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OT3f,IB
3apydelKHofo Hayq Hofo KoHcyJrbraHTa

PhD, accoqunpoBaHHoro npo{eccopa arpapHo-IrHAycrpl{aJrr,Horo 0aKyJrr'Tera
Pyceucrcoro yH rr Bepcurera @Hr n uoebl Ma pra pI{TKI{ Bacu,re nsI

Ha Aucceprarlr{oHuyro padory PhD AoKTopaHTa Tornc6aesofi AfiuypsI
Myxra poBHbr Ha reMy <<Parpa6orna IT-TexHoJro rH I{ I{ HTeJrJreKTyaJr bHoro

?KOJI O f rrqecKo f o MoHnTo pr{H f a a f posKoc rrcTe M bI rIJroAo BbIx KyJr bTyp B

ycJroBr{flx rcfo-BocroqHofo Kataxcraua>>,
rrpeAcraBJreHHyro Ha corrcKaHHe crerleHH AoKTopa QunocoSHIa (PhD)

uo o6pasoBarerrbHofi 'nporpaMMe 8D05204 - <<3rco,roruq>>

O6ocnoeaHue aKTyaJrbHocrlr BbrrroJrHeHHblx pa6or, eti :uaquMocrl{ A,'Ifl
conpenaeuuofi HayKr{ tt rpaKTrrKu. ,{uccepralll4oHHax pa6ora PhD AoKropaHra
Torrac6aeeofi Afiuypsr MyxrapoeHu rocBsLqeHa pa:pa6orr<e lT-rexnoJIorl4tt
uHTeJrJreKTyaJrbHoro gKororr4rrecKoro MoHI4TopI{Hra arpooKocacreMbl q6roHeerrx

caAoB B ycnoBr,txx roro-BocroKa Ka:axcraua. VIzlpauuat. TeMa I{ccJIeIoBaHr4fl

3arparrrBaer oAHy r43 KJtorreBbrx 3Konornr{ecKr{x upo6nenr coBpeMeHHocrl4

o6ecne.reHue ycrofruznoro SyuxqraoHnpoBaHI4q arpooKocl4creM B ycnoBurx
H ap acraro rq efi rru rt arl4 q e cK o ft ye q a6uJIbH o crl4 .

llpe4ropHa{ 3oHa 3 aunufi cr<oro Araray, rAe pac[ono)Keu 3Kcnepuueuraltntrfi
yrracroK (cero Typreu, AruaruucKaq o6racrb, Bblcora 980-1020 nr HaA ypoBHeM

rr,ropx), xapaKTepr43yeTcfl, cor{eTaHr{eM BblcoKoro npOAyKTI4BHofo noTeHIII{ana

nnoAoBbrx Kynbryp ,r uapacrarorqefi KJII{MarHrIecxofi yfl3Br{Mocrlt. 3a [eprroA
rrccJreAoBaluuir, (2021-2024 rr.) cpeAHeroAoBaq reMneparypa Bo3Ayxa npeBbIIxaJIa

KJrr4Marr4qecKyro HopMy ya 2,6-3,7 " C, a 4eSuqrar ocaAKoB 3a BereraquoHur,lft n epl4or

Aocrr{raJr l5-30% orHocrrreJrbHo cpeAHeMHoroJlerHr{x gHaqeHufi. I{acrora

rro3AHeBeceHHrrx 3aMopo3KoB yBenlrquJlacb sa 35oA 3a nocneAHee trecsrl4Jlerrle, r{To

o6yc:roenrrBaer rrorepr4 ypo)Ka-s or 15 :fo 70o/o s 3aBl4crrMocrr{ oT roAa. B erux
ycnoBr{rx BHeApeHr{e qu$poBbrx rexHororufi MoHIrropI{Hra 3Kocl4creM tBrl{ercfl
ueo6xoAnMbrM r{HcrpyMeHToM Anfl orrrIlMH3aIII4I4 yrlpaBneHl4q arposKocucreuoft.

Cne4yer noAr{epKHyrb, qro a6coruorHoe 6omurHncreo cyrrlecrByrou{I4x

peurennfi s o6racrn [HTeJrJreKTyarrbHoro ceJlbcKoro xo:sficrea (FarrnBeatsn CropX,
Pessl Instruments) opr4eHrrrpoBaHo Ha KpyrrHrle 3epnonpor{3BoA{rr{He xogqficrea

Ceeepnofi Auepuru H 3anaAsofi Eeponnt. KounneKcHat cucreMa MoHI4ropI{Hra,

r4HTerprrpyrcqar Ha3eMHbre IoT-Aar.{HKI4, c[yrHHKoBbIe 
. AaHHbIe /{Hcr€trruuoHHoro

3oHAHpoB aHufl. 3eulu v anropr4TMbl Ma[II4HHoro o6yueuu-a v yql4TblBarouas

Su:rzonorr4r{ecKr4e oco6ennocrH MHoroJIerHI4x IrrIoAoBbIX nacaxAeguta B

3acyunrrBbrx pernoHax I{eHrpa:nno-A:narcKoro cySxonruHeHTa, paHee He

co3AaBanacb. ,{aunoe o6croqreJlbcrBo orpexenqer 6e:ycnonHyn aKry€ulbHocrb

Ar4 CCepraIII4 OHH Of O I4C CneAOB A:HVrfl .
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Teua Al4ccepraulru coorBercrByer npr4opr4TerHbrM Ha[paBneHHqM Crparerun
<Ka:axcralr-2050>, HaquoHturbHoro rrpoeKra <<Xacrr-ir I(asa4crau> n I-{e:rru
ycrofivueoro pa3Brrrltfl OpraHzsaqnz O6relnHeHuux Haqufi B o6lacrv
rrpoAoBonberBr4fl) BoAHbrx pecypcoB rr sKocrrcreu (SDG 2,6, 12, 15).

TeopernqecKoe 3HaqeHlre pa6orrr. TeopernvecKar 3Har{nMocrb

AI{CCepTaIII4II OIIpeAen{eTcfl KOMTTJTeKCOM B[epBbre noryr{eHHbrx HarrHbrx
pe3ynbraroB. ,{orropaHrou pa:pa6oraHa rxecrr4ypoBHeBa-s IoT-apxureKTypa
MoHI4TopvHta (MOM SENSOR), aAarlrrlpoBaHHar K cueqn$ur<e MHoronerHr4x
nJloAoBbrx Kynbryp: ceucopuufi ypoBeHb (ESP32 + SHT31/BME280/DS18820),
ypoBeHb nepeAar{r AaHHbrx (MQTT/HTTP qepe3 GSM/GPRS),
reorpocrpaHcrBeHHoe xpaHr,rnuue (PostgreSQl 15 c pacrulrpeHr{-f,Mr4 TimescaleDB u
PostGIS) ) aHalrrrru'aecKnf4 Motrynb MT,, MoAynb cnyrHrrKoBoro MoHr4Topr4Hra
(EOSDA Crop Monitoring, Sentinel-2) u o6pa:oearemnufi ropran.

Paspa6oraH ua6op pt3 rrflTu [peAr{KTrrBHbrx Ml--vrolerefi , opueHTrrpoBaHHbrx
Ha rlporHo3 arpoKlrr4Marr4qecKr4x yrpo3: nporHo3r4poBaHue 3aMopo3KoB (Random
Forest, F1 : 0,64, AUC-ROC : 0,82, roptr3oHr 24 ..raca), oqenxa BoAHoro crpecca
(Gradient Boosting, R2 : 0,85, ropr43oHr 48 qacos), oqeura pucKa :a6olenallufi
(Logistic Regression,, AUC : 0,78, ropr{3oHr 72 uaca), onruMu3arlr4r oporxeHvfr
(MLP, MAE : l5o/o, ropl43oHr 7 gyeft) u nporHo3r{poBaHr4e aKrr4BHocrrr BpeAr4relefr
(Gradient Boosting, AUC :0,72). Motreru r{HrerpnpoBaHbr c AaHHbrMu loT-4arqr4KoB
Iz crIyrHI{KoBbrMr4 BererarlzoHHbrMr4 r4HIeKcaMu (NDVI, NDWI, MSAVI, NDRE) n
eAHHyro cvcreMy rr.oAAepxKr4 npr4Hrrur peureuufi .

B qucle 3Har{I{MbIX TeoperrrrrecKlrx pe3ynbraroB - BbrqBreHHbre BrrepBbre

3aBl4cl4Mocrrr BoAHofo 6atawca frorrBbr, 3apelr4crpr{poBaHHbre 6:raro4apr
KpyrnocyrotlHoMy IoT-uonurop14Hry. Iulurerpamurrfi Bererarl14onnsrfi r4HAeKc

iNDVI rpoAeMoHcrpr{poB€Ln recHyro cBq3b c ypoxafiHocrbro (r:0,91, p < 0,01);
I4HAeKc NDWI oKa3arrc{ BbrcoKo cKoppenr4poBaH c r43MepeHnflMrt [or{BeHHoit waru
AarrruKaMu (r:0,81).3ru pe:y.rrbrarbr BHocqr cyrqecrBennrrfi BKnaA B pa3Br4Tr4e

MeTOAOIOInI{ SKOJIOTZqeCKO|O MOHI4TOp}rHfa afpOSKOCI4CTeM r{ CO3trarOT Hayr{Hy}O

ocHoBy Anq nepexoAa r qu$ponoMy yrpaBJreHrto caAoBoAcrBoM.
flparcruuecKaq 3Haql{Mocrb pa6orsr. llparruuecKa.s ueHHocrb

rrccneAoB a]Hr4fl no4rnepxAeHa KoHKpeTHbrMr{ KoJrrr.recTBeHHbrMH pe3yJIbTaTaMr4,

nonyqeHHblMlr Ha 3Kcrrepr4MeHTaJrbHoM yrracrKe rrnoqaAbro 10 ra (uemrpe copra
q6roHra: Golden Delicious 40oA, Auepur<asrca 30oh, Aropr 20yo, Cranrupeuxo 10%).
3a uerurpexreruufi neprloA 3r(cilnyaratl:vtv (2021-2024 rr.) cerr H3 qerbrpex IoT-
craHuufi o6ecnequna cSop 6oree AByx MHJrJrr4oHoB reneMerpr4qecKHX H3Mep9ur,rfr;

cpe4uzfi noKa3areJrb rroJrHorbr BanI4AHpoBaHHbrx .{aHHbrx Aocfl4r 96,5o4, a

Koe$Qrzur4eHr AocrynHocrrr cepBu ca * 97 ,2oh.
llpraueHeurae lT-rexHonorrrrl o6ecnequno: yBeiruqeHue ypoxafinocr?r s6:ronu

Ha rrerBepru (c 168 lo 2I2 rJlra), cHI{)KeHI4e o6lenoB r4ppnrauHoHHoro no4o:a6opa c
6,2 go 4,6 rt;c. wf lra, yMeHbrxeHr4e r{Hcra xnMr4qecKrlx o6pa6oroK c BocbMH Ao rrrecrrr
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3a ce3oH, verrrpexxpaTHoe coKparueHr4e rroTepb uoAosofi npoAyKur4r4 oT
rIo3AHeBeCeHHI4X 3aMOpO3KOB, a TaKXe [onoxr,ITenbHyro EulraM:aKy rror{BeHHOTO
rnolopoAr4fl - rpHpocr ryMyca c 3,78 4o 4,02o/o v atTtrBrr3arlr4ro 6uororlr.recKr4x
npoqeccoB B rrorrBe ua34-50oh.

SxououtzqecKa-fi e$sexrranHocrr, IT-rexnoJrorr{[ Bbrpa]Kaerc.s B
penra6enbHocrl4 | 3960 , cpoKe oKynaeMocrr.r MeHee orHoro Mecrqa 14 coBoKyrrgoM
roAoBoM 3KoHoMuqecKoM e$Serre 16 128 rblc. reHre Ha 10 ra. 3ru noxaiut.r'
roKa3brBaror 6e:ycnonnyro qerecoo6p€BHocTb BHeApeHru pa:pa60rr<ra B
nporI3BoACTBeHHyIO npaKTI4Ky CaAOBOArrecKr{x xosqftcrn roro-Bocrorca Ka:axcraHa.

vcraHonneua orrl4M€ulbHa-q .4o3a BHeceHr4-s rr4Aporen{ AQIJASORB (40
r/4epeno), o6ecneur4Baror\aflMaKcl4M€urbHylo upn6aexy ypox{ar npr4 sKoHoMrE.{ecxofr
qelecoo6pa3Hocrl4. Pa:pa6oraHa MeroAr4Ka pa3MerrleHrrr IoT-craHuzfi Anfl
rrHTeHcI4BHoro caAoBoAcrBa c peKoMeHAyerr,tofi [norHoerrro 0,2-0,5 crauqufilra.

focronepHocrb kt roqHocrb HayrrHbrx pe3yr,rbraroB. {ocroeepHocrbronyqeHHbIX pe3ynbraroB o6ecneqeHa rIpI4MeHeH14eM coBpeMeHHbrx MeroAoB
I4ccJIeAoB auwit kr craHAaprI{3I4poBaHHbIX Mero4rzx. TovHoat" no*u zauwitloT-cranqufi
IIOATBep)KAeHa CpaBHI4TeJIbHbIM aHa,tH3OM c traHHbIMI4 MeTeOpOnOrI4r{eCKOfO trogTa
<Ka:ru4poMer)), paclonoxeHHofo e l2 rla or yrracrKa: ;1rrfl TeMneparypbr Bo3Ayxa
nonyr{eH r<oe$$rzqneHT Koppentqvrn 0,98,rnq orHocurenbHofi eraxHocrrr - 0,95, vro
cBrrAerenbcrByer o Merponorl4r{ecKofi ua4exuocrl4 ceHcopHoit ceru. CrarucrwtrecKa{
o6pa6orxa raHHbIX rlpoBeneHa c oqeur<ofi rocroBepHocrrr npu Svo-now ypoBHe
3Haql'rMocru (HCPot). 3r<cnepI4MeHTbI BbIrIoJrHeHbr rro MeroAHKe B.A. locn"^ouu .
r4cnonb3oBaHHeM ll{Clepcr4 oHHoro a]F'aJru.r3,a.

Pe:ylmarbr r{ccJreAoBaHr4r Harrrnr4 orpaxeHr{e s l1 uay.lHrrx ny6lnx arJlrflx.
{ee z: HrIX pa3MeqeHbl B pelleH3r4pyeMbrx )KypHarrax 6asrr Scopus - J. Biodiversity
and conservation (rnaprznb el) ^ I. water and Land Development; eqe ABe - B
r434aHr4flx, peKoMeHAoBaHHbtx KOKHBO. KpoMe roro, Marepr4€urbr AonoxeHbr Ha
ceMI'I Mex{AyHapoAHbIX rcou0epenqntx B VIcr'awuu, fepnaaHavr) Eolrapug rr
Ka:axcrane.

Jluquoe yqacrre aBTopa. ,Aorropanr Torzc6aeea Afiuypa MyxrapoeHa
o6"rra4aer o6uurpuuMlr.3HaHLrflMrt I4 HayqHbrMr4 r4HTepecaMr4 e o6racrq 3KoJrorr{r{,
raH$opva[uoHHblx rexno.trorzfi h ceirbcKoxo:qficreeHHbrx HayK. IIH.{Hsrff -;";;
AoKTopaHTa oxBarblBaer nolnrrfi qI{Kn I4ccneAoB aHkrfl: or fipoeKTtrpoBar{r4_f,
anraparHo-rlporpauuuofi apxl4reKrypbl (MOM SENSOb> n ilocrpoeHr{t
reo[pocrpaHcrBeHHofi 6asbl AaHHrIX 4o o6yveH:afl kr eanuiarlnrr rrflTpr Ml-nro4enefi,
HacrpofrrH I4HrerparJr4hr co cnyrHlaronoft nnar$oprraofi EOSDA, pa:pa6orrz ne6-
nopTana' a TarcKe caMocTotTeJlbHoro [poBeAeHuq qeTblpexneTHero lroJreBoro
3KcrrepuN,reHra c rrocneAynuefi crarucru qec Kofi o6pa6orrcofi lu"no,*.

Heo6xoAHMo orMerIITb, r{To Bo BpeM-s o6yrenrar B troKTopaHType Tor6c6aeea
Afinypa roA MoI4M pyKoBoAcrBoM rlpoxoAr4na HayqHyto ,tu*rupo"uy n,pycegcxora
yHl4Bepcurere I4Mesu Aurera KrH.Iena (Bontapvs, r. Pyce) c 14 nox$ps no 15
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4erca6px 2022 roAa. CraNraponra 6una opraHu3oBaHa rnfr o3HaKoMJreHVfl c
coBpeMeHHbIMrI MeroAaMI4 pa:pa6orxu sKonornqecKoro r4HTenJreKTyiurbHoro
MoHI4TopvHta IT-rexnoJIorI4I4 arpooKocr4creMbr vr MeroAaMrr 3KoJrorr4qecKux
rrccileAoBatruit flor{B u pacteuufr. loxropaur floAorxna K BbrrroJrHeHr4ro 3aAaq c
I{cKJlrorrl4relrnofi orBercrBeHHocrblo, [po{Br4Jra vr]Ht4t\varLrBy u caMocrorreJrbHo
atrarlTupoBarra MeroAonorl4r{ecKl4e [oAXoAbr K cnequ$uqecKr4M ycnoBrrf,M roro-
BocroKa Ka:axcraua. llo pesy"rrbraraM craxr4poBKr4 6rrna noAroroBJreHa crarbfl,
npeAcraBJreHHat Ha Mex4yHapoluofi uay.+rofi xoHsepeuqrzra PyceHcxoro
yHHBepcilTeTa.

3arclroqeurae. B ueJIoM, AI4cceprarlnoHHar pa6ora PhD AoKropaHra
Torrac6aeeofi AfiHyprr Myxraponuu Ha reMy <Pa:pa6orr<a IT-rexuoJrorr4rl
I4HTeJIJIeKTyanbHOfO SKOJIOfr4r{eCKOfO MOHHTOpr4Hfa arpOSKOar4creMbr rrnoAoBbrx
Kynbryp B ycnoBrrtx roro-BocroKa KasaxcraHa)) f,B.rrsercr 3aBeprudHuHu HayqHbrM
rrccneAoBaHI4eM, BbInoJIHeHHbrM Ha BbICOKOM MeTOAI4qeCKOM ypOBHe, OTJIrrqaIOqI4MC.t
aKTyanbHocrblo, o6la4arorqult 3HaqHTeJnHoft Teoper[qecr<oft v [paKTHqecxofi
3Har{I4Mocrbto. Pa6ora coorBercrByer rpe6onanvflM) [peAb{Bn-seMbrM K

Alrcceprallrr{M Ha coHcKaHI4e crerreHrr AoKropa $nloco@uu (PhD), a 4or<ropaHr
Toruc6aena AftHypa MyxrapoBHa 4ocrofiHa rrplrcBoeHux yvduofi creneur4 AoKropa
$anocoSura (PhD) uo o6pa-:oBareJrbHofi nporpauue 8D0 5204 * 3rororuq.

Ha ocnoBaHnpr Bbrrrrerr3Jro)KeHHoro peKoMeHAyro Ar{cceprarlr{oHuyro pa6ory
Tornc6aeeofi A.M. K orKpbrrofi sarqrre B Aucceprarlr4oHHrrfi coner.

3apy6exHrrfi uayvurrfi roucyJrbraHr: ,ffi ,,
OurHnosa Maprapr4rKa Bacureea v "u 
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PhD, accour4rrpoeaHutrfi npoSeccop I
Arpapno-HHAycrpr{arrbHoro Sarynrrera II
Pycencxoro yHr4 Bep eprrera

K. Crorrron,
accoquuponaHnrrfi np oQ.eccop

.{ercaH Arp apu o -rr HAycrprr aJrbH

Pycencroro yHnBepcr4Tera

r. Pyce, Bo.irrapraa
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