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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJILHOCTh TeMbI AuccepTannu. B naucceprannonHoii padore ¢ nmpume-
HEHHEM COBPEMEHHBIX METOJIOB HCKYCCTBEHHOI'O MHTEJUIEKTAa MCCIIENOBAHO 3aja4a
BIIMSIHUE W3MEHEHME KIIMMAaTa Ha Pas3IMYHbIC DKOJIOTMYECKUE U arpapHble CUCTEMBI.
B kadecTBE MHCTPYMEHTa HCCIEAOBaHUS OBbUIO BHIOPAHO MAIIMHHOE U TIIyOOKOE
oOyueHHue Kak 3JIEMEHThl UCKyCCTBEHHOTO MHTEUIeKTa. C MOMOIIBI0 MHOXKECTBA ajl-
TOPUTMOB MAILIMHHOTO OOYYEHUs MOJEIHMPYETCS BBICOKOYPOBHEBBIE aOCTPAKIUU B
JAHHBIX, KOTOPBIE MPEICTABISIOT COOON HETMHEHHBIE PE0Opa30BaHUS.

IIpennararorcs NPUHLIKUIIMAIBHO HOBBIE HAIPABJICHUS B IPOSKTUPOBAHUU MO-
JieJIel ¢ UCIOIb30BaHUEM METOJ0B MAILIMHHOIO 00Y4YeHMsI Ui 3a/1a4 [IPOrHO3UPOBa-
HUS B CEJIbCKOM XO3SMCTBE B YCIOBUSAX U3MEHEHUS KIIMMAaTa U HapYyILLIECHUS
HKOJIOTUYECKUX CUCTEM. Y CTAHOBJIEHBI HEKOTOPBIE CIOKHBIE B3aUMOCBS3U IIpU 00Y-
YEeHUU MOJIEJICH B JaHHBIX pa3inyHOM mnpupoabl. C 0coObIM aKIEHTOM YJEsIeTCs
BHUMaHUE K KCCIICIOBAHUIO U IOCTPOCHUIO MOJEJIEH C MPUMEHEHHUEM TEXHOJIOTHUU
[IyOOKOr0 0Oy4YeHHUsl HA OCHOBE KOMITBIOTEPHOTO 3PEHUSI U MMOCTPOEHUIO PA3IMYHbIX
apXUTEKTYp HEUPOHHBIX CETEW NIl 3aJa4 pacro3HaBaHUs OOJE3HEU CEeIbCKOXO03sil-
CTBEHHBIX PACTECHUU.

B nccrnenoBanue BKIIFOUEHBI METOJBI HCKYCCTBEHHOTO MHTEJUIEKTAa IPUMEHH-
TEJIBHO K 3a/1a4aM HUCCJIENOBAaHUs HAYKOEMKHUX KATETOPUM IS 3a7ad CEIbCKOTO XO-
3s1cTBa. OCHOBHOE BHUMAHME YJNIEJICHO YPE3BBIYAMHO BAXKHOW 3aJaye MOINACPKKU
IPOJOBOJILCTBEHHON 0€30M1aCHOCTH CTPAHBI.

PaccmoTpenHble 3a1a4n UCCIEA0BAaHUA U NIPOTHO3UPOBAHUS JUCCEPTALUU
SBJISIIOTCS AKTyaJIbHBIMU M 0a30BBIMH COCTABJISIFOIIMMU POJOBOJIBCTBEHHON 0€3-
onacHOCTH. ITocTpoeHHbIE MOEIN YPOKANHOCTH CENBCKOXO3IMCTBEHHBIX KYJIBTYD, C
y4e€TOM OOBEIMHEHUS MHOXKECTBa (PaKTOPOB HPUPOJbI U €CTECTBEHHBIX YCIOBHM
OKpY’Karolllel cpenibl, cOCTaBa IMOYB MOCEBHBIX ILIOLIa/Iel, Ooppba C MECTULIUIOB.
ABJISIIOTCS KIIFOUEBBIMU NTapaMeTpaMH JJIs aKTyalIM3aluy TEMbI UCCIICIOBAHMUS.

CBs3b TeMbl JOKTOPCKON JMCCEPTALUM ¢ NMPUOPUTETHBIMH HAYYHBIMH
HANPABJEHUAMHU M TOCYIAPCTBEHHBIMH HAYYHBIMHU IIPOrPaMMaMM.

JlaHHOE HCCIEAOBaHUE BXOAWTh B OJHO W3 NPHOPUTETHBIX HANPABICHUN
['ocynapctBennbix mporpamm Keipreizckoil pecnyOnuku. Pa3paboTka HMHTEIEKTY-
aJbHBIX CHUCTEM C IPUMEHEHUEM HCKYCCTBEHHOTO MHTEIIEKTA JUIA 3a1a4 CEIbCKOTO
xo3s1iicTBa, pazsutue 4 G mHAyCTpUu Ui pa3nudHbix otpacinei KP sBusitores oc-
HOBHOM TeMOU HcCleAoBaHus auccepranuu. PaspaboTanHbie 1 00y4eHHBIE MOJICIH,
OTBEYAIOLINX COBPEMEHHBIM TPEOOBAHUAM HEHPOHHOIO MOJEIMPOBAHUS U HCKYC-
CTBEHHBIC MHTEJJICKT paclio3HaBaHUs OOJIE3HH PACTEHHUM M IIAHUPOBAHUS YpOXKail-
HOCTH, CO3/aHHBIE B JUCCEPTALMU COCTABIISIOT CBA3b TEMbI JUCCEPTALIMM MCCIIEN0-
BAHUM C OCHOBHBIMHU ITPUOPUTETHBIMHU HAIIPABIICHUSMU U I'OCYIapCTBEHHBIMU Hay4-
HBIMU ITPOTPaMMaMHU.

Heap ucciaenoBanms. Llenpio ncciaenoBanus TUCCEPTAUOHHON pabOTHI SB-
JseTcss  pa3paboTKa U MOJETUpPOBaHME 3a7ad HU(PPOBOTrO CEIbCKOTO XO3SHCTBA C
MPUMEHEHUEM MCKYCCTBEHHOTO MHTEJIEKTA C 3JIEMEHTAMU MAIIMHHOTO U TJIyOOKOIro
oOy4eHus.



3anaun ucciaenoBanusi. OCHOBOM HCCIENOBAHUSI arpapHbIX CUCTEM B yCIIO-
BUSIX U3MEHEHHMSI KJIIMMATa U PELIEHUs 3aJa4 MOJIEPKKU CEIbCKOT0 X0341CTBa € UC-
MOJIb30BAaHUEM JOCTMKEHUN HAYKH M COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHH.
OCHOBHBIMHU 1I€JIEBBIMH 33/1a4aMH SBJISIFOTCS:

1. mpumMeHeHne MeTo10B OOYyUYEHHUS C YUUTENEM I [IUPOKOro Kpyra Kiacc
3a]1a4 MOJICJIMPOBAHUSA YPOKANHOCTH Oa3upyIoIrecs: Ha METOJaX pPerpeccuu U Kiac-
cuuKaIm, MOJMHOMHAIBHON perpeccuu, perpeccun Jlacco, perpeccun TuxoHoBa-
Pumka, TOrMCTHYECKON PETPECCUU U CBA3AHHBIE C HEM ITOCTPOCHUE MOJEIEN OJHO-
MEpPHOI'0 1 MHOTOMEPHOT'O PErPECCUOHHBIX MOJIETIEH;

2. C IpPUMEHEHUEM TEXHOJIOTHI aHCaMOJIEBBIX METOJIOB OerruHra u OycTuHra
MOCTPOEHUSI MOJIEJICH JIJIsl 3a/1a4 CEJIbCKOT0 XO3sICTBA Oa3UpYIONIMECs Ha allrOPUT-
Max K-Onmkailllux cocesei, 1epeBo peleHuil, MeTo/la ONOPHBIX BEKTOPOB, CIydail-
HBIH JIec, TPaJIMEHTHBIN OYCTUHT U €r0 BAPUAHTOB;

3. MoJenupoBaHue OOHapyKEeHUsI O0JIEe3HEN pacTeHU ¢ IPUMEHEHUEM METO-
JIOB PETYISAPU3ALMU HEMPOHHBIX CETEH, MPOCKTUPOBAHUE APXUTEKTYP HEUPOHHBIX
ceTell Ha OCHOBE CBEPTOUHBIX HEUpPOHHBIX ceTeit (CNN) u nepenoBoit TeXHOJIOTHEN B
IyOOKOM 00y4eHHH TpaHC(HEpHOTO OOYyUEHHUS;

4. pa3zpabOTKa HOBBIX MOAXOAOB MOCTPOEHUS MOJENEH OCHOBAHHBIE HA TIIy-
OOKOM OOyUYEHHH C PA3TMYHBIMU apXUTEKTypaMU HEMPOHHBIX CETE, OCHOBAHHBIE HA
METO/IaX YBEJIMYEHHUS JAHHBIX C BBITYKIOW 000JOUKOM;

5. peanu30BaHbl 337a4d C WCIIOJIH30BAHUEM PA3IMYHBIX BUJOB KYJIBTYp HJIs
pacrno3HaBaHMsl OoJie3HEH CaJOBBIX KYJbTYp, BblpauiuBacMbix B Mccwik-Kynbckoit
00J1acT Ha OCHOBE apXMUTEKTYp HEMPOHHBIX ceTel U aHau3a OOJIbLINX JTAaHHBIX pea-
JU30BaHHbIC HA BBIYMCIUTENBHBIX YCTPOICTBaX ¢ OONBIION MOLIHOCTBIO ¢ rpadu-
yeckuM mporeccopoM (GPU) mosBossiromue o0ydaTh CIOXKHBIE MOJCIH TIyOOKHE
HEWPOHHBIE CETU U UCIIOIb30BaTh UX JJIS MapajljeIn3Ma BbIYUCICHUMN;

6. 000CHOBaHbI MPUMEHUMOCTH AJTOPUTMOB MAITUHHOTO OOYYEHHUS U METO-
JIOB TIIyOOKOro 0Oy4eHHUsl U UX MaTeMaTH4eckoe 000OCHOBaHUE MPUMEHHUTEIBHO K 3a-
JlauaM CeJIbCKOT'O XO3sMCTBA;

/. uccnenoBaHbl 0000UIAIOIIME PE3YJIbTATHl MPUMEHEHUsI MEePEIOBBIX alro-
PUTMOB MaIIMHHOTO O0YUYEHHMS ISl 3aJ1ad PErpeccuu, CIIy4yaHoro Jieca, rpagueHTHO-
ro OycTuHra B BUJ€ rpa)uyecKkoro npeiCTaBiIeHus, HaIpuUMep, 0 MOKA3aTelo ypo-
YKaHOCTH CEJIbCKOXO35IMCTBEHHBIX 10 PETMOHY B LIEJIOM;

8. ¢ MOMOIIBI0 METOI0B MAITMHHOTO M TITyOOKOTO0 OOy4Y€HUS BBISBICHBI He-
KOTOpBIE€ CKPBITBIE OCOOCHHOCTH NMPU3HAKOBOTO MPOCTPAHCTBA U JAHHBIX, BIUSIOLINX
Ha ypOXKaWHOCTb.

HccnenoBanbl 0COOCHHOCTH AIKOHOMHYECKOW 3(P(HEKTUBHOCTH TPU PaHHEM
pacnio3HaBaHuM OOJI€3HEW PACTEHUN W MPOTHO3UPOBAHMS YPOXKAWHOCTU CEIIbCKOXO-
3SIUCTBEHHBIX KYJIbTYpP B YCIOBHUSX U3MEHEHHUS KJIMMATA.

Hay4yHasi HOBM3HA NOJIy4YeHHBIX pe3y/bTarToB. Hay4yHOW HOBHU3HOM IHC-
CEpTALIMOHHON PabOThl SBISETCS UCIOJIb30BAHUE METOJ0B MAIIMHHOTO OOy4YeHUs U
UCCJIeIOBAaHNE OOIIMPHOTO Kpyra 3ajad CeJIbCKOTO XO35MCTBa, BKJIOYAs TIIyOOKHE
HEUPOHHBIE CETHU ISl OTAEJIBHBIX 3a71a4 CEJIbCKOI0 X035 MCTBA. BaXHOU M KIIFOUEBOU



KaTeropuei B CEKTOPE CEJIbCKOI0 XO3sIMCTBA, SBISETCS MPOrHO3UPOBAHME HAYKOEM-
KHE KaTEerOpHil - ypOXKalHOCTh U O0JIE3HU PACTEHHI.

C mpuMeHEeHHEM TPOJABUHYTHIX METOJOB MAIIMHHOTO OOYYEHHS MOCTPOEHBI
pa3iauuHbIe MOJENM [JJs TMPOTHO3HpPOBaHUS ypokaiHocTH. Ha 0aze rmyOokux
HEHPOHHBIX CEeTeH HCCIEAYeTCSl CIOKHBIN pa3/iell KOMIIBIOTEPHOTO 3pEHUsl, pacio-
3HaBaHUS OOJIE3HH CEITBCKOXO3SIMCTBEHHBIX PACTCHHM. NI KiIacCH(PHUKAIMU U OOHa-
pykeHus: OoJe3HEH pacTeHUl ¢ apXUTEKTypaMU CBEPTOYHBIX HEHPOHHBIX CETEH W
TpaHcdepHoe 0OyUeHHE.

1. paccMOTpeHbl MaTeEMaTUUYECKHE OCHOBBI NIEPEOBBIX AITOPUTMOB MAIIMHHO-
ro o0y4eHHsI U METO/I0B IITyOOKOro oOyueHus: ¥ ux 00OCHOBAHUSI IPUMEHEHUS K 3a-
JlauaM CeJbCKOTO XO35ICTBa;

2. pa3paboTaHbl UICKYCCTBEHHBII MHTEJUIEKT OCHOBaHHOE Ha PpeliMBOpKax Py-
thon mpenHasHaueHHbIE (epMepaM U CEIbXO3MPOU3BOAUTEISAM ISl ONTUMAIILHOTO
yIpaBICHUS YPOKaMHOCTBIO, ONPEEIICHUs U UACHTU(DUKAIIMKU OOJe3HEN pacTeHUl ¢
MOMOIIBIO0 BEO MPUIIOKEHUI;

3. B IPUJIOKEHUSX PACIIMpPEHA SKCIEPUMEHTAbHAS YacTh TUCCEPTAIMOHHOMN
paboTHI ¢ MOCTPOCHUEM HEMPOHHBIX CETEH /IS PAKTHUECKOTO MPUMEHEHHUS TOCTPO-
CHHEM pa3IMYHBIX apXUTEKTyp cBepTouHbIX HelpoHHBIX cereii: CNN, RezNet,
AlexNet, DenseNet u EfficientNet B pazanuHbIX BapraHTax ¢ y4eTOM HX ONTHMHU3a-
11y,

4. nokazaHo 3(Q(EeKTUBHOCTh NPUMEHEHUS HECKOJIBbKUX Ppa3IM4YHbIX HAOOpOB
JaHHBIX (B TOM YHUCJIE€ OTKPBITHIX) JUIsSl IOCTPOEHUS MOJEIed TITyO00KOro 00y4YeHus;

5. moapoOHO OMMCAHO MaTEMaTHYECKOE OMHCAHWE COBPEMEHHBIX ONTHUMMU3ATO-
pos Adam, SGD, RMSProp, Ada Delta, Adagrad nyis HelipoHHBIX ceTel u ux 3¢ dek-
TUBHOCTD ISl pEIICHUS TPAKTUUYECKHUX 3a7]ad B HEHPOHHBIX CETX;

6. Ha OCHOBE NOCTPOEHHBIX MOJEJEH, MOJYYEHHBIX C MOMOIIbIO TIyOOKOTO
oOyuenus u QpeiiMBopkoB Python mocTpoeHbl MCKYCCTBEHHBIC MHTEIICKTHI C Pas-
BEpTHIBAaHHWEM B BEO CHCTEMBI MO PACTIO3HABAHHUIO OOJIE3HEH pa3iIMUHBbIX CEIbCKOXO-
3SIMCTBEHHBIX PACTECHHU;

7. pe3ynbTaThl UCCIEIOBAHMS PEain30BaHbl B BUAEC MPOTPAMMHBIX MOJIYJEH B
cpene nporpammupoBanus Jupyter cuctemsr Anaconda, ¢ HCTIOIB30BaHUEM TEXHOJIO-
ruii Python. Bce pesynbraTsl pecTaBieHbl B BUC MaKeTa MPOrpaMM U TPUIIOKeE-
HUI B BUJIe IPUJIOKEHUN Ha TOCYJApCTBEHHOM SI3BIKE K AMCCEPTAIIHH.

B pacuerax, rae ucnonb3oBauCh OOJBIINE JaHHBIE W300paXKCHUM MpUMEH -
J0Ch BeIUUCIUTENbHBIE yeTpoiicTBa ¢ GPU u mponeccopom Ryzen 3080.

IIpakTHyeckass 3HAYMMOCTH MOJYYEHHBIX pPe3yJbTaToB. Pe3ynbrarsl, mo-
Jy4YeHHbIE B JOKTOPCKOW AMCCEPTALMH, UMEIOT CYIIECTBEHHYIO MPAKTHUECKYIO IIEH-
HOCTh. Bce OCHOBHBIE HayYHO-HCCIEI0BATENIbCKUE PabOThl COMCKATENST UMEIOT MpH-
KJIQJIHOM XapakTep, U OCHOBHBIE HAay4YHBIE Pe3yJbTaThl UMEIOT 3HAYUTEIbHYIO BHE]I-
PEHUYECKYIO0 IIEHHOCTh U BXOJAT B ['OCylnapCTBEeHHYIO IporpamMmy MO MpPOJOBOJIb-
CTBEHHOW OE30MMaCHOCTH CTPaHbl, CEIbCKOE XO3SIMCTBO B IIEJIOM M MPOEKTUPOBAHUIO
UCKYCCTBEHHOT'O MHTEJIEKTa. [oCTpOCHHBIE MOJIEH, B TUCCEPTALIMA OCHOBBIBAIOTCS
Ha pEeabHBIX JaHHBIX U UMEIOT LIEHHbIE IPAKTHUUECKUE 3HAUYEHUS B IMPOrHO3MPOBA-
HUM 33/1a4 CEJIbCKOIO XO3sIiCTBa.



JKOHOMHYECKAA 3HAYMMOCTH MOJYYEHHBIX Ppe3yJbTaTOB. DKOHOMHYE-
CKasi 3HAYMMOCTD ITOJIyYEHHBIX PE3YyJIbTATOB 3aKIIIOYAECTCSA B PAKTUYECKOMN peanusa-
LN MOCTPOEHUE PA3IMYHBIX MOJEIEH I 3a7a4 CEIbCKOTO XO35AHUCTBA C IPUMEHE-
HUEM TepeoBoil oTpacian 4G MHIYCTPUU HCKYCCTBEHHBIM MHTEIIeKTOM. [Ipemio-
YKEHHBbIE pa3paOOTKU B BUIE UCKYCCTBEHHOI'O MHTEJUIEKTa, BEO cucTteM Oazupyroniue-
Csl HA PEaNbHBIX JAHHBIX U MEPEAOBBIX TEXHOJOTUI MAIIMHHOTO U TIIyOOKOTo 00yue-
HUs A TOKA3aTEIbCTBOM OLICHKHU ITOJYYEHHBIX PE3yJIbTATOB B PA3JIMYHBIX METPUKAX,
MO3BOJIAET (pepMepaM U CENbXO3MPOU3BOJUTEISIM MOTYYUTh OLyTUMBII SKOHOMUYE-
ckuii 3pdexT B cBoeit nesarenbHocTH.  Kpome Toro, aBTomMaTu3aius 3TUX POLIECCOB
CIIOCOOCTBYET MOBBIIICHUIO ONIEPAIIMOHHON 3()(PEKTUBHOCTH COXPAHEHUS U MOBBIIIIE-
HUSL YPO’KAMHOCTU BBIPAIIMBAEMBIX KYJIBTYP U paHHEE TUArHOCTUPOBaHUSA OOJIe3HEH
pAaCTECHUH.

OCHOBHBI€ M0JIO’KEHHSI JUCCEPTALMH, BBIHOCUMbIE HA 3aIINUTY:

B cocraB uccnenoBanus B JUCCEPTAlMOHHOM pabOThI COCTABISAET MOCTPOE-
HUE MCKYCCTBEHHOI'O MHTEJUIEKTa 0a3MpYyIOUIMXCS HA aJIrOpPUTMbl OCHOBAHHBIE JIU-
HEMHBIX MOJENSAX OJHO(MAKTOPHOrO WU MHOTO(aKTOPHOIO aHadu3a, JIOTUCTHYECKOU
perpeccun u K- Ommkailiinx coceieil M1 HeTMHENHbIE MOJIETIM OCHOBaHHBIE HA Iepe-
JOBBIX AJITOPUTMAX. METOAA ONOPHBIX BEKTOPOB, AEPEBO PEIICHUM, CIIy4alHBIX JIEC,
METO/Ibl CTOXAaCTUYECKOI0 TPaJMEHTHOIO CITyCKa, TPaJUEHTHOrO0 OyCTHHIA U Irpaju-
eHTHOro O6yctuHra XGBOOSt a1 mpOrHO3UPOBaHMS YPOKAMHOCTH M PEKOMEHIANN
[0 YIPABJIEHUIO IOCEBHBIMHU IUIOMIAIAMU CEJIbCKOXO3IMCTBEHHBIX KYJIBTYp Ha pe-
anbHbIX JaHHbIX Wccbik-Kynbckoii obmacTu.

Pa3paboTka 1 NpoeKTUpOBaHUE UCKYCCTBEHHOTO MHTEIJIEKTa, OCHOBAHHOE Ha
COBPEMEHHBIX apXUTEKTypax HEUPOHHBIX CETEU I NMPAKTUYECKOTO PEIICHUs 3a1a4
CEJILCKOTI'0 XO35MCTBA.

Co3naHue UCKYCCTBEHHOI'O MHTEIUIEKTA MO PErHMOHAIbHOMY YIIPABJICHUIO U
MIPOTHO3UPOBAHUS 0O0JIE3HEN pa3IMYHBIX PACTEHUM, BhIpalluBaeMbIX B peruoHax KP,
OCHOBAHHbIE HA MOJICIMPOBAHMS C NMPUMEHEHHUEM METOAOB IIyOOKOTro OOydeHHs ¢
TEXHOJIOTUSAMH KOMITBIOTEPHOTO 3PEHMUS.

JInuHbIi BKJIAA auccepTranTa. OCHOBHBIC MOJIOKEHUS JUCCEPTALMU, BBIHO-
CHUMBIE Ha 3alIUTy: COCTOUT B IPOBEAECHUN CAMOCTOSITEILHOIO UCCIEIOBAHMUS, MOy~
YEHUU HAy4YHBIX PE3YJIbTATOB, X aHAINW3E U (POPMYJIMPOBAHUHU BBIBOJOB, HA OCHOBA-
HUU KOTOPBIX MPOBOJAMIOCH HcclienoBanue. [loctaHoBKa 3aaud ¥ oOUIMe LEIu pa-
O0O0THI W TPAKTUYECKHUX 3aJad, OOIMasi METOJOJOTHS HCCIEAOBaHUS IMPUHAICKAT
opUITMATHPHOMY OIIOHEHTY JOKTOPY (hU3MKO-MAaTEeMaTUYECKUX HAYK, JOKTOPY TeX-
Hu4Yeckux Hayk npodeccopy b. U. buiitbocynoBy. Bce ocHOBHBIE MOJIOKEHMSI, KOH-
LHENI1H, TEOPUH, LUEIU U 3a1a4M, HAYUYHO-TIPAKTUYECKUE PE3YIbTAThI MOJIYYEHBI CO-
HCKaTEJIEM.

Anpodanus TUCCEPTAIMOHHOI PadoThl. OCHOBHBIE pE3yJIbTAThI IUCCEPTA-
IIUU anmpoOUPOBAHBI TTO/I HEMOCPEICTBEHHBIM PYKOBOJACTBOM aBTOPAa BO MHOTHX IPO-
extax MOuH 3a 2017 -2023 roasl. 3agaun 1 IpoOIEMbl B X0/1€ BBIMOJHEHUS MPOEK-
TOB BKJIIOUEHBI B [ OCyZapCTBEHHBIE MPOIPAMMBI 110 MCKYCCTBEHHOMY HHTEIUIEKTY,
KaK MPUOPUTETHbIE Hay4yHble HampaiieHus: Keiproizckoil pecryOnuku 1 Munucrep-
ctBa oOpaszoBanusa u Hayku (MOuH), ¢punancupyempix MOuH KP. PaGota BbITION-
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HeHa Ha Kadenpe MHbOpMAIIMOHHBIX TEXHOJIOTMI U mporpamMmMmupoBanus Keiprbis-
CKOr'0 HallMOHAJIBHOTO yHUBepcuTeTa uM. JK. banacarsina:

1.«Pa3paboTka U co3qaHue HOBBIX HMH(MOPMAIIMOHHBIX TEXHOJOTHH M WHTEIIEKTY-
anbHOM 3KcnepTHOM cuctembl A cepsl AIIK KP (MHBecTULIMOHHBIE MPOLECCHI,
uHbpactpyktypa u goructuka AIIK)», 2017 rog;

2.«MopaenupoBanue u nporuozuposanue B cpepe AIIK KP ¢ npumenenuem unrein-
JeKTyaJIbHBIX cucTeM, Python TexHonoruii u HelipoHHBIX ceteii», 2018-20211T.
3.«TexHomoruu BHEAPEHUSI UCKYCCTBEHHOTO MHTEIUIEKTa B CUCTEMY 00Iieo0pa3oBa-
TeJIBLHOTr0 00pa3zoBaHus», 2021-2022 rr.

4. IckycCTBEHHBIN MHTEIIEKT B CEIbCKOM X03siicTBe (2023-2025 rT.);

5. IIporHO3MpOBAHUE PETHOHAIBHOTO LIEIEBOT0 YCTOMYHMBOTO PAa3BUTHS arpapHOM U
DKOJIOTUYECKOM CHCTEM B YCIOBUSAX HM3MEHEHUs KiIMMaTa ¢ NPUMEHEHUEM HCKYC-
cTBeHHOTO uHTEeiekTa (2024-2026 rr.).

Hay4Hble pe3ynbTaThl, OJYYEHHBIE B MCCIEI0BATEIBCKON JUCCEPTALMOHHON
pabote, JOKIaABIBAIMCh BO MHOTUX MEXKIYHAPOAHBIX U By30BCKHX KOH(pEPEHIUSIX
KP B wactHOCTH:

1. MexnaynapoaHass Hay4yHass KOHpepeHIUs ‘“TeXHOIOrMH W MEePCIEeKTUBBI COBpE-
MEHHOT'O HMH)KEHEPHOro 00pa30BaHMs, HAyKW M IPOU3BOJACTBA”, MOCBSLICHHAs 45-
aetuio I — KTY umMm. U. Pa3z3zakoBa — bumkek, 1999 r.

2. MexayHapoaHas HaydHO-TIpakTudeckas koHepenius. «IIlpumenenns mudppoBbix
TEXHOJOTMM B 0Opa3oBaHMU: MPOOJIEMBbl U NEpCreKTUBb». BecTHuk KbIpreizckoro
HallMOHAJIbHOTO YHHBepcuTeTa uM. JK.banacareina, Tpyzasl. bumkek. 2019 r.
3.MexnaynapoaHas Hay4YHO-IPAKTUYECKas KOH(DepeHIus. «HayuHo-
texHonornyeckoe paspurne AIIK  gns  uenell  ycTOMYMBOIO — pa3BUTHS
«MopnenupoBaHre M IPOTHO3MPOBAHME 33ad CEJIbCKOIO XO35MCTBAa HAa OCHOBE
MaruHHOTO oOyuenus». Tpyasl. bumikek. 2022 r.

4. MexxBy30BCKasl HaydYHO-TIpakTudeckas konepennus «L{udposbie TexHomOrNN

B OTpACIISIX MPOU3BOJICTBA U coLMaibHOU ceper, 27 okT. 2022, Actana, Jlakka

5. MexayHapo/iHasi HayqyHO-TIpaKTUUeckoil koHdepeHuus. «Poib HAaykKu U MHHOBA-
LUOHHBIX TEXHOJOTUN B YCTOMYMBOM Pa3BUTUU TOPHBIX TEPPUTOPUNA U IKOCUCTEM).
27-28 oxta6ps 2022 r. bumkek, Keipreizckas Pecry6nmka.

6. MexnyHapoaHas Hay4YHO- TpaKTHYecKas KOH(pepeHIMs «AKTyalbHBIE BOMPOCHI
YCTOMYMBOIO Pa3BUTUSA U COXpaHeHUs OuopazHooOpazus», 26 anpens 2024 roxga, T
Onm.

Iy0ankanuu aBTopa mo remaruke aucceprauuu. OCHOBHBIE PE3YIIBTATHI
JMCCEePTAIllMU OTPaKEHBI B MyOukanusx aBropa [1]-[29], B Tom uucie B Web of Sci-
ence [25], Scopus [28]-[29] u mocBsIIeHbI 3aa4aM TIPOTHO3UPOBAHUS YPOKAUHOCTH
U pacno3HaBaHus OOJe3HEW pacTeHWid, OCHOBaHHBIC Ha AaHHBIX Mcchik-Kynbckoit
obnactu 3a mocienHue rojapl. Yacte paboOT MOCBAILIEHBI K 3a7auaM pacrno3HaBaHUS
n3o0paxenuii. [lomydeHsl pe3yabTaThl MO BBISABICHUIO Oosie3Hel TomaToB Uyiickoi
oOnacTH, KyKypy3bl B Mccblk-KylbCKOM peruoHe v Ipyrux CelibCKOXO3SIMCTBEHHBIX
pacTeHui Ha OCHOBE IIIyOOKOro oOy4eHus, B TOM YUCIE B 3apyO0eKHOM HMHIEKCHPO-
BaHHOM JXKypHaJie [25] nmnst pacro3HaBaHusi 00JIe3HEN Py HA HEKOTOPBIX CaJIOBBIX
ydacTKax M3y4aemMoro peruoHa. MHOTHe MOJIeNU MOCTPOEHbI Ha OCHOBE TpaHcdep-
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HOTO 00y4eHUs, T.€. HA OCHOBE YK€ O0yUEHHBIX MOJIeJiel Ha JaHHBIX OO0JBIIOrO pas-
Mepa. Pe3ynbrarel paboThl OnyOIMKOBaHBI B CIEAYIOMINUX HAYYHBIX JKypHaIax:
1. Caduros, B.P. Unentuduxarms 601e3Heil TOMaTOB Ha OCHOBE MHOTOKJIACCOBOM
Kkiaccudukanuu. [DnexkrpoHusiii pecypc] / b.P.Caburtos, H.C.Ceiitkasuesa, A.J[x.
KapranoBa // TlpoOnembr aBTomatnkm W ymnpabieHust 2022. - Ne 3(45). — C.11.-
Pesxxum noctyna: https://www.elibrary.ru/item.asp?id=50020292 . — 3ari.c skpaHna.
2. CaburoB, b.P. MozaenupoBanue 1 MporHO3MPOBaHUE 337a4u CEMLCKOTO XO035HCTBA
Ha OCHOBE MaIIMHHOrO oOy4eHus [Onekrponubii pecypc] / B.P.CabutoB //
Tp.Mexn. HayuHo-nipakT. koHG. HayuHo-TexHonornyeckoe pazsutue AIIK mis 1e-
Jen YCTOMYUBOTO pa3BUTHSL. — Pexum JOCTYTIA:
https://www.conferences.org/articles/e3sconf/abs/2023/17/contents/contents.html.  —
3arii.c sKpaHa.
3. Sabitov, B.R. Deep learning Methods for Recognition of Orchard Crops
[Dnexrponnsiii pecypc] / B.R. Sabitov, S.Biibsunova, A.Kashkaroeva et al. //
IJCSNS. - 2022. - Vol.22. - N0.10. — Pexum  gocryma:
https://doi.org/10.22937/1JCSNS.2022.22.10.33, http://paper.ijcsns.org/07_book/2022
10/20221033.pdf . — 3arm.c skpana.
4. CaouroB, b.P. bunapHas 3aiaya knaccupukanuy 00JI€3HU PacTeHU ¢ IpUMEHe-
HUEM TEXHOJIOTHH TIiIyOoKoro oOydueHus [Daektponusiii pecype] / B.P. Cabutos,
H.C. CetitkazueBa, A.A. Kamkapoesa / Hayka u HoBbie TexHomoruu. — 2022. - Ne 6.
— Pexxum poctyna: http://www.science-journal.kg/ru/journal/1/about 2022. — 3aru.c
HKpaHa.
5. Biibosunov, B. Machine learning for crop yield forecasting [DnekTpoHHBII
pecypc] / B.Biibosunov, B.R.Sabitov, S.Biibosunova et al. // Cybernetics and
Physics. - 2023. - Vol12. - No3. - Pexum  jgocryma:
http://lib.physcon.ru/doc?id=8c3f4d244777. — 3ariu.c skpaHa.
6. Sabitov, B.R. Modeling and forecasting tasks of agriculture based on machine
learning [OnexTponnslil pecypc] / B.R.Sabitov, A.D.Kartanova, K.Talant uulu et al. //
E3S Web Conf. - 2023, - 380. - P.15 - Pexum pocryna:
https://www.scopus.com/authid/detail.uri?authorld=58261397400. — 3aru.c sxpana.
IHonHoTa myGauKauuu pe3ybTaTOB. Pe3ynbTarsl UCCIENOBAHUNA U MOJIO-
KEHUS, OTPAKAIOUIME OCHOBHOE COJICPKAHUE TUCCEPTAMOHHOW pabOThI, OMMyOIHKO-
BaHbI B 29 Hay4yHBIX pa0oTax W3 HUX 12 - B Hay4HBIX JKypHaJlax, MHIECKCUPYEMBIX B
cucteme PUHII u 2 - noxnaga Ha MEXTyHApOIHBIX HAYYHBIX KOH(PEPCHITUIX.
Crpykrypa nucceprauum. /{uccepranmonnas paboTa COCTOUT U3 BBEJICHUS,
4 TnaB, BEIBOJIOB, 001IMM 00beMoM 205 cTpanwil, cofaepkut 45 pucyHkoB, 19 tabmmir
u 179 HauMeHOBaHUU JUTEPATYyp, B TOM UHCIE MyOJUKAIMM aBTOpa MO TEMATHUKE
nucceptanuu 29. OCoOOCHHOCTh TAaHHOUW TUCCEPTAIlMN COCTOUT, B TOM 4TO 3 U 4 Tia-
BBl COJIEpKAT KCIIEPUMEHTAIBHBIC YaCTh, KOTOPHIE COCTOST U3 TPHJIOKEHUIN HaIH-
CaHHBIX aBTOPOM B BuAe Mojayjei Ha Python. IlpuBeneHbl NpuiIoXKeHUs, COaEpIKa-
M€ pealn30BaHHBIC MPOTPaMMHBIE KOJbI, HANMCAHHBIE aBTOPOM Ha SI3BIKE TMPO-
rpammupoBanus Python B Buzge .pdf daiinos, a Takke MHOXKECTBO MOJYYECHHBIX pe-
3yJbTaTOB B BUJE JUCTUHTOB U IrpadMKOB C MPUMEHEHHEM WHTEJIEKTYalbHbIX CH-
crem, U oubaroTek Python, a Takxke GppeliMBOPKOB IMOCTPOCHHMS BEO CUCTEM.
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https://www.elibrary.ru/item.asp?id=50020292
https://www.conferences.org/articles/e3sconf/abs/2023/17/contents/contents.html
https://doi.org/10.22937/IJCSNS.2022.22.10.33
http://paper.ijcsns.org/07_book/202210/20221033.pdf
http://paper.ijcsns.org/07_book/202210/20221033.pdf
http://www.science-journal.kg/ru/journal/1/about%202022
http://lib.physcon.ru/doc?id=8c3f4d244777
https://www.scopus.com/authid/detail.uri?authorId=58261397400

B nuccepranuu 134 pucyHkoB, 25 TUCTUHTOB, 4 TaOauIl U1 HaMMEeHOBaHUU 179 nuTe-
patyp.

ABTOpP BbIpaxkaer IiIy0OKyw 0J1arogapHoOCTb O(PHUIMAIBHOMY ONIOHEHTY
JOKTOPY (U3UKO-MaTeMaTHUECKUX HAyK, JOKTOPY TEXHHYECKHX Hayk, mpodeccopy
b. . buitbocyHoBy 1Mo 0OCYXIECHUIO MOJIYYCHHBIX PE3YyJbTAaTOB U 3a PAJ IICHHBIX
3aMEYaHul U MPEJI0KEHUHN IO MaTepuaIaM JUCCEPTALH.

OCHOBHOE COIEPKXAHUE PABOTbI

HucceprannonHas padoTa cOCTOUT U3 BBeneHusi, rae oTpakeHo 0030p coBpe-
MEHHOT0 HaYyYHOT'O HAIIPaBIICHHS W aHAJIN3 METOJIOB MCCIEIOBAHUS MPUKIAIHBIX 3a-
Jla4 ¢ COBPEMEHHBIMU MHCTPYMEHTAMHM HCKYCCTBEHHOTO HMHTeIIeKkTa. J[aHo oOuruit
0030p U TEXHOJIOTUNA MAITUHHOTO 00y4YeHHs, TIIyOOKOr0 00y4YeHUs: 1 KOMIBIOTEPHO-
IO 3pEHHUs Ul UCCIIEIOBAaHUs KJlacca 3a4ad CEJIbCKOI0 XO035HCTBA, KOTOPHIE COCTAB-
JSIIOT aKTyallbHOCTb, LIETU M 33ja4, UCCIeyeMble B JUCCEpTAalMOHHON pabore. OT-
pPaXEHO TAKXKE aHAJIM3 JABYX KPYIHBIX MPOOJIEM, CBSI3aHHBIE C SKOHOMHUYECKUMHU Pbl-
yaramu Jjisi SKOHOMHUKU CTpaHbl MPOJIOBOJILCTBEHHAsI O€30MaCHOCTh M YCTOMYMBOE
yIPaBJIEHUE IMOKA3aTENIEW U KATETOPHUM CEIbCKOTO XO3MCTBA CTPAHBI.
B nepBoii riase guccepTranuy paccMaTpUBAETCS IIUPOKUN 0030p METOJIOB MCKYC-
CTBEHHOTO MHTEIJIEKTA, M0 UCCIIEI0BAHUIO COBPEMEHHOTO COCTOSIHUSL M aHAIu3 MyO0-
JUKALMA 1O MPUMEHEHUIO MAIIMHHOIO, IIyOOKOro OOy4YeHHs U KOMIIbIOTEPHOIO
3peHud. B gaHHOI riaBe noka3zaHo 3(()EKTUBHOCTh U PE3YJIbTATUBHOCTh MPUMEHU-
MOCTHU JIaHHOTO HalpaBJIEHUs, OMYOJINKOBAHHBIE B MOCJIEIHUE OBl IS 3a/1a4 Cellb-
CKOT0 X03dicTBe. KOHKpEeTHO 114 3a/1a4 paclio3HaBaHus U300paxeHuil cienan 00630p
HAyYHBIX MYOJIMKAIMH M TEXHOJIOTHM pacrio3HaBaHUs OOJe3HEW IIMPOKOro Kpyra
pacTeHuil. BplieeHbl OCHOBHBIE HANPABIEHU Uil MOAECIMPOBAHUS U POrHO3UPO-
BaHMs 337a4 CEJIbCKOro Xxo3sicTBa. ClenaHo aHalu3 MPEJJIOKEHHBIX OCHOBHBIX all-
TOPUTMBI MAIIMHHOTO OOy4Y€HHUS M METOAbl INIyOOKOro oOyueHus, OCHOBAaHHbIE Ha
HEHPOHHBIX TEXHOJIOTUSX.

[IpoBenensl 0030p M aHAIM3 COBPEMEHHBIX HAYUYHBIX IMyOJIMKAlUK 32 MOCHEe-
HUE€ TOJBI MO0 MOJEIUPOBAHUIO U MPOTHO3UPOBAHUIO 337a4 CEJIbCKOTO XO3AKCTBA C
MCIIOJIb30BAaHUEM METOJ/I0B MAILIMHHOTO U TIyO00KOoro o0yuyeHus. OCHOBHOE BHUMaHUE
yAEJIEeHO MyOJUKALMSIM MO MPOTHO3UPOBAHUIO CIOKHOM KaT€ropuu ypOXKauHOCTH U
OO0JIE3HU CEIBCKOXO35IMCTBEHHBIX PACTEHUN METOJaMU MCKYCCTBEHHOI'O MHTEIUIEKTA.
B sToM HanpaBieHHH pacCMOTPEHBI 3a/1a4U YPOKAHOCTH MIIEHUIBI C MPUMEHEHHEM
K — 6mmkaiiimmx cocenelt U nepeBo pemieHnid. Bo MHOTMX pabotax ¢ mpuMeHEHUEM
anropuTMOB HauBHBIM baliecoBckuii mpomnecc u K — Ommkalix cocenei ¢ UCob-
30BAHMEM JIaHHBIX 110 BBIBOAY HOBBIX COPTOB CEJIbCKOXO3AMCTBEHHBIX KYJIbTYp pac-
CMOTpEHA 3ajJja4ya NMPOTHO3UpOBaHus. Benyiue ucciaenoBanms MOCBSIIEHBI UCCIIEN0-
BaHMsI, OCHOBAaHHBIE HA JIMHEMHBIE MOJENIH, KOTOPbIE OCHOBAHbI HA aJrOpUTMax OJ-
HOMEpPHOM M MHOTOMEPHOW JIMHEMHOW perpeccuu. AJNTOPUTMBI JIEPEBO PEIICHUMH,
CIIy4allHbIM JIeC U TPaJAUEHTHBIM OYyCTHUHT B JaHHOW AMCCEPTALIMOHHOW paboTe mo-
CBAILEH K 3aJ1a4y€ IPOTHO3UPOBAHUS KATETOPUIM arpapHbIX CHCTEM CEIBCKOTO XO03sH-
CTBa C YYETOM PETHOHAIBHBIX U TJIO0AIBbHBIX OCOOEHHOCTEN € y4eTOM BBIOOpA BBI-
palMBaHusl ONPEACIECHHBIX BUAOB pacTeHUM. sl M3ydeHHUs ypoKallHOCTH puca C
MIOMONIBI0 METOJA OMOPHBIX BEKTOPOB IMOJYYEHBI PE3YyJbTaThl MPOTHO3a C YYETOM

9



TonorpauYecKux MPU3HAKOB MECTHOCTU M KJIMMAaTOM Ha OCHOBE aJITOPUTMOB Jiepe-
BO pEIICHMI, JIorucTHuecko perpeccur U K — Ommxaiimmx coceneit. s 3anau
YPOKAaMHOCTH UCIIOJb30BAHO TAKXKE METOJbI C MCIIOJIb30BAHUEM HauWBHBIN baliecoB-
CKMU MPOLECC, CIIyYalHbIN JI€C, HEUPOHHBIE CETHU, JAEPEBO PEUICHUA W MAallWuHbI
OTIOPHBIX BEKTOPOB M3yYEHA 3a7aua KiaccupuKaluuu Uil 3a7ad ypoxaitHoctu. B uc-
CJIEIOBAaHUAX MPOTHO3UPOBAHUE YPOKAWHOCTH C HCIIOJIB30BAHUEM aHAIIM3a U300pa-
XKEHUN (PYKTOB C MOMOIIBIO HEHPOHHBIX ceTeil. B dacTHOCTH, M3ydanmach 3agada
pacro3HaBaHUs C UCIOJIB30BAHUEM PACMO3HABAHUS M300paKEeHUH sl OOHAPYKEHHUS
IJIOJIOB M OLIEHKU YPOXKAMHOCTH CaOBBIX KyJbTyp. [IpaBuibHOE BENEHUE arpoTex-
HUYECKOTO 3eMJIe/IeNIUs C UCIIOJIb30BaHUEM YI00pEHH, BECTH HENPEPhIBHOE HAOIIIO-
JIEHUE U CBOEBPEMEHHOE BBIABJICHHE MOTPEOHOCTEN CEIhCKOXO3SMCTBEHHBIX pacTe-
HUM, UTPAET KIFOUEBYIO POJIb JIS MOTYUYECHUS KETAEMOT0 YPOKasi U3y4alioCh BO M

Bo BTOpOIi ri1aBe McCIeI0BAaHO METOIbI 1 METOIOJIOTHH UCCIIEI0BAHUS.
JUCCEPTALMM OTPAXKEHO TOJIHBIA aHAIM3 U UCCIIEIOBAHUS, a TAKKE METOIbl U METO-
JOJIOTUY MAIIMHHOTO OOYYEHU s, OPUEHTUPOBAHHOM 17151 3a7a4 LIM(POBOTO CEIHCKOTO
X034MCTBa U MATEMAaTUYECKOE OMKMCaHUE METOJO0B MAIIMHHOTO 00y4yeHus. Paccmot-
PEHO aHalv3 MOCTPOCHUS MOJEIEH M METOJNOJOTUsS NPUMEHEHHUS alrOPUTMOB Ma-
IIMHHOT'O O0YUYEHUS IS IUPOKOTO Kpyra NPUKJIAIHBIX 3a7a4 CEJIbCKOTO XO3sIIICTBA B
ToM uucie. ['nobanbHas 3agada AMCCEPTALlMOHHON pabOThI SIBISIETCS CO3/aHUE HUC-
KYCCTBEHHOI'O MHTEJUIEKTA, KOTOPBIM MO CBOMM AHAIMTHUYECKUM CIIOCOOHOCTSIM Oy-
JIET ONPENEeNsATh MPOrHO3HBIC 3HAYEHUS JJIsl JIIOOBIX CEIhCKOXO3SHUCTBEHHBIX 3aj1ad.
DTO OYEHb CIIOXKHAS 33/1a4a, KOTOPYIO TEM HE MEHEE HayKa BIOJHE MOKET PEIIUTh B
ommkaiee Bpems. 3aJaud MAIIMHHOTO OOYYEHUS MOXKHO pa3/IefiuTh Ha YeThIpe
OOJBIIIME TPYMIIBI: KJIACCMYECKOE OOyYeHHE, aHCaMOJIEBbIE METOJbI, OOy4deHHue ¢
MOJIKPETUICHHEM, HEHPOCETH U TIIyOOKOe 00yUYeHUeE.

PaccmarpuBaercst 001ias mocTaHOBKA 3374 MOCTPOSHUS JTUHEHHBIX MOJIeJIeil Ha ocC-
HOBE OJHOMEPHOI0O U MHOTOMEPHOTO PErPECCUOHHOIO aHaJv3a, JOTUCTUUECKON pe-
rpeccuu. B 4acTHOCTH, ONHMCAHO METOMOJIOTHS HMCCIENOBAHUSA ISl OINpPEICICHUS
YPOKaHOCTH paccMaTpUBaeTCs OMHApHAs U MHOTOKJIAacCOBas 3a/1auu ¢ MPUMEHEHHU-
€M JIOTUCTHYECKOUW perpeccuu. [IpuBenena meTon pemieHus 3aaadyd MUHUMHU3ALUU
(GyHKUIHMOHAIa OMIMOOK B PEryJsipu30BaHHOM JIOTUCTUYECKOW perpeccuu IS 3ajad
Pumxa, JIacco u 3macTUUECKON CETH OPUEHTUPOBAHHOE JIJIS 3a7a4 CEJIBCKOr0O XO3si-
ctBa. OOOCHOBaHa METO/I0JOTUSl IPUMEHUMOCTH 00O0OIIEHHOW JTMHEHHON perpeccus
JUI. OIPEAETICHHOr O Kilacca 3a1ad. Jljisi moCTpOeHUsT HEJIMHENHBIX MOJAEIENH OMUCAHO
aJITOPUTMBI METOJ ONIOPHBIX BEKTOPOB, IEPEBO PELICHUHN, CIyYalHbIN JIEC U BapUaH-
ThI TpaaueHTHOro OycTuHTa. C TOMOIIBI0, KOTOPHIX MOKHO MPOTHO3UPOBATH CIIOXK-
HbIE HEJMHEHHBIE MPOLECChl, HANPUMEP, YPOKAWHOCTH, TJIAHUPOBAHUE MOCEBHBIX
TJIOMIAJICH U pacrpocTpaHEeHNEe BUPYCHBIX 3a00JIEBaHUI B 3a7a4ax CEITLCKOTO XO3sH-
CTBa B YCIIOBUSIX U3MEHEHUS KIMMATUYECKUX YCIOBUM. B muccepranuu ¢ npumeHe-
HHUEM JIAHHBIX aJTOPUTMOB ITOCTPOEHBI HETMHEWHON MOJIENIN YPOKAMHOCTA OCHOBAH-
HOE HA pEAJIbHBIX JaHHBIX.

Tperbs riaBa auccepraumu.

[TocesieHa rinobanbHOMY BOMPOCY MAIIMHHOTO OOYy4YeHUs, TOCTPOEHUIO U MaTeMa-
TUYECKOMY 00OCHOBAHUIO AJITOPUTMOB MOCTPOCHUS JINHEUHBIX U HEJTMHEHHBIX MOJIe-
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aeir ypoxkaitHocT. Chopmynmpyem oOIIyr0 3aiady MHUHHMH3AIUU (QYHKIHOHAJA
OMUOOK IS POTHO3UPOBAHUS B CIICAYIOIIEM BU/IC:

J(@) = =3 LU (D5 ), yO) - min, (1)

rae w = (wy, Wy, ..., W,;) — HEU3BECTHBLIH BEKTOP, fi(X, Y) mueneBas mepe-
MEHHasl, KOTOPYIO XOTHM IIPOTHO3HPOBaTh, ® = (@, Dy, ..., D, ) - TOUKA MHHAMYyMa
¢yuknmonana (1),a f;(X,Y,w) -Momenan, KOTOPYIO MBI XOTHM IOCTPOHTH. rje L,
(GyHKITMOHAT O0IIEro BHIAa, KOTOpas 3aBHCHT OT IOCTAHOBKH 3amadd. OOBIYHO IS
pellieHUs] MPHUKIAAHBIX 33134 (yHKIMOHANAa L HCIOJB3yeTCsl MPEICTaBICHUS, all-
NPOKCUMAIIMU TIEPBOTO MJIM BTOPOTO MOPSIKAa TOYHOCTH. [IJIs mepBOro mopsijaka uc-
HOJIb3YETCS

J(@) = J(@o)+( @ = 6) W,y J(00)= - By [L(F (x5 ), y D) +
(@ = o) VL (f (xD; ),y )] » min. 2

PaccmoTpeHo Marematnyeckoe OOOCHOBAaHUE AJITOPUTMOB MAIIMHHOTO OOY4YEHHUS
OCHOBaHHBIC Ha TEXHOJOTUAX Oerrunra u Oyrcrena. /[okazaHbl MPUMEHUMOCTH TEX-
HOJIOTUH aNTOPUTMOB MAIIMHHOTO OOYYeHHMs IJiA 3a7ad CelbCKOro xossiicta. Oc-
HOBHOE OCOOCHHOCTHh JAaHHOMW TJIaBbl MaTEMaTHUECKOE OOOCHOBAHHE aJTOPUTMOB U
METOJI0B JIMHEUHBIX MOJIEJIEH MAIIMHHOTO 00yUYeHus, KOTOpble HEOOXOAUMO pacIpo-
CTPaHUTh Ha CJIO’KHbIE HEJIMHEHHbIE MOJIETH, IPOCKTUPYEMbIE C TIOMOIIbIO TIEPEO-
BBIX &JITOPUTMOB MAIIMHHOTO 00y4ueHus. [locTpoeHbl HeMMHEIHbIE MOJIEH, KOTOPBIC
B HacTofIlIEee BpeMs MpHoOpeTaeT O0blIne BO3MOKHOCTH Y METOAOB MAalIMHHOIO
oOydeHus. AHAU3 JaHHBIX M BU3yaIM3alUs JAHHBIX C MTOMOIIBIO WHTEIUICKTYallb-
HBIX CHCTEM U OMOJMOTEK CHCTEMbI IporpaMMupoBanus Python vaxomsarcst Ha miepe-
J0BOM pyOerxe Hayku maHHbIX (Data Science). B skcreprMeHTaIbHON YacTH TJIaBbI
MOCTPOCHBI MHOXECTBO MOJIEIEH ISl 3a/1a4 [U(PPOBOTO CETHCKOTO XO3IUCTBA aJTro-
pUTMaMH M METOJaMH MaliuHHOro oOyuenus. [IpencraBieH 0030p COOTBETCTBYIO-
MIMX PE3yJbTAaTOB, MOJYYECHHBIX aBTOPOM HA OCHOBE IMEPENOBHIX AITOPUTMOB Ma-
IIMHHOTO O0YYeHUs I TIPOTHO3UPOBAHUS YPOKaHHOCTH METOJOM OIOPHBIX BEKTO-
pOB, CIy4yalHBIN JIeC W TPaTUEHTHOTO OycTHHTa U npyrue. [IpuBeneHbl YnciIeHHbIe
pe3yabTaThl, BBHITIOJHEHHBIE C MOMOIIBI0 METOIOB ONMTHUMM3AIMH. {15 anmpokcuma-
IIUW BTOPOTO MOPsiAKa (YHKIIMOHAT UMEET BUJ allpOKCUMAITIH:
J(w) =
J(@0)+(w = w0)"7,, J(wo) +3 (@ = wo) "H(w -

1 . . . .
©0)= = T (LU (D5 00), yO)+ (0 — 00 T L(f (6D 00), y©)] +
%(w — wo)TH(w — wyp), (3)
2
rae Matpuia ['ecca, onpeaensercs Mo u3BecTHon dopmyne: H = ﬁ J(w). Hus
i0w;j

0OHOBJIEHHUS TTAPAMETPOB UCIIOJIb3yeTCsl peKyppeHTHas hopMyIIa
w* = wy—H™ 'V, J(w), (4)
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[Ipu ucciaenoBaHUKM MOJIETUPOBAHKS U IPOTHO3UPOBAHUS 3a/1a4 CEITLCKOIO XO-
3SIMCTBA MCIOJIB30BATUCH AITOPUTMBI MAIIMHHOTO OOYYEHWs: MHOXKECTBCHHAs pe-
rpeccus (LR), perpeccuss  Jlacco (Lasso R), ctoxacTuueckuil rpaJue€HTHBIA CIYCK
(SGD), nepeso pemennii (RT), KOTOpbIe TAIOT XOPOIIME PE3yJIbTATBHI JUISI MHOTHX
CEIBLCKOXO3SICTBEHHBIX 3aj/1au. Mcnons3oBaHbl anroputmbl K — Onmkalimx coce-
neit (KNN), crnyqaiinenii gec (RF), merox onopubix BekTopoB (SVR) u BapHuaHTBHI
rpagueHTHOrO OycTuHra (GBR).

PaccmarpuBaroTcsi  3amaun KiacCH(UKAIMU M PErPECCHH C TPUMEHEHUEM
MHOKECTBa aJITOPUTMOB MAIIMHHOTO OOy4eHHUs JUIsl 3a/1a4 ypoxkahHocTu. [TogpoOHO
MIPOAHATM3UPOBAHO AITOPUTMBI PErPECCHOHHOTO aHaIM3a, CIIy4ailHOTro Jieca, Ipaju-
€HTHOr0 OYCTHMHTa M €ro BapuaHThl IMPUMEHUTETHHO K 3a/layaM MPOTHO3UPOBAHUSA
YPOXKAWHOCTH PA3IUYHBIX KYJIBTYP.

J1J1st TOCTpOEHUsI KOMIIO3UIIMK AJITOPUTMOB Ha OCHOBE KOHEUYHOM BBIOOPKHU X

= (x;,y;), peliaercs 3aga4ya OJHOMEPHOW M MHOTOMEPHOW JTMHEWHOW PEerpeccHH Ha
MHOKECTBE JTAaHHBIX, KOTOPBIE OBLIM CTCHEPUPOBAHBI  C MIOMOIIBIO OyTCTpena.
Jlns peanuzaiiu MCMOJb3yeMble B pa0dOTe ObLIM W3BICYEHBI U3 MCTOUYHHUKOB IISTH
paitonoB Mccwik-Kynbekoit oomactu Keipreizckoit PecniyOnmku u mpecTaBisioT co-
0ol BHOCUMBIE U 00paboTaHHbBIE TIOJIA, yIoOpeHus (a3ot, hochop U Kanui), TeMie-
paTypy, BIQKHOCTb, OCaJIKU U KUCIOTHOCTh MOYBHI JUIsl TISITH HAMMEHOBAaHUN paio-
HOB, a TaKXK€ YPOKaHOCTh HEKOTOPBIX KYJIbTYp I KaXI0ro U3 paioHoB. [l
ynobctBa paboTel ¢ 6ubnuoTekamu Python mpu cOope MaHHBIX yUHUTHIBAJIOCH OCO-
OCHHOCTHU JTAHHBIX KAKJIOTO U3 PETMOHOB U ObLa MpeACTaBICHa B BUE 0000IICHHO-
ro .CsV (aiina.

B nanHOM paszzene mpencTaBlIeHBI TAaKKe Pe3yJbTaThl, TOJYYCHHBIC aBTOPOM
M0 IPUMEHEHUIO MAIIMHHOTO OOYYCHHMsI K 3a7a4aM MPOTHO3WPOBAHUS YPOIKAHHOCTH,
MOJTYYCHHBIC aHCAaMOJIEBBIMU MeTo/IaMU. B 0a3y MaHHBIX, YPOKAWHOCTh, KOTOpas 3a-
BHUCHUT OT MHOTHX (DAKTOPOB, BKITFOYCHBI 3aBUCHUMOCTH OT KJIMMaTa, OTO/Ibl, TTIOYBHI U
00pabOTKH MOCEBHBIX IJIOMIAACH pa3TUYHBIMU ECTULIMIAMM.

Peann3oBaHo Takke MOJMHOMHUATIBHAS PErPECCHs KaK PaclIMpeHHUE JIMHCHHBIX MOJIe-
Jeit 6a3uCHBIMH (PYHKITASMH.

OmHUM U3 HEHTPATBHBIX TPOOJIEM MAIIMHHOTO 00YYEHUS SABIISETCS MpodieMa
nepeoOydeHne Mojieield, Korjaa o0yu4eHHBI MOJIeb TepsieT 0000IIaroIe CBOMCTBA
Ha JIaHHBIX TeCcTUpoBaHus. Pa3paboTka Mojesneit yCTOMUMBBIX K U3MEHEHUSIM HCXO/I-
HBIX JIaHHBIX UTPAET CYIIECTBEHHYIO POJIb MPU MOJCIMPOBAHUU JIFOOBIX 3a7ad TITy-
6okoro obydeHusi. Pactmpen pas3aenbl MeToja YBETUYCHHS TaHHBIX U METOJIa pery-
nspuzanuu. [Ipeqmaraercs METOIbI MOCTPOSHUS MOJIENEH /I pacro3HaBaHUs 00-
JIE3HEH CEJIbCKOXO3AMCTBEHHBIX PACTEHUN C peryispusauueil. Peryisipusanus ocHO-
BBIBACTCS HA CIICAYIONIUX JBYX MeToaax. JlJis pemeHus T1aHHON Tpo0IeMbl BBOIUTCS
HeKoTopas peryispusyromas Gyakius R(w), u popMyaupyercs Kak 3amada OIpe-
JIE€JIEHNs] BECOBBIX KOO(P(UIMEHTOB (O ¢ MPe0Opa3oBaHHbIM (PYHKIMOHAIOM OLIMOOK
B BUJIC
Q Xy, ®)=LXy,® )+A R(w) = min (5)

/e A - Ha3pIBaeTCs KOA(PPUIIMEHTOM peryJisipu3aiuu, E-eTuHIYHas MaTpulia.
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B JaHHOM Ciyyae aaropuTM HaxoxaeHus kKod(duimentos @ u3 ycnosuii (5) ompe-
nensiercs o gopmysie (6):

@ =(XTX + AE)~XTy, (6)

YucjieHHbIe METObI B 33]1a4aX CeJIbCKOI0 X03sicTBa

B pabote peaan3oBaHbl aJrOpPUTMBbI IPAJAUEHTHBIC CITyCKa M MX YHCJICHHBIC PE3yiib-
TaThl. 3aJaua MHHAMU3aIMK (QyHKIMOHAIA u3aepkek J(0) Ha KaXxmaoil uTepaiuu
3HaueHue 6 OOHOBIISIETCS IO CIICAYIOIIEMY PABUITY

6m1=9" - 3(6™), (7)

IJic @ — pa3Mep Iara Wik CKopocTh 00ydeHus. Eciaum @ ciuImKoM Majo, alropuTM
MUHAMM3AIUN 711 CXOAUMOCTH TPpeOyeTCsi MHOTO BPEMEHH, €CIIH (¢ CJIMIIIKOM BEJIH-
KO, aJlTOPUTM MOXET PacXoauThes. Hipke mpuBeneHO BHU3yalu3amus pe3yibTaToB
pacuera, 1o metoay (7)

MaKeTHLI rpafMeHTHLIA cnyck 1) = 0.005 & 3noxu = 500 rp"q"f‘: 0Gy4eHMA CTaXOCTHHECKOro rpafueTHOro cnycka
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Pucynok 3.1 IlpumeHeHHE NMAKETHOrO TPaJMEHTHOrO0 CIyCKa U CTOXaCTHYECKOro
IPAaJUEHTHOTO CIIyCKa K 3a/1a4€ PErpeCCUm.

Peanmnsyem naHHyro 3a7ady ¢ MPUMEHEHUEM OJHOW M3 4acCTO MPUMEHSIEMBIX YUCIIEH-
HBIX MMOJXOJOB B NMPHUKIAIHBIX 3aa4yaX MUHU NAKETHBIM TPaAUuEHTHBIN cnycK. Bce
BapHaHThI, PACCMOTPEHHBIE BBILIE 3aBUCAT OT MOA0OO0pa MapaMeTpoB U pa3Mepa dIIo-
xu. Hrke npuBeneHsl CXOAMMOCTH 3TUX METOJOB, Ul HAILIEW 3aJayd IPOTHO3UPO-

BaHMHA.
CxoauMocCTh rpafiueHTHOro cnycka
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Pucynok 3.2 CXoIuMOCTh METOIOB  T'PaJIMEHTHOIO CITyCKa.

Pe3yabTarbl aHcaMO0JIeBBIX METOA0B POrHO3MPOBAHUS 32/1a4 CeJIbCKOI0 X03s1ii-

CTBA ¢ IPMMEHEHHEM MAIIMHHOI0 00y4eHHUs

Bo mHOrmx ciydasx MeToAbpl aHCamOJsl T.e. OJHOBPEMEHHOE HCIOJIb30BAHHE He-

CKOJIBKMX aJITOPUTMOB MAILIMHHOTO OOYYEHMs 1aeT OYEHb XOPOIIME PE3YJIbTaThl.
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OnHUM M3 BaKHBIX COCTABJISIOIIMX SIBJISIETCS JEPEBO aNrOpUTM pemeHuid. Paccmor-
puM mpuMep B paboTe MOCTPOSHUSI MOJIETH C MPUMEHEHHUEM JaHHOTO aliTOPUTMa MO-
nenu Ha 0a3e NaHHOTO alroputMa. PaccMOTpeHO MHOTOKIIACCOBYIO 3aJady KIJIacCH-
dukanuu.

[IpuMeHeHune anropuTMa AEpEeBO PEIICHUHN ITOCTPOCHHAS B BUJIE MOJIEIINA C JPEBOBH/I-
HOM CTPYKTYpOM SIBJISIETCS CJIOKHOW IO mpupone. Pesymbrar, monens sBIsIeTCA
CHJIPHO HEJTMHEHHOW CITOKHOU (DYHKIMEH 71l pa3IMdHbIX TIyOHH JepeBa.

Hwxe nmpuBeneHs! pe3ynbTaThl IPOrHO3UPOBaHUs, B Buae Tabmuma 3.1, koTopsie mo-
JIyYE€HBI C MOMOIIBIO CIEAYIOIIUX OCHOBHBIX YETHIPEX AITOPUTMOB C PETYIUPOBKOM

apaMeTpoB.

Tabnuya 3.1. TIpouzeo0umenbHOCHb OCHOBHLIX AN2OPUMMOB MAUUHHO20 00YYeHUs.
OrneHKH/anropuTm
MaIllMHHOTO 00Y-

Ne YEHMSI R2score MAE RMSE
Perpeccus Jlacco

1 -Bce mapametpel | 0.0351341 0.7237154 0.8865015
Jlacco perpeccus
BBIOpaHHbIE

2 apaMeTpsl 0.9980028 0.0393173 0.0403324

Meton oOmopHBIX
BEKTOPOB—BCE Ia-

3 paMeTpsl 0.1411921 0.6776377 0.6776377
Meton omopHBIX
BEKTOPOB -
BBIOpaHHBIE  TIa-

4 paMeTpbl 0.9958232 0.05250301 0.0583266
CnydaitHplil  J1ec

5 —Bce napamerpsl | 0.9999996 0.0003116 0.0005596

Cry4aiinblil jec —
BHIOpaHHBIE  TIa-

6 pameTpsl 0.0750289 0.6847263 0.8679807

I'panueHTHBIN
CIIyCK -BCE Ilapa-
7 METPBI 0.0047446 0.7329265 0.9003539

I'panueHTHBIN
CITYCK -
BBIOOpPOYHBIE TIa-

8 pameTpbl 0.3576148 0.5885566 0.7233421

W3 nannbix Tabnmuna 3.1, mbl BunuM, uto Bce MAE 6mu3ku k Hymo. B ugeane Ml

noJokHel UMeTh MAE paBHO, Hym0. HekoTopbie U3 pe3yabTaTOB MPOTHO3UPOBAHMS

JUTSL Hameld 0asbl TaHHBIX, puBeAcHHBIC B Tabaumna 3.1,BHIHO, YTO alrOpUTMBI Ipa-
14




nuentHoro Oyctunra ¢ MAPE =10.14% u cnyuaiinsiii nec ¢ MAPE =10.19% narot
XOopolue pe3ynbTaThl. JIuaepoM mporHo3a oka3aiaoch METOJ OMOPHBIX BEKTOPOB C
10.12%. CymiecTBeHHYIO pOJib, BO BCEX aJITOPUTMAX, I OLIEHKH TOUHOCTH MOJIEIH
UTpaeT BBIOOP MapaMeTPOB aITOPUTMOB. PaccMOTpeHbI ciiydan ¢ BBIOOPOM BCeX Ia-
paMEeTpOB M C YAaCTUYHBIM BBHIOOPOM TapameTpoB. AHAIN3 TMOJTYYCHHBIX PaCUETOB
MIPOBEICHHAS] C MPUMEHEHHEM aJTOPUTMA MAITUHHOTO OOYYEHHS: METOJI OTOPHBIX
BEKTOPOB, Jlacco perpeccus mokazanu yJ0BIE€TBOPUTEIbHBIC pe3ynbTaThl. Pesynbra-
Thl TIPOTHO3WPOBAHUS YPOXKAWHOCTH TOKA3aJld, YTO HAmOOJiee TOYHBIMUA MPOTHO3a
ABJISIIOTCS anroputmbl Ciywalinblii ec, Perpeccus Jlacco m MeTon onmopHbIX BEKTO-
poB ¢ BbIOpaHHBIMU KO3 duimentamu. [Ipu ucnonb3oBaHuM aHCaMOJEBBIX ajro-
PUTMOB MIOYYEHBI PE3YIbTATHI.

Jluctunr 3.1. Pe3ynbrarsl MPOrHO3UPOBAHUS YPOKANHOCTH ¢ MPUMEHEHHEM aHCaM-

6J]€BBIX METOHA0B.
Adjusted R-Squared R-Squared RMSE Time Taken

Model

XGBRegressor 0.83 0.83 1895.34 3.34
LGBMRegressor 0.33 033 193654 0.30
HistGradientBoostingRegressor 0.82 032 195370 0.53
ExtraTreesRegressor 0.31 031 203041 4.86
GradientBoostingRegressor 0.80 0.80 209153 0.98
RandomForestRegressor 0.77 0.78 2201.20 2.95
BaggingRegressor 0.76 076 228317 0.60
KMNeighborsRegressor 0.75 075 232865 0.16
ExtraTreeRegressor 0.73 073 240973 0.18
DecisionTreeRegressor 0.71 071 2510.19 0.23

3/1ech YMECTHO OTMETHUTb, YTO COCTABIISIOLIUE AITOPUTMBI MOTYT OBITh JTIFOOBIMHU.
OOyueHne HeMMHEWHBIX PETPECCHOHHBIX MOJIENeH 3a7a4 YPOKalHOCTH C MPUMEHE-
HUEM aHCaMOJIEBBIX AITOPUTMOB MAIIMHHOTO O0YYEHUSI.
IIporno3supoBaHue 3a1a4 CeJIbCKOI0 X03511iCTBA C Y4€TOM PHCKOB.
Bo MHOrux ciaydasx ypoKaiHOCTb 3aBUCUT OT Pa3JIMYHBIX PUCKOB. JTO MPOJIOIKHU-
TEJIBHOCTh aHOMAJIBHO KapKUX JHEW B mepuoX Bererauuu. IIpomecc 3ToT MOXKET
MHOT'OKPATHO MOBTOPSATHCS B MEPUOJ BETETALMOHHOIO MEPUOJA PACTEHUS C pa3anud-
HON CTENEHBIO TSHKECTH. PUCKU MOTYT OBITH CBSI3aHBI M C JAPYTUMHU Pa3TUYHBIMHU
dbakTopamu, 3T0 MOXKET ObITh HENPABUIBLHOE HCIOIb30BAHUS MECTUIUIOB, HACEKO-
Mbl€ BPEAUTENIN PACTEHUM, MPUHOCSIINE OOJbIINE MOTepU ypokaHOCTH. PaccMoT-
PEHO aKTyajlbHas 3aJada IOBPEKICHUSA YpoKalHOCTU. IlomydeHYysl pe3ysibTaThbl
OLICHKM TOYHOCTH MOJIEJIel MAalIMHHOTO 00YYEeHUS M0 Pa3IUYHBIM METPUKAM IS 3a-
Jlay C y4E€TOM PUCKOB.
Jluctunr 3.2. Pe3ynbTaThl ONEHKA TOYHOCTH MOJIENICH aJlTOPUTMOB MAIIMHHOTO 00Y-
YEHUS MO PA3JIMYHbIM.
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Results for model : Random Forest

max accuracy score is 9.827388680128359

Mean accuracy score is : @.8227283851917%@1

Std deviation score is : @.8817259364186887492

Cross validation scores are : [©.82568885 ©.822856743 @.32191887 8.82161949 ©.82297881]

Results for model : KNN

max accuracy score is 9.8384119492565817

Mean accuracy score is : @.3278498873834861

Std deviation score is : @.8817837882590430877

Cross validation scores are : [©.82839455 @.82787531 @.32454936 8.82738935 ©.82522887]

Results for model : Decision Tree Classifier

max accuracy score is ©.7536488882326354

Mean accuracy score is : @.7475973826583367

5td deviation score is : @.0826889823178113167

Cross validation scores are : [8.75326356 @.74611749 @.74651137 8.7461832 ©.74852287]

T80 DB TR TR OB R OB R O N L D DR DR D DR DR DB OB R N OBC OB R D DR N D DG D DB R DB TR OB OBC RO D9 DT DR DI DR D DB 0 R DR OB D9 DR D0 D9 DT DR DN D80 DA G TR0 DB B0 TR DB OB D DR DRC DN D80 DR DN D80 DR D0 DB DB B0 0 B0 JBC D9 D8 D D D9 DR DN D8 NC N0 R
Results for model : Gaussian NB

max accuracy score is ©.8245215659528832

Mean accuracy score is : @.82122891186482223

Std deviation score is @ @.8817184126392589223

Cross validation scores are : [©.8235928 ©.81855184 @.32117938 8.82185678 ©.82122559]

3526 s o o o ok o G e ol o8GR e o 3B o o K ok ke S s ok o o o ok o o o 8 a ok a8 e o 3 2k ok s o b o ok ok gk ook oo 8 a3 o oK 3 S s e ok o ok oo ol a8 ook o8 3 e ok 3k o e o s o e ok o ok ok ok ok o

W3 ucxoaHbIX 3HaYEHUI TOYHOCTU Mojenau Mbl BUauM, 4to KNN pabotaer myue,
yeMm apyrue. OH uMeeT MaKCUMalbHYIO OLIEHKY TOYHOCTH M MUHUMAaJbHbIE CTaH-
JApTHBIE OTKJIOHEHUS. AJITOPUTM JEPEBO PELICHUM, SIBIASETCS XyALIUM HCIOJHUTE-
JIEM ¢ TOYHOCTbIO 74%. A HauBBICIIMU pe3ynbTaT y anroputMma K-Ommkaiimmx coce-
1M 83.04%. OH mMeeT MakCHMMaJlbHYK0 OLEHKY TOYHOCTM M MHHUMAJbHBIE CTaH-
JApTHBIE OTKJIOHEHHS.

B riaBe 4 nuccepranmuMmM KCCIEIOBaHbI CIIOKHBbIE HEJMHEWHBIE CBS3U B CKPBITHIX
CJIOSIX HEMPOHHBIX CETEN PA3IMYHON apXUTEKTYPHI, IOCTPOEHBI MOJIEIN IS IPOTHO-
3UpOBaHUs 00JIE3HEH PACTEHHI MO M300PAKEHHSIM PACTCHHM C MPUMEHEHHEM CBEp-
TouHbIX HeWpoHHBIX ceTeii ResNet, VGG16,19, Inception, CNN, Alex Net u Effi-
cientNetV2S. Ha ocHOBe KOMITBIOTEPHOTO 3PEHHUS, KOTOPBIC BKIIFOUAIOT MOIIHBIC aJl-
TOPUTMBI MAIIMHHOTO OOy4Y€HHUS U MPOEKTUPOBAHUE HEHPOHHBIX CEeTel IIyOOKOro
oOyueHusi, OCHOBaHHbIE Ha PA3JIMYHBIX apXUTEKTypax MOCTPOEHBbI MOJEIH, MpeaBa-
pUTENbHO OOYyYEHHbIE Ha HEMPOHHBIX CETSAX ¢ OoNbLIMMM JaHHBIMU. [Ipu 3TOM 1O
HaIpaBJIEHUIO TpaHCPEPHOro OOyUEHHUs, UCTIOIb30BAHbl  APXUTEKTYpPbl HEHPOHHBIX
cereir, Bkimouass CNN OCHOBOH KOTOPBIX SIBISIOTCS YXKe OOy4YeHHBbIE MOJEIH Ha
oonpmmx ganubix (Bigdata), manmpumep, ImageNet. PaccmoTpen mmpokuii Kpyr om-
TUMU3ATOPOB MO ONTUMHU3AIMH PA3IUYHBIX APXUTEKTYpP HEUPOHHBIX CETEH.
PaccmarpuBaercs yeTsipe KpynHbie MpoOeMbl B TTyOOKOM 00y4YEHUH.

IlepBasi neHTpasbHas npoodJema B ri1y0oKkoM 00ydeHUH pa3paboTKa airOpUTMOB U
CTpaTErui NPOEKTUPOBAHUS PA3IMYHBIX aPXUTEKTYP YCTOMYMBBIX K MaJIbIM U3MEHE-
HUSIM JTaHHBIX B HEMPOHHBIX CETSIX, peryispu3anus nepeoOydeHHbIX MOJeNel, KOTOo-
pble HE TOJBKO XOPOIIO paboTaloT Ha 00yYalOIIUX JAaHHBIX, HO U HAa JAHHBIX TE€CTHU-
poBanus. [l1oxo oOydeHHBIE MOEIN U pa3pabOTKa METOJAOB YMEHBIIEHUIO OMIMOOK
MOJIEJIA IIPU TECTHUPOBAHMU Metoaamu peryisipuzanuu A.H.TuxoHoBa, mocpsiueHa
nepBas yacTth ['nmaBel 4 nuccepranuu. Mccnenyrores pa3inyHble BapHAHTHI PETyIIs-
pHU3aLNH, YUCIEHHBIE MOAXObI IS PEaTU3allud METOJOB PETYJSIpU3aluu ISl KOH-
KPETHBIX 3a/1a4y pa3pabOTKU U MPOEKTUPOBAHUS MOJIENEH [0 COBPEMEHHBIM MpoOJe-

16



MaM MPOTHO3UPOBAHHUS 3a7a4 CEJIbCKOTO XO0351CTBA C UCHOJIb30BAHUEM METOJIOB pe-
ryiaspuszanun. VcciaenoBanbl HEKOTOpPbIE OCOOCHHOCTH 3a7ad MUHUMHU3ALUU (yHK-
IIMOHAJIOB OIMMOOK B MAalTMHHOM OOy4Y€HUH, KOTOpPbIEe HEYCTONYMBBI K MaJIbIM HU3Me-
HEHUSM JaHHBIX. DTO O3HAYAET, YTO MOJENb 3alIOMHHIIIa KOHKPETHBIE 3aKOHOMEPHO-
CTH U IIyM B OOyYalolUX JaHHBIX, HO HE MOXKET aJanTHPOBATHCSI K HOBBIM CUTYaIlH-
AM WK BapuanusaM. [lepeoOydueHne CHUKAET TOUHOCTh U HaAEKHOCTh MOJEIH U MO-
KET MPUBECTH K HEMPABWIBHBIM PEIICHUSM U pe3yibTrataM. YToObl n30exkaTh mepe-
OoOy4YeHUsl aJrTOpUTMa MAIIMHHOTO OOYYeHHs, B JIUCCEPTALUU PACCMOTPEHBI CIeIy-
IOILINE CTPATETUH:

Hcnonp30BaHO METOABI PETYJSPU3ALUU, HUCIOIB3YETCS JTOCTaTOYHOE KOJIMYECTBO
JIAHHBIX U UCIIOJIb3YETCA MEPEKPECTHAS MPOBEPKA.

OcCHOBHOE BHUMAaHHUE YJENsieTcsl BbIOOPY (PYHKIIMI MPHU3HAKOBOIO IMPOCTPAHCTBA,
KOTOpasi BA)KHOE 3HAUCHHE MMEET ISl PE3YJIbTaTOB MOJAENIU. B 3TOM HampaBieHUH
IIPEABAPUTEILHO UCCIEAYETCSl MPU3HAKOBOE MPOCTPAHCTBO (DYHKLMMA T.€. BaXKHOCTb
MPU3HAKOB NP MOJEAUPOBaHUH. CIUIIKOM OOJIBIIOE KOJIWYECTBO (DYHKIMM NMpU3HAa-
KOB MOXET MPUBECTH K NEPEOOYUEHUIO MOJEIH.

PaccmoTpeH ocoOblii METO/ YBEIMUEHHUSI JAHHBIX, KOTOPBIA HCIOJIb3YET BBIIYKIIYIO
KOMOMHAIIMIO CYHIECTBYIOIIUX BXOAHBIX JAaHHBIX. CyTh METO/A 3aKII0YaeTcs B BbI-
OOpe DIEMEHTOB X; M X; KaK MPEICTABUTENN KIIACCOB [ U j OOJIE3HEH, a y; ¥ Yj HO-
BbI€ BEKTOPBI, HAIIpUMEp U300pakeHus no 6oJie3HsAM pacteHuil. HoBoe n3obpaxenue
(bopMHpyeTCS TyTEM B3ATHSI BBITYKJIONH KOMOMHAIUY:

xX= Axi + (1 - )‘.)X],

y=2y; + (1—-2dy;, VA€[0,1] (8)

DTO METOJ PEryJisipu3alvu, KOTOPbIM JAEIAET HEMPOHHYIO CETh YCTOMUYHUBOM K
U3MEHEHUIO paclpesiesieHusl JaHHBIX. B oTiauunMe oT cMemmBaHus, B KOTOPOM HC-
HOJIB3YIOTCSL U300paXKeHUs U3 IBYX Pa3HbIX KJIacCOB, TAHHBIA METO]| BBIMIOJIHSET Ce-
pHIO ITpeoOpa30oBaHUN OJJHOTO M TOTO K€ M300pakeHHUs, a 3aTEM HCIOJIb3YeT KOMIIO-
3ULMI0 3TUX NPeoOpa30BaHHBIX H300paKeHUN AJS MOJYYEHHs! Pe3yJIbTUPYIOLIEro
n3o0paxenusi. OCHOBHbIE MPEUMYILECTBA U HeAgocTaTKu peryisipusauuu B CNN cie-
JYIOIIHE.

Perynspuzamus 8 CNN crioco0eH kK 0000IIEeHUI0 U HAJICKHOCTH MOJIETTH, CHIDKCHUE
pHucKa nepeoOydeHus U MOBBILLIEHUE TOYHOCTH TeCTa.

VYrpoiiaer MoJeab U CHUKAET BBIYMCIHUTENbHBIE 3aTPAThl, & TAKXKE YJIy4IlaeT UH-
TEPIPETUPYEMOCTh U OOBSICHUMOCTb.

Henocrarok peryispuszaiii OH MOKET YBEJIMYUTh CMEILEHUE U YMEHBIIUTh TUCIIEP-
CHIO MOJIEJIH, CHU3UTh TOYHOCTh OOYyUEHHUS U 3aMEJIUTh CXOAUMOCTb.

On nobGaBisger B MOJETb JONOJHUTENbHbIE TUIEpIapaMeTphbl, YBEIUYUBACTCS B
NOTpeOHOCTH OO0JIbIIIE JAHHBIX U PECYPCOB.

JIst CHUKEHUSI BECOB HEMPOHHOM CETH C MOMOIIBIO mTpada paccMOTpeHa 3a-
naua B L? . OCHOBHOM 3amaueii METONA PETy/IApPU3ALMH, BEIOOP BECOBBIX KOd(pHUIIH-
eHTOB Oke K Hyto. [{i1st aToro k neneBoit pyHkuuu n1o0aBisieM (yHKIIMOHAT CMe-
LICHUS:

1

Q(0)="%l18l17 =X, 1017,
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(9)
rie 6 BeKTOp MpeCTaBIsIeT HEU3BECTHBIE BeCOBbIe Kod(duimentsl. B cioyuae,
korna 0 OyzeT coBmagaet w (GyHKIHOHAN OIIMOKHY TIEPENUIIeM B BUJIE:

M(w; X; V)= (al2)w! w+ ] (w; X;y), (10)
a TPaJHeHT [0 W NpPeJCTaBUM B BU/IE:
Vo M(w;X;y) = aw +V,] (w; X, y). (11)

B uucieHHbIX pacderax, OOHOBJIATH MPOIECC M3MEHEHUS MapaMeTpa w Oynem
o popMmyiie:

ok =l —¢ (aa)"‘l +V,J (0*71; X, y)). (12)
KoTopy1o, TIepenumnieM ee B BUIE:
ok = (1 - ea)wk 1 —ev,] (0* 1 X, ). (13)

OnHM U3 XapaKTEepHBIX CBOW OOHOBJIEHHUS MApaMeTpoOB, B JAaHHOM cCllydyae Ko-
b dumenT npu w1, yMHOKaeTcs Ha BenMUMHY MeHbIIee 1.

B nannom cnyuae w*= arg min, J(w) . Jasg meTona BTOpOro mopsiika am-
IpoKCcUMalusl | ONKUCbIBAeTCA TAKUM 00pa3oM:

M(w) = J(@") +> (@ — 0 H(w — »), (14)

rae H — marpuna I'ecce /. OH 3aBUCUT OT @, M BbIYMCIEHHas B ToOuke w*. B
(14) otcyTcTBYET UICH MEPBOTO MOPSIKa (MPAIMEITHT), TIOTOMY YTO B TOYKe W™ rpa-
nueHT QyHkuuu / oOpamaeTtcst B HOJb. Tak Kak *— Touyka MUHUMYyMa J, TOT/1a MaTt-
puia H monoskuTensHo U momyonpeaenennas. MurumyM M (w) pasrsiii M goctura-
€TCsl B JAHHOM CJly4dae, Korja rpajueHT

VoM(w)=H (w — w*) =0. (15)

Jns monmydenust 3¢gdexra CHUKEHHS BecoB, K (15), mobamisieM rpagueHT
CHWKEeHUs BecoB. OmpenensieM MHUHUMYM  PETyJISIPU3UPOBAHHOW  (PYyHKUUU
M. Yepes @ 0003HaUUM TOYKU MUHUMYyMA.

@=(H+ al)"'Hw". (16)

3nech npu o =0, peryaspu3upoBaHHOE @ PEIICHUE — W .

I[Ipy «a — oo T.e.npu Bo3pacTaHUU MaTpulla H BeliecTBeHHass U CUMMET-
pudHas. B qaHHOM citydae umeer mecto pasnoxkenus: H = QA Q. B nannom ciaydae
Mbl MaTpully H B npousBenenne auaroHaabHOW MaTpuiibl A 1 MaTpHIIbI OPTOTOHAIIH-
3anmu Q, COCTOUT U3 COOCTBEHHBIX BeKTOpoB H. Pelienne B jaHHOM ciiyyae MMeeT
BUJ

w=X"X+al)XTy. (17)

PaccmoTtpum teneps npyryro GopMmy peryispusaiuu s nepeoOyIeHHBIX MO-
neneii. L' perynapusamuro. Perynsapusanus nmo Hopme L?— camas pacnpocTpaHeHHas
dbopma cHmkeHHS BecoB. [y perynspusanuu BeCOBBIX KOA(P(OUIIMEHTOB B MPO-
ctpaHcTBe L! peryngpusanmio napameTpos mMonenu w OyzaeM mTpadoBaTh 1o Gop-
MyJe:

Q(0) =llwll,=X; lwil, (18)
T.€. KaK CyMMa aOCOJIOTHBIX BEJIMYMH OTACNIbHBIX MapameTpoB. OOCyIuUM BIMSIHUE
L' perynspusanun Ha npocTyio Mojelb JUHEHHON perpeccuu 6e3 mapamMeTpa cMe-
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IEHHs] — Ty CaMyl0, 4TO pacCMaTpUBalach B X0oJ€ aHanu3a L2-perynsapusanun. Oco-
OCHHO HAC MHTEPECYIOT Pa3JIMuusl MEXKIY NIBYMsS BUIAMU peryisipuzanuu. Kak u B
IOpEeabIAYIIEM Cllydae, Cuia PErysipu3alud KOHTPOJIUPYETCS IyTEM YMHOMKEHUS
mrpada Ha MOJOKUTEIbHBIN TunepnapaMerp a. TakuM 00pa3oM, perynspu3upoBaH-
Has 1eneBas Gyukuus M (w, X, y) onucsiBaeTcs (HOpMyIIOii:
M(w,X,y) = a [|o]l; +J(w; X; y), (19)
a ee rpaJIueHT (TOYHEee, YacTHas MPOU3BO/IHASA) PABEH

VoM (w;X;y) = asign(w) +V,, J(w; X; y), (20)

riae sign(w) o3HavaeT, 94To0 PyHKIHS Sign MPUMEHSETCS K KaKIOMY DJIEMEH-

Ty w. OTCIOIa MOKHO IIPEIONOKHTE, 4TO B Ll perynspusamyu CHIbHO OT/IMYAET-
cs1 o1, L?— perynapuszanuu. Bmecto w;, MbI uMeeM aeno ¢ sign(w; ). B nanHoM ciy-
yae Mbl He TI0Ty4uM, Matpuipsl oT J(w; X;y), Kak B ciiydae L2-perynsapusanuu.

PaccmoTtpum nepBbiii wieH psiga Teisiopa ot dyHKIUN

VoM (0;X;y) = Hw — w"), (21)
rae H —matpumna ['ecce | 3aBUCHT OT ), BBIYUCIIACTCS TOYKE .

Martpuia ['ecce B 3ToM citydae OyieT JuaroHaabHOM

H = diag([Hl,ll H2,2' ey Hn,n])

rae sce H; ;> 0.

Jlanee KBaapaTHUHYIO alIpoKcumaunuio L! - perymspusupoBaHHOI 1eneBoit
GbyHKIHUU IPEACTaBUM B BUJIE.

1
M (05X y) =J (@05 X; )+ E [ S Hii(w — 0)? + alwy]], (22)
VY 3ajmaun MUHUMHU3aLUUUA 3TOM MPUOIMKEHHON (DYHKIIMM CTOMMOCTU MMEETCS
aHAJIMTUYECKOE peleHue (7151 KaKI0r0 U3MEPEHHUs ) BUA:
. * * a
w;=sign (w;) max{|w;| — oo 0}, (23)

[Mpeamnonoxum, uto w; > 0 as Beex i. Torma ecth 1Ba Ciaydvas:

1) wi< o/H;;, Torna onTuManbHOE 3HAYEHUE W; UL PETyIAPU3UPOBAHHON Iie-
aeBoi GyHKIMHU OyaeT mpocto w; = 0. [Ipuuuna B ToM, uto Bkiaxa J(w; X;y), B pe-
TyJISPU3MPOBAHHYIO LIENEBYI0 (DYHKLUIO epeBElINBaeTCs — B Harpasienuu i —L! pe-
ryJisipu3aiyeid, Kotopas CIBUTaeT 3HaYEHUE w; B HYJIb;

2) w{ > o/H;; .Torga perynsapusanys He CABUTAET ONTUMAIbHOE 3HAYCHUE W);
B HyJIb, @ IPOCTO CMEIIAET ET0 B 3TOM HANpPABICHUU HAa PacCTOsHUE o/ H; ;.

AHaJIOTHYHOE PacCyKICHHE MPOXOAUT, Koraa w; <0, Tonbko Ll-mrpad ysenu-
unBaeT w; Ha o/H;; wim obpauaer B 0. Ilo cpaHenuio ¢ L?-perynspusanmeit, L'-
perynsipuzanus naet 0ojiee paspexeHHOe pelieHre. B 3ToM KOHTEKCTe Moja paspe-
JKEHHOCTBIO TTOHUMAETCSI TOT (PAKT, YTO Y HEKOTOPHIX MapamMeTPOB ONTHUMAILHOE
sHaueHne pasHbl 0. Paspexennocts L' —peryndpusanum sBaseTcs KadyeCTBEHHBIM
OTJIMYMEM OT TOBeeHMs L* —perynsapusanun. [ panuent QpyHkuuonana (23), B To4-
Ke, IJie 00palaercs B HOJb JaeT pelleHue @ s L2 — perynsapusalum.

3anaun ¢ orpannyeHusmu. llItpad mo Hopme Kak onTUMHU3ALUSA C OrpPa-
HUYEHUAMMU.

PaccmarpuBaercst (yHKIMS CTOMMOCTH, PEryJsipU3MpOBaHHAs MyTeM J00aB-
JeHus mrpada no HopMe napameTpoB:
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M(0; X;y)=](6;X;y) +aQ(6), (24)

Jlis MuUHUMH3AKA PYHKIIMHA CTPOUTCA o0oOmieHHas ¢pynkiuro Jlarpamxka, co-
CTOSIIYIO U3 MUCXOIHOM 1eneBoi (GyHKIMU 1ioc Habop mrpados. Eciu Mbr xoTuM,
4yT00BI orpanuucHue (1(6), ObUIO MEHBIIIE HEKOTOPOH KOHCTAHTHI K, TO MOKEM ompe-
JIeJTUTh TaKyro 00001IeHHYI0 ¢yHKIHIo Jlarpanxka:

L0, a; X, y) =J(0; X;y) + a(Q(0) — k), (25)

Pelenue 3a1auu ¢ OrpaHUYEHUSIMA UIMEET BUL:

0* = arggminmaxL(0,a),a,a =0 (26)

Jlnis pemieHus 3ToM 3a7a4u Heo0XoAuMo Moaudunposars 0, o.

PaHHsg ocTaHOBKa OOY4YEHHMS] MOJAENN C BBIYUCIUTEIBHOM TOUKU 3PEHUSI MO-
KET ObITh OUYEHb MOJIE3HBIM, SIBISISICh PETYIAPUZUPYIOLIEH MOJAEIBIO JIUIS IPOLEAYPBI
oOyuenus. 11 TuHEHHON MOJENu ¢ KBaAPAaTUYHOW (yHKUMEH OMIMOKH U METOJ0M
IPAIUEHTHOTO CIIyCKa, NPENJIO)KeH METOJ paHHEero ocraHoBa sBiserca L2-
peryyisipu3anuci.

Jist pyHKIMOHANa OMKMOKKU | apOKCUMAIMI0 BTOPOTO MOPSiAKA B OKPECT-
HOCTH BECOBOM TOYKH " B BUJE.

M [w]=J(@*) + % (w- ©*) T H (w- w*), (27)
rne H reccuan | OTHOCUTENBHO (), BBIYUCIECHHBIM B TOuke w”. [lOCKONBKY MBI
MPEINOIOKUIH, YTO W *— TOUYKa MHHUMYyMa | (W), To H SBIS€TCS MOIOKUTENBHO TO-
JyONIIPEAETICHHOM.

AnrpoxcuMupyst pasinokeHueM B psa Teiiopa, Nmosly4aeMm BBIPpRXKEHHUE IS
rpajveHTa:

Vo M[w] = H(w- o). (28)

N3yuyeHo TpaekTopuio Ajisi OOHOBJIEHUSI BEKTOPOB JJIsl MTAPAMETPOB B MPOLECCE
oOy4eHHsI, KOTOPYIO MOKHO MEpEenucaThb B BUAE.

w® —w' =l —-eH) (0™ —w"). (29)

B naHHOM ciiydae CHUXAETCSl YMCIIO UTepaluuii oOydeHHs T, KOTopas 0OpaTHO
IIPONOPLIHOHANBHO L%-perynsapusanuu. [lapaMeTp @ B JaHHOM CiIydae MIPacT poib
CHW)KEHUS BECOB.

MHoro3agauHoe o0ydeHue. B mocienHee BpeMs B NPUKIAIHBIX 3a/1ayax,
BKJIIOYAs 3aJ]aul CEJIbCKOIO X03sIMCTBa 0C000€ MPEUMYILECTBO MPUOOPETAET MHOTO-
3aJlayHOCTh 00yuyeHusi. OHa MpUHKUMAET 0cO00€ MPUMEHEHUE B CUCTEMaX TITyOOKOro
oOyuenusi. Ha BXo/1 B HUKHHUE CJIOM HEUPOHHOM CETH MOJIAI0TCs AaHHbIE PA3HOrO TH-
na, HalpuMep, YMCIIOBBIE, KaTEroprualibHble, N300PAKEHHS U 33J]a4l CO 3BYKOBBIMU
JAHHBIMU YCJIOXKHSAS TEM CaMbIM apXUTEKTypy HenpoHHOU ceTu. [Ipu 3TOM BO3HU-
KaIOT JIOMOJIHUTENIbHBIE MapaMeTpbl U oOydyarolue JaHHble pa3Horo tumna. Ha BbI-
XOJIHBIE CJIOU TaKXe€ MOTYT ObITh HAJIOKEHbI YCIOBHS, aHAJOTUYHbIE, KaK U HA BXO/I-
Hble JaHHble. [Ipy MOenupoBaHWM TakWX 3a7ad €CTECTBEHHO ACCOLMHPOBAThH pas-
HBIE€ UICHTUYHBIC 33]]a4H K PUKCUPOBAHHON TEXHOJIOTHH O0YUECHHUS.

OnruMu3anus HeHPOHHBIX ceTei.

JlaHHBIN pa3zen MOCBAILIEHa BaXXHOMY pas3fiesly B rIyOOKOM OOyueHUH ONTH-
MH3ALUU HEUPOHHBIX CETEM, KOTOpas MPEICTABIAECT YPE3BbIUANHO TPYAHYIO 3a]1a4y.
Omna cBsi3aHO B 00y4YeHHH MOJENEl ¢ BHIOOPOM IIeNIeBOi (YyHKIIUMH, YOBIIETBOPSIO-
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IIMX YCJIOBUIO BBINYKJIOCTH M OTPAaHUYEHUN, TAPAHTUPYIOIIMX BBINYKIOCTh 3aJla4u
ontuMmu3anuu. Huke nmpuBeneHbl OCHOBHBIE ONTHUMU3AaTOPhl HEUPOHHBIX CETEU pas3-
JUYHON apXUTEKTYPBI.

MeToa rpagMeHTHOrO CIlycKa

wtD = (O _ an](a)(t)), (30)

MeToa CTOXaCTHYECKOI0 TPAIHEHTHOIO CIIyCKA:

wk = k1 —aV, ] (0 1; xO;y®), (31)
rae x©, y® npencrapiser coboit Munu-naker ganHbX. Popmyia (31) mpeacTapiser
0a30ByI0 (HOpMY CTOXAaCTUYECKOTO TPAJUEHTHOTO Crycka. J[aHHas TeXHOJOTHs OI-
TAMH3AIUHU, TPUMEHSCTCS BO MHOTHX apXHTEKTypax HEUpOHHBIX cereid. IIporecc
MIOMOXET TPaJUEHTHOMY CITyCKa OBICTpee IBUTAThCS K TOUKE MUHHUMyMa, u30eras
JIOKaJTbHBIX MUHAMYMOB

OnTumuszaTop Agama — 3TO JUAECP ONTUMHU3ATOPOB ISl PA3IUYHBIX ApXU-
TEKTYp HEMPOHHBIX ceTel. OH HCIOJIBb3yeT OCHOBBI CTOXAaCTUYECKOTO TPAIUECHTHOTO
cnycka HecrepoBa m ontummszaropa RMSProp. OH ucnonb3yeT 3KCHOHEHLIUATBHO
3aTyXarolue CpeJHee 3HAUYEHUE BBIUYMCICHHBIX TPaJUeHTOB (GYHKIUU moTeph. OH
TaK)Xe MpU OOHOBJICHUHM BECOBBIX KOA(D(UIIMEHTOB MCIOJb3YeT KBaJpaThl rpajlecH-
TOB B PEKYPPEHTHBIX COOTHOIICHUSIX.

Jlsist 60ppOBI ¢ HCUE3AIOUIUM TPAJUEHTOM HMCIOJB3YETCsS UMITYJIbC, KOTOpas
n30eraeT CeJIOBbIe TOUKH U JIOKAJIbHbIE MUHUMYMBL. C TpUMEHEHUEM JTaHHBIX TPO-
uenyp GyHkiusa notepb 0osee 3PpGHeKTUBHO NepeMeaeTcsi K ONTUMYMY 3aJla4yd MHU-
HUMHU3aIMU. BpImuiieM anropuT™ 0OHOBIIEHUSI BECOBBIX KOA(D(DHUIIMEHTOB Cleayro-
UM 00pa3oMm:

9 =Yg ) (0" x®;y®), (32)
m=pm+{1—-p1)g
v= Bu+(1-p,) 90g

~ _ m §= v
M= Y T

k— , k-1 a =

W' =w — m

«/ﬁ?@ !

(33)

I7le M U V — IPEJCTaBISIIOT COOOW BEKTOPBI UMITYJIbCA U CKOPOCTH, a MapameTpsl  [5;
U [},— O03HAYaIOT CKOPOCTh 3aTyXaHHsI UMIYJbCAa U CKOPOCTh 00yueHUs: OOHOBIIECHUS
napaMeTpOB BHIYHMCIIEHHBIE C TOMOIIBIO (PYHKIIUK MOTEPH.

OaHMM U3 TPEUMYIIECTB JJAHHOTO ONTUMHU3ATOPA SIBISIETCS, OOHOBJICHHE 3aTy-
XalIIMX CPEeOHUX 3HAYEHUM TPAJMEHTOB MPEABIAYIIETO I'PAJMEHTA, AHAJIOTUYHOE
UMIYJIBCY, OH TaKke OOHOBIISIET 3aTyXalollee CpelHee 3HauYeHHe MPEeAbIIyIuX KBa/I-
paToOB 3HAYEHUH TPAIMEHTOB, T.€. OH UCTOIL3yeT MeToapl RMS-Prop nu Adadelta, xo-
TOpbIE OMKUCAHBI TOJAPOOHO B AUCCEPTALIHH.

B nuccepranuu s pa3inyHbIX apXUTEKTYP HEMPOHHBIX CETEU IS MOCTpOe-
HUS MOJIENIeN ITPUBEAECHBI PEKOMEHAALNH 10 BIOOPY ONTHUMH3ATOPOB.
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Ceeprounbix HelipoHHbIx ceTeid (CNN) onuceiBaercs B pasjerne 3 u ee mpuMeHe-
HUE B PELICHUU 33/1a4ya CEJIbCKOro X03saicTBa. Kak OCHOBHOMW pa3ien UCKYCCTBEHHO-
IO MHTEJUIEKTA TIIyOOKOoe OOy4YeHHE CEeroJHsl MPUMEHSETCS JUIsl IPOTHO3UPOBAHUS BO
BcexX cepax uerIoBEUECKOM IeATEIbHOCTH U B OCOOCHHOCTH B CEJIbCKOM XO3SIICTBE U
B JPYTUX MACIITa0HBIX HAYYHBIX HCCIeM0BaHUAX. OTHIM U3 BOKHEUIINX OTpaCieH
Ha CErOJHSIIHUM JEHb SBIAETCS arpapHbI CEKTOP KOHOMHKHM — CEJIbCKOE XO35M-
CTBO.

B auccepramnuu ObU10 MPOBEAEHO UCCIENOBAaHHE MO TIIyOOKOMY OOYYEHHIO U
€ro ruOpHUIHbIE METO/IbI, TAKWE KaK CBEpPTOYHAS] HEUPOHHAS CETh, ITyOOKast HEUPOH-
Hasi CeTh W TpaHchepHoe oOydueHHe HEUPOHHOW CETH C HCIOJIb30BAHHUEM OOJBIINX
JAHHBIX. JTO MOMOTJIO ONPENENINTh, KaK TEXHOJOTHS MCKYCCTBEHHOI'O HMHTEJUIEKTA
MOMOTaET MOBBICUTH MHOTHE O0BEMHBIE KaTETOPUU PA3TUYHBIX MPUKIAIHBIX 3a]1ad.
HccnenoBaHue sICHO AAatOT NPEACTABIEHUE O HEOOXOIMMOCTH MOBTOPSIOLINXCS CIOEB
HEHPOHHBIX CeTell U THOpUAHAsS CETh B cpepe CeNbCKoro xXo3siicTBa. OH Takke MmoKa-
3bIBAE€T, HACKOJIBKO OH MPEBOCXOAUT APYTME CETH, TAKHE KAaK HCKYCCTBEHHAas
HEWpOHHAs CETh. JOKA3aHO, YTO €CIU KaxJas W3 (PYHKUUM aKTUBAIIUU SIBIISIOTCS
¢ynkuuei Jlunmmua, Torna Bes Hallla HEWPOHHAS CETh TAaKXKe SBIsAEeTCS (QyHKUUEH
Jlunmmna. [lokazano, Taxke 4To aias QyHKUuM JIMnmuna L, BBIIOIHUMO TPEAIo-
JIOKEHHUE, UTO HEMPOHHAs CEeTh IIyOMHBI K mpencTasisoliee ¢ co0oil oToOpaxkeHue
®: R"*—> R™ rpe

®(x) =Ly © Ly_q ° ... ° Ly (X) - TOXe siBIIsieTcs pyHkume Jlummwma u ymo-
BiieTBOpseT HepaBeHCTBY ||P(x) — P(V)|| < ¢ ||1x — yI|. (34)

OcHoBHas ujes dTOM JIEeMMbI CJIEAYIOIas, YTO €Ccli (DYHKIIMM aKTUBAIUH SIB-
astotrest pyHkiuedn Jlumimuia, Toraa BCs Hallla HEHPOHHAsl CETh TAKKE SIBIIACTCS
¢ynkuuen Jlunmmna. Beens o6o3HaueHue koHcTaHThl GyHKuuu Jlunmmmna @ kax
c,rae ¢ < ¢y . OnHako Mbl HE 3HAEM TOYHOI'O 3HAYEHUS 3TOW MOCTOSTHHOW JInmiu-
1a. [TockonbKy € SIBISETCS MPOM3BENCHUEM K Pa3IUYHBIX YUCEN C PA3HBIMU 3HAYe-
HUSIMH, TOTJIa IPOU3BEJICHNE ITUX YMCEN MOXKET OBITh JOBOJILHO OosbiuM. [ToaTo-
My, HECMOTPS Ha TO YTO X M y MOTYT OBITh OJU3KH ApyT K Jpyry, O(x) u O(y) Mmoryt
CUJIBHO OTIMYaThCs ApYr oT apyra. OgHako, eciay Halla KOHCTaHTa Jlummmna ¢ ma-
JIO€ YMCII0, KOTOpas O3HA4aeT HeOOJBIIYI0 Pa3HUIY X Uy, TO OyJIeT U HeOobIas
pa3HUIA B BBIXOJIHAS 3HAYECHUE HEUPOHHOW ceTU. bosblime M3MEeHEHUs B CETH MO-
TpeboBasi OBl OOIBIIMX U3MEHEHHUI B TIepeMeHHON x. Takum 00pa3oM MBI JT0Ka3a-
JIY, 4TO €CJIM U3MEHEHHS BXOJHBIX OTJIMYAIOTCS Ha MAJIO€ YUCIIO W ecld Hala
CETh MMEET MAJIICHBKYIO NOCTOSIHHYIO JIWMIIKIa, TO OYEHb MAaJEHBKOE W3MEHEHHE
BXOJHBIX JIAHHBIX, TAKUX KaK M300pa)K€HHE WM MHUKCENb, OyJEeT COOTBETCTBOBATH
TOJIBKO OYE€Hb MAJIOMY U3MEHEHHIO BBIXO/IHBIX JAHHBIX CETH.

TpancdepHoe o0yuyeHne B HEMPOHHBIX ceTAX. /[aHHBIN UCKIIOUUTEIHBHO BAXKHYIO
pOJIb MPU MPOESKTUPOBAHUM HCKYCCTBEHHOTO MHTEJIEKTa UTPAET POJb MOJAEIU 00y-
YeHHbIE C MpPUMEHEHUuEM TpaHchepHoro oOyueHus. PaccmaTpuBaeTcsi 3ajiaya Mma-
IIMHHOTO O0YYEeHUs C yUYHUTeJeM, BKIIOUAIOIIEH UCXOAHYIO 3aa4y S U LEeJIeBYIO 3a-
nauy T ¢ BeposTHOCTHOTO mpocTpancTBa (L2, F, P).

HccnenoBano 3amava kinaccuukauy u300pakeHuil. TOT NOMYJISAPHBINA KJIacc 3a7a4
TpaHchepHOro oOydeHwus, KOoTopasi OOBIYHO PEIIAeTCs C HUCIOIh30BAHUEM HEUPOH-
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HBIX ceTed. B 3TOM moxaxone CTpyKTypa HEHPOHHOW CETH BKIIFOYAECT MOJIYJIb U3BJE-
YEeHMs NPU3HAKOB, 32 KOTOPBIM CIIELyeT MOCIeAHMM cioi kinaccudukaropa. Coort-
BETCTBYIOILME MCCIEAOBAHUS YAaCTO HCHOJB3YIOT 3TH APXUTEKTYpBI. Y CTaHOBJICHBI
CTpOrHe MaTeMaTH4ecKas OCHOBBI TpaHC(HEpHOro oOyueHUs, HauMHas C 00O3Haue-
HUll, OPMYITUPOBKH M CBOMCTB LIETIEBOM 3a7auu Jig OAaHAHOBBIX MPOCTPAHCTB, KO-
Topasi cOpMyJIMPOBAHO CIEAYIOIIUM 00pa3oM:

min LT(fT)feAT = minE[LT(YTlfT(XT))]» freAr (35)

rae Lr(fr) dysakmus motepp, KoTopast u3aMepsieT Moaeds fr: Xy X Yr nis neneBoit
sagaun T, X'ty u Yr ee BXOAHOE M BBIXOJHOE MPOCTPAHCTBA COOTBETCTBEHHO, a
(X7, Yr) Kak mapy ciiy4aifHbIX BETMYHH CO 3HAUYCHUsAMU X X Y.

3neck (X, || - [lx,) v (Yr, || - [ly,) ABAAIOTCS GaHaxOBBIMU TPOCTPAHCTBAMH € HOP-
mMamu || - |[x, u || - ]|y,), cootBeTcTBEHHO, byHKIMA OMMOOK L7:Yr X Yr - R -

SBJIIETCSL IPOCTPAHCTBOM JAEHCTBUTEIbHBIX (DYHKIUN , a MHOXECTBO A SBISETCS
MHO>KECTBOM 1I€JIEBBIX MOJIEIEH TaKue, 4To
Ar < {frlfr: X — Yr}.  (36)
B TpancdepHOM 00Y4YeHHMM ONTHMAIbHAS MOJENb fg JUIS MCXOTHOW 3a/a4dl TaKXKe
Ha3bIBAETCS NpeNBapUTEIbHO 00ydeHHOU Mozenblo. CyTh TpaHc(hepHOTO 00yyeHus
3aKITI0YAeTCsl B UCIOJIB30BAHUN 3TOM MPEABAPUTEIILHO O0YUYSHHON MOJEH fg U3 UC-
XOJITHOM 3a7aud i JOCTHXKEHHUS LEeIu ONTUMU3auuu. B nuccepranum moapoOHO
paccMaTpHUBaeTCsl MaTeMaTUYecKoe 00OOCHOBAHHUE CBSI3aHHbBIE C TpaHc(hepHOro o0y-
YeHHS] B HEMPOHHBIX CETAX. B MpUiokeHusX K AUCCEPTAMOHHON pab0oTe MOCTPOCHBI
MOJIETH JUIS 3aj]a4 CeIbCKOro XO34MCTBA C MPUMEHEHUEM TpaHC(epHOro o0y4yeHwus,
oOy4eHHbIC Ha OOJBIINX JAaHHBIX, HAITpUMED, Ha 6aze Image Net.
SKCHEPUMEHTAJIbHASI YACTh JUCCEPTAIITMOHHOM PABOTHI.
YuciieHHbIE METOAbl IPOTHO3MPOBAHMA YPOKANHOCTH HA OCHOBE I'PAMEHTHOIO
CIycKa

Co3paercsl CeabCKOXO3SIMCTBEHHBIM MPOEKT IO NMPUMEHEHUIO YWCICHHBIX MeE-
TOJOB K 3a7ja4aM IPOTrHO3UPOBAHUS YPOKANHOCTH, KOTOPAs SIBISIETCS HAYKOEMKOU U
caMoOil BaXHOM KaTeropueil mo o0ecrneyeHuIo Mpo0BOIbCTBEHHON MPOrpaMMbl JTO-
00if cTpanbl Wiau perruona. [Iporuo3upyercs ypokaiiHOCTh HauboJiee CTPaTeTnYeCKuX
CEJIbXO3MPOAYKIMI KapTodens, TUMEeHs, KyKypy3bl U KOPMbI JJIs1 dKUBOTHBIX CEHAX.
OOyyaeM JUHEHHYI0 MOJENb MO HAIIMM JaHHBIM X train u y_train. Busyanuzamus
pe3yibTaTOB pacyerTa:
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JluHenHas perpeccus ¢ HopMmanbHbLIM ypaBHeHUeM
1e6
Mpoctan nuHeAHan perpeccya
35 ~~~ Kpusaa perpeccua

R2 score: 0,72

0.0 05 1.0 15 20 25 30 35 40
ToyHbie 3HaueHns 1e6

Pucynox 4.3 PerpeccrnonHas CBsI3b 11E€JIEBOM MEPEMEHHON ypOKAHOCTH ¢ OJTHOW U3
MIEPEMEHHBIX TPU3HAKOB
Ha pucyHke HWXKe IPUBEAEHO CXOJMMOCTbh BAPUAHTOB I'PAJUEHTHOTO CITyCKa IS
KOHKPETHOM 3a/1a4M CEIBCKOTO XO35MCTBA.

CX0pQuMOCThL rPaiMeHTHOrO cnycka

[papueHTHLIN cnyck CTOXaCTUMECKUi rpaueHTHbIN CrycK MUHYM NaKeTHbIA rPafMeHTHBbIN CycK
40000 7
/ ‘-"\ 120000 Al 6000 . -
3
! 100000 /
30000 F ) 37000
F 8000 v
F 3000
o000 i 60000 o
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20000 " _a i 000 °
000§ Dn'é =
3 20000 \— 34000
] w
i 0 o s
0 100000 200000 300000 400000 500000 520000 530000 540000 550000 560000 570000 580000 250000 300000 350000 400000 450000 500000 550000
6o Bo fo

Pucynok 4.4 CxoguMocTy rpaiMEHTHOTO CITyCKa

AHcaMOJieBble METOABI NMPOrHO3UPOBAHUSA 32/1a4 CEJIBCKOI0 XO03AHCTBA €
IPUMEHEHHEeM MAIIMHHOI0 00y4YeHHUs

PaccMOTpEeHBI KOHKPETHBIE PEaIbHBIEC 33Ja4M U3 CEJILCKOro X03s1cTBa. M3yue-
HO TIOCTPOCHUE HEJIMHEWHON MOJEIN YPOKANHOCTH CENBCKOXO3AMCTBEHHBIX KYJIBTYP
Ha 0a3e aaropuT™Ma JAepeBO PELICHUN.

JIuctunr 4.3. Crpykrypa 6a3bl ganHbix o Mcebik-Kynbckoit obnactu.

rlokmot yld e 4o OO el uian PR S G uses CESE RO mn seno o
Lubmpam'i}; 15563 No No 3289 178 587 4 11132111 2349559 99070562 5 4 325040248 146998972 2980933 5 4
Lubmpa'(m?ﬂ; 1554 No No 40861 227 13.18 3 8424757 24904278 11362902 5 3 190529747 198395243 2108808 5 3 F
LUbIﬁpaKCI?ﬂ; 1555 No No 41.99 1.51 7.08 5 10.788050 2504698 11.963904 3 5 321.546607 179641636 2284478 3 5 F
LLIanwpam:l?AKl'; 1556 MNo No 28.90 1.72 12.19 2 7.569101 1.875705 7.190054 4 2 281450256 203908994 2964149 4 2 F

b 1557 Yes Yes 4347 264 8.53 4 10.736328 2537654 10.339240 5 4 203.986219 180.479539 2586299 5 4 F

LUIsifpaKcki
Nudopmarus o 6a3e qaHHBIX C YUCIOBBIMU XapaKTEPUCTUKAMHE MIPEICTABICHO
B JIuctunre 5.4.
Cron6iel peacTaBistoT u yach- ypoxait sumenst, plosh yach-miomans mocesa
sumeHsi, charge yach-nponaxunas nena sumens, call yach tech-ucnonb3oBanue cenb-
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XO3TEXHUKHU. Pe3ylbTaThl MOCTPOCHUS JEPEBO PEIICHUI B 3aBUCUMOCTH OT ITyOUHBI
JIepeBa BBITJISIAUT CIACAYIOIINM 00pa3oM.

charge yach <= 12.825
i = 0.346
samples = 1019
value = [792, 227]

Tn:/ V‘alse

charge yach <= 12.395 uyach <= 44.01
gini = 0.364 ini = 0.208
samples = 883 samples = 136
value = [672, 211] value = [120, 16]
gini = 0.348 gini = 0.497 gini = 0.094 gini = 0.431
samples = 829 samples = 54 samples = 101 samples = 35
value = [643, 186] value = [29, 25] value = [96. 5] value = [24, 11]

Pucynok 4.5 JlepeBo pernienuii ¢ TiyonHoi max_depth=2

JlepeBo uuTaercs cienyromum oopaszom. B Hadane Ob110 1019 06BekTOB, 792 -
OJIHOTO Kitacca u 227 — apyroro. DHTPOIUS HadajabHOTro cocTosiHus Obuia 0.346. 3a-
TeM OBLIO C/IeNlaHO pa3OreHrne OOBEKTOB Ha 2 TPYIIIBI B 3aBUCUMOCTH OT CPaBHEHUS
npusHaka x1= charge_yach co 3HaueHuem 0.364 (HaliuTe STOT YIaCTOK I'PAHMIIBI HA
PHUCYHKE BbIlLIE, 10 aepeBa). [Ipu 3TOM 3HTpoONuUs B JI€BOM YBEIMYWIOCH, U B TIPABOM
rpyrmre 00beKTOB yMeHbImIach A0 gini=0.208. [Ipuyem KoamuecTBO 0OBEKTOB B Jie-
BOM YMEHBIIWIOCH 10 883 Bcero,672 onnoro knacca 211 gpyroro kiacca. M tak na-
Jee, aepeBo crpoutcs 10 ryouHbl 3,4,5. [lpu Takoil BU3yanu3aiuu 4em OOJibIle
O0OBEKTOB OJIHOTO Kjacca, TeM I[BET BEPIIMHBI OJMXKE K TEMHO-OPAHKEBOMY H,
HA000pOT, YeM 00JIbIIIe 0OBEKTOB BTOPOTO KJIacca, TEM OJIMKE I[BET K TEMHO-CUHEMY.
B nagane 00beKTOB OJIHOTO KJIacca MOPOBHY, TO3TOMY KOPHEBasi BEpIIIMHA JIepeBa —
oObIYHO Oesioro 1Bera. B mpuHimme naepeBo pemeHuii MOKHO MOCTPOUTH 10 TaKOH
rIIyOWHBI, YTOO B KaXJIOM JIUCTE OBLT POBHO OAMH 00BeKkT. Ho Ha mpakTuke 3TO HE
JienaeTcsl U3-3a TOro, UYTO TaKoe JEpeBO OyJeT MepeoOyYEeHHBIM — OHO CIUIIKOM
HACTPOUTCS Ha O00YyYaroIlyo BBIOOPKY M OyAeT IUI0X0 paboTaTh Ha MPOrHO3 Ha HO-
BBIX JIaHHBIX. [ 1e-TO BHU3Y JiepeBa, Ha OOJBIION TIIyOuHEe OYIyT MOSBISITHCA pa30ou-
€HUS 110 MEHEE Ba)KHBIM MPU3HAKAM.
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charge yach <= 12.825
aini = 0.346
samples = 1019
value = [792, 227]
Tm'e/ wl\e
charge yach <= 12.395 uyach <=44.01
aini = 0.364 gini = 0.208
samples = 883 samples = 136
value = [672, 211] value = [120, 16]
/
plosh yach <= 2.995 u seno <= 304.432 plosh kart <= 2.437
gini = 0.348 aini = 0.497 gini = 0.431
samples = 829 samples = 54 samples = 35
value = [643, 186] value = [29, 25] value = 24, 11]
gini = 0.346 gini = 0.495 gini =0.278 gni = 0.493
samples = §27 samples = 42 samples = 12 san i samples = 23
value = [643, 184] value = [19, 23] | | value=[10, 2] | value=[96,4] | | value=[14, 11]

Pucynox 4.6 [lepeBo pemenwuii ¢ riayonHoit max_depth=3

B nucceprannoHHOl paboTe paccMOTPUM MHOTOKJIACCOBYIO 3a/1auy KJIACCH-
buKkamu s 3aJa4d [NPOTHO3MPOBAHMSI HA OCHOBE JIEPEBO PEIICHUN Pa3Iu4yHON
TJTyOUHBI.

JIaHHYIO TEXHOJIOTHIO MOXKHO PacIpOCTPaHUTh Ha CIIOXKHYKO 3aJady perpec-
curo. Hmxe mpezacrasiieHa 3ajada perpeccuy ¢ NPUMEHEHHEM JIEpeBO pelieHuil. B
KaueCcTBE IPUMEPA NPUBEAEM 3a/1ady ITPOTHO3UPOBAHUS YAEP/KaHUs BIIarv ITOYBOU B
3aBUCUMOCTH OT KOJIMYECTBA JHEM.

Pewatouiee aepeso, MSE = 21.01

0 2 B 6 8 10

Pucynok 4.7 JlepeBo penieHui 1uisl 3a1a4u PErpeCCHH.

OO0y4yeHne HeJIMHEHBIX PerpecCMOHHBIX MOJesiell 32/1a4 yPO:KailHOCTH C
NpUMEHEeHNeM aHCaMOJIeBbIX AJITOPUTMOB MAIMHHOTO 00y4eHU S

Ouennm MAE, kotopas ompenensercss Kak CpeaHee 3HaueHHe aOCOIOTHOM
Pa3HUIBI MEXIY MNPOTHO3UPYEMBIMU 3HAYEHUSIMHM W UCTUHHBIMH 3HAYEHUSMH, B
Hamem ciayyae MAE: 0.02171092742447838. Cnenyrommii nokasareas MSE ormpe-
JEJSIeTCSl KaK CpellHee 3HA4YeHHe KBaJpaToB omuOKku. OH ompenenseT KauecTBO MO-
JIeIM MPOTHO3UPOBAHUS U BKJIIOYAET JIUCIIEPCUIO -pa30poc MPOTHO3UPYEMbIX 3Haye-
HUM apyr ot npyra. MSE moutu Bcernia noioKuTeabHbIA, a 3HAUeHHS OJIMKE K HYJITIO
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ayuaire. Yem ommxke k Hyato MSE, tem nydmie. Hamu pe3ynbTaThl ciiydaltHOTO Jieca
RMSE:0.03210438555877871. Teneps paccMotpuM R2score. B mpoiieHTHOM OTHO-
IICHUU JTaHHBIN nokazaTensb 97.06%, 4To moKa3bIBa€T BHICOKUN pe3yJIbTaT MPOTHO3A.
Korma R2score*100%= 100% o3HayaeT uaeaqbHyI0 Koppemsnuio. BoT qucTuHTr pe-
3yJbTAaTOB.

JIuctunr 4.4. IIporao3upoBaHre ypoKalHOCTH C MOMOILBIO CIYYalHbIN JIEC U

OLICHKAa €€ TOYHOCTHU

from sklearn.metrics import r2_score

r = r2_sc0re[y_test,pred_selectedﬂ

print('AnropuTM cny4aidHeil nec’)

print{"R2score: ",r)

print( 'RMSE: " ,np.sqrt(mean_squared_error(y_test, pred_selected)))
print( 'MAE: "' ,mean_absolute error(y_test, pred_selected))

C:\Usersh\Admi\AppData\local\Temp\ipykernel 6916\1735198588.py:4:
array was expscted. Please change the shape of y to (n_samples,),
model.fit(x1_train,y train)

ANTOpMTM CAy4aiHeliil nec
R2score: @.96682000627323848
RMSE: @.834148421530968156
MAE: ©.222716581846247814

Hwxe Ha pucyHok 4.8 mpuBeieHa cCpaBHUTEIbHAs JuUarpaMma IMPOU3BOJIU-

TCIbHOCTH MOJCIIN, IIOCTPOCHHAA C IIOMOIIBIO aJITOPpUTMaA CﬂyqaﬁHBIﬁ JCC.

MPoU3BOANTENLHOCTE MOAENN

Wcnons3osaHue cnyvanHoro neca AN NporHo3uposaHus NPONIBOAUTENLHOCTU MOAGNU YPOXKAAHOCTH

TONHbIE A3HHLIE - NPOUIBOAMTENLHOCTU MOAENM YPOXKAAHOCTH
a— ﬂporna] NPOU3BOAUTENLHOCTH MOaEenn ypm«a;‘mocrm {co scemmn napmeTpamun )
——— TIpOrHO3 NPON3BOAUTENEHOCTA MOAENM YPOXARHOCTH (BbiBpaHHLle napMeTpsl)

)' "l!' “‘f /’W‘ i M’\V"VV

0 20 40
NaHHbie TeCTUPOBAHUA

80 100

Pucynok 4.8 Pe3ynbraThl NpOrHO3UpOBaHKS IO METOAY CIyYalHBIN JIeC
B Merone OmOpHBIX BEKTOPOB IIOIy4YaeM cleayromue pesyiasrarsl. Ciaydau

BCEX U BbIOPAHHBIX MAPaMETPOB COOTBETCTBEHHO.

JIuctunr 4.5. [Iporuo3upoBaHue ypokalHOCTH METOI0M OMIOPHBIX BEKTOPOB
print('R2 score:',r2_score(y_test, pred_all})
print('RMSE:",np.sqrt(mean_squared_error(y_test, pred_all)))
print('MAE:",mean_absclute_error(y_test, pred_all))

R2 score: 8.9769677262446926

RMSE: 8.14935843188572662

MAE: ©.14831833583484212

print{'R2 score:',r2_score(y_test,pred_sel))

print({ 'RMSE:",np.sgrt(mean_squared_error(y_test, pred_sel)))
print( 'MAE:  ,mean_absolute_error(y_test, pred_sel}ﬂ

R2 score: B8.9617923551148747
RMSE: @.1923503897516746084
MAE: @.1814844998418824

[Ipon3BOAUTENBHOCTD TAHHOW MOJIEJIA TTOKa3aHa HUXKE.
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TPOrHO3MPOBaHHE NPOU3BOANTENLHOCTI MOAGNH Y AHOCTM € Ucnonk SVM

TONHbIE AaHHbIE NPOMIBOAUTENLHOCTH MOLENN
—— MporHos CTH MoREnu #HOCTW (CO BCEMY NapMeTpamu )
15 ~—— Mporxo3 TENLHOCTH MOflENK ™ (Bbi6) napmeTphl)

™

TEeNLHOCTH Mofienn

TecTosbie AaHHbie

Pucynok 4.9 Pe3ynbTaThl NpOrHO3UPOBAHUS 10 METOLY OIMIOPHBIX BEKTOPOB

[IpuBeneM pe3ynapTaThl IPUMEHEHHS allTOPUTM METOJIa peryiisapusanuu Jlacco
JUTSl IPOTHO3UPOBAHUSI IPOU3BOUTEIBHOCTH YPOKANHOCTH.

JIuctunr 4.6. [Iporao3upoBaHue ypoxKailHOCTH C MOMOILIBIO PETYJIpU3aLuU

Jlacco u oLieHKa €€ TOYHOCTH:
print('R2 score:’',r2 score(y test, pred all))
print( 'RMSE: " ,np.sgrt(mean_squared error(y test, pred all)}))
print{ 'MAE:",mean_absolute_error(y_test, pred_all))

R2 score: B.97696772624458926
EMSE: ©.140350431885726062
MAE: ©.148321833563484212

print{'R2 score:',r2 score(y_test,pred sel)})
print{ 'RMSE:',np.sgrt{mean_squared error(y_test, pred sel)))
print( 'MAE: ' ,mean_absolute error(y test, pred sel)})

R2 score: 8.9617923551148747
RMSE: ©.192359389751876084
MAE: ©.1814844990418804
Tenepsr MbI pacMpuM KJacc aJropuTMOB MAIIMHHOTO 00y4yeHus. bynem mpo-
THO3UPOBATh PETPECCHOHHYIO 3a7a4y C Pa3IMYHBIMH AJITOPUTMAMH MAIIMHHOTO 00Y-
yeHus. Hike MocTpoeHbl perpeccCHOHHBIE MOJENN, KOTOpble Hambosee 4acTo uc-
MOJIb3YEMBIE B 3a/1a4aX CEIbCKOTO XO3SICTBA.
TouHoe pemeHre onpeeTuM U3 HOpMaIbHOTO yYpaBHeHUs. Ha pucyHkax HIbke
OHU yKa3zaHbl KpacHOU JuHuel. BoT nomydyenusie pe3ynbrathl. (IlogpoOHO o peanu-
3anuu B [TpuoxeHuu k riase 3)

PerpeccuonHLIe MOAEN METORO0B MALIMHHOTO 0BydeHIs

PerpeccroHHbin Moaens-MeTog K 6anxanunx cocenen PerpeccroHHbil MOAenb AEPeBO pelueHnin
Obyuenue 8 21.91 MunaucekyHaax O6y4eHve 8 35.90 MunnancekyHaax

R? =003
MAE = 2
300 MSE = 8
RMSE = 3

MAX =12
MAPE = 10.58%

[POTHO3Hb(E 3HAYEHURA B TOHHAX
TMPOrHO3HbIE IHANEHUA B TOHHAX

15.0 175 200 25 5.0 275 00 RS 150 175 00 25 30 275 300 25
TouHEIE 3HAYEHNA B TORHAX TouHsie 3HaUEHIUA B TOHHAX

28



Pucynok 4.10 a) Perpeccuonnbie MOACIH ¢ IPUMEHEHUEM MAIIMHHOTO OOy4EeHUS K-
OmmKalmX coceleit u aepeBo pemenuii; b) OneHka ToUHOCTH MOETICH

PerpeccioHHbIe Mol METOLOB MalLMHHOMO 0by4eHuns

PerpeccuorHIi Mogens-/inHenHan perpeccus

Obyyenne 8 1.96 MunancekyHaax

PerpeccuoHHbIi Moaenk-MeToz OnopHsIX BEKTOPOB
Obyyenune 8 1123.67 MunnncekyHaax

R* =001 RE=010 ® oo
MAE = 2 MAE =2 r
2 MSE =8 MSE =7 it P
RMSE = 3 . RMSE = 3 & .
MAX = 13 max=13 g .‘.‘ll" .
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TouHbie 3HaYEHWA B TOHHAX

a)

ToyHsie 3HaYEHUA B TOHHAX

b)

Pucynok 4.11 a) PerpeccuoHHble MOJEM C MPUMEHEHHEM MAIIMHHOTO O0y4YeHUS
JUHEHHOHN perpecCcruy M MEeTO/a ONOPHBIX BEKTOPOB; b) OreHka TouHOCTH MoJIeei

PerpeccuoHHLIe MOfeny MeToAoB MalUMHHOMO obyyerns

CnyyaitHblit nec
Obyuenve 8 1923.93 MunancekyHaax

[paaueHTHIN ByCTUHI-XGB
Ob6y4eHne 8 249.94 MunnncekyHaax

MpOrHO3HbE 3HaNEHNS B TOHHAX

18

MSE =7
RMSE = 3

MAX = 12
MAPE = 10.25% ©

MPOrHO3HEIE 3HAYEHUA B TOHHAX

15.0 175 200 25 230 2715 300 25

ToYHbIE 3HAYEHNR B TOHHAX

15.0

175 200 25 3.0 215 300 325
Toueie 3HaYEHNS B TOHHAX

b)

Pucynok 4.12 a) PerpeccronHbie MOIENH C IPUMEHEHHEM MAIIMHHOTO O0yUYeHUs CITy-
YaiHbIH Jiec ¥ rpaaueHTHoro o0ycrtunra - XGB; b) OueHnka To4HOCTH Moeei

21

20

[MPOrHO3HBIE 3HAYEHWA B TOHHAX

Perpecc| mMeToaos

PerpeccuoHHbIn Mofenb-TpaaueHTHbIR BycTUHT
06 8 693.33 MunnucekyHa

0 0by4eHus

PerpeccuoHHLIn MoAenb-CTaxoCTUMECKUI MPaaNeHTHBIN CNyCK
06y4yeHune 8 22.94 MunnucekyHaax

MPOTHO3HBIE JHAYEHWUA B TOHHAX

B0 175 2200 25 250 275 300 25
ToyHBIE 3HAYEHNA B TOHHAX

150 175 200 25 250 215 00 £S5
ToYHBIE 3HAYEHWA B TOHHAX

b)
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Pucynok 4.13 a) PerpeccuonHble MOZi€NIM ¢ MPUMEHEHUEM MAIIMHHOTO 00yye-
HUS TPATUCHTHOTO0 OYyCTHHTa M CTOXAaCTHYECKOTO TpaJueHTHOro cmycka; b) Omenka
TOYHOCTH MOJIEIIEN
Ouenka mogeneit: Jluctunr 4.7. Pe3ynpTaThl OLEHKH TOYHOCTH MOJIENEN alrOpUTMOB
MAaIIHHHOTO oOyueHus o pa3IMYHBIM METpUKaM:

Results for model : Random Forest

max accuracy score is 2.82738868912835%

Mean accuracy score is @ 8.8227283851917%21

std deviation score is : 8.88172593564186887492

Cross validation scores are [@.82568885 ©.82286743 ©.82191087 ©.82161949 B.822976e1]
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Results for model : KNN

max accuracy score is 9.8384119492565817

Mean accuracy score is @ 8.8278498878034861

Std deviation score is : 8.8817837882599439877

Cross validation scores are : [8.82939455 ©8.82787531 @.82404936 @.82788935 B.82522887]
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Results for model : Decision Tree Classifier

max accuracy score is 9.7536488882826354

Mean accuracy score is @ 8.7475973826583367

Std deviation score is : ©.88268829823178113167

Cross validation scores are : [8.75326356 8.74611749 @.74651137 @.7461832 B.74852287]
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Results for model : Gaussian NB

max accuracy score is 9.82492156595286832

Mean accuracy score is @ 8.8212891186482223

std deviation score is @ ©.8817184126392989223

Cross validation scores are : [@.8235928 ©.81852184 @.82117938 @.82185678 B.82122559]
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N3 ucxoaHbIX 3HAYEHUM TOYHOCTH Mojenu Mbl BuauM, uto KNN pabortaet
ayudiie, yeMm apyrue. Huke B Tabiuiiax mpuBeIeHbl pe3yJIbTaThl TPOTHO3UPOBAHUS C
MPUMEHEHUEM METO/IOB IPAJIMEHTHOTO OYCTHUHTa M aJITOPUTMA CIIy4YalHBbIH Jiec.

Jluctunr 4.8. Pe3ynabTaT MPOTHO3UPOBAHUS C AITOPUTMOM TPAAHEHTHOTO OY-

CTHHI'a

XGBoost's Accuracy is: ©.9886363626363636
precision recall fil-score support
alfalfa 1.00 2.96 @.98 106
apple 1.00 1.00 1.00 13
barley 1.00 1.00 1.00 104
corn 1.00 2.97 @.99 39
pear 1.00 1.00 1.00 29
potato @.97 1.00 @.98 149
accuracy 8.99 448
macro avg @.99 8.99 .99 440
weighted avg 9.99 9.99 9.99 440

Jluctunr 4.9. Pe3ynbTat mporHo3upoBaHus C AJITOPUTMOM CITyYaiHBIN JieC

RF's Accuracy is: ©.9909090909@9091

precision recall fil-score  support

alfalfa 8.97 9.99 0.98 lee
apple 1.00 1.00 1.00 13

barley 1.086 1.80 1.00 184

corn 1.080 1.06 1.00 39

pear 1.886 1.86 1.86 29

potato 9.99 9.98 9.99 149
accuracy 9.99 440
macro avg 8.99 1.00 9.99 448
weighted avg .99 9.99 9.99 440
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JUig aHaiiM3a roJIOCYIOIIEr0 alrOpUTMa pealn30BaHbl CIAEAYIOLIUE aHCcaMOIu
aJITOPUTMOB U pe3yabTaThl VotingRegressor ganu cieayronme pe3yiabTaThl:
Tabnuna 4.2. Pe3ynprathl aHcaMOJI€BOTO METOJ1A
O1eHKH/aNrOpUTM MAIIMHHOTO 00Y-
Ne | uenus R? MAE MSE
Perpeccust cinydaitnblii jiec, Perpec-

cus Ana Oyct u Perpeccust ronocyro- | 0.800329 | 1.981150 | 6.039916
IIET0 aIrOpUTMa

Perpeccus Apna Oyct, ['pagueHTHBIN
2 | 0yctunr u Perpeccust romocyromiero | 0.998058 | 1.9922521 | 6.11885
AIrOpUTMAa

Perpeccus cnyuainsiii Jsec, ['pagu-
3 | eHTHBIN OYCTHHT U 0.89814 |1.9646782 | 6.03540
Perpeccust ronocyromero aaropurma
Perpeccus ciywainslii Jjiec, Perpec-
cusi Ana Oycr, Perpeccusi rpaauent-
Horo Oyctunra u Perpeccus roiocy-
IOIIET0 AJITOPUTMA

0.96578 |1.971011 |5.98589

Tenepb NpuBeIEeM CPABHUTENBHBINA aHAIW3 TOYHOCTH MOJICNIEN U PE3YJbTATHI
pacyeToB ¢ APYrUMU AITOPUTMAMH MAIIMHHOTO O0YYEeHUSI.
Tabnuua 3. Pe3ynbTarsl COCTABISIIONIMX aJITOPUTMOB aHCAMOJIEBOTO METO/1a

Ne | AropuT™BI MalIMHHOTO 00yYeHUs IIporuo3s

1 JlepeBo penienuit 0.67045454
2 Hagbe baiieca 0.65681818
3 MeTo1 OOPHBIX BEKTOPOB 0.34090909
4 Jloructuueckas perpeccus 0.56590909
5 Cry4JaliHBIN J1ec 0.99863636
6 ['pagrieHTHBIN OyCTUHT 0.98863636

B nmanHOM ciydae, y Hac €CTh aJrOPUTMbI MOOEAUTENN CIy4YaWHBIN Jiec U
XGBoost, kotopsie ¢ OONBINON BEPOSATHOCTHOW TOYHOCTHIO CO3/IaI0T MOJIEIh YPO-
YKAMHOCTHU CEJIbCKOXO35IMCTBEHHBIX KYJIBTYP.

Jluctunr 4.10. Pe3synbpTaThl NMpUMEHEHHUS aHCAMOJEBOTO METOJAa K 3agadam
MIPOTHO3UPOBAHUS YPOKANHOCTH C PACIIUPEHHBIM YHCIIOM aJTOPUTMOB U 0a30i JaH-
HBIX.
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SGDRegressor 1.00 1.00 0.32 0.10

MLPRegressor 1.00 1.00 0.33 15.63

LarsCV 1.00 1.00 0.34 0.10
PassiveAggressiveRegressor 1.00 1.00 0.39 0.05
LGEMRegressor 1.00 1.00 0.47 0.62
HistGradientBoostingRegressor 1.00 1.00 0.47 0.93
ElasticNetCV 1.00 1.00 0.43 024
GradientBoostingRegressor 1.00 1.00 0.55 1047
XGERegressor 1.00 1.00 0.61 1.00
OrthogonalMatching PursuitCy 1.00 1.00 0.63 0.05
ExtraTreesRegressor 0.98 0.9g9 0.75 8.20
RandomForestRegressor 0.99 0.99 0.85 20.83
BaggingRegressor 0.99 0.99 0.95 1.92

Lars 0.99 0.99 1.16 0.03

SVR 0.99 0.99 1.20 12.55

NusSVR 0.93 0.98 1.27 11.16
DecisionTreeRegressor 0.98 0.93 1.54 0.33
AdaBoostRegressor 0.97 0.ay 1.63 3.22
ExtraTreeRegressor 0.97 0.a7y 1.71 0147
PoissonRegressor 0.97 n.ay 1.78 0.08
OrthogonalMatchingPursuit 0.96 0.96 1.62 0.03
Lasso 0.95 095 227 0.06

Lassolars 0.95 0.95 2.2T 0.02

ElasticMet 0.91 0.91 2.08 0.02
KMNeighborsRegressor 0.91 0.91 3.07 0.27

Pa3paboTka u NpoeKTHPOBAHUE UCKYCCTBEHHOI0 MHTEJJIEKTA
B mucceprannu ¢ moMoup0 0Oy4eHHBIX MOJAENIEH s 33/1a4 YPOKalHOCTH U pacIio-
3HaBaHMs 00JIe3HEN paCTeHH ¢ HUCIoab30BaHueM ¢GpeiiMBopkoB Python co3gaHsbl nc-
KYCCTBEHHBIC UHTEJJIEKThI B BHUJI€ BeO cucTeM. JlaHHBIE CUCTEMBI C YCIIEXOM MOTYT
OBITh HUCIIOBK30BaHbI (hepMepamMu JJIsi pAHHETO BBISBICHUSI 0OJIE3HEH pAcTeHHWM WA
IJIAHUPOBAHHUE YPOKAWHOCTH B 3aBUCUMOCTH OT MECTOPACIIONOKEHUS CEIbCKOXO-
3SIMCTBEHHBIX yrogauil. Jletanu u moapoOHO, O MMPOCKTUPOBAHUK M CO3TAHUH HCKYC-
CTBEHHOTO MHTEJUIEKTa MOXKHO o3HakomuTcs B [Ipunoxenun k gqucceprauuu. Huke
HA PUCYHKAaX IMPEJACTABICHBI UCKYCCTBEHHBIC WHTEIUICKTHl HA OCHOBE OOYYEHHBIX W
nocTpoeHHbIX B ['maBax 3 u 4 Bbie mojeneit. PaspaGortansl oOmmpHOE 9ncio BeO
MPWIOKEHUHN ¢ ucrnosib3oBanueM tuiargopmel OpeitmBopka Flask ¢ untepdeiicamu
Ha roCcyJIapCTBEHHOM U O(UIMANTBHBIX s3bIKax KP, KoTopbie UCMonb3yloT 00y4eHHbIE
MOJIEIM Ha 0a3e pas3IMYHbIX apXUTEKTYp HEHPOHHBIX CETEH W MOCTPOEHHUs BeO CH-
CTEM JJI1 MHOTMX MPUKIAIHBIX 3ana4. Hanpumep, cnenytomas Bed cucrema coaep-
KUT BCIO MH(GOPMAIMIO O MOCTPOEHHOUW Hamed mojenu. OHa OCHOBAaHO Ha UCKYC-
CTBEHHOM MHTEJUIEKTE MPOTHO3UPOBAHUS, KaKyl0 KYJIbTypy caxkaTb ¢epmepy, Ha oc-
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HOBE BHOCHUMBIX YA00OpEHUH, cOCTaBa MOYBbI U MOTOJIHbIE YCIOBUS 110 MECTY pacio-
JOXKeHUsT PEPMEPCKOT0 XO3AHUCTBA.
Huxe npeacraBnensl BeO CUCTEMBI Ha TOCYIapCTBEHHOM SI3BIKE.

Pucynoxk 4.14 I'maBHas cTpaHmiia BeO CHCTEMBI IO pacrlo3HaBaHWIO OOJIE3HU pacTe-
HUHN Ha TOCYIapCTBEHHOM SI3bIKE.

Pucynok 4.15 Beb crpanuiia BbIOOpa TECTOBBIX M300paXKeHUM JaHHBIX JJIsl MPOTHO-
3UpOBaHUS.

Kbickaua cypetreme:

Keap pathi junip ianag) — apua TET2A 3K KBUASIK KALICO LAKTMH BAKTOCCYH TAABM KSUATaH FPHBOK 0OPYCY.
Cnopanap apuaHsis ap KaHaaii Xalu By Vper T Bonyn KeILITAT, 3pTe X334, HIMAYY 363 bIDAVbIAS, 6YN STTEP WALLKAR, BHbIK KSTBIT

Capbl CNOPANAPASIH MACCANAPHIH LWAMAN Y4YPYT, AN3P CE3rUY ATMA XKaHa Kp xyrar. Byn naiiaa BoArox cnopanap KuAMHKw Xeins!
apuanapas! raHa Xyrat. XaaH XbUnra 0OPy 3pHaASH ANMAra Kaiipa BpHara STYLLY KEPEK; anua GaKTapbiHEH apacsiva Xarisina an6aitr.

Pucynok 4.16 Pe3ynbrat nporao3upoBanus 00JIE3HH paCTeHUN Ha sI0JIOHEBOM JIMCTE.
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3AK/IIOYEHHUE

B auccepranmonHoit paboTe mpoBeaeHO OOMIMPHOE MCCIIENO0BaHUE MPUMEHE-
HUS Pa3IMYHBIX aITOPUTMOB H METOJIOB MAITMHHOTO O0yUYEHHUS U METOJOB TITyOOKO-
ro oOy4eHus IJs pacro3HaBaHUs U KiacCUpUKaluu 0oJie3HEH CenbCKOXO03HUCTBEH-
HbIX pacTeHui. [locTpoeHbl pa3inuHble MOJAEIN  MPOTHO3UPOBAHUSA YPOKAWNHOCTHU
CEJIbCKOXO3SIICTBEHHBIX KyNbTyp. MCIonbp30BaHbl TaKKe METOBI KJIACCU(PUKAIIUU U
pacno3HaBaHMs HA OCHOBE KOMIIBIOTEPHOT'O 3PEHHUS, KOTOPbIE MOTYT UCIIOIb30BATHCS
JUIs OOHapy>KeHusi O0Je3Hel pacTeHHi, a TakxKe A oMol (epmepaM B aBTOMa-
TUYECKOM OOHApYy>KEHHH BCEX BHUJIOB OoJie3HEil. B 3TOM HampaBieHUM NpUMEHSETCS
pa3InyHbIE apXUTEKTYPhl HEUPOHHBIX CETE B IMTyOOKOM OOy4YEHUHU C MPUMEHEHHEM
TEXHOJIOTUI KOMITBIOTEPHOTO 3peHUs ISl 3adad Ooje3Hu pacreHuil. Kpome Toro,
ObUIM 0000IIEHBI HECKOJIBKO METOJI0B/COMOCTaBICHUN JJIsl pacliO3HAaBaHUSI CUMITO-
MOB 3a0o0sieBaHUs. 31€Ch Pa3BUTHE TEXHOJOTHM INIyOOKOro oO0y4deHHs] B MOCIEAHUE
TOJIbI JUIsl BBIABJICHUSI OOJIE3HEW JTUCThEB pacTeHHil. Mbl OXKUJaeM, 4TO 3Ta paboTta
CTaHET IMOJIE3HBIM MHCTPYMEHTOM JJI YYEHBIX, 3aHUMAIOIINXCS BBISIBIIEHUEM 00JI€3-
Hel pacTeHul. Takke, Takke MPOBOAUTCA CPABHUTEIIBHOE UCCIEN0BAHUE MEXKITY Me-
TOJAAMH MAILIMHHOTO U riay0okoro oOyuenus. HecMoTps Ha To, 4TO B MOCIEIHUE TO-
JibI OBLT OTMEUYEH 3HAYUTENIbHBIN 3aMETHBIN MPOTPECC, BCE €II€ OCTAIOTCS HEKOTOPHIE
npoOeIibl B UCCIEAOBAHUSX, KOTOPhIE HEOOXOJAMMO YCTPaHUTh U BHEAPUTH dPhek-
TUBHBIE METO/IbI OOHAPYKEHHSI 00JIE3HEN PACTEHHI.
1. M3y4eHbl OCHOBBI MPOTHO3UPOBAHUS 3a/lad CEJIbCKOT0 XO34KWCTBa Ha OCHOBE Ma-
IIMHHOTO O0yuyeHus U ee aJropuTMmoB. [locTpoeHbl Mozaenu A MpOTrHO3MPOBAHUS
YPOKaUHOCTH CEIBbCKOXO03AMCTBEHHBIX KYJIBTYD.
2. Ha ocHoBe riry0oKoro 00y4eHHs! ¢ pa3IuvyHbIMUA apXUTEKTypaMHU HEHUPOHHBIX Ce-
Tel MOCTPOEHBI Pa3IMuHbIe MOJAEIN KJIaCCU(PUKAIIMN U PETPECCUH ISl YPOKANHOCTH.
3. TlpensioskeHbl HOBBIE MOJENIH, OCHOBAHHbBIE HA TEXHOJOTUSAX MAIIMHHOIO 00yde-
HUS C AJITOPUTMAMHU MHOTO(DAKTOPHOTO aHaIN3a, JIEPEBO PEIICHUM, CITyJailHbIN Jiec,
IPaJMEHTHBIN OyCTHHI, CTaXOCTUYECKUN T'PAJUEHTHBIM OYCTHUHI M pacno3HaBaHUS
00pa3oB Uil MPAKTUYECKUX 3a/1a4 CEIbCKOTO X035HCTBA.
4. Pa3zpaboTaHbl HEIMHEWHbIE MOJENIH, UHPOPMALIMOHHBIE TEXHOJIOTHUU U CUCTEMBI HA
0a3e riay0okoro oOydeHusi 1 HEUPOHHBIX CETEH C AJIEMEHTaMH UCKYCCTBEHHOI'O MH-
TEJUIEKTA.
5. B nensx pazButus nporeccoB MuppoBU3aIMN CEIBCKOT0 X035HUCTBA pa3pabOTaHBbI
WCKYCCTBCHHBIC WHTEJUICKTHI PAclo3HABaHUS OOJIE3HEH pPACTCHHA U YIPABJICHUS
YPOKaMHOCTH JJIsl Pa3IMYHBIX CEJIbCKOXO3IMCTBEHHBIX KYJIbTYp. J[aHHBIE TEXHOJO-
UM HEOOXOIUMBI JIJISl TAJIbHEUINEr0 Pa3BUTHSI CEITbCKOTO XO3SUCTBA U B IICJIOM JIJIS
ee U poBHU3aAIIHH.
6. B nuccepranuu ucciaenoBaH COBPEMEHHBIN MOAX0A MPOTHO3UPOBAHMUS 3a/1a4 CEJlb-
CKOTO XO31CTBa Ha OCHOBE TIIyOOKOro OOYy4YeHMsI C Pa3IMYHBIMHU apXUTEKTypaMmu
HEUPOHHBIX CETEM U TEXHOJOTHH KOMIIBIOTEPHOTO 3peHHus. PacCMOTpeHbl Takke
MPOTHO3UPOBAHUS YPOKANHOCTH C MCIIOJBb30BAHUEM HEUPOHHBIX CETEU PAIMYHOU
aApXUTEKTYPhI U MIOCTPOCHBI PETYISIPUIYIOIINE ANTOPUTMBI ISl YMEHbBILIEHHS OLINOKU
MOJIEJIEN.
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7.IlonpoOHO paccMOTPEHBI METO bl 00YUEHHUS Mepe0OyUCHHBIX MOJIeNICH C MpUMEHe-
HUEM MeTofa peryispuszanud. OTaeabHO OBLJI0 PACCMOTPEHBI TEXHOJIOTUH WHTETpa-
[IUU AJITOPUTMOB MAIIMHHOTO OOYYE€HHSI M1 COBPEMEHHOTO MOIX0/a B PaclO3HaABAHUU
n300paxkeHuii cBeprounbie Heponnsie ceT. Metoasl CNN 3anumaior ocoboe me-
CTO B MIPOTHO3MPOBAHUHM MHOTHX 3aj[ad CEIbCKOro Xo3sicTBa. OHUM U3 HUX SBIIS-
€TCsl METO/JI pacllo3HaBaHUsl OOJE3HEW PaCTeHH, KOTOPOE U3y4YaJIOCh B IaHHOM JIHUC-
cepranuu. CreayronmM BaXXHbIM METOJIOM IIIYOOKOTO  sIBIIsIeTCSl TpaHc(epHoe 00y-
YeHHs] MOJIeJe C MPUMEHEHUEM KOMMBIOTEPHOTO 3pEHUsA M OONbIIMX JaHHBIX. B
JTAHHOM HaIpaBJICHUH PACCMOTPEHBI YK€ OOyUeHHbIE MOJEIHU Ha OOJBIIMX JAHHBIX
ImageNet. B wactHOocTH, i TpaHchepHOTO OOyYEHHS PacCCMOTPEHBI MOJIETH
VGG16 u ResNet mis nporHo3upoBaHus 00Jie3HEH pacTeHU OCHOBaHHBIE Ha TUIAT-
dopmax Oonbimx ganHbix PlantVillage.

8. OmpeneneHo, 4To Il OnpeaeneHus: 00ne3Hel pacTeHUu UCIOJIb30BaHHOE C pa3-
JUYHBIMU apXUTEKTypaMu HEUPOHHBIX CETE M OCHOBAHHBIC HA TIIYOOKOM OOYyUYEHHH
C TEXHOJIOTHSIMU KOMIIBIOTEpHOTO 3peHust  ResNet 3HauntensHO mydine paboTaroT
TUTS. KITACCU(UKAIIUU N300paKeHUH, KOTJIa HEKOTOphIE TapaMeTphl HACTPAUBAIOTCS U
NPUMEHSIOTCS TaKHE METObl, KaK IUIAHUPOBAHUE CKOPOCTH OOYy4YEHHS, OTCECUCHHE
rpagueHTa U YMEHBIIeHHE Beca. Mojenb CcrocoOHa MaeanbHO MpeAcKa3aTh KakIoe
U300paKEeHHE B TECTOBOM Habope 0e3 KaKux-Inbo OIIMOOK.

9.BaxxHoit ipo0sIeMoid, sIBIIIeTCs HCToib3oBanus OperiMBopkoB Python miis moctpo-
eHMsI B€O CHCTEM, KOTOPbIE HCIONb3YIOT YK€ 00yUYeHHbIE MOJIEIH 7S 3a]1a4 IPOTHO-
3UpoOBaHuA. B JaHHOM HaIpaBJICHUU MOCTPOCHBI CUCTEMbI MCKYCCTBEHHOI'O WHTEJI-
JIeKTa MO ONpPEAENICHUIO YPOKalHOCTH U PEKOMEHAIMH 110 HUCIOJIb30BAHUIO MECTH-
UI0B B CEIbCKOM XO03stiicTBe. IlocTpOeHBl MCKYCCTBEHHBIE MHTEIJIEKTHI IO Pacio-
3HABaHUIO OOJIE3HEW pacTEeHUM IS MIMPOKOTO Kpyra 3ajiad Mo peKOMEHIaIuu Jieue-
HUs 00JIe3HEH pacTeHU MO pe3ysibTaTaM MPOTHO3UPOBaHUs. Mojenu i MpOTHO3U-
pOBaHUS 3a7a4 pacrno3HaBaHMs OO0JIE3HEH MHOTHX pPACTEHUN MPOBEPEHBI HA peaib-
HBIX TeCTOBBIX JaHHBIX Mcchik-Kynbckoit obactu.

B nenom m3ydenHble MpoOIEeMbl U HOBBIC JOCTHKEHHS B MAIIMHHOM M TIIyOOKOM
OOy4YeHUU TOKa3alld pPe3yNbTaThl YAOBIETBOPSIONINE COBPEMEHHBIE TPEOOBaHUS K
MIPOTHO3UPOBAHHUIO U MOJICITMPOBAHUIO JIMHEHHBIX U CIOXKHBIX HEJTMHEHHBIX MpPOIleC-
COB CEJIbCKOT'0 XO351CTBA.
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PE3IOME

muccepraiun CaduroBa baparbexa PaxmanoBuya Ha Temy «VcKycCTBEHHBINH MHTEI-
JIEKT B 3a7a4ax IU(POBOTO CETHLCKOTO XO35SHUCTBa» HA COMCKAHHME YUYCHOW CTETCHH
TOKTOpa (hU3UKO-MaTEMATUYECKUX HayK 1o crnenuanbHocTu 05.13.16 - mpumeHeHune
BBIYHMCIIUTEILHON TEXHUKH, MAaTeMAaTHYECKOTO MOJICTUPOBAHMS W MAaTeMAaTHUYECKUX
METOJ/IOB B HAYYHBIX MCCIICIOBAHUSIX

KiroueBble cj10Ba: CEIbCKOE XO35IMCTBO, MAIIMHHOE 00y4YeHHE, TITy00oKoe oOydeHue,
HEJTMHEHHOE MOJIENIH, KOMITBIOTEPHOE 3pEHUE, HEUPOHHBIC CETH, MOJICIN U aJTOPUT-
MBI MaIlIMHHOT'O 00y4€HUsI, TPOTHO3UPOBaHUE, TpaHC(hepHOe 00yUeHuUe.

O0beKTOM HCC/IeIOBAHUSA SIBISCTCS NMPUMEHEHUE MCKYCCTBEHHOTO WHTEJUICKTa K
3aJlayaM CeJIbCKOTO XO03sicTBa. PacCMOTpeHbI OCHOBHBIE KAaTErOPUHU CEJNBCKOTO XO-
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3SICTBA YPOXKAWHOCTD U 00JIE3HU CEIBCKOXO3SMCTBEHHBIX PACTEHUN Pa3IMYHOTO BU-
1.

OcHOBHas HeJb JUCCEPTALMOHHONW pa0OThI 3aKJIFOYAETCA B CUCTEMHOM TOJIXOE TO0-
CTPOEHHUSI MOJETIC U MPOTHO3UPOBAHUE 33]1a4 CEJILCKOTO XO35IMCTBA HA OCHOBE Ma-
IIIMHHOTO U TJIyOOKOro o0ydeHus. [Ipu 3ToM HCTIOIB30BaHBI TEXHOJIOTHHU TITyOOKOTO
OOyYEHHS ¢ TEXHOJOTHUSIMH KOMIIBIOTEPHOTO 3PEHHMS ISl paclio3HaBaHUs OOJe3HEH
pPacCTeHUN MIMPOKOTO CHEKTPa. Y CTAHOBJICHHUE HEIIMHEMHOW CBA3U MEXIY JAHHBIMU
ABJISICTCS BA&XKHBIM MOMEHTOM JIJISI TAHHOTO MCCJIEOBAHUS.

MeTono0I0rn4eckori OCHOBOM HCCIIEOBAHUS SIBIIIFOTCS OCHOBHBIE METOJIbI M aJro-
PUTMBI MAIIMHHOTO U TIyOOKOro OOy4YeHHUs, TEXHOJOTHUHU IMOCTPOCHHUS PA3THUHBIX
aApXUTEKTYp HEUPOHHBIX CETE M METOJbl MCCIECNOBAHUS 3a/1a4 PACIO3HABAHUS C
IIPUMEHECHUEM KOMITBIOTEPHOT'O 3pEHUS.

IHonyyeHHbIe pe3ybTaTbl U UX HOBH3HA: C NMPUMEHEHUEM PA3IUYHBIX AITOPUT-
MOB MAIIIMHHOTO O0yUY€HHUS TIOJIyYE€HbI PE3yIbTaThl IPOTHO3UPOBAHUS YPOKANHOCTH.
[TocTpoeHbl HEUPOHHBIE CETH I YCTAHOBIIEHUS] HEJIMHEWHBIX B3aUMOCBA3EU MEXKITY
JTAHHBIMU M TTIOCTPOEHUIO MOJENEN JIUTA 33/1a4 CEIbCKOT0 X035UCTBA. J[JIsI OTAEIBHOTO
KJIacca CEJIbCKOXO3SMCTBEHHBIX 3a/1a4 MCIOIb30BaHbl OOJIBIINE IAHHBIE C UCIIOJIB30-
BaHueM TpaHchepHoro ooyueHusi. C MOMOIIbIO NEPEAOBBIX aITOPUTMOB CIyUaHBIN
Jiec, TPaAUEHTHBIN OYCTHUHT M CTaXOCTUYECKOTO TPaJUEHTHOIO CIyCKa M METOJIOB
MAIlIMHHOTO O0Yy4E€HUSI TOCTPOCHBI MOJEIIHM U MPOBEJICH OLEHKA UX TOYHOCTH C IMPHU-
MEHEHHEM aHCaMOJIsl ATUX aJTOPUTMOB.

JI71st yuciIeHHOM peav3alii METOJ0B MAIIMHHOTO OOYYEHHMs MCIOIb30BaHbl MUHU
MAKETHBIM U CTAXOCTHMYECKUM TPAJUEHTHBIA CIyCK. M3ydeH BOIpPOC CXOIAMMOCTH
3TUX METOJIOB.

C ucnonszoBannem @peiimBopkoB Python mis moctpoenus BeO cucrteMm, KOTOpbIe
UCIIOJIB3YIOT YKe€ 00yUeHHbIE MOJIEH IS 3a7a4 mporHo3upoBaHus. [loctpoensl cu-
CTEMBbI UCKYCCTBEHHOTO MHTEJUICKTA pacro3HaBaHus O0Je3HEW pacTEeHUW U ompeje-
JICHUIO YPOKAMHOCTH, a TAKXKE PEKOMEHIALHUM IO HUCIIOJIb30BAHUIO MECTUIUIOB B
CEIIbCKOM XO3SIMCTBE.

OobaacTs npuMeHenusi: Pe3ynbpTaThl AuccepTaliid MOTYT OBITh UCIIOIb30BaHBI IS
HIMPOKOIr0 KpyTa 3a/iay CeJIbCKOro X034iicTBa. Pa3paboTaHHBIA MCKYCCTBEHHBIA WH-
TEJUIEKT B BUJI€ BeO CUCTEMBI MOTYT OBITh MCIOJIb30BaHbl (hepMepaMu U TPOU3BOIH-
TEJISIMU CEIbCKOXO3AMCTBEHHBIX MPOAYKIMN KaK MHCTPYMEHT YNPaBICHUS YpOXKail-
HOCTBIO U pacro3HaBaHus 00JIE3HEN Pa3IMYHBIX PACTCHUI HA paHHEM €€ CTaJINH pa3-
ButHs. [locTpoeHHBIE MOJIETH MOTYT OBITh MCITOJIB30BAHBI JJISI TIOCTPOCHUS JPYTHUX
MOJIENIEW C Pa3sHbIMU KIMMAaTH4YEeCKUMHU IapamerpaMu. [losryuyeHHble Momenu MOryT
OBITH TIEPEOOYUCHBI JIJIsi TPOTHO3UPOBAHUS JPYTUX KATETOPUN CEIBCKOTO XO3SIHCTBA
c 6oJiee CIIOKHBIMU MMPU3HAKOBBIMH XaPaKTEPUCTUKAMH U TAHHBIMHU.

PE3IOME
CabutoB bapatbex PaxmanoBuuTuH nuccepranusicbl «CaHapIplK aibll yapba mpo-
OJieManapblH/a JKacaaMa UHTEJUIEKT» JereH Temaaa (pu3uKa-MaTeMaThuka WiuMIepy-
HUH JOKTOPY WIMMHUN Japa)kacbiH anyy Y4yH 05.13.16 - unumuii u3ninnee e KoMIib-
IOTEPAUK TEXHOJIOTHSIIAP/Ibl, MAaTEMATUKAJIBIK MOJEN166 KaHa MaTEMaTHUKaJIbIK Me-
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TOAJIOPY KOJIJIOHYY aJUCTUTH O0IOHYA

AYKBIY €O310P: ailbl1 4yapOa, MalllMHA YHPOHYY, TEPEH YHUPOHYY, CBI3BIKTYY SMEC
MOJENAEP, KOMIBIOTEPAUK KOPYHYLI, HEMPOH TapMakTapbl, MalllMHA YUPOHYY MO-
JENIEPU XKaHa alrOPUTMIIEPH, OOIHKOII00, TPaHC(HEPTTUK OKYTYY.

N3unneenyHn ob6bekTHCH — aifbll yapba KeHreiiepyHe jkacaama UHTEIUIEKT KOJJIO0-
Hyy. AW yapOachlHBIH HETWU3TH KaTeropusiiapbl, ap KaHmaid aipul yapOa
OCYMIYKTOPYHYH TYLIYMIYYJIYTY JKaHa OOpYJIapbl Kapajar.

JluccepTauMsiJIbIK MINTHH HEIM3rd MAaKcaThbl — MAallMHAIBIK KaHa TEpeH
YUpOHYYre Heru3lenreH abul yapOa KelremgepyH OO0JDKOJII00 KaHa MOJIEIIEPAU
TY3YYI'® CUCTEMallyy Mamuie Kpulyy. Omion sne ydyplaa eCyMIYKTOPAYH KEHUPHU
CIIEKTPHH TaaHyy YUYH KOMIIBIOTEPIUK KOPYY TEXHOJIOTUSTIAPbl MEHEH TEPEH OKYTYY
TEXHOJIOTHSJIapbl KOJJIOHYITaH. Byl HM3ungee y4yH MaanbIMaTTapAblH OPTOCYH[IA
CBI3BIKTYY IMEC OaJIaHBIIITHI TY3YY MaaHUIYY.

N3unneeHyH METOMOJOTHUSUIBIK HETU3UH MAlIMHAJBIK KaHa TEpPEeH YHPOHYYHYH He-
TH3THU bIKMaJaphl )KaHa AITOPUTMIEPH, ap KaHAal HEMPOH TapMAKTAPBIHBIH ApXUTEK-
TypaJIAPbIH KyPYy TEXHOJOTHSIIAPHI KaHA KOMIBIOTEPAMK KOPYYHYH XKapAambl Me-
HEH TaaHyy MaceJIeJIEpUH U3NII06 BIKMAJIAphl TY30T.

AJIBIHTAH HATHIMKAJIAP JKAaHA AJAPAbIH KAHBUIBITBI: Ap KaHAad MallnHa
YUpOHYY aJIrOpUTMIEPUH KOJJOHYY MEHEH TYIIYMIy OOJDKOJA00 HaThIKallaphl
anblHAbl. HellpoHIyk TapMakTap MaajabIMAaTTap OPTOCYHJZIa CBI3BIKTYY 3Mec Oaiina-
HBIIITAPABI TY3YY JKaHa albll yapOa Keureiyepy yudyH MOAEIIEPAN TY3YY YUYH Ky-
pyiaraH. Aipil yapba KeHreMJIepyHYH ©3YHYe KJAacChl YUYH YOH MaajbIMaTTap
TpaHChEpAUK OKYTYYHY KOJJOHYY MEHEH KOJIIOHYJITaH. OpKYHAOTYJITOH alrOpUTM-
JepAu KOKYC TOKOWM, TpaJUEHTTH >KOropyjiaTyy >KaHa CTOXAaCTHUKAJbIK TPaguEHT
TYUIYY JKaHa MalllMHA YHUPOHYY bIKMalapblH KOJJIOHYY MEHEH, MOAENEp KypyiraH
YKaHa aJapJIbIH TaKTBIThl OyJl aJrOPUTMIEPIUH aHCAMOJMHUH KapJlaMbl MEHEH Oaa-
JIAHTaH.

MaivHa yipeHyy bIKMajapblH CaHJIBIK HMIIKE alllbIPyy YUYYH MHUHH-TONTOM >KaHa
CTOXACTUKAJIBIK TPAAUEHT TYLIYPYY KOJAOHYITaH. byn MeToanopay KOHBEPreHUH -
JI00 MACEJECU U3WIIJICHTEH.

Bomkonnoo tanmsipManapbl Y4yH Oyra 4enH yHUpeTyJreH MOAEIAEPId KOJIIOHTOH
BeO cuctemanapiabl Kypyy yuyH Python ankakTapblH KOJAOHYY. OCYMIYKTOpAYH 00-
PYJIApbIH TaaHyy *aHa TYIIYMAYYJIYKTY aHBIKTOO YUYYH acajMa MHTEJUIEKT CHUCTE-
Majapbl, OMIOHAOW d3J¢ aibll yapOachiHAa MECTUIUAACPAN KONIOHYY OOroHYa Cy-
HYIITap KypyJiraH.

Koanonyy ueiipecy: /[uccepraiusiHbIH HaThIIKaIAphl ailbul Yap0a KeNTenIepyHYH
KCHUPHU CIEKTPU YUYH KOJIIOHYJyIly MYMKYH. BeO-cuctema TypyHIOry WIITEHIT
YBIKKAH jKacajiMa UHTEJUICKT (hepMepIiep KaHa ailbul yapba eHIypYyydyIepy Tapalbl-
HAaH Tymymay Oamkapyy J>KaHa ©HYTYYHYH airadkbl 9TaObIHIA TYPAYY
OCYMIYKTOPJYH WIJAETTEPUH TAaaHyy Kypalsibl KaTapbl KOJJAOHYIylly MyYMKyH. Ky-
pyJiraH MoJeJiep ap KaHJal KIMMATThIK mapaMeTpiepu Oap Oarika MoJenaepan Ky-
PYY YYYH KOJIOHYIylly MYMKYH. HaTeliikagarsl mMojenziep Taraan arpuOyTTapsl
’KaHa MaalibIMaTTapbl Oap Oaika aibul Yyapba KaTeropHsulapblH OOJKOII00 YUYH
Kanpa YUpOTYJIYIly MyYMKYH.
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SUMMARY
dissertation by Sabitov Baratbek Rakhmanovich on the topic “Artificial intelligence
in problems of digital agriculture” for the degree of Doctor of Physical and Mathe-
matical Sciences in the specialty 05.13.16 - the use of computer technology, mathe-
matical modeling and mathematical methods in scientific research
Keywords: agriculture, machine learning, deep learning, nonlinear models, computer
vision, neural networks, machine learning models and algorithms, forecasting, trans-
fer learning.
The object of the study is the application of artificial intelligence to agricultural
problems. The main categories of agriculture, productivity and diseases of various
types of agricultural plants are considered.
The main goal of the dissertation work is a systematic approach to building models
and forecasting agricultural problems based on machine and deep learning. At the
same time, deep learning technologies with computer vision technologies were used
to recognize a wide range of plant diseases. Establishing a nonlinear relationship be-
tween the data is important for this study.
The methodological basis of the research is the basic methods and algorithms of ma-
chine and deep learning, technologies for constructing various neural network archi-
tectures and methods for studying recognition problems using computer vision.
The results obtained and their novelty: Using various machine learning algorithms,
yield forecasting results were obtained. Neural networks were built to establish non-
linear relationships between data and build models for agricultural problems. For a
separate class of agricultural problems, big data was used using transfer learning. Us-
ing advanced algorithms random forest, gradient boosting and stochastic gradient de-
scent and machine learning methods, models were built and their accuracy was as-
sessed using an ensemble of these algorithms.
For the numerical implementation of machine learning methods, mini-batch and sto-
chastic gradient descent were used. The issue of convergence of these methods has
been studied.
Using Python frameworks to build web systems that use already trained models for
forecasting tasks. Artificial intelligence systems have been built for recognizing plant
diseases and determining yields, as well as recommendations for the use of pesticides
in agriculture.
Scope of application: The results of the dissertation can be used for a wide range of
agricultural problems. The developed artificial intelligence in the form of a web sys-
tem can be used by farmers and agricultural producers as a tool for managing yields
and recognizing diseases of various plants at an early stage of development. The con-
structed models can be used to construct other models with different climatic parame-
ters. The resulting models can be retrained to predict other agricultural categories
with more complex attributes and data.
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