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Annomayusn. leyb: UCIIONB30BaHUE THIPOMETPHUECKOTO COOPYKEHUS TUMA «PUK-
CHUPOBAHHOE PYCIIO» B KauyeCTBE CPEACTBAa M3MEPEHHs pacxoja BOJAbI HAa OTKPHITOM OpPOCH-
TeNbHOM KaHane. O6cy:kaenne. [ napoMeTpuueckue COopyKeHusl 00eCcednBaroT TpedyeMyto
TOYHOCTh M3MepeHHs. OTHOCHUTENbHAs MOTPEIIHOCTh U3MepeHus (He Oosee +5 %) 3aBUCUT
OT IPUHATON MOJENH U3MEPEHHUs Pacxojia, a TAKKe MOTPEHIHOCTEN CIOCOOOB ONpENeNeHus
CpeZHel CKOpOCTH MOTOKA U KMBOI0O cedeHus. lcrnonb30BaHue ruipOMETpU4ecKoro coopy-
KEHHUS TUNa «(PUKCUPOBAHHOE PYyCJO» B BHUJE CPEICTBA M3MEPEHHS Ha OTKPHITOM KaHAJe
TpeOyeT MpOBEACHUS I'PAAYHUPOBKH, IPHU KOTOPOH YCTaHABIUBAETCS 3aBUCHUMOCTb BEJTUYMHBI
pacxoza BOJbI OT U3MEHEHHUS YPOBHS BOJIbl B OTKPBITOM KaHaJIe OPOCUTEIbHOW CETH B BHUJIE
rpaduka «ypoBeHb — PacXoa» U PACCUMTBHIBAIOTCA pacxojHble Tabuuupsl. [Ipu rpagyuposke
TUAPOMETPUUECKOIO CTBOpA TUIA «()UKCHPOBAHHOE PYCIIO» M3MEPEHUS pacxoia BOJAbI Bbl-
HOJHSIOT W3BECTHBIM METOJOM «CKOPOCTh — IUIOIIAAb». [l U3MEpEeHHsI CKOPOCTU MOTOKa
BOJIbI B OTKPBITHIX KaHaIaX ¢ pacxojamu Oonee 25-50 M>/c MOTYT NpUMEHSATHCS YILTPA3BY-
KOBBIE NPHOOPBI M yCTaHOBKHU. BbIBOABI. [l pemieHust npoOaeMbl OCHAIIECHUS CPEJICTBOM
BOJIOyY€Ta Ha OTKPHITOM OPOCUTEIHLHOM KaHaJle IPU OTCYTCTBUU MOJATOIICHUS MIpeiaraeTcs
THJIPOMETPUUECKOE COOPYKEHUE TUIA «(PUKCUPOBAHHOE PYCIIO», KOTOPOE 3apEKOMEHI0BAJIO
ce0sl IOCTaTOYHO HaJIeKHBIM CPEICTBOM M3MEPEHUS, UMEIOIIUM YCTONYMBBIE METPOJIOTHYE-
CKHE€ XapaKTepUCTHKU. {1 MCIIOIb30BAHUS TaHHOTO COOPY)KEHHs B KayeCTBE CPEICTBA M3-
MEpEHHs B NEPCIEKTHBE HEOOXOAMMO OOHOBJIEHHE HOPMATHBHO-TEXHUYECKOM JTOKyMEHTa-
IIUM, PErjJaMEeHTUPYIOIEH OCHOBHbIE TPeOOBAaHMS K IMPOBEACHUIO I'PaJyHPOBOUYHBIX PadOT
Ha OTKPBITHIX KaHaJaXx.

Kniouegvie cnoea: ruipoMeTpUuecKoe COOpPYKEHHE, (GUKCHPOBAHHOE PYCIO, Cpel-
CTBO U3MEpEHUs, TPaJyupOBKa, OTHOCUTENIbHAS TOTPEIIHOCTh U3MEPEHUs
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On issue of using a hydrometric structure of a “fixed channel type”
as a measuring instrument in an open canal
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Abstract. Purpose: the use of a hydrometric structure of the “fixed channel” type as a
means of measuring water flow in an open irrigation canal. Discussion. Hydrometric facilities
provide the required measurement accuracy. The relative measurement error (no more than
+5 %) depends on the accepted flow measurement model, as well as the errors in the methods
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for determining the average flow velocity and free cross section. The use of a “fixed channel”
hydrometric structure as a measuring instrument on an open canal requires calibration, in
which the water flow rate dependence on the water level change in the open irrigation canal is
determined in the form of a “level-flow rate” graph and flow tables are calculated. When cali-
brating a hydrometric section of the “fixed channel” type, water discharge measurements are
performed by the known “velocity-area” method. Ultrasonic devices and installations can be
used to measure the water flow rate in open canals with flow rates of more than 25-50 m?/s.
Conclusions. To solve the problem of equipping a water meter on an open irrigation canal in
the absence of flooding, a hydrometric structure of the “fixed channel” type is proposed,
which has proven itself to be a rather reliable measuring tool with stable metrological charac-
teristics. To use this facility as a measuring instrument in the future, it is necessary to update
the regulatory and technical documentation that regulates the basic requirements for carrying
out calibration work on open canals.
Keywords: hydrometric structure, fixed channel, measuring instrument, calibration,
relative measurement error

BBenenne. BomoydeT Ha OpOCHTENBHBIX CHCTEMaX HEOOXOMHMM JUISl OMPEICIICHUS
o0bema mojaBaeMoi BOJBI M PEIICHUs] BOIIPOCOB BOJOPACIPEICTICHHS] MEXKAY OoTpeduTes-
mu. Bomoyder He cymecTByeT 6e3 cpencTB m3mepeHus. B unTepecax morpeOuteneil BbIIBU-
rath Takue TpeOOBaHMsI K CPEeJICTBAM BOJIOYYETa, KaK: MEPUOIUIHOCTh, TOUHOCTbD, JOCTOBEP-
HOCTb U HaJ€KHOCTh PE3YyJIbTATOB M3MEPEHUN, YMEHbIIEHHE 00beMa MaTepHAIIbHBIX 3aTpaT
Ha ux npuodperenue [1].

®enepanbHblil 3ak0oH 0T 26.06.2008 Ne 102-D3 «O0 obecrnieueHun €IMHCTBA U3MEpE-
HUI» ONpeenuil MIPaBOBble OCHOBBI OOECTieueHusl eqUHCTBA u3MepeHuit B Poccuiickoir ®e-
JIepalnu, a TakKe TPeOOBaHMS K CPEACTBAM U3MEPEHUS U METOJ[aM u3MepeHui [2].

®enepanbHblil 3ak0H 0T 25.11.2009 Ne 261-D3 «O06 sHEprocOepekeHUH U O MOBBIIIE-
HUHM SHEPreTHYeckor A((PEeKTUBHOCTH, U O BHECEHHH HM3MEHEHHUS B OTACIbHBIC 3aKOHOMA-
TenbHbIE aKThl Poccuiickoit denepanum» OTPEeryaInpoBal OTHOIIEHUS B cepe aHeprocoepe-
JKEHUS U TIOBBIIIEHUSI SHEpreTuueckon 3(p(heKTUBHOCTH, B T. Y. U B OTHOUIEHUH BOJIbI — MOAA-
BaeMoii, mepenaBaemoii u norpedasiemoir. C 1 wuronst 2010 r. opraHuzanuu, KOTOPHIE OCY-
IIECTBIISIOT B TOM YHCIIE U CHAOXEHHE BOJOW MH)KEHEPHO-TEXHUUECKUX OOBEKTOB, JOKHBI
OCHACTHUTh MX MPUOOpaMM y4eTa U OCYLIECTBIATh ACATEIbHOCTh 0 UX 3aMeHe U JKCIuTyaTa-
uu. Bee 3T0 Takke HalpaBlIEHO Ha YIy4dllIEHHE BOJOYYETa U BOJOpAcIpeesieHUs] Ha Melln-
OpPaTUBHBIX CUCTEMAaxX U MOMCK YPPEKTUBHBIX M HEIOPOTOCTOSAIINX CPEJICTB U3MEPEHUHN BOJ-
HOTO MmoToka [3].

OcHalleHrne OTKPBITBIX KaHAJIOB CPEACTBAMHU BOJIOYYETa CBA3aHO C 0ObeMaMH Mare-
pHANbHBIX 3aTPAT Ha OPraHU3AlMI0 TYHKTA BOJOYYETa U MIPHUOOPETEHUE CPENICTB U3MEPEHUI.
Hu3zkas oCHalIEHHOCTh MEIMOPATUBHBIX CUCTEM CPEICTBAMHU MU3MEPEHMI, B T. Y. aBTOMAaTH-
3UPOBAaHHBIMU CPEACTBAMM BOJIOYYETA, CII0)KHOCTH B OIO/IPKETHOM (PMHAHCHUPOBAHUH IKCILTY-
aTallMOHHBIX OpPraHu3aluil JeNalT aKTyalbHOW 3a7ady MCIIOJIb30BaHUS HA OTKPBITHIX KaHa-
JaX OpPOCHUTEIbHOW CETH T'MJIPOMETPUYECKHUX COOPYKEHUH THUMAa «(PUKCUPOBAHHOE PYCIO»
B KQ4eCTBE CPE/ICTB U3MEPEHUS pacxo/ia 1 00bemMa BOJIbI.

Kak nokasan ananus nHpopmanuu, nojrydaeMoi U3 perioHaNbHbBIX YIPaBICHUNA Meu-
Opaluy 3eMelb U CeNTbCKOX03HCTBEHHOTO BOJJOCHAOKEHHSI, B HAIlIeH CTpaHe B MOCJIEAHUE TO-
Jibl HAOJIIO/AI0Ch 3HAUMTENIbHOE CHIDKEHHE KOJIMYECTBA M YPOBHS TEXHMUYECKOTO COCTOSHUS
IIyHKTOB BOJIOyYeTa Ha opocuTenbHbIX cucremax. [lo manneiv B. H. lleapuna u ap. [4, 5],
B 2005 1. okoisio 40 % MyHKTOB BoJOy4YeTa BOOOIIE HE ObIM 000pPYAOBaHbI CPEACTBAMH BO-
J0y4eTa, a Ha OTKPBITOM opocuTenbHOl cetn Oonee 60 % ObUIM OCHAIIEHBI JHIIL MPOCTEHi-
HIMMH CPEACTBAMM M3MEPEHUH, TAKUMU KaK TMApOMETpHYecKas peiika. AHajau3 TUIOB M-
POMETPUYECKUX COOPYKEHHUI Ha OTKPBITOM CETH MOKa3aj, 4To HauboJiee paclpoCTpaHEHHBI-
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MU SIBIISIFOTCS COOPYXKEHUSI B BHJIE THIPOMETPHUECKUX CTBOPOB C (PUKCHPOBAHHBIMH pycClia-
MH, CYXaIOIIUE YCTPOUCTBA PA3IMYHON KOHCTPYKIIMU U TIEPETOPAKUBAIOIINE COOPYKEHHUS.

Llenp uccnemoBaHus — MCIOIB30BAHUE THAPOMETPHUYECKOTO COOPYKCHUS TUTA «PHUK-
CHPOBAHHOE PYCJI0» B OTKPHITOM KaHaJe OPOCHUTEIBHON CETH KaK HamOoyiee W3YyYEHHOTO W
HAJICKHOTO CPEICTBA U3MEPEHUSs, HE TPEOYIOMIEro OOIBITNX MaTEepUATbHBIX 3aTpar.

O6cy:xnenue. ['mapomMeTpudeckre CTBOPhI «PUKCUPOBAHHOE PYCII0» OTHOCSITCS K CIIe-
[IUATBHBIM THIPOMETPUUECKUM COOPYKEHHUSIM, KOTOPbIe 00€CIIeunBatOT MUHUMAJIBHOCTh KO-
JUYECTBA M CTa0MIBHOCTh M3MEPSIEMBIX MapaMeTPOB B MPOIIECCE BBHITIOIHEHUSI CBOCH OCHOB-
HOH 3amaun [6]. ['mapomerpruyeckne cCoopyKeHHsI 00eCIeuynBalOT TPeOyeMyt0 TOYHOCTh H3-
Mepenus. [lorpemHocTs U3MEpEeHUsT BO MHOTOM 3aBHCHUT OT MPUHSITON MOJEIIH U3MEPEHHS U
BBIYKCIICHHSI PACX0JI0B BOJBI, @ TAKXKE IMOTPEIIHOCTEH CIIOCOOOB OINpEACIICHUsI CpeHEN CKO-
pPOCTH TIOTOKA M KUBOTO ceueHus. JlomycTumas o01masi OTHOCUTENbHAS TOTPEITHOCTh U3Me-
pEeHUs pacxoja BOJbl JOJKHA ObITh HE OoJiee £5 %.

Hcnonb30BaHne TUIPOMETPUUYECKOTO COOPYKEHHUS THIA «PUKCHPOBAHHOE PYyCIIO»
B BUJIE CPEACTBA U3MEPEHUSI pacxoa U 00beMa BOJbl Ha OPOCUTEIBHOM KaHajle TpedyeT mpo-
BEJICHUS TPALYUPOBKH, IPU KOTOPOM YCTAHABJIMBAETCS 3aBUCUMOCTh BEJIMYMHBI pacXojia BO-
Il OT U3MEHEHUSl YPOBHS BOJBI B OTKPBHITOM KaHaje OPOCHTENbHOH CeTH B BHJE rpaduka
(KkpuBasi «ypOBEHb — PacXoi») U PaCCUUTHIBAIOTCS pacxonHbie Tabiwipl. [Ipu rpaxyupoBke
TUAPOMETPUYECKOTO CTBOpA TUIA «(DUKCHPOBAHHOE PYCIIO» M3MEPEHHUS pacxoia BOJABI BbI-
MOJIHSIIOT U3BECTHBIM METOJIOM «CKOPOCTh — ILTOIIAAby [7].

CylHoCcTh METOJIa U3MEPEHHUI «CKOPOCTh — IUIOLIA/Ib) 3aKJII0YAETCsl B ONPEACIICHUN
pacxona BOJbI IyTEM CYMMHPOBAHHUS AJIEMEHTAPHBIX pacxonaoB. llocnenHue BBIUUCIAIOTCA
KaK pe3y/bTaT YMHOXKEHUS IUIONIA/Ield OTCEKOB MEXAY BEPTHKAISIMH, Ha KOTOpbIe pa30nBaeT-
Cs CEUYEHUE pyclia KaHajla B U3MEPUTEIBLHOM CTBOPE, HA BEJIMUYUHBI CPETHUX CKOPOCTEN MOTO-
Ka B IIpeieyax KaKIoro oTceka. ITO MOXKHO MPEACTaBUTh B BUjE GopMyIs [7]:

0= Z'::qx = Zr::(fx 'Vx)’

rae Q — pacxoj Bodbl, M>/c;
1 — YKCIIO OTCEKOB MEK/Y BEPTUKAIISAMY;
D — cyMMa dIIEMEHTapHBIX PaCX0/IOB B OTCEKAX MEXKLY BEPTUKAIAMH, M°/C;

g, — TIEMEHTAPHBIN PACXOJl B OTCEKE MEXK/LY COCETHMMH BEPTHKAIISMH, M/C;
f, — nuomanm orceka, M*;
V. — cpenHss CKOPOCTh B OTCEKE MEX/y BEPTUKAIISIMH, M/C.

Ha pucynke 1 nokaszaHa cxema TUIAPOMETPUYECKOTO COOPYKEHUS THUIMA «PUKCHUPO-
BaHHOE PYCJIO» C PacXooM o 25 m/c.

Cpennsiss CKOpOCTh MOTOKA B OTKPBITOM KaHaJIe MOXET ONPEIEIAThCSA C UCIOIb30Ba-
HUEM DPa3JIMYHBIX CIIOCOOOB M TEXHUUYECKHX CPEICTB. B HacTrosimiee BpeMsi caMbIM pacmpo-
CTPaHEHHBIM CPEJICTBOM U3MEPEHUSI CKOPOCTH MOTOKA BOJBI HA OTKPHITOM KaHajle OCTaeTcs
TUApOMETpUYECcKas BepTymika. [Ipu momomum ee CpemHssi CKOPOCTh MOTOKA BOABI MOMXKET
OTIPEACNATLCA TPEMSI CIIOCOOAMU: MHOTOTOYEYHBIM, WHTETPAIIMOHHBIM U OJHOTOYEYHBIM.
Ha pucynke 2 mnpuBeneHa THAPOMETPUYECKAs BEPTYIIKA C H3MEPHUTEIEM-PETUCTPATOPOM
UCII-1M [8, 9].

Hcnonps3oBanne THAPOMETPUUECKUX BEPTYIIEK UMEET KaK MOJIOKUTEIbHBIE CTOPOHBI
(TIPOMBITIIIEHHBIH BBIMYCK, TPOCTOTAa B KOHCTPYKIIUHU, HECIOKHOCTh B DKCIUTyaTallluH), TaK U
OTpHUIIATENIbHBIE (3HAYUTENbHAS TPYJOEMKOCTh, CIOKHOCTh IOJHOW aBTOMATH3allUd, YYB-
CTBUTENBHOCTH K 3arps3HEHUIO MOTOKAa HAHOCAMHM U IIaBAIOIINM MycopoMm) [9, 10].

JInist u3MepeHns B OTKPBITBIX KaHATAX ¢ pacxogamu 6oiee 25-50 m’/c 3a pyOesxoM u
B Halllell CTpaHe KpOME TMAPOMETPUYECKUX BEPTYIIEK HAYMHAIOT MPUMEHSTh YIIBTPa3BYKO-
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BbI€ (aKyCTHYECKHE) MPHUOOPHI M YCTAHOBKH, COCTOSIINE U3 OJTHO- MJIM MHOTOKAHAIbHBIX H3-
MEpHTEIel CKOPOCTH, YPOBHEMEPOB BTOPHYHOM ammapaTypbl, MO3BOJISIOIINE OIPEACIATh
pacxon u 00beM BOJIBI, HO TPEOYIOIINE TOTIOTHUTEIBHBIX MaTepUalbHbIX 3aTpaT [11].
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P1 —reoac3nydeCckasd OTMETKaA PEIicpa, M; p2 — reoAC3n4eCKad OTMETKA JTHA KaHajla, M
PucyHnok 1 — CxemMa ruipoMeTpH4ecKOro COOpy KeHust
THNA «PUKCHPOBAHHOE PYCJI0» ¢ pacxoaom 10 25 m3/c
Figure 1 — Scheme of a hydrometric structure
of a “fixed channel” type with flow rate up to 25 m¥/s

PucyHnok 2 — I'mapomerpuyeckasi BepTyliKa
¢ usmepuresiem-perucrparopom UCII-1M

Figure 2 — Hydrometric flowmeter with the ISP-1M recorder
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[IpuHIMIT yNBTPa3BYKOBBIX YPOBHEMEPOB COCTOMUT B MEPEAAYE U MPUEME YIIBTPA3BY-
KOBOI'O CUTHAJIA, BBIXOJAILEIO U3 PUEMOIIEPENATUNKA, YCTAHABINBAEMOr0 HaJl KAHAJIOM, W3-
JlydaTesb KOTOPOro HAMPABJIEH BHU3 NEPHEHAUKYISPHO MOBEPXHOCTH BOJABL. Bpems oTpaxe-
HUA YJIbTPa3BYKOBOI'O CHUTHAIa UHTETPUPYETCA C YPOBHEM BOJBI B KaHalyle, a JJis Ompenese-
HUS pacxoja UCIOJIb3YETCsl TPaAyupOBOUHAs XapakTepuCcTUKa kaHana. Ha pucynke 3 npuse-
JIeH yIbTPa3ByKOBOM (akyctuueckuit) pacxogomep DXO-P-03 ¢ uHTEerparopom mjsi usmepe-
HUS 00beMa JKUJIKOCTH B OTKPBITBHIX KaHanax [12].

Pucynok 3 — Yabrpa3zBykoBoii (akycTuueckuii) pacxogomep 3X0O-P-03
Figure 3 — Ultrasonic (acoustic) flowmeter ECHO-R-03

Jl51g TOro 4ToOBI TUAPOMETPUUYECKUE COOPYKEHUS paboTalld B 3aJlaHHBIX peXUMax U
MOTPEITHOCTH OIPEICIICHHS PACX0I0B BOJIbI HE YBEIIMUMUBAIIUCH 110 CPABHEHUIO C 33JJaHHBIMH,
HEO0OXOIUMO MPHU YCTAaHOBKE COOPYKEHHUS B pyclie KaHalla cCOOII0aTh YCIOBHS, H3I0KECHHbBIE
B MU 1759-87 [13].

I'unpoMerpuyueckue MoCThl THIA «PUKCHUPOBAHHOE PYCIIO» JOJHKHBI OBITH OCHAIICHBI
BCIIOMOTaTeIIbHBIM THIPOMETPHYECKUM 000pyIoBaHueM. [ mipoMeTprudeckuM o00pyI0BaHU-
€M CUHMTAIOTCS Pa3IMYHBIE CPEACTBA MEPENpaBbl, KOTOPbIE PEKOMEHAYETCsI BEIOUpATh B 3aBU-
CUMOCTH OT IIMPUHBI KaHaja 1moBepxy. I pasmeneHus CTaHJapTHOW YpOBHEMEPHOW T'U-
POTEXHUUYECKOW PEMKHU CIIyXaT pa3IMYHbIe KOHCTPYKIMH YCIOKOUTENbHBIX HUII WU KOJOA-
neB. Ha rumpomerpuyecknx cTBOpax, MpeIHA3HAUYECHHBIX IS MEPUOTUYECKOTO M3MEPECHHS
pacxo/a BOJBI, pa3MelIeHHe YCIOKOUTENbHBIX YCTPOHCTB He 00s3aTensHO. B 3TOM cimyuae
JIOTTYCKAETCsl KOHTPOJIUPOBATh TOJOKEHHE YPOBHEH BOJBI C MOMOIIBIO THAPOMETPUUYECKOM
mranry [14].

Hexkoropsie uccrnenoBatenu [15, 16] cuuTaror, 4TO OMpENEICHUE PACXOJIOB BOJIBI
Ha MYHKTax BOJOY4YeTa, YCTPOCHHBIX MO TUMY (PUKCUPOBAHHBIX pycell, TpeOyeT OONbIINX 3a-
TpaT PyYyHOTO TPY/a, TaK KaK B JAHHOM CIIydae MCIOJb3yeTCS METOJl «CKOPOCTh — TUIOIAIb
C U3MEPEHUEM OCPETHEHHBIX CKOPOCTEH MOTOKA ¢ MOMOIIBIO THIPOMETPUUYECKUX BEPTYLIEK.
Ecnu nienecoodpa3HoCcTh MPUMEHEHHS TAKOTO TUIIA MYHKTOB BOJIOYYETa JUISl OTKPBITHIX PyCel
¥ KaHAJIOB ¢ OOJBIIMMH PAcX0/iaMU BOJbI MOYXXHO YKOHOMHUYECKH U TEXHHYECKU 0OOCHOBATH,
TO JIJIsi U3MEPEHUs pacxo0B Bojabl MeHee 0,5 M>/c Takoit crocoo W3MEPEHUI 3KOHOMUYECKH
He s dexTuBeH. s maHHBIX pacxoa0oB d(PPeKTUBHEE HCMOIB30BATh BOJOCIUBBI C TOHKOM
CTEHKOW, KOTOPBIE 00ECIIEYMBAIOT BBHICOKYIO TOYHOCTh M3MEPEHHUM PAacXO0/J0B BOJBI, HO Tpe-
OYIOT CHeNHAlbHBIX YCIIOKOUTEIBHBIX €MKOCTEH U MPOIycKa YUCTON BOJBI O3 B3BEIICHHBIX
HaHOCOB M IUIABAIOIIETO Mycopa.

W3 ombiTa HUCMONB30BaHUS TUAPOMETPUUYECKUX COOPYKEHUH THMA «(HUKCHUPOBAHHOE
PYyCJIO» U3BECTHBI UX TIOCTOMHCTBA U HepocTaTku [17]. K mocTomHCTBAaM MOXHO OTHECTH:

- U3YYEHHOCTh METOJIa U NIPOCTOTa 000PYIOBAHNUS;

- HeOOIbIIIME KAaUTaJIbHBIC 3aTPaThl HA 00OPYAOBAHHUE ITYHKTA BOJIOYYETa U U3MEPH-
TEJIbHYIO TEXHUKY;
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- IOCTaTOYHAsl HAJIEKHOCTh U OIIEPAaTUBHOCTB;

- HECJIOKHOCTD B MOJIEBBIX U KaMepalibHBIX 00paboTKax;

- BO3MOKHOCTh HCIIOJIb30BaHUS JIFOOBIX (MIPOCTBIX M CIOXHBIX) IPUOOPOB It U3Me-
pEHUs YPOBHEN;

- B IIEPCIIEKTUBE BO3MOKHOCTb OCHALICHUS COBPEMEHHON U3MEPUTEIIbHOM TEXHUKOU U
AaBTOMATHU3alUsl MHTEIPALIMOHHBIX PA3HOBUIHOCTEH TaPUPOBKH «ILJIOIIAb — CKOPOCTbHY.

K HenocraTkam MOYXHO OTHECTH:

- HEOOXOAMMOCTD PETYIISIPHBIX TAPUPOBOK;

- TPYIHOCTH PabOTHI C TUAPOMETPUUECKON BEPTYLIKOIA;

- 3aBHCUMOCTh OT HAaHOCHOTO peXHMa U HEOOXOJUMOCTh B OpPraHU3AIMU KOHTPOJIb-
HBIX 3aMEPOB Pacxo/a IPH OTIOKEHUIX HAHOCOB B PYCIIE;

- coOroIeHNe pa3MepoB MPSAMOJIMHEHHOTO ydacTKa KaHaia, HeOOXOJUMOTO Ui CO-
3/1aHHsI PABHOMEPHOT'O PEKUMA TEUEHUS ITOTOKA.

[To mporHo3y crenuanucToB, B Ommxaidmmii mepuon OyaeT mpeodiagaTh TEHICHIHS
OCHAIIIEHUS OTKPBITHIX KaHAJIOB OPOCUTENBHBIX CHUCTEM OoJiee JOCTYIHBIMU U HaIeKHBIMU
cpenctBamu usMepenus [ 18, 19], rae pekoMeH10BaHO Ha COBPEMEHHOM 3Tarle OpraHu3aliy BO-
JI0y4€eTa, HapsAy C UCIIOJIb30BAHUEM PETJIAMEHTUPYEMBIX CHELMATIBHBIX BOJIOMEPHBIX COOPYXKe-
HUIA 1 IpHOOPOB, COBEPIICHCTBOBATH THIPOMETPUIECKHII METO U3MEPEHHUS PACXOIOB BOIBI.

Crnenyer OTMETUTH, YTO, HECMOTPSI HA MHOT000pasue BIMSIOMMX (PaKTOPOB, TUIPO-
METPUYECKUE COOPYKEHUS — JOCTATOYHO HAJCKHBIE CPECTBA U3MEPEHHUs, UMEIOINE YCTOM-
YUBbIE METPOJIOTMUECKUE XAPAKTEPUCTUKHU. ['MapomeTprueckue COOpyk EHUs 3HAYUTEIbHO
YIPOLIAIOT IIPOLIECC ONPENEICHUS PACXOI0B BOABI, CBOJS €ro K U3MEPEHHUIO OJJHOTO T'HJIpaB-
JUYECKOTO napameTpa. B cBsi3M ¢ 3TUM JIErKO aBTOMAaTHU3UPOBAaTh B IEPCIEKTUBE IPOLIECC
U3MEpPEHUS] HY)KHOT'O IapaMeTpa, PErucTpalyio U Iepenadyy UH(opmauuu B LEHTPbl 00pa-
OOTKH JaHHBIX U PETYIUPOBAHUS BOJOpACTIpEeICHUS.

B HacTosiee BpeMsl HCIIOJIb30BAHUE THJIPOMETPUUECKUX COOPYKEHUMN THMA «PUKCHU-
POBAHHOE PYCJIO» ISl U3MEPEHHS PacXoJ0B U 00HEMOB BOJbI HA OTKPBITHIX OPOCUTEIHHBIX
KaHajax TpeOyeT pa3pabOTKH HOBOM HOPMAaTHBHO-TEXHUYECKOW JOKYMEHTAllMM, PETIaMeH-
TUPYIOILEH OCHOBHBbIE TpeOOBaHMS K NMPOBEACHHUIO I'PaJyMPOBOYHBIX paboT, Tak Kak Cylie-
CTByIOIIasl ycTapena WIH ABJISETCS HeaeucTByrome. Hamnune HOBOM HOPMAaTHUBHO-
TEXHUYECKOH JOKYMEHTAIMM TaKKe HEOOXOIUMO MPH PEIICHUH BOIPOCOB METPOJIOTHUECKON
MOBEPKH U MOJIyYEHUs JIMIIEH3UH Ha JaHHbIN poa AesTenbHocTH [20].

BbiBoabl. B HacTosmee Bpems mpobiaemMa OCHAIEHHs CpeICTBaMH BOJIOYY€ETa OTKPHI-
TBIX OPOCHUTEJIBHBIX KAaHAJIOB HA THIPOMEIMOPATUBHOM CETH 10 KOHIIA HE PEIIEHA U OCTAETCA
akTyanbHOl. Kak oHO M3 Hambosee NMPOCTHIX U U3YYEHHBIX CPEJCTB U3MEPEHUS MPH OTCYT-
CTBHH IOJAIIOPHO-TIEPEMEHHOTO PEXKUMA JIBH)KEHHS [TOTOKA B PYCJIE OTKPBITOrO KaHAJa Ipes-
JaraeTcs TUAPOMETPUIECKOe COOpYKEHHE TUMA «(PUKCUPOBAaHHOE pyciio». OHO XOpoLIo U3y-
YeHOo, He TpedyeT O0JIbIIUX MaTepUaIbHBIX 3aTpaT, JaBHO 3apEKOMEHI0BAJIO ce0s 10CTaTOu-
HO HAJCKHBIM CPEACTBOM U3MEPEHMS, UMEIOIIUM YCTOWYHUBBIE METPOJIOTHYECKUE XapaKTepu-
CTUKU. B KauecTBe M3MEpUTEIbHBIX MPUOOPOB NIl YCTAHOBJIEHUS CKOPOCTH TMOTOKA BOJIbI
B KaHAJI€ PEKOMEHIYIOTCS THAPOMETPUUYECKUE BEPTYLIKHM WJIM YJIbTPA3BYKOBBIE (AKyCTHYE-
CKH€) MpUOOPHI U YCTAHOBKH, BBIMTYCKAa€Mble OT€UECTBEHHOW MPOMBIILIEHHOCTHIO. Mcnomb-
30BaHUE THJIPOMETPHUUECKUX COOPYKEHHH THUIA «(PHUKCHPOBAHHOE PYClIo» TpeOyeT 0OHOBIIe-
HUS HOPMaTUBHO-TEXHUUYECKON JOKYMEHTAINH, PerjJaMeHTUPYIOIIel OCHOBHbIE TpeOOBaHUS
K IIPOBE/ICHUIO TPAlyHPOBOYHBIX paOOT Ha OTKPBITHIX KaHAJaXx.

CIHCOK HCTOYHUKOB

1. ®dunonunkoB A. B. TexHomorusi BojoyueTa Ha MeIHMOpaTUBHBIX cucremax / Ko-
CTpOM. Toc. ¢.-X. akaz. Koctpoma, 1997. 155 c.

79



[Tytu noseimenus 3pPeKTHBHOCTU opoiaeMoro 3emiuenenus. 2022. Ne 2(86). C. 74-83.
Ways of increasing the efficiency of irrigated agriculture. 2022. Ne 2(86). P. 74-83.
MATEPUAJIbI KOHOEPEHIINN
CONFERENCE PROCEEDINGS

2. 006 obecrieueHnW eAMHCTBA U3MEpeHUH [ DIeKTpoHHBIN pecypc]: Denep. 3akon Poc.
Oeneparuu ot 11 utons 2008 1. Ne 102-D3: mpunst [oc. dymoii @enep. Cobp. Poc. Dene-
paruu 11 urons 2008 r.: omobpen Coerom Denepamuu Denep. Cobp. Poc. Denepannn
18 utons 2008 r. Joctyn u3z UC «TexskcnepT: 6 nokoneHue» MHTpaHer.

3. OO0 sHeprocOepekeHNH U O MOBBIIICHUN YHEPTeTUIECKO A(PPEKTUBHOCTH U O BHE-
CEHUH U3MEHEHUH B OTAeNbHbIE 3aKOHOIaTeNNbHbIe aKkThl Poccuiickoit deneparuu (c u3MeHe-
Husmvu Ha 11 wrons 2021 r.) [Dnexrponssii pecypc]: denep. 3akon Poc. denepanum ot
23 Hos0pst 2009 1. Ne 261-D3: mpunsr ['oc. dymoii Denep. Cobp. Poc. enepannu 11 HOsO.
2009 r.: omobpen Coerom Deneparuu Denep. Cobp. Poc. Denepamuu 18 Hosu6. 2009 T.
Hoctyn u3z UC «Texskcnept: 6 mokosneHue» MHTpaHeT.

4. IIpoBecT MOHUTOPHUHI TEKYILEIO COCTOSIHUS CPEJCTB BOJOU3MEPEHUS U pa3pado-
TaTh MPEAJIOKEHUS 110 COBEPIICHCTBOBAHUIO CHUCTEMbI BOJIOyUYETa HA OPOCHUTEIBHBIX U OCY-
IUTENBHBIX cucTeMax MuHcenbxo3a Poccun: otuer o HUP (3akmrou.): 2.1.3.5 / ®I'BHY
«PocHUUIIMy; pyk.: lllenpun B. H. HoBouepkacck, 2018. 68 c. Ucnonn.: Yypaes A. A.,
[llenenes A. E., Caummu FO. @., Baiinbepr M. B. Per. Ne HUOKTP AAAA-A18-
118041990077-7. Per. Ne UKPBC AAAA-b18-218122090031-3.

5. HoBble TeXHOJIOTUM M CPENCTBA M3MEPEHUN, METO/Abl OpraHu3aluid BOJOYyYEeTa Ha
OpPOCHTENBHBIX cucTeMax [DnekTponHsiid pecype]. URL: http://www.rosniipm.ru/izdan/2012/
bochkarew.pdf (mara obpamenus: 31.05.2022).

6. 'OCT P 51657.3-2000. Bogoy4er Ha THIPOMEIUOPATUBHBIX U BOJIOXO35HCTBEH-
HBIX cucTeMax. [ uapomerpuyeckue coopyxkeHuss u ycrpoictBa. Knaccudukauus. Bsen.
2001-07-01. M.: U3a-Bo cranmaptos, 2001. 7 c.

7. Hazmues I1. U., I'puropseBa A. B. I'ugpomerpust [DneKTpOHHBIN pecypc|: METO.
ykazanus. ExatepunOypr, 2019. 50 c. URL: https:elar.usfeu.ru/bitstream/123456789/9156/1/
m19-53.pdf (nata obpamenwust: 18.04.2022).

8. Usmepurens ckopoctu notoka UCII-1M [Dnexkrponnsiit pecypc]. URL: http:granat-
e.ru/isp-1.html (nata o6pamenus: 04.05.2022).

9. Kitumenko /[I. E. PazButne rupoMerprdeckux BepTyiiek B Poccun u 3a pyoexom
[DnexTponnsblit pecypc] // I'eorpadmueckuii BectHuk. 2010. Ne 2. URL: http:cawater-info.net/
bk/improvement-irrigated-agriculture/files/klimenko.pdf (nata oOpamenus: 28.04.2022).

10. ®ununmnos E. I'. ['uapaBnnka ruipoMETPUYECKUX COOPYKEHUM AJI OTKPBITBIX I10-
TokoB. JI.: 'mapomereonznat, 1990. 288 c.

11. IlpuHuMn 1efCcTBUS yAbTPa3BYKOBBIX (aKYCTHUECKUX) PAacX0J0MEPOB [ DIEKTPOH-
Hbli pecypc]. URL: http:rerutonpubop.pd/produkceija/ultrazvukovye-rashodomery (nara o6-
pamienust: 28.04.2022).

12. FOuenko JI. B., KopeHnoBckuit A. M. AHann3 BO3MOXXHOCTH MPUMEHEHHS YIbTpa-
3BYKOBBIX PacX0JIOMEPOB Ha OPOCUTEIHHOU CeTH // AKTyallbHbIE HANPABICHUS Pa3BUTHUS Me-
JMOPATUBHOTO KOMIUIEKca: cO. Hayd. Tp. IO MarepuasaM MexayHap. Hayd.-IpakT. KOH.,
nocBsil. 90-netuto coznanus GI'BHY «PocHUUIIM», r. HoBouepkacck, 10 cent. 2021 .
Hogouepkacck: PocHUUIIM, 2021. C. 124-138.

13. T'ocynapcTBeHHasi cuctema obOecriedeHusl eIMHCTBAa u3MepeHuid. Pacxon Boabl Ha
pekax M KaHamax. MeToJuKa BBIIOJIHEHUS M3MEPEHUH METOAOM «CKOPOCTh — IUIOIIAb»:
MM 1759-87: yrB. ®I'YII BHUU® 11.06.86: BBen. B neiicteue ¢ 01.01.88. M.: M3n-Bo cTaH-
naptos, 1987. 19 c.

14. PykoBOACTBO MO BOJOYYETY ISl TUAPOMETPOB MaruCTpajbHbIX KaHaioB. [Ipoekt
«HTETpUpOBAaHHOE YIPABJICHHE BOAHBIMH pecypcamMu B DepraHcKoi JAOIuHE» [DIEKTPOH-
Hbeli pecypc]. Tamkent, 2006. 46 c. URL: http:cawater-info.net/bk/improvement-irrigated-
agriculture/files/guide mcg.pdf (nara obpamenus: 19.04.2022).

15. FOpacos P. H. Hcnonws3oBanue TrUAPOMETPUUYECKUX COOPYKCHHH B HACTOSAIIEE
Bpems // AkTyanbHbIe TpoOsieMbl coBpemeHHON Hayku. 2010. Ne 4. C. 168—171.

80


http://granat-e.ru/isp-1.html
http://granat-e.ru/isp-1.html

[Tytu noseimenus 3pPeKTHBHOCTU opoiaeMoro 3emiuenenus. 2022. Ne 2(86). C. 74-83.
Ways of increasing the efficiency of irrigated agriculture. 2022. Ne 2(86). P. 74-83.
MATEPUAJIbI KOHOEPEHIINN
CONFERENCE PROCEEDINGS

16. bentmekee K. K. CoBepieHCTBOBaHME BOJOMEPHBIX M BOJIOPACIPEIEIUTEIbHBIX
COOPY)KEHHMI Ha KaHajaax-ObICTPOTOKAX OPOCHUTEIBbHOM CHCTEMbI TOPHO-NPEATOPHOM 30HBI:
aBToped. auc. ... 1-pa TexH. Hayk: 05.23.07, 06.01.02. bumkek, 2012. 42 c.

17. CuctemHble IPUHLIUIIBI BOJOYYETA U YIIPABICHUS BOAOPACIIPEACIICHUEM S

18. lllenpun B. H., Bacunses C. M., CnabynoB B. B. OcHoBHBIE ITpaBmIa U MOJIOKE-
HUS DKCIUTyaTalli MEJTUOPATUBHBIX CUCTEM U COOPYXKEHHI, MpOBeIeHUsl BOAOYUYETa U MPO-
M3BOJICTBA IKCIUTyaTaIllMOHHBIX padoT: mMoHorpadus. B 2 4. Y. 2. HoBouepkacck: ['enukoH,
2013. 262 c.

19. barbkoBa A. K. YcoBepiieHCTBOBaHHbIE KOHCTPYKIIMM BOJOYYETa Ha BOJOMEp-
HBIX coopyxkeHusx ¢ BogociuBamu // Bectauk KPCY. 2015. Ne 3. C. 159-162.

20. boukapeB B. . IlepciekTuBBI pa3BUTHS HOPMAaTMBHO-METOAMYECKON 0a3bl MeET-
poJiorudeckoro odecredeHus BoJoy4eTa Ha METHOPATUBHBIX cucTeMax // [lyTu moBbIIeHUS
s dexTuBHOCTH Oporraemoro 3emuenenus: c6. Hayd. Tp. / ®I'HY «PocHUUIIM». HoBouep-
kacck: ['enmukon, 2008. Bei. 40, 4. 2. C. 117-128.

References

1. Filonchikov A.V., 1997. Tekhnologiya vodoucheta na meliorativnykh sistemakh
[Technology of Water Metering on Reclamation Systems]. Kostroma State Agricultural
Academy, Kostroma, 155 p. (In Russian).

2. Ob obespechenii edinstva izmereniy [On Ensuring the Uniformity of Measure-
ments]. Federal Law of Russian Federation of 11 June, 2008, no. 102-FZ, adopted by the
State Duma of June 11, 2008, approved by the Federation Council of June 18, 2008. Access
from IS “Techexpert: 6" generation” Intranet. (In Russian).

3 Ob energosberezhenii i o povyshenii energeticheskoy effektivnosti i o vnesenii iz-
meneniy v otdel'yye zakonodatel'nye akty Rossiyskoy Federatsii (s izmeneniyami na 11 iyunya
2021 g.) [On energy saving and on energy efficiency improvement and on amending certain
legislative acts of the Russian Federation (as amended on June 11, 2021)]. Federal Law of
Russian Federation of 23 November, 2009, no. 261-FZ, adopted by the State Duma of 11 No-
vember, 2009, approved by the Federation Council of 18 November, 2009. Access from IS
“Techexpert: 6" generation” Intranet. (In Russian).

4. Churaev A.A., Shepelev A.E., Snipich Yu.F., Weinberg M.V., 2018. Provesti moni-
toring tekushchego sostoyaniya sredstv vodoizmereniya i razrabotat' predlozheniya po
sovershenstvovaniyu sistemy vodoucheta na orositel'nykh i osushitel'nykh sistemakh Min-
sel'khoza Rossii: otchet o NIR (zaklyuch.): 2.1.3.5 [To Monitor the Current State of Water
Metering Devices and Develop Proposals for Improving the Water Metering System for Irri-
gation and Drainage Systems of the Ministry of Agriculture of Russia: Research Report
(Final): 2.1.3.5]. Novocherkassk, 68 p. (In Russian).

5. Novye tekhnologii i sredstva izmereniy, metody organizatsiy vodoucheta na orosi-
tel'nykh sistemakh [New technologies and measuring instruments, methods of organizing wa-
ter metering for irrigation systems], available: http:www.rosniipm.ru/izdan/2012/boch-
karew.pdf [accessed 31.05.2022]. (In Russian).

6. GOST R 51657.3-2000. Vodouchet na gidromeliorativnykh i vodokhozyaystvennykh
sistemakh. Gidrometricheskie sooruzheniya i ustroystva. Klassifikatsiya [Water accounting
for irrigation and drainage systems. Hydrometric structures and devices. Classification]. Mos-
cow, Publ. of Standards, 2001, 7 p. (In Russian).

7. Nazmiev P.I., Grigoryeva A.V., 2019. Gidrometriya: metodicheskie ukazaniya
[Hydrometry: method. guide]. Yekaterinburg, 50 p., available: https:elar.usfeu.ru/bitstream/
123456789/9156/1/m19-53.pdf [accessed 18.04.2022]. (In Russian).

8. Izmeritel' skorosti potoka ISP-1IM [Flow rate meter ISP-1M], available: http:granat-
e.ru/isp-1.html [accessed 04.05.2022]. (In Russian).

81



[Tytu noseimenus 3pPeKTHBHOCTU opoiaeMoro 3emiuenenus. 2022. Ne 2(86). C. 74-83.
Ways of increasing the efficiency of irrigated agriculture. 2022. Ne 2(86). P. 74-83.
MATEPUAJIBI KOHOEPEHIINU
CONFERENCE PROCEEDINGS

9. Klimenko D.E., 2010. Razvitie gidrometricheskikh vertushek v Rossii i za rubezhom
[Development of hydrometric propellers in Russia and abroad]. Geograficheskiy vestnik
[Geographic Bulletin], no. 2, available: http:cawater-info.net/bk/improvement-irrigated-agri-
culture/files/klimenko.pdf [accessed 28.04.2022]. (In Russian).

10. Filippov E.G., 1990. Gidravlika gidrometricheskikh sooruzheniy dlya otkrytykh
potokov [Hydraulics of Hydrometric Structures for Open Canals]. Leningrad, Gidrometeoiz-
dat Publ., 288 p. (In Russian).

11. Printsip deystviya ul'trazvukovykh (akusticheskikh) raskhodomerov [The principle
of ultrasonic (acoustic) flow meters operation], available: http:teplopribor.rf/produkcija/
ultrazvukovye-rashodomery [accessed 28.04.2022]. (In Russian).

12. Yuchenko L.V., Korenovskiy A.M., 2021. Analiz vozmozhnosti primeneniya
ul'trazvukovykh raskhodomerov na orositel’'noy seti [ Analysis of the possibility of using ultra-
sonic flow meters on the irrigation network]. Aktual'nye napravleniya razvitiya meliorativnogo
kompleksa: sb. nauchykh. tudov po materialam Mezhdunarodnoy nauchno-prakticheskoy kon-
ferentsii, posvyashchennoy 90-letiyu sozdaniya FGBNU “RosNIIPM” [Actual Directions of
Reclamation Complex Development: Proc. of the International Scientific-Practical. Conf.,
Dedicated to the 90" Anniversary of the Establishment of the Federal State Budgetary Scien-
tific Institution “RosNIIPM”]. Novocherkassk, RosNIIPM, pp. 124-138. (In Russian).

13. Gosudarstvennaya sistema obespecheniya edinstva izmereniy. Raskhod vody na
rekakh i kanalakh. Metodika vypolneniya izmereniy metodom ‘‘skorost’ — ploshchad'”:
MI 1759-87 [State System for Ensuring the Uniformity of Measurements. Water Flow in Riv-
ers and Canals. Method for Measuring Using the “Speed — Area” Method: MI 1759-87]. Ap-
proved by FSUE VNIIF 11.06.1986, Moscow, Publ. of Standards, 1987, 19 p. (In Russian).

14. Rukovodstvo po vodouchetu dlya gidrometrov magistral'nykh kanalov. Proekt “In-
tegrirovannoe upravlenie vodnymi resursami v Ferganskoy doline” [Guidance on Water Me-
tering for Hydrometers of Main Canals. Project “Integrated Water Resources Management in
the Fergana Valley”]. Tashkent, 2006, 46 p., available: http:cawater-info.net/bk/improvement-
irrigated-agriculture/files/guide_mcg.pdf [accessed 19.04.2022]. (In Russian).

15. Yurasov R.N., 2010. Ispol'zovanie gidrometricheskikh sooruzheniy v nastoyash-
chee vremya [Current use of hydrometric structures]. Aktual'nye problemy sovremennoy nauki
[Actual Problems of Modern Science], no. 4, pp. 168-171. (In Russian).

16. Beishekeyev K.K., 2012. Sovershenstvovanie vodomernykh i vodoraspredeli-
tel'nykh sooruzheniy na kanalakh-bystrotokakh orositel'noy sistemy gorno-predgornoy zony.
Avtoreferat diss. d-ra tekhn. nauk [Improvement of water metering and water distribution
structures on irrigation high-velocity canal of the mountain piedmont zone. Abstract of Dr.
tech. sci. diss.]. Bishkek, 42 p. (In Russian).

17. Shchedrin V.N., Ivanenko Yu.G., Olgarenko V.I., Zharkovskiy A.M., Filippov E.G.,
1994. Sistemnye printsipy vodoucheta i upravleniya vodoraspredeleniem na orositel'noy seti
[System Principles of Water Accounting and Water Distribution Management in the Irrigation
Network]. Novocherkassk, Novocherkassk State Technical University, 235 p. (In Russian).

18. Shchedrin V.N., Vasiliev S.M., Slabunov V.V., 2013. Osnovnye pravila i polozhe-
niya ekspluatatsii meliorativnykh sistem i sooruzheniy, provedeniya vodoucheta i pro-
izvodstva ekspluatatsionnykh rabot: monografiya [Basic Rules and Regulations for the Opera-
tion of Reclamation Systems and Structures, Water Accounting and Maintenance Operations:
monograph]. In 2 parts. Pt. 2. Novocherkassk, Helikon Publ., 262 p. (In Russian).

19. Batkova A.Zh., 2015. Usovershenstvovannye konstruktsii vodoucheta na vodomer-
nykh sooruzheniyakh s vodoslivami [Improved construction of water metering on the water-
measuring structures with weirs]. Vestnik KRSU [Bulletin KRSU], no. 3, pp. 159-162.
(In Russian).

82



[Tytu noseimenus 3pPeKTHBHOCTU opoiaeMoro 3emiuenenus. 2022. Ne 2(86). C. 74-83.
Ways of increasing the efficiency of irrigated agriculture. 2022. Ne 2(86). P. 74-83.
MATEPUAJIbI KOHOEPEHIINN
CONFERENCE PROCEEDINGS
20. Bochkarev V.Ya., 2008. Perspektivy razvitiya normativno-metodicheskoy bazy
metrologicheskogo obespecheniya vodoucheta na meliorativnykh sistemakh [Prospects for the
development of the normative and methodological base of the metrological support of water
accounting for reclamation systems]. Puti povysheniya effektivnosty oroshaemogo zemledeli-
va: sbornik nauchnykh trudov FGNU "RosNIIPM” [Ways of Increasing the Efficiency of Ir-
rigated Agriculture: Collection of Articles of Russian Research Institute of Land Improve-
ment Problems]. Novocherkassk, Helikon Publ., iss. 40, pt. 2, pp. 117-128. (In Russian).

Hugpopmayus 06 aemopax
A. A. YypaeB — 3aMeCcTUTENb AUPEKTOPA 110 HAYKE, BEAYIIUN HAyYHBIN COTPYAHUK, KAaHIUAT
TEXHUYECKHUX HayK;
JI. B. FO4eHKoO — HayuHbII COTPYAHUK.

Information about the authors
A. A. Churaev — Deputy Director of Research, Leading Researcher, Candidate of Technical
Sciences;
L. V. Yuchenko — Researcher.

Brnao asmopos: ece agmopul coenanu 3K6UBAIEHMHBIL 8KIAO 8 NOO2OMOBKY NYOIUKAYULL.
Bce aemopul 6 paenoii cmenenu Hecym 0omeemcmeeHHOCHb NPU 0OHAPYIICeHUU Niauama,
Camoniazuama u Opyaux HapyuleHuil 6 cghepe Smuku HayuHvix nyOIuKayuil.

Contribution of the authors: the authors contributed equally to this article.
All authors are equally responsible for detecting plagiarism, self-plagiarism and other ethical
violations in scientific publications.

Aemopbl 3a5671510m 06 OMCYMCmMEUY KOHGIUKMA UHMEPECOs.
The authors declare no conflicts of interests.

Cmamus nocmynuna 6 pedaxyuro 12.05.2022; o0obpena nocne peyensupoganus 26.05.2022;
npunama xk nyonuxayuu 06.06.2022.

The article was submitted 12.05.2022; approved after reviewing 26.05.2022; accepted for
publication 06.06.2022.

83



