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NCCIEJOBAHHUE NPOHECCA ®OPMHUPOBAHUA “I'OJIOBBI U TEJIA 3ATOPA”
MEXIY BOOJOCOOPYKXEHUEM U BOJOIIATIOM
HA YYHACTKE PYCJIA PEKHU AJIA-APYA

AJIII. Toxmoeynosa, I'/]. Kabaesa, T. ’Kymaes

AHHOmMayus. ViccnegosaHo hopmypoBaHmne 3aTopoB MbAa Ha BoAopacnpeenuTeribHbiX COOPYXEHUAX B pycre peku
Ana-Apya B 4yepTe . Bullkeka, ¢ paspaboTkoi MaTemMaTM4eckon Momenu uandeckoro npouecca popMUpoBaHUS
“ronoBbl 1 Tena 3atopa’ Ha y4acTke OT Mopora COOPYXeHUs A0 rpaHuLbl BOAONaAa U3 3aXKOPHOW Macchbl C MOMCKOM
nyTW 3aWwuTbl OT 3aTOpa. Tak Kak U3 marepuana 3aXOpHON MacChl KaxAbIi pa3 B Nepuog CypoBow 3uMbl “Teno 3aTtopa”,
ABNSASCH NPOAOIHKEHMEM “TrONoBbl 3aTopa’, 3aryCTBLUMCL CMep3aHWeM C BOAOW, HapaluBasiCb U NepeMecTUBLUUCH
no pycny peku BBepX, [OXOASA A0 MOPOroB COOPYXEHWS 3aKynopuBaeT VX CBOMM XBOCTOBbIM TEMOM Ha BCHO LLUMPUHY
CoOopyXeHusi, co3aeT 6acceliHbl C NPUTOKOM. [1ns O4MCTKM NyTew oTBOAA BOAbI OT 3aXXOPHOro MOKpOBa HeobXoAnMo
MOGWMN30BBLIBaTb MOLLHYIO TEXHUKY U Ntoaew.

Krroueeble criosa: BOAa; Luyra; 3aop; rorioBa WM Teno 3aTtopa; BoAgopacnpenenutenbHoe COOpYXKEeHWe; Boaonaf;
3aKynopka; 6acceiH; NpuToK; Nepesnue BoAbl.

AJIA-APYA JAPBIACBIHBIHJAAT'BI CYY BOJYIITYPI'YY TY3YJYII MEHEH
INAPKBIPATMAHBIH OPTOCYH/JA “MY3 ThII' bIHbIHbBIH BAIIIBIHBIH
JKAHA TYJIKYCYHYH” HAUJIA BOJIYY NPOIIECCHUH WINKTOO

A, Toxmozynosa, I'/]. Kabaeea, T. Kymaes

AHHOmMauyus: buwkek waapbiHblH YermHaern Ana-Apda [AapbisiCbiHbIH HyryHAa cyy GenywTypyydyy obbektuge my3s
TOCMOHYH Mavga Gonywy W3WnIAeHUn, “My3 TOCKOONAYKTYH Oalubl aHa TYNKYCyHyH” Ty3ynyLyHYH duankanbIk
NPOLECCUHUH  MaTemaTvKanblK MOAENMU WWITENUM  Ybirbif, KypynywTyH O60COroCcyHaH LiapKblpaTMaHblH YernHe
YelnHKM 3oHaga 6opnoH mysaaH BereT 6onTyp6oo xony n3genreH. Kataan kbl me3runuHae 60pnoH MysgaH TypraH
“My3 TOCKOONMAYKTYH OallblHbiH® ynaHAabicbl 60MnroH, 60pnoH MysgaH TypraH “My3 TOCKOONAYKTYyH Tyrkycy’ 6apa-
Gapa cyy MeHeH Gupre KoroynaHbin TOHYM, YOHOKY MEHEH, XOropyran Xbifbln ONTypyn, TYNKYHYH Kywpyk Genyry
cyy BenywTypyy4dyy obbekTnHu Tonyk Geren Tocyn canaT Ada, HaTblbkada, Cyy arbif KMpun Typyydy kenme nanga
6onot. OwoHaykTaH, ap 6up xony, cyy 6enywTypyydy obbeKkTuaern My3 ThirbIHbIH XOKY YYYH KYUTYYy TEXHUKa XaHa
agaMpapabl MobunmM3aumnanoo KongoHynar.

TyliyHOyy ce30ep: cyy; LiblpranaH; TbirblH; Gall )aHa AeHe ThirblHbl; Cyy GenywTypryy Ty3ynyw; wapkbipatMa; 6eret
Kotoy; Gaccerit; arbin Kenyy; Tonyn KeTyy.

INVESTIGATION OF THE PROCESS OF FORMATION OF A “LOCK HEAD AND BODY”
BETWEEN A WATER FACILITY AND A WATERFALL
IN THE SECTION OF THE ALA-ARCHA RIVER BED

A.Sh. Toktogulova, G.D. Kabaeva, T. Zhumaey

Abstract: The article regards the formation of ice jams at water distribution facilities in the Ala-Archa riverbed in Bishkek,
with the development of a mathematical model of the physical process of the formation of the “head and body of the
jam” in the area from the threshold of the structure to the boundary of the waterfall from the debris mass with the search
for ways to protect against congestion. Since from the material of the zazhorny mass, every time during the harsh
winter, the “body of the jam”, being a continuation of the “head of the jam”, thickened by freezing with water, increasing
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and moving up the riverbed, reaching the thresholds of the structure, clog them with their tail body for the entire width of
the structure, creates pools with an inflow. It is necessary to mobilize powerful equipment and people to clean the water
drainage routes from the perky cover.

Keywords: water; sludge; congestion; congestion head and body; water distribution facility; waterfall; blockage; pool;
inflow; overflow of water.

Hccnenoranue mnpoiiecca GOpMHUPOBaHUS 3aTOpa JibJia Ha peke Aua-Apua B yepte T. buikek npoBoau-
JIOCh KaX1y10 3UMY. BbII0 yCTaHOBJIEHO, YTO B CypOBBIE 3UMHHE TO/Ibl, KOTOPbIE MOBTOPSIOTCS KAXKABIE 5 JIET,
00pa3syIoTCs 3aTOPBI U3 32)KOPHOTO (3aK0pP — PhIXIbIH €A moTHOCTRIO p = 0,85 r/cM’) MaTepuana. 3axop —
COBOKYIHOCTbH IIAPOBUIHOM LIYTH U CHEXKYpa (CMOYCHHBIH B BOJE CHET).

['maBHBIM 3aTOPOONACHBIM YYaCTKOM pyciia p. Aja-Apda sSBISIOTCS TIOPOTH BOIOPACIIPEACIUTEIFHOTO
coopykeHust (ruapocoopyxenus) Ha yi. CkpsiOuHa W 10 Bojomana. 31ech THIPOCOOPYKEHHE COCTOUT U3
8 OIMHAKOBBIX, MMOAHATHIX HA BHICOTY 1,15 M, omuHakoBO# akTUBHOM mupuHOU 1,95 M 3a1BIKEK, U 3a TIpee-
JIaMH JIMHUW COOPYKEHHUs Ha PACCTOSHUU B 24 M PaclookKeH S-MeTpoBbIi BOA0COpoC (Bogomnam).

Opnaxo panaum ytpom 13 staBapst 2023 1., Tak ke Kak u B koHIle staBapst 2018 u eme panpme B 2013 1,
MIPOU30IILIA MIOJTHAS 3aKOpHAs 3aKyINopKa IOTOKa BOJbI Yepe3 BOAOPACHPEACITUTEIHLHOE COOPYKEHHE H3-3a
TIEPEKPBITHS IIIUPUHBI BCETO COOPY)KEHHUSI XBOCTOBBIM TOPIIOM “‘Telia 3aTopa’”, cOpMUPOBAHHOTO TPOIOIIKA-
IOLIMMCS HapalliBaHUEM “TOJOBBI 3aTOpa’ U3 3aKOPHOTO MOCTYIUICHHS 32 COOPY)KEHHUEM M U3 HapocTa MIy-
TOif Ha 2MeMeHTaxX coopyKeHHuil. B pesynbrare, ¢ moBhIICHHEM YPOBHS BOJIBI B 0Opa3oBaBmieMcs Oacceitne
M3-3a IOCTOSIHHOTO MTPUTOKA CBEPXY IO PYCIIy PEKH BOJbI C 3aKOPHBIMU MacCcaMu MPOU30LIEN TePeIuB BOJIBI
C 3KOPHBIM MaTepHalioM uepe3 0osiee ueM TPEeXMETPOBbIe OeperoBbie k/0 CTEHKU Ha OTHEIBHBIX Y4acTKaX
o pyciy p. Ana-Apuya, Baonb yi. Adasinaca Manjsi0aeBa CBepXy BHU3, OT MOCTa aBTOMAarucTpaiy 1o yi.
AxyHOaeBa.

Kaxxnoe Takoe siBieHue ObLTO MCCIIEOBAHO aBTOPAMM HEMOCPEICTBEHHO Ha HAOMIONATEeNbHBIX MOCTaX
o p. Ana-Apya. [TocTossHHBIE HAONFOJICHHS POBOJIMIIMCH C MOMEHTA Hauajia CHeromnana, ¢ (hpukcaruei Bpe-
MEHHM COOBITUH M COMPOBOXKIAINUCH (POTOCHEMKON. 3aTeM pe3yibTaThl COMOCTABISUIN C MOIYYEHHOH 0 HH-
TEPHETY THIPOMETEOPOIIOTHICCKON HH(OpMAIHel 0 CYTOYHBIX JaHHBIX 33 Ka) bl MOPO3HBIN JieHb ¢ 09 1Mo
16 sBaps 2023 roxaa [1]. B pesynbrare 6butn oMy4eHsl ciaenyomue nanusie: 10 suBaps 2023 1. ipu Temite-
parype —2 ... — 4°C npomomxkancs cueronan, 11 smupaps npu temneparype —11 ... —12°C ua p. Ana-Ap-

4ya HavaJicsl aKTUBHBIN TIporiecc (GOPMUPOBAHHS BHYTPUBOIHOH IIYTH.

3a 1BO€ CyTOK HaTypHBIX HaOmoneHuil B nepuoxa 11-12 sHBapsi B 1HEBHOE BpeMs JABMKEHHE MTOTOKA BO-
JIbI C 32KOpaMH 4epe3 BOJIOPACTIPEICITUTEIBHOE COOPYKEHHUE NP XapaKTEPHOM 3UMHEM PEKHUME HE BhI3bIBa-
JIO TPEBOTH M HE NpeABeLIaIo IpeAcToAiero 3aropa. [Ipu Takom Mopo3e Cyxoil CHer mpoJoJiKajl naiaTh 10
06.00 4 yTpa 12 ssHBaps1, 4TO MOATBEPKAATIOCH CBEICHUSIMI CHHONTHKOB (prcyHOK 1) [1]. B 3TOT fieHb Temrte-
parypa Bo3ayxa miasHo cHukanack ot —17°C moposa B 00 yaco noun u —21°C x 09.00 wacam ytpa. Jla-

Jiee, ¢ MosiBJIeHHeM coiHna K 15.00 gacam aHs, Temmeparypa Bosayxa nosbicunack 1o —15°C . Tlo pycmy

PEKH JIBUTaJIach IIyra B BHJE 3a)K0pa CO CKOPOCTHI0 okouto 0,7 M/c, IpoXo/s depe3 BOZOopacIpeieuTeNIbHOe
coopykenue Ha yi. CkpsiOuHa, 1 ajiee yxols BHU3 Ha cOpoc B Bonomnag. OT TypOyJIeHTHOrO TeYEHHs BObI
BHYTPHBOJHBIE KPUCTAIIIBI JIbJ]a U CHEXYpa OT najatomiero 1o 06 yacoB yTpa cHera IpoomKain GopMHpo-
BaTh mIyry cepudeckoit popmel. Ha pucynke 1 mpuBenén rpaduk H3MEHEHHS TEMIIEPATYPhl OKPYKaroIIeit
cpenst 12 suBaps 2023 rozma: B Hous 00 wacoB Mopo3 yewmwics, ¢ —17°C o —21°C . Tpu takom mopose

B TI. bumkek mén cyxoit cHer 1o 09 wacos ytpa 12 stHBaps. [losBuiack cModeHHas B BOJIE CHEXYypa, BMecTe
¢ IIyroit copMupoBajcs rycToil cMEp3muiicst 3a:0p, KOTopbIil yxoaua Ha copoc. Korna cHer nepecran ma-
JaTh, He0O OYMCTMIIOCH OT OOJIAKOB, JYYM COJHIA COTPEBANIM BO3IYX M 3a BECh CONHEYHBIH JeHb 10 18.00
4acoB JIHsl IPOM30MLIO NOBbIIIeHUe Temneparypbl 1o —15°C (pucynok 1). Tloxa seficTBrEM CONHEUHBIX JTy-

Yeii 3aKO0pBI, pa3Msrdasicb, IPHOOPENN MOJBMKHOCTh BMECTE C BOOH. 3Ur3aroodpazHoe U3MEeHEHUE TeMIle-
patypel BO3AyXa, Kak BHMJHO Ha pHUCYHKEe 1, chesiajgo 3arop I[OABHXKHBIM, OH IPOXOAWUJI uepe3
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Pucynok 1 — Iloroma B bumkeke na 12 saBapst 2023 roma [1]

THAPOCOOPYKCHHE CIUIOMIHBIM TIOTOKOM IO BCEH MIMpHHE pycia p. Ama-Apda, ¥ YXOAWT 32 COOPYKEHHEM
B BOJIONIAJI, HE CO3/1aBasi 32)KOPHOTO 3aTOPa Ha Y4acTKe OT COOPYXKEHHS JI0 BOAOIAAa, HO IIPH 3TOM IPOJ0JI-
JKasl 3aloNTHATh HWKHIOIO YacTh pycia peku 3axkopamu. C Hactymenuem Houd ¢ 21.00 u 12 sHBaps no
06.00 4 yTpa 13 gHBaps (pUCYHOK 2) HOYHas TeMIlepaTypa BO3ayXa IMOHM3WIACh U JIepiKajach Ha ypOBHE
—20 ... —21°C, u 3a 510 Bpems ycrena cOpMUPOBATHCS UCKITFOUUTENBHO M3 MACChI 3aK0pa CHavaja “ro-

JIOBa 3aropa’, HAuWHasi JTAJIeKo 3a TIIyOMHOW BOJOMNAja, MOCTEIIEHHO HAapallMBasCh 32)KOPOM, 3arycreBas
M3-32 CMEp3aHusl, U MOJHUMAsICh BBEPX IO YKJIIOHY Bojonaza. Jlamee oH mepeMeniancs no y4acTky K coopy-
KEHHUIO, TJIe OO COPMHUPOBAHO “TEN0 3aTOpa’’, KOTOPOE HAPAIIUBAIOCH 32)KOpPaMHU CMEP3aHUEM TI0 BCEMY
ero ceyeHnuto. “Teso 3aTtopa”, HapalIMBasCh, POCIO O PYCIly PEeKU BBEPX, JOXOAS CBOUM TOPLIOBBIM KOHLIOM
JIO COOPYIKEHHSI, TIOJTHOCTBIO MIEPEKPBLUIO MOPOTH COOpYkKeHHUs. [[0CKOIBKY )KHBOE CEYCHUE Ha MTOPOTe COOPY-
JKSHUSI U TaK ObLI0 MHHUMAJIBHBIM, IIPH TAKOM MOPO03€ BOKPYT METAJUTHUYECKUX CTOCK COOPYIKEHHSI OETOHHBIX
OBIKOB OITOp MENIEXOJHOTO MOCTa 00pa30BajMCh HAPOCTHI U3 CMEP3IIETOCS 3aK0pa, NMPUIIMITHYB K HUM
Y YMEHBIINB HX KUBOE CeYeHUE Ha mopore (pucyHok 2). Tak ObuH chOpMUPOBAHBI “TONOBA H TEIO 3aTOpa”
3a COOpYKECHHEM. BBIJIO yCTaHOBIIEHO, UTO SBJIICHUI (UIBTpAIIMK Yepe3 3a)KOpPhl HE MPOUCXOANT, TaK Kak
JKUJIKOCTb IMOJTHOCTBIO 3aIlOJHSET BCE MPOCTPAHCTBO 0e3 00pa3oBaHMs KakuX Obl TO HU ObWIO mycToT. Her
MyCTOT — HeT (puibTpamuu. 3aK0phl, CMOYCHHBIC BOJIOW, CMEP3asiCh, KPEIKO 3aKyTIOPUBAOT TIOTOK BOJIBI.

Bona ¢ 3ax0poM MOXKET MPOUTH TOJBKO IO BEpPXY, BBITECHAS M PACTEKascCh 110 MOBEPXHOCTH “‘Teia 3a-
TOpa”, a MPU HU3KOW TeMIleparype BO3ayXa eIle U CMep3asich € 31KOPOM, GOPMHUPYS CIOUCTHIC “TIMPOTH 3a-
Topa”. CioBo “3arop” OepeM B KaBBIYKH BMECTE CO CJIOBAMU “TOJIOBA” U “TeJ0” MOTOMY, YTO 3TO COCTABHBIE
4acTH 3aTopa, IJIe OH COCTOUT U3 I'YCTOW CHEXYPH M UIyTU. AHAJIOTHMYHO MPOUCXOAUT POPMUPOBAHHUE 3aTO-
POB JIbJia HA KPYITHBIX POCCUICKUX peKaX, HapallBasCh B CTOPOHY COOpYXKeHHUs. Takue siBICHUs 3aTopa U3
3a)Kopa HaOMIONAINCh B MOPO3HBIC AHU KoHIlE stHBapst 2018 . mox MHOTMMH MOCTaMu B T. bumkeke. “Teno
3aropa’ pociio BBBICh, TOJHUMASACH U 3aJIMBas IPUOPEKHbBIE TEPPUTOPUH pyciia PEKH, NepeBaluBasich 3a “To-
JIOBY 3aTopa’, 3aIloJHss PYCiI0 PEKH 3a BOJOIAI0M BHH3, (DOPMUPYS JISITHON YKIIOH.

B pesysnbrare 3akynopky COOpPYKEHHs 3aKOpOM B HOYHOE BpeMmsi, ¢ Bedepa 12 mo ytpa 13 suBaps
2023 1, mepen coopykeHreM chopMupoBaics 6acceiiH. BeiencTpre yero n3-3a MpuToKa BOJBI CBEPXY I10 PycC-
1y p. Ana-Apua ypoBeHb BOJbI C LTYTOBBIM COAEPKUMBIM B OacceiiHe MOJHSIICA 1 MECTaMU MepesuiIcs Yepe3
/0 OeperoBbie CTEHBI PyClIa, 3aTOMUB TPATYaPhI, EHIEXOHBIC TOPOXKKH, Beylie K IHCTUTYTy MallTHHOBE-
nenus u MHetuTyTy reomexanuku u ocsoenus Henp HAH KP.

C yBenMueHHEM Beca 3aKOpPHBIX Macc, yBEIMYMBAJIach M MOTCHIMAIbHAS SHEPTHs. 3aKOPHBIE MaCChl
BBIIaBJIMBAJIUCH 110 BCEM HAIPaBJICHUSM, U B MIEPBYIO OU€pe/lb, IO HAMPABIECHHUIO PYCla PeKH, Iie emle Obl-
JIU TIETTH, Yepe3 KOTOPbhIE 3aKOPHBIC MACChI BBIXOJWIIN 3a MPEACIbl COOPYKEHHsSI M TaM, HaCIauBasiCh, POCIIO
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Pucynok 2 — Iloroxa B bumkeke Ha 13 staBapst 2023 roma [1]

B TOJITUHY ‘‘T€JI0 3aTOpa’’, MEUICHHO HApaIMBAasCh BBEPX, MO PYCIy K MOPOTY 3aTBOPHBIX 33ABMKEK COOPY-
JKEHHS.

HarypHbIM 3aMepoM 661 onpezienien odbeM “Tenma 3aropa” Vy: mpu mmpune pycna peku B =16m

¥ BbICOTE Oepera, 3amojHEHHOTo 3axopoM, /A, =1,2M, nnume pycna oT Bojomaga 0 COOPY/KEHMS:
L=24wm:V,=L-B-h, =24-16-1,2 = 460 2.

Bblia onpesiesiena U MIoma b MOMePeyHOro cedeH s “Tesa 3aTopa’”, OrpaHHdeHHOro GEPEroBLIMHU CTEH-
kamu, Beicotoit A; =1,2M w umpunoit B =16 m mo mmy pycma Ha yyacTKe pekH 3a COOPY/KEHHEM:

Sy =h -B=1,2-16 =19,2

[TepuMeTp CMauMBaHUs Pyclia PEKH Ha ydacTKe (JOPMUPOBAHMS “TeNa 3aT0pa’ ¢ JKUBBIM CEYEHUEM pa-
BEH CyMMe JUIMH TBEpIBIX CTEH M IMpHHEI jHa pycma: ¥ =2-1,2+16—-(4-0,10+3-0,50) = 16,50 .

luppasnnueckuii paauyc R, onpeznenseMplii OTHOLIEHUEM IUIONIA/IN KMBOTO CEYCHHs S K CMOYEHHOMY IIe-
PUMETpY ¥ , JUIA PyClla PEKH 3a COOPYKEHHEM COCTABIISIET OOJIBINE €IUHUIIBL:
S, 19,2
=——L=—"" =104 M
z 16,50
Bemre nmpuBeneHa “‘crioBecHas MoAenb’ ONMUcaHHs (PU3MUYECKOTo Iporecca (HOPMHUPOBAHUS ““TOIOBBI
U T€Ja 3aTopa’, COCTOSIIIUX UCKIIIOUUTENBHO U3 3a)KOPHOM Macchl Ha yKa3aHHOM ydacTke p. Aya-Apua. Mare-
MaTH4ecKkast MOZIeNIb PacCMaTPHBAEMOTO MTPOLIecca OYEBHHO Oy/leT BKIFOUATh B cedsl TIOTEPH HAIopa JBHXKe-
"
HHS 32KOPHOTO TIOTOKA M PAcXo0] 32’KOPHON MacChlI 3 TIPEAEIIOM COOPY)KEHUSI § = U * S5 B — , CO CIIey-
c

IOIUMMU ITIaBHBIMH YCJIOBUSIMU: T - OTpUllaTCIIbHAs TEMIIEpAaTypa BO34yXa, HC BBIIIC T = _ISOC; Unin —

(pakTUYIECKM MHUHMMAJIBHASL CKOPOCTB MOTOKA BOJIBI HA PACCMATPHBAEM ydacTKe pycia peku, U, = 0,7 m/c,

1 00513aTeIbHOTO HAIMYUS HA TIYTH JBUKCHUS 32)K0pa MPETSITCTBUM, YMEHBIIIAIOIINX )KUBOE CEUYCHHUE S ITOTO-
ka. B namem ciy4yae sTUMM MPENsITCTBUSIMU SIBISIIOTCS: 4 METANTMYECKUE CTOWKH COOPYKEHUS ITUPUHOMN

0., = 0,10 M u 3 GeToHHBIX Gblka — OMOP I HEMIEXOAHOr0 MOCTa upuHoi 04, = 0,5 m.
Hanwmuue OacceifHa cBepXy MO pyCily peKH W HallM4ue 3a)KOPHOW 3aKyMOPKH COOPY)KECHUSI Ha pyclie

p. Ana-Apua, 06JaJarONIIX OTPOMHBIME OOBEMHBIMH 3aIlacaMH MEXaHWIESCKOW YHEPTUH B BHIIE CHIIBI TSKE-
CTH, KHJIKOCTb U IJIBIBYIIHE 32KOPBI CIIOCOOHBI IPOU3BOAUTE OIPEICIICHHYIO Pa0OTy, CO3/1aBasi B pe3ysIbTaTe
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ycnoBus B HOUb ¢ 12 Ha 13 staBapst 2023 I 4715 BEITECHEHNH 3aKOPHBIX Macc ¢ BOIOW uepe3 OeToOHHbIE Oepe-
TOBBIC CTEHKH U Yepe3 COOPYKEHUSI 10 PYCITy PEKHU 32 COOPYKEHHEM U CPOPMUPOBAHHOM “TOIOBOIH” U “‘Te-
JIOM 3aTopa”, YTO MPUBEIIO K 3aTOIUICHHIO Oepera M JOPOKHOTO TOJIOTHA.

Onu OBUTH TUKBUIUPOBAHB! YTPoM 13 ssHBapst MPHOBIBIIMMEI MOIITHBIME dKCKaBaropaMu. B mepByto ode-
penb ObLIM JTUKBUMPOBAHBI “TENO” M BEPXHSAS 4acTh “‘TOJIOBBI 3aTopa’ 3a coopykeHuewm. [lanee Obun 3a-
neiictBoBanbl padoure MII “bumikexkBonxo3” u MUC, KoTopbie, BCKpBIBasl 32)KOPHBIC IOKPOBEI, OTKPBIBAIN
ITyTH OTBOAA MOJ3KOPHBIX BOJ MOTOKOM II0 PYCIIy PEKH, OUHIIICHOMY OT ‘“‘TeJa M TOJIOBHI 3aTopa’” co cOpo-
COM B BOZOMA/I.

MaremaTtndeckass MOAEIb Tporecca (GopMUPOBaHUS “TOJIOBBI U TENa 3aTopa’ Ha yyacTKe OT Iopora co-
OpYXEHHUsI 1O UMEIOLIerocs Ha KOHLIE ydacTKa BOAOIAJAa o pyciy peku Ana-Apua Oblia paspaboraHa co
CJICYIONTMMHY Ha49aJIbHBIMHU YCIOBHSAMHE: IIEPBOC YCIOBUE — 70 TIOSIBICHUS 32)KOPOB B PyClIe PEKH Ha OCHOBA-
HUU 3aKOHA JIBUKEHUS TIOTOKA PEYHOM BOJIBL, C LIEIbIO ONPEACTICHHs 3aBUCUMOCTH BEIMYMHBI IOTEPH Harlopa
Ha yKa3aHHOM y4YacTKE OT BEJIMYMHBI CHJI TPEHHUS B BOJE. DTO OBUIO CAETAHO HA OCHOBAHHMM COCTABICHHOMN
JCKU3HOM CXEeMbI MECTa HUCCIEAYEMOro yyacTka (PUCYHOK 3), Ha KOTOPOM IPEACTaBIE€H MPOAOJIBHBINA MpPo-
(nib (3eJeHBI 1IBET) MOTOKA BOJBI; BTOPOE YCIOBUE — TOCIE MOSBICHHUS 32)KOPOB B Pyclie PEKH M aHAJIo-
TUYHO JIBUKEHHUS 3a5KOPHOM BOJIBI, C ONPEAEICHUEM BEJIMYUHBI TOTEPU HAllopa UX JBMKEHUS HA yKa3aHHOM
y4JacTKe, ¢ BBEJACHUEM IOMPABKU K ONPECICHUIO NMTOTEPh HAOPa HA TPEONOJICHNE CONPOTUBICHUS ABHKE-
HUIO BOJBI C 3a)KOPOM, JI0 HAacTyIjieHus HouHoro ¢ 12 Ha 13 suBaps Mopo3a 2023 1. ¢ 3aOpHO# 3aKymop-
KO COOpY)KEHUS Ha pyclie peKH. 3areM ObLIa COCTaBIICHa MaTeMaTHdeckas MOjielbh (JOPMUPOBAHUS “TOJOBBI
U Tena 3aropa’’.

Bbut BeIETICH 00BEM MTOTOKA BOJBI Ha YYacTKE OT Mopora coopyxeHus 1-1 1o kpas Bogomaja 2-2 ¢ 1o-
MIEPEYHBIM XUBBIM CCUCHUEM S W JITHHOW ydacTka L. BrimeneHHBIH 00beM BOIBI 00TagaeT CHIOH TSDKECTH
G, paBHOIi:

G=S8-L-y, €))
T7ie 7 — yIeJIbHBIA BeC BOAbI, ¥ = P -§.31ech L — INIOTHOCTh PEYHOU BOJBI.

Ha BeI1IeIeHHBIN 00BEM KUKOCTH ACHCTBYIOT BHEIITHUE CHITBI: HAIPABJICHHAS B CTOPOHBI JBUKCHHUSI T10-
TOKa cuia jaapienus: P, = P, -S' ¥ HanpapieHHAas MPOTHB JBUKEHMS MOTOKA cHia fapienus: P, = p,-S.
Cunst P, u P, wmaspiBarorcs cuamu aBleHus Ha TOPLOBBIE CEUEHMS C MUIOMAABIO S B PACCMATPUBAEMOM

00beMe JKUKOCTH CO CTOPOHBI COCEHUX OTOPOIICHHBIX 00BEMOB. 3/1eCh OBUIM MCIIOJL30BAHBI ITOJIOKCHHUS

L CoopyxeHue
_ 3aaBWKKN MOAHNATBI Beper x.6
h (1-2) saxopom ) Baccelin
BepxHuin KOHTYp f
Beper
hi2 B 3axopa S

Crorku ans
3aABVDKKN

Pucynok 3 — Cxema yyactka Ha p. Ana-Apda OT COOpPY>KEHHsI 710 BOIOMA/Ia B POJOIBHOM Tpoduiie moToka:
(3es1€HBIM) PaBHOMEPHOE JIBIIKCHHUE BOABI, 0 (POPMUPOBAHUS 3a5KOPHOI BOJIBI; M (CHHUH C TpaJIMCHTOM + 3€JICHBIIT),
nocne GopMHUPOBaHHS OTOKA 3a’KOPHOH BOJBI, YKa3aHHOTO BEPXHUM KOHTYPOM
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TeOpeTI/I‘IeCKOﬁ MEXaHHUKH, B HaCTHOCTH T€OpEMaA O ABMIKCHUHU LICHTPA MACC, TaK KaK 3/1€Chb pl u p, — cpen-

HHE THIPOJMHAMHUYECKHE JIABICHUS CO CTOPOHBI COOTBETCTBYOIIMX CTOPOH [BIIKCHHSI IOTOKA )KHIKOCTH Ha
paccMaTpUBacMOM YYacTKE Pyclia PeKH.

Ha BbiieieHHbINH 00bEM KHUKOCTH JCHCTBYET BHEIIHSSI CHJIA, TPEIISITCTBYOLIAs IBUKSHHUEO [TOTOKA, Ha-
3pIBaeMasi CHiI0i conporuBieHus. Criia COMPOTHBICHUS MOKET PABHSITHCS CUIIC TPEHHUS, IPUXOJSIICHCS Ha
eIMHUIYy MOBEPXHOCTH BBIACICHHOIO 00bEMa, W MPEICTABISICT KacaTelbHOE HalpspKeHHe, 0003HaYaeMoe
gyepe3 T. Torna mojHas CUiia TPCHUS, HAPABICHHAS MPOTHB TEUCHUS TOTOKA JKUIKOCTH, ONPEHCISIETCS 110
dbopmyie:

T=1c-y-L, (2)

1€ ¥ — CMOYEHHBIH IIEPUMETP KUBOTO CEYEHHs B Pyciie peku, no jmune L.

CocTaBuM CyMMy IPOEKIMH BCEX OTMEUEHHBIX CHJ HA OCh X-X, MapauUIENbHO OCH MOTOKA JKUAKOCTH,
MIOJIy4UM yPaBHECHHE:

B -P +G-sina—T =0, um noxcrapnss 3Ha4eHMe KaXI0H COCTABIIAIOMIEH:

nS-p,S+S-L-y-Sina—-7-y-L= 0. 3)
: Z-% X N
3Has, uto SN o = T Hu E = —, rae R — ruapaBIuyYecKuil paJnyc CEUEHHUs MOTOKa, U pasJeinB
B YpaBHCHHEC HA } - S, MOJIy4YHM:
n_n e 1 _ :
— -+ (Zl - Zz) - i =0 um, rpynnupys o cedeHusm 1-1 u 2-2 moToka, moJxy4uM paBeHCTBO:
/4

1
zl+&:zz+&+£-—, 4)

y y 7 R

CorocTaBuB MoJTyueHHOE ypaBHEHNUE (4) ¢ M3BECTHBIM ypaBHEHHEM BepHYILIH IS SIeMEHTApPHOH CTPYH
peanbHOM xunkoctu, u3 [2] (popmyna (3.20) Ha ¢.102), momyuum:

2
v by

2

b )
+ =+ =+ 5
) v g h,, (%)

L +—+

KOTOPOE OOBIYHO TIPUMEHSIETCS NP PEIICHNH MOJJOOHBIX MPAKTHUSCKUX 3a7a4, KaK U B HamieM ciaydae. [Ipu
PaBHOMEPHOM JBMKEHHH MTOTOKA BOJBI U = U, , U ypaBHEHUE (5) IpUMET BUI:

4 P
Gt =gt hy,. (6)
I I
Tenepb, cpaBHUBasI ypaBHEHHE (4) ¢ ypaBHEHHEM (6), ONIpeIeIiM HCKOMYIO BeJIMUMHY MOTeph Haropa Ha
ydacTke pycia p. Ana-Apua oT Iopora ero Coopy>KeHus 70 BOJIOTa/1a, B J03aKOPHBIHN MTEPUO/T:
r L
hy,=——. (7)
y R
[TomyynuM 3aBUCHMOCTH HOTEpH Haropa /_, 10 JUIMHE OT BEeIMUMHBI CHIIBI TpeHus T, IpeicTaBIeHHYIO

Yepe3 KacarejIbHOC HAPSOKCHUE T I JTAaHHOU pequﬁ BOJIEI.

AHaNOTUYHO OTpeesIeTCs MOTePsl Halopa Ha MPEOJI0JICHUE COTPOTHBIICHUS JIBIYKEHUIO 32)KOPHOH BO-
JTIbI, TIPOSIBIISIFOIIICTOCS 110 BCE JITTMHE TIOTOKA, 00YCIOBICHHOTO CHJIAMHU TPEHHS YaCTHI] 3aKOPHOH BOJIBI APYT
0 JIpyra ¥ 0 JHO M Oepera Ha JaHHOM Y4acTKe, ITocJie HacTyIuieHus 3uMbl 1 1o 11 saBaps 2023 roxa, xorjga
HACTyTaeT 3aKOpHbIN mepuon. Torma cieayeT mpuOaBUTh COMPOTHBICHHE, 00YCIOBICHHOE MPEISATCTBHEM
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B CBSI3M C HAJMYHEM 3KOPHOTO CIIOS TIOTOKA BOJBI. 3/1eCh BO3HHKAET OOJIbIIAs BETMUYMHA COTPOTHBIICHUS,
MPUBOISIIETO K CYIIECTBEHHBIM MU3MEHEHHUSM B BEJIMUUHE CKOPOCTU TEUEHUS 3aKOPHOTO MOTOKA U COOTBET-
CTBYIOIICH UM MOTEPU HAITOPa, KOTOPBIA 0003HAYNM uepe3 h(l,Z)mmp . COOTBETCTBEHHO, IO aHAJIOTWH BBIBOJA

(opmysl (7), HOTydnM:

Tsamo L
i ®)

h(l—2)3am‘op -

7/309160[) 3axcop
[Tonnas moTeps HANOpa C HAMYKMEM T, B CYMME CONPOTHBIICHUM, MEKY cedeHusaMu 1-1 n 2-2, kak

TIOKa3aHO Ha PUCYHKC 3, B IEpHOA IMOTOKA 3aKOPHOT0 ABUKCHUA C HapalllUBaAaHUCM «TOJIOBBI U TCJIa 3aTOpa»
A0 3aKYIIOPKHU Mopora COOPYKECHUA XBOCTOBBIM KOHIIOM «T€JIa 3aTOpa» U3 3axKopa 6y}:[eT:

T £ + Taamop . L T 1 T3amop 1

—3aa4€oaM=_' ol T — L (9)
h(l Y " e R e 3a%%cop Rsamcop Y R Y 3a0cop R3amop

BI[GCB T3amop — KaCaTCJIbHOC HAIIPSAKECHUC BbI3BIBACTCA CHJION COIMPOTHUBJICHUA MCKIY 3a>KOPHBIM CJIIOEM

1 MOBEPXHOCTBIO MOTOKA BOJBI MEXKAY CIOSMH LIYTH, U MOXKET PABHSITHCS CHUJIE TPEHUS MEXKIY TPYILIUMUCS
TOBEPXHOCTAMU U NPUXOAAIIMMUCA HAa €AWHUIYY IMOBEPXHOCTU BLIACICHHOIO obbeMa MCXKAY CCUCHUSIMU
1-1 u 2-2 (pucyHnok 3). Cuia TpeHHS MEXITY CIOSIMH 32)KOpa BCeraa OObIIe U PSIMO 3aBHCHUT OT TeMIIEpaTy-
PpBI BO3/IyXA.

IMonaras  7,,,,, > 7, 3Hast YOCIABHBIH BEC 3aXKOPA Vipeopas T € Viawop = Psawop * & » 3HASL, YTO

= > > ONPEJCIINM ITOTEPU HAIIOPA C 3aKOPOM h,_ Ha JJaHHOM Y4YacTKe, [TOKa Ha-
600a 3a01c0p €0 > (1-2)3ancopom

paliMBaHUEM “Tella 3aTopa’” ero XBOCTOBAs 4aCTh IIOJIHOCTHIO HE 3aKyIIOPUT 3aKOPOM IIOPOTH COOPY>KEHUSL.

L T3LZM0 L 1 T3gm0 1 L
h(172)3amop:£._+—p.—: 1._+_1’._ = (10)
7/ R 7 3asxncop R3a.uc0p p R 10 3amop R3amop g

VYpaBuenue (9), ¢ yu€rom (8), 3amucaHbl AJsl MECTHBIX CONMPOTUBICHUN M TIO TPUHIMITY HAJOKCHUS
(cyMMHpOBaHUS) TIOTEPh HAIIOpa, TOKA HE HACTYIHJIO COOBITHE 3UMBI B HOUb ¢ 12 Ha 13 sHBaps 2023 rona,
KOIJIa IIPOM3OLIEN 3aTOpP C 3aKOPHON 3aKyIIOPKOM XBOCTOBBIM TOPLIOM “‘T€Na 3aropa’, Ha BCeX 8-MM I10porax
BOJIOPACIPEICIUTEIFHOTO COOPYKeHHS Ha peke. Bripaskenne (10) omuceBaeT 3aKOHYCHHBIH mporece Gop-
MHUPOBAHUS “TOJOBBI M TeJa 3aTopa’” U COOTBETCTBYET BHICOTE YPOBHs OacceiiHa, BBIpaKaeMOH B eTMHUIIAX
M3MEPCHNS B METPaX, KaK OKA3aHO HA PUCYHKE 3, 1 OTMEUCHHOH OTMETKOM A, . [IpH 9TOM yTOYHEHBI Ha-

YJaJbHBIC YCIOBHS B YKa3aHHOM BPEMEHHOM M TEMIIEpaTypHOM HHTEpBaJie, COTIACHO pHCYyHKaM 1-3, rie Ha-
OmroaeTcs epexoJHbIN MPOLECce: 10 MOSBICHH 3aK0pa Ha peke Aja-Apya IpoLecc MOTepHu Haropa Ha yKa-
3aHHOM y4YacTKE PEKH, COIJIACHO PUCYHKY 4 (3eTIEHBIM I[BETOM), ONPEACISIICS MAaTEMAaTHIECKUM BBIPAKEHIEM
(7), kKak HauaJIbHOE YCIIOBUE — 103KOPHBINA NIEPUOJI; 3aTeM, MOCIIE3aKOPHBIIN MEePHOI, TOT/Ia IPOILeCcC MOTepU
Haropa Ha yKa3aHHOM y4JacTKe PEKH, COINIACHO PUCYHKY 3, HAIOKCHUEM (CHHUH C TPaJHEHTOM + 3€JICHBII),
BO BpeMs KOTOPOTo 3a)KOpHasi Bojia B BUJIE T'YCTOH IIyTrOBOM Macchl, epexos Yyepes MOCTeNEHHO YMeHbIlae-
MOe€ JKHBOE CCUCHHUE M3-3a IPUMEP3aHIsI U CMEp3aHHsI 32)KOPHOI MacChl M CHEKYPBI BOCBMH ITOPOTOB COOPY-
YKEHHUs, IPUBOJUT K MOCTEIIEHHOMY YMEHBIICHHUIO pacxo/ia 3aKOpHbIX BoA. OHU pacxoayrorcs Ha GpopMupo-
BaHME HapAIMBAHUS TOJIIHUHBI “TOJOBBI M TEJIa 3aTOpa’’, KOTJIa OHU TIOCIIE TIPOX0/ia ITOpOora COOpyKEeHUM pac-
TEKAIOTCS 110 MMOBEPXHOCTH YK€ CPOPMUPOBAHHOTO MPEBbIIYIIEH IIyTroil ryCcTOro cios, Torna noTepu Harnopa
Ha yKa3aHHOM Y4acCTKE PEKH COOTBETCTBYIOT OTMETKE A5 urcopon » U OTIPEAEIAIOTCS MATEMATHYECKUM BBIPA-

xerneM (10). Kak ToJgpKo MPOUCXOAMT 3aTOP 3aKOPHOM 3aKyNOPKOH XBOCTOBBIM TOPIIOM OT “‘Tejia 3aTopa’ Ha
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8-MM TOporax BOAOPACTIPEICTUTEILHOTO COOPYKeHUS Ha p. Ana-Apua, HCKOMasi BEJIMUYMHA TTOTEPh Haropa
npeoOpeTaeT MaKCUMAaIbHOE 3HAUEHHE, O3Hauas MpeKpallleHHe ABHKEHUs IOTOKA HA Y4aCTKE pyclla PEeKu.
Torna nomyanM: Ay ) sancopon = Moamop+ [0 COOPYXKeHHs 00pasyeTcst 6acCeiH ¢ MPUTOKOM M HAGHHAETCS OB~

€M YpOBHsI BOJBI, IPUBOJSIINUIT K 3aToIUIeHUI0 Oepera. B atom ciydae mamemamuueckas mooens sA6neHus
Gopmuposanus “TOJIIOBBI U TEJa 3aTOpa’ HA YKa3aHHOM Y4acTKe PEKH IIPUBOUHUT K 3aTOPY Ha BoJopacipee-
JUTETHLHOM COOPYKEHHH, U, KaK MICKOMasi BETMYMHA, TIOTEpU HAopa NMPeoO0peTaroT MaKCUMaIbHYIO BETHYH-
HY, YTO MOKET O3HA4YaTh MMPEKPAIICHNE IBIKCHHS TIOTOKA Ha YUACTKE PYyClia PeKu:

Misysam =| — 5+ 5 — | = - (1n
(2yamor P R P 3amop Raamop g

Bce 510 ykaspiBaeT Ha BBICOTY YPOBHS C()OPMHPOBAHHOTO Oaccelina. Benmwunna 7,,,.,, , Kak apryMeHT OT
BeIpaxkeHus (11), 0603HauaeMas Teneph Y€Pe3 7., , MOKET 0003HAYATH BA3KOE UIIM KacaTElbHOE HaIpsiKe-

HHE 3KOPHOTO HAaKOIUICHUs, ¢ euHuLeH n3mepenus B H/m>

BoiBonbl. Pazpaborana maremarndeckasi Mojiesb mporecca GopMUpoOBaHUs “TOJOBBI M Telia 3aTopa’ Ha
y4acTKe OT IOPOra COOPYKEHUS 10 UMEIOIIETOCs Ha KOHIE yJacTKa BOAOMAJa MO pyciy p. Ana-Apua, Onu-
caHHas MaTeMarnaeckuM BeipaxkeHneM (11). Ilocie popMupoBanus 3aTopa ¢ 3aKyIOPKOH MOPOTOB THIPOCO-
opy»keHHs, 0e3 BbIX0/a TOTOKA 32 COOPYKEHUE, IO COOPYKEHUS MOSIBISICTCSl 0aCCEH, NMEIONNH MPUTOK BO-
JIbI C LIYTOI CBEXY MO PyCiy pekH Alla-Apda, B pesyiIbTare IOBBIMIACTCS BHICOTA 3aT0pa A, . Hammane B

(11) BemuuuH 7 M T,,,,, , KOTOPBIE BEIPAKAIOT HANPSKEHHBIC COCTOSAHMSA, HaKaIIMBAacMble IPHTOKOM B Oac-

CeliH BOJIbI U 3a)K0pa, IPUBOAUT K TOBBIILICHUIO OTEHIIMAILHOM SHEpIruu B OacceiiHe.

Jlnist IpeoTBpanieHusi 00pa30BaHus 3aTOPOB MPEIIOKEHO MOIEPHU3UPOBATH YKA3aHHOE COOPYKEHHE 10
MIPUHLUITY, H3JI0)KEHHOMY B paboTax [3, 4], ¢ ylnokeHHeM CKBO3HOTO, Yepe3 OJHOTO, CPEHEro 13 BOCbMH T1O-
POTOB COOPY/KEHHH, HAYMHAS C TIEPBOM CTYNEHBKH, OT COOPYXKEHHS M JI0 Kpasi BOIOMA/A 32 COOPYKEHHEM,
BBIPBITOTO ITOCEPENHE U HIDKE THA PyClla PeKu KaHaja, xk/0 kenoda, ¢ TpanenenaaabHbIM, )KUBbIM CCUCHHU-
€M, CO CIIEIYIOIMMH T€OMETPUIECKMMY TlapameTpamu, B MeTpax: B = 1,85 — mupuna no sepxy; mupuna mo

mmsy — B =1,85; my6una H =1,20 . Ipusenennsie napamerpsl sxeno6a MO3BOIAIOT MPOMYCKaTh MOTOK

BOZIBI GOJTbIIE HA 36 %, 4eM B MEKEHHBIH TIepHOI, KOTOPEIM SABJISETCS 3MMa, H TJe, 10 JaHHBIM [5], pacxon
BOZIBI 10 peke Anma-Apua pasen Q = 1,38 wm/c.

IToctynuna: 11.07.23; peuensuposana: 25.07.23; npunsra: 28.07.23.
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