MapoTexHnyeckoe CTPOUTENLCTBO MPUPOAOOBYCTPOWCTBO. 2026. T. 19, Ne 1

OpPUTHHAJIBHASA CTaThs
VJIK 626.882:004.91
https://doi.org/10.26897/1997-6011-2026-1-72-79

MHOPOPMALUNOHHO-AHAJINTUHECKAA CUCTEMA YIPABJIEHUA
PblIBO3ALLUTHBIMUA COOPYXXEHUAMU BOAO3ABOPOB:
APXUTEKTYPA U TEXHOJIOTMYECKAA PEAJIU3ALUNA

H.A. Magmmua'", II.A. Muxees”

12 Pocemiickmit TocynapcTBeHHbI arpapHslii yausepcuteT — MCXA nmenn K.A. Tumupsasesa; HCTHTYT MeTHOpAIINH,
BOJHOTO X03aicTBa u crpoutenbersa umenu A H. Kocrsakosa; Mocksa, Poccniickas ®emeparims

" miakshin_na@rgau-msha.ru; https://orcid.org/0009-0009-2921-2895
*mikheev.pa@gmail.com; https://orcid.org/0000-0003-2041-1790

Ansoramua. Hammume mudgopMalpoHHBIX pasphIBOB B mepapxum BaauMmopeiicrsrs DenepabHOIO
areHTCcTBa II0 PBIOOJIOBCTBY (PoCpBIO0JIOBCTBO), TEPPUTOPHUATIBLHEIX OPraHOB M COOCTBEHHUKOB HJIM
OKCILIyaTHUPYIOIIIX BO03a00phI OPraHU3aIMi SIBJISETCS OTHOM M3 IIPO0JIeM YIIPABJICHMS PHIO03AIITTHBIMI
coopyskermsavu (P3C). Ilems uccnemoBanmii — paspaboTka KOHIIEIIIMNA NHPOPMAIFOHHO- AHAIMTIHIECKOM
cuctemel (MAC) yrpasieHnss pHIOO3AIIMTHBEIMEI COOPY:KEHUAMEI BOI03a00POB, BKJIIOUAIOIIEH B cebs
APXUTEKTYPY CHCTEMBI, CXeMy HePapXHUeCcKOro YIIPABJICHMS, OIHUCAHNIE IPOrPAMMHO-TeXHOJIOTMUECKIX
KOMITOHEHTOB ¥, B YaCTHOCTH, IIPUMEHEHIE HeHPOCeTeBhIX MOJIEIeH [IJI 00pa00TKH HECTPYKTYPHUPOBAHHBIX
maHebix. IlpemmoskeHa apXUTEKTypa CHCTEMBI, OCHOBAHHAS HA TPEXYPOBHEBOM CTPYKType (CJIoi
IAHHBIX, AaHAJUTAYECKOE SIpo, MHTep(eiichl B3aNMOIECTBHS), 00eCIeunBAIOIAsd CKBOZHOM KOHTPOJIb
(byHKIMOHMpPOBAHMS PHIOO3AIMTHEIX COOPYIKEHMI 0e3 IOIOJIHMTEIHLHOro o0opymoBanus. B kauecrse
MHHOBALIMOHHOI'0 KOMIIOHEHTA PeasIi30BaHa MHTErPALHs O0IBIION A3bIK0BoM Momesm Gemma 3 (27 mutpy,
IIapaMeTpoB) IS ABTOMATH3WNPOBAHHOIO PACIOZHABAHMUS «CBHIPHIX» JOKYMEHTOB M YHU(UIIMPOBAHHOIO
3aHECeHUsI CBeJIeHIH dKCILIyaTUPYIOIIMX OPraHU3AIIHA B eIUHYI0 06a3y TaHHBIX. MeTom0I0r s paspadoTKy
BKJIIOUAET B ce0sI MHTETPAIIUIO C CYIIIECTBYIONTNMI UCTOYHUKAMI MHQOPMAITHH (THIPOJIOTTIeCKHe TIOCTHI,
nxTtrosornyueckre crauiwy, loT-maTunkm). CrcTeMa aganTUpPOBaHA K YCJIOBUSAM SKCILIYATAIIAN BOTHBIX
O00BEKTOB: MOMIEP:KUBAET IeTepOreHHbIe (POPMATHI BXOMHBIX MAHHBIX, (DYHKIIMOHMPYET B T'MOPHIHOM
peskrMe (aBTOMATHYECKHE PEKOMEHIAITNN C BO3MOIKHOCTBIO PYYHOIO IT€PeoITpeieieHuss) U He Tpedyer
3aMeHbI uMmeroreics nadpactpykrypsl. Baenperue MAC obecriednBaeT coKkpariieHne BpeMeH! PeaKIn
Ha M3MeHeHWe THIPOJIOTHYECKUX YCJIOBUM C HECKOJIBKUAX CYTOK J0 HECKOJIBKUX YaCOB, MUHMMU3HUPYET
OIEPAIMOHHEIE PUCKH, BEISBAHHBIC PYYHBIM BBOJOM MH(POPMAIIIH, X OITHMUSUPYET 3aTPATEI HA TEXHITIECKOe
00CIIy?KHBaHMEe PHIO03AIIIUTHBIX COOPYHKEHIH.

PaGora BeimosHena mnpu mnoagepskke MwunoOpHayku Poccum B pamMeax corviameHus
No 075-15-2022-317 or 20 ampesna 2022 r. o mpemocraBjieHUH rpaHTa B ¢opMe cyOocummit
n3 (pemepasbHOr0 OIOAsKeTa Ha OCYIIECTBJIEHHE TOCYJapPCTBEHHOM MOONEP:KKH CO3dAHHI
¥ PA3BUTHUA HAYIHOT'O IIEHTPA MHPOBOI0 YPOBHI «ArpOTEeXHOJIOrNH OyayIIero».
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Abstract. The presence of information gaps in the hierarchy of interaction between the Federal Agency
for Fisheries (Rosrybolovstvo), territorial authorities and owners or organizations operating water intakes
1s one of the problems of managing fish protection structures (FPS). The purpose of the work is to develop
the concept of an information and analytical system (IAS) for managing fish protection structures of water
intakes, including the architecture of the system, a hierarchical management scheme, a description of software
and technological components, and, in particular, the use of neural network models for processing unstructured
data. The architecture of the system is proposed, based on a three-level structure (data layer, analytical core,
interaction interfaces), providing end-to-end monitoring of the functioning of fish protection facilities without
additional equipment. As an innovative component, the integration of the large Gemma 3 language model (27
billion parameters) has been implemented for automated recognition of “raw” documents and unified data
entry of operating organizations into a single database. The development methodology includes integration
with existing information sources (hydrological posts, ichthyological stations, IoT sensors). The system
1s adapted to the operating conditions of water bodies: it supports heterogeneous input data formats, operates
in a hybrid mode (automatic recommendations with the possibility of manual redefinition) and does not require
replacement of the existing infrastructure. The introduction of IAS reduces the reaction time to changes
in hydrological conditions from several days to several hours, minimizes operational risks caused by manual
input of information, and optimizes maintenance costs for fish protection facilities.
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Beenenune. Nsparue sHauuTeBLHBIX 00DH-
€MOB BOIOBI BHYTPEHHMX BOJOEMOB, CBSI3aHHBIX
C pellleHneM TeXHOJIOIMYECKHX 3a0a4 B SHEPIeTH-
Ke, NPPUTAIIIY, BOOJOCHACMKEHIN 1 Op., IIPH HApPy-
IIEHNK YCJIOBMM €CTECTBEHHOI0 OOMTAHWSA THHPO-
OMOHTOB BEJIIOYAS IIyTH MUTPAIMN PhI0 ¥ THOESH
B BOJOIPHEMHUKAX BOJ03a00PHBIX COOPYKEHIIMA,
SIBJIETCS OMHOM M3 aKTyaJIbHBIX IIPOOJIEM COBpE-
MEHHOTO THIPOTEXHUYECKOr0 CTPOUTEILCTBA [1-3].
MHOroYnC/IIeHHOCTh  BOI03a00pOB € PHIOO3AILIMT-
HBIMH COOPYSKEHUAMM, PasHooOpasre KOHCTPYK-
TUBHO-TEXHUYECKNX XAPAKTEPUCTHK U TUAPABIIU-
KO-OMOJIOTMYECKIX YCJIOBHI, A TAKMKe IHAIIA30H
IIPOM3BOIUTEIHEHOCTH OT HECKOJIBKIX JIMTPOB JI0 CO-
TeH KyOMUJeCKIX METPOB B CEKYH/TY IeJIAI0T IIPOLIECC
VIIPABJIEHMS PHIOOOXPAHHBIM KOMILIEKCOM BechbMa

Myakshin N.A., Mikheev P.A. Information and analytical management system for fish protection structures of water

intakes: architecture and technological implementation

CJIOYKHOM HAYYHO-TEXHWYECKOM 3amaued. B oaroi
CBSI3M BOITPOCHI OIITHUMU3AITIN PHIO0X03THCTBEHHOM
MHGOPMALIMY, MATEMATHYECKOTO MOIEINPOBAHIIS
IIPOLIECCOB YIIPABJIEHIS BOIHBIMI PECYPCAMH U TeX-
HOJIOTUSIME 3AITUTH pbI0 ObuH [4-8] m ocratorcs
akTyaabubiMu [9-13]. OmHako HeCcMOTPS Ha MIMeEo-
IIIYIOCSI 3aKOHOMATEJILHYIO 0ady [14], aTi IIomxombl
He MHTErPHUPYIOTCA B €IUHYI0 YIIPABJIAIOILYIO Cpe-
Iy, OPUEHTHPOBAHHYIO HA CIIEIM(PHUUECKIe 3a1a9n
3AIIIUTEI PHIO.

KimroueBoit mpobest B coBpeMeHHOM IIPAKTHIKE
COCTOUT B OTCYTCTBUH CKBO3HOM WMEH(POPMAITMOHHOM
IIaTPOPMBI, KOTOpas OOBeIUHSIA OBl JaHHBIE:
ot penepasbHOro yposH: (Pocprr00/10BCTBO) 10 KOH-
KpeTHBIX B003a00poB u P3Y, obecrieurBas omepa-
THBHOE IIPHHATHE YIIPABICHYCCKIX PEIICHIIA.
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Ienn ncenenoBanmin: pa3padoTKa KOHIIEII-
I UHQPOPMATIMOHHO-aHAMTAYECKOH —CHUCTEMBI
VIIPABJIEHUSI  PHIOOSAIMTHBIMEA — COOPY:KEHUISIME
BOZI03a00pOB, BKJIOUAKOIIEH B 0 apXUTEKTYPY
CHACTEMBI, CXEMy HWEePapXUJYecKoro yIIPaBJIEHWS,
OITMCAHKE ITPOrPAMMHO-TEXHOJIOIMYECKIX KOMIIO-
HEHTOB U, B YaCTHOCTH, IIPYMEHEHe HeHpPOoCeTeBhIX
Moyiesielt i 00pabOTKHM HECTPYKTYPUPOBAHHBIX
JAHHBIX.

Marepuanbl 1 METOOLI HCCJICIOBAHMIA.
Apxumerkmypa uHEBOPMAUUOHHO-AHAIUMUYECKOLL
cucmemvt.  PaspabaTeiBaemass — MHGOPMAIIOH-
HO-QHAIMTUYECKAS CHCTeMA IIpeIHasHAUYeHa IJIs
IIEHTPATN30BAHHOIO YIIPABJIEHUS PHIOO3AIITUTHEI-
MM COOPY:KEHHSAMH BOJ03a00pOB B COOTBETCTBH
C TPEXyPOBHEBOM apXUTEKTYPOU: CJIOM MCTOUHUKOB
JAHHBIX, aHAJIATHYECKOE SIIPO, MHTETrPAITHOHHBINA
¥ TI0JIb30BATEJIECKUI YPOBHU.

Cnoii ucmounuros oannwix. VIarerpupyercs
MHQOPMAIHS M3 PA3HOPOIHBIX MCTOYHHUKOB 0€3 He-
00XOIMIMOCTH TIePEOCHAIICHIS MMeIoIIecs mHdppa-
CTPYKTYPHI (MXTHOJIOTMYECKE CTAHIINN TEPPUTOPH-
AJIBHBIX YIIPABJIEHUM, THIPOJIOTMYECKHE TIOCThI, TeX-
HUYECKHI MOHUTOPHHT BoJ03a00poB U 1p.). Bxon-
HBIMHI JAHHBIMY ABJISIOTCSA THAPOJIOTHUECKIE ITOKA-
3aTeJIu BOITHOIO0 00beKTa (CKOPOCTh TEUEHHS, PACXO]T,
IVIyOMHA, IIMPHUHA, TEMIIEPATYPA, MyTHOCTD) 1 MXTH-
OJIOTHYECKAsT 00CTAHOBKA (KOHIIEHTPALIHSA, PasMep-
HO-BHJIOBOHM COCTaB, IIPOCTPAHCTBEHHO-BPEeMEHHAS
CTPYKTYPA CKaTa MOJIOIN PBIO), a TAKMKE KOMIIOHOB-
KU U TEXHUYECKHE XaPAKTEPUCTHKN BOI03a00PHBIX
y3JIOB (CE30HHBIA M CYTOYHBIA PEXKMMEI Pa0OTHI
000PYIOBAHMSI, PACXOOBI, THIIHI BOIOIIPHEMHIKOB,
KOHCTPYKITH HacocoB u jp.). Cucrema me Tpedyer
MHCTAJLISAIIANA HOBOTO 000PYIOBAHIS, YTO MIHIMU-
3UpyeT KaIlTAJIBHBIE 3aTPATHL HA BHEIPEHIE.

Ananumuueckoe 50po POPMUPYETCA U3 YETHI-
Pex B3aMMOCBA3AHHBIX MomyJ1eit. Moy mporuosu-
POBAHUSA IIPHUMEHIET AJITOPUTMEI AHAIN3a BPeMeH-
HbX psamoB (ARIMA, sKCITOHEHITHAIBHOE CIUIAMKH-
BaHMeE) I OLEHKH M3MEHEHVH THIPOJIOIMIECKIX
YCJIOBUH 1 TTOKA3aTeJIel CKaTa MOJION PIO HA TOPH-
30HTe 1-7 CyTOK Ha OCHOBE CTATUCTUYECKUX JAHHBIX
¥ TEKyIIrX mapamMerpoB. Momyss pacosHaBaHs
JaHHBIX, peaJIM30BaHHbBIM Ha OCHOBE HEMPOCETEBOM
momesm Gemma 3 (27 MuIp[ mapaMerpoB), aBTOMA-
THYECKH M3BJIEKAET PEJIEBAHTHYIO HEHPOPMALIIIO
13 HECTPYKTYPHUPOBAHHBIX CJIyKeOHBIX JOKYMEH-
TOB OKCILIYATHPYIONIMX OPraHu3alii (CIIy xeOHbIe
3AIIMCKY, AKTHI IIPOBEPOK, IIPOTOKOJIBI N3MEPEHIIA),
peobpasys ee B CTPYKTYPHUPOBAHHEIA hopmat SQL
IS 3aHeceHrs B 6a3y maHHbx. Momy b mprHaTHS
PpelleHuit aHATM3UPYeT BHIXOIHbIE JTAHHbIE IIPOTrHO-
CTHUYECKOI0 U PACIIOSHABATEILHOIO MOJIYJIEH, TeHe-
PUPYS PEKOMEHIALVN IT0 KOPPEKTHUPOBKE PEKIIMOB
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PabOTBl PHIOO3AIIUTHEIX COOPYMKEHMII B COOTBET-
CTBHH C YTBEP:KIEHHOM HOPMATHUBHOM 02301 (HAITpH-
Mep, H3MeHeHNe TeXHUIEeCKHX [IapaMeTPOB dKpaHa
IIPH TPEBBIIIEHNN KPUTHYECKOIO 3HAYEHMS CKO-
POCTH TIOTOKA, IIePeXOJT HA PEKUM ITePHOIIIECKOMN
IIPOMBIBKH IIPY HAJIMYIMH 3aCOpeHus u Ap.). Momyis
OTYETHOCTH ABTOMATU3UPYET (POPMUPOBAHIE Peria-
MEHTHBIX OTYETOB JJIA PA3JIMYHBIX YPOBHEH yIIPaB-
JIEHUS: JTeTaJIbHbIe JaI0op bl IS IIePCoHAasa Bo-
I103a00pPOB (B peaJIbHOM BPEMEHI), IIPOMEKY TOUHbIE
CBOIKH JIJIST TEPPUTOPUAJILHEIX VIIPABICHMH (exke-
IHEBHO), aHAJINTHYIECKHe 0030pkI 11t PocphIOosIoB-
cTBA (eKEeMeCsIUHO, eKeKBAPTAIILHO).

Humeepayuonnsili ©  noiv308amenvCKuil
YPOBHU 00ECIIEUMBAIOT JIOCTYII K CHCTEME IS BCEX
YUACTHHKOB yIIpaBJieHMs. Beb-mopramn mis Teppu-
TOPUAJIBHBIX YIIPABJIEHUHA OTOOPAKAET COCTOSIHIIE
BOZI03a00PHBIX Y3JI0B B PeabHOM BPEMEHH C BO3-
MOYKHOCTBIO (PIUIETpAIMK II0 OacceMHAaM, THIIaM
YCTPOMCTB M IIOKasaTe M odpdperTuBHOCTH. Mo-
OMJIbHOE TIPIJIOMKEHIE IS MHIKEHEPOB 03BOJISET
YIIPABJISITh PEKUMAMU PAOOTHI PHIOOSAIIUTHEIX CO-
OpY:KeHMIA BO/I03a00pOB Uepe3 cMapTdoH, a TAKKE
(prEcHpoOBATE JOMOHUTEIEHEIE HAOIIOMeHIS (BU3Y-
AJILHAS OIIEHKA 3aCOPEHMS, IIOBEIEHIe PBIO 1 Ip.).
REST API o6ecieunBaer naTerparmio ¢ ['IC-cep-
BricaMu PocphIO07I10BCTBA M CYILECTBYOIIMME YIIPAB-
JIEHUSIMU BOJTHOT'O X03SICTBA (BOIOIOTPEOUTEIISAMIA),
YTO II03BOJIAET U30eKaTh QyOIMPOBaHKs (PyHKITHO-
HAJILHOCTH.

Ipumenerue Hetipocemesvlx mMexXHOSI02ULL
ona obpabomku danmpix. JlaHHELIL MeTon ¢ IIpH-
venenueMm LLM yske ObLT IpuMeHeH U arrpoOupo-
BaH B Apyroit orpacau [15]. HeitpocereBast momess
Gemma 3 (27 MuIp/1 HapaMeTpoB) IIPUMEHSIETCS KaK
CIIETMAJTM3UPOBAHHBINA KOMIIOHEHT I 00pa00TKI
HECTPYKTYPUPOBAHHLIX TEKCTOBHIX JAHHBIX, IIO-
CTYIAIIIMX OT OKCILIyATUPYIONINX OPTraHM3AIMNA.
OcHoBHO# 00beM MH(POPMAIIAN O COCTOSHIH PHIOO-
3AIIUTHBIX COOPYKEHUI JOKYMEHTUPYETCS B BHIE
CJIy:Ke0HbIX 3AIMCOK, AKTOB IIPOBEPOK, IIPOTOKOJIOB
M3MepEeHUH, KOTOphIe COIEepIKaT KaK CTPYKTYPHUPO-
BaHHBIE 9JIEMEHTHI (IaThI, YMCJIOBEIE IIOKA3ATEIIH),
TaK ¥ HAPPATUBHEIA TeKcT. B mporiecce mccienosa-
HMI IUTAHUPYETCS IIPOBEPKA IMIIOTE3EI IIPUMEHEHS
MEHBIIIeH 110 KOJIMYeCTBY IapaMerpoB Momesm A
1 IPYTHX €€ BULIOB.

Cxema Uepapxu1eckoe0  YnpaeJsieHusl.
CucreMa peasayer YeThIPEXYPOBHEBYIO CTPYKTY-
Py YIIpaBJieHMsA, 00eCIEUNBAIONILYI0 CKBOSHYIO HH-
(OPMALTHOHHYIO CBSI3b M KOOPIMHALMIO JEHCTBHILL.
Ha nepsom (pemepamnprom) yposre PocpribosioseTBa
OITPEIEJISIIOTCS  CTPATETMIeCKre IIeJIN: YTBEPsKIe-
HYe HOPMATHBOB 3(P(PeKTHBHOCTY PHIOO3AIUTHEIX
YCTPOMCTB (HAIIPHUMEpP, [0 PA3MEPHOMY COCTABY

MsikwinH H.A., Muxees INM.A. HdOpMaLIMOHHO-aHaNIMTUYECKas cUCTeMa yrpaBieHns pbi603aLLMTHBIMU COOPYXEHUSIMU
BOA03ab60POB: apXUTEKTYpa 1 TEXHONOrMYeckas peanmaaumsi
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PpBIO), paciipeneseryie (PUHAHCHPOBAHMS HA MOJIEP-
HU3AITUI0, MOHUTOPUHT UCIIOJTHEHMST PETHOHATBHBIX
mporpamM. CrcreMa aBTOMATHYECKH T€HEPHUPYET
CBOJIHEIE OTYETHI IT0 TEPPUTOPHUAIHHBIM YIIPABJICHH-
M ¥ bacceHAaM, BBIABIIAA O0BEKTHI ¢ KPUTHIECKH
HU3KOH o(pheKTUBHOCTHIO 3ATIATHI.

Ha Bropom (pervioHasIbHOM) YPOBEHE TEPPHTO-
pHuaJIbHBIe yIrpaBJeHus PocperO0I0BCTBA OCYIIIECT-
BJISIIOT OIIEPATUBHBIM KOHTPOJIB: COOP JAHHBIX O BO-
[103a00PHBIX y3JIaX, AHAJIM3 COOTBETCTBYS I HApPY-
IIIeHNI PesKUMOB PA0OTHI PHIO03AIIATHBIX YCTPOHCTB
HOPMATHUBHBIM TPeOOBAHUAM, MHGMOPMAIIH O TIPH-
MEHSIEMBIX CAHKIAX, KOOPIMHALISA B3aWMOIEH-
CTBUSA 00BEKTOB B PAMKAX OJTHOTO PEUHOI0 0accerHa.
IIpu obHApy:xeHMy anoMauy (HAIIpUMep, Pe3Koe
CHIKEHIE TIOKA3aTeJIed CKATa pPhI0 HA YJYACTKeE)
crcTeMa aKTHBHPYET IPOBEPKY BCEX BOI03a00POB
pervoHa u mpejaraeT BapuaHThl KOPPEKTHPOBKI
PESKIIMOB.

Ha tpethem (orrepariioHHoM) YPOBHE BOIOXO-
3AMCTBEHHbIE OPraHU3aIY 00eCIIeUNBAIOT IIPSMOE
yIIpaBJieHre BOI03a00pHBIME Y3JIaMU W PhI003a-
mTHBIME  coopyskerusivu. TAC  mpemocrasiisier
VM II€PCOHAJIM3UPOBAHHBIE TAI00pPIbI, IIOKA3LIBA-
IOIl€ COCTOSTHUE OOOPYIOBAHUSA, PEKOMEH/TAITIN
10 KOPPEKTUPOBKE PEKUMOB M CTATUCTHKY adpex-
THBHOCTH 3aIIUThI peI0. CrcreMa Tak:xe OTIIPaBJI-
€T OITOBEIIeHNsT 00 OTKJIOHEHUSIX OT IMTATHBIX I1a-
paMerpoB (HAIIpuMeD, IIPEBLIIIEHe KPUTHIECKOT0
VPOBHS 3aCOPEHMS SKPAHA), IIO3BOJISAS IIEPCOHAILY
OIIEPATUBHO PEArHpPOBATE.

Ha uerseprom (dpmsmueckom) ypoBHE pPBIOO-
sarurHOro coopy:xerus MAC TpaHcmpyer ympas-
JISTIOIITe  KOMAH/IBl WCIOJTHUTELHBIM MEeXaHM3-
MaM (IBUTATEJIAM, HAcocaM, 3aTBOPAM M Jp.), €CJIN
YCTPOMCTBA OCHAIIIEHBI CHCTEMAMU JIUCTAHIOHHOTO
VIIPABJICHUSI, VJIA HATIPABJISET PEKOMEH AT OITe-
paropy A1 py4Horo perysmposanus. OqHOBpeMeH-
HO (PHUKCHPYIOTCS METPUKH 3(Pp(PEKTUBHOCTI: KOJIH-
YeCTBO 3AIIUIIEHHBIX PEIO (Ha OCHOBE BU3YAJIBHBIX
HaOJIIOIEHMIT MJIH CIETHBIX YCTPOMCTB IIPH UX HAJIN-
Umnw), BpeMs paboThI 000pYI0BAHMS, 00BEM IOTAYUM
BOJIBI HA PHIOOOTBOIAIINE YCTPOMCTBA 1 JIp.

OOpaTHast cBsI3b MeJK/Iy YPOBHIMU PeaIu3y-
eTCsI CJIEIYIOIM 00pas3oM: JAHHEIE ¢ BOZ03a00pOB
TIepeIaroTCs B COOTBETCTBIM C YTBEP K ISHHBIMI CPO-
Kamu (esKeIHEeBHO, eiKeHeNeIbHO, eKeKBAPTAIILHO)
B TEPPUTOPUAJIBHEIE YIIPABJIEHUs, OTTyaa — B Po-
CPBIOOJIOBCTBO, 4 HOPMATHBHBIE KOPPEKTHPOBKI
U CTpaTermyecKre YKA3aHWs IeperaioTcs BHU3
IO MepapXul B TeUeHue 1-2 paboumx JHett.

Memodosnioeus paspabomku u urmespayus
¢ cywecmeyrouwumu cucmemamu. Ilporecc paspa-
oorrr AC cieyer MeTomosioruy ruOKo pas3pador-
ku (Agile), T03BOJIAIONIEH ITPOBOIUTH UTEPATUBHOE
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BHeIpeHue PYyHKIMOHAILHOCTH KOPOTKMM ITHKJIA-
mu (crrpuaTaMu). Ha mepBom arare (3-4 mecsitia)
peasuayiorcst 6a30Bast BEPCUS MOJIYJISI OTIETHOCTH
¥ MHTETPAIIFs ¢ BHEIITHUMY UCTOUHNKAMU JAHHBIX.
Ha Bropom srate (3-4 Mecs11a) mo0aBIIsSIOTCS KOMIIO-
HEHTBI IIPOrHO3UPOBAHMS U aHaym3a. Ha Tperbem
ararie (2-3 MecsI1a) MHTerPUPYeTCs: MOYJIb PACIIO3-
HAaBAHUA JAHHBIX Ha ocHoBe Gemma 3. Ha yersep-
TOM orarre (2 MecsII1a) POU3BOIUTCS IFJIOTHOE BHE-
JIpeHre Ha BEIOPAHHBIX 00BEKTAX.

Pesynbrater m ux obGcy:xmeune. Dyni-
UUOHQIbHDIE  B03MONCHOCINU U  NPeUMYULEeCea
cucmemni. OyurrponaasHocts UAC perraer psp
CJIEYIOITUX KPUTUYECKUX 3a/1aY YIIPABJIEHHS BO-
J103a00paMI 1 PHIO03AIITATHBIME COOPYKEHIISIMIL

Bo-1iepBrix, aBTOMaTH3aIms cOopa JAHHBIX.
TpamuimosHO MHQOPMAIISI O COCTOSHIN PHIOO-
3AIATHBIX COOPYJKEHMI COOMpaeTcs I0CPEICTBOM
TEPUOIMIECKUX WHCIEKITMA M PYYHOI0 3arloJIHe-
must otueroB. TAC ocyiecTBisieT HempephIBHbIN
MOHUTOPHHT 13 MHOKECTBA MCTOYHUKOB (THIPOJIO-
TMYeCKHe TIOCTHI, MXTHOJIormueckre crammmm, 1oT-
JATINKH, CJIy:KeOHBIE IOKYMEHTHI), YHUQUIAPY-
eT JAaHHBIe U JIeJIaeT UX JOCTYIIHBIMI B PeaIbHOM
Bpemenn. [Ipumenenre Gemma 3 1103B0JIsSI€T aBTO-
MATHU3HPOBATE MPOIIECC U3BJIEUEHMST HH(OPMALIHIH
13 HECTPYKTYPUPOBAHHBIX CIIYKeOHBIX JOKYMEHTOB,
YTO B HACTOSIIEE BpeMs TpeOyeT PyUIHOM 00pabOTKA.

Bo-BTOpHBIX, COKpalleHrie BpeMeH! PeaKITH.
B rexyimeil mpaxTiie perysmMpoBaHHE PEsKHIMOB
HACOCHBIX CTAHITMIH ¥ PHIOOSAIIATHEIX COOPY KEHIH
B OTBET HA M3MeHeHHe THIPOJIOTHYECKUX YCIOBUH
3aHMMAET HECKOJIbKO CYyTOK (0T MOMEHTA BBISBJIE-
HUSI TIPOOJIEMBI 10 IIPUHATHSA PEIeHns U ero pea-
smzarmn). Mcnomssosarume MAC cokxpamraer aror
MHTEPBAJT JI0 HECKOJIBKIX YaCOB, TIOCKOJIBKY CHCTEMA
ABTOMATHYECKH PEKOMEH/TYEeT OITUMAJIHHBIE PEsKIU-
MBI pabOTHI Ha OCHOBE IIPOTHOCTHYECKIX MOIEJICL.

B-tperbux, TmOBBHIIIEHWE MHGOPMHUPOBAH-
HOCTH BCEX YpPOBHEH yIpaBiieHus. Kaskmprii ypo-
BeHb (0T orrepaTopa Bogoaabopa 10 Pocpribosiosersa)
II0JIyYAeT IIOATOTOBJIEHHYIO IJIsI CBOETO YPOBHS WH-
dopmarmro B yoodrom dopmate. OmepaTopsl BUIAT
PEKOMEHIALINH OTHOCHTE/IPHO KOHKPETHBIX IeH-
CTBUI, TEPPUTOPHUAJILHEIE YIIPABJICHUS — CBOLNHBIC
IoKa3aTe I 1o OacceiHaMm, QemepabHOe areHT-
CTBO — CTpaTeruyecKue MHIUKATOPEI opdeKTHBHO-
CTH PBIOO3AIINTEI B MACIITA0E CTPAHEL.

B-ueTBepThIX, CHIKEHME OIEPAIOHHBIX
pPHUCKOB. ABTOMATH3AIMST YMEHBIIIAET BEPOSITHOCTh
OITIFOOK, CBSI3QHHBIX C PYYHBIM BBOJIOM JTAHHBIX (FIC-
KJIIOUEHMeE OIITHIO0K cocTaBiiszeT 85-90% IIpy HCIIO)b-
3oBarmuu Gemma 3), MUHUMHU3UPYET BJIASHUE Cy0h-
eKTUBHBIX (PAKTOPOB IIPH IPUHATAN PEIIEHIUH, 00e-
CIIeYMBAET PO3PAYHOCTh BCEX OIepALHi (II0JIHAS

@
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UCTOpUSA  JIeHCTBUIM
COOBITHIA).

CBomuble TaHHBIE IIPEOJIATAeMOr0 PeIIeHIs
YKA3aHbI B TAOHIIE.

Onucarue 6e6-nopmasibhblx U urmepgeri-
cHbix Komnonenmos. Ha pucyHke mpencrasieHa
apXUTEKTypa paspadaTbiBaeMoil MHGMOPMAIIIOH-
HO-aHAINTHYECKOI CHCTEMBI, BKJIIOUAIOIIASI B Ce0s
4 OCHOBHBLIX KOMIIOHEHTA: CJIOM MCTOYHWKOB JIaH-
HBIX, AQHAJUTHUYECKOE SIp0, WHTErPAIMOHHBINA
¥ TI0JIH30BATENILCKII YPOBHM, 4 TAKMKEe HEePapXUIo
VIIPABJICHHUS.

Texmonornueckas peamusanysa MAC Brimo-
vaer B cebA ciemyrmolme KoMIIOHeHTH: Backend
CHICTEMBI HA OCHOBE MHKPOCEPBHCHOM ApPXHTEK-
Typsl ¢ ucrnosb3oBanrem Python (FastAPI/Djan-
go misa REST API), PostgreSQL mis xpanenms

COXpaHsIeTcsI B SKypHaJe

NPUPOAOOBYCTPOMCTBO. 2026. T. 19, Ne 1

CTPYKTYPHPOBAHHBIX JaHHBX, MongoDB mis xpa-
HEHUs HECTPYKTYPUPOBAHHBIX JOKYyMeHTOB. HoH-
TefiHepu3armsa peasmayercsi udepe3 Docker, duro
obecrieuyrBaeT IMOPTATUBHOCTD M YITPOIIIAET PasBep-
THIBAHME HA PA3IMYHBIX cepBepax. OpxecTparmst
KOHTEHHEPOB OCYIIECTBJISIETCS C HCIIOJIb30BAHUEM
Kubernetes, obecrieunBasa aBToMaTriecKoe MacCIIITa-
OMpoBaHIe IIPU BO3PACTAHINHN HATPY3KH.

Frontend mpencrasien BeO-TpriIOsKeHIEM
Ha React.js 1 MoOmIBHBIM TpriIOsKeHHeM Ha Re-
act Native, 00ecIIeUMBAOITIX KPOCCILIATROPMEH-
"octe (10S, Android). Murepdeticer OyayT mpen-
yCMATPHUBATh SPIOHOMUKY M CIIEIU(PUKY PadOThI
Ha MeCTax JKCILTyaTallu|: KPYITHBIN IIPUQT, KOH-
TpacTHBIE I1BeTa, (PYHKIMK PaOOTHI B peskrMe od-
(hmaifH ¢ mocsIeTyIoNIe CUHXPOHU3ATIeH TIPU BOC-
CTAHOBJIEHUU COETUHEHS.

Tabnuua 1. CpaBHeHNE C AJIBTEPHATUBHLIMH TOIXO0TAMHI

Table 1. Comparison with alternative approaches

TpaguuuoHHBIN OAX0. JlorasbHbIe CHCTeMET Ipennoxennas UAC
Aspect Traditional i MOHUTOPUHTA p 7 IAS*
aattional approac Local monitoring systems ropose
Bpemsa coopa maHHBIX 3-7 nuei 1-2 nus 15-30 MmuHyT
Time of data collection 3-7 days 1-2 days 15-30 minutes
Tounoc a
PIHOCTD TAHHDIX 85-90% 92-95% 98-99%
Data Accuracy
IogroroBka otuéra 2-3 musa 4-6 uacos 15-30 MuHyT (ABTOMATHYECKH)
Preparation of the report 2-3 days 4-6 hours 15-30 minutes (automatically)
OrpaaneHau(+ SaTPATLHI JlokaneHas JIuneiinasa (+ API
MacmrabupyemMocTb HA KaKObIi 00BEKT)
o T IPUBI3KA IJ1 HOBBIX OO BEKTOB)
Scalability Limited (+ cost Local snappin Linear (+ API for objects)
per every object) pping J
HNuTerpuporannoe
KPATKOCPOYHOE
BoamoskuoCTB 0 JlokanpHOE
TCYTCTByeT U CpeJHEeCPOYHOoe
MPOrHO3NPOBAHUA npeacKasaHue
Predictabilit Absent Local prediction TPOTHOSMPOBAHHE
re Y p Integrated short-
and medium-term forecasting
" ITonnaa aBromaTusanusa
HTerpamnusa o .
TCYTCTBYyET MunumasbHaa peKoMeHmanmia
c ynpasjaeHuem P3Y e
. . Absent Minimal Fully automated
Integration with FPC .
recommendations
H Cpennue (CeHCOpBHI, CpenHue-BBICOKHTE
N3KHe
Pacxoasr Ha BHEpeHUE KOHTPOJLJIEPHI) (UT- nuadpacrpyxrypa)
) (opraHusanuoHHbIE) : - A
Implementation costs Low (organizational) Medium (sensors, Medium-high
8 controllers) (IT infrastructure)
CpenHue-BBICOKHTE
Pacxoast (Texuuvyeckas Huakue
Cpennune (mepcoHasr)
Ha coeps;KaHne Medi MOIEPIKKA) (00s1auHBIE CEPBUCHI)
Maintenance costs edium (staff) Medium-high Low (cloud services)
(technical support)

* [lo ananoeuu ¢ danHbLmMU, npueederHbiml 8 pabome [15]
* By analogy with the data given in the paper [15]
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Puc. Tpexyporuesas apxurexkrypa UAC ynpasnenns P3C
C MHTerpanuei nepapxuu yrupasieHus

Fig. Three-level architecture of the IAS of the FPS control system
with management hierarchy integration

Mopgysib HPOTrHOSHPOBAHUS  PEAIM3yeTCs
Ha Python c¢ wucromb3oBanmem OmbmoTex scikit-
learn, statsmodels, TensorFlow/Keras mi1st mocrpo-
€HMST MOJIeJIeH BPEMEHHBIX PSII0B.

Wepapxus ymnpasienus (BepXHUN YPOBEHB)
peasu3yer YeThIpeXypOBHEBYIO CTPYKTYPY KOOPIIH-
Haumy: efepaibHb ypoBeHb (PocpBi00s10BCTBO)
OIIpEIeJISIeT CTPATeIMYeCKre TIeJIH ¥ HOPMATHBH,
PETMOHAIBLHEIN YPOBEHD (TepPUTOPHUAIBLHEIE YIIPAB-
JIGHHSI) OCYIIECTBJISIET OII€PATHUBHEBIN KOHTPOJIb
B paMKaX PEUYHBIX 0ACCEHHOB; OIIePAIMOHHEBINA YPO-
BeHb (BOIOXO03SMCTBEHHBIE OPTAHM3ALIVIN) 00ECIIeYH-
BaeT MPsSMOe YIIPABJIEHIE BOI03a00pHBIMHU Y3JIAMI;
(prsmdeckmii ypoBeHb (PBIOO3AIIMTHBIE COOPY3Ke-
HIsT) peajiuayer yIIpaBJIsiolie KoMaHaeL. J[Bycro-
POHHSIA MHQPOPMAITMOHHAS CBSI3h MEJKTY YPOBHIMI
00ecITeunBAaeT CKBOSHON MOHWTOPHHT M KOOP/IMHA-
ITHIO TeTICTBUN.

Tpaxmuueckue oeparuveHUs U NYMu ux npe-
odoserus. Orpanmyenrie 1 — 3aBUCUMOCTD OT Kade-
crBa BXonHBX gaHHbX. TAC Tpebyer mocTyIuieHs
JMAHHBIX OT THAPOJIOTHYECKUX CIIY:KO M CITysKeOHOM
JTOKYMEHTAIVM CHCTEMATHYECKHA. 3aIePsKKN LI

Myakshin N.A., Mikheev P.A. Information and analytical management system for fish protection structures of water
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TIPOITYCK TIepeiaur WHQOPMAIMM MOTYT TIPHBE-
CTM K HEJIOCTATOYHO TOYHBIM ITPOIHO3aM U PEKO-
MEH/IAITHSM.

Pemrenuie: BHempenue pesepBHBIX KAHAJIOB
repeavn JAHHbIX, aBTOMATHYECKAS JTeTEKIIIs aHO-
MaJIAIA ¥ TIPOITYCKOB, CHCTEMA YBEIOMJIEHUI 00 OT-
KJIOHEHUSIX OT PACTIMICAHUS.

Orpanmdenue 2 — OIacHOCTb YPEe3MEPHOM aB-
tomaTtusarr. OrmepaTop COOPYKEHUA MOJKET II0Te-
PATH HABBIKK PYYHOI'O YIIPABJIEHMS BOI03a00paMu
M PBIOO3AIIUTHEIMI COOPY/KEHMSIMH, €CJIA BCErmua
T10JIaTaeTCsT Ha aBTOMATUYECKHe PEKOMEH TATTHN.

Petrerive: rubpuebi pesxuM paboOThHI, KOT-
Ja cucreMa IIpeqjiaraeT BapUAHTHI JTEWCTBUM,
HO He OJIOKHpyeT py4uHoe yipasierre. Q0sg3aTelIb-
Hoe OOy4eHFe IIepCOHAJIA Yepe3 HHTEPAKTUBHBIE
MaTepHaJIbl, HHTErPUPOBAHHbIE B MOOMJILHOE IIPH-
JIOKEHUE.,

Orpanmuenre 3 — HeCTAOWIHLHOCTL —WH-
TEePHEeT-COeTMHEHNsS B yIaJeHHBbIX patioHax. Ile-
pemaua perxomermaiwii or MAC k Bomosabopam
YU PHIOO3AIIUTHLEIM COOPY:KEHUSM MOMKET OBITh

IIpepBaHa.
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Pemmenne: oxabHOE KOIIMPOBAHMIE JAHHBIX
¥ PEKOMEHIAI Ha YPOBHE BOm03abopa, CHHXPO-
HHU3AIIMA IPH BOCCTAHOBJICHIH CBSI3U, BOZMOYKHOCTD
paboTHI B ABTOHOMHOM PEMKHME ¢ MUHWMAJILHBIM

(byHRITTTOHATIOM.
Hrmeepayus ¢ 8HeWHUMU UCMOYHUKAMU.

MAC mpemycmaTprBaeT BOSMOKHOCTD PACIITHPEHIIS
3a CUeT MOIKJIFOYEHHS JAHHBIX 13 JPYTHX rocydap-
CTBEHHBIX CHCTeM. B IiepcriekTriBe BO3MOIKHA UHTe-
rparms ¢ 6azamu naHEBIX PocrorpebHamsopa (kaue-
CTBO BOABI), MUHIIPIPOIEI (OXpaHsIeMble BUITEL, CTa-
TyC IIOILYJISLIILL), METEOPOJIOTHIECKIX CIIy:k0 (HoJI-
TOCPOYHBIE IIPOTHO3EI), OPTAJIBLHOMN crcTeMbl MuH-
cenbxo3a (MHpOPMAIMS O KBOTAX M JIAICHIUAX
Ha 10B110). 10 mosBomT MAC mprHmMMaTs 6osee
MHPOPMUPOBAHHBIE YIIPABJIEHUECKHE PEIIeHS.
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BriBoarnl

[Ipemmaraemas KOHLEIIIMS MHQPOPMALOH-
HO-aHAJIMTUYECKON CHCTEMEBI YIIPABJIEHUS PBIOO-
3AIUTHBIMU COOPY/KEHUAMM IIPEICTABIISET CODOM
KOMILTEKCHBIN IIOAX0M K WMHTETPAIKM TEXHOIOTHH
¥ YIIPABJIEHUECKUX IIPOIIECCOB, aapeCcyIONIni KpH-
TUYECKHe IIPO0JIEMBI COBPEMEHHON IIPAKTUKHU PhI-
003aIIUTEl B T'HIPOTEXHUYECKOM CTPOUTEJIBCTBE.
ApxuTeKTypa CHCTEMEBI, OCHOBAHHAS HA IIPHHITAIIAX
HMEPAPXMYECKOTr0 VIIPABJICHMS M MHOIOYPOBHEBOM
MHTErPAIiy JAHHBIX, II03BOJIUT IIPEOJOIEBATD MH-
hopMALTOHHBIHA Pa3pPHIB MY PocphI00I0BCTBOM,
TEePPUTOPUAJILGHBIMY YIIPABJICHUSMU U SKCILIYATH-
PYIOIIIMI OPTaHU3AIMSMI, YTO 00ECIIEUNT BO3MOJK-
HOCTD IIPHHATHA 000CHOBAHHBIX PEIIICHII B PEsKIIME
PEaIbHOTO BPEMEHIA.
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