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CynpyHoB AnaTtonuii UBaHOBHY, JOKTOpP CEThCKOXO35WCTBEHHBIX HAYK, AOIECHT, HanmoHaNbHBIA TIEHTP
3epHa uM. I1. I1. JIykesanenko, Kpacuonap, Poccus

Tem0oToBa @aTumMat AcjaHOueBHa, YieH-KoppecnionaeHT PAH, n1okTop Ononornyecknx Hayk, mpodeccop,
WucTtutyT 3x010run ropusix teppuropuii um. A. K. Tem6oroa PAH, Hanpunk, Kabapauno-bankapckas
Pecny6nuka, Poccust

TpamoBa A3m3za MyxamaausieBHA, TOKTOP 3KOHOMUYECKUX HAyK, JOIEHT, Poccuilckuii 3KOHOMUYECKUI
yHuBepcuteT uM. I'. B. IInexanosa, Mocksa, Poccust

OuawommnH Muxaua AJIeKCAHIPOBUY, KaHIUIAT OMOJIOTHYECKHX HayK, DenepalibHbIi HCCIeI0BaTeIbCKHIA
ueHTp «PyHaamMeHTanbHble OCHOBHI OnoTexHonmorum» PAH, Mocksa, Poccust

YouaeB Aaum XyceeBHY, JIOKTOP SKOHOMHUYECKHMX Hayk, mpodeccop, denepanbHOoe rocynapcTBEHHOE
YHUTapHOE NpeAnpusITie «ArpoHayucepBuc», Mocksa, Poccus

IleBxyxeB AHaTo/uii ®oanoBuy, TOKTOpP CEIHCKOXO3SIMCTBEHHBIX HayK, mpodeccop, CeBepo-KaBkasckuii
(denepanbHBIA HAYYHBIN arpapHbIi HeHTp, MuxainoBck, Poccust

Mlorenos Opwuii XacanoBuy, akagemuk PAH, noktop TexHuuecknx Hayk, OTaeneHne CenbCKOX03SHCTBEHHBIX
Hayk PAH, Mocksa, Poccust

SAnobix Penara I'ennagbeBHa, wieH-koppecnonaeHT PAH, MOoKTop SKOHOMHYECKHMX HayK, JOIEHT, mpodeccop
PAH, HaunonanbHbI# HCClIe0BaTENbCKUM YHUBEPCUTET «BpIcias 1kosia s5KoHOMHUKI», MockBa, Poccus
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IHocTpoeHue Moae/ i MAIIMHHOTO 00y4YeHUs
JJIS1 IPOTHO3MPOBAHUS MOIIEHHUYECKUX TPAH3aAKIHi

A. ®. Koncrantunos™, JI. I1. /IbakonoBa

Poccuiickuil s5xoHOMHUYeckuil yHuBepcureT umenu I'. B. Ilnexanosa
115054, Poccus, Mocksa, CTpeMsHHBIH Nepeyiok, 36

Annomauyus. B crathe npecTaBieHa pa3paboTKa MOJICIM MAIIMHHOTO OOYYEHHS ISl IIPOrHO3UPOBAHHUS
MOIIEHHUYECKHUX TPaH3aKIMi Ha MpUMepe TPAaH3aKIMOHHBIX TaHHBIX OaHKa. PaccMOTpeHbI 0coOOeHHOCTH
KOJIMPOBAaHMS KaTeropHaJbHBIX MEPEeMEHHBIX, CBS3aHHBIE C HAJIWYMEM BPEMEHH B TPAaH3aKIMOHHBIX
JAHHBIX, YTOOBI M30eKaTh yTeuek uHpopMauuu. [IpoBeeHbl SKCIIEPUMEHTHI IO TPUMEHEHUIO OarruHra
(bootstrap aggregating) u co3maHuiO AOTOJHUTEIBHBIX MMEPEMEHHBIX HA OCHOBE MX BKJaJga B HTOTOBBIN
nporao3 ¢ mpumeneHneM Shapley values. PaccMoTpensl mokaszatenn KadecTBa MOZIETH MAaIIMHHOTO
00y4YeHHS ¥ TIPOBEJICH MX aHAIIU3.
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Abstract. The article presents development of a machine learning model for predicting fraudulent
transactions using transactional data from a bank. It discusses the features of encoding categorical variables
related to the presence of time in the transactional data to avoid information leakage. Additionally,
experiments were conducted on the application of bagging and the creation of additional variables based
on their contribution to the final prediction using Shapley values. The quality metrics of the machine
learning model are examined and analyzed.
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BBEJIEHUE

DUHAHCOBBIEC OPraHU3ALMK €KETHEBHO aHATU3UPYIOT, OIICHUBAIOT U MUHUMU3HUPYIOT 00JIb-
110€ KOJIMYECTBO PUCKOB, CBA3AHHBIX C (PMHAHCOBBIMH aKTUBAMU U 00s3aTeIbCTBAMH OpTraHU3a-
1. OCHOBHOU 1ENBbIO yIIpaBieHHUs] (PUHAHCOBBIMHU PUCKAMHU SIBJISICTCS 3aIMTa OPraHU3aIllui OT
(UHAHCOBBIX NOTEPh, BO3HUKAIOIIUX H3-32 U3MEHEHUI BHEIIHEH Cpelibl, a TaKXkKe MOoAepKaHe
(GbuHAHCOBOH YCTOMYMBOCTH U YBEIMUYEHUE MPUOBLIN OpraHUu3alui.

Mopnenu uckyccrBeHHoro unteiekra (M) mupoko mpuMeHSFOTCs B yIIpaBICHHH (PUHAHCO-
BBIMH pUCKaMU. TeXHUKU MAIIMHHOTO 00y4eHUsl, UCTIOIb3yeMbIe ISl yIpaBieHHs] PUHAHCOBBIM
pHUCKOM, puBeieHbI B Tabuie 1 [1].

Tabnuya 1. TexHUKN MaIITHAOTO O0YYESHHS, UCTIOIB3yeMEbIe ISl YIIPaBIeHHs (PMHAHCOBBIM PUCKOM

Table 1. Machine learning techniques for financial risk management application

[Ipunosxenue ig ynpaBieHus

MeTton o0y4eHHs 3amaya o0ydeHUs (DHHAHCOBHIM PHCKOM
ITouck MOIIIEHHHYECTBA
Knaccuduxanms OntuMuzanusa nopThoIro

KpenuTHbIi CKOPUHT ¥ MPOTHO3 OaHKPOTCTBA

HpOFHOS BOJIATHJIBHOCTH

OO6yueHue ¢ yuuTeneMm
AHanM3 4yBCTBUTEIBHOCTH

Perpeccus MopenupoBaHue MpeTeH3ui

Pe3epBupoBanue noreppb

MonenupoBaHue CMEPTHOCTH

IlernooOpa3oBaHue B CTPaXxOBaHUH

Knacrepuzanus AHanu3 4yBCTBUTEIBHOCTH

KpenuTHelif CKOPUHT U IPOTHO3 OaHKPOTCTBA

Obyuenue 0e3 yaurens =
Onpenenenue anoManui | [Touck MOIIEHHUYECTBA

CHrKeHne pasMepHOCTH | AHJIEppPAlTHHT B CTPaXOBAHHH

MopenupoBaHue CMEPTHOCTH

OO0y4eHue ¢ MoAKpeIuIeHHEM OnTuMu3anus nopTHoIHo
OOyueHHEe ¢ YaCTUYHBIM AHam3 9yBCTBUTEIHHOCTH
HaOJFOIeHIEM

[Tpu ynpasnenuu GUHAHCOBBIMHU pUCKaMU OOBIYHO paccMaTpUBAIOT:

® DUCKH, CBSI3aHHBIE C pHIHKAMU (aHAJIU3 YyBCTBUTEIBHOCTH, ONITUMHU3AIMS TIOPT(HOIINO, TpeI-
CKa3aHUe BOJATUIIHHOCTH);

® KpEIUTHbIE PUCKU (KPEUTHBIM CKOPUHT, MpeicKa3anue nedonTa uin 6aHKpOTCTBA);

® CTpaxoOBaHUE U AeMOTrparuecKue pucku (MoaeIMpoBaHe IPETEH3U, pe3epBUPOBAHHE 110~
Tepb, MPeCKa3aHue CMEPTHOCTH, aH/IEPPANTUHT B CTPAXOBaHUN);

® OMepalMOHHbIE PUCKH (TIOMCK MOIIIEHHUYECTBA).

B nannoii pabore OynyT paccMaTpuBaThcs MOLICHHUYECKHE TpaH3aKUuuu. B obmeil knaccu-
¢duKany GUHAHCOBBIX PHIHKOB OHU OTHOCSTCS K OIEPAllMOHHBIM PUCKaM.
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B nomnonHeHne Kk pacCMOTPEHHBIM TEXHUKAM MAaIIMHHOTO OOy4YeHHsI, UCIOJIb3YEMBIM MJIS
ynpaBieHuss (PUHAHCOBBIM PHUCKOM, HEOOXOAMMO yKa3aTb Ha OCOOEHHOCTh (MHAHCOBBIX
JaHHBIX — 3alpeT Ha pasrialieHHe MepCOHAIbHONM WMH(GOpPMalud O KIUEHTaX U UX Olle-
pauusx. B coeii cratee [2] T. Awosika u coaBT. paccMaTpuBaiOT MpUMEHEHHE (eaepaTHB-
Horo obyuenus [3] npu oOHapykeHHH GUHAHCOBOIO MOIIeHHHYeCTBA. [Ipu npuMenenuun de-
JIEPaTUBHOTO 00YUYEHUS MO/IeNb 00yUYaeTCs Ha JAaHHBIX, pacTpeAeIeHHBIX MEXKIY pa3HbIMU (HU-
HAHCOBBIMHU OpraHU3aNusIMU, 6€3 HEOOXOAMMOCTH LIEHTPATU30BAHHOTO cOOpa JaHHBIX. Bme-
CTO Mepelayu JaHHBIX I 00yueHus B oomuii cepsep moaenu MU oOyyatores B kKaxa0il ¢pu-
HAHCOBOM OpraHM3aliy HE3aBUCUMO U MepeatoTcsl HeMOCPEACTBEHHO OMHapHbIe (ailsibl Mo-
neneir MU (Beca koadpdunuentoB mozeneit). Jlanee Beca monesneil arperupytorcs U o0paTHoO
HAIpPAaBIAIOTCS B (PUHAHCOBBIC OpraHW3alMU. BBIMOIHSAETCS HECKOJIbKO UTEPAlUl JaHHOTO
npoiiecca O0y4eHHs 10 JOCTHXKEHHS MaKCUMaJIbHO BO3MOXHBIX MOKa3aTeseil KauecTBa IeH-
TpanbHOU Moaenu UH.

B cratbe [4] A. A. Ali u coaBT. MPOBOJAT MCCICIOBAHHSI, CBSI3aHHBIC C MPOTHO3MPOBAHUEM
MOIIICHHUYECTBA C (PMHAHCOBOM OTUETHOCTHIO. Jlydiue pe3ynpTaThl 10 CPaBHEHHUIO C KiIacchye-
CKUMH MOJICISIMH MAIIMHHOTO OOY4YeHHs (JIOTUCTUYECKAs PErpeccHsi, ACPEeBbs pEIIeHUH, Ma-
IIMHBI OTIOPHBIX BEeKTOpoB, AdaBoost u cimyuaiiHblii Jiec) MOKa3bIBAIOT MOJIEIM Ha OCHOBE OY-
ctunra (XGBoost) ¢ npoBeAcHHBIME MEPOTIPUATHUSMH 110 CHIKEHUIO ArcOajaHca KJIacCoB M aB-
TOMaTU3UPOBAHHON HACTPOMKON runepnapameTpoB moaenu. K npumenenuto ancam0iieBbIx Oy-
CTHHTOBBIX MOJIEJIEH CIIEIy€eT MOAXOIUTH C 0CO00H OCTOPOKHOCTHIO. B 0OCHOBE OYCTHHIOBBIX MO-
Jiesiel HaxoIATCS HeTNIyOOKHE IepeBhs pelieHuid. B ciydae ciBura BXoIIIMX TEPEMEHHBIX (CTO-
UMOCTHBIE MTOKa3aTelH, CTApeHNe HaceleHHs) MTpaBuila pa30oueHus HerTyOOKUX JepeBbEB Mepe-
CTaroT paboTaTh, TaK KaK, HApUMep, aBTOMOOMIIb CTOUMOCTbHIO 2 MIIH py0. B 2020 r. (JIIOKCOBBIi
€BpOIENCKUI aBTOMOOMIIb) CYIIECTBEHHO OTJIMYAETCs OT aBTOMOOMIIS 3a 2 MiiH py0. B 2025 .
(temeBbId KUTAHCKHUIM KpoccoBep), U MpaBuiIa pa3OueHuss HaOIIOJEHUH 110 CTOMMOCTH aBTO-
MOOWUJIs He OyIyT yUUTHIBATh OBICTpOE U3MEHEHHUE B OKpY Karollel cpene. B csa3u ¢ aTuM npu
UCIIOJIb30BAHUN OYCTUHTOBBIX MOJIEIeH HEOOXOAMMO MTPOBOIUTH MEPOTIPHUSITHS 110 TIPEIyTpe-
XKJICHUIO CIIBUTOB B JIaHHBIX.

BpemenHast cTpykTypa (PMHAHCOBBIX JaHHBIX XapaKT€pHA B TOM YHCIe JUIsi HHQOpMaIuu o
MOIIEHHUYECKUX TpaH3akusaX. Co BpeMeHeM U3MEHSIOTCS Kak CrocoObl MOIIIEHHUYECTBA, TaK U
BXosmme B mojenb U nannsie (mpudT BXoaHbIX gaHHbIX). K. He u coast. [5] momyunmm nyy-
1Iee Ka4eCTBO MPOTHO3MPOBAHUS (PMHAHCOBBIX BPEMEHHBIX PSJIOB C UCIIOJIb30BaHUEM aHCaMOJTe-
Boii Mozenu riayookoro ooyuenust (Convolutional Neural Network (CNN) — Long Short-Term
Memory (LSTM) — AutoRegressive Moving Average (ARMA)) 1o cpaBHEHHUIO C OTJCIbHBIM
npumeHenneM mozeneit (ARMA, Multi-Layer Perceptron (MLP), LSTM, CNN). Monens CNN-
LSTM wucrnonmb3yercst U1t MOJICIIMPOBAHUS TaHHBIX B IIPOCTPAHCTBEHHO-BPEMEHHOH TUIOCKOCTH.
Monens ARMA ucnonb3yercs 1yis yueTa aBTOKOPPESIUHI B JaHHBIX. DT MOJENIN 00BETUHEHBI
B aHCaMOJIEBOM CTPYKTYpE JUIsl MOJCTUPOBAHHS CMECH JIMHEHHBIX M HETMHEWHBIX XapaKTePUCTHK
JTAaHHBIX B (PMHAHCOBBIX BPEMEHHBIX psiax. Takum oOpa3om, HaOMOAAETCs TEHACHIMS K UCTIONb-
30BaHuUI0 aHcambOneit moaeneir U, mo3Bosomux pemunTh HeNblil paa npo0iaeM, CBSI3aHHBIX C
0COOEHHOCTSIMH (PMHAHCOBBIX JIAHHBIX, U JIOCTHYb JIYUIIUX PE3YIbTATOB.

Lean u 3agauu ucciaenoBanus. Llenpro nccnenoBanus ABISETCS NIPUMEHEHHUE AITOPUTMOB
WU nns o6HapyXKeHHUsS MOIIEHHUYECKUX (PMHAHCOBBIX TPaH3aKIUH M ONpEIeICHUE MOJIETIeH,
JAIOIIUX Jy4lIne 3HaUeHUsI MEeTPUK KauecTBa. B 3amaun nuccneqoBanus BXOIUT OlleHKa 3P ek-
TUBHOCTU MpPUMEHEHUs OarruHra M Co3/aHusl JOTMOJHUTEIbHBIX MEPEMEHHBIX Ha OCHOBE UX
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BKJIa/Ia B UTOTOBBIN MPOrHO3 ¢ mpuMeHeHneM Shapley values, onenka u aHaiau3 moxasaTenei
KayecTBa KJIacCU(pUKALIUU.

MeToasbl Hccie0BaHus: aHAU3 3(PPEKTUBHOCTH PUMEHEHUS JOMOJHUTEIBHBIX TEXHUK U
OLICHKA BKJIa/Ia KaXK/I0 epeMEeHHOH B HTOTOBBIN NPOTHO3 ¢ MpuMeHeHneM Shapley values.

OIMCAHUE HABOPA JIAHHBIX

HaGop naunbix «Transactions Data Bank. Fraud Detection® (Jlannble Tpan3akimii 6anka. O6-
Hapy>KeHHE MOIICHHUYECTBA)» MpeacTaBiseT nHpopmaruo o 1048574 tpanzakiusax OaHka 3a
nepuog ¢ 01.04.2012 o 31.10.2014. OcHoBHas 1eNb — ONPEAETUTD, SIBISIETCSA U TPAaH3aKLMS
MoteHHuYeckoi. Habop TaHHBIX CONEPIKUT CIEAYIOMINE TOTIS:

e jara tpansakuuu (Date);

e Homep akkayHTa (nameOrig);

KOJIMYECTBO JICHET B TpaH3akiuu (amount);

KosimdectBo aeHer 1o tpanszakiuu (oldbalanceOrg);

KOJIMYECTBO JICHET mociie Tpan3akiuu (newbalanceOrig);

ropoj, B KOTopoM Tpan3akiius npousBoautcs (City);

TUI TPaH3aKIuK (TIePEeBO/I, BHECCHHE JICHET, Noy4yeHue aeHer) (type);
tun kaptel Kiauenta (Card Type);

uenb Tpansakuuu (Exp Type);

noxa (Gender);

e mMetka morrennudectna (isFraud).

Joiist MOIIIEHHUYECKUX TpaH3akiuii coctabiser 16,8 % (175785 uz 1048574).

B nabope manabix paccmorpeHo 986 ropoxoB Muamu. KommuectBo HaOMIOACHUN paBHO
1048574 nns Bcex mosen.

B Tabnwuie 2 npuBeeHbI 0a30BbIE CTATUCTUKH KaTETOPUAITbHBIX TIEPEMEHHBIX

Tabnuya 2. bazoBble CTAaTUCTUKH KaTeTOPHAIBHBIX IEPEMEHHBIX

Table 2. Basic statistics for the categorical variables

HaumenoBanue monist YHUKAaIbHBIX [IepBoe 3HaueHME Yactota
Hara (Date) 1326 26-Apr-14 1167
Howmep akkaynTa (nameOrig) 1048316 C1900095842 2
T'opox (City) 986 Bengaluru, India 143733
Tun tpanzakuuu (type) 5 CASH_OUT 373641
Tun xapte! kiuenTa (Card Type) 6 Silver 275540
Lens tpanzakiuu (Exp Type) 9 Food 220115
IMon (Gender) 2 F 551182

B Ta6J'II/II_[C 3 IMPUBCACHBI 0a30BbIE CTATUCTUKU YHUCIOBBIX MNEPpCMCHHBIX.

!Cecpinka ma mabop mammeix: https://www.kaggle.com/datasets/qusaybtoush1990/transactions-data-bank-
fraud-detection
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Tabauya 3. ba3oBble CTATUCTHKY YHCIOBBIX TICPEMEHHBIX

Table 3. Basic statistics for the numerical variables

¥ ¥ ¥a]
o = L E E E
B2 | g@ £ E 2| £ = = =3
o = 2 = ) 5} 15) 5
8 & = a 2 = =4 =4 = =
Hanmenosanue nong i) g2 25 = o & & S
5 | & E 5 2 S| 3 = = <
Ln o Lo
AN Lo N~
KommaecTso aener 1048574| 38028 | 110517 | 0 | 647 | 8263 | 23650 | 10 000 000
B TpaH3akimu (amount)
KoamiecTo eHer 10 Tpasak- |1 n1a574 | 880 108 | 2 969 968 4 344 |36 539|136 643 | 38 900 000
nuwu (oldbalanceOrg)
KoumiecTso AeHer nocne Tpan-| ) g 1a574 | 842 171 | 2 936 373 918 |20552| 90307 | 38 893 191
sakiuu (newbalanceOrig)
MeTka MOLICHHHYECTEA 1048574| 0,168 | 0,374 0 0 0 1
(isFraud)
CXEMA BAJIMJALIMA

J11st TOrO 94TOOBI MOKA3aTeN KaueCTBA HE 3aBUCEIU OT €IMHOBPEMEHHOTO Pa3AeiICHUs JTaHHBIX
Ha TPEHUPOBOYHBIC U TECTOBBIC, TIPOBEICHO pa3JICICHUE JAHHBIX METOJIOM KPOCC-BaJIUIAlNN
StratifiedShuffleSplit Ha TpernpoBouHbie (50 %) u TectoBbie (50 %) HabOpHI. Jlanee st KaKA0To
Habopa TPEHHWPOBOYHBIX JIAHHBIX JAaHHBIC IMOBTOPHO S5 pa3 pas3lesuIMCh HA TPECHUPOBOYHBIM
(80 %) u BanmmarmonHkIit (20 %) HaOOp JaHHBIX ¢ TIOMOIIBIO MeTo1a Kpocc-Banuaanuu kFold.

ITPUMEHSEMBIE MOJEJIN N

B Hacrosimiee BpeMs HaWTydlIne IMOKa3aTeNd KauyecTBa IS TAOIMYHBIX JaHHBIX TTOKa3bI-
BalOT MoJienu OycTuHra. bycTusr npezacrasnser codoil MeToa aHcaMOI€eBOT0 MAIIMHHOTO 00Y-
YEeHUs, KOTOPbI 00BEIUHSIET MPOTHO3bI CIa0bIX (HETyOOKHX) MOJENE MalllMHHOro 00yue-
HUS B OIHY CWibHY0. [Ipu oOydyeHun OycTHHra Kaxkias CleIyrollas MOJENb HCIpaBiseT
OIIMOKU MPEIBITYIINX MOJICIICH.

Haubonee momyssipHbIME anroputMamu Oycrunra siisitotest CatBoost, XGBoost, LightGBM.
[Tpu comocTaBUMBIX MTOKa3aTessx kauecTBa oudanoreka CatBoost (Categorical boosting) cnieru-
aJIbHO pa3zpaloTaHa i paboThl C KAaTErOpHaIbHBIMU IIEPEMEHHBIMU U MOAJEPKHUBAET padoTy C
KaTerOpHUaIbHBIMUA TIEPEMEHHBIMHA «H3 KOPOOKHU», UTO YIPOIAET MPOIecC MPOBEICHUS dKCIIEPH-
MeHTOB. [lo yTBepkaeHnto pa3paborumkoB, CatBoost craTHcTHYecKH 3HAYMMO TPEBOCXOIUT
Xgboost u LightGBM [6].

JIOTIOTHUTEIHHO HEOOXOIMMO OTMETHUTh Ba)XKHBIE OCOOCHHOCTH KOJMPOBAHUS KAaTErOpHab-
HBIX IepemMeHHbIX. Cathoost xoporio nmokassiBaeT ceds mpu padoTe ¢ PEAKUMU KaTerOpUsIMH He-
cOaaHCUPOBAHHBIX KJIACCOB, XapaKTePHBIMU /Ul (PMHAHCOBBIX JaHHBIX. [Ipu KoaupoBaHUU Ka-
TeropHanbHBIX MepeMeHHBIX MeTomamu One-Hot-encoding? wm Label-encoding® xareropuu ¢
HEOOJIBIIMM KOJIMYECTBOM HAOIIOIEHUH YKPYIHSIOTCS U OOBEAMHAIOTCS B OOJIBIIYIO KATETOPHIO
«IIpoueey, mpu ITOM peKUE KATErOPUU «3a0BIBAIOTCS AITOPUTMAMHU.

2One-Hot-encoding cosmaeT JoNOMHUTENbHBIE CTOJOLBI O KOJIMYECTBY YHUKAIBHBIX 3HAYECHMH KaTeropuabHbIX
MEPEMEHHBIX U MOMeIaeT B Hero 3HaueHue 1 mwiun 0 (ecTb KaTeropus B CTPOKE WM HET). HacTo peakue KaTeropuu
o0bemuusoTes B 1 cronber «IIpoueey.

3Label-encoding kaxmoii kaTeropun IpHCBaHBaeTCs OTAEIbHOE uncio. IIpu 5ToM Mozens VM MOXeT oOHApY:KUTh
CBSI3U TaM, IJe uX HeT (Hampumep, 1>2). Takke 4acTo peaKue Kareropuu oobeauHsaoTes B 1 cronber «IIpoucey.
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Merto KOAMPOBaHUS KaTeropualibHbIX MepeMeHHbIX Target_encoder [7] mo3BossieT peruTh
npobiieMy «3a0bIBaHUsD peaKux kareropuil. [lepen Hauagom oOydeHus: Ha TPEHUPOBOYHBIX JIaH-
HBIX JUUISl K&KJIOTO 3HAYEHHUSI KaTEropruaibHON NEPEMEHHON pacCUMTHIBAETCS BEPOSITHOCTD 10JIO-
JKUTEJIBHOTO KJIacca, U caMO KaTeropuajabHOE 3HAaUEHHE 3aMEHSETCSl Ha 3Ty BEpOSTHOCTh. Eciu
KaTeropualibHas IepeMeHHast UMeeT HeOOIbIIIOe YUCIIO BO3MOKHBIX 3HAYCHHH (Pa30BbIE KATETO-
pHH), TO €€ 3HAUYCHUE 3aMEHSICTCS Ha CPEHIOI0 BEPOSITHOCTH LIEJICBOM MIEPEMEHHOM 10 BCei 00y-
yarorieil BeiOOpke. Eciu ke kareropuaiibHas nepeMeHHas BCTpeyaeTcsi B OOJBIIOM YHCIIe
HAOJII0/IEHUH, TO IPUMEHSETCS CpeHEE M0 3HAYCHUIO KaTeropralibHOM MepeMeHHON Ha JaHHbBIX
Juist 00y4eHus, a He 10 BceM HaOII0ICHUSM, UCTIOIb3yeMbIM sl 00yueHus. bananc mexay cpen-
HUM [0 3HAYEHUIO KaTErOPUU U CPEIHUM IO BCEM TPEHUPOBOYHBIM JIAHHBIM HACTPaUBAETCS C
MOMOIIBIO TTapaMeTpa criiaxuBanus (smoothing) metona konupoBanus Target encoder.

TpaH3akIIMOHHBIE JTAaHHBIE MMEIOT CIEAYIONIYI0 OCOOCHHOCTB: MPHU Pa3JeiICHUM TAHHBIX
CIIy4yallHbIM 00pa30M Ha TPEHUPOBOYHBIC M TECTOBHIE MPU pacyeTe CPEHEro Mo KaTeropuu B
pacyeT cpeaHel BepOSTHOCTH MOJOKUTEIBHOI0 Kilacca MONajgalT JaHHbIE OyAyIIUX Mepuo-
JIOB, YTO CO3/1a€T YTEUKY, CBSI3aHHYIO C U3MEHEHUEM BO BPEMEHHM YacCTOThl MOILIEHHUYECKUX
TpaH3aknui. B oTau4me OT ocTalbHBIX MOjeNell MamHHOro o0ydeHus: Catboost umeeT BCTpo-
SHHBII KOJMPOBIIMK KaTeropHallbHBIX TIepeMeHHbIX Catboost encoder, KOTOpPBIii SBISETCS Bapu-
arueit Target encoder. JIocTOMHCTBOM MeTo/la KOAMPOBAHHS KATETOPUAIbHBIX IMEPEMEHHBIX
Catboost_encoder siBiisieTcst TO, 4TO B HEM pellieHa mpobiieMa yTeUKH MPH KOJIUPOBAHUH KaTero-
pHUAIBHBIX IEPEMEHHBIX 32 CUET yUeTa BPEMEHU IMOSABJICHUS KaTeropuaibHOM nepeMeHHou. [Ipu
KOJIMPOBAHUU KaTErOPUATbHBIX IEPEMEHHBIX 3HAYEHUE 1IEJICBOM MTEPEMEHHOM (YacTOTa MOJI0KHU-
TEIHHOTO KJIACCA) BEIYHUCIISICTCS TOIBHKO 10 TPEIISCTBYIONIMM BO BPEMEHH HAOIOACHUSIM.

BA30BA S MOJIEJIb (KOJI MOJIEJIN: BASE)

YuuThIBast onucanHbIe BbIle qoctonHcTBa Moaenu CatboostClassifier [8] (Categorical boost-
ing Classifier), B Hamem ncciieoBaHnH OHa ObliIa BEIOpaHa B KauecTBe 0a3oBoii Moaenu M.

Cama mopenp CatboostClassifier mpencrapiser coboi aHcamOJIb PEIIAIOIIUX JIEPEBLEB He-
OOJIBIIION TITyOUHBI, IPUYEM Ha KasKI0H MOCIIEAYIOIIEH HTEPAIlUH MOJIENb YIUTCSI CHUXKATH TICEB-
JI0OCTATKH MPOTHO30B MPEABIIYIINX UTEPAIMii 1EPEBHEB.

[Tpu 0OydeHur MOJETH OBUTH YCTAHOBIICHBI CIICAYIONIHE THIICPIIApAMETPhI: YUCIIO UTEPALIUi
‘konmyectBo urepanuii’(iterations) = 3000, ‘KOJUYECTBO HMTEpAIllUil I PaHHEH OCTAHOBKH’
(early_stopping_rounds) = 100, ‘Habop maHHBIX s ocTaHOBKH oOy4enus’ (eval_set) = (X _val,
y val). Tlapamerp ‘koamuecTBO wureparuii’(iterations) ycraHoBjeH 3apaHee 3aBBIIICHHBIM.
Catboost aBTOMaTHUYECKH PACCUUTACT MApaMeTp, PEryIUPYIONIHA CKOPOCTh O0YUYEHUS ‘CKOPOCTh
obyuenwus’(learning_rate) ¢ yuerom napamerpa ‘kosiuuecTBo uteparuii’ (iterations) u ocodenHo-
creit Habopa naHHbIX. [Ipu 3TOM 00yUYeHHE OCTAHOBUTCS MPHU OTCYTCTBHH POCTa IMOKa3aTess Ka-
YECTBA HA YHUCJIE MUTEPALUM, YCTAHOBJICHHOM B IApaMETPE ‘KOJMYECTBO MTEPALMN I paHHEH
ocranoBku’(early_stopping_rounds) = 100. Takum 00pa3om JOCTUTACTCS ONTUMAIILHOE COOTHO-
IICHHE KOJUYECTBA UTEpaIlHii U Temma o0ydenus. Touka (OpPOT OTCEUCHHUs) OTHECEHHS K MTOJIO-
AKUTEINbHOMY Kitaccy — 0,5 Mo ymMo4aHuIo.

MOJIEJIb BATTUHT A (KO MOJIEJTU: BAGG_TEMP_08)

Barrunr (bootstrap aggregating) [9] — metox ancam6eBOro 00y4eHus1, IPU KOTOPOM TPEHH-
POBOYHBIE IaHHBIE HECKOJIBKO pa3 CIIyYaiiHBIM 00pa30oM pa3AemNsioTCs U Ha KaKI0M Habope JaH-
HBIX o0y4aercst mojens MU, lns onHoro HaOmoaeHUsT GOPMHUPYIOTCS MPOTHO3BI HECKOJIBKUX
MoJielneit, KOTOpble 0OBEAMHAIOTCS IyTeM yCpeIHEH . 3a CUeT pa3HOro Habopa JaHHBIX CHUXKA-
€TCsl 3aBUCUMOCTD OT CIIy4ailHOTO pa3/ieJieHHs JaHHbIX Ha TPEHUPOBOYHBIN U TECTOBBIM HaOOPHI
naHHbIX. Cxema OarruHra nmpuBeeHa Ha pUcyHKe 1.
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Puc. 1. Cxema 6azeunca

Fig. 1. Bagging scheme

[Ipu 0OyueHHM MOJENN ObLIM YCTAHOBIICHBI THIIEPIIAPAMETPHI, AaHAIOTHYHBIE 0a30BOM MO-
nenu. J{jst TOro 4ToObl OpraHK30BaTh OATTHHT, JOMOJHUTEIBHO MbI J00ABWIIN 3HAYCHHUE IMapa-
metpa «bagging_temperature» [10] = 0.8. Tlo yMoI4aHHIO 3TOT MapaMeTp yCTAHOBJICH PaBHBIM
1.0% 3uauenus mapamerpa «bagging_temperature» u3MeHsIOTCS B IUANA30HAX:

e «bagging_temperature» = 0: ormensietr 6arruur. [Ipu 3ToM Kaxxiasi OTAeIbHAS MOJECIb Oy-
JeT 00y4aThes Ha BceM Habope JaHHbBIX;

e «bagging_temperature» > 0: BxiItoyaeT OArruHr. YBEJIMYSHHE 3TOTO MapaMeTpa MPUBOIUT
K OOJIbIIeH CITy4aifHOCTH PU (POPMHPOBAHUH TTOIBBIOOPOK, YTO MOXKET MOMOYb CHU3UTH Iepe-
00y4eHHe MOJICIIH, HO TAKIKE MOXKET YBEIUYUTh BEPOSTHOCTh HEO000YYCHHSI.

MOJIEJIb CO3IAHMS JJOTTOJIHUTEJILHBIX TEPEMEHHBIX JUUISI CAMBIX BOJIBIIIMX
I10 BKJIAJTY SHAPLEY VALUES (KO MOJIEJIN: SHAP_COL_INTERACTION)

Shapley values — meTo1 U3 TeOpHH KOOTIEPATUBHBIX UIP, KOTOPBIA TTO3BOJISIET «IECTHOY» OIpe-
JIETIUThH BKJIAJl 3HAUEHUS KaXI0U IEPEMEHHON B UTOTOBbIN NPoruo3 moaenu M. JlanHubiid MeTox
00BSCHUMOTO HCKYCCTBEHHOTO MHTEJJIEKTa OblT pa3padoran B 1951 rony [11] u nmomyuunn mupo-
KOE pacrpocTpaHeHHe Oiaroaapst COBpeMeHHOM peanu3aiuu Ha oudmuoreke SHAP [12].

OcHOBHas THIOTE3a JAHHOTO YKCIIEPUMEHTA: CO3/JaHNE HOBBIX IPU3HAKOB, OCHOBAHHOE Ha T10-
AIIEMEHTHBIX OlepalusIX HaJl Hanboyee 3HaYMMBIMU UCXOJHBIMU MTEPEMEHHBIMHU, HHOTIA YITyd-
raet nokaszatenu kadectBa mojeneit UM 3a cuet oboramieHus: mpru3HaKOBOTO MPOCTPAHCTBA, BbI-
SIBIICHUSI/yCUIICHUSI CKPBITHIX B3auMOCBsi3el. cnonp3oBaHne KOMOUHAIIMN TOIBKO C TIEpeMeH-
HBIMH ¢ HanOoIbIIMM BKJIIagoM 1o Shapley values mo3Bosisiet co3aaBaTh HOBbIE, O0JIee PEIeBaHT-
HbIE TIEpeMEHHBIE 0e3 mepedopa Bcex MepeMeHHbIX, BXOAMX B Mojiens MU, uTo cHimkaet ypo-
BEHb JIOMOJIHUTEILHOTO IITyMa.

B nanHOM skcnepumeHTe (OPMHUPYETCS CHUCOK MEPEMEHHBIX C HaWOOJBIIUM BKIAJIOM
Shapley values B mporHo3 (Ha BaJgHIallMOHHBIX JaHHBIX) TOJBKO M3 YHUCIOBBIX MMEPEMEHHBIX
¢ cyMMapHbIM BKki1agoM B Oombiie 70 % ot obmiero Bkiaaa Shapley values B mporHos Bcex

“Heo6xomumMo 106aBUThL, 4TO mapaMeTp «bagging temperature» MOMET OBIThH MCIIOJNL30BaH TOJILKO MU
yCTaHOBKE B HapameTpe «bootstrap type» 3HaueHus, paBHoro «Bayesian». B xone skcnepuMeHTOB JaHHBIN
HapaMeTp HE YCTaHaBJIMBAJICS JOMOIHUTENBHO, HO I 3aad OMHApHOW KiaccuuKammyu mapamerp «bootstrap type»
110 YMOJTYaHHUIO YCTAaHOBJICH PaBHBIM «Bayesiany.

Uzeecmusa Kabapouno-bankapckozo nayunozo yenmpa PAH Tom 27 Ne 2 2025 17



SYSTEM ANALYSIS, MANAGEMENT AND INFORMATION PROCESSING, STATISTICS

YHCIIOBBIX NMepeMeHHbIX. JJist onpenenenns Shapley values o6yuaem BpeMeHHY0 0a30BYIO0 MO-
JIeNb C MapaMeTpaMu, aHaJJOTUYHBIMU 0a30BOW MOJIEINH, C TIOMOIIBIO BCTPOSHHOTO B OMOJIHO-
teky SHAP merona TreeExplainer mpeoOpasyem BanumanronHsie gaHHbie B Shapley values.
Jlanee Ha OCHOBE 3TOr0 CIHMCKA MEPEMEHHBIX ¢ HanOoJibInuM BkIagoMm Shapley values Obut
chopMUpOBaH CIHCOK KOMOWHALIMH MTePEMEHHBIX JUIMHOU 2, TO €CTh MOTYy4YHJINCh KOMOMHALIUN
((«Cronbern1y», «Cronben2y), («Cronderly, «Ctonden3»), ...). s pacuera HOBBIX MOJICH 1O
CIUCKY KOMOMHAIUN TEPEeMEHHBIX UCII0JIb30BATNCH METOIbI TO3JIEMEHTHBIX apU(DMETHUECKUX
oreparuii (CaoKeHue, BRIYUTaHUE, YMHOXKCHHE, ISTICHHE, OCTATOK OT JejacHus ). JlaHHbIN mo/1-
XOJ1 BKJIIOYAET CJIEAYIONINE 1Iaru:

e PazneneHue qaHHBIX HA TaHHBIC 711 00y4ueHus (train), HacTpoiiku (val), TectupoBanus(test).

e Ob0yuenne moaenu CatboostClassifier ¢ mapameTpamu 6a30BO¥ MOJCIHM Ha JAHHBIX IS
oOydenus (train).

e Ilepenaua oO6yuennoit monenu CatboostClassifier anroputmy SHAP. O6ydenue anropurma
shap.TreeExplainer(CatboostClassifier).

¢ [IpeoOpazoBanue nanHbIX 1715 HacTpoiiku(val) B Shapley values.

e Pacuer cymMMapHBIX BKJIAJOB KaXXIOW NMEPEMEHHOW B MUTOTOBBIN MPOTHO3 Ha JAHHBIX JJIS
Hactpoiiku(val).

e CopTHpOBKa CyMMapHBIX BKJIAJ0B MEPEMEHHBIX B UTOTOBBIH MPOTHO3 OT OOJBIIETO K
MEHBIIIEMY.

e OT00Op mepeMeHHBIX ¢ HAauOOJIbIIMM BKJIAJOM TakK, YTOOBbI BKJIAJ OTOOpPaHHBIX NEPEMEH-
HBIX B UTOTOBBIN IPOTrHO3 ObLT Ooubiie 70 % OT BKIIaAa BCEX MEPEMEHHBIX.

e OopMUpOBaHHE CIIMCKA KOMOMHAIMI OTOOPAaHHBIX MEPEMEHHBIX ATUHOM 2 (TOIBKO YUCIO-
BbIe cTONOIBI) ((«CTonmberl», «Cronbeny), («Cronderl», «Cronden3d»), ...).

e OopMHUpOBaHHE HOBBIX MMEPEMEHHBIX: TPUMEHEHNE TIOAIEMEHTHBIX apu(PMETHICCKUX OIIe-
panuii (crnoxeHue, BEBIUUTAaHUE, YMHOKEHHUE, JEIEHNE, OCTATOK OT JENCHUS) A KaXI0ro die-
MEHTa CIUCKa KOMOMHAIMN 0TOOpaHHbBIX NepeMeHHbIX JIMHOHN 2 («Ctonbenly, «Cronbdeuy) :
(crmoskeHue, BRIYMTAHHUE, . ..).

e O6yuenue mozenu CatboostClassifier ¢ mapamerpamu 6a30Boi MoJiesIn Ha HAOOpe TaHHBIX
JUist 00y4eHus (train) ¢ BKJIIOYEHHBIMU HOBBIMH IIEPEMEHHBIMU.

e 3amMep mokasaresiel kauecTBa KiacCU(pUKAIIUU Ha TaHHBIX I TeCTUpOBaHUs (test).

PE3VJIBTATBI UCCIEJOBAHUS
B Tabnuie 4 mpuBeeHB pacCYUTAHHBIE HA TECTOBBIX JAHHBIX CPEIHHE METPUKHU OIICHKU d(-
dbexTUBHOCTH MoAenel Kiaccuduraruu ajs 6a30Boi MOJIEINH.
Tabénuya 4. Pe3ynapTaThl SKCIIEPIMEHTOB

Table 4. Experiment results

Cpennss CoanancupoBaHHasi Ouenka
TOYHOCTH . ROC
Kon 3xkcniepumenta TOYHOCTH Bpaiiepa | Fl-score
(Average ! AUC
- (Balanced accuracy) |(Brier score)

precision)
base 0,57090 0,64304 0,10078 0,42777 | 0,85807
bagg_temp_08 0,57090 0,64304 0,10078 0,42777 | 0,85807
SHAP_col_interaction 0,49836 0,65012 0,10414 0,44715 | 0,84425

Bce nononHuTENbHBIE SKCTIEPUMEHTHI HE JJallU YIIy4dllIeHHs TIoKa3aTesel KauecTBa Kiaccudu-
kauuu. Ha pucynke 2 npusenensl ROC-AUC kpuBbie Mozeneit .
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True Positive Rate

ROC Curve for : base

104

0.8 14

0.6 4

0.4 4

0.2 1

0.0

ROC Curve for : bagg_temp_08

ROC curve (area = 0.85807)

“ 1.0+
-
”
’
”
-
-
-’
PR 0.8 4
-
P
’ Z
” m
e =
, v 0.6
’ >
e 2
w
e &
s v
- S 0.4 4
-7 F
’
’
g 0.2 4 ’,1
- -
e
ROC curve (area = 0.85807) e
: r : - 0.0 r
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2

False Positive Rate

ROC Curve for : SHAP_col_interaction

0.4

0.6 0.8 10

False Positive Rate

False Positive Rate

1.0 4 1
L
4
”
’
’
”
0.8 -
rd
”
”
z Pid
3 e
v 0.6 .
”
= e
2 ot
S 0.4 -7
= Pid
”
”
”
4
”
0.2 1 i
”
”
’I
PR ROC curve (area = 0.84425)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Puc. 2. ROC-AUC kpusvie moodenei UU
Fig. 2. ROC-AUC curves of Al models

OBCYXIEHHUE PE3VJIBTATOB
BA30OBAS MOJEJIb

Bricokoe 3nauenue mokazarenss ROC AUC roBopuT o Xopoliei paHKUPYIOIIeH ClTOCOOHOCTH
Mozenu. B To ke Bpemsi 3HaUeHUsI METPUK, CPEJIHEE TAPMOHUYECKOE 3HAUYEHUE MEK]Ty TOUHOCTBIO
¥ TIOJTHOTOM F1-score v cpeliHss TOYHOCTh JIOBOJIBHO HU3KHE. 3HaUeHHE OlleHKH bpatiepa [13] =
0,10078, oTiiuHOE OT HYJISA, YKa3bIBa€T HA TO, YTO MOJIENIb HE OYE€Hb XOPOIIO OTKAINOpOBaHa, TO
€CTh MPOTHO3HBIE BeposITHOCTH Mozenu MU orinuuarorcs oT hakTHUeCKUX BEpOSTHOCTEH.

Ormmaune napamerpoB ROC_AUC ot F1-score csizano ¢ ux npupooit. [Tapamerp ROC_AUC
OTIpeNieTIsIeT PaHKUPYIONIYI0 CTocOOHOCTh Moie UM u He yunThIBaeT 10110 HAOIIOACHUH TT0-
JNOKUTENBLHOTO KJacca B IPeCKa3aHHOM MOJI0KUTeNbHOM Kiacce®. ITapametp F1-score, paccun-

CJlydac BEPTUKAJIbHO BIIPABO.

SKparkass meroguka mnoctpoeHnss ROC_AUC: HabmoneHus paHXHMPYIOTCS IO HPOTHO3HON BEPOSTHOCTH
TIOJIOXKUTEIBHOTO Kilacca (MOIIEHHHMYIECKON TpaH3akiuu) ot Gombiiero Kk Menbimemy. Ock Y — True Positive Rate,
Ocp X — False Positive Rate. B Hauaio KoopAMHAT CTABUTCS TOYKA, M B LIUKJIE [10 PAHXKAPOBAHHBIM IIEPEMEHHBIM OT
OoutbIeit MPOTHO3HO# BEPOSITHOCTH MOJIOKHUTEIILHOTO KiTacca K MEHbBIIEH: eClIi 3HaYeHHe HCTHHHO MOJIOKHUTENILHOE
(MoIIeHHHYEeCKas TpaH3akiys), To oTpe3ok kpuBoit ROC_AUC menaer mar ropu3oHTaIbHO BBEPX, B POTHBHOM
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TaHHBIM KaK CpeJHErapMOHHUYECKOE MEXK]y TOYHOCTBbIO M TMOJHOTOM, YYUTBHIBAECT AOJIO Ipa-
BWJIbHO KJ1aCCU(UIIMPOBAHHBIX HAOFOACHUI U CUIIBHO 3aBUCHUT OT IMOPOTa OTHECEHHMSI K MTOJIOKH-
TeapHOMY Kiaccy (ycranosiieH 0,5 mo ymomdanuto). Icxoast U3 3TOro AJisg yBeJIMUEHUs TOKa3a-
Tenst kadectBa F1-score HeoOXOIMMO TEPEeCMOTPETh TOYKY OTHECEHHUS K IMOJIOKHUTEIHHOMY
KJIaccy KJlacCH(pHKaINU.

JIyist nanpHEHIero yIydiieHus oka3aTeliel KauecTBa MOJIEI HEOOXO0IMMO TIPOBECTH MOTH-
(buUKaIUIo HaCTPOMKK 0a30BOI MOJIETIH:

® [IPOBECTH MEPONPHUSTHS M0 KOPPEKTUPOBKE aucOazaHca KJIaccoB, HAIPUMED, TPUMEHUTh
merox OverSampling;

® [IPOBECTH HACTPOHKY THIEPIIApaMETPOB C IMOMOIIbI0 0aHeCOBCKMX METO0B, HAlpUMep, C
MIOMOUIBIO OJTHOTO M3 JIYYIIMX OTPACIEBBIX PEIICHUN [0 HACTPOMKE THIEpHapamMeTpoB — ajro-
putMma Optuna [14].

MOJEJIb BATTHUHT A

[To manHOW MOIETU MBI HE MOJYYHUIN CTATUCTUYECKH 3HAYMMOTO MPUPOCTA TOKA3aTeIeH
KauecTBa. B 0a3o0Boii Mmonenu ucnonb3zoBaics Catboost ¢ yCTaHOBICHHBIM IO YMOJTYAHUIO Ta-
pameTpoM «bagging temperature», KOTOpsIi paBHsieTcs 1.0, YTO COOTBETCTBYET MPUMEHEHUIO
TexHoJIoTuH OarruHara. B xoze skcnepuMenTa Mbl CHH3WIH «bagging temperature» ¢ yCTaHOB-
JIEHHOTO 10 YMOJYaHMIO 3HaYeHus1, paBHoro 1, 10 0.8, oJJHaKO He MPOBEJIU CPABHEHHE C TOKa-
3aTeNsIMH KadecTtBa Oe3 Oarrmnra («bagging temperature» = (). M3-3a Toro, 4ro pasHuia
Mexay 1.0 u 0.8 He3HauuTenbHas!, MOJMYYUIIU CTATUCTUYECKU HE 3HAYMMOE PA3IUYUE MEKIY
0a30BOI MOJICIIBIO U IKCTIEPUMEHTOM.

[Tpu mpakTUYeCKOM MPUMEHEHHH Ha PEATbHBIX 3a7ad4ax MEeTO ] OarruHra JIaeT MPUPOCT TOKa-
3areneil KauyecTBa, MOITOMY B MOCIEIYIOMIMX SKCIIEPUMEHTaX MbI MPOJOKUM HCCIEI0BaHuU,
KaK JTydIlle ero HaCTPOHTh, YTOOBI OMYUUTH YIyUllleHHe ToKa3aTenell kadecTBa. B ganpHeiem
MBI TIpEJIIToJIaraeM MPUMEHHUTh JIPYTrOi MEeTOJ] 00yUeHHsI MOJCIIH OarruHra: UCTIOJIb3yeM Ipsi-
MO€ pa3[eieHue JaHHBIX JOMOJTHUTENbHBIM MeTON0M Kkpocc-Bamuganuu kFold, o6yuum N
(N m3mensiercst ot 1 10 100) moaeneit Catboost u ycpenaum ux mporHo3bl. [Ipu 3ToM mapamerp
«bagging temperature» OCTaBUM YCTAaHOBJICHHBIM 110 YMOJYAHUIO U PABHBIM 1.

MOJEJIb CO3IAHUS JIOTTOJIHUTEIBHBIX TEPEMEHHBIX
(ko MOJIEJIA: SHAP_COL_INTERACTION)

JAnist 9TOM MOAENN MBI TaKXKe HE TIOJTYYHIN CTATUCTHYECKU 3HAYMMOTO MTPUPOCTa IOoKa3aTe-
Jieii kayecTBa. Buaumo, co3nanue u BKItodeHue ctonoios ¢ Shapley values ue naer nomosHu-
TenbHOM nHpOopMaluu, Tak kak Shapley values chopMupoBaHbl CTaTHCTUYSCKUMH METOIaMHU
U3 TeX )K€ JaHHBIX, YTO U CaAMU JaHHBIE, HCNIOJb3yeMble Moaenbio MU mis oOyuenus. Shapley
values xopoImio ucroab30BaTh KaKk MHCTPYMEHT OOBICHMMOIO MCKYCCTBEHHOTO MHTEIUICKTA,
OJTHAKO OH HE JIaeT MPUPOCTa KayecTBa Kiaaccuukanuu Ha GUHAHCOBBIX JaHHBIX. B mocnemry-
IONIMX MCCIIEJOBAHUAX MBI PACCMOTPUM THOPUIHBIE MOAXObI C OOBEIMHEHUEM CHUCTEM JKC-
MEepPTHBIX TpaBwiI U moxaenen NI.

3AKJIIOUEHUE

B xone uccnenoBanus mpoBeneHo noctpoeHue moaenu MW Ha TpaH3aKIMOHHBIX JAaHHBIX
Oanka. PaccMoTpeHbl 0COOEHHOCTH KOIUPOBAHUS KATETOPUAIbHBIX IEPEMEHHBIX TP HATUYUH B
JaHHBIX BPEMCHHBIX MCTOK. HpOBGI[eH AHaJIN3 PACCUYUTAHHBIX Ha TCCTOBBIX JJaHHBIX oKa3aTeiiel
KadecTBa Mojienu. M3 Bcell COBOKYNHOCTH nokazareneit Toyibko MeTpuka ROC AUC umeert BbI-
COKO€ 3Ha4yeHHe, TaK KaKk HE 3aBUCUT OT BHIOOpA TOUKH OTHECEHHUS K IMOJOKUTEIBHOMY KIIacCy
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KIaccu(UKaIuy. DKCIIEPUMEHTHI 10 HCIIOIb30BAHHUIO OATTHHTA M CO3/1aHHIO HOBBIX IIEPEMEHHBIX
Ha ocHOBe Bkiana Shapley values B mpornos He nainu CTaTHCTHYECKU 3HAYUMBIX PE3yJIbTaToB, B
TO 7K€ BPEeMsI aHAJIM3 PE3yIbTATOB MPHUBEI K HEOOXOAUMOCTH MPOBEACHHS JaTbHEHIITNX HCCIEI0-
BaHMi. B mocnexyromem OyzaeT npoBeeHa KOPPEKTHPOBKA METoJa Oarruira ¢ HCrojab30BaHHEM
IPSMOTO pa3IeNIeHUs JAHHBIX JONOJHUTEIBHBIM METOI0M Kpocc-Banuaanuu kFold u o6yuennem
N mozneneit Catboost ¢ ycpeqHeHHEM UX IPOTHO3a. Takke NpeaCcTaBiIsieT UHTEPEC pACCMOTPEHUE
THOPUAHBIX ITOJIXO/I0B C 0OBETMHEHUEM CHCTEM DKCIIEPTHBIX IIpaBmil 1 Mojenei NU.
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dunaHcupoBaHme. VccnenoBanue MpoBeACHO O3 CIIOHCOPCKOM MOIICPKKH.

Funding. The study was performed without external funding.

Bxaan aBTOPOB: BCC aBTOPHI CACIIAINA SKBHBaJICHTHBIMN BKJIaa B MOATrOTOBKY HY6J'H/IKaHI/II/I. ABTOpLI
3asBIIAIOT 00 OTCYTCTBUU KOH(l)J'II/IKTa HUHTCPECOB.

Contribution of the authors: the authors contributed equally to this article. The authors declare no
conflicts of interests.

Hndopmanus 06 aBTopax

KoncranTunoB Anexceii @enopoBud, actiupanT kadenpsl HHPOPMATHKH, POCCHIACKII SKOHOMIYICCKIIA
yHuBepcuteT umenu 1. B. [InexanoBa;

115054, Poccust, MockBa, CTpeMSIHHBIH 1epeyiok, 36;

konstantinovaf@gmail.com, ORCID: https://orcid.org/0009-0000-9591-3301, SPIN-kox: 3088-3121

JbsaxonoBa Jlwoamuna IlaBnoBHa, kaHA. (u3.-MaT. HayK, JIOIEHT, Kadenpa HWHPOPMATHKH,
Poccuiickuii 3xoHOMHYeCKUM yHUBepcuTeT uMeHH ['. B. Iliexanosa;

115054, Poccust, MockBa, CTpeMsIHHBI 1epeyiok, 36;

Dyakonova.LP@rea.ru, ORCID: https://orcid.org/0000-0001-5229-8070, SPIN-kox: 2513-8831

Information about the authors

Alexey F. Konstantinov, Post-graduate Student, Department of Informatics, Plekhanov Russian
University of Economics;

115054, Russia, Moscow, 36 Stremyannyy lane;

konstantinovaf@gmail.com, ORCID: https://orcid.org/0009-0000-9591-3301, SPIN-code: 3088-3121

Lyudmila P. Dyakonova, Candidate of Physical and Mathematical Sciences, Associate Professor,
Department of Informatics, Plekhanov Russian University of Economics;

115054, Russia, Moscow, 36 Stremyannyy lane;

Dyakonova.LP@rea.ru, ORCID: https://orcid.org/0000-0001-5229-8070, SPIN-code: 2513-8831

22 News of the Kabardino-Balkarian Scientific Center of RAS Vol. 27 No.2 2025


mailto:konstantinovaf@gmail.com
https://orcid.org/
mailto:Dyakonova.LP@rea.ru
https://orcid.org/
mailto:konstantinovaf@gmail.com
https://orcid.org/
mailto:Dyakonova.LP@rea.ru
https://orcid.org/

Hszeecmus Kabapouno-bankapckozo nayunozo yenmpa PAH Tom 27 Ne 2 2025
—— CHCTEMHBIN AHAJIU3, YIIPABJIEHME 1 OSPABOTKA MHOOPMAILIMU, CTATUCTUKA ——

VIIK 004.93;004.75 Hay4nas craThs
DOI: 10.35330/1991-6639-2025-27-2-23-36
EDN: FPZIDC

HNHTesuieKkTya/IbHAs peKOMEHIaTeIbHAsA CUCTeMa
IJIA 321U ThI 10/ 10HeBBIX caa0B B KBP

A. 3. Tempokon?, K. Y. Bxnxatios™?

1Kab6apanno-Bankapckuii TocynapcTBeHHbIH yHUBEpcuTeT uMenn X. M. Bepbexosa
360004, Poccus, r. Hampumk, yir. YepHsimeBckoro, 173
2Kabapauno-Bankapckuil Hay4Hbli 1enTp Poccuiickoii akafeMun Hayk
360010, Poccwus, r. Hanpuuk, yn. bankaposa, 2

Annomayun. OIHUM U3 BaXKHBIX HAIPABJICHUN CEJIBCKOTO XO35HCTBA ABJSETCS IJI0I0OBOE CaI0BOJICTBO,
B YaCTHOCTH, HHTCHCHUBHBIC 5[6J'IOHCBI)IC cabl BHOCAT 3aMETHBIN BKJIag B CGHBCKOXO3HﬁCTBCHHym OTpaciib
Ka6apmuno-bankapckoit PecrryOmmku. [lpu stom anst coxpaHeHHs ypoxkas HEOOXOAMMO 00ecnednTh
CBOECBPEMEHHOE BBISIBIICHUE U YCTPAHEHUE YIPO3, CBSI3aHHBIX C OONE3HSIMH U BPEAUTEISIMU SIOJIOK. Y UUTBIBAS
HEXBATKy MPO(MUIIBHBIX CIHEIHAINCTOB, aKTyalbHONH CTAaHOBUTCS 3ajada pa3pabOTKH aBTOMAaTH3UPOBAHHOM
CHCTEMBI paclo3HaBaHUs 00JIe3HEH 1 BpenuTenei S0I0HeBhIX Cal0B. JJIs 3TOro B paMKaX UCCIIeIOBaHUS
ObLTa MocTaBiieHa Lellb — pa3paboTKa U OleHKa MPUMEHUMOCTH MHTEIUICKTYalIbHOW PEKOMEHAATEIbHON
CHUCTEeMBI IS 3amuThl 100HeBbIX canoB B KBP. B maHHO# cTaThe omucaHa KOHIEMIUS U MPHUBEICHBI
pe3ybTaThl pa3padOTKH CUCTEMBI KOHTPOJISI COCTOSHUS SIOJIOHEBBIX CaJ0B, NpPEAHA3HAYEHHOW IS
BEISBIICHUST OOJNE3HEH M BpeauTeNeil Ha NEepeBhsX, a TakkKe Moadopa HambOollee MOIXOMSIIEro IUTaHa
3alIUTBl PACTCHUH B 3aBHCUMOCTH OT MECTOMOJIOKEHHs caaa. [Iporpamma mpezacraBiseT coboil BeO-
MIPHUIIOKEHHUE, CO3ITaHHOe Ha ocHOBe (periMBopkoB FastAPIl, Vue.js 1 HelipoHHOI ceTH, OTBEYAIOIINX 32
pacrio3HaBaHue BpeauTenei u 0one3Hel s1010Hb 1o poTorpaduu u cocTaBiIeHHE ONTUMAIBHOTO TUIaHa UX
o0Opabotku. llpuBeneHsl pe3ynbTaThl OOYYEeHHs HEHPOHHOW CETH Ha TIOATOTOBJICHHOW BBIOOpKE
(dotorpaduii 310pOBBIX U 3apAKEHHBIX A0JIOK. B KauecTBe OCHOBBI JJ1s1 HEMPOHHOM CETH UCTIOIb30BAINCH
pasnmuunbsie Monenu: Roboflow 3.0, RF-DETR, YOLO vIi1 u YOLO v12. Pa3paboTaHHBIi cepBHC
IMMO3BOJIMT AUArHOCTHPOBATH 336OHeBaHI/I$I $I6J'IOHL C MUHUMAJIbHBIMU 3aJICPKKaMU 110 BpEMCHH, a TaKKC
obecrneunTs MoA00p METOAOB 3alIUTHl B Clydyae HEOOXOIMMOCTH, YTO CHHU3HWT PUCKH TOTEPH ypOXKas
casioBoJiaMu. B pe3yspTaTe TeCTUPOBAaHHS HAMIYUIIHMX TTOKa3areneit qocruria moaeas Roboflow 3.0: mAP
cocrasmia 91,0 %, precision — 97,5 %, a recall — 88,5 %, 4T0O CBUIETENLCTBYET O MPUMEHUMOCTH ITOIXO0/1a,
HO DTOTO HEJOCTATOYHO i BHeApeHus. C IeNbi0 TOBBIIICHWS TOYHOCTH W PACIIUPEHHS CIIHCKa
pacro3HaBaeMbIX YIpo3 IUIAHUPYETCS COOpP JIOMOJIHUTEIIbHBIX (hOTOMATEPHAIOB B cajiax pecryOiuKu, B
TOM uncie Gortorpaduii IUCTHEB U CTBOJIOB SOJOHEBBIX JIEPEBHEB, MOIYYCHHBIX B PA3IMYHBIX ITOTOIHBIX
YCIIOBHSIX, U TAJIbHEHIIIEEe TECTUPOBAHUE C YUACTHEM CAJIOBOJOB PECITYOIHKH.

Knroueewle cnosa: pacnozHaBanrie 00pasoB, s07I0Hs, 3a00eBaHNS SOJIOK, pEeKOMEH/IAaTeNIbHAS CUCTEMA,
MAaITuHHOE 00yUeHUE, HHTEPHET-CEPBIC

TIocmynuna 10.03.2025, 0006pera nocne peyensuposanuss 07.04.2025, npunama x nyoauxayuu 09.04.2025

Jons uurupoBanusi. Tempoxos A. 3., bxxuxarnos K. Y. IHTeIekTyanbHas peKoMeHaaTeabHas CUCTEMA IS 3aIIUThI
siononeBbix canos B KBP // M3sectus Kabapauno-bankapckoro nayuroro nentpa PAH. 2025. T. 27. Ne 2. C. 23-36.
DOI: 10.35330/1991-6639-2025-27-2-23-36

© Tempoxos A. 3., bxxuxatnos K. ., 2025

23



SYSTEM ANALYSIS, MANAGEMENT AND INFORMATION PROCESSING, STATISTICS

MSC: 68T07 Original article

Intelligent recommendation system
for apple orchard protection in the Kabardino-Balkarian Republic

A.Z. Temrokov!, K.Ch. Bzhikhatlov®?
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360004, Russia, Nalchik, 173 Chernyshevsky street
2Kabardino-Balkarian Scientific Center of the Russian Academy of Sciences
360010, Russia, Nalchik, 2 Balkarov street

Abstract. One of the important areas of agriculture is fruit gardening, in particular, intensive apple
orchards make a significant contribution to the agricultural sector of the Kabardino-Balkarian Republic.
At the same time, to preserve the harvest, it is necessary to ensure timely detection and elimination of
threats associated with apple diseases and pests. Given the shortage of specialized specialists, the task of
developing an automated system for recognizing diseases and pests of apple orchards becomes urgent. For
this purpose, the study set the goal of developing and assessing the applicability of an intelligent
recommendation system for the protection of apple orchards in the KBR. This article describes the concept
and presents the results of the development of a system for monitoring the condition of apple orchards,
designed to identify diseases and pests on trees, as well as select the most appropriate plant protection plan
depending on the location of the orchard. The program is a web application created on the basis of the
FastAPI, Vue.js frameworks and a neural network, responsible for recognizing pests and diseases of apple
trees from a photograph and drawing up an optimal plan for their treatment. The results of training a neural
network on a prepared sample of photographs of healthy and infected apples are presented. Various models
were used as a basis for the neural network: Roboflow 3.0, RF-DETR, YOLO v11 and YOLO v12. The
developed service will allow diagnosing apple tree diseases with minimal time delays, as well as ensuring
the selection of protection methods, if necessary, which will reduce the risks of crop loss by gardeners. As
a result of testing the model, the Roboflow 3.0 model achieved the best indicators: mAP was 91.0%,
precision 97.5%, and recall 88.5%, which indicates the applicability of the approach. In order to expand
the list of recognizable threats and improve accuracy, it is planned to collect additional photographic
materials in the republic's orchards, including photographs of leaves and trunks of apple trees, and further
testing with the participation of gardeners of the republic.

Keywords: image recognition, apple tree, apple diseases, recommendation system, machine learning,
internet service
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BBEJIEHUE

B coBpeMEeHHOM CeNbCKOM XO034HUCTBE OJIHOM M3 OCHOBHBIX MPOOJIEM SBIIsiETCS oOecredeHne
3aIIUTHI TOCEBOB OT 0OJIE3HEH U BpeauTeNel, B YaCTHOCTH, 9TU (paKTOpPhl HEraTUBHO CKa3bIBa-
I0TCS KaKk Ha 00beMe coOnpaeMoro yposkas B TUIO/IOBBIX Ca/iaX, Tak U Ha ero kadectse. [Ipu aTom
CTOUT OTMETUTH TPEH]I HA OTTOK TPYJOBBIX PECYPCOB B CEIBCKOM XO3siicTBE [1], B pe3ynbrare
4ero ceiuac HaOmoMaeTes neGuIUT KaIpoB B 00IacTH 3amuThl pacTeHuil. OqHUM U3 CIOCOO0B
pelieHns] TEPEYNCICHHBIX BBIIIIE TPOOJIEeM BBICTYMAET HCIOJb30BAHUE WHTEIIEKTYaIbHBIX
CHCTEM B CEJILCKOM XO03siiCTBE [2, 3]. YuuThIBas 3HAYUTEIBHYIO POJIb sIOIOHEBBIX CaJI0B B 3KO-
Homuke Kabapamno-bankapckoit PecmyOnuku [4], 3aadya aBToMaTU3alMM arpOTEXHUYECKUX
MPOIIECCOB, B YACTHOCTU CBOEBPEMEHHOIO OIpeJeeHus BpeauTene u 0onesHei, sBisercs
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0cobeHHO akTyanbHOU. Cpei OCHOBHBIX 00JIe3HEH S0J0HP MOKHO BBIACTUTH mapiy (Venturia
inaequalis), myunuctyto pocy (Podosphaera leucotricha), mononus (Monilia fructigena) u mo-
ciencTBus OakTepuanbHOoro oxxora (Erwinia amylovora) [5, 6]. CTouT Takke OTMETUTh HATHUHE
npoOJeM ¢ psitoM Bpeauteneit somonu [7, 8]: sioinounast mosb (Hyponomeuta malinella), kpoBsi-
Has 151 (Eriosoma lanigerum), naytunnsnii kient (Tetranychus urticae) u s6;10HHASI TUTO0KOPKA
(Cydia pomonella). Buemnue npu3Haku OCHOBHBIX OOJIE3HEH M BpenuTened s0JOHb, pacipo-
cTtpaHeHHBIX Ha Tepputopuu KBP, npusenens! B Tadmmwe 1.

Tabnuya 1. BuermHaue nmpyu3HaKy O001e3HEH U BpeAUTENCH S0I0Hb

Table 1. External signs of apple tree diseases and pests

THUJIb

Tun HaumeHoBaHue 00J1e3HU BHeniHue npu3Haku
WIN BpeauTesist
bonesnu [Tapia XapakTepusyeTcs MOSBICHUEM TEMHBIX MSTEH Ha JTUCTHSX,
II0Jax U mooderax
MyuHnucTas poca XapaxTepusyeTcs HOSBICHHEM OeJI0To MMOPOIIIKa Ha TUI0AaX
n JUCThAX 5[6IIOHI>, BCJICACTBUE YE€TO JIUCThA MOTI'YT 3aKpy-
YHUBATHCS U OCHITIATHCS
MoHUINO03 WIn iogoBas Bri3piBaet MMOKPACHCHUEC U YCBIXaHUC JIMCTHECB M I'HUCHUC

IUIOOB

bakrepuasbHbIi 03K0T

BhI3bIBacT MOXKENTEHUE U MOSABICHHE OYpPOH HMIIM YepHOM

OKpacCKH Ha moOerax M JUCThSIX

SIononHas MOIbp WIH
JUCTOBEPTKA

Bpenurenn [locne BBUTYIIICHUS JUYMHKU MOKPBIBAIOTCS MAyTHUHOM U
HAUMHAIOT IHUTAThCA JINCTHSIMHU JEpeBa, CBOpPAYMBAs UX U

co3/1aBasi XapaKTePHBIE y3IIbI

Kpossnas s BrI3bIBaeT yBsilaHWE U MOKPBITUE JUIKOH POCOM JUCTHEB

10710HU

ITayTuHHBINM K€y [TayTHHHBIE KJI€IIH NOKPHIBAIOT HUKHIOK CTOPOHY JIUCTHEB

1 IIJI0J0B TOHKMMHU «IIayTUHHBIMWY) HUTAMU

Sl6oHHAs TUTOI0KOpKA I'Huenue mwi00B S0J0HU

WK SI0JIOHEBBIN YepBb

CymiecTByeT psifi UCCIEeOBAHUH, MOCBSIIEHHBIX aBTOMATU3aAIMH Tpoliecca oOHapykeHus: 60-
Je3Hel Ha s00Hs1x. B pabore [9] npeacraBien 0030p CBEPTOYHBIX HEHPOHHBIX CETEH B 3aadax
oOHapyxeHus: 3aboneBanuii pactennii Ha npumepe apxutekryp CNN, ResNet, DenseNet,
MobileNet u EfficientNet. Bce paccMoTpeHHBIE apXUTEKTYPBI MOKA3aJId JOCTATOYHO BHICOKHUM YPO-
BCHb TOYHOCTH paciio3HaBanust (He MeHee 95 %). A B ctathbe [10] mpuBeneHbI pe3ysbTaThl aHATH3A
HeWpoHHbIX Mojenei kinaccudpukanuu MLP (MultiLayer Perceptrons), RBF (Radial Basis
Function) u DNN (Deep Neural Networks) myist oGHapyxenwust 601e3Hei Ha U300paKEHUIX STO0IO0Hb.
B pabotax [11, 12, 13, 14] paccMaTpHBaINCh pa3InuHbIC APXUTEKTYPbl HSHPOHHBIX CETEH IS pac-
NO3HaBaHUs OOJIe3Hel Ha n300pakeHusX ucTheB 07100 (Monenun VGG16, ResNet50, SDINet).
Pe3ynbraThl M03BOMIIM PacHO3HABATE Pa3HUHbIe 3a001eBaHuUs MO (POTO JMCTHEB C TOUHOCTHIO 95 %
u Boire. A B [15] s pacrio3HaBaHHs CTEIIEHH MMOPaKEeHHs JTUCTheB rpuOkoM Alternaria ncmos-
30Bajlach MHTETpalus JAByx HelpoHHBIX ceTeit PSPNet (na 6a3ze momenun MobileNet) u UNet
(na 6aze VGG), uto mo3Bosiio 1o0UThCs cpeaneit Tounoctu 96 %. B [16] mist aTol e 3a1aun
UCTIOJIB3YETCSI CETh C apXUTeKTypoit YO0lo, a B [17] omucaHbl METOIbI ONTHMHU3AIMK TUIIEPIIApa-
METPOB IS JAHHON MOJIEJIM HEUPOHHOU CETH.
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Bo Bcex nmpencTaBiieHHBIX paboTax UCCIIEA0BATENN TIOKA3aIl MPUMEHUMOCTh HEHPOHHBIX Ce-
TEll B 3aJa4e pacro3HaBaHus BpeauTeneld u Oone3Heil. CTOUT OTMETHUTH, YTO YXKE CYIIECTBYET
PSI IPOMBILIICHHBIX PEIICHUHN, TPUMEHUMBIX JIJIsi aBTOMATH3alUy 3auuThl pactenuii [18]. [1pu
9TOM, YUUTHIBAsI 3HAUUTEIILHOEC BIMSHUE KITMMATUIECCKUX YCIOBHIA M JaHadTa Ha Mporecc po-
CTa M Pa3BUTHA JIEPEBBEB M NPOTEKaHWE MX 3a0oJeBaHUl, HanbOoyiee FPPEKTUBHBIC PEIICHHS
JIOJDKHBI CTPOUTHCS Ha MCIIOJIb30BAaHUM HA0OPOB JAHHBIX JUIsi KOHKPETHOTO peruoHa. B manHoi
pabote onucana pa3paboTKa cepBHCa paclio3HaBaHUs 00JIe3HEH 1 MOATOTOBKY PEKOMEHIALNi Ha
OCHOBE JIaHHBIX 10 OoJie3HsM 510108 B Kabapauno-bankapckoii Peciybuke.

APXUTEKTYPA ITPUJIOKEHU

C nenpro o0ecredeHusi BO3MOKHOCTH OBICTPOTO OMpeaesIeHUs1 00Je3HU S0JI0HU U 1o100pa
PEKOMEHIAIU 110 3alIUTe pa3padaThIBACTCSl CEPBUC KOHTPOJSI COCTOSIHUS SIOJIOHEBBIX CaJIOB.
Jlist ynoOCcTBa MOMB30BATENIsI CEPBUC PEAIM30BaH B BUJIE BeO-caiiTa, a Takxke B BUJE 00Ta JUIs
meccenpkepa «Telegramy». COOTBETCTBEHHO, MOJIH30BATEIh MOKET MOAKIIOYUTHCSI K CEPBUCY
aubo uepes BeO-Opaysep, 1100 M3 MPUIIOKEHHS MecceHkepa. B oboux ciayuasx Ha cepBep
nepenaetcs pororpadus s0J10Ka, KOTOpas MepeaaeTcs B HEHPOHHYIO CeTh, 00YYEHHYIO pacIo-
3HaBaTh O0se3HM A0JI0K. [lanee pe3ynbrar ee paboThl epeaaeTcst B HEHPOHHYIO CETh, OI0H-
patoryto pekomeraanuu. CTOUT OTMETUTH, YTO Ha CepBEpPE TAKKE €CTh 0aza JaHHBIX, XPaHs-
11ast BCE MPEAbIIYIINE 3alIPOChl K PEKOMEHIAIUU K HUM, CTPYIITUPOBAHHbBIC TI0 CaJaM I0JIb30-
BaTesst. ApXUTEKTypa pa3pad0TaHHOTO CEpBHCa NPUBEIcHA HAa pUCYHKE | (CHPCHEBbBIC IMHUU —
nepenavya n300pakeHUs, OPaHKEBbIC — Mepeiada MPOMEKYTOUYHBIX JaHHBIX, 3€JICHBIC — OTBET
I10JIb30BATENI0 C PEKOMEHIALIUSIMHU ).

-
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Puc. 1. Apxumexmypa cepguca KOHmpos COCMOAHUS AOJOHEBIX CA08

Fig. 1. Architecture of the apple orchard condition monitoring service
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Pa3zpaboTanHblii BeO-CepBUC MPEACTABIAECT COOOM MPOrpaMMy, HAIMMCAHHYIO Ha SI3BIKE TPO-
rpaMMupoBanus python ¢ ncrons3oBanreM FastAPIY, koTopslii mpencTaBiseT co6oi BBICOKO-
YPOBHEBBII BeO-(hpeiMBOPK, UTO ympoIIaeT co3gaHue 0e30MacHBIX U MAaCIITa0MPyEeMBIX BeO-
npunoxennii. KimeHTcKas JacTh cepBHca HCIoNb3yeT Vue.js2 — JavaScript-hpeimMBopk s co-
3/1aHUS TI0JIB30BATENbCKUX MHTEpdericoB. OTyer 06 00paboTke M300pakeHus GopMupyeTcs B
dopmare PDF ¢ ucnons3osanuem 6ubauorexu PyPDF3, Buemnuii Bu riiaBHOM CTpaHHIIB! HPH-
Be/IeH Ha pHcyHKe 2. Ha HeM IOCTYIHBI CCBUIKM Ha JMYHBIH KaOWHET MOJIb30BaTeNs U CIIUCOK
casioB, B OCHOBHOW YaCTH pacrojaraercsi MpHrialieHne K 3arpyske nzoopaxkenus. Ilocie 3a-
IPY3KH H300pa’keHHs CEPBUC Cpa3y BHIBOJMT PE3YNIbTAThl — OMMCAHKUE O0JIe3HU (TIPH €€ HAITNYNH )
¥ PEeKOMEHJAIMH T10 3aluTe. DTH JaHHBIE MOXKHO BBITPY3HUTh B Buzae pdf-gaiina. i 3aperu-
CTPUPOBAHHBIX MOJIb30BaTENEH JOCTYITHO 00beIMHEHHE HAOOpa H300paKEeHUH B cajl, TAe BEAETCS
yd4eT BCeX PEeKOMEHAAINi, MOIyUYeHHbIX mosb3oBareneM (puc. 3). CTpykTypa pa3paboTaHHOTO
caiita u 0a3bl JaHHBIX TOAPOOHEe onrcaHbl B [19].

A
ahar

[t Tnasnas
OrnpaskTe faiLic 06 HIOGPAXEHIIN If NOTYYITE NPOTHOSbI i COBCTSI 10 JALITE CBOCFO CAZA Ha HOBOM YPOBHE
Pesyabrar:
IMapma ¢ BeposiTHOCTBIO 93% . BozmoxHoe neuenue: Pexomenayercs
TIPOBOMTH ONPBICKMBAHKE (DYHIHIMIaMH B (pasy '3e/IeHOr0 KOHyca' — 'MBILIHHOE
yxo'. Hanpumep, rip penapara 'Xopyc' B 1034p 0.2 xr/ra B 30T
nepuop crnocoGeTByeT 3hheKTUBHOMY KOHTPOIIIO 3200 1eBaHMs .
Puc. 2. Ilonvzosamenvckuil unmep@eic 6e0-npuioicenst
Fig. 2. User interface of the web application
- Moit cany

Moit cag

Cramwerma:
3roposkx mi070s: 0
Bomisix n10108: 0

Puc. 3. Unmepdeiic caoa nonvzosamens

Fig. 3. User’s garden interface

!FastAPI documentation. URL: https://fastapi.tiangolo.com
2\/ue.js documentation. URL: https://vuejs.org
3PyPDF documentation. URL: https://pypdf.readthedocs.io
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B ciydae paboTsl ¢ MecCeHKEPOM OIb30BaTENb TODKEH HOAKIIOYATHCS K HEMY U IIPOCTO
OTIIPaBUThH U300paKEHHE, B OTBET MPUAET pekoMeHaanus (puc. 4). Pabora ¢ MmecceHKepoM pe-
AJIM30BaHa C IIOMOIILI OMOIMOTEKHA Aiogram4.

% Al-Capoeop O
) Q

cee

[start 17:10 &

Mpueet! 8 6oT-capoeop. A nomory Bam B
onpepeneHny guarHo3sa sawwmx s6nok. Bee,
YTO HYXKHO - 3TO NpUKpenuTs poTorpaduio! o

.

PeaynbTat: Mapa ¢ BepoaTHOCTbIO 67%. Bo3aMOXHOe neveHue:
PexoMeHayeTCa NPOBOANTL ONPbICKUBaHUE QyHruuMaamu B pasy
'3eneHoro KoHyca' — 'MbiliMHoe yxo'. Hanpumep, NnpuMeHeHue npenaparta
'Xopyc' B posupoeke 0,2 krfra B 3T0T nepuop cnocobeTeyeT
3hPpeKTUBHOMY KOHTpONIo 3abonesaHus.

Puc. 4. Paboma uam-6oma 6 meccendoscepe « Telegramy

Fig. 4. Chatbot operation in the Telegram messenger

[Mono6HoOe pemieHne MO3BOJSET MAKCUMAIIBHO YIIPOCTUTh B3aMMOJICHCTBUE MOJIB30BATENS C
ceprucoM. Ha manHOM 3Tarne Benercst padboTta 1o CO3JaHuI0 4aT-00Ta JUIsl APYTUX MECCEHIKEPOB.

PE3VJIBTATHI OBYUEHUS HEMPOHHOM CETU

Jns oOecrnedeHusi pacmo3HaBaHUS SOJOK pPacCMaTPUBAIOTCS PA3IUYHBIE APXUTEKTYPHI
HEHPOHHBIX CETEH, B YaCTHOCTH, B paboTe ncnosb3oBaics ceppuc Roboflow u noctynusie B Hem
MOJIeJI HEWPOHHBIX CeTel i pacrno3HaBaHus uzoopaxenwuii: Roboflow 3.0 (Fast), RF-DETR

4Aiogram documentation. URL: https://docs.aiogram.dev
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(base), YOLO v11 u YOLO v12. Jlns o6yuenus moaenu 0bu10 coopano 1500 uzobpaxkenuii s6-
JIOK, IEPEBBEB U JIUCTHEB, MOYUYEHHBIX 3a cueT (GoTorpaduii B camax pecryoauku u coopa aaH-
HBIX U3 OTKPBITBIX HCTOYHUKOB. Bece n300pakeHns ObUIH pa3MedeHbl U pa3AesieHbl Ha 8 KI1acCoB:
3nopoBsie 00k «healthy» (268 u300pakenuit), si010Ku ¢ pU3HaAKaMu mapiim «scaby (285),
raHIIbIe «roty (376), mopakeHHble rpHOKOBBIMU 3a00J1eBaHusIME «blotchy (252), mpusHaku HaIH-
yus Tiau «aphids» (433), uBeroena «flowereater» (122), siobmoneBoit Mmonmu «applemoth» (71) u
m0a0Kopku «fruitmothy» (64). CTOUT OTMETUTH, YTO B BBIOOPKE OBLIN S0JI0KH, UMEIOLITHE TTPH-
3HAKM ABYX WIM TpexX 3a00jeBaHWil cpasy, MO3TOMY KomdecTBO MeTok (1871) Heckombko
0oJbIIe KonuyecTBa U300paxkeHuil. BxonHnoit Habop n300pakeHUi UMeN 3HAYUTEIbHBIH pa3-
Opoc B pasMepax M pa3Hyio opueHTanuo. s nanpHelmero ooy4eHus Bce M300pakeHus aB-
TOMAaTUYECKU OPHUEHTHPOBAHBI B aIbOOMHYIO OPHEHTAIIMIO U MPUBEACHBI K pazmepy 640%640
nukcene. J{ns yBennueHus 00y4aroiei BEIOOPKU HCITOJIb30BATUCh METO/IbI ayTMEHTAIIUHU: 110~
BOPOT n300paxenus Ha 90 rpalycoB, CIIBUT MO TOPU3OHTAIH U BEPTHKAIH U JOOABJICHHE IITyMa,
B pe3yJbTaTe YEro KOJU4eCTBO M300pakeHuit Obuto yBearndeHo 10 3400. CTOUT OTMETUTH, YTO
MOJTyYEHHBI HA0Op JAaHHBIX UMEET HEeKOTOPHIH ArcOantaHc B Kiaccax (SBHO HE XBaTaeT M300-
paxenuii ¢ mpuzHakamu flowereater, applemoth u fruitmoth), ¥To MoxeT craTh npUYMHON HU3-
KHUX 3HaUYE€HUH TOYHOCTH pacrio3HaBaHus. [Ipumep nzobpaxeHus, UCIOIB3yEeMOro JJisi 00yye-
HHS MOJIEJIH, TOKAa3aH Ha PUCYHKE 5.

Puc. 5. [Ipumep pazmeuennoco uzoopasicenus u3 Habopa coOPaHHbIX OAHHbIX

Fig. 5. Example of a labeled image from the collected dataset

Pa3merka naHHBIX, 00yueHHE MOJEIeH U UX JajdbHellIee pa3BepThIBAHUE MPOBOJUINCH HA
cepBuce RoboFlow. [lns xaxmoii 00y4eHHOW MOJIENH ONpeAeTIeHbl OCHOBHBIE METPHKH: mean
Average Precision unu mAP (ycpeaHeHHast TOYHOCTB 110 BCEM KJlaccaMm), precision (TOYHOCTB)
u recall (mosHOTa). Pe3ynbraTel 00y4eHUs: U TECTUPOBAHUS JIJIST YETHIPEX CO3JaHHBIX MOJIETen
npuBe/ieHbl B Tabmuie 2.
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Taénuya 2. Pe3ynbraTsl 00y4YeHHS M TECTUPOBAHUS MOJICIICH TS paclio3HaBaHMs O0JIe3HEH U BpeIUTEICH
Ha s10J10KaxX

Table 2. Results of training and testing models for recognizing diseases and pests on apples

Mogein ApxuTeKTypa Mertpuxs
mAP, % precision, % recall, %
apple disease and pest | Roboflow 3.0 91,0 97,5 88,5
detection®
test detection yolov12® | Yolo v12 82,8 82,7 75,9
test detection yolov11’ Yolo v1l 86,1 86,3 81,0
rf detection® RF-DETR 82,4 100 100

[Tonmy4yeHHbIe MOAETH IO3BOJIMIIN OTMPEACIATH 3200JIEBaHUS U BpEAUTEINIEH SA0JIOK, TpUYeM st
Mojiesiell Ha 6a3e apXHUTEKTyphl YOlO METpHUKH JOCTHIIIM JOCTATOYHO BBICOKHMX IMOKa3aTeICH.
Jlyume Bcero B 3ajaue pacrio3HaBaHUs 0oJie3HEH W BpemuTenei s0ioKk ceOst mokaszaia MOJeib
«test detection yolov12» na ocuose Roboflow 3 Bepcum: mAP cocrasmina 91,0 %, precision —
97,5 %, a recall — 88,5 %. [TlogoOHBIC TTOKA3aTEIH TIO3BOJISIOT TOBOPHUTH O TOJOXKUTEIIEHOM Pe-
3yJIbTaTe, HO JUISl BHEJIPCHHS TAKOTO CEpBUCA TPEOOBaHUS 3HAYMTEIBHO BbIle. [IoBbIIIIEHHE TOY-
HOCTH BO3MOJKHO 3a cyeT cOopa 3HauuTeNbHOro o0beMa (poToMaTepuana B caiax peciyOinK,
PUYEM MOJYYCHHBIX C Pa3IMYHBIX PAKYPCOB M B PA3JIMYHBIX TIOTOJJHBIX YCIOBHUSX.

Ha pucyHke 6 npuBeeHa 3aBUCUMOCTh METPUKA MAP 0T 3110Xu 00y4YeHHUsT KaKI0W MOJICIIH.
Kak BuHO U3 prCYyHKa, 7151 OOJIBIINHCTBA MOZETICH YCpEeTHEHHAs TOYHOCTh 3HAYUTEIHHO KOJIeO-
JIeTCs1, UTO, BEPOSTHO, CBUJICTEIBCTBYET O MaJIOM 00beMe oOyuJaroteii Boioopku. Hanbonee cra-
OWJIBHBIN Tpoliece 00yUeHusT MOIeaH Habmoaercs 1 Y0lo v12 (pucyHok 6 b).

mAP
B mAP@B50:85

0.9
0.8
0.7

0.6

SApple Disease & Pest Detection. URL: https://universe.roboflow.com/aydemir/apple_disease_-_pest_detection
6Test detection YOLOVV12. URL.: https://universe.roboflow.com/aydemir/test_detection_yolov12
"Test detection YOLOVV11. URL: https://universe.roboflow.com/aydemir/test_detection_yolov11l

8RF Detection. URL: https://universe.roboflow.com/aydemir/rf_detection
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Puc. 6. 3asucumocmo mempuxu mAP om snoxu oOyuenus netipounoii cemu 0 mooenell
na 6asze Roboflow 3.0 (a), Yolo v12 (b), Yolo v11 (c) u RF-DETR (d)

Fig. 6. Dependence of the mAP metric on the neural network training epoch for models based
on Roboflow 3.0 (a), Yolo v12 (b), Yolo v11 (c) and RF-DETR (d)

PesynbTaThl pacno3HaBaHus 3a00JI€BaHUN U BpeAMUTENCH OTHPABIAIOTCS B JAPYTyI0 HEHpOH-
HYIO CETh, KOTOpas MOAOUpPAeT METO/bI 3alUTHI AepeBbeB. [log0op pexoMenaanuii OCHOBaH Ha
rcnonk3oBannn oubmorexkn CatBoost classifier®, mis 1006ydyenus KoToporo Heo6X0aUM Habop

CatBoost documentation. URL: https://catboost.ai/

Hzeecmusn Kabapouno-Bbankapckoeo nayunoeo yenmpa PAH Tom 27 Ne 2 2025 31


https://catboost.ai/

SYSTEM ANALYSIS, MANAGEMENT AND INFORMATION PROCESSING, STATISTICS

JMAHHBIX C YKa3aHHEM PaclO3HAaHHOTO 3a00JIeBaHus, PACIOIOKEHNUS, TOTOIHBIX YCIOBUI U 1aThI
¢dukcanuu 3a601eBaHMs, @ B KAYECTBE BBIXOJHBIX JAHHBIX — Hanbosee 3PeKTUBHBIC MEPHI 3a-
muTHl cana. s coopa mogoOHOro MaccuBa JaHHBIX HEOOXOMMO 00ECTIEYUTh aBTOMAaTHIECKOE
pacrio3HaBaHue 00JIe3HeN U BpeuTelieH 100K C TOMOIIBIO JAHHOW CUCTEMBI B TEYCHHUE HECKOJIb-
KHX ce30HOB. Ha 1aHHBII MOMEHT B BEIOOpPKE CYLIECTBYET JIUIIb HA0OP OCHOBHBIX PEKOMEH IAIIHii
CHEIHAIIMCTOB 1O OOJE3HAM U BPEIUTEINSIM S0JIOK.

Jlns nanpHeWIIero yBeJIWMYEHUsS TOYHOCTU PabOThl MOJENU IUIAHUPYETCS PACIIUPEHUE BbI-
OOpKH 3a CYET UCIOJIb30BAHUA N300pAKEHU, HAXOIALIUXCS B IIUPOKOM JIOCTYIIE, a TAKXKe U300-
paskeHHii, COOPaHHBIX CAMOCTOATEIBHO U OTPAKAIONIMX 3a00JI€BaHUS M BPEIUTENCH, XapaKTep-
HbIx 151 Kabapauno-bankapckoii Pecrry6nmku. Kpome Toro, npeamnonaraercst CHOIb30BaHUE HE
TOJIBKO JTAHHBIX M3 M300paxkeHus, HO U uHbopManuu o0 yCIOBUSX B caay (LIMPOTa, JOJITOTa,
BpeMs rojia, TeMIepaTypa, BIaXXHOCTb, MHCOJISIMS, CyMMa aKTUBHBIX TeMIIepaTyp U T.1.).

Kak oTmedanocs Bellle, ceiidac HelpoHHas ceTh s 00padOTKH N300paKeHHI pa3BEepHyTa Ha
BHeIIHeM cepBrce. Celiyac cepBep OTBEUAET 3a IMOJIyYeHHUE 3alIPOCOB OT IMOJIb30BATEINEH, UX Xpa-
HEHUE U Mepenavy n300pakeHn Ha BHEIIHIOI0 HEUPOHHYIO CETh, a TAKXKE TeHEPAII0 OTBETOB
noJp3oBarenio. B Takoit peanuzanuu TpeOOBaHUS K CEPBEPY MUHUMAIBHBIE — CKPHUIT 3aHUMAET
Bcero 135 MO omepatuBHO# mamsaTu. B mporecce TecTupoBaHusi cpenHee Bpemsi 00paboTKu
OJTHOT'0 M300payKeHUs (IIPH OTIPABKE ¢ MOOUILHOTO TeIeOHA CO CPEeTHEH CKOPOCTHIO 3arpy3KH
50 Mb6urt/c u otnpaBku 25 MouTt/c) cocraBuio 4,1 cekynapl. JlajpHeiilee pa3BUTHE CEpBHCA
MpeanojaraeT pa3BepThIBaHME HEHpoceTH Ha COOCTBEHHOM CEpBEpE M HE3aBUCHUMYIO pa-
00Ty B OHJIalH-pekuMe. B 3TOM cityyae cepBep AOKEH OTBEYATh CICIYIOIIUM TPEOOBAHUSIM:
CPU 4-snepnsriii nporneccop (Intel Core 15, AMD Ryzen 5 unu Beiie), GPU ¢ moguepskkoii
texnomorud CUDA u 6 I'b Bumeomamsaru (NVIDIA GTX 1060 wmm Beime), RAM 16 T'b,
SSD 256 I'b. Ilonk30oBarens qomxkeH 001a1aTh yCTONYUBBIM HHTEPHET-COSAMHEHUEM (MUHUMYM
10 M6wut/c). JlokansHOE pa3BepThIBAHUE CEPBHCA CBS3aHO C PSIIOM TPYIHOCTEH H, MO HAIIEMy
MHEHHIO, HE SBISIETCS] KPUTHYHBIM, TIOCKOJIBKY OOJIBIIAst 4aCcTh CaJJ0B PECIyOIIMKH PACIIOIoKeHa
B PETHOHAX CO CTAOUIILHOW COTOBOI CBS3BIO.

3AKJIFOUEHUE

[IpencraBiaeHHbI cepBHC MO3BOJUT JAMArHOCTUPOBATH 3a00JIeBaHUS SOJOHb C MUHUMAJb-
HBIMU 33JIep>KKaMHU 110 BPEMEHH, a TaKkKe 00eCIeunTh 10100p METOI0B 3aIUTHI B ClIy4yae HeoO-
XOJMMOCTH. DTO JIOJHKHO MO3BOJIUTH CHU3UTh PHUCKU TOTEPH yposkas cajgoBogamMu KabGapauHo-
bankapckoii Pecniy0nuku. TectupoBaHue mporpaMmsl MoKa3aio NPUMEHUMOCTh CEpPBHCA, B YacT-
HOCTH 0o0ecTieYeHne pacro3HaBaHust 0a30BbIX 3a00JI€BaHU, XapaKTEPHBIX IS sI0J0OHH, ¥ BBIIAUY
peKoMeH1alui 1o ux 3amuTe (B ToM yrcie u B popmare pdf-daiina). Peanuszauus cepsuca B Bujie
BEO-IIPUIIOKEHNS CHUMAET HEOOXOIUMOCTh MOPTUPOBAHMSI CUCTEMBI Ha PA3JIMUHbIE MI1aT(HOPMBI
¥ MaKCHMaJbHO YIIPOIIAET B3auMoJieiicTBhE ¢ cucteMoil. [Ipumenenue yar-6orta eme OoubIie
ympoiaeT HHTepQeiic moap30BaTes.

B pabote 6bu1M 00y4eHBI U TPOTECTUPOBAHBI YETHIpE MOAETHN Ha 6a3e apxutekTyp Roboflow
3.0, Yolo v12, Yolo vl1 u RF-DETR. Jlyurue pe3ynbTaThl OKa3aia Mojeib Ha 6aze Roboflow
3.0 Bepcuu: mAP cocrasuia 91,0 %, precision — 97,5 %, a recall — 88,5 %. [1pu 3TOM, HecMOTpS
Ha TOYHOCTb pacrio3HaBaHus Bbie 90 %, coOpanHoii BeIOOpKH hoTOrpaduii HEAOCTATOUHO JUIS
JOCTIDKEHUS] TIPUMEHIMOCTH MoJienid. Ha maHHOM 3Tare TuraHupyercss cOOp ITOTIONTHUTENEHBIX
¢doTromarepranoB B cafax pecrnyOIMKH, TOJyUYEeHHBIX B PA3HBIX MOTOAHBIX YCIOBHUSIX U IPU pas-
HOM OCBEIIEHUH. A B IaJbHEHIIEM — paclIMpeHNe BEIOOPKU C YIETOM PA3IMYHBIX KIMMaTHUe-
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ckux 30H KbP u coceramnx pecnyOnuk, a Takke 3a CUET 0XBaTa BCEX PaCIpPOCTPAHEHHBIX B pErH-
oHe 3aboseBaHuil 1 BpeauTesaeid. CTOUT OTMETHTh, UTO JAJIbHEWIIIee Pa3BUTUE CEPBHCA MTO3BOJIUT
00€CIeYNTh ero HHTErPALUI0 C aBTOHOMHBIMH POOOTOTEXHHYECKUMHU CHCTEMaMH yX0/a 3a pac-
terusimu [20], Hanpumep, ¢ aBBTOHOMHBIM POOOTOM 10 MOHUTOPUHTY U 3alUTe MoceBoB [21].
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PoJsb TeXHOJIOTUH HCKYCCTBEHHOT0 MHTEJLJIEKTA
B U@ poBoi TpaHCcHOPMALUU POCCUIICKOTO IPOU3BOIACTBA

H. A. Pe6yc™%2, U. T'. Biarosemenckmii?,

O. B. PatanoBal, ®. A. Macrsien!

MockoBckuit (pUHAHCOBO-NPOMBINLICHHBIH YHUBepcUTeT « CHHEPTUS
125315, Poccusi, Mockga, Jlenunrpaackuii mpocnekr, 80, kopm. E
2Poccuiickuii 6uoTexnonoruyeckuii yausepcurer (POCBUOTEX)

125080, Poccusi, Mocksa, Bonokonamckoe mocce, 11, kopr. A

Annomayusn. Ludporas tpanchopmalius OuzHeca 03HaYaeT MEPEBOJT MHOTMX TPOIIECCOB HA TPEIPUATHN
B IM(POBOH BHUI, T.€. NPEAINOJAraeTcsl BBIIOJIHEHHE MPOLECCOB C HCIOIb30BAHUEM KOMIIBIOTEPHON
texauku u U T-texHonoruit. IIpu sTOM BakHO OpraHu30BaTh 3(h(HEKTHBHYIO HHTETPAIUIO YK€ UMEFOIIIXCS
Ha MPEIIpUSITHN IpoLeccoB ¢ coBpeMeHHbIMU U T-Texnonorusmu. Takas HHTErpaust MOXKET KacaTbCs
HE TOJBKO MPOM3BOACTBA, HO M IPYTUX OOJIACTEH uesoBeuecKol nesitenbHOcTH. KoHeuHo, u paHblie
MHOTHE OTpacid B pa3HOW Mepe IOJBEprajuch aBTOMATH3alMH, HO IMOSBICHUE HCKYCCTBEHHOI'O
uaTenekTa (W) MoXeT crimaauTh pa3HUIYy MEXKAY OTPACIAMH C aBTOMAaTH3allMel pa3HOW CTENEeHU U
MO3BOJIUT ONTHMU3UPOBATh MPOLECCHI, AK€ €CIIM KaKue-TO U3 cdep AEATeNLHOCTH HE MPEAIoaraiT
ucnonb3oBanne MU. Tem He MeHee mporecc nupoBU3aNMN B TOAABISIONIEM OOJBIIUHCTBE CIIydacB
JIACT YCKOpPEHUE TMPHUHITHIO PEIICHUM, €CIM HWCIOoJb30BaTh cucteMbl MI, B 4YacTHOCTH LU(pPOBOTO
JIBOMHMKA. DTO ONTHUMHU3UPYET COOp JAHHBIX, YTO MO3BOJUT HCIOIB30BATh WX JUISI CO3JAHUS MOJEICH
OOBEKTOB HMIIM CHCTEM. MO,Z[GJ'IB B )Z[aJ]I)HeI\/'IHIeM GYI[GT MNPUMCHATBCA JId aHaliu3a W ONTUMU3AIUH
paboThl 6e3 QU3NUECKOro MPUCYTCTBHS 00BeKTa. Bce BBIMIEU3IOKEHHOE U ONpEeisieT aKTyalbHOCTh
TEMbl HJCHTU(QUKAIIMA MeCTa W POJIU HCKYyCCTBEHHOTO WHTEUIEKTa B IM(POBOH TpaHchopMamu
poccuiickoro Ou3Heca. B maHHOH craTbe aBTOpPHI Pa3MBINULIIOT Haja mpobiemoit «Kakuwe maru
HEOO0XOIUMO MPEANPUHSTE JUIS Pa3BUTHs HOBBIX TEXHOJIOTMH aHalIM3a JaHHBIX B mpousBoacTee? M kak
YCOBEPLICHCTBOBATh Cpeay paboThl ¢ AaHHBIMH?». B crarhe maercs 0030p MCTOpPUM HCHONB30BaHHSA
MCKYCCTBEHHOTO HHTEJJIEKTa B OmsHece. OOCyxmaroTcsi ci1abble CTOPOHBI HNPUMEHEHHs TEXHOJIOTMH
MCKYCCTBEHHOTO MHTEJUIeKTa. IIpeanpruHuMaeTcs: momnpITKa JaTh OTBET HA BOIPOC. YTO HYKHO CIeaTh
YK€ CerofHs, YTOOBI MPEeANPUATHE WIN OPraHU3aLUsl MOTJIM 3aHSTh JIMIUPYIOLINE TTO3UINH 3aBTPA.

Kniroueswie cnosa. HCKYCCTBeHHBIﬁ HWHTCIICKT, LIPI(l)pOBLI@ HBOﬁHHKH, OoIbIINe JaHHBIC, MalllMHHOC
o6yquI/Ie, MOACTIb MAIlIMHHOTI'O 06yLICHI/I$I

Hocmynuna 12.03.2025, 0006pena nocne peyensuposanus 02.04.2025, npunsma x nyoauxayuu 04.04.2025
Jdas nmutupoBanus. Pedyc H. A., bnarosemenckuii 1. I'., PatanoBa O. B., MactseB @. A. Ponp TexHomoruit
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Abstract. The digital transformation of a business means the digitization of many processes in an
enterprise, i.e. it assumes the implementation of processes using computer technology and IT
technologies. At the same time, it is important to organize the effective integration of existing processes
in the enterprise with modern IT technologies. Such integration may concern not only production, but
also other areas of human activity. Of course, many industries have been automated to varying degrees
before, but the advent of artificial intelligence (Al) can smooth out the difference between industries with
varying degrees of automation and optimize processes, even if some of the fields of activity do not
involve the use of Al. Nevertheless, the process of digitalization in the vast majority of cases will
accelerate decision-making if Al systems are used, in particular a digital twin. This optimizes data
collection, which will allow them to be used to create models of objects or systems. In the future, the
model will be used to analyze and optimize work without the physical presence of an object. All of the
above determines the relevance of the topic of determining the role of artificial intelligence in the
transformation of Russian business. In this article, the authors reflect on the problem "What is needed for
the development of new data analysis technologies in production? And how can we improve the data
environment?" The article provides an overview of the history of the use of artificial intelligence in
business. The weaknesses of using artificial intelligence technologies are discussed. An attempt is being
made to answer the question of what needs to be done today so that an enterprise or organization can take
a leading position tomorrow.
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BBEJEHUE

B Hacrosiiiee Bpemsi MpOU3BOACTBEHHBIE M JIPYTHE MPOIECCHl YUPEKACHUN MO OoJblien
4acTHU aBTOMATU3UpOBaHbL. [Ipu 3TOM aBTOMaTH3anus MO3BOJSET BHIOIHATH ONEpPALUU, HE-
JIOCTYIIHBIE YeJIOBEKY. B mpoliecce aBToMaTH3aIuu OOJBIIYIO POJIb UTpaeT HHPOPMAIIMOHHASL
COCTaBJISIIONIAsSI, T.€. TaHHBIE. VICKYCCTBEHHBIM MHTEIIEKT B MPOIECCE aBTOMATHU3AIMH MOXKET
MCIIONb30BaThCS JUIsi 00pabOTKM WM aHaiW3a JaHHBIX. B paznmuuabix OusHec-mponeccax MU
CMOXKET aHaJ'II/ISI/IpOBaTB 158 HpOFHOSI/IpOBaTI) IIOBEJACHHUEC KIIMCHTOB, OHTI/IMI/ISI/IpOBaTB KakK caMu
OM3HEC-TIPOIECChl, TaK M pacxoAsl W AoxoAbl OT Hux. CoBeplIeHCTBOBaHHE OW3HEC-
npoiieccoB ¢ nmomomibio MU mpeanonaraer He MPOCTO aBTOMATU3AIUIO0 padOYUX MECT, HO U
MPOTHO3UPOBAHUE, B TOM YHUCJE MPEJOTBPAIICHHE COOEB, YIyUIlleHHe KINEHTCKOT'O CepBuUca,
0oJiee palMOHAIIPHOE MCIOJIb30BaHUE PECYPCOB, MOBBIIICHUE ID(PEKTHBHOCTH JTOTHUCTUKHU H
CKJIQJICKOH IEeITEILHOCTH U T.II.
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Ecnu paccmarpuBate paszHble cepbl IESITENbHOCTH, TO HA TEKYLIMH MOMEHT €CTh 00JIacTH
npuMeHenus, rae MM npeBocxoauT yenoBeka, U 001acTy, Tae yenoBek suaupyer. Hampumep, A
JydlIe JI0Ie pacno3HaeT o0passl, paboTaeT ¢ TEKCTaMH, TPOBOAUT AMArHOCTUKY. A YEIIOBEK JIH-
JMPYET B CIOXHBIX 3aJayax, KOTOpble TPEOYIOT HHTYUTUBHOTO NOHUMAaHHsl KOHTEKCTa, KpeaTUB-
HOCTH, T.€. CO3JJa€T HOBbIE KOHLENIMU. TaKke 4elloBeK MPOSBISAET aJAalTUBHOCTh U MOXET Ipa-
BUJIbHO PearupoBaTh Ha HEOXKUJIAHHBIC cuTyanmu [1]. Y B 3TUX ycoBUsIX COBMECTHas paboTa ue-
noseka u MM 6yaer vamuaoro s¢dexruBaee. MM-momMonHuKu moBeICAT d(HHEKTHBHOCTh WHTEI-
JIEKTYaJIbHOTO TPY/a YeIOBEKa U TPAHC(POPMHUPYIOT HE TOJIIBKO MPOU3BOJICTBO, HO U IPyTHE Cepbl
YeJI0BEUECKOM KU3HU.

[Ipesunent P® B. B. [lyTuH HEOqHOKPATHO TOBOPHUI O LEIECOOOPA3HOCTH M aKTyaJIbHOCTH
mudpoBoii Tpanchopmarmu. Y BaxHyio poib B 3ToM nporecce urpaet M. B. B. Ilytun otme-
THUJI, YTO «B HACTYyIAIOIIEe AECATUIETHE HaM IIPEJICTOUT IMPOBECTU LU(PPOBYIO TpaHCHOPMALIHIO
Bcel cTpaHbl, Bcel Poccuu, NOBCEMECTHO BHEPUTH TEXHOJIOIMHU UCKYCCTBEHHOI'O MHTEJUIEKTA,
aHanu3a GONBIINX JAHHEIX»L,

B Poccuu npunsta HanmoHnanbHas crparerus pa3BUTHS HCKYCCTBEHHOI'O MHTEIUIEKTA Ha Iie-
puox 1o 2030 rosa, B KOTOpOH onpezesieHbl OCHOBHBIE HAIIPABJIEHUSI Pa3BUTUSI HCKYCCTBEHHOTO
MHTEJJIEKTA, MPUHIMIBI PA3BUTHSL, LIEJIM U OCHOBHBIE 33/1a4d pa3BUTHs. MICKycCTBEHHBIN HH-
TEJIJIEKT — KOMIUIEKC TEXHOJIOTMYECKHX PELICHUH, NO3BOJISAIOINNA UMUTUPOBATh KOTHUTHBHbBIE
¢GyHKIMM YenoBeKka (BKJIIOYas caMoOOydeHUE W TOUCK pelIeHnid 0e3 3apaHee 3aJaHHOTO aJro-
pUTMa) U NOJIy4aTh MPH BBIOJHEHUH KOHKPETHBIX 33Ja4 pe3yJbTaTbl, COOCTABUMBbIE, KaK MU-
HUMYM, C Pe3yIbTaTaMH HHTEIUIEKTyaIbHOH AeSTebHOCTH YeI0BeKa®,

Ha ceromusamuuii  neHp  ucnosnb3oBanue MM BeIXomMT 32  npelensl  HAydHO-
uccieoBaresbckux jgadoparopuil u IT-komnanuii. MHOrMe KOMIaHUU, Kak 3apyOeXHbIe, TaK U
poccuiickue, BHEAPSIOT B cBoU NpoeKkThl M, HelipoHHbIe ceT U 00paboTKy OOJIbIINX JTaHHBIX,
UCIIOJIb3Ysl CaMble COBPEMEHHbIE aJIrOPUTMbl. B HacTosliee BpeMs MHOXXECTBO OTpaciieil uc-
HOJB3YIOT 3THU TEXHOJIOTUH, Onarojaps KOTOPHIM MOXKHO YCOBEPLIEHCTBOBAaTh OPIraHU3AIMIO
OHM3HEC-TIPOLECCOB KOMIIAHUU, CHU3UTh 3aTPAThl U YIYUIIUTh HO3UIMH CPEIU KOHKYPEHTOB [2].

Jns untencudukanuu passutus MU B Poccun B yHHBepcuTeTaxX CO3/1alOTCSI HOBBIE CIIELU-
QJIBHOCTH, OTKPBIBAIOTCS MCCIENOBaTeNbCKUE JlabopaTopuu. M 3aHMMaeTcss 3TUM HE TOJBKO
rocyapcTBo, Ho u 6usnec. B 2021 rogy COepOaHK OTKpHLT HHCTHTYT, rae uzydaerca UM®. B
HosA0pe 2021 rona Uuctutytr MM npeacraBun nepBbie pe3yabTaThl CBOUX MPOEKTOB HAa MEXKY-
HapOJHON OHJIAWH-KOH(EPEHIIMHU 110 NCKYCCTBEHHOMY MHTEIUIEKTY U aHaNu3y JaHHbIX Artificial
Intelligence Journey 2021.

N MOXHO NpEeNCTaBUTh HAa Pa3HBIX CJIOAX JETalIM3aLUM €ro ACSITEIbHOCTH KaK MAIIUHY,
CIOCOOHYIO:

* IOJIy4arh MHPOpPMALMIO O MHUPE U HUHTEPIPETHPOBATh €€ Yepe3 CEHCOPHbIE JaTUMKH,
HalpUMep, pacro3HaBaTh U300paKeHUs U 3BYK;

* KOHCTPYUPOBATh HOBBbIE OOBEKTHI, HAIIPUMED, CO3/1aBaTh N300paKeHMs, BUJIEO U T€HEPUPO-
BaTh TEKCThI HA 3aJIaHHBIE TEMBI;

* HAXOIUTh DPELIEHUS] MHTEJUIEKTYyaJIbHBIX 3ajad, HAallpUMEp, MPOCUYUTHIBATH ONTHMAJIbHBIE
XOJIbI B IIaXMaTax WM urpe ro [12].

Myrun saseun o HeoOxoaumocTn 1uQpoBoii Tpancdopmamuu Poccuu [DnexTponHbIi pecype]. Pexum pocryna:
https://tass.ru/ekonomika/10172635

20 pa3BUTHH MCKYCCTBEHHOTO MHTeNIekTa B Poccuiickoil @enepaimm: Ykas [pesupenta ot 10.10.2019 . N 490.
WnpopmanroHHo-1paBoBoi oprai «I'apant». Pexxum nocryma: https:/Mww.garant.ru/products/ipo/prime/ doc/72738946

SHckyccrsennslii natemiekt B Coepbanke [dnekrponnsiii pecypc]. Pesxxum nocrymna: https://clck.ru/XVJIDJ
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N CTOPUS PA3BBUTHS UICKYCCTBEHHOI'O UHTEJIJIEKTA

PazButne MU nawanock B 50-x romax XX Beka. Torma amepukaHCKud Hedpodusmonor
O®pouk  PozenOnart paspaboTan KOHIIETLHIO MEPIENTPOHA KAaK MaTeMaTHYecKyl MOJENb
HEMpOHA YeIOBEUECKOro Mo3ra. DT0 ObLIa MPOCTEIIas OAHOCIONHAs popMa HEHPOHHOH CETH,
KOTOPYIO MOYKHO HCITOJIB30BaTh JJI JBOMYHOM Kiaccudukanuu. B 1957 romy Obuta cmoaenupo-
BaHa paboTa nepienTpona Ha komnbiorepe IBM, 1o OblI1a y’ke MHOTOCIIOMHAS MOieb. Mozelnb
pacrio3HaBasia OyKBbI JIATHHCKOTO aji(aBUTa, YTO OBLJIO BOCIIPHHATO C BOOMYIIEBICHUEM U OH3-
Hec-coo0I1IecTBOM, U rocyaapcTBoM. boree nmo3aHue uccaenoBaHus TOJIOBHOTO MO3Ta MPUIILIH K
BBIBOJIY, YTO UYE€JIOBEYECKUN MO3I YCTPOEH 3HAUUTENIbHO ClIOKHEE. 1 B pa3BUTUM NEpLENTPOHA
KaK MOJIEJIM YEJIOBEYECKOTO MO3ra Ha TOT MOMEHT HE yaloCh IPEYCIEeTh, YTO MOPOIUIIO OTCYT-
cTBHE (PMHAHCUPOBAHUS JAIbHEHIINX Pa3padOTOK B TOM HalpaBJICHUH.

Cnenyromuii ckadok B pazButur M 6pu1 B Havasne 80-X rooB, Koraa MOMyJSIPHBI ObLTA U
pasBuBasuCch dKcnepTHhie cucTeMbl (DC). DTo mporpaMMel, HCHOIB3YIONINE HAOOPHI MPABHI
U aJITOPUTMbl, UMUTHUPYIOLINE IPOLECCHl MBIIUICHUS CIELUaIUCTa-dKCIepTa MpU PELIeHUH
onpenencHHou 3anaun. s coznanus OC HYKHO NMPOBECTHU M3BICUYEHHE 3HAHUM U3 DKCIEp-
TOB U JIOKYMEHTAllUM, YTOOBl HAKOIUTH JAHHBIE O TOM, KAaK JKCIIEPThl PEIIAIOT KOHKPETHBIE
3agaun. Hanpumep, npaBuiia, o KOTOPBIM ICUXOJOT 33Ja€T BONPOCHl U OTBEYAET MALUEHTY,
WIM IPU3HAKU ¥ aHaJIM3bl, 10 KOTOPBIM Bpau CTaBUT AuarHos3. [lonyueHHble npaBuia pelie-
HUS 3a/1a4 peanu3oBbiBaiuch B Buje npororuna IC. [Ipororun Bkiatodan B ceds 6azy 3HaHUN
U aJITOPUTM UX 00paboTKu. Pa3BuTHE IKCIIEPTHBIX CHCTEM, KaK M MEPUENTPOHA, TAKXKE ObICT-
PO 3aMeMINIIOCh, a ¢ HUM U pa3Butue MU BHOBB 3acThulio Ha onHOM MecTe. OHAKO HCIONb-
3oBaHue OC Bce elle IpoJ0JDKAETCs B HEKOTOPBIX cdepax 4yeloBEeYeCKOW AesITeIbHOCTH.
Hanpumep, OC ucnonb3yrores u 3¢p(GeKTUBHBI B 001aCTAX, I1e TPEOYIOTCS HaleKHOCTb, TITy-
0oKOe MOHMMAaHUE U aHAJIU3 JaHHBIX.

Cnenyroumii aran pazsutus MW nauanca B cepenune 90-x rogoB XX Beka. B 310 Bpems
IIPOM30IIEN CKaYOK B Pa3BUTHHU 3JIEMEHTHOM 0a3bl BRIYUCIUTEILHOW TEXHUKH, YTO MOBJIEKIIO 3a
co0oi1 yBenMueHue BBIYMCIUTENbHBIX MOIIHOCTEN KOMIBIOTEpOB. biaromaps pasBuBatouieics
TEXHOJIOTHM CO3JIaHMsI KOMIIBIOTEPOB, KaK TO 2JIEMEHTHas 0a3a W apXMUTEKTypa IpOLECCOpPOB,
CTaJI0 BO3MOXKHBIM IMPUMEHEHHUE CIOKHBIX MaTeMaTHUYECKHUX METOJOB Ul pacueTa Bce Oonee
CJIOKHBIX 3a7a4. MM Hauan ucnonb30BaThesl B OM3HEC-TIPOIIECCaX PA3IUUHBIX chep AesTeNbHO-
cTH 4enoBeka. Hanpumep, cliokHbIE pacdeTbl MOTYT IPUMEHSThCS B JIOTUCTUKE, (PMHAHCOBOU U
OankoBCKOM cdepe, (papmalieBTUKe U TeHHOW WHKEHEpUH. [ POMKHM JOCTHKEHHEM CTaJlO MOsB-
JeHWe maxMaTHoro cynepkommbtorepa Deep Blue, paspaborannoro kommanueit IBM. 11 mas
1997 rona Deep Blue mobGennn aelicTByromiero yeMnuona mupa mno maxmaram ['appu Kacnapo-
Ba. AJIrOpUTM ObUI OCHOBaH Ha mepedope BCeX BapHAHTOB XOJIOB M IMOMCKE CaMOro ONTHUMallb-
HOTO M3 HuX. [t 3TOoro TpedoBanack OrpoMHasi CKOPOCTb BBIUUCIIEHHH, YEro Heb3s ObLIO Obl
JIOCTUYB TOJIBKO aJITOPUTMHUUYECKH, O€3 IPOPhIBA B TEXHOJIOTHYECKOH cdepe.

B nauvane XXI Beka nacran cnemxyromuii atan pazputus M. AkneHT cmectuics B chepy
00paboTku nanubix. Ha mepenuuii man B pazsutuu MU BeIIIM Takue MOHSATHS, KaK 0OJb-
nive JaHHble U MalIMHHOE O0y4YeHHE, YTO CTalo (PaKTOPOM YCKOPEHUS pPa3BUTHUS aJITOPUTMOB
NU. MamuHHoe o0yueHue B OTJIMYME OT JKCHEPTHBIX CHCTEM OCHOBAaHO Ha oOpaboTke
607b1110} 6a3bl JaHHBIX, YTO MPUBOJUT K COBEPLICHCTBOBAHHUIO aJIropuT™Ma 0e3 mporpaMMu-
poBaHusA. YTO MO3BOJISAET HACTPOUTH AJTOPUTM TaK, YTO OH BBIJAET IIPABUJIBHBIE PELIEHUS B
OoNBIIMHCTBE cUTyaruii [3].

B 2011 rony xomnanust IBM paszpabortana kommnbiorepHyto cuctemy IBM Watson. OT0 ko-
THUTUBHAs CHCTEMa, CIOCOOHAash OTBEYaTh Ha BOMPOCHI HAa YEJIOBEUECKOM SI3BIKE, OHA MOXKET
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aHAIM3UPOBATh JIaHHBIE, JIEJaTh HA UX OCHOBE BBIBOJIBI U 0OydaThcs. CucTema ydacTBOBaJa B
MOMYJIIPHOM aMepuKaHCKOM Telerioy «Jeopardy!» (poccuiickuii ananor — «CBost UTpa») | Io-
Oenuina yeMnuoHOB 3Toi Urpel. Cuctema Watson uCnonp3yercst B MEIULIMHE 711 TUarHOCTUKH
Y JICYEHHUS paKa.

B 2015 rogy xommanus Google DeepMind pa3paborana AlphaGo — nporpammy uist UTpsI B
ro. [IpaBuiia ro KaxyTcst IPOCTHIMU, HO Ha CaMOM JieJie 3Ta UIpa CIOXKHEe, YeM Iiaxmarsl. B
HEell CyIIecTByeT MHOXXECTBO BO3MOXKHBIX BapHUaHTOB, UYTO 3aTPYOHSET OIEHKY MO3MIMU U HUC-
MOJIb30BAaHUE AJITOPUTMa TIOMCKAa XO/I0B, KOTOphIM ucnonb3yeT Deep Blue. AlphaGo cran nep-
BBIM TPOEKTOM B MHpPE, BBIUTPABIIUM COPEBHOBaHUE AJIs MPO(EeCCHOHATHHBIX UTPOKOB B TO B
2016 romy. IlepBas Bepcust AlphaGo pabGoTana ¢ UCIOJIIB30BaHUEM JIBYX HEUpPOCETEH: OJIHA BBI-
YHCIIsIa BEPOITHOCTD XOJI0B, a BTOPAas OIICHKBAJa MO3UIHMIO KaMHA Ha gocke. AlphaGo ucnons-
3yeT metog MoHnte Kapio — nmouck mo aepeBy ¢ orieHkoi B y3iax. Ho AlphaGo eme ucmomns3yer
OLIEHOYHbIE (DYHKLIMHU U1 ONTHMH3aIUu repedopa. Bor 3t QyHKuMM HCHOIB3YIOT IIyOOKOe
oOyuenue. B kauecTBe 00yyaronnx JaHHBIX UCIOIb30Balack HH(popMaIus 00 yCIEIIHBIX X01aX
160 TeIcsu mapTuii npodeccuonanos. Hosas Bepcust mporpammbl — Asbpalo Zero — padoraer
Ha OCHOBaHMM OOyuYeHHUs C MoJKperieHueM. l[Iporpamma He UCTOIB3yeT JaHHBIE OT UTPOKOB-
mronieit, ona yuutcs cama. Anbdal’'o — 310 Oonbiioii npopsiB B pa3sutuu MU, koTopelil oxxunanu
He panbuie 2025 roza.

B mae 2020 roga uccnenoarenu u3 OpenAl nmokazanu anroputm GPT-3. OH cmocoOeH reHe-
pUpOBaTh rpaMMaTHYE€CKU KOPPEKTHBIE aHTJIOA3BIYHBIE TEKCTHl HA OCHOBE COBCEM HEOOJIBIIIOTO
KOJTMYECTBA MPUMEPOB. TEKCTHI MIPHU 3TOM MOTYYAIOTCS OUYEHb IMOXOKUMHU HA HATUCAHHBIE Yello-
BEKOM, U 3TO HECMOTPS Ha TO, YTO AITOPUTM (AKTUUECKU T€HEPUPYET CIydyailHble MpeioxKe-
Husa. GPT-3 moxeT oTBe4ars Ha BOIPOCHI, MEPEBOAUTH SI3bIKU U BBITIOJNHATH JPYTHE 3a7a4u IO
00paboTKe TeKCcTa Ha €CTECTBEHHOM SI3bIKE.

B Tom xe 2020 roay kommanus Google DeepMind paspa6otana nporpammy AlphaFold, ko-
TOpasi BBIMONHSIET MPeICKa3aHusl MPOCTPAHCTBEHHOM CTPYKTYphl Oenka. DTa 3ajauda sBisieTcs
OJIHOM U3 CIIOKHEHIINX U BaKHEHIINX B coBpeMeHHoU Ouonoruu. AlphaFold 3 xapakrtepusyer-
cst 60os1ee BHICOKOM TOUHOCTBIO M TYUIIMMHU MTOKA3aTeIsIMHU POTHO3UPOBAHUSI.

CTATUCTHUKA HUCIOJIb30BAHMA UCKYCCTBEHHOI'O UHTEJJIEKTA

WU Gasupyercss Ha pa3aMyHBIX 00NACTAX TPAAMLMOHHBIX HayK, TAKMX Kak MaTeMmaTuka (B
TOM 4YHCJI€ CTaTUCTUKAa U TEOpUs BEPOATHOCTH), pu3uka (00paboTka CUTHAJIOB), OMOJIOTHS,
JIMHTBUCTHKA, IICUXOJIOTHS U IPYTHE.

[Toutn Bce uccrnenoBarenu cuurtaroT, yto MM yenoBedeckoro ypoBHs pealeH U Korjaa-
HUOYb cTaHeT Heu30exkHbIM. COINIaCHO aHAIMTUYECKOMY OTYETY 0 BHEJIPEHMIO PEIICHUH B
00JaCTH MCKYCCTBEHHOTO HHTEIJIEKTa B OTPACHSIX MPOMBIIITIEHHOCTH DenepalibHOrO LIEHTpa
NPUKJIAJHOTO Pa3BUTHS MCKYCCTBEHHOro MHTeIeKkTa 3a 2024 ron nosisaenue MU, 6auskoro k
4esoBe4eckoMy, Bo3MOKHO K 2047 rony. K 2027 rony takoir MU, ckopee Bcero, He MOSIBUTCH,
BEPOATHOCTH 3TOT0 0KoJ0 10 %.

['mnotes3a macmrabupoBaHus MpenoaaraeT, uro passutue UM — »To Bompoc macmradupo-
BaHUS Y€ CYIIECTBYIOIIUX apXUTEKTyp. T.e., IpuMeHss TPaAULIMOHHBIE aITOPUTMBI 00yUYEeHHUSI
B OoJjiee MIMPOKOM MacuITade, MOKHO IMOJIyYUTh Bce OoJiee CIOXKHbIE HEHPOHHBIE CETH, U OHH
€CTECTBEHHBIM 00pa30M pa30OBBIOT CIOKHOE MOBEACHHUE. JTO JAaeT HAJeXIy Ha CO3JIaHUE Ypes3-
BBIYaliHO MOIIHBIX cucteM MU B TeueHue cnemyromiero aecsaruietus [4].

HHuTepHeT-cepBUCH U COLIMATIbHBIE CETH YK€ akTHUBHO npumeHstor W mis nepconanuzanuu
KOHTEHTA U APYTHUX 3a/a4.
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B nekoropsix otpacisix MU yxke cranm ctaHIapToM, TOrja Kak B JPYTUX €ro MpUMEHEHHUE
JUIIb HauuHaeT pa3BuBarbes. C KaxabIM rofoM uHtepec k MU Bo3pacraer, U ero BHeIpEHUE
npopoinkaercs. [IporeHT ucnonb3oBanus nucKkyccTBeHHoro uareiekTa (M) B pa3nuyabix 00-
JACTAX MOXKET BAPbUPOBATHCS B 3aBUCHUMOCTU OT PErMOHA, KOHKPETHON MHIYCTPUU U TEXHOJIO-
TUYECKUX JOCTHKECHMU. [[oys1 KOMIIaHMM B MUpE, KOTOpbIE BHEIPWIM U ucnons3yror MU, B
HACTOsIIee BpeMs cocTaBiisieT 55 %.

bbutn olieHeHbl MPUYHHEI, IO KOTOPbIM KoMiaHuu BHeApstoT U B paboune nponeccsl. s
25 % KOMITaHWM ATO HEXBaTKa CICHHAIMCTOB TpeOyeMol kBamudukammu, a 20 % KoMITaHHA
JIeNAI0T TO MO/ AABJIEHHEM OKHIAHMH KIHEHTOB WM M3-32 KOHKypeHiuu®, B tabmuue 1 mpes-
CTaBJICHBI CBOJIHBIEC IaHHBIE 110 TpruunHaM BHeApenus MU Ha npennpustusix.

Taénuya 1. Ilprannast BHenpenus N B 6u3Hec

Table 1. Reasons for implementing Al in business

[Tpuunna BHenpenus MU B OusHec Mo koMmanui
[MoBbIeHHe OCTYMHOCTH OM3HECA 45 %
CHMIKEHHE PacXoJIOB M aBTOMATH3alMsl OM3HEC-TIPOIIECCOB 42 %
HcnonpzoBanue MU B cranaapTHRIX OM3HEC-TIPUIIOKEHHIX 37 %
YBenuueHue KOHKYPEHTOCIIOCOOHOCTH Ha PHIHKE 31 %

[Tpumenenne U ¢ Touku 3peHust 65 % KOMIaHMA MOBHIIACT Y3PPEKTUBHOCTh UX PAOOTHI.
54 % nonw3oBarenel cuutaroT, uto MU ymyumaer kayecTBO TEKCTa, MOXKET MOBBICUThH Kpea-
TUBHOCTb U YCKOPUTH Ipoliecc cozganus Tekcra. [Ipeanonoxenne komnanuii 00 3¢dekTuBHO-
ctu BHeApenust MU noarBepkaaroT uccienoBanus Forbes:

e sHeperre MM B mpou3BoACTBO NoBbIIIAeT 3PPeKTUBHOCTh Ha 12 %, 4TO MO3BOJISIET KOM-
MaHUSAM J100MBATHCS JTYUIINX PE3YyJIbTAaTOB [0 CPABHEHUIO C MApTHEPAMU U KOHKYPEHTaMU,

e gHespeHue M B nporecc npoeKkTupoBaHus, pa3pabOTKU U MPOU3BOACTBA MPOILYKLUHU MTPU-
BOAUT K 3koHOMHHU B 30 pa3 Oosbllie, 4eM y KOHKYPEHTOB, He npuMenstoumx UN.

W B roHke ¢ KOHKypeHTaMH MOOEXJIal0T KOMIIAHUHU, KOTOpble nepBbIMU BHeapuiau WU B
6usHec-nipoueccsl. OHM JOOMIUCH OOJBIIEN SKOHOMUHU CPEACTB, COKPATUIM BpeMsi 00paboTKU
3aKa30B, MPUBJIEKIIN OO0JIbIIE KIMEHTOB U YBEITUUMIN 00BEMBI MPOJIAXK.

Uccnenosarenu MM, ocHOBBIBasCh Ha CTaTUCTUKE, IPOrHO3UPYIOT, 4To K 2035 roxy mpu-
OBUTL B HEKOTOPBIX OTPACIAX, HCHob3ytomux MM, ysemuuntcs Ha Gonmee uem 44 %°. Makcu-
ManbHBIA 3QdexT or UM nomydar: obpazoBaHue, cepa NUTaHUs, CTPOUTENBCTBO, TOPTOBIISA U
3apaBooxpaHenue (puc. 1).

4Crarucruka uckycctBenHoro uartemexra (2025), Wnkmment, 01.01.2025 [Dnexrponusii pecypc]. Pexum
nocryna: https://inclient.ru/ai-stats/

SCratucTuka uckyccTBeHHOro uHTemiekra (2025), WMukmuent, 01.01.2025 [DnektpoHHbIii pecypc]. Pesxum
noctyna: https://inclient.ru/ai-stats/
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Puc. 1. Jlons ucnonvzosanus UU 6 pasnvix ompacisix

Fig. 1. Share of Al use in different industries

Paccmorpum Binsinue BHenpenus M Ha peIHOK Tpyzaa. B monoBuHE CyleCTBYHONIMX BaKaH-
cuil ymenue nosbzoBatbes MM OyzieT KOHKYpEHTHBIM IMPEUMYIIECTBOM IIPH MpUeMe Ha paboTy.
Kak y>xe roBopuiocs, BHegpenue MM Oyner noBsiaTe NpOM3BOAUTENILHOCT TPY/Ia, a 3TO Bie-
4eT 3a co0Oi HEe TOJBKO MPEUMYIIECTBA s paboTomaTelis, HO U PUCKH Ui paOOTHUKOB.
Pucku OyayT cBsi3aHbl C YMEHBUIEHUEM UHMCJIa BAaKAaHCUM U BO3MOKHBIM COKpAIEHUEM 3ap-
IJIaThl U HE BIIaJCHONIUMX HaBblkamMu padotel ¢ MU paborrukoB. To ects BHeapenue MU
MO’KET 3aMEHHUTh JIIoJIe Ha pabouMx MecTax, 4yTo npuBeneT k Oe3pabotuue. Tak kak MU
BHEJIPSIETCA Yallleé B CaMbIX Pa3BUTBIX CTpaHaxX, TO 3TU MPOOJEMbl KOCHYTbCS MMEHHO HX.
Cunraercs, uto noTepsaTh padoty MoryT 400 miiH yenoBek. Takxke ecTh pUCK TOTO, YTO HEKO-
Topsie Tpodeccun mpocTo ucuesnyt [13].

Crnenyer OTMETUTb, YTO OYJyT aBTOMAaTH3UPOBaHbI paboyre MecTa, He TPeOYIole BhICOKOH
KBaJIM(UKALMY, T.K. BBICOKOKBATU(PUIIMPOBAHHBIE PAOOTHUKH, CKOPEE BCETO, YXKE HUCIOJIb3YIOT
Kakue-To cpezcTBa aBTomaruzauuu u MN. T.e. BnusiHUIO Iporpecca, Kak Bcera U ObIBaeT B MC-
TOPUYECKOM MepcreKTHBe, OO0JIblIe MOABEPKEHb HU3KOKBATH(PUIHMPOBAHHBIE MPO(pEccuu, Ko-
Topble U OyayT ucye3arb. Ho 310 He 00s3aTeIbHO KPUTHUECKH COKPATUT pabodue MecTa, T.K.
OyAyT MOSABIATHCA HOBBIE 33/7a4M U pabouue MecTa, TpeOyromue Apyroro Habopa HaBBIKOB.
Bwmecro ncuesnysmux npodeccuit 0yayT nossisatbes HoBble. I1o mporuosam, B 2025 roay 6ma-
rogapst U nosiButcs pabora anst 97 MIIH 4enoBex.

OBJIACTU PA3BUTUA UICKYCCTBEHHOI'O MHTEJIJIEKTA

Ha nmanHbIli MOMEHT pa3BUTHUS HAYKH YUYEHBIE HE MOTYT C YBEPEHHOCTBIO YTBEPKIAATh, KAK
ycTpoeH yenoBeueckuid Mo3r Ha 100%. McciaenoBanus He mpekpamatorcs. [loatomy u co-
371aTh MUQPPOBYIO MOJEITh YEJI0BEUECKOTO MO3Tra, T.e. MCKycCTBeHHBIM mHTeiekT (M), na
JAaHHBIM MOMEHT Henb3sl. OJJHaKO MOKHO UMHTHPOBATh HEKOTOphIe pyHKIMHU Mo3ra. Hampu-
Mep, BBIYUCIHUTEIbHBIE CIOCOOHOCTH Mo3Ta, U MU mo BBIYMCIWUTENBHBIM BO3MOXHOCTSIM
npeBocxXoauT denoBeka. MM Takke mbITaeTCI MMUTHPOBATH AHAUIMTHYECKHE CIIOCOOHOCTH
mo3ra [5].

Pazpaborka MM BemeTcss B HECKOJBKUX HAMPABICHUSAX. XOTS BCE OHU, KOHEUHO, CBS3aHBI
Ipyr ¢ apyrom. Ha pucyHke 2 nmpeacTaBIeHO B3aMMHOE PACHOI0KEHUE ATUX TEXHOJIOTHH.
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Data Science

Puc. 2. Obracmu pazeumus UCKYCCMBEHHO20 UHMEIEKMA

Fig. 2. Areas of development of artificial intelligence

MamuHHoe 00yuenne — pasaen VU, koTopblil 0TBe4aeT 3a peleHue 3a1ad ¢ MOMOIIBIO aHa-
J¥3a ¥ MHTEPIIPETALMHU JaHHBIX 0e3 mporpammupoBanus. OO0yueHre aaropuTMa MPOUCXOANT Ha
prUMepax MPaBHILHO PEIICHHBIX 33/1a4.

I'my6okoe oOyudenue (ot anri. Deep learning) — BUJI MalIMHHOTO OOYYeHMS C MCIIOJIb30BaHU-
€M HeHpOHHBIX ceTell. OTnnyaeTcss OT MalIMHHOTO 00y4eHUs! OTCYTCTBHEM yUUTENsl B IIpoliecce
oOyuenus. HelipoceTh HaxoquT MpaBUIIbLHOE pelieHue cama [6].

Data Science (nayka o manabix, DS) — pazgen UT-nayku, cBsi3aHHBIN CO COOpPOM JaHHBIX, C
MeToaMH 00paboTKH OOJBIINX 0OBEMOB JaHHBIX, aHAJIM30M JAHHBIX JJIS TIOyYEHHsI ITPAKTH-
YeCKuX pe3ynapratoB. Mertoabl DS Ha ocHOBE OOBEIMHEHUS! CTaTHCTUKH, aHAIHM3a JaHHBIX, Ma-
HMIMHHOTO OOYYEeHHS W aHAIHM3a PeaJbHBIX SBICHUN HAXOAT 3aKOHOMEPHOCTH B OOJIBIIOM 00be-
M€ JJaHHBIX U CTPOSIT IPOTHO3BI.

Data Mining (MHTeJIEKTyaJIbHBIH aHAIN3 JaHHBIX) — METOJbl aHaju3a OOJBIINX 00BEMOB
JAHHBIX U TOHMCKAa B HUX 3aKOHOMEPHOCTEH M APYIMX XapaKTepUCTUK. AHAIU3 MPOBOIUTCS C
MIOMOIIBIO CTAaTUCTHUYECKUX M MAaTEeMaTHUYECKUX MeTooB. Llenp aHanmm3a — HaXOXICHHUE CKPBHI-
TBIX 3aKOHOMEPHOCTEH M TEHICHINH, KOTOPBIE MOTYT UCIIOIB30BATHCS ISl IPUHSATHS PEIICHHIA.

bonsmme nanusie (Big Data, BD) — aTo MaccuBbl nHpoOpManuu, a Takxe o0paboTka, XpaHe-
HHUE U aHaJu3 OrpoMHBIX 00beMOB MaHHbIX. [log BD nonumaror umeHHo takoir oobeM uHpop-
MallMy, 4T0 OOBIYHBIE METOBI paOOTHI C Hell cTaHoBsTCA Hed(hheKTUBHBIMU. [IpUHATO OTHOCUTH
kK BD nannsie, 06bem koTophix npessiiaer 150 I'6 B cyTku.

MOJIEJTb MAIIIMHHOI'O OBYUYEHUA

Ecnu paccmarpuBars npumenenne UM B 6usHece, TO B OONBIIUHCTBE CIIy4aeB MPUMEHSIIOTCS
TEXHOJIOTMH MammHHOTO 00yueHus (Machine Learning). D10 mMeron oOy4deHHs, TP KOTOPOM
HCTIOJB3YIOTCS IIA0JIOHBI U JIOTHYECKHE BBIBOJIBI PEIICHHS MMOMOOHBIX 3aaad. [Ipu aToM He uc-
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MOJIB3YIOTCS IIPSIMbIE YKa3aHUsl U MporpaMMupoBaHue. Bo Bpemsi MamimHHOTO OOy4eHHsl auro-
PUTMBI OOHAPYKUBAIOT 3aKOHOMEPHOCTH B 0OJIBIINX HaOOpax NaHHBIX, a TAKKE YJaTcsl MPHHS-
TUIO ONTUMAJIBHBIX PELIEHUI U CO3/1aHUIO IPOTHO30B HA OCHOBE ATOT'0 aHAJIN3A.

OOyuyuTh MOJENIh MAITMHHOTO 00y4YeHHsS HEBO3MOXKHO 0e3 0OJbIIOro KoimvyecTBa HH(OopMa-
nuu Wik JaHHbIX. COBOKYMHOCTh BCEX MUMEIOUIMXCS JaHHBIX JJI PElIeHHs 3aJaud Ha3bIBAIOT
naraceToM (To-aHrMiicKu dataset).

Pa3meuenHble JaHHBIE — 3TO JaHHbBIE, 10 KOTOPHIM MOXKHO JaTh TOYHBINA OTBET AJIS IOCTaB-
JICHHOM 3anmauu. Perienue 3ama4 ¢ IOMOIIBIO pa3MEUEHHBIX JTAHHBIX HA3bIBAETCS O0y4YEHUEM C
yuuteneM (Supervised Learning). 3To caMblii paclipoCTpaHEHHBIM M UCCIICIOBAHHBIN MOXOJ K
PEILIEeHUIO0 3a/1a4 MAIIMHHOTO O0y4YeHHUS.

Mopenb MallIMHHOTO O0yUYEHHs — 3TO HEKOTOPBI MaTeMaTU4eCKHid aJrOpUTM ¢ MHOXKECTBOM
napameTrpoB. OOyYUTh MOJENb — 3HAUUT MOA00PaTh HAWIYYIIHE 3HAUYEHHs mapaMeTpoB. s
Ka)X10 KOHKPETHOH 3a7a4M MoJesb o0yuaercst oTenbHo. Harpumep, Moznenb MOXKHO CTPOUTH
JUTSI IPEICKA3aHus LIEHbI HEBMKUMOCTHU WM PAaHKUPOBAHUS OTENEH.

[Tpouecc MamMHHOTO 00YUYEHUS CIEIYIOIIMIA: €CTh OONBIION MacCUB MPUMEPOB MPABUILHOM
paboThl BUJa «BXOAHBIC JAHHBIC — BBHIXOAHBIC JAHHBIE»; 00pabOTKa ATHX JaHHBIX HACTPAHBAET
anroputM. [locie oOyueHus alropuT™ CriocoOeH 1Mo Habopy BXOIHBIX JaHHBIX MPEICKA3aTh BbI-
xonHble. O0y4yeHue B JaHHOM CIIy4ae — 3TO MPOoliecC HAaCTPOHKH ajIropuTMma.

[Touck u co3nanue METONOB O0yUYEHUS alNropuTMa — 3TO (paKTHUUeCKH OONaCTh MPUKIIATHON
MaTeMaTHuKH, Pe3yIbTaThl KOTOPO MPUMEHSIOTCS B MH(POPMALIMOHHBIX TEXHOJIOTHUSX.

OO0yuenne Mozieneil MalIMHHOTO 00YYeHUs, KaK MPaBUIIO, TPEOyeT 3aTpaT OOJBIINX PECYPCOB
— uH(pOpMAIMOHHBIX (OONbIINE JaHHBIE), BPEMEHHBIX U BBIUHUCIUTENBHBIX. B OTOENBHBIX CITy-
YasiX MOKHO OOYYHTbh MOJENb 32 OTHOCUTEIILHO HEOOJIBIION MPOMEKYTOK BpEMEHU Ha HEOOJb-
IIMX MaccUBax JaHHBIX U Ha IIEPCOHAIbHOM KoMIibtoTepe. Ho 310 yacTHBIN ciyyail, a eciau pedb
UJET O CIOXKHBIX Mpolieccax, KPYMHbIX NPEeIIpUITUIX U 00paboTKe OrpOMHBIX MAacCHBOB JIaH-
HBIX (HampuMep, JaHHBIX O MUJUIMOHAX KIMEHTOB), TO MOTPeOyIOTCs ClelualbHble TeXHUYe-
ckue cpenctsa (cepep). M maxe npu HadMYUM  CHENMAIM3UPOBAHHBIX MPOrPaMMHO-
TEXHUUYECKUX CcpeicTB 00paboTKa OOJBIIOr0 MAacCHBa JaHHBIX MOXET OBITh JAJIUTEIbHOCTBIO J10
Hezenb. KpynHble koMIIaHuU, Kak MPaBUIIO, OKYIAIOT ClIEHUAIN3UPOBaHHbIE CEPBEPhl U HAHU-
MalOT KOMaH/ay CHElHAIUCTOB Ul paboThl ¢ HUMH. MeHee KpylHble KOMIIAaHWHU, KaK MpaBUIo,
apeHAyIOT TaKhe CEPBUCHI B 00JIake, yepe3 HHTEPHET.

OObIYHO B KPYIHBIX KOMIAHMAX €CTh COOCTBEHHAsi KOMaH/ia ITAaTHbBIX JaTa-CaeHTUCTOB (OT
anm1. Data Science — 3TOT TepMHH HE UMEET TOYHOTO KOPOTKOT'O MEpeBOJa Ha PYCCKHUM SI3BIK).
Takue cnenuanucTel JAOJKHBI UMETh CHEIU(PUUECKHI OMBIT — OMBIT OOyYeHUs MOJAEIH WU
HACTPOUKM anroputMoB. Eciin jke 3aka3uMK HAHWMAaeT CTOPOHHHX CIELUAINUCTOB, TO UX CHAl0-
JKAKOT JAHHBIMHU, KOTOPBIE OIHMCBHIBAIOT CYTh 3a/laud. 3aKa3yMK yCTAHABIMBAET METPHUKH, a UC-
MOJTHUTEIb CTPOUT MOZETHU M, BOSMOKHO, BHEJPSIET UX B pabouunii mporecc.

CnoXHOCTh MOZENM MAIIMHHOTO OOy4YeHMsI 3aBUCUT OT pemiaeMoil ero 3amauu. [Ipu stom
BO)XHBIM IAapaMETPOM SBISETCS KaueCTBO CaMUX JAHHBIX. OCOOEHHO Ba)KHO, YTOOBI JAaHHBIE
ObUIM OHOPOIHBIMU M 6€3 OIIMOOK MpH 00YYEHUU HEOOIBIIUX MOEIIEH.

OpHolt M3 TpyaHOCTEW MpPH MAIIMHHOM OOY4YeHHMM IMpEACTaBIseTCsl MpeAMETHas 001acThb
KKJI0W KOHKPETHOW 3a/maun. B KaxaoM OTAENbHOM ciiydae oOydeHHUs MOJIETH HYKHO, KPOME
YHUCTOTHI JAHHBIX, COYETAHUE JABYX uesloBeuecKuX (Gaxkrtopos. IlepBoe — 3T0 U3yueHue npeamer-
HOMW 00JIaCTH CHEeNMAIMCTaMU 110 HACTPOHKE MoJiesiel, BTOpOE — 3TO MOHUMaHHe TPUMEHUMOCTH
U orpaHuyeHui ucnons3oBanus W B nanHoit obnactu 3akazuukom [11].
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Ecte nBa ocHOBHBIX HampasieHusi UM, kotopple 4alie BCEro MCHoib3yIOT B OM3HECE, — ATO
AaBTOMATH3aLMs U IPOTHO3UPOBAHUE.

[Tpu aBromaruzamun MU yckopsier 06paboTKy JaHHBIX: aHAIU3UPYET U COPTHPYET OT3BIBBI O
MIPOAYKTE, CTPOUT IO OT3bIBAM CTATUCTHUKY, a TAK)KE PACCTABIISIET IPUOPUTETHI HA HETaTUBHBIE
OT3BIBBI, HA KOTOPBIE HY)KHO OTBEYaTh (HapUMeEp, 5Kano0bl, MPETEH3UH, peKJIaMallin), U T.I1.

[IporHo3upoBaHue — 3TO MPOLECC COCTABICHHS MPEANOIOKEHUN O OyayleM COCTOSHUU
00BbeKTa, OCHOBAHHBIN Ha MPEABIIYIIEM U HACTOSIEM ONbITe. YenoBeuecKkuii MO3r crnocobeH
Ha MPOTHO3MPOBAHKE, HO I KAYeCTBEHHOTO aHann3a OONBIIMX JaHHBIX YEJIOBEKY IMOHAI0-
OUTCS CIMIIKOM MHOTO BpeMEHHU. BblunciuTenbHble MOIIHOCTH KOMIIbIOTEpPA HECOMOCTaBHU-
MBI C YEJIOBEYECKUMH, [T03TOMY IPUMEHEHUE MCKYCCTBEHHOIO MHTEJUIEKTA JENaeT PelICHUE
3TOM 3amaun ObIcTpee W KauecTBeHHee. Kpome TOro, MCKyCCTBEHHBIH MHTEIUIEKT OIICHHBAET
3aaqy OecrpucTpacTHO.

NHTeiekTyalbHble CUCTEMBI, TAKME KaK MAIUMHHBIA IEPEBOJI TEKCTA HA JAPYIOM SI3bIK, pac-
[I03HaBaHUE U300PAKEHUM U peuH, IPOTrHO3UPOBAHKE MTOBEICHUS KIUEHTOB U JIpyrHe, OCHOBA-
HBI Ha 00Y4YEHHH MOJIETIM Ha OCHOBE JaHHBIX.

Cy1ecTByeT ellie 0iHa aJIbTepHAaTHBA aJroOpuTMaM MAlIMHHOIO O0y4€HHUs — HKCIEPTHBIE CH-
cTeMbl. B aKCIepTHBIX cucTeMax ajJropUTM MPOTHO3UPOBAHUS OCHOBAaH HA 3HAHUAX IKCIEpTa-
YeNoBeKa. DKCIEePTHbIE CHCTEMbI (PAKTHUECKH MMUTHUPYIOT MPOLECC MPUHATHS PEHICHUN IKC-
NepTaMy U peKOMEHAYIOT PEIlIEeHNUs], aHAaJIOTMYHbIE TEM, KOTOpble fai Obl uenoBek. Ha npakruke
CIEUUAIIMCTBI IPUXOJAT K BBIBOY: KOIJa HY>KHO OTBETUTh HAa BOMNPOCHI B OYEHb KOHKPETHOM,
OTpaHUYEHHOM 00JacTH, Ui KOTOPOM TpeOyeTcsi BCero HECKOIbKO MPAaBUII LIS IKCIIEPTHOU CH-
CTEMBI, SKCIIEPTHBIE CHCTEMBI OTHOCHTENBHO 3(PPEeKTUBHBI, 001a1aI0T HEOOIBIION CIIOKHOCTHIO
U paboTaloT B peaJuCTHUHBIX BPeMEHHbIX paMmkax. Korma ske 3agada uiam npeaMeTHas o0nacThb
CTaHOBUTCS 00Jiee CIOKHOM, TO KOJTMYECTBO HEOOXOANMBIX TPABUII B3PEIBOOOPA3HO BO3PACTACT,
YTO MOXKET IPUBECTU K CO3/IaHUIO OOJBIINX JEPEBbEB MOMCKA MM 1OJ0OHBIM npobnemaM. Ta-
KUM 00pa3oM, METO/Ibl MAILIMHHOTO OOY4EHUs JydIlle, YeM SKCHEPTHBIE CUCTEMBI, aJallTUPYIOT-
csl K 6oJiee CI0KHBIM 3a7ja4aM C OOJIBIINM KOJIMYECTBOM NIEPEMEHHBIX.

Ecnu npeacTtaBuTh KOMIAHUIO, KOTOpasl YK€ JaBHO paboOTaeT B OMpeAeTIeHHON 001acTu, To
MOYKHO IIPEIIOJIO0KHUTH, YTO y HEE HAKOIMJIIOCH JOCTaTOYHOE KOJIMYECTBO JAHHBIX. DTH JIaHHBIE
MO>KHO HMCIIOJIb30BAaTh Il 00y4YeHUsl MOJIEIH, KOTOpast Oy/leT BBINOIHATh IPOrHO3UPOBAHUE, JIH-
00 Ha OCHOBE TaKUX JAHHBIX MOKHO aBTOMAaTM3MpOBATH KaKHe-THMOO MpPOIECChl B KOMIIAHUU.
Hcnonp30BaHNE HAKOIJICHHBIX JAHHBIX U MX 00pabOTKa MOTYT OBITh JIBUraTeieM pa3BUTHSA
poueccoB B koMnaHuu. Kak npaBuio, peub HJET O TaKOM KOJIMYECTBE AAHHBIX, KOTOPOE HEBO3-
MOXHO 00paboTaTh MPOCTO Ha KOMIIBIOTEPE.

Opnolt U3 mpobiaeM MaMHHOTO OOy4YeHHs SIBISETCS OTCYTCTBHE WJIM Majlo€ KOJIUYECTBO
JAaHHBIX, HallpUMEp, €CJIM JAHHBIX NI PEIICHUs KOHKPETHOW 3aJa4M B KOMIIAHMM HET, UX HE
COXpaHsUIM MM Takas 3ajjada B KOMIIAaHWHU He pelanack. B Takux cioyvasx Tpedyercs:

® IIOUCK aJIbTEPHATUBHBIX OTKPBHITHIX HCTOYHUKOB JJAHHBIX,

e NpuOOpeTEeHNE WIN 3aKa3 JaHHBIX,

® IICII0JIb30BaHUE CUHTETUYECKUX JTAaHHBIX,

® [IPUMEHEHHE METOJIOB YBEIMUEHUS JaHHbIX.

Eme oqun cnoco6 pemieHust 3Toil mpoOieMbl — MPUMEHEHHE METO/I0B, MO3BOJSIONINX pado-
TaTh C OTPAHUYEHHBIM KOJIMYECTBOM JaHHbIX.

JHpyroit mpo6ieMoii UCIOJIb30BaHUS TaHHBIX MOXET cTaTh 0€30MacCHOCTh. JTO Cllydaid, KO-
rJa JaHHblE B KOMIAHUU €CThb, HO BBIJIAaTh JOCTYIN pa3paboTurMkaM K HUM Henb3s. Crnocod
peleHus: Takoi NmpoOJieMbl HYHO NMpoJyMaTh Ha CTaJuU NPOEKTUPOBAaHUS, 10 Hayaja pea-
JU3alH IPOEKTa.
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Buenpenue B Ou3Hec-mpolecchl HCKYCCTBEHHOTO MHTEIIEKTa HE MOXKET ObITh YHHUBEpCalb-
HBIM peleHueM Bcex npobneM. PPeKTUBHOCTh U TOUHOCTh aJTOPUTMOB HCKYCCTBEHHOTO WH-
TEJIEKTa BO MHOTOM 3aBHUCST OT KauecTBa U 00beMa JIaHHBIX, & TAK)KE OT KOHTEKCTA MX HCIOJb-
30BaHus. [103TOMY Ba)KHO OCO3HABaTh OIPAaHUYECHMSI MCKYCCTBEHHOTO MHTEIUIEKTa U BHEIPSThH
€r0 C OCTOPOXKHOCTBIO, OIICHUBAS TIPU ITOM MOTEHIIMAIBHBIC PUCKHU.

[To oreHKaM HEKOTOPBIX IKCIEPTOB B oOnactu M, 0koJo MOIOBHUHBI POEKTOB, CBSI3aHHBIX C
nonbiTKaMu BHeApeHus: M B mpoliecchl KOMIaHUK, HE TPUBOAST K OKUIAEMbIM Pe3yJIbTaTaM.
OcHOBHBIC TPUYUHBI TAKUX HEY/Ia4: HEPEATHCTUYHBIC OXKUIAHUS, HEJOCTATOYHBIN 00beM JlaH-
HBIX, HEKa4YeCTBEHHbBIC WJIM HEaJIeKBAaTHbIC IaHHBIC.

W naxe eciay KOJIMYECTBA JAHHBIX U PECYPCOB AOCTATOYHO JJISl PEHICHUS 33aJlaud U MpoLece
HACTPOUMKHU anroputMa ObLI TpoBeeH 0e3 mpodiieM, TO MTPOSKT BCE PAaBHO MOXKET HE JIOCTUTHYThH
a¢dektuBHOCTH. [laHHBIE MOTYT OBITh KaU€CTBEHHBIMH, HO B HUX MOXKET HE OKa3aThCs 3aBUCH-
MOCTEH, IO KOTOPBIM MOXHO MPEJCKa3aTh pe3yabTar [7].

Yacto [1s yrpaBlieHUs TPOSKTaMHU IO aHAIM3y JaHHBIX HCIONB3YIOT MOMYISIPHYI0 METO0-
noruto CRISP-DM.

Cxema »TanoB paOOThI HAJ IPOEKTOM Ha PUCYHKE 3.

i

BusHec aHanus AHanus AaHHbIX

MoarortosKka
AaHHbIX

MopenuposaHue

OueHKa
peweHui

Puc. 3. Cxema smanog pabomul Hao npoexmom no memoodonozuu CRISP-DM

Fig. 3. Scheme of stages of work on a project using the CRISP-DM methodology

Briaensitor mecTh 3TanoB pelieHusi OM3Hec-3aJa4i ¢ UCMOIB30BaHUEM AJITOPUTMOB HCKYC-
CTBEHHOI'O MHTEJIJIEKTA:

— MOHUMaHUe OU3HEC-TIENE;

— cOOp M U3yYeHHE TaHHBIX;

IoATr0OTOBKA JJTaHHBIX,

oOyuyeHHe U HaCTpOIKa alropuTMa;

TECTUPOBAHUC U OLICHKA Ka4€CTBa pa6OTBI ajJropuTMma,

BHEJIPEHHE pPa3pabOTaHHOTO AJIFOPUTMA.

CucremMbl MalIMHHOTO 00y4YeHHUsT MOTYT paboTaTh B CBsi3Ke ¢ ycTpoiicTBamu WMHTepHera
Benteit (IoT), monyuass gaHHbIE B peaJbHOM BPEMEHU JJIs aHAIM3a U ONTUMHU3ALUU pabounx
IIPOLIECCOB.
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st ontuMu3anuu 00pabOTKU JaHHBIX YACTO UCTIOIB3YIOT HE MOCIIEIOBATEIbHYI0 00padOTKy
JAHHBIX O MWIIMOHAX KJIMEHTOB, a IMapaulejbHyl0 00palboTKy maHHBIX. Takyr o0pabOTKy
MOXHO OPTraHH30BaTh C IMOMOIIBI0 OOJIAYHBIX CEPBUCOB, UCIIONB3YsI paclpeelieHHOE XPaHEHUE
NaHHbIX, HaripuMep, B Hadoop unu Spark. Monyne SparkML — 3to Gubnnoreka, KoTopast mo3Bo-
JSIeT peanu3oBaTh MOJIENb, MOXKET pellaTh 3afayd KiacCupHuKanuud U perpeccuu. bubmmoreka
SparkML umeer natuBHbiit API nns Scala, Python API, R u pa3BuBaercs.

B mammaHOM 00y4eHUHM B OOJBIIMHCTBE CIy4aeB MCIOJIB3YETCS S3BIK MPOrPaMMHUPOBAHUS
Python® wu ero 6uGmorexn: Numpy, Scikit-learn, TensorFlow, PyTorch. Hanpumep, NumPy —
9TO YHCIIOBasi OMOIMOTEKA C OTKPBITHIM UCXOIHBIM KOJIOM, KOTOpasi MOXKET MCIIOJIb30BAThCS IS
BBINOJIHEHHSI PA3JIMYHBIX MAaTeMaTHUECKUX ONEpaluii ¢ pa3NmuuHbIMU MaTpuiamu. NumPy cuu-
TaeTCs ONHOW M3 HauOOoJIee YaCTO MCHOIb3YEMbIX HAay4YHBIX OMOIMOTEK, MOITOMY MHOTHE CIIe-
IIUAJIMCTHI 0 00pabOTKe JaHHBIX MOJIAral0TCs Ha Hee MPH aHAINU3€E JaHHBIX.

[ ®POBBIE ABOMHUKHI

VYipasieHue 1eATenbHOCTBIO IPEANPUATHS — KaK B 1IEJIOM, TaK U OTJAEJIBHBIMU IPOLIECCAMU —
CEeroJiHs ONMMpaeTCs Ha NPUMEHEHHE NTyOOKOM aHAJIMTHKU U MOJAEIMPOBAHUS ITOBEIECHUS BHYT-
peHHell u BHemHel cpeapbl. CI0KHOCTh PelIaeMbIX 3a/1a4 pacTeT, a UX TPaHMIIbI pa3MbIBAtOTCS,
U BHEAPEHUE UHTEJUIEKTYaJIbHbIX CHCTEM CTAaHOBMUTCS HACYIIHON HeoOxonumocThio. Kommue-
CTBO HaOJIIOJAEMBbIX [apaMETPOB MCIOJIb3YyEMbIX MOJIENEH pacTeT JaBUHOOOPA3HO, U TPAIULIM-
OHHBIE TEXHOJIOTUU cOOpa, HAKOIUIEHUs, 0OpabOTKH M aHaiu3a WH(GOPMALUU HE B COCTOSIHUU
00ecrneynTh CBOEBPEMEHHOCTb U/UiH 3()()EeKTUBHOCTh BbIpaOaThiBaeMbIX pelieHui. TexHomorus
1M (POBBIX TBOMHUKOB IIPU3BaHA PELIMTh 3TH poliemsl [14].

[{ucdpoBoit TBOMHUK TpencTaBIsIeT COO0K MOJENh 00BEKTa U3 peabHOTO MUpa, MOIALp-
JKMBaEMyI0 B BUPTYyalibHOU cpene [8]. Moaenb MCMOab3yeT CEHCOPHYIO CETh JIaTYMKOB ISt
OOHOBJIEHHSI CBOETrO CTaTryca B PEXUME peajlbHOTO BpEeMEHHU, (PUKCUPYET MU3MEHEHMs IMapa-
METpPOB 00bEKTa U MepeaaeT 3Ty MHpopmanuio Ha cepep. CreruanbHas IporpaMMa Ha cep-
Bepe 00pabaThiBaeT MOJYy4YEHHYI0 HH(GOPMAIMIO U CTPOUT MPOTHO3 pe3yinbraToB. Lludposbie
JBOWHUKH, KaK M APYrue METOAbl MOJEINPOBAHMS, ITO3BOJISIOT MOJAEINPOBATh U AHAIU3UPO-
BaTh pa3JInYHbIE CUTYyallMU, TECTUPOBATh HYHbIe ()YHKIIMM HA MOJENIM B BUPTyaJlbHOU cpele
10 uXx (hakTuyeckoil pazpaboTKHu.

[Tudposoii 1BOWHUK paboTaeT Ha OCHOBE MOJPOOHOM aHATUTUYECKOM MOJIENN, TOCTPOESHHOMN
Ha OCHOBE MMUTAIIMOHHOTO MOJEIIMPOBAHMSI, OONBIIMX JAHHBIX, MAIIMHHOTO O0Y4EHUs, MOJIENIN
BUPTYaJIbHOH, TONIOJHEHHON MM paclIMpsAeMoil peanpHOCTH [15]. B 3T0# MOAenn onuceiBaroT-
Csl mapamMeTphbl pealbHOr0 00bEKTa JJIs Pa3JuYHBIX CIIEHAPHEB MCIOJIb30BAaHUS 3TOTO O0BEK-
Ta. Mozenp Takke [OJKHA COAEep)KaTb METOJbl OOHOBJIEHHUS COAEPKUMOro HU(GPOBOro
JTBOMHUKA HA TMPOTSKEHUHM BCETO KU3HEHHOTO Iukia. [{udpoBoil 1BOMHUK JOKEH B CBOEM
coctaBe uMeTh API, mpenocrapnsiomiee BO3MOXKHOCTH MO OOMEHY JAaHHBIMHU, YIPaBICHHUIO
€ro COCTOSIHMEM MJIM BBINIOJIHEHUIO JIeHcTBUi HaJ HUM. [lockonbky uHpopMaius 1ist 0OHOB-
JICHUsI COCTOSHUS LU(POBOro ABOMHHUKA MOKET MOCTYIATh U3 CaMBIX Pa3HOOOPAa3HBIX UCTOY-
HUKOB U IO Pa3JIMYHBIM KaHAJIAaM CBSI3HM, @ UX COCTaB M HAMNOJHEHUE MOTYT CO BPEMEHEM M3-
MEHATHCS, TO HE0OXOAMMO pa3paboTaTh HHCTPYMEHTAJIbHBIE CPEJCTBA aHAJIN3a U OLIEHKHU J10-
CTOBEpHOCTH mocTymnarouieil nupopmanuu. Takxke HEOOXOIUMO MPEIYCMOTPETH BO3MOMKHO-
CTH 1O OOMEHY JaHHBIMH MEXIY Pa3IMYHbIMH IU(GPOBBHIMU IBOMHMKAMHU, (QYHKIHUOHHPYIO-
LIUMHU B OJTHOM M TOM K€ BUPTYAJILHOU Cpee.

610 Best Language for Machine Learning — GeeksforGeeks, [Dnextponnsiii pecypc]. Pexum aocrymna:
www.geeksforgeeks.orgrbest-language-for-machine-learning/
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Pa3zBepTriBanre mudpoBOro IBOMHUKA BBIOJHICTCS B HECKOJLKO 3TaroB. [lepBbrii sTam
npeacTaBisieT co0oil cOop MaHHBIX 0 HabIonaeMoM 00bEeKTe peanbHOro Mupa. B kadecTBe uc-
TOYHHKOB JJAHHBIX HA ATOM 3Talle MOTYT BbICTYyNaTh CETU JAaTYUKOB M/UJIM U3MEPUTEIbHBIX MPU-
00poB, 0a3bl 1 OaHKU NaHHBIX, IHTEpHET Belwel U T.1I.

B xome BTOpOro srama IpoOMCXOAMT IOCTPOEHUE MOEIU C MCIOJIB30BAHUEM JOCTYIIHBIX
METOAOB 00paboTKM JaHHBIX. KOHKpeTHOE mpencTaBieHHE MOJAETH 3aBUCUT OT BO3MOXKHO-
CTEW HUCIOJIb3yEMOM Cpebl MOJAEIUPOBAHMS — MAaTeMaTH4ecKasi Uid UMUTAMOHHAs MOJIEIb;
rpadguyeckas MoJieNib, HAPUMEP TPEeXMepHas, WK MOJIEeb TONOJHEHHON JIM00 BUPTyalbHOM
pPEaIbHOCTH U T.J.

B xonme Tperpero srana He0OXOAMMO OOECTIEUUTh MHTETPALMIO IIU(PPOBOro JBOMHMKA B MH-
(GOpMaIMOHHYIO CHUCTEMY OpPTaHHU3AIMH, COBMECTHO C KOTOPOH 1U(POBOI JBOWHHUK JOJDKEH Oy-
IeT paboTarh, — ISl TOTO MU(PPOBOM JBOMHUK JTOMKEH paboTaTh MOJ HCIIOIb3YEMbIMA B KOM-
MaHUM ONEPAMOHHBIMU CUCTEeMaMHM, C CUCTEMaMHU YIIpaBlieHHs 0a3aMu JIaHHBIX, CETEBOM WH-
bpacTpyKTypoil, TMHIBUCTUYECKUM OOecTiedeHreM NH()OPMAIMOHHON CUCTEMBI.

[Tpu pa3BepThHIBAHUM U UCTOIB30BAHUM IUGPOBHIX ABOMHUKOB HYXHO YAEISATH 0c000€ BHU-
MaHHe UHPOpMarmoHHoW Oe3onmacHocTH. L{npoBoil TBOWHUK JOIKEH NpeAiaraTh pa3inyHbIe
CLIEHApUU 3aIUTHl OT BO3/ICHCTBUS BHEIIHUX HEraTUBHBIX (PaKTOPOB — KaK camoro ceds, Tak u
MOJIEIUPYEMOTO 00BEKTa PEAIbHOTO MUPA.

DTUKA UCIOJIB30BAHNA UICKYCCTBEHHOI'O MHTEJIJIEKTA

AxtuBHOe BHepeHue M B moBceHEBHYIO )KU3Hb BBI3BIBAET TPEBOTY U HEIOBEpHE JIIONECH.
PsnoBeie monp3oBarenu onacatorcs, uto M moxer Hanectu Bpea ux untepecam. B Poccun no-
15 moaen, kotopele gosepstotr MU, — 48 %, a nons tex, ko He nosepsitor U, — 42 %.

[Tpu pabote cucrtem ¢ UM mroneii yamie Bcero OECOKOAT cleAyIOUINE MOTEHIMATbHBIE
npoOJIeMBI:

— cbou obopynoBanus uinu 10, T.e. TexHUYECKHE TPOOIEMBI;

— obmeHune ¢ poboTaMy BMECTO KUBBIX JIFOJIEH U B CBSI3U C 9TUM JIETPaaIUsl JIUYHOCTH;

— 0O0sI3Hb HEMOHUMAaHUsSI pOOOTOM TTPOOJIEM YeJIOBEKAa U B CBA3U C ATHUM OTCYTCTBHE MTOMOIIU
Y JTUYHOH 0€30ITacHOCTH;

— 0O0s13Hb UMUTALIUK POOOTOM YEJTIOBEKA;

HeNoHKUMaHue, uto Takoe MU, kak oH paboTaeT U 3a4eM HYKEH;
— 0os13Hb, yTo U cTaneT ymMHee yenoBeka;
00s13Hb, uTOo W 3aMeHUT uenoBeka Ha padoTe;

BO3MOYKHOCTb B3JI0Ma, XUIIIEHHE IEPCOHAIBHBIX JaHHBIX [9].

[Tocneanuii myHKT OecroKouT Jroeil u 6e3 ucnonb3zoBanus MU, HO pa3roBopsl 0 BHEAPEHUN
WU Tonpko ycuauBaroT TpeBory. JIoOble TEXHONOTMU CHavaja MyraroT Jitoaed. bombimoit npo-
LIEHT Jroiel, He noBepstounx MU, xapaktepen He Tonbko A Poccun. Tak sxe o6CTosT fena Bo
BCceX crpaHax, rae BHeapsercs M. Ilostomy Bompoc stuku MU 3arparuBaer kak KOMIIaHUW,
3aHATHIE pa3paboTkamu B obnactu VI, Tak u rocynapcrsa’.

OTBeTCTBEHHOCTH 32 nocueacTeus npumenenus M Bcerna nexuT Ha 4emoBeEKe.

bonbune nanuwie, UHTEpHET Beliel, HCKYCCTBEHHBIN MHTEIIEKT, OECIIPOBOHAS CBSA3b, BUP-
TyaJIbHasi M JIONOJIHEHHAs PEalbHOCTh, KBAHTOBBIE BBIYHCIECHUS — BCE 3TH U MHOTHE JPyrue
TEeXHOJIOTUH (HOopMUPYIOT OCHOBY KoHIenuuu «unyctpus 4.0».

"B mOroHe 3a MCKYCCTBEHHBIM WHTEIUIEKTOM. KTO TMOGENMT B TIIOGAIEHOM COPEBHOBAaHMU? [DJIEKTPOHHBIN
pecypce]. Pexxum noctyma: https://forumspb.com/news/news/v-pogone-za-iskusstvennym-intellektom-ktopobedit-
v-globalnom-sorevnovanii/
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Onnako BHEApPEHHE B OM3HEC-TIPOIECCHI MCKYCCTBEHHOTO MHTEIUICKTa HE MOXET OBITh YHU-
BEPCaJIbHBIM pelieHreM Bcex mpodieM. D(PpdeKTHBHOCT M TOYHOCTH AJITOPUTMOB UCKYCCTBEH-
HOTO MHTEJUICKTa BO MHOTOM 3aBHCST OT Ka4ecTBa U 00beMa JJaHHBIX, a TAK)KE OT KOHTEKCTa MX
ucnoas3oBanus [10].

SAKJIIOYEHUE

Mcnonb30BaHNe aIrOpUTMOB UCKYCCTBEHHOTO MHTEIUICKTa TOMOTaeT OOHAPYKUTh poOiIeM-
HbIE MECTa B NMPOM3BOJCTBEHHBIX NpOIECCaX, aHAIM3HUPYS AAaHHBIE O paboTe 00OpYIOBaHUS,
IPOM3BOJUTEIBHOCTH U 3aTpaTax. AJTOPUTMBI MOTYT OOHApYKUBaTh A€(PEKTHI MIK HECOOTBET-
CTBUS IIPOM3BOACTBEHHBIX IIPOLIECCOB B PEKUME PEAILHOTO BpeMeHU. VcripaBieHne BbISBIECH-
HBIX JI€()EKTOB MOBBICUT Ka4eCTBO (PMHATBHON MPOAYKIUN 1 MUHUMHU3HUPYET PACXOIBI.

CucreMbl Ha OCHOBE MAIIMHHOTO OOYYEHMs IOMOTalOT YJIy4YLIUTh IUIAHUPOBAHUE U
yIpaBjieHUE LENOYKaMH IIOCTaBOK Ha OCHOBE aHaju3a HH(OpPMALMU O OCTaBKAX, JOTUCTHKE
Y KOJMYECTBE TOBApHBIX 3alacoB. DTO MO3BOJIMT AaHAJIMU3UPOBATH 3aTpPaThl HA ChIPbE, TPYIO-
3aTpaThl U SHEPropecypchl Uil BBIABICHHUS BO3MOXHOCTEH /JIsl COKpALIEHHs pacXoA0B U I0-
BBIILIEHUS] PEHTA0EIbHOCTH.

ANTrOpUTMBI MAIIMHHOTO 00y4Y€HHs IOMOTYT MCCIIeI0BaTh U aHAIM3UPOBATh PHIHKH, OIpese-
JATh MOTPEOUTENBCKUE TPEHIbl U BBIABIATH BO3MOXKHOCTH Ul Pa3pabOTKH HOBBIX H3ENUH,
OCHOBBIBAsICh HAa IPEANOYTEHUAX ITOTpeOUTEIIEH.

Takum 00pa3oM, HCIIOJIB30BAaHUE MAIIMHHOIO OOy4eHHUS B IMPOU3BOJCTBE OTKPHIBAET HOBBIE
TOPU30HTHI JJIsi MOBBIIEHUS 3PPEKTUBHOCTH, YIYyUIIEHHUs KayecTBa M aJalTUBHOCTH IpoLec-
coB. Mcnonb30BaHre TaKuX CUCTEM IOMOIaeT KOMIIAHUSAM pearupoBaTh HA U3MEHEHUs PhIHOY-
HOU cpejibl, ONITUMHU3UPOBATH CBOM ONEpalvi U MOAJIEPKUBATh KOHKYPEHTOCIIOCOOHOCTh. B TO
BpeMsl KaK TEXHOJIOTUHM IPOJIOJDKAIOT Pa3BUBAThCS, POJIb MAIIMHHOIO OOy4EHHUs B MHAYCTPUU
OyZeT TOJIKO BO3paCTaTh.

Kpome toro, iro0ast cuctema, eciy 3acThIBa€T B CBOEM pa3BUTUH, HAUMHAET OTCTaBaTh, JAerpa-
poBaTh. M B Harlle Bpemsi, BpeMst CBEpXOBICTPOro pa3BUTHsI HH(POPMALIMOHHBIX TEXHOJIOTHH CII0-
COOHOCTB CUCTEMBI COOTBETCTBOBATb, aJalITUPOBATHCS K N3MEHEHHSM SIBIISIETCS KITFOUEBOM.

B nHacrosiiee BpemMsi IpakTUYECKU BCE OTPACIH SKOHOMMKH U COLMATIBHOU cepbl HyX1a-
IOTCSL B IU(PPOBBIX TEXHOJIOTHUIX, KOTOPbIE MO3BOJIAT EPEBECTH OM3HEC-TIpolecChl B LU ppo-
By10 cpeny. [lons koMmaHui, peaau3yommx IpoeKTsl HuppoBoil TpaHchopmanuu, 1 o0beM
MHBECTHUIINI B peaau3aliio TAKUX IPOEKTOB 3HAUUTENbHO YBEJIUYNBAIOTCS, YBEIUUUBACTCA U
KOJIMYECTBO 3KCIEPTOB, a TAKXKE Pa3BUBAIOTCA UX IU(POBbIE KOMIETEHUIUU. DTO BHYIIAET
On3Hecy NMO3UTHUBHBIE HAJIEK/bl, CBSI3AHHBIE C MOBBIIIEHUEM 3(PPEKTUBHOCTH MPU HUCIIOIB30-
BaHUM LIU(PPOBBIX PEIICHUI.

Jlnst Toro yToOBl KOMIIAHUH, B TOM YHUCJIE Majble U CPeJAHHUE MPEANPUATHS, MOTJIM y4acT-
BOBAaTh B IU(PpoBOH TpaHChHOpMaALIMK, HEOOXOJUMO COKPATUTh Pa3pbiB MEXKY (jlarMaHaMu U
OTCTAOLUIUMU.

Cy11ecTBYIOT 3HaUNTENbHBIE PA3IUYUS B MacIITa0ax U CKOPOCTU BHEIPEHUS IIUPPOBBIX TEX-
HOJIOTUH B Pa3jIMYHbIX CEKTOpaxX 3KOHOMHUKH. CHU3HUTH PUCK LHU(POBOro pa3pbiBa MOXKET IO-
MOYb MEXAaHM3M MOJACPKKH B pamMKax HaluoHaigbHOro mnpoekrta «L{udposas sxonomuka Poc-
curickonl denepanum», KOTOPBIM HAIIPABJIEH HA PEATU3ALMI0 TEXHOJIOTMYECKUX PUOPUTETOB U
BHEApEHUE IUPPOBBIX TEXHOJIOTUH.
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IIpuMeHeHre MUBAPHBIX IKCIEPTHBIX CUCTEM
JJISl TUATHOCTUKYU 0AKTEPUAJIBLHOM YCTOYMBOCTH K AHTHOMOTHKAM

H. Y. Canaxyraunosal, O. O. Bapnamos™?! 23
MucTuTyT HCKyCCTBEHHOTO MHTEIUIEKTA POCCHIACKOTO TEXHONIOTMYECKOTO yHUBEpcUuTeTa MUPDA
119454, Poccusi, Mocksa, nip-T Beprazckoro, 78
2MoCKOBCKHIi TOCY/IapCTBEHHBIN TEXHUUECKHiT yHuBepcuTeT uMern H. D. Baymana
105005, Poccust, Mockaa, yi. 2-s1 baymanckas, 1. 5, kopi. 1
SAO HUU BlYBCIHTENBHBIX KOMILIEKCOB uMeHH M. A. Kapiesa
117437, Poccust, Mocksa, yi. [Ipodcoroznas, 108

Annomayusa. VccnenoBanue NOCBAIIEHO UCTIONb30BaHUIO MUBAPHBIX 3KCIIEPTHBIX CUCTEM /IS BBISIBIICHUS
OakTepuagbHON YCTOHUMBOCTH K CYILLIECTBYIOLUIMM aHTHOMOTUKaM. IIpencTaBieHa MOIyJIbHAS apXUTEKTypa
CHUCTEMbI, KOTOpas MO3BOJICT JICTKO Z[O6aBJ'I$ITI) 1 OOHOBIISITE OTACJIIBHBIC KOMIIOHCHTBI. COSILaHa MUBapHasd
0a3a 3HaHMiA, cocTosmas u3 56 mpaBwi i1 pabOTHI ¢ IKCIEPTHOM cucteMoit. [IpeanaraeTcs peannzoBarsb
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Abstract. The study is dedicated to the use of mivar expert systems for identifying bacterial resistance
to existing antibiotics. A modular architecture of the system was presented, which allows easy addition
and updating of individual components. A knowledge base consisting of 56 rules for working with the
expert system was created. It is proposed to implement the system using the KESMI software, which
allowed for logical conclusions to be drawn. The system was tested on three different cases. The first case
involved the presence of a mutation in the mecA gene, the second involved methylated ribosomes, and the
third involved Gram-positive bacteria. Testing of the Mivar expert system showed that the bacteria's
resistance results matched the established knowledge base. The impact of using Mivar expert systems on
the process of detecting antibiotic resistance has been studied. A description of the methodologies used to
evaluate the system's effectiveness was proposed. It was justified why the use of expert systems can
significantly improve the diagnosis and treatment of infectious diseases.

Keywords: mivar, mivar expert system, Wi!Mi, Big Knowledge, bacterial antibiotic resistance,
automated production control systems, smart production systems, automated process control systems
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BBEJIEHUE

baktepuanbHasi yCTOMUMBOCTh K aHTUOMOTHKAM SIBIISIETCS OAHON U3 CEPhE3HBIX YIPO3 JIIS TI10-
OanbHOTO 3/1paBooxpaneHus. C KaKIbIM I'OJI0M MaTOTE€HbI CTAHOBATCA 00JI€€ YCTONUNBBIMU K CY-
MIECTBYIOIIUM aHTUOMOTHKAM, YTO MPUBOJHUT K YCIOKHEHUIO JIeueHHsI HH()EKIIMOHHBIX 3a0071e-
BaHUH U YBEJIMUYEHUIO YUCIIA JETAIBHBIX ciayyaeB. OJHUM U3 KJIIOUEBbIX PEIICHUN TaHHOU Mpo-
OyeMBl SIBIISIETCS CO3aHNE HOBBIX MpenaparoB. OHaKo Iporecc pa3padoTKu aHTHOMOTHKOB Tpe-
OyeT 3HAYUTENBHBIX pecypcoB. B 3ToM ciydae MCHONb30BaHHWE MCKYCCTBEHHOI'O HMHTEIIEKTa
(M) u cucrem nonnepxkku npunsatus pemenuit (CIIIIP) craHoBUTCS 0COOEHHO aKTyallbHBIM.
Cy11ecTBYIOT pa3IMyHble JOTMUECKUE MOJIENIN UCKYCCTBEHHOTO MHTEIIEKTa, KOTOpble 001a1at0T
CBOMMH IMPEUMYIIeCTBaMU U HepoctaTkamu [1]. Tak, Joruka mepBoro mopsjka JaeT BO3MOXK-
HOCTb OITMCaHMs 3HaHUM 00 aTpruOyTax 0ObEKTOB U MX B3aUMOCBSI35IX, UTO JIEJIAET €€ MOIXOAIIeH
JUISL SKCTIEPTHBIX cucTeM. OJIHaKO BBICOKAsl BBIYMCIUTENbHAS CI0KHOCTh U TPYAHOCTH B popMa-
JU3alMK 3HAHUI MOTYT CTaTh MPENSATCTBUIMU ISl BHEAPEHUS CUCTEMbI, OCHOBAaHHOM Ha TaKOH
MOJIENIU JIOTUKU. MHOTr03HavHas JIOTMKa YYUTHIBAET HEONPEAEICHHOCTb, PaCIUpss 001acTh JIO-
TUYECKOTO BBIBOJA, OAHAKO TPYIHOCTH B MHTEPHPETALMH PE3YIHTATOB MOTYT YCIOXKHUThH CH-
cremy. Heomnpezenennast 1oruka mo3BojsieT padoTaTh ¢ MPOTHBOPEUYNBON HH(MOpMAIUE U CTPO-
UTh THOKHE CHCTEMbI UCKYCCTBEHHOI'O MHTEIJIEKTa, HO €€ (popManu3alusl U BbIUUCIUTEIbHbIE
METO/Ibl MOTYT OBITH CJIO0KHBIMHU.

B TO ke BpeMs B 00JIaCTM HCKYCCTBEHHOTO HMHTEIJIEKTa MPOAOJDKAIOTCS HCCIIEA0BaHUS,
HarpaBJeHHbIE Ha Pa3paOOTKy MUBAPHBIX TEXHOJOTUN JIOTUYECKOTO UCKYCCTBEHHOTO UHTEN-
nekta (JIMN) [1].

OTH TEXHOJOTHH HCTIONB3YIOTCS BO MHOTHX O0JIAaCTSIX HAyKu U TeXHUKH. VccnenoBaHus aTu-
yeckux acnektoB M Bkirouanu npuMeHeHe MUBAPHBIX TEXHOJOTUH /1711 CKOPUHTA KpEAUTOBA-
Hus [2]. beun paccMoTpeHnsl Jorudeckue, Gpuaocopckre U 3THYECKUE acieKThl npuMeHeHus M1
B MeIuIMHE [3], Ha OCHOBE MMBAPHBIX TEXHOJOTHI MPEJCTAaBICHO MPOrpaMMHOE OOecrieyeHHe
JUISL TIOAJIEPKKU TIPUHATHUS peIleHH B 061acTu 0€30MacHOCTH TePMOJIAOUIBLHBIX KOMIIOHEHTOB
KpoBH [4] U 1yisi oOHapy)KeHUs MaJeHUll JI0JeH, 4YTO MMeeT BaXKHOE 3HAYCHHUE JJIsi KauecTBa
xu3HH [5]. KpoMe Toro, MuBapHbIe CHCTEMBI OBLTA TPUMEHEHBI B 00JIACTH paclpeieIeHHbIX pe-
€CTPOB, TJIe NPeIaraaoch PeIeHne IJis BBIOOpa airopuT™Ma KOHCEHCyca [6], Takke pa3paboTaHbI
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CUCTEMbI JMHAMUYECKOTO TUIAHUPOBAHUSI TPACKTOPUHU POOOTOB, UTO 3HAUUTEIHHO YIIYUIIUIO UX
paboty [7]. B obmactu 3D-MoaenupoBaHus aKTUBHO Pa3BUBAIOTCS MHUBAPHBIC TEXHOJOTHH IS
co3nanus 3D-00bekToB [§].

C 1985 rona MuBapHbI€ TEXHOJIOTUH PA3BUBAIOTCS U OXBATHIBAIOT Pa3JMYHbIE HAIIPABICHUS
UCKyccTBeHHOro mHTesuiekTa [10], cmocoOcTByst mporpeccy Bcero uenoBedectsa [11, 12].
MuBapHbIe TEXHOJIOTHH aKTUBHO Pa3BUBAIOTCS B 00JACTH CETEBBIX CHCTEM. B wacTHOCTH, HC-
CJICJIOBAHMS KacaroTCs CO3JaHUs MUBApHBIX 0a3 3HaHuM 115 kiactrepa HUWP nns pacnapan-
nenuBaHus anropuTMoB [13], momgbopa pekiIaMHBIX KaMIIaHUK Ha OCHOBE CPaBHEHHUS MHOTO-
MEpPHBIX BEKTOpOB [14].

B menunmHcKko# chepe MUBapHBIE TEXHOJIOTUHN OBbUIH 33/1€HCTBOBAHBI JIJIs1 aBTOMATH3AIMH HC-
CJIEIOBAHMM OTKPBITOIO apTepUaIBLHOTO MPOTOKA U ciayxa [15], a Takke i1 UHANBUIYAJIBHOTO
KOHTPOJIS (PYHKIMI BHEHIHETo AbixaHus [ 16] u mogdopa mone3Hsx npoaykTos [17].

O0paboTka TaHHBIX TaKXke sBIsieTCs BakHOU cdepoit. Tak, MUBapHbIEe CHCTEMBI HCIIOJIb30Ba-
JIUCH 71l CETMEHTAIMH IEPEBLEB M0 aHaIn3y 00sakoB Touek [18]. Taxke oHU HAILIM pUMEHe-
HUE B CO3/JaHNM MUBApHBIX 0a3 3HAHUH C UCIIOJIL30BaHUEM 00JIauHbIX TexHoJIorui [19], GonbuInx
JUHTBUCTUYECKUX Mojienei [20], a Tak:ke B CMBICIIOBOM 00pab0TKe TEKCTOBBIX JIAHHBIX, YTO 03~
BOJIMIIO paboTath ¢ OoNmbIMMU 0ObeMamu nHpopmarmu 6oiee d3pdexTuBHo [21].

B cdepe aBTOMaTH3MPOBAaHHBIX CHCTEM yrpaBiieHus: TexHonornueckumu mporeccamu (ACYTIT)
MUBApHbIE TEXHOJOTUU HUCIOJIb30BAIKCH Ui MOJAEIHPOBAHUS CHCTEM B BUJE JBYAOJIbHBIX U
TPEXIONBHBIX rpadoB [22] U MOAACPKKU MPUHATUS PEUICHHUH M0 KaTeropu3aluu KPUTUYECKOM
uHpOpManOHHON HHPPACTPYKTYpHI [23]. Takke OHU OBUTH TPUMEHEHBI JIsi ONITUMHU3AINH BbI-
YHUCIIEHUH Ha Tporeccopax «mpopyc» [24], B TEXHHUECKOH MOIEePKKE BRICOKOHATPYKCHHBIX
KJIacTepoB [25], s yaydieHus 0€30MacCHOCTH U aHAIMTUKHU JTAHHBIX B JIOKAIBHBIX CETSIX, JJIS
KaTeropupoBaHus KpUTHUECKOH uHpopmarun nrdpactpyktypsl B ACYTII [26, 27].

B poGoToTexHHKE M aBTOHOMHBIX CHCTEMaX MHBAPHBIE TEXHOJIOTMH YIYyYIIWIH (YHKIHO-
HAJIBHOCTH POOOTOB [28], B CEITBCKOM X0341CTBE OBLTU UCIOIB30BAHBI JIJIsl TPOSKTUPOBAHUS aB-
TOHOMHBIX KOMOQIHOB ¥ TPAKTOPOB JUIS ONITHMHU3AIMH CEIbCKOXO3SMCTBEHHBIX MpotieccoB [29],
a Tak)Ke B KOHTPOJIE MUKPOKJIMMAaTa B OpaHXKepesiX, 4YTO CIOCOOCTBOBAJIO YIYUIIEHUIO YCIOBHUM
1u1st pocta pactenuit [30]. Ucnonb3oBanue LLM (Large Language Model) ains co3ganus 6a3 3Ha-
HUH 0 KyJIbTypax yJIy4IIuiIo arpoTexnonoruu [31], a cuctema st tuppoBOTo CENbCKOTO X035TH-
cTBa noBbicuia NpoayKTUBHOCTh [33]. Co3ganue «Jlormueckoil MHTEIIEKTYalbHON CUCTEMBI
yX0J1a 3a pacTeHUsIMU» Ha ocHOBe noaxona MUBAP oTkpbIiBaeT HOBbIE TOPU30HTHI JUIsl ONTH-
MHU3AIUU arpoHOMHYEcKuX mnpoiieccoB [34]. B apyroit pabote mpesaraeTcs HOBBIM METOJ CO-
3nanus 0a3 3Hanuit MIIBAP B TabnuuHo-MaTpuyHON popMe, 4TO MOKET 3HAUYUTENBHO YITyULIUTh
yIpaBieHUE Ha3eMHBIMU UHTEJUIEKTYaIbHBIMU TPAHCIIOPTHBIMU cpeacTBamu [35]. Meroab! mia-
HUPOBAHUS JUIS CUCTEM YIIpPaBJICHUS TPAHCTIOPTHBIMU CPEJCTBAMHU M poOOTaMH C HMCIIOJIb30Ba-
HueM noaxona MIPRA Ttakke pa3BUBalOTCS B paMKax UCCIEN0BaHUM [36].

Taxum 06pa3zom, uccieoBaHue NpUMEHEeHUs TexHoaorui MM 11 yMHBIX TPOU3BOACTBEHHBIX
CHCTEM B IIPOM3BO/ICTBE SBJISETCS 11€1€CO00pa3HbIM B KOHTEKCTE co3/lanus bonpmnx 3uanuii [9]
U paciupenus o0nacrell BHeaApeHUs: MuBapHbIx TexHonoruit MU [32]. CaenoBatensHo, faHHAs
TeMa paboThl aKTyalbHa U UMEET 3HAUUTEIbHOE IPAKTHUECKOE 3HAUCHHUE.

AHAJIW3 [TPEAMETHOM OBJIACTHU

Jlmarnoctrka 6aKkTepuaaIbHOM YCTOMUMBOCTH K aHTUOMOTHKAM MPECTABISAET COOON CIIOKHBIH
Y MHOTOATAIHbINA MPONECC, BKIIOYAIOIMINN HECKOJIBKO KIIFOYEBBIX IIAroB. PaccMOTpUM KaKablid
3Tan OTACILHO.

[TepBslit 3Tan — 3TO c60p 00pa3LOB, KOTOPHIE MOTYT COEpKaTh Te WK UHble OakTepuun. Ka-
YEeCTBO ATHX 00pa3I[0B UTPAET BAXKHYIO POJb, MOCKOJBKY OHO HAIPSAMYIO BIHSET HA TOYHOCTh
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JanpHeHmux uccnenoBanuid. [locine oOpasipl moMenaroTcs B MUTATENbHBIE CPEJIbl, CO3JJaHHbIC
JUISL pOCTa KOJIOHUU.

Ha cnenyromem stane npoBoguTcs UAEHTHPUKALUA OakTepuid. J{jst 5TOro npuMeHsoTces pas-
JMYHBIE METOIBI. DTO MOTYT OBITH TPAIUIIMOHHBIE MUKPOCKOIIMYECKHE U OMOXUMUYECKHE TECTHI,
KOTOpPbIE TIOMOTAIOT BU3YyaJIbHO HAOMIOIaTh OAKTEPUU U BBISBISATH XUMHUYECKUE CBOWCTBA COOT-
BeTcTBeHHO. COBpeMEeHHbIE MOJIEKYJIsIpHbIe MeTO1bl, TakKe Kak [P (moaumepasHas nenHas pe-
aK1us), IO3BOJISIIOT UACHTUGHUIMPOBATh crienuduueckue u3menenus B JIHK Gakrepuii, uto 3Ha-
YUTEJIbHO MOBBIIIAET TOYHOCTh IUAarHOCTUKH.

Crnenyromuii 3Tan CBsA3aH C TECTUPOBAHUEM UYBCTBUTEIBHOCTH OakTepuil K aHTHOMOTHKAM.
JIJist 5TOTO MPUMEHSIOTCSL TaKue METOJbI, Kak auckoauddy3nonnsii (meron Kupou-bayapa) u
MeToA pa30aBiIeHUN. DTU METOABI MO3BOJIAIOT TOYHO OLEHUTh 3()P(PEKTUBHOCTh AHTUOUOTHKA B
nojaByieHuN pocra 6akTepuil. Ha ocHOBe MOTyuyeHHBIX JaHHBIX ONpEeNseTcs, Kakiue aHTUOUO-
TUKU OynyT HambOosee 3(pEeKTUBHBIMU B JieueHUH. [IoMIMO 3TOr0, BaXKHO yYUTHIBATH BO3MOXK-
HbI€ TEHETUYECKHE MYTALIUU U MEXaHU3Mbl YCTOMUMBOCTH, KOTOPbIE MOT'YT OBbITh BBISIBIICHBI Ha
naHHOM atane. MHorna TpedyeTcs MOBTOPHOE TECTUPOBAaHUE. DTO MO3BOJIAET KOPPEKTUPOBATh
IPUMEHEHHE TeX WM UHBIX AHTUOMOTUKOB B 3aBUCUMOCTH OT U3MEHEHUH.

Otan MHTEepIpeTaluy pe3ysbTaToOB TaKXKe Ba)XKEH B MPOILECCE TUATHOCTUKU OakTepuaIbHOU
ycroiunBocTu. Ha 3TOM 3Tane aHau3upyoTCs JaHHBIE O TATOT€HaX U UX PeakusaX Ha aHTUOUO-
TUKH, ONPEAEIAETCS UX YyBCTBUTEIBHOCTh WU YCTOWYUBOCTb. BHEpEHNE COBPEMEHHBIX TEX-
HOJIOTUI B 3TOT INPOLIECC 3HAYUTENIBHO YJydllaeT JUAarHOCTUKY, YTO B CBOKO OUYEPEIb BEIET K
JYYIIUM KIMHUYECKUM PEe3yJIbTaTaM.

CuCTeMHBIH MOAX0]] K MHTETPAllMi MHHOBAIIMOHHBIX TEXHOJIOTHI OyleT OCHOBHBIM (haKTo-
POM, CIIOCOOCTBYIOLIMM YCHEIHOM 00prOe ¢ OakTepuanbHOil ycTounBocThio. HecMoTps Ha 3Ha-
YUTEJbHBIE YCIIEXH B 3THX 00JIACTSIX, CYIIECTBYET psAJ] MPoOsIeM, KOTOPhIE 3aMEJISIOT 3TOT IPo-
necc. OAHON U3 OCHOBHBIX IIPOOJIEM SIBIISIETCS IIUPOKOE PACIPOCTPAHEHNE YCTOMYMBOCTH OaKTe-
puit k anTuOnoTrkamM. OCHOBHbBIE TPUUMHBI 3TOTO 3aKJIIOYAIOTCSA B HEPALMOHAIBHOM HCIOJIB30-
BaHUM aHTUOMOTHKOB B MEJIUIIMHE, A TAK)KE€ B TEHETHUECKUX MyTallUAX OaKTepHil U UX CIOCO0-
HOCTH OBICTPO aJanTHPOBATHCs. XOTS MHTEIUIEKTYyalbHble CUCTEMBI MOTYT IIOMOYb B ITpeICKa3a-
HUU YCTOWYMBOCTH, BaXKHO YUUTBIBATh, YTO OAKTEPUH MOTYT MyTHpoBaTh. [Ipyroii mpobiemoii
ABJIIETCS MEIJIEHHBIN Mpoliecc pa3pabOTKU HOBBIX aHTHOMOTHKOB. DTO JUIUTEIBHBIN MpOLECC,
MOCKOJIbKY KJIMHUYECKHE UCTIBITaHUS TPEOYIOT 3aTpaT BpeMeHH. [IpuurHbBI 3TOr0 COCTOAT B TOM,
4TO MpHU Pa3paboTKe UMEIOTCS PUCKH, CBA3aHHBIE C BO3MOKHBIM HETaTUBHBIM BO3/1EHCTBHEM Ha
3/10pOBbE YenoBeKa. Vcrnonap30BaHNEe HHTEUIEKTYAIbHBIX CUCTEM MOXKET 3HAUUTEIbHO YCKOPHUTD
IIPOLIECC CO3JIaHUSl HOBBIX IpernapaToB. TakuM o00pa3zoM, JIsl MOBbIIIEHUS 3((HEKTUBHOCTH U
YCKOPEHHUS ITUX MPOLECCOB HEOOXOIUMO IPEOJI0JIETh Psi/l BEI30OBOB.

B pamkax qaHHOM cTaTbU PacCCMaTPUBAOTCS METO/1bI IPUMEHEHUSI MUBAPHBIX YKCIIEPTHBIX CH-
CTEeM JUIsl TUarHOCTUKU OaKTepraibHOUW yCTOMYUBOCTH K CYLIECTBYIOIIUM aHTHONOTHKAM.

AHAJIN3 CYIIECTBVIOINX CUCTEM

B cdepe pa3paboTkn aHTHOMOTHKOB WHTEIUICKTYaJbHBIE CHUCTEMBI MTPAIOT 3HAYUTEIHHYIO
pOJIb, 0COOEHHO B TAKMX acleKTaX, Kak MPOrHO3MpOBaHNe OaKTepHalIbHON yCTOWYMBOCTH, OOHA-
PYKE€HHUEC HOBBIX AHTHUONOTHUKOB U OINITUMHU3AIUA IMPOU3BOACTBCHHBIX IIPOLICCCOB. B TIOCJICIHHUEC
oAbl paCTCT MPAKTHYCCKOC IMPUMCHCHUC HCﬁpOHHLIX cereii. Tem He MCHCEC, BBI60p MCKAY
HCﬁpOHHLIMPI CCTAMU U SKCIICPTHBIMU CUCTEMAMU 3aBUCUT OT CHCI_[I/I(I)I/IKI/I caMou 3aa4yu. B cra-
the «Artificial Intelligence for Antimicrobial Resistance Prediction: Challenges and Opportunities
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towards Practical Implementation» [37] paccMOTpeHBI COBpEMEHHBIE JOCTHKEHHUS B 001aCTH HC-
KYCCTBEHHOI'O MHTEJIJIEKTA JUIsl PEIIEHUs IIPOOJIEM U MCII0JIb30BAaHUsI BO3MOKHOCTEN, CBS3aHHBIX
C aHTUOMOTUKOPE3UCTEHTHOCTHI0. [IpeacTaBien 0030p COBPEMEHHBIX BBI30BOB M BO3MO>KHOCTEM.
K HUM OTHOCSATCS BXOJHBIE XapaKTEPUCTUKH, CO3JAIOIINE MPOOIEMBI IIPU HCIIOJIB30BAaHUH, CO-
BPEMEHHbIE MOJIEJIN TITyOOKOr0/MalIMHHOTO 00y4YeHus JJi HaIe)KHOCTU U BBICOKOM TOYHOCTH, a
TaK>Ke€ BHI30BBI U IEPCIEKTUBBI IPUMEHEHHUS 3TUX TEXHOJIOTHM JJ1s MpakThdeckux 1enei. Ctarbs
3aBepIIaeTcs MPU3bIBOM K nmpuMeHennto MW B cektope aHTUMUKpOOHAs pe3ucTeHTHOCTh (AMP)
C LEJIbIO MPAKTUYECKOM TMAarHOCTUKHU U JICUEHUsl, IOCKOJIbKY B HacTosiiee BpeMs OOJbIIMHCTBO
UCCJIEJOBAaHUM HAXOJATCS HA PAHHUX CTa[UAX C MUHUMAJIbHBIM [IPUMEHEHUEM B IIPAKTUKE AHA-
THOCTHKH U JICYCHHUs 3a00JI€BaHUH.

Uccnenoanne Pyn Tana u ap. [38] moguepkrBaeT BaXKHOCTh MATMHHOTO OOyYEHUS B IPO-
rHozupoBann AMP. Hanbosnee yacto HCIONB3yeMBIMH aJITOPUTMAMHU B MPEICKAa3aHUH C TIOMO-
HIbI0 MAIIMHHOTO 00y4eHUs ObUIM JIOTUCTHYECKas perpeccus (n = 14 uccrnenoBaHuil), nepeBbs
pemienuii (n = 14) u ciryqaiiaeie neca (n = 7). Jlnamazon AUC (Area Under the Curve) s npen-
CKa3aHMM C UCIIOJIb30BaHUEM MalIMHHOTO 00y4yeHus coctaBui 0,48—-0,93. [lonydyeHHble pe3yiib-
TaThl CBUJECTENHCTBYIOT O TOM, YTO MalIMHHOE O0yYEHUE MOXKET OBbITh MOJE3HON TEXHOJIOTHEH
JUTs IpoTrHO3UpoBanus AMP; oHaKo peTpocreKTHBHAs METOI0JIOTHS pa3padOTKU MOJIeeH, He-
cTaHaapTHasi 00pabOTKa JAHHBIX U OTCYTCTBUE BAIUJAINH B PAHIOMU3UPOBAHHOM KOHTPOJIHPY-
€MOM HCCJIEZIOBAHUN WJIM UCCIIEI0BAHUU B PEAJIbHBIX YCIOBUSAX OTPAHUYUBAIOT UCIIOJIb30BAHUE
ATUX MOJENEN B KIMHUYECKOU MPAKTUKE.

00630p Xaszpara bunana u Ap. CHHTE3UPYET MOTEHIHMATBHYIO POJb UCKYCCTBEHHOTO HMHTEIN-
aexTa u MamuHHOTO 00yueHus (MM/MO) B muanmuzanuun AMP. OHu uccienyroT pa3indHble
npumenenus MU u MO B 6oprbe ¢ AMP, moguepkuBasi B&XKHOCTh HHTETPUPOBAHHBIX TOJIXOJIOB,
YUYHUTBIBAIOIIMX MHOYKECTBO aclekToB [39].

Coépa ne Bpuc u ap. oOHapy:kuiii, 4TO KOMOMHALIMA PE3YyJIbTaTOB aHAIN3a MOYHU, OKPACKHU T10
['pamy 1 ApYTUX TOCTYHHBIX KPUTEPUEB MOXKET YCIEIIHO MPEACKa3aTh HHPEKINIO MOUYEBBIBOIS-
nmmx myteit (MMII) [40]. Ha ocHoBe coOpaHHOU HH(pOpMAIIUK OHU pa3padoTaliu CUCTEMY TMOJ-
nepKku kiMHu4Yeckux pemeHuit (CDSS), ncnonb3yroliyto Haie)KHbIM METO IOJyKOHTPOJIUPY-
emoro ancambiaeBoro o0yuenus (RESSEL), kotopsrlit okazascs 6oiee TOUHBIM, YeM aHaTH3 MOYH
u noceB Mouu Juist npenackazanust UIII (madexunii, nepenaromuxcs nojaosbM mytem). CDSS
MPEIOCTABIISAET KIMHULIMCTAM 3TOT IIPOTHO3 B TEUEHHE HECKOJIBKMX YacoB IIOCIIE 3aKa3a aHAJIN3a,
YTO MO3BOJIAET UM M30€XKaTh MPEXKIEBPEMEHHOI0 Ha3HAUYEHUs] aHTUOMOTUKOB MPU MHQEKIHUIX
MOUEBBIBOJIAIIMX MTyTEH, 0’KMas pe3yIbTaTOB aHAJIN3A.

Kpome toro, Mapuam ®opyru u ap. UCCIEAYIOT POJIb MAIIMHHOTO OOy4YEeHHsI B MOHMTO-
pUHIe aHTUOMOTUKOPE3UCTEHTHOCTH B BOJIE M CTOUYHBIX BOJaX, OCBEIAsl SKOJIOTMYECKHUI ac-
nekt AMP [41]. Ux nccnenoBanue noquepKkruBaeT Ba)KHOCTh OTCIEKUBAHUS YCTOMUYUBOCTH B
pa3IMYHBIX YKOCUCTEMAX, MOCKOIbKY CHUCTEMbI BOJIOCHAOKEHUSI U CTOYHBIX BOJ MOTYT CIYy-
KUTh pe3epByapaMu ISl YCTOWUMBBIX MAaTOT€HOB, KOTOPbIE BIUSAIOT KaK Ha 3J0POBbE UeJO-
BEKa, TaK U Ha OKPY>KaIoUIyI0 Cpeny.

Taxum 06pazom, MPOUCXOAUT AKTUBHOE BHEIPEHNUE METOJ0B UCKYCCTBEHHOTO MHTEIJIEKTa U
CUCTEM MOJIEP>KKH MPUHATHUS pelIeHUH B chepy TUarHOCTUKU aHTUOMOTUKOPE3UCTEHTHOCTH.

IIOCTAHOBKA 3AJ1AUN

Pa3zpaboTka cucteMsl Uil AMArHOCTUKHM OAKTEPHAIbHON YCTOWYMBOCTH U NMPOTHO3UPOBAHUS
HOBBIX aHTHOMOTHKOB Ha OCHOBE MHTEJUIEKTYaJbHBIX TEXHOJIOTHH TpeOyeT ydera MHOMKECTBA
(dakTopoB, 4TOOBI OHa OblJIa TOYHOM, 3((HEeKTUBHON U TPUMEHUMOH B peabHOM MpaKTHKE B Me-
TUIHE U (hapMalieBTHKE.
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[TepBoe, Ha 9TO CTOUT OOpPATUTh BHUMAaHUE, — 3TO QYHKIIMOHAIbHBIC TpeOoBaHusA. Cucrema
JIOJDKHA YMETh OINpPEEsaTh YCTOMYMBOCTh OAaKTEpU K CYIIECTBYIONIUM aHTHUOMOTUKAM, UC-
MOJIB3Yysl TEHETUYECKHE JaHHbIC, MHOOPMAIHUIO O B3aUMOJACHCTBUSAX C JIEKAPCTBAMH U YUUTHI-
Bas BIMsHME BHEIIHEH cpenbl. Takxke BaKHO, UTOOBI CCTEMa MOTJIa IpeIcKazaTh pacpocTpa-
HEHHE YCTOWYMBBIX MITAMMOB B Pa3HBIX PETHOHAX U KaK Pa3IMYHbIC METOJbI JICUCHHUS MOTYT
MOBJIUATH Ha 3TOT MpoILece.

HedyukunonansHble TpeOOBaHUS TaKXKE UTPAIOT BAXKHYIO poib. CHcTeMa JohKHA 00ecedn-
BaTh TOYHOCTh MTPOTHO3UPOBAaHMS OaKTePHAIbHON YCTOWYMBOCTHA HA OCHOBE BXOJHBIX JTAHHBIX.

TexHuyeckue TpeOOBaHUS BKIIIOYAIOT TOACPKKY Pa3TUIHBIX aNropuTMoB. CrcTeMa J0KHA
MOJJICP>KUBATH Pa3HbIE AITOPUTMBI, a TAK)KE UMETh BO3MOKHOCTh a/1allTUPOBATHCS, KOT1a MOSB-
JISIOTCSL HOBBIC JaHHBIE O OaKTepHsiX U aHTHOMOTHKAX. BaxkHO, 4TOOBI cucTema morua ¢ dek-
TUBHO 00padaThIBaTh OOJIBIINE OOBEMBI JAHHBIX.

Takum 06pa3om, co3aHue CUCTEMBbl HA OCHOBE MHTEIUIEKTYalbHONW CUCTEMBI ISl TUArHo-
CTUKH OaKTepUabHOH YCTOWYMBOCTH W IPOTHO3UPOBAHHS HOBBIX AHTHOMOTHKOB TpeOyeT
KOMILJIEKCHOTO MOJIX0/1a, YYUTHIBAIOMIETO (DYHKIIMOHANIbHBIC, He(DYHKIIMOHAIbHBIC U TEXHUYE-
ckue TpeboBanus. [l co3manus MUBapHOU dKcrepTHOH cuctembl (MOC) HE0OX0UMO Mpo-
BECTH PA3HOIUIAHOBYIO HAYYHYIO U MPAKTHYECKYIO padoTy, MpUYeM CUJIaMU JIOJeld pa3sHbIX
CIEIUATILHOCTEH, KOTOPBIE JTOJDKHBI OBITh 00BheMHEHBI B KOJUICKTUB. [lepeliiemM K peneHuto
Hameu 3agaun co3ganusg MOC.

MOJIEJIb OTTMCAHUS IIPUHATHS PELIEHUI, OBPABOTKA UHOOPMATIMUA 1 UU
B IIPEJIMETHOM OBJIACTU B ®OPMAJIM3ME MUBAPHbBIX CETE

MOC ob6sanarT psIoM XapaKTEepUCTUK, KOTOPbIE JENal0T UX LEHHBIMU B PA3JIMYHbIX 00Ja-
cTsiX. OHU UMEIOT MOJYJIBHYIO apXUTEKTYpY, UYTO IO3BOJISAET JIETKO J00aBIISATh, OOHOBISAThH WM
3aMEHATh OT/EJIbHbIE MOy 0€3 He0OXOAUMOCTH MEPEeNUChIBaTh BCIO CHCTEMY, oOecreunBas
rMOKOCTh B aJalTalluyi K HOBBIM JaHHBIM. MOC Takke MOTYT BKJIOUYaTh CIIEUATIN3UPOBAHHbIE
MOJTYJIH JUTS PA3JIMYHBIX aCTIEKTOB TUATHOCTUKH M MIPECKa3aHMs yCTOMUYMBOCTH, TAKUX KaK aHa-
JU3 TEHETUYECKUX JaHHBIX, KIMHUYECKUX HMCIBITAHUN M B3aMMOAEUCTBUM C aHTHOMOTHKAMHU.
Hanpumep, orr MOTyT 00BEIMHSATH JaHHBIE O OAKTEPHATTLHON YCTOHYNBOCTH, KITMHUYECKHE JTaH-
HbI€ ¥ TeHETUYECKYI0 HH(OpMaIHio.

[Tepeitnem k pa3zpabotke Monenu cuctemsl ¢ momoisio [10 KOCMMU. Tlporpamma obecrieun-
BAeT CO3JaHMEe U PelaKTUPOBAHHME KaueCTBEHHBIX MOJIeNIel CUTyalMid U MPeIMETHBIX o0iacTeil,
a TaKk)Ke BBITIOJHSAET CTPYKTYPHBIN aHAIN3 MOJIENEH, II03BOJISIS TTOyYaTh JJOTMYECKHA BBIBOJI pe-
HIEHUS U OOBSACHATH €r0 B BUJIE MOCIEI0BATEIBHOCTH BhINMONHEHHbIX AelcTBuil. KOCMU nmeer
MOJYJIBHYIO CTPYKTYPY, UTO IMO3BOJISET 100aBISATh HOBbIE KOMIIOHEHTHI.

Bbutn co3maHbl peaBapUTENbHBIC KIIACCHI M ITApaMeTphl CHCTEMBI JUIs JallbHEHIel paspa-
60Tku oTHOWEeHMH 1 npaBui (puc. 1). Kimace Geodraphic resistance co3gan Jist IporHO3upoBa-
HUSI YCTOMYMBOCTH MHUKPOOPTAHU3MOB B 3aBHCUMOCTH OT T€X HMJIM WHBIX TeOTpa@uuecKux 0Co-
OEHHOCTEH B CBSI3U C TEM, YTO METOAMKH JICUEHHUS B Pa3HBIX CTPaHAX MOTYT oTiin4atbes. Jlanee
co3zaH kiacc Microbiological examination aJis pemeHus 3a1a4u MPOrHO3UPOBAHUS 110 XUMHYE-
CKOM M (pM3MUECKOl CTPYKTYype MUKpoopranusma. Takxe cozia kiacc Mutation ass mpeocTas-
JICHUS TIPOTHO3UPOBAHUS PE3UCTEHTHOCTH B 3aBUCHMOCTH OT T€X WJIM HHBIX TCHETUYECKUX MyTa-
uit. s kaxoro kiaacca ObUTH CO3/JaHbl OTHOIICHUS C MpaBuiamu (puc. 2, 3).
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v (3 Model 1
v @ Geographic_resis...

@ ¥_geo ABC
@ y_geo ABC

v @ Microbiological_...

@ ¥_bio ABC
@ y_big ABC

v @ Mutation
@ ¥_mut ABC
® y_mut ABC
@ X ABC
@ ¥_bio ABC
@ y ABC
@ y_big ABC

Puc. 1. Yacms coz0annvix k1accos u napamempoe cucmemabl

Fig. 1. Part of the created classes and system parameters

v @ Mutations
gen

Puc. 2. Omnowenue “Mutation” ¢ npasurom “gen” (npumep)

Fig. 2. The “Mutation” relation with the “gen” rule (example)

PepakTop

var x_mut, y_mut; ~

if (x_mut=="bla+")}{

B¥0HEIE NGPaMETpEI

NobaenTe YOanuTe

HawmeHoBaHe Tun

—

¥_mut Tekct -

BbixogHbIe napaMeTpbl

No6aBnTh YOanuTe

HavmeHoBaHME Tun

==

y_mut Teker <

Puc. 3. lIpasuno “gen’ ¢ nponucanHviM CLONCHBIM YCIIOBHBIM BbIPANCECHUEM

Fig. 3. The “gen” rule with a complex conditional expression written in it
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AUTOMATION AND CONTROL OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS

[IpaBuna pa3pabaTbIBaIuCh HA OCHOBE paHee Co3JaHHOM 0a3bl 3HAaHUH. Takoi moIxo0/1 M03BO-
JIWJT y4eCThb pa3inuHbIe acekThl. Kpome Toro, ncnoiib30BaHue yKe CyIIeCTBYIOMIEH Oa3bl 3HAHHMA
MO3BOJIAJIO U30EKATh TyOIUPOBaHUS YCUIIUI B COCPEIOTOYNTHCS Ha aKTYaIbHBIX BOIPOCAX, Tpe-
Oyromux pemeHus. [Ipumep npaBui nokaszad B Tabaume 1.

Taonuya 1. Ilpumep npaBun 6a36l 3HaHUH (HparMeHT)

Table 1. Example of knowledge base rules (fragment)

Ne Ecan To
1 | Eciu MUKpOOpraHu3M UMEET MyTaIllH B TeHaX To aHTHOMOTHK, KOTOPBIA HEIPPEKTUBEH, —
bla 1 mecA, OeTa-JaKTaMHBIIA aHTHOUOTHK
2 | Ecnu MEKpOOpraHu3M UMEeT MEXaHU3MBI, 1103~ To 3TO0 MOXET MPUBECTH K YCTOHYUBOCTH K

BOJIIIOINUE eMy MOAMGMUIIMPOBATh AaHTHOMOTUKU | MaKpOJIMAaM B aMHHOTJINKO3HIaM
(Hampumep, METHIIMPOBaHUE PUOOCOM),

3 | Ecom MEKpOOpraHn3M HMEeT MyTalHIO B TEHE, To aHTHOMOTHK, KOTOPBI MOXKET OBITH MEHEE
CBSI3aHHOM C METULWJTHHOBOU PE3UCTEHTHO- 3¢ dexkTuBeH, — METUIIWILINH
CThIO (HamrpuMep, TeH mecA),

4 | Ecnmm MUKpPOOpPraHW3M HMEET H3MECHCHHBIC To 3TO MOXET CHHU3UTH MPOHUIIAEMOCTH LIS
TIOPUHBI, [-1aKTaMHBIX aHTHOMOTHKOB

5 | Eciu cTpyKTypa KIETOYHOM CTEHKH MUKPOOpra- | To 3TO MOXKET BIHUSITh HA €r0 YyBCTBUTEILHOCTh
HHU3Ma COACPKHT criennpudeckre OeKy (HallpH- | K METHIMJUIMHY W IPYTHM P-TaKTamam
mep, PBP2a y Staphylococcus aureus),

6 | Ecnu mukpooprannsM o0pazyeT OHOIICHKY, To moTpebyeTcs HCHOJIb30BaHHE TIPETIApaTOB,
CHOCOOHBIX pPa3pyllaTh OMOINICHKY (HApuMep,
SH3UMBI WJIM KOMOMHAIIHA aHTHOMOTHKOB) C Be-
posTHOCTBIO b dekTrBHOCTH 80—95%

7 | Ecnmn MuKpoopraHM3M TIpaMIIOJIOKHTEIEH, a To BEpOsATHOCTh YCTOMYMBOCTH COCTABISET
MOJIEKYJIIpHAs CTPYKTypa aHTHOMOTHKA HMeeT 60-85 %

CXOJICTBO C IPOHM3BOIHBIMH ITEHUIIUIAHA,
8 | Ecmu MukpoopranusM MMeeT MEXaHU3MbI aKTHB- | To 3TO MOXKET MPUBECTH K YCTOMYMBOCTH K
HOT'O BBIBE/ICHHSI aHTUOMOTHKOB (HAIIpUMep, 4e- | MHOXECTBY aHTHUOMOTHKOB, BKJIIOUast TETPAIUK-
pe3 3 ITOKCHBIE HACOCHI), JIUHBI ¥ MAKPOJIHIBI

9 | Ecnu MEKpOOpraHusM He UMeeT MyTaliii B reHax, | To aHTHOMOTHK, KOTOpBIH 3¢ddexTuseH, —
CBSI3aHHBIX C YCTOIYMBOCTBIO K JIMHE30JHY, JIMHE30MUI.

10 | Ecim Muxpooprann3M nojsepraercs ;uTensHoMy | To yecTOHYMBOCTE K 3TOMY KJIacCy MOBBIIIAETCS
BO3JIEMCTBUIO aHTUOMOTUKOB U3 OJHOr'O KJiacca 1o 7090 %
AHTHOMOTHKOB (HanpHMep, OeTa-JIaKTaMOB),

Take BBIIOJHUM pean3annio MuBapHoi 3kcneptHoil cuctemsl B [10 KOCMMU. Ilpusenem
(bparMeHT popMaIbHON pean3aluid MUBApHOH SKCIIEPTHON cucTeMbl (puiioxkeHue 1).

Ilpunoostcenue 1. Peanuzauus mueapHoii IKCHEPMHOU CUCHEMbL
Application 1. Implementation of the mivar expert system

<model id="{7e561505-fe5f-4dc5-874a-80ab05eb909c}" short-
Name="Model 1" formatXmlVersion="2.0" description="Model 1">
<class id="{bce4821c-bc09-4972-84ea-7cb416158a2e}" short-
Name="Model 1">
<parameters>

</parameters>
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<rules>
<rule id="685b03ac-f0da-446e-b374-2264bbfbbfb2"
shortName="An" relation="2c55241f-ec47-4deb-a5f1-5803a8d13d31"
resultId="y:93c20c97-cl1£f0-4a07-9437-c9b972122a04" ini-
tId="x:dc8387de-4574-4182-b259-6caef80c40c8" />
<rule id="£fc976684-4a6d-4ac7-95d9-7d561cd3f7de"
shortName="Ch" relation="d4894089-7706-4al10-a8fb-90036£90b067"
resultId="y:93c20c97-c1£0-4a07-9437-c9b972122a04" ini-
tId="x:dc8387de-4574-4182-b259-6caef80c40c8" />
</rules>
<constraints/>
<classes>
<class id="2bfdf5ff-581la-44fa-b50f-ab45c876caf4"
shortName="Geographic_resistance">
<parameters>
<parameter id="3bO9bb702-26e4-402e-93ce-
£8668b29b4bl" shortName="x geo" type="string"/>
<parameter id="5f53b0e5-051b-4f3b-ad46-
74d46082eb72" shortName="y geo" type="string"/>
</parameters>
<rules/>
<constraints/>
<classes/>
</class>
<class id="594a37£9-9f8c-4142-b478-d90b45f2d482c"
shortName="Mutation">
<parameters>
<parameter id="957aa9d8-edla-4fd4-84b2-
d06£c07962a2" shortName="y mut" type="string"/>
<parameter id="ea90a28b-2bb9-4c54-9053-
dbaO0b371af95" shortName="x mut" defaultValue="-"
type="string" />
</parameters>
<rules>
<rule id="£f2674ad3-1454-4d6e-8026-
eaf26ab67282" shortName='"gen" relation="97cbcfl4-ac35-4fbd-
b8a8-38eb5cf028ae" resultld="y mut:957aa9d8-edla-4£fd4-84b2-
d06£c07962a2" initId="x mut:ea90a28b-2bb9-4c54-9053-
dba0b371a£95" />
</rules>
<constraints/>
<classes/>
</class>
<class id="£f5b76d0c-1335-48ab-9131-91dc3a2l1a78c"
shortName="Microbiological examination">
<parameters>
<parameter id="191572e9-dae8-4b87-aa58-
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3d0dd2da0£f07" shortName="y bio" type="string"/>
<parameter id="d9994431-800d-419%e-b6c9-
a3£296de52bb" shortName="x bio" type="string"/>
</parameters>
<rules>
<rule id="0Occca8bd-b6e6-4d96-a26b-
534394210e53" shortName="Exns" relation="fb581al7-382c-48b3-
8634-02feadcaal34" resultId="y bio:191572e9-dae8-4b87-aa58-
3d0dd2da0£f07" initId="x bio:d9994431-800d-419e-b6c9-
a3f296de52bb" />
</rules>
<constraints/>
<classes/>
</class>
</classes>
</class>
<relations>
<relation id="2c55241f-ec47-4deb-a5f1-5803a8d13d31"
shortName="Anaerobic" inObj="x:string" relationType="ifclause"
outObj="y:string">if (x=="anaspobHmuz")
{y="ycmoﬁqnsocmb_K_TeTpannxnnHaM";} else
{y="Momno_ncnonbsosams_mempaumxnmnm";}</re1ation>
<relation id="97cbcfl4d-ac35-4fbd-b8a8-38eb5cf028ae"
shortName="Mutations" inObj="x mut:string" relationType="prog"
outObj="y mut:string">var x mut, y mut; if (x_mut=="bla+") {

y_mut="ecTe_ BEpOSITHOCTHL YyCTONUMBOCTM K Oera-nakramam"; } if
(x_mut= "erm+") {
y_mut="ecTk BEpOSITHOCTEL YyCTOWYMBOCTM K spuTpomMmumHy"; } if

(x_mut= "mecA+") {
y_mut="ecTb_BEepPOSITHOCTL YCTOMYMBOCTM K METMILMIIMHY M Oera-naxk-
mam"; } </relation>

<relation id="cb979c54-6577-44c7-9726-630946£2688d"
shortName="Geographic_resistances" inObj="x geo:string" rela-
tionType="prog" outObj="y geo:string">var x geo, y geo; if(
(x_geo=="B_permoHe BHCOKasi_dacToTa_ ycTouumeBocTM Streptococ-
cus_pneu-
moniae k neHmmminmuHy") | | (X_geo==""BHCOKAasi_uHacTOTa_ YyCTOWYMBOCTU S
treptococcus_pneumoniae k neHmumminmuay")) {
y_geo='"clnenyeT MCNONBBOBATE_APYyIMe AaHTUOMOTHMKM TaKye KaK_ aMOKCH
UMIIIMH_C_KJIaBYyJIaHOBOM kmciyoron"; } if(
(x_geo=="B_peruone_ysenmunnacs_uacmowa_ycwoﬁumsoCTM_Pseudomo—
nas_aeru-
ginosa x_¢ropxmuononam") | | (x_geo=="yBennmumiacek_YacTOTa YyCTONUUB
ocTy_Pseudomonas_aeruginosa_x_bTopxmHonmonam")) {
y_geo='"clnenyeT MCNONBBOBATE aMMHOIVIMKOBMAN MIM_KapbaneHems";
}</relation>

<relation id="d4894089-7706-4a10-a8fb-90036£90b067"
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shortName="Check" inObj="x:string" relationType="ifclause" ou-
tObj="y:string">if (x=="gramt+") {y="ycTonumums k MeTMUMIIMHY";}
else {y="ycroiumB k amnuumunuay";}</relation>
<relation id="£fb581al7-382c-48b3-8634-02feadcaal34"
shortName="Microbiological examinations" inObj="x bio:string"
relationType="prog" outObj="y bio:string">var x bio,y bio; if
(x_bio=="Momgupuumposanusie pmubocoms") {
y_bio="ycTonumBoCcTbE kK aHTMOMOTMKAM HapymawouyuM cuHTes OGenka (amm
Hornuxosunm_n_maxponnnm)" } if
(x_bio=="uyBcTBMUTEeNBHOCTL_ K kapbanenemam") {
y_bio="Hannqne_renos_ycmoﬁqmsocwn_x_xapsaneHeMaM" } </relation>
</relations>
</model>

[TPOBEJIEHUE TECTUPOBAHMS MUBAPHOW DKCITEPTHOM CUCTEMBI

B cBsi3u ¢ orpaHn4eHHBIM 00BEMOM MTyOIMKAINY TTOKAKEM TOJBKO OMH IMPUMEP TaKOTO Te-
CTHPOBAHUS U3 BCEX MPOBEICHHBIX.

Tect: AHanu3 o0Opasia, coeprKaliero MyTalHio reHa mecA.

Ota MyTaIus SBISETCS KIIIOUEBBIM MapKEpOM, YKa3bIBAIOUIUM Ha MOTEHIMATbHYI0 YCTOWYH-
BOCTbH K OIpEIeIICHHBIM KJIacCaM aHTHOMOTUKOB. MyTalyst B TeHEe MeCA acCOIMMPOBAHA C PE3H-
CTEHTHOCTBIO K METUIIMJUIMHY, KOTOPBIH SBISETCS MPEACTaBUTENEM Kilacca OeTa-JIakTaMHBIX aH-
TUOMOTUKOB. JTO O3HAYaeT, YTO MUKPOOPTraHU3MBI C JaHHOW MyTalHeld CoCOOHBI BhIpaOAThHI-
BaTh OCJIOK, KOTOPBIN HAPYIIAET JICHCTBHE aHTUOMOTHKOB, TIPEISATCTBYS UX CBS3BIBAHHIO C IIeTIe-
BBIMU MUILICHSIMH B KJIICTOYHOUM CTCHKE OaKTepuil.

Jlnst aHanu3a ycTOMYMBOCTH MBI OyJIeM MCIOJIb30BaTh pa3paboTaHHylo 0a3y 3HaHUM, KOTO-
past Colep>KUT MH(POPMAIUIO O Pa3IMYHBIX TATOT€HAX U UX PEAKIUAX Ha aHTUOMOTUKHU. B yact-
HOCTH, B Haiel 0a3e 3HaHWI peaTu30BaHO MPaBUIIO, 0003HAYEHHOE KaK «mpaBuiao 1+3». 310
IPaBUJIO MO/Ipa3yMeBaeT, YTO HAJIMYME MyTalluu mecA (IpaBuwio 1) B coueTaHUH C JPYTUMHU
¢dakropamu (mpaBuio 3) yka3bIBaeT Ha YCTOMUMBOCTh K METULIMJUIMHY U APYTUM OeTa-JIakTaM-
HBIM aHTHOMOTHKaM (puc. 4, 5).

v Mutation
¥_mut mecA+ ]
y_mut €CTb BEPOATHOCTE )-'CTOI:"ILII«'IBOCTI«I K METULHNIWHY K Bera-naktam

Puc. 4. Pesynomam | Fig. 4. Result

if (_mut="mecA+"}{

y_mut="ecTk BEPOATHOCTE YCTORUMBOCTH K METHUWAAKMHY W DeTa-nakram";

}

PE.E‘-'}I'DI:TEIT! }l'_ﬂ"lLIt=ECTI:| BEpOATHOCTE '}I'CTI.'.Iﬁ'-IHEI-CICTH K METHUMNAWHY W EETEI'J'IEH{TEIH}

Puc. 5. Pesynomam | Fig. 5. Result
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Ha BTOpOM 3Tamne TectupoBaHus Mbl OyZeM aHaJIU3UPOBATH MUKPOOPTaHU3M C METHIIMPOBAH-
HbIMH puOocomamu. [l aHaM3a yCTOWYMBOCTUA MBI CHOBA O0OpaTUMCS K pa3paboTaHHOH 0aze
3HAHUH, B KOTOPOH peaim30BaHO MPABUIIO 2. DTO MPaBWIIO TJIACUT, YTO HAIMYUE METHJIUPOBAH-
HBIX pUOOCOM B MUKPOOPTaHU3ME YKa3bIBaeT Ha €r0 YCTOWYUBOCTh K MaKpOJIUAaM U aMUHOTJIH-
KO3uJaM. DTO UMEHHO TOT OTBET, KOTOPBIH BBIAACT CUCTEMA.

B Tperbem TecTHpoBaHUM ObLIO YCTAaHOBJIEHO, YTO MHUKPOOPTAaHU3M SIBJISIETCS PAMIIOJIONKH-
TenbHBIM. COrJIacHO YCTaHOBJICHHBIM IPABUJIaM, B YaCTHOCTHU MPABUITY 7, MOXKHO ClI€NaTh BBIBOJ,
YTO 3TOT MUKPOOPTaHU3M IPOSIBISIET YCTOMYMBOCTh K MEHULUIUIUHY. DTO CBA3aHO C TEM, YTO
TPaMITIOJIOKHUTEIbHBIE MUKPOOPTaHMU3MbI, 0COOCHHO TaKHe Kak CTaUIOKOKKH, MOTYT BbIpadaThl-
BaTh OeTa-IaKTamMasy WIH UMETh JAPYTHe MEXaHU3MbI, KOTOPBIE MO3BOJISIOT UM COIMPOTUBISATHCS
JNEHCTBUIO MEHUIIWIUINHA, YTO JeNaeT JeueHrue WH(MEKIHA, BRI3BAaHHBIX dTHMH MHKPOOPTaHH3-
MamH, 6oJiee CIIOKHBIM M TPeOYIOIUM HCIIOJIb30BaHHS ATbTEPHATUBHBIX aHTHOMOTHKOB.

Takum 00pa3oMm, MUBapHasi dKCIEPTHAs CHUCTEMa IMPOJEMOHCTPHpOBajia CBOIO 3(P(HEeKTUB-
HOCTb, BbIJIaBasi IPaBUJIbHBIC BBIBOJIBI B PA3JIMYHBIX CUTYAIlUAX. DTO JEMOHCTPUPYET HE TOIBKO
BBICOKHMH YpOBEHb TOUHOCTU CUCTEMBI, HO 1 €€ YHUBEPCAJIbHOCTb.

SAKJIFOUEHUE

Hame nccnenoBanue B 00J1aCTH YMHBIX NIPOU3BOJICTBEHHBIX CUCTEM MPOJAEMOHCTPUPOBAIIO,
YTO CO3/IaHUE MUBAPHOW 3KCIEPTHOM CUCTEMBI SBJIIETCS HE TOJIBKO BO3MOXKHBIM, HO U LIEJIECO-
00pa3HbIM I1aroM 7S TOBBILICHUS YPOBHS MHTEIIEKTYaIN3alllU IPOLIECCOB MIPUHSITHS PELICHHMA
1 00paboTKu MH(pOpPMAIUH.

B xone peanuzanuu npoekrta Oblia NpoBeeHa KOMIUIEKCHAs paboTa, BKII0YA0IIasi CUCTEM-
HBIM aHAIN3 MpeaMeTHOU o0nacTi. Mbl co3fanu MuBapHyIo 0a3y 3HaHHM, KOTOpas BKJIIOYAET
56 mpaBuJI, ONKUCHIBAIOIINX MPOIECCHI MPUHATHUS pelieHuit u 00padboTku nHpopmamuu. Takxke
6511 000CHOBAH BBIOOP METOJIOB U aJITOPUTMOB, YTO MO3BOJINIO 3(PPEKTUBHO pemaTh 3a1a4u
B JIaHHOI obOnacTu. bbuta peanuzoBaHa MUBapHasi HKCIIEPTHAsE CUCTEMA, ITPOBEIEHHOE TECTH-
pOBaHME MOJATBEPANIIO pabOTOCIIOCOOHOCTh MUBAPHBIX MOJIENeH B KOHTEKCTE YMHBIX MPOU3-
BOJCTBEHHBIX CHCTEM.

OBOJIIOLIMOHHOE PAa3BUTHE CO3JAaHHOW MMBApHON SKCIEPTHOM CHCTEMBI 0OECHeunBaeTcs ee
CIIOCOOHOCTBIO K a/IaNTalliu: B JIIOOOM MOMEHT MOKHO J100aBIIATh, U3MEHSTh WIN YAAIATH Ipa-
BIUJIA. ITO OBUIO IOATBEPIKIEHO B MpoIecce padOThI HaJl IPOESKTOM, KOTJa HOBBIE TIpaBuiIa ObUIH
YCHENIHO UHTETPUPOBAHBI B CUCTEMY.

Mogenb 3KCrepTHOW CUCTEMBI, pa3paboTaHHas ISl aBTOMATU3alMK JUATHOCTUKUA OaKTepH-
aIbHON YCTOMYMBOCTH, OTYEPKUBAET BAXKHOCTh HAIMYUS KAUECTBEHHBIX U MOJIHBIX JaHHBIX. B
YCIIOBUSIX KIIMHUYECKOW MPAKTHUKH, Iie TpeOyeTcs ObICTpas peakiys Ha BbIOOp aHTMOMOTHUKOB,
pa3BUTHE TEXHOJIOTUIN B 3TON 00JIaCTH CTAaHOBUTCS] KPUTUUECKH BaKHBIM. CBOEBpEMEHHAs U TOY-
Hasl TUarHOCTHKA MH(EKIINA, a TaKKe MPaBUIIbHBIN BIOOP aHTUOMOTHUKOTEPAINH SBIISIOTCS KITIO-
YEBBIMU acCMeKTaMH B O0phOe ¢ OaKTepHaTbHON PE3NCTEHTHOCTBIO.
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KomnbioTepHoe MoaesiupoBanue B cpeae Maple tnHaMHu4ecKHX MPOLECCOB
B YCJIOBHSIX HeONpeAeJJeHHOCTH HA MPpUMepe 321a4l MeTeOpPOJ0oTHHI
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Annomauus. B ctatbe NMPOBOIUTCS KOMITBIOTEPHOE MOJICIUPOBAHKE TOTOJHBIX YCIOBUI Ha OCHOBE
JIAHHBIX aTMOC(EPHOTO AaBJICHHS C TPUBJICYCHHEM TCOPHH HEUSTKUX MHOXKECTB. B cpenie KOMIbIOTepHOi
Matematuku Maple2021 ¢ npuBieyeHneM OHOMMOTEKH TMHEHHOM anreopsl LinearAlgebra 6sit peanusosan
QJITOPUTM pacyeTa JETEPMHUHUPOBAHHBIX W MHTCTPAIbHBIX HHICKCOB PAH)KHPOBAHHS JJIS HEUYETKUX
MHOJKECTB, KOTOPBIE XapaKTEPU3YIOT MOTOAHBIE YCIOBHUS. VICCaenoBaHus MOKA3aId, YTO MPH YMEPEHHOM
aTMOC(EepHOM JaBJICHUU Ha CICAYIOIINI 1eHb HaOI01aeTcsl Oosiee COTHEYHAs MOro/a Mo C PaBHEHUIO
C CHTYyaIllel, KOrjia JaBJieHne KpaiiHe Hu3Kkoe. Ha KOHKpEeTHBIX TIprMepax OBLTO MTOKA3aHo, YTO HHTETPaIbHBIC
HHICKCHl PAMXKHPOBAHUS 00eCreunBaOT Oojiee TOYHBIE PE3yJbTATBI, YeM JETEPMHHHPOBAHHBIE
HHJIEKCBI PAHKUPOBAHHS.
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Computer modeling in the Maple environment of dynamic processes
under uncertainty conditions using a meteorological problem as an example
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Abstract. Computer modeling of weather conditions based on atmospheric pressure data is carried
out mn the article with the help of the theory of fuzzy sets. An algorithm was implemented for
calculating integral ranking indices for fuzzy sets that characterize weather conditions in the computer
mathematics program Maple2021, with the help of the LinearAlgebra library. It was shown that if the
atmospheric pressure is not very high, the next day will be "sunnier”, than in the case when the pressure
is "very low". It was confirmed that integral ranking indices give more accurate information than
deterministic ranking indices.
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BBEJEHUE

B coBpeMeHHBIX HccleA0BaHUAX OO0JIbIIIOE BHUMAHUE yAeNseTcs npobiaemMe MOAETUPOBaHuUs
JTUHAMHYECKHX MPOLIECCOB, XapaKTEPU3YIOIINXCS HEONPEEIIEHHOCThIO U HETTOJIHOTOW UCXOTHOM
uHpopmanuu. OnHuM U3 3GHEKTUBHBIX UHCTPYMEHTOB JUISl PELlICHUs MOJ00HBIX 3a/1a4 SBJIIETCS
TEOpUsl HEUETKUX MHOXKECTB [ 5], KoTOpas M03BOJISET ONUCHIBATH SIBJICHUS, I'/1€ TPAJULIMOHHBIE
MOJIEH C YETKUMU I'PaHUIIaMH HE JAl0T YJOBJIETBOPUTENBHBIX PE3YJIbTATOB.

JluHaMuueckue MpoLEeCChl, MPOTEKAalUIMe B CIOXKHBIX CHUCTEMAaX, 4acTO O0YCIIOBJIECHBI
BHEIIHUMU W BHYTPEHHUMHU (IYKTyalUsiMHU, IIyMaMH U CIy4YalHBIMU BO3JCUCTBUSMH, UYTO
MPUBOJUT K TOSBICHUIO HEONPEAECNEHHOCTH B UCXOAHBIX JAHHBIX. TpaiullMOHHBIE MOJIEIH HE
BCErjia MOTYT a/IeKBaTHO OIMCHIBATh MOJOOHBIC sIBICHUA. B 3TOH CBA3M BHeApeHUE HEUYETKOU
JIOTUKHU B MPOLIECC MOJIETUPOBAHUS CTAHOBUTCS BaKHBIM HAIIPaBICHUEM, TaK KaK OHO I103BOJISIET
YUUTHIBaTh HEYETKOCTh IApaMeTPOB, HEONPEAEIEHHOCTh TPaHMIl U HEYETKYH0 3aBUCHMOCTb
COCTOsIHUM cucTeMbl. Harpumep, HeueTkrie MHOYKECTBa PUMEHSIOT B Ouosorui [6], B sSkoHOMuKe [7],
MeTteoposioruu [8] u T.4.

[Tpu aHanu3e CIOXKHBIX CUCTEM HCCIEIOBATENN CTAIKUBAIOTCS C MApaJOKCOM: UYeM CIIOKHEee
CUCTEMA, TEM MEHEE TOUYHBIMU CTAHOBATCS CY)KJIEHHUS O €€ MOBEJCHUU, OJJHAKO UMEHHO TaKue
CY’KJICHHS 4aCTO UMEIOT HauOOJIbIIYIO IPAKTUUECKYIO IEHHOCTb.

3aKOHOMEPHOCTH, ONUCHIBAIOIINE IPOLECCHl U SIBJICHUS B YCIOBHSIX HEONPEIEIIEHHOCTH,
CBSI3aHBI CO CIyYalHBIMH COOBITHSIMH, KOTOPBIE MOTYT Pa3BUBATHCS MO-Pa3HOMY Jake MpHU
UJICHTUYHBIX yCIOBHAX. Eciu paccMaTpuBarh NpUPOY 3TUX 3aKOHOMEPHOCTEH Kak SIBJICHUM,
HaxXOJAIIMXCS B YCJIOBHUSAX HEONPEAEICHHOCTH, Ba)XXHO YYMTHIBATh, YTO ONHMCAHUE TaKOM
HEOIPEEIEHHOCTH MOXET BapbUpPOBATHCS B 3aBHCHMOCTH OT 00beMa M KauyecTBa JOCTYIHBIX
naHHbIX. CregoBaTenbHO, TOYHBIM KOJMYECTBEHHBIM aHAINW3 MOBEACHHS CIOXKHBIX CHCTEM
OKa3bIBAETCs HEJJOCTATOUHBIM JUI IPAKTUYECKOT'O UCCIIEI0OBaHMs pealibHbIX cuTyanuil. B Taknux
CITy4asiX BO3HHKAET HEOOXOIUMOCTh IPUMEHEHHUSI METOJIOB, IJIE AJIEMEHTAaMH aHAJIN3a BBICTYMAIOT
HE Yncia, a HeUeTKHE MHOXKECTBA.

Heuerkoe MHOeCTBO mpencTaBiIsieT co00il MaTeMaTHUECKYI0 MOJIENb Kilacca ¢ pa3MbITBIMU
rpanunaMu. OCHOBOM 3TOr0 MOAXOAA ABJISETCS JIOTHKA, ONIEPUPYIONAsl HEYETKONH UCTUHHOCTBIO,
HEUETKUMHU CBS35IMHM U HEUYETKHUMHM MTPABUIIAMU BBIBOJA.

B HacTosimielt pabote mpuMeHsieTcss METO0I0IMs HEYETKUX MHOXECTB K PEIICHHUIO 3a7auM
METEOPOJIOTUH (MPOTHO3UPOBAHUS TTOTOII) [8—11] ¢ mOMOIIBIO Cpeibl CUMBOJIBHOW MAaTEMATUKH
Maple [12]. Peann3oBaH aropuT™ pacdera MHTErpATbHBIX HHACKCOB PAHKHUPOBAHUS ISl HEUSTKHX
MHOecTB. [loka3aHO, 4TO METOJ HWHTErpalbHBIX HHIEKCOB pabOTaeT Jydylle, 4eM METO]
JIeTEPMUHUPOBAHHBIX WHIEKCOB PAaH)KUPOBAHUS.

OJIEMEHTEI TEOPUU HEUETKHUX MHOXXECTB

Teopusa HeueTkux MHOKecTB, npemioxeHHas JI. A. 3age B 1965 roay [1], pacmmupser
KJIACCUYECKYI0 TEOPHUI0 MHOKECTB, BBOJSl MOHATHE CTENEHH NPUHAIJIEKHOCTH AJIEMEHTa K
MHOeCcTBY. BMecto TpaaunmonHoro OyineBoro 3HaueHus (0 unm 1) KaxaoMmy 3JI€MEHTY
corocTasisieTcst 9nuciio u(X), KOTOpOMy COOTBETCTBYIOT 3Ha4YeHHs u3 uHTepBana [0,1]. Beegem
HEKOTOpbIE OCHOBHBIE OIPENIEICHUsI TEOPUH HEUYETKUX MHOXKecTB. bonee moapoOHO ¢ 3Toi
Teopreil HEeYEeTKIX MHOKECTB MOXKHO 03HAKOMHTBCS B padoTtax [1-5].
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Onpenesenue 1. OyHKIUS TPUHAIIICKHOCTH OMPEACISIETCS CICTYIONUM 00pa3oM:

Ha(Xx): X —>[0,1], (1)

rine X — yHUBEpPCYM JHCKypca, a A — He4eTKOEe MHOXKECTBO.

Onpenesenne 2. YHUBEPCYM JHcKypca — 0a3oBoe (YHHBEpPCAIBHOE) MHOXKECTBO, KOTOPOE
0003HaYaeT COBOKYITHOCTh BCEX OOBEKTOB, KOTOPBIE PACCMATPUBAIOTCS B paMKaX JaHHOW 3a/1auu
Wi MOACIH.

Onpenenenune 3. Heuetkoe MHOXKECTBO A ONpezeisercs

A= U, (x)/x. @

B ¢opmyne (2) 3Hak / o3HayaeT OTHEICHUE 3HAYeHUsS (PYHKIIMU TPHHAMICKHOCTH OT
COOTBETCTBYIOIIETO €l HOCUTENSI HEYETKOTO MHOXKECTBA.

Omnpenesienue 4. HocuteneMm HEUETKOTO MHOXKECTBA A HA3bIBAETCS MHOXXECTBO B OOBIYHOM
CMBICTIE, OIpEeNIsIieMOe Kak

S(A)={x/xeU, u,(x)>0} 3)

Onpenenenune 5. Heuetkoe oTHomeHue R:X —Y omnpexnenser OWHApHOE OTHOIICHHE
HEYETKUX MHOXKECTB X H Y, KOTOPO€ 3allUChIBACTCS B BUJIC.

R= . e (xy)/(xy), )
rae GyHKUMS NPUHAATIEKHOCTH JBYX MEPEMEHHBIX B 3aBUCHMOCTH OT IOCTAHOBKHU 3aJlauyd
MOKAa3bIBACT MPEANOYTCHUE UM CXOJICTBO JIEMEHTOB HEUETKHUX MHOMXKECTB.

Omnpenesenue 6. Ecnu mexxy MmHO)KecTBaMu X —Y U Y —Z HUMEIOTCS OMHApHbBIE HEYETKUE
OTHOIIIEHUS, TO JJIsi OINpeJeieHUsT OWMHAPHOTO OTHOMIEHUS X —>Z BBOJUTCSA ONEpAIHs
KOMITO3HITUS WJIM MAKCUMUHHOE TTPOU3BEICHHUE:

RoS = XYZE%JX’Z)max(min(yR (%, Y), 1 (Y, z)))/(x z), (5)
rae S —orHouenue Y —» 7.
Ormneparuu HaJl YeTKMMH MHOYKECTBAMH MOYKHO M3y4YHUTh B padortax [1-5, 13].

IIOCTAHOBKA 3AJJAYN U METOJINKA PEUIEHUA

PaccMoTpuM TprMep pelleHus 3a/laudl METEOPOJIOTHH, B3SIThIA U3 yueOHOro mocodus [13].
MHoroneTHrne HAOTIONCHHSI 33 MOTOI0N CBHUAETEIBCTBYIOT O TOM, YTO BBICOKOE arMochepHoe
JaBJieHrEe OOBIYHO TIPEBENIACT CONHEYHYIO TOTOY Ha CIICAYIOIINI J€Hb, TOT/a KaKk HHU3KOE
JIaBJICHHE YaIlle BCETO COMPOBOXKIACTCS MACMYPHOI TIOTO/I0H.

Tpebyercst ycTaHOBUTB, Kakasi Oy/IeT Oro/a, eCliu:

1) atMochepHOe qaBleHre «HE 0YEHb BBICOKOE» (BBICOKOE, HO HE CaMblil BRICOKHI [TOKA3aTelb);

2) atMoc(hepHOE TaBJIeHNE «OYE€Hb HEBBICOKOES» (HU3KOE, HO HE CAMBIN HU3KHIA TIOKA3aTelh ).

Hy»XHO yCTaHOBUTH, B KAKOM citydae 0y/eT «0oJee COTHETHOY.

21.]'[5[ peIcHuA 3TOU 3a1a4u CHa4dalJila BBEAEM HCUCTKHNEC MHOXCECTBA.

1) «BBICOKOE JaBICHHEY;

2) «COJTHEYHas TIOTr0/1ay;

3) «macMmypHas oroza.
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HYCTB A — «BBICOKOE AABJCHHE» U ONIPCACTIACTCA TaK.
A=(a,/740;a,/750;a,/760;a,/770;a,/780;)

rae a =(al,az,a3,a4,a5)— BCKTOpP, 3JIEMCHTaMU KOTOPOI'0 ABJIAIOTCA BEPOATHOCTH ITOABJICHUA

TOTO WM WHOTO 3HAYeHUs aTMoc(hepHOro IaBieHHs, (POopMHpyeTcss Ha OCHOBE OIBITHBIX
OKCHEPTHBIX OLEHOK. BTOpble 3HAYEHHWS OMNPENENSIOT HOCHTENbh YHCIOBOIO HEYETKOTO
MHOKECTBa A U U3MEPSIOTCS B MUJUTUMETPAX PTYTHOTO CTONOA.

J171st ormcaHust OTOJTbI MBI BBEZIEM HEUHCIIOBBIC HEUETKHAE MHOMKECTBA C 3JIEMEHTAMH HOCHUTEJIS:

1) «macmypHOY;

2) «IacMypPHO C MPOSICHEHUEMY;

3) «mepeMeHHast 00JIaYHOCThY;

4) «sacHOY;

5) «COTHEYHOY.

O6o3HaunM cootBercTBytomue nementol kak I, I, 11, IV, V, rne | — «macmypno», Il —
«macMypHO ¢ mposicienuem», |l — «nepemennas obmaunocts», IV — «icHas moromay, V —
«cosHeuHOY». Toraa MoKHO c(hOpMUPOBATH CIICIYIONINE HEYSTKUE MHOKECTBA!

B = «conneunasn nozooa» =(0.2/1;0.3/11;0.5/111;0.7/1V;1V;) |

C = «nacmypnasn nozooa» =(1/1;0.8/11;0.4/111;0.2/IV;0.1V;) ,

3mech Tak JKe, KaKk M JUIS HEYETKOrO0 MHOKECTBa A, IepBble 3HAYCHHS HMEIOT CMBICI
BEPOSITHOCTEM, KOTOPBIE ONMPEICIISIOTCS SKCIIEPTAMH UCXOISI U3 OIbITa HAOJIFOICHHIA.

OmnpeneuM HEeUYeTKHEe MHOYKECTBA, KOTOPbIC HAM MOHAI00SATCS /IS PELICHUS 33a49H, U MyCTh
u3BecTeH Bektop a=(0.2,0.4,0.6,0.8,1).

A = «uesbicokoe dasnenue» = ((1-a,)/1;(1-a,)/11;(1-a,)/Il;(1-a,)/IV;(1-a;) V;) =
=(0.8/1;0.6/11;0.4/111;0.2/1V;0V;).

2
X, = «He ouenb 6bicoKoe 0agnienuen = A” =

- (-2 1(aa) i (1a) - ) v (-2 ) -
= (0.96/740; 0.84/750;0.64/760;0.36/770;0/780; )

2
X, = «He ouenb 6bICOKOE 0as/1eHUe) = (A) =

=((1-a ) /12 1 (1-a ) i (2-a,) /IVi(1-a,)° Vi) =
— (0.64/740;0.36/750;0.16/760; 0.04/770;0/780;).

3ameuanmue 1. 31ech HEOOXOIUMO OTMETHUTh, YTO CJIOBO «0Y€Hb)» B TCOPUU HEUETKIX MHOKECTB
HKBUBAJICHTHO OIEPAIlMU BO3BEICHHSI HEUETKOTO MHOXKECTBA B cTerneHb [13].

Mertoauka perieHus MOCTaBICHHOM 3a/1aui OCHOBBIBAETCS HA pacueTe MHACKCA PAHKUPOBAHMS.

Onpenenenune 7. MHmeKC pamKHPOBaHUS MTPEACTABIET cO00M (yHKImio H (Yl,Yz) , 3ABUCSIITYIO
OT HEYETKUX apTyMEHTOB, KOTOpasi UCTIOIB3YETCS JIJISl UX CpaBHEHUS. DTOT WHJEKC ONPECIIseT,
KaKO€ M3 HEYCTKMX MHOXECTB 00J1alaeT OOJIbIIEH 3HAYMMOCTBIO M, CJIICAOBATEILHO, SBISCTCS
MIPHOPHUTETHBIM.
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B kadecTBe MeTOMKH pelieHns BIOepeM nBa metoaa [13]:

1) MeTon1, OCHOBaHHBIN Ha MPOCTEHIIEM JETEPMUHUPOBAHHOM HHJEKCE PaHKUPOBAHMS;
2) MeTOJl, OCHOBaHHbBIN HAa UHTEIPUPOBAHHOM MHJIEKCE PaHKUPOBAHUS.

[Mpocreiimmii JeTEPMUHUPOBAHHBIN WHACKC PAH)KHMPOBAHKS MOXHO 3anucarth Tak [13]:

H; (A B)=supmin(u(a), u(b)), ae X,beY, (6)

rae SUpP — To4YHas BEpXHssA I'PaHb MHOKCCTBA.

KpomMe TOro, BBINONHSETCS CBOHCTBO Hé(A, B) > H;(B, A) = A>B. B cayuae, ecim

1 1
BBITIOJIHSETCS paBeHCTBO Hj (A, B) =H; (B, A) , CPaBHEHHE HEUETKUX MHOXECTB HE OIPEJIETICHO

¥ HEOOXOIMMO HCIIONIB30BATh APYTroi METO PEILICHHS.
WHTerprupoBaHHbIH HHIEKC PaHXUPOBaHUs orpeaessercs mo ¢popmyiie [13]:

H,(AB)=H,(A)-H,(B),H, (A)=>M(A“)Ac, ©)
Aa
inf a+supa
roe M (A“ ) = aeA—aEA”, A” — o — ypOBHEBOE TOIMHOKECTBO HEUETKOro MHOKecTBa A, Inf —

2

TOYHAsI HUKXKHAA FpaHI) MHOXECCTBA. HpI/Iqu BBITIOJIHACTCA COOTHOIIICHUC
H,(AB)>0= A>B.

3ameuanue 2. Kak Oyzer nmoka3zaHo HUKE, HHTETPaIbHBIE HHACKCH PAH)KUPOBaHHMS (7) IPUBOASAT
Hac K 0oJiee TOYHOMY pe3yJIbTaTy, YeM JACTCPMHUHUPOBAHHBIC HHJICKCHI paHxupoBanus (6).

PE3VJIbTATBI UCCIEJOBAHUS
CocTaBUM HEYETKOE OTHOIIICHHE: €CIIH BRICOKOE JIaBJICHHE ( A) , TO 6YI[CT COJIHEYHAaA 1rmoroga ( B) ,

uHaue OyJieT nacMypHas noroja (C ) DT10 oTHOIICHHE OyAeT onpeaenaThes o Gopmyne [13]:

R=AxBUAxC.

B cuity Toro, 4to 3T0 COOTHOIICHHE MPECTABISIET OIEpaIiiy Hal MaTPULIAMH, BOCIIONB3YEMCS
oubmmorekoi LinearAlgebra cpempr cumBonbHON KommbloTepHOM Martematuku Maple2021.
OTMeTHM TaKkKe, YTO TPHUBEICHHBIH HIKE AITOPUTM MOXKHO pEaM30BaTh B TaOIHMYHOM
nporeccope Microsot Excel ¢ momosio mpumenenus nacrpymenra «llouck pemenus» [14].

Ha si3pike Maple nporneypa uist HeueTkoro otTHomeHus: R umeer Bun:

MaxMinCompose := proc(X, R)
local i, j, m, n,Y;
m :=nops(X); n := ColumnDimension(R); Y := Vector(n, fill = 0);

forjtondo
Y[j] := max(seq(min(X[i][2], R[i, j]),i =1 .. m));
end do;
Y,
end proc

PesynbraTt paboThl mpoLeaypbl — KBaJpaTHas MaTpulla BUJA:
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0,8 0,8 0,4 0,2 0,2]
0,6 0,6 0,4 0,4 0,4
0,4 0,4 05 0,6 0,6
0,2 0,3 05 0,7 0,8
0,2 0,3 05 0,7 1

Hanee, ucxons u3 GopmyJsl (5) ¥ COCTaBHOro Npasuia BeiBoja [13], Haxomum BexTopsl Y, u Y, :
Y, =X,0R,Y, =X, oR.
JJ1s1 3TOr0 MOKHO MCHOJIB30BATh MPOLEAYPY, OMUCAHHYIO BHIIIIE!
Y1 := MaxMinCompose(X1, R);
Y, =(0,8/1 ;0,8/II;O,5/III;O,6/IV;O,6/V)
Y2 := MaxMinCompose(X2, R);
Y, =(0,64/1;0,64/11;0,4/111;0,36/1V;0,36/V )

C ydeToM HOCHTENS BU3yaIu3alus BEKTOPOB Y, U Y, IPEACTaBIeHa Ha puc. 1.

T'paduxn ¢yuEKIHE npuEagIeKEOCTH Y1 H Y2
&

0.8+

0.6
Y1.Y2

0.4

. : . : .
1 2 3 4 5
Hocurens (HOpAaoK)

Puc. 1. I'pagpuxu Y, u Y, / Fig. 1. Graphs Y, and Y,

3/1ech MO)KHO OTMETHUTD, YTO I'pa)UKH B OCHOBHOM ce0sl BEyT OJMHAKOBO, KPOME yUacTKa
ot 3 110 4.
JUns cpaBHEHHs HEYETKUX MHOKECTB Y, U Y, CHadaja OyJeM HCIIONb30BaTh A€TEPMUHHPOBAHHBIN

WHJICKC PaHXHPOBAHMS, pacCYMTaHHBIA 1o Gopmyne (6). B cucreme Maple2021 onpenennm
(YHKIHIO IPUHAATEKHOCTH £(Y):
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mu:=y->vy;
H_Y1 Y2 :=max(seq(seq(min(mu(Y1[i]), mu(Y2[j])),j=1..nops(Y2)),i=1.. nops(Y1)));
H_Y2_ Y1 :=max(seq(seq(min(mu(Y2[i]), mu(Y1[j]),j=1..nops(Y1)),i=1.. nops(Y2)));
printf("TIpocreiinmii uuaekc pamkupoanus H(Y 1, Y2) = %f\n", H_Y1 Y?2);
printf("TIpocreitmuit uanaexc pamwkupoBanust H(Y2, Y1) = %f\n", H_Y2_Y1);

[Ipocreimmii nanexc pamkupoBanus H(Y 1, Y2) = 0.640000;

[Tpocreimmii nnaexc panxupoBanus H(Y2, Y1) = 0.640000.

O,I[I/IHaKOBBIe pE3yabTaThl, IMOJYUYCHHBIC C IIOMOIIBIO JACTCPMHHHUPOBAHHOI'O HHICKCA
paHKUpOBaHUA NI HCUCTKHUX MHOXKCCTB Yl n Y2 , CBUACTCIILCTBYIOT O €0 OrpaHUYCHHOCTU B

JTAHHOM KOHTEKCTE. DTO HE TI03BOJISIET ONPENENIUTD, ITPU KAKOM YCIIOBUM OYZIET «00J1ee COTHEUHOY.

3ameyanmne 3. OIHUM M3 OrpaHUYEHUI JETEPMUHHPOBAHHBIX HHJEKCOB PaH)KUPOBAHUS
SBIISIETCS UX HECIOCOOHOCTh YYMTHIBATh THI U (opMy (YHKIMH TPUHAAICKHOCTH, KOTOpas
XapaKkTepu3yeT CpaBHUBAEMble HEUETKHE MHOXKECTBA. JTO OrpaHUYEHHE MPUBOIUT K TOMY, 4TO
TaKWe MHICKCHI HE MOTYT TOYHO OLIEHUTH CTEIEHb CXOCTBA MM PA3IMUMsI MEXIY HEUCTKUMHU
MHOECTBAaMH, YTO MOXKET HEraTUBHO CKA3aThCsl HA KAUECTBE PaAHKUPOBAHMSL.

YroObl yCTpaHUTh 3TOT HEJOCTATOK, IPUMEHUM HHTETPAIbHBIA MHICKC pamxupoBanus (7).
Peanusyem 3TOT MeTO/] B porpaMMHOM Ko/ie Ha si3bike Maple2021. 11 atoro HaM moHago0sTCest
CJICAYIOLIHE MOJIb30BaTEIbCKUE (DYHKIMU:

1. AlphaCut — dQynkuus 1is pacuera a-ypoBHeil. [IpuHuMaeT HedeTkoe MHOXKECTBO Y U
ypoBeHb alpha. Bo3Bpaiaer criucok NpOLEHTHBIX 3HAYCHH, COOTBETCTBYIOIINM DIIECMEHTAM,
KOTOpBIE U= .

AlphaCut := proc(Y, alpha) local i, result; result :=[];
for i to nops(Y) do
if alpha <= YTi][1] then result:= [op(result), Y[i][2]];
end if;
end do;
return result;
end proc;
2. AIphaCut — (yHKUUS A7 BBIYUCIEHUS CPEAHET0 3HAUCHUSI MEXKTy MUHUMAIIBHBIM U MaK-
CHMaJIbHBIM MIPOLIEHTOM B criucke. Ecnu criucok mycT, To Bo3Bpaiaet 0.
avgCalc := proc(listValues) local sorted, n;
if nops(listValues) = 0 then return 0;
end if;
sorted := sort(listValues);
n := nops(sorted); return 1/2*sorted[1] + 1/2*sorted[n];
end proc;
3. calculate_H_plus_auto — ¢pyHKIHs 1151 BEIYMCIACHUS HHTETPUPOBAHHOTO MH/ICKCA.
calculate_H_plus_auto := proc(Y)
local i, U, n, delta, A, avg_vals, H_plus; U := {};

# 3BieueHue YHUKAJIBbHBIX 3HaYECHUH M W COPTUPOBKA UX I10 BO3paCTaHUIO
for i to nops(Y) do
U := U union {YTi][1]};
end do;
U:= sort(convert(U, list)); n := nops(U);
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# BeruucieHne BecoBbIX KO3(PPUIIHEHTOB
delta :=];
foritondo
if i = 1 then delta := [op(delta), U[1]];
else delta := [op(delta), U[i] - U[i - 1]];
end if;
end do;

# Pacuer a-ypoBHEW U CPEIHUX 3HAYEHUM I KaXJ0TO YPOBHS

A = [seq(AlphaCut(Y, U[i]), i=1..n)];

avg_vals := [seq(avgCalc(A[i]),i=1..n)];

# BprunciieHre UHTETPaJIbHOTO MHJIEKCa

H_plus :=0;
foritondo
H_plus := H_plus + avg_vals[i]*delta[i];
end do;
return H_plus, U, delta, A, avg_vals;
end proc;

4. auto_calc — ¢pyHKuus 1 aBTOMaTH3alKuU pacyeToB. [I[puHUMAaeT HeYeTKOE MHOYKECTBO Y .
BrI3piBacT BBIUMCIEHUE UHTETPAIBHOTO MHACKCA, BHIBOAUT PE3YyJIbTAThl U BO3BPAIIAET BBHIYHC-
JICHHBIE IaHHBIE.

auto_calc := proc(Y)

local H_plus, U, delta, A, avg_vals;

H_plus, U, delta, A, avg_vals := calculate_H_plus_auto(Y);

printf("Pe3ynbTarsl aast MHOXecTBa:\n");

printf("BeiOpanubie ypoBuu alpha; (yaukansusie mu;): %a\n”, U);

printf("Beca Delta; (paccuutansl kak pasHoctn): %a\n”, delta);

printf("Alpha-ypoBuu (nipouieHTHBIC 3HaYeHUs): %a\n", A);

printf("Cpennue 3HaueHus A5 KaXI0T0 YpOoBHs: %a\n", avg_vals);

printf(""Uuterpanpubiit nagaexc H+ = %g\n™, H_plus); return H_plus, U, delta, A, avg_vals;
end proc.

PaboTa nepeuncieHHbIX Bbllle QYHKIMA IPUBEEHA HIDKE.

Pacuer a5 HE4ETKOro MHOXKECTBA Y, .

Y1:=[[0.8, 5], [0.8, 15], [0.5, 40], [0.6, 80], [0.6, 100]];
printf("\nPacuérer aist Y1:\n");
auto_calc(Y1);

Pacuetsr ms Y1:

Pe3ynbTarhl AN MHOXKECTBA!
BriOpannbie yposuu alpha; (yaukamsabie mu;): [.5, .6, .8]
Beca Delta; (paccuuTans! kak pasHoctn): [.5, .1, .2]
Alpha-yposuu (nporieHtHbIe 3HaueHus): [[5, 15, 40, 80, 100], [5, 15, 80, 100], [5, 15]]
Cpennue 3HaueHus a7 Kaxaoro yposss: [105/2, 105/2, 10]
WuTterpanpubnii naaekc H+ = 33.5.

Pacuer 17151 HEUETKOro MHOXKeECTBA Y, .

Y2:=[[0.64, 5], [0.64, 15], [0.4, 40], [0.36, 80], [0.36, 100]];
printf("\nPacuérer amst Y2:\n");
auto_calc(Y2);
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Pacuers! s Y2:
Pe3ynbTarhl A1t MHOXKECTBA!
Briopannsie yposuu alpha; (yaukansasie mu;): [.36, .4, .64]
Beca Delta; (paccuuransl kak pasnoctn): [.36, .4e-1, .24]
Alpha-yposuu (mporieHtHbIe 3Hauenus): [[5, 15, 40, 80, 100], [5, 15, 40], [5, 15]]
Cpennue 3HaueHus s Kaxaoro yposss: [105/2, 45/2, 10]
WNHuTterpanbuplii nHAeKC H+ = 22.2.

B pesynbrate momyumim H ., (Yl) =335uH, (Yz) =22.2 . Otkyna caeayet cornacHo (7), uro

Y, >Y,. OT0 03Ha4aeT, 4TO €CIK aTMOC(HEPHOE AaBIECHUE HE OYEHb BBICOKOE, TO Ha ClIEAyIOMIUi

IeHb OyaeT «0oyiee COTHEUHO», YeM B TOM cllydyae, Korja JaBJIeHHE «OYeHb HEBBICOKOE». JTO
03HAYAET, YTO €CJIM aTMOC(EepHOE JaBIICHUE HE OUEHBb BBICOKOE (BBICOKOE, HO HE CAMBIN BEpXHHUIA
nokasaresb), TO Ha CIEAYIOUMH JeHb OyaeT «0ojiee CONHEYHO», YeM B TOM Cllydae, KOr/a
JaBJICHUE «OYEHb HEBBICOKOE» (HM3KOE, HO HE CaMblil HU3KUI OKA3aTeNhb).

Paccmotpum apyroii npumep. Ilycts

A = «e@blcoKoe oasnenuey =

— (0.3/740;0.4/750;0.5/760;0.6/770;1/780).

OcranbHble HEYETKHE MHOKECTBA BO3bMEM U3 IIpeablaylero npumepa. Ha puc. 2 npuseaeHsl
rpaduky QyHKIMI NPUHAUIEKHOCTH Y, U Y, .

Tpaburu dyvurkumil npusanmezHoc™ Y1 uw Y2

Y1 Y2 |
1_
0.8
0.6
Y1.¥2
N 1
02+
[} Ll 1 L] 1 |
1 2 3 4 5

Hocurens (TTopam ok)

Puc. 2. I'pagpuxu Y, u Y, | Fig. 2. Graphs Y, and Y,

Bunno, 4ro rpaguk QyHKUMH OpUHAANEKHOCTH Y, U Y, M3MEHMICS IO CPAaBHEHHUIO C

AHAJIOTMYHEIM TpadMKOM, IPEJICTABICHHBIM Ha pucyHke 1. 3nadeHms Qynkumu Y, Hanaror
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NPaKTUYECKH Ha OoJiee IUPOKOM JHara3oHe HocuTens oT 2 1o 4. DTo yKa3bIBaeT Ha TO, YTO
UHJIEKCHI PaHKHUPOBAaHMS Takke OymyT MeHblne. Pesynbrar pabotel anroputma B Maple2021
NIPUBEJICH HUXKE.

ITpocreitmmii uanexc pamwkupoBanus H(Y 1, Y2) = 0.490000.
[Tpocreimmii naaexc panxupoBanus H(Y2, Y1) =0.490000.

Pacuersr mis Y1:
Pesynbrarhl 111 MHOXKECTBA:!
Bri6pannsie ypoBHu alpha; (yHukansable mu;): [.5, .6, .7];
Beca Delta; (paccunTtansl kak pazHoctn): [.5, .1, .1];
Alpha-yposuu (nporieHtHbie 3HaueHus): [[5, 15, 40, 80, 100], [5, 15, 80, 100], [5, 15]];
Cpennue 3HaueHus 1 Kaxaoro yposss: [105/2, 105/2, 10]
Nurterpanbusiii unaexc H+ = 32.5.

Pacuets! mist Y2:
Pe3ynbTarhl A MHOXKECTBA!
Bri6pannsie yposnu alpha; (yHukansabie mu;): [.36, .4, .49];

Beca Delta; (paccuuransl kKak pasnoctu): [.36, .4e-1, .9e-1];
Alpha-yposuu (mporientHbie 3Hauenus): [[5, 15, 40, 80, 100], [5, 15, 40], [5, 15]];
Cpennue 3HaueHUs s Kaxaoro yposss: [105/2, 45/2, 10];
Nurterpansusiii unaexc H+ = 20.7.

3/1ech MBI TaK)K€ BHJIUM, YTO 3HAYECHHUSI UHICKCOB PAaH)KUPOBAHUS 0XKUAEMO YMEHBIIWINUCH, HO
TEHJCHLUS COXPAaHUIACh — IIPOCTEHIIMKA JETEPMUHUPOBAHHBIA HMHICKC HE JAET OJHO3HAYHOI'O
pe3ynbrara. [103ToMy MHTErpabHBIN HHIEKC PAHKHUPOBAHHUS 37IECh IaeT O0JIee TOYHBIA Pe3yJIbTar.

3AKJIFOUEHUE

B pabore ¢ mOMOIIBIO TEOPUH HEYETKUX MHOXKECTB Ha KOHKPETHOM TMpUMeEpe IOKazaHa
METOJIMKA MCCIEOBAHUS JUHAMUUYECKUX MPOLIECCOB B YCIOBHAX HeonpezeneHHOCTH. C MOMOIIbIO
KOMITBIOTEPHO# Cpelibl CUMBOJIBHOW MaTtematuku Maple Obu1 peanu3oBaH airoputm pacuera
WHTETPATbHBIX MH/ICKCOB pamkupoBaHMs. [10Ka3aHO, YTO WHTErpabHbIe WHICKCHI PAHKUPOBAHUS
JaroT OoJjiee TOUHBIA pe3yJbTaT PELICHUs, YeM JeTepPMUHUPOBAHHbIE WHAEKCHI, TaK KaK OHH
YUUTBIBAIOT BECh CIIEKTP PACIPEeICHII HEYETKUX MHOKECTB.

JlanpHeliniee pa3BUTHE UCCIEIOBAaHUI MOXET 3aK/II0YaTbcs B IPUMEHEHUHM TEOpUHU
HEYETKMX MHOKECTB K METEOPOJOTHYECKUM JaHHBIM 1o KaMyaTckoMy Kparo 1Mo aHaJlOTHU C
pabotamu [9—11]. Ipyroe npoomKeHrne uccleI0BaHUi MOXKET OBITh CBSA3aHO C MPUMEHECHHEM
TEOPUU HEUCTKHX MHOXXECTB K OOBIKHOBEHHBIM Au((depeHInanbHbiM ypaBHeHusM [15, 16],
KOTOpBIE SIBISIOTCS MOJEIBHBIMU IS Pa3IMYHBIX JTUHAMHUYECKUX MPOILECCOB B YCIOBHU X
HEOTIPEICTIEHHOCTH.
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O npumeHeHnH 00yYeHHUS C MOAKPeNICHHEeM
B 33/1a4e BHIOOPA ONTHMAJILHON TPAEKTOPHUM IBUKEHUS

M. T'. I'opoanuyen

MOCKOBCKUIT TEXHUYECKUI YHUBEPCUTET CBS3U M MHPOPMATUKU
111024, Poccust, MockBa, yin. ABuaMoTopHas, 8A

Annomayus. B TaHHOH cTaThe pacCMaTpPUBAIOTCSl COBPEMEHHBIE METOIbI OOYUEHHUS C ITOJKPEIICHUEM,
C aKLIEHTOM Ha MX [IPUMEHEHUE B TUHAMUYHBIX U CIIOKHBIX cpefiax. MccnenoBanue HAUMHAETCS C aHAIN3a
OCHOBHBIX IOAXOA0OB K OOYyUEHHMIO C MOAKPEIUICHUEM, TAKMX KaK JUHAMHUYECKOE MPOrpaMMHpPOBAaHME,
MeToabl Monrte-Kapno, mMeToasl BpeMEHHOH pa3HUIBI M TpagueHThl nmoiauTuku. Ocoboe BHUMaHHE
yaensiercsi merononorun Generalized Adversarial Imitation Learning (GAIL) u ee BuusHHIO Ha
ONTUMM3ALUIO cTpaTeruil areHToB. llpuBeneHo uccnenoBanue 6€3MOAEIBHOTO OOYUYEHHUSI U BBIICIICHBI
KpUTEpUU BBIOOpA areHTOB, CIIOCOOHBIX paboTaTh B HENPEPHIBHBIX MPOCTPAHCTBAX NEHCTBUH U
COCTOSIHMH. DKCIIEPUMEHTAIbHAS YacTh TOCBSIICHA aHAM3y OOYYCHHS areHTOB C HCIOJIb30BaHHEM
Pa3IMYHBIX TUIIOB CEHCOPOB, BKIIOYAsl BU3yaJIbHBIE, U IEMOHCTPUPYET MX CIIOCOOHOCTh alalTHPOBATHCS
K YCJIOBHSM CpeIbl, HECMOTPSI Ha OTpaHn4eHusl paspeuienus. llpeacrasieHo cpaBHEeHNE Pe3yIbTaTOB Ha
OCHOBE KYMYJISITUBHOM Harpaibl M AJUHBI 3MM30/1a, BBIABIIOIIEE YIYUIICHHE MIPOU3BOAUTEIBLHOCTH
areHToB Ha MO3/IHUX dTamax oO0yueHus. MccrnenoBanue MoATBEPHKIAET, YTO UCIIOIb30BaHUE UMUTAIMIOHHOTO
00y4YeHHsI 3HAUUTETHHO MOBHIIACT d3PPEKTUBHOCTH areHTa, COKpallas BpeMEHHBIE 3aTpaThl M yaydIlas
CTpaTeruu npuHATHs peienuid. Hacrosmas pabota OTKpBIBaeT MEPCIIEKTUBHI 151 AaJIbHEHIIEr0 U3y YeHUS
MEXaHW3MOB YITyUIlIeHHs] pa3pelaroei CllocOOHOCTH CEHCOPOB M TOHKOH HACTPOWKH THITEPIIapaMeTPOB.

Kniouesnie cnosa: oOydeHne ¢ NOIKPEIIICHUEM, HHTEIUICKTyalbHbIe areHThl, ONTUMAIIbHAS TPACKTOPHS,
BBICOKOABTOMATHU3WPOBAaHHBIE TPAHCIIOPTHBIE CpEeACTBa, OOyYeHHE Ha OCHOBE IIOJHMTHK, APXHUTEKTYPHI
«aKTEeP-KPUTHKY», UMUTAIIMOHHOE 00yYEeHNEe, CEHCOPHI, HETTPEPHIBHBIC COCTOSHIS, TUCKPETHBIE COCTOSHHUS,
PPO, SAC
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On the application of reinforcement learning in the task
of choosing the optimal trajectory

M.G. Gorodnichev

Moscow Technical University of Communications and Informatics
111024, Russia, Moscow, 8A Aviamotornaya street

Abstract. This paper reviews state-of-the-art reinforcement learning methods, with a focus on their
application in dynamic and complex environments. The study begins by analysing the main approaches to
reinforcement learning such as dynamic programming, Monte Carlo methods, time-difference methods
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and policy gradients. Special attention is given to the Generalised Adversarial Imitation Learning (GAIL)
methodology and its impact on the optimisation of agents' strategies. A study of model-free learning is
presented and criteria for selecting agents capable of operating in continuous action and state spaces are
highlighted. The experimental part is devoted to analysing the learning of agents using different types of
sensors, including visual sensors, and demonstrates their ability to adapt to the environment despite
resolution constraints. A comparison of results based on cumulative reward and episode length is
presented, revealing improved agent performance in the later stages of training. The study confirms that
the use of simulated learning significantly improves agent performance by reducing time costs and
improving decision-making strategies. The present work holds promise for further exploration of
mechanisms for improving sensor resolution and fine-tuning hyperparameters.

Keywords: reinforcement learning, intelligent agents, optimal trajectory, highly automated vehicles,
policy-based learning, actor-critic architectures, simulated learning, sensors, continuous states, discrete
states, PPO, SAC
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BBEJIEHUE

OcCHOBHOM 3a7a4eid AJisl JIUI, OTBETCTBEHHBIX 32 OPTraHU3ALHUIO JOPOKHOTO IBUKCHHUS, SIB-
asieTcsi obecrnieueHne O0E30MaCHOCTH M ONMTHMAJIBbHOCTH IMEPEABIKEHUS Ha Joporax olmiero
1oJib30BaHuA. I peleHus JaHHON 3a/1a4y IOBCEMECTHO BHEIPSAIOTCSA CUCTEMBbI TOMOLIH BO-
nutensim (ADAS) pasnuunoro ypoBHs. OCHOBHOM NPHUYUHON aBapHil SBISETCS YEI0BEYECKUM
(dakTop, KOTOPBIH MOKHO CHU3UTH 3a cueT ADAS. B nocnennue roasl Hcciae0BaHus, pa3pa-
0OOTKM U BHEJAPEHHUE CUCTEM aBTONMJIOTUPOBAHUS NPUOOPENN 0COOEHHO BBICOKUI MOTEHIMA.
OpHako OTpaHUYEHHUSMH JUTsI BHEIPEHHS] aBTOMATH3WPOBAHHBIX TPAHCIIOPTHBIX CPENCTB Ha
Joporax OO0IIeTo MOJIb30BaHUS SIBISAIOTCS (PAKTOPHI, CBSI3aHHBIE C 3aKOHOJATENbCTBOM, CEPTH-
dbukamnuen u cTangapTH3aALUCH.

[Tpobaemamu npu pa3pabOTKe TAKUX CUCTEM SIBIISIOTCS CIOKHOCTH cOOpa M HEAOCTATOYHOCTh
JTAHHBIX. Y POBEHb Pa3BUTHS TEXHUKH HA JAHHBI MOMEHT MO3BOJISIET CO3/1aBaTh CJIOXKHBIE U pea-
JMCTUYHBIE CUMYJISIIUN C MHOTOOOpa3ueM MmapaMeTpoB. B CBS3H ¢ 3TUM MPUMEHSIOTCS pa3ind-
Hbl€ BUJbI BUPTYalIbHbIX 2D 1 3D-cUMyISTOPOB CIOXKHBIX COLUAIBHO-TEXHUYECKUX CUCTEM.
JlaHHBIH M0X0/1 TO3BOJISIET IPOBOJUTH HAYYHbBIE HCCIIEAOBAHUS, UCTIBITAHNUS TOTOBBIX 00pa3LOB
Pa3INYHBIX CUCTEM ITOMOIIU BOJUTENSAM. TeM caMbIM 3TO 1MO3BOJIET OBBICUTh SKOHOMHUYECKYIO
U pecypcHyto 3()(peKTHBHOCTS.

[lenb gaHHOTO MCCIEAOBaHUS 3aKIIOYAeTCsl B MCCIEA0BaHUU 3(PPEKTUBHOCTH NPUMEHEHUS
o0y4enus ¢ noakperienueM (RL) B 3a1ade BbIOOpa ONTHMAILHON TPAEKTOPHHU JIBUKEHUSI BBICO-
KOaBTOMAaTH3MPOBAHHBIX TPAHCIIOPTHBIX CPEJICTB C YUETOM YCIOBUH OE30MaCHOCTH UCXOMS W3
MPOJIOJIBHOTO U MIONEPEYHOr0 JUHAMUYECKOT 0 rabapura.

JUist JoCTHXKEeHHs TOCTaBIEHHON 11eNTH HEOOXO0MMO PEIUTh CIeIyIOIIne 3a/1a4n:

1. CpaBuenue oOyuenus areHToB RL Ha ocHOBe pa3nuyHoi HHpOpMAIIH.

2. Co3maHue OKpYyKeHHUs cpellbl U 00ydueHne areHToB RL Ha MaHHBIX I ONTHMAJIBLHOTO BhI-
0opa TPaCKTOPHUH JIBHXKCHHS

3. CpaBHEHHE TPOU3BOIUTENFHOCTH PA3IMYHBIX MTOIX0I0B K O0YUSHHIO.

B pamkax gaHHOTO HMCCIIEOBaHUS OCTAPAEMCsl OTBETUTH Ha CJIEAYIOIINE BOIPOCHI, KOTOPBIE
BCTAIOT MEpejl UCCleA0BaTeNsIMI U UHKEHepaMu B 001acTy pa3pabOTKU BbICOKOABTOMATU3UPO-
BaHHBIX TPAHCIIOPTHBIX CPE/ICTB:
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1. Hackonbko xopomo 00yueHHbIE areHThl BBINOIHAIOT 3a7ady BbIOOpa ONTUMAaIbHOM Tpaek-
TOPUH IBUXKEHUS?

2. KakoBbl oTiinums ucnoib3oBanus RL no cpaBHeHMIO ¢ 6a30BBIMU MOJEIAMU?

3. MOXHO 71 BBIIEIUTH KJIACC areHTOB, KOTOPBIE JIy4llle CIPABIISIOTCA C 3aa4ueii BIOOpa o1l-
TUMaJIbHON TPaeKTOpUU?

B nanHO# cTaTthe moa onTUMHU3ALUEH TPAeKTOPUM JABHXKEHUS Oy/ieM MOHUMAaTh IPOLECC BbI-
60pa TpaeKTOPUH ABUKEHHSI TPAHCIIOPTHOI'O CPEACTBA B KOHKPETHBIM MOMEHT BPEMEHH U COCTO-
SHUU C y4eTOM 3aJaHHON LIeIH.

BricokoaBTOMaTH3MPOBAHHOE TPAHCIIOPTHOE CPEACTBO (areHT) JOKHO IEPMAHEHTHO pellaTh
3ajady BBIOOpA ONTUMAIIHOW TPAEKTOPUH JIBUKEHHUS TOCPEICTBOM IOCTPOCHUSI OOBEKTHBHOM
(GyHKIMHM, BBIpAXAIOWICHCS B MHHUMHU3AIUM WIM MAaKCHUMHU3ALUHU LEJIEBOM NEpEeMEHHOH, B
NEepPBYIO OYepeab JAJs MOJAEPKaHMs JOJDKHOTO YpOBHS 0€30MacHOCTH 33 CYET KOHTPOJIS IMpo-
JOJBHOTO U MOTEPEYHOro AUHAMHUYECKOro rabaputa. OTHAaKO CTOMT OTMETUTH, YTO HEJNb3s 3a0bI-
BaTh IIPO ONTUMAJILHOCTh PACIPEIEICHUs TPAHCIIOPTHBIX CPEJICTB B YJIMYHO-AOPOKHOU CETH.

B kaxxaplit MOMEHT BpeMeHU t areHT HalltoJaeT COBOKYITHOCTh BEKTOPOB U3 MHOXecTBa 1. T —
3TO OOpaTHAs CBSA3b C YYETOM KOHTEKCTa OKPYXKEHHS CPEIbl, IMOJlydaeMas ¢ pa3IMIHbIX THUIIOB
MCTOYHUKOB, HalpUMep, JUAAPOB, COHAPOB, BUJIeoKamep U T.1. Mcxond U3 TUma UCTOYHUKA UH-
dopmanmu GopMUPYIOTCS BEKTOPHI 1. ATEHT JODKEH YMETh 00padaTbIBaTh NaHHBIE, TIOCTYIIAe-
MBI€ C PA3JIMYHBIX UICTOYHUKOB. BekTop (Pt) nHbOpManuu o BO3MOXKHBIX TPAEKTOPUAX C yUETOM
COCTOSIHUH (MPENATCTBHI) ONPEAEIsAeTCs CASAYIOIINM 06pa30M:

Plt P?_t PMt
Plt—l P2tl PMt—l

rae M — obiee 4Mcao BO3MOXKHBIX TPAEKTOPUI B HACTOAIIMI MOMEHT C YYETOM COCTOSTHHSL.

Kak nmpaBuiio, areHT BKJIIOYaeT B ¢e€0s1 OMH MJIM HECKOJIBKO M3 TPEX COCTABJISIOIINX: MOJIH-
TUKY, MOJIeNIb U (PYHKIHMIO Bo3HarpaxjaeHus. [loautuka — 370 Habop mpaBuil, KOTOPBIMU PYKO-
BOJICTBYETCSI ar€HT B KaXK/I0M COCTOSIHUH, T.€. 3TO OTHOLIEHHE MEXJIy HaOOpOM COCTOSIHMH U
HabopoM neiictBuii. CoctosiHue S(t) — 3T0 HEKOTOpast MO3UIIKS B CPeJie, B KOTOPOM areHT MOXKET
OKa3aTbCsl C y4eTOM orpaHuueHuil. OyHKIUA BO3HATPaXKIEHUS OINPEAEIAET KaueCTBO KaX10Tr0
COCTOSIHUS WJIM TIaphbl «COCTOSIHUE — AeUCTBUE». MoseIb — 3TO MpeJICTaBlIeHHE areHTa 00 OKpy-
XKaIOIIEH cpelie, C MOMOIIBI KOTOPOrO areHT IpeICKa3biBaeT H3MEHEeHUe cpelbl [1-2].

Hcxons U3 UCMONMB3yEeMbIX COCTABISIONIMX aJTOPUTMBbI OOYUYEHHUS C MOJKPEIJICHUEM MOXHO
KJIacCU(UIUPOBATh MO PA3TUYHBIM KPUTEPHSIM:

1. MosmuTHKA

OcHoOBaHHbIE HA MOJIMTHKAX: aITOPUTMBI, KOTOpbIE 00yJaroTCs Ha OCHOBE JIeMCTBUH, TEKY-
mux B ganHou nomutuke: A2C, A3C, PPO u REINFORCE.

He npuBsizanbl K NOJTUTHKE: aJITOPUTMbI, KOTOPbIE MOTYT 00y4aThCs Ha OCHOBE J€HCTBHIA,
MOJYYeHHBIX ¢ momotibto apyroit momutukn: DDPG, DQN, NAF, Q-learning, SAC u TD3.

Hpyrue: nns anroputma Monte Carlo, KOTOpPBIIT MOKET MCIOJIB30BaTh KaKk OCHOBAaHHBIE HA
MOJINTUKAX, TaK U HA00OPOT.

2. IlpocTpancTBo aeiicTBuii

HenpepsbiBHBIE: aITOPUTMBI, pa0OTaIOIIKE C HENPEPHIBHBIMU AEHCTBUSIMHU, BKII04a0T A2C,
A3C, DDPG, NAF, PPO, REINFORCE, SAC, TD3 u TRPO.

JlucKpeTHbIe: alroOpuTMBbI, paboTaroue C AUCKPETHBIMH AEUCTBUAMHU, BKIO4aoT DQN,
Q-learning, SARSA, SARSA-JIsam0za.

Pt: log thERM’
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3. IIpocTpaHCcTBO COCTOSIHUIA

HenpepbiBHBIE: aITOpUTMBI, KOTOPHIE MMEIOT HEMPEPHIBHOE MPOCTPAHCTBO COCTOSIHUM:
DDPG, NAF, PPO, REINFORCE, SAC u TD3.

JIMCKpeTHBIE: aJTOPUTMBI C TUCKPETHBIM IpocTpancTBoM coctosiHuii: DQN, Monte Carlo,
Q-learning, SARSA, SARSA-JIam06a.

4. Oneparop

Q-value: anropur™msl, ncnone3yromue 3HaueHus Q st ooHoBieHus nomutuku: DDPG, DQN,
Q-learning, Q-learning - Lambda, SAC, SARSA, SARSA - Lambda, TD3.

Advantage: anropuTmbl, OCHOBaHHbIe Ha mpeumyniecTBe nedctus: A2C, A3C, PPO,
NAF, TRPO.

BrioopouHnoe cpeanee: ucnoaszyercs B Monte Carlo moaxonax.

5. Kaace

Actor-Critic: anroputmsl, coueTaroue moauTHKy (Actor) u orieHky nennoctu (Critic): A2C,
A3C, NAF, PPO, REINFORCE, SAC u TRPO.

OcHoBaHHbIE HA JAHHBIX: ATOPUTMbI, OCHOBBIBAIOIIKECS MPEUMYIIECTBEHHO Ha OIEHKE
nernoctr: DQN, Monte Carlo, Q-learning, SARSA, SARSA - Lambda, TD3.

OcHoBaHHBIC HA MOJHMTHKAX: METOJ, OCHOBAaHHBIM Ha IIPSIMOM YIPABICHUM MOJUTUKOM,
npeacrasieH anroputMoM REINFORCE.

CO3JIAHUE OKPYXXEHU S

[Tox cpenoit MOXKET BBICTYMATH JIt00Asi CUMYJIALINA, KOTOpas oOpadaThIBaeT IEHCTBUS areHTa
U TOCJICICTBUS 3THX aeiicTBuii. Ha Bxonx moctymnaer aeiicteue arenta A(t) B cocrostaun S(t).
[Tocre 0OpaboTkH ToJydaeM Iepexoj B cieaymoiiee coctosaue S(f) ¢ Bo3HArpaxjacHueM
R(t+1). Bo3narpaxaenue R(t) Bo3Bpalaer yucioBoe 3HaYCHUE 32 HAXOXK/ICHUE areHTa B TOM
WM UHOM COCTOSIHUU. Takum o0pa3oM BO3HArpaxaeHHe MOKa3bIBAET, HACKOIBKO JaHHAs CO-
BOKYMHOCTb IIeHHa. [lenb it areHTa OnuchiBaeTCsl MAKCUMU3AIMEN TPOTHO3UPOBAHUS KyMYy-
JSATUBHOTO BO3HarpaxzaeHus. [lon neiictBuem OyjieM MOHUMATh pa3pelIeHHbIE MEPEMEIe HUs
B KOHKpeTHOH cpeje [3].

Tpaektopust mpencraBisieT coboii BecoBble kKoddduireHTsl B Habope BceX AOMYCTHMBIX B
KaX]IbIii MOMEHT BPEMEHHU t C yUeTOM KOHTEKCTa OKPY>KCHHUSI:

A=[AsAuAn] YAR"

M
2 A =1
i=1

0< A, SIVit,

rne | — 0JlHa U3 BO3MOXKHBIX TPACKTOPHIl.

JUist ToCcTHKEHNUs LI H TI0 HAIlPaBJICHHUIO areHTa K 331aHHOM TOUKE B TPEXMEPHOM CUMYJISILIUU
¢ ydeToM 00X0/1a PEISITCTBHIA ObUT pa3paboTan cuMyisiTop Mapiipyta [4]. OH cocTouT U3 Mo-
IYJTBHBIX CETMEHTOB, KOTOPhIE MOTYT CIy4YallHbIM 00pa3oM KOMOWHHUPOBATHCS B XOZE KaKIOH
TPEHUPOBKHU. [ eHeparys cirydaifHbIX MapIIpyTOB SBJSIETCS HEOOXOIUMOM /IS IPEIOTBPAIIEHUS
00yuYeHHsI areHTa UCKIIOYUTEIHHO OJJHOMY KOHKPETHOMY MapUIpyTy B MpOLEcce JalbHEHInX
TPEHHPOBOK [5].
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JIiis co3Manust BUPTYaIbHOTO OKPYXKEHHUS UCIOJB30BajIcst cuMysatop MATSim [6]. Jlanubrit
CUMYJISTOP SIBJISIETCS OTKPBITHIM, UTO [TO3BOJISIET JOIUCHIBATH HEOOXOJUMBIE MOYJIU JIJIS IPOBE-
neHus uccienoBanuil. K npenMyiectsaM JaHHOTO CUMYJISITOPA MOXKHO OTHECTH: BO3MOKHOCTh
co3aHMsl OOJIBIIOTO YUCIA areHTOB, padoTa ¢ OOJBIIMMH KapTaMH C BBICOKOM CTENEHbIO JIeTa-
JU3aLKH, MOJIETUPOBAHUS Pa3IMYHbIX TUIIOB TPAHCIIOPTA U 3arPy3KH paHee MOITYYEHHBIX pe3yJib-
TaTOB MOJIEJINPOBAHMUS.

Bce skcniepuMeHThl pOBOAMINCH Ha BblunciautenabHoM cepBepe MTYCH, koTopslil nMmeer
cnenyromue xapakrepuctuku: CPU AMD EPYC 7742, 64 sinpa, 128 motokoB, GPU 8 x NVIDIA
Tesla A100-SXM4-40GB, RAM 16 x Samsung DDR4 32 GB 3200 MT/s.

Hccnenyemas KoHUTYpaLus PEeACTaBISET COO0 AUCKPETHOE TOJIE C CETOYHON CTPYKTYPOH,
Ha KOTOPOM pacrojararTcs 3J€MEHTbl TPACCUPOBKU. BBINEAIOTCSA TPU KaTeropuu 3J1€MEHTOB:
HAvaJbHBIN, YIII0OBOM U npsiMoid Omoku. [Iponeaypa renepanuu KapTbl HHULIMAPYETCS YCTaHOB-
KO CTapTOBOrO OJI0Ka, KOTOPBINA MO3UIIMOHUPYETCS B OJHOM U3 YEThIpEX HAlpaBJICHHI: BBEPX,
BIIPaBO, BHU3 WJIM BIIEBO. B mpoliecce reHepaiuu K cTapToBoMy OJIOKY MOCTIEI0BATENbHO MPUCO-
EIUHSIOTCS CITy4yallHbIM 00pa3oM BeIOpaHHBIE OJIOKU M3 JTOCTYITHBIX KaTeropuid. ITa mpoienaypa
MPOJIOJDKAETCS HTEPALMOHHO, 10 TOTO MOMEHTA, TIOKa TPACCHUPOBKA JIMOO0 HE 3aMKHETCSI, JTN0O HEe
JIOCTUTHET MPEyCTAHOBIEHHOI'O KOJUYECTBA 3JIEMEHTOB.

B npouiecce ¢popMupoBaHus Tpacchl Kaxk10€ MOCIEIYIOIIee 3BEHO U €r0 OPUEHTALIUS OMpe/ie-
JSIOTCS CIly4aiHBIM 00pa3oM, 0IHAKO MIPH 3TOM COOJIIOIAETCS YCIOBUE, YTO FeHEPaIbHBIN IIJ1aH
JIOJIKEH HAaIlOMUHATh HETIPEPHIBHYIO J0pory. JJis 3TOoro nepBoHayajlbHO CO3/IA€TCs CIIMCOK 0J10-
KOB, KQX/IbIil U3 KOTOPBIX COAEPKUT MH(GOPMAILIMIO O HAIIPABIEHUAX BX0/1a U BbIxoaa. Ha ocHOBe
9TUX JAHHBIX BBIIOJIHAIOTCS BCTaBKa U BpAIIeHUE BU3YaJIbHBIX 00pa30B OJIOKOB.

[Tocne nocTuKeHMsI areHTOM BCEX 3aJaHHBIX 1IeJIel Ha Tpacce MHULMUPYETCS TeHepalus Ho-
BOM KapThl. B cily4ae CTOJIKHOBEHUS areHTa ¢ PU3MUecKuM 0apbepoM OH MEepPEeMEIIaeTCsl B MHH-
LIMAJIBHYIO MTO3UIUIO HAa Tpacce, a BCE 1ENIN BOCCTaHaBIMBarOTCA. C 1eNblo NPeJOTBpalleHUs U3-
OBITOYHOTO BPEMEHU MPOCTOs areHTa BHeApeH 30-cekyHIHbIH Taiimep. [1o ncreyenun sToro Bpe-
MEHU CUMYJIALNA 3aycKkaeTcs 3aH0Bo. OOHyeHne TaliMepa IPOU3BOIUTCS UCKIIOUYUTENIBHO MTPU
IOCTHI)KEHUU areHTOM OJIIDKanIIei eiu.

B xoxe nccienoBanus ObIIO BBISIBIEHO, YTO UMEIOLUECS CTUMYJIbl OKa3aJIUCh HEAOCTATOYHO
3¢ (eKTUBHBIMU, TaK KAaK areHT UCHBITHIBAI 3aTPyJHEHHS B MOHMMAHUU MPEINHCAHHBIX ICH-
CTBHM B OTCYTCTBHE MPSIMOTO JOCTHKEHUS LeNU. [[1s MOBBILIEHUsS SCHOCTH U 3PPEKTUBHOCTH
CTUMYJIUPYIOLIEH CTPYKTYpPbl CHCTEMBI OBbLIM BHEAPEHBI IOTIOTHUTENbHBIE IITPA(PHBIE U BXO/IHbIE
MEXaHU3MBI:

e YMeHbIIIEHUE PACCTOSIHUS MEXJly areHTOM M OJrKaiiel 1eiabio COnpoBOXkKAaI0Ch IpUMe-
HeHueM mtpada B pazmepe 0,05 Oama.

e YBeJIMUeHHE PACCTOSHUSA /10 LIE€IH BIEKIIO 3a c000 MprUMeHeHHe OTpHUIaTeNbHOro mTpada,
paBHoro -0,05 6amna.

e B cuctemMy BXOJHBIX IJaHHBIX ObLIT HHTETPUPOBAH BEKTOP, OTPAKAIOLIUI paccTOsIHUE 10 OJn-
Kal1el 1eyn, 4To CIY>KUJI0 JOMOJHUTENbHBIM OPUEHTUPOM [Tl areHTa.

bruta npousseieHa MoAMpUKaLMs MUIIEHEH C [eIbI0 00eCTIeYeH s UX BUIUMOCTH B BUJIE OT-
YETJIMBBIX NMPSAMOYTOJIBHBIX (POPM, PACIIOIOKEHHBIX Ha KaXJIOM 3JIEMEHTE TPaccChl, 4TO CIOCO0-
CTBYET YETKOW MJEHTU(UKAIIMN KOPPEKTHBIX Touek Bxona. Kpome Toro, Obuta pa3paboTana u
BHE/[pEHa JIONOJHUTENbHAs (PYHKIIMOHAIBHOCTh, 00€CIeuBaroIas poTalHIo IeJIEBbIX 00bEKTOB
Ha TIOBOPOTHBIX yYacTKaX JIOPOTH, C IIeJIbI0 UX OPUEHTALIMU MT0J1 ONTUMAJIBLHBIM YTJIOM B 45 rpa-
JTyCOB OTHOCHUTEJIbHO OJI0Ka MOBOPOTA.
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CueHapHbIN MOIYJIb ar€HTa BKJIIOYAET B c€0s KO, MpeAHa3HAUYCHHbIN JJI BHITTOJIHEHUS CH-
MyJsiiu. B 1aHHOM MOJyJie yCTaHABIMBAIOTCS YCIOBUS, TP KOTOPBIX areHT MOJy4aeT CTH-
MYJIBI JIJISl BBIIOJHEHUS KOHKPETHBIX JCHCTBUI, a TaKkKe OIpeeNsieTcs MOociIe10BaTeIbHOCTh
orepalnuii B paMKax CUMYJISIIUOHHOTO nporecca. C 1enpio HHTeHCUUKaIuu npoiecca o0y-
YEHUS Ha HAaYaJIbHBIX ATanax Obljia MpPUMEHEHA METOI0JIOTHS CUMYJISIIUOHHOTO 00yueHus. Jlis
peanu3aluy 3TOro Mojaxojaa Obla co3/laHa JIEMOHCTpPALlMOHHAs BEPCHs, COCTOSIIas U3 psjaa
TE€CTOBBIX UCIIBITAHUM.

BbIBOP BA30BOI1 MOJIEJIU OBYUEHU

CylILecTBYIOT YEThIpe KJIIOUEBBIX MOJX0/a K O0OyYEHHUIO C MOAKPEIUIEHUEM: JAUHAMHUYECKOe
nporpaMMupoBaHue, Mmetoibl MonTe-Kapiio, MeToab! BpeMEHHOM pa3HUIbI U METO/IbI I'PaJiUEHTa
NOJUTUKU. JIMHaMUYecKoe MpOrpaMMHUpPOBAHME IMPEICTABISAET COOON ABYXSTAmHBIN Mpolecc,
OpUMEHSIOINN ypaBHEeHHe beiiMaHa Ui ONTHMMM3AalMU IMOJUTHKHM IIOCJIE IPOBEJCHUS €€
OLICHKH [7]. DTOT MeTo HAXOJUT MPUMEHEHHE B CIy4YasX, KOTJa MOJENb CPebl 3apaHee H3-
BECTHA B TIOJJHOM OOBbeMe.

Metoast MonTe-Kapio, HanpoTuB, H3y4aroT ONBIT AH30/10B 0€3 y4eTa TUHAMUKH CPE/IbI, BbI-
quciIsist HaOIr01aeMblii CpeTHUI BBIMIPBILI KaK MPUOIMKEHHYIO OLIEHKY IPOTHO3UPYEMOM Tpaek-
topun. Takum 00pa3om, 00y4eHHEe BO3MOXKHO TOJIBKO 110 3aBEPLICHUH BCeX 31u3010B [8—9].

MeTtoapl BpeMEHHOH pa3HUIBl 00y4aroTCs Ha HE3aBEPIICHHBIX AMH30]aX, HCIONB3Ys OyT-
CTPENIMHT ISl OLEHKH BBIUTPBIIIA, YTO JIEJIaeT UX CBOCOOPa3HbIM TMOPUAOM JAHHAMHUYECKOTO
IIporpaMmmupoBaHus 1 MeTo0B MoHnTe-Kapio. B oTiinune ot METO10B BpEMEHHOM pa3HUIIBI, KO-
TOpBIE MOJIaratoTCs Ha OLICHKY BBIUTPBILIA JJ1s1 BBIOOPA ONTUMAJIbHON MOJIMTUKU, METO/IbI Ipajiu-
€HTa MOJUTHUKH UCXOMAT HETIOCPEICTBEHHO M3 OLCHKH CaMOW MOJIUTUKH.

OOyueHue MoJIUTHKE MOXKET IPOUCXOJUTh KAaK C UCIOJIb30BAaHUEM TEKYILEH MOJUTUKHU (Oon-
policy), Tak u BHe ee npezenoB (off-policy). B cirydae on-policy 00ydeHus areHThl aHATH3UPYIOT
Ty K€ MOJMTUKY, KOTOpas IIpHUBeJia K BBINOJIHEHUIO IeHCTBUS, Toraa Kak B off-policy o0yuenun
areHThl pacCMaTPUBAIOT MOJIUTUKY, KOTOpas MOXKET HE COBMAaJaTh C TOW, KOTOpas HEmocpen-
CTBEHHO uctob3yetcs [10].

Br16op arenToB a1t 00yuenus ¢ noaxperuienneM (RL) ocymiecTBisiicss Ha OCHOBE TpeX KITHO-
4yeBbIX KpUTepHeB. Bo-nepBbix, areHT RL nomkeH ObITh 0€3MOJIENbHBIM, TaK Kak JAaHHas paboTa
aKIEHTHPYET BHUMAaHNUE Ha METO/Iax 0e3MoebHOro o0yueHus. Bo-BTOpBIX, BEIOpaHHBIN areHT
JIOJDKEH OBITh paHee HMCIOJIb30BaH B aHAIOTUYHBIX MCCIIEAOBAHMX, 3a(pUKCHPOBAaHHBIX B HAyd-
HOU juTeparype. B-TpeTbux, areHT J0IDKeH MONACPKUBATh HETPEPhIBHBIE MPOCTPAHCTBA JEH-
CTBHUH U COCTOSTHUH.

B utore B ganHoii pabore 115 uccnenoBaHus Oblu BeIOpaHsl 1Ba areHTa: PPO u SAC.

Proximal Policy Optimization (PPO) — 3o Habop anropuT™MOoB, MPUMEHSIEMBIX B O0yUCHHHU C
HoJKperneHneM 0e3 ucnosb3oBaHus Mojenu. Anroputmsl PPO sBisitoTCS MeTOJaMH OJTUTHUKO-
IPaJAMEHTHOIO TUIA, YTO 03HAYAET, YTO OHU OCYIIECTBIISIIOT MOMCK B MPOCTPAHCTBE MOJIUTHUK, a
HE MPHCBAaNBaIOT 3HAUCHHS MapaM «CcocTosiHue — eicTBre». PPO obmamgaer mpenmyIiecTBaMu
QITOPUTMOB ONTUMM3AIMU MOJUTUKH JToBepuTenabHoro perruona (TRIPOD), Ho npu 3TomM oHH
IpOIIE B peann3aliu, 00jee YHUBEPCAIbHBI M MMEIOT JYUINYIO CII0KHOCTEH BhiOopku [11]. PPO
UCTOJIb3YeT HEMpPOHHBIE CETH JJIsl alMpOKCUMAIMH HJI€AIbHBIX (YHKIHN, KOTOPbIE COMOCTaB-
JISIFOT HAOJIIOJICHHUS areHTa C ONTUMAIIbHBIMU JCHCTBUSAMHE B JJAHHBIX COCTOSIHUAX [12].

Soft-Actor Critic (SAC) patotaer B pexxume 0ff-policy, uro no3Bonser emy oOydaTbcs Ha
OCHOBE OIBITA, HAKOIUIEHHOTO B mponuioM [13]. HakomneHHsbI# onbiT momemniaercs B Oydep
BOCTIPOM3BEICHUST U MCTIOIB3YETCS CIIy4ailHBIM 00pa30M BO BpeMsl TPEHHUPOBOK. JTO JIeTaeT
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SAC 3HauutenbHO Oosiee 3PHEKTUBHBIM C TOYKH 3PEHHUS BEIOOPKH, YacTo TpeOys B 5—10 pa3
MEHBIIIE JAHHBIX JUISl BEIIOJIHEHHS TOM ke 3aaaun, 94To u PPO. Onnako SAC o0braHO Tpedyer
OousibiX 00HOBJIEHUM Moaenu. SAC SABIICTCS ONTUMAIIBHBIM BBIOOPOM 17151 60J1e€ CIOKHBIX
WM MeJUIeHHBIX ycioBuid (mpumepro 0,1 cexynnbl Ha mar wiu 6onee) [14]. Takxke SAC pa-
00TaeT Mo MPUHIIUITY «MaKCHMaJIbHON SHTPOMUN», YTO IMO3BOJSET MPOBOJUTH UCCIICIOBAHUS
0oJiee ecTeCTBEHHBIM 00pa3oM.

OBYYEHUWE MOJIEJIN HA BA3E CEHCOPOB

B HavanpHOI Bepcun 00y4aromero anroputMa NpuMeHseTCsl KOMIIOHEHT, UMUTHPYIOLIHHA pa-
6oty nupapa. JlaHHBIH KOMIIOHEHT NpEACTaBIseT COOOH JaTyuK, KOTOPBIM MNOJAEpKUBAET
HAOJII0/ICHUS Ha OCHOBE U3JIyUYEHMs JIydel, UCXOIALINX U3 LIEHTPAJIbHONW TOUKY are’Ta. DTOT Jat-
YUK c10co0eH (PMKCUPOBATh PACCTOSHUS A0 OKPYKAIOIIUX 00BEKTOB, 00ECIeUnBasi TEM CaAMbIM
pacIIMpeHHOe BOCIIPUATUE OKpYIKarome cpeabt [15].

B nponecce o0yueHus OblIM BBISBICHBI pa3IMyHble MPOOIEMBbl, OJTHONW U3 KOTOPBIX CTaJIO TO,
YTO areHT Ha HEKOTOPBIX y4acTKax TPACChl HE MOT IIPOJBUIATHCS JAJIBIIE U3-3a YACTBIX CTOJIK-
HOBEHMH ¢ OapbepaMH Ha MOBOPOTaX IMOC]E AOCTHUKEHMS LIEJU Ha JJIMHHOM IPSIMOM y4YacTKe.
OCHOBHOM NPUYMHON 3TOr0 OBLIO MPEBBILIEHUE CKOPOCTU areHTOM, YTO MPENSITCTBOBAJIO CBOE-
BPEMEHHON OCTaHOBKE Ha IIOBOPOTE, TaK Kak Oapbepbl OCTaBAIMCh BHE 10JIS 3pEHUS U3-3a HAX0XK-
JIeHUS LIeJH Ha uX myTu. s peleHus 1aHHoM mpobiembl B areHTe OblI J00aBiieH AyOaupyto-
M KOMIIOHEHT CEHCOPa, B PE3YJIbTAaTe YEro Kak/blil CEHCOp CIEeNHaIu3upOBaJICs Ha B3aUMO-
JIeMCTBUU C KOHKPETHBIM TUIIOM 00BEKTOB, TAaKXKe OblIa yBeJIUUEHa JAIbHOCTh UX AencTBus. Ta-
KUM 00pa3oM, OZMH CEHCOp OTCIEKUBAJI UCKIIOUUTENBHO Oapbepbl, B TO BpeMsl Kak ApPYrou —
TOJIBKO 11€JI1, U 00a ceHcopa obecrieunBaiu 00see JaTbHIOI0 BUIUMOCTD.

3T0 N3MEHEHHE MO3BOJIMIIO YCTPAHUTh IPOOIeMy Ha IOBOPOTAX MOCIE pa3roHa, TaK Kak Kax-
IBIA CeHCOp (PYHKIIMOHUPOBAJ HE3aBUCHMO, IPEAOTBpaIlas BOSHUKHOBEHHE Cilenbix 30H. On-
HAaKO 3TO BBI3BAJIO HOBBIN 3((eKT: ceHcop, B3aUMOICHCTBYIOIIMNA C LENIAMHU, Hadal o MeuaTh
1enu 3a 6apbepaMu, YTO MHOTA MPUBOJIMIO K HAMEPEHHBIM CTOJIKHOBEHMSIM areHTa C MpersT-
CTBUSIMHU B IIONBITKE JIOCTHYB LIEJIM HAa COCEAHMX Y4acTKax Tpacchl. [lyid ycTpaHeHHs 9TOW Mpo-
651eMbl OBUIO pelIeHO BU3yalu3UpOBaTh TOJILKO OAHY 1INk 3a pa3. IlepexiroueHne Mexuay Le-
JISIMU pEaTM30BBIBATIOCH 10 MEPE MPOXO0KIEHUS TPACCHI.

Ha HaganbHOM 3Tare areHT JEMOHCTPUPOBAJ IIPOU3BOJIBHBIE IEHCTBHS, UCCIENYSI OKpYXKa-
IOLYIO Cpely, — 3TO MOYKHO OXapaKTepu30BaTh Kak ¢asy uccienoBanus. [lox BiusiHueM ctu-
MYJIOB areHT HaunHaj MOCTENeHHO 0OCO3HABaTh, YTO €r0 OCHOBHOM 3a/1aueil siBisieTcst mpuoiu-
JKEHUE K LIeJIAM U U30eraHue NmpensiTCTBHIl, XOTs 3TOT Ipoliecc 00ydeHUs MPOUCXO Ul JI0-
BOJIBHO MEJJIEHHO.

bbuin 3ameueHsl cilydau, KOI/1a areHT 3aCTpeBall Ha OIPEEIEHHbBIX Y4acTKaX TPAacChl, a TAKXKeE,
OBJIAJICB HaBBIKAMU HA OJIHOM Tpacce, UCIBIThIBAI 3aTPYAHECHUS Ha APYTOil, B HETUIINYHBIX AJIS
HEro CUTyanusx. 9To 00ycJIOBIEHO TEM, YTO areHT MPUBBIKAI K 3JIEMEHTaM OJIHOTO MapIlIpyTa H,
NIOMaJ1 B HEU3BECTHBIE YCJIOBUS, HE Cpa3y HaXOAWJI ONTHUMAJIbHYK CTPAaTEruio ACHCTBHM, YTO
MOYKHO OTHECTH K SIBIIEHHIO mepeoOydenusi. OJHaKo JaHHOE sIBIIEHUE HE MPEeACTaBiIsieT coOOH
cepbe3HOl MpobiemMbl, TpeOyIolel BHEITHET0 BMENIATeNbCTBA, TaK KakK MpPU MPEAOCTaBICHUU
areHTy OOJIBIIEro KOJMYECTBa BPEMEHHU HA TPEHUPOBKY OH CaMOCTOSTENILHO MPEO0JI0JIeBaeT 1o-
TOOHBIE TTPETISITCTBHUSA.

B xone npumMeHeHHs] MUMUTALlMOHHOTO 00YYEeHMsI areHT He JI€MOHCTPUPOBAJ MTHOBEHHOE BBI-
nosHeHue Mapuipyra. [loBeneHue areHrta crtano Oojiee yBEpEHHBIM, U Oiarojapsi HHTETpaluu
UMHTALMOHHOTO MOJICTUPOBAHMS C TPAJUIIMOHHBIM MOX010M 00yUeHHs JeiCTBUS areHTa ObLTH
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6osee apdhexTuBHBIMU. [Ipr COOTBETCTBYIOMIEH HACTPOMKE MHTEHCUBHOCTH BO3JICHCTBUSI UMH-
TAIIMOHHOTO KOMITOHEHTA ITOJIOKUTEIIBHBIC Pe3yJIbTaThl CTAHOBUIIMCH OYEBUAHBIMU. Jlaxe mpu
OTrpaHUYEHHOM BpEMEHHU Ha oOyuyenue, sxkBuBanieHTHOM 250 000 neiicTBusiM, HaOIO1a)1ach 3HA-
YHUTENIbHAS Pa3HUIAa B CKOPOCTH OCBOCHHMS 33aHUi. B 4acTHOCTH, B paMKax CTaHIapTHOTO 00y-
YEHUsI C MOJKPEIUICHHEM areHT MOT He 3aBEpIIMTh HU OAHOro Mapuipyta. OIHAKO MPH UCIIOJb-
30BaHUM MMHUTALMOHHOTO OOYUYEHHMs areHT JIEMOHCTPUPOBAJ CIOCOOHOCTH MPOXOKACHUS He-
CKOJIBKHMX TPAcC, JOCTUTAsA 10 17 MapuIpyTOB B yCTaHOBJICHHBIC BPEMEHHBIE PAMKH.

Jiist cpaBHEHUS pe3yIbTaToOB ObUIa cocTaBiIeHa Tabuuma | mo kaxxaomy u3 areHToB. B Tabnure
Ipe/ICTaBICHBI PE3yIbTaThl 00YUEHHS areHTOB 110 B3aUMOICHCTBHUIO co cpeoil. OCHOBHBIE ITapa-
METpBI — 3TO KyMYJISITHBHAs HAarpaja u JUIMHA SIH30/4a.

Taoauya 1./ Table 1.

Epochs Cumulative reward | Cumulative reward Episode length Episode length

(PPO) (SAC) (PPO) (SAC)

Ok 0 0 1600 1600
40k 2 1 1400 1500
80k 5 3 1200 1300
120k 7 6 1000 1100
160k 8 7 900 1000
200k 10 9 800 900

Mertpuka KyMyJISTUBHOM HarpaJsl 1€MOHCTPUPYET CIOCOOHOCTh areHTa MPUHUMATh P Qek-
TUBHBIE pellleHus B Iporiecce o0ydeHus. Harpana ciyXUT HHAMKATOPOM YCHEIIHOCTH BBIIIOJIHE-
HUS 327129 areHToM. [laHHbI mapameTp npu o0ydeHun arenra PPO mocrenenHo yBennuBaercs,
YTO CBUJCTENILCTBYET 00 yIydllleHuu cTpaTeruu arenta. Ha mocnennux stanmax ooyuenus (160k
1o 200k) Harpasa qocturaeT MakCuMyMa.

[TokazaTenu JUIMHBI SNIM30/a YKa3bIBAlOT, CKOJILKO I1aroB HEOOXOJIUMO areHTy AJid 3aBep-
meHus snu3ona. Ha pannux stanax o6yuenus (0Ok — 80k) aynnHa snu3ona Oblaa BEICOKOH, HO
MOCTENEHHO CHMYKAETCs, YTO MOKa3bIBaeT ajanTtanuio arenra k cpene. K 200k maram mnHa
crabunusupyercs Ha ypoBHe 800-900 miaroB, 1eMOHCTPUPYS, YTO areHT Haydwics >pdek-
TUBHO JOCTUTaTh LIEJIEH.

Hcxons u3 JaHHBIX, MOKHO CZENAaTh BBIBOJ, UTO areHT YCIIEUIHO aJalTUPYETCs K YCIOBUSAM
00yueHus1, yiIydlnasi IpOU3BOJAUTEILHOCTh U B3aUMOJICHCTBUE C OKpyskatomiei cpemon. Taxxe
OBLIM MOJTYYEHBI JaHHBIE, TOKA3bIBAIOIIME TMHAMUKY IIOTEPH B Mpoliecce 00y4YeHUs areHTa. OTu
JTAHHBIE MIOTYEPKUBAIOT MPOIPECC areHTa 1 €ro B3aMMOJICHCTBHE C OKPYKAKOLIEH CpeIoi.

Kak cnenyer u3 nanHbIX, IpeICTaBICHHBIX B Ta0bnuile 2, mokasarens GAIL Loss (motepu, cBs-
3aHHble ¢ MeTosoM Generalized Adversarial Imitation Learning [16]) aemoHCcTpHpyeT ycToituu-
BYIO TEHJICHIIMIO K CHIKeHMI0. Ha HauaneHOM 3Tane oOyueHus norepu coctasisuu 1.10, ogqHako
K 200 ThICSYaM UTEpanuii 3TOT noka3arenb cHu3uics A0 0.60. Takas nMHaMUKa CBUAETEIbCTBYET
0 TOM, YTO areHT YCIEIIHO aJallTUPYETCs K CPEIE U TOCTENEHHO YIy4IllaeT CBOU CTPATETUH, MH-
HUMU3UPYSI OMIUOKHU B IIpoliecce 00ydeHUsl.
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Tabnuua 2./ Table 2.

Epochs GAIL Loss Policy Loss Pretraining Loss Value Loss
(PPO) (PPO) (PPO) (PPO)

Ok 1.10 0.20 0.75 60
40k 0.90 0.18 0.70 45
80k 0.80 0.15 0.65 30
120k 0.75 0.12 0.60 25
160k 0.65 0.05 0.56 20
200k 0.60 0.04 0.55 19

[Tapametp Policy Loss, oTpakaromuii moTepu, CBI3aHHbIE C MOJIUTUKON areHTa, TAKXe Io-
Ka3bIBaeT 3HAUMTENbHOE yhyulieHue. Ha HauanbHbIX 3Tanax o0yuyeHUs 3HaUeHUE JaHHOTO Ia-
pameTtpa coctasisuio 0.20, onHAKO K KOHILY 00yueHus: oHO CHU3MWIOCH J10 0.04. DTO yka3biBaeT
Ha 3(Q(PEeKTUBHYIO ONTUMHU3ALUIO TIPOIEcca MPUHATHS PEIICHUH areHTOM, YTO TOATBEPKIACT
€ro CloCOOHOCTh KOPPEKTUPOBATH CBOU JIEHCTBUS B COOTBETCTBUU C U3MEHSAIOIIMMUCS YCIIO-
BUSIMH CPEJIbI.

[Tokazarens Pretraining Loss, xapakTepu3yIonuii MOTepy Ha dTare npero0ydeHus, TAaKxKe Je-
MOHCTPUPYET HOJ0KHUTEIbHYI0 JUHAMUKY. McX01HOE 3HaYeHne TaHHOT' O [TapaMeTpa COCTaBIISIIO
0.75, otHaKo K 3aBepIIEHUI0 00Y4YEeHUsI OHO CHU3MIOCH A0 0.55. DTO CBUAETENBCTBYET O TOM, UTO
npoliecc npeao0ydeHus ObUT YCIEUIHO 3aBEpIIeH, U areHT cMor 3()(peKTUBHO HCII0JIb30BaTh I10-
Jy4YEeHHbIE Ha 3TOM 3Talle 3HaHUA I JajJbHEeHIIero o0yueHus.

HauOonee 3ameTHoe ynyuleHue Habmogaercs B napamerpe Value Loss, KOTOpbIi oTpakaeT
HIOTEPH, CBSI3aHHbIE C OLICHKON IIEHHOCTH JielicTBUi areHTa. Ha HauanbHOM 3Tarne o0y4eHus 3Ha-
YeHHe ITOro napamerpa cocrasisiio 60, ogHako k 200 TeicsiluaM UTEpaluii OHO CHU3UIIOCH 10 19.
Takoe pe3koe CHMKEHUE YKa3bIBaeT Ha 3HAUMTENIbHOE YIIydllIEeHUEe CIOCOOHOCTH areHTa OleHU-
BaTh IIEHHOCTh CBOUX JIEUCTBUH, UTO SIBJISETCS KIIOUYEBBIM (PAKTOPOM JUIS MOBBIIIEHUS YPeK-
THUBHOCTH €T0 CTPaTEruil.

TakuMm oOpa3om, aHAJIN3 IPEICTABICHHBIX JaHHBIX ITO3BOJISIET CAENATh BBIBO, YTO UCIOIb30-
BaHue meroaa GAIL cnocoOcTByeT 3HaUNTENbHOMY YIYUIICHUIO TOKa3aTesnel 00yueHus areHTa.
CHmxenue norepb 1o BceM kiroueBbiM napamerpaM (GAIL Loss, Policy Loss, Pretraining Loss
u Value Loss) noarsepxaer 3pGeKTUBHOCTh JAaHHOTO MOJAXOJa JJIi ONTHMM3ALUN CTpaTerui
areHTa B 3aJJaHHOMU cpene.

B tabnuue 3 npencraBieHbl JaHHbBIE O MOJIUTHKE 00yUeHHs areHTa, Ha OCHOBAaHMM KOTOPBIX
MOJKHO CYJIUTb O IPOU3BOIUTENBHOCTH Noaxoa. [IpencraBieHHbIE METPUKHU TIOMOTAOT OLIEHUTH
IIPOIPECC areHTa M ero afanTalyio K JTHHAMUYHOHN Cpefe.

HccnenoBanue AMHAMHUKH W3MEHEHMS KJIIOUEBBIX MAapaMEeTpoB B Mpoliecce 00yueHHs! HHTEN-
JIEKTYaJIbHOTO areHTa BBISBISET Psij 3HAUUTEIbHBIX TPEHJIOB, YKa3bIBAIOIIMX Ha MOBBIIIAIOINILY-
10cs 9 PEKTUBHOCTD €T0 CTpaTeruii U OOILYIO MPOYKTUBHOCTD. JleTanbHbli aHaIN3 JaHHBIX 03~
BOJISIET 3aKJIFOYUTh, YTO MO3UTUBHBIE U3MEHEHHS OTPAXKAIOTCSI HA CTAOMIIBHOCTH U JIETEPMUHHU-
POBAHHOCTH MPUHUMAEMbIX ar€HTOM PELLEeHUH.

[lepBoe BHUMaHUE 3aciaykKuBaeT KodpuiueHT 06era, KOTOPbIA JEMOHCTPUPYET MOCIIE0Ba-
TEJIbHOE CHM)KEHHUE. DTOT (PAaKT yKa3bIBaeT HA YMEHBIIEHUE CTOXaCTUYHOCTH B BBIOOPE areHTOM
neiictuil. [lo Mepe 3aBepiieHHs mporecca 00ydeHus AaHHBIA Ko3dduimenT npubnmxaercs K
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3HadeHuro 1.50, 9TO CBUIIETEILCTBYET O MEPEXOJIe areHTa K 00Jiee CHCTEeMaTU3NPOBAaHHOMY TTO/I-
XOJly B IPHUHATUU PELICHUNU. DTO MOKHO MHTEPIPETUPOBATh KAK YCIICIIHOE YMEHbBIIECHHUE CITy-
YaifHBIX KOJIeOaHU B JCMCTBUSX areHTa, YTO CIIOCOOCTBYET OMTHUMM3AINH €TI0 CTPATETHiA.

Taoauya 3./ Table 3.

Epochs Beta | Entropy | Epsilon | Extrinsic Reward | Extrinsic Value Estimate | GAIL Expert Estimate
(PPO) | (PPO) (PPO) (PPO) (PPO) (PPO)

Ok 4.40 2.10 0.20 0 0 0.60
20k 3.80 1.90 0.18 0.50 0.40 0.65
40k 3.50 1.60 0.16 0.80 0.60 0.70
60k 3.00 1.30 0.14 1.00 0.75 0.75
80k 2.50 1.20 0.12 1.50 0.80 0.75
100k 2.00 1.15 0.10 1.70 0.85 0.80
120k 1.80 1.00 0.08 1.80 0.70 0.85
140k 1.70 0.90 0.06 1.90 0.60 0.85
160k 1.60 0.80 0.05 2.00 0.65 0.90
180k 1.50 0.70 0.05 2.10 0.72 0.92

OHTpOIUS SABJISIETCS €111€ OJJHUM KIJIFOUEBbIM II0KA3aTeJIEM, U €€ JUHAMMKA [T0KA3bIBAET YMEHb-
nIeHue. JTO YKa3bIBAaeT Ha BO3PACTAHNE YBEPEHHOCTH areHTa B BBIOOPE ONTHMAIBHBIX CTPATETH
U COKPAILEHUE HEOINPENEICHHOCTH B €ro JeHCTBUAX. [laHHbIE N3MEHEHNUS TOATBEPKAAIOT TUIIO-
T€3y 0 TOM, 4TO IpoLecc 00yueHus M03BOJIseT POPMUPOBATH Y areHTa yCTOMUUBBIE U TOBTOPsiE-
MBIE CTPAaTEruy NOBEACHUS.

[TapameTp ICUIIOH, OTPaKAKOLIUHI CTEIIEHb CIIy4YalHOCTH B IEUCTBUSX, TAK)KE CHUXKAETCS, 10-
cturas 3HaueHus 0.05 k punany o0yuenus. Takoe pa3BUTHE COOBITHH yKa3bIBaeT HA YMEHbILICHHUE
JIOJM CITy4alHBIX PEIIeHUH U POCT HA/JEKHOCTH CTpaTeruil, BHIOMpPAaeMbIX areHTOM. ATEHT BCe
MEHEee 3aBHCHUM OT ClTydyalfHOro BbIOOpa M Bce OoJiee mojaraeTcs Ha yCBOGHHbIE CTPAaTeruu, 4To
CBUJIETENILCTBYET 00 ycrexax B 00y4eHHH.

[TapameTp BHEMIHUX Harpaj MoKa3blBaeT YCTOMUYMBYIO ITOJOKUTEIBHYIO JUHAMUKY B TE€Ue-
HHUE BCEro Inpoiiecca 00y4yeHus!, 03Hayas, 4To areHT 3(pPEeKTUBHO pelIaeT MOoCTaBICHHbIE 3a-
Jlayd ¥ MOCTEIIEHHO MOBBILIAET CBOI PE3YyJIbTaTUBHOCTL. POCT BHEIIHUX Harpaj JeMOHCTpPH-
PYET, UTO areHT He TOJIbKO MPHUCIIOCA0INBAETCs K OKpYyKarollel cpesie, HO U aKTUBHO YJIy4-
11aeT CBOM MOKA3aTEIIH.

[TapameTpsl BHEIIHEH IEHHOCTH, OTPAXKAOIUe YCIEUTHOCTh OL[EHKH areHTOM COOCTBEHHOM
JEeSITeIbHOCTH, TAK)KE JIEMOHCTPUPYIOT MOJIOKUTEIbHYIO AUHAMUKY, TOATBEPKIasi, 4To o0yue-
HUE TOJIOKUTENIBHO BIUSAET Ha €r0 CIIOCOOHOCTHU OLIEHUBATH IEHHOCTh COOCTBEHHBIX JEHCTBUM.

Hakomner, onienka skcnepta, ocHoBaHHast Ha Metoanke GAIL, mokaspiBaeT, 4To areHT Bce 00-
Jie€ TOYHO U YCIIEITHO BOCIIPOM3BOAMT IKCIEPTHBIE CTPATErMH. ITO TOBOPUT O TOM, YTO IPOLIECC
00yuyeHHsI TPUOIMIKACT €ro MOBEeIeHUYECKHE NAaTTEPHbI K SKCIEPTHBIM, UTO SIBIISICTCS KIIIOUEBBIM
MIOKa3aTeseM ycIexa.

B 3akiroueHre OTMETHM, YTO MPUBEACHHBIM AHAIN3 KJIIOUYEBBIX MapaMeTPOB MOATBEPKIAET
YCIIEUIHOCTh 00YUYEHHsI areHTa, KOTOpoe CIIOCOOCTBYET 3HAYUTEIHHOMY YIYUIICHHIO €ro cTpare-
ruyeckoi 3 pexTuBHOCTH. CHU)KEHUE CTOXAaCTUYHOCTH B JIeJie, YBEIMUEHUE YBEPEHHOCTH, POCT
BHEIITHUX HArpaj U pa3BUTHE CIIOCOOHOCTEH MO0 MMMTAIMU 3KCHEPTHOrO MOBEIEHUS AEMOHCTPHU-
PYIOT, 4TO areHT aKTUBHO aJaITUPYETCS K CPEAE U JOCTUTAET BO3PACTAHUS IPOU3BOAUTEIBHOCTH.
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Ha ocHOBe naHHOTO aHanM3a MOXKHO YTBEPXKAATh, UTO areHT, OCHAIICHHBIHN JIy4eBbIM CEHCO-
POM, J€MOHCTPHUPYET HAUBBICIIYIO PE3YJIbTATUBHOCTH B BBINOJIHEHUWU MOCTABIECHHBIX 3a71a4. B
AKCIIEPUMEHTANIbHBIX YCIOBUSIX, IpH Kctionb3oBanuu PPO ¢ numutom B 200 000 utepanuii, naH-
HBII areHT yCHenIHo Mpeoaoies okoio 20 Tpacc, 4TO 3HAUYUTEIBbHO MPEBOCXOAUT PE3yJIbTATHI,
MOJy4YeHHbIE NpH ucnob3oBaHuu SAC.

MOJEJIL HA OCHOBE CETOYHBIX CEHCOPOB

B nanHO cuMyIsIMK B Ka4eCTBE KIIOYEBOI'O CEHCOPHOTO AJIEMEHTA UCIOIb30BaJIC MOIYJIb
JUIsl pacliO3HaBaHMs JIBYX KaTeropuil 00bEKTOB: IPerpajsl U LeneBble TOUKU. BusyanbHast uieH-
TU(UKAIMS HAa CETKE OCYIIECTBIISIACH Yepe3 I[BETOBOE KOAMPOBAHUE: IIEIH BBIICISUTUCH 3elie-
HBIM, a 6apbepbl — KpacHBIM 1IBeTOM. CeHcopHast MaTpuiia obaagaeT pa3mMepHocThio 20x20 sueek,
KaXKaasi U3 KOTOPBIX cocTaBiseT 0.5 yCIOBHBIX eqUHUIL. DTO CETOYHOE MOKPBITHE 00ecreunBaeT
areHTy aHaJIN3 U BOCIIPUSATHE OKPYKaOMIKUX 00bekToB [17].

[Ipu BHENIHEM MOHHUTOpPHHIE OOyYarIIeH AUHAMHUKH OTMEYEHBI 3HAUUTEIbHBIC TPYIHO-
CTH, BOHUKILIME Y areHTa B Mpollecce OCBOCHUS 3a/1aun. Bo3MOXHbIE MPUUYUHBI MOTYT BKJIIO-
yaTh Hed((PeKTUBHBIC HauadbHbIEC MapaMeTpPhl KOHPUTYpPALUH WU HEAOCTATOYHYIO MPOJI0JI-
KUTEIBHOCTH TPEHUPOBOYHOTO Nepuoaa. s yinydieHus: pe3yibTatoB HE00X0IMMO pOBe-
CTHU JaJIbHEHNIINE SKCIIEPUMEHTHI, BKIIOUAIOIINE KOPPEKIIUIO TUIIEPIIapaMETPOB U YBEIMUECHHUE
BpEMEHHU 00yUYeHUS.

Tabnuna 4 cogepkuT pe3ynbTaThl IpuMeHeHus anroputMoB PPO u SAC, uro no3BomseT ore-
HUTH UX YPPEKTUBHOCTH M ONPEICIIUTh HATIPABIICHUS JIJIsI ONITUMHU3AIIHH.

Taonuya 4./ Table 4.

Epochs Cumulative Reward | Cumulative Reward | Episode Length Episode Length
(PPO) (SAC) (PPO) (SAC)
Ok 0 0 1800 1800
20k 2 15 1600 1700
40k 3 2.0 1400 1500
60k 6 3.0 1200 1300
80k 7 4.5 1000 1100
100k 10 5.0 800 1000
120k 12 6.0 600 900
140k 14 8.0 500 700
160k 15 10.0 400 600
180k 16 12.0 300 500

AHanu3 TMHAMUKH MapaMeTpa KyMyJSTUBHOM Harpaisl s anropurma PPO nemoncTpu-
pPYeT YCTOHYMBBINA POCT OT HAYAJIBHOTO 3HAUYEHHUS, OJU3KOT0 K HYJIO0, 10 16 equHUIl K 3aBep-
meHuto o0yuenus. Takas nojoXXUTeNbHas AMHAMHKA CBUICTEIbCTBYET O IOCTEIIEHHOM YJITyd-
IIIEHUH HaBBIKOB areHTa U €ro CrmocoOHOCTH Y(PHEKTUBHO B3aUMOICHCTBOBATh C OKPYIKAIOIIEH
cpenoii. B To xe Bpems, nis anroputma SAC Takke HaOI0aeTCsl yBEIUYEHUE KyMYISTHUB-
HOW Harpajpl, OJTHAKO €r0 PE3yJIbTATHI ABJISIOTCS MEHEE BBIPA)KEHHBIMU MO cpaBHEHUIO ¢ PPO,
YTO MOKET YKa3bIBaTh HAa Pa3inuus B 3()(HEKTUBHOCTH TaHHBIX METO/I0B B KOHTEKCTE ITOCTaB-
JICHHOU 3aJa4H.
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Hns anroputma PPO miuna snu3onoB cokpatunack ¢ 1800 qo 300 maroB, 4To CBHAETENb-
CTBYET O 3HAYUTEIHLHOM IOBBIIICHUN 3(PPEKTUBHOCTH areHTa. Y MEHbBIIICHUE MTPOIOJIKUTEIHLHO-
CTH 3TIIU30/I0B, COIIPOBOKIAEMOE POCTOM KYMYJISTUBHOW HArPaJIbl, IOATBEPKAAET ONITUMHUBAIIUIO
CTpaTervy areHTa U ero crocoOHOCTh OBICTPEe JOCTUTATh IEIEBBIX COCTOSHUI. JTO YKa3bIBaeT
Ha TO, YTO areHT HE TOJBKO YJIy4IlIaeT CBOU HABBIKH, HO U CTAHOBHUTCS 0OJIee palliOHAILHBIM B
HCIIOJIb30BaHUU PECYPCOB U BpeMeHu. TakuMm obpasom, ob6a anroputma — PPO u SAC — nemon-
CTPUPYIOT YCIICITHYIO aJallTalluI0 K CpeJie U CTa0MIBbHBIN Iporpecc B npouecce ooydenus. Og-
Hako PPO mokazan cebs sydie, ¢ CBA3M C 4eM jgayiee OyaeM IMPUBOAWTH aHAIHU3 IO JAaHHOMY
anroputMy. Pe3yabTaThl MOHUTOPHHTA ITOBEACHMS ar¢HTa MPEICTABICHBI B TaOIUIE 5.

Taoauya 5./ Table 5.

Epochs GAIL Loss Policy Loss Pretraining Loss Value Loss
(PPO) (PPO) (PPO) (PPO)

Ok 0.50 0.052 0.85 70
20k 0.45 0.051 0.78 50
40k 0.40 0.050 0.69 30
60k 0.35 0.055 0.60 25
80k 0.30 0.049 0.55 20
100k 0.25 0.047 0.50 18
120k 0.20 0.045 0.48 15
140k 0.15 0.046 0.40 14
160k 0.10 0.040 0.30 12
180k 0.05 0.039 0.20 10

Ananu3 nuHaMuku u3mMeHenus napamerpa GAIL Loss yka3bIBaeT Ha HEAOCTaTOUHYIO 3 dek-
TUBHOCTbH TEKYIIEH MpoIelypbl KIOHUPOBaHU MoBeaeHus. Habnogaemoe He3HaUNTENbHOE CHU-
KEHHE YPOBHS OTEPb CBUIETENLCTBYET O TOM, YTO MOJIEJIb HE CIIOCOOHA TOUHO BOCIIPOM3BOINUTh
JKCIEPTHBIE CTPATETUH. DTO yKa3bIBAE€T HA HEOOXOIUMOCTh IEPECMOTPa MOAX0Aa K 00yUEHHIO,
MOCKOJIbKY TeKyIasi KOHQUrypamus He JOCTUTaeT J0CTaTOYHO BBICOKON TOYHOCTH B MMMTAIMU
LIEJIEBOTO NTOBEICHUS.

[Tapametp Policy Loss, cBsi3aHHBINM ¢ TOTEPSIMU areHTa MpH peaau3aluu CTPaTeruu, MPaKTh-
YeCKM HE M3MEHSEeTCs Ha MPOTSKEHUU Bcero oOyueHMs. Takas cTarHauus NpearnosiaraeT, uyTo
areHT He Coco0eH aJanTUPOBATh CBOU CTPATETUH, BOZMOXKHO, W3-3a HEAOCTATOYHONU TMOKOCTH
MO/JIENI WJIM HEONTUMAJIBHBIX TUIIEpIIapaMeTpoB. DTO MOTYEPKUBAET HEOOXOJUMOCTb TIATEIb-
HOM HAaCTPOMKHU alropuTMa JIjsl yIy4ylIeHUs [IPOLecCOB 00yUEHUS.

Value Loss, oTBeuaromuii 3a moTepu, CBI3aHHbIE C OLIEHKON IIEHHOCTH JeHCTBUM, TaKXkKe Jie-
MOHCTPHUpPYET HeuJeallbHOe MoBeAeHne. XOTs Ha HaYaJbHBIX 3Tanax oO0y4eHHs MOKHO HalIo-
JaTh OKUAAEMBII POCT MOTEPD, Jajiee MPOUCXOIUT UX YBEIMYEHHE M10C/Ie KPaTKOCPOYHOTO CHU-
JKEHUS, YTO MPOTUBOPEUNUT OXKHUIAEMBbIM TEHACHUUAM. Takass qTUHAMHKaA CBHJIETEIBCTBYET O He-
CHOCOOHOCTH MOJIENIM TOYHO MPOTHO3MPOBATh OyaylIue ACUCTBUS, YTO MOXKET OBITh BBI3BAHO
OTpaHUYEHUSMU apXUTEKTYPhl UM HEJJOCTATOUHBIM 00bEMOM 00YYarONINX JaHHbIX.

B o0mieM BbIsSIBJICHHbIE aHOMAJINU B JMHAMUKE MapaMeTPOB MOTEPh MMOIYEPKUBAIOT HEOOXO-
JUMOCTb [IEPEeCMOTpa METOAOB 00ydeHus. [ qocTikenus 6ojee yCTOMYMBBIX U POTHO3HUpPYe-
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MBIX Pe3yJIbTaTOB TPEOYETCs IPOBECTH YIIIyOJICHHbIC NCCIICIOBAHUS, HAIPABICHHBIC HA ONITHMH-
3alUI0 TUIICPIIApaMCTPOB, COBCPUICHCTBOBAHUC APXUTCKTYPbBI MOACIU U YBCIUMUYCHUC ob0beMa
JaHHBIX. JInmn Ipu yCTpaHCHHUUN 3THUX HECIOCTATKOB BO3MOXKXHO 3HAYWUTCIIBHOC YIYYHICHUC 3(1)-
(DEeKTUBHOCTH U TOYHOCTH MOJICIIH.

AHanu3 pe3yinbTaToB CUMYIISIIMU, B KOTOPOW HCIIOJIB30BAIUCH CETOYHBIC CEHCOPBI, ITOKa3all
HEYJIOBJIETBOPUTEIIbHBIE TOKA3aTENIN. ITO MOXKET OBITh CBA3aHO MO0 ¢ HEI(P(HEKTUBHOCTHIO CEH-
COPHOT0 KOMITOHEHTA, JIN0O C HEJOCTATOYHBIM Ka4eCTBOM JIAaHHBIX JIEMOHCTPAIIMOHHOI BEPCHH,
UCIIOJIb3YEeMOH Ut UMUTAMK. Hu3kasi pe3ysibTaTUBHOCTh OOBSICHSACTCS] OTPaHHYCHHOI CII0CO0-
HOCTBIO CETOYHBIX CEHCOPOB TOYHO PAcliO3HABaTh M HHTEPIPETUPOBATH BaXKHBIC JJIEMEHTBI OKPY-
XKAIOIIEH CPeJIbl, YTO BEJET K HEONTUMAIBHBIM CTPATErHsiM. Takxke BOZMOXKHAs IPUYUHA 3aKJITFO-
qacTCAa B HeI[OCTaTO‘IHOﬁ PCIPE3CHTATUBHOCTU MPEAOCTABIICHHBIX JAHHBIX, YTO OTPHULIATCIBHO
CKa3bIBaeTCs Ha MPOIlecce O0yUCHUSI.

Jlst moBbImeHust 3)(HEKTUBHOCTH 00yUCeHUS 1[e7eCO00pa3HO MepecMOTPETh METOBI U Mapa-
METPBI, BKJIOYasi MOJTU(UKAITUIO apPXUTEKTYPBI CEHCOPOB, ONITUMH3AIIIIO THIIEPIIapaMeTpOB 00Y-
YCHUA U YIIYyUYIICHUEC Ka4€CTBA ACMOHCTPAIMOHHBIX JaHHBIX. I[aaneﬁmne HCCIICAOBAHUSA MOT'YT
BBISIBUTH 00JIC€ ITPOYKTHBHBIC TIOIXO0/1bI K 00YUYCHUIO, YTO MTO3BOJIUT YIIYULIUTh IIPOH3BOAUTEIIb-
HOCTb arc¢HTa B pCIICHUHA ITOCTABJICHHBIX 3a4a4.

MOJEBL HA BA3E BU3VAJIBHBIX CEHCOPOB

Ha 3aBepiaroniem sTane 3KCEpUMEHTa HHTErpalis BU3yaJbHOTO CEHCOPA ChIrpajia Kitode-
BYIO pOJib, 00€CIICUMBAst BOCIIPUSITHE OKPYIKAIOIICH Cpe/ibl IyTeM 00paboTKH n3oopaxeHwuii [18].
Bxonnble n3o0pakeHust ObUIM YCTAHOBJIEHBI € pa3perieHneM 32%32 nukcens Kak MUHUMAaJIbHO
BO3MO’KHBIM, YTOOBI COXPaHUTh PA3INUUMOCTh KJIIOUEBBIX 00pa30B P MUHUMHU3AIMHU BHIYHC-
JUTENbHON Harpy3ku. Takoe yMeHbIIEHHE pa3Mepa OblI0 HEOOXOAMMO M3-3a 3HAYUTEIbHOM
pecypcoeMKOCTH 00pabOTKU BU3YyalIbHBIX JAHHBIX, KOTOpPas dKCIOHEHI[MAJIbHO BO3PACTaEeT C
YBEIMYEHUEM Pa3peLICHUS.

DKclepUMEeHTalIbHbIE YCIOBUS TMpearnoarai o0y4eHue areHTa TOJIbKO ¢ HMCHOJIb30BAHUEM
anroputma PPO. SAC, HanipoTuB, HE 1EMOHCTPUPOBAT HEOOXOAUMOM AP(PEKTUBHOCTH. ITO MO-
&eT ObITh 00ycoBIeHO TeM, uTo it SAC TpeOyercst 6osee TOHKast HaCTpoiika rureprnapamer-
POB WJIM K€ 3HAUUTENIbHbIE BEIUUCIUTENBbHBIE MOLTHOCTH JUISl IOCTHKEHUS aHaloru4HbIX ¢ PPO
pe3yJbTaToB.

ITpuMeHeHne BU3yalbHOIO CEHCOpAa ¢ HU3KUM pa3pelIeHHEM Jall0 BO3MOKHOCTb COKPATHUTh
BBIUMCIIUTENbHBIE 3aTpaThl, COXPAHSS MPU ITOM CIHOCOOHOCTh areHTa pacrno3HaBaTh IJIaBHBIE
00BEKTHI OKpy:Karolieit cpenpl. OxHako HepocTUrHyTas 3¢hekTuBHOCTL areHTa SAC roBopuT o
HE00XO0IMMOCTH POIOJDKEHNS UCCIIEJOBaHUH B 00J1aCTH ONTUMHU3ALIUH AJITOPUTMOB JIJIs1 PAaOOTHI
C BU3YQJIbHBIMU JIaHHBIMH.

Pe3ynbTaThl SKCIIEpUMEHTa XOTS M yCTYHalOT MOKA3aTeNsIM JIy4eBbIX CEHCOPOB, HO INPEBBI-
maroT 3PPEeKTUBHOCTh CUCTEMBI C CETOUYHBIMU ceHcopaMH. IIporecc 00ydeHus ycremnHo npoxo-
JIAJT JJasKe TIPU OTPaHHMYEHHOM pa3pellieHnd CEHCOPa, IEMOHCTPUPYS afanTalluOHHbIE CIOCOOHO-
CTH areHTa K paboTe ¢ HeJJOCTATKOM JIaHHBIX, YTO MOATBEPKAAET MEPCIIEKTUBHOCTh BU3YaJIbHBIX
CEHCOPOB B 3TOH cdepe.

Tabnuiel 6 1 7 MpencTaBIAIOT KITIOUYEBbIE METPUKH Mpoliecca 00yUeHus, ciryxamne 6a3on
JUIsL CPAaBHUTEJIBHOW OIIEHKU BIMSHUS PA3HbIX THUIIOB CEHCOPOB Ha 3(P(EKTUBHOCTH MOJIEIH.
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Hcxons U3 NaHHBIX IPUMEHEHHE BU3YyalbHOTO CEHCOPa MOKA3a10 CBOIO MPUMEHUMOCTD U Nep-

CIICKTHUBBI OJIA ﬂaaneﬁme I/ICCHGIIOBaHI/Iﬁ U OIITUMH3AIINN O6y‘-IeHI/ISI, HECMOTpPs HA OrpaHu-

YEeHHE Pa3pEILCHUs.

Tabauua 6./ Table 6.

Epochs Cumulative Reward Episode Length

Ok 6 1800
20k 8 1750
40k 10 1600
60k 12 1500
80k 14 1400
100k 16 1300
120k 17 1400
140k 15 1600
160k 18 1550
180k 18 1350

Policy LOSS ycTOWYMBO CHHXAETCs, MOATBEPKAas YCICIIHYIO ONTHMH3ALHUI0 CTPATEeruu
areHTa ¥ ero ajanTtanuio kK cpene. Value Loss neMoHcTpupyeT KojiebaHus: IepBOHAYAbHBIA POCT
CMEHSIETCS] BPEMEHHBIM CHU)KEHHEM U MOCJIEYIOIIUM YBETHYCHUEM, YTO YKa3bIBaeT Ha BO3MOXK-
HBIE OLIMOKHU B IPOTHO3UPOBAHUU OyAYIIUX COCTOSHUMN, BEPOSTHO, U3-32 OTPAHUYCHUN apXUTEK-
Typbl CETH WM HelocTaTka oOydeHus. Entropy nocreneHHo najaer, OTpakasi OBbIILIEHUE yBe-
PEHHOCTH areHTa B MpUHMMaeMbIX perieHusix. Extrinsic Reward crabunbHo pacrer, moaTBep-
XKAasl yaydlieHue oOuieil mpou3BoauTensHocTH. HecMoTpst Ha mpobiaembl ¢ HECTaOUIBHOCTHIO
Value Loss, cucrema mokaspiBaeT npu3Haku 3PQpekTuBHOTO oOydeHus. s yckopeHus mpo-
rpecca v cTabUIu3aluy pe3yabTaToB, BO3MOXKHO, TOTPEOYIOTCS TOMOTHUTENNbHAS HACTPOMKA T'HU-

nepnapaMeTpoB UKW YBCIIMYCHUE JJIMTCIbHOCTH TPCHUPOBKHU.

Tabnuua 7./ Table 7.

Epochs Beta Entropy Epsilon IEF;(:JV'Q?&C Extlgi;?:g;::lue G'EISEE];(?:”

Ok 4.50 2.15 0.20 0 0.30 0.40

20k 4.00 1.90 0.18 3 0.25 0.45

40k 3.80 1.75 0.16 5 0.28 0.50

60k 3.50 1.50 0.14 7 0.40 0.55

80k 3.00 1.30 0.12 10 0.50 0.60
100k 2.50 1.10 0.10 12 0.55 0.65
120k 2.00 0.90 0.08 14 0.60 0.70
140k 1.80 0.75 0.05 15 0.65 0.75
160k 1.60 0.60 0.05 16 0.67 0.80
180k 1.50 0.50 0.04 18 0.70 0.85
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OKCHEpUMEHT NOATBEPAMSI TPYJHOCTH pabOThl ¢ BU3yaJbHBIMH CEHCOpPaMH, YBEIUYHUB
BpeMsi 00y4eHHs M BbI3BaB TeXHUUYECKUE MpoOiemMbl. OHAKO, HECMOTPSI Ha HU3KOE pas3pere-
HUE CEHCOPOB U BPEMEHHBIE OI'PDAHMYEHHUs, areHT YCIEIIHO CIPAaBUIICA € 3aJa4aMH Ha IATH
Tpaccax, YaCTUYHO aJanTHPOBABIINCH K Cpelie U OCBOMB 0a30BbIe cTpaTeruu. Pe3ynbrarsl mo-
Ka3bIBAIOT, UTO J]a)Ke MPU CyOONITUMAIBHBIX TApaMETpax areHT CriocoOeH pa3BUBATHCS, OTKPHI-
Bas [IEPCIEKTUBBI U1 JaJbHEUIINX UCCIEJOBAHNMN 110 YIIYUIICHUIO PA3PEIICHUS], YBEIUYCHUIO
BpeMeHH 00y4YeHUS M TOHKOH HACTPOHKe runeprapaMeTpoB.

3AKJIFOUEHUE

HccnenoBanue MOCBAIICHO OIEHKE 3(PPEKTUBHOCTH METOIOB OOyUEHUS C MOAKPEIUICHUEM
JUIS BBIOOPA ONTUMAJIBHBIX TPACKTOPHI aBTOHOMHBIX TPAHCHOPTHBIX cpeacTB. OCHOBHOE BHUMA-
HUE yEJIEHO CPAaBHEHUIO TPEX TUIIOB CEHCOPOB — JIyUYEBbIX, CETOUHBIX U BU3yaJIbHbIX — U UX BIIU-
SHUIO Ha 00yYeHHe areHTOB, YUUTHIBAs IPEUMYILECTBA U OTPAHUYEHUS KaXKJJ0r0 U3 HUX.

JlydeBble CeHCOPBI OKA3ali HAaWTyullINe pe3yIbTaThl, Ipoiasa okoso 20 Tpacc 61aronaps Bbl-
COKOHM TOYHOCTH U JaJIbHOCTH OOHApY>KEHHsI 00BbEKTOB, UTO YJIYUIINIO HABUTALUIO U NIPEel0TBpa-
TUJIO CTOJIKHOBEHHUSI, HECMOTPS Ha IIOBBILICHHBIE BBIYMCIUTENBHBIE 3aTpaThl. CETOUHBIE CEHCOPBI
OKa3aJIMCh HanMeHee >(PPEKTHBHBIMH H3-3a HM3KOW TOYHOCTH M CIaboil alanTHBHOCTH, He-
CMOTpS Ha MPOCTOTY U HU3KHE pecypcHbIe TpeOoBaHus. Bu3yanbHble CEHCOPHI 3aHSITH CpEIHEe
II0JIO’KEHHUE, POI/I OKOJIO MATH TPACC, YTO CBUJIETENIHCTBYET O MOTEHIMAIBHOMN MEPCIEKTUBHO-
CTH IIPH YJIYUIIEHUH aITOPUTMOB U YBEJIIMUEHUH pa3pellieHus, HECMOTPS Ha BBICOKYIO BBIUNCIIH-
TEJBbHYIO CJI0KHOCTb.

AHanu3 METPHUK M0Ka3aJl yJIy4lIeHUE CTPATEruil areHTOB C JIy4YEBBIMU U BU3YaJIbHBIMU CECH-
copaMH B OTJIMYHME OT CETOYHBIX, IJi¢ HaOMI0JaluCh 3HAUUTEIbHbIE KoJeOaHus, TpeOyromiue
JanpHelmel ontuMuzanuu. PekoMenayercs npoUIuTh 00ydeHHe NIl CETOYHBIX M BU3Yyallb-
HBIX CEHCOPOB, YTOOBI CHU3UTh PUCK MEPEOOyUEHUs U YIydlIUuTh afantanuio. [lnanupyrorcs
JOTIOJIHUTEIbHBIE HCCIE0BaHUsl 10 HACTPOMKE THIEeplapaMeTpoB U TECTUPOBaHUIO Oosee
CJIOKHBIX apXUTEKTyp HEMPOHHBIX CeTel, TaKhuX Kak TpaHcQopmepbl WM TrpadoBbie ceTH,
11 00pabOTKH TaHHBIX OT Pa3HOPOAHBIX ceHcopoB. KoMOMHMpOBaHUE pa3IMUHbBIX CEHCOPOB
MOET MOBBICUTh TOYHOCTh CUCTEM aBTOMAaTHMYECKOI'O YNPABIEHUS 3a CUET YJIy4IIEHUs BOC-
HPUATHS OKPYIKEHHUS.

OO0yueHue ¢ NOJKPENIeHUEM OTKPBIBACT MEPCIIEKTUBBI 115 YIIPaBJIE€HHUsI aBTOHOMHBIM TpaHC-
HOPTOM, HO TPeOyeT ONTHUMHU3ALUHU C YYETOM BBIYHCIUTENBHBIX PECYPCOB M KayecTBa JIaHHBIX.
PesynbraThl 3aKi1aapIBaloT (PyHJIAMEHT Ui AaJbHEHUIIEro pa3BUTHs TEXHOJIOTUI aBTOHOMHOTO
BOXKJIEHUSI U CUCTEM MTOMOIIN BOJUTEIIO.
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Mopaenu 1 MeTOABI IJIy0OKOr0o 00yueHHsl B 321a4aX PACO3HABAHUSA
U KJIAaCCH(PUKANUN MeAUIUHCKHAX N300paKeHnH
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Annomauusn. B pabore npoBecHBI HCCIICIOBAHUE M aHAJIU3 MOJICIICH U METOJIOB ITy0OKOr0o 00yueHUs
B 33j1a4ax paclio3HaBaHUS 1 KIIACCU(PHKAITINH N300pakeHHH ormyxoseit Moara. J{iis cpaBHeHuUs 3(hheKTHBHOCTH
HaunboJiee aKTyaIbHBIX U IOCTYIHBIX MOJICJICH HA OCHOBE CBEPTOUHBIX HEHPOHHBIX ceTel ObLIM BHIOPAHBI
momenu VGG19, Xception u ResNet152. Hannyumme pe3ynsTaThl mokaszaia Mojaenb Xception. Ienbio
JIAHHOW Pa0OThI SIBISIOTCS ONTHMHU3AIUS W OOydYeHHE BBIOPAHHON MOJENU C MOMOINBIO Pa3IHYHBIX
METOAOB IJIA MMOBBIMICHUA TOYHOCTHU JHMAalrHOCTUKH OHyXOJ’ICﬁ T'OJIOBHOT'O MO3ra 4€JIOBCKa. HpezmoxceHa u
peani3oBaHa CTpaTerys sl yaydIeHHs 3TOW MOJICIH ¢ UCIIOIb30BAHUEM METOJIOB IIepeHOca 00YUCHUS U
ayrMCHTalluu JaHHBIX. "3 IMPOBCACHHBIX TECTOB CJIICAYCT, UTO YJIYULICHHAasA MOACIIb AEMOHCTPUPYET
0oJiee BRICOKYIO TOUHOCTh M YCTOHYHUBOCTH K Pa3IMYHBIM BUAAM HCKKEHUH TaHHBIX, 4TO JIENIacT ee bosee
3¢ dexkTUBHO 11 3a1a4 paciO3HABaHUS U KJIACCU(UKAIIUU H300PaXKEHUIMA.
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Abstract. The paper presents a study and analysis of deep learning models and methods in the
problems of recognition and classification of brain tumor images. To compare the effectiveness of the
most relevant and available models based on convolutional neural networks, the VGG19, Xception,
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and ResNet152 models were selected. The Xception model showed the best results. The purpose of this
work is to optimize and train the selected model using various methods to improve the accuracy of
diagnosing human brain tumors. A strategy for improving this model using transfer learning and data
augmentation methods is proposed and implemented. The tests show that the improved model
demonstrates higher accuracy and resistance to various types of data distortions, which makes it more
effective for image recognition and classification tasks.
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BBEJIEHUE

TexHoNOTHM pacro3HaBaHUS U KiacCH(UKAUU N300pakeHUH SBISIOTCS HEOTHEMIIEMOH Ya-
CTBHIO MHOTUX OTpacjeil 5KOHOMHKH, TAKHX KaK MEIUIIMHA, aBTOMOOMIIECTPOCHUE, CHCTEMBI 0e3-
OMACHOCTH U pa3BieueHusi. MeTo bl pacrio3HaBaHUs MO3BOJISIOT aBTOMAaTU3UPOBATh TaKUE MPO-
1IECChI, KaK M3BJIEYCHUE UH(POPMAIINH, PACTIO3HABAaHWE OOBEKTOB U JIMII, CKaTHE W300paKeHUH,
MEAMIIMHCKAs BU3yalln3allksl, a TAKXKe MOBBIIIATh UX 3(P(HEKTUBHOCTD.

PacnioznaBanue n3o0pakeHuil — 3T0 001aCTh KOMIIBIOTEPHOTO 3PEHUS U MAIIMHHOTO 00y4e-
HUSI, COCPEIOTOUYCHHAS Ha HICHTU(UKAUY 1 Ki1accu(pUKanuyu 00bEKTOB B M300payKEHUSIX U BU-
neo. [lockonbky 00beM BU3yaabHOU HHGOPMAIIUU PACTET C KaXIbIM I'0I0M, HEOOXOAUMO paspa-
0aThIBaTh HOBBIC WJIH yJIy4IIaTh HMEIOLIHECS METOABI KX 00pabOTKH.

TpanuuroHHbBIE METO/IBI pacliO3HaBaHUs H300paKEHUH BKIIIOUAIOT B CE0sl pa3IuyHbIE ajro-
PUTMBI U TEXHUKH, KOTOPBIE HCITOJIB30BAJINCH /10 IIUPOKOT0 pacpOCTpaHEeHUs TITyO0KOro 00y-
yeHus. X MOXHO MoApa3eNuTh Ha HECKOJbKO KaTerOpuil: METO/1bl, OCHOBAHHbBIE Ha U3BJIE-
yenuu npusHakos (SIFT, SURF, HOG u LBP), metos! kitaccudukaruy (METO1 OMOPHBIX BEK-
TOpOB, K-Means u JepeBbsi PELICHU) U KIIACCHYECKHE aITOPUTMBI (THCTOTPAMMHOE BhIPaBHHU-
BaHUe, puibTpanus U cerMeHTanus). OJHaKO TaK Kak 3TH METOJIbl OCHOBBIBAIOTCS Ha PyYHOM
aHaJIM3€e, OHU CTAHOBSTCS Bce MeHee 3(PPEKTUBHBIMU B YCIOBUAX OOJBIINX JaHHBIX. AKTyallb-
HOCTbh JAaHHOH paboThl 00yClIOBIE€HA pacTylUIMMHU TPEOOBAaHUSMU K aBTOMATH3allMM aHaJIu3a
BU3yaJIbHOW MHpOpMallMi U HEOOXOAUMOCTbIO pa3pabOTKU 00jee COBPEMEHHBIX, TOUHBIX U
YCTOMYMBBIX MOJIEJIeH, CIOCOOHBIX pad0TaTh B YCIOBHUSIX PEAIbHOTO BPEMEHU U € pa3HO00pa3-
HBIMU TUTIAMU JTAHHBIX.

['myGokoe oOydeHne u HEHPOHHBIE CETH MTPOU3BETN PEBOTIONHMIO B 00JIACTH Paclio3HaBAHUS
u300paxkeHui, obecrnieunBas 3HAUUTEIbHbIE YJIYUIIEHUS B TOYHOCTH U 3()(HEKTUBHOCTU MO
CpaBHEHHIO C KJlacCHueCcKUMHU MeToaaMu [1]. OCHOBHBIE METOBI U APXUTEKTYPhI, HCIIOIb3ye-
MBI€ B 3TOM 00J1acTH, IPUBEICHBI HA pUCYHKE 1.
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LeNet N ( CBEPTOYHbIE HEMPOHHbIE
AlexNet L cetn (CNN)
VGG _ .
ResNet leHepaTuBHbIE MOAE/N - Co3paHue HOBbIX
Inception ) L (GAN, VAE) ) 1306pakeHuil
p - YnyyweHue KayecTsa AaHHbIX
- WUcnonb3oBaHue ) Nepeaaya obyyeHus
npeABapUTENbHO 06YYEHHbIX L (Transfer Learning) )
mopaeneu ) p .
CermeHTauma nsobpaxxeHumn
(U-Net, Mask R-CNN) - BblgeneHue o6beKkToB
o - Knaccudumrauma
- AHanus BUAEO ( O6paboTka nocneaosaTeibHOCTEM )
- Y4eT BpeMeHHbIX L (RNN, LSTM, GRU) )
3aBuMcuMmocTen p
AyrmeHTaLms faHHbIX Bpaujerne
L MacwTrabuposaHue
Obpeska
L- B3ammo,a,ei’1crsmec 5 J__ OByeHMe ¢ noaKPSRBHMEM N3meHeHune
OKpY»KatoLei cpeaom L APKOCTH

Puc. 1. Memoov! 2ny60x020 00yueHUs: 6 pACHO3HABAHUU U300PANHCEHUL

Fig. 1. Deep learning methods in image recognition

Kak BUIHO U3 pHCYHKa, CYIIECTBYET MHOXECTBO MOJIX00B K pacCliO3HaBaHUIO M Kilaccuduka-
[IUU BU3yaJIbHOW WH(OPMALNU, OJJHAKO OCHOBHBIMH SIBJISFOTCSI CBEPTOUYHBIC HEHPOHHBIEC CETH
(CNN), xotopsie 3 dekTHBHO 00pabaThiBalOT M300pakeHUs Onarojaps CBOCH apXUTEKType
(puc. 2), IO3BOJIAIOINIECH BBISIBIATH IPOCTPAHCTBEHHBIC U BPEMEHHbBIE 3aBUCUMOCTH [2].

-

MN306pakeHune CBepTouHbIi Cnoi CBEPTOUHbII Cnoit MonHocBA3HLIN
cnom noABbIGOPKU cno noaBbi6opKM cnon

Puc. 2. Apxumexmypa ceéepmoyHot HetpOHHOU cemu

Fig. 2. Architecture of a convolutional neural network

CBepTOqHLIﬁ CIIOH SBISAETCS OCHOBHBIM DJIEMEHTOM W BBITTOJTHIET CBCPTKY BXOJHBIX TaHHBIX,
BBIACIIAA BAXXHBIC XapaKTECPHUCTUKHN 1/1306pa)KCHI/I$I Ha pa3JINYHBIX YPOBHAX a6CTpaKHI/II/I, TaKHE€ KaK
Kpasi, TEKCTypbl WK (popMmel. Jlanee JaHHBIE TOCTYAIOT HA CJIOH MOJIBEIOOPKH, KOTOPBIN 3a CUET
COXpPaHCHUA HanboJliee 3HAYNMBIX IMPHU3HAKOB YMCHBIIACT Pa3MCPHOCTb BBIXOAHBIX JAaHHBIX, CO-
Kpalasi pu 3TOM BBIUMCIUTENIbHBIE 3aTPaThl. BBIXOBI CIIOSI TOABBIOOPKH HOPMATTU3YIOTCS IS
KQKJO0ro TMaKeTa JaHHBIX, YTO MO3BOJISIET YMEHBIIUTH BIIUSHUE U3MEHEHHH B pacIpellelIeHUH
JaHHBIX U CI0COOCTBYET 3P (eKTUBHOMY U ObICTpOMY 00ydeHHIO MoJienu. B 3aBepiiarorieii ya-
CTH CETH JIaHHBIE NEPEAAOTCS B ITOJIHOCBSA3HBIN CIIOH, T/1€ KayKIblii HEHPOH COEIMHEH CO BCEMU
HEMpOHAMU MPEIBIAYIIEro cI0s. DTOT CIOW OTBEUYAeT 3a OKOHYATENBbHYIO KIacCU(UKALIUIO WIH
pPErpecCHOHHBIN aHaIN3 Ha OCHOBE W3BJIEYEHHBIX MPU3HAKOB.
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CBEPTOYHBIE HEMPOHHBIE CETH TSI AHAJIM3A MEJUITMHCKUX U30BPAXEHUIA

CaepTouHast HEHpOHHAsS CETh SABIISETCS OAHUM M3 HauOoJee MIMPOKO MCIIOIb3YEMbIX METOOB B
00J1acTH MEULIMHCKUX H300paKeHH, 0COOEHHO B 00JIaCTH aHAIN3a METUIIMHCKUX N300paKEHHIH.

Nnentudukanus n300paxeHuil OblJ1a OJHON M3 MEPBBIX 00JacTe aHaIM3a MEIUITMHCKON
Bu3yanu3anuu. KauecTBeHHBIN 1 KOJMYECTBEHHBIA aHAIN3 U300pakKeHUH, BBITIOJTHEHHBINA Me-
TOAaMU ITyOOKOro oOy4eHHs, UTpaeT He3aMEHUMYIO POJIb B MEAUIIMHCKON AUArHOCTUKE IS
KianHU4Yeckor Tepanuu [3, 4]. Kpome Toro, ucnoip30BaHHE MAIIMHHOTO OOYYEHHs Ui CEr-
MEHTallU1 MEAMIMHCKUX H300paxeHudl MoxkeT 3¢h(HEeKTUBHO MOMOYbL BpadaM MOATBEPAUTH
pa3Mep NOpaKEHHBIX OIYyXO0JIeH, KOJMMYECTBEHHO OLEHUTH 3(PPEKT 10 U mocie JeueHus, CHU-
3B Harpy3ky Ha Bpaueii [5].

[TpenmymecTBO riry00OKOro 00ydueHust, 0COOCHHO MIyOOKHUX CBEPTOYHBIX ceTei [6], 3akmoua-
€TCSl B TOM, 4TO (DYHKIIUSI PYYHOTO COOpa TaHHBIX MOKET OBITh 3aMeHeHa Y (EKTUBHBIMH aJIT0-
pPUTMaMH HEKOHTPOJIUPYEMOTO U MOIYKOHTPOIUPYEMOTro 00ydeHus MPU3HAKOB U HepapXuye-
CKOTO M3BJICYCHUS pU3HAKOB. Tak, B padorax [7, 8, 9] mpencraBieHsl IpeuMyIIecTBa CBEPTOU-
HBIX HEHPOHHBIX CETe MpHU AUArHOCTHUKE 3a00JeBaHUI HA OCHOBE KiIacCU(PHUKAIIMU U CETMEHTa-
i MPT- u KT-u300pakeHuii TOJIOBHOTO MO3Ta M PEHTTEHOBCKUX HM300paK€HUH JIETKHUX, B
YaCTHOCTH, 331a4M, B KOTOPBIX ObLIa H3y4YeHA TUArHOCTUYECKAs U MIPHUKIIAAHAS IEHHOCTH MOJICITH
n1yO0oKOoro o0y4yeHus. MeToabl r1yboKoro o0y4deHust 00y4aroT MOJIEIb CIUSHUIO C XOPOIIEH CIIo-
COOHOCTBIO K 0000IIEHUIO HA OCHOBE OOJIBIIOTO 00BbeMa JIAHHBIX, YTO MOKET C/IeJaTh MpoIecc
cnusiHUsL 0oJiee HaJIe)KHBIM U MIPEOI0JIETh HEJOCTATKH PYYHOTr0 BbIOOpa DYHKIMH, TaKKe KaK J10-
POTOBH3HA, TPYIOEMKOCTh U TIOJIBEPKEHHOCTD YE€JIOBEYECKHM OITHOKAM.

Pa3nuna mexnay cseptouHoil HeiiponHoit cetbto (CHC) U TpaguLMOHHBIMH TOJTHOCBSI3HBIMU
HEHUPOHHBIMU CETSMH COCTOMT B CIIOCOOHOCTH 3axXBaThlBaTh KOPPEJSALIMOHHBIE MPOCTpPaH-
CTBEHHO-BPEMEHHBIE 3aBUCUMOCTH B JaHHBIX, YTO MO3BOJISIET d(hPeKTHBHO 00pabaThiBaTh N300-
pPaXXEHUS M BBIICIATD JIOKabHbIe ocobeHHocTu [10].

Cy1iecTByeT MHOXKECTBO MOJENIeH CBEPTOUYHBIX HEUPOHHBIX CETEH, IIUPOKO HCIOJIb3YEMBbIX
JUTSL peLIeH s 3a/1a4 Paclio3HaBaHUs M KIACCU(HUKAIIMN MEAUIIMHCKUX n300paxenuii. Tak, B [11]
npejcTaBieH anropuT™ kiaccupukanun MPT Menkux cocy10B TOJIOBHOTO MO3ra ¢ UCIOJIb30Ba-
HHEM CBEPTOYHOU HelpoHHOU cetu. B [12] aBTophl pa3paboTann MHOTOMOTOYHYIO TITyOOKYIO
CBEPTOYHYIO HEHPOHHYIO CeTh JUIs KJIacCU()UKALUU CTAOUIBHBIX JIETKUX KOTHUTUBHBIX HapyIlle-
HUM 1715 paHHEN AMarHOCTUKU 0oJie3HH AJblrenmepa.

ABTopHI B [13] mpeacTaBwid HOBYIO MOJIEINb, KOTOpas 00bEeINHUIIA TIIyOOKHE CBEPTOUYHBIC
ceTu ¢ 0alleCOBCKUM aJrOPUTMOM JIJIsl IPOrHO3UPOBAHMS M KiIaccU(PUKAIMKM OMyXO0JIed TOJI0B-
HOT0 Mo3ra st u3oopaxenuit MPT.

WHTerpanus Moayieli BHUMaHHS CO CBEPTOYHBIME CETSIMHU TpeacTaBieHa B [14] mis Henepap-
XMUYECKOTO aHalIM3a METUIMHCKUX U300paKeHUH (3a7jaud OLIEHKU NEMEHLUH, KIacCUpUKAIHS
paccTpOMCTB MO3Ta U KJIACCU(PUKAIIHS OITyXOJIel MO3ra).

B pa6ote [15] pa3paboTaiu HOBYIO OCTATOYHYIO HEHPOHHYIO CETh /TSI KiTacCH(DHUKAITHH WH-
CylibTa. ABTOpaMHU IPOBeJeHA KOJIMYECTBEHHAs OIIEHKA MPEAJIOKEHHOTO METO/Ia B TPEX pas-
JUYHBIX CIOAX.

B [16] npoBeneHbl KOMIBbIOTEPHBIE UCCIeA0BaHMS (P (HEKTUBHOCTH IPUMEHEHHS METOIOB T1e-
peHoca riryookoro o0y4yeHus JUIsl pelIeHus 3ajaud paclio3HaBaHUs OIMyXOJIel TOJOBHOTO MO3ra
yejoBeka Ha ocHoBe ero MPT-cHUMKOB. ABTOpamMH NMpeIokKEHbI pa3IMyHble CTpaTeruu riryoo-
KOro oOy4eHusi U TOHKOM HACTPOMKHU MOJiesiel Ha OCHOBE ITyOOKHX CBEPTOUYHBIX CETEH.

B nacrosmeii pabote Mbl paccMOTpUM Haubosee akTyanbHble U foctynHsle CHC, B yacTHO-
ct, VGGNet, Xception, u ResNet [17].
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VGGNet u3BecTHA CBOCH ITyOMHOM, JOocTUTarOMEH 10 19 c10eB, M HCTIOIb30BaHHEM CBEPTOU-
HBIX CJIOCB ¢ HEOOIBIIUMU QUIBTPAMU pa3zMepoM 3x3. ApXUTEKTypa aKICHTHPYEeT BHUMaHUE Ha
IPOCTOTE U TIOBTOPSIEMOCTH CTPYKTYPBI, UTO JIEJIaeT €€ yI0OHO! /T MOHUMaHuUs U peann3arin [18].
Onnako u3-3a cBoel rimybokoi cTpyktypel VGGNet uMeeT BBICOKYIO BEPOSITHOCTD Iepeolyye-
HUS 1 MOXKET JJIEMOHCTPHPOBATH JJTUTEIFHOE BPEMs IPEACKa3aHMUs.

Xception sBisETCs yIydlleHHOM Bepcueil Inception u ucnonb3yer riyOuHHBIE cenapadenb-
HbIE CBEPTKU. JTU CBEPTKHU Pa30MBAIOT CTaHJAPTHYIO CBEPTKY Ha JIBE YaCTU: CHayaJla IPUMEHSI-
eTcs cBepTKa 1o riaybune (¢ sapom 1x1), a 3areM cBepTKa mo mpocTpaHcTBy (¢ sapom 3x3). Oto
MO3BOJISIET 3HAYUTENILHO YMEHBIIUTH KOJIMYECTBO MAPaMETPOB U BHIYUCIUTEIbHbBIE 3aTPATHI.

ResNet BBesta KOHIENIMIO OCTATOYHBIX COSAMHEHHH, 4TO TO3BOIMIIO CO3/IaBaTh OYSHb TTy00-
KHe ceTd 0e3 mpobiem 3aryxanus rpaauentos [19]. OxHako ¢ yBeIMYeHUEM KOJIMYECTBA CIOCB
TaK)Ke BO3PACTAET CIONKHOCTh MOJ00pa TUIepnapaMeTpoB U TpeOyIOTCs 3HAYUTENbHbIE BBIYUC-
JMTEIbHBIE PECYPCHI U TAMATH JJIS TITyOOKHUX MOJICNIEH.

CpaBuuM 3¢ (heKTHBHOCTB 3TUX Moeneid. i cpaBHEHUS ObLIN BEIOpAaHbI CIEIYIOIINE BEPCUU
panee onmcanHbix Mmozeneii: VGG19, Xception u ResNet152.

Mopnensam npenocTaBisoTCs H300paKeHus], Ha KOTOPBIX N300pa)KeHbl pa3IMuHbIe BUJIbI OITY-
XOJIel Mo3ra, a TaKkKe U300pakeHus1, He COo/IepKalllue OMyXoJieil. DTH JaHHbIE OPraHHU30BaHbI B
MaINKH, K&KAas U3 KOTOPBIX COJIEPKUT MHOKECTBO n300pakeHuit B popmare JPG, cooTBETCTBY-
IOIINX ONPEACTICHHBIM KaccaM: «gliomay, «meningiomay, «pituitary» u «notumor». [TockonbKy
BbIOpaHHBIE MOJIEH JIOCTYIHBI, JOCTATOYHO MPOCTO MUMIIOPTUPOBATH UX Y€Pe3 COOTBETCTBYIO-
mue OMOIMOTeKH M O0YYUTh Ha TPECHUPOBOUYHBIX JAHHBIX JJISI TMOCIEIYIOIIEr0 TECTUPOBAHMS.
OOyueHne U TECTUPOBaHKHE MPOBOAUIUCH C UCMOIB30BAHUEM OJMHAKOBBIX Ha3BaHUH MarokK, HO
C pa3HBIM COJEPKUMBIM, KOTOpbIe ObUIH B3sTHI ¢ caiita Kaggle [20]. B kauectBe maardopMsr
ucnonb3oBanack Google Colab, Tak kak 00yueHre Mozemel ToTpedyeT 3HAYUTEIBHBIX PECYPCOB.

Pe3ynbTarhl TECTUpPOBAaHUS MOJIETIEH 1O KlaccaM MpeAcTaBlIeHbl B Tabnule 1.

Tabnuua 1. Pesynvrarsl TectupoBanus moaeneid VGG19, Xception, ResNet152 no kimaccam

Table 1. Test results of VGG19, Xception, ResNet152 models by classes

Monenb Oo6miee komuuectBo | KommyectBo 00paboTaHHBIX [Ipouent
M300paKeHUN M300pakeHUH Kiacca oOHapyXeHUH Kjacca
Knacc «gliomay
VGG19 300 157 52,33%
Xception 300 232 77,33%
ResNet152 300 134 44,67%
Knacc «meningioma»
VGG19 306 9 2,94%
Xception 306 180 58,82%
ResNet152 306 115 44,67%
Knacc «pituitaryy»
VGG19 300 260 86,67%
Xception 300 277 92,33%
ResNet152 300 180 60%
Knacc «notumory
VGG19 405 369 91,11%
Xception 405 389 96,05%
ResNet152 405 263 64,94%
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N3 tabmunpl BUIHO, uto Mozienb VGG 19 nokazana cpeaHuii pe3yibTaT Ha narnke «gliomay, Ho ¢ mari-
KOHM «meningioma» CcHpaBiiiachk OYeHb 1ioxo. OIHaKO CMOIIa MPaBUIIbHO KIACCH(ULIPOBATH MOYTH
BCE M300paykeHusI U3 Marku «notumory». C rnocneHel narnkoil MozieNb CIpaBrUiIack HEMHOT'O XY Ke, YeM
C TpenpIIyIIeH, mpaBuibHO pacnosHa 260 u3 300 dororpaduit. Monens VGG19 nokazana Havmydmi
pe3yJbTar Ha narnke «notumon», 1octurayB 91,11 % Tounoctu 0OHapy»keHus, B TO BpeMs KaK HauXy/I-
UK pe3yJIbTaT ObUT 3a()MKCUPOBAH Ha TMAIKe «meningioma ¢ MporeHToM ooHapyxenust 2,94 %.

Mopnens Xception mokasaia Xopouuii pe3ynbTaT Ha nanke «glioma». Ha nmanke «meningiomay
MoJIeJIb T0Ka3alla CpeHUI pe3ybTaT, MIpaBuiIbHO pacno3HaB nouTtu 60 % nzobpaxenuii. C narm-
KO «notumor» MOZeNb CIIpaBUIIach MOYTH UAEATIBHO U [TOKa3ajia OTIMYHbIN Pe3yJIbTaT C OCIIe -
Hel mankoi. Mozenp Xception mokaszajia HamTydIliii pe3yabTaT Ha Marke «notumory, TOCTHUT-
HYB 92,33 % mnpaBuibHOro pacrno3HaBaHus. Haumxymamwmii pe3ynbraT ObUI IMOJIYyYEH B IarlKe
«meningiomay ¢ MPOLEHTOM IPaBUIBHOTO pacrio3HaBaHus 58,82 %.

Monens ResNet152 cMoria npaBuiibHO OOHAPYKUTh YyTh MEHBIIIE TTOJIOBUHBI H300paKSHUHN U3
narnku «gliomay, ¢ mankoi «meningiomay MOJIENb CIIPAaBHIIACh HEMHOTO XY’Ke, Ha TIalKe «Notumony
ObUI TIOJTy4eH pe3ysIbTaT HEMHOT'O BbIIIe cpeHero — 64,94 %, u ¢ mocneHel nankoi MoJieNnb cIipa-
BWJIaCh HEMHOT'O XYK€, YeM C mpebiayiei, pacnozHas 180 uzobpaxenuit u3 300. Hammyummmii pe-
3ynbpTaT Mozenb ResNetl52 nokazana ¢ mankoit «notumory, nocturayB 64,94 % oGHapy:keHUs, B TO
BpeMs KaK HauXy/IINiA pe3ysbTaT ObLI 3aMKCHPOBAH C ManKoi «meningiomay» — 37,58 %.

Takum 00pa3oM, 3a cueT pa3OMBKU CTaHAAPTHON CBEPTKH Ha JBE YaCTH 1O TIIyOMHE U IMpO-
CTPaHCTBY M 3HAYUTEILHOTO YMEHBIIEHUS KOJIMYeCTBa 0OpabaThIBaeMbIX MapaMeTpOB CpEeaH
BCEX MOJICIICH JIyUIINi POIICHT 0OHAPYKEHUH Kilacca MmoKasajia MoJIellb Xception.

L]envio nanHOM PaOOTHI SIBISIOTCS ONTHUMU3AIMA U 00ydYeHUe BEIOPAHHOI MOJIENH C IOMOIIIBIO pa3-
JIMYHBIX METOOB /IS TIOBBIIICHUS TOYHOCTH JUArHOCTHKH OITyXOJIei TOJIOBHOTO MO3Ta YEJIOBEKa.

VYIIVUILIEHUE MOJIEJIU PACITO3HABAHUS Y KITACCUPUKALIN N30BPAKEHUI

Hcnonszyem MeTos1 iepeHoca o0ydeHusi B pacrio3HaBaHuK M300pakeHuil. B kauecTBe 0a30Boii
MoieH Kiaccudukaryu OyaeM HCIIOoIb30BaTh MPEI00YUYSHHYIO MOIeh Xception, B KOTOPOU 3aMO-
po3um niepsbie 70 cioes. [Ton oneparueii 3aMOpo3KH OHUMAETCS MpoLeaypa (prukcanuy 3HaueHUH
BECOB CBEPTOYHBIX CJIOEB TAKMM 00pa30oM, UYTO OHU HE OyAyT OOHOBIISITHCS BO BpeMs 00yUYeHHUsI MO-
JIeJIH, YTO TIO3BOJISIET MOJIEIH JIyUIlle aaNTUPOBATLCS K OTOOPAHHBIM IaHHBIM, ITPU 3TOM YUHUTHIBAs
MH(pOpMaLUIO, KOTOpas OblIa UCIIOIb30BaHA Ha 3Tarie 00y4yeHus npeaodydeHHoi Mozenu. OcTalib-
HBIE CJION OCTAIOTCS JOCTYIHBI U 00yUeHHsl Ha OTOOpaHHBIX AaHHbBIX. Jlanee 100aBIAI0TCS HOBbIE
cion ¢ (pyHKIMEH akTHBAINK «Softmax» ¢ ykazaHueM HeoOXO0AMMOTo YUcia KJIacCoB, CIIEIUAIBLHO
npeaHa3HavYeHHBIE T 00padOTKH N300pakeHNI Ha OCHOBE MMEIOIINXCS TAHHBIX.

3aTeM MoJiellb KOMITMJIMPYETCS ¢ UCITIOIb30BaHUEM onTHMu3aTopa Adam, 3amaercs QyHKIHs
notepb categorical_crossentropy u omnpeensieTcsi METPHKa accuracy JjIsi OIEHKH TOYHOCTH.

3arem I ayrMEHTallMM JaHHbIX ucnoib3dyeM ImageDataGenerator. B atom oObekTe 3ana-
IOTCS Pa3JINYHbIC TTApaMETPhI ayTMEHTAINH, TAKHE KaK N3MEHEHHE MacIITada, BpalieHue, CIBUTH
10 IIMPHUHE U BBICOTE, C/IBHT I10 YTy, MacIITaOMpOBaHHE U TOPU30HTAIIBHOE OTpakeHUE n300pa-
KEHUH. DTH METOJbI TIOMOTAIOT MOJIENN Jydile 00padaThiBaTh H300paKECHUS U yIyUIIaloT ee
CHOCOOHOCTH K 00001eHuto. /lanee yka3piBaeM MMy Th K MaIke, COAEprKallel JaHHble i o0yye-
HUS, 33/1a€M pa3Mepbl U300paXeHUH I MOEIH, pa3Mep 0aTya i uTepaunii o0yueHus U Kiace
naHHbIX «categoricaly. UtoOsl n3bexats nepeoOyUueHHsI, HCIOIb3yeM METO1 00paTHOTO BBI30Ba
EarlyStopping ¢ cOOTBETCTBYIOIIMMHU TapaMETPaMHU.

[Tocne 3aBepiieHNs] HACTPOMKK CETH U pabOTHI C MPOrPaMMOH 3aITycKaeTcsl MpoLecc 00yUeHusI.
OOy4eHre MOCTPOSHHOM MOJIEN MPOBOIMIIOCH ¢ (DYHKIMEH moteph «categorical crossentropy» u
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nokazarejeM TOYHOCTH accuracy. HadanbHasi cKOpocTh 0OydeHHs Oblila yCTAaHOBJICHA paBHOU
le—4, monens obyvanack B TeueHue 32 310X ¢ napamerpom batch size = 32. [1o okoHuaHun
00ydYeHHs MMoIydaeTcs CIEAYIOMUi pe3yabTaT (puc. 3).

Found 5712 images belonging to 4 classes.
179/179 636@s 35s/step - accuracy: 0.8324 - loss: 0.4120
WARNING:absl:You are saving your model as an HDF5 file via "model.save() or °

Puc. 3. Pesynomam obyyenusi mooenu

Fig. 3. Model training result

TECTUPOBAHME IOJIYYEHHOU MOJIEJIN U AHAJIN3 PE3YJIbTATOB
[Tocne 3aBepiieHus 00y4eHHs MOIeIb ObUIa IPOTECTUPOBAHA HA TPEHUPOBOYHBIX JIaHHBIX.
CpaBHUTENbHBIE Pe3yIbTaThl TECTUPOBAHUS MIPUBEICHBI B Ta0nuIie 2.
Tabnauya 2. Pe3ynbraThl TECTUPOBAHUS MTPeA00yUYCHHOM Mojien XCepPtion u ee yirydIeHHOW BepCun

Table 2. Test results of the pre-trained Xception model and its improved version

Monens O6uiee xonuuectBo | KonnuecTBo 00paboTaHHBIX [Ipouent
n300pakeHU M300pakeHUH Kiacca OoOHapyXeHHMI Kacca
Knacc «glioma»
Xception 300 232 77,33%
VYiydieHHas MOACIb 300 298 99,33%
Knacc «meningiomay
Xception 306 180 58,82%
YiydrieHHas MOJeIb 306 234 76,47%
Knacc «pituitary»
Xception 300 277 92,33%
VYiydieHHas MOZCIb 300 292 97,33%
Knace «notumory
Xception 405 389 96,05%
YydmeHnHas MOAenb 405 405 100%

W3 npoBeeHHBIX TECTOB MPea00yUeHHON Moei XCeption 1 ee yIydIlieHHON BEPCHUH CIIEYET, YTO
yIIydIIeHHAs! MOJENb IEMOHCTPUPYET O0Jiee BHICOKYIO TOYHOCTh M YCTOMYMBOCTD K Pa3IMUHBIM BHIaM
WCKKEHUH TAHHBIX, YTO JieTaeT ee Oosee d3pPeKTUBHOM IS 3a1a4 KIaCCH(PUKAITIHN N300pasKEeHUH.

3AKJIFOUEHUE

B pamkax paboThl ObLIM MPOBEAEHBI UCCIEIOBAHUE U aHATU3 MOJEJeH pacro3HaBaHUs U
knaccudukanun n3obpaxxeHud B obnactu Meauuunbl. [locne cpaBHeHUs HauboJiee aKTyalb-
HBIX U JOCTYITHBIX MOJIEJIeil HA OCHOBE CBEPTOYHBIX HEHPOHHBIX ceTel Oblia BEIOpaHa MOJEIb
Xception, moka3zaBiias HaWIYUIINe pe3yabTaThl. DTa MOJENb ObllIa YIy4IlleHa C UCIOIb30Ba-
HUEM METOJIOB IepeHoca 00yUYeHHUs U ayrMEHTAlluH JaHHBIX JJIs TMOBBIIICHUS TOYHOCTHU JHa-
THOCTHKH OITYyXO0JIEH TOJTOBHOT'O MO3Ta YeJoBeKa. 3 MpoBeIeHHBIX TECTOB CIEAYET, UTO YIy4-
IIEHHAsI MOJIENIb IEMOHCTPUPYET 00Jiee BEICOKYIO TOUHOCTh U YCTOWYHUBOCTh K Pa3IUYHBIM BU-
JlaM MCKa)XCHHWI NaHHBIX, YTO JenaeT ee Oonee »(PeKTUBHON IS 3aj1ad paclio3HAaBaHUS U
KJIacCU(HUKAITMU N300paKeHUH.
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Ha Mo0eru roJiyOMKM BHICOKOPOCJIOH NMPHU PA3MHOKEHNH 0TBOJAKAMHA
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Annomayus. B cratbe npuBeIeHBI PE3YNbTaThl UCCICAOBAHUHN 10 YKOPEHEHUIO OTBOJKOB I'OIYOUKH
BBICOKOPOCIIOH, poBeneHHBIX B 2022 —2024 rogax B npearopHoii 3oae KBP (OO0 «lOr Arpoy»). OTBoaku
NPY UX KOHTAKTE C BIAKHBIM TOPQSIHBIM CyOCTPaTOM HENOCPEACTBEHHO B TOJIEBBIX YCIOBHSAX CITOCOOHBI
K yKkopeHeHuto. llpenmmyimiecTtBamMum AaHHOrO cHoco0a pa3MHOXKEHHUS SIBISAIOTCS €ro MpPOCTOTa, HE
TpeOyrolas HCIONb30BaHUA JOPOTOCTOSIIUX TEXHOJIOTMYECKUX 3JEMEHTOB, BBICOKUH IPOLIEHT
YKOPEHEHUs, a TaKKe OTCYTCTBHE HEOOXOMUMOCTH JOPAIMBaHUs ISl TOCAIKH Ha TOCTOSHHOE MECTO.
Hean uccienoBanusi — ONTUMHU3AIMS CIIOCO0a pPa3MHOKEHHUS! TOIMYOUKH BBICOKOPOCIOH OTBOJKAMHU B
ycioBusix mpearopHoi 30HB KabapmuHo-bankapun. MeTtoasl uccienoBanmii. bopo3goBanue KOpsI
3ar1yOIsieMoid B IPYHT 4acTH no0era mpoBOAMIIOCH HOXKOM € 3yOunkamu. B BapuanTax co cTUMysuen
KOpHeoOpa3oBaHus npenapaToM «OUTAKTUB IKCTpa IUTFOC» Tellb HAHOCHIICS Ha 3ariayOiseMylo 4acTb
nobera mocne Oopo3moBaHusi (WM 0e3 Hero) KHUCThi0. KakIplil ONMBITHBIM BapuaHT 3aKIaJIbIBAICS W
YUUTBHIBAICSA B TpeX HOBTOPHOCTSX MO 100 y4yeTHBIX OTBOAKOB B KaXKIOM MOBTOpHOCTU. Pe3yiabrarhl
HCCJIeI0BAHMIA. Y CTaHOBJICHO, YTO MPOBEICHHE OOPO3M0BaHUSA KOPHI W IMOCIemyromas oopaboTka 3Toi
30HBI refieM «DUTaKTUB IKCTpa TUTIOC» Tepe] 3ariay0IeHrneM oOeroB B TpyHT o0ecrieunBaeT YKOpEeHEHHE
81% otBozKOB. [1pn 3TOM KOpHM IPOYHEIE, OeNble, XOPOIIO pPa3BeTBICHHBIC, TPOHUKAIOT B TIOUBY B CPETHEM
Ha 16 cM. Takum 00pa3om obecrieunuBaeTcs MOMyUYeHHE MOCaJOYHOTO MaTepHaa, IPUTr0THOTO [T TOCAIKH
Ha MOCTOSIHHOE MECTO 0€3 IOMOTHUTEIHHOTO IOPAIMBAHHA 32 OIUH BEreTAIOHHBIN NIEPUO.

Knwouesnie cnosa: ronydvka, ykopeHeHHE, KOPHEBasi CUCTEMa, TOP(], OTBOJKH, OOpO3I0BaHUE KOPHI,
DUTAKTUB Telb
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Abstract. The article presents the results of studies on the rooting of tall blueberry cuttings conducted
in 20222024 in the foothill zone of the KBR (LLC "Yug Agro"). Layering, when in contact with a wet
peat substrate, is capable of rooting directly in the field. The advantage of this method of reproduction
is its simplicity, which does not require the use of expensive technological elements, a high percentage
of rooting, as well as the absence of the need for additional cultivation for planting in a permanent place.
The purpose of the study — is to optimize the method of propagation of tall blueberries by layering in the
conditions of the foothill zone of Kabardino-Balkaria. Research methods. The furrowing of the bark of
the part of the shoot buried in the ground was carried out with a knife with teeth. In variants with
stimulation of root formation with Phytactive Extra Plus, the gel was applied to the buried part of the shoot
after furrowing (or without it) with a brush. Each experimental version was laid and accounted for in
three repetitions of 100 accounting layers in each repetition. Research results. It was found that furrowing
the bark and subsequent treatment of this area with Phytactive Extra Plus gel before the shoots are sunk
into the ground ensures the rooting of 81% of the layers. At the same time, the roots are strong, white,
well-branched, and penetrate into the soil by an average of 16 cm. This ensures that the planting material
is suitable for planting in a permanent place without additional regrowth during one growing season.

Key words: blueberry, rooting, root system, peat, layering, furrowing, Phytactive gel
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BBEJIEHUE

KyJIbTUBUpOBaTh BBICOKOPOCIYIO TOJYOMKY Hadasid B TpomuioM crojiethu B CeBepHOM
Awmepuke [1]. SIroapr HOpMATM3YIOT KPOBSIHOE JIABJICHHE Y TUTIEPTOHUKOB, TTOJIOKUTEIILHO BIIHSIOT
Ha pabOTy KpPOBEHOCHOM CHCTEMBI, SIBJISIOTCS MCTOYHHMKOM JKelie3a M IOBBINIAIOT YPOBCHb
remorsiobuna. Kpome toro, ynorpeGieHue roayOnku, a TaKKe OTBAPOB U3 JIMCTHEB CIIOCOOCTBYET
CHIDKCHHUIO YPOBHS TJIFOKO3bI B KpoBU [2]. Sromel ronyOuku Onaromaps CBOUM IEJICOHBIM
CBOWCTBAM M MPHUITHOMY BKYCY CTaJld IPUYUHOW PACIIMPEHHSI CEITbCKOXO03IHCTBEHHBIX YTOUH,
npeHa3HAYCHHBIX IS e¢ BhIparuBaHus [3-5].

OnHaKO BO3HUKAIOT CIIOKHOCTH B MTPOIIECCE aIANTAI[H PACTEHHIA TOTYOHKH BBICOKOPOCIIOH K
MOYBEHHO-KJIMMATHUECKUM  yciioBUsIM ~ KabOapnuHo-bankapuu, YTO CTaHOBUTCS CEPbE3HOM
npo0IeMOii IS ee MacTaOMPOBAaHMS B CEIILCKOXO3SMCTBEHHOH oTpaciu. ['omyOnka BeICOKOpOCast
SIBJISIETCSI pacTeHUeM-ane0hmuIoM. J{Jsi Xopomiero pa3BUTHS M TOJTYyYEHHs BBICOKOTO ypoxKast
eif Heo0X0TMMa BOJIO- ¥ BO3AyXOIPOHHIIaeMasi TOYBa C KMCIIOH peakIuei Cpeibl. DTO U SBISETCS
OCHOBHBIM JIMMUTUPYIOIMM (HaKTOPOM NP €€ BO3/ebIBaHuH [6].

XozsiictBo OO0 «HOr-Arpoy» ¢ 2022 roja BeipanuBact roayouky copra ok [7]. B cBs3u ¢
TEM, YTO ITOYBBI XO35MCTBA HE COOTBETCTBYIOT TPEOOBAHHSM JIAHHOH KYJIBTYPBI, TIPHUIILIOCH TIPOBECTH
HIO/ITOTOBHUTEILHBIC MEPOTIPHUATHS: BHECTH B TIOUBY CEPY MOJIOTYIO MOCIIE YOOPKH MPE/IIIECTBYFOIICH
KyJbTYpPBbI; HCIOJIb30BaTh KHUCIBIH TOpd mpu (GopMHpOBAHWUHU Tpsiji, a TaKKe B TCUCHUE
BETreTallMOHHOTO IIEPHO/1a MOAKUCISATH MUTATENBHBIA pAacTBOP IMyTeM JO0OABJICHHUS B HETO a30THOU
WM cepHoii kucnotsl [8—10].

K KOHIly mepBOro BEereTalimoOHHOTO Ce30Ha MOSBUIUCH BBINAJIbl, KOTOPbIE HEOOX0AUMO OBLIO
BOCIIOJIHATE. B mocieHue ro/ibl, KOrjaa CaHKIIMOHHBIC MEPhl OFPAaHHMYMBAIOT UMITIOPT CaKEHIICB
U3-3a TPAHUIIBI, CO3AIUCH MPEANOCHUIKH I CAMOCTOSTENILHOTO MPOU3BOJICTBA MMOCATOUYHOTO
MaTepualia Ha TePPUTOPUH XO3SICTBA JIJISl IPOBEICHHUS PEMOHTA HACAXKICHUH.

B naHHOM XO03siCTBE HaMH MPOBEICHBI HCCICIOBAaHHS MO YKOPSCHEHHUIO OJIPEBECHEBIINX
YEpEeHKOB Ha pa3IMYHbIX CyOcTparax ¢ MpUMEHEHHEM KOpHeoOpa3oBaresei 0e3 TyMaHooOpa3yromiei
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ycTaHOBKH. ONBIT MOKa3aj X035 CTBEHHO-IPUEMIIEMYIO YKOPEHIEMOCTh Ha TOp(Oo-NepIuTHOM
cyoctpare (3:1) ¢ 06paboTkoit yepeHKOB rejeM «PUTakTUB DKCTpa IITFoc» (10 58 % yKkopeHeHus
IPY XOPOIlIeM KadecTBe KopHeii) [11].

OnHaKko yKOpEeHEHHE YEPEHKOB SBIISIETCS TPYAOEMKUM IIPOLIECCOM, KOTOPBIN BKIIIOUYAET B ce0s1
cOop moberoB mociae o0pe3kH, NEPEHOC ITUX MOOEroB B MOMEIIEHUE, HAPE3KY YEPEHKOB, UX
NOATOTOBKY, @ TakKK€ CO3/aHME M MOJJEpPKAHUE ONTHUMAIbHBIX MUKPOKJIMMATHUYECKUX
ycioBuii [12]. UepeHKOBaHHE B HAIMX MCCIIEIOBAHHAX JAJI0 XOPOIIHE PE3YJIbTATHI, HO B CHILY
OTCYTCTBUSI TyMaHOOOpPa3yrolel YCTaHOBKM MPHXOAWIOCH CTAIKUBATHCS CO CIOKHOCTSMH IS
HOAJEPKaHUs BIaKHOCTU cyOcTpaTa U Bo3ayxa. Kpome Toro, gaxke XOpoIIO yKOPEHHBILHECS
YepeHKH HE MPHUTOJHBI Cpa3y s TOCagKu Ha TOCTOssHHOe MmecTo. OHHU  TpeOyroT
JIOTIOJIHUTENIBHOTO IOPALMBAHHUS, YTO YAJIMHSAET IEPUO] IPOU3BOCTBA [IOCAJOYHOIO MaTepuaa.

[TosTOMy BCTa BOmpoc 0 pa3pabdoTKe U BHEAPEHUH APYTOTro CIIoco0a pa3MHOKEHUS TOITy OUKH
C MEHBILIUMHU TPyAO3aTpaTaMH.

13 onbita H. B. I1aBnoBcKOro U3BECTHO, YTO OTBOAKH IPU UX KOHTAKTE C BIAXKHBIM TOP(SIHBIM
cyOCTpaToM HENOCPEACTBEHHO B IIOJIEBBIX YCJIOBUSX TaKK€ CIIOCOOHBI K YKOPEHEHHIO.
Pa3MHoOXeHHE OTBOJKaMH OCHOBAHO Ha 00pa30BaHMU KOpHEH Ha mobere A0 TOro, Kak oH Oyzer
OTJICJICH OT MaTEPUHCKOTO pacTteHus. [loGer mpurubaroT K 3emiie, HerTyOOKO IPUKAIBIBAIOT WITH
OPWKUMAIOT, HaJl IOBEPXHOCTHIO MOYBBI OCTAaBIIAIOT BepXylKy mnobera. Ilocine obpazoBanus
KOpHEH M 100eroB u3 OOKOBBIX IMOYEK, OTBOJAOK OTAENSAIOT OT MATEPUHCKOIO PACcTEHUs U
nepecaxxuBaloT Ha HOBoe MecTo. IIpenmMyiiecTBaMy JaHHOTO cioco0a pa3sMHOXKEHUS! paCTECHUM
SBJISIIOTCSL €r0 IPOCTOTa, HE TpeOyrollas HWCHOJIb30BAHUS JIOPOTOCTOSIIIUX TEXHOJIOTHYECKHX
3JIEMEHTOB, & TAK)KE BHICOKHUI IPOILIEHT yKopeHeHus [13].

Tak Kak BO BpeMsl YKOPEHEHHs OJIPEBECHEBIIMX UYEPEHKOB XOPOUIO 3apEeKOMEHJI0Ball ce0st
@uTaKTUB Tellb B Ka4eCTBE Ipernapara, CTUMYJIMPYIOIIET0 KOpHeoOpa3oBaHue, ObUIO MPUHSITO
pEeLlIeHHE O €ro MCI0JIb30BaHUU IIPU PA3MHOXKEHUH FOJTYOHKH OTBOJKAMH.

Heap ucciaenoBaHuii — onTuMu3anus crocoda pa3MHOXKEHUsI TOJyOMKH YKOPEHEHHBIMH
OTBOJKaMHU B yCIIOBUSX NpearopHou 30Hel KbP.

3agaum ucc/e10BaHMii — OIIEHKA BIMSHUSA ITpHeMa 00pO3070BaHUs KOPbI o0era roixyOonuKu
BBICOKOPOCJION Ha €ro YKOPEHEHUE; OIpeeNieHne KOpHeoOpa3yoero AeUcTBus rens « OUTakTus
DKcTpa IUTI0C» MPU YKOPEHEHUH OTBOJIKOB TOJTyOUKH.

OBBEKTBI M METO/Ibl UCCJIEJIOBAHUIA

HccnenoBanus npooawiuck B 2022-2024 rr. B npearopHoit 3oue Kabapanno-bankapckoit
Pecniy6muku (OOO «tOr Arpoy, r. Hanpuuk).

3akiajika ONBITOB, HAOMIOJEHUS U Y4eThl BHINOIHSAINCH 10 MetoaukaMm b. A. JlocriexoBa u
E. 5. Jle6enpko [14, 15].

OnBITHI [0 YKOPEHEHUIO OTBOKOB FOJTyOMKH BEICOKOPOCIIOH MPOBOAMIIMCK O CIETYIOIIEH cxeme:

1. Kontponsb (3armyOnenre noderos 0e3 00po30BaHus KOPBI M 00pabOTKH KOpHEOOpa3oBaTeieM).

2. bopo3ioBaHue KOphI ¢ ocieayomei 0opadoTkoit rexeM «PUTakTHB DKCTpa IITIOCH.

3. O6paboTka renem «PUTAKTUB DKCTpa IUTIOC» 0€3 MpeBapUTeIbHOTO OOPO3J0BAHUS KOPHI.

4. bopoznoBanue Kopel 06e3 00padboTku rejgem «PUTaKTUB DKCTpa TUTFOCH.

Bbopo3noBanue 3army0msieMoil B TPYHT 4acTH MoOera MpoBOAWIOCH HOXKOM ¢ 3yOunkamu. B
BapHaHTaX CoO CTUMYJISIIIEH KOpHEOOpa3oBaHUs rpenaparoM « DUTAKTHB TelTb» OH HAHOCHJICS Ha
3arayOmsieMyto yacTh mobera mociie 60po3ioBaHus (Miau 0€3 Hero) KUCTHIO.

CoctaB kopHEecTUMyNHpyromero rens «DuTtakTuB DKcTpa TUTIOCY» BKIIOYAET ayKCHH-
¢byniepeHoBBI KOMIUIEKC Ha OCHOBE HMHJIOJMIMACISIHON KUCIOTHI (5 /1), BUTamMuHBl Bl,
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B6, PP (B cymmapuom koaudectBe 0,3 r/1), amuuoykcycuyio kuciory (0,2 r/m). B cocras
Tpenapara BXOJHUT Takxke OHOLH, 0OecIeunBalomuil (yHIUIMIHOE AeHcTBHE .

Kaxx/1p1i1 OnbITHBIN BApUAHT 3aKJIaIbIBAICA U YUUTHIBAJICS B TPEX MOBTOPHOCTX 10 100 yyeTHbIX
OTBOJIKOB B KaXJ10i1 MOBTOPHOCTH.

[TpurunbGanue U 3aKperuieHUe B TPYHTE OTBOJKOB 110 BApUAHTAM OIIBITA IPOBOAMUIOCH BECHOM,
B HavaJie IIepruo/ia COKOIBUKCHHUSI.

B KoHIle BereTalMoHHOrO TMEpPHOAa TPOBOAMICS YYeT pa3BUTUS KOPHEBOW CHUCTEMBI
0TBOJKaMHU roryouku. OeHuBaINCH:

- YKOPEHSIEMOCTh OTBOJIKOB, B %0;

- TTyOMHa MPOHUKHOBEHUS KOHEH B TPYHT, CM;

- COCTOSIHUE Pa3BUTHUs KOPHEH, B Oasiax.

KadecTBeHHBIE XapaKTEPUCTUKH KOPHEBBIX CHCTEM, TAaKHE KaK JIPYKHOCTh MPOpACTaHUS
KOPEIIKOB, MX TOJINWHY, LIBET, CTENEHb OOpacTaHUs TOHKMMHU BCACHIBAIOIIMMH KOpPEIIKaMH
OLICHUBAJIM BU3YaJIbHO 10 4-0aJUIbHOM CHUCTEME:!

1 Ganmn — OCHOBHBIE KOPHH OYEHb TOHKHE, 0€3 BU3YaJbHO PA3IHMYUMBIX IOMOJHHTEIBHBIX
BCACBHIBAIOIINX KOPHEH, KOPHYHEBATHIE, PAHO OTMHUPAIOIIHUE;

2 6aia — KOpHH TOHKHE, HO )KM3HECTOCOOHBIE, 03 (MM C PeIKUMH ) BU3YAJIbHO PA3THIUMBIX
JIONIOJTHUTEIILHBIX BCACHIBAIOIUX KOPHEH, JKEITOBATHIE;

3 Oamna — kopHM OoJiee NMpOYHBbIE, B CpeAHEH CTENEHHM C BU3YaJbHO-PA3IMYUMBIMU
JIOTIOJTHUTEIIFHBIMI BCACHIBAIOIIUMH KOPHSIMH, O€IIbIe WM HEMHOTO JXENTOBAThIe, KOHUYMKHU
KOpHEH paHO MPEeKpamaT POCT K MOTYT TEMHETH;

4 Gasta — KOpPHH MPOYHBIE, OeIIbIe, C MHOTOUHCICHHBIMU OEJIBIMH JIOTIOJTHUTEIEHBIMA TOHKUMU
BCACBIBAIOIIMMHU KOPHSIMHU.

Ha pucynkax 1, 2 HarsiasiiHO POJEMOHCTPUPOBAHO 3aKPEIUICHHE B TPYHTE OTBOJIKOB TOIYOUKH
BBICOKOpOCIOM. [l 3T0M npolerypbl 3apaHee ObLIM MOATOTOBIIEHB! «IIMMWIBKI» U3 HeprKaBeroLlen
CTaJu.

Puc. 1, 2. I[Ipoyecc npueubarnus omeooxkos

Fig. 1, 2. The process of bending the layers

THttps:/ffitaktivagro.ru/extraplus?Ysclid=m50z3v5yg3278628977
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B nacaxaeHuu roryOnku BeIicOKopociioi 2022 roaa mocaaku Mbl MPOBOAMIA OOPO3I0BaHUE
1 HaHeceHwue et DUTaKkTUB (B COOTBETCTBUH C BApHAHTAMU OIBITA) HA MOJIOJIbIE, THOKHE ITOOEeTH
B HIOKHEH 4aCTH KyCTa, IOCJIE YeTO MPUTHYIH U 3a(UKCUPOBATH UX B TPYHTE «IITHIIBKOW.

[Tony4eHnsle 1aHHBIE 00padaTHIBAIMCH METOAOM MaTeMaTHyeckoro aHammsa 1o b. A. JlocriexoBy
¢ npumenenueMm I1K. B vactHoctu, Beruncisuiace HCPos — HamMeHbli1ast CyliecTBeHHasl pa3HuIa
Ha 95-TPOIIEHTHOM ypOBHE BeposiTHOCTH [14].

PE3VJILTATHI UCCTIEOBAHUIA

PGSYJ'IBTaTBI IMPOBEACHHBIX I/ICCJ'ICI[OBaHI/Iﬁ IIPpHUBCICHEI B Ta6J'II/II_[e.

Tabnauya. YKOpEeHSIEMOCTh OTBOJIKOB TOTYOHKH BBICOKOPOCIION W CTENIEHb Pa3BUTHS KOPHEH B 3aBUCHMOCTH
OT CITOCOOOB BO3ACHUCTBUS Ha YKOPEHSIEMBIE TTOOETrH

Table. The rootability of the layers of tall blueberries and the degree of root development, depending on
the methods of exposure to rooted shoots

Crenenn I'myOuna
BapuaHnTs! omnbiTa YKOpEHSIeMOCTb, pasBUTHS MPOHUKHOBCHUS
% KOpHEH, KOpHEH B TPYHT,
Oamn cM
KonTtpoins 40 3 10
BbopoznoBanue +®@uTtakTHB 81 4 16
durakTrB 0€3 60PO3IOBAHUS 69 4 12
BoposnoBanue 6e3 durakrusa 47 3 11
YKOopeHeHNE 0APEBECHEBIINX YEPEHKOB
(cyoctpat Topd + nepaur (3:1); oopaboTka
reaeM OUTAKTHUB) 58 4 5
HCPos 10,2 2,8

[Tony4yeHHbIE NaHHBIE CBUICTEIHCTBYIOT O CYHIECTBEHHOM BIMSHUHM H3y4aeMbBIX METOJIOB
00paboTkK 0OEroB (0OTBOAKOB) Mepel UX 3ariyOleHneM B IPYHT Ha UX YKOPEHEHHE.

Tak, B koHTpoJIe (06e3 60p03/10BaHMs U CTUMYJIATOPOB KOPHEOOPA30BaHUsA) OTMEUEH XY AL
pe3yabTat ykopenenus: — Bcero 40 % OTBOJKOB.

[TpumeHenne nepen 3armyOJIeHHeM B TPYHT OTBOJKOB TOJIBKO OOPO3A0BaHMSI CYIIECTBEHHOTO
BIMSIHUS HM Ha KOJMYECTBO YKOPEHHUBIIMXCS OTBOJAKOB (Ha 7% Oojbllle KOHTpOJIs), HU Ha
Ka4ecTBO 00pa30BaBIIMXCs KOpHEH He oKa3alo.

[IpenBaputenbHas o0paboTka 3arnyoOnsgeMoil yactu mobera renem durakrtus, naxe 06e3
00pO3I0BaHMs, OKa3aa CYIIECTBEHHOE CTUMYIHPYIOIIEE NEHCTBUE: KOJIMYECTBO YKOPECHHBIINXCS
0TBOJIKOB (69 %) oxa3zasoch B 1,7 pa3a Gomblue, ueM B KoHTpoje. KayecTBo oOpa3zoBaBIInXCs
KOpHEH TakXke Jy4lle KOHTPOJIbHbIX. CTeleHb UX pa3BUTHs olleHuBaeTcs B 4 Oamna Ha GoHe
3 GajIoB B KOHTPOJIE.

[ToaroToBka OTBOAKOB MyTEM IPEIBAPUTEIBHOTO OOPO3I0BaHUS U 00pab0oTKi DUTAKTHBOM
yIIydImia pe3yiabTaT YKOPEHEHHs BIBOE 10 CPaBHEHHIO C KOHTpoJieM, modTH B 1,2 pasza mo
cpaBHeHHIO ¢ 00padoTkoii duTakTHBOM (0€3 60p0o310BaHMs) U OoJiee YeM B 1,7 pa3a 1o cpaBHEHUIO C
6opozaoBanueM 6e3 ctumMyisauu OuTakTuBoM. To €cTh MOATrOTOBKA OTBOJKOB K YKOPEHEHHIO
MyTEM IIOCIIEIOBATEIEHOTO OOPO3IOBaHUS U HaHeceHUs rensi DUTAKTHB JOCTOBEPHO YBEINYMBACT
KOJINYECTBO YKOPEHHUBIINXCS OTBOJIKOB.
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CocrosiHEEe KOPHEBOW CHCTEMBI NPH WCIOIb30BaHUU Telisi DUTAKTHB B Pa3HBIX BapUaHTaX
OTIBITA OIIEHUBAJIOCHh Ha 4 Oasuia (KOPHU XOPOIIIO Pa3BUTHI, OCNIbIE, C MHOTOUYHCICHHBIMH OCITBIMHU
JIOTIOJIHUTEIbHBIMH TOHKUMH BCAChIBAIOIIMMU KOpHsAMH). KopHeBas cuctemMa B KOHTpOJIC W B
BapHaHTE OMbITa 0€3 CTUMYJsATOpa ObLIa oleHeHa Ha 3 Oamia (KOPHH MPOYHBIC, B CPEAHEH
CTEIICHU C BU3YaJIbHO PAa3JIMYMMBIMH JIOTIOJIHUTESIHHBIMH BCACHIBAIOIIUME KOPHSIMH, OCIIbIC UITH
HEMHOT0 JKEJITOBAThIC, KOHUYMKH KOPHEH PaHO MPEKPAIIAlOT POCT U MOTYT TEMHETh ).

Ornenka TayOMHBI MPOHUKHOBEHMS KOPHEW B IMOYBY IIOKa3ajia JOCTOBEPHO JIyYIIHi
pe3yabpTar B BapuaHTe O0pPO30BaHUS KOPHI U TIOCIIEyIoel 00paboTKu 3aray0iseMol 4acTu
nobera reneM «PuTakTUB JKCTpa MIOC» — 16 cM, 4To HA 6 cM OOJIbIIE, YeM B KOHTPOJIbHOM
Bapuanre (10 cm) (puc. 3).

OcrainbHble BapuaHThl (0opo3aoBanue 6e3 00padoTkn OuTakTHBOM B 00paboTKa PUTAKTHBOM
0e3 mpeBapUTEeIHLHOTO OOPO3OBAHS KOPBI) OTIUYAOTCS OT KOHTPOJISI HECYIIEeCTBEHHO (Ha 1 1
2 cm cootBerctBeHHO mpu HCPos = 2,8 cm). Takum oOpa3oM, UCHOIB30BAaHUE CTHMYJISATOpA
«®DuTakTHB DKCTpa IUIOC» C MPEABAPUTEIBLHBIM OOPO30OBAHUEM KOPBI JOCTOBEPHO JaeT
MIOJIOXKHUTEIIBHBIC PE3YJIbTATHI [0 YKOPESHEHUIO OTBOJIKOB.

Puc. 3. Kopnesas cucmema, 06pazosasuiasicsi Ha 0meooKkax 6 Kohmpoie (ciesa)
U 8 sapuanme nOO20MOBKU OMBOOK08 nymem OOPO30068aHUs KOPbl
u nocaedyiowet oopabomxu 2enem Qumaxmus (cnpasa)

Fig. 3. The root system formed on the layers in the control (left)
and in the variant of layer preparation by furrowing the bark and
subsequent treatment with Phytactive gel (right)

3AKJIIOYEHUE

[Ipu mpon3BOACTBE MOCATOYHOTO MaTepHaia TOTyOHKH BEICOKOPOCIIOH YKOPEHEHHUEM OTBOJIKOB
a¢hdexTuBHO MoABEpraTh 3arIyONseMylo 4yacTh mobera GOpPO3I0BaHUIO KOPHI U 00pabaThiBaTh
crumynstopom «DutakTuB DKcTpa ocy. [Ipu 3ToM ykopeHsieMocTh OTBOJKOB cocTaBisieT 81 %,
YTO TO3BOJISIET B NMMPOM3BOJICTBEHHBIX YCIOBUAX IMOJTyYaTh CAXKEHIIBI I PEMOHTA MMEIOIIHXCS
HAaCaXX/ICHUW JTAaHHOU KYJIbTYPHI.
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IIpoaAyKTUBHOCTH COPTOB CYAAHCKOU TPABbI
Ha (oHe NPUMMEHEHHS PeryJATOPOB PocTa

0. JI. Kauapos™, M. P. Mycaes

Jlarectanckuit rocyiapcTBEHHBIH arpapHblii yHUBepcuTeT uMeHu M. M. JlxxamOynarosa
367032, Poccus, r. Maxaukana, yn. Maromera ['amxuesa, 180

Annomayusa. CornacHo JaHHBIM MHOTHX y4eHBIX, 3¢ dektuBHOCTh AIIK B 3HaUMTENHHON CTEHCHH
OIIPEAENACTCS UCTIONb30BAHMEM JIOCTIDKEHUH Hay4YHO-TEXHHYECKOTO Mporpecca U HOJIyYeHHEM CTaOMIbHO
BBICOKHX YPO’KaeB CEIbCKOXO3SHUCTBEHHBIX KyIbTyp. B 3To# cBS3M, MO WX MHEHHIO, HEOOXOAUMO
o0paTuTh BHUMaHHE HAa BHEAPEHUE COBPEMEHHBIX TEXHOJOTUH BO3JEIBIBAHUS BBHICOKONPOAYKTUBHBIX
PacTeHuH, cpen KOTOPIX BXKHOE MECTO 3aHUMAET CyAaHCcKas TpaBa. OTHUM W3 MHHOBALIMOHHBIX JOCTIKEHHI
B CEJILCKOM XO3SIHCTBE SIBIISIETCS IPUMEHEHUE PETyIATOpOB pocTa. C y4eToM BBIILIEN3T0KEHHOT O, C IIENBI0
M3YUYCHHUS MPOAYKTUBHOCTH COPTOB CYJIAHCKOM TpaBhl B yCI0BUAX Mo3nokckoro paitona PCO — Ananust
B 2022-2023 rr. ObUIM TPOBEACHHI TOJEBBIE HCCIEAOBaHUA. B pesynprare ycTaHOBIIEHO, YTO COpTa
CYJAaHCKOH TpaBbl MAKCUMAaJILHYIO IJIOIIAAb JIICTOBOW MTOBEPXHOCTH CPOPMUPOBAIH Ha (POHE PETYIITOpa
pocta Meramukc. [IpeBbillieHHsT ¢ KOHTpPOJEM, a TaKXKe C BapuaHTaMu ¢ AnpOuToM ¥ MuBan-arpo
coctaswn 10,7; 7,7 u 3,9 %. Haubonpuryto miomans TucteeB chopmupoBan copt ['parmms — 51,9 Tric.
M%/ra, a MUHMMaJbHBIE IUIOIAMM HAOIIONAIMCh Y COpPTOB AJekcanapuHa M Anactacus. HamGosbluas
yposkaitHOCTb 3a()MKCHUPOBaHa Ha BapUaHTE C PErYIATOPOM MeraMuke 1 Ha moceBax copta I'panusi.

Knrouegwie cnosa: Mo3zaokckuii paiton, PCO — Ananus, cygaHckas TpaBa, CoOpTa, PeryJaTopbl pocTa,
¢doTocuHTETHYECKAS ACSITENBHOCTD, YPOXKailHOCTD

Hocmynuna 11.02.2025, 0006pena nocne peyensupogarus 24.02.2025, npunsama x nyoauxayuu 11.03.2025

Jst nurupoBanns. Kagapos O. [1., MycaeB M. P. [IpotyKTHBHOCTE COPTOB CYAaHCKOW TpaBhl HA (hOHE MPUMEHEHHS
perymstopoB pocta // U3Bectus Kabapauno-bankapckoro nayunoro nentpa PAH. 2025. T. 27. Ne 2. C. 122-129.
DOI: 10.35330/1991-6639-2025-27-2-122-129

Original article

Productivity of varieties of Sudanese grass against
the background of the use of growth regulators

0.D. Kacharov™, M.R. Musaev

Dagestan State Agrarian University named after M.M. Dzhambulatov
367032, Russia, Makhachkala, 180 Magomet Gadzhiev street

Abstract. According to many scientists the effectiveness of agriculture is largely determined by the use
of scientific and technological progress and consistently high yields of agricultural crops. In this regard,
according to their data, it is necessary to pay attention to the introduction of modern technologies for the
cultivation of highly productive plants, among which Sudanese grass takes an important place. One of the
innovative achievements in agriculture is the use of growth regulators. Taking into account the above, field
studies were conducted in 2022-2023 in order to study the productivity of varieties of Sudanese grass in
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the Mozdoksky district of North Ossetia-Alania. As a result, it was found that the varieties of Sudanese
grass formed the maximum leaf surface area against the background of the Megamix growth regulator.
The excess with the control, as well as with the variants with Albit and Mival-agro, amounted to 10.7, 7.7
and 3.9%. Among the varieties, the Grazia variety formed the largest leaf area — 51.9 thousand m2/ha,
while the minimum was observed in the Alexandrina and Anastasia varieties. The highest yields were
recorded on the variant with the Megamix regulator and on crops of the Grazia variety.

Keywords: Mozdok district, North Ossetia-Alania, Sudanese grass, varieties, growth regulators,
photosynthetic activity, yield
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BBEJIEHUE

AKTyaqbHOCTb. B mocnegHue roasl BaXHOH 3ajaudell CeIbXO3MPOU3BOAMUTENICH SIBIIACTCA
o0ecrieyeHne MpoAOBOJIBLCTBEHHON 0€301MacHOCTH CTpaHbl. 3HAYUTENBHAS POJIb B PEIICHUH JIaH-
HOM 1po0JsIeMBbl OTBOAMTCS OTpAciy )KUBOTHOBOJACTBA. B CBsI3U ¢ pe3KUM M3MEHEHHEM KJIMMaTa
MPOIYKTUBHOCTH OCHOBHBIX KOPMOBBIX KYJIBTYP 3HAUUTEIBHO CHU3MIIACH, IOATOMY HEOOXO0IMMO
YACNATh BHUMAHHE BBIPAIMBAHHIO 3aCYX0YCTONYMBBIX KYJIBTYP, K KOTOPBIM, IO TAHHBIM MHOTHUX
uccreaoBaTeseld, OTHOCUTCS CyaHcKkas Tpasa [1-4].

B kpaiine 3acynummBbIx ycnoBusx PoctoBckoil obmactu B mosieBsix uccneaoBanusax H. A. Ko-
BTyHOBOH, B. B. KoBryHoBa u E. A. IllumoBoii copra cymaHCKOW TpaBbl 00ECIICUMIH JTOCTA-
TOYHO BBICOKYIO YPOXKaifHOCTh B CyMMe 3a 2 yKoca: ckopocmnenbie ¢opMbl — 21-23 T/ra; paHHe-
crenbie — 20-30 1/ra; cpennepannecnensie — 32—43 1/ra, a cpennecnensie — 33-43 T/ra [5].

B HavanbpHBINM epro pa3BUTHS PACTEHUS CYAAaHCKOW TPaBbl, KaKk U COProBbI€ KYJIbTYpPHI, (op-
MHUPYIOT KOPHEBYIO CUCTEMY, B CBS3M C UeM HaOJrogaeTcs ciaboe pa3BUTHE HAA3EMHON Macchl.
Kak oTMeuaroT HEKOTOpbIE MCCIIEAOBATENM, B IIEJIAX MOBBIIIEHHS MPOJAYKTUBHOCTH CYAAHCKOU
TPaBbI L[€J1€CO00pa3HBIM SIBIISETCS IPUMEHEHHE POCTOBBIX BEIIECTB [l 00pabOTKU CeMsH, KO-
TOpPbIE MOBBIMIAIOT MTOCEBHBIE KAUECTBA CEMSH, YJIY4YIIAIOT COXPAHHOCTh PACTEHUU K MEPHOIY
yOOpPKH U YBETHUYHBAIOT YPOKAHHOCTH 3€JIEHON MacChl U CEMEHHOTO 3epHa [6—12].

MATEPUAJIBI T METO/IBI

[TpoBenenue uccnenoBanuii ocymectsisiock B 2022-2024 rr. B ycnoBusix KOX «Kynaes
HOpuii 3aypbexoBuu» Mosnokckoro paitona PCO — Ananus. B xone npoBeaeHus uccienoBa-
HUH JUIs1 TOBBIIEHUS () PEKTUBHOCTH TEXHOJIOTHH BBIPALIMBAHUS COPTOB CYJAaHCKON TPaBHI,
10 CPaBHEHHUIO C KOHTpPOJeM (BO/0i 6€3 CTUMYIATOPOB pocTa), ObLIa MpoBEeAEHA OLIEHKa 3(-
(EeKTUBHOCTH CYIIECTBYIOLIUX Ha PBIHKE PETYJIATOPOB pocTa AnbOUT, MuBai-arpo u CTuMy-
nsaTopa pocta Meramukc.

B kauectBe 00beKTa MOJEBOTO AKCIEPUMEHTa ObUTM BBIOpAaHBI COpTa CYJaHCKOH TpaBbl 3eM-
nsuKa, AnekcanapuHa, Anuca, Anacracus, ['pauns, CiytHuna. OpurnHaTopamu COpTOB 3eMIIsTUKa
u CryTHHLA ABIIOTCA yueHble CeBepo-KaBka3ckoro HayyHOro arpapHoro LeHTpa, a COpToB AJiek-
caHzpuHa, Annca, AHacracusl, ['panus — ydeHble arpapHOro Hay4yHOro LeHTpa «JloHCKOM».

CeMeHa CyJIaHCKOH TpaBbl Mepes] MOCeBOM 00pabaThiBaIl BPYUHYIO PETYIISITOPAMH pOCTa B
cienyomux ao3ax: Anpout — 60 mu/T; MuBai-arpo — 15 r/1; Meramuke — 2 1/T.

Hopwma noceBa coctaBuia 25-30 kr/ra. [lo ycmoBusM yBiia)XxHEHHUS TOBI POBEICHUS HCCIIC-
JIOBaHUH XapaKTEepPH30BAIKCH CIENyIOIUM o0pa3oMm: nepuoj Bereranmu 2022 roga Kak Cyxoi
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(I'TK =0,4), 2023 rona — kxak cmabozacynumssiid (I'TK = 0,9), a mepuon 2024 roga — kak oueHb
3acynumBbiil (I'TK = 0,6).

[ToneBble OMBITHI 3aKJIaIBIBAIMCH B YETHIPEXKPATHOM MOBTOPHOCTU. [1101MIaas ONbITHBIX Je-
nsHOK — 100 M2, y4eTHBIX — 25 M2, pa3MelleHne BapHAaHTOB PEHIOMU3HPOBAHHOE. ATPOTEXHHKA
BO3/ICJIBIBAHUS CYJAHCKOM TPaBbl OOBIYHAS JIsI 30HBI. [10JIeBbIC OMBITHI 3a7105KEHBI IO METOTUYC-
ckuM ykazaHusiM b. A. JlociexoBa (1985). HabntoneHnus 3a pocToM U pa3BUTHEM TPaB BEJIU IO
MeToauKe «I'0Cy1apCcTBEeHHbIE COPTOUCIIBITAHUS CEJIbCKOXO3SIMCTBEHHBIX KYIbTYyp» (1989).

PE3VJIbTATBI U OBCY)XJIEHUE

Pe3ynpTaThl HammMX MCCIEIOBAHHUN MMOKA3alHM, YTO MCIIOJIB30BAHUE POCTOBBIX BEIIECTB IPH
NPEINOCeBHON 00paboTKe CEeMsIH CyJaHCKOW TpaBbl 0Ka3aJoCh BHICOKOA(PPEKTHBHBIM. M3yuae-
MbI€ HAMH PETYJISATOPHI pOCTa OKa3aJld MOJIO0KHUTEIbHOE BIUSHIE HA (POTOCUHTETHYECKYIO Jes-
TEJIBHOCTh COPTOB BHIIICYKa3aHHOH KyJIbTypbl. Tak, €ciii Ha KOHTPOJIHHOM BapHaHTE B CPETHEM
10 CopTaM IUIONIAb JUCTOBON MOBEPXHOCTH cocTaBmiua 45,0 Thic. M%/Ta, To ipu 06paboTKe po-
CTOBBIM BellecTBOM ANbOUT OHa Bo3pocia Ha 2,4 % (puc. 1).
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Fig. 1. Maximum leaf surface area, thousand m?ha

Ha ¢one npumenenus poctoBoro BemiecTsa MuBai-arpo Ijiomaab JUCTbEB B CPETHEM COCTa-
BrNa 47,8 THIC. M?/Ta, IPEBHITIIEHHE 0 CPABHEHHIO C TIEPBBIM BAPHAHTOM (KOHTPOIIB) COCTABHIIO
6,2 %. MakcuManbHYIO TUIOIIA/Ib JIUCTOBOM MOBEPXHOCTH COPTa CYJAHCKOM TpaBbl CHOPMUPO-
BAJM TIPH NTPHUMEHEHNH CTHMYJIATOpa pocTa Meramukce — B cpeaaeM 50,5 Teic. M%/ra. PasHuma
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C JaHHBIMHM KOHTpOJs coctaBuia 10,7 %, a ¢ JaHHBIMU PEryJIATOpOB pocTta Ans0uT U MuBan-
arpo — 7,7 u 3,9 % (puc. 1).

Cpenu copToB HaUOOIIBIIYIO JTUCTOBYIO TOBEPXHOCTH cpopmupoBania ['paius — B cpeiHeM 1o
BapuaHTaM ornbiTa 51,9 ThIC. M?/ra. Ha moceBax copTa 3emJIsTuKa IO b JUCThEB OTMEUEHA Ha
ypoBHe 46,6 ThIC. M?/Ta, Pa3HUIA C MPEABLTYIINM COpTOM cocTaBmia 11,4 %.

[Tmomane 1UcThEB COPTOB AJiekcaHpuHa, Anuca, AHactacus 1 CyTHUIIA COCTaBUJIA COOT-
BeTcTBeHHO 45,0; 50,1; 45,7; 48,4 ThIC. M%/Ta, CHIDKEHHUE 110 CpaBHEHUIO ¢ copToM ['panusa orme-
4yeHo B mpenenax 15,3; 3,6; 13,6 u 7,2 %.

[TpumeHnsieMble B OIIBITE PETYISTOPHI POCTa CIIOCOOCTBOBAIN MOBBILICHUIO YPOXKAIHOCTH COp-
TOB CYJaHCKOW TpaBbl. Tak, €clii Ha KOHTPOJIBLHOM BapuaHTe (00paboTka BOOM) 3a JIBa yKOCa
oHa coctaBmia 54,0 1/ra, To pu 00padboTke AJIBOUTOM YPOXKAHHOCTH MOBBICHIIACH 10 56,9 T/ra,
410 0OJIBIIE IPEeAbIIYIIero BapranTa Ha 3,8 % (puc. 2).

60,7
x
AN
=
©
a
—

O6paboTKa BOAOM (KOHTPOAb) AnbbuT (60 mn/T) Mwuean- arpo (15 r/7) Meramukc (2 n/T)

(o]
N

(o))
o
(o]
N
c 3
epHAn I
pea ©

W
~
ui

CpesHsn IS

w

=
~N

~N

o
3emnadka (ctaHgapt) I ﬁ
D
AnekcaHgpvHa I
(92])
Anvca I Y
w1
AHactacus I e
(9;]
CnytHuua I o
(9]
3emna4dka (ctaHgapt) I ‘ﬁ
w1
AnekcangpuHa I L
Anvca I
(9,
AHactacus - S
i
[e))
lpauns I
C g
nytHuua I
&
CpeaHsn I ‘S
(9]
3emnadka (ctaHgapt) I {g
(9]
AnekcaHgpuHa I .:’
[e)]
Anvca I S
AHacTacun I
[e)]
lpauus I >
C 3
nytHuua I &
G
CpeaHsn I °
3emnadka (ctangapt) I ~;
(92]
AnekcangpuHa I &
[e)]
Anvca I i
(9,
AHactacusa I ﬂ
[e)]
lpauus I
[e)]
Cnythvua I >

Puc. 2. BrusHnue npenapamos pocma Ha yporcauHocms cyOaHCKOU mpaegul, m/2a
Fig. 2. Effect of growth preparations on the yield of Sudanese grass, t/ha

HCPos : 2022 - 1,3; 2023 - 1,4; 2024 - 1,3.

[IpoBeneHHbIe HCCNEAOBAaHUS TaKKe MOKa3aliM, YTO 3HAYUTEIBHYIO MPOAYKTHBHOCTH COPTa
CyJIaHCKOH TpaBbl chopMHpoBaIy Ha POHE MPUMEHEHHSI CTUMYJISITOpa pocTa MeramMmukc — B cpe/i-
HeM 1o copTam 60,2 T/ra. B cirydae Bo3enbIBaHms COPTOB HA KOHTPOJIBHOM BapuaHTE OTMEYECHO
CHIDKEHHE BBIIIEYKa3aHHOTO MokazaTenst Ha 11,5 %, a Ha BapuaHTax, rj1e NpUMEHSUTUCh AJBOUT U
Mugsan-arpo, cuuxenue coctaBuio 7,3 u 3,4 %. Ha cnenyromield mo3uiuy Mo yposkaiiHOCTH pacmo-
JIOKWINCH JJAHHBIE PETyJsiTOpa MuBan-arpo, rje cpeasss yposkaiHocts coctaBuia 59,2 1/ra.

Cpenu copToB 10 ypokaitHOCTH auaupyet ['panus, Tie B cpelHeM M0 BapUaHTaM OIbITa OHA
cocraBmiia 63,9 1/ra. [IpeBbllieHre Mo CpaBHEHHUIO CO CTaHIApTOM coctaBuio 16,6 %, ¢ coprom
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Anekcannpuna — 23,6 %, a ¢ nanapIMU cOpTOB Anrca, AHactacust 1 CIyTHHUIIA — COOTBETCTBEHHO
4,9; 20,8; 9,4 %. Kpome Toro, B MpOBEIEHHBIX UCCIICIOBAHUSAX BBISIBIICHO, YTO JJOCTATOYHO BHI-
COKasl ypoXKalHOCTh Ha ypoBHe 62,0 T/Ta 3aduKCHpoBaHa Ha ITOCEBax copTa Aumca.

CoriacHO HalllMM pacdeTam, MeXIy YPOKaHOCTBIO U TUIOIA/IbIO JINCTOBOM MMOBEPXHOCTH CY-
IIECTBYET MpsMasi KOppEIATUBHAS CBA3b. Kak BUIIHO M3 IPUBEAEHHBIX HIKE YPaBHEHHUH perpec-

cuu, Ha KOHTpoJie (00paboTka BOJOW) cinabas 3aBUCMMOCTh OTMEUEHA Ha TO0CEBax copTa 3eM-
nstuka — I = 0,6094.

O0paboTka Bo10# (KOHTPOJIb):
3emsiuka — Y = 0,502x + 29,828; r = 0,6094;
I'panus —y = 0,4063x + 42,556; r = 0,7445.

JlanHas 3aBUCHUMOCTD Obli1a BBICOKOW MM Bo3neabiBaHuU copTa ['panus — r = 0,7445. Ha Ba-
pUAHTax C PEryJiiTOpaMH pOCTa yKa3aHHas 3aBUCMMOCTH MEXK]y BBIIICYKAa3aHHBIMHU IapameT-
pamu noBbIcHiIach. Tak, Ha BapUaHTE C PETYIATOPOM AJBOUT KOAIPDUIIUEHTH KOPPEISALUU CO-
ctaBuiu I' = 0,6981 u r = 07599, npu 3TOM TOCTATOYHO BBICOKASI 3aBUCUMOCTH HaOJI0/1a1ach y
copra I'panms — r = 07599.

AJILOHUT:
3emisiuka — Y = 0,908x + 12,915; r = 0,6981;
I'pamms — y = 0,449x + 38,65; r = 0,7599.

Ha BapuaHTe ¢ HCIOJIB30BAaHUEM POCTOBOIrO BellecTBa MuBai-arpo 3agMKCUpoBaHbI Ooliee
BBICOKHME B3aUMOCBSI3H: y copTa 3emirstuka — I = 0,7334, a Ha aensakax ¢ coprom [ 'parms —r = 0,8059.

MusBaJu-arpo:
3emisiuka — Y = 0,3702x + 39,263; r = 0,7334,
I'pamms — y = 0,3875x + 44,968; r = 0,80509.

JlocTaTouHO BBICOKAs TECHAsI B3aUMOCBSI3b O0OHApy>KeHa Ha BapHAHTE C POCTOBBIM BEIIECTBOM
Meramukc.

Meramukc:
3emusiuka — Y = 0,4162x + 37,224, r = 0,7526;
I'pammst — y = 0,1485x + 57,281; r = 0,9128.
Tak, nmpu Bo3JeNbIBaHUM copTa 3eMiisuka oHa cocTtaBuia I = 0,7526, a Ha moceBax copra

I'panus — r = 0,9128.

3AKJIIOUEHUE

CrnenoBarenbHo, B ycnoBusix Mo3nokckoro paiiona PCO — Ananus HanOonbias 3¢dexTus-
HOCTb ObUIa IOCTUTHYTA NPU IPUMEHEHUH peryisTopa pocta Meramukc no3oi 2,0 1n/T. Hanbons-
HIYIO POYKTUBHOCTH o0ecreurt copt I'parus.
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JAnnamuka 3anacos pocdopa B mouse
B CBSI3U C MHTCHCHUBHBIM MCIIO0JIb30BAHUEM MAIIHU

M. C. Cunakosa, E. M. Eroposa, P. A. Tues, A. 0. Kumep™

Kabapauno-bankapckuii rocyapcTBeHHBIN arpapHblil yHuBepeuretr umeHu B. M. Kokosa
360030, Poccus, r. Hanpuuk, np-1 Jlenuna, 18

Annomayua. B cTtathe IpUBEAEHB Pe3yIbTaThl UCCIECIOBAHUN MO OJHOM U3 CaMBIX aKTyalbHBIX
npobjieM — AWHaMMKa 3amacoB (hocdopa B 1MouBe B yCIOBUAX MHTEHCHUBHOI'O HCIIOJB30BAHUS MAIIHH,
B TOM 4HCJIE OCHOBHbIE (aKTOphI, BIUSIONIMNE HA H3MEHEHHE colepkaHus ¢ocdopa, BKIOUas
arpoTeXHUYECKHE TMPAKTUKH, BHECCHHE YJOOPEHUH, SPO3HUI0 MOYBHI U OMOJOTHYECKYI0 aKTUBHOCTB.
Llenp uccnenoBaHus — ONPEAETUTh AUHAMHKY 3amacoB (¢ocdopa B MOYBE B CBA3M C MHTCHCHUBHBIM
UCTOJBb30BaHNEM MamHU. HayyHas HOBH3Ha 3aKiioyaeTcst B TOM, YTO 0cO0O€ BHHMAHHE YJIEICHO
MOCJIEACTBUSAM JUINTENBHOrO 3emienenus s (ocdopHoro OamaHca M IUIOAOPOIUS MOYB. 3aKialuka
OTIBITOB, HAOMIOACHUS M YYEThl BBIMOJHSUIMCH MO0 METOIWKE, MPUHATOW B arpoHOMHUHU. B pesynbrare
UCCIICIOBAHUH Ba’KHO OTMETHUTh, YTO cozaepkaHue (pochopa Ha 3TOT CPOK HOJ JHOLEPHOH COOTBETCTBYET
conepxkanuio P,Os mox MOXHUBHBIMH OJHOJIETHUMH KyjibTypamu. B 10-40-caHTUMeTpOoBOM ciloe
MOYBHI cofepkanue hocdopa OKa3bpIBACTCS MPAKTUUECKH PABHBIM O]l BCEMH KYJIBTYPaMU U YEPHBIM
napom, Ho Ha 23—12 % MeHbIIe M0 CPaBHEHUIO ¢ MOJIEM, TIOJIBEPralOlIUMCs MOIyIIapoBoi 00paboTKe.
A B 40-100 cM cioe ouBkl BeIpaBHUBaeTCs conuepkanue PoOs 1o JironepHoi, YepHbIM TapoM, 350b10 U
okasbiBaeTcs Ha 14-28 % MeHbIe 0 CPaBHEHHIO C MOKHUBHBIMU [TOCEBAMH OAHOJICTHUX KYJBTYP, T. €.
HabronaeTcst oOpaTHas KapTHHA [0 CPABHEHUIO C BBHILICICKAIUMH CIIOSIMU ITOYBBI, YTO 00YCIOBINBACTCS
nepepacnpeieisIone PoJibl0 KOPHEBOM CHCTEMBI U pa3iiOKEHHWEM IT0’KHHBHO-KOPHEBBIX OCTaTKOB. A
OTHOCHTEIIFHO HCCIe/0oBaHul 1o quHaMuKe PoOs B 3aBUCHMOCTH OT CHOC00a WCHOJIB30BAHMS MAIHA U
Npe/ILECTBEHHUKOB 0]l BUKA-P)KaHON CMECBIO BaKHO OTMETHTh, YTO MOIIIHO pa3BUTasi KOPHEBasi CUCTEMa
JIOTIEPHBI TIOBBINIACT MOABMKHOCTE (pocdaroB. B aHanmm3mpyemsiil mepruoJi TOIbLKO KOPHEBash CHCTEMa
monepabl B 40—100 cM ciioe TOYBHI TOANEPKUBAET aKkTUBHOCTH (hocdopa. B momnsax, He 3aHITHIX
pacteHusiMu, ¢ochop CBA3BIBAECTCS B MAIONOABIKHBIE (POPMBI. AHANOTMYHASI KapTHHA XapakTepHa s
BCEr0 METPOBOTO cJIos MOUBKL. [10 pe3ysbpraram npoBeieHHBIX HCCIIEA0BAaHHI MOKHO CKa3aTh, 4To ocdop,
BXOJUSILIMH B COCTaB NMO>KHUBHO-KOPHEBBIX OCTATKOB PaHEE MPOM3PACTAIOIINX HA M10JI€ KYJBTYP, 3aCTPaxOBaH
OT BO3MOJXKHBIX IPEBpalleHni B TIOYBE M MOJOOHO COAEpIKAIIEMYCsl B HABO3€ JIETKO JIOCTYIIEH K 3TOMY
BPEMEHHU HOBOMY IOKOJICHHIO PACTEHHH (0O3UMBIM — OCHOBHBIM U MIPOMEXKYTOUYHBIM, KYKYyPY3€ U T. [I.).
[Mosromy ynepxkanue N, P2Os, KO u apyrux Makpo- ¥ MHKPODJIEMEHTOB W3 yJAOOpEHUH W TMOYBEI
B MOKHUBHO-KOPHEBBIX OCTAaTKaX PAaCTEHUH MPEACTaBISET, XOTS M HU3BECTHOE, HO MO-HACTOSIIEMY
aKTHBHO €lIle HE UCTIOIb3yEeMOE SIBIICHUE.

Knroueswle cnosa: 3anacel hocdopa, mousa, mamnrss, TMHAMUKA HAKOTUIEHUS, CEBOOOOPOTHI, 00paboTKa
TIOYBHI, yIOOPEHYSI, TO)KHUBHBIC KYJIBTYPHI
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Original article

Dynamics of phosphorus reserves in the soil due
to intensive use of arable land

M.S. Sidakova, E.M. Egorova, R.A. Tiev, A.Yu. Kishev®

Kabardino-Balkarian State Agricultural University named after V.M. Kokov
360030, Russia, Nalchik, 1v Lenin avenue

Abstract. The article presents the results of research on one of the most pressing problems — the study
of the dynamics of phosphorus reserves in the soil under conditions of intensive use of arable land,
including the main factors influencing the change in phosphorus content, including agrotechnical
practices, fertilization, soil erosion and biological activity. The purpose of the study is to determine the
dynamics of phosphorus reserves in the soil due to intensive use of arable land. The scientific novelty
lies in the fact that special attention is paid to the effects of long-term agriculture on phosphorus balance
and soil fertility. The experiments, observations and records were carried out according to the
methodology adopted in agronomy. As a result of research, it is important to note that the phosphorus
content for this period under alfalfa corresponds to the content of P>,Os under annual crop crops. In a
10-40 cm soil layer, the phosphorus content turns out to be almost equal under all crops and black
steam, but 23-12% less than in a field undergoing semi-steam treatment. In the 40-100 cm soil layer,
the P,Os content is leveled under alfalfa, black fallow, and chilly and is 14-28% less than in crop crops
of annual crops, i.e. the opposite pattern is observed compared to the overlying soil layers, which is
due to the redistributing role of the root system and the decomposition of crop and root residues. And
according to the dynamics of P,O, depending on the method of using arable land and its precursors
under the rye mixture, it can be said that the powerfully developed alfalfa root system increases the
mobility of phosphates. During the analyzed period, only the alfalfa root system in the 40—100 cm soil
layer supports phosphorus activity. In fields unoccupied by plants, phosphorus binds to sedentary forms.
A similar pattern is typical for the entire meter-high soil layer. According to the results of the conducted
research, it can be said that phosphorus, which is part of the crop and root residues of crops previously growing
in the field, is insured against possible transformations in the soil and, like contained in manure, is easily
accessible by this time to a new generation of plants (winter — basic and intermediate, corn and Therefore, the
retention of N, P,Os, K;O and other macro- and microelements from fertilizers and soil in the crop-root
sediments of plants is a well-known phenomenon, but not yet actively used.

Keywords: phosphorus reserves, soil, arable land, accumulation dynamics, crop rotations, tillage,
fertilizers, stubble crops
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BBEJIEHUE

B pemiennu mpoaoBOIBCTBEHHON MPOrpaMMBbl Ba)KHOE MECTO OTBOJAUTCS MHTEHCHBHOMY
MCIIOJIb30BaHUIO MAIIHH MTOCPEICTBOM COUETAHUS OJTHOJIETHUX OCHOBHBIX U MPOMEKYTOUHBIX
KYJIbTYp, BBIpAIIMBAHUSI MHOTOJIETHUX TPaB B yCJIOBHSX JOCTATOYHOTO yBJIAXHEHUS U MPHU
OpPOIIEHUH TYyTEM HCKITFOYEHUS U3 CEBOOOOPOTOB MEKKYJIBTYPHBIX TMEPHOJIOB B BUAC 350W,
mapa [1, 2, 3].
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W HTEHCUBHOE UCITOJIb30BaHKE MTAIITHU 10-CBOEMY BIMAET HA TUHAMUKY 3aI1acoB U PEKUM dJle-
MEHTOB [TUTaHUs, O YEM B CBOE BpeMs HaMH ObL10 coob1ieHo. Yto kacaercs pocdaTHOro pexuma
IIOYBBI, TO MpeJIaraéMble MaTepUaJIbl SIBJISIOTCSI OPUTHHAIBHBIMY [4, 5].

MurnemnspHo-kKapOoHaTHble YepHo3eMbl CeBepHoro KaBkasza OoTIIMUYaAIOTCS MOHMKEHHBIM CO-
JiepKaHueM J0cTynHoro ¢ocdopa, U CeabCKOXO35AMCTBEHHBIE KyJbTYphl, BbIpallliBaeMble Ha
HUX, 3Q(EKTUBHO pearupyroT Ha BHeceHHe (ocPOpHBIX yaobpenuit [6, 7]. ITo TpeOyeT TIia-
TEJILHOTO U3YUYEeHHUS IIPOLIECCOB, CBA3AHHBIX C pacxo10M pochopa B ceBOOOOPOTaX, HACHIIIEHHBIX
Pa3IMYHBIMH KYJIbTypaMH — 3€PHOBBIMHU, TEXHUYECKUMHU, KOPMOBBIMH, BO3/1€JIBIBAEMBIMH B OC-
HOBHBIX Y IPOMEXXYTOYHBIX IIOCEBAX.

[Tons, He 3aHATHIE KYJIbTYPaMH, HE TOJIBKO HE CIOCOOCTBYIOT HAaKOIUIEHHUIO AOCTYIHBIX (oc-
¢aToB, HO JaKe UMEIOT TEHJCHIMIO K CHI)KEHHIO UX COJEpKaHUs, OCOOCHHO B OCCHHE-3UMHE-
BECEHHMI NIEPUOJI, COBIALAIOIIUN C OTCYTCTBUEM B II0YBE KUBOW KOPHEBOW CUCTEMBI U JHEpIe-
TUYECKOTO MaTepuaa B BHJIC IO)XHUBHO-KOPHEBBIX 0ocTaTKOB [8, 9]. KonmuecTro ke docdopa,
HOCTYMAIOLIETO B IOYBY B CEBOOOOPOTE, TOMUMO BHOCUMOTO C yI0OPEHUSMH, OIIpEieNsieTcs pas-
MepaMH HaKOIJICHUs PaCTUTEIbHBIX OCTATKOB, KOTOPBIE B MEpBble 2—3 Mecsla Mocie 3anamiku
muHepanuzytotest Ha 6070 % [10, 11]. CnenoBarenbHO, 3a CYET OCTABIIETOCS KOJIMYECTBA I10-
YKHUBHO-KOPHEBBIX OCTATKOB HEJIb3s1 0XKHU/IATh YBEIMUEHUS COJIEPKAHUS JOCTYTHBIX (pochaToB B
Ha3BaHHBIN BhIIIE niepuo [12].

Less ucciienoBaHusi — ONpeAEIUTh IMHAMUKY 3arnacoB ¢ochopa B MOYBE B CBA3M C UHTEH-
CHBHBIM HCIIOJIb30BAaHHEM MAIHU.

3agaua ucciaenoBanus. Vicxoas u3 U3JI10)KEHHOTO, MBI TOCTABWIIN 33a4y U3yYUTh JTHHAMUKY
3anacoB P20s B cBSI3M ¢ pa3iMyHbIM HMCIIOJIB30BaHMEM IALIHU B CEBOOOOPOTAX Ha MpeIKaBKa3-
CKUX MHLEIAPHO-KapOOHATHBIX YyepHo3eMax. HayuHas HOBU3HA 3aKIIOYAETCs B TOM, YTO OCO-
00e BHHUMaHUE YAEJCHO MOCIEACTBUSAM JUTUTEIBHOTO 3emMiieaenus uist pocdoproro Oananca u
TUTO/IOPOINSL TIOYB.

OBBEKTHI Y METO/IbI UCCJIEJJOBAHUIA

JleTanbHoe omKMCaHWE METOJUKU — MPOrpPaMMBbl UCCIIEIOBAaHUI, MOYBHI ONBITHOIO y4acTka,
yA00peHus CENbCKOX03SICTBEHHBIX KYJIBTYP B CEBOOOOPOTAX, METO/Ibl aHAIMTUYECKUX HCCIIE10-
BaHUM — IPUBOJUTCS B paHee onyOnrKkoBaHHbIX paboTax. Conepxkanue P20s B mouse onpeaensiu
1o b. 1. Mauuruny. Ha kaxp1il rektap He3aBUCHMO OT HHTEHCUBHOCTH MCIOJIb30BAHUS MAIIHH
B ceBooOopoTe BHOCHIH 10 60 Kr cynepdocdara (P20s).

[Tpu ybopke 03UMOM MIIEHUIIbI, TPEIIIECTBYIONIEH TOCeBaM MOKHUBHBIX KYJIbTYp, HE3aBH-
CUMO OT c1ioco0a MCIOIb30BaHMs MalllHU B CEBOOOOPOTE (MHTEHCUBHOE, OOILIEIPUHSITOE) COAEP-
xaHue P20s oka3pIBaeTcs MPaKTUYECKH PABHBIM.

PE3VJILTATBI UICCJIEJJOBAHUI

B npomexyTok 00paboTKa MOYBBI — MMOCEB MOKHUBHBIX KYJIBTYpP (OUYEHb KOPOTKHIl) TaKXKe HE
MPOUCXOJUT CYIIECTBEHHBIX U3MEHEHHUH B COJIEPKaHUU JTOCTYIHOro pacteHusm ¢ocdopa. [o-
3TOMY B MeK(a3HbIi MEPUOJT TOCEB — BCXO/IbI MOKHUBHBIX KYJIbTYp 0—10-caHTHMETpOBBIH CII0i
MOYBBI, B KOTOPBI HEMTOCPEJCTBEHHO 3a/1€IbIBAIOTCS CEMEHA, 00eCIedeH paBHbIM KOJIMYECTBOM
P20s, 3a uckirouenneM napa uepHoro (tadai. 1).

Copnepxxanne (ochopa Ha ITOT CPOK IOJ JIIOLEPHOH COOTBETCTBYET conaepkaHuio P20s
0] TIO>)KHUBHBIMU OJIHOJIETHUMH KyJbTypamu. CKa3bIBaeTcs CIOCO0 MCIIOJIB30BaHMS MAIIHU.
B 1040 cm cnoe noussl cogepxanue pocopa 0ka3bIBaeTCs MPAKTUYECKH PaBHBIM 0] BCEMU
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KyJbTYpaMH U YEPHBIM HapoM, HO Ha 23-12 % MmeHbllle 110 CPaBHEHUIO C I0JIEM, MOJIBEPIalo-
mMMcs osrynapoBoii oo6padotke. B 40100 cm croe mouBsl BeipaBHUBaETCs coaepxkanue P20s
MOJ1 JIIOLEPHOM, YepHBIM HapoM, 350b10 U oka3biBaeTca Ha 14-28 % MeHble MO0 CPaBHEHUIO C
MOYKHUBHBIMH IIOCEBAMH OJTHOJICTHUX KYJIBTYD, T. €. Ha0Io1aeTcs o0paTHasi KapTHHA 10 CpaBHe-
HUIO C BBILIEJICKAIIUMHU CIOSIMH TOYBBI, UTO OOYCIIOBJIMBAETCS Mepepacipeeliaoneil pobio
KOPHEBOW CHUCTEMBI U Pa3IOKEHUEM MOKHUBHO-KOPHEBBIX OCTATKOB.

Taénuya 1. [lunamuka P,Os (kr/ra) B 3aBUCUMOCTH OT CITOCO0A MCIOJIh30BAHMS TAIIHU B CEBOOOOPOTE
TP OPOIIIEHUHN

Table 1. Dynamics of P.Os (kg/ha) depending on the method of using arable land in crop rotation under
irrigation

Cpoknu I'myOuna KynbTypa

or6opa or6opa, KyKypy3a* | cypmaHckas | rpeumxa* | mronepHa* 350 YepHBIN

TIO9BEL oM TpaBa* (KOHTPOJIB) nap

0-10 14 13 14 13 15 21

Toces-Bexonet | 1040 39 40 39 43 48 37

40-100 41 40 41 36 35 32

0-100 94 93 94 92 98 90

Bexogpt 0-10 16 113 16 17 20 22

5-7 nmcTheB 10-40 35 31 35 37 36 37

40-100 37 34 38 31 25 31

0-100 82 78 89 85 81 90

Yo6opka 0-10 16 10 16 18 19 22

10-40 32 26 32 30 32 40

40-100 45 32 45 51 37 36

0-100 93 68 93 99 88 98

IIpumeuyaHue: KyIbTypa BBIPAIIMBACTCS B IOXKHUBHBIX IOCeBax. PaHHASA 3i0b HOABepraercss MOIyHapoBOit
obpaboTke.

OtmeudeHHble 0cOOeHHOCTH (hopmupoBaHus (pochaTHOro pexkuma Mo TOPU30HTaM IOYBHI B
CBSI3U CO CIIOCOOOM HCIIOJIb30BaHUS MAIIHU HE OTPa)KkaloTcs Ha 3amacax (ocdopa B METPOBOM
CJIO€ TIOYBBI.

KopHeBble cucTeMbl OIHONETHUX KyJIbTyp B 0—10 cM ciioe mouBsl, 32 HCKJIFOUEHUEM CyJaH-
CKOM TpaBbl, IEPEBOJAT B IOCTYITHOE COCTOSIHUE TaKoe KOJIM4YecTBO (hocdopa, KOTOPOro JocTa-
TOYHO JIJISl TUTAHUS PACTCHUI M COJIEPKAHUS €T0 B TIOUBE BCero Ha 3224 % MeHbIIIe 110 CpaBHE-
HUIO C MOJISIMHU, Ha KOTOPBIX OTCYTCTBYET pacTUTENbHOCTh. OCOOEHHO aKTMBHA KOPHEBas CH-
crema B 10-40 cm cioe moussl, a B 40100 cm croe mouBsl copepxanue dhochopa mo1 oHOIET-
HUMU TOXHUBHBIMU KYJIBTYpaMH U JIIOLIEPHOM OKa3bIBaeTCsl paBHBIM WM Jake OOJIbIIE, YEM B
napy 4epHOM M Ha 1ose, o0padaTbiBaeMOM IO TUIY MOJIynapa. AHAIOTUYHAs KapTHUHA CKJIAIbI-
BaeTCsl B yOOPKY MOKHUBHBIX KYJIbTYp, COBIAAAIONIYIO0 CO CPOKAMHU CEBA O3UMBIX MPOMEKYTOYU-
HBIX KYJIBTYpP B CEBOOOOPOTAaX C HUHTEHCUBHBIM HCIIOIb30BaHNEM MaIIHU. VcKiltoueHue mpecras-
JISIET T10JI€ U3-TI0J CYaHCKOM TpPaBBhI.

[Tocne y6opku MOXKHUBHBIX KYJIBTYpP B CEBOOOOPOTE C MNHTEHCUBHBIM HCIIOJIb30BAaHUEM AIIHU
BBICEBAIOTCS O3UMBbIE ITPOMEKYTOUHBIC KYJIbTYPHI (BHKa + pOoXKb**), a B c6BOOOOPOTE € 00IIETpPH-
HATBIM — MTOCJIE TIOJYTIapoBOi 00pabOTKHU MOYBHI — MEPEXOAUT B 350b 10 TOCEBA OCHOBHBIX SIPO-
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BBIX KyJbTYp. Pa3pbiB Mexkay yOOpKOI MOKHUBHBIX U TIOCEBOM O3UMBIX MPOMEKYTOUHBIX KYJIb-
Typ CBOJAUTCS 10 MUHMMYMAa C TE€M, YTOOBI YJIOXKHUTHCS B ONTUMAJIbHBIE CPOKHU I1OCEBA O3UMBIX
(mo 10-15.10). B mepuoa oT yOOpKH MOKHUBHBIX J0 ITOCEBA O3UMBIX MPOMEKYTOUHBIX KYJIBTYD,
HE3aBHCHUMO OT crioco0a KCII0JIb30BaHUS MALIHU B ceBO00OpOTE, coaepkanue P2Os B moceBHOM
cioe mouBbl (0—10 cM) BbIpaBHUBAETCS M JOCTUTACT B 3aBHCUMOCTH OT MPEIIIECTBEHHHUKOB
11-16 mr/kr mouBsI (Tabm. 2).

Tabauya 2. Tunamuika P,Os (kr/ra) B 3aBUCUMOCTH OT CIIOCO0A UCTIOJIL30BaHUS MAIITHHU U TIPE/IIIICCTBEHHUKOB
TOJT BUKa-PyKaHON** cMeChIo

Table 2. Dynamics of P,Os (kg/ha) depending on the method of using arable land and predecessors under
a vetch-rye** mixture

Cpoxkn I'nyGuna IIpeniiecTBEHHUKU

otbopa otbopa, * ” = =
HOUBDI oM KyKypy3a* | cymaHckas | rpedmxa 3510b JFOLEpHA 3510b YePHBIA

TpaBa* (xoHTpOIB) (KOHTpOIIB) map

0-10 16 11 16 14 11 17 20

[oces- 10-40 33 29 33 31 39 39 35

BEXOAR 40-100 35 36 35 33 62 35 35

0-100 84 76 84 78 112 91 90

Becennee 0-10 23 13 23 22 22 19 20

OTpacTanne 10-40 43 42 43 45 43 43 36

40-100 49 48 49 51 51 57 59

0-100 115 103 115 118 116 119 115

Beixon 0-10 22 16 21 12 24 20 21

B TpyGiy 10-40 44 43 44 38 49 39 30

40-100 43 45 55 42 44 47 52

0-100 109 104 120 82 117 106 103

Y6opka 0-10 17 13 17 14 23 19 22

10-40 37 41 37 38 46 41 33

40-100 43 44 52 40 33 53 54

0-100 97 106 106 82 102 113 109

Mpumeuanus: *— nonynaposas 06paboOTKa MOYBBI B CEBOOOOPOTE ¢ MHTCHCHUBHBIM HCIIOJIH30BAHUEM MAIIHH;
**_ monymnapoBas 00paboTKa MOYBHI B CEBOOOOPOTE C OOIICTIPUHSITHIM UCTIOIH30BAHUEM MAIIWH.

CrnenoBarenbHO, MHTEHCHBHAsE 00pabOTKa MTOYBBI B YKOPOUCHHbIE CPOKU MOJATOTOBKH HE OKa-
3bIBAET CYIIECTBEHHOI'O BIMSIHUS Ha cojiepxanue ocdopa B nouse. MoliHo pa3BuTas KOpHEBas
crcTeMa JIIOLIEPHBI MOBBIIIAET MOABMXKHOCTE (pocdaTon. B 10—40 cM cioe mouBbI 4eTKO IpOCMaT-
pHUBaeTCs MOJOKUTEIBbHOE NOCIIEIeHCTBIE KOPHEBBIX CUCTEM OJITHOJIETHUX MOKHUBHBIX KYJIBTYP,
0COOEHHO JIIOLIEPHBI; HE U3MEHsIeTcs coJiepkanue gocdopa B mose, oOpadaTeiBAEMOM MO THUITY
N0JIynapa, U JOCTOBEPHO YMEHBIIAETCS B YEPHOM Napy. B aHanu3upyemslil epro TOJIBKO KOp-
HeBas cuctema JiroriepHsl B 40—-100 cM ciioe mouBbl MOJAEPKUBAET aKTUBHOCTH (hocdopa. B mo-
JSIX, HE 3aHATBHIX pacTeHUsIMH, Gochop CBA3BIBACTCA B MAIONO/BIKHBIE (POPMBI. AHAJIOTHYHAsS
KapTHHA XapaKTepHa JJIsl BCETO METPOBOT'O CJ0s MOYBHI (TaduI. 1, 2).

C nosiBIeHNEM MOIIHO Pa3BUTON KOPHEBOM CUCTEMBI (BECEHHEE OTpacTaHue) BO BCEX IMOJISX,
3aHATBIX PACTEHUSMH, OTMEYAETCsl pe3Koe yBeianueHue conepxanus ¢pocdopa B 0—-10 cm cioe
MOYBBI U HEM3MEHHBIMHU OCTAIOTCS 3aI1achl B 3501 1 YEPHOM Napy. AHaJOrMyHasi KapTuHa HaOJro-
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JIaeTCs 10 BCEMY METPOBOMY CJIOIO ITOYBBI. JTO MPOUCXOAMT IO BIMSHUAEM PA3JI0KCHUS TIOBbI-
LIEHHBIX KOJIMYECTB MOKHUBHO-KOPHEBBIX OCTATKOB B CEBOOOOPOTE ¢ MHTEHCUBHBIM UCIOJIb30-
BaHHEM TalllHHU, aKTUBHOH JEATEIbHOCTH JKUBBIX KOPHEH, 0COOEHHO O000BBIX KYJBTYp, YBEIH-
YEHHUs CTENIEHU MOABUKHOCTH 33 CUET CUCTEMATUYECKOT0 MPUMEHEHUs (POCHOpHBIX y10OpEeHNUH.
B 35101 1 yepHOoM napy ormedeHo nepemenienue P2Os B Tiry0oKHe ClIor MOYBBI.

B ycnoBusax CesepHoro KaBkasza B 3uMHUI IEpUO] OTMEYAOTCS YacThle oTTenenu. Ciueno-
BaTEJIbHO, IONIEPEMEHHOE BBICYIIMBAHUE U YBIAXXHEHUE ITOYBBI B COYETAHUH C IIPOMOPAKHU-
BaHMEM IOBBIIIAIOT MOABUKHOCTH aIcCOPOMPOBAHHBIX €€ MOHOB (pocdaToB Ha MPOTSKEHUH
BCEr0 OCEHHE-3MMHE-paHHEBECEHHero nepuoja. Eime Oonee akTMBHO NMPOTEKAKOT 3TU IPO-
LIECCHI B F'0/1bl, KOT1a 03UMBbI€ (3UMYIOLIME) KYJIbTYphI HE IPEKpaIlatoT BEreTaluio U B 3UMHUM
nepuo. O3uMble MPOMEXKYTOUHBIE (BHKAa—POXKb™*), JfoliepHa, mocyMBasi OYBy 1O CpPaB-
HEHUIO C YEPHBIM [1apOM U 3510610 B CEBOOOOPOTE € OOLICIPUHATHIM UCIIOIb30BaHUEM HAIIHH,
HECMOTpsI Ha IOCTOSIHHOE norouieHue Gocgopa, pe3ko NOBBIIIAIOT MOABMKHOCTh (HOCHOpPHO-
KHMCJIBIX COJIEH.

3AKJIFOYEHUE

[To pe3ynbTaTaM MPOBEACHHBIX MCCIEJOBAHUI MOKHO CKa3aTh, 4TO (ocdop, BXOAIIIUN B
COCTaB IO’KHUBHO-KOPHEBBIX OCTATKOB paHee IMPOM3pACTAIOIIMX HA IOJie KyJIbTyp (03UMOI
NIICHULBI, KYKYPY3bl U IPYTHX ), 3aCTPAXOBaH OT BO3MOKHBIX IMPEBPAIICHHUH B IIOYBE U 10100~
HO COJIeprKallleMycsl B HaBO3€ JIETKO IOCTYIIEH K ’TOMY BPEMEHH HOBOMY ITOKOJIEHUIO pacTEHUIN
(03UMBIM — OCHOBHBIM U IIPOMEXKYTOUHBIM, KYKypy3e U T. 1.). [Toatomy ynep:xxanue N, P2Os,
K20 u apyrux Makpo- U MHKpPO3JEMEHTOB U3 yAOOpEHUH M MOYBBI B MOKHUBHO-KOPHEBBIX
OCTaTKax pacTEHHUIl IMpEeACTaBIseT, XOTA M HU3BECTHOE, HO MO-HACTOSALIEMY AaKTHUBHO EIIE HE
UCIIOJIb3YEMOE SIBIICHHUE.
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VIIK 631.5:635.751(470.621) Hayunas cratbs
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EDN: UMSKUL

Oco0eHHoOCTH pocTa, pa3BUTUA U GOPMUPOBAHHSA
YPOKAHHOCTH COPTOB KOPHaHApa

K. A. lllaosa™, B. H. Kocapes, M. C. 'ainueBa

Malikonckuii rocy1apCTBEHHbIN TEXHOJOTUIECKUI YHUBEPCUTET
385000, Poccus, r. Maiikom, yi. [lepBomaiickas, 191

Annomanyusn. B cratbe paccMaTpUBAIOTCSI 0COOCHHOCTH POCTA, Pa3BUTHS U JOPMHUPOBAHHUS YPOKAHHOCTH
Pa3IMYHBIX COPTOB KOPHAH/PA, BRIPAIIUBAEMBIX B YCIOBUIX | marmHckoro paiiona PecryOonuku Afpires.
IIpoBeneH CpaBHUTENBHBIA aHAIU3 arpOKIMMATHYECKUX YCJIOBUN PErvoHa, BIMSIONIMX HA BEreTallMOHHBIN
NepUOJ PACTEHHUH, U U3yUEHBI aJanTallMOHHbIE CIOCOOHOCTH BHIOPaHHBIX COPTOB K MECTHBIM MTOYBEHHO-
KIMMaTHYecKuM yciaoBusiM. Ocoboe BHUMaHUE yJeleHO (akropam, ONMpeAemsiondM NPOILyKTHBHOCTh
KOpHaHJpa, TAaKHM KaK CPOKM TOceBa, ynoOpeHue MmouBbl U 0oprOa ¢ copHsikamu. [IpencTtaBieHbl
pe3yJbTaThl MOJEBBIX HKCIEPUMEHTOB, IEMOHCTPHUPYIOIIME Pa3lIU4yusl B TeMIAax pPOCTa, Pa3BUTHUU
BEreTaTMBHOW Macchl M (DOPMHUPOBAHUM ypOXkKas CEMsSH y HccielyeMbIX copToB. ChenaHbl BBIBOIBI O
MEePCIIEKTUBHOCTH BBIPAIMBAHUS OMPE/EIIEHHBIX COPTOB KOPUAH/Ipa B JAHHOM PETHOHE U MPeI0KEHbI
PEKOMEHJAIMH 110 ONTHMM3AIMH arpOTEXHUUECKUX MEPOIPUSITUN AJIs MOBBIIMICHUS YPOKATHOCTH 3TOM
KynbTypel. B 2019-2021 romax B ycnoBusix ['marunckoro pafiona PecmyOnuku AJnbiresi IpOBOAMIACH
UCCIICIOBAHUS 10 arpOTEXHHUKE BBIPALIMBAaHUS cOpTOB Kopuanapa Cwiau u SHTapps. Beuim n3ydeHs!
HOPMBI BBICEBA U CPOKHU I0CEBA, BIMAIOIIME HAa yPOXKAWHOCTh M KadeCTBO IUIOJAOB. AHAIU3 JUaMeTpa
IJIOJTOB BBISIBIII PA3JIMUUs MEXKIy COpTaMU: AHMAMeETp mi1oaoB copta Cumau coctaBuia 3,4-3,6 MM, Toraa
Kak y copta Sutaps — 3,8—4,0 mm. LIet mioaoB Takke omnuyancs: y Cuiiaya — KOpUIHEBO-30JI0THCTBIM,
y SHTaps — reMHO-KopuuHeBbIi. [lo conepxanuto 3¢upHOro macna copt SAnraps npeBocxoann Cunad,
cocrasisis 2,2 % npotus 1,9 %. Cpenusist ypoxaiiHocTh 11008 Criiaya okaszanach Bbiie — 3,0 T/ra o
CpaBHEHHUIO ¢ 2,5 T/ra y SlHTaps. YpokallHOCTb 3€JICHOW MAacChl y O0OOUX COPTOB ObLIA 3HAYUTEIILHOM,
oJTHaKO SIHTaphb IEMOHCTPUPOBAN OOJNBIIYIO TPOAYKTUBHOCTH (21,29 T/ra), yvem Cunau (12,33 T/ra).

Knrouesvie cnosa: xopuanp, COpT, IUIO/IbL, CPOKH TIOCEBA, YPOIKAHHOCTH, IPUPHOE MACIIO, IKOHOMUUECKAsT
3G PEKTHBHOCTh, SHEPTreTHUYECKasl OlleHKa, PecryOnuka AJipires, aJanTHBHOCTh

Hocmynuna 20.09.2024, 0006pena nocne peyensupogarus 12.12.2024, npunsama x nyoauxayuu 04.03.2025
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Abstract. The article examines the growth, development, and yield formation of various coriander
varieties cultivated in the conditions of the Giaginsky district of the Republic of Adygea. A comparative
analysis of the agroclimatic conditions of the region affecting the vegetation period of plants was
conducted, and the adaptive capabilities of selected varieties to local soil and climatic conditions were
studied. Particular attention is paid to factors determining coriander productivity, such as sowing dates,
irrigation regime, soil fertilization, and weed control. The results of field experiments demonstrating
differences in growth rates, vegetative mass development, and seed yield formation among the studied
varieties are presented. Conclusions are drawn about the prospects for growing certain coriander varieties
in this region, and recommendations are made to optimize agronomic practices to increase crop yields. In
2019-2021, research on the cultivation techniques of the coriander varieties Silach and Yantar was carried
out in the Giaginsky district of the Republic of Adygea. Seeding norms and sowing dates influencing fruit
yield and quality were examined. Analysis of fruit diameter revealed differences between the varieties:
Silach fruits measured 3.4-3.6 mm, while Yantar fruits reached 3.8-4.0 mm. Fruit color also varied: Silach
had a brownish-golden hue, whereas Yantar exhibited a dark-brown shade. In terms of essential oil content,
Yantar surpassed Silach, with 2.2% versus 1.9%. The average fruit yield of Silach was higher at 3.0 t/ha
compared to 2.5 t/ha for Yantar. Both varieties demonstrated significant green biomass yields, but Yantar
showed greater productivity (21.29 t/ha) than Silach (12.33 t/ha).

Keywords: coriander, variety, fruits, sowing time, yield, essential oil, economic efficiency, energy
assessment, Republic of Adygea, adaptability
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BBEJIEHUE

Bo3spoxxaenue KynbTypbl KOpHAHIpa MOCIE BOWHBI U OBICTPBIN POCT 3TON KYJIBTYPBI 0OBSICHS-
eTcsl MPEeXk/ie BCero Tol MoTpeOHOCThIO, KOTOPYIO MPEeIbsBUIIA HA HErO IroCyJapCTBEHHAs Mpo-
MBILIEHHOCTD B CBSI3U C Pa3pbIBOM CBS3H C 3arpaHULICH.

Kopuannp BcneacTsue 0O0JIBIIONO COAEpKaHUS B HEM 3(HMPHOrO Macia BCEr/la BBICOKO Iie-
HUJICS] HAa MEX/IYHApOJHOM PBIHKE, TIO3TOMY COBIT ero Bceraa obecreueH [1, 2, 3].

O6mas noTpeOHOCTh B IUIOAAX KOpUaHapa BbipakaeTcs B 10,84 ThIC. TOHH, Cl0/1a BXOJUT
BHYTpEHHee noTpebiieHne U 3KcrnopT. OTHOCUTENIBHO 3KCIOPTAa U UMIIOPTA CBEJCHHUS OY€Hb
OTpPBIBOYHBIE.

3a nmociueaHee BpeMsl Ha phIHKE € KaXKJIbIM T'OZI0M Bce 0oJiblIe U O0JIble YBEIMUNUBAETCS CIIPOC
Ha JKMbIX (OTXO/IbI) KOpUAHPA.

3HaHUE COPTOBBIX OCOOEHHOCTEH U YCIOBUIl pocTa sBIsSETCA BaKHBIM (DaKTOpOM /ISl CTabu-
JHM3alUH yPOXKaWHOCTH U MOBBIIICHHS KauecTBa M008B [4, 5, 6]. YposkaitHOCTh, MaccoBast 10JIs
s¢UpHOro Macia M Jpyrue MmoKas3aTelu pa3iM4aroTcs B 3aBUCHMOCTH OT COpTa U YCIOBUM
npouspacranus [7, 8, 9].

Pannue cpoku moceBa 0OecreunBalOT JIy4lllee pa3BUTHE PACTEHHM, UX MEHBIIYIO Mopaxae-
MOCTh 00JIE3HSIMU U MEHblIIee Nojieranue. B rcciaenoBanusx, npoBeieHHbIX B BopoHnexckoit 00-
nactu Ha AnekceeBckoil MTC, ObuIO yCTaHOBIIEHO, YTO YPOXKAMHOCTh IUIOI0B KOpUAHIpA MPU
MOCeBEe BO BTOPOH AeKase ampens coctaBuia 0,76 T/ra, a mpu OCeBE B TPEThEH eKae anmpens —
0,58 1/ra. B. A. JIykbsiHOB peKOMEHI0BaJI IEPEHOC CpOKa NoceBa Kopuanapa Ha 10—14 nueil no-
Clle Havajla CeBa paHHHX SIPOBBIX 3ePHOBBIX KynbTyp [10].
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Hean u 3axauu uccaenoBanus. Llenpio nccnenoBaHmii BISIIOCH U3YYeHUE 0COOCHHOCTEH TOITy-
YEHUS BRICOKMX YPO’KacB KOPUAH/PA, 3a/IJa4aMU UCCIICIOBAHUH MOCITYKUIN (PaKTOPBI CPOKOB TIOCEB-
HOM, ITOCEBHBIX HOPMATUBOB, MHTEHCUBHOCTU IPUMEHEHHSI MUHEPATbHBIX YA0OPEHUIA, 3aIIIUTHO-CTH-
MYJIMPYIOIIMX BEIIECTB U IPYTUX MapaMETPOB BO3ZEIbIBAHUS S(DUPHO-MACTHYHBIX KYJBTYP.

MATEPUAJIbI U METO/IbI

Uccnenosanus nposoawin Ha noisix OO0 «llepcnektuBa+» ['marunckoro paiiona Pecry6-
muku Anpires B 2019-2021 rr. OO0 «IlepcniekTrBa+y» pacnoiiosKeHO B CEBEPO-BOCTOYHON YaCTH
cranuubl ['maruackoil. I104BBI ONBITHOTO y4YacTKa MPEICTaBICHbl YePHO3EMOM BBILIETIOUYECHHBIM
YIUIOTHEHHBIM MaJIOTyMYCHBIM CBEPXMOIIHBIM. MOIHOCTE TyMycoBOro ropu3onta 115-200 cm,
CoJlep’KaHue pas3HbIX 3MeMeHToB: Kamui — 1,5-2 %, dochop — 0,18-0,22 %, obmmii azoT —
0,25-0,3 %, oprannueckoe BemectBo — 3,0-4,8 %. B cioe 0-30 odmas Biaxkaocts 50-53 %.
[Torogubie yciioBUs B TOJIbI IPOBEACHUS HUCCIIETOBAHUN OTINYAIKNCH 110 KOJIUYECTBY OCAIKOB
B TEUEHHUE r'oJla U 10 ToAaM, KOJIeOaHUSIMU HU3KUX U BBICOKHX TEMIIEPATyp, HU3KOW HIIU BBI-
COKOM BJIQXXHOCTBIO BO3/1yXa.

IMepseiii ron uccaenoBanus (2019-2020) otimvancs W30BITOYHBIM YBIQKHCHUEM B CpaBHE-
HUU CO CpEeIHENH MHOTOJIETHEN HOPMOM.

OKTs0pb OBLIT TEIUIBIM U BIAXHBIM, UTO OJ1aronpHUsaTCTBOBAJIO MOSBICHUIO APYKHBIX U POBHBIX
BCXOJI0B Kopuanjpa. Tak, B okTsi0pe ocankoB Bemano 80,0 MM, 9to Ha 22,0 MM O0JIbIIIE MHOTO-
aetueit Hopmbl [11]. Temmeparypa Bo3ayxa Ha +2,7°C Bblliie cpeIHEMHOTOIETHUX 3HaueHu. Ho-
A0pb XapaKTepU30BaJICs TEIUIOHN U cyxoi nmoroaoit (puc. 1).
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 CpeaHAA TemnepaTypa 3a Mecal, I CpeAHEMHOro/1eTHAA TemnepaTtypa
Ocagku 3a mecs, CpegHeMHOroneTHAA Hopma 0CaZKoB

Puc. 1. Yenosus 2019-2020 cenbckoxossacmeenno2o 200a

Fig. 1. Conditions for the 2019-2020 agricultural year
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Bropoit rox ucciaenoanus (2020-2021) 6w Gosiee OiaronpusiTHBIM. B yCloBHSX FOKHO-
MIPEATOPHON 30HBI B TEUEHUE TPEX OCEHHHUX MECSIIEB — CEHTSAOPb, OKTAOPHL M HOsA0ph 2020 T. —
Obl1a OTMEYEHa Cyxas U Teruias noroaa (puc. 2).
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mm CpepHaAA TemnepaTypa 3a Mecsal, I CpeAHEMHOr01IeTHAA TemnepaTypa
KonunuecTso ocagKoBs 3a mecsal, CpefHeMHOroneTHAA HOPMa OCaZlKoB

Puc. 2. Ycnosus 2020-2021 cenbckoxo3aiicmeenHo2o 200a

Fig. 2. Conditions for the 2020-2021 agricultural year

AHOMAaIIBHO CyxXasl M TeIulas MoTo/1a OCEHbI0 HE CITOCOOCTBOBANIA PA3BHUTHIO KOPUAHIpPA B
3TOT nepuoJ. HecMoTps Ha TO, UTO 3UMHUIN U BECEHHUH MEPHObl OTIIMYAIUCH OOJIBIIUM KO-
JMYECTBOM OCAJAKOB W OJarompHUATHBIM TEMIIEPATYPHBIM PEXHUMOM, PaCTEHHUS XOPOIIO
nepe3uMOoBalIH.

Marepuanom Juis UCCIE0BaHUM CIIy>KUIIU copTa Kopuanpa nocesHoro (Coriandrum sativum L.)
AnTape, opuruHatopoM kotoporo sBisgercs PI'BYH HUNCX Kpsima, paitonnposan B 1976 r.,
u Cunau — ®I'bYH «Hayuno-nccnenoBarenbeckuii ”HCTUTYT Kpbimay.

[ToceB mpou3BOAMIN BO BCE TOJIBI MCCIEAOBAaHUIN B ONITUMANIBHBINA CPOK (TepBas JeKaaa CeH-
TsA0pst) cesnkoii C3-4,2. Hopma BeiceBa 25 kr/ra (uiu 3 MIIH BCXOXKHUX ceMsiH). [ myOuHa 3a-
nenku 2—4 cm. Ilocie ceBa oCcyIecTBIsI0CH TPUKATHIBAHUE.

[IpousBoamIIOCH MOCIEBCX010BOE OOPOHOBAaHME B OCeHHUM nepuosa 6oponoit CH-8 more-
peK psI0B.

B BecenHuil mepuoja ocymiecTBIsATIach MOJKOPMKa aMMuayHOW cenuTpoir NszsB 103e
100 xr/ra.
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Kopuannp

SuTaps

Puc. 3. Copma xopuanopa Curau u Anmape

Fig. 3. Coriander varieties Silach and Yantar

B (aze pozerku (mepBas jaekana ampessi) NpoBoAUIach XUMU4YecKas 00paboTka MoceBoB pac-
TeHWI Kopranapa. Ha moceBax ObUIM MPUMEHEHBI CIIEAYIONINE XMMHUYECKHE Mperaparsl: repou-
uug «[Ipomerpun» ¢ HopMoit 3 11/ra B cMecu ¢ repouraom «Jlemyp» 1 n/ra, pyurumnuanas o6-
pabotka npemnapatom «Komoccanby, HopMa 1 n/ra. Pacxon paboueit xuakoctu — 200 n/ra, Bce
XMMHYECKHE ollepalnuy npou3Boamiinch onpeickubareneM OI1-2500.

OmnpezneneHue cTeNeH pa3BUTHS paMylisipuo3a B (a3bl pa3BUTHS KOpuaHjapa: po3eTka 2—4
HACTOSILUX JIUCTA, CTeOIeBaHUe, LIBETEHHE, T101000pa3oBaHie — INIa30MEPHO Mo 6-OanabHOM
IIKaje 1o Meroauke s a3gupomacinyabix Kynbtyp (BHUMOMK r. Cumdeponons) Ha 25 pac-
TEHHSIX MO0 JUaroHald JENSHKH 110 BCEM BapHaHTaM M noBTopeHusM. IlepepaboTka 3eneHoit
Macchl U IJI0/I0B KOpUaHApa Ha 3(pUPHOE MACIO OCYIIECTBIAIACh METOAOM MMapOBON TUCTUII-
asau [12, 13, 14, 15].

PE3VJILTATBI

B pesynbraTe MpoBeeHHBIX UCCIEI0BAaHUIN SKCIIEPUMEHTAIIBHO MOATBEPKIEHO, YTO PaHHHE
CPOKH TIOCEBa CIIOCOOCTBYIOT Jy4IlIEMY Pa3BUTHIO PACTEHHM M MEHbLIEMY MOpPaXXeHHIo 0o1e3-
HAMH. YPpOKaltHOCTb IJI010B copTa SIHTaph ObL1a BhIlIe B yenoBusax 2021 ronga 6iarogaps 6osee
0J1aronpUsATHBIM OTO/IHBIM YCIOBHUSIM.

HccnenoBanus mokasajiy, 4TO COpTa KOPHAHIpa pearupyroT Ha arpoOTEXHUYECKHUE MPUEMBI T10-
pasHoMy. [IoMHUMO BeTMYMHBI ypoxXkas, BaXKHBIM (PaKTOPOM SIBIISIETCSI €r0 KayecTBO. Y CIOBHS
IIPOM3PACTaHMsI OKA3bIBAIOT 3HAUNUTEIBHOE BIMSHUE Ha HAKOIUIEHWE BEUIECTB B IUIO/IAX U UX XH-
muueckuii cocta [16, 17, 18]. [ns MakcUMaIbHOW peaM3aliid MeHETHYECKOTrO MOTEHIIHAIa
Ka)KJ0ro copTa He0OXOAMMBI 3HAHUS O crelU(UKe €ro peaklMK Ha TYCTOTY CTOSTHUSI.

Pe3ynbraThl HccnenoBaHU MOKa3alid, YTO YPOXKaHHOCTh U BBIXOJ A(UPHOrO Macia 3aBUCIT
OT COpTa U arpoTeXHUYECKUX MpueMoB. Tabmuma 1 mpencTaBiseT TaHHBIE 110 YPOXKAWUHOCTH U
BBIXOy 3(upHOro Macna y coproB Cuiiad u SIHTaps.
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Tabnuya 1. YpoxaliHOCTB 3€JI€HOM Macchl U BbIXoa adupHoro macna (2020-2021 rr.)
Table 1. Green mass yield and essential oil yield (2020-2021)

Cpemmss Brixon Brixon Cpennmnit
Copr YpokaHOCTB, | Y POIKaHHOCTD, YPOKAIHOCTH a¢upHOTO a¢upHOTO BBIXOJI
/ra (2020) /ra (2021) wra > | Macya, Kr/ra | Macia, Kr/ra | 3upHOTO
(2020) (2021) macia, Kr/ra
Cuau 22,5 23,0 22,75 61,5 62,0 61,75
SAnTaps 16,0 16,5 16,25 35,0 35,5 35,25

AHanu3 NaHHBIX MoKaszan, 4Tto copT Cuiau umeer Oojiee BBHICOKHE YPOXKAHHOCTh M BBIXOJ]
a¢upHOrO Macia 1o cpaBHeHHIo ¢ coptoM AnTaps. B 2020 roxy ypoxaitHocts copta Cuitay co-
craBuia 22,5 ni/ra, a B 2021 roay — 23,0 n/ra. Beixon apuproro macna y copra Cuitad cocTaBuiI
61,5 kr/ra B 2020 roxy u 62,0 kr/ra B 2021 roxy.

Copr fAnTapps mokazan MeHbIYI0 ypoxkaiHocTh: 16,0 w/ra B 2020 roxy u 16,5 w/ra B 2021
roay. Berxon a¢upnoro macna y copra SAuraps cocrasun 35,0 kr/ra B 2020 roay u 35,5 kr/ra B
2021 rony.

WccnenoBanus mokasaiu, 4TO HOPMBI TIOCEBA U CPOKH BHICEBA OKA3bIBAIOT 3HAYUTEIIHLHOE BIU-
STHAE Ha YPO)KaHHOCTh M KAYECTBO TUIOI0B KopuaHpa. Tabmuia 2 nmpeacTapiseT JaHHbIC 110 YPo-
JKAITHOCTH B 3aBUCHMOCTH OT HOPM I1OCEBA M CPOKOB BHICEBA.

Tabauya 2. BavusHre HOPM MOCeBa U CPOKOB BbICeBa Ha ypoxaiHocThb (20202021 rr.)

Table 2. Impact of sowing rates and sowing dates on yield (2020-2021)

Hopma YpoxkaltHOCTb, T/Ta | YpOoKalHOCTB, 1/Ta | CpeqHsist ypOKaHHOCTS,
nocesa, kr/ra | PO PHICCE (2020) (2021) wra
o5 nepsas aeKaja 225 23,0 22,75
CeHTsI0ps
20 nepBast ieKkasa 210 21,5 21,25
CeHTsI0ps
o5 TPEThS AeKaaa 165 17,0 16,75
CeHTsI0ps
20 TPEThs JieKaja 150 15,5 15,25
CeHTsI0ps

JlaHHbBIE TTOKA3bIBAIOT, YTO HAUBBICLIAS YPOKaHHOCTH OblIa JOCTUTHYTA IPU HOPME MOCeBa
25 Kkr/ra U cpoke BbICEBA B MEPBYIO JIeKaay CEHTSIOps. YpokalHOCTh MpPU 3TOH HOpME IOCceBa
coctaBmia 22,5 n/ra B 2020 roxy u 23,0 n/ra B 2021 romy.

OKOHOMHYECKAsI U SJHEPreTUYecKas OLICHKa BO3CIbIBAaHNS KOPUAHAPa ABJIETCS BaXKHBIM ac-
MEKTOM JJIsl OTpeieNieHus ero peHTadenbHocTH. Tabnuua 3 mpencTaBisieT JaHHbIE 10 IKOHOMU-
yeckoi 3 pekTUBHOCTH BO3/eNbIBaHUs copToB Cuiad u SIHTaph.

Taéauya 3. dxonomuyeckas 3pdexTHBHOCTD Bo3aenbiBanus kopuanapa (2020-2021 rr.)

Table 3. Economic efficiency of coriander cultivation (2020-2021)

[Tokazarenp Cunau (2020) Cunau (2021) | Snraps (2020) | SnTaps (2021)
3aTpathl Ha MPOU3BOJICTBO, 25.0 26,0 24,0 25.0
ThIC. py0./Ta
Bripyuka, ThIC. py0./Ta 90,0 92,0 64,0 66,0
[TpubbLIB, THIC. Py0./Ta 65,0 66,0 40,0 41,0
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OxoHomuueckas 3 (HeKTUBHOCTh BO3/A€IbIBaHUs cOPTOB Cuitay u SIHTaph OlIECHUBAETCs Ha OC-
HOBE 3aTpat Ha MPOU3BOACTBO U BEIPYUKH OT npoaaxu npoaykiuu. B 2020 u 2021 rogax 3aTpaThl
Ha Mpou3BoJIcTBO copTa Critay coctaBuiu 25,0 ThIC. py06./ra u 26,0 ThIC. py0./Ta COOTBETCTBEHHO,
a Beipyuka — 90,0 TwIC. py06./ra 1 92,0 THIC. py0./Ta. Takum oOpa3oM, MPUOBLIb COCTABHIIA
65,0 TeIC. py0./ra B 2020 Toxy u 66,0 ThiC. py6./ra B 2021 romy.

s copra SIaTaps 3aTparsl Ha mpousBocTBO B 2020 roxy cocrasuiu 24,0 Thic. py0./Ta, a
B 2021 romy — 25,0 ThIC. py0./ra. Bripyuka cocraBuna 64,0 Teic. py0./ra u 66,0 TeIiC. py0./Ta
coorBercTBeHHO. [IpuObute Anst copra SuTaps coctaBuna 40,0 Teic. py6./ra B 2020 roay u
41,0 teIC. py0./ra B 2021 roxy.

OTH JaHHBIE TTOKA3bIBAIOT, YTO BO3JeNbIBaHUE copTa Cuiiau siBisieTcst 6osiee MpUObUTBHBIM 110
CpaBHEHHIO C copToM SHTapk. Bricokas mpuObus copra Critady 00ycIoBIeHa ero BEICOKOH yporKaii-
HOCTBIO M COJICpyKaHUEeM 3(PUPHOTO Macya, YTO YBEIMYMBACT BBIPYUKY OT MPOAAXKH PO TYKIHH.

DHepreTuyeckast OlEeHKa BO3/ICIBIBAHIS KOPHAH IPA BKIIFOYAET aHAIN3 3aTpaT SHEPTUH Ha IPO-
M3BOJICTBO M BBIXO/Ia SHEPTHH B BHJIE KOHEUYHON NMpoayKIui. OCHOBHBIMH UCTOYHHKAMH 3aTpatT
SHEPTHUU SBISIOTCS 00paboTKa NOYBBI, BHECEHHE YI00OPEHUH, IOCEB, yXO/I 32 TOCEBAMU U YOOpKa
ypoxas [18, 19, 20].

B ycnoBusix PecriyOnuku Apirest Bo3zieNbIBaHNE KOpUaHApa TpeOyeT 3HaYNTeNbHbBIX SHepre-
TUYECKHUX 3aTpaT Ha OCHOBHBIE onepanuu. OIHAKO BbIXOJ YHEPTUH B BHJIE IOTYyUYEHHOM MPOIyK-
[[UU 3HAYUTEIHHO MPEBBIIIACT 3aTPAThl, YTO JeliaeT BO3/ENIbIBAHIE KOPUAHAPA YHEPreTUUECKU
3 PEeKTUBHBIM.

Tabnuya 4. DHepreTrdeckas olleHKa Bo3aenbIBaHus Kopuanapa (2020-2021 rr.)

Table 4. Energy assessment of coriander cultivation (2020-2021)

ITokaszarens Cunau (2020)| Cwumay (2021) | Antaps (2020) | SAntaps (2021)
3arpatsl 3ueprun, ['Jlx/ra 5,2 53 48 4.9
Berxon sueprum, I'JIx/ra 18,0 18,4 12,8 13,2
OuHepreTuyeckas 3hPEKTUBHOCTb 3,5 3,5 2,7 2,7

OHepreruyeckast 3pHEeKTUBHOCTh BO3IeNbIBaHUs copTa Cuiad coctasisier 3,5, 4To 03HAYaeT,
YTO Ha KaXIYI0 BJIOKEHHYIO €IMHHUILY SHEPIUH MOITY4YeHO 3,5 eMHUIIBI SHEPTUU B BUJIE KOHEY-
HoM nponykuuu. s copra SAHTaps 3Hepreruyeckas 3pPpexkTUBHOCTh cocTaBisieT 2,7. TU JaH-
HbI€ CBUJIETENICTBYIOT O BBICOKOM 3HEpreTHueckoi 3()()eKTUBHOCTH BO3/IENIbIBAaHUS KOPHaHApa,
ocobeHHo copta Cunau.

B niennom sxkoHOMHYECKas U SHEpPreTudecKasi OlleHKa BO3/Ie/IbIBAHUS KOPHaH Ipa IOITBEPKIAET
€ro BBICOKYIO PEHTA0ENIbHOCTh U 1I€JIECO00Pa3HOCTh BbIpalMBaHUs B ycioBusX PecryOmuku
Anpires.

BBIBO/IbI

[TouBeHHO-KIIMMATHUYECKUE YCIOBUS PecryOnmkn AfpITest IPUToTHBI JUTS BO3JICIBIBAHUS KO-
pHaH/pa Ha 3eJIeHYI0 Maccy, oAb U ceMeHa. M3yuaemblie copra kopuanapa Cunad u SHTaps B
YCIIOBHSX PETHOHA UMEIOT BBICOKYIO YPOXKaHHOCTh 3€JICHOIM MacChl, IUIOJ0B U IMOKA3bIBAIOT BHI-
COKYI0 3(D(PEKTUBHOCTH UCTIOTH30BAHMS.

Coneprkanne 2(pUpHOTO Macja B TUIOJaxX KopuaHapa copta SAHTaps coctaBisuio 2,2 %, copra
Cunaua — 1,9 %. Coxmepkanue 3pupHOTO Macia B IJiojax copTa SIHTapb TOCTOBEPHO BHINIE B
cpaBHeHHH ¢ copToM Cuiiad.
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YpokallHOCTh 3e/IeHON Macchl KOpHaHJpa B MOYBECHHO-KIMMATHUECKUX YCIOBUAX Pecy6-
nuku Anpires cocrapiseT y copra Cwmau — 12,33 1/ra, copta Antaps — 21,29 1/ra, Beixon 3dup-
Horo Macia — 18,77 t/ra u 21,29 T/ra COOTBETCTBEHHO.

3arpaThl COBOKYIHOW PHEPTUU HA €AMHHUILY IJIOMAAN IO U3yYaeMbIM COPTaM M3MEHSIOTCS B
HEOOJBIINX TIpeaesiax U BapbupyroT oT 13424 M]x/ra (Cunaud) no 14099 M]x/ra (SAaTaps).
3amachl SHEPruu, HAKOIUIEHHBIE ypOXKaeM, IPEBBIIIAIOT 3aTpaThl Ha IMPOU3BOJCTBO 3€JIEHOU
macchbl kopuanapa. Koaddunuent snepreruueckoii 3pPpeKTUBHOCTH B CpPEIHEM 3a J[BA roja Mo
BCEM COpTaM ObLT HEBBICOKMM — 1,32, Tak KaK copTa XapaKTEpPU3yIOTCSI OTHOCUTEIBHO BHICOKUMHU
3aTpaTaMM SHEPTUU Ha MMPOU3BOJICTBO 1 T 3€JI€HOI MacChI.

YCcTaHOBIIEHO, YTO BO3JEJbIBaHUE KopuaHapa copra Cunau siBisercs 6ojiee NMpUOBLUILHBIM
(60,9-62,5 %) o cpaBHEHHIO C COPTOM SIHTApH.
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JlurepaTypHbIid 0030p M0 YCTOHYMBOMY Pa3BUTHIO
HU(PPOBBIX JIOTHCTHYCCKUX CeTeH B chepe CeJIbCKOro X03sicTBa

A. H. Mekonun, C. E. Bapbikun™

Bricmas mkosna cepBrca U TOProBIIH
Cankr-IlerepOyprckoro nonurexauaeckoro yuusepcurera [lerpa Bemkoro
195251, Poccust, Cankr-IletepOypr, yin. HoBopoccuiickas, 50

Annomayus. Y CTOMIUBOCTD HM(POBBIX JJOTHCTUUESCKHUX CETEH — 3TO CIIOKHBIN BOMPOC, KOTOPBIH BKIIIOYAET
B Cce0s1 3KOHOMHUECKYIO S(PPEKTHBHOCT, COIUAILHYIO OTBETCTBEHHOCTD M COXPaHEHUE OKPY>KaroIlei cpebl. B
CBSI3U C 3THM pacTeT CHPOC Ha PELICHHE JOTMCTHYECKHX ONEpaluil C HCIOJIb30BAHUEM KOHLECIIHUN
1M(POBU3ALUY U YCTOHUMBOIO pazBuTHs. HecMoTps Ha ObICTpOE pa3BUTHE JOMMCTHYECKON OTPACIIH, BCE €1Ie
CYIIECTBYeT TPOOEN B MCCIIENOBAHMX, KACAIOMINXCS TpaHC(OpMaI|y JIOTUCTHKHA B YCTOHYMBYIO IHU(PPOBYIO
JoruCcTUKy. Takum 00pa3oM, 3Ta CTaThsl HampabieHa Ha 0030p 3MIMPHYECKUX M METOIOJOTMYECKUX PaMOK
TEKYIIETO COCTOSHHS MCCISAOBAaHUN MU(PPOBON JOTHCTHYECKON CETH M YCTOMYMBOCTH C OCOOBIM YIIOPOM,
MOMUMO TPOYETo, Ha CEbCKOXO3IMCTBEHHYIO JIOTUCTHKY. 1151 0030pa M BCECTOPOHHETO aHAIN3a IIUPOKOTO
Kpyra 3aj1a4 ObLIH BEIOpAHbI aBTOPUTETHBIC aKaJICMHUUECKUE HCTOYHUKH. B pe3ynbTaTe 0030pa ObLIN BBISBIICHBI
HCKOTOPLIC MHHOBALIMOHHBLIC METOAbI, HAJACKHBIC MOACIM W H3YUYCH pPsAd BaXKHBIX (I)aKTOpOB. OHCHGHBI
JOCTOMHCTBA M HEZOCTATKW MCTOYHHKOB 0030pa. bymymiue nccrnenoBaHust B 3TOH 00JIACTH MOTYT BKIIFOYATh
SMITMPUYECKUN aHAIU3 C HIMPOKUM OXBATOM JUISl aHAIN3a JIOTUCTHYECKUX OIEepalyii pa3MIHBIX CEKTOPOB C
TOYKH 3peHUS HU(QPOBU3AIMU U YCTOHYHBOCTH.

KiroueBbie ci10Ba: CebCKOE X035HCTRO, IU(POBast JOTMCTHKA, JIOTHCTUIECKAS CETh, 0030p, YCTOWYHUBOCTh
Hocmynuna 06.02.2025, 0006pena nocne peyensuposanuss 18.02.2025, npunsima x nyoauxayuu 06.03.2025

Juist uurupoBanusi. MekonnH A. H., bapeikun C. E. JIuteparypHblii 0030p 10 yCTOWYHBOMY Pa3BUTHIO HU(PPOBBIX
JIOTUCTUYECKUX ceTel B cdepe cenbckoro xossiictea // Mssectus KaGapauHo-bankapckoro HaydHOro IEHTpa
PAH. 2025. T. 27. Ne 2. C. 150-162. DOI: 10.35330/1991-6639-2025-27-2-150-162

JEL: O33 Review article

A literature review on sustainability concept
of digital logistics networks in agriculture

A.N. Mekonin, S.E. Barykin™

Graduate School of Service and Trade
Peter the Great St. Petersburg Polytechnic University
195251, Russia, St. Petersburg, 50 Novorossiyskaya street

Abstract. Sustainability in digital logistics networks is a complex issue that encompasses economic
efficiency, social responsibility, and environmental preservation. Due to this, there is increasing demand
to address logistics operations with the concepts of digitalization and sustainability. Despite the rapid
development of the logistics industry, there is still a research gap concerning the transformation of logistics
to sustainable digital logistics. Therefore, this article aims at the review of empirical and methodological
frameworks of the current state of studies on the digital logistics network and sustainability with particular
emphasis on, but not limited to, agricultural logistics. Reputable academic sources were selected for the
review and comprehensive analysis of the wide range of tasks. The review result identified some innovative
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methods, robust models, and explored certain significant factors. Merits and demerits of the review sources
were assessed. Future research in this area could incorporate empirical analysis with a large scope to
analyze the logistics operations of different sectors perspectives on digitalization and sustainability.

Keywords: agriculture, digital logistics, logistics network, review, sustainability
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BBEJEHME / INTRODUCTION

In today's globalized and digitalized economy, logistics development is crucial to cutting costs,
boosting transportation options, and improving the efficiency, quality, and safety of transportation and
logistics services. While the advancement of digital logistics platforms presents competitive potential,
global logistics development is progressing towards greater levels. The digital transformation of
logistics platforms has a number of favourable consequences, particularly on logistics activities such
as business processes, logistics prices, and logistics service quality [1]. The goal of logistics, which is
a system made up of a number of interconnected operations, is to efficiently handle the movement of
personnel and materials through the logistics channel. Digital logistics, or logistics 4.0, is the
implementation of digital solutions and new technologies in logistics services to improve and optimize
supply chain operations for different sectors. Logistics plays a pivotal role in determining the
competitiveness of international trade as a major part industry for national economic development.
Parts of logistics operations and services that have undergone digital transformations via the use of
information and communication technology are known as digital logistics [2].

The digitalization of logistics operations is seen as beneficial by customers, suppliers, and other
stakeholders due to the fact that it provides innovative information and communication. Because
the industrial supply chain's digitization has become essential for customer orientation, and supply
chain and logistics activation, the sharing of substantial amounts of information among supply
chain participants will enhance businesses' logistics. When digital logistics is introduced, it means
that advanced digital models, techniques, and tools that are based on a shared information and
communication platform are available [3]. As digital technology and worldwide communication
have emerged in recent decades, logistics and transportation have continued to change. Figure 1
shows how logistics evolves from logistics 1.0 to logistics 4.0.

From 1990s to present,
digital logistics is formed

Logistics 4.0
(Value chains in focus)

Formed during the third
industrial revolution in
the early 1970s

Logistics 3.0 (Pliant flow)

Logistics 2.0

Since 1950s, the term
(Supply chain Management)

Logistics entered the
economic terminology \\ Logistics 1.0

T ] Transportation
Scientists defined logistics Np )

1.0 in 1904

Puc. 1. Deonoyuonnoe pasgumue 102UCMUKY 6 PA3Hble INOXU
Hemounux: aoanmuposano uz [3]

Fig. 1. Evolutionary development of logistics in different eras
Source: Adapted from [3]
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Despite the fact that several studies have been undertaken on the subject of the logistics,
there is still a gap regarding sustainability issues and implementation of digital technology.
Therefore, this study is devised to review the methodological and empirical frameworks of a
number of studies. The authors of this study have contributed to the existing literature on the
sustainability and digitalization of logistics networks by reviewing the current state of studies
in the field of logistics.

MATEPUAIJIbI U METO/IbI / MATERIALS AND METHODS

Academic articles were downloaded from reputable databases and the most relevant 40 articles
were selected for the final review work. The reviewed articles were classified into three sections
based on the content apparatus and subsequently discussed. Figure 2 represents algorithm of the

overall review steps.

Research gap

v

Research aim

v

Keywords :,\>| Academic search and
download
¥ Inclusion criteria:
- / Publication year, 2017-24
Screen articles Indices (Scopus & WoS)
‘1’ Relevance to the topic

Classification
‘1’ Consideration:

1. Abstract
Making review 2. Problem overview

3. Objectives

v 4. Methods
Charts & > Present results 5. Results & conclusion
Tables ‘],

Analysis of results

v

Draw conclusion

Puc. 2. Ancopumm npoyedypel paccmompeHus.

Fig. 2. Algorithm of the review procedure
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PE3VJIBTATBI M OBCYXJIEHUE / RESULTS AND DISCUSSION

Descriptive result

The presentation of the results starts with presentation of the data used.

Figure 3 shows that the majority (60%) of the articles included in the review were indexed in
both the Web of Science and Scopus databases.

Wwios
H sScopus
[ Both WoS and Scopus

Puc. 3. Cmamou no unoexcy | Fig. 3. Articles by Index

Figures 4 shows 42.5% of the articles that included in the review work were undertaken in
China. The publication years, however, span from 2017 to 2024, with 2023 and 2024 accounting
for 22.5% and 27.5% of the articles, respectively.
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Fig. 4. Articles by year of publication and country
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Digitalization and Logistics Networks

Digital logistics networks are a concept that comprises the adoption and appropriate implementation
of digital technologies within diverse logistics operations to achieve a competitive advantage. The
integration of digitalization and logistics networks is applied in a wide range of research areas, and their
implications are reviewed. Table 1 presents the comprehensive review results of digitalization and
logistics networks. The study conducted on digital technologies for improving logistics performance
shows that the effectiveness of logistics and the efficiency of logistics services are predetermined by
the integration of digital technologies and use of internet services. Fixed broadband and 4G coverage
are key infrastructures that need forward pushing to enhance logistics performance [4]. The impact of
digital logistics under the big environment of the economy got special attention from the researcher in
China and disclosed that the number of populations, per capita GDP, and population density are highly
influencing the logistics process to maximize economic development [5].

Taéuya 1. CBogHBIC PE3yNBTATHI IO U(POBU3AIMY U JIOTUCTHYECKUM CETIM

Table 1. Summary results for digitalization and logistics networks

Author(s) | Methodology Findings

[4] Correlation The efficiency and efficacy of logistics services are predetermined by the incorporation
and Regression | of digital technology and the utilization of internet services.

[5] Entropy model | Population density, per capita GDP, and population size all have a significant impact on
and Regression | the logistics process to optimize economic growth

[6] Regression Important determinants of supply chain and sustainable business are transportation,

analysis logistics networking, and information sharing.

[7] Chi-square Green logistics technology, logistics warehousing, and logistics packaging are all
and Regression | significantly correlated.

[8] Qualitative Digital B2B platforms directly affect the inclusion and exclusion of actors in the
content analysis | production networks of logistics.

[9] DES model Dynamic lot sizing lowers the average amount of semi-finished goods in stock.

[10] Case study Lack of resources and the intricacy of the logistics network are the primary challenges

faced by logistics service providers.
[11] Qualitative Technologies like autonomous cars and route optimization algorithms are
analysis revolutionizing last-mile logistics.
[12] Spatial model | The logistics sector's overall degree of development has a major positive impact on the
local economy.

[13] Exploratory Improving digital leadership, enhancing data usage and security, and implementing
and descriptive | customer-centric approaches are some of 3PL's main issues.

[14] Exploratory University students' conceptual comprehension of digital logistics is not influenced by
Factor Analysis | their academic standing

Source: Review result

In connection with the study of implications of green logistics on sustainable business and supply
chain performance, information sharing, logistics networking, and transportation are the most
significant factors that impact sustainable business and supply chain performance [6]. On the other
hand, green logistics technology, certification, and standards are significantly correlated with
logistics warehousing and logistics packaging [7]. The impact of digital platforms on labor in the
production network of logistics is investigated in Germany and concludes that digital B2B platforms,
due to their intermediary function, are found to have a direct impact on the inclusion and exclusion
of actors involved in production networks of logistics [8]. A simulation approach study of robust
digital production and logistics networks by implementing flexibility measures shows that dynamic
lot sizing reduces the average stock of semi-finished goods [9]. However, the main obstacle of the
digital transformation at the logistics service providers is the complexity of the logistics network and
lack of resources [10]. According to a study on China's Belt and Road Initiative's digital integration
of the global supply chain and logistics, route optimization algorithms are revolutionizing last-mile
logistics, allowing for quicker and more effective delivery of goods to customers, and drones enhance
last-mile delivery technologies like autonomous vehicles [11].
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Digital Logistics Network and Sustainability

Sustainable logistics is a comprehensive approach to business operations and ensuring that
each step in the product’s journey is as green and efficient as possible. In order to meet
environmental goals, digitalization for sustainability focuses on the proactive creation and
application of digital tools, utilizing technology's capacity to promote favorable outcomes for the
environment and its people. Table 2 displays the review result under the concepts of digitalization
and sustainability in logistics operations. The study conducted in Turkey suggests that
digitalization in logistics has still not reached the maturity level as it is still in the early maturation
phase so that sustainability implications can be improved and changed over the years with the
maturity level of digitalization [15]. On the other hand, there exists a significant positive
mediation of digital enterprise and moderation of sustainability between digital enterprise and
China’s economic development [16]. Another study conducted on developing a sustainable
logistics service quality scale for logistics service providers in Egypt [17] discussed a list of
sustainability practices that should be used by logistics service providers in Egyptian culture.
Despite having viable goals to meet, Egyptian-owned businesses rarely carry them out in practice,
particularly in light of the presence of foreign competitors.

Tabnuua 2. CBogHbIC PE3yNbTATHI 10 HUPPOBOIT TOTHCTHKE U YCTOHYNBOMY Pa3BUTHIO

Table 2. Summary results for digital logistics and sustainability

Author(s) Methodology Findings
[15] Qualitative Logistics digitization is still in its infancy, thus as it advances in maturity, its effects on
analysis sustainability can be enhanced and modified over time.
[16] Bootstrapping Significant positive mediation of digital enterprise and moderation of sustainability
and algorithms between digital enterprise and economic development.
[17] Q-sorting The study explored Sustainability practices. Egyptian companies have sustainable
technique targets to be achieved with low implementation.
[18] Exploratory Idea generation, Conceptualizing, creating a sustainability business case, and execution
with few empirical | comprise the sustainable logistics innovation.
[19] Partial | Customer satisfaction has a favorable impact on re-use intention while information, human
east square contact, and customization qualities have a positive impact on customers' satisfaction.
[20] Analytical Technological infrastructures, digital solutions, and commitment of the top management
Hierarchy Process | affect the adoption of sustainable logistics 4.0.
[21] Stochastic Higher collaboration levels successfully cope with demand uncertainty and improve
programming model | revenues in the entire supply chain.
[22] Content analysis | In logistics 4.0, collaborative robots, exoskeletons, and additive manufacturing are the
and modeling best choices for sustainable development.
[23] DEA and Logistics investment has a positive correlation with road miles, online retail sales, and
Tobit model firm size.
[24] Optimization The study reduced costs by 5.70% by partially optimizing procedures. The updated
network subsequently produced overall savings of 10. 8%.
[25] Qualitative & AHP | In landlocked nations, turnaround time has a significant impact on logistical success.

Source: Review result

Idea generation, idea selection, concept development, creating a sustainability business case,
execution, and learning comprise the sustainable logistics innovation process. Formalization of
the logistics innovation is positively related to the success of sustainable logistics innovation [18].
Customer satisfaction and re-use intention are influenced by the quality of logistics services while
operational resources, information, human contact, and customized features favorably affect
customer satisfaction [19]. The digital initiatives for sustainability in logistics with the concept of
sustainable logistics 4.0 were empirically discussed in India [20]. The results indicate that the
main determinants of the adoption of sustainable logistics 4. 0 are technological infrastructure,
digital solutions, top management commitment, and governmental regulations. The study [21]
shows that higher collaboration level successfully copes with demand uncertainty and improves
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revenues in the entire supply chain. According to [22], the best technologies, such as additive
manufacturing, exoskeletons, and collaborative robots, are the most suitable options for achieving
sustainable development goals within Logistics 4.0.

Digital Logistics of Agriculture and Sustainability

Agriculture must include suitable sophisticated technology, digital, and innovations to become
more environmentally, economically, and socially sustainable. Making well-informed decisions
through digital farming and data-driven agricultural field operations can support agricultural
sustainability and resilience. Table 3 presents the review results of digital logistics in agriculture
and sustainability. The study conducted in China [26] shows that there is a significant effect of
digital economic development on the intensity of agricultural carbon emissions. In the same
country, the effect of the digital economy on sustainable agriculture is investigated, and the
finding reveals that participation in digital production, digital sales, and digital finance
significantly promotes farmers’ adoption of ecological agricultural technologies [27].

Taoauua 3. Ceoonvie pesyivmanivi o YUGPOGOU TOSUCIIUKE U YCTHOUMUBOM) PA3EUMUIO 8 CETIbCKOM XO35CMEe

Table 3. Summary results for agricultural digital logistics and sustainability

Author(s) | Methodology Result
[26] Regression The rise of the digital economy considerably reduces the intensity of carbon emissions
analysis from agriculture.
[27] Treatment effect | Digital sales and digital finance significantly promote farmers’ adoption of ecological
models agricultural technologies.
[28] Two-stage least | Access to credit and extension services, education, and government support are key
square (2SLS) | determinants for agricultural digitalization.
[29] Content The integration of digitalization into the agricultural supply chain is severely hampered by
analysis rural areas' inconsistent electrical supplies and limited internet connection.
[30] Supply chain Agricultural product vendors prefer to work with 3PL companies when the cost coefficient is
models low, but they prefer to use their own self-managed logistics when the coefficient rises.
[31] Path optimization | Effective uses of IoT technology solves problem of lagging agricultural product
modeling information, making agriculture product add value in the distribution process.
[32] Developed The agricultural product logistics industry based on intelligent Blockchain technology could
sustainable model | achieved at least 40% of the additional revenue.
[33] Super efficiency | Both low-carbon logistics efficiency and the level of digital economic development
SBM model, exhibit significant spatial positive correlation.
spatial models
[34] DEA and The level of agricultural logistics operation and the level of education of the labor force

Tobit model affect the efficiency of agricultural logistics.
[35] Co-integration test, | Capital, labor and urbanization have long-run positive relationship with both economic
ARDL model growth and carbon emission, respectively.

[36] Multivariate Logistics enterprise’s capacity, demand, human resources, technology adoption have
regression significant impact on agricultural logistics chain.
[37] What if scenario | The distributed governance strategy for fresh agriculture products shortens processing
time and reduces logistics costs.
[38] Chi-squared test, | The introduction of digitization and transfer of Big Data in agriculture will lead to better
contingency decisions and higher operational efficiency.
coefficient
[39] Difference National Agriculture Market e-trading platform increases the average wholesale prices
in differences of selected agri-commodities.
[40] Spatial Durbin | Added value of logistics fixed assets, highway mileage, truck number and railway
model mileage had a positive effect on the growth of agriculture.
[41] GMM Carbon emissions per capita and energy consumption from fossil fuels are negatively
connected with green logistics.
[42] Regression The development of digital economy reduces the carbon emission and promotes the
analysis innovation of agricultural green technology.
[43] Fixed effect A significant and positive correlation between carbon dioxide emission and logistics
model performance was documented.

Source: Review result
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On the other side, access to credit, extension services, education, and government support
are key determinants for agricultural digitalization in developing countries [28]. Agricultural
supply chain resilience is an important topic of discussion when considering the digitalization
of the sector. However, limited internet access and unstable electricity supply in rural areas
pose major obstacles to integrating digitalization into the agricultural supply chain [29]. The
study on optimal logistics service strategies in green agricultural product supply chains with e-
commerce platforms argues that agricultural product sellers prefer to cooperate with 3PL
enterprises when the cost coefficient is small while they prefer to choose self-managed logistics
when the cost coefficient increases [30].

According to the results of path optimization modeling, the problem of lagging agricultural
product information can be resolved by using loT technology effectively [31]. On the other
hand, intelligent product logistics integration is effective with the integration of Blockchain
technology such that the agricultural product logistics industry based on intelligent Blockchain
technology could achieve at least 40% of the additional revenue [32]. Low-carbon logistics
efficiency and the level of digital economic development exhibit significant spatial positive
correlation [33]. The level of rural goods turnover, the level of agricultural logistics operation,
and the level of education of the labour force are the main factors affecting the efficiency of
agricultural logistics [34]. Capital, labour, and urbanization have a long-run positive relationship
with both economic growth and carbon emissions, respectively, from the perspective of
Blockchain technology.

Discussion of Merits and Demerits

Merits: The study provided significant variables with innovative approaches. The
challenges of logistics industry are discussed. Integration and development of digital
technologies, use of internet access, digital infrastructures, and government policy are among
the top contributing factors of digital logistics development and its sustainability. Information
sharing, logistics networking, and transportation have an impact on sustainable business and
supply chain performance. Logistics enterprises capacity, demand, logistics human resources,
technology applications, infrastructure development strategy, service quality, regional linkage
in logistics, and priorities in policies have a significant impact on the development of logistics
services chains for agricultural products. The complexity of the logistics network and lack of
digital infrastructure and resources are identified as the key challenges of the logistics sector.
Sustainability implications can be improved and changed over the years with the maturity
level of digitization.

The importance and application of advanced technologies for the digitalization and
sustainability of logistics operations are clearly indicated in the reviewed articles. For instance,
digital B2B platforms have an intermediary function and can decide the inclusion and exclusion
of the actors in the production network of sustainable logistics. The introduction of
digitalization and Big Data technology in sustainable agricultural logistics will lead to better
decisions for higher operational efficiency and promote productivity in the sector. Drones
improve last-mile delivery technologies like autonomous vehicles. Additive manufacturing,
exoskeletons, and collaborative robots are the most suitable options for achieving suitable
development goals within logistics 4.0.

Effective use of loT technologies solves the problem of lagging agricultural product
information and increases the competition and overall benefits of the agricultural market.
Intelligent Blockchain technology could achieve at least 40 percent of the additional revenue in

Hzeecmus Kabapouno-banxapcrkoeo nayunoco yeumpa PAH Tom 27 Ne2 2025 157



REGIONAL AND SECTORAL ECONOMICS

the agricultural product logistics industry. Interesting topics such as green logistics management,
logistics network governance, sustainability impact of digitalization in logistics, intelligent
logistics, carbon logistics efficiency, optimal logistics service, and robust digital production and
logistics networks were studied. Robust model approach studies were conducted on agricultural
logistics under the concept of digitalization [26, 28, 31, 33, 34, 41].

Demerits: As drawbacks of the sources used in the current review work, the generalizability
problem could be of great concern. Generalization is an act of reasoning that involves drawing
broad inferences from particular observations and is widely acknowledged as a quality standard
in quantitative research but more controversial in qualitative research. Sources such as [8, 10, 11,
13, 17, 22, 29, 37] employed research methodologies such as what-if scenarios, qualitative
analysis, and case studies so that they are more likely to have generalization problems. There are
also sources that have a limited scope and small data set for the analysis.

It is easy to generate reliable quantitative results if the data has been properly gathered from
the intended source. For example, [25] gathered information by creating a systematic questionnaire
to examine important logistical performance metrics in low-income nations. Nevertheless, they
used rudimentary descriptive analysis to arrive at a conclusion that was applicable to all low-
income nations. Furthermore, [13] used qualitative research techniques to evaluate digital
transformation at third-party logistics providers. A quantitative analysis would be highly sound,
particularly in light of the company's level of digital preparedness.

The inclusion of biased information in the analysis leads to erroneous conclusions, which
affects the reliability of policy decisions. For example, [19] used an online survey to study the
impact of digital platforms on labour in production networks. This type of collecting
information is highly susceptible to yielding biased information. Additionally, sustainability in
digital logistics can be measured in a number of ways. However, some reviewed articles show
a deficiency in dealing with the sustainability of digital logistics applied in a wide range of
research areas.

3AKJIIOYEHUE / CONCLUSION

The review result explored that the digitalization in logistics sectors is increasing rapidly
due to the integration of advanced digital technologies. The role of advanced technologies such
as digital B2B platforms, Big Data technology, drones, additive manufacturing, exoskeletons,
collaborative robots, 10T, and Blockchain technologies in the logistics industry is highly
important for the sustainability and development of the logistics sector during the digital era.
Digital B2B platforms have an intermediary function while Big Data technology leads to better
decisions in production networks. Drones improve delivery time while 10T solves the problem
of lagging product information. Additive manufacturing, exoskeletons, and collaborative
robots are most suitable for the development goals with logistics 4.0. Significant variables
contributing to the development of logistics and key challenges existing in the sector are
identified and explained. The outcome of the review also identified deficiencies. These include
generalization problem, the inclusion of biased information in the analysis, limited scope, and
lack of quantitative approach, and the exclusion of sustainability issues in some works. The
authors’ contribution lies in their conceptual development and critical review of the existing
sources. Furthermore, the authors think that the findings of this review may provide a
theoretical foundation and pave the way for further research in this area. According to the
authors, future studies in digital logistics could cover a wide range of topics, including
sustainability concerns and quantitative analysis.
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IIpocTpancTBEeHHAs OPraHU3ALUSA CEJILCKOr0 X03HCTBA
KAaK OCHOBA PALIMOHAJILHOI0 Pa3MellleHUs M CIIeHMATN3aAun

JI. II. CuniaeBa

denepanbHbIi HAYYHBIA IEHTP arpapHOil SKOHOMUKH U COITUATILHOTO Pa3BUTHS CEIBCKUX TEPPUTOPUI —
Bcepoccuiickuii Hay9HO-HUCCIIEA0BATEILCKUI HHCTUTYT YKOHOMHKH CEIICKOTO XO3sICTBA
123007, Poccusi, Mocksa, XoporieBckoe mocce, 35, kopir. 2

Annomayusa. Cankuuy, BBeieHHbIe TPOoTUB Poccum eBponeiickumu crpaHamu 1 CoeIMHEHHBIMH
[lTaramn AMeprKku, BHECTH KOPPEKTHUBBI B TIPOIECC UMIIOPTO3aMENIEHUsS] U TIPOCTPAHCTBEHHOTO PA3BUTHS
CEJBbCKOrO X03siicTBa. B ClloXKMBIIEHCS CUTyalluu TOJI BO3JACHCTBUEM KaK BHYTPEHHHMX, TaK U BHELIHUX
(akTopoB, podiIeMa ¢ palOHATBLHBIM Pa3MElIEHUEM MPOU3BOJCTBA CENTbCKOXO3SMCTBEHHON MPOAYKIIUH,
CBIPBSl W TIPOJIOBOJBCTBHUS OCIOXKHMIACE. HeoOXOAMMBIMHU YCIOBUSMH OOECIIeUeHHs] HaCeIeHUs
MPOJIOBOJIBCTBUEM SIBIISIIOTCSL  pallMOHAIbHOE HCIIOJIb30BaHHE OHMOKIMMATHYECKOrO TOTEHIHaia,
COOTBETCTBYIOLIETO 3P (PEKTHBHOMY NPOU3BOACTBY MPOIYKLIUU CEIHCKOTO XO3MHCTBa, CO3JaHUE
CHEIMaTM3UPOBAHHBIX 30H B apeajiax W PerHoHax ¢ HauOosee OJarompusTHRIMU ITPUPOIHBIME YCIOBHIMH.
Lenv uccredosanus — pa3paboTka NpeAIOKESHUH 110 MPOCTPAHCTBEHHOMY Pa3BUTHUIO OTPACIICH CEIbCKOTO
X03s1iicTBa Poccum M CO3MaHMIO CIeNMAM3UPOBAHHBIX 30H IO MPOU3BOJICTBY CEIHCKOXO3SHCTBEHHON
MPOMYKIWHU, CHIPbS W TPOJOBOILCTBUA. Memoovl ucciedosanuss OMHPAIOTCS Ha MCHOIb30BaHHUE
MPOTrPaMMHO-IIETICBOT0 METO/1a, MPeAyCcMaTpHUBaloiero (opMUpPOBaHIE TPUOPUTETHRIX HAMPaBICHUN IO
MPOCTPAHCTBEHHOMY Pa3BUTHIO CEJIBCKOrO X03siicTBa. Hamuume OONBIIMX pa3ivuuii B OpraHU3aldd
MPOM3BOJCTBA M OCOOEHHO €ro MOAOTpacieil IelaeT HeBO3MOXKHBIM (OPMHUpPOBAHHE TOIXOJO0B K HX
NPOCTPaHCTBEHHOW opranm3anuu. Ocoboro BHUMaHUs TPEOYIOT PETHOHBI C ONArONPHATHBIMH TPHPOTHO-
9KOHOMHYECKHMHU YCJIOBUSIMH M C HEOOJBIIOW YHCICHHOCTHIO HAceNeHUs, I/ie HEOOXOJUMO BeICHHE
WHTEHCHBHOTO CEJICKOTO XO035ICTBAa C BEICOKUM ITOKa3aTeleM KOHKYPEHTOCIIOCOOHOCTH, TEPPUTOPHH,
OTHOCSIIUECS K MPUOPUTETHBIM M T€0CTPATETHIECKUM, a TaKKe cllabo3aceneHHble. K HUM oTHOCATCS
HeuepHosemnas 30Ha, paiionsl Kpaiinero Cesepa, peciyonuku Cesepraoro Kaskasa. [1pu atoMm ¢ ycuneHuem
muddepeHnmanyy pernoHOB TI0 YPOBHIO ITPOM3BOJICTBA OTACITBEHBIX BUIOB IMPOIYKIIMU CEITBCKOTO XO3SIHCTBA
BOKHYIO POJIb JIOJDKHO MIpaTh TocyAapcTBo. B Poccnu 0coOEHHOCTHIO MPOCTPAHCTBEHHOW OpraHU3aIin
pasBUTUSL CEJIBCKOTO XO3SHCTBa SBIISETCS OOJIBIIOE PAa3HOOOpa3ue TEPPUTOPHATBHBIX, MPUPOIHO-
KITMMATHYECKUX, COIMAIFHBIX M SKOHOMHYECKHUX pa3iuumid. [[03TOMy perrnoHaIIbHBIN acTieKT BEJICHUS He
TOJIKO OTpaciv, HO M BCEX €€ MOAOTpaciiecif, MeeT OJHO M3 BaXHBIX 3HaueHWH. [IpocTpaHCTBEeHHOE
pPa3BUTUC B CHUITY CIIOXXUBHIUXCA COBPEMCHHBIX YCJ'IOBI/II\/'I CBA3aHO C HU3MCHCHHEM HpOH?,BOI[CTBeHHOﬁ
HAIpaBIeHHOCTHU TPEANPHUATHN, aJIMUHUCTPATUBHBIX PAfOHOB W PETHOHOB, HYK/IAFOIIUXCS B TIOCTYTUICHHN
WHBECTHUIMN 1 TPEOYIOIINX OTpPeIeNICHHOTO BPEMEHH JJIsl OCYIIECTBICHHSI IAHHOTO TIpoliecca.

Knrouegwie cnosa: mpoCTpaHCTBEHHOE PA3BUTHUE, CETTLCKOXO3IUCTBEHHAS CIICLIMATN3ALIMS, KOHLIEHTPAIIHS,
pa3MeIeHne, CEIbCKOE X035HCTBO, PETHOH, 30HbI
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Analytical article

Spatial organization of agriculture
as a basis for rational placement and specialization

L.P. Silaeva

Federal Scientific Center for Agrarian Economics and Social Development of Rural Areas —
All-Russian Research Institute of Agricultural Economics
123007, Russia, Moscow, 35 Khoroshevskoe highway, 2 building

Abstract. The sanctions imposed on Russia by European countries and the United States of America
have made adjustments to the process of import substitution and spatial development of agriculture. In the
current situation, under the influence of both internal and external factors, the problem of rational
placement of production of agricultural products, raw materials and food has become more complicated.
A necessary condition for providing the population with food is the rational use of bioclimatic potential
corresponding to the efficient production of agricultural products, the creation of specialized zones in areas
and regions with the most favorable natural conditions. The purpose of the study is to develop proposals
for the spatial development of Russian agricultural industries and the creation of specialized zones for the
production of agricultural products, raw materials and foodstuffs. The research methods are based on the
use of a program-oriented method, which provides for the formation of priority areas for the spatial
development of agriculture. The presence of large differences in the organization of production and
especially its sub-sectors makes it impossible to form approaches to their spatial organization. Regions
with favorable natural and economic conditions and a small population, where intensive agriculture with
a high competitiveness index is necessary, territories that are considered priority and geostrategic, as well
as sparsely populated areas, require special attention. These include the Non-Black Earth Zone, the regions
of the Far North, and the republics of the North Caucasus. At the same time, with the increasing
differentiation of regions by the level of production of individual types of agricultural products, the state
should play an important role. In Russia, the peculiarity of the spatial organization of agricultural
development is a great diversity of territorial, natural-climatic, social and economic differences. Therefore,
the regional aspect of management of not only the industry, but also all its sub-industries, is one of the
important values. Spatial development, due to the current modern conditions, is associated with a change
in the production focus of enterprises, administrative districts and regions that require investment and
require a certain amount of time to carry out this process.

Keywords: spatial development, agricultural specialization, concentration, placement, agriculture,
region, zones
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BBEJEHUE

B mocnennue roapl pa3BUTHE CETBCKOX03HCTBEHHOTO MTPOM3BOICTBA XapaKTEPU3YyETCsI TTOJI0-
KUTEIbHOW TUHAMUKOM, TO3BOJIMBIIEN IOCTUYh OCHOBHBIX MapameTpoB [JOKTpUHBI TPOIOBOIb-
cTBeHHOU Oe3omacHoctu Poccuiickoit denepanuu B 4acTH CaMOOOECIICUEHHUS CEIIbCKOXO03SIH-
CTBEHHOU M IPOJOBOJIbCTBEHHON MPOAYKIMEHN 110 TAKMM BHJ1aM, KaK 3€pHO, PACTUTEIIbHOE MaCJIO,
caxap, MACO M MACONPOAYKTHI, ppi0a U prIOONPOTyKThI, KapTodensb. Yka3oMm IIpesunenrta Poc-
cuiickor ®exaeparuu ot 7 Mag 2024 r. Ne 309 «O HanmoHaNbHBIX HEAX pa3BUTHS Poccuiickoit
®enepanun Ha iepuoA A0 2030 roga u Ha nepcnekTuBy 10 2036 roga» ycTaHOBJIEHBI OCHOBHBIE
napameTphl TaTbHEUIIEro Pa3BUTHS OTPACIH, CBI3aHHOTO C YBEJIMUEHHUEM 00heMa MPOU3BOJICTBA

164 News of the Kabardino-Balkarian Scientific Center of RAS Vol. 27 No.2 2025



PETTIOHAJIBHAA U OTPACJIEBASI 5GKOHOMUKA

MPOIYKIMH arpoIpOMBIIIIEHHOTO KOMIUIEKCAa HE MeHee 4eM Ha 25 % M ee dKCcIopTa HE MEHee
yeMm B 1,5 pasza no cpaBHenuto ¢ 2021 rogom [1].

CornacHo Ctpareruu npocTpaHCTBEHHOTO pa3BuTusa Poccuiickoin denepanun Ha epyuo 10
2030 roxa ¢ mporuoszom n10 2036 roga, yreepxkaennon PacnopsokenueM [IpaButensctBa Poccuii-
ckoit deneparyu ot 28.12.2024 r. Ne 4146-p, «oCHOBHas 33/1a4a pa3BUTHUS COLMATIBHOM Cephl
cella — 3TO coKparieHue qudepeHIanuy B CONUATbHO-3KOHOMUYECKOM Pa3BUTHH TEPPUTOPUIL
3a cueT pocTa 00eCeYeHHOCTH MHPPACTPYKTYPOI OMOPHBIX HACEIEHHBIX MYHKTOB B CEIIbCKOM
MecTHOCTH. Ee perienre BO3MOKHO 3a C4ET KOMIUIEKCHOTO MTPOCTPAHCTBEHHOT'O pa3BUTHSL, 00ec-
nedyeHus AudepeHInPOBAHHOIO MOAX0Aa K HAIpaBICHUSIM M MEpaM TOCyIapCTBEHHOW MOJ-
JEP>KKU (PYHKIIMOHUPOBAHHUS OMOPHBIX HACEJIIEHHBIX MMyHKTOB, YUYUTHIBAIOLETO UX OCOOCHHOCTH
U TUHAMUKY Pa3BUTHS, CIEUPUKY IPUPOJIHBIX YCIOBHHA M POJIh YKA3aHHBIX TEPPUTOPUN B J0-
CTHKCHUM [IPUOPHUTETOB pa3BUTUs» [2]. B 310l cBsI3n pa3paboTka HaAyyHO 0OOCHOBAHHBIX MPE/I-
JIO’)KEHUH 110 IPUOPUTETHBIM HAIIPABJICHUSM Pa3BUTHSI CEIBCKOTO X035MCTBA M COLIMAJILHOTO pas-
BUTHUSL CEIBCKUX TeppuTOpuil, obecreunBarommx 3()(PEeKTUBHOE MPOCTPAHCTBEHHOE Pa3BUTHE
CEJIbCKOTO XO3SHCTBA U CMEXKHBIX C HUM OTpaciiell B paMKax peain3yeMbIX T'OCyJIapCTBEHHBIX
IIPOrpaMM U MPOEKTOB, IPUOOPETAET OCOOYIO aKTYyalIbHOCTb.

L]env uccneoosanus — pa3padoTka NPeI0KEHHUH 0 IPOCTPAHCTBEHHOMY Pa3BUTHUIO OTpacieil
CeJIbCKOro Xo34icTBa Poccun u co3januio crieuanin3upoBaHHbIX 30H 110 IIPOU3BO/ICTBY CEIbCKO-
XO3SIUCTBEHHON MPOAYKIIMH, CHIPBS U MPOIOBOJIbCTBUA.

Memoobl uccnedosanus ONUPAIOTCS Ha MCMOJIb30BAaHUE MPOrPAMMHO-IIEIEBOIO0 METO/a,
npelycMaTpuBaroero (GopMUpPOBaHUE MPHUOPUTETHHIX HAIMpPABICHUN MO MPOCTPAHCTBEHHOMY
Pa3BUTHIO CEIBCKOIO X034HCTBA.

PE3YJILTATHI UCCIIEJIOBAHUS

TepputopuanbHOe pa3fielieHue Tpyaa MpeICTaBIsIeT CO00M «...MPOCTPAHCTBEHHOE OTpake-
HUE 00IECTBEHHOTO pa3JIeleHHs TPyaa, 00yCIOBIEHHOE IPUPOIHBIMH, YKOHOMHYECKUMH, CO-
UAIbHBIMU U HallUOHAJIbHO-UCTOPUUYECKUMHU OCOOCHHOCTSIMHU OT/EIbHBIX PETHOHOB CTPaHHbI.
OHo xapakTepu3yeT reorpauio pa3mMelleHus Npou3BOACTBa, KOTOPOE CIOXKUIIOCH O] OJHO-
BPEMEHHBIM BO3JIEUCTBHEM Pa3BUTHUS IPOU3BOAUTENBHBIX CUJI, IPUPOJHBIX U SKOHOMHUECKUX
ycnoBuii» [3]. Bo-mepBbIX, OHO pa3rpaHHMYMBAET PETHOHBI MO MPOU3BOJCTBEHHOMY IOKa3a-
TEJII0 OCHOBHBIX BHJIOB IPOJYKIIMHU; BO-BTOPBIX, CIIOCOOCTBYET UX 00BbEIMHEHUIO U KaK Clle[-
CTBHUE YyCUJIMBaeT OOMEH NpPOJyKLHEH Mexay pernoHamu. B pesynbrare TeppuTOpUaIbHOE
paszneneHue Tpylda (GopMUpYyeT ClenHaNu3aliio PEerMoHa C KOHIIEHTpalHued Mpou3BOJCTBA
CEJIbCKOXO03UCTBEHHON MPOAYKIMH, 00BbEMBI KOTOPOH MpeBbIatoT norpedHoctu. [loatomy
TEPPUTOPUATIBHO-OTPACIEBOE PA3AEICHUE TPYJaA 3aKPEIUIAET CEIbCKOXO3SMCTBEHHbIE NTONOT-
paciau ¥ UX MPOU3BOJCTBO B HUX 32 KOHKPETHBIMU TEPPUTOPHUSAMHU U JAET BO3MOKHOCTH MOBBI-
CUTh MOKa3aTeNu 3(P(HEKTUBHOCTH SIKOHOMHKHU B PETHOHAX.

B ycnoBusix coBpeMeHHOM SJKOHOMHUKH KayKIbIi OT/AEIbHO B3SATHIN pErHOH 00eCcIeunBaeT e/1u-
HBIH TpoIiecc BOCIIPOM3BOJICTBA B CTpaHe. YTIIyOJieHHe Creualn3alii U pacuIMpeHne Mexpe-
THOHAJIBHBIX CBSI3€H cr1ocoOCTBYET (POPMUPOBAHUIO €TUHOTO PhIHKA, B OCHOBE KOTOPOTO «...JIe-
JKUT PETMOHAJIBHOE pas3zelieHue TpyJa. B To ke Bpemsi M301MpOBaHHOCTb PErMOHa JUIsl TOTO,
YTOOBI COOCTBEHHOE NMPOU3BOICTBO HE KOHKYPHPOBAJIO C IPYTUMH PETMOHAMM, IPUBOJUT K CO-
KpaIlIeHHI0 0OMEeHa MEeX/ly perioHaMH, He CIIOCOOCTBYET MCIIOIb30BAHUIO IPEUMYIIECTB TEPPHU-
TOPHATBHO-0TPACIIEBOTO Pa3/IeICHHsI TPYAA C LEIbIO PEIICHHS NX IKOHOMUYECKHIX poOiem» [4].

B ocHoBe TeppuTOpHanbHO-0TPACIEBOTO pa3felieHus TpyAa JIEKHUT IpolecC CrelHaaTnu3alun
Y KOHIIEHTpAIMK IPOU3BO/ICTBA, TO €CTh CIIeUaIN3alUs BIUIET HAa yPOBEHb KOHIIEHTPAIINH, KO-
TOpasi BeJIeT K yriayOsieHuto ero cnenuaiu3anui. OJHUM U3 YCIOBUHN CeNMAIN3alui U KOHIICH-
TpallUU MOAOTpacieil pacTeHHEBOACTBA SIBIAIOTCA OJAronpUsATHBIE MOYBEHHO-KIMMATHUYECKUE
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YCIIOBUS: MPHUPOAHBIE PECYPCHI MPH OINpPENEICHHOM TEIUIOBOM PEeXHME, BJIAXKHOCTh, YPOBEHb
MOYBEHHOTO I1010poaus. [IoaToMy MpupoAHbIE U SKOHOMHUYECKHE YCIOBHS 30H IPOU3BOJICTBA
OIIPEJICTISIFOT apealibl BO3JICIIBIBAHMUS MHOTHX CEJIbCKOXO03SHCTBEHHBIX KYIbTYD [5].

Poccust umeer noutu 560 kaIuMaTHUECKUX U reorpaduyeckux 30H, 00JaJa0muX O0NbIINM
MOTEHLIMAJIOM IIPOM3BO/ICTBA IPOIYKILIUHU CEIbCKOI0O X03siicTBa. [loaTomy panroHanbHOE pa3me-
[ICHHUE JIOJDKHO UTpPaTh OCOOYIO POJib B MOBBIIMIEHUU KakK 3(P(EKTUBHOCTH Pa3BUTHUS arpoIpo-
MBIIIJIEHHOTO KOMIUIEKCA, TaK U KOHKYPEHTOCIIOCOOHOCTH CEIbCKOXO03SIMCTBEHHON MPOAYKIINH,
CBIPbS U IPOIOBOJIBCTBHSL.

Peruonsl, pacnonoxennsie Ha Tepputopuu CeBepHoro KaBkasza, MeIOT 0co00€e reocTpaTeri-
4ecKoe MoJIoKeHne. Bo-TiepBhIX, OHU 00JIaal0T UCKIIIOYUTEIBHBIM PACIIONOKEHHEM, 3aKII0va-
IOLUMCS B IEPECEUEHUH MEXKTyHAPOIHBIX TPAHCIIOPTHBIX KOPUIOPOB, BO-BTOPBIX, PACIIOIaratT
MOPCKOM, KeJIe3HOA0POKHON M aBTOMOOMIIBHON TPaHCTIOPTHOM HH(ppacTpykTypoit. Kpome Toro,
peruonsl, hopmupytomue CeBepo-KaBkaszckuii (hepepaibHblii OKpYT, 00I1aJaI0T PUPOIHBIMU U
KIIMMaTUYEeCKUMH YCJIOBUSIMH, OJAronpUATHBIMHU JAJi MPOU3BOJCTBA CEIHCKOXO3SiCTBEHHOM
MPOIYKIMH, ChIPbS U MPOAOBONLCTBUS. Hampumep, npenropusie Tepputopuu CeepHoro Kas-
Ka3a UMEIOT BBICOKOIIPOJAYKTHUBHBIE €CTECTBEHHbIE KOPMOBbBIE Yro/ibsl JIsl Pa3BUTHUS KUBOTHO-
BOJICTBA. B TO ke Bpems He Bce TEPPUTOPUH PACIIONAraloT TAKUMHU IMOYBAMH, a OTAEIbHBIEC paii-
OHBI OTHOCATCS K CIIA00Pa3BUTHIM CYObeKTaM (heiepanuy ¢ HU3KMM YPOBHEM COLMAIBHBIX U 9KO-
HOMHUYECKHX MoKa3arene [5].

[Tpu BBICOKOM TMOTEHIIMANIE Pa3BUTHUS arpapHoro cexkropa B CeBepo-KaBkasckom ¢enepanb-
HOM OKpYTe€, BBIFOJJHOM 3KOHOMHYECKOM U reorpa)uyeckoM pacrooKE€HUU MOKHO OTMETHUTH
cinaboe pa3BUTHE KOOMEpaIH, HEAOCTAIONIY0 HHTETPALIUIO CEIbCKOXO03SHCTBEHHBIX TOBAPOIPO-
u3BoguTenel. Poib cenbckoro Xo3siiicTBa pernoHa 3aKJII0uaeTcsl He TOJIbKO B Pa3BUTHH SKOHO-
MUKH, OHO BBITIOJHSET (PyHKINIO, 00ECTIEUNBAIONIYIO 3aHATOCTD CEIbCKOT0 HACEJICHUS Ha JaHHOU
Tepputopuu. [1o3TOMy NepCreKTUBHBIM HaMpaBlICHUEM JIOJKHO CTaTh Pa3BUTHE CEIBCKOM KO-
orepaluy B peruoHax ¢ 0J1aronpusTHBIMU IPUPOIHBIMH YCIOBUSMU C LEJIbI0 OPraHU3aluy KOH-
KYPEHTOCTIOCOOHOTO CENbCKOTO XO035WCTBA W OTpaciiel MUIEBON M repepadaThIBaIONIICH Mpo-
MBIIIIEHHOCTH. DTO Oy/eT cnocoOCTBOBATh 00ECIIEUEHUIO MPOIOBOIBCTBEHHON 0€30MMacHOCTH,
(OpPMHUPOBAHUIO PECYPCOB CEIBCKOXO3SHCTBEHHOW MPOAYKLHUH, CHIPhS U MPOJOBOJIBCTBUS IS
MEXPETHOHAIBHOTO OOMEHa.

B nactosimiee Bpemst CeBepo-Kaskasckuii hegepalibHbIi OKpYyT pOPMUPYIOT LIECTh PECITYOIUK
u CraBponojibCKUil Kpail, KOTOpbIE pPACIIOIOKEHbI B OCHOBHOM B CTENHOM 30HE. MecTHoe
HaceJeHue cocTaBisieT 6,7 % oT olmieil ero uucieHHocTH Mo cTpaHe. Ha nomo okpyra
npuxogures 5,5 % muomanei, 3aHATHIX CEIbCKOXO03SIMCTBEHHBIMU KyJbTypamu, U Oonee 8 %
BAJIOBOM CEJIbCKOXO3SAMCTBEHHON MNpOAyKIUU. [lo OTAeNbHBIM BHUIaM €€ J0JIsI MPEBBIIIACT
yZIebHBIM BeC B UUCIIEHHOCTH HacelleHUs cTpaHsbl (Tadm. 1).

O6nem BanoBoil mpoxykiuu CeBepo-KaBkaszckoro ¢enepaqbHOr0 OKpyra COCTaBJsieT
513 mappa pybneit. Ha teppuropun okpyra B CTPYKTYpe pa3MEIICHHS CEIbCKOXO03SHCTBEHHON
IPOAYKIUH TPOU3BOAUTCS ouTH 28 % oBoleid, 6onee 28 % noaconHeunuka v 15 % roBsauHbI.
Btopoe mecto mocne KOxxHOro (hemepasbHOr0 OKpyra mo MpOU3BOACTBY OapaHWHBI 3aHUMAET
Cesepo-KaBkasckuii (eepaibHbIil OKpYT.

OcHoBHbIM npon3BoauTeneM 3epHa Ha CeBepHoM KaBkase siBisiercss CTaBpOIOJIBCKUM Kpal —
70,4 %. bomee 89 % mnpuxoamTcs Ha caxapHyr cBekiry u 79 % — Ha MacimoceMeHa. 31ech
npousBoautcs 85,6 % ceunuHbI U 70,6 % MsAca nTunsl. B To ke Bpemsa CTaBponoibCcKuil Kpai,
Pecniyonmuka Jlarectan n Kabapauno-bankapckas PecryGmuka mpousBomst cBbime 73 % oObema
kaptodens u 6onee 50 % suir. Jlunupyer o nmpou3BoCTBY oBoiei Jlarectas, rie nmomydatot 57,2 %
OBOIIHOM MpoyKimu. Ha ero goimo npuxoautes 6omee 41 % roesaunbl 1 ioutu 50 % GapanuHb [6].
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Bpricokuii moTeHIMa MpOU3BOACTBA CETbCKOX03SIMCTBEHHOM MPOTYKIIMH, ChIPbS U TTPOIOBOJIBCTBUS,
OJ1aronpusATHOE IKOHOMUYECKOE U BHITOJJHOE Teorpaduyeckoe MmojioskeHrne peruonoB CeBepHOro
KaBkasa mo3BoJisitoT B MEPCIEKTUBE 00ECIICUUTh CTAOMIBHOCTD Pa3BUTHS CEIbCKOTO XO35HCTBA,
NUIIEBOH M mepepadaThIBaroIieil MPOMBIIUIEHHOCTH, MPOIYKIMS KOTOPBIX 3aiiMET TOCTOWHOE
MECTO Ha BHYTPEHHEM M BHEIITHEM arporpoI0BOJIbCTBEHHBIX phIHKaX [7].

Taénuya 1. O06BeM U CTPYKTYpa MPOU3BOJICTBA OCHOBHBIX BHJIOB CEJIBCKOXO3SICTBEHHOW MPOIYKIIUH B
Cesepo-KaBkazckom denepamsaom okpyre B 2019-2023 rr.

Table 1. Volume and structure of production of the main types of agricultural products in the North
Caucasus Federal District in 2019-2023.

Cenepo- Kabapnuno- | Kapagaeso- Pecrrybmuica
Kagkascknit | Pecrry6nmka | Pecry6mmika CesepHast | UedeHckas (CTaBpomnoiib-
[Ipoxyxmmst bankapckas | Uepkecckas " .
tdenepanp- | Harecran |UHrynretus Ocerusi- |PecyOnmka | ckwii kpait
HB1H ORPYT PecnyOnuka | Pecry6nuka -
3epHO 11890,7 4417 110,8 12569 4459 828,0 4350 8372,6
100,0 3,7 0,9 10,6 3,7 7,0 3,7 70,4
CaxapHas 1859,3 189,8 129 1656,5
CBEKJIa 100,0 B B B 10,2 B 0,7 89,1
MacnocemeHa 9441 7.3 18 62,0 237 339 68,2 7472
100,0 0,8 0,2 6,6 2,5 3,6 7,2 79,1
B TOM 1HCIIe 5898 6.9 10 38,0 22,9 2,6 199 498,6
HOCOIHEUHNK 100,0 1,2 0,2 6,4 3,9 0,4 3,4 84,5
Kaprogens 10148 3448 47.4 164.7 1122 702 404 2353
100,0 34,0 4,7 16,2 11,1 6,9 4,0 23,2
OBouw 2209,6 12639 8.1 3923 69,9 27,8 1023 3452
100,0 57,2 0,4 17,8 3,2 13 4,6 15,6
Moico Beex 7199 1519 6.0 795 32,6 28,0 24,6 3973
BHJIOB 100,0 21,1 0,8 11,0 4,5 3,9 34 55,2
BT.4. 1571 64.9 29 26,0 12,0 85 195 234
TOBSIIMHA 100,0 41,3 1,8 16,5 7,6 54 12,4 14,9
CBMHHHA 64,9 0,2 19 0,4 6,9 55,5
100,0 0,3 - 2,9 0,6 10,7 - 85,6
GaparuHa 67,1 334 11 41 8.6 26 24 149
100,0 49,7 1,7 6,2 12,8 3,9 35 22,1
M$ICO HTHIIBI 429,0 53,1 19 47,2 114 9.9 2,6 303,0
100,0 124 0,4 11,0 2,7 2,3 0,6 70,6
Mosnoxo 28421 9342 126,4 558,3 200,6 202,3 297,2 523,3
100,0 32,9 44 19,6 7,1 7,1 10,5 18,4
Sliiua, 1587.3 245,0 24,0 2374 81,9 68.8 1241 806.1
MJIH IUT. 100,0 15,4 15 15,0 5,2 4,3 7,8 50,8

) B uncnuTene — 066eM NPOU3BOACTBA, THIC. T, B 3HAMEHATENE — yACIbHBIA Bec IPOU3BOACTBA B (heepaTbHOM
okpyre, %.
WCTOYHMK: COCTaBJIEHA U pacCcuMTaHa 1o AaHHbM Poccrarta [8].

JlanbHeliee pa3BUTHE JOJDKHBI TMONYYUTh W pervoHbl [lOBOJDKBSA, Tae TpajauLMOHHO
BBIpAILMBACTCS BHICOKOKaYeCTBEHHAs! IPOI0BOJIbCTBEHHAs nieHuna (21 %), ceMeHa MacIMUHBIX
KyIbTyp (26,1 %), kKapTodens (25,3 %), npousBoastcs Bce Bubl Msica (21,0 %), mornoko (31,0 %)
u siina (25,7). Heckoapko HUXKE TTOKA3aTeu 10 MMPOU3BOJICTBY CaXapHOU CBEKJIBI, OBOIIIEH, Msca
CBUHEH U OapaHWHBI.

[TpuBomxckuil penepanbHbIii OKPYT BKJIIOUAET YETHIPHAILATh PETHOHOB, PACIIONIOKEHHBIX B
JIECOCTEIMHON U F0KHOTACKHOM JIECHOW 30HaX. 3Aech Ha ruiomann 24,0 MIH ra BbIpalIuBarOT
23,0 % Bceil cenbCKOXO3HUCTBEHHOM BaJIOBOM MPOAYKLIMU. ITO BTOpO# mocie LleHTpanbHOro
benepanbHOro OKpyra 1o YMCICHHOCTH HACEIEHUS PETHOH.
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3epHO SIBJISIETCSI OCHOBHBIM BHJIOM CEJIbCKOXO3SIICTBEHHON MPOAYKIMH, BBIPAIIUBAEMON B
[ToBomxkbe. Ha momo CapartoBckoit u OpeHOyprckoit obnactei, pecryonuk Tatapcran u
bamkoproctan npuxonutcs 6onee 54,4 % BanoBoro cbopa 3epHOBBIX KYJIbTYp, 2/3 caxapHoii
CBEKJIBI BhIpamuBaercs B [IeH3eHCKoit o0nacTu, pecryonukax Tarapcran u bamikoprocras [3].

Jlupepamu 1O BBIPALIMBAHUIO CEMSIH MACIWYHBIX KyJIbTyp sABIstoTcs (CapaToBckas,
Camapckass u OpenOyprckas oOmactu. Oxoiio TMONOBUHBI Kaprodens B [IpuBomkckoM
denepanbHOM OKpyre moiy4yaroT B Huxeropoackoit obnactu, pecnyOnukax Tarapcran u
bamkoproctan. Ilpoaykiuio >KUBOTHOBOJCTBA IPOU3BOJIAT B OCHOBHOM B PECIyOJIMKax
bamkoprocran, MopaoBuss u Mapuii On, a takke B Ilenzenckoit oOmactu. bomee 42 %
roBsiquHbl, 46,6 % Oapanunbl u 36 % Monoka npousBoaiT B bamkoprocrane u Tarapcrane.
Taxxe B [loBoipkbe mpou3BoAsaT 2663 ThIC. T oBolEe, 4471,2 Thic. T mojaconHeyHuka u 11283,6
MJIH IIT. sd1l (Tad. 2).

Tabnuya 2. O6beM U CTPYKTypa MPOU3BOACTBA OCHOBHBIX BHUIOB CEIHCKOXO3SHCTBEHHON MPOTYKIIUN
B [IpuBomkckoMm denepansaom okpyre B 2019-2023 rr.

Table 2. Volume and structure of production of the main types of agricultural products in the VVolga Federal
District in 2019-2023

Tpuoumic- Pecny6nuka Openoypr-
N ckuii dhene- B ~ | PecniyOnmnka | PecrryGnuka | Pecriy6amaka Iensenckas |CapaToBckas
POIYKIIUS . AIIKOPTO . cKast
pajbHBII cran Mapuii 91 | Mopzaosust | Tatapcran OOIACTE obacth oGuacth
OKpyT
3epHO 284449 34715 2977 1518,3 4107.8 2939,1 27728 4980,7
100,0 12,2 1,0 5,3 144 10,3 9,7 175
CaxapHas 78915 1438,7 8815 1995,3 28,4 2344.6 4295
CBEKJIa 100,0 18,2 - 11,2 25,3 04 29,7 54
Macnocemena | 6666,0 470,9 84 108,1 408,9 12535 658.,0 21498
100,0 7,1 0,1 1,6 6,1 18,8 9,9 32,3
B TOM 1HUCIIC 5684,5 3724 B 116 2279 1198,3 522.7 1979,0
TTOACOJTHCYHHUK 100,0 6,6 0,2 40 21,1 9,2 34,8
Kaprodens 4980,4 630,3 2447 269,0 9915 1372 329,5 1351
100,0 12,7 4,9 51 19,9 2,8 6,6 2,7
OBomnu 2509,7 280,1 1244 971 2945 1777 1188 360,5
100,0 11,2 5,0 3,9 11,7 7,1 47 14,4
Msico Bcex 24009 279,6 280,7 2918 355,9 1340 328,5 112,7
BHJIOB 100,0 11,6 11,7 12,2 14,8 5,6 13,7 47
BT.4.: 459,0 97,9 85 13,6 95,1 438 16,0 38,2
TOBSITUHA 100,0 21,3 1,8 3,0 20,7 9,5 3,5 8,3
CBUHHHA 7132 86,7 64,5 104.4 82,1 37,9 594 50,0
100,0 12,2 91 14,6 115 53 8,3 7,0
Gapannua 34,2 6.8 0.6 0.1 9.2 3.5 0.9 6.4
100,0 19,8 1,6 0,3 26,8 10,4 2,6 18,6
MSICO TITHIIBI 1179,2 82,1 207,0 1736 167,1 46,4 2516 178
100,0 7,0 17,6 14,7 14,2 3,9 213 15
Moutoko 10075,3 16217 198,2 488,3 2006,3 622,3 365,9 7484
100,0 16,1 2,0 4,8 19,9 6,2 3,6 7.4
Sima, 115979 1069,5 3755 1511,5 1482,0 1003,2 274.6 942,1
MJITH IIT. 100,0 9,2 3,2 13,0 12,8 8,6 2,7 8,1

) B uncnuTene — 06beM MPOU3BOJICTBA, THIC. T, B 3HAMEHATENE — Y/CNbHEIH BeC PON3BOACTBA B (heepatbHOM
okpyre, %.
WcTOYHMK: COCTaBjIeHa U pacCYMTaHa 1Mo JaHHbeM Poccrara [8].

B nampneiiiem GombIIMHCTBO PernOHOB [IpUBOIMKCKOTO (henepatbHOro OKpyTa eIecoo0pa3Ho
CIICHHUAIM3UPOBATH HAa MPOMU3BOJACTBE MACA KPYITHOI'O POraToro CKOTa M ITUIlbl, MOJIOKA U SHII.
BOSH@J’IBIB&HI/IG HpO}IOBOHBCTBeHHOﬁ MICHUIBI TBEPABIX COPTOB BBICOKOTO KAa4C€CTBA U CEMSAH
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MacCJIMYHBIX KYJbTYP OCTA€TCS MPEPOraTUBON TaHHOTO PETMOHA. DTO JOJKHO COMPOBOXKAATHCA
pa3BUTHEM IPEIIPUITUNA MYKOMOJIbHO-KPYIISIHON M MAacJI0KUPOBOI npombiluieHHOCTH. Ocoboe
MECTO 3aiiMeT MPOU3BOJICTBO MOJIOYHOM MPOIYKIIMH, Macjia d)KHUBOTHOTO U ChIpa B ACCOPTUMEHTE.

Pecriy6nmuka Anpirest, Kanvbixus, Kpeiv, Kpacnogapcekuii kpaii, Actpaxanckast, Boiarorpaackas
u PocroBckas obnactu, Bxoasmue B coctaB OxxHoro denepaibHOro OKpyra ¢ YMCICHHOCTHIO
HaceseHust 16 541 Tric. yenoBek, mpou3BoAsaT 17,6 % oObema BajgoBOW MPOAYKIIMU CEITBCKOTO
xo3saicTBa crpanbl. Ha mumomaau 13,5 Thic. Ta B Okpyre mnpousBoautca 26,7 % 3epHa,
MOJTy4EHHOTO B CcTpaHe, 28,5 % mMacnu4HabIX KynbTyp, 30,7 % oBorieii u 6osee 30 % GapaHUHEL.
[Tpon3BOJACTBO 3TOM MPOAYKIMH Ha TeppuTopru HOXKHOTO (enepalibHOTO OKpyTra JelaeT ero
aujepom B crpane (Tadm. 3).

Tabauya 3. O6beM U CTPYKTypa MPOU3BOACTBA OCHOBHBIX BUIOB CEITbCKOXO3IHCTBEHHON MPOIYKITHH
B IOxHOM denepansrom okpyre B 2019-2023 rr.

Table 3. Volume and structure of production of the main types of agricultural products in the Southern
Federal District in 2019-2023

o FOncabrii ., | PecryOimiika | PecrryOmika | PecrryGnmka KpaCHof[ ap-| Actpaxan- | Boarorpaz- PocroBckas
poaykiusi | denepanbHBIH CKHiA cKast cKast
OKpyT Anpires Kanvbixus Kpemm sepa 061aCTE 06IACTE o0macTh
3epHo 36302,9 632,5 667,3 15559 14046,6 59,5 54225 139174
100,0 1,7 1,8 4.3 38,7 0,2 14,9 38,3
CaxapHas 10184,6 9336,7 425 7912
CBEKJIa 100,0 B B B 91,7 B 0,4 7.8
MacsoceMena 5404,3 1427 16,5 150,7 1676,6 05 1364,2 2053,2
100,0 2,6 0,3 2,8 31,0 0,01 25,2 38,0
B TOM 4HCIIe 4439,2 1074 118 77,2 1145,6 _ 1235,1 1862,0
TIOJICOJIHCYHUK 100,0 2,4 0,3 1,7 25,8 27,8 419
Kaproders 1436,3 214 3.1 741 400,7 394.1 183,0 358,1
100,0 15 0,2 5,2 27,9 274 12,7 24,9
Osomut 4201,7 423 12,2 1823 810,6 1534,1 1062,2 554,2
100,0 1,0 0,3 4.3 19,3 36,5 25,3 13,2
Msico Bcex 1040,8 29,0 59,6 102,8 433,6 35,9 146,0 2334
BUJIOB 100,0 2,8 57 9,9 41,7 3,4 14,0 22,4
BT.4.: 264.8 24 347 8.5 738 195 455 80,3
TOBSITUHA 100,0 0,9 13,1 3,2 27,9 7,4 17,2 30,3
CBMHIHA 2464 14,6 0.8 22,9 107,2 0.2 40,0 60.5
100,0 5,9 0,3 9,3 43,5 0,1 16,2 24,5
SaparmHa 64.4 05 22,6 19 19 139 113 122
100,0 0,8 35,1 2,9 2,9 21,6 17,5 19,0
V— 459,5 114 0.6 69.3 249,0 14 484 793
100,0 2,5 0,1 151 54,2 0,3 10,5 17,3
Monoko 3796,5 1205 484 1984 1576,6 1779 5726 1099,5
100,0 3,2 1,3 52 415 47 151 29,0
Slina, 4883,2 100,7 147 301,0 1600,7 386.,5 806.8 32
MJTH IIT. 100,0 2,1 0,3 6,2 32,8 7,9 16,5 0,1

) B uncnurene — 00beM NPOU3BOJICTBA, THIC. T, B 3HAMEHATENE — Y/ENbHbI BeC IPOU3BOACTBA B (helepaTbHOM
okpyre, %.
WcTOYHMK: COCTaBjIeHa U pacCYMTaHa 1Mo JaHHbeM Poccrara [8].

[Tomumo 3TOrO, B peruoHe npomsBoaar 22,0 % caxapHoii cBekiwl, 6onee 21,0 % ceMsH
MacCIUYHBIX KYJIbTYp U 7,3 % xaprodens, 9,1 % msca Bcex BuoB, 11,7 % monoka u 10,8 % suw.
Kpacnonapckuit kpaii, PoctoBckas u Bonrorpanackas obmactu nmpousBoasat 94,0 % macioceMsH
B okpyre. B KpacHomapckom kpae ckoHIeHTprpoBaHo mouTe 92,0 % pernoHabHOTO POU3BOJICTBA
caxapHOW CBEKJIbI, Ha JI0JII0 KapTodens, BbipanieHHOro B KpacHonapckom kpae, AcTpaxaHCKon
u PoctoBckoit o0mactsax, npuxoaurcs 80,2 %.
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CTaOUITBHBIM SBISIETCS TPOM3BOJICTBO XKUBOTHOBOUECKOU Mpoaykinu. B KOxxaOM denepans-
HOM oKkpyre PecnyOnuka KanMmblkus sBileTCS JIMI€POM IO MPOU3BOACTBY OapaHUHBIL. 3/1€Ch T0-
nyqatoT 35,1 % Bcero oobema gannoro msca. Oxono 60 % mpon3BoAcTBa GapaHUHBI TPUXOTUTCS
Ha AcTpaxaHckyto, Bonrorpaackyto u PoctoBckyto obnactu. ['oBsiquHy, CBUHMHY U MSICO TITUILIBI
MPOM3BOAT B OCHOBHOM B KpacHomapckom kpae, Bonrorpasnckoii u PoctoBckoii obmactsax. Ha
ux poiro npuxoautcs 78,1 %, 75,4 %, 84,2 % u 82,0 % coOOTBETCTBEHHO.

YuuTbIBasi BHICOKMI arpapHblii moteHuuan FOxHoro denepaibHOro OKpyra, B MepCHeKTHUBE
MIPU CPABHUTEIBHO OJIATONPHUATHBIX MPUPOAHO-KIMMATUUECKUX YCIOBUSX CIIETyET MOJIHEE YI0-
BJICTBOPSATH MOTPEOHOCTH MECTHOTO HACEICHHS B CEIbCKOXO3SIMICTBEHHON MPOIYKIUH, CBIPhE U
MPOJIOBOILCTBUU. J{JIsl 3TOTO CIeMyeT MPOJOIKUTH IPOIECC MHTEHCU(PUKAIIUN CETTHCKOTO X035TH-
CTBA, YKPEIUIATh MaTepUaIbHO-TEXHUYECKYIO 0a3y, HUCII0JIb30BaTh HOBbIE TEXHOJIOTUU BO3/IEIbI-
BaHUs CEJIbCKOXO3SHUCTBEHHBIX KYJBTYp U BBIPALIMBAHUS XKMUBOTHBIX. Pacrmornaras BBITOAHBIM
pa3MeIeHreM MPOU3BOJICTBA K PhIHKAM COBITa, BO3MOXKHO MOCTABIISATH CBOOOIHYIO POAYKIIUIO
Ha BHYTPEHHHI ¥ BHEIIHMIA pbIHKH [9].

BBIBO/IBI

B nepuoxa pedopm BO MHOTHX perHOHaX CTPaHbI MPOU3BOJICTBO CEIbCKOXO3IHCTBEHHOM MPO-
TYKIUH, CHIPbsI U IPOJOBOJILCTBHS OBUIO HAMPABJICHO Ha caMoOOecreueHue, 4To IpUBeso K Je-
CHEIMAlIM3alUU CeIbCKOX035IIICTBEHHOTO MPOU3BO/ICTBA M COKPAILIEHUIO MEKPETHOHAIBHOTO 00-
MeHa. HeratuBHO oTpasmiiach JaHHas CUTyalllsl Ha CHAOXEHHH OT€YECTBEHHBIMU MHILEBBIMU
IPOJAYKTaMH HACEJIEHUS U ChIPbEM JIJISl IUILEBOM MPOMBIIIJIEHHOCTH. DTO CIIOCOOCTBOBAJIO PErH-
OHAIM3ALMU U 3aMKHYTOCTH IPOM3BOJCTBEHHBIX IPOLECCOB, COKPAIICHUIO arpornpoaoBOJIb-
CTBEHHOT'O PBIHKA, OCJIA0JICHUIO HAIIMOHAIBHON MPOJOBOJILCTBEHHON Oe3omacHocTH. [ToaTomy
HEOOXOJMMO YUUTHIBAThH CYIIECTBEHHBIC PAa3NUUMsl IPU YHUDUIIUPOBAHHOM MOIXOJE K UCIIONb-
30BaHUIO PJIEMEHTOB MEKPETHOHAILHOTO 0OMEHa OTAEIbHBIMU BHAAMHU MPOTYKIIUU CEIbCKOXO-
351 ICTBEHHOI0 MPOU3BOICTBA, KOTOPBIE MOTPEOYIOT IEPECMOTpa psiia KOHLIENTYaIbHbIX IOJI0XKe-
HUM, CBA3AHHBIX C peanu3anueil 3QGeKTHBHON arpapHOi MOJMTUKHU U BHEIPEHUEM 0oJiee COBEp-
LIEHHOM CHCTEMBI yIIPABJICHUS IPOCTPAHCTBEHHON OpraHU3alMe OTPaciH.

B Onmkaiiiieil nepcrneKkTuBe U3MEHEHHE Pa3MEIeHHS U CTPYKTYPhI POU3BOJICTBA CEITHCKO-
XO3SICTBEHHOW MPOJYKIUHU, CHIPbS M MPOJOBOJILCTBU, YIiyOleHHe clielruain3anuyd 1 KOH-
LEHTPALU JOJDKHBI OMPEACIATHCS FOCYJapCTBEHHON IOJMTUKOM, KOTOpass UMEET BO3MOXK-
HOCTb U3MEHMTH IMPOLIECCHl MPOCTPAHCTBEHHOM opraHu3auuu Tpyaa. OgHako 3T0 noTpedyeT
COBEPIICHCTBOBAHUS OPTaHU3aLHOHHO-7’KOHOMUYECKOI0 MEXaHU3Ma, HAlPaBJIE€HHOIO Ha 3(¢-
(EeKTUBHOCTh pa3MEILIEHUs], Mpolecca CleuaIn3alui U yriayOaeHus KOHIEHTpaIuu Ipous3-
BOJICTBA OTJEJIBHBIX BUJOB CEIbCKOXO3IUCTBEHHON NPOAYKIUHU, CBIPbS U IPOJOBOJILCTBUS B
30Hax, OJIaroNpUATHBIX Ul UX MPOU3BOICTBA.
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Pa3paboTka poccniicKo-KNTaliCKOM
OMHHUKAHAJIbHOM JJOTHCTHYECKOM CeTH NMPOAYKIMU OHOTOILINBA

B. YWikan, C. E. Bapbixun®™

Beicmras mkoma cepBrca ¥ TOPrOBIN
Cankr-IlerepOyprckoro momuTexHudeckoro yausepcurera Ilerpa Bemmkoro
195251, Poccns, Canxt-IletepOypr, yin. HoBopoccwuiickas, 50

Annomayus. AKTyaJIbHOCTh HAHHON TEMbl OOYCIIOBICHA Ba)KHOCTBIO PEILEHUS JOTMCTUYECKUX
npo0JIeM B YCIOBHSIX TII00TLHOTO POCcTa OMOTOIUTMBHOM MPOMBIIIJICHHOCTH, IOBBILIEHHOH MIOTPEOHOCTH B
YCTOWYMBOM YIPABICHUH JIOTHCTHYECKUMH IPOLIECCAMHM U CHI)KEHMHU YIJIEpOAHOro ciepa. Paszpaborka
WHTETPUPOBAHHBIX JIOTUCTUYECKUX PEHICHUH CTaHOBUTCS OCOOCHHO CBOEBPEMEHHOMW, MOCKOJBKY OHA
MO3BOJISIET YYUTHIBATh OBICTPO MEHSIOIIMECS TPeOOBaHUS PhIHKA U 3KoJorndyeckue cranaaptol. IIpoden
B HAyYYHBIX HccjeqoBaHusAX. Ha cerogHsuIHuil 1eHp CyIIECTBYIOIIME IMOAXOABl K ONTHMHU3ALMU
MYJIbTUMOAIBHOM JJOTUCTUKU UMEIOT CYIIECTBEHHBIE HEIOCTATKH, CBSI3aHHBIE ¢ HECHHXPOHU3UPOBAHHBIM
yhpaBieHHeM HHGOPMAIMOHHBIMH W MaTepHAILHBIMH MOTOKamu. Kpome Toro, HaOmomaeTcss HeXBaTKa
SMITMPUYECKUX JTAHHBIX M0 MHTETPalil OMHUKAHATIBHBIX METOAOB, CPEIN KOTOPBIX IPUMEHSIOTCS: LiudpoBoe
IUIAHWPOBAHUE C HMCIOJNB30BAHUEM AITOPUTMOB MCKYCCTBEHHOI'O MHTEIUIEKTA; MOHUTOPUHI YTJICPOJHBIX
BBIOPOCOB; ONTHMHU3AIINS HHTEPMOAAIBHBIX (MYJILTUMOJANBHBIX) MepeBo3ok. Llean uccienoBanus. Lens
MCCIIEOBaHUS 3aKJIF0YAETCs B Pa3pabOTKe MOIENIN ONITUMHU3ALMI OMHUKAHAJIbHON JJOTUCTUYECKOM CETH IS
OMOTOILIMBA, OCHOBAHHOW Ha METOZAX aHallM3a JTAaHHBIX W MCKYCCTBEHHOTO MHTEIUIEKTAa. JTO MO3BOJISIET
co31ath A3PPEKTUBHBIA HHCTPYMEHT VISl YIIPABICHUS POCCUICKO-KUTAHCKUMH JIOTHCTHYECKUMH CETSIMHU B
TpaHCTpaHWYHOM KOHTeKkcTe. HayuHass HoBHM3Ha wuccienoBaHusi. PaspaboranHas oNTHMHU3AIMOHHAS
MO/IeJIb Ha OCHOBE JaHHbBIX O3BOJISIET 3HAYUTENBHO CHIXKATh JIOTUCTUYECKHE 3aTPAThl, COKPAILATh BEIOPOCHI
yTiepo/a 1 MOBBIIIATh YCTOHYUBOCTH LEMH MOCTaBOK. TaKoi MOAX0/T pacIIUpseT TEOPETHUECKHE OCHOBHI B
00JacTH JIOTUCTHYECKOH OMHHMKAHAIBHOCTH M OTKPBIBACT HOBBIE MEPCIEKTHBBI JJIS1 UCIOJIb30BAHUS
COBPEMEHHBIX IU(PPOBBIX TEXHOJIOTHH B ONTUMU3AIMU TPAHCIOPTHBIX cucTeM. HayuHas nuckyccusi u
HaNpaBJeHus AJs AajbHeiiliero MccjeoBaHUs. ABTODHI IpepiaraloT 0O0CYIUTb BO3MOXKHOCTH
aJlanTaliy NMPeIOKEHHON MOJENH ISl pEHIeHUs] CXOXKUX JOTUCTUYECKUX 3a7a4 B JPYTHUX OTPacisix
HapoOAHOTO X03fKcTBa. Takke Ba)KHBIM HalpaBICHHEM IUCKYCCHU SIBISIETCS COBEPIICHCTBOBAHUE
OpraHU3aIIMOHHO-YKOHOMUYECKUX MEXaHU3MOB HHTETPALIUH IU(PPOBLIX TEXHOJIOTHI B CUCTEMY JIOTUCTHKH,
a UMEHHO JopabOTKa METO/I0OB MOHHTOPHMHIA YTJIEPOIHBIX BBIOPOCOB, YTO MO3BOJHUT HOBBICUTH OOIIYIO
3¢ PEKTUBHOCTH ONTUMHU3ALNH JIOTUCTUIECKHUX MIPOLIECCOB.

Kniouesvle cnoea. OMHUKaHAJbHAs JIOTMCTUYECKAsl CE€Tb, POCCUNCKO-KUTAMCKas CeTh IPOLYKIMU
OMOTOINMBA, TPAHCTPAaHUYHAS JIOTUCTUKA, YCTOMYMBOCTD 1IETIEH MOCTAaBOK, MYJIbTUMO/IaJIbHBIE TIEPEBO3KU

Hocmynuna 10.03.2025, 0006pena nocne peyensuposanuss 20.03.2025, npunsma x nybauxayuu 02.04.2025

Juis muruposanus. Wxan B., bapeikun C. E. PazpaboTka poccuiicko-KUTaliCKO OMHUKaHAIBHOMN JIOTUCTHYECKOM
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Abstract. The relevance of the topic is determined by the importance of addressing logistical issues in
the context of the global growth of the biofuel industry, the increased need for sustainable management of
logistics processes, and the reduction of the carbon footprint. The development of integrated logistics
solutions is particularly timely, as it enables the consideration of rapidly changing market demands and
environmental standards. Research Gap. Currently, existing approaches to optimizing multimodal
logistics have significant shortcomings related to the unsynchronized management of information and
material flows. In addition, there is a lack of empirical data on the integration of omnichannel methods,
among which the following are applied: Digital planning using artificial intelligence algorithms; Carbon
emission monitoring; Optimization of intermodal (multimodal) transportation. Research Objective.
The objective of the research is to develop an optimization model for an omnichannel logistics network
for biofuel, based on data analysis methods and artificial intelligence. This approach enables the creation
of an effective tool for managing Russian-Chinese logistics networks in a cross-border context. Scientific
Novelty. The data-driven optimization model developed significantly reduces logistics costs, cuts carbon
emissions, and enhances the resilience of the supply chain. This approach expands the theoretical
foundations in the field of omnichannel logistics and opens up new prospects for the use of modern digital
technologies in optimizing transportation systems. Scientific Discussion and Future Research
Directions. The authors propose to discuss the possibilities of adapting the suggested model to solve
similar logistical challenges in other sectors of the economy. An important direction of the discussion is
also the improvement of organizational and economic mechanisms for the integration of digital
technologies into the logistics system, particularly the refinement of carbon emissions monitoring methods,
which will enhance the overall efficiency of optimizing logistical processes.

Keywords: omnichannel logistics network, Russian-Chinese biofuel products, cross-border logistics,
supply chain resilience, multimodal transportation
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BBEJIEHME / INTRODUCTION

The term “biofuel products” explicitly narrows the focus to the tangible, marketable items —
such as biodiesel or bioethanol — that are being distributed. So, the article topic “Developing the
Russian-Chinese Omnichannel Logistics Network of Biofuel Products” clearly indicates that the
research centers on the logistics aspects related to the distribution and handling of the finished
biofuel commodities. The focus of the research is on the network for handling the final biofuel
products rather than the broader concept of bioenergy. The phrase “logistics network of biofuel”
might be interpreted in a broader sense. It can imply an analysis of the entire biofuel sector,
including production, distribution, and even technological aspects related to bioenergy.
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As a clean and renewable form of energy, biofuel has gradually become an important
component of global energy strategies in the context of the transition of the global energy mix
towards renewable energy and a low-carbon economy. Overuse of traditional fossil fuels has led
to serious environmental problems such as climate change, air pollution and resource depletion.
In order to meet these challenges, the international community has set targets to reduce carbon
emissions and promote green energy development. Biofuel (e.g., bioethanol) has become one of
the key areas in the global energy transition because of its low carbon emissions, renewability and
wide application prospects. According to the International Energy Agency (IEA) [1], biofuel share
of global renewable energy consumption is rising every year and is expected to account for more
than 20% of global energy consumption to 2030.

As globally important energy producing and consuming countries, China and Russia have
significant complementarities and potential for cooperation in the field of biofuel. Russia has
abundant bioethanol resources (e.g., agricultural waste, raw materials such as grain by-products),
and its wide land area provides favorable conditions for the cultivation and collection of biomass
resources. China is one of the world's largest energy consumers, and with rapid economic
development, the demand for clean energy continues to increase. The Chinese government has
proposed a “dual carbon target” [2] (i.e., carbon peaking by 2030 and carbon neutrality by 2060) [3],
and has made biofuel an important element in realizing this target, and China's technology for
processing into bioethanol and scale are relatively mature. Under the cooperation framework of
the Belt and Road Initiative and the Eurasian Economic Union, Russian-Chinese Biofuel cross-
border trade is becoming more and more frequent, and the logistics demand for renewable energy
products such as bioethanol is growing rapidly.

Traditional cross-border logistics networks usually use single channel (linear transport
structure) for energy transportation, without high degree of synergy among various logistics links,
and information flow, capital flow and logistics operation are relatively independent, resulting in
low overall operational efficiency. By building omnichannel logistics network [4,5], it can break
the isolated island effect of traditional supply chain [5,6], realize the real-time monitoring of cross-
border logistics data, and improve the adaptability of logistics network. Therefore, author's
suggestions to build a Russian-Chinese omnichannel logistics network of biofuel products to cope
with the complexity and dynamics of Russian-Chinese biofuel transport and to provide important
support for Russian-Chinese energy cooperation and the realization of global sustainable
development goals are of great practical significance.

The aim of research is to develop an optimized omnichannel logistics network framework to
improve the efficiency of collaboration in the Russian-Chinese logistics network of biofuel
products. By optimizing the transparency, traceability and responsiveness of the logistics network,
this research seeks to reduce operational costs, enhance the sustainability and resilience of the
supply chain, and ultimately provide theoretical guidance and decision-making support for the
efficient development of Sino-Russian energy trade.

Research subject focuses on exploring how to improve the synergistic efficiency and
sustainability of the Russian-Chinese omnichannel logistics network of biofuel products through
the construction and optimization of omnichannel logistics network.

Research object focuses around the Russian-Chinese omnichannel logistics network of biofuel
products, aiming to explore the deep integration mechanism of omnichannel logistics network
model in the complex cross-border trade environment.

The scientific novelty of the research is reflected in the following aspects.

1. The research breaks through the traditional scope of application of omnichannel logistics
network and introduces it into the Russian-Chinese biofuel products for the first time, proposing
a new type of logistics optimization strategy applicable to energy trade.
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2. The research establishes a real-time data-driven logistics network collaborative
optimization mechanism based on real-time data, integrating logistics data, policy information
and market demand to improve the real-time decision-making ability and adaptability
of cross-border logistics.

3. For the first time, the research incorporates environmental indicators such as carbon
emission and energy consumption in the optimization model of Russian-Chinese omnichannel
logistics network of biofuel products, which provides scientific basis for the development of
low-carbon economy and green energy logistics, and enhances the practical significance and
policy value of the research.

4. Research on the use of modern logistics information technology (e.g., Internet of Things,
big data analysis) to enhance the level of intelligence in the logistics network, improve the
efficiency of logistics resource allocation, and then enhance the overall operational effectiveness
of the supply chain.

MATEPHAJIBI 1 METO/IbI / MATERIALS AND METHODS

Policy and market environment directly affect the feasibility and stability of cross-border
supply chains. Market demand for bioenergy is extremely dependent on international oil
prices [7, 8] and policy drivers (implementation of China's “dual-carbon” policy [9,10]). The
expansion of the China-Europe liner train [11] provides new channel for the transportation of
biofuel products, and the “One Belt, One Road” initiative [ 12] also promotes the cooperation
between China and Russia in the field of energy, which provides policy protection for the
synergistic development of the biofuel logistics network.

Related data show that in 2023, China produced about 3.4 million tons of biofuel ethanol. [13]
China produces about 1.35 billion tons of agricultural waste per year, of which a significant
portion can be used for bioenergy production. The “14th Five-Year Plan” for a modern energy
system explicitly proposes to increase the proportion of non-fossil energy consumption. [14]
By 2030, China's carbon dioxide emissions per unit of GDP will be reduced by more than 65%
compared with 2005, and the proportion of non-fossil energy in primary energy consumption
will reach about 25%. [15]

Omnichannel logistics network refers that an intelligent logistics system with high
integration and multi-level synergy. Information network [16] is the key to realize the
intelligence and synergy of Russian-Chinese omnichannel logistics network of biofuel
products, and enhance the transparency, traceability and decision-making ability of logistics
process through digital technology [17]. Big Data Analytics [18] optimizes the resource
allocation and decision-making capability of the logistics network by analyzing historical and
real-time data [19]. By analyzing demand data for biofuel products in the Chinese market, can
forecast demand for the next three months and adjust production and transportation plans. Big
data analytics also be used to optimize the layout of warehousing facilities [20] and the
scheduling of transportation means to improve the utilization efficiency of logistics resources.
The research suggests adopting blockchain technology to build a smart payment system [21]
to improve the transparency and liquidity of cross-border transactions.

The research adopted a systematic approach to construct [22] and optimize the Russian-Chinese
omnichannel logistics network of biofuel products, and the authors proposed an optimization
framework based on an omnichannel logistics network (Fig. 1. Russian-Chinese omnichannel
logistics network of biofuel products) covering three levels, namely, the physical level, the
information level, and the decision-making level, which are in collaboration with each other.
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Fig. 1. Russian-Chinese omnichannel logistics network of biofuel products

The model sets three major optimization objectives to improve the operational efficiency o
of logistics network of biofuel products as a whole. The aim of the model is to improve the
economic feasibility of the Russian-Chinese logistics network of biofuel product and to provide
a scientific basis for cross-border logistics management and supply chain optimization.

The main objectives of this model include:

(1) Minimizing logistics costs to ensure cost-effective cross-border transportation and
storage of biofuel products.

(2) Minimizing carbon emissions to reduce the environmental impact of the biofuel product
transport and conform to the requirements of green and sustainable development.

(3) Maximize supply chain resilience and enhance the adaptability of the supply chain to
changes in market demand, policy changes and emergencies.

In the model construction, firstly defined the core nodes in the logistics network (Table 1.
Core nodes in the logistics network).

Tabnuya 1. OcHOBHBIE Y371l JIOTUCTUYECKOH CETH

Table 1. Core nodes in the logistics network

Logistics i €8, Supply points (e.g. Russian biofuel production sites)

Network Nodes | i € D, Demand points (e.g. Chinese biofuel processing sites)

k € W, Warehouse centers (e.g., logistics hubs on the Russian-Chinese border)
Logistics Flow | xj, Flow of goods from supply point i to demand point j through storage center k

Variables vir, Supply points i Flow of goods transported directly to storage centers &
Zij, Storage center k Flow of goods transported to demand point j
Mode of T,, Ts, T, denotes the volume of rail, road, and sea transportation, respectively

Transportation C,, G, C, denotes the unit cost of transportation by rail, road, and sea, respectively

E,, Es, E, denotes carbon emissions per unit of rail, road, and sea transportation, respectively
Cost of Storage | Cyis the unit storage cost for & of storage centers

and Distribution | C,, is the cost of the distribution terminal

With the synergy of physical, information and decision-making levels, the model achieves the
intelligence, efficiency and sustainability of the Russian-Chinese logistics network of biofuel
products with the optimization objectives of minimizing the logistics cost, minimizing the carbon
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emission and maximizing the resilience of the supply chain. By constructing this mathematical
model, we are able to systematically optimize the cross-border logistics network, improve the
operational efficiency of the supply chain, provide scientific decision-making support for the
government and enterprises, and thus promote the in-depth development of Russian-Chinese
green energy cooperation.

Minimize logistics costs

minC = IZ ;yikcik * ; ;ijckj * ;Skck T §Dmcm @
Minimize carbon emissions
minE = Z ;yikE,-kJr ; sz JEut %:DmEm 2
Maximize supply chain resilience
maxR = ;PHSH - ;Fp )

The constraints ensure the rational operation of the logistics network and make the optimization
objective feasible in the real environment. The supply-demand balance constraint ensures the
matching of logistics flows between the nodes of the logistics network, i.e., the output of raw materials
at the supply point must be equal to the reception at the storage center, and the logistics flows at the
storage center must also match the final demand point to avoid supply-demand imbalance.

2y, =2.x ,Vi€S “)
a ik j ijk

2z =2x ,VkEW (%)
] ki T ik

At the same time, it is necessary to ensure that in each storage center the total cargo flow Xxijk
cannot exceed the maximum storage capacity of the storage center C, avoiding operational
inefficiencies or cost increases due to overloaded storage.

Constraint transport mode restraints specify the ratios between different modes of transport
(e.g. rail, road and sea) that need to satisfy Tr + Ts + Ta < Tmax, and Tr, Ts, Ta, = 0. For example,
the proportion of road transportation should not exceed a certain ceiling in order to reduce the
carbon footprint, while the use of rail and sea transportation needs to be maintained at a certain
level in order to increase the sustainability of the supply chain.

Carbon emissions E needs to be less than the total GHG emissions of the entire supply chain
Emax, ensuring that the logistics network is optimized for transportation efficiency while meeting
green development goals. To adapt to market changes, market demand constraints are adopted to
ensure that the omnichannel logistics network optimization scheme maintains stable operations
despite fluctuations in market demand.

PE3YJIbTATBI UICCIEAOBAHNUS / RESEARCH RESULTS

Based on the results of simulation data calculations, we evaluated the optimization of the
Russian-Chinese omnichannel logistics network of biofuel products in terms of cost, sustainability
and supply chain resilience.

In the developed omni-channel logistics network optimization model for biofuel, data analysis
methods and artificial intelligence techniques are integrated to achieve comprehensive and
adaptive management of logistics processes. More specifically:
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« Data Analysis: Data analysis methods are used to collect, process, and interpret information
on logistics flows, including raw material intake, finished product distribution, as well as
monitoring carbon emissions for various modes of transport (for example, road and rail transport).
This analysis makes it possible to identify key nodes in the network, evaluate transportation
efficiency, detect bottlenecks in the supply chain, and simulate optimization scenarios based on
statistical patterns and empirical data.

 Artificial Intelligence: Artificial intelligence techniques are employed to develop
intelligent routing and scheduling algorithms. They provide:

o Intelligent Planning: An automated selection of optimal routes and transportation modes
based on current data regarding demand, transport capacity, and environmental performance
indicators.

o Adaptive Optimization: Al algorithms allow the logistics network to be adjusted promptly
in response to changing market conditions and transport environments by taking into account
carbon emission dynamics and the need to reduce logistics costs.

o Forecasting and Decision-Making: On the basis of historical data and scenario modeling,
Al generates forecasts regarding changes in logistics flows and aids decision-making to further
enhance the network.

Thus, the combination of data analysis methods and artificial intelligence algorithms enables
the creation of a multifunctional model that not only optimizes the management of the Russian-
Chinese logistics networks but also supports sustainable development by lowering emissions and
improving resource redistribution efficiency.

Total transportation cost in the optimized omnichannel logistics network is approximately
$7.368 million, accounting for the largest proportion of the overall supply chain operating
costs. Through data analysis (Fig. 2. Distribution of total transportation volume by different
modes of transportation), it is found that rail transportation accounts for the highest proportion,
followed by sea transportation and road transportation. Rail transport dominates cross-border
long-distance transportation due to its low-cost and large-capacity features, but is not flexible
enough, while road transport has irreplaceable advantages in short-distance and terminal
distribution, even in view of its higher costs. Sea transport has a relatively low usage rate, but
it has the lowest unit transportation cost and is suitable for long-distance and high-volume
transportation. Based on these results, it is proposed to further increase the proportion of sea
transport, optimize the combination of multimodal transport and reduce redundant transport
costs through intelligent scheduling.

27,600.00
27,400.00
27,200.00

27,000.00

26,800.00

Rail Transportation Road Transportation Sea Transportation

Puc. 2. Pacnpedenenue obugeco 06vema nepesosox no 8Uudam mpaHcnopma

Fig. 2. Distribution of total transportation volume by different modes of transportation
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Total carbon emission of the omnichannel logistics network reaches 1.537 million tons of car-
bon dioxide, of which the carbon emission of road transportation is the highest and that of railroad
transportation is the lowest (Fig. 3. Carbon Emission Distribution of Omnichannel Logistics Net-
work). From the simulation data, road transportation has the highest share of carbon emissions,
indicating that it consumes more energy in short-distance transportation and distribution, and at
the same time its carbon emission factor is higher. And rail transportation has the lowest percent-
age, indicating that it has more environmental advantages in long-distance large-scale transporta-
tion. Therefore, in order to reduce the carbon footprint of the omnichannel logistics network, it is
possible to optimize the multimodal transport scheme, further increase the proportion of rail and
sea transport used, and adopt new energy vehicles in the short-distance distribution link.

Rail
Transportation,
34.60%

Road
Transportation,
38.20%

Puc. 3. Pacnpedenenue 6bl6pocog y2nepooa 6 OMHUKAHALHOU J02UCUYECKOU cemu

Fig. 3. Carbon Emission Distribution of Omnichannel Logistics Network

The calculation results of the supply chain resilience index show that (due to more simulation data,
only part of the sample is shown) (Fig. 4. Supply chain resilience index), the stability score of the
supply chain is 0.758 (out of 1.0), the overall resilience is strong, but there is still room for improve-
ment. The demand side of the market is relatively stable, but there are large fluctuations on the supply
side, which are affected by elements such as climate, policies and energy market prices. In addition,
storage capacity is sufficient, but there is more room for optimization of logistics scheduling.
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0.834 0.845

0.812
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Fig. 4. Supply chain resilience index
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Among the current modes of transportation, the volume of rail, road and sea transport is
basically balanced, but rail transportation accounts for slightly more. Rail transportation offers
advantages in terms of carbon emissions and cost control, but its fixed scheduling affects the
flexibility of logistics. Sea transportation has a low utilization rate, which may be mainly due
to the absence of suitable port facilities at some logistics network nodes, resulting in inefficient
trans-shipment. Therefore, the research suggests increasing the proportion of sea-rail intermodal
transport and establishing an intelligent transit and storage system at border crossings to optimize
the connection between different modes of transport. At the same time, automated scheduling
systems should be applied in the terminal distribution chain to improve the efficiency of “last-mile”
logistics and reduce distribution time and costs.

3AKJIIOYEHUE / CONCLUSION

In this research, an innovative model for optimizing an omnichannel logistics network has been
developed, based on data analysis. The use of this solution enables the minimization of logistics
costs and a significant reduction in the carbon footprint, contributing to the development of
theoretical principles in the field of omnichannel logistics in supply chains and establishing a solid
foundation for further research and practical application in conditions of sustainable development.

By integrating the physical level, information level and decision-making level, an efficient,
intelligent and cooperative logistics network framework is constructed, which enriches the
theoretical system of cross-border logistics management. The framework is not only applicable to
both Russian and Chinese biofuel products, but also provides theoretical references for other
cross-border energy products.

The results of simulation data analysis show that the total carbon emissions of the Russian-
Chinese omnichannel logistics network of biofuel products are 1.537 million tons, with road
transport accounting for the highest share (38.2%), maritime transport (34.6%), and railroads
(27.2%). Due to the high unit carbon emissions of road transportation, despite its flexibility, the
environmental advantages in long-distance transportation are significantly lower than those of rail
and sea transportation. Therefore, the current logistics model needs to be further optimized to
reduce reliance on road transport and increase the share of green modes of transport to achieve
more sustainable cross-border biofuel products supply chain management.

In the long view, the optimization of the Russian-Chinese omnichannel logistics network of
biofuel products needs to pay attention to economic benefits, and must be based on the
perspective of sustainable development to promote the construction of a low-carbon and
digitalization development. The optimization scheme of research is not only in conformity with
China's “dual-carbon” strategy, but also provides a green and sustainable development
direction for the global cross-border logistics network. In the future, omnichannel logistics
network optimization should be further combined with intelligent scheduling system, Al
predictive analysis, carbon emission monitoring and multimodal transportation optimization,
so as to ensure the stability of the supply chain while realizing the green and low-carbon
transformation and the in-depth development of cross-border energy cooperation.
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Annomayua. B nanHON cTaThbe OCBEIIAIOTCS MEXAHU3MBI, YEPE3 KOTOPbIE KOPPYILHUS BIUIET Ha
KJIIOUEBbIE SKOHOMHUYECKHE MOKA3aTeNN M YCJIOBHS Ul NPEANPUHUMATEIBCKOW NEATEIbHOCTH. ABTOD
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Abstract. This article highlights the mechanisms through which corruption affects key economic
indicators and the business environment. The author examines how corruption risks transform the
investment climate, create additional costs for business and impede the implementation of long-term
projects. The study identifies the specifics of the impact of corruption schemes on small and medium-sized
enterprises and traces the link between corrupt practices and the emergence of shadow structures in the
economy. In addition, the paper analyses the impact of systemic corruption on the allocation of budget
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funds and the evaluation of strategic state programmes. Based on a comparative analysis of scientific
sources, the paper offers specific recommendations for the implementation of anti-corruption measures
that increase the transparency of market procedures and stimulate the inflow of investments. The
conclusions formed may be in demand by economic specialists, representatives of public administration
and experts involved in the study of socio-economic reforms.
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BBEJIEHUE

Koppymnuust BeICTynaeT olHUM U3 Hau0osee OCTPbIX BHI30BOB COBPEMEHHBIM 3KOHOMHUKAM,
NPENSATCTBYS UX cOAIaHCUPOBAHHOMY Pa3BUTHIO U IIOPOK/1asi CUCTEMHBIE UCKaXeHUs B cepe
pacnpeneneHus pecypcoB. CaMo MOHATHE KKOPPYILHSD OXBATHIBAECT IUMPOKUI CIIEKTP IIPOSB-
JEHUH — OT MEJKOIo B3STOYHHYECTBA JI0 MACIUTAOHBIX 3JI0yNOTPeOIeHUIN JOIKHOCTHBIMU
IIOJIHOMOYMSAMU. B psne HaydHBIX HCCIEJOBAaHUN MONYEPKUBAETCS, YTO KOPPYILHUOHHBIE
IPAKTUKU CIOCOOHBI IPOHUKATh BO BCE YPOBHH YINpaBJICHUs U NPUBOIUTH K CTOMKUM aedop-
MalUsM PbIHOYHOI'O MEXaHU3Ma.

C ToYKM 3peHHsI IKOHOMUYECKON HAayKU BaKHOCTb aHaIU3a KOPPYILUHU OIPENEIAETCA TEM,
YTO B YCJIOBHSX HEAOOPOCOBECTHBIX IOTOBOPEHHOCTEH U HEPO3pAaYHBIX MPOLEyp KOMIAHUU
BBIHY’KJICHBI HECTU JONOJHUTEIBHBIE 3aTPaThl, @ TOCYAAPCTBa TEPAIOT 3HAYUTEIBHYIO 4acTb
HAJIOTOBBIX IOCTYIUIEHMM U MeXAyHapoJgHoro aBropurera. OcoOEHHO OCTpo 3Ta mpobdiema
BCTAET U1 Pa3BUBAIOILMXCS TOCY1apCTB, I'1€ HECOBEPILICHHAs] MHCTUTYLIMOHAJIbHASA Cpella CO-
3/1aeT OJaronpusATHYIO MOYBY JAJIsi KOPPYNIMOHHBIX CIIEIO0K, TOPMO3UT (POPMUPOBAHUE CPEJI-
HETO KJIacCa U CIEePKUBAET NMIPUTOK NPSIMBIX MHOCTPAHHBIX MHBECTULMHI. B TO ke BpeMs gaxe
pa3BUThIE IKOHOMHUKH HE 3aCTPAaxOBaHbl OT PE30HAHCHBIX KOPPYMNIMOHHBIX €I, CIIOCOOHBIX
IIOJOPBATh JOBEPHUE K IMOJUTHYECKHM MHCTUTYTaM M HETaTHUBHO CKa3aTbCsl HA UX WHBECTHIIU-
OHHOM NPUBJIEKATEIBHOCTH.

C nmpakTHYecKOl TOYKM 3pEHMS aKTyalbHOCTh TEMbl « JKOHOMHUYECKHE MOCIEICTBUS KOP-
pYHNIUU: BIUSHUE Ha MHBECTUIMOHHBIA KIIUMAT U pa3BUTHE OU3HECa» CBA3aHA C HEOOXOIUMO-
CTBIO BBIPAOOTKM CTpATETU, HAIPABJICHHBIX HA YCUJIEHUE NMPO3PAYHOCTH U YKPEIJIEHUE KOH-
KYPEHTHBIX IIPUHIIMIIOB B JI€JIOBOM cpene. HecMOoTps Ha 3HAUNUTENBHOE KOJINYECTBO MEXKyHa-
POJHBIX COTJAIIEHUI M HAllMOHAJIBbHBIX 3aKOHOJATEIbHBIX Mep, IpolieMa KOPpYILHHU OCTa-
eTCsl OJIHMM M3 KJIIOUEBBIX (PaKTOPOB, 3aTPYAHSIOUIUX MMOCTyNaTeIbHOE 3KOHOMHUECKOE pa3-
BuTHE. Beap HeappekTuBHOE pacxooBaHue OI0PKETHBIX CPEICTB U OIOpOKpaTHyYecKue Oapb-
€pbl aBTOMAaTHYECKH BEIYT K CHM)KEHUIO Ka4ecTBa IrOCYAapCTBEHHBIX YCIYT U 1e(hOpPMUPYIOT
PBIHOYHBIE CTUMYJIBI JJ1 OU3Heca.

Llenp HACTOAIIETO MCCIIENOBAHUS — MPOAHAIM3UPOBATh, KAKMM 00pa3oM KOPPYMIIMOHHBIE
[IPAaKTUKU BIIMAIOT Ha MAaKpPOOKOHOMMYECKHE IapaMeTpbl U MHBECTULMOHHYIO aKTUBHOCTH, a
TaKXe OIPeJIeNIUTh, B KAKOH CTeNeH! OHU TPaHC(HOPMUPYIOT JesI0BYI0 cpeay. Micxons u3 naHHOM
LIEJIU B CTaThe PELIAIOTCS CIEAYIOLIUE 3a1a4Hu:

1. Oxapakrepu3oBaTh OCHOBHbIE ()OPMBI MPOSBICHUS KOPPYIIIMU U UX B3aUMOCBSI3b C MHBE-
CTULIMOHHBIM KJIMMAaTOM.
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2. UccnenoBars BIUsTHEE KOPPYIIUH Ha ()YHKIIMOHUPOBAHKE TIPEATIPUIATHH MAJIOTO, CPETHETO
U KPYITHOTO OM3HECa, BBISIBUB JIOTIOJHUTEIBHBIC H3IEPKKU M PHCKH.

3. OueHnTh MaKpOIKOHOMHUYECKHE TIOCTIE/ICTBHS, B TOM YHCIIE U3MEHEHUE CTPYKTYPHI TOCHH-
HAHCOB M TUHAMUKH YKOHOMHYECKOTO POCTA.

4. ITpeyioxKUTh KOMIUIEKC Mep, CIOCOOHBIX CHU3UTh PACIPOCTPaHEHHOCTh KOPPYIIIUH U CIIO-
COOCTBOBATh YITYyYIICHHIO HHBECTUIIMOHHOTO KIIUMATa.

Takum oOpazom, pabota Oymer cokycupoBaHa Ha IpobiieMe, 3aTpardBaroIICi OJHOBpE-
MEHHO MHTEpPEChl 00IIeCTBa, TOCYJapcTBa U NpeAcTaBuTeneii OuzHeca. BaxkHOCTh BEIOpaHHOTO
HAIpaBJICHUS] MCCIICIOBAHUS TIOATBEPIKIACTCS aKTYalIbHBIMH JaHHBIMHA MEKIYHApPOJIHBIX Opra-
HU3AIMA 1 HAyYHBIX ITyOIUKAINH, YKAa3bIBAIOIIMMH Ha TIOTPEOHOCTH B MHOTOACTIEKTHOM ITOJIXO/IE
K 00pb0e ¢ KOPPYNMIIMOHHBIMU (heHOMEHAMHU. IMEHHO TaKoi MOJIX0/1 MO3BOJISIET BEIPAOOTATh CH-
CTEMHBIE PEKOMEH/IAIIH, HAIPABJICHHBIC HA YKPEIJICHUE MPO3PAaYHOCTH U TOBBIIICHHE YKOHO-
MHUYECKOH 3 (PEKTUBHOCTH B JOJITOCPOYHON TIEPCIICKTHBE.

1. BJIWSHUE KOPPYIILMU HA MTHBECTUILIMOHHbBIN KJIMMAT

Koppynius kak conuanbHO-3KOHOMUYECKOE SIBJIEHUE CIIOCOOHA OKa3bIBaTh MHOTOCTOPOHHEE
BO3/JCICTBUE HA IMHAMUKY MHBECTULIMH B Pa3JIMYHbIX PErMOHAX U cTpaHax. B Hay4dHOIl JuTepa-
Type IOJAYEPKUBACTCS, YTO KOPPYILIMOHHBIE IIPAKTUKHA HE TOJIBKO MOAPBIBAIOT JOBEPUE K TOCY-
JAPCTBEHHBIM MHCTUTYTAM, HO U CYIIECTBEHHO MCKa)XalOT CTPYKTYpPy MHBECTULIMOHHBIX ITOTO-
KOB, HETATUBHO BJIMSS HA COBOKYITHBINH AKOHOMUYECKHIA pocT [1]. Himke paccMOTpUM KiTroueBbIe
MEXaHU3MBbl, yepe3 KOTOpble KOPPYILHsI CIOCOOHA U3MEHSATh MHBECTULIMOHHBIN KIIMMAT, a TAaKXkKe
IPOWIIIIOCTPUPYEM UX MOCPEACTBOM IIPUMEPOB U JAHHBIX MCCIICAOBAHUN aBTOPUTETHBIX HAy4-
HBIX U MEXIYHAPOAHBIX OPraHU3aLun.

YXyaumenue 10Bepusi HHBECTOPOB K IOCYAapCTBEHHBIM HHCTUTYTaM. OHUM U3 IJ1aBHBIX
(bakTOpoB, ONPEENSIONINX WHBECTUIIMOHHYIO MPUBJIEKATEIbHOCTh CTPAHBI, SIBJISETCS CTENEHb
HPEICKa3yeMOCTH M CTAOMIIBHOCTH €€ MPaBOBBIX M aJMHHUCTPATHBHBIX CTPYKTYp [2]. MHBe-
CTOPBI CTPEMATCS MUHUMHU3UPOBATh PUCKH, CBSI3aHHBIC C BHE3AIIHBIMU 3aKOHOAATEIBHBIMU U3-
MEHEHUSIMH, aJMUHUCTPATUBHBIMU OapbepaMM U HENPO3PAYHOCThIO rocperynnpoBanus. Kop-
PYIILUS K€ CYIIECTBEHHO ocalIsieT JoBEepUe K roCy1apCTBEHHBIM HHCTUTYTaM, OCKOJIbKY WH-
BECTOPBI HEPEJIKO CTAIIKMBAIOTCS C HENIPEABUICHHBIMU PACX0aMH, CBSI3aHHBIMHU C ITOJAKYTIOM YH-
HOBHHUKOB, U OTCYTCTBUEM rapaHTUPOBAHHON 3aIIUTHI IPaB COOCTBEHHOCTH.

IIpy BBICOKOM ypOBHE KOPPYNIIMM KOMIIAHWM BBIHYKJEHBI 3aKJIAbIBaTh JONOJHHUTEIIBHBIE
pacxo/ibl B CBOM OM3HEC-TIJIaHbI, TaK KaK OTJIAKEHHbIE MEXaHU3Mbl MPAaBONPUMEHEHHS 3aMEeHS-
IOTCSl TEHEBBIMU CXEMaMU U JIMYHBIMH CBSI3MHU. DTO 0COOEHHO OIyTHMO B CTpaHax C HEYCTOMi-
YUBOM MOJIMTUYECKOM CHCTEMOH, Iie yacTasi CMeHa pyKOBOJSAIIUX JIUI] U BBICOKUN YpOBEHb Or0-
POKpaTHH CO3JAI0T MPEATIOCHUIKU JJI1 CUCTEMAaTUYECKON KOPPYMIIMPOBAHHOCTHU IOCYAapCTBEH-
HOTO armapara. B pe3yibprare MexIyHapOJHbIE 1 OTE€YECTBEHHBIE NHBECTOPH! HAUMHAIOT C OIa-
CEHMEM OTHOCUTBCS K peau3alliHl JOJITOCPOYHBIX MPOEKTOB, MPEANOYHUTas JIMOO COKpalaTh
00BeM BIIOKEHHH, THO0 MOJTHOCTHIO OTKA3bIBATHCS OT HUX B MOJIB3Y O0Jiee MPO3payHbIX U Mpe-
CKa3yEeMBbIX PBIHKOB.

HckaxeHue CTPYKTYPbI HHBECTHIIMOHHBIX MOTOKOB U POCT TPAH3AKIMOHHBIX U3/I€PIKEK.
Koppynmust ciocoOHa BIUsTh Ha CTPYKTYPY pacrpeaeleHus MHBECTUIUI U TPUBOIUTH K TOMY,
YTO KamuTaJl HAIPaBIseTCs HE B Te cepbl, KOTOphie 007a1al0T MaKCUMAIbHBIM MMOTCHIIMATIOM
pocTta, a B Te 00JIacTH, T CYIIECTBYIOT Hanbosee ya00HbIe YCIOBHS sl B3ATOYHHYECTBA WU
HOJ'Iy‘-IeHI/ISI YAaCTHBIX BBITO/T [2] q)OpMaJ'H)HO MOXKET Ka3aTbCsi, YTO HHBECCTUIITMOHHAsI aKTUBHOCTH
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B CTPaHE COXPaHSETCs, OJJHAKO PeaJbHOE KaueCTBO MHBECTHLIMN M UX BKJIAJ B OOLIECTBEHHOE
0J1ar0COCTOSIHUE CHUXKAIOTCSI.

CornacHo uccinenoBanusiM BcemupHoro 6aHka, B YCIOBHSIX OTCYTCTBUS MPO3PAYHOCTH H
IpU HAJIMYUU CUCTEMHOHN KOppyHuuu OU3HEC CTAJIKUBAETCS CO 3HAUUTEIbHBIM yBEJIUYEHUEM
TPaH3aKLMOHHBIX U3JEP/KEK — 3aTpaT BPEMEHHU U PECYPCOB, HEOOXOJUMBIX JIJISl COTJIACOBAHUS
JIOKyMEHTOB, IIPOXO0XKIeHHs (POPMaIbHBIX U HeopMabHbIX npouenyp. Jaxe ecnu ooumii o0beM
npsiIMbIX HHOCTpaHHBIX nHBecTului (IIMMN) He nemoHcTpHUpyeT pe3kuit crnaj, ero 3QpheKTruB-
Has OTJay4a CHUXKAETCs U3-3a HEOOXOAUMOCTH IOCTOSIHHO alaliTUPOBATHCS K KOPPYILIMOHHBIM
npakTukam. boiiee Toro, B psae ciayd4aeB KOMIIAHUM MOTYT BOCIIOJIB30BAThCSA KOPPYILUEN B
KaueCTBE KOHKYPEHTHOI'O IPEUMYLIECTBA, Npeyiaras B3sTKU A1 YCKOPEHUS IOy CHUS pa3-
pemeHuit win auneH3uil. OJHaKo 3TOT BPEMEHHBIH «BBIMTPHIIDY 4aCTO 000pauuBaeTCs JOJITO-
CPOYHBIMH NOTEPSIMU JJIS BCEM YKOHOMUYECKON CHUCTEMBI: PAcTET HEPABEHCTBO YCIOBUMN IS
OTJICIBHBIX YYACTHUKOB PBHIHKA, PYLIATCSI CTUMYJIBI K HHHOBAIUSAM, (OPMUPYIOTCS MOHOIIOJIN-
3UPOBaHHBIE CTPYKTYPBI.

IToapbIB cTA0MIBHOCTH 1€JI0BOH Cpebl 1 BOSHUKHOBEHHE HHCTHTYIMOHAJILHOM Heolpe-
JAeJEHHOCTH. XapaKTepHON 4epPTOM MHBECTULMOHHOTO KJIMMATa B KOPPYMIIMPOBAHHBIX IOpHUC-
JUKLUAX SIBJISETCS BBICOKMM YPOBEHb WHCTUTYLMOHAJIBHOW HEONPEINEICHHOCTH, NPOSBIISIO-
Huiics B c1aboM cOOIIIOIEHUN KOHTPAKTHBIX 00513aTENIbCTB U HEMPEICKAa3yeMOCTH IIPABOIIpUMeE-
HUTEJIbHON NpakTUKU. IHBECTOPBI, 0COOCHHO T€, KTO OPUEHTUPOBAH HA JOJITOCPOUYHBIE IPOEKTHI,
CTpEMSTCA K MPO3PavyHOMY U CTAOMIIBHOMY JI€JIOBOMY KJIMMATY, Te COOIIOAI0TCS TIPUHIIHITBI
BEPXOBEHCTBA IIPaBa U CyLIECTBYET MUHUMAJIbHBII PUCK BHE3AITHOM HALMOHAJIN3ALMU WIH pe-
IIPECCUBHBIX MEP CO CTOPOHBI TOCOpraHoB. [Ipy HAIMYNK KOPPYIILIMY TAKUE TAPAaHTUU IPAKTHYE-
CKH OTCYTCTBYIOT.

Ha ¢one nmocTossHHBIX HEPOPMATBHBIX TUIATEXKEN U TMYHBIX JJOTOBOPEHHOCTEH MEXTy OU3HE-
COM U OIOpoKpaTHel KOMIIaHMU MOT'YT OIIYILATh BPEMEHHYIO BBITOAY OT «COTPYJHHUYECTBA» C
npeacTaBuTeNs MU BIactu. OAHAKO 1Mo100Has CUTyalHst HeCTaOUIIbHA: TIPH CMEHE MOJIMTHIECKUX
TPy, MPUX0/€ HOBBIX YUHOBHUKOB MJIM PE3KOM peOpMUpPOBAaHUM rocarmnapaTa OU3HECH, pa-
Hee OoNnMpaBLINecs Ha Heo(pHUIMaIbHBIE CBSI3U, CTAJIKMBAIOTCS C HEMPEICKa3yeMbIMU pucKamH. Pe-
3yJbTaTOM CTAHOBUTCSI OTPaHUYEHHAasi CIIOCOOHOCTh YaCTHOT'O CEKTOpa MPOTHO3MPOBATh SKOHO-
MHYECKYI0 KOHBIOHKTYPY, YTO BEJET K CHHKEHUIO KOJIMYECTBA JTOJITOCPOYHBIX MPOEKTOB U MH-
rpalyy KanuTaia B 0ojiee 6e30MmacHble FOPUCAUKIIMH.

[IpuMepsbI cTPaH ¢ pa3HbIM YPOBHEM KOPPYMIUHM M X HHBECTHIHOHHBIM KiauMaToMm. Co-
IJIacHO MHJeKcy BocnpusaTus koppynuun (Corruption Perceptions Index), myGiukyemomy exe-
rOJTHO MEXIyHapoJHoW opraHu3anueil Transparency International, cymecTByer 3ameTHas pas-
HUIIA B YPOBHE KOPPYILUHU MEXy pa3BUBAIOIIMMUCS U pa3BUTBIMU cTpaHamu. Hanpumep, rocy-
napctBa CkaHIUHABUU, TPAAUIIMOHHO 3aHUMAIOLINE BEPXHUE MO3UIUHU B PEIUTHHIE, XapaKTepH-
3YIOTCSI HE TOJIbKO HU3KOM KOPPYHIIMOHHON COCTaBIISIONIEH, HO U CTAOMJIBHBIM ITPUTOKOM Tpsi-
MBIX WHOCTPAaHHBIX WHBECTHIINH, YTO CBSI3aHO C MPO3PAYHBIMU MPaBHJIAMH BEICHUs OW3HEca U
BBICOKUMH CTaH/IapTaMU OTYETHOCTH.

B T0 %€ Bpemsi B psizie CTpaH C MepeXoHON IKOHOMHUKOHN (HampuMep, B HEKOTOPHIX ToCyAap-
ctBax Boctounoit EBponsl u LlenTpanbHoit A3un) Habo1aeTes CUCTEMHAst KOPPYMIUs, KOTopast
HEPEIKO CTAaHOBUTCS OCHOBHOM Mperpajon AJis MpUTOKa KamuTaia u3-3a pyoexa. [laxe B ciy-
qasx, KOTa MPaBUTEIbCTBA IEKIapUPYIOT IPOoBeAeHUE pehOpM U yIIydllIeHHEe HHBECTUIIMOHHOTO
KJIUMaTa, OTCYTCTBHUE pEaIbHbIX aHTUKOPPYIMIIMOHHBIX MEXaHU3MOB CJIEP’KUBAET Pa3BUTHE HAIU-
OHAJBbHOIN YKOHOMHKH. B TakMX yCIOBHUAX HHBECTOPHI IPEANOYUTAIOT BKJIAbIBATh JCHBI'U B CEK-
TOPBI C OBICTPBIM 00OPOTOM KamuTaja (HampuMep, B TOPTOBIIIO CHIPHEBBIMHU TOBapaMu) WM Ke
UCKaTh IyTH JUIs BBIBEJICHUS CPEJICTB B O(IIOPHBIE 30HBI, U30eras 10JIrOCPOYHbIX HHPPACTPYK-
TYPHBIX ITPOEKTOB.
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WuTepeceH mpuMep HEKOTOPBIX a3MATCKUX SKOHOMHK, TJie€ MPU OTHOCHUTEIHHO BBICOKOM
YPOBHE KOPPYIIIUHU TOCYIAPCTBY YIaBAIOCh MOIACPKUBATH OBICTPBIC TEMITBI POCTA U COXPAHSITH
3HAYUTENbHBIN NPUTOK HHBECTUIIUHN (HapUMep, B onpeeneHnbie nepuosl B Kurae). Onnako
Oosee TyOOKHN aHAU3 TIOKA3bIBACT, YTO B MOJOOHBIX MOAECINAX OOJBIIYIO POJIb UTPA coYe-
TaHHBIN 3 (EeKT UHBECTULIMOHHBIX JIbIOT, NEHIeBON paboueil cuiibl U MacIITaOHBIX rocyap-
CTBEHHBIX MPOTrPaMM, HAMPABJICHHBIX Ha CTUMYJIMPOBAHUE MPOMBINIIIEHHOTO pocTa. [1o mepe
ycuiieHus: TpeOOBaHUM MEXyHApOJHOTO co00IIecTBa K MPO3pavyHOCTH (PMHAHCOBBIX CIIETIOK
Y TIOBBIIIAOIIETOCS YPOBHS KOHKYPEHIIMH 332 BBICOKOKBATU(DHUIIMPOBAHHBIA KaUTaN 10]100-
HbI€ MOJIENIU TEPSIOT CBOIO 3 PEKTUBHOCTD, a HETOCTATKU B MHCTUTYLIMOHAIBHON cpejie cTa-
HOBSITCS BC€ 00JIee OLYTUMBIMH.

CucreMHOe BJIMSIHME HA MEeKIYHAPOIAHbII MHBECTULMOHHBIIN UMMIXK cTPpaHbl. [loMumo
MPSIMBIX SKOHOMUYECKUX M3JEPKEK, KOPPYIILIMS HAHOCUT YyIIepO U permyTaluu rocyaapcTBa Ha
MeXayHapoaHou apeHe. Korma crpana peryiasipHo (GUTypHUpYET B JOKJIAa/IaXx O BRICOKOM YPOBHE
KOPPYMIIHMH, 3TO BIUSIET Ha pelieHus ro0aabHbIX KOMIAaHUN U (POHAOB Mpu BEIOOpE MecTa s
pa3MemeH1/m Karmralia. HaHpHMep, CYBepeHHI)IC peflTI/IHFOBBIG AIrCHTCTBA B CBOUX OLCHKAX y4au-
THIBAIOT YPOBEHb KOPPYMIIMOHHBIX PUCKOB KaK OJUH U3 WHIUKATOPOB OOIIEH HAlIeKHOCTU U
MIPEICKA3yEMOCTH IKOHOMUYECKON CUCTEMBI.

Kak nokassiBaoT uccieoBaHus, CTpaHa ¢ HU3KUM PEUTHHIOM yNpaBJeHUs (governance) Bbl-
HY’KJIeHa MpejiaraTb MHBECTOpaM JIOMOIHUTENbHBIE CTUMYJIBI B BHJI€ HAJIOTOBBIX JILIOT, YIPO-
IIEHHBIX MPOILENyp HailiMa U T. M., YTOOBl KOMIIEHCHPOBATh PUCK KOppyMIIMpoBaHHOCTH. Ilpu
3TOM MOJ00HBIE MEPHI 3a4aCTyI0 MPUBOIAT K AUCOAIaHCy B HAJOTOOOJIOKEHUH U yCYTYyOJISIIOT
HEPaBEHCTBO B OTHOIIECHWHU PAa3IMYHBIX KaTEropui mpeanpuHumMareneid. B gonrocpodnoit nep-
CIICKTHUBC pGHYTaHI/IOHHI)Ie HOTepI/I nu (1)I/IHaHCOBI)Ie 3anaTI)I Ha KKOMIICHCAITMOHHBIC MCXAaHU3MBI»
MOTYT MPEBBICUTH BBITOJIBI OT UCKYCCTBEHHO MPUBJICUEHHBIX MHBECTHUIINM, YCUINBAs SKOHOMHU-
YECKYIO YSA3BUMOCTH CTPAHBI.

ConuanbHO-IKOHOMHYECKHE MOC/IeACTBUS CHUKCHNS MHBECTUIIMOHHOM akTuBHOCTH. Hako-
Hell, BAXKHO ITOJYEPKHYTh, YTO CHUYKEHNE HHBECTULIMOHHON aKTUBHOCTH BCIIEACTBUE KOPPYIILIUU
uMeeT 0oJiee MHUPOKHE COIMAIbHO-3KOHOMUYECKHE MOCIEACTBHS. 3aMeIIseTCs] MOAEPHU3ALINS
UH(QPaCTPYKTYphl, @ MHHOBAI[MOHHBIE POEKTHI, TPEOYIOLIME OOIBIINX NEPBOHAYATIBHBIX BIOXKE-
HUH, OCTal0TCA HEPEAIN30BAHHBIMU WM NIEPEHOCSTCS B JPYTUe PErHOHbl. JTO HE TOJIBKO Orpa-
HUYMBAET CO3/1aHUE HOBBIX PA0OOYMX MECT, HO U MPEMATCTBYET MOBBIILICHUIO YPOBHS KBATU(HKa-
UK paboueil CUiIbl U Pa3BUTHIO YETOBEYECKOI0 KaluTaja.

Koppymims Taxke 000CTpsieT colMaabHOe PacCiIoeHHe, TOCKOIbKY 3HAYUTEIbHAs YacTh Hace-
JIeHHs ocTaeTcsi 6e3 JOCTyIa K KayeCTBEHHBIM yClIyram, a TOC(MHAHCHI 3a4acTyl0 pacripeaes-
I0TCS Ha IIPOEKTHI, BBITOJIHBIE JIUIIb Y3KUM TpymmnaM 31uT. B pesynbrare popmupyercs 3aMKHY-
TBIM KpyT: HEIOCTATOK MIPO3PAYHOCTH B TOCPACXO/1aX MOAPBIBAET JOBEpUE OOIIECTBA K BIACTSIM,
a HU3KUHI ypOBEHb JJOBEpPUS JHIIb YKPEIUISIET KOPPYILIMOHHbIE TPaKTUKU. Bee 310 mpsiMbIM 00-
pPa30M CKa3bIBACTCs Ha IIEPCIEKTUBAX IPUBJICYCHNSI MHBECTULIMIM, TAK KAK DKOHOMHUYECKasl HECTA-
OMIIBHOCTH, 00OCTPEHNE HEPABEHCTBA M COLMAIbHBIC MPOTECTHl OTIHYTHUBAIOT MOTEHIMAIbHBIX
[IapTHEPOB, OPUEHTUPOBAHHBIX HA OJITOCPOYHOE COTPYIHUYECTBO.

Takum 00pazom, KOPPYMILUS OKa3bIBAET KOMIUIEKCHOE U BO MHOT'OM JIECTPYKTUBHOE BIIUSIHUE HA
MHBECTULIMOHHBIN KIMMaT. OHA HE TOJIbKO MOBBIIIAET PUCKHU JUI HHBECTOPOB U YBEJIMUMBAET TPaH3-
AKI[MOHHbIE U3/IEPXKKHU, HO U CO3/1aeT MHCTUTYLIMOHAIBHYIO HEONPEIEIEHHOCTh, CIIOCOOHYIO MO0-
pBaTh CTaOMIILHOCTB BCeill JIe0BOi cpenbl. B psne cimydaeB oTAenbHble OM3HEC-CTPYKTYpPhl MOTYT
aJIalITUPOBATHCA K CYILLECTBYIOLIUM KOPPYIILMOHHBIM CXEMaM, OHAKO 3TO IPUBOIUT JIMIIb K KparT-
KOBPEMEHHBIM BBITOZaM U YCYT'yOJIsIeT CHCTEMHbIE Mpo0seMbl cTpaHbl. [loHMMaHNe MeXaHU3MOB,
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yepe3 KOTOpbIe KOPPYIILHSI BO3ACHCTBYET HAa MHBECTULIMOHHYIO PUBIIEKATEIbHOCTD, SIBIISETCS KITIO-
YeBHIM MOMEHTOM ISl BBIPAOOTKH A(PPEKTUBHBIX aHTUKOPPYIIIMOHHBIX MEp, HANpaBICHHBIX Ha
(dhopMHUpOBaHKE OTATONTPUATHON U YCTONYUBOM SKOHOMHUYECKOU cpejibl. IMEHHO KOMITIIEKCHBIH 01
XOJI, OCHOBAHHBIN Ha TIIATEIbHOM aHAIIM3€ MHCTUTYIIMOHAIBHBIX YCIOBHI C OMOPOI Ha MEXKIyHa-
POMHBIN OMBIT, CIIOCOOEH 00ECTICUUTh JOJITOCPOUYHBIC PE3yJIbTAThI B JIEJIC MOBBIIICHUS WHBECTHIIU-
OHHOT'O KJINMaTa U CTUMYJIHPOBAHUSI SKOHOMUYECKOTO POCTa.

2. BO3JIEICTBUE KOPPYIILIMN HA PA3BUTHE BU3HECA

Koppymims oka3piBaeT 3HAYUTENbHOE BIMSHAE Ha (YHKIMOHUPOBAHUE MPENNPUHUMATEIb-
CKUX CTPYKTYp B CaMbIX Pa3HbIX CEKTOPaX 3KOHOMMKH U HEOJHO3HAYHO BO3JECHUCTBYET Ha (ak-
TOpPBI, OIPEIEIIAIONINEe KOHKYPEHTOCIIOCOOHOCTh (hupM. B HaydHOH nuTeparype 3ToT heHOMEH
paccMaTpuBaeTCs Kak OJJUH U3 HanboJiee Cephe3HBIX 0apbepoB, MPEMATCTBYIOUINX PA3BUTHIO Ma-
JIOTO U CpeHEro OM3Heca, a TAKXKE BbI3BIBAIOIIMX JONOIHUTENIbHbIE U3/IEPKKU B KPYITHBIX KOM-
nanusx [4]. Huwke OyayT paccCMOTPEHbI MEXaHU3MBI, Ye€pe3 KOTOPbIC KOPPYIIIHsI HETaTUBHO CKa-
3bIBaeTCS HA OM3HEC-Cpejie, a TakKe 00CYKIEHO, KaKUM 00pa3oM OHa BIHSIET HAa KOHKYPEHIIHIO,
MHHOBAI[MOHHYIO aKTUBHOCTh M OOLTYIO 3 PEKTUBHOCTh PHIHOYHBIX MTPOLIECCOB.

Biusinue KOpPpPYNUMH Ha MaJblii M cpeaHmii 6u3Hec. Manbie U cpeqHHE NPEANPHUATHS
(MCII) nanbonee ysi3BUMBI TIEpE/T TABICHUEM CO CTOPOHBI KOPPYMITMPOBAHHBIX YHHOBHUKOB MU
HEMPaBOMEPHBIMU TPEOOBAHMIMU TIPH MOTYYCHUH JIHIeH3UN 1 paspemenuii [5]. [To cpaBHeHUIO
¢ kpynHbiMu koprniopauusimu MCII obnanaroT orpaHi4eHHBIMA (PMHAHCOBBIMH, OpraHU3allMOH-
HBIMHU U TIPABOBBIMHU PECYPCaMH, UTO JeaeT uxX 0oJiee MOABEPKEHHBIMUA KOPPYIIIMOHHBIM PUC-
KaM U BBIHYK/JIa€T MJITH Ha HENPEIBUICHHBIE PACXO/IBL.

Bo MHOruX cTpaHax npoueaypa perucTpanuy Ou3Heca, MoJIy4YeHne Pa3InyHbIX CepTHPHUKATOB
Y COTJIaCOBAaHUI YaCTO CONIPOBOXKIAeTCs OropoKpaTuueckumu 6aprepamu. [Ipu Hanuuuum koppyn-
IIH 3TU Oapbepbl MOTYT MCKYCCTBEHHO YCIOXKHATHCS, TaK KaK HEIOOPOCOBECTHBIC MPEACTaBH-
TEJIN BJIACTH CO3/IAl0T IpeAHaMEepEHHbIE MPETATCTBHS, YTOOBI BBIHYIUTh NpeANpHHUMAaTeNe 00-
pamaThCst K «IIOCPEIHUKAM» WM aBaTh B3ATKHU. J{71s1 HEOONBIIMX KOMITAHUH TaKHe pacXO/Ibl CTa-
HOBSTCS 0oJiee OLyTHMBIMH, YeM JJIsl KPYIIHBIX KOPHOpALUH, MOCKOJIbKY 0OBbEMBbl BBIPYUKU B
MCII orpanuyeHsl, a BO3MOKHOCTh KOMIIEHCHPOBATh 3aTPAThl 33 CYET MACIITAOMPOBAHUS JIes-
TEJIEHOCTH BEChMa HEBEITUKA.

Kpome Toro, mainble U cpefiHUE NMPEANPUATUS HEPEKO CTATKUBAIOTCS CO CIIOKHOCTSAMH IMPH
MOJTYYSHUU KPETUTOB U TapaHTHi, HEOOXOIUMBIX IS POCTa U PACHIMPEHHs pou3BoacTBa. [Ipu
BBICOKOM YPOBHE KOPpYINLUHU OaHKU U Ipyrue GUHAHCOBBIE HHCTUTYThI MOTYT HPOSIBIATh Ipe-
B3SITOCTb IPH PUHATHH PELICHUH O BblJaye 3aiiMOB, PyKOBOJICTBYSCh HE TOJIBKO SKOHOMHYECKOM
11e51eco00pa3HOCThIO, HO U IMYHBIMU WHTEpecaMy B He(pOpMaTbHBIMH JIOTOBOPEHHOCTSMHU. ITO
IPUBOJUT K TOMY, UTO NEPCHEKTHUBHBIE, HO HE UMEIOLINE «CBSI3€i» MpeAnprUHUMATENH OKa3bIBa-
IOTCS] B HEPAaBHBIX KOHKYPEHTHBIX YCIOBHUSAX MO CPAaBHEHHIO C TEMHU, KTO MOXKET 00€CIeunTh J100-
OMpOBaHWE CBOMX HHTEPECOB Yepe3 KOPPYIIIMOHHBIE KaHAbI.

JlonoTHUTeIbHbIE U3IePKKH 11l OM3Heca B yCJOBHSIX Koppynuuu. Koppymnimus mopox-
JaeT MHOXEeCTBO (OpMaNbHBIX U He(HOPMATHHBIX PACXOJ0B, KOTOPHIE JIOKATCS HA KOMITAHUHU
HE3aBUCHMO OT HX pasMepa [6]. OnHum u3 Hanbosee pacpoCTpaHESHHBIX KAHAIOB HETaTHB-
HOT'O BJIMSTHUSI SIBIIIETCSI CHCTEMA B3ATOK M «0TKaToBy (kickbacks), BO3HUKaIOMMX MPHU 3aKITO-
YEHUU KOMMEPUECKUX CJIEJIOK M TOCY/IapCTBEHHBIX KOHTPAKTOB. bU3HeCcy mpuxoauTcs npeay-
CMaTpHUBaTh B OIOJKETE OT/ACIbHBIE CTAThU HA «HEOPUIIHATHHBIE TIJIATEKW» PA3HBIM CTPYKTY-
pam ISl YCKOpeHHUs OIOpOKPATUUYECKHUX MPOLEAYp WIH MOTYyYeHUs TPUBUIECTHPOBAHHOTO TO-
JI0’)KEHUS Ha PBIHKE.
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Taxast npakTiKa GOpMHUPYET 3aMKHYTHIM KPyT: KOMIAHWHU, YYaCTBYIOIINE B KOPPYIIIMOHHBIX
CcXeMax, HepeJKO HYKIal0TCs B JOIOJIHUTENBHBIX PECYpCcax Ha MOLIEP/KAHNUE CBSA3H C YNHOBHHU-
KaMH, a CaMM YHHOBHUKHU CTPEMSATCS] COXPAaHUTh CTaTyCc-KBO, CO3/1aBasi e1lie 00JIbIlIe aJMUHUCTpA-
TUBHBIX OAPHEPOB H YCIOXKHSS peryIATUBHYIO cuctemy. [1o onenkam Becemupnoro 6anka, B ctpa-
HaX C BBICOKMM YPOBHEM B3 TOUHUYECTBA A0S «CKPBITBIX IIATEKEN» MOKET COCTABJIATh 3HAYU-
TEJIbHYIO 9aCTh 000pOTa (PUPMBI, YTO TOPMO3UT MHBECTUIIMOHHYIO aKTUBHOCTh U OTPAHUYHBACT
BO3MOHOCTH U1 MacIITaOUpOBaHUSL.

JlononHuTENbHBIE U3NEPKKU BBIPAXKAKOTCS HE TOJBKO B JIEHEXHBIX BbIILIaTax. B ycinoBusx
KOPPYILIMA KOMITAHUSM IIPUXOJUTCS TPATUTH BPEMS U PECYPCHI Ha IOCTOSHHOE B3aMMOJICHCTBHE
C IOCPEAHMKAMHU, TIEpeeIIbIBAHUE JOKYMEHTALMH U aJalTal[uI0 K HEMUCAHbIM IIPAaBUJIaM UIPBL.
OTO yBEIMYMBAET BPEMS BBIBOJA MPOAYKLMU HA PHIHOK U CHUXKAET KAYECTBO OKA3aHUS YCIIYT,
TaK KaK pyKOBOJCTBO BBIHY/I€HO YJeJIATh 00JIbIIOE BHUMAaHKUE OI0OPOKPATHUECKUM IIPOLeypam
B y1iep6 paboTe HaJl TEXHOJIOTHUECKUMH HHHOBAIIUSMH WM TOUCKAM HOBBIX KJIMEHTOB.

BiiMsiHMe HAa KOHKYPEHLMIO U PbIHOYHBbIe MexaHu3Mbl. Koppymius B OuszHec-cpese cyle-
CTBEHHO HCKa)XaeT KOHKYPEHTHBIEC YCJIOBHS, IIOCKOJIBKY T€ KOMIIAHUH, KOTOPBIE MOTYT I103BO-
JUTh ce0e «KYyNHUTb» MPUBUJIETUH, MTOJIYyYalOT 3aMETHBIE NPEeUMYILEecTBa nepe] Gpupmamu, aei-
CTBYIOIIIMMH B IIPAaBOBOM I1oJie. B psife ciayyaeB peub UAET 0 10CTYyIE K JIbIOTHOMY (PHHAHCUPO-
BaHUIO, yCKOPEHHOM ITPOXOKICHUM TAMOKEHHBIX U PErYJISTOPHBIX MPOLENYD, @ TAKKE O JIOSIb-
HOM OTHOLIEHUHU KOHTPOJIBHO-HAJA30PHBIX OPTaHOB.

[TonoGHbIe ncKaxeHus GOPMUPYIOT HEPABHOMEPHOE paclpe/ieIeHue PhIHOYHBIX BO3MOXKHO-
CTEH W MOPOXKIAIOT CUTYAIUIO «XpOHUYECKOI» HedddekTuBHOCTH. DUPMBI, CyMEBIIHE BCTPO-
UTbCS B KOPPYIILIMOHHBIE CETH, TPATAT MEHBIIE YCUIUN HAa ONTUMU3ALMIO IPOU3BOICTBA U UHHO-
BaIMH, TAK KaK UX MOJI0XKEHHUE yKe 00ecreurBaeTCs IPUBUIIETHPOBAHHBIM JOCTYIIOM K pecypcam
WIHM aJIMUHUCTPATUBHBIM JbrotaM. C Ipyroil CTOpOHBI, KOMIIAHWUH, HE JKENAIOIINE Y4aCTBOBATh
B KOPPYIIIMOHHBIX CXEMaX, BBIHYK/EHbI JTMOO MOBBIIIATE COOCTBEHHBIE U3IEPKKH (B TOM UHUCIIE
IOPUAMYECKHE), TUOO0 YXOJIUTh C PhIHKA.

B 10s1rocpo4Hoii NepcrneKkTUBe 3TO BEAET K COKPALLEHUIO YHCIIa HOBBIX UTPOKOB Y CHUKEHUIO
KOHKypeHIHH. HachleHHbI KOppyIUen peIHOK, KaK IPaBUIIO, XapaKTEPU3yeTCsl HU3KOM CKO-
POCTBIO TEXHOJIOTHYECKNX HOBOBBEJECHUH, IOCKOJIBKY CTUMYJIBI K Pa3BUTHIO U COBEPLIEHCTBOBA-
HUIO MPOJIYKTOB 3aMEHSIOTCS HE(POPMaIbHBIMU JIOTOBOPEHHOCTSAMH M CTPEMIIEHUEM 3apyUUThCS
MO/JIEPKKOM BIMATEIBHBIX YAHOBHUKOB. B pe3yJibTaTre BEIMIPHIBAIOT KPATKOCPOYHBIE HHTEPECHI
HEMHOTHX, B TO BpeMs Kak OOIIECTBEHHOE 0JarococTosHiue U 00Ul ypOBEHb KOHKYPEHTOCTIO-
COOHOCTH SKOHOMHUKH CTPaatoT.

PoJib KpynHbIX KOMIaHWi B ycJoBUsIX koppynuuu. KpynHsie kopnopanuu, obiagaromnme
3HAYUTEIbHBIMU (DMHAHCOBBIMHU U MOJUTUYECKMMHU PECYPCAMHU, MOTYT B OIPEJIEIIEHHBIX CITydasx
U3BJICYb BHITOJly U3 KOPPYMIIMPOBAHHOTO OKPY>KEHHSI, HCIIOJIB3Ys €T0 JUIsl YKPEIJICHHUs COOCTBEH-
HBIX To3uIMi. IMes mTat 1opucToB, SKOHOMHUCTOB U CHEIHAIMCTOB MO B3aUMOJICHCTBHIO C TOC-
yIapCTBEHHBIMU OpraHaMU, TaKue NPeANPHUATHS CIIOCOOHBI JIerde aanTupoBaThCs K O0poKpa-
TUYECKUM HOpMaM U (HopMHUpOBaTh HE(POpPMaTIbHBIE CBA3H C MIPEICTABUTEISIMU BIIACTH.

OnHako moI00HOE «COTPYAHUYECTBO» YACTO BPEIUT PA3BUTHIO OTpaciu B 1esnoM. KpymnHbie
¢bupmbl MOTYT JIOOOMPOBAThH 3aKOHO1aTENbHBIE HHULIMATUBBI, YyCTaHABIMBAIOIINE BHICOKHE Oapb-
€pbl BX0J1a Ha PBIHOK Il KOHKYPEHTOB, WM NOJIy4YaTh ITOCYIapCTBEHHBIE 3aKa3bl HA YCIOBUSIX,
MCKJIIOYAIOIIMX PO3PAYHBIA IPOLECC TOPTOB. J[J151 5KOHOMMKH 3TO 03HA4YaeT pOCT MOHOIOJIU3MA
U BBITECHEHUE CPEAHHMX UIPOKOB, KOTOPbIE HE MMEIOT COIOCTaBUMBIX PECYpPCOB JAJISl OIJIAThI
«TPaH3aKIMOHHBIX» YCIIyT YUHOBHUKOB.
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ITomMuMoO 3TOr0, B KOPPYMIIMPOBAHHOM CPENi€ KPyIHbIE KOMIIAHUU YaCTO UCIBITHIBAIOT J1aBJIE-
HHE CO CTOPOHBI HEYECTHBIX JOJDKHOCTHBIX JIUI, TPEOYIOMUX HEO(UIIMATBHBIX IJIATEXKEH 3a Ipo-
JOJKEHHE coTpyaHuUYecTBa. CyMMBI B3ITOK MOTYT UCUUCHATHCS 3HAYUTEIbHBIMA BETUYMHAMM,
YTO B KOHEYHOM UTOT€ CHHKAET PEHTA0CIbHOCTh MPEANPUATH M MOXKET J1a)Ke MPUBECTH K €ro
0OaHKpPOTCTBY IpHU HEOJIArONPHUATHON KOHBIOHKTYpe. Takum 00pa3oM, KOppyNIUs HECET PUCKU
JaKe JJI CaMbIX CUJIbHBIX PHIHOYHBIX UTPOKOB, MOAPHIBAs CTAOMIBHOCTH UX XO3SHCTBEHHOI Je-
ATEIBHOCTU M HE CIIOCOOCTBYS ()OPMHUPOBAHUIO 37I0POBOI KOHKYPEHIIHH.

JloJIrocpoyHbIe MOCJIeICTBHS 1Jis1 OM3HeC-cpeabl. AHAIN3 HAyYHBIX pa0OT MOKA3bIBAET, YTO
BO3/ICIICTBIE KOPPYIIIMU Ha OM3HEC UMEET KOMIUIEKCHBIN U JOJrOBpeMEeHHBIN xapakrep. Eciu
KOpPpYHNIHMOHHBIC ITPAKTUKH CTAHOBATCA «HOpMOfI» 3KOHOMHNYCCKHUX OTHOIHCHI/Ifl, TO MMPCAIIPHUHU-
MaTCJIsIM IIPUXOAUTCA CTPOUTH JOJITOCPOYHBIC CTPATCTHU C YUCTOM IMOCTOAHHBIX HeHy6JII/I‘-IHHX
pPacxoJ0B U PUCKOB, CBA3aHHBIX C BO3MOXHOM CMEHOHN «IIPaBUJI UI'PbD» PU CMEHE YNHOBHUKOB
nJIn HpaBHTeHBCTBeHHOﬁ BCPXYIIKH.

OTO HETraTUBHO CKAa3bIBAECTCS HA MHBECTULMOHHOW NPHUBJIEKATEIBHOCTH CTPAHbI, OIPaHUYU-
BaeT MAacIITaObI MCKIAYHAPOAHOTO COTPYAHUUCCTBA U CHUIKACT NOBCPUC K HaHHOHaJIbHOﬁ 3KO-
HOMHKE. boiee Toro, cucreMHast KOppymius ociadiser MpaBoBoe MoJie, Aelas CyAe0HYI0 3alUTy
paB COOCTBEHHOCTH HEIPO3pavHON M HEIpeIcKazyeMoi. B urore OM3HeC MpearnmovYnTaeT Jei-
CTBOBATh B «T€HEBOW» c(epe b0 BbIOUpaTh OoJiee OJIaronpuaTHbBIC OPUCAUKIIUY JIJIS peannsa-
LIUY MHBECTULIMOHHBIX POEKTOB.

KpOMe TOro, NpCANPUHNUMATCIIN, OPUCHTHPOBAHHBIC HAa MHHOBAIIUOHHBIC PCIICHUW S, CTAJIKMBA-
FOTCSI C JIONOJIHUTENIbHBIMU MIPENSATCTBUSIMH, TAK KaK PA3BUTHE HOBBIX IMPOAYKTOB U TEXHOJOTUN
Tpe6yeT SHAYUTCIIBbHBIX IICPBOHAYAIbHBIX BIOKECHUH U HpOSp&‘-IHOfI CpCabl AJid JOJTIOCPOYHBIX
onepauuii. Eciin ke 3HauUMTENbHAs YacTh PECYpPCOB YXOJIUT HAa KOPPYNLMOHHBIE IJIATEXH WIN
IOPUIMYECKYIO «IIOJICTPAXOBKY» OT OIOPOKPATHYECKOTO IMPOU3BOJIA, TO CTUMYJIBI K HHHOBAIIUSIM
cHIXkarTcs. Takum 00pazoM, KOPPYIIIHS HE TOIBKO 3aMeISIeT pa3BUTHE KOHKPETHBIX (PUPM, HO
U TIPETIATCTBYET 001IeMy TEXHOJIOTHYECKOMY MPOTpeccy.

3HaveHne NPO3pavyHOii 1eJ10BOI cpeabl 1JIs1 3¢ pexkTHBHOIO pocta. OGecnieueHue npo3pad-
HBIX, YECTHBIX M INPECKa3yeMbIX YCIOBHM Ul OM3HECa pacCMaTpUBACTCS MHOTUMH YYE€HBIMU
KaK OJIMH U3 KJIHYEBbIX ()aKTOPOB SKOHOMHYECKOTO pOCTa M COLMAIbHOM cTaOmibHOCTH. s
Pa3sBUTHSI MaJIOTO U Cpe/iHero OM3Heca 0OCOOCHHO BaKHO CHMKEHHME OIOPOKPATUYECKUX MPerpaj
U YCUJICHUE OTBETCTBEHHOCTU YNHOBHUKOB, IPUHUMAIOLIUX PEIICHUS 10 Pa3pPEIIUTEIbHBIM J0-
KyMEHTaM, [IPOBEPKaM U JOCTYIly K KDEAUTHBIM pecypcam.

B ycnoBusix npo3padHoil cpesibl KOMIIAHUM MOTYT HalpaBisATh OOJbIIEe YCHIIMN HA pa3BUTHE
COOCTBEHHBIX KOHKYPEHTHBIX MPEUMYIIECTB, UHBECTUPOBATh B YEJIOBEUECKUI KamuTall, TeXHO-
JIOTUU U MAPKETUHTOBbIE CTPATETUH BMECTO TOTO, YTOOBI TPATUTh PECYPCHI HA KTEHEBBIEY (HOPMBI
B3aMMO/JICUCTBUS C TOCCTPYKTypaMmu. boiiee TOro, yecTHass KOHKYPEHIUSI CTUMYJIUPYET MOSIBIIE-
HHUC HOBBIX UI'POKOB HA PBIHKEC WU YCHUIIMBACT MOTHBALIUIO CYIICCTBYIOIINUX (1)I/IpM K IIOBBIIIICHHUIO
KayecTBa MPOIYKIUU U CEPBUCOB, UTO B KOHEUHOM UTOT€ CIIOCOOCTBYET SKOHOMHYECKOMY POCTY
Ha HallMOHAJIbHOM YPOBHE.

[To MHeHUIO psizia Ucce0BaTeNel, BHEAPEHNE aHTUKOPPYIIIMOHHBIX Mep U peopM, Harpas-
JICHHBIX Ha CHIKEHHE OFOPOKPATUYECKOM Harpy3KH, CHOcOOHO CO3/1aBaTh OIaronpUsaTHBIE YCIIO-
BUS JUIS MHHOBAIMI U YKPETJIEHUS! pbIHOYHOTO MOTEHIINANA. Y CUJIeHHE 3aKOHOAaTeIbHON Oa3bl,
MPO3PAYHOCTh F'OC3aKYIOK U OTKPBITasi KOHKYPEHIHS GOpMHUPYIOT Cpely, B KOTOpOoi On3HeC pas-
BUBaeTcs 0€3 UCKYCCTBEHHBIX 0apbepOB M HENPEJCKA3yEeMbIX M3/IEPKEK, a OOLIECTBO MOTyUYaeT
BBITOAY OT Ooitee IIUPOKOTI'o CIICKTpa KAYECCTBCHHBIX TOBAPOB U YCIIYT.
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Takum oOpazoM, KOppyHIUs OKa3bIBa€T KOMIUIEKCHOE HEraTUBHOE BO3/EICTBHE HAa Pa3BU-
THe OM3Heca, OTpaHUYMBAs BOBMOKHOCTH POCTA JIJISl MAJIBIX M CPETHUX MPEANPUATHH, HCKaxas
KOHKYPEHLIMIO U IOBBIIIAsl COBOKYIIHBIE M3JEPKKU MpeAIpUHUMATEIbCKOr0 cekropa. Kpyn-
Hbl€ KOMITAHUH MIPU ONPEEICHHBIX 00CTOSATEIHCTBAX MOTYT UCIOJIB30BaTh KOPPYMIUPOBaH-
HbIE KaHAJIbl I YKPEIUICHUS MO3ULINI, OJJHAKO U OHU B KOHEYHOM CUETE CTAHOBATCS YSA3BH-
MBIMH B HETIPEICKa3yeMoil cpene, riae TpeOOBaHHWs YMHOBHHKOB HE BCErZla COOTBETCTBYIOT
¢dopmanbHOMY TipaBy. lyis obecrieueHusi YyCTOMUYMBOTO Pa3BUTHSA, CTUMYJIMPOBAHMS HHHOBA-
UH U YKPEIJICHUS PhIHOYHBIX MEXaHU3MOB HEOOX0IUMO (POPMUPOBATH MPO3PAUYHYIO U MIPEJ-
CKa3yeMylo JEJIOBYIO Cpelly, B KOTOPOl KOPPYNIIMOHHBIE IPAKTUKH HE TOJIBKO OCYKJAHOTCH,
HO U IIpecienyoTcs 3akoHoM. HayuHble uccie10BaHus MOATBEPXK IAt0T, YTO TOJIBKO B TaKUX
yCIIOBUSAX OHU3HEC MOXKET 3(P(PEKTUBHO PacTH, BHOCUTH BKJIAJ B SKOHOMHUYECKOE PAa3BUTHE U
MOBBIIATH KAYECTBO )KM3HU HACEJICHMUS.

3. DKOHOMHWYECKUE ITOCJIEJICTBUS KOPPYIIIINHI

Koppynunﬂ OKa3bIBACT MHOT'OYPOBHCBOC BJIMAHNC HAa DKOHOMHUYCCKOC PA3BUTHUEC I'OCYAAPCTB,
CKa3bIBasICh KAdK Ha KIIOYCBbLIX MAKPOSKOHOMHWYCCKHX ITOKA3aTCJIAX, TaK U Ha AOJI'OCPOYHBIX
MEPCIICKTHUBAX poCTa U 0J1arocoCcTOSHHS HaceleHus. B HAayYYHBIX HCCJIICAOBAHUAX BBIACIIAIOT
HECKOJIBKO OCHOBHBIX HaHpaBHCHI/If/i BJIMSAAHUS KOPPYHIHUH: 3TO TOPMOKCHUEC SKOHOMHUYCCKOTO
pocTa, yBCIINYCHUC MacIITa0OB TEHEBOH 3KOHOMMKH, HCTAaTHUBHOC BO3JICHCTBUE HA rocyagap-
CTBCHHBIC q)HHaHCBI N B KOHCYHOM CHYCTC q)OpMI/IpOBaHI/Ie H66HarOHpI/I${THBIX YCJIOBI/Iﬁ JJIs
YCTOﬁqHBOFO pa3BUTHAL.

3ameuIeHHe 9KOHOMHYECKOI0 POCTA M pacliipeHue TeHeBoro cekropa. OHUM U3 1IH-
POKO 00CYX/1aeMBIX IOCIIECTBHI KOPPYNIMOHHBIX MIPAKTHK SBJISETCS 3aMeIJICHHE YKOHOMHU-
gyeckoro pocra [7]. Korja kpynHble U MEJNKHE MPEANPHITUS CTATKHUBAIOTCS C KOPPYIIHOH-
HBIMH OapbepaMu, OHU BBIHYKICHBI HECTH TOTIOJTHUTENBHBIE PACX0/bl Ha «HEO(DUIINATHHBIC)
IUTATEXU U CIIOKHBbIE OIOpOKpaTHUEeCKUE MpoLeayphl. B pe3ynbrare neHexHble cpeicTBa, KO-
TOpbIe MOIJIM OBl OBITH HANpPaBIEHBI Ha pacUIMPEHNE IPOU3BOJICTBA, TOBBIIEHUE KBaTU(UKa-
IIUU TIepCOHAIa WIIM BHEJAPEHUE WHHOBAIMH, YXOAAT Ha TOJAepKaHNE HEJIeTAThHBIX KaHAJIOB
B3aMMOJICHCTBUS C YNHOBHUKAMHU.

Bbonee Toro, BeICOKHME 3aTpaThl Ha KOPPYIIIMOHHBIE CXEMbl CTUMYJIHMPYIOT yX0J OHU3HEca «B
TEHb», YTO 03HAYAET YMEHBIIIEHUE HAJIOTOBBIX MOCTYIUIEHUH B Ka3HY U MOAPBIB (PUCKAIBbHOMN CcTa-
OMIpHOCTH. B yCrmoBHsIX, KOTJa NMpeANPUHUMATEISIM TIPUXOIUTCS BRIOUPATh MEXITY JITHTEITb-
HBIMH M HETPEACKa3yeMbIMU OIOPOKPATHUECKUMH MPOLEAYPAMU H «OBICTPBIMI HEO(DHUIHATH-
HBIMU IYTSMHU peUIeHHs IpobiieM, MHOTHE KOMIIaHUM MPEIIOYUTa0T padboTaTh 6€e3 opuiuaib-
HOW PErucTpaluy UM YKpbIBaTh 4acTh JI0XOJOB. YBEJIWYEHUE MaclITaba TEeHEBONH 3KOHOMUKHU
IPUBOAUT K TOMY, YTO TOCYZAapCTBO MOJy4YaeT MEHEee TOUHbIE CTATUCTHUECKUE TaHHBIE O peajlb-
HOM YPOBHE JKOHOMHYECKOW AaKTHBHOCTH, 3aTPYAHSS TPUHATHE OOOCHOBAaHHBIX pEIICHUI B
chepe MaKpOIKOHOMUYECKOHN M COMAIILHOMN TTOJIUTUKH.

HeraTuBHoe Bo31elicTBHE HA roCy1apCcTBeHHbIe (PDMHAHCHI M paclpe/iesieHUe pecypcoB.
Koppymnuus Takxe cyniecTBEHHO BiIMsIeT Ha 3 (GEeKTUBHOE paclpeiesieHUe roCy1apCTBEHHBIX pe-
cypcoB [7]. B curyanmsx, Korjga NpuHITHE PELICHUH O TOCYIAapCTBEHHBIX 3aKyIKaX MM WHBE-
CTHLIMOHHBIX MpOrpaMMax onpezensieTcs He 00BbeKTUBHBIMU KPUTEPHSIMU BBITObI, & TUYHBIMU
MHTEpEeCcaMu U KOPPYHIIMOHHBIMU COTJIAIIEHUSIMH, OOILIECTBEHHBIE PECYPCHl HEPEIKO HaIlpaBIIs-
I0TCS Ha MPOEKTHI, HE MPUHOCSIINE JOJATOCPOYHOT0 3P deKTa At SIKOHOMHUKH.
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HccnenoBanus mokasajiy, YTO B KOPPYMIIUPOBAHHBIX CHCTEMaX OIOJKETHBIE CPEICTBA YACTO
YXOMST Ha AOPOTHe, HO Manod(h(HEeKTUBHBIC HHUIIUATUBBI, ITO3BOJISIONINE TIOTYYUTh «OTKATHD) Ue-
pe3 3aBbIIICHUE CMET U 3aKYMOYHbIX IIeH. [Ipu 3TOM cTpaTernyecku BasKHbIE CEKTOPBI — 00pa-
30BaHue, 3[paBOOXpaHeHre, HHPPACTPYKTYypa — MOTYT MOJy4aTh HEIOCTATOYHOE (PMHAHCHPOBA-
HHE, YTO OCJIA0JISET YeIOBEUECKUI KalnuTall M COIMATIbHYIO CTAOMIBHOCTh B TOJITOCPOYHON TIep-
cnektuBe. HenodunancupoBanue cdepbl o0pazoBaHusi, HAIpUMEp, CHIKAET KaueCTBO MOJIO-
TOBKH PabOYUX M CIELUAINCTOB, YTO B CBOIO OUEPEb YMEHBIIAET KOHKYPEHTOCIIOCOOHOCTh OTe-
YECTBEHHBIX MPEANPUITUI HAa MUPOBOM PBIHKE.

JlononHuTeIpHO KOpPYMLIKS B cepe ToCyJ1apCTBEHHbIX (DMHAHCOB CHUYKAET JOBEpUE Hacee-
HUS K MHCTUTYTaM BJIACTH, TaK KaK TPOMKHE KOPPYNIIMOHHBIC CKaHaIbI i Hed(heKTHBHOE pac-
XOJIOBaHUE OIOJKETa MOPOXKAAIOT COMHEHHUS B COCOOHOCTH TOCyJapcTBa 0OecreynBaTh Mpo-
3pavyHoOe U CIPaBEJIMBOE HCIIOIb30BaHUE OOIIECTBEHHBIX cpecTB. CHIKEHUE YPOBHS JOBEpUs
K TOCYJapCTBEHHBIM MHCTUTYTaM UYpPEBATO YCUICHUEM COLMATBLHOTO HAPSLKEHUS U PUCKAMU T10-
JUTUYECKOH JIeCTaOMIIN3alNu.

Jlo/irocpoyHble MOCIAEJICTBHA AJISI 3KOHOMHMYECKOI0 pa3BUTHUSI U 0JIarocoCTOSTHUS
HaceJeHHsA. B noarocpoyHoil nepcrnekTuBe KOppynuus GopMupyeT CUCTEMHbIE OrpaHHYCHHS
AJId pa3BUTHA, CBA3AHHBIC C OIPaHUYCHHUEM HMHHOBALIMOHHOT'O IMOTCHIHAIA U CHUXXCHUCM IIpH-
BJIEKATEIbHOCTH CTPAHBI AJIs1 KBATM(HULIUPOBAHHBIX CIIELUAIMCTOB U UHBECTOPOB. HakomneHHbIiH
B pe3yJIbTaTe KOPPYNLUUHU AeDULUT JOBEPHs K IPABOBBIM UHCTUTYTaM JieJIaeT SKOHOMUKY OoJiee
ySI3BUMOM K BHEIITHUM IIOKAaM U TPEMSATCTBYET (POPMHUPOBAHUIO YCTOMYUBOTO CPEAHETO Kiacca.

Ecnu B KpaTKOCpOUHOMH MEPCNEKTHBE KOPPYNIUOHHBIE 10X0/1bl MOT'YT pacCMaTpUBaThCs He-
KOTOPBIMM I'pyIIaMH KakK CIIOCO0 «OBICTPOro 00OraiieHus», T0 B J0JITOCPOUYHOM ILJIAHE TaKOe
pacIpezielieHue pecypcoB BeIEeT K pOCTy HEPAaBEHCTBA M YCUJICHUIO COLMAIbHOM MOJIIPU3ALIUY.
[Tpu 5TOM yacTh HaceneHus, He UMEoLIas AOCTya K KOPPYNLHUOHHBIM CXeMaM, OKa3bIBAETCs B
3aBE10MO IIPOUTPHIIIHOM IOJIOXKEHUH, YTO (POPMUPYET HETOBOJIBCTBO U CHUYKAET YPOBEHb COLU-
aIbHON MHTETPALIUH.

JI1s1 5KOHOMUKH, OPUEHTUPOBAHHOW HAa MHHOBALMU U JOJITOCPOYHBIN POCT, KpaiiHE Ba)KHO,
YTOOBI pacnpe/ieleHle THBECTUIINH OCYIIECTBIISIIOCh HA OCHOBE ITPO3PAaYHBIX MTPaBUII U aJIeKBaT-
HBIX OLIEHOK pUCKOB. KOppyNnIMOHHBIE IPAKTUKY K€ HAPYIIAIOT 3Ty JIOTUKY, TIOOLIPSIS PELICHUE
BOIIPOCOB «I10 3HAKOMCTBY» U CBOJSA K MUHUMYMY HCHHOCTb KOHKYPCHTHBIX HPOLUCAYP. B pe-
3yJIbTaTe y NPEeANPUHUMATENICH MPOIMAJIAET CTUMYJ 3aHUMATHCS HAYYHO-UCCIEN0BATEIbCKON U
OIBITHO-KOHCTPYKTOPCKOM JEATENBHOCTBIO, €CIIN BIIOKEHUS B KOPPYILIMOHHBIE MEXAHU3MBI Ka-
KYTCA bonee BBITOJAHBIMH 1 MCHEC PUCKOBAHHBIMHU.

KomOunupoBanHublii 3pPekT HA conMaTbHO-IKOHOMUYecKHe mpouecchl. CyMMapHOE BJIH-
STHHE KOPPYIIIMU Ha IKOHOMHYECKHE MTOKA3aTEIN MOKHO paCCMaTPUBATh KaKk KOMOMHUPOBAHHBIH
3¢ (HeKT HECKOIBKUX B3aUMOCBI3aHHBIX (JAaKTOPOB: COKpAIllEHHE TEMIIOB POCTa, UCTOIIEHUE (rC-
KaJIbHOTO TIOTEHI[Mala TOCyJapCTBa, OTTOK WHBECTHIIMN M KBaTu(UIIMPOBAHHBIX KaapoB. B
UTOTE, €CJIM KOPPYIIIUIO HE YAAeTCs KOHTPOIUPOBATh, OHA CIIOCOOHA CTaTh OJIHUM M3 TJIABHBIX
MPENATCTBUN HA MYTH K yCTOMYMBOMY Pa3BUTHIO, PACILIUPEHUIO PHIHKOB U ITOBBIIEHUIO KAYECTBA
KW3HU HACEJICHHUS.

JIoTIOTHUTENHHO BAXKHO MOTYEPKHYTH, YTO HEOIArONpPUSTHBIE SKOHOMHUYECKHE TIOCTIEICTBUS
KOPPYIIIUHA PEKO OTPAHUYUBAIOTCS OJHUMH JIUITh (PMHAHCOBBIMH TIOTEPSMU WM CHUYKEHUEM
BBII. Onu BKIH04aroT B ce€0s1 ¥ yIyIIEHHBIE BO3MOXKHOCTH 7151 YOPMUPOBAHUSI HHHOBAIITMOHHOTO
o0Im1ecTBa, I/1e YeIOBEUECKHI KauTal sBIsIeTCs TNIaBHBIM JIpaiiBepoM mporpecca. OrpaHudeHne
TaKUX BO3MOKHOCTEH BIMSIET HA BCe CEephl )KU3HU — OT YPOBHs 00pa30BaHMs U 3IpaBOOXpaHe-
HUSL 10 COCTOSIHMS JEJI0BOM Cpelibl U MPEANPUHUMATEIBCKON KYJIbTYPBI.
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Takum oOpazom, kKoppymnius GopMUPYyEeT MHOTOOOpa3ue HETaTUBHBIX IKOHOMHYECKHX I10-
CJICZICTBUH, HAUMHAS C 3aMEJICHHS POCTa M YBEIMUYCHHSI MAcIITa0OB TEHEBOTO CEKTOPA, 3aKaH-
4yuBasi Hed()(HEKTUBHBIM PACHPE/ICICHIEM PECYPCOB U CHIKEHHEM KayecTBa YEIOBEYECKOTO Ka-
nutana. Hay4nble uccnenoBanus akleHTUPYIOT BHUIMAaHUE HA TOM, 4TO 3TH 3PPEKTH MOTYT yCy-
TyOJISITBCS TIO/1 BIUSTHUEM CUCTEMHBIX IIPOOJIEM, CBSI3aHHBIX ¢ HECOBEPIICHHOW IPaBOBOW 0a30i,
cJ1a0bIM MHCTUTYTOM HE3aBUCUMOM Cy/NeOHOH BIACTH M HEJOCTATOYHO Y(PPEKTUBHBIMH MEpPaMU
0 MTPEIYNPEXICHNI0 KOPPYIIIMOHHBIX TPAaKTHK. OTCYTCTBUE PO3PAUYHBIX MEXAHU3MOB PETYJIH-
POBaHMS M KOHTPOJIS 32 paclpeesieHneM ToCyJapCTBEHHBIX CPEACTB 3aTparuBacT (yHIaMeH-
TaJIbHBIE OCHOBBI SKOHOMHYECKOW CTa0MIIBHOCTH, @ B JIOJIFOCPOYHOM EPCIEKTHBE MPEISATCTBYET
Pa3BUTHIO MHHOBALMI M TIOBBIICHUIO OJIAr0COCTOSHUS HaceneHus. FiIMeHHo mosToMmy 6oprba ¢
KOpPPYIIIHEH pacCMaTpUBAETCSI MHOTUMH MCCIIEOBATENSIMU KaK OJIMH U3 BXKHEUIIIMX TPHOPUTE-
TOB AKOHOMHYECKOW M COIHAJIbHOW MOJHUTHKH, ONPEACISIONINA TPACKTOPUIO Pa3BUTHUS TOCY-
JIApCTB B II00ATM3UPYIOIIEMCS MUDE.

4. MEPHI 10 CHIDKEHUIO KOPPYIILIAM U VJIVUILIEHHIO SKOHOMWYECKOI CPE/IbI

Pa3BuTne aHTHKOPPYNIMOHHBIX Mep M (OPMHPOBAHUE OJIATONPUATHOTO SKOHOMHUYECKOTO
KJIMMAaTa B3aMMOCBS3aHbl: YEM BBIIIE YPOBEHb IIPO3PAYHOCTH U IIOJOTYETHOCTH B CUCTEME YIIPAB-
JeHus, TeM 0oJiee MpeicKa3yeMbIMU CTAHOBSTCS YCIIOBUS JJ1s1 HHBECTOPOB U IIPEANPUHUMATEIIEH.
B HayuHOI1 tuTepaType BbIIENAETCS HECKOJIBKO KIIFOUEBBIX HAlpaBlIEHUH, CIIOCOOHBIX CHU3HUTh
KOPPYILIMOHHBIC PUCKU U OJJHOBPEMEHHO CTUMYJIMPOBATh POCT IKOHOMUYECKON aKTUBHOCTH.

0030p 3¢ eKTUBHBIX AHTHKOPPYNIHOHHBIX cTpaTeruii. OnHOIl U3 0a30BHIX OCHOB B
60pb0e ¢ KOppyHIHEH SIBISETCS MOBBIIIEHNE OTKPBITOCTH M TOJOTYETHOCTH T'OCYIapCTBEHHBIX
UHCTUTYTOB Tiepen oouiecTBoM [9]. DTo gocTUraeTcs 3a CUeT BHEIPEHHS 3JICKTPOHHBIX CUCTEM
MPEeIOCTaBIEHUs YCIyT (e-government), MO3BOJISIONIMX COKPATUThH JTUYHbIE KOHTAKTHI MIPEATIPH-
HUMaTeJlel U rpakJiaH C YNUHOBHUKAMHU, a TAKXKe Yepe3 YNPOIIEHUE U CTaHAapTU3ALNI0 aIMUHU-
CTpaTUBHBIX Iporuenyp. [1o100HbIN MOAX0/ HE TOIBKO YMEHBIIIAET BOZMOKHOCTH JUISI B3SITOUHU-
YecTBa, HO U CHIDKAET OIOpPOKpaTHUECKHUE M3JEP’KKH, YCKOpSsS MPUHATHE PEUIeHUH U MOBbIIIas
IIPO3PAaYHOCTH CHIETIOK.

HccnenoBanus TakKe yKa3blBalOT Ha BaXKHOCTh HE3aBUCUMBIX OPraHOB, 3aHUMAIOIIMXCS pac-
clieJoBaHHEM KOPPYMIIIMOHHBIX NTpaBoHapyeHui. Korma cooTBeTcTBYIOIINE CTPYKTYPBI HE MOJ-
YUHSAIOTCS HANPSIMYIO MOJIMTHYECKOMY PYKOBOJACTBY M 00JIaal0T JIOCTaTOYHBIMU pecypcami,
OHH B COCTOSIHUU OOBEKTHUBHO MPOBEPSATH AEATEIbHOCTh YHHOBHUKOB U IPECEKaTh KOPPYILIMOH-
HbI€ MPAKTUKU HA CAMBIX BBICOKMX YPOBHSAX BIacTU. [Ipu 3TOM 3HAUMTENBbHYIO pOJb UTPAET U
cyneOHas cuctema: d3QPEeKTUBHOCTh PacCiIeOBAaHUN MOBBIIIACTCS B Pa3bl, €CIU Cybl HE3aBH-
CUMBI OT aIMUHUCTPATUBHOTO JIaBJICHUS U HE BOBJIIEUEHBI B KOPPYILIMOHHBIE CXEMBI.

[ToMrMO MHCTUTYLMOHAIBHBIX MEp, CEPbE3HBIM (PaKTOPOM BbICTyNaeT (OPMUPOBAHUE AHTH-
KOPPYNLMOHHON KyJIbTYpBI, KOTOpast MMOJIpa3yMeBaeT HENPUSATHE OOIIECTBOM B3SITOUHHYECTBA U
Ipyrux (GopM HE3aKOHHOTOo oforamieHus. BHUMaHue K HpaBCTBEHHOI CTOpOHE BOIPOCa, a TaKkKe
K MEXaHHW3MaM OOIIECTBEHHOTO KOHTPOJIS (Harpumep, nocpeacTsom cBoboaasix CMU unm opra-
HU3alUH TPaykJAaHCKOro OOIIECTBa) CIOCOOCTBYET MOBBIIICHUIO OOIIEH MPO3pauyHOCTH JENOBOM
CpeZibl ¥ CO3/1a€T YCIIOBUS, IPU KOTOPBIX KOPPYIIHS MEPECTAET OBITh «4aCTHIO OOBIICHHOCTI.

Poab MexxayHApOAHBIX OPpraHu3anuii U corsiamenuii. Ha MexxyHapogHom ypoBHE cyliie-
CTBEHHBIM BKJIQJIOM B OOpBOYy C KOPpYIIHUEH SBIAIOTCS pa3ivyHble KOHBEHIIMH, B YaCTHOCTU
Konsenuuss OOH npotus koppyniuu (UNCAC), a Takxke nHUIMATUBBI OpraHn3aluy S5KOHOMU-
yeckoro corpyanudectsa u pa3sutus (OOCP), nanpaBiieHHbIE Ha TPOTUBOJACHCTBUE MOAKYITY
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MHOCTPAHHBIX JODKHOCTHBIX JIUI. Y4YacTHe IOCYJapCTB B MOJOOHBIX COTJIAIIEHHSX MOBBIIIAET
TPAHCIIAPEHTHOCTh MIPOLEAYD, CBSI3aHHBIX C TPAaHCHALMOHAJIBHBIMU UHBECTULIUSAMU, U CTUMYJIU-
pyeT co3faHue YHU(UIMPOBAHHBIX PABOBbIX CTaHAPTOB.

[Tomumo 3TOrO, TaKMe OpraHu3anuu, Kak BcemupHsblil 6aHk 1 MeXayHapoJHbIA BaltOTHBIN
¢doHJ, OKa3BIBAIOT KOHCYJIBTaTUBHYIO M (PMHAHCOBYIO IIOMOIIb CTPaHaM, BHEAPSIOUIMM pedOopMbl
JUISl YKPEIUIEHUS! THCTUTYLIMOHAIBHOM Cpefibl. Peub MOKET UATH O COBEPUIEHCTBOBAHUN HAJIOTO-
BOW CHCTEMBbI, pe()OPMHUPOBAHNU TAMOXKEHHOTO KOHTPOJISl U TMOBBIIICHUN KBATH(DUKALUY Ay U~
TOopoB. COrIacoBaHHOCTh MEXAYHAPOJHBIX YCUIMH M03BOJIsIET Ooiee 3PPEKTUBHO BBIABIATH U
IIpeceKaTb KOPPYILMOHHBIE IOTOKH, CBA3AHHBIE C OTMBIBAHUEM CPEICTB U HE3aKOHHBIM BBIBO-
JIOM KanuTaja B OQIIOPHBIE 30HBI.

OpnHako BHEIpEHHE MEXTyHaPOIHBIX CTAaHIAPTOB TPEOYyeT CUCTEMHOM alaNTaluy K HallMOHAJb-
HOU TIpaBoBOi 6asze. Ecnu rocymapcTBo (hopMaibHO MOANKCHIBACT KOHBEHIIMH U PUHUMACT aHTH-
KOPPYIIIMOHHBIE 3aKOHBI, HO HE 00ECTICUMBACT MX PeIbHOE IPUMEHEHHE, MOJIOKUTEIbHBIN A dexT
Oyner MuHUMajieH. BakHO codeTarh BHEIIHWE MHUIMATUBBI C KOMIUIEKCHBIMA MEpaMH BHYTPHU
CTpaHbl, BKJIIOYasi CTUMYJIMPOBAaHHE OOILECTBEHHOM AUCKYCCUU U IPUHATHE IIPAaBUTEIbCTBOM 005132~
TEJIbCTB 110 00ECIIEYEHHIO TOJIHOM HE3aBUCHMOCTH AaHTUKOPPYIIIMOHHBIX HHCTUTYTOB.

Pexomenaanum no yJry4yieHUI0 HHBECTHIMOHHOI0 KJIMMAaTa M Pa3BUTHIO Ou3Heca. Ycu-
JIEHHE Mep IPOTHB KOPPYILUHU TECHO MEPEIUIETAETCS C YJIYUIIEHHMEM HWHBECTHIIMOHHOIO KJIU-
Mara: 4eM Ipo3payHee U HaJEeKHEe IPaBOBasi CUCTEMa, TEM OXOTHEE KOMIIAHWU BKJIA/IBIBAIOT
cpencTBa B 1oarocpodnbie mpoekthl [10]. OmHol U3 KITFOYEBbIX PEKOMEHIAIMI SBIISICTCS YIIPO-
HIEHUE aIMUHUCTPATUBHBIX MPOLEAYP — OT PETUCTPALUU NPEANPUATUIN 10 MOTYyUECHUS TULEH3UM
u pasperienuii. CokpaiieHue OI0pOKPATUYECKUX OapbepOB CHUKAET BO3ZMOXKHBIE KOPPYILIUOH-
HBIE€ PUCKH, TaK KaK YMEHbIIAET KOJUYECTBO «KOHTAKTHBIX TOUEK» OM3HECA U YHHOBHUKOB.

Jpyroii BakHBIN 3JIEMEHT — o0ecreueHre Mpo3pavyHOCTH U KOHKYPEHIIMH B cdepe rocynap-
CTBEHHBIX 3aKyIOK. ECiii MpoeKThI pacnpeesnsitoTcs Yepe3 OTKPHIThIE AEKTPOHHBIE I1JIaTQPOPMBIL,
/i€ BCE YYaCTHUKU MOTYT BHJIETh KPUTEPUH O0TOOpa U MOJaHHbIE 3asBKU, TO LIAHCHI HAa HepOop-
MaJIbHbIE COTJIAIIEHHS U «OTKaThbl» CYIIECTBEHHO CHWXArOTCs. VCIojb30BaHUE COBPEMEHHBIX
MH(OPMALIMOHHBIX TEXHOJIOTUN MOMOTaeT OTCIEKHUBATh X0 TEHAECPHBIX MPOLEAYP B peaIbHOM
BPEMEHM U ONEPATHUBHO PEArupoBaTh Ha HAPYILIEHUS, YTO JONOJHUTEIBHO YKPEIUISET JOBEpUE
YYaCTHUKOB PbIHKA.

Jlis cTuMyupoBaHus pa3BUTHUSI OU3HECA U CHIDKEHUS YPOBHS KOPPYILINU TaKkKe BaKHO MOJ-
JIep>KUBaTh JOOPOCOBECTHYIO KOHKYPEHIMIO. B 4acTHOCTH, aHTUMOHOMOJIbHBIE OPTaHbI 10JIKHBI
KOHTPOJIMPOBATh JEHCTBUS KPYIHBIX UIPOKOB MU MPECEKaTh MOIBITKA MOHOIIOJIM3ALMM PBIHKA
IPY TIOMOIIIM KOPPYTIMOHHBIX CXeM. Y CTAHOBJIEHUE YETKUX IIPABUJI UTPbI 6€3 N30BITOYHBIX MPH-
BUJIETHH /17151 OTJINIbHBIX KOMITAaHUI cO3/1aeT OoJiee 310pOBYI0 SKOHOMUYECKYIO CPEY, B KOTOPO
CTapTOBBIE BOZMOXKHOCTH HE 3aBUCST OT HAJIMYMSI «CBSA3€I» BO BIIACTHBIX CTPYKTYpax.

Hemaiyto posib B MOBBIILIEHNN TPO3PAYHOCTH UTPAET U KOPIIOPATUBHASL OTBETCTBEHHOCTh Ca-
MUX KommaHuil. PazpaboTka cOOCTBEHHBIX KOJIEKCOB ATUKH, PETYJISIPHBIN BHYTPEHHUN ayJIuT, a
TaKKe MyOJIMKalKs OTYETOB 00 aHTUKOPPYILIMOHHBIX MEPAaX MOTYT CTaTh JOMOJHUTEIBHBIM CTH-
MYJIOM K (P)OPMUPOBAHMIO YECTHBIX JI€TOBBIX OTHOIICHUH. Takue MpakTUKU MOBBIIAIOT JIOBEpHUE
HE TOJIBKO CO CTOPOHBI MOTPEOUTENEH, HO M CO CTOPOHBI MAPTHEPOB U MHBECTOPOB, YTO B COBO-
KYIHOCTH YKpEIUIIeT OOIyI0 pemyTaluio OM3Heca U CTPAHbI B LIEJIOM.

Takum obpazom, 60prda ¢ KOppynuMen npeArnogaraeT coueTaHlue CUCTEMHBIX pedopm rocy-
JTApPCTBEHHOM M CyZeOHON CHUCTEM C NMPEBEHTUBHBIMU MEPaMH, OPHEHTUPOBAHHBIMHM Ha 0O0IIe-
CTBEHHYIO M KOPIOPATUBHYIO KyJIbTypy. [Ip 10/KHOM BHUMaHUU K BOITPOCaM TPaHCIAPEHTHO-
CTH, OTKPBITON KOHKYPEHLIMH, K YJIy4IIEHUIO MIEKTPOHHBIX CEPBUCOB U MOBBIIIEHNIO HE3aBUCH-
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MOCTH aHTHUKOPPYILHUOHHBIX HHCTUTYTOB rOCYAapCTBa MOTYYaroT IAHC HE TOJIbKO CHU3UTh YPO-
BEHb KOPPYIIUHU, HO U CYIIECTBEHHO YJIYYIIMTh 3KOHOMHYECKYIO0 cpedy. Takas KOMILJIEKCHas
CTpaTerusi, MOAKPEIJICHHAsE MEXAYHAPOAHBIM COTPYTHUYECTBOM U HAYYHO OOOCHOBAHHBIM IO~
XO0JIOM, CIIOCOOCTBYET JOATOCPOYHOMY POCTY, YKPEIIJICHHUIO TIOBEpUS K MHCTUTYTaM BJIACTH U T10-
BBILIICHUIO OOIIET0 YPOBHS 0JIar0COCTOSHUS.

SAKJIFOUEHUE

PaccMmoTpeHHbIH aHAN3 OATBEPINIL, YTO KOPPYNLIMOHHBIE IPAKTHKU OKa3bIBalOT BCECTOPOH-
Hee BO3/ICIICTBUE HA IKOHOMUYECKYIO CUCTEMY, 3aTparuBasi Kak IpUTOK MHBECTULIUHN, TaK U JIU-
HaMMKY pa3BUTus OusHeca. [IpoBeneHHOE Hcciael0BaHUE TTO3BOIMIIO BBIABUTh, YTO KOPPYMLHUS
HE TOJIBKO YBEJIIMYMBAET TPAH3AKIIMOHHBIC U3/IEPKKU U PUCKH JUTSI IIPEATIPUHUMATEIICH, HO U op-
MHUpY€eT HeOIaronpusITHbIE YCIOBUS JUIsl JOJATOCPOUYHBIX IPOEKTOB, OCOOEHHO B KOHTEKCTE HEI-
(PEeKTUBHOTO paclpeneNeHnss rocy1apcTBEHHBIX PecypcoB. Mainble U CpelHUe NPeAIpUsSTHS,
HaunOoJiee ys3BUMbIe K OIOPOKPAaTHUECKUM OapbepaM, UCIBITHIBAIOT HEMPONOPLHUOHAIBHO BBICO-
Kyl Harpysky, 4To B UTOT€ 3aMeJUIsieT OOIMi pOCT HalMOHAIbHOM sKoHOMUKH. [lapannensHo
BBISICHWIOCH, YTO MaKpPO3KOHOMUYECKHE NOCIEACTBUS KOPPYNIIIMU BBIPAXKAIOTCSI B COKpAIEHUN
NOTEHIMAaja sl MHHOBAIUH, YCHUJIEHUH TEHEBOTO CEKTOPa U CHUKEHUU WHBECTULIMOHHOW MpH-
BJICKATEJIbHOCTH FOCYyAapCTBa.

Cucremaru3zanus CoOOpaHHBIX JAaHHBIX YKa3bIBa€T HA HEOOXOJUMOCTbh KOMIIEKCHOT'O I01X0/1a
K MPEOJIOJICHUIO KOPPYILMOHHBIX NposiBlIeHUNA. OAHON M3 NEPBOOYEPEIHBIX MEP BBICTYNAET
yIpOIIeHHE OI0POKPATUIECKUX TPOLIETYP, B TOM YHCIIE IEPEBOI Hanboiee BOCTpeOOBaHHBIX T'OC-
YIapCTBEHHBIX YCIYT B 3JEKTPOHHBINA (hopmaT. B1obaBok kK 3TOMY IeiIecoo0pa3HO YCHIINBAThH
HE3aBUCUMOCTb aHTUKOPPYIIIMOHHBIX OPIaHOB U CyJIeOHOM cuCTeMbl, BeJlb IPO3payHoOe U CIipa-
BEJIMBOE IPABOCY/IME MOBBIIIAET JOBEPUE K MHCTUTYTaM BiacTu. He MeHee BaKHBIMU OKa3bIBa-
IOTCS 1IArd 10 COBEPLICHCTBOBAHUIO MEXAHU3MOB I'OC3aKYIOK, IJI€ OTKPbITasi KOHKYPEHLUS U
nyOJIMYHOCTh PE3yJIbTATOB TOPIOB CIIOCOOHBI CHU3UTh PUCKH HEPOPMAJIbHBIX CHEJIOK U YIIyd-
IIUTh WHBECTULIMOHHBIA KIMMaT. B 1ienom peanusanus 0603Ha4€HHBIX NPEATOKEHUH TTOMOXKET
BBICTPOUTH 00JI€€ 30POBYIO SKOHOMUYECKYIO CpPeJly U MOBBICUTH YCTOMUMBOCTH HAllMOHAIBHOTO
XO35ICTBA K BHYTPEHHUM U BHELTHUM BBI30BaM.
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FOBUJIAPBI

Bajsiepuro lynaposuuy /I[3ua3oeBy — 75 Jjiet

W3BecTHBIN yUEHBIH, TATAHTIIMBBIN [IEAArOT, MOMYJISPU3aTOD
npodeccuoHabHBIX 3HaHUHN Banepuii Jlynaposuu J[3ua3oes B
mapte 2025 1. ormeTtmn 75-neTHuii roOuied. Ero mo mpaBy
MOYXHO Ha3BaTb OJJHUM M3 IUIOJOTBOPHBIX YYEHBIX-MCTOPUKOB
Cesepnoit Ocernn u CeBepHoro KaBkasza. OH U3BECTEH TaKke
KaK IOJIUTOJIOT U CIEUUAUCT B cepe I0PUCTIPYACHIIUH.

C nercrea B. JI. /I3ua30eB MeuTai craTh NpoQeccuoHaIbHBIM
ncropukoM. B To Bpems B CeBepHoit Ocetun copMupoBaiach
CHJIbHAs UICTOPUYECKAst IIIKOJIa, TPEACTABUTENN KOTOPOU OKa3aIu
Ha Banepus Jlynaposuya 6osnbinoe Biusinue. C 1970-rono 1975 1.
OH CTYAEHT ucropuueckoro (akymbrera CeBepo-OCeTHHCKOTO
rocynapctBeHHoro yHusepcurera um. K. JI. Xeraryposa. C 1976 r.
3aHMMAETCsl Hay4HO-HCCle0BaTenbckoi paboroil. Ero unre-
pechl ObuTH CBsi3aHbI ¢ mpobaemamu ['paxknaHCKON BOWHBI Ha
CesepnoMm KagBkasze, nenopranuu HapoJ10B B nepuo Benukoii
OreyecTBEHHOM BOWMHBI, HAILMOHAIBHO-TOCYAAPCTBEHHOIO
cTpoutenbcTBa HaponoB CeepHoro KaBkasza, HalMOHAIBHOW TOJMMTUKUA WU (elepaTUBHOTO
ycrpoiictBa PCOCP u CCCP. Pabora B. JI. [I3un3oeBa «Manou3BecTHbIE CTpaHUIIbI UCTOPUU
I'paxxnanckoii BoiiHbl Ha CeBepHoM KaBkaze» Oblia yJocToeHa Manoi cepedpsinoit menanu. B
1979 1. on noctymun B acniupantypy COI'Y na kadenpy ucropun CCCP. Kanaunarckas auccep-
tanus «Ileuats pecnyOnuk CeBepHoro KaBkasa B mpomnaranje MHTEpHAI[MOHAIN3Ma U MaTpUO-
TU3Ma B rojisl 8-i u 9-it marunerok» 3ammuiieHa B 1982 r. B Tounucu B MHCcTHTYTE HIcTOpHH, apXeo-
noruu u stHorpadguu AH I'pysun. B 1990 r. noctynun B jokTopanTypy JIGHUHIpaaCKOro (HbIHE
Canxrt-IleTepOyprckoro) rocynapctBeHHoro yausepcuteta Ha kadenpy ucropuu CCCP. B stom
YHUBEPCUTETE YCIEIIHO 3alluIeHa JoKTopckas quccepranus «Hanuonansaas nonutuka CCCP,
MEXHaAIlMOHAIbHbIE OTHOILIEHUS M HAlIMOHAJIbHBIE IBM>KeHUS Ha KaBkazey.

Criextp HayuyHbIX HHTepecoB Banepus [lynapoBuua oxBaTbiBaeT mnpobiemsl I'paknaHckoi
BOWHBI U MEKHAMOHAJIBHBIX OTHOIIEHUM.

B. JI. I3um3oes sBisiercst aropom 6osee SO0 HaydHbIX paboT. Cpeau Hux 6omee 30 MoHOrpaduii.
On unen Corsa xypHanuctoB CCCP u Poccuiickoit ®enepannu, modbenuTens U MpHU3Ep
peciiy0nMkaHckux KoHKypcoB Coro3a xypHanuctoB KabGapauno-bankapckoit Pecy6nuku. Ero
Hay4HbIe pa0OThl N3/IaBAJIMCh HA OCETMHCKOM U PYyCCKOM f3bIKax B Pa3lU4HbIX ropogax Ocerun,
a Taroke Mocksel, JIenunrpaza, PocroBa-Ha-/lony. OHM yOIMKOBAIMCH TAKKe Ha a3epOaii/pkaHCKOM,
IPY3UHCKOM, MOJIBCKOM U HEMEIIKOM SI3bIKaX.

B. /1. /I31130€B — TaJTaHTIMBBINA HACTABHUK MOJIOJBIX Y4€HBIX. [10 €ero pykoBOJACTBOM YCIEIIHO
3amuieHsl 0onee S0 kaHAMAATCKUX nuccepTanuii. Banepwuit JlygapoBuy MHOTHE TOJTBI BXOWI B
nuccepranuonnslie coBeTbl CeBepHoit Ocernn, Kabapauno-bankapun u Kpacnonapckoro kpas.
Yuenuku Banepus JlymapoBuda paOdOTarOT B HAy4YHBIX M 00pa30BATENbHBIX YUPEKIACHHUSIX
Cesepnoro KaBka3za u cTpaHsl.

B. /1. JI3un30eB sABnsieTcs cozaareneM u pykoBoaureneM «HaydHol NIKOIbI NICTOPUKOB-KaBKa30Be-
JIOB ¥ STHOTOIUTHYECKUX KOH(IUKTONIOr0By , BocuTaBIlei 50 KaHIMaToOB M JOKTOPOB Hayk.

Benymue nayunsle mxkonbl («Poccuiickue Haywmble mkois»). T.XIV. M.: Axagemus EcTecTBo3HaHHS,
2021. C. 30-31.

199



HOBUJISIPBI

OH 3aMmecTHUTENb IJIaBHOTO penakTopa kypHaina BAK «Bectauk BnagukaBka3zckoro Hayd-
Horo ueHtpa PAH».

TpyIHO IEpEeYUCIUTh BCE aCIIEKThI U BCE OCHOBHBIE HAIIPABJICHMs, B KOTOPbIX B. 1. [I3u130eB
OCTaBWJI 3aMeTHBIM cien. B Hayke emy npucyma oObeKTHMBHOCTb. Pa3pabareiBas mpoOiemy
HAIMOHAJILHOM MOJIMTUKY TOCYAapCTBa M MEKHAIIMOHAIBHBIX OTHOIIeHUI Ha KaBkaze, B. 1. J3un3oes
yJIIeTsIeT MIPUCTAIbHOE BHUMAHUE HE TOJIBKO TTI00AIbHBIM BOIIPOCaM B 3TOH cdepe, HO U OTAETbHBIM
HmITpUXam, KoTopbie BaskHbl Ha CeBepHOM KaBkaze. DToii cl0KHOM mpobiemMe OH MOCBATUI PST
cBOUX paboT: «JluaneKkTHKa eMHCTBA U 6paTcTBan?, « HarmoHanbHas MOJTUTHKA: YPOKH OIbITa»®,
«HarmonansHble oTHOIIEHNs Ha KaBkase»” 1 1p. B CBOMX MCCIIEIOBAHKSX aBTOP AHATM3HPYET PoOIeMbl
HallMOHAJIbHOW ITOJIMTHKY, MEKHALMOHAIBHBIX OTHOLUIEHUM, HAIMOHAIBHO-TOCYAAPCTBEHHOIO
crpouTelnbcTBa Ha KaBkase u HaGoseBIIMe BOPOCHI COBPEMEHHOTO (peziepain3ma.

B. [I. I3um3oeB 6onbioe BHUMaHue yaenser npodiaemam Konctutyuu Poccuiickoit dene-
pauuu, peaepaTUBHOMY yCTPONUCTBY M HALIMOHAJIBHBIM aClIeKTaM B MHOT'OHAIIMOHAJILHON CTpaHe.
OTtuM Bompocam nocssimeHa Mororpadus «Koncrutyus Poccuiickoit denepanyu u mpoOieMsl
denepammzma»®. B. JI. [[3un30eB nposBua npodecCHOHANBHBII HHTEpEC U K TAKOH aKTyalbHON
npobaeme, kak Teppop Ha CeBepHoM KaBkase B nepuoj I'paxianckoil BOMHBI. YUeHbIH U3aain
MoHorpaduio nox HazpanueM «benbii 1 kpacHslit Teppop Ha CeeproM Kapkase B 1917—1918 rr»®.
OTa TeMa He yTpaTHila CBOEH aKTyaJIbHOCTH U CETOHS.

Ocoboro BHMMaHHs 3aciayxkuBaeT MoHorpadusi «KaBkaz konma XX Beka: TEHICHIUHU
ATHONOJUTUYECKOIO Pa3BUTUS (MCTOPUKO-TIOJUTUYECKOE UCCIEI0BAaHUE)», B KOTOPOW aBTOP
AQHAJIM3UPYET I'PY3MHO-OCETHMHCKHE OTHOLIEHUS CKBO3b IPU3MY JETaIbHOIO MCCIIEIOBAHMS
MEXHALIMOHAJIBHBIX OTHOLIEHWH Ha KaBka3e. YHUKalbpHBIE apXUBHBIE MaTEpHUaibl IO3BOJIAIN
IIPEACTABUTH U NIPOAHAIIM3UPOBATh NOJIOKEeHUE HapooB KaBka3a B nepuoa KaBka3ckoil BOMHBI.
ABTOp OTKPBIBA€T HOBBIE CTPAHUIIbl B3aUMOOTHOLIEHUH TypOK-MECXETHUHIIEB U HOTAMIIEB.

danbcudukanms HICTOPUU, 0COOEHHO B chpepe HaIMOHATILHON MOJUTUKY U PAKTUKHU B HaIlei
CTpaHe, sIBISIETCS Cepbe3HOi nmpobiemoii, a MoHorpadus B. 1. [[3un3oeBa npencrasnser coooid,
C OZIHOW CTOPOHBI, KPUTHUKY MapanCTOPUKOB, a C IPYTOM — HAa BBICOKOM aKaJ€MUYECKOM YPOBHE
aHaJIM3 pa3IM4YHbIX BONIpOocoB ucropun Kaskasa.

Banepuit /lymapoBud Kak YECTHBIM M IPUHLUIIHAIBHBIA YYEHBIM-UCTOPUK KPUTUYECKH
MOJXOAUT K aHAJIM3y MMeEIoLIeics TuTepaTypbl U HCTOYHUKOB, ITOCKOJIBKY OT/AaeT cebe OTUeT B
TOM, YTO MOBEPXHOCTHAs WM YaCTUYHAs MHTEPHpPETalusi UCTOPHUUECKUX (aKTOB MOXKET CTaTh
MHCTPYMEHTOM HOJUTHYECKON UIpbl U MPUYMHON MEKHAMOHAIBHBIX KOHQIUKTOB. BaxHoil B
pabotax B. JI. J[3un30eBa sBsieTCS MOJIUAMCIUIUIMHAPHOCTD UCCIIE0BaHUI, KOTOpas MO3BOJISET
HOJY4YHUTh O0siee OOBbEKTUBHBIE U PA3HOIMJIAHOBBIE BBIBObI, KOPPEIUPYIOLIHE APYT C IPYTOM.

CeronHst ero Hay4yHas W IpenojaBaTeNbCcKas JIesITeIbHOCTh cBsizaHa ¢ KOxHoit OceTuei.
[Mpurnamenue B. /1. /[3un30eBa B rocy1apcTBEHHBIN yHUBEPCUTET T. [[XxrHBaIa 00yCIOBIEHO €ro
BBICOKUM NPO(eCcCHOHAIN3MOM B HaAy4YHO-00pa30BaTeIbHON JAEITEIbHOCTH.

2Jlsunzoes B. JI. [luanektuka ejuHcTBa U 6parctia. Hanbuuk: Disbpyc, 1990.

$zunzoes B. JI. HarmonanbHas HOIMTUKA: YPOKH OIbITA. Biamukaskas: Ananus, 1994.

“Ilsumsoes B. JI. Harmonanbable otHomeHus Ha KaBkase. Brnagukaskas: Mp, 1995.

SIzumzoes B. JI., Tono A. M. Koncturymus Poccuiickoii ®enepanuu u npobiemsl denepamsma. Hanpuuk:
Dnbpyc, 1995.

®lzsunzoes B. JI. Benblii u xpacHsiii Teppop Ha Ceeprom Kapkase B 1917-1918 rr.  Brapukaskas: U3a-so COI'Y,
1997 (MmoHorpadus o npuanHe ocodoit aktyaapHocTH ObuTa B 2000 T. epen3aaHa B N31aTENbCTBE «AJIAHUS ).
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Hoporoii Banepuii Jlynaposuu! Komnexktus Kabapauno-bankapckoro nayunoro nearpa PAH
cepaeyHo no3apaniisieT Bac, 3amMeuaTenbHOr0 y4eHOTO U MPEKPACHOT0 YeJIOBEKa, C /D-JIETHUM
ro0uneeM. Baim paboThl 10 MONMUTHYECKOM HCTOPUU M KOH(IMKTOJIOTUH BOIILIH B 30J10TON (hoHA
KaBKa3oJIoruu. MHOro CHJI, OpPraHHM3aTOPCKOro TajaHTa MOTpaueHo Bamu Ha BbIsSBICHHE,
U3ydeHHe, aHaJIu3 HeOmyOJIMKOBAaHHBIX apXMBHBIX MaTepHajoB. MBI BBICOKO IIeHMM Bam tpyn
Y4EHOT0, paboTy B KayecTBe 3aMEeCTUTEJNS IJIaBHOrO penakropa «BecTHuka BianukaBka3ckoro
HayyHoro neHtpa PAH». Brl 3acinyxennsiii aesrens Hayku PecnyOnuku CeBepHas-Ocerust —
Ananus, Pecriyomuku FOxnast Ocerus, KabGapmuHo-bankapckoit PecnyOmuku u PecryOmuku
Jarectan. CBoMM BKIJIaJIOM B HayKy BbI 110 IIpaBy JOCTHUIJIM BBICOKOTO IPU3HAHUS.

B »TOoT 3HameHaTenbHBIN JeHb jkelaeM Bam 370pOBbs, HOBBIX TBOPYECKUX YCIEXOB,
PasioCTH, OTPOMHOTI'O CUACThS U JOJITUX JIET KU3HU!

Mamepuan noocomosunu.

Ynaxoe Maxmu 3eiimynosuyu — 0oxmop @unonosuieckux Hayx, npogheccop, 21a6Hbill HayHHbII COMPYOHUK
CEKMopa Kapayaeso-0ankapcko2o sa3vika Muemumyma 2yManumaphuvlx uccredosanutl — guauana Kabapourno-
banxapckoeo Hayunozo yenmpa Poccuiickoii akademuu nayk (MI'H KbHL] PAH),

Hlaoxscesa Hamanvs AHAmMONbEGHA — OOKMOP NOIUMUYMECKUX HAYK, 6COYWUL HAVUHBIL COMPYOHUK
Lenmpa coyuanvro-nonumuueckux uccredosanuti KBHIL] PAH
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MPABUJIA O®OPMJIEHUS CTATEM, MPEJCTABJISAEMBIX ABTOPAMU
B ’KYPHAJI «M3BECTHUSA KABAP/IMHO-BAJIKAPCKOI'O
HAYYHOI'O IHEHTPA PAH»

1. Xypnan «A3Bectuss Kabapauno-bajnkapckoro nayynoro neirpa PAH» myGinukyer
OpPUIMHAJIbHBIC HAy4HbIE, O030pHBIC, AHAIUTUYECKUE CTaThH OTEYECTBEHHBIX U 3apyOeKHBIX
aBTOPOB, PELIEH3UHU HAa KHUTH U CTAaThH, IEPCOHAIINH I10 CIETYIOLUIMM IPYIaM CIelUalbHOCTEH:

1.1. Maremaruka u mexanuka; 1.2. KomnbrorepHusie Hayku 1 nHpopmaTuka; 1.3. Ousnueckue
Hayku, 1.6. Hayku o 3emsie m okpyxkaromiein cpene; 2.3. MHdopmanmoHHBIE TEXHOJOTUU H
TereKoMMyHuKanuy; 4.1. ArpoHOMUS, JIECHOE M BOJHOE XO3SIUCTBO; 4.2. 300TeXHHUS U BETEpHUHAPUS,;
5.2. Dxonomuka; 5.4. Commonorus; 5.5. [lomutuyeckue Hayku; 5.6. McTopuyeckue HayKu;
5.9. ®unonorus.

XKypnan npeaHazHayeH A5l HAyYHbIX paOOTHHKOB, ITpenojaBaTesiell, aClMpaHTOB, MaruCTPaHTOB,
cTyaeHTOB. [1epHoANYHOCTD — MIECTh BBIMYCKOB B rof. JKypHan myOJHMKyeT CTaTbi Ha PYCCKOM U
AHTJIMICKOM s13bIKax 00beMOM He MeHee 8 u He Oosiee 20 crpaHu; MakeTHOro opMaTa (HE MEHEe
18 000 cumBoIOB). PaboThI, peBbImaronye 00beM, IPHHAMAIOTCS K IyOIMKAIMK 10 CIEHHATEHOMY
PELIEHHUIO TIIABHOTO PEAaKTOpa KypHaa.

XKypnan BxiroueH B [lepedens perieH3npyeMbIX HAYYHbBIX U3aHUH, B KOTOPBIX TOJKHBI OBITH
OIyOJIMKOBAaHbI OCHOBHBIE Hay4YHBIC Pe3yJbTaThl JUCCEpPTAIMil HA COMCKAHUE YYEHOH CTEHEeHH
KaHJ#/1aTa HayK, Ha COMCKAHNE YYSHOH CTETIEHH TOKTOpa HAayK MO HAYYHBIM CIIEHUAIBHOCTSM U
COOTBETCTBYIOIIMM UM OTpaciiiM HayKu, Karteropus xypHaia — K2 (pacnpeznenenue xypHajloB
o Kareropusm, 1. 1358):

rpymnmna cnenuanbHocteit 2.3. MHhopManoHHble TEXHOIOTHN U TEIEKOMMYHUKAITIH:

2.3.1. CucteMHBIl aHaNU3, yIpaBieHUe U 00paboTka MH(GOPMALIMKU, CTATUCTUKA (TEXHUYECKHE
HayKH),

2.3.3. ABromaTH3anus ¥ YNpaBiICHHE TEXHOJOTMYECKHMMH MPOIECCAMU U IMPOU3BOJICTBAMU
(TeXHUYECKHE HAyKN),

2.3.7. KomnproTepHOoe MOJECIMPOBAHUE M aBTOMATH3alMs MPOEKTUpoBaHUSA ((PU3UKO-
MaTeMaTHYeCKHEe HayKn),

2.3.8. UnpopmaTrka u MHGOPMAITMOHHBIE TPOLIECCH (TEXHUYECKHE HAYKH);

rpynna crnenuaibHocTel 4.1. ArpoHOMES, JIECHOE U BOIHOE XO3SIMCTBO:

4.1.1. Ob1ee 3emienenyie U pacCTEHUEBOACTBO (CENbCKOX03SIIICTBEHHBIE HAYKH),

4.1.2. Cenexnus, CEMEHOBOJICTBO U OMOTEXHOJIOTHUS pACTEHUH (CETbCKOXO035ICTBEHHbIE HAYKH ),

4.1.3. Arpoxumusi, arporio4BOBEICHHE, 3aIUTa U KapaHTUH PacTeHUH (CeNnbCKOXO035ICTBEHHbIE
HayKH);

rpynia crnenuanbHocTel 5.2. DKoOHOMUKa:

5.2.2. MaTtemaTH4ecKue, CTAaTHCTHYECKHE M WHCTPYMEHTAJIbHBIE METOABl B DKOHOMHKE
(KOHOMHUYECKHE HAYKN),

5.2.3. PernonanpHasi ¥ oTpaciaeBasi 3KOHOMUKA (IKOHOMUYECKUE HAYKH),

5.2.6. MeHeKMEHT (IKOHOMHUYECKUE HAYKH).

2. K ny6nuxamuu B xxypHane «W3Bectust Kabapauno-bankapckoro nayunoro uentpa PAH»
NPUHUMAIOTCS CTaThH, COJEp)Kallie HOBble pe3ynbTaThl. CTaThbM JOJKHBI OBITH MOCBSIIECHBI
aKkTyaJIbHbIM MpoOJjemMaM HayKH, COJEp>KaTh YETKYIO IMOCTAHOBKY LM U 3aJla4 HCCIeI0BaHus,
CTPOTYI0 HAay4YHYIO apryMEHTaluio, 00OOIIEHHsI U BBIBOJBI, MPEICTABISAIONINE HHTEPEC CBOEH
HOBU3HOH, HAYYHON U MPaKTUYECKOW 3HAUMMOCTHIO. JKypHan Taxke MyOJIMKyeT crenuaibHble
BBIITYCKH, MOCBAILICHHbIE KOH(EpPEeHLUsAM pa3sHOro YpOBHS MO TEMaTHKE XXypHaja, 0030pHbIE
cratbu. He pnomyckaercss HampaBieHME B peJaKLUI0 CTaTei, yke OmyOJIMKOBaHHBIX WM
MOCTIAHHBIX Ha IMyOJUKAIMIO B APYTHe *KypHaIbl. Pe3ynbTaThl HHBIX aBTOPOB, MCIIOJIb30BaHHBIE
B CTaTbe, CJIEIyeT JOLKHBIM 00pa3oM OTpa3uTh B ccbuikaX. lIpenacTaBisisi ctaThio B KypHal,
aBTOPBI 00sI13aHBI BHITIOJIHATH BCE TPEOOBAHMS 110 OPOPMIICHHIO.
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3. HampaBinisist cTathio B )KypHaJl, KaX bl U3 aBTOPOB MOATBEPIKIAET, YTO OHA COOTBETCTBYET
HAWBBICIIMM CTaHAApTaM MyOIMKAllMOHHOM 3THUKU JUIS aBTOPOB U COABTOPOB, pa3pabOTaHHBIM
COPE (Committee on Publication Ethics), cm. http://publicationethics.org/about. Bcem cratbsim,
OmyOJIMKOBAaHHBIM B JKypHaje, MPUCBauBaIOTCS uieHTU(]uKaTopbl nudpoBoro odwvekra (DOI)
JUISL JTy4IIero Moucka u uaeHTugukanuu. [loctynaromue B peaakiiio CTaTbl MIPOXOAT IPOBEPKY
Ha raruatr 4epe3 cucremy Aumunnacuam (https://www.antiplagiat.ru), aas NpUHATHS OHHU
JOJKHBI UMETh He MeHee 75 % yHUKaIbHOCTH TEKCTa.

4. Tlpunsteie k myonukanuu B xypHaiie «M3Bectus KabapaiHo-baikapckoro Hay4yHOTo IEHTpa
PAH» cTatbu mpoXoasT JBOWHOE CIIENOE PELEH3UPOBAHKE, PEAAKIIMOHHYIO TIOATOTOBKY, TOCIE
Yero MakeT HalpaBJIseTcss Ha KOPpeKTypy. OKOHYATENbHBIA BapUaHT MPEIOCTaBIISCTCS aBTOPY Ha
BBIYUTKY. CPOK MPEOCTaBICHHUS CTaThbU HA BBIYUTKY aBTOPY — 3 pab0vnX JHS.

5. IlomHOTEKCTOBBIE BEpCUU cTaTel, MyOIMKyeMbIX B XKypHaie, pa3MeniaroTcs B IHTepHeTe
B CBOOOIHOM JOCTyIIE Ha ouimanbHOM caiite xypHaia https://www.kbncran.ru/izvestiya-htm/,
Ha caiite Hay4noit anexrponnoit oubmuorexku eLIBRARY .RU, Hay4Hoit 31eKTpoHHOM OMOIHMOTEKH
«Kubepnenunka», B Poccuiickoii rocynapcrsennon oudnuoreke, BUHUTU, Google Scholar,
Poccuiickom tientpe HayuHoit napopmaru (PLIHI). Ctatbu 1o cenbckoMy X035MCTBY pa3MeIatoTCs
B AGRIS. Crarbu o maremaruke, ¢pusuke, HHPOpMATHKE, MATEMATHUYECKOMY MOJIETUPOBAHUIO
B 9KOHOMHKE U I10 HayKaM O 3emJie pa3Mmerarorcs Ha OOmepocCHiickoM MaTeMaTHIeCKOM TopTase
Math-Net.Ru www.mathnet.ru (http:/Aww.mathnet.ru/php/journal.phtml?jrnid=izkab&optionlang=rus).
Cpox pa3MenieHus peJakifeil ouepeJHOro HoMepa KypHajia — B TeUeHUE 3 MecCsIeB C JaThl
BBIXO/Ia B CBET HOMEpa.

6. [Ty6nukarmuu B xyprane s cotpyaaukoB KBHI[ PAH Gecruiatueie, miisi CTOPOHHUX
aBTopoB — 500 py0. 3a crpanuiry. st perieH3eHTOB (He WICHOB PEAKOJUICTHH) MPEIYCMOTPCHBI
JBTOTHI JUTSI OITYOJIMKOBAHUS.

7. TpeboBaHMsI K pyKOIIMCH CTaThH.

Pykonuch craThbu mojaeTrcs BMECTE C COMPOBOJUTEIbHBIM MHCHbMOM, MOJANHUCAHHBIM BCEMU
aBTOpaMH CTaThbU, B KOTOPOM aBTOPBI B TOM YHKCJE MOATBEPXKAAIOT, YTO MOJaBaeMas B JKypHal
CTaThs paHee He OblIa OIyOIMKOBaHA, a TAK)Ke HE TPEJICTAaBICHA ISl PACCMOTPEHUS U Ty OJIMKAITIH
B JIPYTOM KypHasie. Y1cIo ¥ coCcTaB aBTOPOB OCIIE ITOJa4 CTaThH Ha PELIEH3UPOBAHUE HE MEHSIOTCS.

Marepuainsl IpeAoCTaBISIOTCA B pelakiMio KypHana 1o ajpecy: 360010, Poccus, KabapauHo-
bankapckas PecnyOnuka, r. Hanpumk, yn. bankapoBa, 2 uiam Ha 3JIE€KTPOHHYIO IOYTY
ired07@mail.ru.

Bce cTpanuiibl, BKIrOUasi pUCYHKH, TAOJIHUIIBI U CITUCOK JIMTEPATypBl, CIEAYyEeT IPOHYMEpPOBaTh.

B TekcTe cTtatbu 00513aTeIbHO YKA3bIBACTCS:

- VJIK https:/teacode.com/online/udc/; ORCID; tur cratbu (HayuHast, 0030pHast, aHATUTHYECKA,. . .);
konbl JEL (cnenmanbHocTu: 5.2.2. MaremMaTudeckue, CTaTUCTHYECKUE M HHCTPYMEHTAIbHbIE METO/IbI
B DKOHOMHKE, 5.2.3. PernoHanpHast U oTpacieBasi 5KOHOMHKa, 5.2.6. Menemkment); AMS Subject
Classification (rmo crienanrbHOCTSM B 00J1aCTSX MAaTeMaTUKH, HH)OPMATHKH, (PU3HUKN);

- Ha3BaHME CTAaThU HA PYCCKOM U aHTTUHCKOM SI3bIKaX;

- (haMuIMs ¥ MHUIMANBI aBTOpa (aBTOPOB) HA PYCCKOM M aHTIUHCKOM SI3BIKAX; AIEKTPOHHAsS
M0YTa aBTOPOB (€CIIM HECKOJILKO aBTOPOB, TO YKa3aTh * aBTOPa, OTBETCTBEHHOTO 32 MEPEMHCKY);

- OJIHOE O(UIIMANbHOE Ha3BaHUE YUPEKACHUS C YKa3aHUEM IOJHOTO MOYTOBOrO ajpeca Ha
PYCCKOM M aHTJIMHCKOM sI3bIKaX, afpec deKkTpoHHo moutsl (E-mail) opranmn3ammm;

- QaHHOTAIIMSI Ha PYCCKOM M aHTJIMICKOM SI3bIKaX — B HEH YeTKO JOJDKHBI OTPaXKaThCs aKTyaTbHOCTb,
HOBH3HA, METOJIMKA M PE3yJIbTaThl HAYIHOTO MCCIIEIOBAHUS, BBIBOIBI, 00beM — 150200 citoB;

- KJIIOYEBBIE CJI0BA HA PYCCKOM U aHIJIMHCKOM s3bIKax — He 6osee 10—15 cios;

- OCHOBHOMW TEKCT CTaThU (CTPYKTypa): BBEACHHE, LN M 3a7a9d MUCCIICTOBAHUS, METOIBI
WCCIIEIOBaHMs, PE3YJIbTAaThl UCCIIEI0BAHUS, BBIBOBI (3aKIIOUEHUE);

- punancupoBanue;

- BKJIaJl aBTOPOB.
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B anHOTanuu u 3aKII0YEHUU HE JIOMYCKAeTCs MCMOJIb30BaHUE IPOMO3IAKUX (HOPMYII, CCHIIIOK
Ha TEKCT paOdOThl UM CIIUCOK JUTEPATYPHI.

Cenenust 00 aBTOpax (Ha PyCCKOM M AHTJIMMCKOM SI3bIKax): (haMuiusi, UMs, OTYECTBO,
yueHast CTENeHb, YYEHOE 3BaHHE, JOJDKHOCTb, Ha3BaHUE MOAPA3JCNCHHs, IMOJIHOC Ha3BaHUE
MecTa paboThl (MOXKeET ObITh OoJice 0j1HOTO), padounii agpec, ORCID, SPIN-kox E-library.

JIist cBsA3M € pefjakiiel — KOHTAKTHBIN TeJIe()OH OJJTHOTO U3 aBTOPOB.

8. CIiiCoK JMTepaTyphl JOJDKEH COJIEPyKaTh TOJIBKO CCHUTKH HA HAYYHBIE CTAThH (TIEPUOANIECKHE
KypHaJIbl, MOHOTpa(uu, TPyAbl KOH(PEPEHIUH U T.1.), KOTOpbIe YIOMUHAIOTCS B TEKCTe PaboTHl,
pacrnosoKeHHbIC B MOPsIKe UTHPOBaHuUs, He MeHee 15. CCchUlkM Ha HEOIyOIIMKOBAaHHBIC PaOOTHI,
pe3yabTaThl KOTOPBIX HCIIOJIB3YIOTCS B JOKa3aTelbCTBAX, HE Jomyckaiorcs. Hemomyctumo
MCIIOJIB30BAHUE CCBHUIOK Ha aBTOpedeparhl, AUCCepTalMU, Ta3eThl, HHTEPHET-CAlThl KypHAJIOB,
9JIEKTPOHHBIE Ta3eThl. CIHCOK JMTepaTyphl IeyaTaeTcss B KOHIE CTaTbH, O(QOpMIseTcs B
COOTBETCTBUHM C MpPaBUJIAMHU, HPEAYCMOTPEHHBIMU >KypHalioM. Bce ocTajbHBIE HMCTOYHHKH,
WCIIOJIb30BaHHBIC TIPY HAIMMCAHUH CTaThH, BEIHOCSTCS B CHOCKU B KOHIIE KaX/10i CTpaHUIIbI (TIpU
HeoOxonuMocTH). B criucke nureparypsl HeoOXoaumMo ykasbiBath He Menee 50 % ot oOmiero
KOJINYECTBA MCTOYHUKOB 32 MOCJEeIHUE S5 JeT (KaKk caMoro aBTopa, Tak U CTOPOHHUX aBTOPOB,
paboTarNIMX B JaHHOM HAIPaBICHUU; B TOM YHCIIE 3apyOe)KHBIX HCTOYHUKOB), HE Oosee 20 %
CCBUIOK Ha COOCTBEHHBIC paboTHl. VICKIIOUEHHE COCTABISAIOT CTaThbH, KOTOPBIE IMOCBSIIEHBI
WCCIICIOBAaHHUSIM KOHKPETHBIX IOKYMEHTOB.

B cnicke nutepartypbl JOKHBL OBITh YKa3aHbI HCTOYHHUKH 1O 00pasiry:

- cratbst — @ammus M. O. Haspanue crareu // Hassanue xypuama. ['ox. Tom. Howmep.
C....-...DOl...

+ kaura — @amunmust . O. Ha3Banue kauru: MmoHorpadwust. ['opoxa: M3garenscrBo, [og. ... c.

+ KoylekTuBHass MoHorpadus — @Damunus U. O. Haspanue kuuru / mox pen. damuins
N. O. T'opon: U3narensctBo, ['og. ... c.

- cTaTha B cOopHuKke KoH(pepeHimii — Gamummust W. O. Hazpanue cratsu // Ha3Banue koHbepeHIHu:
Marepuaibl KoHpepennun * / HazBanue opranusanuu. ['opox, ['ox. C. ...-... DOI...

* CTaThsl B 3JIEKTPOHHOM u31aHuu — @ammus Y. O. Ha3Banue cratbu [DneKTpoHHBIN pecypc] //
HasBanue xxypnana, ['on. Tom. Homep. C. ...-... URL:... (mara obpaiiieHus: 4ucio, Mecsl, TOx).

9. Cnmcok MTepaTypbl HOJTHOCTBIO TyOIUPYETCsl HA AHIJIMHCKOM SI3bIKe HE3aBHCHMO OT TOTO,
MMEIOTCS B HEM HHOCTPAHHBIE HCTOYHUKH WITH HET.

[Tosicuenus no popmupoBanuto Crmcka nureparypsl U References.

Ecnu craths, Ha KOTOPYIO YKa3bIBaeT CChUIKa, ObLIa MepeBefeHa Ha aHTIUHCKUN S3BIK U
OIyOJIMKOBaHA B aHTJIMHCKON BEpCUM KypHaljia, HEOOXOIMMO YKa3blBaTh CCHUIKY U3 IMEPEBOHOTO
uctouyHuka! Ykazanus (yueOHoe mocoOue, MoHorpadus, nepeBo], KOJIUIECTBO TOMOB U T.1.)
B References moxuo omyckars. [Ipy IMTHPOBAaHMM OPUTHHAIBLHOTO WCTOYHHMKA HA AHTJIMHCKOM
A3bIKE B HA3BaHUU C MTPONHMCHOM OyKBBI MUIIETCS MEPBOE CIIOBO. B Ha3BaHMU KypHaia MUIIeTCs
KaX/10€ MOJIHO3HAYHOE CJIOBO C MMPOMUCHOM OYKBBI.

bubnuorpadpuyeckue onucanus nyonukanuii B References cocrtaBisioT B ciieayroriei
MOCIIe0BATEIHHOCTH:

JKYPHAJILHASI CTATHSI

Author A.A., Author B.B., Author C.C. Title of article. Zaglavie jurnala [Title
of Journal]. Year. Vol. ... No. ...iss. ... Pp. ...-... DOI (In Russian);

B Cllydae, €Clii y KypHajla eCTh O(QHUIMAIFHOE Ha3BaHWE HAa AHTIIMHCKOM SI3bIKE, MCTOYHHK
odopmisieTcs B TaKOM BHUJIE:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal. Year. Vol. ...
No. ...iss. ... Pp. ...-... DOI (In Russian);

MoOHOTrpadusi, KHUTa, IJ1aBa U3 KHUTH, MPENPUHT

Author A.A., Author B.B., Author C.C. Nazvanie [Title of book]. Gorod: Izdanie. Year. Pages p.
(In Russian);
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CTaThsl B MaTepHaJIaX KOH(pepeHUnHU

Author A.A., Author B.B., Author C.C. Title of paper. Nazvanie konferensii. Gorod, Organizacia.
Year. Pages p. (In Russian);

CTAThSl B 2JIEKTPOHHOM U3IAHUU

Author A.A., Author B.B., Author C.C. Title of paper. Nazvanie zhurnala, Year, Pages p.,
available at: http.... (accessed Data Year).

Ha caiite http://translit-online.ru/ moxxHO OecmIaTHO BOCIOJB30BATHCS MPOrPAMMOKI
TPaHCIUTEPAIIUU PYCCKOTO TEKCTA B JIATHHUILY.

10. TpeGoBaHUsI K DJIIEKTPOHHOMY HOCHUTEJIIO:

- K CTaThe MpuUiaraercs 3JICKTpOHHBINM BapuaHT B (opmarte Microsoft Office Word 2007,
Windows XP, Windows 7, 10;

- cTaThs I0JDKHA ObITh HaOpaHa B (popmaTe A4 ¢ monsiMu: BepxHee U HuxkHee — 2,0 cM; J1eBoe —
2,5 cMm; ipaBoe — 2 oM, mpudTom Times New Roman, pasmep 14, monyTOpHBII HHTEPBAT,

- Ta0JINIIBI, A ITOPUTMBI, PUCYHKH, CXEMBI U T.II. JIOJDKHBI ObITh PEAAKTHPYEMbIE U BBITTOJTHEHBI
B popmaTe A4 KHMIKHOM OpUEHTAIINH;

- (hopMyJIBI TOJDKHBI ObITH HAOpaHsbl B iporpamme MathType, HymepoBarth ciieyer Te GopmyJibl,
Ha KOTOpPbIE €CTh CChUIKH B TEKCTE CTaThHU.

11. Perienue o myOnuKalmy WM OTKJIOHEHHH aBTOPCKUX MaTepPUasiOB IPHHUMAETCS PEIKOIIICTUen
B COOTBETCTBHUM C MpaBWJIaMH PEUEH3UPOBAHUA cTared. [l SKCIEpTHOM OLIEHKU CTaTeu
MPUBJICKAIOTCS BEAYIIHE CHCIMATMCTBI 10 OCHOBHBIM HAay4YHBIM HAmpaBieHUsAM (pyOpuKam)
BBHINTyCKa XypHaa.

12. Penakius He BCTYyNaeT B AUCKYCCHUIO C aBTOPAMH OTKJIOHEHHBIX MaTepUasoB.

13. B xaxom BbIyCKe MyONMKyeTcs, Kak MpaBuiio, He OoJiee OHON CTaThU OJJHOTO U TOTO KE
aBropa. Pemenue o myOiukaiuu Oosee 0JJHOro MaTepuaia MPUHUMAECTCS PEAAKLIMOHHON KOJUIeruen
Y TJIaBHBIM PEJIAKTOPOM KypHaJIa.

14. Ctatbu, odopmiieHHbIe 0e3 cOOTI0eHHS YKa3aHHBIX MPABUJI, HE PACCMaTPUBAIOTCS.

205


http://translit-online.ru/

FORMATTING RULES FOR ARTICLES TO BE SUBMITTED BY AUTHORS
TO THE JOURNAL "NEWS OF THE KABARDINO-BALKARIAN
SCIENTIFIC CENTER OF RAS"

1. The journal "News of the Kabardino-Balkarian Scientific Center of RAS™ publishes
original scientific, review, analytical articles by domestic and foreign authors, reviews of books
and articles, personalities in the following groups of specialties:

1.1. Mathematics and Mechanics; 1.2. Computer Science and Informatics; 1.3. Physical Sciences;
1.6. Earth and Environmental Sciences; 2.3. Information Technologies and Telecommunications;
4.1. Agronomy, Forestry and Water Management; 4.2. Zootechnics and Veterinary
Medicine; 5.2. Economics; 5.4. Sociology; 5.5. Political Sciences; 5.6. Historical Sciences;
5.9. Philology.

The journal is intended for researchers, teachers, postgraduate students, undergraduates,
students. Frequency — six issues per year. The journal publishes articles in Russian and
English with a volume of no less than 8 and no more than 20 pages of the layout format (at
least 18 000 characters). Papers exceeding that volume may be accepted for publication by
special decision of the Editor-in-chief of the journal.

The journal is included in the List of peer-reviewed scientific publications in which
the main scientific results of dissertations for the degree of Candidate of Science, for the
degree of Doctor of Science in scientific specialties and their respective branches of science
should be published, category of the journal — K2 (distribution of journals according
to categories, par. 1358):

group of specialties 2.3. Information technology and telecommunications:

2.3.1. System analysis, management and information processing, statistics (technical sciences),

2.3.3. Automation and control of technological processes and productions (technical
sciences),

2.3.7. Computer modeling and design automation (physical and mathematical sciences),

2.3.8. Informatics and information processes (technical sciences);

group of specialties 4.1. Agronomy, forestry and water management:

4.1.1. General farming and crop production (agricultural sciences),

4.1.2. Breeding, seed production and plant biotechnology (agricultural sciences),

4.1.3. Agrochemistry, agrosoil science, plant protection and quarantine (agricultural
sciences);

group of specialties 5.2. Economy:

5.2.2. Mathematical, statistical and instrumental methods in economics (economic sciences),

5.2.3. Regional and sectoral economics (economic sciences),

5.2.6. Management (economic sciences).

2. Articles are accepted for publication in the journal "News of the Kabardino-Balkarian
scientific center of RAS" if they contain new results. Articles should be devoted to topical
problems of science, contain a clear statement of the goal and objectives of the study, rigorous
scientific argumentation, generalizations and conclusions that are of interest for their novelty,
scientific and practical significance. The journal also publishes special issues devoted to
conferences of various levels on the subjects of the journal, review articles. It is not allowed
to send to the editorial office articles that have already been published or sent for publication
to other journals. The results of other authors used in the article should be duly reflected in
the references. Submitting an article to the journal, authors are obliged to fulfill all the
requirements of the journal for their formatting.
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3. By submitting an article to the journal, each author confirms that it meets the highest standards
of publication ethics for authors and co-authors, developed by COPE (Committee on Publication
Ethics), see http:/publicationethics.org/about. All articles published in the journal are assigned
digital object identifiers (DOIs) for better search and identification. Articles submitted to the editorial
office are checked for plagiarism through the Antiplagiat system (https://www.antiplagiat.ru); for
acceptance they must have at least 75 % of the uniqueness of the text.

4. Articles accepted for publication in the journal "News of the Kabardino-Balkarian scientific
center of RAS™ undergo double blind peer review, editorial preparation, after which the final layout
is sent for correction. The final version is provided to the author for proofreading. The time period
for submitting the article to the author for proofreading is 3 working days.

5. Full-text versions of articles published in the journal are posted on the Internet in free
access on the official website of the Scientific Electronic Library eLIBRARY.RU, Scientific
electronic library “Cyberleninka”, in the Russian state library, VINITI, Google Scholar.
Russian Center for Scientific Information (RCSI). Articles on agriculture are posted on
AGRIS. Articles on mathematics, physics, computer science, mathematical modeling in
economics and geosciences are posted on the All-Russian portal Math-Net.Ru www.mathnet.ru
(https://lwww.mathnet.ru/php/journal.phtmli?jrnid=izkab&option_lang=eng). The time for posting
of the journal in the web must be within 3 months from the date of issue.

6. Publications in the journal for KBSC RAS employees are free, for outside authors —
500 rubles per page. For reviewers (not members of the editorial board) privileges for
publication are provided.

7. Requirements for the manuscript of the article.

The manuscript of the article is submitted together with a covering letter signed by all authors
of the article, in which the authors, among other things, confirm that the article submitted to the
journal has not been previously published, and has not been submitted for consideration and
publication in another journal. The number and composition of authors does not change after
submitting an article for reviewing.

Materials are submitted to the Editorial and Publishing Department: 360010, Russia, Kabardino-
Balkarian Republic, Nalchik, Balkarov street, 2, or email: ired07@mail.ru.

All pages, including figures, tables and references, should be numbered.

The following indications in the text of the article are mandatory:

- UDC https://teacode.com/online/udc/; ORCID; type of article (scientific, review,
analytical, ...); JEL codes (specialty 5.2.2. Mathematical, statistical and instrumental methods
in Economics, 5.2.3. Regional and sectoral economics, 5.2.6. Management); AMS Subject
Classification (in the fields of mathematics, computer science, physics);

- the title of the article in Russian and English;
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