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OITACHBIE ITPOLECCBI B THIPOC®EPE:
OYHIAAMEHTAJIbHBIE U UHXEHEPHBIE ACIIEKThDI
HAZARDOUS PROCESSES IN THE HYDROSPHERE:
FUNDAMENTAL AND ENGINEERING ASPECTS

VJIK 551.311.8
CEJIEITPOITY CKHBIE

COOPYXEHUA B
ITPUYCTBEBDBIX YACTAX PEK

OCTPOBA CAXAJIMH

J.A. bo6poga, E.H. Kazakosa
@I'FYH Cneyuanbrhoe KOHCIMPYKMopcKoe 010po
cpeocms asmomMamu3ayuu MOPCKUX Uccied08anuti
JIBO PAH, 2. IOxcno-Caxanunck, Poccus;
Hayuno-uccredosamenvckuii yenmp «I eoouna-
muxay, 2. IOxcuo-Caxanunck, Poccus
darya-kononova@yandex.ru

AHHOTAIUA. ABTOMOOWIIBHBIC W KEJIE3HBIC JO-
poru octpoBa CaxanuH, a TaK’)K€ MHOTUE HACEIICH-
HBIE MTyHKTHI Ha OOJBIIOM MPOTSHXKEHUH PACIIOINO-
JKEHBI BJIOJIb OEPETrOBOI TMHUK MOPSI, B HU)KHEH Ya-
CTHU 30HBI TpaH3uTa ceneil. CeneBble TOTOKU MPU-
YUHSIOT yIiepO B BHUJIE 3aBAJIOB M TIOBPEXKICHUH 10-
PO’KHOTO MOJIOTHA. B HEKOTOPBIX pailoHaX OCTPOBA
PacToNI0KEeHbl yYaCTKH, TJe KOJINYECTBO CEIEBBIX
OacceitnoB cocraBiseT 30-40 mt/kM. B ocHOBHOM
9TO CKJIOHOBBIE CEJTH, KOTOPbIE (POPMHUPYIOTCS exe-
TOJTHO BO BpPEMs BBIMIQJACHUS KUAKHUX OCAJKOB H
00BeM KOTOPBIX MOKeT gocturath 500 M°. B 1o xe
BpEMsI CeJIeBbI€ IIOTOKHM MOTYT BBIIIOHATH BaXKHYIO
poiib B QOPMHUPOBAHUY TUISDKEH U 3aIUTe OT abpa-
3WM 32 CUET BHIHOCAa MaTepuaia B MPHYCThEBYIO
4acTh BOJOTOKOB. BBIHOC ceneBoro martepuana B
OeperoByro 30Hy Ha ocTpoBe CaxaluH OCYIIECTB-
JIIeTCS Ha TIOOEPEKbsIX 3aMBOB TeprieHns, AHUBA,
Tartapckoro npojuBa U Ha Apyrux ydactkax. [Llns-
JKEBBIC HAKOIUICHUS, Y3KOU MOJIOCOH MPOTATHBAKO-
IIFecs BJIOJIb MOPCKOTO Oepera, SBISIOTCS TydIien
€ro NpUpPOAHON 3amMTON OT paspymenud. Ilo-
3TOMY HEO0OXOJUMOCTh CTPOWTENBCTBA CENEIpo-
MyCKHBIX COOPYKEHU 00YCIIOBJIEHA HE TOIBKO I10-
TPeOHOCTBIO B 3aIIUTE JOPOKHOTO MOJIOTHA, HO U

DOL: 10.34753/HS.2020.2.1.8
DEBRIS FLOW CHECK

CONSTRUCTIONS SITUATED
NEAR THE MOUTH OF RIVERS OF

THE SAKHALIN ISLAND

Darya A. Bobrova, Ekaterina N. Kazakova
Special Research Bureau for Automation of Marine
Researches, Far Eastern Branch of Russian Acad-
emy of Sciences, Yuzhno-Sakhalinsk, Russia;
Research Center “Geodynamics”,
Yuzhno-Sakhalinsk, Russia
darya-kononova@yandex.ru

Abstract. The significant part of roads and rail-
ways of the Sakhalin Island are located in the
coastal zone of the sea, in the lower part of the de-
bris flow transit zone. Debris flows cause blockages
and damage to the roadways. In some areas of the
island are sites where the number of debris flow ba-
sins is 30-40 per km. Basically, these are slope de-
bris flows, which are formed annually during pre-
cipitation of liquid precipitation, and whose volume
can reach 500 m®. At the same time, debris flows
can play an important role in the formation of
beaches and protection from abrasion due to the re-
moval of material to the mouth of the rivers.
Transport of debris flow material to the coastal zone
on the Sakhalin Island is carried out on the coasts of
the Gulf of Patience, the Gulf of Aniva, the Tatar
Strait, etc. Beach savings are the best of its natural
protection against destruction. Therefore, the need
to build seepage facilities is due not only to the need
to protect the roadway, but also the importance of
transporting debris flow material to the beach area.
Characteristics of debris flows in the coastal zone of
the island differ in a number of parameters, such as
the volume of debris slides, the frequency of for-
mation of debris flows, the type of debris flows, the
size of carried fragments of rocks; therefore, when

Bobrova D.A., Kazakova E.N. Debris flow check constructions situated near the mouth of rivers of the Sakhalin
island. Hydrosphere. Hazard processes and phenomena, 2020, vol. 2, iss. 1, pp. 8-18 (In Russian; abstract in

English). DOI: 10.34753/HS.2020.2.1.8
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Ba)KHOCTBIO TPAHCIIOPTUPOBKU CEIEBOIO MaTepH-
aja B IUBDKEBYIO 30HY. XapaKTEPUCTHUKU CEJEBBIX
MOTOKOB B OEpEeroBOd 30HE OCTPOBA OTIUYAIOTCS
M0 pAIy MapaMeTpoOB, TAKMX Kak 00beM cenel, ya-
cTtota (pOpMHPOBAaHUS CEJCH, THUI Celel, pa3Mep
MIEPEHOCUMBIX O0JIOMKOB FOPHBIX MOPOI, [IO3TOMY
MIPH BEIOOPE CEIIC3AIMUTHOTO COOPYKEHHSI HEO00XO0-
JIUMO PYKOBOJICTBOBATHCS KaK MapamMeTpaMu celie-
BBIX ITIOTOKOB, TaK M POJBIO CEJIEBBIX OTIOKEHUI B
(dhopMupoBaHuu MsHKe. B pabore paccmarpuBa-
€TCsl COBPEMEHHOE COCTOSHHE BOJAO- U CEJENpo-
MyCKHBIX YCTPONCTB MOJT TOPOTaMH B PUYCTHEBBIX
YaCTsIX CEJIEBBIX PEK, a TaKKe IEIecO00pa3sHOCTh
BBIOOpA CENE3aNUTHBIX COOPYKEHHH B 3aBHCHMO-
CTH OT XapaKTEPUCTUK CEJIEH W CeNEeBBIX Oaccei-
HOB.

KuroueBsble ciioBa: octpos CaxainuH; Oeperosast
30Ha; XapaKTEPUCTHKHU CEJICH; CeNeTPOITyCKHBIE CO-
OpYXXCHUS; BBIOOp CENE3alUTHOTO COOPY)KEHHUS;
CKJIOHOBEIE CEITH.

BBeaenue

Bricokyto TJTOIIaHOM
MOpaXCHHOCTH OeperoBoi 30HBI ocTpoBa CaxanuH

CTCIICHBb

CEJIEBBIMH TIpOIIecCaMH OOYCIIOBIMBAET COYETAHHE
TOPUCTOTO penbeda W OONBIION TyCTOTHI PEUYHOMH
ceru [[lepos, 2012]. Haubonpmas rycToTa pedHoOM
CETU OTMEYAETCs B FOr0-3alaJHON U F0r0-BOCTOYHOM
YacTAX OCTPOBA, € OHA AOCTMraer 1,5-2 Km/km>.
98% obmero yrcia peK COCTaBISIIOT MENKHE PEKH,
nMeromwre JHy MeHee 10 KM U cpeTHeB3BEIICHHBIC
ykinoHbl 100-300%o0, 4TO 0OYCIOBIEHO OIM30CTHIO
OCHOBHBIX BOJIOPA3JIENOB K MOPCKOMY TOOEPEKBIO
[Pecypcer  moBepxnoctHeIX BOn CCCP, 1973].
Bnaromapst aToMy cejeBble MOTOKH B MPUOPEKHOM
YacTH  OCTpPOBa  XapaKTePU3YIOTCS  KOPOTKUM
BpeMeHeM J00eranusi 10 00bEKTOB, PACIIONIOKEHHBIX
B MIPUYCTHEBON YaCTH CEJEBBIX BOAOTOKOB, a TAKXKe
HauOOJBIITUMU CEICBBIMU PACX0IaMU UMEHHO B 3TOU
30HE.

Ha ocrtpoBe CaxanmH COTHH KHIOMETPOB
ABTOMOOWMJIBHBIX U KEJIE3HBIX JIOpOT, a TaKkKe
TEPPUTOPUH  MHOTHX  HACEJICHHBIX  ITyHKTOB
PacHoOIOXKEHBI MEXKIY YCTyIaMH MOPCKHUX Teppac H
MOpEM, B HIDKHEH 4aCTH 30HBI TpaH3WUTa CEJcH, e
pacxon HanOoNMBIIUH, a

CCJICBBIX IIOTOKOB

Tom 2, Bein.1 | 2020

choosing a debris flow protection facility, it is nec-
essary to be guided both by the parameters of debris
flows and by the role of debris flows in the for-
mation of beaches. The paper examines the current
state of water chute and debris flows chute under
the roads in the near-mouth parts of debris flow riv-
ers, as well as the expediency of selecting debris
flow protection structures depending on the charac-
teristics of debris flows.

Keywords: Sakhalin Island; coastal zone; charac-
teristics of debris flows; debris flows chute; choice
of debris flows protection facility; slope debris
flows.

BOJIOTIPOITYCKHBIE  COOPY)KCHHUSI TOJl  JTIOPOXKHBIM
MOJIOTHOM MOJIBEPraroTCs MaKCHMaJTbHbIM
Harpy3Kam.

CeneBble MOTOKM Ha OCTPOBE MPUUUHSIOT
TJIaBHBIM 00pa3oM 3KOHOMHUYECKHH ymiepd 3a cueT
MpeKpalleHus JBIKEHHUS TPAaHCIIOPTa MU 3aBayax
JOPOXKHOTO TMOJIOTHA, KOTOPBIA MOXET B HECKOJIBKO
pa3 TpeBBINIaTh CTOMMOCTh TPSMOTO yiiepda oT
MOBPEKJCHUI W pa3pyLICHUH CENEeBBIMU MOTOKAMH
00BEKTOB U COOPYKEHUH.

B To xe BpeMs ceneBble IMOTOKH MOTYT
BBITIOJIHATH BaYKHYIO POJIb B (POPMHUPOBAHUY TLISHKEH
W 3aIluTe OT abpa3uu 3a CYeT BBIHOCA MaTepuala B
MPUYCTHEBYIO YacTh BOJOTOKOB U (hOPMHPOBAHHUS
wopket  [Onmudepos, 2007; Faccini, Piccazzo,
Robbiano, 2009]. Ceneroit marepran yBeIUIHBACT
MOIIHOCTh IUISDKA W 3alUIIAaeT OT BOJHOBBIX
BO3JICHCTBUM W  pa3MbIlBa PACIOJIOKEHHBIE B
OeperoBoii 30He TPAHCIIOPTHBIC MArUCTPAIU, JTHHUH
JNIEKTponepead ¥ TEPPUTOPHUH  HACEJICHHBIX
MYHKTOB, B CBSI3M C YeM TMONHAs OJIOKMPOBKA
MOCTYIUICHHUSI CEJIEBBIX OTJIOKEHHH B OeperoByro

30HY HCXKCJIATCIIbHA.

Takum o0pa3zom, BOJIONIPOITYCKHBIE
COOPY>KEHUS JTOJIKHBI BBITIOHSTh poib
CEJIETIPOITYCKOB, TPENOTBpaIiasi MOBPEXKICHUS U

bobposa [].A., Kasakosa E.H. CenenporryckHble COOPY)KEHHSI B IPUYCTBEBBIX 4acTsIX pek ocTpoBa CaxanuH //
T'unpocdepa. Onacubie mporeccsl u sieinenus. 2020. T. 2. Beim. 1. C. 8-18. DOI: 10.34753/HS.2020.2.1.8 9
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3aBaJibl JIOPOXKHOTO TIOJIOTHA W HE TIPEMSATCTBYS
BBIHOCY CEJIEBOTO Marepuaia B OeperoByro 30HYy. C
JpyToi CTOPOHBI, Ha OcTpoBe CaxaiHH eCTh YYaCTKH
¢ 0OJBIION MJIOMIAJHON MOPaKEHHOCTHIO CEJICBBIMU
nporeccamu (30-40 MaIeHPKUX CKIIOHOBBIX CEICBBIX
0accellHOB Ha TIOTOHHBIA KHWJIOMETp, TIE Celln
oobemMom  50-100 ™m*  dopmupyroTes
€XKETroIHO BO BpEeMsI BBITIAJICHHS JKUJIKUX OCAIKOB),

CpeIHUM

I/Ie€ CTPOUTEIBCTBO CEJICMIPONYCKHBIX COOPYKEHHH
SKOHOMMYECKH HeIeIecoo0pa3Ho, HO IPHUHATHE
pelIeHH [0 MPOTHBOCENEBOH 3aIIUTe HEOOXOAMMO B
CBSI3H C PETYJISIPHBIMH 3aBaJlaMH JOPOT.

B paGore npuBoguTcs oONMCaHHE BOAO- U
CEJIETIPOITYCKHBIX COOPY>KEHUH B IPUYCTHEBOM 4acTH
CENIeBBIX BOJOTOKOB ocTpoBa CaxajluH, a Takxe
OIIMCAaHHE YYACTKOB,

Ka4deCTBEC

A KOTOPBIX CIEAyeT B
CEJIC3aLUTHOTO COOpY>KEHUS
paccMaTpuBaTh CEIEBbIE JIOBYIIIKH.

ITocTanoBka npodaembl

Hecmotps Ha TO, uTo jy1st octpoBa CaxanuH
XapakTepHAa BBICOKAs IUIOLIAAHAS TOPaKEHHOCTh
OeperoBoil 30HBI CEIIEBHIMU ITOTOKAMH, MOYTH IO
BCEMU OOBEKTaMU JIOPOKHOW HHPPACTPYKTYPHI
YCTaHOBJICHBI BOJIOTIPOITYCKH, KOTOPEIE HE CTIOCOOHBI
BBITIOJTHATD POJIb CEJICTIPOITYCKHBIX COOPY>KCHHH —
OHM HE MPEJOTBPAIIAIOT 3aBajibl U MOBPEKACHUS
JIOPO’KHOTO TIOJIOTHA, a TAaKXKe OJIOKUPYIOT BHEIHOCHI
CEJICBOTO MaTepHualia B OSperoByro 30HY.

Takas curyarust HaOMIOMACTCS TPAKTHICCKU
ITOBCEMECTHO Ha MPOJIOKCHHBIX BIOJHL Oepera Mops
ABTOMOOWMJIBHBIX M JKEIIE3HBIX JIOPOTax OCTPOBa
Caxanus, a TakKe B TpaHUIaX HACEJICHHBIX ITYHKTOB
OoCTpoBa, Takux Kak Heenmbck, Xommck, Makapos
(pucynok 1). CymmapHasi IpOTSKEHHOCTh Y4aCTKOB
JIOpOT, PaCIOJIOKCHHBIX B OeperoBoil 30HE, TIe
OCYUIICCTBJISICTCS. BBIHOC CEJIEBOT0 MaTepuaja Ha
IUISDK, cocTaBisieT okoyio 300 xm.
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Pucynok 1. Kapra-cxema y4acTkoB A0OpOT,
PAcCIONIOKEHHBIX B TPUYCTHEBON YaCTH CETICBBIX
BOJOTOKOB ocTpoBa CaxanwH. [{udpammu
o0o3Ha4eHo: 1 — aBrogoporu ¢enepaibHOro
3HAYCHUS; 2 — aBTOIOPOTH PETUOHAITHLHOTO
3HAYCHUS; 3 — aBTOJIOPOTH MECTHOTO 3HAUCHMUSI,
4 — )eJe3HbIe JOPOTH; 5 — YYaCTKH, e JOPOTH
PAacIoNOkKEHBI B IPUYCTHEBBIX YACTIX CENEBBIX
BOJIOTOKOB.

Figure 1. The map-scheme of roads which are
situated near the mouth of a debris flow hazardous
rivers, Sakhalin Island. The numbers indicate:

1 — highways of federal significance; 2 — roads of
regional importance; 3 — local roads; 4 - railways;
5 — sections where roads are located in the estuarine
parts of mudflows.
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HanGonpimne o00beEMBI BBIHOCA CEJIEBOIO

Marepuaja Ha ydYacTKaXx AaBTOMOOWIIBHBIX U
JKEJIE3HBIX JOPOT OTMEYEHBI Ha TOOEepexhe 3aJIMBa
Tepnennss B MakapoBcKoM paiioHe (B cpenHeM
1,25 ThIC. M> Ha IOTOHHBIN KUJIOMETP IUISHKA B TOJ) U
Ha 3aMaJiHOM IMOOEpPEekKbe FOKHOW YacTH OCTPOBa
Caxanun B XonMckoM u HeBenbckoMm paifoHax, rae
00BEeMBI CeleBBIX BBIHOCOB KoJjieOimores oT 0,1 1o
1 Teic. M® Ha THOTOHHBIA KWJIOMETP IUISDKA B TOJ
[KazakoBa, bo6poBa, 2013].

Ha mobGepexbe oCTpoBa CXOIST TpPS3CBBIC,
rps3eKaMEHHBIC 1 HAHOCOBOHBIE cenu. [Ipu Beixome
B OEperoByr0 30Hy CENEBOM MOTOK PACILIACTHIBACTCSI.
[[luprHa 30HBI AKKYMYJISIIMHA CEJCBBIX OTIOXKCHHN
coctarisieT 20-500 M ipu cpemne TommuHe 1-2 M
MmakcumanpHOW — 3,5-4,0 M [KazakoBa, boOposa,
2013].

B npubpekHbIX
HaOIIIO/IaeTCS BBICOKAsT 4YacTOTa CeleoOpa3OBaHMS.

celeBbIX  OacceliHax
Cenu hopmupyrores 3aech 1 pas B 1-3 roaa; Kaxiasie

3-5 et oTMe4arTcs TEpPHOABl  MacCOBOTO
ceneoOpa3oBaHus MPOJODKUTEIBHOCTRIO OT 1 70
3-5 cyToK, BO BpeMs KOTOPBIX CeJEBbIC MOTOKH
(dhopmupyrorcs B OonmbmHCTBE OacceiiHoB [Ka3akos,
2000].
BBIHOCSIIIE  MaTepual B  OEperoByi0  30HY,
(hopMUpPYIOTCS HECKOIBKO peke — 1 pa3 B 5-7 ner
[Kazakos, ['encuoposckuii, 2008].

OTnenbpHo HEO0XOAUMO

FpHSCKaMCHHLIG CCJICBBIC IIOTOKH,

OTMETHUTH
(opMUpOBaHHE CKIOHOBBIX CEJeH Ha MOPCKHUX
Teppacax octpoBa CaxajuH. Y4acTKH, Ha KOTOPBIX
Pa3BUTHI CKIIOHOBBIE CEITH, ITUPOKO PACIIPOCTPAHCHBI
Ha octpoBe [Pridanmpuenko, 2013a; PrioampueHko,

BepxosoB, 2017]. B  HekoTopsIXx pailioHax
KOJINYECTBO TAKUX CEJIEBBIX OacCceiHOB Ha OTOHHBIH
kwioMeTp Oepera gocturaer 40. B Hux

(bOpMI/IpyIOTCH B OCHOBHOM CBS3HBIC CCJIM, UMCIOIIIHNEC

HeGonpmure 00beMbl (10 500 M®) M BBICOKYIO
MOBTOPSIEMOCTh, TAKKE OHH  XapaKTepPH3YIOTCS
0ONBIIUMU YKIOHAMU (700-1000%o), 4TO

00yCIIOBITMBAaET KOPOTKOE BPEMS TOOETAHHUS CEIIs 110
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paCHOJ’IO)KeHHOfI B HIDKHEH YacTU 30HEI TpaH3UTa

JIOPOTH.

Eme  OoOmpmiyto  mpoOjeMy, deM  Ha
TPAHCIOPTHBIX ~MArUCTPANIAX, CEJICBBIC IOTOKH
NPE/ICTABISIOT  HA  TEPPUTOPHUSIX  MPUMOPCKUX

HACEJICHHBIX TYHKTOB ocTtpoBa CaxamuH. 31mech
HEOOXOJMMO OTMETHTh, YTO, HCKJIIOUYas CEJCBBIC
MTOTOKU OOJIBIIOr0 00BEMa PEIKOM IMOBTOPSIEMOCTH
(mampumep, Ha peke Poratka B ropome HOxHo-
CaxanmHCK), Ha OCTpPOBEe HamOOjee IOABEPKECHBI
BO3JICHCTBHIO  Celell  WMEHHO  IPUMOPCKHC
HACEJICHHBIC TYHKTHI, TJE¢ 3aCTpOHKa 3aHUMACT
HIKHIOIO YaCTh 30HBI TPAH3UTA M 30HY aKKyMYJISIIIAN
cenelt [Peroansuenko, 2013b].

Taxk,
BBICOKOM CTENEHBIO IUIOIAJHON MOPaKEeHHOCTH
TEPPUTOPUHU CeJICBBIMU MIPOIECCAMH. Ha

ropox HeBembck — xapakTepusyercs

MPOTSDKEHHU TOJBKO BJIOJILOEPETOBOM YacTH ropoja
(6e3 yuacTKOB, PacHONOKEHHBIX B JOJUHAX PpEK
Kazauka n Jlomatuaka) HacuuThIBaeTCsA 17 CENeBBIX
pPYy4BEB, BIAIAIONINX B MOpE, a TakkKe 12 CKIOHOBBIX
ceNeBbIX 0acceiHOB, CPOPMUPOBAHHBIX HA yCTyMax
MOpPCKHX Teppac (MPOTSHKEHHOCTh TOpofa BIOIb
Oepera Mops coctaBisieT okoJio 11 km).

ropoja pycia
CENIEBBIX PYYBEB 3apEeTyNHPOBAaHbI B Y3KUH U
HETTYOOKHI OETOHHBIH JOTOK, KOTOPBIM HE TOJBKO

Ha Teppuropun MHOTHX

HE MOXXET CITy>KUTh CEJIETPOIyCKHBIM KaHAJIOM, HO
Jake HE CIIPaBISETCS C 00BEMOM BOJBI BO BpeMs
naBonkoB. [Ipumep Takoro pydbs I[IOKa3aH Ha
pucyske 2. Ilocneaauii ceneBoi MOTOK COMIEN 37eCh
B wutone 2010roma. Cenb BhIIET 3a MPEICNbI
OETOHHOTO JIOTKA U 3aBATHJI IIPHJIETAIONIYIO K PYYIbIO
tepputopuio. O6beM censt cocrasun 600 M. lnuna
pycna
CpemHeB3BemIeHHBINH YKIOH — 116%o, a tuiomans

Gacceiina — 1,3 kM’ PaccuMTaHHBIA aBTOpaMU JUIs

CEJIEBOTO COCTaBIsACT Bcero 2,3 KM,

3TOr0 pydbs pacxon Boabl 1% oOecnedeHHOCTH
cocraBiuger 8,5 M/c, 0,1% obecneueHHOCTH —

11,8 M*/c, a cyTounslii 06beM cToka — 204 M.

11
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a
Pucynoxk 2. CeneBoii pyueii B roposie Hesensck (2010 r.): 3aperynmpoBaHHOE PYCIIO pydbs MOCTE CX0/1a
ceust (a) 1 ceNleBbIe OTJIOKEHHMS 32 TIpesielaMu OETOHHOTO JIoTKa (b)
Figure 2. Debris flow channel in the city of Nevelsk, 2010: regulated riverbed after the debris flow (a) and
debris flow deposits (b)

Takum o0pazom, pazHooOpasue MNpOSBICHUIN
CEJIEBBIX IIPOLIECCOB B COBOKYIHOCTH C POJbIO
CEJIEBBIX OTJIOXKEHHWH B (POPMUPOBAHMHM IUIISDKEH
JenalT  3ajady
COOPY)KEHMM Ha OCTpOBE
TpeOyrolel AeTalbHOrO aHalM3a XapaKTepHCTHK

CTPOUTCIILCTBA  CCJIIC3AIUTHBIX

CaxaJauH CJO0XKHOIM,
celedl Ha KaXIOM CeJIeONacHOM ydacTke. B
HacTosIee BpeMsl NPAKTUYECKHU BCE CEJIe3allUTHbIE
COOPYKEHMSI, pACIIOJIOXKEHHBIE B IIPUYCTHEBOM 30HE,

HC BBIIIOJIHAIOT CBOIO POJIb.

CeslenponyCcKHbIE  COOPY:KEHUSI B
NPUYCTHEBOH YaCTH CeJIeBbIX BOJOTOKOB Ha
nodepexne ocrpoBa CaxajauH

B omHoM u ToMm ke BomocOOopHOM OacceiiHe
00BEMBI CETIEBBIX MOTOKOB 3HAYUTEIILHO MPEBBIILIAIOT
00BEeMBI BOJBI, NMPOXOJSNIHNE BO BpeMs ITaBOJKOB,

Yy4acTBYIOT B
W3MEHEHUH  €ro

TaK¥XC CCJICBBIC IIOTOKH

pycia,
Hampasnenus [@neimman, 1978]. Kpome Toro, B
pe3yJbTaTe yIapHOIro BO3JEHCTBUS CEIEBOr0 IOTOKA

nepedopMUPOBaHUH

Ha UHXEHEPHBIE COOPYXEHUS MPOUCXOAMUT UX
HOBPEXKJICHUE U Pa3pylICHHEe. DTH OOCTOSATENbCTBA
HEOOXOIUMO  YUYUTHIBATb IIPH  CTPOHTEIHCTBE
CEJICHPOITYCKHBIX COOPYXKEHUII.

Bce Bomo- 1 cenenporyCKHbIE COOPYKECHH,
PacHoI0XKEHHBIE B IPUYCTHEBON YACTH CEIEHOCHBIX
BOJIOTOKOB ocTpoBa CaxajuH, MOKHO pa3[eiuTh Ha

TPH TPYIIIEL.
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Cenenponyckuvie coopyiceHus

B Hacrosmiee  BpeMs  CeNENpPOILyCKHbIE
COOpPY>KEHHS CHPOCKTUPOBAHBI U MOCTPOCHBI JIHIIb
Ha y4acTKe MPOTsHKEHHOCTHIO 7,5 KM Ha TEPPUTOPUH
MakxkapoBckoro paiiona (189-197 km aBTomoporu
IOxHo-Caxanmmack — Oxa), TAe  ONacHOCTh
MPENCTaBISIIOT ceid M3 17 ceneBbIX 0acceiHOB
[Bobposa, 2012] (pucyHok 3).

Mocmogbie nepexoodut

CrpoekTHpOBaHHbIE Hepexoibl
WHOT'Ia CTIOCOOHBI BBITIONHATE POJIb CEJIETPOITYCKOB.

MOCTOBBIC

Onnako B OeperoBoii 3oHe octpoBa CaxanuH
OoJbIlIasi 4acTh MOCTOBBIX IIEPEXOJIOB HE BCeria
chpaBisieTcsl Jake ¢ o0beMaMH BOIBI BO BpeMs
MaBOAKOB W3-32 MaJjoW IUIOMAAH TOMEPEYHOrO
CEYEHHS MOCTOBOTO OTBEPCTHSI.

JKene3HoqopoXkHBIA MOCT HA PUCYHKE 3C yaiie
BCET0

BBITIONHSET pONb  CENENpoIycka TpHu

MTPOXOXICHUHU Celield HeOONMbIINX 00BEMOB, OJHAKO

KPYITHBIX
OOKOBBIE

npu  BO3MOXHOM

I'psA3CKaMCHHBIX

MIPOXOKICHUH
CCNIEBBIX  TOTOKOB
MPOJIETHI MOCTa 3a0BIOTCSI CEJICBBIM MaTEepHAJIOM,
TUIOIIA/b TMOTIEPEYHOTO CEUCHHsI MPOJICTHON YacTH
CY3WTCS, COOTBETCTBCHHO, [aBJICHHE CEJICBOTO
MOTOKA Ha MOCT YBEJIMYHUTCS, YTO TMPHBEACT K
MOBPEXKJICHUIO U Pa3pyIICHUIO IOJIOTHA JKEIe3HOM

JIOPOTH.
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=== aBTOMOOHJIbHasA 0pora

BOJIOTOKH
JKeJle3Has lopora [__] cenennie Gacceiinn

Pucynok 3. Cxema ceneBbIX 0acceifHOB BOCTOYHOTO oOepeskbs ocTpoBa CaxaluH (), CeJIeBbIe OTIOKECHHS
(b), MOCTOBOIT TIEPEX 01 KEIE3HOM JOPOrHU (Ha MEepeTHEM TUIaHe) U CENETPOITYCKHOE COOPYKEHHE TIOJT
aBTOMOOWILHOM AOpOrol (Ha 3ajHeM I1ane) Ha peke YKapoBka (MakapoBckuii paiioH) (C)

Figure 3. Scheme of debris flow basins of the east coast of Sakhalin Island (a), debris flow deposits (b), the
railway bridge (in the foreground) and the pass-through structure under the highway (in the background) on
the river Zharovka (Makarovsky district) (c)

Booonponycknvle mpyoul Oonplieii 4YacTW TPHUOPEKHBIX  TPAHCIIOPTHBIX

Yamie BCero B KadecTBE BOJOMPOIYCKHbix — MardCTpalCH 0CTpOBa CCIICBBIC HIOTOKH
COOpYKEHHI Ha PYUbIX HCTIONB3YIOTCS 6JI0KHPYIOTCS JOPOIKHBIM TOIOTHOM.
JKene300eTOHHbIE TPYOB! pa3nuyHoro ceueHus (ot 30 Ha pucynke 4 NpUBEACHBI  IPHMEPI

g0 100 oM B aumamerpe). EcrectBeHHo, 5Ti  BOAONPOIYCKHBIX COOPYKEHHH B NPUOPEKHOM 30HE
COOPYXKEHHS HE MOTYT IIPOIYCTHTh HE TONBKO cenp,  OCTPOBa.  Bonompomycku 3a0MTBI  CCIICBBIM
HO /@K€ BOIHBI IOTOK BO BpeMst MaBojka. TpyGpr ~ MATCPHATOM, Ha JOPOTaxX BHJHBI CJICIBI CENCBBIX
OBICTPO 3aMIMBAIOTCA, 3a0MBAIOTCS M Imepecraror — OTIOKCHHMH, 4YacTh OTJIOKEHHH pacrioiokeHa B

BBINIONTHATh CBOIO (QyHKIMIO. B pesymprate na [UIKCBOM 30HC.
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Pucynok 4. BononponyckHsie TpyObl Ha CEJICHOCHBIX PYYbsiX: BOocTOYHOE odepexbe KOxnoro CaxanuHa,
MakapoBckwii paiioH (a u b), u 3anajgHoe nodepexne KOxuoro Caxannna, Hepenbckwii paiion (¢ u d)
Figure 4. Culverts on the debris flow rivers of Sakhalin Island: the Eastern coast of Southern Sakhalin,
Makarov district (a and b), and the Western coast of Southern Sakhalin, Nevelsky district (¢ and d)

Beinoc KPYHHOTJIBIOOBOTO Mmarepuaa,
Onarojaps KOTOPOMY OCYIIECTBISIETCSI YAaCTUYHOE
ranieHue BOJH, YTO B CBOIO OYEpE/Ib CIOCOOCTBYET
3aIuTe IULDKEH 0CcTpoBa, Yalle BCero OJIOKHpYeTcs
JOpo’)kHOM Haceimbto. Ha ydactke poporm B
[IPUYCTHEBON YaCTH BOJAOTOKOB, IJI€ OCYIIECTBIIAETCS
BBIHOC OOJIBIIOrO 00BbEMa CENEBOro MaTrepHana ¢
KPYITHOTJILIOOBOM COCTaBJIAIOIICH,

BapUAaHTOM IIPOTHBOCEJICBOM 3alLlUThHI

JYYILINM
ABJIIFOTCS
CEJIEIPOITYCKHBIE COOPYKEHH.

Ob0ocHoBaHMe BBIOOpaA ceJie3aALMTHOIO
COOpPY:KEHHUsI B MPUYCTHLEBOH YaCTH CeJleBbIX
BOJIOTOKOB

CTpOUTENBCTRO CENE3AIIUTHBIX COOPYIKCHHIA B
NPUYCTHEBOM YaCTH CEJIEBBIX BOJOTOKOB JIOJDKHO
OBITh O0YCJIOBIICHO CJICAYIOMUMY (DaKTOpaMH:
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- KOJIMYECTBOM CEJIEBBIX 0AcCEiHOB Ha ITOTOHHBII
KUJIOMETD;

- 00BEMOM CeJIEBBIX OTIIOKEHMIA;

- 4aCTOTOW (hOPMHUPOBAHUS CEIIEBBIX TIOTOKOB;

- TUTIOM CEJIEBBIX TIOTOKOB;

- pacmoNoKeHHneM B MPHYCTHEBOW 30HE YYaCTKOB
OeperoBoil JIMHUM, TAC OCYIIECTBIACTCS BBIHOC
CEJIeBOr0 MaTepHaa.

Kax yxe ObIIO CKa3aHO BBIIIE, HA OCTPOBE
CaxanuH B TPUYCTHEBOH 30HE MPAKTHUYECKHU
MMOBCEMECTHO OCYIIECTBIAECTCS BBIHOC CEIEBOTO
Matepuana Ha wisik. [lomMmuMo 3TOro, B HEKOTOPBIX
pAn
y4acTKOB B XoiaMcKkoM W HeBenbckoMm paiioHax),

paiionax octpoBa (MakapoBckuii paiioH,

(hopMupyroTCcs cenu OONBIINX 0OBEMOB C BHIHOCOM
KpYITHOTIILIOOBOTO MaTepraia. Ha Takux ydacTkax
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LeJIecO00pa3HO BO3BEICHUE MOCTOBBIX IIEPEXOAO0B, PACCUMTAHBl PACXOJBl BOJBI PEJKON MOBTOPAEMOCTU
BBITIOTHSIOIINAX POJIb CENENPOITYCKOB. (0,1% obecnedeHHOCTH), a TaKKe OOBEMBI CTOKA U

Ha ydvacTkax pacnpocTpaHeHHsI CKIOHOBBIX OOBEMBI  CENEeBBIX OTIOKeHWH (Tabmuma 1).
cesieBbIX 0acceitHoB, ¢ ux konndectBoM 30-40 mt/km  Bacceitner Ne 1 u Ne 2 mokasaHbl Ha pHCYHKE 5.

(yuactok c. lllebyamao — c. TopHozaBoack, HecmoTps Ha HeOosbIime OOBEMBI, TaKHE CEIU
Hesenbckuit pabioH), rne (OpMHUPYIOTCS CEIM  PETYJISPHO JOCTUTAIOT IOJIOTHA aBTOMOOWIIBHBIX H
HEOOIBIIOro o0bema (mo 500 M%),  KENE3HBIX JOPOT, TPOJOKEHHBIX HEMOCPEICTBEHHO
XapaKTepU3YIONIHECs BBICOKOH IMOBTOPSEMOCTBIO Y MOJHOXHSI YCTYIIOB MOPCKUX Teppac (PHCYHOK 5).
(3-5 paza B ron), Ha B3I aBTOPOB, 1IeJIeCO00pa3HO B HacTosimee BpeMsi Ha OTACIBHBIX y4acTKax
CTPOHTENBECTBO CEIIEBBIX JIOBYIIICK. noOepexkuii  ocTpoBa HE CYNIECTBYEeT HHUKAKOM

B  kadecTBe  CpaBHUTENBHOIO  aHajW3a 3allUTHl OT CEJEBBIX MOTOKOB, MOTOMY HECKOJBKO
XapaKTEepUCTUK CKIOHOBBIX CEJIEBBIX IIOTOKOB W pa3 B TOA JAOPOrYy MEpPEKPHIBAIOT OTIOKEHHA
YeThIpeX BpPEMEHHBIX BOJOTOKOB, IO pycilaM CKJIOHOBBIX Celeil.

KOTOpbIX B 2015 T. colUuIM CKIIOHOBBIE CEJH, OBLIH

T [ T

CKINOHOBLIE cenesbie BacceiiHbl,
ANA KOTORBX osin HPDHSBE,EI,EH
pacyeT XapakTepucTiK

£ —= HanpaBneHwe OBWKEHWH
CHNOHOBLIX Cenen

—— aBTOMODUNbHAA Aopora

a b
Pucynok 5. CkIIoHOBBIE celli Ha MOPCKHX Teppacax 3amagHoro nodepexss IOxuoro CaxanuHa: cxema
PACHOJIOKEHNUS CKIIOHOBBIX CEJIEBBIX OACCEHHOB (a) M OTIIOKEHHUS CKIIOHOBOTO CEJICBOTO MOTOKA,
3aBajuBIIero aBrojopory c. [lledynuno — c. ['opHo3aBojck (Hesenbckuit paiion) B utone 2015 r. (b)
Figure 5. Slope debris flows on the western coast of South Sakhalin: scheme of slope debris flow basins (a)
and deposits of slope debris flow on the road Shebunino — Gornozavodsk (Nevelskiy district) in July 2015(b)
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Tabémmma 1. XapakTepruCTHKU CKIOHOBBIX CEJIEBBIX OacCceHOB Ha 3anagHoM nodepexbe KOxuoro CaxanvuHa
Table 1. Characteristics of slope debris flow basins on the western coast of South Sakhalin

CpennensBe- Pacxox Boger, | O6beM
. [Tnomans 3 O0BeEM celleBBIX
IICHHBIN JnnHa Bogo- N m/c, 0,1% CTOKa 3a . 3

Ne IOH VeI TOKA. M Oaccelina, o6ec VTKI OTIIOKECHUH, M~ (ETHHO-

4 pycid, ’ ThHIC. M? yT3 ’ | BpeMeHHbIH BbIHOC, 2015 T.)

%o IICYCHHOCTH M
1 703 170 6 0,010 0,168 40
2 668 180 4,5 0,009 0,144 40
3 1004 120 2,4 0,003 0,072 10
4 986 130 1,9 0,003 0,072 50
MMOTOKaMHU M HE MPEISTCTBOBATh [TOCTABKE CEIEBOI0
3akioueHne

CyMMapHast IpOTsHKEHHOCTh aBTOMOOHITHHBIX
Y JKEJIC3HBIX JJOPOT, PACIIONIOKEHHBIX B IPUYCTHEBBIX
YacTsAX CEJEeBBIX BOJOTOKOB, Ha ocTpoBe CaxanmuH
300 kM, a crenuaabHO
CIPOCKTUPOBAHHBIE CEJETPOITYCKHBIC YCTPOWCTBA,
MOJTHOCTHIO

COCTaBJISIET  OKOJIO
BBITIONTHSIIOIIIUE  CBOIO  (DYHKIIHIO,
MOCTPOEHBI TOJIBKO HA YYacTKE MPOTSKECHHOCTHIO
7,5 kM.

B psage ciydaeB
BBITIOJIHSIOT ~ MOCTOBBIE

pOIb  CETNENpOIyCKOB

MEepPeXopl, HUMEIOLIUE
JOCTaTOYHBIC IUIOMIATHA  ITOTIEPEIHOTO

bonpmmmHcTBO M3

CCUCHUA
IOAMOCTOBOI'O OTBCPCTHUA.

CYHICCTBYIOIIUX B HaCTOAIICC BpeMs

BOJOMPONYCKHBIX  YCTPOHCTB  MOJ  JOpOTaMu
BBITIOJHSITh POJIb CEJICTIPOIYCKOB HE CIIOCOOHBI.
Kpome Toro, B pesynbpTaTe 3a0WBaHMS OTBEPCTHI
TpYO ¥ MOCTOB CEJICBBIMH OTJIOXKCHUSIMH ITOCIICTHIEC
MEPECTAIOT BBIMOIHATH CBOI  BOJOIPOIMYCKHYIO
¢dbyakouro. [losToMy HE0OXOIUMO TPOEKTUPOBAHUE
HOBBIX COOpPYXCHHH, CHOCOOHBIX OOecre4nBaTh
MPOXOXIEHHE HE TOJNBKO BOJBI, HO U CEJIEBBIX
MTOTOKOB.

Jyis Toro 4YroObl OJHOBPEMEHHO HU30EkKATh
MTOBPEXACHUS MOJIOTHA

OOPOKHOI'0 CCJICBBIMU

Jlutreparypa

bobposa J].A. ImxeHepHBIE MEPOTIPUATHS TI0 3a-
IIUTE TMHENHBIX COOpPYKEHUH oT ceneil Ha 0. Caxa-
nuH // Tpynst Bropoit koHpepenunu «CeneBble HO-
TOKH: KaTacTpo(dbl, PpUCK, IPOTHO3, 3alUTay, IO-
CBAIIIEHHON 100-neturo C.M. ®Dneiinvana
(r. Mocksa, 17-19 okts0ps 2012 roma) / OTB. pen.
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MaTepuaia B TUISHKEBYIO 30HY, MO TPAHCIIOPTHBIMU
MarucTpaliiMU HEOOXOTUMO CTPOHTH CEJICTIPOITYCKH;
BBIHECCHHBIN B OEpEroBYIO 30HY CEJICBOM MaTepua,
AKKyMYJUPYSCh, YBEIMYUBACT MOIIHOCTh IUISDKA,
3amminas  Opoxomsmue 1o Oepery  Mops
ABTOMOOWJIbHBIC W KEJIC3HBIE JOPOTH OT BOJHOBBIX
BoznelicTBuiA. OCHOBHBEIM KPUTEPHEM IJIsi BBIOOpa
CEJICTIPOITYCKHOTO COOPYKCHHS B KAU€CTBE 3aIUTHI
OT cellel SIBIIIOTCS CIEAYIONINE XapaKTEPUCTUKU
(6onee 500 M),

KPYITHOTJIBIOOBOTO ~ MaTepHala,

ceneit:  00BEMBI HaJIN4ne
BBIHOC CEIIEBOTO
MaTepuraia Ha TUISIK.

Jlist BBIOOpa COOPYKEHHUH CEIeBOM 3aIUTHI B
OeperoBoit 30He ocTpoBa CaxaivH HEO0OXOIMMO
OTTAJIKMBATLCS OT Takux (aKTOpPOB, KaK OOBEM H
4acTOTa BBEIHOCA CEJICBBIX OTJIOXKEHHUHN B IUISHKEBYIO
30HY, IUIOMAQAHAS TIOPAKEHHOCTh  CEJIEBBIMU
MIPOIIECCAMH, TUTI CeJIs (CKIIOHOBBIHN T JOJTUHHBIN),
4acToTa (hopmupoBaHus, 00BeM CEJIEeBBIX
OTJIOKEHUH, JaTFHOCTH BHIOpOCaA Celsl.

Ha wHekoTopbIXx ydacTKax mW3-3a MajbIX

00BEMOB  CEJIEBBIX  OTIIOKEHHH  JOCTATOYHO

COOPYXEHUSI IIUPOKOH  YKpEIJICHHOU
BBITIOJIHSIONICH POJIb CENEBOM TOBYILIKH.

KaHaBBblI,
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OKOJIOI'MYECKHUE ITPOBJIEMbI U OITACHOCTHU B T'MIPOC®PEPE
ECOLOGICAL PROBLEMS AND HAZARDS IN THE HYDROSPHERE

VJIK 504.42
COBPEMEHHBI TEXHOTEHE3
MHMPOBOI'O OKEAHA: XAPAKTEP
MPOLIECCOB 1

IKOJJIOTMYECKHUE ITPOBJIEMbI

AL Cysnanesa', B.H. Besnocos?
'Hayuonanvnwii uccnedosamensvcruti «Mockosckuii
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AHHOTanusA. B Hacrosiee BpeMs YeIoBeYeCKast
JIESATEIILHOCTh MIOCTETICHHO OXBATHIBACT BECh 00BEM
MupoBoro okeana, BKIIIOUYas €ro IeHTpalbHbIE Ya-
cTH ¥ riyouHHbIe citon. CocTosiHne MupoBOTO OKe-
aHa BCerJa SBISUIOCH BaKHEHIINM (aKTOPOM,
OTIPEEISBIINM YCJIOBUSI CYIIECTBOBAHHUSA BCEH
ouocgepsl. [lo 3Tol MpUYMHE U3MEHEHHUE €T0 TH/I-
pOJIOTUYECKON CTPYKTYpbl U CBOMCTB B MPOIIE/I-
[IME TEOJIOTMUYECKUE MOXH HEOAHOKPATHO MPUBO-
JIWIO K TIIO0QJBHBIM 3KOJOTHYECCKUM KpU3HCAM H
BBIMUPAHUIO OOJBITHHCTBA CYIIECTBOBABIIIHX B TO
BpeMs opraHuzMoB. COBpEeMEHHBIH TEXHOTCHE3
MupoBoro okeaHa MOXKET UMETh aHAJIOTUYHBIE Ka-
TacTpoUUeCKre TMOCIEeACTBUA. Pa3BuTHe 3TOTO
Kpusuca OyneT ckaukooOpasHeiM. Ha ero mepBom
JTarne MOCJeCTBUS TEXHOTeHHOW TpaHCOopMaIiu
JIOKAJIN30BaHbl B TPAHMIIAX OTACIHHBIX yYacCTKOB
akBatopuu MupoBoro okeana. Ho ux kojinuecTBo
HETIPEpPhIBHO BO3pacTaeT. B omnpeneneHHbIl Mo-
MEHT BPEMEHH COBOKYIHBIH 3(deKT 3Toro mpo-
1ecca B TeUEHHE OTHOCUTENHFHO KOPOTKOTO Bpe-
MEHHU MOKET BBI3BaTh pa3pylieHue MupoBoro oke-
aHa KaK eJUHON CHCTEMBI, Iepexo/1ia ee B HOBOE CO-
CTOSTHHE. ITO HEM30SKHO MPUBEIET K HAPYIICHHUIO
YCIIOBUI Ha OOJIBITUHCTBE YYaCTKOB IIIAHETHI, BBI-
30BET IJI00ANBHBIA 3KOJOTHUYECKUHA W COLHAIBHO-
SKOHOMUYECKUH Kpu3uc. Bmecte ¢ TeM 0cTaHOBUTH
Ipolecc TeXHOreHe3a MHUpoBOro okeaHa B ycio-
BUSX HEMPEpPBIBHOIO pOCTa HAPOJOHACEICHUS
3eMui ¥ €T0 OTPEOHOCTH B IPUPOIHBIX pecypcax

DOL: 10.34753/HS.2020.2.1.19
MODERN TECHNOGENESIS OF

THE WORLD OCEAN: NATURE OF
PROCESSES AND ECOLOGICAL
PROBLEMS

Antonina L. Suzdaleva', Victor N. Beznosov?
!National Research University «Moscow State Uni-
versity of Civil Engineeringy, Moscow, Russia;
’LLC «Alfamed 2000», Moscow, Russia

SuzdalevaAL@yandex.ru

Abstract. The condition of the World Ocean has
always been the most important factor living condi-
tions of all Biosphere. For this reason change of its
hydrological structure and properties during past
geological eras repeatedly led to global ecological
crises and extinction of the majority of the organ-
isms existing at that time. The modern technogene-
sis of the World Ocean can have similar cata-
strophic consequences. The development of this cri-
sis will take place in a hopping manner. At its first
stage, the consequences of technogenic transfor-
mation are localized within the boundaries of indi-
vidual sections of the World Ocean. But their num-
ber is constantly increasing. At a certain point in
time, the cumulative effect of this process for a rel-
atively short time can cause the destruction of the
World Ocean as a single system, and its transition
to a new state. This will inevitably disrupt condi-
tions in most parts of the planet, and will cause a
global ecological and socio-economic crisis. At the
same time, it is impossible to stop the process of
technogenesis of the World Ocean under the condi-
tions of continuous growth of the Earth’s population
and its need for natural resources. The only real way
to prevent catastrophic consequences is to develop
mechanisms for controlling the processes of tech-
nogenesis. In practice, this problem can be solved
by creating managed natural-technical systems. In
these systems, enabling ecological conditions and

Cysoanesa A.JI, bBesnocos B.H. CoBpeMEeHHBII TEXHOTEHE3 MUPOBOTO OKEaHa: XapakTep IPOLECCOB U KO-
norndeckue npobaemsl / I'mupocdepa. Onacuble npoueccel u siBiaeHus. 2020. T. 2. Bem. 1. C. 19-31.

DOI: 10.34753/HS.2020.2.1.19
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HEBO3MOXHO. EJMHCTBEHHBIM pEaTbHBIM ITyTEM
MPEIOTBPAIICHNSI  KaTacTPO(UIECKIX

CTBUH SIBJISCTCS pa3pa60TKa MCXaHU3MOB YyIIpaBJic-

nociaca-

HUSI IpolieccaMu TexHoreHe3a. Ha npaktuke ta 3a-
Jada MOXKET OBITH pelleHa Ha OCHOBE CO3JaHus
YIpaBIsieMbIX MPUPOJHO-TEXHUYECKUX cHCTeM. B
9THX CHUCTEMaxX OJaronpusTHBIC 3KOJOTHYCCKHE
YCIIOBHUSL M cOXpaHeHHe OnopasHooOpasusi odecre-
YUBAIOTCS Pa00TON TEXHUIECKUX OOBEKTOB — DKO-
JIOTHYECKHUX PETYISATOPOB. B kadecTBe HUX MOTYT
UCIIOJIB30BaThCsl TEXHUYECKUE CHCTEMBI U COOpPY-
JKEHHsI, CO3/[aBaeMble JIIsl JIPYTUX Lened (McKyc-
CTBEHHBIC OCTPOBA, MOPCKHE JJIEKTPOCTAHIIMU H
Iip.). MUpOBO# OKeaH SBISAETCS TOCTOSHUEM BCETO
YeNoBeYeCTBa, HO €ro MPUOpPEKHBIC aKBATOPUU U
OCTpOBa MPHUHAAJIECKAT OTACIBHBIM IOCYJapCTBaM.
[Mo >TUM mpHYMHAM YIpaBlIeHHE TEXHOTCHE30M
MupoBoro okeana 00yCcI0BIHBaeT HEOOXOAUMOCTh
pa3sBUTHS CHENMATBHOTO HampaBieHus B cdepe
MEXYHAPOHOTO TpaBa, KOHCOJHIAIMU YCHIIUH
Pa3MUYHBIX CTpPaH MO KOMIICKCHOMY PEICHHIO
9KOJIOTHYECKUX, SKOHOMHUYCCKHX W TEOMOIUTHYC-
CKUX TpoOIeM.

KiaroueBnie ciioBa:
OK€aH; IPUPOAHO-TEXHUYCCKAsA CUCTEMA,; DKOJIOIU-

TexXHoreHe3; MupoBoi
YECKUM PEeryisTop; KpeaTuBHAs MapajurMa perie-
HUS DKOJIOTUYECKHX MPOOJIEeM; HCKYCCTBEHHBIC
OCTpOBa

BBenenune

TexHorene3  MwupoBoro  okeaHa,  T.e.
TEXHOTCHHAss TpaHCPOpPMAILUS €ro CTPYKTYpbl H
CBOMCTB, HOCHUT MHOTOIUIAHOBBIN XapakTep, YTO
00yCIIOBJIMBACT MYJIBTUIUCIHUIDIMHAPHBIA XapakTep
M3y4eHUsT JaHHOW mpoOiembl. Ee pasnuunble
ACTEKTHI ABISIOTCS MPEIMETOM U3YUEHUS HKOJIOTHH,
TUAPOJIOTUH, TUIPOXUMUHU, METECOPOJIOTHU U psna
IPYTUX  HAyYHBIX Hecmotpss Ha
pa3auuns MPEJIMETOB UCCIICIOBAHUSA, OOJBIIIMHCTBY
Tpu oOrIme

BHUMAHHUC

JUCLIUILINH.

STUX HUCCJIEAOBAHUU CBOMCTBEHHBI
YEPTHI. Bo-nepBrix, OCHOBHOE
CHCIMAIIUCTOB YACHSACTCS OTICIbHBIM (DEHOMEHAM,
paccMOTpeHne KOTOPBIX abCTparupyroTcs OT APYTUX
Hampumep,  w3ydenme  mpormecca

MOpAa O0OBIYHO OrpaHUYMBACTCA

po0eM.
3arpsI3HCHUS

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

biodiversity conservation are ensured by the opera-
tion of technical facilities - ecological regulators.

Keywords: technogenesis; World Ocean; natural-
technical system; ecological regulator; creative par-
adigm of solving ecological problems, artificial is-
lands.

MOCTYIUICHUEM B BOJY BEIIECTB WM TEIUIOBOU
SHEPTUM C Pa3IMYHBIX TEXHOTCHHBIX OOBEKTOB,
BBI3BIBAIOIIAX HeXeJaTeIbHbIC W3MEHEHUs
XUMHUYECKOT0 COCTaB MM TEMIEPATYPHOIO peKuMa
BoA. B T0 ke BpeMst n3mMeHeHne (PU3NKO-XUMHUIECKIX
CBOMCTB BOJHOM Cpe/ibl, BOSHUKAIOIIEE B pe3yJIbTaTe
HapylUICHUs  CTpPaTU(UKANUU  MOPCKOM  Cpeibl
YeIIOBEYECKOl /eATeNbHOCThIO, KaK oJHa U3 (opM
3arpsi3HEHUs] HE paccMaTpuBaeTcs. Bmecte ¢ Tem
MoJIOOHOE  «JIeCTPAaTU(PHUKAIIMOHHOE 3arps3HEHHE)
[beznocor, 2000a] MPEACTAaBIATh HE

MCHBIIYIO J3KOJOTHMYCCKYI0 OIIaCHOCTD. Haan/IMep,

MOXKCT

TEXHOTCHHBIN TOABEM TIIyOMHHBIX BOJI C BBICOKOH
KOHIIGHTpalue CEepoBOAOPOa MOXKET BBI3BAThH
ru0esh OpraHU3MOB B TOBEPXHOCTHBIX CIOSX MODSL.

Suzdaleva A.L., Beznosov V.N. Modern technogenesis of the world ocean: nature of processes and ecological
problems. Hydrosphere. Hazard processes and phenomena, 2020, vol. 2, iss. 1, pp. 19-31. (In Russian; abstract
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Bo-BTOpSHIX, MIPOSIBIIEHUS TEXHOT€HEe3a
Ha4YMHAIOT BCECTOPOHHE aHAJIM3UPOBaTh M HU3ydyaTb
JUIIb  IOCNE€ TOro, Kak OHU  IPUHUMAIOT
BBIDQKECHHBIN HETaTHBHBIN XapakTep. |naBHas xe
3ajjaya Hay4dHOM AEATENIPHOCTH 3aK/IIOYaeTcsi HE B
OOBSICHEHHH TPUYUH YK€ MPOM3OLICAIIET0, a B
Oymymmx
CBOEBPEMEHHOI pa3paboTKe Mep, [03BOJIIOIINX

n30eKaTh UX HETaTUBHEIX HOCHCILCTBHﬁ. TaK, Ha

MIPOTHO3UPOBAHUH COOBITHH W B

COBPEMEHHOM 3Talle IPOUCXOAUT HCKYCCTBEHHOE
U3MEHEHUE KOHQUTypaluu OeperoB pa3IuuHBIX
MOpei 1 UX MOJBOTHOTO penbeda. Bompoc o Tom, Ha
KakoM OJTame »3TOT IPOLEecC CMOXET OKa3aTb
3HAYMMOE BIIMSTHUE Ha XapaKTep UUPKYJSILIUU BOX H
BbI3BaTb HM3MCEHEHHE

ME€30- HW MakKpOKJIMMara,

MMPAKTUYCCKHU HE U3YyHaCTCA.

B-tpetbux, mnpu  BBIpa0OTKE Mep 1O
IPENOTBPAIIEHUI0 M  CHIDKEHHIO  HETaTUBHBIX
MOCNEACTBUM  TEXHOT€HE3a  CIELHAINCTBL, Kak

MPaBUJIO, HE BBIXOAAT 3a paMKH yCTOSIBIIEHCS
3aMpeTUTEIHHO-OTPaHUIUTETHHOMN TapaurMel,
COTJIACHO KOTOPOU PEIICHUE SKOJOTUYECKUX U UHBIX
mpooJIeM, 00y CIIOBJIEHHBIX TpaHchopmaruei
OKpYKaloled Cpeabl, 3aKII0YacTCs B YCHUJICHUH
KOHTPOJISI OTJACTBHBIX «IOTCHIUAIBHO OITACHBIX)
BHUJIOB YeJIOBEUYECKOU aesTenbHocTH. Ho B yciaoBusax
HENPEPBHIBHOTO  POCTAa  HApOJOHACENCHUS U
MTOCTOSTHHOTO TTOSIBIICHUS HOBBIX BHJIOB
JEATEIBHOCTH, CBA3AHHBIX C OCBOCHHUEM PECYpPCOB
MupoBoro okeana, MOJAOOHBIN MOIXOA MOXET IaTh
Wb  BPEMEHHBIE
OcTaHoBUTH IpoliecC

Kak )41

JIOKAJIbHBIC PE3YIbTATHI.

TEXHOTeHe3a MupoBoro
ouochepsl B IICIIOM,
3aMpPeTUTEIBHBIMU Mepamu HEBO3MOXKHO
[Cy3nanesa, 2017].
peaNbHBIH MyTh pEIIeHNs MPOOJIEMbI 3aKITFOYaeTCS B
CO3MaHMHM  MEXaHHU3MOB  YIPaBICHUA  OTHM

OKeaHa,

l'opronoga, EnuHcTBEeHHBIH

nporieccoM. [1om00HBIN METOTOIOTHIECCKUIN TTOIXO]T,
KOTOpBI MOHO Ha3BaThb KpEaTUBHOW MapagurMou,
MPOTUBOPEUYUT OCHOBHOMY CTEPEOTHUITY
MBIIUICHUS»,  OTPUIAIOLIEMY
BO3MOXHOCTh AKTHBHOI'O BMEILIATEIbCTBA YEIOBEKA

«OKOJIOTHUYCCKOT'O

B MpHUpPOJHBIE TIpoliecchl. [1o 3TOM mpuUMHE LENbIo
JTAHHOW pabOTHI SABISICS HE TONBKO 00O0OMIaroNTHit
aHAJIM3  pa3NUYHBIX  acCMeKTOB  TEXHOTeHe3a
MupoBoro  okeaHa, HO Hu  0OOOCHOBaHHWE

H€06XOI[I/IMOCTI/I MNPUHOUIIAAIBHOTO  IICPECMOTpa

Tom 2, Bein.1 | 2020

B3IJIA/Ia HAa BO3MOXHBIC IYyTH MNPEIOTBPALICHUS
KaTacTpo(hUIEeCKUX MOCIIEACTBUI ATHX MPOIECCOB.

MeTtonosiornueckue NPUHIUIBI
HCCJIe0BAHUA

Ilpu cbope u aHamm3e wuHPOpPMALHUH,
XapaxkTepHu3ylomen MPOLIECCHI TEXHOT€HE3a
MupoBoro okeaHa, Mbl  PYKOBOJCTBOBAJIUCH
CJICAYIOIIMMY NIPUHIUIIAMU:
1. B  uucno  BO3MOXHBIX  HaIlpaBJICHUI

TEXHOTeHe3a BKIIOYAINCh HE TOJIBKO TPOEKTHI, B
HacTosiliee  BpeMs
yrpo3y KpYIMHOMAacIITaOHOTO
TEXHOT€HHOI'0 BO3JIeCcTBUSI HA MUpOBOI OKeaH, HO

MpeAcTaBsIone  coboit

peabHyI0

W BBIABUTABIIHCCA B HNPOIIOM HJCH, BOIIOIICHUC

KOTOPbIX  CIOCOOHO  BBI3BaTh  AaHAJOI'MYHBIH
pe3ynbrar. Kak moka3piBa€T HMCTOPUYECKUM OIBIT
mobas paHee OTBEprHyTasl HAesi B U3MEHHBLIMXCS
YCIIOBUSIX MOKET OBITh peajn30BaHa.

2. Texnorennass Tpancopmanuss MupoBoro
OKEaHa OJIHOBPEMEHHO MPOMCXOJUT 110 HECKOIBKUM

HaIpaBIEHUSAM, KOTOPBIE MBI PacCMaTpHUBaeM Kak

OTJENbHBIE BHJIBI TEXHOTeHe3a -
reoMophOIOTHIECKHIH, TUJPOJIOT MUECKUM,
rugpoxumMmuuecknii u  Omotmueckuit [Cysnanesa,
l'opronoBa, 2014]. Ho cnegyeT NOMHHTBH, 4YTO

pa3BUTHE YTUX SIBICHHUI TPOUCXOIUT HE 000CO0IICHO,
a B CJIOXHOU B3aMMOCBSI3H.

3. HexonTponupyeMbiii TexHorenes MupoBOro
OKE€aHa BBI3BIBACT U3MEHEHHE YCIOBUM MPAKTHUECCKU

Ha BCEd TMOBEPXHOCTH  IUIAHETHI, BKJIIOYas
TEPPUTOPUN  KOHTHHEHTOB. JTO  HEW30€XKHO
CTUMYJIUPYET pasBuTHE rI100AIBHBIX

T€09KOJIOTUIECKIX KPU3UCOB (ITPOAOBOIBCTBEHHOTO,
BogomnorpeOiaeHus u ap.) [Cysmanesa, 2019]. B
OCHOBE BCEX OTHX SBJICHUU JIGKUT H3MCHCHUC
SKOJIOTUYECKOW CHUTYyalluu,
HapyIlIeHHE yCIIOBUH

BIIEKyITlee 3a coOoi
JKU3HECSITEITLHOCTH
HaCeJICHHsI OOIIUPHBIX PETHOHOB.
4. PesynpTaToM TexHOTEHE3a BO BCEX CIy4Yasx
SIBIIICTCS. BO3HUKHOBEHHUE MPHUPOJTHO-TEXHUUYECKOM
CHCTEMBI, T.€. COBOKYITHOCTH B3aMMOJICHCTBYIOIINX
OOBEKTOB  €CTECTBEHHOIO U  HCKYCCTBEHHOTO
npoucxoxknaenua [CysmaneBa, 2016]. CymectByeT
JIBE OCHOBHBIC KaTErOpuH MOJ00HBIX cHcTeM. K
MEPBOM  OTHOCATCS HEYNPABISEMBbIC IPUPOJIHO-

TeXHHYECKHEe cHcTeMbl. OHU BO3HHKAIOT CIIOHTaHHO,
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Y UX CYIIECTBOBAHUE, KaK MPABUIIO, COTIPOBOKIACTCS
SKOJIOTUYECKON Jerpajialiieil OKpy»Karollel Cpepbl.
Bropas xareropus — 3TO yIpaBisieMble MPHPOJIHO-
TEXHUYECKUE YcnoBus B

CHUCTCMBEI. HUX

OTIPEACTISIOTCS paboToit 9KOJIOTHYECKOTO
perymusTopa, B KaueCTBE KOTOPOr0 MOTYT BBICTYIATh
pa3iuyHble YCTPOMCTBA, MHXKEHEPHBIE CHUCTEMBI U
COOPY)XEHHSA, PEXKHUMBI pPabOTBl M KOHCTPYKIHUH
KOTOPBIX COOTBETCTBYIOLIUM obpazom
CKOppEKTUpOBaHbl. [[s1 BBIMOJHEHUS 3TOW 3aja4ud
HEOOXOUMO  pa3BUTHE  MEKIUCIHUIDIMHAPHOTO
Hay4HO-TEXHUYECKOTO COTpYAHUYECTBA. Ero
BaXXHEHIIIUM YCIIOBUEM SIBIAECTCS CHUHKPETUUYECKUI
MOAXOA K OCMBICICHHUIO IENeH U MmyTell peuieHus
B nannoM 3TO YaCTUYHOE

po0eM. cirydJae

BOCIIPUATHUE PA3JIMYHBIMU T'pyIIIaMU CIICIIUAJIUCTOB

TOYKH 3PEHUS CBOMX WACHHBIX MPOTUBHUKOB.
CriermannuctaM-3K0JIoraM HEOOXOINMO
MEPECMOTPETh OTHOILIEHHE K TEXHOTCHE3Y

OKpy’Karolllell cpenbl Kak K cyry0o HeraTuBHOMY
sBieHnt0. CrenuanicTbl WHXEHEPHO-TEXHUYECKOMH
cdepsl TOIDKHBI BOCIPUHUMATH 33/ady yIydIIeHHs
9KOJIOTHYECKOM CHUTyallud He Kak (opMajbHOe
MIPUPOIOOXPAHHOE OIPaHUYEHUE, a KaK BaKHEHIINN

KOHCYHBIN pe3yabTaT cBOCH ACATCIbHOCTH  —

IIeJIeHaIIpaBIIEHHOE yIIydIIeHne yCIIOBUi
OKpY>KaloIlel Cpebl.
5. [Ipoucxopsmue TI00ANTBHBIE KINMAaTHICCKUE

U3MeHEeHUs! (MapHUKOBBIH 3PQEKT) U BHI3BIBACMEIC

nMH HN3MCHCHUA MI/IpOBOFO OKC€aHa HC

paccMaTpuBaOTCS B MPOIIECCHI
DKoJIOTHYECKAsT 3HAYUMOCTH OTHX

cTaThe  Kak
TEXHOT'CHE3a.
siBJIeHUA HecoMHeHHa. Ho TpakTtoBaTh HMX Kak
MpoIecChl  Cyry00  TEXHOTCHHOTO  XapakTepa
MPEXICBPEMEHHO. Mmnorue CIICI[UAJIHCTRI
MIPUACPKUBAIOTCS MHEHHSI, YTO OCHOBHYIO POJb B
MIPOUCXOASIINX r100aIbHBIX KIMMAaTHYECKUX
MIpoIIeccax UTParoT eCTeCTBeHHBIC (pakTophl. BMecTe
C TEeM XapaKTep IOCIICICTBHH TEXHOTEHE3a BO
MHOTOM 3aBUCHUT oT xXoda  riIo0albHBIX
KJIMMaTHYSCKUX MIPOIIECCOB H, HaIlPOTHB,
TEXHOTeHHass TpaHcopmanus MwupoBoro oxeaHa
MOXET KaK yCWJINBAaTh, TaK W CHIDKATh DPa3BUTHE

MapHUKOBOTO 3 dekTa.
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Buasbl Texnoresesa MupoBoro okeana

Texuorene3 MupoBoro okeana — 3To ImpoLecc,
SIBJISIFOITUICS. PEe3yJbTaTOM MPSAMOTO0 U KOCBEHHOT'O
BO3JCHCTBHS Ha TuApocdhepy BecbMa IIHPOKOIO
CIIEKTpa BUJOB YEJIOBEUYECKOU nesaTrenbHOCTH. s
aHallu3a TOCJICJICTBUN Pa3BUTHUS 3KOJIOTHYECKOU
CUTYaIiH BO3JICHCTBUS HEOOXOIMMO
KJIACCU(UIIMPOBATD, BBIJCIUB HECKOJIBKO OCHOBHBIX

OTHU

KaTeropuii, paCCMOTPEHHBIX Jallee.
T'eomopgponozuueckuii mexnozenes

I'eomopdomornueckmii TEXHOT€HE3

3aKII0YaeTCsl B W3MEHEHWM KOHQUTYypanuu W
CTPYKTYPBI OEPEroBOM JTMHUM, a TAKXKE MOJABOIHOTO
penseda. JesaTenbHOCT, IPUBOIAIIAS K TI0T0OHBIM
pe3ynbTaTaM, TpecieayeT pa3indHbie 1eau. Tak, B

pdaAcC CTpaH paBpa6aTLIBaIOTC$I U OCYIICCTBIIAKOTCA

MHOTOYMCJIEHHBIE  INPOEKTHI: OT  pa3MeEIleHHs
HEPTSHBIX mw1athopm b1 (6] CTPOMUTEILCTBA
HCKYCCTBEHHBIX 3eMeJIbHBIX Yy4acTKOB u
HCKYCCTBEHHBIX OCTpOBOB, YHUUTOKAIOIIUX

3HAUNUTENIbHBIE YYacTKH MenbpoBoil 30HBL. Ux
IpefHa3sHaYeHHEe BEChbMa pPA3JIMYHO: OpraHM3aIMs
JNOOBIYM  TIOJIE3HBIX HCKONAeMBIX Ha Iunenbge,
pa3MeIieHre  a’poApPOMOB,  IPOU3BOJCTBEHHBIX
00BEKTOB, )KMIIBIX MacCUBOB U mp. [1o mporuosam k
2030 roxy n0 12,5 MiH. KM? MOPCKUX aKBaTOPHI
OyIyT 3aMEHEHBl HCKYCCTBEHHBIMH TEPPUTOPHUSIMU

[Chee et al., 2017].

B mopammsionmemM  OONBIIMHCTBE — CITyJacB
BO3BEICHHE HACKYCCTBEHHBIX OCTpPOBOB
CONPOBOXKIACTCA  3arpsA3HCHHEM  OKpYKaromiei

Cpenbl, MI3MEHEHHEM THIPOJIOTHYECKOTO PEeXuMa, a
TaK)Xe JTUKBUAAINMCH U KOPSHHOU TpaHChopMaIue
Mopckux OwmotomoB [Givi et al.,, 2015]. Ecmm
CTPOHTEIHCTBO MCKYCCTBEHHBIX 3eMEeIbHBIX
YYaCTKOB U OCTPOBOB OyJIET IMPOUCXOIUTh TEMHU KE
TEMIIaMH, YTO W B HAcTosIiee BpeMsi, TO B
OMpEJEICHHBIA MOMEHT 3TO MOXET NPUBECTH K
U3MEHEHUIO

COOTHOLICHUA TIUIOMIaaAn Cyllu ¢

MupoBoro  oOkeaHa, C  COOTBETCTBYIOIIUMHU

W3MEHEHUSIMU ME30- M MaKpOKJIMMaTa, a TaKxKe
YCIIOBUH CYIIECTBOBaHUA

JKUBHCACATCIbHOCTU HACCIICHNUA HA MHOTUX YYaCTKax

OKOCUCTEM u

TUTAHETHI, B T.4. YIAICHHBIX OT MOPSL.
B 0603puMOM OymyteM
MPOTHO3UPOBATh U POCT MACIITA00B TEXHOTEHHOU

MOJKHO
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TpaHchopMmauuu penbeda nHa MHPOBOro OKeaHa.

IIpexxnme Bcero, H3TO CBA3aHO C peadu3amuein
Pa3THMYHBIX TUTAaHOB OCBOEHUS MOPCKHX
MECTOPOXKACHUI TIOJIE3HBIX HCKOTIaEMBIX.

[MonBoxubiii penbed ABISAETCS BaXKHBIM (DaKTOpPOM
(hopmMupoBaHuUs MOPCKHUX TEUCHUH, u,
CJIEIOBATEIbHO, €r0 M3MCHECHHE TAaKXKE CIIOCOOHO
OKa3aTh 3HAYMMOE BO3JICUCTBUE HA KIIMMAT MHOTHX
YYacTKOB IUIaHeTHl. JlaHHas mpoOiema ycyryomnsercs
TEM, YTO MPH pa3paboTKe MOPCKUX MECTOPOKIACHUI
BOCCTAHOBJICHUE ITOJIBOJAHOTO pelibeha B HACTOSIIEe
BpeMs PEACTABIACT COOOM HEBHITOTHUMYIO 33/1a4y.

I'eomopdomornuecknii TeXHOTeHE3 MHPOBOTO
OKeaHa MOXET OBITh O0OYyCIIOBIEGH HE TOJBKO
LIeJICHANIPABIIEHHOW  JEeSTeNBHOCTBIO, HO U
Mporeccamu, CIPOBOIIMPOBAHHBIMH

yelloBekoM. Hx OpuMCPOM CIYKUT YBCIUYCHUC

KOCBCHHO

TBEpAOTO  PEYHOTO
ypOaHuzamuu  Bce

CTOKa,
HOBBIX

COITYTCTBYIOITICE
TEPPUTOPUA |
PaCITUPEHATO 30H UX HHTEHCUBHOTO X035HCTBEHHOTO
OCBOCHUISI. ITocTymnenue JIOTIOJTHUTEIHHOTO
KOJIMYECTBA B3BECH B MOPSI MPOSIBIIICTCS HE TOIBKO B
WHTEHCHU(DHUKAITIN

MNPUYCTBCBLIX AKBATOPUAX. Vike BBICKa3bIBAIOTCS

OTIIOKEHUS HAaHOCOB B
OMaceHUs] 3HAYUTEIBbHOTO YBEIUYCHHS OCAJOYHOMN
TOJIIIX B IIEHTPATBHBIX YaCTSIX MOPCKUX OacceiHOB,
B Maciiradax CITOCOOHBIX BBI3BaTh
KaracTpo(huieckoe MOBHIIICHHE YPOBHS MHPOBOTO
okeana [['ynun, 2015].

Bmecte ¢ TeM co3naHue HMCKYCCTBEHHBIX
OCTPOBOB M 3€MENbHBIX YYaCTKOB,
COOPY>KEHHE KapbepoB HA MOPCKOM JHE OTKPBHIBACT

a TaKXe

INMHUPOKUEC BO3MOXKXHOCTH

KpYITHOMacIITaOHBIX

s opmMupoBaHmsS
VIOpaBIsieMbIX — HPUPOIHO-
hyHKIUH
OKOJIOTHYECKUX PETYNISATOPOB OYAyT BBIMOJIHAT

BO3BOAUMBIC OOBEKTEL. TaK, HU3MCHCHHUC

TCXHUYCCKHUX CHUCTEM, B KOTOPBIX

KoH(purypamum OeperoBo JIMHWA M ITOJBOJHOTO
penbeda MOXKET HWHTEHCU(DHUIMPOBATH TMPOIECCHI

CaMOOYMIIEHUS  MOPCKOH  Cpefpl,  YIy4IIUTh
JKOJIOTHYECKHE  YCJIOBHA  Ha  NPHUOPEKHBIX
TEPPUTOPUSIX.

Tuoponocuuecxuil mexrnoeenes

I'maponoruveckuii TeXHOT€HE3 BKIIIOYAET BCIO
COBOKYIHOCTh MIPOLIECCOB TEXHOTCHHOH
TpaHchopMaLuu CTPYKTYPBI " JTUHAMHUKH
ciararomux MupoBoii okeaH BOAHBIX Macc, a TaAKXKe

Tom 2, Bein.1 | 2020

UX TEPMHUYECKOTO PEXHMMa. DTH TPOIECCHl MOTYT
OCYIIIECTBIISITHCS. Kak B (OpMeE IIeIeHaNpaBICHHbBIX
YCHIIMH, TaK U SIBIATBCS MOOOYHBIMH 3dderTamu
peanu3aiuy pa3InIHbIX TPOCKTOB. B mepBom ciiyuae
BO3HHUKAIOT TIOTEHIIMAILHO YIIPABISIEMbIC IPHPOIHO-
TEXHUYECKHE CUCTEMBI, B KAUECTBE IKOJOTHUYCCKOTO

peryiiaropa  KOTOPBIX ~ MOYHO  HCIOJIb30BaTh
BO3BOJUMBIE  TI'MIPOTEXHUYECKHUE  COOPY)KEHUS
(MIOTHHBI,  YCTpOWCTBAa ANl BEPTUKAIBHOTO
nepemelieHus Box H Ap.). Bo BTOopom ciyuae
HEN30eKHO (dhopmupyrorcs HEyTIpaBIIsieMbIe
MIPUPOTHO-TEXHUUECKHE CUCTEMBHI, JUIST

MIPEBpAIICHIS] KOTOPBIX B YIPAaBIIIEMBIC TpeOyeTcs
CO37IaHUE PKOJOTUYECKUX PETYISITOPOB.
HearenbHOCTh, pe3yJabTaTOM KOTOPOU MOXET
TpanchopMammsi MOPCKHUX
TEUCHHH BeChbMa pa3HoOoOpazHa. BosznelicTBue Ha

CTaThb TEXHOTCHHAs
20PU3OHMANILHO HANPABIEHHblIE MOPCKUe MedeHus
MOXET OKa3blBaThb BO3BEICHHUE HCKYCCTBEHHBIX
mperpagy Ha  IyTH
pacnpocTpaHeHHs BOJI, U MCIIONb30BAHNE JIBUKCHHS
BOJHBIX MAacC Uil BBIPa0OTKUA JIIEKTPOIHEPTHH.

OCTPOBOB, CO3Jaromux

I'maposnepreTuyueckuit MOTEHIIHAI MOPCKHX
TeueHuil orpomeH [Alcérreca-Huerta et al., 2019].
['noreTHyecKu TONBKO €ro MCIOJIb30BAaHUE MOMKET
nate Oomee 100 mutH. KBT anektposmeprun. B
HacTosimiee BpeMs B JaHHOM o0O0jacT  yxe
paspaboran psan npoekToB. Hambomee Omm3kuM K
peanu3aluy MPOEKTOM SIBJIAETCS CTPOUTEIHCTBO
MoJO0OHOHM 3JEKTPOCTaHUUH B paiioHe bepmynckux
OCTPOBOB. AHAJIOIMYHbIE IIPOEKTHI CYIECTBYIOT JUIs

Onopunckoro  u  ['mOpanTtapckoro  MpoJIMBOB,
BOCTOYHOTO  ToOepexbst  Smonun  (TeueHue
Kypocwuo).

Buapl meaTensHOCTH, CONMPOBOXAAIOIINECS
HapyuleHuem 6epmuKaIbHOU CMPYKMypsl 80OHBIX
macc  (HapymenueM — cTpatudukanumn), Oomee
pasHooOpazasl. Ho mpaktuyecku Bce (HOpPMBI

HCKYCCTBEHHBIX AallBEJUIMHIOB W JIayHBEJUTUHIOB
BBI3BIBAIOT 3HAYMMOE W3MCHCHHE VYCIIOBHUH B
Mopckoit cpeme [besnocos, 2000a].
3HaueHHe B cdepe TEXHOTCHHBIX HaPYIICHUN

OcHOBHOE

cTpaTH(OUKAMH MOpPS HMEET IMOJBEM TIyOMHHBIX

Box Kk moBepxHoctH. OH  TaKkKe  MOXET
OCYIIECTBIATHCS KaK IICJICHANPABICHHO, TaK U
BO3HHKaTh B  (¢dopMe mobouHoro  addekra

ACATCIIBHOCTH. K nepBoMy ClIydard OTHOCATCA
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pa3IUYHbIC CHCTEMBI, TaK Ha3bIBAEMOTO,
«HCKYCCTBCHHOI'O  alBEIIMHTa», HCIIOJIb3YIOIINE
Oorateile OWOTeHaMH TIOyOWHHBIE BOABI UL

MOBBIIICHUS] MPOAYKTUBHOCTU XO3SIMCTB MOPCKOH
aKBaKyJIbTYPHI.
JeATEIBHOCTD

B coBpemMeHHOM Mupe JaHHas

MOJTy4aeT BCE Oomnpliee
pacnpoctpanenue u Macmradsl [Lin et al., 2019]. B
3HAYUTETHLHO OOIBIIX 00bEMax IeJIeHAITPaBICHHBIN
MOIbEM TIyOWHHBIX BOJ OCYIICCTBISICTCS B Tak
Ha3bIBAEMBIX OKECaHCKUX

[Liu, 2018].
MTPOU3BOICTBA ANEKTPOIHEPTUH HEKOTOPHIE TPOCKTHI

TEePMaJbHBIX
ANEKTPOCTAHITUSIX ITomumo
MpeIyCcMaTPUBAIOT UCTIOIh30BAHNE ITHX OOBEKTOB B
KaueCTBE  MPOMBIIUICHHBIX  ONpPECHUTENCH, a
oTpaboTaHHBIE OoraTble OWOT€HAMH TIIyOWHHBIE
BOABI MOTYT OBITh HCIONB30BAHBI I Pa3BUTHUS
MapuKyJIbTYpbl. KpynmHOMacmTaOHBIR MOABEM BOI
W3 TIIyOWHHBIX CIIOEB BCE IMHPE HCIONB3YeTCS B
cucTeMax TEXHUYECKOTO BOJIOCHAOXKCHHS
Pa3IMYHBIX TPOMBINUIEHHBIX H JHEPreTHYECKUX
00bekTOB. bosyee HM3Kas TeMmIiepaTypa TITyOMHHBIX
BOJ 3HAYUTEIHHO TMOBHIMAET 3(P(EKTUBHOCTh X
pabotel. Ilpm sTOM 00BEM MMOTHUMAEMBIX BOJI
JIOCTATOYHO BeNMK. Hampumep, pacxom BoJ Ha
coBpeMeHHBIX ADC CpaBHUM CO CTOKOM HEKOTOPBIX
pex.

Bo BTOpYIO KaTeropuio BXOAUT AEATEIHLHOCT,
MpH KOTOPOl TOABEM TIIyOMHHBIX BOJ SBIAETCS
no6o4HbIM 3¢ dexTom. Hampumep, on HabmomaeTcs
Mope
THJIPOTEXHHYECKUX COOPYIKEHHMH, JTOObIUE MOJIE3HBIX
HCKOTIaeMBIX, POKIIaJIKe Kabenel u TpyOOonpoBoIOB,

npu BO3BCACHUU B Pa3INYHbIX

CTPOUTEIIBCTBE IMOABOJHBIX TOHHEJIEH )41
OCYIICCTBJICHUU  TOABOIHBIX

[besnocos, 2000a].

B3pPBIBHBIX ~ paboT

[IpoekTbl  KOPPEKTHPOBKH  MepMUUECKO20
pedxcuma  MOPCKHX  aKBaTOPHUA B  MPOILIOM
HEOIHOKPAaTHO  pa3padaTblBAINCh  C  IIEINBIO

VIY4IICHUs] PETHOHALHOTO KIMMaTa W yCIOBUH
XO3AMCTBEHHOH JeTeNNbHOCTH. Tak, eme B 30-¢ roasl
XX JIRIE: TeMnepaTypbl
MOBEPXHOCTHRIX BoA Kapckoro mops — ¢ Lenbio

BCKa TIOBBIICHUA

ynyumeHuss — QyHknuoHupoBaHus — «CeBEpHOTO
MOPCKOT'O IMyTH» — MpeJIaraioch INepeHanpaBUTh
p-O06s B  bBaiimapankyio  ryOy. Hpyroi
MPEIOKEHHBIN B TE e TOJIbI TUIaH MPeAyCMAaTPpUBa

MepeHarpaBieHue cToka p. AMyp B OX0TCKoe Mope.
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[lo pacderam ero aBTOpPOB 3TO MpPUBEIO OBl K
MOBBIIIICHUIO TEMITEPAaTyphl TIOBEPXHOCTHBIX BOJ Ha
OTPOMHOM  aKBaTOpUM  BIUIOTh 0  YyKOTKH.
[TomoOHBIE WIlen BBICKA3bIBAIOTCS M B HACTOSIICE
Bpems. Tak, B 2013 . Bompoc O TepeHOce YCThS
p. AMyp BHOBBb OOCYXKIaJICSs Ha 3acCelaHUAX TYMBI
r. BnagnBocToka 1 Ha crielMalIbHO OpPraHU30BAHHBIX
[0 JaHHOMY TMOBOAy KoH(pepeHmmsx. B kauectse
TJIABHOM TeNMM  pacCMaTpUBAIOCH  YIIYUIICHHC
KknmuMaTa Ha mobepexbe IIpuMopckoro kpas ams
MOBBIIICHHS €T0 MPHUBIIEKATEIIEHOCTH KaK KypOPTHOH
30HBI. llepronndecku BBIABUTAIOTCS M IPYTHE UACH
B 3TOU 0o0iacTH, HampuMep, MOCTPOIKA TUIOTHHBI B
Bepunrosom nponuse, yepe3 KOTOPYO OoJee TETIbIe
Boabl THXOro okeaHa OyayT B OOJbIIMX 0O0OBeMax
nepekaunBatbess B CeBepHBIM JIeqOBUTHIA OKeaH.
Bo3Hukmiee  MCKYCCTBEHHOE  TEmjIoe  MOpPCKOe
TE€YeHHE JOJDKHO BBI3BATh TasHUE MOJSPHBIX JIHIOB,
YTO  BBI30BET  OnaroTrBopHoe (IO  MHEHHIO
CTOPOHHUKOB JAaHHOH HEH) MTOTETICHIE KIIMMAaTa BO
BceM CeBEpHOM ITOTYIIaPHH.

Hrak, BCce 3TH MPOEKTHI UMEIOT OJHY OOIIYIO
gepty. OHM O0OOCHOBBIBAIOTCA KaK BO3MOXKHOCTH

OIITUMHU3 a1 KIINMMAaTUYCCKUX YCJ'IOBI/If/’I,

CHOCO6CTBYIOH.II/IX Pa3BUTUIO KOHKPCTHBIX

HanpaBJeHUN YeJI0BEUYCCKOM JIeSITeIbHOCTH
(yaydimeHus: yCIOBUIH MOpEIIaBaHUsI, MOBBIIICHUS
peKpearnnoHHOTO ITOTCHIIANIA MPUOPEIKHBIX
Tepputopuii u ap.). [pyrue ke mocieAcTBUS
TEXHOT€HE3a UTHOPUPYIOTCS, XOTA NpPU pealnu3aluu
ObuTH  OBI

OTHUX ITPOCKTOB

KaTacTpO(QUIHBIMU.

OHH,
Tak,

BEPOSITHO,
YBEJHUCHHE TMPUTOKA

peunbix Boa B Kapckoe Mope B 00beMe, CLIOCOOHOM

BbI3BAaTh 3HAYMMOC H3MCHCHHEC C€ro JC€J0BOIro
peixuma, HEU30EKHO COIIPOBOKAAIOCH ObI
CHM)XCHHUEM COJICHOCTH BOO pi (o] YPOBHH,
BBI3BIBAOIICTO rubenn IOJaBJIAOIICTO

OOJIBIITMHCTBA OOUTAIONTUX B HEM OPTaHU3MOB.
PaccmatpuBasi mpo6ieMbl THAPOTOTHISCKOTO
TEXHOTCHEe3a CJIeyeT 00OpaTUTh BHUMaHKE Ha TO, YTO
B HACTOSIIEE BpeMs YeJIOBeUeCKasl ACATCIHHOCTh B
JTAHHOM TUIAHE MPOSBISETCS MOYTH UCKIIOYUTEIHHO
B menb(hoBoi 30HE. HO ¢ MOCTAaTOYHBIM OCHOBAaHUEM
MOXKHO MPEIIOJ0KNTh, YTO YK€ B OJmKaiimeMm
OyAyIIeM TUAPOIOTUYECKOMY TEXHOTCHE3y HAYyHYT
MOJBEPraThCs aKBaTOpPHM, Bce Oojiee u Oolee

yAalieHHBIE OT OEPEToB.
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Xumuueckutl u Ou02eoxXuMu4ecKull mexHo2enes

XUMHUYECKAII TEXHOTeHe3 3aKIIovaeTcsi B
M3MEHEHUN XHUMHYECKOTO COCTaBa BOA MHPOBOTO
BO3JeHCTBHEM YeJI0BEUYECKON

Kak yxe

OKCaHa nona

JESTEITLHOCTH. YKa3bIBAIOCH  BBHIIIIE,
HEKOTOpbIE paHee BBIABUTABIINECS TPOEKTH B
cllydae UX peall3allii MPUBEIH OBl K OMPECHEHUIO
3HAYUTENBHBIX akBaTopwit. OOpaTHBIE MO CBOEMY
XapakTepy SBJICHUS, 3aKITI0YAIONIUECS B TOBBIIIICHUN
COJICHOCTH MOPCKHX BOJl, HAONIONAIOTCA TIpH
COKpAIIIEeHNH PEYHOr0 CTOKAa BO BHYTPEHHHE MOpS
[Bunorpamos, 1987; Xu et al., 2019]. JlokansHOE
MOBBIIIICHUE COJICHOCTH MOXET OBITh 00YCIIOBIICHO
paboroit MPOMBIILICHHBIX OIIPECHUTEIIEH,
KOJMYECTBO W MOIIHOCTh KOTOPBIX HEYKIOHHO
BO3pacTaeT, Kak U 00BeMBI COpPAcChIBAEMBIX UMH B
MoOpe 0TpabOTaHHBIX PACCOJIOB.

BreiaBurannce W uaew IeNCHAPaBICHHOTO
M3MEHEHMST XUMHYecKoro coctasa Boj. Tak, B CCCP
pa3pabaThIBaIUCh MPOCKTHI BHECCHUS YAOOpEHUIl B
XaJIMCTAaTHYECKUE 30HBI MUPOBOTO OKEaHa C IIEITBI0
MOBBIIIEHUS WX OHONPOJYKTUBHOCTH U JaXKe
MPOBOAMIINCH HATypHBIC dKCTIepuMeHThI [KabaHoBa,
Homanos, 1985].

Bce aT mpoekThl MOKHO paccMaTpuBaTh Kak
MOTBITKU CO3JIaHUS TOTCHIMATBHO YIIPABISIEMBIX
MPUPOAHO-TEXHUUYECKHX cucTeM. OnHako Haubomee
3HAYUMBIM aCHEKTOM XHMHYECKOIO TEXHOTEHE3a
SIBIISIETCS 3arpsiI3HEHHE MOPCKHUX BOJ, IPUBOSIIIEE K

BO3HHUKHOBCHHIO Ha O6HII/IpHI>IX AKBAaTOPUAX
HCYIIPABIACMBIX, ACrpagupyronmx MpUupoaHO-
TCXHUYCCKUX CUCTCM. I[aHHI)Ie IIPOIECCChI

MPOABJIAIIOTCA MOBCECMECTHO, M HX ACTAJIBHOMY

aHAJIM3y  TIOCBSIIEHO  OTPOMHOE  KOJHWYECTBO
nyOnmkyeMbix pabot. He ocraHaBimBasch Ha 3THX
OOIICH3BECTHBIX M IIUPOKO  OOCYKTaeMbIX
npobiemMax, 0oOpaTUM BHUMaHHE Ha BO3MOXKHOE
pa3BuTHe cuTyanuu B OyaymeMm. Ha coBpeMeHHOM
JTarne 30HbI CHJIBLHOTO 3arpsA3HEHUS MOPCKUX BOJ
HOCAT JIOKQJIbHBIM XapakTep. BbIHOCHMBIE M3 HHUX
YCTOWYMBBIE arcHTHI 3arps3HCHUs (PUKCUPYIOTCS B
3HaYUTEIHHBIC

aKBaTOpUsIX, YAaJI€HHBIX Ha

paccrossHus. Ho moka TOTOK 3arpsa3HUTENCH,
MOCTYMAIIUA B MOpsA, OTHOCHUTEIBHO Mall IO
OTHOIIEHUIO K 00beMy MupoBoro okeana. I[Toatomy
MIPOIIECCHI 3arPsI3HEHUS HE TIPUBOST K TII00ATBHOMY

U3MCHCHHUIO XMMH3Ma MOPCKHUX BOJ. 9TOMy TAaKXKC

Tom 2, Bein.1 | 2020

crocoOCTBYIOT Oy(hepHbIe CBOMCTBA MOPCKOM CPEeIbI,

OWonormueckoe W~ XHMHYECKOE  Pa3IoKeHHe
3arpsi3HUTENEH, a TakKe WX Tepexod B JOHHBIC
ocagkd B (hopMe TPYTHOPACTBOPUMBIX COCTUHCHU.
Bmecre ¢ TeM MOXHO MpPEINONIOXKUTH, YTO TpPHU
HEMPEPBIBHOM POCTE TOTOKA 3arpsi3HUTENeH Ha
ONPEACICHHOM HEKui

JTamne Mpou30iIeT

KayeCTBEHHBI CKAa4YOK, B pe3yJbTaTe KOTOPOTO
OyayT HaOMIOJAThCA 3HAYMMBIC W, B OTIHYHE OT
KOHTHHEHTAIBHBIX BOJHBIX OOBEKTOB, MPAKTHYECKH
HeoOpaTHMbIe W3MEHEHHS COCTaBa BOJ BO BCEM
obbemMe MupoBoro okeana. OdYeBHIHO, YTO B
9KOJIOTMYSCKOM IUIaHE IOJO0OHBIC SBJACHHS OYAyT
HOCHUTh KaTacTPO(MHUUCCKUI XapakTep, MOCKOIBbKY
XUMHYECKUN COCTaB BHYTpPEHHEH cpesbl
MOJIABJISIONIETO OOJNBIIMHCTBA MOPCKHUX OPTaHU3MOB
3aBHCHUT OT COCTaBa MOPCKOM BOJIBI.

Eme Oomnpilyt0o OMAacHOCTh MPEACTABISET
Ouoceoxumuieckuti mexHozene3, NojJ KOTOPBIM MBI
MOHUMAaeM TEXHOTCHHYIO TpaHchOopMaILIUIO
KPYTOBOPOTOB Pa3IMYHBIX XMMHUYECKUAX 3JIEMEHTOB.
buoreoxumudeckue ITUKJTBI 00ecmeynBaroT
ouocdepsr.

XapakTepa 3THUX MOPOLCCCOB, KOTOPOC HEMHHYCMO

CUCTCMHOC CIUHCTBO HN3menenue

nociaegyeT 3a  JIIOOBIM  KPYHHOMAacIITaOHBIM
U3MEHEHHEM COCTaBa M CTPYKTYpsl MmupoBoOro
okeaHa (T.e. €r0 XUMHYECKUM H THAPOJIOTHYECKUM
TEXHOTCHE30M), HEM30EKHO CKaXEeTCsS Ha BCEX
ydacTkax Owocdepbl, BKIIOYas BCE MPOCTPAHCTBO
cpeabl

BO3MOXHBIX

Ha3eMHO-BO3TYIIIHON oOuTaHusI.
NnmocTparueit

MOCJNEACTBUA  MOTYT

9KOJIOTMYECKUX
PEKOHCTPYKIIMH
HEKOTOPBIX INIOOAIBHBIX IKOJOTMYECKUX KPHU3HUCOB,

CITy>KUTb

BbI3BAHHBIX HApPYHICHUAMU YTJCPOJHOTIO IHKIIA,

NPUYMHOM  KOTOPHIX, B  CBOIO  O4Yepenb,
MPEIOIOKUTENHHO SBISUIMCH KPYITHOMACIITaOHBIC
M3MEHEHUS CTPYKTYpBl MupoBoro okeana. Tak, oquH
u3 BO3MO’KHBIX CIIEHapHEB I100ATLHOTO
9KOJIOTHYECKOTO KPHU3HCa, MPOU3OIIEANIET0 B KOHIIE
MEJIOBOTO nepuosa, MPEeACTABIISIT coboi
cnenyomy 1enb coObithii [be3snocor, 2000b]:
najcHUe KpYITHOTO METeopUTa BBI3BAJIO
necTpaTHPUKAINI0 3HAYUTEIILHON JacT MHpPOBOTO
OKeaHa; B (POTHUYECKYIO 30HY W3 MPHUIOHHBIX CIIOCB
MOCTYNIJIO  OONBIIOE  KOJUYECTBO  OMOTCHHBIX
3JIEMEHTOB, YTO, COTJIACHO TMaJeOHTOJOTHIECKUM

MaTepuajaM, BbI3BaJO OypHOE MLBETEHHE BOJ,
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pacrnpoCTpaHUBIICCCA Ha 60J'IBH_IYIO qacCTb

OKeaHW4YecKkoi akBaTopuu [Haiimma u mp., 1986];

OOyCNOBUBIIME  IIBETCHHE  MAacCOBBIE  BHIIbI
(UTOIIIAaHKTOHA (xoKkKOIMHUTO(OPUABI) UMENN
M3BECTKOBBIM CKEJIET; oOcefas 10 OKOHYaHHIO

LBETECHUS, OHU C(HOPMHUPOBAIIH 3aJIE€KH KapOOHATOB,
B T.4. IMCUETO MeJla, TI0 KOTOPbIM M OBII Ha3BaH
JJAaHHBIA Treojoruueckuit mnepuos. B xome »Tux
MPOIIECCOB M3 arMoc(epbl OBLIIO M3BATO OTPOMHOE
KOJIM4YecTBO yriepoaa. HacTymmuBinee BcnencTBue
3TOTO TJ00aJbHOE IMOXOJOJAHHUE COIMPOBOXKIAIOCH
BBIMHUpAaHUEM OONbLIEH YacTH KaK MOPCKOH, Tak H
HA3eMHOM OHOTHI.

Buomuueckuii mexnocenes

buotnuecknii TeXHOreHe3 — 3TO HU3MEHEHUS
Ka4yeCTBEHHOTO U KOJIMYECTBEHHOTO COCTaBa OHOTHI,
BBI3BAaHHBIC  HEIMOCPEICTBEHHBIM  BO3CHCTBHEM
TEXHOTCHHBIX (hakTOpoB. OCHOBHBIMHU (haKTOpamMu
OMOTHYECKOTO TEXHOreHe3a MUpoOBOTO OKeaHa
sistioTest [Cy3naneBa, ['oprorosa, 2017]:
- M3MEHEHHE
Jenaiomniee  ee
Pa3IUYHBIX BUOB OPTaHU3MOB;

YCIOBUH
HEIPUTOAHON

MOPCKOM
JUTS

Cpel,
oOnTaHus
- CO3/laHMe ONIArONPHUATHBIX  YCIOBHHA IS
pasBUTHS OTZEJIBHBIX hopm,

CTAHOBAIIMUXCA HOBBIMU JOMHHAHTAMU MOPCKUX

MacCCOBOI'o

SKOCHUCTEM;
— TEXHOTCHHBIC OHMOJIOTHYECKHEC HHBA3WH, T.C.
MepecelicHue OpPraHM3MOB B HOBBEIE, paHee
HEJIOCTYITHBIC IJII HUX aKBaTOPHUH, C TIOMOIIBIO
TEXHUYCCKUX CPEICTB (HampHUMep, UX IEepeBO3Ka B
TPIOMHBIX U OaytacTHBIX Bojax cynoB) [Cysnanesa,
Besnocos, ['oproHosa, 2015; Sol, Weis, 2019];

— CO3JaHUC YEIIOBEKOM HOBBIX OHOTOIIOB,
MIPUTOTHBIX JUIS 3aCEIICHUS MOPCKAMU OpraHH3MaMH.
Eme B 80-e rogel XX Beka OBLIO MOJCYUTAHO, YTO
CyMMapHasi TOBEPXHOCTh TOJLKO OJHOTO U3 THIIOB
TEXHOTCHHBIX CyOCTPaTOB, BBOJUMBIX B MOPCKYIO
cpeny, — IOIBOAHBIX YacTeH KOPIIYCOB IIaBCPEIACTB
— TMpeBBINIAJIA CYMMapHyH IUIOMAJb BEPXHUX
cyomuTopaneit Yepnoro, AzoBckoro u Kacmmiickoro
Mopeii [Pesanuenko, 1978].

KonnuecTBO TEXHOTEHHBIX CyOCTpaToB B
MupoBoM OKeaHe TOCTOSHHO BO3PACTaeT, KaK U UX
poib B popmupoBannu 6uOTH. HekoTOphIe MX BUIBI,
KaK, HalpuMep, OITyCKAIOMHUKUCS Ha MOPCKOE JTHO

MyCOp, B 3HAQYUTCJIHLHOM KOJMYECTBE OOCTUTAIOT
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CaMbIX I‘J'IY6OKI/IX Y4aCTKOB MI/IPOBOI‘O OK€aHa, B

KOTOPBIX  OCYIICCTBJICHHE  IIeJICHANPABICHHON
YeNIOBEYECKON JICATCIFHOCTH TPH COBPEMEHHOM
YPOBHE TEXHHUYECKOTO Pa3BUTHS HEBO3MOXKHO. B TO
Ke  BpeMms NIyOMHaX

HNCKYCCTBCHHBIX CY6CTpaTOB, HU3MCHSACT CTPYKTYPHO-

[OSBJICHUE B OKeaHa
(OYHKITMOHAIBHYIO OPTaHU3AIMI0 CYIIECTBYIONUX B
HUX IEeJarM4ecKuXx M OEHTHYECKHUX cooOIecTs. B
pe3ynbTaTe, Ha OTPOMHBIX YYACTKAX OKCAHHYECKOTO
JHA  BO3HHUKAIOT

TCXHUYCCKHEC

HEYyMpaBiIsieMble  TPUPOTHO-
CUCTEMBHI, MIPUHIIUITAATHHO
OTIMYAIONIUECs] OT pPaHee CYIIECTBOBABIIUX TaM
€CTECTBEHHBIX 9KOCHCTEM. Tak  Oumomacca
nepuuTOHa HA TBEPAOH MOBEPXHOCTU OCEBIIETO
Mycopa MOXKET JOCTHUTAaTh HECKOJNBKHX KHJIOTPaMM
Ha KBampaTHeId MeTp [Pesnmuenko, Comnmatosa,
Huxon-JIykanuna, 1976], torma kak Owmomacca
OpPraHW3MOB B €CTECTBEHHBIX MATKHX IPYHTaX 3TOTO
KE ydacTKa JHa W3MEpsIeTCs B MWUIUTpaMMax Ha
KBaJIpaTHBINA METP.

Takum o00pa3oM, OMOTHYSCKUH TEXHOI'CHE3
00BEIMHSACT HECKOIBKO Pa3lUYHBIX IporueccoB. Ux
COBOKYITHBIM PE3YJBTaTOM CTAaJIO MPUHIMITHAAIHHOE
M3MEHEHUE COCTaBa OPTraHU3MOB Ha HEKOTOPBIX
ygacTkax ouocdepsl — GopMHUpPOBaHHE TEXHOOHOTHI

[Cy3manesa, be3znocos, I'opronosa, 2015].
PeanbHble myTH penieHust NpoodJieMbl

He BbI3BIBacT COMHEHUWH, 4TO B 0003pHMOM
OymymeM HEeW30€KHO pACIHIUPEHHE MacIITaboB H
dhopm
OCTaHOBUTH STOT MPOLECC

YBEJIMUYCHHE Pa3HOOOpas3us
MupoBoro okeasa.

TCXHOT'CHC3a

KaKHMHU-TO 3alPeTUTEIHHBIMA MEpaMH U TeM Ooliee
MOBEPHYTh BCIATH HEpeallbHO. BmecTe ¢ TeM MOKHO
NPEOTBPATHTh WM MHUHUMH3MPOBATH HETaTHBHBIC
MOCJIE/ICTBHS TeXHOTeHe3a MUPOBOTO OKeaHa MyTeM
NpEeBpaILCHUS CIIOHTaHHO BO3HHUKAIOIINX
HEYNPAaBISIEMbIX TPUPOJIHO-TEXHHIECKHX CHCTEM B
ynpasisemble. OYeBUAHO, UYTO MPAaKTHYECKOE
peuieHre npoOsieM B 3Toil o0nacTh OyAeT He MeHee
pa3sHOOOpa3HbIM, YEM HAlpaBlICHUS TEXHOTCHHON
TpaHcopmamu Mopckod cpeapl. Omucarth maxe
yKe CYIICCTBYIOIIHNE HAapaOOTKX B TAHHOH 00JIacTH B
paMKax KypHaJIbHOH CTaThH HEBO3MOXHO. [loaToMy
MBI OTPAaHUYUMCSI M3JI0KEHHEM OOIIUX NPHHIIMIIOB
MPOCKTHPOBAHUS YIPaBIISIEMBIX MPUPOHO-
TEXHHYECKUX CHCTEM, IO3BOJISIOIIUX BBIPAOOTAThH
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COUHBIM  MOAXOJ K  OCYUICCTBICHHUIO  3TOM

JCATCIPHOCTH, W Ha HNX OCHOBC O6’be,Z[I/IHI/ITB
OTACIIBHBIC PA3PO3HCHHBIC IIONBITKH  PCIICHUA

YacTHBIX MPoOJeM B paMKax KpyMHOMACIITaOHBIX

MPOCKTOB,  HANpaBJICHHBIX  HA  COXpaHCHHE
OJIaTONPHUATHBIX  JKOJOTUYECKHX  YCIOBHW IS
Pa3BUTHS BCETO YEIOBEUYECTRA.

Co3nanue YIPaBIISIEMbBIX MPUPOHO-
TEXHHYECKUX CHUCTEM W HUX  TOCIEeAyIoIIee
CKOODJIMHUPOBAaHHOE  PAa3BHTHE  BKIIOYAET  PsJI
MOCIIEZI0BATEIHFHO BBITIOTHSIEMBIX 3TaroB
[Cy3nmanesa, 2016]:

1. Buibop 9KOI0SUHECKO2O peaynsamopa
MPUPOTHO-TEXHUIECKONW CHCTEMBI, KOTOPBIH MOXET
OBITh:

- WHIMBUIYaIbHBIM  (HamlpUMep, YCTPOHCTBO
WCKYCCTBCHHOTO JIayHBEIUIMHTA, 3aKayMBaroIlIce

Ooratble KHUCIIOPOJIOM TIOBEPXHOCTHBIC BOJABI B
MPUJOHHYIO 3aCTOWHYIO 30HY, 00pa30BaBINYIOCS B
pe3yibTaTe U3MEHEHUS pelbeda MOPCKOTO JIHA);

- TPYIMOBBIM, COCTOSIIAM ~¥M3 HECKOJIBKHX
(hYHKIIMOHATBHO CBSI3aHHBIX OOBEKTOB, KOTOPHIC
MOTYT UTPaTh poib CaMOCTOSITETTbHBIX
9KOJIOTHYECKUX PETYISTOPOB WM OOBEIUHSITHCS,

COCTaBIISIsl €AMHBIN PEryJsaTop (HalpuMep, cucTeMa

HCKYCCTBEHHBIX pudos, KOPPEKTUPYIOLINX
TUJPOJIOTMYECKUM, TUIPOXUMHUYECKUAN u
THAPOONOTIOT HYeCKUT pexuM npuOpekHON
aKBaTOPHN);

- KOMIUIEKCHBIM, TpPH KOTOPOM YIIpaBIIEHUE
MPUPOJAHO-TEXHUYECKON CHCTEMON MPOUCXOAUT B
pe3ylbTaTe CKOPPEKTHPOBAHHON PabOTHl OOBEKTOB,
KOTOpBIE MEXy cO00H (DYHKITMOHAIILHO HE CBS3aHBI

(mpuMepoM  MOXKET  CIYXHTh  COBOKYITHOCTh
HCKYCCTBEHHBIX OCTPOBOB pa3IMIHOTO
MpenHa3HAYeHNUs, CHA0)XEHHBIX CHCTEMaMH s

OYUCTKU MOPCKHUX BOJ U U3BSTUS U3 HUX MYyCOpa).

2. Onpedenenue  napamempog  YIpaBIIEMOMN
MPUPOTHO-TEXHUIECKON CUCTEMBI — T'PAHHI] CUCTEMBI
U (QYHKIWA, BBHIMONHAEMBIX €€ PETyJISTOPOM.
I'panuneid cucrtemsl SIBISIETCS YepTa, 3a MpeaeiamMu
KOTOpPOW peryyiarop He CcHocoOeH OKa3biBaTh
3HAYUMOI'O0 BO3JICUCTBHA Ha YCJIOBUA MOPCKOMH
cpensl. TOYHO yCTAaHOBUTH TPAHMIIBI, KaK TMPABUIIO,
HEBO3MOXXHO. Bo MHOrMX ciydasXx OHU MOTYT
W3MEHSThCH, Hanpumep, oJ

THIPOMETEOPOSIOTHUECKUX ycioBuid. [loaTomy mpu

BJIIMSTHUEM

Tom 2, Bein.1 | 2020
OIpCACIICHUU rpaHu1] B 30HY BO3HCﬁCTBHH
YIPaBIAEMbIX  IPUPOJHO-TEXHUYECKUX  CUCTEM

CllelyeT BKJIIOYAaTh TOJBKO TE€ YYAaCTKH, B KOTOPBIX
PETYISATOP C BEICOKOM J10JIeH BEpOATHOCTH CIIOCOOEH:
- ONEpaTUBHO  TPENOTBpAlIaTh  pPa3BUTHE
HETaTUBHBIX IIPOLIECCOB M SBICHMH, CO3MAIOIINX
YIrpo3y YXYALIEHHUS SKOJIOTHYECKUX YCIOBHH, T.C.
BBITIOJTHATH IPUPOJOOXPAHHYIO (QYHKIINIO;

- obecnieunBaTh 3alIUTy OT  BO3/ACHCTBUA
Ype3BbIYaHBIX CUTyauuit NPUPOAHOTO u
TEXHOTEHHOT0 Xapakrepa. DTy 3alJady peryisropa
MOXXHO OOO3HAYUTh TEPMHUHOM «CPEIO3alIUTHAS
byHKIM.

3. Cybvexmusuzayus 21emMeHmos yIpaBsieMOn
MPUPOAHO-TEXHUUECKONW CHCTEMBI — yCTaHOBJICHHUE
Kpyra IOpUAMYECKHX JIML, 3aMHTEPECOBAHHBIX B
COXpaHECHUH

oOecrieynBaeMou

0JIaroTIpUATHOM
paboroii

CUTYaIHH,
3KOJIOTHYECKOTO
perynsaTopa. st mx 00O3HAYCHUS B COBPEMEHHOM
HAy9HOH  JINTEpaType  HCIOJIb3YyeTCs
«creiikxonaepe». Wmu, B

TEPMHH
YaCTHOCTH, MOTYT
SIBIISAITHCS ¥ IPABUTENLCTBA OTAEIBHBIX CTPAH.

AOMUHUCMPATNUGHOU

CMpyKmypbl yIPaBIIEMON MPHUPOTHO-TEXHUIECKOU

4. Dopmuposarue

CHCTEMBI,  T.C.

(OTOBOPHBIX)

YCTaHOBJICHHE  OQUIHATBHBIX
B3aWMOOTHONICHHUH MEXTY
opraHuzanuei (CTpaHoii), odecneunBaromieii padbory
€€ Peryyaropa, ¥ CTeHKXOJIepaMH.
5. Koopounayus pabomul C03/1aBaeMOit
MPUPOTHO-TEXHUUECKOW CHUCTEMBI C aHAJIOTHYHBIMU

CUCTCMaMU HA OCHO6e npuryuna ((606‘)600}11/{4620

NPOEeKMUpoBaHUsL» (bottom-up approach).
Koopaunanust  3akimrovaercss B MOCTEIEHHOM
MEpapXHuecKoM  OOBEJAMHEHUH  OTHOCUTEIHHO

HEOOJIBIINX CHCTEM B 00JIee KPYITHbIE, CIIOCOOHBIE Ha
OCHOBE CKOOPAMHUPOBAHHOU pabOTHI peniats Oojee
MaciiTabHble poOsieMbl. st 3TOro HeoOXOIUMO
JIOKATTbHBIX

IpH  TPOEKTHPOBAHUU CHUCTEM

NpeayCMaTpUBaTh BO3MOKHOCTh ux
(hYyHKIIMOHATBHOTO 00BEANHEHNS B PETHOHAIBHBIE U
MEXperuoHaiabHble cucTeMbl. Hanpumep, paznuunbie
THAPOTEXHUYECKUE COOpPY>KEHHS, CrocoOHbIE
THAPOJUHAMHUYECKHUI pEXHM Ha

y4acTke npu

perynupoBartb
OTpaHUYCHHOM aKBaTOPHH,
CKOODAWHHUPOBAHHOM  pe&XHMe paboThl  MOTYT
co37aTh YCTOMYMBYIO CHUCTEMY MOPCKHX TEUCHUM,

00ecreYnBalOUINX KOHTPOJIUPYEMO-0JIarONpUsITHBIE
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AKOJIOTHYECKUE YCIOBHUS B OOIIMPHOM PETHOHE.
l'mnoretnyeckuM (UHATIOM OTOW ACATEIHHOCTH
JOJDKHO CTaTh 00Opa3oBaHWE TIIOOATBEHON CHCTEMBI
YIpaBIeHHs COCTOSTHUEM MHPOBOTO OKeaHa, T.e., 10
CyTH, yTIpaBlIeHUs Onochepoii.
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3HAYUMOMY MIPOSIBJICHUIO ux HETaTUBHBIX
9KOJIOTHYECKUX U SKOHOMHYECKUX MOCIIEACTBUH.

3. Pazpabotka 3(h(PeKTUBHBIX METOIOB YIIpaBiICHHE
MPOLIECCOM TEXHOreHe3a MHUpPOBOTO OKeaHa MOXKET
OBITH OCYIIIECTBIIEHA TOJFKO Ha OCHOBE KPEaTHBHOMN
MapajurMbl PEUICHUsT 3KOJIOTHYSCKUX MpodieMm,
MoApa3syMeBaronieil aKTUBHYIO JEATEIbHOCTbh IO
KOPPEKTUPOBAHUIO TIPUPOTHBIX MIPOIIECCOB.
Brinonnenue 3Toi 3a1aun MoApa3syMeBaeT pa3BUTHE
MEXIUCITUTUIMHAPHOTO HAyYHO-TEXHUIECKOTO
COTPYAHMYECTBA M CHUHKPETHUECKUH MOIXOI K
OCMBICJICHUIO U PEIICHUIO TIPOOIIEM.

4. YrpaBieHue TEXHOTeHEe30M MHUpPOBOro OKeaHa
TpeOyeT Cco3aHue MEXKIYHAPOIHBIX IPABOBBIX
OCHOB 3TOH JEATEIbHOCTU U KOHCOIUAAIUIO YCUIIUN
Pa3IMYHBIX CTpPaH MO KOMIUIEKCHOMY pEIICHHUIO
SKOJIOTUYECKUX, SKOHOMHYECKHUX u

T'COMMOJINTUYCCKUX npo6neM.
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BECHIWJIOTHBIX JIETATEJBHBIX
AIIITAPATOB JUISI
MOHUTOPHUHI' A COCTOSIHUS
BECXO3SIMHBIX
IMPOTUBOIIABOJIKOBBIX
T'NJIPOTEXHUYECKHX
COOPY KEHUH
3ABAMKAJIBCKOI'O KPASI

K.A. Kypranosuu, A.B. IlanukoBcKkuid,
M.A. bocos, /I.B. Koues
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AHHoOTanus. B 3a6aiikaascKkoM Kpae CyIeCTBYeT
0OJIBIIIOE KOJIMYECTBO OECXO3IWHBIX TPOTHBOIIA-
BOJIKOBBIX 3alIUTHBIX THUAPOTEXHUYECKUX COOPY-
JKEHUH, MOCTPOCHHBIX 0€3 HAJICKAIIETO MPOSKTH-
pPOBaHUsI ¥ KOHTPOJISI MPAaBUIIBHOCTU COOIIOICHUS
TEXHOJIOTHH MPOU3BOJACTBA paboT. YacTs mam0 He
uMeeT COOCTBEHHMKOB M HE YUYTEHBI B PETUCTPE
THJIPOTEXHUUYECKUX COOPY)KEHHUH, UX COCTOSHHUE U
peXHUM HCIIONB30BAaHUS HE KOHTPOJIUPYIOTCA. B
nporiecce DKCIUTyaTally 3alluTHbIE JaMOBbl TOJI-
BEPraloTCs MEXaHUICCKUM H THAPOIMHAMUICCKUM
BO3JICHCTBUSAM, YTO HECET B ce0€ YIpO3y MOBBIIICH-
HOTO pHUCKAa BO3HUKHOBEHHS JIOTIOJIHUTEIHHOTO
ymepOa BCIIEACTBUE MEPEOLEHEHHOTO YPOBHS 3a-
MIUIICHHOCTH Tepputopuii. Heobxomum ydeT Ta-
KHAX COOPY)KEHHH C IeNTbI0 BHIHECEHUS] pEKOMEH/ 1a-
Ui M0 JalbHEHIIeMy WX WCIOIb30BAHHUIO WIIH
MPOBEJICHUIO PEMOHTA.

B nanHO# cTaThe OMUCHIBACTCS OMBIT UCIIOIH30BA-
HUS OCCHMIOTHBIX JICTAaTEIBHBIX aIapaToB (I1a-
nee — BIUJIA) mns oOcnemoBaHus OECXO3SHMHBIX

DOI: 10.34753/HS.2020.2.1.32
THE USE OF UNMANNED AERIAL

VEHICLES FOR MONITORING
THE CONDITION OF OWNERLESS
FLOOD CONTROL HYDRAULIC
STRUCTURES OF THE TRANS-
BAIKAL TERRITORY

Konstantin A. Kurganovich,
Andrey V. Shalikovskiy, Maxim A. Bosov,
Denis V. Kochev
Eastern Branch of Russian Research Institute for In-
tegrated Use and Protection of Water Resources
(FGBU RosNIIVH), Chita, Russia
naptheodor@mail.ru

Abstract. There are a large number of ownerless
flood control protective hydraulic structures built
without proper design and correct observance of the
production technology in the Trans-Baikal Terri-
tory. Some dams do not have owners and are not
registered in the «Register of hydraulic structuresy,
their condition and mode of use are not controlled.
During operation, protective dams are subjected to
mechanical and hydrodynamic influences, which
carries an increased risk of additional damage due
to the overestimated level of protection of the terri-
tories. It is necessary to take into account such struc-
tures in order to make recommendations for their
further use or repair.

This article describes the experience of using un-
manned aerial vehicles (UAVs) for examining own-
erless flood control protective hydraulic structures
of the Trans-Baikal Territory. The scheme of con-
ducting such surveys, which includes several
stages, is considered. At the initial stage, the instal-
lation of ground reference points markers and their
coordination is required. Then, the UAV is circled

Kurganovich K.A., Shalikovskiy A.V., Bosov M.A., Kochev D.V. The use of unmanned aerial vehicles for
monitoring the condition of ownerless flood control hydraulic structures of the Trans-baikal territory. Hydro-
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sphere. Hazard processes and phenomena, 2020, vol. 2, iss. 1, pp. 32-43 (In Russian; abstract in English).
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MPOTHUBOIABOJAKOBBIX 3alIUTHBIX THAPOTEXHUYC-
CKHX COOpykeHHH 3abaikambckoro kpas. PaccmMor-
peHa cxeMa MpOBEIEHUS TaKWX OOCIIEOBAHUH,
BKIIfOUaloas B ce0s HecKoilpKko »JTamoB. Ha
HAYaJILHOM JTare TpeOyeTcs YCTaHOBKA Ha3eMHBIX
OTIOPHBIX TOUYECK-MAPKEPOB U UX KOOPIUHUPOBAHUE,
3aTeM oOiret Tepputopun BITJIA u monydenue ce-
puu potocHUMKOB. CHEAyIOMIMIA 3Tall BKIHOYACT
(hoTorpamMMeTpHUECKyt0  00pabOTKy  JaHHBIX
CBHEMKH U TOIy9IE€HHE TPOCTPAHCTBEHHO-TIPUBS3AH-
HBIX MOJENTU penbeda MECTHOCTH M OpTOQOTO-
TUTaHa, KOTOPBIE 3aTEM IOABEPraroTCs aHaJIHu3y C
B0 BBISBICHHS JEPEKTOB COOPYKCHHI.
Hcnonn3oBanne BIUIA nipu o6cnieqoBaHuH 3aminT-
HBIX TPOTHUBOITABOAKOBBIX COOPY>KEHHUH MPOIEMOH-
CTPHUPOBAJI0O BO3MOXKHOCTH 0OJiee Ka4eCTBEHHOTO
OIICHWBAHMS UX COCTOSHUS IO CPABHEHUIO C TPaIH-
IUOHHBIMH METOJIJAMU HHCTPYMEHTAIBLHBIX HAOJTFO-
JieHu. [{J1st Toy4YeHrs HaWTy4Ilero pe3yabTara B
MOJICJTMPOBAaHUHA PEKOMEHIYETCS TPOM3BOAUTH
CBEMKY C BBICOTHI He Oonee 200 M U UCIIOIB30BaTh
KOOPAWMHHUPOBAHHBIE OTOPHBIE TOYKH, KOTOPHIC
BUJTHO C BO3/yXa JUIS IPUBS3KH MOJCITH K CUCTEME
KoopAWHAT. B 3TOM cityuae onmmbka B onpeieIcHIN
OTMETOK ITOBEPXHOCTH 3eMJIN He Oy/IeT MPEBHIIIATh
MPOCTPAHCTBEHHOT'O pa3pelleHusi CHUMKa. MecTo-
MOJIO’KEHUE OTIOPHBIX TOYEK HE OKAa3bIBaeT CyIIle-
CTBEHHOT'O BIIMSHUS Ha TOYHOCTH OTIPEACTICHHS MO-
Jenu penbeda.

KiarwueBble ci10Ba: OGecrmioTHbIE JeTaTEIbHBIC
ammapatel (BITJIA); nudposas mozens penbeda
MECTHOCTH; OECX03SIMHBIC MPOTHBOMABOAKOBEIC 3a-
HIUTHBIE THAPOTEXHUIECKUE COOPYIKEHHS; a9podo-
TOChEMKa; OpTOGhOTOMIaH; (GoTOrpaMMeTpUICCKas
00paboTKa CHUMKOB.

BBenenue
NmxeHepHble  MEpONpUATHS IO  3allUTe
TeppI/ITopI/Iﬁ oT 3aTOINICHUA B pG3YJ'IBTaT€

HaBO,Z[HeHI/Iﬁ Ha pCKax OOBIYHO BKIIIOYAIOT B ce0s

CTPOUTEIIBCTBO 3alIUTHBIX IIaM6, KOTOPEBIC
H€06XOI[I/IMI>I JJIsL CO3JaHUA KOHTYpa C
TTOBBIICHHBIMHA OTMCTKaMH " OTCCUCHUA

TEPPUTOPUH OT BOJBI BO BpeMs maBojka. OgHaKo
BCIEJCTBUE KaXYyIIEHCsS MPOCTOTHl BO3BEIACHUS

Tom 2, Bein.1 | 2020

over the territory and a series of photographs is
taken. The next step involves photogrammetric pro-
cessing of the survey data and obtaining spatially-
linked terrain and orthomosaic models, which are
then analyzed to identify structural defects.

The use of UAVs during the inspection of flood
control structures demonstrated the possibility of a
better assessment of their condition compared to
traditional instrumental observation methods. To
obtain the best result in the simulation, it is recom-
mended to shoot from a height of not more than
200 m and use coordinated reference points that are
visible from the air to bind the model to the coordi-
nate system. In this case, the error in determining
the elevation of the earth’s surface will not exceed
the spatial resolution of the image. The location of
the control points does not significantly affect the
accuracy of determining the terrain model.

Keywords: unmanned aerial vehicles (UAVs);
structure from motion; terrain model; orthomosaic;
ownerless flood control protective hydraulic struc-
tures; aerial photography; photogrammetric image
processing.

TaKUX COOPYXKEHHH, MX CTPOMTEIHLCTBO 3a4acTyIO
OCYIIECTBIISCTCS XO3SHUCTBEHHBIM CIIOCOOOM, 03
HaQJJIEKAIET0  IPOSKTUPOBAHHS W KOHTPOJIS
MPaBUIBHOCTH cobJroneHus

MMpOU3BOJICTBA pa60T. Yactb ,Z[aM6, MOCTPOCHHBIX B

TECXHOJIOIrHK1

aBpaIbHOM pEXHME BO BpeMsA IPOXOXKICHHUS
MaBOJKOB, BOOOINE HE MMEET COOCTBCHHHUKOB U HE
peructpe
COOPYXKEHUH, ux

YUTCHBI B THAPOTCXHUYCCKUX

COCTOSAHHC )41 PEXUM

Kypeanosuu K.A., lllanuxosckuii A.B., Bocos M.A., Koueg /[.B. ctionb30BaHre OSCHIIOTHBIX JIETATEIbHBIX all-
1apaToB JJIsi MOHUTOPHHTA COCTOSHHS OECX03HHBIX ITPOTHBONABOAKOBBIX THAPOTEXHUIECKUX COOpYXKeHUH 3a-
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HCIIOJIb30BaHUA HC KOHTPOJUPYIOTCA. HpI/I OTOM B

mporecce  JKCIUTyaTalldd  3allUTHBIE  JamMOBl

MOJIBEPTAIOTCS MEXaHUYECKUM u
TUAPOAMHAMUYECKUM BO3ICHCTBUSAM, YTO MPUBOJIUT
K WX YaCTHYHOMY pa3pylICHHIO, BO3HHUKHOBEHHUIO
MPOCaZiok TPeOHS, MPOMOMH B TeJie, HAPYIICHHUIO
KpETLICHUSI OTKOCOB.

Takast curyanus HeceT B cebe yrposy

IIOBBIIIICHHOTO pHUcKa BO3HMKHOBCHHUS
JIOIIOJIHUTEILHOIO ymrep6a BCJICACTBHE
MEPEOLICHEHHOT'O YPOBHSA 3aIUIICHHOCTH

tepputopuil [IllanukoBckuii, Kypranosuu, 2011;
Shalikovskiy, Kurganovich 2017]. HeoGxomumbl
WHCTPYMEHTAJIbHBIC W BU3YyaJlbHBIC HAONIOJACHUS 3a
HEYYTEHHBIMH 0ecxX03sITHBIMI
MPOTHUBOMABOAKOBBIMHA  COOPYXKEHHUSIMH C  IIEIBIO
BBIIaYM PEKOMEHIAIMK MO JanbHelmeMy ux
WCTIONB30BAaHUIO  WJIM  TPOBEIEHHIO  PEMOHTA.
CraHgapTHBIMH TpPAaKTHKAMH B TaKUX CIyYasx
SIBIIIIOTCA KaK Ha3eMHbIE, TaK M JUCTAHIIMOHHBIC
BHUIBI chbeMOK. Cpenr HCCIeIOBaHUN TEepBOTO THIIA
CaMbIMH IIHPOKO PACHPOCTPAHEHHBIMH SIBIISIOTCS
GNSS-m3pIcKaHus, TaxeoMeTpHUUecKass CheMKa |
Ha3eMHbBIE JIa3epHBIE CKAaHEPbl. OTH CIIOCOOBI
WCCIICIOBAHUSl CPAaBHUTEIBHO HEOPOTHE U HMEIOT
XOPOIIYI0 TOYHOCTB, HO SIBISIOTCS TPYIOEMKHUMH B
Cllyyasix KapTHpPOBaHHUs OOJBIIMX TO TJIOMIAIH
TEPPUTOPHUI W HE BCETJa MO3BOJSIOT IEpeiaTh BCE
OCOOCHHOCTH  penbeda, ero  crnenupuIecKux
aneMeHTOoB. Ecnm ke TpeOyeTcss TOBBIIICHHUE
MIPOCTPAHCTBEHHOTO pa3pelieHns TaHHBIX Ha3eMHOU
Tomorpau4yeckoil  CheMKH, TO TpU  ITOM
TPYJOEMKOCTh WX TIOJy4eHUS W

YBCINYNUBACTCSA MponopHuruOHaJIbHO

00paboTKHI
KBaJlpary
pacctosiHusl. [l  MOHHMTOpPWHTAa OONBIIUX IO
MIPOTSDKEHHOCTH COOPYKEHHUM M OOJBITHX TIOMIA S
3a KOPOTKHUE HHTEPBajIbl BPEMEHU HCIONb3YIOTCS
TaKKe JaHHbIE AUCTAHIIMOHHOTO 30HIMPOBAHWS,
a’poOTOCHhEMKA, CITyTHHKOBBIE CHUMKH W JIaHHBIC
nugapHoro 3oHAaupoBanus [KypranoBuu u ap.,
2017]. IX ocHOBHBIC OTpaHMUYEHUS 3aKIIOYAIOTCS B
CPaBHUTEJIBHO BBICOKOM CTOMMOCTH U CIOKHOCTH
MOJIy4eHUS] H300pakeHUH 3a CTPOro BBHIOPAHHBIN
MOMEHT BPEMEHH.

B nocnennee

BpeMms B MOHUTOPHUHIC

COOpY)XeHHH Bce OoJjblliee NpUMEHEHHE HaXOJAT
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HOBBIC CIIOCOOBI HCCIEAOBAaHMS, OCHOBaHHBIC Ha
HCIOJb30BaHUH OCCITUIOTHBIX JIeTaTeIIbHBIX
anmapatoB (mamee — BIIJIA) [Ridolfi et al., 2017,
Khaloo et al., 2018;]. OmeHka COCTOSHHUS
MIPOTHBOITABOIKOBHIX 3alTUTHBIX THAPOTECXHUUECKHUX
coopykeHui ¢ ucnonb3zoBaHueM BIUJIA sBaseTcs
WHHOBAIIMOHHBIM  TMOAXO0JIOM, TPEIOCTaBIISIFOIINAM
BO3MOXKHOCTH TII€pexojila OT TPAJAWIHOHHOTO K
YCOBEPIICHCTBOBAaHHOMY 00CJIEIOBaHUIO O0BEKTa, a
BBIpaOOTKAa METOJHMKH M OIICHKA €€ NMPUMECHHMOCTH
SIBIIICTCS] HEOOXOIMMOM 1 aKTyaJIbHOH 3a7aueh.

MarepuaJjbl 1 METOABI

[Ipu HUCTIOJTb30BAHUU CTaHJapTHOU
koHurypauun obopynosauus, BIIJIA cocrout us
muppoBoli  (GoTOKaMephl,  3aKPEIUICHHOW  Ha
MPOTIEJUIEPHOM WM KPBUIATOM  JICTATEILHOM
ammapare, KOTOPBIH YIPaBIsieTCs JUCTAHIIMOHHO C
3eMiId. AmnmapaT TpPOU3BOJUT ChEMKY MECTHOCTH,
MONMYYEeHHAs! Cephs CHUMKOB aHAM3UPYETCS C
WCTIONb30BAaHUEM  QTOPUTMOB  PEKOHCTPYKIIUU
TPEeXMEpPHON cIeHbl u3 ¢ororpaduii, Takux Kak
structure from motion (nanee — SfM). B pesynbTate
PEKOHCTPYKIIMHM TONydaeTcs Iu¢poBas MOJENb
penbeda BBICOKOrO paspemieHus U opTo(OTOIIaH
MecTHOcTH. Meton SfM sBisercss B HacTosiee
BpeMsi HanboJiee Pa3BUTHIM aITOPUTMOM TIOTYYCHUS
TPEeXMEpHBIX MOJIeNiell MECTHOCTH U Hauboee
IIMPOKO HCIONB3YEMBIM B TPAKTUKE NPOBEACHUS
creMok ¢ BIIJIA [James, Robson, 2012; Westoby et
al., 2012]. OH HCHONB3YyET AJIrOPUTMBI 00PaOOTKH
cepur U300paKeHUH, CIICNaHHBIX C MIEPEKPHITHEM U
CJIBUTOM OTHOCHTEINIFHO JIpyT Japyra. B aToM cimydae
He TpeOyeTcst anpuopHas HHPOPMAIHI O TEOMETPUN
CIICHBI

CbCMKH, PACIOJIOXCHUU KaMCpbl MU CC

OpHEHTAIlUM B  TPOCTPAaHCTBE, BCE JIAHHBIC
CTaHOBSATCS JOCTYITHBIMH H3 UTEPATUBHOTO IpoIiecca
COIIOCTABJICHUSI H KOPPEKTHPOBKU CEPUU OOJIBIIIOTO
KOJMYECTBA  IEPECEKAIOMIUXCS  H300paKSHUIA.
JlaHHBIN TOAX0]] HAWIYYITUM 00pa3oM peanu3yercs
MPUMEHHTENIEHO K CEpUH CHUMKOB C BBICOKOI
CTCTICHBI0 B3aMMHOT'O TIEPEKPBITHUS, TTO3BOJIIOIIETO
3aXBATUTh TPEXMEPHYIO CTPYKTYPY CIICHBI, BUIHMYFO
¢ pazseix mosuiuii [Westoby et al, 2012]

(pucyHok 1).
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Pucynok 1. Cxema CheMKH TPEXMEPHOTO 00BEKTa IS TanbHeumeit poTorpaMMeTprudeckoii 00paboOTKY 1Mo
[Westoby et al., 2012]

Figure 1. Scheme of shooting a three-dimensional object for further photogrammetric processing from
[Westoby et al., 2012]
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Pucynok 2. [Ipumep morcka momapHO COOTBETCTBYIOINIMX MHUKCENIEH Ha N300paKCHUSIX
c. Yerp-Uns o metony SfM B Agisoft Photoscan (cuHuM 0003Ha4eHBI KOPPEKTHBIE CBSI3H,
KpacCHBIM — HEKOPPEKTHBIE, clieBa — 44 COOTBETCTBUS, cripaBa — 2988 COOTBETCTBUIN)
Figure 2. An example of a search for pairwise matching pixels in images of Ust-Ilya village according to the
Structure from Motion method in Agisoft Photoscan
(the blue color indicates correct connections, the red color indicates incorrect connections,

there are 44 matches on the left side and 2988 matches on the right side)
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MecTomnonokeHue Kamepbl W TeOMETpHs
CIICHBl PEKOHCTPYHPYETCS OIHOBPEMEHHO IyTeM
ABTOMATHYECKOM WICHTU()UKAIIMN COBIAJAIOIINX
SJIEMEHTOB Ha MHOXECTBE HM300pakeHHH (PUCYHOK
2). DTH DIIEMEHTHl OTCICKHBAIOTCA OT OJHOTO
n300paKeHUs1 K IPYyromy, 4To MO3BOJISIET yAydIaTh

OIICHKY MCCTOIIOJIOKCHUSA KaMCPbl W KOOpPAHUHAT

O00BEKTOB 3a CYET WTEPAllMOHHOTO IpoIecca
HEJIMHEHHOU MUHUMH3AIH HAaUMEHBIINX
KBaJpaTOB, TaK KaKk MHOXXECTBO  pEIICHUM

CTAHOBHUTCS JOCTYIHBIM TOCJE PACIHIMPECHUS Oa3bl
JAHHBIX CHUMKOB. [T03UIMKM KaMep, pacCUYUTaHHBIC
no meromy SfM, He HMEOT HU MacmTaba, HH
OpHUCHTAIIMA B TPOCTPAHCTBE, KOTOPHIC OBLIM OBI
MOJIy4eHbI TI0 KOOpJMHATaM HAa3eMHBIX TOYCK. B
001aKko

CBSI3H C OTHM TpEXMEpHOe

TEHEpUPYETCS B HEKOTOPOI OTHOCUTEIBLHON CHCTEME

TOYCK

KOOPJIMHAT «IIPOCTPAHCTBA U300paskeHNUi», KOTOpas
MOXET OBITh MpHBs3aHa K peEaJbHON cHucTeMe
KOOPJAMHAT IIOCPEACTBOM SIBHOTO YKa3aHHs PEealbHO
CYLIECTBYIOIIMX HAa3€MHBIX TOUYEK. ODTH Ha3eMHbIE
TOYKH MOKHO OTPEACIHUTH C MOMOIIBIO MOTYYECHUS

KOOpJAUHAT C YCTPOWCTB rJ1I00aJbHBIX
HaBUTaMOHHBIX cucTeM GNSS wWiIM BBIIOJIHEHUS
TIPYTUX BUJIOB Tornorpao-reoe3nIeCKux

n3bIcKaHuil. B nociegHee Bpems  coueTaHue

n3o0paxennii, mnoayueHHslx ¢ BIUJIA u mpum
PEKOHCTPYKIUN TOHOTpahUH C HCIOIb30BAaHUEM
anroputMa SfM, yCHEIIHO NPUMEHSETCS TPH
WCCIICIOBAaHUM  Pa3HOOOpa3HbBIX ¢GopM  penbeda,
TPEXMEPHBIX OOBECKTOB 3JaHUH M COOPYKEHHH.
OneHka TOYHOCTH IOMYYCHHOW MOJAEIH OOBIYHO
HPOU3BOJIUTCS IYTEM €€ CPaBHEHHS C JPYyTUMHU
METOAMKAMU TIONYyYEHHs MOJENeH MECTHOCTH
BBICOKOTO paspemeHus. [Ipu 3ToM TexHOIOrHYeCcKas
cXeMa TpOBeJeHHs pPabdOT BKIIOYAET B  ceds
ciaenyromme odranel  [Westoby et al, 2012]
(pucynok 3):

1. KoopanHupoBaHrne CceTH Ha3eMHBIX OIOPHBIX
TOYEK M MAapKUPOBKA UX MECTOIOJIOKEHHS JIIOOBIM
CrocoOOM, TIO3BOJISIIOLIMM — ONPENCIUTh UX €
¢dotocHUMKOB, caenaHHbIX BITJIA.
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KoopawHWpoBsaHWe
CETH Ha3eMHbIX
0NopHbIX TOUeK

MNonesbie
Hccaeqo BaHuA

AspodoTochemka
TeppMTopHM C BII/TA

BoirenexHue Knaouesbie TOUKKW Ha
fpU3HaKoe

(meTog SIFT)

‘CHUMHAX M
[EeCKPUITOPbi

TpexmepHan
PEKOHCTPYKLIMA
ClieHbl

PaspemeHHoe
ofnaxo Touek

Peanuzauma mertoga
Structure from Motion

YnnotHexHe
pa3pemeHHono
ofinaka Touex
(meTopn MVS)

MnoTHoe abnaako
TOUEK

Pyuroe ykazaHue
HE3EeMHBIX 0710 PHbIX
TOUYEK Ha CHUMHKAX

Tpauchopmauua
TeonpocTpaHcTseiHoe
HOOpAWHWPDBEAHWE

FeHepupoBaHue
TPEXMEPHOW UpoBoA
penveda

MNocrobpaboTra

lenepupoBanmne
OPTOMO3aMKN

Pucynok 3. Texnonoruueckas cxema
(hoTorpammeTpudeckort 00padboTku cHUMKOB BITJITA
C HCIonbp30BanueM Metoaa StM
Figure 3. Technological scheme of
photogrammetric processing of UAV images using
the Structure from Motion method

2. A3podoTocheMKa HCCIEAYeMON TEPPUTOPHH C
ncrnonszoBanreM bITJIA. @oTocHUMKH, TOTydYeHHBIE
¢ ucnonp3oBanreM BIIJIA, nMeroT 3amucaHHbIC B
exif-rere reorpadudeckne KOOPAMHATHI TOJOKEHHUS
KaMepbl B TOT MOMEHT, KOT/1a OHU OBUTH BBITIOJTHEHBI.
3. Peanuzanus anroputMoB (oTOrpaMMeTpU4ecKon
00paboTKK CHUMKOB 110 MeTory SfM ¢ moiy4eHuem
MPOCTPaHCTBEHHO-OPHUEHTUPOBAHHOTO TUIOTHOTO

00J1aKa TOYEK MECTHOCTH.
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4. [MTocToOpaboTKa TWIOTHOTO O0JaKa TOYEK C
MOJTydeHHEeM TPEXMEPHOW MOJEeNIM MECTHOCTH U
opTooTOIIaHa  BBICOKOTO  ITPOCTPAHCTBEHHOTO
pasperieHus..

B pamMkax maHHBIX HWCCIEAOBaHWM ObLIa
NpoM3BEeEHa  OLEHKa TOYHOCTH  ITOCTPOCHHS
TpexXMepHOI MOJICIH 3aIUTHBIX
MIPOTUBOIIABOAKOBHIX JaM0 B HACEJIEHHBIX ITyHKTaX
3abaiikanbCKOro Kpasl, MOJYYCHHOHW MO JaHHBIM
BIUTA. [ns aHanw3a ObUTM BBIOPAHBI 3alllUTHBIC
COOpYKEeHHUs B C. Ypeiick, c. Ycrb-Wns u r. lunka.

Ha moaroToBuTenbHOM 3Tare MoJeBbIX pa0doT
OBLIO MIPOM3BECHO MIPOCTPAaHCTBEHHOE
KOODJMHHPOBAHUE ydYacTKa C TPUBSI3KOM K
CYIIECTBYIOIIMM TyHKTaM IUIAHOBOM M BBICOTHOM
reojesudeckor cetn. Tomorpado-reome3uueckas
ChEMKa BBIOPaHHBIX OOBEKTOB BBINOJHSIACH C
GNSS Trimble

R8s+R10 ¢ mocrobpaboTtkoit Ha Trimble Business

WCTIOJTb30BaHUEM KOMIUIEKTa
Center. IIpuBsi3ka K MECTHOW CHCTEME KOOpIWHAT
MCK-75 MPOU3BOINIIACH Ha MyHKTax
locynapctBenHoit reoaesnyeckon cetu 2 u 3

Tom 2, Bein.1 | 2020
KJIaCCOB. KOOp,Z[I/IHI/IpOBaHI/IC Y4aCTKOB, nux
MePENPOCIUPOBAHAE B CHCTEMY  KOOpIWHAT

WGS 1984 ¢ menmpito nmanpHEHIIe oO0pabOTKH U
MOCTPOCHUS OPTO(OTOIIIAHOB U HU(PPOBBIX MOJEIIEH
penbeda BBICOKOTO pa3pelleHns] MPOU3BOIMIACE B
cpene ArcGIS 10.Jns1 nony4enus a3pohOTOCHUMKOB
paspetenuemM 4000x3000 mukceneid UCHIOIB30BATCS
BIIUTA DJI Phantom 3, ocHaIlleHHBIM KaMmepoi
Sony EXMOR FC3008S. Kamepa umeet cencop CCD
¢ pazpemenueM 12 M u 20 MM IIHPOKOYTOJBHYIO
a3y (35 MM sKBUBasieHT). MaKcHMalbHBIH Bec
BIUIA cocraBnser 1,5 kr. [lonersr anmapaTa Obiin
3aIlpOrpaMMHUPOBAHBI c
nporpaMMHoro obecneuenuss Pix4D Capture u

HCIIOJIb30BaHUECM

Ctrl+DJI s obOecriedeHHs ITOJIHOTO IIOKPBITHS
n3ydaeMoi MecTHOCTH Ha BeicoTe 200 M, CKOPOCTHIO
mojseta 6 M/C W aBTOMAaTHYECKAM BBITIOJTHCHHUCM
dotorpaduii kaxmaeie 2 c¢. 3amuch KOOPIHHATHI
MOJIOKEHUST KaMephl B eXif-rer Mmpou3BOIMIACH C
HCIIONTh30BaHNEM ycTpoiicTBa GPS, ycTaHOBIEHHOTO
Ha 0opTy OECITMIIOTHOTO anmapara (PUCyHOK 4).

0 75 150 300 M
T T Y

PucyHnok 4. MecTomooxxeHne To9ek cheMKu (hoTokamepsl, ycranoBiaeHHoW Ha BIUIA (c. Ycrp-Uis)
Figure 4. The location of the shooting points of the camera mounted on the UAV (Ust-Ilya village)

Jns  reHepupoBaHHMS TU(POBON  MOIEITH
penbeda u oprodoTorIaHOB U3 ad3pOOTOCHUMKOB,
BBIMOJIHCHHBIX B HaIup, HCTOTH30BANIOCH
nporpamMmHoe obecriedenre Agisoft Photoscan'. Ha
nmepBoM dTane (OTOCHUMKH BBIPABHUBAIKCH IO
[Ullman, 1979],
WACHTU(QHUIUPYET KIIOUYEBBIC TOUYKU U300pPKEHHS
MOCIIEZI0BATEIIFHO

anroputmy  SfM KOTOPBIi
OTCJICKUBAET WX JBHKCHUE.
OrieHUBaHKE MO3UIMK KaMEphl SBISCTCS OJHUM U3
CaMbIX OTBETCTBEHHBIX KOMIIOHEHTOB allfOPUTMAa

! http://www.agisoft.ru

SfM [Szeliski, 2010]. Pe3ympraTaMu BBITIOJTHCHHS

MIEPBOTO dTamna SBJISIOTCS:

1) TpexmepHOEe 00MaKO TOYEK, MPEACTABIISIONIEe

TeOMETPHIO N3ydaeMoil 00acTH;

2) OTHOCUTETIBHOE MECTOIIOJIOKEHHE KaMepbl BO

BpeMsI IPOBEJICHHUS ChEMKH;

3) mapaMeTpbl BHyTpeHHE# kanuOpoBku ((HoKycHOE

paccrosHue, K03()HUIHEHTH! IUCTOPCUH JTHH3HI).
Bropoii 3Tam mnoapa3zymMeBaeT MOCTPOEHHE

IUIOTHOTO oOJaka Touyek. B 30He, mpuieraromei k

BoJi¢  OOJIBIIMHCTBO

M300pKCHHUM, YaCTHIHO
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MOKPBIBAIOT BOJHYIO MMOBEPXHOCTH, KOTOpAsi TOJDKHA
OBITh HWCKIIOUEHa W3 Tomorpaguu MoJelu. ITo
MPOU3BOJIIOCHE € TIOMOIIbEO HAHECCHUS MACKH
cpeactBamu  Photoscan. Ha  Tpetsem  oTame
WCTIONB30BANICS alroput™ multi-view stereo (MVS)
OCHOBaHHBIH Ha KOHIEIMIHMU  KOMIIBIOTEPHOTO
3pEHHs, TO3BOJISIOMINI TPOM3BECTU PEKOHCTPYKIIHIO

e o LU I

i =] syl
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TPEXMEPHOH CIEHBI TI0 CEPUH MEPECEKAOIIMXCS
aspodortocHumMkoB [Westoby et al., 2012]. Hanee
HOJIy4eHHAs]  TPeXMEpHas  MOJeIb
NoJBEeprajach TEKCTYPHUPOBAHUIO M TIPHUBS3KE K

MCCTHOCTH

CHCTCMC KOOpAWHAT C CJIBIO NOJIy4YCHU

oprodoromiana W 1udpoBol Mopenu penbeda
(pucyHoK 5).

Pucynok 5. ®parmenT oprodoToriana ¥ TUPPOBOH MOJICITH MECTHOCTH
a) ¢. Yerp-Uns, 0) r. luinka, B) c. Ypeiick
Figure 5. Fragment of orthomosaic and digital terrain model
a) Ust-Ilya village, 6) Shilka town, B) Ureysk village

PesyabTaTsl U 00cyKIeHHE

Bcero 6bu10 ocymectsneno 4 3amycka BITJIA
B ¢. Ycrb-Mist, 5 — B ¢. Ypelick u 7 B r. lnnka.
Kaxnerit u3 noneroB BIIJIA mokpeiBan miomanas
0,6 kM? ¢ notyyenrem okoio 130 GOoTOCHUMKOB TIpU
yrae moBopoTta kamepbl B 90 rpaa. PaswmerTeie, a
TaKKe HE MOKPHIBAIOIINE H3Y4aeMYIO0 TEPPUTOPHIO
(OTOCHUMKH yJajsUTCh M3 aHANIN3a, B pe3ylbTaTe
(dororpamMmmeTpruecKkoil  00paboTKe IOJIBEPraliucCh
95-100 cuHumkoB. Bpems cOopa cepur CHHUMKOB

38

COCTaBIUIO 12 MHUHYT C HCHOJIB30BAHUEM OJHOMU
Oarapen 3a omuH TonerT. Ha srame moctpoeHHs
pa3pekeHHOT0 00JIaKa TOYCK MPOBOAUIACH TIPOBEPKA
JIOCTATOYHOCTHU MEPEKPHITHS CHHMKOB,
MEPECEKAONUXCS Ha UCCICyeMOW TEepPUTOPHUH.
Yyactkn, r1¢ HAOMIOJAIOCh  OJHOBPEMEHHOE
meHee 4

HAaJI0XKCHHC CHHUMKOB,

JaJbHENIIIEM HE

CUUTAJIUCH
HEJIOCTOBEPHBIMU u B
paccMarpuBaiuch. CBeJEHUS O TEOMETPUUYCCKUX
napameTpax MOJICIH TPe/ICTaBlIeHbBI B Tabmwe 1.
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Tadauna 1. 'eoMeTpuueckue mapaMeTpbl MOACIU
Table 1. Geometric parameters of the model
IT
. | Komnue- | Pazpexennoe | IlmoTHOE [IpocTtpaHcTBEHHOE POCTPaHCTREHHOS
Hacenennsrii paspelleHue pacTpa
CTBO o0yako To- | 00JIaKO TO- | paspelieHue pacTpa .
MYHKT udpoBoit MosIenH pe-
CHHUMKOB YeK, MJITH. YeK, MJITH. opTodoTomana, M
nbeda, M
c. Ypeiick 646 0,28 152,2 0,079 0,161
r. Hnnxa 921 0,23 168,4 0,078 0,156
c. Yers-Uins 498 0,15 104,1 0,079 0,159

PucyHok 6. HazemHbIE METKH OTIOPHBIX TOYEK (ClieBa — BUJ C 3€MJIH, CIIpaBa — BUJ ¢ BEICOTHI 200 M)
Figure 6. Ground marks of control points (left - view from the ground, right - view from a height of 200 m)

s mpoBepku TOCTOBEPHOCTH IOIYYEHHOU
UQppoBOH Mozeny penbeda U UCTUHHBIX 3HAYCHHHA
UCIIONIb30BAJIACh CETh HA3EMHBIX OIOPHBIX TOYEK,
KOTOpBIE OTMEYAJNCh HA TBEPABIX OCHOBAHHAX, HE
MOIBEPTaBIINXCSI

HN3MCHCHUSAM 3a BpeMA

HCCIICOOBAHMA. OHOpHLIe TOYKU MPEACTABIISIN

coboii Oenble KBaapaTel pa3zmepoMm 1x1 metp,

3aKpEIICHHBIC Ha MTOBEPXHOCTH 3eMITH
METAJUIMYECKUMH KONbsIMH. Pa3Mepbl KBajpaTa Ha
CHUMKE cocTaBiasim  okono 20x20 mnukcenei
(pucyHOK 6).

B kaxjgoM HacelleHHOM TyHKTe OBUIO
pasMemeno 1o 10 KkBampaToB, UX TOYHBIE

KOOPJAMHATHl ¥ BBICOTHBIE OTMETKH HCII0JIb30BAJIUCh
Ipd TOCTPOCHWH LMGPOBOH MOJEIH MECTHOCTH
MyTEeM SIBHOTO YKa3aHUs Ha BceX (POTOCHMMKaxX

MECTOHAaXOX/JECHUSI TOYKM TMPHUBSI3KH. Tak Kak
MOJIyYCHHas]  TpeXMepHash MOJENb  3allUTHBIX
MPOTHBOMABOJKOBEIX  JIaMO B KaXJIOM U3

HACEJICHHBIX TYHKTOB Oa3WpoBallaCh TOJBKO Ha
10 Toukax TPUBS3KU, HEOOXOMUMO OBLJIO OIICHUTH

TOYHOCTh €€ IIOCTPOEHUs B APYrHMX TOoukax. Takas
OLIEHKa IIyTeM CpaBHEHUS JIBYX
BapHAHTOB — UMEIOINECS JaHHBIE HA3EMHON ChEMKHU

BEBIITIOJTHCHA

¢ ucrionp3oBanueM GNSS u naHHBIE, TOTyYEHHBIE B
TeX K€ TOYKax, HO 1O JaHHBIM MOZICIUPOBAHUS
penbeda ¢ BITIA (pucynok 7). [lepBbiii BapuaHT ObLI
WCTIONIb30BaH KaK JTAJIOHHBIH JUIS CpaBHEHUS WU
MOJMY4YEeHUS] OLEHKH 3(PQPEKTUBHOCTH  BTOPOTO
Bapmanta.  Kpurepuem
CPEIHEKBAIPATUYHON OMIMOKK MOACITUpOBaHUs (m),
onpezaeneHHas mo gopmyse (1):

SABJIAJIaCh BCIIMYHHA

m = Z?=1(Zi,M_Zi.3)2 (1)

n
rae  Z;ny — OTMETKA IOBEPXHOCTH B KOHTPOJIbHOH
TOUKE, Olpe/ieTIeHHAS o pe3yapTaTam

MOJIETTPOBaHUs ¢ ucoib3oBanueM bIIJIA;

Z;> — OTMETKa MOBEPXHOCTH B KOHTPOJILHON
TOYKE, OMNpEAcTeHHas IO pe3yibTaTaM HAa3eMHBIX
NpUOOPHBIX U3MEPECHUH (ITATOHHAS);

1 — KOJINYECTBO KOHTPOJIBHBIX TOYEK.
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L AR R L

Pucynok 7. Optodorormiasn c. Ycre-Uns ¢ Ha3eMHBIMA ONOPHBIME TOYKaMU (BBIICIICHBI 3€JICHBIM) U

KOHTPOJBHBIMU TOUYKaMu adpodoTocheMku ¢ BITJIA (BelaeneHbI KpacHBIM),

OTpe3KaMH MOKa3aHbl KpaTyallliie PacCTOSIHHS OT KOHTPOJIBHBIX JI0 OMOPHBIX TOYEK
Figure 7. Orthophoto map of Ust-Ilya village with ground control points (highlighted in green)
and control points of aerial photography with UAVs (highlighted in red),
the shortest distances from control to reference points are shown by segments

Tabauna 2. [TapameTpsl OlleHUBaHUS TOYHOCTH MOAETH

Table 2. Model accuracy assessment parameters

OnopHbix Touek B CpennexBaaparudeckas | Koadoumnuent koppensiun
Hacenen- | nuna KOHTPOJIb- | OIIMOKa ONpeesiCHNs Bbl- | OIINOKM OINpeaeseHHs OT-
HBI{ IyHKT |1aMOBI, M Tjoqu UL Hoit BbI- COTHBIX OTMETOK IO MO- METKH U PACCTOSHHUSA 10
PHBAKH Oopke nenu (m), M OTIOPHOW TOYKH

c. ¥Ypeiick | 3403 10 108 0,104 0,05

r. Hunka | 3834 10 103 0,091 0,02
c. Yere-Mnsa| 2200 10 83 0,139 0,004

OueBuaHO, YTO BeIMYMHA THUIOTE3€ HE YAAJIOCh, KOI(DGHUINCHTH KOPPEIANN

CpeOHEKBaIpaTHYHONH OIIMOKM TO HAOJIOACHHBIM  HM3MEHSUINCH HE3HAYUTETIHHO BBIIIIE HYJIS
nyHkraMm, coctapistomas  0,09...0,14 M, wHe (Tabnmma 2).
MPEBbIIIACT MPOCTPAHCTBEHHOE paspelieHue UccnenoBanne MoJenei 3alIUTHBIX
muppoBoil Mojienu penbeda, KOTOPOE COCTABISIET COOPYKEHUH M TIpHIETalolield  TepPHTOPHH,
okoso 0,16 M (tabmuia 2) ¥ 3aBHCHT OT BBICOTHI  BBIIIOJHCHHBIX  C  BBICOKOH  JI€TAJIbHOCTBIO,
CBEMKH, pa3pelICHUs] ChEMOYHOrO amnmapara ¥ MPEeJOCTaBIseT  BO3MOXHOCTh  KOJHMYECTBEHHO

cJemyromei 3a 3TUM AeTaIbHOCTH MOJIETIH.

Takxke ObUT MPOM3BEACH aHAIU3 BO3MOXKHBIX
MPUYWH, BIUSIOIIUX HA BOSHUKHOBCHHE OIIHOKH TIPH
MOJIeNIMpOBaHUK  penbeda. beuta  mpoBepeHa
TUIOTE3a O BIUSHUM YJAJICHHOCTH OIOPHOM TOYKHU
MPUBS3KA MOJEIH OT KOHTPOJNBHBIX TOYEK, IO
KOTOPBIM BBIYUCIISAIACH OMUOKa. B ciryuae Hammuus

Takoi CBsA3M Obula OBl  OTMEYEHA  BBICOKAs
Koppeiiauusg  BCJIMYUHBI PA3HOCTU OTMETOK U
pacCTodHUA. HOJIY‘II/ITI: MOATBCPIKACHUSA JTOH
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OIIEHUBATh 00BEMHBIE XapAKTEPUCTUKU Pa3PYIICHUHA
JIaM0 ¥ BO3MOXHBIE TIOCTICICTBUS MEPONPUATHH TIO
pemonTy. [Ipu 3TOM mepexoa OT TPaJUIIMOHHOTO K
YCOBEPIIEHCTBOBAHHOMY 00CIIeI0BaHIIO Ha
OCHOBaHUHM aHalIM3a KOMIBIOTEpHBIX 3D-moneneit
o0beKTa T03BOJISIET boiee Ka4eCTBEHHO
aHAIM3UPOBATh penbed TOWMBI W 3allUIAeMON
TEeppUTOPUH, AePopMaIUU pycia, TPOU3OMISAIINE 32
Mepuoj  OKCIUTyaTallid  JIMHEHHBIX  3allUTHBIX

COOPYKCHUM.
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Jambda He gocTpoeHa, pesKHil 00pPhIB, OTCYTICTBHE
MIPHMBIKAHHA K BBICOKHM OTMETKAM MECTHOCTH Otxoc gambsr sactpoeH (¢. Yers-Miaa)
(r. [lInaka)

Ilepecrimannas crapas npotoka pexu OHoH Pazmeie Tea gaMOBI copAMIEHHOTO YIacTKa pycia
c. Vpeiick c. Ypefick

ITpopan B gambe 1714 mpoezga aBTOTPAHCIIOPTA TToamee B 0bpymeHHe OTKOCA JaMOEL
Pucynok 8. O6HapyxeHHe NeEeKTOB 3AIUTHBIX COOPYKEHHUH Ha MOJIEIH,
MOJYYEHHOM 10 JaHHBIM cheMku ¢ BITJIA
Figure 8. Detection of defects in protective structures on a model obtained from UAV survey data

[Tpumep oOHapykeHHs TakuxX AeekToB U X OCHOBHBIMHU nedexramu 3aLIUTHBIX
OIlcHKa Ha TpUMepe TPEX pacCMaTpUBAEMbIX TPOTHUBOMABOIAKOBBIX  COOPYXKEHHH  SBIAIOTCA
COOpY)KEHMH MpeICTaBJI€Hbl Ha PpUCYHKE §. HENPOEKTHBIE ChE3[bl U Iepee3bl uepe3 IpedeHb
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naMObI ¢ Aeopmanyeii rpedHs, yCTpOHCTBO B 1aMbe
BBIEMKH JJISI MPOE€3Ja aBTOTPAHCIIOPTa M IPOTOHA
JKUBOTHBIX, OOpYyIIIeHHE OTKOCOB. )1l TambHEUIeTo
WCTIONb30BaHUS 3alIUTHBIX COOpY>KEHHI

PEKOMEHAYETCA IMPOBEACHUE WX  KallUTaJIbHOI'O

pEMOHTA.
3aki0ueHnne
UcnonezoBanne BIUIA mpu  u3ydeHun
BO3MOXHBIX nedeKToB B 3aLIUTHBIX
MIPOTUBOMABOAKOBBIX COOPYKEHUAX
IIPOIEMOHCTPUPOBAIIO BO3MOXHOCTb Oostee
Jlutreparypa

Kypeanosuu K. A., Hlanuxosckuii A.B., Kypeanoeuy
H.A., I'onamuna M.A. OnsIT TpUMEHEHHS TaHHBIX
JUCTAHIIMOHHOTO 30HIUPOBaHUS 3eMid U Oecnu-
JIOTHBIX JIETaTEJIbHBIX aNapaToB sl PELLCHHUs BO-
JIOXO03sHCTBeHHBIX 3a7a4 / COOPHUK MaTepHajoB
XIV MexayHapoAHOTO  HAy4YHO-TPaKTHYECKOTO
cuMIno3uyma u BbICTaBKH «Huctas Boma Poccum»
(r. ExarepunOypr, 18-20 anpenst 2017 r.). Exare-

punOypr, 2017. C. 58-62.

Hlanuxoeckuti A.B., Kypeanosuu K.A. Ouenka
OTACHOCTH W PUCKA XO3SHCTBEHHOTO HCIOJIB30Ba-
HUsI peYHBIX oMM Oacceiina Bepxnero u Cpennero
Awmypa // BectHuK YATHHCKOT'O TOCY1aPCTBEHHOTO
yauBepcuteta. 2011. Ne 11 (78). C. 119-124.

James M.R., Robson S. Straightforward reconstruc-
tion of 3D surfaces and topography with a camera:
Accuracy and geoscience application // Journal of
Geophysical Research ~ Atmospheres. 2012.
Vol. 117. Iss. F3. P. F03017.
DOTI: 10.1029/2011JF002289

Khaloo A., Lattanzi D., Jachimowicz A., Devaney
C. Utilizing UAV and 3D computer vision for vis-

ual inspection of a large gravity dam // Frontiers in
Built Environment. 2018. Vol. 4. Art. 31.
DOI: 10.3389/fbuil.2018.00031

Ridolfi E., Buffi G., Venturi S., Manciola P. Accu-
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Ka4€CTBCHHOI'O ONCHHUBaHUA KX COCTOSAHHA. IIJ'ISI

TTOJTYICHISI HaWJIy4IIIeTro pe3ynbpTaTa B
MOJICIMPOBAHUN  PEKOMEHAYETCS  IPOU3BOIUTH
CBhEMKY C BHICOTHI He O0osee 200 M M HCIIOJIb30BaTh
KOOPIWHHUPOBAHHBIC OTOPHBIE TOYKH, KOTOPHIE
BHUJIHO C BO3JyXa JAJIsl MPUBSI3KU MOJEIU K CHUCTEME
KoopauHatT. B 3TOM ciyyae ommOka B onpeencHuN
OTMETOK TIOBEPXHOCTH 3¢MJIM HE OyIeT MPEBHIIIATh
MIPOCTPAHCTBEHHOTO paspeuieHus CHHUMKA.
MecTonoI0XKeHHE OIMOPHBIX TOYEK HE OKa3bIBACT
CYILIECTBEHHOT'O BIMSIHUS HA TOUHOCTH OMPECICHUS

MoJienu penbeda.
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VJIK 556.53
CBsI3b ODKCTPEMYMOB

MHUHUMAJIBHOTI'O 3UMHEI'O
CTOKA PEK C
TEMIIEPATYPHbBIM U JIEJOBbIM

PAKTOPAMMU

E.B. I'ypeBnuu
Tocyoapcmeennulil 2u0poso2udecKutl UHCMUmym,
2. Canxm—Ilemepbype, Poccus
gewita@yandex.ru

AHHOTamuA. Pabora MOCBsIIEHa U3YYEHUIO H3-
MEHEHUS CTOKA PEK MPHU pa3HbIX TEMIIEPATYPHBIX U
JIEIOBBIX YCIIOBHSAX 3WMHHX CE30HOB Ha TpUMepe
OTIENBHBIX pek ceBepo-3amanga Poccuu. IIponcxo-
JISIIIEe U3MEHEHUSI KITMMAaTa B TIOCJICHUE TPH JeCs-
TUJICTUS TIPUBENIA K U3MCHEHUSM YCIIOBHUH (HOpMU-
POBaHUsI BOJHOT'O PEXHMa PEK, B TOM YHUCIIE 3MM-
HEro0 MEXEHHOTO cToka. [loaToMy n3yueHune n3me-
HEHHH 3UMHETO CTOKA PEK B YCIOBHAX MOTEIUICHHS
KJIMMaTa UMeeT BaKHOE 3HAYCHHE Kak JUIs MO3Ha-
HUSI 00IMX 3aKOHOMEPHOCTEeH POPMUPOBAHHUS pey-
HOTO CTOKA, TaK U JUIs PAIlHOHAILHOTO YIIPABJICHUS
BOJIHBIMHU PECypcaMHu C YIETOM HM3MEHEHHH BeH-
YHHBI CTOKA PEK.

TemrepaTypa Bo3/lyxa U TOJIUHA JIbJa SBISIOTCS
WHTETPATLHBIMHU ITOKa3aTEISIMA H3MCHEHUN TEPMHU-
YEeCKHX YCJIOBHUI B peYHOM OacceliHe U B peke, pe-
TYJHPYsl 4epe3 KPHOTEHHBIC MPOIEeCcChl MUTAHUE
MOJI3EMHBIX BOJI M UX Pa3rpy3Ky B PEKH B 3UMHUUI
nepuo/1. [ToaToMy B KauecTBe OCHOBHBIX IPEIUKTO-
poB B paboTe HCHOJIb30BaHbl TeMIeparypa BO3-
Jtyxa, TOJIIMHA JIbJa ¥ 3UMHHUU CTOK pek. [l mo-
JYYeHUS] KOJMYECTBCHHBIX OICHOK OBLIT BBHITIOIHEH
CPaBHHUTEJIBHBIA aHAM3 W3MCHCHUS BEIHMYUHBI
CTOKa PeK K KOHITY 3UMBI ITPY Pa3HBIX TeMIepaTyp-
HBIX W JICJOBBIX YCIOBHSIX. [IpoaHaM3UpOBaHEI
PAABI 3UMHETO CTOKa pek OacceitHoB pek JloBaTh,
Cscn, CeBepnas JIpura n OHera ¢ oOmuM nepuo-
JIOM HaOJIIOJIeHNH 32 CTOKOM U TOJILIMHOHW PEYHOTO
mpaa — 1955-2016 rr., TemrepaTypoil Bo3ayxa —
1936-2016 rr.

Ha ocHoBe ananusa psoB HaOMIOACHUIT 32 CTOKOM
peK, TOJIIMHOM JibJla M TeMIepaTypod BO3lyxa

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

DOL: 10.34753/HS.2020.2.1.44
RELATION OF EXTREMES OF

MINIMUM WINTER RIVER FLOW
WITH TEMPERATURE AND ICE
FACTORS

Elena V. Gurevich
State hydrological Institute,
St. Petersburg, Russia
gewita@yandex.ru

Abstract. Studies performed in different river ba-
sins in the North-West of Russia have shown that a
combination of temperature and ice conditions
plays a significant role in changing the winter water
content of rivers.

Air temperature and ice thickness are integral indi-
cators of changes in thermal conditions in the river
basin and in the river, regulating through cryogenic
processes the supply of groundwater and its dis-
charge into rivers in winter. Therefore, the main
predictors used in the work are air temperature, ice
thickness, and winter river flow. To obtain quanti-
tative estimates, a comparative analysis of changes
in river flow by the end of winter under different
temperature and ice conditions was performed. The
series of winter runoff of rivers in the basins of the
Lovat, Syas, Northern Dvina and Onega rivers with
the total period of observations of the runoff and the
thickness of the river ice are analyzed —1955-2016
years, temperature — 1936-2016 years.

Based on the analysis of a series of observations of
river flow, ice thickness, and air temperature lasting
more than 50 years, it is concluded that the lowest
values of the minimum winter flow of rivers were
observed in cold winters, and the highest values
were observed in milder winter seasons. With com-
parable pre-winter water content of rivers in a series
of mild non-thawing winters, river flow in the stud-
ied basins decreased less intensively and the mini-
mum winter flow was higher on average by
10-20%, and in some cases more.

Gurevich E.V. Relation of extremes of minimum winter river flow with temperature and ice factors. Hydro-
sphere. Hazard processes and phenomena, 2020, vol. 2, iss. 1, pp. 44-52. (In Russian; abstract in English).
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MIPOOJKUTENBHOCTRIO 0oJiee SO JIeT clienaHbl BhI-
BOJBI O TOM, YTO HaWMEHbBIINE 3HAYCHHS MUHH-
MaJIBHOTO 3UMHETO CTOKa PEK HaOJIIOJIAIUCh B XO-
JIOJTHBIE 3UMBI, a HaubonblIe — B Oojee MATKHE
3UMHHE ce30HbI. VccrenoBanus, BBHIIIOJIHEHHBIE B
Pa3HBIX peYHBIX OacceliHaX, OKa3ad, 4TO B U3Me-
HEHHUH 3UMHEH BOJHOCTH PEK CYIIECTBEHHYIO POJIb
UTpaeT COYCTaHWE TEMIEPATYPHBIX W JIEJOBBIX
ycaoBui. [Ipu conoctaBUMON Npea3uMHEN BOJHO-
CTH pEK B CEPHUI0 MATKHUX OE30TTEMeNbHBIX 31UM
CTOK PEK B UCCIICyeMbIX OacceiiHaxX CHUXKAJICS Me-
HE€ MHTEHCMBHO M MHMHHUMAJbHBIA 3MMHUN CTOK
ObL1 BhIIE B cpeaHeM Ha 10-20%, a B OTJENBHBIX
cydasx u 0oiee.

KuroueBble cioBa: xonoanbie u terubie 3umbl;  Keywords: cold and warm winters; winter river
3UMHUM pe4yHoil cTok; ruaporpader ctoka pek; flow; river flow hydrographs; pre- winter water
MIpeI3UMHSS BOJHOCTh PEK; TeMIlepaTypa Bo3myxa; content of rivers; air temperature; ice thickness.
TOJIIMHA JHJIA.

Brenenmne MPOLIECCOB TasTHUSL JTBAa u cHera,

. MPOJIOJDKUTEIEHOCTH 3UMBI, TaK W Yepe3 TONIIHHY

Peunoli nenm urpaer CymIecTBEHHYIO pPOib B
JIEITHOTO TIOKpoBa pek [Mapkos, ['ypesuu, 2008;

¢u3nueckux, OHMOJIOTMYECKUX W  XUMHUYECKUX .
I'ypeBuu, 2012]. JlensHoW TOKpPOB OKa3bIBAET

mporeccax,  KOHTPOJHMPYIOMHUX  MPECHOBOJHBIC

3aepKUBAIOIINH M aKK Upyromuii ddpdexThl Ha
peXUMBI B XOJIOAHBIX peruoHax. Kpome Toro, p YMYIHPY b

pasrpy3Ky MOA3EMHBIX BOJ IO JIMHE PEKU B TCUCHUE
M3MCHCHUE  KOJIMYECTBEHHBIX W BPEMEHHBIX
xonogHoro mepuoga roaa [CoxoisioB, JlroOumoB,
1986; Mapxkos, ['ypesuu, 2018]. IloaTomy B Gosee

MATKHUC 3UMbI TIPOUCXOOUT O00mbIIas cpa60TKa

XapaKTEePHUCTHUK JIEJTHOT'O TIOKPOBA PEK MOXKET NMETh
OTPOMHBIC  KOHOMUYECKHE TOCIACACTBUS IS
pa3BUTHS PEUHOTO XO3SIICTBA.

3aracoB MMOA3EMHBIX BOJ B PEUHBIX OacCeiHax, 4eM B
Bricokasts U HH3Kas MEXEHU KaK CE30HHEIE

CYpPOBBIE 3UMBI, YTO OTpPaXaeTCI B YBEIUYCHUU
SKCTPEMYMBI  THAPOJOTHYECKHX  XapaKTECPUCTHK )
00BEMOB MEKEHHOTO CTOKa pek [Smith et al., 2007].
JAalOT MPEACTaBICHHE HE TOJBKO 00 aMIUIMTYIE

KoJIeOaHWl MUHHMAaJbHOTO CTOKa peK, HO H Marepuanbl 1 METOABI
SIBIISIFOTCS HPOSIBJIICHUSIMU KIIMMaTH4eCKOH

I[JIH CpaBHUTCIIBHOI'O aHaJin3a JUHAMHUKH
HeCTa6I/IHBHOCTI/I, KOTOpas BbIpa)KacTCA B

CHUIKCHUS 3UMHCTO CTOKA MaJibIX PCK B 3aBUCUMOCTHU

YepelOBaHUU XOJOAHBIX W TEIUIBIX IEPUOJOB Ha N
ped A PHOA OT cypoBOCTH 3UM ObLTH BeIOpaHbl 10 pek Oacceiina

(hoHE MaJOBOMHBIX ¥ MHOTOBOJIHEIX (a3, TO €CTh B

_  p.JloBats, 7 pek Gacceiina p. Cack, 5 pex Oacceitna
M3MCHCHUM TEMIICPATYPHBIX W BOJHBIX YCIOBHU

p- CeBepnas [Isuna u 3 pexu Oacceitna p. OHera c
(hopMHpOBaHUS PEYHOTO CTOKA. DKCTPEeMalbHBIC

3HA4YCHHUA MHHHMAJIBHOT'O 3UMHCTO CTOKa

o0mUM TIepHUOIOM HAONIONCHWA 3a CTOKOM |

TOJNIIMHON peuHoro npaa ¢ 1955 mo 2016 ron.

OIMpPEACTIAOTCA HC TOJBKO NPCA3ZMMHCU BOJHOCTBHIO CypOBOCTL 3UM  OLEHHBAACh [0 MHOTOJECTHUM

peK, HO W BapHAIMSIMH TEMIEPATypPHBIX U JIEJOBBIX

. psAnaM HaOMIOACHUIN 3a TEeMIEpaTypod Bo3Ayxa Ha
ycioBuil. B acmekTe 3UMHET0O CTOKa MOXOJOJaHUE

Meteoctaniusax Benukue Jlyku, Tuxsun, Bonorna,
WM TIOTEIUICHUE 3UM Yepe3 TepMuUecKue 3 (eKThl B o

Omera ¢ O0mWMM  TIEPHOIOM  HAONIOACHWMIA
1936-2016 rT.

3uMa MOKET OBITh TeIias u MaJoOBOJHasA,

peke M Ha BoJOcOOpe OKa3bIBAIOT BIMSHHE Ha
HU3MEHYHUBOCTH PACXOIOB BOJIBI KAK uepe3 H3MCHEHHS

COOTHOIICHUA IKHUIAKUX HW  TBEPABIX OCAIKOB,
XOJIogHad MU CpeaHsAd IO BOJHOCTH HIIM TEIUIasA U

T'ypesuu E.B. CBsi3b S5KCTPEMYMOB MHUHHMAaJIBHOTO 3UMHETO CTOKA PEK C TEMIIEPATYPHBIM H JIEIOBBIM (haKTOpaMu
// Tunpocdepa. Onacusie nporeccs! u sBienns. 2020. T. 2. Bem. 1. C. 44-52. DOI: 10.34753/HS.2020.2.1.44 45
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MHOTOBOJIHas W T.JI., B pE3yJbTaTe YEro BKJIAl
TeMIIepaTypHOTO (akTopa B (OPMHPOBAHHE CTOKA
MIPY HEPABHBIX YCIOBHUSAX BOJHOCTH PEK OY/IET Takxke
HEOJIMHAKOB. BclieAcTBHEe OTIWYMS BOAHBIX U
TEMIEpaTypHBIX yCIOBUH B pa3HbIC

HpOCTpaHCTBeHHOﬁ HCOAHOPOAHOCTH BCIIMYHH CTOKA

3UMBI U

B peyHOM OacceliHe, OLIEHKa BIUSHHUS TEPUOJIOB
MOTEIUICHUS WIN TOXOJIONAHMS 3UM Ha BEIIMYUHY
PEYHOr0 CTOKa MOKET OBITh BBINOJHEHA C PAIOM
OOBEKTUBHBIX JOIYIIEHUI.
CpaBuenne runporpados
BEIMYMH CTOKAa B TEIUIYIO U XOJOJHYIO 3MMBI IpHU

CTOKa peK W
OTHOCHTEIHHO PaBHOW BOJHOCTH PEK B HaYaJie 3UM
MPOBOAMIOCH MPHU  BBHINOJIHEHUH  CIEAYIOLINX
OCHOBHBIX YCIIOBUI CpaBHEHHS CTOKA PeK:
— COTOCTaBUMOCTh TIPeI3MMHENH BOJHOCTH pPEK B
BEPXOBbE, T.€. OIMHAKOBBIC HJIN OJIN3KHE HaYaJIbHBIE
YCIIOBUS CHI)KEHHS PACXO0B BOJBI HA MAJIBIX PEKax;
— OTIMYME 3UMHHX TeMIepaTyp BO3lyXa B
CpaBHHBaeMbIe CE30HBI;
— OTCYTCTBHE OTTENENEH U KUAKUX OCAIKOB 3UMOM.
Kak nokazan ananus ucxogHoit nHpopmanuy,
32 WMCIOMMICS Tepuox HaOMOIMCHUH MOXKHO
oto0pats TobKO 1-2 (B penkux ciydasx 3) mapsl
3UM, IIPH KOTOPBIX COOIIOAAIOTCS 3TH yCIOBUS

Pe3yabTaThl M 00Cy:KIeHUS

BrimonneHo cpaBHeHHe THApOrpadoB cTOKa
p. Oku (Fyre6=310 xM?%, Gacceiin p. JloBath) B pasHble
0 CypoBOCTH 3UMBI 1957-58 rr. 1 1963-64 rr. mpu
COTIOCTaBHMOM IPE3UMHEM YBIAXHEHHH PEYHOTO
Oacceitna B Hos0pe (pucyHok la). Cpennsis
TeMIiepaTypa BO3Iyxa 3UMHETO ce3oHa 1957-58 rr.
Tcp_xn.n = —6°C u 3uMbl 1963-64 rT. Tcp.XII—II = —-8°C.
HecmoTps Ha HeOONBINYyI0 pa3HUIYy CpeaHeH
Temrepatypbl Bosayxa (B —2°C) B O3TH 3HUMBI,
BHYTPHCE30HHBIC TEMIIEpaTypHbIe KOJeOaHus OBLIH
CyniecTBeHHBI (Tabnuia 1, MaHHBIE METCOCTAHIIUU

Bemukue Jlykw), 9TO OTpaswiioch Ha Pa3IMIHBIX
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JICMIOBBIX ~ YCJIOBUH B  CpaBHHBAEGMbIC CC30HBI
Tonmuna (eBpanbCcKoro Nbja B Ooliee TEILTYI0 3UMY
1957-58 rr. Ha mocty p. Oka — 1. bopok cocraBisia
32 cm, uto Ha 10 cM meHbIe yeM B (eBpaiie Ooee
X0JI0HOM 3uMBI 1963-64 TT.

Takoe ke cpaBHeHHE TruAporpadoB CTOKa

npousBeeHo s p. JlbiMKa (Fyiee=112 xM?, Gacceiin

p.Cacp) B wmarkyro 3umy 1980-81rr. mpum
Tepxii= —6,1°C u xomomuyro 3umy 1967-68 rr.
(Tepxumi= —12,6°C) mpu OAMHAKOBBIX HaYalbHBIX

YCJIOBHSIX CHIDKCHUS PacxoioB Bonabl (Tabmuma 1,
pucyHok 10). TommuHa GheBpaabCKOro Jibia K KOHILY
3umbl  1980-81 rr. nHa p. HeimMka y a. JlomaueBo
coctaBisaia 28 ¢cM u Obuia Ha 13 ¢cM MeHbIIIe, YeM B
KOHIIe 00JIee XOJIOTHOTO 3UMHETO ce30Ha 1967-68 rr.
Kax BuaHO U3 pucyHKOB la 11 10, Ipu CXOTHBIX
pacxomax BOJIBI
TEMIIEPATypHOM

B HOsOpE,
pexuMe

HO TIpU pa3HOM
3UM, HaOJIIONAITCS
CYIIECTBEHHbIC OTJIHYHS TEMIIOB CHWXKEHHS CTOKa
PEK, 94TO BBIPA3WIOCH B MIPEBBIIICHUH PACXO0B BOJIBI
PEK B TEIUTyIO 3UMY HaJ BEIMYMHOW CTOKA PEK B
Oonee CYpOBBIi Tak,

CPCAHCMCCAYHBIC PACXOAbI BOABLI P. Oxn yAa. BOpOK K

3UMHUI CE30H.
KOHITYy XOJIOJHOH 3uMBbI 1963-64 1. OBITH B 3,8 pasza
HUKEe, 4yeM B Oojee Mirkyro 3umy 1957-58 rr.
(pucynok la). Ctok p. dpiMku y n./lomaueBo k
KOHITy XOJIOMHOW 3UMBI 1967-68 IT. OBUT HIDKE B
3,1 pa3a, yem B Oonee Teruryro 3umy 1980-81 rr.
(pucynoxk 10).

CooTHolleHHe W3MEHEHHS BOJHOCTH PEK K
(heBpalIto OTHOCUTEIHLHO HOSOPS 1O JUIHHE OacceliHa
JIEMOHCTPUPYIOT pHUCYHKH 1B m Ir. B 1memom B
Oacceline p. JloBaTh CHIXKEHHUE CTOKA PEK K KOHILY
XOJIOJHOU 3UMBI OBLITIO OOJIBIIIE YEM B TEIUIbIE 3UMBI B
cpenHeM Ha 26% (pucynok 1B), a B Oacceitne p. Csch
— Ha 33%. Haumensiime 3Ha4€HUS MUHUMAIBLHOTO
3WMHET0 CTOKa peK HaOII0AaTiuCh B XOJIOAHbIE 3UMBI,
a HanOOJBIINE — B 0OJIce MATKHE 3UMHHUE CE30HBI.
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Taémmua 1. CpegHemMecsiuHbIe 3UMHUE TeMIlepaTypsl Bo3ayxa (°C)
Table 1. Average monthly winter air temperatures (°C)

3uMHUI iepuon ‘ Jlexabpn ‘ SuBapn | ®deBpann | Cpenusis 3a 3UMy TeMIlepaTypa Bo3ayxa
MeteocTaHius Benukue Jlyku
1957-58 rr. 43 -7,2 -6,9 -6,1
1963-64 rr. -8,2 -5.8 -10,1 -8,0
MeTeocTaHiusa TUXBUH
1980-81 rr. -5,2 -6,2 -7,0 -6,1
1967-68 . -11,1 -19,0 -7,8 -12,6
Q. M¥c
4
a) —1
--2
3 o e N o S e SRR R S R P - e e
2 D . ;";"ﬁ """""
e NS ]
0 : :
0 e T — T J— ' — Hosa6pp Jexabpb SIuBapp Deppaiib
AQx11. %
100 AQxr1: %

100

80
80 1

60 60

40 40

. .
Y N} \] Q \] M2
3 N N e &> S & F, xm

Pucynok 1. M3MeHeHne CTOKA PeK B pa3HbIe MO CYPOBOCTH 3UMBI B OacceitHax:
a) rupporpad ctoka p. Oka — 1. Bopok F=310 xm?; 6)runporpad ctoka p. JpiMka — 1. JlomaueBo F=112 km?;
B) CHIDKEHHE CTOKA peK K (heBpaimto oTHOCUTENsHO HOsIOps (%) B Oacceitne p. JloBaTs;
T') CHKCHHE CTOKA PEK K eBpajr0 OTHOCUTENBHO HOsi0ps (%) B Oacceline p. Csch:

1 —3uma 1963-64 rr. (Tcp,XH_HZ *SOC); 2 —3uMma 1957-58 rr. (Tcp,XH_HZ *6,1°C);
3 —3uma 1967-68 rr. (Tep xii= —12,6°C); 4 —3uma 1980-81 rr. (Tep.xi-n=—6,1°C)
Figure 1. Changes in river flow in different severe winters in the basins:

a) flow hydrograph of the river Oka — village Borok F=310 km?;

b) flow hydrograph of the river Dymka — village Domachevo F=112 km?;
¢) decrease in river flow in February relative to November (%) in the basin of the river Lovat;
d) decrease in river flow in February relative to November (%) in the basin of the river Syas:

1 — winter 1963-64 (Tay.xi.i= —8°C); 2 —winter 1957-58 (Tav.xi.i= —6.1°C);
3 —winter 1967-68 (Tay.xi-ni= —12.6°C); 4 — winter 1980-81 (Tav.xmn=—6.1°C)
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BQpes,
TemnepamypHo-1€006b1€ YC106 1A SUM %
1 - Tep (XTI-IT)=—5...—8 °C, Hper=30 cMm 41
2 - Tep (XTI-IT)=-8...—11°C, Hper=36 cM 53

3 - Tep (XII-IT)=—11...—15°C, Hdber=40 cM 57

Jexabpe SAuEaps Depams

Agpes,
TemnepamypHo-1e006s1e yC106UA UM %

1 - Tep (XII-IT)=—2...-5°C, Hper=31 cm 31
2 - Tep (XII-IT)=—5...—8°C, Hper=37 cm 40
3 - Tep (XII-IT)=—38...—13 °C, Hder=42 cM 52

Jexabps AuEaps DeEpans

Ages,
TemnepamypHo-1¢006s1e YC108UA FUM %

1 - Tep(XI-II)=-5...—8°C; Hden=37 cM 61
2 - Tep.(XI-II)=—8...—11 °C; Hder= 40 cM 69
3 - Tep(XI-II)=—11...—14 °C; Her= 43 cM| 73
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Pucynoxk 2. I3MeHeHHe 3MMHETO CTOKA PEK MPH Pa3HBIX TEMIIEPATYPHBIX U JICOBBIX YCIOBHSX:
a) 6acceiin p. Csace F<250 km?; 0) Gacceiin p. Jloats F<400xMm?;
B) Gacceiin p. Cesepnas Jluna F<255 km?; r) Gacceiin p. Onera F<900 km?:
1 — xonmoaHas 3uMa; 2 — CpeHssl 0 CYpPOBOCTH 3UMa; 3 — MsIrKasi 3uMa
Figure 2. Changes in winter river flow under different temperature and ice conditions:
a) the basin of the river Syas F<250 km?; b) the basin of the river Lovat F<400 km?;
¢) the basin of the river Northern Dvina F<255 km?; d) the basin of the river Onega F<900 km?:
1 — cold winter; 2 — average severity of winter; 3 — mild winter

Jus pek OacceiinoB pek Csch, JloBaTh, TOATBEPKOAIOIIUX CBA3b CTOKA HEOONBIIUX PEK C
Cepepras [[puaa m Onera Obmia TOJlydeHA cepwsi 3WMHEH TeMIlepaTypodl BO3myXa ¥ TOJIIUHOMN
KPUBBIX HCTOIIEHUS CTOKA 32 MHOTOJICTHUHN MEPUOA, pe4yHOro  Jbaa  (pucyHok 2). [ns  atoro
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HCCIEAOBANIUCh €XETOAHBIE KPUBBIE HCTOIICHUS
CTOKa, KOTOPBIE PACCYUTHIBAINCH TIO TPYIIaM peK.
I[Ipu  pacdere  KpHBBIX  HCTOIIECHUS
WCIIOJIb30BAIMCH OTHOCUTENIbHBIC 3HAUYCHHS CTOKA

CTOKa

pek (Kyec), 9TO MO3BOJIIET OOOOIIUTE ATY BEITHIUHY
JUIS. HECKOJILKUX pEK, HE TpeHeOperas IUIONIabIo
BozmocOopa. Bemmumna Ky Xapakrepuszyer coboii
CHIDKEHHE CTOKA PEK KaXKABIH MeCAl OTHOCHTEIHHO
pacxoma BOABI B JeKaOpe WM HosOpe
(Kyee=Oxm 1/ Qxn WIn Kyee=Ox1,xim1/Qxr
COOTBETCTBEHHO, rie () — CPeTHEMECYHBIE PACXO/IBI
BOjbl). BkimoueHne HOSOpSs B aHamU3 KPUBBIX
WCTOIICHHUSI CTOKA CEBEpPHBIX peK OaccelHOB peK
CeBepnas Jlpmra u Owmnera oOycroBieHo Oosee
paHHUM TIEPEXOJOM TEMIIEpPaTyphl BO3AyXa dYepes
HONb. OTHOCUTENbHBIE 3Ha4YeHUS Kyec OCpemHsmmch
Mo Tpymne uccieayeMbix pek. s ¢opmupoBanus
CEpPHUIHBIX BEIOOPOK COBOKYITHOCTH pa30MBajach IO
MPHU3HAKY CPEAHEH 3a 3UMY TEMIIEpPaTyphl BO3ayXa.
Jost
XapaKTepUCTUKaM CEpUN 3UM MO MOJYYEHHBIM Kiyec
PACCUUTHIBAITUCH CPETHUE KPUBBIE UCTOLICHHS CTOKA

0000IIIeHHBIX 1o TeMITepaTypHBIM

3a IepuoAb! AeKadps — peBpans (s 0acceHOB peK
Csice u JloBath) 11 HOSOPE — (eBpanb (111 OacceiHOB
pek CeBepHas JIsuHa u OHera), a Takke BEIHMYUHA
YMEHBIIICHUST PACXOI0B BOABI C HOSAOPs (mekadps) K
despaimto (AQgpes, %).

Cpasuenne BenmnarH AQges 32 CEpUM Pa3HBIX
M0 CYpPOBOCTM 3HMM IIOKa3ajlo, YTO HauOOJbIINE
OTKJIOHCHHS CHIDKEHHMsI CTOKa peK 3a 3UMy OT
dheBpaio
Tak, B

HaYdaJIbHBIX 3UMHUX }/CHOBI/Iﬁ K

OTMEUAIOTCSI B XOJNOAHBIE  3UMBI.
OTHOCHTEIHHO MSTKHE 3UMBI B BEpX0OBbe p. CAch pu
CpedHed ToJIIMHE pedHoro npaa B ¢espaine 30 cm
CTOK MaJIbIX peK ¢ Jekalps 1o ¢eBpaib CHU3WICS Ha
41%, a B 6osiee XOJI0JHBIE 3UMBI TIPH TOJIIIUHE JIHa
40 cM cHWKeHHE CTOKa OBUI0O HMHTCHCHUBHEE H
coctaBuio 57%, T.e. B XOJNOIHbIE 3UMBI (PeBpaATBCKIE
pacxompl BoAsl ObuTH HIDKE Ha 16% (pUCYHOK 2a).
IIpu 3umHEW TemmepaType BO3IyxXa B
muanasone (—10...—15°C) ¢ Hadanma 3UMBI CTOK PEK
ymeHpmmiIcs Ha 52% B Oacceiinax p. JloBats, Ha
68-73% B Oacceitnax p. CeBepHas /{puna u p. Onera
(pucynku 20, 28, 2r). B ceputo 3uM ¢ Temmneparypamu
Bo3ayxa B amanazoHe (—5...—8°C) cTok pek B
OacceliHax  CHIDKaJCA

HCCICAYEMBIX MCHEC

MHTEHCUBHO U ObLI Bbimie Ha 10-21%, uem B Ooisee

Tom 2, Bein.1 | 2020

CYpoBBIC 3UMHHE TEpHOABL. bojee WHTEHCHBHOE
CHIDKEHHE CTOKa PeK K KOHI[y 3uM B OacceifHax
p. CeBepnas JIpuHa 1 p. OHEera 00ycCIOBIEHEI OoJiee
CYpOBBIMH  KPHOTCHHBIMH  TIpOIleCCaMU  Ha
BOA0OCOOpax CEBEPHBIX PAHOHOB.

MHTEHCHBHOCTD | MIPOJIOIKUTEIBHOCTD CIIajia
3MMHUX PAacXOJOB BOJBI B pEKax HAXOJWUTCS B
MPSIMON 3aBUCUMOCTH OT TPEI3UMHHUX 3aI1aCOB BOIBI
B peuyHOM OaccefiHe M pa3BUTHSA IPOLECCOB
nen0o0pa3oBaHus, AKKYMYJTHUPYIOIIIX
3HAYUTENBHYI0 YacTh 3UMHETO PEYHOrO0 CTOKa
[CoxonoB, Yepnas, 1984; Unxos, 1990]. Xapaktep
BIUSHUS TONIIUHBL (heBpabCcKOTO Jbaa (M ¢es) Ha
CHIDKCHHE CTOKa PEeK K KOHIy 3MMHEr0 Ce30Ha B
pPa3HBIX PEYHBIX 0AacCEeWHax IMOKa3bIBAE€T PUCYHOK 3,
MOJlydeHHBIA Ha OCHOBE paHee BBITOIHEHHOTO
0000mIeHUsS cepuii 3MMHUX CE30HOB (Tabmuma 1,
pucyHok 2). PucynHok 3 orpaxkaer 0OIIyI0
TEHICHIIHIO, TTOATBEPIKIAIONIYIO CBS3b EBPATHCKOM
TOJIIIMHBI JIbJa HEOONBIINX PEK C BEIMYWHOU
CHIDKEHHS CTOKA 3a 3UMy. MEHbIIas TONIIIMHA JIb/a
COOTBETCTBYET TEIUIOHN 3uMe, OOJIbIas — XOJI0THOM.
[Ipu yBenmm4IeHUH TOJITAHBI PEYHOTO Jibaa Ha 10 cMm
MUHHMANbHBIA CTOK peKk B OacceliHax p. Csch
cHkazucs Ha 16%, p. JloBats Ha 21%, p. CeBepHas
JBuna Ha 11%. B Oacceitne p. OHera MUHIMAaTBHBIN
CTOK B Temuyio 3uMmy Obul Ha 10% BbIme, uyem B

XOJIOJTHYIO.
Qdes.%
80
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Pucynoxk 3. O6001eHHbIH TpaduK CBSA3U CTOKA PeK
K KOHILY 3MMBI C TOJIIIMHOM Jbaa ((heBpab):

1 — p. Cesepnas /Ipuna; 2 — p. JloBats; 3 — p. Csich;
4 — p. OHera; MyHKTHPHAS JIMHUS — TCHACHIMN
Figure 3. Generalized graph of the relationship of
river flow by the end of winter with ice thickness
(February): 1 —river Northern Dvina; 2 — river
Lovat; 3 —river Syas; 4 — river Onega;
dotted line — the trend

49



2020 Vol.2, Iss.1

TommmHa 7B  SBISETCS  WHIUKATOPOM
KIIMMaTHIeCKNX M3MeHeHui [Magnuson et al., 2000]
W MHTETPAIbHBIM TOKa3aTeieM CypoBOCTH 3uM. Uem

HIDKE TeMIlepaTypa BO3AyXa 3UMOH u Oosblie

TONIIMHA JIEASHOTO TIOKpOBa, TeM  ObIcTpee
MPOUCXOAUT CHUXKCHHE CTOKa B peke. B MeHee
CYypOBBIE 3HWMBI MBI HAONIOJacM YMEHBIIICHUC

TOJIITUHBI PEYHOTO JIbJIa U COXpaHEHHE B peke OoJee
BBICOKHX PAacXO0J0B BOJBI K KOHITY 3UMBbL. B Msrkue
3WIMBI

BJIMAHUC  JICAAHOI'O

MIpOITyCcKHast

MOKpOBa  Ha
CII0COOHOCTH

CTOK

pycen
YIyYIIaeTCs 32 CUET YMEHBINCHHS TOJIUHBI JIbJA,

ociiabeBaer

CHIDKAIOTCS TOTEPU CTOKA HA aKKyMYIIALNIO BOJIBI B
JICASTHOM TIOKPOBE U YBEIUYHMBACTCS THTAaHUE PEK
MMOA3EMHBIMU BogaMmu. Takum obpazoM, B da3zy
MOTEIJICHUS 3WM IPH OTHOCHUTENBHO HEM3MEHHBIX
TOZIOBBIX OCaaKkax OyAeT NPOUCXOAUTH OOJbIIast
cpaboTKa 3amacoB TMOA3EMHBIX BOJ B PEYHBIX
OaccelfHax, 4eM 3TO OBLIO paHee.

Brusane TemmepaTypbl  Bo3myxa
TBepayo (azy BOABI HA 3WMHHHA PEYHOH CTOK

MMPOABJIICTCA Ha Pa3HbIX YPOBHAX B3aHMOI{€ﬁCTBHH,

4yepes

co3llaBasl LIEIIHYH PEaKkIHUI0 H3MEHEHUH B 00LieM
peuHoM OacceitHe. OTpHLATENBHYIO TeMIEpaTypy
BO3[yXa, XOTA OHA M SBISAETCS MNEPBONPUUYUHON
HeNb3s

IMOABJICHUA JibAa Ha PEKax, CUUTATbh

Z[OMHHaHTOﬁ B Ipoucecce (bOpMPIpOBaHI/IH 3UMHCTO

CTOKa PEK. OTO0 «KOPPEKTUPYIOmHMiD» (HakTop,
KOTOPBIHA B3aMMOJICHCTBYET c (hakTopom
MPEeI3UMHUX  0acCeWHOBBIX  3allaCOB  BOJIBL.

PesynbpraTamMu 3TOro B3aMMOJICUCTBUS Ha peKax
SIBIISIFOTCSL TEPMUUECKHUM pEXKUM, JIEOBBIC SBJICHUS U

3UMHHE pPacxoibl BOAbI U T.OI., @ Ha PEYHOM
BOJOCOOpE  —  NPOMEp3aHUE  I[OYBOIPYHTOB,
MUTpanusi Biard K (POHTY MpoMep3aHus Hu

np. CTenieHb B3aMMOJCHCTBUS OyIeT OMpenesThCs
WHTCHCUBHOCTHIO TIOXOJIOJJaHHSI, BOJHOCTHIO CE30HA

Jlureparypa

T'ypesuy E.B. BiusHue cypoBOCTH 3UMBI Ha HEPaB-
HOMEPHOCTH ()OPMUPOBAHHUS 3UMHETO CTOKA B pey-
HOM OacceitHe / MeTeoposiorusi U THIPOJIOIHSL.
2012. Ne 7. C. 92-99.

Mapkoe M.JIL, T'ypesuu E.B. O perynupyromei
POJIM JIEASHOIO NOKPOBA PEK B BOJAHOM DPEXHUME
TeppuTopuit  //

Marepuanbl  BCEpOCCUMCKOM
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u mOporeccomMm BO,I[OO6MeHa B PCYHOM 6aCCCI>’IHC,

OTPaXXEHWEM  KOTOPOTO  SIBIISIETCS ~ M3MCHEHHE
COOTHOIIICHUH MOBEPXHOCTHBIX W IMOJ3EMHBIX BOJI.
3UMOi, TIPH OTCYTCTBUH JKHAKHX OCAIKOB, PEKH
MUTAIOTCS MMPEUMYIIECTBEHHO MTOI36MHBIMU BOIAMH,
WHTEHCUBHOCTb TIOCTYIUICHHSI KOTOPBIX K pEKe
peryaupyercst
MOBEPXHOCTHOM W B TOJ3EMHOM BOJ0COOpax, a

HWHTCHCUBHOCTL PA3rpy3ku B PCKU PCTYIUPYCTCA

KPpHUOTrCHHBIMU mnmponoecccamMu Ha

COOTHOIIICHUEM YPOBHEH BOJBI B PEKe W IMOJI3EMHBIX
Boa. llostoMy B  pe3yabTaTUBHOM  acIieKTe
TEMIIEPATypa BO3yXa U MPOIECCHI, TPOUCXOISIIIUE B
peke (HapacTaHue IbJia, M3MEHEHHE DPacXoioB U
YPOBHEH BOJBI W T.I.) SBJISIFOTCS HWHTETPATbHBIMH
MOKa3aTeIsIMA U3MCHEHHSI TEPMHUYECKUX YCIIOBHIA BO
BCEM pedHOM OacceitHe.

3akao4YeHue

Temnepatypa Bo3ayxXa W TOJIIHMHA JIbJIA PEK
SIBJISIIOTCST TTOKA3aTEISIMH M3MECHEHHH TEPMHUYCCKHUX
yCIOBUIT B peke ¥ B PEYHOM OacceiiHe.
HccnenoBanus, BBHIMOJHEHHBICE B Pa3HBIX PEYHBIX
OacceiiHax, MOKa3ajM, 4YTO B H3MEHEHHHM 3UMHEH
BOJHOCTH PEK CYIIECTBEHHYIO POJIb UTPAET JICAOBBIN
(daxTop. [Ipn comoctaBUMOl TpeI3UMHEN BOIIHOCTH
PEeK B CepHUI0 MATKUX O0C30TTEIENBHBIX 3UM CTOK PEK
B HCCIEIyeMBIX OaccelHaX CHWXKAJICS MEHee
WHTCHCUBHO M MHUHUMAJILHBIH 3UMHHHA CTOK OBLI
BhIre Ha 10-20%, a B OTJCNBHBIX cliydyasx U Oolee,
yeM B 0ojiee CypOBble 3HMHHE IEPHOABI IIPHU
OOMBITICH TOIIMHE JTha HA PEKax.

Pesynbratsi, MOJTyYCHHBIC B xoze
WCCTIEAOBAHMS CBS3M PEYHOTO CTOKA C JICAOBBIM
(hakTOpOM, PACIIUPSIOT HAYYHOE IMPEICTABICHUE 00
0COOCHHOCTSAX (DOPMHUPOBAHUS 3UMHETO CTOKA PEK B
M3MEHSIONMUXCS KITUMATHICCKUX YCIIOBHSX.
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VIIK 556.114.001.24(282.247.326.2)
EJUHASA OHEHKA KOJIMYECTBA

N KAYECTBA BOJHOI'O CTOKA
PEKU CEHM C IOMOIIbIO
HOBOM
ABTOMATW3UPOBAHHOM

TEXHOJIOI'NM

3.A. Pymsnuesa, H.H. bo6posumkas,
E.C. Cyxonorosa

Tocyoapcmeennwiil 2udponocudeckuti UKCmMumymn,
2. Canxm—Ilemepbype, Poccust
bobrovi@ggi.nw.ru

AnHoTanus. KauecTBo BOJIbI B HACTOSAIIEE BpeMs
OIICHWBAETCS HE3aBUCHMO OT BEJIWYMHBI CTOKa
BOIbL. [lo3TOMY 1T BOJTHOW OTpaciiv 0COOCHHO aK-
TyalbHBIM SIBIISIETCSI TOJIy9€HWUE €IWHOW OIICHKH
KOJIMYECTBA M KayecTBa BOIHOTO CTOKa pek. C mo-
MOIIbI0 aBTOMATHU3UPOBAHHOI'O MPOTPAMMHOTO
koMImiekca «OIeHKa MMoKa3aTelie 3arpsi3HEHHOTO
U YHCTOTO CTOKay, paspaboranHoro B [ocynmap-
CTBEHHOM THUJPOJOTMYECKOM MHCTUTYTE, CTaja
BO3MOYKHOUW COBMECTHasi 00paboTKa O0IbIIHNX 00h-
€MOB CTaHJAPTHBIX TUIPOXUMUYECCKUX U TUAPOIIO-
TUYCCKUX JaHHBIX HaOIIOACHIH Ha iocTax. [lepBas
YacTh aBTOMATU3UPOBAHHOI'O MPOrPAMMHOIO KOM-
IUIEKCA TO3BOJIIET PAa3IeTUTh OO0BEM PEYHOTO
CTOKa TIO0 €IWHUYHOMY 3arpsi3HSIONIEMY KOMIIO-
HEHTY Ha YHUCTBIA, KOTJa €ro KOHIEHTpalus B
CTOKE HE MPEBBIIIAeT MpeebHO JOITyCTUMBIX 3HA-
YEHUM, U Ha 3arpsA3HEHHBIN, Koraa oHa Beime [TJIK.
OCHOBHBIM MOKa3aTelaeM KadecTBa PEYHOr0 CTOKA
BOJbI B 3TOM METOJMKE SIBJISIETCS YaCTh 3arpsI3HEH-
HOT0 00bEMa, BEIpAXKCHHAS B MPOLIEHTaX OT 00IIEro
00béma. Bo BTOpOI yacTH aBTOMAaTH3HPOBAHHOTO
MIPOrPaMMHOT0 KOMITJIEKCA BIIEPBBIE MTPONU3BOAUTCS
paszeNneHre ToA0BOro 00béMa PEeYHOTO CTOKA Ha
HECKOJIbKO YaCTHYHBIX 00BEMOB, Pa3TUIAIONIUXCS
M0 COBOKYITHOCTH 3arps3HSIONIMX BEIIECTB, U IO
KJlaccaM 3arpsA3HEHHOCTH B COOTBETCTBUHM C
PJ1 52.24.643-2002'. Tlony4eHHbIE OLUEHKH IPEJ-
CTaBJICHBI B BHJIC «IAcCIOPTa KauecTBa CTOKa» 3a
onpenenéHHplid BpeMeHHOW mepruoa. C IMoMOIIbIO
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Abstract. Water quality is currently being evalu-
ated regardless of the amount of water flow. There-
fore, for the water industry, it is especially im-
portant to obtain a unified assessment of the quan-
tity and quality of river water flow. Using the auto-
mated software package “Assessment of Polluted
and Clean Runoff Indicators” developed at the State
Hydrological Institute, it became possible to jointly
process large volumes of standard hydrochemical
and hydrological observation data at the posts. The
first part of automated software package allows you
to divide the volume of river flow by a single ingre-
dient into pure when its concentration in the effluent
does not exceed the maximum permissible concen-
trations (MPC), and into polluted when it is higher
than the MPC. The main indicator of the quality of
river water runoff in this method is the relative vol-
ume of runoff contaminated with a single ingredi-
ent. In the second part of automated software pack-
age, the annual volume of river flow is divided into
partial volumes of various durations that differ in
the composition of the complex of pollutants, and
their degree of pollution is estimated by classes in
accordance with ANON (2002) 52.24.643-2002'.
The estimates obtained are presented as a “flow
quality certificate”. Based on the data on water
quality monitoring of the Department of Hydrome-
teorological Service of the Central Black Soil Re-
gions, using the automated software package, the

Pymsnyesa 3.4., Booposuykas H.H., Cyxonoeosa E.C. EquHas olieHKa KOJMYECTBA M Ka4eCTBA BOJAHOTO CTOKA
pexu CeliM ¢ TOMOIIBIO0 HOBOM aBTOMaTH3UPOBaHHOM TexHooruu // ['unpocdepa. OnacHbie MPOIECChI U SIBICHUS.
2020. T. 2. Beim. 1. C. 53-70. DOI: 10.34753/HS.2020.2.1.53
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aBTOMATHU3UPOBAHHOTO MPOTPAMMHOTO KOMILIEKCa
10 JaHHBIM HAOMIONCHUN YTIpaBICHUS THAPOME-
Teoposornieckoit ciryx0nl LlenTpansaeix UYepHo-
3eMHBIX O0acTel Mpon3BeICHBI OIICHKH KauyecTBa
CTOKa TIO0 €IWHUYHBIM XMUMUYECKUM BEIIECTBAM H
M0 UX COBOKYITHOCTU B IOTPAHUYHOM THAPOXUMHU-
geckoM IyHKTe p. Ceitm — p. 1. TéTkuHO 32 TIepuo
¢ 1993 mo 2013 rr. Iloka3ana MHOTOJETHSS JUHA-
MUKa KadecTBa cToka p. CeiiM 1 BBISBICHBI BIUSIO-
e Ha Hee gakTophl. Pexa Ceiim Bagaet B peKy
Hecna. bmwkalmunii THAPOIOrHYECKU MOCT pac-
moyioxkeH Ha p. CeviM B T. Peuisck. [1nomans Bomo-
cbopa peku y T. Peuibck cocrasiser 18 100 kv?, a
paccTosIHUE TI0CTa OT YCThS paBHO 359 kM.

KuroueBnble ciioBa: peka Ceiim; aBTOMaTU3HPO-
BaHHBIM MPOrPaMMHBIA KOMIUIEKC; PEXKHUMHBIE
HaOIOACHMS; 3arps3HEHHBIN CTOK; TACHOPT Kade-

CTBa pE€YHOro CTOKa; TMHaAMUKAa Ka4€CTBa CTOKaA.

IPJT 52.24.643-2002. MeToq KOMIUIEKCHOW OLEHKH CTETEHH

nokazaressam. CII6.: 'mapomereonsaar, 2002. 48 c.

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

quality of runoff for single chemicals and their com-
plexes was estimated in the border hydrochemical
observation point of the Seim River — Tetkino vil-
lage. Observation period is from 1993 to 2013.

Keywords: the Seim River; automated software
package; operational observations; polluted runoff;
river flow quality certificate; flow quality dynam-
ics.

3an$[3HéHHOCTI/I IMOBEPXHOCTHBIX BOJA IIO0 TUAPOXUMHYCCKUM

Guidance document 52.24.643-2002. A method for a comprehensive assessment of the degree of surface waters pollution by
hydrochemical indicators. Saint-Petersburg, Hydrometeorological Publ., 2002. 48 p. (In Russian).

BBeaenue

CoBpeMeHHBIC OIICHKH CTOKa peK, Kak
HpaBI/IJ'IO, OFpaHI/I‘-IeHBI KOJIMYCCTBCHHBIMU
FI/II[I)OJ'IOFI/I‘-ICCKI/IMI/I XapaKTepI/ICTI/IKaMI/I. OL[CHKI/I

KauecTBa BOABI MPOW3BOIATCS HE3aBUCHUMO OT
TUIPOJIOTHYECKUX TIOKa3aTeseil CTOKa, B YaCTHOCTHU
ero 00bp¢MoB. OIHUM W3 aKTyaJbHBIX HAINpPaBICHUI
CHUCTEMBl MOHHTOPWHTAa CTOKa peK, OCOOEHHO
TPaHCTPAHUYHBIX, ABJISICTCS pa3paboTKa METOIUKH, C
TTOMOTIIBIO KOTOpO¥ OBLT OBl TTOJTy9IeH
VHAWBUIyAJLHBIA  «IACIIOPT KadecTBa PEYHOTO
CTOKa» JUISI ©3y9aeMOT0 y4acTKa PeKH ¥ BpEMEHHOTO
MeproAa,  CBS3BIBAIONINN  KOJIWYECTBEHHBIE U
KaueCTBCHHBIC XapaKTEPUCTUKH PEUYHOTO CTOKA.
EnuHble onleHKH KauecTBa 1 KOJTMYECTBA CTOKA
MOTYT CTaThb JIOKYMEHTAJIbHOW OCHOBOM B BOJHOM
otpaciu Poccrn, a Takxke MOTYT OBITh UCTIOTTB30BAHBI
TUTST HAyYIHBIX M3BICKaHUHN B

U3MEHSIOIENCS

YCIOBHSIX
AHTPONOTCHHONM  HArpy3ku Ha
BOJHBIE OOBEKTHI, N3MEHEHHUS KIMMaTa M OMACHBIX
nporeccoB B ruapocepe.

B depneparbHOM roCy1apCTBEHHOM

OIOIDKETHOM  yupexaeHnn  «l oCymapCTBEHHBIMN

TUJPOJIOTUUECKUNA
OI'BY «I'TH»)
aBTOMATU3WPOBAHHBIN

WHCTUTYT) (mamee -
CO3IaH U  COBEPIICHCTBYETCS
MPOTPAMMHBIN  KOMIUIEKC
«OreHKa TOKa3aTelle 3arpsA3HEHHOTO W YHUCTOTO
ctokay (mamee — AIIK), ¢ momompo0 KOTOPOro
BO3MOJKHA OTIEpaTHBHAs COBMECTHAsl M Jl€TalbHas
00paboTka OONBIINX OOBEMOB THAPOIIOTHUECKON H
TUAPOXMMHYCCKOW  CTaHAApTHOW  (peKMMHOMN)
napopmaruu. AIIK paboraer monm yrpaBiIcHHUEM
omepauoHHONH cucteMbl  Microsoft  Windows.
HHTepdetic mporpaMMbl COCTOUT U3 TPEX OCHOBHBIX
CTPYKTYPHBIX ~ JJIEMEHTOB.  TJIaBHOTO  MEHIO,
yOpaBlIeHHs] JaHHBIMH TI0 MOCTaM U Pe3yJhTaTOB
pacuétoB. [loOaBnmenune B 0a3zy AIIK kak mgaHHBIX
THAPOXUMHUUYECKUX, TaK W  TUAPOIOTUIECKUX
HaOJIIOJICHHUI OCyIecTBIsIeTCsA B popmaTte Microsoft
Excel. B onpHoit paboueli oOnmactu NPUBOAATCS
Ta0MIBI ¢ pacxoJaMu

BOJBI BLI6paHHOFO

TUIPOMETPUIECKOTO CTBOpa 3a BECh
NpeICTaBICHHBIN B apXuBe NeproA HabroneHuii. B
Jpyrou
TUIPOXUMHUYECKUMU JaHHBIMU

TUAPOXUMHUYCCKOIO CTBOpAa TAKIKC 3a BCCh IMICPUOL

paboueit  obmactd —  TaONMIBI  C

BBIOPAHHOTO

HaOmroAeHN. Pe3yapTaThl pacdeToB MPEACTABICHBI

Rumyantseva E.A., Bobrovitskaya N.N., Sukhonogova E.S. A unified assessment of the quantity and quality
of the Seim river water flow using new automated technology. Hydrosphere. Hazard processes and
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B AIIK, kak B HaryIssgHOM TrpaduIeckoM BHUIE, TaK U
B TaOIHYHOM opme.

3agadeld maHHOW pabOTH SBUJIACh EaUHAS
OLIEHKAa KOJIMYECTBAa U KayecTBa BOAHOTO CTOKA, KaK
[0 €JUHUYHBIM THAPOXUMHUYECKUM KOMIIOHEHTaM,
TaK ¥ MO MX COBOKYHNHOCTAM B IOTPaHUYHOM C
YkpauHoi TruapoxuMHUecKoM NyHKTe p. Ceiim —
p. n. Térkuro B mepuwon 1993-2013 rr. ¢ TOMOIIBIO
HOBOH aBTOMAaTH3UPOBAHHOW TEXHOJOTMU C IIETBIO
noka3zarb €€ OINEepPaTUBHOCTbL U
WCTIONB30BaHUS PE3yJIbTATOB PACUETOB ISl PEIICHHS

BO3MOXXHOCTH

Ppa3IMYHbIX 3a4a4 BO,I[HOﬁ OTpaciivi, B YaCTHOCTHU JIA

u3ydeHuss (HakTopoB, (OPMHUPYIOUIMX KadeCTBO

CTOKa pEK.
MeToanl

AIIK cocTouT u3 JBYX pasHBIX METOIUK.
ITepBas
paspabortanneie panee B DIBY

BKJIIOYAET  OCHOBHBIC  IIOJIOJKCHMS,
«TH» , o
MOKA3aTeNIAX, CBA3BIBAIOIINX BEJIUYMHBI CTOKA BOJIBI
C OTJENbHBIMU HAPOXUMUYECKMMH KOMIIOHEHTAMH
1973;

CxakaJbCKHUH,

[Kapaymes, CxkakanbCKui,
1979;

MeTtoauueckue ocHOBBI, 1987].

Kapaymes,
CxakaJbCKui, 1980;

[lepBast dWacTe MPOrpPaMMHOIO KOMIIIEKCA
MO3BOJIIET PA3JEeNUTh O0BEM pPEYHOrOo CTOKa IO
CAMHUYHOMY THIPOXHUMHYECKOMY KOMIIOHCHTY Ha
YHUCTHI, KOTAA €ro KOHIIEHTpalus B CTOKE He
MPEBBIIACT TPEJCILHO JOMyCTUMBIX 3HAYCHUN
(manmee — [1/IK), u Ha 3arpsI3HEHHBIHN, KOT1a OHA BBIIIIE
ITJIK [PymsumieBa, boopoBumkas, 2012].

OCHOBHBIM TI0Ka3aTeleM KauecTBa PEUYHOTO
CTOKa BOJBI B TIEPBON HYaCTH METOAWMKH SBISIETCS

OTHOCUTEIbHBIH 00BEM CTOKa  3arpsA3HEHHOTO
CAVHUYHBIM  KOMIOHEHTOM  (Viar, %). On
BBIpaYKaeTCs OTHOIIIEHUEM 00BEMa CTOKa
3arps3HECHHOM BOABI Vaiar, TEpPEHECEHHON uepe3
3aJlaHHBIA CTBOP 3a TOA KO BCEMY T'OJIOBOMY CTOKY
peku Vigp.

[TokazaTennb OTHOCUTEIBHOU

MPOJOIKATEIBHOCTH 3arpsA3HEHHOTO CTOKA (Tsar, %0)
BBIPAXKACTCS OTHOIICHHEM BPEMEHH Tsar, B TEUCHUC
KOTOPOTO KOHIICHTpAIUs BENIECTBA B TIOTOKE BHIIIE

Tom 2, Bein.1 | 2020
K, K o01ei MPOAOJDKUTEIIBHOCTH
paccMaTpuBacMOTro MIPOMEKYTKA BpEMCHU,

Hanpumep, K OTHOMY To1y Trox.

Bropas uwacte AIIK pa3pabGotana Ha ocHOBE
mepBoi. JTO HOBas METOAWKA, KOTOpasl MO3BOJISIET
paszenuts O0BEM PEYHOTO CTOKA HA YaCTHYHBIE
00BEMBI, paznuyaronmecs COBOKYITHOCTBIO
3arpsI3HSAIONINX BEIIECTB, U OIEHUTD 3arPA3HEHHOCTD
BOABI B OTHX O00bEMax B COOTBETCTBUH C
PJ1 52.24.643-2002°.

Jnst pa3aeneHusi rogoBoro o0bémMa peyHOro
CTOKa Ha 4YacTW4YHble OOBEMBI Ha  OJHOM
XPOHOJOTHYECKOM TpaduKe COBMEIIAIOTCS TEPHUOBI
MPOJOJDKUTENBHOCTEH 3arps3HEHHOTO CTOKA IS
BCEX 3arpA3HSIONINX KOMIIOHEHTOB. DTO IMO3BOJIAET
BBLIETTUTH IMPOAODKUTEIHPHOCTH U COOTBETCTBEHHO
YacTUUHBIE OOBEMBI CTOKA, pa3NUYaIOLINecs 10
COCTaBy 3arps3HAIONMX BemiecTB [PymsHIiesa,
BooOposunkas, Wneun, 2014]. B cooTBercTBUE C
PJ1 52.24.643-2002* B Ka’I0M YacTUYHOM OOBEME
Obly1a IPOM3BEIeHa OLIEHKA 3aTrPSA3HEHHOCTH BOJBI 110
KJlaccaM | paspsiam.

B xonewynom pesynbrate mocie o0beIUnHEHUS
YaCTUYHBIX 0OBEMOB BOJBI, HMEIOIINX OAMHAKOBEIC
CTEIIEHH 3arps3HEHHOCTH (KJacChl W pa3psibl),
MOJTydaeM WHIUBUAYAIbHBIN «IIacliopT KadecTBa
PEYHOr0 CTOKa» JUIsl U3y4aeMOro y4acTKa PeKH s
Ka)XIO0ro rojja M BCero uccueayemoro nepuopa. Ox
BKITIIOYaeT 0OBeNWHEHHBIE TI0 KJIaccaM U pa3psgam
BEITMYMHBI ~ YaCTHYHBIX  PacxXoJ0B  BOABI U
MPOJOKATEBHOCTEH UX CTOKA, WX a0CONIOTHBIE U
OTHOCHTEIbHBIC BEIUYMHBI, a TAKXKE KalleHIapHBIC
naTel uX peanmsaumu. Kpome Toro, maercs
XapaKTePUCTUKA COCTOSHHS 3arps3HEHHOCTH JUIS
Ka)XZIOTO KJlacca U pa3psija.

OCHOBHBIMH TTOKa3aTEISIMHA Ka4yeCTBa PEYHOTO
CTOKa BOJABI BO BTOPOH YacTH METOAUKU SIBISIOTCS
OTHOCHUTEIbHBIE O0BEMBI (Viar, %0) B OTHOCUTENHHBIC
MpoAOKATENBHOCTH  (Tsar, %) dYacTHUHBIX ero
00BEMOB pa3HBIX KIIACCOB 3arpsi3HEHHOCTH.

Jia mpoBeneHHs pacdyeToB MPOW3BOAMIACH
JMUHEHHAs WHTEPIONANUS W3MEPCHHBIX 3HAYCHUM

KOHIIEHTpalluid TUAPOXMMHUUYECKUX IOKa3aTeIeld C

2PeKOMeHZ[aIII/II/I 0 NPUMCEHCHHUIO UHTCTPAJIbHBIX MOKa3aTee il OICHKMA KauecTBa BOJIBI U 3an513HéHHOCTI/I PEK U BOJOCMOB.

JI.: TTH, 1977. 72 c.

3PJ1 52.24.643-2002. MeTO KOMILIEKCHON OLEHKH CTENEHH 3arPA3HEHHOCTH MIOBEPXHOCTHBIX BOJ [0 THAPOXMMHYECKUAM MOKA3aTe-

nsm. CII6.: 'mnpomereonsaar, 2002. 48 c.
4Tam sxe
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WCTIOJIb30BAaHMUEM CYTOUYHOTO Iara rujporpada. 31o
MTO3BOJISIET CTJIAJNTh OCOOEHHOCTH UCXOIHBIX PSIOB

TUAPOXHUMHYICCKON nH(popMaIu (e€
HEOAHOPOIHOCT, HEOKBUIHCTCHTHOCTD,
3aBUCUMOCTh KOHIICHTPAIIMH OT BOIHOCTH PEKH)
[CMmbirkoBa, 2010, IHenynxo, KomecHukoga,
CwmbikoBa, 2010].

PacueTsl s kaxmod  gomn  00BEMOB

OCYUIICCTBJISUIUCh HE TOJIBKO MO MU3MEPEHHBIM, HO U
[0 HMHTEPIOIUPOBAHHBIM Orenka
KadyecTBa CTOKa BOJBI 32 TOJ M 3a BECh MEPHOJ

3HAYCHUAM.
npou3Bogujaacb € YUCTOM BKJIada YaCTUYHBIX

00BEMOB  pa3IMYHON  TPOJOIDKUTEIHPHOCTH |
KadecTBa.

Jia  BBISIBICHWS MEXaHW3MOB HW3MEHEHUS
KadecTBa cToka p. CeiiM 3a HWCCleayeMbli TTepHoT
Obl1 TpuMeHeH (akTOpHBIM aHamm3. DakTopbl
00BEAUHAIOT B OAHY TPYMITY IIEpEMEHHBIE, KOTOPHIE
MOTYT OBITh TIPSIMO WM KOCBEHHO CBSI3aHBI C
HEKOTOPBHIM  ONpEIeNEeHHBIM HMCTOYHHUKOM  WIIH
MPOIIECCOM M KOTOpBIE YCIOBHO MOXHO CYHTATh

penpesentaTuBabMU [MOepia, 1980].
XapakTepucTHKA JaHHBIX HA0I0IeHU

B  ocHOBy wuccienoBaHWil  MOJOXKEHBI
THAPOXUMHYECKHE W THUAPOIOTUYECKHE JIaHHBIE
1993-2013  rr., moJgy4yeHHBIE B  pe3yibTare
PEKUMHBIX HaOJIIOACHMIA YnpasneHus
TUIPOMETEOPOJIOTHYECKON  CcTy)0bl  [leHTpanbHbIX
UepHozemupix OOnacteldi B MOTPaHUYHOM €
YKpanHO! TUApOXHMMHYECKOM TyHKTe p. Ceiim —
p. . TETkMHO M Ha OMKAHIIEeM THIPOIOTHYECKOM
mocty p. CeiiMm — 1. Prutbck. Pazauma B murormamsax
BOJIOCOOPOB  YKa3aHHBIX IyHKTOB HaOIIOACHUN
coctaBimsier 11%, B TO BpemMs Kak COBMECTHOE
WCTIONTb30BaHUE THIIPOJIOTUIECKHUX u

TUAPOXUMHUYCCKUX HNAaHHBIX B TCPPUTOPUATIBHO

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

YAan€HHBIX MyHKTAX JOMYCTHMO TPU COOTHOIICHUH
B 2-5%, COIJIACHO HOPMATHBaM".

ITosToMy  Jj1si  TpPOU3BOJACTBA  pPacu€ToB
MOKa3aTeJied KavyecTBa CTOKA B THUAPOXUMHUYECKOM
MTyHKTE, TEPPUTOPHAIIEHO
TUAPOJIOTHIECKOTO
ruaporpada BOJBl IO
OmmKaiiieMy THAPOJIOTUYECKOMY TIOCTy U TI0

ImocTaM-aHajoram. OTa pa60Ta ObL1a MMpOBCACHA

yIanEHHOM oT
ocTa, MoTpeOoOBANIOCH

MOACIIUPOBAHUC CTOKa

CyxonoroBoii E.C. panee 1o MeToIuKe, N3J10KEHHOM
B [Bockpecenckuii, 2000].
KauecTBa CTOKA 3a BECh MEPHOJ] ¢ mepecu€ToM u 0e3
ruaporpada
COBIIAJIAIOT.

CpaBHEHHE OLIEHOK

nepecuéra YTO OHU

MPAKTUYCCKU

[TOKa3a’o,
[ToaToMy  ollEHKH
KadecTBa CTOKa B THAPOXUMHUIECKOM ITyHKTE p. Celim
— p. . Térkmno 3a mepuoxm c¢ 1993 mo 2013 rr.
000CHOBaHHO  TPOU3BOJIWINCHL  0e€3

ruaporpada.
B paboueii obnactu AIIK «XapakTepucTHKH

nepecuéra

UCXOJIHBIX THJIPOXUMHUYECKUX JAHHBIX»
[IPENOCTABISAETCS BO3MOXKHOCTh IIPOCMOTpA [JBYX
Tabmmi — «KonngectBo npobd mo rogam» u «lIpenenst
BapbupoBaHus». KonnuecTBO omnpeaeraeHuid B Tof
ObLIO HEOIHOPOAHBIM M M3MEHSIIOCH B OCHOBHOM OT
6 mo
BapbUPOBaHUSA U3MEPEHHBIX
THIPOXUMHUECKUX MOKa3arenel B myHKTe p. CeiiM —
p. . Térkmao 3a mepuwox ¢ 1993 mo 2013 rr.

npuBeneHsl B Tabmume 1. HaOmromenus 3a

16, penxko Obuto pasHo 4. Ilpememns
3HaYCHUN

3arpsi3HEHUEM BOJIbI TPOBOJAMINCH IO YKA3aHHOMY B
TaOJIHIIE 1
HoKa3aTeleH.

TNIEPECUYHIO THAPOXUMHUYCCKUX

[MonyxupubpiM  mpudrom B  Tabmuie 1
OTMEUCHBI MTOKA3aTeIIM, 3HAYCHUSI KOTOPBIX B TO WIIH
HMHOE BpeMs u3ydaeMmoro nepuoaa npesbimaT [TJIK
I pHIOOXO3SAHCTBEHHOro NpuMeHeHus . JlaHHbIe
ITJK BbIOpaHbl Kak HanboJIEee KECTKHE.

SHacraByieHre THIPOMETEOPOIOTHYECKUM CTAHIUAM | octam: Beimyck 6. Yacts I11. CocraBienue v MoAroToBKa K redatu ['uaposio-

ruyeckoro exerognuka. JI.: l'mapomereounsnar, 1958. 294 c.

‘TlepeueHb peIGOX035HCTBEHHBIX HOPMATHBOB IIPEAENBLHO A0MYCTUMbIX KoHueHTpauuii (ITIJIK) 1 opueHTHPOBOYHO GE30MACHBIX YPOB-
Heit Bo3aelicTBus (OBYB) BpeqHbIX BEIecTB U1 BOABI BOAHBIX 00BEKTOB, MIMEIOIINX PbI00X03gHcTBeHHOE 3HaueHue. M.: M3naTens-

cteo BHUPO, 1999. 304 c.
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TaﬁJmua 1. Hpe;[em;l BapbUpPOBaHUSA U3MCPCHHBIX 3HAYCHUH T UIPOXUMHUYCCKUX KOMIIOHCHTOB B ITYHKTC

p. Cetim — p. 1. Tétkuno 3a epuox ¢ 1993 mo 2013 1.

Table 1. The limits of variation of the measured values of hydrochemical components at the point of the Seim
River — Tetkino village for the period from 1993 to 2013

Krace IIpenensl Bapb-
Taapoxummdeckre KOMIIOHEHTHI PasmepHOCTB UPOBAHUS
OMACHOCTH |—r —T—r—
Bomoponusrii mokazarens (pH) VYen. 4 6,8 8,9
PactBopenHsbIii kucnopo, Oz M/ Yen. 4 3,36 15,6
% HaCHIIIEHUS 37,9 149,2
bruoxumudeckoe nmorpedienue kuciopoa (bI1Ks) mr Oy/am? 0,92 5,19
buxpomartras okucisemocts (XIIK) mr O/am? VYen. 4 7,56 60,1
AwmmoHnnit coneBoit (NH4") mr N/am? 4 0 1,93
Hutpatsr (NO5)) mr N/am? 3 0,02 | 2,51
Hutputer (NO»)) mr N/am? Ve 4 0 0,12
docharst mr P/mv? 4-5 0 0,49
Feosm Mmr/nm? 4 0,02 | 0,45
Cu®* mr/om? 3 0 0,01
Zn** mr/am’ 3 0 0,012
Cr®* mr/am? 3 0 0
Cr* Mr/om> 3 0 0,01
Niz* Mr/om> 3 0 0,01
DeHOIbI mr/am> 3 0 0,002
CunTeTHUYeCcKHe TOBepXHOCTHO-aKTHBHBIE BemlecTBa (CIIAB) mr/am? 4 0 0,21
HedrenpoaykTst mr/am’ 3 0 0,39
Ca** mr/am? 4-» 39,3 | 110,2
Mg** Mmr/am> 4-3 5 39
SO4* mr/am? 4-5 13,1 96,1
Cr mr/am? 4-3 4,8 79,9
3HAYCHUSIX, a TaKxKe COOTBETCTBYIOIINE
Ounenka KavyecTBa CTOKA mno .
abcomotrsie (M*) ¥ otHOCUTENbHBIE (%) OOBEMBI
eAMHUYHBIM THAPOXUMHUYECKUM . .
3arps3HEHHOTO CTOKA BOXBI (Viar). YCpemHEHHBIC
KOMIIOHEHTaM

Ocnosnvie nokazamenu Kaiecmed peyHo20
cmoka (Vi) u  (Tsa)
p. n. Témxuno 3a nepuoo ¢ 1993 no 2013 ze.

Hns

KOMITIOHCHTA, KaXXJI0T0 IroJia 1 BCCTO UCCICAYCMOTO

6 nyukme p. Cetim -—

KaXKI0T0 THUIPOXUMHYECKOTO
mepuona ¢ nomomnsio AIIK Obutm  paccymTanbl
OCHOBHBIC TIOKa3aTelM KadyecTBa PEYHOrO0 CTOKa:
MPOJIOJDKUTEILHOCTH 3arpsA3HEHHOTO CTOKA BOJIBI
(Tsar,), B aOCOMIOTHBIX (CYTKH) U OTHOCUTENBHBIX (%)

OTICHKH 3a BECh MEpPHOJ HcciaemoBanuid ¢ 1993 mo
2013 rr. npeacTaBiaeHsl B Tabaue 2.

Jna XIIK, BIIKs, NO,, Feow, Cu’' n
HEPTETPOAYKTOB, HAJM4YHE 3arps3HEHHOTO CTOKa
OTMEYaeTcs €KErofJHO B TEUYEHUE BCEro Iepuoaa
HaOmrofeHM. B TO BpeMs Kak CTOK, 3arpsA3HEHHBIN

¢docharamu, wumen wmecro 19mer, crTok ¢
HaCBIILEHUEM BOJIbI KHCJIOPOJIOM HIDKE
HopMmartuBHOrO — 18 ;mer, 3arpsisuéHHbll NH4" —

16 net, CITAB u pH — 5 ner, a cTOk ¢ IIpeBBILIEHHEM
IJIK o Zn*" u dpenonam Toasko 1 rox.
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TaﬁJmua 2. OTHOCUTEIIBHBIC OPOAOZKUTCIIBHOCTU U 00BEMBI 33I‘p}13HéHHOFO CTOKa B THAPOXUMUYCCKOM

myHkTe p. Ceitm — p. m. TéTkuno, ycpenuénnnie 3a nepuos ¢ 1993 mo 2013 rr.
Table 2. Relative durations and volumes of polluted runoff at the hydrochemical point of the Seim River —
Tetkino village, averaged over the period from 1993 to 2013.

Taar, % Viar, %0 KonnuecTBo et HaOmIOA€HII
KomMnoneHTEI
Cp. | Mun. | Mak. | Cp. | Mun. | Mak. | C 3arps3HeHHBIM CTOKOM | Bcero
pH 1,6 0 14 2,5 0 16,8 5 21
(0)3 0 0 0 0 0 0 0 21
0,% Hacelmenus | 25,6 0 61,9 | 28,3 0 82,8 18 21
BIIK; 36,7 | 4,4 100 | 49,5 3 100 21 21
XIIK 63,3 | 23,5 100 | 68,6 | 16,7 100 21 21
NOy 62,2 | 17,2 100 | 609 | 12,4 100 21 21
NOs 0 0 0 0 0 0 0 21
NH4" 20,9 0 79,7 | 26,5 0 86,1 16 21
dochatsr 34,8 0 70,4 | 26,5 0 78,4 19 21
Feoom 432 | 49 91 48,7 | 4,4 91,6 21 21
Cu** 72,8 | 43,7 100 | 76,5 | 33,7 100 21 21
Zn** 0,1 0 3 0,6 0 12,4 1 21
Cro 0 0 0 0 0 0 0 11
Cr* 0 0 0 0 0 0 0 11
Ni%* 0 0 0 0 0 0 0 21
Hedrenponykter | 44,4 | 14,3 90,1 | 55,1 | 164 89,1 21 21
denonbl 0,4 0 7,1 0,3 0 6,5 1 20
CIIAB 4,7 0 29 42 0 27,9 5 21
Ca** 0 0 0 0 0 0 0 21
Mg** 0 0 0 0 0 0 0 21
SO4* 0 0 0 0 0 0 0 21
Cr 0 0 0 0 0 0 0 21

[Ipu 3TOM cpenHue 3a nepuo 3HAUEHUS Vaar Y0
B pady Cu’*, XIIK, NO,
Heprenpoayktsl, BIIKs, Feowsw , NH4", docdartsr,
HachlmleHus Boabl kucnopoxom, CITAB, Zn?', wu

KOMIIOHCHTOB!

(dbeHoNBI yMeHBIaeTCsA oT 76,5 no 0,3.

Crnenyer OTMETUTb, YTO MAaKCHUMaJIbHbIC
3HayeHHs Vi % 1us BIIKs, XIIK, NOy u Cu?**
coctasuiu 100%, miis pocdartoB, HaCHIIEHUS BOJBI
kuciopoaom, NHy', HedrenpoaykToB u Feosy Takke
ObuTH BBICOKUMHE Ootiee 78%.

Tenoenyuu usmeneHusl el’cec00HbIX 3HAYEeHUl
OMHOCUMENbHBIX 005EM08 peuro20 cmoKa (Vse, %) 6
nynkme p. Cetim — p. n. Témkuno 3a nepuoo c 1993
no 2013 ee.

Pabouas ATIK

Habop

«TeuneHuny»

rpa¢uKoB,
ONHCBHIBAIOINX TEHACHINH HW3MEHEHHS TOJOBBIX

001acTe

MpeaCcTaBiIseT coboit
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3HAYCHUH OTHOCUTEIHLHOW MPOJOIKUTEIIEHOCTH U
OTHOCUTENLHOTO O0BbeMa 3arps3HEHHOTO CTOKA.
I'paduku mnst Taar, % U Vaar, % uMeOT OOINBIIOES
CXOJICTBO, IMIOATOMY Ha pucyHKax 1-3 mpencraBieHa
JIMHAMUKA TOJBKO OJTHOTO TMTOKA3aTelNs Viar, Y.

Ha pucynke 1 coBMmemeHbsl MHOTOJCTHHE
KPHUBBIE OTHOCHTEILHBIX 00BEMOB T'OJIOBOTO CTOKA,
3arps3HEHHOTO HMOHAMH aMMOHUS, HUTPUTAMHU WU
TEHICHIIHIO

dbocharamu.  MoxkHO

CHIKCHUS B TCUCHHUE BCETO Ieproa Aojiei o0hEMa

OTMCTHUTH

TOJIOBOTO CTOKA, 3arpsA3HEHHBIX MOHOM aMMOHHS U
dbocdaramu. [1oau cTOKa, 3arpA3HEHHBIC HUTPUTAMH,
CHIDKAIOTCS K KOHIIY JEBSIHOCTBIX TOJOB U HUMEIOT
TeHJeHIUI0 Bo3pacTanus mocie 2000 r.

I'omoBbIE 3HAYEHUST OTHOCHUTEIHLHOTO 00BEMa
CTOKa, 3arpsSI3HCHHOTO OPraHUYEeCKUMHU BEIICCTBAMH,
XIIK, JIaOMJIbHBIMH

OIpeaACIAEMbIMU 110
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oprannyeckumu BemectBamu 1o BIIKs u umeromiero
HACBIIICHHE BOJBI
camkarores kK 2000 r. ITocme 2000 r. mmeeT mMecto
STUMH

KHCIIOPOJIOM HW)KE€ HOPMBI,

TCHACHIMA  YBCIIMYCHHA  3arpsA3HCHHBIX

KOMIIOHEHTAMH JOJ€H TOIOBOr0 O0O0BEMA CTOKA.

Tom 2, Bein.1 | 2020

Crnenyer OTMETUTh, YTO TOJIOBbIC 3HAYCHUS Viar, %0
st XTIK k xoniy nepuoaa Habmoaenui (2013 rox)
IOCTUTAIOT TIEPBOHAYAIBHO BBICOKUX 3HAUCHUH, a
mist Oy % u BIIKs oHM 3HaYMTENBLHO HIDKE, YEM B
Havaje rnepuoa (pPUCyHOK 2).
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Pucynok 1. MHoroneTHss IMHaMUKa TOAOBBIX BENHYHMH Viar, % B MyHKTE p. CeiiM — p. . TETkuHO
st NHs" NO;™ u dpocdaros
Figure 1. Long-term dynamics of annual values of V jo11u,% at the point of the Seim River — Tetkino village
for NH 4 +, NO,™ and phosphates

OBvem, %

2002

2004 2006 2008 2010

2012

Fogsl

PucyHok 2. MHOTONETHSSI AMHAMUKA TOAOBBIX BETHYNH Viar, % B MyHKTE p. CeiiM — p. m. TETkuHO
st Oz %, BITKs u XTIK
Figure 2. Long-term dynamics of annual values of V poiu,% at the point of the Seim River — the rivers of the
Tetkino village for O »%, BOD 5 and COD
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Ohwem, %
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HCYHOK 3. MHOroneTH:AsA TUHAMUKA Var, % B IyHKTE p. Celim — p. 1. TETKMHO
Pucynok 3. M Viar, % C T

st Feoow, Cu®* 1 HerenpoxyKToB
Figure 3. Long-term dynamics of the V onu,% at the point of the Seym River — Tetkino village

for Fe (o1, Cu 2" and oil products

Ha pucynke 3 mpemcraBieHBI MHOTOJICTHHE
KPUBBIE TOJOBBIX 3HAUEHHUH Vsar, %0 1018 Fe oo, Cu®" 1
He(pTempoaykTOB. MOXHO OTMETHTH 3HAYHUTEIIHHBIC
aMIDTUTYIBI KOJIEOAHUH TOMOBBIX BEIHYHH Viar, %
JUTS. TICPEUYHCIICHHBIX KOMIIOHEHTOB B TEYEHUE BCETO
TIepro/1a HAOJIIO ICHHM.

Ounenka KadyecTBa CTOKA
COBOKYIMHOCTH 3arpsi3HAIOIIMX BelleCTB

mo

Ocnosnbie nokazamenu Kawecmed peyHo20
cmoka (Vi) u (Tsz) 6 nynkme p. Ceiim —
p. n. Témxuno 3a nepuoo ¢ 1993 no 2013 ze.

B cootBercTByroIel padoueii odnactu AITK
JUIS. KOKIOTO TOJa W 32 BEeCh MEPHOJ HAOIIOICHUI
paccuuTaHbl  A0CONIOTHBIE W OTHOCHUTEIIBHBIC
MPOJO/DKUTEIBHOCTH M 00BEMBI  3arpsI3HEHHOIO
CTOKa BOJbI, pa3UYalOUIUECss IO COBOKYIHOCTH
3arpsI3HSAIONINX BEIIECTB, C OIpEeeleHneM Kiacca
3arpsi3HEHHOCTH  BOJBI M XapaKTePUCTUKOMN
COCTOSIHMSI  3arps3HEHHOCTH B JaHHOM ITYHKTE
HaOmrofeHMH. Bee XapakTepucTHKY MPEACTABICHE B
BH/JIE «TIaCTIOPTOB KAUE€CTBA CTOKAY.

B Tabnuie 3 mpuBeneHbl «nacnopra KauecTsa
mit 1995 r. m s Bcero Iepuona
HaOmoaeHunt ¢ 1993 no 2013 rr.

CTOKa»

60

M3 npuBeAEHHBIX JaHHBIX CIEAyeT, YTO B
1995 r. ronoBoit 00bEM cToka p. CeiiM npencTaBieH
YaCTUIHBIMA OO0OBEMaMH pa3HOW 3arpsA3HEHHOCTH:
«YCJIIOBHO YHCTOH» BOJOW IEPBOTO Kjacca, «ciado
3arpsi3HEHHOM» BTOPOrO Kiacca, <«3arpsa3HEHHOW
paspsina
TPEThEro Kiacca paspsiia

TPETHETO Kjacca «a» u «OYCHb

3arpsI3HEHHON «O».
Cpemnuit 3a 1995 1. CTOK BOABI OIIEHHWBAETCS Kak
«3arpsiI3HEHHBIN» TPETHETO Kilacca pa3psiga «ay.

B teuenne Bcero nepuona ¢ 1993 mo 2013 r.
00BEM PEYHOTO CTOKA COCTOSUT U3 MIECTH YaCTHYHBIX
00BEMOB  CHIENYIOIIMX KJIACCOB: YHCTOIO CTOKA,
«YCJIOBHO YHCTOT0» CTOKa MEPBOro Kiacca, «ciaado
3arpsiI3HEHHOT0» BTOPOTO KIIacca, «3arpsa3HEHHOTO»
TpeThero  Kjacca  paspsija «OYCHB
3arps3HEHHOTO» TPEThETO Kilacca paspsjga «0» u
HEOOJBIIOr0 00BeMa «TPS3HOT0» CTOKA YETBEPTOTO

«an,

KJlacca pas3psiia «a». OTH MOKa3aTeau TOBOPAT O
BBICOKOH HM3MEHYMBOCTH KauecTBa CTOKAa, KakKk B
TEUEHHUE roJla, TAK U B TEUYCHHUE BCErO UCCIEAYEMOTO
nepuoaa.

Ycepenn€éHHpIid 3a BeCch MepHoa HaOIIOISHUH
CTOK BOJIbI OIICHUBACTCS KaK «CJIa00 3arpsA3HEHHBIN
BTOPOTO KJIacca.
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B «macnoprax kauecTBa CTOKa» NPHUBOIATCS B paboueit obmactu AIIK «Crpykrypa
TUJPOXUMHUYECKHE [I0KAa3aTely, HUMEIOLUE  3arpA3HEHHOCTH CTOKa» IPEACTaBJICHO 10 TOJlaM U 3a
0000ménnbIe oneHounsle O6amisl S>97: BIIKs, NHs*, Bech mepwoj IOJE€BOE paclpeleleHHe THIOB
Cu** Feoom, XIIK, NO,, HedTEnpomyKThl U  3arpA3HEHHS 10 OTHOLIEHHIO K O0O0IIEMY 00beMy
docharel. OHM HaWOOJBIIMM O0pPa30M BIHSIOT HAa  CTOKA B BHJE KPYTOBOM JuarpamMmbl (pUCYHOK 4).
CTENEHb 3arpsI3HEHHOCTH PEYHOTO CTOKA.

|3-LT1 Knacc, paspag e 19.51 % |

| 3-W knacc, paspag "6" 4.59 % |

| 4.1 knace, paspag, e 013 % |

JHCTEIH CTOR 215
1-f knaco 2667 % 2-W knacc 46.94 %

Pucynox 4. CTpykTypa KadecTBa peYHOTO CTOKA B THAPOXUMHUIECKOM IyHKTE p. Ceitm — p. m. TETknHO
3a neprof ¢ 1993 mo 2013 rr.
Figure 4. The quality structure of the river flow in the hydrochemical point of the Seim River — Tetkino
village for the period from 1993 to 2013.
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Foabl
PucyHnok 5. MHoronetHsa fuHaMuka ronoBeix BenuunH Y KM3B B myHkTe
p. Cetim — p. 1. Tétkuno ¢ 1993 o 2013 rT.
Figure 5. Long-term dynamics of annual values of the Specific combinatorial index of water pollution
at the point of the Seim River — Tetkino village from 1993 to 2013.

"PeKOMEHIAMH 110 IPUMEHEHHMIO MHTETPAIBHBIX MOKa3aTesel Ul OLEHKH KAa4ecTBa BOJBI M 3arpsA3HEHHOCTH PEK M BOJOEMOB. JL.:
ITH, 1977.72 c.
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Tenoenyuu usmenenus Kavyecmea peyHo2o
cmoka 6 nynkme p. Cetim — p. n. Témkuno 3a nepuood
c 1993 no 2013 ze.

Ha pucynke 5
3HAUEHUN

IIOKa3aHa JUHaMHKa
CpCAHCTOA0OBBIX

KOMOWHATOPHOTO HWHIEKCA 3arps3HEHHOCTH BOJBI

YACIBHOTO

(manee — YKU3B)®. TenneHIMs yMEHBIIEHHS €rO
3HAYCHUI B TCUCHHE H3y4aeMOro MEPHOIa TO3BOJISCT
MPE/IITOJIOKUTh, YTO KAYECTBO CTOKA YITydIIIaeTCsl.

DaxkTopsbl,
MHOTI'0JIETHIOIO

BJMSIOIIHE HA
AMHAMHUKY KadecTBa CTOKa
p. Ceiim — p. . Térkuno 3a nepuoa ¢ 1993 no
2013 rr.

OCHOBHOW TIeNBbI0 TIPUMEHEHHUS (HaKTOPHOTO
aHaJM3a SBJIAETCS HAXOXKAECHHE TaKOTO HeOOJBIIOro
«hakropoBy,

o KOJMYCCTBY Ha60pa KOTOpPBIC

OOBSCHSIOT ~ TUCHEPCHUIO 00JIBIIOTO  YHCIIA

OMIIUPHUYCCKUX HAHHBIX 1O 33I‘p$13HéHHOMy CTOKY 1
MOTYT OBITH npAMO HWJIM KOCBCHHO CBiA3aHBI C

Tom 2, Bein.1 | 2020

OTpEJEICHHBIM HCTOYHUKOM WM  IPOLIECCOM.
@DaKTOpHBIA aHalU3 paHEe YCICUIHO NPUMEHSIICS
aBTOpaMH ISl H3y4eHus (pOopMHUpPOBAHHUS BPEMEHHOMN
U TPOCTPAHCTBEHHOM HEOJHOPOIHOCTH Pa3HBIX

BOAHBIX 00beKTOB [PymsniieBa, Crakanabckuii, 2004;

PymsnueBa, Ckakansckuii, 2008; Pywmsniesa,
CouHies, ®duaTona, 2006, Pymsnuena,
Bbo6poswurxkas, 2010].

B rtabmune 4 npeacraBieHa —MaTpula

OCHOBHBIX (DaKTOPOB, OIPEACISIONINX BPEMEHHOE
BapbupoBanue YKU3B, Vi, % u Tar, % nepsoro,
BTOPOTO U TPETHETO (pa3psiia «a») KIaccoB KauecTBa
BOJIBI, PACXOJIOB U 0OOBEMOB TOJIOBOTO CTOKA PEKH, B
OCHOBHOM paccuuTaHHbIX ¢ moMoibio AIIK, a Taxoke
TeMmrepatypsl BoAsl B IyHKTe p. Ceiim -—
p. n. Térkurao 3a mepuox ¢ 1993 mo 2013 rr. s
pacyeToB CPEAHETOAOBHIX TEMIIEpPaTyp BOJbI, Kak
JUTSL XOJIOTHOTO, TaK W IS TEIUIOTO TIEPHOJOB OBLTH
WCIIONBb30BaHbl 3HAYCHUS, U3MEPEHHBIE BO BpeMs
yKa3aHHOM

THAPOXUMHUYCCKUX CBEMOK B

THAPOXUMUYCCKOM ITYHKTE.

Taémmuma 4. Matpunia OCHOBHBIX (DaKTOPOB, ONPEACISIONINX BPEMEHHOE BapbUPOBAHUE CPEIHETOMOBBIX
BEJIMYMH TIOKa3aTeJIeil KOJMYecTBa U KadecTBa cToka Boabl p. Ceitm — p. m. Térkuuo 3a mepuoxa ¢ 1993 no

2013 rT.

Table 4. A matrix of the main factors determining the temporal variation of the average annual values of the
quantity and quality of water flow in the Seim River — Tetkino village for the period from 1993 to 2013

[lepemenHsbIE daxTopsl
CpenHerogoBbie BETUYUHBI 1 2 3

T Bomsr xonoaHoro nepuosa (°C) -0,970 0,013 -0,175
T Bomwr T€rutoro nmepuoja (°C) -0,918 0,225 0,055
Q HauOOIBIINI Pacxo BOIbI M>/c 0,477 0,376 -0,258
Q HaMMEeHBIINIA PacX0o BOIBI M>/C 0,529 -0,306 0,713
V 00BbEMBI CTOKa M>/T -0,890 -0,061 -0,246
Tsar Bogw! 1 xmacca, % -0,340 0,846 0,308
Vsar BoAsI 1 K1acca, % -0,187 0,816 0,410
YKU3 Bogw! 1 kitacca -0,305 0,690 -0,058
Taar Bogb! 2 ki1acca, % -0,971 0,013 -0,175
Vsar BOABI 2 Knacca, % -0,971 0,013 -0,175
YKU3 Bogs! 2 Kitacca -0,840 -0,101 -0,014
Tsar Bogs! 3 ximacca, % -0,801 -0,310 0,387
Var BOABI 3 KJ1acCCa, % -0,902 -0,270 0,247
YKU3 Boaw! 3 kitacca -0,895 -0,275 0,277
Bknan B % 58,38 17,16 9,18

8PexOMEH AU TI0 IPUMEHEHHMIO MHTETPAIBHBIX MOKa3aTesel Ul OLEHKH KAa4ecTBa BOJBI M 3arpA3HEHHOCTH PEK M BOJOEMOB. JL.:

ITH, 1977. 72 c.
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W3 Tabnuue! 4 cnemyer, 4To HA MHOTOJIETHEE
BapbHPOBAaHHE YACTHYHBIX OOBEMOB CTOKA BOJBI
«cmabo  3arpsA3HEHHOM»  BTOPOTO  Kiacca U
«3arps3HEHHOI TPeThEro Kiacca paspiga «a» B
OCHOBHOM OKa3bIBaeT BIMAHME (hakTOp 1, KOTOPHBIi
coctaBisier Oonee 58% cymMMmapHOW IHCIIEPCHH.
BapoupoBanue 101 00bEMOB CTOKa BOJBI «YCIOBHO

YHUCTOI» IEPBOro Kjacca B OCHOBHOM CBsA3aHO C

¢dakTopom 2, cocraBmaommM 17% cymMMapHOi
JUCIIEPCUML.
Haunbonee TpynHoWi  3amaueid  sBisieTcs

uHTeprnperanus (akropoB. OIHAKO OYEBUIHO, UTO
(dakTop 1 HampsMyr0 CBs3aH C KIAMATHYCCKUMH
MPOIECCaMy; C TEMIIEPaTypord BOJBI XOJIOJHOTO U
TEIIOTO TEPHOJIOB, a TaKKe ¢ 00BEMOM TOJOBOTO
CTOKa PeKH.

B koopauHaTax AByX TIIaBHBEIX (DaKTOPOB BCE
TOJIBI FICCTIEIYeMOT0 TIepHoa MOYKHO Pa3/IeuTh Ha 3
TPYIIIBL:
1) ¢ 1993 mo 1999 rr.;
2) ¢ 2001 mo 2006 rT., a Take 2008 T.;
3) ¢ 2009 mo 2013 rr.

IIpu stom 2000 m 2007 romel HEe BXOIAT B
COCTaB 3TUX TPYIIT U 3aHUMAIOT 0CO00E MOJIOKECHUE

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

Ha TpaduKe, OTINYASACh HHU3KUMHU 3HAYCHUSIMU
MpoeKITuii haktopa 2 (pUCyHOK 6).

Ha xpoHonormdeckom rpaduke BEIUYINH
MPOEKIUK THaBHBIX (PAKTOPOB XOPOIIO BUIHA
TEHJICHIMS CHYWDKEHUs BiusHUA (akropa 1 Ha

3arpsi3HEHHE CTOKa B TEYEHHE HCCICAYEMOTO
nepuoaa (pUcyHoxk 7).
[To-BuMoMmy, aTa 3aKOHOMEPHOCTb

o0ycIioBJIeHA TEHJCHIMEH YMEHBIICHUS O0BEMOB
TOJIOBOTO CTOKa (PHCYHOK &), BBI3BAHHOTO PSIOM
MPUPOJHBIX (DAKTOPOB, a TaKKE IMOBBIIICHUEM
CPEIHUX TeMIIEPATyp BOBI 32 TEILTBIM K OCOOCHHO 3a
XOJIOHBIN TIepro ] roaa (PUCYHOK 9).

[MockombKy yydIlieHHE KauecTBa CTOKA BOJIBI
(pucyHOK 5) CBSI3aHO CO CHIDKCHHEM OOBEMOB
TOJJOBOTO CTOKa PEKH, MOXHO MPEANOJIOKHUTH, YTO
MPOU30ILIO YMEHBIICHHUE CMbIBA aMMOHHUHHBIX W
dochaTHbIX YA0OpEHUH € CEIbCKOXO03SMHCTBEHHBIX
yromuii’ [Lehtoranta, Pitkanen, Sandman, 1997].
TenaeHIUs CHIDKEHHS TOJIOBBIX 3HAYEHUH Viar, % B
Teuenne 1993-2013 rT. IUTA
KOMITOHCHTOB TOJITBEPIKAACT 3TO MPEIIOI0KCHHE
(pucynoxk 1).

HMMCHHO OTHUX

“Haimi P., Wirkkala R.-S., Eloheimo K. Nitrogen and Phosphorus fluxes in the river Neva Final report. Finnish Environment Institute.

1997. 31 p.
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Pucynox 6. [Tpoekrus ciryqae (romoB) B myHKTe p. CeliMm — p. 1. TéTkuHO
3a mepuof ¢ 1993 mo 2013 rr. B KoOopAHHATAX IVIABHBIX (PaKTOPOB
Figure 6. The projection of cases (years) at the point of the Seim river — the river of the Tetkino village
for the period from 1993 to 2013 in the coordinates of the main factors
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Pucynok 7. 3MeHeHre 3HaYeHUH IPOSKLUH CITydaeB Ha KOOPAHHATHI IBYX IJIaBHBIX (akTopos p. Ceitm —
p. n. Terkuro 32 repuos ¢ 1993 mo 2013 rr.
Figure 7. Change in the values of the projections of cases on the coordinates of the two main factors of the
Seim River — Tetkino village for the period from 1993 to 2013.
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Pucynoxk 8. MHorosetHie TeHACHIIMN 00bEMa TOAOBOTO CTOKA B IyHKTE p. Ceiim — p. 1. TETKuHO

3a nepuoa ¢ 1993 mo 2013 rr.

Figure 8. Long-term trends in annual runoff at point of the Seim River —Tetkino village

for the period from 1993 to 2013
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PucyHnok 9. MHoTrONETHUE TEHACHIINN A) CPeTHUX 3HAYCHHUN TEMIIEPATYPhl BOJIBI JUIA TEIUIOTO U Bb) st
XOJIOJTHOTO TIEPHOIOB roja B myHKkTe p. Ceiitm — p. m. TérkunHo 3a mepuox ¢ 1993 mo 2013 rr.
Figure 9. Long-term trends A) average values of water temperature for warm and B) for cold periods of the
year at point of the Seim River —Tetkino village for the period from 1993 to 2013
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BuiBOaBI

1. IlpumeHeHne HOBOM  aBTOMAaTHU3UPOBAHHOU
OI'BY «I'TN»,
MTO3BOJIMIIO TIPOM3BECTH COBMECTHYIO 00paboTKy

Oonpmx OOBEMOB CETEBOW THAPOXUMHYECKOH H

TEXHOJIOTHH, pa3paboTaHHON B

TUJPOJIOTUYECKOW HHGpOpPMalMM M paccyuTaTh
e/IMHbIE TI0KA3aTeN KauecTBa U KOJUYECTBA CTOKA B
TpaHCTpaHWIHOM MyHKTE p. Ceiim — p. 1. TéTkuHO 3a
niepuon ¢ 1993 mo 2013 rr.

2. TlokazaHOo, YTO Ui €OUHUYHBIX KOMIIOHEHTOB
XIIK, BIIKs, NO2, Feosw, Cu*" u HedrenpomykroB
HallM4ue  3arpA3HEHHOTO

CIKETOAHO B TCUCHUC BCCTO I€pUoaa Ha6J'IIO,Z[CHHfI.

CTOKAa  OTMEYaeTCs

MakcuManbHbIe 3HA4YCHHSA Vi 11 BIIKS,
XIIK, NO>" u Cu®* cocraBumu 100%, s pocdaTos,
NH*,
HePTENPOAYKTOB U Feosw Tarke ObLIM BBICOKHMH
6omee 78%.

Paccuntanbl MHOTOJICTHHE KPHBBIE TOIOBBIX
3HAYCHUHN Viar, % 11t NHs", NO2, docdaros, XIIK,
BIIKs, O2 %, Feosm, Cu®" u HeTenpoayKToB.

HaCBhIIICHUA BOJbI KHCIIOpOAOM,

OTMeueHO CHIDKEHHE TOJOBBIX 3HAYCHHS
Vaar, % mtst BIIKs, hocdaros, 0-% u NH4" B Teuenue
aHAJIM3UPYEMOT0 TTepHOa.
3. Ilo COBOKYIMHOCTH 3arpsi3HSAIONINX BEIIECTB
MOKAa3aHO, YTO YCPEAHEHHBINA JIJISI BCETO MEPUOJA C
1993 1o 2013 rr. 00béM PEYHOr'0 CTOKA COCTOUT M3
IIECTH YACTUYHBIX JOJNEH, pa3IUYalonuxcs II0
KJ1accaM U paspsjiaM 3arpsisHéHHOCTH. He cMoTps Ha
TO, 4TO 3a Bech nieproa ¢ 1993 mo 2013 rT. cTOK BOABI
OIICHUBAETCS, KaK «ci1abo 3arpsi3HEHHBIN» BTOPOTO
Knacca, OTOT (aKT YKa3blBaeT HA  BBICOKYIO
M3MEHYMBOCTh KadyeCTBa CTOKA, B TCUCHHE BCETO

HuccicayeMoro nepuoaa.
Jlureparypa

Bockpecenckuii O.F. OnieHKa peyHOro CTOKa U Io-
TPELIHOCTEH ero pacuera B CHCTEME MOHMTOPUHIA
MOBEPXHOCTHBIX BOJ MPH OTCYTCTBUU U HEJOCTa-
TOYHOCTH THUAPOMETPUYECKUX HAOMIOACHUN //
Coophuk padot no ruaposioruu Ne 24, CII6.: 'ua-
pometeousaart, 2000. C. 57-78.

Hbepna K. Paxtopueiii anamus / Ilep. ¢ Hewm.
B.M. UBanosoii. M.: Cratuctrka, 1980. 398 c.
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OtmeueHa TEH/ICHITUS YMCHBIICHUSI
cpemneronoBeix 3HaueHuit YKU3B 3a mepuon
1993-2013 1r., YTO IIO3BOJSAET CACIATh BHIBOJ 00
YIIYYIICHUH Ka4eCTBA CTOKA BOJIBI B TEUYCHHUE STOTO
BpPEMEHH.

4. IlpumeHenne (PaKTOPHOTO aHAIM3A ITOKA3aJI0, YTO
Ha MHOTOJICTHEE BAphUPOBAHKIE YACTUIHBIX 00BEMOB
CTOKa BOJBI «cl1abo 3arpsA3HEHHON» BTOPOTO Kiiacca
U «3arps3HEHHON» TPEThero Kiacca (pa3psaa «a») B
OCHOBHOM OKa3bIBaeT BIHsHUE (akTop 1, KOTOPBIA
cocraBmsieT 58% cymmapHoil aucnepcun. OH
HaIpPSIMYIO CBSI3aH C TEMIEPaTypPOl BOJIBI XOJIOAHOTO
1 TEIIOTO TIEPHUOOB, a TAKKE ¢ 00HEMOM T'OJIOBOTO
CTOKa PEeKH.

BrisiBieHa TeHAEHIUS CHIDKEHUS BIHSHUS
dakTopa 1 Ha 3arpsA3HEHHE CTOKAa B TEUCHHE
uccineayemoro mnepuoaa. IlokazaHo, 9To TeHACHIUS
VIIyYIIEHUs] Ka4yecTBa CTOKa BOJBI
CHIDKEHHEM 00BEMOB rOJI0OBOTO CTOKA M BO3MOXKHBIM

CBsA3aHa CO

YMEHBIIIEHHE CMBIBA 3arps3HSIONINX BEIIECTB C
BOA0COOPA, B YACTHOCTH MOCTYIIEHUS] aMMOHHIHBIX
1 pocaTHBIX YIOOpPEeHUH ¢ CeThCKOXO03IHCTBEHHBIX
yroawid. TeHIEHIUs CHIDKEHUS TOAOBBIX 3HAYCHHS
Viar % WUMEHHO IUIS 3THX KOMIIOHEHTOB B ITYHKTE
p. Cetim — p.m Térxkuno ¢ 1993 mo 2013 rr.
MOATBEPKIAET 3TO MPEATIOTIOKEHHE.

5. Hcnonws3zoBanue AIIK 3HaumTensHO ympolmaer
00paboTKy W aHanmW3 JaHHBIX HAOMIOMeHUH 3a
KayecTBOM CTOKa BOABI, TaK KaK II03BOJIET

ABTOMAaTHYCCKHA nojay4arb paC‘léTHLIe
XapaKTCpUCTUKU OCHOBHBIX MOKa3aTesie KadecTBa
PEYHOI0 CTOKA, KOTOPBIC MOT'YT OBITh UCITONIH30BAHBI
JJIA HU3YUCHHUA Pa3IMYHBIX

BOI[OXO3$II>1CTB€HHBIX HpO6JICM.
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AHHOTanus. B pabore paccMOTpEeHO IBMKCHHE
OTPUIIATEIFHON W TOJIOKUTEIBHON BOJIH IMOMYCKa
u3 BomoxpaHwiuma Ha p. Opemex. s pacuéra
pacipocTpaHeHHsT BOJHBI IOMYCKa WCIOJIh30Ba-
Jach MOJICTh HEYCTAHOBHBIIETOCS JIBUKCHHS
Bozkwl. [lomyck mpoBomumcs 19.06.2017 u coctostn
u3 Tpéx ¢a3. B mepsyro ¢azy 3aTtBop ObLT mepe-
KpBIT. Pacxon Boxsl B peke ynan ¢ 3,6 10 2,5 m>/c.
Uepes gyac 3aTBOp ObUT MOAHAT M B TEYCHUE TTONTY-
yaca MpoM3BEIEH MOIMYCK CO CPEIHUM PacXooM
4,2 M/c. Jlns HaOMoIeHNs 33 IMHAMUKOM YpOBHEH
BOJIBI B PEKE OPraHW30BaHbl 7 MOCTOB, PaCIOJIO-
’KeHHBIX Ha paccTossHun oT 91,5 10 2 443 M OT 110~
TUHBI. Ha 60NBIIMHCTBE CTBOPOB HHTEPBAJ HAOIIO-
JIEHUN COCTaBIS 1| MUHYTY.

[Ipu pacuére HeOOIBIINX BOJIH MOMMYCKOB ISl ME/I-
JICHHO M3MEHSIONIETOCS HEYyCTAaHOBUBIIETOCS JBH-
JKEHHUS B CITydasiX, KOTJIa MMEITCS Tonmorpadude-
CKH€ MaTepHalibl, IeJecoo0pa3Ho UCIOIb30BAHNE
OJTHOMEPHOW MOJICITH HEYCTAaHOBHBIIETOCS JIBUKE-
Hus Bonbl (ypaBuenus Cen-Benana). B manHoit Mo-
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Abstract. The article regards the movement of the
negative and positive release waves from the reser-
voir on the Oredezh River. There was a model of
unsteady water motion used for calculation the
spread of the release wave. The release was con-
ducted on 06/19/2017 and consisted of three phases.
In the first phase, the gate was closed and the water
discharge fell from 3.6 to 2.5 m*/s. An hour later the
gate was raised and during a half an hour water was
released with an average flow rate of 4.2 m¥s.
There were 7 points organized to monitor the dy-
namics of water levels in the river. They were lo-
cated at a distance of 91.5 to 2443 m from the dam.
The observation interval was 1 minute on most tar-
gets.

There is advisable to use a one-dimensional model
of unsteady water motion (Saint-Venant equation)
for calculating small release waves of slowly chang-
ing unsteady water motion in cases where topo-
graphic materials are available. This allows to de-
termine the stream features over the whole consid-

Bunoepaoos A.1O., Bunoepaoosa T.A., 065306 B.A., Xaycmos B.A., Bunoepaooe H.A. OCOOCHHOCTH pacueToOB
HeOOJIBIIMX MOMYCKOB HA MaJbIX pekax Ha mpumepe peku Openex // Tuapochepa. OnacHbie mMpouecch u
sienust. 2020. T. 2. Beim. 1. C. 71-81. DOI: 10.34753/HS.2019.2.1.71 71
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JISJTHA, OTIMCBIBAEMON TMHEHHBIME U HepeHITHATh-
HBIMH YPaBHEHUSIMH B YaCTHBIX TPOU3BOIHBIX, FC-
XOJTHBIC THIIPABINYECKHE U MOP(HOMETPUYECKHE
XapaKTePUCTHUKH 3aJal0TCS BJIOJb BCETO paccMar-
pYBaEMOro y4acTka PeKu. DTa MOJAEIh MO3BOJSCT
OTIPEACITUTh PACCUYMTHIBACMBIEC XapPAKTEPUCTUKU
MOTOKa Ha BCEM pacCMaTpHUBAaeMOM MPOTSHKEHUU
pexu. Cuctema pa3HOCTHBIX YPaBHEHHH pelIacTcs
METOJIOM MPOTOHKH. B pe3ynbTaTe mpsMoit u 00-
paTHOM MPOTOHKH MOTyYaIOT 3HAUYEHHUS PACXO/I0B
YPOBHEH BOJIBI BIOIb BCETO PYCIa JUIS OUYSPETHOTO
pacuérHoro uHTepBasia BpeMeHn. OrpeiesieHne Be-
JIUYMH PacXoji0B U YPOBHEH BOIBI JIJIS TIOCIICTHEH
TOYKH TIOCJIETHETO yJacTKa MPOU3BOAMTCS HA OC-
HOBE TPAHWYHBIX YCJIOBUH, K KOTOPBIM J00aBIIS-
I0TCSI TPaHWYHBIC Pa3HOCTHEIC ypaBHeHUs. [locme
3TOTO MPOU3BOAMTCS 0OpaTHAs MPOTOHKA.
DKCHEPUMEHT TMOKa3aJl, 4YTO MCIIOJIb3yeMasi MOJICITb
MO3BOJISIET MPOBOAWUTH PACUYETHl HEYCTaHOBUBIIIC-
rocs IBMKEHHS BOJBI Ha MaJIBIX pPeKax MpH MOITyC-
KaX CPaBHUMBIX C MEPBOHAYAILHBIM PAacXOJOM U
Jla)ke KpaTHO MEHBIINM. MaKcHMalbHbIE PacX0xK-
JICHUSI MEXJy HM3MEPEHHBIMH W PACCUYUTAHHBIMU
YPOBHSIMH TIPU TPOXOXKICHUH OTPUIATESIIEHOM
BOJIHBI B CTBOpax He mpeBbicwin 15,0 cM, MOI0KHU-
TenbHOM — 4,0 cM.

KiroueBble cj10Ba: MoJeTUpOBaHHE PACXOIOB
YPOBHEMN BOJIbI; MOIYCK Ha Majioll peKe; CKOPOCTh
BOJIHBI TOIMYCKA; YpaBHECHUE HEYCTaHOBUBILETOCS
IBIWKEHUS, dopMyiia Jlarpamxka; YUCICHHBIH Me-
ton HCTHTYTA THIPOJMHAMHUKH.

BBenenune

[Ipu momyckax W3 BOJOXPAHWIIUIN HA peKax
00pa3yrTcs BOJHBI, KOTOPHIC OKA3BIBAIOT BIIHMSHUC
Ha PacrojIOKCHHBIC B HIDKHUX Obe(ax HacelIEHHBIC
ITyHKTBI, MOCTHI, BOJI03a00pHI U T.I. B CBsi3M ¢ 3TUM
OlIpeJieJicHHe TapaMeTpoOB BOJIH TIOMYCKOB HMEET
BaXHOE TpaKTUYecKoe 3HaueHue. J[ns pacuéra aTux
MapaMeTPOB HCIIOIL3YIOTCS Pa3HOOOpa3HbIC METO/IHI.
AJIeKBaTHOCTH ~ METOJIOB
BO3MOXXHO TIPOBEPUTH

pealbHBIM  YCIIOBHSIM
myTéM W3Y4YCHHsS BOJIH
MOITyCKOB B ©CTECTBEHHBIX YCIOBUSX. Takue
nccnenoBanus npoBoamwiuck B CCCP B cepenune

XX Beka Ha CIeIyIoIUX 00beKTax:

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

ered river extension. The system of difference equa-
tions is solved by the tridiagonal matrix algorithm.
The values of the water discharge and water levels
for the next estimated time interval are obtained
along the entire channel as a result of this shuttle.

The experiment indicated that the used model
makes it possible to calculate the unsteady water
movement on small rivers with releases comparable
to the initial water discharge and even less. The
maximum variences between the measured and cal-
culated water levels during the negative wave did
not exceed 15.0 cm, and the positive one — 4.0 cm.

Keywords: simulation of water discharge and wa-
ter levels; release on a small river; release wave ve-
locity; unsteady motion equation; Lagrange for-
Institute of Hydrodynamics

mula; numerical

method.

1. B amwxnem 6bede MBanbkoBekoit 'DC Ha p. Bonra
[Twipmen6mar, MepkynoB, CemmukoiieHOB, 1948]:
MaKCHMaJIbHBII pacxo Mmomycka coctasua 250 m/c
[pU IEPBOHAYATILHOM Pacxoje B 25 m*/c.

2. B HmxHem Obede Hooreeperkoii I'DC Ha
p.- Teepua B 1959 romy [['pymeBckuii, 1964]:
aMILTATya pacxomos — 22-130 m/c.

3. B umwmwxHeM Obede Bbyxrapmuuckoit I'DC Ha
p. Upteimn  [['pymeBckuii, PycunoB, ®enocees,
1965]: WCMONB30BANKCH BOJHBI IOJOBOIBS 1948
(3200 m¥/c), 1953(3200 m/c), 1955 (5700 m*/c) u
1964 romos (3700 m*/c).

Vinogradov A.Yu., Vinogradova T.A., Obyazov V.A., Khaustov V.A., Vinogradov I.A. Speciality of low
release calculations on small rivers on the example of the Oredezh river. Hydrosphere. Hazard processes and
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4. B mmxuem Obepe Hwmxne-Cupckoir I'DOC nHa
p. CBups B 1961 romy [MBanoma, Pymmept, 1966]:
aMIIHTyaa pacxonos — 600-1250 m*/c.

5. B mmxaem Obede benoropckoit '2C Ha p. Openex
B 1961 1. [Po3enbepr, 1968]: ammmuTyma pacxomoB —
5-25 M’/c.

6. B mmxnem 6pedpe HoBocuOupckoit 'DC Ha p. O0b
[HoxHmamze, 1968]:
ypoBHe# coctaBunu 1,3 m.

MaKCHUMAJbHBIC  aAMIUTUTYIbI

B mocnenyromme pecstuneTuss MoAo0OHBIC
paboThl MpakTHYECKH He Bcee
BBILLICTIEPEUNCIICHHBIE TIOIMYCKH XapaKTEePHU3YIOTCS

BBITIOJIHAJINUCE.

OOJIBIIIMHU aMILTATYIAMU, MAKCUMYM BOJIHBI KPaTHO
MIPEBOCXOTUIT TIEPBOHAYAIBHEIE PACXOIbI B pyciie. 3a
nckimoueaneM benoropckoit 'DC, skcnepuMeHTHI
MIPOBOAMIINCH Ha JOCTATOYHO KPYIMHBIX PEKaxX.
Pacu€rel  HeyCTaHOBHBIIETOCS  JIBIDKECHUS
BOJBI B peKax, T.€. pacuéTsl pacIpOCTpaHEHHS BOIH
MOITYCKOB ¥ TTaBOJKOB, CBS3aHbI C YAOBICTBOPCHUEM
3alpocoB  pa3NWYHBIX  OTpacieil  HapoOTHOTO
xo3diicTBa. Tak, MpU MPOEKTUPOBAHUMU THUIPOY3JIOB
BBIUHCIISCTCS XOJl YPOBHEM © pacxojoB Ha
3HAYUTEJIBLHOM IPOTSDKEHUH HIDKHEro Obeda I'DC
MpH  Pa3inyHBIX peKUMax pabOTHl  CTaHIUH,
OTPECISAECMBIX BOJHOCTHIO T0Jla, CE30HOM, JIHEM
HeJIeH, BpeMeHeM CYTOK H T.J1. OcoOEHHO BaKHO
MpH 3TOM JUIsl PA3IMYHBIX CTBOPOB OIPEICICHUC
3HAYCHUN KaK MaKCUMAIBHBIX YPOBHEH BOABI (HM3-3a
OMMACHOCTY 3aTOIUICHUS HACEIIEHHBIX IYHKTOB,
MOCTOB, JIOPOT, TPOMBINIUICHHBIX TPEINPUSATHH), TaK
M MUHUMAIBHBIX (s oOecledeHuss PEYHOTO
CYJIOXOJICTBA U HOPMAIBHOTO (DYHKIMOHUPOBAHUS
BOJ103a00POR), a TAKIKE OIPEICTICHIE PACXOI0B BOIBI
U CKOPOCTEH TeueHWs. YCIEIHOE pelIeHHE
MPAKTUYECKUX BOMPOCOB, CBS3aHHBIX C pacyéraMu
HEYCTAaHOBHBIIIETOCS IBIKEHHUS BOJBI B PeKax, BCE B
0O0JIBINIEH CTETICHH 3aBUCUT HE TOJIBKO OT pa3paboTKH
TEOPHH B METOJIOB PAcYETOB, HO M OT TOTO, KaK OyayT
MPUMEHATHCS CYIIECTBYIOIINE METOJBI pacuéTa.
[Mosromy meHTp TskecTH MPOOJIEMBI MPHU pacuérax
HEYCTAaHOBWBILIETOCS JBIDKEHHUS BOJBI Bce Oouee
nepeMeniaeTcs B 001acTh pa3padOTKH ONITUMATBHBIX
Croco0oB co3maHus HHGOPMAIMOHHOW 0a3bl s
pacu€ra, HaWIydylIUM o0Opa3oM YYHTHIBAIOIIHX
CHelM(UKy SBICHUS W TO3BOJSIONIMX IPOBOIUTH
pacuéTbl Ha OCHOBE OJIHOMEPHBIX YpaBHEHUM

HCYCTAHOBUBILICTOCH ABUXCHHUA BOJBI.

Tom 2, Bein.1 | 2020

B nannoit pabore mpoBen€H MOMYCK Ha
p. Openex u [y pacyéra pacpOCTPaHEHUSI BOJIHBI
HOITyCKa UCIIO0JIb30BAJIaCh MO/JIeIb
HEYCTaHOBHBILETOCS JABIXECHUS BOJIBI (UHCICHHAS

cxema Muacturyra runpoaunamukun CO AH CCCP).

Oo0mue CBeJIeHus 00 o0BLeKTe

HCCJICI0BaAHUA

Pexa Openex — mpaBbelif IPUTOK peku Jlyrw,
Oacceitn banrtmiickoro mops. Pexa Oeper Hawano
Henaneko ot aepeBHu Ilstas ['opa BosocoBckoro
paiiona Jlenunrpagckoir obmactu (aOcomiroTHas
ormetka 110 m). Bnagaer B peky Jlyra (abcomoTHast
otMmeTka 31,8 M) ¢ mpaBoro 6epera BOMU3H MOCENKa
[Tnockoe  Jlyxckoro paiiona JleHMHrpaackoi
o0acTu.

Jmaa pexun Openex cocraBiseT 192 &,
oA b BogocbopHoro bacceiina 3 220 kv OOee
TaJieHue PEKH OT UCTOKA K YCTBIO COCTaBIsIeT 78,2 M,
cooTrBeTcTBeHHO YKIOH — 0,41 M/kM. Pycno peku
W3BWJIUCTOE, HO  CPaBHUTENBHO  CTaOMIIBHOE,
K02 (D PUITMEHT U3BUITUCTOCTH COCTABIISIET 2,73.

[Momyck mpoBoAMCS MyTEM MaHEBPUPOBAHUSI
OTHUM U3 TpEX 3aTBOPOB OCHOBHOTO BOJ0CcOpoca
wiotuHbl  ObiBiIel [avimumenckor ['DC. Anmpec
wioTUHbBL: JIeHWHrpaackas obnacth, [aTumHCKUN
paioH, I. YuKUHO. Boana TOITyCKa
pacmpocTpaHsjiach Ha y4yacTKe AJIUHOM 10 6 KM
BIUIOTh JO TIOATIOPHOW 4YacTH BEpXHETOo Obeda
PoxnectBenckoit miotuHel. Ha paccmarpuBaemMom
yuactke gonuHa U-oOpasnas, mmpunoi 200-250 wm,
KOpeHHBIE Oepera KpyThie, BRICOTON 4-6 M. HixHmit
obed Haiimumenckoii (Yukunckoit) I'9C pazour na
Y4YacTKHM, OrpaHuueHHble 7 cTBopamu. Iloiima B
paiione cTBopoB 1, 2 U 3 ABYXCTOPOHHSIS, ITUPHHON
oxouo 40, 250 u 85 M cooTBeTcTBEHHO. B 4-M cTBOpE
OHa MMeEeT MuUpUHy 0KoJIo 80 M, B 5-M B 6-M — 10
50 M 1 pacrnioaraeTcsi TOJIBKO 10 mpaBomy Oepery. B
paiione 7-ro normMa

CTBOpA JIEBOCTOPOHHSIS,

mupuHOH 710 90 M.
HcxoaHble JaHHBIE

[Nomyck mpoBoauncs 19.06.2017 u coctosn u3
Tpéx ¢a3. B mepByro dasy B 12 4vacoB mHs ObLI
MEPEeKPhIT OJAMH U3 3aTBOpoB. OcTranbHbIC JBa
3aTBOpa BO BPEMsl IIPOBEACHHS dKCIIEPUMEHTa OBLIH
3aKphITHL. Pacxon Bomsl B peke ynai ¢ 3,6 10 2,5 m*/c.
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YpoBeHb BOJBI B BOJOXPAHWIHIIE TTOAHSIICS 32 4ac
Ha 3,5 cM, mocie 4dero, B 13 yacoB, 3aTBOp ObLI
TIOAHAT U B TeUCHHE TToTy4aca, 1o 13.30, mpousBenén
HOMycK co cpeauum pacxogom 4,2 m’/c. B 13:30
3aTBOp OBUT  BO3BpaméH B

Takum o0pazom,

MepBOHAYAIIFHOE
MI0JIO’KEHUE. OTKJIOHEHHST OT
CpeIHEero pacxoja He npeBbicuin 35%.

Jlist mHabmiomeHusT 3a TUHAMUKOW ypOBHEH
BOABI B  pEKE OpraHW30BaHbl 7  TIOCTOB,
pacrioyioxkeHHBIX B 91,5; 274,5; 885; 907,3; 1396,5;
1442 u 2443 m ot nnotuHbl. BonmomepHas ceThb

MpUBsI3aHa K pernepy BogoMepHoro nocra p. Openex

Bricota, M BC

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

— UMKMHO HUBEJIMPOBKOW TEXHUYECKOTO KJlacca.

Ha 4, 6 u 7 cTBOpax mHTEpBaI HAOIIOICHUIH
cocTaBsul 1 MuHYyTa, HA 3 — HAONIOACHUS C TaKUM
WHTEPBAJIOM HAYaThl C 82 MHUHYTHI SKCIIEPUMEHTA, Ha
5 cTBOpe — ¢ 52 MUHYTHI, Ha 1 1 2 cTBOpax — MHTEPBAI
cocraBuia 10 MUHYT.

Habnronenust 3a CKOPOCTBIO TEUEHHUSI B TOUKE
Benuch Ha 1, 2, 4 u 6 cTBOpAx.

I'paduku momycka (pucyHok 1) HaunHAIOTCS C
MOMEHTA MEePEKPBITHS OHOTO M3 3aTBOpPOB B 12:00
19 utons.

92,2

@CrBopl ®CmBop2 @CrBop3 ©OCrBop4 ©CiBOopS5 ©CrBOP6 ©OCTBOP 7
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Pucynox 1. smepennsie ypoBHHU Boabl B cTBopax 1-7 ¢ 12:00 no 14:00 19.06.2017 r.
Figure 1. Measured water levels on 1-7 targets from 12:00 till 14:00 06/19/2017

MeTtoauka

[Tpu pacuére HEOONBIIMX BOJH MOMYCKOB AJIS
MEUIEHHO M3MEHSIOIErocs HEeyCTaHOBHBILErOCs

IBIDKEHUsI B CiydasX,  KOrla  HMETCS
Tomorpaduyeckue  Marepuanbl, — LeJecoo0pa3Ho
UCTIOJIb30BaHUE OJTHOMEPHOH MOJIENU

HEYCTaHOBHBILETOCS JIBWKEHUS BOAbI (YpaBHEHHS
Cen-Benana). Peka Hmwke 1UIOTHHBI pa30uTa Ha

YYacTKH, OTpaHWYECHHbIE BBIIIIEYKa3aHHBIMU
CTBOpamu.
B wucnons3dyemoil ONHOMEpPHOW  MozeNd

HEYCTaHOBHBIIETOCS JIBH)KEHUS BOIbI, OIIUCHIBAEMOM
JTUHEHHBIMHU An(depeHIHANbHBIMU YPAaBHEHUSIMH B
YaCTHBIX IIPOU3BOIHBIX, UCXOAHBIE THIPABINUECKHUE
U MOpQOMETPHUYECKHE XapPaKTEPUCTHKH 3aJal0TCs
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BJIOJIb BCETO PacCMaTPUBAEMOT0 ydacTKa pPeKkH. JTa
MOJIETIb TIO3BOJISIET ONPEAETUTh PACCUNTHIBAEMBIC
XapaKTEepUCTUKHA TIOTOKa (YpOBEHb, PACXOJA BOJBI U
CpPENHIOID  CKOpOCTb TaKKe
VM3MEHSIONINECS  THUAPABINKO-MOP(HOMETpUIECKHe
XapakTepUCTUKM) Ha BCEM  paccMaTpUBACMOM

TCUYCHUS, a

HPOTSHKEHUU PEKH.

Juddepennmansabe ypaBHEHHS
HEYCTaHOBHBILETOCS IBWKEHHS BOABI B OTKPBITHIX
pyciax B oOmieM ciydae (NP HaJIUYHMH OOKOBOTO
MPUTOKA) COCTOSIT M3 YpPaBHEHUS TUHAMUYECKOTO
paBHoBecus (1) 1 ypaBHeHUsI Hepa3pbIBHOCTH (2):

oh :gVﬁ_VJrE@_V_Ferﬂ

I=i —— 5
go CR go

1)
ox g ox (



I'MAPOC®EPA. OITACHBIE ITPOLIECCHI U ABJIEHUA

oL, )
ot 0Ox
riae [ — MOBEpXHOCTHBIN YKIIOH, O/p;
ip — YKJIOH JHa, 0/p;
X — KOOpJIMHATA, M;
h — riyOuHa, M;
Oh _ jomONHUTENBHBIH YKIIOH, CBA3AHHbIH C
Ox
W3MEHEHUEM ITyOuH 1o JUIMHE pycia, 0/p;

t — BpewMs, C;

o U f — Ko3PPHUIMEHTHI, XapaKTCPU3YIOLIHE
HEPaBHOMEPHOCTh PACIPEICIICHUsT CKOPOCTeH TI0
MONIEPEYHOMY CEUCHUIO;

g -
9.81 m/c%;

V — cpeaHsisi CKOPOCTh, M/C;

C — xkoa¢dunuent Ilesn, m"%/c;

YCKOpEHHE CBOOOIHOIO  MaiCHHUS,

R — ruapaBmuyeckuil paauyc (IS MIAPOKOTO
OTKPBITOTO pyciia €r0 MOKHO 3aMEHHUTH TITyOHHOM /),
M;

g — GOKOBOM MPUTOK HA EMHUILY JUTUHBI, M2/C;

@ — IUIOMIAAb >KMBOIO CEYEHHs, M’, IpH
COOTBETCTBYIOIEH OTMETKE YPOBHS Z, M;

O — pacxon, m*/c.

HezaBucuMbpiMH TIepeMEHHBIMH B JaHHBIX
YPaBHEHHMSX SBIISIFOTCS: KOOPANWHATA X ¥ BpEMH £, a UX
¢dbyHKUMSAIME — TyOuHa /1 1 cpenHsist ckopocTs V. [lpu
3aJaHHON (hopMme pycina, TIoUaab >KUBOTO CEUCHHS
@ B PacCMaTPHBAEMOM CTBOpE SIBIISICTCS] N3BECTHOMN
¢dyHkumeit rmyOounsl, a pacxoa Q omnpenenseTcs Kak
npousBejieHue V u .

Ilepoe crmaraemoe B MpaBod  YacTu
TUHaMu4Yeckoro  ypaBHeHums (1)  yuuThIBaeT
W3MEHEHHE CKOpocTell 1o januHe (OTpaxkaer

HEPaBHOMEPHOCTh TEYCHUs). DTOT WICH IS peK
OOBIYHO HEBEJIWK M UMEET 3HAYUTEIHHYIO BEIUINHY
JIUIIG B 30HaX PE3KOTO M3MEHEHHs cedeHus. Bropoe
claraeMoe — YKJIOH, CBSI3aHHBIM C H3MEHEHHEM
CKOpPOCTEH BO BpPEMEHHU; OH TaKKe OOBIYHO Mal,
KpOME 30HBI PE3KOT'0 HEYCTAHOBUBIIETOCS JBUKCHUS
I2C
perynupoBanus). TpeThe ciaracMoe mpaBoi 9acTH —

(BOMIHM3HM pU  TIOIMyCKaX  CyTOYHOTO
YKJIOH TPEHMs, UIPaeT BaXHYIO pOJIb JUIS PEUYHBIX
YYacTKOB.

Pacuér Benmércs mno HeABHOM pa3HOCTHOM
cxeme. lllar Ax MoeT OBITh pa3IHMYHBIM ISl pa3HBIX

Y4acTKOB, mar Af — MEHSThCSI B TEUCHHE BPEMEHH.

Tom 2, Bein.1 | 2020
HpOI/I3BOI[HBIe 3aMCHAKTCA paBHOCTHLIMI/I
OTHOLICHUSIMM.
a_Q~—én_Qn a_Z~—Zn_Zn 3)
ot At ot At
8_Q ~ —Qn+1 — Qn—l a_Z ~ ZnH - anl (4)
ox 2Ax ox 2A¢

rae Q u Z — NCKOMBIE BEIMYUHBI B MOMEHT f+Af.

Cucrema pa3HOCTHBIX YPAaBHEHUH peIIaeTcs
METOJAOM TMpOroHKU. B pesynprare mnpsmoit u
00paTHOW TIPOTOHKHU TMONyYaroT 3HadeHWS O u Z
BIIOJIb BCETO pyClla WIH CHUCTEMBl pycen s
OUepeAHOro pacyéTHOTO HMHTEpBalla BPEMEHHU, T.C.
BBITIONHSIETCA PACcUET O4EePETHOTO CIIOA.

Omnpenenenue Benuuud Q U Z Ajid nocineaHei
TOYKH TIOCJIETHETO YIACTKa TPOU3BOANTCS HA OCHOBE
TPaHUYHBIX YCIOBHHA, K KOTOPBIM J0OaBISIOTCS
rpaHUYHbBIE Pa3HOCTHBIE ypaBHeHUs. [locie 3toro
MPOM3BOANTCA 0OpaTHAS POTOHKA.

B WuctuTyTe TUAPOIMHAMUKUA COCTaBICHA
KOMIIBIOTEpHasg mporpamma [Bunorpamosa, 1986],
KOTOpasi TpeaycMaTpruBaeT BO3MOXKHOCTh pacdéra
MPOCTOTO pyciia 0e3 pa3BeTBICHU, YTO HIMEET MECTO
B paccMaTpuBaeMOM CITydae.

Pe3yabTaTsl HCCJIeIOBAHNS "
o0cy:KIeHue

Briaenstor pa3nu4YHbIC CKOPOCTH
pacnnpoCTpaHCHUSA BOJIH TOITYCKOB! CKOpPOCThb
pacnpocTpaHeHHUs BO3MYIIIEHUS; CKOpPOCTb

noberanusi TPeOHsI BOJHBI; CKOPOCTH go0eraHus
JKCTpeMalbHOro pacxona [I'pymesckuii, 1969].

CKOpOCTh  pacrpoCTpaHEHUsI BO3MYILICHUS
(pponta BONHBI) V4 (Tabmuma 1), oueHeHa IO
dhopmyne Jlarpamka:

v, =V, t48gH,, (5)

IIe V4 — CKOPOCTh pacmpocTpaHeHus (poHTa
BOJIHEI, M/C;

Vo — HadajbHasi CKOPOCTb, M/C;

g — YycKopeHue cBoOomHOoro maneHus, 9,81
m/c?;

H., — cpensss rmyOuHa, M.

Ckopoctu noOeranusi TpeOHs BOJHBI V. H
pacnpocTpaHeHHS 3aMETHOTO BO3MYII[EHUS

[['pymeBckuii, 1969] (3amMeTHBIX 00BEMOB BOABI MU
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TJIABHOW YacTW BOJIHOBOTO BO3MYLICHHUS) Ve, ObIM B Touke (Tabmuma 5) Bpemst  jgoOeranust
M3MEPEHBI HETIOCPEICTBEHHO B XOJE DKCIIEPUMEHTa OJKCTPEMabHOTO pacxona (Tabmura 6) BRIYHCICHO
(Tabnuupl 2-4). I[To ocpenHEHHONW CKOPOCTH TEUECHUSA  MPHOIMKEHHO.

Ta6umua 1. BpeMs u ckopocTh g00eraHusi OTpUIATeIbHON BOJIHBI 10 Jlarpamky
Table 1. Time and velocity of a negative wave by Lagrange formula

Ne Paccrosaue or | Mopdomerpuueckue xapakte- | CkopocTb gobera- Bpewmst noGeranus
CTBOpa IUIOTUHBL, M PHUCTHUKH pyciia HU v, , M/C BOJIHBI, MUH
CrtBop 2 274,5 MPSAMOI yIacCTOK 2,84 1,6
CrBop 4 907,3 3 U3Iy4YUHBI 2,84 5,3
CtBOp 6 1442 5 M3Iy9IrH 2,81 8,5
CrtBOp 7 2443 9 m3nyunH + oudypramms 2,69 15,1

Tabumua 2. BpeMs u ckopocTh paclpoCTpaHEHHsI 3aMETHOTO BO3MYILIEHUS
Table 2. Time and velocity of a perceptible disturbance propagation

Ne BpeMsi 100eraHus BO3MYILICHHUS, MUH CKOPOCTh I0OCTaHuUs Vs, M/C
— OTpHULIATEIBHOU IIOJIOXKHUTCIILHON OTpULIATEIBHOU IIOJIOXKHUTCIILHOM
BOJIHBI BOJIHBI BOJIHBI BOJTHBI
CrtBop 4 13 14 1,16 1,08
CtBOp 6 13,3 21,3 1,81 1,13
CrtBop 7 28,6 40 1,42 1,02

Tadauna 3. Bpemst 1 cKOpocTb IPOX0XKACHUS IPEOHS TON0KUTETEHON BOIHBI
Table 3. Time and velocity of positive wave top

Ne cTBopa paccTosHuE OT BpeMsi ToOeraHusi, MUH CKOPOCTh MPOXOKACHUS V., M/C

TUTOTHHBI, M M3MEpeHHoe | pacu€THoe | wu3MepeHHas** pacuérHas
CrBop 1 91,5 90* 90 0,66 0,37
CtBop 2 274,5 90* 91 0,63 0,41
CtBop 3 885 113 110 - 0,32
CrBop 4 907,3 113 111 0,39 0,26
CtBop 5 1396,5 123 123 - 0,29
CtBop 6 1442 123 124 0,33 0,30
CrBop 7 2443 127 128 0,23 0,31

* — JINCKPETHOCTh U3MEPEHUI HE MO3BOJISIET YCTAHOBUTH 00JIee TOYHOE BpeMsl MPOXOXKICHUS TPEOHSL.
** — lI3MepeHHas CKOPOCTh — CKOPOCTh B TOUKE, PaCUETHASI — CPEMIHSS 110 CEUCHHUIO.
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Tadauna 4. Bpemst u cKOpocTb POX0XKAECHHSI TPeOHs OTPULATEIBHOM BOTHBI

Table 4. Time and velocity of negative wave top

2020

Ne ctBopa pacCTOsIHUE OT IUIOTHHBHI, BpeMs 100eranus, MUH CKOPOCTB MTPOXOXKACHHUS V., M/C

M U3MEpPEHHOE | pacuy€THOE u3MepeHHass ™ * pacuétHas
CrBop 1 91,5 60* 60 0,7 1%** 0,31
CrBop 2 274,5 60* 60 0,36 0,32
CtBop 3 885 68 64 - 0,26
CtBop 4 907,3 68 65 - 0,25
CtBOp 5 1396,5 80 72 - 0,25
CtBOp 6 1442 80 73 0,25 0,25
CrBop 7 2443 87 92 0,36 0,28

* — JINCKPETHOCTh U3MEPEHUI HE MO3BOJISIET YCTAHOBUTH 00JIee TOUHOE BpeMsl MPOXOXKICHUS TPEOHSL.

** _ MI3aMepeHHasi CKOPOCTh — CKOPOCTh B TOUKE, PACUETHAS — CPEIHSS 110 CEUCHUIO.

*#% _ [IpuHsATa U3MEPEHHAs! CKOPOCTH 10 OTKPBITHS 3aTBOpa

Tabsmua 5. M3sMepeHHbIe CKOPOCTH B TOUYKE Ha CTBOpaX, M/C
Table 5. The measured velocities at a point on the targets, m/s

Bpewms, mun CtBop Nel CtBop Ne2 CrBop Ned CtBop Ne6 CtBop Ne7

0 - - 0,30 0,28 -

20 - 0,35 - - -

30 0,64 0,36 - - 0,31

40 0,69 0,38 - - 0,22

50 0,71 0,37 - 0,27 0,23

60 0,82 0,36 - 0,27 0,2

70 0,86 0,60 - 0,23 0,19

80 0,78 0,73 0,30 0,28 0,15

90 0,66 0,63 0,36 0,36 0,15

100 0,64 0,59 0,37 0,38 0,17

110 0,68 0,59 0,39 0,35 0,20

120 0,68 0,60 0,38 0,33 0,23

180 - - - - 0,29

Ta6auna 6. [IpoxoxaeHNe SKCTPEMYMOB PacX0J0B B CTBOPax, M>/c
Table 6. Transit of extremes water discharge at the targets, m*/s
Bpewms, mun CtBop Nel CrtBop Ne2 CrBop Ned CtBop Ne6 CtBop Ne7

0 3,6 3,6 3,6 3,6 3,6

60 2,2 2,5

70 2,5

80 2,3 1,9

90 4,1 4,0

120 4,3 4,2

Jlist  mamHOTO OKcmepuMeHTa pacd€THpi  12:00 mBrKeHWE BOABI CYUTACTCS YCTAHOBHUBITAMCS.

WHTEpPBaJ BPEMEHU ¢ IPUHAT paBHBIM 1 MuHyTe. 3a
Havgano pacuérta mpuHaTo 00 gacos, 3a KoHen — 16

ygacoB 19 urons 2017 rona. [lo 3akpbITHs 3aTBOpa B

PeByJ’IBTaTBI paC‘léTOB NpeaACTaBJICHBI HA PUCYHKE 2.

Hauanpasie otmeTtkn (Ha 12:00) mo ctBOpam
MPH YCIIOBUH YCTAHOBUBILETOCS JBHXKCHUS BOJBI C
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pacxonoM Q,, PaBHBIM CPEIHECYTOYHOMY PacXonuy,
TIPUBEIICHBI B Ta0IHIIC 7.

PesynbTaThl
MTPOXOXKICHUN

pacuéra
rpebHei

YpOBHEN npu
OTpULIATEIBHOU u
MOJIOKHUTENEHOW BOJH MPEJICTABJICHBI B TAOIHIIE 8.

B ucnonp3oBaHHON cxemMe HE YUYTEHBI TaKUE

pycia,
W3JIY4MHBI (Ha BCEM MPOTSHKEHUH HIDKHETO Obeda nx

MopdomeTpuueckue  0COOCHHOCTH KakK

HacuuThIBaeTcs 9) M HaM4ue Ha paccTosiHuU 2 175 M

OT IUIOTMHBI CTapullbl, CHPAMIEHHOM HOBOH

MPOTOKOH, a Takxke movmel. [losToMy Hago UMETH B
BH]y, YTO pEalbHbIE€ CKOPOCTH MOTYT CYILECTBEHHO
U3MEHSThCA 10 LIMpUHE pycia. B wucnonbzyeMoi
pacuéTHOM  cxeme

OPUMCHCHO OTHOMCPHOC

HCYCTaHOBHUBIICECA  JABWIKCHHUEC IKHUIAKOCTH, 4YTO

MmoJipa3yMeBaeT NpeHeOpeKeHHne IMONEePEeYHbIMU U
BEPTUKAJIBHBIMU ~ COCTaBISIIOIIMMU  CKOPOCTH, @
TaKKe MEeHTPOOEKHBIMH WHEPIUOHHBIMH CHJIAMH,

HUMCIOIIKUEC MCCTO HA U3JTyUHUHAX.

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

KoagdurmeHt nmepoxoBatocTu pacCUUTaH 1o
ctBopy N4
HU3MEpEeHHON MOP(GOMETPUH pyclia U pacxoJi0B BOJIbI,

oOpaTHBIM TyTEM, HCXOAA W3
Y MIPUHST NOCTOSHHBIM JIJISl BCETO y4acTKa.

Haubonpmme PacXOoXKICHUS MEXITY
M3MEPEHHBIMU M PACCUUTAHHBIMH YPOBHSMHU TIpH
MPOXOXKJICHUU OTPULIATEIHHONW BOJHBI B CTBOpaxX He

npeBbmaoT 15,0 oM, monoxkurenpHOW — 4,0 cM.

Bonbmee pacxoxJeHue pH pacuérax
OTPUIIATENIFHOM  BOJIHBI ~ OOBACHSACTCSA, IOMHUMO
BBIIIECTIPUBEAEHHBIX cooOpaxxeHuH, HU3KHM
KauecTBOM MU3MEpEHUS MOp(HOMETPUIECKUX

PYCTIOBBIX XapaKTEPUCTUK, 0OCOOEHHO 3HAYNMBIX MTPH
MalblX ypoBHSX (mpu cpenHeit riyoune B 0,63 M,
aMIUIUTYyJla 3HA4Y€HUH YpOBHEH MpU MOIyCKax
nocturaia 0,4 M). TogHOCTE pacuéTa XapaKTePUCTHK
MOJIOKHUTEIEHON BOJTHBI BEChMa ITpreMiieMa 1 Om3Ka
K TOYHOCTH U3MEPEHU.

Bbicota, m BC
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Pucynox 2. Paccuntannapie ypoBHHU BOJIHI B cTBOpax 1-7 ¢ 12:00 mo 14:00 19.06.2017 r.
Figure 2. Calculated water levels on 1-7 targets from 12:00 till 14:00 06/19/2017
Tabsmna 7. HauansHele OTMETKH YPOBHEN B CTBOpax
Table 7. Initial water level marks at the targets

VYpoBuu, M | CtBop Nel | CtBop Ne2 | CtBop Ne3 | CtBop Ne4 | CtBop Ne5 | CrBop Ne6 | CtBop Ne7
M3MEPEHHBIN 91,95 91,77 91,59 91,58 91,39 91,39 91,10
pac4ETHBIN 91,95 91,78 91,60 91,59 91,41 91,41 91,13
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Taoauna 8. M3MepeHHbIE U PACCUNTAHHBIC YPOBHH MIPU MPOXOMKACHUH IKCTPEMYMOB BOJIH
Table 8. Measured and calculated levels during the transit of wave extremes
OtpunarenpHasi BOJIHA, M [MonoxwurenbHas BOIHA, M
Ne cTBopa v ” > > - =
HU3MEPEHHBIN pacuéTHBIH HU3MEPEHHBIN pacuéTHbIi
Cteop 1 91,66" 91,80 92,01 92,00
CrBop 2 91,46 91,61 91,83 91,79
CtBop 3 - 91,48 91,56 91,59
Cteop 4 91,39 91,46 91,55 91,57
CtBop 5 91,23 91,30 91,35 91,37
CtBop 6 91,22 91,30 91,34 91,37
Cteop 7 91,01 91,06 91,05 91,07
* — JINCKPETHOCTh U3MEPEHUI HE MO3BOJISIET YCTAHOBUTh 00JIee TOUHBIH YPOBEHB 3KCTPEMYMa BOJTHBI
HeoOxogmmMo  OTMETHTh O4YECHb  Ba)KHBIH
BriBoabI
MOMEHT — HaWIydlliee COBMAJCHUE pE3yJIbTaTOB

®opmyna Jlarpamka MOXET MPUMEHSITHCA
TOJILKO Ha TIPSIMOJMHEHHBIX YydYacTKax pycia,
HETIOCPEICTBEHHO BOIHM3H BOJOCOPOCHBIX
COOPY>KCHHUH.

HecmoTps Ha  MHOXECTBO

HCIIOJIb3yEMas

JOTYILEHU,
MO/IEJIb IIPOBOJUTH
pacdéTel HEYCTAaHOBUBILETOCA IBW)XEHHS BOABI HA

MTO3BOJISET
MaJblX peKkax TpH TOMyCcKax CpaBHUMBIX C
MEepPBOHAYANFHBIM ~ PacXoOM H  JaXe KpaTHO
MEHBIIMM. MaKCUMAaJIbHBIC PACXOXKICHUS MEXKITY
W3MEPEHHBIMH M PACCUNTAHHBIMH YPOBHSAMH TIpU
MPOXOXKJICHUU OTPULIATEIBHONU BOJHBI B CTBOpaxX HE
npeBbmaT 15,0 cM, momoxurenpHOd — 4,0 cM.
TouHOCTh pacu€ra XapaKTEpUCTUK IOJIOKUTEIHLHON
BOJIHEI BeChMa IMpHEMJIeMa M YKIAJbIBacTCsS B
TOYHOCTb U3MEPEHHUN.

[Tpu pacu€rax oTpunaTeTLHON BOIHBI, MOJICTH
Na€T 3aBBINICHHBIC PE3YJIbTAThl, YTO OOBSICHICTCS
HU3KUM Ka4eCTBOM HM3MEPEHUS] MOP(HOMETPUIECKUX
PYCTIOBBIX XapaKTEPUCTUK, OCOOCHHO 3HAYMMBIX MTPH
MaJbIX YPOBHAX W TPH BBIXOJE BOIBI HA TMONMY
(YpOoBeHb BbIX0/1a Ha MOMMY B 3KCIIEPUMEHTE HE ObLIT

JIOCTUTHYT).
Jlutreparypa

Bunoepaoosa T.A. 3aKOHOMEPHOCTH pacrpocTpa-
HEHUsI BOJHBI TNONOBOAbA B O0Ocko-TazoBckoid
ycTeeBoi oOmactu. [ucc.
JI.,1987. 172 c.

Tunvoenbnam AJ]., Mepkynos B.B., Cemuxone-

. KaH[. reorp. Hayk.

Hog A.C. HeyCTaHOBUBIIHIACS PEKUM B HIDKHEM
obede rugpoctanumu. M.: AH CCCP, 1948. 144 c.

pacuéra npu  Kod(uIeHTe

mepoxoBaToOCTH, OHpCZ[CHéHHLIM o HU3MCPCHHBIM

UMeeT  MeCTO
pacxozaM BoABl 1 MOP(POMETPHH CTBOPA (Iake eciin
9TO BCEro OAWH CTBOp). ToT dakr,
€XKETOJTHUKAX TIePECTaId IMyOJIIMKOBAaTh TaOIUITBI

9qTO B

W3MEPEHHBIX PACXOJIOB BOJIbI, MPUHOCUT OOIBIION
Bpea MpoeKTHhIM pacuéram. [lo maHHBIM mponuioro
CTOJICTHS TBITAIOTCSA OINPEACTUTE MOP(OMETPHUIO
CTBOpa M KOX(QQHIIMEHT IIEPOXOBATOCTH, XOTS DTH
JaHHBIE YXKE HOCAT OYCHb OPUCHTHUPOBOYHBIN
xapakrep. Ilopa ocTpo mOCTaBUTH BONPOC O
BO300HOBJICHHH B KaJIACTPOBBIX MaTepHaliaX TaOJIHI
M3MEPEHHBIX PacX0JI0B BOBI.

3agada JanpbHEUIIUX paboT — OICHKA BIIFSTHUS
MOMMBI M U31YYHH Ha YPOBEHHBIN pexuM. [ aToro
He00X0JMMO TPaHHIIBI YYaCTKOB pacroyiaratb TakuM
00pazoM, 9TOOBI OHH OXBATHIBAJIH, IT0 BO3MOXKHOCTH,
BCE M3Iy4UHBI peKu. Pacxoj mormycka nmpu 3TOM He
JOJDKEH TPEBHIATh 4,5-5 M>/c. BiusHUE TOWMBI
HE00XOJIMMO OIIEHUBATh TPHU TOIMYCKaX C PacXoioM
He MeHee 6 mY/c.
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AHHOTANUA. 3HAUCHUS HEPA3MbIBAIOIINX CKOPO-
CTEeHl NIl pa3NUYHBIX THIIOB JAOHHBIX OTJIOXKEHUN
(CBSI3HBIX M HECBSI3HBIX) PUBOJATCS B HOPMATHB-
HOW JIOKyMEHTAllMM B BHJE TaONHIl U TpaduKoB.
Kpome atoro, cymecTByeT psii HOpPMaTUBHBIX JIO-
KYMEHTOB, COJICPXKAIIUX METOJUKH WX pacyera.
OTH METOIWKHA OCHOBAHBI Ha AMIUPHUYECKUX 3aBH-
CUMOCTSIX, aJalTHPOBAHHBIX K KOHKPETHBIM CIIC-
MUQHUUECKIM YCIIOBHSIM. PacdeTHble 3HAYCHUS
CpeIHUX HEPa3MBIBAIOIINX CKOPOCTEH MPOTOPIINO-
HAJIBHEI TTTyOMHE TIOTOKA U AMAMETPY YacTHUII B CITy-
yae pa3MbIBa HECBA3HBIX JOHHBIX OTIOKCHHH.
ABTOpaMU CTaThH CJIICIaHA TOTBITKA OIICHUThH He-
Pa3MBIBAIONIYIO CKOPOCTh MOTOKA MyTeM (hru3mue-
CKOTO ITOIX0/1a K MpobJieMe B 3aBUCUMOCTH OT yTJia
BHYTPEHHETO TPEHUS, PACUETHOI'O CICIUICHUS He-
CBSI3HBIX JIOHHBIX OTJIOXKEHHWH (TPYHTOB) W TIy-
OMHBI BOJHOM TOJIIIY HAJ Pa3MbIBAEMbIM Y4aCTKOM
nmHa. JlaHHBIN MOAXOJ JOJDKEH SBISTHCS YHUBEP-
CaJIbHBIM.

AHanu3 MONYYCHHBIX PE3YJBTATOB IOKAa3all, YTO
npeIoKeHHas (GopMyiia pacdeTa IPUIOHHBIX He-
Pa3MBIBAIOIINX CKOPOCTEH BO BCEX PAaCCMOTPEH-
HBIX CIlydasx JaeT pe3yJbTaThl 3HAYUTEIHHO
OoJbIlle 3HAYEHUH, TPUBEICHHBIX B HOPMATUBHBIX
JIOKyMEHTaX JJIs COOTBETCTBYIOIIMX TpajaIfid

DOI: 10.34753/HS.2020.2.1.82
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Abstract. There are the values of non-eroding wa-
ter velocities for various types of bottom sediments
(incoherent and cohesive) given in the normative
documentation in the form of tables and graphs.
Also there are a number of regulatory documents
containing methods for calculation such velocities.
These methods are based on empirical dependen-
cies adapted to specific conditions. The calculated
mean non-eroding water velocities are proportional
to the depth of flow and bottom particle size in the
case of incoherent bottom sediments erosion.

The authors made an attempt to estimate non-erod-
ing water velocity by a physical approach to the
problem depending on the internal friction angle,
the calculated clutch of incoherent bottom sedi-
ments and the depth of the water over the bottom.
This approach should be universal.

An analysis of the results indicated that the pro-
posed formula for calculating bottom non-eroding
water velocities in all considered cases gives results
significantly higher than the values given in the reg-
ulatory documents for the corresponding size of in-
coherent bottom sediments. As a result authors ob-
tained non-eroding water velocities, which were
overestimated at times on the basis of expert evalu-
ation. When the depth changes from 0.5 to 10 m, the

Vinogradov A.Yu., Obyazov V.A., Vinogradova T.A., Kadatskaya M.M. Non-eroding water velocities for in-
coherent bottom sediments. Hydrosphere. Hazard processes and phenomena, 2019, vol. 2, iss. 1, pp. 82-89. (In
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KPYITHOCTH HECBSI3HBIX JIOHHBIX OTJIOXEHUH. B pe-
3yJlbTaTe PacuyeToB ObUIH MOTyYeHBI HEPA3MbIBAIO-
IIKe CKOPOCTH, Ha OCHOBAHHH IKCIIEPTHON OLICHKH,
3aBBIIICHBI B HECKOJBKO pa3. [Ipu m3meHeHnu riy-
6unel otoka ot 0,5 10 10 M pazdpoc OLEHEHHBIX
NPUAOHHBIX CKOpocTel konebnetes ot 14 no 22%
B 3aBHCHMOCTHU OT KPYITHOCTH HECBSI3HOTO TPyHTA.
CrenaH BBIBOJ, YTO YE€M MEHBIIIE YaCTHIIBI HECBS3-
HOTO TPYHTa, TEM MEHbIIIE OTKJIOHEHHE PAaCCUUTAH-
HBIX 3HAYEHUH MPUIOHHBIX HEPA3MBIBAIOIINX CKO-
pocTeil 0T HOpMAaTUBHBIX (AJs1 KPYIMTHO3EPHUCTHIX
TPaBEHCTHIX TIECKOB TpH TIyOnHe moToka 10 M oT-
KJIOHEHHE OT HOPMATHUBHBIX 3HAYCHUH NOCTHTalOT
375-510%). Kpome Toro, mpocnexnBaeTcs 3aBUCH-
MOCTb BEJIMYUH MPUAOHHONW HEpa3MbIBAIOIIEH CKO-
POCTH OT TTyOHHBI TOTOKA, YTO HE MPEIYCMOTPEHO
HOPMATHUBHBIMHU TOKYMEHTaAMHU.

ABTOpBI IIpeJIaraloT HayYHOMY COOOIIEeCTBY MOJ-
KIIIOUUTBCS K 00CYKACHUIO IPUYUH TaKUX HECOOT-
BETCTBUM.

KuroueBble cJioBa: TpUIOHHAS Hepa3MbIBAIOIIAS
CKOPOCTH; HECBSI3HBIE TPYHTBHI; IMPOYHOCTHHIE Xa-
PaKTepUCTUKU TPYHTOB; 3akoH KynoHa; kacareinb-
HBIC HaNPSHKCHUS; KOOQQHUIIUEHT IIEPOXOBATOCTH;
K023(pPUIIMEHT THAPABINYECKOTO TPEHHUS.

YcJa0oBHBIE 0003HAYCHUSA

Vep — CPeHAS CKOPOCTH MOTOKA, M/C;
V.p — CpenHsis Hepa3MbIBaIoOIasi CKOPOCTh, M/C;
o, fu ) —sMnupudeckre KodpduuneHTs';

H — rirybuHa moToka, M;

d.p — CpeqHHN TUaMeTp YaCTHIl JOHHBIX OTIIOKEHHH,
M;

O — HOpMajbHOE JaBieHHWe TpyHTa, lla wmm
Ke /(M'CZ);

¢ — OTHOIIEHUE MACChI CYXOro IpyHTa (MCKIIHoYas

Maccy BOJIBI B €r0 MOpax) K 00beMy TBEpIOHN 4acTu
3TOrO TPyHTA, IIPUHAT PaBHBIM 2660 Kr/M>;
g — yCKopeHue cBo6oHOro najenus, 9,81 m/c?;

£ — TOpHUCTOCTh, ompenenseMas 1o (opmye
E = 1—& R
Ps

Tom 2, Bein.1 | 2020

spread of estimated bottom velocities varies from
14 to 22%, depending on the size of the incoherent
soil.

It was concluded that for smaller particles of inco-
herent soil, the less deviation of the calculated val-
ues of bottom non-eroding water velocities from the
normative ones (for massive gravel sands at a 10 m
flow depth, the deviation from the normative values
reaches 375-510%). In addition, the dependence of
the value bottom non-eroding water velocity on the
depth is traced, which is not provided in regulatory
documents.

The authors offer the scientific community to join
to discussion of the reasons for these discrepancies.

Keywords: bottom non-eroding water velocity; in-
coherent bottom sediments; strength features of
soils; Coulomb's law; shear stresses; roughness co-
efficient; hydraulic friction coefficient.

P, — OTHOILEHHE MACChI CyXOro IpyHTa (HCKII0Yast
Maccy BOZBl B €ro IHopax) K 3aHUMAaeMOMY 3TUM
IPYHTOM 0OBEMY, KI/M?;

T — HamnpspKeHHe, NPENATCTBYIOIIee CIBUTY ydacTKa
nHa, I1a nn Ke/(M . cz);

¢ -
TpyHTa, Tpan.;

¢ — cleruieHue rpyHTa, [la nnmm xe /(M - );

yToJI BHYTPEHHETO TpPEHHUS pPa3MbIBAEMOTO

7. — clBUTaroIlee Hanpsokenue, [1a win ke /(M - );
P, — IIOTHOCTH Boabl, 1000 Kr/m;

V. — nuHaMu4eckas CKOpPOCTh (CKOPOCTh TpPEHHUS),
m/c: V. =4/gHi

i — TUIpABIIMYECKUI YKIIOH, O/p;

! CII 32-102-95 Coopy»keHHs MOCTOBBIX IIEPEXO0B M MOATOILISEMBIX HACHIIEH. METO/IbI pacyeTa MECTHBIX PasMbIBOB. M.: TpaHc-

crpoi, 1996.

Bunoepaoos A.10., 065306 B.A., Bunoepadosa T.A., Kaoayxas M.M. Hepa3mbIBaromiye CKOpOCTH MOTOKA JIIs
HecBsI3HBIX TpyHTOB // T'mnmpocdepa. Onacuble npouecchl u siBienus. 2020. T.2. Bem. 1. C. 82-89.
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C — xkoopduuuent Illesu, m'"?/c, onpenensemslii 1mo

1
dopmyne H.H. IMasnosckoro: C =—R"®;
n

R — runpasnudeckuit paguye, R = H , m;
n — KO3((HIHMEHT IIEPOXOBATOCTH, B YCIOBUIX
OTCYTCTBUSI TP U Ipyrux (HopM MHKpopenbeda

a

paccuntsiBaetrcs 1o popmysne Llrpuknepa: n = 5

1

npu  3TOM  KOBPQPUIMEHTH @ = P ~0,17;

b= 0£1g5 ~ 20,88 [Bappimaukos, 2003].

2

Vo OCpeTHEHHAs NPOJOJbHAs MPHUIOHHAS
CKOpOCTbH Ha IIIyOuHe y, M/C;
Yy — OpIMHaTa MO OCH, HEPIEeHIUKYIIPHOU

MOBCPXHOCTU AHA ITOTOKA, M;

4 — BbBICOTa BBICTYNOB IIEPOXOBATOCTEH, M,

2
omnpenaensemas 1o popmyie A = Ed ;

A — K03 GULIUEHT rMAPABIMIECKOr0 TPEHHs, 0/p;

k — sMmupuyeckuil KO3 GUIMEHT MpU pacueTe A,
NpUHATHIN paBHBIM 3,5 [BopoBkoB, BonbiHoB, 2013];
Cp — pacyeTHoe cueruieHne TpyHTa, Ila i - /(M.cz);

¢y — HOPMaTHUBHOE CLEIUIeHHWe TpyHTa, I[la wiun
KZ/(M'CZ);
Y¢ — KOIPPUIMEHT HAACKHOCTH MO TPYHTY,

WCTIONB3YEeMBI TIPH OIEHKE Cp, TMPH OTCYTCTBUU
JMaHHBIX HWCHBITAaHUH 0Opa3loB TPyHTA MOXKHO
[PUHUMATH MAKCUMAJILHOE 3HAYEHHUE g = 27,

BBenenue

OmHMM W3 OCHOBHBIX TIApaMETPOB IS
WH)KEHEPHBIX ~ PAacdeTOB  BOJAONPOIYCKHBIX |
BOJIOOTBOJHBIX COOpY>KeHHI ABTISIETCS
Hepa3MbIBaromas ckopocts [Kamarkas u mp., 2019].
OCHOBHBIM KpUTEpHEM YCTOWYHBOCTH
MIPOEKTHPYEMOTO COOpY>KEHHUS SBIISIETCS
BBIIIOJIHEHUE YCIIOBUSA Vep <V

3Ha4YeHUs] HEPa3MBIBAIOIIUX CKOPOCTEH IS
Pa3IMYHBIX TUIOB JOHHBIX OTJIOKEHHUU (CBS3HBIX H
HECBSI3HBIX) NPUBOIATCSA B HOPMAaTUBHOM

JOKyMEHTAIIMHN B BHe TaOauIl U rpadukoB. Kpome

2 Tam xe
3 Tam xe
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9TOrO, CYHIECTBYET Psii HOPMATUBHBIX JOKYMEHTOB,
CollepKallluX METOAWKH WX pacdera, HampuMmep
CIT 32-102-95°.

OTU METOAUKH OCHOBAaHBI Ha AMIHMPHUUECKUX
3aBHCHMOCTSX, AaJalNTHPOBAHHBIX K KOHKPETHBIM
cneun(pUUecKuM YCIOBHAM. PacdeTHble 3HaueHHs
CpeIHUX HEPa3MBIBAIOIINX CKopocTer
MPOTMOPIIMOHATBHEI TIyOMHE TOTOKAa W IHAMETPY
YacTUI B CJlydyae pa3MblBa HECBSI3HBIX JOHHBIX
OTJIOKEHUH ¥ CpegHeMy pa3Mepy CMBIBaeMbIX
YyacTull (arperaToB, «OTAEIBHOCTEH») B cllydyae
pasMbIBa CBA3HOTO TPyHTa M B OOIIEM BHIEC MOTYT

OBITh MTPEICTABIICHBI CICTYIOIINM 00pa3oM:
~ B,y
VHP ~a-H -dcp (D

3HavYCHUS K03 GHUITUSHTOB MOTYT

paznuuathCs B HECcKodbko pa3 [Kanmankas w
1p., 2019] B 3aBUCHMOCTH OT MECTHBIX yCIIOBHUM, UTO
HETPUEMIIEMO C TOYKH 3PCHHUST YHUBEPCATLHOCTH.

HEPa3MbIBAIOIIYIO

ITonwrTaemcs OLICHUTDH

CKOPOCTh IyTeM (PU3MYIECKOI0 MOIX0a K mpodiieMe.
MeTtoauka

HOpMaﬂLHOC JaBJICHUC WK CXKHMAIICC

HaIps>KCHUC o |, OKa3bIBACMOE€  CMbIBACMbIM

IPYHTOM Ha €JMHUYHYIO IIOMAIKY, PABHO:
o =(ps _po)gdcp(l_g) (2)

Hampspkenue,  mpensTcTByMOIlee  CABUTY

pa3MBIBaEMOI0 y9acTKa JIHA, TUTOMIAAbIO S, paBHO:

t=0-tgp+c=(ps—p,gd,(1-¢) tgp+c(3)

Capuraroiliee KacaTelbHOC HalpsOKCHHE Ha
rpanuiie JHO-1oToK [["pumanuH, 1969]:

P8V,

r, = p Vi =p,-gHi= o 4)

CnBur [OHHOM OTMOCTKH TPOMU30MAET B

MOMEHT, Korna 7, > 7 . Kpurtndeckoe paBHOBecHe

UMEET MECTO NPH PABEHCTBE 7, =7 . 3alMIIEM 3TO

YpaBHEHHUE B BUJIE:
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2

pogﬁqﬂg%c (5)
2

v, = CT _oJHi (6)
Po8

YpaBuenue (6) BBIpaxkaeT
CpemHEell Hepa3MBIBAIOIICH CKOPOCTH OT yria

3aBUCUMOCTD

BHYTPEHHETO TpPEHUS M CIEIUIEHUs TPyHTa WIH
JOHHBIX OTJIOKEHUH, SIBIAACH YHUBEPCATBHBIM IS
JOOBIX TPYHTOB.

K npumoHHOW CKOPOCTH MOXHO, HAIpUMED,

nepeitn  mo  3aBucuMoctd  B.H. T'oHuaposa
[Kamaukas u gp., 2020]:
1,25
Vnp() = ch 16—[_[ (7)
J5—
8 A

Taxxxe BO3MOXKCH pacucT HCPA3MbIBAIOIINUX

CKOpPOCTEH C UCIOJB30BaHHEM Kod(duimenTa

TUIPaBIMYECKOTrO TpeHUs A BMecTo Kod(PHIHEHTA
Ille3u. B 3ToM cnydae caBuraroliee HamnpsKeHUE
TypOYJICHTHOTO TIOTOKa OyAeT OmpeAeNsiaThCs II0
dhopmyne [bapeimaukos, 2003]:

2

Ve,
T, = pA 5 (8)
V2
poﬂ%=a-tg¢+c. )
OTKy/a
|2t (10)
v Pl

Jlns  pacueta A MOTYT HCHOIB30BaTHCA
¢dopmynsr: AL 3erxnet (11), B.H. l'onuaposa (12),
Mannunara-llItpuknepa (13) [Bunorpamos u ap.,
2019]:

Tom 2, Bein.1 | 2020
A= 1 (11)
(41gH /kd, +4,25)°
A= ! (12)
(41g6,15H / kd_,)*
___Z (13)
v, /V.)

Mo dopmyne 13 oneHuBaeTcs NMPaBUIHLHOCTh
BBIYHCIICHHOTO COOTHOIIEHHUS 3HAYEHUH CKOPOCTH U
K03 QUITUCHTA THPABINICCKOTO TPEHUSL.

Pe3yabTaThl M MX 00Cy:KIeHUE

[IpoBemensl  pacyeTsl  HEPa3MBIBAIOLINX
CKOpPOCTEW TIPpH YCIOBUH JBMKEHHS PAaBHOMEPHOTO
IUIOCKOTO TOTOKAa C  HECBSI3HBIMH  JOHHBIMH
OTJIOKEHUSIMH, YCIIOBHO COCTOSALINMU u3
OJTHOPOJTHBIX TIECKOB.
3HaueHUs  yriia  BHYTPEHHETO  TPCHUS
MECYaHbIX TPYHTOB YETBEPTHUYHBIX OTIOXKCHHNA IS
pacueToB B3aThI 13 Tabuup! 1 punoxkenns 1 CHull
2.02.01-83 (HopmaTuBHbBIC) 1 TabmuIlk! 1.4 [SnTanen
u ap., 2008] (BomoHACHITIICHHBIC TIECKH). 3HAYCHUS
CICTUICHUS NI MEePEYBIKHEHHBIX aJUTFOBHATBHBIX
MBLIEBATHIX TMIECKOB MIOJTYYEHBI ONBITHBIM ITyTEM.
[IpunonHple  HEpa3MBIBAIOIINE  CKOPOCTH
paccuntansl o ¢popmye (7) ¢ yauerom Gpopmyisl (6).
Pe3ynbTaThl pacueToB MpeAcCTaBICHB B Tabmuie 1
JUTSL pa3lIMYHBIX TPpajaliiii MecuyaHblX TPyHTOB. Jlis
CpPaBHEHHSI TPUBEJCHHl HOPMATHBHBIE 3HAYCHUS
MPHUIOHHBIX ~ HEPa3MBIBAIOIINX  CKOPOCTEH s
COOTBETCTBYIOIINX I'PaJaliiii KPYITHOCTH HECBSI3HBIX
JIOHHBIX OTIIOXKEHHUH B COOTBETCTBHM C TaONUIECH 6
CO 34.21.204-2005* u TaGnuneit 2 BTP-I1-25-80°.
CTouT OTMETHTb, YTO 3HAYEHHSA CpPEAHUX
CKOpOCTEH TOTOKA, MmoiydeHHbIe 1o dopmyne (10),
OTIIMYAIOTCA OT MOJYYEHHBIX 1O 3aBUCUMOCTH (6)

ckopocteli He Ooree yeM Ha 5%.

4 CO 34.21.204-2005 PekomeHmamuy 1o MPOrHo3y TpancopMaluu pycia B HWKHHMX Obedax ruapoysios. CII6.: Uz-so OAO

«BHUMTI um. b.E. Beneneenay, 2006.

3 BTP-II-25-80 PyKoBOACTBO 10 ONPEAEIEHHIO JOMYCKAEMBIX HEPA3MBIBAIOLIUX CKOPOCTEH BOJHOTO IOTOKA [JIs PA3JIMYHBIX TPYHTOB
Ipu pacueTe kaHajaoB. M.: 3-Bo MuH-Ba Menuopaiuu u BoaHoro xo3siicrsa CCCP, 1981.
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Tabauua 1. Pe3ynbraTel pacueToB NPpUIOHHOM HEPa3MbIBAIOLICH CKOPOCTH TCUCHHUS
Table 1. Calculated bottom non-eroding water velocity

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

ITapametpsi [youna,
pavetp 05 | 10 | 30 | 50 | 100
Meakuii rpasuii (d=2 mm; n =0,017; £=0,39; e=0,64; ¢ =35°; 7=13,9xr/(Mc?))
I'uapaBiInyecKkuit yKiIoH, i, 0/p 0,002836 | 0,001418 | 0,000473 | 0,000284 | 0,000142
Kosdppumment Hlesu, C, m"?/c 52,4 58,8 70,6 76,9 86,3
Cpenssist cKOpocTh TedeHusl, Ve, M/c 1,97 2,22 2,66 2,90 3,25
[Mpunonnas Hepa3MbIBaroIIas CKOPOCTh 0.73 0.75 0.80 0.83 0.87
TEUCHHUS, Vpo, M/C ’ > ’ ’ ’
[IpunoHHast Hepa3MBIBAIOIIAs CKOPOCTh
tedyenus, M/c (mo CO 34.21.204-2005) 0,17 0,17 0,17 0,17 0,17
[Ipunonnas Hepa3MbIBaroIIas CKOPOCTh
teuenus, M/c (mo BTP-I1-25-80) 0,24 0,24 0,24 0,24 0,24
Kpynublii necok (d=1 mm, n =0,015; £=0,39; ¢=0,64; ¢ =32°; 7=6,2kr/(Mc?))
['unpaBnmyeckuii yKIioH, i, 0/p 0,001265 | 0,000633 | 0,000211 | 0,000127 | 0,000063
Koapdumuent llesn, C, m"%/c 58,8 66,0 79,3 86,3 96,9
CpenHss CKOpPOCTh TeUeHUs, Ve,, M/C 1,48 1,66 1,99 2,17 2,44
[IpunoHHast Hepa3MBIBaIOIIAs CKOPOCTh
ToucHis, Vypo, M/ 0,50 0,52 0,56 0,58 0,61
[Ipunonnas Hepa3MbIBaroIas CKOPOCTh
teuenust, m/c (mo CO 34.21.204-2005) 0,12 0,12 0,12 0,12 0,12
[IpunoHHast Hepa3MBIBaIOIIAs CKOPOCTh
tedyenus, m/c (mo BTP-I1-25-80) 0,17 0,17 0,17 0,17 0,17
Cpennnii necok (d=0,5 mm, n =0,013; £=0,39; ¢=0,64; ¢ =28°; 7=2,64kr/(mMc?))
l'unpaBnuyeckuii yKioH, i, 0/p 0,000538 | 0,000269 | 0,000090 | 0,000054 | 0,000027
Kosdppumment lesu, C, m"?/c 66,0 74,1 89.0 96,9 108,8
Cpenssist cKOpocTh TedeHusl, Ve, M/c 1,08 1,22 1,46 1,59 1,78
[Mpunonnas Hepa3MbIBaroIIas CKOPOCTh 0.34 036 0.38 0.40 0.42
TEUCHHUS, Vpo, M/C ’ > ’ ’ ’
[IpunoHHast Hepa3MBIBaIOIIAs CKOPOCTh
tedyenus, M/c (mo CO 34.21.204-2005) 0,09 0,09 0,09 0,09 0,09
[Mpunonnas Hepa3MbIBaroIIas CKOPOCTh
teuenus, M/c (mo BTP-I1-25-80) 0,13 0,13 0,13 0,13 0,13
Cpennnii necok (d=0,2 mm, n =0,012; £=0,39; ¢=0,64; ¢ =25°; 7=0,92kr/(Mc?))
I'uapaBnnyecKkuit yKiIoH, i, 0/p 0,000189 | 0,000094 | 0,000031 | 0,000019 | 0,000009
Koapdumuent lesn, C, m"?/c 76,9 86,3 103.7 112,9 126.,7
CpenHss CKOpPOCTh TeUeHUs, Ve,, M/C 0,75 0,84 1,01 1,10 1,23
[IpunoHHast Hepa3MBIBaIOIIAs CKOPOCTh
reucHns, Vo, M/C 0,21 0,22 0,24 0,26 0,27
[Ipunonnas Hepa3MbIBaroIIas CKOPOCTh
teuenust, m/c (mo CO 34.21.204-2005) 0,07 0,07 0,07 0,07 0,07
[IpunoHHast Hepa3MBIBaIOIIAs CKOPOCTh
reuenus, we (o BTP-TT-25-80) 0,105 0,105 0,105 0,105 0,105
Meaxkuii necok (d=0,1 mm, n =0,01; £=0,39; e=0,64; ¢ =22°; 7=0,90kr/(Mc?); ¢=0,5 I1a)
l'unpaBnnyeckuii yKioH, i, 0/p 0,000184 | 0,000092 | 0,000031 | 0,000018 | 0,000009
Kosdppumment Hlesu, C, m"?/c 86,3 96,9 116,4 126,7 1423
Cpenssist cCKOpocTh TedeHusl, Ve, M/c 0,83 0,93 1,12 1,21 1,36
[Mpunonnas Hepa3MbIBaroIIas CKOPOCTh 0.22 0.23 0.6 0.7 0.29

TeueHUsl, Vipo, M/C
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I'my6una, M
TapaveTper 0,5 1,0 3,0 5,0 10,0
ITpunoHHast Hepa3MBbIBAIOIIAs CKOPOCTh
tedyenus, M/c (mo CO 34.21.204-2005) 0,08 0,08 0,08 0,08 0,08
[IpunoHHast Hepa3MBIBaIOIIAs CKOPOCTh
reuenns, w/c (110 BTP-I1-25-80) 0,115 0,115 0,115 0,115 0,115
IbuieBatelil necok (d=0,05 mm, n =0,009; £=0,39; ¢=0,64; ¢ =20°; 7=1,18kxr/(mMc?); c= 1 Ila)
I'uapaBnnyecKkuit yKiIoH, i, 0/p 0,000241 | 0,000120 | 0,000040 | 0,000024 | 0,000012
Kosdppumment Hlesu, C, m"?/c 96,9 108.8 130,6 142,3 159,7
CpenHss CKOpPOCTh TeUeHUs, Ve,, M/C 1,06 1,19 1,43 1,56 1,75
[TpunoHHast Hepa3MBbIBAIOIIAs CKOPOCTh 0.27 0,28 031 0.33 0.35
TeUeHHUsl, Vipo, M/C
[IpunoHHast Hepa3MBIBaIOIIAs CKOPOCTh
teuenust, m/c (mo CO 34.21.204-2005) 0,09 0,09 0,09 0,09 0,09
IMpunoHHast Hepa3MbIBAIOIIAs CKOPOCTh
tedyenus, m/c (mo BTP-I1-25-80) 0,13 0,13 0,13 0,13 0,13
Jlna cpaBHeHuss B Tabnuile 2 TNPHUBEACHBI OCHOBHOW  XapaKTEPUCTHKON CBA3HOIO TPyHTa

pacdeTsl Hepa3MBIBAIOIIUX CKOPOCTEH ISl METTKUX H
MBUIEBATBIX TIECKOB 10 TeM ke ¢opMmynaMm, HO C
Y4eTOM HOPMAaTHUBHBIX 3HAUYEHUH yrjla BHYTPEHHETO
TPeHHSI W CIEIJICHHS, NPUBEIACHHBIX B Tabmmime 1
[Mpunoxenus 1 CHull 2.02.01-83. Cuemnenue nmus
MECKOB TaKWX pa3MEpoB YyXKe HMeeT MecCTO,
MOCKOJBKY OHM B IUIOTHOM COCTOSIHUM HAYUHAIOT
MPHOOpETaTh XapaKTEPUCTUKHU CBSI3HOCTU. MeHbIme
3HAYEHUs YIJIa BHYTPEHHETO TPEHHWS U CLEIUICHHUS
KOPPEKTUPOBAHBI corfacHo [Anranen u ap., 2008] u

CII 32-102-95 ITpunoxenue A.6.

HopwmaruBHbIe 3HAYCHHS yIETBHOTO
cuewienuss ¢, m2.75 mpun. 1 Ilocobme «
CHulI2.02.01-83 1 DTH  3HAa4YeHHWs [pH
MPAKTHYECKUX pacuerax JIOJIKHBI OBITH
CKOPPEKTHPOBaHbI B CTOPOHY  YMEHBIICHHS,

cormacao CII 32-102-95 Ilpunoxenue A.6., Tae
YKa3aHO, UYTO «IPU pPacueTe MECTHBIX pPa3MbIBOB

ABJISICTCA PaACYETHOC CLUCTIIICHUC Cp, OIPEACIIIEMOC 110

bopmyne ¢, = cu /yg, TOE ¢, — HOPMATHBHOE
CIEIUIEeHHe,  OmpejaensieMoe... B COCTOSIHHU
KamWUIIPHOTO  BOAOHACHIIICHUS TPH  TOJHOU

BJIATOEMKOCTH; Y, — KOI(QGHUIHMEHT HAAEKHOCTH TI0

IpyHTY,
00pa3LoB rpyHTa MOKHO MPUHUMATh MaKCUMaIbHOE

IIpyu  OTCYTCTBHUHU HdaHHBIX HUCIIBITAHHUI

3HAYEHUE Yy = 2».

Ananms MTOJTy9E€HHBIX pe3ynbTaToB
MOKA3bIBACT, YTO MPEAJOXKEeHHas (hopMylia pacdera
MPHUIOHHBIX HEPa3MBIBAIOIINX CKOPOCTEH BO BCEX
PAacCMOTPEHHBIX  CHy4asX  JaeT  pe3yibTaThl
3HAYUTEIFHO OOJbIIE HOPMATHUBHBIX 3HAYCHWIA,
npuBeneHHBIX B BTP-11-25-80 u CO 34.21.204-2005
JUIsL  COOTBETCTBYIOIUX TIpajalii  KPYMHOCTH
HECBS3HBIX OTJOXeHUM. [lomydeHHbIe CKOPOCTH, Ha
OCHOBAaHMH DJKCIEPTHOW OIEHKH, 3aBBIIICHH B

HECKJIBKOO pa3s.

Tab6auna 2. PacdeTHble BeNMYMHBI CPEAHUX HEPA3MBIBAIOIIUX CKOPOCTEH MOTOKA, M/C, MPU Pa3TUIHBIX

FHY61/IH3X JJI1 MCJIKO3CPHUCTBIX W MBUICBATBIX IICCKOB

Table 2. Calculated values of average non-eroding water velocities, m/s, at various depths for fine-grained and

dusty sands

¢, Tpaj IT H
eco , c, Ila
Heeox 0.5 1 3 5 10
] 2 1000 27.6 31.0 372 40.5 45.4
MeJ‘IK03€pHI/ICTbII/I
32 2000 39.0 438 52.6 572 64.2
- 13 2000 438 49.1 59.0 64.2 72.1
IIbIJICBAThIN
30 4000 61.9 69.5 83.4 90.8 102.,0

15 TToco6ue mo NpoeKTHPOBAHHMIO OCHOBAHMH 31anuii u coopyxenuii (k CHull 2.02.01-83). M.: Crpoiiuzzar, 1986.
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Croutr OTMCTUTD, UTO COI'JIACHO HOPMATHBHBIM

JOKYMEHTaM 3HAYCHUS MIPUIOHHBIX
HEPa3MBIBAIOIINX CKOPOCTEH HE 3aBUCT OT TITyOUHBI
MOTOKa, B TO BpeMs Kak (hopmyinsl (4) u (7) B SsBHOM
BHIE JEMOHCTPHUPYET TaKyl0 3aBUCHUMOCTh. llpum
M3MEHEHUU r1yOuHbI moToka oT 0,5 1o 10 M pa3dpoc
OLIEHEHHBIX TPHIOHHBIX CKOpOCTeil KoiebneTcs oT
14 1o 22% B 3aBUCUMOCTH OT KPYITHOCTH HECBS3HOTO
TpyHTA.

Panee aBropamu [Kamankas u ap., 2020] 66u10
MOKa3aHo, YTO Hepa3MbIBaloLasi CKOPOCTh Ha
BBICTYIIE IIEPOXOBATOCTEH OAHOPOIHBIX HECBSI3HBIX
TPYHTOB KPYITHOCTBIO 1 MM Tpu CpemHel CKOpOCTH
noroka 0,5 M/c 1 TTIyOHHE MOTOKA 5 M, pacCUUTaHHAS
C  WCIONB30BaHUEM  PANIMYHBIX  IOJXOOB,
Haxomutcs B mpeaenax 0,132-0,175, gro BmosHe
COBITAJIaCT ¢ HOPMATHUBHBIMHU JaHHBIMH, U MCHBIIIEC
paccuntaHHbiX 10 (opmyie (7) Ha 300 u OGonee

poreHToB (Tabmuna 1).
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BoiBOaBI

1) YCM MCHBHIC YaCTHULIbI HCCBA3HOI'O I'pyHTa, TCM

MEHBIIIC OTKIOHCHHWE PACCUMTAHHBIX 3HAYCHUUN
MPHUIOHHBIX ~ HEPAa3MBIBAIOIINX  CKOPOCTEH  OT
HOPMATHBHBIX (JUISI KPYITHO3EPHHUCTHIX IPaBEITUCThHIX
MIECKOB TpH TIyomHe moToka 10 M OTKIIOHEHHWE OT
HOPMAaTHBHBIX 3HaUeHHUI nocturarot 375-510%);

2) MPOCIIeKUBACTCS 3aBHCHMOCTD BEITUYHH
MIPUAOHHON HEPa3MBIBAIOMICH CKOPOCTH OT TITyOWHBI
MOTOKA, YTO HE MPEAYCMOTPEHO HOPMATHBHBIMHU
3HAYCHUSIMU,

3) Mo pe3yibpTaTaM pacueToB CTAHOBUTCS IMOHATHEIM,
MoYeMy JJIsi PacueToOB HEPa3MBIBAIOIIUX CKOPOCTEH
HA  pasy He (dbm3uaeckn

000CHOBaHHEIC MCTOOMUKH. PaC‘-IeTI:I, IMPOBCICHHBIC

HCIIOJIB30BAIUCH

M0 3JIEMEHTapHbIM (HOpMyJiaM, C HUCIOIH30BAHUEM
HOPMAaTHBHBIX 3HAYCHUH yTiIa BHYTPEHHETO TPEHUS U
CICTUICHUS MPUBOJIAT K HEPEAITBHBIM 3HAUCHHUSIM.

ABTOpPBI TIpeAJIarafoT HAYIHOMY COOOIIECTBY
MOJKIIOYUTBCS K OOCYXKICHHIO TPUYMH TaKHX
HECOOTBETCTBUII.
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I[TPABUJIA JJ151 ABTOPOB

B nayunsiii s)xypHan «[ 'unpocdepa. OnacHbie IpOIECChl U SIBICHUSD TPUHUMAIOTCS CTaThH HA PYCCKOM
Y aHTJIMICKOM SI3bIKaX B COOTBETCTBHH C OCHOBHBIMU TEMaTUYCCKUMHU PA3/ICIaMHU;
1. dynpameHTanbHBIC IPOOIEMBI THAPOCGHEPHI 3eMIIH.
OmnacHble niporiecchl B ruapocdepe: GyHIaMEeHTaIbHBIC U HHKCHEPHBIC aCTICKTHI
DKoJIoruuecKre Ipo0IeMbl M OIIACHOCTH B ruapocdepe.
DBosorus ruapochepsl.
MeTop1, MOJENN ¥ TEXHOIOTHH.
Bompocsr coBepIiieHCTBOBaHHS HOPMAaTHBHON JTOKYMEHTAIINH.
MOHHTOPUHTOBBIE, IKCIIEPUMEHTAIIFHBIE U SKCTICIUIIMOHHBIE UCCIIEA0OBAHUS.
Hayunble quckyccum.
9. Hacnenue.
10. Xponwuxa.
[InaTa 3a myOaukanuu craTed He B3pIMaeTcs. I 'oHOopap aBTopaM He BRITUIAYMBaeTCs. Bee ctaTe mocie
(hopMupOBaHUS BBIITyCKa pa3MeENIalOTCs Ha CaiiTe KypHaia B CBOOOTHOM IOCTYTIE.
Oo0mme TpedGoBaHus K 0QOPMIICHHUIO CTAThH:
- opmat .doc umu .docx; Bce IO CTPAHMIIBI — 110 2 CM;
- mpudt Times New Roman, pazmep — 11 pt;
- MEXIYCTPOUYHBI WHTEPBAJI — MHOXHUTENH 1,15, MepeHoCH B ClI0BaxX HE IOITYCKAIOTCS;
- ab3amHbIi oTCTYN — 1 CM, BRIpaBHMBAaHHE TEKCTa — 110 MIMPHUHE (32 UCKIIOYEHHEM TUTYJIBHON CTpa-
HUIBI, POPMYJI, CHOCOK, PUCYHKOB U TaOJIHII).
TuTynabHasi CTPAaHMIA JOJDKHA COMEPKATh CIIEIYIOIINE YIEMEHTHI:
- YJIK (BbeIpaBHUBaHUE TI0 JIEBOMY Kpaio);
- Ha3BaHME CTAaThU (PErUCTpP KaK B MPEJIOKEHUH, BRIPABHUBAHUE 110 IICHTPY) He Oosee 14 cioB;

NN R WD

- MHULWANIE U daMuiIns aBTopa (aBTOpoB) (BEIpaBHUBAHUE 110 LEHTPY);

- IOJHOE HA3BAaHWE OPTaHU3AINH, B KOTOPOH pabOTalOT aBTOPHI, C yKa3aHUEM TOpOJia U CTpPaHbI (Kyp-
CUB, BRIPABHHBAHUE TI0 IIEHTPY);

- e-mail KOHTaKTHOTO aBTOpa (BEIPABHUBAHUE TI0 LIEHTPY);

- anHOTanus o0beMoM 230-250 cnoB, KOTOpas JOHKHA BKIOYATh aKTYalbHOCTh TEMBI UCCIICIOBaHUS,

MMOCTAaHOBKY HpO6J'ICMI:I, SN UCCIICA0BAaHNA, MCTOAbI UCCIICAOBAaHUS, PC3YJILTATLI U KIIFOUCBBIC BBIBO/IbI;
- KIIF0YeBbIC caoBa — 6-10 CJIOB, MPEACIIbHO OTPAXKAIOIINX NPECAMCT UCCIICIOBAHU.

[Ipu moAroToBKE CTaThM PEedaKkys HACTOSATENBLHO peKOMEHAyeT npunaepxusarscs Gopmara IMRAD,
MOPa3yMEBAIOLIETO CTPYKTYPHUPOBAHUE CTAThU HA CIEAYIOIINE 3JICMEHTHI:

- BBesenue (Introduction), cogeprkarinii akTyaabHOCTB UCCIIEIOBAHUS, 0030p JIUTEPATYPhL, TOCTAHOBKY
npo6seMsl, GOpMYJIMPOBaHKE 1IeTICH U 3a]1a4 UCCIeI0BaHMS,;

- metonbl (Methods), comeprkanuii onucanne METOIUKH (METOI0B) U CXEM IKCIICPUMEHTOB/HA0ITIO/Ie-
HU, MaTepuaoB, IpUOOPOB, 000PYIOBAaHUS U YCIOBHHA IKCIIEPUMEHTOB/Ha0II0ICHUT;

- pesynbTaThl (Results) — pakTuueckue pe3ynbTaThl HCCIEAOBAHMUS U MX HHTCPIPETALIUS;

- o0cyxnenue (Discussion) — KpaTKHE UTOTH Pa3esioB CTaThU 0€3 TOCIOBHOTO OBTOPEHUSI.

Tadauusl u pucyHkn opopMisiIoTes: 6e3 ad3aHOro OTCTYNa ¢ BEIPABHUBAHUEM MO LIEHTPY, OTHCIS-
IOTCS IyCTBIMU CTPOKaMH OT OCHOBHOTO TeKcTa. Bce puCYHKH MOMKHBI OBITH MAKCHMAJIBHOTO KadecTsa. B
TabJMIax AOMYCKACTCS MCIOIb30BaHUE OJUHAPHOTO MEKIYCTPOYHOTO MHTEpBaja, pH(Ta MEHBIIETO pa3-
Mepa (He meree 10 pt). Kaxxgas Tabnuia u pucyHOK JOJKHBI HIMETh HOMEP (MCIIONIB3YIOTCS apaOckue HUQphl)
W Ha3BaHWe. Bce mojmucy k TabimnaM U puCyHKaM JIOJDKHBI COIePKaTh UCTOUHUKH UH(OPMAIHH (32 UCKITIO-
YEHUEM CITy4aeB, KOTJla OHH CO3JIaHbl aBTOPOM CTAThH).

Eannunb1 u3MepeHus 1o TEKCTY CTAaThbH YKA3bIBAIOTCS B MEXITYHAPOIHON CUCTEME CIMHUIIL.

JecsiTHUHBIE YHCJIAa HAOUPAIOTCS depes 3arsITyro (Hampumep, 1,25).

AOOpeBHATYPBI H COKPAIIEHHUsI JTOJDKHBI OBITh pacu(ppoBaHbI IPU IEPBOM yroTpediienuu. Eciu ta-
KHX 2JIEMEHTOB MHOTO, CTAThEO MOYKHO JIOTIOJIHUTH CIIMCKOM COKpAIICHHH ¢ paci(poBKOH.
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@opMyJibl T0JDKHBI OBITH BCTaBIIECHBI Kak 00bekT Microsoft Equation nnu HaOGpaHusl B penakrope Gop-
myne Word, pacrionaraTbcs 10 IIEHTPY CTPAHUIIBI 6e3 a03aIlHOTO OTCTYIIA, COTTPOBOMKIATHCSI CKBO3HON HyMe-
panueii (1o mpaBoMy Kparo), a TakK)Ke HMETh dKCIUTHKAIHIO (pacimidpoBKy 0003HAYCHHH MTPH ITEPBOM HX YIIO-
MUHAHHUH C yKa3aHUEM €IUHHI] U3MEPEHHUS).

B kon1e ctaTthu MOTYT OBITH TpUBEACHBI baronapHocTH, B KOTOPOM CIIeAyeT yIIOMUHATD JIFOIEH, KO-
TOpBIE TIOMOTAJIH MIPU pabOTe HAJl CTAThEH; UCTOUHUKH (QUHAHCUPOBAHHS.

OTcblIKa HA 3aTeKCTOBbIE OMOaHOrpadguyeckue cCbIKH MPUBOAUTCS IO TEKCTY CTaThU B KBaApaT-
HBIX CKOOKaX IyTeM YIIOMHHAHHUS BCeX aBTOPOB (IIPH OTCHUIKE K HCTOYHHKY ¢ 1-3 aBTOpamu), MO0 MepBOTO
aBTOpa U CJIOB «H Ap.» («et al.») (Ipr OTCHUIKE K UCTOYHUKY ¢ 4 1 0oJiee aBTOpaMu) U roaa n3nanus. CChUTKH
Ha HECKOJIbKO MyOJIMKAIMI OJTHOTO aBTOPA 33 OJIUH TOJI [IOMEYaroTcs Jo0aBiIeHueM OYKBBI K TOJy H3/1aHus. B
ClIy4ae OTCBUIKH Ha HECKOJBKO MCTOYHHUKOB, OHHM MPUBOMAATCS B XPOHOJIOTHYECKOM MOPSIKE U Pa3AeNsSIoTCs
TOYKOM C 3amsATOH.

dopmaTel 0(OpMIICHHS OCHOBHBIX BHJIOB 3aTEKCTOBBIX OMOIMOTpad)uuecKuX CChUTOK:

Ccpuika Ha KHUTY: Pamunus M.0. 3arnasue kauru: CeeeHns, OTHOCAIINECS K 3ariaBuio KHury / CBegeHus
00 OTBETCTBEHHOCTH (HampuMmep, peaakTop). Mecro u3manwms (ropoxn): M3natenbcTBo, roa. KommdecTBo cTpa-
Huil B kaure. DOI:

Cchbuikn Ha uccepTanuio win aBropedepar: @amuaus M. O. 3arnaBue nuccepranmu. Tun quccepranuu. Me-
cto u3ganwus (ropox), roa. Komuuectso crpanui B auccepranuu. DOL:

CCBUIKM Ha CTaThio B KHUTe: Pamunus M.O. 3arnaBue ctathk // 3arnaBue KHUrU: CBeICHHS, OTHOCSIIHECS K

3arnapuro kKHurH / CBefieHUs 00 OTBETCTBEHHOCTH. Mecto m3nanus (ropox): M3maTenscTBo, Tol U3aHMs.
Crpanuusl crateu. DOI:

CchUIKH Ha CTaThK B epuoaudeckom usnanmnu: @amuius M.O. 3arnaBue ctatbu // 3arnaBue xxypHana. o
Towm. Ne. Crpanuus! crateu. DOI:

Cchbuikn Ha Matepuanbl B cOopHuke KoH(epeHimu: Pavuaus M.0. 3arnaBue ctathu // 3armaBue cOOpHUKA
koH(pepeHnuu: CBeICHUs, OTHOCSINUECS K 3arjlaBU0 cOOpHUKA (MECTO M JIaThl MPOBEICHUS KOH(EPEHIIUN ).
Mecto uznanus (ropon): U3narensctBo, roa. Tom. Ctpanutst ctatbu. DOI:

CchbUIKY HA 3JIEKTPOHHBIN UCTOUHUK: Pamunusa M.O. 3arnasue Matepuaia [ DIeKTpOHHBIN pecypc]: CBeaeHUS,

OTHOCSIIIMECS K 3ariiaButo // 3arnaBue MHTEpHET-UCTOUYHMKA. ['on cozmanus pecypca. URL: ampec crateu
(mara obpamenus: 01.01.2013).

B 3aTexcToBbIe OMOIHOTpadUUecKre CChUTKY BKITFOYAOTCS TOIBKO PEIEH3UPYEMbIC UCTOUYHHUKH (CTAThU
13 HAYYHBIX KYPHAIIOB, MaTepUaIbl KOH()EPSHIINN, pa3/Ie)ibl KHHUT ¥ KHUATH). Ecu Heo0X0AuMMOo cocnaThes Ha
HOPMAaTHBHBIN JJOKYMEHT JIHOO Ha CTAThIO B Ta3eTe, TSKCT Ha caiiTe WK B OJIore, CIeayeT MOMECTUTh HH(OP-
MaIuio 00 UICTOYHHKE B CHOCKY 10 OCHOBHOMY TeKCTY cTaThil. CHOCKH 0(hOpPMIISIOTCS CKBO3HOM HyMepanuen
0 BCEMY JOKYMEHTY apaOCKUMU IUdpaMu. B cHOCKax TOMUMO HCTOYHHUKOB MOXKET OBITh Ipyras JOTOTHH-
tenpHas wHGopMarus. TekeT B cHockax odopmirsieTcs 6e3 a03alHOTO OTCTYIIA, BRIPAaBHUBACTCS T10 IITUPHHE,
pasmep mpudra — 9 pt.

Kpome Toro, 00s13aTeIbHO MoJJaeTCsl aBTOPCKAas CpaBKa, cojiepikaiias HHHopMaInunio 000 BCeX aBTO-
pax: damuus, uMs, 0TIeCTBO (ITOJTHOCTHIO); YUCHBIC CTEIICHDh U 3BAHUS; MECTO pabOTHI C YKa3aHUEM JOJIK-
HOCTH; KOHTaKTHBIN Tejae(oH; e-mail; aBTOPCKUE HHICKCHI.

Ha anrimiickom si3bIKke B 0053aTEIBHOM MOPSAKE MPUBOAATCS: TUTYJIbHAS CTPAHMIA; Ha3BaHUS Tab-
JIUII ¥ PUCYHKOB; OyarojapHocTH (TIpU HAJIHYKMH); TUTEeparypa (colepxkamas, Kak TPaHCIUTEPAIUIO, Tak U
TepeBo Ha AHTIMHCKHHA S3BIK); aBTOpCKas crpaBka. [IpH 3TOM aHTJIOSI3BIYHBIN BapHaHT aHHOTAIIUU
(Abstract) monkeH OBITH HHPOPMATUBHEIM (HE COZIEPKATh OOIIHUX CJIOB); OPUTHHAILHBIM (HE OBITH KaJIbKOM
PYCCKOSI3BIYHOM aHHOTAIINHN); COJIEpKATENbHBIM (OTpaskaTh OCHOBHOE COJIEPYKAHUE CTAThU M PE3yJIbTaThl UC-
CIIEIOBAHMI); CTPYKTYPHUPOBAHHBIM (CJIEIOBATH JIOTUKE OMICAHNUS PE3YIbTATOB B CTAThE); «AHTIIOS3BITHBIMIDY
(HamMcaHbl KAYSCTBEHHBIM aHTJIMHCKUAM SI3bIKOM); KOMITAKTHBIM (YKIIaIbIBaThCSA B 00beM 10 250 ¢j10B).

[Toapo6uBIe paBwmTa puBeaeHBI http://hydro-sphere.ru/index.php/hydrosphere/requirements.
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Articles in Russian and English accepted at the journal "Hydrosphere. Hazard processes and
phenomena” in accordance with the main sections:
1. Fundamental problems of the Earth's hydrosphere
Hazardous processes in the hydrosphere: fundamental and engineering aspects
Ecological problems and hazards in the hydrosphere
The evolution of the hydrosphere
Methods, models and technologies
Issues of improving regulatory documentation
Monitoring, experimental and expeditionary research
Scientific discussions
. Heritage
10. Chronicles
There is no fee for publishing articles. The authors are not paid a fee.
All articles after the formation of the issue are posted on the journal’s website in the public domain.
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Materials published in journal are freely available and posted on the journal website.

The general format requirements for articles to be published:

- file format .doc or .docx; fields 2 cm on the perimeter of the page;

- font Times New Roman, the main font size — 11 pt;

- line spacing — 1,15, the use of automatic hyphenation in words is not permitted;

- indent — 1 cm, text alignment on the page width (except for the title page, formulas, links, figures and
tables).

The title page should contain the following elements:

- title of the article (register as in the sentence, alignment in the centre) no more than 14 words;

- author (s)’ name (alignment in the centre);

- organization affiliation, indicating the city and country (in italics, alignment in the centre);

- e-mail of the contact author (center alignment);

- abstract up to 250 words, which should include the relevance of the research topic, problem statement,
research objectives, research methods, results and key findings;

- keywords — 6-10 words, reflecting the content of an article.

The main text.

The editors strongly recommend original research articles are structured in IMRAD format:

Introduction — Why was the study undertaken? What was the research question, the tested hypothesis or
the purpose of the research?

Methods — When, where, and how was the study done? What materials were used or who was included
in the study groups (patients, etc.)?

Results — What answer was found to the research question; what did the study find? Was the tested
hypothesis true?

Discussion — What might the answer imply and why does it matter? How does it fit in with what other
researchers have found? What are the perspectives for future research?

Tables and figures should be centered on page without indentation, separated from the main text by
empty lines. All figuries should be in highest quality. There are allowed of using a single line spacing, and a
smaller font (no less 10 pt) in tables. Each table and figure should have a number and a title. All signatures to
tables and figures should contain sources of information (except when they are created by the author of the
curent article).

Units of measurement in the text of the article are indicated in the international system of units.

Decimal numbers are comma-separated (e.g. 1,25).

92



TUJIPOCOEPA. OITACHBIE TTPOILIECCHI U ABJIEHU S Tom 2, Boin.1 | 2020

Abbreviations should be defined at first mention and used consistently thereafter. If there are a lot of
abbreviations, the article can be supplemented by a section with a list of abbreviations with decryption.

For equations use a Microsoft Equation object or Word equation editor, they should be located in the
center of the page without indentation and accompanied by continuous numbering (on the right edge). All
equations must have an explication (defining of symbols at the first mention of them with units measurements).

If it necessary Acknowledgments of people, grants, funds, etc. should be placed in a separate section
before the reference list. The names of funding organizations should be written in full.

Footnotes can be used to give additional information, which may include the citation of a reference
included in the reference list. Footnotes to the text are numbered consecutively.

Cite references in the text by last name and year in square brackets. If reference consist not more than
three authors, you should place in text all author. If there are more than four authors - place in brackets the
first author and words "et al." and not forget about year of publishing. If you need several reference cite in one
place of text - please separate each reference by semicolons. If you use several references of one author in the
same published year - you must separate it by letter near the year in reference list and in text.

References list should only include works that are cited in the text and that have been published or
accepted for publication. Personal communications and unpublished works should be mentioned in the
footnotes. Reference list should be alphabetized by the last names of the first author. If you use several
references of author

Some formats for references list:

Book reference: Author A.A. Title of book. City, Publisher, year. 100 p. DOI:

Book chapter reference: Author A.A. Title of chapter. In Editor E.E. (ed.), Title of book. City, Publisher, year,
pp. 1-20. DOLI:

Dissertation reference: Author A.A. Title of thesis. Thesis type. City, year. 100 p. DOL:

Jornal article reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article. Title of Journal,
2005, vol. 10, no. 2, pp. 49-53. DOL:

Conference Proceedings reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article. Title
of Conference Proceedings (date and place of the conference), City, Publisher, 2005, vol. 1, pp. 49-53. DOL:
Online document reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article. Title of
Journal, 2005, vol.10, no. 2, pp. 49-53. Available at: http://example.com/example.

For the detailed information about the author(s), please at the end of article give us some additional
information:

full names of author(s);

academic degree and title;

organization affiliation with full address (including Post Code);

position in organization;

contact telefon (for all authors);

contact e-mail (for all authors);

scientific indexes (scopus, orcid, web of science etc.).

Detailed rules for articles will be given on the website of the journal "Hydrosphere. Hazard processes
and phenomena”: http://hydro-sphere.ru/index.php/hydrosphere/requirements
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