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Pecnybnuxa Kazaxcman, e. [lemponasnosck
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Pummep /Imumpuit Buxmoposuu

Kano. mexn. nayk, CKL'Y um. M. Ko3svibaesa,
Pecnybnuxa Kazaxcman, 2. [lemponaenogck

B Hacrosimee BpeMs CENBCKOXO3SMCTBEHHAs IPOMBIIIICHHOCTH
CeBepo-Kazaxcranckoi o0iacTu MOJBEpraeTcsi MOJEPHHU3AIMN U BHEpE-
HUIO MHHOBAIlMHA. DTO BBIpaXaeTcs B ONM(POBKE IOCEBHBIX IUIOMIAJICH,
CO3/IaHWU BHPTYaJbHBIX KapT MOJIEH M TOBCEMECTHOM HCIHOJIB30BaHUU
BO3MOXKHOCTEH CITyTHUKOBOW HaBHMTAllMH, 4YTO IIO3BOJIIET C Oousbineit
TOYHOCTBIO 00pabaTeIBaTh 3eMiIt0. TaknuM 00pa3oM CelNbCKOXO3IHCTBEHHAS
MIPOMBIIINICHHOCTh Pa3BUBAETCS B CTOPOHY yBEIHYEHUsSI 00bEMOB padoT.

Opom 3aHumaroT Menee 0,2 % moceBHoW Ttuomanu CeBepHOTrO
Kazaxctana mo cratuctudeckuM AaHHeIM Ha 2018 roj, cuibHO ycTymas
KapTo(eo, KOPMOBBIM, MACTICHUYHBIM U 36pHOBBIM KynbTypam [1]. 13-3a
pe3KO KOHTHHEHTAJIHHOTO KJIMMAaTa OBOINM TPHXOTUTCA BBIPAIUBATH B
TEIUIMYHBIX KOMIIJIEKCAaX, KOTOpPBIE TPeOyIoT Oojiee CIOKHBIX TEXHOJIOTH-
YECKHMX pEIICHUH, YeM IOCEBBl B OTKPHITOM IpyHTE. [IpH HEBO3MOKHOCTH
aKTUBHOTO PACIIMPEHHUS IUTOMaAeii HEOOXOIMMO COBEPIICHCTBOBATH TEX-
HOJIOTMH BBIPALIMBaHUs, cOOpa M COPTUPOBKH HPOIYKIHH.

CopTHpoBKa, KaJIMOpPOBKa M JPyTHe MaHUIYJISIUH C OBOLIAMH ITPOH3-
BOJATCS. PyYHBIM TPYJOM MU C IPUMEHEHUEM CHELHaIbHBIX KOHBEHEPOB.
CyIecTBYIOT OTHOCUTEIbHO MPOCThIE MEXaHU3UPOBAHHBIE YCTAHOBKU U
JOPOrOCTOSIIME SIEKTPOHHBIE YCTPONCTBA, KOTOPBIE HCIOIB3YIOT Ipe-
HMYIIECTBA MAIIUHHOTO 3peHus. Takue CUCTEMBI 3alpOrpaMMUPOBAHEI
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JUISL BBITIOJHEHMS Y3KOCTICIMAIN3UPOBAHHBIX 3a/ad, HAaIpUMEp, HMOACYET
00BEKTOB Ha KOHBeliepe, YTEHHE CEPUHHBIX HOMEPOB MM MOUCK MOBEPX-
HOCTHBIX AedekroB. I[IpenmymiecTBa MalIMHHOW BU3yaJbHON WHCIIEKINU
Mepes] YeI0BEYECKON: BBICOKAsI CKOPOCTh PAOOTHI, TOYHOCTH ITOBTOPSIEMBIX
U3MEPEHUH, OTCYTCTBHE YTOMIISIEMOCTH, HEBHUMATEILHOCTH HIIH OOJIC3HEH.
Tem He MeHee, Mo OONAAIOT OOJNBIIEH THOKOCTHIO B KIacCH(UKAIIIH,
OoJiee TOHKMM BOCIIPUSITHEM Ha HEOOJIBILINX OTpPE3KaX BPEMEHH U afanTaluu
K TIOMCKY HOBBIX JI€()EKTOB.

MaiuHHOe 3peHHe, NPUMEHseMOe B aBTOMAaTHUYECKUX KOHBelepax,
CTpOUTCS Ha MH(POPMAIMU, NOCTYIAIOMIEH ¢ MHOTOYUCICHHBIX JaTYUKOB,
KOTOpBIE MO-OTAEIBHOCTH OTCICKHUBAIOT LBET, BEC, pa3Mep M JApyrue
JIMCKPETHBIC XapaKTePUCTUKU 0OBEKTOB.

CymiecTByeT HECKOJIBKO METOJIOB PACIIO3HABaHM 00pa30B, TAKNE KaK:
MeTon nepebopa BHAa 00BEKTa MOA PA3IMUYHBIMU yIJIaMH, Maciirabamy,
CMELICHUSIMH; ONpEAeicHIe KOHTypa 00BeKTa M JajbHelIIee nceieioBaHe
€ro CBOICTB; WCIOJIB30BAHHE HCKYCCTBEHHBIX HEWPOHHBIX CETE€H M T. 1.
B omimume oT npyrux METoNIOB, HCHOIB30BaHUE HEHPOHHBIX CETEH coyeTaeT
B cebe IpeuMyIecTBa MAIIMHHOTO OBICTPOJACHCTBHA M YEIOBEYECKOM
FI/I6KOCTI/I 1 TOHKOCTH BOCIIpUATHA.

OTnnyuTeNbHON 0COOEHHOCTBIO HEMPOHHBIX CeTel SBISETCS UX 00Y-
YaeMOCTb — MOBBIIIIEHHE TOYHOCTH MPEIOCTABIIIEMOT0 pe3yibTaTa B IpoIiecce
o0y4eHus. Cxema MOCTPOEHHSI HEHPOHHON CETH IpeACTaBlIeHa Ha pUCYHKeE 1.

BXO4HAN CAOF

€10 CHOBITbIX HERPOHOB

BRIXOAHON CAOHR

Pucynok 1. Cxemamuueckoe uzodpasicenue uacmu HeupoHHOU cemu
C yuemom CKpulmplX c10€8

HckyccTBeHHass HEMpPOHHAST CETh TMPEICTABISIET cOOOW CHCTEMY COEH-

HEHHBIX W B3aMMOJCHCTBYIOIIUX MEXAY COOOH TPOCTHIX TMPOIECCOPOB
(mepuienTpoHoB). Takue MPOIECCOPHI OOBIYHO JOBOJBHO MPOCTHI. Kaxkaprit
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Iporeccop Mof00HOH CEeTH MMEET AEN0 TOJIBKO C CHTHAJAMHU, KOTOpPBIE OH
MEPUOANYECKH TOJNy4YaeT, M CHTHAJaMH, KOTOPbIE OH MEPHOAUYECKH
MOCBUTACT APYruM mpoueccopaM. U, Tem He MeHee, OyIydn COeAUHEHHBIMU
B JJOCTATOYHO OOJBIIYIO CETh C YIPABISIEMBIM B3aHMOJICHCTBHEM, TAKUE TI0
OTACTBHOCTH TPOCTBIE TMPOLECCOPHI BMECTE CIHOCOOHBI  BBIMOIHATH
JIOBOJIBHO CIIOXHBIE 3a1a49u [2].

AKTUBHOCTb Ka)KI0TO U3 CJIOEB MEPIEHTPOHOB - AITOPUTM, 110 KOTOPOMY
OH mpeoOpa3yeT BXOAHOW CHTHaJ B BBIXOJHOW, HAIPSIMYIO 3aBUCHUT OT
BaXXHOCTH KaHaJa, 10 KOTOPOMY CHTHaJI IOCTYNaeT B HEro. TOT napamerTp
HAa3bIBAETCS BECOM M OIPE/IENseT KAKOMY M3 BXOJHBIX CUTHAJIOB OTJATh 0OJIb-
1M IPUOPUTET Ul BIMSHMS HAa BBIXOJHOH. B ciayyae KOMIIBIOTEPHOIO
3peHHs HYXXHO OYeHb MHOTO CKPBITBIX CIOEB, IIAar 3a IIaroM paccMaTpu-
BAIOIIMX MHOTOYMCIICHHBIC MapaMeTpbl AaHHOTO m300paxkeHus. M Tombko
TOT/1a cucTeMa OyAeT OCMBICIIEHHO Paclo3HaBaTh TO, YTO OHA BUAMT [3].

Jns Toro, 94ToOBI HACTPOMTH Beca KaXKIOTO CIIOSI CTOJNb CIOKHOM
CHCTEeMbI HEHPOHOB, CYIIECTBYET HECKOJIbKO METOJNOB. B nmaHHOM ciydae
ClleyeT MPUMEHHTh METOJ OOydeHHsT HEHPOHHOH CETH C y4YHTeNeM, IpH
KOTOpoM pabo4as CTpPYKTypa IIOJBEpPracTcsi BO3ACHCTBUIO TECTOBBIX
n300pakeHNH M KanuOpyeTrcss deloBEKOM-yuuTesneM. MeToa ¢ ydureneM
IIPUMEHSIETCA [IOTOMY, YTO B Clly4ae COPTUPOBKM OBOILEH OT HEHMPOHHOMU
ceTu Tpedyercs crporast KiacCU(pUKalys N0 OOLUIePUHSITHIM IIPaBUIaM.

[pumeHeHre HeHPOCETH CIIOCOOCTBOBANIO MOBBIIIEHHOMY COOPY yposKast
B Uumuu. Umxenepsl Microsoft coBmectHo ¢ yuenbimu u3 ICRISAT
MIPUMEHSIOT NCKYCCTBEHHBI MHTEIUIEKT Ha OCHOBE HEHPOHHON CETH, YTOOBI
OTIPENIeTINTh ONTUMAaIbHOE BpeMs noceBa B VHnuu. [IpunoxeHue, HCIOIb-
sytomee Microsoft Cortana Intelligence Suite, Takxke CIEIHUT 3a COCTOSTHHEM
TIOYBHI U 1OJI0MpaeT HeoOxoanmble ynoopenus. M3HaqansHO B mporpaMme
yaactBoBaio 175 ¢epmepor u3 7 nepeBers. OHI HAYaIlM TIOCEB TOJBKO TOCIIE
cooTBercTBYyROImEero SMS yBemomieHust. B pesynbrate, oHu cobpanu ypoxkas
Ha 10-30 % Oonbiie, yem 00bIuHO [4]. B naHHOM cityuae HelpoHHas CeTh
ObUTa MCTIONIB30BaHA ISl TPOTHO3UPOBAHMS HanboJee MOAXOSIIEro BpeMEHN
JEeNCTBUSL.

IIpobnemoli COPTUPOBKU OTYPIIOB ¢ NMPUMEHEHHEM HEHPOHHOU ceTH
Ha JMYHOH (epme 3aHsIICS SnOHCKMI mmxeHep Makoto Koiike B 2016 romy.
Ilepen HMM cToOsTa 3aada aBTOMAaTHYECKOH COPTHPOBKH OTYPIIOB IIO
STIOHCKOHM Kiaccu(UKaIMU: JIEBSATh KJIACCOB OTYPLOB coriacHo (opme,
pasMmepy U psaay ApYrux cBoWcTB. UeM BbllIE Kiacc, TEM JOPOKE OTYpeL.
Co3naB coOcTBeHHYI0 0a3y naHHBIX aiust oOydenus u3z 7000 ¢ororpadmii
OTYPIIOB, y HEro MOJYy4YMWIOCh JIOCTHYb TOYHOCTH aBToMarm3anuu B 77 %, 4to
JIOBOJIEHO HU3KO, HO, YYHTBIBasl COBEPLICHCTBOBAHUE TEXHOJIOTUII OTKPHITOrO
JIOCTyIa ¥ BO3MOXXHOCTb PacUIMPEHUs 00ydaromeld BEIOOPKH, 3TO HE Tpeselt
TOYHOCTH pacro3HaBaHUsI 0OBEKTOB Kiiacca oBoI [5].
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CorylacHO TOCTAaBICHHOM 3a/ade WCHONB3YIOTCS pa3HbIE BHABI
HelipoceTeil: peKyppeHTHas, CBePTOYHAS FIIH KOMOMHUPOBaHHAS.

Oco0eHHOCTH peKyppeHTHOH HelpoceTH:

e MOJKET IPHHMUMATH Ha BXOJIEC JaHHbIC PONU3BOIHHON JAJIMHBI;

¢ HCIONB3yeT MHPOPMALMIO O BPEMEHHBIX PAAAx (TO, 9YTO S TOBOPUII
B IIOCIIETHUH pa3, MOBIHACT Ha TO, UTO s OyIy TOBOPHUTH JAJbIIE);

® MOJKET UCIIOJIb30BaTh CBOIO BHYTPEHHIOIO MaMATh U1 00paboTKH
MIPOM3BOJIBHBIX TTOCIIEJ0BATEIBHOCTEH BXO/IOB;

® HCIIOJIB3YETCS B 33/1a4aX aHaIn3a TEKCTa M PEeUH.

OCoOEHHOCTH CBEPTOYHON HEHPOCETH:

® TIPUHUMACT Ha BXOAC W BBIAACT HA BbIXOAC JaHHBLIC (I)I/IKCI/IpOBaH-
HOH JJIUHBI;

® HCIIOJB3YIOT CXEMY B3aMMOJCHCTBHS MEXLy HEHPOHAMH 3PUTEIIHHOM
KOpBI KMBOTHOTO, WHIMBHIYaJIbHbIE HEHPOHBI KOTOPOH YCTPOEHBI TaKUM
o0pa3oM, YTO OHHM pearupyloT Ha INepeKpbIBaomuecs o0IacTH, 00IHIo-
BBIBAIOIINE IT10JIC 3PECHUS;

® 3TO HEHPOHHAs CeTh C 0OPATHOM CBS3BIO - BapHAIIMH MHOTOCIIOHHBIX
NEPCECIITPOHOB, KOTOPBIC NPCAHAZHAYCHBI IJId WUCIIOJIBb30BaHUA MUHUMAJIbHBIX
00BEMOB TIPEIBAPUTEIBHOM 00pabOTKY;

e JCIIONB3yeTCs AT 06paboTKK n300pa’keHUH U BUIEO.

Taxum 06pa3zom, [J1s 3a71a4K PacIio3HABaHHS OBOILEH IIPH COPTUPOBKE
HEOOXOMMO HCIOJIb30BaTh CBEPTOYHYIO HEHPOHHYIO CE€Th, OOYYEHHYIO C
yuuteneMm. Co3naHue cOOCTBEHHONW HEHPOHHOW CETH ¢ HYJS TPYAOEMKUN
W MaTeMaTH4eCKH CIIOXKHBIA mponecc. [Ipn 3ToM co3parh COOCTBEHHbIE
JITOPUTMBI MOKHO TIOYTH Ha JI00OM sI3bIKe MporpammupoBanus (Java, CH,
JavaScript, Go, R, Erlang, Julia, Haskell u ap.). [IpiMeHsieMble B MPUKIIAIHBIX
3a7a4ax HEHPOHHBIE CEeTH pa3palaThIBAIOTCS CIEHUAIBHBIMHU IPYIIIAMH B
KPYIHBIX KOMIIAHMSAX C HOCTOSIHHBIM (pMHaHCHpoBaHueM. Ho, Ha naHHBII
MOMCEHT, HEKOTOPBIC PE3YJIbTAThI pa6OTI)I TaKUX KOMIIAHUHM NOSBUINCH B
OTKpBITOM JocTyne. CTpyKTypa U anrOpyuTMbl HEHPOHHBIX CETE MOMEIIeHbI
B OMOJIMOTEKN Ha Pa3HBIX A3BIKAX MPOTpaMMHUpOBaHUA. Takue OMOTHOTEKH
9TO MHOTOKPATHO M BCECTOPOHHE MPOBEPEHHBIN HA0OP MPOrpamMm, KOTOpbIe
OINITUMU3UPOBAHBI, OTJIAXKCHBI, 3aT0KYMCHTHUPOBAHbBI W HCIIOJIB30BaHbBI B
pa3HoOOpa3HBIX 3a1a4ax.

Haubonee pacmnpocTpaHeHHbIe NpPOTpaMMHBIC TAKeTHl HA JaHHBIN
MOMEHT [6]:

e TensorFlow — npezacTasieH si3pikamMu mporpamMmmuposanus C++, C,
Java, Python;

e Keras — Python;

e PyTorch — C++, Python, CUDA;

e Theano — 6uGamnoreka Python;
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CNTK — ¢ppeitmopk ot Microsoft. C++, Python;
MXNET — C++, Python;
OpenCV — C++, C, Java, Python, .NET;
Caffe — C++, Python u Java;
Caffe2 — C++, Python.
OreHKa TIOMYIIPHOCTH TPOTPAMMHBIX ITAKETOB MAIIHMHHOTO OOYHYCHUS
Mpe/icTaBjeHa Ha PUCYHKE 2.

Deep Learning Framework Power Scores 2018
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Pucynok 2. Oyenka nonyiapnocmu npoZpammHsIX RAKenos
MAWUHHO020 00yYenus

Cpemn  Haumbormee 4YacTO BCTpeYaeMbIX B MPOrPaMMHPOBAHUH
HEWPOHHBIX ceTell s3bIKOB mporpammupoBanus (C++ wu Python), mis
B3aUMO/ICHCTBUS B NMPUKJIAHBIX 3aJa4ax ¢ TOTOBBIMH PEIICHUSMH OOJIbIe
noaxomut Python, T. k. sBJseTCS A3BIKOM 00JIee BEICOKOTO YPOBHS [7].

B 3axmioueHue ciefyeT OTMETUTh, YTO IPEBOCXOACTBO CHCTEM
pacrio3HaBaHUsl OOBEKTOB Ha HEWPOHHBIX CETSAX HAJ MPOMBIIUICHHBIMU
CcHUCTEeMaMH MalIMHHOTO 3peHHs TpeOyeT MpPOBEICHUS HAaydyHOIo HcClie-
noBanus. [IpesmnonaraeMbie NpeMMyIIecTBa HEHPOHHBIX CeTEi Hal PYYHBIM
TPY/IOM: BBICOKasi TOYHOCTb, HEYTOMIIIEMOCTh, BO3MOXKHOCTh COBEPIIEHCTBO-
BaHMs B pabouyeM mnporuecce. IIpr 3TOM OTKPBITOCTh MPOTPAMMHBIX PELICHUN
U mpocrota paboTel B PythOn [0JoKHBI TMPHBECTH K CYLIECTBEHHOMY
CHIDKCHHUIO CTOMMOCTH 110 CPaBHEHHUIO C MPOMBIIIICHHBIMH 3JIEKTPOHHBIMHU
KoHBellepamMu. Bo3MOKHbBIE HEOCTATKH: CIIMIIKOM BBICOKasl TPYIOEMKOCTb
cocTaBieHUs oOydaromieil 0a3bl AaHHBIX HM300paKEHHH JUI JTOCTHXKCHUS
yJIOBJIETBOPHUTEIHHOIM TOYHOCTH PACIO3HABAHUSL.
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B moboM ciydae, MOTydeHHBIH B pe3ynbTaTe AAaHHOTO HAyJHOTO

HUCCICOOBaHUsA OIIBIT 6y,H6T TIOJIE3CH I JIy4IIEro NOHHUMAaHUA obnactu
TIPUMEHECHNSA HWCKYCCTBCHHOI'O HHTEJIJICKTAa Ha OCHOBE HCprOHHLIX cereit
B IIPUKJIAHBIX 3aJa4aX Ha Pas3sJIMIHBIX IIPOU3BOACTBAX.
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