OELEPATILHOE FOCY/APCTBEHHOE BIO[IKETHOE HAYYHOE YYPEMIEHUE
ATPO®USUYECKMA HAYYHO-UCCTIEAOBATENBCKUI UHCTUTYT

Axywes B B.

-

TOMHOE 3EMNEAENME:
TEOPUA N NPAKTUKA

CaHKr-Tletepbypr
2016 ]‘



SEAEPAJIbHOE FOCYAAPCTBEHHOE BIOIPXETHOE HAYYHOE YYPEXOEHWE
ATPOOUINUECKNA HAYUHO-UCCNEAOBATENSCKAM MHCTUTYT

o
2

o
.

dkymer B. B. ”

TOYHOE 3EMAEEAHE:
TEOPHS H ITPAKTHKA

Canxr-IlerepOypr
2016



YJIK 631.58;551.5
bBK 41.4
49

Sxymes B.B.
TouHoe 3eMuenenue: Teopus U npaxtuka. — CI16.: ®TBHY ADH, 2016. — 364 c.

5149

Ileyamaemca no pewenuro Yuenozo cosema @IEHY AQH
(npomoxon Ne 5 om 23.06.2016.)

Tocyoapcmesennoe 3adanue PIBHY ADPH: «2. Pazeumb meopemuveckue 0cHogsl u pazpabomame
A8MOMAMUIUPOBAHKYIO CUCTIEMY YAPABTEHUA NPOJYKYUOHHELM RPOYECCOM NOCego8 Ha base
ROCMPOEHUS U A0ANMAYUU MAMEMAMUHECKUX MOOENEH, UCRONb308ANUA HOBBIX UHDOPMAYUOHHBIX
MEXHONOZUT U MEXHUYECKUX CPEOCME RPEYUIUOHHO20 3eMAe0enUsy

PeueH3eHTHI:

Hsanos J.A. uneH-kopp. PAH, nokrop c.-X. Hayk, npocdeccop,
OI'BHY «Bcepoccuiickuit HUM MenuopupoBanHEIX 3eMensy

Bopoxxo B.H  noxrop Texs. Hayk, npodeccop,
reneparbHeli AupextTop 3A0 «MmxenepHsIl uenTp “T'eoMup”™

Iomos A.H. JIOKTOp C-X. HayK, npodeccop,
Cankr-IleTepOyprexuit rocy1apcTBEHHBIH YHUBEPCHTET

B moHorpadu# paccMOTpeH IIHPOKHIH KPYr TEOPETHYECKHX ¥ IPAKTHYECKMX BOIPOCOB,
CBA3AHHBIX ¢ pa3paboTkoit M chnenudukod NIPUMEHEHHS NPEUH3HOHHBIX TEXHOJIOTHH B
MPOM3BOJCTBE PAaCTEHUEBOAYECKOH IpPOAYKUMH. Doibmoe BHHMMaHHMe yHeneHO MeToJaM H
cpeacTsaM HHGOPMAHOHHOTG 00eCIIEYeH s COBPEMEHHOTO 3eMIIeIeNHs, B TOM YHCIe DPOLEaAypaM
MOMy4eHHs W HHTEPNPETALMH JAHHBIX JHCTAaHIHOHHOTO 3oHAupoBaHus 3emuu. [loapo6Guo
OCBEIICHBl NPHMHUMIbLL OPraHU3aldd TOYHOTO 3CMIIE/IETHA, MAaTeMaTHiecKue M IPOrpaMMHO-
annapaTHbe CpeJCTBa (QOPMHPOBAHHMA M HCIIONBL30BaHHA 0a3 AaHHBIX W 3HaHWH B npolecce
060CHOBAHHUA, BBIPAOOTKH ¥ peand3alliy TEXHOJNOTMYECKHX PElieHHil B MONeBbIX ycaoBusx. Jlia
peHICHHS ORHOW M3 INPHHLIMIMATBHBLIX 3afad  TOYHOrO 3eMiedenus — OOOCHOBaHMA
1enecoo6pasHoCTH IubepeHIHaLUAH TEXHOJIOTHYECKUX BO3/ICHCTBHIA c yYeTOM
POCTPAHCTBEHHOTO BHYTPHIIONCBOIO BaphbHPOBaHHA TIOKa3aTeleH, OINPEACIAIOIUX CyAs0y
ypoXas, — TPeANOXKEHa OpPUIMHAJIbHA! METOJOJOTHS TEOCTATUCTHKH W ee  IJIABHBIH
MHCTPYMEHTApuii — BApHOTrPaMMHBIN aHAIN3.

3HaYnMTENHHOE BHHMaHHE B paboTe yAeneHO MEXaHH3MaM COBEPLICHCTBOBAHUA ¥ Pa3BHTHA
NHQOPMALIHOHHO-TEXHOIOrHYECKOR 6a3bl NPELH3HMOHHOTO IPOM3BOACTBA PACTEHHEBOAYECKOM
nponyknud. K 4ucry nepcnex’nsmﬂx HanpaBlCHUH OTHECEHBI METOJONOTHS IPHMEHCHHUA
BEPOSTHOCTHO-CTOXACTHYECKOr0 MOJCIHPOBAHHS Ha IPUMEPE PellleHHs pAAa 3a1ad, aKTyalbHbBIX
JJIA TOYHOTO 3eMIICACNHS, OPraHH3alks IPOBEACHHIS NMPEUM3HOHHBIX SKCACPHMEHTOB B HOYBEHHO-
KINMaTHYECKHX YCNOBHAX KOHKPETHOTO X03AHCTBA, fONee WIMPOKOE HCHONB30BAHME U Pa3BUTHE
rpaxaaHckoi uHGpacTpykTyps cuctembl ['JIOHACC u onTuMHsaumss mpouecca oOMeHa
“HGOPMAIHOHHBIMH PECYPCaMH ¢ MOMOIbI0 ceTH MHTepHer.

© ®I'GHY A®U
ISBN 978-5-905200-31-1 © Sikymes B.B.



I'naBa 6. FeocraTHyecknii HHCTPYMEHTAPUH /18 060CHOBaHMS TEXHOJIOTHM
TOTHOTO BEMITCMEITHIM. ......oveeeeeceeerueeeeeeeesiateaarseresss e cnaacaee e aeerssaa eeeseeesenb e e esessasaaean e enaia e s e ensenns
6.1. l'eocTaTHCTHKA B KPATKHE CBEECHHSA 110 T€OCTATHCTHICCKOMY aHATH3Y..
6.1.1. I'eoctatucTuka. OCHOBHHIE IIOHATHA .
6.1.2. TeocraTHcTHYECKast MOJENb TPOCTPAHCTBEHHON HEOTHOPOIHOCTH
CEIMBCKOXO3AUCTBEHHOTOMIO «xvvuvvas susisnsns iafmsis sb v ssnsi o uns s Sisu s s Sreion s s mpA SRS SRS RS AR S 4SS 134
6.1.3. O6miue cBejeHus O BAPHOrPaMMHON QYHKUHH

6.1.4 PacdeT 1 aHanuTMYECKas annpoOKCHMALUs SMITHPHYECKHX BAPHOIPaMM

6.2. TeocTaTHCTHKA B 33029aX OLICHKH HEOJHOPOAHOCTH CEIbCKOXO3AHCTBEHHBIX MONEH. ... 146
6.2.1. BapuorpaMMHBIii aHaH3 HEOJHOPOJXHOCTH ArpOXUMMIECKHX U
ArpOQUINIECKHX IOKABATEIIEH ......oovivriiiiiiiiieie ettt s 146
6.2.2. BapporpaMMHBIi aHaIM3 XapaKTEPUCTHKH I10YB H YPO)XXaHHOCTH B
HCCIIEIOBAHMUAX IO TOUHOMY 3EMITEICIIHIO . ..cevviunrriieittinrieeeannaeesiraessiissesresansnraenasnessianeeens 149

6.3. OneHKka NepCreKTHBHOCTH CENbCKOXO3IHCTBEHHBIX 3EMEID IJIA TOYHOTO 3EMIICENHA ... 155
6.3.1. IlocranoBka 3agauu
6.3.2. MeTomuKa OlIeHKH. .
6.3.3. TIlpumep pacyeTa
6.4. 3aK0YHUTENbHbBIE TIOJOXKEHHS

Cnapa 7. @opmupoBanue HHPOPMAIHOHHO-TEXHOJOrHIECKOH 6a3nl MO
Pe3y/1bTaTaM NMOYBEHHOr0 00CI€I0BAHKS H 3JIEKTPOHHOMH KaPThl YPOKAKHOCTH .................. 163
7.1. Bolrenesne 0HOPOAHBIX TEXHOIOTHYECKUX 30H 110 PE3yNbTaTaM MMOYBEHHOTO
(3111 T (6) -4 €. GO T C T re T
7.1.1. Mo6uiisHbIH aBTOMATH3HPOBAHHEIH KOMILIEKC VI FI01€BOro 06CNea0Baus. ..
7.1.2. MeToiMKa ¥ 1peaCTaBIEHHE PEIYNETATOB arPOXHMHUECKOTO 06CIIe1I0BaH A ..
7.2. BrlaeneHvie OAHOPOAHBIX 30H MPOTYKTHBHOCTH IO JaHHBIM 3TEKTPOHHOH KapThi

YPOXKAHHOCTH CENBCKOXOBAMCTBEHHOTO TIOJIS ..covovvviaviieiiieeseense st ss b ar s 181
7.2.1. DNeKTPOHHAS KAPTA YPOIKAMHOCTH ...vviveniiaiionrearine e ceiet ettt a e 181
7.2.2. ABTOMaTH3MPOBAHHAs CHCTEMA CTOXACTHIECKOTO BBIACICHHA OXHOPOIHBIX
SOH TONPOTANBOTTIL s eusis .0 e e s e O o S O AR AT SRR oe w3 185

I'naBa 8. ®opmupoBanne nHGOPMALHOHHO-TEXHOIOTHIECKON §a3bl
TOYHOI'O 3eMJIEe/THA N0 ONTHYECKHM XaPaKTePHCTHKAM MOCEBOB ...
8.1. KpaTkue cBeJEHNs 0 CPEACTBAaX H METOAAX JMCTaHIIMOHHOTO NOJTy4eH s
HHQOPMALHH H €€ UCMOIb30BAHNH B TOUHOM 3EMIEMEITHH ....ooiviviniimitaterireiatiesrst s ansesssnseseaes 193
8.2. TeopeTHYECKHE TIPEICTABACHHS H IKCIIEPUMEHTANBHBIE OLEHKH GH3HOIOTHYECKOTO
COCTOSHUS [IOCEBOB 110 ONITHIECKHM KPHTEPHAM B 32aBHCHMOCTH OT HHTEHCHBHOCTH
ATPOTERHOTIOTTII. . 1515 050 e S M S s e S S S S ST e 201
8.3. lMarnocTrKa a30THOIO MHTaHKA pacTeHuil H HHGOPMaLHORHOE obecnievyeRHe
peanu3aliy arponpHeMOB TOYHOTO BHeCeHHs ynoOpenuii no
ONTHYECKHM XapaKTCPHCTHKAM N10CEBOB
8.3.1. Pagnoynpaensemsrit camoser. [Tonyuenne u nepeudHas o6pabotka nudpoBex
H30OPDKEHAM TIOCEBOB. . .- ceecoruriniisie ittt bbb
8.3.1.1. TexHuYeCKHE XAPAKTEPHCTHKM CAMOMETA ....ovvivivieeeieniineeseesibessescaiesaenssreneas
8.3.1.2. OcHoBHBI€ 3TaIIbl BEIIONIHEHUA IETHO-CHEMOYHBIX PaboT ..
8.3.1.3. Annapatypa w1 23poOoTOCHEMKH H ee KanHbpoBKa -
8.3.1.4. lpussaska a3poHhOTOCHMMKOB K FOGAITLHOH CHCTEME NO3HIHOHUPOBaKMs....216
8.3.1.5. TecToBbIE IIOMAAKY H JEIHPPOBKA a3POPOTOCHUMEKOB ......cvvvvivrnrnnninennnn, 218
8.3.2. KonnuecTBeHHas oleHKa 00ECHeYeHHOCTH PACTEHHH a30TOM H BbiIETIEHUE
OJJHOPO/IHEIX TEXHOIOIHYECKUX 30H 10 KOJOPHMETPHYECKUM XapaKTepHCTHKAM
TTOCEBOB ... vx e resu 1o P S £ R T TR ST B o sy e 223
8.3.2.1. KonopumeTpuueckii MeTo] IHarHOCTHKH 06CCIIeYeHHOCTH PaCcTeHUH
BOTOME uveonpassssessssvnas v ss s Vo 58 a8 o3 o S S 00 £33 e S i i 223

..191




8.3.2.2. MeroanKa KONMYIECTBEHHON OLICHKH MOTPeGHOCTH pacTeHHH B a30THOM

TTMITFAEIB v 055 A 5 S w4 08 o e 227
8.3.2.3. Meroauka u3MepeHHsl KONOPHMETPUIECKHX XapaKTEPHCTHK IO
THQPOBOMY H30OPAKEHHIO ITOCEBA ....cccnenrirrririortriiiersaioansssensesaresasssssssissnaeansanneenesns 230

8.3.2.4. BoisesieHye 1Mo KOJOPHMETPHYECKHM XaPAKTEPUCTHKAM TIOCEBA OTHOPOHBIX
TEXHOJOTMYECKHX 30H Ha CeIbCKOXO3IHCTBEHHOM I0JIE [UIA NPEUH3HOHHOTO BHECEHUA
a30THHIX yAOOpEeHHH ...231

YACTBD 3. OnbIT pa3paboTKH, DIPAKTHKA NPHMEHEHHA K NEPCIEKTHBBI
pa3BuTHsA HHGOPMALHOHHOrO o0ecnedeHMs TOYHOrO ISNUICTCITHA ... 235

[nasa 9. ®opmupoBanne, anpodalHs, CPABHATE/IbHBIC HCIILITAHHS NPeH3HOHHBIX
ArpoNpHeMOB B HO/IBLIX YCIOBHAX H PETHOHAIbHBIH MOHHTOPHHT 3eMeb
CEIbCKOXO3AHCTBEHHOTO HATHAMEHE ........ooooiiiiiiiiiitii it e s ee e e era e 235
9.1. Ilpeun3HOHHbBIE TEXHONOTHY BHECEHUS MUHEPATBHbIX yAO0OpeHHH H IepORIHIOB ............ 236
9.1.1. Cnenududeckne ocobeHHOCTH HOPMHPOBAHHIS U PeaTH3alMU TEXHOIOTHIECKHUX
pELIEHHH B TOUHOM 3€MIICIETTHH
9.1.2. UndpopMaMoHHO-TeXHHYECKa 6a3a I‘IOCTpOCHI/IH U peanu3aluy MpeUu3sHOBHBIX

TEXHOTIOTHI sz, o vssnassvss vavass o a8 mona sy do 8 Somasva s s o S Ty oo ey S S TS oo P BT P S oo 241
9.1.2.1. BazoBas (THMOBasA) MpeU3NOHHAA TEXHOIOT U BHECEHNS MHHEPATTBHBIX
101 (012) 0 13- 12 1 S S SRS ...243
9.1.2.2. lpenusuoHHas TEXHONOrUs BHECEHUS MHHEPANBHEIX YAOGpEHUH Ha
OCHOBE IAHHBIX ATPOXHMCITYHOBL ......oivieriiiiiiireiiiiiiiiiire et etaenna e 244

9.1.2.3. Ilpeuu3noHnas TEXHOIOrHS BHECEHHA MUHEPAJIbHBIX yI00peHNni Ha
OCHOBAHHUM KapT YPOXKaHHOCTH
9.1.2.4. Ilpeun3uoHHad TEXHOJIOTHA a30THAIX NOAKOPMOK .
9.1.2.5. [Ipenn3HOHHaA TEXHOJIOrUsl BHECCHHA IrepPOHINIOB 110 Pe3ynbTaTaM

...245
252

APOMOHHUTOPHHTA ...ocvonnmiiiirt ot eeeaeeseeesates b e e st e et e ateesesasessse e e e e en e s e e s e enbeeesenaasbas s 255
9.1.3. TexHONOrHYECKHUE KAPTHI TPOU3BOJACTBEHHON TPOBEPKH NPELH3HOHHEIX
TEXHOJIOTHH .. 259
9.1.3.1. Texnonmoruyeckas KapTa ONbITHO-MPOU3BOCTBEHHOH IpoBepkH 6a30Boi
(THIIOBOH ) IIPELM3HOHHOM TEXHOJOTHH BHECEHHS MUHEPATBHBIX yI00peHuit ............ 259

9.1.3.2. Texnonoruyeckas KapTa ONBITHO-IIPOU3BOJICTBEHHOH IIPOBEPKH
[IPELH3HOHHON TEXHONOTHH BHECEHHA MHHEPANbHBIX yHoOpeHu# Ha
OCHOBE JIAHHBIX aTPOXHMCITYHKOBL .....oovvviriniemeriiiititisie e snies ettt e e are e eie e 259
9.1.3.3. Texnoyioru4ecKas KapTa ONBITHO-IIPOU3BOICTBEHHOH ITPOBEPKH
MPELH3NOHHOM TeXHOJIOI MY BHECEHHS MUHEPATbHBIX yI0OpEHHH Ha
OCHOBaHHH KapT YPOXXaHHOCTH
9.1.3.4. Texuomoruyeckas KapTa OIMBITHO-TIPOH3BOJICTBEHHOH npoaepxn
MPEU3HOHHOH TEXHOIOTHH a30THBIX TIOAKOPMOK. .....ovimiiiiiiriesiearenicearieniese e 260
9.1.3.5. Texnonoruueckas Kapra ONLITHO-IIPOH3BO/ICTBEHHOMN NPOBEPKHA
MPELU3HOHHON TEXHOIOTHH BHECEHHA IepONInIoB 1o
PE3YIIBTATAM Q3POMOHUTOPHHTA .....oviuiiniiineeieiarenteessseiesasaeesaesressesesasas s s eas e nane e 260
9.2. CpaBHHTENBHBIE HCABITABMA ATPOTEXHOMOTHH .....ivviiiiiiieciie ittt 261
9.2.1. Metoanka
9.2.2. Pe3ynbraThl
9.3. PervoHanbHbi MOHUTOPHHT II0I0POAHSA 3€MEND .. .
9.3.1. HOPMATHBHAS Ba38........cuiieiiicuiieniiiieiecte it vt s e eas st
9.3.2. HaydHO-METOUYECKOE OOCCIIEUCHME ....cccovvirireieneeamniierininnieenanssessssaneereseiesnaa e nnes
9.3.3. MOHHTOPUHT TIOJOPOAHSA 3eMeTIb Ha OCHOBE CETH CTALMOHAPHEIX arPOIIOJIMTOHOB B
JlenuHTpaaCKo# obmacTu




I'nasa 10. IlepcnexTHBLI COBEPIICHCTBOBAHNAA H PA3BHTH HHGOPMaIlHOHHO-

TEXHOJIOTHYECKOH 0A3b1 TOUHOIO0 3eMIIEMEMMI. ........ooiiiiiiiiiiiiiiiart et 278
10.1. KOHLETIHMA H METOMOTOTHA ...cvviuiiriiirriiiassiseeesitesersio et antonss et soosse st seveesssamanesneareenee 278
10.2. Ilpeit3HOHHEIE IKCIIEPHMEHTHI B COBEPILICHCTBOBAHHY HOPMATHBHOH 0a3bl
TIPAMEHEHHS VRO ODEHM L cx v svomss sy s s s T S S Y ST S A SRS 286

10.2. 1. TIpeny3aUOMHEIC DKCTIEPHMEHTEL.:sruuwi sivis vuovssas sisveswsswbwavsssainis s sossssavsvassasssssspas srisavisis 286
10.2.2. 'eonndpopMannonnoe obecrnedeHie NIIaHUPOBAHUS U ITPOBEACHUS IPELIN3MOHHBIX

ArPOXMMHUHYECKHX IKCIIEPHMEHTOB ... i iiiiiiiiiiiiiiii et 288

1O.2. 2.1 METOMPKA .....oeecviiiiiitie ettt cn e seeteen e e eae 288

10.2.2.2. PEATHBAIMA .....voeeeeieieiiee ettt e e et e e e e s ve e e e e e e cnnine s 289

10.3. BepoATHOCTHO-CTATHCTHYECKOE MOJICITHPOBAHNE B TOYHOM 3EMJICHEIHH . ... 296

10.3.1. MeTox KOMMYIECTBEHHOTO aHAIH3a PUCKOB HEYPOKAEB OT H3MEHEHMUs JOJIH
OPOLIAEMBIX 3EMENb ..
10.3.2. HayuHble 0CHOBBI ONITHMaJILHOIO BHIOOPA COPTOB CENBCKOX03AHCTBEHHOH

KYTIBTYPBL. .o viitiiaeiaeeieete ot et s et e eas s s esit et s ob e s b e s aaes s s as b s ea s e a b s s et s s st e e b 302
10.3.2.1. Merog onTHManbHOTo BEIGOpa COPTOB LI 3aJaHHBIX [IOYBEHHO-
KM AT CCK IR YOO BRI H vt s 5 0 Dy S S S S A S R S S 303
10.3.2.2. Anroput™ Bei60Opa COPTOB 10 Pe3yAbTAaTaM MpeJBapUTENbHBIX

COPTOUCTIBITAHHH -
10.3.3. Onpeneneane ONTUMAITBHBIX 103 METHOPAHTOB IIPH U3BECTKOBAHUH [TOYB. Sk
10.3.4. Onpenenienne 0NTUMANIBHOTO HHTEPBa/a BpEMEHH IIPOBEICHHS arpOTEXHHIECKOTO

MEPOTIPHATHA . c.eeeemtieiitieieetet ettt e et bttt eet et eatm e e e e ab sttt e ebaeaae aont e e eeabaeeentbeenattetbaneennbans 320
10.3.5. IlpuMenenne BEPOATHOCTHO-CTATHCTHYECKOTO MOJICIIMPOBaHYS /LIS ONIPE/eICHUSA
BO3MOMKHOTO YDOBH YDOMKET s sxovuns viessss v 10 im0 0 S F0E o S0 S S A B B & 325

10.4. Mcnone30BaHUE H pa3BUTHE OOBEKTOB TPAMIAHCKOH HHPACTPYKTYPHI CHCTEMBI
I'JIOHACC ..
10.5. Mcnonp30BaHUE CETEBBIX TEXHOJIOTHH U IIPENOCTAaBICHHE CEPBUCOB.

BAKITHOUEHEE .......ovviiiiieeeiitiiteiitteettreettesetbe s teeteseteseat s e e ee e aee e e e e et aansseesbesnsseeseeenaeennseesseeneesbanesas 339
CnoBaps TepMHHOB, ONPeJc/IcHHA H COKPAILeHHH, HCNO0JIb3yeMbIX B MOHOTPaGHH ............. 344

CHHCOK HCIOJIB30BAHHOH JTHTEPATYPBI......c.oiiieiiiieiiiieiiceiene e ene e enes Fevtertnstnserenssuntasenesanen 347



