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AHHoTanusa. AkmyaabHocms, CTaTUCTUUECKHE UCCIEJOBAHUSl PACXO/ia BOJbl B PEUYHBIX CUCTEMAX, IPOBE/IEHHbIE PA3/INY-
HBIMU aBTOpPaMH, NOKa3ay, YTO GOPMbI pacnpe/ie/ieHHs IVIOTHOCTH BEePOSTHOCTHU PEeYHBIX CTOKOB IOJHMMOAaNbHbIe, Cyle-
CTBYIOT pa3/IM4YHble TMIIOTe3bl BO3HUKHOBEHUS JAaHHOIO IOJMMOJAANBHOTO paclpeje/lieHus, HalpuMep, B JUHAMHUYEeCKUX
cucTeMax BO3MOXHO GpopMUpOBaHHEe aTTPAKTOPOB, IN60 B YCIOBUSX BO3MYLIEHUS UCXOAHBIX JaHHBIX CUHTYJISPHBIE YHCIa
MOTYT TpaHCHOPMUPOBATHCA B MOJUMOJAJNBHYIO CTPYKTYpy. OJjHaKO IpejJsaraeMble rUnoTe3bl GOPpMUPOBAHUS MOJIUMO-
JlaJIbHOT'O paclnpe/ie/ieHUs] MHTEHCUBHOCTH Npeo6pa3oBaHUs 3J1eMEHTOB OTKPBLITON CHCTeMBbI JJaJleKo He BCerja NpUMeHHU-
Mbl K KOHKPeTHBbIM 00'b€KTaM M OTPaHHYeHbl ONpe/ieleHHbIMU yCJ0BUAMU. [10aTOMYy mpepsaraeTcss NpUMeHUTb YHUBeEP-
CaJIbHYI0 TEOPHI0 06pa30BaHUs TOJMMO/AJIbHOI0 paclipe/ie/IeHHs] HHTEHCUBHOCTH NPeo6pa30BaHUs OTKPBITHIX CUCTEM s
M3y4YeHHUs pacrnpejie/leHUs: pacxoja BoJbl B peYHbIX cucTeMax. Lles1b1o HacTosEeN paboThl AB/ISAETCSA N0 TBEPKIEHHUE COOT-
BETCTBHS MOJ| CTOKA PEK YHUBEPCA/JIbHbIM NPUHIMIAM NPe0o6pa3oBaHUsA NPU YHUPHUKALUMHU [TOJUMO/JAJIBHOTO CTATUCTHY e-
CKOTr'0 pacnpejie/ieHUs1 BepOSITHOCTH pacxoZa BOJbI B PeYHBIX cUcTeMax. 06eKmoM VCCeJ0BaHusl SBJIAIOTCA BbIGOPKHU
WHTEHCUBHOCTH pacxoZa BoJbl rujporpaduyeckux oTKPBITBIX cucTeM peku OKHU U peku Besvkast B pas/IM4HbIA C€30HHBIN
nepuoj. Memod vcciiefiloBaHUs G ONpe/ie/leH HAa OCHOBAaHWHU BbIBEJIEHHOT'0 YHUBEPCAJBHOr0 ypaBHEHUs Mo/, YHUULH-
POBaHHBIX IOJIMMO/AJIbHBIX Pacnpe/ie/IeHUH JIOTHOCTH BEPOSITHOCTEH /Il IPOLLECCOB IPeo6pa3oBaHUs JIIOObIX OTKPBITHIX
cucreM. Kaxzass Moja B yHUPULHPOBAaHHOM NOJIMMO/IA/IbHOM paclipe/ieIeHHH CTOKA PeK COOTBETCTBYET ONpeJie/IeHHOMY
YHUBEPCAJIbHOMY NPUHLMIY Npeo6pa3oBaHUs OTKPBITOW CHUCTEMbI MO/ BHEIIHHUM Bo3felcTBueM. Ero yHHBepcasbHOCTb
OCHOBaHa Ha KOHCTAHTaX COOTHOLIEHUs BPEMEHHbIX IIapaMeTpPOB (BHYTPEHHEro BpeMeHM IpeoOpa3oBaHHUSA 3J1€MEHTOB
CHCTEMbI U BHEIIHET0 BpeMeHH BO3/eCTBUSA Ha CUCTEMY), CBA3AHHBIX C «30JI0TOM» nponopuueil. Ucnapenue U yBiaakHeHHe
MOYB YMEHBLIAIOT PacXo/ U IBJIAIOTCI BHYTPEHHUM NpPeo6pa3yolMM NPOLeCCOM B 3aBUCMMOCTH OT aTMOChepHOH TeMIe-
paTypbl, @ aTMocdepHbIe 0CaJKU SBJISIOTCSI BHEIIHUM GaKTOPOM, YBEJUYHUBAIOLIUM CTOK pPeK. Pe3y1emambl poBe/ieHHbIX
MCCJIe/IOBAaHUN IOKA3aJIY, 4TO ONpesiesIeHHble MO/bl NOJMMO/AIbHOIO paclipe/ie/IeHUsl pacxo/ia BOAbl MOJHOCTbIO COOTBET-
CTBYIOT YHUBEPCAJbHBIM COCTOSIHUSIM INPOLIECCOB MPeo6Gpa3oBaHuUsl OTKPBITBIX CHUCTEM MO/ BHEIIHUM Bo3zeHcTBUeM. [lis
KaXk/[0TO CE30HHOTO MEePHO/ia MOJbl COOTBETCTBYIOT Pa3JIMYHbIM, paHee YCTAaHOBJIEHHBIM MPUHIMIIAM Tpeo6pa30BaHUs CH-
cTeM. Bblgodbl. Ha ocHOBaHMM BBIGOPKH pacxo/ia BOJbl B PEUHBIX CUCTEMAX, UCIO/Ib3Ysl YpaBHEHHE YHUPHUKAIUN TTOJUMO-
JlaJIbHOT'O pacnpesiesieHus1, MO>KHO OTIPeieJINTh COCTOsIHHE Npoliecca Mpeo6pa3oBaHUs peYHOH CHUCTEMBbl B HACTOSIIEM Bp e-
MEHH U, 3Has apaMeTphbl BHEIIHEr 0 BO3/leCTBUS, ITpe/icKa3aTh eé OyAylee pa3BUTHE.
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Abstract. Relevance. Statistical studies of water discharge in river systems conducted by various authors have shown that
forms of distribution of river discharge probability density are polymodal. There are various hypotheses for the origin of this
polymodal distribution. For example, in dynamic systems the formation of attractors is possible, or under conditions of per-
turbation of the initial data singular numbers can be transformed into a polymodal structure. However, the proposed hypoth-
eses of formation of polymodal distribution of transformation intensity of elements of an open system are not always appli-
cable to specific objects and are limited to certain conditions. Therefore, it is proposed to apply the universal theory of for-
mation of polymodal distribution of transformation intensity of open systems to study water discharge distribution in river
systems. Aim. To confirm the compliance of river flow modes with universal transformation principles in unifying the poly-
modal statistical probability distribution of water discharge in river systems. Object. Samples of water discharge intensity of
hydrographic open systems of the Velikaya and Oka rivers in different seasonal period. Method. Determined on the basis of
the derived universal equation of modes of unified polymodal probability density distributions for transformation of any
open systems. Each mode in the unified polymodal distribution of river runoff corresponds to a certain universal principle of
transformation of an open system under external influence. Its universality is based on the constants of the ratio of time pa-
rameters (internal time of transformation of system elements and external time of impact on the system) associated with the
"golden" proportion. Soil evaporation and moistening reduce the flow rate and is an internal transforming process depending
on atmospheric temperature, and precipitation is an external factor that increases river runoff. Results. Certain modes of
polymodal distribution of water discharge fully correspond to universal states of transformation of open systems under ex-
ternal influence. For each seasonal period, the modes correspond to different, previously established principles of systems
transformation. Conclusions. Based on a sample of water discharge in river systems, using the unification equation of poly-
modal distribution, it is possible to determine the state of the river system transformation in the present time and, knowing
the parameters of external influence, to predict its future development.

Keywords: Polymodal statistical distributions, open systems, river discharge, hydrographic systems, probability density,
river flow distributions, "golden" proportion
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BBeseHnune B KOHKYPEHIINH BHEIIHEH OMOTHI C BHYTPEHHEH B JIO-
BacceliHbl pexk IPEACTaBIAIOT COOOH OTKPBHITYIO — KaJbHOH IKOCHCTEME B OMpPENEICHHBIX YCIOBHUAX (pe-
JUHAMUYECKYIO CUCTEMY BIOJIb UX pycell. KonndyecTBo  30HaHCA) MPUBOIUT K 00Pa30BaHUIO MOJUMOIATEHOTO
NEPEMELICHHON BOJBI BIOJIb pycia ONPEAEIETCA ped-  paclpeesieHus pa3MepoB U Macc OnooObekToB. B cra-
HBIM CTOKOM. CTOK BOABI HM3MepseTcss oOBeMOM 3a  The [3] MpUBEICHBI MPHUMEPHI MOJUMOIAIBHOTO pac-
eIMHUIly BPEMEHH, a PacIpeiielieHHe €ro IJIOTHOCTH  mpeneieHus pasmepoB yiutku Heleobia, mpuuunnoit
BEPOSITHOCTH (B JaJbHEHIIEM, BEPOSTHOCTb) MMEET  JaHHOM (POpMBI paclpeneseHus sIBISCTCS HEraTHBHOE
MOJUMOAANBHYIO (OpPMY, YTO MOATBEPXKACHO B [1]. BIIMSHUE Apa3UTOB HA UX PETIPOAYKIIHIO.

N3ydenne (GpopM CTATHCTUYECKHX pacHpeiciecHHH B pabGore [4] BeposTHOCTHBIE TpadUKU pacipene-
BEpPOATHOCTEN IIEPEMEHHBIX XapaKTEPUCTUK 3JIEMEH- JIGHHS 1O pa3MepaM 3epeH 0Caqo4YyHOW MOpOJABI B CH-
TOB B Pa3lIMYHBIX OTKPBITBIX CHUCTEMAxX IOKA3aJl0 TO, CTEME «peKa—03epoy» MOKa3alH, 9YTO OOJBIINHCTBO BHI-
4TO IHOJIMMOAaibHas (GopMa pacnpeneneHus yHHUBEP-  GOPOK SIBISIOTCS MOMMMOJATBHBIMHE, C TPEMSI MOJAMH.
canbHa. OHa NPOSIBIISIETCA COBEPIIEHHO B Pa3iMYHbIX  [losmMomaabHOE paclpejeieHHe pa3sMepoB 3epeH B
OTKPBITBIX CHUCTEMax C BHEHUIHUM Bo3JekcTBHMEM. depHOo3eMax Ceepo-Bocrounoro Kuras B Gompmieit
Hanpumep, aBTOpBl cTaThu [2] HCCIENOBAIM paclpe-  CTENECHH OOYCIOBICHO BETPOBOM 3pO3Weil MOYB U B
JeNIeHUsT OMoMacchl M pa3Mepsl OHOOOBEKTOB M3 KO-  MEHBINEH CTEeHH — MpoIleccaMH  3aMep3aHusi—
CHCTEM pPa3HOro Mmacmraba: (UTOIUTAHKTOHA B O3€pe, HCIApEHHS W aHTPONOreHHBIM BimsuueM [5]. B cra-
METAa30€B B Py4Ybe, YWICHUCTOHOTUX B JiecaxX. Ilomumo-  The [6] mpoBeJeHHBIE 3KCIEPUMEHTANbHBIE HCCIENO-
TaJbHOE paclpezielieHre Pa3MepoB OMOTHI HECKONBKAX — BaHHMs JUHAMHYECKHX XapaKTEPUCTHK O00OpYHIOBaHUS
BHJIOB, KOHKYPUPYIOIINX 33 OAHY U Ty XK€ HHIIY, 00y-  TIpaHy/ISIdH MHKPOKPHCTAUIMYECKON IIEJUIIOIO3B U
CIIOBJIEHO KOMIIPOMHMCCOM MEXAY BOCIPOM3BOJACTBOM  MOHOTHApATa 0-JAKTO3BI ITOKAa3ajH, YTO CTENEHb Ipa-
U UCIIOJIb30BAHUEM PECYPCOB, SBISIIOIEMCS IPUUMHON — HYISIMHA M pa3Mepbl TPAHYJI CHIIBLHO 3aBHUCAT OT OTHO-
BHYTPEHHETO PE30HAHCA, KOTOPBIA MOXKET MOPOIMTH  IICHUS CKOPOCTH MOAAYH TOpPOIIKa (CBIPBs) K CKOpPO-
HECKONbKO MoJ. Korna KOHKYpeHIMs CTAHOBUTCA CTO-  CTH KPYTSIIEr0 MOMEHTA IMTHEKa. YBEIHYCHHE MO B
XaCTHYECKOH, MOCKOJBKY CHJIa OTOOpa YMEHBINAETCA  paclpelelieHHH pPa3MepoB TIpaHyll MPOMCXOMUT IpH
HIDKE ONPEJEIECHHOIO I0pOra, BO3HUKAIOT NMUKH, U YMEHBIICHHH CKOPOCTH MOAAYH OPOIIKA.
CTallMOHAPHOE paCTpeiefieHHe CTAaHOBUTCS MOJIUMO- IMonuMonanbHOE pacnpeseNeHue pa3MepOB YaCTHIL
nanbHeIM. CodyeTaHHE MECTHOH KOHKYPEHIHUH U TJIO-  OOYCIIOBJICHO  CO3pDEBAaHMEM  MHOTOKOMIOHEHTHBIX
OaJlbHON MMIPAIMU 3aHMMAET LIEHTPAJbHOE MECTO BO  JHCIIEPCHBIX CUCTEM C MCmapeHUsMH ((Ha3oBbIMH Ipe-
MHOTHX 3KOJOTHYECKHX Mponeccax. CTOXaCTUYHOCTh  BpalleHHsMH) BHyTpy yactull [7]. Eciu BHemHee aaB-
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JICHWE COMNOCTaBUMO (WJIM HECKOJBKO BEIIIE) C BHYT-
PCHHUM IaBJICHUEM HACHIIICHHOTO Mapa, TO CTATHCTH-
YeCKHe PacHpeieCHus] pa3MEpoB Kareidb HEJICTyIHX
BEIIECTB MOJIMMOJANbHEL. B crathe [8] mpoBeneHHOE
HCCIICIOBAHUE TPAaHYIOMETPHYCCKOTO COCTaBa IIeCKa
(Ha octpoBe duiep) BHISIBIIO OUMOJAIBHOE pacmpe-
JIeTICHNE €T0 Pa3MepoB, & UMECHHO ITECYNHOK KPYITHOTO
U cpemHero amamerpa. Pasmep mecka ompenensuics
(ananbHBIMHU YCIOBUSMH OCAIKOHAKOIUICHHS.

B meramnypruu ¢ yBenWdeHHEM BPEMEHH H3MEIb-
YeHUs W J00aBJICHUS B IMOPOIIOK KapOwga BaHAIUsS
¢dopMa TPaHyIOMETPHUYECKOTO PACHpENeICHIs pa3Me-
POB YaCTHUI[ MU3MENbYECHHOW MHCTPYMEHTAJIHLHOW CTaJIN
CTaHOBUTCS OoJiee MoIMMOAaTbHOH [9].

Ho He TONBKO pa3Mephl AJIEMEHTOB «HEXHBBIX) CHU-
CTeM MMEIOT MOJIMMOIANBHYIO (popMy pacripenencHus,
HO U Macca TeJl SIHUIETarnyecKoro HEeKTOHA OKEaHCKUX
ocobeit pactipenensercs nonumonansHo [10]. [To Beeit
BHAIMMOCTH, TIPUCYTCTBHE BHEIIHETO BIUSHUS HA JIFO-
OYI0 OTKPBITYIO CHCTEMY IPUBOJUT K (POPMHUPOBAHHIO
MOJMMOAIEHOTO CTATHUCTHYECKOTO pacIpeecHus e
MPeoOpa3yIOIIUXCS HIEMEHTOB.

B cBoro odepenb, aBTOpOM TPENICTABICHHON pabOThI
ObUTM M3y4CHBI CTATUCTHYCCKHE PACIIPENETICHHsS COIep-
xKaHMs Oopa B TOJIMMHKTOBOM TECUYaHOW TMOpoze
(B xauecTBe MHIMKATOpa naneodanuii) [11]. UccrenoBa-
HUS TIOKA3aid, YTO MPUYHUHAMHU MOJUMOJATLHOIO Pac-
TpezieNieHns coziepykaHns Oopa ObUTH MajIe0CoIEHOCTD U
THAPONMHAMIKA BOMHOM CpeOpl OCAIKOHAKOILICHL
Takxke BEpOSTHOCTH OOpa30BaHHs BTOPUYHBIX MHHEpa-
JIOB B MECYAHBIX MOPOax JUTOCHEPHI B pe3ysbTaTe mpo-
[IECCOB HAIOKEHHOTO JITUTeHe3a (TPH TOCTYIUICHUH B
KOJUTEKTOP TJIYOWHHBIX ()IIOUJIOB) BCETIa IMEIOT (hopMy
MOJIMMOAATBEHOTO pactpeaenenus [12, 13].

JUIs KaxJIoW pacCMOTPEHHON CHCTEMbI (DHU3UKO-
XUMHUYECKUH MEXaHU3M TIPOSIBICHUS MOJIMMOIAITEHOTO
pacnpereneHusl BEpOSITHOCTH IpeoOpa3oBaHus e€ diie-
MEHTOB yHHWKaneH. Hampumep, wuccrnemys TpPHIUHEBI
BIIMSTHUST TAKUX JOMHHUPYIOIINX (pakTOpOB, KaK aTMO-
ctepHas Temneparypa (CKOPOCTh HCIApeHHs) U Bia-
TOHACKIIICHHOCTh MMOYB, HA CTOK PEK, HA OCHOBE u(-
(hepeHIMABHBIX YpaBHEHMI OblJla IOCTPOCHA (u3HUe-
CKas MOJieNlb, aJIeKBaTHO OTpakaromas OCOOEHHOCTH
Kosie0aHuit peuHoro croka [14]. B kadecTBe BHEIIHETO
BO3JICHCTBHsL BBIOpaHA TMEpUOTUYECKAas  (DYHKIIHSL.
B HenmuHEHHON cHCTeMe «BJIaro3amachbl-CTOK» OOHa-
PYXKEHO SIBICHHUE TUHAMHUYECKOTO Xaoca, MPUBOISIICES
K 00pa30BaHMIO CTPAHHOTO aTTpPakTopa B (a3oBoM
npoctpaHcTBe. Jlake HE3HAYNTENFHOE BHEIIHEE BIIHS-
HUE Ha YIpPaBJIAIOLIUI TapaMeTp IPUBOAUT K Xa0THU3a-
U 1 (OPMHUPOBAHUIO HOBOTO aTTpakTopa. B mpyrumx
OTKPBITHIX CHCTEMaX UX (PH3HKO-XUMHUYCCKUEC MPHUH-
HBI IPe0Opa30BaHusl, ECTECTBEHHO, OYAYT UHBIMH.

Onnako eciau  YHUQUIIMPOBATH TMOJIMMOAAIHHOE
CTaTUCTUYECKOE PACIpEIEICHIE IUIOTHOCTH BEpOST-
HOCTH, TO Kakaas Moma OyaeT paBHA OMpEACTICHHON
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KOHCTaHTE, CBS3aHHOM C «30JIOTOI» MporopIued u
COOTBETCTBYIONICH YHUBEPCAIBFHOMY IPHHIUILY CO-
CTOSIHHS TIporiecca mpeodpazoBanus cucrem [11-13].

Lenbto HacTOsIIEH pabOTHI SBIAETCS TOATBEPXKIC-
HUE COOTBETCTBHS MOJ CTOKAa PEK YHHBEPCATBHBIM
MIPUHIIATIAM TIPe00Pa30BaHus MPH YHUDUKAIIUU TIOJTH-
MOJIaJIbHOTO CTaTUCTUYECKOTO PACIpeeIeHUs] Bepo-
SITHOCTH Pacxojia BOJBI B PEYHBIX cHcTemax. Kaxmas
MO/Ia MOXET acCOL[MUPOBATHCS C ATTPAKTOPOM.

MeTo/bI CC/I€JOBAHUS

HUccnemyem BEIOOPKY IIOTHOCTH BEPOSTHOCTH pac-
xo0J1a BojbI (B KomuvecTBe $>>30) cToKa pek, rie pyc-
7O PeKH ¢ e€ MPUTOKaMH MOXHO PacCMaTpHUBaTh B Ka-
YeCTBE OTKPBITON THaporpapuueckoit cucremsl. I1ycTh
o0l1ee KOJIMYECTBO DJIEMEHTOB (MS) BOIbI Ha €IUHULE
MPOCTPAHCTBA CUCTEMBI: M=mM-+N, T M — KOJTUIESCTBO
HENpeoOpa3oBaHHBIX 3JEMEHTOB  (PErHCTPUPYEMBIi
pacxon BOIBI), N — HEPETHCTPUPYEMOE KOIHIECTBO
peoOpa3oBaHHBIX 3JIEMEHTOB ((ha30BbIe MpeBparle-
Hus1). B aToM ciydae N Bcerga mpomnopruoHaibHa UH-
TEHCHBHOCTH MpeoOpa3oBanus. CienoBaTelIbHO, WH-
TEHCHBHOCTh TIIpoIlecca IIPeoOpa3oBaHUS CHUCTEMBI
MOXHO 3amucaTh Kak otHomienue: 1=n/M, a pasHocTsb
uaTeHcuBHOCTH: Al=1-1. KomnuectBo HempeobOpaso-
BaHHBIX DJIEMEHTOB OYIET COOTBETCTBOBATH MPOM3BE-
neHnro: M=MAI. Tlpu 3HaAYUTETFHOM KOJMYECTBE BbI-
OOpOYHBIX 3HAYCHUH S MPENeNl CPEIHETO OTHOIICHUS:
lim

S

m
<M> =0,5, moaromy (n)=(m). Ompenenrm cpeanee

3HAYCHUE HEMPeoOpPa30BaHHBIX 3JEMEHTOB CHUCTEM B
unTepBaie [lo; 1] mo ctannapTHOU dopmye:

1
M) .
P, jAldl

(my=(MAI')={
1—(JIO

(1)

Pemennem ypaBuenus (1) siBisiercs criemyromias
3aBHCUMOCTB!

)

r7Ie MUHUMAaJIBHBIA TTapaMeTp MHTCHCUBHOCTH TPEO0-
pasoBanus lo Oyner Gonblie Hyns TOJIBKO MPU YCIOBUU
OTHOIIIGHUS cpeqHUX BennuuH Oonbme 0,5. s pea-
JU3alUM JTaHHOTO HEPAaBEHCTBA B ypaBHEHHE (2) BMe-
cTo kodddurmeHTa 2 BBeaeM K03 UIMEHT mporop-
UOHAIBHOCTH ¥>2. OYEeBUAHO, YTO JUISI KXKJIOTO MPO-
Lecca, B 3aBUCUMOCTH OT €r0 MPUPOJBI, OH OYyAeT paz-
nuuathes. B cnydae peructpanum pacxona BOIbl ped-
HON CHCTeMbl (pU3MYECKUI CMBICT TAaHHOTO K03(du-
LIMEHTa OIpEeNeNseTcss OTHOLIEHUEM HEPEerucTpUpye-
MOTO K PErHCTpUpyeMoMy pacxony. Uem oH OosbIe,
TEM 3HAYMTEIbHEU JOJIS HEPETHCTPUPYEeMOro (BHEII-
HETO0) BO3JICHCTBHUS HAa PAacXo]l pEYHOH BOJIBI.

Ha ocnoBanmu mpeobpazoBanHO# Gopmynsl (2) u
cienyromeit 3amensl: J=1p+1, monydaem ypaBHeHue:



HsBecTusi TOMCKOro MOJIMTEXHUUECKOTO YHUBepcUTeTa. MHXKUHUPUHT reopecypcoB. 2024. T. 335. N2 1. C. 46-56
MenbHuk U.A. [lonMMozaanbHOe pacnipejie/ieHHe BepOSITHOCTH pacxoja BoJbl B peYHBIX CUCTeMax

M) _x

(my

J
B nesoit wactu paBenctBa (3) mo mapamerpy J B
mpenenax MareMarndeckux oxumanuit [lo; 1] BIumcC-
JIsieM OTIpeNeJICHHBI HWHTErpall, a B MpaBOil 4acTH —
HEOIPENEICHHBI MHTETpal ¥ HU3BJIEKAEM CIIeAyoIIee
PaBEHCTBO:

MAI0 =yIn(l,+)+C-
(m)

[Mocne mpoBeneHus 3ameH nmapameTpoB: Me=Alo(M);
Umod=lo ¥ mpeobOpa3oBaHus ypaBHEHUs (4) moiydaem
YHUBEPCATBbHOE YPaBHEHHWE MOJ VHUQDUYUPOBAHHBIX
MOJTMMOJAANBHBIX PACTIPENeIeHUH UIOTHOCTH BEpOSAT-
HOCTEH Al MpPOLIECCOB NMPeoOpa3oBaHUs JIHOOBIX OT-
KpbITBIX cucteMm [11, 13]:

. 3)

4)

G, —C
Fhngg = X[~ | ~1, ®)
X
_ mmod
rae Gmod = < > , T. €. OTHOCUTCIIbHAsA BCIMYMHA H3-
m

MEpSIEMBIX BEIOOPOUHBIX 3HAYCHUH, COOTBETCTBYIOIIUX
Mmod — MOJIE PETUCTPUPYEMOTO PacXojia BOJIBI (m3/c);
(M) — cpeaHEB3BEIICHHAS BEIWYMHA BBHIOOPKH; KOH-
cTanThl paBHbl: C=—3,5 U yHUDHUIHPYIOIIUI TTapaMeTp
y B uHTepBasie 12—14. Jlns kaxmoil reHepanbHON BBI-
OOpKH CHCTEM pPa3IUYHON MPHUPOIBI MPeoOdpa3oBaHUS
cpelbl B THCTOTpaMME PacHpeeiCHUs H3MEPSIeMOro
3HAYEHUS M, y — YHUPHUIUpPYIOMas KOHCTAHTa B ypaB-
HeHHH, (5) ompenenseTcs B CIydae COOTBETCTBHUS Ma-
TEMaTHYECKOTO OKUIaHust MOIBI j=lnc=0,3819 Munu-
MaJbHOH (TepBoii) Moje. B aTom citydae dopmysia BbI-
YHCICHUS ) BBITJLSAUT TaK:

G +35

= 6
0,3235 ©

B kauecTBe BHIOOPKH CTATHCTHYSCKHUX JTAHHBIX pac-
CMOTpHUM peuHyto cuctemy [1]. B crannapre «Pocrua-
poMer» HMeroTcs TabnuuHble AaHHbIe (Ooneel00-
JIETHUN TIEPUOJI) CE30HHOTO Pacxojlia BOJBI CTOKA PEK,
KOTOpBIE OBIJIM MCIIONB30BaHBI JIJIs1 TOCTPOEHUS THCTO-
TpaMM U OIPEHETICHUS MOJ OTHOCUTEIBHBIX ITapaMeT-
poB [15]. Ha ocHOBaHWHM BBIOOPOYHBIX 3HAYEHHH CTO-
KOB Pa3JIMYHBIX CE30HHBIX MEPUOJIOB, UCIONB3YS Ma-
TEMAaTUYECKUH ammapaT MOCTPOCHUS THCTOTPaMM
Excel, hbopmupyroTcs ructorpaMmbl CTOKa PEK IMOJH-
MOJaJBHOTO THIIA. 3aTeM Ha OCHOBE ypaBHeHUH (5)
1 (6) BBIYHCISIFOTCS KOHCTAHTHI TAHHBIX MOJ, W IIOITy-
YCHHBIC PE3YJBTATHl COMOCTABIIIOTCS C YK€ H3BECT-
HBIMH TEOPETUICCKHMHU JaHHBIMH Ta0dI. 1.

B pabote [13] nana teopusi 06pa3oBaHHs JUCKPET-
HBIX COCTOSIHHH IPOIIECCOB MPEOOpa30OBaHUS pa3iidd-
HBIX OTKPBITBIX CHCTEM. Pa3spelieHHbIe COCTOSHHUS
MIPOIECCOB M UX JUCKPETHOCTh OOYCIIOBIICHBI YTIIOBBI-
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MH KOOPJAWHATAMH yYCTOWYUBBIX M CTAOMIBHBIX COCTO-
SIHUH TpOLIECCOB MpeoOpa3oBaHus B CHCTEME BpPEMEH-
HBIX KOOPIUHAT, 2 MHBAPUAHTHOCTH MOJ BEPOSTHOCTU
pacnpeneneHnsi HHTEHCHBHOCTH TIPOIIECCOB — YUCIIaMH
«30JIOTOM  MPONOPUWU» TIPH BBIYHUCICHUH YTJIOB
YCTOMYMBBIX W CTAOWJIBHBIX COCTOSHHIA ITPOIIECCOB
npeoOpazoBanusi. BpeMeHHBIE KOOPIMHATH IPEACTAB-
Js10T OO0 BHYTpEHHEe BpeMsl IpeoOpa3oBaHus diie-
MEHTOB CHUCTEM U BHEIIHee BpeMs BozneiictBusa. Oue-
BHIHO, YTO IUCKPETHHIC COCTOSHESI IPOIECCOB MpPH
CTPYKTYPH3alUU CHCTEM MOTYT IPEICTaBIATh COOOM
aTTPakTOp — 0COOEHHOCTH MECTHBIX THIIOB aTMocdep-
HOW OUPKYISIAN ONPENEISTIOT 3aKOHbI pacTIpeeICHHS
roJoBoro croka pek [16]. B Tabn. 1 mokazansl abOpe-
BUATypbl COCTOSHUI IPOLIECCOB, YIIOBBIE KOOPHHA-
TBI, KOHCTaHTHI MOJ W YHHBEPCAIbHBIC MPUHIIHIIBI
JAHHBIX COCTOSIHUSL.

[on cocmosnuem npoyecca (He 00beKTa) NPeobpa-
308anusi cucmemsl TIOHAMAIOTCS YCTOMYHMBBIE W CTa-
OWJbHBIE 3HAYEHHUSI OTHOCUTEIBHBIX II€PEMEHHBIX
BpPEMEHHBIX HapaMeTpoB (IIepHOIOB) MpeoOpa3oBaHMs
CHCTEMBI W BO3ICHCTBHUS BHEUIHHX KOMITOHEHTOB HA
aneMeHTHl cucTeMbl. COCTOsSHHE TIporecca Ompeaes-
€TCS B BEKTOPHOM IPOCTPAHCTBE HE3aBUCHMBIX Bpe-
MEHHBIX KOOPOMHAT: BHYTPEHHETO BPEMEHH IIpeodpa-
30BaHMS JIEMEHTOB M BHEITHETO BPEMEHH BIMSHMS HA
Hux [13]. 1 Bcex OTKPBITBIX CHCTEM HEOOXOIUMOCTh
pa3zeieHUus] BpEMCHU Ha «BHYTPEHHEE» M «BHEIIIHEES
000cHOBaHO B padore [17]

Yemouuusocmoro  npoyecca npeoOpa3oBaHusl  CH-
CTEM Ha3bIBAIOT CBOMCTBO HWHBAPUAHTHOCTH HCEKOTO-
PBIX TApaMETPOB CHUCTEM, XapaKTePH3YIOIIUX THII
TpaHchHopMaIuu.

IIponopyuonanvroe cocmosnue npoyecca — 3T0 Ta-
KOE YCTOMUYHMBOE COCTOSIHHE, KOTJa B JIBYXIapaMeTpH-
YEeCKOW CHCTEME TOJIBKO OJHH ITTapaMeTp MOXKET OBITh
HepeMeHHBIM  (Hampumep, At —Tepuop Bo3neHcTBHS
BHEIITHETO (paKkTopa), a I3MEHEHNE MHTCHCUBHOCTH TIpe-
obpazoBanus (I(At)) mpomoprHOHATIBHO HW3MEHEHUIO
cooTBeTcTBYIOIIEro napamerpa (At/At~I(At)), mpuuem
BTOpOH mapameTp (A7 — BHYTpEHHHMI mepuop mpeodpa-
30BaHMS JJIEMEHTOB) OCTAeTCs TOCTOSHHBIM (JTHOO
Hao00poT: Al — IOCTOSHHBIHN, a A7 — IEpEeMEHHBIN).

Henponopyuonanshoe cocmosanue npoyecca — 3T0
TaKO€ COCTOSHHE, KOTAa B JBYXITAPAMETPUUCCKON CH-
CTeME OJHOBPEMEHHO IICPEMEHHBIMHU SIBILSIFOTCS IBA
napaMerpa. OcCylIeCTBISIETCS TOJNBKO IPH YCIOBHH
CTaOMIIN3aNH COCTOSIHHUS Tpoliecca Npeodpa3oBaHHs.

Cmabunvhbim cocmosiHuem npeodpaszoeanis Hasbl-
BAIOT ITPOIIECC, NMPH KOTOPOM COXPAHSIOTCS ITOCTOSH-
HBIMH TIPOW3BEACHUS BHYTPCHHETO M BHEIHETO Bpe-
MEHHBIX [IEPUOJIOB IMPe0OpPa30BaHUs CHCTEMBI OTHOCH-
TCJIBHO MPOU3BCIACHUSA HadaJIbHbBIX BPEMCHHBIX IIapa-
METPOB, T. €. BBINOJHSACTCS YCJIOBHE CTaOMIIM3aIHH.
BenwmunHa MOCTOSIHHON MEHSIETCS B 3aBUCHMOCTH OT
THUIIa IpeoOpa3oBaHusL.



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. V. 335. 1. P. 46-56
Melnik .A. Polymodal distribution of water discharge probability in river systems

Ta6auya 1. Mamemamuueckue 03cudaHUs U y2abl YHUGUYUPOBAHHbIX QUCKPEMHbBIX COCMOSIHUU cmamucmuyecKux pacnpede-
JleHull uHmeHcugHocmell npoyeccos npeobpaszosaHusi cucmem [11-13]

Table 1.

Mathematical expectations and angles of unified discrete state statistical distributions of intensities of system trans-
formation [11-13]

CocTosiHUS
States

Yrou, (A) pag.
Angle, (A) rad.

MaTemaTHyeckue
oxuanus, (1) ycu. en.
Mathematical expectations,
(W) conditional units

OnucaHMe NPUHLMIA COCTOSTHUS NpoLecca
Description of a process state principle

1C/PS

0,382

HayasibHOe paBHOBECHOE COCTOsIHHE IpoLecca
Initial equilibrium state of a process

TIM*/PM*

0,973

0,392

YMeHbleHHe BpeMeHHU BO3/IeHICTBHs BHELITHEro JOMUHHUPYOIero ¢pakropa 160
yBeJIM4eHHe BpeMeHH! Npeo6pa3oBaHs BHYTPEHHeH CHCTeMbI OTHOCHTE/BHO PaB-
HOBECHOT'O COCTOSTHUA ITpoIiecca

Reducing the exposure time of an external dominant factor, or increasing the trans-
formation time of an internal system relative to the equilibrium state of the process

YMeHblieHne BpEeMEHHU Te€4YEHHS BHEIIHEro cl)a}cTopa 60 yBeJIMYEeHUEe BpeMeHH
npeo6paaosaﬂﬂﬂ BHyTpeHHEﬁ CUCTEMBbI IO ﬂeﬁCTBHeM AOMHWHHPYIOIEro U ajib-

[IM/PM 0,947 0,403 npouecca

TE€PHATHBHbBIX UCTOYHUKOB BJIUAHUA OTHOCUTEJIbHO PABHOBECHOI'0 COCTOAHHUA

Reducing flow time of an external factor, or increasing transformation time of an
internal system under the action of the dominant and alternative sources of influ-
ence, relative to the equilibrium state of the process

HC*/NS* 0,912 0,418

YMeHbIIeHUEe BpeMEHHU BO3JJeHCTBUS BHEIIHETO JOMHUHHUPYIOLEero ¢pakTopa U npo-
MOpPLMOHATLHOE YBeJIMYEeHNEe BpeMeHH NPpeo6pa30BaHus BHYTPEHHEH CUCTEMBI
OTHOCHUTEJIbHO PAaBHOBECHOT'O COCTOSIHUS MpoLecca

Reducing the time of influence of the external dominant factor and proportional
increase in the transformation time of the internal system relative to the equilibrium
state of the process

HC/NS 0,887 0,43

YMeHblleHHe BpeMEHH BO3/IeHCTBHsI BHEIIHero GpakTopa 1 NPOoNopILoHaIbHOE
yBeJInYeHHe BpeMeHU peo6pa3oBaHKsi BHYTPEHHEN CUCTEMbl BKJIOYUTENBHO M0/
JeficTBUEeM JOMUHUPYIOILET0 U aJIbTEPHATHBHOTO HCTOUHHKOB BJIMSIHHSI OTHOCH-
TeJIbHO PAaBHOBECHOT'O COCTOSIHUsI TpoLiecca

Reduction of an external factor influence time and proportional increase of time of
transformation of the internal system inclusive under the action of dominant and
alternative sources of influence relative to the equilibrium state of the process

nc(2)a

PS(2)a 0.831

0,459

PaBHOBeCHOe COCTOsSIHME MPOLecca B aIbTEPHATUBHOM BHEIIHEM II0TOKe OTHOCH-
TeJIbHO HAa4ya/IbHOT'0 PABHOBECHOT'O COCTOSIHUSA Npoliecca

Equilibrium state of the process in the alternative external flow relative to the initial
equilibrium state of the process

1nc(2)d

PS(2)d 0,757

0,504

PaBHOBecHOe COCTOsIHME MpoLiecca B JOMUHUPYIOLIEM BHEIIHEM IIOTOKe OTHOCH-
TeJIbHO HAa4ya/IbHOT'0 PABHOBECHOT'O COCTOSIHUSA Npoliecca

Equilibrium state of the process in the dominant external flow relative to the initial
equilibrium state of the process

IIC - nponopyuoHarbHO-cmabuabHoe cocmosiHue; [IM - nponopyuoHarbHO-Mo6UMbHOe cocmosiHue; HC — HenponopyuoHaibHo-
cmabusbHoe cocmosiHue. * - cocmosiHue 00HOMepHO20 domMuHupyoujezo hakmopa 8o3deticmausi; undekc (d) e cocmosinuu I1C
0603Hayaem doMUHUPYOWUT NOMOK 8AUSIHUS, d UHJeKC (a) — a1bmepHamu8Hblil NOMoK 8AUSHUS.

PS - proportional-stable state; PM - proportional-mobile state; NS - non-proportional-stable state. * - state of a one-dimensional
dominant influence factor; index (d) in the PS state denotes the dominant influence flow, and index (a) denotes the alternative

influence flow.

Mobunvnoe cocmosinue npoyecca npeobpazosa-
HUsl — 3TO TAaKO€ COCTOSHHE, KOT/a HE BEIOIHIIOTCS
YCIIOBHS CTAaOMIU3AINK, HO B IPOMOPIIMOHATIEHOM CO-
CTOSTHIH YCTOMYMBOCTD CHCTEMEI B PE3yJIbTaTe IMPeod-
pa3oBaHUs HE HApYyLIaeTCs.

Ecmu  mocrosiHHOE, MO0 IMKIMYHOE BO3CHCTBHE
BHemHero gomuHupyromiero (d) ¢akropa Ha mpomece
mpeoOpa3oBaHKsl IEMEHTOB CHCTEMBI UMEET HEKOE Tpo-
CTPaHCTBEHHOE aHHM3OTPOITHOE HalpaBlieHWe (HarpaBlie-
HHE PEKH), ¥ B TO K€ BPEeMs MOXKET BO3HHMKATh HEKOE I1e-
pPEMEHHOE BJIMSHUE Ha CHUCTEMY OT APYIOro HCTOYHHKA
(TIPUTOKOB), HEOOXOIMMO BBECTH €IIIE OJJHY HE3aBUCHMYIO
APTEPHATUBHYIO TIEPEMEHHYI0 Aty — TMepros BpeMeHH
BHEIIHUX AJbTEPHATUBHBIX 3JIEMEHTOB BIIMSHUS (IIPUTO-
koB). CrieioBaTesbHO, MOCie BBEACHUS €Ille OJJHON OpTO-
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TOHAJIbHOM BPEMEHHOW KOOpAMHATHI 1; moiiydaem Tpex-
MEpPHYIO CHCTeMy KoopauHaT tiyt,. Ecim BHElIHee Bo3aei-
CTBUE TOJIBKO JIOMMHHPYIOIIEE, TO COCTOSIHUE Ipolecca
Ha3bIBACTCS OJHOMEPHBIM U 0003HAYACTCS «3BE3IOUKOI.
Pycna pex MOXHO paccMaTpuBaTh Kak OTKPBITHIC
THIPOTpa(UIEeCKUE CUCTEMBI, TIC 8HEUHUM TIOTOKOM,
MOBBIIAKOIIUM  pacxod BOAbI, ABJIAKOTCA OCaIKHU:
JIOKIb, TasgHHE cHera. [IWTaroTcsi peKu TalOBBIMH,
JIO’KJIEBBIMHU 1 TPYHTOBBIMH BOAaMH. B cBOIO ouepenp,
HUCTTIAapC€HUEC N YBJIIAXKHCHUEC ITOYB YMCHBUIAIOT pacxod U
SIBJIAIOTCS 6HYMPeHHUM TPeo0Pa3yIOLIUM MPOLIECCOM B
3aBHCHUMOCTH OT atMocepHOU TemrepaTypsl. Bpems
HCTIapC€HU BOAbI U YBJIAKHCHUSA IMOYB B €JUHUILIC 00B-
€Ma — OTO BHYTPEHHSA XAapAaKTEPUCTHKA HIIEMEHTOB
CHCTEMBI OTHOCHUTEIIFHO aTMOC(EPHOI TeMITepaTypHbL.




HsBecTusi TOMCKOro MOJIMTEXHUUECKOTO YHUBepcUTeTa. MHXKUHUPUHT reopecypcoB. 2024. T. 335. N2 1. C. 46-56
MenbHuk U.A. [lonMMozaanbHOe pacnipejie/ieHHe BepOSITHOCTH pacxoja BoJbl B peYHBIX CUCTeMax

Pe3y/ibTaThl UCC/IEeJOBaHUA

Ucnonezyst ~ TabnugHBle — JaHHBIE — CTaHZApTa
«Pocrumpomery» pacxona BOABI ObLIH IOCTPOCHBI TH-
CTOTpaMMBl MIX paclpeneieHus mo cezoHam. Hampu-
Mep, TIpH TOCTPOCHUN THCTOTPAMMBI 3HAUECHHSI MUHH-
MaJbHbIX 30-TH CYTOYHBIX JIeMHUX PACXOIIOB BOIbBI
(Ms/C) pexu Benwmkas 1. [1stoHoBo TIckoBckoro paiioHa
B niepuont ¢ 1935 mo 2014 1r. B BRIOOpKE M3 81 3HaAUe-
Huit, B npezenax pacxomga ot 10 1o 61 m°/c, 6BUIO TIO-
Iy4eHo TpEXxmozalibHOe pactpenenenue (puc. 1). Ma-
TEMaTHYECKUE OXKUIAHUS MOJ, BEIUHCICHHBIX COTJIAC-
HO ypaBHeHHIO (5), mpu KoHcTaHTe ¥=13,42 oka3aiuck
paBubl: W;=0,382; 1,=0,416; n3;=0,45. QHH COOTBET-
cTByIOT coctostausaM mporieccoB: [IC; HC u I1C(2)a.

B nernuit meproa kpome rpyHTOBBIX BOJ peka Be-
JIUKas THUTAETCs TOJIBKO 3a CUET JOXKIEH, MOITOMY CO-
CTOSTHHE TIpollecca M3MEHEHHS pPacxola BOABI OymeT
omaomepHoe: HC*. Tlpu yBenMueHHH OCaJKOB Ha Tep-
PUTOPHUSX IMPUTOKOB PEKH, YBEIMUYCHUE CTOKA PEKH
MPOMCXOANT 3a CUYET AIbTEPHATUBHOTO BIISIHUS — €6
TIPUTOKOB, YTO COOTBETCTBYET cocTostHmIo [1C(2)a.

[IpoBeneHHble M3y4eHUs BBIOOPOK pacxona BOJIBI
pexu Oxku 1. Kamyru amnst 3MMHero, BECEHHETo U JIeTHe-
OCEHHETO CE30HOB MO3BOJIMIN BEISIBUTH CE30HHEBIC Pas3-
JIUYUSA B paclpeleeHusX OIHOW THUAporpaduuecKoit
cuctembl. Ha OCHOBaHMM JaHHBIX pacxoia BOIBI C
1883 mo 1934 rr. u ¢ 1961 mo 1996 rr. OGbLIa MccIeno-
BaHa BBIOOpPKA 3UMHe-TemHe-0CeHHe20 Ce30HA C Pacxo-
oM BoAsl 10 250 M/ B konmmuecTse 158 3Hauenwuii u
cpenaem 141 Mc. ITonydyena geTpipexMomanbHasl TH-
CTOrpaMMa OTHOCHUTEIBHBIX BEUYUH (pHC. 2), IO KO-
TOpOM ompezeneHa KoHcTanTa x=12,9 npu nepBoit Mo-
e 95,17 M°/C U BBIYHCIIEHBI MaTeMaTHUeCKUe o)KHa-
Hus: P=0,382; pnp,=0,405; nus=0,43; ns=0,455, coorBet-
cTByomue cocrossHusaM mporeccos: [1C; TIM; HC u
[IC(2)a. Ha puc. 2 3aMeTHO, 4YTO KpaliHUE MOJIbI BbI-
paxkeHsI cnabo, 3ato cpeaane — [IM u HC — Hanboree
BEPOSATHBI.
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boree netanpHBIN aHAMU3 MOKa3al, YTO COCTOSHUE
I[IM mposiBnsiercs 3umoii, a HC — neroM-oceHbio
(puc. 3). Jaunusiii (haxT OOBACHIETCS TEM, YTO YBEIIH-
YeHHE PacXola BOIBI 3UMOU IPOUCXOTUT BCIEICTBHE
W3MEHEHMsI TOJIBKO BHEUIHHX {-TlapamMeTpoB: yBeluue-
HUE aTMOC(EpHON TeMIlepaTypsl, KOTOpas BJICYET 3a
co0OH TasHWE IIhJa, CHETa Kak BIOJb PEKH, TaK U
BJIOJIb €€ MPUTOKOB. JIETOM K BHEIIHUM OCaJIKaM TOJI-
KITIOYAaeTCsl MHTCHCUBHOE MCIIapEHUE BJIATH PEKU U e
MIPUTOKOB, 00yCIaBIUBAONICe U3MEHEHHE BHYTPCHHE-
ro T-apamMeTpa.

dopma CTATHCTUYECKOTO PACTIPENIEIICHUSI BeCEHHe20
pacxona BoIpI TpexMonaibHa. [IprdeM BEIOOpKa COCTOUT
3 84 3HaueHWH ¢ JaHHBIMH pacxona Boxbl oT 140 no
1290 M3/C, KOHCTaHTa y=12,6 mnpu mepBol Moje
383,17 M3/C, cpenHee 3HadeHue — 655 M3/C, MareMaTHJe-
ckue oxumanus: W=0,382; n,=0,42; nus=0,46, coorser-
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cTBytomme cocrosHusaM nporeccos: [1C; HC* u TIC(2)a.
Bo Bpemst BeCeHHEr0 MOJIOBOABSI JIOMUHUPYIOIMM BHEIII-
HUM (haKTOPOM YBENIMYCHHS PAcXolia BOIbI PEK SIBIISICTCS
MOCTYIUICHHE BOJIBI 32 CYET OCAJIKOB M TasHUs cHera. [1o-
STOMY B PaCIIpEICIICHUN TIPOSIBILIETCS] OJTHOMEPHOE COCTO-
sarie HC*. Cocrostaue T1C(2)a KOHTpOIMpYETCs OO
HUTEIEHBIM CTOKOM PEKH 32 CYeT €€ MPUTOKOB.

dopMa CTATHCTHYECKOTO pACIPEIEeIICHHs Pacxoa
BOJIBI JIemHe-0ceHHe20 Ce30Ha OmMonmanbHa (puc. 3).
Bri6opka coctout u3 85 3HaUCHHIA C JTAaHHBIMH Pacxo-
n1a Boasl oT 66 10 257 MS/C, koHcTaHTa ¥=13,13, cpen-
Hiag BeanuuHa — 140,3 M3/C, MaTeMaTHYECKUE OKUIa-
Hus: 13=0,382; n,=0,43, COOTBETCTBYIOIINE COCTOSHH-
sim ipouieccos: I1C u HC.

O6cyxaeHue pe3yIbTaTOB UCC/IeAOBAHUA
[Tomy4eHHble pe3yabTaThl CTATHUCTHYECKOIO pac-
IpeeeHnsT BEPOSITHOCTH PAcXojla BOJABI B PEUYHBIX

CHCTEMax AJSl Pa3HBIX CE30HOB BPEMEHU MO3BOJISIOT
IIPOBECTU COIOCTABIECHUS 3MIUPUYECKUX COCTOSHUN
MIPOIIECCOB C UX TEOPETHYSCKUMU TIPHHITUIIAMH.

B 1abn. 2 mokaszaHbl ONMCaHUsI COCTOSHUI Mpolec-
COB MNpeoOpa30oBaHUsl PEUHBIX CUCTEM pek Bemukas u
OK¥ B pa3IMuHbIe IEPHOIBI BPEMEHH, TIE AIMITUPHIECKI
BBIJICJICHHBIE COCTOSHHSI HHTEHCUBHOCTEH TAHHBIX IIPO-
LIECCOB COOTBETCTBYIOT TEOPETUUECKUM NIPUHIIUIIAM.

[IpoBenem cpaBHUTENBHBIA aHAIN3 CBSI3U CTOKA pe-
KH B BECEHHHH IEPHOJ CO CpeIHEH TeMIepaTypou (ar-
penb U Maif) U cyMMOI OCaIKOB 3a TpU Mecsilia JBYX
coctosiHuA miporieccop HC* u I1C(2)a. Ha ocHoBannmu
TaOJMYHBIX JTAaHHBIX caifita [18] momy4yeHsl cpenHue Me-
CSIYHbIE 3HAUEHMsI TEMIIEpaTypbl BO3IyXa U OCAAKOB
ropoga Opia (B pa3iIU4HbIE TOAbI), PACIOIIOAKEHHOTO B
BepXoBBsiX peku Oku. [prraeM mist cocTosHUS mporecca
I1C(2)a BBISBIEHBI TONBKO TEMIIEPATYPHBIE JaHHBIE.

Ta6auya 2. CpasHumeibHble ONUCAHUA 06WUX NPUHYUNOE COCMOSHUL npoyecco8 npeobpd3o8aHus cucmem U NpuHyunos
npeobpaszoeaHus pe4Holl cucmemsl npu pecucmpayuu eé cmoka

Table 2. Comparative descriptions of general principles of states of systems transformation processes and principles of river
system transformation when registering its flow
CocTosiHUA OnucaHMe NpUHLMIIA COCTOSIHUS Ipoliecca OmnrcaHre COCTOSIHUSA Mpoliecca MpeoGpa3oBaHUs PeYHOM CUCTEMBbI
States Description of the process state principle Description of the state of the river system transformation
CocTosiHMe HaMMEHbILIEero pacxo/ia pekK AJis JII60ro Ce30Ha, CIOKOM-
HavasibHOe paBHOBeCHOe COCTOsIHME IpolLecca
[1C/PS L S HOe Te4eHHe
Initial equilibrium state of the process .
State of lowest river flow for any season, calm currents
YMeHblLIeHHe BpeMeHH BO3/JeHCTBYs BHEIIHEr0 JOMH- | YBeJIMueHHe TeMIepaTyphbl B SMMHUIN NIEPUOJ IPUBOAUT K YBEJUYEHHIO
HUpYloLlero ¢paxkTopa 1160 yBesnueHre BpeMeHH! Npe- | pacxo/a Bo/ibl BCIEACTBHE TasHUsI CHETa U JIbJla PEKH U €€ IPUTOKOB.
06pa30BaHuUs BHYTPEHHEN CHCTEMbI OTHOCUTEJILHO 9TO CBSI3aHO TOJILKO C YMEHbIIEHHEM BpeMeHH BO3/1eHCTBHSI BHEIIHETO
[M/PM PaBHOBECHOT'0 COCTOSIHUS Mpoliecca daxTOpa - NOCTyNJIeHHE eJUHULIbI 06beMa BO/bI 32 MEHbIIIee BpeMst
Reducing the exposure time of the external dominant Increase of temperature in winter period leads to increase of water
factor, or increasing the transformation time of the discharge due to melting of snow and ice of the river and its tributar-
internal system relative to the equilibrium state of the ies. This is only due to decreased time of external factor impact -
process inflow of a unit volume of water for less time
B BeceHHe-JIeTHUH Ce30H K BJIMSTHUIO BHELIHUX OCaZIKOB Ha PacXoJ,
BO/ibl IPUGABJISIOTCS MPOLLECCHI HCIIAPEHUsI BOADI U YBJIAXKHEHHE
YMeHbllIeHHe BpeMeHH BO3/JeHCTBHsI BHEILHETr0 JOMU- | [I0YBbL ITO 0GYCJIOBJIEHO MOSIBJIEHHEM BJIUSIHUS BHYTPEHHEro (Bpe-
HUpYoLlero ¢akTopa U NPONOpPLHOHAIbHOE YBeJIude- |MeHHOro) GpakTopa Ha MU3MeHeHHUs pacxoja pek. [lpuyeM B JaHHOM
HHUe BpeMeHH NpeoGpa30BaHKst BHYTPEHHeH cUCTeMbl | Clydae OCHOBHOE BJIMsIHHME Ha PAacxo/i HCIbITHIBAET caMa peka, 6e3
HC*/NS* OTHOCHUTEJIbHO PAaBHOBECHOTO COCTOSIHMsI ITpoliecca BO3/I€fCTBHUS €€ IPUTOKOB
Reducing the time of influence of the external dominant |In the spring-summer season, water evaporation and soil moistening
factor and a proportional increase in the transformation |are added to the influence of external precipitation on water discharge.
time of the internal system relative to the equilibrium This is due to the appearance of the influence of internal (temporal)
state of the process factor on changes in river discharge. Moreover, in this case, the main
influence on the flow rate is experienced by the river itself, without the
influence of its tributaries
YMeHbllIeHHe BpeMeHH BO3/IeCTBUS BHELIHEr0 GaKTo-
pa ¥ MponopuyoHaIbHOE YBeJInYeHe BpeMeHH peos- . "
o B sieTHe-0CceHHUH epro/ K npeAblAyieMy onucanuio HC*-coctosanus
pa3oBaHUs BHyTPEHHEH CHCTEMbI BKJIIOYUTEBHO M0, R
. npoiiecca Npru6aBJsieTCsl BAUSHNE Ha Pacxo/] PeKH e€ IPUTOKOB, YTO
JieficTBUEeM JOMUHUPYIOLEro U aJlbTepHATHBHOTO
06YC/IOBJIEHO YBEJIMYEHUEM JI0K/EBBIX 0CA/IKOB Ha TEPPUTOPHSIX,
HCTOYHHUKOB BJIMSIHUSI OTHOCUTEJbHO PABHOBECHOTO
NpUJIEraniux K IpUuTOKaM
HC/NS COCTOSIHUSA IpolLecca . . . %
. . - In summer-autumn period, to the previous description of the NS*-
Reduction of time of influence of an external factor and a . ; . - S
. . - . process state the influence on the river flow rate of its tributaries is
proportional increase of time of transformation of the . - . . . .
: . . . . added. It is caused by the increase of rainfall in the territories adjacent
internal system inclusive under the action of dominant . .
. . . . |to the tributaries
and alternative sources of influence relative to the equi-
librium state of the process
PaBHOBecHOe COCTOsIHUE npounecca B aJIbTEPHATUBHOM l'lpn OTCYTCTBUH B BeCeHHe-JIeTHUH nepuos AJOMUHAHTHOTO BJIUAHUA
BHeIIIHEM I0TOKE OTHOCHTE/IbHO HAa4yaJbHOT0 PaBHO- TEMIIEePaTypPbl ¥ NIPH 3HAYUTEJHHOM BJIUSHUU JOXKAEBbIX 0Ca/IKOB Ha
11C(2)a BECHOT'0 COCTOSIHHSI Tpoliecca pacxo/ Bo/ibl pEKH Ha TEPPUTOPHUSIX, IPUJIErAIOLIMX K €€ IPUTOKAM
PS(2)a Equilibrium state of the process in the alternative exter- |In spring-summer period, without dominant influence of temperature
nal flow relative to the initial equilibrium state of the and significant influence of rainfall on the river flow in the areas adja-
process cent to its tributaries
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Fig. 4.

Comparison of the average water discharge of the Oka River for the spring period (Kaluga city) with the average at-

mospheric temperature and 1/10 of the atmospheric precipitation of Orel city for the NS* process state

AHanm3 KOppEeJSIHUOHHBIX CBI3e B COCTOSHUM TPO-
mecca HC* BpusiBH crepyromme 3aKOHOMEPHOCTH — C
YBEIHYICHUEM TEMIIEPaTypPhl BO3AyXa B BEPXOBBSIX PEKH
CTOK PEKH YMEHBINAETCs, a C YBEIMYECHHEM OCAaIKOB
pacxojl Bojbl NoBbimaercst (puc. 4). 9To oOBsACHASTCS
CIIEYIOMM 00pa3oM: TMOJIOKHUTENBHAS PErPECCHs BEI-
OOpPOYHBIX JTAaHHBIX OCAJKOB CO CTOKOM BEChMa OYEBUJI-
Ha, & BOT OTPHLATENIBHYIO CBS3b PAcXoJa BOJBI C TEM-
MepaTypoii MOKHO OOBSICHHTH UCIAPCHUEM, T. €. MPO-
SIBJICHHEM BHYTPECHHEH XapaKTepUCTUKH — (Pa3oBbIM
MEpEXO0M 3JIEMEHTOB BOAHOHM cucrtembl. Ha pue. 4
BUIHO, YTO 3HAYMMOCTH MOJYJISI BIIUSIHUS TEMITEPATypHI
(R= —-0,64) Ha pacxom BOIBI MEHBIIIE, YeM 3HAYNMOCTD
ocankoB (R=+0,85). [Ipu4nHbI H3MEHEHUS pacXxona Bo-
IIBI HE CBSI3aHBI C IPUTOKAaMH (paccMaTpHBACTCS TOMU-
HAHTHOE BIIMSTHHE B BEPXOBBIX PEKH, T. €. OTCYTCTBHE
ITBTCPHATUBHOTO BIIUSIHUS) U MPOSIBICHUE JIBYXKOMIIO-
HEHTHOTO BHYTPEHHETO M BHEIIHETO BO3JCUCTBHUS IOJ-
TBEp)KIAaeT 3asBICHHOEC ONHOMEPHOE COCTOSHHE IIPO-
necca npeodpazoBanust HC*.

B To xe Bpems mist cocrosiHua mnporecca [1C(2)a
KO3 QUIIUEHT KOPPEIALIUN MEXKITy BEIOOPKAMH TEMIIe-
patypsl U cTtoka peku paBeH 0,36, 4To MOATBEpKAaET
OTCYTCTBHE PETPECCHH, T. €. BHYTPEHHEE BpeMs Ipe-
00pa3oBaHUsI OCTAaeTCS MOCTOSHHOM BemmumHOW. K
CO’KaJICHHUIO, B HAIlleM cllydae HET BO3MOXHOCTH IMPO-
BEPUTH BIMSHUE OCAIKOB, a TeM Oojee CTENeHb Nei-
CTBHSI IPUTOKOB peKU. MOXKHO TOJIBKO MPEIIIOIOKHUTD,
yro ans coctosHuu [IC(2)a u3MeHeHne cToka peku
MPOMCXOANUT TOJIBKO B PE3YNBTATE COOTBETCTBYIOIIETO
HM3MEHEHUS pacxo/ia BoJIbl €€ MPUTOKOB.

B nerne-oceHHui ce30H (HOPMUPOBAHHE PEYHOTO
CTOKa B OCHOBHOM IIPOMCXOIWT B OMMOIAIBHOM CO-
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ctosiauu npouecco [1C u HC (puc. 3). OueBuaHO, 4TO
B IaHHOM ITIEPHONIE BPEMEHH CWJIHHOE BIIMSIHUE aTMO-
cepHBIX 0CAIKOB, 3HAYUTEIHHOW Pa3HUIIEI TEMIIEepa-
Typ (JIeTo—OCeHB) U 3aBUCHUMOCTH OT MPUTOYHOTO IO-
TOKa IPHUBOAUT KO BTOPOI MOze — Iporieccy mpeodpa-
3oBanus HC.

CornacHo TOJy4YeHHOW 3aBucuMocTd (3), cyie-
CTBYET BBIUHCISIEMBIH (YHH(DUIMpYIOMMIA) mapameTp
Y, KOTOPBI OTpakaeT CTEICHb BIHMSHUS HEPETUCTPH-
pyeMbIxX (ha30BBIX U3MEHEHUH peyHoro nmoroka. Benu-
YMHA JaHHOTO MapamMeTpa A0JKHA OBITH OOPaTHO MPO-
MOPIIMOHATIBHA PACXOAY BOABI PEK U OTPaXKATh TEMIIe-
patypHOe BIUSHUE.
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Puc. 5. 3asucumocms yHugduyupyrujezo napamempa om
cpedHez20 ce30HHO20 pacxoda 800bl pek Oku u
Besaukasa

Fig. 5. Dependence of the unifying parameter on the

average seasonal discharge of the Oka and Ve-
likaya rivers
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Ha puc. 5 3T0T ¢axT XopoIo NposBUICS B CTEIEH-
HOM YPaBHEHUU TPEHIa, T/ie OTpULaTeNIbHas BeIMUMHA
CTETICHH, XapaKTEePHU3YIOMasi HHTCHCUBHOCTD (ha30BBIX
Tpancopmanuii, papaa —0,022. Uem Oonblie naHHAS
BEJMYMHA [0 MOJYJIO, TeM 3HAuYWTelIbHEH WHTEHCHB-
HOCTh TIPEOOPa3OBaHUS CHCTEMBI, T. €. YCHIIUBACTCS
TEMIIePaTypHOE BIIISTHHUE.

Koneuno, ruaporpadudeckyto cucteMy pek MOXKHO
HCCIIEIOBATH C TOYKHU 3PESHUSI HENMHEHHOTO HHAMHYE-
ckoro xaoca [19], npuBoAsIIIero K OMpeaeNeHnuI0 ajro-
PUTMOB B YCJIOBUSIX BO3MYILECHHUS HCXOIHBIX JAHHBIX,
IZle CHHTYISIPHBIC YHCIIa MOTYT TPaHC(HOPMHPOBATHCS
B mosmMoaaibHyto cTpykTypy [20]. Ho B aToM ciyduae
sIBHasI BBICOKAsi HEOTIPEAETICHHOCTh UCXOIHBIX JaHHBIX
3HAYUTENHHO TMOHIKAET BEPOSATHOCTh TOYHOTO Mpe-
CKa3aHUsI HATIPABJICHMS SBOIIOIIH PEYHON CHCTEMEL.

BbiBO b1

VIHTEHCHBHOCTH MPOLIECCOB KOHTPOJIHUPYIOTCS Bpe-
MEHHBIMHU MapaMeTpaMu — OTHOIICHHEM BHYTPESHHETO
BpPEMEHHU TpaHC(OPMAIMH DIIEMEHTOB, XapaKTePUCTUK
CHCTeMbl K BHEIIHEMY BPEMEHH BO3ICHCTBHS Ha CH-
cremy [13]. Ha ocHOBammMu IByXIapaMeTpHUYECKOH
GyHKIUHM, B KOTOPOH MapaMeTpsl MOTYT OBITH Iepe-
MEHHBIMH JIHOO MOCTOSIHHBIMH, IPH YCTOHYMBOCTH U
cTa0WIM3aIiK TIPOIIECCOB MPEe0oOpa3oBaHMs HCCIICHye-
MOH CHCTEMBI OIpe/eNieHbl TPH 0a30BbIE COCTOSHHS
MHTEHCUBHOCTEH JaHHBIX MPOLECCOB: MPOIMOPIHOHAIb-
Ho-cTabminbHOe (I1C); mpomopImoHaTEHO-MOOWITEHOE
(IIM); menponoprmonansHo-cTadbunpHoe (HC).

PaccmarpuBast pacxoj; BOAbI PEUHBIX CHCTEM B Ka-
YEeCTBE MHTCHCHBHOCTH HEMPEOOPa30BaHHBIX AIIEMEH-

CITMCOK JIMTEPATYPbI

TOB TpeoOpa3yroleiics CUCTeMBbI, MOXHO HCIOIb30-
BaTh YHHBEPCAJIBHOE YPaBHEHUE MO s YHU(DUKAIMH
MOIMMOJATBHBIX ~ paclpefefieHuii. JTO0 TO03BOJSET
MIPUBECTH B COOTBETCTBHUE MOJbI WHTEHCHBHOCTU IIO-
JUMOJANILHOTO CTAaTHUCTUYECKOTO paclpeleieHus ¢
yKe BBIYUCIICHHBIMHU ceMu KOHCTaHTaMH-
aTTPaKTOpaMU YHHBEPCATHHONM KMHEMAaTHYECKON Teo-
puu peodpa3oBaHus OTKPHITHIX cucTeM. Kaxnas KoH-
CTaHTa, CBA3aHHAs C «30JIOTOI» MPOMOPUHEH, OTOX-
JECTBIICTCSI ¢ YHHBEPCAIBHBIM HPUHIUIIOM COCTOSI-
HUS TIpoliecca MpeoOpa3oBaHUs UCCICTYEMBIX CHCTEM
1 TI03BOJISIET IPABIIFHO HHTEPIPETHPOBATH COCTOSHHE
CHICTEM B HACTOSIIIEM BPEMEHH.

[To TabmuuHbIM JaHHBIM (cTaHgapTa «Pocruipomery)
CE30HHOT0 pacxofa BoAbl pek Bemmkas u Oxu moctpoe-
HBI TTOJIMMOATBHEIE PACTIPEIENICHIS INIOTHOCTH BEPOSIT-
HocTH uX croka. [locre mpoBeneHus yHU(UKALUH pac-
TIpe/IeNIeHN BEMYMHBI MO/ CTaJIM TIOIHOCTBIO COOTBET-
CTBOBaTh KOHCTaHTaM YHHBEPCAIBHBIX IIPUHIIUIIOB CO-
CTOSIHHII TIporieccoB IpeoOpaszoBaHmsl. B cBoro ouepens,
COOTBETCTBYIOIIHME UHTEPIPETAIIMN PEaTbHBIX IPOIIECCOB
mpeoOpa3oBaHmsl PEUIHON CHCTEMBI IO CYIIECTBY COBIIA-
JAl0T C OIMCAHWEM YHHBEPCATBHBIX IPHUHIIIIOB TPaHC-
(hopMaIMu OTKPBITHIX CHCTEM.

TakuM 00pa3oM, Ha OCHOBAHHU TPUCYTCTBHS BEI-
0OpKH pacxona BOIBI B PEUHBIX CHUCTEMAaX, UCTIONIB3YS
ypaBHEHUE YHU(PHUKAIMH MOJIMMOJAIBHOTO pacipese-
JIEHHsI, MO’KHO OIIPEJIENINTh COCTOSHUE Tpollecca Ipe-
00pa3oBaHUsI PEUYHON CHCTEMBI B HACTOAIIEM BPEMEHHU
Y, 3Has TIapaMeTphl BHEIIHErO BO3ACUCTBUS, MpeNCcKa-
3athb e€ Oyyiee pa3BUTHE.

1.
2.

3.

10.

Jlo6anos C.A. IToauMoaanbHOCTh 3aKOHOB pacIpeiesieHus! peuHoro croka. — Bnaausocrok: Uzn-so AIBI'ADY, 2004. — 104 c.
Lamperta A., Tlusty T. Resonance-induced multimodal body-size distributions in ecosystems. — 2013. — Vol. 110 (1). — P. 205-209.
URL: https://doi.org/10.1073/pnas.1211761110 (nara obpamenus 06.09.2023).

Merlo M.J., Parietti M., Etchegoin J.A. Long-term study of the life cycle of the freshwater snail Heleobia parchappii (Mollusca:
Cochliopidae) in a lentic environment in Argentina // Limnetica. — 2016. — Vol. 35 (1). — P. 49-60. DOI: 10.23818/limn.35.04
URL:  https://www.limnetica.com/es/long-term-study-life-cycle-freshwater-snail-heleobia-parchappii-mollusca-cochliopidae-lentic
(mara obpamenus 06.09.2023).

Ashley G.M. Interpretation of polymodal sediments // The Journal of Geology. — 1978. — Vol. 86 (4). — P. 411-421. URL:
https://doi.org/10.1086/649710 (nara o6pamenus 01.09.2023).

Distributions of particle sizes in black soil and their environmental significance in northeast China / Binghe Yan, Yulan Zhang,
Shuying Zang, Qiang Chen, Li Sun // Sustainability. — 2021. — Vol. 13. — 3706. URL.: https://doi.org/10.3390/su13073706 (nara
obpamienus 03.09.2023).

Torrecillasa C.M., Halberta G.W., Lamprou D.A. A novel methodology to study polymodal particle size distributions produced
during continuous wet granulation // International Journal of Pharmaceutics. — 2017. — Vol. 519. — P. 230-239. URL:
https://www.sciencedirect.com/science/article/pii/S0378517317300248?via%3Dihub (mara o6pamenust 06.09.2023).

Fedoseev V.B., Fedoseeva E.N. Formation of Bi-and polimodal distributions and the Nonostwald behavior of disperse system //
Journal of Engineering Physics and Thermophysics. — 2019. — Vol. 92. — Ne 5. — P. 1191-1200.

Hydrochemistry and sediment characteristics of polar periglacial lacustrine environments on Fisher Island and Broknes
Peninsula, East Antarctica / Rajesh Asthana, Prakash Kumar Shrivastava, Hari Bahadur Srivastava, Mirza Javed Beg, Pradeep
Kumar //  Advances in Polar Science. - 2013. - Vol. 4. - N 24, - P. 281-295. URL:
http://journal.polar.org.cn/EN/10.3724/SP.J.1085.2013.00281 (nara o6paruenus 06.09.2023).

Analysis of milling efficiency of the Vanadis 8 tool steel with additions of vanadium and molybdenum carbides / E.L. Barbedoa,
P.H. Gongalvesa, M.S. Lamogliaa, A.M.P. Pontesa, B.H.B Kuffnera, G.F. Gomesa, G. Silvaa // Materials Research. — 2021. —
Vol. 24. — Ne 5. URL: https://doi.org/10.1590/1980-5373-MR-2021-0054 (nara o6pamuiesns 03.09.2023).

CyxanoBa B.B., IBanoBa O.A. O nonumozaaiabHOM pacipeneneHud KypHibCKOro snunenarnyeckoro HEeKTOHa 10 Macce Tena
ocobeii // I3Bectrst THX00KEaHCKOrO HAyYHO-HCCIIEIOBATENbCKOT0 pridoxo3siicTBenHoro nentpa. — 2001. — T. 128. — C. 390-408.

54


https://doi.org/10.1073/pnas.1211761110
https://www.limnetica.com/es/long-term-study-life-cycle-freshwater-snail-heleobia-parchappii-mollusca-cochliopidae-lentic
https://doi.org/10.1086/649710
https://www.sciencedirect.com/science/article/pii/S0378517317300248?via%3Dihub
http://journal.polar.org.cn/EN/10.3724/SP.J.1085.2013.00281

HsBecTusi TOMCKOro MOJIMTEXHUUECKOTO YHUBepcUTeTa. MHXKUHUPUHT reopecypcoB. 2024. T. 335. N2 1. C. 46-56
MenbHuk U.A. [lonMMozaanbHOe pacnipejie/ieHHe BepOSITHOCTH pacxoja BoJbl B peYHBIX CUCTeMax

11.

12.

13.

14.

15.

16.

17.

18

20

Mensauk UW.A., HemomumBxko H.M. DkcTpeMyMBl JUCKPETHOTO paclpefeieHHs coAepkaHHs Oopa Kak IOKa3aTenu
THIPOANHAMHKH ocankoHakoruieHus / Hedrsanoe xoszsitctBo. — 2022, — Ne 10. — C. 14-18.

Menpuuk W.A. [onuMoaansHOCTh THCTOTPaMM T€OJIOTHYECKUX XapaKTePUCTHK Kak KpuTepuil ¢mounoarHamuku // M3Bectust
TOMCKOTO MOTUTEXHUYECKOTo YHHBepcuTeTa. mxuHupuHr reopecypco. — 2022, — T. 333. — Ne 9. — C. 66-74.

Mensauk W.A. TlomuMomansHOCTE pacipeie/ieHusl BTOPHYHBIX KAOJIWHHUTOB B OTKPBITHIX CHCTEMaX IECYaHbIX KOJUIEKTOPOB //
W3Bectrst TOMCKOTO NONUTEXHUIECKOTO YHUBEepcuTeTa. VmkuaupuHT reopecypcoB —2023. — T. 334. — Ne 8. — C. 17-29.
[IBeiikuna B.U., Koxesunkosa 1.A. Henuneiinas Monenb KoyieOaHM PeYHOTO CTOKA ¢ XaOTHYECKHMH pexnmamu // BomHoe
xo3stiictBo Poccun. — 2012. — Ne 6. — C. 4-20.

Cranmapt opranmsammud  «Pocrugpomer»  52.08.41-2017. OcHOBHbIE THAPOTEOJIOTHYECKHE  XapaKTEPUCTHKH  IPU
HECTALIMOHAPHOCTH BPEMEHHBIX DPANO0B, OOYCIOBIEGHHOH BIMSHHEM KIMMaTHueckux (akropoB. Pexomenmanuu mo pacuery /
B.IO. I'eopruesckwuii, A.I'. Jlobanosa, T.I'. Momganosa, E.A. I'pek, E.B. I'ypeBuy, /[.B. 'eorueBckuii. — CII6.: ®BI'Y «I'TW»,
2017.—42 c. URL: https://files.stroyinf.ru/Data2/1/4293738/4293738978.pdf (nara o6paruenus 01.09.2023).

Jlo6anos C.A., 3amos [I.C. KapTorpadupoBaHue XapaKTepHUCTHUK HMONMMOJAIBHOCTH 3aKOHOB PACIpeeeHHsI TO0BOrO CTOKa
pex Cubupu u JlasHero Bocroka Apkrrueckoro 6acceitna / Dxonormdeckue cucteMsl i mpubdopsr. — 2013. — Ne 3. — C. 17-20.
Kussesa E.H., Kypatomos C.II. OcHoBanus cunepretuku. Cunepreruueckoe Muposujenue. — M.: KomKnura, 2005. — 240 c.

. oroga u kmumat. URL: http://www.pogodaiklimat.ru/history/27906.htm (mara o6paruenus 05.09.2023).
19.

Manunenxkuii I'.I'., [ToranoB A.b. Henunelinas nuHamuka 1 Xaoc: OCHOBHbIE OHATHA. — M.: JIubpokom, 2018. — 240 c.

. Kynukos B.b. BoccranoBnenue noimMoaibHbIX IJIOTHOCTENH BEPOSITHOCTH MO SKCIIEPUMEHTAIbHBIM JaHHBIM B CTPYKTypax cO

cToxactiudeckuMu cBoiictBamu // Bectnuk Hikeropoackoro yauBepcutera um. H.U. Jlo6auesckoro. — 2014, — Ne 1. — T. 1. —
C. 248-256.

WHdopmanusa 06 aBTopax

Urops AHaTo/IbeBUY MeJIbHMK, JOKTOp re0JIOTO-MHUHEepaJToTHIeCKUX HayK, mpodeccop oT/esieHUus HedTera-
30BOro Jiesa MHxeHepHOM LIKOJIbI NIPUPOAHBIX pecypcoB HanMoHanibHOrO Mccie0BaTelbCKOro ToMCKOro mno-
JINTeXHUYeCcKoro yHuBepcuTeTa, Poccus, 634050, r. Tomck, np. JleHuHa, 30. melnik@tpu.ru

[Toctynuna B pepaknuio: 28.09.2023
[Toctynuaa nocne peneHsupoBanuda: 12.10.2023
[IpuHaATa K ny6arkanuu: 20.11.2023

REFERENCES

1. Lobanov S.A. Polymodality of river flow distribution laws. Vladivostok, DVGAEU Publ., 2004. 104 p. (In Russ.)

2. Lamperta A., Tlusty T. Resonance-induced multimodal body-size distributions in ecosystems, 2013, vol. 110, no. 1, pp. 205-209.
Available at: https://doi.org/10.1073/pnas.1211761110 (accessed 6 September 2023).

3. Merlo M.J., Parietti M., Etchegoin J.A. Long-term study of the life cycle of the freshwater snail Heleobia parchappii (Mollusca:
Cochliopidae) in a lentic environment in Argentina. Limnetica, 2016, vol. 35, no. 1, pp. 49-60. DOI: 10.23818/limn.35.04
Available at: https://www.limnetica.com/es/long-term-study-life-cycle-freshwater-snail-heleobia-parchappii-mollusca-
cochliopidae-lentic (accessed 6 September 2023).

4. Ashley G.M. Interpretation of polymodal sediments. The Journal of Geology, 1978, vol. 86, no. 4, pp. 411-421. Available at:
https://doi.org/10.1086/649710 (accessed 1 September 2023).

5. Binghe Yan, Yulan Zhang, Shuying Zang, Qiang Chen, Li Sun. Distributions of particle sizes in black soil and their
environmental significance in northeast China. Sustainability, 2021, vol. 13, 3706. Available at: https://doi.org/
10.3390/5u13073706 (accessed 3 September 2023).

6. Torrecillasa C.M., Halberta G.W., Lamprou D.A. A novel methodology to study polymodal particle size distributions produced
during continuous wet granulation. International Journal of Pharmaceutics, 2017, vol. 519, pp. 230-239. Available at:
https://www.sciencedirect.com/science/article/pii/S0378517317300248?via%3Dihub (accessed 6 September 2023).

7. Fedoseev V.B., Fedoseeva E.N. Formation of Bi-and polimodal distributions and the Nonostwald behavior of disperse system.
Journal of Engineering Physics and Thermophysics, 2019, vol. 92, no. 5, pp. 1191-1200.

8. Rajesh Asthana, Prakash Kumar Shrivastava, Hari Bahadur Srivastava, Mirza Javed Beg, Pradeep Kumar. Hydrochemistry and
sediment characteristics of polar periglacial lacustrine environments on Fisher Island and Broknes Peninsula, East Antarctica.
Advances in Polar Science, 2013, vol. 4, no. 24, pp. 281-295. Available at: http://journal.polar.org.cn/EN/10.3724/
SP.J.1085.2013.00281 (accessed 6 September 2023).

9. Barbedoa E.L., Gongalvesa P.H., Lamogliaa M.S., Pontesa A.M.P., Bastos Kuffnera B.H., Gomesa G.F., Silvaa G. Analysis of
milling efficiency of the Vanadis 8 tool steel with additions of vanadium and molybdenum carbides. Materials Research, 2021,
vol. 24, no. 5. Available at: https://doi.org/10.1590/1980-5373-MR-2021-0054 (accessed 3 September 2023).

10. Sukhanova V.V., lvanova O.A. Polimodal distribution of Kuril epipelagic nekton by an individual body mass. lzvestiya
Tikhookeanskogo nauchno-issledovatelskogo rybokhozyaystvennogo tsentra, 2001, vol. 128, pp. 390-408. (In Russ.)

11. Melnik I.A., Nedolivko N.M. Extremes of boron content discrete distribution as indices of sedimentation hydrodynamics. Oil
Industry, 2022, no. 10, pp. 14-18. (In Russ.)

12. Melnik 1.A. Polymodality of histograms of geological characteristics as a criterion of fluid dynamics. Bulletin of the Tomsk
Polytechnic University. Geo Assets Engineering, 2022, vol. 333, no. 9, pp. 66—74. (In Russ.)

13. Melnik I.A. Polymodality of distribution of secondary kaolinites in open systems of sand reservoirs. Bulletin of the Tomsk

Polytechnic University. Geo Assets Engineering, 2022, vol. 334, no. 8, pp. 17-29. (In Russ.)

55


https://files.stroyinf.ru/Data2/1/4293738/4293738978.pdf
http://www.pogodaiklimat.ru/history/27906.htm
https://doi.org/10.1073/pnas.1211761110
https://www.limnetica.com/es/long-term-study-life-cycle-freshwater-snail-heleobia-parchappii-mollusca-cochliopidae-lentic
https://www.limnetica.com/es/long-term-study-life-cycle-freshwater-snail-heleobia-parchappii-mollusca-cochliopidae-lentic
https://doi.org/10.1086/649710
https://www.sciencedirect.com/science/article/pii/S0378517317300248?via%3Dihub
https://www.multitran.com/m.exe?s=epipelagic&l1=1&l2=2

Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. V. 335. 1. P. 46-56
Melnik .A. Polymodal distribution of water discharge probability in river systems

14.

15.

16.

17.

18.
19.

20.

Shveykina V.1., Kozhevnikova I.A. nonlinear model of variation in streamflow with chaotic modes. Vodnoe khozyaystvo Rossii,
2012, no. 6, pp. 4-20. (In Russ.)

Georgievskiy V.Yu., Lobanova A.G., Molchanova T.G., Grek E.A., Gurevich E.V., Geogievskiy D.V. Standard of the
organization "Roshydromet” 52.08.41-2017. Basic hydrogeological characteristics under non-stationarity of time series due to
the influence of climatic factors. Recommendations for calculation. St Petersburg, FBGU «GGI» Publ., 2017. 42 p. (In Russ.)
Available at: https:/ffiles.stroyinf.ru/Data2/1/4293738/4293738978.pdf (accessed 1 September 2023).

Lobanov S.A., Zadoya D.S. Mapping the characteristics of polymodality of distribution laws of annual river flow in Siberia and
Far East of Arctic basin. Ekologicheskie sistemy i pribory, 2013, no. 3, pp. 17-20. (In Russ.)

Knyazeva E.N., Kurdyumov S.P. Foundations of synergetics. Synergetic worldview. Moscow, KomKniga Publ., 2005. 240 p.
(In Russ.)

Weather and climate. (In Russ.) Available at: http://www.pogodaiklimat.ru/history/27906.htm (accessed 5 September 2023).
Malinetskiy G.G., Potapov A.B. Nonlinear dynamics and chaos: basic concepts. Moscow, Librokom Publ., 2018. 240 p.
(In Russ.).

Kulikov V.B. Reconstruction of polymodal densities of probability by the experimental data in structures with stochastic
properties. Vestnik of Lobachevsky State Universitety of Nizhni Novgorod, 2014, vol. 1, no. 1, pp. 248-256. (In Russ.)

Information about the authors
Igor A. Melnik, Dr. Sc.,, Professor, National Research Tomsk Polytechnic University, 30, Lenin avenue, Tomsk,
634050, Russian Federation. melnik@tpu.ru

Received: 28.09.2023
Revised: 12.10.2023
Accepted: 20.11.2023

56


https://files.stroyinf.ru/Data2/1/4293738/4293738978.pdf
http://www.pogodaiklimat.ru/history/27906.htm

