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Annoramusa. llems wmcememoBammii — paspaboTKAa BEPOATHOCTHON MOMENM IIPOrHO3A TEXHHUECKOrO
COCTOSIHISI OJHOPOMHBIX I'PYHTOBBIX ILIOTHH IV Kjacca IJIS COOpPY:KEHMil, BO3PACT KOTOPBIX IIPEBBICILI
25 JIeT, SKCILIyaTUPYIOIMXCS 0e3 IepCoHANa U IPUMEHEeHN KOHTPOJILHO-U3MEePUTEILHOM alIapaTyphl.
MarepuasamMu McCIeIOBAHKN CTAIN JAHHBIE PA30BOI0 OKCIIEPTHOIO O00CIEI0OBAHMS, BBIIOJIHEHEHOIO
B 1991-2020 rT. Ha 6osee yem 1000 Oecx0o3sTMHBIX rHapoyaiax MocKoBckoro perviora. Vcmosb3oBaHue
METO/IOB MCKYCCTBEHHOI'O MHTEJLJIEKTA — B YACTHOCTH, MAIIIMEHOTO 00yYeHsI, JJIsI BHIOOPKH, BKJIIOUAIOIIEH
B ce0a 947 IUIOTHH, M IIOCTIEAYIOIIAS BAJIMIAIINAS IIPOrHOSHOM MOIEIN Ha BEIOOPKe 13 160 coopy:eryii
TOOTBEPIMIIN BHICOKYIO IIPEICKa3aTeIbHY0 CIIOCOOHOCTD IIOJIyUeHHOoM Momesar. Momesb umvelra XopoIe
CTATHCTUYECKIE OIIEHKHM KAYEeCTBA; TOYHOCTh KJIACCH(DHMKAIIMN II0 OIIMOKAM BTOPOIO POLa COCTABJILIA
89% 110 00yUaroIIEeil BEIOOPKE 1 94% 110 BaJIMIAIIMOHHOM BEIOOpKe. B pesysibrare rccyie1oBaHIi BEIIBIEHA
CTeIleHb BJIMSHIS BO3PACTA IIJIOTHHEI, €€ BHICOTHI M HAJTIMUIS KPEILJIEHHS BEPXOBOI0 OTKOCA Ha COXPaHEHIe
ee paboTocIIocobHOro cocTossHus. Moelb IIpocTa B MCIIOJIb30BAHUN U He TPeOyeT CIelnaIn3MpOBAHHOI0
IporpaMMHOro odecredenns. Pe3ysibraThl MCC/IeIOBAHUI MOIYT OBITH HCIIOJIH30BAHBI COOCTBEHHUKAMU
COOPYKEHMI MJIH CIIYsK0aMU dKCILIyaTAIIAN 11 IJIAHUPOBAHUS HA IIEPCIEKTUBY (DHHAHCOBLIX CPEJICTB,
HeOOXOIMMBIX JIJIS IOANEPKAHNS IJIOTUH B paO0TOCIIOCOOHOM COCTOSIHIH.
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Abstract. The purpose of the research is to develop a probabilistic model for predicting the technical
condition of homogeneous earth dams of Class IV for structures that are more than 25 years old and are
operated without personnel or instrumentation. The research is based on data from a one-time expert survey
conducted between 1991 and 2020 on more than 1,000 unowned hydroelectric facilities in the Moscow
region. The use of artificial intelligence methods, particularly machine training, for a sample of 947 dams,
and the subsequent validation of the predictive model on a sample of 160 structures, confirmed the high
predictive ability of the resulting model. The model had good statistical quality scores, with a classification
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accuracy of 89% for second-class errors on the training sample and 94% on the validation sample.
As a result of the research, the degree of influence of the dam’s age, its height, and the presence of a top
slope reinforcement on the dam’s ability to maintain its operational condition has been identified. The model
1s easy to use and does not require specialized software. The research results can be used by facility owners
or maintenance services to plan for the future financial resources necessary to maintain the dams in an

operational condition.
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Beenenne. Ha teppuropmu Poccuiickoit
QDenepar  pacroioskeHo 0Oostlee 30 TBIC. KOM-
TUTEKCOB THIPOTEXHUIECKUX COOPYKEHUI, B UUCIIe
KOTOPEIX 96% COCTABJIAIOT THIPOTEXHUYECKHE CO-
opyxerus (I'TC) IV xmacca, wm Kiacca HEU3KOM
omacHoctu. Corytacuo CIT 58.13330.2019 «I'usmpo-
TeXHUJeCKHe coopy:keHrs1. OCHOBHBIE TIOJI0KEHID
TPYHTOBBIE TJIOTHHI OymyT oTHocuThes K [V Kitaccy,
€CJIM OCHOBAHMEM CJIYIKAT ITeCYaHble, KPYITHOO0JI0-
MOYHBIE WJIH TJIMHUCTBIE TPYHTHI M MAKCHMAIbHAS
BBICOTA COOPY?KEHUS 110 TPeDHIO0 cocTaBJisger He 00-
Jstee 15 M; eciTi BOJOXPAHUJIHIIE, CO3IaBaeMOoe ILI0-
THUHOH, MMeeT MEeJIMOPATUBHOE HA3HAYEHIE, TO er0
€MKOCTh He JIOJIKHA TpeBbimath 0,05 kv®. Beposr-
HOCTb BOSHUKHOBEHUST aBapUy Ha Coopy:keHusax [V
KJIacca He TIpeBEImaer 5 X 10°. YeranoBka aBroma-
TU3WPOBAHHOM CHCTEMBI JTUATHOCTHYECKOIO KOH-
TPOJIST HA TAKUX IUIOTHHAX He PeryiaMeHTHPOBAHA,
HO JIOJI’KHBI COOJTIOIATHCS TPEOOBAHIS IIOCTOSTHHOTO
U TIEPUOITIECKOTO KOHTPOJIS TEXHUIECKOTO COCTOSI-
HUSA COOPYsKEHNI 1 Ha3HAYAThCA COOTBETCTBYIOITIN
TIePCOHAT.

TexHIUECKOe COCTOSTHME TPYHTOBOM ILJIOTHU-
HBI KOHTPOJIUPYETCS JBYMs THUIIAMU TIOKA3ATeJIeH:
KOJIMYECTBEHHBIMI (M3MepSAeMbIMH C IIOMOIIIBIO
TEeXHUYECKUX CPEJICTB HJIM II0JIy4aeMbIMH Pacder-
HBIM IIyTeM) ¥ KaYeCTBEHHBIMH, OIpPeeIsieMbIMU
Ha OCHOBAHHWH BH3yaJbHOro ocmorpa. Coruraceo
CIT 39.13330.2012 «IlmoTMHBI M3 TPYHTOBBIX Ma-
TEPUAJIOB» OCHOBHBIMU HAPYIIIEHUSIMH B IIOTHHAX
13 TPYHTOBBIX MATEPHAJIOB SIBJISIOTCS BEPTUKAIID-
HBIe, TTPOJI0JIbHEIE U TIOIIEPEYHBIE TPEIIHHEL, CMeIIIe-
HUS U TepopMAaIiiy HIKHEH 4acTh OTKOCOB, BOPOH-
KU ¥ TIPOCAJIKH Ha TpedHe, pas3pylleHus 0eTOHHOTO
KpPeIUIEHUs OTKOCOB WUIM IITBOB MEJKIY ILTUTAME
¥ T.I1. BOJIBIIMHCTBO YKA3aHHBIX TTOBPESKIEHII MO-
sKeT OBITH OOHAPYKEHO B pe3ysIbTaTe BHU3yaJILHBIX
HaOJTIOIeHIIA.

B 2024r. mpmkas Ne 151 Pocrexuanzopa
YTBEpOWI (peepasibHble HOPMBI 1 IIPABHJIA B 00-
JacTy 0e30IMACHOCTH THIPOTEXHUYIECKUX COOPY-
skenmit, corviacuo kotopeiM i ['TC IV wiacca
JIOIYCKAETCSI HEe IIPOBOIAUTH WMHCTPYMEHTAJIBHBINA
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KOHTPOJIb, HO BJIAJIEJIEI] I0JIMKEeH UMETh ILJIaHbI TeX-
HIYECKOI'0 00CIYKUBAHIMS ¥ PEMOHTA COOPY KEHIH,
yTBep:xIaeMble exxeronso. ITprrazom Pocrexaanso-
pa or 21 deBpasta 2024 r. Ne 62 Taxsxe yTBep K IEHB
(hbopMBI aKTA TIPE/TIeKIaPAITIOHHOTO 00CIEIOBAHIIL
THTPOTEXHITIECKOTO COOPYHKEHIIsT, B KOTOPOM HE00XO-
MO YKA3aTh OCHOBHEIE CBEICHIS, XapaKTepU3yIo-
e yposeHb Oesomacuoct I'TC. CoryracHo Tpebo-
BanusaM DenepanbHoro 3axona or 21 moma 1997 r.
No 117-03 (pe. or 8 aBrycra 2024 r.) «O Ge3omacto-
CTH THIPOTEXHUYECKIX COOPYKEHIID ITeKIAPALHS
6esomacuoctr Heooxomuma a1t I'TC IV ximacca mpn
KOHCEepPBALIH U JIMKBUIAIIAN COOPYIKEHII.
Bonprmucerso manmesx ruapoyaios (I'TC IV
KJ1acca) OBLIO BBEIEHO B AKCILIyaTAIMIO B COBET-
CKMit mreprof, a mMeHHo 1ocsie Ilocranosenms [TK
KIICC u Cosera MummcrtpoB CCCP or 16 wroms
1966 r. «O MIMPOKOM PASBUTHUM MEJIMOPAIlUU 3e-
MeJIb JIJISI IIOJIyYeHUs BHICOKMX M YCTOMYMBLIX YPO-
SKAeB 3ePHOBBIX M JIPYTHX CEJIhCKOXO3SINCTBEHHBIX
KyJIeTyp». Co3IaHHAS B TO BPEMSI CETh IIPOEKTHBIX
HMHCTUTYTOB U CIIEIAAJIM3APOBAHHBIX CTPOUTEIHHBIX
YIIPABJIEHII I03BOJIAIA BO3BOIUTH THAPOY3JIbI BO-
JTOXO3SIMCTBEHHOIO HA3HAYEHNS IIPOMBIILICHHBIMI
TeMmamM# BILIOTE 10 1990 r. Bomoxpanmmmina, kax
IIPABIJIO, CO3IABAJIN TPYHTOBBIE TLIOTHUHBI 3 MECT-
HBIX CTPOMTEJIBHBIX MATEPUAJIOB, IIOCTPOEHHBIE
C HCIIOJIb30BAHMEM THIIOBBIX IIPOEKTOB (HAIIPHIMED,
Tumosoit mipoext 820-4-023.86 «[LmoTuHbI 3eMUIs-
HBIE HACHIIIHEIE BEICOTOM 110 12 M ¢ YIIOJIOMKEeHHBIM
BEPXOBBIM OTKocOM», TurroBoit mpoekT 820-04-28.87
«IL7TOTHHEI 3eMJISIHBIE HACBITHBIE BBICOTOM 10 15 M
C KpeILIeHBIM BEePXOBBIM OTKOCOM»). THIIOBEIE IIPO-
€KTHI He TOJIBKO OIIPEeesIsyIi KOHCTPYKTUBHBIE 0CO-
OEHHOCTH COOPYIKEHUH, HO U COIEPIKAIIN YKASAHIS
II0 TIPOM3BOLACTBY Pa0d0T M OCHOBHBIE IIOJIOMKEHIS
II0 TeXHMYECKON SKCILIyaTalyy IioThuH. Huskona-
IIOPHBbIE THAPOY3JIbI BOMOXO3AHCTBEHHOIO HAa3HA-
YEHMsT BO3BOIMJINCH HA MAJIBIX PEKAX WJIN PYYbsX,
COOCTBEHHUKAMU COOPY:KEeHMII ObLIM B OCHOBHOM
CeJIBCKOXO03STMCTBEHHBIE TTPE/IITPUSITHS. DKOHOMITIE-
CKMe Kpusuchl Ha pyoeske XX-XXI BB. 1 ocIeq0BaB-
ITHe 38 HUMU OAHKPOTCTBA U CMEHA COOCTBEHHIKOB
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vaseix ['TC mprBem k ToMy, YTO 3HAYNTEIHHAS
YACTh COOPYJKEHII OKA3AJIACh OECXO3SIMHOM, a HO-
BBIe COOCTBEHHUKY He NMeJTH (DUHAHCOBOM BO3MOK-
HOCTHL COIEP:KAaTh KBAJIM(PHIMPOBAHHBIE CIIYKOBI
OKCILIyaTaIVH ¥ 00eCIIeurBaTh JOIKHOE TeXHIJIe-
CKO€e 00CITYKUBAHIE COOPYHKEHUH 15T 00€CIIeUeHIST
mx GesorracHocTH [1].

[TpoGsiemsbl, BEI3BAHHBIE CTAPEHVEM TLIIOTHH,
IIOCTPOEHHBIX B CEPEIUHe IPOIIIOr0 BEKa, XapakK-
TePHEI /I MHOTUX cTpaH. Tak, Bo BrerHame cyie-
CTBYeT psif IIpo0JIeM, CBA3AHHBIX C 00ecIIeueHreM
0€e30I1aCHOCTY MAJIBIX ILIOTHH, HCIIOJIB3YEMBbIX JIJIS
cestbcKoxo3siicTBeHHbIX Hy kI [2]. B FO:xuo0it Kopee
Oostee 2/3 TMIPOY3II0B, CO3MAHHBIX B IIEJIAX OPOIIIe-
HuaA mopsaaka 50 JreT Hasajd, B HACTOSINEe BpeMs
SIBJISIFOTCST TIPOOJIEMHBIMU B CBSI3HL C TEXHUYECKUM
COCTOSTHMEM W COOJIIOJIEHHEM YCJIOBHI OKCILIyaTa-
muu [3]. B CIIHA, mo gasubmM AMEpHKaHCKOro 00-
IIeCTBA UHKEHepoB-cTpouTeeis, B 2008 r. HacUnThI-
BaJI0Ch 00JIe€e 4 THIC. TJIOTHH C TTOBPEIKISHISIMI TON
WU MHOM crenenu [4], a o gauasmM 2019 r., 6ostee
4yeM 1,5 ThIC. IIJTOTUH UMeJIN HEYIOBJIETBOPUTEILHOE
TexXHmUYecKoe cocrostare [5]. B uccnemoBanmu [6] or-
MEUEHO, UTO HeOOJIBIINE TPYHTOBbIE IJIOTHHEI B AB-
CTPaJTHH, HAXOJSAIIHECS B COOCTBEHHOCTH (DepMEPOR,
KaK IIPABIJIO, He 00CIIETIyI0TCS BOBPEMSI I10 IIPHYH-
He BBICOKHX 3aTPAT, CBA3AHHBIX C KOHCYJIbTAIIEH
KBAJM(PUITIPOBAHHBIX MH/KEHEPOB, U 9TO IIPUBOIUAT
K CHIDYKEHIIO 0e30IIaCHOCTH TAKUX COOPY KEHTIL.

B macrosiee Bpemsi cylmecTByer HeECKOJIb-
KO HAIPaBJIEHMH ITPOTHO3a 0E30IIACHOCTH ILJIOTHH.
B psame pabor paccMaTprBaIOTCS BEPOSITHOCTD HJIH
PHICK TIOBPEIKIEHUS COOPYSKEeHUM, BJIEKYIIIe 38 CO-
00#1 IIPOPBIB HATIOPHOI'O (PPOHTA JIHOO IIEPEIIHB BOIbI
V3 BOIOXPAHIJIAIIA Yepe3 rpedeHb IIOTHHEI, YaCTO
HCTIOJTB3YIOTCS TEPEBO IIPUHATHS PEIIeHIH 1 IePEeBO
orra30B [7, 8]. B uccienopanmu [9] mporaosupyercs
YPOBEHb 0€30IACHOCTY KAaMEHHO-3eMJISHOMN ILIIOTH-
HBI HA OCHOBAHUU OIIEHOK, OITPe/IeJIeHHBIX IKCIIEP-
TAMM, ¥ WCIOJIb30BAHUS 0AeCOBCKOIO ITOIXOMIA.
C uCII0JIb30BAHMEM METOIOB TEOPHM HANESKHOCTH
B pabore [10] orpesesieH mapamMerp MHTEHCHBHO-
CTH OTKA30B JJIsI KPEILIEHUS OTKOCOB T'PYHTOBBIX
IUIOTHH, ITO3BOJISIOIIMI BBIIOIHUTE IIporuos. Co-
BMECTHOe TIPUMEHEHIEe MeTOI0B TeOPHH HaJIeKHO-
CTH ¥ MAPKOBCKIUX CJIyYAHBIX POITECCOB TTI03BOJIH-
JI0 pa3paboTaTh MOMEhb AJIA MPOrHO3a CHIKEHIIS
YPOBHS 0E30IIaCHOCTH MAJIBIX TPYHTOBBIX ILJIOTHH,
B KOTOPOIT TaKsKe HCII0JIH30BAJICS IIapaMeTp MHTeH-
CUBHOCTH OTKa30B [11].

Jlorucrryeckass perpeccust sIBJISIETCST OIHIIM
M3 METOIOB OMHAPHOM KJaccuduraimm (HapsSIy
C IePEBbMH PEIIeHU, TUCKPUMUHAHTHBIM aHAJIHI-
30M 1 0atieCOBCKUMU KJIACCU(UKATOPAMI), UCIIOh-
3yEeMOI J1J1s1 IIPOrHO30B B TEOJIOTHI ¥ THAPOTEXHIKE.
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[IpemmyIiiecTBOM 9TOr0 MeTOA ABJISAETCS BO3MOK-
HOCTh BKJIIOUEHHS B MOIEJIbL HECKOJILKUX (PAKTO-
OB, BIMSIONIMX HA MOBeneHHe o0bexTa. B pabo-
Te [12] cocraBieHa IIPOrHOCTHYECKAs MOIEJL Be-
POSITHOCTHA BO3HMKHOBEHHUS OIIOJI3HEW, B KOTOPOM
WCIIOJIb30BAHBI OMHAPHAS TepeMeHHAasT (OI0JI3eHb
BO3HMEK/OIT0JI3Hb He BO3HWK) M HECKOJIbKO He3a-
BHCHMBIX IIPEIUKTOPOB (YTOJI CKJIOHA, JIMTOJIOTHS
u T.11.). B riccireoBarm [13] U1t MAJIBIX TPYHTOBBIX
IJIOTHH OBLII BBIIOJIHEH IIPOrHO3 Ie)eKTOB B 3aBHU-
CHIMOCTH OT BO3PACTA U IIIUPUHBI 10 TPEOHIO.
Paspaborra mMomesieit mporao3a TeXHIYEeCKo-
T'O COCTOSTHHSI MAJIBIX TPYHTOBBIX ILJIOTHH SBJIAETCS
aKTyaIHHOL 3aavett qy1s obeceveHus ux 0esomac-
HOH okcinryaTarmy. Momeau NokHBL OBITH IIPO-
CTHIMU B IIPYIMEHEHNH, He TpeO0BATh CIIeIIMAIBLHOIO
IIPOrPAMMHOTO 00ECIIEYeHHsT ¥ BBICOKON KBAJI(DH-
Karpm Iepcoasa. VIX mcmosb3oBaHme TO3BOJIAT
COOCTBEHHUKAM COOpYsKeHUi ((pepmepam, MaJIbIM
CeJIbXOSTIPEIIIPUATHAM, MYHUIIAIIATUTETaM) ILIa-
HHMPOBATh HA IIEPCIIEKTUBY (DMHAHCOBBIE CPEICTBA,
He00XOIMMBbIe [IJIs TIOIePKAHIS IUIOTHH B paboTo-
CITOCOOHOM COCTOSIHHH JIMOO JIJIsI TIPEIOTBPAIIECHST
CHIKEHIS 0e30IIACHOCTI COOPY#KEHIH CO BpEMEHEM.
Ienp uccnemoBanHmit: paspaboTKa BEPOSIT-
HOCTHOM MOJIEJIM ITPOrHO3a TEXHIUYECKOT'O COCTOSTHIS
OIHOPOIHBIX TPYHTOBBIX ILIOTHH IV Kiracca mJIst co-
OPY:KEHUI, BO3PACT KOTOPBIX IIPEBLICKT 25 JIET, 9KC-
ILUTyaTUPYIONIUXCA 0e3 IIepCoHAIa U MPUMEHEHHS
KOHTPOJIBHO-U3MEPUTEIHLHOM aIlliapaTyphL.
Marepuanabsl 1 METOHBI MCCJICIOBAHMIA.
Marepuaramu uccIeI0BAHII CTAIN JAHHBIE Pa3o-
BOT'0 9KCITEPTHOTO O0C/IEOBAHUSA HU3KOHATIOPHBIX
TH/IPOY3JI0B, PACIIOJIOMKEHHBIX B MOCKOBCKOM peru-
OHe H 00cJIeIoBaHHEIX B mepros ¢ 1991 mo 2020 rr.
W3 6aspl IaHHBIX, COOEp Kalleil CBeIeHus 0osee
YeM 0 2 TBIC. THIPOY3JIOB, OBLIN M3BJIEUEHBI CBEJIEe-
HHS 0 TeXHHYECKOM COCTOSHHUI M 00 ypoBHE 06e30-
mmacuoctr 1107 0MHOPOMHBIX TPYHTOBBIX TLTOTHH [V
KJIacca, KOTOpPble HA MOMEHT 00CJIeOBAHUS SIBJIS-
JICH OECXO3SMHBIMI, MMEJI BBICOTY OT 2 10 12 M
u Bo3pact ot 25 110 50 Jrer. OTO0p IIOTHH 110 BBICOTE
IIPOM3BOIUIICS B COOTBETCTBI C MX IMPAJALEH B TH-
IIOBBIX IpoekTax. KarmmraapHbii peMoHT He OBLI BEI-
TIOJIHEH HU HA OJHOM COOPYKEHIM,
CorvtacHo JeficTBYIOITIM (peIepaIbHBIM HOpP-
MaM ¥ IPaBIJIAM B 00JIacTH 0e30IMacHOCTH THIPO-
TEXHUYECKUX COOPYIKEHNN TEXHUIECKOe COCTOSTHIE
IUIOTMH MOKET OBITh PadOTOCIIOCOOHBIM, YACTHUHO
PaboTOCIIOCOOHBIM M HEPAOOTOCIIOCOOHEBIM, UTO IIe-
pelessieTcss CpaBHEHUEM JIMATHOCTHYECKHMX II0Ka-
3aresieil ¢ UX KpUTepHAJIbHBIMEU 3HaveHusvu K1
u K2. B pabore [14] miis rpyHTOBO# ILJIOTUHEI B Ka-
YeCTBE KOJIMUECTBEHHBIX I0KA3aTe el 0e30IIacHOCTH
HCIIO/IF30BAHBI IIIMPHHA IIOTHHEI TI0 TPEOHIO 1 €ro
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OTMETKA, MAKCHMAJIHLHAS BBICOTA ILJIOTHHBI, TJIMHA
HATIOPHOIo (PPOHTA, 3asI0:KeHre 0TKocoB. CoryracHo
HopMmaTuBHBIM qokymerTam it ['T'C IV xiracea mo-
IIyCKAeTCs YCTAHABJIMBATE OUH YPOBEHDb KPUTEPH-
anpHbIX 3Havenuit K1. B ciryuae, korma mmpoexTHas
JIOKYMEHTALMS YTePSHA, CBEIEHIMS MOT'YT OBITh TIO-
JIyYeHBI TOJIBKO B Pe3yJIbTaTe IKCIIEPTHOIO 00CIe/10-
BaHUA COOPYsKEHUN.

B mpencraBieHHBIX WCCIEIOBAHUSX IS
Pas3pabOTKM MOJIEITH IPOrHO3a TEXHIMIECKOT0 COCTO-
SHUS IUIOTHH OBLIIO PACCMOTPEHO IBA COCTOSHIIS:
PabOTOCIIOCO0HOE W OTIMYAIOIIeecs OT PaOOTOCIIO-
COOHOro (IIPH KOTOPOM YPOBEHB OE30IIACHOCTIL COOT-
BETCTBYET HEY/0BJIETBOPUTEIHLHOMY HJIH OITACHOMY
ypoBusM). OUeBHIHO, UTO I obecriedeHust 6e30-
MTACHOCTH TJIOTUH HEOOXOIMMO, YTOOBI COOPYIKEHIe
HAXOIMJIOCH B PA00OTOCIIOCOOEOM COCTOSIHII.

T'merorpamma  pacipenesenuss o0CIeIOBaAH-
HBIX IJIOTHH I10 BO3PACTY U TEXHIYIECKOMY COCTOS-
HUIO HA MOMEHT 9KCIIEPTHOI0 00CJIeI0BAHMUS IIPE]T-
CTaBJIEHA HA PHUCYHKE.
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00c/IeOBAHHBIX INIOTUH
10 BO3PACTY U TEXHUIECKOMY COCTOSHUIO

Fig. 1. Histogram of the distribution of surveyed
dams by age and technical condition
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W3 Bcex 00cIenoBaHHbBIX IUIOTHH PAabOTOCIIO-
COOHOE COCTOSIHIIE MMEJIN 362 COOPYKEHIsI, UTO CO-
craBiisiyio 33% ot mx obrrero uucia. C yBemdenmnemMm
BO3pacTa ILIOTHH J0JISA IJIOTHH, UMEOIIIX paboTo-
CTI0COOHOE COCTOSIHIIE, CHILKAJIACK.

Ucxomaele mamHble OBLIM  IIOAPA3HEJICHBI
Ha 1Be BbIOOpKHU. IlepBas BEIOOpKA sIBJISLIACH 00Y-
Jaromnen 1 BKJIoUasa B ceds 947 mioruH, obciieso-
BaHHEIX B meprion 1991-2018 rr. Bropas Beibopka
ABJISAJIACH BAJIMIAIMOHHOM U BK/IIOUYasIa B ceds 160
moTHH, obcaenoBasHbX B 2020 r. IlmoTuse! B 00y-
YAIoIIel BEIOOPKE OBLIM BBEJEHBI B OKCILIYATAIIHIO
B mepriof ¢ 1960 mo 1993 rT., B BAIIMIAIIMOHHON BbI-
oopke —c 1970 mo 1995 rT. Is1eMeHTHI B 00yJatonett
¥ BaJUOAIIMOHHOM BEIOOPKAX He IIEPECceKasINCh.
CraTrcTruecKrie XapaKTePUCTHKI 00yJaIolei 1 Ba-
JIAIAIIMOHHOMN BEIOOPOK U CBEIEHUS O COOPYIKEHIUAX
IIpUBeNEeHEI B TabmIie 1.

OcCHOBHBIE CTATHUCTHYECKHE XapPaKTEePHCTH-
K1 00yJaromeil 1 BaJIUIAIIMOHHON BEIOOPOK OBLIN
omsku. Hambosee 4dacTo BCTpeYasMch IIIOTHHBI
BBICOTOM 3 M, CTAHIAPTHEIE OTKJIOHEHMS BO3PacTa
¥ BBICOTHI ILIOTHUHBI OTJIMYAJIMICH HE3HAUMTEJIHHO.
B Baymmaionmoi BRIOOPKE CPEIHIA BO3PACT ILIO-
THH OBLJI HECKOJIBKO BBIIIE, 4 IOJIS IIOTHH, HAXO-
ISIHIXCS B PabOTOCIIOCOOHOM COCTOSIHIIM, — HIKE.
[1noTMHEL BMeroITe KpelIeHe BEPXOBOro OTKOCA,
Yalle COXPAHAIN Pad0TOCIIOCOOHO0E COCTOSIHIIE C Te-
YeHMeM BPEMEHH, YeM ILIOTHHBLI 0e3 KpeIlIeHs.
Hamprmep, B oOyuarorieif BBIOOPKE pabOTOCIIO-
cobmoe cocrostaue mvean 70% IUIOTWH C Kperwie-
HIEM BEpPXOBOI'0 OTKoca ¥ mopsaka 30% InIoTmH
0e3 KpeIUIeHus.

B kauecrse momernm mjist mporHosa paboro-
CII0COOHOT'0 COCTOSTHIISI OTHOPOIHOM IPYHTOBOMH ILJIO-
TrHbI IV Kacca ObLIa BRIOpaHa MOIEIb OMHAPHOI

Tabnuya 1. CraTucTHYECKNE XapaKTEePUCTUKN BBIOOPOK

Table 1. Statistical characteristics of samples

OGyuaromas BpIGOpKa | BamumanmonHas BeIGOpKa
Xapakrepucruxa Training sample Validation sample
Characteristics H,™m T, ner H,™ T, ner
H,m T, years H,m T, years
Cpenuee / Average 5,10 38 4,70 42
Menuana / Median 4,5 38 4,2 41
Mona 3 37 3 40
Crangapraoe otkionenue / Standard deviation 2,34 6,10 2,24 5,39
Munaumywm /| Minimum 2 25 2 25
Maxcumym / Maximum 12 50 12 50
Yucso nnorun / Number of dams 947 947 160 160
Josis miioTuH B paboTOCIIOCOOHOM COCTOAHUN
. . . .. 35% 22%
Proportion of dams in working condition
JloJ1st IIOTHH C KpeIJIeHrneM BEPXOBOIr0o OTKOCA 9% 6%
The proportion of dams with upstream slope reinforcement
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KJIACCUOMKAITNH, WCIIOJIB3YIONIAs JIOTHCTIIECKYIO
(yrwITIIO BUIA:
1

G T 7 KR )

i

l+e
T7ie p; — BEPOATHOCTE HAXOMJEHVA I-TOH IIOTHHEI B paboTo-
CII0cOOHOM cocTosHMY; T, — BO3pacT IIOTHHEL, JieT; H, — Makcu-
MaJIbHas BBICOTA ILUIOTHHBI 10 TpebHio, M; KREP, — buHapHas
IepeMeHHas, MPU HAJHMYNM KpeIUIeHWsI BEPXOBOIO OTKOCA
paBHad 1, B IpOTUBHOM ciry4ae — paBHas 0.

Jna onpenenenns koaddupeHTOB b, BXOIA-
mpx B ypasHeHwe (1), MCIIOIb30BAJICS OIMH M3 METO-
JTOB MICKYCCTBEHHOTO MHTEJLJIEKTa — MAIITIHHOE 00Y-
YeHue, a IMEHHO MAIIITHHOE 00yUeHIEe C YUUTEJIEM.
ITo oOyuaroreit BLIOOpKE METONOM MAKCHMAJILHOIO
IIPaBIOIION00MST OIIPeIesIAINCh SHAYEHMS K0o(hdu-
ITMEHTOB TPU KAKIOM M3 (DAKTOPOB: BO3PACT ILIO-
THHBI, MAKCUMAJILHAS BBICOTA IIOTHHEI 110 TPEOHIO,
HaJIM4Me KPETLTIeHUs BEPXOBOTO OTKOCA.

Ha mnepBom arame BBIIOIHAIACH IIPOBEp-
Ka MYJIBTUKOJTMHEAPHOCTH (PAKTOPOB METOIaMU
VIF (uudammonnsx dgaxropos) 1 BKW (Besc-
sm-Ky-Bemma). Jla yuera rerepockemacTHIHOCTH
OCTATKOB HCIIOJIb30BAJIHICEH POOACTHEIE CTAHAAPTHBIE
orrmbry (QML), v MogrgUIIMPOBAHHEIE OIEHKH
CTaHmapTHRIX OImoOoK. CrathcTryeckass 3SHAYH-
MOCTH KO02(POHMITIEHTOB OIIEHMBAIAChH HA 1%-HOM
¥ 5%-HOM YPOBHSIX 3HAUNMOCTH, OITPENeJISIINCE JI0-
BepUTETbHBIE MHTEPBAJIBI 11T K03)(PUITHEHTOB.

Ha Bropom arame ompemessiiack mpeacka-
3aTeJIbHAS CIIOCOOHOCTD MOMENIH IS O0yJaromiei
BeI0OpKHU. Ilopor orcevenus mpu Impeodpa3oBaHKI
BEPOSITHOCTEH B OMHAPHBIE KJIACCHI (PAabOTOCITOC00-
HOE COCTOSIHFE/COCTOSTHIE, OTJIMYAIoIIeecs OT pa-
00TOCITOCOOHOr0) OBLT MPUHAT KAK CTAHIAPTHBIA
u paBHbIi 0,5.

Bammarsa Momesi BEITIOIHAIACH HA 3AKJIIO-
YNTEIHHOM JTAlle WCCIISIOBAHIH C CIOIb30BAHNEM
JTAHHBIX COOTBETCTBYIOIIEH BRIOOPKH. AHAIM3UPOBA-
JIach MATPHIIA OIIFOOK IIEPBOT0 ¥ BTOPOTO POLIOB IIPH
CPaBHEHWH TIPOTHO34 C Pe3yJIbTaTaMU (DAKTHUECKO-
10 00CIeN0BAHNA ILJIOTHH, BBIIOIHEHHOro B 2020 T.

Bce pacuersr BBITIOJIHEHBI B CIIEIAAIH3HPO-
BaguoM mporpaMmuoMm komintexce GRETL.

PesyabraTtel u ux obGcys:kmeume. B pe-
3yJIbTATE MAIIMHHOIO O0YUYeHHS IOy YeHA MOIe/Ib,
TIPeICKA3bIBAOIIAS TEXHIUIECKOE COCTOSHHE OJTHO-
POIHOM TpyHTOBOM ILIOTHMHEL IV Kjacca B ciiyuae
OKCILTyaTaIuy 0e3 IIepcoHasa ¥ KOHTPOJIBHO-3Me-
PUTEJIHLHOM arapaTyphbl:
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Bee xoadpdormitmenTeI, BEIIIOYEHHEBIE B MO-
IeJtb (2), sHaunMel Ha 1%-HOM ypOBHE, CJIeI0BATE Ib-
HO, BEIOpPAHHBIE [IJIS IIPOTHO03a (PAKTOPEI OKA3BIBAJIN

Snezhko V.L., Khomyachkov P.E. Prediction of the technical condition of low-pressure earth dams using machine

training methods

PRIRODOOBUSTROJSTVO 2026;19(1)

BJIMSTHYE HA M3MEHEHHS TeXHUYECKOTO COCTOSHFS
ILUIOTHHEI O BpemereM. I1ockoIbKy aHam3 He BEI-
SIBIJI MYJIETUKOJJINHEAPHOCTH (PAKTOPOB, ObLIA BHI-
IIOJITHEHA JaJIbHEHIIIAA HHTePIIPeTaIs Koadui-
€HTOB. SHAKH Y KO3(PUIEHTOB He IIPOTHBOPEUNIIN
(pr3HUeCKOIT CYIITHOCTH IIPOIIECca: BEPOSITHOCTE CO-
XpaHeHHsI Pab0TOCIIOCOOHOI0 COCTOSIHUS C TEUCHH-
€M BpeMEHI CHIKAETCS, B TO BPeMsI KaK OCTAJILHEIE
(paKTOPBI CIIOCOOCTBYIOT €€ COXPAaHEHHI0. JHAKH
y K03(ppHIFIEHTOB, IOIyYeHHBIX B Momen (2), co-
BIAJAIOT C JAHHBIMI WCCJICIOBAHNM, IIPHBEICHHBIX
B pabore [15]. BHauenus KoapIHUITIEHTOB MMEIOT
TOT 3Ke IIOPSIOK, HO He MOIYT OBITH COIIOCTABJICHBI
BCJIEICTBHE PA3INUMIA B CIEIA(PHUKAIIN MOIEIIN
OMHAPHOIO JIOTHTA, WCIIOJIL3YEeMOH B JAHHBIX WC-
CJIEIOBAHUAX.

Jlns mepemensoit 1" moBepUTENIBLHEIN MHTEP-
BaJI, BEIYMCJIEHHBIN IJIT BepoaTHocTH 95%, Jiesxalt
B mpenenax or —0,063 mo —0,045. C yBeimuenmem
BO3pacTa IUIOTUHEL 0e3 COOTBETCTBYIOIIMX PEMOHT-
HBIX MEPOIPUATHI TEXHITIYECKOE COCTOSIHIE COOPY-
SKEeHMS YXYOIIAETCS, M 9TO M3BECTHBIA (PAKT, IIOMI-
TBEPIKICHHBIA JOCTATOYHO OOJIBIIMM KOJIMUECTBOM
HCCIENOBAHMI B TEOPHU HAJIEIKHOCTH. Y TJIOBOM KO-
adpprmenT (MM TIpeaeTbHbIN adperT) I TIepe-
MeHHo# «Boapacm cocrasmi —0,012, cireqoBaTesbHO,
C YBEJIMYEHNEM BO3PACTA COOPYKEHII HA 1 rox Be-
POATHOCTE PAOOTOCIIOCOOHOI0 COCTOSHIS CHITMKACTCS
Ha 1.2%.

Jlnst mepementoit H noBepuTe TLHBIN MHTED-
BaJI, BEIYUCJIEHHBIN JJIT BepoaTHoCTH 95%, Jiesxalt
B npenesax or 0,183 mo 0,301. Yem BbIIe ILIOTH-
HA, TeM JO0JIbIIIe OHA MOKET COXPAHSITH Pab0TOCIIO-
COOHOE COCTOSTHIIE, TAK KAaK TPeOOBAHMSA K KAUECTBY
IIPOM3BOJICTBA PAOOT Ml TEXHIUECKIM PEIIEHISAM JJIs
BBICOKHX COOPY?KEHII M3HAYAJIBHO SBJISIOTCA Ooiee
SKECTKMMU. YTJIOBOM KO2(pHIIIEHT JJIs IIepeMeH-
Hoi «MakcuMaJIbHAs BBICOTA ILIOTUHED COCTABILI
0,054. C yBeymueHmeM BLICOTHI IIOTUHEL HA 1 M Be-
POSTHOCTE PabOTOCIIOCOOHOTO COCTOSTHIIS BO3PACTAET
Ha 5,4%.

JloBepuTeIbHBIA MHTEPBAJI, BBIUMCICHHBIA
st BeposTHocTH 95%, s mepemenHoii KREP
nexkan B mpegenax or 0,657 mo 1,656. Kperuterme
BEPXOBOI0 OTKOCA IIPENATCTBYET PA3MBIBY T'PYHTA
TeJIa IIOTHHEL

O1reHKM KavecTBa MOZEJIH IIPOrHo3a (2) ompe-
JIeJISJTACH COTVIACHO METONMEKE, IIPUHATOM [JIs On-
HapHBIX KJIaccuduraTopos [16, 17]. Merpukn kaye-
CTBA MOJIEJIH, TTOJIYYEHHOL 110 00y4JAaoIIeli BRIOOPKE,
IIpHBENEHEI B TAOIHIIE 2.

KommaectBo ILIOTHEH, TEXHHYECKOE COCTO-
SHIME KOTOPHIX OBLIO KJIACCH(PHIIPOBAHO IIpa-
BUJIHHO, IIPUBEICHO HA IVIABHOM NMATOHAJIM Ma-
Tpurpl. Tourocrs momenm (Accuracy), Wi ooIee
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YKCJI0 IIPABIJIBHBIX KJIACCH(DMKAITHL, COCTABJIA-
sma 85%. OmmbKa 1mepBoro posga (PHKCHPOBAIACH
11 66 00BEKTOB, OIIMOKA BTOPOIO poma — IJIst 75
o0berroB. Ha mpakrmixe HamboJiee OIMACHBI KJIac-
cuuKarpy, Korjma (PakTUYecKH IIOTMHA WMeeT
YACTUYHO PabOTOCIIOCOOHOE IIM HepaboTOCIIOCco0-
HOE COCTOSIHME, a TI0 MPOrHO3y IJIOTHUHA SBJIAETCS
paboTocIIoco0HoM (OIMMOKK IIEPBOr0 POIAa) M CBO-
€BpEeMEeHHbIe MephI 110 YJIYUIIeHNI0 TEXHUIECKOTO
COCTOSIHISI COOPYsKEeHMS IIPHUHATEI He OyayT. B aTom
cIIydae [JIst 00yJaromie BEIOOPKM ObLIa BHEIUMICIIE-
Ha TOYHOCTH KJIaccupurarym (Precision), xoTtopas
cocraBua 89%.

Jlna saymparym Mogesu (2) napamerpsl 160
ILTOTHH, BKJIIOYEHHBIX B BAJIMIAIMOHHYIO BEIOOPKY,
OBLIH ITOACTABJIEHBI B COOTBETCTBYIOIIEE YPABHEHIIE
¥ BBITIOJTHEH ITPOTHO3, KOTOPBIH COITOCTABJIEH C (haK-
THUYIECKUM COCTOSTHHEM COOPYIKEHIH, OITPeIeIEHHOM
B pe3yJIbTaTe 3KCIIEPTHOro 00csIemoBanys. MeTpurmn
KauecTBa MOJEJIH, II0JIyYeHHOM! 110 BAJTMAAITMOHHON
BBIOOpKeE, IPUBEJIEHEI B TAOHIIE 3.

Bamumamms momenm BeigBuiia 86% mpa-
BUJIBHBIX KJIACCUPUKATIVIM, TO ecTh Jyia 137 1wio-
THH pacCMAaTPHUBAEMbIe TPAIAIANA TEXHHUIECKOTO
YPOBHS OBLIM oOIpemesieHbl BepHO. OIMmMOKM BTO-
POr0 Poaa MJIM IPOTHO3 YACTHIHO PabOTOCIIOCO0-
HOTO/HepabOoTOCIIOCOOHOTO COCTOSHIUS IJISI TIJIOTHH,
axTUecKn MMeIOIX PadOTOCIOCOOHOE COCTO-
sHUe, B BAJMIAIMOHHON MOIEIN BCTPEYAIVICH
yare. B mameom caydyae aTo He SABJIAETCS KPUTHY-
HbM. J17151 0IIIO0K IIEepBOro poAa TOUHOCTH MO
cocraBmia 94%, To ecth u3 135 IJIOTHMH YACTUYHO
PpaboTOCIIOCOOHOI0 M  HepabOTOCIIOCOOHOIO  CO-
CTOSHUSA MOIEJIb COEJIAJIA IIPABIJIBHBIA IIPOrHO3
01t 117 coopysreHi.

JIis OmHOPOIHOM I'PYHTOBOM ILIOTHHEL 1V
KJ1acca ¢ Bo3pactoMm oT 25 jo 50 jeT, HaxomaIen-
cs1 B pabOTOCITOCOOHOM COCTOSIHHH, IIPOTHO3 COXpa-
HeHUsA PabOTOCIIOCOOHOIO0 COCTOSIHHISA B Oy/myIiem
MIPH OTCYTCTBHM PEMOHTA M JKCILIYaTAI[MOHHBIX
MEPOIIPUATHI OCYIIECTBIISETCS TOCTATOYHO IIPOCTO.
B moneis (2) HeobxomuMOo IIoACTaBUTE MAKCHMAJIb-
HYI0 BBICOTY ILJIOTUHBI TI0 TPeOHIO (B MeTpax), Bo3-
pacT ILIOTHUHBI HA MHTEPECYIOITIE MOMEHT (B TO/Iax),
suavenre 1 wm 0 IpH HAJHMYNY WIA OTCYTCTBII
KperieHusT BepxoBoro orkoca. llosyuerHoe 3Ha-
YEHHE BEPOSITHOCTH HY’KHO OKPYIJIUTH JI0 I1eJIOrO
uncna. Eeau pesysbratom oxpyryienms Oymer 1,
TO IUIOTMHA MOMKET COXPAHHUTEH pPabOTOCIIOCOOHOE
COCTOSTHME dYepe3 3a/laHHOe BpeMs. Kcaum pesysib-
TaToM OKpyTJIeHus Oymer 0, To ILIOTHHA He Oymer
MMeTh PabOTOCITIOCOOHOE COCTOSTHUE M HEOOXOIHMO
ILUIAHUPOBATH PEMOHTHBIE MEPOIIPUATHS JI0 YKA3AH-
HOTO B IPOrHO3e Cpoka. HamprmMep, 11 MIOTHHBI
C KpeIJIeHreM BepPXOBOTO OTKOCA BO3pacToM 26 JIeT,
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Tabnuya 2. MaTpumna ommnoox
oOyuaromeii BoIoopku (947 miIoTHH)

Table 2. Error matrix of the training sample (947

dams)
Haooqaemsie IIpenckasaunusie / Predicted
Observed 0 1
0 554 66
1 75 252

Tabnuua 3. MaTrpuna ommudoK
BAJIMIAIMOHHOM BEIOOPKH (160 mutoTuH)

Table 3. Exrror matrix
of the validation sample (160 dams)

HaGmonaemsie IIpenckasaunste / Predicted
Observed 0 1
0 117 8
1 15 20

BBICOTOM 2.5 M OBLJIO BBIIIOJIHEHO 3KCIICPTHOE 00CIIe-
JOBAHUE, B PE3yJIbLTATE KOTOPOI0 TEXHMUYECKOE CO-
CTOSTHIIE COOPYSKEHIS IIPU3HAHO PAbOTOCIIOCOOHBIM.
B Teuenme Oimmxatimx 5 jrer (ycJI0BHO) (pHHAH-
COBasg BO3MOMKHOCTH IIPOBOOUTDL OKCILIYATALTHOH-
HbIe MEPOIIPUATHS OTCYyTCTBYEeT. Bo3pacT IIoTHHbL
Ha MOMeHT IporHo3a cocrasur 31 rox. CorracHo
IIPOTHO3Y 110 MOjIeH (2) TI0C/Ie OKPYTJIEHUS II0JTY-
YeHO 3HAYEHUe 1, CJIeoBaTeIbHO, IUIOTHHA COXpa-
HUAT PabOTOCTIOCO0HOE COCTOsTHEE. Kceu ropusoHT
IIPOTHO3a yBeJIMIuTh 110 10 Jier (Bo3pacrt coopy:ke-
Hust — 36 JIeT), TO 10 MOZEJIH TI0CJIe OKPYTJICHMS Oy-
JIeT TIoJIyyeHo sHaverue 0, To eCTh IUIOTHHA He CO-
XPaHUT PAOOTOCIIOCODHOE COCTOSHIE W HEOOXOMIMO
(brHAHCHPOBATH COOTBETCTBYIOLIHE MEPHI II0 €ro
TIOTEPIKAHIIIO.

BriBoasl

C nCro/Ib30BAHIEM METOI0B MAIIIMHHOTO 00Y-
YEHMsI BIIEPBHIE TI0JIy4YeHa TPeX(PaKTOPHAST MOIETh,
TTO3BOJISAIONIAS  BBITIOJHUTE IIPOTHO3 PabO0TOCIIO-
COOHOIO COCTOSIHMS OTHOPOIHBIX I'PYHTOBBIX ILIO-
v IV Kiacca, pacroioMeHHbIX HA TEPPUTOPUH
MockoBCcKOro permona, MMEIOIIX BO3pacT CBHIIIe
25 JIeT, SKCILTyaTUPYIOTIXCs 0e3 IepcoHasIa M KOH-
TPOJTHLHO-U3MEPUTESTHHOM anmapartypsl. B kadecTre
MIPEIUKTOPOB HCITOJIF30BAHBI BO3PACT IIOTUHEI, €€
BBICOTA ¥ HAJIMYME JIMOO OTCYTCTBHE KpPEILICHIS
BepX0BOTO O0TKOCA. J[J1 prMeHeHMsT MO BBICO-
Ta TJIOTUHEI JTOJIKHA HAXOIUTHCA B MHTEPBAJIE OT 2
10 12 M, BO3pacT COOpy:KEHHWA Ha JaTy IIPOrHO3a
He [0JKeH IpeBhiaTh 50 JeT (HopMaTHBHBII CPOK
OKCILTyaTALTHH).

Mopnenr wmMesna xopolie CTATUCTAYECKHE
OIEHKM KA4ecTBa; TOYHOCTD KJIACCH(PUKAIIN
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IO OIIIMOKAM BTOPOro poma cocTasisaia 89% 110 0b-
yuarmomieii Boibopxe ¥ 94% M0 BAJMIAIMOHHOM
BBIOOpKe.

B pesysbrare mccnemoBaHmii BEISIBJIEHA CTe-
TI€Hb BJIMSTHUS BO3PACTA ILJIOTUHBI, €€ BHICOTHI U Ha-
JIMYVST KPEIUIeHUs BEPXOBOI0 OTKOCA HA COXPAHEHE
ee paboTOCIIOCOOHOIO COCTOSHMSA. YeM BEIIIIe BEICOTA
ILUIOTHHBI, TEM JOJIbIIE OHA CIIOCOOHA COXPAHSTH
pabotoctiocobrHoe cocrostame. [Ipu mpourx paBHBIX
YCJIOBHSIX IJIOTHHEI ¢ KPEILIEHEM BEPXOBOI'0 OTKO-
ca TakyKe COXPAHSIOT PabOTOCIOCOOHOE COCTOSIHUE
B Te4yeHre OOJIBIIEr0 BPpeMeHHU, YeM ILIOTHHBI 0e3
KPeILICHUSL.

Mozesib mpocTa B MCIIOIL30BAHKY U He Tpeoy-
€T CIIeIMaTU3NPOBAHHOI0 ITPOrPAMMHOI0 0becrieye-
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Hus. [Ipy HaTMYMY MCXOTHBIX TAHHBIX BBITOJTHEHNE
IIPOTHO3A 3aiMeT HECKOJILKO MUHYT.

PesynwraTer mccnemoBammii MoryT OBITH HC-
TI0JTb30BAHBI COOCTBEHHUKAMU COOPYKEHUM WLIIH
Cayx0aMM  OKCIUIyATAIIN [JI  ILIAHUPOBAHMS
HAa IEPCIEKTABY (PMHAHCOBBLIX CPEICTB, HEOOXOIH-
MBIX JIJISI TIOIIEPYKAHIS IIOTHH B PAa00TOCIIOCOOHOM
COCTOSTHIH.

Hasnrume 6ombiroro o0bemMa JaHHBIX II0 TeX-
HIYECKOMY COCTOSIHIIO MAJIBIX I'PYHTOBBIX ILIOTHH
II03BOJIAET B IIEPCIIEKTUBE Pa3padaThBATh MOOEIIN
IPOrHO3a C HCIOJIB30BAHUEM MPYIOr0 COUCTAHMS
[IPEIUKTOPOB ¥ BAPHHUPOBAHIS METOIOB II0JIYYEHIs
IIPOruo3a (IMCKPUMUHAHTHBIA AHAJIN3, HEMpPOH-
HBIE CETH).

References

1. Kozlov D.V. Safety and operational performance
of earth dams on water bodies of the Moscow region // Hy-
draulic engineering. 2021. No. 1. P. 56-59. EDN: HHGKET

2. Dam T.T., Pisaniello J., Burritt R. Small dams: A big
cause for concern in Vietnam // International Water Power
and Dam Construction. 2011. Vol. 63. P. 18-22.

3.Jun S.M., Kang M.S., SongI., Hwan S.H., Kim K,,
Park J. Effects of agricultural reservoir rehabilitationon their
flood control capacities / J. Korean Soc. Agric. Eng. 2013.
Vol. 55. P. 57-68.

4. Kondolf M., Yi J. Dam Renovation to Prolong Reservoir
Life and Mitigate Dam Impacts // Water. 2022. Vol. 14. 1464.
https://doi.org/10.3390/w14091464

5. Amini A., Abdollahi A., Hariri-Ardebili M.A., Lall U.
Copula-based reliability and sensitivity analysis of aging
dams: Adaptive Kriging and polynomial chaos Kriging
methods / Applied Soft Computing. 2021. Vol. 109. 107524.
https://doi.org/10.1016/).as0c.2021.107524

6. Pisaniello J., Mckay dJ. (2003). A Farmer-Friendly
Dam Safety Evaluation Procedure As A Key Part of Modern
Australian Water Laws // Water International. 2003. Vol. 28.
P. 90-102. https://doi.org/10.1080/02508060308691668

7.BelovP.G. A priori assessment and reduction
of the risk of accident of a hydraulic structure based on mod-
eling // Occupational safety in industry. 2019. No. 2. P. 26-34.
https://doi.org/10.24000/0409-2961-2019-2-26-34

8. Edamenko A.S., Lezhanko V.A. Diagnostics of hazards
of hydraulic structures using the example of Belgorod // Tech-
nologies of technosphere safety. 2020. No. 2 (88). P. 63-73.
https://doi.org/10.25257/TTS.2020.2.88.63-73

9. Fan Z., Jiang S., Zhang M. Dynamic probability evalu-
ation of safety levels of earth-rockfill dams using Bayesian ap-
proach // Water Science and Engineering. 2009. Vol. 2, Issue 2.
P. 61-70. https://doi.org/10.3882/).1ssn.1674-2370.2009.02.007

10. Abdrazakov F.K., Pankova T.A., Shcherbakov V.A.
Factors influencing the operational condition of hydraulic
structures // Agrarian scientific journal. 2016. No. 10. P. 56-61.
EDN: WXBEVX

11. Kozlov D.V., Snezhko V.L., Simonovich O.S. Safety
forecast for of low-hazard earth dams beyond their standard
service life // Power Technology and Engineering. 2023. T. 56.
Ne 6. C. 795-800.

12. Akbar A.Q., MitaniY., NakanishiR., Hon-
daH., TaniguchiH., Djamaluddinl. Integrated Sta-
tistical Modeling for Regional Landslide Hazard

@


https://elibrary.ru/hhgket
https://elibrary.ru/wxbevx
https://elibrary.ru/hhgket
https://elibrary.ru/wxbevx

F'mapoTexHnyeckoe CTPOUTENLCTBO

12. Akbar A.Q., MitaniY., Nakanishi R., Honda H.,
Taniguchi H., Djamaluddinl. Integrated Statistical
Modeling for Regional Landslide Hazard Mapping
in 0-Order Basins / Water. 2025. Vol. 17 (17). 2577.
https://doi.org/10.3390/w17172577

13. Kaboré M.P.J., LawaneA., YonabaR., Bi-
aouA.C., Nadjibou A., Pantet A. Why Do Small Earth
Dams Deteriorate: Insights from Physical Investigations
in the West African Sahel / Resources. 2024. Vol. 13. 71.
https://doi.org/10.3390/resources13060071

14. Axmacos A.I1.,, Moposos M.U., I'peros I.A., Ka-
nomiteBa MLE. u np. KomiuiekcHas oreHKa TEXHIYECKOro
COCTOSTHMST TH/IpOy3Jia Ha pexe Mausrerit Yembap B Ilenzen-
ckott obstactu // TTpupomoobycrpoiictro. 2025. Ne 3. C. 53-62.
https://doi.org/10.26897/1997-6011-2025-3-53-62. EDN:
DQYDRX

15. Akhilbekov M., Snezhko V. Predicting the safe-
ty level of small earth dams using binary choice mod-
els // E3S Web of Conferences. 2025. Vol. 670. 02002
https://doi.org/10.1051/e3sconf/202567002002

16. Masrom S., Abdul Samad N.H., Septiyanti R., Ro-
slan N., Rahman A. Machine learning prediction for academic
misconduct prediction: an analysis of binary classification met-
rics // Bulletin of electrical engineering and informatics. 2024.
Vol. 13 (1). Pp. 388-395. https://doi.org/10.11591/ee1.v13i1.5629

17. Vabalas A., Gowen E., Poliakoff E., Casson AdJ.
Machine learning algorithm validation with a limited
sample size // PLOS ONE. 2019. Vol. 14 (11). e0224365.
https://doi.org/10.1371/journal.pone.0224365

Csenenus 06 aBTOpax

Bepa JIeounnosua CHexKo, 1-p TEXH. HAYE, IIpodeccop,
npodpeccop Kadeapsl THIPABIIMKN A THIPOTEXHIUECKOIO CTPO-
nresberBa: SPIN-kom: 9528-8890; AuthorID: 696880; Scopus
Author ID: 57209333075; ResearcherID: ABG-5645-2020;
https:/forcid.org/0000-0002-3968-0563; vl_snejko@mail.ru

ITaBen EsrenneBud XOMSYKOB, MATHCTPAHT Ka-
(benpbl THOPABIMEN K THAPOTEXHMYECKOTO CTPOMTEJIBCTBA,
khomyachkov.pavel@list.ru

Briag aBropos

[1L.E. XoMs4IKOR: BBITOITHIIT (DOPMHUPOBAHIE U CTATUCTIYIECKYTO 00-
PpaboTKy BBIOOPOYHBIX JAHHBIX

BJIL. Cresxro: BBIIOJHMIA PACYETHYI0 YACTb WCCIIEIOBAHUI.
Bce aBTopEI ces1am paBHBIM BKIIA B TOATOTOBKY ITyOJIMKATIH

Koudmmrr nuarepecos / Conflict of interests

NPUPOAOOBYCTPOMCTBO. 2026. T. 19, Ne 1

Mapping in 0-Order Basins // Water. 2025. Vol. 17(17). 2577.
https://doi.org/10.3390/w 17172577

13. Kaboré M.P.J.,, LawaneA., YonabaR. Bi-
aouA.C., Nadjibou A., Pantet A. Why Do Small Earth
Dams Deteriorate: Insights from Physical Investigations
in the West African Sahel / Resources. 2024. Vol. 13. 71.
https://doi.org/10.3390/resources13060071

14. Akpasov A.P., Morozov M.I., Grekov D.A., Kadomtse-
va MLE., Tuktarov R.B. Comprehensive assessment of the tech-
nical condition of the hydraulic structure on the Maly Chembar
River in the Penza Region // Prirodoobustrojstvo. 2025. No. 3.
P. 53-62.  https://doi.org/10.26897/1997-6011-2025-3-53-62
EDN: DQYDRX

15. Akhilbekov M., Snezhko V. Predicting the safe-
ty level of small earth dams using binary choice mod-
els // E3S Web of Conferences. 2025. Vol. 670. 02002
https://doi.org/10.1051/e3sconf/202567002002

16. Masrom S., Abdul Samad N.H., Septiyanti R., Ro-
slan N., Rahman A. Machine training prediction for academic
misconduct prediction: an analysis of binary classification met-
rics // Bulletin of electrical engineering and informatics. 2024.
Vol. 13 (1). P. 388-395. https://doi.org/10.11591/eei.v13i1.5629

17.Vabalas A., Gowen E., Poliakoff E., Casson Ad.
Machine training algorithm validation with a limited
sample size // PLOS ONE. 2019. Vol. 14(11). e0224365.
https://doi.org/10.1371/ournal.pone.0224365

About the authors

Vera L. Snezhko, DSs (Engin), Professor, Professor of the De-
partment of Hydraulics and Hydraulic Engineering: SPIN-code:
9528-8890; AuthorID: 696880; Scopus Author ID: 57209333075;
ResearcherID: ABG-5645-2020; https:/orcid.org/0000-0002-3968-0563;
vl_snejko@mail.ru

Pavel E. Khomyachkov, Master's Degree Student
of the Department of Hydraulics and Hydraulic Engineering;
khomyachkov.pavel@list.ru

Contribution of the authors

P.E. Khomyachkov: performed the formation and statistical pro-
cessing of sample data

V.L. Snezhko: performed the calculated part of the research.
All authors have made equal contributions to the preparation
of the publication.

The authors declare that there is no conflict of interest / ABTopsI 3asBIsieT 06 OTCYTCTBIU KOH(INKTOB HHTEPECOB.
[ocrymmna e penaxuuro / Received at the editorial office 28.11.2025

Ilocrynmna nocine penensuposanus / Received 01.02.2026
IIpunara k myoaukanuu / Accepted 03.02.2026

o2

C ncnonb3osaHnemMm mMeToaos MallMHHOIro o6yqu|/m

CHexko B.J1., Xomsaukos [N.E. NpOorHo3 TeXHNYeCKOro COCTOSHUS HU3KOHAMOPHbIX FPYHTOBbIX MAOTUH


https://doi.org/10.26897/1997-6011-2025-3-53-62
https://elibrary.ru/dqydrx
https://doi.org/10.26897/1997-6011-2025-3-53-62
https://elibrary.ru/dqydrx

