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JKcnepuMeHTanbHoOe uccnegoBaHne
rmapaBriM4ecKnX CconpoTUBeHUn No ArfiuHe
¢ nomoubro nporpammbl SolidWorks

JI.H. AnekcaHgpoBa, M.O. HoceHko

@IrB0Y BO « TuxookeaHcKul 20cydapcmeeHHbIU yHUsepcumemy,
2. Xabaposck (Poccus)

KnioueBble croBa u cppasbl: KOMMNbOTEPHOE MOAENU-
poBaHue; KO3MULMEHT rMOPaBIMYECKOro TPEHUS; MoAenb
NOTOKA; OMblTHAA YCTAHOBKA; pacyeT noTepb Mo AfIMHE; Cu-
CTeMbl BOAOCHabXXeHNs 1 BOAOOTBEAEHUS.

AHHOTauusa. Pacuyer rugpaBnvyecknx notepb B Tpy-
bonpoBogax SABNSAETCS akTyanbHOW 3adadven B CBA3U C He-
006XOONMOCTBIO MX OLUEHKM B CUCTEMAx MPOMbILLNIEHHOMO
BOAOCHabXeHus. TpaHCNopTUPOBKa XMOKOCTM obycnoene-
Ha OOnNbWMMM SHEPreTU4YECKUMM N IKOHOMWUYECKUMM 3a-
TpaTamn, pacyeT KoTopbix TpebyeT He TOMbKO MOBbILEHUS
appekTMBHOCTM paboTbl TPyOONPOBOAOB BOAOCHAGXEHUS,
HO M ©onblloON TOYHOCTU. ViccneaoBaHMsa pasnuyHbIX Bapu-
aHTOB TEXHOMOIMYECKUX NPoLLECCOoB Ha (husmyeckom obopy-
AOBaHUN UMEKT psiA HegocTaTKkoB. [1oaTomy onTumusauus
CYLLIECTBYHOLUMX MNPOU3BOACTBEHHbIX MPOLIECCOB W BHeape-
HMe B MPOM3BOACTBO HOBbIX BMAOB MNpOAyKUMM 0bBXoasTcs
oYeHb Aoporo. Ytobbl cokpaTuTb 3TW 3aTpaTbl, BCe valle
npuberatT K UCNOMb30BaHNIO KOMMbOTEPHOINO MoAEeNMpoBa-
HUS1 TEXHOMOrMYeCcKnx npoueccoB. Takon nogxon no3sonseT
YMCINEHHO CMOAENNPOBATL Xenaembl npouecc n nogobpatb
onTuMarnbHble NapameTpbl paboTbl 000OpyAOBaHUSA elwe g0
NPUHATUS OKOHYaTENbHbIX PELUEHUA MO TEXHONOrM4YEeCcKoOMy
o6opyaoBaHUIO 1 OpraHM3auun camoro NpPou3BOACTBEHHOMO
npouecca. B cratbe npeactaBneHbl pesynbraTbl 3KCNepwu-
MEHTanbHOro pacyetra rmapaBriMy4eckMx notepb no AnvHe
N onpegeneHnio KoadduumeHTa rmapaBrMy4eckoro TpeHus
KOPOTKOro HamnopHoro TpybonpoBoga C MOMOLLbO MoAenu-
poBaHus B nporpamme SolidWorks Flow Simulation. Liensto
AaHHOM paboTbl ABnsETCs nonydeHve paboymx napameTpos
npy NPoBeAEeHNN HaTYPHbIX UCMbITAHWUI HA OMNbITHOM CTeHAe
N noaTBEPXKAEHNE UX METOAOM KOMMbIOTEPHOrO MOAENUpPOo-
BaHUA. ABTopamu paboTbl Oblfl BbIMOMHEH CPaBHUTESbHbIN
aHanua pesynLTaTtoB WMCCrNefoBaHMA NOTEpPb MO ANWHE Ha
ncnbiTaTenbHOM CTeHAe W ero aHanore, paspaboTaHHOM B
nporpamme SolidWorks Flow Simulation. NMony4eHHble pe-

Tennocm76meHue, eeHmunayus, KOHGUHUOHUPOBGHUE BOBOYXG,
2a3ocHabxceHue u oceeujeHue
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3ynbTaThl UccreqoBaHMs NO3BONWUAM caenaTtbh BbiBOAbI O Nep-
CNEKTUBHOCTU MNPUMEHEHUS METOAOB KOMMbITEPHOIO MO-
[AenvpoBaHusl C LeNnbio ONTUMU3aLMK, COBEPLLEHCTBOBaHUS
pasnu4YHbIX NPOLECCOB, TEXHOMOMMI, 06opyaoBaHMS B CTPO-
UTENbLCTBE.

OaHMM 13 3HaYMMbIX BOMPOCOB r'MAPOANHAMUKNA ABMSETCA onpeaeneHne rmgpasnmnyeckoro
COMpPOTMBIEHNS NPWU TPAHCMOPTMPOBKE XNAKOCTU B Tpybe. PacyeT noTepb Hanopa Heobxoaum,
TaK Kak 9TO CBSI3aHO C MOACYETOM 3aTpar aHepruu, Tpebyemon obopygoBaHneM, C LiENblo ee
KomneHcauun. MNoTepu Hamnopa ckrnagblBalOTCA U3 NOTEPb HA MECTHbIX COMNPOTUBMEHUSIX U CO-
NPOTUBMAEHMAMM MO ANnHe Tpybonposoaa, 06yCroBneHHbIMU CUamMm TPEHUS NpU NepemeLLeHnn
XnakocTtu. lNotepn Hanopa Ha TpeHne 06BACHATCA CBOMCTBOM XWUAKOCTU — BA3KOCTbIO, KOTOpast
BO3HUKAET Mpu nepemMeLleHnn Xuakoctu. Mpu TypOyneHTHOM ABMXEHUN BA3KOCTb BO3HUKaET
B pesynbrate oOMeHa KONMYEeCTBOM ABWXKEHUS MexXay YacTuuamMm XuaKkocTu COCeqHMX CroeB,
TaK Kak OHM ABMXYTCS C Pas3NMYHbIMU CKOPOCTAMU. MeCTHble CONPOTUBMNEHMS BO3HUKAKOT Mpu
N3MEHEeHUAX BENMYUHbI CKOPOCTU UMW ee HanpaBreHUs U BbI3biBAlOTCA (PaCoOHHLIMU YacTaAMK,
apmaTtypon n gpyrum obopygoBaHmem TpybonpoBoaHbIX ceTen. MoTepu Hanopa y4uTbiBalOTCA
OTAENbHO AN NPSIMbIX y4aCTKOB TPYO M ANA MECTHbIX CONPOTUBIIEHNA. B cnyvae npamonuHen-
HbIX Y4aCTKOB NOTEPU MPOSIBASIOTCA PAaBHOMEPHO MO AfIMHE NOTOKa U Ha3bIBAKTCA NOTEPSIMU MO
OJIMHE NN NIMHENHBIMW NOTEPSIMU, NPU pacyeTe KOTOPbIX MCMOMNb3yeTcs KOIPPULMEHT rnapas-
nn4eckoro TpeHus — koadpdmumeHT dapcu. TouHoro BbiBoga BeNUYMHbI KoadhdmumneHTa rugpas-
NINYECKOro TPeHUs No AnvHe ansa TypOyneHTHoro notoka HeT. [Jo cepeanHbl XVII B. cumTtanu,
YTO KOIDPULMEHT rmapaBMYEeCcKoro TpeHNS — NOCTOSAHHAA BENUYMHA, HO MpakTuKa nokasana,
YTO 3TO HEBEPHO, M Tpebyetca Gonee rnybokas npopaboTka Bonpoca. M3yyeHnto 3aBMCUMOCTH
KoadhpmumeHTa rmapaBnnyeckoro TpeHnsa B Tpybax oT onpegensiowmx napameTpoB 6bino no-
CBSALLEHO MHOrO 3KCnepuMeHTanbHbIX paboT. Hanbonee 3HaunTenbHble U3 HUX — UCCIELOBaHUSA
. Hukypapse (1933), A.M. 3erkabl (1933), H.®. depoposa (1952), ®.A. Lesenesa (1953),
A.L. Anbtwynga (1970) [1-4].

B naHHom paboTe Byaet BbINONHEHO CpaBHEHME Pe3yNnbTaToB UCCNefoBaHMs NOTepPb MO ANu-
He TpybornpoBoda Ha ucnbiTaTenbHOM CTeHAe W ero aHanore, paspaboTaHHOM B nporpamme
SolidWorks Flow Simulation. KomnbtoTepHoe MmogenupoBaHue — HoBas cpefa, HEBO3MOXHO C 0~
CTaTOYHOW YBEPEHHOCTBLIO YTBEPXKAATh, YTO NOSNIOXKUTENbHBIN 3dEKT OT €ro NPUMEHEHNSA MOXET
3aMEHUTb HaTYPHbIN SKCMEPUMEHT C To e achdekTUBHOCTLI0. Heobxoanma nogreepxgatoLlas
NMHopMaLms, KoTopas MOXET ObiTb NOMyYeHa TONbKO C NOMOLLbIO MPOBEAEHNS HAaTYPHbIX KCre-
PUMEHTOB Ha rMapaBnuYeckoM cteHge. Llenbto aaHHOM paboTbl ABASETCH NonyvyeHne yTOuHeH-
HbIX pabo4ymx NapamMeTpoB Npy NPOBEAEHNM HATYPHbIX UCMbITAHUA HA ONbITHOM rMAPaBIMYECKOM
cTeHge. B gaHHOM cnydae KoMnblOTEPHOE MoaenupoBaHue ByaeT npoBegeHo He Ang NonHoM 3a-
MEHbI TMapPaBnNYECKNX UCMNbITaHWI, a A8 CPaBHEHUS Pe3yNbTaToB C HAaTYPHbBIM 3KCNEPUMEHTOM.

OkcnepuMeHTanbHasa ycTaHoBKa Ans onpegeneHns koadduumeHTa ruapaBnnyeckoro Tpe-
HUA npegcTaenseT cobon yyacTok TpybonpoBoga NocTosiHHoro guametpa d = 0,05 m n gnvHon
=11 M C 3KBMBaNEHTHOW LIEPOXOBATOCTbIO K, =1 MM. Noaaya BoAbl OCYLLECTBNSAETCA 3aBUX-
Kon 4. PerynnpoBaHue CKOPOCTU OBWKEHUS XUOKOCTM B Tpy6e npomseogutcsa KpaHom 5 (puc. 1).

HaTypHble ncnbiTaHus Obiny nNpoBefeHbl HAa OCHoBe O6bLEMHOro Metoda, MyTem nepeka-
4YMBaHWS XMOKOCTM Yepe3 Tpybonposoa CTeHAa npv onpedeneHHbIX pacxogax C AanbHEeNLWmm
N3MEPEHMEM N CPaBHEHMEM OOBEMOB BbIIUTOM XUOKOCTUM B MEPHYK €MKOCTb. [ns 4ncToTbl
9KCMOHEHTa ObINI0 NPOBEAEHO LWECTb OMbITOB C pa3HbIMU OObemamun XnakocTu. [aHHble Ons
onpegenenuns koadduumMeHTa rmapasnmMyeckoro TpeHMs NprMBeaeHbl B Tabn. 1.

Heating, Ventilation, Air Conditioning, Gas Supply and Lighting 9
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Puc. 1. OnbITHaa yctaHoBKa Ons onpegeneHnst kosaduuneHTa rmapaBrimyeckoro TpeHus:

1 — TpyGonpoBoa; 2 — Nbe30METPbI; 3 — MEpHbIN Bak; 4 — 3aaBWKKa AN1s nogayun Boabl; 5 —

KpaH Ans perynupoBaHuns pacxoga; 6 — Tpyba xonoctoro cbpoca Bofbl; 7 — nepeknodaTernbs
cnvBa BoAbl; 8 — BOAOMEPHOE CTeKNo; 9 — KpaH Ans ONOPOXHEHWUsI MepHOro HGaka

Tabnuua 1. VicxogHble gaHHble Ans onpeaeneHns KoadduumeHTa TpeHns

0O603Have- En. Howmep onbiTa
Xapaktepuctuka
He n3mepeHus 1 2 3 4 5 6
O6bem BoAbI w n 61 30 30 62 22 20
Bpewms T c 40 19,5 25,5 26 10,6 10
Mokasare Z,+P, lpg oM 133 141 160 97 86 108
nbesoMeTpa
rokasarine Z,+P,lpg oM 100 110 140 40 21 56
nbe3omMeTpa
Temnepatypa t °c 17 17 17 17 17 17

MeTtoanka obpaboTku pesynsTaToB 3KCNEepuUMeEHTa npeAdcTaBneHa Huke. [Ons HanopHoro
TpybonpoBoga onpegensieTca nnowlaab NonepeyHoro cevYeHma w = 0,785d; pacxod Bodbl Mo
dopmyne: Q = W/T, rae W — obbem Bogbl, nocTynmBllen B 6ak 5 3a Bpemsa T; CPEAHIO CKO-
pocTb B Tpybonposoge: V = Q/w, rae w — nnowiagb NonepeyHoro ceveHns Tpybbl; CKOPOCTHbIE
Hanopbl V2/29 npu 3TUX Xe AnameTpax; NoTepu Hanopa no ASIMHE paccynTbIBatOTCS Mo opmy-

P
ne: Ah=—1-——2_: onbITHOE 3HaueHWNe Ko3PULMEHTA rMAPABINYECKOrO TPEHUS BbIpaXKaeM

p-g _p-g . Ah
13 cpopmynel flapcn — Bencbaxa: A, =
( y ) v
d 29 3

3amMep Temnepatypbl PTYTHbIM TEPMOMETPOM, C UCNOMb30BaHWEM KOTOPOW ONpenensnca KuHe-
MaTUYECKUN KOIULMEHT BA3KOCTU M paccunTbiBancs Kputepun PenHonbaca no dopmyne
Re = Vdl/v, rge V — cpeaHsis ckopocTb, d — anameTtp Tpybonposoda, Vv — KOIMDULMEHT Kn-
HemMaTM4YecKon BA3KOCTU. [Ns yTOYHEHUA AOCTOBEPHOCTU MOSYYEHHbIX OMbITHLIX 3HAYEHUW KO-
APPMUNEHTOB TMOPaBIMYECKOrO TpeHnsa npumeHeHa dopmyna A[. AneTwyns gnga nposege-
HWUS pacyeTta KoadduumeHTa Japcu npu TypOyneHTHOM pexume B CTanbHbIX TpybonpoBoaax:

. B Havane AKCnepummeHTa BbINOJTHAIICA

0,
, 68
A =011 F+R— . [Nony4yeHHble pesynbTaTbl SKCNepMMeEHTanbHbIX AaHHbIX NpeacTasne-
e

Hbl B Tabn. 2.

10 TennocHabx)eHue, BeHMuUAAYUA, KOHOUYUOHUpPOBaHuUe 8030yXxa,
2030CHabxeHue u oceewjeHue



Components of Scientific and Technological Progress

Puc. 2. Mogenb noToka »UaKocTu

Tabnuua 2. PacueTHble gaHHble

O60- En Homep onbiTa

XapaKTepMCTMKa 3Ha4veHne n3ame éHVIFI

P 1 2 3 4 5 6
Uncno PeitHomnbaca Re - 38675 | 39072 | 29926 | 60349 | 52743 | 50705
KoadbcpuuumenT [lapcy A - 00457 | 00447 | 00465 | 00444 | 00424 | 00429
ONbITHbLIN on
KoadpcpuumenT [lapcy A - 00422 | 00422 | 00424 | 00419 | 00420 | 00420
pac4eTHbIN P
OTHOCUTEnNbHasa no- 5 % 7,6 5’5 8 5,6 1 2
rPEeLHOCTb n

Tabnuua 3. 3kcnepMMeHTanbHble JaHHbIE

KoagppuupmenT Nlapcn A - 00448 | 00458 | 00451 | 00450 | 00437 | 00435
ONbITHbLIN on
KnHemartunyeckmn koadu- v om¥c 0.010875
LIMEHT BA3KOCTU
Uncno PeitHonbaca Re - 38575 | 38724 | 29578 | 60249 | 52345 | 50556
KoadbdpuumeHT Mlapcy A - 00422 | 00422 | 00425 | 00419 | 00420 | 00420
pacyeTHbIN P
OTHOCUTeNbHag no- 6n % 5,8 7 5,6 6 3,9 3‘4
rPEeLHOCTb

C uenbto yckopeHus pelleHnst 3agadn n bonee getanbHOW OLEHKM NOTepb MO ANMHE Npo-
BeleHO COOTBETCTBYIOLLLEE KOMMbIOTEPHOE MogenvpoBaHue B nporpamme SolidWorks Flow
Simulation. Ha puc. 2 npeacraeneHa Mogenb NOTOKA XXUAKOCTW.

OnucaHne KOMNbIOTEPHON MOAENU: BO BKMNagke «3CKM3» cosdaHa okpyHocTb d = 50 mMm; BO
BKMNagKe «3NEMEHTbI» C MOMOLLbI DYHKUMM «BbITAHYyTas 600bIlLIKa» BbITAHYTa OKPYXXHOCTb Ha
11 M. [lo6aBmm no kpasim Tpybbl ABe 3arnyLiku, BOCMnonb3oBaswnck gobasneHnem SolidWorks
Flow Simulation. nsa BbinonHeHust pacyeta mogenu B SolidWorks Flow Simulation cosgaH Ho-
Bbl/i MPOEKT CO CreayLMMM HavyanbHbIMM AAaHHBIMWU: TUMN 3a4a4M — BHYTPEHHSAS; dusnyeckas
MOAEenb — TEYEHME XKNOKOCTN; rpaBuTauma — 9,81 M/CZ; TeKky4asa cpefa — Bo4a; LLepoxoBaToCTb —
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1000 mkm; gaeneHne — 101325 lMa; Temnepatypa — 290 K; gobaensieMm rpaHn4Hble YCIOBUS:
o6beMHbIN pacxo Ha Bxoge — Q M>/c; naBneHve OKpy>KatoLLen cpeapbl Ha Bbixoge. [NonyyeHHble
pe3ynbTaTbl KOMNBbIOTEPHOIO AKCNEepUMEHTa nNpeacTaBneHbl B Tabn. 3.

B HacTosiLee BpemMsi KOMNbIOTEPHOE MOLENMPOBAHNE SBISETCS OOHUM U3 caMblX adhdek-
TMBHbIX METOA0B N3y4eHMs paboTbl MHXEHEPHbBIX CUCTEM N CO30AHNS HOBbIX TEXHUYECKNX OO bEK-
TOB, NO3BONSAET 3HAYUTENBHO COKPATUTL 3Tanbl HANaaKM UNN HAaTYPHbIX UCMbITAHWUIA TMapaBnnye-
Ckux cucteM. KomnbroTepHble Mogenu npoLle 1 yaobHee nccnegoBatb B CBA3U C BO3SMOXHOCTbIO
NPOBOANTL BbIYNCMUTENbHbIE AKCMEPUMEHTBI, @ HAaTYpPHbIE UCMbITAHUSA YacTO 3aTpyaHEHbl U3-3a
PMHAHCOBLIX U (PM3MYECKMX NPENATCTBUIA, NONYyYEeHUs HENpeacKasyemoro pesynsrata. B ceasm
C 3TUM MeTOoAbl MOAENMPOBAHNA NMEIOT NPaKTUYeckoe NpUMEHeHUe U MOTyT cTaTb OCHOBOM ANs
pa3paboTKkM U NPOEKTUPOBAHUS MMOPAaBINYECKUX CUCTEM C KOPPEKTUPOBKOWM UCXOAHbLIX OAaHHbIX
nog ntobyto 3agaqy.

B aaHHOM paboTe BbLINOMHEH pacyeT notepb Hamnopa no AnvHe TpyObl HAa OCHOBE OMbITHbLIX
OaHHbIX C MOMOLLbIO MogenuposaHusa B nporpamme SolidWorks Flow Simulation. Ha ocHoBe no-
NYYEHHbIX pe3ynbTaToB OT MOAENMPOBAHNS U CPABHEHUS C OMbITHBIMW AaHHBIMW MOXHO caenatb
BbIBOA, YTO COBPEMEHHbIE METOAbl KOMMNbIOTEPHOIO UCCreqoBaHUA MOATBEPKAAOT pacyeTHbIE.
Llenecoobpa3HoCTb NPUMEHEHNSI KOMMbIOTEPHBIX TEXHOMOIMI B TMAPaBNKE He Bbi3bIBAET CO-
MHeHWU, 1 B ByayLiem porb 1M 3Ha4YeHne KOMMNbTEPHOro MogenupoBaHns ByaeT Bo3pacTaThb.
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Experimental Study of Hydraulic Resistance Along the Length Using the SolidWorks
Program

L.N. Alexandrova, M.O. Nosenko
Pacific National University, Khabarovsk (Russia)

Key words and phrases: computer modeling; coefficient of hydraulic friction; pilot plant;
calculation of losses along the length; water supply and wastewater systems; flow model.

Abstract. Calculation of hydraulic losses in pipelines is an urgent task due to the need to
evaluate them in industrial water supply systems. Transportation of liquid is due to high energy
and economic costs, the calculation of which requires not only increasing the efficiency of
water supply pipelines, but also great accuracy. Researching various options for technological
processes and physical equipment has a number of disadvantages. Therefore, optimization of
existing production processes and introduction of new types of products into production are
very expensive. To reduce these coasts, they often resort to the use of computer modeling
of technological processes. This approach allows you to numerically simulate the desired
process and select optimal equipment operating parameters even before making final decisions
on technological equipment and the organization of the production process itself. The article
presents the results of an experimental calculation of hydraulic losses along the length and
determination of the coefficient of hydraulic friction of a short pressure pipeline using modeling
in the SolidWorks. Flow Simulation program. The purpose of this work is to obtain operating
parameters during full-scale tests on a pilot stand and confirm them using computer modeling.
The authors of the work performed a comparative analysis of the results of studying losses along
the length on the test bench and its analogue, developed in the SolidWorks. Flow Simulation
program. The results of the study allowed us to draw conclusions about the prospects of using
computer-modeling methods for the purpose of optimization and improvement of various
processes, technologies, and equipment in construction.
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YK 692.232.2

UccnepgoBaHue aBMXXeHUS napoobpa3Homn
Bnarn B CTpouTeNbHbIX MaTepuanax 3gaHum

K.IM. 3y6apeB1’2' 3, FO.C. 306HI/IHa1, FO.A. CaI'IpOHOBa1,
B.A. dJenoceeB1

" ©rsoy BO «HauuoHanbHbIU uccriedosamernbcKull
Mockosckul eocyOapcmeeHHbIlU cmpoumeribHbIU yHU8epcumemy,;
2orey «HayyHo-uccnedoeamernbckul uHcmumym
cmpoumernbHoU ¢u3suku Pocculickol akademuu
apxumeKkmypbl U CMPOUMEesibHbIX HayK»;

3 ®rAOY BO «Poccuiickuti yHugepcumem 0pyx6bbl Hapodoey,

e. Mockea (Poccus)

KntouyeBble cnoBa u ppasbl: METOA «MOKPOWN YaLLKNy;
MeToq, «CYXOW YallKuy»; OTHOCUTENbHAsA BMaXXHOCTb; Napo-
NPOHNLAEMOCTb; CONPOTUBIIEHME MAPONPOHMLIAEMOCTMU.

AHHoTauums. Llenbto paboTbl ABNAETCS M3ydYeHne Hopma-
TMBHbIX cnocoboB onpegeneHns NaponpoHMLaemMocT maTte-
puanoB, aHanM3 COBPEMEHHbIX METOOUK U UX cpaBHeHue. B
HaCTOsILLEeN cTaTbe ONuUCaHbl METOAbI, pernameHTupyemMble B
FOCT 25898-2020 «MaTepuanbl 1 U3genusa CTPOUTENbHbIE.
MeToabl onpeaeneHvsi MaponpoHMLAeMOCTM U CONpPOTUBIE-
HUA naponpoHuuaHuio». MNpuBeaeHbl YCTAaHOBKM COBPEMEH-
HbIX YYEeHbIX MO U3YYEeHWUIO BMaXXHOCTHOMO PeXmnma KOHCTPYK-
umun. N3yyeHa yctaHoBKka [leTpoBa, KoTopasi No3BonseT npu-
6nmn3nTb NabopaTopHble YCNOBUS UCCNEAOBaHWUA K 3KCMya-
TaumnoHHbIM. lNMpeactaBneHo n3obpeteHne No onpeaeneHunto
naponpoHuuaemocT obpasua, yCTaHOBEHHOrO BepTuKasb-
Ho. [laHHOe YCTPOWCTBO Takke MNO3BONsieT nNpubnuantb uc-
NbITaHMA K YCNOBUSAM 3KCMNyaTauun, Tak Kak orpaxaaroLime
KOHCTPYKLMM ABNAIOTCA BEPTUKANbHO OPUEHTUPOBAHHLIMM.

BBepeHue

Mpy n3y4yeHnm Takoro CBOMCTBa MaTepmnarnos, Kak NaponpoHULLaeMOCTb, OLHOW 13 KITHYEBbIX
BeLLEeW SBNSIETCA PeXMM B KOHCTPYKUMKU. B akcnnyaTupyembix 3gaHusiX Mbl Yallle BCTpevaeMmcs
C HECTaLMOHaPHBLIM PEXUMOM KOHCTPYKLMMK. Takoro pexmnmMa o4eHb TPyAHO Aobutbest B nabopa-
TOPHbIX YCMOBUSIX, MO3TOMY FOCYAapCTBEHHbIE CTaHAAPTbl OPUEHTMPOBAHbLI HA NaeanM3npoBaH-
Hble YCNOBMSl, KOTOpble XapaKTepHbl NPU YCTAHOBEHWUN CTALMOHAPHOIO pPeXmuma KOHCTPYKLUN.
370 ABNsieTcs NpobnemMow U3y4YeHnst TENNO-BNaXHOCTHOTO peXuma, Befb B YCIOBUSIX 3KCMya-
TauMn KOHCTPYKUMU NOABEpralTCsl BMMAHUI0O MHOTOYMCIIEHHbIX BHELLHUX (DAKTOPOB, TakmMX Kak
KnMMaTU4ecKue YCNOBUSI U TEMMOBOWN U BNaXXHOCTHLIN PEXMM NOMELLEHUS!, C KOTOPbIM rpaHu-
YUT orpaxgatoLlasi KOHCTpyKuMs. MoaToMy HopMaTUBbI, NPeANMcaHHble B CTaHAapTax, He MoryT
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Puc. 1. Cxema vcnbiTaTenbHOro cocyga ¢ o6pasLom (MeTos «MOKPOW YaLLKU»):
1 — ucnbiTatenbHbI 0bpaseL; 2 — yaepXuBawwmin WwabnoH; 3 — repMeTuk;
4 — ancTUNNMPoBaHHaga BoAa; 5 — CTEKNSHHbIN cocyq

B MOJSTHOM MEpPEe U C BbICOKOW TOYHOCTbIO OLIEHUTb COCTOSHWE MaTepuanoB B KOHCTPYKUMU. TeM
He MeHee, yXXe MPOBepeHHble MEeToAbl CrieQyeT YCOBEPLUEHCTBOBATL MO PasfiMyHble YCroBus
aKcnnyataummn ans nonyyeHuns 6onee KOPPEKTHbIX AaHHbIX.

[aHHas Tema sgBnseTca akTyanbHOW B cpepe CTPOUTESNbCTBA, TaK Kak He CyLLeCcTBYeT MeTo-
0B, CMOCOOHbIX 0TPa3uTb BCe (PM3MYECKME NPOLIECCHI, KOTOPbIE MPOUCXOAAT B KOHCTPYKUUN B
TeYeHVe BpeEMEHN SKcnnyaTauuu.

HeobxoanmocTb M3ydeHus NpoLEecCOoB BnaronepeHoca B KOHCTPYKUUK Takke obycnosneHa
HeobxoQMMOCTBIO K Mepexody Ha pecypco- u aHeprocbepexeHue. bonbluee noHMmMaHne o npo-
Leccax, NPOUCXOAALLMX B KOHCTPYKUMNAX B TEYEHNE BPEMEHUN IKCMyaTauun, no3sonuT paspabo-
TaTb MeTOAbl NO BbIGOpY Hanbonee ahpekTUBHLIX MaTepmanoB Ans TexX Unu uHbix uenen [1-8].

MeTon «MOKpPOW 4YalLKn»

CtaHgapTbl UCNbITaHWU ANS NPOBEAEHUST SKCNEPUMEHTOB MO onpeaeneHnto naponpoHuLae-
MocTn onucaHbl B FOCT 25898-2020 «Matepuanbl n nsgenus ctpoutensHble. Metogbl onpeae-
NeHMs NaponpOHNLIAEMOCTN U COMPOTUBIIEHNS NAPONPOHULIAHNIOY.

[nsa npoBegeHus onbiTa OTOMPAIOT HE MeHee Tpex 06pasLIOB 13 TUNOBLIX 30aHW, nognexa-
Wnx ncnbitTadmo. O6pasubl BbIpe3akTcsl B KBAAPATHON MW LUIMHAPUYECKOW hopme CTOPOHOM
100 mm nnu gnametpom 100 mm 1 TonwmHon 10-30 mm.

O6pasubl ukcupyroTca Hag pesepByapom € Bogown. [Npn HeobxogMMoCcTu MCMonb3yeTcs
yaepxusaroLwmin WwabnoH. CTbikM repMeTU3NPYOTCS.

Cxema ucnbiTaHnsa nsobpaxkeHa Ha puc. 1.

Mexay ncnbiTyembliM 06pasLoM 1 XXMOKOCTbIO npegycmMaTpusatoT 3asop 15 mm. B akcnepu-
MEHTe TakXkKe y4acTBYET UCMbITaTeNbHbIN LWKag, KOTOPbIA BOCCO34aET ONpeaereHHble YCnoBus
ANSA NonyyYeHUss KOppekTHbIX AaHHbIX. C NOMOLLBIO HEro NOAAEePKMBAETCS BIIAXHOCTb U TeM-
nepaTtypa BHYTPM KaMepbl, B KOTOPY nomellyaeTtca konba ¢ Bogon n obpasuom. paHuly, roe
dukenpyeTca matepuar, repMeTU3NpyoT ANAs UCKIIYEHNS nonagaHnsa Bo3gyxa B NPOCONKY
MeXay XnOKOCTbio 1 06pasLom.

Cocyn nepuogmyecky B3BewMBalOT. McnbiTaHne npekpawiaeTca npy HacTynfieHum crtaumo-
HapHOro NoTOoKa BOASAHOrO napa yepes obpasel.

Mpun o6paboTke pe3ynsTaToB NIOTHOCTL NOTOKA BOASIHOrO Napa vepen obpasew onpeaensior
no coopmyrne:

g = Am/ATA,
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Puc. 2. Cxema vcnbiTaTenbHOro cocyga ¢ 0bpasuomM (MeToq «CyXOn Yalukmy):
1 — ucnbiTaTenbHbIV 0OpaseL; 2 — yaepXXvMBatoLwnin WabnoH; 3 — repMeTuk;
4 — naronornoTuTene; 5 — CTEKNSAHHbIN cocyq

rae Am — n3amMeHeHne Macchbl UCMbITAaTENbHOrO cocyaa ¢ 06pa3LoM B MHTepBane BpeMeHu AT, Mr;
AT — HTEepBan BpeMeHu Mexay ABYMsi MOoCcreaoBaTeNlbHbIMU B3BELLUMBAHUSIMU, Y; A — NnoLlaab
pabo4en noBepxHOCTN 0bpasLa, Yepes KOTOPYH NMPOXOAMT NOTOK BOASAHOrO napa, M2,

Mocne 3aHeceHnst BcexX AaHHbIX B MPOTOKON UCMbITAHUA MPOUCXOAUT BblYUCTTUTENbLHbINA NPO-
Lecc, nocpeacTBOM KOTOPOro onpeaensieTcs NnaponpoHNLIaeMoCcTb MaTepuanos.

MeTtop «cyxom YawKkny

MprHUMN NpoBeAeHNs SKCnepumeHTa n cbopa o6pasLIOoB TaKoW e, Kak B METOOE «MOKPOW
Yawkuny. Tonbko B aHHOM Cryyae BoAa, Haxodslwlascs B cocyde, 3aMmeHsieTcs Ha abcopbeHT,
Hanpumep, xnopug kanbums. Cxema npoBegeHNsa IKCNepMMeHTa oTpaxeHa Ha puc. 2.

MeToabl HOpMaTUBHOWN NUTEpPaTypbl OCHOBaHbI HA OQHOM MPUHLMNE — NPOXOXAEHUM BNaru
Yyepes matepuan 1 NnepmognveckoM B3BeLLMBaHMKN. B aTux onbiTax ncnonb3yoTca nabopaTopHble
YCINOBWS, HE YYUTBLIBAETCH MHOXECTBO (PaKTOPOB, CMOCOBHbLIX MOBMUSATL Ha KOHCTPYKLMIO Npu ee
ncnonb3oBaHUK. Takke HEBO3MOXHO OLIEHMTb paboTy matepmana, Haxo4saLWweroca B CoMeTaHnn
¢ apyrumun. Begb 3a4acTtyto Ha npakTMke Mbl BCTPEYaeMCs CO CIOXHBbIMW MHOTOCITIOMHBIMU KOH-
CTPYKUMSAMW C pasnnyHbIM COYETAaHMEM MaTepunarnos.

MpoToKkon, B KOTOPbIA 3aHOCATCA pesynbTaThl UCCreaoBaHUs, JOCTAaTOMHO CTaHAAPTHbLIA U
He BKMYaeT B cebs JOMOnHMTENbHbIE NapamMeTpbl, KOTopble MOrnu Obl NpubnusnTe nabopa-
TOPHbIE MCMbITaHMA o6pasua K 3KcnnyaTauMoHHbIM. TO €CTb N0 UTOrY UCMbITAHUA Mbl NOyYaem
noeanu3anpoBaHHble napameTpbl NoBeAeHUs MaTtepuana, 6e3 BO3MOXHOCTU MPOrHO3MPOBaHUSA
€ro N3MeHeHus B pearnbHbIX YCNOBUSIX.

OnpegeneHne NaponpoHULIAEMOCTU B YCNOBUSX,
NPUONMKEHHbIX K 3KCMNyaTaLuUOHHbIM

CoBpemMeHHbIn yyeHbin A.C. MeTpoB NpeanoXxun ycTaHoBKY Ans onpeaeneHnsa naponpoHu-
L2aeMOCTU MaTepuanoB B ycrnoBusix akcnnyatauum (puc. 3). MNpubnmkeHne nabopaTtopHbIX MUC-
NbITAHUA K 3KCNyaTauMOHHbIM SIBNSIETCA BaXKHbIM aCrNekTOM, Tak Kak 3TO MO3BOSSET NOMAy4nTb
Hanbonee TouYHble AaHHble, KOTopble ByayT Gonee nonesHbl NPU aHanu3e marepuana C TOYKK
3peHuns appeKTMBHOCTM NCNONb30BaHUS TAaKOBOIO B Pa3fnyHbIX cpedax.

Mpn paspaboTke yCTaHOBKM aBTOP ONMpancsa Ha MeToAbl, NpuBeaeHHble Bbilwe. Ha Becbl
yCTaHaBNMBaETCs €MKOCTb C TEMMOHOCUTENEM, BHYTPU KOTOPOW HaxOA4UTCA KOHCTPYKLMS C BO-
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Puc. 3. Cxema yCcTaHOBKM AN U3MEPEHNSA XapaKTepPUCTUK NaponpoHULLAeMOoCTun
CTpouTenbHbIX Matepuanos no gaHHbiM A.C. lNMeTpoga:
1 — 3NeKTPOHHbIE BECHI; 2 — TepMocCTaT; 3 — TennoHocuTenb; 4 — Yawka; 5 — ucnapsiemas
XnakocTb; 6 — obonma; 7 — obpaseu; 8 — repmeTuk; 9 — HarpeBatenb; 10 — pacTpy6 ans
BO34YLUHOro noToka; 11 — BeHTUnsTop; 12 — xonoaunbHasa kamepa; 13 — komnbroTep [9]

non. cnbiTyembin obpaseL KpenaT Hag vallen ¢ ucnapssemMorn BO4oW. TeM caMbiM C TeYEHNEM
BpeMeHn obpasell HacbILLLAeTCsl BNaron 3a CHET UCNapeHNIA.

OCcoBEeHHOCTLIO NMPOBEAEHUNS 3KCMEPUMEHTOB SIBMSAETCS NepeMelleHMe o0pasuoB Mexay
cpedamu ¢ pasHon OTHOCUTENBHOM BNaXHOCTLHO. MNpekpalleHne akcnepmmeHTa NnpomMcxoguT npu
AOCTMXeHnM obpasuamm cTalMoHapHOro coctosaHns [9].

YctaHoBka A.C. lNeTpoBa ABRseTcs NpuMepoM akTyanusaumm HopMaTUBHbLIX METOAOB onpe-
AeneHuns naponpoHuyaemocTu. Begb 3a 0CHOBY aBTOp 6epeT Te e NPUHLMMBI, YTO U ONUCAHHbIE
B NOCT — B3BelwwmBaHne maTepuana, Yepes3 KOTopbl MPOXOAAT napbl XuaKkoctu. Ho B gaHHOM
cnyyae B KOHCTPYKUUW NpedycMaTpuBaeTCsa HarpesaTteSlb U BEHTUMNATOP, KOTOPble MO3BONSAIOT
CbIMUTUPOBATb JKCMIyaTauMOHHbIE YCNOBUS. Takke NOAKMYEHNE YCTAHOBKN K KOMMbIOTEPHOWN
nporpamme ynpoLiaer coop AaHHbIX N YMEHbLUAET BO3MOXHOCTb OLUMOKM M3-3a NPUCYTCTBUS
YyenoBeyeckoro dakTopa. JKCnepuMeHTarbHbIA CTEH TakKe NO3BONSAET OLUEHUTb BaXXHOCTHOE
COCTOSIHWE He TONMbKO OAHOro KOHKPETHOro MaTtepuarna, HoO U MHOFOCHOMHON KOHCTPYKLNW.

OnpepeneHre NaponpPoHMLIAeMOCTH BepTHUKanbHO OpUeHTMpoBaHHOro o6pasua

K.I'. 3ybapeB npennioxumn yCTaHOBKY AOf1si OMpederieHnsi NaponpoHULaeMocTu obpasLoB,
pacnonoXxeHHbIX BepTMKanbHo [10].

Kak v B npegbiayLLieM onbITe, Yally ¢ BOAOW pacnonaratoT Ha Becax, a Haf Hew Kpensit obpa-
3eu. B akcneprmeHTe Takke y4acTBYHOT AATYMKM OTHOCUTENBHOW BNAXHOCTN BO3dyXa, KOTOpble
cobupaloT gaHHble ¢ obpasua.

Takke npennoXxeHHas yCTaHOBKA MO3BONSAET ONPEAENUTb CPEAHEE 3HAYEHNE OTHOCUTENb-
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Puc. 4. YctponcTtBo ons onpegeneHuns koadduuneHTa naponpoHMLaemMocT BEpPTUKaNbHO
pacnonoxeHHoro obpasua no gaHHbiv 3ybapeBa K.[1. 1 — aneKkTpoHHbIE BeChIl, 2 — BOAA,
3 — Kopnyc ycTponcTea, 4 — 4aT4YMKN OTHOCUTENbHOW BMAXHOCTM BO3AyXa, 5 — UCMbITYEMBbIV
obpasey, 6 — repMeTuK, A — CBA3b ANEKTPOHHbIX BECOB C KOMMbioTepomM [10]

HOM BNaXXHOCTM NO BbicoTe Obpasua. lNonyvyaemble AaHHble OT BECOB NEPEBOASATCS KOMIMbHO-
TEePHbIM YCTPOMCTBOM B rpacumk, Ha KOTOPOM YETKO BUAHbI XapakTEPUCTUKA U3MEHEHUS MacChl
obpasua [10].

YctaHoBka K.[1. 3ybapeBa npeacTtasneHa Ha puc. 4.

YctaHoBka K.I. 3ybapeBa Takke OCHOBaHa Ha NMpUHLMNAxX HOPMATUBHOWM JOKYMEHTaLMK, HO
B OTNIMYMKN OT OMMCAaHHbIX Bbllle 3KCNEePUMEHTOB, 34eCb obpasel, pacrnonaraeTcsa BepTUKanbsHo,
YTO COOTBETCTBYET MNONIOXKEHNIO KOHCTPYKLUUKN Ha NpakTuke. ATO NO3BOMSET NpMbnuantb ycnoBus
NpoBeAEHMsI AKCMEPUMEHTA K 3KCrSyaTauMoHHbIM. PaspaboTaHHas mogenb No3BonseT NosyynTb
Gonee nonHble gaHHbIE O BNAXXHOCTHOM PEXUME KOHCTPYKUUKU. Takum 06pasomM MOXKHO NONyYnTb
AaHHblEe O COCTOSIHUN KOHCTPYKLMW, COCTOSILLIEN U3 HECKOSbKMX MaTepuarnoB. KOHCTpyKUnsa nmeet
noTeHumnan B AopaboTKe 3NEMEHTOB, CNOCOGHbIX CbIMUTUPOBATL JKCMIyaTalNOHHbIE YCIOBUS,
kak B yctaHoBke A.C. NeTpoBa.

CoBpeMeHHble yyeHble BepyT Kypc Ha BOCCO34aHMe IKCMfyaTaunOHHbIX YCIOBUIA NpU aHa-
nnM3e mMaTepuarnosB, YTO SBNSETCA BEPHbIM PELLEHNEM, TaK Kak nokasatenun, cobmpaemble B xoae
9KCMEepPMMEHTOB, HanpsMyl 3aBUCAT OT YCMOBUW MX NpoBedeHus. B nabopaTopHbIX yCrnoBUsax
Mbl 4acTO BUANM MAeanu3npoBaHHbIE NapaMeTpbl, @ OHWU, B CBOK odepeb, MOryT 3HAYMTENbHO
OTNMYaTbCs OT nokKasaTesien akcnyaTMpyemMom KOHCTPYKUUK. Hannvmne Toro nnm nHoro cakropa
MOXET KapAuHarnbHO ckasaTbCs Ha 3EKTUBHOCTU NPUMEHEHMS MaTepuana.

3aknro4yeHue

Tak kak naponpoHnLaeMoCTb MaTepmnanoB HaNpPAMYH CBA3aHa C TenJ10-BNa>XHOCTHbIM peXu-
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MOM KOHCTPYKLUK, TeEMaA YCOBEPLUEHCTBOBaHUSA CNOCOBO0B NOMy4YeHMs XxapakTepuCTUK CTpOUTENb-
HbIX MaTepuarnoB sIBNAeTCs akTyanbHOW. [pu pa3paboTke MeTOLOB NONYyYEeHUS OaHHbIX cnegyet
ONMpaTbCA Ha NPOLUSbIV OMbIT, OTPAXKEHHbIN B HOPMATUBHOW JOKYMEHTaLMW.

CoBpeMeHHble ydeHble AenatroT akueHT Ha NpubnmkeHnn Metoaos nabopaTopHbIX UCMbITa-
HUM K YCNOBUSAM 3KCMryataumm TOro UM MHOro Matepuana. 970 SBNAeTCs BaXHbIM (DaKkTOpPOM,
TakK KaK yCnoBusi 3Kcnnyataumm okasblBaloT OrpOMHOE BMMSHUE Ha noBedeHve matepuana. Tak-
e B COBPEMEHHbIX MCCNeaoBaHMsX YNpoLLaeTcsa NpoLecc B3BELLMBAHUA — UCMbITYyeMble obpas-
Ubl YXKe pacnonaralTcs Ha Becax, YTO MO3BOMSET NonyYnTb AaHHbIE O BeCce matepuana cpasy
Ha KOMMbIOTEPHYIO YCTAHOBKY B fl060M MOMEHT BpemeHu 1 6e3 nepeHoca.

MpeacTaBneHHble Modenn COBPEMEHHBIX YYEHbIX OCHOBaHbI Ha MpUHLMNAX rocyaapCTBEH-
HbIX CTaHAapTax, HO psg U3MEeHeHW, BHECEHHbIE aBTOpaMn B pacnosnoxeHve obpasuos U co-
CTaB MCMbITaTeNbHON MOLENN NO3BONSAKT NOMYy4YnTb Gonee NomnHy KapTUHY O COCTOSIHUM KOH-
cTpykuun. MNnocom MogepHN3MpoBaHHbIX paboT ABNSETCA NCMOMb30BaHNE B HUX NPOrpaMMHOro
obecnevyeHns, Tak Kak 3anoXeHHble B nporpammy ¢opMyribl CNOCOBCTBYHOT AOCTATOMHO Obl-
CTPOMY NOSYyYEHMIO HEOBXOANMBIX AaHHbIX M MOCTPOEHUIO HArNAAHbIX rpacmMKoB U Anarpamm o
COCTOSIHUM KOHCTPYKUUKN, YTO MO3BOSISIET YXKe B NpoLecce NpoBeAeHUsa 3KcnepuMmeHTa caenatb
onpegeneHHble BbIBOObI KacaTeNbHO COCTOSHUST KOHCTPYKLUUN.

Ho coBpeMeHHble mogenu Bce ke TpebytoT OOMNOMHUTENBHBIX UCCNEAOBaHUA, Tak Kak no-
BeeHne MmatepuarnoB B MHOTOCITOMHOM KOHCTPYKUUKN OCTaeTCsl HEACHBIM. A MPUHSATLIE Mepbl MO
BOCCO3[1aHMIO IKCMNITyaTauMOHHbIX YCITOBUA HEQOCTAaTOMHbI B CBSI3M C MHOroo6pasnem hakTopos,
BMUSIIOLLMX HA KOHCTPYKLUMM «B NOMEBbIX» YCNOBUSIX.

PasButne nccnegoBaHum O BIQXXKHOCTHOM M TEMMEPATYPHOM pexnme KOHCTPYKUMIA Heobxo-
anmo. O6 aTom roBopuT MHoroobpasme matepuanoB Orpaxaarwmnx KOHCTPYKUUIA, AOCTYMHbIX
B HacToswee Bpems. [puinTtn K paumoHansHOMy NOTpebneHnto pecypcoB B CTPOUTENbLCTBE U
3(pPEeKTUBHOCTU UCNOMNBb30BaHUA MaTepuarioB BO3MOXHO TONMbKO Gnarogaps geTtanbHOMY W3-
YYEHUIO MPOLIECCOB, NMPOUCXOASALLMX BHYTPU KOHCTPYKLMN B YCIIOBUSAX 3KCnyataumm. Hanuuune
Taknx uccnegoBaHuin, kak y A.C. Metposa n K.IN. 3ybapesa, roBopuT O 3anHTEPECOBAHHOCTU
MONOAbIX yYeHbIX B JAHHOW TemMe U noTeHumane cos3aaHns 6onee coBepLUEeHHbIX YCTaHOBOK ANs
onpegeneHus Tenno-BNaXXHOCTHOIO peXxrMa KOHCTPYKUMK. [ng nonyyYyeHus xenaemblx pesynbsra-
TOB B AaHHOM obnactu TpebytoTCss MHOrOYUCIIEHHbIE NCCNEeA0oBaHWS C PasfMyHbIMY BapyaLmsamMm
YCIOBUWI 3KCNyaTaumMm 1 COMETAHUSIMU MHOXECTBa COBPEMEHHbBIX MaTepuarnoB Ang orpaxaato-
LMX KOHCTPYKLMNA.

UccnedosaHue ebInonHeHo 3a cyem cpedcme 2ocydapcmeeHHOU rpoepaMmbl Pocculickol
®edepayuu «Hay4yHo-mexHomnozauyeckoe pasgumue Poccutickol ®@edepayuu» 8 pamkax rniaHa
pyHOameHmarnbHbIX Hay4YHbix uccrnedosaHuli MuHcmposi Poccuu u PAACH (¢byHOameHmarnsHoe
Hay4Hoe uccrniedosaHue Ne 3.1.4.11 «MccnedosaHue HecmayuoHapHO20 Merno-81aXXHOCMHO20
COCMOSsIHUST OepaxkOarwux KoHCmMpyKuul 30aHull ¢ NpUMeHeHUeM meopuu rnomeHyuarsna enax-
Hocmu» Ha 2024—2026 200bi).
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permeability resistance; relative humidity.

Abstract. The purpose of the work is to study regulatory methods for determining the vapor
permeability of materials, analyze modern methods and compare them. This article describes
the methods regulated by GOST 25898-2020 Construction materials and products. Methods for
determining vapor permeability and resistance to vapor permeation. The installations of modern
scientists for studying the moisture regime of a structure are presented. Petrov’s installation
has been studied, which makes it possible to bring laboratory research conditions closer to
operational conditions. An invention is presented for determining the vapor permeability of a
sample mounted vertically. Its work also makes it possible to bring tests closer to operating
conditions, since the enclosing structures are vertically oriented.

© K.I'. 3ybapes, H0.C. 306HuHa, KO.A. CanpoHoea, B.[1. degocees, 2024
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OueHKa TemnepaTtypHOro nepenaga
ansi uccnegoBaHusA
TeMnepaTypHO-BNaXXHOCTHOIO pexuma
orpaxgarwmx KOHCTPYKLUNA 30aHNN

K.M. 3y6apeB1’ 2 3, B.0O. Cbe,u,oceeB1, FO.A. Canp0H03a1,
DA Ey/:l,an(1

" ©rs0y BO «HauuoHanbHbIU uccredosamernbcKull
Mockoeckuli 2ocydapcmeeHHbIl cmpoumeribHbIU yHUsepcumemy,
2orey «HayyHo-uccnedosamenbckul uHCMuUMym
cmpoumernbHOU usuku Pocculickol akademuu
apxumeKkmypbl U CMpPOUMesibHbIX HayK»;

3 @rA0y BO «Poccuiickuii yHugepcumem 0pyx6bbl Hapodoey,

2. Mockea (Poccus)

KnioueBble cnoBa 1 cpa3sbl: orpaxgarLme KOHCTPYK-
LUK; OTHOCUTENbHAA BNaXHOCTb BO3ayXa; TeMneparypa BHY-
TPEeHHEN NOBEPXHOCTU; TemnepaTypa KOHAeHcauuu.

AHHOTaumsa. B HacTodAwen ctatbe npousBedeHbl pac-
YyeTbl M OLEeHKa TemnepaTypbl U1 OTHOCUTENBHOW BMAXHOCTU
BO34yXa, MNPy KOTOPbIX B MOMELLEHUN HA OrpaxaaroLmx KOH-
CTpyKunsax He Byget obpasoBbiBaTbCA KOHAEHcaT. Lienbto pa-
60Tbl ABNSETCA OUeHKa OONYCTUMbIX TemMnepaTyp U OTHOCU-
TeNbHOW BNAXXHOCTW BO34yXa A1 XUMbIX noMeLeHun. 3aaa-
Ya uccrnefoBaHUa — NPoBeAeHNe pacyeToB No onpeneneHnto
pasHuLbl TeMrepaTyp BHyTPEeHHeN NoBepXHOCTU U Temnepa-
Typbl KOHAeHcauuu. N3 3akoHa Pypbe U 3akoHa HbloToHa-
PuxmaHa 6bina BbiBegeHa oopMyrna Temnepartypbl BHYTPEH-
Hen NOBEePXHOCTU OrpaxkgaroLlen KOHCTpYKUMn. B pesynerarte
pacyeToB GbinNy nonyyeHbl Tabnuubl ¢ pasHuuaMmy Temnepa-
TYP BHYTPEHHEN NOBEPXHOCTU OrpakaatoLenn KOHCTPYKLUUKN 1
KOHOEeHcauuu O CTeH, Nnomnos, NOTOMKOB U OKOH.

BBepeHue

VccnepoBaHue TemnepaTypHO-BAAXHOCTHOMO peXnma orpakaatoLMx KOHCTPYKUUA 30aHNR
KpanHe BaXKHO nsi cTpouTenbHon oTpacnu [1-7]. OnpeaeneHne pasHuLbl TemnepaTtyp orpaxaa-
IOLLIMX KOHCTPYKUMI 1 TeMnepaTypbl KOHAEHCaUMn Heobxoanmo Ans KoOMGOPTHOro npebbiBaHnA
B 30aHUN YenoBeka, a Takke Ana n3bexaHusa NosiBNeHuMs KOHAeHcaTa M NneceHu Ha BHYTPEH-
HUX MOBEPXHOCTSX orpaxaeHun [8—13]. PacueTbl Temnepatypbl KOHOEHCALMM U MUHUMANbHOM
Temneparypbl NOBEPXHOCTM 0bA3aTenbHbl U UX cregyeT NPOu3BoANTbL COrMacHO HOPMaTUBHOMY
aokymeHTy CI 50.133.2012 «Tennosag 3awuta 3gaHun» [14]. OgHako HeobxoauMo COBEpPLLEH-
CTBOBaHMe AaHHbIX METOOO0B pacyeTa aAnsg ontuMmsaunm pabdoTbl MHXEHEPOB-NPOEKTUPOBLLMKOB.
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MaTtepuanbi n metToabl
Temnepatypa KoHOeHcauum onpegendetcs no gpopmyne [14]:

b =—20___573

i 184-10" (1)
e

Mo dhopmyne (5.2) ns CI1 50.13330.2012:
rCon = (t, -t )z, (2)

Oanee, no chopmyne ns nyHkta 1 npumedanunn Tabnuusl 3 n3 CI 50.13330.2012 Bbluncnvm
Tpebyemoe conpoTuBeHe Tennonepeaade orpaxaatowen KOHCTPYKLMK:

ROT" = alCOIT + b. (3)
CornacHo 3akoHy ®ypbe:
3arem, no 3akoHy HbtoToHa-PrxmaHa:
q = a(tB - tB.I'I)' (5)

MpupaBHsB npasble YacTn popmyn (4) n (5), nonyynm:

(t,— tH),’-'\’OTp =a(t, -t ) (6)
BbiBeasa ns opmynbl £ ., nony4mm:
t, =t —(t, - tH)/RoTpa. (7)

[na HaxoxaeHus pasHuubl Temnepartyp BbliuTeM (1) ns (7):

At=t _—t,. (8)

B.N

Pe3ynbraThl u 06CcyxaeHus

[na pacyeTta pasHuLbl TEMNepaTyp KOHOEHCAUUN U BHYTPEHHEN NMOBEPXHOCTU MPOBENUCH
pacyeTbl Temnepartypbl KoHaeHcaumm no copmyrne (1) npy onTumManbHbIX Temnepartypax u oT-
HOCUTESbHbBIX BNAXHOCTAX AN xunon komHatbl no FOCT 30494-2011 (tabn. 1). Janee Obinun
paccuutanbl FCOIMM no dopmyne (2), B kotopoit ¢, z,. onpeaenexbl no ClM 131.13330.2020, ans
MockBbl NPUHATLI cooTBETCTBEHHO —2,2 °C 1 204, a t, npuHaT cornacHo CI1 50.13330.2012 3a
20 °C, n oH paBeH 4528,8. 3atem no copmyne (3) 6binm paccuntaHbl Tpebyemble conpoTuene-
HWS Tennonepegaye CTeH, MOMoB, NOTOMKOB M OKOH. locrne, NoAcTaBnAs U3BECTHbIE 3HAYEHUSA
B chopmyny (8), nonyunm TemnepaTypbl BHYTPEHHEN MOBEPXHOCTU OrpaXk4aroLmnX KOHCTPYKLMIA
(tTabn. 3). danee Obinu BblYTEHBI TEMMAEPATYPbl KOHAEHCALMM U3 TeMNepaTyp BHYTPEHHEN no-

BEPXHOCTM OrpaxaaroLLmxX KOHCTPYKUu (Tabn. 4-6).
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Tabnuua 1. Temnepatypa KoHAEeHcauuUy Npu ONTUMarnbHbIX 3HAYEHNUAX TemnepaTypbl

BHYTPEHHEro Bo3ayxa M OTHOCUTENbHOW BMaXXHOCTU BO3ayxa

t,°C

B’

t., °C npu oTHOCUTENLHON BNaXHOCTW, %

30 % 35 % 40 % 45 %
20 1,81 4,01 5,95 7,68
21 2,69 4,91 6,86 8,60
22 3,57 5,80 7,76 9,51

Tabnuua 2. Tpe6yeMb|e conpoTuBrieHna Tennonepegaye CteH, noToJikoB U Nnornos, 1 OKOH

Orpamawmaﬂ CTeHbl [Mon n notonok OkHa
KOHCTPYKLIMS
R ™ 2,99 3,94 0,49

o

Tabnuua 3. Tpebyemble cONpoTUBIEHUS Tennonepegayve CTeH, NOTOMKOB M MOSIOB, U OKOH

Orpaxaatowias t.»°Cnput,C
KOHCTPYKLUS 20 21 2
CteHa 18,2 19,1 20,2
Mon 18,7 19,6 20,6
OkHO 8,2 9,0 9,7

Ta6bnuua 4. PasHuua TeMnepaTyp KOHAEeHcauuy 1 TemnepaTtypbl BHyTPEHHEN NOBEPXHOCTU
orpakgaroLein KOHCTPYKLUMK (CTEeH) NPy ONTUMarbHbIX 3HaYEeHUsIX TeMNepaTyp BHYTPEHHErO
BO34yXa W OTHOCUTENbHOM BNAXXHOCTU

At, °C npu oTHOCKTENBbHOW BRaXHocTu, %

t,°C
30 % 35 % 40 % 45 %

20 16,4 14,2 12,3 10,6
21 16,5 14,3 12,3 10,6
22 16,6 14,4 12,4 10,6

Tabnuua 5. PasHuua TeMneparyp KoHaeHcauun n temnepartypbl BHyTpeHHeIZ NOBEPXHOCTU
orpamp,arou.lelh KOHCTPYKUUMn (I'IOJ'IOB n FIOTOJ'IKOB) npu onTuMaribHbIX 3HA4YEHUAX TeMnepartyp

BHYTpPEHHEro Bosayxa u OTHOCUTENBHOW BMAXXHOCTU

A't, °C npu oTHOCUTENBHON BRaxHocTn, %

t,°C
30 % 35 % 40 % 45 %

20 16,9 14,6 12,7 1,0
21 16,9 14,7 12,8 11,0
22 17,0 14,8 12,8 1,1
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Tabnuua 6. PasHuua TeMnepaTyp KOHAEHcauun 1 TemnepaTtypbl BHyTPEHHEN NMOBEPXHOCTU
orpakgaroLLei KOHCTPYKLMK (OKOH) NMpU ONTMMarbHbIX 3HAYEHUSX TemnepaTyp BHYTPEHHEro
BO34yXa U OTHOCUTENBLHOWN BMNaXHOCTU

. A't, °C npyn OTHOCUTENBHOWN BRIAXHOCTU, %

o °C 30 % 35 % 40 % 45 %
20 6,5 4,2 2,3 0,6
21 6,3 41 2,2 0,4
22 6,2 4,0 2,0 0,2

3aknroyeHue

Bbinv npovsBeaeHbl pacyeTbl pas3HULbl TEMMepaTyp KOHAeHcauMn U BHYTPEHHeN noBepx-
HOCTW OrpakgatoLnx KOHCTPYKLIMIA.

UccnedosaHue 8bINOMHEHO 3a cyem cpedcme 2ocydapcmeeHHoU npozpammbl Pocculickol
®edepayuu «HayyHo-mexHonoeu4deckoe pazsumue Poccutickol ®@edepayuu» e pamkax [lnaHa
pyHOameHmarnbHbIX Hay4YHbix uccrnedosaHuli MuHcmposi Poccuu u PAACH (cpyHOameHmarnsHoe
Hay4Hoe uccrniedosaHue Ne 3.1.4.11 «MccnedosaHue HecmauyuoHapHO20 Meno-81aXXHOCMHO20
COCMOSIHUS ogpax0aruwux KoHCmpyKyul 30aHul ¢ npuMeHeHUeM meopuu riomeHyuarna enax-
Hocmu» Ha 2024—-2026 200bi).
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Assessment of Temperature Differences for Studying the Temperature
and Moisture Conditions of Building Envelopes

K.P. Zubarev" 3, V.D. Fedoseev1, Yu.A. Sapronova1, F.A. Budnik'

" National Research Moscow State University of Civil Engineering;
2 Research Institute of Building Physics of the Russian Academy
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structures; condensation temperature.

Abstract. This article contains calculations and assessment of the temperature and
relative humidity at which condensation will not form in the room or on the enclosing structures.
The purpose of the work is to assess permissible temperatures and relative humidity for
residential premises. The objective of the study is to carry out calculations to determine the
difference between the temperatures of the internal surface and the condensation temperature.
From the Fourier law and the Newton-Richmann law, a formula for the temperature of the internal
surface of the enclosing structure was derived. As a result of the calculations, tables were
obtained with the differences in temperatures of the internal surface of the building envelope
and condensation for walls, floors and ceilings, and windows.
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YOK 691.335

MHHOBaALMOHHOE NPUMEHEeHNEe HaKUunu BoAbl
B OETOHHbIX CMecHX:
aHann3 CBOMCTB N NepPCnNeKTUBLbI
MCMNOoJIb30BaHUA

I"A. MegBegeBa, A.A. KOcynosa, A.b. NkcaHoBa

®IrEQY BO «KazaHckuli eocydapCmeeHHbIU
apxumeKmypHO-CmMpoumeribHbIU yHU8epcumemy,
OIBEQY BO «KasaHcKuli HayuoHarsbHbIlU uccriedosameribckull
MexXHOoMo2u4ecKul yHU8epcUmemy,
2. KasaHb (Poccusi)

KnioueBble cnoBa u cppasbl: 6eTOH; Hakunb BOAbI;
Tennounsonsums; TennoaneKkTpoCcTaHumn, LeMeHTHO-0eTOH-
Hble CMecH.

AHHoTauums. Llenb uccnemoBaHusi — onpenenuTb BO3-
MOXXHOCTU MHHOBALIMOHHOIO MCMNOMb30BaHNS HaKUNu BoAbl B
BGETOHHBIX CMEeCSAX C LeNbio NOBbILIEHMS MPOYHOCTK, YCTOM-
YMBOCTM M AONrOBEYHOCTM BETOHHbLIX KOHCTPYKLWIA, NpoaHa-
NN3NPOBaTb NU3MEHEHUS MEXAHUYECKUX N PUINKO-XUMUYE-
CKMX CBOWCTB MaTepuarna 1 BbISIBUTb NepcnekTuBbl NpUMeHe-
HWUs1 3TOr0 NOAXOAA B CTPOMTENBHOWM OTpacnu.

3agaum umccrneqoBaHus: MPOBECTM SKCMEPUMEHTaNbHOE
nccnegosaHne ¢ aob6aBneHMEM pPasnUYHbIX KOHLIEHTpaLUii
Hakunn Boabl B OETOHHble CMecu, MpoaHanuanpoBaTb W3-
MEHEHUSI MEXAHNYECKMX CBOWNCTB, TaKMX Kak MPOYHOCTb Ha
cXaTue U Ha pacTsbkeHue, M3HOCOCTOMKOCTb, a TakkKe NpoBe-
CTW aHanm3 pU3NKO-XMMNYECKNX CBOMCTB BETOHA C HAaKMUMbHO
BoObl 1 6e3 Hee.

MMnote3a uccnepoBaHus: aobaBrneHMe Hakunu BoAdbl B
OETOHHbIE CMECU MOXKET YIy4lnTb UX MEeXaHU4YecKne CBOW-
CTBa M CTOMKOCTb 3a CYeT (POPMUPOBAHUA OOMNONHUTENBHON
XMMWYECKON CBA3WN MeXay YacTuuaMy LeMEHTa U 3anosiHu-
Ternemn, YTo NpMBeaeT K Yry4dLIEHMO NPOYHOCTM N YCTONYMBO-
CTM OETOHHbIX KOHCTPYKUWIA, @ TaKkKe K CHUXKEHUIO MOPUCTO-
CTM MaTepuana u NnoBbILLEHWIO €ro JONTOBEYHOCTH.

MeTog nccnegoBaHus: onpegeneHme puanko-MmexaHude-
CKMX CBOWCTB 0DOpa3sLoB GeToHa C MOMOLLB UCMbITAHUA Ha
MPOYHOCTL Ha CXXaTue M Ha pacTsKeHME.

JocTurHyTble pesynbTatbl: NoKasaHo, 4To gobasreHue
Hakunn Boabl B OETOHHblE CMecu NPUBOAMUT K YBENTUYEHMIO
MPOYHOCTM Ha CxXaTue U Ha pacTshkeHne matepmana. lpen-
NOXEeHbl PeKoMeHJauuu Mno OonTMMarnbHbIM O03MPOBKaM 1

Cmpoumeanble mamepuansi U usdenusa
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cnocobam NPUMEHEHNA HaKUnn BoAbl ANA OOCTUXEHUA Haun-
Nyyqwmnx pesynbratoB npu MU3rotoBrieHUN OETOHHbIX KOHCT-

PYKUUA.

B HacTosiLee BpemMsa B CBSI3W C NPOAOIKAKOLWMMCS HaKoMfeHMeM Hakunu Boabl pa3paboT-
Ka MeponpusaTun No 3PdEKTUBHOMY N SKOSTOTMYHOMY MCMOSIb30BaHMIO 3TOFO MHOTOTOHHaXXHOMO
BMaa OTXOLOB MNPOM3BOACTBA CTAHOBUTCS BeCbMa akTyarsibHown [1].

B paHHOM paGoTe Mbl paccmatpvBaeM OAHY M3 BO3MOXHbIX 00nacten Anst AOCTUXKEHMS
3HeproadhHeKTUBHOCTN — pa3paboTKy TEnsoM30MSALMOHHBIX MaTepuarioB Ha OCHOBE OTXO4OB
TENMO3HEPreTUKN: HaKUMU BOAbl. DTN MaTepmansl MOryT UCMONb30BaTbCA OS5 CHUXKEHUST SHEpP-
ronoTpebnenns B pa3nuyHbIX cUCTeMax nepeaadn n pacnpeaeneHns aHepruu.

TpagununoHHble MaTepuansl 4ns Tennon3onauun — MyHeparnbHas Bata M KaMeHHast KpoLu-
Ka — UMEelT HEKOTOpble HEAOCTAaTKN, TakMe Kak BbICOKas CTOMMOCTb M ONaCHOCTb ANs 300POBbS
yenoseka. MoaTomy paspaboTka HOBbLIX MaTepuanos AAs TENAOU30MSUMN HA OCHOBE OTXOLO0B
TEeNnno3HepreTukM npeacraBnsetr cobon akTyanbHyo 3agady [2].

B gaHHOM Hay4HOW paboTe NPOBOANUTCSA UCCIEeLOBaHNE U aHanmn3 XMMUYECKOro coctaBa Ha-
Kvnu BoAbl ANSA onpeaeneHnsi BO3MOXXHOCTM MX UCNONb30BaHUSA Npu NpOM3BOACTBE GeToHa.

XMMMYECKUA COCTaB HaKMUNN BOAbI MOXET COAEpXaTb MHOXECTBO PasfMyHbIX XUMUYECKUX
COeNHEHUN.

W3 paHHoro aHanusa AByx Npob cneayer, 4TO B COCTaBe Hakvnu npeobnagatoT XMMuyeckmne
3NEeMEHThI KPEMHUI, Mefb, LIMHK 1 cepa.

KpeMHuin akTMBHO MCMNONb3YylOT B NPOU3BOACTBE CyxXUX BeTOHHbIX cmecen, 6eToHa, neHobe-
TOHa, UeMeHTa, KepaMuK, OBNMLOBOYHbLIX NIIUT, Yepenuupbl, OrHEYNOPHbIX Macc, pesuHbl. Mpu-
MEHSIETCA B MOCTOCTPOEHUN, JOPOXKHOM CTPOUTENLCTBE, NPWU BO3BEOEHUN XKUMbIX N MPOU3BOI-
CTBEHHbIX 0OBLEKTOB, NMOTUH 1 AamM0b, BypoBbIX NIIAaTOPM 1 CKBaXKUH, KOJTNEKTOPHbIX Tpacc [3].
MonynapHOCTb KPEMHUSA OBBLSACHSETCA ero YHUKanbHOW CMOCOBHOCTBI0 MO3UTUMBHO BNUATH Ha
CBOWCTBA CTPOUTENbHbBIX MaTepuasnos, yny4las nx Ka4eCTBEHHbIE XapakTEPUCTUKIN: NPOYHOCTb,
MOPO30YyCTONYMBOCTb, MPOHULAEMOCTb, XUMUYECKYIOD CTOMKOCTb, CyrnbdaTOCTONMKOCTb, U3HOCO-
CTOMKOCTb 1 ap. [3—4].

Megab B kavecTBe fobaBku Ans 6eToHa MCNOMb3yT AN NOBbILEHUSA NPOYHOCTU U Kak Mpo-
TUBOIPUBKOBYIO, BaKTEPULIMAHYIO N MHCEKTUUMOHYIO nobaBkKy. [loGaBka cepbl B 6eTOH obpasyeT
CcepobETOH — KOMMO3UTHBLI COBPEMEHHbLIN CTPOUTENbBHLIN Matepuar, COCTOALLMA U3 XUMUYECKN
WHEPTHbIX 3anonHUTENen U HanorHUTENen 1 NCNoNb3YIOLWNIN TEXHUYECKYIO CEpPY B Ka4yecTBe BS-
XyLlero BellecTBa. [JoCTOMHCTBaMM cepobeTOHa ABMNAKTCA O4EHb Manoe BpeMs NPUroTOBIEHNS,
BOLOHENPOHNLAEMOCTb, YCTOMYNBOCTb K BIIMSIHWIO arpeCCUBHbBIX XMMUYECKNX BELLLECTB, BbICOKas
NPOYHOCTb, YCTONYMBOCTb K HA3KUM Temnepartypam [5].

BaXXHO OTMETUTb, YTO XMMUYECKNA COCTaB HAKUMNWN BOAbl MOXET 3HAYMTENbHO pas3nuyaTbCs
B 3aBMCUMMOCTU OT MECTHOCTM, B KOTOPOWN OHa 0bpasytoTcs, a Takke OT TUMa UCTOYHMKA BOAbI.

MwuHepanorm4eckmim CocTaB HakUNM TakkKe MOXET CYLLEeCTBEHHO pasnuyaTtbCs B 3aBUCUMO-
CTM OT ycnoBun MmecTHocTU. OgHAKO MOXHO BblAENUTb OBLLME KOMMOHEHTbI, KOTOPble MOTYT Npu-
CYTCTBOBaTb B HAaKMnNu. MnHepanornyeckmin coctaB Hakunm Boabl MOXET BKITOYaTb KapOboHaTbl u
cynb@atbl KanbLnsa 1 MarHus, KpemMHeseM, a TakkKe pasnuyHble COeaNHEHNS antoMNHUS, Xenesa
N apyrux anemeHToB. Kpome Toro, B coctaBe HakuMnu MOryT COLAEpXaTbCs MeCoK M rmuHa [6].
MuHepanorm4ecknin coctaB HaKUNM BOAbl MOXET UCNONb30BaTbCA ANA Knaccudukaumm no tmny,
a TaKke onpegeneHns n3HadanbHOro NCTOYHMKa MaTepuarnos.

B kauyecTBe 3anonHMTENS Hakunb BOAblI MOXET YNy4ylMTb CBOWCTBA GETOHA, Takue Kak ero
NMPOYHOCTb N YCTONYMBOCTb K pPasfnunyHbIM hakTtopam, ABMSIOWMMCH BpegHbIMU ONS ero CTPykK-
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Tabnuua 1. Xummnyeckuii coctaB ocajka BoA U pacTBOPOB NPOMbIBKU U pereHepauum
huNETPOB BOAONOArOTOBKU NPY MPON3BOACTBE Napa u ropsven Boapl

OnpepensemMbli KOMMOHEHT, Ne naGopartopHbin
Ha abCOMNOTHO-CYXYH0 HABECKY,

ed. n3MepeHus 1405 1406
TiO,, macc, % 0,02 0,11
MnO, macc, % 0,16 0,08
Na,O, macc, % 0,37 0,27
K,0, macc, % 0,14 0,10
SiO,, macc, % 2,46 3,43
MgO, macc, % 2,59 5,45
Ca0, macc, % 48,15 41,60
Fe,0,, macc, % 4,91 7,09
Al,O,, macc, % 0,50 0,88
P,0O,, macc, % 0,90 0,66
nnn, macc, % 39,98 40,53

V, Mmr/kr 93 22

Cr, mr/kr 107 17
Co, mr/kr 7,74 9,47

Ni, mr/kr 62 17
Cu, mr/kr 107 130

Zn, mr/kr 218 95
Sr, mr/kr 683 633
Mo, mr/kr <0,1 <0,1
Cd, mr/kr 0,41 0,13
Pb, mr/kr 33 5,97

Tabnuua 2. lNponopummn LeMeHTa, necka, Hakunm BoAbl

Wcnonb3yembiii CocraB beToHa, macc (r)
maTtepuvan 1 5 3 4
LlemeHT 12 12 12 10
Mecok 36 24 12 0
Hakunb 0 12 23 28
Bopa 10 15 27 33

Typbl. Kpome TOro, ncnonb3oBaHue HakMnu BoAbl B Ka4eCcTBe 3anofiHUTEnNs MoXeT ObiTb Gonee
3KONornyeckn acpheKTUBHBLIM CNOCOOOM yTMUNIM3aLUmMmM 3Toro oTxoada. BmecTte ¢ Tem Heobxoanmo
NMOMHWTb, YTO UCMONb30BaHNE HaKUNKW BoAbl B OETOHE MOXET BMUATb Ha €ro LBET U BHELLUHUN
Bua. Kpome TOro, kak 1 BCce 3anonHUTENKW, HakuMb AOoMkHA ObITb NPaBUNbHO A03UPOBaHa, YToObI
n3bexatb HeraTMBHOIO BNUSIHUS Ha CBOWCTBA OeToHa.

30 CmpoumenbHblie mamepuansi u uddenus



Components of Scientific and Technological Progress

45
40
35
30
25
20
15
10

0 20 40 60 80 100 120

Puc. 1. 3aBncumocTtb npodHocTu (R) K nponopuumn Hakunu BoAbl B COCTaBe LeMeHTa
B kayecTBe 3anonHutens (%)

B Lenom 3HaHue MMHepanorm4eckoro coctaBa Hakunm BoAbl NO3BonsieT 6onee To4HO onpe-
OenaTb BO3MOXHOCTU €€ NCNOMb30BaHUSA B TEXHOMOMMYECKMX NpoLeccax U co3gaHum HOBbIX Ma-
TepuanoB. OTO TakkKe BaXXHO A5 NOHUMaHUS NOTEeHLManbHOro BO34eNCTBUSA 3TUX MaTepuasnos
Ha 300POBbE YeroBeKa M OKpPYXKaloLLyo cpeqy.

Hakmnb BOObl MOXET UCMOSb30BaTbCA Kak 3anoniHuTtens B 6etoHe. OgHako, npexae vem
NCnonb30BaTh €e B Ka4yecTBe 3anosfiHuMTens, Heobxo4MmMo NPOBECTU UCCIEAOBaHME ee XxapakTe-
PUCTKK AN onpegeneHns NPUrogHoCTU AN 9Ton Lenw.

[na onpegeneHus xapaktepuctuk 6etoHa ¢ gobaBneHMeM Hakunu BoAbl UCMOMNb3YHOT Le-
MeHTHble 6anoykn pasmepamm 40x40%x160 MM, N3rOTOBNEHHbLIE N UCMbITAHHbIE NO CTaHOAPTHOM
METOAMKE.

Mpn M3roToBMNEHMM LEMEHTHOIO pacTBOpa HEOBXOAMMO MCMONb30BaTh LIEMEHT, NECOK N Ha-
KnMb BOObl B PA3HbIX MPONOPLMSIX.

[na nccnegoBaHus NpoYHOCTU 06pa3ubl-6anoykn nocne BblIHAMaHUA U3 OOpM 3amavvBa-
I0TCSA B pacTBope cepbl. B gaHHOM nccnegoBaHmm ncnonb3oBanack cepa 20 I, akTMBMpoBaHHas
xnopugom antomuHma MOCT 3759-75 0,4 1. B nogorpetom pacteope obpasLibl BblAep>KUBanNuCh
5-10 MUHYT JO NoOnHOro NokpblTs. Cepa NO3BOMSIET BbISIBUTb HEPABHOMEPHOCTU B CTPYKTYpe
©eToHa, Takne Kak nycToThl, TPELUHbI, BKNKOYEHUS 1 Apyrne gedekTbl, KOTOpble MOryT CHU3UTb
NPOYHOCTb M AONTOBEYHOCTb KOHCTPYKUMN. Takne nccnegoBaHust MOMOoraroT yinyylnTb KauecTBO
OETOHHbIX N3genun n obecneynTb UX JONTUIN CPOK CrYKObI.

Mocne nokpbITNA 06pPa3LoB CEPHLIM PACTBOPOM OHM MOABEPratoTCA UCMbLITAHUIO Ha npecce.
Mo nony4eHHbIM gaHHbIM cTpouTcs rpaduk (puc. 1).

Mpn npoBegeHWM OMNbITOB 3aMeYEHO0, UTO C yBenMyeHnem gobasneHns Hakmnu B 6eToH yBe-
nunymeanoch n gobaeneHne sogbl. [pu 3anMeaHumM pacTeopa B hopmy HYepes HEKOTOPOe BpeMS
N3 Hee Hayana BblTekaTb Boga. [1pu BblHUMaHMM 6eToHa ¢ gobaBneHnem Hakmunu 13 opMOYKM
Mo KpasiM OH HauMHam KpoLMTbCS. M3 9TOro MOXHO caenaTtb BbIBOA, YTO HaKuib COBMECTHO C
LEeMEHTOM He JaeT HeobXOo4MMOWn NPOYHOCTU.

B kayecTBe 3anonH1MTENs HaKMMb BOAbI MOXET yNy4LUNTb CBOWCTBA OETOHA, TakMe Kak NpoY-
HOCTb U YCTOMYMBOCTb K pasnunyHbiM haktopam, SBASIOWNMCA BPpeaHbIMU OS1S1 er0 CTPYKTYpbI.
Kpome Toro, ncnonb3oBaHne HakMnu BOAbl B KAYECTBe 3anonHuTensa MoxXeT 6biTb 6onee akonoru-
YecKkn ahPeKTUBHBLIM CNOCOBOM yTUNM3aLmMm 3Toro otxoda. Bmecte ¢ TeM HE06X0AUMO NOMHUTD,
4YTO MCMOMb30BaHME HaKNMW BOAbl B BETOHE MOXET BNMATL HA €ro LBET U BHeLWHWM Bua. Kpome
TOro, Kak 1 BCe 3anofHUTENW, Hakunb AOMKHA ObiTb NpaBUibHO 4O3MPOBaHa, YTobbl nsbexartb
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Puc. 2. O6paseu-b6anoyka c goOaBNEHNEM HAKUMK

HeraTMBHOrO BIUSIHUSA Ha CBOMCTBA GeToHa.

Takum o6pa3oM, UCNonb3oBaHME HAKUMKU B Ka4ecTBe 3anonHuTens B 6eETOHe BO3MOXHO, HO
TpebyeT TLiaTeNnbHOro 1ccnegoBaHns U NPaBUbHOMO A03MpoBaHusA. B gaHHoi paGoTte npen-
CTaBreHbl pesynbtaTtbl pa3paboTku HOBOrO TEMNOU3ONALMOHHOIO MaTepuana Ha OCHOBE OTXO-
[I0B TEMNNO3HEPreTUKN, a TakkKe U3ydyeHne ero cBOMCTB. PaboTa umeeT BaHoe 3HadeHue Ans
AOCTUXKEHUS Lieny MOBbILUEHUS] 3HEProadEKTUBHOCTU B Pa3fNYHbIX CEKTopax dKOHOMUKW. B
criegytoLlen Yactn paboTbl rotoBble 06pasubl OyayT UchbiTaHbl Ha U3NYECKe, MexaHUYeckne
N TeNNoU30NSALNOHHbIE XapaKTEPUCTUKM.
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Innovative Application of Water Scale in Concrete Mixes:
Analysis of Properties and Perspectives of Use

G.A. Medvedeva, A.A. Yusupova, A.B. Iksanova

Kazan State University of Architecture and Civil Engineering,
Kazan National Research Technological University,
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insulation; water scale; concrete.

Abstract. Research objective: to determine the potential innovative use of scale water in
concrete mixes to enhance the strength, durability, and longevity of concrete structures, analyze
changes in the mechanical and physicochemical properties of the material, and identify the
prospects of applying this approach in the construction industry.

Research tasks: conduct experimental research by adding different concentrations of scale
water to concrete mixes, analyze changes in mechanical properties such as compressive
strength, tensile strength, and abrasion resistance, as well as analyze the physicochemical
properties of concrete with and without scale water.

Research hypothesis: adding scale water to concrete mixes can improve their mechanical
properties and resistance by forming additional chemical bonds between cement particles and
aggregates, leading to enhanced strength, durability, and reduced porosity of the material.

Research methodology: determination of the physico-mechanical properties of concrete
samples through tests on compressive strength, tensile strength, and abrasion resistance.

Achieved research results: It has been shown that adding scale water to concrete mixes
leads to increased compressive and tensile strength of the material. Recommendations have
been proposed regarding optimal dosages and application methods of scale water to achieve
the best results in the manufacturing of concrete structures.
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UccnenoBaHue um nepcnekTnBbl yTuiindaumm
3oiownakoBbIX OTXO040B B CTpouTesribCcTBe

I"A. MegBeneBa, A.A. lOcynosa, J1.P. ApynnuHa

@rbOY BO «KasaHckul 2ocydapcmeeHHhbIl
apxumeKmypHO-CmMpoumersibHbIU yHU8epcumemy,
@IrbOY BO «KasaHckul HauuoHasbHbIU uccredosameribcKull
MmexHoIoau4ecKul yHuUsepcumemy,

2. KasaHb (Poccusi)

KnioueBble cnoBa u c¢ppasbl: 30M0LLIAKOBbLIE OTXOAbI
TENMOBbIX ANEKTPOCTaHUMI; NMPOYHOCTb; KONOMMYHOCTb.

AHHOTaumsA. AKTyanbHOCTb CTaTblM O MPUMEHEHUU 30-
NOLWNakoBbIX OTXOAOB B CTPOUTENbCTBE OByCrnoBneHa He-
006XOANMOCTBIO YCTpaHEeHUs npobnembl 3arpsA3HEHUs OKpy-
Xawwen cpegbl 0TXO04aMu MPOMBILUMEHHOCTM U MOTeHuma-
noM 3TUX MartepuaroB ANA CO30aHUSA 9KOIOrMYeckn YUCTbIX
N 3PPEKTUBHBIX CTPOUTENbLHbLIX NPOAYKTOB. PaccmoTtpeHue
COBPEMEHHbIX TEXHOMOMMN N MEeTOOO0B WCMOSb30BaHNUS 30-
NOLUNAaKOBbIX OTXOL4OB B CTPOUTENbCTBE MOMOXET MOHATb
MX BKNag B yCTONYMBOE pasBUTME OTpacin, 3KOHOMUYECKYHO
LenecoobpasHOCTb U NepcnekTBbl 3amMmeHbl TPaAULMOHHbIX
maTtepuarnoB Ha bornee 9KONOrnM4yHble anbLTepHaTUBHI.

[MmaBHasa uenb yTunmsaumm 3onowunakoBbix otxogos (3WWO) coctouT B npumMeHeHun npo-
OYKTOB nepepaboTkmM oTxoda, NpeobpasoBaHHbIX B KAa4YeCTBEHHblIE MaTepuarbl, B pasfnyHbIX
obnacTtax npomblwnieHHoCcTU. Kak nokasbiBaeT npakTvka, Ha TeppUTOpPUKN rocygapcTea M3 CKO-
MUBLUMXCA MUNNNAPOOB TOHH OTXO4a nepepaboTke u AanbHEeWLWen yTunu3aumm nognexnT Hu-
YTOXXHO Manas Yyactb — MeHee 4 % [1]. CoBpeMeHHOe NPON3BOLACTBO AMEKTPOIHEPINN OCHOBbI-
BaeTCHA Ha MCMOMb30BaHNN TENIO3HEPTUK, KOTOPasA NONyYaeTcst Kak pe3ynsTaT CropaHusa Tonmnu-
Ba B TEMJOBbLIX 3NEKTPOCTaHUMsIX. OgHaKo npu 3ToMm BblaensieTcss 6onblio 06beM OTXOAOB,
KoTopble HeOOXxoaMmo yTununanpoBaTb. B gaHHon pabote paccmartpmBaeTcs paspaboTka KomMmno-
3ULMOHHOIO TEMMOM3OMALMOHHOIO MaTtepuana M3 OTXOAOB TEMMO3HEPreTMkn U uccnegoBaHue
ero cBoncTB. Hambonee onacHbIM BeLLECTBOM, NMoslydaeMbiM B pesynbrate OeATeNbHOCTU Te-
MIOBbIX 3MEKTPOCTAHLMIA, BbICTYNAET 3051a B COCTaBe 30J10LLTAKOBbIX 0TX0A0B. MNomumo obuye-
TOKCMYECKOro BO3LEWCTBMSI Ha 3KOMOIMI0 M 300POBbe YenoBeka, obpasosaHue 3LLUO Tpebyer
NCNOMb30BaHUA OrpOMHbLIX Nrowagen nog 3onooteanbl. HeobxoanMmo noHMMaTb, YTO yBenu-
YeHue notpebHocTen yenoseka GyaeT CconyTCTBOBATb POCTY YMcna obpasylollerocs orxoaa, a
3HaAYUT, BO3HMKAET HEOOXOAMMOCTb B MOUCKE BO3MOXHOCTM BTOPMYHOIO UCMOSb30BaHMsA 0TXoAa.

OCHOBHbIMW xapakTepucTukamu 6eToHa SBNSKTCA ero NPOYHOCTb U MOTHOCTL. Tennonso-
NSLMOHHbIE CBOMCTBA Martepuana npexae BCero 3aBUCAT OT cpefHeln NnoTHOCTU. HekoTopoe
BMUSIHME Ha TEMNONPOBOAHOCTbL OKa3blBAKT TaKkKe CTPYKTypa 6eToHa U MMHEpPanormiyeckunii co-
ctaB (FTOCT 5742-76) [2]. MNpo4yHOCTb BeToOHa ABMSIETCA HEOOXOA4MMbIM YCIOBMEM NMpu Bblbope
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BMOa orpaxgaromx KOHCTPYKUMA 30aHus (Hecywme, caMoHecywme, HeHecywme). Mpu 6onb-
LWNX Harpyskax ans obecrnevyeHusi HeoOOXO4MMOW Hecylleln cnocobHocTu TpebyeTcs Gonblias
NMPOYHOCTb, N HAOBOPOT, MEHbLLAA MPOYHOCTb AOCTAaTOMHA AN HEHECYLUMX OrpaXKaaroLLmMX KOH-
CTPYKLUMI 30aHNS.

lMprMeHeHne 301nbl-yHOCa B TEXHOMOMMU NPOU3BOACTBA HEABTOKNABHOIO NeHobeToHa B Mo-
MEHT Hayarna v 40 KOHLa CXBaTblBaHUSA LLEMEHTHOro Tecta NO3BOMSEeT YNyylnUTb arperaTuBHyto
YCTOMYMBOCTb CMecu. B cBSI3M € 3TUM U3-3a rpaBUTaLMOHHBLIX CUM U HEFAaTUBHOMO BIUSIHUS Ha
obpasoBaHne CTpyKTypbl 6riokmpyetcst ouddy3nsi KOMMNOHEHTOB B MPOCTpaHcTBe. [[eHepnpoBa-
HWUIO NITIOTHOrO B3aUMOAEWNCTBMS YacTUL, B MEXNOPOBOW neperopogke siiemcrtoro 6etoHa crno-
cobCcTByeT MenkogucnepcHbli coctaB. Ecnu ke Takoe siBneHue OTCYTCTBYET, TO ruaparauus
nepBUYHbLIX NPOAYKTOB npuobpetaeT reneobpasHoe cocTosiHMe. M npu X BbICbIXaHUN NPOSB-
nsietca ycagka. B cBoto ovepeapb, obpasoBaBluasics neperopogka Oyoer MMeTb HU3KYH NpoY-
HOCTb, YTO NPMBEAET K CUNIbHOMY CHWDKEHWUIO NMPOYHOCTHBIX XapakTepucTUK neHobeToHa. Bax-
HbIM acrnekToM siBnsieTcst Nnoabop onTMManbHOro pacxoga 3o5bl B 6eToHe. CaMbili LOCTOBEPHbIN
crnocob — 3KcnepuMMeHTanbHbIN, YYUTbIBAOWUA BCE OCOBEHHOCTM M TpeboBaHUA TEXHOMOrnn
NMPOV3BOACTBA, a Takke 3KOHOMUYecKMe nokasaTtenu. XKenatenbHO MCMNOMb30BaTb BbICOKOKA-
YeCTBEHHbIE 3051bl BbICOKON ANCNEPCHOCTU, OTHOCUTENBHO BbICOKasi CTOMMOCTb KOTOPbIX OyaeT
KOMMEHCMPOBAaTbCA YMEHbLUEHMEM CTOMMOCTU BeTOHa, MPOYHOCTb KOTOPOro HE CHUXAETCS UNn
CHWKaeTCHA He3HaYMTENbHO.

PaccMoTpyM MUHEpanorMyeckni n XMMUYECKMX COCTaB 30S10LLMaKoBbIX OTXOAOB. 305bl,
LUMaKN M 30M0LNaKkoBble CMECH, NPUMEHSIEMblE B Ka4eCTBe Cbipbsi AN NPOM3BOACTBA MUCKYC-
CTBEHHbIX MOPUCTbIX 3anofiHUTENeNn, OOMKHbI cooTBeTCTBOBaTbL TpebosaHusam MOCT P 57789-
2017 [3]. CooepxaHue OCHOBHbIX XMMUYeCkux cocTasnsowmx B 3O gomkHO HaxoanTbca B
cneaywowmx npegenax, % no macce [4]: anokeuna kpemHus (SiO,) — He Gonee 70; cBo6oaHbIN
ONOKCUA KPEMHUS (SiOZCB) — He 6onee 30; okena anomuHua (Al,O,) — ot 10 go 20; anokeug Tn-
TaHa (TiO,) — ot 0,5 go 1,5; cymma okcunpos xenesa (Fe,O, + FeO) — ot 2,5 go 10; okcung kanb-
umna (CaO) — He bonee 5; okena marHusa (MgO) — He Bonee 4; cymma OKCMAOB HATpUsS U Kanus
(Na,O + K,O) — ot 2 go 6; cymma coefunHeHuii cepbl B nepecyete Ha SO, — He Goree 2, B TOM
yncne cynbuaHom cepbl — He 6onee 1; ocTaTkM HeCropeBLUEro TonnMBa (YactTuubl yrnepoga) —
He 6onee 15 % Ans npou3BoAcTBa 30MbHOrO arnonoputa. flonyckaerca ncnonb3osanune 3LLO ¢
copepxaHuem Al,O, 6onee 20 % Ona 3anonHuTenen cneuyanbHOrO Ha3HaYeHUst — XapocTou-
KMX, BbICOKOMPOYHbIX.

OTxofbl TENNO3HEPreTUKM, Takme Kak 30510LWS1aK, MOryT OblTb MCNOMb30BaHbl Kak LeHHbINA 1
NepCcnekTUBHbIN CbIPbEBOV MaTepuasn B NPOM3BOACTBE LUMPOKOro CreKTpa CUMMKATHbIX CTPOu-
TenbHbIX MaTepunanos [5]. x Tepmnyeckasa ob6paboTka NO3BONSAET 3aMEHNTb MPUPOLHOE Chipbe,
YTO ABMNSIETCA 9KOHOMUYECKN BbIrOAHBIM M NEPCNEKTMBHBIM peLleHneM Ans MacwTabHom yTunm-
3auumn otxonos [6]. OcobeHHO NepcrnekTUBHBLIM HanpaBrieHNEM MCMNOSb30BaHMs 3050LNAaKOBbIX
OTXOAO0B SIBNSIETCA UX MCMONb30BaHME AN NONyYeHUs MOPUCTOro 3anonHuTens ansa nerkux 6e-
TOHOB U TEMNOU30NSALMOHHBIX 3aCbINOK, aHanora rpaHynMpoBaHHoOro neHocrtekna [7]. Mpu atom
AOCTUraeTcs yBernvyeHne 3KOHOMUYECKON 3(PEEKTUBHOCTU U CHWXEHUE 3aTpaTt Ha CbipbeBble
KOMMOHEHTLI NeHocTekna [8].

lMpoBeaeHMe KOMMMEKCHbIX UCCRegoBaHUM MexaHM3MOB rmapataumm u TBepaeHus Hanon-
HEHHbIX LEMEHTHbIX CUCTEM, BKIOYAs NPUMEHEHMNE TOHKUX (PU3MKO-XMMUYECKUX METOL0B aHa-
nnM3a npoueccoB Ha MOMEKYNSAPHOM YPOBHE, HE TOSbKO MO3BOMMT NofyYaTb mMatepuanbl C 3a-
AaHHbIMW CBOMCTBaMU, HO U yNpaBnATb 3TUMW NPOLECCaMM Ha PasnnYHbIX cTagnsx opmMmupo-
BaHUSA CTPYKTYPbl KOMMO3ULNOHHBIX CTPOUTENbHbLIX MaTepunarnos.

LlemeHT sBNsieTCs OCHOBHbIM KOMMOHEHTOM B MpoLecce NpurotoBreHns 6etoHa. B kave-
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Puc. 1. VicxooHas 3ona

Puc. 3. lNpouecc nepemMornku Puc. 4. lNpouecc nepeMorku

Ta6nuua 1. CoctaB ncnbiTyembix 06pas3LoB

Mcnonbsyemblin CocraB 6eToHa, macc (r)
maTtepuvan 1 9 3 4
LlemeHT 12 12 12 12
Mecok 36 24 12 0
3ona 0 12 24 36
Bopa 10 12 12 12

CTBE 3arnoSiHUTENs MCMoNb3YKT NEcoK, rpaBuUn UM Mx covyetaHme. BTopbiM No BaXHOCTU KOM-
NMOHEHTOM fABMsieTCs BoAa. B pactBope HeobxogmMmo cobniogatb nponopumun. s 3Toro Hy»HoO
B3AATb Takol cocTaB beToHa: 1 YacTb LemMeHTa, 1/2 YacTb BoAbl, 3 YacTu necka.

B Hawen paboTe Mbl 3aMEHANN NECOK Ha 305y B Pa3fMYHbIX COOTHOLLEHMSAX. 30y Mbl B3sI-
nn ¢ Kasanckon TOL, Ne 3. [1na Toro 4tobbl Nony4nTb 301y MEnkon dpakumm, Mbl ee pasgpobu-
nn v npocesinu Yepes cuto (puc. 1-4).

[aHHble cooTHoWweHns ByayT npueBedeHbl B Tabn. 1.

Mpn nNpoBeaeHMM OMbITOB Mbl 3aMETWUNN, YTO C yBenuyeHnem fobasneHus 30Mbl B 6€TOH
BOAOLIEMEHTHOE COOTHOLUEHME MNpakTUYecKn He M3MeHsinocb. [locrne 3anuBaHus pacTBopa B
dhopmy yepe3 HEKOTOpPOE BpeMs U3 Hee HavMHarna BbiTekaTb Boda. Koraa mbl goctaBanv 6eToH
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Pwuc. 6. O6pasLbl, nponuTaHHble
cepon

Puc. 5. loToBble 6anoyku ns 3orbl
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Puc. 7. 3aBucumocTtb npoyHocTn Ha cxatme (R) k nponopuun 3LLO B cocTaBe uemeHTa
B kayecTBe 3anonHutens (%)

C 305101 U3 POPMOYKN, OH He Tepss CBOK hOpMY, He KpoLumrcs (puc. 5).

[na uccnegoBaHusi NpoYHOCTM 06pasubl-6anoyvku 3amMavvBatoTCsi B pacTtBope cepbl. B
AaHHOM uccnegoBaHun ucnonb3oBanack cepa 20 r, akTUBMPOBAHHAsA XMoOpuaOM antoMUHUS
MOCT3759-75 0,4 r. B nogorpetom pactBope 06pasubl BblAEPXKMBANUCL A0 MOMHOW MPONuUT-
KW, MOKa pacTBOP MOKPOET BCIO BHYTPEHHIOK MOPUCTOCTb, NyCTOThl U Apyrne gedekTbl (puc. 6).
[aHHbIN 3KCNepUMEHT NOKa3blBaET, KAaKOe COOTHOLLEHME 305bl Hanbonee BbIrOAEH NpuU co3aa-
HUK B6eToHa.

lMocne nokpbITMS 06pa3LOB CepHbIM PAaCTBOPOM OHW MOABEPratoTCA UCTbITAHUIO Ha Npecce.
MakcmanbHasa cuna, KoTopyto obpasel BblOoepXXMBaeT 40 pa3pyLlUeHusl, Ha3biBaeTCs NPOYHO-
CTblO Ha cxaTtume 6eToHa. 1o nony4YeHHbIM AaHHbIM CTPOUTCA rpadoumk (puc. 7).

Taknum obpasom, B AaHHOM paboTe npeacTaBneHbl pesynbraTbl pa3paboTkym HOBOrO KOM-
NMO3MLMOHHOIO TEMNMOU3ONALNOHHOIO MaTepuana Ha OCHOBE OTXOOOB TEMMO3HEPreTukn, a Tak-
Xe nsyveHue ero ceoncTte. Pabota nmeeT BakHoe 3Ha4veHue gns goctmkeHus uenn. Obpasubl
ObINN MCMbITaHbl Ha (PU3MYECKNE N MEXaHMYeCKMe CBOMCTBA. BbiNo BbISBNEHO, YTO CBOWCTBA
mMaTepuana 3aBUCAT OT NPOLEHTHOrO COAEPXaHUsA 305bl B €ro CTPYKType, No3TOMy ero CBOW-
CTBa MOryT ObITb yny4lleHbl NyTeM ONTUMMU3ALUN COOTHOLLEHNS KOMMOHEHTOB.
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Abstract. Relevance: the relevance of the article on the use of ash and slag waste in
construction is due to the need to eliminate the problem of environmental pollution from
industrial waste, and the potential of these materials to create environmentally friendly and
efficient construction products. Consideration of modern technologies and methods of using
ZCO in construction will help to understand their contribution to the sustainable development of
the industry, the economic feasibility and prospects of replacing traditional materials with more
environmentally friendly alternatives.
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YK 691

MporHosnpoBaHue ycnewHoOCTN BHeAPEHUA
MHHOBALMOHHbLIX CTPOUTENbHbLIX MaTepuanoB
C UCnonb30BaHMEM METOAOB
MaLUMHHOro oby4yeHus

N.B. Munan

@rb0Y BO «HauuoHanbHbIU uccriedosamernbcKull
Mockoeckut 2ocydapcmeeHHbIl cmpoumerbHbIU yHUsepcumemy,
2. Mockea (Poccus)

KnioueBble cnoBa n dpasbl: aHanM3 gaHHbIX; MHHOBA-
LUVNOHHbIE CTpPOUTENbHbIE MaTepuanbl; METOAbl MAaLUMHHOIO
obyyeHuns; mogenb Criyv4anHoro feca; NporHo3npoBaHue.

AHHOTaums. Llenbto HacTosLWero nccrneaoBaHus aBnsaeT-
Cs1 NpoBeAeHne aHanm3a yCneLwHOoCTU BHeAPEHWS MHHOBaLUU-
OHHbIX CTPOUTENBHbIX MaTeEPManoB C NPUMEHEHNEM METOLOB
MaLUMHHOro obyyeHus. MmnoTesa nccnegoBaHUA 3aknoyvaeT-
Cc B NpeanonoXeHnnm O BO3MOXHOCTU pa3paboTku Moaenu,
cnocobHoM npeackasbiBaTb pe3ynbraThl BHEOPEHUS MaTepu-
aroB Ha OCHOBE XapaKTepUCTUK NPOEKTOB. [ANs AOCTUXEHMS
NOCTaBMNEHHbIX Lenen n peweHns 3agad Obinv npuMeHeHbI
MEeTOAbl MaLUMHHOIO OOy4eHMs, BKIOYas aHanui3 AaHHbIX,
NOCTPOEHNE MPOrHOCTMYECKON MOAENU C WCMONb30BaHWEM
MeToAda CrnyyYanHoro fieca u onTMMmn3auns rmnepnapamMmeTpos
aTon mogenu. B pesynbrate uccnenosaHus Gbina paspabo-
TaHa NporHocTuyeckasa Mmogenbs, cnocobHasi NpeackasbiBaTb
pe3ynbraTbl BHEAPEHNSA NHHOBALMOHHLIX CTPOUTENbBHbLIX Ma-
TepunarnoB Ha OCHOBE XapaKTePUCTUK NPOEKTOB.

BBeneHune

B coBpeMeHHOM MUpE CTPOUTENLCTBA BHEQPEHNE MHHOBALMOHHLIX MaTepuanoB CTaHOBUT-
cs1 Bce BGornee BaXkHbIM B KOHTEKCTE AOCTUXKEHUS YCTOMYMBOro pas3sutus. OT Bbibopa npaBunb-
HbIX CTPOUTENbHbIX MarepuarnoB 3aBUCUT HE TONbKO Ka4yeCTBO M AOSITOBEYHOCTb CTPOEHUN, HO
N UX BO3OENCTBME Ha OKpyxatoLyto cpeay. OgHako cpean MHOroobpasmns OCTYMHbIX Ha PbiHKE
MaTtepuarnoB BbibpaTb ONTMMarnbHbIE 4S5 KOHKPETHOIO NPOEKTa MOXET ObITb CITOXHOW 3agaqven.

B gaHHOM cTaTbe Mcnonb3oBanMcb METoAbl MalMHHOMO OByYeHnsa Ang aHanu3a ycnewHo-
CTW BHeOPEHMS MHHOBALMOHHbLIX CTPOUTENbHbLIX Matepuanos. [1poBeaeH cobop n aHanu3 gaH-
HbIX O Pa3fIMYHbIX CTPOUTENbHbLIX MPOEKTaX, BKMYas MHOPMALMIO O XapaKTEPUCTUKAX MaTe-
puarnoB, X 3KONOrMYeckon YyCTONYMBOCTU, I(PPEKTUBHOCTM N APYrnX hakTopax. 3atem ¢ no-
MOLLbIO anirOpUTMOB MALUMHHOMO 00y4eHMs nonbiTaeMcs nNpeackasatb YCNewWwHOCTb BHEAPEHNS
MaTtepuaroB B HOBbIE NMPOEKTbl HA OCHOBE MMELLNXCS AaHHbIX.

Llenbto uccneposaHuna apnsetcs obecnevyeHne NHOAYCTpUm CTPOUTENBCTBA UHCTPYMEHTaMU,
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No3BONSALWNUMUN NPUHMUMAaTbL 060CHOBaHHbIE peLleHus Npu Bolbope MaTepuanos Ans Oyayuwimx
nNpoekToB. Hageemcs, YTo pesynbTaTbl aHanM3a CMOryT NMOMOYb CTPOMUTENbHBIM KOMMAHUSM,
apxXuTeKkTopam 1 MHXeHepaMm caenatb 6ornee oco3HaHHbIN BbIOOpP MaTepuanos, cnocobCTByto-
WM OOCTUXKEHMIO YCTOMYMBOIO PasBUTUS U IKOSTOrMYEeCKON OTBETCTBEHHOCTU B CTPOUTENBHOMN
oTpacnu.

AHanun3 gaHHbIX

Wcnonb3oBanuch AaHHbIe, CreHepupoBaHHbIe ANs aHanmsa ycrnewHoCTU BHeAPEeHNs UHHO-
BaLMOHHbIX CTPOMUTENbHbLIX MaTepuanoB. [JaHHble BkMoyalT B cebs MHdopMauuio o pasnuy-
HbIX NPU3HaKax MPOEKTOB, TaKMX Kak pasmepbl, XapakTePUCTUKM MaTepuanos, 3KOMOrmyeckme
napamMmeTpbl U yCnewHocTb BHeapeHusi. CHavana Obin NnpoBeeH aHanu3 gaHHbIX, BKIYatoLWnA
obLLyI0 CTAaTUCTUKY M BM3yanu3aumio B3aMOCBA3en Mexay npusHakamu. MNocne aToro npucty-
MUNKU K NPOrHO3MPOBAHMIO YCNELLHOCTM BHEAPEHUS MaTepuarnoB C UCMOfb30BaHWEM METOMOB
MaLUMHHOIO 0By4YeHus.

npOl'HO3VIpOBaHVIe yCcnewHOCTU BHeagpeHus

[ns nporHo3npoBaHns yCNeLwwHOCTU BHEAPEHUS NHHOBALMOHHBLIX CTPOUTENbHbBIX Matepua-
NIOB UCMOSNb30BaricA anroputm CryyanHoOro neca, KOTopbI ABMsiETCA ogHUM M3 Hanbonee ad-
GEKTUBHbBIX METOAO0B MALUMHHOIO 0ByYeHnsa ons 3agady knaccudumkaumm.

1. [lod2comoeka OaHHbIX

CHavana pasgenunu gaHHble Ha oby4atoLLnin N TECTOBLIN HAabopbl, YTOOLI OLIEHUTL NPOU3-
BOAMTENBbHOCTb MOAENM Ha OTMaXEeHHbIX AaHHbIX. 3aTeM nNpuMeHunu npeaobpaboTky AaHHbIX,
BKMNioYaoLyto o6paboTKy MpOMyLLEHHbIX 3HAYEHUN U KOOVUPOBAHWE KaTeropuanbHbIX MpuU3Ha-
KOB. OTO BaXHbII LIar, KOTOPbIN NO3BOMASET MOAENN NPaBUIbHO NHTEPNPETUPOBATL U MCMOMBb30-
BaTb AOCTYNHbIE AaHHbIE ANsi 00yYeHus.

2. [Tod6bop onmumManbHbIX 2uneprnapamempos

Bbin ncnonb3oBaH meton Grid Search ans nogbopa onTMManbHbIX rMnepnapaMmeTpoB Ans
MOZENM CIyYanHoro neca. OTOT MEeTOA MO3BONSAET nepebpaTb pasnmyHble KOMOUHaLMK runep-
napameTpoB U BbIbpaTb Te, KoTopble obecneymBatoT HanyyLlyo Npon3BOAMTENBHOCTL MOAENY
Ha TeCTOBbIX AaHHbIX. OLeHMBanacb NPOU3BOANTENBHOCTL MOLENM C UCMONb30BaHNEM METPU-
KM accuracy, KoTopasi nokasblBaeT SO0 NpaBUiibHO KnaccnmUMpOBaHHbIX MPUMEPOB.

3. O6y4eHue Mmodesnu u oyeHka npouzeooumesibHocCmu

Mocne nogbopa onTMManbHbIX rMNepnapameTpoB Gbiia obydeHa Mogenb Ha oby4varolem
Habope [aHHbIX M NpoBeAeHa OLEeHKa ee NPOM3BOAMTENBHOCTU Ha TecToBOM Habope. VMcnonb-
30BaHbl METPUKK, Takme Kak martpuua owunbok (confusion matrix) n oT4eT O Kraccudunkauum
(classification report), 4TOBbl OLEHUTb TOYHOCTb U MOMHOTY MOLENM, a TakKe MHble XapakTepu-
CTUKM ee paboThl.

Peanuays onucaHHble Bblle NyHKTbI, Obl1 co34aH NPOrpamMMHbIA KOA.
import pandas as pd
import seaborn as sns
import matplotlib.pyplot as plt
from sklearn.model selection import train test split, GridSearchCV
from sklearn.ensemble import RandomForestClassifier
from sklearn.metrics Import classification report, confusion matrix
from sklearn.compose import ColumnTransformer
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from sklearn.pipeline import Pipeline

from sklearn.impute import SimpleImputer

from sklearn.preprocessing import StandardScaler, OneHotEncoder

from tgdm import tgdm # IoBaBum tqgdm mjas oToOpaxeHms M[OJIOCE MHporpecca
# Barpyska CI'€HEepMPOBAHHEIX IaHHBIX

data = pd.read csv('D:\\Winpython\\WPy64-3980\ \notebooks\\
TrainingData\\training data.csv’)

# AHaM3 JaHHBIX

# IocMmoTpmM Ha OOyl CTaTHUCTUKY

print (data.describe())

# Busyasims3aimsa IaHHEBIX

# IHocrtpomMm pairplot mms BHM3YaJbHOI'O  aHajaM3a B3AUMOCBSI3EM  MEXIY
NpM3HaKaMI

sns.pairplot (data, hue = ’Success’)

plt.show()

# IIpOorHOBMPOBAHME YCHENHOCTHM BHEOPEHMUSI

# Pasnmesmv naHHBIE HA OOyYamlMy M TECTOBER HaOOPE

X = data.drop(‘'Success’, axis=1)

y = data/[ ‘Success’]

# OmpenmesieHmMe YMCJIOBEIX M KATET'OPMAJIBEHEIX IIPHU3HAKOB

numeric features = X.select dtypes(include = [ 'int64’, ‘float64’]) .columns

categorical features = X.select dtypes(include = [‘object’]).columns
# CosmaHme npenobpaboTKy HaHHEBIX
numeric transformer = Pipeline(steps = [
(‘imputer’, SimplelImputer (strategy = ’‘mean’)),
(‘'scaler’, StandardScaler())
1)
categorical transformer = Pipeline (steps=][
(‘imputer’, SimplelImputer (strategy = ’‘most frequent’)),
(‘onehot’, OneHotEncoder (handle unknown = ’‘ignore’))
1)
preprocessor = ColumnTransformer (
transformers = [

('‘num’, numeric transformer, numeric features),
(‘cat’, categorical transformer, categorical features)
1)
# CospmaHme naymaarHa, BRIOYAOIETO OPerobpaboTKy IaHHBIX M I[IOCTPOe-—
HMYEe MoIejiu
pipeline = Pipeline(steps = [
(‘preprocessor’, preprocessor),
(‘classifier’, RandomForestClassifier (random state = 42))
1)
# Grid Search pms nombopa ONTHMMAJIBEHEIX I'MIIEPIapaMeTpOB
param grid = {
‘classifier n estimators’: [50, 100, 200],
‘classifier max depth’: [None, 10, 20],
‘classifier min samples split’: [2, 5, 10],
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‘classifier min samples leaf’: [1, 2, 4],
‘classifier class weight’: [‘balanced’, ‘balanced subsample’]
}
grid search = GridSearchCV (pipeline, param grid, cv = 5, scoring =
“accuracy’)
# Ob6epmem grid search B tgdm, YTOOB OTOOpPasmMTE IOJOCY HNpoOIpecca
with tqgdm(total=len(param grid[ ‘'classifier n estimators’]) *
len (param grid[ ‘classifier max depth’]) *
len (param grid[ ‘classifier min samples split’]) *
len (param grid[ ‘'classifier min samples leaf’]) *
len(param grid[ ‘classifier class weight’]),
desc=’Hyperparameter Tuning’) as pbar:
grid search.fit (X, y)
pbar.update (1)
# BEIBOO ONTHMMAJIBEHEIX TMIEPHIApPaMETPOB
print («Best Parameters: «, grid search.best params )
# OOyuerHme MOes C ONTHMMAJIBEHEIMM IIapaMeTpaMi
best model = grid search.best estimator
# PaspgesmM HaHHEE OJIS TECTUPOBAHMUS
X train, X test, y train, y test = train test split(X, y, test size =
0.2, random state = 42)
# IpenckaszaHms Ha TECTOBOM Habope
y pred = best model.predict (X test)
# OneHka MomeJsiu
print (confusion matrix(y test, y pred))
print(classification report(y test, y pred))
# BaxHOCTE MIPU3HAKOB
feature importance = pd.Series (best model.named steps/[ ‘'classifier’].
feature importances ,
index = numeric features.tolist() + best model.named
steps/[ 'preprocessor’ ] .named transformers [ ‘cat’]
.named steps/[ 'onehot’].get feature names out (categorical features).
tolist())
feature Importance.sort values (ascending = False, inplace = True)
# Bu3yanmszaimus BaXHOCTH MIPHU3HAKOB
plt.figure (figsize = (12, 8))
sns.barplot (x = feature importance, y = feature importance.index)
plt.title(‘Feature Importance’)
plt.show()

PesynbraTthbl

Pesynbrathl npuBegeHsl B Tabn. 1-3.

OTW pesynbraTbl 4EMOHCTPUPYIOT MPOU3BOAUTENBHOCTL MOAENU Cy4YarHOoro neca ¢ onTu-
ManbHbIMY rMnNepnapaMeTpamMu Ha TecToBom Habope aaHHbIX. Mogenb obecnevmBaeT BbICOKYHO
TOYHOCTb, NONHOTY 1 F1-Mepy ons obounx Knaccos, YTO CBUOETENBLCTBYET 0 ee 3PHEKTUBHOCTH
B NpefckasaHuy ycnexa unn Heyaaydm BHeOpPeHUs MHHOBALUMOHHbLIX CTPOUTENbHbBIX MaTepuarnos.
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Tabnuua 1. Pe3ynstathl aHanmsa

Mapawmetp 3HauveHune
Bec knaccos cbanaHcMpoBaHHbIN
MakcumanbHas rrnyouHa 10
MuHMManbHOEe KONMYECTBO NPYMEPOB B NUCTE 1
MuVHMManbHOEe KONMYECTBO NPYMEPOB ANS pa3feneHuns 2
KonunuyecTtBo AepeBbeB B fecy 50

Tabnuua 2. Matpuua owmnbok

MpeackasaHHbIN OTpULATENBHbIN MpeackasaHHbIN NONOXUTENbHbIN
dakTnyecknn oTpuuaTenbHbIA 93 14
DaKTUYECKUI NOMNOXUTENbHbIN 15 78

Ta6nuua 3. OT4eT 0 Knaccudukaumm

To4HOCTb MonHoTa F1-mepa O6bem BbIGOPKM
0 0,86 0,87 0,87 107
1 0,85 0,84 0,84 93
To4yHOCTb 0,85 200
Makpo-ycpegHeHne 0,85 0,85 0,85 200
B3BelueHHoOe ycpenHeHve 0,85 0,85 0,85 200
BbiBoAabI

npOBeﬂ,eHHbIIZ aHann3 gaHHbIX MO3BOJ1AJI rny6>|<e NMOHATb 0CODEHHOCTHU NPOEKTOB U dJaKTO-
pbl, BnnAoLwmnne Ha ycnewHoCTb BHeaApeHNA MHHOBAUMOHHbIX CTPOUTENbHbIX MaTtepunanos. Bbinn
BbISIBfIEHbl Hanbornee BaXHble Nnpu3HakKn n onpegeneHbl onTtuMaribHble napamMmeTpbl MOAENn,
KOTOpPbI€ MO3BOJIAKT C BbICOKOM TOYHOCTbIO npenckasbliBatb YCNELWHOCTb BHEOPEHUA MaTepua-
nos. Wtorosklie pes3ynbraTthbl 6yﬂ,yT Mcnosib3oBaHbl On4d pa3pa60TKV| mMoagenn nporHo3npoBaHnA,
KOTOpaA NnomMoXeT npunHnMmaTtb 000CHOBaHHbIE peweHna npu Bbl60pe mMmatepuanoB A4 6yﬂ,y-
LLUMNX CTPOUTENbHbIX MPOEKTOB. Mcnonb3oBaHWe Takom Mogenu no3BOSINT CIKOHOMUTb BpeMAa n
pecypcChbl, a TakXe NoBbICUTb yCTOVI‘-IMBOCTb n Sde)eKTVIBHOCTb CTpOUTENIbCTBA, CHMXXaA PUCKU U
NnoBbILLaA Ka4eCTBO MPOEKTOB.
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Abstract. The purpose of this study is to analyze the success rate of innovative building
materials implementation using machine learning techniques. The hypothesis of the study is to
assume that it is possible to develop a model capable of predicting material adoption outcomes
based on project characteristics. To achieve the objectives and solve the problems, machine
learning methods were applied, including data analysis, building a predictive model using the
random forest method, and optimizing the hyperparameters of this model. As a result of the
study, a predictive model capable of predicting the performance of innovative building materials
based on project characteristics was developed.
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UHaekc pyHKUMOHaANbLHOCTN NpoBeAeHUs
Hay4YHO-TEXHUYECKOro ConpoBOXAeHUA
CTpouTenbCcTBa

A.A. Nannayc, M.X. CabaHuymneBa

@IrboOY BO «HauyuoHarnbHbIU uccredosamerbCcKuli
Mockoeckuli 2ocydapcmeeHHbIl cmpoumerbHbIU yHU8epcumemy,
2. Mockea (Poccus)

KnioueBble cnoBa un dpasbl: 6e30nacHOCTbL 34aHUNA U
COOpPYXXEHWI; Hay4YHO-TEXHNYECKOE CONMPOBOXAEHNE; HAY4YHO-
TEXHUYECKOe COMPOBOXAEHNE MNPOEKTUPOBAHUA; Hay4HO-
TEXHUYECKOEe COMPOBOXAEHME CTPOMTENBCTBA; HEMPOCETH.

AHHOTaumAa. Ha cerogHsilHWUA OEeHb OOHUM M3 CaMbIX
aKkTyanbHbIX BOMPOCOB B COBPEMEHHOM CTPOMTENLCTBE $IB-
nsgetcs obecnedyeHne ©e30MacHOCTM M MEXaHUYEeCKOW Ha-
AEXKHOCTM NPU NPOEKTUPOBAHUN U CTPOUTENbCTBE 30aHWUNA
n coopyxeHuun. Korga o6beKTOM NPOEKTUPOBaHUSA U CTPOU-
TeNnbCTBa BbICTYNAKT YHUKaNbHbIE 30aHUST U COOPYXXEHUS,
obecneyeHne kKadecTtBa Mpou3BoauTCcs Onarogapsa Hay4dHoO-
TEXHUYECKOMY conpoBoXaeHuto npoekTnposanus (HTCH)
n ctpoutensctea (HTCC). Lenbo aaHHOro uccrieqoBaHus
ABNsiIeTCA onpeaeneHve u aHanua Hanbonee 3Ha4YMMbIx hak-
TOPOB, OKa3blBaOLNX BANSHME HA HAYYHO-TEXHUYECKOE CO-
NPOBOXAEHWE CTPOUTENLCTBA YHUKANbHbLIX COOPYXEHUN.
YcTtaHoBneHa cteneHb U cdepa BrnAHUS 3TUX hakTOPOB Ha
CTPOUTENBCTBO YHWUKArbHbIX COOPYXEHUW nyTem nposeae-
HWs1 3KCNEPTHOro onpoca Anga onpeneneHus Hambonee 3Ha-
YMMbIX MOKa3aTenen.

PelueHne OCHOBHbIX 3afay NPOEKTUPOBAHUSA U CTPOUTENLCTBA YHUKArNbHbIX OBGBLEKTOB He-
BO3MOXHO 6e3 cuctem aBTOoMaTu3MpoBaHHOro npoektuposaHusa (CATP), cuctem ynpasneHus
6asamu gaHHbix (CYB[M). PYHKUMOHANBHOCTb TaKUX CUCTEM C KaXKAbIM FOAOM paclUMpsieTCs.
YnpaBneHve Takon MHOTOMYHKLMOHANbHOM M CIIOXXHOW CUCTEMOW npegnonaraet Hanuyve 3Ha-
HUA N MHOPMALIMOHHOIO obecnedyeHns AaHHbIX O COCTOsIHUM obbekTa. B cBs3n ¢ nx ocober-
HbIMW XapakTepucTukamm n yHKUMOHanbHbIMM ocobeHHoCTAMM TpebyeTcs pa3paboTka crneuu-
anbHbIX MEPONPUSATUA N CUCTEM, KOTOPbIE rapaHTMpoBanu 6bl nx 6e30MacHOCTb U HAAEXHOCTb.

Mpn obecrnevyeHnn aBTOMATU3NMPOBAHHOIO (HOPMUPOBAHWUS NPOrpammbl Hay4YHO-TEXHWUYe-
CKOrO COMPOBOXAEHUA NMPOEKTUPOBAHUS YHUKANbHbLIX 30aHUA COOTBETCTBUSA KaXJoW KaTeropun
MOXHO 3HaYUTENMbHO YIyYLNTb Ka4eCTBO NPOEKTUPOBaHUA, 6€30NacHOCTb U HAAEXHOCTb 06b-
ekta. Haspena HeobxoOuMMOCTb CUCTEMHOIO pelleHus npobremMbl NMPoOeKTUPOBaHUA U CTPOU-
TEeNbCTBA YHUKaNbHbIX COOPYXXEHWU N BBEOEHUSA TaKOro NOHATUS, Kak MHOEKC (YyHKLMOHAarbHO-
CTM NpoBefeHNs Hay4YHO-TexXHu4eckoro conposoxaeHusa (HTC).
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Korga mbl paccmatpuBaemM CTPOUTENBbCTBO YHUKAMbHbIX 34aHUNA, 32 PYHKLUMOHANbHOCTb Mbl
NPUHUMAEM NEePEeMEHHYI0 BENUYMHY, KOTopas NPUHUMAaET ONpedeneHHOoe 3HavyeHue B 3aBUCK-
MOCTM OT BblbOpa OQHOWM MM HECKONbKUX OyHKUMIA. [polue roBopsi, 310 PyHKLMSA OT OYHKLUN,
MaTemartmyeckoe noHATUE. PYHKLMOHANBHOCTb — HABOP BO3MOXHOCTEN NN (PYHKLMI, KOTOPbIe
€CTb Yy CUCTEMBbI.

Bes onpeaeneHusa gyHKLMOHaNa HEBO3MOXHO NpOBeAEHNE HayYHO-TEXHNYECKOTO COMNpPOBO-
XOEHUS B CBA3K C TEM, YTO 3TO U ABMNFAETCS LieneBon yHKUMEN JaHHOMO TEPMUHA.

Moa nHaoekcom pyHKUMoHanNbHOCTU peanu3aumm HTC 6ygem NoHMMaTb YMCIIEHHbIN NoKasa-
Tenb, KOTOPLIN onpegenser BO3MOXHYI MOrpeLlHOCTb 4OMNYCTUMOCTU COBOKYMHOCTM MPUHATBIX
OpraHM3auNOHHO-TEXHUYECKUX PeLLEeHUA, NO3BOoNsWMX obecneunTb peanmsaumnio oobekTa.

Beegem cdopmyny onga onpeneneHns norpeLHoCTy:

k=(T

= Ton) Ty 100 %,

roe qu — paKkTh4eckas NPOAOINKUTENbHOCTbL CTPOMTENLCTBA; T =~ — MnaHoBas MNPOAOIKMTENb-
HOCTb CTPOUTENbCTBA.

[na onpegeneHvs JonyCTUMOW MOrpeLlHoCTM Oblnn NpoaHanuM3npoBaHbl pa3paboTaHHble
KaneHgapHble nnaHbl Ha KaxxgoM atane »xu3HeHHoro uunkna (XKL) npoekta n daktnyeckme aatbl
OoTCTaBaHus OT nraHa no 34 obbektam. CpeagHee 3HayYeHne NnaHoBO-haKTUYECKOM 3aBUCUMO-
ctn coctaenser 19 %, 4to paBHO 4 MecdAuam oTctaBaHus. Mocne NpoBeAeHHOr0 MO3roBOro
WITYypMa cpean npeacrtaBuTenen 3akasynka/3acTponlimka 3HavyeHneM 3apekTMBHOCTM peanu-
3auumn HTC 6bino npuHaTto 7 % [2]. MNMposeaeHme HTC Gyamet cumtatbes 3dEKTUBHBIM Npn
HernpeBbIWeHUM AaHHOMO nokasaTens MCXOAs M3 NNaHOBO-(PaKTUYeCKOW 3aBUCMMOCTU CTPOU-
TenbcTBa obbekTa.

Mog HaTypHbIM UccnegoBaHMEM NOHMMAaETCA COop haKTUYECKUX OAHHbBIX N3 COOTBETCTBYHO-
LLIMX SOKYMEHTOB Kak Mo peanv3oBaHHbIM MPOeKTaM No BO3BEAEHNIO MOHOSTUTHbLIX »Kene3obeToH-
HbIX KOHCTPYKLMIN YHMKanNbHbIX 34aHUIA, TaK U B Npouecce cTpouTenbcTBa. B cBs3n ¢ oTCyTCTBK-
€M BO3MOXHOCTM MNOMy4YeHns roTOBbIX MaTepuanos Obinn npoaHanuanpoBaHbl pa3paboTaHHble
KaneHgapHble nnaHbl Ha Kaxxgom atane XKL npoekTta, hakTuyeckue gatbl OTCTaBaHUs OT MfaHa
N NpUYMHbI oTcTaBaHusa no 34 obbekTtam. NMprnymnHbl OTCTaBaHusa nepedopmaTnpoBaHbl B napa-
METPbI U pacnpeaeneHbl No haktopam, KoTopble Mony4nnn ceoe oTpaxkeHne B 6ase AaHHbIX.

O6wasa cTpyKTypHas cxema MeTOAMKM HaTypHbIX MCCregoBaHUM npeacrtaBnsaeT cobon psa
hakTopoB, B3aMMOCBA3aHHbIX Mexay cobon. Kaxabin hakTop noapasgensietc Ha BO3MOXHbIe
NPUYUHBI YBENUYEHUSA NPOAOIDKUTENBHOCTU CTpouTenbcTa [3].

BblaeneHHble hakTopbl HaMPAMYK OKa3blBalOT BNMSHME Ha MpPOLECcC opraHv3auun cTpou-
TEeNbCTBa YHWUKarnbHbIX 34aHun. B cooTBeTCcTBUMM C 3Tanamu npousBoactsBa paboT adhdpekTus-
HocTb peanm3aumn HTCC dopmMupyeTcs Ha cTaamm NPOEKTHO-N3bICKATENbCKMX paboT 1 Ha CTa-
OUN CTPOUTENBHO-MOHTaXHbIX paboT. [pu 3TOM cTeneHb BANAHNS KaXaoro oaktopa n3MeHsieT-
Csl B 3aBMCUMOCTU OT 3Tana CTPOUTENbHOro Npov3BoACcTBa [1] U aganTupyeTcs nog KOHKpPEeTHbIe
ycnoBus obbekta. PacueTr addektuBHOCTM peanmsaumm HTCC Takke BO3MOXEH OO Hadana
BO3BEAEHUSA KOHCTPYKTMBHbBIX 3NIEMEHTOB MOHOMUTHbIX 30aHUA Ha 6ase MCXOAHbIX AaHHbIX 00
yyaCTHUKax CTPOUTENbCTBA, MPOrHO3MPYEMbIX 3HA4YEHUIN NapameTPOB.

Mo pesynbratam cbopa gaHHbIX N0 34 o6bekTam M NpoBeOEeHHOro 3KCNEPTHOro aHanmsa no
BceM hakTtopam Obiniv cobpaHbl AaHHbIE U 3aHECEHbI B 6a3y AaHHbIX (Tabn. 1).

lMony4eHHble gaHHbIE NO3BOMSOT NPOBECTU KOPPESALMOHHBIN aHann3 ¢ Lenbko nonyvyeHmns
Ko3adhpmLmMeHTOB 3aBUCUMOCTU obbema paboT un npogormkutensHocTh [4]. OCHOBHOE Ha3Haue-
HWe KOPPEensuUMOHHOrO aHanu3a — BbiIBfieHWe CBA3W Mmexay AByMs unu bonee msyyvaembiMn
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Ta6nuua 1. MpeacraenexHne NoNyYeHHbIX pesynsTaToB
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KoHTponb kayecTtsa oT-
BETCTBEHHbIX KOHCTPYK-

1 Py 20 | 216 | 600 | 648 | 48 2 3 40 60 20

LM (B NOA3EMHON U
Ha3eMHON YacTun)

KoHTponb kayecTBa
2 | orpaxpgaroLmx KOH- 3 21,6 90 648 558 8 1" 24 242 218
CTPYKLMI KOTIOBaHa

[eoTexHn4ecknin mo-

3 HATOPMHT 20 24 600 720 120 8 12 160 288 128
KoHTponb kayecTBa

4 | chacagHbIX cucTeM 1 4 6 120 180 60 4 5 16 31 15
KpOBIK

CrteneHb npopaboTku

5 | TEXHWNECKOW, OpraHmM3a- | 5, | 516 | o0 | 648 | 48 4 5 80 112 32
LMOHHOMN N TEXHONOIN-

YecKon AOKyMeHTaumm

BxogHow koHTponb/aHa-
6 | N3 Hanuuma matepua- 18 19,2 540 576 36 4 5 72 100 28
noB 1 obopyAoBaHusA

BbinonHeHne pacyeTHo-
aHANNTUYECKMX PaGoT 20 21,6 600 648 48 1 1 20 30 10

[eope3nyecku mo-
HUTOPWUHI

20 24 600 720 120 8 12 160 288 128

KoHTporb TpyaoBbIX
9 pecypcos 20 21,6 600 648 48 6 8 120 181 61

KoHTponb opraHunsaum-
10 | OHHO-TEXHONOMM4YEeCKNX 20 21,6 600 648 48 8 10 160 225 65
npoLieccoB

OueHKa BMUSIHNS HO-

BOro CTpouTenbcrsa 20 | 216 | 600 | 648 | 48 2 3 40 56 16
Ha OKpYy>XakLlyr 3a-

CTPONKY

11

nepeMeHHbIMW, KOTOpasi paccMaTpuBaeTCs Kak COBMECTHOE COrfacoBaHHOE W3MEHeHWe OByX
nccnenyembix XxapakTepucTuk.

Mpy aHanuse nomnyyYeHHbIX AaHHbIX MO 34 peanu3oBaHHbIM 0ObekTaM pesynbraThl NoKasbl-
BalOT, YTO Ha KakAoM 3Tane HeobXoAMMO NPOBECTU AeTarbHbl aHanu3 Ans ConocTaBMneHus
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OpraHn3auNoOHHO-TEXHUYECKMX PELLEHMI C 3TaMHOCTbIO Mo Kaxkgomy atany XKL o6bekTa.
PaspabotaHHasa cTpykTypa 6asbl JaHHbIX ABASETCA NULb Manon nokasaTesibHOW YacTbio.
Ha 6ase cyulectBylowmx nnatopmMm Ans co3gaHnsa MHAOPMAaLMOHHBIX Mogenen Heobxoomm
BBO MOAynNs, NpefoCTaBnsaoWero NpoekTUPOBLUNKY AaHHbIE O NPUHATUM UM TOrO WU UHOTO
NPOEKTHOrO peLLeHuns!.
Ha cneaytowem atane nnaHvpyeTca HanucaHue nporpammbl Ha A3blke C++ 1 paspaboTtka
CTPYKTYpbl Ba3bl JaHHbIX pacYeTHOro MOAYNA ANs KaXOon KpuTepumn ctaHgapTa.
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The Index of Functionality of Scientific and Technical Support of Construction
A.A. Lapidus, M.H. Sabanchieva

National Research Moscow State University of Civil Engineering,
Moscow (Russia)

Key words and phrases: safety of buildings and structures; scientific and technical support;
scientific and technical support for design; scientific and technical support of construction; neural
networks.

Abstract. To date, one of the most pressing issues in modern construction is ensuring safety
and mechanical reliability in the design and construction of buildings and structures. When
unique buildings and structures are the object of design and construction, quality assurance is
carried out thanks to the NTSP and NTSS. The purpose of this study is to identify and analyze
the most significant factors influencing the scientific and technical support of the construction
of unique structures. This article considered solutions to such problems as the analysis of
the regulatory framework and the identification of the main factors affecting the duration of
construction production. The hypothesis is to determine the direct dependence of the quality of
work on the duration of construction of unique buildings. The degree and scope of influence of
these factors on the construction of unique structures has been established by conducting an
expert survey to determine the most significant indicators. As a result of the conducted research,
a methodology has been developed for determining the index of functionality of scientific and
technical support for the construction of unique buildings.

© A.A. Tannayc, M.X. CabaHuneBa, 2024
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ApxunTekTypHble cumMmBonbl ropoga Omcka
M.B. 3onotapeBa, A.M. lMNetewosa, A.B. lNoHomapeB

@60y BO «CaHkm-lNemepbypackull 2ocydapcmeeHHbIl
apxumeKmypHO-CmpoumeribHbIl yHU8epcUmMemy,
2. CaHkm-llemepbype (Poccus)

KnioueBble crnoBa u dppasbl: apxuTekTypa; apxu-
TEKTYPHbIA CUMMBOM; AyX MecTa; OOBLEeKTbl KynbTYpHOro
Hacnegus.

AHHOTaums. B cTatbe paccmatpmBaloTCs apXMTEKTyp-
Hble 0O6bekTbl ropoga Omcka, CTaBLUME CMMBOSIaMK ropoaa,
onvueTeopsioWMMn ero obpas, ugeHTMYHocTb. Llenb cra-
TbW — JoKa3aTb, YTO HE TONbKO OOBLEKTbI KYyNbTYPHOro 3Ha-
YEeHUsa MOTyT CTaTb CBOEro poAa apXUTEKTYPHbIM CUMMBOIIOM,
HO N OObEKTbl HeQaBHEro MPOLUNIOro, 3akrfadbiBaloline Ho-
BYIO KOOWPOBKY ropoga, BCTpamBas ero B OOLMN KOHTEKCT
FOPOACKOro pasBuTus. B kayecTBe OCHOBHLIX 3aday aBTOpbI
CTaBsAT paccMOTpeHne OBYyX OOBLEKTOB pasHbix BekoB — XIX
n XX, N OLUEHKY ponu 3Tux ob6beKkTOB B FOPOACKOWN cpeae, a
Takke Nouck OTBETA Ha BOMPOC, NOYEMY UMEHHO 3TU 34aHUS
NMEKT CUMBOSNMYEcKoe 3HadeHue B ropoge Omcke. [mnote-
3a 3akfoyaeTcs B NpeanosiokeHuu, YTo 34aHUs-CUMBONbI
ABNSAOTCA KOMMO3MUMOHHBIMW AOMUHAHTamMu ropoga. Wc-
nonb3yemble METOAbl: HaTypHOe obcnegoBaHue, N3yveHue
n obobLieHne nuTepaTypHbIX UCTOYHMKOB, CPaBHUTENbHbIN
aHanms. [JoCTurHyTble pesynbraTthbl: BbIABEHHbIE OObEKTbI —
cumBonbl ropoga Omcka sIBRSAKTCA apXUTEKTYPHBIMU U KOM-
NO3ULIMOHHBbIMM OOMWHAHTaMK ropoAa, K HUM npuHagnexar
He TONbKO UCTOPUYECKME 3[AaHUs, HO N OObEKTbl HeJaBHEro
NpPOLUSIOro.

Mpn paboTe ¢ 06pa3HOCTLIO ropoaa apXUTEKTOPbI, YpOaHMCTbI, Au3anHepbl B OCHOBHOM UC-
Nonb3ylT TakMe MOHATUSA, Kak «4yxX MecTa» unm «kopg ropogax». CumBonuka ropogckon obpas-
HOCTW BKMOYEeHa B NPUBEAEHHbIE BbIle NOHATUSA, HO pedKO paccMaTpyBaEeTCs OTAENbHO OT HUX
[1]. A Beadb npexge BCero MMEHHO CUMBOSbI TOPOAa SABNAKTCA TEMU KITYEBbIMU 0BbekTamu,
onpeaensioWmMMN MAEHTUYHOCTbL ropoda WM, B KOHEYHOM WUTOre, ero KOA4OBYHO COCTAaBMISHOLLYHO.
Hecny4yaliHo ons nepBoro 3HaKoOMCTBa C rOpO4OM MMEHHO €ro CMMBOJbI ABASOTCA TEMU 00b-
eKTaMu, KOTOpble BKOYAlOTCS B 9KCKYPCUOHHYKO nporpammy. [ns pacCcMOTpeHUs Takmx K-
4yeBbIX 0O6BEKTOB, onpegensowmnx cMMBONMKY ropoga Omcka, BbibpaHo ABa, NpeacTaBnstoLLmnX
OBa Beka ropogckoro passutnga — XIX n XX BB. Ha npumepe aTnx 3gaHun, CToAWMX B psge apy-
rMx O0ObEKTOB-CMMBOSOB, paccMaTpMBaeTCs UX UCTopuyeckas, rpagocTpovTenbHas, o6beMHo-
KOMMO3ULMOHHas porb B ropoge Omcke.
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Pwuc. 1. [1BopeL reHepan-rybepHaTopa Puc. 2. [IBopey reHepan-rybepHaTopa B Omcke.
B Omcke, 1962 T. CoBpeMeHHoe COCTOosIHME

Ona Omcka XIX B. 3gaHMemM-CMMBOIIOM MO MpaBy SABNSAETCA ABopeLl reHepan-rybepHaTopa
(pnc. 1). OH cTan CMMBOMIOM TEX MCTOPUYECKMX MpoLieccoB B Poccumnckon nmnepun, Kotopble
npuBEnu K U3MEHEHNI0 NonuTuyeckon ponu ropoga. MmeHHo B XIX B. OMCK CTaHOBUTCS Kpyn-
HbIM aAMUHUCTPATUBHBIM LEHTPOM ynpasneHust 3anagHon Cubupu [2]. B cBA3m ¢ aTum ropoa
nony4mn pasBuUTbIN agMUHUCTPATMBHbBIA LIEHTP. Ha y4vactke, rge B HacTosiliee Bpemsi CTOUT
OBopeu reHepan-rybepHartopa, paHee pasmewiancs Noconbckuin oM. B HeM rocTunu nocnat-
Ubl BOCTOYHbIX U a3vaTCKMX 3eMenb, KOTopble ocTaHaBnmBanucb B Omcke. [loconbckuii aom
ObIn YHUYTOXEH noxxapom 1823 1., B pe3dyrnkrate KOTOPOro cropena 3HaduTenbHasi YacTb ropoga.
A B 1829 r. 6bIn yTBEPXKAEH reHepanbHbli nnaH Omcka, Ha KOTOpoM Obino 0603Ha4YeHO Me-
CTO ABopua reHepan-rybepHatopa. Camum e NpoeKTHO-CTpoUTENbHbIE PaboThl ObiNn HayaThl B
Tonbko 1853 r. B nepuog reHepan-rybepHatopctea I.X. Macdopaa. MpoekT asnserca obpasuo-
BbIM, NPOEKTHO-CMETHaA AOKYMEHTauUns, cocTaBneHHas ropoackum apxutektopom ®.®. BarHe-
pom, Obina yTBepXXaeHa B COOTBETCTBYHOLLEM AenapTameHTe MuHMCTepcTBa BHYTPEHHUX Aen
[3]. Mo nnaHy 3gaHve MMeno agMUHUCTPaTUBHbLIE MOMELLEHUS, XWUMble MOKOWU U YacTb, rae Mor-
N pasMecTUTbCA NpeacTaBUTENM MMMNEPATOPCKOro Aoma B criydyae npuesga [4]. Asopey Obin
NMOCTPOEH 3a Tpu roga u 6bin rotoB yxe B 1862 . 3a Ka4eCTBEHHOE CTPOMTENBCTBO 0C060 Obin
oTMeYeH nogpsayuunk B.X. NygoBud, BbINOMHAKOWMIA CTpouTENbHbIe paboTbl, OH Obin HarpaxaeH
30M10TOV Meganbto.

Ocoboe 3HayeHuwe 30aHne MMeeT B rpagoCTPOUTENIbHOM KOHTEKCTE, OHO HaxoauTCs Ha
LeHTpanbHOW nnowaan ropoga, HaMeyYeHHON elle BbiCoYaNlle YyTBEPKAEHHbIM reHepanbHbIM
nnaHom ropoga, opmupys ero ueHTp. KomnosmumoHHo gBopeL reHepan-rybepHaTopa aBnseT-
CS LeHTpanbHbIM 3rIEMEHTOM apXUTEKTYPHOro aHcambns aton vactu ropoga. Ero aneraHTHbIN
cunyaT ¢ GalwHen n cTporas acagHas KoMNo3uumst NoAYepKMBatoT ero crartyc [5]. 3gaHune aB-
NAeTcsl KOMNO3ULMOHHBIM akLEeHTOM M obpallaeT Ha cebsa BHUMaHue (puc. 2). [IBopey npea-
cTaBnsn cobon ABYXaTaXXHOE 34aHne, NOCTaBNEHHOE Ha BbICOKMI LIOKOMbHbIV 3Tax. B kavecTse
06bEMHO-NPOCTPaHCTBEHHON OCOBEHHOCTM ABOpLa MOXHO OTMETUTb €ro CUNYaTHYH Bblpasu-
TENbHOCTb, KOTOPYH co3aaeT GalwHa-6enbBeaep, YCTaHOBMNEHHAA NO OCM CUMMETPUM 34aHUS.
OTMme4vas apXMTEKTYPHO-XYOOXKECTBEHHYIO CTPOHY 3TOr0 3[4aHUs, MOXHO CKa3aTb, YTO OHO Bbl-
MOMHEHO B 3KNEKTUYHOM CUIe, C aKLLEHTOM Ha peHecCcaHCHoe UcnonHeHne. LieHTpanbHasa YyacTb
B YeTblpe OKHa BblaerneHa ¢ HebOoNbLIOW PacKPenoBKON U 3aBepLueHa BblYYPHbIM (PPOHTOHOM.
KomMnos3numMoHHy0 OCb noayepkvMBaeT BbiCTynatowaa opma BXOLHOW rpynnbl, Hag KOTOPOW
ycTpoeH 6ankoH [6]. Ocobbin HTEpeC NpeacTaBnAeT UHTEPbEP ABOPLA, €ro fecTHULa BbIMNOs-
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Puc. 3. OMckuin rocyaapCTBeHHbIN Puc. 4. Omckuin rocyaapCTBeHHbIN
My3blKasibHbIA TeaTp My3blKanbHbI TeaTp. VIHTepbep

HeHbl Ha KacrmMHCKOM 4yryHHO-NIMTENHOM 3aBOe.

B XX B. ropoa npogorkan passmBaTbCs Kak agMUHUCTpaTUBHBIN LeHTp Omckon obnacTu.
B ropoge nosBMnnMCb KpynHble 34aHWUst TOProBOro, KynbTYPHOro, 3penuiHoro HasHavenms. Oga-
HAM U3 3HAYNMMbIX OOBLEKTOB, CTaBLUMX HOBbIM apXUTEKTYPHbIM CMMBOSIOM ropoaa, siBNgeTcs
OwmckuIA rocygapCTBEHHLIM My3blkanbHbIA TeaTp (puc. 3). [poekTnpoBaHMe 3TOro YHMKarbHOro
30aHna 6bino Hadato B 1969 r. MNMpegnonaranock BbINOMHWUTL My3blKarnbHbIA TeaTp, BMeLLato-
wwur 1200 sputenen. MNMogobHble 06BHEKTLI NPOEKTUPOBANUCH CNELMANN3MPOBaHHbIM COK3HbIM
NMHCTUTYTOM HUW 3penniuHbIX 30aHnn 1 CNOPTUBHbBIX COOPYXXEHMI, Haxoadwwmmes B Mockse [7].
OcobeHHOCTb 3aaHnst — 3TO ero BaHTOBas KOHCTPYKUMS KpoBnu. HecMoTpsa Ha CNOXHOCTb B UC-
NOSTHEHNN KOHCTPYKTMBHOM YacTu 3aaHus, B 1981 . TeaTp NpuHSAN NepBbIX 3puUTenen.

CTOMT OTMETUTL, YTO MY3bIKarbHbIA TeaTp BbINOMHAET BaXHYI0 rpagoCTPOUTENbHYIO (PyHK-
uunio, onpedends rpaHuubl U passuTue okpyxatolwen Tepputopun. OH CTAHOBUTCH LIEHTPOM
KynbTYPHOWM XW3HW, NpuUBRekasa >kutenem u rocten ropoga. Bokpyr Teatpa ccopmmpoBanmch
napku, CKBepbl, nnowaan u gpyrme obLecTBeHHble MPOCTPAHCTBA, ChnyXalwme gns oTabixa U
npoBeaeHUs pasfinyHbIX MeponpuaTuii. Ha rmaeHyto bacagHyto YacTb TeaTpa BbiBedeHo done,
C KOTOPOro OTKPbIBAETCA BUA Ha nnowanb nepeq Teatpom. MNockonbKy gorie HaxoguTcs Ha BTO-
pOM aTaxke TeaTpanbHOro 34aHus, OHO OOHOBPEMEHHO ABMSETCH HaBecoM Hag Bxogom. C 6oko-
BblX YacTeln 1 Ha 3agHen YacTn ycTpoeH 6ankoH, Kyga MOXHO BbIMTU B aHTpaKTe Mpu XOpoLlen
noroge.

OCcoBeHHOCTL 30aHUS — BbICOKOE apXUTEKTYPHO-XYO0XKECTBEHHOE UCMONTHEHME €ro B OTAenN-
Ke n uHTepbepe. OdopmMmneHnemMm nHTepbepa 3aHnMancsa xygoxHuk B.A. [lecaToB 1 apxuTekTop
A.M. Kapumos (puc. 4). lNopaxaeT obunne matepunarnoB u dakTyp, rapMOHUYHO COEOMHEHHbIX
mMexay cobon. Yke nNpu BXOA4E HAc BCTpeYaeT yKpalleHHasi MeaHbIMy NiMcTaMu CTpoWiKa rapge-
poba. Ocoboe BHMMaHWE Ou3anHepbl yaenunu BepxHemy done. 30ecb YCTaHOBMEHbI BbICOKMNE
CBETUNBHUKM BbIpa3nTENbHbIX (OOPM (BO3MOXHO, TakKMMK BbIfIN YKpaLUeHbl rpedeckne Teatphbl).
Takune e CBETUNbHUKK KpenaTcsa k 6ankoHy done BepxHero sipyca [8]. [na obnuuoBkM noBepx-
HOCTEWN CTeH crneumanbHO ObifT NpMBE3eH PO30BbI apMsHCKM Tyd [9]. Takke B dorie ycTaHOB-
NeHbl KpacHble AVBaHbl, CBOMM LIBETOBbIM pELUEHMEM CBA3bIBalOLWME TeaTparnbHbI 3an U Npo-
CTPaHCTBO dhone.

B npouecce pasBuTUS UcTOpUYeckme ropoda )opMUpPYOTCS HE TOSbKO (POHOBOW 3acTpou-
KOW, NPenMyLLIECTBEHHO XWOro XxapakTepa, HO npexae BCero 3gaHnsmu-cumeonamu. IMeHHo
3TU 0ObEKTbI UrpatoT 3HAYUMYIO POSib B FOPOACKOW cpede, CO34aHun ee MOEHTUYHOCTU U OKa-
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Puc. 6. OMckuin rocyaapCTBeHHbIN
akageMunyeckun Teatp Apamebl

Puc. 7. ToproBbiii LeHTp B OMcke Puc. 8. bubnvoteka umenu MNywkuHa B Omcke

3aHuUKn BnusAHMA Ha obpasHyto cTopoHy ropoga. OHM npeacTaBnsaloT cobon Bu3yarnbHble arne-
MEHTbI, BOMMOLAOWMNE ONpeaerneHHble 3HaYeHns, MAEeN UM UCTOpUYEecKne accounaunm, Ko-
TOpble MpU3BaHbl YKPEMUTb CBSA3b MEXAY OKPYXKatoLewn cpeaon U NogbMun, NpoXuBalowmMMm B
ropoge. B crtatbe Gbinv npeacTaBneHbl TOMbKO ABa apXMTEKTYPHbIX cuMBona ropoga Omcka,
HO Ha caMoM Aene mx ropa3go bonblie. K HAM Takke MOXHO OTHeCTW ctapoe 3aaHue [aynT-
BaxTbl (1781 r.) — nepBoe kameHHoe 30aHMe Omcka (puc. 5), OMCKUIN rocygapCTBEHHbIN aka-
aemuyeckmn teatp gpambl (1874 r.) (puc. 6), a Takke coopyxeHus XX B.. bubnmoteky nmeHu
A.C. MNywkuHa (1907 r.) (puc. 7), 3agaHne Toprosoro ueHTpa «Omckun» (1965 r.) (puc. 8). Bece
3TV apXUTEKTYPHbIE CMMBOSbI SABMASIOTCA UCTOPUYECKUMU U KYNBTYPHBIMW CUMBOSIaMM 3MOX, B
KOTOPbIX OHW CO34aBanucCb, @ Takke BbICOTHbIMU UMW KOMMO3UUUOHHBIMW AOMUHAHTaMu B ro-
poackon cpene.

UccnedosaHus nybriukyromces ro pesyribmamam rnpoeedeHusi Hay4Ho-uccriedogameribcKol
pabombi 8 paMKax KOHKypca epaHmos Ha 8bIrNofIHeHUE Hay4YHO-uccriedogsamesibckux pabom ob-
yyarowumucs CI6IrACy e 2024 a.
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Architectural Symbols of the City of Omsk
M.V. Zolotareva, A.M. Peteshova, A.V. Ponomarev

St. Petersburg State University of Architecture and Civil Engineering,
St. Petersburg (Russia)
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of cultural heritage.

Abstract. The article examines the architectural objects of the city of Omsk, which have
become symbols of the city, representing its image, its identity. The purpose of the article is to
prove that not only objects of cultural significance can become a kind of architectural symbol,
but also objects of the recent past, laying a new encoding of the city, embedding it in the general
context of urban development. The main task of the authors is to consider two objects of different
centuries — XIX and XX, and to assess the role of these objects in the urban environment,
to answer the question of why these buildings have a symbolic meaning in the city of Omsk.
The hypothesis is based on the assumption that the symbol buildings are the compositional
dominants of the city. Methods used: in-situ examination, study and generalization of literary
sources, comparative analysis. The results achieved: the identified objects symbols of the city
of Omsk are the architectural and compositional dominants of the city, they include not only
historical buildings, but also objects of not distant time.

© M.B. 3onotapeBa, A.M. lNeTtewosa, A.B. NoHomapes, 2024
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YK 378.1

UccnepoBaHue metoaa
uudpoBOro BOCCTaHOBNEHUS nnaTcgopmbl
GonblIMX AaHHbIX Ha NpUMepe 06 bHLEKTOB

KyNnbTYpPHOro Hacrneaus

B 6acceHe pekn X3annyHu3siH

tOn FOHMUH, BaH JlysH, MaHb XyHCUHb

Xalxackul yHusepcumem,
2. Xauxa (KHP)

KnioueBble cnoBa u ¢ppasbl: 6acceriH pekn XannyHu-
35H; Kutan; o6bekTbl HeMaTepuanbHOro KynsTyYpHOro Hacne-
aus; Pocens; umdpoBoe BOCCTaHOBMEHME.

AHHOTaumsa. B cratbe uccnegyetca meton umccneno-
BaHUA UMNEMPOBOro BOCCTAHOBMEHUS OOBLEKTOB KyIbTYPHO-
ro Hacrneamsi B 6acceriHe peku XannyHussH. NpeacrtaeneH
KOMMMEKCHBIN aHanu3 uugpoBON pecTaBpauun o6bLEKTOB
KynbTypHOro Hacnegusi. Llenb ctaTbn — uccregoBaHue He-
MaTepuanbHoro Hacnegus 6acceriHa peku XaWnyHU3sSH ©
nonbITKa nepesBecTn ero B LMAPOBYKO cpedy. 3agadu: npo-
aHanmM3npoBaTb OMbIT KUTANCKOW 1 3apybeXHON nuTepaTypbl,
nccnegyowen obbekTbl KynbTypHOro Hacneausi; BblOenuTb
XapakTepHble 4YepTbl AaHHbIX 0O6BbEKTOB. MNoTesa: ApeBHUE
0OBbEeKTbI KyNbTYPHOIro Hacneausi HyxaatTcsa B oLngpoBke ¢
npuMeHeHuem Bonblunx 6a3 gaHHbIX. B paboTte ncnons3osa-
nuncb onucaTenbHbIN U aHaNUTUYEeCKUn meToabl. PesynbsraThbl:
Ha NpuMepe nccneaoBaHNsa Hacneanst KynbTypHbIX 06beKkToB
B BaccenHe pekn XannyHuU3sH npegnaraeTcs OTHOCUTENbHO
nonHasg TeopeTuyeckass U TeXHUYecKkasd cucTema, KoTopas
MOXET MOCNyXuTb 0a3on Ans oxpaHbl KynbTYpHbIX O6bek-
TOB B Apyrux pernoHax Kutasd. OnekTpoHHbIE pecypchbl CTa-
HOBATCHA yAOOHbIMW ONA Nonb3oBaTenen, Xenawwmux y3Hatb
MCTOPUIO POOHOrO Kpasi, MO3HaKOMUTBCH C UCTOpUENn poa-
HOW CTpaHbl, yMETb NnepekntovaTbcd, paboTtartb ¢ 6onbwnmm
undpoBbiMU AaHHbIMU. MeToabl UMdPOBOro BOCCTaHOBME-
HUS1 NOMOrarT ynyywuTb paboty 6ubnuotek metasceneH-
HbIX. MeToa ungpoBOro BOCCTAaHOBEHUSA OPEBHENO KyNbTyp-
HOro Hacrneausi NO3BONSIET BOCMPOU3BECTU €ro YHUKanbHYHO
cuUcTeMy.

O6bekTbl KynbTYPHOrO Hacneansa — 3To OObEKTLI, KOTOPbIE JOSMKHbLI BbITh YHacnegoBaHbl 1
3alMLLEeHbl BCeMU Hapo4aMy Hallen CTpaHbl, OHU TECHO CBSA3aHbl C TPaAULMOHHOWN KynbTYpOK
N KMU3HBbIO NIOOEN, NPOXMUBAKOLLNX Ha 3TON Tepputopun [2, c. 62]. OBbeKTbI KyNbLTYPHOro Ha-
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crneovs SABMSAOTCSA CBUOETENAMU UCTOPUYECKOrO PasBUTUS U KyNbTYpHbIMU pecypcamu, npea-
CTaBMALWUMN OFPOMHYIO LIeHHOCTb. OXpaHa u paunoHanbHOe UCMOoSb30BaHME 3TUX OObEKTOB
B GaccenHe pekun XannyHussH nmetot 6onblioe 3HaYeHne ana peanusauun gyxa 19-ro Haumo-
HanNbHOro KOHrpecca u ocyLlecTBreHns Bceobbemnowero, CKOOpAMHMPOBAHHOTO N YCTOMYNBO-
ro 3KOHOMMYECKOr0 M COLManbHOro pasBuUTUA, YTO NOMOXET 6opoTbca ¢ 6EeAHOCTLIO B HEKOTO-
pbiX panoHax XannyHussHa. [TncbMeHHble 0OBbEKTbI KYNbTYPHOIO HAcneams OTHOCATCA K KaTe-
ropun BblpaXeHHbIX B prnsnyeckon popme, NoaToMy AN X COXPaAHEHUA U pacnpoCTpaHeHUs
TpebyeTcs ouMdppoBKa AaHHbIX.

Hanbonbluee npenmyLiecTBO LMMPOBON pecTaBpaLmm KyrnbTypHOrO Hacneaus 3aknivaert-
CS B TOM, YTO OHa NO3BOMSAET COXPaHATb W 3annCbiBaTb MHAPOPMAaLNIO O KYNBTYPHbBIX PENTUKBUSX
1 ucnonb3oBaTb ee Ang oTobpaxeHus 1 pacnpocTpaHeHus B BUPTyanbHOM cpefe, a Takke ocy-
LeCcTBNATb AanbHENLWY0 MHTerpaumnio pecypcoB C NOMOLLbIO CETEBbLIX TEXHOMOMMI ANg MaKcu-
MaribHOro COBMECTHOro 1 obLero ncnonb3oBaHna. MeToa ungpoBOro BOCCTaHOBEHUS ApeB-
Hero KynbTYpHOro Hacregusi no3BosisieT BOCNPOU3BECTUN €ro YHUKASbHYH CUCTEMY LEHHOCTEN U
UrpaeT BaXKHyl0 posfib B NMPOABUKEHUN U COBEPLLUEHCTBOBAHUN Pa3BUTUA TBOPYECKMX UHOYCTPUIA
B MH(POpMaLMOHHY0 anoxy. Lindposble nponsBogHble OpeBHEro KynbTypHOro Hacrnegus (Bup-
TyanbHasa pearibHOCTb) NMOMELLATCA B OHMaWH-KIacc ¢ MNOMOLLbIO LUPOBOMA KOMNUASLMKY, a
C NMOMOLLIbIO COBPEMEHHbIX LMGPOBbLIX MEOUANHCTPYMEHTOB VHTEpHET Ucnonb3yeTca Kak nnar-
dopma ans ocyuwecterneHns 6usHeca VIHTepHeT+ [4].

AHanus numepamypsbl. ViccnegoBaHus B obnactv uM@poBON 3alMThl U pasBUTUS OTeve-
CTBEHHbIX PECYPCOB MaTepmanbHOro KynbTYpPHOro Hacnegusi u CBA3aHHble ¢ HUMK paboTbl Tak-
e pasBMBalOTCs C POCTOM KOMMbIOTEPHbIX HayK. B 2007 r. B YecTb 300-netus ocHoBaHus Mex-
AyHapoaHoro cumnosvyma HoaHbMUHBIOAHb ObiN MPOAEMOHCTPUPOBaH BUPTyarbHbin HKOaHb-
MUHBIOAHb, NPEeaOCTaBnAILWNIA BONbLLOE KONMMYECTBO BOCCTAHOBMEHHbLIX U300paXeHUn n He-
KOTOpbIE€ N3 BUPTYalibHbIX CUCTEM OHManH-NpocMoTpa, a B 2008 . 6bin OTKPLIT NEpPBbIA B MUPE
Tematmyeckmi BupTyanbHbeii cant K0aHbMuHbOaHb. B 2008 1. otaen no pabote ¢ yHuBepcute-
Tamm Microsoft Research Asia Takke odumumanbHO 3anycTun uccrnegoBaTenbCKyo nporpaMmmy
no TeMe «ONeKTPOHHOE Hacneame», B paMmkax KOTOpow nepeaoBble KOMMbIOTEpPHbIE TEXHOMOMN
W 1ccrefoBaHUsA NPUMEHSIOTCA ANS BbIBNEHUS, 3allnTbl, COXpaHEHUS U nepefadn Hacneans
NCTOPUM N apXxeorormu B Lensx HapogHoro obpasosaHus. 1o mepe yrnybneHusa nccnegoBaHui
B obractn ouMdpPOBKN AaHHBIX OTEYECTBEHHbIE YYeHble NnocneaoBaTeflbHO COCTaBMNSANN CXO4-
Hble No Tematuke Tpyabl. B 2009 r. 6bino onybnmkoBaHo uccnegoBaHne «OumdpoBKa ITHU-
YeCcKOoro KyrnbTypHOro Hacnegusa» (nog ped. Ban Aoxu), B KOTOPOM BCECTOPOHHE 0b6bsCHSETCA
CMbICI OLMMPPOBKN 3THMYECKOrO KyMNbTYPHOro Hacneamsd, Tekyllas CcuTyauus, cyllecTsyloLiune
npobnemsbl, TexHonormm 1 KoHTpMepbl. 2011 . cTan NIOAOTBOPHbLIM rO4OM B obnactu uccne-
A0BaHU No oumdpoBke KyneTypHoro Hacneams: Jin CuHe onybnmkoBan kHury «Ludposoe co-
XpaHeHWe: HOBbIN NOAXOM K COXpPaHEeHWUI0 HemMaTepuarbHOro KyrnbsTYpHOro Hacreausa», CTaBLUuyto
KPYMNHbIM Hay4HbIM SOCTUXKEHUEM NOCAEAHUX NET, U NMPOLOITKNN U3y4YeHNE TEXHONOMMN N METO-
O0B, MCMNOMNb3yeMbIX OS11 COXpaHEeHUs KynbTypHOro Hacrnegusa B oumdpoBaHHOM Buge. y6nu-
Kaumsi aTon paboTbl TakkKe cbirpana NoNOXUTENbHYIO POfb B MPOABMXEHUM MUCCNeaoBaHUn no
oundpoBKe KynbTypHOro Hacreaus B Kutae.

AHanu3s 3apybexHbix ucmoyHukos. B 1999 r. no mHuumatmee Ouunangmm EBponenckuin
COl03 Hayan MHOroHauMoHanbHbIA NPoekT «MHUUnaTuBHasl nporpaMma CO3faHusi KOHTeHTay,
B KOTOPOM OOHUM K3 OCHOBOMOMAratoLlmx 3nemMeHToB Obina oumndpoBKa KynbTypHOro Hacre-
auns. C Hayana B XXI B. EBponenckmii Coto3 oCyLLECTBU BaXKHbl€ MiaHbl MO COOENCTBUIO, CO-
XPaHEHUIO N PasBUTUIO LNPOBLIX TEXHOMOMMN Ha 06bEeKTax APEBHErO KynbTYPHOrO Hacneaus
B EBpone n okasan mowHyto nogaepxky npoektam 3D-Murale 1 ARCHEO-GUIDE, koTopble
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obecneynBaloT MHTEPAKTUBHbIE M MEPCOHANM3NPOBaHHbIE TMAbl JOMOMHEHHOW peanbHOCTM AN
00bEeKTOB McTOpMYeckoro Hacneaud. B koHue XX B. AnoHuna ncnonb3osana 3D-ckaHep Ang cos-
AaHns undposon mogenu bonbworo byaael anoxn Kamakypa n BUpTyanbHO PEKOHCTpyMpoBa-
na rmasHbIi 3an bonbworo bygakl, a B gekadbpe 2004 r. KOHECKO ycrtaHoBuna napTHepckue
OTHOLUEHUST C Kopenckon koMmnaHnen Samsung Electronics Co. Ltd. B obnactu yudgposoro co-
XpaHeHUs HemaTepuanbHOro KyrnsTYpHOro Hacneams ¢ ocobbiM akLEeHTOM Ha MCCneaoBaHus B
obrnactn coxpaHeHus HemaTepuanbHOro KynsTypHOro Hacneams Mupa.

Mo coctosiHmio Ha 2009 r. Ha 3acegaHun BcemupHoro komuteTa (IAC) Obino 3apernctpu-
poBaHo B obwwen cnoxHoctn 193 obbekta «lMamate mupa» (MoW). o mepe Toro, kak mare-
puanbHoe 1 HemaTepuarnbHOe KynbTypHOE Hacregue CTaHOBUTCA Bce Bonee nonynsipHbIM, Ha-
crneave KynbTypHbIX 06beKTOB NpuBrekaeT Bce bonbluee BHUMaHWE noaen, No3TOMY OHU CTpe-
MSTCS M3ydaTb, OXPaHATb U UCNONb30BaTh ero. HaunHasa ¢ 1990-x rr. cTpaHbl BCEro Mypa Hava-
Ny paccMmaTtpuBaTb NPOEKT OUMGPOBKN PECYPCOB KyNbTYPHOro Hacneausi B Ka4ectBe OCHOBHOM
cTpaTerMm pasBuUTUSA KynbTYPHbIX MHPOPMAaLMOHHbBIX pecypcoB B MIHTEpHETE, a Takke aKTUBHO
NpoBOANTb MUCCNEeAOBaHNSA B 06nactn ounmdpoBKN HEMATEPUANbHOIO KyNnbTypHOro Hacrnegus u
CBSI3aHHbIE C 3TUM paboThl.

Oco6eHHOCTBLIO NPOBUHLUMKN X3NNYHU3SAH ABIISIETCS «4epHasi pekay», «KaparoLmi opakoH» —
Xanxa, kKoTopas HEOAHOKPATHO MNpepbiBana U MeHsna cBoe pycno. ATo peka 6eqcTeus, kotopas
no OpeBHUM neTonucam Obifia cBs3aHa ¢ NpupogHbiMK KaTacTpodamu [1, c. 4]. Peky Xanxa
Ha3biBanu «XKenton pekon» (baHb Iy, LI3o LitomnH). Peka Xalixa B NnpeacTaBneHnsX KuTanues
Oblna 3non pekon u pekon 6eacTBMSA M3-3a YacTbiXx HaBogHeHUN. B To ke Bpemsa Gnarogaps
peke Xanxa («maTyLLKn-peke») nouBbl ctanu 6onee nNNogopoaHbIMK, NOBLILWANICA ypoXanm U Ka-
4yecTBO xJonka. bopbba ¢ HaBoAHEHUAMU, CHWXeHue yulepba OT HaBOOAHEHUS U OOCTUMXKEHUE
BbICOKOrO KayecTBa ypoxas Takke npencraBnsieT cobon HemaTepuanbHbii OOBbEKT KyNbTYPHOrO
Hacrnegus.

Heobxoanmo OTMETUTb, YTO PECYPChbl X3NNYHL3SAHCKOro HeMaTepuanbHOro KynbsTypHOro Ha-
crnegvs YpesBbldaiHO GoraTtbl, @ HEKOTOPblE U3 HUX MMEIKT BbICOKME KaTeropum u OTIMYHYIO
OLEHKY CaMbIX aBTOPUTETHbIX AeATenen KynbsTypbl B MUpE: MaHbYyxypckasa nereHga «LlWaman-
cTBOY, «[lynuH» YxypwkaHn (C60pHMK nereHa n HeouLManbHON NCTOPUM HYKYPUKIHM), HUHTY-
Tarnckas HapogHas nuTtepartypa (HuHryTta asnsieTcsa rmaBHowm norpaHuyHon 6ason Knutas B nepu-
of AavHactum LuH), «L3aHewkuy» B ropoge XannyHb (Bbipeska u3 bymaru), «LissHeuxu» B yesge
®aHYK3H (Bblpe3ka 13 bymaru), pasHOLBETHbIE Y30Pbl HA APEBHUX 30aHNSAX B yesae YxaotoaHb,
«lN'yausHb» B yesae JlaHbcu (BMA BbIpe3KU y30poB 13 bymarn, KapTuHbl U3 6epecTtbl HaunoHanb-
HOCTW OPOYOH, KapTUHbI U3 KOXW pblb, KapTUHbI Ha BepecTe).

ExxerogHO 06beKTbl KynbTYPHOrO Hacneams — KOCTIOMbl U3 pbibbeln KOXW HauMOoHarbHOCTH
Xauwxa, n3genust n3 LWKypbl KOCynu HaumoHanbHoctn Opo4yoHbl, n3gennsa ns Gepectol, pe3bba
no Aepesy, pe3bba no araty M T.4. — TPAHCMMPYKOTCA Ha BbICTaBKe TPaAMLUMOHHBIX pemecen
Kutasa. B cBoio ouyepenb, MMCbMEHHbIE U30aHUS HEOOXOAMMO MEPEHECTU B ANEKTPOHHbIN BUA
ansa ygobetea novcka n pabotbl ¢ HUMK [5, ¢. 70]. B cooTtBeTcTBMM C 14-M NATUNETHUM nna-
HOM pasBUTUS LMEPOBON SKOHOMUKN NPOBUHLINN X3NNYyHL3sH, pa3paboTka nporpaMmHoro obe-
crevyeHns oTHocuTcsa K ogHoMy m3 10 KnoveBbIX HanpaBneHun, Hapsay ¢ pa3paboTKom HOBbIX
nnatgopm, MeTaBceneHHbIX U 6onbwnx AaHHbIX. OBBEKTbI KyNbTYPHOro Hacneamsi NpOBUHLUN
npeacTaBnaAT cobor cbop AaHHbIX, KOTopble HEOBX0ANMMO NpeobpasoBaTh B LUAPOBbLIE pecyp-
Cbl C MOMOLLbIO OATYMKOB, HOBbIX OUCMIIEEB BbICOKOW YETKOCTU, KOMMbIOTEPOB, BUPTYarbHOW
peanbHOCTM U MHOFO COBPEMEHHOro 0bOopyaoBaHMS M TexHonornn. PasmelleHne gaHHbIX Ha
undpoBon nNnartgopme No3BonAeT ynpaBnsaTb 6a30M OaHHbIX, XPaHUTb, UCMOSb30BaTb OTYETHI
13 NCTOYHMKOB, obecneunBaTb YAOOHbIN NOUCK, BO3MOXHOCTb MHTEerpaummn. XpaHeHne pecypcoB
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Ha uudpoBor nnatdopmMe NO3BONSET MOBbICUTL 3PAEKTUBHOCTL OMONMOTEKN METABCENEHHOM
N pacwmpuTb CAEKTp npeanonaraemMblx Ans nonb3osartens ycnyr [3].

Taknum obpa3om, coxpaHeHue n pacnpocTpaHeHue GonbLIMX AaHHbIX KynbTYpHOro Hacne-
ansa Kutasa B 6accenHe pekn XannyHu3sH BO3MOXHO NMLb NPy UCNOSb30BaHMKM MeToga undpo-
BOro BOCCTaHOBMEHMsI NnaTopMbl. ONEKTPOHHbIE PeCcypCbl CTAHOBATCA YOOOHbIMW ANs NOMb-
30BaTenen, Xenawwmx y3HaTb UCTOPUIO POAHOrO Kpasi, NO3HAKOMUTBCA C UCTOPUEN POLHOW
CTpaHbl, YMeTb nepekrntodatbes, pabotate ¢ 6onbWMMKU LMAPOBbIMU SaHHbIMKU. MeToabl Lumd-
pPOBOr0 BOCCT@HOBMEHMSA NMOMOratoT ynyywmntb paboty 6ubnunotek metasceneHHbIxX. Lindpposoe
BOCCTaHOBIEHWE OPEBHErO KyrbTYPHOro Hacneausi No3BonsieT BOCNPOM3BECTU €ro YHUKamNbHY
cucTemy.

HaHHas paboma nybrnukyemcsi 8 pamMkax rpoekma pegopmMbl rpernodasaHusi 8bICULIE20
obpa3soeaHusi Xalixackoeo yHusepcumema e 2020 2. Ha memy «MccnedosaHue yugposol pe-
cmaspauuu Ha rnamgopme 6onbuwux 0aHHbIX Ha OCHOB8e Kayecmea ebicuie20 0bpa3osaHusi
Ha npumepe u3y4eHus HacrnedosaHusi 06beKmMo8 KyrbmypHo20 Hacedusi 8 baccelHe XalsyH-
ussiH». Homep npoexkma: XJGY202009.
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A Study of the Digital Restoration Method of the Big Data Platform
on the Example of Cultural Heritage Objects in the Heilongjiang River Basin

Yu Yongming, Wang Luyang, Men Hongxin
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Heihe (PRC)

Key words and phrases: objects of intangible cultural heritage; Russia; China; Heilongjiang
River basin; digital restoration.

Abstract. This paper explores a research method for the digital restoration of cultural
heritage sites in the Heilongjiang River Basin. A comprehensive analysis of digital restoration of
cultural heritage objects is presented. The purpose of the article: to study the intangible heritage
of the Heilongjiang River Basin and try to transfer it into a digital environment. Objectives:
analyze the experience of Chinese and foreign literature exploring cultural heritage sites;
characterize; highlight. Hypothesis: ancient objects of cultural studies need digitization of large
databases. Methods: descriptive and analytical methods were used when writing the work.
Results: Based on the example of the study of the heritage of cultural sites in the Heilongjiang
Basin, a relatively complete theoretical and technical system is proposed, which can serve as
a basis for the protection of cultural sites in other regions of China. Electronic resources are
becoming convenient for users who want to learn the history of their native land, get acquainted
with the history of their native country, be able to switch, and work with large digital data. Digital
restoration techniques help improve the performance of metaverse libraries. The method of
digital restoration of ancient cultural heritage makes it possible to reproduce its unique system.
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CpaBHUTENbHbLIW aHanNu3
nporpamMmmMmHoro o6ecrnevyeHus
ANA NPOBEPKU Ha KONJU3nu

C.[0. Kazakos, C.C. ®enopos, [.A. KopHeBs, A.l. 3Tpenb

@IrboOY BO «HayuoHanbHbIlU uccrnedosamerbcKul
Mockoeckuli eocydapcmeeHHbIl cmpoumerbHbIU yHU8epcumemy,
2. Mockea (Poccus)

KnioueBble cnoBa v pasbl: KONNU3US; OOBLEKT Ka-
NUTanNbHOro CTPOUTENbLCTBA; UudpoBas MHGOOPMaALNOHHANA
MoAaensb.

AHHoOTauwmsa. Llenb nccneqoBaHns — NpoOBECTU CPaBHU-
TErnbHbIN aHanNu3 nporpaMmmHoro obecnevyeHus, npegHasHa-
YEHHOro ANs noucka Konmnmanm B MHAOPMALMOHHBIX Moae-
nax ob6bEKTOB KanuTanbHOIMO CTPOUTENLCTBA B CTPOUTElb-
HoW cdoepe.

3apaven sBnsieTca NpoBeAeHNE CPABHUTENBHOMO aHanm-
3a No onpeaeneHHbIM KpUTepusiM.

[Mnotesa uccnegoBaHus: nporpamMmbl, NpeaHasHadeH-
Hble ONA Noucka Konnumanin B UHAOPMAaLMOHHBIX MoAensix
30aHWIA, pasnMyarTcs No CBOMM XapaKTepucTUKam, HO Mme-
0T OOQWHAKOBbIN (PYHKLMOHAan.

MeTogom nNpoBeOEHHONO WUCCNeaoBaHUA SBISIETCA Te-
CTUpOBaHMe BbIGpaHHbIX MPOrpPaMMHbIX PeLIEHUA Ha NOUCKK
KONNU3un 1 nx oyHKUMOHaNbHbIX BO3MOXHOCTEN.

Pesynbtatamu unccrnegoBaHus SBNSAKOTCA  pekoMeHaa-
uun onsa Bbibopa nporpaMMHOro obecnedyeHust onsi noucka
Konnuaun. Pamkamu wnccrnegoBaHus OMpedernieHbl YeTbipe
paboune undpoBble MHHOOPMALMNOHHBLIE MOAENN OOLEKTOB
KanutanbHOro CTPOUTENLCTBA MO pasdenam: apXUTEKTYPHbIe
peLUeHnst, KOHCTPYKTUBHbIE PELLUEHUS N BEHTUMNSLMS.

B pamkax peanusaumu rocygapCTBEHHbIX Mporpamm Mo nepexody Ha pPOCCUICKOEe Mpo-
rpaMMHoOe obecneyeHne rocygapCTBEHHbIX KOMMAHWUI BOMPOC O MPOBEPKE MHA(OPMALMOHHBLIX
Mogenen CTaHOBMTCS 0COBEHHO akTyarbHbIM, T.K. MOUCK U YCTPaAHEHME KOMnMU3nin siBNSeTCa of-
HMM M3 OCHOBHbIX 3TarnoB pa3padoTkn LUMPOBON MoAeNV 30aHUS.

CBoeBpeMeEHHOE BbISIBIEHME KOMIU3NIA, UX nepeaada NpoekTUPOBLLUNKY U YCTpaHeHne sB-
NSEeTCA BaXXHENLUMM UHCTPYMEHTOM ANl NPUHATUS NPOEKTHbIX PELLEHUA, CTPOUTENbCTBA U IKC-
nnyatauum obbekTa [2; 5].

Kpome TOro, aktyanbHOCTb paboTbl METOAOB MPOBEPKM MHPOPMALIMOHHON MOAENW 30aHUS
Ha KonnmM3nmm obycnoerneHa HeobxoauMOCTbo obecneveHns 6e30MacHOCTU M HaOEXHOCTU CTPO-
nTenbHbiXx 00bekToB. KOnnunanm mMoryT npMBeCTU K CEPbE3HbIM NOCNEeACTBUSAM, TakUM Kak paspy-
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Tabnuua 1. OCHOBHble pe3ynbTaThl TECTUPOBAHWS

Bpewms Kon"'quT?O Bpemsa Bpewms
KONMU3MiA
HaumeHoBaHue Pa3smep 3arpyaku/ (camo- | MMPOBEPK Ha BbIrpyaku Pl e
mMogernu ¢anna, M6 | umnopra, nepeceve- | Komnnsuu, oT4yerTa, P
Y4:MM:CC P Y4:MM:CC | Y4:MM:CC
HWUIA), LWT.
CADLib Mogenb 1 apxvs
Ycnosure npoBepku
GGP_1077-BFU_ 150,2 02:58:00 7568 00:35:00 | 00:01:00 | — nepeceueHme 6o-
IVT_AR_R20.ifc nee 5 Mm:
YcnoBsus npoBepku
GGP_1077_BFU_ 224 00:19:00 1162 00:05:00 | 00:01:00 | — nepeceueHme 6o-
IVT_KR_R20.ifc nee 5 M-
(6e3 n3onauun)
GGP_1077-BFU_ NA- NE- N1 Ycnoswsi NpoBepku
IVT_OVV_R20.ifc 59,5 00:06:00 416 00:05:00 00:01:00 ~ NepeceueHme 6o-
nee 5 mwm;
OKCTpeHHast ocTa-
1284-CINX-MA-KrA- 624 _ _ _ _ HOBKa umnopTa 6e3
M3-AP-ZZ-001.ifc npegocTaBneHns oOT-
yeTta 06 owwnbke
Pilot-BIM
- Oonyck konnu-
e 150 00:03:01 8745 00:54:11 | 00:01:00 31 5 MM
== : O6bekToB: 16864
Oonyck konnu-
COP_ ST LBrY 225 00:00:33 1132 00:01:52 | 00:01:00 31 5 M.
— = : O6bekToB: 2615
Oonyck konnu-
GGP_1077-BFU_ 59,5 00:00:50 478 00:01:56 | 00:01:00 31 5 M.
IVT_OVV_R20.ifc O6wnekTos: 4511
) AN ) Oonyck konnu-
1284 STIX TR KA 624 00:06:04 11938 00:24:46 | 00:01:00 31 5 M.
: O6bekToB: 17934
Larix Manager
GGP_1077-BFU_ 4. oE. N2 JOonyck konnu-
IVT AR_R20.ifc 150 00:01:54 6282 00:25:39 00:03:20 3 5 MM
VIMnopT npuBoauT K
?3?‘&?{7?{‘2%':.% 22,5 - - - - 3aBepLUEHMIO MpK-
—R_ReU NoXeHUs
GGP_1077-BFU_ .AA- .01 .01- Honyck konnu-
IVT_OVV_R20.ifc 59,5 00:00:32 182 00:01:24 00:01:07 3 5 MM
MpoBepka npuBoOaUT
1§/|8:34-:6\CPF|-)Z(£(§|'()-‘:<I|-I£- 624 00:02:56 - - - K 3aBepLLEHMIO Npu-
: NOXEHUsI
Navisworks
GGP_1077-BFU_ 55 AN e Jonyck konnu-
IVT AR_R20.ifc 150 00:22:29 5685 00:00:04 00:05:54 31 5 MM
GGP_1077_BFU_ .02 .00~ -00- [onyck konnu-
IVT KR_R20.ifc 22,5 00:03:43 1089 00:00:03 00:00:51 3 5 MM
GGP_1077-BFU_ N2 AN - Jonyck konnu-
IVT_OVV_R20.ifc 59,5 00:03:11 320 00:00:03 00:00:19 3 5 MM
1284-CTIXT1-KTA- 624 01:06:10 6444 00:00:04 | 00:00:06 flonyck konnu-

M3-AP-ZZ-001.ifc

31n 5 mm.
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Tabnuua 2. CpaBHeHWe Mo KpuTepusam
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CADLib Mogenb
" avanf + + + + + + + KnueHT-cepBepHoe +
Pilot-BIM + + + + - - + KnneHT-cepBepHoe -
Larix + + + + - + + [eckTonHoe -
Navisworks + + + + + + + [eckTonHoe +

LeHe 34aHus, TPaBMbl NI0AEN U 3Korornyeckme npobnemsl. [Mo3ToMy BaXXHO NPOBOAUTL NPO-
BEPKY Moernen Ha KoNnmM3mm Ha Bcex atanax NnpoeKkTMpoBaHus U cTpouTenscTea [6; 7].

Vicnonb3oBaHne MHGOOPMaLMOHHBIX MOAENEN N METOA0B NPOBEPKM HA KOMMN3UK NO3BOMSIET
COKpaTUTb BpEMS U 3aTpaThl HA CTPOUTENBCTBO, @ TaKKe NOBbLICUTb Ka4eCTBO N 3P(PEKTUBHOCTb
pabortbl [1; 3; 4; 8].

MeToabl npoBepkn hainoB mogenen B oTKpbiToM doopmare .ifc Ha Konnmanm NnpMBeaeHbl Ha
puc. 1.

PesynbraThl NnpoBeAEHHOrO CCeAoBaHUs NpeacTaBneHsl B Tabn. 1 n 2.

PesynetaTbl NpoBegeHHOrO UCCneaoBaHus NO3BOMUAN CPaBHUTbL NPOrpamMMHble MPOOYKThI
NO OCHOBHbIM (PYHKLMOHANbHBLIM KPUTEPUAM A5 NMOUCKA KONNM3NA B LINPPOBbLIX MHpopMaLu-
OHHbIX Mofensax. AHanu3 nokasan pasfMyHoe KONMMYEeCTBO BbISIBNEHHbIX KONnusun. PesynstaTsl
NpoBeAEeHHOro aHanu3a MoryT ObITb MPUMEHEeHbl A4S AanbHenWmnxX uccnegoBaHni B obnactu
LUMPOBOro MHPOPMALMOHHOIO MOAENMPOBAHMS, @ Takke MOryT ObiTb None3Hbl pa3paboTynkam
nporpammMHoOro obecneveHusi, KOTopble MOryT UX UCNONb30BaTh AN Yry4dllEeHUs CBOUX NPOOYyK-
ToB. MccnegoBaHne MoxeT ObiTb NOME3HbIM B NMPaKTUYECKON AEATENbHOCTU Npu BblGOpe Toro
WM MHOFO MPOrpaMMHOro NpoaykTa.

B pesynbrate npoBedeHHOro aHanusa Obinn BbISBIIEHbl CXOACTBA U pasnuynsa mexagy poc-
CUACKMMM MPOrpaMmMHbIMK NpogykTaMmn B obnactun MHOpMaLmMoHHOro MogennposaHus. Heko-
TOPbIE U3 HNX MOKa3ann BbICOKYK TOYHOCTb M HAAEXHOCTb NPy NPOBEPKE Modenemn Ha KOnnm3amm
N COOTBETCTBME OTEYECTBEHHBIM cTaHAapTaM. OgHako Kaxabli NPOAYKT UMEET CBOM OCOBEHHO-
CTM 1 NpenMyLLEeCcTBa, KOTOpble HEOBXOANMO y4uTbIBaTb NpU BbIGOpPE ONTMMAanbHOrO peLueHus
OIS KOHKPETHOro NpoekKTa.
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Comparative Analysis of Software for Searching Collisions
in Information Models

S.S. Fedorov, D.A. Kornev, A.G. Etrel

National Research Moscow State University of Civil Engineering,
Moscow (Russia)

Key words and phrases: collision; capital construction object; digital information model.

Abstract. The purpose of the study is to conduct a comparative analysis of software
designed to search for collisions in information models of capital construction objects in the
construction industry.

The task is to make a comparative analysis according to certain criteria.

The hypothesis that all programs designed to search for collisions in building information
models are similar in their basic characteristics, but differ in certain parameters.
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The results achieved are to formulate conclusions and recommendations for the selection of
collision search software depending on the needs of the construction company.

© C.O. Kazakos, C.C. ®egopos, [1.A. KopHes, A.l. OTpenb, 2024
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YacToTHbIN aHanu3 NpoeKkTHoOn U poBon
MHcpopMaLMOHHOU Moaernun y4yebHOro Kopnyca

C.0. Kazakos, C.C. ®enopos, [.A. KopHes, PA. lNatuaTtynnuHa

@Irb0OY BO «HauyuoHarnbHbIU uccriedosamerbcKuli
Mockosckul 2ocyOapcmeeHHbIlU cmpoumeribHbIlU yHUsepcumemy,
2. Mockea (Poccus)

KnioueBble cnoBa n dpasbl: aBTOMatn3auns; aHanms,;
BUBNNOTEKM KOMMOHEHTOB; MHOPMAaLNOHHOE ModenMpoBa-
HMe; 0OBbEKT KanuTanbHOro CTPOUTENbLCTBA; CTPOUTENBLCTBO;
undposast MHPOPMaLNOHHAA MOAENb; ANeMeHTbI LdpoBoi
MHdopMaLmoHHON mogenu; BIM-TexHonoruu.

AHHoTauums. Llenbio paboTbl SBNSETCA BbINOMHEHNE aB-
TOMaTU3MPOBAHHOIO YacTOTHOMO aHanu3a CyLleCTBYIoLLEn
undposor HopmaumoHHon mogenu (LUAM) sganuna. 3aga-
4yu: onpegeneHne 4acTtoTbl NosiBNeHUst KomnoHeHTtoB LIVM;
OLEHKa M MHTepnpeTaumsi NonydYeHHbIX AaHHbIX. [MnoTtesa
nccnegoBaHMA: BO3MOXHOCTb MCMOMb30BaHUS pe3ynsTaToB
nccneqoBaHua ons paspaboTky, yrnyylweHns U paclumpeHmns
MHOrOMosfb30BaTeNbCkux Ombnmnotek komnoHeHToB LIVIM.
MeTtogbl uccrneqoBaHuA: MogenvpoBaHue, cbop, aHanms,
CUHTE3 U cucTematmsaumus. B pesynbrate BbINONHEHWS pa-
60Tbl ObIN cdhopMMpPOBaH NpPeaBapPUTENbHbLIA CMUCOK CTPOU-
TeNbHbIX U3Oenui U Matepmanos, Noanexalimx BKIHOYEHNIO
B TECTOBY0 ovepedb pa3paboTku.

YnpaeneHne obbekTaMu KanuTanbHOro CTPOUTENbCTBA 4Yepe3 umdpoBble MHGOPMaLMOH-
Hble mogenn (LUUM) nocteneHHo nmepexoaut B obs3atenbHoe TpeboBaHue npu peanu3auum
NpPOEKTOB CTpouTenbcTBa. Bo3HMKaeT HeobXo4MMOCTb MOBLILWEHUA TOYHOCTM KOMMOHEHTOB
LM, Bxogswmx B COCTaB aneMeHTOB, (DOPMUPYHOLINX MoAenb 3aaHus. bubnuortekn komno-
HeHTOB LIIM npencraensatoT cobown Katanor CTaH4apTU3NPOBaHHbLIX KOMMOHEHTOB, MPUMEHEHNE
KOTOPbIX ONTUMMU3MPYET NPOLIECC NPOEKTUPOBAHUS N CTPOUTENBCTBA, NO3BONSAET co3faBaTth 6o-
nee nosnHble U Nerko aganTupyemble Mogenn OOBbEKTOB KanuTarbHOrO CTPOMTENbCTBA, YCKO-
PSET CPOKM NMpPOEKTa, CNOCOBCTBYET NPUHATUIO ONEPaTUBHBLIX PELUEHUN B TEYEHUE KU3HEHHOMO
LMKra 3gaHus.

KauecTtBeHHO paspaboTaHHas n obwmnpHas 6ubnumoreka KOMMOHEHTOB LMAPOBOM MHDOP-
MaLUMOHHOM MOLENM BHOCUT CYLLECTBEHHbIN BKNag B ycrnex WHBECTULMOHHO-CTPOUTENbHOMO
npoekTa, paspaboTtaHHoro ¢ nomoubo BIM-texHonorui [5].

ApPXUTEKTOPbI M MPOEKTUPOBLUMKM MOSTy4aT BO3MOXHOCTb MOBTOPHOMO MCMNONb30BaHUSA
3NeMeHTOB, MpoLealnX MHOrOKpaTHYH MPOBEPKY M pa3paboTaHHbIX MO O6LMM npaBuniam,
BHYTPEHHUM TpeboBaHuAM M pernameHTam opraHusauuu [2; 3; 6]. Co3gaHne 6Gubnmotek npo-
N3BOAUTENSAMU CTPOUTENbHBIX MaTepuarioB U KOHCTPYKUUA ABNAETCA 3P(EKTUBHLIM MHCTPY-
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Puc. 1. MeTtogonoruyeckas cxema nccnegoBaHus

MEHTOM MapKeTuHra, CnocobCTBYOLLMM NPOABMKEHMIO NPOAYKLUMN HA PbIHKE M MOBbILLAIOLWNM
KOHKYPEHTOCNOCOBHOCTb KOMMNaHUW.

JocTyn Kk npeaBapuTenbHO CMOAENMPOBaHHbIM KOMNOHeHTaMm LIM yBenuumnBaeT cKopocCTb
pa3paboTkm npoekTa npu 6onblunx odbemax paboT, obecneunBaeT aheKTUBHOE COTPYAHMYE-
CTBO YYaCTHWKOB CTpOMTENbCTBA [4], COKpallaeT KONMMYecTBO OLWMOOK U HECOOTBETCTBUNA BHY-
Tpy mMogenu.

MccnepgoBaHue npoBegeHo cornacHo MEeToAorormM4eckon cxeme Ha puc. 1.

Ha nepsom aTane, cornacHo aucumnnuHapHon LM, cogepkallen anemMeHTbl, OTHOCALLne-
CS K BblAENEHHON apXMTEKTYPHOWN, KOHCTPYKTUBHOWN, PYHKLMOHAIBbHO TEXHOMOMMYECKON UMn NH-
XXeHepHO-TeEXHMYECKON cucTemMe, ANg nccrnegoBaHus HasHadatoTea suasl UMM, Onpenensetcs
COCTaB KOMMOHEHTOB MHOPMAaLMOHHOW MoAenn, nx MHoOpMaLUMOHHOE HanonHeHue (msnye-
CKMe N pyHKUMOHarbHbIE, a Takke rpadudeckne xapakrepuctuku) [7; 8J.

[anee npousBoanMTCca aHanua rno AByM KpUTepusiM oLeHKU. NepBbln KpUTepuin yctaHaBnn-
BaeT KOMMYECTBO 3K3EMMNAPOB KOMMNOHEHTOB LIMM 1 nHTepnpetnpyeTcs Kak 4yactota UCnonb-
30BaHNA KOMMOHEeHTa B nNpoekTe. 1o BTopoMy KpUTepuio onpeaenaeTcsd KonmyecTBo TUMoOB KOM-
noHeHToB LIMM. OTOT Kputepuii MoxeT ObiTb MHTEPNPETUPOBAH KakK YacToTa MCMOofb30BaHUS
NPOEKTUPOBLUNKaMN Basbl 4aHHbIX KOMMNOHEHTOB.

TexHn4eckoe 3akmnyeHne aHanmsa KOMMNOHEHTOB LMAPOBbIX MH(OPMALMOHHBLIX MOAENen
Nno KaXkaoMmy 13 KputepueB NpuBegeHo Ha puc. 2.

[Mony4yeHo npoLeHTHOe COOTHOLLEHWE CTPOUTENbHLIX U3Oenuin N MmaTepuanos, BXOOALMNX B
coctas LIM.
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Puc. 2. CeogHas tabnuua no | n Il kputepusam

B pesynbrate npegBapuTenbHOro aHanuaa umdpoBbiX MHAOPMAUMOHHBIX Mogenen obbek-
TOB KanuTanbHOro CTpoUTenbCTBa ObINO BbIIBNEHO npeobnagaHne cpean HauMeHOBaHUM KOM-
noHeHToB LIMM usgennin ans nHXeHepHbIX U TEXHONOMMYECKUX CUCTEM.

PesynbraTbl npogenaHHon paboTsbl:

1) BbINOMHEH YACTOTHbIM aHanNu3 uMgpoBor MHAPOPMALMOHHON Mogeny obbekTa KanuTanb-
HOMo CTPOMTENBLCTBA MO BbIFPY>KEHHbIM AaHHbIM U3 Autodesk Revit B MS Excel;

2) onpegeneHo KonMyecTBO KOMMOHEHTOB B cocTtase UMM no aBym Kputepusam 1 BbisiBre-
HO Hanboree YyacTo BCTpe4aeMoe HaMMeHOBaHue;

3) nonyyeHa nHpopmauusa ansa ganbHenwen paspaboTkm KOMMNOHEHTOB LUPOBbLIX NHDOP-
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W [3genust Ais CTPOUTENIBHBIX
KOHCTPYKIIHH

B W3nenus 11 MHKCHEPHBIX U
TEXHOJOIHYECKUX CHCTEM H
ceTen

B Usznenus s
6naroycrpoiicTBa U
OCHAILICHHA

Puc. 3. [lnarpamma coctasa LM

MaLUMOHHbIX Mogernen n hopMMpoBaHnsa GMONMOTeEK.
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Frequency Analysis of the Educational Building’s Digital Information Design Model
C.O. Kaszakos, S.S. Fedorov, D.A. Kornev, R.A. Gatiatullina

National Research Moscow State University of Civil Engineering,
Moscow (Russia)

Key words and phrases: digital information model; capital construction object; automation;
construction; component libraries; information modeling; analysis; BIM technologies; elements.

Abstract. The purpose of the study is to carry out an automated frequency analysis of the
building’s existing digital information model. Objectives: determining the frequency of occurrence
of DIM components; evaluation and interpretation of obtained data. Hypothesis of the study:
the possibility of using the results of the study to develop, improve and expand multi-user
libraries of DIM components. Research methods: modeling, collection, analysis, synthesis and
systematization. The work resulted in a preliminary list of building products and materials to be
included in the development test queue.
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OueHkKa norpewHoCcTU N3MepeHnn
npu onpeaeneHnn MexaHn4eckoro
conpoTuBneHusa obpasuoB KMpnuya
MEeTOAOM OHOOCHOIO UCMbITaHUA
Ha NPOYHOCTbL NPU CXKaTUKN

J1.. MyuknHoBa, B.J1. Casuny, K.C. OTeB

Orb0Y BO «YxmuHckuli 2ocydapcmeeHHbIU
mexHu4ecKul yHusepcumemsy,
2. ¥xma (Poccusi)

KnioueBble cnoBa u ¢pasbl: NPoOM3BOACTBO MMUHAHOIO
KMpnya; NPOYHOCTb Ha OAHOOCHOE CXaTue; CTaHgapTHasd
HeonpeaeneHHOCTb.

AHHOTaumsa. B cTaTbe paccmatpmBaeTca MeToauka
OLEHKM HeonpeaeneHHOCT W3MEPEHUNn npu  UCMbITaHWUK
IMWHAHOTO KMpNWU4a, SBNSAIOWErocs OAHMM U3 BaXKHEMLIUX
CcTpouTenbHbIX MaTepmnanoB. KOHTpOmMb KayecTBa FMUHAHOIO
KMpnvya nmeet nepBoCTENEHHOE 3HavYeHne sl NOBbILEHNS
KayecTBa WHXEHepHbIX paboT B cTpouTenbctee. B pabote
NPOBOAMMNNCE UCCMEAOBaHWS Ha MNPOYHOCTb MPU CXKaTun C
Lenbio onpeneneHnss ero MexaHM4eckom CTOMKOCTU U Npu-
rogHOCTU ANS CTpouTenbHbIX paboT. B pesynbrate nonyveHa
n3mepuTenbHas Moerb, KoTopas MOXET WUCNoSb30BaTbCH
npy NPOBEAEHNN UCMNbITaHUA HA OAHOOCHOE CXaTue C BbICO-
KOW TOYHOCTbIO.

[MUHAHBIE KMPNUYM ABASKOTCA CTaperMMn CTPOUTENbHLIMU MaTepuanamv B Mupe U 4o
CUX NOp MOMb3YKTCHA OrPOMHOM MONYMASPHOCTbIO. X MCMOMB3YT ANA CTPOUTENBbCTBA >KUMbIX
OOMOB, OOLLECTBEHHbLIX 34aHWN, @ TakKe AN MHOXECTBa apXUTEKTYPHbIX OOBLEKTOB pasHbIX
cTunen. Ha cerogHsWHWIA AeHb Ka4eCcTBO KMpnu4a ansg cTpouTenbHbIX paboT nposepseTcs pas-
MVYHBIMW BUAAMU MHCMEKUMOHHBIX CNYX0 M BKIOYaEeT UCMblITaHWe Ha NPOYHOCTb MpU CXaTtuu,
UCNbITaHNWE Ha TBEPAOCTb, aHanuM3 CTPYKTYPbl KMpMW4Ya, HanMyuns pacTBOPMMBIX COnen u ap.
MpencraBneHHasa paboTa cocpegoTodeHa Ha UCMbITAHUU KAPNUYEN Ha NMPOYHOCTb NPU CXaTUK
C Lernbto onpeferneHns nx MexaHn4eckom npoyYHOCTU U NPUrOAHOCTU AN CTPOUTENbHbLIX paboT.
OaHMM 13 OCHOBHbIX M Hanbonee MCNOMb3yeEMbIX METOAOB MCMbITAHUN, BbINOMHAEMbIX Ha 06-
pasuax kupnumya, aBnaeTcs onpegeneHne npovyHoOCTM Ha OAHOOCHOE cxaTue [6].

Memoduka usmepeHut. VicnbiTaHna nposogunmck cornacHo NOCT P 58527-2019 «MaTtepu-
anbl cTeHoBble. MeToabl onpeneneHus NpedenoB NPOYHOCTM Npu cxatum n narnbey» [3]. Ycra-
HOBKa ONsi OnpeaeneHns NpoYHOCTM NpU OOAHOOCHOM CXaTuW HaxoguTca B nabopatopum Ha
Base kahegpbl MEXaHMKM YXTUHCKOIO rocyaapCTBEHHOIO TEXHUYECKOro yHusepcuteta (puc. 1).

M3MeHeHne MONOXeHUA CXUMaloLWen Harpys3kM Ha FMUHAHBIA KMPAMY NPOBOAMIOCH C Mo-
MOLLbIO cepBorngpaenuyeckoro npueoga npecca MC-1000. MiamepeHus Harpy3ku U CMeLLEHNS
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Puc. 1. VicnbitatenbHas YCTaHOBKa A1A UCMNbITaHUA MUHAHOIO KMpnu4ya Ha cxaTtune

Tabnuua 1. CBogHble pe3ynsTathl UCMbITAHUA TNHSHBIX KUPNNYen

Ne Yeunwve, H OnunHa, mm WnpwuHa, mm
1 138865,8 249 120
2 138592,2 250 119
3 138593,0 250 120
4 138592,8 250 121
5 138948,0 249 120
6 138048,4 250 120
7 138487,0 249 121
8 138762,4 249 119
9 138079,0 249 119
10 138072,0 249 121

perncTpupoBanucb B peXume peanbHOro BpeMeHW C UCMNonb30BaHUeM nporpammMmHoro obecne-
YeHus yCTaHOBKU. DPYHKLMA UCNbITAaTENbHOW YCTAHOBKM Ha OAHOOCHOE CXaTue 3akntoyaeTcs B
NPUNOXeHUN HarpyskvM K nrowagn noBepxXHOCTU Martepuarnos, KOTopble OyayT noaBeprarbcs
ucnbiTaHno. HarpysodHasi pama obecneymBaeT yCTOMYMBOCTb, HEOOXOAUMYKO ANS NOfy4YeHus
TOYHbIX pe3ynsTaToB ucnbITaHu. [peasaputensHo 6bino NpoBedeHO HebonbLIoe KONMYecTBO
KOCBEHHbIX UCMbITAHU Ha MPOYHOCTb U CXaTue, rmaBHbIM obpa3om Ang Toro, 4Tobbl obecne-
YNTb BO3MOXHOCTb NPOBEAEHNS UCMbITAHWUI MaTepmnanoB ANa KOHTPONs kayectsa Ha mecTte [3].

Ha yctaHoBke 6bIno ucnbitaHo 10 06pasLoB NOMHOTENOr0 OAUHAPHOIO FMUHSAHOMO KUpnu4a
NnonynapHOro MECTHOro NPOU3BOANTENS ANA onpefeneHnsa ero MexaHn4eckon npovyHoctu. Msro-
TOBMEHHbIE MUHSHbIE KUPMUYN UMESNN OPUEHTUPOBOYHYIO ONNHY, LWNMPUHY 1 BbicoTy 250, 120 1
65 MM COOTBETCTBEHHO. Ha npegnpuatnm knpnmnyn narotaenmeatotcs cornacHo NOCT 530-2012
«Kupnny n kameHb kepamuyeckne. ObLune TexHndeckme ycnosus» [2].

[Mpy M3MepeHUsax rMUHSIHbIE KUPNUYM NOMeLLanncb Mexagy ABYMs nracTuHamu, KoTopble
pacnpegensanu NpPUNoXeHHy Harpysky no BCew Mrowaam NOBEPXHOCTU OBYX NPOTMBOMOSIOX-
HbIX CTOPOH MCMbITyeMoro obpasua, a 3ateM NnacTuHbl CXMManuck. MNpoYHOCTL UcnbIThiBaE-
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MbIX 06pa3sLOB Ha O4HOOCHOE CxaTue Bbina paccunTaHa nytem efneHnss MakCMMarnbHOW CXK-
MatoLen Harpyskm Ha obpasel, Ha HayarnbHyH nroLaab NonepevyHoro cedeHnsd. PesynsraTsl Uc-
nblTaHU 1 pa3Mmepbl 06pa3sLoB NpuBeaeHbl B Tabn. 1.

HeonpedeneHHocmb npoyHocmu Ha 0OHOOCHOe cxamue. [POYHOCTb Ha OOHOOCHOE CXa-
TMe — 3TO BENnuYMHa, KOCBEHHO onpeaensieMas nyTem M3mMepeHusi, Kotopas 3aBUCUT OT CUIbl,
NPUITOXXEHHON K 0bpa3uy. HanpsixeHne obpasua G 0OAHOOCHON MPOYHOCTM Ha CXKaTue OLeHMBa-
€TCs KaK OTHOLUEHWE MaKCUMasibHOW MPUIOXEHHOW cunbl F_ . K nnoliaay nonepeyHoro ceve-
Hus ob6pasua A B Havarne UcnbITaHNA B COOTBETCTBMM C ypaBHeHueM (1) [4]:

max . (1)

B cooTtBeTcTBUM C ypaBHEHMEM (1), HeONpeaeneHHOCTb U3MEPEHMS HaNpshkeHnst ByaeT 3a-
BUCETb OT HeonpeaeneHHOCTU CUMbl 1 HeoNpeaeneHHOCTH NnoLwanm nonepevyHoro cedeHns. Py-
KOBOACTBO MO Bblpa)KeHWN0 HeoNpeaerneHHOCTN N3MePEHUIN NCNOMb30Barochk A5 YCTaHOBMNEHUS
00X NpaBun onpeaeneHnss ICTOYHNUKOB HEOMNPEAENEHHOCTN U OLEHKN HeonpeaeneHHOCTN 13-
MmepeHun [7]. MNepen Ha4Yanom OLEHKM HEonpeaeneHHOCTU MOAEMb M3MEPEHUst NPOYHOCTU Ha
OOHOOCHOEe cXaTtue bbina onpeaerneHa ¢ y4eToM UCTOYHMKOB BIUSAHUS HeornpeaeneHHOCTU, Ko-
TOpble MOXHO BbIpasuTb criegyowmm obpasom [5; 7]:

Y =X+ Kgq +Kep + Keg + Keg + Kes + Keg + Kez + Ky, (2)

rae X — N3MEepeHHoe 3Ha4eHme NPOYHOCTY Ha OOHOOCHOE cxaTue; K., — nonpaska, Nnony4YeHHas
B pesynbrate KanuMbpoBKM yCTAHOBKM [Ns UCMbITaHMA Ha OAHOOCHOe cxatue; K, — nonpaska,
BO3HMKAIOLLAA 13-32 CKOPOCTU NPUIOXEHUS HArpy3kn npu ucneitaHum obpasua; K., — nonpas-
Ka, BO3HMKalOLaa B pesynbraTte CoOXpaHeHUsl BNUSHUA YCNOBUIA HA COMPOTMBIIEHME CxXaTusl 0b-
pasua; K., — nonpaska, BO3HMKaKOLLAs W13-3a BMMSHUA NNOCKOCTHOCTM Ha COMpOTUBNEHne 06-
pasua cxaruio; K., — nonpasKa Ha yron HaknoHa nnockoCTU NOBEPXHOCTU Mexdy CTOPOHamu;
Kg; — nonpaska, BO3HMKalOLLAa 13-3a LEHTPpUpoBaHMsa obpasua; K., — nonpaska, OCHOBaHHas
Ha CYMTbIBAHWM Harpysku; K, — nonpaska, BO3HMKalLLas B pesynsrate pacyeTa nnoiaau no-
nepeyHoro ceveHust obpasua.

OcHoBbIBasiCb Ha 3aKkoHe pacnpoCTPaHEHUsI HeomnpeaeneHHoOCTM U HeonpeaerieHHOCTU
BXOZHbIX BEMWUYMH OLIEHUM KOMOUHMPOBaHHY0 HeonpeaeneHHocTb [1]:

Ut (x;), 3)

rae u(x;) — cTaHgapTHas HeornpeaeneHHOCTb BXOAHbIX AaHHbIX BeNnymnHbl; ¢; = dfidx — koaddu-
LUMEHT YyBCTBUTESbHOCTMW.

B 3aBMCMMOCTWN OT BXOAHbIX BEMWYUH COBOKYMHAsA HeonpeaeneHHoOCTb MOXET ObiTb Bbipa-
XXeHa cnegylowmm obpasom:

2
c

2 2 2 2 2 2 2 2 2 92 2 92 92 2 2 2
Ug(Y)=Cf -Upq +Cy -Urp +C3 -Upz +C4 Uy +C5 -Ugs +Cg Upg +C7 - Ur7 +Cg - Urg, (4)
[Ae Up, — HEOMPeAeneHHOCTb KanMbpOoBKM O[HOOCHOTO COEAMHEHWS! AN U3MEPEHUS MPOYHO-

CTV Ha CXaTtune; U, — HeonpeaeneHHoCTb HOPMbl BHECEHUA Harpy3kn Onsi UCrbliTaHUA o6pasu,a;
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Ug, — HEOMNpeaeneHHOCTb BUAHWS YCIOBUI CONPOTUBIEHNS Ha cxaTtune obpasua; ug, — Heorpe-
AeneHHoCTb adhdeKTa NIIOCKOCTHOCTM OT COMPOTUBIEHUA cxaTtus obpasua; U, — Heonpese-
NEHHOCTb OTHOCMUTESLHO yrra NoBepXHOCTM MIIOCKOCTU MEXy CTOPOHaMU; Ug; — HeornpeaeneH-
HOCTb LieHTPUpOBaHua obpasLa; U, — CTaHgapTHas HeornpeaeneHHOCTb NoKas3aHWi NPUNOXeH-
HOWN HarpysKku; U, — CTaHAapTHas HeonpeaeneHHOCTb pacyeTa NoLwaamn NonepeyHoro ceveHns
obpasua.

B kadecTBe Bkraga B HeonpeaeneHHOCTb KannbpoBKM, UCNONb3YHTCA TEXHUYECKME Xapak-
TEPUCTUKM CTaHKa Ans onpeaeneHnst NPOYHOCTU Ha OOQHOOCHOE CXKaTue:

(P (]

roe Ug, — pacluvpeHHasi NorpeLlHoCTb KanubpoBKy MallnHbI, cooTBeTcTBytowan 250 H npu ko-
adhbduumeHTe k = 2; F, — LWKana ucnbitatenbHOro ycTpoicTea, coorsetcTaytowas 1000 H.

MockonbKy 3aTpygHUTENbHO 6oree TOYHO KONMMYECTBEHHO OLEHUTb BUSIHUE CKOPOCTU Npu-
NOXeHMA Harpy3kM Ha obpasel, UcnbiTaHWs, ONS YNPOLWEHUS B TEXHUYECKOM OOKYMEHTaLuu
NpeanoXeHO OLEHKY HeonpeaeneHHOCTH BblpasvTb crieqyowmm obpasom:

_2'Fmax

Upy = 2%'Fmax _W’ (6)

rae F.,, — MakcumarbHas cuna, npunoxeHHas K obpasuy rMUHAHOTO Kuprnuya. AHanornyHble
aonyLieHns 6binn Ncnonb3oBaHbl A8 OLEHKM APYrMX UCTOMHUKOB HEOMNPeaerneHHOCTH, KOTopble
MOryT ObiTb BbIpa)KeHbl criegytoLmm obpasom:

Urs =1,5% - Fopox =%, (7)
Urpg =1,5% Fopay =%, (8)
Ups = 0,1% - F. =%, 9)
Urg = 0,5% - Fopoy =%. (10)

CraHpgapTHas HeonpeaeneHHOCTb, 00yCroBnNeHHas CYMTbIBAHMEM MOKa3aHUA NPUIOKEHHON
Harpy3Kku, pacCynTLIBAETCA KaK CTaHAAPTHOE OTKMOHEHWe MOoKasaHWUi, NMPUMOXEHHbIX S, Bbl-
paxxaemoe crnegymoLimm obpasom:

1 & 2

N X: — X
2 _827_'7—1,;(’ ) (11)
Flmpn n ’

rae n — MonHbIN Ha6op 3Ha4YeHumn MsmepeHvuZ; X; — 3HavYeHne nHamBuayaribHoro N3MepeHus,
Xy, — apVICbMeTI/I‘-IGCKoe cpeagHee 3Ha4dYeHne nHameuayarbHbIX I/I3MepeHVIl7I.
CTaHﬂ,apTHaﬂ HeornpeaeneHHoCTb, o6ycn0|3neHHa;| CUMTbIBAHMEM MNOKa3aHWi nnoLwaam no-
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NEepeYHOro cedeHmns obpasLia u,, BbIpaxaeTcs creayowmm obpasom:
us = xa u? +x2-u, (12)

rne x,, 1 X, — 3HadeHns WNpuHbl U OnNnHbl Ang pacyeta niolann nonepeyHoro ce4eHns o6pa3-
La, KOTopble MOXHO OLEHUTb crneayrLlmm o6pa30M:

X2 = 2, + A2, (13)

X2 =12 +A?, (14)

roe |, — cpegHee 3HaveHve ANWHbI, W — CpedHee 3HaYeHue LWNPKHBI; A — nornpaska Ha noka-
3aHUA ANUHbL; A | — nonpaeka Ha rnokasaHus wupuHel, A, =A = 0.

CTaHpgapTHble 3HaYeHUs HeoNPeaAeneHHOCTU ANMHbI U, U LUMPUHBI U\, OLEHUBAOTCA creay-
towum obpasom:

uf =u,2+u§,, (15)

Ujy = + Uy, (16)

roe u, v u,, — CTaHOapTHble OTKINOHEHWS NOKasaHUi ANVHbI U WPWHBI COOTBETCTBEHHO, a U, U
U,y — OTHOCUTENbHbIE HEOMPEAENneHHOCTY ANIMHBI U LWUMPUHBI COOTBETCTBEHHO, KOTOPbIE PaBHBbI
Uy = Uy = 0,05 Mm.

OkoHYaTernbHyl OLEHKY HeonpeaerneHHOCTN No ypaBHeHUIo (12) MOXHO BbIpa3uTb ypaBHe-
Huewm (17):

UR = (0 + Ay Y2 - (Uy + Uy P+ (o +Upy )P - (U + Uny )P (17)

KoahduumMeHT YyBCTBUTENBLHOCTU NPUNOXEHHOW CUMbl 1 Mrowanb cedyeHnst buinn paccym-
TaHbl MO ypaBHeHuto (1).

B vTore nosiBnAeTca BO3MOXHOCTb OLEHUTb KOMOMHMPOBAHHbIW CTaHOApPT HeonpeaeneHHo-
CTM COrMacHoO ypaBHeHuto (6), paclumpeHHas HeonpeaeneHHocTb U nonyyaeTcs nytemM yMHOXe-
HUA Ha KO3hMUMEHT oxBaTa k = 2, BblpaXXeHHbIV B CrieaytoLemM ypaBHeHUM [5]:

U =k-ug(y). (18)

Mcnonb3ys npuBefeHHbIe BbIle YpaBHEHUS, MPOCyMMUpyeM B Tabmn. 2 BCe UCTOYHUKM He-
onpeaeneHHoCcTeNn.

Takum ob6pa3om, oOueHKa pesynbTaToB UCMNbiTaHUs obpasua Ha NPOYHOCTb MNP OAHOOCHOM
cKaTnm nokasana, YTo paclmpeHHas HeonpegeneHHocTb coctasuna 0,28 H/mm? (pacyeTHoEe
3HayeHne). Kak BugHo 13 tabnuubl, 6onee KpynHble KOMMNOHEHTbI HEONPEAENEHHOCTU BO3HU-
KaloT B 3aBMCUMOCTM OT CKOPOCTWU MPUIIOXKEHUSA Harpy3ku npu ucnbiTaHum obpasua, BNnsHUA
NAOCKOCTHOCTM Ha CONPOTUBEHME CxaTuio obpasua u LeHTpMpoBaHMsa obpasua.

Hannune crnoxHocten ¢ 6ornee TOYHON KONMMYECTBEHHOW OLIEHKOW BAUSIHWUSI CKOPOCTU Npwu-
NOXEHUsA Harpysku Ha ucnbiTaHne obpasua, BANSHUSA YCIOBUI COXPaAHEHNSA Ha COMPOTMBNEHNE
ckatnio obpasua M BrMSHUS MNNOCKOCTHOCTU Ha CONPOTUBREHME CxXaTuio obpasua okasanu
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Tabnuua 2. AICTo4HMKK HeOI'IpeD,eJ'IeHHOCTeVI, CBA3aHHbIX C UX 3HA4YeHNAMUN

McTOUYHMKM CraHpapTtHas Koadpdpnument Bknap He-
BeposiTHOCTHOE | 4yBCTBUTENbHO-
Heonpeae- O603HayeHne Heonpeaenex- onpeaeneHHo-
. pacnpeneneHve cTn, C;
JNeHHocTen HOCTb, U, / ctn, H/mm?
f 1/Mmm?
Kanunbpoeka, H Ug, 590,4 NPSIMOYrOfbHbIN 1,61-10'5 9,49-10'3
KoacbdomumeHt
NPUNOXEHUS Ha- Ugp 2778,9 NPSIMOYTOfbHbIN 1,61 10° 4,46-10"2
rpysku, H
BnivsHue ycno-
BUIA COXpaHEeHNs Upg 2084,2 NPsIMOYTOSbHbIN 1,61 10® 3,35-10"2
obpasua, H
Sexr nro- u 2084,2 MPSMOYTONbHBIiA 1,61-10° 3,35-1072
ckocTtHocTu, H F4

Yron HaknoHa
MMAOCKOCTH Mo- Ups 138,9 NPSIMOYTOfbHbIN 1,61 10° 2,23-10'3
BepxHocTn, H

LleHTpmnpoBaHue

obpasua, H Ugg 694,7 MPSIMOYrONbHbIA 1,61-10° 1,11-10°

3HayeHue npu-
FIOEHHO Ug, 105,1 HOpMarTbHbIlA 1,61-10° 1,69-10°
cunbl, H

[NokasaHus
nnowanun obpas- Ugg 73,4 HopMarsbHbI 3,59-10'5, H/mm* 2,64-10"3
ua, Mm2

CoBokynHas He-

onpeaeneHHoCTb Us v) 0,139

PaclvpeHHas
Heonpeae- U 0,278
NEHHOCTb

BNUSIHNE Ha pes3ynbTaTbl U3MepeHus HeonpeaeneHHocTu. LieHTpupoBaHme pyyYHbIM Cnocobom
obpasua Takke NOBMUANO Ha pesynbTaTbl U3MEePeHUss HeonpeaeneHHoCTn pesynsraTtoB. Cre-
[AoBaTernbHO, AarnbHENLLNA BEKTOP UCCreaoBaHuii ByaeT cocpeaoToO4eH Ha CHMKEHUN COCTaBNS-
OLLMX HeonpeaeneHHOCTH.

Takum oGpasom, B paboTe onucbiBaeTcss METOA U3MEPEeHWUs M OaHa oueHKka pesynbTaToB
pacyeToB UM OLEHKM HeonpeaeneHHOCTEN, NonyYeHHbIX Npu UCMbITaHKUSX 06pa3LOoB U3 MMNHS-
HOro KMpnuya. YnyylleHve kayecTBa NpoM3BOACTBA MMUHAHOIO KMpnMya MOXeT ObiTb MOMy4YeHo
NyTEM OLIEHKN HeonpeaeneHHOCTN uamepeHui. MonyyeHHas uameputenbHasi Modenb MOXET
Mcnosnb3oBaTbCs AN NPOU3BOACTBA GOMbLUMHCTBA TUMOB MPSIMOYTONbHOIO FMMHSIHOMO KMpnuya,
NCMbITbIBAEMbIX C MOMOLLbI MOAOGHbLIX MaLUMH AN OAHOOCHOMO CXAaTUsl C XOPOLUEN TOYHOCTbHO.
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Abstract. The article discusses the methodology for estimating the uncertainty of
measurements when testing clay bricks, which is one of the most important building materials
that directly affects the quality of construction. Quality control of clay bricks is of paramount
importance to improve the quality of engineering work in construction. The work carried out
studies on compressive strength in order to determine its mechanical resistance and suitability
for construction work. As a result, a measuring model has been obtained that can be used to
perform uniaxial compression tests with high accuracy.

© J1.1. MyuknHoBa, B.J1. Casuy, K.C. OTeB, 2024
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W.B. 3aiueBa, A.A. dunnmoHos, E.M. MNyukosa, A.A. lemuyk
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AHHOTauusa. B gaHHoOW cTaTbe paccmaTtpuBatoTCa maTte-
MaTu4eckne mMoaenu 3agadvu, B KOTopon TpebyeTcs nocTpo-
UTb KOMMYHMKALNOHHYIO CETb, COEAMHAIOLLYI0O OAMH 3adaH-
HbIi UICTOYHUK C MHOXECTBOM noTpebuternen npu ycrnosuwu,
YTO 3aTpaTbl Ha CO3JaHWe KaXKOoro y4yacTka Takon ceTu
onpenensioTcs KYCOYHO-NMHENHON HeyObiBatowwen yHKUN-
el OT noToKa Mo 3ToMy yyacTKy. [JaHHasa 3agjada cBoauTcCs
K 3agaye 4aCTUYHO-LIENOYMCIEHHOMO JIMHEWHOro nporpam-
MUPOBaHNA Ha oprpade ¢ napannenbHbIMU Ayramu, Y KOTo-
pbIX Hayana u KOHUbl OAgMHaKoBbl. Llenbio paboTbl sBnsierT-
cs pagpaboTka mateMaTu4eckon MOAEeNnn pelleHus 3agadvv
CUHTE3a CEeTEN C O4HMM UCTOYHMKOM. 3agaudnm paboTbl: Ma-
TemaTndeckas dopmanusaumns npouecca CuHTesa ceTen C
OOHUM WCTOYHUKOM; MPUMEHEHWE anropuTMOB MOCTPOEHUS
NPUBNMKEHHOro TYMNWKOBOro pelleHus. NMposBoanmoe maTte-
MaTMyYecKoe ModenvpoBaHue peLlleHns 3a4advn OTHOCUTCS K
pesynstatam paboTbl.

[Mpn npoekTupoBaHMN pa3HOro pofa CeTen HEeKOTOPLIX KIaccoB U B psaae ApYyrux cutyauun
BO3HWUKAIOT 3a4a4yu, B KOTOPbIX TpebyeTcs NOCTPOUTb KOMMYHUKALMOHHYIO CETb MUHUMarbHOW
CTOMMOCTM, COEOUHSAIOLLYI0 3a[aHHbIi UCTOMHMK C MHOXECTBOM MOTpebuTenen npu ycrnosuu,
YTO 3aTpaTbl Ha CO3L4aHME KaXKOOoro ydacTka Takom CeTu OnpenensitoTCa KyCOYHO-IIMHENHOW He-
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yObliBaoLLen yHKUMEN OT MOTOKa MO 3TOMY y4vacTky. PaccmoTpym maTemaTuvecKyto MOAErb
pelweHna nogobHom 3agaun. Myctb G(V, E) 6yget oprpad, kaxgomn ayre (i, j) € E kotoporo co-
nocTaBfneHa KyCOYHO-NIMHENHasa HeoTpuuaTtenbHasa HeybbiBatoLlas yHKUMS f,.j(y,.j), rae y; — He-
W3BECTHbIN NOTOK MO Ayre Yy a kaxgow BepwumHe i € VA{0} noctaBneHa B COOTBETCTBUE NOTPEL-
HocTb B; >0, roe BepwmHa O siBnsietcs nctodHnkom [1]. Takum obpasom, B AaHHbIX 0603Have-
HUSX TpebyeTcsa HaNTK:

min Z fij(yij) )
(i,j)eE
npu orpaHN4eHnAax
Bk’j = k:
Y- X yh={0.j#0kkeV {0}, @
ied(f) ied(j) B,,j=0,
k ..
Z yi = y..,(/,j)e E,
ko (3)
yK20,,j) e E .k eV\{0}, @)

3pechb I(j) n J(i) — MHOXeCTBa 3axogsaLLmnX N UCXOAALWLMX Oy ONS BEPLUUHBI .

PaccmoTtpym Mogenb, COOTBETCTBYHOLLYIO oprpady 6e3 napannenbHbiX Oyr, Tak Kak o6-
WM cryYyan He HeceT AONOMHUTENbHbIX NPUHUMNMAanbHbIX TpyaHocTen. ycTb kaxgow ayre
(i, /) € E oprpada G(V, E) noctaBrneHbl B COOTBETCTBME ABa Yucna: a > 0 — yaenbHble 3aTparthl
n b>0 — cukcupoBaHHble gonnartbl 3a CO3gaHMe KOMMYHUKaumn (i, f) ¢ NpOMyCKHOW cnoco6-
HOCTbIO X,.j. Torga paccmatpuBaemblvi aHanor 3agaydu (1)—(4) popmynupyetcsa B Buae [2]: HanuTu

min > > c,jfxfjf+ > biX; (5)
keV\{0} (i,j)eE (i.j)eE
npu orpaHn4YeHnax
1,j =k,
> oxf— > x§=10,j=0,kkeV\{0}, (6)
ied(j) ied(i) “1j=0.
0<xj < X;.(i,j) e E.k e V\{0}, (7)
X; =0v1(i,j)eE, (8)

roe c,fj =a;By, (i,j) € E, k e V\{0}. Ycrnosus (6) cneaytoT u3 (2) 1 13 Toro, 4To NOTOK ANs Bep-
WuHbl kK, k e V' \ {0} no nobon ayre (i, j) paseH Hyno unu B,. Toraa ABOVICTBEHHAsi 4EKOMMNO3M-
LMOHHas 3agava K (5)—(7) MmoxeT OblTb 3anncaHa B BUAE: HANTH

maxmin > Y (ck +uf)xk 9)

ij
U20 X204 X0} (irj)eE
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npu orpaHn4deHnsx (6) n

3 uU_.”(Lj)eEl (10)

keV\

O6o3Haumm vepes L, (U) MHOXECTBO KpaTanlLumx nyTein, COeANHSALWMX NCTOYHKK O ¢ no-
Tpebutenem k B rpace G ¢ Becamun ayr (c +Ujj ), K k € V\{O}, yepes u, ponyctumbli no (10)
Habop HeoTpuuaTenbHbIX 3HAYEHUA NEPEMEHHbIX u,, (i,j) € E. BNOKMPYIOLLMM MHOXECTBOM,
onpegensieMbiM AaHHbIMU K 1 U, siBnsieTcsi MUHUMAnbHOE MHOXECTBO Oyr Takmx, YTO Kaxagbln
nyTb U3 L, (U) cogepXuT xoTa 6bl 0gHy Ayry n3 3Toro MHoOXxecTBa. 3HauuT, brokupyroLlee MHo-
)KeCTBO ABMAETCA paspe3om, oTaensaoLlmm k ot 0 B MHOXeCTBe Kpatyanlumx nyten L, (U).

B peanbHbix 3ajavax paccmarpvBaemoro Tuna MoryT BcTpedaTbes rpadbl G ¢ 6onblumvm
KONMMYECTBOM BEPLLUMH, YTO MOBreYeT TPYAHOCTU Npu pelleHur nogobHbiX 3a4ad TOYHbIMU Me-
Togamu [3-5]. B cBSI3M C 3TMM pacCMOTPUM NULLb NPUBAMXKEHHbIE anropuTMbl. [ns nocTpoeHus
NPUBNMKEHHOrO 3HaYEHUS HWXKHEN OUEeHKM nyTeM peleHus 3agadn (9), (10) MOXHO mcnonb3o-
BaTb npouenypy, kotopas obobLiaeT npoueaypy NOCTPOEHUS HavyarbHOro TYMUKOBOIO peLleHns
Onsa npocTterwen 3ajayun pasmelleHus [1]. B Hel B LMKNUYECKOM nopsigke npocMaTpuBaloTcs
BEPLUNHbI — I'IOTpe6VITeJ'IVI Ha TeKYLEeM Lare BbIAENUTCH MHOKECTBO KpaTyanwmx nyten B rpa-
de G c Becamu agyr c,, = c,j‘ + u,, roe ’ju,, — MNOCTPOEHHOE Ha NpeablayLmMX Wwarax MHOXeCTBO
3HaAYEHN NepPeEMEHHLIX, a kK — MHAEKC MpocmaTpuBaemon BepLlumHbl. O6o3Ha4YMM Yepes G* non-
rpad G, COOTBETCTBYOLLNIA BepIJJI/IHaM n gyram G, nexawimm Ha atux nyTtax. [lanee B Gk(Vk Ek
BbILENSETCS HEKOTOPbIN paspes R OTD,eJ'IFIlOLLLVII/I WCTOYHUK OT BEpLUMHbI kK, obnagatowmn Tem

CBOWMCTBOM, YTO Ha ero gyrax bj = Z uij >0, (i,j)eE.
keV\{0} 3
Ecnu gns gaHHoro k paspesa ¢ Takum CBOMCTBOM HET, BEPLUMHA K N3 AanbHENLLEro paccmo-

TpeHusi ucknovaetcss. O6osHauUmMm 5, = min b,, [0, k] — kpaTtyanwwmin nytb U3 0 B k B rpade
(1.))eRy

G a |, ABnseTcs ero ANVHOW. I'Iono>|<V|M Sy = Ik -1, toe Ik — ANWHa KpaTyaunLlero I'IyTl/I n30B
kB rpa(be G(V, E\ R,) c Becamu ayr c,, Ecnu Ttakoro nytu Hert, Bygem cuutatb /k =

—k
. —k Uij+8(lj)eRk,
MycTe 8 =min{8,,5,}. BbluMcnMM HOBbIE 3HAYEHUs Uj =

Uu (1,)) € Ry.
KyLLeMy 3HAYEHUIO HUKHel oueHkn O(U) Bennumuy 8. Ha HauanbHom ware d(U)=0, U =0.

Mepengem K aHanu3dy cneaywowero 3HaveHusa k. lNpouenypa 3akaHuvMBaeTcs, Korga BCe Bep-
LWMHBI-NOTPEBUTENN UCKIIOYEHbI 13 paccMoTpeHnsd. OTMETUM, YTO eCcnu Ha ovepedHoOM Liare
0 = d,, TO BENU4MHa b CTaHOBUTCA paBHOWM HymMto xoTa 6bl Ana ogHoro u3 (i,j) € R,. Ecnun xe
6 =0, To Anq ,El,aHHOI'O k pacwupsietcs (nyTeM AobGasneHus kpatyaillero nyTv anuHel /,) MHo-
KeCTBO L, kpaTyainwmx nyten 8 G ¢ Becamu c,, B xyawem cnyyae gaHHasa BepluMHa k MOXeT
O6pa6aTbIBaTbCﬂ onuncaHHou npoueaypon O(n ) pas, rae n = |V|.

TpeboBaHua Mo NamATM MOryT OblTb YMEHbLUEHbI 4O O(nz) 3a cYeT MCNoNb3oBaHUA Opy-
rMx napamMeTpoB, onpefenswmx pelleHme 3agadn noctTpoeHns oueHku [1]. B cBasm ¢ atum
paccMOTpUM HOBYHO (POpPMYNMPOBKY, BBEAS NpeaBapuTenbHO crnegyowme obosHaveHus. MNyctb
T, — DepeBo KpaTyailumx nyTen Ha rpacpe G ¢ Becamu ayr a; U3 BEpLUMHbI 0 8 W0}, p,Q — ann-
Hanytm B Ty n3 0 B/, i € V. [Ina Kaxxaomn BepLunHbl K, K € V\{O} ¢ B, > 0 B npouecce paborl
npouenypbl CTPOUTCHA AepeBo T¢ nyTen, Beaywmx B BEPLUMHY K, C MHOXECTBOM BEPLUMNH V(Tk
n oyr E(Tk) OnHoBpeMeHHO nepeonpenenseTca AepeBo KpaTtyanmx nyTeM 13 KOpHa T, 1 co-
OTBETCTBYHLLMIA EMY BEKTOP ASIMH KpaTyanwmx nyten (NOTeHUManos) (p, YieV. Kpowle 3TOrO,
ANA KaX[aoro K npoussoauTca pasbueHrne MHOXeCTBa BeplunH V' Ha noamHoxectsa P, n Q,,

[obasum K Te-
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P UQ =V, P nQ =0. B Hayane paboTbl Npoueaypbl kKaxaoe T" coctouT U3 €OVHCTBEHHOM
BEPLUMHBI K, a Kaxxgoe Q" COOEPXUT T€ N TONMbKO Te BepLUNHbI, KOTOpble AOCTUXMUMbI U3 K B Je-
pese T, (B TOM yuncrne 1 BEPLUMHY K); MHOXECTBO TakuX BEpLUNH 0bo3Haunm vepes S(T,, k). Ha
BbIX04e npoueaypa nocTpoeHMs TYNMKOBOTO peLleHns onpegensaeT 3HadeHne HUKHeEN oueHkn ©
n noarpad E(V,E), me A = {(i,j):B,-j = 0}.

Taknum obpasom, matemaTnyeckan Modenb peleHns 3aaadum CuHTe3a ceten ¢ O4HUM UCTOY-
HWKOM npeacTaBnseT cobon 3agady YaCTUYHO-LENOYMNCIIEHHOMO NIMHEMHOMO NPOrpamMmMMpPoOBaHUSA
Ha oprpadye ¢ napannernbHbIMU gyramu, y KOTOPbIX Havarna v KOHLbl OOUHAaKoBbI. B Takom Tune
3afja4m MOXHO OyaeT NoCTPOUTb KOMMYHUKAUMOHHYK CeTb, COEOUHSIOWY OAWH 3adaHHbIN
WUCTOYHUK C MHOXeCTBOM notpebutenen. Npn 3TOM MOXHO y4uUTbiBaTb YCMoOBME, YTO 3aTparthl
Ha co3gaHue KaOoro ydacTka TakOW CETU OMnpedensTcs KYCOYHO-JIMHENHON HeyObiBatoLLEen
byHKUMEN OT MOTOKa No aTOMY yyacTky. K aHanornyHbiM mogensim MoryT CBOAMTLCA U 3afaquu, B
KOTOPbIX MOXHO Pa3MeCcTUTb He OOWMH, @ HECKOITbKO NCTOYHWKOB HE OrPaHUYEHHON CBEPXY MOLL-
HOCTWN 1 TpebyeTcsa KpoMe CeTh KOMMYHMKaLMN BbibpaTb MOLLHOCTU MCTOMHMKOB, 3aTpaTbl Ha
pasMeLLeHne KOTOpbIX TaKkke 3aaroTcs (PYHKLMAMU BbilleyKa3aHHOoro Tvna.
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Abstract. This article discusses mathematical models of a problem in which it is necessary
to build a communication network connecting one given source with a set of consumers,
provided that the cost of creating each section of such a network is determined by a piecewise
linear non-decreasing function of the flow through this section. This problem is reduced to the
problem of partial-integer linear programming on an orgraph with parallel arcs with the same
beginnings and ends. The aim of the work is to develop a mathematical model for solving the
problem of synthesis of networks with a single source. Objectives of the work: mathematical
formalization of the process of synthesis of networks with a single source; application of
algorithms for constructing an approximate dead-end solution. The mathematical modeling of
the problem solution is related to the results of the work.
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Abstract. According to the UN forecasts, by 2050 the
share of the world’s urban population will be 68 %. With the
growth of cities, as well as urban residents, information tech-
nology is increasingly being introduced. At such rates of ur-
banization, the burden placed on urban services is often too
high. To solve this problem, the iKomek concept began to
be implemented. The purpose of the article is to reveal the
use of iIKomek digital technologies, to improve the life of the
city. The objectives of the article include consideration of the
features of iKomek digital technologies, what technologies it
provides, how the iKomek concept is applied in Kazakhstan
and how successful it is. The research hypothesis consists of
a developed technological algorithm for processing requests
through the contact center 109 or alternative sources from
where the applications from residents come from, and are
registered in the service manager. The research method of
the article is the method of theoretical and practical analysis.
The results are achieved by developing the author’s algo-
rithms of information business processes, which were intro-
duced in iKomek company in order to increase the efficiency
of the company and solve the urgent problems of residents
of the city. The developed architecture of role-based interac-
tion with the iKomek information system of queries is a highly
effective service mechanism for residents, providing quick
and high-quality resolution of their requests and problems.

Since the beginning of the 21st century, the urban environment has been undergoing fun-
damental changes, which are largely related to the penetration of information technology into
everyday life. Today’s cities, in search of sustainability and resource optimization, aim to be-
come smart cities where integrated IT solutions transform them into smarter, more efficient and
comfortable places to live [1].

The application of information technology tools in the city life represents an urban environ-
ment where the information technologies and networks are actively used to manage and opti-
mize infrastructure and improve the quality of life of citizens. Such cities use sensors, networks,
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analytics, and other IT solutions to manage transportation, energy supply, utilities, health, safety
and many other aspects of city life [2].

This practice seeks to achieve the following objectives [5].

1. Improvement of the citizens’ life: integration of IT solutions contributes to improving living
comfort, ensuring accessibility of urban services and reducing the negative impact of the urban
environment on health.

2. Effective management: seek to optimize resource management, including transportation,
energy, water supply and waste management.

3. Environmental impact mitigation: the use of modern IT solutions helps to reduce emis-
sions and optimize energy use, which leads to a reduction of the urban ecological footprint.

In this article, we will look at exactly how information technology is changing the urban envi-
ronment and what benefits it brings to the quality of life in cities. The specific cases and trends
in the development of the application of information technology tools in improving city life will be
discussed, as well as the challenges they face.

The research methods are: a case study method, a method of theoretical and practical anal-
ysis, a method of comparative analysis.

Digital technologies are firmly embedded in the capital’s life activities and primarily perform
the task of ensuring the safety of citizens.

A unique project in the city is the establishment of the “iIKOMEK109” monitoring and opera-
tional response center [3]. It has become the real eyes and ears of the city - the center ensures
the security of the city in a round-the-clock mode, unites call-centers of utility companies and
allows to process appeals and suggestions of residents. And all this due to the fact that 21,781
CCTV cameras from all over the city are displayed here and operators can see where and what
is going on.

The cameras mainly cover the mass gathering locations. These are shopping malls,
mosques, major bus stops, train stations. Meanwhile, during the winter period operators through
the city video surveillance system revealed the facts of untimely snow removal, water flooding
during rains and floods. These issues were quickly worked out with the city utilities. The opera-
tors through GPS-monitoring and video surveillance systems coordinate the work of specialized
machinery for sanitary cleaning of the city, which makes it possible to reduce motor vehicles idle
time, reduce vehicle mileage and, consequently, fuel and repair costs.

Despite the outwardly complex structure of the contact center, the meaning of iKOMEK109
can be expressed literally in one phrase: to respond to all calls and appeals from city residents.
It is referred to the so-called non-emergency calls, i.e. citizens’ appeals related to the activities
of public utilities, public transportation, poor quality of work of employees and healthcare profes-
sionals. However, as we explore the contact center, we will see that IKOMEK109 concept has
a much wider functionality, up to the provision of assistance in emergency cases, emergencies,
social disadvantage of citizens.

The project concept is based on the experience of such countries as Korea, United Arab
Emirates, USA, UK. The structure of American contact centers, the famous 911 service, the Ka-
zakh analog is 109 has proved to be the best suited for implementation in Kazakhstan.

Having started with centralization of call processing on the 109 line, iIKOMEK109 has laid
the foundation for future integration with the 112 line, with the “emergency” part of citizens’ re-
quests. All instructions have already been prescribed and a database has been established for
the implementation of the project. Currently, a pilot launch is underway [4].

The organization has a three-tiered model for handling requests. Intelligent Contact Center
109 operators are the first line of call intake. The vast majority of calls the operator is able to
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solve directly during the call, thanks to an extensive knowledge base, which is regularly up-
dated. The database stores information on the activities of government departments and public
utilities of the city: background information, data on planned and preventive works of public utili-
ties - the list goes on and on. But if for whatever reason, the problem cannot be solved imme-
diately, for example, you have no hot water, and on base no work is scheduled in the area, the
operators transfer the request to the Department of Monitoring and Coordination of Life Support,
i.e. to the second line.

The officers of this department are engaged in the real investigation — find out the reasons
for failures, dialog with the competent services. Each case is tracked separately; statistics are
maintained that clearly distinguish the status of the issue: resolved issues, unresolved issues
and work not fully completed [6].

Once the problem is identified, the second line operators transfer the incident to the directly
responsible organization, i.e. the third line. These may be municipality departments or district
local authorities, public utilities, elevator companies, bus fleets, etc. The results of the incidents
are obligatorily sent to the initiator of the request, thus, each person who applies to the city cen-
ter IKOMEK109 receives feedback in the form of information about the work performed.

Now let's consider the communication channels. In addition to traditional phone calls,
iIKOMEK109 accepts and processes requests via all common social networks and messengers
(Facebook, Telegram, WhatsApp), mobile application with the same name, akimat website.
There is even a special account that monitors popular groups in social networks to record the
complaints of citizens.

In addition to working with the public through calls and the Internet, iIKOMEK109 monitors
life in the capital through six thousand cameras installed throughout the city. These are cameras
from the Sergek system, Korkemtelecom, as well as from agencies of the Ministry of Internal Af-
fairs, private and public companies. The picture from the cameras is displayed on the screens of
observers dealing with data analysis.

Most often cameras are used to record minor offenses, but there are also cases when video
can solve serious crimes. Together with IKOMEK109 officers, police officers work with the cam-
eras - they can dispatch the nearest patrol to the scene.

People can contact the contact center for numerous issues: health care, education, and
public transportation. Any sent request goes into a system from which nothing can be deleted.
The requests can only be closed once the resident has confirmed that their issue has been re-
solved. All responsible organizations are connected to this system and the Akim of the city also
has access to it [7].

The questions are categorized by level of criticality, gaining a certain status. In addition,
each issue has its own timeline and time to fix the problem. For example, if a resident reports an
open manhole, the area must be fenced off within three hours and the manhole must be closed
within 24 hours. We assume that a person is stuck in an elevator. Within 20 minutes, he/she
should have help, if the problem is not solved in time, the situation becomes an emergency.

In the course of five years of operational experience with the call processing system, we
have developed and optimized the architecture of role interaction with this system. This archi-
tecture relies on the definition of three key roles which cover a wide range of operations, ensur-
ing the efficient functioning of the call handling system. The operator, inspector and performer
- each plays an important role in ensuring prompt response to residents’ requests and efficient
processing of appeals. Based on this architecture, detailed interaction mechanisms have been
developed for each of these roles, which gives a clear picture of their functional responsibilities
and interrelationships.
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Fig. 1. Algorithm for processing requests

The schematically developed technological algorithm for processing of requests is shown in
Fig. 1. Through the 109 contact center or alternative sources, calls from residents are received
and logged in the service manager. Within the service, requests go through various stages of
processing, a resident will then be notified of the resolution of the problem in the same manner
in which the request was made.

The above drawing describes the algorithm of business processes that have been devel-
oped and implemented in iKomek, an information technology company, that is, this is what we
believe is the author’s development to increase the efficiency of the company and solve the
pressing problems of residents and the city.

Below is the developed information mechanism illustrating the process of operator’s actions
at the workplace (Fig. 2):

There are 74 operators in the center, with even more working during rush hour. It took quite
some time to analyze the city and understand when rush hour events occur. For example, rush
hour in the winter occurs at 6 and 11 a.m., when residents call to inquire about school cancel-
lations.

Every day the contact center receives from 5,000 to 14,000 calls. On average, one operator
handles 250-300 calls per day. The frequency of referrals depends on the season and weather
conditions. The contact center operators can provide answers to more than 1,300 services from
the first call. There are specific standards for handling residents’ requests: 16 seconds to an-
swer a call, 10 minutes to respond to a social media inquiry and a maximum of 7 days to review
and provide a query response.

The inspector occupying a key position in ensuring communication and interaction between
citizens, city bodies, departments and local authorities, plays an important role. The inspector’s
job is not only to monitor the quality of the work, but also strictly supervising the process of task
completion and resolving possible problems that hinder the effective resolution of requests and

Mathematical, Statistical and Instrumental Methods of Economics 89



Components of Scientific and Technological Progress

Operator

>l

Yes No

Is there is a call from
the resident?

L 4 Y
Check statuses of
Creating request based on previously created
information from resident requests

!

Checking the created
request

|

Transferring a referral to
the 2nd line

|

Is there a request in
"Confirmed” status?

Not to close without
calling?

A J

Calling the resident to

notify them the work is
completed

Is the resident satisfied
with the quality of work
performed?

No

Yes

h 4

Return the application to
work

Close the application

Fig. 2. Information mechanism demonstrating the process of operator actions within the
framework of request processing

appeals.

The inspector acts as a facilitator, ensuring the smooth running of the request management
system and maintaining high standards of accountability and efficiency in all aspects of the op-
eration. Below is a developed information mechanism illustrating the inspector’s work process,
his/her role in controlling and coordinating the processing of requests (Fig. 3).

The performers in the context of a complaint handling system represent the key players
responsible for resolving the municipal problems, complaints and incidents. These performers
may include a variety of city and municipal services, departments and local authorities. Each of
them has its own unique area of responsibility and area of expertise within which they accept
and process residents’ requests. Each request is assigned a strictly defined deadline, which the
executors are obliged to comply with, ensuring an effective and timely solution to the problems
and needs of residents.

For which reason, an information mechanism was also developed, describing in detail the
actions of executors within the system of processing appeals (Fig. 4).

The developed architecture of role-based interaction with iKomek’s request processing infor-
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Fig. 4. Information mechanism demonstrating the process of performer’s actions within the
framework of request processing

mation system is a highly effective mechanism for serving residents, ensuring that their queries
and problems are resolved promptly and with high quality. The role-based interaction schemes
described above based on information technology platforms not only facilitate seamless com-
munication between all parties involved, but can also serve as a model for other systems fo-
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cused on interaction with society.

This author’s innovative approach not only optimizes processes, but also contributes to
overall efficiency and responsiveness.

Conclusion. On the basis of the iKomek Center the Project Office of the Astana Akimat
controls the 5-year City Development Plan and over 400 projects. Currently, step-by-step work
is underway to submit projects for public access on the Akimat's website astana.gov.kz. This
suggests that residents and guests of the capital can already now be aware of up-to-date in-
formation about the infrastructure projects being implemented by the Akimat in various direc-
tions, such as urban planning, road and transportation infrastructure construction, community
improvement portfolio and engineering infrastructure. For the rest of this year, as part of the
next phase of data opening, the social block, including the areas of education and health care,
will be presented to the public as part of the next phase of data opening. The presented public
accessibility of the Astana Akimat Project Office makes the work of the governing body and city
services of the capital absolutely transparent, and also demonstrates the openness of the au-
thorities and readiness to make the capital a more comfortable and cozy city to live in together
with the residents of the city.

It is also worth noting the complaints that are coming in — they are not criticisms of the
management system, these are more suggestions that should be escalated to the city leader-
ship level to generally improve the life of the community. Currently, all appeals are registered in
a single system of registration of appeals, in which both operators and responsible executors
work. The responsible officers write answers and attach answers directly in the system, which
is integrated with chat-bots, the Akimat website for feedback from residents. The complex pro-
vides the city’s management with a Control Panel, showing all appeals, sources of appeals,
how many appeals are being executed, and how many are already in violation of the regulatory
period. All requests are categorized by area of living, allowing management to see the most
problematic areas and addresses in the city. The control panel allows the city management to
keep under control the situation in the city, to draw conclusions about the work of the managers
of departments and pubilic utilities.

It is our belief that such information technology projects should be implemented, and we are
confident that the experience of Astana city will be appreciated and applied in other cities of Ka-
zakhstan. It is important that the public opinion will be heard. Ultimately, the overall satisfaction
and activity of residents in solving urban problems will increase.

Therefore, currently the iKomek City Center is an institution for the permanent improvement
and development of the life support of the city.
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Kak npumMeHUTb MHCTPYMEHTbI MH(POPMALIMOHHbLIX TEXHONOIUMn
B yNy4lleHUM Xn3HepgeaTenobHocTu ropoaa. OnbIT ikomek

A.B. Takcmnmos, [.P. CatBanbamHa

[opodckol ueHmp MOHUMOPUHaa U orepamugHO20 peasuposaHUs,
2. AcmaHa (KazaxcmaH)

KnioueBble crnoBa u dpasbl: iKomek; ropoackume cnyx0bl; ropogckoe HaceneHue,;
MHAOPMALIMOHHbIE TEXHOMNOIMMK; KOHLUENUNS.

AHHoTauums. o nporHoszam OOH, k 2050 r. JoNs rOPOACKOro HaceneHus B MUpPEe COCTaBUT
68 %. C pocToM ropogoB, a COOTBETCTBEHHO M YMCIia FOPOACKUX XKUTENEN, BCE aKTUBHEE BHE-
apsaTca MHOpPMaUNOHHbIE TexHonormn. Mpu Taknx Temnax ypbaHnsauum Harpyska, co3gaea-
emMasl Ha ropofackue crnyx0bbl, 3a4acTyr0 OKasbIBAeTCHA CIMULLIKOM BbICOKOW. [na pelueHus aTown
npobnembl cTana BHeapsTbcsa koHuenuus iKomek. Llenb ctatbn 3akmnoyaeTcs B pacKkpbiTUKM UC-
Nosib30BaHUsA LMGPOoBLIX TexHonormn iKomek ans ynydweHnsa xXnsHegesaTenbHOCTU ropoga. B
3afla4n ctaTbM BXOOUT PacCMOTpPeHue O0CobeHHocTer uMdpoBLIX TexHorornn iKomek, kakue
TEXHOSIOrMN OHa npegycMaTpuBaceT, Kak KoHuenumna iKomek npumeHsieTcsa B KaszaxctaHe u Ha-
CKOMbKO OHa ycnewlHa. ['vnoTesa nccnegoBaHus COCTOUT M3 pa3paboTaHHOro TEXHOMOMMYHOIo
anropuTMma oTpaboTku obpalleHnin Yepes KOHTaKT-LeHTp 109 unu ansTepHaTUBHbLIX MICTOYHUKOB,
OTKy4a nocTynarT obpaLleHns OT XUTeNen n permcTpupytoTcs B cepBuc-meHempxkepe. Metogom
nccnegoBaHng cTaTb SIBNSETCH METOA TEOPETUYECKOro N NpakTU4ecKoro aHanmsa. PesynsraTthl
OOCTUTHYTbI MyTEM pa3paboTKy aBTOPCKMX anropnutmMoB MHPOPMAaLMOHHBIX BU3HEeC-NpoLLEeCCOoB,
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KoTopble ObINM BHeAPEHbl B KOMMaHuM iKomek B Lensx noBbileHNa 3¢pdeKkTMBHOCTM KoMna-
HUN N peLLEHMs HacyLLHbIX Npobnem xutenen ropoga. PaspabotaHHas apxuTekTypa poreBoro
B3aMMogencTeus ¢ MHOOPMaLNOHHON cnuctemMor obpaboTkm 3anpocoB B iIKomek npencraenser
cobon ahheKTUBHLIN MeXaHM3M 0OCnyXnBaHus xutenen, obecneymsasa onepaTtMBHOE M BbICO-
KOKa4eCTBEHHOE pa3speLleHne nx 3anpocosB 1 npobnem.

© A.B. Taximov, D.R. Satvaldina, 2024

94 Mamemamuyeckue, cmamucmu4yecKkue U UHCMpymMmeHmasbHbie mMemoObl 3KOHOMUKU



Components of Scientific and Technological Progress

YK 338

KniouyeBble HaBbIKMU
¢oMHaHCOBOW rPaMOTHOCTHU

M.A. MeHblakoBa, O.B. BopoHkoBa

@60y BO «Poccutickuli 2ocydapcmeeHHbIU
2udpomemeoporioaudecKkull yHugepcumemy,
2. CaHkm-llemepbype (Poccus)

KntoueBble cnoBa u ¢pasbl: goxon; puHaHcoBasa rpa-
MOTHOCTb; (OMHAHCBbI.

AHHoTauumsa. Ctatbsa NocBsLleHa akTyanbHOCTU OMHaH-
COBOW rpamMOTHOCTW.

Llenb 3akniyaeTcs B npegocraBrieHnun nHgpopmMauum o
BaXXHOCTW 3TOr0 acnekrta Afi9 COBPEMEHHOro 4enoseka, a
Takke B NpeanoXeHnn pekomeHgaumi no NoBbILLEHNIO YPOB-
HA (UHAHCOBOW TPaAMOTHOCTU [ANS YIyylleHna KadecTBa
XM3HU 1 OCTMXKEHMSA Bnaronony4ums.

3agaun: gatb onpeaeneHne UHAHCOBOW rPaMOTHOCTU;
pacckasaTb O BaXXHOCTU (PMHAHCOBOMW FPaAMOTHOCTU; MO3Ha-
KOMUTb C KINOYEBbIMU HaBbIKaMMU.

MnoTesa: BHegpeHWe KOMMIEKCHOro nogxoda Kk obyde-
HUIO (PMHAHCOBOKM TPAMOTHOCTM, OCHOBAHHOIO Ha MHTerpa-
LM MeXNpeaMeTHbIX CBSI3eN U UCNOMb30BaHUKN pa3Hoobpas-
HbIX METOA40B M (POPM OpraHnsaumm y4ebHon aesTenbHoCTH,
CcrnocobCTBYET MOBbLILLEHNIO MOTUBALMW YYaLLMXCH U yryYLle-
HUIO UX (PMHAHCOBOW rpamoTHOCTU. B gaHHOW cTaTbe pac-
cMaTpmuBaeTCs Tekyllee COCToAHMEe (ODUHAHCOBOW rPaMOTHO-
ctn B Poccun n gartes pekoMmeHgaumm no ee noBbILEeHUIo.

Llenb aTon Hay4yHOM CTaTbW — UccnenoBatb 3HaYeHMe PUHAHCOBOW rPamMOTHOCTU B COBpe-
MeHHOM obLecTBe, NogYepKMBasi ee BMVSHWE Ha OTAENbHbIX foAen, CEMbM U SKOHOMUKY B
uenomM. Ha ocHoBe BCECTOPOHHEro 0630pa CYLLECTBYIOLEN NUTEPATYPbl U PE3ynbLTaToB UCCre-
JOBaHWI B CTaTbe pacCcMaTpuBalOTCS KIOYEBbIE KOMMOHEHTbl (OMHAHCOBOW FPamMOTHOCTU, ee
npevMyLlecTsa, Npobnembl U NocneacTsust HegocTaTka (PMHaAHCOBbLIX 3HaHWA. Kpome TOro, B
cTaTbe paccMaTpuBaloTCA pasfnUyHble MHULMATMBBLI M NPOrpamMMbl, HanpaBrieHHbIE Ha MOBbI-
LweHne (hMHaHCOBOW FPaMOTHOCTU CPeAV pasfnyHbIX FPynn HaceneHusl, NogYepKnBaeTcs He-
00X04MMOCTb NOCTOSIHHOTO 0BYYEHNS 1 NOBbILLEHNS OCBEOOMIIEHHOCTU B 3TOM obnacTtu. B aTomn
cTaTbe, NPOoSiMBalOLLEN CBET Ha BaXXHOCTb (OMHAHCOBOW FPaMOTHOCTU, NOAYEPKNBAETCA €€ Posib
B obecrnevyeHnn prHaAHCOBOro 6narononyymsi U SKOHOMUYECKOW CTabUITbHOCTMU.

durHaHCcOBasi rPaMOTHOCTb UrpaeT peLuarLytd pofib B CMOCOBHOCTM foden npuHMMaTh
000CHOBaHHbIE (hMHAHCOBbLIE peLleHUst, IPPEKTUBHO YNPaBnsaTb CBOUMU JIMYHBIMU (DPUHAHCAMM
n obecneumBatb cBOe puHaHcoBoe bGyayuiee. PMHaAHCOBAs rPaAmMOTHOCTb — 3TO CMOCOBGHOCTbL
YyeroBeka yrnpaensTb CBOMMM LOXOA4AaMW M pacxogamu, NPUHUMAaTb NpaBuUlibHbIE pPeLleHns Mno
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pacnpegeneHnto AeHeXHbIX CpeacTB U rPaMoTHO UX NpuymHoxaTb. OHa No3BONseT AOCTUYbL
1MHaAHCOBOro Bnarononyynsa n ocTaBaTbCHa Ha 3TOM YPOBHE BCHO XKM3Hb.

®durHaHcoBas rpaMOTHOCTb — OAMH M3 KITHOYEBbIX haKTOPOB, BAUSAIOLLMX HA CNOCOBHOCTL OT-
AenbHbIX nogen n obwecTsa B LENOM ynpasnaTb CBOUMU ouHaHcamu. PruHaHcoBas rpamorT-
HOCTb npuobpeTaeT Bce Gonbluee 3HA4YeHUEe B YCIOBUSIX 9KOHOMUYECKON HECTabumbHOCTU M
YCNOXHEHUsT (PUHAHCOBBIX MPOAYKTOB U YCIyT.

B ycnoBusx Bce 6onee CrioxxHoM 1 B3aMMoCBsA3aHHOM (OMHAHCOBOM cpefbl CNOCOBHOCTb MOo-
HUMaTb M OPUEHTMPOBATLCA B (PUHAHCOBBLIX BOMPOCAX BaXHa Kak Hukorga. PuHaHcoBas rpa-
MOTHOCTb, onpegensemasi Kak 3HaHuUsl U HaBblkW, HEOOXOAMMbIE AN NPUHATUSA 0O60CHOBAHHbIX
(PUHAHCOBLIX peLleHui, cTana KnveBbiM hakTopoM, onpegenstowmnm dpuHaHcoBoe Gnarono-
ny4yve un ycnex nogen. C poctoM 0CBEAOMIIEHHOCTU NOTpebuTenen, TEXHONOrMYeCcKkum nporpec-
COM W pasBUTUEM (PMHAHCOBbLIX MPOAYKTOB WM yCnyr NOTPeOHOCTb B (PMHAHCOBOW rPaMOTHOCTH
npnobpena nepBocTENEHHOE 3Ha4YeHne. B gaHHoOM cTaTtbe aHanmn3npyeTcs BaXXHOCTb PMHAHCO-
BOW FPaMOTHOCTU B COBPEMEHHOM 0bLLEeCcTBE NMyTEM M3YYEeHUs1 ee BNUAHUS Ha OTAENbHbIX No-
Aewn, cembto 1 0bLLEeCTBO B LLEMNOM.

MHoroumcneHHble uccnegoBaHUsa CBUAETENLCTBYIOT O MOMOXUTENBHOM BAUSHUN (PUHAHCO-
BOW rPaMOTHOCTW Ha MHOMMe acnekTbl XXU3HU ntogen. MccneqoBaHna nokasbiBatoT, YTO Joaun
c 6ornee BbICOKMM YPOBHEM (PMHAHCOBOW FPaMOTHOCTW Nyylle yMerT cbeperatb U MHBECTU-
poBaTb, MMaHMPOBaTb BbIXOA Ha MEHCU, APPEKTUBHO yNpaBnsaTb AONMOM M 3awumiiatbe cebs
OT bmMHaHCOBOro molleHHmn4yecTBa. Kpome TOro, domHaHcoBasi rpamMOTHOCTb acCoLMUpyeTcst C
fbonee BbICOKUM 3KOHOMUYECKMM BnarococTosHnem, Gonbluen puHaHCOBOW CTabUNbHOCTLIO U
YBEPEHHOCTBIO B NPUHATUM (DUHAHCOBBIX pelleHnin. 1 HaobopoT, HeaocTaTok hMHaHCOBOW rpa-
MOTHOCTW MPUBOAMT K TaKUM HeraTuBHbIM NOCHEACTBUSAM, KaK BbICOKMM YPOBEHb 3a40MMKEHHO-
CTW, PUHAHCOBBIN CTPECC U OrPaHNYEHHbIN OCTYN K (OMHAHCOBbLIM BO3MOXHOCTSIM.

[na oueHKM TeKkyLlero ypoBHS (PMHaHCOBOW rPaMOTHOCTU Mbl UCMOMb30Banu AaHHble CO-
LMONIOrMyecknx OnpocoB, NpoBeAeHHbIX LieHTpom uccrneqoBaHnin orHAHCOBOMO pbiHKa U ®u-
HaHCOBbIM YHMBepcuTeToMm npu NpaButensctBe PP. Bbinu 3agencTBoBaHbl AaHHbIE MeXOyHa-
poaHbIX cpaBHUTENbHbIX nccnegosaHun (PISA, OECD), a Takke aHanutuieckue martepuvarbl
OPpYrnx aBTOPOB.

CornacHo pesynbratam MccregoBaHus, yYpoBeHb (OMHAHCOBOW MPaMOTHOCTUM HaceneHus
Poccumn octaetca [ocTtaTtovyHO HUM3KMM. [paxgaHe Poccum CKNOHHBI NpUHUMaTh HepaunoHasb-
Hble (PMHAHCOBbIE pEeLUeHUs] U3-3a OTCYTCTBMSA NNaHUpoBaHWSA GrogxeTa, HeJoCTaTOuHOW 3a-
WHTEPECOBAHHOCTM B COEPEXEHUAX N MHBECTULIUSIX, HEYMEHUS OLleHNBaTb PUCKU U NPUHMMATb
B3BeLUEHHble (PHAHCOBbIE PeLLEHUS.

OaHOM 13 OCHOBHBIX MPUYMH HU3KOW (DMHAHCOBOW rPaMOTHOCTM ABMASIETCA HEAOCTaTOK 3Ha-
HUA 1 HaBbIKOB B 00nacTn NUYHbIX PMHAHCOB N OTCYTCTBME CUCTEMHOrO noaxoda k obpasoBa-
HUO U OPMUPOBaAHNIO OMHAHCOBOM KYIbTYpPbI.

HecmoTpsa Ha pacTywiee npusHaHuMe BaXKHOCTU (PUHAHCOBOW rPamMOTHOCTWU, COXpaHseTcs
psa npobrnem, CBA3aHHbIX C MOBbILWEHMEM YPOBHS (PUHAHCOBBLIX 3HaHMIN cpean Hacenexus. K
4yucny aTUX Npobnem OTHOCATCA OrpaHUYEHHbIN JOCTYN K hrHaHCOBOMY OBpa3oBaHuMto, OTCYT-
CTBUE CTaAHOAPTM3MPOBAHHbIX YY4EOHbIX NporpaMm no YUMHAHCOBOW rPaMOTHOCTU U OTNNYMSA B
PUHAHCOBbIX 3HaHUAX Cpean pasnuyHbIX Aemorpadudeckux rpynn. bonee Toro, Wwmpokoe pac-
NpPOCTPaHeHNe CNOXHbIX PUHAHCOBBLIX NPOAYKTOB 1 MOLLUEHHUYECKUX (OMHAHCOBbLIX NPaKTUK eLLe
BonbLUue YCNOXHAET NPoLecc NPUHATUSA (PUHAHCOBbLIX peLleHui. T Npobnembl UMEKT Aaneko
ngyLime nocnencTausl, okasblBas BvsiHME Ha oMHaHCoBOe Gnaronony4dne nogen, SKoHoMuYe-
CKYI0 CTabunbHOCTb 1 0bLLEee Ka4eCTBO KNU3HW.

[nsa peweHnsa npobnem rMHaHCOBOW rpaMOTHOCTM Obi1 pa3paboTaH psg MHULMAaTUB U Npo-
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rpamMm, HanpasfeHHbIX Ha pa3BUTME (PUHAHCOBOrO OOpa3oBaHUA M OCBEAOMISIEHHOCTU. OTn
MHULMATUBBI BKNOYAKOT B cebs1 ceMmHapbl N0 (oMHAHCOBOW rPaMOTHOCTW, OHNamH-pecypcbl, 06-
pasoBaTerbHble KaMMaHUM U NApTHEPCTBO MEXAY rOCYyAapCTBEHHbIMU YYpexXaeHusamMu, puHaH-
COBbIMW UHCTUTYTaMN N HEKOMMEPYECKMMW OpraHnsaumsamMu. 3TW nNporpamMbl HanpasneHbl Ha
TO, YTOObI AaTb NOASM 3HAHUSA U MHCTPYMEHTbI, HeobxoauMble NS NPUHATMA 0BOCHOBAHHbIX
(PUHAHCOBbLIX peLleHni, TeM caMbiM obecnedrBas UM KOHTPOSb Had CBOMM PMHAHCOBLIM Byay-
LWMM 1 ynyYliasi UX 9KOHOMU4Yeckoe BrarococTosiHue.

®duHaHCcoBas rpamoTHOCTb BaKHa AN BOBMEYEHUS MOSoAbIX N0AeN B 9KOHOMMUYECKYHO
OEATENbHOCTb:

— MOWCK UCTOYHWMKOB [0X04a BHe paboThi;

— YKpenrneHue ncuxorornyeckon ctabunbHOCTN U yBepeHHOCTU B cebe;

— dopMMnpoBaHME MbILLIEHUSA, KOTOPOE BEAET K yCrnexy;

— dopmMmunpoBaHMe BrneyaTrneHms yBepeHHoro B cebe yenoseka.

KntoueBble HaBblkM (PUHAHCOBO rPaMOTHbIX NOAEN BKITHOYAKOT:

— NNaHWPOBaAHME U y4ET AEHEXHbIX MOTOKOB;

— UCnonb3oBaHWe AONOMHUTENbHbLIX UCTOYHUKOB AoXoAa.

lMnaHMpoBaHMe 1 y4eT OEHEXHbIX MOTOKOB — BaXXHas YacTb (PMHAHCOBOrO ynpaBieHns o-
6oro 6usHeca. Ha4yHuTe ¢ NNaHMpPOBaHMA OEHEXHbIX MOTOKOB.

1. OueHnTe Ooxoabl U pacxodbl: HAYHUTE C OUEHKM ByayLimMx OOXOOO0B OT MpogaX, MHBE-
CTULMIA, 3aMMOB M Npo4Yero. Takke y4YnTbiBauTe BCe npegnoraraemble pacxodbl, BKIYas one-
pauMOHHbIE pacxoabl, CTOMMOCTb 060pyA0BaHMS, HANoOrM U NPOLEHTLI NO 3amam.

2. CocrtaBneHue OogxeTa: Ha OCHOBE npeanonaraemblx JOXOO0B M PAcXOA4OB MOArOTOBb-
Te BI0XET, OTpaxaloLWwnin NnaHnpyemble AEeHEXHbIE NOTOKN Ha onpedeneHHbI nepuog, (Hanpu-
Mep, Mecsil, KBapTan, rog).

3. MOHUTOPWHTI 1 aHanu3: BaXXHO perynsipHo oTcnexunBaTb pakTuyeckoe nucnonHeHne 6roa-
XeTa U aHanuaupoBaTb OTKNOHEHWs. Takum oOpa3om, MOXHO CBOEBPEMEHHO BbISIBUTb MpPO-
GnemHble 30Hbl U NPUHATL KOPPEKTUPYIOLLME MepbI.

PaccMoTpumM yyeT ABMXKEHUSA OeHEXHbIX CPeACTB.

OnepatuBHbIN y4eT: BeAeT NoAPOOHbIN YYeT AEHEXHbIX NOCTYNMEHUA 1 BbiNfAat. OTO NO3BO-
NSeT Nony4YnTb TOYHYI0 KapTUHY NPUTOKa U OTTOKA AEHEXHbIX CPEACTB.

1. AHanus JeHEeXHbIX MOTOKOB: AEHEXHbIe NOTOKN aHaNU3NPYTCS Ha perynspHon OCHOBE
ONSA N3yYeHnss TeHOAEHUMA 1 BbISIBNEHMS OCHOBHbIX MCTOYHWKOB M NOTpebuTtenen cpeacts. ATo
nossonsieT NnpuHMMaTb 6onee 060CHOBaHHbIE (PUHAHCOBLIE PeLLEHUS.

2. [MporHo3npoBaHMe OeHEeXHbIX NOTOKOB: pa3paboTka NPOrHO30B 4OXOA0B M pacxodoB Ha
Oyaywue nepnodbl HA OCHOBE UMEKLLMXCA AaHHbIX. DTO NO3BONSAET paspabaTtbiBaTb PUHAHCO-
Bble cTpaTerum un nsberatb geuumta AeHEeXHbIX CPeacTB.

OTn warn noMoryT apPeKTUBHO YyNpaBnaTb AEHEXHbIMU NOTOKamMn 1 obecnednTb puHaH-
COBYI0 YCTOMYMBOCTb.

Mcnonb3oBaHne AOMONHUTENbHbBIX MCTOMHMKOB OX04a — BaXXHas cTpaterns Ans nosbllle-
HUS PUHAHCOBOWM CTabubHOCTU M pocTa JoxodoB. [JononHUTeNbHbIE NCTOYHUKM JoX04a MOryT
ObITb pa3HbIMM M 3aBUCAT OT BalLMX HaBbIKOB, MHTEPECOB U cnocobHocTen. [laBanTe paccmo-
TPUM HEKOTOpPbIE CNOCOOLI NCNOMNBb30BaHUSA OOMNOMHUTENBbHbLIX MCTOYHMKOB A0X0AA.

1. lMoppaboTka: oaMH M3 caMbiX pPacnpOCTPaHEHHbIX CNOCOBOB NOMy4YeHUs LOMNOMHUTENb-
Horo goxoga. K HMM oTHocaTca nogpaboTku MO Beyepam U BbIXOAHBIM, (OPUNAHC-NPOEKTbI U
yyacTue B OHNanH-nnatdopmMax ans dpunaHcepos.

2. VHBecTupoBaHue: cyLlecTByeT MHOXECTBO (DOPM MHBECTUPOBAHWS, BKNOYasa akumm, 0b-
nvrauun, HeABMXUMOCTb M KpUNTOBantoThl. B 3aBMCMMOCTM OT Ballen cTpaTerum u ypoBHS pu-
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CKa, OHN MOryT BbITb KPaTKOCPOYHBIMU UM JONTOCPOYHBIMU MHBECTULMSMN.

3. OTkpbITME COBCTBEHHOrO GU3Heca: OTKpPbITUE COBCTBEHHOrO GU3Heca MOXET cTaTb OT-
NMYHBIM CNOCOBOM YBENMYUTE CBOWM OX0A U CTaTb (PMHAHCOBO HE3aBUCUMMbIM. OTO MOXET ObITb
WHTEpPHeT-MarasuH, YCnyru, Kypcbl, KOHCynsTaLumMm 1 MHOroe gpyroe.

4. lMaccuBHbIN O0OXOA4: 9TO 4OXO0A, KOTOPLIN Bbl NOflyvaeTe, He NPUHMMAas aKTUBHOIMO y4va-
CTMA B ero nonyyeHun. NMprmepamy NnaccuBHOIO JoxoAa SABMASKTCA apeHaa HeABUXKUMOCTU, An-
BMAEHAblI OT MHBECTULMIA, aBTOPCKME NpaBa Ha NPOAYKUMIO U T.A4.

5. Oby4yeHne M HacTaBHMYECTBO: ecnn Bbl obnagaeTe yHUKanbHbIMWU HaBblkaMu U OMbl-
TOM, Bbl MOXETe npeanaratb oby4varowme Kypcbl, KOyYMHT M HacTaBHMYECTBO 3a onpeaerneH-
Hyl0 nnary.

BbibepuTte mMeToA, KOTOPbLIA COOTBETCTBYET BalLMM MHTEpPEecaM, HaBblkaM N XU3HEHHbIM 06-
CTOATENbLCTBAM, U CTPEMUTECH CO3AaTb Pa3HOCTOPOHHMI NOTOK AOXOO0B.

MpaBunbHOE OTHOLLEHWE K (bMHaAHCaM BKMOYaeT B cebsS HEeCKOMNbKO KIYeBbIX acrnekTos,
KOTopble NOMOryT BaM ah(peKTUBHO pacnopsiaTbCsa AeHbraMu 1 JOCTUYbL PMHAHCOBOro Gnaro-
nonyyus. [laBante pacCMOTPMM HEKOTOPbIE U3 KMOYEBBLIX MPUHLMUMOB NPaBUIbHOMO OTHOLLEHUS
K doMHaHcaM:

1. BrogxeTmpoBaHue: coctaBnast OO4KET U cneayst eMy, Bbl MOXETE KOHTPONMPOBaTh CBOM
A0Xo4bl U pacxodpl, CTaBUTb PMHAHCOBbLIE LUenu n n3berate nepepacxona CpeacTs. BaxHo BbI-
OEensiTb CpeacTBa Ha OCHOBHbIE HYXAbl, cOepexeHns U OTabIX.

2. ChGepexeHust 1 MHBECTULNN. COEePEXEHUS N MHBECTMLIMM HE TONbKO 0becneunBatoT u-
HaHCOBYIO MoAYLLKY 6e30MacHOCTU Ha Criydan HenpeaBuAEHHbIX PACXO4O0B, HO 1 CNocob6CTBYOT
pocTy kanutana. PerynspHble BKnaabl B MHBECTULMM B TEYEHMUE ANUTENBHOrO BPEMEHU MOTYT
CAKOHOMUTb 3HAYUTENbHYIO CYMMY AEHET.

3. Jonrn n KpeauTbl: HY)XHO pa3yMHO MUCMONb30BaTb KpeauTbl, 4TOObl HE nmonacTb B 4OS-
roByt0 saMy. YnpaensuTe [onroM, paboTanTe Hag ero noraweHuneM U msberamte HeHyXXHbIX
KpeauToB.

4. OGpa3soBaHve ¥ NnaHMpoBaHWe: yuntecb (PUHAHCOBOW rPaAMOTHOCTM U pa3BMBaNTE Ha-
BbIK/ yNpaBreHnsa geHbramu, Kotopble MOMOryT BaM AOCTUYb CBOWX Lenewn. NoctaBeTe nepen
cobon yeTkne nHaHCOBbIE LENV 1 paspaboTanTe nnaH no ux AOCTUXKEHMIO.

5. 3awmTa n ctpaxoBaHue: obecneybTe agekBaTHYO CTPaxoBKy cebe, CBOEN CEMbE U CBO-
eMy MMYLLECTBY, a Takke 3awnTtute cebsa oT OMHAHCOBbLIX PUCKOB, CBA3AHHbIX C HECYACTHbLIMMU
cny4asamu, 6onesHsMu 1 NnoTepen MMyLLecTBa.

Pa3ymHoe oTHOLleHMe K hMHaHCaM O3Ha4aeT OCO3HaAHHOE W OTBETCTBEHHOE yrnpaBneHue
CBOMMW pecypcamu, cTpemreHne K (hMHaHCOBOW He3aBUCMMOCTU N obecnedeHre (oMHaHCOBOIO
Oyaywero anga cebs n ceoen cembu. [1OCTOSTHHO COBEPLUEHCTBYNTE CBOM (DMHAHCOBbLIE 3HAHUS
N NPUMEHANTE MX Ha NpPaKkTUKe, YTOObI AOCTUYbL XKenaeMon hUHaHCOBOW cTabunbHoCcTn 1 bna-
rononyyns.

B3sanmopgenictBrue ¢ (OMHAHCOBbLIMU YYpeXOeHUs MU MOXET BKIOYaTb B cebsa cneayrowime
acnekThbl:

1) oTkpbITME N 06CRYyXMBaHNE BAHKOBCKMX CHETOB: KITMEHTLI OTKPbIBAKOT cdeTa B BaHke Ans
XpaHEHUS CBOMX AEHEXHbIX CPeACTB, BbINOMHEHUSA NnaTexen n apyrnx HaHCOBbLIX onepaLuin;

2) nonyyeHue KpeguToB U 3aiMOB: U3NYECKME N topuandeckme nuua obpatllarTtcs B 6aH-
Kn ¢ npocbbon O npeaocTaBneHnn KpeauToB UNKU 3aiMoB Anst PUHAHCMPOBAHMSA PasfMYHbIX
NPOEKTOB, MOKYMNK/M TOBAPOB UMK yCnyr Nnnbo Ans NoKpbITUS TEKYLUMX PAacXOQoB;

3) cTpaxoBaHWe: KNMEHTbl B3aUMOOENCTBYIOT C CTPAxXOBbIMW KOMMAHUAMWU OIS NOMyvYeHus
CTPaxoBOW 3aLUTbl CBOMX UMYLLECTBA, XU3HW, 300POBbA N OPYrMX BO3MOXHbIX PUCKOB;

4) NHBECTMPOBaHWE: KNNEHTbl NHBECTUPYHOT CBOM CPEACTBA B pasrmyHble UHAHCOBbIE NH-
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CTPYMEHTbI, Takue Kak obrnuraumm, akumm, UHBECTULMOHHbIE DOHAObI U Apyrue, C Lenbtko nony-
YyeHnsa Ooxo4a UNu pocTa Kanutana;

5) nnaHupoBaHune Hanoroe 1 MHaAHCOB: (PUHAHCOBbLIE KOHCYNbTAHThI U Byxrantepbl MOMO-
ralT KNMeHTam ONTUMM3NPOBATb HarloroByt Harpy3Ky v cosgaBaTb 3PdEKTMBHbIE (PUHAHCO-
Bble CTpaTeruu;

6) dunHaHcoBble ycnyrn onst busHeca: 6aHkM 1 gpyrme oMHaHCOBbIE OpraHu3auun npegna-
raloT pasnuyHble yCryru Ans npegnpusiTui, BKIOYas ynpasieHne KacCoBbIMU MOTOKaMU, MEX-
AyHapogHoe (brHaHcupoBaHue, (PakTOPUHE, NIU3UHE 1 Op.;

7) MOKynKa u NnpoAaxa BantoTbl: KMMeHTbl B3anMogencTByoT ¢ 6aHkaMu 1 apyrumm puHaH-
COBbIMW NOCPeAHMKaMK ANs BbINOSIHEHMSA onepauni No 0ObMeHy BantoThl;

8) dhmHaHcoBble KOHCynbTauum n obpasoBaTerbHble YCryrn: (OUHaAHCOBLIE CheLnanucThbl
NpeaoCcTaBnAT KNMEeHTaM KOHCYynbTauum no pasnuyHbiM (pvHaHCOBBIM BOMpocaMm, a Takxke op-
raHu3yloT obpasoBaTenbHble NporpamMMbl Ans NOBbIWEHUSS (PUHAHCOBOW FPaMOTHOCTW.

[MpaBunbHOE BROXEHWE KanuTana — 3TO BaXHbI acnekT (PUHAHCOBOrO MiaHMPOBaHUS.
Hwxe nepeyncrneHbl HEKOTOpbIE KIToYeBble MPUHLUMMLI:

1) ouBepcudukaumnsa noptdens: ameepcudukaLma MHBECTULUMIA NO psay aKTMBOB (Hanpu-
Mep, akumn, obnuraunmn, HegBUKMMOCTb) AS1S1 CHXKEHUSA PUCKa;

2) ponrocpoyHasi nepcnekTvBa: UHBECTMPOBaTb B AOMNTOCPOYHYO NMepcrnekTuBy, YTobbl 13-
GexaTb KpaTKOCPOUHbIX KonebaHun pbiHKa M NONYYNTb MakCUMarbHbIA JOXOA;

3) uccnepoBaHna N obyveHue: nsyvyanTe UHBECTULMOHHbIE BO3MOXHOCTU, KOHCYNBTUPYWN-
TeCb C (PMHAHCOBbLIMM 3KCNepTamMun 1 cneanTe 3a TeHOEHUUSMN Ha PbIHKE;

4) ynpaBneHue puMcKaMu: OLEHNTE CBOK YCTOMYMBOCTb K PUCKY M BblOMpanTe MHBECTULIUN,
COOTBETCTBYIOLLME BALLMM LEeNsamM 1 UHAHCOBbIM BO3MOXHOCTSAM.

MomHuWTE, YTO NpaBuUNbHOE MHBECTUPOBaHNE TpebyeT TaTenbHOro NIaHNPOBaHNS, AUCLM-
MSUHBI U TOTOBHOCTU K U3BMEHEHUSIM Ha PbIHKE.

[na noBbiweHna oMHaHCOBOW rPaMOTHOCTU HaceneHns Heobxoanmo nNpuBMBaTb 3KOHOMMU-
YeCKyto KynbTypy C OOLUKONbHOro Bospacta. [pu atom getn 6yayT noHMMaTh, YTO AeHbrn 3apa-
GaTbiBalOTCA TPYAOM, M Y HUX COOPMUPYETCS MPaBUSIbHOE OTHOLUEHME K AEHbraM.

B 3akntoveHve oTMeTuM, hMHaAHCOBas rPaMOTHOCTb SIBNSAETCHA Ba)KHEMLUMM KOMMOHEHTOM
CMOCOBHOCTY N0AEN OPUEHTUPOBATBLCS B CITIOXKHOCTSIX COBPEMEHHOIO hHaHCcoBOro mupa. Pas-
BMBasA (pMHAHCOBbIE 3HAHUSA U HABbIKW, NIOAN MOTYT NPUHUMATL 06GOCHOBaHHbIE PELLEHWS.
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Key Financial Literacy Skills
M.A. Menshakova, O.V. Voronkova
Russian State Hydrometeorological University, St. Petersburg (Russia)

Key words and phrases: financial literacy, income, finance.

Abstract. The article is devoted to the relevance of financial literacy.

The purpose: to provide information about the importance of this aspect for a modern person,
as well as to offer recommendations on improving the level of financial literacy to improve the
quality of life and achieve well-being.

Tasks: define financial literacy; talk about the importance of financial literacy; introduce key
skills.

Hypothesis: the introduction of an integrated approach to financial literacy education based
on the integration of interdisciplinary connections and the use of various methods and forms
of educational activities helps to increase students’ motivation and improve their financial
literacy. This article examines the current state of financial literacy in Russia and provides
recommendations for improving it.

© M.A. MeHblakoBa, O.B. BopoHkoBa, 2024
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Features of the Territorial Location
of Business in the Arctic Region

S.V. Gribanovskaia, Yu.E. Semenova, T.V. Bikezina

Russian State Hydrometeorological University,
St. Petersburg (Russia)

Key words and phrases: socio-economic; weather and
climatic factors; corporatization; deindustrialization; depopu-
lation.

Abstract. The article is an analytical study of the char-
acteristics of the territorial location of a business. The object
of the current study is the Arctic zone of the Russian Fed-
eration. The purpose of the article is to identify the degree
of influence of factors determining the specific features of
production location. The research hypothesis is that the main
obstacles to the development of entrepreneurship in this re-
gion are the socio-economic and natural-climatic conditions
of the Far North. The following sources of information for the
current study were: websites of leading employer compa-
nies operating in the Arctic, ratings from Expert magazine.
The main research methods in the article are analysis of sci-
entific and business literature, statistical data. Because of
the study, the authors identify a number of mechanisms for
overcoming unfavorable conditions and obstacles to the lo-
cation and development of a business.

The decision to locate a business in certain regions is influenced by many factors, namely:
the economic and political situation in the region, access to raw materials and suppliers, en-
ergy and transport infrastructure, as well as the demographic composition of the population,
labor resources, unemployment rates, labor resources, productivity, natural and climatic factors,
taxes, etc.

The object of the current study is the Arctic zone of the Russian Federation, since special
attention has recently been paid to the development of the Russian North. It should also be
noted that for a long time the state did not have enough resources, an arsenal of tools and
mechanisms to participate in the industrial restructuring of the territories of the Far North.

At the same time, the share of industry in GDP (gross domestic product) was declining due
to the growth, first of all, in the production volumes of agriculture, forestry, fishing and fish farm-
ing, which indicates the insufficient effectiveness of the reindustrialization policy in the region.
Moreover, these trends took place in the context of growing private investment in fixed capital in
the region, including taking into account inflation.

Secondly, the share of the manufacturing industry in the total volume of industrial produc-
tion fell compared to the mining industry (see table 1). This was also not the most positive point,
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Table 1. Economic growth rates distributed by industrial production type in Arctic regions

cumulative economic growth rate

Regions 2017 towards 2018 towards 2019 towards 2020 towards
2016 2017 2018 2019
Nenets Autonomous Okrug, total 1.29 1.13 1.26 1.29
production 1.30 1.15 1.32 1.33
manufacturing industries 117 1.00 0.70 0.83
Murmansk region , Total 1.09 1.01 1.04 1.04
production 1.22 0.87 0.89 1.00
manufacturing industries 0.89 1.12 1.16 1.24
Yamalo-Nenets Autonomous Okrug, 107 124 128 121
total
production 1.08 1.28 1.29 1.29
manufacturing industries 0.97 1.09 1.28 1.22
Chukotka Autonomous Okrug, total 1.1 0.78 1.05 0.93
production 1.12 0.77 1.03 1.1
manufacturing industries 1.04 1.27 1.03 1.00

since the manufacturing industry creates large added value in relative terms and has significant
potential for innovative development.

However, since 2005, a modern system of state capitalism and state companies began to
develop in the Russian Arctic, which has become guidelines and instruments of state industrial
policy in strategic directions. One can note the emergence of such state corporations as PJSC
NK Rosneft in its modern form (2005), and the formation of the state company PJSC Gaz-
promneft (2006). And in recent years, the Russian state has taken unprecedented measures
to formulate a new production policy in the Arctic, taking into account the issues of socio-eco-
nomic development of the Arctic zone of the Russian Federation. The Russian government has
taken unprecedented measures to maintain its position in matters of sustainable development of
the region.

* Decree of the President of the Russian Federation “On the land territories of the Arc-
tic zone of the Russian Federation” (as amended by Decrees of the President of the Russian
Federation dated June 27, 2017 No. 287, dated May 13, 2019 No. 220, dated March 5, 2020
No. 164) which recorded a list of Arctic territories.

« State program “Socio-economic development of the Arctic zone of the Russian Federa-
tion for the period until 2020”. (Resolution of the Government of the Russian Federation dated
April 21, 2014 No. 366 “On approval of the state program of the Russian Federation “Socio-
economic development of the Arctic zone of the Russian Federation” (with amendments and ad-
ditions from: December 17, 2014, August 31, 2017, March 29, June 5, 2019, March 31, 2020).

+ State Commission for the Development of the Arctic (was created in 2015 by Decree of
the President of the Russian Federation V. Putin dated February 3, 2015 “On the creation of the
State Commission for the Development of the Arctic under the Government of the Russian Fed-
eration”).

» Strategy for the development of the Arctic zone of the Russian Federation and ensuring
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national security for the period until 2035.

» State program for economic and social development of the Arctic zone of the Russian
Federation.

+ A set of laws on benefits for investors in the Arctic.

The development strategy of the Arctic zone defines the main directions, tasks and mea-
sures for the development of the Arctic zone, as well as the mechanisms, stages and expected
results of their implementation.

The strategy is aimed at improving the quality of life of citizens living in the Arctic zone,
growing the economy of the Arctic regions and developing the Northern Sea Route as a global
transport corridor.

Despite the efforts of the state to intensify production, attract private sector investment in
the Far North, and create innovative and digital infrastructure, the processes of corporatization
have critical consequences at both the macro and micro levels. Thus, corporatization, which
began back in 1992 and unprecedentedly quickly led to the formation of new private resource
corporations, reduced the development potential of small businesses. Restructuring was carried
out quite harshly, which in turn led to the closure of single-industry or specialized industrial en-
terprises (their maximum number was in the Chukotka Autonomous Okrug and the urban district
of Vorkuta of the Komi Republic); a sharp reduction in the volume of imports of industrial and
social goods necessary for life as a result of the transition to other transport systems; a radical
reduction in the population living in the Northern and Arctic regions.

Also, natural and climatic factors have a significant impact on the location of industrial en-
terprises in the country. Regional features of enterprise location are one of the most important
conditions for ensuring production efficiency both at the level of individual enterprises (organiza-
tions) and at the level of the national economy as a whole. It determines the rate of turnover of
capital in social production, the value of production costs of goods and, ultimately, the prices of
products sold. The latter, associated with quality, is an important condition for the competitive-
ness of products in the global and national markets.

The climatic and natural conditions of the Russian Arctic region are more complex than in
any other industrial country in the world, which affects production efficiency if efficiency is deter-
mined by the cost/benefit criterion. Despite the fact that the principles of efficiency force us to
rationalize the location of production, since it occurs on the basis of competition, the struggle of
various private organizations for the most profitable territories from the point of view of organiz-
ing production/business.

We give an example of the negative impact of at least one of the natural and climatic condi-
tions by locating production in risky areas.

Average annual temperatures are the most important natural factor that determines produc-
tion costs. The severity of the climate is the most negative side of the physical and geographical
position of the regions of Russia under consideration. In addition to the fact that it is a business
risk factor, the temperature regime of the Artic zone causes increased costs of material and
financial resources to overcome it. Thus, we can conclude that the climatic conditions of the
Arctic have a huge impact on the cost of production.

As a result, in the territories of the Russian North in recent years there have been such
negative trends as excessive corporatization and depopulation, which directly reduces the moti-
vation for the development of entrepreneurship in the region.

The authors believe it is possible to overcome the identified problems through the creation
of a more favorable business and social climate in the region, including through state economic
and social policy for regional development, as well as through state support for the formation of
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innovative and digital infrastructure, taking into account the principles of sustainable develop-
ment. In this regard, it seems important to take advantage of the benefits of a circular economy,
which in the conditions of the Russian North can receive an additional incentive for development.
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Oco6GeHHOCTU TeppUTOPUANIbHOIO pa3melleHus 6usHeca B APKTUYECKOM permoHe
C.B. lNpnbaHosckas, HO.E. CemeHoBa, T.B. bukesnHa

@rbOY BO «Poccutickull 2ocydapcmeeHHbIlU 2udpoMemeoporio2udecKkull yHusepcumemy,
2. Cankm-lemepbype (Poccusi)

KnioueBble crnoBa u dpasbl: genonynauus; WHOyCTpuanusauusi; KoprnopaTtusauus;
coumarnbHO-3KOHOMMYECKMe, NOroAHO-KNMMaTn4eckme aktopblt.

AHHoTauusa. CtaTbsl npencraBnser cobor aHanUTUYeCKoe MccrnedoBaHMe 0coBeHHOCTeN
TeppuTopuanbHOro pasmMelleHns 6usHeca. O6bLEKTOM TEKyLero uccrnenoBaHusa sinaetca Ap-
KTuyeckasa 3o0Ha Poccunckon Penepaummn. Llenbto ctatbn siIBNSIETCS BbISIBIIEHWE CTEMNEHU BNu-
AHNSA (haKkTopoB, ONpenensarLmnx ocobeHHOCTN pa3MeLLeHnst Npon3BoacTBa. vnotesa uccne-
AOBaHNA 3akmnovaeTcs B NpeanorioXkeHMm, YTO0 OCHOBHBbIMWU NPENATCTBUMAMMN Ha NyTU pasBUTUS
npeanpuHUMaTenbCTBa B AAaHHOM PErMoHe ABMSITCS COUManbHO-3KOHOMUYECKNE U NPUPOLHO-
knumaTtmyeckne ycnosusa KpariHero CeBepa. B kayecTBe UCTOYHMKA MHGOPMaLUK ANS TekyLe-
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ro uccrnegoBaHUst UCMosb30Banuch canTbl BeAyLnx koMnaHuin-paboroaaTenei, ocyLwecTBhsio-
LMX AeATENbHOCTb Ha TeppuTopuUn ApPKTUKK, PEVTUHT XypHana «3kcnepT». OCHOBHble MeTofbl
nccnegoBaHusl B CTaTbe — aHanm3 Hay4yHon u BuaHec nuTepaTtypbl, CTaTUCTUYECKUX AaHHbIX. B
KayecTBe pesynbrata NPOBEeAEHHOro UCCRefoBaHWs aBTOpaMu BblAEnsieTcs psif MexaHW3MOoB
npeoaoneHns HebnaronpUATHLIX YCIIOBUIA U NPENATCTBUI K pa3MeLLEeHNIo U pa3BuTuio GrusHeca.

© S.V. Gribanovskaia, Yu.E. Semenova, T.V. Bikezina, 2024
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Oco6GeHHOCTH NpoaBUXKEeHUS
TYpUCTUYECKOro 6usHeca
B couManbHbIX ceTaX
Ha COBpPeMeHHOM 3Tane

E.K. Ckopomeu

@®rbOY BO «TuxookeaHcKul 20cy0apCmeeHHbIU yHUsepcumemy,
2. Xabaposck (Poccus)

KniouyeBble cnoBa u cpasbl: MHHOBALUUWN, MAPKETUHT,
coumarnbHble CETW; CTpaTervsi; Typuam; TYPUCTUYECKMIA MpO-
AYKT; UMdpOBON MAPKETUHT.

AHHoTauua. Typuctuyeckass oTpacrb 4BnsieTcs nep-
CMEKTMBHbIM HaMpaBfeHMEM COLMabHOrO-9KOHOMUYECKO-
ro passBuTUsa pervoHoB. LlndpoBasa TpaHcdhopmaums ume-
eT peliawollee 3HadeHve B ornpefeneHum MapKeTUHroBbIX
OPUEHTUPOB KOMMNAHUW. [JOCTUXKEHME KOHKYPEHTHOro npe-
MMyLlecTBa B COBPEMEHHOM Mupe TpebyeT Gonbluero, Yyem
MOLEPHM3ALMS CYLLECTBYIOLEN MapKETUHIOBON MNOMUTUKN.
Anga atoro Heo6xogMMO NOHWMaHWe TOro, YTO MpMpoda KOH-
KYPEHTHbIX NPEeMMyLLIECTB U3MEHMMNAch, U B pamkax obecne-
YEHUS KOHKYPEHTOCMOCOOHOCTU TYPUCTMYECKMX MPOLYKTOB
He4OCTaTOMHO MPUMEHEHUS LMAPOBbLIX MapPKETUHIOBbIX WH-
CTPYMeHTOB. AKTyanbHOCTb uccregoBaHus obycrnosneHa
HanNM4YMeM BaXHbIX TEHOEHUUN, KOTOpble CTUMYMUPYIOT U3-
MEHEHNs B TYPUCTUYECKOW AesaTenbHOCTU. [Ina AoCTuxXeHus
YCTONYMBLIX Pe3ynbraToB M NoAAepXaHWsa KOHKYPEHTOCMO-
CcobHOCTM noTpebytoTcst 6onee pasymHble U 3dEKTUBHBIE
MeToAbl MapKeTMHroBOW NONUTMKU. Takasa TpaHcdopmaums
NMOMOXET TYPUCTMYECKUM NPeanpuaTuaM nepentn K Hanbo-
nee apHeKTUBHLIM MAaPKETUHIOBLIM MHCTPYMEHTaM. Pe3ynb-
TaTbl UCCMNEAOBaHWSA: OMUPasiCb Ha uWccregoBaHWe TpaHc-
dopMUpYOLLNXCH KOMMaHWi, paspaboTaHa MapKeTUHroBas
cTpaTervsi, ¢ NOMOLLbIO KOTOPOM MOXHO M3MEHWUTb KaHanbl
Npo4aX M MNOBbICUTb YPOBEHb KOHKYPEHTOCMOCOOHOCTM B
3MOXy LMPOBbLIX TEXHOMOMMNA.

MpeanpusaTUS TYPUCTUYECKOW MHOYCTPUM, KOTOPbIE NPOABMUIaOT TYPUCTUYECKME YCIYTU, UC-
nonb3ysi UMPOBbLIE KaHamnbl B3auMOAENCTBUS, 06naaatoT BbICOKON CTEeMNeHb KOHKYPEHTOCMo-
cobHocTU. B pamkax ganbHeviero pa3sutus Heobxogumo paspaboTtatb Hanbornee apdekTunB-
Hble MapKEeTMHIOBbIE MHCTPYMEHTbI, KOTOPbIE COOTBETCTBYHOT KOHKYPEHTOCNOCOGHON CTpaTeruu.

KoMnaHusiM TypuCTUYECKON MHOYCTPUWM npeanaraeTcsi UCMofib30BaTbh KOMMMEKCHbIA MopT-
dhenb MapkeTUHrOBOW AesATENbHOCTU, KOTOPbIV BKIOYaeT B cebs umudpoBble dhopMaThbl B3auMo-
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AEeNCTBMA C KnueHtamu. MNMpumeHeHne undpoBbIX MAPKETUHIOBLIX MHCTPYMEHTOB OOYCMOBUIIO
fbonblwoe BnoxeHne (PUHAHCOBbLIX MHCTPYMEHTOB, HO GOMBLUMHCTBO KOMMAHUA HEe MOny4unm
KOHKYpPEHTHOro npevmyliecTsa. [pyumeHeHne umdpoBbIX MapKETUHIOBbLIX MHCTPYMEHTOB, Oyab
TO Hanuyme CroXHOro MexaHu3ma 3NEKTPOHHOW KOMMEPLUN UM UCNOMb30BaHNE MOLLHOTO na-
KeTa ynpasneHnsa B3aMMOOTHOLLEHUAMU ¢ knueHTamu (CRM), B cyLlecTBYOWNX peanusax aBns-
€TCH HedOCTaTOYHbIM YCIOBMEM OCYLLECTBEHUA MapKETUHIOBOW AeATenbHOCTU. HesaBncnmo
OT TOro, CKOMbKO LMMPPOBLIX MAapKETUHIOBbIX MHULMATMB KOMMAHUS peanuayeTt, oHa He MOXeT
paccynTbiBaTb Ha CO34aHNe peanbHOro AONrOCPOYHOIO KOHKYPEHTHOIO NpeMMyLLecTBa, ocTaBa-
ACb TAKOW Xe, KaK KOHKYpeHTbI [1].

MpumeHeHne undpoBbIX PopmMaToB B3aMMOLENCTBUS C KIMMEHTaMM NO3BONSET paclUMpUTb
KITMEHTCKUIM OMbIT M onNpedennTb KrodeBble NoTpebHocTn notpebutenen. [aHHbin cnocob B3a-
nmoaencTemsa opmMmpyeT HOBOe LMGPOBOE NPOCTPaHCTBO, KOTopoe obecneynBaeTcsa 3a cyet
HOBEWLLMX TEXHONOINN.

Vicnonb3oBaHUe MHCTPYMEHTOB LMAPOBOrO0 MapKeTUHra B coLMarnbHbIX CETAX MNO3BOMSET
yrny4LleHno npoLuecca B3anMogencTBms KOMNaHnM 1 KNMeHToB, NapTHepoB [6].

CoumaneHble ceTn npedcraensaoT cobor umdpoBon dopmaTt B3anMOLENCTBUS C KIIMEHTa-
MKW, onpeaensieT AOCTYNHOCTb M yaobCcTBO 0OweHus. KnmeHT MOXeT nonyyuntb Heobxoaumyto
MHOPMaLMI0O BHE 3aBUMCUMOCTM OT BPEMEHM CYTOK. LlMcppoBble TOYKM B3aMMOOENCTBUS OX-
BaTbIBAlOT BECb CMEKTP OOLEHUS C KMMEHTOM: OT CTafuu NPUHATUSA peLleHns O COTpyaHuYe-
CTBe A0 nocnerapaHTUNHOrO obcnyxmBaHms. 3TO NO3BONSAET pacMpuTb cepy AeATENbHOCTH
KOoMnaHum n cpopmmpoBatb Havboree NofnHoe 1 YeTkoe npeacTaBrieHne o ToBape unu ycny-
re. BHegpeHue ctpaTternn unMdpoBOro B3aUMOLEWCTBUS C KNMEHTaMu Mo3BOMNSET KOMMaHUSM
Bonee 4eTKo CTPYKTypupoBaTb MHOPMaLMIO O TOBapax unu ycnyrax. 9t1o obycnasnveaeT no-
BbILLUEHHYO KOHBEPCUIO CTPaHULbl B COUMAnbHbIX CETSX, YTO B KOHEYHOM UTOre MOSMOXUTENBHO
BMMSIET HA POCT NPUBLINBHOCTU U peHTabenbHOCTU KoMnaHun. PopMupoBaHne ctpatermm umd-
POBOro B3aMMOLENCTBUS B COLUMAribHbIX CETAX C KNUMEeHTaMK NO3BOSISIET CO34aTb KOHKYPEHTHOE
NpPenMyLLLECTBO Ha pbIHKe [4].

CoBpeMeHHble peanuu obycrnaenvealoT NpoBedeHUe aKTUBHOW MapKETUHIOBOW MOMUTUKM,
YTO NO3BONSIET Hanbonee aPHEKTMBHO 3asiBUTb O HOBOM TOBape UNu ycnyre.

MpogBwxeHne TYpUCTMYECKOro MpodykTa B coLMarbHbIX CETAX BKIOYaeT B ceba MHOXe-
CTBO MHCTPYMEHTOB U METOL0B, KOTOpPble MOMOratoT NOBbILWAThL Y3HaBaeMoCTb bpeHaa, npuene-
KaTb HOBbIX KITMEHTOB U YBENUYMBATb NPOAAXMW.

B HacTosiwee BpemMs OpMUPYIOTCA HOBbIE TEHAEHLMN UCMOMNb30BaHUS LUMPOBBLIX TEXHO-
norvn B 06nactv B3anMoaencTBus ¢ KNneHtamu. [laHHble TeHOeHUUN BKIoYatoT B cebsi cTpate-
rmyeckme n omHaHcoBble NpUopuUTeThI [3].

OTMeTMM HeKoTOopble N3 OAaHHbIX TEHAEHLNIA:

— HOBbl€ Y4aCTHUKWN pbiHKA LNPOBLIX TEXHOMNOMIN pa3pyLualoT oTpacnu, Npu4eM MHorve
M3 HMX Mofy4varoT OOMbLUYH LEHHOCTb U 3HA4YMTENbHO 6oree BbLICOKYH OLIEHKY COBCTBEHHOrO
KanuTana, 4em 4EenCTBYOLLME;

— HabwupaloT cuny cTpaTerMm, OCHOBaHHbIE HA 9KOCUCTEMAX;

— KOMMaHWW, TMPUBEPXKEHHbIE 3KOMOMMYECKUM, COLMANbHbIM KPUTEPUSIM U KPUTEPUSM
ynpaBneHus, Bce 6onbLue BblAENaoTCS,;

— TanaHT sBnseTca 60onbnMM NpuopuTeTOM, Yem Korga-nmbo B C-suite, nockonbky nuae-
pbl NbITAOTCA HapaLLMBaTb HYXXHble BO3MOXHOCTU ANsi CO34aHUSA LEHHOCTU [2].

MapkeTuHroBoe npoaBMKeHUe B COLManbHbIX CETSX NpeactaBnsier cobon nnaH OoCTuke-
HUS BM3Hec-Lenen KoMnaHMm C NOMOLLBbI0 MPUMEHEHUSA coumanbHbix ceter. CtpaTternyeckoe
OPUEHTMPOBaHME NO3BOMSET onpeaennTb Lienuv 1 3agayn NpucyTCTBMS B OOLLECTBEHHbIX Meana-
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NPOCTpPaHCTBaX, onpedeneHne BEKTOPOB Pa3BUTUSA KOMMaHWUW, a TakKe OCYLLECTBUTb MPOrHO3
noTteHumanbHoro adhdekra.

[na paspaboTkn adhdeKTUBHOM cTpaTermn B coumnarbHbIX CETAX HE0BX0aNMO:

— OnpefenuTb Tekyllee COCTosiHME koMnaHum (bpenga) B coumarnbHbIX CETSX: paccumTaTb
aKTMBHOCTb M YNCNEHHOCTb NOAMNUCYMKOB, OLlEHUTb KOMMEHTapUK;

— OMpenennTb OCHOBHbIX KOHKYPEHTOB M MPOBECTM aHanus;

— COCTaBWUTb KOHTEHT NoTpebuTenen;

— OMpenenuTb YHUKanbHOCTb TOProBOro NPEAnoXeHus:;

— ctopmupoBaTtb opmMaTt NpUCYTCTBUSA Ha nnatgopmax.

CyLiecTBylOT nnaTtHble M GecnnaTtHble UHCTPYMEHTbI MPOABWXKEHUSI B COLMASIbHbLIX CETHX:
peknamMHble 3anucu, 6aHHepsbl, NyonuKaumm, TapreTuHr, MndHoe obuleHne [5].

OpuvrMHanbHbI KOHTEHT NO3BONSIET BeCTU 3 dEKTUBHOE NPOABMKEHNE B IOOOM counarb-
HOM CeTU. Y Kaxgoun nroLwagkn eCTb CBOW HIAHChl U TEXHUYECKNE UHCTPYMEHTbI. PaccmoTpum
OCHOBHblE couparbHble CETU, KOTOpble Npnobpenn ocobyto akTyanbHOCTb.

TapreTnpoBaHHas peknama B Tenerpame siBNsieTca 3QEKTUBHLIM KaHANOM NPOABMXKEHUS.
PaccmoTprm 0CO6EHHOCTN ee MPUMEHEHNS:

— noabop KaHanoB C NOXOXeW LieneBov ayantopuen n YNCrioM NOANUCHYNKOB ANsi BbIHECE-
HUSA NpegnoXeHns obMeHMBaTbCs NOCTamu, TakuM 06pa3oM MOXHO MpuBrievb OONIOBEPOB U
pacnpocTpaHuTb MHdopMauuo o cebe cpeam HOBOW ayanTopuu;

— MpUW HanU4YUM OrNMpenerieHHOro KONMYEecTBa aKTMBHbIX MOAMMCYMKOB, KOTOPblE Nepuoau-
YeCKN 3axXOAsT Ha KaHan M OCTaBMsAT KOMMEHTapUKW, MOXHO UCMONb30BaTb CO34aHMe HOBOIMO
KPYTOro KOHTEHTa, KOTOPbIM MOXHO aKTUBHO AEMNUTLCS; PENOCT BaXXHOW W MOre3Hon MHgopma-
LM NO3BONSAET 06ecneunTb perynspHbIn NPUTOK HOBbIX MOMb30BaTENEN;

— TMOCKOMbKY MOMCK NO KaHanam BHYTPU CETM 3aTpydHEeH, TO MOorib3oBaTenu UCNonb3yloT
noabopKy KaHamnoB 4Yepes Katarorun, Y4To 3HaA4YMTENIbHO YMpOoLaeT NMoUCK B COOTBETCTBUU C 3a-
[JaHHO TeMaTUKOW;

— pasMelleHne MHdopMauMM B couuanbHOM ceTn nocpeacteam 6roros, nabnmkos; pac-
npegenexHne MHopMaumm onpegeneHo Ha OCHOBE OAHOW TeMaTuKu: KynbTypa, obpasoBaHue,
NCKYCCTBO, MOXHO [JOrOBOPUTLCS NONACTb B Y)Xe onybrnvkoBaHHbIe NOAGOPKM, @ MOXHO cO3aaThb
cBoMr 0030p; Takke B Tenerpame ucnonb3ytoTcs 60Tbl, KOTOPbIE MOTYT MPUMHMMATL 3asiBKK OT
Xenawwmx nonacTtb B 0630pbl;

— HanucaHue nHdopMauun ang apyrmx rematndeckmx énoroe n CMW, ynommnHaHune cBoe-
ro KaHarna B TekcTe cTaTtby [6].

Mpogaxa TypUCTUYECKNX YCryr HanpsMyto CBsi3aHa C NCUXONOrMYyeckMM acrnekToM B3anmo-
OEencTBusl, NO3TOMy 0co60e MEecTO 3aHMMaeT Budyanumsaumsa npogykrta. B gaHHOM koHTekcTe
HeobxoQMMO aKkTyanuaMpoBaTb BUAEOMAPKETUHT. [aHHbIN MHCTPYMEHT npegnonaraet opueHTa-
LM Ha BbICOKOE KayeCTBO KOHTEHTA, YTO MO3BOMSIET NMOBLICUTb YPOBEHL pPearnbHbIX KITMEHTOB
KomnaHuu. Takke Heobxo4MMO OCYLUECTBASATbL Nepuogndeckoe HarmofiHEHWE KOHTEHTa U pas-
HOOGpa3uTb ero. Hanpumep, MOXXHO BbIKNaAblBaTb BUAEO HE TOMbKO MPO TYPUCTUYECKME MpPO-
OYKTbl, HO TaKKe 3KCNepTHbIE€ COBEThLI MO BbIOOPY HaMpaBreHMs TYPUCTUYECKUX MYTELLIECTBUMN,
TpaHcdepa, oTtens.

Takke HeobxooMMO MCMNOMNb30BaTb WUHCTPYMEHTbI MHAQITHOEHC-MAPKETUHIA, MOCKOSbKY CO-
TpyaHn4yecTBo ¢ Griorepamyv MnNn mMegurMHbIMU FIMYHOCTSIMU MO3BOMSIET PacCLUMPUTL LEneByto
ayauUTOPMIO 1 NOBLICUTL BOPOHKY MpoAax.

PaccmoTpum, Kak MOXHO KOCBEHHO OMPEeAEnuTb MCUXOMOrMYECKMe XapakTeEPUCTUKM C MOo-
MOLLIbIO LmdpoBoro koga. Ha undpoBon cnen okasblBaloT BIIMSIHWME BCE criedbl, OCTaBnsieMble B
CETU exeaHeBHO. Yem genatcsa nonb3oBaTenn B coumanbHbIX CETSX, dannbl, OTCreXmBaoLmne
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Puc. 1. [lonsa nognucynkoB B coumanbHbIX CETAX

Be6-CanTbl, KOTOpPbIE MOCELLAOT NOMb30BATENM, YTO HAaNMCaHO B MECCEHOXKepPaXx, YTO MOKynaroT
KpeauTkomn, 4yto cnywatot B BK. Bce cnegbl B COBOKYNHOCTM MHOIMOE pacckasbiBaloT O MpuUBbIY-
Kax, MpeanoyTeHNsIX, NOTPEBHOCTAX, O TOM, KEM ABMSIETCA NOTpebuTenb Kak NMMYHOCTb.

Heobxoanmo onpegenntb, YTO MOXHO y3HaTb O MCUMXOMOrMWU NoAen, rmaga Ha a3ty uud-
poBble crneabl. MoxHO 6paTb MHMOPMaLNIO NpakTUYECKU M3 Nboro TMna UnMdpPoBoro creaa.
30ecb MOXHO yBMOETb CroBa M3 NMOCTOB B COLMAribHbIX CETAX, KOTOPbIE YKa3blBalOT Ha 9JKC-
TpaBepTHbIA TUM NIMYHOCTW, TEHOAEHUMIO K OOLWUTENBHOCTN. MOXHO BUOETH 3KCTPABEPTOB: OHU
rOBOPSAT O BEYEPUHKaX, BbIXOAHbIX, AEBYLLKAX, BOMHyHOLWEM, 060 BCEX pa3BnevYeHnsx ¢ py3bs-
Mu. Ecnn cpaBHUTL CO cnoBamu, KOTOPblE TECHO CBSI3bIBAOT C UHTPOBEPTHOM MNYHOCTbLIO, TO
TeHaeHums 3necb — ObiTh Gonee coepXxaHHbIM U TUXKM, T.€. KapTMHAa BbIMMSANT COBCEM MHAYe.
OHWM roBOpSAT O CETU, aHUME, MaHre, KOMMNbOTEPE N 000 BCEM TOM, YTO OObLIYHO AENakT B oau-
HOYKY [7].

Cnegyroowmii TMn — 3TO CroBa, TECHO CBSA3aHHblE C MPUATHBIM XapaKTepoM, T.e. CKIOHHO-
CTbto K 3aboTe n goseputo. MNpuATHble nNoam roBopAT o Gnarogatu, GnarogapHocTu, yyge. B
crnoBax Hekoe Tennoe ceeyeHue. NpeaynpexaeHve: cnoBa, XxapakTepHble AN HEMPUATHBIX Mto-
OeNn, KPpUTUYHBLIX U 3aBUAYIOLWNX, BbIMMSAAT COBCEM MHade. To e genaetcda U Ans CcTpaHul,
KoTopble ntogsam HpaeaTca. O4eBMAHO, YTO KapTMHA MHTYUTMBHA. CBS3b Mexay LMgpoBbIMK
crnegaMuy n MX NCUXONOrMen LWMPOKO UCNONb3yeTcs Ans TapreTMpoBaHHOW peknambl. Beab co-
LuManbHble CETM NO3BOSSAIOT TAPreTUHI He TONbKO MO couManbHbIM AaHHbIM, TAaKUM Kak BO3pacT,
nos, MeCTOMOSI0XEHNE, HO U HA OCHOBE MHTEPECOB.

MHTepecbl CBsI3aHbl C NMCUXONOrMYECKUMN OCOBEHHOCTSIMU, U CoLMarnbHble CETU AENST Ito-
OeV NN aygutopun ¢ pasnmyHbiM NCUXONOrM4YeckuM npodunem. 3To NOABOAUT HAC KO BTOPOMY
BOMPOCY: MOXEM I Mbl BNUATb Ha NoBeAeHUE Ntoaen, OPUEHTUPYACH HA UX NMCUXONOTMYECKUIA
npocunb?

B KOHTEKCTe gaHHOro nccnegoBaHust Obin NPOBeAEH aHanM3 coumnarnbHbIX CETEN TypUcTUYe-
CKMX KOMMaHWN.

MpuBeaeHHblE faHHble CBUAOETENbLCTBYHOT O TOM, YTO Hambonee BocTpebOBaHHLIMU COLM-
anbHbiMu ceTamn aenstoTca KOTy6 n BKoHTakTe. B KOHTEKCTE NpOABMXKEHUSI TYPUCTUYECKOTO
npoadyKkTa B coumanbHbIX CETAX NpeacTaBnsieT cobon undgpoByo nnatgopmy No3MUMOHMPOBa-
HUSA GpeHaOoB U NPUBMEYEHNE NOTEHUMANbHBLIX KIMEHTOB, a Takke ABMAsieTCa METOA0M LndpoBo-
ro B3aMMOOENCTBUSA C LeNeBon aygutopuen.

CoumanbHble ceTu npeacTaBnaoT cobon Lenesoe A4eNCTBUE JoBepus K BpeHay, pocT y3Ha-
BaeMOCTU TypuCTU4eCcknx pmpm n cdopmmpoBaHue kaHana npogax. CoumanbHble cetn ABns-
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'

= BkoHTakTe = OgHoknaccHukm = KOTy6 Tenerpamm  * Tuk Tok

Puc. 2. KonuyecTtBo peakuum

«

" BkoHTakte * OgHoknaccHukn = KOTy6 Tenerpamm  ® Tuk Tok

Puc. 3. YpoBeHb BOBNEYEHHOCTH

IOTCH MHCTPYMEHTOM MPOABWXKEHUSI KOMMNAHUM B UHTEPHET cpefe B KadyecTBe OOMNOMHUTENbHON
BOPOHKM MpoAax.

Ha cnepytowem atane 6bin NnpoBedeH aHanu3 peakuuin nonb3oBatenen (Nnanku, penocTbl,
KOMMeHTapum, NpoCMOTPbI U roroca).

HaHHble puc. 2 cBnaeTenbCcTBYHOT, 4TO Ha KOTY6 npuxoantes 37 % peakumi nonb3oBaTenemu,
BkoHTakTe — 25 % peakuun, Tuk Tok — 19 % peakuun. Ayantopusa BkoHTakTe Beget cebs bonee
aKTUBHO U OCTaBrsieT KOMMEHTapUM.

YHuBepcanbHble MEeToAbl B3aMMOAENCTBUA C ayantTopmen noabupatoTcs B COOTBETCTBUN C
npoBeAeHHbIM CErMEHTHbIM aHanM3oM U AOCTYNHbIMU (PUHAHCOBLIMW CpeacTBaMu NPOABMKE-
HUA TYpPUCTMYECKON KOMMNaHun B ceTn. Moaenb No3vUMOHUPOBaHUS KOMMAHUM B coLManbHbIX
CeTAX JOSMKHa COOTBETCTBOBATb KOMMYHUKaLWMOHHOW NONUTUKM 6peHaa.

[anee paccMoTpuM ypOBeHb BOBIEYEHHOCTU Nonb3oBaTtenen (puc. 3).

MpuBeneHHbIE AaHHbIE CBUOETENLCTBYOT O TOM, YTO Hanbonee ahPEKTUBHON COLMaANbHON
CETbI0 ANd NPUBMEYEHNs LeNneBoro KOHTeHTa aBndeTcs nnowaaka KoTy6, BkoHTakTe u Tuk Tok.

MpoaBuXkeHne TYpUCTUYECKOM KOMMaHUKW B couMaribHbIX CETAX CO30aeT HacCTOosLY B3au-
MOCBSI3aHHYIO0 CUCTEMY, KOTOpasa caenaeT KOMNaHW KOHKYPEHTOCNOCOOHON ANs peLleHns Map-
KETUHIoBbIX 3aZlay No Mepe TOro, Kak NpoaorkaeTca passute LUdPOBbIX TEXHONOMNA.

Taknum obpasom, NpoABMKEHNE TYPUCTUYECKON KOMMAHMM B coumanbHbIX ceTax obecneyun-
BaeT y3HABaeMOCTb TYPUCTUYECKMX MapLUPYTOB, MOBbLILAET NPECTMX KOMNaHun u popmupyet
npeacraBneHnst notpeburtenen o TypuUCTUYECKNX NPoayKTax.
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Features of the Promotion of the Tourism Business in Social Networks
at the Present Stage

E.K. Skoromets
Pacific State University, Khabarovsk (Russia)

Key words and phrases: social networks; marketing; digital marketing; strategy; tourism;
tourism product; innovation; strategy.

Abstract. The tourism industry is a promising area of social and economic development
of the regions. Digital transformation is crucial in determining the marketing guidelines of
companies. Achieving a competitive advantage in the modern world requires more than
modernizing the existing marketing policy. To do this, it is necessary to understand that the
nature of competitive advantages has changed, and the use of digital marketing tools is not
enough to ensure the competitiveness of tourism products. The relevance of the study is due to
the presence of important trends that stimulate changes in tourism activities. In order to achieve
sustainable results and maintain competitiveness, more reasonable and effective marketing
policy methods will be required. Such a transformation will help tourism enterprises move to the
most effective marketing tools. Research results: based on the study of transforming companies,
a marketing strategy has been developed with the help of which it is possible to change sales
channels and increase competitiveness in the digital age.
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