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B Hacrosuieli craTbe MpeaaokeHbl HOBasi METOMKA OLIEHKHU I1apaMEeTPOB PEUHBIX M3JIyUHH U PE3ylb-
TaThl UCTIOJIb30BAHMS METOUKH TIPH OIIEHKE PYCIOBOTO Mpolecca pek nomyoctposa SIman. Heobxonnmele
TIapaMeTphl H3TyUHHBI TIPeJIaraeTcs MoydaTh Ha OCHOBE KOOPAWHAT 5 ONMOPHBIX TOUCK, BHIOMPAEMBIX Ha
cpeaHel TMHUY U3TyurHsbl. [1o KoopiuHaTaM 3THUX TOYEK MOKHO PACCUUTATh CTEIICHb PA3BUTOCTU U3IIy4H-
HBI, OLIHUTH ee hopmy. Habop cTaTuCTHUeCKUX XapaKTepPUCTHK MEAH/P IS y4acTKa PEKH ITO3BOJIUT Opra-
HHU30BaTh MOHUTOPHHT PYCIIOBOTO MIPOLIECCA B YCIOBUAX AHTPOMOTEHHOTO MITH €CTECTBEHHOTO N3MEHEHHS
THIPOJIOTHIECKOTO PeKMMa. BHITTOTHEHBI TOBEpOUHBIE PAacUeTHI IO psity pek SIMaia.

Kniouegvie cnosa: pycioBoii mpouecc, SImait, MeaHpbl, IapaMeTpbl U3JIyUUH.

Methodology for describing river bends
(on the example of the Yamal rivers)

D.I. Isaev', O.I. Ivanova', A.1. Baskakova’®

! Russian State Hydrometeorological University, St. Petersburg, Russia
2 State Hydrological Institute, St. Petersburg, Russia

The existing methods for calculating channel deformations in relation to significant stretches of rivers
are based on very rough schematizations and assumptions that do not sufficiently take into account the
morphological features of the object for which they are performed. This is the reason that modern methods
for calculating channel deformations still do not fully meet the needs of practice. The successful solution
of the problem of calculating and predicting channel deformations largely depends on the presence of clear
ideas about how channel reformation occurs in nature, and not only in limited areas, but also in large areas,
covering various interacting forms of channel formations and various types of river channels. This article
presents a new technique for assessing the parameters of river bends and the results of using the technique
in assessing the channel process of the rivers of the Yamal Peninsula. It is proposed to obtain the necessary
parameters of a bend on the basis of the coordinates of 5 reference points selected on the center line of a
meander. By the coordinates of these points, one can calculate the degree of development of the bend and
evaluate its shape. A set of statistical characteristics of meanders for a river section will allow organizing
monitoring of the channel process under conditions of anthropogenic or natural changes in the hydrological
regime. Verification calculations have been performed for some of Yamal rivers.
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BBenenue

B tunmmzammu pycnosbix mporteccoB I'TU [1, 2], 3akperieHHON BO BCeX HOPMATHB-
HBIX IOKYMEHTAX, BBIICIISIOTCS TPH THUIIA MEAHIPUPOBAHUS — CBOOOJHOE, HE3aBEPIIICH-
HOe M orpaHuueHHoe. KaxaoMy Tumy xapaktepHa cBos Gopma jedopMaIiy n3TyqrH.
Tak, npu cBOOOJHOM MeaHIPUPOBAHUM IIJIAHOBBIE JeopMaLii CBS3aHbl, IIPEKAE BCe-
T0, C Pa3BOPOTOM M3IIyYHH OTHOCHTEIFHO HEKOTOPBIX TOYEK Tieperruda 10 MOMEHTa MPo-
pbIBa, TOrAA KaK IPU OIPAaHUYEHHOM MEAHIPUPOBAHMM H3JIyUUHBI CIIOI3AaI0T BHU3 IO
TEUCHHUIO, B LIEJIOM COXpaHsis cBoo Gopmy. [Ipu HezaBepIIeHHOM MEaHJPUPOBAHUH IIPO-
LIeCC pa3BOpOTa U3JIYUMH TIpepbiBaeTcsi 00pazoBaHreM Npotoku. CienoBaTenbHO, cama
(hopmMa U3ITyYHHBI TO3BOJISIET CYIUTh O PYCJIOBOM IIpOIiecce, AYIIEM Ha y4acTKe PEKH.

TpanumonHo GopMy U3ITyUHHBI IPUHATO XapaKTEPU30BATH TAKUMHU HU3MEPUTEIIsI-
MH, KaK: LIar U3JIy4ydHbl, YIJIbl BXOJA, BBIXOAA U Pa3BOPOTA, CTENCHb Pa3BUTOCTHU U IIP.
Haubonee yacto [ 1—S5] ucnonb3ytoT OTHOLICHUE ATUHBI U3TYYHHBI K €€ Iary, KoTopoe
XapaKTepu3yeT CTeNeHb pa3BuTocTH M3nydnH. P.C. Yamos [4] ycTanoBwI, 9TO TIpH L/A
> 1,4 pa3BUTHE U3YYHHBI TPEKPAIIacTCs.

Kocsenno stor mapamerp yuutbiBaerca B padborax H.E. Konaparsesa [6], koTo-
PBIH HOMBITANICS CBS3aTh €0 CO CKOPOCTHbIO Aedopmanuu. M3myduHsl O AJIMHE PeK
pacnonaratorcst rpynnamu. Kaxnas rpynmna u3iayduH OTAesieTcs OT CMEKHOW H3ITy-
YUHBI OPSIMBIMUA BCTaBKaMHM, JJIMHOW B 2—3 UIMHBI W3y4uH. KonuuecTBo H3myduH
B rpymime o0brdHO 3—5. B 66 % [2] ciy4aeB Haubosee pa3BUTas U3TyYHHA HAXOIUTCS
B Havajie Tpymmel. KomudecTBo TPYI W COCTABISIONINX WX M3IYYHH ITOCTOSHHBI BO
Bpemenu (coxpansercs S0—60 ser). B [ocynapcTBeHHOM IHIPOIOTHYECKOM HHCTUTY-
Te [7] Obla BBITIONIHEHA CTaTUCTHYECKast 00paboTka MOPPOMETPHUECKUX MApaMETPOB
M3ITyYUH TIpU CBOOOJHOM MeaHnpupoBaHud. B bpsHckoM YHHBepcuTtere mpu ommca-
HUH TUIOB U3JIyYUH B COOTBETCTBUU C PHC. | HCMOIB3YIOT OyKBEHHbBIC HHICKCHI.

IIpuBeneHHbIC IPUMEPBI IOKA3BIBAIOT, YTO MOP(HOMETPUUECKHE TTapaMETpPhl U3ITYy-
YHH aKTUBHO HCIIOJIB3YIOTCS B pa3padOoTKe TEOPHH PYCIOBbIX mpoueccoB. OnHako, co-
YyeTaHWe JTMHEWHBIX, YIIIOBBIX M OTHOCUTEIBHBIX TAPAMETPOB CYIIIECTBEHHO 3aTPy/AHSIET
MaccoBYyI0 00pabOTKy XapaKTEPUCTUK M3JIyUUH Ul BCEH PEKH U TPYIIIbI PEK PeruoHa.

Lenb paboThl COCTOUT B pa3pabOTKe METOIUKU ONUCAHUS PEUHBIX M3JIYYHH, I10-
3BOJISIFOLIEH BCKPBIBATh 3aKOHOMEPHOCTHU MX Pa3BUTHSL.

MarepuaJjibl 1 MeTOAbI

Hamu mnpemiaraerca cnenyromas cxema ONpeAeNeHHs NapaMeTpoB H3ITyYUH
(puc. 1).

W3nyurHa onuchIBaeTCs MSATHYTONBHUKOM C OCHOBHBIMHU TOUKaMu: 1 u 5 — ToUkH
neperuda M3JIy4rHbl, TOUYKK 2 U 4 XapakTepu3yloT MIUPHUHY U3IY4YHHBI B, a Touka 3
MaKCUMAaJIBHO yJalieHa OT To4deK mepernda. Takum oOpazom, paccTosHue 1—5 TOYHO
COOTBETCTBYET IIAry M3IY4YHHBI A, cymMa JuinH 1—2, 2—3, 3—4, 4—5 Onu3ka K Au-
HE M3JIyYHHBI L, a TUIOIIa (b MATHYTOIBHUKA TPONOPIIMOHATBHA TUTOIIAIH U3TYyYHHBI S.
OtHowenue L/A xapakTepusyeT CTEeNCHb Pa3BUTOCTH U3IYUYHHBL, a B/A — OTHOCUTEIb-
HyI0 TI0THOTY. COOTHOIIIEHUEM [UIMH CTOPOH 1—3 u 3—5 MOXKHO XapaKTephu30BaTh
CKOIIEHHOCTH M3JTYyYMHBI OTHOCUTEIILHO CEpeUHbI 1ara (puc. 2).
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Puc. 1. Cxema onpeneneHus napaMeTpoB U3ITyUHH:

1 1 5 — Touku neperunda M3MYIHHBL; 2 ¥ 4 XapaKTEePU3YIOT IMUPUHY H3ITYIHHBL,
3 — MakCHMalbHO yJlaJIeHa OT TOYEK Iepernoa.

Fig. 1. Scheme for determining the parameters of the meander:

1 and 5 — bend points of inflection; 2 and 4 characterize the width of the bend;
3 — as far as possible from the bend points.

3

1

Puc. 2. OcHOBHBIC U3MEPHUTENH U3ITyYHH (MOSICHEHNS] 0003HAYEHHUH CIIeTIaHbl 110 TEKCTY CTaThH).

Fig. 2. Basic metes of the meander (explanations of designations are made in the text of the article).
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[y monmy4yeHnsl yka3aHHbBIX XapaKTEPHCTHK JTOCTaTOYHO MMETh TUIOCKHE Teorpa-
(uueckre KOOpJUHATHI TOYEK 1—S5.

Hamu Obl1a BBIIIOJIHEHA OLEHKA TOYHOCTHU allIPOKCUMALMK JJIUHBI H3JIyYUHbI (M)
MSTHYTOJIBHUKOM. [1J1s1 M3JIy4uH O cTeneHbio pa3Butoct oT 1,31 10 3,06 Obina omnpe-
JIeJICHa JUIMHA W3JIY4YMH 110 OCEBOH JIMHUM pyciia M CyMMapHasi JUIMHA JIMHUH 110 TOYKaM
1—2—3—4—5. OTHOCHUTENBHAs MOTPEIIHOCTD PE3YJIBTATOB N3MEPEHUH 110 Mpeara-
eMoi Metoauke coctaBuia 2,5—15,7 %.

AHaJM3 mapaMeTpoB M3JY4YHH Ha pekax SImana

Pabora o ycTaHOBIEHNIO OCHOBHBIX XapaKTEPHUCTUK M3IYYHH ObLIa BBHITOTHEHA
st 10 pex SAmana: Xapacaseit, Mopasiaxu, Hapoisaxu, FOuasisaxu, Tusretiaxu, [Tyxy-
wstsixu, [Isisikocesaxu, [Tsacsaapisixu, Xapabaxu U SIxaapisaxu.

Br160p 00BEKTOB WICCIENOBAaHHS CBSI3aH C MHTCHCUBHBIM OCBOCHHEM Ta30BBIX U
HEe(TAHBIX MECTOPOXKICHHUI Ha TeppuTopuu SIMana, 4ro TpeOyeT BHICOKOI'O KauecTBa
rugposiormdeckoro odecnedeHus. OaHako SImanm 10 HACTOSIIEro BPEMEHH OCTaeTCs
KpaifHe cnabou3y4eHHOH TeppUTOpHel, Ha KOTOPOH Jayke HET MOCTOSHHON THAPOIIO-
rudeckoi cetu. [lo HeMy odeHb Mano kaprorpaduyeckoil HHPOPMALIMK 32 TPOIILIbIE
TO/IbI, & OTKPBIThIC CITyTHHKOBBIC (POTOCHEMKH U a3pO(OTOCHEMKH IPOU3BOIUINCH
ToNBKO ¢ 80-X TOIOB MPOMUIOTO BeKa. IloydeHHbIe 1T0 HUM CHUMKH UMEIOT pa3perie-
HUE, HEOCTAaTOYHOE JUIsl TOYHOTO YCTAHOBJIIEHHsI 3aKOHOMEpHOcTeld Mopdomerpuye-
CKOTO CTPOCHHUS PEK.

Ha puc. 3, B kauecTBe npumMepa, NPUBEACH YUaCTOK CO CPEAHUM TEUCHHUEM p. TuB-
TEeUSIXU.

Puc. 3. Meanaps! p. Tusteiisixu (Ha moyocTpoBe SImMai) B cpeiHEM TEUCHUH.

Fig. 3. Meanders r. Tivteyakha (on the Yamal Peninsula) in the middle course.
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Puc. 4. PacnipesieneHue CTeNEHH Pa3BUTOCTH H3IYUHH L/A pek moayocTpoBa SImat.

Fig. 4. Distribution of the development of bends of rivers of the Yamal Peninsula.

B kauecTBe TOO-0CHOBBI 11 00PaOOTKH M3JIyUUH OBIJIM MCHOJIb30BaHbI CIIyTHU-
KOBBbIE CHUMKH cpenHero paspemenus (ucrounuk: The Polar Geospatial Center (PGC)
is a research facility funded by the National Science Foundation). B reonndopmariu-
onHoii cucreme ArcGIS kaxxaas mznyunHa obpalarbiBajach IO CXeMe, IPUBEICHHON
Ha pucyHkax 1 u 2. 3aTeM, MO MOJy4YeHHBIM KOOPJMHATAM XapaKTEePHBIX TOUEK H3IY-
YIH OBUTH OTIPE/IeJIEHBI NX OCHOBHBIE XapaKTepUCTHKHU. Beero Obi1o oOpaboTano doee
500 u3nyunH. OCHOBHbIE CTATUCTUYECKNE XAPAKTEPUCTUKU CYMMapHO IO BCEM peKam
IIPUBE/ICHBI HUXKE.

W3 ananusa puc. 4 BUAHO, UTO U3ITyUYHUHBI HCCIIETYEMBIX PEK IPEACTABIEHHI B OC-
HOBHOM JAByMs rpynnamu. [lepBas rpynma — cerMeHTHbIE N3ITYYHHBI, IJTHHA KOTOPIX
HE MPEBBIIACT 2 IIAroB W3My4YuH. Takue M3IydMHBl cOCTaBiIsAOT 58 % oluiero umc-
na. Bropas rpynmna — 310 netmieo0pa3Hble U3IyUrHbI (JJIMHA W3TYYHHBI TPEBBIIIACT
3 miara u3Iy4HHbI) (CM. pHC. 5).

Ha puc. 6 npencraBnena rucrorpamma pactpeesieHusl MOJHOThl u3nyunH. Kak
OBLTO CKa3aHO paHee, MOJIHOTA U3ITYYUHBI PEACTABISAET COOO0H OTHOIIICHHUE €€ U PHHBI
K mary (Mm).

Kak nokaspiBaeT ananu3 puc. 6, 10711 U3ITyYHH, IIMPUHA KOTOPBIX HE TPEBbIIIAeT
HX 1ara, cocrarmuset 73 %.

CreneHpb BBITSHYTOCTH M3IYYHHBI — OTHOLIeHUe JunHBI L1-3 k ee mary A. Ha
puc. 7 IpenCcTaBICHO paclpenesCHUE BEITIHYTOCTH U3JIy4UH 110 N3y4aeMbIM PEKaM.

W3 rucrorpammbl, MpeACTaBICHHON Ha puC. 7, BUIHO, YTO y NpeoOIaiaiomero
OOJIBLIMHCTBA PACCMATPUBAEMBIX M3JIyYMH OTHOIICHHE L /A HaXOOMTCS B Mpeesax

231



T'MAPOJIOIA

a)

Puc. 5. Tunb! u3nyqus [3]:
a) CeTMEHTHBIC; 6) TIeTIIC00pa3HbIC; 6) CHHYCOUIAIBHBIC; 2) IPOPBAHHbBIC; 0) 3aBAJICHHBIC.
Fig. 5. Types of meanders [3]:
a) segment; 6) loop-shaped; 6) sinisoidalny; ) broken through; 0) inclined.
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Puc. 6. FI/ICTOFpaMMa pacnpeaciacHus MOJIHOTHI U3JTYUYHUH PCK IMOJYyOCTpOBa Smann.

Fig. 6. The histogram of the meander completeness distribution of rivers of the Yamal Peninsula
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Puc. 7. 'ncrorpamma pacripenieseHust BRITSHYTOCTH M3JIy9IHH PEK MOIyoCcTpoBa SImai.

Fig. 7. Meander elongation distribution histogram of rivers of the Yamal Peninsula.

ot 0,6 10 1. D10 3HAUUT, YTO OONBUIMHCTBO M3IIyUYHUH UMEET CErMEHTHYIO (opmy. Host
TaKWX M3JIYYHUH OT OOIIETro Yncia cocTaBisieT 62 %.

3aBHCUMOCTb MOJIHOTHI U3JIYYHH OT X BBHIPAKEHHOCTH NpHUBeeHa Ha puc. 8. JlaH-
HBIU Tpaduk 3aBucuMocTr B/A = f{L/\) HarsIHO OKa3bIBAET IMHEWHBIN XapakTep 3a-
BHUCUMOCTH TIOJTHOTBI U3JIyYHH OT MX Pa3BUTOCTH, KOTOPAsl XapaKTEPHU3yeTCsl BEICOKHUM
koaddurrenrom nerepmunanuu R? = (,85.
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Puc. 8. I'padmk 3aBHCMMOCTH MOJTHOTHI U3ITyYHH OT Pa3BUTOCTH PEK MOIyOoCTpoBa SIMair.

Fig. 8. Graph of dependence of the completeness of meanders on the severity of rivers
of the Yamal Peninsula.
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3aKkjoueHue

B macrosmieit paboTe mpuBEACHBI pe3yNBTaThl 00PaOOTKH HM3IYIHH PEK ITOTY-
oCTpoBa SImMas MmpeIoKeHHBIM BBIIIE METOAOM. JlaHHBI METOJ IMOKa3aj XOpOIIHUe
pe3yabTaThl, OH yA00eH MpU 00pabOTKEe CIyTHUKOBHIX CHUMKOB, a TaK)Ke TO3BOJISET
MIPEJICTABIIATh PEUHBIC M3JIyYWHBI KaK YUCIIOBBIC PSbI, KOTOPbIE MOXKHO TOABEPraTh
CTaTUCTUYECKOM 00padoTKe.

B pabote mo psaam gucen, moydeHHBIX TTPH 00paboTKe TIpeTaracMbIM METOIIOM,
OBUIM PacCYMTaHbl TAKAE XAPAKTEPUCTUKH, KAK XapaKTEPUCTUKU BBITSHYTOCTH, MTOTHO-
ThI 1 pa3BUTOCTH. OHCHKa JaHHBIX XapaKTCPUCTHUK ITO0Ka3aJia, 4To JJId paCCMaTprUBACMbBIX
pex moyocTpoBa SImMan xapakTepHbI CETMEHTHBIE U TTEeTIIC00pa3HbIe BUIBI H3ITYyUHH.

Meton MOXKeT ObITh PEKOMEHJIOBAH ISl OLICHKH PEUHBIX M3JIy4HH.
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