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YOK 721.021

Pa3paboTka ckpunTta gnsi coopa
CBOMCTB MH(pOpMaLMOHHON MoAaenu,
co3paHHou B Renga

M.M. KapmaHoBa, H.N. ®omuH, O.B. MawkuH

@Orb0Y BO «Ypanbckul chedeparibHbili yHUBepcUMemM UMEHU
nepesoeo lNpesudeHma Poccuu 6.H. EnbuuHa,
2. EkamepuHbype (Poccus)

KnioyeBble cnoBa u pasbl: 0ObEKT KanuTanbHOro
ctpoutensctBa (OKC); ckpunT; TEXHONOrMKU MHAPOPMAaLMOH-
Horo mogenupoBaHua (TUM); umdpposas nHdopmaunoHHas
mogernb (LWKM); skcneptusa LIMM; a3bik nporpammupoBaHus
Python; BIM-cuctema Renga; Renga API.

AHHoTaumsa. Llenbio uvccnepoBaHua aBNSOTCA  pas-
paboTka 1 peanu3aunsa anropuTMma, BbINOnHsALWero coop
CBOMCTB LMNdpoBON MHGOpMaLMOHHON Mogenu. [unoTesa
nccrnefoBaHVA: aBTOMaTu3auusl MPOBEPKUM CBOWCTB MO3BO-
NUT COKpaTUTb Bpems Ha atane aTpubyTmBHOW npopaboT-
kv mogenu. MNMpuMeHAnucb MeTodbl UCCNefoBaHUA: aHanus,
CUHTE3, mogenupoBaHue. B pesynsrate nccnegosaHus 6bin
paspabotaH ckpunt «O603peBaTenb CBOMCTB» Ha NA3blke
nporpammupoBaHusa Python. JaHHbLIN CKPUNT MO3BONSAET CO-
6patb MHMOpMaUMO O CBOWCTBax BCEX TUMOB OOBLEKTOB
LIMM, paspaboTtaHHoM B cucteme Renga, B eanHom danne
3a 1-2 MUWH., 4TO NOMOXeT ObICTpee U KOppPeKTHee BbINos-
HUTb NOArOTOBKY MOAENW AN NPOBEAEHUS IKCMEPTUSbI.

BBepeHue

Mpun paspabotke LINM cneayeT npuaepxuBatbca TpeboBaHWUA K reOMETPUYECKON U aTpu-
OyTnuBHOM npopaboTke, HeobxoauMOn Ans NPOBeAEeHUs 3KCMepTU3bl NPOEKTHOM OOKyMeHTa-
ummn. MNepeyeHb cocTaBa anNeMeHTOB U 06s3aTenbHbIX aTPUBYTOB, OTHOCSLLMXCA K TEXHOMOM-
YECKMM pEeLUEHUsIM KaXkOoro KOHKPETHOro obbekTa KanuTanbHOro CTPOUTENbCTBA, OOSMKEH
OblTb chopMyNUpPOBaH B 3aaHMM Ha apXUTEKTYPHO-CTPOUTENbHOE NpoekTupoBaHue [1]. B Ha-
cTtosiwee Bpems oopmmpoBaHme TpebosaHun k LM, npoxogawmnx rocygapCTBEHHYO aKcnep-
Tn3y, (OPMUPYIOT CaMn OpraHbl FOCIKCNEPTM3bl C Y4ETOM cneundukn paboTtbl B COGCTBEHHOM
pernoHe PO [2].

Mpeanocbinku gnAa pa3paboTku ckpunTa

B cBs13M ¢ Hann4nem Pa3HbIX KPUTEPUEB Ha OaHHbI MOMEHT YHUBEPCaribHOro cnocoba noa-

6 CmpoumesnbHble KOHCMPYKYUU, 30aHUA U COOPYyH(eHUs
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3xcnopTupoeats & dopmar RTB
Jxcnopruposats 8 Gopmar DWG/DXF
3kcnopTupoears & dpopmar PDF
3xcnopTupoeate & popmar OXPS
Maxerreii skcnopr & dopmar DWG/DXF
MaketHeait 3xcnopt & dopmar PDF
Naxerreaii skcnopr & dopmar OXPS
JkcnopTHpoBaTe B Gopmar 30
3xcnoprupoeats & dopmar IFC
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Puc. 2. Pesynbrar Bbirpy3ku gaHHbix B oopmat CSV

rotoBku LIMM k npoBepke Her. [Npn paboTte ¢ 60nbwLMMM NOAHOLEHHBIMW MPOEKTaMU KONIMYECTBO
CBOWCTB U aTpmnbyTOB yBENUYMBAETCS, U MPUXOOAMTCSA BPYHHYK NEpenpoBepsATb UX Hanuyve m

KOPPEKTHOCTb HaNoOJNMHEHNA OAaHHbIMI.

BcTpoeHHble cpeacTea nporpamMmmbl Renga Nno3BonsT UCMONb30BaTh 4SS 3TOro cneumdmka-
LuMn/BegoMocCTK, PUNbTPbI, a TakKe eCTb BO3MOXHOCTbL BbIrpy»aTb AaHHble B TabnuyHon opme

B pbopmate CSV (puc. 1, 2).

Mpwn Takom cnocobe BbIrpy3kn dopmmpyetca Habop n3 52 cannos CSV, 4To COOTBETCTBYET
KonmyecTBy TMNoB 06bEKTOB. [JoKyMeHTbl NoCne AOMONHUTENbHOro Npeobpa3oBaHNA MOXHO OT-
KpbITb B Excel, B onpefeneHHbIX cny4vasx 310 ygobHO, HO 3TO HE NMOMOXET ObICTPO OLEHUTb, BCE

Civil Structures, Buildings and Related Structures
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Puc. 3. Onuusa «3kcnopTupoBaTth 3HaveHus ceonctea B CSV»

SI3BIK TpOrpaMMHUPOBAHUS

Python <:’: Renga API :>: BIM-cucrema Renga

Puc. 4. Cxema B3anmogelictBust Python n Renga

nn TpebyemMble CBOWCTBA €CTb B MOAENN N KOPPEKTHO NN 3a4aH TUN AaHHbIX.
BaxxHO 3amMeTuTb, YTO ecnn y CBOMCTBA HE OTMeYeHa onumsi «QKCMopTUPOBaTh 3HAYEHMS
ceorcTtBa B CSV», To Takoe CBONCTBO He akcnoptupyetca (puc. 3) [3].

O606LeHHbIN anropuTM CKpUnTa

[na B3anmogencTBMs C NPOEKTOM C MOMOLLbIO A3blka MPOrpamMMpOBaHUSA UCMOMb3yeTCs
Renga API ¢ nogaepxkon TexHonorun COM pns oBecnedeHns gocTyna K pyHKkumam Renga
(puc. 4) [4].

B npegnaraemom paspaboTaHHOM anroputme BbINOMHSAETCA cbop BCEX CBOWNCTB,
KaKk Cco3daHHbIX Mornb3oBaTenemM, Tak M MO YMONMYaHUIO NpeacTaBneHHbIX B LWabnoHe
(puc. 5).

Ona ypoGHoro B3auMMOOENCTBUS MOMb30oBaTeNs CO  CKpPUMNTOM paspabotaH rpadm-
YECKUN MHTepdenc, YTO NO3BOMAET MOMYYUTb MHOPMALMIO HArMSQHO Ha SKpaHe 1 Npu Heob-
xoanmocTn 6onee NONHy MHOPMaLUIO O KaxaoM CBOWCTBE (puc. 6). [Ana peanvsaumm nHTep-
denca ncnonb3oBaHa omubnuoteka tkinter.

C nomoLLbio paspaboTaHHON NporpaMmbl MOXHO NPOBEPUTL, BCE M HEOOX0ANMbIE CBOMCTBA
CO34aHbl B NPOEKTE, MPaBUSbHO N 3a4aH TUN AaHHbIX, @ TakKe KO BCEM NI HEOOX0aMMbIM ane-
MeHTaM NpuBA3aHO onpegeneHHoe CBONCTBO.

PaspaboTtaHHbIi ckpunT cobupaeT WHdopmaumto 000 BCeEX CBOWCTBaX MNPOEKTa, He-
3aBMCMMO OT TOro, Obina nM BKMAYEHa onuust «OKCMOPTUPOBaTb 3HAYEeHUs CBOWCTBA
B CSV».

OKCMNOPT AaHHbIX BO BHELLHUIA (hann TabnuyHon opmbl NO3BONSAET BbINONMHUTL Gonee rny-
OoKMIM aHanM3 No CBONCTBaM MpoeKkTa M HaUTW OWKnOKK, KOTOpble HEOOXO0AMMO UCNPaBUTb, Ha-

8 CmpoumesnbHble KOHCMPYKYUU, 30aHUA U COOPYyH(eHUs
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Bribop npoexta RINP

I
IMoaxmrodente K Renga, o TKPEITHe YKA3AHHOIO IPOEKTA,
TOTYH9eHHe J0CTyIA K IpoeKTy
|
Obpamenne k MeHe TRepy CEOHCTE

HDJ’.[}"]E.EM KOIIHMYeCTBO BCeX CEOHCTE IIpOEKTIa, 3AITHCHEAEM HX HMEHA B OTAeIbHBIH CIIHCOK

OmnpenendeM 10 HMeHH cEoHcTea ero GUID
[
TTo GUID cBoficTBa oTpeendeM: KAKOH THII JaHHEIX 33aH H KAKOMY THITy 00BeKTOB JaHHOe

CBOMCTEO HA3HAYEHD
|

IIpu HeoOXOAHMOCTH BEITPY3HIE JaHHEIE B (pafin Excel

Puc. 5. O600LWEeHHbIN anropuTM cKkpunTa

# Otaspesstens exniicre npoecra - x

O0o3peBarent CBOWMCTE NpoeKTa
I'IHOIPMIM:I CoGnpacT Qanmeee 000 BCEX CRORCTRAX NPoExTa, ONPEQENAET GUID ONPERENEHNDID CROWCTE, TN QaHHLE 1 KaKMM OOhEKTaM CRORCTEO HAIHIYEND

Bribepure ".RNP dhain ann pabore: OBaop

Cnucox cBORCTE NpoRKTa

11 EvMMus MINepeMMA

BoeauTe HOMEp COORCTBA M3 CIMCKA 1 Nogpobuee o cooicTe I

A2-4C00-9FDE-TCO3149DE1S )

¢ ofBeRTOR:

CHICTHT NONE ¢ AAHHBMI O CBORCTEE |

Blrpyaka gaHHe o ceodicTeax g Excel

Bibixo 3 nporpaMmmisi

Puc. 6. MNMpumep paboTbl ckpunta

npuMep, BbISIBUTb OTCYTCTBYIOLLME CBONCTBA, HEKOPPEKTHbIN TUM AAHHLIX UMK TUN 0ObekTa, K
KOTOpPOMY JOSMKHO ObITb NPUBA3aHO onpeneneHHoe ceoncto. O6paboTky nony4eHHoro darina
MOXHO BbINOMHUTL cpeacTBamun Excel (puc. 7).

Civil Structures, Buildings and Related Structures 9



Components of Scientific and Technological Progress
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e | T XK Y- A A =E=E- T-x%m (7 Gopumiposars kIKTIOMNG " Lo e
= o - A - 55| & W (57 Crne nueex - - -
Eydep obme. i Wpwndgr " Bupashmsanme o Yucno Cmam
o
033 fe
A B C
1 Ha3sawne ceORCTEa GUID ceofcTEa Tt AaHHBX CBORCTES
2 | Oraenwa notonka {98398619-8CC-445C-A108- FHFEEDS62EAB]  String
3 ConpoTHENEHWE TENNONEPERAYE {EB3CBB1B-18EF-4299-AACE-32BC2109E325) Double
4  ifclocationy {215CET2E-BETI-4084-BAT2-TIASETE3AIT) Length
5 |DBo3HavEHHE {03007734-A442-4C00-9F DE-FCI3145DE315) String
6  Hoanpogywgns {48E12F41-46CF-4D30-BEA2-DTFFFLA4BEIS)  String
7  HATErspHA NOMEWEHKHA {50242443-9D1A-4FB6-AE2- TOSS0M0BACIE}  String
8  Haumewonanwe {FF2EQ04E-DAE4-4FBE-BSD4-AGFATATDICDA]  String
9 Nposepun {08DEBB50-2949-403C-952C-TINBFTS50628]  String
10 Hoboe ChoRCTio {29715060-FOOF-45672-B13A-ETAE4FCTSATC) Double
11 Macca {342B1B61-FASE-422A-BBAS-F1E5536734E0) Mass
12 OBoEHIEHWE THRA NOAD {CAEE2861-B02E-4B89. BAFE-CO4A5T21FCEA) String
13 | EqwHHUE HIMEpeHHR {3398CCHA-AEEF-4396-B100-255EBFIDDS50]  String
14 OBoEHAGEHNE CTERAONARETS {4851F07C-2B97-4CDA-9A47-TICFIAASCABB]  String
15 1.Ur3_leometpuyecsne napametpolBucota crens  {853C3691-91C5-421A-ABTI-A1EMACSDO3A]  Length
16 MprMedaHie {A4617591-6BCD-4322- BAT3-67F011658930) String
17 Pazpaboran {D3IC51AI5-ATED-4572-AC15-DEBC2ESADESS]  String
18 YinoH {DI61BIAA-FDEC-A714-9B42-158F 7B463683}  Double
13 Orgenwa nona {3713BAAC-2F25-4A49-BC6E-FIS1IDALGIEZE)  String
20 1.Ur3_n i [insiHa cTews  {2DEFTTAD-9240-4241-961C-493C2F0D5 283) Length
21 MHARKE MIDAAUMKM BOALYWHOND wyma {D9BSILC2-TOAG-4E34-5CB2-2683B20920E8)  Double
22 HauMEHOBIHHE OPraHKILHH-paIpaBoTumka {980836C8-EDD5-4AT1-9DES-DIFCECBAGTIL)  String
23 MclocationX {EFSBDCES-E6BC-4AT2-9506-A33919440736) Length
24 Npenen orHECTORKOITH {SCOFFFED-SC9B-4540-BDB0-6227CFE7D63S} String
Sheet @ ‘

Puc. 7. ®parmeHT aKCNopTUPOBaHHbIX TabNMUYHbLIX AaHHbIX Pe3ynbTaToB paboTbl CKpuUnTa

Tabnuua 1. C6op MHOpMaLUM 0 CBONCTBAX NPOeEKTa

Cnocobbl cbopa nHopmMauumn o CBOMCTBax NpoekTa

CpenHee 3HavyeHue BpeMeHu

CospgaHve BegomocTu/cneundgukanumn BpyyHyto

Ha kaxabii Tun obbekTa: ~2—3 MUH.
Ha 52 tuna o6bektoB: ~104—156 MUH.

OkecnopT B hopmat CSV

Vicnonb3oBaHue ckpunTta

52 otgenbHbIX hanna: ~2 MuH.

Ha 52 tuna o6bekToB B eguHoM dharine: ~1,5-2 MUuH.

3aknrovyeHue

Pa3paboTaHHbIN CKPpUMT MOXHO MCMONb30BaTh 4151 FOTOBbIX NMPOEKTOB B KAa4eCTBE UHCTPY-
MeHTa cbopa 1 NpPoBEPKM CBOMCTB, KOPPEKTHOCTU TUMA OAHHLIX U UX Ha3HaA4yeHus1 Tunam obb-
€KTOB. OTO MO3BOJSIIET COKOHOMUTbL BPEMSI Ha 3Tane aTpubyTMBHOW NpopaboTkM mogenu Ans
NPOBELEHNST AKCNEPTU3bI.

@yHKUMOHaN ckpunTa B JarnbHenweM MOXHO YCOBEPLUEHCTBOBATbL, YTO NO3BOMUT NofyyaTb
MHOpMaLIMIO O CBOMCTBAX KOHKpeTHoro pasgena LIMIM vnn gobaensaTtb HegocTatoLme CBOMCTBA
B NPOEKT Yepes rpadmyecknin nHtepdenc [5].

Mpn pa3paboTke NOOOro CKpMMnTa MOXHO BbIAENUTb OCHOBHbLIE JTIOMMYECKME 3Tanbl peanu-
3aLuMu, YTO MO3BOSISIET OCBaMBaTh METOAMKY NPOrpaMMUPOBaHMS U aBToOMaTU3auumn 4OCTaTOMHO
ObICTPO U NErko gaxke Ha Ha4vanbHOM ypoBHe 00yyeHus [6].

K coxaneHuto, BO3MOXHOCTU Python He MO3BONAIOT UMHTErPUPOBaTb CKPUNT B UHTepdenc
Renga, ons aTOro Hy>kHO MCNONbL30BaTh Apyrue NporpamMHble CpeacTBa pa3paboTkn. Ho MOXHO
npeobpasoBaTb CKPUMT B UCMOSMHAEMbIA hann 1 ucnonb3oBatb 6e3 BCTpanBaHusS B Nporpam-
MHOM obecnedeHunn.
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Developing a Script for Collecting Properties of an
Information Model Created in Renga

M.M. Karmanova, N.l. Fomin, O.V. Mashkin
Ural Federal University, Yekaterinburg (Russia)

Key words and phrases: capital construction object (CCO); information modeling
technologies (IMT); digital information model (DIM); Renga BIM system; Renga API; script;
Python programming language; CIM examination.

Abstract. The aim of the study is to develop and implement an algorithm that collects the
properties of a digital information model. The research hypothesis suggests that automation of
property checking will reduce the time at the stage of attributive development of the model. The
following research methods were used: analysis, synthesis, modeling. As a result of the study, a
Property Browser script was developed in the Python programming language. This script allows
collecting information about the properties of all types of CIM objects developed in the Renga
system in a single file in 1-2 minutes, which will help to prepare the model for examination
faster and more correctly.

© M.M. KapmaHoBa, H.U. ®omuH, O.B. MawkuH, 2025
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Substantiation of Technical Solution
for Using Secondary Concrete as
Artificial Crushed Stone

E.V. Shalomova, K.D. Filatova

Viadimir State University named after Alexander and Nikolay
Stoletovs, Vladimir (Russia)

Keywords: high-strength concrete; casting technology;
artificial crushed stone; artificial aggregate; secondary
concrete; texture.

Abstract. The purpose of the article: to justify the
technical solution for the use of secondary concrete as
artificial crushed stone. The research objectives are to
consider the creation of artificial crushed stone using high-
strength concrete technologies. The research hypothesis
assumes that the use of secondary concrete as artificial
crushed stone will expand the possibilities of architectural
solutions for the use of composite material without reducing
its physical and mechanical properties. Research methods
included examination, observation, analysis, synthesis, and
generalization. Research results are as follows: in the process
of research, we found that the creation of various textures
based on high-strength concrete using artificial crushed
stone will not differ in the complexity of the technology, which
results in a composite structure similar to granite.

Currently, recycling is the current direction, which served as the origin of the purposeful
creation of crushed stone from secondary concrete. Recycling implies the processing of “waste”,
but passing the freeze-thaw cycles in concrete, the physical and mechanical characteristics
decrease, which affects the durability of the final composite. Using the technology of high-strength
concrete, you can get not only artificial crushed stone that is not inferior in strength to analogues,
but also the ability to adjust its color from pastel to bright colors.

Architectural concrete is mainly made of white cement and components of light shades:
white cement Cemix produced by the Republic of Bashkiria; superplasticizer PK-1 manufactured
by Polyplast, Novomoskovsk; coarse marble sand of 2-5 mm fraction, Chelyabinsk region;
microcalcite 5 ym, Chelyabinsk region; pulverized quartz grade «B», manufactured by Ramensky
GOK, Moscow region; white soot BS-50 produced by the Republic of Mordovia; white soot BS-
120 produced by the Republic of Mordovia; quartz and PB-150 manufactured by Ramensky GOK,
Moscow region.

The same materials are used in the manufacture of artificial crushed stone. Dyeing takes
place in bulk by the addition of iron oxide pigments, in this case yellow, green, as well as carbon
black. Compression strength is determined on the first day according to samples 100x100x100mm
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Table 1. Artificial crushed stone sample compositions

Content of components, wt %
Composition brand . Supersoftener Pigments Microcalcite
Cement Cemix . Water
«Polyplast» Yellow | Green | Carbon | (6 um fraction)
CS-15 54.98 0.82 0.55 3.26 0.38 24.74 15.27
CS-18 55.11 0.84 0.55 3.31 0.22 24.81 15.18
CS-24 55.12 0.83 0.55 3.31 0.14 24.80 15.25
Table 2. Compositions of samples of high-strength concrete
Content of components, wt %
5 Reactive o
it - S additives 2 o g — —
Composition £ x gg % €5 K 8 N % - S E N g T 5
brand e E oa 832 O QcyEE | gc 23 =
o) (0] o > 8 8 e T} 8 ?7 g > @© 8 © O S g E a ;
0o 38 2 = ST & ms% =270 | C <>
S ¥ ()] = Q (0]
%) Q Q
BCS-22 30.79 | 0.28 0.33 | 0.46 | 3.91 14.70 23.51 14.00 | 6.02 10.89
BCS-26 29.35 | 0.27 0.31 | 0.44 | 3.73 8.69 11.10 2572 | 4.82 15.58
BCS-31 31.00 | 0.28 0.33 | 0.45 | 3.93 9.18 15.45 19.43 | 8.98 10.97

according to GOST 5802-86. Artificial crushed stone is obtained by crushing samples with a press
and subsequent sieving.

To create artificial crushed stone, a powder-activated matrix of the first level of Kalashnikov
is used. Preservation of mobility is achieved by using microcalcite in the base. The casting
technology should be preserved, since large porosity is unacceptable for the aggregate in this
case-pores in crushed stone will be visible on the texture. The plasticizer is used for the purpose
of self-sealing. Table 1 shows the compositions of the obtained samples.

Table 2 shows the compositions of high-strength concrete using artificial aggregate. The first
level matrix and quartz sand are also used. Large marble is used for texturing. Reactive additives
thicken the system and give it homogeneity.

Powder-activated cement concrete has high reactive chemical activity due to the use of
fine powders. The artificial aggregate on this basis will retain, to some extent, reactive chemical
activity. The degree of reactivity will be related to the dimension of the aggregate. The use of an
artificial aggregate in the form of a fine powder will play the role of a reactive filler additive. The
reactivity increases the adhesion between the aggregate and the binder and thereby increases
the strength of the composite. Since the base is similar for the colored crushed stone and the
modifying binder of high-strength concrete, the densities, as a result, are approximately the same,
due to which the crushed stone in the fluid system will not delaminate.

The detailed content of artificial aggregate in the composite is presented in Table 3 with the
properties of concrete on the first day.

Compositions of BTsShch-22, BTsShch-26, BTsShch-31 have a stabilized, cast system that
differ in the content of pigments in crushed stone, TsShch-15, TsShch-18, TsShch-24, respectively.

Thus, the use of a plasticizing system on a microcalcite with a high dosage of pigments makes
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Table 3. Fractions used and physical and mechanical properties

Brand of Artificial aggregate, % Properties
composion e em | 12526mm | Fracton03te-os3mm | S| (SERSIE
BCS-22 1.18 1.69 3.15 2135 62
BCS-26 1.11 1.62 2.10 2110 65
BCS-31 1.95 2.73 4.29 2 150 70

it possible to obtain high strength crushed stone of bright color, despite the content of carbon
black in the mixture. One of the applications of artificial crushed stone from such a material is
the creation of textures similar to natural stones, for example granite, marble, as well as its use
in architectural elements (cladding) and decorative products.
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O6oCcHOBaHME TEXHUYECKOIO PeLLIEeHMA NO UCNONb30BaHUIO
BTOPUYHOro 6eToHa B Ka4yeCTBe MCKYCCTBEHHOrO LLeOHA

E.B. lWanomoea, K.[1. dunatoea

Ore0y BO «Bnadumupckul eocydapcmeeHHbIl yHuUgsepcumem UumMeHU
A.l" u H.I' Cmonemossix», a. Bnadumup (Poccusi)

KnioueBble cnoBa u cpasbl: BTOPUYHbIA BGETOH; BbICOKOMPOYHbIA BETOH; NCKYCCTBEHHbIN
3anonHUTENb; UCKYCCTBEHHbIN WebeHb; NMTbeBasa TEXHONOrs; dakrtypa.

AHHOTauusa. Llenb ctatbm — oBOCHOBaTb TEXHUYECKOE peLLUeHUEe MO MCMOoNb30BaHUI0
BTOPMYHOrO 6eTOHa B KayeCTBE UCKYCCTBEHHOrO LWebHs. 3agadn nccnenoBaHus: pacCMOTPETb
CO30aHME WCKYCCTBEHHOrO LWebHA no TEexXHONMormsm BbICOKONPOYHOro 6GeToHa. [unoTtesa
nccnegoBaHus: Mbl MpegnonaraeM, Y4TO WCNOMb3oBaHWE BTOPUMYHOrO 6GeToHa B KayecTBe
WCKYCCTBEHHOrO LWeOHA paclwmpuUT BO3MOXHOCTM aPXUTEKTYPHbIX PEeLIeHUn MNpUMEHEHUS
KOMMO3UTHOTO MaTepmana ©0e3 CHWKeHUA ero U3anKo-MexaHn4eckmx CBOWCTB. MeToabl
nccnegoBaHund: u3yyeHune, HabnogeHme, aHanua, cuHTes, ob6obLleHne. JoCTUrHyThle pesynsraThl
nccnegoBaHus: B Mpouecce WCCNeAoBaHWS Mbl YCTAaHOBWUMW, 4YTO CO34aHuWe pasnuyHbIX
hakTyp Ha OCHOBE BbICOKOMPOYHOrO GEeTOHa C MCMoNb30BaHWEM WUCKYCCTBEHHOro LWebHA He
OygeT oTnMyaTbCa CNOXHOCTBbIO TEXHOMOMNW, B pe3ynbrate KOTOPOW MOry4vyaeTcsi KOMMNo3uT Mo
CTPYKTYpe, NOAOBHbIN rpaHnTy.

© E.V. Shalomova, K.D. Filatova, 2025
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YcuneHue xene3o6eToHHbIX
KOHCTPYKUun metogqom NSM

A.O. Xybaes, B.C. lNonuubiH, M.P. Makapuyk, E.A. KpyunHoB

OIrBEQY BO «HayuoHarnbHbIlU uccriedosameribcKull
Mockoeckul eocydapcmeeHHbIl cmpoumerbHbIU yHUsepcumemy,
2. Mockea (Poccus)

KnioueBble cnoBa u pasbl: BHELLHEE apMUPOBAHMUE;
meton EBR; meton NSM; obcnenoBaHue; peKOHCTPYKLMS;
CTPOUTENbHbBIE KOHCTPYKUUN; YCUNEHME; YCUNEHNE KOHCTPYK-
LUWIN; YyCUIEHNE KOHCTPYKUMA KOMMO3UTHBIMK MaTepuanamu;
Externally Bonded Reinforcement; Near-Surface Mounted
Reinforcement.

AHHOTauus. Pabota nocesileHa HOBOMY MeToAy ycune-
HUSA CTPOUTENbHbLIX KOHCTPYKLWUA KOMMO3UTHBIMU MaTepua-
namu — metogy NSM. B ctatbe paccmaTtpuBatoTcs Hambonee
pacnpocTpaHeHHble Cnocobbl YCUIEHUST ANIEMEHTOB 34aHUI
B Poccunckon degepaumn, ganee NpuBOAATCS KOYEBbIE
TEXHOMNOIMYECKME acnekTbl NMPUMEHEHUS AaHHOro crnocoba
YCUNEHUST Kene30beTOHHbIX KOHCTpyKuun metogom NSM,
ocyulecTBnsaeTcs cpaBHeHne metoga NSM ¢ ero ansrepHaTtu-
Bon — metogom EBR (EPT). B pesynsrate 6bina coctaBrneHa
CcpaBHUTENbHAA Tabnvua Knio4veBbIX acnekToB NMPUMEHEHMS
000oMX METOAOB YCUINEHUS Kene300EeTOHHbIX KOHCTPYKUUN C
MCMONb30BaHMEM PasfMYHbIX MPUMEHSEMbIX B METOL4ax ap-
MUPYIOLLMX MaTepuarnos.

BeBeneHune

B HacToswwee Bpems B Poccunckon degepaummn akTMBHO NPUMEHSIIOTCA COBPEMEHHbIE TEX-
HOMOrMM NO YCUITEHUIO HECYLLUMX 3NEeMEHTOB 30aHWA C UCMOMb30BaHNMEM KOMMO3UTHbIX Mare-
puanoB. B 3apybexHon npaktuke n nutepaTtype noApobHO onucaHbl ABa OCHOBHbLIX MeToAa
YCUIEHUST KOHCTPYKLMIA KOMNO3UTHBIMU MaTepuanamn: metoq Externally Bonded Reinforcement
(EBR vinn EPT) n metog Near-Surface Mounted Reinforcement (NSM). B oTedecTBeHHOW nn-
TepaType OTCYTCTBYHT YNOMUHAHUSA O NpuMeHeHun metoga NSM Ha TeppuTtopun Poccun. Ove-
BWAHO, BHEAPEHMIO METOAA B HaLLEn CTpaHe MellaeT HedoCTaTOYHOCTb TEOPETUYECKOWN OCHOBbI
N3 HOPMaTUBHOW OOKYMEHTaUUW ONs NPOEKTUPOBAHNUS YCUMEHUS KOHCTPYKUnn metogom NSM.
Takxe BHEOPEHUIO HOBOW TEXHOMOIMMW MeLlaeT OTCYTCTBME TEOPUM OpraHu3aLMOHHO-TEXHOMO-
rMYecKoro NPOEKTUPOBAHUA LAHHOIO MEeTo4a YCUIEeHWUA: OTCYTCTBYET TMMNOBas AOKYMeHTauus,
KOTOPYIO MOXHO 6bIno 6bl 0OTpegakTMpoBaTh NoA KOHKPETHbIN 06BbEKT. MiccnegoBaHue coBpemMen-
HbIX METOLOB YCUMEHUSI HECYLLMX KOHCTPYKLMI 34aHUA KOMMO3UTHBIMW Matepuanamm BecbMa
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aKTyanbHo.

Llenbto nccnegoBaHus  9BNSAETCA  NOBbIWEHWE 3EEKTUBHOCTU  YCUNEHUS  XKeneso-
OETOHHbIX KOHCTPYKUMA C WCNONb30BaHMEM KOMMO3UTHbIX MartepuanoB B Poccuiickon
denepaunn.

[na gocTmkeHust NOCTaBMEHHOW Lenn Heobxoammo pewmnTb psg 3agad. HyxHo ¢ onopon
Ha OTEeYEeCTBEHHblE N 3apybexHble MCTOYHMKN OCYLLECTBUTbL aHann3 TEXHOSOrMMNn, NpuMeHsie-
MbIX MPU YCUITEHMM XKeNe300eTOHHbIX KOHCTpyKuun B Poccuiickon ®egepauun, packpbiTh CyLl-
HOCTb MEeToOa YCUMEHUs Xene3obeTOHHbIX KOHCTPYKUMn TexHonornen NSM, onncate obnactb
€ero MNpYMEHEHUS, ero TEXHONOrM4yeckMe acnekTbl, BblOeNUTb MpeumyLiectTsa U HegocTaTku
meToaa.

TpaavUMOHHbIE MeTOAbI YCUIEeHUA Xene300eTOHHbIX KOHCTPYKLMIA

Mo gaHHbIM Pocctata n MuHctposa Poccun B 2024 1., coctosiHne 25-30 MIH KB. M. XXWUJTbIX
nocTpoek BbIfio NPpU3HaAHO aBapurHbIM. [JONrMn CpoK IKCnyaTaumm CyLlecTBYLWEen 3acTpon-
K1 OenaeT akTyaribHbIM BOMPOC YCUIEHUS HECYLLUMX KOHCTPYKLUWUIA, NMEIOLLNX BbICOKYHO CTENEeHb
n3Hoca.

3paHua TpebylT MeponpuATUA NO YCUMEHUIO UX HECYLUMX KOHCTPYKUMIA nog BIMSIHUEM
pasnnyHbIX PaKTOpPOB, Cpean KOTOPbIX MOXHO BbIAENUTb KNtouyeBble: (PrU3nMyecKknin U3HoC, Ha-
pyLleHne yCrnoBu BeLeHUs JKcrnnyaTauuun, owmnbkn, OonyLleHHble npy pa3paboTke NpoekTa,
HapyLLIEeHNA TEXHOMOMMN NPOM3BOACTBA pPaboT, UBMEHEHUE peXnma IKcnryaTaunm, N3MeHeHus
FPYHTOBbLIX YCMOBUIN, BO3OENCTBUS Noxapa, B3pbiBa, 3eMNeTPACEeHNs, HaBOAHEHUSA U np. Teky-
Lee TeXHUYECKOEe COCTOSHME 30aHUs, ero cteneHb hnU3n4ecKoro n3Hoca onpenenstTcs B Xoae
KOMMSIEKCHOIO MHXeHepHO-TexHn4eckoro obcnenosanus. o pesynbratam obcrnenoBaHus, Ha
OCHOBaHMM MOBEPOYHbLIX PACYETOB BbISBMASIOTCS KOHCTPYKUMW, HecyLlasi CMOCOBHOCTbL KOTOPbIX
ncyepnaHa. B 3aBMCMMOCTM OT cTeneHn n3Hoca, AedeKToB, YCNOBUIN 3KCMyaTaunm n octas-
LEeNCs HecyLlen cnocOBHOCTU aeMEHTOB 34aHUSA B MPOEKTE OCyLlecTBnsieTca Bblbop meToga
ycunenus [1].

PaccmoTpym Hamboriee 4acTto npuMeHsiemMble MeTOAbl YCUMEHUS HEeCyLMX KOHCTPYKUUI
3naHun B Poccunckon depepauun. Metoabl yCUNEHNS HECYLLMX SNEMEHTOB 34aHUA OenaT Ha
KaTeropuu: ycurneHme ¢ U3MeHeHUeM PacyeTHOW CXeMbl U 6e3 U3MEHEHUSA PacyYETHOW CXeMbl
YCUMSIEMOW KOHCTPYKUMK. B gaHHon ctatbe B6yayT pacCMOTpEeHbl METOAObI YCUIEHUS NOocnegHen
KaTeropumm.

PaccmoTprm BHeLLHEE apMUPOBaHUE KOHCTPYKLMIA C UCMNOfb30oBaHne o6onmbl n3 xenesobe-
ToHa. MNpuHUMN MeToda 3akroYaeTcs B YBEMUYEHUN CEYEHUS] KOHCTPYKLMU 3a CYHET HapallmBa-
HUSA apmaTtypbl 1 6eToHa No ee nepuMeTpy [2]. M13-3a BbICOKOW NNOTHOCTN 6ETOHA AaHHbIN METOA
NPUBOAUT K OOMNOMHUTEMNBHbLIM Harpy3kam Ha HUXEeCTOSALLME KOHCTPYKLUMK, HA OCHOBaHME N doyH-
AaMeHT, TpebyloTca AOMONHUTENbHbIE pacyeTbl. YBennyeHne obbema KOHCTPYKUMM YMEHbLUAeT
Nones3Hyl Nowaab 30aHus, JaHHbIN akTop UCKITHYaeT BO3MOXHOCTb UCMOMNb30BaHNA MeToada
npu psige cnyyaes, Korga namMeHeHue TEXHUKO-9KOHOMUYecknx nokasatenen (TIAM) 3gaHus He-
aonyctnmo. CTOUT OTMETUTb, YTO METOA UMEET 3HAYUTENbHYIO TPYOOEMKOCTb.

Takke cywecTByeT BHELUHEE apMUMpOBaHME KOHCTPYKLUMI C MCMNONb3oBaHMEM OOONMbl 13
cTanbHbiX npodunen. CyTb MeToda 3aKM4aeTCcs B CHMKEHUU HaNpPshKeHWn B ocrnabneHHowm
KOHCTPYKLMM 3a CYET UX nepepacnpeneneHns co cranbHon obonmon [2]. K gaHHoMy meTtony
obpalualoTca B criyyasx, korga M3aMeHeHue nrnowiagn noMeLweHnin HegonycTMmo Unu Korga pa-
60Tbl He06X0AMMO NPOBECTM BCE OnepaTuMBHO. BHellHee apMupoBaHue ctanbHbIMU NPOUNAMN
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Pwuc. 1. KonoHHbl NpOMbILLIIEHHOIO 06beKTa, YCUNeHHbIe BHELLUHUM apMUPOBaHNEM C
NCMNOrb30BaHUEM CTanbHOW 060MMbI

Puc. 2. YcuneHune xene3obeToHHOWN KONMOHHbI meTogom EBR

CYLLIEeCTBEHHO MeHSieT OBNUK KOHCTPYKUWUW, 3TO orpaHnymBaeT obrnactb NpYMeHeHus metoga.
[aHHbIN MeToq ABNSIETCA AOBOSIbHO METaN0eMKNM, MO3TOMY €ro NPUMEHEHNE MOXET ObITb He-
onpaBAaHHbIM B psifie CryyaeB C 9KOHOMUYECKON TOYKN 3PEHMS.

lMprMMeHeHne onucaHHbIX B CTaTbe METOA0B BHELLUHEr0 apMUPOBaHNS, B TOM Yncne metona-
M EBR, EPT n NSM, ncknto4yeHo 6e3 MeponpuaTnin No OMOHOMNMYMBAHUIO TPELLMH, CKOMNoB Ge-
TOHa, Nop, NyCTOT, y4aneHMo nc4YepnaBLLEro HeCyLyo CNOCOBHOCTb Criosi BeTOHa KOHCTPYKLUUMN.
Moatomy npu pa3paboTke TEXHOMOMMU YCUMNEHUS YYNTbIBAETCA NPUMEHEHNE UHBEKTUPOBAHWUS,
TOPKPETUPOBAHUS, MPUMEHEHNE PEMOHTHBIX CMECEN, FrepMETUKOB U NECKOCTPYMHON 00paboTku
anemMeHTa u 1.4. [4].
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Puc. 3. YcuneHune xene3obeToHHOro nepekpbltua metogom EPT

TexHonorMu ycuneHusa aneMeHToB 3aaHun metonamu EBR, EPT n NSM

BHellHee apMmnpoBaHme KOHCTPYKLMI C UCMOSMb30BaHMEM YIMEPOAHbIX famenen n XorncToB —
meton, EBR (EPT) (B OTEYECTBEHHbIX UCTOYHUKAX — «METO BHELLUHero apmupoBaHus»). CyTb
TEXHOSMOIMMM 3aKryaeTcs B HakKnerike Ha npeaBaputeribHO o6paboTaHHY0 MOBEPXHOCTb Xene-
306eTOHHOro arnemeHTa BoHOaXen 13 yrreBorokHa.

Cnienyet pasgensitb Metogbl: EBR — METOA YCUIEHUST KOHCTPYKUMUKM Xornctamu n EPT — me-
TOL, YCUMEHUST KOHCTPYKUMK namenamun. KnioyeBoe oTnnyme ycureHus ns XorictoB U U3 name-
nen 3aknio4aeTcs B BOCNPUATUM Harpy3ok: BOMOKHA YrMeBOMOKHa B XOricTax pacnornararoTcs
neprneHauKkynapHoO Apyr Apyry, B TO BpeMs Kak BOJIOKHa B flaMernsax pacnonaratTcs B O4HOM
HanpasneHuu.

Taknm obpasom, mMes CBOMCTBO BOCMPUHUMATL Harpy3ku B ABYX HanpaBneHusix, ycuneHue
EBR moxeT 6bITb BbINOMHEHO B BuAe 00O0MMbI, B TAKOM Criydae XOmncCThbl YCTaHaBMMBAOTCS MO
nepuMeTpy cevyeHus anemMeHTa. YcuneHne EBR npeanodTuTernbHO, Korga ycunsemasa KOHCTPYK-
LMS MMEET CITOXHYI0 reoMeTpu4eckyro oopmy Mnm npu npon3BoacTeBe paboT npencraBnseTcs
BO3MOXXHOCTb 06EpHYTb KOHCTPYKLMIO MO NEPUMETPY.

Ycunenne metogom EPT BbINOMHAETCS NyTEM HaKMENKN YrIepOaHbIX JIEHT Ha CTOPOHY Xe-
ne306eTOHHOrO areMeHTa, NOABEPXKEHHYIO PACTSXKEHUIO.

CocTaB TEXHOMOMMYECKNX Onepaumi Npy yCUNeHNn KOHCTPYKLMM MeTogoMm EBR: obpaboTka
OETOHHOW NOBEPXHOCTU; CHATUE Cnosa BeToHa, NOTEPSIBLLUEr0 NPOYHOCTb; HAHECEHME CMOS TPYH-
TOBKM Ha KOHCTPYKUMIO; HAHECEHME KINEeeBOro CoCTaBa Ha KOHCTPYKLMIO; yCTaHOBKA XOSCTOB;
nponuTKa XofiCToB apMUpPYOLLMM COCTaBOM; OrHesalymTa.

Ycunenne metogom EBR (EPT) — kak Xonctamu, Tak U namensmMuM — MOXET BeCTUCb
B HECKOIbKO CIOEeB, OHM CKpennsawTcs Mexay cobor M nponuTbiBAOTCA apMUPYOLLUM
COCTaBOM.

CocTaB TEXHONOrMYecKknx onepaumi Npu yCUNeHnm KOHCTpyKummn metogom EPT: obpaboTka
OETOHHOW NOBEPXHOCTU; CHATUE Criosi 6eToHa, NOTEPSIBLLEro MPOYHOCTL; pe3ka 1 pasMeTka Ma-
TepuanoB YCUNEHWs; HAHECEHNe KIieeBOoro cCoctaBa Ha yCuUrnmBaemMyt KOHCTPYKLMIO; HAHeCeHne
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(a) (b)

Puc. 4. Paspes x/6 6anku, ycuneHHon cuctemon NSM ¢ npyuMeHeHMeM KOMMO3UTHOM
apmartypbl Kpyrioro n npsiMoyrosieHoro npodounsi

KIieeBOro cocTaBa Ha nnamersb; YCTaHOBKa flaMernei B HECKONbKO CIOEB; pa3rfnaXKmBaHne noBepx-
HOCTW namenewn; orHesalumTa.

TexHonorns yCuneHns KOHCTPYKUMA KOMMO3UTHbIMKM MaTepmnanamu metogom NSM (B oTe-
YECTBEHHbIX UCTOYHMKAX — «METOZ 3aTskKku») BO3HMKNA B Hadane 2000-x . Kak ansrepHaTu-
Ba metony EBR (EPT) [6]. KoHuenuus TexHonormn NSM Bo3HMKNA eLle 3Ha4YMTENbHO paHee, B
1940-x rr. B cTpaHax EBponkl. MeToa 6bin BRepBbie NnpuMeHeH B LLBeuun npy peKoHCTPYKLUK
mocTa. CyTb MeToda 3aknodanachb B yCTaHOBKE CTanbHOW apMaTypbl B NpeaBapuTeNnbHO 3aro-
TOBMEHHbIE KaHarnbl Ha MOBEPXHOCTYU ene3obeTOHHOM KOHCTPYKLMKX C Nocrieayrowmnm 3anosHe-
HMEM UX LLEMEHTHbIM PaCcTBOPOM.

CnycTa Heckonbko AecATuneTun texHonorns npuobpena gpyrov sug. OTnvyne coBpemMer-
Horo metoga NSM ot aHanora, kak NpaBuIo, 3akNto4aeTcsi B NPMMEHEHUN BMECTO apMaTypbl 13
cTanu apmMaTypbl U3 KOMMO3UTHbLIX Marepuanos, Npu 3TOM 3anorfiHeHne WTpobbl BMecTe ¢ ap-
MWUPOBaHNEM BbIMNOSTHAETCS ABYXKOMMOHEHTHLIM 3MOKCUAHBIM UIN MONMMEPLEMEHTHBLIM KIeem.
Ponb cBsA3ytoLero matepmana 3akroyaeTcs B nepegadye HanpskKeHun OT yCUITMBAeMoro ane-
MeHTa TakmMm obpasom, YToObI Mpy AENCTBUN HArpy30K Ha KOHCTPYKLUIO obpa3oBanachk cuctema,
BKMOYatoLwasn B paboty apmmpoBaHue.

CocTaB TeXHONOrMyecknx ornepauuin Npu YCUneHUn KOHCTPYKUUN MeToaoM 3aTsbkkn NSM:
MOAroTOBKa KaHaBOK Ha MOBEPXHOCTM YCUNIMBAEMOro 3fieMeHTa npu nomolym wtpobopesa m
oT6OMHOro MomnoTKa; NpuaaHue MOBEPXHOCTM KaHaBKWM LUEPOXOBATOCTM MPY MOMOLUM HaxKOau-
Hom Bymaru; ouMcTka WTPobbl OT MbIX CXaTblM BO34yXOM; 06paboTka NMpUMEHSeMOro apmu-
pOBaHUA aLEeTOHOM; HaHeCceHWe agresvBa TOHKUM CIoeM Mo NepuMeTpy LWTPoObl; yCTaHOBKa
apmaTypbl B na3; (pmkcauma apmatypbl Ha cCnoe aaresvBa; co3gaHve npeaBapuTeribHOro Ha-
NPSPKEHUA MYyTEM HaTSXKEHUSI apMUPOBaHWS Ha OOMKPaTbl; OKOHYaTenbHoe 3arnoSfiHeHWe Ka-
HaBKN C apMaTypoi CBA3YILLUMM COCTaBOM; BblpaBHMBaHME MOBEPXHOCTU CBA3YHOLErO COCTa-
Ba Npu MOMOLLM LUNaTenNsi; BblAEpXXMBAHME CBA3YIOLLEro COCTaBa; CHATUE NpenBapuUTeNnbHOro
HanpsKeHNS.

MpeumywecTBa 1 0CO6€HHOCTU NpuMeHeHus metoga NSV
OcobeHHocTblo MeToga NSM aBnsieTcs BO3MOXHOCTb NMPUMEHEHUSI B TEXHOMOMMN yCune-

HUSI apMUPYIOLLMX CTEePXKHEWN Kak U3 cTanu, Tak U M3 pasfM4YHbIX KOMMO3UTHbIX MaTepuaros:
yrnennactuvka, cTeknonnactvka, 6asantbkomnosuTa, apamuga. Beibop ctanbHoro apmuposa-

Construction Technology and Management 21



Components of Scientific and Technological Progress

HWS, HECMOTPSA Ha fNyylne NMPOYHOCTHbIE XapakTepUCTUKU apmaTtypbl U3 KOMMO3UTOB, MOXET
ObITb B psife cnyyaeB 6onee npegnovTUTENbHBIM: XapakTep pa3pyLUEeHUs 3f1ieMeHTa, YCUNEHHOro
CTanbHbIMU CTEPXHAMM, — MNACTUYECKUNA, B TO BPEMS KaK CTEPXHAMM U3 KOMNO3UTa — XPYMKUN.
B nccneposarmm [10] Obino ycTaHOBMAEHO, YTO NpuMeHeHne B metoge NSM ctanbHon apmaTypbl
CO cneumnanbHbiM pebpncTbiM pe3bboBbIM NPOUNEM 3HAYUTENBHO YBENUYNBAET CLENEHNE C
aAre3avoHHbIM COCTaBOM YCUIIEHHOIO 3fieMeHTa U ero HeCyLLYyt CNocoBHOCTb Ha hoHe 0BbIYHOWN
cTanbHon apmaTypbl. KOMNo3nMTHas apMaTtypa MOXET BbIMOMHATLCA B BUAE CTEPXKHEN pasnuy-
HbIX POPM MOMEPEYHOro ceyveHus (Kpyrnoe, NpsmMoyrofibHOe, KBagpaTHoe), a Takke pasfnyHoro
npocunsa (rmagkoro, pedbpucToro, NOABEPKEHHOrO MECKOCTPYMHOM obpaboTtke u np.). B ponu
CBA3YIOLLEro Marepmana MoryT BbICTynaTb SMOKCUAHbIA KNen, NonMMepLeMeHTHOe CBA3ytoLLee
unu uemeHT. CBA3ylOWMIA MaTepuarn BO MHOMOM AeTEPMUHUPYET NoBedeHne YCUMEHHOro arne-
MEeHTa Nop, Harpy3Kown: pag MccneaoBaHUin NOKasbiBaET, YTO HanbonbLlee cuenneHne apMmaTypbl
N Xene3obeTOHHOro afnemMeHTa MOXHO A0BUTLCS, MPUMEHNAS OBYXKOMMNOHEHTHbIA 3MOKCUAHbIN
cocCTaB, Mpy 3TOM MCMONb30BaHWE LEMEHTHOro CBA3YHOLEr0 MOXET ObiTb OrpaHUYEeHHbIM U3-
3a MOBbIWEHHBbIX TPeboBaHU K TPELUMHOCTOMKOCTU. BbiGop TOro nnm mHoro matepvana npu-
MEHSeMOW apMaTypbl, ero CBOMCTB, rEOMETPUYECKNX XapaKTEPUCTUK ee ceyeHus, Bblbop Tuna
CBA3YIOLLEro marepuana nHanBuayaneH Ans Kaxaoro KOHKPETHOro criydas opraHm3auum npose-
AeHns pabort. MNMpenmyLiecTBom npuMeHeHus B TexHonorun NSM apmmnpoBaHnst U3 KOMMO3UTHBIX
MaTepuarnoB SBNSIETCA UX KOPPO3MOHHAsi CTOMKOCTb, AAHHOE CBOMCTBO CHMTAETCS KPUTUYECKM
BaXXHbIM MPU pPacnonoXeHnn apMmpoBaHusa B6M3m NOBEPXHOCTM anemMeHTa. Takke cpegm npe-
UMYLLLECTB NPUMEHEHMST KOMNO3NTOB B MeTodax EBR, EPT, NSM cnefnyeT BbligenuTb UX Manbii
BEC, a TaKKe MPOYHOCTHbIE M XXECTKOCTHbIE XapaKTePUCTUKM, CPABHMMbIE C XapaKTepucTukamm
cTasnibHOW apmaTtypbl.

HepoctaTtkoM KOMMNO3UTHOMO apMMpOBaHWs, OBLWMM ONS BCEX MpeacTaBfeHHbIX B CTaTbe
METOLOB YCUMEHUS, ABMSETCH HU3Kas OrHECTOMKOCTb CBA3YHLIEro Marepuana mexay xerne-
300eToHOM 1 apmupoBaHnem. B uccnegosaHun [4] 6bino ycTaHOBNEHO, YTO 06pa3subl, apmu-
poBaHHble MeTogom EBR npu BosgencTtBum Temnepatypbl 800° B TedeHMe Tpex 4Yacos, note-
psann oo 90 % maccbl 3NOKCMAHOrO CBA3YIOLWIErO B XO4e 3JKCrnepuMMeHTa. bbino ycTaHoBMEHO,
YTO NO pesyrnbratamMm TEPMUYECKOro BO3AENCTBUS CHMDKEHME MacChbl apMUPOBAHWUS CTeknonna-
CTMKOM W yrnennactnkom 6bino HesHauntensHbiM (8o 10 %). Janee B uccnegosaHum [4] npu-
BOAMTCA 9KCMEPUMEHT UCMbITAHMIN Ha OrHECTOMKOCTb Kene3o0eTOHHbIX NINT, YCUIEHHbIX Me-
Togom NSM, ¢ pas3nuuHbiMu Tunamu ceasytolwlero. B pesynerate Obin caenaH BbIBO4 O TOM,
YTO KOHCTPYKLUWUW, ycuneHHble metogom NSM, conpoTMBNAOTCS BO3AENCTBUIO OTHSA B TEYEeHUe
HECKOmMbKMX 4acoB, NMpW 3TOM CYLLECTBEHHOE YyBENIMYEeHMEe OrHeCTOMKOCTU BO3MOXHO O06UTb-
Cs, UCNonb3ys MnonMMepLueMeHTHOe cBa3ylllee. TeM He MeHee B NPOeKTe YCUIMEHUs C npu-
MEHEHMEM KOMMO3UTHbLIX MaTepuanoB kak merogoM EBR (EPT), Tak u metogom NSM Heo6-
XOAMMO NpPedyCMOTPETb OrHe3aluTy YCUIIMBAEMOW KOHCTPYKUMUM U ee BHELUHEero apmMmpo-
BaHus. [Npn aToM 06bem paboT MeponpuaTUA NO OrHe3almTe YCUINEHHOW KOHCTPYKUMM U ee
BHELWHero apmupoBaHust metogoM NSM npeacTtaBnsieTcs 3Ha4YUTENbHO MeEHbLle, Yem Ans
ansTepHaTUBHOIO MeToAa.

BonblWMHCTBO nccnenoBaHWii NOKa3bIBAET, YTO CUCTEMbI YCUIEHUS KOHCTPYKLMUA METOL0M
NSM cyLiecTBEHHO nyylle peanuayloT noTeHumarn npyMMeHseMblX KOMMO3UTHbIX MaTtepuanos C
TOYKM 3pEHMS NPUPOCTA HeCyLLe CNOCOBHOCTN YCUMEHHOIO arfieMeHTa, B CPaBHEHUN C METOAOM
EBR (EPT), 3a CYeT Ny4llnx XxapaKTepUCTUK cuenneHms ¢ 6eToHom [7]. B 3apyBexHbIX NCTOou-
HMKax cnocobbl BHELIHEro apMMpPOBaHMSA KOHCTPYKLWIA NO MCMOMb30BaHMIO B TEXHONOIrMK npeg-
BapUTENbHOrO HaMNpPsKEHUS Pas3densioT Ha «aKTMBHOE» M «MaCCUBHOE» yCUIeHue. Ycunenue
EBR, EPT n NSM MOXeT 3Ha4MTeNbHO MOBLICUTb Npeaen NpoYHOCTU kene3obeToHHOoro ane-
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Puc. 5. Cnctema co3gaHus nepeHanpshkeHus apmaTypbl anst metoga NSM, npeanoxeHHas
nccneposatenem [e-JlopeHauncom [7]

MeHTa, OHaKO OHO CYLLECTBEHHO HE MEHSIET MoBeAEHWE anemMeHTa MoA 3KChnyaTauMoHHbIMM
Harpyskamu v He YBENMYMBAET XKECTKOCTb aremeHTa. YTobbl 4OOMTLCS YBENUYEHMS XKECTKOCTM
yCUINMBAEMOTO 3IEMEHTa, CUCTEMA YCUIEHUS 0SMKHA OblTh «aKTUBHOWY», 3TO O3HAYaEeT, YTo ANns
NoBbILIEHUS 3P PEKTUBHOCTM NCMONb30BaHMSA NPUMEHSIEMOrO MaTepuana apMmpoBaHue gOMKHO
ObITb NPeaBapUTEnbHO HanpsixeHHbIM. OHaKko HEOBXOAMMO OTMETUTL: NpeaBapUTENbHO Hanps-
)XEHHOe apMMpOBaHME U3 KOMMO3UTHbLIX MaTepuarnoB CyLLECTBEHHO TepsSieT CBONCTBO MnacTuy-
HOCTM M3-3a CNeLMdPUKN NPUMEHSIEMOrO MaTepuarna yCuneHus.

BaxxHblM acnektom npumeHeHusi metoaa NSM siBnsieTcs BO3MOXHOCTb Mogadu ycTaHaB-
NMBaeMOMY apMMPOBaHWIO NPEeABapUTENBHOIO HaMNPSKEHUST PasNNYHbIMU TEXHOMOTUSMU, NPU-
MEHEeHMe TOro UM MHOro MeTofa COo3haHusi NpPeaBapUTENbHOMO HaNpskeHus obycrnaBnueBaeTcs
YCrNoBUSIMU MPOVN3BOACTBA PaboT M TUMOM YCUNMBAEMOW KOHCTPYKLIUN.

C Apyroi ¢ CTOPOHbI, MOCKOSMbKY YyCUreHne Metogom EPT BbINOMHAETCA MIOCKUMWU NeH-
Tamu, NpeaBapuUTeNbHOE HaMNpsiKeHWe apMUPOBaHUS AaHHbIM CNoCO6OM MOXET ObiTb 3aTpya-
HeHo. B o6Goux crnyyasix HeoOX0AMMO MPUMEHEHUE CNeLMann3npoBaHHbIX JOMKPATOB U aHKe-
PYHOLUMX YCTPOMCTB, NPV 3TOM TPYOOEMKOCTb NpoLecca YCUINEHUS KOHCTPYKUMW C NpenBapu-
TENbHbIM HaMNpPsPKeHUEeM 3HaAYMTENbHO YBENMYMBAETCH, HEOOXOAMMbI MPUHATUE U OCYLLECT-
BreHMe OOMOSHUTENbHbIX OpraHU3aLMOHHO-TEXHOMOMMYECKUX PELLEHUA MO MOHTaXy M Mocrne-
AyloLwemMy OeMOHTaXy aHKepHbIX YCTPOWCTB M AOMKPAaToB, HEOOXOAUMO BblAerneHne BpeMEHU
Ha Habop MPOYHOCTM KIEEBbLIM COCTAaBOM MEpPen CHATUEM NpeaBapUTENbHOMO HamnpsbkeHUs
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Ta6bnuua 1. CpaBHeHue kntoveBblx xapaktepuctuk metogos NSM, EBR w EPT

MeTogn ycuneHnus

Kpurepn Mae TfngTNSQA * | Meron NSM, apwary- | Meton NSM, Ap- M?;zi;%‘?, Meton EPT, yrneso-
opasne” CTepKJ'IOB):)Fj'IO— pa YIMEBONOKOHHAs | Marypa cTanbHas KC))IHHble xon- J'IOKO'EI"-|HbIe ’némenm
e KOHHas (Kom- (MBrace Rod CF (A500 no FOCT cTbl (Fiber (Fiber Arm Lamel)
165/3 000) 34028-2016)
nosut 21) Arm Tape)
ConpoTuene- Conpotuene-
Hue pacm_— HMe pacTske-
xeHuto R = | ConpoTuBneHune pa- ConpoTvBneHve pa-

HopmaTtmeHoe co- | Huo R = 3 000

1 100 MTMa, | ctskenuto R = 3 000 CTSDKEeHUIo R =

[Mpo4yHoOCT- npotueneHne ap- | MlMa, Ha cxa-
P Ha cxatue | MMa, Ha cxatne ma- P P 3 500 MIa, Ha cxa-
Hble Xapak- MaTypbl pacTshke- | TMe martepuvan
mMatepuan He | Tepyan He paboTa- TMe wmartepuan He
TEPUCTUKU Huto/cxatnio R = | He  paborTaer,
paboTtaeT, MO- | €T, Moaynb ynpyro- pabotaeT, Mopgynb
martepwuana 500 MMMa, mogynb | Mogyne ynpy-
. | Aynb ynpyro- | cTM MmaTtepvana Ha _ ynpyroctn marepu-
yCUneHus ynpyroctu E = | roctn matepu-
CTW MaTepu- | pacTskeHne E = 200 Ma ana Ha pac. 1@ Ha pacTaxetue
ana Ha pac- | 165 Mla ’ Pac | £=170 Ma
TSkeHne E = TxeHme £ =
200 INMa
54,3 Ma
TpyAOEMKOCTb  MOHTaXa CUCTEMBI
Tpy#OEMKOCTb MOHTaxa CUCTeMbl onpeensieTcs Tpyao-
Tpynoem- onpegensieTcs TpyooBbIMK 3aTpara-
BbIMW 3aTpaTaMu Ha: NOArOTOBKY KaHaBOK Ha /6 anemeH- .
KOCTb MOH- MU Ha: 0bpaboTky GETOHHOWN noBepx-
Te, 06paboTKy WTPOOLI N0 NEepMMETpy, HAHECEHWE aare3u-
Taxa  cu- HOCTW, HaHEeCEeHMe Cros TPYHTOBKU
Ba MO MepvMeTpy WTpobbl, yCTAaHOBKY apmaTypbl, 3anosn-
CTEeMbI YCU- 2 N KIIEEBOr0 COCTaBa Ha YCUNSEMYH
HEeHMe KaHaBKM C apMaTypoi CBSI3YHOLIMM COCTaBOM, Bbl-
neHus KOHCTPYKUMIO,  YCTAHOBKY  XOJSICTOB
[epxuBaHne CBA3YHLLEro coctasa Ao Habopa NpoYHOCTK .
(namenen)
Cosnanne MpuaaHne npeaBapuTenbHOrO Hanps-
npeaHanps Co3gaHne  npenBapuTENbHOTO  HaMpsKEHWST  BO3MOX- | XKEHWSt apMUPOBAHUIO YCIOXHEHO, He-
)KF;HVIH g HO nNyTeM MNPUMEHEHWUs ChneLnanM3npoBaHHbIX CUCTEM | 06XOQUMO MPUMEHEHME crneLmnanbHbIX
P [OMKpaToB TEXHUK €ro co3daHus 1 crneumanbHoro
MUPOBAHNS
obopynoBaHus
XapakTtepu-

CTVKM OorHe- | 3a CYET pacnonoxeHus apMmmpoBaHus B LITpobe obecne- | CTenepb OrHECTOMKOCTU KPUTUYECKM
CTOWKOCTM | YeHne TpebyeMOn OrHeCTOMKOCTM BO3MOXHO 3@ CHET MW- | 3aBUCUT OT WCMONb30BaHUs dddek-

YCWUMEHHOTO | HUMarbHbIX MEPOMPUSTUIA NO OrHe3aluTe TVMBHOW Tenmnon3onsaumm
anemMeHTa
MokasaTe- MpunoBepxHOCT-

nn Hapex- | CTOMKO K BRaXHbIM U XUMWYECKU | HOe ycuneHve | CTOMKO K BMN@XHbIM U XMMUYECKU
HOCTM  CU- | arpecCcuBHbIM cpedam, MNOABEPXKEHO | U3 CTanu Cylle- | arpecCcuBHbIM cpedaM, MNoOBEPXKEHO
CTEMbIl YCU- | CTapeHUI0 B X0e 3KCnnyaraumm CTBEHHO MOABEpP- | CTAPEHMWI0 B XO4€E 3Kchnyatauum

neHus YKEHO KOoppo3um

apmupoBaHus [10].

CTouT OTMETUTL, YTO B psige cnyyaeB npumeHeHue TexHukn NSM gaBnsaetca cywecTBeH-
HO MeHee 9KOHOMWYHbIM pPeELLUEHNMEM B CpaBHEHUM C arnbTepHaTUBHbIM MEeTOAOM. JTO obbsc-
HSAETCA BbICOKOM CTOMMOCTbIO MPUMEHSEMOro apMUpOBaHUSA, CBA3YIOLLEro cocTaBa, a Takke
3HaYUTENbHOM TPYOAOEMKOCTbIO mpouecca WTpobreHnsa KaHaBoOK AN YCTaHOBKM apmatypbl. B
xofe nposegeHns paboT HensbexeH nepepacxoq OOPOrocTosiLLero cessyrwero cocrasa. pu
3TOM, C APYrov CTOPOHbI, B 3aBUCUMOCTMN OT CTEMEHN U3HOCA KOHCTPYKLUUW, YCUIEHNE METOOO0M
EBR (EPT) 6yget TpeboBaTb pasnuyHbIX MEPOMNPUSATU NO NpeaBapuTernbHOW nogrotoske b6e-
TOHHOW MOBEPXHOCTU YCUNMBAEMOro 3NeMeHTa, B YaCTHOCTU, Nepes Hakrenkon apMmpoBaHus
TeXHorormen npegycmarpmBatoTcs obpaboTka GETOHHOW MOBEPXHOCTU, CHATME criost 6eToHa,
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NMOTEPSIBLLENO HECYLLYK CMOCOOHOCTb, HaHeceHne Ha 00paboTaHHy MOBEPXHOCTb TPYHTOB-
Kn. BO3MOXHO, Mpu Npoumnx paBHbIX, NpumeHeHne metoga NSM pact npeumyLiectBo B CHU-
XXEHUM TpydosaTpaT npouecca MOHTaXa CUCTEMbl YCUIEHUSA 3a CYET MeHbLUMX TpeboBaHuMi K
0bpaboTke GETOHHOM MOBEPXHOCTU YCUMBAEMOrO 3fieMeHTa, TpeboBaHMM K MeponpuaTUSM
no ero orHesawute [9].

Takum o6pa3om, Henb3si O4HO3HAYHO AaTb OLEHKY SKOHOMWYHOCTM metoga NSM, kax-
Obll OTAENbHbIN Cryvyan YCUMEHUsI KOHCTPYKLUMK TpebyeT TEeXHUKO-3KOHOMMYECKOro o6oCHO-
BaHUS.

CpaBHeHMe KNHYEeBbLIX acnNeKkToB METOAOB NPeAcTaBneHo B 1abn. 1.

3aknroyeHue

B 3akniovyeHne HeobXxoouMMO OTMETUTbL: MpuMMeHeHne metoga NSM npu ycuneHum xe-
Ne306€eTOHHbIX KOHCTPYKUMW 34aHUA UMEeEeT 3HauyuTenbHbI noTeHuuan. Ha ocHoBaHuM wm3-
YYEHHON nuTepaTypbl MOXHO cAenatb BbiBO4 O CyLECTBEHHON 3(PdEKTUBHOCTN HOBOMO
MeToda YCUITeHUsI Xenes3obeTOHHbIX KOHCTPYKUWA B CPaBHEHWM C aHanorMyHbIMn Metopa-
Mn EBR (EPT). lNepcnekTuBbl JanbHeEWLWero WCCnenoBaHWUsl 3aknioyalroTcsl B MOUCKE BO3-
MOXHbIX CNocobOoB yAdelleBneHns TEXHONOrMn Mpou3BOACTBa PaboT YCUIEHUs KOHCTPYKLMM
meTtoaom NSM.
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bonded reinforcement.

Abstract. The paper describes a new method of strengthening building structures with
composite materials — the NSM method. The article considers the most common methods of
strengthening building elements in the Russian Federation, then provides key technological
aspects of the application of this method of strengthening reinforced concrete structures
by the NSM method, a comparison of the NSM method with its alternative — the EBR (EPT)
method. As a result, a comparative table of the key aspects of the application of both methods
of strengthening reinforced concrete structures using various reinforcing materials used in the
methods was compiled.

© A.O. Xybaes, B.C. lNonuubiH, M.P. Makapuyk, E.A. Kpy4nHos, 2025
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Water Purification Technology
Using Perennial Aquatic Plants

N.N. Saveleva, Y.V. Savelev
Tyumen Industrial University, Tyumen (Russia)

Keywords: clean-up of water bodies; higher aquatic
perennial plants; water resources; environmental pollution
reduction technology.

Abstract. The aim of our research is to develop
an environmentally friendly technology for reducing oil
pollution in water bodies. The technology of purification of
water bodies with use of high aquatic perennial plants in
conditions of Western Siberia and Far North was created.
Methods of literature study on the topic of research and
analysis of scientific sources. Determination of the number
of phytomodules per unit area by calculation method to
reduce the content of petroleum products in the water.
Based on scientific analysis, a set of high aquatic perennial
plants for purification of water bodies from petroleum
products is proposed. The proposed technology is based
on natural mechanisms of transformation of technogenic
water bodies into natural environment in the form of lakes
and marshes. For the functioning of phyto-cleaning systems,
perennial macrophytes are used which are submerged in
water in shallow water and grow actively immersed in water
completely or mostly. These are plants that accumulate a
large biomass and can effectively remove pollutants from
water. The proposed technology will improve the pollution of
water bodies and will improve the ecology of Western Siberia
and the Far North.

It is known that the main deposits of hydrocarbons in Russia are located in Western Siberia
and the Far North. Oil production leads to waste, which ends up in water bodies. According to
the World Health Organization, every tenth person in the world suffers from poor quality drinking
water. More and more water sources are polluted by human activities every year.

To prevent adverse environmental effects, standards are set for permissible concentrations
of pollutants in water bodies. The main rule is the maximum permissible concentration of harmful
substances in water [1]. Exceeding the established limit of harmful substance concentration
harms aquatic flora and fauna. Large amounts of harmful substances can even lead to the death
of plants and animals, which is unacceptable. With an increase in the permissible concentration
of harmful substances, it is necessary to monitor water bodies and prevent uncontrolled pollution,
and to clean up water continuously.
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Water treatment may include mechanical, chemical, physico-chemical and biological
treatment, the latter in natural and artificial biological lakes and marshes. In addition, the bottom
and banks of natural shallow biological marshes consist of peat substrates. The lakes and marshes
are mostly covered with perennial moisture-loving vegetation. On them grow, for example,
cereal, sedge, succulent (oaks) plants, fragrant air, evergreen shrubbery (swamp myrtle, subbel,
sagittarius). It has hydrological and geochemical properties that allow high-quality purification of
petroleum products. Natural shallow biological swamps can effectively clean up water bodies in the
conditions of Western Siberia and the Far North, as there are many marshes and lakes. Biological
lakes and swamps allow to clean water bodies from harmful pollution under certain conditions.
The cleaning conditions are different filters. It can be sand, pebbles, gabions. In the lakes and
swamps on shallow water are planted perennial aquatic plants. For the organization of water
purification, it is possible to use many lakes and marshes that are located in Western Siberia and
the Far North. Usually, the lakes and marshes are selected near wells for oil extraction. Along the
shore are installed gabion structures. Bacteria are placed in the water and special aquatic plants
are planted. The ecological purification of petroleum products takes place in the roots of aquatic
plants, under the influence of special microbes. After the purification of petroleum products, the
water enters the natural environment: lakes, marshes and rivers.

The main field of application of plant treatment facilities — purification and post-treatment of
water bodies, industrial effluents. Beautifully designed landscapes improve the appearance of
water bodies. It is possible to use the lake for rest and walks for everyone, the diversity of aquatic
plants increases.

Lakes and ponds have been used for cooling and cleaning harmful emissions of petroleum
products for several decades. Water treatment plants are used in almost all countries of the
world where hydrocarbons are extracted. Great popularity is due to low cost and ease of use.
In Western Siberia this experience is promising. Figure 2 shows the different types of bioplastic
for oil removal depending on the direction of flow. The use of bioplastic is due to the ease of
maintenance of natural water bodies, the possibility of continuous cleaning of petroleum products
and other contaminants. Bioplastic works for a long time due to the possibility of recovery using
various microorganisms living in root systems of aquatic plants. Therefore, for high-quality and
fast water purification, the establishment of aquatic vegetation is necessary. When discharging
the effluent into the water, it is necessary to first purify them by mechanical cleaning to remove
the suspended impurities.

For active cleaning of petroleum products and polluting particles, it is necessary that the water
flows continuously through the water object. The flows moving under the surface of the water
through the phyto-system, on which aquatic plants grow, are cleaned from petroleum products
and other contaminants. Bacteria living in the roots of aquatic plants are responsible for the
degradation and absorption of harmful particles. Water flows should be uniform and distributed
over the entire surface of the pond. If this condition is not met, stagnant zones will be formed in
lakes and marshes. The process of cleaning petroleum products will be disrupted. There will be
patches of residual pollution. They will eventually spread throughout the water.

Creating uniform currents is a rather difficult task in natural water bodies. In lakes and swamps,
the water flows are practically not moving, forming stagnant zones. For sewage treatment plants,
you need to create a uniform laminar movement with the same flow rate of liquid. Figure 2 shows
the different types of phyto-systems according to the direction of flow. Depending on the direction
of movement of the liquid, different types of higher aquatic vegetation are planted. Also, the
growth of green mass occurs in different volumes and directions depending on the speed and
direction of water flow.
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Usually, it is several bodies of water that are arranged in a sequence. The movement of a
liquid occurs due to different levels of liquid in sequentially arranged bodies of water. For example,
a cascade of lakes on Lake Nizhniy Kaban in Kazan. The aim is to create a uniform flow of liquid.
On the lake of Nizhniy Kaban, sewage treatment plants were created, which consist of a cascade
of lakes, gabions, aquatic plants. In the course of a scientific experiment, the authors found that
phytomass successfully cleanses the water from contaminants provided by laminar flow of liquid,
additional aeration, settlement on the lake of microorganisms and higher aquatic plants.

In the city of Kazan, the Institute of Ecology and Natural Resource Management of the
Academy of Sciences of the Republic of Tatarstan was engaged in the creation of phyto-purification
facilities on Lake Nizhniy Kaban, observation and further study of the studied issues. The scientific
experiment was successful, the water object was cleaned from the pollution that accumulated
for decades. Cleaning efficiency depends on the flow rate of liquid and higher aquatic plants that
are introduced into the water to be cleaned. They are selected based on the natural and weather
conditions observed in the area of the water body. In the marshy area of Western Siberia there is
a great diversity of vegetation. In the marshy area of Western Siberia there is a great diversity of
vegetation. For example, sedge (Carex rostrata), sedge (Carex lasiocarpa+Carex limosa), Typha
(Typha angustifolia), Swamp marsh (Eleocharis palustris) and other plants. For water bodies in
Western Siberia can be selected higher water plants that can survive long winters. It may be the
willow-herb (Chamaenerion anqustifolium), mother-and-father of the common (Tussilago farfara),
puccinellia (Puccinella distans) and other herbaceous species plants. To effectively organize the
cleaning of the water environment, water samples are initially taken to determine the composition
of harmful impurities. With large quantities of suspended particles and pollution, the flora and fauna
of the pond can die. After studying the chemical and physical composition of water, conclusions
are made about the state of the water body and the possibility of purification from petroleum
products and other contaminants with the use of high aquatic plants, filtration and other methods.

For the normal growth of tall aquatic plants, it is necessary to prevent the drying up of
water bodies, have high vegetation of aquatic plants, additionally saturate the water with oxygen
to accelerate various chemical processes, carry out pre-filiration of the water flow and even
physico-chemical cleaning. The presence of oxygen significantly accelerates the reaction rate
and enhances the purification process of the water environment. The biodiversity of aquatic plants
is becoming very important, as each individual species of aquatic plant contributes to the cleaning
of a limited range of harmful substances. For more efficient cleaning, it is necessary to select a
complex of aquatic plants that complement each other.

The water flow should have a low flow rate of liquid and be delayed for some time for
contact with higher aquatic plants, root system and microorganisms living on plants, bottom and
sides of the pond [17]. Cleaning occurs at this contact. For example, in 3—12 days the quantity
of petroleum products decreases by 25-30 % from the initial content at the beginning of the
experiment at a flow rate of 0.05 m?/ day. The flow of liquid cannot be stopped, otherwise stagnant
phenomena will occur and there will be blurring of contamination on other parts of the pond and
secondary pollution. The depth of the water can vary from 0.5 meters to 3—5 meters. The deeper
and more liquid, the greater the amount of pollution can be cleaned up in a water body. Water
pH is a parameter that determines the flow of many physical, chemical and biological processes
in plant treatment plants. The functioning of the phytosystem is possible in the range from 4 to
12 pH. An extremely low or high pH value affects the growth and development of plants and the
state of microbial communities.

An important factor is the liquid temperature of the water object. It depends on the speed of
reactions and the efficiency of cleaning of harmful substances, including petroleum products. In
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the summer months, at temperatures of + 20 C -+ 30 C° reactions pass quickly, cleaning up the
contamination takes a short amount of time. We are conducting a water purification experiment
in Western Siberia and the Far North. The winter in this area is long (about 7 months), so the
cleaning of the pond is effective only in summer, autumn and spring. The chemical reactions take
place at the beginning of autumn (1 month) and end of spring (1 month). The wastewater treatment
plants built more than half a year are in a frozen state and not functioning. In Nizhnevartovsk
falls a large amount of snow, so under the snow does not freeze the highest aquatic vegetation
and in the spring begins to grow again and produce various bacteria and microorganisms for
cleaning water. Methods of literature study on the topic of research and analysis of scientific
sources. Conducting a laboratory experiment to select higher perennial plants. Determination
of the number of phytomodules per unit area by calculation method to reduce the content of
petroleum products in the water. The proposed technology will improve the pollution of water
bodies and will improve the ecology of Western Siberia. The ability to clean from petroleum
products and other contaminants depends on temperature, set of high aquatic plants, oxygen
saturation of liquid, pH of water.

If the water is more than 200 g/m3 polluted with ail, it is not advisable to clean the water in a
phyto-cleaning system. Most plants and living things will die. Fast and effective cleaning is carried
out with oil in water 40 g/m3. The quality of cleaning is degraded when the amount of oil in the
water increases, and more time or larger bodies of water are needed for effective cleaning.

A comparative analysis of existing methods for cleaning water bodies from petroleum products
has shown that biological technologies are effective ways to clean water from biogenic and organic
toxics. As biotechnological solutions for effective purification of water bodies, it is proposed to use
the methods of ricofiltration, phytoremediation, phytoextraction, biofiltration, and use of gabion
filters with sorbing and filtering loads. Following the results of laboratory studies, it is planned
to transfer the experiment to a real water facility in the Khanty-Mansiysk Autonomous Region
to test the proposed technology for cleaning water facilities [19; 20]. An experiment to purify
water from oil and petroleum products was organized in the laboratories of the Tyumen Industrial
University. For purification used high aquatic plants, oxygen saturation of water, temperature
25-28 C°. From the results of laboratory studies, it is possible to conclude on the effectiveness of
purification of petroleum products by higher aquatic plants. The next task of the study is to select
a set of higher aquatic plants for the area near Nizhnevartovsk. The study has been conducted
in Nizhnevartovsk.
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TexHONMorma OYNCTKU BOAHbLIX OOBLEKTOB C UCNONIb30BAaHUEM
MHOro/nieTHNX BOAHbIX paCTeHVII7I

H.H. CaBenbeBa, A.B. CaBenbes

@®rbOY BO «TomeHckul uHOycmpuarsbHbIl yHugepcumemy, 2. TiomeHb (Poccusi)

KnioueBble cnoBa u cppasbl: BoAHble OOLEKTbl; BOAHbIE PECYPCbl; BbICLUME BOLHbIE
MHOTFOSIETHNE pPaCTEHUS; SKONormyeckasa TEXHONOMS YMEHbLUEHUS 3arps3HEHNN.

AHHOTauusA. Llenbio Hawero wuccneooBaHUA SIBNSIETCS TEXHOMOMMA BOCCTaAHOBIIEHMUS
BOAHbIX OOBLEKTOB nocne 3arpsa3HeHus HedTenpogyktamu. OuucTtka BOAHbIX OOBLEKTOB
NPOXoaUT C UCMOMb30BaHWEM BbICLUMX BOOHbIX MHOFOMETHMX PacTEHUN B yCroBusX 3anagHou
Cunbupu n KpanHero Cesepa. Ha ocHoBe Hay4yHOro aHanuaa npegnoxeH Habop BbICLLIMX BOOHbIX
MHOTOSIETHNX PacTEHU A5 OYMCTKM BOLOEMOB OT HedpTenpoaykToB. TexHonornsa Gasmpyetcs
Ha €CTEeCTBEHHbIX MeXaHu3max npeobpas3oBaHUsi TEXHOrEHHbIX BOAOEMOB B €CTECTBEHHYIO
npupodHyt cpeny B Buae o3ep v 6onot. Ona gyHKUMOHMPOBAHUA (PUTOOUYUCTHBLIX CUCTEM
NCMOMNb3yKT MHOrofMIETHNE MakpouTbl. ITO pacTeHus, KOTOopble HakannmeatT 60nbLuyto
ouomaccy u cnocobHbl 3MEPEKTUBHO W3BMNEKATb 3arpssHSOLIME BeLlecTBa U3  BOAbl.
Mpeanaraemas TeXHOMOrMS NO3BOMNT BOCCTaHaBNMBaThL BogHble 00bekTbl 3anagHon Cmnbnpn un
KpaiiHero Cesepa.

© N.N. Saveleva, Y.V. Savelev, 2025
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YK 621.311

AHanu3 metoauk Bbibopa HakonuTens
3NeKTpo3aHeprun Ha ocHoBe AKBb ans
UHTerpauvm B MUKporpua,

M.B. bypmeictep, A.A. Camonnos, [.K. YecHokos

®Irb0OY BO «HauyuoHanbHbIU uccriedosamerbcKul
yHusepcumem «M3U», 2. Mockea (Poccusi)

KnioyeBble cnoBa m cpasbl: akkyMynaTopHble GaTta-
pen (AKB); BO306HOBNsIEMble MCTOYHUKM 3Heprun (BUDI);
MUKPOrpuabl; HaKOMUTENWN 3NMEKTPOIHEPrMM; CUCTEMA HaKo-
nnexHusa anekTpuyeckon aHeprum (CHIJ); anekTposapsiaHas
NHPaCTpyKTypa.

AHHoTauums. Llenbto ctatbn saBnsercsa 0630op nepeaoBbIxX
POCCUNCKNX MEeToAMK Bblbopa napametpoB CH33. 3agava-
MW CTaTbl SABNAOTCS: 00630p TPEX COBPEMEHHbLIX METOAMK
BblOopa napametpoB CHOO3, cuctematnsauus napameTpoB,
yuuTbiBaembIx npu Bblbope emkocTn CHI3, a Takke BbIsiB-
neHve 3Ha4YUMbIX NapaMeTpoB, KOTOPbIE MOKa He y4uTbiBa-
OTCS B CYLLECTBYHOLUNX METOANKAX.

MMnoTesa uccnegoBaHUsA 3akmvaeTcs B BbISABIEHUN
3HAYMMbIX MapamMeTpoB, KOTOPblE MOKa He Y4YMTbIBalOTCH B
CYLLIECTBYHOLIMX METOAMKaX, 3TO MO3BOMUT YYeCcTb WX Mpu
opMUPOBaHUN HOBbIX, Bonee aPPEKTUBHLIX METOAMK Bbl-
6opa emkoctn AKB CH3O3. MeTtogom umccrnegoBaHus SBnsi-
€TCHA CpaBHEHNE METOAMK MO TEXHUYECKMM U SKOHOMUYECKUM
dakTopam. PesynbratoMm crtatbu siBnsieTca Habop Tabnuu,
XapakTepusyLwmx metogukm Bblbopa CHO3, a Takke Bbl-
sIBNEeHMe NoTeHunanbHbIX HanpaBneHnn Ana pasBuTns MeTo-
AVK BblIBOpa HakonuTens anekTpO3HEPruu.

BBegeHune

B HacToswee Bpemsa nget aktmeHoe pasputne CHOD m pacwmpeHne nx npuMeEHeHust B
AneKkTpoaHepreTnyeckmx cucremax (33C).

B 2020-x rr. B npaBoBOe Mnorie BHeAPEHO HECKOSIbKO HOPMAaTMBHO-NPaBOBbIX aKToOB, perna-
MEHTUpPYOLWNX PYHKUMOHMPOoBaHMe CHOO B aHepreTnyeckux cuctemax. OCHOBHbIE BOMPOCHI,
pernameHTupyoLme dyHKuMoHmpoBaHne CHI3, 3akpenneHsl B cnegyrowmx HopMaTuBHO-Npa-
BOBbIX akTax (Tabn. 1).

B AaHHbI MOMEHT, KOrda OCHOBHblE TEXHUYeckne TpeboBaHnsa chopMUpoBaHbl, Heobxoau-
Ma pa3paboTka MeToAMK 3KOHOMMYECKN 3PEDEKTUBHOIO NpumeHeHns CHOI, ¢ noMoLLbo KOTo-
pbIX BO3MOXHO OyaeT npoun3BoanTb BbIOOP ONTUMarbHbLIX NapamMeTpoB akKyMynATOPHbIX GaTta-
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Tabnuua 1. HopmaTyBHbIE aKTbl, perfnaMmeHTUpyoLmMe 06nacTb NPUMEHEHNS

CHO33 B Poccumn

Howmep ctaHpapTa

HavmeHoBaHue ctaHgapTta

PernameHTnpyemas obnactb

MOCT P 58092.2.1-2020

[MapameTpbl yCTaHOBOK 1 METOABI UCMbITa-
Hun [1]

CraHpgapTbl napameTpoB pabotel CHO3
1 MeTodbl MX UCTbITAHWUN

FOCT P 58092.1-2021

TepMuHbl 1 onpeaenenns CHI [2]

TepMVHOMOIUS 1 MOHATUS, Haanexa-
lMe K WCMonNb3oBaHUO Mpu  onuca-
Hun CH33

FOCT P 58092.3.3-2023

MpoekTnpoBaHne M oueHka pabounx na-
pameTpoB [3]

PykoBoACTBO MO MPOEKTUPOBAHMIO,
pacyeTy M OLEeHKke napameTpoB pabo-
Tl CH33

MOCT P 58092.2.200-2023

Cosmeltenne CHOIJ3, anekTposapsigHon
UHppacTpykTypbl 1 BUJD [4]

TexHuyeckne TpeboBaHua k CHOJ B
COCTaBe 3reKkTpo3apsiaHbIX CTaHUMNA, B
TOM Yumcre B3aumogencteue ¢ BUO

MOCT P 71521-2024

EovHasa aHepreTudeckas cuctema u K3o-
nMpoBaHHO paboTatoLume SHepProcucTeMb.
OnepaTnBHO-AMCNETYEPCKOE YNpaBeHne.
TexHnyeckne TpeboBaHMs K cUCTEMaM Ha-
KOMNMNEeHUs 3neKkTposHeprun, padoTaroLmum

TexHuyeckne TpeboBaHnsa k CHO3
MOLLHOCTLO OT 5 MBT, npegHasHadeH-
HbIX Anst paboTbl B 3MeKTPo3HepreTnye-
CKOW cucteme

B COCTaBe aHeprocucTemsl [5]

pen (AKB) B coctaBe CHOO ¢ TOUKM 3pEHNSA SKOHOMUYECKOW 3EEKTUBHOCTN.
O6nactu npumeHeHusa CHI3

CH33 mMoryT npumMeHATbCA Ha pasnuuHbIX 3Tanax NpousBOACTBa, Nepefayvu, pacnpegene-
HUS 1 NOTPebneHnsa anekTpPUYecKon aHeprum:

— Ana ctabunusaunn BblipaboTkm Ha obbekTax BU3, a Takke Ha obbektax ASQC ans nosbl-
LUIEHUS NX PETYNIMPOBOYHLIX BO3MOXHOCTEN [6];

— B KayeCTBE CETEBOr0 HaKOMUTENs 3NEKTPOIHEPIMM, NpegHa3Ha4YeHHoro Ang npoxoxae-
HWUS NMKOB NOTpebneHnsa B 4epUUNTHBIX SHEpProcucTemax;

— MOrYT NPUMEHATLCA Ha CTOPOHE NOoTpebuTensa n 6bITb MHTErPUPOBaHbI B MUKpPOrpua, A4S
perynupoBaHus YPOBHS HarnpsikKeHUs, KOMNeHCcauun peakTUBHON MOLLHOCTU U perynupoBaHng
yacTtoThl [7].

MpumeHeHne CHOO noseonset perynupoBaTtb 6anaHc Mexay reHepaumen n notpebneHmem
3NEKTPUYECKOM IHEPTUN, YTO CNOCOBCTBYET NPOXOXKAEHMIO NMUKOB NOTPEDBNEHNS aneKTpO3Heprum
B 9HepreTuyeckmnx cuctemax 6e3 yBennyeHmsl yCTaHOBNEHHOM MOLLHOCTU OOBbEKTOB reHepaLmu,
YTO TakXkKe COAENCTBYET OTCPOYKE UHBECTULMI B PEKOHCTPYKLUMIO TEMNSTOBLIX 3NEKTPOCTaHLMNA.

AkkyMynaTtopHble CHO3 MoryT urpaTb KroYeBYHO pOrib B UHTErpauun MHBEPTOPOB, hOpMU-
pytowmx cetb (grid forming converters — GFC), obecneunBas 6bICTpble OTKIUKA HA U3MEHEHUSA
4acToTbl M MOLLHOCTU B ceTu. OHM cnocobHbl paboTaTh Kak pe3epBHbIE MCTOYHUKN SHEPrM, NOAa-
AepxvBas cuctemy npu BbICOKOM ypoBHe uHTerpauun BUS. GFC mMoryT 6bITb MHTErpUpoOBaHbl
C pasnMyHbIMK YyCTaHOBKaMW, CBA3aHHbIMW C BETpPOreHepatopamun, poTO3NEKTPUYECKMMN YCTa-
HOBKaMW, CUCTEMaMU XpaHeHNsa aHeprim Ha 6aTtapesax (BESS). Ha cerogHawHM geHb Hanbonee
pacnpocTtpaHeHHoe npumeHeHne GFC ceda3aHo ¢ cuctemamum BESS, B OCHOBHOM UCMOSb3yeMbIM
COBMECTHO C (DOTO3NEKTPUYECKMMU YCTaHOBKamMu [8].

Cuctema HakonneHusa aHeprum (BESS) Taikke MoXeT ObITb MCMOMb30BaHa B Ka4yecTBe Cu-
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cTembl BuUpTyanbHou nHepuun (CBWM), 4To no3BonsieT KOMMNeHcupoBaTb AeUUNT UHEPLUUN B
3HeprocucteMmax. BupTtyanbHas vHepums npegcraenser cobon cnocobHOCTb cucTeMbl BbICTPO
pearMpoBaTb Ha M3MEHEHUs1 YacTOTbl U MNOJAEPXKUBaTb CTabUNbHOCTb CETU, UMUTUPYS NoBe-
AeHve TpaguLMOHHbBIX CUHXPOHHBIX reHepaTopoB, KOTopble 0bnagalT U3NYECKONn UHEPLINEN.
B oTnuune oT TpaguUUOHHLIX reHepaTopoB, KOTOPblE UMEKT OrpaHUYEHNsa Ha CKOPOCTb U3Me-
HEHUs MOLLUHOCTN, BESS mMoxeT GbICTpO aganTupoBaThbCA K M3BMEHEHUAM B CETEBOM 4acToTe,
yny4was AUHaMUYecKyto CTabunbHOCTb cuctemsl [9].

CoBeplLueHCTBOBaHNE METOAMK Bblibopa napameTpoB CHO3O HeobxoauMo 1 BaXKHO NO cre-
AYIOLWNM NpUYnHaM.

1. CHO3 npeacrtaBnsaeT cobol UCTOUHMK MUTaHUS, KOTOPLIA MOXET OblTb UCMONbL30BaH B
KayecTBe UCTOYHUKa BecrnepebonHOro NMUTaHWs, NOBbILWAS TEM CaMblM HaAEXHOCTb 3NEKTPO-
cHabxeHnsa. HagexxHoCTb — 3TO CBOMCTBO 0ObeKkTa BbINOMHATL 3a4aHHble (PYHKLMM B 3a4aHHOM
obbeme npu onpepeneHHbix ycnoeusax akcnnyatauum [10]. HagexHOCTb anekTpocHabXeHus
HanpsMyo BNusieT Ha CTabunbHOCTb PaboTbl KPUTUYECKON UHDOPMALMOHHOW UHAPACTPYKTY-
pbl (CepBEPOB), TaK Kak NepepbiB UX ANeKTPOCHABXeHMS MOXET NPUBOAUTL K NOTEPSIM LaHHBbIX,
a cneposarteribHO, K CyLLeCTBEHHbIM hrMHaHcoBbIM notepsam. MNpu Bbibope napametpos CH3O
OOMMKHa y4nTbiBaTbCA B TOM 4ducne cnocobHoctb CHOO obecneynBaTb NUTaAHWE KPUTUYECKOM
Harpysku Ha NpoTsKeHUn TpebyeMoro NpoMexyTka BpeMeHM.

2. ObocTpseTca npobnema NoBbILLEHNS NPOMYCKHON COCOBHOCTU NIMHUIA anekTponepeaayn
N HAOEeXHOCTU 3NeKTpocHabxeHna notpebutenen. B AaHHbIN MOMEHT OfS TEXHONOrMYeCcKoro
npucoegvHeHNst NoTpebuTenen No NepBoOr KaTeropun HageXHoOCTU CTPOUTCA ABE NapasnfienbHo
naywme nuHum anektponepegadn (NIBM). CH33 mMoryT cnocobCTBOBaTb CHMKEHMIO KanuTanb-
HbIX 3aTpaT B COOPYXEHWe NUHWIA 3neKkTponepedadn rnpu TEXHOMOrMYECKOM MPUCOEAUMHEHUN,
nockonbky Hanmine CH33 npu JOCTAaTOMHOM 3HEProeMKOCTU MOXET obecneuntb Tpebyembliit
YPOBEHb HAAEXHOCTU SNEKTPOCHAbXeHUs 6e3 cTponTenbcTBa HoBow J1O[1.

3. B coBpeMeHHbIX pacnpegenuTenbHbIX CEeTsX Bce bonee akTyanbHOW CTaHOBUTCS nNpobne-
Ma MNPEBbILEHNSA MPOMNYCKHOM CMOCOBHOCTM 3NEMEHTOB CETU NPWU MHTErpaumm 60mnbLIOro Komnu-
YyecTBa 3MNeKTPO3apsaaHON MHPPACTPYKTYpbl. [TMKOBbIE HArpyskn aHEprocucTeMbl Npu Hamnoxe-
HUW Ha HUX MMKOBOrO CMpoca Ha YCnyrn no 3apsify anekTpoMobunen neperpyxatoT pacnpege-
NNTENbHbIE 3MEKTPUYECKME CETU, YTO NPUBOAUT K HEAOOTNYCKY 3nekTpoaHeprun [11]. CHO3 no-
3BONAOT CMPaBUTLCSA C OrPaHUYEHUsIMU MPOMYCKHOM CNOCOBHOCTU pacnpeaennuTerbHbIX CeTEN,
NO3BOMSIOT NOKPbITh MUKOBLIN CNPOC Ha YCNyrn No NpeaoCTaBneHnIo aNeKkTpo3apsaa.

C 2017 r. B Poccum chopMmpytoTCH pbiHOYHBIE MEXaHW3MbI, AenatoLme BbIrOAHbIM CHUXKEHNE
noTpebneHnsa B NUKOBLIX PEXMMax dHEPreTU4eckon cuctembl. MexaHu3mbl yrnpaBrneHus crpo-
COM, 005A3bIBalOLNE CHMKATb MNOTPEDNEHNEe MNEKTPOIHEPTUN N MOLLHOCTK No TpeboBaHuo Cu-
cTeMHoro oneparopa EanHon aHepretudeckon cuctemol (CO EQC), no3sonstoT notpedbutensam
3apaboTaTb Ha cBoen CnocobHOCTM CHU3UTL NoTpebneHune. MNMpn 3TOM He BaXXHO, AEUCTBUTENbHO
nn cHmwxaeTca notpebneHne, unn npocto CHAOO nepexoadar B pexmMm Bblgayn MOLLHOCTU. OTK
PbIHOYHbIE MEXaHM3Mbl AOMOSTHUTENBLHO CTUMYNUPYIOT NpumeHeHne CHO3 B cuctemax anekTpo-
CHabXxeHus.

OnekTpoaHeprusi, BblpabaTbiBaemas U3 HU3KOYrMEePOAHbIX MCTOYHMKOB 3HEprumM B 6a3oBoW
yacTtu rpaduka Harpyskm (AQC, N'OC B BbIHY>XAEHHOM PEXMME), UMEET CPABHUTESNTbHO HU3KNIA
yrnepoaHblv creq. OnekTpoaHeprus, BolpabaTbiBaeMasi B MMKOBOW YacTu rpadmka Harpysku, uc-
nonb3yeT MeHee 3PPEKTUBHYIO reHepaumnio ¢ 6onNbLUNM yriepoaHbIM cneaom (rasonopLuHeBble
arperatbl 1 ra3oTypbuHHbIe yCcTaHOBKM). Takum obpasom, 3apsxascb B 6a3oBon vYactu rpaduka
Harpysku n paspspkasicb B MMKOBOW YacTu rpadpuka Harpysku, CH33 nmeeT BO3MOXHOCTb CHU-
XXEHUS YrnepoaHoro creaa aneKkTpuyYecKon aHepruu.
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AHann3 metoamuk

CyLuecTByeT HECKONbKO COBPEMEHHbIX MeToauK Bblbopa napametpoB CH33, paspabortan-
HbIX poccuncknmmn uccnegosatenamu — LA, MNpaHkesuyem, P.B. bynaTtosbim, H.A. LLlamapoBon
n Opyrumu.

3 uncna paccMOTpPEHHbIX METOAUK MOCNEOHNX NET nepBor Gbinia cdhopMmnpoBaHa MeToauKa
BblGOpa OCHOBHbIX NapameTpoB CH33 Ha ocHoBe aHanun3a aMnnmMTy4HO-4aCTOTHbLIX XapaKkTepu-
CTUK rpacdhMKOB Harpysku onsi 3agad gemndupoBaHnst KonebaHnin MOLLHOCTM Harpy3kn 3agaHHoOM
yacTtoTbl. OOHUM U3 OCHOBHbIX MOHSATMI B UCCNEeLOBaHWUM SBMSIETCA TEPMUH «OOMEHHasi aHep-
roemkocTby» (0J), nog KOTOPbIM MOHUMAETCS TO KONUYECTBO 3Heprun, KotopbiM CHI3 forkHa
0BbMeHMBaTbCS C SHEPrOCUCTEMON B NPoLEecce ynpaBneHnsa MoLWHOCTb. MiMeHHo napameTtp O3
nucnornb3yeTca Ans novcka onTUManbHOM BENUYNHBI HOMUHAbHON 3HeproemkocTn (H).

Mpwn pacdyete HO CHO3 OomkHbI BbINOMHATLCS ABa YCIOBUS:

1) HO pomkHa umeTb Takoe 3HadeHue, npu kotopom CHOO obecneunBaeT cnocobHOCTb
BblgaTb / NOoTpebutb Tpebyemyo MOLLHOCTb;

2) HO pgomkHa 6bITb Takomr, YToObl Npu AaHHOM 3HadeHun O3 rmybuHa paspsga CHO3 no-
3Bonsna 6bl obecnevnTb TpebyeMbli CPoK CryXObi.

B kayectBe HO AOMKHO BbITb NPUHATO MakKCMManbHOe 3HaYeHNe S3HEProeMKOCTH.

B fgaHHOM MeToauke NPoOU3BOAUTCA YYeT Takmx napametpoB CHIJ, kak obwmin koadduum-
eHT nonesHoro gencteus (KMMO) cuctembl npeobpasoBaHns, MUHUMAaIbHOE BpeMs 3apsaa/pas-
psiaa 6e3 yxyaweHust SKCnnyaTaumoHHbIX CBOWCTB akKyMynsaTopa, MakCMMarnbHbI TOK 3apsigal/
paspsga, pacdeTHbI cpok cnyxbbel CHI3 (unknos nnu ner) [12].

Takum ob6pa3om, MeETOAMKA OCYLLECTBISET BbIOOp OCHOBHbIX NapameTpoB CH33 Ha ocHoBe
aHanusa aMnIMTygHO-4aCTOTHbIX XapakTePUCTUK rpaddnMKoB Harpysku aAnga 3agady gemndvposa-
HWUS KonebaHuM MOLLHOCTM Harpy3kn 3agaHHoON YactoTbl. [laHHas MeToarka Belbopa Hakonutens
He y4MTbIBaEeT pearbHyl CKOPOCTb CTapeHUsi akKyMynaTopa, a ToNbko 0603HavYaeT rpaHnyHble
ycnosusi gonyctumon akcnnyataumm CH33. anbHenwune uccnegosanus P.B. Bynatosa yctpa-
HWNWN 3TOT HeJOCTaTOK.

MpumeHeHne CHIOO MoXeT pewnTb NnpobnemMy yBenuueHus pe3epBMpOBaHUS MO akTUBHOM
MOLLHOCTM 1 MPOMYCKHOM CNOCOBHOCTM ceTu ansa ysenudenns gonn BNO B EguHon aHepreTu-
yeckon cucteme (EIDC). lNMockonbKky peskoe yBenuyeHne BbIpaboTku anekTpoaHeprum BUD mo-
XET NPUBECTM K 3anupaHnio MoLHOCTM TOC 1 yxXyalWeHWIo KayecTBa arekTPO3Heprum, Leneco-
obpasHo ncnornb3osatb CHI3O ana HakonneHus HeBOCTPebOBaHHON 3rEKTPOIHEPIUN.

CHQJ3 Takke npuMMeHseTcsl ANnsi CHWXKEHUA peskux konebaHui BbixogHow mouwHoctn 3C
Ha Gase BWMO. Metogumka pacyeta MOLWHOCTM U 3HeproemkocTn CHOO BkmouaeT cregyto-
Lme warmn.

1. lNMoarotoBKa MCXOAHbBIX AAHHbIX: CXEMa CEeTU, HayanbHash MOLLHOCTb U 9HEProeMKOCTb
CH33, napametpbl koHBepTopa, KI1M, coctosHue 3apsga, Temnepartypa, rpaduvks moul-
HocTn BMO.

2. [Ona kaxgoro BpeMmeHHoro nHtepeana (i = 1...N):

— npoBepka pexnma 33C 1 KOPpeKTUPOBKA MOLLHOCTU NPU OTKITOHEHUSX;

— onpegereHne nonHom motHoctn CH3O3 kak pasHocTu mowHocT BUSD n komGrnHmnpoBak-
HOW MOLLHOCTW;

— npoBepKa neperpysku npeobpasoBaTenbHOro 060pyaA0BaHNS;

— Ans 3apsga un paspsga CHO3 nposepsieTcst NOrmnoLeHne aHeprmm n n3MeHeHue SHepro-
€eMKOCTH;

— pacyeT LUMKNUYEeCKOoN 1 KaneHgapHoW aerpajaumm akkyMmynsaropa.
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Tabnuua 2. ®akTopsbl, yunTbiBatoLLmecs npu Bbibope napamerpos CHI3

MeToauka MeToguka MeToauka

Mpynna dpaktropos ®akTop MpaHkeBu4a BynatoBa LLlamapoBon

my6uHa paspsga + + +
Kra + + +

TexHnyeckue hakTopbl | Benyymna sHeproobMeHa + - -

O6ecneveHne notpebneHnsa n Bblgayn
MOLLHOCTM

Lerpagaumns — + -
Yyet 33C - - +
Yyetr CO2 - - -

OKkoHOMUYeckne hak-
TOpbI Kommepueckas gucnetyepumsaums - - -

CBU - - -

MMoBbIlLEHWE HAOEXHOCTM  JMNEKTPO-
CHabxeHus

banaHcoBas HageXHOCTb + + +

TexHWKO-3KOHOMUYecC-
kue dhakTopb! CpaBHeHVEe CTOMMOCTN PEKOHCTPYKLIMK

cetn n yctaHoskn CHIO

3. OnpepneneHne oCcTaToO4MHOM SHEPrOEMKOCTU U UTOFOBOW KOMOMHMPOBaHHOWM MoLHOCTK OC
c CH33.

4. TloBTOpeHMe pacyeToB 40 AOCTUKEHUS MUHMMAnbHbIX 3HA4YE€HUIN MOLLHOCTU U SHEProeM-
KOCTW ONs pelueHns 3agayun.

Takum obpasom, meToauka bynatosa No3BOMNSET NOMYYNUTb PaCUHETHbIE 3HAYEHUS MOLLHOCTHU
n aHeproemkoctn CH33 ansa addekTmBHOro ynpasneHns BbIXOAHOM MowHocTbio OC Ha base
BW3 ¢ yuyetom ctoxacTnyHOCTM BbipaboTkm B, TeXHUYECKNX 1 aKoHOMUYecknx daktopos [13].
Kpome B3 B aHeprocucTeMbl akTUBHO MHTErPUPYHOTCS arekTpo3dapsagHble ctaHumm (33C), uto
yunTbiBaeTca B metoaunke H.A. LLlamaposon.

TpeHa Ha pas3MeLLeHne aNeKkTpPo3apagHON MHAPPACTPYKTYPbl B KPYMHbIX ropodax NogqYepKHyI
npobremMy n3Hoca n MoparibHOro yctapeBaHus pacnpeaenuTenbHbIX anekTpuieckux ceten. Kak
nokasbiBaeT npakTuka, Cpoc Ha 3apsgHyto Harpy3ky O3C B HEKOTOPbLIX JIOKALMSX MOXET CO-
BrnagaTb C MakCMMyMoM noTpebnenuns Harpysku. [1na obecneyveHns ctabunbHOro OTnycka arnek-
TpoaHeprnmn O3C-nHPpPaCTPyKType B YCIIOBUSX OrPaHUYEHHON NPOMNYCKHOM CMOCOOHOCTN MOXET
ObITb achdpekTnBHO ncnonb3osaHa CHIO.

Bbibop HakonuTensi paccMaTpuBaeTcs B NOAXo4e COKpalleHWsi He4oOTrnycKa 3NeKTpoaHep-
rMn NoTpedunTeNto B NMUKOBLIX PEXMMAaXxX Harpysku. YUMTbIBAETCA CTOXaCTUYECKUI XapaKTep Bbl-
Aayn MoLHocTn BJY, KoTopbIi B paMKkax AaHHOIO UCcrneqoBaHusa 3agaBarncsa ncxogsa us Knuva-
TUYECKMX YCIOBUN MECTHOCTM.

HocTtonHcTBo noaxoda H.A. LLamapoBon 3akntoyaetcst B npopaboTtaHHOM MOAenu crpoca
Ha ycrnyrm no 3apsiake anektpomobunen. NotpebHoCTb B 3apsake arnekTpomobunen 3agaertcs
C NMOMOLLIbIO MITIOTHOCTWN BEPOATHOCTKN Benbynna Ha OCHOBE CTAaTUCTUYECKUX AaHHbIX. YUYNTbIBA-
nucb napametpbl rpaduka Harpyskm 93C — koadhdmumeHT opMbl, KO3PULNMEHT MacLLTaba,
KO9hULMEHT caBuUra pacnpegeneHms.

OnTumanbHas MOLIHOCTb M 3HeproeMkocTb CH33 BbIGnpaerca Ha OCHOBaHWMM YCNOBUSA
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NUKBMAAUNN HEOOoOTNyCcKa SneKTposHeprnn notpebutento. OnTMMmsaumus, HanpaerieHHasi Ha
NMKBMOAUMIO HEOOOTNYCKA 3NEKTPOIHEPrMN NOTPEOUTENAM C MUHMMANbHO BO3MOXHOW 3HEpPro-
eMkocTbto CHO3, npu aTOM Npon3BOaMTCSt C MOMOLLbKO LIENTOYUCIIEHHOIO JIMHEMHOIO Nporpam-
MupoBaHus [14].

[OCTOMHCTBOM [a@HHOrO UCCNeaoBaHUs ABASIETCA TO, YTO B HEM paccMaTpyBaeTCs BONPOC
coBMelleHnss CHO3 ¢ BMO n 33C, packpbita TemMa obecneyeHus 6anaHca aneKkTposHeprum B
3HEepreTMyYecknx cMcTemax ¢ orpaHUY4eHHON NPOMYCKHOM CnOCOBHOCTHLIO ¢ noMoLLbio BAS-reHe-
pauum n CH33. Takum obpasom, metoamka H.A. LLlamapoBor No3BOMSsIET OCYLLECTBUTL BbIOOP
ONTUMarnbHON MOLLHOCTM HaKonuTensl Anst MUKPOCETM C 3neKTpo3anpaBoYHbIMU CTAHUMUSIMU NO
KpuTeputo obecnedeHns 6e3gedmumTHON paboTbl B MUKOBLIX PEXMMaX SHEPrOCUCTEMDI.

MccnenoBae Tpu nepenoBble POCCUMIACKME METOAMKM, CrpynnupyemM oakTopbl, y4UTbIBaAKOLLM-
ecs ans Bblbopa aHeproemkoctn CHIO3, nobaBuB Takke hakTopbl, BblAEMNeHHbIEe B pasgene
«obnacTtu npumeHeHnss CHO3O». Habop dakTopoB npmBeneH B Tabn. 2.

PaccmoTpeB onuncaHHble METOAMKN, OTMETUM, YTO BGONBbLUMHCTBO PACCMOTPEHHbLIX METOAMK
yunTbiBaeT 6asoBble TEXHUYECKME (PaKTOpbl, COOTBETCTBYHOLUNE (PYyHKUMOHMpoBaHuio CHI3:
rny6uHy paspsga, KO v sBonpockl obecneveHns notpebneHnst U Bbligavm MoLHOCTU. Paccmo-
TPEHHbIE METOANKM OPUEHTUPOBAHbLI Ha CPABHUTENBHO Y3Kne cdepbl NPUMEHEHUS, CyLLEeCTBYET
BO3MOXXHOCTb CO34aHNsA YHUBEpCcanbHOM MeToguku Belbopa emkoctn AKB CHO3, yunThiBatoLLen
Gonbluee, YeM B CyLLECTBYIOLLMX METOANKAX, KONMYECTBO (haKkTOPOB.

B cyllecTByOLMX METOAMKAX HE 3aTPOHYThbl PaKTOPbl YrNEPO4HOro crieda, BO3MOXHOCTb
ncnonb3oBaHus CBW ana nogoep)kaHus 4acToThl B 3HEPreTUYeckux cuctemax. [ns noBbilweHns
3KOHOMMYecKon 3hdEKTUBHOCTU ucnonb3oBaHuss CHO3 HeobxogMmo paccMOTpeTb MOTEHUM-
an K CHWKEHUIo NoTpebnsaemMor MOLHOCTM U3 CETU B NMUKOBbLIX pexmmax Harpysku. CyliectsyeT
Takke BO3MOXHOCTb pacCMOTpeHus AobaBneHns K CyLecTByoWmMM MeToamnkam Belbopa CHO3
OOMNONMHUTENbBHbIX PbIHOYHBIX MEXaHM3MOB 47151 BONbLUE SKOHOMUYECKOWN 3PP EKTMBHOCTM Npu-
MeHeHnss CH3O3 B 3HepreTuyeckmnx cuctemax.
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Analysis of Methods for Selecting an Electric Energy Storage
Device Based on Batteries for Integration into a Microgrid

M.V. Burmeister, A.A. Samoilov, D.K. Chesnokov
National Research University Moscow Power Engineering Institute, Moscow (Russia)

Key words and phrases: energy storage systems; EES; batteries; renewable energy
sources; RES; electric charging infrastructure; microgrids.

Abstract. The purpose of the article is a review of the advanced Russian methods of ESS
parameters selection. The objectives of the article are to review three advanced methods for
choosing ESS parameters, to systematize parameters taken into account when choosing ESS
capacity, and to identify significant parameters that are not taken into account in the existing
methods.

The hypothesis of the study is that the identification of significant parameters not taken
into account in the existing methods will allow to take them into account in the formation of
new, more effective methods of choosing the capacitance of the ESS battery. The method of
research is a comparison of methods by technical and economic factors. The result of the article
is a set of tables characterizing the methods of selecting the ESS, as well as identifying potential
directions for the development of methods for choosing an ESS battery capacity.
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MHTennekTyanbHasa HaBuraumsa 6ecnMnoTHbIX
neTtaTesibHbIX annapaToB AJ1I1 MOHUTOPUHrA
JT3IN B ycnoBuAX aneKTpoMarHUTHbIX
nomMex: onbIT U NepCneKTUBbI MPUMEHEHUSs
BU3yalbHbIX TEXHONOMMMN

[.®. Ncakos, P.H. Nonsakos

HOYY BO «Mockoeckuli thpuHaHCO80-MPOMbIWIIEHHbIU
yHusepcumem «CuHepausi», 2. Mockea (Poccusi);
®rbOY BO «Oprniosckuli 2ocydapcmeeHHbIl yHugepcumem
umeHu UN.C. TypeeHesa», 2. Open (Poccus)

KnioyeBble cnoBa u dpasbl: aBTOMaTU3MPOBAHHbIN
MOHWUTOPUHI; ©6ecnunoTHble neTaTenbHble annapatbl; Auva-
FHOCTUKA NUMHUIA anekTponepenay; KOMMbITEPHOE 3peHuE;
MaLLMHHOEe oby4eHue.

AHHOTaumsa. Llenbio uccrnegoBaHua ABNAKOTCA paspa-
6oTka M 0BOCHOBaHME METOOOB WHTENNeKTyarnbHOW HaBu-
rauumn 6ecnunoTHbIX netatenbHblx annapartos (BMJA) aons
MOHUTOPUHra NuHUN anektponepegad (JIAIM) B ycnoBusix
9MNEeKTPOMarHUTHbIX MoMex. B xoge BbINONHeHWst paboTbl
Obin npousBegeH 0030p NUTEpaTypHbIX UCTOYHWKOB, pac-
cMaTtpuBalLWmMx MeTodbl BuayanbHOW Hasuraumm BIIJIA,
Bkrtovas SLAM, BusyanbHylo OOOMETPUIO W anropuTMbl
perception-aware MPC. Ocoboe BHUMaHWe yaeneHo aHanu-
3y MOAXOAOB, CBSI3aHHbIX C 0Tka3oM OoT GNSS n nHterpaum-
en 6ecnunoTHbIX CMCTEM B aBTOMAaTM3UPOBAaHHbIE KOMIMMEK-
cbl aHepreTukn Yepes ROS2/OPC-UA. TvnoTteson uccnego-
BaHUA ABNSAETCA NPeANONoXeHNe 0 TOM, YTO UCMONb30BaHMe
BM3yarbHbIX 1 NepLenTUBHbIX METOAO0B HaBUraumm no3BonuT
obecneunTtb HagexHoe nosvunmoHuposaHmne BIJIA npu 06-
cnepoBaHun JIGMM, CHM3WUTbL 3aBUCMMOCTb OT CMYTHUKOBbIX
CUCTEM M MNOBbLICUTb TOYHOCTb AMArHOCTUKK. B kayecTBe me-
TOLOB MCCeaoBaHus MPUMEHANUCE CPaBHUTENbHbIN aHanms
CyLLEeCTBYHOLIUX anropuTMOB, MOLENUPOBAHWE TPaEeKTOPUN
asmwxeHna BINJ1A B ycrnoBuax 3anekTpoOMarHUTHbIX NOMEX, a
TakkKe CUCTEMHbIV NOAX0A K UHTErpauumn ¢ NPOMbILLIIEHHBIMN
SCADA-komnnekcamu. Pesynbratbl uccnegoBaHusa nokasa-
nn, 4To NnpumeHeHne SLAM B coveTaHun ¢ perception-aware
MPC obecneuynBaeT yCTOMYMBYIO HaBUrauuio M COXpaHeHune
NMHWM ANeKTponepeaayn B none 3peHnst kKaMmepbl ApoHa.
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BBepeHue

CoBpeMeHHble BbICOKOBOSLTHbIE NUHUKM  anekTponepegad (JIAIM) sanswTcs KpuTude-
CKW BaXXHOW WHMPACTPYKTYPON, OT HAOEXHOCTM KOTOPOW 3aBUCUT 3JHepretnyeckas 6es-
onacHocTb. [loBpexaeHns M HeucrnpaBHOCTM MOFYT MPUBOAUTL K MacliTabHbIM aBapusMm u
3HAYUTENbHBIM 3KOHOMMYECKMM NOTEPSIM, 4YTO 0OycrnoBnmMBaeT HeOoOXOOUMOCTb WHTENNeK-
TyanbHbIX CUCTEM AWArHOCTUKM OS11 HEMNpPepbIBHOMO MOHUTOPUHIA COCTOSHUSA BO3A4YLUHbIX
Tpacc [1; 2].

MepcneKkTUBHBbIM peLLeHNEM BbICTyNaeT NnpuMeHeHne 6ecnunoTHbIX NeTaTenbHbIX annapa-
ToB (BIMJIA) ¢ KomMnbloTEPHBLIM 3peHneM. OgHaKo TpagMUMOHHbBIE METOALI HABUraLMN HA OCHOBE
GPS/GNSS manoaddektnHbl pagom c J13I1: anekTpoMarHMTHbIE MOMEXMN, NIOTHAA 3acTponka
UNWN TOPHBLIN penbed BbI3bIBAIOT UCKaXEHWUs curHana, gernas Hasurauuio HectabunobHon [3-5].
B cBA3M ¢ 3TMM BO3pacTaeT 3HayeHne BM3yarnbHbIX NOAXOAOB — BM3yanbHon ogomeTtpun (VO) n
SLAM. CospemeHHble Al-unnbl (NVIDIA, Intel, Hailo) no3BonsatT HTErpupoBaTb UX B KOMMaKT-
Hble nnatdopmsbl [5; 6]. [laHHOe nccrnegoBaHue cnctemMaTuanpyet npobnemesl asToHomumn BIJTA
npuv moHuTopuHre JN1I3IM 1 aHanusnpyeT meToabl 0TKasa oT GPS B Nonb3y BU3yanbHOW HaBUraumm
n perception-aware MPC [4; 7].

Bmsyaanaﬂ HaBurauusa Kak orBeT Ha I1p06ﬂeMbl
3neKTp0MaFHVITHOl“II COBMECTUMOCTHU

Mpobnema yctonuneon Haeuraumm BIJTA B 30HE BbICOKOBOJLTHBIX NIMHUIA 3nekTponepeaady
npuobpeTaeT ocobyto akTyanbHOCTbL HA POHE POCTa NPUMEHEHMUS KakK rpayKgaHCKMX OPOHOB, Tak
N pagnoanekTpoHHbIX cpeacTs npoTtusogencTens (PAB). BbicOKoBOMBTHLIE MPOBOLA U MeTanu-
YyecKkne KOHCTPYKUMM POPMUPYIOT MHTEHCUBHbIE 3NIEKTPOMAarHUTHbIE NOMsi, KOTOPbIE BbI3blBAKOT
cbou B pabote GPS/GNSS-mogyrnen n MarHUTOMETPOB, NPOBOLMPYS KpaTKOBPEMEHHbIE OTKa3bl
NN YCTOMYMBOE CHUXKEHNE TOYHOCTM NO3nuUnoHnpoBaHus [3; 4]. MNpakTtuka B Xakacum n Kolprbia-
ckon Pecnybnuke nogreepxxgaet, 4yto npu obenegoaHum J13M B ropHbix paioHax curHan GNSS
MOXET MOSTHOCTbIO McHe3aTb, 0COOEHHO BONM3M MaCcCUBHbBIX ONOpP My nog nposogamu [2; 5]. Co-
BpeMeHHble POB-cuctembl, UCNOMb3yemble Ha BOEHHbIX U CTpaTernyeckmx obbektax, CnocobHbI
nogaensate GNSS-curHanbl B pagnyce HECKOMbKMX KMIOMETPOB. ITO NpenoTBpallaeT HecaHk-
LNOHMPOBAHHbIN AOCTYN OPOHOB B OXpaHseMble 30Hbl, HO OAHOBPEMEHHO OrpaHNYnBaET u neru-
TUMHbIE NNaTgopMbl, 3a4eMCTBOBaHHbIE B aHEpreTnyeckom otpacnu. Jaxxe npu pydHom ynpas-
neHuun BIJIA MOXeT nonacTb B 30HY pagvonodasBneHunst U yTpaTuTb HaBUraLMOHHbIE GOYHKLINN.
B aTux ycnoBusix oTka3 OT CNyTHUMKOBOW HaBurauumn B Nosb3y BU3yarbHbIX METOA0B CTaHOBUTCSA
cTpaTermyeckum HanpaeneHmem. TexHornormm BuadyanbHon ogomeTtpun (VO) n ogHOBPEMEHHOM
nokanusauuun n noctpoeHnsa kaptbl (SLAM) nossonstoT obecnevmBatb aBTOHOMHOCTb MOMETOB
naxe npu nonHom otcytcTBun GNSS [5; 8].

Perception-Aware MPC

KntoueBon 3agaver npy MoHuTopuHre J19IM aBAsioTCs TOMHOCTL U 6e30NacHOCTL MaHEBPUPO-
BaHuA. TpagmumoHHble noaxoabl ¢ GPS v 3apaHee 3agaHHbIMY TPAEKTOPUAMMN OrpaHNYEHbl: OHN
He y4MTbIBalOT JUHAMUYECKMEe NPEnAaTCTBUS, CMELLEHNE Lenun Unn peskne N3MeHeHUs YCroBU.
PelieHnem cTaHOBUTCA METOAMKA MepLEenTMBHO-OPUEHTUPOBAHHOIO ynpaenenusa (Perception-
Aware Model Predictive Control) [7]. B oTnu4ne oT Knaccuieckux cuUcTem, rge nrnaHnmpoBaHue
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n BoCnpuATne pasgeneHsl, Perception-Aware MPC coBmellaeT BM3yarbHble OaHHble, UHEPLUU-
anbHble CEHCOopbl U MHGAOPMaLMIO O MONOXEHUU UHMppPACTPYKTypbl. KOHTYp ynpaeneHus onTtu-
MU3UPYET TPAEKTOPUIO C Y4ETOM BUMAMMOCTU FIMHUK, 3HepronoTpebneHns n 6e3onacHoCTn, Y4To
obecneunBaet ygepxanue JIOIN B none 3peHns Kamepbl gpoHa n obxoa npenaTtcTeui. [Npenmy-
LLIeCTBO MEeTOA4a B BO3MOXHOCTM MHTErpauumn pasnuyHbix ceHcopoB: RGB-kamep, nvaapos, Te-
NyI0BM30pPOB. ANTOPUTMbI YCMELLHO peanunayoTcs Ha aHeproaddekTuBHbIX nnatdopmax NVIDIA
Jetson Nano, Orin n Hailo-8, 4TO N03BOMNSET BbIMOMHATL BblYUCHEHUS HA BOPTY U NogAepXnBaThb
paboTy B peanbHOM BPEMEHMU MPU OrpaHUYEHHOM 3HepronoTpebneHun [5: 6]. OHnanH-pexnum
SLAM v coBpemeHHble SLAM-anropntmbl NepeLLnn OT 3KCNepuMeHTarnbHbIX peLleHnin K npak-
TMYEeCKOMY NMPUMEHEHUIO B pexnme online inference, obecnevnsasi oqHOBpPEMEHHOe NOCTPOeHue
KapTbl 1 onpeaeneHne nonoxeHnsa apoHa 6e3 reonpuBs3skn U NOCTOSTHHOTO CMYTHUKOBOMO COMpOo-
BOXAEHNSA. OTO 0COBEHHO BaXKHO npu obcnegosaHun J13I B paioHax ¢ CUINbHLIMU NOMexamMm
nnv B6nmamn metannmnyecknx KoHCTpykuun [3; 4]. Anroputmel ORB-SLAM v VINS-Fusion nenonb-
3yHOT BM3yasbHble JaHHble B KOMOMHAUUN C MHepLUManbHbIMU CEHCOPaMM, peanuays BU3yarbHO-
nHepumanbHyto ogomeTtputo (VIO). bnarogaps komnaktHbiM nnatdopmam (Jetson Nano, Intel
Myriad X, Hailo-8) Takne anropuTmbl MHTETPUPYIOTCA Jaxe B rnierkue ApoHbl 6e3 HeobxoanmocTn
obnayHbIX BbluMcneHUn [5; 6]. OTO NOBbILLAET aBTOHOMHOCTb 1 NMO3BONSIET NPOBOAUTL 06cneno-
BaHMSA B palioHax C OrpaHUYEHHbIMU KaHanamu CBA3W — FOpPHbIX, YOANEHHbIX WU CO CIIOXHbIM
penbedom. SLAM-cuctembl Takke aganTUBHbIL: MPU M3MEHEeHUU perbeda unum Henpeackasye-
MbIX O6bekTax (BeTku, 060pyaoBaHMe, PEMOHTHbIE Bpuragbl) OHM OOHOBASAIOT KAPTY B pearbHOM
BpeMeHu. B psge npoekToB yxe peanu3oBaHbl uHcnekummn JISM ¢ ncnonb3oBaHnem Geoscan
401 n DJI ¢ nHTerpmpoBaHHbiMu SLAM-mogynsamu [2; 6]. YMeHblueHne aHepronoTpebneHms
AenaeTt BO3MOXHbIM UX MPUMEHEHWe Ha ApOHax Manon u cpegHen Maccbl, YTO KPUTUYHO AN
MOGBUNBLHOCTY pelleHni B aHepreTnke. SLAM nepecTtaeT ObiTb BCnomMoratenbHbIM MHCTPYMEH-
TOM M CTAHOBUTCS S4POM HaBUraLMOHHOW apXUTEKTYpbl, obecneynBas ycTonymeyo paboTy npu
otcytcTBun GNSS.

YyeT anekTpoMarHMTHbIX nomex u SCADA/OPC-UA uHTerpauumsa

[MaBHbIM OrpaHMYeHNEM OCTaTCA ANEKTPOMArHUTHbIE NOMexu, co3gaBaemble J13I Bbico-
KOrO HanpskKeHUs U BHELHUMWU UCTovHuKamu. MNpu obcnepoBaHum obwektoB 220 kB n Bbiwe
OLWMOBKN HaBUraumm MoryT AocTuraTb 4ECATKOB METPOB, YTO AeNnaeT HEBO3MOXXHOMW TOYHYIO CbeM-
Ky [3-5]. OJononHuTtenbHyto yrposy npeacrtasndaot POb-cuctembl, HamepeHHO nogasndoLlime
curHanbl GNSS B6nn3m ctpaternyeckon nHpacTpykTypbl [2]. [ns npeogoneHus atux npobnem
TpebyloTca MeToabl, He 3aBuUcsLLME OT paguoHaBuraumn. BusyanbHble cuctembl VO n SLAM
obecneunBaloT YCTOMYMBYKO HaBurauuio 3a CYET aHanu3a BUOEOMnoToKa M NOoKambHbIX CEHCO-
poB. [Mpy NNaHMpoBaHMM MapLUpyTa BaXKHO y4uTbiBaTb KapTy OM-akTMBHOCTM, usberas 30H C
npegenbHbIM YPOBHEM MOMEX U coxpaHss 6esonacHoe pacctosiHue o onop [4]. Cnegyrowmi
war passutua — nHterpaums BMJA ¢ undposeiMn nogctaHumamm n SCADA vepes ROS2 un
OPC-UA. 311 npotokonbl obecnedmBaloT nepegadvy ANarHOCTUYECKUX OaHHbIX U KOOPAMHAT He-
NCMpaBHOCTEN B peXMMe pearnbHOro BpemeHu, opmupysa undpoByo Mogernb COCTOAHUA CeTu
8,4 [6]. CTaHOapTM3MpOBaHHbI 0OMEH AaHHbIMK 0brnerdaeT BHeApEHNE OPOHOB B MHApPACTPYK-
TYPY SHEPrOKOMMaHWUM N YCKOPSET NPUHATUE PeLLEHUI MO PEMOHTY. Takum obBpa3om, coveTaHue
yCTOMYMBOCTM K OM-Nomexam u COBMECTUMOCTU C MPOMBbILLMIEHHBIMX CTaH4apTaMun Aenaet Bu-
3yanbHble HaBUraumoHHble cuctembl U UX SCADA-MHTerpaumio KrodeBbiM aNeMeHTOM Lngpo-
BOW TpaHcdopMaLnn SHEPTETUKMN.
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MNMosBneHne 3aHeproadheKTMBHbIX Al-4MnoB
(NVIDIA Jetson Nano, Intel Movidius Myriad X, Hailo-8)

PasBuTtne crneunanmsanpoBaHHbIX 3HEProd®eKTUBHbLIX A/-4MNOB OTKPbLINO BO3MOXHOCTb
BbIMOMHEHMS 3afad BuU3yarbHOW rfokanusaummn, SLAM n ceMaHTU4Yeckon cermeHTauumn Heno-
cpeacTBeHHO Ha 6opTy BecnunoTHbLIX NeTaTenbHbIX annapaToB. TakMe yCTPOMCTBA BbINOMHAT
CNOXHble onepauun MalMHHOro 0By4yeHns C MUHUMAarTbHbIMU 3aepXKKamu U HU3KUM SHeprono-
TpebrneHneMm, YTo 0COBEHHO BaXXHO MPU MOHUTOPUHIe NuHWMKA anekTponepenady. NVIDIA Jetson
Nano c apxutektypon CUDA obecne4dnBaeT 06paboTky n3obpaxeHuin B pearibHOM BpEMEHU U
pacrnosHaBaHve NpoBOLOB, OMop U AedEeKTOB, COXPaHAS KOMMaKTHOCTb M aBTOHOMHOCTb. Intel
Movidius Myriad X, noCTpoeHHbI Ha apxutektype Vision Processing Unit (VPU), xapaktepunsyeT-
Cs1 HU3KMM 3HepronoTpebnennem (1-2 BT) Npu BbICOKOW CKOPOCTU MHGEPEHCA HENPOCETEN, YTO
Jernaet ero onTuManbHbIM 414 nerkux nnatdopm [5]. Hailo-8 npeanaraeT cneunanmanpoBaHHYHO
apXUTEKTYpPY Ans rmybokux HermpoceTen ¢ 3agepkkon meHee 10 MC 1 BbICOKOW MPOMYCKHOW Cro-
coBHOCTbLI0, 06ecneynBas HagexHy paboTy gaxe Npu SNEKTPOMAarHUTHbIX MOMeXax 1 orpaHu-
YeHHOM KaHane cBs3u [3]. BOo3MOXHOCTb fokanbHOM 06paboTKM AaHHbIX NO3BOSISAET UCKMOYUTD
nepegayvy BUOEONOTOKA Ha Ha3eMHble CTaHLMK, NMOBbILAS HAOEXHOCTb B 30HaxX aencteusa POb
N B panoHax co crnabbiM nokpbiTeMm. Kpome HaBuraumm Takve Yvnbl AenatoT BO3MOXHOW ore-
paTUBHYIO MOEHTUMUKALNIO NOBPEXOEHUN NPOBOLOB, COCTOAHUS MU30SISATOPOB U MOCTOPOHHMUX
npeagMeToB Ha arnemMeHTax MHpacTpykTypsbl [4]. Takum obpasom, nepexo k Al-ymnam cTaHOBUT-
CSl TEXHOMNOIrMYEeCKMM OyHAAMEHTOM aBTOHOMHbIX CUCTEM guarHoctukm JIOI.

Bonpoc aHepronotpe6neHnst 1 aBTOHOMHOCTH

OrpaHn4YeHHOCTb aKKyMynATOPOB OCTaETCs KNoYeBbiM hakTOpPOM, onpefensiowmum anu-
TenbHoCcTb noneta BIMNJA. Kaxabin gononHuTtensbHbeli ceHcop (RGB-kamephbl, TennoBu3opsbl, YO-
AaTynKkuy, rmyOBuHHbIE ceHcopbl) TpebyeT nuTaHms n 06paboTkM OaHHbIX, YBENMYMBAS dHeprosa-
TpaTbl 1 Maccy NonesHon Harpyskn. ATO CHWXKAET A4anbHOCTb U NPOAOCIKUTENBHOCTb MOMETOB.
OHeproaddekTnBHble Al-4unbl NO3BOMAKOT NepepacnpenennTb Harpysky: BMEeCTO MHOXecTBa
y3KocneunanuanpoBaHHbIX AaTYMKOB MCMOMb3yeTCss MUHMManbHO Heobxoaumbln Habop ceHco-
pPOB, a UX AaHHbIE UHTEMPUPYIOTCH Ha eANHOW BbluncnnTenbHon nnatgopme. Hanpumep, Myriad
X 1 Hailo-8 BbINONHAKT HaBUrauuio, NIokanmsaumo U CermeHTauuio napannensHo, 6e3 obmeHa ¢
BHeLLUHMMM ycTponcTeamu [4; 5]. Bnarogaps annapaTHOMY YCKOPEHUIO HEMPOCETEN 3HepronoTpe-
GneHne cHWXaeTcsa B HECKOMbKO pa3 No cpaBHeHunto ¢ CPU/GPU-pelueHnamun. YHndukaumsa cex-
COpOB U NepeHoc npuoputeTa 06paboTkM Ha BOPTOBbLIE YNMbI NO3BOMSET COKPATUTL KONMYECTBO
annapaTHbIX MOgYMNen, yMEHbLUUTb Maccy 1 aHepronoTpebneHne, CoxpaHme yHKLUMOHAINbHOCTb.
WMcnonb3oeanne ROS2 nnn DJI Onboard SDK obecneumBaeT MHTErpauunio pasHOPOAHbLIX AaHHbIX
B pamMkax obLLero KoHTypa ynpaeneHus. B pesynsrate ApoH nonyyvaeT rmbKoCTb B KOHGUrypaLumm
NoA KOHKPETHbIE 3a4ayn 1 BO3MOXHOCTb afanTaumm K ycnosusam noneta. lNpaktnyeckne npume-
pbl AEMOHCTPUPYIOT 3EKTUBHOCTL noaxoaa: nnardopmbel Geoscan n DJI Matrice peanunsyioTt
MOAYNbHYIO apXUTEKTYPY, rae CEHCOpbl NErko 3aMeHdATCH U HacTpanBaloTCs, a BblYUCIUTENb-
Hble pecypcbl pacnpegenstoTca Mexay 3agadaMuy fiokanuaaunm n gnarHoctuku [6]. 3To nosso-
ndaeT NogAepXuBatb oNTUManbHOE 3HepPronoTpedneHne U MakCMMmn3npoBaTb aBTOHOMHOCTb.

I'IepcneKTwBbl 1N BbI30BbI

CoBwmelleHne aHeproaeKTUBHbLIX Al-4MNOB MU yHUMUKALMM CEHCOPHbBIX MOAYNEen CTaHo-
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BUTCS HEOOXOOMMOCTbLIO ANSA CO30aHNSA aBTOHOMHbIX cucteM MoHuTopuHra JIOM. OgHako pgaxe
NPy HanM4YnMn COBPEMEHHbIX annapaTHbIX PeLeHniA MeToabl BU3yanbHOW HaBUraumm — Busyarb-
Has ogomeTpusa (VO) n SLAM — cTankmBaroTcs ¢ psiAoOM OrpaHUYeHunn.

Bo-nepBbiX, TO4HOCTE VO 3aMeTHO CHWXaeTCs B YCNOBMAX OOHOOOpasHbIX naHAawwadgToB:
3aCHEXEHHbIX PaBHWH, NYCTbIHb U BOAHBLIX NOBEPXHOCTEN. OTCYTCTBUE BbIPAXXEHHBIX OPUEHTU-
POB NPUBOAMUT K HAKOMEHMIO OLWINBOK 1 pUCKy noTtepu Lenesoro obbekTta. MNpobnema ocobeHHO
aKkTyanbHa A5s CeBEPHbIX PEMMOHOB C OAHOPOLAHbLIM CHEXHbIM MOKPOBOM.

Bo-BTOpbIX, anropyTMbl YyBCTBUTENMbHbI K OCBELLEHWIO: TeHW, Brnvkn n peskue nepenagpl
SIPKOCTM OCITIOXKHSIKOT pacrno3HaBaHMe KitoveBbIX ToveK. [ononHuTenbHble TPYAHOCTU BO3HUKAKOT
npyv OUHAMUYECKMX U3MEHEHMSIX cpefbl: NTULbI, Kayatowmecs BeTBM unum snbpupytowime npo-
Boga J13IM moryT BOCMPMHUMATBLCS Kak CTauMOHapHble OPUEHTUPDI, UCKaxas kapTy. Jaxe npwu
NCNOMb30BaHUN 3HEProddPEKTMBHBIX YMNOB 06paboTka N3o6paXKeHni BbICOKOrO paspeLueHus,
cerMeHTauna n knaccmgukaunsa TpebyoT 3HauMTENbHbIX PECYPCOB, YTO NOBbLILLAET 3HEepPronoTpe-
BneHve n cokpalwjaetT aBTOHOMHOCTb MnoneTa.

MMepcnekTnBHBLIM HanpaBreHNeM SIBNSETCA MHTerpaums Bu3yasnbHbIX U UHEpUManbHbIX AaH-
HbIX — Visual-Inertial Odometry (VIO). CoBmelleHne nokasaHun kamep n IMU no3sonser Kowm-
neHcMpoBaTb HEAOCTATOK BU3YyarbHbIX OPUEHTUPOB M NMOBbLICUTb YCTONYNBOCTL B YCITOBUAX U3MeE-
HAIOLWErocs OCBELLEHNS U HU3KOro KoHTpacTa. CoBpeMeHHble anroputMmbl VIO yxe peanuay-
toTcsl Ha koMnakTHbiX Mmoaynsax NVIDIA Jetson Nano w Intel Myriad X, obecneunBas paboty B
peanbHOM BPEMEHW.

[pyron nyTb pasBuTus CBA3aH C 00yYEeHMEeM HEMPOCETEN HA CUHTETUYECKUX OAHHbIX U MO-
cnegytowmm zero-shot nepeHoCcoM B pearbHble YyCroBus. OTO NO3BONSET npeogonetbe Aeuunt
pasMeyeHHbIX JaTaceToB N YCKOPSET BHeAPEeHWe pelueHuin. B YyacTHoCTW, nccnegoBaHus noka-
3bIBaloT, YTO AeTekTopbl AedekToB JIAIN, oby4YeHHble Ha CUHTETUKE, OEMOHCTPUPYIOT BbICOKYHO
TOYHOCTb Ha pearbHbIX N30bparkeHnsax 6e3 JONONHUTENBHOM NoacTporiku [4]. HakoHel, BaXKHbIM
HanpasfeHnem cTaHOBUTCA rnybokasa MHTerpaumsa 3agady HaeBurauum v AmarHoCcTukn. Bmecto
nocnenoBaTenbHOM CXeMbl («CHayana HaBuraumsi — NOTOM OCMOTP») COBPEMEHHbIE MOAXOAbI
npegnonaratT OgHOBPEMEHHOE MOCTPOEHWEe KapThl U BbiBreHWe aedekToB. HenpoceteBble
anropuTMbl CerMeHTaumm 1 Knaccuurkaumm no3BonsoT BbISBNATE NOBPEXAEHUS NPOBOAOB Y
N30MATOPOB MPSIMO B MpoLuecce obneTta, a TpaekTopusa ApoHa afanTUBHO KOppekTupyeTcs Ans
YTOUYHSIIOLLEN CHEMKM.

Takum 006pa3oM, JanbHenllee pa3BUTNE BU3yalibHbIX TEXHOMOMMI CBA3AHO HE TOMbKO C CO-
BepwweHcTBoBaHnem VO n SLAM, HO n ¢ nx obbeguMHEHMEM C MHepumnarnbHbIMU CEHCOpaMMU,
CUHTETUYECKMMU OaHHBIMU U UHTENMNEKTyanbHOW ANArHOCTUKOW. DTO (popMUpyeT OCHOBY ANs
MOSTHOCTbIO aBTOHOMHbIX M HAOEXHbIX cMcTeM MoHuTopuHra JI3MN, cnocobHbix adhdeKTUBHO pa-
6oTaTb Jaxe B YCMNOBUAX ANIEKTPOMArHUTHBLIX MOMEX U OrPaHUYEHHbIX SHEPrOPECYPCOB.
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Intelligent Navigation of Unmanned Aerial Vehicles for Power
Line Monitoring in Conditions of Electromagnetic Interference:
Experience and Prospects for the Application of Visual Technologies

D.F. Isakov, R.N. Polyakov
National Research University Moscow Power Engineering Institute, Moscow (Russia)
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computer vision; unmanned aerial vehicles.

Abstract. The aim of this study is to develop and validate methods for intelligent navigation
of unmanned aerial vehicles (UAVs) for power line monitoring in conditions of electromagnetic
interference. This paper included a literature review of UAV visual navigation methods,
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including SLAM, visual odometry, and perception-aware MPC algorithms. Particular attention
is paid to the analysis of approaches that eliminate GNSS and integrate unmanned systems
into automated energy systems via ROS2/OPC-UA. The research hypothesis is that the use
of visual and perceptual navigation methods will ensure reliable UAV positioning during power
line inspections, reduce dependence on satellite systems, and improve diagnostic accuracy.
The research methods used included a comparative analysis of existing algorithms, modeling
UAV trajectories under electromagnetic interference, and a systems approach to integration
with industrial SCADA systems. The research results demonstrated that the use of SLAM in
combination with perception-aware MPC ensures stable navigation and maintains the power
line within the drone’s camera’s field of view.
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