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Pedepar. OpomeHne oka3pIBaeT CHILHOE BIMSHUE HA YPOXKAMHOCTD CEbCKOXO3SICTBEHHBIX KYIBTYD, @ B CIIOKHBIX KIMMATH-
YECKHX YCIOBUAX CYXOCTEITHOTO 3aBOJDKBS MOJNy4YeHHE CTAOMIBHO BBICOKOTO YpOKas JIOLEPHH! 0e3 OpOLICHHS HEBO3MOXHO.
OpOH_IeHI/IC UMECT KaK IOJIOXKUTCIIbHBIC, TaK U OTPULIATECIIbHBIC TTOCJICACTBUA U Tpe6yeT KpaﬁHe TPaMOTHOTO MOAX04a K UCIIOJIb-
30BaHHIO OPOIIAEMBIX 3eMeIb U OMHBHON BOIBL. [T pacyeTa cyMMapHOTO BOZONIOTPEONEHHS JTIOEPHEI B YCIOBIAX CyXOCTeIl-
HOTO 3aBOJDKbSI TIpe/UIaraeTcs HCTIONb30BaHHEe OMOKIMMATHYECKHX K0O()(HIMEHTOB M MOKa3aTeNI aKTHBHOCTH MOBEPXHOCTEH
nouBHL. (Llens uccnedosanus) ONpeneTuTs CyMMapHOE BOIOOTPEOICHNE JIIOIEPHBI C UCTIONE30BAHNEM OHOKITMMATHYECKHIX KO-
3¢ GUIMEHTOB 1 BENTMYNHBI aKTHBHOM [TOBEPXHOCTH TIOYBbI IS [TOBBIIICHNS 3(Q(EKTHBHOCTH NOJMBHBIX PeXUMOB. (Mamepuans
u memoovt) TlpoaHanmyu3upoBaIy OCHOBHBIC NPUXOAHBIC ANEMEHTHI, (opmupyiomue 00beM CyMMAapHOTO BOAOMOTPEOICHHUSL.
W3yunmm u3meHeHne 00mero BOAOMOTPEOIEHHS B 3aBHCHMOCTH OT HCIIAPEHHs, OTHOCHTEIBHBIX 3aIlacoB IPONYKTHBHOH BJIaru
AT ONPEIETICHHOM (pa3bl PA3BUTHS JIOLEPHBI, HCIIONB3YS SKCIEPHMEHTAIBHbIC JaHHBIE 110 BOJOMOTPEOICHHIO 3TOH KYABTYpBL.
(Pesynvmamul u 06cysicoenue) Onpenenuin 3HAYCHNS IMIMPHIECKIX KOIQPHUIMEHTOB COCTOSHIS aKTHBHON MOBEPXHOCTH HA
TI0CEBAX JIIOLEPHBI B 3aBUCHMOCTH OT CYMMBI CPEHECYTOUHBIX TEMIIEpaTyp Ha OCHOBAHHH PacyeTa HCIapseMOCTH C BOJHOH T10-
BEPXHOCTH MeToZioM bynbiko-3yOeHka. YCTaHOBHIH, YTO 3HAYCHHS KOI(Q(HUIMEHTOB COCTOSHUS aKTUBHOM MOBEPXHOCTH CYIIe-
CTBEHHO M3MEHSIOTCS B IIpoLiecce pa3BUTHs pacTeHni ot 0,5 B meprox otpactanus-setsnenus 10 0,78 mpu BeTBIeHNN-0yTOHN3a-
1 1 10 0,99-1,0 B nepuon OyToHHU3aIMK-1BETEHUS. (Bb1800b1) DKCTIEPUMEHTAIBHO YCTAHOBIIIN KPHBOJIMHEHHbBIE 3aBHCHMOCTH
OTHOIIEHHS 00IIEro BOAOMOTPEOTICHHS K UCTIAPsIeMOCTH OT OTHOCHTENBHBIX 3aI1acOB MPOXYKTHBHON BIATH B Pa3NHIHbIE (a3bl
pocTa u pa3BuTHs JTotepHsl. [lomydmmm sMnuprieckie koahGUIMEHTH], A pacyeTa CyMMapHOTO BOAOIOTPEOIeHHs 32 pa3HbIe
TIEPUOIBI BETETAINH JIOLIEPHBI TIPH BO3ACTHIBAHAN HA TEMHO-KAIITAHOBBIX TI0YBAX CYXOCTEITHOTO 3aBOJIKBSL.
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Abstract. The paper highlights the significant impact of irrigation on crop yields, emphasizing that in the challenging climatic
conditions of the dry-steppe Trans-Volga region, it is impossible to obtain a consistently high alfalfa yield without irrigation. Since
irrigation presents both substantial benefits and potential drawbacks, it requires a highly skilled approach to managing irrigated
lands and water resources. To estimate the total water consumption of alfalfa in the dry-steppe Trans-Volga region, it is proposed
to use bioclimatic coefficients and soil surface activity indicators. (Research purpose) The study aims to determine the total water
consumption of alfalfa by using bioclimatic coefficients and active soil surface values to improve the efficiency of irrigation regimes.
(Materials and methods) The primary input factors influencing the total water consumption volume were analyzed. Changes in
total water consumption during specific phases of alfalfa development were assessed based on evapotranspiration and the relative
reserves of productive moisture, using experimental data on the crop’s water consumption. (Results and discussion) The empirical
coefficients representing the active surface state of alfalfa crops were determined based on the sum of average daily temperatures,
calculated using Budyko-Zubenko method for estimating evaporation from the water surface. It was found that the coefficients
of active surface state change significantly during plant development, increasing from 0.5 during the growth-branching period to
0.78 during branching-budding and reaching 0.99-1.0 during the budding-flowering period. (Conclusions) Curvilinear relationships
between the ratio of total water consumption to evaporation and the relative reserves of productive moisture during different phases
of alfalfa growth and development were experimentally established. Empirical coefficients were derived for calculating total water
consumption during different periods of alfalfa vegetation grown on dark chestnut soils in the dry steppe Trans-Volga region.
Keywords: irrigation, alfalfa, environmental conditions, total water consumption, evaporation, evapotranspiration, soil moisture,
active soil surface, bioclimatic coefficients.
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YMMapHO€ BOIONIOTPEOIEHNE COCTABIISIET OC-

HOBHYIO PacCXOJHYIO 4acTh BOIHOTO OajaHca

PacdeTHOTrO CJIOSI IOYBbI, KOTOPAsl 3aBUCUT OT
(a3 pa3BUTHS CENBCKOXO3UCTBEHHBIX KYIBTYP U
MeTeoposorudeckux yciopuii [1]. K ocHOBHEIM KoOp-
MOBBIM KYJIBTYPaM, BO3JIEJIBIBAEMBIM Ha OPOLIAEMbIX
3eMJISIX B CyXOCTEITHOM 3aBOJIKb€, OTHOCUTCS JIIOLIEp-
Ha. DTO pacTeHUE OTIAMYAETCS BAXKHBIMU IOCTONHCTBA-
MU: a30TPUKCUPYIOIIAst CIOCOOHOCTH MO3BOJSET I1O0-
BBICUTH ITMTATCIIBHOCTD IIOYBKI, 34 CUCT C6aHaHCI/Ip0-
BaHHOT'O COCTaBa OHO CITY>KHUT MPEKPACHBIM KOPMOM;
UCTIONB3YETCsI Ha CEHO, 3€JIEHYI0 MacCy, CeHaX, TPaBsi-
HYIO0 MyKY [2]. BeIpaliyBaHue JroLepHbl IOMOraeT pe-
MIUTH TPOOJIEMY 3aIUTHI [IOYBBI OT BETPOBOW M BOTHOM
3PO3UH, IO3TOMY KpaliHe BasKHO IPaBUIIBHOE PETyJIn-
pOBaHHE BOIHOIO MUTAHUSA 3TON KyJIbTYypHI [3].

HHH OIITUMAJBHOI'0 PEKHUMa OPOIICHU A TIOMHUMO TaH-
HBIX O BEJIMUYMHE CyMMapHOT'0 BOAOIOTPEOICHH I 32 Be-
reTalMOHHBIN MepUo] HEOOXOAUMO 3HATh HHTCHCHUB-
HOCTbH NOTPEOJICHNS BOJBI I10 OTAEIBHBIM IIEPHOAAM
pa3BuTHs KynsTypsl [4]. CpeaHecyTOUHOE BOJONIOTpE-
OJieHre JNIOTIEPHBI YBEIMUUBAETCS TI0 MEPE PAa3BUTHUSA
TPaBOCTOS: B IEPHOJ] OTPACTaHUSI—BETBICHUS OHO KO-
nebnercs B npenenax 10-30 M’/ra, BeTBeHHA— Oy TOHH-
3aruu — 30-50 M*/ra u B mepuos 6y TOHH3AIUK— I[BETE-
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Hus — 50-70 m’/ra [5]. BomonoTpe6ieHne TrOepHbI
MMeeT XapaKTepPHYIO 1 YKOCOB TUHAMUKY: HanOOJIb-
1Iee MpUXOJUTCs Ha epBhIi yKoc (36,3-38,7% ot cym-
MapHOI'0), HECKOJIBKO MEHBLINI pacxoj BOAbI BO BTO-
pom yxkoce (31,1-33,1%), Ha TpeTHii yKoC Ipy CHHKEHUH
MPOAYKTHBHOCTH KYIBTYPHI BOAOIIOTPEOICHHE COCTAB-
nsieT nopsnka 27,5-28,9% ot cymmapHOro 3a Berera-
o [6].

AHanu3 METOAOB OIPECIICHHS CYMMapHOT'0 BOJO-
MTOTPEOJICHHS IOKA3BIBAET, YTO KK BT METOI IMEET
CBOU IIPEUMYIIECTBA U HEAOCTATKH B KOHKPETHBIX IPH-
POAHBIX YCIOBUSX. B Kak10M citydae 11st pacueTa Ko-
JTUYeCcTBa BOAONOTPEOISHIS HEOOXOAMMO YCTAHOBHUTH
sMnIupudeckre Ko3pPUIueHTs [7)].

LIENb MCCNEOOBAHMS — pacyeT CyMMAapHOTO BOJIO-
NoTpeOJICHUS JTIOLEPHBI C UCTIONb30BaHUEM OHOKIIU-
MaTHYECKUX KO3(QQHUIIMEHTOB ¥ BETHYUHBI aKTHBHOM
MTOBEPXHOCTH TOYBHI JIJIS MOBBITICHUS 3(h(PEeKTUBHO-
CTH IPOBCACHU A MMOJIUMBHBIX PEIKHMMOB B PA3HBIC IICPU-
OJIbI BETeTaIli! MTPH BO3ACTBIBAHNH Ha TEMHO-KAIIITa-
HOBBIX ITIOYBAX CyXOCTEIHOTI'0 3aBOJIXKbSI.

MATEPMARBI ¥ METOABI. YCTaHOBJIEHO, YTO OCHOBHBI-
MU dIIeMEeHTaMHu, GOPMUPYIOIUMHU 00BEM CyMMapHOTO
BOJIONIOTPEOICHUS, ABISIOTCS OPOCUTENbHASI HOPMa
aTMoc(epHBIC OCAIKH 32 BETCTAIMOHHBIN TTeproz [8].

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 18 + N4 - 2024



WHHOBALINOHHbIE TEXHONIOT AW 11 OBOPYAOBAHUE

Ilo o6ecneuennocTu neduinra BogHoro 6ananca (IBb)
JI0JIs1 aTMOC(EPHBIX 0CAJIKOB B 0011IeM 00beMe TIOTpe-
OJISIEMO JTIOIIEPHOM BOIBI COCTABIISCT: B CPEITHEM I10
BIAXKHOCTH roay — 35%, B 3acyuuiuBoM —30,6%, B0 BIax-
HOM — 48,4% [9]. Hoist yBIa)KHEHHUS 33 CUET OPOIICHUS
cocrasuia 46,3% (Brnaxuslit roxn), 57,1% (cpenauii),
58,6% (cyxoii). BennunHa ecTeCTBEHHBIX 3a11acOB BJIa-
'Yl B IOYBE 3aBUCETa OT 00€CIIEYeHHOCTH T0J1a HCCIIE0-
BaHUI1 U cocTaBmIIa B cpeHeM 3a roasl 6,4%, 5,3%, 12,3%
ot obrmrero Bomonorpedenus [10]. s yciaoBuit cyxo-
CTEMHOT0 3aBOJIXKbS C Y4ETOM (hOPMHUPYIOIIETOC BO-
JTHOTO PEXKMMa ITOYBBI, TIOTOJHBIX YCIOBUH, OHOJIOTHYe-
CKUX 0COOEHHOCTEH CeNTbCKOX03IUCTBEHHBIX KYIBTYP U
COCTOSIHUSI aKTUBHOYW TOBEPXHOCTH MOYBHI JIJIs ONIPEIC-
JIEHUs cyMMapHoro Bogomnotrpebnerus ET mogxomut
Mojenb, npeanoxennas C.B. 3arunankum [11]:

E-A,
Wm-r _prp

Wee=Wpup

ET =

, MM, )]
Y
1+10

rie E — ucnapsemMocTb, MM; W, — bakTudeckue Bia-
rosanacsl, Mm; W, — BIarosanacsl o4Bbl, COOTBET-
CTBYIOIIIME BJIAXXHOCTH 3aBsJIaHUs, MM; Wy — Baro-
3anacsl IIOYBbI, COOTBETCTBYIOIINE HAUMEHbBIIEH
BIIATOEMKOCTH, MM; A, y U § — SMIIUPUIECKUE KOI]-
(bULIMEHTHI, OIIPENENAIONINE COCTOSIHNE AEATEIbHON
(aKTUBHO) MOBEPXHOCTH U OMOJIOTHUYECKHIE OCOOCH-
HOCTH KYJBTYPBI B TPOIECCE OHTOTeHE3A.

Jist onipenieieHusi CyMMapHOTO BOJONOTPEOIeHUS
YCIIEIITHO UCTIONB3yeTcs ypaBHeHHne A.M. Anmnartbsesa [12]:

ET = k6 qu) (2)

N3 Beipakenwii (1) u (2) k0o3PpPUITHEHT COCTOSTHUS
AKTHUBHOU TIOBEPXHOCTH:
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A _k 'Zdw(lﬂoyfﬂﬁ)

. 7 , ©)

rae ks — OnoKIMMaTHYecKuid Ko3ppuuueHT, MM/mMb;
2d, — cyMMa CpeIHECY TOUHBIX Je(PUIIUTOB BIIAXKHO-
CTH BO3/yXa, MO; W ,,, — OTHOCUTENIBHBIE 3aMachl IIPO-
JNyKTHUBHOM BJIaru B mouse, %.

Jns u3yueHus 3aBUCIMOCTH OOIIETO pacxoja BO-
JIbl Ha UCTIApEHNE OT OTHOCUTEIBHBIX MPOTYKTHUBHBIX
3aMacoB BJIATH B IOYBE MCIIOIH30BAIINCH MAaTEPHAITBI
HEMOCPEICTBEHHBIX MOJEBbIX HccienoBanuii [13]. Ha
OCHOBE IKCIIEpUMEHTAJIBHBIX JAHHBIX YCTaHOBJICHO
KaK MeHseTCs 00Iee BOIOIOTpeOIeHe TIOEPHBI OT
UCIIapEeHMs B 3aBUCUMOCTH OT OTHOCHTEIBHBIX 3arma-
COB MMPOIYKTUBHOW BJIATH JIJISI ONIPEICIICHHON (ha3bl
pa3BuTus KynsTypsl [14]. JlanHas MOAENb TO3BOJISIET
OILIEHHUTH BIAroo0ecredeHHOCTh CeIbCKOX03IMCTBEH-
HOTO TTOJISI ¥ OIIPENIETUTH 00hEM CYyMMAapHOTO BOZOTIO-
TpeOJIeHUs ¢ UEeNbI0 OJTy4eHHUs TUIAHUPYEMOH ypo-
YKalHOCTH 0€3 TIepepacxo1a OpOoCUTEIIbHOMN BOaBI [15].

PE3YnbTATEI M OBCYXAEHUE. Ha ocHOBaHWU pacye-
Ta UCIAPSIEMOCTH C BOAHOM MOBEPXHOCTH METO/I0M by-
IOBIKO-3yOeHKa OBbLIIN ONpeaesieHbl 3HAYEHU 1 SMIUPU-
9eCKUX KOI(PPUIIMECHTOB COCTOSHUS aKTUBHOU
MOBEPXHOCTH Ha TIOCEBAX JIFOLIEPHBI B 3aBUCHMOCTH OT
CYMMBI CpEIHECYTOUHBIX Temnepatyp (maoz. 1). Ilo-
CTpPOEHBI KPUBOJIWHEHHBIE 3aBHCUMOCTH OTHOIIEHUS
CyMMAapHOT'0 BOAONOTPEOICHHS K UCHAPSIEMOCTH OT
OTHOCHUTEJIBHBIX 3aI1aCOB MPOAYKTHBHOM BIaru s
Pa3IMYHBIX 3TATIOB POCTA M PA3BUTHS JTIOLIEPHBIL.

B pesynbraTe uccne10BaHUM yCTaHOBJIEHBI 3HAUYE-
HUS KO3POUIIHEHTA COCTOSHUS aKTHBHON ITOBEPXHO-
ctu. [lo gaszam pa3BuTHS pacTeHUH 3TOT mapaMeTp
CyIIeCTBEHHO m3MeHsieTcs ot 0,5 B mepuoz oTpacra-
Hus-BeTBiIeHUs 10 0,78 BO BpeMsi BETBJICHUS-

LlI/IEHTbI COCTOSIHMSI AKTUBHOW MOBEPXHOCTM NOYBbLI AN ANl TPEX YKOCOB JIOLIEPHBI (WCMIAPSIEMOCTb MO METOAY EvublKo-SVSE
ACTIVE SOIL SURFACE COEFFICIENTS AN FOR THREE ALFALFA HARVESTS (EVAPOTRANSPIRATION DETERMINED USING BupYko-ZUBENOK METHOD;
CymmMma Temneparyp, °C A, Cymma Temneparyp, °C A, CymMma Temmnepartyp, °C A,
1-100 0,54 1301-1400 1,0 2601-2700 0,97
101-200 0,56 1401-1500 0,52 2701-2800 0,98
201-300 0,58 1501-1600 0,56 2801-2900 0,48
301-400 0,60 1601-1700 0,62 2901-3000 0,52
401-500 0,62 1701-1800 0,66 3001-3100 0,57
501-600 0,65 1801-1900 0,72 3101-3200 0,62
601-700 0,68 1901-2000 0,78 3201-3300 0,68
701-800 0,72 2001-2100 0,79 3301-3400 0,72
801-900 0,76 2101-2200 0,80 3401-3500 0,77
901-1000 0,82 2201-2300 0,82 3501-3600 0,86
1001-1100 0,89 2301-2400 0,86 3601-3700 0,96
1101-1200 0,92 2401-2500 0,90 3701-3800 0,50
1201-1300 0,98 2501-2600 0,94 3801-3900 0,51
- - - - 3901-4000 0,52
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Pucynox. 3asucumocmos ommowenus cymmapHno2o 6000no-
mpebnenus k ucnapaemocmu (ET/E) om omunocumenbHblx
3anacos razu 6 nouge noo nioyeproi: a — I ykoc (cymma
memnepamyp 0-1400 °C); b — II yxoc (1401-2800 °C);
¢ — Il yxoc (2800-4000 °C)

oyronmzanuu u 110 0,99-1,0 B nepron Oy TOHHU3AIHH-
[BETCHUSI.

I'padmueckre 3aBUCIMOCTH OTHOIIEHUSI CYMMap-
HOT'O pacxofa Bojbl kK ucnapsiemoct (E7/E) ot oTHO-
CUTEIBHBIX 3a11aCOB BJIATH B IOYBE (110 MeTOxy byTbI-
K0-3yOeHKa) 10 yKOCaM MPEICTaBICHbI HA PUCYHKE.

Ha rpadukax 3asucumoctu ET/E = f(W ) MOXKHO
BBIICNIUTH TPH XapaKTepHbIe 00JIacTu:

« yuacmox 1. OtHotienue ET/E yBenuunBaeTcs, WH-
TEHCHBHOCTB BOJOITOTPEOICHNSI pacTeT ObICTpEe 1 Ha-
pyaercst mpsaMasi MpornopLUUOHATIEHOCTD MEXIY OT-
HOCUTEIIbHBIMU MPOJAYKTHBHBIMH 3allacaMy BIIaru
TIOYBHI U BOJOTIOTPEOICHUEM;

e yuacmox 2. Ha nem ET/E nuHelHO 3aBUCUT OT OT-
HOCHUTEIBHBIX 3aI1aCOB MPONYKTUBHOW BJIATH ITOYBBI
W acts

« yuacmok 3. [lokazarens ET/E HE3HAUUTEITHHO YBE-
JTUYUBAETCA, ACHMITOTHYECKH MPUOIMXKasICh K CBOE-

Figure. Relationships between the ratio of total water
consumption to evapotranspiration and relative moisture
reserves in the soil under alfalfa: a — harvest I (total
temperature: 0-1400 °C); b —harvest 11 (1401-2800 °C), ¢ —
harvest I (2800-4000 °C)

MYy IIpeney, KOTOPBIA MOXKHO ONPEAETUTH KakK Kodd-
(UIMEHT COCTOSHUS aKTUBHOW MOBEPXHOCTH MOYBHI.

B nccienoBanuu onpeaenninyu 6MOKINMaTHIECKUE
KO3 PHUIHEHTHI JIOLEPHBI B 3aBUCUMOCTH OT TeMIIe-
paTypHBIX YCIOBHUH U BEreTalluOHHOI' O IIEPHOJIa OT OT-
pacTaHus 00 CKallMBaHUA B OTAENbHBIE YKOCHL. [1o
JTAHHBIM Mabauysl 2 4eTKO IPOCIICKIBAIOTCS BO3pac-
TaHWeE U CI1a]l 3HAYeHU I OMOKIINMaTHIeCKUX KO3 hu-
LUEHTOB MO (pa3aM BHYTPH KaXKJOT'0 yKOCa U Ha4aIo
oTpacTaHus cieayouiero ykoca. Hauano orpacranus
BTOPOT0 YKOCA IPUXOAUTCS HA 3HAUCHHE CyMMBI TEM-
neparyp 801-900 °C npu 3HaYeHUU OUOKJIMMATHYE-
ckux ko3 duruentos 0,29, TpeTHil yKOC JTIOIEPHBI Ha-
YIHAET POPMUPOBATHCS IIPU 3HAYCHUSX TEMIIEPATY PhI
2301-2400 °C ¢ xoadppunuerTom 0,31.

Cormocrapisisi 3HaYSHUS U Jieiasi aHaJIU3 BBILIE TPHU-
BEJICHHBIX 3HAYEHUH TAaOJINII U 3aBUCUMOCTEH OTHO-
LIEHUS CYMMapHOTO BOJAONOTPEOICHUS K HCapsieMo-

BVOKNNMATUYECKUE KOS®®ULMEHTBI ANS NIOLEPHBI, MM/MB
BIOCLIMATIC COEFFICIENTS FOR ALFALFA, MM/MB

CymMma Temmepartyp, °C K; CymmMma Temnepatyp, °C K CymmMma Temneparyp, °C K
1-100 0,29 1401-1500 0,44 2801-2900 0,41
101-200 0,32 1501-1600 0,42 2901-3000 0,38
201-300 0,33 1601-1700 0,43 3001-3100 0,34
301-400 0,35 1701-1800 0,42 3101-3200 0,32
401-500 0,36 1801-1900 0,41 3201-3300 0,29
501-600 0,37 1901-2000 0,40 3301-3400 0,27
601-700 0,34 2001-2100 0,38 3401-3500 0,26
701-800 0,34 2101-2200 0,36 3501-3600 0,25
801-900 0,29 2201-2300 0,34 3601-3700 0,24
901-1000 0,29 2301-2400 0,31 3701-3800 0,22
1001-1100 0,33 2401-2500 0,33 3801-3900 0,24
1101-1200 0,34 2501-2600 0,37 3901-4000 0,27

1201-1300 0,36 2601-2700 0,41

1301-1400 0,40 2701-2800 0,45
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Ta6nuua 3 Table 3
SHAYEHUSA AMMUPUYECKUX KO3 OULIMEHTOB BUONTIOTMYECKUX KPUBbIX BOAOMOTPEBJIEHUS NIOLIEPHbI
EMPIRICAL COEFFICIENTS OF BIOLOGICAL CURVES FOR ALFALFA WATER CONSUMPTION
Ilepuon BereTanuun
Koa¢ppunuent
oTpacTaHHe—BeTBJIeHUe BeTBJIeHUe—0yTOHU3ALUSA OyTOHU3alUsSI—1IBeTeHHe

A, 0,54 0,81 1,00

y 1,54 1,58 1,62

s 0,041 0,042 0,044

ks 0,31 0,38 0,45

CTH OT OTHOCHUTEIBHBIX 3al1aCOB BJIAaTH B ITOYBE Ha
MOCEBAX JIFOLEPHbI, YCTAHABIMBACM 3HAYCHUSI OMITH-
pHUECKUX KO3 PHUIIHNEHTOB, yUUTHIBAIOIINX OUOJIOTH-
YecKHe 0COOCHHOCTH KYIBTYPHI (mabauya 3).

BbiBOoAbI. DKCIIepUMEHTANIBHO YCTaHOBIICHBI KPH-
BOJIMHEHHBIC 3aBICHMOCTH OTHOIICHUSI CyMMapHOTO
BOJIOMOTPEONICHUS K UCTAPSAEMOCTH OT OTHOCHUTEb-
HBIX 3aI1aCOB MPOJYKTUBHOW BIIATH IJIS PA3IMYHBIX
(a3 pocTa ¥ pa3BUTHS JTIONEPHBI.

ToyHOCTB M TOCTOBEPHOCTH OIpENeIeHNs HHTEH-
CHUBHOCTH CyMMAapHOTO BOJIONOTPEOICHUS JTIOIICPHBI

o0ecrnieunBaiach 3a c4eT OOIBIION MOBTOPIEMOCTH H3-
MepeHui. Mcronabp30BaHue OKa3aTesei COCTOSHUS Jie-
ATENbHOU (AKTMBHOI) IOBEPXHOCTH MOYBHI H OHOJIO-
TUYECKUX OCOOCHHOCTEH JIOLEPHBI B MOJEIH
3arunankoro C.B. nis pacuera cymMMapHOTro BOAOIO-
TpeOJICHUS C YIeTOM HHTEPECYOIUX BIIAar03aIacoB B
NEePUOJ OTPACTAHHS KaXKI0TO yKOCa I03BOJISET pas3pa-
00TaTh SKOJIOTHYECKU ¥ SKOHOMHUYECKH 00OCHOBAH-
HbIE€ PEXXUMBI OPOLLIECHUS JIFOLIEPHBI 151 YCIOBUH Cy-
XOCTEIHOT0 3aBOJIKbSL.

BUBIMOrPA®UYECKUIA CMUCOK

1. Grigorov M.S., Chumakova L.N. Maintenance of optimal
soil-hydrologic conditions upon irrigation of dark chest-
nut soils in the Volga Region. Eurasian Soil Science. 2000.
Vol. 33. N3. 308-310. EDN: LGHQPT.

2. TumomkuH O.A. KoHKypeHTHas cIOCOOHOCTD IOLEPHBI
¥ KOCTpela B CMEIIAHHBIX TOCEBAX P BO3JICIBIBAHIH B
necocteny CpeaHeBOKbs // MescdyrHapoouslii cenbeko-
xossicmeennwiil acyprai. 2023, N1(391). C. 80-84. DOL
10.55186/25876740 2023 66 1 80.

3. Enudanosa U.B. KopmoBas mponyKTUBHOCTS U 3HEpre-
THYeCKas 3PHEKTUBHOCTD BO3JEIBIBAHHS JFOIIEPHBI H3-
MEHYHBOH B TOKPOBHBIX NMOCEBAX B YCIOBHUIX JTECOCTENH
Cpennero [loBomxknbst // Kopmonpoussoocmeso. 2024, N3.
C. 9-16. DOI: 10.30906/1562-0417-2024-3-9-16.

4. Kanaiina JI.11., Bacunsko B.I1. Bonqno-Bo3mymHslit pe-
KUM TIOJ] JTFOIIEPHON 2-T0 T0J[a KU3HH B 3aBUCUMOCTH OT
arpornpueMoB Bo3zenbiBanust // Tpyoet Kybanckoeo eocy-
dapcmeennozo azpapro2o ynugepcumema. 2022. N96.
C. 107-113. DOI: 10.21515/1999-1703-96-107-113.

5. TMuenxun B.B., Cyxapes I0.11., Ky3una O.M., Bnagumu-
pos C.0. CymmapHOe BoA0TIOTpeOIeHNE TIONCPHEI Ha JIep-
HOBO-TIO/I30JIUCTHIX MOUBAX BOAOPA3aenoB MOCKOBCKOI
obnactu // Ilpupodoobycmpoiicmso. 2020. N1. C. 47-53.
DOI: 10.34677/1997-6011/2020-1-47-54.

6. Uymaxosa JL.H., ITnotauxos JI.B., Ucxakos C.b. Onpene-
JIEHWE HCTTAPEHN S PA3TNYHBIMA METOAMH TTPH BO3/EIBI-
BaHUH KOPMOBBIX KyIbTYDp // Becmuux Capamoeckozo
2ocaepoynusepcumema um. HU. Basunosa. 2012. N4,
C. 36-39. EDN: OXBJPR.

7. 3arunanxwii C.B., [Tankosa T.A., [lImaruna 3.10., Kouer-
k0B A.B. Monenu Banuaaluu B TEXHUYECKOM HOPMUPO-

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONOT MM + Tom 18 +N4 + 2024

BaHUY (Ha MPUMEPE pecypcocOeperarmux Mojielei Bo-
nonotpebnenus) / Haykosedenue. 2014. N5(24). C.49.
EDN: TKELUP.

8. Ilankosa T.A., KpaBuyk A.B., Opnosa C.C. u np. Anantus-
HOE HOPMHUPOBaHHUe opotieHneM // [Ipupodoobycmpoticmeo.
2023.N2. C. 28-35. DOI: 10.26897/1997-6011-2023-2-28-35.

9. Konnesa I'H., lxupranosa E.A., batsipos B.A., Opocos C.A.
Ontumusanus BogoodecneyeHns 1 MUHEPaIbHOTO TUTAHUS
TI0CEBOB KOPMOBKIX KYNBTYD // Opouiaemoe 3emnedenue. 2023.
N2(41). C. 41-44. DOL: 10.35809/2618-8279-2023-2-3.

10. Onprapenko B.W., Onsrapenko 1.B., Cemenenko C. 4.,
Onprapenko B.J. ®opmupoBanue CTpyKTYphl BIaroooMeHa
30HBI a9Pal{ OPOLIAEMOTO TIOJIS B YCIOBUSAX MPUCYT-
CTBYS KaIIMJLIAPHOH KaMBI B TOIIIE TpyHTA // Meauopa-
yus u euopomexnura. 2023. N3 (13). C. 1-16. DOL:
10.31774/2712-9357-2023-13-3-1-16.

11. 3atunanxuii C.B., Ilankosa T.A. PecypcocOeperatomas
MaTeMaTHYeCKas MOJICJIb HOPMUPOBAHHUS OPOIICHUS //
Hayunoe obospenue. 2013. N11. C. 10-12. EDN: RWISXB.

12.Yepemucunos A.A., Yepemucunos A.}0. O630p pacuer-
HBIX METOJIOB OTIpeIeTIeH S CyMMapHOTO HCTIapeHUs Opo-
LIIAEMBIX CENbCKOX03SIHCTBEHHBIX Honei // Hayunviii dicyp-
Han Poccutickoeo HUU npobnem meauopayuu. 2016, N1(21).
C. 113-133. EDN: VQUGID.

13.Conosoe JI.A., Kampbimosa I'H., Konranos /I.A., Tepe-
xoBa H.H. IloBsrmenne 3 heKTHBHOCTH OpOIIEHIS Ha
OCHOBE BHE/IPEHHU S LIU(PPOBBIX MOJENeH IPOrHO3UPOBa-
Hus Bofonotpebnenust // Uzsecmus Huscnesonoccrkoeo
A2POYHUBEPCUMENMCKO20 KOMNLEKCA: HAYKA U 8biCUiee
npogheccuonanvhoe oopaszosanue. 2020. N4(60). C. 402-414.
DOI: 10.32786/2071-9485-2020-04-38.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 18 + N4 - 2024



- Mul  VIHHOBALIMOHHbIE TEXHONOTIAM 11 OBOPY OBAHME

14. Cao X., Li H., Zheng H. et al. Effects of subsurface drip
irrigation on water consumption and yields of alfalfa un-

der different water and fertilizer conditions. Journal of

Sensors. 2021. 6617437. DOL: 10.1155/2021/6617437.

INNOVATIVE TECHNOLOGIES AND EQUIPMENT

15. Abdrazakov F.K., Pankova T.A., Zatinatsky S.V. et al.
Increasing efficiency of water resources use in forage crops
irrigation. International Journal of Advanced Biotechnology
and Research. 2017. Vol. 8. N1. 283-293. EDN: ZGTLHB.

REFERENCES

1. Grigorov M.S., Chumakova L.N. Maintenance of optimal
soil-hydrologic conditions upon irrigation of dark chest-
nut soils in the Volga Region. Eurasian Soil Science. 2000.
Vol. 33. N3. 308-310 (In English). EDN: LGHQPT.

2. Timoshkin O.A. Competitive ability of alfalfa and brome
in mixed crops when cultivated in the forest-steppe of the
Middle Volga. International Agricultural Journal. 2023.
N1(391). 80-84 (In Russian). DOI:
10.55186/25876740 2023 66 1 80.

3. Epifanova IV. Fodder productivity and energy efficiency
of cultivation of alfalfa variegated in cover crops in the
conditions of forest-steppe of the middle Volga region.
Fodder production. 2024. N3. 9-16 (In Russian). DOI:
10.30906/1562-0417-2024-3-9-16.

4. Kalaida D.D., Vasilko V.P. Water-air regime under alfalfa
of the 2nd year of life depending on agro-techniques of
cultivation. Proceedings of the Kuban State Agrarian Uni-
versity. 2022.N96. 107-113 (In Russian). DOIL: 10.21515/1999-
1703-96-107-113.

5. Pchelkin V.V., Sukharev Y.I., Kuzina O.M., Vladimirov S.O.
Total water consumption of alfalfa on sod-podzolic soils
of watersheds of the Moscow region. Environmental mana-
gement. 2020. N 1. 47-53 (In Russian). DOIL: 10.34677/1997-
6011/2020-1-47-54.

6. Chumakova L.N., Plotnikov D.V., Ishakov S.B. Determi-
nation of evaporation of forage crops by different methods.
Bulletin of Saratov State Agrarian University named af-
ter N.I. Vavilov. 2012. N4. 36-39 (In Russian). EDN:
OXBJPR.

7. Zatinatsky S.V., Pankova T.A., Shmagina E.Yu., Kochet-
kov A.V. Validation models in technical example of re-
source-saving models of water consumption). Internet
Jjournal Naukovedenie. 2014. N5(24). 49 (In Russian). EDN:
TKELUP.

8. PankovaT.A.,Kravchuk AV., Orlova S.S., Mikheeva O.V.,

Konguunkr nurepecon
ABTODBI 3a4BJISIOT 00 OTCYTCTBUH KOH(PINKTa HHTEPECOB.

3asiBJIeHHBIIi BKJIaJl COABTOPOB:

Bce aBTopbl BHECIH PaBHBIN BKIIA/I,

Asmopui npouumany u 0000pUNU OKOHUAMENbHYIL BAPUAHM
pyKonucu.

CraThs IOCTYNNHJIA B PeIaKIUI0
CraTbs NIPUHATA K NY0JIMKANH

CE/IbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOT MM + Tom 18 +N4 + 2024

The paper was submitted to the Editorial Office on
The paper was accepted for publication on

Mirkina E.N. Adaptive irrigation rationing. Environmen-
tal management. 2023. N2. 28-35 (In Russian). DOIL:
10.26897/1997-6011-2023-2-28-35.

9. Konieva G.N., Dzhirgalova E.A., Batyrov B.A.,

Orosov_C.A. Optimization of water supply and mineral nu-
trition forage crops. Irrigated Agriculture. 2023. N2(41).
41-44 (In RussiaN). DOI: 10.35809/2618-8279-2023-2-3.

10. Olgarenko V.I., Olgarenko LV., Semenenko S.Ya., Olga-
renko V.I. Structure formation of moisture exchange in
the aeration zone of an irrigated field in presence of a cap-
illary fringe in soil thickness. Land Reclamation and Hy-
draulic Engineering. 2023. N3 (13). 1-16 (In Russian). DOIL:
10.31774/2712-9357-2023-13-3-1-16.

11. Zatinatsky S.V., Pankova T.A. Resource-saving mathe-
matical model of irrigation rationing. Scientific Review.
2013. N11. 10-12 (In Russian). EDN: RWISXB.

12.Cheremisinov A.A., Cheremisinov A.Yu. Review of cal-
culating methods for evapotranspiration of irrigated fields.
Scientific Journal of the Russian Research Institute of
Land Reclamation Problems. 2016. N1 (21). 113-133 (In
Russian). EDN: VQUGID.

13.Solovyev D.A., Kamyshova G.N., Kolganov D.A., Terekhova
N.N. Improving irrigation efficiency based on introducing
of digital models for forecasting water consumption.. Izves-
tiya Nizhnevolzhskogo agro-university complex: science
and higher professional education. 2020. N4(60). 402-414
(In Russian). DOL: 10.32786/2071-9485-2020-04-38.

14.Cao X., Li H., Zheng H., Wang J. et al. Effects of subsurface
drip irrigation on water consumption and yields of alfalfa
under different water and fertilizer conditions. Journal of
Sensors. 2021. 6617437 (In English). DOL: 10.1155/2021/6617437.

15. Abdrazakov F.X., Pankova T.A., Zatinatsky S.V. et al. Increas-
ing efficiency of water resources use in forage crops irriga-
tion. International Journal of Advanced Biotechnology and
Research.2017. Vol.8. N1. 283-293 (In English). EDN: ZGTLHB.

Conflict of interest
The authors declare no conflict of interest.

Coauthors’ contribution:
All authors contributed equally to this publication.The authors
read and approved the final manuscript.

03.10.2024
28.11.2024

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 18 + N4 - 2024




