ISSN 1997-9347

Components of Scientific
and Technological Progress

SCIENTIFIC AND PRACTICAL JOURNAL

No 3(81) 2023

Paphos, Cyprus, 2022



Ne 3(81) 2023

Journal “Components
of Scientific and Technological
Progress”
is published 12 times a year

Founder
Development Fund for Science
and Culture
Scientific news of Cyprus LTD

The journal “Components of Scientific
and Technological Progress” is included
in the list of HAC leading peer-reviewed

scientific journals and publications
in which the main scientific results
of the dissertation for the degree
of doctor and candidate of sciences
should be published

Chief editor
Vyacheslav Tyutyunnik

Page planner:
Marina Karina

Copy editor:
Natalia Gunina

Director of public relations:
Ellada Karakasidou

Postal address:
1. In Cyprus:
8046 Atalanta court, 302
Papthos, Cyprus
2. In Russia:
13 Shpalernaya St,
St. Petersburg, Russia

Contact phone:
(+357)99-740-463
8(915)678-88-44

E-mail:
tmbprint@mail.ru

Subscription index of Agency
““Rospechat” No 70728
for periodicals.

Information about published
articles is regularly provided to
Russian Science Citation Index

(Contract No 124-04/2011R).

Website:
http://moofrnk.com/

Editorial opinion may be different
from the views of the authors.
Please, request the editors’
permission to reproduce
the content published in the journal.

ADVISORY COUNCIL

Tyutyunnik Vyacheslav Mikhailovich — Doctor of Technical
Sciences, Candidate of Chemical Sciences, Professor, Director of
Tambov branch of Moscow State University of Culture and Arts,
President of the International Information Center for Nobel Prize,
Academy of Natural Sciences, tel.: 8(4752)504600,

E-mail: vmt@tmb.ru, Tambov (Russia)

Bednarzhevsky Sergey Stanislavovich — Doctor of Technical
Sciences, Professor, Head of Department of Safety, Surgut State
University, laureate of State Prize in Science and Technology,
Academy of Natural Sciences and the International Energy Academy,
tel.: 8(3462)762812, E-mail: sbed@mail.ru, Russia

Voronkova Olga Vasilyevna — Doctor of Economics, Professor,
Academy of the Academy of Natural Sciences, tel.: 8(981)9720993,
E-mail: voronkova@tambov-konfcentr.ru, St. Petersburg (Russia)

Omar Larouk — PhD, Associate Professor, National School
of Information Science and Libraries University of Lyon,
tel.: +0472444374, E-mail: omar.larouk@enssib.fr, Lyon (France)

Wu Songjie — PhD in Economics, Shandong Normal University,
tel.: +86(130)21696101; E-mail: gdwucong@hotmail.com,
Shandong (China)

Du Kun - PhD in Economics, Associate Professor, Department of
Management and Agriculture, Institute of Cooperation of Qingdao
Agrarian University, tel.: 8(960)6671587,

E-mail: tambovdu@hotmail.com, Qingdao (China)

Andreas Kyriakos Georgiou — Lecturer in Accounting, Department of
Business, Accounting & Finance, Frederick University,

tel.: (00357) 99459477 E-mail: bus.akg@frederick.ac.cy, Limassol
(Cyprus)

Petia Tanova — Associate Professor in Economics, Vice-Dean of
School of Business and Law, Frederick University,

tel.: (00357)96490221, E-mail: ptanova@gmail.com, Limassol
(Cyprus)

Sanjay Yadav — Doctor of Philology, Doctor of Political Sciences,
Head of Department of English, Chairman St. Palus College Science,
tel.: 8(964)1304135, Patna, Bihar (India)

Levanova Elena Alexandrovna — Doctor of Education, Professor,
Department of Social Pedagogy and Psychology, Dean of the Faculty
of retraining for Applied Psychology, Dean of the Faculty of Pedagogy




Components of Scientific and Technological Progress

and Psychology of the Moscow Social and Pedagogical Institute; tel.: 8(495)6074186, 8(495)6074513;
E-mail: dekanmospi@mail.ru, Moscow (Russia)

Petrenko Sergey Vladimirovich — Doctor of Technical Sciences, Professor, Head of Department
of Mathematical Methods in Economics, Lipetsk State Pedagogical University, tel.: 8(4742)328436,
8(4742)221983, E-mail: viola@lipetsk.ru, viola349650@yandex.ru, Lipetsk (Russia)

Tarando Elena Evgenievna — Doctor of Economics, Professor of the Department of Economic Sociology,
St. Petersburg State University, tel.: 8(812)2749706, E-mail: elena.tarando@mail.ru,
St. Petersburg (Russia)

Veress Jozsef — PhD, Researcher in Information Systems Department, Business School of Corvinus
University, tel.: 36 303206350, 36 1 482 742; E-mail: jozsef.veress@uni-corvinus.hu, Budapest (Hungary)

Kochetkova Alexandra Igorevna — Doctor of Philosophy and Cultural Studies (degree in organizational
development and organizational behavior), PhD, Professor, Department of General and Strategic
Management Institute of Business Administration of the Russian Academy of National Economy and
Public Administration under the President of the Russian Federation, E-mail: dak6966@gmail.com,
Moscow (Russia)

Bolshakov Sergey Nikolaevich — Doctor of Political Sciences, Doctor of Economics, Vice-Rector for
Academic Affairs, Professor, Syktyvkar State University named after Pitirim Sorokin, tel.: 8(921)6334832,
E-mail: snbolshakov@mail.ru, Syktyvkar (Russia)

Goclowska-Bolek Joanna — Center for Political Analysis, University of Warsaw, tel. 48691445777,
E-mail: j.goclowska-bolek@uw.edu.pl, Warsaw (Poland)

Karakasidou Ellada — A&G, Kotanides LTD, Logistic, tel.: +99346270,
E-mail: espavoellada9@gmail.com, Paphos (Cyprus)

Artyukh Angelika Alexandrovna — Doctor of Art History, Professor of the Department of Dramatic and
Cinema Studies, St. Petersburg State University of Cinema and Television; tel.: +7(911)9250031;
E-mail: s-melnikova@list.ru, St. Petersburg (Russia)

Melnikova Svetlana Ivanovna — Doctor of Art History, Professor, Head of the Department of Dramatic
Art and Cinema Studies at the Screen Arts Institute of St. Petersburg State University of Cinema and
Television; tel.: +7(911)9250031; E-mail: s-melnikova@list.ru, St. Petersburg (Russia)

Marijan Cingula — Tenured Professor, University of Zagreb, Faculty of Economics and Business,
tel.: +385(95)1998925, E-mail: mcingula@efzg.hr, Zagreb (Croatia)

Pukharenko Yury Vladimirovich — Doctor of Technical Sciences, Professor, Head of the Department of
Building Materials Technology and Metrology at St. Petersburg State University of Architecture and Civil
Engineering, Corresponding Member of the Russian Academy of Architecture and Construction Sciences;
tel.: +7(921)3245908; E-mail: tsik@spbgasu.ru, St. Petersburg (Russia)

Przygoda Miroslaw — Dr. hab., Head of Institute of Economic Analysis and Planning, Department of
Management, University of Warsaw, tel.: 225534167, E-mail: miroslawprzygoda@wp.pl, Warsaw (Poland)

Recker Nicholas — PhD, Associate Professor, Metropolitan State University of Denver, tel.: 3035563167,
E-mail: nrecker@msudenver.edu, Denver (USA)




Components of Scientific and Technological Progress

CopgeprkaHue
ApxumeKkmypa u cmpoumesnbcmeo

BaxuH M. CoBpemMeHHble MeTobl OrHe3amnTbl METaNNYECKUX KOHCTPYKLUUA .............. 6
Dekhterev D.S. Methods of Non-Destructive Assessment of Concrete Strength when
Surveying the Technical Condition of Monolithic Buildings ............ceeveiiiiiiiiiiiiiiieieeeeeeeeeee, 12
Eaucee O.C., [py3bsaHoBa B.Il. Ctabunuaupytowas gobaska LedbeHOYHO-MaCTUYHOro
actansrobeToHa 13 NepepabOTAHHOIO CBUHOMO HABO3@ .......ccceeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnns 17
3yb6apeB K.Il. MatemaTtuyeckoe MoaenvpoBaHME MNepeHoca napoobpas3Hon Bnarv MnoA
AeCcTBMEM Pa3HOCTU NapumanbHOro AasneHns BOAAHOIo napa B CTEHOBbIX OrpakaaroLLmx
KOHCTPYKLMSIX BIAHU «....eneeaeeeeesee s sse s s s s s s e s s e e e s e mseeeeeeeemnneens 26
MepaHun LWoan6 daktopbl opMMpOBaHMS YCTOMYMBOW Cpedbl B YCIOBUSIX ApPKOro
L0 = = PR 32
Sbrodov D.V.,, Ivanov N.A. Software Support for Information Modeling in Russian
Construction During the Sanctions PEeriod ................uuuiiuiiiiiiiiiiiiiiiiiiiieiiieeeeeeeeeeveeeeeeeeeeeees. 37
CmupHoB A.A. CoumnanbHble hakTopbl NPy NPOEKTUPOBAHUN XUSTbIX AOMOB................. 43
®dupcos C.U. MeToabl 1 NpueMbl BblAeNeHNs rpaHuL, obLLIEFOPOACKOro LeHTpa McTopuye-

ckoro ropoga (Ha npumMepe ropoda BOPOHENKA) .....cccoeeeiieiiieiiiiie e 49
SKoHOoMuYecKue HayKu

Andrianov LK., Chepurnova E.K. Maximizing Profits from Sales of Independent Goods or
Services in Conditions of Elastic Demand under Nonlinear Constraints................ccce..... 56
Maraesa M.B. Llenn wkonbHOro nHnynatneHoro 6iogketnposanms B Poccun ... 61
FanamoBa 3.®. TpaHcdopmaums rnobanbHOr0 pbiHKa CXMKEHHOrO NPUPOAHOrO rasa.. 66
3anueBa WU.B., lNynan T.A., 3axapoB B.B., 3axapoBa H.U. TeopeTuko-urpoeasi Mmogenb
BBIAAUN KITNEHTY KPEIMT .eueiieiueieeetieeateeesneeeesueeesnseeeanseeesnseesansesssnsesasssesssnsessassessssesssnees 71
HazapoBa A.K., MeaBepeB C.O., 3bipsHoB M.A. OTgenbHble BO3MOXHOCTU TEXHO-

NOTNYECKOro PasBUTUSI NECOMNPOMBbILLNEHHbIX NPeanpuaTUd B cdepe LUPOBbIX TEXHO-




Components of Scientific and Technological Progress

Contents

Architecture and Construction

Bazhin G.M. Modern Methods of Fire Protection for Metallic Structures................cc........ 6
DextepeB [.C. MeTtoabl HepaspyLLaloLWen OLEHKM NPOYHOCTMN BeToHa npu obcrnegoBaHum
TEXHUYECKOTO COCTOSAHUSA MOHOSMUTHBIX SO@HMM ...eeeieiieeeiiiiiiiiieeee e e e e e eieieeeee e e e e e e einnneeeee s 12
Ediseev 0.S., Druzyanova V.P. Stabilizing Additive of Crushed Stone and Mastic Asphalt
Concrete from Processed Pig ManuUIe ............ooooiiiiiiiiii e 17
Zubarev K.P. Mathematical Modeling of the Transfer of Vaporous Moisture under the
Influence of the Difference in the Partial Pressure of Water Vapor in the Wall Enclosing
SHrUCLUIrES Of BUIIAINGS ... ..ueiii e e bbb e ss s b e e e e e eeeeeeeeeeees 26
Medani Choayb Factors for the Formation of a Stable Environment Under a Hot
L0100 F= | (= PP PPP PP 32
C6popos [1.B., UBaHoB H.A. lNporpammHas nogaepxka UHPOPMAaLMOHHOIO MOLENUPO-
BaHNS B POCCUICKOM CTPOUTENBLCTBE B CAHKLUMOHHDBIA MEPUOL....uruuneeeeeeeeeeriiniaaeeeeeaeenannns 37
Smirnov A.A. Social Factors in Design Residential Buildings ...........ccccccooviiiiiiiiineennnnns 43
Firsov S.I. Methods and Techniques for Detecting the Borders of the City Center of

a Historical City (On the Example of the Voronezh City)........cccooocuiiiiiiiiiiiiiiiiiiieeeee 49

Economic Sciences

AnpgpnaHoB U.K., YenypHoBa E.K. Makcummnsaumnsa npmbbinn oT npogax He3aBUCKMMBbIX
TOBAPOB WKW YCMYr B YCMOBUAX 3MAaCTUYHOMO CpOoca NpW HENMHEWHbIX OrpaHUYeHusX.. 56
Gagaeva M.V. Goals of School Initiative Budgeting in RusSia..............cevvevieeivieiieieeeennen. 61
Galyamova E.F. Transformation of the Global Liquefied Natural Gas Market................. 66
Zaitseva l.V., Gulay T.A., Zakharov V.V., Zakharova N.l. Game-Theoretic Model of Issuing
A Loan to @ ClieNt ... 71
Nazarova A.K., Medvedev S.0., Zyryanov M.A. Some Opportunities for Technological

Development of Timber Enterprises in the Field of Digital Technologies ......................... 76




Components of Scientific and Technological Progress

YOK 69

COBpeMeHHbIe MeToAbl OrHe3alWunThbl
MeTannMn4yecKux KOHCTpYKLIMl)'I

M. BaxwuH

@IrbOY BO «HauyuoHarnbHbIlU uccrnedosamerbCcKul
Mockoeckull 2ocydapcmeeHHbIl cmpoumesibHbIl
yHuUeepcumemy, e. Mockea (Poccusi)

KnioueBble cnoBa u dpasbl: abnsaTuBHbIE MOKPbLITUS;
WHTYMECLEHTHbIE MOKPbITUSA; OrHesalimMTa; OrHe3alluTHble
COCTaBbl.

AHHOTaums. Llenb nccnegoBaHus — onpenesiute OCHOB-
Hble TUNbl NPUMEHSAEMbIX PeLUeHU ANs OrHe3alwuTbl cTalb-
HbIX KOHCTPYKUMIA. B cTaTbe paccmaTpuBaloTCs pasfivyHble
BUAObl OTrHE3alMTbl, UCNONb3yemMble AN 3aWuTbl MeTannu-
YeCKMUX KOHCTPYKUMA OT noxapos. MogpobHo onucbiBatoTCS
OCHOBHble BUWAbl OrHE3alWMTbl, Takne Kak UHTYMEeCLEHTHble
MOKPLITUS!, MOKPbITUA HA OCHOBE LEeMEeHTa, abnsiTMBHbIE MO-
KpbITUS 1 MUHEpParbHble BOMOKHA, a Takke NpUBOAATCA Npu-
Mepbl X NPUMEHEHMS.

B kadecTBe MeTogonoruu npegnaraeTcs MCMNonb3oBaTb
CTpouTenbHble HOpMbI M MpaBufa, a Takke obpaliaetcs
BHMMaHMEe Ha cTporve TpebGoBaHWSA MO OrHesaluTe meTtarn-
NNYECKNX KOHCTPYKUMIA, cyllecTBytowme B Poccun, n Ha He-
00X0AMMOCTb MPaBUIIbHOMO BbIOOpa OrHEe3aLWMThl B COOTBET-
CTBUKN C TpeboBaHNAMU NPOEKTA.

B pesynbrate uccnenoBaHWs OMUCLIBAOTCA OCHOBHbIE
NPUHLMMNBI NPOEKTUPOBAHUS METANNIMYECKUX KOHCTPYKUMIA C
y4yeToM UX NOBEeAEHMUs B Cnyyae noxapa, 4tobbl npegoTepa-
TUTb OOpyLLUEHNe 3a0aHWIA 1 CNACTU KU3HW NOAEN.

OrHeszalumMTa MeTannImM4yeckmx KOHCTPYKUMI SBMSIETCS BaXKHbIM acrneKTOM MPOEKTUPOBaHMS
N CTpOUTENbCTBA 3[4aHMIN BO BCceM Mupe. MeTannuyeckne KOHCTPYKLMW, Kak npaBuio, MMetT
BbICOKYH MPOYHOCTb U CTOMKOCTb K AedopmaLin, oaHaKO OHU MOryT ObICTPO pacnpoCTpaHaTb
OrOHb, €CNM He 3allMLIEHbl COOTBETCTBYIOLIMM 06pa3oM. [nsa 3aluTbl MeTanfnyeckux KOH-
CTPYKUMIA OT OTHSI CYLLLECTBYET HECKOSIbKO BUAOB OrHE3aLUUThI.

3awumHsbie nokpbimusi Ha ocHose uemeHma. MNMoKpbITUSi HA OCHOBE LieMEeHTa SIBMSIHOTCS Of-
HMM M3 Hauboree pacrnpoCTpaHEHHbIX BUAOB OrHe3alUMTbl MeTanMYecknx KOHCTPyKUMit. OHM
MOryT ObITb HAHECEHbl Ha MeTansM4Yeckyto KOHCTPYKLMIO B BUAE NeHbl v wnaknesku. Mocne
3aTBepAeBaHns MOKpbITUE 0bpa3yeT TBepAyl NMOBEPXHOCTb, KOTOpasi NpeaoTBpaLlaeT NPOHUK-
HOBEHWEe OrHs 1 3aJepPXX1BaeT ero pacnpocTpaHeHue (puc. 1).

MprMepamMmn UCrNosrb30BaHNS NMOKPbITUIA HA OCHOBE LieMeHTa MOTYT CINY>XWUTb 3[aHUs C BbICO-
KON CTENeHbl OTHECTOMKOCTYU, TakMe Kak asponopThbl, TYHHENW U rapaxu.

6 ARCHITECTURE AND CONSTRUCTION
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Puc. 1. OrHesalwuTHOE NOKpbITUE Ha Puc. 2. OrHe3awmtHoe
OCHOBE LeMeHTa WHTYMECLIEHTHOE NOKPbITUE

Puc. 3. AbnateHoe nokpbiTne mocta Golden Gate B Can-®paHuucko, CLUA

UMHmymecueHmHbIe MoKpbIMUsi pearupyroT Ha BbICOKYl0 TemnepaTypy M paclumpsitoTcs, 06-
pasysi YTOMLWEHHYIO MeHy, KoTopasi NpeaoTBpalLaeT NPOHWKHOBEHME OrHS BHYTPb MeTannunye-
CKOM KOHCTPYKUMMW. OTOT BUA OrHe3almThbl SABNSeTcs Haubonee aeKTUBHBIM U MOXET obe-
crneymBaTb OMHECTOMKOCTb A0 ABYX 4YacoB (puc. 2). Yalle BCEro MHTYMECLIEHTHbIE MOKPbITUS
NPUMEHSIOT B 34aHUAX, rae HeobxoaMmo 06ecneynTb BbICOKYHO CTEMeHb OrHECTOMKOCTU, Takue
Kak 6onbHULbI, WKOMbI U OpUCHbIe 3aaHUs. VIHTYMECLEHTHbIE NMOKPbLITUS MOTYT Takke UCMOofb-
30BaTbCA A1 3alUMTbl MEeTannMYeckux KOHCTPYKUMUIA B SKCTpeMarbHbIX YCNOBUSIX, Hanpumep,
Ha HedTSHbIX U ra3oBbIX CKBaXKMHaX, TPyOONpoBoAax 1 anekTpoCTaHUMAX.

AbrisimugHble MoKpbIMusi COCTOSIT U3 MaTepuarnos, KOTOpPbIE NPV BO3OENCTBMUN OrHS paclie-
NASTCA U UCnapsTcs, 06pasys 3alUTHBIA CINOKW, KOTOPbI NpedoTBpallaeT NpPOHWKHOBEHUE
OrHS BHYTPb METanNM4Yeckon KOHCTPYKLMW. DTOT BUA OrHe3aluTbl OObIMHO NPUMEHSIETC Ans
3aWMUTbl METANNMYECKUX KOHCTPYKLMIA, HAXOASALWMXCS B Cpefie C BbICOKMM COAepaHuem Bharw,
Hanpumep, Ha PNOTMPYOLLMX OGbEKTaX UMM MOCTaXx, KOTOpble HaxoasTCs Hag BOAOM.

ARCHITECTURE AND CONSTRUCTION 7
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Puc. 4. nOKprTI/Ie XKXNOKUM OrHe3aluTHbIM COCTaBOM MeTarnim4yeckmnx KOHCprKLLI/II7I

MpumepoM ncnonb3oBaHUA abnATUBHBIX MOKPLITUA B MUPE MOXET CnyxuTb MocT Golden
Gate B CaH-®PpaHumcko, CLUA. MocT 6bin 3almileH abnaTUBHbLIMW MOKPLITUAMKU MOCIE TOro,
Kak OblST BbICTABMNEH Ha Topri Ha npogaxy B 1930-x rr. (puc. 3).

MuHeparibHble 80510KHa MOTYT UCMOMNb30BaTbCS B KaYecTBe yTennuTens u ansa 3awuTbl Me-
TannnM4yecKknx KOHCTPYKUUN oT orHs. OHM MOryT npegoTBpaTuUTb pacrnpoCcTpaHeHne OrHs, cosga-
Bas Gapbep Mexay MeTanIM4yeckon KOHCTPYKUMEN N UCTOYHUKOM OFHS1.

Mpumepamn MCnonb3oBaHMA MUHEPArbHbIX BOSIOKOH MOTYT CNYXWTb 30aHUA ¢ TpeboBaHu-
SIMU K BbICOKOW CTEMEHN OFHECTOMKOCTW, Takne Kak cknagpl, abpukm 1 NpombILNEHHbIE 00b-
eKThbl.

XKudkue nokpbimusi (puc. 4) ABMAIOTCA OTHOCUTENBbHO HOBbLIM BUAOM OrHe3alnUTbl MeTann-
YECKUX KOHCTPYKUMIA. DTN MOKPbITUS HAHOCATCSA Ha MeTanfIM4ecKyro KOHCTPYKLMIO B BUAE XKna-
KOCTW, KOTOpasi 3aTBepaeBaeT 1 obpasyeT 3awuTHbIN Cron. Kuakme nokpbITUS UMEKOT BbICOKYHO
NPOYHOCTb M MOryT obecnevnBaTb OrHECTOMKOCTb 4O ABYX YaCOB.

Mprmepamn NCNONb30BaHUA XUOKUX MOKPLITUA MOFYT CRYXWUTb 34aHWUs C BbICOKOM cTere-
Hb0 OrHECTOWKOCTU, Takme Kak TOproBble LEHTPbI, TOCTUHULbI U XUible 30aHUS.

KombuHuUpogaHHbIe MOKpbIMuUs NPeacTaBnstoT cobon kombuHauuo asyx unm 6onee BMAOB
OrHe3alNTHbIX MaTepuanoB. Hanpumep, MHTYMECLIEHTHbIE MOKPbITUSE MOryT ObiTb MCMNONb30Ba-
Hbl B COY4ETAHUKN C NOKPbITUSIMM Ha OCHOBE LieMeHTa ansa obecneveHnsa 6onee BbICOKOW cTene-
HW OrHEeCTOMKOCTU. KOMBMHMPOBaHHbIE NOKPbITUS 0ObIMHO MCMONb3YOTCA B TEX Cryyasx, Koraa
TpebyeTcs BbICOKMIA YPOBEHb 3aLUUTbl METANNIMYECKUX KOHCTPYKLMIA OT OrHS.

Mpumepamn ncnonb3oBaHUst KOMOMHMPOBAHHbBIX MOKPbLITUI MOTYT CAYXWUTb 34aHUsSI C OMYEHb
BbICOKOW CTEMEHbI0 OTHECTOMKOCTU, TakMe Kak 34aHnst ¢ 06paboTkon AaHHbIX U XpaHUnuLia.

B Poccuin Takke LLUMPOKO NPUMEHSIOTCA pasnnyHble BUObl OrHE3aLLMThl MeTanIMYeckmx KOH-
cTpykuun. OgHMmM u3 Hanbonee pacnpoCTpaHEHHbIX BUOOB ABMAKTCA UHTYMECLIEHTHbIE NOKPbI-
TUS, KOTOpble 06ecnevmBatoT BbICOKYHO CTENeHb OFHECTOMKOCTM METANIMYECKUX KOHCTPYKLMNA.

Takke LWIMPOKO NPUMEHSAKOTCA MUHEparibHble BONOKHA, KOTOpble MOryT ObITb MCMOSb30BaHbI
AN 3alMThl MEeTanIMYecknx KOHCTPYKLUMI B 30aHUSAX C BbICOKOW CTEMNEHbI0 OrHECTOMKOCTU, Ta-
KMX Kak cknagpl, abpukm n NpoMbilLNEHHbIE OOBbEKTHI.

HekoTopble poccuiickMe KoOMnaHun Takke NpOoM3BOAAT CBOM COOCTBEHHbIE MaTepuanbl Ans
OrHe3aLNTbl METaNIMYECKNX KOHCTPYKLWUIA, KOTOpble MOryT obecneynBaTb BbICOKYIO CTEMNEHb Or-
HECTOMKOCTM M COOTBETCTBYIOT CTaHAapTam n TpeboBaHUAM.

BaxHo oTmMeTuTb, 4TO B Poccuu, Kak n B Apyrnx CTpaHax, CyLLIEeCTBYIT CTPOrMe HOpMbl U
TpeboBaHuA No orHesawmTe MeTannmyeckmx KoHCTpykumi. Mo MOCT P 53295-2009 «MoxapHas

8 ARCHITECTURE AND CONSTRUCTION
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©esonacHocTb 3gaHuin u coopyxeHuin. Oblwmne TpeboBaHMs» OrHesalumTa MeTarsIMdecknx KoH-
CTPYKUMIA JOKHa ObiTb NpoBefeHa B COOTBETCTBUMN C NpeanucaHusMm NpoeKkTHOM U HOpMaTmB-
HOW JOKYMEHTaLMM U TONbKO KOMMNETEHTHBIMU CneumnanmcTamu.

B NepmaHum orHesalmMta MeTaninyecknx KOHCTpyKUmin perynmpyetcsa Hopmamu DIN 4102 w
DIN EN 13501. DIN 4102 — 9TO HEMELKMIN CTaHOaApT, yCTaHaBnMBawLwwmi TpeboBaHus K matepu-
arnam 1 KOHCTPYKLMSAM, UCMOMb3yeMbIM B OrHe3almTe, a TaKkke K MeTo4aM MCMbITaHus U Knac-
cupmkaumm orHesawmnTHolx matepmanos n cuctem. DIN EN 13501 — 310 eBponenckmin cras-
0apT, NPUHATBIA B [epMaHumK, KOTOpPbIA onpenensieT Knaccugukauni CTPoUTENbHbIX Marepua-
OB W KOHCTPYKLWIA MO NX peakLmn Ha OroHb. B COOTBETCTBUM C 3TUMKU HOpMamMK, MaTepuanbl 1
KOHCTPYKLMN OOSMKHbI ObiTb MPOTECTMPOBAHbLI HA OrOHb U KIlacCUULMpPOBaHbl B COOTBETCTBUM C
NX NOXXapPHOW OMacHOCTbIO.

EBponenckuin coto3 Takke perynmpyet OrHesaluTy MeTannmyeckmx KOHCTpyKuuin. B cooT-
BETCTBMM C €BPOMNENCKMMU HOPMaMu, OrHe3almnTHbIe CUCTEMbl AOIMKHbI COOTBETCTBOBaTbL Tpe-
6oBaHnam EBponenckon Hopmbl EN 13381-8 «OrHesawmTtHble paboThl. Yactb 8: OrHesawmTa
CTanbHbIX KOHCTPYKUMA». OTa HOpMa ycTaHaBnuBaeT TpeboBaHWS K OrHesawuTe MeTtannuye-
CKUX KOHCTPYKLMI, BKNtoYas TpeboBaHMsA K MpMMEHSeMbIM Matepuanam n cucteMam, Metogam
ucnbITaHUA, Knaccurkaumm orHe3allMTHbIX MaTeprarnoB 1 KOHCTPYKLUWUIA, a Takke K MpoeKkTUpo-
BaHUWIO N YCTAaHOBKE OrHe3alUUTHbIX cuctem. Kpome Toro, CyLiecTByOT HOPMaTUBHbIE LOKYMEH-
Tbl, YTBEPXOEHHbIE B pamMkax EBponenckoro TexHuveckoro kommuteta CEN/TC 127 «OrHesa-
LUNTHbIE MaTepuanbl 1 cuctembl». OOuH U3 TaKMX AOKYMEHTOB — 3TO EBpONEncKnin TEXHNYECKNIA
poknag EOTA TR023 «OueHka OrHECTOMKOCTM METANNYECKMX KOHCTPYKLUUIN, OrHe3aLUMLLEHHbIX
NOKPbITUSIMU 1 CUCTEMAMU OTHE3aLLMUTbI».

B CLUA orHesawmTa MeTanM4eckmx KOHCTPYKLMIA PErynupyeTcss HopMamu, YCTaHOBMEH-
HbiMM HauunoHanbHOW accoumaumen npoTusonoxapHon 3awmTbl (National Fire Protection
Association, NFPA). NFPA yctaHaBnnBaeT TpeboBaHWA K OrHe3allMTHbIM MaTepuarnam, KOH-
CTPYKUMAM M CUCTEMAM, a TaKkKe OonpedensieT MeTodbl UCMbITaHMsa U Knaccudukauum orHesa-
LWNTHBIX MaTepuanoB u KoHCTpykumi. Kpome Ttoro, NFPA onpegenset TpeboBaHuns K NpoeKTu-
pOBaHWMIO 30aHWUI, BKNtoYasa TpeboBaHUA K MaTepuanam 1 KOHCTpyKumsam ans obecneveHms no-
XapHou 6e3onacHocTu.

B Kutae orHesawmTta MeTannnyeckmx KOHCTPYKUWUA perynupyeTcs psaoM HauMoOHarnbHbIX
HOPMAaTUBHbIX OOKYMEHTOB, KOTOpble YCTaHaBnuBalT TpeboBaHUA K maTepuanam, KOHCTPYK-
unsaM, cuctemMam M MeTodam MCMbITaHWUS OrHe3alUMTHbIX MatepuanoB M KOHCTPyKuun. OgHum
13 Taknx gokymeHTtoB siBnsetca GB 14907-2002 «OrHesawuTHble matepuansl Ang cTpouTenb-
cTBa». OTOT CTaHAapT ycTaHaBnuBaeT TpeboBaHWSA K Matepuanam, UCMosib3yeMbiM B OrHesa-
LMTe MeTannMyecknx KOHCTPYKLUMIA, a Takke K MeTogam MCMbITaHWUsa U Knaccudukaumm orHesa-
WKNTHBIX MaTepuanoB. Kpome Toro, B Kutae cyllecTtByeT psif HauMoHamnbHbIX CTaH4apToOB, yCTa-
HaBnmBaoLWmnx TpeboBaHUA K OrHe3almnTe pasnuyHbIX BUOOB KOHCTPYKLUWIA, BKNOYas cCTaHA4apThbI
ONS OrHe3aLWUTbl CTPOUTENbHBIX KOHCTPYKUU U CTaHOapTbl AN OrHe3almTbl MeTaninyeckux
KOHCTPYKLMI, Takne kak ctaHgapt GB 50045-95 «Kogekc npoeKkTMpoBaHMs CTPOUTENbHbIX KOH-
CTPYKLMINY.

Taknum ob6pas3om, BO BCEX CTpaHax yCTaHaBNMBalOT CTPOrne HopMbl 1 TpeboBaHWs K OrHesa-
LWMTEe MeTanfMyecknx KOHCTPYKLMIN, KOTOpble BKIOYAKT TECTUPOBAHME U Knaccudgukaumio ma-
TepuanoB N KOHCTPYKLMIA MO X MNOXapHOM OMACHOCTU, a Takke TpeboBaHUs K MPOEKTUPOBAHNIO
3[0aHUI C Y4eTOM MoXXapHoW 6e3onacHoCcTu.

OpHako, HeCMOTpst Ha BCe Mepbl OrHe3almnTbl, NoXapbl BCe eLle npovcxogaTt. B atom cny-
Yyae O4YeHb BaXKHO, YTOObI MeTaNMYeckne KOHCTPYKLUUM Bbinv CNPOeKTUPOBaHbl TakMM 06pa3om,
4yTOObI X NOBeAeHWe B criydae noxapa 6bino npegckasyemMbiM U KOHTPONMpyeMbiM. 3TO NO3BO-
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NUT NPefoTBPaTUTL 0OPYLLEHNE 30aHUIA U CNACTM KU3HWU NoaeN.

Mpu BbIGOPE OrHe3alUTbLl METaNNNYECKUX KOHCTPYKLUMUIA HEOOXOAMMO y4nTbiBaTb crneundu-
yeckne TpeboBaHMSA NpPoOeKTa M COOTBETCTBYHOLLME HOPMblI U CTaHAAPTbI, @ Takke MpaBUIbHO
NPUMEHSTb BblOpPaHHbIN BMA OrHE3aALLMTLlI B COOTBETCTBUM C TPEOOBaAHMSIMM NpOEeKTa.
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Modern Methods of Fire Protection for Metallic Structures
G.M. Bazhin

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

Key words and phrases: fire protection; fire protection compositions; intumescent coatings;
ablative coatings.

Abstract. The aim of the research is to identify the main types of solutions for fire protection
of steel structures. This article examines various types of fire protection used to protect metal
structures from fires. The main types of fire protection, such as intumescent coatings, cement-
based coatings, ablative coatings, and mineral fibers, are described in detail, and examples of
their application are provided.

The methodology proposed is to use construction norms and rules, and attention is drawn
to the strict requirements for fire protection of metal structures in Russia, and the need for the
correct choice of fire protection in accordance with project requirements.

As a result of the research, the main principles of designing metal structures taking into
account their behavior in case of fire are described, in order to prevent building collapse and
save people’s lives.

© M. BaxuH, 2023

ARCHITECTURE AND CONSTRUCTION 11



Components of Scientific and Technological Progress

UDK 69.059.4

Methods of Non-Destructive Assessment
of Concrete Strength When Surveying
the Technical Condition
of Monolithic Buildings

D.S. Dekhterev

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

Key words and phrases: reinforced concrete structures;
strength grade of concrete; standard deviation; coefficient of
variation; compressive strength.

Abstract. WWhen examining the engineering and technical
condition of monolithic reinforced concrete buildings, it
becomes necessary to control the quality of concrete. For
this, various methods of non-destructive testing are used.
Concrete quality assessment is regulated by GOST 18105-
2018 “Concrete. Rules for the control and evaluation of
strength. The standard contains a significant number of
requirements for the quality and quantity of tests carried
out and in practice is not fully implemented by construction
laboratories. The article compares mechanical non-
destructive methods for assessing the strength of concrete in
monolithic building structures, provides the main criteria that
must be observed when using them to assess the technical
condition of structures, and gives recommendations for the
cost-effective use of non-destructive testing techniques.

The main controlled indicator of the quality of concrete in the design and intermediate age
is the class of concrete in terms of compressive strength. Concrete strength assessment is
carried out by statistical methods, taking into account the characteristics of concrete strength
homogeneity. For monolithic reinforced concrete structures, it is necessary to evaluate the
strength at the design and intermediate age (when removing the formwork, loading structures
that have not reached the design age, etc.) according to the test scheme “C”, taking into account
the uniformity of the strength indicators of one controlled batch or scheme “D”, without assessing
the homogeneity characteristics [6].

O.V. Luzhin, R.A. Makarov, G.L. Bazhenov, V.A. Klevtsov, |.S. Lifanov, G.M. Berdichesky,
A.B. Zlochevsky and others [1-5] were engaged in improving the methods of non-destructive
strength control. Currently, non-destructive testing devices are adapted to assess the strength
of monolithic building structures [8-9], and a regulatory framework for their use has been
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Table 1. Non-destructive testing methods. Advantages and disadvantages

Control Equipment Advantages Flaws
method examples
Sclerometer Low accuracy, low productivity,
Rebound Beton Condtrol, Low equipment cost: used to control | dependence of the obtained results
method Schmidt's the strength of concrete from 5 to 50 | on the quality of the surface, the
hammer, PCE-HT- | MPa need to establish a calibration
225A dependence
Low accuracy, low productivity,
Plastic Kashkarov's . . dependence of the obtained results
. . . Low equipment cost: used to control .
deformation hammer, Fizdel's on the quality of the surface, the
strength from 5 to 50 MPa . N
method hammer need to establish a calibration
dependence
. Determination of only surface
BETON PRO High test speed, the presence of
O . : strength, dependence of the results
Shock pulse CONDTROL, built-in hail dependencies and the . .
I i o obtained on the quality of the surface,
method ONICS -2.5, IPS- possibility of their correction: used to the need to establish or correct the
MG 4.04 control strength from 5 to 150 MPa L
calibration dependence
P033|b|I|tyofuse|ndenselyre|_nforced Necessity of gluing steel discs 3-24
structures does not require the hours before testing. low testin
Pull-off method | POS-60MG4 installation of hail. Dependencies: g ‘o 9
speed compared to indirect non-
used to control strength from 5 to 60 .
destructive methods
MPa
The highest accuracy does not Inability .to use in heavily reinforced
. . and thin-walled structures, low
Breakaway ONICS -1.0S, require the establishment of the testing speed. the need to determine
Method POS-60MG4 calibration dependence: used to 9 speed, )
the position of the reinforcement
control strength from 5 to 100 MPa -
before testing
Does not require preparatory | Applicable only for linear structures,
. - ONICS -1.CR, . " .
Rib chipping work, or the establishment of hail | cannot be used when the protective
POS-60MG4 S ! .
method SKOL dependencies: used to control | layer is less than 20 mm, low testing
strength from 10 to 70 MPa speed
developed [6; 7].

Acceptance of the structure in terms of strength is carried out if the actual class of concrete
in terms of strength is not lower than the design class B, ,2 B, ..
The actual strength class of concrete during the control according to the “B” scheme and
the number of test sites n = 20 is calculated by the formula:
B —_—

fact —

R, /K, (1)
where R, is the actual strength of concrete (average value); K, is the coefficient depending on
the coefficient of variation and the type of concrete.

The coefficient of variation in the strength of concrete in a structure or a group of structures
is determined by the formula:

V. =S IR, 2)

The standard deviation of the concrete strength in the batch Sm is calculated by the formula:

ARCHITECTURE AND CONSTRUCTION 13



Components of Scientific and Technological Progress

R -R_V
S, = Z(,;#m) (3)

To determine the class of concrete in terms of compressive strength, a number of non-
destructive mechanical methods have been developed according to GOST 22690 [7]. Methods
are divided according to the type of mechanical action or determined indirect characteristic.

When conducting non-destructive testing of reinforced concrete buildings under construction
and in operation, it is necessary to pay attention to the following criteria, which in practice are
not fully observed by construction laboratories:

1. Determining the class of concrete by indirect methods of non-destructive testing using
built-in calibration dependencies without their adjustment is not allowed.

2. There should be no visible damage in the control areas.

3. The testis carried out at a positive temperature of concrete. It is allowed to carry out tests
up to =10 °C (concrete temperature), provided that a calibration dependence for concrete with
a negative temperature is established and the device is capable of operating at temperatures
below 0 °C.

4. The age of the concrete should not differ by more than 25 % from the age of the concrete
used to establish the calibration dependence.

5. The calibration dependence is established based on the results of parallel testing of the
same sections of the structure by one of the indirect non-destructive methods and the direct
non-destructive method, or by one of the indirect non-destructive methods and tests of concrete
core samples.

6. The recommended type of calibration dependence is R = a + bK, where R is the strength
of concrete, K is an indirect indicator, a and b are coefficients of the calibration dependence.

7. The minimum number of tests to build a calibration dependence is n = 12.

Analyzing the economic efficiency and labor costs of all the listed methods for controlling
the strength of concrete in monolithic reinforced concrete structures, the following evaluation
procedure is recommended for commercial use:

1. Continuous control of the speed of passage of ultrasound by the device UK 1401M. On
each linear structure, tests are carried out in 6 sections, on each flat structure (slab, wall) or
group of structures — in 20 sections.

2. Construction of the calibration dependence “strength-ultrasound velocity” by parallel
testing of concrete by the tear-off method with shearing by the ONIKS-1.0S.050 device in
sections with a minimum and maximum ultrasound velocity, as well as in sections with an
intermediate velocity (12—15 sections are selected in total).

3. Calculation of the actual concrete class of each structure and acceptance of the structure
in terms of compressive strength.

Thus, when examining the engineering and technical condition of buildings, a modern
construction laboratory should have in its arsenal several non-destructive testing devices and
equipment for destructive assessment of the strength of concrete. Each method used has its
own scope. Fulfillment of the basic requirements of the standards allows assessing the quality
of concrete and the possibility of safe operation of the structures of a monolithic reinforced
concrete building.
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MeToabl HepaspyLialLlen OLeHKM NPOYHOCTU 6eTOHa
npu o6cnefoBaHUM TEXHUYECKONO COCTOAHUA MOHONMUTHbIX 34aHUN

[.C. [extepes

®rb0Y BO «HauuoHanbHbIU uccriedosamernbcKul
Mockoeckuti 2ocydapcmeeHHbIl cmpoumerbHbIU yHUsepcumemy,
2. Mockea (Poccusl);
@rb0Y BO «fpocnasckuli 20cy0apCmeeHHbIU mexHU4YecKul yHugepcumemy,
2. SApocnaernb (Poccusi)

KnroueBble cnoBa u cpasbl: xene3obeToHHble KOHCTPYKLMK; Knacc 6eToHa; koadhduum-
€HT Bapvauun; NPOYHOCTb Ha CXaTue; CpeaHeKBaapaTUYECKOe OTKIOHEHNE.

AHHoTauums. NMpu obcnegoBaHNN MHXKEHEPHO-TEXHUYECKOTO COCTOSIHUST MOHOJSTUTHBIX XKene-
300ETOHHbIX 34aHU BO3HMKAET HEOOXOAMMOCTL KOHTPOMs kavyecTBa 6eToHa. [1ns saToro npume-
HSIIOTCS pa3nuyHble MeToabl Hepaspyllatowero KoHTponsi. OueHka kadyecTBa 6eToHa pernameH-
Tupyetcs FOCT 18105-2018 «BbeToHbI. [NMpaBuna KOHTPOrS U OLEeHKN NpoYHoCcTU». CTaHgapT co-
OEPXUT 3HAYUTENbHbIM 06bEM TpeboBaHMIM K Ka4eCcTBYy M KONMMYECTBY MPOBOAMMbBIX UCTbITAHUIA
N Ha NpakTUKe BbINOMHAETCS CTPOUTENbHbIMK NabopatopmusiMm He B NoNHOM obbeme. B ctatbe
NPUBOAUTCS CPaBHEHME MEXaHWYECKMX HepaspyLlalLmnX MEeTOA4O0B OLIEHKM MPOYHOCTU BGeToHa
B KOHCTPYKLUMSIX MOHOMUTHBIX 30aHWUA, NPUBOOATCA OCHOBHbIE KpUTEPUU, KOTOPble HEOBX0AMMO
cobrniogate NpyM UX NPUMEHEHUN ONS OLEHKN TEXHUYECKOrO COCTOSIHUSA KOHCTPYKLWWA, AatoTcs
peKoMeHZaLMN Mo 3KOHOMUYECKM 3PAEKTUBHOMY MPUMEHEHUIO METOAMK HepaspyLuakoLlero
KOHTpoOns.

© D.S. Dekhterev, 2023
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Crabunuaupyrowan gobaBka
LwebeHOYHO-MacTUYHOro accansrobeToHa
u3 nepepaboTaHHOro CBMHOro HaBo3a

O.C. Egucees, B.IN. Opy3baHoBa

@OrAQY BO «Cesepo-BocmoyuHbil chedeparibHbIl yHUsepcumem
umeHu M.K. AMmocosa»,
2. AAkymck (Poccusi)

KnioueBble cnoBa u dpasbl: aHaspobHoe cbpaxkmpa-
HWe; nepepaboTaHHbI CBMHOW HaBO3; CTabunmampyoLllas
nobaBka; LebeHOYHO-MaCTUYHbI acdansToOeTOoH.

AHHOTaumsa. B ctatbe npeacraBneHbl pesyrnbraTbl UC-
CnefoBaHust, LIeNblo KOTOPOro SIBMANOCH MoryyYeHue ctabu-
nunanpyrowen gobaesku n3 nepepaboTaHHOro CBUHOIO HaBO3a
N onpegeneHve ero puanYecknx xapaktepuctuk. Minoresa
nccneaoBaHMs COCTOUT B MPEeAnosiokeHUn, YTo ctabunmsu-
pytoLLyto fobasky onsa webeHo4YHOo-MacTUYHbIX acanstobe-
TOHOB MOXHO NOMy4nTb NyTEM NepepaboTkn CBMHOTO HaBO3a
B nabopaTtopHon aHaspobHom GuoraszoBon yctaHoBke. [ns
peanu3auun runoTesbl UCCNeLoBaHUs Heobxogumo Obino
BbINONHUTL psif 3agad. [Nocne aHaspobHoro cbpaxveaHus
CBUHOrO HaBo3a B GMOrasoBoK yCTaHOBKE NMPOU3BOAMMM MPO-
cemBaHWe Ons nonyyYeHust TBepadbix ocTtaTkoB. lMonyyeHHble
TBEpAble OCTaTKM BbICyLUMBaNu, W3Menb4anu, nepemeLun-
Banu c gobaBneHneM OGUTyma, M3roTaBnMBanu rpaHynbl u
onpenensanu rpaHynoMeTPUYECKUA COCTaB M3MENbYEHHbIX
rpaHyn. [lanee onpeaensiny yCTOM4MBOCTb K paccrnanmBaHuio
LebeHOYHO-MaCTMYHOIO acdanstobeToHa CMecu MeToLoM
CTeKaHusi 6utyma, BMaXXHOCTb M TEPMOCTOWMKOCTb BOJIOKOH
crabunuaunpytowen pobaskn. B pesynbrate yganocb Mo-
nyunTb cTtabunuaupyowyo nobaeky n3 nepepaboTaHHOro
CBUHOIO HaBO3a, COOTBETCTBYHOLLYK TpeboBaHuAM, Npeab-
ABMSiEMbIM K LWEeBEeHOYHO-MaCTUYHBIM actanbTOBETOHHBLIM
CMeCsIM.

BBepeHue

B HacTtosllee Bpems Ha Tepputopun LleHTpanbHOM AKYTUKW, B YaCcTHOCTM Ha TeppuTopumn
ropoACcKOro okpyra «ropog AKyTcky», dyHKUMOHMPYHOT ABa cBuHokomnnekca — OO0 «XaTtacckui
cBuHokommnneke» u MT KX «Cunbupby» (MapxuHckoe).

00O «XaTacckuit CBUHOKOMMIIEKC» CNNBAET XMAKNE U TBepAble OTXOAbl CBUHEN U NOPOCAT
0e3 npenBapuTenbHoro obessapaxuaHmst 1 nepepaboTKM B OTKPLITOM MOSIMIOHE, PaCMONOXeH-
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HOM Ha paccTosiHun 19 KM OT CBMHOKOMMIIEKCA, TEM CaMblM HAHOCUTCS OFPOMHbIV Bped OKpy-
xatowen cpege. OO0 «XaTaccKkuin CBMHOKOMIIIEKCY PacnofnioxXeH Mexay c. Xataccbl n ABTOL4O-
POXHbLIM OKPYrom T. AKyTCcKa.

MT KX «Cnbunpb» (MapxuHckoe) NponsBoauT pasneneHue TBepAon N XKUOKON dopakuumn ceu-
HOro HaBO3a C UCMONb30BaHMEM cenapartopa pasgeneHns Ha opakummn (4eKaHTepHOW YCTaHOoB-
Ku), 3aTemM Npov3BOAUT AarbHeWnlee KOMNOCTUPOBaHME U peannsaumio KOMNoCcTa HacereHuto.
KM KX «Cnbupb» (MapxnHckoe) pacnonioxXeHo Ha TeppuUTopmn MukpopanoHa Mapxa [1-5].

[nsa BbINONHEHMsA nccnegoBaHns Hamu 6bina NpMMeHeHa BruorazoBasi TEXHOMNOMMS Mo nepe-
paboTke cBMHOro HaBo3a. [pn NpumMeHeHnn GrMorasoBov TEXHOMNOMMM NPOUCXOANT PasnoXeHne
CEMsIH COPHSAKOB, NornbatoT anua renbMUHTOB 1 APYron natoreHHon Mukpodonops [6]. Mpu ne-
pepaboTKe Ha Bbixoge noryvaem criegyroLlee:

1) Guoras, KOTOPbIN MOXHO NMPUMEHATb B Ka4eCcTBe TONMMBA;

2) xuakasa dppakumsa — ygobpeHue;

3) TBepaas pakumsi — BOSMOXHO NPUMEHEHME B KayecTBe Moandurkatopa butyma.

Hamu npegnaraetca cnoco® npumeHeHus nepepaboTaHHbIX OTXO40B CBMHOBOACTBA B CO-
cTtaBe wWebeHOYHO-MaCTUYHBIX acdanbTOOEeTOHHbIX CMECcen B KavecTBe CTabunusmpylowen
JobaBku.

OnHum 13 cnocoboB yBenuMYeHUs JKCMyaTaumoHHOro cpoka acansTob6eTOHHBIX MOKpPbI-
TUIA ABNSAETCS NpUMEHeHue LwebeHOYHO-MacTuYHbIX acdansrobetoHos (LLIMA), apmupoBaHue
KoTopbIx obecnevnBaeTcs BBEAEHUEM NONMMepCcoaepKaLLmX, LENTNo3HbIX U APYrnX BOMOK-
HUCTbIX cTabunuampytowmx gobasok [7]. MukpocTpykTypa accanstobeToHa dopmupyeTcst npu
COBMELLEHUN BUTYMHBIX BSXKYLLMX, NONMMEPOB, HAanonHUTenem n BorokoH. CeBoncTBa matepuma-
na onpenensalTcsa ABNEeHUSAMM, NMPOTEKAOLNMN B KOHTAKTE MEXAY XUOKOW 1 TBepaoun dasamu,
crnegoBaTtenbHO, 3aBUCAT OT CTENEHW HanOSNTHEeHWUS, ANCNEPCHOCTU N NMOBEPXHOCTHOW aKTUBHO-
CTM HanofHUTENEN, KOHUEHTpauun BSXXyLLEro u apyrnx dgaktopos. Mpu mcnonb3oBaHMK pas-
NINYHBIX BOMOKHUCTBLIX KOMMOHEHTOB B CTabunuaupytowen gobaBke MMEET 3HaA4YeHWe noBepx-
HOCTHasi aKTUBHOCTb BOJSTIOKHA MO OTHOLUEHMUIO K BSXKYLLIEMY U LLEPOXOBATOCTb €ro NOBEPXHOCTH
[7-8].

Crabunusupytowlast gobaeka B coctaBe LLMA npugaeT ctabunbHOCTL CTPYKTYpe 3a CyeT
YyBENMMYEHUS TONLWUHBbI BUTYMHON NrieHKkn, obecneyunsasi NpUCyTCTBME CBOGOAHOrO GButyma Mex-
Ay 3epHaMu B NPOCTPaHCTBE LLeBeHOYHO-MaCTMYHbIX acansToBETOHHBIX CMecel B Nepuos ero
KpaTKOBPEMEHHOIr0 XpaHeHWst N AOCTaBKM A0 MeCTa yKnagku, Takke npeaoTspallaet npocayu-
BaHMEe OpraHM4Yeckoro BsPKYLLEro Ha MOBEPXHOCTb MOKPbLITUA 3a cHeT obpa3oBaHus xeneobpas-
HoM mMacTuku [9].

B naHHoM cTtaTtbe npeAcTaBneHbl pe3yrnbTaTbl 9KCNepUMeEHTarnbHbIX UCCregoBaHMn No onpe-
OENeHno yCTOMYMBOCTU K paccravmBaHuio WwebeHOYHO-MacTMYHON acdansto6eTOHHOM CMECH,
BMaXXHOCTM U TEPMOCTOMKOCTWN BOSMOKOH CcTabunuaunpytollern gobasku. [Ana npurotoBneHuns rpa-
Hyn ctabunuampytowen gobasku npumersncs 6utym mapkm BHI 100/130 AO «la3npomHedTb —
Owmcknni HM3».

MaTepMaﬂbl n metToabl uccrnegoBaHusA

[na nony4eHust UCXOQHOro Cbipbsi cTabunuaupytowen gobaekn Obina npumeHeHa nabo-
paTtopHas HakonuternbHas ncuxpodunbHas aHaspobHasa yctaHoBka (JIHTMAY). KoHcTpykuus
JIHMAY npeactaBneHa Ha puc. 1. MicxogHbln HenepepaboTaHHbI HaBo3 pasbasnserca 0o 00-
pas3oBaHus O4HOPOAHOro pacteopa ¢ Bofou. [NonyyeHHbIn pacTBop 3arpyxaetcs B JIHMAY Ha
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Puc. 1. Yctponctso JIHIMAY:
1 — MeTaHTeHK; 2 — NnaTpyboK Ansi 3arpy3ku; 3 — CrIMBHONM NaTpybok; 4 — rasronbaep

2/3 obbema, 3aKpbIBAKTCA 3arpy304Hble M Pa3rpy304Hble KpaHbl, OCTAETCHA OTKPbITOM TOMbKO
natpybok rasronbgepa. MonyyYyeHHbINn ra3 Mbl HE UCMONb30BanNu, NO3TOMY Mbl BblAENEHHbIV ra3s
YTUNN3NPOBanNu CXXUraHnem.

[anee npoussoauncs cnue nepepabotaHHoro ceuvHoro Haso3a (MCH) B otaoenbHyo em-
KOCTb, 3aTeM MNpPOM3BOAWICH pacceB MOKPbIM CMNOCOBOM C MPUMEHEHMEM CETKM pasmMepoMm
0,1 MM ansa BblNnaenuBaHusa TBeEpAbIX YacTuy,. XKngkasa dopakumsa npuMEHsIETCS B KadyecTBe yao-
OpeHns, a TBepayo pakumnio BbiCYLLUMBaNM B €CTECTBEHHbIX YCNOBUSX Ha ynuue A0 AOCTUMXKe-
HUSA BO3AYLUHO-CYXOro COCTOSIHUA. [onyyeHHyo TBepayo dopakuuio nsmensvanm ¢ NCnosb3oBa-
H1nem apcopoBOM CTYMKM C NECTUKOM. 3aTeM Npou3BOAWNN onpedeneHne rpaHyrnoMmeTpuye-
CKOro coctaBa M3Merib4eHHOM Macchbl ¢ ucnonb3oBaHnem cut no [10].

M3menb4eHHy0 Maccy B 3aKpbITOM Mocyde pas3orpeBanu M 3aTtem nocne AOCTMXKEHMS Mo-
CTOSIHHOM Temnepatypbl [o6aBnanu pasorpetbin 6UTYM onpegeneHHon macchl. NpumeHancs
6utym mapku BH[ 100/130. Macca nepemeluvBanack 4O OOHOPOLHOWN CTPYKTYPbI.

3atemM nony4yeHHyr OOHOPOAHYI Maccy B pa3orpetomMm Buae nobaensanum B nabopaTopHbIN
rpaHynsaTop Ans nonydeHus rpadyn. 3oHa rpaHynnMpoBaHns pasorpesanacb CTPOUTENbHbIM de-
HOM BO M36exaHue cuensieHnsa ¢ NOBEPXHOCTbIO rpaHynatopa. lMonyyeHHble rpaHynbl nogsep-
ranuck ucnbeitalmam no [10].

[lanee 13 MHePTHbIX MaTepuanoB, COOTBETCTBYOLWMM TpeboBaHuam [10], paspaboTtaH co-
ctaB LLUMA-20. [Ins npurotoBnenus LLIMA-20 npyMeHANNCbL N3BECTHAKOBbLIN LebeHb, NeCcoK U3
OTCEBOB ApOO6NEHNs 1 Nbiflb OT Necka un WwebHs B Ka4yecTBe MUHeparnbHOro nopotka. Mponsso-
auTenem MHEPTHbIX cTpouTenbHbIX MaTepuanos aendetcs AO MO «AkyTuemeHT», n. Moxcoron-
nox, Pecnybnuka Caxa (AxkyTtus).

O6cyxaeHne pe3ynbLTaToB

CopepxaHune Boabl B pacTBOpPE MCXOQHOMO CBMHOINO HaBo3a cocTtaensano 92-96 % no macce.
OpHa 3arpyska pactBopa coctaensiet 15 kr. OnpeaeneH nepuog nonHowm nepepaboTkn pacTBo-
pa cBMHOro Haeo3sa npu Temnepatype ot 15 go 18 °C, oH coctasun 42—45 cyTok.

M3 1 kr nepepaboTaHHOro pacTtBopa CBMHOIMO HaBo3a C cogepxaHvem Bogbl 96—-98 % no-
nyyaetca B cpegHem 30 r cyxon macchl nepepaboTaHHOro CBMHOIO HaBo3a. To eCTb OT OAHOM
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Tabnuua 1. Onpegenexne rpaHynomeTpuyeckoro coctasa MNCH.

Ocratku Ha Pasmepbl 0TBEPCTUIA CUT, MM Mpoxon yepes
KOHTPOMbHbIX
cuto 0,1 Mm
curax 10,0 5,0 2,0 1,0 0,5 0,25 0,1
YacTHble, © 0 0 16,21 25,81 34,68 31,48 63,55 28,27
YactHble, % 0 0 8,11 12,91 17,34 15,74 31,77 14,14
Monuble, % 0 0 8,11 21,01 38,35 54,09 85,86 100,00
FOCT 31015-2002 | CogepxaHue BonokoH gnvHon ot 0,1 mm go 2,0 mm, %, He meHee 80 % no macce

Tabnuua 2. dusnyeckme xapakrepuctukm butyma mapku BHL, 100/130

Ne n/n HaumeHoBaHuve nokasarens EanHmua Tpebosanus FTOCT Pesyanalel
n3MepeHus 33133-2014 ncnbiTaHnn
1 my6uHa npoHvkaHus urnel npu 25 °C 0,1 Mmm 101-130 103
2 Temnepatypa pa3msryeHusi o KosbLy °c He Hinke 45 47.8
W wapy
3 PactspkumocTb npu 0 °C cMm He meHee 4,0 47
Tabnuua 3. Cogepxanue NCH n BHI 100/130 B npoueHTax
Ne n/n Copnepxanune MNCH, % Copepxanne bH 100/130, %
1 90 10
2 88 12
3 86 14
4 84 16
5 82 18

3arpy3ku B JIHIAY mbl nonyvaem 450 r nepepaboTtaHHOro o6essapakeHHOro CBMHOro HaBo3a.

BbICyLLIEHHbIN 0O BO3AYLIHO-CYXOro COCTOSIHUS nepepaboTaHHbIi CBMHOW HaBO3 M3Menb4va-
€M C 1cnonb3oBaHnemM apdopoBO CTYNKN C NECTUKOM.

[anee nonyyeHHas m3Mens4eHHas Macca Harpesanacb B CYLUMIBHOM LWKady B 3aKpbITON
nocyae npu Temneparype 170 °C go TepmoctatmpoBaHusi. locne nporpesa B Mmaccy nepepabo-
TaHHOro CBMHOIO HaBo3a fgobaenancsa 6utym, pasorpetbii 4o 200 °C onsa ynydleHmsi BA3KOCTH.
Mpumensanca 6utym mapkm BH 100/130, dumsmyeckne xapakTepucTukm KOTOpPoro npeacrasne-
Hbl B Tabn. 2.

MpoBeneHo rpaHynMpoBaHMe Nosy4YeHHOM CMEeCK C pasfnndHbIM cogepaHnem outyma B co-
ctaBe. [laHHble NO cogepaHuo GuTyma npeacTtasneHsl B Tabn. 3.

BbinonHeHbl paboTbl MO onpeaeneHno BAaXXHOCTU 1 TEPMOCTOMKOCTU. Ha puc. 2 npeacras-
neH rpaduk BnaxHoCTn ctabunuanpyrowen gobaskn. Ha puc. 3 npeacraeneH rpaduk Tepmo-
CTOMKOCTW BOSIOKHA.

M3 puc. 2 BUAHO, YTO BRAXHOCTb CTabunumampytoLlen JobaBkM COOTBETCTBYET TpeboBaHUsM
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7 6.2 61

6 5.4
— 4.5
5 \\ 4,5 4.5

TICH 90% + BH/I IICH 88%+BH]J] IICH 86% +BH]I IICH 84%+BH] IICH 82% +BH]J I1ICH 80% +BH]{
100/130 10% 100/130 12% 100/130% 14% 100/130 16% 100/130 18% 100/130 20%

=====TloTy<IeHHEIE JaHHEIE, %o === HopMaTHBHOE 3HaYeHHe, He Jonee, %

Puc. 2. BnaxHocTb cTabunumaupytoLen JobaBku

— 0.2
5.8 r 58 r 5.6

5.2

IICH 90% + BH] IICH 88%+BHJ] IICH 86% +BH[ IICH 84%+BH]] [ICH 82% +BH] IICH 80% +BH]|
100/130 10%  100/130 12%  100/130% 14%  100/130 16%  100/130 18%  100/130 20%

Tlomy<ieHHBIE JaHHBIE. %0 = HopMaTHBHOE 3Ha=eHHe, He Gonee, %

Puc. 3. lNokasaTtenb n3aMeHeHna Maccbl OT BO3OENCTBUS BbICOKMX TeMMnepaTtyp,
BbIPaXXEHHbIN B NPOLEHTax

[9]. 3 puc. 3 BUAHO, YTO NoKasaTeNb U3MEHEHUSI MacChl B MPOLEHTaX OT BO3AENCTBUS BbICOKMX
Temneparyp cooTBeTcTByeT TpebosaHunam [10].

[anee BbinonHAnacbk paborta no paspaboTke cocTaBa WebeHOYHO-MaCTMYHOrO acdansTo-
6etoHa LLIMA-20.

B Tabn. 4 npencrasneH paspabotaHHbii coctas LLMA-20.

Ha puc. 4 npencrasneH rpaduk rpaHynIOMeTPUYECKOro coctaBa MMHEpParbHOM YacTu.

Mocne paspabotkm LLUMA Obino npoBedeHO UCMbITaHWE Ha OnpederieHne paccranBaHus
CMeCK Mo nokKasaTero CTekaHus BaXyLwero. [aHHble N0 NPOBEAEHHOMY UCTbITAHUIO CBEAEHDbI B
Tabn. 5.
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Puc. 4. [paHynoMeTpryeckmin CoCTaB MMHEpPASIbHOM YacTu LWebeHOYHO-MaCTUYHOIO
acanstobeToHa

Tabnuua 4. CocTaB LLebeHOYHO-MaCTUYHOW acansToBETOHHOM CMecH

CopepxaHue, % no

MCTUHHas NNOTHOCTb, .

Ne HaumeHoBaHve matepuana e mMacce MUHeparnbHon

yacTtu

1 LLlebeHb pakummn 15-20 mm 2,71 46
2 LLlebeHb pakuymmn 10-15 mm 2,71 20
3 LLle6eHb ppakummn 5-10 mm 2,71 8
4 [Mecok n3 oTceBoB ApoGNeHUs 2,71 14
5 MwuHepanbHbIi nopolwok MIM-3 (nbinb) 2,64 12
6 Butym BHL, 100/130 - 5,8
7 Crabunuanpyrowasa gobaska NMNCH - 0,5

Tabnuua 5. Paccnaveanuve LLIMA no nokasaTtento CTEKaHWUsi BEXKYLLErO

Ne HaumeHoBaHMe MaTepuana Mokasarens CTekaHNA |, roeT 31015-2002, %
BSXyLLEero, %
1 MCH 90 % + BH 100/130 10 % 0,04 070,07 20 0,15
2 MCH 88 % + BH] 100/130 12 % 0,05 070,07 20 0,15
3 MCH 86 % + BH 100/130 14 % 0,08 070,07 20 0,15
4 MCH 84 % + BH] 100/130 16 % 0,12 070,07 20 0,15
5 MCH 82 % + BH] 100/130 18 % 0,15 070,07 20 0,15
6 MCH 80 % + BH] 100/130 20 % 0,16 070,07 40 0,15
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3aknrouyeHue

Mo pesynbratam MccregoBaHus ObiNo BbISIBIIEHO, YTO pa3paboTaHHas ctabunuaupytowias
nobaBka 13 nepepaboTaHHOrO CBMHOMO HaBo3a AN WebeHOYHO-MACTUYHbIX acdansTobeToH-
HbIX CMecen COOTBETCTBYeT TpeboBaHMAM, npeabsBnsemMbiM K cTabunusmpyowmm gobaskam
No rpaHySIOMETPUYECKOMY COCTaBY, MO BMAXHOCTU U TEPMOCTAOMIBHOCTU NOCNE U3MENBYEHUS.
3atem 6binu paspabotaHbl cocTaBbl LLMA ¢ pasnuuHbiMu cTtabunusmpyowmmm gobaskamu.
Haunyuwmne nokasatenu 6b1nu BbisiBNeHbl y cTabunuaunpytowen aobaskm ¢ 84 % nepepaboTan-
HOro CBUHOMO HaBo3a 1 16 % Gutyma mapkm bHI 100/130.
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Stabilizing Additive of Crushed Stone and Mastic Asphalt Concrete
from Processed Pig Manure

O.S. Ediseev, V.P. Druzyanova

North-Eastern Federal University named after M.K. Ammosov,
Yakutsk (Russia)

Key words and phrases: anaerobic digestion; crushed-stone-mastic asphalt concrete;
recycled pig manure; stabilizing additive.

Abstract. The article presents the results of a study, the purpose of which was to obtain
a stabilizing additive from processed pig manure and determine its physical characteristics.
The hypothesis of the study is that a stabilizing additive for crushed stone mastic asphalt can
be obtained by processing pig manure in a laboratory anaerobic biogas plant. To implement the
research hypothesis, it was necessary to perform a number of tasks: after anaerobic digestion of
pig manure in a biogas plant, sifting was carried out to obtain solid residues. The obtained solid
residues were dried, crushed, mixed with the addition of bitumen, granules were made, and
the granulometric composition of the crushed granules was determined. Next, the resistance
to delamination of the crushed-stone-mastic asphalt concrete mixture was determined by the

24 ARCHITECTURE AND CONSTRUCTION



Components of Scientific and Technological Progress

method of bitumen runoff, moisture and heat resistance of the fibers of the stabilizing additive.
As a result, it was possible to obtain a stabilizing additive from processed pig manure that meets
the requirements for crushed stone-mastic asphalt concrete mixtures.

© O.C. Eauncees, B.IN. dpy3bsiHoBa, 2023
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YK 699.82

MaTtemaTu4yeckoe mogenupoBaHue
nepeHoca napoo6pasHoun Bnaru
nop AeucTBMeM pasHoOCTHU
napumanbHOro gaBrieHUA BOASHOro napa
B CTEHOBbIX OrpaxagarLmx
KOHCTPYKUMAX 38aHUN

K.MN. 3ybapes

OIrBEOY BO «HayuoHarnbHbIlU uccriedosameribckull
Mockosckuli 2ocydapcmeeHHbIl cmpoumerbHbIl yHU8epcUMemy;
@OrbY «HayuyHo-uccnedosamernbckul UHCMUMym cmpoumesibHoU hu3uKu
Poccutickol akademuu apxumeKmypbl U CMPoUMesibHbIX HayK»;
®rAQY BO «Poccudckuti yHueepcumem Opy»xbbi Hapo0o8»,

2. Mockea (Poccus)

KnioueBble crnoBa U dpa3sbl: BNAXKHOCTHLIA PEXUM;
rpaHn4YHble YCroBus BnaroobMeHa; nsorepma copobumu; na-
POMPOHNLAEMOCTb; ypaBHEHWE BriaronepeHoca.

AHHOTauums. 3agaya nepeHoca BOASHOIO napa B CTEHax
30aHWn noa LencTBMeM rpagmeHTa napuuanbHoro gasne-
HWUs1 BoAsSHOro napa Obina ccopmMynupoBaHa B ABaguaTtbie
rogbl npowsnoro Beka. Llenb ctatbn — n3yyeHme OCHOBHbIX
ypaBHEHUIN, MPUMEHSIeMbIX [Ofs ONMcaHus BriaronepeHoca
nog AevCTBUMEM pasHOCTM NapumnanbHOro AaBrieHus BoadA-
HOro napa o pasHble CTOPOHbI OrpaxjatoLlen KOHCTPYKLNN.
lMpuBepeHo knaccmnyeckoe gudpdepeHumansHoe ypaBHeHWe
K.®. dokuHa. Takke onucaHbl Moandukaumm gaHHOro ypas-
HEeHWs BRaronepeHoca: NOAX04 No YTOYHEHUIO KOIhPULNEH-
Ta naponpoHuuaemoctu B.M. VnbMHCKOro n ntepaumoHHbIN
metoa A.C. MNMeTpoB.a. MNpeacraeneHo aga oTAernbHbIX rpadu-
YeCKMX MeToAa, OCHOBaHHbIX Ha ypaBHEHUWU NepeHoca BOAs-
HOro napa: rpaduyecknii MeToq onpeneneHns 30Hbl KOHOEH-
cauumn n metog cdokycos @.B. Yiwkosa.

BBepeHune

3ydeHne BRaXXHOCTHOMO pexmma orpaxgaroLlmx KOHCTPYKUMA 3apoamnochk B Hayarne npo-
LUIOro BeKka C MNosIBlIEHNEM B MPaKTUKE CTPOUTENbCTBA MHOFOCIIOMHbBIX OrpaxaeHun, T.K. cTano
O4YEBMAHO, YTO NpeHebpexeHne NPOrHO3MPOBAHMEM BMAXXHOCTHOIMO pexuma npuBoAWUT K npe-
XOEeBPEeMEHHOMY paspyLUEeHUIo orpaxaeHuin. MNMepBbiM MHXEHEPHBbIM METOAOM pacyeTa ctan Me-
Tog K.®. ®okmHa. N no cerogHAWHWIA AeHb UOET pasBuMTME METOOO0B pacyeTa BAaKHOCTHOMO
COCTOSIHNA CTPOUTENbHbBIX MaTepuaros 34aHus B yCroBusx akcnnyatauum [1-11].
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MepeHoc BogsiHOro napa nof AencTBMeM PasHOCTU NapuuanbHbIX AaBNeHUN
BOASAHOro napa

K.®. ®oknMH npeanoxun onpegensTb NIOTHOCTbL NOTOKa NapoobpasHon BnarM no cregyto-
wemy ypaBHeHuto [12]:

g2t (1)
19).4

roe e — napuuanbHoe AaBneHns BoAsSHOro napa, Ma; y — naponpoHuuaemocTb, kr/(m-c-Ma).
Mm Bbino npeanoxeHo anddepeHumanbHoe ypaBHeHne BnaronepeHoca [12]:

Sow) de(wt) o de(w,t)
E(t) ot ox| ox

; (2)

rae &, — OTHOCUTEeNbHas NapOeMKOCTb CTPOUTENbHOMO Matepuana, Kr/kr, E, — AaBneHne Hacbl-
weHus, lMa.

KpaeBble ycrnoBus BnaroobmeHa ans noBepxXHOCTEN OrpaxkaaroLwen KOHCTPYKLUMK ANns ypas-
HeHus (2) moryT 6bITb 3anucaHbl B Buae [12]:

L% = (e —e)

Xly=o Reh ,

de 1 (3)
w == (s —en),

Xly=1 Rag

roe e, — napuuanbHoe [aBfieHne HapyxHoro Bosayxa, la; eg — napuuanbHoe AaBreHne BHY-
TpeHHero Bo3ayxa, Na; e, — napumanbHoe OaBrieHne cHapyxu orpaxaeHus, Ma; e, — napuu-
anbHOe AaBrieHne ¢ BHYTPEHHEN CTOPOHbI orpaxaeHus, la; Ry, — conpoTueneHve ernaroob-
MEHY CHapyXW OrpakaeHus, (M2-c-l'la)/|<r; Rg g — conpotueneHve BnaroobmeHy ¢ BHYTPEHHEN
CTOPOHbI OrpaxgeHus, (M2'C'|_|a)/KI'.

[ns MHOroCrnomHbIX OrpaxgaroLnX KOHCTPYKLUMIA Ha CThiKe CIOeB pasfinyHbIX CTPOUTEMb-
HbIX MaTepuanoB MNPUHMMAETCA HeNpPepbIBHOCTb MOTOKa MapuuanbHOro AaBrfieHUs BOASIHOMO
napa (rpaHn4Hoe ycrosue BrnaroobmeHa 4 poga) [12]:

e
H8x

a2
u6x

x=v-0 x=v+0

3aBncumocTb E, 0T TemnepaTypbl Bosayxa t onpeaensnach aMnmpuyecku:

5330
273+t

E,(t)=1,84x10"" x exp(— ). (5)

Takxke cyliecTByeT pasHOBUOHOCTb AuddepeHumnanbHOro ypaBHeHNs BrnaronepeHoca (2), B
KOTOPOM BEMNMUYMHA OTHOCUTENbHOWM NapoeMKOCTU &, 3aMeHeHa Ha OCpPedHEHHOe 3HaYeHue oT-
HOCUTESNbHOW NapoeMKOCTH §0Cp [12]:
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Puc. 1. CpaBHeHue pelweHun auddepeHumanbHbix ypasHeHun (1) n (6) ona orpaxgatolen
KOHCTPYKLUMM U3 NEHOBETOHA C AKCNEepMMEHTarnbHbIM ONpeaeneHeM pacnpeaeneHms
BNaXXHOCTW MO AaHHbIM K.®. dokmHa:

1 — akcnepumeHTansHoe onpeaeneHne BRaXxHOCTHOIO COCTOSIHUS OOHOCIOMHON
orpaxgatoLlemn KOHCTPYKUUN 13 neHobeToHa; 2 — onpeaeneHne BrnaXXHOCTHOIO COCTOSHUS
OOHOCIOVHON OrpakpatoLLen KOHCTPYKLUUK 13 NeHOOETOHa C NpUMEHEHNEM MeToa
KOHEYHbIX pa3HocTen no anddepeHumansHoMy ypaBHeHuto (1); 3 — onpegenexue
BMaXXHOCTHOIO COCTOSIHMS OOQHOCITOMHON OrpakaaroLlen KOHCTPYKLUMM N3 NeHobeToHa ¢
NpMMeHeHeM MeToAa KOHEeYHbIX pasHocTeln no anddepeHumansHoMy ypaBHeHuio (6)) [12]

y Socp Oe(W,t) _ O ( 8e(w,t)j

E(t)y ot  ox ox ©)

Yo

roe EOCp — OCpefHEeHHOe 3Ha4yeHWe OTHOCUTENbHOM NapOeMKOCTU CTPOUTENBHOrO MaTtepuana,
Kr/Kr.

MpeactaBneHo cpaBHeHUe pelleHun anddepeHumansHblx ypaBHeHun (1) n (6) onsa orpax-
AaloLLen KOHCTPYKLUMM U3 neHoBeToHa C SKCnepuMeHTanbHbIM OnpeaeneHnem pacnpeneneHns
BMAXHOCTM Mo AaHHbIM K.®. dokuHa (puc. 1).

Kak BugHO 13 puc. 1, ypaBHeHue (6) matematmyecku npolle ypaBHeHUs (1), HO TOYHOCTb
pacyeTa No HEMY HECKONbKO HUXe.

B cTtaunoHapHomn noctaHoBke ypaBHeHue (1) MoxeT GbITb NpeacTasneHo B Buae [12]:

—(ux—)=0. (7)

Ha ocHoBaHuu ypaBHeHus (7) Bbin co3gaH rpadomyecknii MeToA NOCTPOEHUST 30HbI KOHOEH-
caumu, KOTopbI 4O CUX MOP BCTPEYaEeTCsl B NpakTuUKe NpoekTupoBaHus [12].
Bnocneacteumn onucaHHbI rpadmyeckmii MeTog Obifl CyLLEeCTBEHHO YCOBEPLUEHCTBOBAH

28 ARCHITECTURE AND CONSTRUCTION



Components of Scientific and Technological Progress

@.B. YWKoBbIM, YTO MO3BOMUMNO NPUMEHATL rpadonyeckne NOCTPOEHNSA AN pelleHns ypaBHe-
HUSA HecTaumMoHapHoro BnaronepeHoca (7).
HecmoTpsa Ha CBOK MPOCTOTY M y4eT BCEro NyLlb OAHOrO NoTeHumnana sraronepeHoca, onm-
CaHHbI MeToA NPOoAOIKaeT COBEPLLUEHCTBOBATLCA U Pa3BMBaTbLCA YYEHbIMU CO BCETO MUPA.
B.M. UnbuHcknin npegnoxun criegyowyo 3aBucuMocTb [13]:

()]
Hy = Hgg ——, (8)
®go

roe J, — naponpoHULAeMocTb npu X = @, kr/(m-c-Ma); ug, — naponpoxHnuaemocts npu ¢ = 80 %,
kr/(m-c-a); w, — BNaXHOCTb MaTepuana npu X = @; Wg, — BNaXHOCTb MaTeprana npu @ = 80 %.

OpaHa 13 Hanbonee nocnegHnx moandukaunn — ntepaumoHHbin metog A.C. MNeTpoBa, KoTo-
pbii MOaMdULMpPOBar YpaBHEHME CTaLMOHAPHOro BriaronepeHoca (7) ¢ npuMeHeHneM akcnepu-
MeHTanbHON 3aBMcnUMocTu [14]:

u=Kkxo+b, (9)
rae k n b — akcnepuvMeHTarnbHble KOIMULNEHTDI; @ — OTHOCUTENbHAsA BNaXHOCTb BO3ayxa.
3akntovyeHue

MeTtoq onpeeneHust BNaXXHOCTHOIO pexuma Nno ypaBHEHUIO NepeHoca BOASHOro napa siB-
nsieTcs BOCTpeboBaHHbIM METOAOM M Ha CErofHsWHUA AeHb. OH COBEPLUEHCTBYETCS YYeHbIMU
co Bcero mupa. OgHako cyLlecTBytoT 6ornee NpoaBUHYTbIE METOAbI, KOTOPbIE YYMTbIBAOT GOsb-
LLie NOTEeHUMarnoB nepeHoca Bnaru, OHU yXXe BHeApPEHbl B NPaKTUKY CTPOUTENBLCTBA.
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Mathematical Modeling of the Transfer of Vaporous Moisture
under the Influence of the Difference in the Partial Pressure of Water Vapor
in the Wall Enclosing Structures of Buildings

K.P. Zubarev

National research Moscow State University of Civil Engineering;
Research Institute of Building Physics of Russian Academy
of Architecture and Construction Sciences;

Peoples’ Friendship University of Russia,

Moscow (Russia)

Key words and phrases: moisture regime; vapor permeability; sorption isotherm; moisture
transfer equation; moisture exchange boundary conditions.

Abstract. The problem of water vapor transfer in the building walls under the water vapor
partial pressure gradient was formulated in the twenties of the last century. The purpose of the
article: the study of the basic equations using to describe moisture transfer under the influence
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of the difference in the partial pressure of water vapor on different sides of the building envelope.
The classical differential equation of K.F. Fokin is presented. Modifications of this moisture
transfer equation are described: an approach to refine the vapor permeability coefficient by
V.M. llyinsky and the iterative method by A.S. Petrov. Two separate graphical methods based
on the water vapor transfer equation are illustrated: the graphical method for determining the
condensation zone and the point method by F.V. Ushkov.

© K.IN. 3ybapes, 2023
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YK 721.011.12

dPakTopbl (hopMnpoBaHNS YCTONYNBOU cpeabl
B YCIIOBUSAIX XKapKoOro Knmmara

Mepanu LLloant

®rAQY BO «Poccutickuli yHueepcumem Opy»x6bbi Hapo0o8»,
2. Mockea (Poccus)

KniouyeBble cnoBa u dpasbl: eCTeCTBEHHAA BEHTU-
naums§; KnumaTtundeckne akTopbl; TepMaribHbIi KOMOPT;
YCTOMYMBAS apxXUTEKTYpa; IKOMOrM4yeCcKnin ansanH.

AHHoTauumsa. [laHHasa cTaTbsl NOCBSLLEHa U3yYeHnto dak-
TOPOB, KOTOpble HEOobBXoaUMO y4yuTbiBaTb Mpu ¢opmMupoBa-
HUN YCTONYMBOWN apXUTEKTYPHOWN Cpeabl B YCITOBUSX KaPKOro
knumarta. Llenbtlo nccnegoBaHua sasnsietca paspaboTtka pe-
KoMeHJaumn Ans nogaep)KaHusi YyCTOMYMBOCTU OKpYyXKatoLen
cpedbl B Takux ycrnoBusix. [MaBHOW 3agjaden siBNAETCS W3-
yYyeHue CYLLEeCTBYIOLLMX NPOEKTOB 1 NnporpamMm, HanpasreH-
HbIX Ha CHWXEHME BIUSHUS XapKOro KnumaTa Ha OKpyXato-
LY cpeqy, 1 ux apdeKkTMBHOCTb. TMNOTE3Y MCCneqoBaHus
COCTaBNSAET cregyollee npeanonoxeHue: onpeaeneHHble
drakTopbl, Takue Kak ncnonb3oBaHue 3PEEKTUBHbBIX TEXHO-
NorMn 1M matepmanoB, MoryT crnocobcteoBaTb hOpMMpOBa-
HUIO YCTOMYMBOW Cpefbl B pPernMoHax C XXapKuUM KIIMMaToM.
MeToabl nccrnegoBaHusa: MeTeoposiormiyeckme HabnwogeHus,
Ouonornyeckme nccrnegoBaHus, reorpadudeckne uccneno-
BaHus, couuonorudeckne wuccnenosaHuss. OCHOBHbIM pe-
3yrnbsTaToM WCCneaoBaHUs ABMSETCA OnpederieHve Krrode-
BbIX (PaKTOPOB, KOTOpbIE BMAUSAIOT Ha YCTOMYUBOCTb 3KOCU-
CTEM UM XU3HeOeATernbHOCTb Moden B perMoHax C XapKkuwm
KnumaTom.

Xapkuit knumaTt — 3TO He NPOCTO BbICOKME TemnepaTypbl, HO U BbiCOKasi BNaXXHOCTb BO3-
AyXa, UHTEHCUBHOE COSTHEYHOE M3NyYeHUE U Apyrue hakTopbl, KOTOPbIE BNMSIOT Ha KOMGOPT-
HOCTb NPOXWUBaHUS 1 paboTkbl B 3gaHusX. No3ToMy Npy NPOEKTUPOBAHMMN 34aHWUIA B XKapKUX KIn-
MaTUYECKMX YCIOBUSIX HEOOXOAMMO YyUUTbIBaTb MHOXECTBO (DaKTOpoB, YTOObLI co3aaTb yCTON-
YMBYIO apXMTEKTYPHYto cpedy. B gaHHOM cTaTbe Mbl pacCMOTPUM rraBHble aKkTopbl, KOTOpble
HY>KHO Y4MTbIBaTb NPU NPOEKTUPOBAHUN 30AHMI B XXapKoM Krnvmare.

1. OpueHTauusa 3gaHus
OpveHTaums 3gaHns Ha yyYacTke — 3TO OOMH M3 [MaBHbIX (PAKTOPOB, KOTOPbLIA HYXHO y4dn-

TbIBaTb NPV NPOEKTUPOBaHUM 30aHUI B XXaPKUX KNMMAaTUYECKMX ycrnoBusix. XKenaTenbHo, YTo-
Obl ANMHHbIE CTOPOHLI 34aHUS ObINM OPUEHTMPOBAHBI HA CEBEP U T, YTOObI YMEHbLUUTL KOMK-
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G)aKTOpr dopMMPOBaHUS YCTOMUYNBOW apXUTEKTYPHOW cpep,bn
B YCITOBUMSIX XKapKoro knumara

N 7

1. OpueHTaumsa 3gaHus 4. 3awmTa oT cornHua

2. Matepuanbl CTpouTenbcTea 5. 3eneHble HacaxpeHus

3. BeHTMnaumsa n KoHOMLMOHUPOBaHMe 6. MeCTHbIN KnMMaT 1 KynbTypa

Y 2RRYSR
L
N N\ [
. S

Puc. 1. ®akTtopbl hoOpMUPOBaAHUSA YCTONUYMBON apXUTEKTYPHOW cpeabl
B YCITOBUMSIX XapKoro knuvara

Puc. 2. OpueHTaums 3gaHus Ha yyacTke

4YeCTBO COSIHEYHOrO M3MyYeHns, NonagaloLlero BHYTPb 30aHUSA. TakkKe HYXHO y4uTbiBaTb, YTO
OKHa, OPUEHTMPOBaHHbIE Ha BOCTOK M 3anag, noriyyatoT Gonbluee KOnMYecTBO COMHEYHOro U3-
nyyeHnd, N03TOMY UX HY>XHO yCTaHaBNMBaTb Mo YrroM K FOPU3OHTY MNK 3aluiiaTbh OT COSTHEeY-
HbIX Ty4en.

2. MaTepuanbl cTpouTenbCcTBa

Marepwuansl, ucrnornb3yemble Ans CTPOUTENbCTBA 34aHUIN, UTPaIOT BaXHYK porib B dOpMU-
poBaHWN YCTOMYMBOW apXMTEKTYPHOW cpedbl B XapKUX KnumaTudecknx ycrnosusx. Hanpumep,
MCrnomnb30BaHNe mMaTepuarioB C BbICOKOW TEMNnon3onsumen MOXeT CHU3WUTb TEMMOBYH Harpysky
BHYTPU 34aHusA. Kpome TOro, Mcnornb3oBaHve matepuaros, KOTOPble HE HarpeBaltTCHA CUITbHO
Ha COorHLe, TakuX Kak KaMeHb UMy KUPNUY, MOXET NOMOYb COXPaHUTL Npoxnagy BHYTPY 34aHUS.

3. BeHTUNAUMA U KOHAULUOHNPOBaHUE

XOpOLIJaﬂ BEHTUNAUNA BHYTPU 30aHUNA NOMOraet CHU3UTb TEMITOBYHD HArpy3Ky v ynyydylwnTb
Ka4yeCTBO BO3AyXa. B XapKoM Krnunmarte H806XOD,VIMO npeaycMoTpeTb CUCTEMbl BEHTUNALNNU,
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Puc. 4. BeHTnnaums 3gaHums B xapkom KnvmMare

Puc. 6. 3awmTa ot conHua

13 6onee 1000 NOABMKHbIX 3NTIEMEHTOB

KOTOpblE MOTyT obecneunTb eCTECTBEHHbIN MOTOK BO3ayXa, nnn ncnonb3oBaTb MeXaHU4YeCKne
CUCTEMbI KOHOMUMOHUNPOBaAHUA BO3AYyXa. I'Ipvl Bbl60pe CUCTEMbI KOHOMUMOHUNPOBAHUA crienyet

YYUTbIBaTb 3HEProadpHEKTUBHOCTb U IKONOrMYECKNe acreKTbl.
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Puc. 7. 3eneHblie HacaXxgeHuna ona CHMKeHUA TEnnoBow Harpy3ku
4. 3awmTa ot comnHua

OpQuH M3 OCHOBHbIX (PaKTOPOB, BANAIOLWMX HAa KOMKOPT BHYTPY 34aHMS B >KapKOM Knuma-
Te, — 9T0 3awwmTa oT conHua. OcobeHHO BaxHO obecneunTb 3aWwmnTy OT NPSIMON COMHEYHOM pa-
AvaumMn Ha KXHbIX M 3anagHblX CTOPOHAaX 3[4aHusl, rae cornHue Haubonee akTMBHO. [ns aToro
MOTYT MCMONb30BaTLCA Pa3fMYHble METOAbI, TAKNE KaK PELLUETKM, XKanto3u, KO3bIpbKn U T.4.

5. 3eneHble HacaXxaeHUs

3eneHble HacaxgeHus MoryT NMomModb CHU3WUTb TEMMOBYI Harpysky B XapkoM knumarte, a
Takke ynyylwuTb Ka4eCTBO BO3dyxa M co3gaTb KOMMOPTHY aTtMocdepy BOKpYr 3gaHun. Npu
NPOEKTUPOBAHMM 30AHUN U TOPOACKOW Cpenbl CregyeT Yy4uTbiBaTb pasMelleHne 3erieHbIX Ha-
CaxaeHun, YToObl OHU MO MakCcMMarsnbHO 3(PMEKTUBHO BbINOMHATL CBOU (DYHKLUN.

6. MeCTHbIN KNUMAaT U KynbTypa

Mpy NPOEKTUPOBaHWM 3[aHWUIA B XAPKOM KNMMaTe BaXKHO YYMTbiBaTb MECTHbIA Knumat u
KynbTypy. HekoTopble perroHbl MOryT UMeTb CBOM TpaAWLMOHHbIE METoAbl 3almUTbl OT XKapbl,
KOTOpble crneayeT yyuTbiBaTb MPW NPOEKTUPOBaHWM HOBbIX 34aHui. Kpome Toro, BaXKHO y4u-
TbIBaTb MECTHYIO apXUTEKTYpy M TpaguuMu Npu co3gaHuM HOBbIX OOBEKTOB, YTOOLI COXpaHUTL
KynbTypHOE Hacreaune pervoxa.

3aknroyeHue

CosgaHne yCcTOMYMBOW apXUTEKTYPHOWN cpenbl B XXapKOM KNumaTe — BaXKHbI (pakTop npwu
NPOEKTUPOBAHMM 30aHUN B Takmx ycnoBuax. [ns 9TOro yuuThbiBalOT OpMEHTALMIO 30aHusl, UC-
Nonb3yl0T TEHEBbLIE ANIEMEHTbI, ECTECTBEHHYI0 BEHTUNALMIO, N30MALUNOHHBIE MaTepuanbl 1 3e-
neHble HacaXaeHusi, YTobbl co3gaTb KOMAOPTHLIE YCITOBUS BHYTPU M BOKPYr 34aHUS, a Takke
CHM3UTb pacxoibl Ha KOHAULMOHMPOBaHME BO3ayxa. BaxHO yunmTbiBaTb MECTHbIE OCOBEHHOCTH
N Tpagmumm, a Takke UCMonb30oBaTb COBPEMEHHbIE TEXHONOMMN 1 matepuansl. CosgaHve ycTon-
YMBOW apXUTEKTYPHOW Cpedbl B XapKoM KrMmaTe MOXET CMNOCOBCTBOBATL YIyULUEHUIO OKpY>Ka-
oLlen cpedbl N YCNoBuin Ans KOMOPTHOro NpedbiBaHNA NOOEN.
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Factors for the Formation of a Stable Environment under a Hot Climate
Medani Choayb
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Key words and phrases: climate factors; sustainable architecture; natural ventilation;
thermal comfort; ecological design.

Abstract. This article is devoted to the study of factors that must be considered in the
formation of a sustainable architectural environment in a hot climate. The purpose of the
research is to develop recommendations for maintaining environmental sustainability in such
conditions. The main task is to study existing projects and programs aimed at reducing the
impact of a hot climate on the environment, and their effectiveness. The hypothesis of the study
is the assumption that certain factors, such as the use of efficient technologies and materials, can
contribute to the formation of a sustainable environment in regions with a hot climate. Research
methods are Meteorological observations, Biological studies, Geographic studies, Sociological
studies. The main result of the research is the identification of key factors that affect the stability
of ecosystems and the life of people in regions with a hot climate.
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Abstract. This research examines information modeling
programs in Russian construction during the sanctions
period. The main goal of the research is to review the
existing Russian means of supporting information modeling
in Russian construction, and supporting the management
functions of a construction company, in particular. As a
hypothesis, an assumption was raised on the use of Russian
software in the sphere of information modeling in construction
in connection with the departure of foreign vendors from the
Russian market.

To this day, due to sanctions and the withdrawal from the Russian market of a number
of foreign suppliers of specialized software, domestic technologies in the field of information
modeling in construction have begun to appear and develop.

The life cycle of a construction object (real estate object) consists of the stage of creation of
the concept of development of the territory (pre-project stage), design of the real estate object,
construction, operation and liquidation of the object [7].

Information modeling tools at the stages of design, construction and operation have become
the most demanded.

Among the domestic software aimed at supporting information modeling of the stages of
the life cycle of a construction object [2], the following main directions can be distinguished:
software for the design stage, software for the construction stage and software for the operation
stage (fig. 1).

The first two stages were examined by the authors in the article [1]. Therefore this article
will consider the software products that are used at the operational stage.

Among the software products designed for digitalization of the management of the
construction object at the specified stage, three systems were analyzed, the most interesting
from the point of view of functional completeness and realized capabilities:

» the TechnologiCS;

« the 1C: Enterprise 8. Rental and management of real estate;

+ the ASK — HCS.

The results of the analysis of the above software solutions are shown below.
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Fig. 1. Types of software for the implementation of the stages of the life cycle of the
construction object

The TechnologiCS — Life Cycle Management System (PLM) for industrial enterprises —
has been developed since 1987. A software product that allows for continuous information
support of the main business processes of a manufacturing company, such as engineering and
technological preparation, production planning and management (including directly in workshops
and on sites), control of the production process, quality management and maintenance of
manufactured products, requirements management, project management, electronic archive
and document management of the company [3].

The TechnologiCS allows:

+ to create, maintain and actively use unified electronic reference books (materials,
components, equipment, tools and accessories, etc.) in various areas of the company's activity;

» to create and use in the work of all services of the entity a single electronic database
on manufactured and designed products (products, specifications, 3D models, design,
accompanying and other documentation, technological processes, material and labor standards,
equipment);

* to organize the collective work of designers, technologists, standardizers, shop floor
and other services with electronic information and documentation, actively use technical data in
electronic form when coordinating and making decisions;

* to automate the development of technological processes, calculation of material and
labor standards, preparation and release of design, technological and other documentation;

» 1o calculate the regulatory and planned cost of products and orders;

« to flexibly form the composition of production orders and manage them promptly;

» to make the production program and plans of departments (workshops, sites) with the
necessary accuracy, if necessary — up to specific technological operations;

+ to create production tasks for specific departments, employees or workplaces, issue
various production documentation in automatic mode (itinerary sheets, shift-daily tasks, work
orders, etc.);

» to organize operational accounting of work in production, track the actual state of planned
work, the readiness of parts, assemblies, products, orders, the state of work in progress,
remnants of materials, finished parts, etc.;

* to manage applications and delivery of materials and components for production in
accordance with the plan, technological processes and current regulations;

» to calculate the factual costs for the production of the order.

This software program allows to reduce the time and financial costs of implementing the
system and saves ordinary specialists and managers from many problems that arise in their
daily work. This is especially important for modern dynamically developing industries, where the
boundaries between the functional responsibilities of individual departments are relative and all
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List of real estate objects S
Real estate object square status
' agreement
Service Rate Accrual method |End date
Business center "Delovoy Mir" 16 040, 00 200,00
Business center "Delovoy Mir" 15 500, 00
15 500, 00
Office-1 55,00 free
55,00 free

Fig. 2. List of real estate objects

services work in constant close cooperation with each other.

The TechnologiCS is the ideal software solution for complex automation of both large
factories and small manufacturing enterprises [4].

The Software “1C: Rental and real estate management” is intended for owners of commercial
real estate, management companies, development structures. The software makes it possible to
increase the efficiency of companies’ business by automating the processes of maintaining the
register of real estate objects, managing lease agreements and settlements with tenants, and
operating real estate objects. The program provides solutions to the problems of accounting,
management, legal and administrative accounting.

The program enables to effectively manage different types of real estate: shopping and
office centers, land plots, exhibition areas, warehouses, markets, etc.

The Software “1C: Rental and real estate management” contains a set of subsystems that
together provide automation of real estate management:

* subsystem Management of the register of real estate objects;

» subsystem Management of lease agreements;

* subsystem Management of lease settlements;

* subsystem Management of the operation of real estate.

The most demanded functions of this software are the following:

« the use of hierarchical catalogs of real estate objects in daily work, as well as the
possibility of adding new characteristics into them;

- formation of a list of real estate objects with the ability to perform selections and
groupings based on its characteristics (Fig. 2);

» formation of bar charts about the statuses of real estate objects (Fig. 3);

» creation of real estate objects in automatic mode in the database of the program on the
basis of graphical object placement plans;

* accounting of accounting documents related to lease agreements;

» the opportunity to store a list of phone numbers related to tenants' contracts;

» opportunity to manage sublease agreements and lease accounting with breaks;

« the opportunity to lease one object to several tenants;

« forming a list of lease agreements, as well as providing an opportunity to group and
select data on them according to various parameters;

» the opportunity to create settlements with tenants: under the contract, due date, objects,
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¥ B A bar chart about the statuses of real estate objects :
(> Create Color settings More . 7
Period Year - | |2019 v Display only available for rent

Scale

L)

Abarchart | Data selection

01 02 03 ”04 05 06 07 08 09 (10 .il 12

B Business center "Delovoy Mir"
Office-1
Office-10
Office-2

Office-3 I e

e H For rent

Office-5

. Under major renovation

Free

m

Fig. 3. Statuses of real estate objects

services, invoices for payment;

* accounting of primary rental documents: invoices, acts on the provision of services,
invoices;

» automatic generation of invoices for payment and acts on the provision of services
with the possibility of sampling by tenants, services, facilities, as well as printing the created
documents and sending them to tenants by e-mail;

» calculation of rent for an incomplete period;

» automatic completion of payment periods in invoices under the terms of the lease
agreement;

* reporting on mutual settlements with tenants with analytics on periods, services, rental
objects, payment invoices and the ability to analyze settlements on penalties and deposits;

+ analysis of delays in payments for services and calculation of the amount of penalties
according to various algorithms;

* accounting of structural elements and engineering systems of real estate objects subject
to maintenance and repair;

* planning of measures for the maintenance of real estate objects;

« registration and control of service requests;

» storage of estimates for materials and works for carrying out maintenance activities;

» accounting of actual operating costs;

» accounting for the services of contractors to perform maintenance;

* maintaining a history of maintenance activities;

» planning of operating costs, comparison of planned and actual indicators.

The information System ASK — HCS is the software that integrates with state and regional
portals, accounting systems and photo-video recording and analysis systems, which allows
automating business processes for registering objects of waste generation and acceptance,
vehicles for their transportation, forming and issuing permits for waste movement, taking into
account landfill loading, as well as performing end-to-end control and automatically fixing
violations on transportation routes [5].
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The ASK — HCS carries out the following tasks:

» providing employees of the organization and the Customer with current indicators for the
implementation of work at any time period for making management decisions;

+ providing departments and employees of the organization with up-to-date, complete
information about the business processes of the organization to optimize business processes;

« creating a shared multi-level file space in the organization;

» providing an opportunity to monitor the quality of work and violations, which will lead to a
reduction in violations when performing work;

* increasing the level of operational control of dispatching services and indicators of the
efficiency of the use of technique.

» acceleration of the preparatory work process when planning.

The main feature of the ASK — HCS is real-time tracking of vehicles indicators, creation
and adjustment of work assignments, accounting of planned indicators, adjustment of mining
operations, monitoring the efficiency of mining equipment use, finding weaknesses in business
processes, maintaining technical records and equipment status.

Having analyzed and reviewed the available domestic software tools for design, construction
and operation, it can be concluded that despite the withdrawal from the Russian market of foreign
suppliers of information modeling support programs in construction, the Russian construction
market will continue to exist and will use domestic technologies for information modeling in
construction.
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MporpammHasa nogaepxka MHOPMaLMOHHOIrO MoaenMpoBaHUs
B POCCUUCKOM CTPOUTENLCTBE B CaHKLUUOHHbLIX nepuoa

0.B. Copogos, H.A. BaHOB

®rb0Y BO «HauyuoHanbHbIU uccriedosamerbcKull
Mockosckuli 2ocydapcmeeHHbIl cmpoumeribHbIlU yHUsepcumemy,
2. Mockea (Poccus)

KnroueBble cnoBa u ¢pasbl: XM3HEHHbIN LMK 0ObekTa CTPOUTENbCTBA; NPOrpaMMHoOe
obecneyeHne; CTpoOMTENLCTBO; LMdpoBusauuns; LmdpoBoe pa3sutme.

AHHOTauusa. B gaHHOM uccrneaoBaHUM pacCMOTPEHbI NporpamMmmMbl MHOPMALIMOHHOIO MO-
OennpoBaHnsi B POCCUNCKOM CTPOUTENLCTBE B CaHKLUMOHHBLIM nepuog. OCHOBHON LeNbo nccne-
A0BaHNA ABnsieTcs 0630p CyLECTBYOLMX POCCUNCKUX CPEeACTB NoaaepXkM MHpOpMaLMOHHOro
MOOENNPOBaHNS B POCCUIACKOM CTPOUTENbCTBE, B YACTHOCTWU, MOAAEPXKKN (PYHKUMIA MeHeo K-
MeHTa CTPOUTENbHOW KOMMaHuu. B kadecTBe rmnoTtesbl GbINO BbIABUHYTO MpeanosiokeHue o
BO3MOXXHOCTU UCMOMb30BaHNSA POCCUIACKOrO NporpamMmmMHoro obecneyeHuns B obnactn nHgopma-
LIMOHHOIO MOOENUpPoBaHnsl B CTPOUTENBLCTBE B CBS3M C YXOO4OM MHOCTPaHHLIX BEHOEPOB C poC-
CUIACKOrO pblHKa.

© D.V. Sbrodov, N.A. Ivanov, 2023
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YK 721.012.12:316.4

CoumnanbHble dpakTopbl
NPU NPOEKTUPOBAHUN XKUIbIX AOMOB

A.A. CmupHOB

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

KnioueBble crnoBa u dpasbl: apxMTeKTypa; XUrnow aowm;
notpedurensn.

AHHoTauusA. B nocnegHee Bpems 60MbLION HaNMbIB CO-
BPEMEHHOIO MHOIOATAXXHOIO XWUNbs HE OTpaXkaeT noTpebHo-
CcTn, 0bpas Xn3HU 1 pearnbHble 3anpockl notpedbutens. Vaet
CTPOUTENLCTBO 0BE3NNYEHHBIX MHOTO3TaXHbIX JOMOB, KOTO-
pble NULb YCNOBHO MOXHO OTHECTM K KakoMy-nmnbo kraccy
HEABWKUMOCTMW, HE YYUTbIBAOLLEN PErMoH CTPOUTENbCTBA,
panoH U €ero UCTOPUK, MECTHbIN permoHasnbHbIA KONOPUT U
«kog MecTa». [aHHas paboTa CTPyKTypupyeT couumarnbHble
dakTopbl 1 POPMUPYET LAONOMHUTENbHbLIE NPEeaNPOEKTHbIE
MONOXEHUSA, KOTOpble MOryT MOBMAWUSATb Ha apXUTEKTYypy CO-
BPEMEHHOIO XWUMOro AoMa, YYUTbiBAKOLWEro pearibHble Mno-
TpebHOoCTN YenoBeka.

Llenb nccnenoBaHnsi — BONPEKM CIIOXMBLUMMCSI CTEpeo-
TMNam COBPEMEHHOIO KOMMEPYECKOro Xunbs cobpatb dak-
TOpbI, NprcnocabnuearoLLme Xunbe K 0cob6eHHOCTAM obpasa
XWU3HW Knaccos notpebutenen.

3agaun uccnegoBaHus: BbISIBUTb HEYYTEHHblE (hakTopbl
B COBPEMEHHOM XWIULLHOM CTPOUTENbLCTBE; CHOPMUPOBATL
haKTopbl, KOTOPblE HE YYUTLIBAKOTCA NPOEKTaMU COBPEeMEH-
HbIX MHOFO3TaXHbIX >KUMNbIX [LOMOB; NPEANOXUTb MEeTOoAbI
AanbHenwero nonyyYeHns AaHHbIX; caenaTtb BbiBOAbI U3 NPo-
BEOEHHOro aHanuaa.

Mpobnema. CoBpeMeHHbIE MAacCOBbIE XWIbl€ PaNOHbI
ABNATCA 006€3MMYEHHBIMU M HEKOMOPTHLIMU ANS KU3HU
OTAENbHOro 4yenoBeka. ApXMTEKTYpa COBPEMEHHbIX XWIbIX
paioOHOB He y4uTbIBaAeT NOTPeBHOCTU rpynn nogen, ons Ko-
TOPbIX OH NPeAHa3HayeH, U He OoTpaXkaeT ux obpas >KU3HW,
He cbopMupyeT KOMMOPTHYIO cpeay ANst YIOTHOW XU3HW U A0-
BGpococenckmx OTHOLLEHUI C corpaxgaHaMmu.

MnoTesa uccnegoBaHWs: COBPEMEHHOE MNPOEeKTMpOoBa-
HMe HeJoCTaTOMHO OPUEHTMPOBAHO Ha Yenoseka. Mpegctont
onpeaenuTb, Kakne akTopbl HE4OCTAaTOMHO YYUTbIBAKOTCA B
COBpPEMEHHOM MacCOBOM CTPOMTENbCTBE, YTO AenaeT apxu-
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TEKTYpYy 06€e3NNYEeHHON N HeJOCTaTOMHO NEPCOHANN3NPOBAH-
HOW, BbISIBUTb couuarnbHble ¢hakTopbl, Y4eT KOTOPbIX CMOCO-
6eH NpMbNN3NTb COBPEMEHHBIN XXMMOK OOM K 06pasy XnsHu
COBPEMEHHbIX MoAen pasHbiX BO3PacTOB.

MeToabl: CpaBHUTENbHbIN, BU3yanbHO-aHaNUTUYECKUNA.

PesynbraThl: cobpaHo MHoroobpasune coumanbHbiX dak-
TOPOB, MO3BOMSIOLWMX Yy4eCTb 0CoBeHHOCTM obpasa XW3Hu
noTpebuTenss nNpu MNPOEKTUPOBAHUN COBPEMEHHBIX KUIbIX
KOMMJIEKCOB.

CoBpeMeHHbIV peann3oBaHHbIA NPOEKT XXMIOro JoMa — 3TO rapMOHUSA TPEX COCTaBIIAIOLLMX:
yyacTKka CTpOUTENbCTBA, apXUTEKTYpbl 34aHus, NopTpeTa notpebuTens.

ApxuTeKkTypa 34aHns 3aKknivaeTcs B psage COCTaBNSALLMX:

* apxuTekTypHas cdopma;

*  CTWUNb apXMUTEKTYpbl;

* MaTtepuarnbl HECYLLNX KOHCTPYKLUWNA;,

* OTAEeNoYHble MaTepuarnsl pacagoB U MHTEPbLEPA;

*  VHXeHepHoe obecnevyeHne 30aHuns;

» ©es3onacHoCTb 3aaHus.

Ctunb. (N9a8 Ha cOBpeMEHHbIE 3aaHMs Knacca 9KOHOM M KOMMOPT, MOXHO NpeanonoxXuThb,
YTO 3aCTPONLLMK yBexaaeT apxuTektopa B TOM, YTO SpPKOE CTUINMCTUYECKOE peLUeHne MOXET
nomeLlaTb yHMBEpCcanbHbIM NpoAaxam LIMPOKOoMYy notpebutento. CTUAMCTUYECKNE peLueHus
30aHus:

* COBpPEeMeHHasl Knaccumka — y4yeT onbiTa TPagULMOHHLIX cTurnen n mogepHusma XX B.,
NpYMeEHEHNe HOBbIX MaTtepuanosB 1 KOHCTPYKLMNI,

*  MOCTMOAEPHM3M — ObpallleHne K UICTOPUYECKUM CTUNSIM B COBPEMEHHOM KOHTEKCTE;

* TpagvuMoHanuam, Heoknaccuumam — obpalleHue K s3blKy Krnaccuieckux hopm 3mnoxmu
Krnaccuuunama v BospoxaeHus;

*  MWHMManu3am — UCMoNb30BaHWE YUCTON reoMeTpuM U MaTepmanoB 6e3 OTAENKKU, ronoro
6eToHa, cTtanu, gepesa, Nypusm opm;

*  UHXEHepHasl apxuTeKkTypa — Xan-TeKk — NCNoNb30BaHUE OTKPbITOro Kapkaca 34aHus N UH-
YKEHEePHOWM KOHLUENUUN Kak OCHOBHOM hopMoobpasyoLlen COCTaBMSIOLLEN apXUTEKTYPHOro 06-
pasa, «TexHonornyeckun knaccuumam» (P. Bodpunn).

ApxuTekTypa 34aHnsi yYMTbIBAaeT OrpoMHOe MHOroobpasme akTopoB:

*  KNacc HeaBWMXMMOCTW, YMECTHbIV ANS JaHHOro yyacTtka u notpeburens;

*  CTWMb apXUTEKTYpbl — MUHUMaNn3am, MO4epPHU3M, HEOKNaccuka, HEOMOAEPH, COBPEMEH-
Has Knaccuka, Xan-tek, NOCTMOAEPHU3M U T.4.;

*  3TaXHOCTb, BbIOPAHHbIA TUN — TOYEYHbIN, NNacTuHa, N-obpasHbIn, “3mes”;

* MaTtepuanbl BHELUHEN OTAENKN — LWTYKaTypKa, KUpnu4, naHenu, kepamuka, 6eToH, nspas-
Lbl, BUTpaxun, antokoboH, BeHTdacas;

* BankoHbl, OCTEKINEeHNe, NHCcoNaLmMs, noxapHasa 6e3onacHOCTb, AOCTYN UHBanNuMaaMm, 3Ba-
Kyaumsa v 1.4.;

*  TUN NSIAHUPOBKN 3TaXa — CEKLMOHHbIN, ranepemnHbiin, KOPULOPHbIN;

*  HanuMyue noas3emHOro NapkuHra, CUCTEMbI NOXAapOTYLUEHUs, NMATOB, NaHAYCOB ANSA WH-
BannaoB, BCTPOEHHbIX MarasvHoB, 6accenHa v T.4.;

* HanMyne cUCTeEM U CEepBUCOB OBOCNYXMBaHUA — KOHCbEPXX, OXpaHa, BuaeoHabnogeHue,
aBTOMaTWKa OTKPbIBaHWUS BOPOT AN AOCTaBKU U T.4.
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Tabnuua 1. Kputepun oTHOLEHWS 30aHWI K TOMY WU UHOMY KNaccy HeOBMKUMOCTH

Knacc HegsmxumocTtun OcobeHHoCTH npoekTa

Knacc akoHom

Manora6apMTHoe Xunbe TUNoBowm NIaHnpoBKKU, CNoXXHaA
TpaHCNopTHasa AOCTYNHOCTb, MaHeNlbHOe Ui Tunoesoe

Knacc komdopt

ManorabapuTHoe, ynyJdlleHa TpaHCNopTHas AOCTYMNHOCTb,
nnaHupoBKa, MaTepuanbl 1 apXUTEKTYPHOE peLleHne

Knacc 6usHec

Xopoluas TpaHCnopTHas JOCTYMNHOCTb, UHANBUAYaTbHbIA MPOEKT,
cBoboaHas NnaHUpoBKa KBapTup, NapKUHT, CEPBUC

bonbluve nnowagw, yHMKaﬂbeIIZ NPOEKT, apXUTEKTYpHasa oTaenka

Knacc npemMmnym BbICOKOKA4Y€CTBEHHbBIMWN MaTepuanamu, NPeCTUKHbIA panioH,

BMZOBbIE KBAPTUPbI, PACLUMPEHHbIN CEpBUC, Hanpumep, BaccelH

Knacc ntokc

YHUKanbHble 34aHUS BbICOKOrO kKavecTBa 1 KomdopTa B 6onbLLMX
3ereHbIX MaccuBax, aBTOPCKUIA NMPOEKT OT M3BECTHOrO apxmUTekTopa,
nore Ans ronsda, BUA Ha MOPE UMW Ha YHUKanbHbIE NaMATHUKN
KyneTyphbl, CIMA, nonHoe cepBrcHoe obcnyxnBaHue

MopTpeT noTpedbuTensa. [MaBHbIM HEYYTEHHBIM (PAKTOPOM COBPEMEHHOIO MacCOBOro Mpo-
€KTUPOBaAHNS N CTPOUTENBCTBA SABNSETCA CoLManbHbIN hakTop, Uenesas ayautopus, peanbHble
noTpebHOCTN OTAENbHOro YenoBeka 34echb U cenyac, B JaHHOM panoHe ropoda, B AaHHOe Bpe-
Ms. PaccmoTpum nopTtpeT notpebutens:

BO3pacTHas KaTteropus;
COCTaB CEMbUY;

pon 3aHATUMN;

00pas XusHu;

npexxHee MecTo XUTENbCTBA;

YPOBEHb AOXOO0B;

0COBEHHOCTUN KyNbTYpbl;

KOHBIOHKTYpa pbIHKa (4TO y>K€ NOCTPOEHO AN TAaKOro KIMeHTa BOKPYr);
yBreyeHuns, xobou, KynbTypHble MHTEPECHI, MPUBbIYKMA, CKITOHHOCTMU.

Pacnpe,u,eneHme Nno BO3pPaCTHbIM rpynnam 6y/1eT BIMNATb Ha I'IOTp66HOCTI/1 N COOTBETCTBEH-
HO, Ha apXUTEKTYpHble 0COBEHHOCTU XKNIOro 3AaHnA (Hanmqwe naHgycoB, OETCKMX nrowanok

nT.Nn).

BospacTHble rpynnbl noTpebutens:

getn — 0-10 ner;

nogpoctkn — 10-16 ner;
mornoaexb — 16-35;

cpeaHui Bospact — 35—-65;
neHcnoHepbl — 65—-80;

noxunole nogn — ctape 80 ner.

Knacc HegBMXXMMOCTU. 3aCTPONMLLNK YACTO MaHUMyNMPyeT KnacCoM HeaBWXMMOCTW, Nog-
MEHSIs OAMH Knacc Opyrum, Kak npasuro, 6onee BbICOKMM. Kputepum OTHOLLEHWUSI 34aHUN K
TOMY UNIN MHOMY Knaccy HeaBWXUMOCTU npuBeaeHbl B Tabn. 1.

Mpumepbl coumanbHO-BO3PACTHLIX IPYMM U MPOEKTOB C MHAMBUAYaNbHBIMU OCOBEHHOCTAMU
npueeaeHbl B Tabn. 2.

Lenb BnageHns, HasHayeHue 3paHus. [py NpoekTMpoBaHNM MOXET ObITb y4YTEHa NOTEH-
umnanbHas yHKUMS U Ha3HavYeHue BnageHusi, K KOTopor noam 6yayT CKNOHHbI B JaHHOM palio-
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Tabnuua 2. MNMpumepbl coumanbHO-BO3PacTHbIX FPYMN U MPOEKTOB C MHAUBMAYalbHLIMU
0CODEHHOCTAMM

HasBaHune npoekrta VHavBuayanbHble 0COOEHHOCTH

[na monopgbix cemen: Bo3pact 25-45 nert, getn go 14 ner.

MonogexHblI X1nowm KoMnrekc Knacca
1—2-KOMHaTHbIe KBapTupbl U CTYAUN, DUTHEC-kNYO, aeTckne

KomaopT

nnoLwazaku 1 ydpexaeHusi, NoNnKIMHMKa, NapkoBKuy, Napk
[MpecTuxHbIN BUAOBOW KOHOOMUHUMYM [na coctoaTenbHbix nokynatenen 35—-60 net. CanoH KpacoTbl,
Oun3Hec-knacca KINMHUKa, cnopT-kny6, 6acceinH, TEHHUCHbIV KOPT, Napk

YeanHeHHbIN XXUnon KBapTan AN NEHCUOHEPOB U NOXWUITbIX MOAEN
ctapwe 60 net komdopT-knacca. Anteka, NONNKNNHUKA, MarasmHbl
B LLAroBOW AOCTYMHOCTH, NapkK

YeanHEHHbIN XNUon KBapTan aAns
NMEHCMOHEPOB U MOXUIbIX NOAEN

Tabnuua 3. MNMoTeHumanbHasa GyHKUNS U Ha3HAYeHWe BrageHusl, K KOTOPOM ByayT CKIMOHHbI
notpebutenu

dyHKUMA BnageHus Lenb nproGpeTteHus

[na nocTosiHHOro NPoXunBaHusa BnagenbLa n ero ceMbh. JIMYHbIN

JIn4yHoe nonb3oBaHue
Bbl60p ans cebsa n cembu, YIOTHada oTaenka ansa Xn3Hum

BrioxeHune cpeacTts Ha anutenbHyto nepcnektusy Ha 20-30 ner,

ApeHfa, naccuBHbIN 4oX04
oTAernka nop cpegHero notpebutens

KpaTkoBpeMeHHas UHBECTULMNA ONA nepenpogaxu Ha 5 ner,

Mepenpopaxa
oTAernka nop uenesoro byayuiero nokynartenst unu 6e3 otgenku

He, Ha JaHHOM y4acTKe, B AaHHOW coumManbHO-39KOHOMMUYECKOW cutyauum (tabn. 3).

MrHopurpoBaHue noTpebHOCTEN KOHKPETHOIO NoTpebutens, «ManeHbKoro YenoBekay, Beger
K 06€e3rM4eHHOCTM 1 HU3KOMY KayecTBY cpebl COBPEMEHHON KOMMEPYECKOW XUMOW apXUTEK-
Typbl. Bbixog — npoBeaeHne cneuunanbHOrO coumarnbHOro UCCnegoBaHnsa elle Ao Hadana npo-
€KTUpOBaHus, YTOBbl NOHATL, KAKOro Kracca Hy>keH JOM B AaHHOM pavioHe ropofa, Ha AaHHOM
yyacTke, B AaHHOW COLManbHO-3KOHOMMYECKOW CUTyauun U AN KOro OH npefHasHadeH: ydeT
BO3PAaCTHbIX, NMOBEAEHYECKMX, XKMUIHEHHbIX OCOBEHHOCTEN, obpasa XM3HW U YPOBHS LOXOAOB,
KyNbTYPHbIX MHTEPECOB NOTEHLMANbHOro Xntensa dyayliero goma.
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Social Factors in Design Residential Buildings
A.A. Smirnov

Saint Petersburg State University of Architecture and Civil Engineering,
Saint Petersburg (Russia)

Key words and phrases: residential building; architecture; consumer.

Abstract. Recently, a large influx of modern high-rise housing does not reflect the needs,
lifestyle and real demands of the consumer. The construction of impersonal multi-storey buildings
is underway, which can only conditionally be attributed to any class, but further does not take
into account the region of construction, the district and its history, the color of the area and
the “place code”. This work structures social factors and forms additional pre-project provisions
that may affect the architecture of a modern residential building that takes into account the real
needs of a person.

Purpose of the study.

1. Reveal unaccounted factors in modern housing construction

2. Form factors that are not taken into account by the projects of modern multi-storey
residential buildings

3. Suggest methods for further data acquisition.

4. Draw conclusions from the analysis. Research objectives Contrary to the prevailing
stereotypes of modern commercial housing, to collect factors that adapt housing to the
characteristics of the lifestyle of consumer classes.

Problem. Modern mass residential areas are impersonal and uncomfortable for the life
of an individual. The architecture of modern residential areas takes into account the needs
of the groups of people for whom it is intended and does not reflect their lifestyle, does not
form a comfortable environment for a comfortable life and good neighborly relations with fellow
citizens. Research hypothesis: Modern design is not human-oriented enough. What factors
are not sufficiently taken into account in modern mass construction, what makes architecture
impersonal and insufficiently personalized? Methods. Comparative, analytical. To identify social
factors, taking into account which can bring a modern residential building closer to the lifestyle
of modern people of different ages. Results. A variety of social factors have been collected to
take into account the peculiarities of the consumer’s lifestyle in the design of modern residential
complexes.

© A.A. CmupHos, 2023
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MeTtoabl 1 npuembl BblAeneHUs rpaHuny,
o6LWeropoAckoro LeHTpa MICTOPMYECKoro ropoga
(Ha npumepe ropona BopoHexa)

C.A. dupcos

@rbOY BO «BopoHexcKul 20cydapcmeeHHbIU
mexHu4YecKkul yHusepcumemy,
2. Boponex (Poccusi)

KnioueBble cnoBa u dpa3sbl: apxuTekTypa ropoackoro
LUeHTpa; rpaHuua obLeropoAckoro LeHTpa; uctopuveckas
apXuTEKTypa; MeToAbl OLEHKWN; OBLLEeropoackon LEHTP; npo-
€KT MMaHNPOBKM.

AHHOTauusa. B crtatbe noctaeneHa npobnema paumo-
HanbHOro BblAENEeHUs rpaHuL, 0bLeropoackoro LeHTpa ucTo-
pyYeckoro ropoga Ans uenen npoekTupoBaHus. 3agaym umc-
CrnefoBaHvs: U3yYyeHWe MEeTofoB W NMpUemMoB onpeneneHunst
rpaHunL, rOPOACKMX LIEHTPOB, M3ydeHne o6OCHOBaHUSA rpaHuL,
obLeropoAcKkoro LeHTpa B NPOEKTHbIX MaTepuanax no LeH-
Tpy BopoHexa, nsyyeHne COOTBETCTBUS TEpPpPUTOpPManbHOWM
AnddepeHumaumm n PyHKLUMOHANbLHOW HACbILLEHHOCTU Tep-
pUTOPUKN akTyanbHOro MpPOeKTa NMaHWpoBKM BopoHexa xa-
pakTepucTnukam obLeropodckoro LeHTpa. Mmnoreson ncecne-
AOBaHNS SABNSeTCA HeobXOAMMOCTb pacLUMpeHus crnekTpa
METOAOB U NPMEMOB BblAENEHUS LeHTParbHOM 30HbI ropoaa.
B xome vccnegoBaHusa MCnonb3oBanuchb crneaylolime MeTo-
Abl: U3y4eHue uctopuorpaduyeckmx U NPOEKTHbIX MaTepu-
anoB, MeToAbl rpadoaHanMTUYEeCKOro aHanumsa, HaTypHble
obcnepoBaHusa. B nccnegosaHmn gokasaHa HeoOXOAMMOCTb
pa3paboTkM MEeTOOMKN OnpeaeneHns rpaHuL, ropoacKoro
LeHTpa.

OOweropoackue LEeHTpbl SBNATCA YHUKaNbHBIMU, MHOTOMYHKLMOHANbHBIMWU, NCTOPUYECKN
3HaYNMbIMU, OUHAMUYHO Pa3BUBAIOLLNMUCA FOPOACKUMM TEPPUTOPUSIMA, UMEIOLLIMMUN OFPOMHOE
3Ha4yeHne B hopMmMpoBaHUM ropoackon cpedbl. OHM ABNAKOTCS NPEAMETOM MHOMOYMCMEHHbIX
TEOPETUYECKNX WCCIEeQOBaHUMN B 0obMacTyM rpagoCTpPOUTENbCTBA UM apXUTEKTYPbl B KayecTBe
Ba)XKHEWLLEro afieMeHTa apXUTEKTYPHO-MPOCTPaHCTBEHHOW opraHusaumm ropoga [1; 3; 5-8].
[lo HacTosIWEero BpEMEHN OCTAKTCA akTyarbHbIMM PEKOMEHOALMM MO NMPOEKTUPOBAHNIO 06LLe-
CTBEHHbIX LIEHTPOB rOpPOAOB, YYUTbIBAKOLWME MHOMOYUCHEHHbIE UCTOPUYECKME, coLMarbHbIe,
apPXUTEKTYPHO-NPOCTPaHCTBEHHbIE dhakTopsbl [7; 8]. TeppuTOpManbHoe nnaHnpoBaHWE U rpago-
CTpOUTENbHOE 30HMPOBaAHNE HECKOSIbKO CHMBENMPOBANM pPoSib MOPOACKMX LIEHTPOB, B NepeyHe
PYHKLMOHAMNbHbIX 30H ropoda OHW HE UMEKT CaMoCToATENbHONM KaTteropun. OgHako, HECMOTPS
Ha MMeloLmecs NpeacTaBneHnus U N3y4eHHOCTb PONnM U CTPYKTYpbl OOLLEropoackoro LeHTpa,
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Puc. 1. Cxembl rpaHu1L LeHTparnbHbIX 30H ropoda BopoHexa B npoekTax nnaHUpoBKM
1959-1960 rr., 1980, 2005 1 2015 rr.

[0 HacCTOSLLEro BpeMeH OTCYTCTBYET eAnHas METOAMKA ONpeaerieHns rpaHunL, ropoacKoro LieH-
Tpa M ero MnaHMpOBOYHO-CTPYKTYPHbIX 3rieMeHTOB [4]. OTO cBA3aHO, Npexae BCEro, C BbICO-
KOV OMHaMWKOW pas3BuUTMSA U NpeobpasoBaHns TEPPUTOPUA, CO CIOXHOCTBIO U MHOTO(YHKLMO-
HanNbHOCTbIO ANEMEHTOB, a Takke C pa3Hoobpa3nem pellaemblx 3a4ay Ha Kakgom atane apxu-
TEKTYPHO-NPOCTPAHCTBEHHOIO U (OYHKLMOHAbLHOro pa3BMTUSA ropoacKoro LeHTpa.

TepputopuanbHoe nnaHMpoBaHue W rpagoCcTPoOUTENbHOE 30HUPOBaHWE npeanonaraeT
4yeTKoe onpefeneHvne rpaHunl, 3eMernbHbIX Yy4acTKoB, (PYHKLMOHAMNbHbLIX 30H U MYHULUNANbHbIX
obpasoBaHViA, OQHAKO TeppuTopus OBLLEropoAcKoro LeHTpa B BuAe OTAENbHOW rpagocTpou-
TEeNbHOW 30HbI HE BblaenseTcs. Tem He MeHee, HeobXoaUMOCTb BblAeneHus obLLeropoackoro
LueHTpa (LeHTpanbHOM 30Hbl ropofa, LEeHTparbHOro pamnoHa) ANKTyeTcs HeobxoouMOCTbio pas-
pabaTbiBaTb HE TONBbKO AU dEPEHLMPOBAHHbIE FPaAOCTPOUTENBHbBIE PErNTAaMEHTbI, HO U MPOEKT
NNaHNPOBKM LIEeHTPasibHOW 30HbI.

MpoeKT NNaHMpOBKM (paHee — NPOEKT AeTaribHOW NIaHUpPOBKKU) ObiN 1 OCTaETCsA rMaBHbIM
WHCTPYMEHTOM COXPaHeHUs U pasBUTUS Cpedbl NCTOPUYECKOrO FOPOACKOro LEeHTpa, B KOTOPOM
KOMMIMEKCHO paccmaTpuBaloTCs UcTopuyeckue, PyHKLMOoHanbHbIe, counanbHble U apXnTekTyp-
Hbl€ CNEKTPbl YHUKaNbHOW roOpOACKON TEPPUTOPUN.

B maHHOM nccreqoBaHMmM cTaBunach 3agadva M3ydnTb XapakTep rpaHuL, ropoACKoro LeHTpa
B nNpoekTax aetansHou nnaHvposku (MAM) n npoektax nnaHuposku (M), a Takke nccnegosatb
NpaBOMEPHOCTb NPeaNOKEHHbIX FPaHUL, C TOYKN 3PEHUSI NOCTaBMNEHHbIX 3a4ay NPOEKTMPOBaHUSA
N COOTBETCTBUS MpeanonaraeMblX rpaHvL, peanbHbIM NpoLeccam XuUsHeOeaTenbHOCTU ropoa-
CKOro UeHTpa. bbinu nsyyeHbl reHeparnbHble NnaHbl, NPOEKTbl AeTarbHOW NIIaHNUPOBKN U MPOEK-
Thbl NIIAHUPOBKN LieHTpanbHoOM YacTtn ropoga BopoHexa ¢ 60-x rr. XX B. 40 HacTosLwero Bpeme-
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HW. KaxxabIi 3 NpoeKkTOB MIaHUPOBKN LieHTpa pa3pabatbiBarncs B OnpeaerneHHbIX rpaHmuax, He
coBnajarLLmx C rpaHuLamMmn nocriegyowmnx npoekTos (puc. 1).

MpoekT getanbHon nnaHnpoBkn 1959-1960 rr. oxBaTbIBan OTHOCUMTENBHO HEGONbLUYIO Tep-
pUTOPUIO NPaBoBEPEXHON YacTu, rMaBHbIMU rPaHULLAMN KOTOPOW cTanu ynuua KonbuoBckas u
6poBka cknoHoBon YacTtu. [Npoekt 1980 r. 3axBaTbiBan 6onee 3Ha4YUTENBHY TEPPUTOPUIO Npa-
BoGepexHon 1 neBobepexHOW YacTu ropoda, OCHOBHbIMW FpaHULaMn CTanm XXenesHo4opOoX-
Hble NMHUK Ha npaBoM M neBom Geperax. [Npegnonaranocb akTUBHOE pPa3BUTUE CKIOHOBBIX,
NPUBOPEXHBIX U HACBIMHbBIX TEPPUTOPUN.

Ewe 6onee macwrtabHoe npeobpasoBaHMe NPUOPEXHON TEPPUTOPUM HA NEBOM U Mpa-
BOM Beperax UeHTpanbHOM YacTu ropoga npeanonaranochb B NpoeKkTe AeTarbHOM NITaHUPOBKM
2007 r. HacTtb TeppuTopun NpegbiayLlero npoekTa, 3a rpaHuuamu ynuubl KonbuoBCKoW, He BO-
Lna B rpaHuLbl NpoekTupyemMon Tepputopum [2].

Anga n3yyeHns npaBoMepPHOCTU U OBOCHOBAHHOCTM BblAENEHHbIX rpaHuL Obin BeibpaH npo-
eKkT nnaHupoBkn Tepputopun 2015 r. B gaHHOM npoekTe TeppuTopus Gbina orpaHuyeHa npa-
BOOepexHOM 4acTblo mexagy GeperoBov NMHMEN BogoxpaHunuvwa u ynuuamu KonbLoBcKown,
20-netna OkTsbps, CtenaHa PasunHa. Bbina noctaeneHa 3agava BbisiBUTb Hanboree couumanb-
HO 3HAYMMble TEPPUTOPUN LIEHTPaA NyTEM UCCregoBaHUs (PYHKLMOHANbHOrO coaepXXaHus, Bu-
A0B couManbHOW aKkTUBHOCTM U TUMOMOMMN OCHOBHbIX apXUTEKTYPHO-NPOCTPAHCTBEHHbIX LEH-
TpoB. MeToanka nccnenoBaHus BKOYMUNA TPU OCHOBHbIX Orioka:

* uccnegoBaHMe KBapTalbHOW 3aCTPONKKM (TKaHb LEHTpa);

* uccnegoBaHMe TPaAHCMOPTHOWM M MELLEeXOqHON CeTU (KapKac LeHTpa);

* UccnegoBaHWe COCTOAHUS CUCTEMbI FPafoCTPOUTENbHBIX Y3MOB LEeHTpa.

ViccnegoBaHve KBapTanbHOW 3aCTPONKM BKIoYano B cebs naydyeHne yHKLUMOHaNbLHOW Ha-
CbILLEHHOCTM TEPPUTOPUI U aHanu3 TepputopuanbHon anddepeHumnaumm mMopgpoTUnoB KBap-
TanbHOW 3acTpoviku. Tepputopus B BblOENeHHbIX rpaHuuax bbina pasgerneHa Ha TeppuTtopuio
nnarto, CKIOHOBble KU NpUBpexHblie TeppuTopun. NaTo 1 CKNOHOBbLIE TEPPUTOPUM pa3aeneHsbl,
B CBOIO o4epedb, Ha TeppuTopuanbHble pparMeHTbl. PparmMeHTbl pa3geneHsbl Ha KBapTansbl, BCS
TeppuTopusa BKMoumMna B cedba 124 ksaprtana, Kaxabli U3 KOTOPbIX UMEET 3aMKHYTbIA KOHTYP,
o6pa3oBaHHbIN yrvuaMmu 1 Joporamu.

bbin onpegeneH nepedyeHb (QYHKUUIW KaKOoro KBapTarna, a no COBOKYMHOCTM — KaXKOaoro
dparmMeHTa U NPUPOOHO-rPagOCTPOUTENBHOM 30HbI LieHTpa. Mcnonb3oBanncb AaHHbIE MpoekTa
NNaHMPOBKK, OTKPbITblE MCTOYHUKM, AaHHbIE HATYpPHbIX 06CneaoBaHWN.

M3yyeHne dyHKUMOHANbLHOW HacbIWweHHOCTU (12 yHKUMOHanNbHbLIX TUMOB) KBapTarnos Mo-
Kasano peskuMe pasnuuna B XapakTepe (YHKUMOHANbHOMO WMCNONb30BaHUS TPEX OCHOBHbIX
naHawadTHO-rPagoCTPOUTENBbHBIX 30H BblAENEeHHON Tepputopun. MHOro(yHKUMOHaNbHbIE U
OenoBble LEeHTPbl, adMUHUCTPATMBHbBIE 34aHMA U NOMELLEHMS, OOBbEKTbI KynbTypbl, TOProBble,
CMOPTUBHbIE, PEKpeaUnoHHble 06bLEKTBI, MEAMLMHCKNE N coumanbHble 06bekTbl, By3bl 1 CCY3bI
COCpeaoTOYEHbl Ha TEPPUTOPUMN MNNATO, UCKIIOYEHME COCTaBMAT KynbToBble 00beKTbl, 6onb-
Wwasa 4yacTb M3 KOTOPbIX PACrOfOXeHa Ha CKIOHOBbIX TeppuTopusix. Ha Tepputopum CKIoHOB
OTCYTCTBYIOT 06bEKTblI O6CNYXMBaHWS AaXe MUKPOPANOHHOIO YPOBHS, OCHOBHbLIM BUAOM (OYHK-
LMOHAarbHOro UCNonb30BaHUA ABMSETCS Xunasa 3acTtpovika. MNpubpexHas Tepputopusa siBnaeTcs
bonee pa3HooOpasHoOM MO (PYHKUMOHANBHOMY MCMONb30BaHMI0, YeM Bonbluas YacTb CKITOHO-
BblX TEPPUTOPUN, BKMOYAst NOMUMO >KUITOM 3aCTPOWMKM OObEKTbl CMOPTUBHOIO Ha3Ha4YeHusi, 06-
pasoBaTerbHble yUYpEeXOeHUA N pekpeaunoHHble y4acTku. HecmoTpsa Ha nmetoLeecs 4YactuyHoe
©raroycTponcTBO U NosiBNeHne AgMmpanTenckon nnowagn, npubpexHasa 4acTb He BbIMOMHAET
yHKUMM 0BLLEeropoacKoro LeHTpa.

ViccnepoBaHne mMopdOTMMNOB KBapTaribHOW 3aCTPOMKM MPOU3BOAUIIOCE METOAOM CpaBHMU-
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TEeNbHOrO aHanu3a LaHHbIX, NOMyYeHHbIX U3 OTKPbITbIX UCTOYHWKOB. B Tabnuubl cBOAHbLIX AaH-
HbIX KBaApTanoB MO TEPPUTOPMAM MNNaTo, CKITOHOBOW TEPPUTOPUN U NPUBPEXKHON YacT BHECEHDI
crnegywowme gaHHble: NepuMeTp KBapTana, M; nrowagb TeppuTopuu KBapTana S, ra; Makcu-
MarbHbIN KO3MULUMEHT (NPOLEHT) 3aCTPONKN 3eMENbHOro y4acTtka, %; MakcuMmarbHbIA KO3d-
PULMEHT (NPOLEHT) NNOTHOCTU 3aCTPOMKM 3eMeNnbHOro yvactka, %.

Ha kaxgom dparmeHTe TeppuTOopui MnaTo, CKIIOHOB M NMpUOpexHon TeppuTtopun Gbinm
onpegeneHbl MakcuMarbHble, CpegHue N MUHUMarbHbIe MAoLWaan KBapTanos, NepuMeTpsbl, Ko-
3pPULNEHTBI 3aCTPONKN U KO3PDULMEHTLI MAOTHOCTN 3aCTPOMKU. DTN AaHHbIE CTann OCHOBOM
ANs pacyeTa K03 PULMEHTOB KOMNAKTHOCTM KBapTanos K, Kak rmaBHbIX nokasaTenen KoHpury-
pauun 3eMenbHbIX y4acTKoB. Kak 1 cnegosano oxugatb, Ha Tepputopumn nnato npeobnagatot
NpocCTble OYepTaHus KBapTanoBs, TOr4a Kak Ha CKIIOHOBOW TEPPUTOPUN YyYaCTKM MMET Camble
CNOXHble MO KOHGUrypaumm opMbl, YTO OTpaXaeTCsd B 3HAYMTENbHbIX AuanasoHax BENUYUHbI
KOMMaKTHOCTW Yy4aCTKOB.

[na n3yyeHus LEHTPOB aKTMBHOCTU U3Y4EHO pa3MelleHne obLecTBeHHbIX 06bekToB. [Ans
BbISIBMEHNSA LIEHTPOB Hambornbluen akTMBHOCTM UCNoNb3oBancsa meroq «bnukanwero cocepn-
ctBa» [9]. BbINM NOCTPOEHbI TOYEYHbIE MNIIaHOrpPaMMbl ANA OTAENbHbIX rPynn OBLWEeCTBEHHbIX
0ObEKTOB 1 BbISIBNEHa TepputopuanbHas anddepeHumauma mx pasmelieHnsa. Havbonbluee
KONMMYeCTBO OOBLEKTOB KyNbTypbl U KyNbTOBbIX OOBEKTOB COCPEAOTOYEHbI HA y4YacTKax, UCTOpu-
YeCKM OCBOEHHBbIX elle 00 Havana XX B. OOGbeKTbl 34paBOOXpaHEHNs, coumnanbHoOro obecneye-
HWS 1 cnopTa pasMeLleHbl BAOMb OCHOBHbLIX TPAHCMOPTHbBIX HanpasneHun. PasmelleHne By30B
n CCY30B NpuypoveHO K OCHOBHbIM TPAHCMNOPTHLIM MarncTpansm, a AeTCKMe cagbl U LUKOMbl
pasmMmeLLatoTca 6onee unnu MeHee paBHOMEPHO Ha TEPPUTOPUM MNATO M NMOYTU OTCYTCTBYHOT Ha
CKIMOHOBbIX W MPUOPEXHbIX TEPPUTOPUSAX. AOMUHUCTPATUBHbBIE U PermoHarnbHble O6BHEKTbI KOH-
LEHTPMPYOTCA Ha OCHOBHOM ocu ynuua Kuposa — npocnekt Peontoummn, nokanbHble 00beKTbI
pasMeLLeHbl JOCTaTOMHO paBHOMEPHO No Tepputopun nnato. O6LeCTBEHHO-A4eN0BbIe LEHTPbI,
00ObEKTbI TOProBnn, 0BLECTBEHHOMO NUTaHUS U BbITOBOrO O6GCMYXMBaHUSA B BOMbLUEN CTENEHU
CKOHUEHTpUMpOBaHbl Ha 1, 2 1 3 hparmeHTax TeppUTOPUN NNaTo, B MEHbLLEN CTENEHN Ha Teppu-
Topun 4 pparMeHTa N O4EeHb OFPaHUYEHO — Ha CKIMOHOBbLIX U NPUBPEXHBIX TEPPUTOPUSX.

[MpoBeneHo mccrnefoBaHUE COXUBLUENCH TPAHCMOPTHOW CTPYKTYpbl FOPOACKOro LeHTpa,
Ansa aHanusa 6binun BbiIbpaHbl BCe akTyarnbHble MapLUpyTbl BopoHexa: aBTobyCbl, MapLUpyTHbIE
Takcu n Tponnenbycel. MNpoaHanuanpoBaHo B 00Len cnoXXHocTM 103 BHYTPUropoaCKUX MapLu-
pyTa. Llenb — BbIABUTb CaMble KOMMYHUKATMBHO HAacCbILWEHHbIE Y3Mbl C HanbOomnbLIMM Konuye-
CTBOM OBLLECTBEHHOrO TpaHcnopTa.

ConocTaBneHne pesynsTaToB MccrefoBaHUA (OYHKUMOHANbHOW HacbIWEeHHOCTU KBapTarib-
HOWM 3acTPOMKKW, CUCTEMbI pasMelleHns OOBHLEKTOB OOLLECTBEHHOMO 06CHYXXMBAHUSA, CUCTEMbI
TPaHCMOPTHLIX U MELLEXOOHbIX CBA3EN NO3BOMUIO BbISBUTb OCHOBHbIE KOMMYHUKaTUBHO-rpago-
CTpouTEnbHbIE Y3Mbl-KracTepbl rOPOACKOro LEeHTpa U caenatb BbiBog 06 MX cneuuanusauuu.
OCHOBHbBIMW TPagOCTPOUTENBHBIMW y3NaMu-KrnacTepaMmn LeHTpa ropofa SBNATCA: agMUHK-
CTPaTUBHO-KYNbLTYPHbIA LEHTP BopoHexa B paroHe nnowanun JIeHuHa; LeHTp KyneTypbl U Oy-
XOBHbIM LIEHTP Ha TEppUTOPUSX, NpumbIKaowmx k 3gaHuio FOBXK n bnaroselueHckomy cobo-
py; TOProBoO-AeroBon U (hUHAHCOBLIN LEHTP B pavoHe Lupka. [JaHHble LeHTpbl COOTBETCTBYIOT
NCTOPUYECKON JIMHENHOW CTPYKTYpe LeHTpa BopoHexa. [JonosiHMTEeNbHOM OCbl B HacTosiLee
BpeMs1 BbICTyNnaeT y4acToK ynuubl NnexaHOBCKOW C TPaHCMOPTHO-TOPrOBbIMU LIEHTPaMK Ha ne-
pecedeHnn ¢ ynuuamm KonbuoBckon 1 JJoHGacCKOoM.

OaHMM 13 KOCBEHHbIX METOOOB OLEHKM AWHAMUKA PaCLUMPEHUS TEPPUTOPUM FOPOLCKOro
LeHTpa cTan aHanua CrnoXuBLUeNnCcs CUCTEMbl NAapKOBOYHOIO NpoCTpaHcTBa ropoda. o gaHHbIM
pecypca [10], B ceHTabpe 2021 r. B BopoHexe HacumTbiBanocb 6033 nnaTHbIX NapKOBOYHbLIX
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MecTa. TeppuTtopusi, OTBEAEHHAA NoL MapKOBKW, OXBaTblBAET 52 ynuubl M pasgerneHa Ha 18
NapKoBOYHbIX 30H. MapKOBOYHbIE Y4ACTKM MOMHOCTBIO OTCYTCTBYHOT B NPUBPEXHON YacTu U Ha
CKITOHOBbIX TEPPUTOPUSAX, @ HA TEPPUTOPMM NNATO BbIXOAAT 3a Npedenbl nccrnegyemMon Teppu-
TOPWUW, YTO FOBOPUT O HANM4YMKM BbICOKO BOCTPEBOOBaAHHLIX Yy ropoXaH ynuuy, ¢ AONOMHUTENbHbLIMU
obGbekTamn Tpyaa n oTabixa 06LLEeropoackoro 3Ha4YeHus.

lMpoBegeHHOe uccrnegoBaHWe Mokasano, YTo BbIOOP rpaHuL LeHTparnbHOW YacTu ropoga
npu paspabotke MAM u MM HOCUT B OCHOBHOM CyObEKTMBHLIN XapakTep. NccnegoBaHue obue-
CTBEHHbIX (PYHKLMIA TeppuTopumn npoekTa nnaHupoBku 2015 r. nokasano, 4to Gonbllasa 4acTb
TEPPUTOPUM HE BbINOMHAET PYHKUMI 0OLLEropoackoro ypoBHA. B To ke Bpems BbISBNEHbI OU-
HaMWUYHO pas3BuMBalOLLMECH KOMMYHUKATUBHO-TPaALOCTPOUTENbHbIE Y3Ibl U TEPPUTOPUN, BKIIKOYE-
HWMe KOTOpbIX LenecoobpasHo B LEHTParibHYIO 30HY.

Vicnonb3oBaHHas MeTOAMKa BbISBNEHUSA rpaHuL, LeHTpa, BKIoYaoLwasa gyHKLMOHANbHYO U
Mopdponormyeckyo anddepeHUmaLnmio, BbiBNeHNe KOMMYHUKATUBHO-TPagoCTPOUTENbHbIX Y3-
NoB, MOXET ObITb MCNONb30BaHa AN ONpeaesneHns U YTOYHEHUS FpaHuL, LLEeHTPanbHON 30HbI.
MpennoxeHHas MeTogmka B COMETaHUN C TPAOULMOHHOM OLIEHKON MCTOPUKO-KYNBTYPHOro U ap-
XUTEKTYPHO-NPOCTPAHCTBEHHOIO NOTEHUMana TeppuTopun MoxXeT crnocobcTBOBaTb Makcumarnb-
HOMY COXpPaHEHMUIO U PasBUTUIO coLMarbHOM, MPOCTPAHCTBEHHOW U apXUTEKTYPHOW YHUKaNbHO-
CTM LieHTpanbHON YacTu ropoga npw paspaboTke nocneayoLwero npoekTa niaHMpoBKy.
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Methods and Techniques for Detecting the Borders
of the City Center of a Historical City
(On the Example of the Voronezh City)

S.l. Firsov

Voronezh State Technical University,
Voronezh (Russia)

Key words and phrases: assessment methods; city center; city center architecture; city
center boundary; historical architecture; planning project.

Abstract. The article discusses the problem of detecting of territory the citywide center of
the historical city for urban planning. Research objectives: to learning methods and techniques
for determining the boundaries of urban centers, to learning the justification of the boundaries
of the citywide center in the planning project for the center of Voronezh, to learning the
correspondence of territorial differentiation and functional richness of the territory of the actual
Voronezh planning project to the characteristics of the citywide center. The hypothesis of the
study is the need to expand the range of methods and techniques for allocating the central
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zone of the city. Methods: the study of historiographical and planning documents, methods of
graphoanalytic analysis, field surveys. This research proves the need to develop a methodology
for determining the boundaries of the urban center.
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Maximizing Profits from Sales of Independent
Goods or Services in Conditions of Elastic
Demand under Nonlinear Constraints

I.K. Andrianov, E.K. Chepurnova

Komsomolsk-na-Amure State University, Komsomolsk-na-
Amure (Russia)

Key words and phrases: nonlinear demand curve;
optimization; price; profit.

Abstract. The purpose of the study was to increase
the profit and efficiency of sales of goods or services.
The objective of the study was to develop a model of optimal
pricing in conditions of elastic demand. Based on the results
of the work, a model was built to maximize profits from the
sale of several independent goods or services that have signs
of price elasticity of demand, with restrictions on the pricing
policy and production capacity of the enterprise. The model
allows us to take into account a nonlinear demand curve
of any kind due to a parametrically defined dependence of
sales volume on price. The model is applicable in conditions
of elasticity and constant fixed costs. It is proposed to
use the numerical method of Lagrange multipliers and the
Newton — Raphson method for the numerical solution of the
optimization with nonlinear constraints.

To date, the profit from the sale of services and goods is one of the main indicators in
assessing the effectiveness of various enterprises. The subject of the study was the profit
from the sale of services and goods, which are characterized by price elasticity of demand.
The purpose of the study was to increase the profit from the sale of services due to optimal
pricing. The novelty of the study is due to the fact that the constructed profit optimization model
and the calculation approach allow us to take into account the nonlinear dependence of sales
volume on price, restrictions on optimization variables in accordance with the pricing policy and
production capacity of the enterprise, as well as several independent services sold. Among the
works devoted to the issue of profit maximization through optimal pricing, the most interesting
are the works [1; 2]. The estimation of optimal pricing with a linear dependence of price on
sales volume (Fig. 1) is presented by V.A. Ignatov in [1]. V.A. Ignatov model [1] allows you to
effectively manage the pricing policy of an enterprise, determining the directions of its perfection,
however, it has a number of limitations: the model is applicable for an enterprise that produces
one type of product or provides one service, but cannot be used to assess the total profit from
the sale of several goods; the model is not applicable in the case of a nonlinear dependence
of the price on the volume of sales, while for most real processes it is the inverse dependence
of the volume of sales on the price that is characteristic; the model does not take into account
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possible restrictions on the lower and upper price levels, as well as restrictions on sales volume
due to the production capacity of the enterprise.

In addition, A.V. Alyoshina, a researcher at Lomonosov Moscow State University, and
A.L. Bulgakov proposed a model for optimizing margin profit [2]. It should be noted that the
model of A.V. Aleshina, A.L. Bulgakov allows solving issues related to pricing, calculating
margins on goods, however, the model has a number of limitations: since in [2] the problem
is solved only for an exponential demand curve, the model cannot be used with a complex
nonlinear dependence of price on sales volume; the authors talk about generalizing the model
for several products, but only if they are independent of each other. It should be noted that the
model of optimization of profit from sales for one service is also considered in studies [3; 4].

Thus, when studying the issue of profit optimization for services with price elasticity of
demand, an urgent problem arises related to the development of a profit optimization model
for the sale of several services, taking into account the nonlinear dependence of the price per
unit of service on sales volume in a generalized formulation and the existing restrictions on
the upper and lower price levels, as well as sales volume. Since it is impossible to take into
account all the variety of factors affecting market relations, especially in an unstable economy,
we will build a model for optimizing profit from sales under the following assumptions and
simplifications: consumer demand for the services under consideration is elastic in price; the
model is applicable for optimizing margin profit or for optimizing profit, provided that the fixed
costs remain unchanged or change slightly over the period; the inflationary factor is not taken
into account.

It should be noted that the use of the developed model is effective if there are accurate
data on changes in sales and prices, as well as when the law of demand is fulfilled, when the
demand for a service increases with a decrease in price, all other things being equal. Thus,
consider the profit from sales as the target optimization function:

n
i=1

where [T is profit before taxation, P, is the unit price of a product or service, Q; is the volume
of sales for a specified period of time, vc; is the unit variable costs, FC is the fixed costs for a
specified period of time, i is the number of goods, n is the number of goods.

There are various approaches to defining the demand curve as a dependence of sales
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volume on price: using a linear dependence, power dependence, a special case of which is
hyperbolic, in a tabular way with a complex dependence of sales volume on price. In order to
take into account the arbitrary nonlinear dependence of sales volume on price, we will consider
the solution of the problem in a generalized formulation, therefore we will apply a parametric
method for setting the demand function: Q; = @), Pi = w(g), where ¢(g), w(g) are functions
describing the change in sales volume and price depending on the parameter &.

In addition, due to possible limitations of production capacity, when an enterprise cannot
provide a number of services greater than a certain limit, restrictions are required: Q; < Q, where
Q - upper limit of sales volume. When selling services and goods, there may be restrictions
on the limit of unit prices: P; < P. To set specific variable costs, we will also use the parametric
method: vc; = ¢,(5), where ¢,¢) is the function describing the change in unit variable costs
depending on the parameter €. Thus, in view of the limitations of the type of equalities and
inequalities, we formulate the formulation of the problem of conditional profit optimization in the
form

M= S (P. —vc;)Q; — FC — max,
i=1
P —v;(&)=0,
Q - (§)=0,
ve, -4, (£)=0, i=1n, ()
z; -P <0,
P-F =<0,
Q -Q <0,

where z; is the unit cost.
To solve system (1) due to non-linearity, we will use the Lagrange multiplier method, where
the Lagrange function will take the form:

L= Z;:((PI -ve; ) Q; —FC)*'éM' (P -, (&))+é7‘2i (Q - (é))"‘ék(}i (ve; —¢; (8))+

n n n (2)
+> i (i =P+ D kg (P =P )+ D0 (Q - Q).
i i

i=1

where MA,, A, Ay, Ay Ay As g} are Lagrange multipliers.
Based on (2), the search for the maximum point is reduced to solving a nonlinear equation,
which, according to the Newton-Raphson method, will take the form:

gl _ gl V[i[@i (g(k))[a(Pi (W) o, (a(k))J —(\y, (€9, (E_,(k))) o, (é(k))}/

i o€ ot o€
o (§<k>)£62<p,- (%) 2w, (a“")} . Z(acp,- (%) o, (g% )J o, (£%) _ @)
n oE? oE? & ¢ &
/; (1, (£9) - g, (k)))azw-(é“‘)) '
=Ny \ &) -0 \& T
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where k is the iteration number, y is the coefficient —1 <y < 0 o ensure the convergence of the
iterative process according to the condition: |1 +y aw(f,‘k))/aa <1, where W(¢) is the left side of
equation (3).

We consider an example of calculation with the following initial data: sales volume at the
beginning of the period under review: 4165 units at a price of 1050.6 rubles, sales volume
at the end of the period under review: 3540 units at a price of 1117.7 rubles; Q(§) = §‘2'627,
P(€) = 25086.72¢, vc(€) = 4417.021€%°"® with restrictions P = 1,200 rub., Q = 6,000 when selling
one product. The break-even price interval (the concept is used by V.A. Ignatov in [1]) is shown
in Fig. 3. The results of calculating the break-even chart are shown in Fig. 4.

According to the results obtained, the maximum profit M = 574.7 thousand rubles is achieved
at a price per unit service P = 1104,5 rub. and sales volume Q = 3664 units. The break-even
point in the number of services sold was 1367 units. (the point of non-profit is 5996 units).
The margin of financial strength at the point Q = 3664 units, corresponding to the maximum
profit, is 63 %. Thus, the profit optimization model proposed in the study will make it possible
to effectively use optimal pricing in order to maximize profit from sales in conditions of elastic
demand.
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Makcummsaumsa npmubbINmu oT NpPoAaX He3aBMCUMbIX TOBapoOB Unu ycnyr
B YCNOBUSIX 31TaCTUYHOIO CNpoca Npu HeIMHEeMHbIX OrpaHU4YeHnsax

W.K. AHgpnaHos, E.K. YenypHoBa

@OIrE0Y BO «KomcomornbcKuli-Ha-AMype 20cy0apCmeeHHbIU yHU8epcumemy,
2. Komcomorsck-Ha-Amype (Poccusi)

KnioueBble cnoBa u cpasbl: HENMHENHAA KpuBasi CNpoca; onTMMmnsauns; npubsinb; LeHa.

AHHoTauus. Llenb nccnegoBaHua 3aknioyanacb B NOBbIWEHUM NpubbInvM 1 adeKTUBHO-
CTM Npodax ToBapoB uNu ycnyr. 3agadya mccrnegoBaHus 3aknovanacbk B paspaboTke mogenm
OoNTUManbHOro LleHoobpa3oBaHMA B yCrOBUAX 3nacTUYHoOro cripoca. o pesynstatam paboTbl
NnocTpoeHa mofgenb MakcMMmaaumn npubbinn OT NPoAaXun He3aBUCUMBbIX YCITyT, UMEKLMX npu-
3HaKW 3NACTUYHOCTM cCrpoca Mo UeHe, C OrpaHUYeHUsIMM Ha LIEHOBYHO MOSIMTUKY U MNPOU3BOA-
CTBEHHbIE MOLLHOCTM npeanpuatus. Moagenb NO3BOMSET yY4eCTb HENMWHENHYKO KPUBYHO cnpoca
NPON3BONBHOIO BUAA 3a CYET MapaMeTpuMyeckn 3adaHHOW 3aBUCMMOCTM obbema npogax oT
LueHbl. Mogenb npMMeHnma B YCrOBUSIX 3N1aCTUYHOCTU CNpOCa U HEU3MEHHbIX MOCTOSHHLIX 3a-
Tpart. [1ns YUCMEHHOro peLUleHns 3agadvm NCNorb3oBaHbl METOAbI MHOXUTENen JlarpaHxa n Heto-
ToHa — PadpcoHa.

© L.K. Andrianov, E.K. Chepurnova, 2023

60 ECONOMIC SCIENCES



Components of Scientific and Technological Progress

YK 336.1; 336.5

Llenu WKoNMbHOro MHULUMATUBHOIO
6I-0,E|,)KeTVIpOBaHMﬂ B Poccum

M.B. NaraeBa

@60y BO «CaHkm-lNemepbypackull 2ocydapcmeeHHbIl
3KOHOMUYECKUU yHUsepcumemy,
2. Cankm-lemepbype (Poccusi)

KnioueBble cnoBa u ¢pasbl: GIOOKET; LUKOIBHOE WHU-
unaTnBHoe BroakeTMpoBaHume.

AHHOTauusA. B ctatbe NpoBOANTCA UCCMEAOBaHME LENU
LLKOJTbHOIO MHULMATUBHOIO GrogkeTnpoBaHms B Poccun.

3apaun: aHanu3 Lenu Ha COooTBeTCTBUE dheaepanbHbIM
rocyaapCTBeHHbIM 06pa3oBaTenbHbIM CTaHAApTaM.

Mnotesa: B Poccun HeT eguHOW Lenu LUKONbHOro WHU-
LUMaTUBHOIO OIOAKETUPOBAHMSI.

MeTogonorusi: NnpMMeHeHbl METOAbI aHanu3a U CUHTE3a,
CpaBHeHMs1, 0606LLEeHNs, TabNMYHbIN METOA 1 Op.

PesynbraThl: cMCTEMATU3MPOBAHbI LIENWN LUKOMbHOMO UHW-
unatmBHoro OroaxetTnpoBaHusi. OnpegeneHa NpUoOpUTETHAs
Lenb LIKObHOIO MHULMATUBHOIO BHOgKETUPOBaHWUST — BOCTN-
TaHWe, CTaHOBMEHME U pa3BUTUE BbICOKOHPABCTBEHHOIO, OT-
BETCTBEHHOIr0, TBOPYECKOr0, NHULNMATUBHOIO, KOMMETEHTHOTO
rpakgaHuHa B UHaAHCOBO-3KOHOMMYeckon cdepe. OHa cno-
cobCcTByET BO3MOXHOCTU €4MHOIO MOBCEMECTHOIO BHeApe-
HMS npolecca. YCTaHOBMEHa B3aMMOCBA3b LENKW, 3agady u
pe3ynbTaToB LKObHOMO MHULMATUBHOMO BI0AKETMPOBaHUS.

CoBpemMeHHOe 06LLeCcTBO BCTyNaeT B HOBbIM dTan KynbTYpHOro pas3BuMTUSA B YCIOBUSIX yTpa-
Tbl CTAabUNBHOCTU, HeonpeaeneHHoCcTn Byayulero, coumanbHOW hparMmeHTaumnm, NONMTUYECKON
nonsgpusauun, Npu 3TOM B YCIOBUAX aKTMBHOMO PasBUTUSI HAy4YHO-TEXHUYECKOrO Mporpecca.

B cnoxuBLuencsa cpege Tpebyetcst BOCNUTaHNE TBOPYECKOW, OTBETCTBEHHOW NIMYHOCTU, yMe-
lOLLIEe CaMOCTOATENbHO MbICIUTL M MPOSBASATbL MHULMATMBY, YTO OTpaxaeTca B HOBbIXx Pefe-
panbHbIX rocyaapcTBeHHbIX obpasoBaTtenbHbIX cTaHdapTax. [Ong ato TpebytoTca KomnnekcHas
yyebHas nporpamma, KBanuduumpoBaHHble nNpenogaBaTenu, npakTnyeckoe obyvyeHue, JoCTyn
K pecypcam, COTpyQHUYEeCTBO C By3amu, OM3HECOM, yyacTue poauTernen u rocygapcrBeHHas
(MyHUUMNanbHasa) NOAAEPXKKa, YTO BKIHOYAETCHA B MPOLECC LUKOSbHOrO MHULMaTUBHOIO Bromxe-
TUpoBaHus. Nog HUM Mbl MOHMMAaeM MPOLECC, B KOTOPOM LUKOSIbHUKM HaMpPsiMyH0 OMpeaensitoT
NPUOPUTETHbIE HanpaBneHus B pacrnpeneneHnn cpeacTB rocyaapCTBEHHOro (MyHuuMnanbHo-
ro0) M YaCTHOrMO CEKTOPOB B pamMKax WMHULMATUBHbLIX MPOEKTOB, HanpaBfeHHbIX Ha ModepHU3a-
LUMIO U pasBUTUE LLKOSTbHOW (NPULLKONBHON) MHAPACTPYKTYpbl M obBpasoBaTenbHOro npouecca
yupexaeHusl.

OTmMeTuM, 4TO BMECTe CO B3POCHEHMEM LeneBo ayauTopum NaeT n «B3pocrneHme» UHULK-
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Tabnuua 1. Bsanmocsasb Lenu, 3agad, PyHKLUN 1 pesynstaTos
LLKOSbHOrO UHULMATUBHOIO OtoaXeTnpoBaHuUs

BocnutaHue, cTtaHoBneHve wu pa3BnTne BbLICOKOHPABCTBEHHOIO, OTBETCTBEHHOIO,

Llens TBOPYECKOro, MHULMATUBHOIO, KOMMETEHTHOIO rpaXaaHnHa B (hMHAHCOBO-3KOHOMMYE-
ckon capepe
BoBneyb y4yeHukoB B pe-
3anaum weHve BonpocoB pas- | ObyunTb hMHAHCOBLIM 1 MPABOBbLIM acrekTam peanuaa-
BUTMS LUKOMbHOM WHMPa- | UMM MHULMATMBHBLIX MPOEKTOB B LUKOMax
CTPYKTYpbI
DyHKLMM CoumanbHasi: obecneve- | BocnutaTtenbHas: BOCnMTaHWEe OTBETCTBEHHOIO, TBOPYeE-
Y Hue Gnaramm CKOro, MHULIMATMBHOIO, KOMMETEHTHOTO rpaykaaHuHa
duHaHCcoBbLIN (Kak cnead-
CTBME W3 coLMarnbHOro u
CoumanbHblii:  pasBuTUe BOCNUTATENbLHOIO) — MO-

PeayanaT B KpaTKoOCpO4-
HOW nepcnekTuee

YYEHUYEecKnx camoynpas-
NEHNN N YCTOMYNBOW rpadk-
[ aHCKOW no3numm

Pe3yanaT B O0JIroCpoM-
HOW NepcnekTuee

CoumanbHbii:  pasBuTue
obllectBa M 0OLLECTBEH-

BocnuTtaTtenbHbIn: BOC-
nUTaHMe OTBETCTBEHHOIO,

TBOpYecKoro, nHUuma-
TUBHOIo, KOMNETEHTHOro
rpaxgaHnHa

BblLLEHME rHaHcoBOMN
rPaMoTHOCTM U JOBEpUs K
opraHam rocyaapCTBEHHON
BMacTM U MECTHOro camo-
ynpaBneHusi

DUHAHCOBBIN: NOBbILLIEHNE
HanoroBow ANCLMMNAVHBI

HOro KOHTpOnA

aTuBHOro GrooxeTupoBaHus. Taknm obpasom, 3aKOHUMBLUME LLKOSY YYEHUKU CTaHYT akTUBHOW
obLLecTBEHHOM eQuHMLEN, 3HaIOLLEeNn OCHOBLI AaHHOro npoLecca.

Kak n B ntobom apyrom npouecce, B LWKONbHOM MHULWATMBHOM BIOaXETMPOBaHUN Lierneno-
naraHve urpaet HemManoBaXHYI POrib, MO3TOMY CUCTEMATU3NPYEM LIEMN, KOTOPbIE 3aKpeneHbl
B COOTBETCTBYHOLLMX HOPMATUBHbLIX NpaBoBbIx aktax [1-17]:

* BOBIIEYEHME yYaLLUNXCS B peLleHne coumanbHO 3HaYUMbIX MEPONPUATUIA, pasButue 06-
LLLeCTBEHHOW MHAPACTPYKTYpbl, y4eOHO-BOCNNTATENBHOMO NPOLEeCca;

*  MOBbIWEHNE NPO3PAYHOCTUN N OTKPLITOCTU BrogxeTa 1 BrogXKeTHOro npouecca;

* cO3daHMe M pa3BUTME B LLKOMAX MEXaHW3MOB U Tpaguuuin BbiSIBAEHUS, 0OCYXXOEHUSA n
COBMECTHOIO peLleHns 3afad, 3aTparmBaoLLX UHTEPECH! LUKOSbHUKOB;

* opmMMpOBaHNE aKTMBHOW N OTBETCTBEHHOW rPaX4aHCKOW MO3MLUMU, HOBbIX HaBbLIKOB U
KomneTeHuu, obecnevmBaroLLmMx CoO3HaTerNnbHoe yyacTne rpaxaaH B 6104XeTHOM npotiecce.

B pasHbIx cybbekTax PP ctaBATCcA pasHble Lenu WKONbHOrO MHMUMATMBHOMO BogkeTnpoBa-
Hus. BecTpeyatoTcsa uenu, KoTopble BKIYaT OOHO UM HECKOMNBbKO HarnpasfeHun U3 nepednc-
neHHbIX. Taknm obpasoM, OTCYTCTBYET eAuHasa Lernb JaHHOro npouecca, HeCMOTPS Ha TOo, YTO
OH peanuayeTcs B eguHoN 06pasoBaTenbHON cUCTeMe.

Llenbto WKONBHOMO MHULNATMBHOIO BIOAXETMPOBaHUA SABNAETCA BOCNUTaHWE, CTaHOBIEHNE
N pasBUTUE BbICOKOHPABCTBEHHOIO, OTBETCTBEHHOIO, TBOPYECKOrO, MHULNATUBHOIO, KOMMNETEHT-
HOro rpaXxgaHuHa B (oMHAHCOBO-3KOHOMUYecKkon cdepe (Tabn. 1). 310 noaTBepXKaaeT Hanmumne
HECKOMbKMX MPUYMH. Y4Yalumecs y4acTBYOT B npouecce NPUHATUSA peLlleHnid O pacnpeaeneHnm
PUHAHCOBLIX N TPYOOBLIX PECYPCOB B MHULMATUBHBLIX MPOEKTax. Yyarcsa OeMOKpaTU4ecKomy
npoueccy n (pMHaHCOBOW OTBETCTBEHHOCTW, TaKXKe MOOLUPSEeTCA TBOPYECTBO, WHHOBALUK, ak-
TMBHas M OTBETCTBEHHAs rpaxgaHckas nosnuusl, passuTne NUAEpPCKNX KadecTs.

YKkasaHHas Lernb COOTBETCTBYET (heaeparnbHbiM rocygapCTBEHHbIM 0b6pa3oBaTenbHbIM CTaH-
JapTam, 4YTO MO3BOMSET BHEAPUTL LLUKOSIbHOE WMHULMATUBHOE BHOSKETUpPOBaHME B CMCTEMY OO6-
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pas3oBaHus. Tak co3galTcsa NPEAnoOChINKN K 0xBaTy Gonbluero konmyectsa obpasoBaTenbHbIX
yupexaeHun, He NpoTMBOpeYa MX ycTaHoBKkaM. bonee akTmuBHoe yvactve BefeT K Gonbliemy
AOBEPMIO K BMACTAM M OpraHaM MEeCTHOro CamoynpaBrieHWsi, MOBbILEHUO HANOroBOW AWUCUMU-
NAVHBbI.

lMpoBeneHHoOe uccnegoBaHWe NOATBEPAMNO BbIABUHYTYH paHee runotedy o6 OTCyTCTBUM
€OVHON Lenu LWKOMbHOMO MHMUMATUBHOMO BromkeTmpoBaHua B Poccun. B xoge vccnegoBaHus
onpegerneHa NpMopuTeTHas LeNb LUKOMbHOrO WHULMATUBHOIO GIOaXXETMPOBaHUA: BOCNUTaHME,
CTaHOBIEHNE U Pa3BUTME BbICOKOHPABCTBEHHOMO, OTBETCTBEHHOIO, TBOPYECKOrO, MHULNATUBHO-
ro, KOMMNETEHTHOIO rpaxgaHnHa B (OMHAHCOBO-3KOHOMMYeckorn cdepe. OHa cnocobeTByeT BO3-
MOXHOCTWN €QNHOro NOBCEMECTHOIrO BHEAPEHUA NpoLiecca, Tak Kak OTBe4aeT COBpeMeHHbIM Pe-
AepanbHbIM rocy4apCTBEHHbIM 06pa3oBaTenbHbIM CTaH4ApTaM.
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Goals of School Initiative Budgeting in Russia
M.V. Gagaeva

Saint Petersburg State Economic University,
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Abstract. Purpose. Research of approaches to the implementation of school initiative
budgeting in Russia.

Objective. Study of the goals of school initiative budgeting. Analysis of the goal for
compliance with federal state educational standards.

Hypothesis. In Russia, there is no single goal of school initiative budgeting.

Methodology. Methods of analysis and synthesis, comparison, generalization, tabular
methods, etc. have been applied.

Results. The goals of school initiative budgeting are systematized. The priority goal of
school initiative budgeting has been determined — the upbringing, formation and development of
a highly moral, responsible, creative, initiative, competent citizen in the financial and economic
sphere. It facilitates the possibility of a single, worldwide implementation of the process.
The interrelation of the purpose, tasks and results of school initiative budgeting is established.
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TpaHcchopmauma rnodanbLHOro pbiHKa
CXXUXXEeHHOro NPUpPOAHOro rasa

3.9. MNanamosa

@60y BO «Yomypmckuli 2ocydapcmeeHHbIU yHugepcumemy,
2. Mxeeck (Poccus)

KnioueBble cnoBa u c¢ppasbl: fobbliba rasa; 3anacel
NPUPOOHOrO rasa; MMPOBOW PbIHOK CXWMXEHHOro MPUPOOHOro
rasa; notpebneHve NPUPOLHOro rasa; CXMKEHHbIA NpUpoAa-
HbIM ra3; 3KCNopT Y UMMOPT CXXMKEHHOIO NPUPOLHOrO rasa.

AHHOTaums. B cTaTbe paccmaTpuBaloTCA KIYEBbIE
TeHOEHUUN pas3BUTMS MUPOBOMO pPblHKA NPUPOAHOro rasa.
AHanuaupyeTtcs AMHaMMKa MUPOBbLIX AOKa3aHHbIX 3anacos,
Aobblun, noTpebneHns, akcnopTa M UMMNOpPTa CXMKEHHOro
npupogHoro rasa (CIMIN) no otgenbHbIM perMoHam u cTpa-
Ham mupa. LleHTpanbHoe MecTo B nccrnegoBaHMmM OTBOAMTCA
pbiHKy CII, ocobeHHOCTAM ero oopMMUPOBaHUS N Pa3BUTUS.
Llenn nccnegosaHns — oxapaktepusoBaTb rnobanbHbIn Top-
roBbin MapwpyT CII, onpenenuTb NepcnekTUBbl pasBUTUA
pbiHka CII. Llenb npegnonaraeT pelleHne crnegyrolmnx 3a-
Aadv: nu3yunMTb OMHaMUKy nokasaTterie rasoBoM OTpaciv U
MupoBoro pbiHka CIIT; paccMOTpeTb NEPCNEKTUBLI Pa3BUTUSA
pbiHka CIIM n ero TpaHcdopmaumm; caenatb NPOrHo3 o0b-
emoB Toproenu CII Ha 6nvxanwme rogel. MeTtogbl nccne-
AOBaHWS: aHanu3 un CpaBHEHWE, CTaTUCTUYEeCKMEe MeToabl
06paboTkn OaHHbIX, MEeToAbl NPOrHO3MpoBaHuA. Pesynbrart
nccnegosanus: poiHok CIIT Gyger pactu ewe 6Gonee Obl-
CTPbIMK TEMNAMU NPU YCIOBMX HapalLMBaHUS MHBECTULINIA B
CMr-nHdpacTpyKkTypy.

MwupoBas Toproensi CXmxXeHHbIM npupoaHbiM razom (CIMIK) pactet GbicTpbiMM TeMnamu. Ha
cerogHsWHMA aeHb oH obecneuymBaeT okorno 40 % Bcero mmpoBoro notpebneHus rasa. bnaro-
Japs TEXHONOMMU CXKMKEHUST MOSIBUNIAch BO3MOXHOCTb MOKPbITb BO3pacTaroLLyto NoTpebHOCTb
B JaHHOM pecypce. PasBuTtue nHppacTpyKkTypbl Ans NpovM3BoACTBa, TPaHCMOPTUPOBKA U Xpa-
HeHus CIIM no3BonuT B AanbHENLEM pacLUMpsTb 3TOT PbIHOK, YBENMYMBaTh 06bEMbI NPOAaX U
notpebneHus.

Mo paHHbIM OTEK, B koHUe 2021 r. MMpoBble AOKa3aHHbIE 3anackl NPMPOOHOro rasa cocTa-
BUnu npumepHo 205,9 TprnH m°. HanGonblume 3anachi NPUPOAHOroO rasa Haxo4aTCs B CTpaHax
BnuxHero BocTtoka, B 2021 r. oHn coctaBnsanu 81,3 TpnH Ms, nnn 39,5 % oT MMPOBLIX 3anacoB
npupogHoro rasa. 3anacbkl Poccuiickon ®egepaunn Ha koHel, 2021 1. coctaBnsinu 47,8 TprH m>
(23,2 %). KpynHenwwme 3anackl rasa nmetotrcda B Vipare (16,5 %), Katape (11,6 %), TypkmeHumn
(6,8 %), CLLA (5,9 %).
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Tabnuua 1. Ton-10 cTtpaH no 4o6blve n NnoTpebneHnto npupogHoro rasa B 2021 r.

Ne CtpaHa [oGblua, MH M CtpaHa HOTSUG_E'“:HMG‘
1. CLUA 963 452 CLIA 862 236
2. Poccusa 719 300 Poccusa 465 000
3. WpaH 257 119 Kutan 352 252
4. Karap 207 034 WpaH 243 019
5. Kutan 193 286 KaHapa 136 579
6. KaHapga 189 112 Caypnosckas Apasusi 120 000
7. AscTpanus 155 923 AnoHunsa 110 126
8. Cayposckasi Apasusi 120 485 lepmaHus 93 626
9. Hopserus 116 700 Mekcuka 85 186
10. Anxup 105 043 BenukobputaHnus 76 810
Bcero go6biva 4 145 657 Bcero notpebneHue 4100 226

MwupoBas fobbiva n notpebneHme NpMpoagHOro rada Ha CErogHAWHUN AeHb COCTaBMSOT OKO-
no 4,1 TpnH M. CLUA v Poccusi SiBrsioTcs nnugepamm no Aobbiye u NoTpedbneHnto NPUPOLAHOro
rasa, Npu 3TOM OHWU CNOCOBHbLI caMoCcToATENBbHO 0becneunTb cebsa faHHbIM pecypcoMm (Tabn. 1).

Honrue rogbl Poccus siBnsinace BegyLMM 3KCMNOpPTEPOM rasa, Ha ee gonto B 2021 r. npu-
xoaunock 17,4 % mupoBoro akcnopta, unu 247,1 mnpg, M. BTopbIM N0 BENMYMHE IKCMOPTEPOM
rasa asnstotcs CoeanHerHble Wtatbl Amepukn (188,4 mnpa M3, nnm 13,3 % MMpPOBOro aKcnop-
Ta). 3aMblkaeT TPOKMKY CTpaH-3KCMOPTEPOB MPUPOAHOro rasa Kartap, NOCTaBNSOWNN eXerogHo
okono 130 mnpAa M° rasa (9,5 %). MeHee kpynHbIMK aKcnopTepamun siBngatTca Hopeerns, As-
ctpanusa, KaHaga, Armxnp.

Beagywwme mmnoptepbl npupogHoro rasa — lepmanua (10,9 % ot Bcero mmnopta), Kutan
(10,1 %) v Anownwns (7,4 %).

Ha ¢hoHe cokpalleHnsi NoCTaBoK POCCUMICKOro rasa no Tpybonposogam, B 2022 r. npouc-
XOAMUT TpaHcOopMaLnsa ra3oBoro pbiHKa, B TOM YMCME 3a CYET NepeopueHTaLmmn permoHanbHbIX
pblHKOB Ha npogaxy CII. O6bem TOProBnmn CXXMKEHHbIM NMPUPOLHBLIM FA30M BbIpOC C 3 MApA m>
B 1970 r. go 516 mnpg M B 2021 T, [4].

Cpegu ctpaH, umnoptupytowmx CIIL, nngupytoT Kutam n Anonus. MNo gaHHeim Tabn. 1 Bua-
HO, 4TO NoTpebHOoCTb KnTas B NpupogHOM rase 3HauMTenbHO MPeBbIWAET PecypCHble BO3MOX-
HOCTM aTOn cTpaHbl. B AnoHnn Bbicokun cnpoc Ha CIIT o6ycnoeneH Tem, 4TO NOCTaBKM rasa no
Tpybe 3aTpyaHUTENBHbI, @ BHYTPEHHAA Oo0blba NoKpbIBaeT Nub 2 % OT noTpebHOCTM B AaH-
HoMm pecypce. B 2021 r. Kutain nmnoptuposan 109,5 mnpg m> CII, a AnoHusi — 101,3 Mnpg e

mobanbHbin Toprosbii MapwpyT CIMIT npoxoauT npemmyLlecTBeHHO 4epe3 A3maTcko-
TuxookeaHckui permoH (okono 82 mnH ToHH CIIM). CtpaHamu ATP akcnopTtuposanoch B 2021 r.
131,2 MIH TOHH CXKEHHOIo MPUPOAHOro rasa, nmnoptnposanock — 155,7 mnH ToHH CIIN 370
cBs3aHO C KpynHbiMKu noctaBskamu CII™ B Kntan, AnoHuto, KOxHyto Kopeto ns Aesctpanuu. Bro-
pon no BenuumHe Toproebii notok CIIM nget ns ATP B BoctouHyto Asumto, B 2021 1. OH cocTaBun
49 MnNH TOHH, U3 HUX 31 MNH TOHH naet n3 Asctpanuu B Kutan. Tpetuit notok naet ¢ bnmxkHero
Boctoka B ATP (37,1 MnH ToHH). Bonbwasg vactb CII (28,2 mnH ToHH) B 2021 1. 6bIna aKkcnop-
TupoBaHa 13 Katapa [2].
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MaspuTaHua
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Puc. 1. MNMpoekTHbI nopTdenb No sKkcnopTHbIM MowHocTam CIIT B 2022 r., MIH TOHH

700
600 y = 0)0032x4 -0 10&5)(3 +1.6391xF +\5 963x
RZ? £ 0,090P
500 e
400 ~~
|
300 o
L
200 —
100 ==
="
0 | =
SO S B SBS-aEBIDBEDOS - Ga@MITHOEDSS s 6
~ - o o O O O O 0O 0O 0O 0O 00 0 090 «~— ™~ ™ T ™ ™ 7™ T ¥T™ T NNNN
U)U)U’)U’JU’)U’JDDDDDDDDDDDDDDDDDDDDDDDD
FFFFFF NNNNNNNNNNNNNNNNNNNNNNNN
Obvém Toproenu CII, mnpa. gonn. —— lNonuHomransHasa

Pwuc. 2. O6vem Toproenu CIT B mupe B 1970-2021 rr., mnpg m>

B penitnHre ocHoBHbIX akcnoptepoB CIIM B 2021 r. nepBble YeTbipe MecTa 3aHumanu ABs-
cTpanusa ¢ obbemom akcropta 108,1 mnpa M3, Katap — 106,8 mnpg M3, CLA — 95 mnpg M
n Poccus — 39,6 mnpa m> [4]. Oo 2022 r. 6onbwas 4Yactb poccunckoro CIIM wna B EBpony
(13 MnH TOHH) 1 cTpaHbl ATP (11,5 mnH ToHH). B 2022 r. EBpona Hayana akTuBHyt0 aneepcudu-
kauuto nmnopta CIIM, yeennumeasa notokn n3 CLUA, ctpaH brnivkHero Boctoka n Adppurku, Takum
0bpa3oM CHwXKas 3aBMCUMOCTb OT POCCUICKOro rasa. Ecnu paHblwe Poccus noctaensina B EB-
ponerickne ctpaHbl Ao 40 % npupodHoro rasa, To cendac 3TOT NokasaTerlb COKpaTUrcs NoYTu B
Tpu pasa.

CTtpaHbl, akcnoptupytowme CII, npogormkatoT yBenMuneatb MOLHOCTK no akcnopty CII.
Ecnu npoekTHbin noptdens Oyaetr peanusoBaH B Gnvkanwee Bpemsi, CLUA no akcnopTHoWm
MOLLIHOCTM MOTyT npeB3onTn AscTpanuio n Katap.

Mo nporHo3am pbiHoK CII™ 6yaeT pactu ewe 6onee GuicTpbiMKM Temnamu (puc. 2). Pag akc-
nepToB B JaHHOW OTpacnv OOoMnycKaeT yBenuyeHne nokasartens B ABa pa3a K COPOKOBbIM rogam

XXl B.
Cnpoc Ha CXWKeHHbIV NPUPOAHbLINA ra3 yBernvyMBaeTCsl eXerogHo, napannensHo pasBuBa-
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etca ClM-nHdpacTpykTypa, HapawmBaeTcsa TaHKepHbin dnot ana nepeso3kn CII, cTposTtcs
HoBble TepMuHanbl. KrnioueBble UMPOKM BeayT cepbesHyto 6opbby 3a JoNnu pbiHKa, HapaliMBa-
0T NPOM3BOACTBEHHbIE MOLLHOCTM U MHBECTUPYIOT B WHGPACTPYKTypy, 6€3 koTopomn pacLum-
peHue Toproenu CIIM HeBO3MOXHO. HabniogaeTcs KOHKYpPEeHUUs n cpegu PerMoHoB M CTpaH-
UMMOPTEPOB, Hanpumep, Mexay EBponon un AsmaTckum perMoHom, AnoHuen n Kutaem. Mupo-
BOW PbIHOK MPUPOAHOro rasa GbiCTpo TpaHchopMmnpyeTcs, B bnuxkariee BpeMsi Ha HEM OXuaa-
IOTCS CEpbEe3Hble NEPECTAHOBKM B rpynne KpYnHEMLUX UIPOKOB.
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Transformation of the Global Liquefied Natural Gas Market
E.F. Galyamova

Saint Petersburg State Economic University,
Saint Petersburg (Russia)

Key words and phrases: natural gas reserves, gas production, liquefied natural gas,
natural gas consumption, global LNG market, LNG exports and imports.

Abstract. The article discusses the key trends in the development of the global natural
gas market. The dynamics of the world’s proven reserves, production, consumption, export
and import of natural gas by regions and countries of the world is analyzed. The central place
in the study is given to the LNG market, the peculiarities of its formation and development.
The purpose of the study is to characterize the global LNG trade route, to determine the
prospects for the development of the LNG market. The goal involves solving the following tasks:
to study the dynamics of the gas industry and the global LNG market; to consider the prospects
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for the development of the LNG market and its transformation; to make a forecast of LNG trade
volumes for the coming years. Research methods: analysis and comparison, statistical methods
of data processing, forecasting methods. The result of the study: the LNG market will grow even
faster if investments in LNG infrastructure are increased.
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TeopeTuko-urposas mogernb
BblAauyn KNUEHTY KpeauTa

W.B. 3anuesa, T.A. l'ynawn, B.B. 3axapos, H.WN. 3axaposa
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KnioueBble cnoBa u cpasbl: 6aHK; KpeanT; MOAennpo-
BaHWE; ONTUMU3ALMS; PUCK.

AHHOTauusA. [ona coBpeMeHHOM GaHKOBCKOW CUCTEMbI
Ha CEerodHsALWHUIA OeHb CyLecTByeT HeobXxoaMMOCTb MCMOosb-
30BaHMs METOAOB, MO3BOMANLIMX ONTUMAarnbHbIM 0Opa3oMm
OLEHUTb NOTEHLManbHOro 3aeMuimka, CyMmMy Bbldayn U BO3-
MOXHble PUCKW. NS pelleHnsa Takon 3agaynm MOXHO co3aaTtb
enuHyto 6asy OaHHbIX KNMEHTOB, rOe Ha Kagom aTane oue-
HUBAETCS OOMNYCTUMbIA KPEAUTHbIA PUCK, KOTOPbIA pasgens-
€T 3aeMLUMKOB Ha «MMOXUX» U «XOPOLUNX», YTO MUHUMMU3U-
pyeT oWKnOKy Bblaaun Kpeamta «HEHaAEXHbIMY» 3aeMLLMKaM.
Llenbto paboTbl siBNsieTca onTMMM3aumsa npoueaypbl Bblaa-
4YM NOTPEBUTENBLCKOro KpeauTa ¢ y4eTOM MUHMMU3ALUUN pPU-
CKa Bblgaun KpeguTta «HeHagexHoMy» 3aemuimky. B gaHHon
paboTe npencraBrneHa ModeNnb Bbloadn NOTPEOUTENbCKOro
KpeouTta 6GaHKOM CBOUM KIMeHTaM (3aemuimnkam). 3agayum pa-
00Tbl: MaTemaTnyeckas dpopmManusauus npouecca Bblgayn
KpeauTa B popMe aHTaroHUMCTUYECKOW Urpbl C onpeaeneHu-
€M pasNN4HbIX YCIOBUIN KPEOUTOB WM areHToB, MOAENEHHbIX
Ha knacTepsbl. [lonyyeHHasa cxema pelueHust 3agaydm npouec-
ca Bblgayn kpeauta MNO3BOMUT MUHMMWU3MPOBATb PUCK €ro
Bblgauu.

Ha cerogHsIlLUHMIA OeHb akTUBHO pas3BMBAatOTCSl OAHKOBCKME CUCTEMbI U PbIHKM KpeauToBa-
HUs. BaHkn B CBOEM CTpEMIEHUN NPUBINEYbL MakCUMaribHOE KONMYECTBO KIMEHTOB MAYT Ha BCe
oonblwne pucku, npegnaras KnMeHTaMm pasnuuHble Buabl KpeguTtoB. [pobnembl OueHKn kpe-
OUTHOMO pUCKa LUMPOKO OCBELLEHbI B 3apyBexHOM 1 oTedeCTBEHHOW nuTepaType: paspaboTaHbl
CUCTEMbI 3KOHOMUKO-MaTeEMaTUYECKNX MOAENEN OLIEHMBAHUSA pUCKa C UCMONIb30BaHMEM HEYNC-
NIOBOW, HETOYHOW N HEMOMHOW MHGopMaunn. Kaxabi KnueHT, obpaluasack B 6aHk angd nonyde-
HUS KpeauTa, NPOXOANT aHKETMPOBaHME, KOTOPOE OLIEHMBAETCS B pamMKax ckopuHra Oiopana [1].
lMocne aToro KNMeHTbl Pas3denstTCca Ha rpynnbl N0 o6WMM npu3Hakam Ha OCHOBE KpeauTHOM
NCTOPUM 3a OMNpeaerneHHbI MPOMEXYTOK BpeMeHW. [0nsi AaHHbIX rpynn BbICYNTBIBAKOTCS BEpPO-
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ATHOCTWN BO3BpalLeHMs KpeauTa 3aemwimkamn. 3atem B GaHK obpallaloTcs HOBble 3aeMLLMKM
C uenblo nonyyeHus kpeguta. baHk NpoBoAUT aHKeTMpoOBaHWE TOMbKO YTO obpaTumBLUErocs K
HeMy KIrMeHTa, B pe3yrbraTte KOTOPOro AaHHOMY 3aeMLLMKY CTaBUTCA B COOTBETCTBME PENTUHIO-
Bas rpynna. [na nony4eHHON rpynnbl KPEeAUTHLIN OTAEN onpeaenseT ycrnosusa Kpeamta (Cymmy
N CPOK KpeguTa), onvMpasiCb Ha BbICHMTaHHbIE BEPOATHOCTM BO3BpalleHus kpeauta. o mepe
TOro, Kak yBernvunmBaeTCsl KpeguTHas UCTOpUS, YCIOBUSA KpeauTa AN KaxablX rpynn MeHsoT-
Csl, CTPEMSACb K ONTMMarbHbIM nokasaTtensMm. Ha kaxgom aTtane npous3BoauTCS OLEHKa pucka
Ha OCHOBE MOJTYYEHHbIX CTAaTUCTUYECKMX OAHHbIX O 3aeMLUMKax C MOMOLLbI anropuTMUYECKOM
MOZENM OLEHKM pucka. 3aTemM NPOUCXOAUT ero naeHTudurkaums n onpegensietca 4onycTumbli
puck [2—4].

PaccmoTpym MaTpuyHyto aHTaroHuctTudeckyto urpy I = (4, Y, A), rae 4 — MHOXeCTBO pas-
NNYHBIX YCNOBUIA KPeanToB (pj = (Tj, pj) — BEKTOp, NnepBasd KOMMNOHEHTa KOTOPOro XxapakrepuayeT
CPOK Bblgadn Kpeguta, BTopasi — CyMMy), KOTopble GaHK rotoB NpeaocTaBnAaATb KnneHtam; Y —
MHOXECTBO KrnacTepoB; A — MHOXECTBO BbIUrpbIlen Urpoka 1; a; - PyHKUMM BbIUrpbILLIA UFPO-
ka 1 [5-7].

B paccmaTpuBaemMon urpe ¢ «npupodon» B kadectBe AreHTa 1 BbicTynaetr KpeanTHbIn OT-
nen baHka, AreHToMm 2 sBrnisieTcs «npupoday», Kotopasa HanpaeBndeT B baHK criydanHbIX 3aem-
LMKOB KpeauToB. 3aemMwmkun | = 1, ..., |, COCTaBNALME MHOXECTBO L, )XenawT nonyyYnTb B
KpeauT CyMMbl AEHEr, paBHble COOTBETCTBEHHO C,, I =1, ..., 1, npuxogat B baHk B o4epeaHo-
ctm I =1, ..., ] ¥ 3aNONHAIOT aHKETbI, B KOTOPbLIX COAEPXKATCA VX PasfiMyHbie XapakTepUCTUKU
(Z4jy oo Zj, ..., z, ). AreHT 1 NpMHMMaeT pelleHne O BblAade KpeauTa Ha onpedeneHHbIX ycro-
BUAX [, = (Tj, pj). Ecnun kpeantHbIn oTaen npuHUMaeT pelueHne ob oTkase, TO CHUTaEeTCs, YTO
cymma Bbigauun kpeguta pasHa 0. Y AreHTa 1 nmeeTca kpeguTHas MCTopus oBpaTuMBLUMXCA B
BaHK 3aeMLLMKOB. KNMeHTbl CO CXOXMMW aHKETaMM CrpynnuMpoBaHbl B Knactepbl. AreHT 1 moxeT
COMOCTaBUTb MOTEHLMANBHOMO 3aeMLUMKa C KnacTepoM U3 KPeauTHOM UCTOPUM U BbIHECTU pe-
LeHne OTHOCUTENBHO HOBOTO KITMEHTA, OCHOBLIBASACh HA peLUeHUsIX, NPUHATBIX A9 3aeMLLNKOB
13 JaHHOro Krnacrepa. »

It

ObosHaumm Dy ) = U D["m) — pasbueHne MHoxecTBa M|; ) KIMEHTOB 32 MOMEHT BPEMEHU
[t,T) Ha knacTepbl. MHOXecTBO 3aEMLLVKOB B KpEAUTHON NCTOpUM 0603HauYnm Uy ). Ctpaterveit
AreHTa 1 siBMsieTCs BblAaya 3aeMmLUnKy OnpeaeneHHon CyMmmbl i, j =1..m. AreHT 2 npusoaut
3aeMLUMKOB 13 HEKOTOPOro Knactepa. Homep knactepa n 6yget aBnaTbcs cTpaTternen AreHra 2,
KoTopbIi 06o3HavaeTcsa i = 1...n. CpegHuin goxon cuutaercs Bbiurpbiliem AreHta. Ob6o3Haunm
BbIUTPbILL B CUTYaLmK i, j Yepes a; ;, i =1...n, j =1..m. [loxoq COCTOUT N3 [A€HEr OT NPOLIEHTOB,
nog KOTopble BblAAETCS KPEeauT, 3a BbIMETOM U3LEPXKEK Ha OOCMNYXMBaHUE KaxOoWn ornepawumu.
N3pepxkn obo3HavatoTcA oc(p,j ),J =1...m 1 BbIYUCNAIOTCA KaK oc(],tj)z 0,01ijj, j=1..m.

M Hm
181 — = Gp

Matpuua A, urpbl ' 3agaetcs crneayownm obpasom: L
n an,1 - an,m

Npouecc Bbigaun KpeauTa OCyLLECTBAETCA MO OonpeAeneHHoMy anropuTtMmy. AreHTt 2 npu-
BOOMT B baHk NepBoro 3aemiuyyka z, B MOMEHT BPEMEHU T, W 3amnOSIHAET aHKeTy. [laHHble aH-
KeTbl 3aemMiiyka AreHToM 1 3aHOCATCA B KPEAUTHYH UCTOopuio. POPMUPYETCH MHOXECTBO

— i i —
Mit <y = Uity +{z}. MHO)I'(eCTBf) Mit,) pasbuBaetcs Ha knactepbl D'y, i =1,..., n. 3aemwuk
z, nonafaet B Knactep D’[t o) I =7 ..., n. Takum obpasom, AreHT 1 CMOXET onpeaenuThb, K ka-
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KOMY TWMy 3aEMLUMKOB OTHOCMUTCS Z,, U MPUHATbL pelleHne O Bbldade KpeauTa, rnonarascb Ha
peLleHns, NpUHATbIE ONS npeablaywnx 3aeMLnKoB Knactepa Ha uHTepsane [t,ty). Havanb-
Hown cTpaTterven AreHTa 2 6yaet Homep knactepa iy € [1, n],n € N. Ctpateruammn Arenta 1 6y-
RYT SIBMSATbCSH CYMMbI W, j =1...m, KoTopble KpeauTHbIii OTAEeN NocUNTaeT BO3MOXHbLIM BblAaTh
3aemLuunky z,. HavanbHas ctpatervs KpegutHoro otaena Bblbupaetcsi us nobon p;, j=1...m.
Mo gaHHbIM KpeauTHOM UCTopUK onpedensieT CpeaHnin 4OX04, BblpyYeHHbIM B anM3odax Bblaa-
UM KaXKOoW U3 CyMM H, Jj=1..m 3aemwukam knactepa i; €[1, n],n € N. ®opmupyerca cTpoka
maTpuupbl [T nog HOMepoM i: a1 — — — @nm- [lns ocTanbHbIX KNacTepoB CTPOKM MaTpuLbl
urpbl [ 3aNonHAKTCA aHaNoOrM4Ho.

MaTtpuua /AT1 urpbl T B MOMEHT BpeMeHW T, BbIMAOWUT chedylowym obpasom:

M __ Hm
1181 — — ainm
B . Onpenensetca cTpatermss BaHka, onTuMarnbHbIM 0Gpa3oM COOT-
iy | @it i m
an,1 an,m

I n
BETCTBYylOLWAA BbIOOpY, CoBEpLUEHHOMY AreHTOM 2 Ha npegblgyliem Lare. Takow cTpaterven

ABNAETCA CymMMa 3anma, Makcumuaupyrowaa goxoq AreHty 1. Ha Btopom ware AreHT 2 npu-
BOOMT B baHk crneayollero 3aemiyka B MOMEHT BpemeHu t, > t1,. ObosHauum ero z,. 3a-
nonHaeTcsa adketa. [aHHble 3aHOCATCA B KpeaUTHyt uctopuio. dopmupyeTcs MHOXECTBO
M,y =U +{z1} +{2z,}. MHoxectBOo M, | pasbusaetcs Ha knacTepbi D"[,‘Tz), i=1..,n. 3aem-
WUK z, nonagaeT B knacrtep D’[tﬂ_z). Takum obpasom, AreHT 1 CMOXET onpeaenuTb, K KakoMy
TUMNY 3aEMLLUKOB OTHOCUTCH Z,, U MPUHATL pelleHne O BblOade KpeawTa, nonarascb Ha OaH-
Hble ANs 3aeMLUMKOB A@HHOro knactepa Ha uHTepBsane [t,1,). HavanbHoi ctpaterven Are-
Ta 2 Byner Homep knactepa i, €[1,n],n e N. Ctpaterusimu AreHta 1 ByayT ABNSATLCA CyMMbl
uj, j=1..m, kotopble KpeauTHblii OTAEN NOCYMTaeT BO3MOXHbLIM BblAaTb 3aeMLMKY z,. Ha-
YanbHon cTparternen KpeguTHbld otgen BblGupaeT nobyto us M, Jj=1...m. AreHt 1 onpegens-
€T CPefHWi [OXOA, MOMyYeHHbIN B aMKU30AaXx BblAa4uu B KPEAUT Kaxaon U3 cymm p;, j=1..m
3aemwumKam knacrtepa i, €[1, n], neN. ®opmupyeTca cTpoka MaTtpuubl [ nog HOMEpoM iy

aj, 1 8jy m - [na ocTtanbHbIX KNacTepoB CTPOKU MaTpuubl Urpbl [T 3anonHATCA aHa-
NOrnYHo.
/
My __ K

1(@81 — — ap
MaTpuua AT2 urpbl ' B MOMEHT BpPEMEHU T, - - - - - . Onpegensetcs

iy |Gt T T Gipm

an,1 - an,m

cTtpaterus baHka, oTBevatowas onTMmarnbHbiM 00pa3oM Ha BbIOOP, COBEPLUEHHLIN AreHToM 2
Ha npegblgywem ware. [lanee npouecc NpogosmkaeTcs UTepaTtMBHO OIS KaX4oro anu3oaa npu-
xopa B baHk ouepegHoro 3aemuuumka.

Taknum obpasom, padpaboTaHHas mMaTemartumyeckass MOAenb npouecca BblAadn Kpeauta B
dopMe aHTarOHUCTUYECKOW UTPpbl C onpefeneHnemM pasnuyHbIX YCNOBUA KPeOUTOB U areHToB,
NOAEreHHbIX Ha KnacTepbl, NO3BONNT MUHUMU3NPOBATL PUCK BblAaqn kpeguTa ansa 6aHka.
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Game-Theoretic Model of Issuing a Loan to a Client
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Abstract. For the modern banking system today there is a need to use methods that allow
you to optimally assess the potential borrower, the amount of issuance and possible risks.
To solve this problem, you can create a single database of customers, where at each stage
the acceptable credit risk is assessed, which divides borrowers into “bad” and “good”, which
minimizes the error of issuing a loan to “unreliable” borrowers. The purpose of the work is to
optimize the procedure for issuing a consumer loan, taking into account minimizing the risk of
issuing a loan to an “unreliable” borrower. This paper presents a model for issuing a consumer
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loan by a bank to its customers (borrowers). Objectives of the work: mathematical formalization
of the process of issuing a loan in the form of an antagonistic game, with the definition of
various conditions of loans and agents divided into clusters. The resulting scheme for solving
the problem of the loan issuance process will minimize the risk of its issuance.

© W.B. 3anuesa, T.A. l'ynan, B.B. 3axapos, H./. 3axapoea, 2023
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YK 338.2

OTaenbHble BO3MOXHOCTU TEXHONOIMM4YeCcKoro
pa3BUTUA NECONPOMbILUNEHHbIX NpeanpUATUN
B cchepe uMdppoBbIX TEXHONOIrNN

A.K. Hazapoea, C.O. Megseges, M.A. 3bipsiHOB

Jlecocubupckuti punuan ®rEOY BO «Cubupckul 2ocydapcmeeHHbIl
yHU8epcumem HayKku U mexHoroault umeHu akademuka M.®. PewemHesay,
2. Jlecocubupck (Poccusi);

@60y BO «Cubupckuli eocydapcmeeHHbIlU yHU8epcumem
HayKu u mexHornoauli umeHu akademuka M.®. PewemHesay,

2. KpacHosipck (Poccus)

KniouyeBble cnoBa u ¢pasbl: nHpopmaTnsaumsd; neco-
NPOMbILUMIEHHBIN KOMMMEKC; OnbIT 3apybexHbIX CTpaH; npea-
npusaTne; uMdpoBble TEXHOMOMUN.

AHHOTauua. Tekyllee pasBuTUE OTpacnu NeCHOW Mnpo-
MbILLUNIEHHOCTM HaxoAMTCA Ha YPOBHE TPETbLErO TEXHOMOMN-
YecKoro ykrnaga, 4Yto npsiMo yKkasbiBaeT Ha HeobXoaAMMOCTb
B NpeobpasoBaHnAX U TEXHOMOTMYECKUX U3MEHEHUSX C UC-
nonb3oBaHNEM LMEPOBbLIX TEXHOMOMMIA B NE€CONPOMbILLNIEH-
HOM Komnriekce gnga ero passutus. Llenbto npeacrasneHHom
paboTbl ABNSETCA UccneaoBaHne OTAeNbHbIX BO3MOXHOCTEN
Nno pasBUTUIO NECOMPOMBbILLSIEHHBIX NpeanpuaTnin B cdepe
uncpoBbIX TexHonornn. B xoge uccnepoBaHns noaTeepan-
nacb OCHOBHasi rMnoTesa O CyLLeCTBOBAHWUM LUMPOKUX BO3-
MOXHOCTEWN N0 pa3BUTUIO AAaHHOIO HanpasBreHus.

JlecHas NpOMBILWNEHHOCTb BXOAUT B YMCMO CaMbiX FNaBHbIX oTpacnen obpabaTbiBatoLLen
MWPOBON MPOMbILLIIEHHOCTU. JlecHas MPOMBbILISIEHHOCTb 3aHUMAET OFPOMHYKO OO0 B 9KOHO-
MUKe B OTpacnsax npombiwneHHocty LWeeuun, dunnaHamu, Poccun n gpyrux ctpaH. Ha cerog-
HALWHWIA AeHb B GonbLUen YacTu KOMMaHUM caMblX pasHbIX BUAOB AEATENbHOCTU aKTUBHO BHe-
OPSOTCA 1 pa3BMBaOTCA MHHOBALMOHHbIE UndpoBbie TexHonoruu [1]. MNpu aTom obnacTtb Tex-
HOMOMNIN, KOTOPbIE YXKE U3YYeHbl U SABNAITCA NEePCnekTUBHbIMWU 51 UCNOMNb30BaHNSA B NIECHOM
oTpacnu, 6onbLue No CPaBHEHWUIO C TOW, YTO Ha OAHHbLIA MOMEHT NPUMEHSIETCA OpraHM3aunsamm
Ha npakTuke. B necHon otpacnu undpoBblie TEXHONOMMN BHEOPAOTCA A5 PeLleHUs] CaMbiX He-
OpAMHapPHbIX 3a4a4, BOT TOMbKO MO GonbLUen 4acTu 3TO Aenaetca C Lenblo COKpalleHus Bpe-
MEHHbIX, OAHAKO OEHEXHbIX 3a4ad.

Cpeoun HegocTaTkoB MHAOPMAaLMOHHOIO 06ecneyYeHns MOXXHO BblAeNUTb cnegyowme [2]:

* cO3fgaHHas aBTOMAaTM3MpOBaHHAsA KOMMbKOTEPHasa cuctemMa «lOCygapCTBEHHbIN NECHON
KagacTp», HECMOTPSA Ha topuandeckune obsizatenbCcTBa, HegOCTyNHa Ans 06LWEeCTBEHHOCTN U B
HacToslLLee BpeMS HENPUrogHa A5 UCNOSNb30BaHUS;

* HopMaTtuBHas 6asa necononb30BaHUA OCHOBAHa Ha yCTapeBLUMX MPUHUMNAX, TOPMO3UT
BHeApPEHME HOBbIX METOAOB M TEXHOMOIMMIA, @ MHOTOYUCTIEHHbIE MOMbITKA BHECEHUS B HEe Npo-
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rPECCUBHbIX M3MEHEHUI NOKa He Aanu CyLeCTBEHHbIX pe3ynbTaTos,;

* COXpaHSAEeTCs TEHAEHUMNSA K MOHOMOMM3aLnMnM NECHbIX HacaXaeHU, AOCTYN YaCTHbIX KOM-
NaHWM K NNECHbIM HacaXaeHNsIM MOCTOSAHHO OrPaHNYNBaETCH, XOTS KOMNETEHTHOE BE4OMCTBO He
B COCTOSIHMM obBecneynTb HeobxoamMMoe KOMNMYecTBO U KavyeCTBEHHYI MHAOPMAaLUIO O fECHbIX
HacaxaeHunax.

YBenuyeHne ypoBHSA OTKPbITOCTM MH(OpMaLMM — 3TO OCHOBHOE YCMNOBME OS1S BHEOPEHUS
OaHHbIX TexHonornn. Taknm obpa3om, Ha CEroaHALLIHNA AeHb 0BLEeCTBEHHbLIN KOHTPOMNb MOXHO
OTHECTM K 9TaKOMy CTUMYIy AN1S YBENMYEHUsT KadyecTBa NecHblX AaHHbIX [3]. C uenbio opraHunsa-
UMM OaHHOrO npoLecca HYXXHO BHECTU B 3akoHodaTernbHyt 6a3y COOTBETCTBYHOLLME KOPPEKTU-
POBKU, KOTOpble 06a3biBanu 66l obnagarenen aHHbIX OTKPbITO XPaHUTb UX.

OcCHOBHble NPenATCTBMSA Ha NyTU BHEAPEHUS COBPEMEHHbIX LUMAPOBbLIX TEXHONOMMIN cneay-
owue:

e OTCYTCTBUE [OOSPKHOIO BHUMAHWUS K CTpaTernyeckomy MNraHUpOBaHUIO OEATENbHOCTU Y
OopraHusauun, oCyLLeCTBNSAIOLNX 1eco3aroToBUTeNbHble paboThl;

* [OOCTaTOYHO YacTble U3MEHEHWSI B OTEYECTBEHHOM 3aKoHO4ATeNbCTBE B cdhepe NecHOro
XO38NCTBA;

* OTCYTCTBME XeraHuUs UHBECTUPOBaAHUS B COBpPeMeHHble IT-TexHonormm cpeamn manoro u
cpegHero 6usHeca, OCyLLECTBAIOLEro NPOMbILLNIEHHYI0 OEeATENbHOCTb;

* [OCTaTOYHO BbICOKasi CTOMMOCTb BHEAPEHUS U NCMNOMNb30BaHNSA COBPEMEHHbIX MHopMa-
LMOHHBIX TEXHONOMNNA;

* OTCYTCTBME Pa3BUTOrO pblHKa B COOTBETCTBYHLLEM CErMeHTe, a Takke LUMpokKon 6asbl
KencoB, AEMOHCTPUPYIOLLNX YCNELWHOCTb peanu3auumy npoekToB B JaHHOW cdepe U T.4.

Cpeamn oTeyeCTBEHHbIX NECONPOMbILLIIEHHUKOB YCTOSANOCh MHEHME O TOM, YTO KayeCTBEH-
HO, 3Ha4YUT — 3apybexHoe. [Ina KOMNaHWM yxe He B HOBUHKY BbICOKO3(MEKTMBHbBIE N CKOPOCT-
Hble cUCTeMbI, pa3paboTaHHble MHOCTPAHHLIMU KOMMAaHUSAMMW, KOTOPbIE YNpOLLaT U obneryaroT
HeKoTOpble NPOU3BOACTBEHHbIE MpoLecchl. B xoge paccmMoTpeHust NpMMepoB rpaMoTHOro npu-
MEHEHUSI B JIECHOM XO3ANCTBE LIMAPOBbLIX TEXHOMOIMI BMNOSHE NIOrMYHO NEepBbIM AENIOM OTMe-
TUTb NpakTUKy PUHNAHANN, a TakKe CKaHAMHABCKMUX rocyaapcTs [4]. 3a npolwewme HeCKonNbKo
net B ®nHnsHAMM 6bIN0 OCyLLEeCTBNEHO MHOXECTBO 3W(PEKTUBHBLIX YaCTHbIX, @ TakkKe rocyaap-
CTBEHHbIX MHMLMATUB MO LUMPOBM3aALMM Ha KaXKAOM YPOBHE necHoro xo3sancrtea. Cepsuc Virtual
Forests, paspabatbiBaembinn Metsa ¢ 2018 r., no3BonsieT BnagenbsLam fecos, NpuHaanexawimx
koonepatmey Metsaliitto, Ha gonto KoToporo NPUXoAUTCS NOYTU MOOBMHA NIoLWaAM BCEX YacT-
HbIX flecoB PHNAHAUN, yNpaBnaTb UMK 13 ntobor Toukn mupa. Jlecononb3oBartenu, paboTato-
Lme yganeHHo unun He obnagatowime HeobXoaAMMbIMM TEXHUYECKUMM 3HAHMAMM B obracTtum ne-
COMonb30BaHWs, MOTyT BOCMOMb30BaTbLCA CEPBUCOM, YTOObI COBEPLUUTL BUPTYarbHYHO NPOrynKy
no CBOMM flecam, ChnflaHMpoBaTb NIECOXO3AWCTBEHHbIE MEPONPUATMA U paccuuTatb byayuime
Aoxoabl OT HMX. B ocHOBe cepBuca — undpoBas MoAernb Necos, co3gaHHas M3 obLeaoCTYNHbIX
NecoyCTpoOUTENbHbIX MaTepuanos, pa3MeLLeHHbIX B ceTU VIHTepHET, 1 opraHM3oBaHHas 3a cyeT
CcpencTB HanoronnaTenbLMKOB.

B CWIA v KaHage ons cocTtaBneHust periTHra yYCTOMYMBOrO Neconorib30BaHMs aHanusu-
pyetca cocTosHne rnecoB Ha 115 mnH ra. lMNMoHaTve «umndpoBoe necHoe xosancteo» (Digital
forestry) nogpasymeBaeT cTatucTudeckyro o6paboTky M MOLENMpOBaHME MaccuBa OaHHbIX, B
TOM 4uCrie AUCTaHLMOHHOIO 30HAMPOBaHUA Tepputopuin [5].

B xogoe dhopmupoBaHuna nnaHa pyoku neca, ynpaBnsitowmMiA nonyyaeT AaHHbIE O COCTOSIHUM
rPYHTOBbIX BOA M NO4YB. MM OCyLlecTBNAeTCa MOL4ENMpPOBaHNe npegnonaraemMmoro KayecTea gpe-
BECUHbI U CTOMMOCTU €€ pearnusaLmu.

Mpn n3yyeHun onbiTa OGUHNSHAMM TakkKe CTOUT BbIAENUTb TEXHOMOMMIO MHBEHTapusauum
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neca ¢ NOMOLLbI aBTOMaTU4YECKON NOAEPEBHON MHBEHTapU3aLmn neca gpoHamu. JaHHaa Tex-
Homornsa gaet BO3MOXHOCTb hOpMUpPOBaTh LMEPOBbIE MOAENN FECHbLIX HACAXAEHUN C LEMbto
yyera NleCHOro Xo3sncTea ¢ MakCMMarnbHOW TOYHOCTbI. OHa cTana odyeHb nonynspHon B OuH-
naHanKn, a 3a NpoLleaLlne HECKOMNbKO NIET OpraHu3aLmmM Ucnbitanum ee B CambiX PasHbIX YacTax
P®. TexHonorns oCHOBbIBAETCA Ha CbeMKe TOro UMM MHOro yyYacTka npu MOMOLLM UCMOMb30Ba-
HUsa gpoHa. bnarogapsa gaHHOM TEXHOMOMMM NOSABASIETCS BO3MOXHOCTb BbISIBUTH BCHO BO3MOX-
HYI0 MH(pOpMaLMIO O AepeBbsX, a Takke nonyunTtb ux 3D-mogenn.

Takke umncpoBas MHBEHTaApM3aLMs NMO3BOMSIET OOCTUYb CREAYIOWNX MOSTOXKUTENbHbBIX pe-
3ynbTaToB:

* MOBbIWEHNE TOYHOCTM NECHOW MHBEHTapusauumu, Tak Kak obcrneaytoTcsi Bce fecHble
y4acTKM, OLEHUBAETCS Kaxdoe AepeBo;

* yBenu4yeHme cKkopocTu 0bpaboTkm nHdopmMaLmmn 1 ee OCTYNHOCTU, TaK Kak BCe AaHHbIE
MOTYT ObITb 3arpy>eHbl Ha Ntoboe KOMMLITEPHOE YCTPOWUCTBO;

* yBenu4eHune CKopocTu cbopa 1 aHanu3a AaHHbIX.

Ha gaHHbIN MOMEHT KpoMe TEXHONOMMM NecoyCTPOMCTBA C MPUMEHEHNEM aBTOMATUYECKOM
nogepeBHOM OLEeHKN BoMbLUy0 MOMYNApHOCTb Habpana akTMBHO pasBMBAKOLLASICS TEXHOMOrns
nasepHOro ckaHmpoBaHus [6]. JaHHbI MeToa B OOMbLUMHCTBE CBOEM MpUMEHSIETCA B PUHMSH-
oun. PaHee 6as3a uHdopmaumm no necam PuHnsHAMM opmMuMpoBanacb B COOTBETCTBMM CO
CTaHA4apTHbIMU METOAMKAMU MHBEHTapM3aLnMn fnieca, YTo HyX4anocb B NpuKnagbiBaHUU OrpoM-
HbIX YCUITUIA N PaCXOQO0B.

JlazepHoe ckaHMpoOBaHME MO3BOMSET MOMYYUTb HE TOMbKO FIECOXO3ANCTBEHHYHO, HO U OO-
NONMHUTENBHYI NPUKNaaHY MHOPMaUnUio Ans nraHupoBaHus addekTUBHOrO neconosb3oBa-
Hus. YTO KacaeTcs NogSIMHHOCTM MHopMauuK, KOTOpPYI nony4yarT Gnarogapsi NPUMEHEHUIO
OAHHOW TEXHOMNOMNN, MOXHO OTMETUTL, YTO OHA COOTBETCTBYET TpeboBaHMAM, NpeabsBNsSeMbiM
K YPOBHIO TOYHOCTU [M1a30MEPHO-U3MEPUTENBHOW METOOMKN oLeHMBaHuA. K coxaneHuto, B Ha-
e cTpaHe MpUMEHEHME OaHHbIX TEXHONOrMM COMNPSHKEHO C onpederneHHbIMU TPYOAHOCTSMM:
Heobxo4MMO nornyyeHne cneumnansHoro paspewleHms. OgHako NepCcnekTUBbl UX UCNOMNb30BaHUSA
yYpes3BbIYaNHO LLIMPOKN.

Cenvac mbl aBuxemcs Kk koHuenuuun «WHayctpusa 4.0». OHa npegnonaraeT B3auMMoAewn-
CTBME JIECOXO3SMCTBEHHbLIX MalUWH 1 00OpydOBaHUs, cUCTeM npuema, obpaboTkM, aHanm3a u
XpaHeHunsa bonblumx gaHHbIX. OCHOBHasA 3afada — caenatb POCCUUCKMIA MPOAYKT HE TONMbKO KOH-
KypPEeHTOCNOCOBOHbIM, HO M OOCTYMHbIM OJ1A 3aKa34vMka, KOTOPLIN SIBHO 3aMHTEpPECcOBaH B 3ame-
HEe MHOCTPAHHOIO MMMNOpTa OTEeYECTBEHHbIMU npoaykTamu. KoHeuHo, B PuHnsHauW, rge neca
HaxoOsaTCsl B YaCTHOM COOCTBEHHOCTU U FTOPU3OHT MiiaHMpoBaHUs npeBblwaet 50 nert, ato Go-
ree nNepcrnekTMBHO, Yem B Poccun, rge neca HaxogaTcs B rocydapCTBEHHOW COBGCTBEHHOCTW.
JlecozarotoBuTemNbHbLIE KOMMNAHUK, SBMNSASCL apeHaaTtopaMin neca, a He CoBCTBEHHUKaMK, Bpsaa
nn Korga-nnbo 3axoTAT CEPbE3HO MHBECTMPOBATL B IECOBOCCTAHOBINEHNE, pyOKY MOMOAHSKA U
BbI6OpOYHbIE pybKn. B HacTosiee Bpemsa MCMNOMb30BaHWE LMMPOBLIX TEXHOMOIMMI No3BoNnseT
3apabaTbiBaTb TOMbKO Ha KOMMEPYECKUX pyOKax: C MOMOLLBIO 3TUX PELLUEHUA MOXHO NIaHUpo-
BaTb J1€CO3aroTOBKY TakMm obpa3oM, YToObl OTKa3aTbCs OT HU3KOPEHTabenbHOM ApEBECUHbI U
BblGpaTh Hanbonee mapxuHanbHyto. OgHako B Poccun yxxe ecTb NOMNOXUTENbHbIE TEHOEHLUNN.
Hanpumep, akTMBHO 0OCyXgaeTcsi BOMPOC O BO3MOXHOCTWU YaCTHOIO JIECOBOACTBA Ha 3eMIIsIX
CENbCKOXO3SIMCTBEHHOIO HasHayYeHusi. TakMe pelleHnst No3BONAT MOBLICUTb pPeHTabenbHOCTb
0EeATenbHOCTN B A4OCTAaTOYHO ManoadEKTUBHOWM fIECHOM OTPacin B HECKOSbKO pa3.

MHorouncneHHble NpuMepbl 1 3apyOexXHbI OMbIT NOKa3bIBAKOT, YTO pa3BUTUE COBPEMEHHbIX
LMdPOBbLIX TEXHONOrMIM cbopa 1 0bpaboTKM OaHHLIX U LUMPOKOE BHeApPEHME undpoBm3aumm B
nyaHMpoBaHmMe, Neco3aroToBKK, JIOTUCTUKY, YY4ET N MOHUTOPUHT CNOCOOCTBYIOT Nepexoay K Bbi-
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COKOTOYHOMY, 3KOHOMWYHOMY M YCTOMYMBOMY JIECHOMY XO3SINCTBY. Ba)HO MOHMMAaTb, YTO WH-
BEHTapu3aLums TecCoB — 3TO He camoLenb. [MaBHOEe — 3TO Te pPEeLUeHUsi, KOTOPble NPUHMMAIOTCS
Ha OCHoBe norny4yaemon uHgopmaumm. Takum o6pasom, Nuwb Griarogapsi UCNOMbL30BaHUIO CO-
BPEMEHHbIX MHPOPMALMNOHHBLIX TEXHOMOIMMIN MOryT ObITb CO34aHbl YCIIOBUS, NPY KOTOPbIX OyaeT
OCYLLECTBNATLCSA BbICOKO3(EKTUBHOE NECHOE XO3ANCTBO.

LindpoBble TEXHOMNOrMM B 3KOHOMMKE JIECOMPOMBbILLIIEHHOIO KOMIMIIeKCa pacKkpbiBaloT HO-
BeKLme noTeHumanbl Ans yBenuyeHns npoM3BoAUTENbHOCTM Tpyaa, NPUBEYEHNS NHBECTULNA,
YBENMYEHUS CTOUMOCTN OM3Heca, NOBLILIEHNS OrarococTossHUsl paboTHUKOB M 00LWecTBa B Le-
nom. PykoBOACTBO opraHM3auuii NeconpoMbILLIIEHHOro KOMMNIiekca, oTknaabiBatoLwee npuMmeHe-
HWe UNpPOBbLIX TEXHONOMIN, PUCKYET YyTPATUTb CBOK KOHKYPEHTOCMNOCOOHOCTD.

UccnedoeaHue ebINONTHEHO 3a cdem epaHma Pocculickoeo Hay4Ho20 ¢hoHOa
Ne 22-78-10002, https.//rscf.ru/project/22-78-10002.
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Some Opportunities for Technological Development of Timber Enterprises
in the Field of Digital Technologies

A.K. Nazarova, S.0. Medvedev, M.A. Zyryanov

Reshetnev Siberian State University of Science and Technology,
Krasnoyarsk (Russia)

Key words and phrases: digital technologies; enterprise; experience of foreign countries;
informatization; timber industry.

Abstract. The current development of the forest industry is at the level of the third
technological order, which directly indicates the need for transformations and technological
changes using digital technologies in the timber industry in order to develop it comprehensively.
The purpose of the presented work is to study individual opportunities for the development
of timber enterprises in the field of digital technologies. In the course of the study, the main
hypothesis about the existence of broad opportunities for the development of this direction was
confirmed.
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