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Beseoenue. 1lenp nuccnenoBanus — pa3paboTka MaTeMaTHUSCKOW MOJICIH, MO3BOJISIOIICH
OLICHUBATH U MIPOTHO3MPOBATH KOMILUICKCHOE HETaTHBHOE BO3/ICHCTBIE HA BOAHBIC OOBEK-
TBI TEXHOJIOTHH CENBX03MpPOn3BoACTBa. JlaHHas mpobieMa akTyajgbHa BBULY HEOOXOIH-
MOCTH YKPYIHEHHUSI CeNTbX03MPeAnpusiTrii. Moaeab MporHO3UPOBAHUSI BaXKHA TSI OLICHKH
C Y4€TOM KOMIUIEKCHOTO BIIMSIHUSI MAIIIMHHBIX TEXHOJIOTUIl CEIbXO3IPOU3BOJICTBA U BCEX
OUOTEHHBIX HIIEMEHTOB, OTPHUIIATEFHO BO3AEUCTBYIOIIMX HA BOAHBIC OOBEKTHI.
Mamepuanvr u memoowvi. VIcnonb30BaH METOZ JOTMKO-JIMHIBUCTUYECKOIO MOAEIMPO-
Bannsi CriecuBueBa — J[po310Ba, MO3BOJSIOMINI (DOPMATH30BATh IKCIIEPTHBIC 3HAHUSI
B MaTeMaTH4YeCcKyl0 Mojeib. bpuin ompoleHs! 4 dKcnepra, a Moly4YeHHbIe JJaHHbIe 00-
paboTaHbI ¥ MOABEPTHYTHI PETPECCHOHHOMY aHAIU3Y. AJEKBATHOCTh MOJIEH POBEPEHA
C TIOMOIIIBI0 K03 (DHUIIMEHTA AeTepMHUHAIIMY U KpuTepus Duiepa.

Pesyromamut uccrneoosanus. ChopMupoBaHa HepapXuueckas cucreMa u3 6 (hakTopon
1 14 noadakTopos, BKITIOYAOIINX KaK MPUMEHSIEMbIC MAIIMHHBIC TEXHOJIOTHHU, TaK U MPH-
HUMaeMble yrpaBlieHdecKue perrenus. [lomydeHa Moelb, CoaeprKalias MOIHHOMHAb-
HOE ypaBHEHHE, OTpakarollee BIusiHue (JaKTOPOB HA YPOBEHb HETaTHBHOTO BO3/ICHCTBUS
TEXHOJIOT UL, ¥ YPaBHEHHsI, OTPEACISIONINE BIHsIHIE MOA()aKTOPOB HA (HAKTOPHI.
Obcyacoenue u 3axniouerue. TlomydeHHast MOJICTTb MOXKET OBITh UCIIOIb30BaHA B MIPAKTH-
YeCKHX LENSX [UIS TMOMIEPKKH MPUHSTHS PEIICHUH [UIAHUPOBAHMUS, TPOTHO3UPOBAHUS
U BBIOOpA CIIEHAPHEB MOJCPHH3AIMU CeJIbXO3IPEANPUATHI. YpaBHEHUsI MOJEIH T103BO-
JSIFOT MOHSITH 3HAYUMOCTD (PAKTOPOB U MOA(GAKTOPOB, BIUSIONINX HA YPOBEHb HETATHBHO-
ro Bo3neHcTBus (qudQy3Hyr0 HArpy3Ky) Ha BOJHBIE OOBEKTHI. DTO MO3BOJISET BHIOMPATDH
3¢ heKTUBHBIE Ty TH CHIDKEHHSI HETaTHBHOTO BO3/ICHCTBHS ITyTeM BBIOOpa B Ka4€CTBE 00b-
€KTOB HanboJiee 3HAYMMBIX (PAKTOPOB H/MIH TTOA(DAKTOPOB.
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A Forecast Model of the Complex Negative Impact
of Agricultural Production Technologies on Water
Bodies

I. A. Subbetin’, E. V. Vasilev

Institute for Engineering and Environmental Problems

in Agricultural Production — Branch of Federal Scientific
Agroengineering Center VIM (Saint Petersburg, Russian Federation)
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Introduction. The purpose of research is to develop a mathematical model for assess-
ing and forecasting the complex negative impacts of agricultural technologies on water
bodies. This problem is relevant because of the need to enlarge agricultural enterprises.
The created model for forecasting is necessary to make an objective assessment, taking
into account the complex effect of machine technologies applied to agricultural production
and all biogenic elements that have a negative impact on water bodies.

Materials and Methods. There was used the Spesivtsev — Drozdov method of logical-linguistic
modeling, which allows giving expert knowledge a form mathematical model. Four experts
were interviewed, and the obtained data became a subject of the regression analysis. The ad-
equacy of the model was confirmed using the coefficient of determination and Fisher’s test.
Results. A hierarchical system of 6 factors and 14 sub-factors was formed, including both
the applied machine technologies and the management decisions on the matter. There was
created a model containing a polynomial equation reflecting the influence of factors on
the level of negative impact of technologies and equations that determine the influence of
sub-factors on factors.

Discussion and Conclusion. The created model can be used for practical purposes to sup-
port making decisions for planning, forecasting and selecting scenarios to modernize ag-
ricultural enterprises. The model equations make it possible to understand the significance
of factors and sub-factors affecting the level of negative impact (diffuse load) on water
bodies. This allows us to choose more effective ways to reduce the negative impact by
choosing the most significant factors and/or sub-factors as objects of management.

Keywords: agricultural technologies, environmental assessment, modeling, forecasting,
engineering ecology, complex negative impact

Conflict of interest: The authors declare no conflict of interest.

For citation: Subbotin L.A., Vasilev E.V. A Forecast Model of the Complex Negative Im-
pact of Agricultural Production Technologies on Water Bodies. Inzhenerernyye tekhnologii
i sistemy = Engineering Technologies and Systems. 2021; 31(2):227-240. DOI: https:/
doi.org/10.15507/2658-4123.031.202102.227-240

Beenenue CKHE CpPEJCTBa, KOTOPhIE MOTYT OKa3bl-
CoBpeMeHHBIE CEeNbXO3NMPEANPUATHS BaTh 3HAYUTEIBHOE HETATMBHOE BO3/EH-
WCIIOJIB3YIOT BBICOKOTIPOM3BOAMUTEIBHBIE CTBHE HA OKpYysKarollyto cpemy. OnHol u3
W DHEProeMKHE TEXHOJNOTMH W TEeXHWYe- AaKTyaJIbHbIX HAay4HBIX MPOOIEM SIBIISETCS
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KOMIIJIEKCHOE OMpEAEJICHUE HEeraTuBHO-
IO BIHUSHHUS CEIbXO3MPOM3BOACTBA HA
rugpocdepy. OTa 3amada OCIIOKHSIETCS
OOJIBIIMMH  TUIOIIAASMHU  CEJIbCKOXO3SIH-
CTBEHHBIX TOJIEH, C KOTOPBIX MPOUCXOAUT
CTOK 3arpsi3HSIOLIMX BELIECTB, CBOICT-
BaMM IIOYBBI, (pakTOpamu, BIHSIOLIMMHU
Ha MHTEHCUBHOCTH 3arps3sHeHuil. Takyro
mudy3Hy0 (pacupeieieHHY0 B IPO-
CTpaHCTBE) HArpy3Ky MpPaKTHUYECKH He-
BO3MO)KHO U3MEPHUTh MHCTPYMEHTAIbHBI-
MU METO/IaMH BBHJY OOJBIINX TUIOIIAACH
U3y4aeMbIX OOBEKTOB — CeJIbCKOXO3SM-
CTBEHHBIX MoJiel. Jlanuas nmpobiema oco-
OCeHHO akTyasbHa B 0acceiiHax KpPyMHBIX
BOJIOEMOB, Hampumep B paiioHe bamtuii-
CKOro MOpsi, Ha TEPPUTOPUU KOTOPOTO
pacIogokeHbl 9 rocyapcTB, MEKAY KO-
TOPBIMH TIOJIMCAHBl IIPUPOLOOXPAHHBIE
cortamieHusi. TpaaWIMOHHBIE TPUPOJIO-
OXpaHHbIC HCCIICAOBaHUs, KaK IMPaBHIIO,
c(hoKyCcHpOBaHbl Ha TPOOIEME BIUSHHS
KOHKPETHBIX ~ MalIMHHBIX  TEXHOJIOTUH
B OmpezeieHHbIX ycioBusx. [lomydae-
MBIE B pe3yJbTare pacueTHhIE MOICIU
HENPUMEHHUMBI [T KOMIJICKCHOM OLIEHKH
BJIMSIHUSL HA BOJAHBIC OOBEKTHI CEIbXO03-
NpOM3BOACTBa B LesioM. IlouTn Bo Bcex
CYIIECTBYIOLIMX HCCIICAOBAHUAX O JaH-
HOW TEeMaTHKE paccMaTpuBaroTcs Oosee
IPOCTbIE 3a7a4d BBIOOpA M CpPaBHEHUS
KpPUTEPHUEB ¥ METOJIOB OICHKH W HE pac-
cMaTpuBaeTcs 3aj1ada MPOTHO3UPOBAHUS
HEraTHBHOTO BO3JICHCTBUSI HAa OKpYyXKa-
rolryto cpeny. Llenb uccnenoBanus — pas-
paboTka MaTeMaTHYECKOM MOJIEIIH, TI03BO-
JSFOILEH OLEHWBaTh M MPOTHO3UPOBATH

KOMIUIEKCHOE HETaTHBHOE BO3JEHCTBHE
TEXHOJIOTUH  CEJIbXO3MPOU3BOJICTBA Ha
BOJIHbIC OOBEKTHI.

O030p uTEpaTypHI

Psan coBpeMEeHHBIX POCCHUHCKHX U 3a-
PYOEKHBIX WCCIIEIOBAaHHUNA 3aTparuBaeT
9Ty Hay4YHYIO MpoOJeMy, OIHAKO daIre
BCEr0 AaBTOPHI OTPAHMYUBAIOTCS TOCTa-
HOBKOW 9aCTHBIX BOTIpocoB [1; 2]. pyrue
aBTOPHI CPABHUBAIOT KOHKPETHBIE METO/IBI
OoIeHKU [3—6] U TEOpPEeTUKO-METOIOIOTU-
YeCKHEe MOAXOMAbl K PEHICHUIO TPOOIEMbI
HETaTUBHOTO BIIMSHUS CEIbX03MPOHU3BO/I-
ctBa [7-9]. Hexoropsie paboTsl Hampas-
JICHBl HA WCCIIEJIOBAaHUE M OOOCHOBaHHE
kputepueB orenku' [10—12]. BaxHbiMu
BOTIPOCAMH SIBIISFOTCS aHAJHN3 KOHKPET-
HBIX HCTOYHHUKOB 3arpsA3HEHWH BHYTPH
cempxo3npennpusatuii [13—15] u uzyde-
HUE HETaTUBHOTO BO3JICHCTBHSA OT/AEIH-
HBIX BHJIOB 3arpsizHeHuit” [16; 17].

PacnipocTpaneHHON NpPakTUKON AB-
JsieTCsl SKCIEepTHas OIEHKa BBIOPAHHBIX
MokaszaTeje HeraTUBHOIO  BO3JCHCT-
Bus [18; 19]. B To xe Bpemst Bonpoc ¢op-
MaJIM3al1H 3aBUCUMOCTEN C TOTyYeHHEM
KOHKPETHBIX pacueTHHIX (popMyn mpume-
HUTEIFHO K BIMSIHUIO TEXHOJOTHH CeJlb-
XO3MPOM3BOJICTBA HAa BOTHBIE OOBEKTHI
B W3BECTHBIX ITyOJHKAIHMIX HCCIEIOBAH
Mmao. YacTto mccrnemoBaren GoKycupy-
JOTCS HAa KOHKPETHBIX, HanOojee 3HAYH-
MBIX C TOUYKH 3pE€HUS HETaTUBHOTO BO3/IEH-
CTBUSI, MAIIMHHBIX TeXHOJOTHAX [20-23].
Hexotopsle  aBTOpbI  paccMaTpHUBaIOT
npoOiieMy HETaTUBHOTO  BO3JCHCTBUS
CEJIbX03MPOU3BOACTBA HA PErMOHAIBHOM

! Agricultural Impacts on Landscapes: Developing Indicators for Policy Analysis // Proceedings from

NIJOS/OECD Expert Meeting on Agricultural Landscape Indicators in Oslo, Norway October 7-9, 2002 /
W. Dramstad, Ch. Sogge (eds.). Oslo: NIBIO, 2003. 347 p. URL: https://nibio.brage.unit.no/nibio-xmlui/
handle/11250/2558838?locale-attribute=en (nara oopamenus: 01.09.2020); Environmental Indicators for
Agriculture. Vol. 3: Methods and Results [Dnextponnsiit pecype]. 2001. 409 p. URL: https://www.oecd.
org/greengrowth/sustainable-agriculture/1916629.pdf (nara oopamenns: 01.09.2020).

2 Selecting Manure Management Technologies to Reduce Ammonia Emissions from Big Livestock
Farms in the Northwestern Federal District of Russia / D. A. Maximov [et al.] / Ammonia Workshop
2012 Saint Petersburg: Abating Ammonia Emissions in the UNECE and EECCA Region / K. W. Van
der Hoek, N. P. Kozlova (eds.). Bilthoven, 2014. Pp. 161-168. URL: https://unece.org/fileadmin/DAM/
env/documents/2014/AIR/WGSR/St.Peterburg. WS Ammonia_proceedings 2012.pdf (nara obparuenus:
01.09.2020).
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ypoBHe® [24-26]. Taxxe HEOOXOAUMO OT-
METHUTh, YTO TIOYTH BCE MyOJNUKAIIUM Ha
TEMy HETaTUBHOTO BO3JICHCTBHS CEIbX03-
MPOM3BOJICTBA HA OKPYKAIOIIYIO CPEIy
HaTpaBJIeHbl Ha OIEHKY TEKyIIeHd CHUTya-
[IMU ¥ HE PACCMATPUBAIOT 3a/1a4y MPOTHO-
supoBanus [27-29]. B mporecce momncka
JIUTEPATYPHBIX HCTOYHUKOB aBTOPAMH
OBUTO HAWIEHO JIWIL YETHIPE CTAThU,
CBSI3aHHBIC C TIPOTHO3MPOBAHWEM HETa-
TUBHOTO BO3JICUCTBUSI CEIHXO3MPOU3BOI-
ctBa [11; 22; 30; 31]. Takum oOpazom,
Hay4yHasi HOBHU3HA HACTOSIIETO0 HCCIEI0-
BaHUS COCTOMT B KOMILUICKCHOM OIICHKE
(yuuTbIBaeTCS HE KOHKPETHAs TEXHOIIO-
TSl WINA BEIECTBO-3arPS3HUTENh, a BO3-
JIEHCTBHE B IIEJIOM ) HETATUBHOTO BITHSTHUS
Ha BOJIHBIE OOBCKTHI W ITOCTPOCHHH Ma-
TEeMaTU4eCKOM MOJENIM, TPUTOJAHOU s
MIPOTHO3UPOBAHWISI.

MarepuaJjibl 1 METOAbI

s nocTpoeHuss MareMaTH4eCcKOn
MOJICIIM, HEOOXOIMMOM JIJII OICHHBAHMS
U TPOTHO3HPOBAHUS HETaTUBHOTO BO3-
JIEUCTBUSA TEXHOJIOTMM  CENbXO3MPOU3-
BOJICTBA, OBLT MCIOJIL30BaH METOJI JIOTH-
KO-JTHMHTBUCTHYECKOTO  MOJACIUPOBAHHS
CnecuBuesa — Jlposnosa [31]. Hauusiii
TTOJTXO] CONIEPKUT CIIEAYIOIINE IeHCTBUS:
BBIOOp M 000CHOBaHWE (aKTOPOB, BITHS-
FOINX HA U3y4aeMOe SBJICHUE WITH 00BEKT
¥ BBIOOP TIesIeBON (DYHKIINH, AT KOTOPOU
IJIAHUPYETCS ONPEACTUTL GOpMYITy, pac-
KPBIBAIOIIYKD €€ 3aBHUCHUMOCTH OT (hak-
TOPHBIX TIEPEMEHHBIX; OIpEAeiCHUE IH-
ara3oHOB MPUHUMAEMBIX 3HAYCHUN (WU
MIEPEUHsl 3HAYCHHUM B CIy4yae KaueCTBEH-
HBIX TIEPEMEHHBIX) (aKTOPHBIX TIepe-
MEHHBIX ¥ (JOPMHPOBAHUE IIKAJl OIICHKH
3HaYeHWH C WCIIOJIb30BAaHUEM ariapara
HEYETKOHW JIOTUKHU; (OPMHUPOBAHUE OTIPOC-
HBIX MaTpPHII; OMPOC SKCIepToB ((hukca-
OHsl JTMHTBHCTUYECKUX 3HAUCHHH IIelTe-
BOH (YHKITUH JIJIs1 COYCTaHUH (PaKTOPHBIX

3HAQUEHUH M TEpeBOJ W3 JUHTBUCTHYE-
CKOH B 4HCIEHHYIO (GopMy); oOpaboTka
SKCIIEPTHBIX OLIEHOK METOaMH perpec-
CHOHHOTO aHaJlu3a; MPOBEPKa aJeKBaT-
HOCTH TIOJYY€HHOW MOAenH 1o Koddpdu-
[IUEHTY JeTepMUHannu (R2) U KPUTEPHIO
®dumiepa; mpu HEOOXOMUMOCTH (B clTydae
HU3KOTO 3HaueHUs Kol UIHMeHTa JIe-
TEPMUHAIMHN) — JONOJHHUTEIbHAS padboTa
C 9KCIepTaMu JUIsi KOPPEKTHPOBKH Ha0O-
pa GakTOpPHBIX EPEMEHHBIX MM KOPPEK-
TUPOBKHM 3HAYCHHH SKCIIEPTHBIX OLICHOK.
Meron JIOTUKO-TMHIBUCTHYECKOTO MO-
JETUPOBAHUS TOCTATOYHO XOPOILO arpo-
OupoBaH, B TOM YHCJIC NIPU PELICHUH ar-
poaKkonorudeckux mpoodaem [22; 31; 32].
OkcriepramMu ObUTH 0OOCHOBaHBI (PAKTO-
pBI B JUTSI HEKOTOPBIX (X4, X5, X6) OputH
omnpeneneHs! noagpakTopsl. Merogom Jo-
THKO-JIMHTBUCTHUYECKOTO MOJIEITUPOBAHUS
CrnecuBuesa — J[po3moBa 1omydeHs! oJu-
HOMUAJIbHBIE YPaBHEHUS, OTIPEIEIISIOIINE
BIIMsIHUE MTOA(AKTOPOB Ha (HaKTOPEI.
OmnpocHast MaTpula Ui TONTyYeHHs
IVIaBHOTO YpaBHEHHMs, HEOOXOIUMOTO ISt
OTIpEZICTICHUS] YPOBHSI HETaTUBHOTO BIIHS-
HUSI CEJIbXO3IPOM3BOACTBA HA BOJHBIC
00BEKTHI, TIPEACTaBIsIeT COOOH TaOIUILy
B BHJE MOJYPEIUIMKM MAaTpPUIbl IOJHO-
(akropHOoro 3KcrepuMerTa (32 CTPOKHU
9KCIIEPTHBIX OLICHOK). YPOBEHb HEIraTHB-
HOTO BIMSIHUSI CENbXO3MPOU3BOJICTBA HA
BOJIHbIE OOBEKTHI OMPEIEISETCS IEJIEBBIM
nokazarenem Y — ypoBeHs quddysHoii Ha-
TPY3KH, OTPAKAIOIINA 00beM OMOTEHHBIX
9IIEMEHTOB, MOCTYHAIOLIMX OT CEeNbX03-
NPEANPUSTHS B BOJHbIE OOBEKTHI (KI/TOX).
B kauecTBe 3KCIEpTOB OBLIM MTPHUBICUYCHBI
4 y4eHBIX, UMEIOLMX MHOTOJIETHUH OIIBIT
ydacTusi B HOJIEBBIX MCCIIEIOBAHUSX CTO-
KOB C cenbxo3npennpustuii B pexku Jle-
HUHTPAJCKON obOmactu. PerpeccroHHBIN
aHayu3 ObLT BBIIIOJIHEH C IIOMOILIBIO KOM-
neI0TepHON TiporpaMmer Scilab 6.1.0.

3 Baker E., Boileau P., Beaudoin Y. Guidelines for Conducting Integrated Environmental Assess-
ments [DnexrpoHHsIi pecypc]. 2018. URL: https://www.researchgate.net/publication/327498509 Guide-
lines_for conducting Integrated Environmental Assessments (zata obparmenus: 01.09.2020).
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Pe3ynbTarsl nccienoBanus

B coorBercTBHM C BBIOpaHHBIM Me-
TOAOM JIOTUKO-TMHTBUCTUYECKOTO MOJIE-
JMPOBaHMsI OBbLI OMpeJesieH LEJIeBOH IMo-
kazarenb Y (1). B kagectBe 6 (hakropos,
BIMSIONIMX Ha YpOBeHb MU(Qy3HOH Ha-
rpy3KH, ObUTH BRIOpaHBI ciieayromue: X1 —
MpUMEHsIeMasi TEXHOJIOTHSI BHECEHHS YIIO0-
Openwmif,; X2 — nmpuMeHseMass TeXHOJIOTHS
00paboOTKH TOYBHI; X3 — TPUMEHSICMBIC
TEXHOJOTUU OYUCTKH TOBEPXHOCTHBIX,
IPYHTOBBIX M JPEHaXKHBIX BOJ| C TOJICH;
X4 — coOmoieHre arpoTeXHOJIOTHISCKUX
TpeOoBaHMit; X5 — cOOMOIEHHE arpo3Ko-
JIOTHYECKUX TPeOOBaHMIt; X6 — UCTIONB30-
BaHME HU(POBBIX TEXHOIOTHI B TEXHOJIO-
THUYECKUX Tpoleccax.

®axTtop X1 moppazymeBaeT HCHOIb-
30BaHUE OTHOW M3 Y MaITMHHBIX TEXHOJIO-
ruit BHeceHus xukoro (QKOVY) wm tBep-
noro (TOY) opranndeckoro ynoopeHus:

1) mOBEepXHOCTHOE pa30OpBI3THBa-
nue JXKOY;

2) TOBEpXHOCTHOE pPa30pbI3TUBaHKE
JKOY ¢ mocnenyroreit 3anarikoit;

3) MOBEpPXHOCTHOE JIEHTOYHOE BHECE-
HHE Yepe3 UIaHTOBYIO CUCTEMY;

4) TOBEPXHOCTHOE JICHTOYHOE BHECE-
HHUE Yepe3 LUIAHTOBYIO CHCTEMY ¢ Oari-
MaKaMH;

5) BHYTPHUIIOUBEHHOE BHECEHHUE B OT-
KPBIThIE KaHABKH,

6) BHYTPHUIIOYBEHHOE BHECEHUE C II0-
CIIEIYTOIINM 3aKPBITHEM KaHABOK;

7) BHYTPHUIIOYBEHHOE BHECEHHE C TIPH-
MEHEHHEM KyJIbTHBATOPA;

8) BHecenue TOY pazOpacbiBaHHEM;

9) BHecenue TOY pasz0OpackiBaHHEM
C MOCIEAYOLIEN 3alalllKou.

B 3aBucumocTH OT BBIOpaHHOW Tex-
HOJIOTUM CTETEHb BBIMBIBAHHS BHECCH-
HBIX yZOOpeHUH B BOIHBIC OOBEKTHI 3HA-
YUTEIHFHO BaphbHPYETCS.

®daxTop X2 mompasymeBaeT BEIOOp
OITHOM W3 TISTH TEXHOJOTHH 00paboTKH
MOYBBI: MUHUMAaJIbHASA, HYJIEBas, KOMOU-
HUpOBaHHasi, OC30TBalbHAS, OTBAJbHAS
(kmaccrdeckasi TEXHOIOTHS BCIIAIIKH).

Technologies and means of agricultural mechanization

®dakrop X3 oTpakaeT HHXCHEPHBIC
METOJIbI U TEXHOJIOTHH, TPUMEHSICMbIC Ha
CENBXO3MPENNPUITAN ISl OYUCTKHU II0-
BEPXHOCTHBIX, TPYHTOBBIX U JPEHAKHBIX
BOJI C TOJIeH, U colepKuT 4 moadaxropa:
W3MEHEeHHe MUuKpopenbeda mons B 30-
HE BIMAJEHUs CTOKAa B BOJHBIE OOBEKTHI
(X3.1); m3MeHeHHe (KOHCTPYHPOBAHHE)
pyciia IpeHaKHBIX KaHAJIOB C IO CHU-
JKEHUSI CKOPOCTH IOTOKa CTOKOB (X3.2);
BBIC2)KMBAaHUE B 30HE MOCTYIUICHUSI CTO-
KOB PACTEeHHUH, MONIOMIAIOIIUX OWOTreH-
HBIE JIeMEHTHI (X3.3); OuncTKa CHCTEMOR
OTCTOHHMKOB C NpPHUMEHEHHEM OMOJIOrHu-
3UPOBAaHHBIX QUILTPOB (X3.4).

B ormmamne ot daxropoB X1 u X2, rie
3aBHCHUMOCTh OIIPE/IEIsIach BEIOOPOM OfI-
HOW M3 TEXHOJIOTUH TepedHs, gakTop X3
COAEPKUT TOA(AKTOPBI, KYKABIA M3 KOTO-
PBIX MOXET TMPUHUMATh TIOJOKHUTEITBHOE
(B cimy4yae TPUMEHEHUs JIAHHOTO WHIKe-
HEpHOTO METOJa WM TEXHOJIOTHH) JHO0
OTpHUIaTeIbHOE (B CIIy4ae HEMPUMEHEHHS)
3HaueHne. @akropsl X4, X5 n X6 anano-
THYHBIM 00pa30M coJiepKaT MoA(aKTophl.

®daxTop X4 (cobmroneHe arpoTexXHO-
JIOTHYECKUX TPeOOBaHUIT) BKIIIOYALT B CeE-
0s1 cinemyromue moa(aKTopkr:

1) coOnromeHre CpPOKOB BHECEHHS
yIoOpeHuii  (BereTaTWBHBIE TIEPUOIBI)
(mondakrop X4.1);

2) BBIIEP)KUBAHUE CPOKOB 3amalllKu
ynobpenuii mocie BHeceHHsS (moadax-
Top X4.2);

3) yd4er mnpUPOTHO-KINMATHICCKUX
yCIIOBUH (YPOBEHBb COIHEUHON paHaliH,
BETEp, JAaBICHUE, OCAAKH) IPH OmNpese-
JICHUU CPOKOB BBIMOJHEHUSI TIPOU3BOJICT-
BEHHBIX Tpoueccos (mondaxrop X4.3);

4) coOmtoieHre arpoHOMUYeCcKH 000-
CHOBAaHHOW 03Bl BHECEHHS YIOOpEHHUI
(mondaxrop X4.4).

®daxrop X5 (cobmomeHne arpo3KoIIo-
TUYCCKUX TPeOOBaHMIT) BKITIOUACT B CeOS
3 nmoadakropa:

1) coOmromeHue CPOKOB BPEMEHHOTO
CKJIaJUpOBaHMsl OpraHWYecKux yrnoope-
Huii (mondaxrop X5.1);
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2) coOmoneHne JKOJIIOTHYeCKH 0e3-
OMAacCHOTO PACCTOSHUS OT MecTa Bpe-
MEHHOT'O CKJIaJUPOBaHMs OPraHMYECKUX
ynoOpeHull 10 BOMHBIX OOBEKTOB (TOJ-
¢dakrop X5.2);

3) BBIOOP THITA TIOYBBI ¢ MUHUMAJIh-
HbIMH  (DUIIBTPALMOHHBIMM  CBOWCTBA-
MU JJISi MECTa BPEMEHHOTO CKJIaJUpOBa-
HUSI TBEPIBIX OPraHUYECKUX YAOOpeHUH
(mondaxrop X5.3).

®dakrop X6 (ucnonb3oBaHue HGPO-
BBIX TEXHOJIOTUH B TEXHOJIOTHYECKHUX MPO-
neccax) BKIro4aeT B cedst 3 moadakropa:

1) HamuuMe BHEIPEHHOM CHCTEMBI
MOHHUTOPUHIA, KOHTPOJISI U MIPUHATHS pe-
meHnii s 3(Q(EeKTUBHON peamn3auu
TEXHOJIOTUH BHECEHHs ynoOpeHuil (moa-
dakrop X6.1);

2) npuMmeHenune AuQhepeHITNPOBaH-
HOTO BHECEHHs yIOOpEHWIl B 3aBUCH-
MOCTH OT THUIa TOYBBI, PACCTOSHHS IO
BOJHBIX OOBEKTOB, YKJIOHA IOJNIEH, MpH-
POOOXPAaHHOTO CTaryca 3eMeNnb W T. II.
(mondaxrop X6.2)

3) wucnoib3oBaHue UUQPPOBBIX Ta-
cnioptoB noseit (moadaxrop X6.3).

JanHass  cOBOKymHOCTb  (DaKTOpOB
U 1oA(aKTOpoB BbIOpaHAa C Y4ETOM CH-
CTEMHOTO IOAXOJa K HM3y4aeMoMy sIBJIC-
HUto: QakTopel X1-X3 XapakTepu3yroTr
[PUMEHSIEMbIE MAIIMHHBIE TEXHOJIOTHY;
X4, X5 — npuMeHseMbIe yIIpaBJIeHYECKHE
pemerns. @akrtop X6 xapaktepusyert d¢-
(DEeKTUBHOCTH KOHTPOJIS BBITIOTHEHHS TEX-
HOJIOTHYECKHX OIepaluii ¥ TO3BOJISET
TOYHO OLECHUBATH dPPEKT OT MpUHHMAC-
MBbIX peleHui. J[ns KakJ0oW JTMHIBUCTH-
YeCKOl TepeMeHHON ObUTM pa3paboTaHbl
WHIIUBHIYaJIbHbIC ILIKAJIBI.

Jns neneBoit (YHKIMKM W KaxXIOH
¢akropHOlt TepemenHO# (X1-X6) Opun
MOCTPOEHBI ILKAJbI, IO3BOJISAIOLINE CO-
OTHOCHUTb JIMHI'BUCTHUYECKUE OLIEHKH 3KC-
MEPTOB, YHCICHHBIC 3HAYCHUs TOKa3aTe-
neit u nornueckue 3Havenus (—1 n+1). Ha
pucyHke 1 moxaszaHa IIKaja JUIsl IeJIeBOM
¢GyHKIMH Y, KOTOpasi COACP>KUT JIMHTBU-
CTHYECKHUE 3HAUCHHS.
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H/ HC/ C/ BC/ B/
L BA A AA H
1
0
5 37,5 80
-1 0 +1

P uc. 1. Onno3umyonHas mkana st 3Ha9eHUH
neneBoi GpyHkiun: H — HU3KMi ypoBeHb
MOCTYTIJICHHS 3arPSA3HSIONINX BEIIECTB B BOJHEIE
00bexTsl; HC — ypoBeHb MOCTYIUICHUS HIKE
cpennero; C — cpenHuit ypOBEHb IOCTYILICHUS;
BC — ypoBeHb noCTyniIeHuUs BbILLIE CPEIHETO;
B — BbICOKMIT ypOBEHb MOCTYIUIEHUS
3arpsA3HAIOILUX BELECTB

Fig. 1. Oppositional scale for objective function
values: L — low level of inputting pollutants in
water bodies; BA — level of inputting pollutants in
water bodies is below average; A — average level
of inputting pollutants in water bodies;

AA — the level of inputting pollutants in water
bodies is above average; H — high level of
inputting pollutants in water bodies

B nanpHelmeM HCIIOIb30BaInChL 00-
Jiee TOYHBIC JTMHIBUCTUUECKUE 3HAUCHMS.
Hampumep, HC-C — 3naueHue ypoBHs
3arpsI3HEHMS, PACHOJIOKEHHOE MEXKIY
ypoBaeMm HC (amxke cpemnero) u C (cpen-
Huit) (BA-A — below average — average),
n HCC-C — ypoBeHb 3arpsi3HeHusi, pac-
MOJIOXKEHHBIN Mexny ypoBHem HC-C
nu C (BAA-A — level between “below
average — average” and “average” levels).

JlunrBuctuueckomMy 3HadeHuto H co-
OTBETCTBYET JIOTHYECKOE 3HayeHue —l
Y YUCJICHHOE 3Ha4YeHHe 5 (Kr/ra B rojm) —
MHUHHMMAJIEHOE KOJMYECTBO BHIMBIBAEMBIX
OMOTeHHBIX 3JIEMEHTOB B BOAHBIE OOBEK-
Thbl. AHQJIOTUYHBIM 00Pa30M CTPOSTCS OII-
MO3ULIMOHHBIE LIKaJIbl JUIS KOKIOH (hak-
TOpHOH TIepeMeHHON X1-X6.

Haiee Obmta chopmupoBaHa OIPOCHAs
Marpuiia, B KOTOPOH 3KcrepTam ObII0 HE0O-
XO/IMMO OLICHHUTH HEraTUBHOE BO3JICHCTBHE
B 3aBUCUMOCTH OT Pa3iMYHBIX COUYETAHHI
3Ha4YeHUH BBIOpaHHBIX (pakTopoB. [lomHas
MaTrpuLa COAEPKUT 32 CTPOKU COYETaHUM
(akTOpHBIX 3HaA4YeHUH, (parMeHT 3amoi-
HEHHOM MaTpuIlbl IPEACTABIICH B TAOIHUIIE.
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Tabnuna
Table
OnpocHast MmaTpuua 15 c00pa IKCNEPTHBIX OLIEHOK ((PparmMeHT)
Questionnaire matrix for collecting expert assessments (fragment)
i | x| v | x| x| x| o -
-1 -1 -1 -1 -1 -1 H/L 86,7383
1 -1 -1 -1 -1 1 C-CBC/A-AAA 48,6525
-1 1 -1 -1 -1 1 HCC-C/BAA-A 574415
1 1 -1 -1 -1 -1 HC-C/BA-A 55,6837
-1 -1 1 -1 -1 1 C-CBC/A-AAA 54,5117
1 -1 1 -1 -1 -1 C/A 52,7539
-1 1 1 -1 -1 -1 HCC-C/BAA-A 61,5429
1 1 1 -1 -1 1 BC-B/AA-H 23,4571
-1 -1 -1 1 -1 1 HC-HCC/BA-BAA 62,7149
1 -1 -1 1 -1 -1 HCC-C/BAA-A 60,9571
-1 1 -1 1 -1 -1 H-HC/L-BA 69,7461
1 1 -1 1 -1 1 BCB-B/AAH-H 31,6603
-1 -1 1 1 -1 -1 HCC-C/BAA-A 66,8163
1 -1 1 1 -1 1 BC/AA 28,7305
-1 1 1 1 -1 1 C-CBC/A-AAA 37,5195
1 1 1 1 -1 -1 BC/AA 35,7617

Cronbusr X1-X6 3amoiHeHsl Joruye-
CKUMU 3HaYeHISIME —1 1 +1 (COOTBETCTBY-
FOLIMMH MUHUMAJIBHBIM M MAaKCUMaJIbHBIM
3HaYEeHUSIM (PaKTOPHBIX MMEPEMEHHBIX) CO-
IJIacHO ¢ TosIoXkeHneM merofa Criecuslie-
Ba — J[po3oBa. DKcnepTsl 3alONHIIN Ma-
TPULY JINHIBUCTUYCCKUMH OLCHKAMK ¥, ,
MI0CJIEe Yero OHU ObUIN TEepPEBENCHbI B M-
CJIEHHYI0 (hopmy Y . € TIOMOIIBIO IIKAJIBI
Y (puc. 1).

Janee, mpoBesi perpecCMOHHbBIN aHa-
3 s cronbua Y, ., momydaem Ionu-
HOMHAJIBHOE BBIPAKCHUE, OTpa)Kkaroliee
BIMsHUE (PaKTOPOB HA YPOBEHb HETraTHB-
HOTO BO3JICHCTBYSI HA BOJJHBIE OOBEKTHI:

Y=47,4805 - 9,9609X1 —
—5,5664X2 —7,0313X3 —2,9297X4 —
—4,6875X5 - 9,082X6.

Technologies and means of agricultural mechanization

AJICKBaTHOCTh MOJICIH OBl TOJ-
TBEpXKJIEHA C TOMOINBI0 Koddduiuenra
nerepmuHanuu (R?) u kpurepus Ouiepa.
Beuto ycranosneno, uto R* = 91,44 %,
T0 ecTh 91,44 % oO1ieli BapraOeIbHOCTH
Y oObsicusieTcs n3MeHeHuem (pakTopoB
X1-X6, uro nenaer ypaBHEHUE CTaTHUCTH-
YECKH 3HAaUUMBIM.

AHaJIOTHYHBIM 00pa3oM (ITyTeM (opMH-
POBaHMsI, 3aIIOJHEHUSI 1 0OPaOOTKH OIpOC-
HBIX MarpuIl) oIt (axTopoB X3—X6 Obim
HOJIyYEeHbl COOTBETCTBYIOIME HOIMHOMHU-
ATbHBIC YPABHEHUS, OTPAKAIOIINE B3aUMO-
CBSI3b MEXKJTY MOI(AKTOPaMH U (PaKTOpaMHU:

X3=0,0719 +0,125X3.1 +
+0,1406X3.2 +0,2813X3.3 + 0,5313X3 .4, (2)

X4 =0,04688 + 0,2656X4.1 +

(1) +0,3125X4.2+0,125X4.3 + 0,375X5.4, (3)
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X5=0,125+0,125X5.1 +

+0,5938X5.2 +0,25X5.3, @)
X6=0,1875+0,375X6.1 +
+0,4375X6.2 + 0,1875X6.3.  (5)

O06cy:x1eHue U 3aKJII0YeHHe

[lony4yennast Mozenb, cocrosmas u3
ypaBaeHu#t (1)—(5), MoXeT OBITH HCITOIb-
30BaHa B MPAKTUYECKUX HEJSIX IS TUTaHHU-
pOBaHUs, MMPOTHO3UPOBAHUS M MOJIEPHHU-
3aIlUU CEIbXO3NPEANPUATHN. YpaBHEHUS
MOJIENIA TTO3BOJISIOT TIOHATH 3HAYNMOCTD
(baxTopoB 1 MoA(GAKTOPOB, BIUSIIOMINX HA
YPOBEHb HETaTHBHOTO BO3/ICHCTBHS (IHD-
($y3HYI0 Harpy3Ky) Ha BOJIHBIE OOBEKTHI.
BaXHOCTh KaXIIOTO KpHUTEpUST MOXKET
OBITH OLICHEHA HA OCHOBE COOTBETCTBY-
o11ero BecoBoro ko3hgunuenta. Hampu-
Mep, BecoBoil ko3d¢unment X1 mmeer
3Hadenne 9,9609, uro B 3,4 pasa Oounblie
3HaYeHHs BeCOBOTO Kod(duiumenra X4.
W3 3TOTO MOXKHO C/IenaTh BBIBOJI, YTO 3HA-
guMocTh (pakTopa X1 B 3,4 paza Oombire,
geM ¢akropa X4. CiemoBareabHO, 3aMEHA
TEXHOJIOTUU BHECECHHs ymoOpeHuit ((ax-
top X1) B 3,4 pa3a Gosnee 3p(dhekTrBHa,
YeM yIydlIeHUue cOOMIOICHUS arpOTEeXHO-
JOTHYeCcKUX TpeboBanuii (paxrop X4).

12

9,961
10

8 7,031
6 5,566

Ha pucynke 2 moka3zaHO cpaBHEHHE
BCEX BECOBBIX KOA(QPHUUIUEHTOB (opmy-
el (1), U3 KOTOPOTO CieayeT, 4TO Haubo-
Jee 3HAYMMBIM (DaKTOPOM HEraTHBHOTO
BO3/ICHCTBHSL  CEIBHXO3MPOU3BOCTBA Ha
BOJIHBIE OOBEKTH ABISACTCA (akTop X1
(TeXHOJIOTHS BHECEHUS YIOOPEHUH ), Uy Th
MEHBINYI0 3HAYUMOCTh HMeeT (aKTop
X6 (ucrionp3oBaHHE TUQPPOBBIX TEXHO-
JIOTHIl B TEXHOJIOTMYECKUX MpOoIeccax),
HavMEHbIIIee 3HaYCHUE UMeeT Qakrtop X4
(cobmtoieHre arpOTEeXHOIOTHYECKUX Tpe-
OoBanmii 6e3 HapyleHUss HOPM U Tpebo-
BaHM 3aKOHO/ATEIIbCTBA).

Hcnonp3oBanue co3gaHHON MOACIH
MO3BOJIIET NMPOU3BOIUTH OICHKY TEKY-
Ier0 HETaTUBHOTO BO3JCHCTBHUS CEIb-
XO3MPOM3BOICTBA Ha BOJHBIC OOBEKTHI
U TIPOTHO3MPOBATh YPOBEHb HETAaTHB-
HOTO BO3JICHCTBHSI, UCIOIB3Ysl B Kadue-
CTBE HCXOJHBIX JAHHBIX OXKHJAECMbIE
B OynymieM 3HaueHUs (aKkTOPHBIX Me-
PEMEHHBIX, a TaKXe BBIOMpaTh Oojee
3 PeKTUBHBIC TYTH CHUKCHUS HeETa-
TUBHOTO BO3JACHCTBUS MyTeM BHIOO-
pa B KauecTBE OOBEKTOB BO3JCHCTBUS
HanOosiee 3HAYUMBIX (DAKTOPOB W/WUIU
moa¢paKToOpoB.

9,082

4,688

2,293

X1 X2 X3

X4 X5 X6

P u c. 2. CpaBHeHHe BeCOBBIX KOAP(UIIMEHTOB (paKTOPHBIX EPEMEHHBIX
Fig. 2. Comparison of weighting coefficients of factor variables
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Cy600oTtun Uropps AJlekcaHIpOBHY, HAyYHbIH COTPYJHUK OT/E/Ia HHKCHEPHOU SKOJIOTUH CEJIbCKO-
XO3SIMCTBEHHOTO MPOU3BOACTBA MIHCTUTYTA arpOMHIKEHEPHBIX U SKOJIOTHYECKUX IPOOIIEM CeJIbCKOX03sIii-
cTBeHHOro npousBozcTsa duimana @IBHY «®enepanbublii HaydHbIH arponHKeHepHbIi HeHTp BIM»
(196625, Poccuiickas denepanust, . Cankr-IlerepOypr, @unbrpoBckoe 1., 1. 3), Researcher ID: L-6130-
2015, ORCID: https://orcid.org/0000-0002-6189-9385, itmo1652@mail.ru

Bacunbes Dnyapan BagumoBuuy, cTapiuiuil Hay4dHbIH COTPYAHUK OTJesla MHKCHEPHOW SKOJIOTHU
CeIIbCKOXO3SIICTBEHHOTO MTPOMU3BOACTBA MIHCTUTYTa arpOMH)XEHEPHBIX M DKOJIOTHYECKUX MPoOJieM Cellb-
CKOX03sicTBeHHOTO npoun3BozcTBa (rmana GI'BHY «DenepanbHblii HayqIHBIH arpOMHKEHEPHbIH LIEHTP
BUM» (196625, Poccuiickas ®eneparus, 1. Cankr-IlerepOypr, @unsrpoBckoe 1., 1. 3), KaHIUIaT TEXHHU-
Jyeckux Hayk, Researcher ID: C-1304-2018, sznii6@yandex.ru

3asenennviii 6k1a0 coagmopos:

. A. Cy660TuH — muteparypHslit 0030p, METOIMKA, PE3YIIbTaThl, 00CYKJICHUE, BHIBOJBI.

3. B. BacuibeB — GopMyMpoBKa U MOCTAHOBKA 3aJia4y, ONpe/e]IeHHe KPUTEpHEB U cOOp dKCIepT-
HBIX JIJaHHBIX, 00CYKJICHUE, BHIBOJBI.

bnazooapnocmu: aBTOpbI BEIPaXKAIOT IIPU3HATEILHOCTH AHOHUMHBIM PELICH3EHTAM.

Bce asmopul npouumanu u 0006punu 0OKOHUAMENbHBLI 6APUAHIN PYKORUCU.
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