHbIH
HYT'YHYH OPTOCYH/Jarsl 6-KaHaJIIbIH TYOY; 7 — TeMUp-0€TOH KaHallbl; § — TOMOHKY OacceiiH

6)
7

S

1 —b =—B
'\III ||_IH

[

g oy

Al e T gy o W f . : I‘Nﬂ% FT..- L
T2 T 741
—5 kB 10 =

4.3-cyper. 0). - napblsuiap/ia My3 THITBIHAAPBIHBIH Naiiia OoyiryHa ko 6epOeedy
kenypeniepayH acteiHaars! I ' TK: nuarpammana xambul TyC CYyHYH arbIMbIH Ounauper: 1 -
KOTOPKY 0acceilH; 2 — TapbIiHbIH HYT'YHYH YCTYHKY TEIIKUYMHJIETH MY3 KaTMaphbl; 3 — My3JIyH
YCTYHIOTY Kap KaTMapbl; 4 — TapbITHBIH HYT'YHAArbl YCTYHKY TETIKHUYTH OOJYY; 5 — HapbITHBIH
HYTYHYH OPTOCYHJArsl 6-KaHajbIH TYOY; 7 — TEeMUpP-OE€TOH KaHaNbl; 8§ — TOMOHKY OacceiiH

JlapbisiHbl My3 THITBIHAAPBIHAH KOPTOOHYH BIKMACBIHBIH JKaHa TY3YJYLIYHYH
MaHbI3bI IapPBIIHBIH HYTYHYH OOIOHIArbl My3AyH OeTUH/IE, Aaphisiiap/ia, HeTU3WHEH
JapblsuiapAa My3 THITBIHAAPHI AaiibiMa maiiga O0NroH 30HaAa naiiia 60iaroH My3ayH
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’KaHa Kap KaTMapblHBIH OYTYHIOYTYH cakToo Oomym cananat. Kemype, ruapo-
TEXHUKAJBIK KypyJyIlITa >KaHa Oalllka epjepAe MypAa My3 THITBIHAAPHI Maiiga
OOJTOH aiiMaKTa JapbISHBIH HYTYHYH JEHIIAJIUHEH bULABIN Ka3blUIraH TepeH TyOy
Oap KaHaJITa TOILeJITOH apbIKTap apKbUTYy CYYHY KOITYpOHYH aCThbIHAH KaHa My31yH
acThIHaH Oypyy JKOJIy MEHEH HWINKe amblpbuiatr. 4.4, a) >kaHa 0) cyperTrepiae
MY3bIIAlBIK KOProody THAPOTEXHHUKAIBIK TY3YJIYIITYH KECUJIHUIITEPHH KOpceo-
TYJITOH.

al b - B (cormacHo pucyHok 1,6)
CTeHka B eperogas noBepHyTO Ha B0° CreHka Beperosam

. Yoo A

6) i B - B (cormacHo pucyHok 1,6) i
Ctenka b eperosan NOBEpHY TO Ha 90° CTeHka b eperosan
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4.4-cypet. Koproouy ruIpoTeXHUKAIIBIK TY3YIYLITYH KECUIUIITEPH,
CYpPOTKe My3blIaibIk. 4.3, 0):

a) — 1-6acceitnaun B-b 6oronnars! kecunumnm (4.3. a sxaHa 0-cypert), 1-0acceiiHre »oropyaaH
TYLIKOH MYy3bUIail KAMTBITaH arbIM/IBIH jKaHa MaiJalaHraH My3/IyH MOJI arblll KUPHIIH y9ypyHIa
(4.3, O-cyperty Kapanpi3); © — 7-TeMHp-OCTOH KaHAJIBIHBIH YYacCTOTYHYH J0J000pIyK
napameTpJiiepu MEHEH 1-0acceiiH MEHEH KONIYJITaH KEPUHIETH 7-TeMUP-O0€TOH KaHaIbIHBIH B-b
OOIOHIArsl KECWIMIIH, CYY acThIHJIA KaJIraH jKaHa TalllblIraH 4ekmenep; 1 - yCTYHKY Oacceiin; 2
- TapbISTHBIH HYT'YHYH YCTYHKY TEIKHYUHJIETH YOH MY3 KaTMapJiapbl e My3 THITBIHIAPHL; 3 - My3
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KaTMapbIHBIH YCTYHIIOTY Kap KaTMapsbl 2; 4 - My3[IyH acThIHArbl CYy KaTMapbIHAH IapKbIpaTMa
arbIMBIHBIH CYPOTY (KOK CBI3BIKTAp) MEHEH JKOTOPKY TeMKUYTHH JapbITHBIH HYr'yHa OesyHyy 2;
5 - TpaHmIesHBIH TYOY 6; 7 - y4y-y4yH CaJIbIHTaH ke onaryOKagarsl TeMUP-0ETOH 3pUTMECH MEHEH
TpaHIIesra KyJIraH TeMUp-OeTOH KaHaubl; 9 - My3AyH TonToiymly, kap 10 TpaHIIesHbIH
XKIIKTepuHAe; 11 - 6 TpaHIIESHBIH >K33TMHE MapajlieNb jKaTKaH 12 ThIrbI3fairad >K39KTEepANH
TONKYHIYYy Oerrepu (4.3, 6-cypeTTy KapaHnbi3); 13 - 6acceitnaun tyoy 1, (cypert 4.3. 0); 14- 7-
TEMHP-0ETOH KaHAJIbIHA KalTaJJaH KHUPreH MY3 THITBIHBIHBIH ACTBIHAH arblll )KAaTKaH CYyHYH
KOPYHYIIY.

Jlapbisnapaarsl  THITBIHIAPABIH MMaijla OOJIyIIyHAaH KOpProo KapasKaTTaphbl

BIKMAHBIH MINTO® MPpUHIHMITEPU [2, 5, 6] skapblsiiaHran sMrekrepiae OasHIairaH.
Nitun xbIdbIHTBHITE Kbiprei3 PecnyOmkachbiHbH ©O3reue KbipAaaniap MUHUCT-
JIUTUHE OWJIAMPUITUTL, UILIKE alllbIPyy cepTU(UKATTAPHI aTbIHIbI.

KopyryHnayna nuccepTaliisiHbIH HETU3TH KBIMBIHTBIKTAPhI KEITUPHIITCH:

1. CyHyml KbUIBIHTaH 3KH (ha3alyy MEXaHUKAIbIK-MaT€MaTUKAJIbIK MOJEIb
Ana-Apya AapbIACHIHBIH HYTY OOIOHYA arbIMJIbIH MUCAJIBIHA MY3blJIall KaMThITaH
CEJIIMH TMHAMUKACBIH >KETHUIIIPIUK OOBEKTUBAYY CYPOTTOWT, MBIHIA CYY ajblll
KYpYY4dy dasa kaTapsl, ajl 5SMU My3bUIai TapThUIraH (a3achblHbIH POJIYH aTKapar..

2. My3buail KamThiTaH CeJNJMH  bULIAMJBIKTAPBIHBIH  Y3YHYHAH jKaHa
TYypacblHaH TY3YY4Y KOMIIOHEHTTEPHUHUH MEXaHUKAJIBbIK-MAaTEMATHUKAJIBIK MOJE-
JIMH YE€YYYHYH CaHJIbIK HaThIMKaTaphl alibIHIbI. ATBIM/IBI OOMIOTO )aHa O0IOH 1arbl
BUTIAMBIK TPOPUIIEPUHIH MAaaHUJIEPH SKCIIEPUMEHTANIBIK MaaJlbIMaTTap MEHEH
KaHAATTAHIBIPAPJIBIK TYPAO IaiiKel KeJerT.

3. Hapsisnapaa My3 ThITBIHAAPBIHBIH Maiia OOJyIIyHaH >KaHa JapblSHBIH
YKOTOPKY 30HACBIHAH TYILIKOH YOKMOJIOp MEHEH MY3bLUIaiilaH TypraH CeJIJeH KOpProo
MaceJIEeCUH 4Ye4yyre MYMKYHIYK Oepyydy MpHOOPIIOp MINTEIUM YBIKTBI, OMJION
tabyymnapra Ne 2141 «J/lapeisimapaa My3 THITBIHAAPBIHBIH abIH alyy Y4YYH
Kypyama” 2019-x. >xana Ne 2250 “Jlapbisimapaarsl THITBIHIAPABIH MMaii1a 00IyITyH
aJJIbIH allyy YYYH THIPOTEXHUKAIBIK Kypyamanap” 202 1-x.

4. Ana-Apua n1apeisiChlHIa MY3 ThITBIHAPBIHBIH Maii1a 00IylIyHa #oJ 6epoee
YUYYH Cyy OeJIyIITYpyydy TY3YJAYIUTY >KaHa JapbIsTHBIH TYOYH KOHCTPYKIIUSIaH
YKOTOPY TypraH OWPHHYM TETKUYTECH IIapKbIpaTMara 4elrnH MOJCPHH3AIUSIIO0
CYHYILTAJIBI.

5. My3butaii KaMThITaH arbkiM OOIOHYA KOPTOJTOH OOBEKTHACH OynraHraH
3aTThl AJbI CAlyy YYYH OPHOTYJTraH YEKTOeJIOpAY KOJIAOHYY MEHEH MYy3bLIai
KaMTBITaH CeJl THUJIMHUH KbIMMBUIBIH OaIlTanKbl KOHTPOJIIOOHYH >KaHbl BIKMAChI
CyHymITanaT, ara nareHT «Cen arblHAbUIAphIHAH KOProo y4yH Ty3yaymn» 2019-
KbLIbI Ne 2140 MEHEH aJlbIHTaH.

KapbisiJIaHraH SMIreKTepaAuMH TH3MECH.
1. Toxrorysaosa A.Lll. Cen arpiHapIIapbIHAH KOPTOO YUYH Ty3yayil [Tekct] /
KP YU AHbIH ['eoMexaHnKa *KaHa xep Ka3bIHACBIH 63/161ITYpYyYy HHCTUTYTY (KG).
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T.Kymaes, K.U. Koxorynos, A.K. OpozbexoBa; A.ll. Toxkrorymosa //
Ksipreinarent IIATEHT Ne 2140. 2019. Bros. Ne 4.

2. Toxrorynosa A.LLl. Jlapeisinapia My3 THITBIHIAPBIHBIH QJJIBIH allyy YYYH
kypyima [ Tekcr] / Keiprei3z PecryOnukachiHbIH YITYTTYK HIIMMJIEP aKaI€MUSICIHBIH
["'eoMexaHuKa sxaHa kep Ka3blHAChIH o3101Typyy HHCTUTYTY (KG) T.)Kymaes, K. Y.
Koxorynos, I'.JI.Ka6aesa, A.Ill.Toktorymnosa, A.K.Opo3zo6ekoBa // Kelpre3mareHt
Ne 2141. 2019 Bromnn. Ne 4.

3. Tokroryaosa A.ILl. [lapbisitapaars! THITBIHAAPIBIH Ma1a OOIYIIYH ajIbIH
alyy Y4YH TuapoTexHukanbsik Kypyiamanap [Tekct]| / Keipreiz PecryOnukachiHbIH
VYayTTyk wuiIdMep akaJeMHUsChIHbIH ['eoMexaHMka »KaHa »>Kep Ka3blHACBIH
e3nemtypyy uHCTHTYTY (KG) T.XKymaes, K.U. Koxorynos, I'.J[.KabaeBa; A.Ill.
Tokrorynosa // Keipreiznatent Ne 2250. 2021 Brosn. 6/1.

4. Toxkrorynosa A.I. Keiprei3cTanablH AapbisiapblHAa My3 ThITbIHIAPBIHBIH
naiiga OosymryHa xoJl 6ep0ee YdyH ruapoTeXHUKanbIK Kypynyul. [Teker] / A.I1IL.
Tokrorynosa, WM.A. AOnypacynoB, T.3. MacanbekoB. // Poccus Wnumaep
akageMUAChIHbIH akafgeMuru C.B.HbIH snecruHe apHaiarad X VI O apaiblk WIMMUA-
TEeXHUKaIBIK KoHpepeHus. Axonnea (Mocksa, 15-mapt, 2021-x5b11). — b.220-233.

5. TokroryiaoBa A.Ill. buimikex maapblHBIH 4YeruHje Aja-Apuya >kaHa
AnaMyAyH JapbisjapblHIa THITBIHAAPJABIH >KaHa My3 THITBIHAAPBIHBIH Mai1a
OonyiryHa Kapiibl KypewryyHyH bikMmanapbl. [Tekct] / A.LLl. Tokrorymnosa //
Keiprencrannsn XKOXnopynyH sxanpuibiktapsl. Ne6 2021 — b.12-17.

6. Toxroryaosa A.Ill. [lapbisutapaarsl My3 THITBIHAAPEI MEHEH CETAMH Maiia
OONYIIyHYH aHa MYy3 TBHITBIHAAPBIHBIH Kbl ©3TOYOJYKTOPY, M3WII00 KaHa
kypeiryy bikmanapsl [Texcr] / AL Tokrorynosa // KPCY Xapusicer 2022. T. 22.
Ne 12. — b. 131-135.

7. TokrorynoBa A.Il. T'uapoTeXHUKATBIK KyPYJIYIITYH SKCIIEPUMEHTAIIBIK
Mo/iesd OOIOHYA JIaphisl CYYJIapbIHBIH arbIMbIHBIH PEXKUMIECPUH U3WI06 METO/IH-
kacel [Tekct] / A.Ill.TokrorynoBa, T.XKymaes // KPCY xapusbicel. 2023. T.Ne4. —
b.131-136.

8. TokrorysoBa A.LIl. T'uapoTexHUKAIBIK TY3YAYIITOTY (PU3MKAIBIK TPO-
necctu Marematukanbik mojaenaee [Tekct] / A.IIl. Tokrorymnona, I'.2K. Kabaega,
T.XKymaes // KPCVY xapubicel. 2023. T. 23 Ne 4. — b. 137-152.

9. ToxroryaoBa A.lll. Ana-Apua napeisceiHza cdepayiblk My3bUIaiabIH
naiiga O6oyynryH matemMatukaibik mojaennee [Tekct] / A.ll.Tokrorymosa, I'./I.
Kabaesa, T.)Kymaes // KPCYVY xapusbicel. 2023. T. 23. Ne 8. — b. 106-110.

10. ToxkroryaoBa A.LLl. Ana-Apua 1apbIsICBIHBIH HYTYHYH TUJIKECUHJIETH CYY
TY3YMY MEHEH IIapKbIpaTMaHbIH OPTOCYHJA «TBITBIHABIH Oalibl MEHEH
TYJKYCyHYyH» Haiina 6omnyy nporeccun usmnnee [ Tekcr]/ A.LLL Tokrorymnosa, I'.2K.
Kabaesa, T.XKymaes // KPCY xapusicer. 2023. T. 23 Ne 8. —b. 111-118.
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11. Tokroryaosa A.lll. bumkek maapblHbIH 4eruHae Asa-Apya kaHa
ArnamenuH JapblsulapblHIArbl My3 THITBIHAAPBIHA KOJI 0ep0ee bIKMallapbIHBIH

teopusiibik Heruzzepu. [Tekcr] / Jlorunos I'.U., Hyimexos K./., XKymaes T. //
KMTY xkapubicel. 2024. Ne 1 (69).b.— 284-290.

12. TokrtoryaoBa A.lll. Ana-Apua JapeIICBIHBIH HYTYHAAZ MY3
THITBIHJIAPBIHBIH  Maiila OonylryHa kojl Oep0ee Y4UyH TUIPOTEXHUKAIIBIK
Kypynymrapasl moaepHusanusnoo [Tekcr| / Jlorunos I'.U., Hy#mexos K.JI.,
Kymaes T. // KMTY xapubicel. 2024. Ne 2 (70). — b.— 687-695.

TOKTOI'YJIOBA AMUYPEK IIIEPKYJIOBHAHBIH
«05.23.07 — ruApOTEXHUKAJIBIK KyPYJIYIID» aIUCTUTH OOIOHYA TEXHUKA
WIMMIEPUHUH KaHIUAAThI IET€H WIMMHI 1apa’kacblH U3JACHUII alyy YUYH
«KbIprbI3cTaHBIH AaphIsiapaa CENJICH KaHa My3 ThITbIHJApbIHAH KOPTOOHYH
BIKMAJIAPBIH aHa TY3YJAYIITOPYH UIITEN YbITYY» aTTyy TeMaJarsl
JIACCEePTALUSICHIHBIH

KBICKAYA KOPYTYHAYCY

Herumsru ce3nep: Mysbpuiail, My3bpulail KamTbITaH CE€JI, CEIAUH ‘TN,
arbIHABIH  “‘@36ery”, TBITBIHJAAP, KypYJIylITap, My3 TBITBIHBI, OOpPIIOH MYs3,
“TBITBIH/BIH OAlllbl )KaHa TYJIKYCY ', Ka3blIFaH KaHall, )K33K, JTOTOK.

M3uinneenyH o0bekTHcH: Ana-Apuya JapbLSICBIHBIH HYTYHAQ KBIIIBIH]IA
My3bUIAMIyy Cyy TOMOH TeMmIieparypaaa araT. JlapelsiHbIH HYyT'yHIa TOHTOH
MaTepuaniapAblH CYy MEHEH c(epalblk My3blUlail TYPYHAe Maina Oodyiry kaHa
aJlap/iblH KUWUH TOHYIY BUIIKEK maapbIHAArbl Cyy OenymTypyydy TY3YJYIITYH
YKaHa aBTOKOJI KOITYPOCYHYH aCTBIHJATbl TOHTOH THITBIHTA AJIbII KEJET.

N3napeenyn mnpeamern: KplIKbI KIMMATTBIK [IAPTTapla KaHAJIJAPAArsl
My3blJIail arbIMbIHBIH JIMHAMUKACBIH, OLIOHAON 3j€ cyy OenylTypyydyy TY3Y-
JyLITepaery 6ereTTepAyH naiiga 601yy NpolueccTepruH MaTeMaTHKAIbIK MOICIIIO0.

N3uniapee meroapopy: Tartaan mpoueccTepay MaTEeMaTHUKAIbIK MOJEIIOO
METOAJIOPY, alpbIM TYYHAYyIyy AuddepeHuunanablk TeHAEMENIepau YblrapyyHyH
CaHIBIK BIKMaJapbl, OLIOHIOM 3JI€ TMAPOTEXHUKAJBIK KypyJylITapAbl KaMThIraH
KaHajaap OoroHYa >KepuHAe OalKooNOpay >KaHa M3WINeeNepay XKYpry3yy
METOAI0PY.

M3uaneenyn makcarbl — —Ana-Apua JIapeIsicklHIa My3bUlaii O0ap celjaeH
’KaHa MY3 THITBIHIAPBIHAH KOProO BIKMAJIAPBIH JKaHa TY3YJIYIITOPYH UIITEM YbITYY.

benruneHren Makcat AuccepTauysaia TOMOHKY MHJIAECTTEPAN YEUYY apKbUIyy
WIIKE aIlThL:

1. [apeisumapmarel cesl arsIMAAapblH KaHa My3 TBHITBIHAAPBIH H3WIIOOHYH
TEOPUSJIBIK JKaHa SKCIEPUMEHTAIABIK METOANOPYH agaOusaTTaplbl Kapam YbIryy
YKaHa TaJI00.
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2. I'mapoMeTeopoJOrusIbIK MaajbIMaTTapbl Talg00 MeHeH Aja-Apua
JapbIAChIHAA TaWrajdak My3AyH maiiga OOJIyIIyH, «My3 TBHITBIHABIH Oalllbl >KaHa
TYJKYCY» U3UJI06 METOJUKACHIH UIITEN YbITYY.

4. ITaTeHTTUK U3[166 UILITEPHUH KYPry3YY MEHEH JapblslapAarbl CEJJICH KaHa
MYy3 THITBIHAAPbIHAH KOPTOO bIKMaJIapblH KaHa TY3YJYIITOPYH UIITEI YBITYY.

5. Jlapeisimapzia My3 THITBIHIAPBIHBIH TaiiAa O0TyIIyHa k01 6epOee yuyH Asa-
Apua JapbIACBIHBIH HYTYHYH Cyy OeJylITypyydy TY3YJYLIYH >XaHa TyOyH
MOJICPHUBALUSATIOOHY OHYKTYPYY.

NiTuH MIMMHA KAHBLIBITBI TOMOHKY/AOH:

1. KbllimMbLT Jien aTanraH HEpCEHW OallTanKbl OallKapyyHYH >KaHbl BIKMAcChl
CyHyILITaNlyya. mnaijga OodroH OyjiraHraH 3aTThlH TPACKTOPHSCH OOOHYA
KOProJjiyyuy OOBEKTHIEH Oypyy Y4YYH Mypja KOIOJTraH YEKTeeJopay KOJIJAOHYY
MeHeH cenauH "tumm''; 2019-xb1161 No2140 maTeHT ajabIHraH.

2. JlapbIsSIHBIH HYTYHYH OPTOCYHAaH Ka3bUIT'aH KaHAJIra TOIIeJIreH YyHKYPAYH
XKIIKTEPUHJE >KaTKaH My3 THITBIHBIHBIH jKaHa Kap KaTMapblHBIH OCTHHIE HpU
KeHAEpAU Kapmal Typyy AapKbulyy Japbisuiapia My3 ThITBIHAAPBIHBIH KaHa
JAPBISIHBIH HYTYH OOMJION KOTOPKY 30HAJaH KEJITeH CEeJJIEPANH ajiblH allyyHYH
(bU3UKaJIBIK MPOLIECCUHUH MAaTeMaTUKAJIBIK MOJICNIA UIITEIUI YbIKKaH.

3. JapwisnapblH KOTOPKY 30HACBIHJIA KEJIUI TYIIKOH YOKMOJIOp MEHEH
Japeisiiap/ia My3 THITBIHIAPbIH Talja KbUTYYaH KaHa CeIJeH KOProo MaceIeCuH
yeuyyre MyMKYHIYK Oepyydy npubopiop umreaun ybikkaH, 2019-xbimbsr Ne 2141
xana 202 1-xputb1 Ne 2250 oinon Ta0yynapsl YUyH HaTEHTTEP albIHTaH

4. Ana-Apua 1apbIsChIH/Ia MY3 THITBIHIAPBIHBIH MMaii1a 60IyIryHa K051 6epooe
YUYH Cyy O0IyIITYpYY4y TY3YAYIITY KaHa Aapbis HyTYHYH TYOYH KOHCTPYKIIUSIIaH
YKOTOpY TypraH OUpPHUHYM TEMKUYTEH IIapKbIpaTMara 4euH MOJEpPHHU3AIUSIIO0
CYHYILITaNyy/ia.

Koanonyy ueipecy: M3ungeeHyH HaTbliKajlapbl My3bUIald KaMTBITAH CeEJl
arbIHJIBUIAPBIH aHJAaH apbl U3WIA00 YUYH jKaHa THUIPOTEXHUKAIIBIK KypyJIMaiap bl
Kypyyzaa 0eret KOIOYHYH aJIJIbIH aJlyy YYIYH Maija1aHbUIBIIIBI MYMKYH.

PE3IOME
uccepTanoHHoli paboTsl TokTorynoBa Aituypek lllepkynoBHBI Ha TEMY:
«Pa3paboTka ciocoO0B M YCTPOMCTB 3aIIUTHI OT CENEBBIX MOTOKOB U 3aTOPOB JIbAa
Ha pekax KeIprei3ctana» Ha COUCKaHHE YUEHOU CTEIIEHN KaH/IU1aTa TEXHUYECKUX
Hayk 1o cneruanbHocTu 05.23.07 — rupoTeXHUUecKoe CTPOUTEIBCTBO

KiroueBbie cioBa: lllyra, myracomepxkaimiye ceneBble TOTOKH, «SI3bIK»
CEJICBOTO TIOTOKA, «SAPO» TOTOKA, 3a00pbI, COOpPYXKEHHE, 3aTop JIbAa, 3a3KOp,
«TOJIOBA | TEJIO 3aTOPay, BEIPBITHIN KaHal, Oeper, TOTOK.
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O0bexkT HMccaenoBanus: Lyraconep:kamuii TOTOK BOABI pyciie peku Ana-
Apua 3uMOM mNpu HH3KOW Temrieparype. @OpMHUpOBaHUS B PYCIE 3aKOPHBIX
MAaTEPHUAJIOB B BUJE LIAPOBUIHOW IIYTH C BOJOW Y NAIBHEUIIIEE X 3aMEP3AHUE UX
MPUBOJAT K 3aKOPHOM 3aKyNOPKE BOAOPACHPEACITUTEIBLHOTO COOPYXKEHHUS U O]
MOCTOM aBTOMAarucTpasu B I. bullkek.

IIpeamer ucciaenoBanmns: MaremaTrdeckoe MoJieTupoBanre GOpMUPOBAHUE
HIQPOBUJIHOM  IIyrM, a TakkKe IPOIeccoB 00pa3oBaHUs  3aTOPOB  Ha
BOJOPAaCIPENEIUTEIBLHOE COOPYKEHUE, HAXOASIIEMCS pyciie peku Ana-Apya.

Metoab! uccienoBanusi: B Hauane n3ydasi, HAyYHO-TEOPETHUECKUX JTAHHBIX
no OOBEKTaM HCCIIEIOBAHUS, OMUPAsICh W HCIOJIb30BAHUEM HYXHBIX METOIUK,
MCCIIEIOBAHUM, METOIOB MAaTEMAaTUYECKOTO MOJEIUPOBAHUS CIOKHBIX MPOLECCOB
U TEXHUYECKUX CHUCTEeM, pa3paboTaHbl (UBHKO-MATEMATHUYECKUX MOjeNen
dbopMUpOBaHUs IIYTH, “TOJIOBBI W Teja 3aTOPOB”, ¢ pa3pabOTKON 3aIIUTHOTO
COOpY>KEHHUS MpeAoTBpalaroiei GopMupoBaHus 3aTOPOB HA PEKax.

Leanb ucciaenoBaHus 3aKJII0YAETCS B pa3pabOTKe CIIOCOOOB U YCTPOMCTB
3aIMUTHI OT IIYTacoIep KallliX CEeJIEBbIX MOTOKOB M 3aTOPOB JibJla Ha peke Aya-Apua.

IHocTaBiieHHas HeJb JOCTUTHYTA PelIEHHEM B JUCCEPTANMH CJIeTYHOIIAX
3aaa4:

1. JlutepaTypHbIii 0030p M aHaIU3 TECOPETUYECKUX MU IKCIIEPUMEHTATBHBIX
METOJI0B UCCIIEOBAHUI CEJIEBBIX MOTOKOB, 3aTOPOB JIbJIa HA pEKax.

2. Pa3zpabotka nByx¢ha3HOW MOJETH TEUCHHUS IIyTracoepiKallero CeaeBOTo
MOTOKA C LIEJIbI0 OMpEIeNICHHs TPAHUIIbI TTIEPeX0/1a MOTOKa B 3aTOP.

3. HccnepgoBanue (u3MYECKUX MPOIECCOB OOpa3oBaHUs 3aTOPOB Jibjla Ha
peKax, BCJIEACTBUE LIYTacoIepKalIuX CEJIEBbIX MOTOKOB, C TPUMEHEHUEM (PU3HUKO-
MaTeMaTUYECKUX METOJ/IOB MPOIIECCOB (POPMUPOBAHUS LITYTU U «TOJOBBI» U «TEJa»
3aTOPOB, MPOUCXOIAIINUX B UCCIIETYEMBIX O0OBEKTaX,

4. IlpoBeneHne MaTEHTHO-TIOMCKOBBIX palOT /i pa3pabOTKU MPAKTHUYECKUX
YCTPOWCTB 10 3aIIATE OT Ha3BAHbBIX SIBJICHUU.

Hay4ynasi HOBU3Ha pad0ThI 3aKJII0YAETCH B CIEAYIOIIEM:

1. TlpensioxkeH HOBBIM METOJ HAYAJIBHOTO YIPABJICHUS JBHKCHUEM T.H.
«SI3BIKA» CEJIEBOT0 MOTOKA C MTOMOIIBIO pAHEE YIIOKEHHBIX OrPaHUYUTENEH 0TBOJA
OT 3alIUIIaeMoro oOBEKTa MO TPACKTOPUU TMYTU CIICIOBAaHUSA CHOPMHUPOBAHHON
MyTHOU cyoctaniuu, B 2019 roay nonyuen [TATEHT 3a Ne 2140.

2. PaszpaboraHa wmaTeMartuueckas MojAeib (U3UYECKOro Ipoliecca Ha
npenoTBpamnieHuss (GOpMHUpPOBaHUS 3aTopa JbJa Ha peKax M CEJeBOro MOTOKa
MOCTYMAIOIIMX C BEPXHEH 30HbI IO pyclie PEKH, yJIepKaHUEM KPYIHbIX HAHOCOB Ha
MOBEPXHOCTH 3aKOPHOTO M CHEXHOTO IOKpOBa, Jiexkauue Mo Oeperam xkenooda,
YIIOKEHHBIE B BBIPHITOM KaHaJIE [0 CEPEeIMHE PyCiia PEeKH.

3. PazpabGortanbsl ycTpoWCTBa, MO3BOJSIONIME PEIIATHh 3aJady 3allUThl OT
(dbopMUpOBaHUA 3aTOPOB JibJ]a HA peKaxX U ILIYracoJepKalliuX CEJIeBBIX MOTOKOB C
HAaHOCaMH, MOCTYNAIOIINE C BEPXHEH 30HBI PEKH, MOJYyYEHHUEM JIBA MATEHTA, Ha
u3zo0perenus 3a Ne 2141 B 2019 u Ne 2250 B 2021 rony.
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4. ITpenyioxkeHbl MOJEPHU3ALUN BOAOPACIPEIETUTENBHOTO COOPYKEHHUS U THA
pycila OT IEepBOM CTYNEHBKH BBIIIE COOPYXEHUS [0 BOAONANA, JUIA
peIoTBpalieHus: pOpMUPOBAHUS 3aTOPOB JibJla HA peKu Ana-Apua.

O0Js1acte nmpuMeHeHusi: Pe3ynbTaTbl UCCIENOBAHUS MOTYT OBITh HCIOJIb30BAaHbI

JUI JQJIBHEHIIEro HCCIEIOBAHMS IIYraCOACPKAIMUX CEIEBBIX IOTOKOB W IIpU
CTPOUTENIBCTBE THAPOTEXHUUECKUX COOPYKEHUH ISl IPEIOTBPAILEHHS 3aTOPOB.

SUMMARY
dissertation work Toktogulova Aichurek Sherkulovna on the topic: "Development
of methods and devices for protection against mudflows and ice jams on the rivers
of Kyrgyzstan" for the degree of candidate of tecnitical sciences, specialty
05.23.07 — "hydraulic engineering construction™

Key words: sludge, sludge-containing mudflows, mudflow “tongue”, flow
“core”, fences, ice jam, jam, “head and body of jam”, dug channel, bank, chute.

Object of study: A sludge-containing water flow in the Ala-Archa riverbed in
winter at low temperatures. Formations of sludge-containing materials in the
riverbed in the form of spherical sludge with water and their subsequent freezing
lead to sludge blockage of the water distribution structure and under the highway
bridge in Bishkek.

Subject of research: Mathematical modeling of the dynamics of sludge-
containing flow in canals under winter climatic conditions, as well as processes of
blockage formation at water distribution structures.

Research methods: Methods of mathematical modeling of complex processes,
numerical methods for solving partial differential equations, as well as field
observations and studies on channels containing hydraulic engineering structures.

The aim of the study is to develop a mathematical model of the dynamics of
sludge-containing mudflows, methods and means of protection against jams.

The stated goal is achieved by solving the following tasks in the dissertation:

1. Analysis of theoretical and experimental research methods and scientific
works in this area.

2. Development of a mechanical-mathematical model representing the
movement of a sludge-containing mudflow in the form of a two-phase flow, where
fluid phase is water, solid phase is sludge.

3. Numerical solution of the formulated model of the dynamics of a sludge-
containing mudflow.

4. Development of practical recommendations for protection against the
consequences of the phenomena under study.

The scientific novelty of the work is as follows:

1. The process of formation of sludge-containing mudflow using the Ala-Archa
river bed as an example was studied.
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2. A two-phase mathematical model was proposed for the first time, where
water is the carrier liquid phase, and sludge is the solid phase, which describes the
dynamics of sludge-containing mudflow.

3. A new method is proposed for the initial control of the movement of the so-
called tongue of a sludge-containing mudflow using installed limiters for the
removal of turbid substance from the protected object along the flow formed.

4. Devices have been developed that make it possible to solve the problem of
protection against the formation of ice jams on rivers and mudflows containing
sludge with sediments, for which patents for inventions have been received.

Application area: The results of the study can be used for further study of
sludge-containing mudflows and in the construction of hydraulic structures to
prevent blockages.
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