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OjiHa U3 KPYITHEUIINX ceJieBbIX KatacTpod HeliaBHero BpeMenu mpousoiuia B Takukucrane B 2015 1. B
nosae p. Bapcemaapa. 1esbio paboThr Obliia OlleHKa BO3MOXKHOCTEI IIPUMEHEHMsT IIeN0YKN MOJIeJIel IUIst pac-
yera xapakrepuctuk cesst 2015 1. Takske qaHHbIii 104X0 ObLI IPUMEHEH /15T OIIEHKHU MOTEHIIUATbHBIX 30H 3a-
TOIJIEHV B CITydae MOCJIeYIONUX cesreil. /11 pacyeta XapaKTePUCTHK CeJis B 09are PIMEHSIACh TPAHCIIOPTHO-
CIIBUTOBast MOJielib ceseoOpasoBanus, paspaborantas 0.5, Bunorpazossim. Ha ee 0CHOBe MOJIYYeHbI THIPO-
rpadbl CeJIEBBIX BOJIH, UCTIOIb30BABIINECS B KAYECTBE BXOHBIX JIAHHBIX JIJIs1 S0HUPOBAHMSI JIOJIMHBI 110 TTyOUHAM
u ckopoctaM tedenus B Mozieau FLO-2D. Taxk, nuia I cuenapus B kauecTBe BXOZHOTO Tuiporpada 1ciob3oBa-
JIMCh 3HAaYeHMsl pacxo/a epefoBoro Bana (Makcumanbubiit 1630 M3 /c), nna 11 ciienapus — pacxozibl cesis Ha
BBIXOJIe U3 ouara (MakcuMaabHblit 650 M3/c). B kayecTBe aHHBIX 0 pesibede TpuMeHsnach udpoBas MoJeIb
penbepa ALOS PALSAR (12.5 m). B ¢Bsi31 ¢ TeM, UTO peoJiornyecKue JaHHble [ist HacceiiHa OTCYTCTBYIOT,
MOJIEJTUPOBAHUE TPOBOINJIOCH 10 HECKOJIBKUM BapuaHTaM mnapamerpoB. CMOzieTMpoBaHHble PACXOIbI CEJist B
HauGosiee peaucTuaHOM Bapuante 110 | crienapuio coctasuau ot 1494 1o 2860 m3/c aiist otaesbrbix Bosin. Jlo-
MOJHUTETHHO GBI TPOBEJIEH PACYET € UCIOIB30BaHIEM TIH(hPOBOI Mojiesn pesbeda, MoJTyIeHHOI aBTOpaMu ¢
6eCcIMIIOTHOTO JIETATEILHOTO arapara Bo BpeMst oOceoBanust 1omHbl B 2019 1. PesyibraTsl OKa3ajm, 4To
paccMaTpuBaeMbIil TIOAXO/ TaeT BO3MOKHOCTD OIIEHUBATH TPAHUIIBI KAaK (DAKTUYECKUX, TAK U TIOTEHI[UATbHBIX
30H 3aTOILJIEHUS.

Kntouesvie cnosa: cenesoii nomox, pexa bBapcemoapa, mpancnopmio-cosuzo8as mooein ceneobpasosanus,
modenv FLO-2D, Hamup.

MODELING OF DEBRIS FLOW TRIGGERED BY SNOW MELTING:
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The last catastrophic debris flow disaster took place in Tajikistan in the Barsemdara River valley in 2015.
The aim of this study was to apply chain modeling to consider debris flow characteristics of 2015 year. This
approach has also been applied to assess potential flood prone zones for future debris flows. To consider the
characteristics of debris flow in the source, the transport-shift model, developed by Yu.B. Vinogradov was applied.
Based on this model, debris flow hydrographs were obtained and used as input data for valley zoning based on
the FLO-2D model. So, for scenario I, the debris flow discharge of the forward wave was used as the input
hydrograph (maximum —1630 m?3/s), the II scenario — the debris flow discharge at the source outlet (maximum
650 m3/s). The digital elevation model ALOS PALSAR (12.5 m) was used as the relief data. Since there are no
rheological data, the modeling was carried out using several sets of parameters. The simulated debris flow
discharges based on the most realistic option for I scenario varied from 1494 to 2860 m?/s for individual waves.
Additionally, the authors carried out modeling using digital elevation model from an unmanned aerial vehicle
obtained during the survey in 2019. The results showed that the considered approach makes it possible to estimate
the boundaries of both actual and potential flood prone zones.

Key words: debris flow, Barsemdara River, transport-shift debris flow formation model, FLO-2D model,
Pamir Mountains.

© B.A. IOauna (Kyposckas), C.C. UepHomopen, T.A. Bunorpaznosa, I1.H. Kpbuienko, 2022

51



B.A. IO/[UHA U JIP.

BBEAEHUE

C 1969 no 2015 1. Ha teppuropun TamkukncTa-
Ha B npeziesax ['opHo-bajgaxnianckoit aBTOHOMHOM
obmactu (I'BAQ) 610 3aperucTpupoBano 8 ceie-
BbIX KaTacTpod. Creennst 06 OTAENbHBIX CIyUasax
MposiBJIeHNH cesieBbIX mporieccos ¢ 2007 mo 2010 r.,
BBI3BaHHBIX [JIABHBIM 0OPA30M JIMBHEBBIMHU OCAJ[Ka-
MU, TIpeJicTaBieHbl B pabore | Manvnesa, Kononosa,
2012]. B 2002 r. B pesyJsibTare mpopbiBa 03epa o6pa-
30BaJiCs TASNUAIBHBIN ceJeBOM MOTOK B JOJUHE
p. [lamT. Onerka xapakTeprUCTUK KaTacTpopUIecKo-
ro cend c ucnoJsb3doBannem mozeneir FLO-2D n
RAMMS npuseznena B pabore [Mergili et al., 2011].
[Hocnennuii MaccoBbIl ¢xo/ ceseil HabmMOMaNCA B
uioste 2015 1. B rosune p. Bapcemzapa. I[TpunsiTo cun-
TaTh, YTO KPYITHENIIINE CeJIeBble TIOTOKH UMEIOT IJisi-
[[UAJIbHBIN FeHE3UC, POJIb JK€ CHETOTASTHUS KAK OCHOB-
moro dakropa yacTo HegoolenuBaercst. Ha teppuro-
puu TBAO cocpenorouero 6650 eqHUKOB 061IEi
montaapio 6785.6 km? [ Kamanoz..., 1978a—6, 1979a,6,
1980; Tyxees, 2002], ato coctaBsieT 5.4 % BCero Top-
HOTO oJiefiecHeHust EBpasutickoro konTuHeHTa [[715-
yuoaozuuecxkuil crogapv, 1984]. Hecmotpst Ha Hanmu-
ywe gefHnKa B Gacceiine p. Bapcemmapa, nmeHHo Ta-
STHUE CHeTa BBI3BAJIO KaTacTPohUIeCcKuil cXo7 ceseit
[Aoxyxun u dp., 2019].

B xoze ceneBoit katactpodsl 2015 . copmu-
poBajics KOHYC BbIHOCA, Tieperopoausiiuii p. ['yur,
YTO MPUBEJIO K 00PA30BAHUIO MOAIPYIHOTO 03€pa,
HazBaHHOTO BapcemKkyib. B pesynbrare 6bLio 3a-
TOILJIEHO 0KO0JI0 70 X03s1#icTB, HoJiee 2 KM aBTOOPOTH,
coenunsiomeii Tajpkukucran ¢ Kutaem m Kuprusu-
elf, 5 MocToB (13 HUX 3 aBTOMOOUJILHBIX U 2 T1elie-
XOJIHBIX ), MEJIUIIUHCKUH MMyHKT, TIKOJIA, TOPTOBBIE
TOUYKH, CAJIbl U TIJIOIOPOIHBIE 3EMJIU, IECSITKI KUJIO-
MEeTPOB OPOCUTENBHBIX ceTeil. Takske Oblia paspytire-
Ha OCHOBHAsI BBICOKOBOJIBTHAS JITHU MTOAYN JIEKT-
poaneprun ot 'DC Ilamup-1 [Ueprnomopey u op.,
2015].

XapaKkTepUCTUKHU CEJIEBOTO MOTOKA OTIPeeIsi-
JIUCH HA OCHOBE BU3YaJIbHOTO 00CJIE/IOBAHNUS U aHAJIH-
3a CIlyTHUKOBBIX CHUMKOB [ Yepromopey, u dp., 2015;
Hoxyxun u op., 2019; Keiler et al., 2018]. Panee aBro-
paMu cTaTh¥ OBLITM OIEHEHBI PACXOBI COIIE/IIET0O
CeJIEBOTO MOTOKA W 3HAYEHUS TIJIOTHOCTH C UCTIOTH30-
BaHWEM TPAHCMOPTHO-CABUTOBOI MOJIETN U KaJPOB
BuzgeocbeMkn [ Kyposckasi u dp., 2020). Lenbio HacTo-
stiiteit paGoTHI SIBJISIETCS TPUMEHEHHe TIETTOYKH MOIe-
Jieli I ydeTa mpHUpalleHusl MaTepraia B oyare u
30HUPOBAHUS JOJIMHBI JJIs1 ceJieBoro motoka 2015 r.,
a TaKk)Ke OI[eHKA 30H 3aTOIJIEHUST HA OCHOBE TAHHOTO
noaxona. B 3amauu BXomauiu moaroToBka nudpoBoii
Moz peJsibeda, ycoBepIIeHCTBOBAHNE TPAHCIIOP-
THO-CABUIOBOI Moaenu [Bunozpados, 1980a,6], mox-
60p HEOOXOIUMBIX TTAPAMETPOB [IJIsI MOJIETMPOBAHIISI
B iporpaMMHOM KoMmiuiekce FLO-2D, npoBenenne
pacueToB U OIeHKA Pe3yJIbTaTOB.
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OBBEKT UCCJIEJIOBAHUI

Pexa Bapcemmapa stBisieTcst IpaBbIM IPUTOKOM
p. Tyt 1 otHocures k 6acceitny p. Ilsumk. JmmHa
peku coctapisieT 8.6 KM, miomans Bogocbopa 28 KMZ2,
CpeaHsigs u MakcuMasbHas BbICOTa BOAocHOpa co-
craBysior 3912 u 4919 M coorBeTcTBenHO. B repuos
¢ 16 1o 20 miosg 2015 1. 6BLIO 3aPETUCTPUPOBAHO KaK
MuHUMYM 14 cepuit ceneBoix Boua. Obimee Kommye-
CTBO BOJIH, 110 niogicuetam M. Keunepa [Keiler et al.,
2018], korebaercst ot 30 1o 40. Centnt 3aposkaIICh
Ha BbIcoTe 0K0J10 4100 M B BepXOBbSIX OJTHOTO U3 HC-
TokoB p. bapcemaapa ot ycryna seganka Ynpmia-
tapmaH (puc. 1).

[Lnomaap 06pa3oBaBIIETOCS CEJIEBOTO Bpe3a Ha
MOPEHHOM IbeflecTalie cocTaBaser 72 Toic. M2. Mop-
(bomeTpruueckme XapakKTePUCTUKU CEJEBOIO ovyara
GBI OTIEHEHBI HA OCHOBE aHAJIM3a CHUMKOB CO CITyT-
nuka Kanomnyc-B Ne 1 o1 06.10.2015 u 26.07.2016 1.
[To aTUM maHHBIM MPOTSIKEHHOCTD BPE3a, PACION0-
sKeHHOTO B mHTepBaje BbicoT 3800—4150 M, coctas-
sisiet 800 M, cpennsis mupuHa 90 M, MakcuMabHAs
400 M [ Uepromopey, u op., 2015; Toxyxun u dp., 2019],
orenouHas raybmna gocturaet 50 m (puc. 2).

[IpuunnOil ceseBoil KaTacTpodbl MOCTYKUIN
MepUo ITUTETBHBIX MTOJOKATEIbHBIX TEMIIEPATYP 1
BCJIEJICTBHE ATOTO MHTEHCHBHOE CHETOTASTHIE Ha JIeI-
HUKe U B IPUJIeJTHUKOBOI 30He. Ha puc. 3 npusenen
rpacuk KoseGaHuil TeMIepaTyphbl BO3/LyXa Jist cee-
BOT'O O4ara, IoJIy4eHHbIi B Xo1e 00paboTKU ceToy-
HBIX JJAaHHBIX peaHanan3a EBporelickoro menTpa cpe-
mHecpounbix mporuo3oB noroxsl (ECMWEF) ERAS ¢
MPOCTPAHCTBEHHBIM pazpenieHneM okoJsio 30 KM u
YaCOBBIM OCPe/IHEHNEM 3HAUEHUT.

Haburoasicst poct TeMIiepatyp Bo3ayxa B Teue-
HUe JIBYX HeJIeJIb 10 Hadasa KaTacTPodbl, MAKCUMYM
6bu1 gocTuruyT 16 wroas 2015 1. u cocrasui 20 °C.
Cpennss Temniepatypa B ouare B miosie 2014 r. paBusi-
anace 9 °C.

[TpoTs:KeHHOCTB Iy TH CEJIEBOTO TIOTOKA OT OYara
10 30HBI Pa3TPy3KH B paiione causuaus p. bapcemmapa
¢ pekoii ['yut cocraBusna 7250 M 1ipu cpentem yr-
sie vaksona 13.5°. Tlo ontenkam M. Keunepa | Keiler
et al., 2018], o6uuii 06beM BBIHOCA CEJist COCTABWI
4.2 mun M3, CeneBast macca 3a6mokuposadna p. LyHT, B
pesyJsibraTe 4ero 00pazoBasoch MOANPYIHOE 03€PO
Bapcemkyb momaapio 378 Thic. M2 M MaKCHUMaJTb-
HBIM 00beMoM 0KoJo 4 Mt M2 [ Yepromopey, u Op.,
2015]. BnocaenctBuu 13-3a IPOKJIAJAKN KaHasla 110~
maab 03. bapcemkynb ymenbimmaack 10 300 Thic. M2
[Aoxyxun u dp., 2019].

K nacrosiieMy BpeMeHU OCTA€TCS OMACHOCTH
MOTEHITAIBHOTO TIPOPBIBa 03. bapceMkyb. B 15 kM
HIUKe TI0 Tedenuio p. [yHT pacrosiaraeTcst aiMuHm-
crparuBHbIi 11eHTp 'BAO — ropoa Xopor. Panee
MPOBOAMIACH OaTuMeTpudecKast cheMka ozepa | dep-
nomopey, u dp., 2015]. Taxske ObLIIN PACCMOTPEHBI BO3-
MOJKHBIE CIIEHAPUH MTPOPHIBA 03€pa KaK MPU HE3HAYH -
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Puc. 1. Cxema pacnosio:kenus 6acceiina p. Bapcemaapa.

1 — y4acTKH B CEJIEBOM 0Yare Jijisi TPAHCHOPTHO-C/ABUTOBOI MOjie/ii; 2 — pekn; 3 — 30Ha JiBrskeHust cesist 2015 1.; 4 — yyacTok mpo-
MEKYTOUHOI aKKYMYJISIIIMH CeJIEBBIX MOTOKOB 2015 1.; 5 — rpaHuIlbl BOZ0OCOOPa CEJIEBOTO 0Yara; 6 — KOHYC BBIHOCA CEJIEBBIX T10-
tokoB 2015 1.; 7 — rpanuIpl Bogocbopa p. Bapcemaapa; 8 — abcosmoTHast Bbicota, M; 9 — rpanuisl MozesnpoBanus mo FLO-2D;
10 — ygactku monenuposanus o FLO-2D; U — neqank YupmunTtapman; b — o3epo bapcemkyib.

TEJbHOM MOHUKEHUU OTMETKH MIPOPaHa, Tak U MpH
MMOBTOPHOM CXOjle ceJist U3 MOJUHBI p. bapcemaapa
WJIU JKe KaTacTPOPUIECKOTO MOTOKA, ChOPMHUPOBAB-

Puc. 2. Cenesoii ouar B nosuue p. Bapcemaapa.
®oro C.C. Uepromopra, 2019 1.

merocs B cocenneit noaune p. [lapumnmapa B pe3yib-
Tare MpOpbIBa KacKaja JeIHUKOBBIX 03ep [ Kudsiesa u
dp., 2018].
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Puc. 3. TemnepaTtypa Bo3ayxa ¢ 4aCOBBIM pa3peliie-
nueM ¢ 1 mo 21 miosna 2015 r. 19 ceqeBoro oyara,
MOJy4YeHHas Mo AaHHbM peanamn3a ERA 5.

Kpacuoii iuaueii 0603HaueH epuol, KOraa CXOAUJIH CeJlu.

33



B.A. IO/[UHA U JIP.

METO/Ibl 1 UCXO/JHbIE IAHHbBIE

B pabore ucronb3oBana 1ernovka MaTeMaTHIec-
KUX MOJIeJIel JIJIsi pacueTa CeeBbIX TTOTOKOB, BKJTIO-
YaroIas TPaHCIIOPTHO-CABUTOBYO MOJIEh ceteobpa-
30BaHUS [T pacyeTa XapaKTePUCTUK TTOTOKA B o4are
[Bunozpados, 1980a,6] u THAPOAMHAMUYECKYIO MO-
nenb FLO-2D s sormpoBanug noaunst [ O’Brien et
al., 1993].

TpaHCIOPTHO-CABUIOBas MOJIENb CEJIe00paszo-
BaHusA. BriGop TpaHCIOPTHO-CABUTOBOI Mojiesu ce-
JleobpasoBaHus 00YCIOBIEH BO3MOKHOCTBIO YUUTHI-
BaTh MpUpAIIeHUEe MaTepruaia B ITOTOKE IO Mepe eTo
dopmupoBanus. Mojesnb aBIsieTCS OTHOMEPHOUN 1
npeHa3HaYeHa JIJis PacyeTa CeJIeBbIX TIOTOKOB BbICO-
KOH IJIOTHOCTU. Y paBHEHMA MOZEIU ObLIN pa3pabo-
tanbsl 10.B. Bunorpamossim Ha OCHOBE cepril 9KcTIe-
PYIMEHTOB TI0 BOCCO3/IAHWIO CEJIEBBIX MOTOKOB B Hac-
ceitre p. Yemouran | Vinogradova, Vinogradoo, 2017].
Patee GbLIO TIPOBEICHO CPAaBHEHME MOJIEIBHBIX Xa-
PaKTEPUCTUK € JaHHbIMU Habmogenniit Yemonran-
CKUX 9KCTIEPUMEHTOB, ¥ Pe3yJIbTAThI OBLIU TIPU3HAHbI
yaoBaeTBoputeabubiMu | Vinogradova, Vinogradoo,
2017]. B nacrosiiee BpeMsi ypaBHEHUsI MOJIEJIN pea-
JIN30BAHBI B KOMITBIOTEPHOH MporpamMMe Ha SI3bIKe
nporpamMmuposanus Python. B ocHose nexar ypas-
HeHUs [IJIsI pacueTa pacxolia TBEPAOTO MaTepuaJa,
pacxojia cesieBOro MOTOKA W MJIOTHOCTH. B mepByto
ouepe/lb HaXOIUTCS 3HAUEHUE PACX0/a TBEPAOTO Ma-
TepuaJja, Py 3TOM B CEJIEBOM OYare BbIIEJSTIOTCS
YYACTKH € TIPUOIUZUTENLHO OJIMHAKOBBIME YKJIOHA-
MU 1 MOP(OMETPUIECKUMHI TTOKa3aTeasiMu. OCHOB-
HOe pacyeTHOE ypaBHEHUE PENTaeTCs He OTHOCUTETh-
HO nckoMoi GyHKIMK G, a OTHOCUTENBHO apTyMeHTa
[ [ Vinogradova, Vinogradov, 2017]:

| Qe | Qeot(epotp)G Q| Q+(e0)C |
Po+p Qoo H(ePy )Gy & By Q(c-0,)Go
-1
x Ag—zgsina[on(@ 0,,)+Q(spo+p)] |+l (1)

riie [ — paccTosiHue MO TATbBETY CEeJIEBOTO 0Yara, M;
[y — paccTosHIE 10 TEKYIETO YIacTKa, M; G — PacXof
TBEP/IOTO BelecTBa, M°/c; G, — HauaJbHOEe 3HAYEHUEe
nepeMeHHON G 1711 OITPe/Ie/IEHHOTO Y9acTKa U Pe3yJib-
TaT pacueTa JIIsI eMy IIPe/IIecTBYIONero (JI7Is epBo-
ro BepxHero yyactka Gy = 0), M3/c; o, — yros HakI0Ha
TaJbBeTa CeJeBOTO oyara, rpag; Q — pacxoibl BO-
JibI, M3/C; @ — CTATUYEeCKUil YToJl BHYTPEHHEro TpeHust
TPYHTOB, Tpa; 0,,, — OTHOIIeHNEe 0GheMa BOIBI K 00D-
€My TBEpJIOTO BeIlecTBa, HO Ha Mpeese TeKyJecTH
(HETIoIBUKHOCTH ) CMECH BOJIBI U cesiehOPMUPYIOINX
IPYHTOB; { — oTHOMIeHUEe 06beMa BOJAbI K 00beMy
TBEPIOTO BEIECTBA CeTehOPMUPYIONTIX TPYHTOB, Oe3-
pasMepHas BeJUUNHA; & — YCKOpPEeHWe CBOGOIHOTO
majieHus, M/c% py — IJIOTHOCTD BOJBL, KI'/M%; p — TLJIOT-
HOCTD cesepopmupytonux rpyatoB B [ICM (moren-
[MATBbHBIN CeTEBON MacCHB), KT/M>; A — KoaddurmenTt

4

nponopuuonanbioctu, m/(c2kr) [Bunozpados, Bu-
nozpadosa, 2010]. Ha ocHOBe HEMHOTOUNCJICHHBIX
JAHHBIX, MOJYYEHHBIX TIPU MCKYCCTBEHHOM BOCIIPO-
U3BeJIeHUHU CeJIeBbIX IIOTOKOB B IPUPOJHBIX YCJIO-
BUSX, OBLIO OIIpejeseH0, YTO Kod(P@UIUEHT npo-
MOPIIMOHAJBHOCTH HAXOJAUTCS B [Mamazone A =
= (3-5)-10"6 m/(c?-kr), ckopee Bcero, HeCKOJIbKO
6mxe k 5-1076 [ Vinogradova, Vinogradov, 2017]. Pac-
XOJI CEJIEBOTO MTOTOKA B TIPOTIECCE €TO ABUKEHUS B Ce-
seBoM ouare (Q,) MOXKeT OBITH MOTyUYeH U3 CIEAYIO-
ITIETO BBIPAKEHUSI:

Q=Q+(1+0G. 2

B nanmoMm ciayuae Q — pacxoj BOJbI, MTOCTYINB-
weit B cesnesoii ouar, m3/c. [/ OLlGHKH MaKCHMAaJlb-
HOTO PACcXojia ePes0BOTO Bajia OCYIIECTBIISIIOCH YM-
HOJKEHHUE pacxojia B 3aMbIKAIOIEeM CTBOpPE ovara Ha
K03hdULNEHT, B IIepBOM IPUOIMKEHNN OIUSKIH K
2.5 [ Bunozpados, Bunoepadosa, 2010).

[TroTHOCTH CeneBoil Macchl MoToka (y¥) B MPO-
I[ecce ero JIBUKEHUS B CEJIEBOM OUare pacCUUThIBAET-
cs1 10 ypaBHeHuto | Bunoepados, Bunoepadosa, 2010]:

Qg +(spo + )G
= 3)
Q+(1+6)G

PesyibTaTamMu MOIEIUPOBAHUST SIBJISTIOTCS TIPH-
palieHune ceseBOi MacChl M0 IJINHE 04Yara, i3MeHeH e
MIJIOTHOCTH U CEJIEBOTO PACXOJIA JIJIS KAKIOTO yIacTKa
OTIEeIbHO. B ¢BsI3u ¢ TeM, 4TO BXOAHBIMY JaHHBIMH
JUTST TUIPOJIMHAMUYECKUX MOJIEJIEH SIBJISIIOTCS] UMEH-
HO ruziporpadbl, a He eIMHUIHOE 3HAYEHHE PACX0/1a,
aBTOPBI YCOBEPIEHCTBOBAIN TPAHCIIOPTHO-CBHUTO-
BYIO MOJIEJTh, BKJIIOYIB B HEE YPABHEHUS 110 PACIETy
CKOPOCTHU M BPEMEHH J00eraHust BOJIHBL.

BosbimmucTBO (hOpMYJT 17Is1 pacueta CKOPOCTH
CeJIEBBIX MTOTOKOB BKJIIOUAIOT TOJTHKO TaKME XapaKTe-
PUCTUKH, KaK MJIOTHOCTH CEJIEBOI MacChl, CKOPOCTh
ITOTOKA W AMIUpHYecKUe KOdPUIUEHTB. DMIIU-
pudeckue KoaOGUIMEHTHl IIPH 9TOM MOIYT ObITh
BBIBEJIEHbI MJIM HA OCHOBE JaHHbBIX HaOJIOAEeHUIT B
KOHKpeTHOM cejieBoM Gacceitte [Toaybuyos, 1969;
P/ 52.30.238-90, 1990], unu B nabopatopun. Ipu
CpaBHEHHUH CKOPOCTH CeJiei 10 JaHHbIM HaOJII01eHUsT
YeMoITAaHCKUX IKCTIEPUMEHTOB € PACUETHBIMH 3HA-
YeHUSIMU 110 (DOPMYJIaM OBLITH BBISIBJICHBI GOJIbBIIIE
passmuus [ Coxonosa u dp., 2018].

B nacrosimeii pabore st pacdyera CKOPOCTH
censt Gblia BoiOpaHa (GopMmyJia, IIpeaaoKeHHast
I0.B. Bunorpanossim | Bunozpados, Bunozpadosa,
2010]. laanyio ¢popmyJry OTJIMYaeT UCITOTb30BaHNE,
HOMMMO YKJIOHA 1 IJ1yOMHBI II0TOKA, TAK/Ke 3HAUEHU I
yTJia BHYTPEHHETO TPEHUST TIOPOJIBI, TUIOTHOCTH TTOTO-
Ka ¥ pas3imdHbIx Koadduimenton. /s cHrxeHus
rpOMO3/IKOCTH OcHOBHOM dhopmynsl [0.B. Bunorpa-
JIOBBIM ObLJIN BBEJIEHBI TPH TIOKA3aTEJIs:

= u/(2vB%),
N= g(sinoc —tgp -cosot)/ﬁ2 :



MO/EJNPOBAHUE CEJIEBBIX IIOTOKOB CHEIOBOI'O I'EHE3MCA (HA IIPUMEPE PEKU BAPCEM/IAPA, TA/UKUKHUCTAH)

S =ghsin o/,

rje W — Koa(DUuimenT [uHaMuuecKoil BA3KOCTH T10-
Toka, Ila-c; ¥y — I10THOCTD cesteBoil Macchl, Kr/M3; B —
K09 OUIMEHT CONMPOTUBIEHUS ITepeMeNInBaHUIO,
6e3pasMepHBIiT; oL — YroJl HaKJIOHA TaJbBera CeJIeBOro
ouara, rpajg; ¢ — JAUHAMMYECKMH yIOJl BHYTPEHHErO
TpeHus ceeOPMUPYIOIINX TPYHTOB, TPajl; € — YCKO-
penune cBo6OAHOTO Nagenusi, M/c%; h — ray6una no-
TOKa, M. VITOroBoe ypaBHeHIe pacyeTa MaKCUMAJIbHOM
ckopocru cesist (Vi) 3anucbBaeTcst Caeayonmum 06-
pasom |Bunozpados, Bunoepadosa, 2010]:

Vm =

{ AjQ 1.5
:[1.5Nh] R

A42 1.5 M
oS @

[Tpu aTOM BHYTpEHHEEe TPeHUE CeJeBON MaCChl
BhIpaxkaercs uepes W, p u ¢ . Kospduuuenr Bas-
KocTu (W) XapakTepusyeT TpeHue, BOZHUKAOIIEe
MPY CKOJbKEHUW OT/IEJTbHBIX CJIOEB U PA3JIUUYHBIX
3JIEMEHTOB JIpyT 110 ApyTy. C yBeandeHneM pasmepa
BKJIIOYEHUI OyAeT yBeJIUunBaThC UX B3aUMO/eii-
cTBUE, T. €. 6oJIblile 9HEPIUH OYIET PacCEUBAThHCSI.
[l TpsisekaMeHHBIX TOTOKOB KO (PUIIMEHT BS3KO-
ctu Bapbupyetcs ot 100 1o 1000 ITa-c. Koadbduim-
€HT COTIPOTHUBJIEHUS TlepeMelnnBannio () mpeacras-
JisieT co6oil cpesiHee OTHOCUTEIbHOE PACCTOSTHIE,
KOTOPOE TIPONIYT 3JIEMEHTBHI CeJIeBOI MaCChI TIEPTIeH-
JIUKYJISIPHO TIPOJIOJILHOM OCU CEJIEBOTO MTOTOKA, TTPEK-
JIe YeM BOBJIEUBCS B 001I[ee MPOIOTIbHOE JIBUKEHUE.
3HayeHns JaHHOTO KoadhduinerTa MeHsoTces ot 0.1
10 0.5 [Bunozpados, Bunozpadosa, 2010].

IIpu pacueTe CKOPOCTH CeJIsl U3HAYANBHO IIyOu-
Ha TTOTOKA Ha BCEX yYaCTKaX MPUHUMAJIACh PABHOM
1 M. 3Hast pacxo/1 CeJIeBOTO TIOTOKA M CKOPOCTH, MO3K-
HO TIOJIYYUTh TPUMEPHYIO TLJIOIIA/[b TIOTIEPEYHOTO Ce-
yenwus. [Ilupuna nmoroka omeHnBagIach ¢ MOMOIHIO
PasJInYHBIX KOCMOCHUMKOB pazpelieHnem ot 15 10
30 M. Takum 06pasoM, IPOMCXOIIIT TIepepacyeT Iiy-
OUHBI, TIOJIyYUBILUECS 3HAYEHUS [TOCTABJISIN B pac-
4yeT (hopMyJIbl CKOPOCTU. [[JIs1 OlleHKH BpeMeHu po-
XOKJIEHUS BOJIHBI PACCTOSHUE MEXKIY TPAaHUIIAMU
YUYaCTKOB ObLIO MOJIEJICHO Ha CKOPOCT.

[lanHble 0 pesabede TePPUTOPHUH OBLIK [OJyYe-
HBI Ha ocHOBe 1udpoBoii Mozenu peabeda ALOS
PALSAR, natupyemoii 8 aBrycra 2007 r. (paspere-
Hue 12.5 m) [https://search.asf.alaska.edu/#/]. Bcero
B CeJIeBOM Bpese ObLIO BbIIEJEHO YeThIPe ydacTKa ¢
npuOIN3UTENHHO OAUHAKOBBIMI MOP(HOMETPUYECKH -
MU rokazaressimu (cM. puc. 1).

BxojH0it tuaporpad At pacueTos ObLI MOCTPO-
€H JIJIs1 TIEPBBIX TPEX CEJIEBBIX BOJIH HA OCHOBE CBejIe-
HUM, TOJyYeHHBIX Y MeCTHBIX skuTeseil. [lepsas cese-
Bast BOJTHA OblLia 3apeructpupoBaHa 16 utwoJis npu-
6mmsuTenbHo B 14:30. Hanbosiee MOIIIHOI, TIO CJI0BaM
0YeBH/IIEB, OblLJIa TPEThsI BOJIHA CeJIsl, IPOLIe/IIasd B
TOT JKe JIeHb MeHee 4YeM uepe3 vac MocJe mepBoil u

25+

— N
6] o
1 1

Pacxop Boapl, M3/c
<
1

[¢)]

T T T T T T T T T T
0 0.2 0.4 06 0.8 1.0 1.2 14 16 1.8 2.0
Bpewms, 4
Puc. 4. Bxoauoii ruaporpad aisi MoaeaupoBaHUs
ceJIeBBbIX MOTOKOB.

BTOPOH BOsTH. 10 TaHHBIM MapIIPyTHOTO 00CTIET0BA-
nus B aBrycte 2019 r. coBMecTHO crienuajancraMmu
reorpacuueckoro akysabreta MI'Y u Arentcrsa Ara
Xana o Xaburatr (AKAH), pacxoz, HOCTyUBIINN B
CeJIeBO BPe3 BO BPEMsI TPETheil BOJHBI, ObLI OTleHEH
B 25 M3/c. IIpu 5ToM 6a30BbIii pacxo BOJIbl B BEPXO-
BbAX OBLT IPUHAT 32 5 M3/c. B mocaieytonye auu 1o
JOJIMHE HAGJII0IAICh TAaBOAKN W HEOOJIbINNE celie-
BbIe ITOTOKU, (GOPMUPOBABIITHECS 34 CYET €CTECTBEH-
HOTO TasIHUS CHETA ¥ He UMEBIINE Pa3pPyIIUTeTbHOM
cuaet | Yepromopey, u dp., 2015]. Ha puc. 4 npepcras-
JIEH BXOJIHOW Tuzporpad, mpu 9TOM HYJIb COOTBET-
crByet Bpemenn 14:30 (16.07.20151.).

[TnoTHOCTD ceeOPMUPYIOMIUX TPYHTOB p =
= 2600 kr/m?, mnotHocts Boabl py = 1000 kr/m3.
Cpenunuit yrosn nakjoHa pycaa o cocraBuna 13.5°.
YTIbl BHYTPEHHETO TPEHUS MTOPOJIBI — CTATHYECKUI
@ ¥ AMHAMUYECKUN @ — OIEHUBAIKMCh HAa OCHOBE
[CIT 425.1325800, 2019], maTepuanioB M3bICKa-
uuii Ceskasrunposozaxosa | Huxyaun, 2009] u pabot
[O.B. Bunorpaznosa [Bunozpados, Bunozpadosa,
2010] n cocraBunu 40° u 22° coorBercTBenHO. Panee
B pabote [Kyposcras u op., 2020] 6111 pOBEIEHbI
pacueTsl JaHHOTO CEJIEBOTO MOTOKA JIJIST TPEX BapHaH-
TOB HAYaJbHOTO YBJAXKHEHU cesneopMUupyIommx
IPYHTOB: aBCOMOTHO CYXUX, YBIAKHEHHBIX /[0 TIpe/ie-
Jla TEKYYeCTH U 3aTOIJIEHHBIX BOLOU. Takke ObLIO
MIPOBEICHO CPaBHEHNE MOJIETTBHBIX XapaKTEPUCTHK CO
3HAYEHUSIMH CKOPOCTHU M PAcXojia ceJisl Ha 3aMbIKalo-
IIleEM CTBOPE, OTIEHEHHBIMHU 10 Ka[PaM BUIEOCHEMKU.
BoigBiieno, yto Hanbosiee npubIKeHHbIe Pe3yibTa-
ThI OBIJIN MOJYUYEHBI JJIsT BapUAHTA YBJIAKHEHUS
TPYHTOB JI0 TIpeiesia TeKyuecTu. B ¢Bs31 ¢ 3THM B Ha-
crosineii pabote pacuer MPOBOAUICSA TONBKO JIJIS 9TO-
TO BapHUaHTA.

I'maponnnamuueckas mogear FLO-2D. Jlng
OIIEHKU MJIAHOBOTO PACIIPEIeSIeHNs CKOPOCTE U TITy-
OWH MOTOKA B JIOJIMHE UCIIOIH30BAJIACH THAPOMHA-
Muueckasg aBymepHas monenab FLO-2D [O’Brien et
al., 1993], mupoKo MPUMEHSIONIASICS B HAYYHBIX HC-
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CJIeIOBAHUSIX, CBS3AaHHBIX C OT[EHKOM JMHAMWKHU JIBU-
JKEHUS BOJIHBIX U CeJIeBBIX TOTOKOB [ Muxaiinos, Yep-
nomopeu, 2011; Cesca, d’Agostino, 2008; Petrakov et
al, 2012; Wu et al., 2013]. B ocHoBy Mo/ieJin [10J105Ke-
Ho peinenune ypasuenuii Cen-Benana, B KoTopoM xa-
PaKTEePUCTUKHU MOTOKA TI0 TIyOrHE OCPeHSIOTCS (Tak
Ha3bIBaeMble ypaBHEeHUS “Meskou Bojbl”) [ Kionic u
op., 1985]. Tlpu MoIeIMPOBaHUY JIBUKEHSI CEJIEBOTO
noroka B mojiesin FLO-2D npunumaercst, 4to ceyu
NBIDKYTCS Kak JKUJAKOCTb buHrama (Bsi3KomjiacTuy-
Hast skuKocTh) [ O’Brien et al., 1993]. Mopenb opuen-
TUPOBAHA HA CJENYIONIYIO UCXOAHYIO NHDOPMALIUIO:
Tororpaduyeckre KapThl, JaHHbIE TPOMEPOB U TOTIO-
rpaduyecKoil CheMKH YYaCTKOB JIOJIMH, CHHTE3UPO-
BaHHBIE B I poBbie Mojenu penbeda (IIMP), “do-
HOBbIe” PACXO/IbI 1 YPOBHU BOJIBI B OCHOBHBIX PYCJIaxX
U IIPUTOKAX, BXOJHOM rujgporpad u ero ¢popma. Ha
BBIXO/IE MOJIEJIb BBIJIAET B BU/IE TIJIAHOBOI KapTUHBI
rJIyOUHBI, CKOPOCTH, YPOBHU BOJHO WU CEJIEBOI
[IOBEPXHOCTH, & TAK)KE IPYTUE apAMETPhI IIOTOKA.

B kauecTBe BXO/HOI rUPOJIOTUYECKOM MHMOP-
Malll¥ UCIIOJTh30BATUCH THAPOTPAdBI, MOTYyIEeHHDIE
110 TPAHCITOPTHO-CABUTOBOM Moziesin. Tak, s I ciie-
HapUsl B KAYeCTBe BXOIHOTO Tuaporpada uciob3o-
BaJMCh 3HAYEHUS PACX0/a MePeJOBOTO Baja, s
IT crienapust — pacxo/pl cesisi Ha BBIXOJE U3 oYara.
Basosbiii pacxon p. ['yut 61 sagan 100 m3/c, uto
paBHSIETCS CPEIHEMY PACXOJy 3a Tepuoji HabIoie-
uuit u pacxomy 50%-it obecrneveHHOCTH.

B kauectBe 6a30BBIX JaHHBIX O pefibede Teppu-
TOPUU UCIOJIb30BaJIACh IGMPOBAsT MOJIeNb pesbeda
PALSAR (c paspemiennem 12.5 M), natupyemast 8 aB-
rycra 2007 r. [https://search.asf.alaska.edu/#/]. ITo-
cJie KOPPEKTUPOBKHU BCe JaHHbIE O pesibede s MO-
JeJTUPOBaHUsT GBI MTPOMHTEPIIOTMPOBAHBI HA pac-
YETHYIO CeTKy Moziesin ¢ marom 12.5 x 12.5 m. Takxe
IIPOBEJIEHBI IOTIOTHUTEIbHBIE PACYETHI C UCTIOTH30Ba-
HUEM JIaHHBIX OEeCITUIOTHOTO JIETATEIbHOTO alapara
(BIIJTA) na yyacTke KOHYyca BBIHOCA, TIOJIYUYEHHBIX
ABTOPAMHU B XOJI€ MapIIPyTHOTO 0OCIE0BAHUS JI0JIU-
Hbl B aBrycte 2019 r. /lantbie 6eCIMIOTHON CHEMKI
WHTEPIOJNPOBAJINCH Ha PACUETHYIO CETKY C Iarom

Ta6auna 1. [Tapamerpsl 1ig pacuera HANPSKEHUS
IUIACTUYECKOTO TEYEHUsI U BA3KOCTH Kak (pyHKIMI
OT KOHIleHTpauuu Hanocos [O’Brien, Julien, 1988

[Tapametps! ais
acyeTa HalpsKe- Iapaerpet i
Bapuant| OGpasen |P P _ | pacueTa BA3KOCTH
napa- cestenbix | HUA IIACTUYECKO HOTOKA
METPOB | OTJIOKEHUIT 'O TpEHMA
) By O By
a Acren 0.1520 18.7 1 0.00136 | 28.4
Hatypan
Conan
b Fnensyn 1 | 0.0345 20.1 |0.00283 | 23.0
c TnenByn 2 | 0.0765 16.9 | 0.06480 | 6.2
d [nensyzx 3 |0.000 707 29.8 | 0.006 32 199
e FnenByn 4 | 0.00172 | 29.5 ]0.000602| 33.1
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5 x 5 M. Kpome Toro, uciosib3oBaauch ganHbie 6aTu-
MeTpuiecKkoil cbeMkn 03. bapcemkysb ot 2017 1.

BxoxubiMu mapamerpamu g mogenu FLO-2D
TaKIKe SABJISIOTCS 00beMHask KOHIIEHTPAIUs HAHOCOB,
HaIpPsKEHUE TIACTUYECKOTO TPEHUS U BA3KOCTH T10-
Toka. KoHIleHTpalusa HaHOCOB MIPUHSTA PaBHOI 45 %,
YTO COOTBETCTBYET HECBSIBHOMY CEJIEBOMY ITOTOKY C
MHTEHCUBHBIM nepemelnuBanuem [O’Brien et al.,
1993]. B ciayuae, eciiu HeT BO3MOKHOCTH TIPOBECTH
HOAPOOHBIN PEOIOTHYECKUI aHAJIN3 CEJIEBBIX OTJIO-
JKEHUH, JIJIST pacuyeTa HANPSKEHUS MJIacTUIECKOTO
TPEHUST U BI3KOCTH TIOTOKA B MOJIETU TIPUMEHSIIOTCST
cremyrone aMIupuieckre (HhoOpMyJIbl:

n=0oy exp(B1Cv); 4)

=y exp(B,C, ). (®)

I/Ie T, — HAIPSUKEHHE IIACTHYECKOTO TPEHUS; 1] — BA3-
KOCTb 110TOKa; C, — 06/beMHas KOHIIEHTPAIINS HAHOCOB;
9, Byy — oMIUpHYECKHEe KOI(DDUIMEHTDI, OTIpe/e-
JIeHHBIE B JlabopaTopHbIX yciosusx [ O’Brien, Julien,
1988]. Kak cnenyer u3 opmy:i (5), (6), n u T, SIBJISI-
10Tcst QYHKIUAMU 00bEMHOI KOHIIEHTPAIUK HAHOCOB,
KOTOpast YYUTHIBAET JIUIITh OOBEM WUJIOB, TJIMH U B He-
KOTOPBIX caydasx meckoB. OmxHako B ¢hopmyst (5),
(6) He BKJIIOUEH KDYIHBINA 00JOMOYHBINA MaTepuaL.
BsI3KOCTD JKHMIKOCTH TOXKE SIBJIsIeTCs (DYHKIMENR 00b-
€MHOI KOHIIeHTpaI. ABTOpaMU MOJIEJN TIPOBOIH-
JIach OIleHKa MapaMeTpOB JIAaHHBIX YPaBHEHW C uC-
MOJIb30BaHEM 06PA3IIOB CENEBON MACChI, OTOOPAHHBIX
B Ckanuctbix ropax, mrat KoJsopaso, BosJe ropojios
Acnien v I'menBy - Cripuare. 3HaueHWS SMITPUYECKUX
K09 hOUTMEHTOB o; 1 B; GBITN TOTYYEHBI € TOMOTITHIO
PErpeccoHHOTO aHaIM3a JJIs KaKI0ro o6pasiia u
npezcrasiensl B Ta0u. 1 [ O’Brien, Julien, 1988)].

B obrem corydae Jijist MOJIEIUPOBAHUS JIBHIKE-
HUst 6oJiee BSIBKOTO MOTOKA PEKOMEH/IYETCsT UCTIOJb-
30BaTh MapaMeTPHI €, HaPAMeTPhl & PEKOMEHIOBAHBI
JIJisl MeHee CBSI3HbIX [I0TOKOB, B TOM YHCJI€ JIJisI HAHO-
COBOAHBIX aBOAKOB | O’Brien, Julien, 1988]. B csi3u
C TeM, YTO HATypHbIE JaHHBIE JJIST KCCIIELyeMOoro bac-
ceifHa OTCYTCTBYIOT, MOJIEIUPOBaHUE TIPOBOIUIIOCH
[0 HECKOJIBKUM HaOOPaM MapaMeTpPOB, [IPe/ICTaBJIeH-
HbIM B TabJL. 1.

PE3YJIbTATbBI MOJAE/INPOBAHUA

C ucnonpsosanuem ypasuenuit (1), (2) 6buiu
MOJIyY€HbI BEJTMYMHBI PACXO/I0B TIOTOKA JIJIsT KAXKI0TO
13 YeTBIPEX YUaCTKOB B cesieBoM odare. Jljist moctpoe-
HUST THAPOTPadOB cesist He0OXOMUMO OTIPEIETUTD
3HAYEHUsT CKOPOCTHU MOTOKA. B Tabi1. 2 npeicraBiiens
pe3yJibTaThl pacueTa CKOpocTu 1o (opmyJie (4) ams
Ka’K/JI0r0 y4yacTKa, a TaKiKe [1epeloBOro BaJa.

Pacuet BBITTOTHSIICS] OTIETHHO JIJISI TEPBBIX IBYX
BOJIH U /U1 TPETbEN BOJIHBL. JTO CBSA3AHO C TE€M, YTO
3HAYCHUE PACcXo/ia BOJbI, MOCTYTAIONIETO B CEJIEBOM
BPE3 [IJIsI TIEPBBIX JIBYX BOJIH, OBLJIO TIPUHSTO OJIHA-
KOBBIM ¥ paBHBIM 15 M3/c. 3HAauEHMS MIOTHOCTH TO-
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Tabnu IIa 2. CKOpOCTI/I JABHUKEHHU CEJIEBOI'O IMIOTOKA

Liybuna
C Tny6una | CkopocTb
Howmep | Ykion foToka & KOPOCTb |y hroka 3-i
s 1-in | 1-tm 2-1 "
yaactka | Tpan | Tle | | A 3-i | BOJIHBI,
BOJI. M ’ BOJIHBL, M|  M/C
1 28.2 2.2 14.6 2.0 15.0
2 26.6 2.0 13.9 241 14.3
3 24.6 241 13.1 2.3 13.1
4 20.4 2.8 11.2 2.3 11.2
5 (nepemo- | 204 4.0 8.3 6.2 7.2
BOIT BaJI)
ITo Bcemy | 25.2 2.7 124 3.0 11.9
ovary

TOKa, MOJIy4eHHbIe TT0 ypaBHEeHUIO (3), NCIIOTb30-
BaJIUCh JIJIsA pacdeta ckopoctu. V3 manHbIxX Tabu. 2
CJIelyeT, YTO CKOPOCTH MMOTOKA Pa3JMYaloTCs Ha
yuacTkax. Cpemtsisi CKOPOCTb JIJIsT IEPBBIX JABYX BOJTH
6e3 yuera nepenoBoro Baja cocrasuia 13.4 m/c, mis
TpeTbelt BostHbl 13.2 M/c.

Ha puc. 5 npeacrasienbl rugporpadbl ceJeBbIX
BOJIH JIJIST Y€THIPEX YYACTKOB B CEJIEBOM Ovare, a Tak-
JKe MaKCUMaJibHble 3HAYEHUS PacXo0/ia MepesioBoTo
Basia. BUHO, 4TO MPOMCXOAUT TOCTENIEHHOE YBEJIH-
YeHMe PAcX0jia OT Y4acTKa K yUacTKy.

Bo Bpems npoxoxxienus 1-it u 2-it BosiH 3Have-
HIe PacXoloB cesid yBeanunaoch ¢ 145 1o 391 m3/c
Ha BCEM ITPOTSHKEHUN 0Yara, pacxoj epeioBOTo Baja
10 NpuGIN3UTEIbHBIM OlleHKaM cocTaBua 978 m3/c.
Jlust 3-i1 BOJIHBI pacxoj cesisi BO3pacTas ¢ 255 10
652 M3 /c oT 1-r0 110 4-i1 y4acTOK, pacxoz mepe0BOro
Basia 6bL1 onered B 1630 M3 /c. MuHnMaIbHOE BpeMst
[IPOXOsKAEHIUS Pacxoa cesist HabaAaI0ch Ha 1-M 1
4-M yyacTkax u coctaBuiio 13 ¢, MakcumasibHOE Ha
3-M yuactke paBHO 22 ¢. Bpemst joberanust nepeoBo-
TO Bajia Ha 4-M yJacTke BapbuposBaioch oT 18 o 20 c.

[lanee poBoOMIIOCH B0HUPOBAHKE JIOJUHBI C TI0-
morpio Mogenn FLO-2D. Kak 651710 ckasaHno panee,
pacyeT OCyHIeCTBJISAJICS O ABYM clieHapusim. [Ipn
pacuete ruaporpada repemooro Baja (I cuenapuii)
Pacxo/i IOTOKA 3HAYNTETHHO U3MEHSIJICS B 3aBUCUMO-
CTH OT 33/IaHHBIX 3HAYEHUIT TTAaPaMeTPOB JIJISI pacyeTa
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Puc. 5. T'uaporpadsl cesneBbIx BOJH B oYare 1o ve-
ThIpeM yuyacTtkaM (JuHuu 71—4) U 1JIsi nepeoBoro
BaJsa (JIMHUS ), TOTy4YEeHHBIE 10 TPAHCIIOPTHO-C/ABH-
rOBOM MO/I€EJIN.

HATPSKEHUS TIACTIHYECKOTO TPEHUS U BSI3BKOCTH T10-
Toka (Tabu. 3).

Hau6oJsiee peaiucTuaHbIe PE3YJIbTATHI, GJIU3KIE
K TIpe/IIIeCTBYIONIEH OIleHKe 110 HATYPHBIM JaHHBIM,
6biv osty4yensl 1o Bapuanty Ib. Pacuerst o octasib-
HBIM BaPUAHTAM I1APAMETPOB CEJIEBBIX IPYHTOB MPU-
BEJICHBI JIJIsI COMTOCTaBJIECHUS, YTOOBI TOKA3aTh, KaK
[IpUMEeHEeHVe Pa3JINYHBIX TapaMeTPOB CEJIEBBIX TOTO-
koB B Moztesin FLO-2D Biusier na pesymbraThl. Taxk,
3HAYEeHUsT PacXo/l0B 10 Bapuanty Ib cocraBuin st
oTaeabHBIX BOIH 0T 1494 1o 2860 M3/c. B To Bpems
KaK pacxojl, OI[eHEeHHBI! 110 MaTepuajaM BUIEO-
cbeMKH, paBHsicsa 1536 M3/c, ckopocTh cocTaBuIa
16.6 m/c [ Kyposckas u dp., 2020]. Crenyer yuauTbi-
BaTh, UTO UCIIOJIb30BATUCH KAAPbI 110 0jiHOM u3 40 ce-
JIEBBIX BOJTH, TIPEATTOIOKUTENHHO TPEThel, HanboJee
Pa3pYIIUTENIbHOI, 1 [TOJyYeHHbIE JaHHbIE TAK)KE HO-
CAT OLEHOYHBIN XapaKTep.

Tab6auna 3. Peayapratsl ruipoaunamMuyeckoro mogeauposanus mo I u I ciuenapusim
Bapuant Makc. pacxon, | Bpems mpoxoxk- | Maxkc. pacxon, | Bpems npoxosk- | Makce. pacxox, | Bpems mpoxosxk-
pacuera m3/c (1-a Boana) | penust, mun  |M3/c (2-a Bomua)|  genus, mun  |M3/c (3-s BoHA) | €U, MUH
Ia 855 15.6 1477 5.4 2513 12.0
Ib 1494 12.6 1639 12.0 2860 9.6
Ic 1433 9.0 1378 7.8 3297 3.0
Id 977 114 1744 12.0 2993 9.0
le 430 21.0 1134 4.8 1939 3.0
ITa 164 18.2 674 9.1 1322 6.7
ITb 295 211 554 9.1 648 15.1
Ilc 777 9.7 1153 11.5 1045 8.5
I1d 412 18.7 404 13.9 683 15.1
Ile 30 21.1 394 10.9 580 8.5

37



B.A. IO/[UHA U JIP.

Hauboubliee 3Hauenune pacxoja mepesoBoro
BaJjla Ha BEpPIIMHE KOHYyca BhIHOCA OBLIO MOTYUEHO TI0
Bapuanty Ic u cocraBuao 3297 m3/c nia 3-it BOJIHBL.
Pacxonpl cens st 1-ii u 2-11 BOJIH TIOJIyYUJIUCH He-
CKOJIBKO HUIKE, 4eM OHU ObLIKM OLEHEHbI 110 BUAeOMa-
TepuajiaM. MuHUMaJIbHbIEe 3HAYE€HUs] PACXOI0B Ha
BEpIINHE KOHYCa BEIHOCA OBLJIN MTOJIyUYEHbI JIJIsl BapH-
anTta le (manbosee Baskuii moTok). Pacxon mra 1-i
Boubl coctapust 430 M3 /¢, nis 2-it ot 1134 M3 /c.
Pacxon cens nist 3-11 BOTHBI OKa3aJIcs BEITIIE OT[€HEH-
Horo 1o sugeocheMke Ha 403 m?/c. IIpu sTOM mapa-
METPbI BADHAHTA € PEKOMEH/IYETCSI UCII0Ib30BATH JJIsT
ceJieil, Beaymux cebs Kak KUAKUI [EeMEHT, 4TO He
OBLITO XapaKTepHO st HabuoaaBierocst ceyist. He-
MHOTO OOJIbIIIE 3HAYEHHUS PACXOIOB ObLIH 10y YeHbI
10 TIapamMeTpaM BapuaHTa la, KoTopble XapaKTepHBbI
JIJIST CEeJIEBOTO TTOTOKA HU3KOM MJI0THOCTH. Pacxoz Bo
Bpems 1-if Boambr coctasua 855 m3/c. Pacxon censt
IS 2-11 BOJTHBI oKazasicst Ha 60 m3 /C MeHbIIIe OlleHeH-
HOTO 110 BUJeochbeMKe. Pacxoy cesd niis 3-11 BOJIHbBI
npeBbIcUI lanHoe 3Hadenne B 1.6 pasza. Pacxox mo
sapuanty Id ama 1-i Bostab coctasun 977 m3/c. Jlna
2-ii u 3-ii BosiH pacxo 60Jibllle OIeHEHHOIO 110 BU-
neocbeMke B 1.1-1.9 pasa.

Hanee mpoBoaucs pacuet 1o II ciienapuro (pac-
X0/l ceJisl, TOJY4YeHHBII Ha BBIXOJ/I€ U3 ouara) ¢ Hc-
[I0JIb30BAHIEM TOI'O jKe Habopa IIapaMeTpoB.

Tak, nan6boJbliee 3Hayenue U 3-i BOJIHBI Ha
BepIIMHE KOHYCa BBIHOCA ObLIO [TOJIYYEHO JJIsE Bapu-
anTa Ila u coctasuno 1321 m3/c. [lng 1-it u 2-ii Bon
pacxozibl paBHsKCch 164 1 674 M3 /¢ cooTBeTCTBEHHO.
Boubiire pacxoabt o 1-it u 2-ii BosrHaM ObLIN pac-
cumTanbl A4 BapuanTa Ilc — ot 777 mo 1153 m3/c.
MuHMMaIbHOE 3HAYEHKE PACX0/a CeIsl ObLIO TOJIY-
YEeHO C UCIIOJIb30BAHMEM MapaMeTpoB BapuanTa lle u
cocrasuiio 30 M3/c s 1-11 Bostnsl. st 2-11 u 3-i1
BOJIH pacxoji cesis Menscs ot 394 u 560 M3 /c. Bapu-
antbl IIb u I1d B mesom ¢xoxu, pacxo/ibl IIOTOKA Me-
namuck ot 295 10 683 m3/c.

Jlust pacuyeTa XapaKTepPUCTUK CeJisT HETTOCPE/-
CTBEHHO HAa KOHYCE BBIHOCA aBTOPHI UCIIOJIH30BAJIN
BapHaHT IapaMeTpoB b kak HanboJiee peaTCTUYHbIN.
[Tony4yeHHblid B JAHHOM CJIy4ae PACXO]l SIBJISIETCS
Haubosee NpUOIMKEHHBIM K OLeHEHHOMY paHee 110
KkagpaM BugeocheMku |Kyposckas u op., 2020]. s
TOrO YTOObI OLIEHUTH MAKCUMAJIbHO BO3MOKHbBIE 3HA-
YeHUsI Ha KOHyce, ObLJI IPOBE/IeH pacyeT 110 Habopy
apaMeTpoB C.

Ha ygactke xomyca Bbrnoca 1o I crienapuio pac-
XO/Ibl, MIOJIyYeHHbBIE 110 BapuaHTy Ib, BappupoBasiuch
IS CeJIeBBIX BOJIH OT 556 10 2181 MS/C. YyacTok Ko-
Hyca BbIHOCA IIOTOK TPOXOAuUT 32 Bpemst 1.8—4.8 mun.
CxopocTb TOTOKA B pyciie p. bapcemzmapa cocrasiser
6osiee 5 M/c, Ha NpuaeraUeil TEPPUTOPUH 10
3.2 Mm/c (puc. 6, 6). IIpu 9TOM B 30HE 3aTOILJIEHUS Ha-
XOAMTCS 3HAYUTEIHbHOE YHUCJI0 31aHUi Ha J1eBOM Oe-
pery p. bapcemmapa. IlmanoBoe pacipenenenue riy-
OMH 1IpeACcTaBIeHo Ha puc. 6, a.
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[To II crenapuio pacxomanst MeHsamch ot 101 1o
543 m3/c na yyacrke konyca. [Ipu aTom Hab1I012710CH
pacIiacThIBaHUe 1epBOil BOJIHBL. BpeMms mpoxox-
JIeHUs TIOTOKOM y4acTKa KOHYCa BBIHOCA COCTABUIIO
ot 6 110 7.8 mun. Ty6una noroka Ha KOHyCe BbIHOCA
B Cpe/lHeM cocTaBuia 4.8 M, MHOT/IA TOXOUJIA 10
9.5 M. CxopocThb celist B pyciiax pek Bapcemmapa u
I'yur Gojee 5 M/c, Ha y4acTKe KOHYCa BBIHOCA TAKKE
JOCTUTAMA 5 M/C.

[Tpu MojieTMpOBaHIY TIPOXOKIEHUS TTEPEIOBOTO
BaJia PAcXo/bl CEJISI [0 BADUAHTY C HA KOHYCE BBIHOCA
0Ka3aJIMCh 3HAYUTEJbHO Bblllie U cocTaBuiu ot 1580
110 3351 M3 /¢ g Tperbeit BonbL. Bpems nobGeranus
Oyaer MeHsiTbest ot 0.6 10 1.2 MuH. MakcumasibHbie
cKopocTH cesst B pycie p. bapcemzaapa cocraBuim
19.4 m/c, na npuseramoieit reppurtopun 10.8 m/c.
T'nybuHa moToka Ha KOHYCE BBIHOCA BaphbUPOBAIACH
ot 5 110 1 M, B pycJie p. Bapcemzmapa — 10 15 m.

Il BapuanTa ¢ 110 11 crenapuio ObLIN 1OIyde-
HbI PACXOJIbI CeJIeBBIX BOJIH OT 534 110 840 m?/c. Bpe-
Mg goberanus BoJH OyJeT MEHAThCS B Ipejeiax
0.6—1.8 mun. Ha yuacTke KoHyca BBIHOCA MAaKCUMAJTh-
Hasg CKOpPoCTh B pycJie p. bapcemmapa cocraBuia
15.1 M/c, Ha TIpUJIETaloTEeN TEPPUTOPHUH JOCTUTATIA
6.7 m/c, B pycaie p. l'ynt o 11.8 m/c (puc. 7).

CpaBHeHe MOJIETBHBIX PE3YJIbTATOB C IAHHBIMU
HAOJTIOIEHIIT TIOKA3aJ10, UTO MTPU TIPOXOKICHIN CEJIst
B 2015 1. B peaibHOCTH He HaOJIIOI0Ch pACTEKAHUST
MOTOKA IO KOHYCY BBIHOCA € YXO/IOM BJieBO. BOHBI
MIPOXOJIMJIA UCKITIOYNTENBHO B pyciie p. bapcemmapa,
HECMOTPS Ha IIOHUKEeHHbII JeBblil 6eper (puc. 8),
[IPU 9TOM TIOTOK BPE3AJICs B TIOBEPXHOCTb KOHYCA.

OpnHOl U3 MPUYMH HECOOTBETCTBUSA KOHTYPOB
30HBI 3aTOMJIEHUS HA YYaCTKEe KOHYCA MOTJIO SIBJISITh-
cs 1o, uto B Mosiesint FLO-2D aposuonnbie mpolieccsl
He YYUTBIBAIOTCS B XO/Ie PACUETA, & TOJIbKO IIPU 3a/1a-
HUU UCX0HON Mopdomerpun. [Ipu aToM Moepo-
BaHUe MTPOBOIUJIOCH IO CITyTHUKOBOMY CHUMKY C Pa3-
pemennem 12.5 M, 4TO He MO3BOJISIET YUYUTHIBATD
MeCTHbBIE 0COOEHHOCTH Pesibeda, 0HAKO ITO eIUH-
cTBeHHasd UM POBas MOJIENb, KOTOpas OTpaskaet pe-
nbed moauHer mepen cerxem 2015 T

[T OTleHKYM XapaKTepUCTHK MOTEHINAIbHBIX
COBpPEeMEHHBIX ceJieii B gosune p. bapcemaapa GbLiu
MIPOBEJICHBI PACUETHI HA OCHOBe UG POBOI MO/IEeH
2019 r., nonyuyennoii no ganusim BIIJIA na yuacrtke
KOHYCa BBIHOCA, C UCIIOJI30BAHUEM THIPOrpacdoB 1o
I cuenapuio B mogean FLO-2D ¢ nabopom mapa-
MeTpoB b, kak HanboJiee peaTucTUYHbIM, U HAOOPOM ¢
JI7IST OTIEHKY MaKCUMaJIbHBIX 3HAUeHUH. JTU PACUETHI
OTPa’KaIOT 30HBI TIOTEHIINATBHOTO 3aTOIIIEHUS B CJIY-
yae MOBTOPEHUs KAaTacTPOPUUECKOTO COOBITHUS
2015 r. mpu cOBpeMeHHOM COCTOSTHUU Pesibeda ceste-
BOTO KOHYCA.

[Tpu MozesnpoBaHIY HA OCHOBE IPYIIITBI apa-
MeTpOB b mOTOK mpakTHYeCcKH MOJTHOCTHIO KOH-
IEHTPUPYeTCcs B pycJie p. bapcemmapa Bblie KoHyca,
IIPU 9TOM KOHYC BBIHOCA OKa3bIBAETCS 3aTOTIEHHBIM
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Puc. 7. IlnaHoBoe pacnpeziesieHie napamMeTpoB oToka /1 ceis 2013 r. mo cuenapwuio 11 s Bapuanra ¢ Ha
ocHoBe nporpamMmHoro komiiekca FLO-2D.

a — ry6uHa MOTOKA; 6 — CKOPOCTH MOTOKA.

Puc. 8. Pycio pexu bapcemaapa.
Doro C.C. Uepnomoprtra, 2019 1.
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CkopocTb, M/C
Wo-15
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Puc. 9. IlnanoBoe pacnpenesieHne CKOpocTeil IepBoii BOJHBI 110 pe3yJbTaTaM MoeaupoBanus I ciuenapus
Ha ocHoBe nporpaMmMuoro komiuiekca FLO-2D u naunpix BILJIA.

a — 1o cuenapuio Ib; 6 — no cuenapuio Ic.

(puc. 9). Bo Bpems cesieBoro notoka 2015 1. KoHyc
BbIHOCA He ObLT 3aTorieH. COrylacHO JTaHHBIM peJibe-
(ha 1o cvemxe ¢ BILJIA 2019 r., Ha KOHYCe BbIHOCA Ha-
GurofaeTcst peskuii mepenaz Beicot ¢ 2541 1o 2519 M,
YTO MOJKET TIPUBECTH K 3aTOIJIEHUIO B OYIYIIEM [IPU
ITPOXOKIAEHNU TAKOTO JKe 110 MOITHOCTH CeJIsl.

PesyabTaTsl 10 BApHaHTy ¢ CBUIETEIBCTBYIOT O
TOM, UTO B CJIydae POXOKIEHUS CeJist CXOXKel MOIII-
HOCTH B 30HE 3aTOIJIEHUS OKQKYTCS HE TOJIBKO KOHYC
BBIHOCA, HO U JIOMa OK0JIO pycJia p. bapcemaapa Boiiie
KoHyca. [rybrHa oToKa /st IByX HaGOPOB MapaMer-
poB Oy/IeT BapbUPOBAThCs OT 8 M Ha KOHYCE BBIHOCA
1o 15 M B pyciie p. bapcemuapa.

[lo 2015 r. B nonune p. bapcemmapa Tomorpa-
(ug pycaa npaktudeckn He Mensiack. [locie kata-
cTpodsl ToTIOTpadhus CHOBA CTAOMIN3NPOBAIACE, HA
JIAHHBI MOMEHT M3MeHeHn! HeT. B caydae ncnors-
3oBanud [IMP c¢ BbicOKkUM paspelieHreM CTOUT yuu-
TBIBATE, UTO CEIEBBIE KOHYCHI SIBJISIIOTCS] HECTaOMITD-
HbIMU (hopMamu pesibeda, feTarbHas Tonorpadus
WX MEHSETCS T0cJIe TPOXOKACHUSA KasK/[0TO TTaBOJI-
ka. MOIIHBII BOMHBIA UK ceeBON TOTOK MOKET 00-
pas3oBaTh HOBOE PYCJIO HA TEPPUTOPHUU KHUIILTAKa 32
npejiesiaMu HbiHenrHero pyciaa. B moznesun FLO-2D
HEe YYUTBIBAIOTCS 9PO3UOHHBIE IIPOIIECCHI, T0ITOMY
B cJIydae IPOXOXKIEHUS KaTacTPOMUIECKOTO MaBOJI-
Ka KapTWHa 30HbI 3aTOIJICHNS MOXKET 3HAUUTEIHbHO
nomenaTtbes. IIpn aToM n3HavasbHO Takas Teppu-
TOPHUS MOXKET He BBIJEJNATHCS KaK MOTEHINAJbHO
omnacHas Mpyu MOJEJUPOBAHUU € MCIIOJb30BAHUEM
nmetonteiicsa IIMP no nanasim BIIJIA. B ¢Basu ¢
satuM IIMP ¢ BbICOKUM paspelieHreM GbICTPO ycTa-
peBaioT. IIpu sieTaqbHOM MO/IETMPOBAHUY C UCIIOJh-
soBanuem IIMP, orobpaskaroiieil TeKyiie Tormorpa-
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dbuyeckue ycioBus, OyayT HoJaydeHbl 60Jee TOUHbIE
pe3yJIbTaThl Ha JAHHBIH MOMEHT BPEMEHH, TI0ITOMY
pacueThl 30H 3aTOTJIEHUS JIyUIlle BBIIIOJHSTH PETy-
asgpho. Torga kak obuegocrymnHas IIMP ¢ paspe-
menneM 12.5 M 6oJIbliie TOAXOMUT AJIs TOJYYeHM
OBICTPOIT 000OLIEHHON OLIEHKH IOTEHI[UANBHO OIIaC-
HBIX TEDPUTOPUIL, a TAKIKE JIJIST pacyeTa CeJIeBbIX T10-
TOKOB, ITPOIIE/IINX B TIPOILIOM.

BbIBO/IbI

B pabote oteHena BO3MOKHOCTD MPUMEHEHUSE
IEMOYKY MaTeMaTHIeCKUX MOJIeJielt /i pacyera ce-
nesoro motoka 2015 r. B gonune p. bapcempapa,
BKJIIOYAIOIIEN MOJIeJIN IJIsl pacueTa XapaKTepUCTUK
ceJis B 30H€ 3aPOKIEHIS U TIPU IBUKEHIH 110 [0JIH-
He. /Ly pacyeToB XapaKTEePUCTHUK CeJid B 30HE 3a-
POKIEHUS HCITOTH30BATIACH TPAHCIIOPTHO-CABUTOBAS
MoJIesTh cesieobpazoBanust. OTIMYUTEIbHON YepTOit
JIAHHOI MO/JIeJIN SIBJISIETCSI BO3MOKHOCTD OLIEHKH TIPU-
palieHus TBepAoTo MaTepuasa npu (opMUpoOBaHUM
CeJIeBOTO TIOTOKA M OTHOCHUTEJIbHAST IIPOCTOTA UCXOJI-
HOI nHGOPMAINH, YTO 0COOEHHO BasKHO B YCJIOBHUSIX
HEOCTATOUYHOCTH JAHHBIX.

B pa6oTe Takske MPOBOAMIACH MOAEPHU3AIIMS
Mojtesii: ObL 100aBJIeH pacueT CKOPOCTH TTOTOKA TI0
dopmyne, npemsoxennoit 10.5. Bunorpagosbim, u
pacueT BpeMeHU ITPOXO0KIeHNUsT BOJIHbI. BHecennbie
U3MEHEHUST MMO3BOJIUIIN OJIYIUTh (husndecku 000-
CHOBaHHbBIE TUAPOTPA(bI PACXOOB JJS TMEPBHIX U
CaMbIX Pa3pPYIINTETBHBIX TPEX BOJH ceist. lasee mpo-
BOJINJIOCH 30HUPOBAHME JIOJIUHBI C TIOMOIIBIO TU/PO-
munamuyeckon mozesnn FLO-2D. B kxauectBe BXxoz-
HBIX THIPOTPahOB UCTIOJIB30BATUCH PACXO/IbI TIEPEIO-
Boro Baza (I criemapuit) m 3HaYeHUsS PacXo/0B HA
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Boerxozie u3 ouara (II crienapuir), mosydeHHbIE paHee
110 TPAHCTIOPTHO-C/BUTOBOM Moziesn. B ¢Bs3u ¢ He-
BO3MOSKHOCTBIO TIPOBE/ICHUsI JTaOOPaTOPHBIX DKCITE-
PUMEHTOB /IJIsI YTOUHEHUS [TapaMeTPOB B (hopMyJiax
JUIST pacyeTa HaNPSKEHUs TIACTUYECKOTO TPEHUS 1
BSIBKOCTH [TOTOKA, HAMU OBLIN IPOBEIEHBI 9KCIIEePHU-
MEHTaJIbHBIE PACYETHI C MAThIO BapuaHTaMu HabOPOB
napameTpos. Tak, 3HaYeHUsT pacxXo10B 110 Habopy I1a-
pamerpos b (cMm. Tabir. 3) Ha BepIInHE KOHyca BBIHOCA
1o I ciienapuio paBusauck ot 1494 o 2860 M3/c Jinit:|
1-i1 u 3-it Boan. Haubosblee 3HaveHne pacxoma
[EPEIOBOTO Bajia OBLIO TIOJIYUYEHO 110 TTAPAMETPaM € U
cocraBuio 3297 m3/c pia 3-it Bonnbl. Pacxoant ans
1-it 1 2-11 BOJIH ObLIN HECKOJIBKO HUKE U PABHAIUCH
1433 u 1378 m3/c. Ha yuacTke KOHyca BBIHOCA 3Ha-
YeHus pacxoo0B 110 I cileHapuio 1Mo BapuaHTy b co-
crasuim ot 556 1o 2181 m?/c. HecmoTps Ha TO 4TO
pPacxo/ibl, MOJyYeHHbIE 110 BapuaHTy b, 3aBbllIaoT
3HAUYeHMe PAcXo/ia, MOJydeHHOe PaHee 110 BUIeOMa-
TepuajiaM, aBTOPbI CYUTAIOT, YTO AaHHBINA Habop 11a-
pameTpoB b GoJjiee BeposiTeH st KOHKPETHOTO ce-
JIEBOTO TTOTOKA.

B cBsi3u ¢ Tem, UTO pacyeThl Ha KOHYCE BBHIHOCA
MTPOBOMIINCH C MCITOIb30BAHUEM CITyTHUKOBBIX JaH-
HbIX pa3pemienreM 12.5 M, 30Ha 3aTOILJIEHUST OKa3a-
Jlach HaMHOTO 0OJIbIlle, YeM HaOJ0aBIIasics B
2015 1., Tak KakK KOCMUYECKUI CHIMOK TaKOTO Pa3-
pellieHrs He YYUThIBAeT MECTHbIE 0COOEHHOCTH pe-
sbeda. [ToaToMy GbLIO TPOBEAEHO MOMOJHUTETHHOE
MOJIeJTUPOBAHUE C MUCIOJb30BAaHUEM CHUMKOB C
BILJIA, nomy4yennbix aBropamu B 2019 r. Pesysbprarst
PacyeToB UIIIOCTPUPYIOT 30HY 3aTOTLIEHUSI TIPH TIPO-
XOKJEHUN CXOXKETO TI0 MOIIHOCTHU CEJIEBOTO TTOTOKA
1o coppeMenHoMy pesbedy. Tak, mis nabopa mapa-
MeTpoB b cesreBoii MOTOK MOJIHOCTHIO KOHIIEHTPUPY-
€TCsT B PYCJIe 10 BEPITUHBI KOHYCa BEIHOCA C TTOCIETY-
I0IUM pacTekanueM. [Ipu pacyere o BapuanTy ¢ B
30HE 3aTOTJIEHUS OKAYKETCS He TOJBKO KOHYC BBIHOCA,
HO U JIOMa, HETIOCPE/ICTBEHHO TIPUJIETAIONINE K PYCITY
p. bapcemaapa. B 1iesom mosryuenHbIe pe3yabTaThl
MMOKA3aJIN, YTO PAaCCMaTPUBaeMast IeroyKa MaTeMaTH-
YecKMX Mojesieil MOoxKeT ObITh MCIOJIb30BaHA JJIsI
OTIEHKH 30H 3aTOIJIEHHUSI.

Baazooaprnocmu. Asmopuol evipascaiom 61azo-
dapnocmo compyonurxam AKAH @.0. Mapodacetinosy,
A. Axdodosy u compyonuxam MI'Y U.B. Kpvirenxo,
K.C. Bucxaodacuesoii 3a nomousp 6 c6ope noiesvix
Ooanmolx.

Paboma evinoanena npu noddepycxe PODU
(npoexm 20-35-90006) u puruara Azenmcmea Aza
Xana no Xabumam (AKAH) ¢ Pecnybauxe Tadwcu-
Kucmawn, a maxxce no meme zoczaoawus MIY
um. M.B. Jomonocosa, pasdeavt 1.7 (IIUTHUC
121051300175-4), 1.10 (IITUTHUC 121051400038-1),
HBII PAH 0147-2019-0001 (IIUTHUC AAAA- A18-
118022090056-0).
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