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Llenn n 3agaun

HayuHo-MHPOPMALIMOHHDIN XKypHan «ApXUTEKTYPa, CTPOUTENBCTBO, TPAHCMOPT» MOCBALEH PACCMOTPEHMIO LWN-
POKOrO Kpyra BOMPOCOB TEOPETNYECKOTO M MPAKTUYECKOro XapakTepa, HanpaB/eHHbIX Ha pelleHne npobsem B 06-
NacTV apXUTEKTYpPbl, CTPOUTENBCTBA U TPaHCNopTa. Ero OCHOBHOW LieNblo ABNSAETCA CO3faHue JOCTYNHOro UHGop-
MaLMOHHO-KOMMYHUKALMOHHOTO MPOCTPAHCTBA 1A 0OCY>KAEHWS HOBbIX 3HAHWI U MOAXOA0B, OCMbIC/IEHNA JAaBHO
CYLLeCTBYIOLMX 1 aHaNIN3a N O6BACHEHNA NNLLb HEJaBHO BbIAB/IEHHbIX GPEHOMEHOB, BHeJPEHNA HayUHbIX 1 TeXHWYe-

CKNX JOCTUXKEHMI B NPAKTUKY.

3apgavamm KypHasa ABNATCA: NpefoCcTaBeHne y4eHbiIM BO3MOXKHOCTU ﬂy6J'IVIKOBaTb pe3ynbraTtbl CBOUX UcCCie-
JoBaHun, npuvBneyeHre BHMMaHNA K aKTyallbHbIM 1 NEPCNEKTVBHbIM Hay4YHbIM pa3pa60TKaM, a TaKXe ocBelleHne
nepenoBoro onbiTa U peasibHbIX DOCTVXEHWI B 3arnaBHbIX 06N1acTAX 3HAHUA.

g

HaumeHogaHue u co0epxxaHue pybpuK XypHasaa coomeemcmayom ompaciaM Hayku u 2pynndam cneyuaneHocmel Ha-
Y4HbIX pabomHukKos HomeHK1amypsl Hay4Helx cneyuaneHocmel, N0 KOMOPbIM NPUCYX0armcA y4eHble cmenexu.

2.1.1 CrpouTenibHble KOHCTPYKLUMW, 34aHNA U COOPYXe-
HUA (TEXHMYECKME HaYKN)

2.1.2 OcHoBaHWA 1 GyHAAMEHTbI, MOA3EMHbIE COOPYXe-
HUA (TEXHMYECKME HaYKN)

2.1.3 TennocHabxeHve, BEHTUIALWSA, KOHAULMOHNPOBa-
HYe BO34yXa, ra30CHabXeHMe U OCBelleHne (TexHuYe-
CKMe HayKu)

2.1.4 BogocHabxeHune, KaHann3aums, CTpouTesibHble Cu1-
CTeMbl OXpPaHbl BOAHbIX PECYPCOB (TEXHMYECKME HayKM)
2.1.5 CrpouTenbHble MaTepuanbl U n3genua (TexHuye-
CKMe HayKu)

2.1.8 MNpoeKTnpoBaHne 1 CTPOUTENLCTBO JOPOT, METPO-
MONUTEHOB, a3POAPOMOB, MOCTOB M TPAHCMOPTHbIX TOH-
Hene (TexHUYeCcKne HayKun)

2.1.9 CtpouTenbHasa MexaHVKa (TeEXHUYeCKne HayKu)
2.1.11 Teopua 1 NCTOPUA apPXUTEKTYPbI, pecTaBpauyma n
PEKOHCTPYKLMUA NCTOPUKO-apXUTEKTYPHOIO Hacneaus
(apxuTeKTypa, TeXHUYecKme HayKm)

2.1.12 ApxuTeKTypa 34aHUN 1 COOPYXeHnn. TBopyeckne
KOHLIeNUMM apXUTEKTYPHOW AeATeNIbHOCTU (apXUTEKTY-
pa, TeXHNYeCKne HayKu)

2.9.5 dKcnnyaTauusi aBTOMOOUIbHOTO TpaHcnopTa (Tex-
HMYecKne HayKu)

Takxe peaaKUUﬂ npuHumaem K ny6/1umuuu mMamepua’iiel N0 CﬂeayIOLb(UM cneyudasieHoCmAm:

2.5.5 TexHONornsi 1 06OPYAOBAHME MEXAHNYECKON U HU-
3UKO-TEXHMNYECKOI 06PaboTKM (TEXHMYECKNE HayKM)

2.5.6 TexHONOrMA MALLMHOCTPOEHNA (TEXHNYECKME HayKK)
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Aims and Scope

The scientificand information journal "Architecture, Construction, Transport" ("Arhitektura, stroitel'stvo, transport")
addresses a wide range of theoretical and practical issues aimed at solving problems in the field of architecture,
construction, and transport. The purpose of the journal is to create an accessible information and communication
space for discussing new knowledge and approaches, making sense of long-standing phenomena, analyzing and

explaining recently discovered ones, and introducing scientific and technical achievements into practice.

The main objectives of the journal are: providing scientists with the opportunity to publish the results of their
research, drawing attention to the currently important and promising scientific research results, as well as covering
best practices and real achievements in major areas of knowledge.
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sciences)

buildings
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2.9.5 Road transport operation (engineering sciences)
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"l} AHHoTayumA. CTaTbsA NocBALLeHa Npobneme BHeAPeHWA UCKYCCTBEHHOTO MHTENJIEKTA B yUebHble nnaHbl U Npo-
rpamMmbl Mo cneymanbHOCTN «KAPXUTEKTYpPa». ICKyCCTBEHHDBIN MHTENEKT pacCMaTPMBaETCA B KaueCTBe HeOTb-
emnemoro ¢pakTopa COBPeMEHHOro TBOPYECTBa M aHaNMN3MPYyeTCA Kak MHTerpaTBHaA MOAENb C TOUKM 3peHUsA
€ro MOJSIOKMTENbHbIX N OTPULATENIbHBIX CTOPOH fA NOArOTOBKY Oyaylmx crneumanvicToB. MocKonbKy npo-
deccna apxmTeKTopa HaxoAUTCA MNOA CUSIbHBIM BAVNAHUEM TEXHONOTMYECKMX OCTUXKEHWUI, B TOM YNCIIE UCKYC-
CTBEHHOTO WHTENSIEKTA, apXUTEKTYpHOE 06pa3oBaHue, BO MHOTOM COXpaHAtoLee TPaanLUn KnacCcnyeckom
LUKOJ1bI, AOSIKHO BblpaboTaTb HOBbIV CUCTEMHDBIV MOAXOL, K MHTErpaL My AaHHbIX MHHOBaLWIA B obpa3oBaTesib-
HbIl Npouecc. B cTaTbe aHanM3MpyloTCA COBPEMEHHbIE CMOCOObI MHTErpaLmy UCKYCCTBEHHOTO MHTENNIEKTa B
apPXMTEKTYpPHOE 0b6pa3oBaHue poccuinckmx sy3os (MAPXW, HHITACY, YpTAXY, HTACY (CnbcTpuH)), NpBOAUTCS
NpPaKTUYeCKUii onbIT paboTbl CTYAEHTOB, BbIMYCKHUKOB U NpernogaBaTenieil Kadpeapbl An3aliHa apXUTEKTYPHOW
cpepnbl TIOMEHCKOro MHAYCTPUanbHOro yHMBepcuTeTa. ViccnefoBaHve BbIABWIIO, YTO NPU OTCYTCTBMMU MeTO-
[ONIOTMYECKOW pPaMKN MHTErpPaLumn NCKYCCTBEHHOTO VHTEIEKTA B apXUTEKTYPHOE 00pa3oBaHMe U3ydyeHune
[aHHbIX TEXHOMOMMIA CTAHOBUTCA HEOOXOAMMBIM YCIOBMEM NPOPECCMOHaNbHON NMOATOTOBKM COBPEMEHHOTO
cneumanucTa. lNMpeanaraeTca KoHUeNTyabHaA MoZesb NO3TanHOM MHTerpaLmm, OCHOBaHHasA Ha NpUHLMNax
KYNbTYPHOW NPeeMCTBEHHOCTU, MPOrPEeCCUBHON CIIOMKHOCTM 1 KpUTUYECKOW pednekcni.

KnioueBble cnoBa: apxnTeKTypHOe 06pa3oBaHIie, CKYCCTBEHHDI WHTENNEKT, Nefarornyeckne ctpaterim,
apXUTEKTYpHOe 610po, An3aiH

Ona yntuposaHua: Koctko O. 0., MunynuH W. T, TypaHckaa K. A. IHTerpauua MCKyCCTBEHHOMO WHTeN-
neKTa B apXuUTeKTypHoe ob6paszoBaHue: $urnocodCKo-KynbTyponornyeckre BbI30Bbl W Mefarornyeckue
cTpaterun. Apxumekmypa, cmpoumesbcmeo, mpaHcnopm. 2025;5(3):8-25. https://doi.org/10.31660/2782-
232X-2025-3-8-25 EDN: CPLNDA
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"l Abstract. This article addresses the issue of integrating artificial intelligence into curricula and programs in the
"Architecture" specialty. Alis considered as an essence of modern creative work and is analyzed as an integrative
model in terms of its positive and negative aspects for training future specialists. Since the architectural
profession is heavily influenced by technological advancements, including Al, architectural education, which
largely preserves the traditions of the classical school, must develop a new systemic approach to integrating
these innovations into the educational process. The study analyzes contemporary methods for integrating
Al into the architectural education of Russian universities (Moscow Architectural Institute (State Academy),
Nizhny Novgorod State University of Architecture and Civil Engineering, Ural State University of Architecture
and Art, Novosibirsk State University of Architecture and Civil Engineering (Sibstrin)). It also presents practical
experiences of students, graduates, and lecturers from the Department of Architectural Environment Design at
the Industrial University of Tyumen. The research revealed that in the absence of a methodological framework
forintegrating Al into architectural education, studying these technologies is becoming a necessary condition
for the professional training of modern specialists. The authors propose a conceptual model for phased
integration, based on the principles of cultural continuity, progressive complexity, and critical reflection.

Keywords: architectural education, artificial intelligence (Al), pedagogical strategies, architectural firm, design
For citation: Kostko O. Yu, Minulin I. G, Turanskaya K. A. Al integrating into architectural education:

philosophical and cultural challenges and pedagogical strategies. Architecture, Construction, Transport.
2025;5(3):8-25. (In Russ.) https://doi.org/10.31660/2782-232X-2025-3-8-25

>

1. BeegeHune / Introduction

WNckyccTBeHHbIn nHTennekt (MU) - 31o 3ddeKTUBHbIN MHCTPYMEHT 1 HeobXoarMasa cocTaBnatoLas
COBPEMEHHOro TBOpPYECTBa (KMBOMMUCKY, AM3aliHa, apxXUTeKTypbl). LnudpoBol MeTos npoeKkTnpoBaHus —
«3NEKTPOHHOE BAPOKKO» — elle B KOHLe 1990-x Bbi3biBan Maccy GpunocopCkmx U ryMaHUTapHbIX BOMPOCOB:
YTO JOMKHO 6bITb MaLLUMHU3NPOBAHO, @ UTO — MPeACTaTb ANA MalUMHbI Kak Hekoe Taby?

Passutue NN B Poccnm nonyumnno ctpaternyeckui MMnysnbe ¢ npuHAtiem B 2019 r. HaunoHanbHom
CTpaTermm pa3BUTUA NCKYCCTBEHHOTO MHTeNeKkTa Ao 2030 roga’. B fOKYMeHTe NCKYCCTBEHHDbIN NHTENEKT
Ha3bIBalOT «OQHOW N3 Ba’KHEMLLINX TEXHONOI NI, KOTOPAsA NOSIOKNUTENIbHO BANAET Ha POCT SKOHOMUKK, NO-
BbILLIAET KauecTBO MeANLMHCKOM NOMOLLM, TPYAA, KU3HW, @ TakKe 06pa3oBaHuA». ITa cTpaTerus, HaueneH-
Has Ha ObICTPOE 1 MOBCEMECTHOE Er0 BHEAPEHNWE, MPefonpeaesnseT, UTo Bbicllee 0bpa3oBaHMe B LIESIOM U
TBOpYeCKMe CNeLmnanbHOCTU B YaCTHOCTM Y»Ke CTONTKHYINCh UMM CTONKHYTCA B 6nvxanwem oyaywem c A
B yuebHOM npoLecce 1 NPOEKTHON NpaKTUKe.

OfHakKo, Kak OTMeYaeT 3aMecTUTENb npe3ungeHTa Poccninckon akagemnn apxmtekTypsol [Masen »K6a-
HOB, Nepej cncteMon 06pa3oBaHUA CTOUT AMNEMMA: Kak COXPaHNUTb KTaCCUYECKYI0 apXUTEKTYPHYIO LUKONY
1 OAHOBPEMEHHO aanTPOBaTbCA K TpeboBaHMAM L PoBON TpaHCchopMaLm, HEOOXOANMOCTb KOTOPOI —
BOMPOC PEeLUEHHBbIN?,

CraTuctmyeckue faHHble NOATBEPKAAIOT CYLLECTBYIOLMI Pa3pblB MeXAy NOTPeObHOCTAMY 1 pearb-
HOW NOArOTOBKOW cneumnanncToB. B anbmaHaxe «/IcKyccTBeHHbIN MHTenneKkT. MHpekc 2021 roga»® oTmeva-

! Yka3 Mpe3ugeHta PO ot 10.10.2019 r. N2 490 «O pa3BMTMUN UCKYCCTBEHHOrO UHTennekTa B Poccuiickon Oepepaunm» (ped. ot
15.02.2024). URL: http://www.kremlin.ru/acts/bank/44731 (gnaTa obpatieHus: 04.08.2025).

2 CTypeHTaM-apxuTeKTopaM Hy»kHa uudposas cpega. URL: https://www.comnews.ru/content/234989/2024-09-02/2024-w36/1008/
studentam-arkhitektoram-nuzhna-cifrovaya-sreda (aata o6paLyeHus: 04.08.2025).

3 ickyccTBeHHbIN nHTenneKT. MHgekc 2021 ropa: aHanutuyeckmin coopHmk. Beinyck Ne 10. URL: https://ai.gov.ru/knowledgebase/
investitsionnaya-aktivnost/2022_alymanah_iskusstvennyy_intellekt_indeks_2021_goda_mfti/ (zata ob6paiieHnsa 01.09.2025).
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€TCA, YTO TONbKO 3.7 ThIC. BbINYCKHMKOB B 2021 . 0651a8anu HYKHbIMW HaBblKaMu B 061aCTV MAaLIMHHOIO 1
rnyboKkoro obyyeHus.

YcyrybnaoT CNoXMBLLYIOCA CUTYaLMI0 PUCKM, CBA3aHHbIE C HEAOCTAaTKOM MCCieloBaHUI B 061acTm
NCMNoNb30BaHWA reHepatTnBHoro M B BbiclueM 06pa3oBaHMM, YTO MOXKET NPUBECTM K CHVXEHUIO TBOpYe-
CKOWN aKTUBHOCTM CTyfAeHTOB. OTCyTCTBYET FMyOOKUI aHanmn3 BO3MOXHOCTEN 1 noTeHumana U B apxu-
TeKTypHOM o6pa3zoBaHun®. CyLlecTBYyIOT BMOMHe OMNpaBAaHHble OnaceHus, YTo CTYAEHTbl MOACO3HaTeNb-
HO BMECTO JIMYHOCTHOIO SMOLMOHANIbHOTO MOAX0AA K MPOEKTHOMY peLleHnIo NPeanoYTyT fenernpoBaTb
NMOMHOMOUMA MaLUVHe 1 B pe3ynbTaTe Nnosyyat cyrybo paumoHanbHoe, AefIoBOe, IPaMOTHOE, HO Cyxoe 1
6e3gywHoe TBOpeHre. Kak cneacTerie — SMOLMOHaNbHOE BbiropaHue, NoTepa nHTepeca K pabote n otcyT-
CTBUE KOMMYHUVKALMOHHbIX HABbIKOB KOMAaHAHOW paboThl.

Takum 06pa3om, BbIABIEHHbIE JaHHble AEMOHCTPUPYIOT dyHOAMEHTaNbHble MPOTMBOPEUUNA: MpK
3HaUMTeNbHbIX rOCYAaPCTBEHHbIX MHBECTULUAX B pa3BuTue M-obpa3oBaHna apxmuTekTypHble By3bl Poc-
CUW UCMbITbIBAIOT CEpbe3Hble CTPYKTYPHbIE TPYAHOCTM C MHTEFpaLumnert STUX TeXHONOri B yuyebHbIl npo-
Llecc, YTo co3faeT PUCK OTCTaBaHWA OT MUPOBbIX TeHAEHUMI B 06nacTn undpoBm3aLnm apxXMTekTypHOro
ob6pasoBaHuA. icnonb3osaHue VW B apXUTEKTYPHOW JeATENbHOCTY 3aCiyXBaeT 60NbLIOro BHUMaHNA CO
CTOPOHbI KakK TEOPETUKOB, TaK 1 NPaKTUKOB. [TOCTOAHHOE COBepLUEHCTBOBaHME TEXHONOMMI U LUINPOKan
AOCTYMHOCTb HOBbIX NPOrPaMM BbIBOAAT €ro NprMeHeHne Ha HOBbIV YPOBEHb.

Llenbto gaHHOro nccnegoBaHuA ABNANOCL 060CHOBaHMeE CTpaTErMYecKor Mofeny nocsefoBaTtenb-
HOW MHTErPaLMmN UCKYCCTBEHHOTO NHTENNIEKTA B apXUTEKTYpHOe 06pa3oBaHye, HanpassieHHOW Ha dopmu-
poBaHue y byaywmx cneymannctoB cnocobHOCTU K OCO3HAHHOMY U KPUTMYECKOMY MCnonb3oBaHuio M
KaK MHCTPYMEHTa, YCUNMBAIOLWEero TBOPYECKMI NOTEHLMan Npy COXpPaHeHUN r'yMaHUCTUYECKNX OCHOB Mpo-
deccum. B xope nccnenoBaHma NpoBefieH aHanmn3 CoBpeMeHHbIX paboT No npobnemaTiike CNONb30BaHKA
N B cdepe apxuTeKTypHOro o6pasoBaHUA, OCMbICIIEH OMbIT KOJIEr 13 apXUTEKTYPHbIX By30B Poccuu, a
Takxe 06006LLeHbl NpaKTUYeCKni OMbIT 1 TeopeTnUyeckre HapaboTKn NpenofasaTenel u CTyaeHToB Kade-
Lpbl An3anHa apxmuTeKTypHon cpenbl (JAC) MHCTUTYTa apxuTeKTypbl 1 gn3arHa (APXull) TioMeHCKoro uH-
LyCTpuanbHoro yHmueepcuteta (TUY).

B KoHeuHOM cueTe 3TO MccnefoBaHUe, NPeACTaBAlOLIee OCHOBY ANA AaNbHeNWnx obcyxaeHniA
TeKYLLEro COCTOAHUA TPAANLMOHHOW apXUTEKTYPHOW NOAFOTOBKU 1 onpefeneHnsa Oyaywmnx TeHaeHUni B
3TOW 06N1acTW, NPU3BAHO NPEANOKNTL LIeHHYI0 MHGOPMaLMIO MpenofaBaTeNaM apXMTEKTYPbI 1 MPaKTUKaM.

2. Metoabi / Methods

Memoo cpasHeHusA. bbin paccMOTPeH OnbIT Ucnonb3oBaHua MW Ha dakynbTeTax apxuTekTypbl poc-
CUNCKUX BY30B A1 aHaNu13a CyLecTBYOLWMNX CTpaTer1i, a Takxe pa3BrBatoLneca obpasosaTesibHble CTpa-
TEermn NHCTUTYTa apXUTEKTYPbI 1 Au3anHa TUY.

Memoo ananoauu. B npouecce paboTbl 66111 NPOaHaNn3MpPoBaHbl COBPEMEHHbIE OTEUECTBEHHbIE
1 3apybexHble nccnefoBaHuA, 3aTparusarLyme npobnemy 1 NepCcneKkTBbl UHTErPALUN UCKYCCTBEHHOTO
WHTENNIeKTa B apXUTEKTYPHYIO MPAKTMKY 1 06pa3oBaHme, a UMEHHO:
. dunocopcko-meTogonornyeckrie paboTbl, popmMmUpyoLLE STUKO-ICTETUYECKNI KOHTEKCT BHELpe-

HuA TexHonorui (A. B. Tumodees, C. B. Kapnos, K. MaHreinm);

4 Rakhmatullaev M. Analysis of current trends and activities related to the integration of artificial intelligence into higher
education in the Commonwealth of Independent States (CIS) Republics. URL: https://en.ichei.org/Uploads/Download/2025-04-
10/67f777f29687f.pdf (nata obpaweHus: 04.08.2025).
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. nccnefoBaHNA, NOCBALLEHHbIE KOHKPETHbIM UHCTPYMeHTaM 1 meTtogam WU — reHepatuBHOMY au-
3aliHy, MapamMeTPUYEeCKOMY MOAENUPOBAHMIO U PaboTe C OOMbWUMU AAaHHBIMU B YpOaHMCTUKE

(P. Schumacher, J. Ko, H. Li, V. Calixto, M. J1. Bnacosa n ap.);

. negarormyeckne MCCnefoBaHNA U KeNchbl, paccMaTpusarLlme TpaHcGOpMaLMIO apXUTEKTYPHOIO
ob6pasoBaHuaA nog snuaHuem U (A. Alshahrani, S. Jin, C. Lan, J. H. Park, K. E. Hedges n gp.).

Beckum aprymeHTOM AnA NPpUMEHEHNA B apXUTEKTYPHOM 00pa3oBaHUN 1 B NPOEKTUPOBaHNN Hell-
POHHBIX CeTel ABNAETCA AeATeNbHOCTb YCMNeLHbIX apXUTEKTYPHbIX 6topo. Zaha Hadid Architects, Hanpu-
Mep, pa3paboTany cobcTBeHHOE NporpaMmmHoe obecneveHne ZHA Code. OgHako nMetoLasca Ha pyccKo-
A3bIYHbIX CaiTax SKCNeprMeHTanibHasA 6a3a Noka floKanbHa 1 HeJOCTaTOYHa, MO3TOMY HEe MOXET CYXKUTb
aprymMeHTMPOBaHHOW No3uumen Ana obLwmx BbIBOLOB U peKoMeHOaLuni.

Memoo cunmesa u 0606weHuli. OTMeUeHa Ponb NpenofaBaTenbCckux NHULMATUB Kadenpol JAC
Ha NprMepe Kelica NpenofaBaTena-npakTrka, pykosoautena komnaHum «ACT» W. I. MuHynuHa.

3. Pe3ynbratbl n o6¢cyxaeHue / Results and discussion

UMW e punocopuu apxumekmypeoli

«Tpyn yenoBeka 1N COCTOUT B TOM, YTOObI U3 JaHHbIX YCIIOBUI BO3HMKANW HOBbIE UAewn, a U3 ngen —
HoBble ycrioBus» [1]. Gunocodckasa aHTpononorua XIX B., onupasacb Ha NparMaTuKy 1 NO3UTMBU3M, one-
pvipoBana NoHATMEM YenoBeKa AeATeNbHOro, KOTOPbIN, NPUYMHOXasA YCNeXn HayYHO-TEXHMYECKOro npo-
rpecca, o/MKeH Oblfl COXPAHATb AaKTUBHOCTb U KPeaTUBHOCTb MbILLJIEHWA.

[na NOHMMaHWA HEOAHO3HAYHOCTN 3TON CUTYaL MK OCTAaTOUYHO NPMBECTU HECKOJbKO LUTaT-MaHu-
decToB KoprdeeB apXUTEKTYPbI TOFO BPeMeHI: «MeHbLUe ecTb 6onbLue» (Muc BaH gep Po3); «bopmy onpe-
nenset oyHkuma» (Jlync CannveeH); «goM — MalimnHa ans xunbax» (Jlle Kopbrosbe). oea nporpecca apxutek-
TYpbl KakK TEXHUKW, BOMJIOLWEHHAA B 3HAMEHUTOM MOCTYNaTeNbHOM ABVPKEHUMN — OT «KUSbA ANA MalIUHbI»
K «MaLnHe ana xXunba» Jle Kop6to3be, AeMOHCTPUpPOBasa NpUMaT UHKEHEPHOW MbICIIW Haf 3CTETCKOW ap-
XUTEKTYPOI MNOUTU Ha BCEM MpoTsaxeHUn XX B. He MOXeT i1 Tak MonyunTbCs, UTo apxutekTop byaeT 3aBu-
ceTb OT CaMOV MaLUVHbI? ApXUTEKTOPbI B PO OMEepaToOpOB — CTPALUHbIA COH COBPEMEHHOIO 3044ero nunm
noTeHLUManbHO BO3MOXHOe byayliee? B To BpeMa Kak CUCTEMbl MCKYCCTBEHHOIO VMHTENeKTa CTaHOBATCA
BCe 6osiee pacnpocTpaHeHHbIMK, pacTeT 06eCNOKOEHHOCTb TEM, UTO aPXUTEKTOPbLI MOTYT CTaTb BCErO-Ha-
BCEro oneparopamm TEXHMKU, @ He aKTUBHbIMM YYaCTHUKaMU NpoLiecca NpoeKTUpPOBaHuA. Ta TeHAeHUuA
MO>KET MPUBECTU K CHUMEHWIO YPOBHA KPUTMYECKOTO MbILLMIEHWSA, HABbIKOB peLleHnsa npobnem 1 npounm
He MeHee cepbe3HbIM pUCKaM, KoTopble OyayT He pa3 yNoMaAHyTbl B JaHHOW paboTe.

JlabopaTopHbIV CTaTyC NO3BOMSET TPAKTOBaTb UCMob3oBaHMe NN Kak sKkcnepriMeHTailbHOE NOTEH-
LunanbHO NepcrnekTUBHOE HanpaBneHue, rae cybbekT —homo sapiens autocreator (YenoBek camocosngato-
WK1) — ByneT oXmaaTb OT AyaNMCTUYECKOW YeNOBEKO-MALLMHHOW LMBUIM3aLMM HE BbITECHEHNSA, a, CKOPee,
CMeHbl MApaAnIM, Kak NpeAckasblBaloT HekoTopble Grnocodbl. «YcyrybnatoLieecs BTOPKEHIE UHCTPYMEH-
TaSIbHOrO UHTENEKTA B CaMble MHTUMHbIE OCHOBbI ObITVA NPUBELET K NepPepoKAeHNI0 B1UoNornyeckoro
BuZa homo sapiens B Hagbuonornyeckuii, aganTUPOBaHHbIV OS1A YeN0BEKO-MalUVHHOW UMBUAM3AUNN,
CBA3b C KOTOPbIMY BCe OOlee COBEPLUEHCTBYET 1 TPAHCHOPMUPYET Hac» [2].

YcyrybnawTca gaHHble noTeHuMn 6e3ycnoBHbIMY MPeuMyLLecTBaMM MallWHbl, TeMU KayecTBamMm
ee paboTbl, C KOTOPLIMU YESIOBEK HE B CUSTAX KOHKYPUPOBATb, — TOYHOCTbIO Y HeNpeaB3ATOCTblo. AHanNu-
TUYECKas BEPCMA, POXKAEHHAA MALUMHOW, 3a4acTylo Bbi3blBAET Y UMHOBHMKOB WM 3aKa3uMKOB Oosiblie
[OBEPUA, HEXENW SK3NCTEHUMOHANbHaA no3uyma apxmutektopa. CaMo NpoeKTHOe TBOPYECTBO MPU 3TOM
ob6ecLeHBaeTCA U FaBHbIV NOCbIT aPXUTEKTYPHOIO 0ObeKTa NpeBpaLLaeTcs B Ter — MANIICTPAUMIO K aHa-
NINTUYECKOMY OTUeTY.

MonucTmunncTnyeckan KynbTypa cerogHsa BMnoJiHe OT3bIBaeTCA Ha NPUHLMMN NOMCKa MAPOBbIX aHANOroB.
Mo3ToMy OTAENbHbIM aPXUTEKTOPAM 1 Crelrann3npoBaHHbIM 6I0pO-MacTePCKNM, MPVHUMAOLWIMM Ha paboTy
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WM NPOEKTHYIO NPAKTUKY CTYAEHTOB, NPUXOANTCA 0O0BACHATL, NoYeMy 0cob0e BHYMaHUe HeO6XOANMO yae-
NATb TPAAMLMAM 1 HALNOHANbHON MAEHTUYHOCTY, TOTAA Kak 3agencTBoBaHme VM B apxnTeKTypHOM NpoeKTu-
pOBaHWV JaeT BO3MOMHOCTb MCMOJb30BaTb 1 NepepabaTtbiBaTb NOCTOAHHO O6HOBAALLWYOCA 6a3y AaHHbIX [3].

HepoctatouHo npenctaBuTb 3TW MHHOBAUWKW, HaNpuUMep, TONbKO B BUAE Nepexofa OT CTapbiX Me-
TOLOB NPEeACTABNEHNA — MAKETMPOBAHNA U aKCOHOMETPMYECKOTO 1306pakeHNA OT PYKU — K BbICTPOMY 1
doTopeanncTMuHomy peHgepy, TOUHOMY 1 TMOKOMY pa3BepTbiBaHMIO, Ierkon nHTerpauumn 3D-gBoiHKKa
06beKTa B yKe CYLLeCcTBYOLWMNI cpefoBor aHcaMmb6sb. CyTb 3aK/oUYaeTcA B HETOXKAECTBEHHOCTM IOFNYeCKY,
MaTemMaTMUeCckn 0ObACHMMOTO 1 MppPaLMoHanbHOro. ECnv cBeToamnsanH HanpsMyto CBA3aH CO CTPYKTYPOW
3MeKTpoceTel, a KONoPKUCTNKa 0ObACHAETCA cneundukon naHawadTa u matepranos, To peleHne 6onee
CNOXHbIX, SMOLMOHaNbHbIX 3afay, TakKMX Kak NOMCK JyxXa MecTa, He Bcerga coBnageT C MaWnHHOM paumo-
HasbHOM aHaNUTUKOW. [logTBepKAeHne 3TOMY MOXKHO HaWTU, KOrga C/IOXHble TeKCTbl C MCNOJSIb30BaHNEM
runep6on nnu ynopobnexunn ctaHoBatca MW HenoHATHbIMU. Tak, ncnonb3ya umtaty I 3emnepa, Ha3BaB-
wero cBoto «[1pakTUYeCcKyto 3CTETUKY» «/TOUMNEN», Mbl CTONKHYINCb C KOPPEKTUPOBKOW: «HE NCMONb3ynTe
MOPCKYIO0 TEPMUHOSIOT IO,

Taknm obpaszom, BHegpeHre VI o3HamMeHyeT He MPOCTO MOABMEHME HOBbIX TEXHUYECKUX UHCTPY-
MEHTOB, HO U CTaAMO 3aPOXKAEHMA NPUHLUMNMANIBHO HOBbIX Negarormyeckux u eunocopckux naen. Cu-
CTeMa apXUTEKTYPHOro 00pa3oBaHMA OKa3blBAETCS B ANuLEHTPe ¢nnocodpCkoro cnopa, rae nepecMmoTp
Lenen, METOOB 1 CaMOli KOHLENLMY TBOpYEeCTBa HEOOXOAUM ANA MOATOTOBKM OCO3HAHHOTIO CreLmanuncTa.
KomneTeHuun B gaHHOM 0651acTh JOMKHDI BKOUYaTb Kak oBnageHne MW B KauecTBe NpakTUYeCKoro MH-
CTPYMEHTapKA, TaK 1 ero OCMbIC/IEHNE B KaUecTBe rny6oKo ¢punocopcko-MeToL0NOMMYECKON 1 3TUYECKON
npobnembl, CBA3aHHOW C TpaHCcPopMaLmMer camoro npoLecca TBOpYeCTBa. B cBA3M co cTpemuTenbHOM 3BO-
noumen TeXHONMOMMIN KOMMbIOTEPHOMO NPOEKTUPOBAHUA NPOrHO3MpyeTca nocteneHHana nHterpauyva N s
yuyeOHble NnaHbl — OT NEKTUBHBIX KYPCOB A0 6a30BbIX AVCLMIIVH. ABTOPbI OTAAlT cebe OTUYET, UTo aHanm3
Ha3peBLUNX U3MeHeHUI B 06pa3oBaTenbHbIX CTaHAApTax B chepe apXUTEKTYPHOro MPOeKT1POBaHMA 4ON-
XKeH UATU B Pa3fINYHbIX HAaNPaB/ieHUsX, 06pasya CUHTETMYECKNI NOAXOA: PAaCCMOTPEHME OnblTa UCMOMb30-
BaHUA HEMPOHHbIX CETEN B NPOLIeCCe NPOEKTMPOBaHMA; GrKCcauma He nognexallmx aBTomaTn3aunm 3agad
aPXUTEKTOPA; OLleHKa MOTeHLUMaNbHbIX PUCKOB NPUMEHEHNA NCKYCCTBEHHOMO NHTESNEKTa.

Bo3moxxxHocmu u Heo6xo00UMOCmMb

Mowicein [MH36ypr, pa3mbILLIAS O POXKAEHUN HOBOTO CTUMA SMOXU, NMCAN O MALUMHE KaK O CUfe, KOTOo-
pas cnepsa BOCNprHMManach Kak «anodeos noLiocT 1 rpybocTn peanbHOro M1Upa, ero neyasabHas Hens-
6eXXHOCTb», HEUTO UYKepOoHOE AN «XYLOXeCTBEHHO BOCNUTAaHHOTO YenoBeka». MalinHa 6bina aHTuTe3om
WCKYCCTBY, HO NMPY 3TOM HENb3A UTHOPWPOBATb 3HAYEHVE CPeACTB NPOU3BOLCTBA /060 3NMoXu, KoTopble
Heun3beXXHO CTaHOBMANCb GyHAAMEHTOM HOBOrO MUpooLLyLeHrA: «C KaxAbIM roloM ee CTaHOBUIOCb BCe
6onblue 1 6osblue. OHa CTana NPOHMKaTb BO BCE NOPbI Hallero ObiTa, Hallen *Kn3Hn». CornacHo N3BECTHOM
uutate M. TMH36Ypra, «MCKYCCTBO, B OCOOEHHOCTM apXUTEKTYPA, »KUTb OTOPBAHHOW OT SKOHOMMKM U TeX-
HUKK, Nen3axa, 6biTa U YesloBeYeCKON NCUXUKIM, KOHEYHO, He B COCTOAHUNY; KaK UTOT — ee nepepoxaeHue,
HOBAA 3CTETUKA, HOBbIV PUTM 1 HOBble GOpPMbI.

CroneTne cnycTA Mbl HAXOAMMCA B CUTYaLNUM CXOXKEro TEKTOHNYECKOro caBura. ICKyCCTBEHHbIN H-
TENNEKT — HOBbI anodeos, LndPOBOMN U anropUTMUUYECKII, MPOHKKAIOLWNIA B Hally peasibHOCTb HeyNoBuU-
MO, HO CTPeMUTENIbHO: OT aNropUTMOB JIEHTbl HOBOCTEN A0 CUCTEM YNpaBfieHNA meranonmcamu. Henb3sa
6bl10 He MPOBECTU 3Ty Napannesnb: M BuaaT yrpo3on nHanBuayansbHOMY TBOPUECTBY, YENOBEYECKOW YHU-
KanbHOCTW — ouYepefHON NevanbHOWM Hen36exHOCTbIO TEXHOKpaTMyeckoro byayuiero. Ho Kak apxutekTypa
1920-x He mMorna cyLlecTBoBaTb BHE peanbHOCTU $pabpuk, SneBaTOPOB U Pabourx JOMOB, COBPEMEHHOE
NCKYCCTBO HE MOXKET OCTaBaTbCA B CTOPOHE B MUPE, TOTaJIbHO Npeobpa3oBaHHOM V.

MpoeKTnpoBaHVe 1 CTPOUTENbCTBO MOJ, TAXKECTbIO robanmn3auny U yCKOPALLEeroca Temna »ms-
HU TpebytoT BCe OOsblUel TOUHOCTU U KoopaMHaumu. Pecypcol, 3aTpayeHHble Ha 3TU CNOXKHble npouec-
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Cbl, COKPALLAIOTCA 3a CYET BHEAPEHUs TEXHONOIMIA BUPTYaNbHOW peanbHOCTU, MHOPMaLMOHHOFO Moje-
NIMPOBAHNA 34aHNIN N NCKYCCTBEHHOTO MHTeNNeKTa. Ha Bcex aTanax — NnaHMpPOBaHMUA U NPOEKTUPOBAHNS,
CTPOUTENbCTBA, IKCITyaTaLumn, PeHOBaLMN 1 CHOCA, — AaHHble TEXHONOT MM NOBbILWAT 3GHEKTUBHOCTL U
NPOAYKTVMBHOCTD, YNyULIAlOT BU3Yyanu3aumio 1 ynpowatroTt paboTy ¢ 60MbWNMN AaHHBIMU. 9TO 0COB6eHHO
aKTYyas/lbHO NMPW KOMMJIEKCHOM CPeA0BOM MOAXOAE, rAe HEOOXOAUMbI CUMYNALMSA, aHaN3 U ONTUMM3aLUA
CITO>KHbIX CUCTEM.

MNoBblweHVe pa3Hoo6pa3ma GopM, a TakKe co3faHre afanTUBHbIX CTPYKTYP, OTBeYaloWwmx 3ajaH-
HbIM YCNTOBUAM NaHAwadTa, YacTo OrpaHMUYMBAITCA TPAAMLMOHHBIMUA MPOLecCaMmu NPOEeKTUPOBaHMA,
6yb TO pyyHble MeTOAbl UM BO3MOXHOCTW MPOrpamMmmMHoro obecneyeHusa. ANroputMbl reHepaTUBHOMO
NPOEKTUPOBAHNA CHUMALOT 3TU OFPaHNYEHNA 1 CNOCOOCTBYIOT AasibHeNLLEMY PAa3BUTUIO TBOPYECKMX BO3-
MOXHOCTew [4].

MawwmnHHoe obyyeHre, reHepaTBHBbIN AN3aiH U HEPOHHbIE CETU — 3TO OCHOBHbIE KOMMOHEHTbI C-
KYCCTBEHHOrO UHTENIeKTa B chepe apXUTEKTYPbI U An3aliHa. ANropUTMbl MalIMHHOTO 00yYeHUs aHann3u-
PYIOT UCTOPMYECKME AaHHblE A5 BbIABNEHMSA 3aKOHOMEPHOCTEN U COCTaBNEHNA 0OOCHOBAHHbIX MPOrHO-
30B, MOMOras Npu BbiIbope MaTepranos U NPOrHo3MpoBaHUK 3HepronoTpebneHus [5]. denatotca 6onbline
Larv B CTOPOHY YCTOMUYMBOIO Pa3BUTKA, KOF4a aHanm3 JaHHbIX NO3BONAET ONTUMKU3NPOBaTh PaboTy 3aa-
Hus [6]. Ocobo cnepyeT BbAENVTb AN3aAMH apXUTEKTYPHOW cpelbl, rae OTMeYaeTcsl NnocsiefoBaTeNbHbIV
POCT UHTepeca K YCTONYMBOMY Pa3BUTUIO TEPPUTOPUIA [7] 1 MHOrOYPOBHEBbIN MOAXOA K MPOEKTUPOBaHMIO
YMHbIX FOPOJOB Ha OCHOBE Pa3HbIX TUMOB AaHHbIX 1 BbIYMCIUTENbHbIX METOAO0B [8].

[eHepaTVBHbIV AU3aliH UCNOJIb3YET aifOPUTMbI A1 CO34AHNA LUMPOKOrO CMeKTpa NPOEKTHbIX alib-
TEePHATMB, NO3BOMAA apXUTEKTOPAM ObICTPO OLIEHWTb MHOXECTBO BapWAHTOB U BblOpATb OMNTUMasbHble
peweHus [9]. CoKpalleHe CPOKOB peann3aunn NPOeKTOB 1 MUHMMM3ALNS OWMOOK Ha PaHHUX dTamax
NPOEKTUPOBaHUA MO3BONAIT U36eXaTb JOPOroCTOAWMNX UCMPABIEHWIA HA CTaAMAX CTPOUTENbCTBA UMK
sKcnnyatauuun. HelmpoHHble ceTn, ocobeHHO Moaenu rnybokoro obyyeHus, Cbirpani BaXkHYH0 posb B ynyuy-
LWEeHNN BU3yanmn3aummnm n MogennupoBaHma B apxutektype. C MoOMOLLbI0 3TUX MOZeNell MOXHO cOo34aBaTtb
peanncTUyHble PEHAEPVHIV U BUPTYyasibHble cpefbl, NPefoCTaBAA KIMEHTaM BO3MOXKHOCTb MOJSIHOIO
norpy»keHna B npegnaraemble npoekTbl. Kpome 10oro, 3¢pHeKTMBHOCTL YBENNUYMBAETCA MHOTOKPATHO Mpu
KOMMJIEKCHOM MCMOJMIb30BaHNN PAa3HOMO pofaa cucTem. Tak, A3bIKOBOW aCCMCTEHT B CLIENKe C MoAenbio Ans
npeo6pa3oBaHVA 3CKU30B B POTOPEANTUCTNUHBIE N306paKEHNA MOMOTaeT BM3yan3nMpoBaTb NLEN U YCKO-
pUTb cornacoBaHue: aeanbHbI NPUMeEpP TOro, Kak MalMHHOe obyyeHre ynydwaeT NOHUMaHUe mMexay
APXUTEKTOPOM 1 KITMEHTOM, KOTOPbIN B XO4E CIOMHbIX KOMMYHUKALMOHHbIX CATYaUNA HE MOXET YeTKO
chopmynmpoBaTb cBou oxugaHusa [10].

NN n mawmHHoe obyueHre, XOTb 1 HAXOAALLMECA Ha HauyasibHbIX 3Tanax CBOEro pas3BuUTKSA, exXeHeB-
HO [10Ka3blBalOT CBOW 3$PeKTMBHOCTL B NpodeccroHanbHomn cpefe. CnegoBaTtesibHO, OHU YxKe celvac
[OJXHbl paccMaTpUBaTbCA B KAUECTBE OAHUX U3 KOMMNOHEHTOB METOA0SIONNM NPOEKTMPOBAHUA.

Mo3Tnyeckana HOCTaNbrnsA, Kak NpPaBmIo, CMEHAETCA OCO3HaHMEM HensbexHocTu. W, Kak n nogapus-
Was MUPY 3CTETUKY KOHCTPYKTMBM3MA MalUUHA, 6€3 COMHEHMA, CTaHeT KaTain3aTopoM POXAEHUSA HOBOW
acTeTKN. OfHAKO HeSb3A HE YUUTBIBATb PUCKM, MOLXKMAAIOLLME APXMTEKTOPA O6€3 AOMKHOIO UX OCMbICSIEHNSA.

Pucku u ebi308bl1

HeCcoOMHEeHHO, CKYCCTBEHHbIN MHTENNIEKT NpeanaraeT MHOXKEeCTBO NOTEHLMASTbHbIX MPEUMYLLEeCTB, YTO
LenaeT ero BeCcbMa NpuBeKaTesibHbIM UHCTPYMEHTOM [1/11 COBPEMEHHbIX apXUTEKTOPOB M CTPOUTENEN, KOTO-
pble NOCTOAHHO ULLYT crocobbl ONTUMK3aLMK NPOLLECCOB 1 cOo3aaHuA 6onee yCTONYMBbIX, UHHOBALMOHHBIX U
3¢ deKTUBHbIX NPpoeKkToB. OAHAKO 3TOT TEXHONOTMUYECKMI NPOTrPect He JINLLEH CYLeCTBEHHbIX HeJOCTAaTKOB.

Couumoncuxonornyeckume pmucku. Npobnema rapmMoHM3aL M, OCHOBAHHOW Ha NMPUHUMMNAX CUMMe-
TPWW, TEKTOHUKN U TEMNOPANbHOCTY, NPeacTaBnAeT cobom MeXANCLUUNINHAPHLIA peHOMEeH, 06w miA ana
NPOCTPAHCTBEHHbIX U BPeMEHHbIX MCKYCCTB. COBOKYMHOCTb 3TUX MPUHLMUMNOB, MPOBEPEHHbIX BPEMEHEM
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npaBuI N NCKITIOYEHNN BEKaMI CITYXKJ1a UHCTPYMEHTOM CO3MAAHNA SCTETUYECKN COBEPLUEHHOIO NOpAAKa.
OfHaKO KOHEYHDbI 3P HEKT 3a4acTyro He OOBACHAETCA IOTMYECKM 1 PALMIOHANBHO, @ YXOAUT KOPHAMY B 00-
NacTb MHTYUTUBHOTO, YyBCTBEHHOIO BOCNPUATUA. ApXMTEKTYpa No CBOEW CyTu ABNAETCA 06M1acTblo, Tpeby-
loLEeN KOMMJIEKCHOTO peLleHns npobnem 1 TBOPUYECKOro MbllwseHus. Mpouecc NpoeKkTUPOoBaHWA 34aHNI
BKJIIOUAET B cebs HeuTo Oosbluee, YeM MPOCTO TEXHUYECKUE 3HAHUS; OH TpebyeT rnyboKoro NoHMMaHus
NPOCTPAHCTBEHHbIX OTHOLIEHWI, SCTETUKN 1N YenoBeyecknx notpebHocTten. OfgHAKO UCKYCCTBEHHDBIN WH-
TENNEKT, Kak NPaBuso, B 3HAaUNTEIbHOW CTEMEHM MOaraeTca Ha y»Ke CyLLeCTBYLWMe AaHHbIE U alirTOPUTMbI
ANA CO34aHMA NPOEKTOB. Tako Noaxon MOXeT OrPaHNUNTb HACTOALME NHHOBALUK, MOCKOMbKY CMCTEMbI
WNCKYCCTBEHHOrO MHTesNIeKTa 0OblYHO paboTaloT B paMKax AaHHbIX, Ha KOTOPbIX OHM 6binn 06yyeHbl, TakKnm
06pa3om, He NPUHMMAs BO BHUMaHVe HOBble UAEV N HETPAAULMOHHbIE pelleHNs.

B KOHTeKCTe aKTVMBHOIO BKJIIOUEHUSA LUPPOBBIX MHCTPYMEHTOB B apXMTEKTYPHOE 06pa3oBaHue aK-
Tyanm3upyeTtca pAag CoumanbHbIX U MCUXONOrMYecknx puckos. OOnH 13 HUX 3aKtovaeTca B NoTeHUManb-
HOW MoAMeHe NINYHOCTHO-IMOLMOHANIbHOFO B3aMOAENCTBUA B 06pa3oBaTenbHOM mnpolecce Ha cyry6o
paunoHanbHO-A4EeN0BYI0 KOMMYHUKALMIO. DTO MOXKET NPUBECTU K ABYM 3HAUYMMbIM NOCeACTBMAM: SMOLM-
OHaNlbHOMY BbIFOpaHWo CTYAEHTOB BCNeACTBUE AerymaHm3aumm obpasoBaTtenibHOW cpefdbl U aebuuuty
GOPMUNPOBAHNS KPUTUYECKM BaXKHbIX HABbIKOB HEMOCPEACTBEHHOIO Ye/I0BEYECKOrO OOLLEHNS.

MpodeccrmoHanbHble PUCKN. APXUTEKTYPA — 3TO OTPAXKEHME YENOBEYECKOW LUBWUM3ALAN U VH-
TeNNeKTyanbHOro nporpecca B ee npossfeHusax. YpeamepHas 3aBncumocTb ot A co3gaeT cobnasH nepe-
NOXNTb Ha KOMMNbBIOTEP HE TONbKO PYTUHHbIE 06A3aHHOCTY, HO U NPUHATKE peLleHnin 6onee BaxHbIX. U Tak
Kak U GepeT Ha cebs Bce 6osbliue NpodeccroHanbHbIX aCMeKTOB, 3Ta 3aBUCMMOCTb MOXET NMPUBECTU K
3HaUYUTENbHbBIM MNOCNEACTBUAM ANA Npodeccuu.

[na peleHns NpoeKTHbIX 3aAay TpebyeTca TBOPUYECKUI co3nbaTeNibHblil nogxon. MynstndyHKLK-
OHaNbHOCTb BbIUNCIIUTENIBHOWN CPefbl HEABHO BEAET K paLMoHann3auum v anroputMmmsaumnm npoLeccos,
TPaaULMOHHO OTHOCUMBIX K chepe MHTYUTUBHO-TBOPYECKON 1 IYXOBHOW. 30eCb KpPoeTca yrposa Ana pas-
BUTWA TBOPYECTBA, KPEATVBHOIO N KPUTUYECKOTO MbILLSIEHNS, KOTOPbIe, COMNMacHO UCCneaoBaHUAM, Npu-
BOAAT K MHHOBALMOHHbIM pelueHunam [11]. Hanpumep, Takne n3BecTHble apxntekTopbl, Kak GpaHkK Jinona
PainT, 3axa Xagug v Jle Kop6to3be, M3BECTHbI HE TONIbKO CBOUM TEXHUYECKUM MACTEPCTBOM, HO 1 CBOUM
0CO6bIM Xy10XKEeCTBEHHbIM BUAEHNEM M MIHHOBALMOHHBIMY NOAXoAamMun K An3alHy. Mx paboTbl NpoHU3aHbI
JIVYHBIM MUPOOLLYLLIEHVEM U KPEATMBHOCTbIO, OTPaXKaloLWUMMN NX YHMKANbHbIE B3rNAbI.

LleHHOCTHble ycTaHOBKM, NPodeccroHanbHbIA OMbIT U TBOPYECKUI 3aMblCesl apXUTEKTOpa — Yeno-
Beuyeckne $aKTopbl, HaKMaAbIBaOLWMeE CBON OnevyaTok Ha 3GpPEeKTUBHOCTb Y CMbIC/IOBYHO HAMOMHEHHOCTb
anroputMmoB. o Mmepe Toro Kak cuctembl VI cTaHOBATCA BCe Gonee CNOXKHbIMM, PacTeT 6eCMOKONCTBO, UTO
OHW MOTYT 3aTMUTb Cy>KAeHnA aBTopa. CABUT NapagurmMbl «TOYHOCTb 3@ MALLWHOW, KPeaTUBHOCTb 3a apXu-
TEKTOPOM» B CTOPOHY OTKas3a OT MPUBUIETMPOBAHHOIO MONIOXKEHUA YEeIOBEYECKOro CY»KAEHNA B MOMb3y
MaLUMHHOTO MPEBOCXOACTBA MOXKET MPUBECTU K MOTEPE CaAMOBbIPAaXKEHMA U HN3BELET apPXUTEKTOPOB A0
YPOBHA MPOCTbIX OnepaTopos [12], npeBpaTuT NX B NPOCTble aBTOMaTbl. B nepcnexkTrBe apxnteKTopbl, KO-
TOpble B 3HAUUTENbHOW cTeneHn 6yayT nonaraTbcs Ha pekomeHgauumn N, moryT ctatb MeHee OnbITHbIMY B
TEXHUYECKUX 1 TBOPUYECKMX HaBblKax, HEOOXOANMbIX OJ1A X PaboThbl.

Ncnonb3oBaHve W B 06pa3oBaHmmM Takxke akTyanusnpyet npobnemy akageMmmyeckon Hegobpoco-
BECTHOCTW. be3gyMHoe nprMeHeHre HOBbIX anropuTMOB, KakK, B CYLLHOCTM, 1 Mnaruat, ectb dopma yKno-
HeHMA OT 0OyYeHMA: CTYAEHT 3aMeLlaeT COOCTBEHHDIV NHTENINEKTYaAbHbIV TPYL FOTOBbIM, MEPTBbIM NPO-
LyKToM, 6yab To paboTa gpyroro aBTopa unu pesynbrat pabotbl A [13]. [ogobHble NpakTUKM — He NPoCTo
HapyLUeHVe NPaBW; OHW HECYT NPAMYI0 Yrpo3y npodeccroHanbHOMY CTaHOBMIeHUIo ByayLlero cneyuanu-
CTa. APXUTEKTOP, HE PA3BUBLLMI B NpoLecce 00yyYeHUsas KPUTUYECKOE MblLLSIEHNE, TBOPUYECKME 1 aHaNN-
TUYEeCKMe CNoCcOBHOCTM, OKa3blBAaETCA HECMOCOOEH K CAMOCTOATENBHOMY PELUEHWNIO COMKHbIX MPOEKTHbIX
3afauy, npodeccroHanbHol pednekcun. CMIOMUHYTHOE CTpemieHne 0berynTb yuebHbIl npoLecc 3a cyeT
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UYXKUX peLleHnin BeAEeT K HECOCTOATENIbHOCTU BbINMYCKHWKOB B pPeasibHOM NpaKTuKe U TBOpUYeCcKomy 6eccu-
nunio, a NpodeccroHanbHan Agerpagauna MOXeT NPON3ONTU HE3AMETHO AJIA CaMUX 00YYatoLLXCS.

HakoHeu, npv aBTOMaTU3aLMyM MHOTMX acMeKTOB apXUTEKTYPHOro NPOEKTUPOBAHUA BO3HMKaeT
PVICK HEOOXOAMMOCTM CMeHbl PaboTbl B paMKax npodeccumn unu, npu 6onee paankanbHOM NCXO4e, — CO-
KpaLleHMA YNCITIeHHOCTM apXUTeKTOPOB. [loABNeHne HOBbIX ponei, COCPeOTOUYEHHbIX Ha yNpaBaeHUn n
NHTepnpeTauum pesynbtatoB W, moxeT npuBecTy K pecTpyKTypusaumn paboyen chepbl n notpebosatb
OT apPXUTEKTOPOB NPUOBPETEHNA HOBbIX HABbIKOB. ITO ABUKEHVE CTAaHOBUTCA BCe 6oree owyTMbIM 1 60-
Ne3HEHHbIM, OCOOEHHO ANA CTYAEHTOB, AJ1A KOTOPbIX KPaliHe Ba)KHO NMOCSIe BbiMyCKa ObITb KOHKYPEHTOCMO-
CcoOHbIMM Ha pbIHKe TPYAa 1 oTBeYaTb 3anpocam paboTogaTenei.

KoHdnukr cucrem. B nHaycTpyuv JOMUHUPYET MparMaTUYHbI NOAXOH, YTO JAeT apXUTEKTYPHbIM
610p0 NPAMOE KOHKYPEHTHOE MPENMYLLECTBO: CKOPOCTb, CHUXKEHME 3aTpaT. AKagemMmnyeckas cuctema ropas-
po bonee nHepTHa. YuebHbI NnaH, OPUEHTUPOBAHHbLIN Ha GyHAaMeHTanbHble AUCUMMAVHbI, MEHAETCA Mea-
NeHHo. Bo MHOrom KoHcepBaTy3m BY30BCKOW MOAFOTOBKU BCTYMAET B KOHPAUKT C rTMOKON 1 TEXHOMOrMYeCKm
OCHalLLleHHOW CCTEMON PeanbHOro NPOeKTUPOBaHNA — alOrMUHasA C PaLNOHANIbHON TOUKU 3peHusa ANCnpo-
nopuua, NOCKOSIbKY UMEHHO akageMuyeckas cpefa npr3saHa ObiTb aBaHrapLom BHepeHVA HOBbIX METOANIK.

NccnepoBaHme B CaynoBcKon ApaBui BbISIBUIIO CTaTUCTUYECKM 3HAUNMBIN pa3pbiB: 75.2 % cTyaeH-
TOB MPOABASNN BbICOKUN NHTEpeC K n3ydyeHunto VW, B To Bpems Kak cpefu npenogasatesiell 661510 TONbKO
31.8 % 3anHTepecoBaHHbIX [14]. [TpnyrHa 3TOMy — CKenTnYeckoe OTHOLLEHME MHOTMX npenofaBaTtenen K
ncrnonb3osaHuo MM n onaceHus, 4to oH CNocobeH NOAaBUTb KPeaTUBHOCTb CTYAEHTOB.

B coBpeMeHHO apxMTeKTypHO-06pa3oBaTeNbHON cpefie HaMeTUnnCb Aee nosunummn. C ogHON CTo-
POHbI, MepPCNeKTUBHbIV B3rNAL, KOTOPbINA, HECMOTPA Ha NPU3HaHKE BO3MOXKHOM aBTOMaT13auum, He npea-
nonaraeTt TOTaJlbHOW 3aMeHbl YenoBeka mMawmnHon. C Apyron — HOCTanbrnyeckasa nosuumsa, Kotopas Ha-
XOAMT BblpaKeHNE, B YaCTHOCTY, B BbICTaBKax PYYHOWN apXUTEKTYPHON rpadpurkn 1 npodeccnoHanbHOro
pucyHKa. KoHcepBaTVBHbIV BY3 fieflaeT akUeHT Ha MHAMBUAYaSlbHOM MacTepCcTBe, aBTOPCKOM 3amblcie m
OTTauMBaHUU TPAAULMOHHBIX HaBbIKOB. Ho npu 3ToM HabntogaeTcs ycTonumBas TeHAEHLMA K ferpagauunm
KauyecTBa py4yHOl nofauu. IT0 O6bACHAETCA COKpPALLEHVEM ayAUTOPHbBIX YacOB, OTBOAUMBIX HA AaHHble
OVCUUNIIVHDI, U MTOBCEMECTHLIM BHeApeHMEM LdPOBbIX MHCTPYMEHTOB, HUBENUPYOLWUX HEOOXOAMMOCTb
B OTTauUMBaHUU KNacCUYECKUX TeXHUK. [poekTnpoBaHue B LndpoBol cpese, aHanm3 anroputMmos, otoéop
CreHepUPOBaHHbIX MaTepuranoB nNpu pabote ¢ MM TpebyioT NepeoCcMbICIEHMA POV apXMTEKTOPA Kak He3a-
BVICMMOIO 1 eAUHCTBEHHOTO TBOPLA, FOTOBSA CTYAEHTOB K paboTe B rmbpraHO cpefe «4enoBekK — MallnHa»
[15]. B Takol crcteme MOXKHO yBUAETb 3GdEKTUBHOCTb BO B3aIMOAENCTBUN ee COCTaBNALLMX, KOTOPbIe,
dopmunpys apyr apyra, (Co)co3gatoT HOBYIO peanibHOCTb [16].

Y106bl CHU3NTBL PUCKM, KPalHe BaXKHO HaMTK GanaHC Mexay BHegpeHeM TeXHONOTWIA U CoXpaHe-
HNEM YeNIoBEeYECKON aKTUBHOCTU. VICKYCCTBEHHbIM MHTENNEKT CrieflyeT UCMOJIb30BaTh Kak MHCTPYMEHT And
YNyJylleHns, a He 3aMeHbl PaboTbl apXMTEKTOPOB. bnarogaps ocmbicneHHon nHTerpaumm U B paboune
NpoLecchl, apXUTEKTOPbI MOTYT NCMONIb30BaTb ero Ansa 06paboTKy NOBTOPAOLLMXCA 3afa4 U aHanm3a aaH-
HblX, 0CBOOOXJan 60sblle BpeMeH AN TBOPYECKOro 1 CTPATErMUeCcKoro MblleHNA.

AHanus coepemeHHbIX neddzoauyeckux cmpameauti unmezpayuu U/ e apxumekmyproe obpa-
308aHUe pocculicKux 8y308

MpeogoneHvie pa3pbiBa MeXY PUCKaMU U BO3MOXKHOCTAMY TpebyeT nepecMoTpa YCTOABLUNXCA Ne-
[arornyeckmx MeToAMK 1 Noncka HOBbIX GOPMATOB Pa3BUTUA Y3KOCNELMANN3UPOBAHHbBIX KOMMETEHLNA.
Hanpumep, Real-Time Virtual Engine (MHCTpymeHT, He ncnonb3yemblin B 06pa3oBaTenbHOM npoLlecce) B Te-
opuv no3Bonu Obl CTyAEeHTaM NOrpy»KaTbCA B BUPTYasibHble aHANoM CBOVX NPOEKTOB, TECTUPOBATL NPO-
CTPaAHCTBEHHbIE CLIEHAPWM 1 KOPPEKTUPOBATb 1X, B TO BPEMS KaK paboTa NCKIIUUTENIbHO C YepTEXKaMu U
MaKeTaMn MOXET UCKaxaTb BOCNPUAT/E MacluTaba 1 KOHCTPYKTUBHbIX pewweHuit [17]. MogobHble skcne-
PUMEHTbI U HMLMATVBbI ABAIOTCA KaTanm3aTtopamm ynydlleHuii B chepe apxuteKTypHOro obpasoBaHms.
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W. T. MuHynuH aBndaeTca yupegutenem v reHepanbHbim gupektopom OO0 «ApXUTEKTYPHO-MHXKe-
HepHana rpynna NCT», kKomnaHuy, ycnewHo paboTatowen Ha pbiHKe ¢ 2000 r. B chepe apXMTEKTYPHOrO
npoeKkTupoBaHua. Kak npakTuk, oH akTMBHO BHeapsAeT B paboTy 60po coBpeMeHHble TeXHONOrUn: Ans
pa3paboTKy KOHLeNUMiA 1 Mpe3eHTaLOHHbIX MaTePMANoB ero KOMMaHNA NCNOSb3YyeT UCKYCCTBEHHbIN MH-
TeNNeKT 1 MalwrHHoe obyyeHue.

Ceow npodeccroHanbHbIi onbiT W. I. MunynuH, goueHT Kadegpbl JAC, nepegaeT n B akagemuue-
ckon cpege. OH npenogaet agucumnavHy «paBoBble OCHOBbI aPXUTEKTYPHO-CTPOUTENIbHONM AeATeNbHO-
CTV» ANsA CTYAEHTOB NATOro roga obydyeHna. opmManbHO Lenblo Kypca ABMSETCS OCBOEHVE HOPMATUBHOWN
6a3bl 1 NpaBuUn NPOEKTUPOBaHMA «Ha Bymare». VItoroBasa KypcoBaa paboTa — TBOpUeckoe 3aflaHue, rge
CTyZleHTamM Heob6XxoAVMO pa3paboTaTb KOHLEMLMIO XINOro paioHa Ha NoTeHLUManbHO pa3BrBaloLLencs ro-
ponckon TeppuTopun. 3agayda: cobnogan Bce HeobxoanmMble CTPOUTESIbHbIE HOPMbI 1 MpPaBwWia Npu pas-
paboTke reHepanbHOro nnaHa, NPeasoXNTb OPUrMHANbHY KOHLEMLMIO paioHa.

B 2025 r. nocne npoBefeHmA TPagMUNOHHOIO NPeanpPOeKTHOro aHann3a v norcka aHasoros Npeno-
[aBaTeflb, PyKOBOACTBYACH »KeNnaHueM npubnn3untb obyyeHne K akTyasibHbIM OTPAC/IEBbIM peanusm, npeg-
NOXKuUN ABYM rpynnam (23 cTygeHTa) ncnosib3oBaTh MCKYCCTBEHHbIV UHTENNEKT ANnA 6bICTPOro co3gaHua Bu-
3yaslbHOro NpefCcTaBAeHNA CBOMX MPOEKTHbIX peweHun (puc. 1). Ina BbiINONHEHMA NOCTaBNEHHOW 3aaun
CTygeHTamu 6b1nv BbibpaHbl pasHble nnatdopmbl: ChatGPT-4 (ana reHepauumn TEXHUYECKOTO 3aiaHNA 1 KOH-

Puc. 1. Busyanuzayusa KoHYenyuu ¢ NOMOWbIo UCKYCCMBEHHO20 UHMesiekma
(ppaemeHmel u3 cmydeH4Yeckux npoekmos TUY)
Fig. 1. Concept visualization using artificial intelligence
(fragments from projects by students of Industrial University of Tyumen)
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LenTyanbHbIX onncaHui), Stable Diffusion n oHnanH-nnatdopma mnml.ai (Ana co3paHna apxXMTEKTYPHbIX
BV3yanv3aunin n peHgepuHra 3D-mogenen). C nomoubio MM 065k dacapgoB cnpoeunpoBaH Ha 3D-mogens.

CnoXKHOCTK, C KOTOPbIMW CTONIKHYNNCH obyuyatowmeca (He yuuTbiBas OrpaHMyeHusa Mporpamm):
BPEeMeHHble 3aTpaTbl HAa OCBOEHME HOBbIX UHCTPYMEHTOB 1 MOUCK niatdopm, He Tpebyrowmnx GrHaHCo-
BbIX 3aTpaT NPV COXpPaHEHNN KayecTBa. [MaBHbIN NONOXKUTENbHbIN pe3ynbTaT COCTOAN B TOM, YTO 3TOT Luar,
He npefyCcCMOTPEHHbIN oduLmnanbHOM NPorpaMmmMon AUCUMMANHBI, NO3BOAWA OyAYyLUMM BbliNYCKHUKaM Mo-
HATb, Kak cerofHA paboTaeT NpakT/Ka NPOEKTMPOBAHUA N KOMMYHMUKALMIN C 3aKa3uMKOM, Fae CKOPOCTb
3aYacTylo UrpaeT BaxkHyto posb. CTyAeHTbl MOAyYnInN BO3MOXKHOCTb anpobrpoBaTh OANH U3 NepenoBbIX
WHCTPYMEHTOB KOHLENTYaNIbHOro MOWCKa, C KOTOPbIM M MPeACTOUT CTONKHYTbCA B NPOpeCccnoHanbHom
LEeATENbHOCTU. DTOT NPUMEpP NOKa3bIBAET, KAk BO3MOXHO NpeofoneTb KOHPNMKT ABYX cucTeM: npodeccu-
OHaNbHO-NMPaKTNYECKON 1 aKafeMNYECKON.

ToueuHble MHULMNATVBbI aPXUTEKTOPOB-MPAKTMKOB — Ba)<HbII LA, HO AN MaclITabHbIX N3MEHEHNIA
HeobXxofMMa CUCTEMHAA UHTEFPALMA Ha MHCTUTYLMOHANIbHOM YpoBHe. / Takne crcTembl yKe 3anyLleHbl:
WNCKYCCTBEHHDIN MHTENNEKT aKTVBHO BHELPAETCA B apXMTEKTYPHOE 06pa3oBaHme PpOCCUNCKUX BY30B C Mo-
MOLLbIO Pa3HbIX NOAXOA0B W Ha Pa3HbIX YPOBHAX. Tak, B MOCKOBCKOM apXUTeKTypHOM UHCTUTYTe (MAPXN)
BBeAeHa ancumnnnHa «Lndposble TEXHONOMMN B apXUTEKTYPHOM MPOEKTUPOBAHMN U NPe3eHTaunmy, Ko-
TOpas BKJIOYAET N3yyeHre napaMeTpuyeckoro NpoeKkTnpoBaHnA 1 cneLmann3npoBaHHbix 3D-nporpamm
B NpodeccmoHanbHOM JeATeNbHOCTN apXUTeKTopa; ¢ 2024 r. 3anyLeH SKCneprMeHTanbHbll obpa3oBa-
TenbHbI mopaynb «[Mporpammbl I B apXUTEKTYPHOM MPOEKTUPOBaHUN», BKAIOUYEHHbI B NpOrpammy
avcunnnvHbl «KomnbloTepHana rpadurka» kadpeppol UTApx (3 Kypc 6akanaBpuata). MAPXW/ nmeeTt mHoro-
NEeTHWU ONbIT NPenofaBaHNA ANCUUNINHBI «KOMMbIOTEPHbIN KOMMNO3ULIMOHHO-KOMOUHATOPHbIN KypC», Ha-
npaBneHHON Ha aKTUBKM3aL M0 aCCOLMATUBHOMO 1 06PA3HOIO MbILLIEHNA CTYAEHTOB-apXUTeKTOPOoB. iByms
LECATKAMY JIET y4eOHOW NPaKTUKN AOKa3aHa CMnoCOOHOCTb KOMOMHATOPHbIX onepaLmii NPoBOLMPOBaTb
poxaeHune naen n obpasos. Pektop MAPXW OmuTpuii LUBMAKOBCKMIA NoAgYEpPKMBAET BaXKHOCTb afanTauum
06pa3oBaHMA K HOBbIM peanuam: «B 061acT apxnTeKTypbl TeNepb OKa3blBaeTCA BaXKHee NoCTaBUTb 3aa-
yy, UeM ee UCMONHUTDL. MNpuraeTca obyyaTb CTYAEHTOB NPaBUIIbHO GopMynpoBaThb 3agaum gns U v 3atem
OLEHUTb NpefnoKeHHbIe peLeHNA»°.

Opyron npumep — Huxeropoackmin rocyapCTBEHHbIN apXUTEKTYPHO-CTPOUTENIbHBIV YHUBEPCUTET,
KOTOpbIVi NepBbiM B Poccnn Hayan obyyatb 6onbluyto A3bikoBylo mogenb GigaChat npodeccroHanbHbiM
3HaHUAM B 06NMacTL apXUTEKTYpPbl U CTPOUTENbCTBA, B YAaCTHOCTU, AUCLUMINHE «ApPXUTEKTYypa MUSbIX,
06LLEeCTBEHHbIX U MPOMBbILLIEHHbIX 34aHUIN 1 COOPYKEHMI»; NofobHaA ABYCTOPOHHAA ajanTauus co3gaet
NPUHUMNMANbHO HOBYIO 00pa3oBaTeNibHYI0 Cpefy, FAe akageMUyecKkne 3HaHUS CTaHOBSATCA OCHOBOW Ans
MaLUVHHOIO 06yyeHUsA. BaXHbIM [OCTVXeHeM B 3TOI obnacTu ABnaeTca 3anyck ¢ 2022 r. obpa3osaTenb-
HbIX Mporpamm Maructpatypsbl B chepe NW, Bkntouaa npodunb «MCKYCCTBEHHBI UHTENNEKT B CTPOUTESb-
HOW OTpacnn».

HoBocnbnpcknin rocynapCTBEHHbIA apXUTEKTYPHO-CTPOUTENbHBIA yHUBepcuTeT (CnbCTpUH) C
2022 r. roToBUT CMEeLmnanncToB no HanpasneHunio «MprknagHaa nHGopmaTnKka B apxXuTeKType»; npodusb
OPUEHTNPOBAH Ha pOPMUPOBaHIME HABLIKOB MHGOPMALMIOHHOIO MOAENNPOBAHUA 34aHNIN U COOPYXKEHUN,
a TakKe aBTOMaTU3auUMio Co3AaHNA 0OBEMHO-NPOCTPAHCTBEHHbIX KOMMO3MLMIA B apXUTEKTYpe 1 An3ai-
He. B 2024 r. ofHOBPEMEHHO C MarncTepcKom NPorpaMmmon «ICKyCCTBEHHbIN MHTENNEKT B CTPOUTENbCTBE
YHUBEPCUTET 3anyCTU Nporpammy «TexHoNnorum MHGOPMaLMOHHOTO MOAENMPOBAHNA 34aHUIA U COOPY-

® HelipoHKn ana cTpoinkn. byaylee apxutekTypbl o6cyannm yyeHble B MICY. URL: https://ardexpert.ru/article/28321 (nata o6pa-
ueHma: 17.09.2025).
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EHNN», HarNpaBfieHHYI0 Ha CMeXHoe Ncnosib3oBaHne BIM-TexHONornm 1 31eMeHTOB NCKYCCTBEHHOIO UH-
TennekTa.

YpanbCKuin rocyfapCTBEHHbIN apXUTEKTYPHO-XY[0XeCTBeHHbIN yHuBepcuteT (YplrAXY) asnaetca
OOHVM M3 MMOHEPOB B 06M1acTX MHTerpaumm LmdpoBbIX TEXHOMNOMMA. B yacTHOCTY, B yHMBepcuTeTe ael-
CTBYET CTyAeHYecKas HayuyHO-nccegoBaTenibckas nabopatopusa «UT B apxutektypex (CHAN UT), peatens-
HOCTb KOTOPOW BKIOYAET M3yYeHNe HOBbIX TEXHONOMMI NPOEKTUPOBAHNA N UCKYCCTBEHHOTO UHTENNEKTA,
NHPOPMaLMOHHOE MOJENNPOBaHNE COBPEMEHHDBIX U MCTOPUYECKMX 3AaHUN, MPaKTUYecKyto paboTy ¢ Tex-
Honoruamn AR/VR n Henpocetamu u gp.

MoMMMO rocyaapCTBEHHbIX BY30B, aKTVMBHY MO3ULMIO 3aHMMAIOT YacTHble obpa3oBaTesibHble yu-
pexaeHuna: apxuTtektypHasa wkona MAPLU npegnaraeT cneumannu3npoBaHHbIA Kypc «Henpocetn B apxu-
TeKType», HanpaBfieHHbI Ha MONCK HOBbIX MOAXOA0B K TBOPUYECKMM npoLeccam. [porpamma Kypca BKIto-
YaeT usyyeHre TeEXHNYECKNX OCHOB VIV onA oco3HaHHOro BbIGOpa apXUTEKTYPHbIX MHCTPYMEHTOB, paboTy
C A3bIKOBbIMU MOAENAMU A1 CO3[aHMA TEXHUYECKMX 3aJaHUI, reHepaLnio KOHLEeNTYanbHbIX MAEN U 3CKU-
30BUT. 4.

MapannenbHO € MHTerpaunen B yuyebHble NnaHbl pa3BMBaeTCcA 1 COObITUIHAA AeATenbHOCTb. Ha-
npumep, B CaHKT-leTepbyprckom rocyqapCcTBEHHOM apPXUTEKTYPHO-CTPOUTENIbHOM YHMBEpCUTETE B
2024 r. 6bIn NPOBELEH BOPKLLOM C yYacTVeM NHAYCTPUAJIbHbIX MAPTHEPOB Ha TeMy «/ICKYCCTBEHHbIV NHTEN-
NEeKT: apxuTeKTop OyayLuero nnn unno3mna nporpecca?». B tom »xe rogy B JleHMHrpagckon obnactu npotuen
nepBbll KOHKYPC «/CKYCCTBEHHbBIN MHTENNIEKT B apXUTEKType U rpafocTpouTenbcTeey. B Hem npuHanm
yyacTue cTygeHTbl n3 cemu By3oB CaHKT-leTepbypra, pa3pabaTbiBalolyme NpoeKTbl B YeTbipeX HOMUHALW-
AX ¢ 0b6A3aTeNbHbIM Mcnonb3oBaHnem V. A B YpIAXY Ha perynapHon ocHoBe NpoBOAATCA KOHbepeHUUn
«HoBble HPOPMaLMOHHbIE TEXHONOMMUN B apXUTEKTYPE 1 CTPOUTENBCTBEY, FAe PacCMaTPUBAOTCA BOMPO-
cbl npumeHeHna N B apxmTekTypHOom obpa3soBaHun. CobbITUIHAA feATeNbHOCTb NO3BOMAET CTyAEHTaM
1 npenogasaTensamM no3HakommTbea ¢ -TexHonormamn B 6e3onacHom cpefe, CHXasA Nofgco3HaTelbHoe
CONPOTUBNEHNE UHHOBALMAM. DTO COOTBETCTBYET NPUHLMMY MO3TaNHOCTA: OT €AUHUYHBIX SKCNEPUMEHTOB
K CUCTEMHOMY BHEAPEHNIO.

AHanu3 npeacTaBneHHbIX NPAKTMK NO3BONAET BbIAEINTb TP OCHOBHbIE CcTpaTernn nHterpauun M
B apXUTEKTYPHOE 06pa3oBaHMe Ha AaHHbIN MOMEHT:

. 3KCNepPUMEHTaIbHO-MOAY/bHYIO (BHeApeHue VW uepes oTgenbHble Kypcbl Y SKCNEPUMEHTAsbHbIE
MOZYNU C MOCTEMNEHHbIM pacliMpeHnem 0xBarTa);

. CUCTEMHO-MPOrPamMMHyto (co3faHuve Lenbix 06pa3oBaTesibHbIX NPOorpamMm, CreLmann3vpoBaHHbIX
Ha UI/-TexHONOrMAX B CTPOUTENbCTBE M aPXUTEKTYPE);

. nccnefoBaTenbCKo-n1abopaTopHylo (pa3BuTMe Yepe3 CTydeHYecKue HayyHo-uccriefoBaTenbCKue

nabopaTopurm C aKLEHTOM Ha NPaKTUYeCKoe OCBOEHNE TEXHOOTI).

iIMeHHO cnCcTeMHOe BHefpeHVe HOBbIX MPAKTUKO-OPUEHTUPOBAHHbIX TEXHONOIMIN B aKagemmue-
CKUIA NpoLiecc cnocobHO 3aKPbITb Pa3pbiB MEXAY BO3IMOXKHOCTAMU UHCTPYMEHTOB VI 1 TpagnLMOHHbIMIA
nefarornyeckMm MeTOANKaMu.

Cmpameauyeckasa moodesnb - KOHyenmyaabHbili N00X00

Ha ocHoBe BbIfABIEHHbIX KOHGIMKTOB, PUCKOB 1 BO3MOXXHOCTEN, CBA3aHHbIX C BHEAPEHNEeM UCKYC-
CTBEHHOTO VHTENIeKTa B chepy apXUTeKTYPHOro o6pa3oBaHsA, pacCMaTPUBAETCA KOHLENTYabHbIN Nog-
X0fl, OCHOBAHHbII Ha 6anaHce coxpaHeHns NpPodeccMoHanbHON TPAZULUK 1 OCBOEHUA LNGPOBbIX KoMe-
TeHUUN.

N3meHeHune ponu npenofaBatens n o6pasoBaresibHble Nefarornyeckne TpeHUHru. Ha npak-
TVKe NpenogaBaTesiv BbipaXkatoT 6€CNOKONCTBO, UTO UX 3aMeHAT cucteMbl M. CTyfeHTbl, B CBOIO ouepesp,
CKJIOHHbI NnonaratbcA Ha M gna pelweHna grusanHepckmx 3agay U BOCNPUHUMAIOT TPaAULMOHHbIE MeTobl
obyueHus, Takne Kak prcoBaHME OT PYKN U CO3faHne MoZenen, KaK ycTapesLune. Ml HecMoTpa Ha To, UTo
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pVICOBaHMe OCTaeTCA BaXKHbIM HAaBbIKOM B TBOPUYECKOM MpoLecce 1 npenogaBaTtenam crelyeT NpoJosKaTtb
nogyepKrBaTb 3TOT NOCTYNAT CTyAeHTaM-NePBOKYPCHUKaM [18], nayueHue snuaHua N Ha apxutekTypHoe
obpasoBaHMe 1 NOUCK cNoco6oB 3PeKTUBHOM UHTErpauun TexHonorui M B yuebHyto nporpammy npwu
COXPaHEHMM TPAZULMOHHbIX METOAO0B NPenolaBaHnA MMEET BaXXHOE 3HaUeHne He TONTbKO AN1A YUYEHUKOB,
HO 1 ANA CaMUX yunTenemn.

MpuHUMN NnporpeccnBHO CNOXKHOCTU. AHanNu3 yuebHbIx NnaHoB 6akanaspuata kapegpbl JAC TUY
Ha npumepe Habopos 2020 1 2023 rr. HarNAAHO MNOKa3blBAET NOMbITKY CUCTEMbI 3JANTUPOBATLCA K TEXHOSO-
rmyecknm Bbi3oBam. CTygeHTbl, noctynueLune B 2023 I, y>Ke UMetoT B yueOHOM MilaHe crielnan3npoBaHHYio
AVCUMNANHY, CBA3aHHYIO € WM, Ha yeTBepTOM Kypce. be3ycnoBHO, 3TO MO3MTMBHbIN LWar Bnepeg, no3Bonsa-
oM CTYAEeHTaM OCBOMTb OCHOBHbIE METObl TEOPUM MHTENEKTYaNIbHbIX CUCTEM, TPUOBPECTY HaBbIKM MO
WX UCMONb30BaHUIO, 3YyUNTb OCHOBHbIE METOAbI NPeACTaBAEHNA 3HaHUIN 1 MOAENMPOBAaHNA PAaCCYyKAEHWI.
OpHako cylecTBeHHbl PUCKN CTONKHOBEHWA C ABYMA Npobnemamu: 1) CTyAeHTbl NogonayT K 3TOMY Kypcy
6e3 6a30BOW CCTEMATM3NPOBAHHOW NOAFOTOBKM, OCHOBbIBAACH NLLb HAa CTUXUAHOM GpparMeHTapHOM Ofbl-
Te paboTbl ¢ W, KOTOpbI OHV NPUOBPENY, NCNONb3Ys 3TV TEXHOMOTUN C UHTYUTUBHO MNOHATHBIM MHTEPdEen-
COM B OTKPbITOM JOCTYne; 2) BHegpeHue nsyyenma N Ha cTaplumx Kypcax npegnonaraert, Yto npegbigyLimie
yuyebHble MPOeKTbl ObINK caenaHbl B paMKax TPagULNOHHBIX MeToAMK, 6e3 MCNob30BaHNA HOBbIX TEXHU-
yeckmx mopenen, Toraa Kak B peasbHOCTV COBPEMEHHbIE abUTYPUEHTbI 1 CTYAEHTbI MAAALLNX KYPCOB YKe
aKTUBHO MCNOJb3YIOT OTKPbITble MN-nHCTpyMeHTbl (Hanpumep, ChatGPT) ana nuuHbIX 1 yuebHbIX Lenen.
YHUBEPCUTETY Ba’KHO HaTK CNOCOGLI KOHTPOSA 1 CMCTEMATU3ALMM 3TOrO NpoLecca.

Taknm o6pa3om, 3peeT He06XoOAMMOCTb 6osiee paHHero BBEAEHNA OCHOB NCKYCCTBEHHOIO NHTEN-
nekKTa B yuebHble NniaHbl 1 Nporpammbl ornpegeneHHbIX ANcUnnianH. OTANYHBIA NPUMep: KOMMNbOTepHbIe
TEXHONOIMKY NPenoakTcsa C NEPBOro Kypca HECMOTPA Ha TO, UTO OCHOBHbIE PabOoTbl MO apPXUTEKTYPHO-
AV3aiHepCKOMY NPOEKTMPOBAHWIO BMIOTb A0 TPETbEro Kypca BbIMOMHAIOTCA B PyYHONW nogave. 3To no-
CTENeHHO 1 NIaHOMePHO MOAroTaBAMBAET yyalmnxca K paspaboTke yuebHOro npoekTa — oT KoHLenumnm
[0 B/3yanum3aLum 1 BbIBOAa rOTOBOrO LWMPOKOGOPMATHOrO MiaHLeTa — C UCNOJSIb30BaHNEM BO3MOXHO-
CTel NporpammHoro obecneyeHmns 1 NPOEKTMPOBaHNA B LndpoBol cpege. Tak, Npu agantauum yyebHbIx
KYPCOB 1 BK/IIOYEHMW HOBbIX MHCTPYMEHTOB Y>Ke cenyac CyLecTByeT pAf BO3MOXKHOCTEN: MHCTPYMEHTbI
reHepatusHoro VU (Midjourney, Stable Diffusion) moryT 6bITb NCMONb30BaHbI B apXUTEKTYPHO-AN3al-
HEepPCKOM MPOEKTUPOBAHWM ANA ObICTPOro MUCCiefoBaHUA KOHLUENUUK, BM3yanbHOrO NpefcTaBieHuns
atmocdepbl; A3bikoBble mogenu (ChatGPT) moryT cny»kuTb Ana npoBeAeHMA MO3roBoro WTypma, CTpyK-
TYPUPOBAHUA 1 aHanm3a 60sblumx MaccuBoB MHbopmauum; A moxeT npumeHATbCA ana o0b6paboTku
KapTorpadpuyecknx n 3KoNormMyecknx AaHHbIX Npv NpefnpoekTHOM aHanm3e. JKCcneprmMeHTanbHO foKa-
3aHO, UTO BHeJpeHMne B NpoLecc yyebHOro NpoeKTMpPoBaHNA TEXHONOMMI NCKYCCTBEHHOTO UHTeNNeKTa
K y>Ke CyllecTByioLemMy KoMnbloTepHomy 3D-moaennpoBaHmio OKasbiBaeT MONIOXKUTENIbHOE BINAHME Ha
obyuyeHve CTyAeHTOB, NOBbIWAET NX cpefHuin 6ann n 3ddeKkTMBHOCTL paboTbl [19], a TakKe nomoraet
npunTK K 6onee HOBAaTOPCKUM pe3ynbTaTaM, Yem MPOoLEecc, OrpaHNUYeHHbIA NCMONb30BaHMEM TONbKO
TPaAULMOHHbIX MUHCTPYMeHTOB [20].

AKLEHT Ha KpUTNYECKOM MbILWIEHNN W 3TUKE. 3HaHWe PpyHameHTalIbHbIX OCHOB M HACMOTPEH-
HOCTb 3aKnagblBaloT npodeccrmoHanbHyo 0CHOBY. [eHepaTBHasA Mogenb, cnocobHas BbigaTh 6ecumcieH-
HOe KONNYeCTBO pe3ysnbTaToB, AOJIKHA PErynmpoBaTbCA apXMTEKTOPOM, obnajaklym HeobxoanmbiM
6a3ncom: 3pecb Bo3HMKaeT npobnema Bbibopa HEOOXOANMOTO peLleHVA ANA onpeaeneHHon cpebl, NCTo-
pUYECKOro 1 COLMOKYNbTYPHOrO KOHTEKCTOB. MiccnepoBaHue [21] nogTeepxaaeT, uto obyyeHuve paboTe ¢
NN gonxHo ob6A3aTesibHO BKOYATb MOZYN MO 3THKe 1 drnocodry apxXUTEKTYPbl, BOMPOCAM aBTOPCKOro
npaBa B OTHOLUEHUWN CreHePUPOBAHHOIO KOHTEHTa.

C uenbio HegoMyLLEHUA PUCKOB, C KOTOPbIMU MOKET CTOJNIKHYTbCA NpodeccmoHanbHaa apXUTeKTyp-
Has cpefa B Oyayuiem, HeOOXOAMMO AOHOCUTL [0 CTYAEHTOB NOJIOXKUTENIbHblE CTOPOHbI COaniaHCPOBaH-
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HOrO NOAXOAA U NOCNEeACTBUSA, K KOTOPbIM MOXET MPUBECTY OTKA3 OT HEFO: UCTOLLEHME KYNbTYPHOIO U WH-
TENNEKTYanbHOro 60raTcTBa, KOTOPOE U ONpPELENAET YenoBeyeckyio uusmnmnsaumio. Micnonosoaxme N B
KauyecTBe MHCTPYMEHTA, @ He IMNepPaTnBa, — 3a50r COXPaHEHWUA CYLLHOCTI YeT0BeYEeCKOro NHTENNEeKTa 1
XY[0XKECTBEHHOIO CAMOBbIPAXKEHUA B apXUTEKTYpPE.

Mpepnaraemasn KoHUeNTyanbHas mogesnb nHterpaunn M B apxmtekTypHOe 06pa3oBaHme CTPOUTCA
Ha NPUHLUKMMNEe NOCTENEeHHOro, MO3TaNHOro NOrPyXeHus, rae CMHTe3 TPaguUMiA U TEXHONOMMIA UrpaeT rnas-
HYI0 POJib.

®opmupoBaHue pyHaameHTa (MnagLme Kypcbl). AKLEHT fenaeTcs Ha 6a30Bble apXUTEKTYPHbIE
KOMMeTeHLMN: pyYHOE UCMONHEHME, OCBOEHVE apXUTEKTYPHOW rpadunKm, pUCyHKa, a TakKe n3ydeHune Teo-
pUN 11 UCTOPUMN APXUTEKTYPbI B LUIMPOKOM 06LLEKYNBTYPHOM 1 GUI0COPCKO-ICTETMUECKOM KOHTEKCTE. ITO
dopmupyeT 6a30BOE MOHMMAHKE XAHPOBOTO 1 GpYHKLMOHANBHOIO MHOroobpasus, BKYC 1 KpUTUYecKoe
MblLLIEHVE, 06 bACHAET B3aUMOenCcTBME C APYTMMU BUAAaMM UCKYCCTB. B3anmoperictaue ¢ W npoucxognt
B O3HAKOMUTENIbHOM PeXMME, Kak C OQHUM U3 MHCTPYMEHTOB COBPEMEHHOW MPaKTUKMN.

Kputnuecknim aHanus (cpegHmue Kypcbl). AKLEHT CMellaeTca Ha pa3BuTMe aHaNUTUYeCKmX Cro-
CcoOHOCTeN: CTYAeHTbl 3HAKOMATCA C paHHUMK 1 6onee npeackasyembimn BepcmaMrU NN-nHCTpYMeHTOB,
rae ponb yenoBeka-KypaTopa OCTaeTca onpegenswolweln. 3afada 3Tana — He reHepaums, a KpUTUYeCKnii
aHanus. CTyaeHTbl yyatcs popmynmpoBaTtb 3anpockl (Hanpumep, ana Stable Diffusion nnn Midjourney),
OLEeHMBAaTb 3CTETUYECKYIO Y KOHCTPYKTUBHYIO COCTOATENIbHOCTb CreHepUpOBaHHbIX BapMaHTOB, OTOMPaThb
1 popabatbiBaTh UX (pyc. 2). TO pa3BMBAET HaBblK OCO3HAHHOTIO YNPaBNeHNA afiFOPUTMOM, @ He NAaCCUBHO-
ro noTpebneHns ero pesynbTaTos.

3cknsuposaHue. Monck popmbi Cxema [OpOXKHO-TPONMMHOUYHOIA CeT!

MepeHeceHve 06pasa NTMLbI B MaclwTabe YcnoBHble
CyLLeCTBYIOLLe TeppUTOprn o6o3HaueHuns

OCHOBHaA

LWnpoKaa gopora

v EON NbkHaA Tpacca

fa
a2 e

TEPPEHKYP
30Ha NapKunHra

ckusuposaHue. Mouck popmbi

MNMpumeHeHne U ana co3pgaHua
BM3yanu3aLmnm npoeKkTa

Puc. 2. [poyecc pabomsl HA0 NpoeKMom, 8 KOMOPOM hUHASIbHAA YacMb NPeACMassieHa C2eHepuUpPOBaHHbIMU
¢ nomowbto MW susyanusayuamu (hpazmeHmesi u3 cmyoeHqeckux npoekmos TUY)
Fig. 2. The project workflow with Al-generated visualizations in its final stage
(fragments from projects by students of Industrial University of Tyumen)
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TBopueckasa nHTerpaumsa (crapwme Kypcbi). [IporcxognT CMHTE3 TPaaULMOHHbIX METOAO0B C BO3-
MoXHocTAMU UW: cTypeHTbl paboTatoT ¢ HoBenwumn UU-cnctemamm, UCnonb3yst MynbTMMOAASIbHBIN BBOS
(3CKM3bI, TEKCTbI, AHHbIE), X COYETAOT MALUMHHbIE BO3MOXKHOCTM C aBTOPCKUM 3aMbICIOM N COXPaHeHU-
€M KOHTpoNA Haj npoueccoM. Npu 3TOM UM yKe U3BeCTeH U JOCTYMEH WNPOKUA BbIGOP NHCTPYMEHTOB,
NO3BOJSALMX NPOBOANTb NPAAOCTPOUTENbHBIN aHanu3 (paboTta ¢ bonbWMMN AaHHbIMK [22]), pa3pabaTbl-
BaTb KOHUeNuuu (NoACKa3Kmn reHepaTUBHOIO AM3aiHa 1 SBOMIIOLMOHHbIE anropuTmbl [23]), npoeKkTnpoBaTb
(BIM-mogenupoBaHue, onTMMmnsaumna n cumynaTtopbl [24]) 1 nponsBoauTb BbiBOA, (KOMMblOTEpHasA BU3ya-
N3auuns 1 aBToMaTr3aumsa) Ha HOBOM NPodecCcMoHaNbHOM ypoBHe. ITorom nogo6Horo nogxona ctaHeT
KOMMETEHTHbIN cneuranunuct, obnagatowmnn NpoeKTHON KynbTypOW.

4. 3akntovyeHue / Conclusions

ApxutekTypa Bcerga 6bina cpefCcTBOM JIMYHOMO CaMOBBIPAXKEHMA U XY[AOMECTBEHHOIO BUAEHNA.
Kaxkabiil apxuTeKTop Nof BAUAHMEM NPOUNCXOXKAEHNA, 06pa3oBaHUA 1 KyNIbTYPHOrO KOHTEKCTa MPUBHOCUT
B CBOIO pabOTy YHMKaNbHbIN B3rNAA U )KU3HEHHbIN OMbIT, NPUAaBas CBOUM NPOeKTaM UHANBUAYaNIbHOCTb U
KYNbTYPHYI0 3HAaYMMOCTb. 9Ta UHAUBMAYANIbHOCTb — TO, UTO AeNaeT apXUTEKTYpPY, OKPY»KaloLWniA YenoBekKa
MaTepuasnbHbll MUP H6oratbiM 1 pa3HOOOPa3HbIM, rae KaXkaoe 34aHne pacckasblBaeT YHUKANbHYO UCTO-
puto. ICKycCTBEHHOMY MHTENNEKTY He XBaTaeT CMOCOOHOCTU YNaBAMBaTb 3TW HIOAHCHI.

MNpoBegeHHOe UCCNefoBaHNE NOATBEPXKAAET, UTO MHTErpaumna NCKYCCTBEHHOMO NHTENNEKTa B apXu-
TeKTypHOoe 06pa3oBaHe NpeacTaBnaeT coO0M He MPOCTO TEXHONOMMYECKY MOAEPHM3aLMI0, @ KOMIIEKC-
HbI PUNOCOPCKO-KYNBTYPONIOMMUYECKNIA 1 MeArormyeckunin Bbi3oB. AHanm3 nokasar, uto M obnagaert 3Ha-
ynTesIbHbIM NOTEHLMANOM ANA TPpaHCOPMaLUM TPaAULMOHHbBIX NOAXOA0B K 00yyeHuto, Npegnaras HoBble
VHCTPYMEHTbI 1A reHepaLy U aHanm3a NPOEKTHbIX pelleHniA, ONTUMM3aL My NPOLIeCCOB U pacluMpeHmns
TBOPYECKMX BO3MOXKHOCTel. OfHaKO ero BHepeHne COMPSKEHO C Cepbe3HbIMU PUCKAMU: CHVKEHNEM
poNy KpUTUYECKOTO MbILLIEHUA 1 YCUSIEHEM pa3pbiBa MexAay OblCTPo pa3BurBatoLienca npodeccrmoHanb-
HOW NPaKTUKOWM N KOHCEPBATUBHOM akagemmnyeckon cpefon. Bmecte ¢ Tem, aHanm3 NpakTMK POCCUNCKNX
apXUTEKTYPHbIX BY30B NOKa3blBaeT rOTOBHOCTb 06pa30BaTeNbHON CUCTEMbI K MO3TanHom nHTerpauum UW;
eflvHaA MeToAosIornyeckas paMKa noka Tonbko dopmmpyetca, HO B OyayLem oHa NO3BOAUT MacluTabupo-
BaTb yCneLHble NPaKTUKM 1 n36exaTtb Ay6nnpoBaHua olwnboK.

KnioueBbIM BbIBOAOM paboTbl ABNAETCA HEOOXOANMOCTb Pa3paboTKmn cbanaHCMpPOBaHHOWM 1 No3Tan-
How mopenu uHTerpauumn A, kotopasa 6bl coueTanacb ¢ coxpaHeHnem ¢yHAaMeEHTaNbHbIX OCHOB apXu-
TEKTYpPHOro obpa3soBaHus. [peanoKeHHbI CTpaTerMyeckuin NoAxXoA, BKAOYAOWMIA STanbl oT GopmMmnpo-
BaHMA 6a30BbIX NPOodeCccroHanbHbIX KOMNETEHLMIA N KPUTUYECKOTO OCBOEHMA TEXHONOMIA O UX NMOHOTO
BHeZPeHNA B MPOEKTHbIN NPoLecc, Hanpas/eH Ha NOArOTOBKY CreumnancTa, CnocobHOro K 0CoO3HaHHOMY
1 STUYHOMY MCNOJIb30BaHMO VA Kak MHCTpyMeHTa, yCUIMBAIOLLEro, @ He NOAMEHSAIOLLEro YenoBeyeckoe
TBOPYECTBO. HO HECMOTPA Ha KOHLEeNTyanbHylo 060CHOBaHHOCTb, TeMa TpebyeT fanbHenwero ocmbice-
HUA 1 NPOPaBOTKM 13-3a UMEIOLLMXCA OFPaHNYEHNIA:

. WHCTUTYLMOHANbHBIX: MO3TanHas cucteMHan uHterpauma M B obpasosaTenbHbIl npouecc TpebyeT
3HauUUTENbHbIX GMHAHCOBBIX BNOXKEHWI B TEXHNYeCKoe 0bopyaoBaHme, nuueH3mm Ha MO v nosbiwwe-

HUA KBanudmKaL M npenofaBaTenbCKkoro CoOCTaBa;

. KaZipOBbIX Npob6nem: cywecTsyeT AedpuumnT NnpenoaasaTtener, BNaaeoLwmnx ogHOBPEMEHHO apXUTEK-
TYPHbIMV KOMMNETEHLMSAMUN U 3HaHMAMM B obnactn UW;

. TEXHONOTMYECKMX PUCKOB: pa3Butue V-TexHonornii cosgaeT npobnemy 6biCTPOro yctapeBaHus
06pa30BaTeNIbHOrO KOHTEHTA 13-3a NOTEPM aKTyaNnbHOCTV NPOrpamMm;

. KYJIbTYPHbIX PUCKOB: MOXET BO3HMKATb CONPOTMBNEHNE N3MEHEHMAM CO CTOPOHbI Kak NMpenopaBa-
Tenen, TaKk v CTYAEHTOB, NPeAnoYnTaoWMX Knaccuyeckne Metoapl obyueHus;

. 3TUUECKUX AUNEMM: TPAAULMNOHHbBIE KPUTEPUMN OLEHKM apXUTEKTYPHbIX NMPOEKTOB He YUYUTbIBAOT
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cneyndriky pabotbl ¢ UN-MHCTPYMEHTaMK, UTO MOXET NPUBECTU K HEPABEHCTBY B OLEHKE CTYAEeH-
yecKunx pabor.
B koHeuHoOM cueTe ycnewHas nHTerpauua M B apxmutekTypHoe o6pa3oBaHme BO3MOXKHA NULLb MPK

YCJTIOBUW €r0 PaCCMOTPEHNA HE KaK CaMOLeNv, a KaK aNieMeHTa 6osee WrPOoKOW CUCTEMBbI, HanpPaBNEHHOM
Ha GOpMMpPOBaHVE apPXUTEKTOPA HOBOTO NMOKOJIEHMS, CNOCOOHOrO OTBEYaTb Ha BbI30Bbl COBPEMEHHOCTH,
COXpaHAs NpY 3TOM F'YMaHUCTUYECKME LIEHHOCTU 1 OTBETCTBEHHOCTb 33 GOPMUPOBaHME OKpYKatoLlein
cpefpbl.

"I> Bknag aBTopoB. KocTko O. t0.: HayuHoe pyKOBOACTBO, pa3paboTKa o6Lien KOHLENLMN I METOAONIOMMN UCCTe-

noBaHus, dopmynumposka Gbrnocodcko-MeTof0N0rMYeckoro pasfiena, pa3paboTka u NpeasioKeHne OCHOBHbIX
nonoxeHuin. MunynuH W. I.: npegctaBneHne smnmpuyeckmx AaHHbIX 1 OMnblTa NPakTUyeckoro npumeHeHnsa I
B apPXMTEKTYPHOM NPOEKTNPOBaHNM U 06pa3oBaTesibHOM npouecce. TypaHckan K. A.: pa3paboTtka CTpYKTypbl
nuccnenoBaHus, C6op U aHanu3 NUTepaTypbl, BU3yanusaunsa gaHHbIX, obliee peAakTUpOoBaHUe TeKCTa, onuca-
HVe NPaKTUYECKOro Kerca Ha OCHOBE IMUYHOTO OMbITa YYacTHA B y4eOHOM NpoeKTe ¢ nprMeHeHnem V.
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BnuAHue u3BeCcTKOBONEPAUTOBBIX LUTYKATYPHbIX NOKPbITUN
Ha BIAXXHOCTHbIN PeXUM OrpaXKAaloLuX KOHCTPYKLMM

B. W. Nloranuna <, A. . Pbixkos
[eH3eHCKMI rocyaapCTBEHHbIN YHUBEPCUTET apXUTEKTYPbl 1 CTPOUTENbCTBA
MNeH3a, yn. lepmana TutoBa, 28, 440028, Poccumnckaa Gegepauyus

>

B4 loganin@mail.ru

AHHoOTauuA. iccnegoBaHoO BNUsIHME WUTYKATYPHOrO C/I0Sl HA OCHOBE Pa3paboTaHHOW CyXol CMec C UCMOoJlb-
30BaHVEM CMHTE3MPOBAHHbIX aNIIOMOCUIIKATOB Ha TEMIOBOE U BIaXKHOCTHOE COCTOAHME OrpakAatoLLnX KOH-
CTPYKUMI NPU Pa3fnYHbIX yCIOBUAX SKCUTyaTaumm B ropofax HoBocmbumpcke v MeH3se. Mpu npoBegeHun pac-
yeToB OblIM MPOAHANU3MPOBAHDI [IBa BapMaHTa OTAENIOUHbIX PaboT: NepBbI Npeanoaran NCnosib3oBaHve
M3BECTKOBO-NECUYaHOro pacTBopa C MIOTHOCTbIO 1 600 Kr/M® 1nA OTAENKM KaK BHYTPEHHMX, TaK U Hapy»KHbIX
NOBEPXHOCTEN, BTOPOW NpefyCcMaTpuBan NPUMEHEHKE TaKOTO e pacTBopa AJ1A BHyTPEHHEN OTAENKM, ANA Ha-
PYHOW CMO/b30Baach WTyKaTypHas CMech C MAOTHOCTbIO 700 Kr/M® Ha OCHOBe pa3paboTaHHON peuenTy-
pbl. MonyuyeHHble pe3ynbTaTbl MO3BOMWN FOBOPUTb 00 3GHEKTUBHOCTU NPUMEHEHUS pa3paboTaHHOW Tenso-
N30MIAILNOHHON LWITYKATYPKM B KIIMMATUYECKMX YCIIOBUSX 000UX ropooB: 6biio obecrnieyeHo 6osee GbicTpoe
BbICbIXaHME KOHCTPYKLUM MO CPABHEHNIO C LLIeMEHTHO-NEeCYaHbIMM PacTBOPaMK, Habiofanocb CMelleHmne Ha
1.6-3 MM HyneBOW 1M30TepMbl B 06/1acTb Ooniee HM3KUX TemnepaTyp. [pMMeHeHMe WTYKAaTypKM Ha OCHOBe
pa3paboTaHHON peLenTypbl TaKKe NMO3BONIO YMEHbLINTL KONMYECTBO BbiNaAaloLero KOHAEeH aTa B CTEHO-
BOW KOHCTPYKLUN B KNIMMATUYECKIMX YCNI0BUAX HoBocrbupcka B 19.4 pa3a, MNeH3bl — NpakTUyecKn NofHOCTbIO;
3HaueHWe BNaXXHOCTN MaTepurana B 4.7 (ana Hosocnbupcka) n B 3.2 pasa (ans MeH3bl) HUXKe MO CPaBHEHMIO C
N3BECTKOBO-MEeCYaHbIMW aHanoramu. 3To CBUAETE/IbCTBYET O MOBbILEHUMN TEMION30ALNOHHBIX CBONCTB Ha-
PY>KHOW OrpakgatoLert KOHCTPYKLUN.

KnioueBble cnoBa: 13BECTKOBbLIA COCTaB, TEMIOU30MALNOHHAA LWTYyKaTypKa, naponpoHnUaemMmoCTb, TenJio-
BNTA>KHOCTHbIN PEXNM KOHCTPYKL NN, HYNeEBaA N30TEPMa, KONTMYeCTBO KOHAEHCaTa

Ona yntuposaHus: JloraHnHa B. W., Poixkos A. [l. BnuAHne 13BeCcTKOBONEPUTOBbIX WTYKATYPHbIX MOKPbI-
TUIM Ha BNIAXKHOCTHbIN PEXNM OrpaKAaloLwmnx KOHCTPYKUUN. Apxumekmypa, cmpoumesabCmeo, mpaHcnopm.
2025;5(3):26-33. https://doi.org/10.31660/2782-232X-2025-3-26-33 EDN: FKIAXS

The influence of lime-perlite plaster coatings
on the moisture regime of building envelopes

Valentina . Loganina "<, Anton D. Ryzhov
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Abstract. This study investigates the influence of plaster coating based on a developed dry mix containing
synthesized aluminosilicates on the thermal and moisture regime of building envelopes under various operating
conditions in the cities of Novosibirsk and Penza. Two finishing options were analyzed during the calculations:
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the first used a lime-sand mortar with a density of 1.600 kg/m? for finishing both interior and exterior surfaces,
while the second used the same mortar for the interior finishing but employed a plaster mix with a density of
700 kg/m?® based on the developed formulation for the exterior. The results obtained suggested that the
developed thermal insulation plaster was effective in the climatic conditions of both cities. It ensured faster
drying of the wall structure compared to cement-sand mortars, and a 1.6-3 mm shift of the zero isotherm
towards lower temperatures was observed. Furthermore, using the plaster based on the developed formulation
reduced the amount of condensation within the wall structure by a factor of 19.4 in Novosibirsk and almost
completely eliminated it in Penza. The moisture content of the material was 4.7 times lower in Novosibirsk and
3.2 times lower in Penza compared to lime-sand analogues. This indicates an increase in the thermal insulation
properties of the external building envelope.

Keywords: lime composition, thermal insulation plaster, vapor permeability, thermal humidity regime of the
structure, zero isotherm, amount of condensate

For citation: Loganina V. I, Ryzhov A. D. The influence of lime-perlite plaster coatings on the moisture
regime of building envelopes. Architecture, Construction, Transport. 2025;5(3):26-33. (In Russ.) https://doi.
0rg/10.31660/2782-232X-2025-3-26-33
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1. BBegeHue / Introduction

3BecTKOBbIE COCTaBbI TPAQULMOHHO UCMONb3YIOTCA ANA OTAeNKM GpacafoB 3qaHUN, 0CO6EHHO Npu
pecTaBpaunn NCTOpPUYECKNX NocTpoek [1-3]. OgHaKo 13BeCTKOBAs WTYKaTypKa 0bnagaeT cpaBHUTENIbHO
HU3KOW YCTOMUMBOCTbIO K HEGNaronpuATHbIM BHELIHVM BO34EeNCTBUAM, TaKMUM Kak nepenagbl Temnepa-
TYp, aTMOChepHble 0CaAKM 1 LMKIIbl 3aMOPaKMBaHUA-OTTanBaHUsA [4-6]. [1nA noBbllEeHNA [ONFOBEYHOCTH
M NMPOYHOCTU U3BECTKOBbIX MOKPbLITUIA B UX COCTAB A00ABNAIOT pa3nyHble Moguouumupyowmne nobasky,
Lenblo KOTOPbIX ABAAETCA yNy4lleHne BOAOCTOMKOCTM, MOPO30CTONKOCTU U MEXAaHUYECKON MPOYHOCTH
[7-10].

Hanbonee pacnpoctpaHeHHbIMY AedeKTaMu MOKPbLITUI SBNAIOTCA OTC/IOEHUE OT OCHOBaHWUA U
obpasoBaHMe CeTn MenKuX TPeLwuH, HanoMuHaLWmx nayTruHy. OgHa 13 rnaBHbIX MPUYUH TaKNX MOBPEX-
LEHUN — KOHAEHCAUVA Bfary Ha rpaHuue Mexzay CTeHOW 34aHuA 1 WTyKaTypHbiM cnoem [11-13]. Bnara,
NPOHMKaloLasa B Nopbl MaTepuana, Nnpu 3amep3aHnumn yBemunBaeTcs B 00beme, co3fgaBas 3HaUUTENIbHOe
BHYTPEHHee HanpsaMXeHne, KOTopoe B KOHEYHOM UTOre NPUBOAUT K pa3pyLleHuto WTyKaTypku [14-17].

[nAa NoBblWeHnA SKCNIyaTaLMOHHON CTOMKOCTM U3BECTKOBbIX MOKPbITUI K BO3AENCTBUIO BHELLUHEN
cpegnbl NpeasioKeHo BBOAUTb B peLenTypy A006aBKY Ha OCHOBe aMOPdHbIX atoMoCUInKaToB. Hamu pas-
paboTaHa TeXHOOr A, 3aK/YaoLWAACA B CMELIeHNN MUKPOCKOMNYECKOrO NOPOLLKA antoMUHNA C XKULKNM
HaTpueBbIM cTeknom [18-20]. CmelurBaHme nponcxogunt npu temnepatype ot 60 go 90 °C n gnnTca ot no-
nlyyaca o AByx 4acoB. [lonyyeHHyo cmechb 3aTeM BbiCyLlmnBatoT npy Temnepatype 100 °C.

OCHOBHbIM KOMMOHEHTOM ,O6aBKM ABNAETCA OKCUA aNIOMUHUA, ero cofepaHue coctaBnaeT51.03 %.
[lo6aBKa COCTOUT M3 YacCTUL, Pa3HOro pasmepa: Hebonbwasa Yactb (2.48 %) nmeet pasmep ot 0.010 go
2.0 MKM, a oueHb Manas gonsa (0.07 %) — ot 200.000 no 300.000 Mkm. CpefiHAA MNAOTHOCTb 400ABKN pPaBHa
550 kr/m®. CornacHo faHHbIM NPOBEAEHHbIX UCCIeOBaHUN, cofepX aHue 1o6aBKN B N3BECTKOBOM pac-
TBOpe coctaBnseT 10 % oT Mmaccbl n3BecTu. [IPOYHOCTb Ha CXKaThe N3BEeCTKOBOMO pacTBoOpa nocse 28 cyTok
BO3JYLLIHOro CyXoro TBepAaeHma coctaBnsaeT 2.21-2.86 Mla.

A noBblWeHNA TeNN03aLUTHbIX CBOMCTB MOKPLITUIA Ha OCHOBE pa3pabaTbiBaeMoro coctaBa npej-
NOXEHO BBOAWTDL B peLienTypy Nep/iMToBbIN Necok. PazpaboTaHHbIN COCTAB CyXOl CTPOUTENIbHOWN CMecH Xa-
paKTepur3yeTca ObICTPbIMY CPOKAMY CXBaTblBaHWUS, BbICOKOW BOAOYAEPKMNBAOLEN CMOCOOHOCTbIO. MOKpbI-
TUA Ha OCHOBe pa3paboTaHHOro coctaBa 06nafjalT CNOCOOHOCTBIO K CAMOOUMLLEHMIO 33 CYET BBEAEHNUA
doTokaTanmzaTopa, UMMOOMN30BAHHOIO Ha MoanduLMpyoLWel foOaBKe, UMEIOT HU3KMe 3HAYeHns yca-
LOYHbIX Aedopmanui. Mapka o MOPO30CTONKOCTU COCTaBNAeT F35, KoadpduLmeHT naponpoHnLaeMocTm —
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0.18 mr/(m-.u.IMa), KoreanoHHanA NpoYHocTb — 0.39 Mrla, KoadpduumneHT TennonporogHocTy — 0.18 B1/(m2.°C).
Cyxan cTpouTesibHaA CMeCb NpeAHa3HauYeHa A5l OTAENKM HAPYKHbIX M BHYTPEHHUX CTEH 30aHWIA.

Llenbto nccnepoBaHna ABNANOCH M3yYeHre BAUAHMA WTYKaTypPHOro CoA Ha OCHOBe pa3paboTaH-
HOW CYXOW CMECUK Ha TEMJIOBOE 1 BNAXKHOCTHOE COCTOAHME OrPaXkAaoLWMX KOHCTPYKLUA NPY Pa3fivyHbIX
ycnoBuAx aKkcnnyaTaumn. MsyuerHne appeKTMBHOCTY NCMOMb30BaHMA pa3paboTaHHOro cocTaBa Npu pas-
NINYHBIX YCNIOBUAX SKCMyaTaumm onpeaenseT akTyalbHOCTb JAHHOTO NCCNeoBaHMA.

2, Martepwmanbi u meTogbl / Materials and methods
ANA OUEeHKMN BAMAHMUA WTYKAaTYPHOro CN0A Ha OCHOBE pa3paboTaHHON CYyXOi CMeCH Ha TennoBoe U
B/1aXXHOCTHOE COCTOAHME OorpakaatroLnx KOHCprKLI,VIIZ OblS1 BbIMOJIHEH TEMIOTEXHNYECKNN PacyeT CTeHbI,

KOHCTPYKTMBHOE PELIEHNE KOTOPOW NPUBELEHO Ha puc. 1.
PacueTbl 6binn NpoBeaeHbl ANA KAuMatuue-

CKux ycnosui ropopos Hosocnbupcka v MeHsbl. Bbl-
6op ropopa Hoeocnburpcka obycnoBneH Tem, YTo OH
Yrennurens pacrnonoXxeH B KnMmatmyeckom nogparoHe 1B, ana
KOTOPOro XapakTepHbl LOCTAaTOYHO XOJIO4HbIE 3UMbI,
Otnenounbiin ~ YTO MO3BONAET YyecCTb 3KCTpPeMalnbHble MOrogHble
/ L“TyﬁaTypr'V' yCNoBUA, BIVAOLLME Ha B/TaXKHOCTHOE COCTOAHME Ha-
o PY>KHbIX Orpa)aatoLmx KOHCTPYKLUIA, N OLeHUTb 3¢-
beKTUBHOCTb NpepJiaraemMoro LWTyKaTypHOro cocTa-
Ba. B Tom cnyuvae, ecnin B pesynbrate Uccief0BaHUN
6yaeT nokasaHa BblCoKasi 3G PEKTUBHOCTb NPUMEHE-
HMA pa3paboTaHHOro CocTaBa B paccMaTpriBaeMbIX
OrpaXxfeHusx, MoOXHoO OyfeT chenaTb BblBOJ, UYTO B
6onee Tennom Knumare (r. lNeH3a) BNa>KHOCTHbBIN pe-
MM B CcTeHax byneT elle 6onee 61aronpuATHbLIM.
Mpw NpoBeAeHUN pacyeToB Gblv MPOAHANN3MPOBaHbI Ba BapuaHTa OTAENOUYHbIX PaboT. BapuaHT 1
npeanonaran NCnonb3oBaHNe M3BECTKOBO-NECYaHOro PacTBOPa C MAOTHOCTbIO 1 600 Kr/M* 4NA OTAENKM Kak
BHYTPEHHWX, TaK U HapY>KHbIX MOBEPXHOCTeN. BapraHT 2 npefycmaTpurBan NpMMeEHEHE TOrO e N3BEeCTKO-
Bo-necuaHoro pacteopa (1 600 kr/m*) ana BHYTPEHHEeWN OTAEeNKN, OQHAKO AN1A HAPYXXHOW OTAENKN UCNOSb-
30Baslach WTYKaTypHas CMeCb Ha OCHOBE pa3paboTaHHON PeLENTYPbl, XapaKTePM3YOLAACA 3HAUNTENIbHO
MeHbLUeil NIOTHOCTbIO — 700 Kr/M’. B KauecTse Tennon3onALUMOHHOro MaTeprana B 0601x BapuaHTax pac-
CMaTpVBaNUCb MMHepanoBaTHble NKTbl. B Tabnuue 1 nprBefeHbl XapakTePUCTUKN AaHHbIX MaTepPUanos.

Kepam3sunTto6eToH
NAOTHOCTbIO
1400 kr/m?

L

OTaenoyHbIn
LWTYKaTypPHbIN
cnom

Puc. 1. PacuemHas cxema HapyHoU cmeHol
(pucyHok asmopos)
Fig. 1. Calculation scheme of the external wall
(prepared by the authors)

Tabnuya 1. Xapakmepucmuka mamepuasnos
Table 1. Material properties

0
:::etakr:nr cno-ﬂ U L R }(‘:/;ﬁ.;/ Mr/(M’-l"l-l'la)

1 LLTykaTypKa 13BeCTKOBO-NecyaHas 0.02 1600 0.81 0.120

1 2 Kepam3utobetoH 0.50/0.40* 1400 0.44 0.11
3 MwnHepanoBatble NAnTbI 0.018 175 0.052 0.40
4 LLTyKaTypKa 13BeCTKOBO-NecyaHas 0.02 1600 0.81 0.12
1 LLTykaTypKa 13BeCTKOBO-NecyaHas 0.02 1600 0.81 0.12

5 2 Kepam3untobeToH 0.50/0.40% 1400 0.44 0.11
3 MwnHepanoBaTHble NAUTbI 0.10 175 0.052 0.40
4 Pa3paboTaHHbIN cocTaB 0.02 700 0.18 0.18

* 3HaueHus 0nA ycnosuli Hogocubupcka / leH3bl
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3. Pesynbratbl 1 06cyxaeHune / Results and discussion

MpenBapuTenbHO GblN1 BbIMOMHEH TENNOTEXHNYECKUI PacyeT, B COOTBETCTBUN C KOTOPbIM KOHCTPYK-
LMK HapYHbIX CTEH COOTBETCTBYIOT TpeboBaHmam CI150.13330.2024'.

Konuuectso KoHfeHcaTa AG, Mr/m?, 0TAeNIbHO AN1A KaX[oro Mecsua paccumTbiBany no ¢opmyne:

_ ee _EK EK _eH

1 6 1 6’ 1
St I v
aa “i aH “n

rae e, e — LENCTBUTENbHAA YNPYroCTb BOAAHOIO Napa BHYTPEHHErO 1 HAapY>KHOTO BO3AyXa, Ma;

E_- mMakcMmanbHas ynpyroctb BOAAHOrO napa B NI0CKOCTU KOHAeHcauuw, Ma;

a;, a; — Ko3$pPULMEHT NapONPOHMLIAEMOCTV BHYTPEHHEN U HaPY>KHOW MOBEPXHOCTMN CTeHbI, Mr/M-4-Ma;

8,6, — TOMWMHA CNOEB, PACMONOXKEHHbIX [0 1 NOC/e NIOCKOCTY KOHAEHCALNY;

M, 4. — MAPONPOHMLAHVIE CITOEB, PACMONOXKEHHbIX A0 1 MOC/IE NIOCKOCTU KOHAeHcauumn, Mr/m-y-la.
KonnuectBo koHaeHcaTta AG 3a nepuog z, CyT, onpegensnn no ypaBHEHMIO:

G’-I

K

AG=(G.-G,)24z, (2)

raoe z — NPOAOMKNTENbHOCTb Neproda BlaroHakomnaeHus, cyT;
G,, G, - KONMYeCTBO BOAAHOTO Napa B rpaMmax, MPOLIeALLEro 3a OAVH Yac Yepe3 1 M” ceueHmns orpaxpae-
HMA 00 U NOoCse 30Hbl KOHAEHCALUN.

Mpwn onpepeneHnnN TENNOTEXHUYECKMX XapaKTePUCTUK OrpaXKkaatlownx KOHCTPYKLUNIA YUNTbIBANUCh
cnepytolime KnumaTuyeckre gaHHble Hosocnburpcka v MeH3bl, nonyyeHHble 13 CM 131.13330.20122%
. cpefHeMecsAYHasA TemnepaTtypa AHBapA (CaMOro XoNogHOro Mecaua);
. Temnepatypa Hanbonee XonofHOM NATUAHEBKM € 0becneyeHHOCTbio 0.92.

PacueTHble napameTpbl BHYTPEHHEro Bo3ayxa NPUHUMAanuCh CneayoLwmmu:
. TemnepaTtypa 21.0 °G;
. OTHOCUTENbHAA BAaXXHOCTb 50 %.

YBenuueHue BnaxxHOCTV CTEHOBOW KOHCTPYKL MY BCNeACTBYE BbiNafeHNA KOHAeHcaTa onpeaensanu
no ¢popmyrne:

G
W =—--100, (3)

p-6

rae p — CpegHsaa NIOTHOCTb MaTepuarna yBlaXXHEeHHOro cfos, Kr/m3;
6 — ToNWMHa CNoA KoHAeHcaumu, M.

Pe3ynbTaTbl pacyeToB, NonyyeHHble Mo popmynam (2), (3), NO3BONUAM CPaBHUTL 06a BapuaHTa OT-
LENKM C TOUKM 3peHna nx 3GdeKTUBHOCTU B NPefoTBPaLLeHI 06pa30oBaHMA KOHAEHCaTa 1, ciefoBaTesib-
HO, pUCKa BO3HWKHOBEHWA NAeCeHN U APYrnX NPo6nem, CBA3aHHbIX C MOBbILLEHHOW BNaXHOCTbIO.

'CM 50.13330.2024. Tennosana 3awmTa 3aaHuii = Thermal performance of the buildings: yTBepxaeH nprikazom MuHucTepcTBa
CTPOUTENbCTBA U XKUNLLHO-KOMMYHanbHOro xo3anctea Poccuiickon Qegepaunm ot 15 maa 2024 r. N2 327/np: BBeAeH B AeCTBrE
16.06.2024 r. URL: https://docs.cntd.ru/document/1306326592?ysclid=mdehe713a0606632228 (nata o6patieHus: 27.01.2025).

2(CM 131.13330.2012. CrpoutenbHana knmatonorua = Building climatology: AktyanusuposaHHasa pegakuna CHUM 23-01-99%: yT1-
BEPXJEH NPMNKa30M MUHUCTEPCTBa pervoHanbHoro pa3sutua PO ot 30 nioHA 2012 . N2 275; BBepeH B ferictere 01.01.2013 r. URL:
https://docs.cntd.ru/document/1200095546?ysclid=mdehp8m1wu8973832 (nata obpaLyeHus: 27.01.2025).
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B Tabnuue 2 npuBeaeHbl 3HaYEHNA PaCcCTOAHUA OT rPaHuLbl YTENAUTENS JO HYNEBOWN U30TepMbl B
TEeNnNomn30NALMOHHOM Crloe.

Tabnuya 2. PaccmosHue om 2paHuysl ymensumesis 00 Hysesol usomepmsl
Table 2. Distance from the edge of the insulation layer to the zero-degree isotherm

PaccTtosiHue fo HyneBom N30TepMbl, M
:::::;T no AaHHbIM Hanbosee X0NoAHON NATUAHEBKN 110 AAHHBIM cpenzeﬂn:ic;:l;:oﬁ Temneparypbl
ansa HoBocn6upcka ana MNMeH3bl ana HoBocn6upcka AanA MNeH3bl
1 0.0051 0.019 0.037 0.058
2 0.0067 0.021 0.039 0.061

WccnepoBaHma nokasanu, YTo NpuMeHeHne pa3paboTaHHOW TEMNON30MALMOHHOW WTYKATYPKN Ans
HapyXHOW OTAENKU cTeH obecneumnBaeT 6onee 3pPEKTMBHOE BbICbIXaHVE KOHCTPYKLMY MO CPAaBHEHUIO C
LileMeHTHO-MecYaHbIMK pacTBopamu. HabniogaeTca cmelleHne Ha 1.6-3 MM HyneBow n3oTepmMbl B 06/1acTb
6onee HU3KUX TemnepaTtyp. B HoBocnbrpcke no gaHHbIM Hanbonee XonoAHOW NATUAHEBKM PacCTOAHUE OT
rpaHunuUbl yTENAUTENA 4O HYNIeBOW M30TePMbl NP NCNONb30BaHUWM NpPeaiaraeMon WTYKaTypKu COCTaBnA-
eT 0.0067 M, B TO BpeMA Kak Npu UCNOJSIb30BaHNN LIeMEHTHO-MecYyaHoro pacteopa — 0.0051 m. NogobHble
pe3ynbTaTtbl NOMyYeHbl U ANA KNMMaTuyeckmx ycnosun Mensbl. na ycnosuii MNeH3bl cmelleHne HyneBom
M30TepPMbl COCTaBAAET 2—3 MM.

Pe3ynbTaTtbl pacyeTta KomyecTBa BbiNafaloLero KOHAeHcaTa B CTEHOBOW KOHCTPYKLUU NpUBedeHbl
B Tabnuue 3.

Tabnuya 3. Konuyecmeo sbinadarouwe2o KOHOeHCama 8 CmeHo8ol KOHCMPYKYuU
Table 3. Amount of condensate accumulation in the wall structure

BapuaHT KonunuectBo KoHaeHcaTa AG, r/m3? BecoBas BnaxHocTb matepuana AW,, %
DL ana HoBocnbupcka ans MeHsbl ana HoBocnbupcka ans MeHsbl
1 102.52 37 16.28 4.44
2 5.28 0.38 342 1.36

AHanm3 pe3ynbTaToB pacyeTa NoKasalsl, UTo BTOPOU BapuaHT OTAENKM obecrneyrBaeT CHUXEHNE KOH-
LOEHCALMM 1 BECOBOW BNA)KHOCTY B Orparkaatowein KOHCTpyKunn. Tak, ansa ycnosuin HoBocmbupcka Beco-
BaA BNa)HOCTb maTepurana coctasndaeT 3.42 %, 4yto B 4.7 pa3 HUXKe, Yem NMpu NepBOM BapunaHTe OTAesNKU
(16.28 %). CHMKeHMe BEeCOBOW BNAXHOCTWU MOJIOXKUTESIbHO BAMAET Ha TEMOBAAKHOCTHOE COCTOsIHUE
orpaxaioLleln KOHCTPYKLUK, MOCKOMbKY M30bITOYHaA Biara B yTernnmTesie CHUXKAET ero TemnjoBoe Conpo-
TUBNeHue n npenAatcTeyet Anddy3nmn BOJAHOrO Napa U3 KOHCTpyKuun. MprmeHeHne pa3paboTaHHOro co-
CTaBa CocobCTBYET CMELLEHMIO 30Hbl KOHAEHCALMM B CTOPOHY MOHMKEHHBIX TEMMEpaTyp.

4. 3akntoueHue / Conclusions

B xoe npoBefeHHOro nccnefoBaHnA YCTAHOBNEHO, UTO NPUMEHeHNEe WTYKaTyPKU Ha OCHOBe pas-
paboTaHHOW peuenTypbl MO3BOMIAET YMEHbBLINTb KONIMYECTBO BbiNMadaloLero KOHAeHcaTa B CTEHOBOW KOH-
CTPYKLUMN B KNUMaTUYeCKMX ycnioBuax Hosocnburpcka B 19.4 pasa, 3HaueHue BNaXXHOCTV MaTepuana B 4.7
pasa HyXKe No CPaBHEHWMIO C U3BECTKOBO-MECYaHbIMM aHaioramu. BoisBNeHo cmelleHne HyneBon nsortep-
Mbl Ha 1.6-3 MM B CTOPOHY 0OoJiee HU3KMX TeMnepaTtyp. [na KnumaTnyecknx ycnouii MeHsbl cmelleHre
HYNIeBOW N30TePMbl COCTaBNAET 2—-3 MM, BECOBas BJIAXKHOCTb CHUXKaeTcA B 3.2 pa3a. JT0 CBUAETeNbCTByeT
O MOBbIEHUN TEMNNOU3ONALMOHHbBIX CBOMCTB HAPYXHOW OrpakAatoLeln KOHCTPYKLMMN 1 3dEKTUBHOCTA
NPVMeHeHNA LWITYKaTypKM Ha OCHOBe pa3paboTaHHOro cocTaga.
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AHanu3 HOpMaTUBHO-TEXHUYECKON JOKYMEHTaL M1 NPOU3BOACTBA
reoTeXHMYeCcKoro MOHUTOPUHra OMON3HEBbIX NPOLIECCOB

Y. P. Cupapasunuyte 4, C. . Mauwin
Ky6aHCKMI rocyaapCTBEHHbIV arpapHbiv yHuBepcuTeT um. U. T. TpybunuHa
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|"> AHHOTaumA. B pabote nposefeH WMHAYKTVBHbIV aHanv3 AeNCTBYIOLWEN HOPMATUBHO-TEXHUYECKON [OKY-
MEHTaL K, pernaMeHTUpytoLert NPonu3BoACcTBO reOTEXHNYECKOro MOHUTOPKHIa. Ha ero ocHoBe onpepgene-
Hbl OCHOBHbIE Pa3HOrnacua 1 HETOYHOCTM U NPeAsIoXKeHbl Mepbl MO NX yCTpaHeHuo. B xopge nccneposaHuma
npoaHanu3npoBaHbl 26 AENCTBYIOLNX HOPMATMBHbIX JOKYMEHTOB Mo 32 Kputepuam. llepBoHavanbHo onpe-
LenAnocb, BKMYEHbl NN AOKYMEHTbI B [lepeyeHb HaLMOHaNbHbIX CTaHAAPTOB M CBOAOB NPaBWJI, YTO Hemo-
CpPenCTBEHHO BAUAET Ha 00A3aTeNIbHOCTb UCNONIHEHUA TpeboBaHWI JOKYMeHTa. [loKyMeHTbI, He MMmetoLme
KOHKPEeTHbIX TpeboBaHMIA K MPOM3BOACTBY PaboT NN UMeloLLMe YETKO OrpaHMYeHHbIV apean NpuUMeHeHMs,
ObIIV UCKITIOYEHbI 13 JanbHelwWero aHanm3a. lMocnegyowmin aHann3 NpounsBeeH No TakuM KpUTepUAM, Kak
CPOKU 1 UMKJIMYHOCTb NPOU3BOACTBA PAbOT; PacronoXeHre NCXOLHbIX Y CbEMOYHbIX TOUEK, UX KONMYECTBO;
TOUYHOCTb OMNpefesieHNs NONoXKeHUs ToUek; 0cobble yKasaHua npu paboTte Ha onon3HAxX 1 gp. B pesynbrate
MeXAy HOPMATMBHO-TEXHUYECKMIY OOKYMEHTaMU, pernameHTUpYWnMMn Nporu3BoACTBO MOHUTOPUHIOBbIX
paboT Ha OMOJI3HEBbIX YYaCTKax, BbIAB/IEHbI 3HAUUTESIbHbIE PA3HOMIACUA B TPeOOBaHMAX K CPOKaM 1 LIMKINY-
HOCTU NPOV3BOACTBa PaboT (BapbupytoTcs oT 1 AHA Ao nonyrofa). TakxKe HeT 4OCTOBEPHOIO NepeyYHs KOHTPO-
NMpyeMbiX NapameTpOoB, KOTOPbIV 6bl1 Obl UAEHTUYEH A8 HECKONbKUX JOKYMEHTOB. B KauecTBe HanpasieHni
JanbHeNWnX NccnefoBaHnin onpeaeneHbl: paspaboTka CUCTEMbI 3aBUCMMOCTEN NpeaesbHbIX 3HaUYeHUIA KOH-
TPONMpyeMblxX NapaMeTPOB; CTaHAAPTU3aLMA ONTUMANIbHOIO KOIMYECTBa TOUeK B 3aBMCUMOCTY OT MacluTaba
OMON3HEBbIX ABNIEHNI 1 ToNorpadryecKux ycioBrii Npon3BoaCTBa PaboT.

KnioueBble c/ioBa: reoTeXHUYECKINI MOHUTOPWHI, HOPMATUBHO-TEXHNYECKaA OOKYMEHTaUuA, VIH,EI,YKTVIBHbIVI
aHanns, onosi3Hu, onon3HeonacHble TePPUTOPUN, MOHUTOPWUHI ONOJI3HEBBLIX NMpoLeccoB

Ona untnpoBaHma: Cugapasnuyte Y. P, Mauymin C. V. AHanv3 HOPMaTUBHO-TEXHUYECKON OOKyMeHTauun
NPOV3BOACTBA FEOTEXHNYECKOTO MOHUTOPUHIA OMOJI3HEBbIX MPOLECCOB. Apxumekmypd, cmpoumesibCmao,
mpaHcnopm. 2025;5(3):34-54. https://doi.org/10.31660/2782-232X-2025-3-34-54 EDN: FVIUWA

Analysis of normative and technical documentation
for geotechnical monitoring of landslide processes

Ulyana R. Sidaravichute &<, Sergey I. Matsiy
Kuban State Agrarian University named after I. T. Trubilin
Krasnodar, 13 Kalinina St., 350044, Russian Federation
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"l Abstract. This study provides an inductive analysis of current normative and technical documentation
for geotechnical monitoring. Based on it, the main disagreements and inaccuracies were identified and
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measures to eliminate them were proposed. During the study, 26 current normative documents were
analyzed through 32 criteria. Initially, it was determined whether these documents were included in the
List of National Standards and Codes of Practice, which directly affects the obligation to comply with the
document requirements. Documents without concrete requirements to monitoring or with limited range
of application were excluded from further analysis. The subsequent analysis was carried out according to
criteria such as the timing and cyclicity of work; the location of the source and survey points, and their
quantity; the accuracy of determining the position of the points; special instructions when working on
landslides, etc. As a result, significant differences have been identified among normative and technical
documents governing geotechnical monitoring of landslide processes, specifically in their requirements for
the timing and cyclicity of work (they range from 1 day to six months). Furthermore, there is no reliable list of
controlled parameters that would be identical for several documents. The following research areas have been
identified: developing a system of dependencies of the limit values for controlled parameters; standardizing
the optimal number of points depending on the scale of landslide phenomena and topographic conditions
of work.

Keywords: geotechnical monitoring, normative and technical documentation, inductive analysis, landslides,
landslide-prone areas, monitoring of landslide processes

For citation: Sidaravichute U. R, Matsiy S. I. Analysis of normative and technical documentation for
geotechnical monitoring of landslide processes. Architecture, Construction, Transport. 2025;5(3):34-54. (In Russ.)
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1. BBegeHue / Introduction

CoBpeMEeHHbI MOHUTOPUHI AedopMaLnii onon3Hen npeabasaaeT cTporne TpeboBaHMA K CMETHON
CTOVIMOCTI Y BbICOKOMY YPOBHIO HafleXKHOCTU A1 obecneyeHuns Wnpokon chepbl NPYMEHEHUA 1 TOYHOTO
paHHero onogelLleHns 06 onon3HeBon onacHOCTU. K npumepy, B Kutae, raoe pacnosioxeHbl NPOTAXKEHHbIE
TEPPUTOPUN NepeceveHHON MECTHOCTI 1 OMOJI3HEBbIE NPOLECChl HAHOCAT OONbLIOW Bpes, MOHUTOPUHI
OMacHbIX reoNorMyecKnx NPoLeccoB BegeTca nyTem KoHTpona agedbopmMaumii 1 0caflok Ha MOBEPXHOCTY,
yTO, OAHAKO, ABMAETCA HEAOCTAaTOUHbIM /1A BblABNEHUsA onon3Hen [1]. B paboTe [1] roBoputca o Heobxo-
ANMOCTU CTaHAapPTM3aUUKN CYLLECTBYIOWMNX UCCNeAOBaHUI C Lefblo OnpeaeneHna paunoHanbHbIX nyTemn
pa3BuTnA oTpacnu. CornacHo HOPMATUBHOW JOKYMeHTaL MK, a MMeHHo GB/T 38509-2020", neprogmnyHoCTb
CTPOUTESNIbBHONO MOHUTOPUHIA CleayeT ONpeaensTh C yYETOM TaKNX GaKTOPOB, Kak CKOPOCTb OMOJSI3HEBbIX
Aedpopmaunii, yCTOMUMBOCTb CKJIOHA, KOJIMYECTBO OCAAKOB, HaMuve U aMrinTyaa KosebaHuii ypoBHSA
rPYHTOBbIX BOA,.

B nctopum CLUA 3adprKcmMpoBaHO HECKONbKO KaTacTpodmrueckmx ononsHeBbix 6eactenii. OnonseHb
Mamenec (Mameyes) cowen B TeyeHune Yaca TpemMa otaenbHbiMu ¢pazamu (MyapTo-Prko, 1985 r.). MNepBble
IBe dasbl — CKONbXKeHVe ABYX ABeHaALaTVMETPOBbIX MIUT M3BECTKOBO-MECYaHNKOBOW KOPEHHOW MOPOAb,
a TpeTbs $asza — onpoKngbiBaHMe 65I0Ka C MOCNEYIOWUM pacnagom, CONPOBOXAABLUVMMCA KaMHEMNagoM.
MakcrManbHasA WrpUHa TeNa ononsHA coctaBuna 0.25 kM, nnowagb — 3.5 kKM% B pe3ynbraTte ononsHeBon
aKTMBHOCTW Ha 6onbluon Tepputopun nornbnm 129 uenosek [2, 3. Ha nukemngaumo nocneacTsmim ot cxoma
onon3Hsa MapkaryHT (Markagunt) 6b110 noTpayeHo cebiwwe 400 mnH gonnapos (Tuctn, wrat t0T1a, 1983 1),
Tes0 OMNOJI3HA Ha CErOAHALLHWIA AeHb cocTaBnAeT 6onee 5 000 KM?, a AninHa nNpeBbiwaeT 95 km [4, 51.B 2003 .

' GB/T 38509-2020. Code for the design of landslide stabilization: National Standard of the people’s Republic of China. URL: https://
www.chinesestandard.net/PDF/English.aspx/GBT38509-2020 (accessed 18.04.2025).
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B CLLA ony6nukoBaH fokymeHT Circular 12442, KoTopbIli KpaTKO U3naraet noTpebHOCTH CTPaHbl B UCCNeno-
BaHUAX, MOHUTOPUHIE, KAPTUPOBAHNN U OLIEHKE OMOJI3HEBbIX ONMACHOCTEN Ha BCel Tepputopun. bonbluoe
3HauyeHue AnA CTPaHbl UMEeeT MOHUTOPWHE B peasibHOM BPeMeHU AN aKTUBHbIX OMOJ3HeN Kak Hanbonee
3¢bbeKTMBHBIN MeToa KOHTponsA [6]. InAa foCcTuKeHWA JOCTaTOYHOrO YPOBHSA LOCTOBEPHOCTY 06paboTKu
MosieBbIX M3MEPEHUN TpebyeTca cobnogeHne TpeboBaHui AoKymeHTa Assuring Quality in Geotechnical
Reporting Documents?, ogHako 6onbLuoe KoNMyecTBo opraHn3aumin pa3paboTany coO6CTBEHHbIE TeXHMYe-
CKMe JOKYMEHTbI C TPeBOBAHNAMU K KauecTBY 1 KONNYECTBY BUAOB PaboT Npu reoTeXxHMYeCKoM MOHUTO-
puvHre (HanpumMep, K TUMY 1 YacToTe oTbopa Npob).

CornacHo CI1 116.13330.2012%, Ha Tepputopun Poccun Tonbko B 18 cybbekTax He 3aperncTpupo-
BaHbl nposasneHua ononsHen. Mo gaHHbIM [Mapocneureonorum, No coctoaHmio Ha Il kBaptan 2025 r. Ha
Tepputopumn Poccum 6binn 3adrkcmpoBaHbl 655 CriyyaeB akTMBU3aLMM OMACHbIX 9K30ME€HHbIX reosiormye-
CKMX NPOLIeCCcoB, MPenMyLLEecTBEHHO OMOJI3HEBbIX, MakCManbHoe KonnyecTso — 137 — 3adurkcmpoBaHo B
MpuBOMKCKOM d)enepaanOM okpyre®. OT o6Lero uncna 3aPpuKCUPOBaAHHBIX SK30reHHbIX re0ornYeckmnx

y : NpoLeccoB OMnof3HeBble cocTaBnAT 49 %. A Haun-
6onbllee KONMMYeCcTBO CJIyYaeB HEraTMBHOIO BO3-
JOEeCTBMA Ha OObBEKTbl aHTPOMOreHHOro npPouc-
xoxgeHnsa 3adurkcmposaHo B CeBepo-KaBKasckom
denepanbHoM okpyre — 26 % oT 06LLero Konmn4yecTea
TaKMX BO3AENCTBUN — 266.

Hanpumep, B XOCTUHCKOM paniOHe Ha Hu-
30BOM OTKOCE aBTOMOOWUSbHON poporn 03K-453
OTMeYeHa MOBTOPHAaA aKTMBU3aLMUA OMON3HEBOro
npouecca (nepBryHas — gekabpb 2024 r.). OnonseHb
6/10KOBO-KOHCUCTEHTHDBIW, MNOWaAb aKTMBM3aLUK

Puc. 1. OnonzHesas akmugu3ayus ¢ paspyueHuem
00pPOXKXHO20 NoJTIOMHA ompe3ska asmooopoau 03K-453
y cegepHol oKpauHsl c. M3maunoska (pomo KOPL| TMCH

29.6 Tbic. M? (gnnHa 300 m, WwrprHa 100 m). OnonsHe-
BbI/l MpoOLEecc pa3BuT No 6GopTam PyCsIOBOroO Bpe3a,
BbICOTa CTEHKM CPbIBA B FOJIOBHOM YaCTU — OKOJO 3 M,

«[udpocneyzeosnoaus»)

Fig. 1. Landslide activity leading to the destruction of the
road pavement on the highway segment 03K-453, located
near the northern border of Izmaylovka settlement (photo

by Southern Regional Center for State Monitoring
of Subsoil Conditions "Gidrospetssgeologiya”)

HabntopaeTca BbiCaurBaHMe rpyHToBbIX Bog. PakTop
aKTMBM3auUn: atMocdepHble 0Cafiky, SKCryaTauus
aBTogoporn. AKTMBM3aUMA OKasana HeratMBHoe
BO3fencTBme Ha aBtogopory 03K-453, nonHocTbio
pa3pyLueHo 15 M JOPOXKHOro nosioTHa (puc. 1).

2 U.S. Geological Survey Circular 1244. National Landslide Hazards Mitigation Strategy — A Framework for Loss Reduction. URL:
https://pubs.usgs.gov/circ/c1244/c1244.pdf (accessed 18.04.2025).

3 Assuring Quality in Geotechnical Reporting Documents: FHWA-HIF-17-016. U.S. Department of Transportation. Federal Highway
Administration, 2016. URL: https://vulcanhammer.net/wp-content/uploads/2018/03/hif17016.pdf (accessed 12.03.2025).

4CMN 116.13330.2012. UiH>KeHepHasn 3alyuTa TeppUTOPWIA, 3AaHNI U COOPYXKEHMI OT OMACHbIX reosiormyeckmx npoueccos. OCHOB-
Hble nonoxeHusa = Engineering protection of territories, buildings and structures from dangerous geological processes. Basic
principles: AktyanusnpoBaHHasa pegakuma CHulM 22-02-2003. URL: https://docs.cntd.ru/document/1200095540?ysclid=melcjk50
69378111675 (nata obpalyeHuma: 02.03.2025).

* MHbopmaumoHHaa cBoAKa O MNPOABMEHMAX 3SK30MeHHbIX TeoNiorMyeckmux npoueccoB Ha Tepputopuun Poccuiickon Qe-
depaumun. 2 kBaptan 2025 1. URL: https://geomonitoring.ru/download/EGP/svodka/%D0%A4%D0%9E/2025_Il_CFO.
pdf?ysclid=meqnatmg8u524904416 (nata obpatieHus: 07.07.2025).
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B Halwen cTpaHe Npor3BOACTBO re0TEXHNYECKOTO MOHUTOPWIHIA ANA LieNiel CTpouTeNnbCTBa (Conpo-
BOXJEHWE, KOHTPO/b AedopMaLMii YHUKANbHbIX 30aHUN 1 Op.) PErNaMeHTMpyeT 60/blIoe KOMMYeCcTBO
HOPMAaTUBHO-TEXHUYECKON AOKYMEHTauUKN, NpYMeHeHne KOTOPOWM 3aBUCUT OT YC/IOBUW NPOW3BOACTBA
pabort. Ina nponsBoacTBa paboT Ha 06beKTax NOBbILEHHOW OTBETCTBEHHOCTN HEOOXOAMMO NPUMEHeHKe
CTO. Hanpumep, ansa paboTbl Ha aTOMHbIX CTaHUUAX pa3pabdoTanu CTO CPO-T 60542954 00007-2023°,

CornacHo O0M 218.4.022-20157, npuHATa cnegytollana Knaccmbukauma reoTexHNYeCKoro MoHu-
TOPWHra Mo BuAam HabMoAeHWI: BMU3yalibHble, reofe3nyeckue, ruaporeosiornyeckme, reopusmnyeckme,
TEeH30MeTpurUecKkune, Bubpometpuueckme. B cootsetctemm ¢ CIM 22.13330.2016% n CI1 305.1325800.2017°,
BbIAENAT TONbKO 5 KaTeropuii: BU3yanbHble, reofe3snyeckrie, rmaporeoniornyeckme, reopusnyeckme, su-
6pomeTpuueckme. CornacHo CIM412.1325800.2018'°, BbigenatoT 5 kKaTteropuii: BU3yanbHO-UHCTPYMEHTaNb-
Hble, reofe3nyeckne, NapameTpulyeckme, BUbpomeTpryeckme, reodprsnyeckme.

Ha oTeuecTBeHHbIX 3NeKTPOHHbIX pecypcax (eLibrary, KubepJleHnHka, 6MbnnoTekun BbicLnX yueb-
HblX 3aBefieHnI) NpefcTaBeHo cBbiwe 300 paboT B OTKPLITOM AOCTYrNe MO TeMe reoTEXHUYECKOrO MOHU-
TopuHra [7]. B uncne HayuHbIX paboT, M3yyatoLyx CYLLECTBYIOLLYIO CUCTEMY PErYNIMPOBaHUA MPOV3BOACTBA
paboT No reoTexHNYeCKOMY MOHUTOPUHTY, MOXHO Ha3BaTb nccnepgosaHuve B. B. JleBwuHa n M. M. Kozen-
KOBa [8]. ABTOPbI 3aKNOUUN, YTO AENCTBYIOLWaA HOPMATUBHO-TEXHMYECKAA [OKYMEHTALNA He NO3BONAeT
BHATHO cHOpMynMpoBaTb BUAbl, 00beMbl PaboT 1 TpeboBaHMA K NOAPAAHBIM OpraHM3aLMamM, OCyLlecT-
BAAIOWMUM Hay4YHO-TEXHMYECKOEe CconpoBoXaeHme ctpouTenbcta [9, 10]. A. . YBapoB nuweT o Heobxo-
OVMOCTW PErynsipHOro 06HOBIEHNSA HOPMATUBHO-TEXHNYECKON JOKYMEHTaLMN C y4eTOM BO3MOXHOCTEN
COBPEMEHHOTO reofe3nyeckoro 06opyLoBaHNsA, a TakKe BbiABNAET HEOOOCHOBAHHOCTb PEKOMEHAYEMON
TOYHOCTU n3MepeHuin [11]. B paboTe [12] roBopuTCcA 0 HEOOXOANMOCTM NOBbILEHMNA TOYHOCTU N3MEPEHWIA
3a CYeT UCMONb30BaHWA NPUOOPOB 1 AATUMKOB, OTBEYAIOLLNX COBPEMEHHBIM TEXHUYECKM TPeboBaHUAM
K TOYHOCTM, HAAEKHOCTM, JOMTOBEYHOCTM, @ TAKXKE Y>KECTOUEHU TPEOOBAHN K KOHTPOJIIO Pe3ysbTaToB
reoTexHMYeCKoro MOHUTOPUHTa.

Mpobnema nccnefoBaHUs — NPOTUBOPEUNBOCTD U AeKNapaTUBHOCTb TPeboBaHMI B AENCTBYOLWNX
HOPMAaTVBHO-TEXHNYECKMX OOKYMeHTax. HecoBepLleHCTBO HOPMATUBHO-TEXHUYECKON 0a3bl YCIIOXKHAET
NpaKTUYeCKyto opraHn3aLito MOHUTOPUHIOBbLIX MEPONPUATAI, a HeOCTaTK/ B NpoM3BOACTBe paboT npe-
NATCTBYIOT HAKOMJIEHMIO JaHHbIX /1 COBEPLUEHCTBOBaHMA CTaHAapTOB. [AnA BbiABNEHNA TaKMUX MPOTUBO-

6 CTO CPO-T 60542954 00007-2023. leope3nyecknii MOHUTOPUHT aedopmaLn 30aHUN N COOPYKEHMI aTOMHbIX cTaHuui. O6-
paboTka paHHbIX 1 aHanu3. URL: https://informproekt.ru/docs/1304411864/?ysclid=mcugz21y3515648114 (pata obpalyeHus:
02.03.2025).

7 0OM 218.4.022-2015. PekomeHZaLum No NPoBEAEHNI0 FeOTEXHNYECKOTO MOHUTOPUHIA CTPOALLMUXCA U SKCMTyaTMpyembIX aB-
TOAOPOXHbIX ToHHenen. URL: https://docs.cntd.ru/document/1200125028?ysclid=meqqcgwx1i861014668 (nata obpalieHus:
02.03.2025).

8 CIM 22.13330.2016. OcHoBaHWsA 3aaHnI 1 coopykeHuin = Soil bases and structures. URL: https://docs.cntd.ru/document/4560542
06?ysclid=meqswv60hs606730040 (aata obpaLyeHus: 15.03.2025).

° CM 305.1325800.2017. 3gaHus u coopyxeHus. MpaBuna NpoBeaeHNa reoTeXHNYECKOro MOHUTOPUHIA NPU CTPOUTENbCTBE =
Buildings and structures. The rules of geotechnical monitoring under construction. URL: https://docs.cntd.ru/document/55633013
4?ysclid=meqt0aOnym344795755 (nata obpalyeHus: 15.03.2025).

19CM 412.1325800.2018. KoHcTpyKuun dyHAAMEHTOB BbICOTHbIX 3AaHUI 1 coopyKeHuii. MpaBuna nponsBoncTBa paboT = Design
of foundations of high-rise buildings and structures. Work rules. URL: https://docs.cntd.ru/document/554403224?ysclid=mes8r3tq
29225979530 (pata o6patieHuna: 02.03.2025).
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peuunn gencTeyoLme HOPMaTUBHO-TEXHUYECKME [OKYMEHTbI OblIM MPOaHaN3MpPoBaHbl Ha BCEX YPOBHSAX
(puc. 2).

Mpyn Npon3BoACTBE MOHUTOPMHIOBbLIX PAabOT PyKOBOACTBYOTCA HOPMATUBHO-TEXHUYECKOW LOKY-
MeHTaumen (HT) pasnuuHbix ypoBHewr, HaunHasa ¢ KoHctutyuumn Poccninckon Mefepaumm 1 3akaHUMBas
MeTOANYECKUMY YKazaHMAMM 1 nocobuamm (puc. 2) [13, 14].

- lNpoBeneHne reoTeXHNYECKOrO MOHUTOPUH-
(OepepanbHbIi 3aKoH N2 184-03
ra npepgycmotrpeHo QepepanbHbiM 3akoHoOM PO
«O TEXHNYECKOM perynmpoBaHunm»
¥ N 384-03 01 30.12.2009 ."" (rn. 5, cT. 18 1 36), HO He
ABnAeTcA o6A3aTeNIbHbIM, B CBA3W C YEM BO MHOTUX
Cnyyanx BO3HMKAKT CHIOXKHOCTU C dUHAHCMPOBa-

MexrocynapcTBeHHble U HaLIOHaNbHble
ctaHgapTbl (TOCT, FTOCT P, ANSI, APl v gp.)

{L HMEeM MOHUTOPUHIOBbIX MeponpuATui. Tak, Herno-
cpedcTBeHHO nepemelleHna B cucteme XYZ nony-
Ceoppl npasun (CM) yaloT B XOfe reoaesnyeckmx paboT, perynnpyembix
U QepepanbHbiM 3akoHOM OT 30 gekabpsa 2015 r.
CraHaapThl OpraHM3aLwii N2 431-03 «O reogesnu, kaptorpadum un I'IpOfZTpaH-
(CTO, CTO CPO 1 ap.) CTBEHHbIX JaHHbIX N O BHECEHUWN N3MEHEHUIN B OT-
@ JNefnbHble 3aKoHoaaTeNnbHble akTbl Poccuinckon Pe-
MeTofunyeckue ykasaHus, nocobus Aepaum»* [14].
(MAC, MPAC, MP v gp.) O6beKkTOM McCneaoBaHMA ABNAKTCA Aeit-
CTBYIOLME HOPMATUBHO-TEXHMYECKME OOKYMEHTbI,
Puc. 2. iepapxus aHanusupyemoti 00KymeHmayuu KOTOpble perynmpyioT Npon3BoACTBO paboT no reo-

(cxema cocmasneHa asmopamu)
Fig. 2. Hierarchy of analyzed documentation
(scheme created by the authors)

TEXHUYECKOMY MOHUTOPUHTY.

Llenb nccnenoBaHma — NpoBeCTU MHAYKTUB-
HbI aHanWM3 AeNCTBYOLWEN HOPMATMBHO-TEXHMYE-
CKOWN [OKYMeHTaLMK, pernaMmeHTUpytoLleil Npon3BoLACTBO FeOTEXHMUYECKOr0 MOHUTOPWHIA B YCNOBUAX
OMON3HEONACHOCTU, HA €0 OCHOBE OMNpefennTb OCHOBHbIE PAa3HOINACUA UM HETOYHOCTU U NPESIOKNTD
Mepbl MO NX YCTPaHEHMIO.

TeHpeHUMA OCBOEHMA 3eMeflb CO CIIOMHBIMU MHXEHEePHO-FeoNIorMyeckummn ycnoBuammn B nepe-
CEUEHHOWN MeCTHOCTW, Hanpumep, ctpoutenbctBo B Coum KK «Kucnopop» (3actponwnk «AVA Group»),
KK «Counm Mapk» (3acTponwnk MICK «<EBpoCTpoin»), a TakKe APYrnx NPOeKTOB, Peanun3yloLWwmnxca Ha CKIoHax
ropbl bbiTXa, rge HeOJHOKPATHO aKTUBMPOBANMCh OMOJI3HEBbIE MPOLIECChI, Kak MPaBUSIo, NPU 3aTAXKHbIX
NMBHEBbIX ocafgkax [15, 16], cBuaeTenbcTBYeT 00 akTyasbHOCTM UccnefoBaHus. MNpounssoacteo pabot B
YCNOBMAX OMOJSI3HEOMACHOCTN PeKOMeHAYeTCA NPOBOAMTb C HEMOCPEACTBEHHbIM BKIIOUEHNEM MOHUTO-
PVIHrOBbIX PaboT.

2. Matepuanbl u metogbl / Materials and methods
Heob6xoaumocTb cTaHZapTU3aLmMm Npor3BOACTBa PaboT 06yc/ioBNeHa He TONbKO TpeboBaHveM 06e-
CNeymnTb BbICOKOE KaueCTBO KOHEYHOTrO NpoayKTa / pe3ynbTaTta, HO U COXPaHEHMEM CYLLECTBYIOLMX 3aTpaT

" TexHUYeCKNIA pernameHT 0 6e30MacHOCTY 3AaHNI 1 COOPYXKEeHUI (C U3MeHeHUAMYU 1 fononHeHuAMK): OefnepanbHblii 3aKoH PO
Ne 384-03 ot 30.12.2009 r. URL: https://base.garant.ru/12172032/?ysclid=mcvhsroct1830692774 (nata obpalyeHus: 12.03.2025).

120 reopesnu, KapTtorpadurm 1 NPOCTPAHCTBEHHbBIX AaHHbIX 1 O BHECEHWM M3MEHEHWI B OTAEeNbHble 3aKOHOAaTeNbHble akTbl Poc-
cuinckon Oepepaumn: GepepanbHbii 3aKoH oT 30 aekabps 2015 r. N2 431-03. URL: https://base.garant.ru/71295988/?ysclid=mcuh
ce8xf1947312843 (nata obpauieHms: 12.03.2025).
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Ha NPOW3BOACTBO MOHUTOPUHIOBBIX PaboT [17, 18]. C 3Tol uenbto B Tabnuue 1 npeacTaBneHbl 0CO6GEHHO-
CTV BENCTBYIOLEN HOPMATVBHO-TEXHUYECKON JOKYMEHTALMV B OTHOLIEHUN FEOTEXHNYECKOTO MOHUTOPVIH-
ra 6e3 yyeta 3apybekHbIX U HELEeNCTBYIOWUX UK HeonybnnMKoBaHHbIX CTaHAAPTOB; TakXKe He BKoYEeHbI
CTaHZapTbl opraHu3auun (nckntodeHmne — CTO CPO-T 60542954 00007-2023) n TeppuTopmasnbHble CTaHaap-
Tbl (McKNtoueHne TP 182-08'3).

Tabnuya 1. OcobeHHocmu delicmayrowieli HOpMamMuBHO-MexHUYeckol 00KyMeHmayuu
8 OMHOWEHUU 2e0MexHUYeCcKo20 MOHUMOPUH2a
Table 1. Specifics of current normative and technical documentation for geotechnical monitoring

Haxox-
Ne i/ Hopma (IO OcobenHocTn
Ilepeune
HC u CIT*
O61ye TpeboBaHMA K IPOU3BOACTBY paboT. Tpebo-
BaHIe K COCTAB/ICHNIO IIPOTrPaMMBbI paboT. MeToxst
PyxoBOacTBO 0 Ha6TRerIM 32 Fedopma- [IPOM3BOJCTBA reofie3ndeckux pabor. O6paborka pe-
IIAMM OCHOBAHMIE 1 BYHIAMEHTOB STamMi u 3ynpraToB. O6opynoBaHue i IPOU3BOACTBA PAOOT.
coopyxermit (1975 1.) O6uue Tpe6oBanms. Tpe6OBaHMUS K pa3MelEHNIO
1 OTCyT- CbeMOYHBIX TOYEK U MCXOIHBIX pene}gos. gpe6o—

. . CTBYyeT BaHNUA K TOYHOCTYU IPOM3BOJCTBA paboT. CheMKa
g(ih:ég:’/l/ ;g:zs ;gféczzr/lz/z% 826952, HuBempoM (1-3 kmaccor). Oco6eHHOCTI M3MepeHNs
htm?ysclid=mer0zjnv19562028966 ocaoK QyHZAMEHTOB Ha Pas3IMIHbIX IpyHTAX. Merop,

crepeodororpammerpyn. KoM6uHMpoBaHHbIT Me-
tog. VisMepeHne kpeHoB coopyxenuit. Habmonenst
3a TpemnHaMi. OcO6@HHOCTY pabOTHI C ONON3HAMY
T'OCT 24846-2019. IpynThl. MeTobI M3MEpEHNA
nedopMaiit OCHOBaHMIT 3[[AHNIL ¥ COOPY>KEHMIT = MeTopbl M3MepeHIA TOPU30HTATbHBIX IIepeMe-
Soils. Measuring methods of strains of structures mernii. [TorpemrHocts kpena. Obmuiye mMomoXKeH s
2 and building bases ;T;;;TT_ ompenenenns kpeHa. OO1ye IONOXKeHNs cTepeodo-

Torpammerpudeckoro meroa. O6paborka pesynbra-
URL: https://docs.cntd.ru/document/1200174422%y TOB M3MEPEHMIL: 00IIVIe MOIOKEHNU
sclid=mer14g0ixn218759358

T'OCT 31937-2024. 3nanns 1 COOPY>KEHNUA.
ITpaBua 06CIeOBaHNA ¥ MOHUTOPVHTA TEXHN-
yeckoro cocrossHnA = Buildings and constructions.
Rules of inspection and monitoring of the technical
condition

Ob1ine MOIOXKEeHNS IIPY IIPOBEIEeHNI MOHUTOPMHIO-
BK/IIOYEH | BBIX PabOT IIpU OIpPeie/leHIN TeXHNYECKOTO COCTOS-
HUA 3[aHNI, B TOM YMC/I€ YHUKATbHbBIX

URL: https://docs.cntd.ru/document/1305691614%y
sclid=mer179bts218696842

T'OCT 32019-2012. MOHUTOPUHT TEXHNIECKOTO
COCTOSTHVISI YHUKAJIBHBIX 3[aHUI U COOPY KEHMIL.
ITpaBmma MpOeKTNPOBAHNA U YCTAHOBKM CTAIINO-
HapHBIX CCTeM (CTaHIMIT) MOHUTOPMHTA =

Technical condition monitoring of the unique — OcCHOBHBI€ HIOJIOXKEH VST IIPY BBIOOpe 060PYHOBAHIA.
4 | buildings and constructions Rules of design and B yeT O611111e ONIO>KEHNS IPOU3BOACTBA MOHUTOPMHIOBBIX
installation of permanent systems (stations) of Y pabot

monitoring

URL: https://docs.cntd.ru/document/1200100943%y
sclid=mer200c425503429767

3 TP 182-08. TexHnYeCKme peKoMeHAaLMMN MO HayYHO-TEXHNYECKOMY COMPOBOXAEHVIO U MOHUTOPUHIY CTpOWTENbCTBa 6orbLue-
MPOJIETHBIX, BBICOTHbIX M APYTVX YHUKaNbHbIX 3AaHUIA 1 coopykeHuin. URL: https://gostrf.com/normadata/1/4293832/4293832621.
pdf?ysclid=mcvhwr6nf1427141239 (gaTa o6patieHus: 12.03.2025).
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lMpodomxeHue mabauyel 1/ Continuation of table

1

Haxox-
Ne i/ Hopma l'?:p}l:;l: OcobenHoCTN
HC u CIT*
TOCT P 22.1.04-2022. be3onacHOCTb B 4pes-
BBIYAIHBIX CUTYAIMAX. MOHMTOPVHT a9POKOC-
Mudeckuii. HoMeHK/IaTypa KOHTpOIMpyeMbIX
MAPAMETPOB MPE3BHIMANHEIX cutyaiit = Safety in OTCyT- KoHTpomnupyemble apaMeTpbl IPUPOSHBIX M TEXHO-
5 emergencies. Aerospace monitoring. Nomenclature Y ponnpy P oI IPUPOA
; CTByeT renHbIx YC (tabmuupr 1 1 2)
controlled parameters of emergencies
URL: https://docs.cntd.ru/document/12001843752y
sclid=mer23vmsli178247787
T'OCT P 22.1.06-2023. be3onacHOCTD B 4pe3-
BBIYAIHBIX CUTYaLMAX. MOHUTOPMHT I IIPOTHO-
3MPOBaHNE OIACHBIX I'€0JIOTMYECKIX ABIEHMIT O6uye TpeboBaHNA K CUCTeMe MOHUTOPHHIA U IIPO-
n npoueccos. O61ue Tpe6oBanns = Safety in THO3MPOBAHIIS OITACHBIX T€OIOTMYECKIX IIPOLIECCOB
6 emergencies. Monitoring and forecasting of OTCyT- U SABJICHMIL: TIPY 3eM/IeTPACEHNH, BY/IKAHNYECKIX 13-
hazardous geological phenomena and processes. CTByeT BepP>KEHUX, ONON3HAX, 00BaIax, KapcTax, Kypymax,
General requirements cyddosuax, npocagkax, OBpasKHBIX 3pO3UAX, Ilepe-
paboTkax 6eperos (tabmuua 1)
URL: https://docs.cntd.ru/document/13043659332y
sclid=mer26rpocd975280634
MJIC 13-22.2009. MeTouKa reoie3a4ecKoro Mo-
HUTOPYMHTA TEXHIIECKOTO COCTOSHSI BBICOTHBIX I
UKAUIBHbIX STAHIL I COOPYSKeHLIL O61ye Tpe6oBaHMA K IPOU3BOACTBY paboT. MeToxmbI
7 ¥ o Py OTCyT- IPOM3BOACTBA reofie3ndecknx pabor. O6paborka pe-
URL: https://gostinform.ru/direktivnye-pisma- creyer g’gm;:(;&egg;fzjgmﬂm UL POM3BO/ICTBA PaGoT.
polozheniya-rekomendacii-i-dr/mds-13-22-2009- te Tp
0bj44941.htm1?ysclid=mes7kj1mvf563195450
OJIM 218.2.052-2015. IIpoekTupoBaHue 1 CTpo-
UTEBCTBO MPOTIBOCENIEBBIX COOPYXKEHMUI /I
3 3aIUTHI ABTOMOG/IBHBIX JOPOT OTCyT- Cocras paboT Ipyu BU3yaIbHOM 06 C/IeOBAHNII Ce-
CTBYyeT JIeit, IepUOFUIHOCTD 0OCTIeTOBAHMIL 11 AP.
URL: https://docs.cntd.ru/document/4560502312ys
clid=mes7mxepi2721655188
O6uue Tpe6oBaHNA K IIPOM3BOACTBY paboT. [eodu-
3M9eCKIie METOAbI IIPOM3BOACTBA PaboOT, yCTAHOBKA
OJIM 218.2.091-2017. [eoTeXHMYECKNIT MOHUTO- AATHIKOB, TIEPEHICHD KOHTPOTMPYCMPIX TAPAMETPOB.
. . Ob1ras cxema pacroyoKeHns 060pyOBaHMA Ha
PUHT COOPYIKEHNIT MH>KEHEPHOI! 3aIIMThI aBTOMO- 6
GuTbHbIX TTOpOT oreyt- y4acTKaX aBTOMOOIIBHBIX JOPOT C IIPOTEKAIOMINMI
9 ctayer OMO/I3HEeBBIMY HporieccamMyu. Oco6eHHOCTY IPOu3-
URL: https://docs.cntd.ru/document/456075700%ys BOJICTBA PaOT Ha ONIO/I3HEONACHEIX YHACTKAX JOPOT.
clid=mes70c0pxu662190608 Omnucanne NIpoU3BOACTBA MOHUTOPIHTA, METOAbI BII-
3yaJIbHOTO, F€0fle31YeCKOr0, TUIPOre0IOINYeCKOro,
TUPOJIOTIIECKOT0, BUOPOMETPIIeCKOTO, Te0pu3n-
JeCKOT0, TEH30MEeTPUUECKOTO MOHUTOPIHTA
OJIM 218.3.008-2011. PekoMeHpaIum 1o MOHUTO-
PUHTY ¥t O6CTETOBAHMIO HIOIOPHIE CTEH 1 YACD- O61ye Tpe6oBaHMs K IPOU3BOACTBY paboT. MeTozb!
SBAIOIE COOPYIEHITE HE OLON3HEBHIX YIACTKAK IPON3BOJCTBA Teofie3ndecKux pabor. O6paborka
10 | aBToMOGHIbHEX HODOT OTCyT- pesynbraToB. Habmonenns sa Tpeumaamu. Tpe6o-
Hop CTBYyeT BaHUA K 00C/IeJOBAHIIO TeXHNIECKOTO COCTOSHIA
URL: https://docs.cntd.ru/document/1200084892%y 3nanui. TpeGosatua X BusyansHoMy 0bcnenoBanMO.
sclid=mes7pjqwpro58071603 ITeprofMIHOCTD IPOU3BOACTBA PabOT
CII 11-104-97. VInXeHepHO-Teofie3anIecKie
M3BICKAHVA /I CTPOUTENbCTBA = Engineering ITorpenrHoCTy /IS OIIOPHBIX IIYHKTOB. Buyibl reo-
1 geodesical survey for construction OTCyT- Ie3nyuecKUX HaO/TIfleHIil, TOYHOCTD M3MepeHMIl.
CTBYyeT JlaHHBIE O PACIIONOKEHNN MAPOK C PACCTOSHUAMIA.
URL: https://docs.cntd.ru/document/8710012192ys HabrmrofeHns 3a KpeHOM COOPY>KEHMIT — METOJBI
clid=mes7qww043735033458
40 Apxumekmypa, cmpoumenbcmeo, mpaHcnopm

Architecture, Construction, Transport
2025;5(3):34-54



Ulyana R. Sidaravichute, Sergey I. Matsiy

Analysis of normative and technical documentation...

-~

lMpodomxeHue mabauyel 1/ Continuation of table

Haxox-
Ne i/ Hopma (IO OcobenHocTn
Ilepeune
HC u CIT*
CII 116.13330.2012. VHXeHepHas 3alljuTa Tep- OcHOBHbBIE pacyeTHbIE ITOJIOYKEHNA OIIOJI3HE, MH-
PUTOPMIA, 3HAHNIL Y COOPY>KEHMIL OT OIIACHBIX T€0- ¢dbopmanyaA o pacrpoCcTpaHEeHUHM ONACHbBIX Te0IornYe-
JIOTMYeCKUX mpolieccoB. OCHOBHBIE MOMOKEHNS = CKuX TpolieccoB. TpeboBanmst K paspaboTke bepero-
Engineering protection of territories, buildings and YKPEIUIEHUI ¥ UCC/IEJOBAHMII CE/IEBBIX ITPOIIECCOB, &
12 | structures from dangerous geological processes. BKJIIOYEH | Takoke TpeOOBAHMUSA K MEPOIPYATIAM MHXEHEPHO
Basic principles 3alIUThI OT TEPMOKAPCTa, KPMOT€HHbIX CKIOHOBbIX
IPOIIeCCOB, Ha/leile06pa3oBaHMsA, MOPO3HOTO ITyye-
URL: https://docs.cntd.ru/document/1200095540%y HS TPYHTOB, 3aTOIUICH, IO TOIICHN S, KAPCTOB,
sclid=mes83gluda622046607 JIABVH, CeJIel, OIIO/I3HEBBIX 11 0OBa/IbHBIX IIPOLIECCOB

CII 22.13330.2016. OcHOBaHMA 3[AHNIT ¥ COOPY-
xxeHnit = Soil bases of buildings and structures

13 BK/IIOYEH
URL: https://docs.cntd.ru/document/4560542062ys
clid=mes87ng908157154353

Cpoxit IpOM3BOJICTBA MOHUTOPMHIOBBIX PaboT Ipn
CTPOUTEIbCTBE U PEKOHCTPYKIMy (Tabmuma 12.1).
Tpe6oBaHMs K COCTABIEHNIO IIPOrPAMMBbI MOHUTO-
PUMHIOBBIX paboT. ITopsAmok nmpousBopcTBa pabor

Tpe6OBaHI/I$I K HpOI/ISBOI[CTBy OCHOBHBIX ]/IH)KeHep-
HBIX U3bICKaHUI (Teofie3MYeCKIIe, TeOTOTUYECKIE, T -
IPOMETEOPOIOTNYECKILe, IKOIOTMYECKIIE, TeOTeXHNU-
OTCYT- 4eckue). Tpe6OBaHMsI 110 TOATOTOBKE TEXHITYECKOTO
CTByeT 3aJaHNA 1 HpOFpaMMbI pa60T, a TaK>Ke 110 IMOAr0TOB-
Ke TeXHMYEeCKOro oT4yeTa. IlepeyeHp paboT 10 Bujam
M3BICKAHMII, B TOM 4ICIIe /IS paboT 110 HabIoeH o
3a pasBuTHEM JeOpPMAIMOHHBIX IIPOLECCOB

CII 47.13330.2016. VHxeHepHbIe U3BICKAHNA Ji/1A
cTpoutenbcTBa. OCHOBHBIE MOMOKEHNUS =
Engineering survey for construction. Basic

14 | principles

URL: https://docs.cntd.ru/document/4560455442ys
clid=mes8a435vc494286520

CII 248.1325800.2023. Coopy>keHnA IOA3eM-

uble. [IpaBua mpoexTuposanus = Underground .
O61u1ue JaHHbIe /1S HAOTIONEHMIT 32 TTOA3EMHBIMU

structures. Design principles OTCyT-
15 crayer coopy>keHMAMMI. IIporHosupoBaHe ¥ TOYHOCTD I'eo-
K
URL: https://docs.cntd.ru/document/13051159402y TEXHITIECKOTO TpOrHosa
sclid=mes8edagdd394095399
ITepeyeHb KOHTPOMUPYEMbIX TAPAMETPOB /I BO3BO-
IUMBIX/PeKOHCTPYUPYEMbIX cOOpy»KeHuit. Ommcanne
IPOV3BOJCTBA MOHMTOPYHTA, METOBI 1 000py/IOBa-
HMe, orpemrHocTy usMepennit (Ipunoxxenne A): Bu-
3ya/IbHO-MHCTPYMEHTA/IBHOTO, T€0fe3MYeCKOro I JIp.
CII 305.1325800.2017. 37aHNA 1 COOPYIKEHA. ¢ yKasasuewm rpeGopanuii no COCTABNEHINIO TIpOrpam-
MBI paboT 11 TOATOTOBKE OTIETHOI JOKYMEHTAL[VIN.
IIpaBua MpoBefeHNsI TeOTEXHNYECKOTO MOHN- . .
R AnropuT™ feiicTBuUIL IpU 0OHAPYIKEHNM KPUTIUe-
TOpMHTa Ipu cTpouTtenscrse = Buildings and ;
. - ckux fiedpopmarnyit. O61ive JaHHBIE IO MOHUTOPYUHTY
structures. The rules of geotechnical monitoring OTCyT- ) .
16 : YHUKaJIbHBIX 3[aHUIl M COOPY>KEHMUIT, B YCTIOBUAX
under construction CTBYeT . y ;
IUIOTHOJ1 TOPOJCKOIT 3aCTPOIIKY, IIPY HAOTIOATeIb-
URL: https://docs.cntd.ru/document/5563301342ys A A S
clid=mes8gfge0z990772637 ABCP " ’
TEPPUTOPUAX C BO3MOKHOCTBIO KapCTOOOpasoBaHMA,
Ha IIOAITOIVICHHBIX TePPUTOPHAX U fip. OCHOBHBIE
KOHTPO/IUpyeMble TapaMeTpbl IPU MOHUTOPYUHTIE B
HOTEHIIMA/IbHO OIOJI3HEOIaCHOM paiioHe (Tabmuia
8.26). Vicnionb3oBaHMe JaTUMKOB: 06/1aCThb IPYIMeHe-
HMS, YCTPOJICTBO, HOTPELTHOCTI
CII 317.1325800.2017. VH>xeHepHO-Teofe31ye-
CKMe M3BICKAHNA JIS CTpouTenbcTra. Obmue mpa-
BIIa TIPOU3BOJACTBA pabot = Engineering geodetic
. A Habmopaemble TapaMeTpBbl, COCTAaB TeX3aJaHVA
survey for construction. General regulations for OTCyT-
17 . U IPOTPaMMBbl Ha BBITIOTTHEHIE T€OTEXHIMYIECKOTO
execution of work CTByeT
MOHUTOPUHIA
URL: https://docs.cntd.ru/document/5566103342ys
clid=mes8iluzk7322112521
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1

Haxox-
Ne i/ Hopma O OcobenHoCTN
Ilepeune
HC u CIT*
CII 361.1325800.2017. 3naHus ¥ COOPY>KeHNA.
3auMTHBIE MEPOIIPHATYS B 30HE BIIVHUS CTPO-
UTENbCTBA NOfI3eMHBIX 00beKTOB = Buildings and TpeGoanus K mporpamme paboT 1 obie aHKbIE
18 constructions. Protective measures in the zone of OTCyT- 10 IDOUBBONCTEY MOHMTODMHIOBbIX DAGOT DM
influence of construction of underground objects CTByeT CTpOIIj[TeTIbC’JI‘IBe Y p P p
URL: https://docs.cntd.ru/document/5505666822ys
clid=mes8oxvk4c513148410
ch :;Izc'sfjlizoso'::V};MK::OCTPZ:ZI;EE dl)_}m;l;l;f:_ OcHoBHbIe Tpe6OBaHMA K TPOUSBOLCTBY PabOT Ipn
IDOM3BONCTBA 260T - Desi I;yof foun.datIi)ons of YCTPOJICTBE IVINTHBIX, CBAITHO-TUIMTHBIX M CBAJHBIX
19 h? h-riseﬂbuildilrjl S ana struc%ures Work rules oreyT- (yHAAMERTOB P} BOSBEACHIH BHICOTHEIX SIaHMif
& & ' CTBYyeT u coopy>keHnit. Tpe6oBaHMA K T€OTeXHIYECKOMY
URL: https://docs.cntd.ru/document/5544032242ys r;};ﬁ::;f]fx:jiﬁp ¥ 33 CTPOUTENDCTBOM 1 CTPOM-
clid=mes8r3tqzg225979530 ¥ KOHTP
CII 420.1325800.2018. VH>XxeHepHbIe U3bICKA-
HVA VI CTPOUTENBCTBA B PAllOHAX Pa3BUTIA
OIO/I3HEBLIX Ipolecco. Obmye Tpe6oBaHMA = VHxeHepHBIe USBICKAHWS A/ IIOFTOTOBKY JOKYMEH-
Engineering surveys for construction in the areas — TALMM 110 IUTAHMPOBKe TeppuUTOpHit. Busst pabot B
20 | of development of landslide processes. General B yeT MH)KeHEPHO-Teoe3NYeCKIX 13bIcKanusax. Obuue
requirements Y Tpe6OBaHYISI IO OPTraHM3ALNI MOHITOPIHTA 3a
OIOJI3HEBBIMI IPOLIeCCaMI
URL: https://docs.cntd.ru/document/5544035692ys
clid=mes8tu4cnr402964171
CII 539.1325800.2024. HayuHO-TexHIYeCKOe CO-
IIPOBOKZIEHIE IH)KEHEPHbIX M3bICKAHUIT, TIPOEKTH-
povamut 1t crpotencrsa. Obuune moroxerots = TpeGosasus o Hay HO-rexEHIECKOMY CONPORO-
21 | survevs. desien and cons trlzi tion (%eneral & OTCyT- JKJIEHIIO MHXKEHEPHBIX M3bICKAHMIL, IPOEKTHPOBAHII
rovis),lio,ns & ’ CTBYyeT U cTpouTenberBa. TpeOoBaHNUA K TEXHUYECKOMY 1
P Fe0TEeXHIIeCKOMY MOHITOPIHTY
URL: https://docs.cntd.ru/document/1306457721%y
sclid=mes8wfukc9910214921
CTO CPO-T 60542954 00007-2023. Teope3uue-
ZKMI;(241?:];[Zggﬁziliegoagwi;mggnzgﬁ?;; CZ;{HHX MeTOpbI IPOM3BOLICTBA FEOTEXHIIECKUX paboT
2 Mpa};{anms ot S0p " OTCyT- (reomest), KOMMYECTBO MAPOK M MX PACIIOTIOXKEHNeE,
CTBYyeT HOTPEIIHOCTY IPOM3BOACTBA PabOT Ha ATOMHBIX
. CTaHIMAX
URL: https://informproekt.ru/docs/1304411864/?ys
clid=mcugz21y3515648114
MPJIC 02-08. ITocobue 1o HaydHO-TeXHUYECKOMY Tpe6oBaHMA K PACIIONOKEHNUIO M3MEPUTENbHBIX TTYH-
COIIPOBOXK/ICHNUIO Y MOHMTOPVHTY CTPOSIIXCA KTOB JI/IsI yCTAaHOBKY IIPUOOPOB (HaTUMKI I/ Kpe-
3IaHWIT M COOPY>KEHUIT, B TOM 4¥CIie 6OIIbIIENPO- — HOB). Tpe6OBaHMA K HAYYHO-TEXHIYECKOMY COIIPO-
23 | /MeTHBIX, BHICOTHBIX U YHUKAIbHBIX - yeT BOX/IEHNIO CTPOUTENbCTBA. TpeOOBaHIS K COCTABY
Y OTYETHOI JOKyMeHTaImu. Tpe6oBaHMA K TeOTeXHN-
URL: https://snip.ruscable.ru/Datal/53/53995/ JeCKOMY MOHUTOPUHTY, MOHUTOPVHTY YHUKA/TbHBIX
index.htm?ysclid=mes98bs158871512545 3[aHWIT V1 OTPaYKIAIOIIVMX KOHCTPYKLIMIL
CII 126.13330.2017 (CHulI 3.01.03.84). Teopesn-
eckne b aGomst B crpoutenctse = Geodetic works ITpou3BOACTBO reofie3aNYecKnx paboT B CTPONUTENb-
24 in building C()Tq;:;:; cTBe. MOHUTOPVHIOBBIE pabOTHI B CTPOUTEIbCTBE,
URL: https://docs.cntd.ru/document/5509657202ys BEIEIHBT OCATIOK
clid=mes91cw2ja243608966
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https://docs.cntd.ru/document/554403569?ysclid=mes8tu4cnr402964171
https://docs.cntd.ru/document/554403569?ysclid=mes8tu4cnr402964171
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Analysis of normative and technical documentation...

lMpodomxeHue mabauuel 1/ Continuation of table 1

Haxox-
Ne i/ Hopma (IO OcobenHocTn
Ilepeune
HC un CIT*
T'OCT 27751-2014. HafiexXHOCTb CTPOUTENb-
HBIX KOHCTPYKLMIT 1 ocHOBaHMIt. OCHOBHbI®
nonoxenus = Reliability for constructions and 06 6
25 | foundations. General principles BKJIIOYEH V€ TIPUHIIATIDT OBECTIEACHIA HAIOKHOCTI CTPO-
UTENbHBIX KOHCTPYKLNIT M OCHOBaHMUIA
URL: https://docs.cntd.ru/document/1200115736%y
sclid=mes94732bb962415682
TP 182-08. Texuudueckne peKOMeHIAIVI IO Hay4-
HO-TeXHUYECKOMY COIMPOBOX/IEHIIO 1 MOHUTOPVH- 151 crieryamiCcToB, BBIIOTHSIONUINX PAbOTHI II0 HAy4-
Ty CTPOUTEBbCTBA GO/IbIIEIIPOIETHDIX, BHICOTHBIX — HO-TeXHIYEeCKOMY COIPOBOXKICHIIO CTPOUTENIbCTBA I
26 | M [pYr¥X yHMKaAbHBIX 3[JaHMIL ¥ COOPY>KEHMI CTB;;T MOHWTOPYHTY COCTOAHMA KOHCTPYKIMIT 60IbLIENTPO-
JIETHBIX, BBICOTHBIX M APYTUX YHUKA/IbHBIX 3TaHNIl U
URL: https://snip.ruscable.ru/Datal/54/54692/ COOpY>KeHMiT, BO3BOAMMBIX B I. MoCKBe
index.htm?ysclid=mes9688zy3379701448

*[lo 1 ceHmabpa 2024 2. cobnodeHue mpebosaHuli DedepanbHoz0 3aKoHa «TexHUYecKuli peziameHm o 6e3onacHocmu
30aHuli u coopyxeHul»'* peznameHmupogan lNepeyeHb HAUUOHAIbHBIX CMAHAAapmMo8 u c8o008 npasu (llocmaHose-
Hue [pasumenscmaa PO om 28.05.2021 2. N 815), komopwlli 8kito4Yan obazamerbHble 018 npuMeHeHUs 00KyMeHMmsl. B
HacmosAwee spems [locmaHosneHUue ympamusio cusy, aHas10208 Hem.

Mpw aHanu3e Tabnuubl 1 NonyyeHbl cnegytowne pesynbraTbl:

1. Hanbonee nonHo onncbiBaeT NPOmM3BOACTBO reofde3nyecknx paboT Npy reoTexHMYeckom MOHMUTO-
puvHre (B TOM YMcie Ha OMNon3HAX) PyKoBoACTBO Mo HabnoaeHMAM 3a fedpopmalusiMm OCHOBAHWA U
byHOaMeHTOB 3aaHNN 1 coopyxeHnia (1975 1.). 3a 3TanoH NPUHAT NPOEKT NPON3BOACTBA reofesnye-
CKMX paboT, KOTopbIN ABNAETCA 06sA3aTeNIbHbIM JOKYMEHTOM B CTPOUTENbCTBE NIOObIX MHXKEHEPHbIX
0OBEKTOB HE3ABUCKMO OT UX TUMA, Ha3HaYeHNA, rabapnTOB UK APYTUX XapaKTEPUCTUK. TpeboBa-
HUA K TaKOMY JOKYMeHTY npeabasneHbl B CM 126.13330.2017 n FTOCT P 51872-2024". K kputepuam
MOJTHOTbI MPOV3BOACTBA re0Ae3nYecKnx paboT OTHOCATCA: NepeyeHb 060pYAOBaHUA 1 METOAVK U3-
MEPEHUN; METOLbI FeoAe3NYECKON Pa3drBKN U/ NPUBA3KN 06 EKTOB; NMpefesibHble OTKIIOHEHNS
(HEBA3KM 1 NOrPELLIHOCTI); HanMn4yme NIaHoBO-BbICOTHbIX cxeM (TpeboBaHUA K HVM); NpoBepKa Tou-
HOCTU pacyeToB, NpebABeHne TPebOBaHNI K TaKUM pacyeTaM; COOTBETCTBME HOPMATUBHbIM aH-
HbIM; MOArOTOBKA OTYETHbIX MaTepuanoB B COOTBETCTBUM C YCTaHOBNEHHbIM popmaTom. [MonHoTa
ONUCcaHUA NPON3BOACTBA reofe3nyeckrx PaboT NPy reoTeEXHNYECKOM MOHUTOPUHTe (B TOM yuncie
Ha OMOJI3HAX) — CTEMEHb BKITIOUYEHNA HOPMATMBHbIX TPeOOBaHM C yueToM feTann3auum TeXHoNoru-
YyeCKMx NpoLeccoB, MPOBEPKOWN PAaCUETHLIX KPUTEPUEB, YCTAHOBNIEHHbIX B MPOEKTe NPOM3BOACTBA
reogesunyecknx pabort. MNpu stom PykoBoacTeo no HabnwaeHnaM 3a gedpopmaumsamm OCHOBaHUN U
byHOaMeHTOB 3aaHUN 1 coopyxeHuin (1975 r.) BKNtoyaeT TpeboBaHUA NO NOArOTOBKE NPOorpamMmbl

4 TexHMYeCKUI pernameHT o 6e30MacHOCTU 34aHNIN 1 COOPYXKEeHWU (C M3MeHeHUaMU 1 gononHeHusamun): GegepanbHbli 3a-
KOH PO N2 384-03 ot 30.12.2009 r. URL: https://base.garant.ru/12172032/?ysclid=mcvhsroct1830692774 (gaTta obpalyeHus:
12.03.2025).

> TOCT P 51872-2024. [JokymeHTauua WCMONHUTENbHAA reofe3sndeckas. lpaBuna BbinonHeHna = Executive geodetic
documentation. Performance rules: BeegeH 01.11.2024 r. URL: https://docs.cntd.ru/document/1310017739?ysclid=mesen87
7c060657331 (paTa obpaweHus: 02.03.2025).
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AHanus HOpMaTVIBHO-TeXHI/I‘-IECKOVI AOKYMeHTauuun...

paboT, a TakXKe TpeboBaHMA Mo HabNOAEHMIO KaK 3a CABMIOBbIMY MpoLeccaMu, Tak 1 OTAENbHO 3a
nedopmMaLNOHHbIMU.

2. MpenbaBnAeT KOHKpPeTHble TpeboBaHMA K NPON3BOACTBY APYTMX BUAOB PabOT Npu reoTeXHNYECKOM
MOHUTOPUHre (BU3YyanbHOM, FMAPOreosiorMyeckom, rMaposiorniyeckomM, BU6pPOMeTprYeckom, reo-
dun3nyeckom, TeH3oMeTpuryeckom nccnegorarum) O4M 218.2.091-2017.

3. MpenbasnaeT TpeboBaHMA K NPOU3BOACTBY PabOT Ha yuacTKax Co C/IOMKHbBIMU NHMXEHEPHO-FeoNoru-
YeCKM1 YCNOBUAMM (OpPraHOMUHEPASIbHBIMU Y OPraHNYeCKMMM FPYHTaMM / HaCbINMHbIMU FPYHTamMm /
NPOCaA0YHbIMU FPYHTaMV / MHOFONIETHEMEP3IbIMU TPYHTaMM / Ha NogpabaTbiBaembix TeppuTopurax /
B MOTEHLMaNbHO OMON3HEOMACHbIX PafioHax), @ TakkKe KO BCcemy UMKNY npoussoactsa pabot (oT
MOAroTOBKWM TEXHMYECKOro 3afaHna ao nukemaaumm nocneactsum YC) — CIM 305.1325800.2017.

C uenbio BbiABNEHUA pasHouTeHun gencrteyowme HT[ npoaHanu3vpoBaHbl Mo 32 Kputepuam

(tabnuua 2). Mpw 3ToM B AanbHelLWeM aHanmn3e yyteHbl Tonbko 19 HT[ n3 tabnuubl 1. ickntoyeHb:

. OM 218.2.052-2015, TaK KakK BKJltoUaeT TONIbKO TpeboBaHUsA K NPOV3BOACTBY HabnogeHN 3a cene-
BbIMM NpoLeccamu;

. CTO CPO-T 60542954 00007-2023, TaK Kak ABNAETCA CTaHAApPTOM CamMoperynmpyemoin opraHu3aumm
npyv NpPon3BoACTBE PabOT Ha aTOMHbIX 3MEKTPOCTAHUMSAX. HEBO3MOXHO (HeobsA3aTeNbHO) NoBCe-
MeCTHOe NpUMEHEHNEe CTaHOaPTa;

. CIM 47.13330.2016, Tak Kak cogeput TpeboBaHMA TONbKO K NPOW3BOACTBY OCHOBHbIX BUAOB U3bl-
CKaHUM, SKONOrMYeCcKoMy 1 r’MAPOMETEOPONIOrMUYECKOMY MOHUTOPVIHTY;
. CM 126.13330.2017 (CHwul 3.01.03.84), Tak Kak onuncbiBaeT NPOV3BOACTBO reofe3nyecknx paboT B

CTpouTenbCcTBe. He npnmeHAeTCA Ha Onon3HeonacHbIX TeppuTopurax. OnmMcbiBaeT MOHUTOPUHTOBbIE
paboTbl TONIbKO B CTPOUTENBLCTBE, YUNTbIBAET BENMMNYMHBI OCALOK;

. CI1539.1325800.2024, TaK Kak 4OKYMEHT OPYEHTUPOBAH TONIbKO Ha HayYHO-TEXHMYECKOe COMPOBO-
XIOeHne CTPOUTENbCTBA, COAEPXKUT TpebOoBaHMNA K COCTaBy, LieNiAM, CPOKaM 1 ApYrim napametpam
HayYHO-TEXHNYECKOrO COMPOBOXKAEHMSA, @ TaKXKe TPebOoBaHMA K TEXHUYECKOMY MOHUTOPUHTY;

. FOCT 27751-2014, TaK Kak yCTaHAB/IMBAET TOJIbKO 06LLME MPVHLUMMbI 06ecneyeHns HaAeXKHOCTH CTPO-
UTeNbHbIX KOHCTPYKLMIA U OCHOBaHWIA, He NPUMEeHSAETCA Npu paboTe Ha ONON3HEBbLIX TEPPUTOPUAX;
. TP 182-08, Tak Kak npeabaBnAeT TpeboBaHMA TONbKO K HayUYHO-TEXHUUYECKOMY COMPOBOXAEHUIO

CTPOUTENbCTBA YHUKAJbHbIX 3AaHWIA, MPUMEHAETCA TONbKO Ha TeppuTtopun r. MOCKBbI.

B nepeueHb Kputepumes BK/OYEHbl BCe OCOOEHHOCTU MpPOaHaNM3nUPOBaHHbIX HOPMATUBHO-TEXHU-
YeCcKrx JOKYMEHTOB, KOTOpble BCTPEYanucb B MpoLecce UsyyeHus, Hanpumep, TpeboBaHnA K anroputmy
LENCTBU MPW BbISIBNEHUN BO3MOXHOCTU peann3auny aBapunHbix cUTyaumi Obinm onvcaHbl Tonbko B Cl1
305.1325800.2017 (n. 29). MepeyeHb KpUTEPUEB pPaH>KMPOBaH B MOPAAKe MPOM3BOACTBA PAabOT OT coCcTaBne-
HMA TEXHNYECKOTO 3aflaHusA L0 NPUHATUA Mep Mo cTabunm3aumnm aBapuiiHbIX CUTYaLUi, B KOHLE NpuBefeHbl
paboTbl B 0COObIX YCNOBMSAX (Ha OpraHOMUHEPASIbHbIX, 3aTOPGOBAHHbIX FPYHTAX, HA TEMI03/EKTPOCTAHLMSAX).
Hanbonee Ba)<Hble, MO MHEHWIO aBTOPOB, KPUTEPUN BbleeHbl KYpCcUMBOM. VX BaXkHOCTb onpeaeneHa nytem
NPaKTUYECKNX NCCNIefOBAHNNA. DTV KPUTEPUN HAMPAMYIO BANAIOT HAa KaUeCTBO Moy4YaeMblx faHHbIX 6e3 yye-
Ta Y3KOHaMpaBJ/IeHHbIX pa3genoB (paboTa Ha OpraHOMMHeEpPasbHbIX FPYHTAX, PaboTa Ha TEMNOINEKTPOCTaH-
LMAX U T. A.) NpU YCIIOBUM OTCYTCTBMA Takux TpeboBaHWI B TEXHUYECKOM 3afiaH1W. Pa3geneHre napameTpos
Ha «HabnoaeHna 3a fepopmaLMaMN COOPYKEHWNIA» 1 «HABGMIOAEHNA 3a CABMMaMI COOPY>KEHWUIA» OCHOBAHO Ha
aHaslorMyHoOM pasgesieHny napameTpoB B PykoBogcTee no HabntogeHnaAm 3a gedopmalnsamm OCHOBAaHW U
byHaameHTOB 38aHKI 1 coopyKeHui (1975 1.), Takoe e feneHrie NPUHATO aBTOpaMu B fanbHellemM aHanu-
3e Apyrux HOPMaTUBHO-TEXHNYECKNX AOKYMEHTOB. [Mpr 3Tom pa3gen «HabnoaeHna 3a ciBUraMm coopysxe-
HUI (reofe3nyeckre MeTobl): PaboTbl Ha OMON3HAX» YUNTbIBAET PaboTbl HEMOCPELCTBEHHO HA OMOM3HEBBIX
Tepputopusax, a pasgen «HabnogeHus 3a fepopmaLuamm COopyKeHUi (reofesnyeckme MeTOAbI)» BKlOYaeT
B ce6s BCe BO3MOXHble fedopmaLv 34aHNIA 11 COOPYKEHUI, KPOME CABUIOBbIX.
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Analysis of normative and technical documentation...

3. Pesynbratbl 1 06cyxaeHune / Results and discussion
MMaBHbIM KpUTEPMEM NPU aHaNM3e BCEr0 MacCriBa HOPMATBHO-TEXHUYECKOW JOKYMEHTaLun onpe-

LeneHo npegbaBneHne TpeboBaHN K MPON3BOACTBY PaboT MO reoTeEXHNYECKOMY MOHUTOPWHTIY Ha OMOn3-
HeonacHbIX TePPUTOPKAX, MO aHANIOrMYHOMY TPeboBaHMI, HO 6oJiee YKpYNHEHHOMY, NPW COCTABIEHNN Ta-
6511Lbl 2 6bIN UCKIIOYEHBI AOKYMEHTbI, KOTOPbIE HE OMKCbIBaIY MPOV3BOACTBO MOHUTOPVIHIOBBIX PaboT
Ha onon3HeBbIX Tepputopusx. MNocne npoBefeHVA AeTanbHOro aHanu3a, ucxoga us Tabnvubl 2 (nn. 20 n
25), TpeboBaHMA K paboTam Ha ONON3HEBbLIX TEPPUTOPUAX BbIABIEHDI INLWb B CNiIeAyOLMX JOKYMEHTaX, KO-
TOpble NPV 3TOM UMEIOT NepeyYeHb KOHTPOMMPYEMbIX MAPAMETPOB:

PykoBogacTtso no HabnogeHuam 3a gebopmMauamm OCHOBaHWUN 1 GyHOAMEHTOB 3[4aHUIN U COOpY»Ke-
Hum (1975 r.);

FOCT P 22.1.04-2022. be3onacHOCTb B Ype3BblyarHbIX CUTyaumnAxX. MOHUTOPUHT a3POKOCMUYECKUN.
HomeHKnaTypa KOHTpOnMpyembix NapameTpoB Ype3BblHaHbIX CUTYaLUiA;

FOCT 22.1.06-2023. be3onacHOCTb B Upe3BblYaliHbIX CUTYaUnAX. MOHUTOPUHT 1 MPOrHO3MPOBaHMNe
OMacCHbIX re0NIOrMYECKMX ABIEHNIN 1N NPOLIECCOB;

OOM 218.3.008-2011. PekomeHZaLMy NO MOHUTOPWHTY U 06CIef0BaHMI0 NOAMNOPHbIX CTEH U yaep-
XKMBaOLNX COOPYKEHWI HA OMON3HEBbIX YYacTKax aBTOMOOUIIbHbBIX OPOT;

CIM 11-104-97. NHxeHepHO-reoge3smnyeckmne n3blCKaHNA oA CTPOUTENbCTBA;

OM 218.2.091-2017. feOTEXHNYECKNI MOHUTOPUHI COOPYKEHU NHXKEHEPHOW 3aLimnTbl aBTOMO-
OGUNbHbIX JOPOT;

CIM 305.1325800.2017. 3gaHna n coopyeHua. [MpaBuna NpoBefeHUA reoTeXHNYECKOro MOHUTO-
pVIHra Npu CTPOUTENbCTBE.

Oco6eHHOCTb NMPUMEHeHMA OTpacsieBbIX AOPOXHbIX MeToauk (OM) 3aknouyaeTcs B TOM, UYTO OHMU

HOCAT PEKOMEHAATENbHbIV XapaKTep U, Kak cnegyeT 13 paclunppoBKm abbpeBmaTypbl, MPUMEHSAIOTCA NP
npon3BoAcTBe PaboT Ha JOPOXKHbIX 06beKTax. CrefoBaTeslbHO, pPernaMeHTUPYIOT NpoBeaeHne paboT Ha
onosn3HeonacHbix Tepputopusix 7 HTM, 3 U3 HUX HOCAT pekoMeHJaTeNbHbIN XapakTep (Tabnuua 3).

Tabnuya 3. [lepeyeHb KOHMPOAUPYEMbIX NAPAMEMPO8, peziiameHmupyembil
HopMamusHo-mexHuyeckol dokymeHmauueti
Table 3. List of parameters regulated by normative and technical documentation

N2 n\n O603HaueHne lMepeyeHb KOHTPONMPYEMbIX NapamMmeTpoB
1 rocTt KooppavHaTbl, pa3mepbl, Hanpas/ieHWs 1 CKOPOCTb ABUMXEHNSA OMOJI3He, KpyTu3Ha penbeda,
P 22.1.04-2022 CTPYKTypa NOBepPXHOCTY 3emsn B 30He YC
MnowapHaa NopaKeHHOCTb TeppuTOpPrK, %; NNOLWaAb ONON3HEBbIX NPOABAEHWI HA OGHOM
yyacTke, KM% 06bemM CMeCTUBLUIeNCA Macchl, TbIC. M?; CKOPOCTb CMeLLeHus, M/C; YacToTa npo-
ABMIEHUA, ef. rofl; YPOBHM FPYHTOBbIX M MOA3EMHbIX BO, M; T POMETEOPOSTIOTNYECKUIA PEXNM;
rocT dur3nyeckne cBONCTBa Nopof (NNOTHOCTb, I/cM?, 06beMHas Macca, M*; MOPUCTOCTb, %, 1
2 22.1.06-2023 TPeLMHOBATOCTb, %; MHOGUNBTPALIMOHHbIE XapakTepUCTUKIM, MM/MUH, MOYB 1 FPYHTOB OMOJ3HA
o 1 NprMbIKatoLLe K Hemy BOJOCO0pHON MioLau; MibIBy4eCTb NOPoL; aHU30Tponus (pas-
JINYHbIE NPOCTPAHCTBEHHbIE U3MEHEHNA GU3NYECKNX CBOWCTB NMOPOJ, C/laraloLimx Oron3eHb);
K03dOULIMEHT YyCTONUMBOCTMN CKIIOHA; MHTErpasibHble NoKasaTenu FMMUHUCTOCTU, YBRaXKHEHHO-
CTW, TPELMHOBATOCTH, YIITOTHEHHOCTHY, KOHTpPacTHOCTH (no FTOCT 25100)
LlenocTHOCTb KOHCTPYKLMIA (CKOSbI, TPELYMHDBI, OTC/IOEHME 3aLMTHOrO ClloA 6ETOHA, KOPPO3KA
oam UT. 4.); Bedopmaunm 1 CmelleHne KOHCTPYKLUIA (KpeH, CABUT, OCafika U T. [i.); COCTOAIHME PYH-
3 218.3.008-2011 TOB OCHOBAHUA (CBOMCTBA NOPOADI, CMIOWHOCTb, MYCTOTbl, 0OBOAHEHNA U T. [1.); HAMPAXEHWA B
(pekomeHz.) HeCyLLMX KOHCTPYKUMSAX; KonebaHnA KOHCTPYKLMIA OT CENCMUYECKUX 1 TEXHOTEHHBIX BO3Aei-
CTBUI
Ha cknoHax: cocTosiHMe JHEBHOW NMOBEPXHOCTM OMON3HSA (TPELLVHbI OTPbIBA, OPOBKM CPbIBA,
oM Baibl BbINMPaHUA, NOKOCMBLIAACA PACTUTENIbHOCTb U T. [.); COCTOAAHNE BHOBb 06pa30BfiHHbIX
4 218.2.091-2017 NOBEPXHOCTEN CKOMbXEHNA OMONI3HEBOrO Tesa; CMeLleHne Tena Onos3HA (Ha ZHEBHOW MNo-
(peKomeHp,) BEPXHOCTW, NO NOBEPXHOCTMN CKOJ b)KEHVIiI)j peXxnm noa3emMHbiX BOA (YpOBeHb NOA3EMHbIX BOA,
NopoBoe fiaB/ieHre) B Tene ONos3HSA; yCTONYMBOCTb OMOJI3HEBOTO CKMOHA OT CENCMUYECKUX 1
TEXHOTEHHbIX BO3AENCTBUI
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lMpodomxeHue mabauyei 3/ Continuation of table 3

N n\n 0O603HauyeHue MepeyeHb KOHTPONMPYEMbIX NapPamMeTPOB

KoopgavHaTbl (BepTuKasibHbIE 1 FOPU30OHTaNIbHbIE CMELLEHUS); PACKPBITME TPELLUH; YTOUHEH-
Hble rpaHuLibl aKTUBHOIO OMON3HSA, BEIMYMHbI U CKOPOCTW NOABMXKEK MOBEPXHOCTY Ha Pa3HbIX

5 cn yyacTKax, CMELLEHNA CKIOHa Ha pa3HbIX ryOrHaXx, FpaHnLbl 30H PACTAXEHUA 1 CKaTWS,
11-104-97 MECTOMOJIOXKEHME MIIOCKOCTY (UM MAIOCKOCTEN) CKOJIbXKEHUS, Havano akTBM3auun gepopma-
LIMOHHbIX MPOLIECCOB Ha CKIIOHE NPU ero NoapesKe, 06BOLHEHNM TEPPUTOPUM (HaNOHEHNE
BOJOXPaHWNLLA), B3PbIBHbIX paboTax v T. M.
PykosoacTtso no
HabnogeHnAM 3a
aedopmaymamm
OCHOBaHMUN 1 GyH-
6 BepTuKanbHble nepemeLleHnsA, FOPU3OHTaNbHbIE MepeMeLLeHNA N KpeHbl

[aMeHTOB 31aHuni
1 COOPY>KEHUI
(1975 1) (pexo-

MeHJ,)

cn Mpy MOHUTOPVIHTE Ha OMON3HEBBIX FPYHTaX: NJIAHOBbIE 1 BEPTUKAJIbHblE MEPEMELLEHMs Ha Mo-
7 305.1325800.2017 | BEPXHOCTV ononsks; gedopmaumm rpyHTOBOro MaccrBa Mo rny6uHe; ypoBeHb NOLA3eMHbIX BOA;
) ’ BU3yasibHble NMPU3HaKM aKTMBM3aLMM OMNON3HEBOro NpoLecca (3akosbl, Basbl Bbinopa 1 T. A.)

Takum 06pa3om, NMpu yCIoBUK, YTO MPOU3BOACTBO MOHUTOPMHIOBLIX PaboT yacto obycnosne-
HO HEeO6XOAMMOCTbIO KOHTPOMA U CBOEBPEMEHHOW 3alUTbl OOBEKTOB PA3/IMYHOrO Ha3HauyeHua (gopor,
Onop NMHWI CBA3W 1 dNeKTponepeaayn, pekpeaumoHHbIX KOMMIEKCOB, XUIbIX Y 06LWeCTBEHHbIX 30aHNUN
1 Aap.), nepeyeHb napameTtpos B TOCT P 22.1.04-2022 orpaHNYeH KOHTPOJSIEM TOSIbKO GU3MNUYECKMX XapaK-
TEPUCTUK CYLLeCTBYIOLWEro (CTabunmn3nMpoBaBLLEroCA N aKTMBHOIO) OMOM3HA, He yYTeHa BO3MOXHOCTb
NOABNEHNA HOBbIX NMOABMKEK B XapaKTepHbIX MmecTax. B cBoto ouepegb OCT 22.1.06-2023 npeabasnaet
TpeboBaHWA K U3yUYEHIO GU3UKO-MEXAHNYECKMX CBONCTB MPYHTOB, MOPAXXEHHOCTU TEPPUTOPUN 1 APYTUM
HEeMaJsI0BaXHbIM, HO He CTOJb HarnmAAHbIM NapameTpaMm, Kak, Hanpumep, onpeaeneHne nepemeLLeHnin B Ko-
opAauHaTax unu gpyrux 3asucumoctax. O6a stm HTA (TOCT P 22.1.04-2022, TOCT 22.1.06-2023) oTHOCATCA
K rpynne HT[ «be3onacHOCTb B Upe3BblyaliHbIX CUTYaLMAX», YTO NOAPA3yMeBaeT CKOPOCTb 1 HAAEXHOCTb
(AoCTaTOYHOCTD) B ONpefesieHN NCXOAHbIX NapameTpoB AnA AalfibHenwWwero NpUHATUA peLlleHni o cra-
6unnsaumm Ha MecTHOCTU. HapgexHocTb 1 6e3onacHocTb B ycnoBuax YC MoXeT 6blTb JOCTUTHYTa NyTem
PEKOFHOCLMPOBKN MECTHOCTY C MPOU3BOACTBOM UHXKEHEPHO-TONOrpadrueckmx paboT n HenocpeacTBeH-
HO MPON3BOACTBOM UHXEHEPHO-TeoNornyecknx n3biCKaHnm. [na AnnTenbHOro reoTexHN4eCKkoro MOHMTO-
pviHra onpepgeneHve ToNbKO nepeyncieHHbIX 34ecb NapameTPoB MOXKET OKa3aTbCA HeJOCTAaTOUHbIM.

OIM 218.2.091-2017 BK/OYaeT 1 NepeyeHb NapamMeTpoB ASiA KOHTPonA AepopmaLii KOHCTPYK-
LI, N BNA KOHTPONA NapaMeTpoB cMmeLleHni rpyHTa. OgHaKko JOKYMEHT pernaMmeHThpyeT Npon3BOACTBO
paboT Ha aBTOMOOWbHbBIX JOPOrax U He MOXET ObITb MPYMEHEH K MOHUTOPUHTY NPOU3BOACTBEHHbIX, »KW-
NbIX 30aHUN UK APYTMX OOBEKTOB. DTO MOXET ObITb 00YC/IOBNEHO HEOOXOAMMOCTBIO 3aNIOXKEHWA Cneun-
anbHbIX YCTPOWCTB ANA NOC/eAytoLero MOHUTOPUHTa (BaT4MKOB, MapoK 1 Ap.).

CIM 11-104-97 He paccmaTpurBaeT nlydyeHne GpU3NKo-mMexaHMYeCknx CBONCTB FPYHTOB, a TakXKe BO3-
MOXHbIX U3MEHEHUIN YPOBHA MOA3EMHbIX BO, YTO He MO3BOMAET B NOJIHOM Mepe onucaTb Tekyliune/cra-
6unnsnpoBsaBLLneca onon3HesBble npoueccbl. OfHaKo cBOA NPaBW COAEPXKNUT OCHOBHbIE MONOXKeHMA ANA
NPOU3BOACTBA reofie3nyeckrx paboT B CTPOUTENbCTBE, COOTBETCTBEHHO, PAacCMaTPUBAET MOBEPXHOCTb
3eMJ1, a He ee CTpoeHue. AHanornyHo ana PykosoacTea no HabntogeHnsam 3a gedopmMaLamm OCHOBaHUN
1 GyHOAMeHTOB 38aHWI 1 coopy»KeHun (1975 1.), B KOTOPOM He pernameHTUpyeTca HeoOXO[NMOCTb NHXKe-
HEpPHO-TeoIOrnMYeCcKoro N3yyeHnsa TeppUToOpmN.

B otnnune ot OAM 218.2.091-2017, B CI1 305.1325800.2017 onpegeneHne LenoCTHOCTU KOHCTPYK-
U1K (CKosbl, TPELUHbI, OTCII0eHME 3aLlKUTHOrO coA 6eToHa, KOPPOo3UA U T. [l.) He BKIIIOUYEHO B MepeyeHb
KOHTpONMpYyeMbIX MapameTpoB AnsA coopyKeHun. MNpu paboTe Ha TeppuUTOPUAX C PacipOCTPaHEHMEM
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OMOJI3HEBbIX MPOLIECCOB B OKYMEHTE He NpefyCMOTPeHa HeO6XOAUMOCTb N3ydyeHUs Gr3NKO-MeXaHuYe-
CKMX CBOWCTB rpyHTa. be3 npon3BogcTBa MapLwpyTHbIX HAGNIOAEH I B MOHUTOPWHIE BENINKA BEPOATHOCTb
NPOTEeKaHNA CKPbITbIX OMOM3HEBbLIX MPOLIECCoB. B cBO ouepeab, Npu ¢pukcaumm Tonbko gepopmauunii
rPYHTOBOFO MacCUBa Mo riy6rHe HEBO3MOXHO NPUHATL HbICTPOE pelleHre Npy BO3HMKHOBeHUN YC 1 gatb
JeTanbHoe 3aK/oveHne nNpu OKOHYaHNN L1KNa.

Taknm 06pa3om, yHMBepCanbHbIA JOKYMEHT'S, pernameHTpYoWmnn JOCTaTOYHbIA NepeyeHb KOH-
TPONMPYEMbIX NMapaMeTPoB, OTCYTCTBYeT. Ha cerofHAWHMIA aeHb nHdopmMauma no npon3BOACTBY reoTex-
HMUYECKOTO MOHUTOPUHra ¢parMeHTUpPOBaHa, YTo BUAHO 13 Tabnuubl 2. Hanpumep, B CIM 11-104-97 ns-
noxeHbl TPebOBaHNA K KONMYECTBY TOUEK U UX PaCcnoNioXeHuto, TpeboBaHNA K reofe3nyeckmum Metogam
NPOun3BOACTBA PAabOT, HO OTCYTCTBYIOT TPEOOBAHMA K CPOKY U LUKINYHOCTY NPOU3BOACTBA PaboT, a Takxke
OTCYTCTBYIOT TPeOOBaHUS K NPOU3BOACTBY BU3YaslbHOrO OCMOTPA, CJ/IeA0BaTeNIbHO, AOMONHUTENBHO HEOO-
XO[UMO MCMONb30BaThb JOKYMEHT, KOTOPbIW BKIlOYaeT Takne TpeboBaHuA (Mpy yCoBUN OTCYTCTBUA TaKUX
TpeboBaHWI B TEXHNYECKOM 3afaHuM Ha NPOU3BOACTBO PaboT). [py 3TOM OCHOBHblE KpUTepun B 60J1b-
LUMHCTBE CBOEM MOBTOPAIOTCA B pa3HbiXx GOPMYyNMPOBKaX: YPOBEHb NMOA3EMHbIX BOA, Pa3HOCTb OCAZOK,
KpeH, cocTosiHne rpyHToB. OfHaKo, B 3aBMCUMOCTM OT 061acTy perynmpoBaHna JOKYMEHTa, BO3MOXKHO OT-
CYTCTBME [axke OCHOBHbIX (YaCTO MOBTOPALNXCA) KPUTEPUEB B MEpeYHe.

HanbHenwnn aHanu3 NPoBOAWICA TONMbKO ANA OOKYMEHTOB, periaMeHTUpPYLWmnx Npon3BoaCcTBo
paboT B yCnoBMAX onon3HeonacHocTu (puc. 3).

,qeﬁcrsylou.wle HOPpMaTUBHO-TEXHNYEeCKNe [ OKYMEHTbI B 0651acTy reoTeXHN4Yeckoro MOHUTOPUVHIa

pernaMeHTMpyioLe Nporn3BoACTBO PaboT B yCIOBUAX He pernameHTMpyioLe Npon3BoACTBO paboT
OonoJi3HeoNnaCcHOCTH B yCNIOBMAX ONMON3HeonacHoOCTn
«  PykoBopcto no HabnogeHuto 3a fedopmaLiya- «  [OCT 24846-2019
MW OCHOBaHWI 30aHUIN U COOPYKEHNI « TOCT 31937-2024
«  [OCTP22.1.04-2022 .« [OCT32019-2012

FOCT P 22.1.06-2023
0OAM 218.2.091-2017
0OM 218.3.008-2011
CM11-104-97
CM116.13330.2012
CI1305.1325800.2017
ClM412.1325800.2018

MJC 13-22.2009
MPLIC 02-08
CM22.13330.2016

CI 248.1325800.2023
CM 317.1325800.2017
CM 361.1325800.2018
CM420.1325800.2018

Puc. 3. Jelicmeyrouwjue HOpMamugHO-mexHu4Yeckue 00KyMeHMsl 8 06/1Cmu 2e0mexHU4YeCcK020 MOHUMOpPUHaa
(cxema cocmasneHa asmopamu)
Fig. 3. Current normative and technical documents for geotechnical monitoring (scheme created by the authors)

'*TNog yHMBepcanbHbiM 6yfem NOHUMATb Tako OKYMEHT, MPUMEHEHME KOTOPOro 06A3aTenbHO 1 BO3MOXHO 6e3 HeobxoammocTn
NPVUMEHEHUS MPU STOM CXOXKNX HOPMATUBHO-TEXHUUYECKNX OKYMEHTOB, 3a UCKITIOUYEHNEM TEXHUYECKIMX [JOKYMEHTOB, KOTOPbIE pe-
ryNUpYyT NPOM3BOACTBO PaboT B CNIOXKHbIX UTY (opraHomuHeparsibHble, 3aTopdOBaHHbIe FPYHTbI U T. 4.), U JOKYMEHTOB, KOTOpble
MMeIoT y3KUii npodunb npumeHeHns (pabotbl Ha TOL, ASC m gp.).

ApxumeKkmypa, cmpoumesibcmeo, mpaHcnopm 49
Architecture, Construction, Transport
2025;5(3):34-54



Y. P. CugapasuuyTe, C. . Maumin

AHanus HOpMaTVIBHO-TeXHI/I‘-IECKOVI AOKYMeHTauuun...

3 HTL, pernameHTVpyOLWLMX NPON3BOACTBO MOHUTOPVHIOBBIX PaboT, TpeboBaHMA K CpoKaMm U Lix-
KINYHOCTY NPOU3BOACTBA PaboT copepKaT 6 LT, U3 HAX AN1A OMON3HEN — 4 LWT. (3 N3 HUX HOCAT PEKOMEH-
JAaTeNbHbIN XapakTep):

. PykoBoacTBo no HabnogeHusamM 3a aebopMaLamMm OCHOBAHWUN 1 GyHOAMEHTOB 3[4aHUN U COOpY»Ke-

HWUI (1975 1.) - 4OMKHO ObITb HE MEHbLLIE TPEX LIMKIIOB B TeUEHME roJla C NepepbiBOM B 2-4 MmecAla,

a B oTAesNIbHbIX cyYyasax — 1 mecau;

. OOM 218.2.091-2017 — Bu3yanbHble HabNOAEHNA 1 PA3BUTME TPELLVH He peXke OAHOro pasa B He-
Jenio NPU akTBHOM COCTOSIHMM OMOJI3HSA, HE peXke OOHOro pasa B MecAL, Npu CTabunm3npoBaHHOM
COCTOAHNN;

. OOM 218.3.008-2011 — gnsA [ONrOCPOYHOrO NPOrHO3a PEKOMEHAYETCA NPOU3BOAUTL HabnoaeHNs

[0 4 pa3 B rof, Ana cpeaHecpoYHoro nporHosa — 1 pa3 B Mecsu, AnA KpaTKoCpoyHoro — 1 pa3 B

Hefeno UM CyTky (B 3aBUCUMOCTM OT KPUTUYHOCTY cCUTyaumu). lNpun akTMBM3aL My ONoN3HEBbIX AB-

NeHWi NN 60NbLIOK BEPOATHOCTY cMeLleHUs (KO3 ULMEHT YCTONUYMBOCTM PaBeH Unun 6130k K

efVIHMLE) YacTOTy HabnogeHUn yBennuneatoT. MNocne 3emneTpsaceHnii CUnon Bolwe 5 6anios nnm

NPOXOXAEHNA MHTEHCVBHbBIX TMBHEN PEKOMEHIYETCA BbIMOMHATb BHEOUEPEeAHON LMK U3MEePEHNIA;
. CM 305.1325800.2017 — cpoKM BbINOSIHEHUSI PabOT — 40 Havana nofpaboTky 1 He MmeHee 1 roga no-

C/e ee 3aBepLUEHNS; MePUOANYHOCTb N3MEPEHNI — He pexe 1 pa3a B MecAl,

B yacTv nogroToBKM KaneHgapHoro rpadrika no NPom3BOACTBY LMKIIOB MOHUTOPUHIOBbLIX paboT
JaHHble HT[] pa3HATCA 1 3HaYeHMA BapbUPYIOTCA, OOHAKO B Ka)KAOM YNOMUHAETCA NepuoguUHocTb B 1
MeCAL MNPV TEX UV VIHbIX 06CTOATENbCTBAX. 3AECh e CNefyeT YNOMAHYTb O HEO6XOAUMOCTU 3aNTOXKEHNA
onpefeneHHOro KonMyecTsa BpeMeHu Ha 06paboTKy MaTepuanos: NP YCIOBUN MOHUTOPWHIa reofe3nye-
CKMMW MeTOAaMM OMOJ3HA CPaBHUTESIbHO HEGOMbLUMX Pa3MepPOB CbEMKY 1 06paboTKy BOSMOMHO MCMOI-
HUTb 33 OINH BOCbMMYACOBOW pabounii geHb. OgHaKo Npu HEOOXOAUMOCTUN GUKCALUKN CABUTOBbIX MPO-
LleccoB OAUH pa3 B feHb (ecnm 3To obycioBnieHO 6ONbLION CKOPOCTbIO CMeLLeHWsA), cregyeT NPUHNMaThL
NPOEKTHble peLleHna No cTabunmsauunm cntyayun. OgHaKo e NPon3BOACTBO NoneBbIX PaboT 1 06paboT-
Ka MaTepunanoB 3a BOCbMMYACOBOW pPabouunii IeHb BO3MOXHa Npu aBTOMAaTU3NPOBAaHHOM MOHUTOPUHIE C
MCNoJSIb30BaHNEM aBTOHOMHbIX JaTUMKOB, Hanpumep.

Takum 06pa3om, HarMeHee Tpy#o3aTpPaTHbIA CNOCOb — NPUMeHeHVe Hanbonee KecTkux TpeboBsa-
HUI N3 CYLLIECTBYIOLLMX SN TEX, YTO Yalle NOBTOPAIOTCA. Hanprmep, B CpoKax 1 LUKANYHOCTY PaboT yacTo
yNnoMMHaeTca nepuognyHoctb B 1 MecAy. OgHako Takon mMeTof Nullb YCTPaHWUT pa3Hornacua B HopMa-
TUBHO-TEXHNYECKNX JOKYMEHTAX, HO He byfeT ABNATbCA HayYHO 06OCHOBAHHbBIM MOAXOLOM K MOATrOTOBKE
HOPMATUBHO-TEXHUYECKOTO [JOKYMEHTa.

Mpn HayuyHO 0O6OCHOBAHHOM YCTPAHEHU BbIABIEHHbIX HETOYHOCTEW 1 pa3Hornacuii cnegyeT npo-
BECTW rNy6OKNIA aHann3 oTAeNbHO MO KaXXLOMY KPUTEPUIO C LIEeNbIO BbISIBIEHNA 3aKOHOMEpPHOCTeN npu-
MEeHeHMs, CliefyeT TakXe NPOBECTN aHaIn3 MacCUBa apXMBHbIX OTYETOB B PETPOCNEKTMBE, YTO MO3BONIUT
BbIAABUTb OMTMMAaJSIbHble 3HAYEHMA KOHTPONMPYEMbIX NapaMeTpOB NMpu NPOU3BOACTBE MOHUTOPUHIOBBIX
paboT Ha ONoJI3HEOMNACHbIX TEPPUTOPUSIX.

Ocoboe BHUMAHMWE CNepyeT yaenuTb NEPeCcMOTPY XapakTepa npumeHeHusa PykoBoactBa no Habnto-
AeHunam 3a gedbopmaumamMmn 0CHOBaHUI 1 GyHOAMEHTOB 34aHWI 1 coopyeHuin (1975 r.) (HocuT pekomeHAa-
TeNbHbIN XapakTep). [1o pe3synbTatam aHanu3a, JOKYMeEHT OTMeYeH Kak Hamboree NosIHO OnyCbIBaOLWMIA NPO-
N3BOACTBO reofie3nyeckrx pabot npu HabnogeHusx 3a gedopmaumammn. BoamoxkHo, npu rmy6oKom aHanmse
LOOKyMeHTa noTpebyeTca akTyanusauma faHHbIX. [eofge3nyecknii MOHUTOPUHT Ha CErofHALWHNIA JeHb OCTa-
eTcA Hanbonee 4acTo NpPUMeHAEeMbIM 1 JOCTYNHbIM [19, 20], a nHorAa ABNAETCA eANHCTBEHHO BO3MOXHbIM
CNocoboM NPOMN3BOACTBA MOHUTOPVHIOBBIX PAbOT (HAaNpUMep, B yCIOBUAX NECUCTON UN FOPHOW MECTHOCTH).
B To Bpemsa Kak, K Mpumepy, cBO60HOE MpUMeHeHVe NeTaTeNlbHbIX annapatos cuctemsl LiDar gna npowus-
BOACTBA MOHUTOPUHIOBbIX PAabOT Ha TeppuTopumM KpacHOAapCKoro Kpas Ha CerogHALWHNIA AeHb HEBO3MOXHO.
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4, 3aknoyeHune / Conclusions

B yacTn TpeboBaHMIN K CPOKaM U LUMKINYHOCTM PaboT CyLEeCTBYIOT 3HAUUTENbHbIE Pa3HOrIacus,
yCTpaHeHVe KOTOPbIX BO3MOXKHO MyTeM MepecmMoTpa U cTaHAapTv3auumn cywectsytowmux HTA. AHanoruy-
HO C MepeyHem KOHTPONUPYEMbIX MapaMeTPOB, CPeAn KOTOPbIX eCTb MOBTOpsAowWmeca (ypoBeHb noj-
3eMHbIX BOJ, Pa3HOCTb OCafOK, KPEH, COCTOAHUE FPYHTOB), BCEN CMCTEME HEOOXOAMMA CTaHAapTM3aLMs.
MpepenbHble 3HaYEHUA KOHTPONUPYEMbIX NapaMeTPOB He yKa3aHbl HU B OOHOM HOPMAaTMBHO-TEXHMYE-
CKOM AOKYMEHTE, KOTOPbIN HOCUT 06s3aTesNbHbIA XapaKTep UCNONHeHMA (Tabnuua 2, n. 22). TpeboBaHuA
K BM3yaSlbHOMY OCMOTPY MPeAbABAATCA NI B ABYX OTPACIEBbLIX AOPOXKHbIX METOAMNKAX, KOTOPblE HO-
CAT peKoMeHAATeNbHbIN XapaKTep (Tabnuua 2, n. 4). Ana o6cnefoBaHNA TEXHNYECKOTo COCTOAHUA 34aHNA
npeabaAsnAlT TPeboBaHNA 5 LOKYMEHTOB, KOTOPbIM HY»KHa CTaHAapTu3auma (tabnuua 2, n. 5). JomkHbl
ObITb CTAaHAAPTU30BAHbI: TPEOOBAHMA K CPOKaM U LIMKIIMYHOCTU NPOK3BOACTBA PaboT; TpeboBaHUA K BU-
3yanlbHOMY OCMOTpY; TpeboBaHUA K 06CcnefoBaHMI0 TEXHNYECKOTO COCTOAHMA 3aHNI; MepeyeHb KOHTPO-
NMpyeMbIX MAapPaMeTPOB; NpefenbHble 3HAaYEHUA KOHTPONMPYEMbIX MAapPaMeTPoB; 0cobble yKasaHUsa npu
paboTe Ha OMON3HEBbIX TEPPUTOPUAX.

B uact npoBefeHnA paboT Ha ONON3HEONACHbIX TEPPUTOPUAX JOKYMEHTbI APYT APYTY He NMPOTUBO-
peuaT nNpu YCII0BUK, YTO OTCYTCTBME MHDOPMaLMK He ABNAETCA NPOTUBOPEYMEM.

Heobxopguma paspaboTka cucTeMbl WU 3aBUCMMOCTY MPEAESbHbIX 3HAYEHUIN KOHTPONMPYEMBIX
napameTpoB, KOTOPble Ha CEFOAHALIHNIA AeHb Pa3HATCA, cornacHo Tabnuue 3, n ee paspaboTka Tpebyet
LEeTaNlbHOrO aHanm3a NpeAcTaBfieHHbIX B Tabnvle 3 HOPMaTUBHO-TEXHUYECKMX JOKYMEHTOB. B cBoto oue-
penb, CCTEMY KOHTPOJIMPYEMbIX MAPaMETPOB A/ NPON3BOACTBA FEOTEXHNYECKOrO MOHUTOPUHIa reofe-
3UYeCcKNM/ MeTofamMmn crieflyeT JONONHWUTb Nocne CTaHAapTU3aUmMy CUCTeMbl KOHTPONMPYeMbIX Napame-
TPOB, K KOTOPbIM OTHOCATCS: TPeOOBaHMA K PacnosioXeHN0 NCXOAHbIX ToUeK (pernepoB); TpeboBaHUs K
KONIMYECTBY UCXOLHbIX TOUEK; TPEOOBAHNA K PaCMONIOKEHVIO CbEMOYHbIX TOUEK; TPeOOBaHWSA K KONNYECTBY
CbEMOUHbIX TOYEeK; TPebOoBaHMA K reofe3nyecknm MeToam Npon3BoACTBa PaboT; TpeboBaHMA K TOUHOCTU
onpepeneHns MNoJyioXKeHUsA Touek (MCXOAHbIX); TPe60BaHUA K TOUYHOCTU ONpeaeneHns NosIoKeHMA Touek
(CbeEMOYHDIX).

Ha cerogHAwHWI geHb B PykoBoacTee oT 1975 I. pernameHTUpPOBaHbl TONbKO NpeaesibHble 3Have-
HUA Ons cpefHeln KBagpaTuyeckon OWmnbKM, B HeKoTopbix apyrux HT[ npenctaBneHa 3aBMCUMOCTb Ans
KpEeHa COOPY>KEHWI OT BbICOTbl 0O bEKTA.

JanbHenwre HanpaBneHna NccnefoBaHNiA MO3BONAT N36exaTb pa3HouTeHWI B AencTByowmx HTA.
Takke NpegnonaraeTca:

. pa3paboTka CUCTEMbI 3aBUCUMOCTEN MPefeNibHbIX 3HAUEHNI KOHTPOMPYEMbIX MAPAMETPOB;
. CTaHAapTU3aUUA ONTUMANbHOMO KOIMYECTBa TOUYEK B 3aBUCMMOCTI OT MacluTaba Onos3HEBbLIX ABE-

HUI 1 Tonorpadryeckrx ycnosuii Nporn3BOACTBa PaboT.
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Environmental impact of asphalt concrete plants on industrial
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Abstract. The study addresses the environmental risks posed by asphalt concrete plants operating in industrial

|"> zones, focusing on their impact on air, soil, and water resources. The objective was to develop and test an
integrated criteria-based methodology for assessing such impacts. Three asphalt concrete plants with different
production capacities and gas-cleaning efficiencies were selected as the research objects. The methodology
included sequential evaluation in five areas: territorial impact, geological conditions, atmospheric emissions,
soil degradation, and water pollution. Data collection involved satellite imagery, cadastral surveys, laboratory
analyses of air and soil samples, and field observations. The results show that plants with higher production
capacity generate significantly greater environmental loads, with CO, and NO_ emissions exceeding
permissible levels, and with notable soil degradation and risks to hydrogeological stability. The discussion
highlights that upgrading gas-cleaning units, implementing continuous water quality monitoring, and
restoring disturbed soils are essential to mitigate the negative impacts. The proposed methodology proved
effective for comprehensive environmental risk assessment and can be applied to other industrial facilities
with similar environmental profiles.

Keywords: asphalt concrete plants, environmental impact, industrial zones, air emissions, soil degradation,
hydrogeological stability, impact boundaries
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"l} AHHOTaumA. B npouecce paboTbl acPpanbTOGETOHHbIX 3aBOA0B B NMPOMbILAEHHbIX 30HaX BO3HUKAKOT 3KOJO-
rmyeckne prcKu, CBA3aHHbIE C 3arpA3HeHneM BO3yXa, MOUBbI U BOAHbIX PeCypcoB. ABTOPbI CTaBUN Mepef
coboit Lenb pa3paboTatb M MPOBEPUTL Ha MPAKTUKE METOL KOMMIEKCHON KPpUTEPMANbHOWN OLEHKM TaKoro
HeraTMBHOro BO3feNcTBMA. B KauecTBe 06beKTOB MCCeaoBaHMA Obiny BblbpaHbl Tpy achanbTOOEeTOHHBbIX 3a-
BOAa C Pa3INYHbIMY NPOU3BOACTBEHHBIMU MOLYHOCTAMU N SPPEKTUBHOCTBIO ra300unCTKU. [peanoxeHHbIn
MeTOA NpeAnonaraeT NocneAoBaTeNbHYI0 OLEHKY MATU KPUTEPUEB: BIUAHUA Ha TEPPUTOPUIO, FEONOTNYECKINX
YCI0BUIA, BBIGPOCOB B aTMochepy, ferpagaumm noys v 3arpasHeHns Bod. C60p faHHbIX BKIOYan UsyyeHve
CNYTHVKOBBIX CHUMKOB, KafacTpoBble 1cCiefoBaHNA, TabopaTopHbI aHanmn3 Npob Bo3ayxa 1 MoYBbl U MO-
neBble HabnogeHsA. MonyyeHHble pe3ynbTaTbl MOATBEPXKAAOT, UTO NPeAnpPUATMA C 6onee BbICOKUMM NPou3-
BOLCTBEHHbIMY MOLLHOCTAMMN OKa3blBalOT 3HAUUTENIbHO GOJbllee HEeraTMBHOE BO3LENCTBME Ha OKPYKatoLLYHO
Cpeay: NpeBbileHbl JONyCTMble ypoBHY Bbl6pocos CO, n NO , uTo BefeT K Aerpagauum noys 1 pucky ruapo-
reonornyeckoin HecTabunbHoOCTY. AN HeTpanu3aumnm HeraTMBHOIo BO3LENCTBMA HEOOXOAMbI MOAepHM3a-
LiNA ra3004YUCTHBIX YCTAHOBOK, MOCTOAHHbBIA MOHUTOPUHT KayecTBa BOAbI M PeKybTMBaLMA Noys. Metoa Kom-
NNEKCHOWN KpUTEPUASIbHON OLIEHKM MOXET ObITb MPUMEHEH 1 AN OLEHKN APYTX NMPOMBILWEHHbIX 00 bEKTOB

C @aHaNIOrMYHbIMK XapaKTEPUCTUKAMU.

KnioueBble cnoBa: aC¢aJ'IbTO6eTOHHbIe 3aBO/bl, SKOJIOTMYECKOE BO3AENCTBUE, NMPOMbILLIEHHDbIE 30HbI, MPO-
MblLLUIE€HHbIE Bbl6pOCbI, perpagauna noys, rmpgporeonornyeckas yCTOIZLIVIBOCTb, nnowagb BO3oeNcTBmA

Ona yntnposBaHus: LLectakos H. U., JaHunuHa H. B., ®egiok P. C,, XemaTnbaxap M., MNetyxos B. U. Kpute-
pYanbHbIi METO OLIeHKM BO3AeNCTBUA achanbTOOETOHHbIX 3aBOA0B Ha OKPY»KatoLLyto cpeay B MPOMbILLEH-
HbIX 30Hax. Apxumekmypa, cmpoumesnibcmao, mpaHcnopm. 2025;5(3):55-73. https://doi.org/10.31660/2782-
232X-2025-3-55-73 EDN: DNFPSO
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1. Introduction / BBegeHue

In the context of accelerated urbanization and expansion of infrastructure projects, environmental
protectionissues are of particularimportance [1-3]. Asphalt concrete production plants play akeyrolein the
development of urban and industrial zones, but their activities are associated with serious environmental
risks [4, 5]. These risks are associated with negative impacts on ecosystems, which can manifest themselves
in both the short and long term [6].

Despite significant developments in environmental research, significant gaps remain, particularly
in the long-term impact of industrial facilities on industrial zone ecosystems [7]. Existing assessment
methods tend to focus on short-term effects and do not fully take into account the complex interrelations
of environmental factors [8, 9]. This is of particular concern, as long-term environmental impacts may be
significantly more serious and difficult to reverse.

The main problem is the lack of a clear formulation of the main environmental factors associated
with the activities of asphalt concrete plants. Uncertainty in defining the objects and subject of research
hinders the creation of effective management strategies.

In Russia, a comprehensive regulatory system for environmental impact assessment of asphalt
concrete plants has been established and is legally enforced. It includes risk assessment for public health
and relies on a large package of regulatory documents (federal laws, sanitary norms, state standards) and
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certified software tools. However, existing procedures are often fragmented: they separately consider
atmospheric emissions, soil pollution, or hydrological risks, without providing an integrated picture of
cumulative effects. The methodology proposed in this study does not replace the regulatory framework
but complements it, offering a multiparametric assessment that integrates territorial-geometric and
physical impact parameters. This closes a gap in current practices, ensuring a more complete and systemic
evaluation of environmental risks.

Thus, there is a need to develop and test new integration methods capable of taking into account a
wide range of environmental and technological parameters. These methods should provide more detailed
data that can be used as a basis for making management decisions and strategic planning. The solution
to these problems will not only expand the existing scientific base, but will also significantly improve the
management of environmental risks associated with the activities of asphalt concrete plants.

Production facilities located in industrial zones pose a serious problem because they generate a
wide range of pollutants that affect ecosystems [10, 11]. Such facilities affect large areas, disrupting natural
processes, which makes it necessary to study theirimpact on the environment in greater depth and develop
specialized approaches to managing and reducing negative impacts.

Industrial zones located in close proximity to urban agglomerations are a source of significant
environmental risks. The problem is aggravated by the fact that many existing environmental impact
assessment methods do not take into account the full picture and are based on outdated data [12].

There is an urgent need to develop new, more comprehensive approaches to environmental safety
assessment that would be able to integrate various environmental parameters and provide accurate data
for decision making.

Existing studies on the impact of asphalt concrete production facilities on ecosystems often focus on
direct effects [13, 14], such as soil and water pollution [15], habitat fragmentation and noise pollution [16-
18]. However, the issue of taking into account long-term effects and an integrated approach to assessing
interrelated ecological processes remains important, which requires the development of more complex
models [19].

Numerous studies demonstrate that the integration of industrial ecology principles can significantly
improve the effectiveness of managing environmental challenges, especially in port areas [20-23].
However, although these works have made significant contributions, they do not sufficiently take into
account the complex interactions between different environmental parameters, which significantly limits
their applicability in the broader context of industrial zones.

The paper pays special attention to the spatio-temporal dynamics of ecosystem changes in
megacities, emphasizing the importance of using complex spatial models to accurately assess these
processes [24, 25]. However, to gain a deeper understanding of ecological transitions, further research is
needed to complement existing data.

A literature review has shown the significant impact of various industrial facilities on ecosystems,
especially in the context of using complex models to predict environmental effects [26, 27]. In particular,
the study demonstrated that traditional assessment methods do not always accurately account for the
interaction of factors at the level of large industrial zones.

Research also shows that integrating ecosystem functions with business processes helps to more
effectively manage environmental risks and reduce the negative impact of industrial facilities [28-30]. These
studies highlight the need for joint use of environmental indicators to improve planning and monitoring
of industrial zones.

In addition, emphasis is placed on the need to take into account complex ecosystem interactions, as
well as the development of additional indicators and methods to improve the environmental sustainability
of industrial facilities [31-33].
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A number of studies have analyzed a wide range of approaches to managing industrial development
[34-36] and its environmental impacts, highlighting the importance of integrating environmental and
sustainability strategies into the planning and operation of industrial zones [37-41]. This confirms the need
for long-term forecasting of environmental risks and highlights the importance of further research.

Several studies highlight the importance of developing new environmentally sustainable models
to predict the impact of industrial facilities, including transport infrastructure, on natural resources [37,
40-45].

Further development of spatial analysis methods, as recent studies have shown, is necessary for
more accurate forecasting of air and soil pollution [1, 45, 46]. The implementation of complex models such
as MSPA has already confirmed their high efficiency in environmental risk management [47-48].

Thus, current research highlights the need to develop integrated approaches that can take into
account spatiotemporal changes in ecosystems and predict long-term consequences of industrial impacts.

2. Materials and methods / MaTtepuanbl n metoabi

Asphalt concrete plants are a significant source of anthropogenic impact on the ecosystems of
industrial zones, caused by a number of specific factors characteristic of their technological processes.

The activities of asphalt concrete plants affect the surrounding areas through the pollution of soil,
atmosphere and water resources. Soil pollution can occur as a result of emissions of pollutants into the
atmosphere, as well as leaks and spills of raw materials used in production.

Additionally, asphalt plants can have an indirect impact on water resources. Pollution of water
bodies can occur through the leaching of pollutants into groundwater, especially if runoff is not properly
controlled. This poses a risk to the quality of surface and groundwater, which in turn can affect the state of
ecosystems.

Thus, the impact of asphalt concrete plants on ecosystems must be assessed comprehensively,
taking into account the impact on air, soil and water resources. The study uses environmental indicators
such as the level of pollutant emissions, the level of soil pollution and the state of water resources in areas
adjacent to the plants.

Three asphalt plants located in industrial zones were selected as objects of analysis. These enterprises
were chosen due to their different production capacities and levels of gas-cleaning efficiency, which makes
them representative for testing the methodology. Although the analysis was carried out on three specific
plants, the developed methodology is universal and can be applied to other asphalt concrete plants or
similar industrial facilities in different regions. Satellite data, cadastral survey data and laboratory analysis
of air, soil and water samples were used to assess their environmental impact. The impact assessment was
based on the following key indicators:

1. Atmospheric impact: measurement of pollutant emissions including CO,, NO_and particulate
matter.

2. Impact on soils: assessment of disturbance of natural soil layer.

3. Impact on water resources: assessment of potential level of hydrological sustainability.

To assess and visualize the location of the plants, satellite maps with the designation of the territory
boundaries were used, presented in figure 1.

Based on satellite and cadastral map data, it was found that the facilities are located in different
ecological zones, which allows to assess the differences in their environmental impact depending on their
location.

Table 1 shows the main technical characteristics of the asphalt plants considered in this study.
These data include productivity, efficiency of gas cleaning systems, height of smoke stacks, temperature of
exhaust gases and power of burners.
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Object 1/ O6beKT 1 Object 2 / O6beKT 2 Object 3/ O6bekT 3
Fig. 1. Boundaries of asphalt concrete plant territories (fragments of satellite imagery and cadastral maps)
Puc. 1. [paHuybl meppumoputi acpanbmobemoHHbIX 3d80008

((ppazmeHmMbI cCNymHUKOBbIX CHUMKO8 U Ka0aCmpo8bIx Kapm)

Table 1. Technical characteristics of asphalt concrete plants
Tabnuya 1. TexHuyeckue xapakmepucmuKu acganbmobemoHHbIX 380008

Technical specifications Object 1 Object 2 Object 3
Productivity, t/hour 25 50 150
Efficiency of gas cleaning devices, % 82 75 99.93
Pipe height, m 18 18.5 18.9
Exhaust gas temperature, °C 75 75 60
Burner power, MW 33 5.5 9.6

The data obtained make it possible to identify areas of increased environmental risk near asphalt
plants, and to establish that the level of impact depends on such parameters as production capacity and
the efficiency of gas cleaning systems. In the future, this will allow for the development of more precise
recommendations for reducing the negative impact on the environment, applicable to each specific facility.

To comprehensively assess the impact of road construction projects on industrial zone ecosystems,
a research model was developed, presented in figure 2. This model structures the process of analyzing
environmental impacts and defines the key parameters necessary for developing strategies to minimize
negative environmental impacts.

The model includes three main components: emissions of pollutants into the atmosphere, impact
on soil resources, and impact on water resources. These components are interrelated and form the structure
of the analysis, which allows for a comprehensive assessment of the impact of road construction projects
on ecosystems.
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Research factors

Technical Characteristics
of the Objects
Production Characteristics
of the Objects
Environmental Conditions
of the Surrounding Area

Initial Data Determined Parameters
Emissions into the S g N Area of the Object
Atmosphere A4 Permissible Protective Area of the Object

Territorial Impact Coefficient on the Ecosystem

Soil Contamination

Atmospheric Emission Parameter

Hydroecological Stability Parameter

Impact on Water

Resources Soil Contamination and Degradation Parameter

Fig. 2. Key environmental impact factors and parameters for minimizing negative impact
on industrial zone ecosystems (authors’ scheme)
Puc. 2. Kniouessbie pakmopel 8030elicmaus Ha OKpyxaroujyto cpedy U napamempbl, MUHUMU3UpYOWue
HezamusHoe 8o30elicmaue Ha SKoOCUCmeMbl NPOMbILLIEHHbIX 30H (CXeMda asmopos)

Model study based on initial data on atmospheric emissions, soil and water conditions. The main
initial data include atmospheric pollutant content (CO,, NO , SO, particulate matter, hydrocarbons), soil
disturbance levels and pollutant presence in water bodies.

This study identified key factors affecting the environmental conditions of industrial zones where
asphalt plants operate. These factors cover a wide range of impacts, including emissions of pollutants into
the atmosphere, soil pollution, and risks to water resources. A comprehensive analysis of these factors
allows not only to assess the current state of the environment, but also to predict long-term environmental
consequences.

1. Impact on the atmosphere. Atmospheric emissions are one of the most significant factors directly
affecting air quality in industrial areas. During the production of asphalt, asphalt concrete plants emit
significant amounts of nitrogen oxides (NO ), sulfur oxides (SO,), carbon dioxide (CO,), particulate
matter (PM) and hydrocarbons. The concentration of these pollutants in the air may exceed
maximum permissible values, which leads to deterioration of public health, as well as degradation
of plant communities and biota in general.

2. Soil pollution. Soil pollution is another critical factor, caused by both the deposition of pollutants
from the atmosphere and leaks of raw materials and production waste. The accumulation of heavy
metals and organic pollutants can change the physicochemical properties of soils, such as structure,
acidity and organic matter content. These changes contribute to the degradation of the soil cover
and can lead to a decrease in its fertility, which in the long term negatively affects the sustainability
of ecosystems.

3. Water resources. Water resources are also at significant risk of contamination from asphalt plants.
Groundwater contamination occurs through the leaching of pollutants into aquifers and surface
water bodies. The lack of runoff control and filtration systems increases the risk of pollutants entering
water bodies, posing a threat to ecosystems and water supplies.

Thus, a thorough analysis of the listed factors allows for a comprehensive understanding of the
impact of asphalt plants on the environment. This, in turn, creates the basis for developing environmental
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risk management strategies. The use of complex analysis methods contributes to the accuracy of forecasting
and allows for the formulation of well-founded recommendations for reducing the negative impact on
industrial zone ecosystems.

In order to comprehensively assess the impact of road construction projects on industrial zone
ecosystems, an original methodology based on a parametric criteria approach was developed and
applied. This methodology allows for the integration of a wide range of environmental and technological
parameters, which provides a more in-depth and objective analysis of the impact on the environment. The
use of this approach helps to identify key risk factors, develop strategies to minimize negative impacts, and
formulate well-founded recommendations to ensure sustainable development of industrial areas.

The proposed methodology includes several stages, starting with careful data collection and ending
with the development of practical recommendations for environmental risk management. Each stage is
included sequentially and interrelatedly, which allows for a systematic and holistic approach to assessing
and managing the environmental impacts of road construction activities.

To assess the impact of asphalt concrete plants on industrial zone ecosystems, a multiparametric
criteria method was developed, which includes the sequential implementation of five main stages, as
shown in figure 3. This methodology provides a comprehensive analysis of environmental risks and allows
for the formation of effective management strategies.

1. Data collection

Identification of Study Objects Collection of Technological Data

R 2

2, Determination of impact parameters

Territorial-Geometric Parameters Physical Impact Parameters

R 2

3. Calculation of Impact Parameters

Territorial-Geometric Parameters Physical Impact Parameters

b 2

4. Data Analysis and Interpretation of Results

Comparison of Impact Parameters Interpretation of Results

R 2

5. Development of Recommendations and Conclusions

Impact Mitigation Strategies Conclusion

Fig. 3. Criteria-based method assessing the environmental risks (scheme compiled by the authors)
Puc. 3. KpumepuasibHeili Memoo oUyeHKU 3K0a02U4eCKUX pucKos (cxeMa cocmasJsieHa agmopamu)
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Stage 1. Data collection. The first stage involves collecting the necessary data on the technological
parameters of the asphalt concrete plants, their production characteristics, and the physical and
environmental conditions of the environment. This includes data on pollutant emissions, soil characteristics,
and water resources. Information from the cadastral plan, environmental monitoring results, and satellite
monitoring and geographic information systems (GIS) data are used.

Stage 2. |dentification of impact factors and parameters. The second stage involves identifying key
environmental factors and parameters that will be used to assess the environmental impact of the facilities.
Territorial-geometric characteristics and physical impact parameters were selected as the main parameters.
Each of these parameters is described in detail and classified by the degree of impact (high, medium, low),
which allows for an assessment of the impact on ecosystems.

Stage 3. Calculation ofimpact parameters. The third stage involves calculating the quantitative values
of each of the defined parameters using the developed formulas. For example, to calculate the atmospheric
emission parameter, the total concentration of pollutant indicators is used, which is compared with the
maximum permissible concentrations (MPC). Hydroecological stability and soil degradation parameters
are also calculated, which allows us to determine the degree of impact on water and soil resources.

Stage 4. Data analysis and interpretation of results. The fourth stage involves analyzing the data
obtained, including calculating and assessing the values of the impact parameters. Integration of the
analysis results allows identifying the greatest environmental risks and defining critical areas requiring
additional attention. Also at this stage, areas requiring special attention and possible intervention to
minimize environmental damage are identified.

Stage 5. Development of recommendations and conclusions. The final stage is the development
of recommendations for managing environmental risks and minimizing the impact of road construction
projects on the environment. During the analysis, specific measures are formulated to reduce emissions,
improve airand water purification methods, and optimize the use of natural resources. As aresult, conditions
are created for the sustainable development of industrial zones taking into account environmental safety.

When assessing the impact of asphalt concrete plants on industrial zone ecosystems, the key stage
is to determine the parameters and criteria that will be used for quantitative analysis and modeling. The
correct choice of these parameters and their interrelations allows not only to obtain accurate assessments
of the environmental impact, but also to identify the main sources of environmental risk that require
management decisions.

The proposed parametric criteria method is based on the selection of key parameters reflecting
the territorial and geometric characteristics of objects, their physical impact on the environment, and

Table 2. Sets of key parameters the sustainability of ecosystems to anthropogenic

for assessing the environmental risks
Tabnuya 2. Knroyeswvle napamempeoi
071 OYEHKU 3K0Js102UYeCKUX pUCKO8

Parameter group Parameters

Object area

Permissible protective area

Territorial-
of the object

geometric group
Coefficient of territorial impact
on the environment

Atmospheric emission parameter

Physical Hydroecological stability parameter

Impact group Soil contamination and degradation

parameter

impact. This approach takes into account the
multiplicity of factors and interactions, which makes
it possible to detail forecasts and develop effective
strategies for managing environmental risks.

The proposed approach is based on dividing
the parameters into two groups: territorial-
geometric parameters and physical impact
parameters. Both sets of parameters allow to assess
the impact on various components of ecosystems
and take into account the spatial and temporal
aspects of the impact (table 2).

Table 3 presents the key parameters of the
parametric estimation method used in the study.
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Table 3. Criteria of the multiparametric evaluation method
Tabnuya 3. [lapamempel, ucnosie3yemble Npu KpUMepUaabHOM Memooe OYeHKU

Conventional Unit of Environmental impact criteria
Parameter designati t
esignation measuremen High Medium o
Territorial-geometric group
1 | Objectarea S thousand m? > 100 10-100 <10
2 | Permissible protective area of the object Sy thousand m? 2505, 10-50S, | <10S,
3 Coefﬁaent of territorial impact on the K B 100 50-100 <10
environment ter
Physical impact group
4 Atmospheric emission parameter AEP - >50 2.5-5.0 <25
5 Hydroecological sustainability parameter HSP - <06 0.6-0.8 >0.8
6 Soil contamination and degradation scp B 507 03-07 <03
parameter

These parameters allow to cover a wide range of environmental aspects related to the activities
of road construction facilities (RCF) and provide an opportunity to more accurately assess the impact on
the ecosystems of industrial zones. Such classification allows comprehensively assessing the impact of
road construction facilities on various components of ecosystems and taking into account the spatial and
temporal aspects of impact.

The study of the parameters and criteria determining the impact of asphalt concrete plants
on ecosystems requires the use of an integrated approach that allows classifying and quantifying the
environmental impacts associated with the operation and implementation of infrastructure projects. The
application of the developed methodology makes it possible to comprehensively assess the anthropogenic
impact on natural systems, including territorial-geometric changes, technological consequences, as well
as physical and resource impacts. Each of these aspects is analyzed using specially developed quantitative
indicators, which allows for objective and accurate results.

The use of these parameters and criteria helps to formulate well-founded strategic decisions aimed
at minimizing environmental damage and optimizing the use of natural resources. This approach not
only increases the level of environmental safety and reduces the risks of negative consequences for the
environment, but also promotes the integration of sustainable development principles into the planning,
design and operation of asphalt concrete plants.

1. Object area. The area of the object is determined by the cadastral boundaries of the territory of the
object on which the assessment of the activities of the objects is carried out. The inclusion of this
parameter allows taking into account the spatial aspects of the influence.

2. Permissible protective area of the object. The assessment of the area that should be protected within
the sanitary and buffer zones allows for the consideration of high levels of anthropogenic impact
and critical areas with increased risks to ecosystems.

3. Coefficient of territorial impact on the environment. It is a quantitative assessment that reflects the
relationship between the area intended to minimize the impact on the natural environment and
the area of the facility.

4. Atmospheric emission parameter. The parameter is a comprehensive assessment of the degree
of impact of emissions on the territory of RCF for five indicator substances (CO,; NO; SO ; PM_ ;
hydrocarbons). This parameter is calculated using the formula:
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C
A= ||, (1)
=5\ MPC,,

where C - average concentration of the i-th pollutant;

MPC,, , - maximum one-time maximum permissible concentration for the i-th pollutant in the work area.

5. Hydroecological sustainability parameter. Numerically reflects the level of ecosystem resistance to
pollution and impact on surface soil layers. The formula used for calculation is:

1
T1+1.2(10K-A)’ (@)

where K is the soil filtration coefficient, which is measured in m/day and may vary depending on the type
of soil;
A is the area of the territory under the influence of road construction facilities, measured in square
kilometers.
6. Soil contamination and degradation parameter. The formula takes into account the ratio of the area
of the disturbed layer to the total area of the site:

SCP = ADS

-DSL, (3)
ob
where SCP - soil contamination and degradation parameter;
ADS - area of disturbed soil layer;
S,, — object area;
DSL - depth of soil and vegetation layer.
These indices provide a complete picture of the extent of soil and air pollution, as well as the
potential for ecosystem restoration.

3. Results and discussion / Pesynbratbl n 06cyxaeHne

This section presents the results of the study obtained in the course of applying the parametric
methodology developed for assessing the environmental impact of road construction facilities on industrial
zone ecosystems. All results are presented in strict accordance with the stages set out in the methodology.
This approach allowed not only to systematize the analysis process, but also to ensure a logical and
consistent interpretation of the data, which is especially important for a comprehensive analysis of the
impact on the environment.

Step 1. Data Collection

At the first stage, the necessary data on the technological parameters and characteristics of the
asphalt concrete plants were collected. Table 4 presents the main characteristics of the three objects that
were analyzed.

Step 2. Determination of factors and parameters of influence

At this stage, key factors and parameters of environmental impact were identified, including the
area of the facility, the permissible protective area, the territorial impact coefficient and the parameters
of physical impact, including the atmospheric emission parameter and the parameters of hydroecological
stability and soil contamination.

Step 3. Calculation of impact parameters

At this stage, a quantitative calculation of the parameters of certain degrees of impact of road
construction facilities on the environment was carried out. The calculation method and formulas used are
described in detail in the previous sections. The main attention was paid to a comprehensive assessment of
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key parameters such as atmospheric emissions, hydroecological stability and the degree of soil degradation.
The calculation results are presented in table 5.

Table 4. Initial data for calculating impact parameters for environment
Tabnuya 4. VicxoOHsie 0aHHble 014 pacdema napamempos 8030elicmaus Ha OKPYXaroujyro cpedy

Parameter Object 1 Object 2 Object 3
Object area, thousand m? 147 265 231
Radius of protection zone, m 500 500 500
CO, concentration, mg/m? 15 10 8
NO, concentration, mg/m? 0.15 0.12 0.10
SO, concentration, mg/m? 0.10 0.08 0.06
PM,, concentration, mg/m? 0.05 0.04 0.03
Hydrocarbon concentration, mg/m? 0.03 0.02 0.015
Soil type Dusty sand Clay Sandy loam
Filtration coefficient, m/day 14 10 12
Area of disturbed layer, thousand m? 13.25 12.50 11.80
Depth of soil and vegetation layer, m 0.2 0.2 0.2

Table 5. Results of determining the evaluation parameters for asphalt concrete plants
Tabnuya 5. 3HavyeHus napamempos oUueHKU acghasibmobemoHHbIX 3480008

Parameter Object 1 Object 2 Object 3
Object area, thousand m? 14.7 26.5 23.1
Permissible protective area of the object, thousand m> 785 785 785
Coefficient of territorial impact on the environment 51.6 29.6 339
Atmospheric emission parameter 2.8 1.3 0.8
Hydroecological sustainability parameter 0.76 0.96 0.96
Soil contamination and degradation parameter 0.18 0.14 0.17

Step 4. Data analysis and interpretation of results

At the fourth stage, a comprehensive analysis of the obtained data and their interpretation was
carried out in order to identify the degree of impact of the asphalt concrete plant on the environment.
Using the calculation results, a comparative analysis of the calculated parameters with the limit values was
carried out, which made it possible to determine the levels of environmental impact on the ecosystems of
industrial zones.

The analysisincluded key parameters such as the territorial impact coefficient, atmospheric emission
parameter, hydroecological stability and soil degradation. Each of these parameters was assessed according
to the level of impact on ecosystems. Table 6 presents the final assessment for each of the parameters.

Table 6. Analysis of parametric assessment by the level of negative impact for the objects under consideration
Tabnuya 6. OueHKa napamempos No yposHIO He2amusaHo20 8030elicmaus 0719 paccMampugaeMelx 06eKmMos

Parameter Object 1 Object 2 Object 3
Object area, thousand m? Low Low Low
Permissible protective area of the object, thousand m? High Medium Medium
Coefficient of territorial impact on the environment Medium Low Low
Atmospheric emission parameter Medium Low Low
Hydroecological sustainability parameter Medium Low Low
Soil contamination and degradation parameter Low Low Low
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Based on the analysis of the environmental impact of the three asphalt plants, key differences and
common trends were identified, which allow us to formulate the following conclusions:

1. Object 1 demonstrates a higher level of impact for a number of parameters, such as the permissible
protective area, the territorial impact coefficient and the atmospheric emission parameter. This
indicates the need for enhanced emission control and additional measures to reduce the negative
impact on the environment.

2. Objects 2 and 3 show a lower level of impact, which indicates a more balanced interaction with the
ecosystem. These sites are characterized by low values for most key parameters, which may indicate
more efficient use of the territory and lower emissions.

Nevertheless, despite the low indicators, it is necessary to maintain a high level of environmental
safety and conduct regular monitoring to prevent possible deterioration of the environmental situation.

Step 5. Developing recommendations and conclusions

Based on the analysis of the impact of road construction projects on industrial zone ecosystems,
key environmental risks were identified and recommendations were proposed to minimize the negative
impact on the environment. The main focus was on assessing the effectiveness of current environmental
risk management strategies, as well as developing specific measures that can be implemented to improve
the environmental situation at each facility. The study identified several critical aspects that require
immediate corrective action, such as monitoring pollutant emissions, remediating soils, improving water
management, and optimizing land use.

At the first stage of developing recommendations, the technological and organizational capabilities
for each industrial zone were analyzed, including the specifics of their location, the capacity of asphalt
plants, and the degree of impact on the environment. This made it possible to identify key risk areas and
outline priority measures that can be implemented for each facility, taking into account its specifics.

One of the main areas is the modernization of treatment plants to reduce emissions into the
atmosphere and minimize soil degradation. It is also important to introduce systems for continuous
monitoring of the state of water resources, especially in areas with high levels of wastewater pollution.
Effective use of buffer zones and recycling of industrial waste can also reduce the load on ecosystems,
increasing their sustainability.

In addition, it is recommended to review approaches to the use of land in the industrial zone in
order to optimize their distribution and reduce anthropogenic impact on the environment. This includes
both improved zoning and the implementation of long-term plans for the reclamation of disturbed lands.

Moving on to specific recommendations for each of the objects under consideration, they are
structured in accordance with the identified environmental risks and technological capabilities for their
elimination. Table 7 presents key measures that can be implemented to reduce the negative impact on the
environment and increase the sustainability of industrial zones.

Table 7. Recommendations for the objects under consideration
Tabnuya 7. PekomeHOayuu 0719 paccmampugaemMbix 06veKmo8s

Recommendations Object 1 Object 2 Object 3

Equipment
optimization

Modernization of gas
cleaning plants

Upgrading to meet
standards

Audit of technologies and implementation
of alternative energy sources

Water resources
monitoring

Implementation of
water monitoring and
purification systems

Continuation of
monitoring programs

Expanding monitoring programs and
control of effluents

Soil reclamation

Land reclamation and
restoration of fertility

Monitoring and cleaning
up contaminated soils

Minimizing soil contamination and buffer
zones

Land use and zoning

Zoning and revision of
land use

Developing long-term
strategies

Developing long-term strategies taking
into account environmental risks
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4. Conclusions / 3aknioueHune

The application of the multiparametric methodology allowed for a comprehensive assessment of
the environmental impact of road construction projects and the identification of key environmental risks
requiring immediate attention. This methodology has proven its effectiveness in analyzing various impact
aspects, such as air emissions, soil degradation, and impact on water resources:

1. Confirmation of the significance of the developed methodology. The use of a multiparameter
methodology for assessing the impact of road construction projects on ecosystems has proven to
be highly effective. The use of this technique allowed for an accurate and objective integration of
many factors, which made it possible to conduct a comprehensive assessment of the state of the
environment and develop specific measures to minimize the negative impact.

2. Identification of critical parameters. The study confirmed that the main impact of asphalt concrete
plants is manifested in such parameters as atmospheric emissions (CO,, NO , SO ) and soil degradation.
This requires taking stricter measures to reduce emissions and improve the quality of the soil cover.

3. Recommendations for reducing the negative impact. As a result of the analysis, specific
recommendations were developed to minimize environmental damage. These measures are aimed
at modernizing equipment to improve emission purification, introducing water and soil resource
monitoring systems, and improving the level of environmental safety.

4, Continuous monitoring and adjustment of standards. The data obtained confirm the need for regular
monitoring of the environmental situation and adjustment of existing environmental standards for
each facility. Constant monitoring of changes in conditions and factors of influence will allow us to
adapt environmental protection measures and minimize environmental risks.

Thus, the implementation of recommendations developed on the basis of this methodology creates the
basis for effective management of environmental risks at all stages of operation of road construction facilities.

Importantly, the proposed methodology represents a new approach to environmental impact
assessment, as it complements the existing regulatory framework and provides an integrated
multiparametric tool for identifying critical environmental risks. Its universality makes it suitable for
application not only to asphalt plants but also to other industrial facilities with similar ecological profiles,
and its use can improve the quality of decision-making in regional programs of ecological monitoring and
sustainable industrial development.
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"l AHHoTauma. OgHVM 13 Harbonee 3$EKTVBHBIX METOAOB Pa3pPaboTKY MPYHTOB MOBbILLEHHOW NPOYHOCTY, B
TOM UKCIie Mep3JiblX, OCTAeTCA yaapHOe pa3pyLUeHune C UCMoMb30BaHNeM PaboUumnx OpraHoB akTUBHOIO Aeii-
cTBuA. Hanbonee LienecoobpasHbiM B 3TOM Clydae NpefcTaBaseTcs UCNosb3oBaHme yaapHbIX YCTPOWCTB B
KauyecTBe CaMOCTOATENIbHOTO CMEHHOTO W/ MOAEPHM3NPOBAHHOTO MOMPY304HO-Pa3rpy304HOro obopynoBa-
HYA K 6a30BbIM MaLLUMHAM, HaMpPUMEP, K SKCKaBaTopam C rMaponpriBofomM. KioueBbiM NpenmyLlecTBom Ta-
KOro peLueHusn ABMAETC BO3MOXHOCTb BbINMOSIHEHUA MOJIHOTO LMKA PaboT OT paspyLeHns NpoYHOro vim
Mep3/10ro rpyHTa A0 €ro norpysKu B TPAHCMOPTHbIE CPeACTBaA UM OTBaNbl 6€3 cMeHbl pabouero opraHa. B
pesysnbTaTe aHaM3a CYLeCTBYOLWMX KOHCTPYKLUIA KOBLUEH MPeano)XeHO HOBOe KOHCTPYKTUBHOE peLleHme —
KOBLU aKTVBHOTrO JEMCTBUA, B KauecTBe KOTOPOro paccMaTpuBaiacb KOHCTPYKUMA MMAPONHEBMOYAAPHMKA
Morpy3o4HO-pasrpy3oUHoro obopynosaHus. MpuseneHHbIe TEXHUYECKME XapaKTEPUCTKN TMAPOMHEBMOY-
[apHMKa KOBLUA aKTMBHOMO AEVCTBMA YUNTbIBAOT TPEOOBAHUA KaK K NPOLECCY paspyLueHus, Tak u K abpdek-
TUBHOCTM MOTrPY3KK pa3paboTaHHOro matepuvana. MpeactaBneHbl pacyeTHble 3aBUCMMOCTU, NO3BONsAOLME
onpeaenuTb OCHOBHbIE MapamMeTpbl MHEBMOAKKYMyNIATOpa rapoyaapHOro ycTpoicTaa. Hanbonee BaXKHbIMU
13 HYX ABNAOTCA: Macca 60iiKa, SHeprvs yaapa, jaBneHune rasa v AaBneHvie 3apagku. ITv napameTpbl KpUTuy-
Hbl Ans obecrneyeHns HeOOXOANMON SHEPTN yaapa Npu pa3paboTke rpyHTa U HaAeXHOW PaboTbl yCTPOVCTBA
B UMKe norpysku. MpeactaBneHbl rpapuueckrie 3aBUCUMOCTY ANMHbI MHEBMOAKKYMYyIATOpa OT ero Aviame-
Tpa 1 3aBUCUMOCTb SHEPTUM MHEBMOAKKYMYSIATOPA OT AABNEHVA 3apALKU.

KntoueBble cfloBa: NMHEBMOAKKYMYNATOP, MMAPOYAAPHMK, KOBLU aKTUBHOMO AENCTBUSA, TPYHT MOBbILUEHHON
NPOYHOCTI, MeToAbl Pa3paboTKM rpyHTa
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"l Abstract. One of the most effective methods of developing high-strength soils, including frozen soils, is
impact destruction using active-type mechanisms. In this case, the most appropriate application is using
impact devices as independent replaceable or modernized loading and unloading equipment for base
machines, for example, for excavators with hydraulic drive. The key advantage is the ability to perform a full
cycle of work: from the destruction of solid or frozen soil to its direct loading into vehicles or dumps without
changing the working implement. After analyzing existing bucket types, we developed an active-type
bucket, which was considered to be the design of a hydraulic-pneumatic impact mechanism for loading and
unloading equipment. Defined technical specifications of a hydraulic-pneumatic impact mechanism for an
active-type bucket take into account both the requirements for the destruction process and the soil loading
efficiency. The study presents calculated dependences for determining the main parameters of the pneumatic
accumulator of the hydraulicimpact mechanism.The most important of these are striker mass, impact energy,
gas pressure, and charging pressure. These parameters are necessary to ensure the required impact energy
during excavation and reliable operation of the device during the loading cycle. Graphs were presented
showing the correlation between pneumatic accumulator length and diameter, and the dependence of
pneumatic accumulator energy on charging pressure.

Keywords: pneumatic accumulator, hydraulic impact mechanism, active-type bucket, high-strength soil,
methods of developing soils
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1. BeegeHue / Introduction

B cBA3M ¢ pacTywmmm obbemamm CTPOoUTeNIbCTBa aBTOLOPOT, ra3o- 1 HedTenpoBOOB, a TakXe Npo-
MbILLIEHHBIX U KOMMYHaJbHbIX COOPYXXEHU BO3HMKAeT HeOOX0AMMOCTb CO3[aHMA BbICOKOIPPEKTUBHOMN
TEXHUKWN N5l pa3paboTKu Mep3/ibix TPYHTOB B 3MIMHee BpeMs B ycnoBusix Cubupu v JanbHero BocToka
Poccuiickon ®epepaumu [1, 2].

TexHonormMo NPoOM3BOACTBA 3eMNIAHBIX PAabOT B 3UMHee BpeMsa crieflyeT BblIOMpaThb C yYeToM pauu-
OHaJIbHOTO UCMONb30BaHUA 060PYAO0BaHUA, PU3MKO-MEXAHNYECKMX CBOMCTB MEP3JIbIX FPYHTOB, KNMMaTu-
yecKkux ycnosuii, o6bema paboT n Hanbonee sKOHOMUYHbIX CNOCOOOB NPOBeAEeHNA NOAFOTOBUTENbHbBIX
MeponpuUATUIA, NO3BONAKLNX CHU3UTb CTOMMOCTb SKCKaBaLuUm rpyHTa [3, 41.

OfHMM 13 NepCneKkTUBHbIX HaNpPaBNeHWI pa3paboTKy MepP3JibiX TPYHTOB OCTAETCA yAapHOe pa3py-
LUEHMe C MOMOLLbIO Paboumx OpraHOB akTUBHOIO AencTBmA. Hanbonee uenecoobpasHbiM B 3TOM BOMPO-
ce NpeAcTaBAAeTCA UCMONb30BaHME YAapHbIX YCTPONCTB B KauecTBe CMeHHOro o6opyaoBaHua K 6a3oBbiM
MallMHaM, HanpuMmep, K 3KCKaBaTopam C rmgponpueogom [5, 6].

Pa3paboTKy Mep3n0ro rpyHTa B CTECHEHHbIX YCIOBUAX, Ha NiolagKax ¢ He6onbwnm GpoHTOM pa-
60T 1 Ha yyacTKax BONU3M MPOMBILEHHDbIX U FPaXkAaHCKNX OObEKTOB MOXHO OCYLLEeCTBUTb, OCHACTUB JKC-
KaBaTop C r’maponprBoAOM CMEHHbIM 060PYAOBaHNEM B BUAE KOBLUA aKTUBHOIO AENCTBUA C TMAPOYAAP-
HuKamu [7]. Ha cerogHALWHNI AeHb B OOHOW TONbKO 6a3e PocnaTeHTa HacUMUTbIBAETCS HECKONbKO COTEH
KOHCTPYKLIMIA KOBLLEW SKCKaBaTOPOB. B pe3ynbrarte nx MogepHM3aLmnm nyTem BKIKOUYEHNA B KOHCTPYKLMIO
rMAPOYLAAPHBIX YCTPOMCTB MOTYT ObITb pa3paboTaHbl KOHCTPYKTUBHbBIE PELLEHWS KOBLUEN aKTVBHOIO Ael-
cTBuA [8].

Bblbop KOHCTPYKTMBHOIO odpopmneHna rmapoynapHKOB 3aBMCUT OT TpeboBaHWi, npeabasnse-
MbIX K TaKUM YCTPONCTBaM:

. KOHCTPYKUMA JOMmKHa OblTb MPOCTON, HAAEXHOW U peMOoHTONpurogHow; obecneymBaTtb BO3MOX-

HOCTb HE3aBUCUMOTO PEryfIMpoBaHNA SHEPTUM 1 YaCTOTbl YAAPOB, a TakXKe Xo[a NOABUXKHbIX MaccC

yAapHMKa; obecneunBaTb PaboTy Npu HU3KUX TemnepaTypax;
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. pabounii UHCTPYMEHT JOSKeH ObITb CMEHHbIM;
. nUTaHne yaapHMKOB AOJIXKHO NPOV3BOAUTLCA OT rmaponpreoaa 6a3oBon MalwmHbi [9, 10].

Kpome Toro, ygapHuKM KOBLUIA akTUBHOMO [eNCTBUA AOMKHbI UMETb MMHMMasbHble rabaputbl 1 Mac-
CY, UTO6bI MPY HEOBXOANMOCTU MOXKHO BbINO YCTaHOBUTbL CMEHHOE 060PYLOBaHNE Ha SKCKaBaTop ApYyromn
pasmepHou rpynnbl [11].

O6beKToM HacToALWero NcceoBaHNA ABNANCA MHEBMOAKKYMYNATOP MMAPOYAapHOro yCTponCcTBa
KOBLLUA 3KCKaBaTopa. Llenb nccnefosaHmna — onpegennts OCHOBHbIE NapamMeTpbl (Maccy 601iKa, SHepruto,
[laBJieHVie ra3a 1 faBfieHne 3apAaKu) MHEBMOYKKYMYNIATOPA MMAPOYAAPHOMO YCTPOMCTBA KOBLUA aKTMBHO-
ro gencrTeus.

3apaun nccnegoBaHuA:

. pa3paboTaTb BapuaHT MOAEPHM3MPOBAHHOIO 000PYAOBaAHMA KOBLLA aKTVBHOMO AeNCTBUS;
. onpefennTb OCHOBHble MapameTpbl MHEBMOAKKYMYNATOpPa ANA SKCKaBaTopa, OCHALLEHHOro KOB-

LLOM aKTMBHOIO AeNCTBUA.

2. Matepuanbl u metogbl / Materials and methods

TeopeTnyeckoe nccnegoBaHne NPoOBOAUIOCH C UCMOJIb30BaHNEM KOMMIEKCHOW MeToAuKK. B xoge
NaTeHTHOro MOMCKa, HaNPaBIEHHOMO Ha N3YYeHMe CYLLeCTBYIOLMX TEXHNYECKNX peLleHni rmapoyaapHu-
KOB, KOBLUEN aKTVBHOro AeNCTBUA U cnocoboB KpenneHunsa obopyaoBaHma K 6a3oBbiM MaluvHam, 6bin Bbl-
MOJIHEH aHaNn3 HeJOCTATKOB 1 ONpefeneHbl OrpaHNYeHA CYLLECTBYIOWNX KOHCTPYKLUIA (H13Kaa addek-
TUBHOCTb, BbICOKIME IHEPro3aTpathbl, HEOOXOANMOCTb YacToN CMeHbl 060pyfoBaHNMsA). C yueTom 3Toro Obino
npeanoXeHo HOBOE KOHCTPYKTMBHOE pelleHue. Icnonb3oBaHme pacyeTHO-KOHCTPYKTUBHOIO MeTofa no-
3BONMMIO OMNpefeNnTb 3aBUCUMOCTb MeXAy nccriegyeMbiMy napaMmeTpamu 1 oKasaTb pauvoHaNbHOCTb
1CMNONIb30BaHMA NPeAIaraeMoro TeXHMYeCKOro peLueHus.

3. Pesynbratbl 1 06¢cyxaeHune / Results and discussion

KoBLU akTMBHOTO AeCTBUA NpeacTaBnaeT cobor paboumnin opraH 3KCKaBaTopa, Ha AHNLLE KOTOPOro
yCTaHOBJIEHa MpuCTaBKa akTMBHOMO AENCTBUA, COCTOALLAA 13 KOPNyca, TPeX rmaponHeBMOYAAPHMKOB C
3ybbsamMM 1 TpybonpoBofoB. MApONHEBMOYLAPHUKM BKOYAOTCA B paboTy Npu BCTpeye 3ybbes ¢ npensT-
CTBMIEM MOBBILLIEHHOW MPOYHOCTY (MEP3MbIA FPYHT, BKIIOUEHMA KaMHel 1 T. 4.) [12].

Mpw OTCYTCTBUM [OCTaTOYHOrO CONPOTUBIIEHUA TMAPOMNHEBMOYAAPHUKN aBTOMATUYECKM OTKII0Ya-
toTcA. Pa3paboTka Hesamep3LUero rpyHTa NponcxoanT obbluHbIM Coco6om 6e3 BKoUeHUs NPUBOAaA Yaap-
HbIX yCTponcTB. OgHUM 13 BapVAHTOB MMAPOMHEBMOYAAPHNKOB KOBLUA aKTUBHOTO AENCTBUA MOXET ObITb
YCTPOWCTBO C YNPYrM 3aMOPHO-PErynnpyoLLM MexaH1M3MOM, BbINMOTHEHHOE MO CXeMe, NpefCTaBeHHON
Ha puc. 1 [13]. TexHUYeCKMNe XapaKTepUCTUKM TaKOro YCTPOMCTBA OTPaXeHbl B Tabnuue 1.

Paboty ruapoyaapHKa MOXHO onucatb ce- Tabnuya 1. TexHuyeckue xapakmepucmuku
Aylowmm obpasom. MNMoplieHb NHEBMOAKKyMyATO- 2uOpoNHe8MOoyOdpHUKA KOBWA aKmueHo20 delicmaus
pa, KOTOPbIV MPUBOAUTCA B JelicTBMe WTOKOM nNpu  Table 1. Technical specifications of a hydraulic-pneumatic
nomowy 6olika, MepemelaeTcss nop AeicTBuEM impact mechanism for an active-type bucket
obpabatbiBaemon cpeabl [12, 13]. MNpu 3TOM Npouc-

Mokasarenb 3HauyeHue
XOOUT MepeKkpbITe CAMBHOIO KaHana. CoctosHume
SDHeprua yaapa no 1 kx
3anopHO-perynupyrowero snemMmeHTa — 3aKpbiTog,
YacTtoTa yaapos 1o 180 muH™

KaHasbl B3BOAALLEN U CIMBHOW Kamep nepeKkpbiThbl.
MNponcxoauT B3BOA yOapHOro yCTponcTaa. B KoHue MakcumanbHoe faBneHve B rugpocmcreme 12 MNa
B3BOJa MOPLUEHb Yepe3 NPOTOUKY COAMHAET NO- | pacxon uaKocT 160 AM3/MUH
NOCTb CO CAIMBHOW MarncTpanbto. [laBneHne Haf 3a- | HauanbHoe pasneHne 3apaaku
NOPHO-PErypyoLWUM 31eEMEHTOM NafJaeT, OTBep- | akkymynatopa

1.2 MMMa
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I B 1 - kopnyc nopwHs / piston housing;
§A . N 2 - 6oex / striker;
- ; a N J 3-wmok/rod;

% — 4 - nopweHs / piston;
5 —3anopHo-pezynupytowjuli snemeHm / locking and regulating
element;
6, 7 — kaHan / channel;
| & 8 - 83800Awas kamepa / cocking chamber;
ol o 9 - cnusHas kamepa / drain chamber;
g 10 — Konbyesas ynpasnsowas nosnocms / annular control space;
— 11, 12 - kamepa / chamber;
{ 13, 16 - npomouka / groove;
A/ 14 - causHas mazucmpans / drain port;
™~ ? 15 - 2azoseas kamepa / gas chamber;
17 - cmakaH / housing

| -
A lltj
(€N

)
S\

NN

NN RS

o
|

Puc. 1. luopasnuyeckoe ycmpoticmeo [13]
Fig. 1. Hydraulic mechanism [13]

CTVA KaHasoB coefivHATCA Mexay cobol. MNog AeNncTBremM CxKaToro rasa Kamepbl coBepluaeTca pabouni
xop 6olika [12]. B npouecce pabouyero xofa XUgKoCTb U3 OQHOWN KaMepbl BbITECHAETCA B APYTYIO Kamepy
1 NPOCTPaAHCTBO MNOA4 LUANHAPUYECKMM 3anOpHO-Perynnpyowmnm snemMmeHTomMm. HapactaHve gaBneHus B
KONbLEeBOW YNpaBnAtoLen NoNoCT CAePXKMNBaeTCA fpoccesieM, KOTOPbIN, KpoMe NpoYero, ABAAETCA dne-
MEeHTOM 3ana3fbiBaHnA B KaHane [12]. 2KugkocTb 13 Kamepbl BbITaJIKMBAaeTCA Ha C/IMB B Neproj B3BOAa
ycTponicTBa. [lanee cnegyet noBTopeHune paboyero umkna [14, 15].

Ana HopmanbHOW paboTbl 3ybbeB KOBLWa Npu paspyleHnn 3aboa 1 HepaBHOMEPHOW Harpyske
LOJIKHa ObITb obecrneyeHa HE3ABUCMMOCTb PaboTbl 3yObeB, UX BKIOYEHME M OTKIIOYEHME JOMKHO OCY-
LLeCTBAATbCA aBTOMATUYECKM B 3aBUCMMOCTHY OT Harpysku [16, 17].

Mpu pa3paboTke KOHCTPYKLMIM KOBLUA aKTVBHOrFO [eNCTBUA, OCHALLEHHOrO MM pPONHEBMOYLAPHN-
Kamu, B NepByio ouyepeab HEOOXOAMMO OnpeaeNTb OCHOBHbIE MapamMeTpPbl MHEBMOAKKYMYNATOPa rMapo-
YAAPHOro YyCTponcTBa. K HUM OTHOCATCA: AfIHa rMApPoyAapHIKa, SHEPrus yaapa, Macca 6olka, sHeprusa
CXKaToro rasa, AaBneHue 3apagKky akkymynatTopa.

[nvHa rmgpoygapHvka He JoJTKHa NpeBbiwaTh ANVMHY CTaHAAPTHOMO KoBLUa dKCKaBaTopa [18]:

| <l (M

y — k!

roe Iy — BJIMHA YOAPHUKA, MM;
|, - onvHa KoBLwa, MMm.

C yyeTOM TOrO, UTO KPOMe yapHIKa B KOBLLIE SKCKaBaTOpa HEOH6X0ANMO MOMECTUTb HanpasnaoLye
AKTMBHbIX 3yObEB, AJIVHY YAAPHOrO YCTPONCTBA N3 KOHCTPYKTMBHBIX COOOpakeHUi TpebyeTca COKpaTUTb
no 100 mm. [1na pasmelleHra BHYTPY KOBLUA HAaMOPHOTO 1 CJIMBHOMO KOJIIEKTOPOB HEOOXOAMMO NPUMEPHO
50 MM OJINHbI.

OcHoBOW ANA pacyeTa S3HEpPrnn ygapHoro yCTpOMCTBa ABMAAETCA onpedeneHne SHeprum cxatoro
rasa nHeBMOaKKymynaTopa.

PacueT HeobxoAMMOI SHEPIUN aKKYMyNATOpa Npon3BedeH UCXOAA 13 YAeSIbHON SHeprim Ha eau-
HULY WMPUHbI 3y6a b, = 100 [x/cm. Takum 06pa3om, Npu 3afaHHow WupKHe 3y6a b, =5 .10 m Heobxoam-
MO UMeTb 3Hepruto yaapa 500 k.

DHeprua ygapa onpefensaerca KNHeMaTnyeckon sHeprmen coygjapeHusa nogBuKHbIX YacTen yaap-
HUKa C MHCTPYMEHTOM:
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rge Ey - dHepruA yaapa, x;
m, — Macca 6oWKa, Kr;
U, - CKOPOCTb pa3roHa 6owka npu ygape, m/c.
Taknm 06pa3om, AnA NonyYeHna 3a4aHHO SHEPTUN yaapa NPy MAaKCUManbHOW CKOPOCTY 6olKa ero
MacCCy MOXXHO HalTu no ¢popmyre:

m, =~ 3)

roe £ — cTeneHb CKaTuA rasa;
Inl - makcumanbHas 1 MUHUManbHasA AHA akKKyMYSIATOPa, MM.

B pe3ynbrate pacueToB AnA JaHHOrO C/lyyaa Macca NOABMMKHbIX YacTel rmaponHeBMOyaapHMKa Co-
CcTaBuna 16 Kr, paunoHanbHas cTeneHb CxaTuA rasa — 1.93.

DHeprna CKaToro rasa MHeBMOAKKYMynATOpa onpeaeneHa ns sbipaxeHua [19]:

nD? 1 mu?
A=—-—-2_17T-——0 | =1.15 2, 5
a 4(”—7)[ ga4jp20 2 ( )

rae A, — dHeprus CKaToro rasa akkymynatopa, [Lx;
nDj — ANaMeTp NMOPLUHA, MM;
|, - HavanbHan AnvHa akKyMynAaTopa, Mm;
p, — MakcMmanbHoe paboyee AaBeHvie rasa B akkymynatope, a;
n — nokasaTtesb nonnTponbl, N =1.4.
B pe3ynbTate npeobpasoBaHuin dopmyna (5) npuHana sug;

A, =0.56-p, x, D2, 6)
roe Xp — AJ1IHa pa3roHa, M.

MakcrmanbHoe pa60qee OaBneHne rasa B akKyMynAaTope npun 3afaHHbIX KOHCTPYKTUBHbIX pa3me-
pax pa6oqero XOoAa NnoABUMKHbIX MaCC N ANaMETPE NMOPLUHA MHEBMOAKKYMYNATOPA PaBHO

A
P2~ 056x, D7 @)
JNlaBneHue 3apagKkn akkymynsTopa onpeaeneHo no ¢opmyne (8) [201:
p, =Py €, ®)
py=t2. ©)
€

HauanbHaa gnvHa akkymynsTopa onpegeneHa n3 BblpaXkeHus:

% (10)
° 093
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labapuTbl rMpPOyAapHOro YyCTPOMCTBA B 3Ha-
UNTENIbHOW Mepe 3aBUNCAT OT FreOMeTpUrYeCcKnX napa-
MEeTPOB MHEBMOAKKYMynATopa.

Ha puc. 2 npenctaBneHbl  3aBUCU-
MOCTM  pa3MepoB  MHEBMOAKKymynatopa  OT
AMaMeTpa MOPWHSA NPWU  Pas3fIMuHbIX  3Haye-

HUAX CTeneHn CKaTusa rasa. 3aBUCMMOCTU Mo-
CTPOEHbI MPU MOCTOAHHOM 3HAYEHUN SHEPruu
(2 000 [O>k), pa3BMBaeMOr NMHEBMOAKKYMYIATOPOM.
lNoka3zatenb nonnTponbl n = 1.2, MakcuMasnbHoe pa-
bouee faBrieHNe CXKAToro rasa p,=2.0 Mla.

N3 rpadvka BMAHO, YTO C yMeHbLUeHVEM
AMaMeTpa NopLIHA YBENNYMBAETCA ANIMHA NMHEBMO-
aKKyMyNATOpa U, KaK crieacTBre, rabaputbl rmgpo-
yaapHoro yctpoinctea. Boibop anameTpa nopLuHs
OCYLLIeCTBNAETCA C yYeTOM [vameTpa MOopLIHEen B
rMAPOUMNNHAPAX dKCKaBaTopa (ana yHudukayum
YMNOTHAKLWMX 3/IEMEHTOB), @ TakXe C YY4ETOM KOH-
CTPYKTUBHbIX COOOpaKeHUNn, Hanpumep, ans obe-
cneyvyeHna TpebyemMor MacCbl MOABMKHbIX YacTeN.

Ha pwuc. 3 npencraBneHa 3aBMCUMOCTb SHep-
rMu, 3arnacaemon NMHeBMOAKKYMyNATOPOM, OT AaB-
NeHunA 3apAgKun.

Ha rpaduke npeacraBneHa 3aBMCUMOCTb Au-
ameTpa NopLIHA NHeBMOakKymynaTopa (d =125mm)
OT [aBneHus 3apafKkn akkymynaTtopa. Nokasatenb
nonuTponbl rasa n = 1.2, cTeneHb CkaTuA rasa
& = 2.72, 3bdekTuBHbIN 0ObeM rasa V, = 3.7 am’.
MpadurK cBMAETENLCTBYET O JIMHEHOW CBA3U MeXay
SHepruen, 3anacaemMol MHEBMOAKKYMYIATOPOM, U
LABNEHVEM ero 3apaaKu.

4. 3aknouveHue / Conclusions

200

160

120 |

|, Mm

80 |

40 |

0 20 40 60 80 100 120 140
d., mm
Puc. 2. 3agucumocme 0/1UHbI NHEBMOAKKYMY/IAMopa om
ouamempa NopwHA Npu 3HAYeHUAX CmeneHu cxamus
easa: 1-2.5;2-1.75 (pagpuk cocmasneH asmopamu)
Fig. 2. The correlation between pneumatic accumulator
length and piston diameter at gas compression ratios:
1-2.5;2-1.75 (graph created by the authors)
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Fig. 3. The correlation between pneumatic
accumulator energy and its charging pressure
(graph created by the authors)

K pe3ynbraTtaM NpenCcTaBNeHHOro B CTaTbe NCCJIEAOBaHNA MOXXHO OTHECTU CieyoLlee:

1. MNpennoXeHa KOHCTPYKLUMA M’MAPaBINYECKOro yCTPONCTBa A1 MOAEPHM3aLUN NOTrPY30UYHO-Pasrpy-
304HOro 060pyfoBaHNA SKCKaBaTopa. OnvcaH NPUHLKM ero paboTbl.

2. MNpencTaBneHbl TeXHMYECKME XapaKTePUCTUKN TMAPOYAaPHMKa.

3. NonyyeHbl pacyeTHble 3aBUCUMOCTM AN1A onpefeneHnsa napameTpoB MHEBMOAKKYMyiATOpa rmapas-
NIMYECKOro yCTponcTBa. dHeprua yaapa 500 k. [InvnHa yaapHOro yCTpONCTBa He [OJIXKHA MPeBblLLaTh
100 mm.

4. Pe3ynbTaTbhl TEOpPETUYECKMX MCCIIefOBaHUI NpeacTaBfieHbl B Buae rpadukos. [1na aBneHus cxatums

rasa B 2 Mla onTManbHbIV ANAMETP NOPLUHSA A0/KeH 6biTb 120-130 mMm.

HeobxogMmo oTMEeTWTb, YTO NpeAcTaBeHHbIe pacyeTHble 3aBUCMOCTM JalT BO3MOXKHOCTb Ornpe-
[eNNTb OCHOBHbIE MapaMeTpbl MHEBMOAKKYMYNATOPa rMapoyaapHOro MexaHn3mMa He TONbKO A1 KOBLUA
aKTMBHOIO JENCTBMSA, HO U ANA OPYTUX YOAPHbIX pabourx OpraHoB, HanpumMep, rmgpoMosioTa.
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"l} AHHoTauuA. iccnegoBaHue NocesALLeHo pa3paboTke NPOrpamMHOro obecrneyeHnsa Ansa pelleHmns npaxkTmye-

CKW BaXXHOW 3afjaum — obecneyeHns obLLeCTBEHHOIO KOHTPOSA 3a fAB/XEHNEM rOPOACKOro obLecTBeHHOro

TPaHCMOPTa, YTO OCOBEHHO BaXKHO B YCJIOBUAX HEMOMHOW AOCTYNHOCTU curHanos GPS/TJIOHACC n coTtoBoi

cBA3un. OCHOBOW MHPOPMALIMIOHHON CUCTEMbI ABNAIOTCA BUAEOKaMepPbI, PACNoNOXKeHHble Mo MapLIpyTy, U Cu-

CTeMa TEXHMYECKOro 3peHMs, pacro3HaloLlan noseneHme agTobyca unm tponnendyca B Kagpe, NoKanusauuo

1 HOoMep ero maplupyTa. C nomoLblo cBO6OAHO pacnpocTpaHaemoro fetekTopa obbekTtoB YOLOV11s ypa-

Nnocb fOOUTHCA TOYHOCTY Pacro3HaBaHUA MaLVHbI Ha ypoBHe 96 %. [laHHaa Bepcua YOLO HeTpeboBaTenbHa

K pecypcam 1 No3BoJiAeT NCNOb30BaTb 0ObIYHbIA NMePCOHaNbHbIN KOMMboTep AnsA PaboTbl C HECKONbKMMMA

noTokamu Buzeo. Homep mapLupyTa pacno3HaBasncs ¢ ucrnonb3oBaHuem 6nbnmnotekn PaddleOCR c oTKpbITbIM

KOAOM, TOYHOCTb cocTaBumna 82 %. [lanee nonyyeHHbIN pe3ynbTaT CONOCTaBAANCA C pacnncaHNeM ABUXKEHUA

aBTOOYCOB, NOJSyYeHHble laHHble pa3MeLLannCh B OTKPbITOM gocTyne Yepes Tenerpam-60T. Pe3ynbraTbl pabo-

Tbl HaNpaBneHbl Ha NOBbILEHVEe YA0OCTBa FOPOACKOro O6LLECTBEHHOMO TPAHCMNOPTA, CHUXKEHME COLManbHOM

HanpAXXeHHOCTKN, obecrneyeHmne XuTenen n gucneTyepckmx cnyx6 nHdbopmaumen ob oTKNoHeHNAX B paboTe
ropoACKOro TpaHCNopTa B PeXKUMe peasibHOro BpemMeHu.

KnioueBble cnoBa: 061eCTBEHHbI TPAHCMOPT, KOMMbIOTEPHOE 3peHre, MalMHHOe 0byyeHme, YOLO, pacnos-
HaBaHVie OObEKTOB, MOHUTOPVIHT TPAHCMOPTa, aBTOMATMUECKasa NGeHTUMKALMS TPAHCNOPTHLIX CPeacTB, 06-
paboTtka nzobpaxkeHuin, PaddleOCR, TpaHcnopTHas aHanuT1Ka
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yﬂyLILIJeHI/Ie CNCTEMbI KOHTPOJIA 3a ABUXKEHNEM O6I.Ll,eCTBEHHOFO TpaHCNoprTa...

"l Abstract. This study focuses on developing software to address a practically important problem: providing
public oversight of urban transport movement. This is particularly crucial in areas with limited GPS/GLONASS
and cellular connectivity. The core of the system comprises video cameras located along the route and a
computer vision system. This system detects the presence of buses or trolleybuses in the camera’s field of
view, localizes them, and recognizes their route numbers. Using the freely available YOLOv11s object detector,
a machine recognition accuracy of 96 % was achieved. This version of YOLO is resource-efficient, enabling
the use of a standard personal computer to process multiple video streams. Route numbers were recognized
using the open-source PaddleOCR library, achieving an accuracy of 82 %. The obtained results were compared
with the bus schedule, and the data was posted via a Telegram bot. The research results aim to improve the
convenience of urban public transport, reduce social tension, and provide residents and dispatching services
with real-time information about deviations in urban transport operations.

Keywords: urban public transport, computer vision, machine learning, YOLO, object detection, transport
monitoring, automatic vehicle identification, image processing, PaddleOCR, transport analytics

For citation: Zatonskiy A. V. Danilov V. V. Improving the public transport monitoring system using
machine learning methods. Architecture, Construction, Transport. 2025;5(3):83-93. (In Russ.) https://doi.
org/10.31660/2782-232X-2025-3-83-93

>

1. BBegeHue / Introduction

fopoackoi o6uecTBeHHbIN TpaHcnopT (FOT) obecneunBaeT MOOMNBHOCTb MPaXaaH BHE 3aBUCUMO-
CTW OT X MaTepranbHOro NONOXKEHMWA U CNOCOBCTBYET pa3rpy3Ke TPaHCMOPTHOWM CETH OT IMYHbIX aBTOMO-
6unein. OcobeHHO BaXkeH OH AJ1s XKuTenel OTAaNeHHbIX PalfloHOB ropofAoB, He obecneyeHHbIX COOCTBEHHbIM
TpaHcnopToMm, afa Kotopbix [OT ABNAETCA eAUHCTBEHHbBIM CMOCOOOM NepPeaBUKEHNS, MO3TOMY Jitobble OT-
KNOHEHUA OT pacnucaHna efMHCTBEHHOIO MapLUpyTa, 06CNYX1BAIOLWEro PaoH, Bbi3blBalOT CUIbHOE He-
[OBONbCTBO U pasfpakeHue.

OfHaKo COBPEMEHHblE CUCTEMbI YMPABIEHUs O6LEeCTBEHHBIM TPAHCMOPTOM B MOC/efHEE BPEMS
CTaJIKMBAIOTCA C NpobnemMamu, CHKALWMMN ero 3GPeKTUBHOCTb. K HUM OTHOCATCA paboTa nofasuTenen
curHanos GPS/ITIOHACC, npenATcTBYOWMX ONpPeaeneHnto NoNoXKeHNA aBTobyca B peXKume peasibHoro
BPEMEHM, a TaK>Ke OTK/IOUYEHMA MOOMIBHOW CBA3W, U3-3a YEro 3TO NOJOXKEHME He YaaeTcs nepeaaTtb. B pe-
3ynbTaTte TpaguLMOHHbIE METOAbI KOHTPONA, ONUCcaHHble, Hanpumep, B [1-3], n B Lenom obLlen3BecTHble,
VUMELOT CYLLeCTBEHHbIE HEOCTATKU, KOTOPble MPUBOAAT K GMHAHCOBbLIM MNOTEPAM U YXYALIEHNI0 KauecTBa
06CNYKMBaHMA MACCAXKMPOB. B UacTHOCTU, CTAHOBUTCS HEBO3MOXHbIM BbISIBNATb GUKTUBHbIE PENChI, KOraa
nepeBO34UK 3aABIAET O BbIMOMAHEHUM 060POTa TPAHCNOPTA, KOTOPOro GpakTUYecKkmn He 6bino.

CTonT Takke OTMETUTb, YTO He BCe HacCesNeHHble MYHKTbl MMEIT BO3MOXKHOCTb OCHACTUTb BeCb
TpaHcnopT GPS-o06opynoBaHuem [4], XOTa 3TO U ABNsAETCA 06A3aTeNbHbIM TPebOBaHMEM, YCTAaHOBIIEHHbBIM
Ha ¢pefepanbHOM YpPOoBHe. [py 3TOM AaxKe ecnin TPaHCMOPT ocHaleH GPS-Tpekepom, MHGOPMaLUsA C HEro
He BCerga AoCTynHa xutenam. [Janeko He BCe faHHble 0TOOPaXkaloTCA, HaNnprMep, B MONCKOBO-UHPOPMa-
LMOHHOM cnyx0be «fAHaekc KapTbi»'. [To3TOMy NponycK nian 3afepKKa perca CTaHOBATCA OYEBUAHBIMY ANS
NacCa)kMpoB TOJNIbKO NOC/e AINTENIbHOrO OXUAAHNA Ha OCTaHOBKeE.

OZHMM 13 BO3MOKHbIX BapWAHTOB peLleHunsa npobnemMbl ABNsSETCA co3aaHne MHGOPMALMOHHON cn-
CTeMbI, BKITIOUAIOLLEN NOACKCTEMY TEXHMYeCKoro 3peHuna (CT3) ana pacno3HaBaHKA aBTOOyca 1 HOMepa ero
MapLupyTa, MOACMCTEMY Nepefaym faHHbIX, He NOABEPraloLLyOCA OTKNIOYEHNIO, U NOACUCTEMY NOALEPKKM

' Hanpumep, B ropoae bepesHuku MepmMckoro Kpas B cucteme «AHaekc KapTbl» oTobpakaeTca YacTb MapLIpyTOB, MPU 3TOM AaH-
HbIX O MHOTUX APYIMX MapLUpyTax, B TOM Yncie obecrneumBaroLmx NpuropoHble NoCesKu, HeT.
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NPUHATUA PeLLeHN ANA NacCaXkMPOB 1 HAf30PHO-KOHTPONMUpYoLWwmx cnyx6. B kauectse kamep CT3 moryT
MCMONb30BaTbCA KaK cywecTByowmne Kamepsbl (TMBAL, MecTHOM agMUHUCTPAL MK, CUCTEMbI 6€30MaCHOCTY
W T.1.), TaK 1 CNeumnanbHO pa3melleHHble Ha OMOBIaJeHUAX 3aUHTEPECOBaHHbIX rpaXAaH. B aTux cnyyaax
[a)ke Npv NOJKMIOYEHNN YaCTHOIO AOMa K CTaLlMOHApHbIM TOUKaM JOCTYrMa B MHTEPHET TakXKe CHUMaeTca
npo6nema nepegaun MHGoOpPMaLUK MO CETAM MOOMIbHON CBA3N.

[laHHOe nccnefoBaHe HanpaB/ieHO Ha Co3fdaHKe NOACUCTEM TEXHMUECKOrO 3peHna N MHGopMU-
pOBaHVA NacCaXkMPOB. 3aUMCTBOBaTb FOTOBbIE PELLUEHNA CIOXKHO, TaK Kak B Hay4HbIX Ny6nunkauusax (Ha-
npumep, [5] 1 MHOXecTBe NOJO6HbIX) GOKYC BHUMAHNA COCPEAOTOUEH Ha NCMONIb30BaHUN BO3MOXKHOCTEN
CMCTEeMbI, @ He Ha pacrno3HaBaHWK. [laxe ecnuv aBTOPbl yNOMUHAKOT TEXHUYECKOe 3peHue [6], OHO NCnosb3y-
eTcA ANA KOHTPONA CUTYau MKy B CaNOHE, a He ANA YKa3aHHbIX Hamu 3agau. B csoto ouepenb kamepb! MO
npefHa3sHayeHbl Ana aeHTUGUKaL MM FOCHOMEPOB, @ HE HOMEPOB MapLIPYTOB. [o3ToMy 3agaum paboTbl —
0060CHOBAHHbI BbIGOP KOMMNOHEHTOB NPOrPaMMHOro obecneyeHus, Nx 4opaboTKa K HaCTPOIKa, OLEeHKa
LOCTUFHYTOrO pe3ynbTaTa, TO eCTb KayecTBa Pacno3HaBaHuA, NOTPeBHOCTY B pecypcax, NPUYMH ONGOK.
[eno B Tom, uto CT3 gomkHa obecneunBaTbh CTabUIbHOE 1 TOYHOE PACMo3HABaHMe TPAHCNOPTHbIX CPeACTB
He3aBMCMMO OT BPEMEHW CYTOK, MOrOAHbIX YCNOBUIA N HANNYMA NoMex (0CagKOB, TYMAaHHOCTI U COTHEYHbIX
6nvkoB). OTaenbHoW Npo6nemMoit ABAAETCA NOKann3aLmnsa HOMePOB MapLLPYTOB, Tak Kak B X obopmiieHnn
MOTYT UCMOJIb30BaTbCA Pa3/IMYHbIE LIBETOBbIE peLUeHNA, HECTaHAAPTHaA Tunorpadurka, KPoOMe TOro, OHU
MOTYT YaCTUYHO NepeKpbIBaTbLCA APYrUMU 06 beKTamMu.

2, Martepwmanbi u metogbl / Materials and methods
3apava onpeneneHus npoesaa aBTobyca onpefeneHHOro MapLLpyTa MUMO KaMepbl pacnagaeTca Ha:

. naeHTnouKaumo aTobyca B Kagpe;
. NoKannsayuio HoMepa MapLpyTa;
. pacrno3HaBaHWe HoMepa MapLupyTa.

B HacTosulee Bpema B 06NacTU KOMMbIOTEPHOIO 3PEHUA CYLLECTBYET MHOXECTBO CNOCO6OB AnA
NAeHTUPMKALUN TPAHCMOPTHBIX CpeacTB. Knaccnyeckre nopxonbl, 6asnpyrolmecs Ha pyyHoM onpeaene-
HVW NPU3HAKOB U UCMONb30BaHMMN TPAANLMOHHBIX aiTOPUTMOB KnaccMdrKaLmm, BCe Yalle 3aMeHsI0TCA
6onee pe3ynbTaTVBHLIMU METOANKAMU, K KOTOPbIM MOXKHO OTHECTH:

. aByxdasHble petekTopbl (Takme Kak R-CNN n Fast R-CNN): xapakTepu3yoTca BbICOKOW CTEMEHbIO
TOYHOCTM, OfHAKO TPEOYIOT 3HAUNTENIbHbIX BbIUMCAUTENBHbIX MOLWHOCTEN [7];

. opHodasHble feTekTopbl (Hanpumep, SSD n RetinaNet): no3BonAT JOCTUYL KOMNPOMUCCA MEXAY
ObICTPOAENCTBMEM U TOUHOCTbIO pacrno3HaBaHus [8];

. cemeinicteo YOLO: onTMMM3NPOBaHO ANA paboTbl B peXxnMe peanbHOro BpeMeHu 1 OTNIMYaeTca Bbl-

COKOWi CKOPOCTblo 06paboTkm [9].

Ins Hawen uenu BaxkHenwunm goctouHcTBoM YOLO siBnAeTcA ee CNOCOOHOCTb pe3ynbTaTBHO Tpe-
HMPOBATLCA Ha OrPaHNYEeHHOM Habope AaHHbIX, KOTOPbIA MOXHO pacWpPUTb ayrMeHTauueri [10], Kak onu-
caHo panee. 3TO JaeT BO3MOXHOCTb UCKYCCTBEHHO YBENMUYUTb MepBOHaYaNbHbIA AaTaceT NoCcpeacTBOM
Co3faHnA fO6ABOYHbIX BApMALNA KAPTUHOK, MOAENNPOBAHNA Pa3HbIX YCIOBUA GOTOCHEMKY, A TaKXKe Mo-
BblLLEHNA MHOroobpasua yrnos 063opa 1 pa3mMepoB 06bHEKTOB Ha M300parkeHMAX.

[nAa pacno3HaBaHWA TPAHCMOPTHbLIX CPeACTB Hamu Obina nprumMeHeHa mopenb YOLOv11s — Hau-
NyYLlas, C HalLEeW TOUYKM 3PeHUs, MO GaNaHCy TOYHOCTU 1 CKOPOCTU PaboTbl. OCHOBHbIM NPEVIMYLLECTBOM
YOLOv11s nepep 6onee nerkumm HaHosepcuamm (YOLOv11n, YOLOv10n) saBnAeTca BblCOKash TOYHOCTb
pacrno3HaBaHuA NpU COXPaHEHUN MPUEMIEMON Harpyskm Ha cuctemy. CorfacHoO NpoBefeHHbIM TecTaMm,
YOLOvV11s geMoHCTpupyeT 6onee KauecTBeHHbIe NokasaTteny mAP50-95 no cpaBHEHMIO C HAHOBEPCKEN
[11] npn cONOCTaBUMOI CKOPOCTN 06paboTKN KagpoB (prc. 1). DTO 0COGEHHO BaXkHO ANA HaLlel 3agaun,
rae KpUTMYHa TOYHOCTb AeTEKLUM MeSIKUX 06 beKTOB, TaKMX Kak MapLUpyTHble HoOMepa.
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: T O Ay — g i, 9 Ha pwuc. 1 BugHo, uto Bepcua 11s ot 11n
o 2 "'"0{,»1,?":/'9; o = OT/INYAETCA 3HAUMTESIbHBIM POCTOM MPOU3BOAM-
E: 4 //// o TENIbHOCTW MpPUY HEGONbLIOM YBENMYEHNN BPEMEHN
T froe /5 BbluncnieHni (latency). Mpwu nepexope Kk 6onee npo-
g: N3BOAUTENbHBIM BEPCUAM OTHOLUEHWe pocm npo-
R A U3800UMENLHOCMU — POCM MAWUHHO20 8peMeHU

% YMEHbLUAETCA, TO eCTb F1noTesa o TOM, YTO BEPCUN

’ ’ L;tencyf-ﬂens;m10'F°P16(m';img) " " " 11s [OCTaTOYHO, BbIFAANT MPaBAonogobHon 1 3a-
=3 YOLO11 YOLOV10 [ YOLOV9 CITy>KNBAET MPOBEPKMN.
Puc. 1. CpasHeHue nociedHux eepcuti YOLO [11] C TOUKN 3peHus BbluMCIUTENbHON Sdek-

Fig. 1. Comparison of the latest versions of YOLO [11] TmBHoCcTM YOLOV11s TpebyeT Bcero 3.85 I'b Bugeo-

namsTy Npu 06paboTke N300paXKEHWIN pa3peLLeHN-

em 512 X 512 nukcenen, 4to No3BOJSET Pa3BepPTbiBaTb MOAENb HAa OTHOCUTENIbHO HEAOPOTUX rpadUUeCcKnx
yckoputenax yposHa NVIDIA GTX 1660.

Hamwn paccmaTtpurBanach Tak»Ke BO3MOXXHOCTb NpUMeHeHWA AnA 3Ton noasagaym TensorFlow. Ho m3-
BECTHble MeTobl 0OHapyXeHUsa 06bekToB B TensorFlow (Takume Kak Faster R-CNN nnu SSD) HyxpatoTca B
ropasao 60MbLIMX BbIUMCNTENbHBIX MOLWHOCTAX Af1si AOCTUXKeHUs1 cornocTaBumoi ¢ YOLO ckopocTu, uto
[enaeT X UCNoJib30BaHMe HepeHTabenbHbIM MPY OrpaHNYeHHbIX pecypcax. Kpome Toro, ctpykTypa YOLO,
ocobeHHo B ee HOBOW peanu3auuu Yepes bubnmnoteky Ultralytics, npenoctasnset 6onee nerkuii B UCNonb-
30BaHWM U MOHATHBIN MHTepdeNC AnsA aganTaumm nNpeaBapuTesibHO 0OyUYeHHbIX MOAENEN K Pas3fiMuHbIM
3ajauyam obHapy»keHnA TPaHCNOPTHbIX cpeacTs. Moxoxunin npouecc B TensorFlow TpebyeTt HamHoro 6onb-
Wwero o6bema NpPorpaMMHOro Kofa 1 rnyboKoro noHMMaHuA NPUHLMNOB paboTbl mogenen [12].

Y1066l 00yuntb Mogenb YOLO, TpebyeTca npenBaputenbHan pasmMeTKa N306pakeHni, MOCKObKY
[aHHbIV feTeKTop 0O6bEeKTOB HyXJAaeTcA B crneunanbHO oTGopMaTMpoBaHHbIX AaHHbIX. HaHeceHne orpa-
HUYMBAOLLMX NPAMOYrONIbHUKOB BOKPYr aBTOOGYCOB 1 X HOMEPOB MO3BOAET MOLENM BblyUnTb, KaK TOU-
HO NAEHTUULIMPOBATb X MECTOMOJNIOXKEHUE 1 KaTeroputo. Eciv y HelpoceTn HeT pa3meyeHHOro Habopa
[aHHbIX, OHa HE CMOXET MPaBUIIbHO 0OHaPYKMBaTb HY»KHble MONb30BaTEN0 0ObEKTDI.

[na obyueHna 1 oueHKM Mogenu 6bln cobpaH faTtaceT, BKNovawmin potorpadum c MHTepHeT-pe-
cypca «ABTOOYCHbIN TpaHCMOPT»? U N306pakeHNA, MONyYEeHHbIE CAMOCTOATENBHO. YTOObI B OyayLlem He
NPOUCXOAMIIO0 NOXHbIX CpabaTbiBaHU 1 Mofesb He onpeaensana obLecTBeHHbIN TPaHCMNOPT TaMm, Fae ero
HeT, B JaTaceT Obln BKITIOYEHbI KaK Kagpbl C aBToGycamu, Tak 1 6e3 Hux.

O6bem pataceTa coctaBun 1 000 n306paxeHnin 1 6bin pasgeneH Ha obyyaloLLyto 1 TECTOBYIO Bbl-
60pkK. Kak npaBmno, nprMeHaioT npoueHTHoe cooTHoweHune 80/20 nnun 70/30. B gpaHHoM cnyyae 800 uso-
6paxeHnin (80 %) coctaBunm obyyatoLLyto BbI6opKy, a 200 (20 %) — TecToBYIO.

7O pasaeneHne Heobxoanmo, YToobI:

. 06yunTb MoAeNb Ha pa3HOObPa3HbIX NpuMepax (obyyatoLlas BbIOOpKa);
. 00DBbEKTUBHO OLEHUTb KauyecTBO paboTbl HAa HOBbIX, paHee He BCTPeYaBLINXCA N300parkeHnsx (Te-

CTOBas BbIOOPKa).

Takoe pa3sgeneHuve npepoTBpalyaeT nepeobyyeHrie 1 NO3BONAET MPOBEPUTb, HACKONBKO XOPOLLIO
Mofesnb 0606LaeT 3HaHuS.

[na pa3meTKkn pataceta ObIIM pacCMOTPEHbI Takne pelleHuns, Kak MakeSense, CVAT, Roboflow u
LabellMG, Ho Tpu nepBbIx BapraHTa UMeNn OrpaHNYEHNA NO KOIMUYECTBY pa3MeUeHHbIX N306paxKeHun B

2 ABTOGYCHbIV TpaHcnopT — basa AaHHbix / ®oToranepesn. URL: https://fotobus.msk.ru/ (gata obpatueHus: 07.04.2025).
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Puc. 2. AHHomauus uzobpaxeHuti c nomowwio LabellMG (pucyHok asmopos)
Fig. 2. Image annotation with LabellMG (author’s figure)

6ecnnaTHOM BepcuK, a Takxke TpeboBanmn NOCTOAHHOIO NOoAKYeHNA K MHTepHeTy [13]. B pesynbrate 6bin
Bbl6paH MHCTpyMeHT LabelIMG, KoTopbli npeacTaBnsaeT coboi ynobHoe 1 GyHKUMOHaNbHOE pelleHne ans
aHHoOTauuu nsobpaxeHun B ¢opmate, coemectmom ¢ YOLO. Kpome Toro, Kk npemmyiyectsam LabellMG
MOXHO OTHECTU VIHTYUTUBHO MOHATHbIN UHTEpdenc, oddnaH-gOCTYNHOCTb, KPOCCMIAaTGOPMEHHOCTb, a
TakXe rmbKoCTb HacTpoeK [14].

Ha puc. 2 npenctaeneH nHtepdeinc nporpammsol LabellMG Bo Bpems aHHOTaLMK n306paXkeHni (pas-
MeTKa 0003HaueHa 3e/1eHbIMY ToOUKamu).

B naHHOM cnyyae ans pa3meTku n306paxxeHnin Heo6XoaMMO co3aaTh AiBa Knacca:

. bus - ana BbigeneHns aBTobycos 1 Tponenbycos;
. route_number - anA BblgeneHnA MapLIPyTHbIX HOMEPOB, PACMONIOKEHHbIX NOJ CTEKNIOM TPaHCMOopTa.

Mpouecc pa3mMeTKn AaHHbIX MHTYUTUBHO MOHATEH, Ha KaXAOM 1306paxeHnn HeobxoaMmMo Bbige-
NNTb BCe aBTOBYChI, laxke Te, KOTOPble BUAHbI JINLLb YAaCTUYHO WM »Ke HaXoAATCA Ha 3aiHEM MaHe, a TakxKe
BblAENVTb BCe TabNNUKM C HOMepamm MapLIPYTOB BO BCEX MeCTaX, IAe OHM PacrosioXeHbl Ha TpaHcnopTe.

Ocob60oe BHUMaHWe yaeneHo TOYHOCTY onpefeneHna KOOPANHAT BOKPYr HOMEPOB MapLLpPYTOB, 3TO
Heo6XoAMMO, NOCKONbKY AaHHbIV acMeKT UrpaeT KIoYeBYyo POfb Ha 3Tane ONTUYeCKOro pacno3HaBaHusA
cumonoB (OCR). Bce HomepHble Tabnnykn BbIAeNAnMCb ¢ HebonbWwKM 3anacom, 4Tobbl B OyayLiem npu
pacno3HaBaHMK He NepeKpbiBaiacb YacTb HOMepa.

[na Kaxgoro pa3mMeyeHHOro n306paxxeHna aBToOMaTMYeCKn Co3haeTcA TeKCTOBbIA daln ¢ aHano-
rMYHbIM Ha3BaHveM (puc. 3). Dain CofepP>KUT CTPOKK, COCTOALLME N3 5 UNCNIOBbIX 3HaYeHuN: object-class —
uenoe 4ucno, npepcTaBrdAliee HoOMep Kracca
06beKTa, MHAEKC KNaccoB HaunHaetca ¢ 0 1 yeenu- 3 image_402.txt — baokHoT
ymBaeTcAa Ha 1 AnA KaXKAoro YHWKaNbHOro Kacca;
X-center n y-center — KoopAuHaTbl LEeHTpa Bblae-
NEeHHOro n3obpa)eHus, KoTopble HOPManNn3npPoBa-
Hbl MO WNPVIHE U BbICOTE COOTBETCTBEHHO; Width 1

®aiin lNpaeka ®opmar Bug Cnpaexa
0 0.504883 0.594727 0©.474609 0.427734

height - wrprHa 1 BbicoTa orpaHnumnBaloLLen pam- Puc. 3. CodepxaHue aHHomauyud (pucyHoK asmopos)
KV N306paxeHus. Fig. 3. Contents of annotations (author’s figure)
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Mo OKOHYaHMK pa3meTKn n3obpakeHnii 6bino BblgeneHo 2 006 06beKkToB, 13 HUX 990 aBTObYCOB
n 1 016 HomepoB MaplpyToB. [lanee ana 3aBeplieHNa pasmMeTKM HeoOXoAMMO onpeaenuTb CTpaTerno
ayrMeHTaLumn AaHHbIX — NCKYCCTBEHHOIO paclumpeHna obyyatoLeli BbIGOPKM 3a cUeT pasnyHbiX npeob-
[pa3oBaHnin UCXOAHbIX 306paxkeHui [10].

B pamkax gaHHOro nccnefoBaHuA NCNOb30Banacb KOMMAEKCHaA CTpaTerus Ana yBennyeHna oon-
eMa [aHHbIX, B pe3ysbTaTe yero copmmpoBanach cneayroLas cxema ayrMmeHTaLum:

. 3epKanbHOe OTpakeHue rno BepTuKasam 1 ropusoHTanm ¢ BepOoATHOCTbIO 50 %;
. CMeLlInBaHMe N3obparkeHnn ¢ KoapopuumeHtTom 20 %;
. CnyyanHoe CKpbIThe YacTel CHUMKOB C BepPOATHOCTbIO 50 %;
. MaclITabupoBaHMe 1306paxeHuni B npeaenax +50 %;
. c6opKa N306paKeHNI B MO3aLMKy, @ UMEHHO CIINSIHUE L0 YETbIPEX N300PaKEHNI B OJHO;
. HaCTPOWKa HacblWeHHOCTM LBeToB A0 +90 %;
. perynupoBKa ApKOCTY B fnanasoHe £50 %;
. M3MeHeHne OTTEHKOB B npegenax £10 %.
Kpome Toro, 6binn cdopmmpoBaHbl OCHOBHbIE MapamMeTpbl 06yueHus:
. pa3mep BXOAHbIX N306paxeHuin — 512 X 512 Touek;
. KOJINYECTBO CHUMKOB L1 OfHOBPEMEHHOWN 06paboTku — 32;
. YNCNO MOJTHbIX MPOXOAO0B MO AaHHbIM — 250;
. HayanbHaa CKOPOCTb 06yueHns — 0.001;
. KOHeUHasi CKopocTb 00yueHus — 0.01;
. napametp nHepumun — 0.937;
. Ko3dPuLmeHT perynapusanumm — 0.001.

B npouecce TpeHMpPoOBKM MoAenn LieHTpasbHbIA npoueccop ncnosnb3osanca Ha 30 % MoLHOCTU.
Kpome Toro, akTnBHO npumMeHsanacb Bugeokapta NVIDIA RTX 4060, npu 3Tom 6bl10 3a4eCTBOBAHO Npu-
6nu3utenbHo 6 6 BrgeonamATX. 3TO NO3BONWNO
CYLIeCTBEHHO COKpaTUTb Bpemsi obyueHua Gnaro-
JapA  NPUYMEHEHMI0  BbICOKOMPOU3BOANUTENbHbIX
CUDA-agep.

B pesynbrate obyuyeHua mogenb mnokasasna
OT/IMYHbIE pe3ynbTaTbl B PacnO3HaBaHWN KNIOYEBbIX
06BbEKTOB cUCTEMDI (pUc. 4).

Ha rpaduke BugHO, 4yTO Mogenb JocTurna
TOYHOCTU 96 % Npu AeTeKUMY aBTOOYCOB: NpaBuIib-
HO onpefeneHo WX Hanuuve U MeCTOMONOXKeHue
Ha 1306pakeHnI. ITO CBA3AHO C YETKMMU BU3Yallb-
HbIMM MpU3HaKamy aBTOOYCOB, KOTOpble MogZeslb

1.0

L

0.8 1

0.6 4

Precision

0.2 1 yCrewHo Hayumunacb BblgenATb. TOYHOCTb pacnos-
HaBaHWA MapLUPYTHbIX HOMePOB cocTaBuna 82 %.
[lnA Takon — 6onee CNOXKHOM — 3afaun 3TO XOPOLUNIA
0.0 ’ . . . e3yfbTaT: U3-3a Heb6OoNbLIOro pa3mepa, pa3Hoobpa-
0.0 0.2 0.4 0.6 0.8 1o PEY P pa, p pv
Recall 3us WpPrUTOB U LBETOBbIX CXEM, a TaKXe BO3Aen-

—— bus 0.962

CTBMA NOrogHbIX yCﬂOBI/IVI HOMEpPa XyXe YATAOTCA.
B xope OGy‘-IEHI/IFI Mofaesib AEMOHCTpUpOBana

route_number 0.822
w3l classes 0.892 MAP@0.5

Puc. 4. lNokazamenu moyHocmu Mmooesu
(pucyHok asmopos)
Fig. 4. Model accuracy indicators (author’s figure)

CTabUIbHbBIN POCT TOYHOCTU MO BCEM KITHOYEBbIM Me-
Tpukam 6e3 gesmnaumin. C Kaxkaow 3noxoin obyuyeHns
NOCTEMNEeHHO COKPaLlafiocb KOIMUYECTBO OLIMOOK B
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npeackasaHum NIOTHOCTY NpUieraHna OorpaHnyn- 3.5 4 e
BAOLLMX PAMOK OOBEKTOB U UAEHTUOUKALMN CAMUX - 3.0 4 inan: BT
KNaccoB, UTO AeMOHCTPUPYIOT NpefCcTaBeHHble Ha -
puc. 5 aBTomaTnyeckn chopmMmnpoBaHHbIe rpadpuKm
box_loss u cls_loss cooTBeTCTBEHHO. o 2.0

Kak MOXHO 3aMeTuTb, Ha HauyasbHOW CTagaun 151
rpaduka cls_loss npounsoLien cunbHbIA ckavok, Ta- 007 1.0
Kaa cuTyaumsa o0ycC/IOBNEHA TEM, YTO B Havase oby- 0.5 -
YyeHUsa Mofesnb VHULMANU3NPyeTca Cco CayYyamHbiMy 0.4 4, r ' , ' .
3HaUYeHMAMU BECOB, 3TO NMPMBENO K BbICOKMM MOKa- ¢ 1D = 0 g L
3aTenAM noTepb, HO fJanee cUTyauusa CTabunmnsnpo- Puc. 5. [pagpuku box_loss (cnesa) u cls_loss (cnpasa)
BaNach. (pucyHok aemopos)

Ha rpaduike metrics/mAP50 (mean Average Fig. 5. Box_loss (left) anfj cls_loss (right) graphs
Precision at loU = 0.5), npeactaBneHHOM Ha puc. 6, (author's figure)
BVMAHO, KaK M3MeHAnacb TOUYHOCTb OOHapy»KeHus
06beKTOoB. 0.8

[laHHaA MeTpuKa OLEHKM TOYHOCTV MOKa-
3blBA€T, HACKONIbKO XOPOLWO MoAesb WaeHTUdU- 0.6 1
umpyeT 06bekTbl Npy nopore loU = 0.5 (50 %). loU 55
(Intersection over Union) ABnaeTca Mepoli nepeceve- '
HMA MeXIy npeackasaHHo 06nacTbio OT camol Mo- 0.2
AN Y UCTUHHOW, B3ATON C Pa3MeTKn N300pakeHus.
MprieMnemMbIM 3HaYEHVEM MO BEPTUKANBHOW OCY CYK- 0.01] : :
TaeTcA TOYHOCTb 06HapyxeHua 0.5 1 Bbile, B JaHHOM 9 A -
cnyvyae mopenb NPoAeMOHCTPMpOBana CpeaHIo Puc. 6. [pagpuk metrics/mAP50 (pucyHok asmopos)
TOYHOCTb Ha ypoBHe 0.85, uTo paBHsaeTcA 85 %. Fig. 6. Metrics/mAP50 chart (author’s figure)

3. Pesynbratbl 1 06¢cyxaeHune / Results and discussion

O6yyeHHas mogenb YOLO Obina ycnewHo HTErpYpoBaHa B MPUIIOXKEHKE C CMOJIb30BAHMEM MHOTO-
CJIOIHOM apXuUTeKTypbl 06paboTKy AaHHbIX. JloKann3oBaHHble HOMepa MapLUPYTOB NepedaBanncb B ONTU-
yecknin pacrno3Hasatenb PaddleOCR, nokasbiBatoLwWuin BbICOKYH SGPeKTUBHOCTb pacrno3HaBaHus [15, 16].

NHnumanvsaumsa mogenv npoucxoguT npuv 3amnycke Nporpammbl MyTeM 3arpy3Ku npeaBapuTesibHO
06yyeHHbIX BecoB 13 darina best.pt. [1na obecneyeHna ctabunbHom paboTbl ccTeMbI 6bIIO peann3oBaHoO
nofasfieHne N36bITOYHOrO NOrMPOBAHNA, YTO MO3BONNIO CHU3UTL HArpy3Ky Ha BblUMCIIUTESIbHbIE pecyp-
cbl. OCHOBHOW pabounii NPoLLecC OpraHN30BaH BOKPYT OAHOWN GYHKLUN, KOTOPAs B LUKINYECKOM PeXMME
OCYLLeCTB/IAET 3aXBaT KaApPOB C 3KpaHa, nx 06paboTKy 1 B1U3yanm3aLmnio pesynbTaTos.

Tak Kak fOCTYN K FOPOACKMM Kamepam BUAEOHAOMOAeHMA OTCYTCTBYeET, TeCTUPOBaHME CUCTEMDI
NPOBOAMUIOCH MOCPEACTBOM 3arpy3Ku 1 NOC/ieayoLlero pa3dreHnsa Ha Kagpbl NATA Pa3fiMyHbIX Bugeodan-
nos, ABa dpalina B3ATbl C UHTEPHET-PECYPCOB, eLle TPU OTCHATbI Ha OCTAHOBOYHbIX MYHKTAaX CaMOCTOATESTb-
HO, AJINTENIbHOCTb Kaxaoro daina He 6onee cemy MUHYT.

Cnctema o6pabaTbiBaeT BUAEOMOTOK CO CKOPOCTbIo 25-30 KafpoB B CEKYHAY, MPU STOM OTOUpasn 1
CUMTbIBAA HOMEP MapLUpyTa C KaXAoro NAToro kagpa. 70 peann3oBaHo C LEeNblo YMEHbLUIEHNA Harpy3ku
Ha pecypcbl CMCTeMbI NPV O[HOBPEMEHHOW PaboTe HeCKONbKUX Kamep. YTo6bl n36exaTb NOXKHbIX JaHHbIX
O TPaHCMopTe, KaXAblii aBTOOYC pacno3HaeTca poBHO 10 pas, a B 6a3y AaHHbIX 3aHOCUTCS Hanbosiee YacTo
BCTpeyvalowminca pesynbrat. lNepBoHavyanbHoe obHapyeHue obecneunsaetca anroputmom YOLO, KoTo-
pbii cCHauyana ngeHtTuouunpyeT aBTobyc, a 3aTem onpeaenseT 30Hy C HOMepom MapLupyTa. [ocne Bbige-
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) 2 {3'81 Num: 36

Puc. 7. [pumep pabomei cucmemel pacno3HasaHus obuecmaeHHo020 mpaHcnopma
C NpuMeHeHUeM Memo008 MAWUHHO20 0by4YeHus (PUCYHOK agmopos)
Fig. 7. An example of a public transport recognition system using machine learning methods (author’s figure)

NneHHan 0651acTb HaMpPaBAAETCA B MOAYJIb ONTUYECKOTO pacrno3HaBaHus cumonoB PaddleOCR, koTopbiii, B
CBOIO oYepefb, paclrdpoBbIBAET 1 COXPAHAET Pacno3HaHHbI HOMepP MapLpyTa.

BakHbIM JOCTOMHCTBOM NMpefsiaraemoro pelleHns ABAAETCA YCTONUYMBOCTb K Pa3fINYHbIM YCJIOBUAM
CHEMKU — CMCTEMA COXPAHSET PAaBOTOCNOCOOHOCTb NMPY TUMNYHbBIX J1 TOPOACKOW MHPACTPYKTYpPbI MO-
Mexax.

B TecTnpoBaHun 6binn 1CNonb30BaHbl Buaeodaisbl 13 bepesHnkos, ApxaHrenbcka u Mepmu. Pe-
3ynbTaTbl MOKa3aan BbICOKYIO TOYHOCTb Pacno3HaBaHMA, HECMOTPA Ha To, uTo obyyalowasa BbibopKa Ans
mMogzenu cobmpanach TofibKo B ropoge bepesHukn.

Mpumep paboTbl cMCTEMBI NPeACTaBNeH Ha puc. 7.

Y1066l foBECTU MHPOPMALMIO O GAKTMUYECKOM ABVMEHUMN TPAHCMOPTA A0 3aMHTEPECOBAHHbBIX JNL,
6b1n paspaboTaH Tenerpam-60T, NOCpeaCTBOM KOTOPOro MOXHO Tak»ke BuaeTb nHGopmaumio o pacnuca-
HUWN ABMXEHNA aBTOOYCOB (NOKa NepeHOCMMOM M3 CTOPOHHUX UCTOYHUKOB BPYYHYto). Co3gaHme Takoro
pelweHuna Ha Python aBnAeTcA OCTaTOYHO NPOCTON 3aayen U BbIXOAUT 3a PaMKM 3aAayY, CBA3aHHbIX C 06-
paboTkoi n3obpaxkeHuii. OTMETMM TOMbKO, YTO ANA pacyeTa BpemMeHu NpubbiTna aBTobyca, pakTnyeckn
npocfieloBaBLIEro OfHY OCTAHOBKY, B 6a3y AaHHbIX 60Ta NPULLIOCh BHECTU BCIO CETb OCTAHOBOK ropoa
bepesHunKku.

4. 3aknioueHue / Conclusions

B npouecce npoBeageHHOro nccnegoBaHma 66111 BbIOpaHbl U HACTPOEHDI (06yUYeHbI) NPOrpaMMHble
CpepfcTBa, CO34aHO MHTerpupylollee nx nporpammHoe obecneueHve. B xoge wcnbitaHuii fobasneHo 5
nonb3oBatenen cncrtemol, 39 mapwpyTos, 344 octaHoBKY, 117 992 3anncn o pacctoaHuax, 1 395 ceasen
MeXay oCcTaHOBKaMn 1 Mapupytamu, 190 afeMeHTOB pacnucaHus.

Ncnonb3osaHve mogeny YOLOv11s no3Bonnno 4ocTMyb TOYHOCTM AeTeKLr aBTO6YyCOB Ha ypoBHE
96 %, uTo 0becneyrBaeT HaAeXXHOE pPacno3HaBaHNe OOBEKTOB JaXKe B C/IOXKHbIX YCIIOBUAX FOPOACKON cpe-
abl. NpumeHeHre PaddleOCR B coueTaHnn ¢ YOLO obecneunno TOYHOCTb pacno3HaBaHVA HOMEPOB MapLu-
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PYTOB Ha YpoBHe 82 %, uTo ABNAETCA OTAMUYHbIM MOKa3aTenem s NoAo6HbIX 3agay. 3arpyska npoweccopa
Intel Core i5 npu 3Tom He npeBbiwana 10 %, To eCTb BO3MOXHOCTb /151 MAaCLUTabNPOBaHNA UMEeTCS.

Pa3paboTaHHas cucTema npefcTaBiseT cobon coBpemeHHoe 1 3GPeKTMBHOE peLleHne Anst KOH-
TpONA ABWXEHUS TOPOACKOro TPaHCNOPTa, CMOCO6HOE MOBLICUTL KaueCTBO 0OCYKMBAHMSA MAaCcCaXXMpoB
N yNy4ylnTb paboTy ropOACKON TPAHCMOPTHOW ceTu. Pe3ynbTaTbl paboTbl MOATBEPXKAAOT BO3MOXKHOCTb
NPAKTNYECKOro NCNONb30BaHUA CUCTEMDI.

"l Bknap aBTOpOB. 3aTOHCKUIA A. B.: nocTaHOBKa 3afjauy, HayYHOe PyKOBOACTBO, AOPabOTKa 1 KOPPEKTNPOB-
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BnuaHue HageXHoCTH aBTOMOGUNEI HA popMupoBaHMe
noTpe6HOCTU B 3aNacHbIX YacTAX Ha npumepe
asTomo6unen KAMA3-54901
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TioMeHCKUN nHAYCTPUanbHbIN yHUBEPCUTET
TiomeHb, yn. Bonogapckoro, 38, 625000, Poccuiickas Oepepauma
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|"> AHHoTauusa. Pacxofbl Ha NprobpeTeHMe U XpaHeHUe 3anacHbIX YacTell COCTaBMAAIT MPAKTUYECKN TPeTb B
CTPYKType 3KCryaTaLMOHHbIX 3aTpaT aBTOMOOWIbLHOIO TPaHCMNOoPTa, MO3TOMY yrpaBfieHVe 3anacamu ABnA-
€TCA BaXXHOW COCTaBNALLEN JeATeNbHOCTM NPeanpUATUSA, a UCCIef0BaHUA, HarnpaBneHHble Ha pa3paboTky
6onee TOUHbIX METOAMK NPOrHO3MPOBaHKA NOTPEOHOCTM B 3aMacHbIX YacTAX, NPeACTaBAAT NPaKTUYEeCKU
MHTepec. B HacToAWwem uccnegoBaHny npepnaraeTca NPon3BOAUTb NNaHMPOBaHKE 3amnaca 3amnacHbIX YacTen
NCxXoaA 13 UX HagexKHoCTu. [laHHbIM NOAXOA OCHOBAH Ha AeneHnm 3anacHbIX YacTern Ha rpynnbl Ha OCHOBaHMM
NMOTOKa OTKa30B 1 fanbHellem onpefeneHnn KoNmMyecTBEHHOM 1 HOMEHKIATYPHOW NOTPeOHOCTY YKe BHYTPU
rpynnbl. iccnepgosaHve npoBoaunock Ha npumepe asTomobunein KAMA3-54901. B coOOTBETCTBUM C KOHCTPYK-
Luen aBTOMOOUA BCe 3anacHble YacTy Obin pasgeneHbl Ha 8 rpynn. Ha ocHoBe CTaTUCTMYECKMX AaHHbIX 6binn
YCTaHOBJIEHbI MPYMMbl 3aMacHbIX YacTel C HU3KOWN HaleXKHOCTbIo (3neKTpoobopynoBaHMe, TOPMO3Han CUCTe-
Ma), COOTBETCTBEHHO, KOIMYECTBEHHOE Bblpa)keHM e 3anacoB B JaHHbIX rpynnax 6ygeTt cambiv 6onblumnm. Mpu-
MeHeHVe AaHHOro NoaxoAa NO3BOIUT ONTUMMU3MPOBATb 3aMachl 3aMacHbIX YacTelr Ha CKnage npeanpuaTtua.

KnioueBble cnoBa: aBTOMOOMIIbHbIE 3anacHble YacTy, HageXHOCTb aBTOMOGOUNA, yanoBuA sKCnyaTayun, HO-
MeHKaTypa 3anacHbIX yacTen, I'IOTpe6HOCTI/I B 3aMacCHbIX YacTAX

Ona yutnposaHusa: VwukuH t0. [I. BinaHre HageXXHOCTU aBTOMO6UNel Ha popmMrpoBaHre NoTpebHOCTH B
3anacHbIX YacTax Ha npumepe asTomobunein KAMA3-54901. Apxumekmypa, cmpoumesibcmao, mpaHcnopm.
2025;5(3):94-102. https://doi.org/10.31660/2782-232X-2025-3-94-102 EDN: EDFKYF

Vehicle reliability impact on the formation of the need
for spare parts using the example of KAMAZ-54901

Yuri D. Ishkin &<
Industrial University of Tyumen
Tyumen, 38 Volodarskogo St., 625000, Russian Federation

0 yrtmn@outlook.com

"l} Abstract. The cost associated with the procurement and storage of spare parts accounts for almost a third of the
overall structure of automotive transport operating expenses. Consequently, inventory management is a crucial
aspect of enterprise operations, and research focused on developing more accurate methods for predicting the

need for spare parts is of practical interest. This study proposes planning spare parts inventory based on their
reliability. The essence of this approach is dividing spare parts into groups according to their failure rate and
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further determining the quantitative and nomenclature needs within these group. The study was conducted
using KAMAZ-54901 vebhicles. In accordance with the vehicle’s design, spare parts were divided into 8 groups.
Statistical data revealed groups of spare parts with low reliability (electrical equipment, braking system).
Therefore, these groups will necessitate the largest stock volumes. This approach enables the optimization of
spare parts stock at the enterprise's warehouse.

Keywords: vehicle spare parts, vehicle reliability, operating conditions, nomenclature of spare parts, the need
for spare parts
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1. BBegeHue / Introduction

BarkHOI YacTbio 3aTpaT 3KCMIyaTaLMOHHbIX MPeanpUATAA ABNAIOTCA PacXofbl Ha 3amnachl 3anacHbIX
yacten (34) aBToMmo6UNEN. KOHTPOsIb 1 ONTUMMU3ALMA STUX 3aTPaT NOBbILWLAT 3$GHEKTUBHOCTL PAbOTHI U
NMOMOTaIT CHM3UTb 00LWMe N3gepKKn npeanpuAtuA. MnaHnpoBaHme 3anacos 34 valle BCEro NPOUCXoanT
nytem GopmMupoBaHnA BGrofKeTa: onpeaenseTcs CymMMa, BblaeniseMan Ha 3amnacbl B MiaHWpyemblin rog. B
CBOIO ovepenb nepeveHb 34 onpeaensaeTca Ha OCHOBE CTAaTUCTUKKM PacXoAoB 3a MpoLusible nepuoabl, HO
CTaTUCTVKa OAHOrO NPeAnpPUATAA He MOXET ObiTb MONIHOCTBIO NPUMEHVMA ANA APYTUX, TaK Kak Ha HOMEH-
Knatypy 34 BAnseT MHOXeCTBO HaKTOPOB.

Bonpochbl ynpaBneHusa 3anacamu 34 aBTomoOuen nsyyancb MHOrMMU NCCIeA0BATENAMN B YacCTy
aHanM3a MaTepuanbHO-TEXHNYECKOro obecrneyeHmna NPon3BOACTBEHHO-X03ANCTBEHHOWM AeATENIbHOCTN aB-
TOTPaHCMOPTHOMO NPeanpPUATUA 1 Pa3paboTKn METOANKN HOPMUPOBaHUA MaTepUuasnbHbIX PECYPCOB, a Tak-
e obecrnieyeHna 34 aBTomobunel B npouecce pemoHTa [1-3]. B faHHbIX paboTax HaAeKHOCTb 1 YCIIOBUA
3KCNNyaTauum He BbIZENANNCH Kak 3HaurMble GaKTopbl.

Tem He MeHee ycnoBMA dKCyaTaunn yumTbiBaTb HEOOXOAMMO, TaK KaK OT HUX 3aBUCUT U3HOC Ae-
Tanen n paboTocnocobHOCTb BCErO aBTOMOOWUAA. Tl fopory, KNMmaTuyeckue ycsIoBUs, YacTOTY U VHTEH-
CMBHOCTb 3KCMNyaTaumn, PeXNMbl ABMMKEHUA MOXKHO OTHECTM K YCNOBUAM SKCMyaTaumm. Yem oHu sKCTpe-
MasibHee, Tem 0oJblie N3HOC AeTanei 1, Kak clieacTBue, Bbille NoTpebHocTb B 34.

HageXHocTb aBTOMOOUNA onpeaenseTcsa No napaMmetTpam 6€30TKa3HOCTM 1 JONTOBEYHOCTU, KOTO-
pble 3aBUCAT OT CPOKOB 3KCMyaTaumy 6e3 0TKa30oB M CYMTAIOTCA MO YacToTe OTKA30B 3a onpefeneHHbIN
nepuos, a TakXke Mo TakuUM MoKasaTtesnaMm, Kak PeMOHTONMPUIOAHOCTb 1 CMOCOOHOCTb COXPAHATL CBOW MO-
TpebuTenbckne CBONCTBA. HageXHOCTb aHaNM3NPyeTCA Ha OCHOBE AaHHbIX O TEXHMYECKOM COCTOAHUM,
onblTe 3KCMyaTaLmm U CTaTUCTMKE OTKa30B U PeMOHTOB aBToMoOMNA.

CywwecTByeT MeTOAMKA OonpefesieHns onTManbHOro oovema 34 no otaesibHbIM y3/1amM aBToMobu-
nen, Heobxoaumoro ansi obecneyeHusa 6ecnepeboliHoOl PaboTbl aBTOTPAHCMOPTHLIX NpPeanpPuATUiA. JTa
MEeTOJMKa yYMTbIBAET HaAeXHOCTb aBTOMOOUIIEN, UTo No3BonsAeT 6osee TOUHO NPOrHO3UPOBaTh NOTpPed-
HOCTb B 34, CHMXaA U3NMLLHKeE 3anacbl U CBA3aHHbIE C HUMW 3aTpaTbl [4—6]. PaccmaTprBaemMble MaTemaTuye-
CKMe MOJeNN YUNTbIBAKT BEPOATHOCTb OTKA30B, BO3PACT 1 YCJI0BMA SKCMTyaTaLMm TPAHCMOPTHbIX CPeACcTB
1 MO3BOMAIT ONTUMU3NPOBATb 3aMachl C yYeTOM M3HOCA U HaJeXHOCTN aBTOMObUe, YTo crnocobeTeyeT
MOBbILLEHNIO 3PEKTUBHOCTY IOTUCTUKIM NOCTABOK 34 1 CHMXEHMIO 3aTpaT Ha 06CnyKrBaHWe aBTonapka
[4]. Pa3BuTUE METOLOB MMaHUPOBaHMA 34 C yUeTOM HaEXKHOCTU U TEXHUYECKOTO COCTOAHUA OTAENbHbIX
y3/710B aBTOMOOMNA Npegnaraetca B [5, 6]. [peanoxxeHHble Mogen NO3BONAT NMOBbICUTb TOYHOCTb MPO-
THO3UPOBaHMWA NOTPEOHOCTU U CHU3UTb N3AEPXKKM MO OTAENbHbIM AeTansiM aBTomobuna [4].

[nAa onpefneneHna HoMeHKNaTypbl 34 3HaUeHNEe NMeET TaKXKe HaJeXXHOCTb arperaTos, Y3/10B U Kax-
[0Vl e AUNHMLbI HOMEHKIATYPbl 3aMacHbIX YacTen B TOM uucne [7].
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HomeHknatypa 34, Heob6xoammbix oa noafep»kaHua paboTocnocobHocTn aBTomobunen, dopmu-
pyeTca No BMAaM TEXHUYECKMX BO3AeNCTBUA. Ha npeanpuaTiax aBTOMOOMIbHOIO TPAHCMNOPTA EXKEroAHO
pa3pabaTbiBaloT NporpaMmmy NPoBeAeHNA TEXHNYECKNX 06CYKMBaHMI aBTOMOOUIE, COrnacHO KOTopou
YeTKO onpenenaAlT KOMMYECTBO 1 HOMEHKaTypy notpebnaemblix 34 B 3aBUCMMOCTU OT CTPYKTYpbl NOA-
BVIXKHOTO COCTaBa W NpegnosiaraeMbix NepeBo30oK (Mpoberos, o6bema NeEPEBO3UMOro rpy3a, NaccaKmpo-
NOTOKOB U T. N.).

[ns nopaepaHna paboTocnoco6HOro COCTOAHUA NOABUMXHOIO COCTaBa TPAHCMOPTHOMO Npeanpu-
ATUA NNaHMpYyeTca 3anac 34 Ha NpoBefeHMe TEKYLLETrO 1 KanuTasibHOro peMOHTOB. [porHo3npoBaHue pac-
X0[a 3anacHbIX YacTeln Ana JaHHOW rpynnbl 3anacoB CBA3aHHO ¢ 6onee rny6okmMm nsydyeHriem GpakTopos,
BAnAOWMNX Ha dopmupoBaHue notpebHocTy B 34. Kak paccmaTpurBanoch paHee [8], cywectByeT MHOXe-
CTBO MOAXOAOB AJ1s onpeaeneHus notpebHocTy B 34, HO BCe OHY B MOJIHOW MEPE HE YUMTbIBAIOT C/yYall-
HOCTb BO3HWKHOBEHMA JaHHOW NOTPe6bHOCTL.

ABTopbl [8-10] paccmaTpuBaloT BOMPOCHI MOBbILEHNA TOYHOCTU onpeaesnieHnsa noTpedbHocTn B 34
LA aBTOTPAHCMNOpPTa B yC/I0BUAX HedTerazoBon otpacnu. Npegnaraotca MeToAbl yueTa yCI0BUIA SKCMNITya-
Tauum, N3HOCa 1 HafleXKHOCTU TEXHUKW, YTo cnocobcTByeT 6onee 060CHOBaHHOMY MIAaHNPOBAHMIO 3aKYMNOK
34 1 CHUXKEHWIO M3NNLIHKX 3anacoB. B pabote [9] paccmaTpurBaloTca BONPOCh aBTOMATU3aLMy U UCMONb-
30BaHMA CTAaTUCTUYECKUX MOZESIEN AJIA NPOrHO3MPOBaHUs MOTPEOHOCTH.

YueHble [JoHeUKoro HauMOHaNbHOIO TEXHNYECKOro yHuBepcuTeTa [11] onTumm3npyoT npoueccsl
3aKa3a 34 Ha aBTOTPaAHCNOPTHbIX NPEANPUATUAX 1 PAaCCMaTPUBAIOT METOAbI onpefeneHnsa onTUManbHbIX
00BbEMOB 3aKa3a, CHUKEHNA M3OEPXKEK, CBA3AHHBIX C XPAHEHMEM U 3aKyMKaMiy, @ TakKe aBTOMaTh3aLmio
npoLeccoB nx NnaHupoBaHua. ABTopbl [12, 13] paccmaTpurBaloT NpYMeHeHe COBPEMEHHbIX METOAO0B Ma-
TeMaTUYeCKoro MOAENMpPOBaHNA M aBTOMATU3UPOBaHHbIX CUCTEM yrnpaBfieHua 3anacamu. iccnegoBaHue
aKTyaNbHO AS1A NpeanpuaTvi ¢ 60NbLUMM NMAPKOM TEXHVKNU, CTPEMALLUXCA NOBbICUTb 3GHEKTMBHOCTD J10-
FMCTUKM Y CHU3UTb ONepaLiOHHbIE N3[EPXKKN.

WNccneposaHue [14] nocsALeHo pa3paboTke LeneBo GyHKLUKU, KOTOpas CIY»KUT OCHOBOW AfA on-
TUMM3ALMY NPOLIECCOB CHabXeHMs 34 B ycnoBmAx HedpTerazoBom NPOMbILLIIEHHOCTU. ABTOPbI paccmaTpu-
BalT 0COOEHHOCTU CNOXKHbIX TPAHCMOPTHBIX CUCTEM, NOAYEPKMBaAA HeOOXOANMOCTb yyeTa cToumocTm 34,
3aTpaT Ha XpaHeHMe 1 PUCKOB NpocToeB. OnpefeneHo, YTo MaTeMaTMyeckoe MofeNnMpoBaHme No3sonaeT
BbISIBUTb ONTMMaJIbHbIE NAapaMeTPbl yNpaB/ieHMA 3anacamm U MUHUMU3NPYET COBOKYMHbIE U3LEPKKM.

Bce uccnepoBaHmsa cocpejoToUeHbl Ha BONpocax onTuMum3auum ynpasneHmsa 34 c yuetom cneundu-
K1 oTpacnn — HedpTerasoBom 1 TPAHCMOPTHOW. B HMX noavepKmBaeTcss HEOOXOANMOCTb TOUHOIO MPOrHO-
3UPOBAHMA MOTPEOHOCTU, YUeTa YCIIOBUI IKCIyaTaUnMn U HAQEXHOCT TEXHUKU, @ TaKKe NMPUMEHEHNA
MaTemMaTMyeCcKuX 1 aBTOMaTU3MPOBaHHbIX METOLOB ANA CHUMEHWA 3aTpaT 1 NoBbiweHnsA 3bdeKTMBHOCTH
NOTUCTUKN. DTW UCCSIefoBaHUA AOMNONHAT ApYr Apyra, GopMrpya KOMMANEKCHbIV NOAXOA K YNpPaBieHmo
3amnacamu B YCJIOBUSAX BbICOKOW CNTOKHOCTM U OTBETCTBEHHOCTW, OfHAKO OHU B 60JbLLIEN Mepe pacKpbiBaloT
TeopeTNYeCKNIN acneKT NNaHMpPOBaHKWA, He 3aTparnBas HOMeHKNaTypHbIe FPynMbl 3aMacHbIX YacTeln.

B npoBefeHHbIX paHee UccnefoBaHUAX OblfIO YCTaHOBNEHO, YTO Ha 3aTpaTbl Mo obecrneyeHuto 3a-
nacamu 34 BnmAeT HageXHOCTb aBToMoOuNA [15, 16], COOTBETCTBEHHO, HAAEXHOCTb ABMIAETCA 3HAUYMMbIM
nokasatenem pacxoga 34 asTomob6uns.

Mo MHeHMIo aBTOPOB [17], ONTMMM3aLUUI0 CUCTEMBI MIAHUPOBaHMA 3anacos 34 Heobxoanmo ocy-
LEeCTBNATb HAa OCHOBE CUCTEMHOIO U KOMMJIEKCHOTO NMOAXOAO0B, BKJIUAOLWMX UCMOSIb30BaHNE COBPEMEH-
HbIX METOL0B MaTeMaTMyYecKoro mogenuposaHus [18], aBTomatusaumm n MHPOPMaLMOHHBIX TEXHONOTUIA
[19] pna onpepdeneHns oNTUMasbHbIX YPOBHel 3anacos. [porHo3uposaHue cnpoca Ha 34 Heobxoanmo
OCYLLECTB/SATb HA OCHOBE UHPOPMALNN O HAAEXKHOCTY PAaCCMATPUBAEMOrO napka aBToMobunen n ycno-
BUI 3KcnnyaTaumn. PazpaboTka 1 NpUMeHeHVe NHTerpupOBaHHbIX CUCTEM YNpaBieHUA 3anacamm No3Bo-
NINT MOBBLICUTb TOYHOCTb MPOrHO3UPOBAHUA, HAAEKHOCTb TEXHUYECKOTO OOCNYXMBAHUA U CHU3UT PUCK
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aeduumta 34 [20]. 310 NOBLICUT 3PPEKTUBHOCTb PAOOTbI ABTOTPAHCMOPTHLIX NPEANPUATUIA, CHU3UT IKC-
nnyaTaLnoHHbIe 3aTpaTbl M, COOTBETCTBEHHO, MOAHUMET YPOBEHb TPAHCMOPTHOrO 0O6CYKMBaHWA.

YcTaHOBNEHWe pacnpefeneHns OTKa3oB Y3/10B W arperaToB ABAAETCA BaXKHbIM GakTOpOM AnA aHa-
NN3a HaZEeXHOCTV aBTOMOOMNEN 1 NAaHMPOBaHMA 3anacoB 34 1 NO3BONAET onpeaennTb, Kakue y3Jbl 1
arperartbl Yalle BCero otkasblBatoT. [lonyyeHHble JaHHble B NOCNeAyoLWEeM NCNONb3YTCA Ana pa3paboTku
cTpaTernv ynpasfieHna 3anacamm oTaenbHbIX rpynn 34 1 noBbIWEHNA TOYHOCTM NPOrHo3upoBaHusa. Cu-
CTeMa NPOrHO3MPOBAHMA Ha OCHOBE HAEXKHOCTV aBTOMOOWMIIEe NO3BOANT ONTUMM3MPOBATb 3anachl 1 U3-
6exxaTb NprobpeTeHna HeBocTpeboBaHHbIX 34. Tako noaxoa cnocobcTByeT 6onee TOUHOMY YNPaBNEHMIO
3aMacaMm 1 CHXKEHWIO n3geprkeK. Takum o6pa3om, Lenblo nccnefoBaHma ABNANOCL UCCNeoBaHMe BI-
AHWA HageXHocTn aBTomobunenn KAMA3 Ha ¢opmupoBaHue notpedbHocTn B 34. [laHHble nccneaoBaHUs
ABNATCA HOBbIMU, TaK KaK 3a nocnefHue Tpu roga 6bina nsameHeHa nonutrka 3asoda KAMA3, kotopas
MOBNMAMA Ha KOHCTPYKLMIO aBTOMOOMNA, B YaCTHOCTY, NPeAnpuATAE Hayano CoTpyaHNYaTb C HOBbIMU 3a-
BOJAMU-M3rOTOBUTENAMM Y3/10B 1 arperaToB. K nprmepy, paHee TOPMO3HasA CUCTEMa M3roTaBfvBanach Ha
€BPOMnerCKMX 3aBoJax, a B HacToALLee Bpema NOCTaBLYMKaMU ABNAIOTCA KUTANCKNE NPON3BOANUTENN, dNEK-
Tpoo6opyaoBaHNE NOCTaBAAETCA MPENUMYLLECTBEHHO POCCMINCKOE.

BnunsaHne HageXXHOCTI y3/10B 1 arperatoB Ha HaJeXHOCTb aBTOMOOWSA B LIEJIOM MOJTHOCTbIO HE 13-
YUYEHO, CYLIeCTBYIOT NNLWb OTAENbHbIE NCCNEeA0BaHNA, PaCCMATPUBAIOLLME HAAEXKHOCTb KOHKPETHbIX KOM-
NMOHEHTOB aBTOMOOGUNIA, NO3TOMY AiaHHbI BOMPOC aKTyaseH.

2, Martepwmanbi u metogbl / Materials and methods

MNpeomeTom nccnefoBaHnA ABNANACL HAAEXHOCTb MarncTpanbHblx TAraven KAMA3-54901, skcnny-
aTMpyeMblX TPAHCMOPTHLIMU NpeanpuATUAMY TIoMeHCKon obnactu. bbin ocyllecTBneH aHanm3 sKcnnyaTta-
umm 207 egUHUL TEXHUKM CO CPOKOM KCMslyaTaumm OT O4HOro rofa o Tpex feT.

MporHo3mpoBaHue 3anacos 34 gna aBToMo6Uen C yYeTom ero HafileXHOCTU BKIOYAET HECKONbKO
KJTIOYEBbIX 3TanoB U METOA0B, KOTOPbIE MO3BOMNAT ONTUMU3NPOBATb 3anachl, CHU3UTb U3AEPXKKN 1 NMOBbI-
CUTb YPOBEHb TEXHMNYECKOTO 06CNyKMBaHUA.

WNccnepoBaHne NpoBoaunoCch B HECKONbKO 3TanoB. Ha nepeBom 3Tane npownsBogunca cbop u aHa-
N3 JaHHbIX O NOTOKE OTKa30B: OblNM cOBpaHbl CTaTUCTMYECKUE AaHHble 06 OTKas3ax y3/0B 1 arperaTtos
aBTOMOobunen. Ha ocHoBe cobpaHHbIX AaHHbIX Obl1 cocTaBneH 06wt nepeyeHb 34, B KOTOPbIX BO3HMKaNa
noTpebHOCTb ANA NOAKOHTPONbHOW BbIOOPKM aBTOMOGUNel. 3atem 34 aBToMo6Unen b1y pasgeneHbl Ha
8 yKpynHeHHbIx rpynn. K npumepy, B rpynny BC BxoaaT cneaytoLyme 3anacHble YacTu: KONTeHYaTbI Ban,
MaXOBWK, KapTep MaxoBuKa, 610K LMNNHAPOB, FONIOBKa LMANHAPA, LUIVHAPONOPLUHEBadA rpynna, Ban pac-
npegennTenbHbIN, KapTep 1 npoyee. [laHHaA CTaTbA NOCBALLEHA PaCCMOTPEHMIO MMEHHO 3TOro 3Tana.

JNanee paccmaTtpurBanacb YactotTa BO3HUKHOBEHUA U CpefHue nNpobery Jo oTKasa Ans PasfinyHbIX
y3/10B 1 arperaToB. Micnonb3oBanucb ctaTMcTMyeckne Mogenv HageXXHoCTH (3KCMOoHeHLManbHoe pacrnpe-
LeneHvie) Ana oLeHKN BEPOATHOCTM OTKa3a B 3aBMCUMOCTM OT npobera aBTomobuna. Onpegenanca cpea-
HUIM CpoK cny06bl y3noB 1 34 B cOOTBETCTBUM ¢ Npoberom. Ha cnepytollem sTane npov3Boamiach Knac-
cndukauma 34 no crteneHn N3HOLEHHOCTU N HadeKHOCTK, pasgeneHrie 34 Ha rpynmnbl MO YPOBHIO prcKa
OTKa3a U Heob6XoAMMOCTY 3aMeHbl.

Moaxonbl K NPOrHO3MPOBaHUIO 3aMacoB C YYETOM HafeXHOCTU aBTOMOOUIe OCHOBBIBAKOTCA Ha
aHanu3e 6e30TKa3HOCTN TPAHCMOPTHBIX CPEACTB, YTO NO3BONAET 6GoNee TOUHO onpeaenuTb NOTPeObHOCTb
B 34 1 CHM3UTb U3[EPKKN.

OcHoBHble NoaxoAbl K NPOrHO3MpoBaHMio 3anacos 34 cnegytouyme:

1. AHanm3 cTaTUCTUKM OTKa30B 1 PEMOHTOB, OCHOBAHHbIN Ha CMONb30BaHUM CTaTUCTUYECKMX JAaHHbIX

0 YacToTe OTKa30B U PeMOHTax aBToMobuUnen ana onpeneneHnsa BepPoATHOCTA HEOOXO[MMOCTM 3a-

MeHbl KOHKpeTHbIX 34. HapexXHoCTb aBToMobunen BanseT Ha pacxod 34.
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2. Knaccndukaums y3nos 1 arperatoB no YpOBHIO HaAeXHOCTW. [pynnunpoBKa Y3108 1 arperatos no
CTEMEHM X HAJEXHOCTN (Hanpumep, Ha OCHOBE MOKa3aTenel OTKa30B 3a ONpefeNeHHbI Nepuog).
[na 6onee HageXHbIX Y3/10B 1 arperaToB NPOrHO3UPYeTcA MeHblUasA NoTpebHoCTb B 34, uto BAnseT
Ha NJlaHNPOoBaHKe 3aMnacoB.

3. MpOorHo3rpoBaHne Ha OCHOBE HAAEXKHOCTU. MIcnonb3oBaHKe BEPOATHOCTHbIX Mogenel (Hanpumep,
pacnpefeneHns O0TKa3oB) ANA OLEHKN CpoKa cnyx6bl 34 1 onpefeneHns onTUMasnbHbIX YPOBHEN
3anacos.

4, MporHo3rpoBaHme C y4eToM YCNIOBUIA SKCUTyaTalMm, TaKUX KaK KITMMaT 1 peXXum paboTbl, KOTopble
BAVAIOT HAa HAAEXHOCTb 1 YaCTOTY OTKa30B.

5. MnaHMpoBaHMe No CPOKaMm CIyKObl 1 LiMKIam 3KCnyaTaunm, OCHOBaHHOE Ha yyeTe HOPMaTUBHbIX
CPOKOB CNy>KObl 1 LIMKNOB KCMyaTaLumn Ana onpeaeneHns BpeMeHy 3aMeHbl 1 MOTPeObHOCTY B
34,

3. Pe3ynbratbl n o6¢cyxaeHue / Results and discussion
Ha ocHoBe NpuMeHeHNA CTaTUCTUYECKX METOAO0B 06PabOoTKM pe3ynbTaToB NOAyYnnv pacnpeaene-
Hue 34 no rpynnam 3a rog, NpeacTaBneHHoe Ha puc. 1.
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Puc. 1. PacnpedeneHue konu4ecmaa ucnosib308aHHbIX 3andcHeix yacmeli asmomobusieti KAMA3-54901
no epynnam 3a 2024 2. (Ouazpamma cocmaeJsieHa asmopom)
Fig. 1. Distribution of the quantity of used KAMAZ-54901 vehicle spare parts
by groups for 2024 (diagram compiled by the author)

Ha ocHoBaHWN M3MeHeHnA KonmnyecTBa OTKAa30B OTHOCMTESIbHO pPacCMaTpMBaeMblX rPymnn MOXHO
OLEHUTb UX HAAEXHOCTb U HAEXHOCTb paccMaTprBaeMol MOAeNn aBTomobuna B Lienom. [1o HagexHocTn
(OT HafEeXHbIX K MEHee HafEeXHbIM) rpynrbl BbICTPOMNCD CiedyowyM 06pa3om: TPaHCMNCCUSA; CUCTEMA
NUTaHWA, CMa3Kn, OXNaXKaeHWs; GUNbTPyoLLe 3eMeHTbl U Pe3VHOBbIE YMIOTHEHWSA; NOABeCKa 1 pyneBoe
ynpasneHue; [IBC; pa3Hoe; TOPMO3Has CMCTEMa; SNEKTPO06opyLOBaHNMe.

Taknm 06pa3om, MeHee HafeXHbIMM ABAAIOTCA 3Y rpynnbl 371ekmpoobopydosaHue, i NPy NIaHUPO-
BaHMV 3aMacoB KONMYeCTBEHHOE BblpaeHre 3anacos 34 AnsA 3To rpynnbl JOMKHO ObITb camblM 6ONbLLMM.

PacnpepeneHne HencnpaBHOCTeln aBToMobunein 3a 2024 r. B rpynne 31ekmpoobopyd0osaHue oTpa-
»KEHO Ha puc. 2.
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B snekmpoHHOU cucmeme ynpassieHus 3a-
duKcpoBaHO HGonblue BCEro HENCNPABHOCTEN, KO- Spekrpontan cuctema
ynpasneHus 43 %

TOpble, Kak MPaBusIO, CBA3aHbI C 3aMbIKaHUAMUN U
06pbIBOM Lienu: 610Ka ynpaBfieHns, KOHTPOsnepa,
MYJIBTUMIEKCHOTO Y371a. TakKe MHOro Heucnpas-
HocTell B moprpynne c¢papel, ¢oHapu, ykasamesnu

leHepatop 1% AkkymynsitopHas 6atapes 9 %
Craptep 4 %

Dapbl, poHapw,
yKasaTesiu noBopoTa
26 %

Mepekntovatenn 4 %

nosopoma. HencnpaBHOCTU CBA3aHbl C BbIXO4OM Ratunkn 6 % 3nekTponposopbl 7 %

M3 CTPOS Nlamn, 3aMblKaHUEM UM O6PbIBOM Lieny,

KOppO3ren KOHTAKTOB, NoMnagaHWem Bfaru, Hapy- Puc. 2. PacnpedeneHue HeucnpasHocmet
LIeHMEeM PerynnpoBKM 3neKTpokoppekTopa. Mepe- anekmpoobopyoosaHus asmomobuna KAMA3-54901

(Ouazpamma cocmasneHa asmopom)
Fig. 2. Distribution of electrical system failures in
KAMAZ-54901 vehicles (diagram compiled by the author)

YNCNEHHbIE HENCNPABHOCTN MOTyT BO3HUKATb KakK
B pe3ynbTaTe 3aBOACKOro 6paka y3na unu arperarta,
Tak M B npouecce 3Kcnayataumu. HesaBncnmo ot
NPUYNH BO3HUKHOBEHNA HeI/ICI'IpaBHOCTeIZ, anAa nx yctpaHeHuA HeO6XO,L'l,VIMO 3anlaHnpoOBaTb 3anacHble
YacCTu NO HOMEHKNAType N KONNYEeCTBY.

Mo pe3ynbTaTtam NPOBeAEHHOro UCC/IeOBAHNA MOXHO NPeANnoX1Tb Cleayowmnin nogxos k Gopmu-
poBaHumio 3anacoB 34 Ana aBTOTPaHCNOPTHbIX NPeanpPUATAN:

1) JeneHre Ha rpynnbl UCXOAA U3 KOHCTPYKLMY aBTOMOOUNS;

2) onpegeneHne B COOTBETCTBMI C BbIABIEHHOW 3aBUCUMOCTbIO KOJIMYECTBEHHOTO BblpaXeHus 3anac-
HbIX YacCTen B KaXkAon rpynne;

3) onpepeneHne B KaXkQom rpynne HavMMeHoBaHuin 34 B 3aBUCMMOCTY OT BOCTPeOOBaHHOCTH.

Pacnpegenerne 34 B Kaxaol HOMEHKATYpHOW rpymnmne Ha OCHOBE HafeKHOCTW aBTOMOOWNA C
onpefeneHrem KonmyecTBeHHOM NOTPEOHOCTU 1 JanbHEeNLWen cenapauymen No HOMeHKnaType No3BoauT
6onee TouHo onpeaenuTb NoTpebHocTn B 34. laHHbI noaxoa 6onee anddepeHLMpoBaH 1 faeT BO3MOX-
HOCTb paccMaTpKrBaTh 3anacHble YacTuh Mo 8 NpefoKeHHbIM rpynnamM Ncxoas N3 KOHCTPYKLUM aBTOMO6U-
na. na gpyrnx mapok aBToMmo6usien AaHHbIN NOAX0A BO3MOXHO NPUMEHUTb MPY YCOBUY KOHCTPYKLNOH-
HOW CXOXeCTu.

4. 3aknioueHue / Conclusions

B pe3synbTate nccnenoBaHMA YCTAaHOBNEHO BAVAHME HAAEXHOCTU CUCTEM aBToMObUneln Ha ¢op-
MUpoBaHue notpebHocTn B 34. Ana asTomobunen KAMA3-54901 BbisiBneHbl rpynnbl 34 ¢ HU3KOW Hagex-
HOCTbIO, K HUM OTHOCATCA 3/1eKmpoobopydos8aHue 1 MopMO3HaAa cucmemd. Ha OCHOBaHUMN MONYYEHHOW
Knaccndurkauum anda rpynnbl C BbICOKOW HAaAEXHOCTbIO (MmpaHcmuccua) npeanaraeTca onpenenatb 3anac
34 Ha OCHOBaHMKW CTaTUCTMKM NPOLLJIbIX MEPUOAOB 1 B COOTBETCTBUN C CYLLECTBYOLEN HOMEHKIATYpPOIA.
AnAa rpynnbl C HU3KOM HaAEXXHOCTbIO HEOOXOANMO YCTaHOBUTb YBenmyeHre 3anaca 34 B KONM4YeCcTBEHHOM
BblpakeHM. B mocnepyowmx nccnegoBaHuAX npeanosaraeTca onpefeneHre KOHKPETHOro no paccma-
TPMBaeMOW rpyrmne HOMEeHKIaTypPHOro U KONMYeCTBEHHOMO 3HaueHWA 3anaca 34 gna aHanusmpyemon map-
Kn aBToMo6umnA. MporHo3 noTpebHOCTN Ha OCHOBE HAAEXHOCTN peannsyeTca C UCMOsb30BaHMEM MOAe-
nen OTKa3oB AS1A onpefeneHna OXMAAEMOro YMcia OTKa3oB 3a OMnpeAeneHHbl nepuog, Npou3BoANTCA
pacueT HeobxoamMmoro 3anaca 34 ana obecneyeHuna pabotocnocobHocTM aBToMobOUNA. Takum obpasom,
TPaHCNOpTHble NpeanpuaTya ana asTomobunen KAMA3 gonxHbl dopmrpoBaTth 3anackl 34, ygenas oco-
60e BHUMaHVe 34 rpynn as1ekmpoobopydosaHue U mopmMo3Haa cucmemad. B faHHbIX rpynnax Lenecoobpas-
Hee NPOBeCTV AeKOMMOo3uLMio 1 pasgenutsb 34 no HagexHoCTU, 3TO NO3BONUT Bosiee TOYHO onpeaenuTbL
KONMYECTBEHHOE 3HAUeHMEe KaxkAoW eAMHULbl HOMEHKNaTypbl B paccmaTpuBaemon rpynne. lMprmeHeH-
HbIll nogxop aeneHna 34 Ha rpynnbl € yCTaHOBNEHNEM BOCTPeOOBaHHOCTU Yke BHYTPU paccMaTprBaemom
rpynnbl 34 MokeT 6bITb NPUMEHEH Y ANA APYrX MapoK aBToMobunen.
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lpaBuna noAaroToBKM pyKonucu

1. KnpepoctaBnseMon pyKonucu AOMKHbI ObITb MPUSIOXKEHDI ClieaytoLne JOKYMEHTbI:

«  COMPOBOAUTENIbHOE MUCbMO aBTOPA Ha VMMSA MTAaBHOIO pefakTopa XKypHana, NoATBepKAaloLee, UTo
CTaTbsA HUTAE paHee He Obina onybNKOBaHa;

«  JKCMepTHOe 3aKJIIUYEHME OPraHn3aLmm, OTKyAa NCXOAUT PYKOMUCh, O BO3MOXHOCTY OTKPbITOro ony-
6GNMKOBAHUSA.

2. BcenocTtynawuime B pefakuuio }KypHana pyKonucuy CTaTbi NPOXOAAT NPOBEPKY Ha Hanmumne 3anMcTBO-
BaHWI B cucteme «AHTUnnarvaty. Cratbn, cogepxalimne meHee 75 % opurnHanbHOro TeKCTa, B XKypHane He
nyonuKyoTca (NpoBepKa YHUKaNbHOCTY TeKCTa ocyLlecTisaeTca 6e3 yueta meTafaHHbIX 1 6Gubnuorpadu-
YecKoro Cnmcka).

3. Pykonucu, cooTBeTCTBYIOLWME TEMATHKE XKYPHana, OTNPaBAATCA ABYM peLeH3eHTaM, MPOXoaAT npo-
Lueaypy ABOMHOIO CNENOro peLeH3npoBaHNA C LLeNblo X SKCMEPTHOM OUeHKU. PeLileH3eHTbl ABNATCA Npu-
3HaHHbIMW CneyranncTammn No TeMaTrKe peLeH3npyembix MaTepuanos. PeueHsnm xpaHATCcA B pegakumm B
TeyeHue 5 ner.

4, TpeboBaHVA K TEKCTY.

@opmam ¢hatinoes ona mekcma — Microsoft Word (*.docx). HazBaHue daina gomkHo Bkoyatb da-
MUINIO U MHWLManbl aBTopa cTaTbi (Hanpumep: MisaHos_WW.docx). CtaTbu, cogepalyme Gpopmynbl, TOMU-
Mo word-dalina Heobxogmmo npogybnmposatb pdf-dannom Bo nsbexaHue nckaxkeHa Gpopmyn, Kotopble
cnepyeT HabupaTtb B MathType 4.0 Equation.

O6wvem cmameu — He MeHee 5 1 He 6onee 15 cTpaHuy (He BKYaa 6ubnmnorpadryecknin Cmcok).
Pasmep wpndTa 12 0t (Times New Roman), MeXXCTPOUHbI MHTepBan ognHapHbIN, ab3ay 0.5 cm. Mons cTpa-
HUL: BepxHee 20 Mm, HkHee 20 mm, nesoe 20 mm, npasoe 20 Mm.

Bce zpaghuyeckue 06veKmbl [OMKHbI ObITb NPeaoCTaBeHbl OTAeIbHbIMU darinamu: OfMH PUCYHOK —
oauH dann rpadpuueckoro popmarta. Pactposble pucyHku (PoTo) npegoctasnaioTtca B dopmate JPG ¢ pas-
pelweHnem He MeHee 300 dpi. Kaxablii pycyHOK AomKeH ObITb MOMELLEH B TEKCT 1 CONPOBOXAATLCA HYMe-
pOBaHHON NOAPUCYHOUHOM NOANNUCHI0. CChINIKU Ha PUCYHKN B TEKCTE 006A3aTeNbHbI.

Ta6nuywbl cnepyet NomelLaTb B TEKCT CTaTby, OHM AOMKHbI UMETb HYMEpPaLMIO, 3arofIOBOK U YETKO
0603HaveHHble rpadbl, yA0OHbIe U MOHATHbIE ANA uTeHMA. CCbINIKU Ha TabnuLbl B TeKCTe 06A3aTeNbHbI.

O6vem uncmpamusHbix Mamepuasios (Tabnuu n rpadryeckrx MaTepuanos) He JOMKEH npe-
BblWaTb 1/3 obuiero o6bema pyKonucu.

Cnucok numepamypei (He MeHee 20 UCTOYHWUKOB) AO/MKEH COAEPaTb CCbUIKM Ha aKTyanbHble
HayuHble paboTbl OTeYeCTBEHHbIX 1 3apybexHbIx cneyunannctoB. O6bem caMouuTMpPOBaHNUA — He 6onee
30 % oT 06LLero uncna cCbiiokK.

Hymepayus ucnonb308aHHbIX UCMOYHUKOB 8 CNUCKe [aeTCsA B MOPAAKe YNOMUHAHMA B TeKcTe. Ha
BCE VICTOYHUKU JOMKHbI ObITb CCbUTKM B TEKCTE CTaTbU B KBafPaTHbIX CKOOKax. B cnucke He fomKHO 6bITb
HeaBTOPM30BaHHbIX NCTOYHUKOB (CI1, CHulMoBs, TOCToB U T. N.) — Ha HUX CCbUIKW Aal0TCA HEMOCPEACTBEHHO
B TEKCTE CTaTbM.

5. Pykonucb cTaTby JOMKHa BKNOYATD:
«  unHaekc YIK;

«  Ha3BaHMe CTaTby;

«  WHMUManbl u GamMuInio aBTopa,
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6.

adpdunmauyuio aBTopa;

aHHoTauuio (130-180 cnos.);

KntouyeBble cnoBa (5-7 cnoB n (Mnun) cnoBocoYveTaHun);

6narogapHocT (MHGOPMaLMA O FPAaHTOBON NoadepKKe, NpPu KOTOPO 6bI10 pean3oBaHO UCCeao-
BaHMeE, a TakxKe 611aroJapHOCTb B agpec APYrux YUeHbIX U/Vnun NpesnpuaTUii, OKa3aBLINX CoaencTBne
B peanu3aunm nccnefoBaHma);

OCHOBHOW TEKCT CTaTbW;

BKJ1a, aBTOPOB;

KOHONUKT MHTEPECOoB;

CNUCOK nuTepaTypbl (He MeHee 20 NCTOYHUKOB);

cBefieHns 06 aBTopax: nosiHble ®.M.0., BOMKHOCTb, YYeHan CTeMNeHb, 3BaHUE, MeCTo paboTbl, e-mail,
ORCID.

CTpyKTypa OCHOBHOTO TeKCTa CTaTbW JO/MKHA BK/OUYaTb Credyowye pyobpuKkn, COrnacHo CTaHaapTy

IMRAD:

7.

BeedeHue. BkniouaeT akTyanbHOCTb MCCieoBaHUsA, 0630p nMTepaTypbl NO TeMe UccnefoBaHuaA, Nno-
CTaHOBKY Nnpobnembl, GOpMynnpoBaHve Lenn 1 3agay nccnefoBaHums.

Mamepuanel u memoosbi / Memooebl. [laHHbIV pa3fen BKYaeT AeTasibHoe onncaHne MeToAoB U Cxe-
Mbl SKCNepPUMeHTOB/HabnoAeHN, NO3BONAOLMX BOCNPOW3BECTU UX pe3yNbTaTbl, MOSb3yACb TONbKO
TEKCTOM CTaTbU; MaTepuanbl, Nprbopbl, 060pyLOBaHNE U Apyrve YCIOBMA NPOBeAeHUA SKCNepMEH-
TOB/HaGNOAEHUIA.

Pe3ynemamel u o6¢cyxo0eHue. Pe3ynbtaThl peKoMeHayeTcA NpeAcTaBaATb NPerMyLLeCTBEHHO B BMAE
Tabnuy, rpadnKoB 1 NHbIX HarNAZHbIX PopmMax. ITOT pa3gen BKYAET aHan3 NoJSTyYeHHbIX pe3ynbTa-
TOB, X HTEpNpeTaLmnio, CpaBHEHVE C pe3ynbTataMn APYrMx aBTOPOB.

3aknioyerue. [1ofBOAATCA UTOTM HayUYHOTO UCCIEAOBAHNA. 3aKIlOUEHNE COOEPXKNT BbIBOAbI, KPaTKO
d)opmynvlpyroume OCHOBHbI€ Hay4Hble pe3ynbTaTbl CTaTbW. BbIBOﬂbI AOJIKHbI NIOrnMyeckm COoTBeTCTBO-
BaTb MOCTABJIEHHbIM B Hauasie CTaTbM 3alayaMm, CoOAepaTb KpaTKue UTorv pasnesnioB ctaTbh 6€3 no-
BTOpeHNA GOPMYNINPOBOK, MPUBEAEHHbIX B HUX.

Pykonucb, gonylieHHas K ny6nvkauumu, npoxoamT NPUHATLIA peJakumen npouecc gonedyaTHou nog-

rOTOBKW, BK/IOYAIOLMIA PeaKTUPOBaHNE, KOPPEKTYPY, BEPCTKY.

9.

Pykonucu, He yaoBNeTBOPSAOLLME NepPeUNC/IEHHbIM TPeBOBaHNAM, K PAaCCMOTPEHNIO HE MPUHVMAIOTCS.

MNnaTta 3a OI'IY6J'IVIKOBaHVIe pyKOI'IVICGVI He B3MaeTcCA.

10. C nonHbIM NepeyHeM TPe6OBaHMI MOXXHO 03HAKOMUTBLCA Ha caiiTe XKypHana ast.tyuiu.ru.
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Manuscript preparation guidelines

1.

2.

The following documents must be attached to the submitted manuscript:

a cover letter from the author addressed to the editor-in-chief of the journal, confirming that the article
has not been published anywhere else;

expert evaluation of the organization where the manuscript comes from on the possibility of open
publication.

All manuscripts submitted to the journal are checked for plagiarism in the Antiplagiat system. Articles

containing less than 75% of the original text are not accepted for publication in the journal (verification of
the uniqueness of the text is carried out without taking into account metadata and bibliographic list).

3. Manuscripts that aligh with the journal's scope are sent to two reviewers and undergo double-blind peer
review for expert evaluation. The reviewers are recognized experts in the subject matter of the reviewed
material. The reviews are kept in the editorial office for 5 years.

4.

Requirements for text.
The file format for the text is Microsoft Word (* .docx). The file name must include the surname and

initials of the author of the article (for example lvanov_AA.doc). Articles containing formulas, in addition
to the word file, must be duplicated with a pdf file in order to avoid distorting the formulas that should be
typed in MathType 4.0 Equation.

The volume of the article is at least 5 and no more than 15 pages (not including the reference list).

Use 12 pt Times New Roman, single line spacing, paragraph 0.5 cm. Page margins: top 20 mm, bottom 20
mm, left 20 mm, right 20 mm.

All graphic objects must be submitted in separate files: one figure — one graphic format file. Raster

images (photos) are submitted in JPG format with a resolution of at least 300 dpi. Each figure should be
placed in the text and accompanied by a numbered figure caption. References to figures in the text are
required.

Tables should be placed in the text of the article, they should have a numbering, heading and clearly

marked columns, convenient and easy to read. References to tables in the text are required.

The volume of illustrative materials (tables and graphic materials) should not exceed 1/3 of the

total volume of the manuscript.

The list of references (at least 20 sources) should contain links to current scientific works of national

and international experts. Self-citations should not exceed 30 % of the total number of links.

The cited sources in the reference list are numbered in the order of their appearance in the text.

All sources should be referenced in the text of the article in square brackets. The list should not contain
unauthorized sources (SP, SNiPs, GOSTs, etc.) — links to them are given directly in the text of the article.

The manuscript of the article should include:
UDC index;

title of the article;

initials and surname of the author;

author's affiliation;

abstract (130-180 words);

keywords (5-7 words and (or) phrases);
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« acknowledgements (information about grant support under which the research was carried out, and
also gratitude to other scientists and/or enterprises who contributed to the implementation of the
research);

« main text of the article;

« author contributions;

« conflict of interest;

- references (at least 20 sources);

- information about the authors: full name, position, academic degree, title, place of work, e-mail, ORCID.

6. The structure of the main body of the article should include the following sections, according to the

IMRAD structure:

o Introduction. It includes the relevance of the research, literature review on the research topic, problem
statement, formulation of the goal and objectives of the research.

o Materials and methods / Methods. This section includes a detailed description of the methods and
schemes of experiments/observations that make it possible to reproduce their results using only
the text of the article, as well as materials, devices, equipment, and other conditions for conducting
experiments/observations.

»  Results and discussion. It is recommended to present the results mainly in the form of tables, graphs,
and other visual forms. This section includes the analysis of the results obtained, their interpretation,
comparison with the results of other authors.

o Conclusions. Here the results of the research are summed up. Conclusions summarize the main
scientific results of the article. Conclusions should logically correspond to the objectives set at the
beginning of the article, contain brief summaries of the sections of the article without repeating the
formulations given in them.

7. The manuscript, admitted for publication, goes through the prepress process adopted by the editors,
including editing, proofreading, and layout.

8. Manuscripts that do not meet the listed requirements will not be accepted for consideration and will
not be returned to authors.

9. There is no fee for the publication of manuscripts.

10. A complete list of requirements is available on the journal's website ast.tyuiu.ru.
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