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The paper gives an overview of the agricultural application of wireless sensor networks. It is one of
the promising tools that allows to increase productivity per unit of resources expended andto ensure the
reduction of unit cost of production.Nowadays, prices for seeds, fertilizers, equipment, plant protection
products and other means of production in agriculture are rising. This leads to the need to improve
the efficiency of their use.

The paper notes that wireless sensor networks (WSN) are currently developing intensively as
an important segment of wireless networks and as the global Internet in general. This circumstance
makes it possible to position technologies of WSN and the networks themselves as one of the system-
forming components of the concept of ,,Internet-things“ and other technologies of digitalization of the
agrarian sector, the constructive implementation of which in turn is a prerequisite for a ,second green
revolution“ — transition to ,,precision agriculture“. The agricultural domain is studied with respect to
the application of WSNs in improving the traditional methods of farming. The ubiquitous nature of
work and self-organizing small-sized nodes make it possible to use WSN as a potential tool for achieving
the goal of automation in agriculture.More attention is paid to one of the most importantagricultural
areas —,precision agriculture“.Precisionagriculturecan be considered as an integrated high-tech crop
management system that takes into account the variability of the plant habitat in the field. This system
provides advanced means of recording and collecting data for monitoring the technological process
and evaluating performance, automation and intellectualization of decision-making.On the example of
»precision agriculture“ together with the WSN, the paper provides a list of other more commonly used
basic tools (global positioning and geographic information systems, spatial information collection and
satellite monitoring, remote sensing, data analysis, etc.).

It is emphasizedthat the miniaturization of electronic systems and development of wireless
technologies contribute to the active implementation of the WSN. Modern technology can reduce the
cost of miniature sensors with low power consumption and the possibility of extracting energy from the
environment, while maintaining the required functionality. The WSNis characterized as a multi-node
system where each node is an inexpensive device equipped with one or more sensors, a processor, a
memory, a power supply and a transceiver. These nodes are able to perform preprogrammed algorithms,
exchange data with other nodes and interact with the master node. The architecture of the sensor
network depends on many factors, such as fault tolerance, working environment, scalability, production
costs, hardware limitations, transmission facilities and power consumption. The paper deals with
options for ground and underground wireless sensor networks, their opportunities for the development
of various types of agriculture. In addition, there are discussed the sensor architectures and various
sensors used in the applications. There are sensors that are used to record and control parameters such
as temperature, humidity, soil moisture, soil acidity, barometric pressure and illumination, and other
characteristics. The analysis of various variants of the classification of WSN architectures that are
possible for agricultural application is given: a) relative to the movement of network devices and nodes
(stationary, mobile and hybrid architectures); b) by the type of used sensory nodes and associated
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devices (homogeneous and heterogeneous architectures); ¢) by the type of hierarchy (single-level and
multi-level architecture).

The paper gives a brief overview of wireless technologies and standards that can be applied in
agriculture (ZigBee — with network and application protocols based on IEEE 802.15.4 standards for
wireless networks using low-power devices, WiMAX — a wireless standard related to Interoperational
implementations of the IEEE 802.16 family of standards and others).

The paper also analyzes the main characteristics of the WSN, which enabled them to become a
potential instrument of automation in the field of agriculture: the intellectual ability to make decisions;
configuration of dynamic topology; fault tolerance; contextual awareness; scalability; tolerance to
communication failures in harsh environmental conditions, heterogeneity of nodes, autonomous
operation.

The final section of paper examines the existing examples of the application of wireless sensor
networks in the world for various agricultural needs.

Key words: wireless sensor network, precision agriculture, sensor nodes, architecture,
monitoring, agricultural applications.
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IIPUMEHEHUE BECIIPOBO/JHBIX CEHCOPHLIX CETEN B
I[IPEIIM3MOHHOM CEJILCKOM XO3S4NCTBE

O. FO. Tapxanona

HoBocubupckuii rocy1apcTBeHHbINH yHUBEPCUTET
630090, HoBocubupck, Poccus

VIIK 004.72

C y4eroMm COBpEeMEHHBIX TEHJEHIUN pa3BUTHs 1U(PPOBOI SKOHOMUKHN 1 MHTEPHETA BEIEH aHAIN3U-
PYIOTCSl TPUKJIAIHBIE ACTIEKThI UCTIOIb30Banus OecipoBoaabix cencopubix cereit (BCC) B cucremax
KOHTPOJISI U HAOJIFOIEHUST PA3IUIHBIX TApaMeTPOB OKpYKaroreii cpepl. OcoObIit mHTEpec TpeIcTaB-
sster npumerenre BCC B npenusmoHHOM CETBCKOM X034HCTBE, 0003HAUEHBI UCIOJIB3YEeMbIE TEXHO-
JIOTUM ¥ WHCTPYMEHTAPHII B paMKaxX KOHIIENIINH ,, TOTHOrO 3eMjieenus’. B crarbe anamusupyercs
MupoBoit onbiT puMetenust BCC B ceibCKOM X034ICTBE U HAPABJICHUST TOTEHITHATBHBIX TPUJIOXKE-
uuit BCC B arpapsoit orpaciu. PaccMoTpeHbl UCIIOJIB3YEMBIE THUIIBI APXUTEKTYD CEHCOPHBIX Y3JI0B
¥ TOMO0THH OECTPOBOMHBIX CEHCOPHBIX CeTEel, TeXHOJIOTUH W CTAHAAPTHI OECIIPOBOIHON CBI3M.

KuttoueBbie cJioBa: GECIPOBOJIHBIE CEHCOPHBIE CETH, NPEIU3UOHHOE (TOYHOE) CEMBCKOe XO3sifi-
CTBO, CEHCOPHBIE Y3JIbl, apXUTEKTypa, MOHUTOPUHT, CEJbCKOX03ACTBEHHbIE IPUI0KEHU.

Beenenue. Bonpoc obecniedenusi mpoaoBOJILCTBHEM HACEIEHHS CTAHOBHUTCS Bce DoJiee ak-
TyajabHbIM. [I1g nasibHeiinero pocra npojayKTUBHOCTH CEJILCKOIO X034icTBa, odecreyeHus cra-
OMILHOTO ypOzKas U MOBBINIEHUS KOHKYPEHTOCIOCOOHOCTH B JIOKAJILHOM U MHPOBOM MaciiTade
pa3pabaTbiBAlOTCs HOBbIe TexHOJOrud U pernenns [1-14|. B yciaoBusx usMeHeHuss Kiammara ¥
HeXBaTKM BOJBI [15—20| mOMCK U NpuUMeHeHWe COBPEMEHHBIX TEXHOJIOTHH U TOIXOI0B K TOBbI-
meHn0 3MEPEKTUBHOCTU 3eMJICTIONB30BAHAA W 3eMJeJIeIns. B arpapHoil OTPac/Ju CTAHOBSITCS
KPpUTUYHbBIMU.

B cBoem amanntugeckom 0630pe skcmepth J'son & Partners Consulting yTeep:xaaror, aTo
CeJIbCKOE XO3sHCTBO CTOUT Ha mopore , Bropoii 3eienoii pesostornun® [21]. B wactHoCTH, B pe-
3yJIbTaTe PeaJTu3alui KOHIEIIHY , TOTHOTO 3eMJIeIe/ U BO3MOXKHO KapINHAJIBHOE YBe/THICHHE
YPOKANHOCTH (,,MOXKeT MOCJIEI0BATH BCILIECK YPOKANHOCTH TAKOTO MACIITaba, KAKOrO YeI0Be-
YeCTBO HE BUJIEJIO JIazKe BO BpPeMeHa I0gBJIEHUS TPAKTOPOB, n300pereHus repobuiinjioB u rete-
THYECKN H3MEHEHHBIX CeMsH").

ITo ux omnenke, B Poccum cymmapubliii 3koHOMUYecKuii 3pdekT oT mnepexojia CeNbCKUX XO-
3aiicTB oTpaciu Ha GusHec-Mojenu, 6aszupyoruecs Ha ,uaTepHeTe Bemeit ([oT) u nudpopu-
3aIM, MOXKET COCTABHTL Oosee 4,8 Tpian pyd. B rogoBoM Bhlpakenuw, wind 5,6 % npupocra
BBII, a Bo3MOXKHBIIl TpIpOCT 00beMa HoTpedIeHns HHGOPMAIMOHHBIX TexXHoIoruii B Poccun
MOzKeT cocTaBuTh 22 %, npuueM 3a c4yer MIMPOBU3ANNAN TOJILKO OJHON OTPACIH — CEIbLCKOIO
X0O341CTBA.

C yuerom MupoBbIX TengeHnuii B Hagase 2017 r. B Poccum (B cooTBercTBHEH ¢ YKa30M
[Ipesugenrta Poccuiickoit @eneparun ,O Mepax IO peaJM3alldd T'OCYJIapCTBEHHON HAy4HO-
TEeXHUYIECKON TOTUTUKHA B WHTEpecaxX pa3BUTHUs CEJTHCKOTro XosdiicTBa“ ot 21 miong 2016 roma
Ne 350) mpemtozKeH mias MmeponpusaTuii (, 1opoxkHas Kapra') ,, BHeapenne TeXHOJIOrni cHCTeMbl
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MHTEpPHeTa Belleil B arpompOMBIIILJIEHHOM KOMILIEKCe , KOTOPHIil MpeIyCMaTPUBAET PA3BUTHE
nH()OKOMMYHUKATIHOHHON WHMDPACTPYKTYphl (MHDPACTPYKTYD Iepeiadu JaHHbIX U Iu(POBBIX
yeaIyT) U TpeGoBaHuUil M0 UCHOJb30BAHUIO TEXHOJOIMH HHTEPHETA Bellleil B KauecTBe OJHOIO U3
HAIPABJIEHUI TOCYIAPCTBEHHOTO CTUMYJIMPOBAHUST ArpOTPOU3BOIUTEIEH.

O6o3HaueHHasT BBITIE KOHIENIWs , TOTHOTO 3emienenuns’ [21] 6asupyercsa wa miardopme
,AHTepHeTa Bemeid [43, 44|, u npejnosaraer WHTETPUPOBAHHYIO BBICOKOTEXHOJOTHIHYIO CH-
CTEMY CeTBCKOXO3SHCTBEHHOTO MEHE[KMEHTA, BKJIIOYAIONIYIO B ce0sl TEXHOJIOTUN U HHCTPYMEH-
Tapuil:

— 6ecHpOBOIHBIX CEHCOPHBIX ceTeil [23], [26-39);

— 00asbHBIX |25] 1 obradubix Beruncaenuii [40-42);

— miobanbHoro mosunuonuposanus (GPS) u reonrdOpMAIMOHHBIX CHCTEM,

— cucreM cOOpa IMPOCTPAHCTBEHHONH MHMOPMAIMK U IPOCTPAHCTBEHHOIO KOHTPOJIsI BBIIIOJI-
nenust onepanuii (GPS-npubopsr criyTHHKOBOI HaBuranuu, cencopusie garanku, RFID cucrembl
w ap.);

— ToT-cereit mns mepepadu ganubix Ha Gosbmme paccrosiaus LPWAN/NB-ToT (ma 6aze
pa3BUBAIOIIUXCsI /KOHKY pupyomux mporokosos LoRa, Crpuk, Sigfox u ap.);

— CIyTHUKOBBIIT MOHUTOPHHT [45] n Aucramnunonuoe 3ouupoBanue [46-48|;

— anasmsa ganneix (Data Science) u 6osbmux ganusix (Big Data);

— onenku ypoxaitnoctun (Yield Monitor Technologies) u mepeMeHHOr0 HOPMUPOBAHUS
(Variable Rate Technology).

Baxubim komnorenTom 0T ssasitorest Gecnipoosubie cercopubie cern (BCC). Ux mpuwve-
HEHHIO B CEJIbCKOXO3SHCTBEHHOM OTPAC/IU HOCBLAIIEH JaHHBINA 0030p.

1. Bo3moxkuoctn ucnoab3oBanus BCC B cearbckoMm xo3siicTBe. [lorpebHocTh B aB-
TOMATH3AIMNA U WHTEJIEKTYATbHOM MPUHATHN PEINeHuil CTAaHOBUTCS Bce Oojiee BarKHOI mpu
pa3paboTKe U BHEJPEHNHN COBPEMEHHBIX arporexHosoruii [22-24]. Cpenn Beex TeXHOIOTHIT B 0C-
HOBHOM TIpEJICTaBJIsieT wHTepec ucnoyb3oBanne BCC i cOBepIeHCTBOBAHUS TPATUITHOHHBIX
MeTonoB 3emuteneust [23], (28], [49-53]. [Iporpecc B 061acTH MEKPO JIEKTPOMEXAHHIECKUX CH-
crem (MOMC) nosBosimit co3naBarb HEOOBINHE U JCHIEBBIE CEHCOPDI.

Bessecymuii xapaktep paboThl CEHCOPHBIX CeTell BMECTe ¢ CAMOOPTAHU3YIONUMUCS Y3IaMU
MAJIOTO pa3Mepa To3BoJisieT ucioab3oBarh BCC Kak MOTEeHIUAIBHBI HHCTPYMEHT aBTOMATH-
3allii B CEJTLCKOM X03s1iicTBe. B ¢BsI3U ¢ 9THM, TOUHOE cesIbeKoe X03siicTso [1], [54-60], aBroma-
TU3MpOBaHHbIl rpaduk nonusa [45], [61-64|, onrumuszanus pocra pacrenuii [65], MOHUTOPHHD
CeIbCKOXO3AHCTBeHHBIX yroauit [66], [67], MormTOpHHT MapHUKOBBIX ra3os [68-70|, ynpasienne
CeJTbCKOX03AHCTBEHHBIMU [IPOU3BOACTBEHHBIME TIporieccamu [57], [71] u Ge30macHOCTh KyJIbTyp
[11] — 270 JuIIb HECKOJIBKO BO3MOKHBIX npuioxkenuit. Onnako BCC uMeroT HEKOTOpBIE Orpa-
auvenus (49|, [52|, Takme Kak HU3Kasg MOUHOCTH GaTaped, OTPAHUYCHHAS] BBIYUCIUTETbHAS
CIOCOOHOCTH U HEDOJIbINAsT TAMSTH CEHCOPHBIX Y3/I0B. DTH OrPAHUYCHIUS BHIZBIBAIOT POOIEMBI
npu paszpaborke mpuiaoxkennit BCC B cenbckoM xo3diicTBe.

Boabmuncrso npuioxkenuit #a ociose BCC, pa3paboTaHHBIX I HYKJI CETHCKOTO X03sTii-
CTBa, MOYKET TPUMEHSIThCSI B JIPYTHX OOJACTIX KU3HEIEATETbHOCTH, U Haobopot. Hampumep,
BCC ag MOHUTOPUHIA COCTOSHUSI OKPYZKAIOIIEH Cpe/ibl ¢ mojtyueHneM HHMOPMAIUH O MHTa-
TeJbHBIX BEIEeCTBAX MOYBBI IIPUMEHSIETCS JI/Isi TPOIHO3UPOBAHUS 370POBbsI YPOXKas U Ka4eCTBa
IPOAYKIUU B Tedenue peMenu. ['paduk nosmsa nporunosupyercs ¢ nomotbio BCC myrem mo-
HUTOPUHTA BJAXKHOCTH TOYBLI U HOTOJAHBIX yCJIOBHiL. 1IpoM3BOANTEIBHOCTD CYMIECTBYIOMETO
npunoxkenus #Ha ocHoBe BCC MoxkeT OBITH yaydIeHa J00aBIeHIeM JTOMOJHUTETHHBIX CEHCOP-
HBIX y3JIOB K CYNIECTBYIOIIEH apXuTeKType, 4TO MO3BOJISIET KOHTPOJIUPOBATH OOJIbIIEE THCIO
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napaMeTpoB. [IpobjieMbl, KOTOpbIE MOT'YT BO3HUKHYTH B TAKUX HMPUJIOKEHHSX — OIpEJIe/ICHIE
ONTUMAJILHON CTPATerun pa3MelleHns, HHTepBaJia u3Mepenus, sgeprocoeperaromux MAC mpo-
TOKOJIOB M IPOTOKOJIOB MapIIPyTH3AIINH.

OcnoBannbie Ha, BCC perrenns 1/1s CeIbCKOTO X03HCTBA JOIKHBI OBITH OYEHb JIEIIEBBIMH,
9TOOBI OBITH JIOCTYHHBIME IMTHPOKOMY KPYI'y KOHEYHBIX IOJIb30oBaTesei. C pocToM Hace IeHHs
CIIPOC Ha IPOJIOBOJILCTBEHHOE 3ePHO TakxkKe pacTeT. Hampumep, U3 HeJaBHUX OTYETOB BHJIHO,
YTO POCT HMPOU3BOJACTBA MPOJOBOJLCTBEHHOTO 3epHA B VIHIWMU MeHBbIIe, 9eM POCT HACEJICHHS
[72]. Kpome Toro, Nnaust siBasiercst ofHUM U3 KPYHHEHNIHX SKCIIOPTEPOB IPOIOBOIBCTBEHHBIX
3ePHOBBIX KYJIBTYP, W TOITOMY HCCAEI0BATEN COOOIIAT 0 HEOOXOMUMOCTH YBEIUINTH MPOU3-
BOJICTBO 3a CYET BHEIPeHUs epeioBbix Texuosoruii [72], [73]. CrenoBaresbro, ajist qocTuzkenns
TaKOU IEJM BO MHOTHX CEIbCKOXO3SHCTBEHHBIX MPUIOKEHUIX PACCMATPUBAIOTCA JOCTYIIHbIE H
coBpeMennble Texunosoruu [74|. Hemnenmee cocrosnue passutust UHaun BKIOUYaeT B cebs Ta-
kue Texnosornn, Kak BCC, nakernas pajuocsssb obmero noabzopanus (GPRS), Tnobanbhas
cucrema onpenenennst mecrononoxkenus (GPS), nucrannnonnoe souauposanne u ['eorpadude-
ckag nHbopmarmonnas cucrema (I'TC).

B ceibCKOXO34UCTBEHHBIX NPUIOKEHUIX HauboJjiee MMPOKO UCIOJIL3YIOTCs JIBa BapUAHTA
BCC — nazemunie BCC u noxzemunie BCC.

1.1. Hasemnve BCC. B nazemunix BCC y3/1b1 pa3meraoTcest Hal IOBEPXHOCTbIO 3emau. VH-
TeJUIEKTYAJIbHbIE, MAJIOrabapUTHBIE U IPU STOM HEJOPOTHE CEHCOPBI MO3BOJIAIOT Y31y COONpPATh
JIOCTATOYHO TOYHbBIE jJaHHble 00 OKpyzKatoiieil cpeye. Ha ocnoBe obnapyzkennoit nunopmarun
STH y3JIbl 3aTeM 00bheANHSIOTCS JIJIsT BHITIOJHEHWsT TpeboBanuii npuioykenns. Hampumep, pac-
CMOTPHM MPHKJIQTHYIO cucTeMy, B KoTopoit BCC pa3Memena 1mo BceMy IOJIIO /I aBTOMaTH3a-
UK cucTeMbl ouBa. CeHCOphl OIpeesioT coldepKannue BJIard B IOYBe H, JaJee, COBMECTHO
OIIPEJIEISIIOT BPEMs U IIPOJOIKUTEIHLHOCTH rpaduka no/imBa HA ITOM MOJIE. 3aTeM, HCHOJIb3Ys
Ty 7K€ CeTh, PEIleHNe MePe1aeTcsd K CEHCOPHOMY Y31y, MIPUKPEILIEHHOMY K BOJISHOMY Hacocy. B
[75] mpemoxkuIN TOAOGHY IO aBTOMATH3UPOBAHHYIO CHCTEMY MomBa ¢ ucnosab3opanneM BCC u
GPRS-momyns.

Ha puc. 1 uzobpazkena tunuunass BCC, pa3smerneHHas Ha 1oJie I CeIbCKOX03AHCTBEHHO-
ro mpuMeHeHu1A. HOJIG COCTOUT M3 CEHCOPHBIX Y3JIOB, OCHAIIEHHBIX CIleIUuaJIbHBIMA 60pTOBbIMI/I
CEeHCOpaMHU. Y3Jbl B CEHCOPHO# ceTH Ha IoJje oOMeHHMBAaIOTCd HHOpManuei Mexkay coboil ¢
HCTIOJIb30BAHUEM PAJIMOYACTOTHEIX KaHa 0B (RF) MpOMBINIIEHHBIX, HAYYHBIX U METUIHHCKAX
(ISM) pagmonnanazonon (rakux kak 902-928 MI'n u 2,4-2,5 I'T'n). Kak npasuiio, y3es-iio3
TAKKe PA3MEINIaeTcs BMECTe C CEHCOPHBIMH y3JaMu, 4TOObI 00eCIednTh COeTHHEHHE MEYKIy
CEHCOPHON CeTHIO0 W BHENTHUM MUPOM. TakuMm 00pa3oM, y3e/-TLaio3 noab3yercd Kak RE, Tak u
r106abHOM cucteMoit MoOunbHo# cBa3u (GSM) win GPRS. Yianennstit moabp3oBaTe b MOKET
KOHTPOJHPOBATD COCTOSIHUE IIOJIA M YIPABJIATH IOJEBBIMH CEHCOPAMH M YCTPOMCTBAMH IIPH-
Bojia. HampuMmep, mob30BaTeh MOKeT BKJIIOUYATH/BBHIKJIIOUATh HACOC/KJIATIAH, KOTJIa YPOBEHD
BOJIBI, MOJIABAEMBIN B MOJI€, JIOCTUTAET HEKOTOPOrO MPEeIONPE/IeIEHHOTO MTOPOrOBOTO 3HAYEHUSI.
[Tosik30BaTe I C TOMOIIBIO MOOUIBHOTO TesiepoHA MOTYT TaKKe JUCTAHIIMOHHO KOHTPOJHPO-
BaTh CEHCOPHI Ha 1ojie. MoOuabHbIi mo/ib30BaTe b nojiKaodaeTcd depe3 GPRS uin jaxe gepes
cayk0y Koporkux coobmenuii (SMS). Takxke MoxkeT 66T pazpaboraa GpYHKIUsS MTEPUOTHIE-
CKOro 0OHOBJIEHUsST HHAMOPMAIUKE OT CEHCOPOB U CUCTEMHOE YIpaBIeHUE , 110 TPeOOBAHHUIO® JIIsT
000uX THUIIOB 1I0JIb30BaTE/ICH.

1.2. Hodsemnvie BCC. Hpyrum Bapuantom BCC gBidiorcs 6ecpoBoiHble TOA3eMHbIE CEH-
copubie cetu [76], [77]. B aroMm ciryuae GecIpoBOIHBIE CEHCOPHI YCTAHABIMBAIOTCSI BHYTPH MOY-
Bbl. B 3710i1 ycranoBke 0oJiee BbICOKHE YACTOTHI 3aTYXAIOT, a CPABHUTE/JIHLHO HU3KUE HaCTOTHI
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Puc. 1. Tunuunas BCC st cebCKOXO3AMCTBEHHBIX TPUIOKEHMH

CIIOCOOHBI TPOHUKATDH uepe3 mouBy |78], [79]. Takum ob6pasom, pajuyc CBs3u OTPAHUYEH, U CeTh
TpebyeT H60JIbIIEero KOJANYecTBa y3/10B Jjid HOKPLITHS 1101au. [[puMenenne mpoBoIHbIX CEHCO-
POB yBeJIMYHUBAET OXBAT CeTH, TpeOyd OTHOCHTEJbHO MEHbINero KOJIHYeCTBa ceHcopoB. OIHaKO
B 9TOM CJIy4ae CeHCOPLI U HPOBOAA MOTLYT OBITH YA3BUMBIL.

Tunugaaoe ceabCKOXO3SICTBEHHOE IMPUMEHEeHHe IMO3eMHBIX CEHCOPHBIX CeTell IOKA3aHO Ha
puc. 2. B otyimane ot mpuioxkenui Ha ocnose HazeMubiXx BCC, noka3aHHBIX Ha pUC. 1, Ha 9TOM
PUCYHKE CEHCOPHBIE Y3Jbl 3apBIThl BHYTPU HOUYBBI. OIUH Y3eI-TLTI03 TaKzKe pa3MeIieH s
nepejgadn wHdoOpManun, coOpaHHON MOA3EMHBIMI CEHCOPHBIME Y3JIaMH, Ha 0A30BYI0 CTAHIUIO,
HaXOsIIyocs Ha st 3emuteit. [locme sToro madopmamnmsa MoxkeT mepeaaBaThcesa depe3 NaTepHer
JUId XpaHeHHus B yIaJeHHbIX 0a3aX JAHHBIX U MOXKET HCIOJIB30BATHC JIJIs YBEIOMIEHHS 0 Ib-
30BaTeIsd C IIOMOIILIO COTOBOIO Tesiedona. OHAKO M3-3a CPABHHTEILHO D0JI€€ KOPOTKOTO pac-
CTOSIHHS CBSI3U TpebyeTcs pasMelneHne OOIBIIEro KOJINIECTBa Y3/I0B B IMOI3€MHBIX CEHCOPHBIX
CceTdx.

2. ApxuTeKkTypa CEHCOPHBIX y3JIOB.

2.1. Bcmpoenmtvie MHO204UNOGDIE CEHCOPHBIE Y3Ab,. KaK MPaBUIO, CEHCOPHBINA Y3/ COCTOUT
M3 CIENUATU3NPOBAHHON CEHCOPHOI MATPHUIIBI ¢ TPHEMOIepeIarouM GJIOKOM JI7Is CBsI3H (pHc.
3, a). B kauecTBe ,,M03ra‘ y3Jja HCHOIB3YeTCs MPOIeccop Win 60K MHKPOKOHTposLIepa. 11o
JKeJIAHUIO, CEHCOpHAs ILIaTa MOXKET BKJIIOYATh B cebs OJIOKM MaMATH JIJId XPAHCHHS JTAHHBIX.
B 3aBucumocTn or TpeboBaHUil MPUIOKEHUST APXUTEKTYPA CEHCOPHBIX Y3JI0B MOXKET H3MEHSITh-
cd B cooTBeTCTBUU ¢ TpeboBanusimu. Hanpumep, MomuocTb 00pabOTKU U pa3Mep BCTPOEHHOM
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BecrnpoBoHoii / v [Ton3zeMHas TMHUS
N ] CBSI3H
N 1o 3eMHBIi N
CeHCOpHBIi y3en w JluHus cBssu u3-nox
z baza JAHHBIX P 3E€MJIM Ha IMMOBEPXHOCTH
z V3en- U CEpPBEP
LLTIO3
D
Buemnss
Z 6azoBast
CTaHIMsA
@A
b

Puc. 2. Tunuunas nmoazemuas BCC g cebCKOX03CTBEHHBIX TPUIOXKEHUH

HaMsaTH MOTYT OBITh yBEJWYEHBI JIjI YAOBIETBOPeHUs TpeboBanuii 0ojiee MHTEHCHUBHON MM
UHTELIEKTYAJIbHON 00pabOTKH.

Ee oinoit BaykHOI TeXHOIOTHE T SBAIETCH CXeMa U3 HECKOJIbKUX KPUCTAJLIOB, MOMEIEHHBIX
B eMHBI Kopryc (aHra. System in a package, SiP), kotopast onpenessiercst Kak KOMOUHATINS
HECKOJIbKUX MHUKDPOCXEM, BKJIIOUas MACCHBHbIE KOMIIOHEHTHI (HATPUMED, PE3UCTOPBI U KOH/IeH-
CaTOpBI), B3AThIe BMeCTe, YTOObI 0GECIeYUTh JOMOJTHUTENBHOE TTOIKII0UeHNe BHEITHIX KOMIIO-
HEHTOB. SiP cHUKaeT CTOUMOCTDL MPOIYKTA, ONTUMHU3NUPYS €r0 Pa3Mephl U MPOU3BOINTEIHHOCTD.
Taxum obpazom, Texuosorust SiP mMeeT BO3MOXKHOCTH MPUMEHEHUsI B CEJTLCKOXO3SIHCTBEHHBIX
crierapusix. CeslbCKOXO3CTBEHHBIE CHCTEMBI Ha, OCHOBE SiP MOTyT NpuMeHSATHCS B PA3JIMTHBIX
NPUJIOKEHUAX IYyTeM TPUCOeIMHEHNS PA3JIUIHBIX JATYNKOB K OCHOBHOMY MaKeTy.

B 3aBucumoctun or TpeboBaHU CEJIHLCKOXO3SHCTBEHHOIO ITPUJIOXKEHUS, PacCMaTPHUBAIOTCS
caeayrorne pakTopbl BHIOOpAa KOMIIOHEHTOB CEHCOPHOTO y3Ja:

— Ilpomeccop: BBIMHCIMTEIbHAS MOITHOCTH CEHCOPHOIO y3JIa 3aBHCHT TOJBKO OT BHIOOPA
os10Ka 00paboTku. MUKPOKOHTPOJIED IPEeI0CTABJISIET HECKOJBKO ITPEMMYIINECTB, TaKUX Kak
HU3Kas CTOMMOCTDb, THOKOCTDb B ODINEHWM C JPYIUMH Y3JIaMH, TPOCTOTA IMPOrPAMMUPOBAHUS
1 HHA3KOE SHEpromnorped/ieHne M0 CPpaBHEHHWIO ¢ TPAJUIMOHHBIME IIPOIeccopaMu. B OCHOBHOM,
TH MEKPOKOHTPOJLIephl paboTatoT Ha 3,5-5 B. Omnako snepronorpedieHne SIBasgeTcs OJHIM U3
HanboIee BaXKHBIX (DAKTOPOB B CEHCOPHBIX y3/aX. Y YATHIBASA ITOT (PAKT, MEKPOKOHTPOJLIEPHI
HpeIIOYTHTE/IbHEE, 9eM HPOIeCCOPbl 00IIero Ha3HauYeHHs.

— IIpuemonepenaTauk: nepegada W MpUeM SBIAIOTCS IBYMs OCHOBHBIMU TTPUYHHAMH IO-
TpebJIeHHsT SHEPTUU B CEHCOPHBIX y37aX. B ceIbCKOX03IHCTBEHHBIX TPUIOKEHUSIX CeTeBOM IL1a-
HUPOBIIUK BBIOMpAET pasMmelieHue s 0becrnedenns ONTUMAJLHOTO IHEPronoTped/eHns ceH-
COPHBIX y3JI0B.

— llaMaTh: ceHCOpHBIE y3JIBI UMEIOT JIBa THIA BCTPOCHHOW MaMATH: NMaMATh, CBI3aHHAS
C HPOIECCOPOM, M IAMsTh, CBI3aHHAas C BHeIIHel namsrbio. B 3aBucumocTtu or TpeboBaHuit
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Puc. 3. KoMmnoneHTbI cucTeMbl: BCTPOEHHBII MHOTOYUIIOBBIN CEHCOPHBIN y3€JI M CEHCOPHBIN y3€J Ha OCHOBE
CHCTEMBI Ha KPUCTAJLIIE; a: APXUTEKTYPA TUITHIHOTO BCTPOEHHOI'O MHOTOYHMIIOBOIO CEHCOPHOrO y3Jia; 0O:

APXUTEKTYpPa TUMNIHOT'O CEHCOPHOTO y3Jla Ha OCHOBE CHUCTEMbI Ha KPUCTAJIIIE

IIPpUJI02KEHU A, CCHCOPHBIM y3J1aM HeO6XO,ZLI/IMO XPpaHUTDb CTapble JaHHbIC JJ1d HHTEJIJICKTYaJIbHOI'O
IIpUHATHA pemeHHﬁ. D 31-1aMgaTh HUCIIOJIB3YyeTCd JAJId JOIMOJHUTE/IbHOTO XpaHCHUD.

2.2. O0noKpucmasvraa Cucmema CeHCOPHHLL Y3406. APXUTEKTYpa OHOKPUCTATBHON CHCTe-
mbl (cucrema Ha Kpucraire, CHK) mpuMeHsieTcss B KOHKPETHBIX IPOEKTaX, HANEJEHHBIX HA
MUHAMH3AIWIO TPpeOOBAHUIT K MOIIHOCTH W cTOMMOCTH mpoekTupoBanus. CHK obecneunBaer
MHTErPAIUi0 HeCKOJbKHUX MPOTPAMMHPYEMBIX MPOIECCOPHBIX SJIEP, COIPOIECCOPOB, alnapar-
HBIX YCKOpHUTeJed, OJOKOB mamsaTh, GJIOKOB BBOJA/BBIBOJA M MOJb30BATEJbCKHX 0s0KOB. Ha
puc. 3, 6, TOKa3aHbkl KOMIIOHEHTHI THITHYHOTO CEHCOPHOTO y3ia Ha ocaHoBe CHK. Ilpeanosrarae-
Mble Tpusokerns A1d CHK B OCHOBHOM TIpeTHA3HAYEHBI 71 TPOEKTUPOBAHUS ceTeil Ha Iumax
(arrs. NoCs) [109], cucTem ist My TBTHMEIRITHBIX W MOTOKOBBIX Npuaozkenuii [110], Tpebyiontux
UHTEHCUBHON BBIYMUCAATEJIbHON MOIIHOCTH.

B HaCTOAIIee BpeMd B CeJIbCKOXO034diCTBEHHBIX IPUJIOZKEHUAX UCIIOJIB30BaHUE CHK BCTpeYa-
eTcs o4eHb pejiko. [lo cpaBnenuio ¢ kpemuueBbiMu MaTpunamu B SiP, CuK ocnoBan Ha ogunoy-
HOI MaTpuIle, u, ciaegoparebio, CuK uMeioT Menbiuii pasmep, HO 60J1ee BHICOKYIO CTOMMOCTD.
Tem e menee B oOyaymem CuK mmeer 60/1b110# TOTEHIIAAT /I IPUMEHEHUs B CEJTHCKOM XO03sTii-
crBe u (pepMepcKoM Xo3stiicTBe. Bo-mmepBhIX, HCIOIb30BaHNE CEHCOPHBIX y3/10B Ha ocHOBe CHK,
a He COBPpEMEHHbBIX BCTPOCHHBIX MHOI'OYUIIOBBIX CEHCOPHBIX Y3JI0B, YBEJIMYUT BLIYUCJIUTEIBHYIO
MOIITHOCTb U YMEHBbIIUT mnorpebsienue sHepruu. Kpome Toro, pasmep y3JjoB OyJIeT MEHbIIE, H
TeM CaMBIM YBEJHIUTCA MOOHIBLHOCTL BCEil CHCTEMBI.

3. Texnoaorum u ctaHAApPTHI 6eCIPOBOAHOI cBaA3M. [lepeunciinm nanbosiee n3BeCTHLIE
TEXHOJIOTHH U CTAHJIAPTHI DECIIPOBOJIHON CBA3HM, KOTOPHIE MOT'YT HAUTH NPUMEHEHUE B CEJILCKOM
XO341CTBe.

— ZigBee [111-113]: rexHosorHs OnMpeiesieT MPOTOKOJIbI CET€BOr0 U MPUKJIAJIHOTO YPOBHS,
ocHoBaHHbIe Ha crangapTax IEEE 802.15.4 [114], a Tak:ke dusndeckoro yposusi u yposus MAC,
HeoOXOMMbIe JIJIsl TPOeKTHpoBaHus OecrnipoBoaHoil nepconanbroii cern (WPAN) ¢ ucnonbso-
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BaHWEM YCTPOHCTB ¢ HU3KUM 3Hepromnorpediaenuem. byayan sueprodddekTuBHON, HEI0pOToit
U HaJEeXKHOM, TexHojorugd ZigBee gaBjsgercd HpealoYTHTEILHON i MPUIOXKEHUH Ha OCHOBE
BCC B cebckoxo3giicTBEHHBIX JOMeHaX. ZigBee TakxKe IOIIEePKUBACT NEpPeIady JaHHBIX Ha
kopoTkue pacctosaust (10-20 M) M0 MHOTOYPOBHEBBIM, JIEIEHTPATHIOBAHHBIM, JTHHAMATECKAM
U CeTYATBIM CeTSM. YCTpOHCcTBaA ¢ nojIepKKoil ZigBee nMeroT 3KCTEeHCUBHbBINH pabOuuil UK U,
TaKUM 00pPa30M, MOJIXOAAT JII CEJTbCKOXO3dUCTBEHHBIX MPUIOKEHUH, TAKUX KaK yIpaBJICHHE
MOJTUBOM, YITPABJICHUE TECTUIIMIAMY U YIOOPEHUSIMU, YIIpaBJIeHUEe KadeCTBOM BOJIbI, TJe Tpe-
oyeTcs nepuojudeckoe obnossienre nundopmanuu. Oanako npuiokenus ZigBee obecnednBaior
HU3KYIO CKOPOCTB Mepenadn JaHubix Tonbko 20—40 k6ut/c u 250 k6ur/c wa yacrorax 868,/915
MI' u 2,4 I'T'n, mostocer ISM coorBercrBerno. Kak npaBuiio, i 9T0ro crasiapra Tpedyorcs
obopyI0BaHue ¢ HU3KOM crenndukanueil (HanpuMep, MEKPOTporeccop ¢ namarbio 50-60 k6) u
MEeTOJIbI TH(PPOBAHUS JTAHHBIX.

— Wi-Fi: Wi-Fi — aro crammapr 6ectipoBojnoii jokanbuoit cern (WLAN) nis oOmena nH-
dopmarueit uian nojakJroueHust K MaTepHery 1o 6ecrpoBoiHOM ceTn Ha OCHOBE ceMeliCTBa CTaH-
napros IEEE 802.11 (IEEE 802.11, 802.11a/b/g/n) [115], [116]. B nacrosmee Bpems 910 Ham-
boJ1ee MIMPOKO UCHOIb3yeMad OecIpOBO/IHAS TEXHOJIOTHS, UCIOJb3YIONAACd B YCTPORCTBAX OT
cMapTdOHOB U ILIAHIIETOB 0 HACTOJbHBIX KOMIbIOTepoB U HOYTOYKOB. Wi-Fi obecneunBaer
JOCTOUHBII nuamna3oH cBs3u B npejeax 20 M (B nomernennu) 10 100 M (Ha OTKPBITOM BO3YXe)
CO CKOPOCTBIO Iepesiadn JaHHbIX B pasmepe 2-54 Mour/c npu gacrore 2,4 [T nosocer ISM.
B cenbckoxozsiicTBennbix npusiokenugx Wi-Fi pacimpsier ucnoib30Banue HeOTHOPOTHBIX ap-
XUTEKTYD, MOJKIIOYAIONNAX HECKOJIBKO TUIIOB YCTPONCTB K TUHAMWUYECKON CeTH.

— Bluetooth: Bluetooth [116], [117], ocHoBanusrit Ha cramnapre IEEE 802.15.1, mpeacras-
JisieT coDOil HemoPOryto OeCIPOBOJHYI0 TEXHOJOTHIO ¢ HU3KUM SHEPrOnOTPEOJEHIEM, UCIIO b
3yeMYIO JJid CBA3U MEXKIAY HOPTATUBHBIMU yCTpOIU/ICTBaMI/I n pa60qI/IMI/I CTOJIaMHU B KOPOTKOM
muanasone (8-10 m). Crammapr Bluetooth ompenesser cBasp ¢ nepconanpuoit cerpio (PAN)
¢ yacroroit 2,4 I'l'nm nmanasona ISM. CkopocTh mepemsadm JaHHBIX, JOCTUTaeMasi B Pa3HBIX
Bepcusx Bluetooth, cocraBaser or 1 go 24 M6ut/c. IIpeumyInecrBa 3T0# TEXHOJIOTHH — ee
HOBCEMECTHBIN XapaKTep, U II09TOMY OHa IIOAXOAMT JJisd HCIOJIb30BaHUdA B MHOI'OYPOBHEBBLIX
CeJIbCKOXO3AMCTBEHHBIX IPUJIOZKEHUAX.

— GPRS / 3G / 4G: GPRS (makernast painocBsi3b 0611ero nosab3opanus) [118] — ycayra na-
KeTHOI mepenadn JaHHBIX 71 COTOBRIX TeaedoHoB Ha 6asze GSM. B cucremax 2G gocTuraercsa
ckopocTh nepegadn nanabix 50-100 k6ur/c. Onnako B GPRS nponyckuas cnocobrocTs u 3a-
AEPKKa MEHAIOTCA, 1 OHU 3aBUCAT OT KOJIUYIECTBa JAPYyrux HOJ’IB3OBaTeJIeI71, HUCIIOJIB3YIOIMUX OJ1H
U TOT 2Ke pecypc. XoTd camoe OOJIbIIoe IMpenMylnecTBo, Kotopoe npeiaraer GPRS, 3akiio-
JaeTcs B CHATHH OTPpAHHYCHHS JUAIla30Ha OECIIPOBOJIHBIX yCTpo#cTB. JI0bbie aBa ycTpoiicTBa
MOT'YT B3aUMOJEHCTBOBATD, €C/IM OHU 00a HaxoAsaTcsa B 30He obcayxkuanusa GSM. Oanako on
Jiydiie ImoaAXoJuT AJjid HpI/IJIO}KeHI/Iﬁ Hepuon4eCKoro MOHUTOPUHIa, Y€M JIJId HpI/IJIO}KeHI/Iﬁ TUIlA
OTCJIEZKUBAHUST B pexKnMe peabHoro Bpemenn. Pacmupennas sepcuss GPRS — sTo Enhanced
Data rate miaa Global Evolution (EDGE), kotopasi obecriednBaeT MOBBIIEHHYIO CKOPOCTH TTe-
peJadn JaHHBIX 03 U3MeHEeHUH almapaTHOro W IPOIPAMMHOIO 0DecIedeHs B OCHOBHBIX CETSIX
GSM. 3G [119] u 4G [120] sIBASIOTCS TPETHUM H Y€TBEPTHIM TTOKOJEHHSIMU TEXHOJOTHT MOOHTH-
HO#t cBsa3u. COOTBETCTBYIONIAS CKOPOCTH Ilepejadn janubix cocrapiser 200 kour/c u or 100
Méutr/c mo 1 T'6ur/c B 3G u 4G cooTBeTCTBEHHO.

— WIiMAX: WiMAX gasnserca akpoanmom s Worldwide Interoperability for Microwave
Access, cranmapTa GeCIpPOBOTHON CBSI3H, OTHOCAIIETOCS K MEKOMEPAIMOHHBIM peaTI3aIsIM
cemeiicrsa crapgapros IEEE 802.16 [121]. WIMAX naresen na JOCTHZXKeHHE CKOPOCTH Hepe-
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gaan gaHHbix 0,4-1 ['6uT/c HAa CTAIMOHADHBIX CTAHIUSIX, & MAKCHMAJIbHAS JAIbHOCTD [epeia-
9U ¢ MCIOJIB30BaHUEM 3TON Texuojorun cocraiser 50 kM. Mobunbnsiit WiMAX (crangapr
[EEE 802.16e) obecreunBaeT CKOPOCTH Hepegadn Janubix mopsiaka 50-100 M6ur/c. [omaepx-
Ka OOJIBIITOr0 JUAMA30Ha U BBICOKOCKOPOCTHBIE KOMMYHHUKAIMOHHBIE (byHKIMN gegaor WiMAX
HanbOo,1ee TMOAXOISATIeil TeXHOIOTHEH /st CeTbCKOX03SICTBEHHBIX TIPUIOKEHU, BKIIOIAIONUX B
ce0s1 MOHUTOPWHT 00BbEKTOB, MOHUTOPUHT CHCTEMBI CEJILCKOTO XO3sHCTBA, MOHUTOPUHT TPAHUIT
MOCEBHBIX TLIOMIAIEH ¥ INATHOCTUKY B PeaJTbHOM BPEMEHH.

4. Ilpuuunbl ucrnoap3oBanusa BCC B cesibckoM xo3siictBe. Huke BbIe€HbI OCHOB-
upie 4epThl BCC, KOTOpbIe MO3BOIMIM UM CTATh HOTEHIHAILHBIM HHCTPYMEHTOM aBTOMAaTH3a~
UK B 00JIACTH CEIBCKOTO XO3SHCTBA.

— Uuremtekryasibiast ciocoOHOCTH npuanMarh pemteHus. BCC 00bIMHO COMEPKUT MHOKE-
crBenHble TpamsuTHele yuacTku (multi-hop) [49], [50], [80]. [Ipu passepreiBamun cetn B 60JIb-
moft obJs1acTu 9TO CBOMCTBO TOBBITIAET YHEPTOIPMEKTUBHOCTH BCEl ceTHu, W, CjaeaoBaTeIbHO,
YBEJIMYUBACTCS CPOK CJYKObI ceTu. Mcmoib3yss 3TO CBOWCTBO, HECKOJIBKO CEHCOPHBIX Y3JIOB
MOT'YT B3aUMOJEHCTBOBATH MEXKIY CODOM W COBMECTHO HPUHHMATL OKOHYATEILHOE pPellleHHe
[81-84].

— Koudurypanusa punamudeckoii Tonojioruu. g skoHoMun 3apsjia akKyMyJIsgTOpPa CEeH-
CODHBIIi y3es yaep:kupaer cebs B peKnuMe OKUJaHus (T. H. CHOSIIUA PEeKUM) OOJBITYIO0 9acTh
BpeMeHH. VIcnonb3ys MeTO/bl yIpaBieHns Tomoaorueii [85-87|, ceHcopHBbIe y3JbI MOIYT COB-
MECTHO HNPHHUMATDL 9TU perieHus. YToObl MaKCUMU3UPOBATH BpeMs KU3HU CETH, TOIOJIOTHS
CeTH HACTPOEHA TaK, YTO B AKTUBHOM COCTOSHHUH OCTACTCS MHHUMAJIbHOE KOJUYECTBO Y3JIOB.

— OTtkazoycToiauBocTh. OAHON U3 pacHpoCTpaHEHHBIX MPoOIeM, KOTOPYIO HAI0 HPUHU-
MaTh BO BHUMaHue npu passeproiBanuun bCC, sB/sieTcs TO, 9TO CEHCOPHBIE Y3JIbl TOABEDPKEHBI
HercnpaBHOCTsIM [88]. B Takmx 00CTOATEIHCTBAX HENPOJAYMAHHOE Da3MelleHne y3710B MOXKeT
HPUBECTH K IIOTEPEe CBS3HOCTH, U 9TO, B CBOIO OYepejib, BIAUAET Ha OOIIYIO HPOU3BOIUTE/b-
HOCTb ceTd. OJIHAKO CEHCOPHBIE V3JIbI MOTYT ,,CAMOOPIaHU30BBIBATLCA IyTeM JUHAMHYECKOM
HACTPONKH ceTeBoil Tomosornu [33].

— Konrekcrrnas ocsegomieHHOCTh. OCHOBBIBASICH Ha, IOy YeHHO# mHpOpMamun 0 hpusn-
YECKWX W IKOJOTMIECKUX MapaMeTPax, CEHCOPHBbIE Y3JIbl MOJIYYAIOT 3HAHUS 00 OKPY:Kaomeit
obcranorke. Perennst, mpuHIMaeMbie CEHCOPHBIMU Y3JIaMHE MOCJIE 3TOTO, SIBJIAIOTCSA KOHTEKCTHO-
3aBucHMbIME [89)].

— Macmrabupyemocts. Kak npasuio, nporokoasl BCC mpennasnadensl g peajn3aian
B JII0OOI ceTHn He3aBUCHUMO OT ee pa3Mepa H KOJUYeCTBA Y3JIOB. DTO CBOUCTBO, HECOMHEHHO,
paciupsier BO3MOKHOCTH ucno/ib3oBanusg BCC /s MHOTOYHC/IEHHBIX TPUJIOZKEHUIA.

— Heonnoponuocrs y3ioe. Hacro npeanonaraercs, uro BCC cocTouT m3 0aHOPOIHBIX CEH-
copubIx yerpoiicts [2], [85], [90]. OmHako BO MHOIMX PeaTMCTHYHBIX CIEHAPHIX YyCTPOICTBa
SBJISIOTCS HEOTHOPOIHBIMH B OTHOIIEHUH OOPAOOTKU M BBIYHUCIUTEILHON MOIIHOCTH, MAMSITH,
YYBCTBUTEJIbHOCTH, IIPUEMA-IIePEIadd U BO3SMOYKHOCTH IT€PEMEIICeHHS.

— TosepanTHOCTH K cOOSIM CBSI3U B CYPOBBIX VCJIOBHUSX OKpy:Karlieil cpeabl. biaarogaps
IIUPOKOMY CHEKTPY IPUMEHEeHH# B OTKPBITOH cejibckoxo3siictBennoit cpege, BCC crpamaior
OT BO3JEHCTBHS CyPOBBIX yCs0BHit OKpyzKatomieit cpensi [7]. Crex nporokona BCC Briovaer B
cebst MeTOJIBI, TIO3BOJISIONINE TTPOTHBOCTOATH TOCIEACTBUAM COOEB CBSA3U B CETU, BOSHUKAIOIINX
U3-3a BO3/AeHCTBUA OKPYIKAIOIIEH CpeJibl.

— ABroHOMHBI pexkuM paborsl. Baxkuoit ocobennoctsio BCC sBiisercst BX aBTOHOMHBII pe-
KuM paborsl [91] n amanrusaOCTH [92]. B cebCKOXO3AMCTBEHHBIX TPUIOKEHUAX ITA DYHKITHSI,
0e3yC/IOBHO, UT'PAET BayKHYIO POJIb U 00ECHEYNBACT MPOCTOIl W PACIIUPEHHBIT PEKUM PADOTHI.
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— Uudopmanmnonnast 6ezomacuoctb. Bompocam obecmedenust 6e3onacaoctu bCC, kak u
JIPYTUX OECIPOBOJIHBIX CeTell, yaeasercs HOBBIIIEHHOe BHUMaHUE B IOCJIEIHION Jekajry. [Lns
HPOTUBOJCHCTBUA aTaKaM HCIOJIb3YIOT MeXaHU3Mbl OOHAPYXKEHHA CTATUCTHUCCKUX AHOMAJIHIHA
B HabmoaeMbix mapamerpax BCC [93], [94]. Takzke mesnecoobpasno peanu3oBath 3bdheKTUB-
Hble MEeXaHU3Mbl KOHTDOJISI OCTYIIa HoJIb3oBareseii [95] u coBepiieHCTBOBATH CTpaTernu pas3-
MeleHnst ¢TOKoB [96], ykazaHHBIe Mepbl MOTYT 3HAYHTENBbHO MOBBICHTH OTKA30yCTONYHBOCTD
CUCTEMBI.

5. IloTeHnuajgbHbIE IIPUJIOXKEHUsA. /lasiee mpeacTaB/IeHbl BO3MOXKHBIE CEJTbCKOXO3sii-
CTBEHHBIE TPUJIOXKEHNA, KOTOPbIe MOI'YT OBITH peaanu30BaHbl ¢ ucnoab3osanueM BCC.

— CucreMa yupaBJieHHSI IOJMBOM: COBPEMEHHOE CEeJIbCKOe XO3siiCTBO TpebyeT ycoBepllleH-
CTBOBAHHOU CUCTEMBI YIPABICHUS OJTUBOM /sl ONTUMUZAINN UCTIOIH30BAHIS BOJBI B CETHCKOM
xosgiicrse [63], [97]. Eme oamoit npuanuoil HeOOXOAUMOCTH IePeI0BOIl CHCTEMBI SIBJISETCS TPe-
BOXKHO€ CHU2KEHHNE YPOBHA I'PYHTOBBLIX BOJ. B 3TOM CUTyalnunn METOJAbl MUKPOIOJINBa ITOJIE3HBI
¢ TOYKH 3peHus 3arpar u dhdexruBrocTH ucnoab3oBanus Bojabl [98]. Tem He menee, ahdek-
TUBHOCTH MHUKPOIIOJIUBA MOKET OBITh JOMOJHUTEIBHO YJAYUIIeHA ¢ IOMOIIbI0 HH(MOPMAIHH 00
OKpyzKalorieit cpesie u nmouse. B srom ciyaae BCC mpuMeHA0TCs B KauecTBe KOOPAUHUPYIOIIEH
rexuosiorun [45], [61], |64].

— Mownuropunr cucrem 3emieeus. B HacTosiiee BpeMsi B CEIbCKOM XO3AHCTBE UCIOIB3Y-
I0TCH pa3/INYHbIe YCOBEPITICHCTBOBAHHBIE CUCTEMbBI M YCTPOWCTBA. YIyUIIeHHAs CUCTEMA YIIPaB-
JIEHUS 9TUMH YCTpoiicTBaMu o0Jjierdaer oOIIyio paboTy M MMO3BOJIdeT 00eCIeYnuTh aBTOMATH3a-
U0 B celbeKoM xo3stiicTe [99]. Takke Takue cHCTEMBI YIAJEHHOTO MOHHUTOPHHIA MOMOTAIOT
YCOBEPINEHCTBOBATh yIpaBJeHHEe B KPYIHBIX CEIbCKOXO3IUCTBEHHBIX obJacTsax. Kpome Toro,
IpU BBOJIE JIONOJHUTEJLHON nHMOpMAINU, TAKOH KaK CIyTHUKOBbIE U300PazKeHUs U IIPOTHO3
Imoroapl, IpoOu3BOANTEC/IBHOCTL CUCTEMbBI MOXKET 6BITB yaydiieHa.

— Bopnwba ¢ BpepuTessaMu u 00JIE3HAMU: KOHTPOJIUPYEMOE MCIIOJIb30BAHNAE MECTUIUI0B U
yJI00peHuil MOMOraeT HOBBICUTH KadecTBO YpOxKasd, a TaKxKe MUHUMHU3UPYET CceOeCTOMMOCTD.
OJHaKO I KOHTPOJIA 3a UCIOJb30BAHUEM IMECTHIUI0B HeOOXOIUMO KOHTPOJHPOBATD BEPO-
SITHOCTH U TOSIBJIEHHE BpeauTeneil B KyJabTypax. UToOBl mpeacKa3aTh 3TO, TakxKe TpebyeTcs
urdopmarus 06 okpyzkawomem kiumare [60], [100], Takas kax Temieparypa, BIaKHOCTH H
ckopocTh Berpa. bCC MOXKeT caMOCTOATEIHLHO OTC/IEKUBATH U MPOTHO3WPOBATH TH COOBITHSI
B mHTepecyiomeit obmacru [101].

— Konrposimpyemoe ucnoib3oBanue yaIo0peHuii: pocT pacTeHU 1 Ka4ecTBO CeJTbCKOXO3dM-
CTBEHHBIX KVJIBTYD HAIIPAMYIO 3aBHUCAT OT HCIOJb30BaHUA yI0Opennit. OIHAKO ONTUMAJIbHAS
OCTaBKa, YIOOpeHU B HYKHbIE MECTa B TOJSX SIBJIAETCA CA0XKHON 3amadeii. Vcmonb3oBanue
y/I00peHuil J71s CeIbCKOTO XO3sHCTBA MOZKET KOHTPOJUPOBATHCS IIyTeM MOHUTODPUHIA U3MEHe-
HUsI B MMOYBEHHBIX IMUTATEIbHBIX BEIIECTBAaX, TaKNX Kak a30T, ¢pocdop, kaauit u pH. Cremona-
TEJbHO, TaKyKe MOXKeT OBbITh JOCTUIHYT OaJIaHC IUTAHUs ITOYBBI, U, CJIEJIOBATEJIbHO, KAUYeCTBO
CeJIbCKOXO3HCTBEHHBIX KYJIBTYD Takzke coxpansercs. B [102| 6buia usydena s¢dbdekTuBHOCTD
MOOMJIBHBIX Y3JIOB /I MOBBIIMIEHUsT TPOM3BOIUTEILHOCTH CEJILCKOIO XO3diCTBA B MHTE/LIEKTY-
AJIbHON CcHCTEeMe ¢ IPENU3HOHHBIMUA CIPESIMU.

— MonuTopunr ABUKEHHS KPYITHOTO POTATOr0 CKOTA: CTAA0 CKOTA, MACYIIEro MoJIe, MOKHO
KOHTPOJHPOBATH € MCIOAb30BanreM TexHoornn bBCC win paamoaacToTHONO HAEHTH(MUKATOPA
(RFID) [67], [103]. Takum 06pa3oM, MOHUTOPHHT JTI060r0 KPYIIHOIO POraTOro CKOTA B PEAJbHOM
BpEeMeHH, TaKzKe MOyKeT ObITh ocylnecTBieH. /lajiee 9Ta TeXHOJIOIUS MOXKET ObITh pealn30BaHa,
YTOOBI KOHTPOJIUPOBATD, IEPEMEIIaeTCsl JTU KaKOi-Tu00 KPYHIHbIH poraThiii CKOT BOJIM3U TOIei
pPaCTUTEJIbHOCTHU WUJIX HET.
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— Monunropunr kKayecTBa rpyHTOBBIX BOJ: yBEJIHYCHUE HCHOJIH30BAHUS YA0OpeHUN u 1re-
CTHIHI0B IMPUBOJNT K CHUKEHHIO KAadeCTBa I'PYHTOBBIX BOJ. PasmernieHne CeHCOPHBIX Y3JI0B,
HaJIEIEHHBIX GECIPOBOJIHON CBSI3BIO, MOMOTAET KOHTPOJUPOBATH KadecTBO Bojb [39], [104].

— MOHUTOPUHT MAPHUKOBBIX I'a30B: MAPHUKOBBIE Ta3bl U CEIHCKOE XO3SIHCTBO TECHO CBSA3a-
HbI JIpYT ¢ ApyroM. [lapHuKoBbIe ra3bl OTBEYAIOT 3a OBbIIIEHNE KJIUMATUIECKONR TeMIIepaTypbl
U, CJIEJIOBATEILHO, OKA3bIBAIOT HEMOCPEICTBEHHOE BANSIHEE HA CeJbCKoe Xo3daiicTBo. C apyroi
CTOPOHBI, BbI6pOCbI MapHUKOBBIX T'a30B IIPOUCXOJAT U3 PA3JIUIHBIX CeJIbCKOXO34dMCTBEHHBIX UC-
rourukoB. B [105] mpencrabiena pazpaboTKa CHCTEMbI Ha COJTHEYHBIX Garapesx GeCIIIOTHBIX
nerarenbubix anmnaparos (BILJTA) u BCC mias moruTopunra napaukoBbix razos — CH4 u CO2.

— OrciekuBaHne aKTHBOB: O€CIPOBOIHAS TEXHOJOIHUS, TO3BOISIONIAS TUCTAHIIMOHHO CJIe-
auth [106] 3a dbepmepekum obopyroBanuem. Pepmep MOKET OTCIEKUBATH MOJOKEHHE CEIbCKO-
XO34UCTBEHHBIX MAIlWH U CUCTEM IIOJIUBA U3 CBOEIrO JOMa.

- ZLI/ICT&HHI/IOHHOG yYipaBjeHnne m AUardOCTHUKa: C MOABJIECHUEM I/IHTepHeTa Bemeﬁ CcTaJin
BO3MOZKHBI INCTAHIIHOHHOE YIIPaBIeHHe U TUAIHOCTHKA CeMTbCKOX03SICTBEHHOTO 000PY/I0BAHNSI,
TAKOIO KaK HACOCHI, OTHE, 000TpeBaTesn, Kiananbl B MammHax [107], [108].

6. IIpoekTupoBanne BCC mig cesibCKOX03siiCTBEHHBIX MpUIOKeHuii. OcHOBLIBA-
SICh Ha IIEPEMELIECHUHI CeTEBbIX YCTPOWCTB M y3JI0B, MOKHO KJACCU(MUIMPOBATH CyIIECTBYIOIIKME
apxurekTypbl BCC nis cenbcKoro xo3sicrna:

— CranuonapHas apXUTEKTypa: B CTAIMOHAPHON apXUTEKTypPe CEHCOPHBIE Y3JIbl Pa3Mela-
10TCs B (PUKCHPOBAHHOM IIOJIOKEHHH, U B T€UeHHe CPOKa IPUMEHEHHUsI IPUIOKEHUs OHI HE Me-
HSIIOT CBOE ITOJI0KeHrne. Kak mpaBmiIo, TaKue TPUI0KeHHs, KaK CHCTeMa YIIPABJICHHS IIOJIUBOM,
MOHHTOPHMHI Ka4eCTBa TPYHTOBBIX BOJ M KOHTPOJb HAaJ HCIOIb30BAHHEM YIOOpeHmii, Tpedy-
0T CTAIMOHAPHBIX apxXuUTeKTyp. B takmx npmioxkenusx ¢ nazemuabimu BCC ceHcopHbIe y3/1bl,
cobuparorue naHHble, 00BIYIHO TmoMernaTea Had noaeM. Omxrako B mogsemubix bCC cencop-
HBIE Y3JIbI, COOMpAONINe JaHHbIe, pa3MelleHbl noj 3emeii. KpoMe Toro, Kak mokasaHo Ha PUC.
2, y3JIBI-COOPIMUKH MOTYT OBITH ITOMEINEHBI IO/ 3eMJIIO I cOOpa BCeX MAHHBIX ¢ ITOI3€MHBIX
CEeHCOPOB U ¢BsA3M ¢ BHemHuMHU HazeMubiMu BCC.

— MobunbHast apXUTEeKTypa: MOOMIbHBIE apXUTEKTYPHI BKIYAIOT B cebs yCTpoiicTBa, KO-
TOpbIE CO BPEMEHEM MEHSIOT CBOe IojozKenue. [IpumepoM npuiokeHuil, OCHOBAaHHBIX Ha TAKOM
apXUTEKTYpe, ABIIETCSI aBTOHOMHAs CETh TPAKTOPOB U (DePMEpPOB, UCHOIL3YIONUX MOOUIbLHBIE
TesiepOHBI, CJIYIKAIIUe /I CeJTbCKOXO3IHCTBEHHBIX OIIePAIIHii.

— I'ubpuanas apxurekTypa. B rubpuaHoit apxuTeKType IpUCYTCTBYIOT KaK CTAIMOHAPHBIE,
TaK ¥ MOOMIbHBIE Y3JIbl. Hampumep, 3TOT THII apXUTEKTYPhl IPUMEHUM K CeJIbCKOXO3SIHCTBEeH-
HbIM 1IPUJIO2ZKCHUAM, COCTOAILIMM M3 CTallMOHAPHbLIX I10JIEBBIX AATYUKOB, MO6I/IJIbeIX (bepMep—
CKHUX YyCTaHOBOK, II0JIb30BaTE/ei, NCHOJIb3YIOMUX MOOUAbHbLIE TeeDOHbI, U IePEeMEIIeHAs CKO-
Ta.

B 3aBrcHMOCTH OT THIIA CEHCOPHBIX y3JI0B H CBSI3aHHBIX C HUIMH YCTPOMCTB, CYIIECTBYIOIIAs
apXUTEKTYpa, HCIOAb3yeMas B CeJIbCKOM XO3AMCTBe, KIACCU(MUIIPYETCS CJIeAYIONUM 00pa3oM:

— OngnoponHast apxuTekTypa. Kax ciaeayer n3 Ha3BaHUS, OJHOPOIHAS APXUTEKTYPa BKJIIO-
JaeT B cebs CeHCOpHI, OCHAIEHHBIE YCTPONCTBAMU ¢ OIMHAKOBBLIM IIOTEHIHATIOM. DTOT THUII
CTPYKTYPbI OOBIYHO HCIOJIb3YETCH B MPHUIOKEHUSIX, OCHOBAHHBIX Ha HE3AIJTAHUPOBAHHBIX pa3-
MCEIICHNAX. B TaKUX O6CTOHT€JIBCTB&X CeThb pa3MellaeTCd T'JIaBHBIM 06pa30M AJ1d MOHUTOPUHTAQ
TpebyeMBIX ITapaMeTPOB CeJIbCKOTO X03siicTBa Ha MecTe. OTHAKO 9TOT THIT APXUTEKTYPhI HE HMe-
eT H60JIBIIOro pasHooOpasus B ILIAHE allllapaTHOTO obecredeHus cBsa3u. CJieI0BaTe/IbHO, CXeMbI
U IIPOTOKOJIBI CBSI3M pa3pabOTaHBI ¢ YI€TOM 3TOTO orpanudenus. OIHUM U3 TPHUMEPOB IPHMe-
HEeHHA TaKOI'O TUIIa apXUTCEKTYPbI ABJIdeTCd IIPUMEHCHUE C60pa CeJIbCKOXO3IHCTBEHHbBIX HJaHHBIX
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B OTHOITEHUH HCIOJIH30BAHNS MECTHIINIOB U M3MEHEHUs] KOJMYECTBa MUTATEIbHBIX BEIECTB B
HOYBeE.

— Heomnopoanas apxuTekTypa: B 9TOM THIIE aPXUTEKTYPbl IPUCYTCTBYIOT PA3JIHIHbIE TH-
bl CEHCOPHBIX Y3JI0B M YCTPOMCTB. DTU YCTPONCTBA PA3IUIAIOTCA B BBIMHCIUTETHHOW MOIII-
HOCTH, IaMATH, YyBCTBHTEJILHOCTH IIpHeMoInepeaaTdnkoB. HanpumMep, B Jit06OM IPUIOKEHUH
YVIPAaBJICHHS MOJUBOM CEHCOPHbBIE Y3JIbI IePeIaloT CBOIO cOOpaHHYI0 HHAMOPMAIMIO HA TJIABHBIH
WIH TPUEMHBIH y3es, KOTOPhI CHOBa mepejaaeT HHMOPMAIUIO yAaJIeHHOMY IOJb30BaTe 0. B
TOM cJjiydae y3es 0a30BOi CTAHIUU CIHOCODEH OCYIIECTB/ISATD CBA3b B HECKOJIBKUX PEKUMaX —
RF n GSM. JIpyrum BO3MOXKHBIM MPHIOKEHHEM MOYKET OBITh MOHHUTOPHUHI CHCTEM BEJICHHS
CEJIbCKOTO X034iCTBA U OTCJIC:KUBAHIE CEJTbCKOXO34dMCTBEHHBIX aKTHBOB. Moje/b MPUIOKEHN,
HoKa3aHHas Ha puc. 1, n3o0paxkaeT HeOIHOPOJIHYIO apxuTeKTypy. Ha puc. 1 mosesoit cencop u
V3JBI-TILTIO3B UMEIOT pa3Hble KOHMHUTYPAIIHH.

ApxuTekTyphl KJIacCH(MUIUPYIOTCS [0 PA3JIHIHBIM KATErOpUsIM Ha OCHOBE HepPAPXHUH.

— OsHOYPOBHEBAsT APXUTEKTYPa: ITOT THI aAPXUTEKTYPHl HANOOJEe PacupOCTPaHeH CPeIn
CeJIbCKOXO034MCTBEHHBIX TTPUJIOYKEHN T, B 9aCTHOCTH, HEOOJABINMUX NPUI0KeHui. B sToM Tute ap-
XUTEKTYPbl yCTPOMCTBA Ha II0JI€ U CEHCOPHBIE Y3JIbl HEITOCPEJICTBEHHO IIePeIaloT CBOU JAHHBIE
Ha 06A30BYIO CTAHIIMIO, PACIIOJOKEHHYIO PSIJIOM € 00JaCThIO TPUJIOKEHHSI. DTOT THII apXUTEK-
TYPBI TAK2Ke HA3BIBACTCH €AUHON KJIACTEPHOU apXUTEKTYpPOU.

— MuoroypoBHeBas apxuTeKTypa. B MHOroypoBHEBOM apXUTEKType B 001eil nepapXuu Mpu-
JIO?KEHHH ecTh HeCKOJIbKO ypoBHe#. CeHcopHBbIE Y3JbI Ha I0JIE HAXOAATCA Ha 0Oojiee HU3KOM
YPOBHE HepapXuu u 00pa3yiT OCHOBHBIE KJIaCTephbl. BIocIe1cTBUN CIeIyIONe YPOBHU Hepap-
XUU BKJIIOYAIOT B ceOd HECKOJIBKO KJIACTEPOB JJId JIOCTYIa K y3/jaMm —Inio3am. Kak mpasBuio,
MHOTOyPOBHEBbBIE APXUTEKTYPhl COCTOST W3 HEOJHOPOIHBIX y3JI0B.

Ha puc. 4 nokazana MHOIOypOBHEBasl apXUTEKTYypa C TPeMsl YPOBHAMU y3JI0B-1LI11030B. ba-
30BbIit OJIOK ceTn (POPMUPYETCH KAACTEPOM, COCTOAIIUM W3 CEHCOPHBIX Y3JI0B U I'OJIOBBI KJ1acTe-
pa, HA3BIBAEMBIM Y3JIOM-TILTIO30M 3-T0 YPOBHS HA PUCYHKE. DTU y3JbI-TLII03bI CHOBA 00Pa3yI0T
KJIACTep € Y3JaMU-IILII03aMUA 2-TO YPOBHS B KadecTBe T'OJIOBBI KJjacTepa, H, CJIeJ0BATEIbHO,
Hepapxrsd BBIIOJIHSETCS UTEPATHBHO 0 TeX IOp, IMOKa He OyJeT JOCTUTHYTa yIaJdeHHad 0a30-
Basl CTAHIIHA.

7. Muposoii onbiT npumeneHuna BCC B cesibckoMm xo03sificTBe.

7.1. Qunukrosvie nasvmosvie cadv. IIocKOMBKY (DUHAKOBBIE TATHBMBI ABISIOTCA BAXKHON KOM-
MepUecKO# KyJIbTYPOii, MUPOKO KYJIBTUBHPYEMON B MOIY3aCYILINBBIX W 3aCYIJINBBIX PEruoHax
[122|, B mocsie e HECKOBKO JIeT OBLIN MpeIPUHITH OTPOMHbBIE YCHJIUS JIJIsl UCCIeI0BAHUSI
B3aUMOCBsA3€ei MeXKIy BOJOM /IS MTOJIMBA, POCTOM JEPEBhEeB, pa3MepaMu ILJIOIOB U UX KaYeCTBOM
[123-125|. BCC cranu noaxo sy nHCTPYMeHTOM s 3bOeK THBHOro ¢6opa U JOCTABKH JIaH-
HBIX B HAJBbMOBHIX cajax. B [126] npoBeseno uccienoBanne XapakTepUCTHK PACIPOCTPAHEHUST
u pacupejenenns curaaia B bCC B (pUHUKOBBIX MagbMOBBIX cajax. VI3mMepenust ypoBHS mpH-
uaroro curiasna (RSSI) nposoguauck ¢ anreHHamu, paboramonmmu ¢ auanazonoM 2.4 I u
pacnoioKeHubIMu Ha paccroduun 0,05 M oT cTBoJIOB. CpaBHUTEIbHBIH aHAJIN3 MTOKA3aJ, 9TO
JorapudMuuecKas MoJeIb ABIsIeTCsa Hanboaee TOUHOW U yIOOHOI cpean Bcex Mojeneit ocaab-
JIEHHUSI CUTHAJIa JIJId ITPOTHO3UPOBAHUS XapPaKTEPUCTUK PACIIPOCTPaHeHus OEeCIPOBOIHOTO CHUT-
HaJla HU3KOI MOIIHOCTH B cajaX (DUHWKOBBIX HajbM. JlagbHeiinine nuaMepeHust MpOBOANINCH
JIJIST UCCTIeIOBAHUS pACIPEIe/IeHUSA MOIITHOCTH HPUHATOIO CUTHAJIA BOKPYT OT/IEJIbHBIX CTBOJIOB
U MeXKJy caJaMHu pa3HbIX Bo3pacToB. g sKcrmepuMmenTa OBLIN B3STHI JIBa MAJbMOBBIX €aJa,
B OJIHOM HAXOJIUJIHUCH JECATHIeTHHE, B JIPYTOM ISITHAANATHICTHHE nepeBbs. Hame:kHblil aua-
[Aa30H CBA3H [I0Ka3aJ/ BO3PACTAIONLYIO TEHJCHIUIO C yBEeJIMYCHUEM BO3pacTa CcaJloB. boJsee Toro,
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Puc. 4. Ilpunoxkenne, OCHOBAHHOE HA MHOTOYPOBHEBOI apXUTEKTypPe

CTBOJIBI OTPHUIIATEIBHO BJIMSIN Ha PACIpOCTpaHEHHe CUTHAJA, & CHJIa IOMEX 3aBHCEIa OT OTHO-
IIEeHUs TOJIOKEHIS MeXKIy cTBoJaMu, anTeHHaMu Tx u Rx. Hakoner, ObLI# 1TaHbl KOHKPETHBIE
u noapobHble pekoMerganun 11 pasMernenns BCC B camax GUHUKOBBIX MMAJIBM.

7.2. ¥Ynpasaerue nosusom. B |75] onucanbr paspaboTka u pasMenienne aBTOMAaTH3HPOBAHHON
CHCTEMBI TOJIUBa, cocrodiieil u3 pacupeaenennoit BCC, y3na-nuo3a U yIajaeHHOTO cepBepa.
[IpoekT OBLT TOCBsIIeH BHeApenuio cucteMbl BCC, cmocobHOl COKPATUTDH HCIOJIH30BAHHE BO-
abl. B mannom uccaemopannn BCC cocTonT M3 CEHCOPOB, U3MEPSIONINX BIaXKHOCTH ITOYBBI U
TeMIEPATYPhI, MOIPYKEHHBIX B 3eMJII0 JJIsI H3MEePEeHUs [ToOKa3aTeaeil Ha pasHbIX MayOmHax. Y
Y3J1a-1ILTI03a €CTh BCTPOEHHBIE CPeJICTBa, Mojjiep:KuBatoriie cBa3b ZigBee [112-114] u GPRS.
OH TakKe MOXKET IPUHAMATH HHTEJIEKTYaIbHbIE PEIleHUs], TaKHe KaK aBTOMAaTHYeCKast aKTH-
BallUsl MOJIMBA, 3aBHCAIIAsS OT 3HAYCHHIl BIAXKHOCTU TOYBLI U TEeMIIEPATYPHI, MPEBBIIIAIOIINX
olpeJieICHHOE 1IPEJIONPE/IC/IEHHOE TIOPOrOBOE 3HAUECHUE. Y/IAJICHHBIII cepBep UCHOIb3YeTCs JIJis
XpaHeHHsi Beeil nabopMaimn n orobpazkenns nadopmanun B rpadbudeckom narepdeiice (GUI).
[TpenmyImecTBOM 3TOr0O TPUIOYKEHUST STBJISIETCS €I'0 CITOCOOHOCTH aHAJIN3a JaHHBIX B PEXKUME pe-
aJIbHOTO BpeMeHH. KOMIIOHEHTBI CUCTEMBI OIPEICIAI0TCS CJIeAYIOIMMIM 00Pa30M:

— Becnposoanbre cencopubie 610kn (anra. WSU): kaxaeiit WSU, pasmerieHubiii #Ha mose,
IMeeT YeThIpe PA3HBIX THUIIA KOMIOHEHTOB: CIEIUAJIbHbIE JATINKH, IPOIIECCOD, PAJINOIPUEMHIK
1 aKKyMyJadaTop. /s 9KOHOMHUH 3HEPruu MEUKPOKOHTPOJLIEP YACTO OCTACTCS B CISIIEM PerXKH-
Me. Ilamens commeunbix Oatapeil moakaI0vYaeTcd K KaxkaoMmy u3 WSU 11 moasapsakid CBOMX
barapeii.
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— Becnposoauoit nadopmanuonnsiii 6510k (anra. WIU): WIU neficTByer kak riaBHbI y3es
u cobupaer undopmanuio uz3 WSU ¢ ucnosb3osanueM Texnosoruu ZigBee. Bea nmonydennas
uHdopManms O BAAXKHOCTH U TeMIIepaType MOUYBBI CPABHUBACTCA € IIPEJIONpPeaeeHHbIMH I10-
POTOBBIMU 3HAUECHHUSIMU, U, JaJjiee, HACOCHl aKTUBHPYIOTCS B TeUEHHE PACCUUTAHHOTO IEPHOJIA.
[Tosrydenuble aHHBIE U JAHHBIE, CBSI3AHHBIE C TOJUBOM, COXPAHSIIOTCS B MPUKPEILIEHHONW TBEP-
JIOTeTBHON MaMsITH U MePeIAroTcsa Ha yaaaeHusbiii ceprep depe3 GPRS ¢ ucnosp3oBanuem mpo-
Tokosia mepegadn runeprekcra (HTTP). Hacocer ynpapisiiorcst aByMsi 9J€KTPOHHBIME DeJie.
[To komange WIU mMozxkeT ObITh H3MeHEH rpadHK MOJIUBA ¢ YAAJEHHOTO cepBepa, a Takxke WIU
OCHAIIEH KHOIKOM /I pydHOro mojuBa. PaccMarpuBaeTcss 4eThbipe Pas/IMIHbIX HPPHTAIHOH-
ubix gefictBust (MA) — pydHOii 110J1uB, Ipegonpe e/ eHHbI T0JUB, ABTOMATHYECKH [OIHB 110
pe3yabTaraM JaHHBIX O MOYBEHHON BJIAyKHOCTH, MO MEHbINell Mepe, OJHOTO CEHCOpPA, MOHWZKA-
IOIEroCsT HUZKe MOPOra, W aBTOMATHYECKHUI IMOJUB 1O Pe3y/IbTaTaM JIaHHBIX O TeMIepaTrype
HOYBBI, IO MEHbIIEH Mepe, OJIHOI0 CeHCOPa, IPEBBIIIAIONIEr0 MOPOT.

— ViaJjieHHblit BeO-cepBep: Ha cepBepe 0TobparkaeTcs olpeaeeHHbiil rpadpudecknit uHTEP-
deiic, KOTOPHIH BU3yaIu3upyer AaHHbe n3 Kaxkaoro WSU, obmero norpeb/ieHnss BOALI U THIIA
MA. Beb-npuiokeHne TakzKe IO3BOJISET IIOJb30BATEIO IIPIMO MPOIPAMMEIPOBATH 3aILTAHUPO-
BaHHbIE CXEeMbl IOJMBA U H3MEHSATH HMOPOrOBbIE 3HAYEHHS B 3aBUCHMOCTH OT THIIA U CE30HA
OCEBA.

Eme omnna npumep npumenenns BCC — BeG-caitt Smart Sensor: cucrtema Smart Sensor
Web (SSW), npeanoxkennas [127], BBOZUT HOBYIO T€XHOJIOTHUIO JJIsk HHTEJICKTYAJIBHON CEHCOD-
HO# BeO-CHUCTEMbI, H3MEPAIONIYIO IIOBEPXHOCTHBIA MPOMUIb BJIAKHOCTH HA INIyOMHE B IOJIEBBIX
ceHcopax. boranmueckuii cax Marreit Muunranckoro yaupepcurera B AHH-ApOope, Muunram,
ObLT BHIOpAH B KadecTBe pailoHa pa3MernieHusi CeHCOPOB Ha 1mmojie. CeHCOphl ObLIN Pa3MeIeHbl
JIJTST MOJIEJTUPOBAHUS MPOCTPAHCTBEHHO-BPEMEHHBIX U3MEHEHU T BIAXKHOCTH MOIBHI, 71T 0becIie-
YeHUs CIIyTHUKOBOTO HAOJIIOIEHHUS 3a BJIAXKHOCTBIO MMOYBBLI. UTOOBI CBECTH K MHHUMYMY OOIILYIO
CTOMMOCTH M 9KOHOMUIO SHEPIUHU, aBTOPHI IJIAHUPYIOT BHIOOPOYHO 0TOOparKaTh JAHHBIE CEHCO-
pOB.

Sensor Web, pyKOBOJCTBYeTCSI HHTELJIEKTOM CUCTEMBI YIIPABIEHUSI JIJIST BHIOOPA OMTUMAJIh-
HO¥ cTpaTeruu BbIOOpa CeHCOPOB. 3ajada IMOUCKa OIITUMAJIBHOM CTPATerui U OIIEHKHU IIapaMeTpa
MOJIETUPYETCS ¢ UCHOIb30BAHUEM YACTHIHO HabI10JaeMoro MapKoBCKOro Ipomecca mpUHITHS
pemennii [128]. HeckoabKo y3/710B IPUBOIA PA3MENIAIOTCS ¢ HECKOJIBKAMHU CEHCOPAMMU, PaCHO-
JIOZKeHHBIMU Ha, pa3Hbx riayomuax. [locse mosmydenuss mokasaHuit OT MPUBOIOB MEHTPAIbHBIN
KOOD/IMHATOP OIEHNUBAET MPOCTPAHCTBEHHOE M3MEHEHUE BJIAYKHOCTH MOYBBI. 3aT€M KOOP/IMHA-
TOp CcTpouT rpaduk Oyaynux uamepenuit. Takum o0pa3oM, KOOPIMHAIIMOHHBIN y3€J1 HCIIOIb3YeT
HPOCTPAHCTBEHHO-BPEMEHHYIO KOPPEJIANHNIO BJIAYKHOCTH TOYBLI U ONTHUMAJIBLHO OIEHUBAET ee C
YMEHBIIIEHHBIM YHCJIOM U3MEpPEHHil.

B [129] npencraBiena aBromaTnyueckas cucTemMa OTOOPOYHONO IMOJHBA, TpeTHA3HAYEHHAS
JIJIS YCTPaHeHHs JIpeHazka XBOCTOBOM BOJIBI IIPU BbIPAIUBAHUY JIONEPHBI. PaboTa BBIOJIHEHA
Ha, WIOHO-CYIVIHHHCTOH mouse oso B kammyce UC Davis, Kasudgopuns, CILIA, rie monepra
CUUTAETCsI KYJIBTYPOil, MoTpebidioliei 60IbII0e KOJIUIECTBO BOALI. PaHbIle 471 9TOro ypoxKast
UCIIO/Ib30BAJICS MeTO HaBoaHeHUs. OIHAKO CTOK BOJBI CHUKAELT I(PHEKTUBHOCTH STOTO METO-
na. g perenus 3To#t npodjeMbl aBTOPHI pa3padoTaiu OECITPOBOHYIO CEHCOPHYIO CHCTEMY,
KOTOpas IIPeIoCTaB/IsgeT HHPOPMAIUIO O MOJIUBE OT JAJbHEro KOHIa moJid. Peanusamus cucre-
MBI OCYIIIECTB/IACTCA IIyTeM IPUMEHEHUs MOJIC/IH ITPOJABUKEHUS BOJIBI K TI0JIEBOMY Pa3MeIleHUIO
Hapbl CEHCOPOB ¢ COTOBOII ¢BsA3bI0. PepMmep-uppurarop noaydaer SMS-yBegoMmaeHne 0 BpeMeHn
OCTAHOBKH ITOJTHBOYHON CHCTEMBI.
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B pabore [130] omucana cucrema ynpapieHust MOJIHBOM JEPHA, KOTOPas CO3JaHa JJisl MPeI0-
craBienud 3PGEKTUBHBIX PeIleHuil yIipaB/JIeHis BOJHBIMUA PeCypcaMu 110 JIOCTYIIHOM IeHe. 9To
obJladHasi CUCTEMa, YIIPaBJICHH, B KOTOPOH pacCMaTpHBAIOTCS Pa3JIMYHbIE IMapaMeTPhl I0JId,
rakue Kak Evapotranspiration (ET), morogmbie ycjioBus, TOTOK BOJAB W yreuka. locTym K
YIIPABJICHUIO MPUJIOKEHUSIMUA BO3MOYXKEH € JIIOOOTO KOMIThIOTEPA, ILJIAHIIeTa Wil CMapT(OHA.

7.3. Monumopunre eunoepadnuxos. PaccMOTpUM IIPUMEHEHHE IMHPOKOMACIITAOHBIX U MO-
OMIBHBIX BBIIUCIUTEIHHBIX TEXHOJIOTHI B MOHUTOPUHTE BUHOTPAIHIKOB JI1sT TIOBBITIIEHUST Kade-
CTBa IIPOAYKIHUKU 1 CHUZKCHU A Ce6eCTOI/IMOCTI/I IPOAYKIHUU U BJIMAHMLA 3&6OﬂeBaHI/HU/I, CBA3aHHBIX
¢ KyJabTypoii. B KadecTBe mpuMepa Bo3bMeM HCCIeq0BaHue [57|, MOCBSIEHHOE MOHHUTOPUHTY
pou3BOACTBa BUHOrpaaHuKOB. Pasmemnenne BCC momoraer omeHNTh H3MEHYHBOCTD MTapaMer-
POB CEJILCKOTO X03sCTBa Ha Beelt Tepputopun. [lepBonadanbio Ha IepBOM dTalle aBTOPHI Je/IAT
IpeJIMeTHBIH JlaHamadT Ha HECKOJIBKO pasHbiX 30H (30Hbl A, B, C) Ha ocHOBe reorpaduyueckux,
METEOPOJIOTHYCCKHUX U ITOYBEHHBIX KapT. Ha dTalle IJIAaHUPOBaHUA CETU HaI/I6OJIee IIOAXO AT AA
apXUTEKTypa BbIOMpaeTcd Ha OcHOBe TpeboBaHuil mpuaoxkenus. Pazmep obacTu 00beKTa Co-
craBisti 600 M X 450 M, a pasHble CeHCOPHI ObLIN TMOMeIIeHbl B pa3Hbie 30HLI. Hampuwmep,
aBTOPBI IIPEJIIION0KIIN, 9TO B 30He C OYAyT pasMenieHbl CEHCOPBI, U3MepsIoNIne TeMIIepaTypy,
BJIAYKHOCTh, BJIAYKHOCTH IIOYBBI, OCBEIIEHHOCTH U ypoBeHb pH. B 30max A u B, coorBeTcTBeHHO,
ObLJIM YCTAHOBJIEHBI CEHCOPDI, U3MEPSIOIIUE TEMIIEPATYPY, BJAAXKHOCTH U TEeMIIEPATYPY OKPYKa-
I0ITel Cpebl, & TAKZKe CEHCOPBI ocBereHHocTH. [Ipeamonsaraercs, 9T0 CEHCOPHBIE Y3/l UMEIOT
jguanaszon nepegadn 7H—100 M. ¥Y3/bI B pa3HbIX 30HAX 00pa3yloT MexKIy cO0Oi BUDPTyaJIbHYIO
JIPEBOBUIHYIO CTPYKTYPY, U BOCIIPHHUMaeMas HH(OpMaIus J0CTUTAeT y3/1a-IILII03a 110 IYyTH C
HECKOJIbKUMHE MEePEX0IaAMHU.

PaccvarpuBatorcst 9eTbipe THTIA, Y3JI0B — CEHCOP, MTPUBO, N3OBITOYHBIE Y3/IbI U y3e/I-TILT03.
CeHCOpBI MOT'YT TOJILKO COOMPATH JIaHHbIE, & HH(MOPMAIAA HAIPABIACTCA Ha Y3e-IILITI03. Y 3/15I
HPUBOJA CHAOXKEHBI IIPUBOIHBIMU CUCTEMAMH MOJIUBA. [IpHBOIBI TaKKe MOI'YyT pearupoBarhb Ha
3aJaHHBIe KOMAHIBI O IIAHUPOBAHUHT MOIUBA. VI30BITOUHDIE Y3/IbI IOMOTAIOT B MAPIIPY TH3AIINH
nHdOpMAIE U UMUTUPYIOT (DYHKIIMOHAJIHLHOCTh HEUCHPABHBIX Y3JIOB. Y3€J-TLII03 jJeficTByeT
KaK MOCT MeXKJy CeThbio n 6a30Boit crannueii. Ha mpoToko MapiipyTu3anmn BO3/JI0KeH BhIOOD
JIUIIEro cocejiHero yaja. CxeMa MaplIIpyTH3AIUU TaKKe MOXKET YIUTHIBATH HEOOXOTUMOCTD
PAIIMOHAILHOIO HCIIOJIb30BAHUSA SHEPIUHU, U B TAKOM CJIyYae IUArOHAILHO PACIIOIOKEHHbBIE Y3JIbI
He BBLIOMPAIOTCS IS CJIeIYIONEro mepexoa.

7.4. Tounoe semaedenue. ToaHoe 3emiteresine Hale/IeHO HA MOBBIIIEHHE IPOU3BOUTEIbHOCTH
U CHH2KEHHe 3aTpaT. BecnpoBogHbie TUHAMUYECKHE U CEHCOPHBIE CETH UCIOIB3YIOTCA B TOTHOM
CeJTbCKOM XO3sI#iCTBe 711 cOOpa MOJIEBBIX JAHHBIX, KOTOPBIE 3aT€M MOXKHO MIPOAHAJIM3UPOBATH,
LITO6bI HaUTH Haujiydaiue yCJOBUA Jid BEACHHUA CEJILCKOI'O X0349iCTBA.

B uccienopannu 54| aBTOpBI MPeIOKUIN UCTIOTH30BATH BUIEOHABTIOIeHHE JIJIsT KOHTPOJIS
UCIOTB30BaHUS YI0OpeHUil B CeMbCKOXO3sicTBeHHOM obmacTu. 3amadeil paboThl OBLIO COXpa-
HeHne 3Heprodd@EKTUBHOCTU W COKpAaIlleHue HMCIOJIb30BaHusl y100peHuili B npousBojicTee. B
JaHHON paboTe JPOHBI pACIMpeHHOH peadbHOCTH (aHTA. AR) HCHIONB3YIOTCS TSl BUIEOCHEM-
ki Ha noje. OCHOBBIBasCh Ha IOJYYEHHOM BHJEO, CUCTEMa UJIACHTU(DUIUPYET U TeOHO3HPYeT
COPHSIKH, IPUCYTCTBYIOIIHME B Tosie. HakoHell, cucTeMa pacubLIATe s VI0OPeHU IPUBOIUTCS B
neficTBHe Ha OCHOBe 00pabOTAHHOI JIOKAJIU30BAHHON MHMOPMAIMU O COPHIAKAX B MOJIAX.

Ha puc. 5 npejcrasiien 0030p CUCTEMBI, TOKA3bIBAIONIUI B3aUMOIeHCTBIE MEXKTY OECIUIOT-
HBIMU JIeTaTeIbHBIME anmaparamu AR, HeHTpaIbHOl CHCTeMO U pacIbLIATEISIMEA yI00peHui.
31ech HabIIOMaeMas IJIOMAb MO cocTaBaana 17 M Ha 15 M. BecimmoTHbie eTaTeIbHbIE all-
naparbl 00pa3yloT JMHAMHYECKYIO CeTh MeK/1y co00il n nenrpaJibuoii cucremoii. B aroii pabore
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Puc. 5. O630p cucrembl BUACOCHEMKH HA, OCHOBE CHCTEMBI TOUYHOTO 3€MJIEIEITUS

HPUMEHSETCH TPOTOKOJ MapIIpyTH3alul ¢ (PUKCUPOBAHHON CBA3BIO JUId Tepejgadn uHpopma-
IIUU OT TIOJIEBBIX OECITUJIOTHUKORB B IIEHTPAJBHYIO CUCTEMY B PEYKUME PeaibHOTO Bpemenu. Kpo-
Me TOTO, JPOHBI U JpyTHe yCTpoiicTBa ocHaIeHbl BcTpoeHHBIM GPS-HaBUraTopoMm, KOTOpPBIit
MO3BOJISIET OOHOBJIATH KAPTY TMOJIETa U BBIYUCIATH PACCTOSHUE MEYKIY YCTPOMCTBAMU.
Bugeokaapbl, ToJiydeHHBIE OT JIETAIONIMX OECHUJIOTHBIX JIeTAaTeJbHBIX alllapaToB, 00-
pabaThIBAIOTC W TPUBA3BIBAIOTCA HO TeorpaduiecKUM KaHAJaM B IMEHTPATbHOI cHucTeMe.
Ocnopannas Ha OpenCV?2 miardopMma ucnoab3yeTcs s pacio3HaBaHus COPHIKOB B IOJIEBBIX
ycsoBusx. MecTa COpHIKOB B TIOJIe IePeIAIOTC HA OMPBICKUBATETH YI0OPEHUIT, KOTOPBIE TOYHO
OIPBICKUBAIOT COPHAKHU yo0perusaMu. Takum 0O6pa30M, UCIOJIb30BAHUE ITOH TEXHOJOTHH YBe-
JauBaeT 001y 3 PEeKTUBHOCTL TPOU3BOACTBA IIPU COKPAIIEHUH UCIOIb30BaHUs YI00peHmit

[131].
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