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BECTHUK™

Hay4Ho-TexHWU4ecKkuin )ypHan no CTPOUTENbCTBY U apXUTeKType

«Bectauk MI'CY» — penieH3upyeMblil HAyYHO-TEXHUYECKUIN KypHAI 0 CTPOUTENBCTBY U aPXUTEKTYPE,
LEJIIMH KOTOPOTO SIBIISIFOTCSL (POPMUPOBAHNE OTKPBITOTO MH(OPMAIIIOHHOTO MTPOCTPAHCTBA Il 0OMEHA Pe3yIlb-
TaTaMU HAyYHBIX MCCICAOBAHNI 1 MHCHUSMH B 00JACTH CTPOUTEIBCTBA MEXK/Yy POCCHHCKUMHE M 3apyOeKHBIMHU
HCCIIeIOBATEIISIMY; TIPUBJICYCHIE BHUMAHUS K HanOOJIee aKTyalbHbIM, IEPCIIEKTUBHBIM M HHTEPECHBIM HallpaBJie-
HUSIM CTPOUTENBHON HAYKH U MPAKTHKH, TEOPUU U UCTOPUU TPAIOCTPOUTENBCTBA, APXUTEKTYPHOTO TBOPUECTBA.

B 0CHOBHBIX TeMaTHYECKUX pa3zenax KypHasa ITyOlHKyOTCsl OpUTHHAIBHBIC HAYYHBIE CTAThH, 0030pPbI, Kpart-
KM€ COOOIICHUSI, CTaThH TI0 BOIIPOCAM NMPUMEHEHHS HaYyYHBIX JOCTIDKCHUH B IPAKTUYECKOM JICSITEIEHOCTH Mpe/i-

MIPUSATHN CTPOUTEILHON OTPAciy, PEEH3MH Ha aKTyabHbIC ITyOIMKAIIIH

TemaTtu4yeckne pyopuku

* ApPXHTEKTypa U rpaJloCTPOUTEIBCTBO. PEKOHCTPYKINS M pecTaBpanus

* [IpoexTupoBaHne U KOHCTPYUPOBAHUE CTPOUTENBHBIX ccTeM. CTpOUTENbHAs MEXaHHUKA.
OcHoBauus U (PyHIAAMEHTBI, TOA3EMHBIC COOPYKECHHS

* CTpouTenpHOE MaTepuanoBeIeHIE

* be30macHOCTb CTPOUTENBCTBA U TOPOJICKOTO XO35HCTBA

* 'unpasnuka. ['eorexuuka. [MapoTeXHUUECKOE CTPOUTEIHCTBO

* lHKeHepHBIE CUCTEMBI B CTPOUTENILCTBE

* TeXHOIOTHS 1 OpraHu3anys CTPOUTENILCTBA. DKOHOMHKA M YIIPABICHHE B CTPOUTEIILCTBE
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AIMS AND SCOPE.
EDITORIAL BOARD POLICY

In the scientific and technical journal “Vestnik MGSU” Monthly Journal on Construction and Architecture are published the sci-
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The subject matter coverage complies with the approved list of scientific specialties:

Analytical materials, scientific articles, surveys, reviews on scientific publications on fundamental and applies problems of con-
struction and architecture are admitted to examination and publication in the main topic sections of the journal.
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CueHapHoO-ceTeBOM MOAX0 B IPAaJIOCTPOUTEILHOM Pa3BUTHHU
AbakaHo-EHucenckoro dacceiHa paccejeHust

IHaBea Baagumuposuu CkpsiOuH
Canxm-IlemepoOypeckutl eocyoapcmeeHnmbiil apxumekmypro-cmpoumensvruiil yuueepcumem (CII6IACY),
2. Canxkm-Ilemepbype, Poccus

AHHOTALMA

BeepeHue. pagoctpontensHoe ocBoeHne boratbix pecypcamu n 6naronpusiTHbIX ANs XWU3HU NpocTpaHCTB tora Cnbupmn
HaTankvMBaeTcs Ha psa npobnem: HeJoCTaTOK HaceneHns, H13kas NIOTHOCTb TPAHCMOPTHBIX U MHXEHEPHbIX CeTel, Hapac-
TaoLWWI CoLManbHO-3KOHOMUYECKWI pa3pbiB MEXAy ManbiMy ropogamMu v meranonucamu. TynUKOBbIVE XapakTep coBpe-
MEHHOW LIeHTPOCTPeMUTENBbHON ypbaHn3aLummn NpMBoanT K «reorpadmiyeckoMy CXaTuio» HaceneHus B HECKOMbKUX TOYKax
Ha KapTe, a 0Te4eCTBEHHOE rPalOCTPOUTENBCTBO ONMPAETCs Ha COBETCKME pa3paboTku, OAHOBPEMEHHO Creays CTUXUAHBIM
YCNOBWSIM HEKOHTPONUPYEMOTO pbiHKa. B AaHHOM cyuTyaummn HeoBXoAnM NOUCK HOBBLIX Hay4YHbIX OCHOB Afsl FPaAoCTponTENb-
HOW geaTenbHoCTU. [MnoTesa, BblABUraeMas aBTopoM, NpeanonaraeT BO3MOXHOCTb NMPOrHO3MPOBaTh rPafoCTPOUTENBHYIO
NesATeNnbHOCTb, MEHATL ee HanpaBreHve nyTem BO3AeNCTBIA Ha onpeaeneHHble TOUKN B CUCTEME pacCeneHns — OnopHbIe
y31bl (Manble ropofa v NOCenku G HepPacKpbITbiM rPaAoCTPOUTENBbHBLIM NoTeHuuanom). CornacHo runotese, OnopHbIE Y3nbl
obnagatoT TpurrepHbIM 3hHEKTOM (CMOCOGHLI BbI3BaTh N3MEHEHUSI BO BCEN CUCTEME pacCereHust).

Martepuans! n meToabl. icnonb3oBaHbl yTBEPXKOEHHbIE CXeMbl TEPPUTOPUATIBHOTO MIAaHMPOBaHUS U reHeparbHble NnaHbl
noceneHnin. Ha ocHoBe CeTeBOro 1 CLEEHapHOIo NOAXOA0B NMPOrHO3UPOBaHWSA rPaA0CTPOUTENBHOWN AEATENBHOCTU Npeasioxe-
Hbl MeTOAbI BbISBMEHNSI OMOPHbLIX Y3MOB pacceneHuns B rpaHnuax tora Cnbmpm (AbakaHo-EHncelickuin 6acceiiH paccenenns).
PesynbraThl. BbisiBNneHbl BoceMb 0MopHbIX y3roB B rpaHmuax AbkaHo-EHucerickoro 6acceiiHa paccenenust (AumHek, LLnpa,
AbakaH-MuHycuHck, Abasa, Ak-JoBypak, Kbi3bin, Vpberickoe n KaHck), obrnagatoLyx HepackpbITbiM NOTEHLMANIOM pa3Bu-
Tusi. MpeanoxeHo nx rpagocTpouTensHoe npeobpasoanHue Ao 2050 r. B COOTBETCTBUM C XO3NCTBEHHOW CrieLmanusaumen:
NPOVN3BOACTBEHHO-3HEPTETUYECKON, PEKPEeaLMOHHOW 1 arpapHOMN.

BeiBoAbl. [PagoCTpOMTENbHYIO AEATENBHOCTE B COBPEMEHHbBIX YCMOBUAX CNefyeT OCHOBLIBATb HA NOCTPOEHUW NPOrHO3-
HbIX CLieHapueB. [POrHo3HbIe CLeHapum ONMCHIBAKOT BO3MOXHbIE M3MEHEHWSA NNaHNPOBOYHOIO KapKkaca CUCTEMbI paccerne-
HUSA. OTO NO3BONSET BbIABUTL B MIAHNPOBOYHOM KapKace OMOpHbIE Y3Mbl, Kak TOYKU LieneBoro rpafoCcTpouTeNnbHOMO BO3-
[encTBuA, AN paunoHanbHOro 0CBoeHMs boratbix pecypcamm n 6naronpusaTHbIX AN XU3HU NpocTpaHCTB tora Crnbupw.

KIMKOYEBBIE CIIOBA: rpagocTpouTensCTBO, TeppuTopuanbHoe nnaHMpoBaHue, NporHo3vpoBaHue, cueHapui, nriaHmpo-
BOYHbIV KapKac, NnaHMpoBOYHbIE OCU, BaccenH pacceneHus, CeTu, y3nbl pacceneHus

bnazodapHocmu. ABTOp BblpaxaeT GrnarogapHocTb npodeccopy AHapeto eHHaguesudy BonbluakoBy (MpkyTckuii Ha-
LMOHanbHbIN  UCCrefoBaTeNbCKUN TEXHUYECKUN YyHMBEpCUTeT) u aoktopy Angpeto [eopruesmyy Bantency (Cawkr-
MeTepbyprckuin rocyfapCTBEHHbIN apXUTEKTYPHO-CTPOUTENBHBIV YHUBEPCUTET).

OnsA UUTUPOBAHUA: Ckpsibun 1.B. CueHapHO-CeTeBO noaxoa B rpagocTpoutensHoM pas3sutum AbakaHo-EHucerickoro
bacceviHa pacceneHnust // BectHnk MICY. 2022. T. 17. Bein. 2. C. 135-148. DOI: 10.22227/1997-0935.2022.2.135-148

Asmop, omeemcmeeHHbIl 3a nepenucky: MNasen Bnagumuposuy CkpsibuH, paulskryabin@yandex.ru.

A scenario-and-network approach to the urban planning
development of the Abakan-Yenisei settlement system

Pavel V. Skryabin
Saint Petersburg State University of Architecture and Civil Engineering (SPbGASU);
Saint Petersburg, Russian Federation

ABSTRACT

Introduction. The urban development of livable areas in southern Siberia, rich for natural resources, has encountered a num-
ber of problems. They include sparse population, a low-density network of transportation routes and engineering networks, and
a growing socio-economic gap between small towns and megalopolises. The self-defeating pattern of the present-day centrip-
etal urbanization leads to the “geographical compression” of the population into several points on the map. Domestic urban
planning relies on Soviet developments and follows the arbitrary pattern of the free-wheeling market. Against this background,
it is necessary to search for new scientific fundamentals. The hypothesis, proposed by the author, allows predicting urban
development activities, changing their direction by influencing certain points in the settlement system, that are known as settle-
ment points, or small towns and villages having unlocked urban development potential. According to the author’s hypothesis,
settlement nodes have a trigger effect (they can trigger changes in the entire settlement system).
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Materials and methods. Approved area planning schemes and master layout plans were used in this work. Methods for
identifying high-potential settlement nodes are proposed. They are a combination of network and scenario-based approac-
hes to projecting urban development activities. This method was used to identify the settlement nodes in southern Siberia
(the Baikal-Angarsk settlement area).

Results. Eight settlement nodes, having unlocked development potential, were identified within the boundaries of the Aba-
kan-Yenisei settlement area (Achinsk, Shira, Abakan-Minusinsk, Abaza, Ak-Dovurak, Kyzyl, Irbeyskoye and Kansk). Their
urban transformation through 2050 is proposed in compliance with their economic specialization, including the development
of the local industry, power generation, recreation and agriculture.

Conclusions. In the present-day environment, urban planning activities should be based on the development of projected
scenarios. Projected scenarios describe possible changes to the planning framework of a settlement system, which allows
identifying settlement nodes as the points of target urban impacts focused on the rational development of livable areas in
southern Siberia, rich in natural resources.

KEYWORDS: urban planning, area planning, projection, scenario, planning framework, planning axes, settlement system,
networks, settlement nodes
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BBEJAEHUE

Kpuszuc mabmrogaeMoil ceromHs IEHTPOCTPEMHU-
TEJILHOW ypOaHU3aIMK 3aKIII0UaeTCs B KOHLEHTPAIuN
HACEJICHNS U COCPEOTOUCHUN HHBECTUIIMOHHBIX BIIO-
KEHNH, TPYIOBOH aKTHBHOCTH B HECKOJIBKHUX TOUYKaX
Ha KapTe, TOYHEE B CEMH KPYMHEHIINX ropogax — Me-
raronucax (Mocksa, [TetepOypr, Hixnuit Hosropon,
Kazanp, ExarepunOypr, HoBocubupck, Kpacuosipck)
B ymiepO IpaJloCTpOUTEIBHOMY Pa3BHTHIO Oolee Oia-
TONPHUATHBIX U OOIIMPHBIX TEPPUTOPHIA. DTO BBHITEKAET
U3 COBPEMEHHON HEOMPEAEICHHOCTH IPaioCTPOUTENb-
HOTO pa3BUTHUA Poccum, B 4aCTHOCTH CHUCTEMBI pac-
cenenus rora Cubupu. Jls penieHus: 3Toro Bompoca
MIPEAJIaracTcs ClieHapHOe MIAaHWPOBAHUE, KOTOPOE T10-
3BOJISIET C(HOPMHUPOBATH BUICHHE TPAJOCTPOUTEITHHOTO
pa3Butus fora CHOMpY Ha OCHOBE BAPMAHTHBIX CIICHA-
pHeB (MHEPIIMOHHOTO U IIPOTPECCUBHOTO).

PasButnio rora Cubupmn yzmensercss BHUMaHHE
B npaButenscTBe. Tak, Mmunuctp odopons! C.K. Iloii-
ry u ero copeTHUK A.M. MnbHUIKHUI 03By4HIIH UAEIO
¢dopmuposanust B CuOUpH HayqHO-ITPOU3BOJICTBEHHBIX
eHTpoB!. OmHAKO HE PACKPBITO IPAJOCTPOUTETHHOE
o0ocHOBaHUE 3TOH uaeu. B nanHoM craThe mpeziara-
€TCs aJbTePHATUBHBINA B3I, COBMEIIAIOIINN CETEBOM
1 CIICHapHBIN MOIXOABI I IPaJIoCTPOUTEIBHOTO pa3-
BuTHs fora Cubunpu.

JI71st BBISIBIICHUSI TIEPCTIEKTHB T'PaJOCTPOUTENb-
HOTO pa3BUTHA BBIAEICHA TeppuTOpus fora Cubupn
B TpaHUIaX: Ha ceBepe — TpaHccubupckas u baiika-
10-AMypckasi MarlcTpany, Ha I0re U I0ro-BOCTOKE —
rocynapcTBeHHas rpanuna ¢ KaszaxcranoMm, Kutaem
1 MoHronumei, BOCTOUHOW TpaHMLeH sBIsieTcst Oeper
Baiikana. B 3TuX rpaHunax aBTOpOM BBIJENIEHBI TPU
KPYNHBIX OacceiiHa pacceneHusi, riae chopMUpOBaIIHCh

! 3auem [loiiry mopyuunu noctpouts HoByto Cromuiy B Cu-
6upu u eure 5 ropomoB. «Pycckuii koBuer». URL: https://
www.youtube.com/watch?v=_zYFjntU9vI
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TPH arJoOMEpPalMOHHBIE CHCTEMBI, COOTBETCTBYIOIIHE
TpeM OacceliHaM OCHOBHBIX CHOMPCKUX pek (puc. 1):

* baiikamo-AHrapckuii 0acceifH pacceneHus BbI-
JieJieH B TpeyronbHuKke rpanul BAMa, Tpancen6a u 3a-
nagHoro Oepera baiikana, oXBaTbIBaeT IOXKHYIO 4acTb
tepputopun Mpkyrckoit obnacty;

* OOb-AnTaiickuii 6acceifH paccesieHusT HaXOauT-
cs1 BIoib p. 006 u ee mputokoB Tomu, Karyan u bum,
BKJIIOYAs! YETHIPE aJIMUHUCTPATHBHO-X03IHCTBYIOIINX
cyobekra (Aunraiickuii kpaii, HoBocubupckyio u Keme-
POBCKYIO o0nacTH, a Take PecyOnuky Anrait);

» AGakano-Enuceiickuii GacceifH pacceneHus
pacrosnoxeH B1oJIb EHUCEs, BKIIIOUasi €ro NpUTOKH —
p. Abakan, p. Kan, Aba3y, 1 0XBaTBIBaCT TEPPUTOPHH
TpeX aAMHHUCTPATUBHO-XO3HCTBYIONINX CYOBEKTOB
(roxHyt0 yacTh KpacHosipckoro kpast, pecryoinukn Xa-
Kacuio 1 ThIBY).

PaccMOTpUM NpuUMEHEHHE ClieHapHO-CETEeBOIr0
rmojxona Ha mpuMmepe Abakano-EHuceiickoro 6acceiina
pacceneHus. JTa TEPPUTOPHUS OTIAUUACTCS Hamboiee
HU3KOH IJIOTHOCTBIO PacCelIeHMs, CHe(PpUIECKUMU
MIPUPOAHO-JIAHAIAPTHEIMHA YCIOBUSIMH, a TaKxe 00-
raTtod MpOM3BOACTBEHHO-IHEPreTHIECKOl 0a30H, BO3-
MOXHOCTAMU pa3BUTUA CEIBCKOTO XO35IUCTBA ()KI/IBOT-
HOBOJZICTBA), a TAKXKE PEKPEALMOHHON JESITeIbHOCTU
(OTIOBIX, TYpH3M, JICICHHUE).

OcHoBHas mpo0ieMa HccaeyeMoi TeppUTOpUN
COCTOUT B NPOTHUBOPEYHH MEXKIY HATUYHEM XO3si-
CTBEHHO-9KOHOMHUYECKOT'0 TIOTEHIIMAIIA JUISl TPaJIoCTPO-
UTEJNBHOH JIeITENLHOCTH U C1a00M TPaioCTPOUTENLHOM
OCBOEHHOCTBIO C JErpaJiupyrolieii CHCTEMON paccelie-
HusL. Bipouewm, orpuiiarensHast TMHaAMHKa TPajoCTPOH-
TEJIFHOTO OCBOCHUSI Ha IPOTSDKEHUH Beel nctopun Cu-
oupu (XVI-XXI BB.) HaOMODACTCS JIHIIB MTOCICIHUE
26 5eT U He SBISAETCA XapaKTEePHOH Ul ee PEeTHOHOB.

Llenb ucceoBaHuss — ONPENEeIUTh U 000CHOBATh
MEePCIEKTUBBI TPATOCTPOUTENBHOTO pa3BuThus Abaka-
Ho-Ennceiickoro OacceliHa pacceneHns B F0)KHOW YacTH
Cubupu.
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Puc. 1. I'panuus! ucciaeayeMoi TeppuTopur — rpaHuibl 6acceiiHoB paccenenus (O0b-Anraiickoro, Abakano-Enucerickoro
u baiikano-AHrapckoro) B COCTaBe F0KHO-CUOUPCKOIT CUCTEMBbI PACCENICHUS

Fig. 1. The boundaries of the studied area, or the boundaries of the Ob-Altai, Abakan-Yenisei and Baikal-Angarsk settlement

systems within the framework of the south Siberian settlement system

3amaun HacTOsIIEH paboThL:

* BBUIBUTH CTPYKTYPHBIC OCOOCHHOCTH IUIAHHPO-
BOYHOTO KapKaca pacceneHns Abakano-Enwcetickoro 6ac-
ceifHa pacceseHUs Ha OCHOBE HCTOPUYECKOTO KOHTEKCTa;

* TIOCTPOUTH IUITAHUPOBOYHYIO MOZEIb paccelie-
HUSA JUTS M3y4aeMOH TeppUTOpHH;

* ONIPEIENUTH NIEPCIEKTHBEI IPal0CTPOUTEIBHOTO
pazButHs 1o cepeauanl XXI B. (o 2050 1) B popmare
CLICHAPHBIX BAPHAHTOB.

JlutepaTypHble HCTOYHHMKH IIPEAJIaraeTcs pasae-
JUTH Ha JBa OJIOKAa: TIEPBBIM COCTOUT W3 ITyOINKAIINH,

MOCBSIIEHHBIX CHEIUPUIECKOMY OIBITY CHOUPCKOTO
IpaloCTPOUTENBCTBA, KO BTOPOMY OJIOKY CJIELyeT OT-
HECTH Hay4YHO-METOHOJIOTHUeCKHEe HapaOOTKH 110 3aKO-
HOMEPHOCTSM ()OPMUPOBAHUS U PA3BUTHS TPATOCTPO-
UTENBHBIX CTPYKTYP.

OcobeHHOCTH (OPMHUPOBAHHUS U PA3BUTHUS CUOUP-
CKHUX TOPOJIOB U3JI0XKEHBI B Tpynax npodeccopa I H. Ty-
MaHuKa [1]. Bausaue BHENTHUX TPAHCTIOPTHBIX CBS3EH
Ha TJIAHUPOBOYHYIO OPraHU3aIHI0 CHOMPCKUX TOPOIOB
onmceiBaercs B nucceptanuu I.I1. Epoxuna [2]. Mexa-
HHU3MBI CAMOOPTaHNU3ALUH U NPUHLUIBI YIPABICHUS
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CHCTEMBI PErMOHAILHOTO paccesenus 3amnaaHoi Cuou-
pu m3noxens! B padore JLII. dykca [3]. IlepciekTuBEI
pa3BUTHS 3aMaTHOCHOUPCKON CHCTEMBI pacCeleHUS
orobpaxensl npodeccopom b.U. Orner [4]. OcHOBBI
OpTaHU3aINH CUCTEM PACCEICHUS, HCXOS U3 SKOJIOTH-
YECKOW eMKOCTH TeppUTOpHH (00BeMa IPECHOH BOJIBI
B peKax, IUIOIA/IN JIECOB, BEIPA0ATHIBAIOIINX KUCIIOPO],
IJIOLIAAM CEIbCKOXO3HCTBEHHBIX YIOAUMN C INIONOPOI-
HOH MOYBOI, a TaKkKe CyMMapHOH 101 IPUTOJHBIX
JUISl 3aCTPOUKH Y4aCTKOB), IPEAJIOKEHBI aKaJeMHKOM
B.B. Bnagumuposseivm [5]. JlanamadTaHO-000CHOBaHHAS
TpajJoCTPOUTENbHAS ACSITeILHOCTh, OPHCHTHPOBAHHAS
Ha CO00Pa3HOCTb MPHUPOTHO-IKOJIIOTHYECKUM YCIOBHSIM
TeppuTOpHUH, pazpadorana npodeccopom A.I. Bonpmia-
KOBBIM [6].

Bomnpocsl coznanns opMUpOBaHUS U OCBOCHHUS
IJTAHUPOBOYHBIX KapKacoB (CeTel M PEemeToK) pac-
CMOTPECHBI B psific MyOIUKAIUil 3apyOeKHBIX aBTOPOB.
Teopus neHTpadbHBIX MecT pa3paboTana Banbrepom
Kpucramiepom B 1930 rozbl, moIydnB IPOIOIDKEHIE
B HAyYHBIX TpyldaxX reorpa)oB U SKOHOMHUCTOB, Cpe-
I KOTOPBIX M3BecTHa nmyoOnukanus Jlecon Kunra [7]
Ha TeMY HEHTPATbHBIX MECT B TEPPUTOPUATHHOM ILIa-
HUpPOBAaHWHU. BIUsSHUE CETH TPAaHCHOPTHBIX CBA3CH
Ha pa3MelleHHe TOpPOOB U JTUHAMHUKY MX Pa3BUTHS
M3Y4EHO TOKTOPOM BaITMHTTOHCKOTO YHHBEpPCHUTETa
Mapxkycom bepnuantom [8], Beponukoit Kynmep [9],
rpynnoit uccnenosareneir M. Busuan, P. Cammepcom
u B. Aungpeacom [10]. Moxens npupoaHO-IKOIOTHYE-
CKOTO (3€JICHOT0) KapKaca B PeTHOHAJIBHOM MaciTade
npenioxena gokropom Pobeprom ['yncnumom [11].
CueHapHBIN MTOAXOA B MPOTHO3UPOBAHUH TPATOCTPO-
WUTEIBHOHN JEATSIFHOCTH PACCMOTPEH B ITyOIHKAITHIX
Agena Ypu [12], Knaana [13], A. Xaxu [14] u d{xo-
Ha Parxmudda [15, 16], Yapnaszom Xoxom [17], JIbro-
ucoMm JI. Xonkuncom [18], Mapueit A. 3anara [19],
B.H. Ky3sik [20]. MHTepecHbl paboThI, MOCBSIICHHBIC
MOJICITHPOBAHHUIO IKOJIOTUIECKUX MPOLECCOB MO JeHi-
cTBueM ypOanmsanuu, Anmar Kaii [21], nccnenoBanuto
rpajgocTpouTenbHbix cereit C. Anaps [22], mpoueccam
(hopMHPOBaHHA KOMMYHHUKAITHOHHBIX KOPHIOPOB BIOIH
MJIaHUPOBOYHBIX oceld Anapa bpanara [23].

MATEPHUAJIBI U METO/bI

Wcnonb30Banbl Marepualibl M0 UCTOPHUIYCCKOMY
pa3BuTHiO oceneHnit Cudupu (KapThl, HCTOPUICCKIE
IUTaHBI TOPOJIOB), a TaKke CTpaTerus MpoCcTpaHCTBEH-
Horo pa3Butus Poccun mo 2025 roxga (yTB. pacmops-
xeHueM [IpaButensctBa PO ot 13.02.2019 Ne 207)
1 COBPEMEHHBIE JIOKYMEHTBI TEPPUTOPHATIBHOTO TIaHH-
POBaHUS MO aIMUHUCTPATUBHO-XO3SIHCTBYIONTUM CYOh-
eKTaM, pacIiojIoKeHHBIM B TpaHuIax AbakaHo-EHuCei-
cKoro OacceiiHa pacceneHus. V3y4ueHHbIe MaTepHaIbl
MOMOIJIM aBTOPY COPMYIHPOBATh MPUMEHHUTEIHHO
K HCCIIENYyEeMOW TEPPUTOPHUM CLIEHAPHBIM U CETEBOM
TIOAXO/IBI.

CeTeBol TOAXO] MPEAINOIAraeT rpajoCTPOUTENb-
HOE OCBOCHHE JIF000H TEPPUTOPHUN KAaK COBOKYITHOCTh
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OIPEACJICHHBIX MPOCTPAHCTBECHHBIX KapKACHBIX CETOK
(TpaHCcTOpTHON, (PYHKIIMOHAIBHON M TPHUPOIHOIL),
Ha TEepPEeCeUCHUH O0CEH KOTOPBIX PACIIOIOKEHBI Y3JIBL.
MerTos «KapKacHBIX CETOK» 3aKJIIOYAETCs B BBISIBICHHN
OTIOPHBIX Y3JIOB PACCEJIEHUSI B TOYKAX MEPECEUCHUs
TUTAHUPOBOYHBIX OCEH Pa3HOTO 3HAYEHHS, OTHOCSIIIHIX-
Csl K Pa3HBbIM KapKaCHBIM CETKaM.

CreHapHBIH TTOXO/ ONHMCHIBAET BO3MOYKHBIC Ba-
PHAHTBI pa3BUTHSA IJIAHWPOBOYHOTO KapKaca, paccMma-
TpHUBas J1Ba BO3MOXKHBIX CLIEHAPUSI — WHEPLIMOHHBIN
U IPOTrPeCCUBHBIN. MeToa «rpagoCcTpOUTENbHON aKy-
ITYHKTYPBI» MJIM METOJ y3JIOBBIX TOYEK MOAPa3yMeBacT
CIOCO0 I'PafoCTPOUTENILHOIO BO3AEHCTBUS HA OIOP-
HBIE y3JIbl PACCENICHNS, YCTAHOBICHHBIE METOZOM Kap-
KacHBIX ceTok. Takoe BiIMsAHHUE, 00Ja1ast TPUTTEPHBIM
s dexTom, BbI3bIBAET U3MEHEHUsI BO BCEil cHCTEME pac-
CEINCHNS.

PE3VYJIBTATHBI HCCIEJOBAHUSA

BrIsiBICHBI CTPYKTYpHBIE OCOOCHHOCTH IUIAHH-
poBouHOrO Kapkaca AdakaHo-Enuceiickoro 0acceii-
Ha PaccesIeHUs] Ha OCHOBE HCTOPUYECKOTO KOHTEKCTA.
OmnpeneneHsl TUKIIBI TPalOCTPOUTEIHHOTO OCBOCHUS
Cubupn nmurensHocThio 150 et kax st (6oiee moa-
pOOHBII aHATN3 IUKIOB IPAJOCTPOUTEIHLHOTO OCBOE-
Hust CHOMPY U3JI0KEH B INCCEPTALMOHHOM HCCIIEI0Ba-
Huu [I1. Epoxuna [1]). L{uxisl rpagocTpouTEeIsHOTO
ocoenus Cubupu:

1. Peunoii (1590-1730) xapakTepu3yeTcst TpaHc-
HNOPTUPOBKOW U NEPEMEILEHUEM I'Py30B BOJHBIM IIy-
TEM 10 CHOMPCKUM pEeKaM, CTPOUTEIHCTBOM TOPO-
JIOB-OCTPOTOB, KOTOPBIC pacrojiaralnch Ha Oeperax
KPYIIHBIX PEK IPU BIIAJECHUU B HUX MajbIX PEK U IpHU-
TOKOB. ['0pom-oCTpOr OBIT aIMUHUCTPATHBHO 000PO-
HUTEIBHBIM LIEHTPOM, OKPYKEHHBIM arpapHbIMH WA
IIPOMBICJIOBBIMH IMTOCEJICHUAMU HAa PACCTOAHUN YacoBOM
TIEMIEXOHOHN TOCTYITHOCTH (TISITH KM).

2. Nopoxwusiid (1730—-1880) oOycnoBieH cTpo-
UTEJIbCTBOM TPAHCCHOMPCKOW CYXOMYTHOW TOPOTHU
MockoBcko-CHOMPCKOTO TpakTa, THHUSI KOTOPOTO H3-
HavyaJIbHO MOBTOPsJIa KPUBYIO CHHYCOHMJY HM3THOOB
cubupckux pek. [lo3nHee nuHMS OblIa crpsiMieHa
1 JOTIOJTHEHA OTBETBICHUSMHU B MEPH/INOHAIBHOM Ha-
MIPaBJICHUHU BJOJIb PeK. M3-3a 3TOro HEKOTOpBIE TOpo-
Jla, OCTaBIIKCh B CTOPOHE OT HOBOTO TPAKTa, UCYE3IN
¢ kaptel Cubupn (Ilensim, Manrazes, Kannck). B cu-
CTEME PacCeJICHUs BBIICIHIINCH Spa PacCEeICHUs —
ryOepHCKHE LEHTPBl C MPHUTrOPOJIaMU, OKPYKEHHBIE
ye3gaMu (MaJbIMU TOPOAAMHU B PAINYCE OIHOTO IHS
kxoHHOrO Iyt 100 KM).

3. XKenesnomopokusrii atan (1880-2030) Havyancs
CO CTPOUTENHCTBA TPaHCCHOMPCKOH KETIE3HOMOPOIKHON
MarucTpaiy, CBI3aBIIel eBPONEHCKYIO YacTh CO CTpaHa-
Mu A3uarcko-THX0O0KEaHCKOro pernoHa. JTo NPUBEIIO
K BOSHUKHOBEHHIO HOBBIX TOPOJIOB M YTACAHUIO HEKOTO-
PBIX CTapbIX TOpo/0B. Hanpumep, KpynHeHmmii ceroHst
ropoa — Merarnoirc HoBocuOupck BO3HUK Ha IyCTOM
MecTe, pa3pacTasich OT KpailHeld BOCTOYHOM OIOpPHI JKe-
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JIE3HOJOPOXKHOTO TocTa uepe3 O6b, . ToMck yTparun
cTaryc ry0epHCKOro HeHTpa, T. KonbiBaHb Hcues, mpeBpa-
THUBIIHUCH B mocenok. Crucrema pacceneHust mpruoodpena
CIIOXKHYIO CTPYKTYPY, COCTOSIITYIO U3 TPYMIIOBBIX CUCTEM
MOCEJICHUH, 00BETMHEHHBIX BOKPYT OHOTO HJIH IBYX
ypOaHU3UPOBAHHBIX Y3JIOB, @ TAK)KE BOKPYT arioMepa-
IHOHHBIX S7Iep, Cpemu KoTophix: HoBocnOmpcek (Ha mepe-
ceuenun Tpanccubom p. O0b), KpacHosipck (Ha mepece-
yernu Tpanccubom Enuces), Upkytck (Ha cOmmkeHNH
Tpanccuba u Anrapsi), Keizbui, bparck, Kemeposo
u Hooky3Hneuk Baoss p. Tomu, baprayn u buiick, Top-
HO-AnTaiick, AGakaH 1 MUHYCHHCK.

Takum 00pa3om, HCTOPUYECKH CHOPMHUPOBAIICS
KapKacHO-y3JIOBOH XapakTep CHOMPCKON CHCTEMBI pac-
CEJICHHS C PACIIONIOKEHUEM y3JI0B (TOPOJIOB U MOCEIN-
KOB) Ha MEPECEUCHHSIX TPAHCIIOPTHBIX OCEH pa3HOTo
3HAYCHUS C TPUPOTHBIMHU OCAMH (CHOMPCKUMHU PEKaAMH )
pa3Hoil BeJIMYMHbI. Pa3inuHble 3HaYeHUE U BeIMYMHA
OCeil OTIPENEINIOT TUIIOJIOTUIECKUE OTIINIHS ITHX Y3-
JIOB (TUIOJOTHYECKUE 0COOCHHOCTU CUOUPCKUX TOPO-
noB moapoOHo uzydan b.1. Orier [3]).

C moMOIIpI0 CEeTEeBOr0 MOAX0/Aa Obljia BBISBIIC-
Ha CTPYKTypa IUIAaHMPOBOYHOTO Kapkaca AOakaHO-
Enucetickoro OacceifHa pacceieHus. JTa CTPYKTypa
(dopmupyeTcs TpeMsl KapKacHBIMH CETSIMU: (DYHKIIHO-
HaJbHOH, TPAHCHOPTHO-KOMMYHHUKAIIMOHHON M IIpH-
POJIHO-3KOJIOTUYECKOM.

@dyHKIMOHANbHAS KapKacHas CETh BKIIOYACT
arpapHble OCH Pa3BUTHS CEJIbCKOXO35MCTBEHHON Jesi-
TEJIbHOCTH, IPOU3BOICTBEHHO-2HEPTETUUECKUE U Pe-
KpearroHHbIe OCH (OTIBIX, TYpHU3M U JiedueHue). Ha wc-
ClIeyeMOi TepPUTOPHH BBIACTICHO JIBE€ arpapHBIX OCH,
OJlHa W3 HUX HMMEET pa3BUTHE B AMATOHAIHLHOM Ha-
[IpaBJICHUU B IIpejielax IIOJOPOAHBIX crenel Muny-
CHUHCKON KOTJIOBUHBI 10 JIMHUU ACKU3 — MHUHYCHHCK
— KpacHokameHck. Bropast arpapHast ocb yCTaHaBJIU-
Baercs B ThiBe B IIMPOTHOM HarpasiieHnu oT Kbi3buia
1o T. Ak-/loBypak. Onpenenens! 1Be TPOU3BOACTBEH-
HO-9HEPTeTHYECKNEe OCH, IepBasi MPOTAHYIACh BIOIb
Tpanccubupckoit marnctpanu (Kancko-A4uuHCcKui T0-
MIMBHO-3HEepreTrdeckuii komriekc — KATOK), Bro-
past BIoJb 3anagHoro oepera Enucest ot Kpacuosipcka
mo Abakana. Hagano pa3BUTHS peKpeanmoHHON ocH
HabOmoaeTcs B 3anaAHON 4acTH XaKacuM IO JIMHUU
[Iupa — Acku3 Ha ocHOBe HeneOHBIX o3ep: berne, Ut-
kyns, [upa, Tyc, HlyHer (MuHEpaabHbIe BOJBI H OT-
JIOKEHHS LIEIeOHBIX IPsi3ed B 3THX 03epax UMEIOT Iie-
NIeOHbBIE CBOWCTBA).

TpaHCOPTHO-KOMMYHUKAI[MOHHAs KapKacHas
CeTh BKJIIOYACT KOMMYHUKAIIMOHHBIE KOPHIOPHI, BbI-
SIBJICHHBIE BJ10JIb TPAHCIIOPTHBIX Ocell. TpaHcropTHbIE
ocu GopmupytoT T-o0pa3HbIi kapkac AbakaHo-EHH-
celickoro 6acceiiHa pacceneHus, B KOTOPOM aBTOP BbI-
JIeNsieT OCh MEePBOr0 paHra — IMIMPOTHYIO TPAHCKOH-
THHEHTaJIbHYI0 TpaHCCHOMPCKYIO Marucrpaib, OCh
BTOPOT'0 paHra — MEPUAMOHAIBLHO OPUEHTHPOBAHHYIO
TpaHCTpaHU4YHYIO Tpaccy «EHucei», TpaHcrnopTHble

OCH TPEThEro paHra — MECTHBIC M MEXpalOHHBIE
TPaHCIOPTHBIE CBA3U.

[TpuponHoO-3KOIOTHYECKast KapKacHas ceTh (op-
MHUPYETCS IPHPOIHBIMH OCSIMHU, & UMEHHO CHOMPCKUMHU
peKamu, Cpeid KOTOPBIX aBTOP BBLAEIAET: IPUPOIHBIE
OCH TIEpBOTO paHra — OCHOBHBIC CHOMPCKHE PEKH
(B marHOM citydae Exuceit), ocu BTOporo paHra — 3To
MpUTOKHM OCHOBHBIX pek (UynbiM, Kan, AbGakan, Tyba
1 XeMUHK), @ MaJIble PEKH U Py9bH, BIAJAIONIIE B TIPH-
TOKH OCHOBHBIX CHOMPCKUX PEK, IPEAIaraeTcs OTHECTH
K IPUPOJHBIM OCSAM TPETHEro paHra. Bronab npupoaHbIx
ocei cllelyeT ONpeAeInTh KOJIOTHIECKUE KOPHIOPHI
B IPaHUIIAX BOJOOXPAHHBIX 30H, TaK KaK HU3HHBI PEU-
HBIX MOIM HMEIOT 0c000€ HKOIOTHYECKOE 3HAUCHHE,
HampuMep, 3/1eCh HAKAIUIMBACTCS JaHAA(THEIN Ma-
Tepuan (ceMeHa pacTeHHH, YaCTHUIIBl TIOYBHI, BaJKHBIC
XUMUYECKHE IEMEHTBI, CMbIBAa€MbIE CO CKJIOHOB U BEp-
IIMH BOJIOPA3/ICIbHBIX TOPHBIX XPeOTOB).

BTopeIM pe3ynpTaToM SBISETCS IUIAHWPOBOYHAS
MO/JIEJIb pACCEICHUs, TIOCTPOEHHAs! Ha OCHOBE CETEBOI0
MeToja. ITa MOJIEJIb OIMCHIBAET THIIOJIOTHUECKUE OCO-
OEHHOCTH y3JI0B PACCEIICHHS], B 3aBUCHIMOCTH OT PacIio-
JIOXKEHUS 9TUX y3JI0B Ha MIEPECeUCHUH MIIIaHUPOBOYHBIX
ocell (pyHKIMOHAIBHBIX, TPAHCTIOPTHBIX U IPUPOA-
HBIX), IMEIOIUX pa3Hoe 3HaueHune. Cpenu y3/I0B pacce-
JeHust (ropoyia ¥ MOCEJKH) — KpYIIHBIE Y3JIbl paccelie-
HHUA C pagnycoM 30HbI BausiHusA 240-300 kM, cpeqHue
¢ pagmycoM 30HbI BIUsSHAS 50—60 KM U Majble, UMeIo-
Me paanyc 30HbI BAUsHUS 15-20 kM.

Ha cOnmxeHnn nim rnepecedeHny TPaHCIOPTHON
ocu mepBoro panra (Tpanccubupckas MarucTpalb)
U TIPUPOJHOU ocu mepBoro panra (p. Exuceit) cdop-
MHUPOBAJICS] KPYIHBIH Y3€J IepBOro NOpsiIKa — ariio-
Meparmonnoe sapo (. Kpacnosipck). Ha nepeceuennn
TPAHCIOPTHON OCH MEPBOT0 paHra U MPUPOJHON OcH
Broporo panra (p. UynsiM, p. KaH) BeIsBISIOTCS Ccpe-
HHUE y3JIBl pacCeJCHUs TePBOro MOpsAIKa — CpPEAHHE
u Majble ropoaa (cerogHs 3To — AuuHCK U KaHck).
Ha mepeceueHnn TpaHCHOPTHOH OCH MEPBOTO paHTa
C MIPUPOJHON OCHIO TPETHETO paHTa (MaJol peKH WU
PYubsi) pacIioiIOXKEeHbI MaJlble Y3JIbl PACCENICHNUS TIEPBO-
TO MOpsiKa — Mallble TOPOoAa M KPYIHBIC TOCEIKH,
paliLeHTPbI, K KOTOPBIM OTHOCATCS Yap, HoBouepHope-
4yeHCKUH, JIa3ypHblil.

Ha cOnmxeHnn nim repecedeHny TPaHCIOPTHON
ocu BTOporo paHnra (Tpaccoit «EnHucel») n npupos-
HOM ocu nepBoro panra (p. Enuceit) popmupyrores
KPYTHBIE Y3JIbI PACCEJICHUs BTOPOTO Mopsiika: Aba-
kaH, MunycuHnck, Ke3pin. Ha mepeceuenusx Tpasc-
MIOPTHOM CBA3BI0 BTOPOTO paHra NpUpPOJHONH OCH TOTO
e para — npuToka Exuces (p. AGa3a) BBICISAIOTCS
CpeIHHE y3JIbI paccejeHus: BTOporo mopsaka (r. Ada-
3a). Ha nmepeceuennu TpaHCIOPTHOI OCH BTOPOTO paH-
ra ¥ MaJoi pPeKd WIN Py4bs BBIACISIETCS MaJIbIH y3el
pacceseHusl BTOPOTo Mopsiika — KPYIHBIN MMOCETOK,
paiiueHTp.

Ha nepeceueHnsax TpaHCTIOPTHBIX OCEH TPETHETO
panra (MexpaiioHHbIE TPAHCIIOPTHBIE CBSA3H), TPUPOI-
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I1.B. CkpsibuH

HBIX OCEHl BTOpOTo paHra (KpynHble NpuUToku EHuCEs)
PaCIIOJIOKEHBI KPYIHBIE Y3JIbl PACCENIEHUs] TPETHETO
MOpsAJIKa — palleHTPbl MYHUINTAIbHBIX PaiOHOB.
Ha mepeceueHusIX ¢ MPUPOAHBIMU OCSMH TPETHETO
paHra (MaJbIM{ pEKaM{ ¥ PYYbsSMH) HaXOJSTCSl Majble
Y3JIbI PAaCCEJICHUS TPETHETO MOPSAKA — HEHTPHI CEIlb-
CKHX IIOCEJICHUH.

CornacHo 3To#t Mozmenn (puc. 2), CTAHOBHUTCS
OYEBHJIHBIM, YTO TOPOJIAa U MOCEIKH, PACTIOIIOKEHHBIE
Ha MepecedeHny Hanboee 3HAYUMBIX IJIAHUPOBOYHBIX
oceif, o0nagaroT Hanbosee BHITOJHBIM DKOHOMIeOTpa-
¢uuecknm nonoxkeHrneM. OAHAKO MOTEHIIMAT MHOTHX
13 HUX CErofHs He ncnonb3yerca. Hanpuwmep, . Kanck,
HaXOJISIIIUICs Ha repecedeHny Tpanccnba ¢ pUTOKOM
EHuces, umeer noreHuuan pa3BUTHs KaK KPyIHEUIINI
TPaHCIIOPTHO-TIPON3BOICTBCHHBIN y3€II.

Tperuil pe3ynbTaT HCCIEOBAaHUS — CO3JaHHE
JIByX CLIEHApHEB BO3MOKHOTO TPaj0CTPOUTEIHLHOTO
pasButus (merpamanun) Abakano-Enuceiickoro 6ac-
celiHa pacceneHus Ha mnepuon 1o cepeaussl XXI B.
(MHEPLIMOHHOTO U TPOTPECCUBHOTO).

VHepUHOHHBIN clieHapHil, UHTEPIIOJIUPYsI Cylle-
CTBYIOILI[ME CETOJHs SIBJICHUS B I'PaJIOCTPOUTENHHON
JIESATENbHOCTH Ha TPSAYIIYI0 BPEMEHHYIO IepCIeK-
TUBY (Cenys YTBEPKICHHBIM IUTaHAM U CTPATETUsAM),
HE IpeAaraeT HU4ero HHHOBAI[MIOHHOTO ¥ PEBOJIIOIH-
onnoro. CoriracHo 3ToMy B baiikano-AHrapckom Oac-
celine OyzieT HapacTaTh LEHTPOCTPEMUTENBHBIN MPO-
L[ECC YCHIICHUSI TPEX arvioMepariyii:

* KpacHosipckoii, paguyc BIUSHHUSL KOTOPOH co-
craBisieT 60 KM (paccTosiHUE OJTHOYACOBOTO aBTOMO-
OMJIBHOTO TIepEroHa 1o Tpacce), OXBaThIBAET TOCETCHHS
u ropoaa XKenesnoropck, CocHoBoOOpCK, JlMBHOTOPCK,
EmensbsHoBO U bepe3osky;

» AbakaHO-MUHYCHHCKOH, KOTOpPasi pacrosioxKeHa
mo oboum Oeperam EHnces. Armomepanus BKITIO9aeT
B 60-KHJIOMETPOBYIO 30HY CBOETO BIUSHHUSA MOCEIKU
Acxkus, Kyparuno u CastHOropck;

* Ke3puibCckoii, cocrosimieit u3 masnoro r. TypaH
Ha ceBepe, c. Dnerect Ha fore, Capeir-Cen Ha BOCTOKe
u c. basn-Kon na 3anane (paanyc Bnustaus 60 km).

B pamkax WHEpPIIMOHHOTO CIIEHAPUs METOJOM Y3-
JIOBBIX TOYEK BBIICIICHO TPH ariIOMEPAllMOHHBIX SIpa —
ropona KpacHosipck, Abakan 1 KbI3bUI ¢ OKpy>Katolmmumu
UX MpUropopamu. B ocTambHBIX MabIX TOpOJax M I10-
cenkax OyJeT HaOIoAaTbCsl CHIPKEHHE YHCICHHOCTH Ha-
CEeJICHMsI M3-3a CTarHaluu rpagoobpasyromieii 6assl,
CTpPEeMHUTENbHOE OOBETIIaHNE OCHOBHBIX (POHIOB (37a-
HUH ¥ CTPOSHUH, MHKSHEPHBIX M TPAHCTIOPTHBIX CeTel).
HesnauurtensHbIi IpUpocT HaceneHus (10 YTBEPIKIeH-
HBIM IIPOTHO3aM) COCTaBHT: B KpacHOsIpCKOM Kpae —
¢ 2,9 no 3,0 mua, B Xakacuu — ¢ 5,32 10 5,6 MuH
u B TeiBe — ¢ 0,33 no 0,36 muH. Hacenenue k 2050 1.
OyZieT CKOHIIEHTPUPOBAHO BOKPYT TPEX arIOMEpalioH-
HeIX aaep: Kpacnospka, AGakana u Keizputa. B cBsazn
¢ 5TUM (POPMHUPOBAHUE HOBBIX U Pa3BUTHE CYIIECTBYIO-
KX IJIAHUPOBOYHBIX OCEH, a BMECTE C HUMH H Y3JIOB
pacceneHus He IPeIBUIUTCS.
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IIporpeccuBHbIM clieHapuii KCXOUT U3 aHTPOIIO-
TeHHOH eMKOCTH Bceil Teppuropun Abakano-Enunceii-
CKOTro OaccelfHa pacceieHus, T.e. CyMMapHOH! 10N
MOTPEOHBIX TEPPUTOPHI 11T HYK]] paCCEIEHUsI 110 ue-
TBIPEM OCHOBHBIM ITOTPEOHOCTSIM YEJIOBEKa: IPOU3BO/I-
CTBEHHAsI IEATEIBHOCTD (TPY/), CENbCKOXO3SHCTBEHHAS
NesITeNLHOCTD (e/1a), peKpearuoHHas NesITeIbHOCTh
(OTIBIX) M COXPAHEHNE IKOJIOTMIECKOT0 PAaBHOBECHS —
KOMIIEHCATOpHAsI 30Ha, YTO BKIIFOYACT:

* JKOJIOTHYECKYIO EMKOCTb, O0OYyCIIOBICHHYIO Be-
JTMYHUHOM 00beMa mpecHoit Bosibl B pekax (175-180 km?
B TOZT) M CpeIHEW BEITMUMHON BOCIIPOU3BOCTBA KHCIIO-
pona necHoil pacturensHOCTHIO (180-200 KT B CyTKH,
unu 45,3-50,4 Teic. M} KHCIOPOAA C OJHOTO TeKTapa
B ron). BaxxHO Taxke y4WTBIBATh IUIONIA/b HETIPHKOC-
HOBEHHBIX JUISI XO3SHCTBEHHOM AEATEIBHOCTH TPH-
ponubix Teppuropuii — 891,5 Teic. ra. C yueTom Ko-
s dunrenTa nepexoaa st U3BATOTO U3 aTMOC(heps
KHCTIOPOAA UM BOABI U3 MOBEPXHOCTHBIX HCTOYHUKOB
2,5 noay4uM MaKCUMaJIbHO BO3MOXKHYIO UHUCJIEHHOCTb
HaCEeJICHUS B TPaHUNAX JaHHOW TEPPUTOPHH, COMOCTA-
BUMYIO C HaCEJICHHEM CaMOro OOJBIIOr0 Meramnoinca
Mupa — 22 miH 364 ThIC. YelL.;

* PEKpEannOHHYIO EMKOCTH (OIpeaessieTcs mio-
110 TEPPUTOPUH [T Pa3BUTHA PEKPEAIMOHHOI Jie-
sarenbHOCTH — 55 018,9 ThIC. Ta, yUUTHIBAs CpeAHUN
MIOKa3aTelb PeKpeannoHHO Harpy3ku 7 4en./ra), KOTo-
past coctaBuT 7 MutH 860 ThIC. Yell.);

* CEJIbCKOXO3AMCTBEHHYIO0 EMKOCTb (yCTaHaBIIUBaA-
eTcs TUIOMAAbI0 TEPPUTOPHH JUIS CETHCKOTO XO3HCTBA
10 511,6 ThIC. ra 1 MUPOBBIM TOKa3aTeIeM oOecreyeH-
HOCTHU CE€IbCKOXO3SIIICTBEHHBIMH YrOAbSIMU Ha AYLIY
Hacenenus — 0,23), Tepputopus B rpaHumax Adaxa-
Ho-EHnucetickoro 6acceitna paccenenus crnocodHa ode-
CHEUUTH CENbXO3MPOAYKIHEH 45 MIIH YerL.;

* IIPOM3BOJCTBEHHO-IHEPTETHUECKYI0 EMKOCTh
(ompenensieTcs MIOMIAABI0 TEPPUTOPHH IS PaCIIU-
PEHHOTO XO35HCTBEHHOI'O OCBOEHUS, B TOM UHUCIIE JUIs
pa3MenieHust 00bEKTOB MPOU3BOACTBA, SHEPTETUKH,
pa3paboTKH MOJIE3HBIX HCKOMAEMBIX ), KOTOpasi COCTaB-
nser 301,1 ToIc. Ta.

B oTHOmEHNN (QyHKIIMOHAIBHOTO KapKaca Mmpe-
JlaraeTcsi pacCMOTPETh pa3BUTHE ero oceil. Bo3moxkHO
HNpoJJICHNE Ha 0T PEKPEalMOHHON OCH BIOJb IIa-
HUPOBOYHOH cBsi3u AunHCK — [Ilupa — AbGaza — Ak-
JloBypak Ha ocHOBe jiedcOHbIX 03ep Xakacuu (Illupa,
bene, Utkons, Tyc, @eipkan, KpacHoe), yHUKaIbHBIX
HEHapYLICHHBIX XO3SIHCTBEHHOH AEATEIBbHOCTHIO TOP-
HbIX nauamadros CasH U caMOOBITHOM KyJIbTYpBI CH-
Oupckux HapoaoB. PopMHpOBaHUE pEKpEanOHHON
OCH 11e7€c000pa3HO HUCCIEeN0BATh B BOCTOUHON YacTh
ToIBBI BOJE KOsblieBOTO MapiipyTa Kem3ein — Kynryp-
Tyr — uctouHuk Tapsic — Capeir-Cen no BEpXOBbsIM
Ennces Ha 0OCHOBE TOPHBIX 03€p M IEICOHBIX Te0Tep-
MaJIbHBIX UCTOYHHKOB. OJTHOBPEMEHHO, BO3MOXKHO
CO3[laHUE JBYX MapajulelIbHBIX arpapHbIX oced pas-
BUTHUS CEJIbCKOXO3SIMCTBEHHOMN JIesITEILHOCTH B Pe-
cnyonuke ThiBa 1o MHUPOTHBIM CBsI3siM AK-/loBypak —
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L(‘hina Mongolia

DYHKUHOHAJIbHBIN KapKac
Functional framework

I[puponHo-3x0j0ruyecKkmii kKapkac
Natural and environmental framework

YcnoBHble 0003HaueHnus / Legend

IlInpoTHBIE NJIAHHPOBOYHBIE OCH IIEPBOIO MOPSIKA.
TpaHCKOHTHHEHTAJIbHbIE

()

Latitudinal planning axes of the first order.
Transcontinental

MepuanoHaibHbIE INIAHAPOBOYHBIE OCH BTOPOTO
nopsiaka. Tpancrpanuynbie

===l Longitudinal planning axes of the second order.
Cross-border

~

I'paHUIBI IIAHHPOBOYHBIX PA{OHOB pacceeHust

Boundaries of settlement planning districts

TpaHCKOHTHHEHTAJIbHbIE 0CH TPAHCIIOPTHO-
KOMMYHHKAIIHOHHOT0 KapKaca
Transcontinental axes of the transport
framework

TpaHcrpaHH4YHbIE 0CH TPAHCIIOPTHO-
KOMMYHHKALHOHHOI'0 KapKaca
Transborder axes of the transport framework

[epcnexkTuBHbIe 10 2050 rona
Future oriented plans through 2050

PernonasibHble TPAHCIOPTHBIE CBA3H.
CyuecTBylonue
Present-day regional transport links

PernonaibHble TPAHCIIOPTHBIE CBSI3U.
IlepcnekTHBHBbIE
Future oriented regional transport links

/

Y4

Y4

Pernonajibnpie TPAHCIIOPTHBIE CBSA3H —
NJIAHHPOBOYHbIE 0CH TPETHEro MOpsaAKa
Regional transport links or planning axes
of the third order

I'pannubl 6acceiina paccesieHust
Boundaries of the settlement system

Y3J1b1 JIaHAIIA(THO-2KOJIOTHYECKOTO0
KapKaca

30Ha 5K0JI0THYECKOI0 MOKO0sl, BKJII0Yast
oonrt

Nodes of the landscaping and
environmental framework

Zone of environmental repose, including
natural reserves

JKOJOTrNYeCKHEe KOPHIOPHI
Komnencaropusie BY®@EPHBIE 30151,
1O MEePUMeTPY KaK/I0T0 NJIAHHPOBOYHOTO
paiiona pacceJieHUsI

Environmental corridors

Compensatory protective areas along

the perimeter of each settlement planning
district

OcH 2K0JI0rHYecKoro Kapkaca
BonooxpaHHbIe 30HbI peK
Environmental framework axes
Water protection areas
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KpacHosipckas ariomepanusi
Krasnoyarsk agglomeration

®opMHpOBaHHE H PAa3BUTHE HOBBHIX IIJIAHHPOBOYHBIX PAilOHOB paccesieHNsI 0 HHEPIHMOHHOMY CIEHAPHIO
Formation and development of new planning areas of settlement according to the inertial scenario

KpacHnosapeckasd
Krasnoyarsk

CyuiecTByloniee HoJI0keHne Bo3mokHOe pasBUTHE

arjdgomepanmnHus
agglomeration

Potential development pattern

The situation at present

AbakaHo-VMHHYCHHCKAs arJioMepanusi
Abakan-Minusinsk agglomeration

CymecrtByloniee 1oJjioxkenne Bo3mokHoe pa3BuTHe
The situation at present Potential development pattern

Ks3bL1bcKast arjioMmepanusa

CyuecrtByloniee 1noJjioxkenne Bo3mokHoe pa3BuTHe
The situation at present Potential development pattern

K b1 3 bI a1
Kyzyl

Kyzyl agglomeration

Puc. 2. IlpumeneHre MIaHUPOBOYHON MOJIENIN PacCeIeH s 10 NHEPLUOHHOMY CLIEHAPHIO

Fig. 2. Application of the settlement planning model according to the inertial scenario

ITaronap — Yagan — Kei3bur 1 Myryp-Akcsl — Xan-
naraitel — CamaranTail BAOJb TpaHULlbl ¢ MoOHTOMHEH
Ha OCHOBE IIJIOZOPOIHBIX 3eMelNb o0mupHoi TyBHH-
ckoif u YOcyHypckoil koTinoBuH. [omonHeHne QyHK-
IMOHAJIBHOTO KapKaca HOBBIMHM XO35HCTBEHHO-IKO-
HOMHUYECKUMH OCSIMH YCHJIHUT Pa3BUTHE HOBBIX
TPaHCIOPTHO-KOMMYHUKAIIHOHHBIX KOPUIOPOB.
HoBeili MepuinoHalbHBI TPaHCTOPTHO-KOM-
MYHHKAIMOHHBIH KOPHUIOP BO3MOXCH B cllydae Op-
TaHU3alMKY HOBOM TpaHCTPAaHUYHON CBA3MU MO JUHUU
Augnnck — Illupa — Abaza — Ax-JloBypak — Morro-
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must — Kurait, nyonupytomeii tpaccy «Ennceii». Lle-
necoo0pa3Ho Co3MaHNe IMHUPOTHOTO TPAHCIOPTHO-
KOMMYHUKAIIHOHHOTO KOPHUI0pa — FOXKHOTO y0nepa
Tparccubupckoil MarucTpanu Ha 6asze CyLIeCTBYIO-
el ceroans csizu Kazaxcran — bapnayn — HoBoky3-
Henk — AbakaH — Munycunck — Taiimer (Ha JaHHBINA
MOMEHT YaCTHYHO aBTOAOPOXKHOM, JACTUIHO JKEJIe3-
HOJTOPOYKHOM).

B mporpeccuBHOM pa3BUTHN TPUPOAHO-IKOJIOTH-
YECKOI'o KapKaca MpeaiaraeTcs BbIAEIUTh YKOJIOrnye-
CKHE KOPUIOPHI BAOJb PEK B I'PAHHUIIAX BOJIOOXPAHHBIX



CLieHapHO-CETEBOK MOAXOA B rPaAOCTPOUTEALHOM PA3BUTUM

C. 135-148

AbakaHo-EHUcerickoro bacceriHa pacceaeHust

30H C LIEJIbI0 COXPAHCHUS BOJHBIX PECYpPCOB, CIIOCOO-
HOCTH IPUOPEKHBIX TaHAITa(GTOB 00eCrednBaTh HAKO-
IJICHUE OMOJIOTHYECKU aKTHUBHOTO Marepuaia (CeMsH
PACTCHMIA, YaCTHI] TOYBBI, IICHHBIX MUHEPATbHBIX dJIc-
MEHTOB), HEOOXOIMMOTO JIJIsT 00€CITEYCHUS dKOJIOTHUe-
ckoro Oamanca. /[t coxpaHeHUs] CIOCOOHOCTH JICCOB
HachIaTh aTMOC(epy KUCIOPOAOM CIIeAyeT onpese-
JIUTh B KA4€CTBE Y3JOB MPUPOIHO-IKOIOTHIECKOTO
KapKaca NNIyOMHHO PacCION0KCHHBIC YUACTKH PEYHBIX
BOJIOPA3/1€JIOB, MOKPBITHIX TEMHOXBOWHOMN Talroi,

Il1anupoBoyYHast MO/IeJb CHCTEMBI paccesieHus
10 MPOrpecCHBHOMY CLIEHAPHIO

Planning model of a settlement system based
on the progressive scenario

K

a -uﬂf&“.“‘ °§\‘°°Su~ 1
L) Sk ey .
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TpaHcnopTHo-
KOMMYHUKAUMOH-  AGakano-Enuceiickoro 6acceiina
HbIIl Kapkac
Transport
framework

Krasnoyarsk

N4 Y
A‘ﬁ_a_;caﬂ : L
& N\

CBSI3aB UX C MPUPOJHBIMU OCAMH IOCPEACTBOM IKO-
JIOTUYECKUX KOPUAOPOB U3 BHOBb CO3/1aBAEMBIX WM
COXpaHsAEMBIX JIECHBIX HacaxaeHui. [IpupogHo-sko-
JIoTUYecKasi KapKacHas CeTh pacCMaTpHUBAeTCs Kak He-
oTheMJIEMasl YacTh INIAHUPOBOYHOTO KapKaca.

B nnanupoBouHOM Kapkace B pe3yinbTaTe Ipo-
IPECCUBHOTO Pa3BUTHUsSL C OoJblIel BEPOATHOCTHIO
MIPOM30IIET yCHJIEHUE CYIIECTBYIOIINX U BO3HUKHO-
BEHHE HOBBIX OIOPHBIX Y3JIOB pacceneHus. Meronom
KapKacHBIX CETEH BBIABICHBI HEKOTOPHIE ONOPHBIE

IIporpeccuBHbIii clieHapHuil pa3BUTHA

pacceieHUsI
Progressive development scenario for
the Abakan-Yenisei settlement system

pacHosIpek;

~
Mouroauns
Mongolia

uTai
China

YcoBHBIE 0003HAYEHUST

ArpapHble ocu
Agrarian axes

IIpuponHo-3x0j10ruyecKuit

Pexpearmonnsie ocu
Recreational axes

é" & KapKac mm [[POH3BOJICTBEHHO-2HEPTETHYECKUE OCH
¢Q°é§ Natural and environmental Production and power generation axes
QS I'paHu1IBI IIAHMPOBOYHBIX PalfOHOB pac-
& LS ramewor p p p p
CeNeHus
DYHKIHOHAJIBHBINA KapKac gi(;?r?d[asrles of settlement planning
cts

Functional framework
YcaoBubie o0o03Havenuss / Legend

TpaHCKOHTHHEHTAJbHbIEC 0CH TPAHCIIOPTHO-
KOMMYHHKAIIMOHHOTO KapKaca
Transcontinental axes of the transport
framework

TpaHcrpaHu4YHbIE OCH TPAHCIIOPTHO-
KOMMYHHKAIIHOHHOI'0 KapKaca
Transborder axes of the transport framework

IlepcnexTuBHbIE 10 2050 roga
Future oriented plans through 2050

PernoHajibHble TPAHCIIOPTHBIE CBS3H.
CyuecTByromniue
Present-day regional transport links

PernonanbHble TPaHCIIOPTHBIE CBSA3U.
IlepcnexkTHBHBIE
Future oriented regional transport links

Y3ib1 TaHAMIA(THO-IKOI0THYECKOTO
Kapkaca

30Ha IK0JIOTHYECKOI0 MOKOSI, BKIIOYast
ooI1T

Nodes of the landscaping and
environmental framework

Zone of environmental repose, including
natural reserves

JK0JOrnYecKne KOpuaopbl
Komnencaropusie BY®EPHBIE 30151,
10 NEePHMeTPY KaKA0r0 NJIAHHPOBOYHOIO
paiioHa paccejeHust

Environmental corridors

Compensatory protective areas along

the perimeter of each settlement planning
district

OcH 3K010THYeCKOro Kapkaca
BonooxpaHHbIe 30HBI pek
Environmental framework axes
Water protection areas
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A 49MHCEK
A chinsk

CymecTByiomee mojioskenne Bo3moikHoe pa3BuTHE
The situation at present Potential development pattern
. T

AYHMHCKMIi IVIAHUPOBOYHBIN palioH
Achinsk planning district

,i\\‘!“|ll|lllll!‘:IHIIMIHUI'I‘ ”
J,d“uu-muwr: "J,

Kamnck
K ansk
CymecTByoniee nojio;kenue Bosmorxknoe pasBuTne
The situation at present Potential development pattern

Kanckuii n1aHHpPOBOYHBIN palioH
Kansk planning district

T 1T

I

IIupuHckuii 1 AGpa3suHCKHiA
ILIAHUPOBOYHbIE PAOHBI
Shira and Abaza planning districts
CymecTByiomee noJjoxenue Bo3moikHoe pasBuTHE
The situation at present Potential development
pattern

Ak-JloBypakckumii
ILIAHUPOBOYHBII paiioH

CyiecTByiolliee 0JI0KEHIE B03MOKHOE
The situation at present pazBuTne

Ak-Dovurak planning district !
y Potential
; % AkKk-JoBYypac development
‘ Ak-Dovurak pattern

CymecTByomee nojioxkenne Bo3moikHoe pasBuTHE
The situation at present Potential development pattern

T

Puc. 3. [IpumeHeHHe IAaHUPOBOYHOIT MOJIENHN PACCEISHHS 110 IPOrPECCUBHOMY CLIEHAPHIO

Fig. 3. Application of the settlement planning model based on the progressive scenario

Y3IIBI PacCeNICHMs, PACTIONOKCHHBIC Ha TIEPECECUCHUH
MIEPCIIEKTUBHBIX OCel (XO35HCTBEHHBIX, TPAHCIIOPT-
HBIX ¥ TIPUPOJHBIX) TPEX KapKacHBIX ceTel (PpyHKIH-
OHAJIbHOM, TPAHCTIOPTHO-KOMMYHUKAITMOHHON U MPpHU-
POIHO-IKOJIOTHIECKOIN).
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Ha mepecedyennn nmpempraracMoro MEpuIuOHAIb-
HOTO TPaHCIOPTHO-KOMMYHHUKAIIMOHHOTO KOPHJI0pa
Aunnck — [Ilupa — Abasa — Ak-JloBypak — MoHromus —
Kwurait 0co0bIii cTUMYI TPaJOCTPOUTETHFHOTO PA3BUTHSA
MTOJTyYaT MMEIOIIIecs y3IIbl pacceneHus (puc. 3):



CueHapHO-CeTEBOK MOAXOA B rPaAOCTPOMTEABHOM Pa3BUTUM

C. 135-148

AbakaHo-EHUcerickoro bacceriHa pacceaeHust

* I. AUHHCK, PacloJIOKEHHBIN Ha MepeceueHu!
TPaHCHIOPTHON OCH TepBOTO panra — TpaHccuba
C TIPUPOIHON OCBIO BTOPOTO paHra — p. UYynbM. DTOT
TOPOJI CIIOCOOEH CTaTh CPEAHUM OMOPHBIM Y3JIOM pac-
CEJICHUS ITEPBOTO MOPSIIKA;

* moc. [llupa npeanaraeTcs BEIACTUTH B Ka4ECTBE
CPEHEro OMOPHOTO y3J1a paccesieHUsl BTOPOro MOopsia-
Ka, PacIojOKEHHOTO Ha TIEPECEUCHUH ITePCIIEKTUBHOM
TPAaHCTPAHUYHON TPAHCIOPTHON OCH BTOPOIO paHra
C IpyIIIOH 1eseOHBIX 03ep Ha ceBepe XaKacuw;

* MaJblii . AGa3a, HaXOISAIIHUIACS Ha TICPECeUCHIH
TPAHCIOPTHON OCH BTOPOTO paHra ¢ MpUPOJAHOU OChIO
BTOpOTO panra (p. Abakan — nputoka Exuces), nmeer
BO3MOXKHOCTB CTaTh CPEIHIM OIOPHBIM Y3JIOM pacce-
JICHHUSI BTOPOTO MOPSAKA;

* Ax-JloBypak, pacrojoKeHHbIN Ha IepeceueHU!
TPAHCIIOPTHOM OCH BTOPOTO paHTa ¢ p. XeMYHK (TIpH-
Tok EHmCes), cnocobeH pa3BUBATHCS KaK CPEAHUH y3eI
BTOPOTO MopsiaKa.

B cimydae co3manms roxxHOTO nybiepa TpaHccu-
OMPCKOW MarucTpair — MIUPOTHON TPAHCKOHTHHEH-
TaJbHOH OCH IIEPBOTO paHra, Ha ee IepeceueHnH ¢ mep-
CIIEKTHBHBIMH MMPUPOAHBIMA U XO3SHCTBCHHBIMH OCSIMH
HOBOE Pa3BUTHE MOJyYaT OMOPHBIC y3IbI: . ACKHU3,
I. AbakaH u . MuHycHHCK. BBITOIHBIM 9KOHOMTEO-
rpaduUecKuM IMOJIOKEHHEM B 3TOM CiIydae o0jamaet
c¢. Upbeiickoe (cm. puc. 3):

* MunycuHck 1 ADakaH clielyeT pacCMaTpUBaTh
KaK IIOTCHIIMATBHBIC KPYITHBIC OTIOPHBIC Y3JIBI paccee-
HUS TIEPBOTO MOPSAKA, TaK KaK TOPOJa PACIION0KEHBI
Ha MepPEeCceueHUN BO3ZMOXKHONW TPAHCKOHTHHEHTAIBHOM
OCH TIEpBOTO paHTa (FoxKHEIH ayoiep Tpanccuba) ¢ mpu-
ponHOM OoCkio nepBoro panra — p. Exnucei;

* TOC. TOPOJICKOTO THUIAa ACKHM3 UMEET MOTeHIUa
Pa3BUTHUS KaK CPETHUH y3€J IepBOTro MOPsIKa, pacio-
JIarasch Ha MEPEeCeYCHUH IEPCIIEKTUBHON OCH MIEPBOTO
paHra c IpUpOJHON OCBhIO BTOPOTO paHra — p. AbakaH;

* c. UpOeiickoe sBIseTCS NOTCHIMATBHON TOYKOM
(hOopMHUPOBAHUS CPETHETO OMOPHOTO y3J7Ia PacCceNeHUs
MIEPBOTO MOPAIKA, TAK KaK OHO PACIIOJIOKEHO Ha Iepe-
CEUCHHH 3HAYUMOU [Tt Oymymiero pasputus CuOupu
TpaHcopTHOH cBsa3u Abakan — Taimer ¢ p. Kan —
KPYITHBIM TIpUTOKOM EHUCEs.

OmnopHBIe y3IIBI pacceineHus GOpMUPYIOT B paIu-
yce 30HBI CBOETO BIMSIHUS IUIAHHPOBOYHBIC PAaiOHBI
paccenenus. B cnyuae peannzanuu nporpecCUBHOTO
creHapus B rpaaniiax AbakaHo-EHuceiickoro 6acceitna
BO3MOKHO CO3aHHE €IIe CEMU KPYITHBIX IITAHUPOBOY-
HBIX PallOHOB PAcCCEJICHUs B JIOTOJHEHUE K TPEM ario-
MepamnusM (BBIICICHHBIM B HHEPIIUOHHOM CIICHAPHN):

* AYMHCKMI TUTAaHUPOBOYHBIN pailloH pacceneHus
HUMEET MEPCICKTHBBI ()OPMHUPOBAHHSI BOKPYT OTIOPHOTO
y3ma — r. AunHcka (KpacHosipckuit kpait), obnamaro-
IIeTO TMTOTCHIINAJIOM MTPOMU3BOICTBEHHOTO U TPAHCIIOP-
THO-JIOTUCTHUYECKOTO y371a;

* [lupuHCKWIA TIAHUPOBOYHEIN paiioH oOagaet
MEePCTIEKTUBAMHU CO3JaHUS BOKPYT OTIOPHOTO y371a —
patienTpa [upa (Xakacus), UMEIOIEro MOTEHIUA

PEKpEanoOHHOTO LEHTPA C PAa3BUTHEM OT/bIXa U 03-
JIOPOBJICHHSI HA OCHOBE MHOTOUYMCJICHHBIX LEIEOHBIX
o3ep;

* AGa3WHCKHI TIAaHUPOBOYHBIH paliOH HMe-
€T NepCHeKTUBBl (GOPMHUPOBAHUS BOKPYT OIIOPHOTO
y3nma — T. Ab6a3za (Xakacusi), JTaHHBIN y3eJ Croco0eH
BBINONHATH (DYHKIHMHM TPAHCIIOPTHO-JIOTHCTHYECKOTO
LeHTpa 1 0a30BOr0 PEKPEaMoOHHOro eHTpa B 3ara-
HbiX CasHax;

e Ak-JloBypakCKHUM IMJIAHUPOBOYHBIN palloH OT-
JMYaeT MoTeHIran (JOPMUPOBAHUS C LIEHTPOM B I. AK-
Josypak (TeiBa), rae 1eaecoo0Opa3Ho pa3MelICHUE
CEJIbCKOXO3SICTBEHHBIX TIPON3BOCTB;

* IIlaronapckuil nIaHUPOBOUHBIN pailoH cieayer
BBIIETHUTH BOKPYT moc. Illaronap (TsiBa) — moTeHIH-
AJIBHOTO arpapHOro HEHTPa ¢ BO3MOKHOCTHIO PAa3BUTHS
JKUBOTHOBO/ICTBA U paCTEHUEBO/ICTBA;

* YanaHcKMUil MJIAaHUPOBOYHBIM pailoH BblJes-
eTCsl BOKPYT OIIOPHOTO y3Jia pacceneHus moc. Yaman
(TbIBa) — MOTEHIMATBLHOTO LEHTpa JJIsl pa3MeIleHUst
CeJIbCKOXO3SHCTBEHHBIX MPOU3BOJICTB B O0IACTH HKH-
BOTHOBOJICTBA M PACTCHUEBOJICTBA;

» KaHckuii IIIaHUPOBOYHBINA palioH MpelaraeTcs
BBIZICJIUTH BOKPYT OIOPHOTO y31a paccenenus — I. Kancka
C BO3MO>KHOCTBIO JIOTIOJTHUTH CETOHSAIIHIOK TOPHOI00bI-
BAIOLIYH0 IPOMBIIIIEHHOCTh HOBBIMU POU3BOJICTBAMH.

3AKJIIOYEHHUE U OBCYXIAEHUE

HccnenoBaHa OCHOBA IJIsi HOBOTO HAIPABICHHUSA,
a IMEHHO CIIEHapHO-CETEBBIX METOIOB IITAHUPOBAHMUS
IpajoCTPOUTENBHON ACATENBHOCTH: METOJ KapKaCHBIX
ceTell 1 MEeTO[ y3J10BbIX TOUeK. JlaHHBIE MeTOABI ObLIN
TIOJTYYEHBI B ITPOIIECCE PEIICHNUS TOCTABICHHBIX 3a/1ad.
Pemiensl cnemyromue 3aaa4n:

* BBIABIICHBI CTPYKTYypHBIE OCOOCHHOCTH IJIaHU-
poBouHOTO Kapkaca AbakaHo-EHmceiickoro 6acceitHa
pacceleHus1, KOTopble 00YCIIOBIICHBI B3aUMOACHCTBUEM
TPEX KapKACHBIX CeTel (TPaHCIOPTHO-KOMMYHHKAIH-
OHHOW, (PYHKINOHAIHHOW M IPHUPOJHO-IKOIOTHYE-
CKOH), 4TO OINpeJeNseT TUIIOJIOTHIO U PaCIIOJIOKEHHE
Y3JI0B PacCelIeHus;

* TIOCTPOCHA TUIAHWPOBOYHAS MOJIENb PACCEIICHUS
JUIS U3y4aeMol TeppUTOpUH, KOTOPas ONUCHIBAET BO3-
MOKHBIE M3MEHEHHMS B CHCTEME PACCENICHUSI 3 CUET IIpe-
00pa30BaHyA U Pa3BUTHS OCEH TIAHNPOBOYHOTO KapKaca;

* COCTAaBJICHB! CLEHAPUU T'PAJOCTPOUTEIBHOIO
passutus 10 cepenuasl X XI B. (1o 2050 1.) — uHepuu-
OHHBIN M TIPOTPECCHUBHBIH, YTO TIO3BOIMIIO OTIPEICITUTh
OTIOPHBIE Y3JIbI PaccelIeHus, 00aiatoIne HepacKpbl-
TBIM MOTEHIIMAJIOM, U TIPEJIOKUTH BO3MOXKHBIE HAIIPaB-
JICHUS X PA3BUTHS.

Bo3MoskHBIE TTEpPCIEKTHBBI Pa3padOTKH JaHHOU
TEMBI JIeKaT B 00/1acTH:

* TIPOTHO3UPOBAHMS T'PaJOCTPOUTEIHHON aes-
TEJBHOCTH 33 CYET BBISIBICHHUS HOBBIX BOZMOXKHOCTEH
OCBOCHUS TEPPUTOPHHU;

* OIIPEAEIEHUsI Y3JIOBBIX TOUEK I'Pal0OCTPOUTEINb-
HOM JIeSTEBHOCTH HE TONBKO B PETHOHAJIBLHOM MacCIlITa-
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0e, HO M Ha IJIAHMPOBOYHOM YPOBHE TOPOJIOB U TOCE-
JICHHH C PACUCTOM CLICHAPHBIX BAPHAHTOB UX PA3BUTHS;

* B 00JIaCTH YCTAHOBJICHHS Y3JIOBBIX TOYCK H KOP-
PEKTHPOBKH KOHCOJHIUPOBAHHBIX CXEM TEPPUTOPH-
ANBHOTO MJIAHUPOBAHUS, O0BEIHHSIONINX HECKOIBKO
aJIMUHHCTPATHBHO-XO3SUCTBYIOINX CYyOBbEKTOB (00a-
CTeil, KpaeB M PeCIyOITHK, a TAKXKE HECKOIbKHX MYHH-
[UMATBHBIX PailOHOB).

HayuHBbIii MHTEpeC NMpencTaBiIsieT BOZMOXKHOCTh
AQHAJIOTMYHOTO MCCIIEIOBaHMsI MPUMEHUTEIBHO K JIpy-
MM TIOOOHBIM TEPPUTOPUSIM, HarlpuMep, Ypaiia, 3adaii-
kalbd, JlanbHero Bocroka. [l 9TUX PETHOHOB TaKke
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ABSTRACT

Introduction. In this paper, we investigate the temperature stratification of buoyancy-driven natural ventilation of the atrium
of building at ULK-MGSU through field experiments. The process of ventilation with different openings ratios in the translu-
cent roofing and ground floor entrance doors are analyzed to reveal the physical insights. With this aim, the main focus of
the study is to consider the temperature fields during cooling the atrium premises that increase the thermal performance of
the administrative building at ULK in the summer. An expensive ventilation solution by the optimum design of the inlet-to-
outlet opening area ratio in the translucent roofing covering is utilized to improve thermal comfort without reducing the level
of illumination.

Materials and methods. In this study, field measurements were applied to investigate and compares temperature stratifica-
tion by floors of naturally ventilated ULK atrium building with different outlet sizes and locations under hot period conditions.
The results of field measurement was utilized to develop the baseline model for the computational fluid dynamics (CFD)
simulation in future work.

Results. These results reveal that the sizes and locations of openings in the atrium building affect on modification of the
indoor thermal condition. Moreover, energy efficiency is improved thanks to buoyancy-driven changes in air flow rate in an
atrium with multiple openings.

Conclusions. This study shows that it can be possible reduce indoor air temperatures by 5 °C during the summer period. In
addition to the large inlet openings at different atrium levels, a high ratio of the outlet opening area (>10 %) is recommended.
The existing atrium of the building was opened 5 % of the total top-glass roof area, which helps to improve the performance
of buoyancy-driven ventilation in order to achieve better atrium cooling performance and prevent the detrimental reverse air
movement.

KEYWORDS: flow air enhancement, thermal stratification, thermal performance, thermal comfort, natural ventilation,
cooling performance, energy performance, atrium, energy-efficient buildings, stack effect
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BBepeHue. Viccnegyercs BnusiHME aTpuyMa Ha TeMNepaTypHyH CTpaTtuduKaLmio Npyu eCTeCTBEHHOW BEHTUNSALUM BHYTPU
nometleHnii yyebHo-nabopatopHoro kopnyca (YJ1IK) MI'CY ¢ noMoLbto HaTypHbIX 3KCNEPUMEHTOB 1 aHanuampyetcs du-
3M4Yeckoe MOHMMaHWe Mpouecca BEHTUNAUMM NpU pa3nUyHOM COOTHOLLEHWUM NIoLaan MPUTOYHBIX OTBEPCTUM U BbITSIXK-
HbIX OTBEPCTMIN B CBETONPO3payHou KpoBre. icxoas u3 aToro Lernbio uccrenoBaHus SBRSETC: U3ydeHme TeMnepaTypHoro
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pexvuma npu oxnaxgeHun nomMeLLeHun aTpuyma ang yny4deHua TensioBbliX XapakTepucTtuk adMUHUCTPATUBHOIO 3gaHnA
YIK netom ¢ nomMoLLbo HEeAOopPOroro eCTeCTBEHHOINo BEHTUNALMOHHOIO peleHuns nytem onTtumMaribHoro COOTHOLWeEeHNsA nno-
Laamn BXOAHbIX U BbIXOOHBIX OTBEPCTUN BHWN3Y U B CBETOMNPO3Pa4YHOM KPOBESIbHOM MOKPbITUX ANA NMOBbILLUEHNA TennoBoro
KOMdZ)OpTa 6e3 cHWKeHust YPOBHA OCBELLEHHOCTU.

MaTtepuanbl 1 meToAbl. Vcnonb3oBaHbl METOALI HAaTYPHOTO UccrneaoBaHus. [NpoBeaeHbl HaTypHblE U3MepPeHns AN usy-
YEHNs N CpaBHEHWS TemnepaTypHON cTpaTuduKauum no ataxam 34aHUS C eCTECTBEHHON BEHTWUMAUMEN C pasnuyHbIMU
pa3MepamMu 1 pacronoXeHeM OTBEPCTUIA B YCIOBUSIX >Kapkoro nepuoga roga. Vindopmaums 06 namepeHusix B HaTypHbIX
ycrnoBusix 3atem byaeT ncnonb3oBaHa Ans paspaboTku 6a3oson modenu B byaylet paboTe Mo KOMMNLIOTEPHOMY MOAENW-
POBaHMIO NOTOKOBbIX MPOLECCOB Ha H6a3e nporpammel Ansa ruapoanHamukn (CFD).

PesyanaTbl. Pe3yJ'IbTaTbI [0Ka3blBaloT, YTO pa3Mepbl U PacrofnoXXeHne OTBEPCTUN B 30aHUN atpuyma BNuUAKT Ha U3MeHe-
HUe TennoBOoro pexumMma B nomMeLlleHunmn, a 3Hepr03CbeeKTI/IBHOCTb ynydliaeTca 3a CHeT USMEHEHUA CKOPOCTWN BO3AYLUHOINo
NOTOKa, OGyCJ‘IOBJ‘IeHHOFO ABWXeHneM B aTpuyme C OTBEPCTUAMU Pa3HbIX pa3mMepoB.

BbiBogbl. VccnenoBaHve nokasano, YTO eCTECTBEHHas BEHTUNSALMS MOXET CHU3WUTb TemnepaTtypy Bo3ayxa B MOMELLEHUN Ha
5 °C B neTHuUin nepuog. B pononHeHve k 6onblunM BXOAHbIM OTBEPCTUSIM PEKOMEHAYETCS BombLUee COOTHOLLEHWE MIoLaam
BXOZHOIO OTBEPCTUS K NroLwiaam BbixogHoro otBepctus (>10 %). B cyliecTBytowem 3naHum atpuyma 6bio oTkpbiTo 5 % ot
obLLel nrnowann BepxHel CTEKISIHHON KpbILW. OTO NOMOraeT ynyyllTb NPOM3BOAUTENILHOCTb ECTECTBEHHOW BEHTUNSALMN 3a
CYET LMPKYMALMM BO3AyXa M JOCTUYb NyYLLErO OXNaxaeHUst aTpuyMa 1 NpeaoTBpaTuTb BpeaHoe 0bpaTHoe ABUXKEHVE BO3ayXa.

KIMOYEBBIE CITOBA: ynyulieHve uupKkynaummn, TeMmnepaTypHas ctpatudukaums, TennoBble XapakTepucTuky, TEMNoBon
KOMCOPT, ECTECTBEHHAS BEHTUNALMS, 9PPEKTUBHOCTD OXNaXAEHUS, SHEProaddPEKTUBHOCTL, aTPUyM, IHEPrETUYECKNE MO-
Kasatenu, aeKT cTeka
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INTRODUCTION

Over the recent years, atria have grown in popu-
larity in modern architecture. Atria provide space and
light, hence, they become effective building ventila-
tion elements. Therefore, this function has boosted
the popularity of atria in large shopping centres, hotels,
educational buildings, commercial buildings, and most
public buildings. Complicated benefits of an atrium and
some other contradictions make their design a chal-
lenging process. Architectural, functional, economic,
environmental, structural and psychological aspects
must be considered in the atrium design. Core issues
should be addressed at the early design stage [1]. Be-
sides, well-designed atria can help to significantly save
energy, ensure indoor thermal comfort by taking ad-
vantage of natural ventilation that needs no mechanical
equipment, and reduce demand for space conditioning
[2]. In contrast, a poorly designed atrium can result in
uncomfortable daytime temperatures and additional
air conditioning loads [3]. In addition, designers have
to encounter several problems related to the building
function and climate zones. In particular, each design
decision is often based on the local climate and climatic
conditions. However, environmental aspects of atrium
design have not been taken into account yet. A few
studies address the thermal performance of large glass
spaces, influenced by such factors as thermal stratifica-
tion and the maximum temperature.

According to the American Society of Heating, Re-
frigerating and Air-Conditioning Engineers (ASHRAE,
2010), Standard 55-2010 (ASHRAE, 2010) mentions
notoriously uncomfortable glass box buildings although
large, sophisticated, expensive and maintenance-inten-
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sive systems are used'. In addition, problems of heat
inside atria, built in hot climates, such as excessive sun-
light, glare, and high temperatures lead to an increase
in the energy demand of buildings [4]. Overheating is
the major problem of atria during hot days that contri-
butes to the thermal comfort reduction. The reason for
overheating is that a top-lit atrium normally uses trans-
parent or translucent roof material that allows a certain
amount of daylight into the building. One standard
example is the use of skylight coming through the atri-
um roof. Nevertheless, the ratio of the glazing area in-
fluences the heating and cooling of the atrium area [5].
Excessive glazing is inappropriate for hot climates as it
increases the solar radiation penetrating into the atrium
through glazed surfaces, boosts the heat gain, which
subsequently raises the indoor air temperature. In ad-
dition, a multi-storied atrium with a glass roof, built in
hot and humid climates, will also suffer from high air
temperature stratification immediately below the roof-
top [6].

Many studies have been conducted to improve in-
door thermal conditions of atria. Natural ventilation in
atria is the main passive cooling strategy which is initial-
ly caused by buoyancy-driven phenomena. It has been
implemented all over the world as a key passive design
technology employed within the framework of a sus-
tainable approach to the architectural design of green
buildings [7]. It ensures a healthy and comfortable en-
vironment by bringing fresh air into a building, and it
has been considered an effective strategy towards better

"ANSI/ASHRAE Standard 55-2017. Thermal Environmental
Conditions for Human Occupancy: American Society of Heat-
ing, Refrigerating and Air-Conditioning Engineers, 2017.
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indoor air quality and thermal comfort [8]. Hence, this
strategy is responsive to climate conditions which vary
from one region to another. The driving forces of natu-
ral ventilation depend on wind effects, thermal buoyan-
cy, their combination in naturally ventilated buildings,
the heat at the top of the atrium excited by the wind
driving force, and stack effect [9]. Ventilation driven
only by buoyancy forces is usually the worst case for
natural ventilation, especially on a warm and windless
day. High density outdoor air enters low-level openings
and is heated by warmed surfaces in a building. Heated
air becomes lighter and leaves the building through
high-level openings [10]. Therefore, atria have gained
popularly in many large office buildings. In general,
a buoyancy-driven flow is generated by the temperature
difference, which makes the air density change. Moreo-
ver, the difference in height makes the air pressure vary
[11]. In this case, an atrium has several strengths: it is
a vast indoor space and a heat source that adsorbs heat
emitted by a huge number of moving people. A large in-
door and outdoor pressure difference results in effective
natural ventilation. In practice, thermal stratification is
developed between a low-level inlet and a high-level
outlet [12]. The main objective of proper ventilation is
to generate a sufficient ventilation rate [13]. Therefore,
temperature stratification and buoyancy-driven ventila-
tion have always been major concerns of natural venti-
lation systems.

However, it is obvious that the outlet opening state
(opened/closed) has the most significant effect on both
indoor temperatures and the airflow passing through
the atrium building. For example, open stack vents al-
low nearly twice as much air to flow through the model
and reduce the vertical temperature gradient of 7 °C. In
the case of closed stack vents, the flow pattern changes
and the air flows into surrounding rooms through ope-
nings on upper floors. Nevertheless, the location of out-
let openings has the lowest thermal effect on atria, but
the location of openings connecting the atrium and sur-
rounding spaces has a significant influence on the air-
flow pattern. Therefore, a change in the location of an
opening can bring the ambient air flow into the air-con-
ditioned zone. Furthermore, a low inlet to outlet area
ratio in a buoyancy-driven natural ventilation system
of an atrium rises the rate of the airflow.

A great number of researchers studied different
design parameters to improve the thermal performance
of an atrium by investigating the effect of the opening
design [14-16], the atrium shape [17, 18] or the atri-
um roof design [19]. For this purpose, Lin and Linden
[20], Holford and Hunt [21], and Wang, Huang [22],
acting independently, used theoretical and experimental
methods to evaluate the thermal performance of atria
featuring openings that had different characteristics
(size, location, and state). Of all these characteris-
tics, the opening size plays a more significant role. In
general, the stratification of the air temperature in an
atrium reduces significantly with the increase in the size

of openings [23]. However, a strong and well-distribu-
ted airflow through the building needs a well-balanced
ratio of inlet to outlet openings. For example, in tem-
perate climates, featuring buoyancy-driven ventilation,
an atrium enhances the airflow throughout a storey if
only its upper openings are of medium size, while its
lower openings are sufficiently small [24]. In tropical
regions, featuring pressurized ventilation, a sufficiently
lower outlet to inlet opening area ratio (1 > n) can im-
prove the thermal performance on other levels occupied
by residents. Besides, a large number of openings rises
the airflow rate through the atrium, but reduces the air
flow rate through each floor that increases the tempera-
ture at almost all heights of the building [25].

The influence of areas of inlet and outlet openings
on the thermal performance improvement, which en-
hances the efficiency of natural ventilation, has not been
adequately studied. Although many studies have been
focused on the efficiency of the areas of openings in an
atrium, the knowledge about the passive design of atria
is insufficient, given its complexity and lack of accurate
measurement tools. As for the thermal performance,
a few studies have been conducted to investigate real
indoor thermal conditions using field measurements and
monitoring [26, 27]. Many of the relevant studies were
focused on the validation of analytical methods. If com-
pared with other similar studies, the researched param-
eters of naturally ventilated atria were far from being
adequate. As a result, further research on innovative so-
lutions for naturally ventilated atria and reliable testing
procedures are necessary. Towards this end, the main
objectives encompass a comparative study on the areas
of bottom and top openings of an atrium to be conduc-
ted by means of monitoring and site measurement.

MATERIALS AND METHODS

The main methods employed in this section are
well-known research methodologies used in previous
studies. A thorough study of the atrium performance
is limited due to inaccuracies and limitations imposed
by the available prognostication tools and controlled
experiments®. In general, to assess the thermal perfor-
mance of an atrium, different methods such as the field
study, analytical models, mathematical, numerical mo-
deling, small scale simulation using computer modeling
and their combination have been applied. Full-scale
field experiments are preferable to other approaches
due to the problem-free data collection and controllable
conditions, and the findings of such experiments reflect
real conditions without numerous assumptions.

Field measurements were taken to study and
compare the thermal stratification between the floors
of a naturally ventilated atrium building featuring dif-
ferent locations and sizes of openings in hot weather.

2ASHRAE Standard 62-2001: Ventilation for acceptable in-
door air quality, American Society of Heating, Refrigerating
and Air-Conditioning Engineers. 2001.
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Field measurements were used to develop a baseline
model for the future computer-based simulation.

Description of the atrium building

Proper atrium buildings that have openings at
the top and bottom are relatively rare. Temperature
values and flow rates in a standard atrium building are
influenced by large spaces and numerous uncontrolled
factors. The main building of the Moscow State Univer-
sity of Civil Engineering (MGSU), located in Moscow,
was chosen for the case study as shown in Fig. 1 a.

The building has five floors; it is nearly rectangu-
lar, and its dimensions are 42.2 x 60.2 x 23.7 m (width/
length/height), and the total floor area is 12,000 m?.
This is the atrium space shown in Fig. 1 5. The floor
plan of the atrium building is shown in Fig. 2 a, b. In
addition to the entrance, the ground level as well as
the first floor are connected to the atrium. The second,
third, fourth and fifth floors are connected to the central
atrium that is surrounded by open classroom spaces.
The atrium space is located in the middle of the buil-
ding and surrounded by rooms or spaces, with a rectan-

a

gular floor plan dimensions of 17.4 x 21.2 m. Moreover,
the atrium is lit from above by the skylight. The atrium
itself is not air-conditioned although the surrounding of-
fice spaces are. Table 1 shows the properties of the atri-
um spaces in the MGSU building.

Measurement methods

This field experiment was conducted for approxi-
mately 15 consecutive days from July 15 to August 1,
2021 in the MGSU atrium building to cover cloudy
and clear days. The measurement time was 9:30 to
11:00 am. The location of the measurement tool in each
atrium is shown in Fig. 3.

Weekends were chosen to reduce the impact on oc-
cupants. The solar gain in the daytime contributed to
the buoyancy effect. No mechanical ventilated sys-
tem is installed there. Hence, only natural ventilation
will be considered inside the atrium. Although corri-
dors are connected to the stairwell on every floor, all
doors were closed to avoid the air exchange. Testers
monitored the doors during the whole process to pre-
vent any unexpected problems. All doors leading to
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Fig. 2. Outlines of the ground floor and five floors of the atrium building: a — ground floor; b — five floors

152



A field study on effects of openings on thermal performance

C. 149-158

of natural cooling efficiency for atrium buildings

Table 1. Atrium building characteristics ULK-MGSU

Parameter Value
Building shape Rectangular
Area 12,000 m?
Height: 23.7 m
Building height, 5 stories, 1st story — 4.8 m,

2nd-5th stories — 3.6 m each
Length: 60.2 m
Width: 42.2 m

length, width

Building orientation North-east (N-E)

Atrium plan area 174 x212m
Atrium top glazing 100 %
ratio
Type of atria Centralized atrium

Openable area of the

0,
glass roof 3%

the corridors were closed from 9:30. To monitor the ef-
fect of different opening sizes, top and bottom doors
were completely open from 9:50 to 10:30, and closed
from 10:30 to 11:00. Temperatures were logged every
10 min to register real-time changes (9:30, 9:35, 9:40,
9:45, and 9:50). Indoor environment data were recorded
for the field measurements every 10 minutes. We used
the thermal hygrometer (Testo 625) to study the in-
fluence of inner surfaces, including four glass walls.
The parameters of the measurement instrument are pre-
sented in Table 2. It measures environment parameters
such as relative humidity and air temperature. However,
air flows and relative humidity were not measured since
the air flow speed inside the atrium space was too low
(<0.1 m/s). As shown by the anemometer, readings
ranging from 0.03 to 0.15 were registered at selected
points on the three levels on the first day.
The following four different cases were chosen:

Table 2. Measuring equipment parameters

Case 1: Completely open ground floor openings
with the area of 8.28 m?; the ventilation system is turned
off and outlet openings in the translucent roofing with
the opening area of 19.6 m?are completely open.

Case 2: Closed ground floor openings; the ven-
tilation system is turned off, and outlet openings in
the translucent roofing is closed.

Case 3: Closed ground floor openings; the ven-
tilation system is turned off, and outlet openings in
the translucent roofing with the area of 19.6 m? is com-
pletely open.

Case 4: Completely open ground floor openings
with the area of 8.28 m?; the ventilation system is turned
off, and outlet openings in the translucent roofing is
closed.

Each case is designed to test the significance
of a particular strategy like the impact of the stack effect.

RESULTS OF THE RESEARCH

1. Case 1 and Case 2 temperature variation

In general, these field measured results clearly
show that the air temperature stratification within
the atrium reduced significantly with an increase in
the size of openings. For the size of low- and high-level
openings of 3.6 m?, the difference in the air tempera-
tures between the lower level and the next upper level
floors was generally about 0.5—1 °C for Case 1 and Case
2; and it was 1-2 °C for Case 3 and Case 4. For in-
stance, Fig. 4 a, b shows the air temperature breakdown
by the floors with closed outlet openings in the trans-
lucent roofing for cases with different opening loca-
tions at the top of the atrium. As shown in Fig. 4 a,
in the case of closed outlet openings in the translucent
roofing, the temperature at 4 different points on the 5th
floor varied from 35 to 37.7 °C. As for the measure-
ment results in the case of open top doors, the openings
reaching 10 % of the total glass roof area showed that
the temperature varied from 32.5 to 34.4 °C at four dif-
ferent points on the 5th floor. These measurements were
taken with the top door closed as shown in Fig. 4 b.

Device, manufacturer

Photo

Measuring equipment parameters

Testo 625 humidity/temperature
measuring instrument, including plug-
in humidity probe head, battery and

calibration protocol

Temperature ¢ a, °C:
—10 to +60 °C; 0.1 °C; +0.5 °C
Humidity RH, %:
0to +100 %; 0.1 %; 2.5 %
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2. Case 3 and Case 4 temperature variation

The temperature measurements taken when the top
openings are open and closed are shown in Fig. 5 a,
b. These measurements were taken when the bottom
doors were completely open. The results show that in
the case of closed openings, the temperature at four dif-
ferent points on the five floors of the building varies
from 34.1 to 36 °C. Meanwhile, if 10 % of the total
glazing area is open, measurement results show that
the temperature ranges from 32.3 to 33.2 °C at 4 diffe-
rent points on the 5th floor, which is 2-3 °C lower than
in the case of closed openings. This shows an increase
in the effectiveness of an atrium for reducing the day-
time temperature by maximizing the size of openings in
the atrium building.

As shown in Table 3, Case 1 is the best tempera-
Fig. 3. Location of points of measurement on each floor ture mode in the atrium. However, Case 2 has a tem-
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Fig. 4. The temperature distribution in the atrium building: @ — Case 1; 5 — Case 2
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Table 3. The temperature distribution at four points of the five-floor building in the atrium for different cases
Variable Case 1 Case 2 Case 3 Case 4
Measuring point 1 325 332 33 323
Measuring point 2 33.1 34 34.1 32.5
Temperature, °C - -
Measuring point 3 34.1 359 36 342
Measuring point 4 355 37.8 36.6 34.8
Range 32.3-33.2 32.5-34.1 34.1-36 35-37.8
40
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38
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& 359 .
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g 342
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g 34 3 33.6 i
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Fig. 5. The temperature distribution in the atrium building: @ — Case 3; b — Case 4
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perature mode that is slightly better than the one in
Case 3. In Case 4, the highest temperature (35-37.8 °C)
is shown in Table 1. These results reveal that the effect
of different compositions of inlet and outlet openings
on the indoor thermal condition and energy efficiency
is improved by buoyancy-driven air flow changes in an
atrium having multiple openings.

The indoor air temperature was relatively stable
on every floor during the experiment. However, the air
temperature kept rising on the way from the bottom
to the top. This air gains heat from hot surfaces when
passing through them and then enhances the buoyancy
effect. These results prove that well-mixed conditions
in the atrium buildings used in many studies are unsuit-
able when cross-section areas are small. The gradual
increase in the temperature fields along the vertical di-
rection inside atriums reflects the real state of affairs.

We used these results and full-scale measurement
data to study the effect of different of outlet opening
locations and sizes at the top of the atrium. They have
little influence on the velocity and temperature fields
inside the building. In addition, the higher the floor,

5400

the higher the temperature. The results show that
the lobby area below the translucent roof was extremely
hot due to the coupling of the high mean radiant tem-
perature and stratified hot air. According to the design
guidelines, the indoor temperature shall vary between
25 and 27 °C in the atrium lobby and corridors [28].
According to Fig. 6, the size of the outlet openings is
about 10 % of the total glazed atrium area. Although
inlet openings are necessary, the opening area does not
need to be very large because if the area of openings
rises from 50 to 100 %, it cannot make any significant
difference. Openings have little effect on temperature
fields. Therefore, they can be used to maximize the air-
flow rate, it should reduce overheating in the atrium
lobby. In addition, it can reduce the indoor air tempera-
ture by 5 °C on a hot day during the summer period
when the outlet opening ratio exceeds 10 % of the total
glass roof area in the atrium building, and it helps to
improve the buoyancy-driven ventilation performance
to achieve the optimum atrium cooling and prevent det-
rimental reverse air motion (Fig. 6).
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Fig. 6. Section A-A of the atrium building:  — current area of openings; b — recommended area of openings

To sum up, we believe that the thermal perfor-
mance of an atrium can be improved by changing
the size and position of the openings, provided that
the upper atrium opening is large enough, and that
the lower atrium opening is small enough with varying
degrees of opening on hot days to boost flows in the ad-
jacent areas and determine the optimum airflow rate in
these spaces. The research based on the field experi-
ments aimed at finding the efficient atrium design pa-
rameters and the thermal effect identified in the course
of an experiment will help designers and engineers to
decide upon the opening design in naturally ventilated
buildings and provide a strong background for further
research required to develop empirical guidelines for
the future design of atria.

CONCLUSION AND DISCUSSION

This study reports the effects of different opening
area ratios on improving the internal thermal condi-
tions of an atrium and a lobby on hot and clear summer

156

days. Generally, the difference between the average air
temperature on the first floor and the fifth floor varies
from 1 to 5.5 °C. Meanwhile, if the outlets on the top
of the atrium are completely open, the difference be-
tween the average air temperatures on these two floors
varies from 1 to 2.5 °C. These results clearly show that
the difference in the outlet locations and sizes on the top
of the atrium has a strong effect on the temperature
fields inside the buildings. Particularly, the air tempera-
ture stratification within the atrium reduces significant-
ly with an increase in the locations and sizes of open-
ings on the top of the atrium. The atrium demonstrates
the highest thermal performance in Case 1, if the bot-
tom and top doors are completely open, and occupants
experience maximal comfort, especially at the points
beside the atrium envelope. Given these results, the size
of outlet openings (>10 %) is recommended to achieve
the optimum atrium cooling performance, and large in-
let openings should be added at different atrium levels.
This atrium building had 5 % of the total top-glass roof
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area open, which helps to improve the buoyancy-driven
ventilation performance to achieve the optimum atrium
cooling performance and prevent detrimental reverse air
motion, but it is not enough for more or less comfort-
able conditions.

These results and conclusions will help architects
and engineers to make informed decisions about the an-
ticipated thermal environment and airflow conditions.
Consequently, they might design optimal openings and
their sizes, as well as the number of floors. In addition,
these findings help them to save the evaluation time for
new cases, predict the indoor comfort, help designers to
evaluate the ventilation performance; choose the opti-
mal design of building openings, and reduce the energy

consumption by mechanical ventilation systems. Fur-
thermore, the effect of the atrium size, geometry, roof
shape, material, insulated outdoor walls on their cooling
efficiency also needs to be studied in further research
projects to increase energy savings.

Even though considerable discrepancies were ob-
served among the daily measured thermal parameters
over the 15-day monitoring period, particularly due to
unstable weather conditions, this study is expected to
provide a clear picture of the indoor thermal environ-
ment in the atrium in the hot period. Since the meas-
uring period was rather short, it is, therefore, recom-
mended that monitoring periods should be longer for
the research findings to be better substantiated.
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AHHOTAUUA

BBepgeHue. [MprBeaeHbl TOMV OLIEHKW TEPPUTOPUM, NPUMEratoLLen K CTaHLMK FOPOACKON XenesHon goporu. Ha ocHose pe-
3ynbLTaToB NPOBEAEHHOTO aHanusa caenaHbl BbiBOAbl O Mpefenax TepputopuanbHOro pasBuUTUSt B 30HE BRWUSHWSA CTaHLMK
CKOPOCTHOTO BHEYNNYHOTO TpaHcnopTa. [peanoxeHo npvMeHeHne KOMMNIEKCHOro NOAXoAa, yYMTbIBatoLLee NPUHLMMbLI YCTON-
4MBOro pasBuTUsi. ATo obecnevnt ahHEKTUBHOE UCMONb30BaHNE FOPOACKMX TEPPUTOPUIA U MPOCTPAHCTB, OTBEYAIOLLIMX Tpe-
6oBaHUsIM MO co3aaHN KOMAOPTHON cpeabl. PaunoHanbHOe NpuMeHeHne ropoacKon cpeabl B 30HaX BAMUSIHUS CTaHUMIA CKO-
POCTHOrO BHEYNMYHOrO TpaHCnopTa NpeaycMaTprBaeT B TOM Y1CTe pasBUTUE MELLEXOAHON N TPAHCMOPTHOM MHAPaCTPYKTYp.
Matepuanbl u metoabl. TeppuTopys B 30HE BIMSAHUS CTaHLMIA CKOPOCTHOIO BHEYNMYHOrO TpaHcnopTa npeactaBneHa
B BWAE LIENOCTHOW rpafoCcTpouTenbHON cucTembl. MNpeaMeT uccnefoBaHvs npeanaraeTcs pacCMOTPETb B KOHTEKCTE Ha-
NNYKSA 3aKOHOMEPHOCTEN CUCTEMbI PACCENeHns, pa3MeLLIeHNs MECT NPUMOXEHNS TPyAa OTHOCUTENbHO OCTaHOBOYHbIX MyH-
KTOB CKOPOCTHOTO BHEYNUYHOrO TpaHcrnopTa.

Pe3ynbraThl. [Ins pelueHns 3agaym no ycTaHOBMEHUIO 3aKOHOMEPHOCTEN CUCTEMbI PAcCereHnst B 30He BIUSIHWUS CTaHLuK
rOpOZACKOW Xene3How fopory NpUMeEHeHbl MeToAbl UMUTALMOHHOTO MOAENVPOBAHNSA 1 MaTeMaTnyeckon ctatuctuki. Cpeam
HWX pacyeT kpuTepusa cornacus NupcoHa, aHanua Tabnuuy conpskeHHoCT. PasBuTre gaHHON TeMbl BO3MOXHO C MOMOLLbHO
METOAA NOrMCTUYECKON perpeccun. AT METOALI MO3BOSIAT B 30HaX BIMAHUS CTAHLMIA CKOPOCTHOTO BHEYITMYHOMO TpaHCnop-
Ta y4eCTb NNaHNPOBOYHYIO CTPYKTYPY TEPPUTOPUN, KONMYECTBO MECT NPUIOXEHUSI TPYAA, YUCIIEHHOCTb HAaceneHus, BpeMs
DOCTUXKEHUS CTaHLMIA FOPOACKOM XEenes3HoM AOPOoru NELLKOM U Ha O6LLEeCTBEHHOM TpaHcrnopTe.

BeiBoabl. [onyyeHHble peaynbraTtel MOTyT ObiTb MCMOMb30BaHbl B AanbHeNLWeM npu opMmMpoBaHnn Hay4Ho 060CHOBaH-
HbIX TPeBOBaHWIA N0 Pa3BUTUIO TEPPUTOPUN B 30HE BINSIHUA CTAHLMIA CKOPOCTHOTO BHEYNUYHOTO TPaHCNopTa.

KNKOYEBBIE CIIOBA: ycToi4vBOE pa3BuTve TEPPUTOPUIA, TPAHCNOPTHOE 06CNyXMBaHWE HaceneHns, ropoacKas xenesHasi
Jopora, NaccaxupornoToK, 3aKOHOMEPHOCTW CUCTEMbI pacCeneHuns

Ana UUTUPOBAHWA: Bnacos .H., lozuHa E.I", lLlupokasi H.B. OueHka TeppuTopranbHOro passBuTus y CTaHUMIA ropoa-
ckoM xenesHou goporu // BectHuk MITCY. 2022. T. 17. Bein. 2. C. 159-167. DOI: 10.22227/1997-0935.2022.2.159-167
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ABSTRACT

Introduction. The article presents the assessment of an area adjacent to an urban railway station. Given the results of
the analysis, conclusions are drawn about the spatial development limits in the area of influence of a rapid transport station.
The authors propose an integrated approach that takes account of the principles of sustainable development. It will ensure
the effective use of urban areas and spaces that meet the requirements applicable to comfortable environments. The rational
use of urban environments in the areas of influence of rapid transport stations entails, among other things, the development
of pedestrian and transport infrastructure.

Materials and methods. The area of influence of rapid transport stations is presented as an integral urban planning system.
The subject of the study is proposed to be considered in the context of patterns of settlement systems and locations of areas
of employment relative to rapid transport stops.

Results. The authors propose simulation modeling and mathematical statistics to identify the regularities of a settlement
system in the area of influence of an urban railway station. They encompass the calculation of the Pearson consensus
criterion and the analysis of contingency tables. The development of this research area is feasible using the logistic
regression method. These methods will take account of the spatial planning structure, the number of jobs, the population,
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the walking time to the stations of the urban railway and the use of other means of public transport in the areas of influence

of rapid transport stations.

Conclusions. The research results can be contributed to the development of research-based requirements applied to

the areas of influence of rapid transport stations.

KEYWORDS: sustainable development of areas, public transport services, urban railway, passenger traffic, settlement

system patterns
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BBEJAEHUE

MockoBcKas arsoMeparys, Kak OfHa U3 KPYIHBIX
TEPPUTOPHUAIIBHBIX I'PYNIIAPOBOK FOPOJACKUX U CEIIb-
CKHUX TTOCENEHUH, 00beIMHEHHBIX PA3INYHBIMU TPAHC-
IOPTHBIMU CBA3AMU, BIUACT HA TEPPUTOPUATIBHOC pa3-
BUTHE KpyIHe#tero ropoaa [1].

B rpagocTpoutesnbHON IPaKTUKE HUCIOIb3YETCs
KOMITJIEKCHBIN MOJIX0/1 K Pa3BUTHIO TEPPUTOPHUI ropoa.
TepputopuanbHOE pa3BUTHE TOPOA BBIIIOIHIETCS MPU
YBEJIMUCHUHN JKUIHIIHOTO (hOH[A, CIIpOca Ha MecTa MpH-
JIOXKCHUA Tpyada, MasiTHUKOBOM MUrpamnyv v ap. U BKIIIO-
qacT MEPOIPHUATHA 110 CO3IaHUIO HOBBIX TPAHCIIOPTHBIX
CHUCTEM, pe€opraHusaliu MpOMbINUICHHBIX U ITPOU3BOM-
CTBEHHBIX TEPPUTOPHIA, OJIaroyCTpONUCTBY U T.1. J{jist kom-
TUIEKCHOTO MOIX0Aa K TEPPUTOPHUAIBHOMY Pa3BUTHIO TO-
Ppoaa yYUThIBAOTCA TPUHIUIIBI yCTOﬁHHBOFO PpasBUTHA.

IlonsaTue ycroiiunBoe pa3BUTHE B HACTOsLIEE Bpe-
Ms ABJIACTCA JOCTATOYHO IOITYJIAPHBIM U 4YaCTO UCIIOJIb-
3yeMbIM B Hay4yHOM JiesTesibHOCTH. [lenb ycToitunBoro
Pa3BUTHSI — CO3/IaHHME KaYeCTBEHHOM Cpe/ibl OOMTaHus,
YIOBJIETBOPSIIONIEH BCe 3ampockl ooiecTa. Konmemnust
YCTOWYMBOTO Pa3BUTHA MPEAIIONAraeT pa3BUTHE Toposa
BO B3aMMOYBSI3Ke TpeX 0a30BbIX chep: IKOHOMUUECKOIH,
SKOJIOTMYECKOH U connaiabHOl [2—4]. BaxHbIi acekt
YCTOHYMBOIO Pa3BUTHs COBPEMEHHBIX TOPOICKUX TEp-
PUTOPHI — TpaHCIIOPTHAsI HHPPACTPYKTYPA.

B nanHol nccnenoBarenbckoi paboTe paccMaTpu-
BAIOTCs NPEJEIIbl Pa3BUTUSI TEPPUTOPUN JIOKAIBHBIX
30H PAcCEJIHUs y CTAHIUH CKOPOCTHOTO BHEYIHYHO-
To TPAHCIIOPTa — TOPOJICKOM *kese3Hoi noporu. Pop-
MHUPOBAHUE MPEAEIOB TEPPUTOPHUATIBHOTO Pa3BUTHUS
y CTAHLUH TOPOJNCKOM XKEJIE3HOW AOPOru IPUBEIET
K palfuOHaJIbHOMY HCITIOJIB30BAHUIO TCPPUTOPHUH.

HpI/IMeHeHBI HAay4YHBIE METOABI UMUATAITMOHHOI'O MO-
ACJINPOBAaHUA U MaTeMaTHYeCKOM CTaTUCTUKHI JUIA (1)0];)—
MUPOBAHUA CUCTEMbI TCPPUTOPHUAIIBHOT'O UCIIOJIb30BAHUS
30HBI BJIMSAAHUSA CKOPOCTHOI'O BHCYJIMYHOI'O TPAHCIIOPTA
ropoaa, Kak HEOTHEMJIEMOM YaCcTH PIHTepMOZ[aHLHOﬁ cu-
CTEMbI TPAHCIIOPTHOTO O6CJ'Iy)KI/IBaHI/IH HaCCJICHMS.

MATEPHUAJBI U METO/JBbI

B kauectBe MarepuaioB [Uisl IPOBEIEHHS HCCIIe-
JOBAaHHS HCIIOJIb30BAHbI JAaHHBIC MoCKOBCKOTO CH-
TpansHoro kosbia (ganee — MIIK). MIIK (panee mo-
pora Ha3zblBasiach MOCKOBCKasl KOJIbLIEBasl XKeJe3Has
JI0pora) — KOJbLEBast )KEJIC3HOAOPOXKHASI MATUCTPATIb,
nocrtpoeHHas B Hauasle XX B. [Taccaxkupckoe nBuxe-
uue o MLIK 3amyctinu B 2016 r., mrHa KeIe3HOM 10-
poru coctaBmia 54 kM [5]. 3amyck IBMKEHUS 110 KOJTb-
Iy JaJl HOBBIM MMIIYJIbC PAa3BUTHIO 3a0pONIEHHBIX
MPOMBIIIJIEHHBIX TEPPUTOPUM CTOIHULEI [6, 7], a Takxke
PEIIMI MHOXKECTBO 33/1a4, CBSI3aHHBIX C IIeperpy3Kon
TPaHCIOPTHOIO Kapkaca ropoaa. Jsmxenue no MK
MOBJIEKJIO 32 COOOH aKTUBHOE pa3BUTHE TEPPUTOPUN
B IpHJIeraronux 26 paiioHax ropoa.

C Hauana 3KcIuTyaTaluu a0 cepeaussl 2021 1
MIIK Bocmonb3oBaioch 6oaee 650 MIH maccaxu-
poB [8, 9]. TomoBoe HCImoNMb30BaHKE JKETE3HON JOPOTH
MIPEACTaBICHO B TA0M. 1.

B pamkax mcciienoBaHus INIAaHAPYETCS:

* W3y4EHHE JIOKAJIBHBIX CUCTEM pacCeseHHs, CII0-
skuBIIKXcs y craniuuid MLIK, Ha ocHOBaHMM JAHHBIX
Wncturyra I'enepansHoro miana MockBsl;

* TIPOBEJICHUE ONPOCa MACCAKHUPOB C LIEIBIO BbI-
SIBJICHUS] MOJIEJICH MX TPAHCIOPTHOI'O MTOBEACHUSI, CTa-
TUCTHYECKast 00paboTKa pe3ysIbTaroB;

Taoua. 1. [TaccaxnpoodopoT MOCKOBCKOTO IIEHTPATBHOTO KOJIbIIA

Table 1. Passenger traffic at the Moscow Central Ring

Ion skcruryatanumu

[MaccaxxupoobopoT Year of operation
Passenger traffic
2016 2017 2018 2019 2020 2021
CyTOYHBIH, THIC. TTACC.
24-hour traffic, in thousand passengers 300 400 44,5 43 o o
Bcero ¢ gatsr mycka HapacTaromM HTOTOM, MJIH T1acc.
The running total passenger traffic as of the launch day, 13 100 200 300 500 666,5
million passengers
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* pa3zpaboTKa TEOPETHYECKON MOJIEIIN PacCeleHUs
u ee anpoOaryst Al yCTAaHOBJICHHUS BO3MOXKHBIX TIpe-
JIEJIOB TEPPUTOPUAIBEHOTO PA3BUTHUS B 30HAX BIHSHUSA
cranimit MIIK;

* pa3paboTKa peKOMEHAALHH 110 I'PaJoCTPOU-
TEILHOMY Pa3BUTHIO TEPPUTOPHUI B 30HAX BIMSHUS
CTaHIIUH.

Takum 00pa3zoM, 0OBEKTOM POEKTHOTO IKCIIEPH-
MEHTA SIBJSIETCS] CHCTEMa paccesIeHust, pOpMHUpYIOIIasi-
cs B 30HE BIUSHHS ocTaHOBOK MIIK.

O0paboTka UCXOHOW MHPOPMAIUK, aHAIU3 HC-
TOYHHUKOB ¥ NPOBEJICHHBIE MTPEABAPUTEIbHBIE PAaCUEThI
TTO3BOJIMIIH TIPEIIOJIORHUTE HAINIAE 3aKOHOMEPHOCTH
B PacCeICHUH M Pa3MELICHUN MECT IPUIIOKEHUS TPY-
Jla OTHOCUTEJIbHO OCTaHOBOYHBIX ITyHKTOB TOPOACKON
xene3Hoi noporu. OnKMH U3 BO3MOXKHBIX aHAJIOTOB,
MIOATBEPKAAIOIINX HAJINYNE 3aKOHOMEPHOCTEH B op-
MHUPOBAaHUN CUCTEMbI PACCCIICHHUA B 30HAX BJIUAHUSA
OCTaHOBOYHBIX MYHKTOB, — 3aKOH TPYJOBOTO TSATO-
TeHHsI, CHOPMYIUPOBAHHBIN B 60-€ TOIABI MPOIIIOTO
Beka [10]. 3akoH TPYyIOBOTO TATOTEHUS TOBOPUT O TOM,
4TO ()OKYCHI TPYAOBOTO TATOTEHUS (T.€. TEPPUTOPHH TO-
poza, Ha KOTOPBIX CKOHLIEHTPUPOBAHBI ITPOU3BOACTBA,
a/IMUHUCTPATHBHO-/EIOBBIE, TOPTOBBIE U JIPYTHE MPE-
TIPUSTHS) YIPABISIOT PacCcelIeHneM HacelIeHus, CTpe-
MSIIETOCs YMEHBIIUTH BPEMsI MOE3/10K C TPYAOBBIMU
nensiMu. COBpeMEHHBINH OBICTPO MEHSIOIIHNICS MUD,
HOBbIE ()OpPMBI MOOMIILHOCTH U 3aHSITOCTH, Pa3BUTHE
PBIHKA apPEHIHOTO >KWIIbS TTO3BOJISIOT TIPEIOI0KHUTh,
YTO HA CETOIHSIMIHNIN IeHb UIMCHHO CTaHIIUH BHEYIIHY-
HOTO TpaHcTopTa (1, B YaCTHOCTH, CTAHIIMH TOPOICKOI
JKEJIE3HOH JIOpOTH) CTaJIU LIEHTPaMH, BOKPYT KOTOPBIX
(OpPMUPYIOTCSI JTOKAJIbHBIE CHCTEMBI PACCETICHUS.

Cpenu OCHOBHBIX 3a/1a4 HACTOAIIETO UCCIIE0Ba-
HUS YKa3aHO CO3JlaHWE UMUTAIMOHHON MOJIENIN CUCTE-
MBI PacceJIeHUs B 30HE BIUSHUS CTAaHIUN rOpOJICKON
KEJIE3HOH JOPOTH C ONPE/ICICHUEM NTPEACTbHBIX Mapa-
METPOB PA3BUTHUS TEPPUTOPUH, BKITIOUAS: YACIECHHOCTh
JKUTEJEH paccMaTpuBaeMOil TEPPUTOPUH, KOJIMYECTBO
MECT IPWIIOKEHHS TPyZa U T.1.

Ilox muIaHUPOBOYHON CTPYKTYPOM TOPOJICKUX TEp-
PUTOPUH, PACIIOJIOKEHHBIX B 30HE BIMSHUS OCTaHOBOU-
HBIX ITyHKTOB TOPOJICKOH KEJIE3HON JOPOTH, MBI OyJeM
MMOHUMATh €AWHCTBO MPOCTPAHCTBEHHO M (PyHKIIHO-
HaJIbHO B3aMMOCBA3AHHBIX IIJIAHUPOBOYHBIX paﬁOHOB
roposa, 00beJMHEHHBIX TPAHCIIOPTHBIM KapKacoM, o0e-
CIIEUMBAOIINM JIOCTYITHOCTh OCTAHOBOK JKEJIE3HOMU J10-
poru. C Touku 3peHHs] cucTeMHOro aHanusa [11] man-
Hble (QYHKIIMOHAIBHO-TNIAHUPOBOYHBIE 00pa30BaHuUs
SIBJISTIOTCSI CJIO’KHBIMH CUCTEMaMH M 00J1a1al0T COOTBET-
CTBYIOIINMH NPU3HAKAMHU: IIETIOCTHOCTD M WIEHHMOCTb,
CBSI3M, OpraHu3allus, UHTErpaTUBHbIE KadyecTBa. Jns
W3yYEHUs STOTO THUIA CUCTEM B HAy4HBIX TpyHax HC-
MIOJIB3YETCsl UMUTALMOHHOE MozenpoBanue! [12, 13].

! TpaHCTIOPTHOE IUTAHUPOBAHHE M MOACIHPOBAHUE : CO. TP.
I Mexaynap. vayd.-tipakt. koud. CII6. : CTIGIACY, 2017. 341 c.

C 1enbro paccMOTPEHMsI IIaHUPOBOYHOH CHCTEMBI
B 30HE BIIMSIHUSI OCTAHOBOYHOTO ITYHKTA TOPOJICKOM Ke-
JIE3HOM JTOPOTH UCIOJIB3yEeM CTOXaCTHUECKYIO MOJIEIb,
JUISl OIMCAHUSI KOTOPOM MPUMEHUM MOJIENb CUCTEMHOM
JuHaMuKku. OCHOBA KOHILIEIMH 3TOTO TUMA MOJENeN —
npeAcTaBiIeHne 0 GYHKIMOHUPOBAHUH CHCTEMBI, KaK
COBOKYITHOCTH IOTOKOB pa3IM4YHOroO Buaa. Maremaru-
4yeckasi MoJiellb — cuctema anGepeHInanbHbIX ypaB-
HeHwuit (popmyna (1)).

x'=flx, u, ), )]
e x = (x,, X,, ..., X, )7 — BEKTOP COCTOSIHUI; Xpos X,
MICPEMCHHbIC COCTOSTHUSL, u = (U, ..., up)T — BEKTOp BXO-

JIOB;  — CHMBOJ BPEMEHHU.

Teopernueckass MOAENb MCCIEIOBAHUS TOJpa-
3yMEBAET HAIMYHE 3aBUCHMOCTH MEXKIY KOJIUYECTBOM
pacceJIsoIuXcsl 1 BpeMeHeM, He0OXOUMBIM IS J10-
CTH)KEHUSI CTAaHLIMM TOPOICKOM KeJIe3HOM JOPOTH Menl-
KOM HJIH € TIOMOILBIO OOIIIECTBEHHOTIO TpaHcnopra. I'pa-
(udeckoe 0ToOpaKeHNE MOIEH IPUBEICHO Ha puc. 1.

B pamkax uccienoBanust ObUTH IPOBENICHBI IPOO-
HBIE PACYETHI C OLEHKON Pa3BUTHUSI TEPPUTOPUH B 30HE
BiusiHus cTaniun «OkpysxkHas» MK (puc. 2). Tpanc-
MIOPTHO-TIEpecanouHblil y3en «OKpyKHas» HaXOIUTCs
B CeBepHOM aJIMUHHUCTPATUBHOM OKpyre I. MOCKBBI
Ha rpaHulie pailoHOB beckyqHuKoBO U TUMMPS3EBCKUiL.
VY3ein obecrieunBaeT nepecaaKy Ha METPOIOINTEH, JKe-
JIE3HOIOPOXKHBIM TPAHCIIOPT U HA3EMHBIN 1aCCAXKUP-
CKHI TPaHCIIOPT.

JIst BBIABIICHMSI TPAHUILL OLIEHKH TEPPUTOPUH IIO-
CTPOEHBI M30XPOHBI TPAHCIIOPTHOM M MEMIEXOJHOU
JOCTYITHOCTH OTHOCUTEIIBHO BPEMEHHU JIOCTUXKEHUS
CTaHIWH. 30XpOoHa — ITONMTOHATIBHEIN 00BEKT, Ouep-
YUBAIOUIMH paiioH, B KOTOPBIA MOXET J0Oparhes mac-
CaXKMp, IBUTASICh U3 ONPEICIEHHON TOYKU B TEUECHUE
3aJJlaHHOTO OTpe3Ka BpeMeHU. V30XpoHBI CTposTCA
10 BpeMEeHH MPHUOBITHS K y3JIy MapHIpyTaMu Ha3eM-
HOT'O [aCCaKUPCKOro TpaHcropTa U newkoM [14, 15].
VcxomHBIMU TaHHBIMU JAJIS IOCTPOEHHUS 30H BIUSAHUA
SIBJSIIACH JAHHBIE: rpad) YIMYHO-IO0POXKHON CETH U Tpe-
KM JIBUKEHUS HA3€MHOTO MacCaXKUPCKOTO TPaHCIIOPTa.
JUist menmexoaHoro IBUKEHUS M30XPOHBI CTPOMIIUCH

Homns, %
Share, %

: |

TpaHcnopTHas 10CTYIHOCTh
Transport accessibility

Tpynanocts
Difficulty

Puc. 1. Kpusbie pacceneHuss OTHOCUTEIBHO CTAHIMHA TOPOI-
CKOM KeJIe3HOM JOporu

Fig. 1. Settlement curves relative to urban railway stations
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Puc. 2. Cranmus MIK «OxpyxHash»
Fig. 2. Okruzhnaya Station, Moscow Central Ring

M0 BpEMEHHBIM HHTepBanam: 5, 10, 15, 20, 25, 30 muH.
s mogpesna Ha Tpancnopre — 10, 20, 30 mun. [Tomy-
YEHHBIE N30XPOHBI MPEJCTABICHBI Ha pHC. 3 1 4.

VHTepBabl 3HAUCHUH ¥ TIPEAE PacCeIeHus OT-
HOCHTEJBHO y3JIa BEIOUPAJIICh HCXO M3 PE3yIbTaTOB
OTIpoca MaccakupoB cTaHIuU. Kpome Toro, MaTepuast
OITpoca IMO3BOJIMIIM YCTAaHOBUTH KOJMYECTBO MACCAXKH-
POB, IPHOBIBAIOIINX HA CTAHLUIO MEIIKOM M Ha TPaHC-
mopre. [lo otuernoit napopmanuu UucturyTa ['en-
maHa MOCKBBI OTIpEIeTICHO HACEJICHUE B M30XPOHAX.
CBojHbIe pe3yabrarhl npejcTasieHsl B Taou. 2. [lomy-
YECHHBIC B PE3YNIbTAaTe KPUBBIC PACCEICHUS IPUBEACHBI
Ha puc. 5.

U3 rpaduka BugHO, 9TO B rpanunax 5, 10, 15-mu-
HYTHOH Ttenreit gocrynHoctu 1o cranuun MIK Gosee
MTOJIOBUHBI MTACCaXXUpoB (57 %) moOuparoTcst 10 CTaH-
uu nemkoM. B rparnmnax 20, 25, 30-MAHYTHOM TIemei
noctynHocTy 10 ctanmmid MIIK noms nemero moaxona
CYIIECTBEHHO CHMXKaeTcs U cocTasiseT 16 %.

Puc. 3. 130XpoHBI MEMIEXOAHON TOCTYITHOCTH

Fig. 3. Pedestrian accessibility isochrons
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Tax, B TOuke mepecedeHUs] TpauKOB KPUBBIX
«[Temxkom» u «Tpancmopt» B 30He 15-20-MuHYTHOU
nemieit foctynHocTH 10 ctannnu MIIK mMb1 Mmoxkem 3a-
(UKCHpOBaTh Pe3KOe M3MEHEHHE BBIOOpA Maccakxupamu
croco0a moxoaa/mombesaa. [ Toro uToObl MaTeMartu-
YecKH 000CHOBATh 3a(pUKCHPOBaHHBIC Ha TPaUKe 3aK0-
HOMEPHOCTH, MPUMEHEHBI CTATUCTUUECKUE METO/IBL.

C 1enplo YCTaHOBJICHUS 1 MaTeMaTH4eckoro 00o-
CHOBaHUSI CTATUCTUYECCKON 3HAYMMOCTH B3aUMOCBSI3H
MEXKIIy BBIOOPOM TaccakupaMmu crmocoba modparhb-
ca po cranmuu MIIK (memkom uiu Ha TpaHCTIOPTE)
U TPYIHOCTBIO MOAXO/a OBLT MCIIOIB30BAH KPUTEPHUIA
comtacust [Tupcona.

Kputepnii cornmacust [Iupcona (kpurepwuii corna-
cHsl f?) — 3TO HEeMapaMeTPUICCKUIT METOJI, KOTOPBIH IO~
3BOJISIET OLIEHUTH 3HAYMMOCTD PA3INYUA MKy (aKTH-
YECKUM KOJTMYECTBOM HCXOIOB, TTIOTAIAIONINX B KayKIyIO
KaTEeropuIo, U TEOPETUUYECKUM KOJIMYECTBOM, KOTOPOE
MOXKHO OKMJATh B M3y4aeMBbIX IPyMIIax MpH CIpaBe-

Puc. 4. 130XpoHBI TPaHCIIOPTHOH JOCTYITHOCTH

Fig. 4. Transport accessibility isochrons
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Taou. 2. JlanHbie HaTypHBIX 00cienoBanmii craniuu «OkpyskHas» MIIK

Table 2. Findings of field surveys of the Okruzhnaya station, Moscow Central ring

BpemenHoii uHTEpBa 30HbI MELIEXOAHON JOCTYTHOCTH
[TaccaxxuponoTok Time interval in the area of pedestrian access
Passenger traffic

5 10 15 20 25 30
Crioco6 oGparses gﬁ”}ﬁé‘(‘)’:‘ 2176 9469 12 790 5570 3355 5678
JI0 CTaHIIUK
Ways to get to the Ha tpancniopre
station By transport 1624 7065 9541 28 779 17 334 29 339

vehicles
CyMMAPHBI IacCaponoTok 3800 16534 | 22331 | 34349 20689 | 35017
Total passenger traffic
Jlons maccaxupos,
MPUMICANINX MIEIKOM, %
The share of passengers who have got to 37 37 37 16 16 16
the station on foot, %
Jlornst maccakupos,
0,

TPUEXABIIIHX Ha TPAHCIIOPTE, % 3 3 3 34 34 34
The share of passengers who have used
transport vehicles to get to the station, %

JIUBOCTH HyJeBOH runoressl. HyneBas runoresa uccie-
JIOBAaHHSI COCTOUT B TOM, YTO 3HAYMMOM B3aWMOCBSI3H
MEX/Ty HCCIICyeMbIMH TTepeMEHHBIME HEeT? [16].

Jly1s IpOBEPKHU THUIOTE3bl MCTIONB3YETCSl aHAIN3
Tabuui conpsbkeHHoCcTH. Talbmuna conpskeHHOCTH (Ta-
0JMIIa KOHTHHTEHTHOCTH) — CPE/ICTBO NPE/CTABICHHUS
COBMECTHOTO pacIpeiesICHNs IByX NEPEMEHHBIX, TIPE/I-
Ha3Ha4YE€HHOE /ISl HCCIICIOBAHMSI CBSI3H MEXK/Ly HIUMHU.

Ha puc. 5 cTpokn TaOmuIBl CONPSHKEHHOCTH CO-
OTBETCTBYIOT 3HaUECHUSIM Kaue€CTBEHHOW NepeMeHHON
(«Crioco0 mo0paThCs: MEHMIKOM/TPAHCIOPT), CTOJI0-
Lkl — 3HaYeHUsM nepeMeHHo# («TpyaHocT»), npu
9TOM IKayna nepeMeHHoW «TpyIHOCTB» BBIpakeHa
B MHUHYTaX IELIET0 1MOJIX0/la U CrPyNIHUPOBaHa B MH-
tepBaisl: 5, 10, 15, 20, 25, 30 MuH.

2P 50.1.033-2001. Pexomengaunu mo crangapruzanun. [pu-
KJ1aJHasA CTaTHUCTHUKA. HpaBHna IMPOBEPKHU COITIaCHs ONBITHOI'O

B ocHoge CTaTUCTHUK, UCTIOJIb3YEMbBIX B KPUTCPUAX
corjracus, JIC)KUT U3MCPCHUEC OTKJIOHCHHH (baKTI/I‘IeCKI/IX
OT O)KNJACMbIX 4aCTOT. Craructuka KpUTEpUA Corjiacus
HHpCOHa X2 OIpPEACIACTCA COOTHONICHUEM!

- (0,-E,)
1= ZZ% )
i=1 j=1 i
rje i — HOMEp CTPOKH TaOIHIIBI COMPSIKEHHOCTU
(ot 1 10 r); j — HOMEp CcTONOIA TAOIHIIBI COTPSIKCH-
Hoctn (ot 1 10 ¢); O — dakrnyeckas yacrora Habmo-
JIeHUH B siueiike if; E[.j — O)KMJaeMasl 4acToTa HaOJIo-

JICHUI1 B sTUeiiKe ij.

Teopernyeckas OKujaeMasi 4acToTa JUls KaKIoi
U3 siueeK TaOJIHUIBl COMPSIKEHHOCTU OTMPEEISIETCs
MyTeM MEPEMHOKEHHSI CYMM PSIOB U CTOJIOIOB ¢ IM0-
CIIEYIONIUM JIEJIEHUEM TOJIy4€HHOTO MPOU3BEACHUS

Ha o011e€e YrCciI0 HAOIIOMEHU:

pacmpenenenus ¢ Teopetndeckum. Yacts 1. Kpurepun tuna E = nn, 3
Xu-kBazpar. M. : Toccranmapr Poccun, 2006. 87 c. PN €)
100
80 — O
Jomst, % 60 & =
Share, % 40 @ T==
20 el D
0
5 10 15 20 25 30
TTemmkom
On foot 57 57 57 16 16 16
Tpascriopr 43 43 43 84 84 84

By transport

Puc. 5. Kpussle paccenenus B 30He BiusHus craHiuu «OxpysxHas» MITK

Fig. 5. Settlement curves in the area of influence of the Okruzhnaya station, Moscow Central Ring
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rje n, — CymMMa HaOJI0aeMbIX YacTOT 10 CTPOKE i;
n,— cymma HAOJIFOJAeMBIX YacTOT 10 cTONOIy j; N —
o0111ast YacToTa HAOIFOICHUN.

PacueTHOE 3HaYEeHHE BEJIMYUHBI KpuTepus coria-
cust > HEOOXOMMO CPABHUTD C KPUTHYESCKUM 3HAUCHH-
em kpurepust x>, B ToM ciydae, eciu moiy4eHHOoe 3Ha-
YeHHE KpUTEpHs y* OOJIbIIE KPUTUIECKOTO, JeIaeTcs
BBIBO/JI O HAJIMYUH CTaTUCTUYECKON B3aMMOCBSI3U npu
COOTBETCTBYIOIIEM YPOBHE 3HAYMMOCTH.

Jl71st onpeiesieHUst KpUTHIECKOTO 3HAYCHHS KPUTEPHS
%> MCTIONB3YIOTCS CrienuaibHbie Tabnuibl. YToOhI BOC-
T10JIb30BaTHCA MU, CJICAYET BEIYUCIINTD 3HAYCHUE CTCIICHU
cBOOO/IBI. 3HAYCHHE TIOKA3ATEIIs CTEIICHH CBOOO Il 3aBUCHT
OT KOJIMYECTBA KATErOPHIA UCCIIEYEMbIX TIEPEMEHHBIX, KO-
TOPBIE BBIPAKEHBI B KOJIMYECTBE CTPOK M CTOJIOIOB B Ta-
OIIHIIE COMPSHKEHHOCTH, U OMpPEENIeTcs o Gopmyie:

df=(r—=1)(c-1, “

7€ 7 — KOJIMYECTBO CTPOK; ¢ — KOIWYECTBO CTOIOIOB
B TaOJIMIIE COTPSKEHHOCTH.

Pacnipenenenune Xu-kBaapar sBisieTcst pacipee-
JICHHEM CyMMBI KBaJpaTOB HE3aBUCHMBIX CTAHIAPTHBIX
CITy4aiHBIX Benu4rH. KomndecTBo 3THX HE3aBHCHMBIX

CTaHIAPTHBIX CIyYaiHBIX BETHMYHMH BBIPAXKACTCS depe3
TIO0Ka3aTeNb CTENEeHU CBOOOBI df, OT KOTOPOTO 3aBHUCHT
rpaduK IIOTHOCTH BEPOSITHOCTH (pHC. 6).

1,0 T T T

08 F — k=1 4
[ — k=2 -
b - _ k=3 R
. k=3 i

06 — k=5 1

04 F ]

02 n ]
. — !

0,0 . . ===
0 2 4 6 8

Puc. 6. Pactipenenenne Xu-xBaapar. [I10THOCTE BEpOSTHO-
CTH C k-CTeneHsIMU CBOOOBI

Fig. 6. Chi-square distribution. Probability density with & de-
grees of freedom

¥ Pactipenenenue
* Distribution

Puc. 7. T'padux BepositHOCTH HyneBoii rumoressl (x> = 108,79; df = 5; p <0,001)
Fig. 7. Probability graph of the null hypothesis (¥*> = 108.79; df = 5; p < 0.001)

PE3YJIBTATHBI HCCIEJOBAHMUA

[IpoBeneHsI pacueThl I TEPPUTOPHUU B 30HE BIIU-
saHus ctaHmn «OKpyxHas. OueHeHa pa3Humna GakTu-
YECKUX U OXKHMACMBIX JOJICH MEmIero MoAX0Aa U MOIb-
€3/1a Ha TPaHCIOPTE K CTAHIUU B YTPEHHUH 4Yac MUK
B 3aBHCHUMOCTH OT TPYIHOCTH ITOIXOAA.

PacuetHoe 3nauenue x> cocrasuio 108,79. Kpu-
THYECKOE 3HAYCHHUE ¥* TIPH df = 5 W 3aJaHHOM ypOBHE
3HaunmocTu 0,95 cocrasnser 1,14. Takum o6paszom,
MbI TIOJYYHIH PACYCTHOE 3HAUCHUE KPUTEPHsl Cora-
CcHsl, KOTOPOE CYIIECTBEHHO OoibIlie KputHdeckoro. Ot-
CIOJIa MOJKHO CJ/IeJIaTh BBIBOJ] O HAJIMYHUK B3aUMOCBSI3U
MEXIy BBIOOpOM criocoba modparbest o cranimu MK
U TPYAHOCTBIO MOJIX0/1a, & TAKKE O 3HAYUMBIX Pa3IHUH-
SIX B paclpeelIeHUH 10l MemIero noaxoaa 1 nojib-
e3na Ha TpaHcnopte K ctaniusm MIIK B 3aBucumoctu
OT CTENEHH TPYIHOCTH MEMIEX0HOTO MOIX0/1a.

3Ha4yeHHe p-ypOBHS 3HAYMMOCTH COCTAaBHIIO
7,4 - 102, Bnauenwue p menee 0,001 cBUIETETBCTBY-
€T 0 BBICOKOW CTaTUCTUYECKON 3HAYMMOCTH MOJTY4YCH-
HBIX PE3YJIbTATOB.
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I'padmk KpUBOI pactpeneieHns y2, WUTFOCTPUPY-
IOLLUI BEPOATHOCTh OCYILLUECTBIEHUS HYJIEBOW TMIIOTE-
3BI, IPEJICTABIICH Ha pHC. 7.

3akpanieHHas MJIOLWAlb oA KPUBOW B MpaBoOi
4gacTu rpaduka BeIpakacT BEPOSITHOCTh HYJICBOH THITO-
Te3bl. 13 rpaduka BUIHO, 9TO BEPOSITHOCTH TOTO, YTO
CBA3U MEXIY JByMs HCCIEIyEeMbIMU NEPEMEHHBIMU
HE CYIIECTBYET, a pe3y/IbTaThl aHaJIM3a MOJTy4eHbI CIIy-
4yaiiHO, KpaiiHe MaJa.

B JlaJ'IBHeﬁHIeM HCCJICIOBAHUU TTPU HAJITUYHUHU J10-
CTaTOYHOTO KOJINYECTBA NCXOIHBIX JAHHBIX BO3MOKHO
WCITONTF30BaHME ONMMCAHHBIX METOJIOB C IENBI0 BBEJE-
HUS 1 000CHOBAaHHS HOBOW KJIacCH(DHUKAIIMH CTAHITHH
CKOPOCTHOTO BHEYJIMIHOTO TPAHCIIOPTA IO THUITY TIeIIe-
TO TIOAXONIa B 30HE BIUSHUS CTAHIINH, a TAKKE APYTHM
BbIJIeNIeHHBIM (akTopam [17].

Kpome Toro, onHUM 13 BO3MOXKHBIX HalpaBieHUN
9TOTO UCCIIEOBAHNUS SIBIIIETCS CO3aHUE BEPOSITHOCT-
HBIX MOfieNIeH pa3BUTUSA TEPPUTOPUU B 30HE BIHUSIHUA
craniuii MIIK Ha OcHOBE BBISIBICHHBIX 3aKOHOMEP-
Hocte#l. Takue Mojesu mo3BoIn OBl chopmMupo-
BaThb CLIEHAPUH PA3BUTHUSA TEPPUTOPUH B 3aBUCHMOCTH
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OT CTEINEHU BIUSHUS U COUETAHUS Pa3IMUHBIX I'pajo-
CTPOHTEIBHBIX (PaKTOPOB.

Jnsa pewmrenus 3TOM 3ajadyu UCIOJIb3YETCs HH-
CTpYMCHTapHUil Mojeliei OMHapHOTo BBIOOpA, HaHU-
OoJiee pacnpoCTpPaHEHHBIH CpelH KOTOPBIX — JIO-
THCTHYECKAsi perpeccus WU MPOOUT-perpeccus.
ATNBTEpHATUBHBIM HHCTPYMEHTOM CTAaTHCTHYECKOTO
HCCIIEeI0OBaHMS B 9TOM CIIyvae CIyXKHUT JTMHEHHBII quc-
KpUMHUHAHTHBIA ananu3 [18, 19].

VYunTeiBas ciennpuKy UCXOIHBIX CBEACHUH, B Ka-
4yecTBe HauOoJee MOJAXOSIIEr0 METo/Ia IIPE/ICTaBIISeT-
csl anmapar OMHapHOW JOIMCTHYECKOH perpeccu, mo-
CKOJIBKY 3TOT METOJ] TIO3BOJISIET paboOTaTh C TaHHBIMU,
BUJ] pacrpeaesieHusI KOTOPBIX HE COOTBETCTBYET HOP-
MaJbHOMY.

3AK/IIOYEHUE U OBCYXJIEHHUE

VYcraHoBIIEHBI B 000CHOBaHbI HAJTUYUE CTATHCTH-
YECKH 3HAYUMOW B3aMMOCBSI3H MEXK]y BEIOOPOM CITO-
coba mobpatses 1o crannnu MLIK u TpynmHOCTEIO TIOA-
X074, a TaKKe 3HAUMMBIX Pa3IMuui B pacupeaecHIN
JloJIell Teliero mojaxoja U Moabe3aa Ha TPaHCIOPTe
k cranuusam MIIK B 3aBUCUMOCTH OT CTENEHH TPYI-
HOCTH ¥ TIEIIEXOTHOTO IMOIX0/Ia Ha MIPUMepe CTAHIIHH
«Oxpyxnas» MIK.

OueBHIHO, YTO JIOKAJIbHBIE PACUYEThl AJIsi OJHOTO
W3 Y3JI0B HE MOTYT CIY)XUTh OCHOBaHUEM ST (hOPMHU-
POBaHWMSI BHIBOJIOB M YTBEPXKJACHUS O HATMIHH 3aKOHO-
MepHocTerd. HeoOxomumo npoBeicHrE KOMIUIEKCHOTO
HCCIICIOBAHMS, PE3YTBTaTOM KOTOPOTO OYAET SBIATHCS
METO/INKA OLIEHKH TePPUTOPHUATHHOTO Pa3BUTHS B 30HE
BIIMSHUS CTaHIUI ropojackoi xemne3Hoi goporu. K oc-
HOBHBIM dTallaM UCCIICOBAaHUSI OTHOCSITCS:

* cOop u 0OpaboTKa MCXOAHON HWHPOPMAIIUH
0 TEPPUTOPHATHFHOM Pa3BUTHH B 30HE cTaHImit MIIK;

 mpoBejeHue onpoca naccaxupos MIK ¢ ne-
JIBIO BBISIBJICHUS MOJICJICH TPAHCIIOPTHOTO ITOBEICHUS,
1eneit moe3oK, MX PErylsapHOCTH, MapIIpyTax M T.IL.;

* pa3paboTKka WACaTFHOW MOJEIN JOKaJIhHON CH-
CTEMBI PAaCcCEICHUs B 30HE CTAHLIUNA FOPOJCKON JKees-
HOM Joporu;

* TPOBEJCHUE PAcUEeTOB, BepU(UKAIMI 1 HOpMa-
JM3anus nHpopManuy;

* pa3paboTKa METOJIUKH OLEHKH TepPUTOpPHAIIb-
HOI'O Pa3BUTHS B 30HE BJIMSHUSA CTAaHLUUH FOPOACKOU
JKEJIE3HOU JTIOPOTH.

B nacrosimee Bpemss B MockBe peanu3oBaH
YCTICIIHBIN MPOEKT I10 3aITyCKy MacCaKUPCKOTO JIBIKE-
HUs 110 Tpacce Maioro kobua MoCKOBCKOH JK€I€3HOM
noporu. IIpu 3amycke ABMXKEHUS 10 MOCKOBCKHM LIE€H-
TPaJbHBIM JUaMETPaM IPOUCXOIUT TpaHC(HOpMaLHs
JKEJIE3HOM I0pPOrU U3 PErMOHAJIbHOM CUCTEMBI I1acca-
JKAPCKOTO TPAHCIOpPTa B TOPOACKYIO arIoOMEepaluOH-
HyI0O cucTeMy. Peanmzanns momoOHBIX MEpOTPUATHIA
J1acT JOIIOJIHUTEIbHBIM UMITYJIBC B Pa3BUTUU TEPPUTO-
puii ropona u obecnedyeHus yCTOWYUBBIX TPAHCIIOPT-
HBIX CBsi3el anoMepannu. KauecTBEHHOE TOBBIILIEHHE
YPOBHSI HH(PACTPYKTYpPbI TEPPUTOPHU YUUTHIBACT I10-
Ka3aTeNly CBSI3HOCTHU, JOCTYIIHOCTH ¥ NPOHULAEMOCTH
tepputoprn. CBA3HOCTh U JOCTYITHOCTh TEPPUTOPHUH
(bopMHUpPYETCST €CTCCTBEHHBIM IIYTEM M3 YCJIOBHSI ObI-
CTPOrO JAOCTUXKEHHUS CTAHIUI CKOPOCTHOIO BHEYINY-
HOTO TPaHCIIOpPTa M3 KOHKPETHBIX To4ek. Pa3zpaborka
MCTOAUKHN OMPECACICHUA NPCACIIOB PAa3BUTHUA B 30HAX
BIIMSIHMS CTAaHIUI Ha OCHOBE HAY4YHBIX METOJOB MaTe-
MaTH4YEeCKOH CTaTHCTUKU AACT BO3MOXKHOCTH PEHINTh
KOMIUIEKC MPOoOJieM U 00eCIeUnT yCTOHUNBOE Pa3BH-
THE TEPPUTOPUN U, B UACTHOCTHU: PEHOBALUIO AETPeC-
CHUBHBIX NPOMBIIUICHHBIX W MPOU3BOJCTBEHHBIX 30H,
(hopMUpOBaHe OCHOBHBIX MEPOIPHUSTHI MO Pa3BUTHIO
TPAHCIIOPTHOM, COLMaNbHOM, WHXXEHEPHOW MH(pa-
CTPYKTYp, OmaroyctpoiicTBa Tepputopuii. Pemenne
JaHHBIX npo6neM SABJIACTCA H606XO}II/IMLIM I yIIyq-
LIEHUS] TEPPUTOPUN B 30HAX AEHCTBUS CTAHLMH CKO-
POCTHOTO BHEYJIMYHOTO TPAHCIIOPTA.
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AHHOTALUUA

BBegeHue. Victopnyeckue ropoga, obnagjatowime penurno3Hon yHKUMEN, YacTo CTanKMBalOTCA C TPAHCMOPTHbIMU BO-
npocamu, npobnemon obecneyeHns ka4ecTBEHHON paboTbl ynmMvHo-gopoxHon cetn (YOC). VicdiepnaHue ee nponyckHOW
CNocobHOCTM 0COBEHHO akTyarnbHO B CBA3W C OOMbLUVMM KOMMYECTBOM TYPUCTOB, MariOMHMKOB, MOCELLALWMNX ropos B OT-
OernbHble AHW U Nepuoabl Penmrno3HbiX NpasgHUKOB, YTO CO34aeT Npobrnemy nafeHns kadyectBa — KOMGOPTHOCTH 1 Be3o-
NacHOCTW FOPOACKON Cpefbl Kak Ans XUTenew, Tak 1 roctel ropoaa.

MaTtepuanbl n metoabl. B kauectBe MeToga nccnenoBaHms copMynmMpoBaH noaxod k oueHke pabotel YOC ropoga Ha
OCHOBE pacyeTa COOTHOLLEHUSI TPAHCMOPTHOMO CNpoca M NPearioKEHNs Ha TPAHCMOPTHY MHGPACTPYKTYpy, obecneunsa-
IOLLYH0 pasnuyHble BUAbl MObUnbHOCTM HaceneHus. OueHka paboTbl NpeAcTaBrieHa C MCMONb30BaHWEM PaCcHETHOMO KO-
achdumumeHTa 3arpy3knm K 1 CyLLeCTBYHOLLEN CUCTEMbI onpeaeneHus yposHen obenyxneanus (LOS). MpeomeT uccneno-
BaHus — MHopmaumsa o paboTe TpaHCNOPTHOM cucTembl uctopuydeckoro ropoga Kepbena B Vpake, KoTopbi aBnsieTcs
PENUrMO3HbIM LEHTPOM ANt MyCyfbMaH Mupa.

Pe3ynbraTtbl. Ha ocHOBe HaTypHbIX MCCeQOBaHWIn TPAHCTIOPTHOWM cUTyauun B cektope ropoga «Kepbena — babunb» Bbl-
NOMHEeH aHanu3 PyHKUMOHMPOBAHMSA TPAHCMOPTHOM U neluexogHon uHdpacTpykTypbl YOC Ans Tpex BblAeNeHHbIX 30H C
XapaKTepHbIMU FPafoCTPOUTENbHBIMU YCIOBUSIMW B 3aBUCUMOCTM OT yAaneHusl paioHOB OT MCTOPUYECKOTO PENUMMO3HOMO
ueHTpa. PaccumTaHbl k0adpuLmeHTbl 3arpy3kn Ha OCHOBE AaHHbIX TPAHCMOPTHOrO Crpoca W NpeanoXeHus, onpeaeneH
YPOBEHb 0BCNYXMBaHWS HAceneHus! Ans 0ObIYHbIX AHEN U B NEPUOAbI PEMUIMO3HBLIX NPa3aHMKOB.

BbiBoabl. Vicxoas u3 pesynsraTtos oueHku pabotbl YOC cekTopa ropoga ¢ npuMeHeHneM paspabotaHHoro nogxoga, cop-
MyNMpOBaHbl OCHOBHbIE NMPOBNeMbl U MYTU peLLeHns NMEIOLLIECS TPaHCNOPTHOW cucTeMbl ropoaa Kepbena, yto siBnsetcs
NepBbIM LLIAroM K €€ PEKOHCTPYKLUK B LIENSIX YCTONYMBOIO pa3BUTUS ropoaa.

KNKOYEBBIE CITOBA: ncTopryeckuii ropof, penurnosHas yHKLNs, TPaHCNOPTHBIN CNPOC 1 NMPeasioxXeHne, TpaHcnopTHas
VHPaCTPYKTYpa, YNNYHO-AOPOXHAS CETb, KOIMULIMEHT 3arpy3sku, ypoBeHb 06CnyxmBaHus

oanga UMTUPOBAHWA: JaHnunuHa H.B., AndatiHu PK.A. BnuaHvue penvurno3Horo Typmuama Ha Ka4ecTBO CUCTEMbI TPaHC-
nopTHoro obcnyxmBaHust uctopmyeckoro ropoga // BectHuk MIFCY. 2022. T. 17. Bein. 2. C. 168-177. DOI: 10.22227/1997-
0935.2022.2.168-177
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ABSTRACT

Introduction. Historical cities, functioning as religious sites, often encounter transport problems affecting the operation
of road networks. The problem of traffic capacity exhaustion is particularly relevant due to large numbers of tourists and
pilgrims coming to historical cities on certain days and staying there during the periods of religious holidays. The problem
affects the safety, comfort, and quality of the urban environment for urban residents and guests.

Materials and methods. The authors have formulated an approach to assessing the operation of urban road networks and
use it as a research method whereby they calculate the transport demand and supply factor for the transport infrastructure
ensuring different types of population mobility. Load factor k and levels of service (LOS) are employed to assess the operation
of urban networks. The subject of research is the operation of the transit system in the historical city of Karbala, Iraq, which
is a religious centre for Muslims from all over the world.

Results. The authors conducted a field study on the transport situation in the Karbala — Babil area, analyzed the operation of
transport and pedestrian infrastructures in three selected zones featuring characteristic urban planning conditions, depending on
the distance between each zone and the historical religious centre. Transport demand and supply data are applied to calculate
load factors; the level of public service is determined for ordinary days as well as days and periods of religious holidays.
Conclusions. Given the assessment results, obtained for the urban road network using the developed approach, the main
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TPaHCMOPTHOrO 06CAYXMBaHUS UCTOPUYECKOTO ropoAa

problems of the present-day transport system in the city of Karbala and their solutions are formulated, which is the first step
towards the transport system reconstruction for the purpose of sustainable urban development.
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BBEJIEHUE

B roponax mMmpa oTrmedaroTcs TPAaHCHOPTHBIE
Mpo0OIEeMbl, KOTOPBIE CO3/AI0T YIPO3y UX YCTOHYHBO-
My pa3BuTHIO. OCOOCHHO aKTyalbHO 3TO JJISI HCTOPH-
YECKUX TOPOJOB, MEPEe/l TPAHCIIOPTHBIMU CHCTEMaMHU
KOTOPBIX CTOUT HE TOJBKO 3aa4a 00CCIIEUCHNUs ekKe-
THEBHBIX MOTPEOHOCTEH JKUTeNel ToOpoia, HO TaKxKe
U ee ajanTanus K NepruogaM MpOBEJCHHUS MAaCCOBBIX
PEIUTHO3HBIX MPa3IHUKOB, KOTA JKU3Hb TOPOJIa MOXKET
OBITB TTOTHOCTHIO ITAPAIM30BaHa.

Hcropuuecknx ropopoB, KOTOpbIE 00JagaroT
penurno3Hoi (yHKIHEH, HaCUUTHIBAeTCS OOIBIIOE
KOJIMYECTBO, OCOOCHHO B MYCY/IbMAaHCKHX CTpaHax,
B yacTHocTH, B Mpake. SIpkuil npumep Takoro ro-
pona — Kepbena, pacnionokeHHas B mpoBuHINHN Kep-
6ema. B ropone HabIrOmaeTcst TPAaHCTIOPTHBIA KOJIJIATC
B JIHU PEIIUTHO3HBIX MPa3IHUKOB.

B crarbe paccMaTpuBaeTcst BOIIpOC pa3padOTKu
MOIX0/1a K TUTAHUPOBAHUIO «THOKOI» CHCTEMBI TPaHC-
MIOPTHOTO OOCITYKMBAHHsI, KOTOpasi MO3BOJINT CO3JaTh
KOM(OpTHBIE M OE30MacHbIC YCIOBUS ABMKCHHS IS
HACEJICHUs U TOCTEH TOpo/ia KPYIIIOTOINYHO.

VYrnoBrneTBOpeHNE MOTPEOHOCTEH MMONb30BaTeNei
B KOM(OPTHOH 1 6e30MacHOl TPAHCIIOPTHON CHCTEME
ropoja — OJIMH 13 [T0Ka3aTeliel OleHKN ee paboThl, pac-
MIPOCTPAHEHHBII B MUPOBOI TpaKkTHke. B kadecTBe (ax-
TOpa OLIEHK! MOXET OBbITh HCIIOIB30BaH COCTAaB U IPOBO3-
HBIE BO3MOXKHOCTH PAa3JIMYHBIX BUIOB TpaHcnopTa [1, 2].
JpyriuM mapamMeTpoM MOXKET BBICTYIATh JIOCTYIl HAcelIe-
HUSI K TOPOZICKUM TE€PPUTOPHUSIM, KOTOPBIN OyzeT u3Me-
PATBCS IPOAOIDKUTETEHOCTRIO TIOS3IKH [ 3, 4].

[pu u3yyernn TpeOGOBaHMI OPTaHU3AINH TPAHC-
TIOPTHON CHCTEMBI TyPUCTHUECKUX TOPOJIOB 0C000€E BHHU-
MaHHE HCCIIEJOBATENISIMH YIeNIseTCs B3aUMOACHCTBHIO
B CHCTEME «TYPHCT — HH(OPMALIIOHHOE IIPOCTPAHCTBO —
TOpOJZICKast Cpefia», B KOTOPOH KauecTBO CBs3eH Oymer
OTIpeAeIATh YPPEKTUBHOCTH BCEH CHCTEMBI [5]. AKIICHT
JIeTIaeTCsl HA CTPYKTYPbl MOOMIBHOCTH KaK HACEIICHNUS,
TakK ¥ TypucToB. CyIIecTByeT 3aKOHOMEPHOCTh — YeM
OoIbIlIe PACCTOSHHE /10 TYPUCTHUECKOTO PETUTHO3HOTO
LIEHTpa, TeM OOJbIIe JTFoAel BHIOSPYT aBTOMOOHIIb B Ka-
YecTBE OCHOBHOTO BHIIA TpaHCIIOpTa [6, 7].

Jpyrum acnekToM, KOTOPBIH CIEAYET UMETh
B By IIPH OPTAHU3ALIMH CUCTEMBI TPAHCIIOPTHOTO 00-
CITy’KMBaHUSI TOPOJIa C PEITMTHO3HO-KYJIBTYpHOH (pyHK-
LUEH, SIBISETCS TO, UTO €€ pa3BUTHE OyIIeT CIIOCOOCTBO-
BaTh HKOHOMHYECKOMY OJaromoiayduio ropoja. ITOT
(hakT TUKTYeT HEOOXOMUMOCTh YUeTa CIIeIU(PUICCKIX

noTpedHOCTEl rocTel roposia, Npu OJHOBPEMEHHON
MIOCTAHOBKE 3a71a4i 00eCIIeUeHHsI €KEJHEBHON KHU3HU
IMOCTOSTHHOTO HaceseHus [§, 9].

CoBpeMeHHBIH NOAX0A K yCTOHYNBOMY Pa3BUTHIO
TOpOOB TAKXKe MpeJAroiaraeT yuuThIBAaHHE TEHIACH-
il B 001aCTH TPAHCIIOPTHOTO MJIAHUPOBAHMS, TAKUX
KaK Iepexo]| K MOJIUTHKE OPUEHTAMHN Ha MacCaKup-
CKH€ BH/JIbl TPAHCIIOPTA, TOPOJ AJIs MELIEX0/1a, Pa3BU-
THE MUKPOMOOWIIBHBIX BHJI0B TpaHcmoprta [10]. Pea-
JIU3aLMs JAHHBIX KOHIETINH TpeOyeTcst ISl peIeHHs
3aj1a4 1100aIbHBIX BEI30BOB — aJlaliTalliy K H3MEHe-
HHUIO KJIMMAaTa, CHIXKEHHIO KoJindecTBa Beiopocos CO,
U B LI€JIOM COKpPAIIEHUIO aHTPOINOIE€HHOI0 BO3/EH-
CTBHUS OT TPAHCIOPTa HA CPEJly KU3ZHEIEATEIbHOCTU
B ropojax [11, 12]. MupoBoil OIbIT MOKa3bIBAET, YTO
TEHJICHIIUSI 0TKa3a OT aBTOMOOMJIBHOIO TPAHCIOPTa,
0COOCHHO B TYPHCTHYECKUX TOpOJIaX, BOCTpeOOBaHa
KaK Cpelld HaceJeHusl, Tak U cpenu TypuctoB [13—15].

MHOKeCTBO aCleKTOB — I'pajloCTPOUTENbHBIX,
9KOHOMHYECKUX, COLUAIBHBIX M JKOJOTHYECKHX
YCTaHABJIMBAIOT HEOOXOAMMOCTh Pa3pabOTKK HAayYHO
000CHOBAHHOT'O OJIX0/1a K IJIAHHUPOBAHUIO CHCTEMBI
TPAHCIIOPTHOTO 00CITYKUBaHHsI TOPOJIOB, 00T AaI0IINX
PENUruo3HON QyHKINEH.

MATEPHUAJIBI U METO/bI

[Mopsanox uccnenoBaHus OLEHKU TPAHCIIOPTHOTO
Crpoca M MpeUIOKEHNUs OlIpeiesieH ¢ ToMolbio data-
driven rmoaxoza, KOTOPBIH MO3BOJISIET IPUHUMATD Ha I10-
CJIEZIHEM dTare 00OCHOBaHHbIE ITPOEKTHBIC PEHICHUS
U MIPEIOCTABISAET UHCTPYMEHTBI AJIS JIyUIIEero NOHUMa-
HUS1, IPOBEPKU U KOJIMUECTBEHHON OLIEHKH PE3yIbTaToB
peleHuid, OCHOBAaHHBIX Ha cOOpe U aHalu3e JaHHBIX.
[Nopsnok uccnenoBanus NpeacTaBleH Ha puc. 1.

C TOUKM 3peHus NIaHUpPOBaHUS yCTOMYMUBOU CU-
CTEMBI TPAHCHIOPTHOTO 00CITY’)KUBaHUsI TOPOJia C Y4E€TOM
(YHKIMH PETUTHO3HO-KYJIBTYPHOTO TypuU3Ma CIEIy-
€T PeIINTh 33/1a4y TUIAHUPOBAHUS «THOKOI» CUCTEMBI
TPAHCIIOPTHOTO OOCIYXMBaHMS, KOTOpasi 00eCrednuT
COOTBETCTBUE TPAHCIIOPTHOTO cripoca T, ¥ TpaHCHopT-
HOTO NPEJUIOXKCHHS A, KaK B OOBIYHBIC JIHH, TaK H B JIHH
PEJIUTHO3HBIX IPa3IHUKOB. TeopeTuueckas MoJeb Uc-
CJIeZIOBaHMs ONUCHIBAETCS CUCTEMOM ypaBHEHMIA:

com total
T < Al

rel.f total
T < Al

, M

A,./f“’”’ = const
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TeopeTH4ECKaR MOAE/D OLLEHKH
TP3HCMNOPTHOrO CNPOCca U
NPEeanoXesua

CHop UCXOAHBIX A3HHBIX NO
TP3HCNOPTHOMY CNPOCY U
NPeanoXKeHnio

Data collection on transport
demand and supply

Theoretical model for assessing
transport supplyand demand

DOpPMYTUPOEKS PEIY/IbTATOE U
PEKOMEHA3 LW

O6pabotka gaHHbIX

Data processing Resultsand recommendations.

Puc. 1. ITopsiok uccne10BaHUs OLEHKH TPAHCIIOPTHOTO CIPOCA H TPEUIOKEHHS

Fig. 1. A methodology of research on the evaluation of transport supply and demand

rne 1" — TpaHcnopTHBIA cripoc B OOBIYHBIE IHH,
Yer./4; 7;!.’”'/ — TPAHCIOPTHBIN CIIPOC B JIHU PEIUTHO3-
HBIX [IPA3IHUKOB, YEII./q; A;.‘””l — 00BeM TPaHCHOPTHON
HHPPACTPYKTYPBI, OICHUBAEMBIH TPOMYCKHOU CII0CO0-
HOCTBIO ynuHo-nopokHoi cetu (Y/IC) ropona, uern./d.

TpaHcnoOpTHBII crIpoc mpecTaBisieT co0oit TO Mpo-
eKTHOE KoIm4ecTBO moin3oBareneit Y/IC, Ha KoTopoe
JOJDKEeH OBITh PAcCUUTaH 00BEM TPAHCHOPTHOW MH-
¢pactpykTypsl. CTpyKTypa TPaHCHOPTHOTO cripoca
OIIpEeJIeIIsieTCsl paclpeielICHHEM HAceNIeHUs 110 BUAAM
MOJBIKHOCTH. [IporyckHas criocoOHOCTb — 3TO MaKCH-
MalbHBIi MOTOK TPAHCIIOPTHBIX CPENCTB, KOTOPHIA MO-
JKET BMECTHTB Jlopora’. B mobom ciyyae cpaBHEHHE UC-
THHHOTO IIOTOKa CHPOCa ¢ MPOITyCKHOH CIIOCOOHOCTBIO
SBJIAETCS OCHOBHBIM OOBEKTOM aHAJIM3a MPOILYCKHOM
CIIOCOOHOCTH M YPOBHS OOCITY)KUBaHHsI, & COOTHOIIICHHE
v/c — OCHOBHBIM PE3yJIBTaTOM TaKoro anammsa' [16].

B crarbe paccMaTpuBaroTCs BUIBI HOABMKHOCTH
HaceJIeHHs], TpeAcTaBIeHHbIe B Ta0m. 1. Jlns kaxmoro
BHU/1a TTOABM)KHOCTH HEOOXOANMO pa3MEIeHHE COOTBET-
CTByIOIIEH HHAPACTPYKTYPHI, 00Iagaronei pacaeTHON

"'National Research Council, Transportation Research Board:
Highway Capacity Manual (HCM) 2010. 2010.

MPOITYCKHOM CIIOCOOHOCTRIO P, €11./4, TPaHCIIOPTHOTO
TIPE/ITIOKEeHNSI.

B 1HU penuruo3HbIX Mpa3aHUKOB TPAHCIIOPTHBIN
CIIPOC pacTeT 110 BCEM BUJIaM MOJIBIXKHOCTH, UTO SBIISETCS
npuanHoit reperpy3ku YJIC. [nOKocTh cHCTEMBI TpaHC-
TIOPTHOTO OOCITY’KMBaHHs1 00SCIICYMBACTCS B CIIydae, €Cin
TpaHcnopTHoe npeioxkenne YJIC Moxer Tpanchopmu-
pOBaThCsl B 3aBUCUMOCTHU OT BEJIMYHMHBI TPAHCIIOPTHOTO
cnpoca. B Tabn. 2 npuBeneHb! pacyeTHBIE TapaMeTphl
TPAHCIIOPTHOTO CIPOCA U TPEIUIOKEHHMSI.

ONTHMHU3aIMOHHBIM ITAPAMETPOM CHCTEMBI OTIpe-
JieTieH K03 QHUIMEHT 3arpy3KH &, pacCIMTHIBACMBII KakK
OTHONIEHNE PACUYETHOW MHTEHCUBHOCTH } K MpPOINyCK-
HOM cnocobHOCTH C Ka)XI0TO M3 AIEMEHTOB MH(ppa-
CTPYKTYPBI, KOTOPBIH MO3BOJSIET BHIMOJIHUTD OLCHKY
COOTHOILIEHHSI TPAHCIIOPTHOTO CIIPOCa U MPEJIOKEHNUS:

@)

[TpeacraBieHHBIH KO3)OUIUECHT HUCIIONB3YeTCs
B CHCTEMe Ha3Ha4YeHUsl ypoBHeii obciyxuBanus (Level
of service — LOS) kaxa0ro u3 3JIEMEHTOB HH(}ppa-

cTpykTyphl' (puc. 2).

Taoa. 1. UndpactpykTypa TpaHCIIOPTHOTO MPEATIOKEHHS U CIIPOCa HACSICHUS

Table 1. Transport supply and demand infrastructure

TpancnoptHslii cripoc

IIPOILYCKHOMI
(BUJT TOIBMYKHOCTH) 7:].“’”‘ pory

Transport demand
(type of mobility) 77"

Enununa nzmepenus

crocooHocTH, P

Traffic capacity
measurement unit, P

WudpacTpykTypa TPaHCIIOPTHOTO MPETIOKEHHS
total
4

Transport supply infrastructure A[;.”’"[

[lemexomHoe IBUXEHNE IeIL./9

Pedestrian traffic

pedestrians/hour

TpoTyapsl, MenexoaHble NepeXo/ibl, MENIeX0AHbIE
30HBI
Sidewalks, pedestrian crossings, pedestrian areas

MuKpOMOOHIIBHBIC TPAHCTIOPTHBIE

BLIZ[GJ'[CHHBIC T1I0JIOCHL JI ABUKCHUS, [TAPKOBKHU,

CpeCTBa/BEIOCUTICAHOE IBIKCHHE en./a VHKIHE IIDOKATA
Micro-mobility vehicles/bicycle units/hour Y P .

Bus lanes, parking lots, rent-a-car centres
traffic
ITaccaxxupckue nepeBo3KU nacc./q BblziesICHHBIE TTOJIOCHI, OCTAHOBOYHBIE ITYHKTBI
Passenger transportation passengers/hour Bus lanes, bus stops

JIBH>KEHHE Ha JITYHOM aBTOMOOHIIC
Private transport traffic

MIPHB. aBT./q

170

private vehicles/hour

TTosoChl ABMKEHMS, TIEPEKPECTKHU, TTAPKOBKU
Lanes, crossings, parking lots




BAUsIHWE PEAUTMO3HOIO TypHU3Ma Ha KayecTBO CHMCTEMbI
TPaHCMOPTHOrO 06CAYXMBaHUS UCTOPUYECKOIO ropoAa

C. 168-177

Tabu. 2. [TapameTps! JUTsl OLIGHKH YPOBHS TPAHCIIOPTHOTO 00CITYKMBAHUSI HACEIICHUS

Table 2. Level of service assessment parameters

B0k 1aHHBIX TTapameTpbt O6o3HaueHHE EnuHuIa H3MEpeHust
Data Parameters Letter symbol Measurement unit
YHCIEeHHOCTh HACEICHHS N THIC. Yell.
Population figures thousand persons
I'pagocrpoutenbHbie
napameTpbl IInornocts YIC KM/KM?
Urban planning Road network density P km/km?
arameters
p Oo6ecnieuennocTh Hacenenus Y/C YeIL./KM
R . P
Road network availability for the population persons/km
IInomans TpaHCOPTHOM 30HBL s KM?
Transport coverage area km?
IIporsxennocts YJIC KM
L
Road network spread km
[Mapamerpet IMponyckHas ciocoGHOCTE** c
TPAaHCIOPTHOTO Traffic capacity
TIPeUIOKEHHS
Transport supply Ha aBTOMOOHIIE MpHB. e11./9
parameters by car cars normalized units/hour
o  HATACCAKHPCKOM TPAHCHOPTE TIPUB. e11./9
by public transport publ normalized units/hour
o lcuIKoMm 4en./q
on foot ped persons/hour
PacueTHas yacoBast HHTEHCHBHOCTB* v
Per-hour intensity
TlapameTpbi o Ha aBTOMOOMIIE TIPHE. e;[./q
TPaHCIOPTHOTO CrIpoca by car cars normalized units/hour
Transport demand o  HaNaCCa)MPCKOM TPAHCIOPTE NPMB. ¢11./4
parameters by public transport publ normalized units/hour
TMEIIKOM qen./q
° V
on foot ped persons/hour

Ipumeuanue: ¥ — nokazarens «PacueTHas yacoBasi HHTCHCUBHOCTBY COOTBETCTBYET MEXyHapoAHOMY napamerpy Design
Hourly Volume (HCM, 2010); ** — noka3arens «[IpomyckHasi cHOCOOHOCTB» COOTBETCTBYET MEXK/IYHAPOIHOMY IapaMeTpy
Traffic Capacity per hour (HCM, 2010).

Note: * — The per-hour intensity parameter corresponds to the international parameter of Design Hourly Volume (HCM, 2010);

** — The traffic capacity parameter corresponds to the international parameter of Traffic Capacity per hour (HCM, 2010).

Yposens obcmyxuBanust LOS k=VIC O1leHKa yCIIOBUS IBUKEHUS
Level of service Traffic conditions
4 <008 CBOOO/THBIE YCIIOBUSI ABHKCHUS
’ Free traffic conditions
> 0.44-0.28 OTHOCHUTENBHO CBOOOHBIE YCIOBHS ABMKEHUSI aBTOMOOMIIEH TauKkaMu
’ ? Relatively free traffic conditions for cars moving in groups
BIDKCHUE aBTOMOOHIICH B CBSI3aHHOM ITOTOKE
@ > 0,64-0,44 A . s .
Vehicle motion in a synchronized flow
ITnoTHOE ABMKEHKE B TOTOKE
D >0,87-0,64 S
Dense motion in a flow
= 1.00-0.87 JIBI)KeHHE MOTOKA Ha IPaHK MCYEPIIaHHs IIPOMYCKHOH CIOCOOHOCTH YIIHIIbI
’ ? Flow motion on the verge of traffic capacity exhaustion
. IIpormyckHast criocOOHOCTH YIHUIIBI HCUEpIIaHa
> 1 varies POy Y P

Traffic capacity exhausted

Puc. 2. Cucrema ypoBHeli 00CITy>kHBaHUS MarHCTPaJIbHBIX MHOTOMONO0CHEIX yiui (HCM, 2010)

Fig. 2. The system of service levels for main multi-lane streets (HCM, 2010)
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B MexmyHapomHO#t pakTrke mpoekTuposans' [17,
18] onTMabHBIM CUMTAETCsl YpOBEeHb [, obecrieunBaro-
i ko3 dunueHt 3arpysku k = 0,75-0,8, 4T0o NpUHSTO
B HACTOSAIIIEM HCCIICJOBAaHNH 3 IIEJIEBOM MOKA3aTeb.

Takum obOpasom, st TOposa, CHEHHUATNZUPY-
IOIEroCs Ha PEJIUTHO3HOM TypH3ME, CO3IAl0NieM
JIOIIOJIHUTENbHYI0 HAarpy3Ky Ha TPaHCIOPTHYIO HH-
(dpacTpykTypy ropojaa, CTOUT 3ajgada 00ECHEYUTh
HEOOXOAMMBIH ypOBEeHb 3arpy3ku k = 0,8 xaxmoro
U3 2JEMEHTOB TPAaH3UTHON MHPPACTPYKTYPHI Maru-
crpansHoit YJIC Kak B OOBIYHBIC THHU, TAK U B JIHU pe-
JIUTUO3HBIX MPA3THUKOB.

PE3YJIBTATHBI HCCIEJOBAHMUA

B xauecTBe 00BeKTa NCCIICIOBAHUS ONPE/ICIICH I'0-
poxn Kepbemna (puc. 3), IeHTpanbHas HCTOpUYIECKas 30Ha
KOTOPOTO SIBIISICTCSI KPYITHBIM PEIIUTHO3HBIM O0BEKTOM,
B KOTOPOM PAaCIIOJIOKEHBI CBATHIHM UMaMa XycehHa
(BHyKa IIpOpOKa UClIaMa) U €T0 CEMBbHU.

Hacenenue Kep6enbt pactet u B 2018 1. mpubiiu-
3un0ch K 700 ThIC. YENOBEK, CYIIECTBYET TCHICHIIHS
JUTSL TAITBHEHIIIETO yBETHUCHHS’. POCT YHCIICHHOCTH Ha-
ceneHus1 00yCITaBIMBAET POCT TPAHCIOPTHOTO CIIPOCa
B TOPOJIC, 10 OIICHKE TPa(hUK B TOPOJIE CIKETOIHO YBLIU-
yuBaeTcs Ha 5 % [19]. Kpome Toro, kaxblil rog ropoj
MoCearoT MUJIJIMOHBI TYPUCTOB € PCJIMTHUO3HBIMU 11€-
JISIMH. HaI/I6OJ'Iee AKTUBHBIC [JI IMTOCCHICHUA — IIpas3i-
HUKH B MECSIIBI TYHHOTO MYCYJIbMaHCKOTO KaJIeHAaps
Cadap (mepBrrii 1 Bropoit mecsiipl) u [llaaban (Bock-
MO MecsIT), a Takke IeHb Apada — MaTOMHHYECTBO
MyCYIbMaH K CBSIICHHOH Tope ApadaT (IBeHaIIAThIH
Mecsi). Ha puc. 4 mokasan o0beM maccaXuponoTo-
ka 3a nocneanue 11 ner. Ilocne crnaga penuruno3Horo
TypusMa HaunHas ¢ 2014 r. HaGmomaercs cTaOuib-
HOC YBEJIUYCHUEC KOJUYCCTBA TYPUCTOB C HEOOIBIIUM
CHIDKEHHEM B Tiepuoj Havana mangemun COVID-19
B 2020 1. O6umii Tpenn (kpacHas JTHHAS Ha TUATrpaM-
Me) — Ha CTaOWIIBHBIA TPAHCIIOPTHBIN CIIPOC CO CTOPO-

2 Central organization for statistic and information technology,
Iraq.
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Puc. 3. Mectononoxenue u xkapra ropozaa Kepoena

Fig. 3. Location and map of the city of Karbala

HBI BbE3KAIOIIMX TYPHCTOB C TEHICHIMEH pocTa mocie
CTaOMIN3AINH CUTYAIHHN C TTAHICMHUEH.

Ha puc. 5 npencrasneHo pacrnpeneneHue BXoas-
IEr0 MOTOKA aBTOMOOMJICH M TMENIeX0/0B, Bhe3KaI0-
IMUX B ropoJ € YE€TBIPECX MaruCTpajabHbIX HaHpaBHeHI/Iﬁl
barnan — Kepoena, baduns — Kep6ena, Hamxad — Kep-
oena, Anbxyp — Kep6ena B mecsiy Cadap.

Jlst IpoBeICHUsT UCCIICOBAHUIA MO OILICHKE COOT-
HOIIICHUH TPAHCTIOPTHOTO CIIPOCA M MPEIOKESHHS ObLT
BbIOpaH cextop baduib, 00ciyKnBaeMblil aBTOI0POTo
babwis — Kepberna, KoTOpbIi SIBIISIETCS OHUM U3 HAnO0-
Jiee aKTHBHO Pa3BUBAIOIINXCS B TOPOJIE, & TAKKE «BBE3/I-
HBIMU» BOPOTaMH B IOpoJi BO BpEMs PCIHUTHO3HBIX
NIPa3IHUKOB.

I'panuneii cexTopa ¢ ceBepo-BOCTOKaA CIlyXkar rpa-
HUIIBI TOPOJIa, C Fora — MarucTpaibHas gopora Han-
xad — Kepbena, a ¢ 3amaa — KOJJICKTOPHBIC JOPOTH
Xaii Anbxyccelinu (puc. 6).

Hanee cexrop babuib ObUT pa3nesicH Ha 3 30HBI,
KaK/1ast M3 KOTOPBIX UMEET Crelu(HIecKUue rpagocTpo-
UTENbHBIC TAPAMETPHI, PE/ICTaBICHHbIC B TA0M. 3

* 30Ha | — HCTOpUYECKUH LIEHTP, 37I€Ch PacCIo-
JIOXKEHBI 0OBEKTHI PEJIMTHO3HOI0 3HAUYEHUS, POKYCHI
TATOTCHUA TYPUCTUYCCKOTO TypU3Ma,

B mecs Cadap / month of Safar
B wMecsar [Hlaaban / month of Shaaban
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Puc. 4. [TaccaxxupomnoTok TypHCTOB ¢ PETUTHO3HBIMHE IesaMu B KepOene B HanbOonee akTHBHbBIE HH U MEPHOBI
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Fig. 4. The passenger traffic of tourists pursuing religious purposes in Karbala in the course of most busy days and periods
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BansiHme peanrnosHoro Typusma Ha Kadectso CHCTEMbl 6. 4168-177
TPaHCMNOPTHOIO 0OCAYXMBAHMS UCTOPHUYECKOTO ropoAa

4 N )
Pacnpesesnienne aBTOMOOHIIBHOTO MOTOKA, BHe3/KAIOLIETr0 Pacnipesiesienne nemexoaHoro NoToKa, BXo/Asiero
B Kepoesy B Mecsiiy Cadap mo HanpajieHUSIM B Kepoeiy B mecsiiy Cadap mo HanpasjieHUSIM
The breakdown of car traffic entering The breakdown of the pedestrian flow entering
to Karbala in the month of Safar by destinations to Karbala in the month of Safar by destinations
M Barnan — Kepbena M Barpan — Kepbena
Baghdad — Karbala Baghdad — Karbala
M Ba6uns — Kepbena M Ba6uns — Kepbena
Babil — Karbala Babil — Karbala
M Hamxad — Kepbena [ Hamxad — Kepbena
Najaf — Karbala Najaf — Karbala
Anbxyp — KepOena Anbxyp — KepOena
Al Hur — Karbala Al Hur — Karbala
G J J

Puc. 5. Pacnpe}leneHHe TPaHCIIOPTHOI'O CIIpOCa TYPUCTOB C PEJIMT'MO3HBIMU LEISIMU

Fig. 5. The breakdown of transport demand by tourists pursuing religious purposes

* 30Ha 2 — CpeIWHHasg MHOTO(QYHKIIMOHATbHAS
BBICOKOIUIOTHAS YacTh TOPO/a;

* 30Ha 3 — mepudepuitHas 30Ha CIOKHUBIICHCS
JKUJIOM 3aCTPOUKH.

CoOTHOIIIEHUE CIIpoca M MPEJIOKEHHS Ha TPaHC-
MOPTHYIO (TPOEe3Kast 4acTh) U MEMIEXOIHYIO (TPOTyaphl)
HHPPACTPYKTYPY PACCUUTAHO IS IBYX MarkCTPaIbHbIX
YIUI] B 30HE 3, MIECTH MaruCTPAIGHBIX YJIHIl B 30HE 2
1 YeThIpex ynuil B 30He 1. Pe3ynbrarsl pacueToB rpamo-
CTPOUTEIIBHBIX apaMeTPOB PHUBE/ICHBI B Ta0I. 3.

['eomerpuueckue gaHHbIe ObLIH COOpaHBI B X0/1€
HaTypHBIX OOCIIEOBAaHUH U C UCIOJIb30BAaHUEM HH-
crpymenTtoB GIS nmis xaprorpaduueckux u3MepeHu
B 3aBHCHMOCTH OT JOCTYIIHBIX CIlyTHUKOBBIX (hoTOTpa-
¢nit KepOenpl, Taknx Kak KOJIMYECTBO, IINPUHA TT0JIOC
JBIDKCHHMS, ITPAaBO MPOE3/ia U TeOMETPHUCCKUE XapaK-
TEPUCTUKH MOAXO0B. [IJIsl OIIEHKHN YCIIOBUH ABHKEHUS
MIPUMEHSINCh OHIAalH KaMepbl JIOPOKHOTO JIBUKEHHUS.
HccnenoBanust MpOBOANINCE B OObIUHBIC OyAHUE THU
(TIOHeeNbHUK, BTOPHUK W CPea) B YTPEHHHUN MTHKO-
BbI nepuog 7.00-9.00 u B 1HM pEeNUrHO3HBIX Mpas3i-
HUKOB B MUKOBEIH niepuoy 14.00—-16.00. Madopmarms
coOpaHa ¢ MOMOIIBI0 |5-MHHYTHBIX CEaHCOB 3aIHCH
JaHHBIX. MccnenoBaHus BBIIONHSINCE C UCIIONB30Ba-

Puc. 6. I[nan ropona Kep6Gena u rpanuimsl cexropa «Kep-

Ocna — babuiby» ¢ 30HaMu U PaCOJIOKCHUEM ITIaBHBIX YIJIUIL

Fig. 6. Karbala city plan and borders of the Karbala — Babil
sector featuring zones and the location of the main streets

Taou. 3. VcxonHble JaHHBIE 110 TPAHCIIOPTHBIM 30HaM cektopa «Kepbemna — badbuiby

Table 3. Input data on transport zones of the Karbala — Babil sector

30Ha Hacenenwue, TInomanp, KM? [IpoTsxeHHOCTH [InoTHOCTH HAcCEIEHHS, ITInotrocts YIIC,
Urban Yell. Area, sq. km VIC, kxm yeir./km? KM/KM?
zone Population, Road network, km Population density, Road network density,
people pers./sq./km km/sq. km
1 5,620 0,98 4,70 5,735 4,80
2 42,997 16,2 28,22 2,654 1,74
3 38,049 48,12 34,82 790 0,72
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HHUEM TporpamMmHoro obecreuenus Highway Capacity
System (HCS). Ilo pe3ynbraram mosydeHsl KapTorpaM-
MBI TPAHCHOPTHBIX M NACCAKUPCKUX ITOTOKOB (pHC. 7).

B talbn. 4 nmprBeneHs! YMCIeHHBIC 3HAYEHHS KO3 hH-
LIMEHTA 3arpy3KH k JUIs1 Kaxaoro ciydas. B 3aBucumoctn
OT 3Ha4eHUs k OBLT OTpe/IeNieH COOTBETCTBYIOIIHIIA YpO-
BeHb oOcimyxuBanus (LOS) /Uit OOBIYHBIX M PETUTHO3-
HBIX JTHEH.

ITo pesynabraTaM aHalu3a COOTHOLICHMs TpaHC-
MIOPTHOTO CIPOCa U TPEIIOKEHUS CACIaHbl CIEeTyI0-
1€ BBIBOJIBI:

1. dns 30ubr 1, HanbOonee OTU3KOH K MCTOPH-
YECKOMY IICHTpY, XapaKTepHa BBICOKas 3arpy3ka Kak
B OOBIUHBIC JHHU, TaK U B JHU PEIUTHO3HBIX MPA3THH-
KOB. B meproas! peluruo3HeIX Npa3JHUKOB CUTYalHs
CTaHOBHTCS HeyaosieTBopurensHoi — YJIC neperpy-

Bun Bun
MOOWITBHOCTH 3oHa 1 3oHa 2 3oHa 3 MOOHMITBHOCTH 3oHna 1 3ona 2 3oHa 3
Type Zone 1 Zone 2 Zone 3 Type Zone 1 Zone 2 Zone 3
of mobility of mobility
Ilemexos Iemexoast
Pedestrians Pedestrians
Tpancnopt Tpancnopt
Vehicles Vehicles

a

Puc. 7. KosddumenT 3arpy3ku k Uit pa3inyHbIX BUAOB TPAHCHIOPTA JUIS TPEX 30H: ¢ — OOBIYHBIC AHU; b — JHU PEIUTHO3-

HBIX IIPa3THUKOB

Fig. 7. Load coefficient £ for different means of transport in 3 urban zones: a — ordinary days; b — days of religious holidays

Tao6ua. 4. Pacuer koadpunmenta 3arpysku k£ YJIC B BoctouHoM cextope «Kepoena — baOuiib

Table 4. Calculation of load factor & of the road network in the eastern sector of the Karbala — Babil zone

Howmep 30851 Kﬁa(b(;pnupgciﬂ? 3arlf}f/31<g I;f IS BUJA MO?HHL;{.(;F:TH
Urban zone Buy ueid oad coeflicient £ for different types of mobility
number Types of days ermkom Tpancropr
Pedestrians Vehicles
1 OObIYHBIC THU 0,7 (D) 0,89 (E)
Ordinary days
Penuruosnsie quu >1 (F) >1 (F)
Days of religious holidays
2 OObIYHBIC THI 0,56 (D) 0,88 (E)
Ordinary days
Penurnosusie 1 0,95 (F) >1 (F)
Days of religious holidays
3 OObIYHBIC THI * 0,69 (D)
Ordinary days
Penuruosnsie quu 0,8* (D) >1 (F)
Days of religious holidays

Ipumeuanue: * 30Ha 3 — TeppUTOPHS YaCTHOU ycaneOHON 3aCTPOMKH ¢ HU3KOW WHTEHCHBHOCTHIO TPAH3UTHOTO JBIIKCHHUS

NICHIEX0J0B BCTPEIACTCA PEAKO. HCIHCXOI[HI)II\/'I TIOTOK MOABJISACTCS TOJIBKO BO BPEMS OCHOBHBIX PEJIMTUO3HBIX MepOHpI/IHTI/II\/'I.

Note: * Zone 3 is the area of private mansions; it seldom has intensive pedestrian traffic. Pedestrian flows emerge solely

on the days of major religious events.
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JKEHa, U YPOBEHb 00CITy>)KUBaHHS OLICHUBAETCS Kak F,
YTO IUKTYeT HEOOXOAUMOCTD €€ PEKOHCTPYKIHH.

2. Koadduument 3arpy3ku k miast 30HbI 2 B 00BIU-
HbIE JTHHU IS MEHIexXoa0B cocTasiseT 0,56, uTo moka-
3bIBAaeT YHOBJIECTBOPUTEIBHBIC YCIOBUS JABMKCHHUS IS
TIenexo/0B. Bo BpeMst pelMrino3HbIX Mpa3HUKOB CUTY-
allMsl CTAHOBUTCS HEYJOBJICTBOPUTEIBHOMN 32 CUYET Pe3-
KOT'O pOCTa MHTEHCUBHOCTH NEIIEXOHOI0 IOTOKA B Ha-
MIPaBJICHUN UCTOPHUYECKOTO eHTpa ropoxaa (k = 0,95).
KoadduumenT 3arpy3ku B 0ObIYHbBIC THU JJIsl YACTHBIX
aBTOMOOMJICH M OOIIECTBEHHOTO TPAHCIIOPTA BHICOKHUI
1 COOTBETCTBYET ypoBHIO obciyxuBanus E (k = 0,88),
YTO OOBSICHSIETCSI BBICOKOM IIOTHOCTBIO 3aCTPOMKH,
pacIioIOKEHHOM B TaHHOM 30He. TpaHCNOPTHAs CUTY-
alysl CTAaHOBUTCS HEYAOBICTBOPUTEILHON B JIHU PEITH-
THO3HBIX MTPA3HUKOB, KOI/IA IIPOITYCKHAS CIIOCOOHOCTh
MIPOE3KUX YacTel ucuepmsiBaetcs (k> 1, yposens F).

3. 30Ha 3 mpezcTaBisieT co00i TEPPUTOPHIO C TIpe-
obnaganneM ycaneOHOW YacTHOW 3aCTPONKH M HU3KHM
ypoBHeM pa3Butus Y/[C. B oObIuHBIC THU JBIKEHHE
TIEIIEX0J0B HEAaKTHBHO, HAIPABJICHHBIE TEIIEX0IHbIC
MOTOKU (OPMHUPYIOTCS TOJBKO B JTHH PEIUTHO3HBIX
MPa3HUKOB, YTO COOTBETCTBYET YAOBJICTBOPUTEILHOMY
ypoBHIO obcrykuBanust D. OCHOBHOH IpoOIeMOit sBIIs-
€TCsl HE CTOJIBKO MPOITYCKHAsi CIIOCOOHOCTH TPOTYapoB,
CKOJIBKO MIX HH3KO€ Ka4eCTBO — OTCYTCTBHE IOKPBITHIA,
Gr1aroycTpoicTBa, MHKEHEPHOTO 00ECIIeUCHUSL.

Ha puc. 8 mpencrasieHs! CBOAHBIE JAHHBIE TIO KO-
s ummenTam 3arpy3Ku TPAHCIIOPTHBIX U TEIIEXO/-
HBIX IIyTEH B pa3IMUHBIX 30HAaX TOPO/Ia B 3aBUCMOCTH
OT BU/Ia JIHSI — OOBIYHBIN WJIU NPa3AHUYHBIN.

Onenka paboTsl TpaHCIOPTHOH cucTeMbl KepOe-
JIBI TTO3BOJISIET PE3IOMUPOBATH:

Amnanus padotsr Y/IC ropona KepOena mokasai,
B HACTOsIIee BPEMs CHCTEMa TPaHCIIOPTHOTO 00ciIy-
KMBAHUsI OPHEHTHPOBAHA HA aBTOMOOMIIBHBIH JINYHBINA
TpaHcnopT. OTCYyTCTBUE OPraHU30BaHHON CUCTEMBI
[IaCCAKUPCKUX MEPEBO30K, HU3KUH YPOBEHb Pa3BUTHSA
TIEMIEXO0JHON U BEJIOTPAHCIIOPTHONW HH(PPACTPYKTYPHI
HE CBUJICTEJILCTBYIOT O HECOOTBETCTBHHU CYIIECTBYIO-
IUX YCJIOBUN NPUHIMIIAM YCTOWUHUBOIO Pa3BUTHSI.

Tpancnoprras cucrema KepOensl — HecOanancu-
pOBaHHasi: COOTHOIIIEHUE TPAHCIIOPTHOTO CIPOCca/Tpe-
JIOXKEHHUS COOTBETCTBYET YPOBHIO 00cCIyXHMBaHUS D
u GoJee, YTO TOBOPUT 00 MCUEPIIAHUH €€ IIPOITYCKHON
CIIOCOOHOCTH M HU3KOM Ka4yeCTBE pabOThI [0 OKA3aHUIO
TPAHCIOPTHBIX YCIIYT HACEJICHUIO U TOCTSIM TOpoJa.

Oco0eHHOCTBIO TOpOAa, 00IaIAIOIIETO PEIIUTH-
03HOH (YHKIMEH, CIYKUT 3HAYUTEIHHOE TOBBIIIC-
HHUE TPAH3UTHOH HArpy3KH TPAHCIIOPTA M IEIIEXO0B
B Ipa3aHU4HbIC THU. [ o0ecrieueHns: yCTOMIMBOCTH
paboThl TPAHCIIOPTHOI CHCTEMBI TPeOyeTCsl MPOEKTH-
poBaHHE THOKMX TUIAHUPOBOYHBIX PEIICHHUH, CIIOCO0-
HBIX a/IalITUPOBATHCS K PA3IMUHBIM yCIOBHUSIM.

SJAKJITIOYEHHUE U OBCYXIAEHUE

OmnperneneHne COOTHOLICHUS TPAaHCIIOPTHOTO CIIPO-
ca U MpeIoKeHMs MyTeM pacdera KodppHuIrueHTa 3a-

3ona 1/ Zone |

Tpancnopr
Vehicles

Tlemmexomp!

Pedestrians

0 0,5 1
Koaddunnment 3arpysku (k) / Load factor (k)

Bupx mobmnesHOCTH / Type of mobility

OOBIYHBIH J€Hb V/C
typical day v/c

HPa3(HAYHbBIN JIEHb V/C
holiday v/c

3ona 2 / Zone 2
Tpancnopr
Tlemexompt
Pedestrians

0 0,5 1

Koadduunment 3arpysku (k) / Load factor (k)

Bupx mobuneHOCTH / Type of mobility

OOBIYHBIN JIEHb V/C
typical day v/c

MPa3IHAYHbINA JeHb V/C
holiday v/c

3ona 3/ Zone 3

Trocror |

Vehicles

TTemexompt
Pedestrians

0,5 1

(=]

Koadduuunent 3arpysku (k) / Load factor (k)

Bun mobumsaOCTH / Type of mobility

OOBIYHBIN JIEHb V/C
typical day v/c

Mpa3AHUYHbINA J1EHb V/C
holiday v/c

Puc. 8. CooTHOmEHNE TPAHCTIOPTHOTO CHPOCA/TIPEATIOKEHHS
JUTSL [JIABHOTO BOCTOYHOTO BXOZIa B OOBIYHBIC THU U B PEITUTH-
O3HBIE MPA3THUKH

Fig. 8. The ratio of transport demand/supply for the main east-
ern entrance on ordinary days and days of religious holidays

TPY3KH TPaHCIIOPTHON MH(PACTPYKTYPHI M YPOBHS 00-
ciykuBanust LOS siBisieTcst pa3yMHBIM ITOJIXOIOM JUIsI
OLICHKU CHCTEMBI TPAHCTIOPTHOTO OOCITYKUBAHHS, B TOM
YHcIie M B TOPOJIaX, 0OTaJaroIInX PEIUTHO3HOW (PyHK-
nueit. MccnenoBanue MOATBEPKAaeT HEOOXOIMMOCTD
(dbopMHupOBaHUS THOKHX IUTAHMPOBOYHBIX PEHICHUH,
TI03BOJISTIOLINX A1AITHPOBATh UMEIOLIYIOCS TPAHCIOPT-
Hyt0 nHppacTpykTypy YIC B 3aBUCHMOCTH OT CIIpoca
B OOBIUHBIC W TIpa3HUYHBIE AHU. B mponomxenue u3-
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YYCHUS JAHHOTO BOIPOCA BO3HHUKACT MOTPEOHOCTH
B pa3pabOTKe THMOBBIX THOKMX PENICHHUH IJIsi TOPOI-
CKUX YIHII B 3aBUCHMOCTH OT T'Paf0CTPOUTEIBHBIX yC-
JIOBUH: yIalleHHs OT IICHTPa TOPOJIa, TUMA U TUIOTHOCTH
3aCTPOUKH, 0COOCHHOCTEH MOABUKHOCTH HACEIICHHSI.

Takxe BaXHO BHEJAPEHUE COBPEMEHHBIX TEHJEHLIMM
OPHEHTALUH Ha TTACCAKUPCKHUE BUJIBI TPAHCTIOPTA U Pa3-
BUTHE aKTHBHOW MOOMIFHOCTH, YTO JaCT BOSMOKHOCTh
o0ecneunTh yCTOMYMBOE Pa3BUTHE TOPOJIA U €T0 TPAHC-
TIOPTHOM CUCTEMBI.
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3ammTa CTPOUTEJbHBIX MATEPHUAJIOB OT OMONOBPEKACHUS

Enena AnaroiabeBHa [lonnxuna, Exarepuna Cepreesna Tpemnosa,

Caetiiana CepreeBHa Xa3oBa
Poccuiickas nayuonanvnas oubnuomexa (PHB); 2. Cankm-Ilemepbype, Poccus

AHHOTALUNA

BeepgeHue. Ouyary GUMONorMyecknx NOBPEXAEHN MOTYT NPUBOANTL K YXYALLIEHUIO 3KCNIyaTaLMOHHbIX XapakTepUCTHK, MNo-
BPEXOEHWIO U Pa3PYLUEHNIO CTPOUTESNBHbLIX U OTAENOYHbIX MaTepuanoB. MNpeacTaBneHbl pesynsratbl 06cnenoBaHms 0bpas-
LIOB KMPMMYHOW KraKku 1 06n1LOBKY NMPOMBILLIIEHHOO 34aHus CO criefamu GronoBpexaeHuin.

MaTtepuansbl u meToabl. 3apaXeHHOCTb MaTepuarnoB BbisiBNsnu metogom Koxa. OueHky addekTMBHOCT B1MoLmnaoB npo-
BOAWIU ANCKO-ANDY3NOHHBIM METOAOM B MOoAMMKaLMM onpeaeneHunst yHrMuuaHoro AencTBrs, MyTeM HAHECEHWS aHTW-
CEenTMKOB Ha 06pa3ubl MOBPEXAEHHbLIX CTPOUTENbHBIX MaTepuarnoB C NocrneayoLwmmM yCTaHOBIIEHMEM KONMUYECTBA XU3He-
CNoCcoBHbIX MUKPOOPraHM3MoB B MaTepuane n 06paboTkon NoBpeXAEHHbIX CTPOUTENbHBIX KOHCTPYKLMIA C NOCREAYHOLWNM
KOHTPOMeM CofepXXaHUsi MUKPOOPraHM3MOB Ha UX MOBEPXHOCTW.

Pesynbrathl. Viccnegosanu 10 06pasLoB KMPNUYHOW KNagkv U 06nmULIOBKM Hapy>XHbIX CTEH NMPOMBILLNIEHHOTO 34aHus, pe-
rynsipHO MoABepraroLLerocsi NOCTYMEHNIO TPYHTOBbLIX BOA, U CKOMMIEHUIO BAarn Ha ropu3oHTarnbHbIX MOBEPXHOCTSAX KPbILL
nocre cunbHbIx goxaen. O6pasubl oToupanu Ha y4acTkax ¢ TBepAbIMU HaneTaMu, KoTopble NPEANONOXUTENBHO ABAANMCH
CTPYKTypamu GUONOrMyeckoro xapakrepa. BeiceBbl Ha NUTATENbHYO Cpealy Nokasasnu, YTO COAePXKaHUe XU3HECNOCOOHbIX
MUWKPOOPraHn3mMoB BO BCEX UCCredoBaHHbIX 0bpasuax CTpoWTENbHbIX MaTepuanoB MpeBbillano AOMYCTUMOe 3HavyeHue,
4YTO CBUAETENbCTBOBANO 06 akTMBHOM MpOTekaHuM npouecca GuogecTpykumn. OnpegeneHa yCToMuYMBOCTb BblAENEHHbIX
LUTAMMOB MUKPOCKOMUYECKMX rpMBOB K BroLmaHsIM npenapaTtam, OCHOBHbLIM AEeNCTBYOLLUM BELLECTBOM KOTOPLIX SABMSAOTCS
pasnuyHble NPOU3BOAHbIE N30TUA30MOHA.

BbiBoabl. 13 06pa3L0oB MaTepmanoB KOHCTPYKLMIA 13 KUpNUYa U OTAENOYHbIX MaTepuanoB BblAeNeHbl MUKPOCKOMUYecKue
rpmbbl, HEKOTOPbIE U3 HUX OTHOCSITCS K KAaTEropusiM «arpeccuBHbIE» U «OYEHb arpeccuBHbIe» G1UoaecTpykTopsbl. B kayecTse
AHTUCENTUKOB ANsi OE3UMH(EKLMOHHOM 06paboTkM BUONornyeckux MNOBPEXAEHUA CTPOUTENbHbIX MaTepuarioB PEKOMEH-
OyeTcs Mcnonb3oBath Guoumnabl, KOTopble NPUCYTCTBYIOT Ha PbIHKE M paHee XopoLlo 3apekomeHaoBanu cebs: CaHaTekc,
Macrosept, Rocima GT, Rocima 243, Neomid 440 Eco.
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ABSTRACT

Introduction. The foci of biological damage can lead to destruction of building materials. The paper presents the results of
an examination of samples of brickwork and cladding of an industrial building with traces of biological damage.

Materials and methods. The contamination of materials was identified using the Koch method. The effectiveness of biocides
was evaluated using the disk diffusion method, namely, its modification applied to identify the fungicidal activity by adding
antiseptics to samples of damaged building materials, identifying the number of viable microorganisms in the material,
processing damaged building structures and monitoring the microorganisms on their surfaces.

Results. The number of viable microorganisms in the studied samples of building materials exceeded the acceptable value,
which evidences the process of biodegradation. The resistance of isolated strains of fungi to biocides, that have various
derivatives of isothiazolone as the main active ingredient, was determined.

Conclusions. Sanatex, Macrosept, Rocima GT, Rocima 243, Neomid 440 Eco can be recommended for the disinfection
treatment of biologically damaged building materials.
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BBEJEHUE

Ouary OMOIOTHYECKUX TIOBPEXKICHUH CTPONUTEIb-
HBIX ¥ OT/AEJIOYHBIX MAaTepUaIOB MPH IKCIUTyaTallun
31aHUM U COOPYKEHUH BO3HHUKAIOT M3-3a MPOTEUYEK
KPOBIIH, TPOHUKHOBEHUS BJIATH Yepe3 Orpakaarolne
KOHCTPYKIMH, HApACTaHHUsl KYJIBTYPHOTO CJI0SI BOKPYT
(yHIaMEHTOB U CTEH, HapyIICHHS THAPOM30JISIIH, He-
Ka4eCTBEHHBIX BOJAOCTOKOB M OTMOCTKOB, BBIBEJCHHUS
13 CTPOSI BEHTUJISIIMOHHBIX KaHAJIOB U JIPEHAKHBIX
cucreM [1-3]. Takum 3naHUsIM HEOOXOIUM OHOIOTHYC-
CKHUH KOHTPOJIb U aHAJIM3 TIOBEPXHOCTH CTPOUTEIBHBIX
MaTepuanoB [4—6], MOCKOIbKY MUKPOCKOIIUYECKUE IPU-
051, oOmagast pa3sHOOOPAa3HBIMHU THIIAMHA METa00IHM3Ma,
CIOCOOHBI Pa3BUBATHCS HA TOBEPXHOCTH OOJIBIIMHCTBA
MaTepHaJIoB U PE3KO YXYAIIaTh UX HKCIUTyaTalllOHHBIE
xapakTepuctuku [7-10].

Kpome nuarHocTnkn OMOIOTHYECKOW KOPPO3HH,
OJTHAM M3 IIPOIECCOB CAHAINH CITY’KUT 00paboTKa KOH-
CTPYKIMH OMOLMIHBIM MPEHapaToM U MPOU3BOACTBO
OT/ICJIOUHBIX PabOT C MCIOJIB30BAHUEM aHTHUCETITHKOB
[11, 12]. CBoeBpeMeHHOE Havamo paboT Mo ycTpaHe-
HUIO UCTOYHMKA BJIATH, a TaKXKe TPAMOTHBIM moa0op
3¢ GEKTUBHBIX OHOLMAOB — 3aJIOT YCHEIIHBIX Pe3yihb-
TaTOB I10 JIMKBUAALNUHK OnomnoBpexaeHus [13].

MATEPHUAJIBI U METO/JbI

B manHoit pabdore nccnemoBanu 10 00pa3moB Kup-
MAYHOHN KJIaJKU U OONUIIOBKH HAPYXKHBIX CTEH IIPO-
MBIIUICHHOTO 37]aHUs, PEryISIPHO MOABEPTraloIIeToCs
MOCTYIUICHUIO TPYHTOBBIX BOJ M CKOIJICHUIO BJaru
HA FOPU30HTAJIBHBIX TOBEPXHOCTSX KPBILI ITOCJIE CUIIb-
HBIX Aokaei. OOpa3ipl oTOUpay Ha y9acTKax ¢ TBep-
JIBIMHU HaJIETaMH, KOTOPbIE IPEANOI0KHUTEIBHO SIBIISI-
JIMCh CTPYKTypaMu OUOJIOTHUECKOTO XapaKkTepa.

3apaXeHHOCTb ONPEEIISIM BHICEBOM CYCIIEH3UH,
MIPUTOTOBJIEHHON U3 pacdera | r marepuana Ha 100 mn
JUCTUIIIIMPOBAHHON BOJBI, HA TBEPAYIO MUTATEILHYIO
cpeny Yaneka-/lokca B wamkax [lerpu (meton Koxa).
CycCIeH310 paBHOMEPHO paclpeessif LInaTeaeM
Jpuraibckoro 1o noBepxHocTu. IHKyOupoBaHue mpo-
BOJUIIU B TepMocTare mpu temneparype 29+2 °C. Uepes
7-9 CyTOK OCYIIECTBIISIIH TTOICUET BBIPOCIINX KOJIOHHUN
1 MEPECUYUTHIBAIN HA KOJIMYECTBO MHUKPOOPTraHH3MOB
B | r uccienyemoro marepuaia. Copepxanue Ku3He-
criocoOHbIX MuKpoopranusmoB mMeHee 1000 KOE/ r
Marepuaia CUUTAETCs YIOBIETBOPUTEIbHBIM [ 14]. Jlist
Ka4eCTBEHHON OIEHKHU 3apa)kKEHHOCTH HCIIOIb30BaIN
METOJI IPSMOTO BBICEBA 00PA3IIOB HAa TOBEPXHOCTH ITH-
TaresbHON cpeabl Yaneka-/lokca.

Wnentuduxanuio BbIEICHHBIX MHKPOMHIIETOB
BBINOJTHSIM HA OCHOBE UX MOP(OIIOTO-KYJIbTYpaIbHBIX
0co0eHHOCTeH ¢ moMoIbi0 MUKpockona Leica, mpu-
MEHSISI OIIPEICITUTEN OTEUECTBEHHBIX U 3apyOeIKHBIX
aBTopoB [15-20]. HaumeHoBaHMsI TAKCOHOB MPEICTAB-
JICHbI B COOTBETCTBHHM C DICKTPOHHOHN 0a30i JaHHBIX
B 00J1aCTH MHUKOJOTHYECKON HOMEHKJaTyphl Index
Fungorum.

OyiHa U3 aKTHUBHO UCITOJIB3YIONIMXCS M XOPOIIO 3a-
PEKOMEH/IOBABILINX ceOs TPYIIT OMOINIOB B HACTOSIIIEE
BpEMsI — 3TO HpEnaparsl, B COCTaB KOTOPBIX BXOMAT
MIPOU3BOJHBIC HA OCHOBE M30THA30J1a, COUCTAIOIINE
XOpolue OUOIHMIHBIE CBOMCTBA C OTHOCUTEIHLHOMN Ma-
JI0# TokCcM4HOCTBIO [21, 22]. Cpeau npeacTaBIeHHbBIX
Ha PBIHKE MapOK MPEIapaToB, COACPIKAIINX B KaUeCTBE
OCHOBHOTO JICHCTBYIOIIETO areHTa N30THA30J HIIH €TO
MIPOU3BO/IHbIE, HA0O0IEe U3BECTHBI, JIETKONOCTYITHBI
caenyromue: Canarexc YHupepcana (OOO «Tuxky-
puna»), Macrosept (Tury Valo), Rocima GT (Dow
Chemical Company), Rocima 243 (Dow Chemical
Company), Neomid 440 Eco (OOO «Heoxum»), cpea-
CTBO OT miecenu koHueHTpar Neomid Home Series 1:1
(OO0 «Heoxum»). IIpenapatsr Canatekc YHuBepcal,
Macrosept, Neomid 440 Eco u Neomid Home Series
WCCIIEIOBAIA B KOHIIEHTPALMSIX, PEKOMEHJOBAaHHBIX CO-
OTBETCTBYIOLIMMHU MIPOM3BOANTENIMH. KoHIIeHTpanmn
npenaparoB rpymmsl Rocima BbIOMpaiyu U3 npakrude-
CKOT'O OIBITA UX MCIIOJIB30BAHUS TSI 00PaOOTKH CTPO-
UTEIbHBIX KOHCTPYKLHUH, BBUYy OTCYTCTBHS PEKOMEH-
Januii MpOU3BOIUTEIIS.

Jlns1 BBIABIIEHUS. yCTOMYMBOCTH MHUKPOCKOIIMYE-
CKHX I'pUOOB, BBIICJICHHBIX U3 HCCIEAYEMBIX CTPO-
UTEIBbHBIX MaTepHasioB, K OMOLMIHBIM Mpenaparam
MIPUMEHSUIN JTUCKO- B GYy3nOoHHBIH MeTon [23] B Mo-
TUGUKALUN ONpeneNeHusT GYHTUIIUAHOTO NeHCTBUs!,
Ha noBepxHocTh TBEpIOM NUTATENBbHOM cpe/bl Yareka-
Joxkca B yamkax Ilerpu HaHOCKIM CYCIIEH3UIO CIIOP MU-
KPOMHMIIETOB C KOHIIeHTpanuen 0,2 MiIH criop/mi1, 3aTeM
Ha ITOBEPXHOCTD 3apaKEHHOM CPEebl TOMEali JUCKA
(¢UIBTPOBANEHON Oymaru, IpONUTAHHBIE OHOIMIAMHU
B COOTBETCTBYIOIIMX KOHILIEHTpauusx. HKyOuposanu
B TeueHue 14 cytok mpu Temneparype 29+2 °C, nocie
Yero MpOBOJIMIM W3MEPEHHE 30Hbl YTHETCHHS pOCTa
rprOOB (30HAa HHTUOMPOBAHMUS), KOTOPYIO ONPEICIISITH
Kak Cpe/lHee PacCTOsHKUE OT Kpasi 00pasia 0 TpaHHIIbI
pocTa MUKPOMHIIETOB. B KauecTBe KOHTPOJISI YUCTOTHI
9KCIIEPUMEHTA HCIIOIb30BAIMCH HE 00paboTaHHbIE Mpe-
naparamu OyMaskKHbIE JIHCKH.

D PeKkTUBHOCTh 00paOOTKU OMOIUIHBIMHA TIpe-
napaTaMy, IPOSBUBIIMMHU CIIOCOOHOCTH yrHETATh
pa3BUTHE MUKPOMHUIICTOB, BBIJCICHHBIX paHee U3 I0-
BPEX/ICHHBIX CTPOUTEIBbHBIX MAaTEPUAJIOB, KOHTPOIUPO-
BayM nipu oMoty 6akmegarok RIDA®STAMP YM-P
CO CTEPHJIbHOM MUTATEIbHOU CPeNoH, IPUTOJHOM AJIst
pocta apoxoked u rpudoB. [TpoOb1 oTOMpanu kKak 1o,
TakK ¥ M0CJie HAHECCHUS aHTHCENTHKA Ha TOBEPXHOCTh
orpaxxiaromiell KOHCTPYKIIUK TPU ITOMOIIU PACIIBIIH-
teist. MHKyOupoBaHne MpOBOMWIN TIPU TEMIIepaType
2942 °C B TeueHne 2—5 CyTOK, ITOCIIE YeTO yCTaHABIH-
BaJIM KOJIMYECTBO BBIPOCIINX KOJIOHUI Ha TIOBEPXHOCTH

'TOCT 9.050-75. Eaunas cuctema 3ailuThl OT KOPPO3HH
u ctapeHus. [lokpeITus NTakokpacoyHsle. MeToasl 1abopa-
TOPHBIX UCIBITAHUI HA YCTOWYMBOCTD K BO3JEHCTBHIO ILIEC-
HeBBIX TpuboB. M., 1975. 7 c.
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MUTATEIbHON Cpe/ibl B OaKneyaTke M IepecunThIBAIN
nony4yeHHoe 3Hauenne Ha KOE/nqM? moBepxHOCTH.

PE3YJIBTATBI HCCJIEJOBAHNA

O6cnenoBany 00pasibl KUPITUYHOM KIIQAKH, Kpa-
COYHOI'0 CJIOSl M OOIIMBKY 31aHMs, Ha MOBEPXHOCTH
KOTOPBIX 00HAPY>KEHbI HAJIEThI YepHOTO IBeTa (puc. 1),
TaKke oTOMpasu MpoObl C y4acTKOB MOBEPXHOCTH

b

Puc. 1. [Ipumepsl MOBPEKICHHBIX YYaCTKOB 00CIIETyeMbIX
KOHCTPYKIMH

Fig. 1. Examples of damaged sites examined constructions
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CTPOUTENIBHBIX KOHCTPYKIUI OKOJIO OCHOBaHUS 37a-
HUSI, HA KOTOPBIX OBLIM BUIHBI MOBPEXKICHUS B BUJIC
OTCJIOCHHUSI, PACTPECKUBAHMS M BCITy4YHBAHHS KPacod-
HOTO CJIOSL.

Coracuo CIT 28.13330.2017 (3ammra CTpoUTEIh-
HBIX KOHCTPYKLHM, 31aHUI U COOpYKEHUH OT arpec-
CHUBHBIX XUMHUYECKUX U OHOJIOTMYSCKHX BO3ACHCTBUI
OKpY’KaloIIel cpeibl), HapyKHBIM CTPOUTENIBHBIM KOH-
CTPYKIUSIM U OTJCIIOYHBIM MaTepuagam 37aHus pH-
cBoeHa | cTeneHs OMOMOBPEKACHHUS — MOBEPXHOCT-
HBIH IJIECHEBBII HaJIET 0€3 BUIAMMOTO HOBPEXKICHUSI.

C menpio 0OHApYXEeHHA B Ipode rpulHOH ONOTHI
COCKOOBI CTPOMTENIEHOTO MaTepHuaa, CHITBIE C y4acT-
KOB C BUJIMMBIMHU HaJI€TAMHU, [TOABEPraid MUKPOCKOITHU-
POBaHHMIO: ISl ATOTO WX TPEIBAPUTEIBHO BbIJICPKHUBa-
mu 10 muHyT B 1%-HOM pacTBOpe r'MAPOKCHIA HATPUS
Y MOAKPAIIUBAIA METUICHOBBIM CHHHUM JUIsl yBEJIHUe-
HUSI KOHTPACTHOCTH CTPYKTyp. B OonpmmHcTBE ana-
JIU3UPYEMBIX TIPOO B 3HAYUTEILHOM KOJHUYECTBE MPH-
CYTCTBOBAJIU ILIAPOBH/IHBIE TEMHOOKPALIEHHBIE CIIOPBI
4-4,5 Mxm B quameTpe (puc. 2).

[Tpu ompeneneHun 3apa)yKCHHOCTH MaTEepPHAOB
CTPOUTEIILHBIX KOHCTPYKLUH 3/1aHHSI BBICEBOM CYCIICH-
3un 1o Metoay Koxa uepe3 ceMb CyTOK KyJIBTHBHPO-
BaHUs B yamkax [lerpn HaGmronancs akTUBHBIA pOCT
MHKPOOPTaHU3MOB, YTO CBUJCTEILCTBYET 00 MX KH3-
HecrnocoOHOCTH. PesyabraTsl MEKPOOHOIOTHYECKOTO
aHajM3a 00pa3IoB MPEACTaBICHbI B TA0M. 1.

KonnuecTBO KU3HECTTOCOOHBIX MUKPOOPTAaHU3-
MOB, 0OHapy»XeHHOE B 00pa3Iax CTPOUTEIbHBIX KOH-
CTPYKLHMH ¥ MaTepHalioB 3/1aHusl, MPEBBILIANO JOMY-
cTuMoe 3HadeHue B 12-287 pa3 u CBUIETENHCTBOBANIO
00 aKTUBHOM MPOTEKAHHUU MpoIiecca OUOACCTPYKIUH.
KosnruecTBo 6akTepuii MPEeBhIIIAIO0 KOJHYECTBO TPH-
00B B cpeHEM B 38 pas3, 9TO KOCBEHHO CBH/ICTEIBCTBY-
€T O BBICOKOH BJIaXXHOCTH KOHCTpykuui. Konnuectso
MHUKPOMHIIETOB B BOCBMH M3 JIECSITH IPOO MPEBBIIIAIIO0
HOpMaTHBHBIE 3Ha4eHU B 1,5—11 pas, a B mpode No 5 —
B 114 pa3 (tabm. 1).

N3 06pa3noB CTPOUTEIBHBIX MaTepuajoB BBI-
JIeJIEHbI MUKPOMUIIETHI 23 BHJIOB, OTHOCSIIHECS K 12
ponam: Acremonium rutilum W. Gams, Alternaria al-
ternata (Fr.) Keissl, Alternaria consortialis (Thiim.)
J.W. Groves & S. Hughes, Backusella lamprospora
(Lendn.) Benny & R.K. Benj., Aspergillus flavus Link,
Aspergillus niger Tiegh., Chaetomium globosum Kunze,
Fusarium sporotrichioides Sherb., Mucor plumbeus
Bonord., Penicillium aurantiogriseum Dierckx, Peni-
cillium chrysogenum Thom, Penicillium commune
Thom, Penicillium granulatum Bainier, Penicillium la-
nosum Westling, Penicillium oxalicum Currie & Thom,
Penicillium purpurogenum Stoll, Penicillium roqueforti
Thom, Penicillium solitum Westling, Sarocladium stric-
tum (W. Gams) Summerb., Talaromyces funiculosus
(Thom) Samson, Talaromyces ruber (Stoll) N. Yilmaz,
Houbraken, Frisvad & Samson, Rhizopus stolonifer
(Ehrenb.) Vuill., Trichoderma viride Pers.
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Puc. 2. Criopsl rpu6oB, 00HApY)KEHHBIE TP MUKPOCKOIIHPO-

BaHUH YEPHBIX HaIeTOB (400x)

Fig. 2. Fungal spores detected by the microscopy (400x)
of the black fur

TakcoHOMIUECKAsI CTPYKTYpa IPUBE/ICHA B Ta0M. 2.
Ber1ienieHHbIC MUKPOMHUIICTB OTHOCHITUCH K JIBYM OT/IC-
nam: Mucoromycetes u Ascomycota. Otnen Ascomycota
SIBJISICS. TUAMPYIOIIUM M HacuuThiBall 88 % Bcero Bu-
JIOBOTO 0OrarcTBa MUKPOMHUIICTOB. HanOonbmim Bu-
JIOBBIM OOraTCTBOM OTIHMYAJICS Kiace Eurotiomycetes,
JIOJIS TIpeICTaBUTENIEH OT OOIIEero Ynciia BU/IOB B OT/ENe
Ascomycota coctapnsina 67 %.

CpenHee 4uCIIO POJIOB B COCTAaBE ceMmeiicTBa —
1,7. KoaddunumeHT cpenneldl BUIOBOI HACHIIEHHO-
ctu pona coctaBui 2,0. JIugepom B CrieKTpe BUIOBO-
ro dorarctBa siBisieTcs pox Penicillium: KOTU4eCTBO
ero npeacrasureneit — 31 %. [IpencraBureneii pona
Aspergillus — 25 %, N07s OCTaIbHBIX POJIOB BapbU-
poBanack oT 5 10 13 % Bcero BHIOBOTO OorarcTaa
(puc. 3).

Cpeny KOHTAMHUHAHTOB CTPOUTEIBHBIX MaTepHa-
JIOB 00CJIEIOBAaHHOTO 371aHKsI OOHAPYKEHBI CEMb BUIOB,

Ta6a. 1. BapaxxeHHOCTh 00pa3LOB cTpouTeNbHBIX Martepuaios, KOE/r

Table 1. Fungi and bacteria in samples of construction materials, CFU/g
Homep KonnyectBo MukpoopranuzmMoB B 1 r matepuana
1po6bI MecTo 0160pa mpo6bI Microorganisms in 1 g of the material
Sample Sampling location
No. Ooree Bakrepuit I'pubos
Total Bacteria Fungi
1 Kuprrinas iraxa 12 100 10 800 1300
Brickwork
) MeTananieCKaﬂ JIECTHUIIA 48 600 40 800 7300
Metal stairs
Kpacounstit cioii
3 y ¢yHIameHTa 274 700 272 000 2700
Paint layer at the foundation
Kpacounslit croii
4 y dyHIamMeHTa 43 300 41 200 2100
Paint layer at the foundation
5 Kupririia 1crajia 286 800 172 400 114 400
Brickwork
Kupnununas kiazka okoso
6 KOHMIHOHCPA 141 400 140 000 1400
Brickwork near the air
conditioner
7 OOmmBKa HaJl ICCTHULICH 77900 76 800 1100
Sheathing above the stairs
Kpacounslii cioii
8 y dynnamenra 96 400 94 400 2000
Paint layer at the foundation
9 Kuprurias iorazica 12200 11 600 600
Brickwork
1o | QOumpiayoxua 99 400 88 800 10 600
Window trim
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Ocranbnsie / Other

Mucor 13%
5%

Fusarium
8%

Talaromyces
5%
Penicillium
31 %

Alternaria

13 %

Aspergillus
25%

Puc. 3. lons posioB MUKpoMHLETOB (%) CTPOUTEIIBHBIX MaTepUAIIOB

Fig. 3. The share of micromycetes genera (%) isolated from construction materials

OTHOCSIIIIUECS K KaTETOPUSIM «arpeCcCHBHBIC) U «OYECHb
arpeccUBHbBIE» OMOAECTPYKTOPHI PA3IMYHBIX MaTepua-
1oB connmacHo CIT 28.13330.2017: Alternaria alternata,
Aspergillus flavus, Aspergillus niger, Chaetomium glo-
bosum, Penicillium chrysogenum, Penicillium oxalicum
u Trichoderma viride. JloMAHUPYTONTHIA BUT Ha TAHHOM
o0bekTe — A. niger ¢ yactotol BcTpeuaemocTH 80.
Buasl mukpomunetoB A. alternata, Fusarium sporo-
trichiella w Penicillium aurantiogriseum OTHECCHBI
K 4acTO BCTPEYAIOLIMMCSI BUJIaM C YaCTOTOM BCTpedae-

MocTH — 30. OcTanbHble BUIBI OXapaKTepH30BaIH KakK
pelKue ¢ yacToTol BcTpedaeMoct MeHee 20.

OTOOp OMOIM/THBIX MPENaPaTOB MPOBOAMIH JIUC-
KO-1M((Hy3NOHHBIM METOJOM, KOTOPBIH TEXHOJIOTH-
YECKHU MPOCT U JIaeT XOPOUIO BOCIPOU3BOAUMBIE pe-
3yJnbTaThl. B KauecTBe TECT-KYJIbTYp HMCIOJIb30BAIN
arpeccUBHBIC U OYEHb arpeCCUBHBIE IITAMMbI MHKPO-
MHIETOB, BBIJEJICHHbIC U3 3apaKEHHBIX MaTepUaJIOB
KHUPIUYHOHN KJIQJKU M OOJIMIIOBKH.

TecTupoBanue OMOIMIHBIX PENAPATOB IT0KA3aJI0
TIOJIHOE OTCYTCTBHE Pa3BUTHSI MUKPOMHIIETOB B YallIKax

Taou. 2. TakcoHOMUYECKasi CTPYKTypa MUKOOHOTBI CTPOUTEIBHBIX MaTePHATIOB

Table 2. Taxonomic structure of the mycobiota isolated from construction materials

Knace Topsmox
Classis Ordo

CemelicTBO Pon
Familia Genus

Mucoromycota

Mucoromycetes Mucorales

Mucor

Mucoraceae
Backusella

Rhizopodaceae Rhizopus

Ascomycota

Dothideomycetes Pleosporales

Pleosporaceae Alternaria

Eurotiomycetes Eurotiales

Aspergillus

Aspergillaceae Penicillium

Talaromyces

Hypocreales
Sordariomycetes

Acremonium

Hypocreaceae Sarocladium

Trichoderma

Nectriaceae Fusarium
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[lerpu ¢ GymMa)XHBIMHU IUCKaMH, 0OpabOTaHHBIMU TIpe-
naparamu Neomid 440 Eco u Rocima 243. uddyzus
B arapu3oBaHHyI0 cpeny mnpemnaparoB Rocima GT, Ca-
HaTekc YHuBepcasl U Macrosept npoucxonuia B MEHb-
et CTENeH!, U CIIeI0BAaTEIbHO, 30Ha HHIMOMPOBaHUS
pocTta MeHee BBIpaxkeHa: oT 15 mo 25 MM (tabm. 3).
Cpenctso ot mnecern Neomid Home Series He oxaza-
JI0 HUKAKOTO MHTHOMPYIONIETO NeHCTBUS HA Pa3BUTHE
rpubOB: 30Ha HHIMOWPOBAHUS OTCYTCTBOBANA, HAOIIO-
JIaJicst pOCT Ha BCEH MOBEPXHOCTH OyMa)XHOTO 0Opasia.
KoHTponbHEIE 00pa3isl 6e3 00padOTKH aHTHCEITHKOM
TaK)Ke MOKPBITHI CIIOPOHOCSAIINM MUIEINEM IpuOOB,
1 30Ha 33JIEP’KKU UX POCTa OTCYTCTBOBAJIA.

Takum oOpa3zom, TUCKO-TU(PHY3UOHHBIH METO
Jlall BO3MOXKHOCTh OTOOpaTh MSATh OMOLMAHBIX Mpemna-
paroB, o0IagaIMKUX OUOIUIHBIM JASHCTBHEM MO OT-
HOIIIEHHUIO K arPeCCUBHBIM M OYCHb arpeCCUBHBIM MH-
KPOMHIIETaM-0MOIeCTPYKTOpPaM I TIOCIEAYIOIIEro
TecTupoBaHus dpdexkruBHOCcTH: CaHaTekc YHHBEp-
can, Macrosept, Rocima GT, Rocima 243 u Neomid
440 Eco. [dust mpogomKCeHNUS UCIBITAHUN OBUTH BBI-
Opanbl 00pa3ip! kupnuya (Ne 5, Tadn. 1) u oOmMBKH
(Ne 10, Tabmn. 1), oroOpaHHbIE HA YYAaCTKaX C TBEPABIMA
HaJIETAaMH M COJEepIKaIINe MAaKCUMAJIbHOE KOJIMYECTBO
MUKpOMUIEeTOB. OOpasiipl 00padbaThiBaIl pacTBOPaAMHU

6I/IOI_II/II[OB IIpyu IOMOIIU PACHBIIIUTEIIA, BBICYHIUBAJIN,

Ta6a. 3. Onpenenenye 3(pGEKTHBHOCTH OMOIMIOB 110 OTHOLICHHIO K arpeCCHBHBIM OHOAECTPYKTOpaM

Table 3. Identification of the biocide efficacy against aggressive biodestructors

YcpenHeHHOE 3HaYECHIE 30HBI HHTHOUPOBAHUS
Ha3zBanwue npemnapara Konnenrpamus npemnapara, % pocra rpuboB, MM
Biocide Biocide concentration, % The average value of the fungal growth zone
inhibition, mm
Canarekc YHI'/IBepcaJ'I 100 25
Sanatex Universal
Macrosept 100 15
Rocima GT 20 20
Rocima 243 10 35
Neomid 440 Eco 10 35
Konnenrpar Neomid Home Series 1:1
(000 «Heoxumy) 50 0
Concentrate Neomid Home Series 1:1
KonTpons - 0
Control

Ta6a. 4. KonnuecTBo MUKPOOPraHM3MOB B CTPOUTENIBHBIX MaTeprajax nocie 00paboTKH UX OHOLMIHBIMHU IpenapaTaMu

Table 4. The number microorganisms in construction materials after the biocide treatment

Marepuan
Material
Kuprng (Ne 5, tabm. 1) Oo6mmBka (Ne 10, Tabm. 1)
Brick (No. 5, table 1) Sheathing (No. 10, table 1)
HasBanue npenapara
Biocide KomnmuectBo KonmnuectBo
SaKTepii Konnuectso rpubos SaKcTenii KonnuectBo rpubos,
KTCPHH, KOE/L, KTCPHH, KOE/r
KOE/r L. KOE/r L
Number of fungi, - . Number of fungi,
Number of CFU/e Number of bacteria, CFU/e
bacteria, CFU/g e CFU/g &
Canatexe Yinpepcar 4010 700 4,1-10¢ 800
Sanatex Universal
Macrosept 8,8 - 10% 0 7,1 -10* 200
Rocima GT 1,0 <107 0 1,7 -10° 0
Rocima 243 1,0 -107 0 1,3-10° 400
Neomid 440 Eco 1,0 <107 0 1,4 -10° 0
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MOCJIE Yero ONpPE/eIIsUIN COJepKaHuEe MUKPOOPTaHH3-
MOB B 00paboTaHHBIX 00pa3iax mo meroay Koxa.

Hcnonp3oBanme OMONHUIOB B OONBITHMHCTBE CIIY-
YaeB MPHUBOJUIO JIMOO K TOJIHOMY SIUMUHHPOBA-
HUIO NIPUCYTCTBYIOLIMX B MarepHaiax MUKPOMHIIETOB
(npu ucnonszoBanuu npenaparoB Neomid 440 Eco
u Rocima GT), nub60 K CHM)KEHHUIO MX KOJTHUYECTBA
HIPKe MUHAMAJIBHO JomycTumoit HopMel B 1000 KOE/r
(Tabmn. 4). B To ke BpeMs mociiec 00pabOTKH BCEMH HC-
MBITHIBAEMBIMHU OHOIIMIIAMHU U3 00pa3ioB 000MX CTPO-
WTEIBHBIX MAaTEPHUAIIOB BBIJICICHBI OAKTEPHUH B KOJH-
yectBe ot 4,0 - 10?10 1,0 - 107 KOE/r (tabmn. 4), uro
B HEKOTOPBIX CIIy4asiX ITPEBBINIATI0 HaYaIbHOE KOJIMUe-
cTBO OakTepuii. [IomoOHBIi pe3ynsTaT MOXXHO OOBSICHUTH
pa3BUTHEM OAKTEPHUI B OTCYTCTBHH MHUKPOMHIIETOB, IO~
JIABJICHHBIX JISHCTBUEM OMOLIMJIOB, 00JIaIAI0IIMX TOIBKO
(YHIHIHBIM JICHCTBUEM.

BrigeneHHbI U3 00pa3oB KUpNHYa M HAPYXK-
HOHM oOmMBKHY 30aHus BU Aspergillus niger obmagan
yCTONYUBOCTBIO K npenaparamM CaHarexc YHUBeEp-
can u Rocima 243, Bun Aspergillus flavus ycroituns
k npemapaty Canarexkc Yausepcan, Bun Chaetomium
globosum obmaman yCTOMYMBOCTRIO K Ipemapary
Macrosept.

Ha 3axitounTtenbHOM dTane ouneHuBainu dddek-
TUBHOCTH paboThl mpenaparoB CaHaTekc YHUBeEpcal,
Macrosept, Rocima GT, Rocima 243 u Neomid 440 Eco
HA JIOKAJIFHBIX TIOBEPXHOCTSIX IMOBPEIKICHHBIX OTIPaXK/Ia-
IOIIUX KOHCTPYKIHH C OTCIIOEHHEM KPacKH, OChIITaHUEM
MITYKaTypPKH ¥ HAJTMYHEM HAJIETOB MPEITIOIOKHUTEIEHO

Oronornueckoro rnpoucxokaeHus. CteHsl 00OpadarbiBa-
i cornmacHo ykazanusaM CII 28.13330.2017, pacoburss
OO/l Ha NMOBEPXHOCTh, BBICYIINBAIM M OTOMpan
TIPOOBI TIPH TTIOMOIITH OAKITEYaTOK M BHICEBOM CYCIICH3UH
o Metony Koxa. KomruecTBo MUKpOOpPraHU3MOB Ha MO-
BEPXHOCTH CTEHBI Mocie 00pabOTKH aHTHCENTHKAMU
SHAYUTCJIBHO CHU3UJIOCH U HE IMPEBLINIAIO0O HOPMATHUB-
HBIX 3HaYEHUH.

3AKJIIOYHEHHUE U OBCYXIAEHUE

U3 00pasuoB CTpOUTEIIBLHBIX MaTePHAIIOB (KUpITHYa
Y OTJIEJIOYHBIX MaTePUaJIOB) BbIJIEICHBI MUKPOCKOIHYE-
CKHeE TpHOBI, HEKOTOPBIC U3 HUX OTHOCSTCS K KAaTETOpHsIM
«arpeccUBHBIC» U «OYEHb arpeCcCHBHBIS) OHOJECTPYKTO-
psl: Alternaria alternata, Aspergillus flavus, Aspergil-
lus niger, Chaetomium globosum, Penicillium chrys-
ogenum, Penicillium oxalicum n Trichoderma viride.
HanGonee ycToMYnBEIMU K OMOIMIHBIM IIpenaparaM
okazanmuch BUIbI A. flavus, A. niger, Ch. globosum.

B pesymnbrare ucnbITanuil A1 Ae3NH(PEKITMOHHOM
00pabOTKH MOBPEKACHHBIX CTPOUTEIBHBIX MATEPUAIIOB
noxo0paHbl 9PEKTUBHBIC AHTUCENITHKH 110 OTHOIIE-
HUIO K MUKPOMMUIIETaM, BBIJICIICHHBIM C 00CJIEIyeMOTro
obwekra: Canarexkc YHuBepcain 1 Macrosept B KOHIICH-
tpauu 100 %, Rocima GT B 20%-H0i1 KOHIIEHTpaK
n npenaparsl Rocima 243 n Neomid 440 Eco B koHIIEH-
Tpammu 10 %.

ITpn 06paboTKe 0OBEKTOB CIIEAyeT OOpaTUTh BHH-
MaHHe Ha TO, YTO HU OJMH U3 MCCIIELYyEeMbIX aHTHCEII-
TUKOB HE MOJABJIsUT OaKTEepUAIbHBII POCT.
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AHHOTALMA

Beegenue. OcBoeHne runepbornblumx no rmybuHe n o6bemy noa3eMHbIX MPOCTPAHCTB B CMOXHBIX MHXEHEPHO-reonornyeckmx
1 TMOPOreosiorMyYecknX YCroBusiX SIBNSETCS CIOXHON reoTexHuyeckon 3agadent. CyLLecTByOWWIA OMbIT UCMOMNb30BaHUSA B 3TUX
Liensx onyckHoro cnocoba Ans co3gaHns OOHOBPEMEHHO reo- U MMAPOTEXHUYECKOrO OrpaxaeHNst U HaAeXHON HecyLlen KOH-
CTPYKLMY NMokasarn 60rbLUne TEXHUKO-9KOHOMUYECKME BO3MOXHOCTM U MEPCNEKTVBLI PacLLMpeHnst obrnacTv npumMeHeHus:. Nsyye-
HWe 3aKOHOMEPHOCTEN B3aMMOAECTBUSA KPYMHOrabapuTHbIX >Kene3o6eToHHbIX 000MoYek Ha CTaamsx X BO3BEAEHUS B HEOOHO-
POAHBIX FPYHTOBLIX CpeAax MO3BOMUMO CYLLUECTBEHHO pacluMpuUTb 0bnacTb UX pauMoHaribHOro MCMoNb30BaHUS B NOA3EMHOM
CTpOUTENbLCTBE ANt 0OBLEKTOB TPAHCMOPTHOW M UHXXEHEPHON MHAPPaCTPyKTypbl. [ns 6e3nedekTHOro Bo3BeAEHNSA NOA3EMHOIO
COOPYXXeHUs TaKoro Tuna TpebyeTcs COBMECTHOE peLLieHNe CIIOXHBIX HENMVHENHbBIX KOHCTPYKTOPCKUX U re0TEXHUYECKMX 3afad.
Martepuansbi 1 metoabl. HecTaumMoHapHOCTb NMPOLECCOB B3aMMOAENCTBUSA MAacCUBHOTO COOPYXXEHWS C FPYHTOBOW Cpenow,
a Takke HeoQHOPOAHOCTb CaMON Cpeabl BbI3blBalOT HEOOXOAMMOCTb CO3AaHNA METOA0B afanTUBHOTO YNPaBMeHNs HanpskeH-
Ho-AecbopmupoBaHHbIM cocTosiHreM (HOC) cuctembl «rpaBUTaLIMOHHOE KpyrnHOrabapuTHoe Teno — HeoAHOPOAHas BMeLLato-
Las cpepa». lNocpeacTBOM COBMECTHOTO BbINOSTHEHNS FEOTEXHUYECKUX 1 KOHCTPYKTOPCKUX pacveToB MOAENUPYOTCS NpoLec-
Cbl B3aVIMOAENCTBMSA 060MOYKM C rPyHTOBOW CPeAOoN U MPOrHO3UPYOTCA NapameTpbl aganTueHoro ynpaenexdns HAC cuctembl.
Pe3ynbraTthl. [prMeHeHve meTofoB aganTtuBHoro ynpaeneHus HAC obecneunBaet ycnosus ans 6e3nedeKTHOro X1U3HeH-
Horo umkna (XKL) coopyxeHuns Ha cTagusx ero BO3BeAEHVS U dKCnyaTaunm B CIIOXKHBIX FPYHTOBbLIX YCIOBUSIX NPU TEXHO-
rEeHHbIX BO3[ENCTBUSIX.

BeiBogbl. B oTnnune oT TpaguLMOHHOTO NOAXOAA MPeanaralTcsl OCHOBbLI HOBOW KOHLIEMLMK MO OLEeHKe B3auMoAencTBus
KpynHorabapuTHBIX OMYCKHbIX COOPYXXEHWU B Pa3HOMPOYHbIE TPYHTHI C YyH4ETOM HECTaLMOHAPHOCTU pexuma NorpyxeHus
1 pesynbTaTbl ee NpakTU4eCcKon peanu3auum no reotexHuyeckomy obecneyenuto 6esgedektHoro XKL yHyKanbHbIX KpynHO-
rabapuTHbIX NOA3EMHbIX COOPY>KEHW Ha CTaAnn CTPOUTENbLCTBA.
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ABSTRACT

Introduction. The use of extremely deep and large underground spaces in case of complex geoengineering and hydrogeo-
logical conditions is a challenging geotechnical task. The accumulated experience of using the embedment method, that
entails the construction of a geotechnical and hydrotechnical enclosure, which is at the same time a reliable bearing struc-
ture, has proven a strong technical and economic potential and good prospects for expanding the scope of its application.
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[eoTexHMYecKoe MOAEAMPOBaHME B3anMOAEHCTBUS KPYMHOrabapuTHOro OMyCKHOIo KOAOAL@
C HEOAHOPOAHOM IPYHTOBOK CPEAOH MPH MOrPYXEHNUMN
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The study of interaction between large-sized reinforced concrete shells at the stages of their construction in heterogeneous
soil environments allowed expanding the scope of their rational use in the subterranean construction that deals with trans-
port and engineering infrastructure facilities. The defect-free construction of a subterranean structure of this type requires
a consolidated solution for complex nonlinear design and geotechnical problems.

Materials and methods. The non-stationarity of processes of interaction between a massive structure and the soil environ-
ment, as well as the heterogeneity of the environment itself necessitate the development of methods of adaptive control
over the stress-strain state of the system that encompasses “a large gravitational body and the heterogeneous environ-
ment”. The consolidated geotechnical and structural analysis allows simulating processes of interaction between the shell
and the soil environment and prognosticating the parameters of adaptive control over the stress-strain state of the system.

Results. The application of adaptive stress-strain control methods lays the groundwork for a defect-free lifecycle of a struc-
ture at the stages of its construction and operation in problematic soils under man-induced impacts.

Conclusions. Unlike the traditional approach, the method, proposed by the author, encompasses the fundamentals of
a new concept for assessing the interaction between large-sized structures, embedded in variable strength soils, taking
into account the irregularity of the embedment mode and results of its practical implementation focused on the geotechnical
support of a defect-free life cycle of unique large-sized subterranean structures at the construction stage.

KEYWORDS: large-size caisson well, modeling, non-stationary interaction, large-sized embedded structure, variable
strength soils, regulation of the stress-strain state
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BBEJAEHUE

VHUKaIbHBIE TTOI36MHBIC COOPYKEHUSI HHKCHEP-
HO-TPAHCIIOPTHBIX CHUCTEM KPYIIHBIX TOPOIOB MOTYT
JIOCTUTATh AHOMAJILHO OOJIBIIIMX PAa3MEPOB C 3ariyoiie-
HHueM u aquametpom g0 70 M u 6oree [1-3]. JanHbie
(yHKIMOHAIBHO CIOXKHBIE OOBEKTHI, OTHOCSAIINAECS
K | ypoBHIO OTBETCTBEHHOCTH, BO3BOISATCS MIPEUMYIIIE-
CTBEHHO OITYCKHBIM CITOCOOOM, M K HUM IIPEIbSBIISIOT-
Csl IOBBILIEHHBIE TPEOOBaHUS 110 CTENICHN KOHCTPYKIIH-
OHHOH M 9KOJIOTHYEeCKON Oe3omacHoCTH [4, 5].

[Ipu Takoif TIyOMHE MOTPYKEHUS OTpaXKAaronas
KpynHorabapuTHast 000JI0UKa, TTepecekas HECKOJIBKO BO-
JIOHOCHBIX TOPU30HTOB, J0JDKHA OTBEYATh CIUIOMIHOCTH
U 1IEJIOCTHOCTH KOHCTPYKIIMH KaK B MPOLIECCE CTPOUTEITb-
CTBa, TAK M HA BECh IEPUOJ IITUTEIILHOMN HKCIITyaTalliH.

B neiictByrommx cBomax mpasmia (CIT 22.13330,
CIT 43.13330, CIT 248.1325800) mrpexycMOTpPEHSI ITpo-
BEPOYHBIC PacUeThI MOA3EMHBIX COOPYKEHHH, BO3BOIHU-
MBIX OITyCKHBIM CIIOCOOOM IS CTAIUi CTPOUTEIHCTBA
n 3Kcrutyatanuy. OHAKO MPH MOTPYKEHHH KPYIHOTa-
OapUTHBIX OIyCKHBIX COOPY)KCHHUH MPOSBISIOTCS CIICI-
npuYeCcKre YCIOBUS B3aMMOJICHCTBHS MX C TPYHTOBBIM
MacCHBOM: B CHITY BKIJIIOUEHUsI B paboty addexra (pax-
Topa) MacmTabHOCTH (IO THIEeppa3MepaM IUIOLIaan
OOKOBOI MMOBEPXHOCTH 00OJIOYKH, B3aUMOJCIHCTBYIO-
Iei ¢ pasHOpOIHBIM rpyHTOM S = 14 500 M?), u cymep-
Ooublnas Macca G = 1,2 - 10°kH, co3garomas MOIIHBINA
KHUHETUYECKUHN UMITYJIBC IIPHU MI'HOBECHHBIX, YaIl€ BCECTO
BHE3aIHBIX, MOCAJKaX OIyCKHOTro coopyxxeHus. Co-
BMECTHOE IPOSIBIICHNE 3THX (PAaKTOPOB M 0OYCIIOBINBAET
crier(uuecKoe, HeIMHEIHOE TOBEICHNE KOHCTPYKIIHH
IPH TTOTPY>KEHUH M BMELIAIOIETO €€ TPYHTOBOT'O MacCH-
Ba. [IpoyHOCTH U 1ePOPMATHBHOCTD KPYITHOTa0APUTHOM
MacCHBHOM KOHCTPYKIIHH, €€ TEOMETPHUECKYIO U3MEH-
YMBOCTH HEOOXOJMMO PAaCCUHUTHIBATh HE TOJIBKO Ha KO-
HEYHYIO CTaJIMI0 CTPOUTEILCTBA, @ Ha BCIO HCTOPHIO I10-
TPY’KEHHS C YYETOM UCTOPHUH IPOIEcca B3aUMOICHCTBHUS
000JI0YKH C TPYHTOBBIM MAaCCHBOM IIPH HOTPYKEHUH,

a CIIeOBaTeNbHO, 3 (eKTa MOITAMHOTO HACIETOBAHUS
HanpsbkeHHo-nedopmuposannoro cocrosuust (HAC).
3TO0 BO3MOXHO BBIIIOJIHUTB TOJIBKO C MOMOIIBIO pele-
HUS HETMHEWHBIX 3a/1a4, HETMHEHHBIX MOJIENEN U KOM-
MIBIOTEPHOTO HENMHEWHOTO MOACTUPOBAHUSL.

[TpencraBieHHBIN B cTaThe aHAJIU3 OIBITHO-IKC-
TIEPUMEHTANBHBIX PE3y/IbTaTOB MOKa3aJl, YTO OCHOBHBIC
neeKTsl, IPUBOIAIINE K HAPYUICHUIO LEI0CTHOCTH
000JIOUKH U TPEIIMHOOOPA30BaHUIO, BO3HUKAIIH B IIEPH-
0] BO3BEJICHHS ITOA3EMHON YaCTH B TPYHTOBOM MACCHBE.
Takum 0Opa3oM, OCHOBHas 3aja4a CBOIUTCS K oOecrie-
YEHUIO pabOThl KOHCTPYKIUH B JIOTIPEICIBHBIX PEKH-
Max Ha cTaauu ee xu3HeHHoro mukia (JKI) mpu Bo3-
BeleHUH. [ BOSMOKHOCTH PeaM3aliuy 9THX yCIOBUH
ONpeeNAolee 3HaUeHUE UMEET OLeHKa pPeanbHON pa-
OOTBI KOHCTPYKIIMH C yU4ETOM TpoIiecca ee MOCTauiHO-
TO BO3BEACHHS B TPYHTOBOM MAaCCHBE IPH HEJIMHEHHBIX
CBOMCTBaxX MaTepUalioB KOHCTPYKLMU U I'PyHTA. Y4eT
9THX YCJIIOBHH TO3BOJISICT BHIMIOIHUTE TIOCTPOCHNE KOP-
PEKTHON MOJENIN UCTOPUU Ipoliecca B3auMOACHCTBUA
00O0JIOYKH MTPH MOIIATOBOM €€ BMEIIEHUH B TPYHTOBBIN
MaccuB. PacueTHoe 000CHOBaHME JauarasoHa JIornpe-
nenbHBIX n3MeHennit HJIC meramMaccuBHOM 000I0UKH
TIPY [IOTPY>KEHUHU €€ B Pa3HOPOJHBIE IPYHTBI 00ECIIeUUT
6e3nedexTreiii XKL om3eMHOTO COOpY>KEHHS Ha CTAIHN
CTPOUTENLCTBA [6]. AHAIM3 UCTOPUM MTPOLIECCOB HArpy-
KEHHUsI 000JIOUKM Ha CTAJANU €€ BO3BEIEHHS C yUETOM
a¢derra HacnenoBanus HJC mo3BoisieT co3aaTh anek-
BaTHYIO PACUETHO-aHAJUTHUECKYIO MOJIENb TO3EMHOTO
COOPYKEHUSI U BHIOPATh PAlIMOHAIBHBIM METO/ pacyera
JUIS IPOTHO3a AUHAMMKH U TIPOCTPAHCTBEHHBIX TPAHHUI
mmeHerns HJIC xoHCTpyKunu xene300eToHHO# 000-
JI04YKH, obecrieunBasi 0e31e(eKTHOCTh KOHCTPYKIMH
Ha BCEX 3Tarax ee MorpyKeHHs.

[Ipenmnaraemslii B HACTOSIILIEM UCCIEOBAHUU Me-
TOIOJIOTMYECKUM TIOJXOJ 1a€T BO3MOKHOCTh MEPENTH
OT paHee MPUHATON METOAUKH pacuyeTa Ha MOrpy>KeHHe
KPYIMHOTa0ApUTHBIX MOA3EMHBIX COOPYKEHNH BOLOOT-
BEJICHHSI, BO3BOJMMBIX OITYCKHBIM CIIOCOOOM, K KOH-
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LENIMH MOZEIMPOBAHUSI M IPOTHO3a Oe31edekTHOro
K1l Ha craguu ux Bo3BeneHus. lIpuBeneHHble B pa-
00Te pe3yabTaThl IKCICPUMEHTATBHO-TCOPETHYUCCKIX
HCCIICIOBAaHUN yOSTUTENTFHO JEMOHCTPHPYIOT, YTO MO-
JEIMPOBAHUE U PACUCTHOEC 0OOCHOBAHHE MAPaMETPOB
MMPEBCHTUBHON 3aIUTHI TECOTEXHUICCKIMH CITOCO0aMHU
TO/I3€MHOTO COOPYKEHHS Ha CTaIUU BO3BEICHUS 00e-
crieyar 0€30IMacHOCTh M YCTOMYMBOCTD €TI0 K TEXHOTCH-
HBIM BIUSHUSAM Ha ocnenyromux cragmsax XKL B Teue-
HUE JUTHUTEIIBHOW PEKUMHOM IKCILTyaTallHH.

MATEPHUAJIBI U METO/bI

[To pe3ynmpraTaM HaTypHBIX U PACUYETHO-IKCIIEPH-
MEHTaJIBHBIX MaT€PHAJIOB M JAHHBIX KOMIUICKCHOW CH-
CTEMBI I'€OTEXHUYECKOT0 MOHUTOpHHTA (pHc. 1) KpyT-
HoradapuTHbIX (D = 50-60 M u H = 55-71 M) OITyCKHBIX
KOJIOZLIEB U3Y4YEHBI OCOOEHHOCTH MX B3aUMOJICHCTBHS
C HEOTHOPOAHOM IPyHTOBOH Cpeioi MpH MOrPyKEHUH.
HeoaHopoHOCTE TPYHTOBBIX HAINIACTOBAHUH Xapak-
TEPHU3YETCsI CICYIOINUM: BEPXHSISI TOJIIA PEACTaB-
JICHA YeTBEPTUYHBIMU HAIIACTOBAHUSMH JI0 TITyOHHEI

Obecneuenne TexHOC(EPHOH 0e3011aCHOCTH CTPOUTEIIBCTBA U IKCILTYATALMH OA3EMHOTO HHKEHEPHOTO
COOPYKEHHS
Ensuring the technogenic safety of construction and operation of a subterranean engineering structure

v

v

VYeroitunBocTh coopyxkerns 1 HIC ocHoBaHMs
Stability of a structure and the stress-strain
state of the basement

KoHCTpyKTHBHO-TEXHOJIOTHIECKUE TTAPAMETPEI
n HJIC coopyxenus
Structural and technological parameters; the stress-
strain state of a structure

W3MeHeHHs Ha KOHTAKTe MMO3EMHOM
KOHCTPYKIIUH U TPYHTA

Changes along the point of contact between
the subterranean structure and soil

CMEIIeHNI

M3meHeHus ocagok, KpeHOB,

Changes in subsidence, tilts,
displacements

XapakTepuCTUKH
KOHCTPYKLHUH
Characteristics
of structures

v v v

v v v

v

v

v

v

Hopmanbnoe Bbokosoe Ocanxku, Hedopmarmu
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v
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v

OrieHKa, MOICITUPOBAHUE U TPOTHO3HUPOBAHUE CUTYAIHI
Evaluation, modelling and prediction of situations

Puc. 1. Komruieke TeOMOHUTOPHHTA U PETYIUPOBAHHS TIPOIIECCOM TOTPYKEHHSI KPYIMHOTa0apUTHBIX OITyCKHBIX COOPY>KeHUH

Fig. 1. A system for the geomonitoring and regulation of the process of embedment of large-sized structures
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14,0-25,0 M (mecku mbuIeBaThie CpeHEN MIIOTHOCTH,
BogoHachwIeHuble, £ = 11 MIla, C = 0,005 MIla,
¢ = 30°; cynecu mblIeBarble acTuHubie, £ =4 Mlla,
C = 0,01 MIIa, ¢= 15°; CyrTMHKH TbLIEBATHIE CIOU-
cThIe TeKyueruiactTuunble, £ =9 MIla, C = 0,025 MlIla,
¢ = 16°; CyIIMHKY TBUICBATHIC MOJYTBEP/IBIC C TPABU-
eM, raibkoit, £ = 14 MIla, C = 0,028 MIla, ¢ = 28°),
HUXKHSIST — KPOBJICH MPOTEPO30HCKUX TIIMH JTUCIIOIH-
poBanHbIX TBepAbIX (£ =19 Mlla, C = 0,04-0,06 MI1a,
¢ =18-21°).

CTpyKTypa r€OMOHUTOPHHTA BKJIOYaeT: 1) mpo-
rpaMMHBIH Komimieke pacyetoB U HJIC reomaccuBa mpu
Pa3IMYHBIX PEXKUMAX BO3BEICHHS COOPYKCHUS; 2) TeX-
HUYCCKUE CPEJCTBA MHCTPYMCHTAJIBHBIX HAOTOCHHIA
Y KOHTPOJIS. HAMIPSHKCHHO-1e()OPMUPOBAHHOTO COCTOSI-

uust (KH/IC) nu3aMeHeHus OTACNbHBIX JIEMEHTOB CHCTE-
MBI «COOPY)KEHUE — T€OMaCCHUBY; 3) NH(POPMAIIMOHHO-
N3MEPHUTENTBLHYIO CHUCTEMY cOopa, 00pabOTKH, XpaHESHHS
U UICHTH(OUKAIIMN TAPAMETPOB (IaHHBIX) HAOTFOICHHU T
U KOHTPOJIST; 4) TEOTEXHUUESCKHIE METO/IBI BO3ACHCTBHSI
na HJIC maccuBa, TpyHTa U COOpY>KEHUE.
MOHHTOPHHIOM YCTAHOBJICHBI MHKOBBIC 3Haue-
HHSI TOPU30HTAIBHBIX HATPSDKCHUI B MOMEHT «KPCHA»,
MIPEBBINIAIOIINE PAacCUSTHBIC 3HAYECHUS Oosiee uem B 2,5
paza [6]. DTO MOXKET BBI3BIBATh MOSBIECHUE MUKPOTpE-
IIMH B OETOHE KOHCTPYKIIUH, YTO HEN30EKHO TOBJICYET
HapylIeHHEe THIPOU3OISIIMK coopyxkeHus. [locmen-
CTBHS YKa3aHHOTO 0OCTOSITENICTBA OTMEYAIINCH TTOCIIEe
15-20-neTHeN FKCIITyaTalli OIYCKHBIX COOPY>KEHUH
HEN30CKHBIM HAPYIICHHEM HX TePMETHIHOCTH (pHC. 2).
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£ 61 1,2 — oTKIOHEHHUS APyCOB = = =0 ‘
-8 Iu IV coorBeTcTBEHHO Y= :
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12 [ and IV, respectively 712’1
14 138
o b 60.0

a

VI3MeHeHNsI B CCYCHHSIX 10 BBICOTE
A change in the height of cross-sections

IIpoekTHOE ceyeHne KOHTypa
Design section of the contour

Tonoxenue koHTypa Ha OTMeTKe 10 M
Contour position at 10 m

TTonoxxenue koHTYpa Ha oTMeTKe 30 M
Contour position at 30 m
c

Pa3BepTka 60KOBOI MOBEPXHOCTH
Lateral surface elevation

hom 0114 0,113 0083 0,013 0028 0,038 0,114
m
30 — K
0,085
20 - 0,013 0,080 0,035 10,042 (40,085
0,016
0137 f 038
10 , 0,047H 0,065 0,151
0’\65 0,040
0 0,053)[ 0,013 0.004 110,022 §0,028 |/ 043
0,034
I 1I 11 v vV VI I

Puc. 2. Dramsr norpyxenns u MoHUTOpuHT HJIC KpymHOTabapuTHOTO OMYCKHOTO KOJOJIA: d — XOAOTpaMMa TOTPY KEHHUS;

b, ¢ — obwveMHas smropa cMemeHnit odonouku komomana u HAC obomoukn

Fig. 2. Embedment stages and the monitoring of the stress-strain state of a large-sized foundation cylinder: a — embedment

pace; b, c — 3D diagram of the cylinder shell displacement and the stress-strain state of the shell
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Amnanu3s npornecca norpyxenus 1 HJIC kpynHora-
0GapUTHOM 000JIOUKH IOKa3all, YTO HA Pa3HbIX dTanax
MOTPYKEHHUs NPOABIAETCS Pa3IMUHOE, JaXke 3HAKOIe-
pemennoe, H/IC cucremsbl «kpymnHorabapuTtHast 060-
JIOYKA — TPYHTOBBIH MacCUB» U PEasIM3yIOTCs pa3Hble
Buasl gaBiueHui (CII 22.13330) rpyHTOBOW cpems
Ha 000J0YKy, BKJIIOYasl JaBICHHE IOKOS, aKTHBHOE
¥ TIACCUBHOE JaBIeHHA (CM. puc. 3).

[IpounocTs u AePOPMATUBHOCTH KpyIHOTAOAPHT-
HOW MacCHBHON KOHCTPYKLHH, €€ T€OMETPUYECKYIO
U3MEHYUBOCTh HEOOXOIMMO PACCUUTHIBATH HE TOJIBKO
Ha KOHEUHYIO CTaJUI0 CTPOUTEIBCTBA, a HA BCIO UCTO-
pHUIO MOTPY>KEHUS ¢ Y4eTOM UCTOPHH Ipolecca B3au-
MOJICHCTBHSI 000JIOUKH C TPYHTOBBIM MacCHUBOM IIpU
MOTPYKEHUH.

ITo oGmeii Teopuw [7, 8] naBieHne rpyHTa HA CTEH-
KM KOJIOAIA B COCTOSIHMM ITOKOSI MOJKHO OTIPE/IEIHNTH
13 BBIPAKCHMUS:

o(z)=0c (z,u)u =0=2nyz,

)

e A, — k03p(uuueHT GOKOBOTO NaBJIEHHS TPYHTa
B COCTOSTHUH TIOKOST;

Y — YICJBHBIA BeC TPyHTa;

Z — PAcCTOSHHE OT ITOBEPXHOCTHU I'PYHTA O paccMa-
TPUBAEMOM TOUKH.

/
av
=
>

Up(rn) ,

Up(l‘u)

[Ipn cMemeHUsX CTEHBI 00O0JIOYKH KOJOAIA
>0,0054 (CIT 22.1330 m. 9.21) ot rpyHTa Ha TIIyOH-
HE z pealln3yeTcsl aKTUBHOE JIaBJICHNE Ha OIPaXkeHHE
G, KOTOPOE COOTBETCTBYET MUHUMAIILHOMY 3HAYEHHUIO
nasienns. [laccnBHOE JaBICHAE G, peanus3yeTcs mpH
3HAYUTEIBHO OOJIBIINX CMEIIEHUSX CTEHBl Ha TPYHT
(Up =0,01 —0,02/4) 1 cCOOTBETCTBYEeT MAaKCUMAITBHOMY
3HAYEHUIO JIABJICHUS.

[Tpu oTCYTCTBHU HArpy3KH Ha TIOBEPXHOCTH TPYH-
Ta BBIPAXKEHUS JJIs OTIPEJEIICHUS] AaKTUBHOTO U [TaCCHB-
HOTI'O JIaBJICHUI UMEIOT BUJ!

c(z2)=Ayz—ch ; 2)

3

riae A, — Ko3((QUIHMEHT aKTUBHOTO JaBJIECHUS IPYHTA;
A, — K03 QHUIHENT yueTa BIMAHMA CBA3HOCTH TPYHTa
Ha aKTHBHOE JIaBJICHHE;
A — KO3 UIHIEHT MaCCHBHOTO JAaBICHUS TPYHTA;
ch — ko duIMeHT y4yera BIUSIHUS CBSI3HOCTH TPyHTA
Ha NaCCHBHOE JaBIICHNUE;
¢ — yIeNbHOE CLETIIICHUE TPYHTA.

3aBucUMOCTh 3()(HEKTHUBHOTO TOPU30HTAIHHOIO

6, (z)=Ayz—ch,

JIaBJICHUS TPYHTA Ha YACPKUBAIOIIYIO KOHCTPYKIIHIO
B HHTEpBaNe u € (u,, U ) UMECT CIOKHbIA XapaKrep
(puc. 4) [9-11].

Z“‘,
o9/ 7Y
a “Q@ 7T =710 é)
| I i
1}>%/~{’_,, 2l | 3 z
b 5
=

S
——

T e

(TR

-
()

..4.—
|

Puc. 3. Acummerpruunas nedopmanys (CMEIeHHs ) 000I09KH

Fig. 3. Asymmetric deformation (displacement) of the shell
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C HEOAHOPOAHOM IPYHTOBOK CPEAOH MPH MOrPYXEHNUMN

AKTUBHOE U TACCUBHOE JaBJICHUSI TPYHTA HA OTPaK-
JIEHUE COCTABJISIIOT Npe/IeSIbHbIE BEIMUMHbI JaBIECHU, T.€.
2 deKTUBHOE TaBICHUE BCETa HAXOANUTCS B AUAIIa30HE:

“

Ha puc. 3 u ¢ yuetom puc. 4 nmpeacTaBieH xapak-

6(z)<o(z,u)<0c(2)

Tep aCUMMETPUYHBIX 1eopMaliii (CMEIIeHH) KOHTypa
000J104KH 110 rpaduKy 3aBUCHMOCTH TOPU30HTATIBHBIX
JaBJICHUH TPYHTa Ha CTEHBI KOJOALA B 3aBUCHMOCTH
OT ee XapakTepa MepeMeIeHns (ACHMMETPUIHBIE CYKe-
HUS—pacIIupeHns 000J0UYKH B BepXHEH M HIDKHEH 4a-
CTSIX KOHCTPYKIHMHK): 1 — (hakTudeckoe aaBiacHue; 2 —
JMarpamMMa KyCO4YHO-JTMHEWHOH arpOKCHMAITHH.

DyHKIKIO M3MEHEHHS BENMYMHBI JIABJIEHHSA C_
Ha HEKOTOPOW TIIyOWHE z OT NMEepeMEIIeHHH MOXHO
MIPE/ICTaBUTh CIIEAYIONIMM 00pa3oM:

Gp(z), usu,

o (u)=1Mu), u,<u <u,. ®)
Ga’ ua = ux
C HEKOTOPBIM JOTYIICHUEM:
flu)=o,—ku, (6)

0,(2)=0;(z=hy),

rae k — k03(UINEHT )KECTKOCTH IPYHTA;
G, — JIaBJIEHUE IPYHTA B COCTOSHMH TIOKOS.

B kauectBe ko3 duIMeHTa KECTKOCTH TPyHTA
MOYKHO UCIIOJIb30BaTh KOA(PPHUIMEHT IMOCTENN IPyHTA.

PesynpTHpyOIUM AaBlIeHUEM 110 00pasytoiien
HU)KHEH U BEPXHEH y4acTKOB CTEHBI KOJIOALA SIBJIS-
eTcst cymMmma 3()(eKTUBHBIX JIABICHUI Ha OrpaxkIeHHe
¢ obeux ero cropoH. [IpencraBum B Buzae AByX rpadu-
k0B 3(h(heKTUBHOE JaBlICHHE IPyHTA HA CTEHY KOJIOAIA
CO CTOPOHEBI TpyHTa (CJIeBa) U KOTIOBaHa (CIpaBa) B 3a-
BHUCHMOCTH OT TOPH30HTAJIBHOTO IepeMeIeHus 000-
JIOYKH KoJoAama (puc. 3).

[TocTpoum QyHKINIO G (2, 1 ) B BHJIE KyCOYHO-3a-
JaHHOW (pyHKIUH A7 TF000T0 3HAYCHUS Z.

C nenbro onucanus 3Q(OEKTUBHBIX JaBICHUN
G (2, u) VIS OTAENBHBIX YYaCTKOB IHAarpaMMbl, HaXo-
JSIIIUXCSl B MHTEPBAIaX MEKAY NPEACIbHBIMU aKTHB-
HBIM G (2) = A Yz — €A, M IACCHBHBIM G (2) =A yz + cA
NABJICHUSMH BMECTO d, b, ¢, d OyneM HCIOIb30BaTh
1, 2, 3, 4, no6aBisast UHIEKCHI [, 7 ISl ClIara€éMbIX, OT-
HOCSIIIUXCS] K OCH CY)KEHHSI M PACIIUPEHUs JHaMeTpa
KoJoja. B ciydae, korna HOXeBasi 4aCTh CTEHBI KO-
JIO/IIIa ¢ 00EUX CTOPOH OKPY)KeHa TPYHTOBBIM MacCH-
BOM, G (z, U ) TIPUMET BHI:

oi(z)~ol(z=h)-uk', u <u <u,

1 1
6. (z,u)=404(2)—o,(z=h)—u (k" +k"), u,<u <u,. (7
/ r r
06, (z2)—colz—h)—u k”, u,<u, <u,
1
Ga(Z)_G;(Z_hk)’ u4Sux
Ecnu oTaenbHO paccMOTPETh pe3ylbTHPYIOIINE A %
JaBJieHHsl Ha 000NIOUKY JI0 rpaHu (z < /), TO BbIpaXe-
uue (7) mpuMeT BHI: i
! i
Y] P (Z)’ ux < ul E
________ o, '
6. (z,u)=4c0(z2)—k'u_, u <u, <u,- @8 ' Ba® >
; -U U, 0 U, +U
0,(2), u;<u,
Puc. 4. 3aBucuMocTh OOKOBOTO JIaBIICHUS TPYHTa HA 000-
IMoncraBum Beipaxkerus (1)—(3) B (7) u (8): .
JIOYKY OT CMCIICHHH U € (up, u,) B COOTBETCTBHH C 1. 9.21
Ayz+cek,,, u, <u CIT 22.13330
6 (zyu )= vz —ku , u, <u <us; 9) Fig. 4. Dependence between the lateral soil pressure on

the shell and displacements u_ € (u,, u,) pursuant to paragraph

MV Chas Uy S, 9.21 SP22.13330
leyz -AMy(z—h)+ c?»lpc +ch,, u, <u,
Myz—=My(z=h)+ch, —uk', u <u, <u,
o (z,u)=hyz = MY(z=h)—u (k' +k"), u,<u <u, (10)
Nyz—Aoy(z=h)—cN, —u k', u,<u, <u,
}\’Z’YZ - }\‘;’Y(Z - hk) - c}\’ilc - C}\’:nﬁ M4 < ux
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Ananmuz gopmyn (9) u (10), xapakTepuU3yrOIUX
PE3YIIBTUPYIOIIUE TaBICHUS, TTOKA3bIBACT, YTO MPAKTHU-
YEeCKU HE3aBHCHMO OT CBOWCTB BMEIIAIOIIETO MAaCCHBA
rpyHTa, cymMma 3 QEKTUBHBIX TaBICHHI Ha 000JI0UKY,
HMCIOIIYI0 aCHMMETPHYHYIO Jedopmarnuio (puc. 3)
KaK B MPOTHBOIOIOKHBIX OCEBBIX HAMPABICHUSAX, TAK
U B HIDKHEH, U BEpXHEH 4acTssX 000JI0UKH, TPOSIBIISIET

—-0,2195 | -0,1875 | 0,125 -0,0625 |0

0,25

BBICOKYIO CTEIeHb HepaBHOMEpHOCTH. Kak rmokasbiBa-
IOT CONOCTaBHUTEIbHBIE PacYEThl, HEPABHOMEPHOCTD
PE3YJIBTUPYIOIINX JIABICHUI MOXKET JIOCTUTaTh OJJHOTO
nopsiika eauHuIl (cM. puc. 5) u 6onee [12] obeux ero
CTOPOH U 110 00pa3yIoIINM HIKHHUX U BEPXHUX y4acT-
KOB CTeH Kojojua. [IporHo3upoBarsh Takoi XapakTep
HJIC cucrtemsbl «OIyCKHOE COOPYKEHHUE — TPYHTOBBIN

Puc. 5. JIuanu ckonbXeHUs IpU aKTUBHOM M ACCUBHOM JABJICHUAX Ha moanopHyto cteHky (o K.B. KoponeBy) 10£a << En

Fig. 5. Slide lines in cases of active and passive pressures on the retaining wall (authored by K.V. Korolev) 10Ea << Ep

MAaCCHUB», UCIOJIb3Yysl PEKOMEHAYEMBIM pacUeTHBIN
noaxon [13, 14], He mpeacTaBiIseTCss BO3MOXKHBIM,
00eCTIeUnTh BEPTHKATHFHOCTh U PABHOMEPHOCTH I10-
TpYKEHUs, TPUMEHSSI paHee U3BECTHbBIE METOABI I€0-
TEXHOJIOTHH [15], 10CTaTOUHO CIOKHO, O YeM CBHUJE-
TEIbCTBYIOT XOOTPaMMBbI (CM. pHC. 2, @).

AHanu3 ycl0BUI B3aUMOJEHCTBUS MacCHUBHOMU
KpyIHOTa0apUTHON 00OJIOYKH C TPYHTOBBIM MaCCHBOM
NpU NOTPYKEHUU B HEOJHOPOJHBIE HAIJIACTOBAHMUS
CBUJICTEILCTBYET O MpOosiBIeHNHU (P deKkToB HecTanno-
HApHOCTHU B MapaMeTpax, OTPaKaroIUX ITOT MpoLecc.
7151 BO3MOKHOCTH M3Yy4YEHUsl 3aKOHOMEPHOCTEHN IMpo-
SIBIICHUS U YCIIOBUH HENOMYIICHUS UX 3allPEICIBHOTO
Pa3BUTHS B JATBHCUIIINX HAIIUX UCCIICIOBAHUSIX HEOO-
XOJIMMO BOCIIOJIb30BaThCs MOJIEIMPOBAHUEM PEKUMOB
TTOTPY>KEHHST 000JIOUKH, perasi Ut 3TOTo 3a/1a4H B JIH-
HEWHOI U HEMHEWHOHN MOCTaHOBKAaX.

PE3VYJIBTATHBI HCCIEJOBAHMUA

UYmncnenHoe MoJeTMpOBaHUeE IIpolecca

HCIPaBJIeHUS] KPEHA MacCHBHOIO

3aray0JICHHOTO COOPY/KeHUS

B um)xeHepHO! PAaKTUKE U3BECTHO, YTO IIPU BO3-
BE/ICHUH OIMYCKHBIX KOJIOALEB OONBIIOTO AnaMeTpa Ja-

194

CTO BO3HMKAIOT ITPOOJIEMBI, CBSI3aHHBIE C OTKJIOHEHHEM
COOPY’KEHHsI OT MPOEKTHOTO NojokeHus. [Tpuunnamn
HEepaBHOMEPHOTO ITOTPY)KeHHSI KOJIO/IA, KaK ObLIO ycTa-
HOBJICHO, SBIISIIOTCS OCOOCHHOCTH B3aWMOJIEHCTBUS
KpYMHOTa0apUTHOIH 000I0YKH ¢ HEOTHOPOTHOU TPYH-
TOBOM Cpe/Ioil Ha CTaAuu €€ MOrpyKEeHUs U HEeCTaIUo-
HapHblit xapakrep HJC cuctemsl «kpyrnHoradaputHas
OITyCKHasi 000JI0YKa — BMELIAIONINH IPYHTOBBIH Mac-
CHBY.

[TyTeM 4YMCIEHHBIX T€OTEXHHYECKHUX PACUECTOB
npeaiaracTcsa BBI6I/IpaTB TCXHUYCCKN BO3MOXKHBIC I'CO-
TEXHOJIOTUYECKUE METO/IBI JUIsl YIIPABIECHUS NPOIIECCOM
norpy>xenust: usMmeHenue HJIC reomaccrBa B OCHOBaHUM
COOPYXEHUS U 110 OOKOBOIl MOBEPXHOCTH, HAIIPUMED,
METOAAMH HPEIBAPUTEIBHOTO HAMPSKEHNS TPYHTOBOTO
MacCHBa; YCTPOMCTBO HArPYyKAIOIMIUX JUACPHBIX 3Kpa-
HOB; PEryJIMPOBaHKHE CONMPOTUBIICHHS TPYHTA 110 OOKO-
BOM MIOBEPXHOCTH U JIp.

C 1empro OIeHKN Y(PPEKTUBHOCTH TEOTEXHIMYESCKIX
MEPONPHUSITUH IJIsI NCTIPABJICHNS! KPEHA OBIIO BBINOIHE-
HO Heckoibko cepuii pacyetoB H/IC rpyHTOBOTO Maccu-
Ba C 3an1yOJICHHBIM COOpYXeHHeM. B rnepBoHayanbHON
CEpHUH pacueToOB IPYHTOBOE OCHOBAHUE MOJEINPOBAIIOCH
TuHEITHO-gepopMupyeMoii cpenoii. B mocmemnyromnx
CEpUsIX — HEIMHEHHO-1e(hOPMUPYEMBIM MATEPHATIOM.
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C HEOAHOPOAHOM IPYHTOBOK CPEAOH MPH MOrPYXEHNUMN

B kadecTBe MHMHEIHON cpeabl HCHONB30BaIach MOJENIb
CO CBSI3bI0 MEX/y HANpPSDKCHUSIMH U AepOopMaIisiMu
no ['yky. st MOAEIMpOBaHUsl HETMHEMHOIO MaTepuasa
MPUMEHSIACh UHKPEMEHTAIbHAsI MOZIEb, OCHOBaHHAs
Ha o0o0mmeHHoM 3akoHe ['yka [16, 17]. CBs3u mMexay
MIPUPAIIECHNASMH HAMPSHKEHUN U Ie(OpMAaIUi TPUHSTHI
Ppa3aeabHO MO IEBUATOPHOM U IIAPOBOM COCTABIISIFOILNM
TEH30pa HANPSHKEHUI.

Onucanue HeJIMHEHHOM Mo/Ie/Id TPYHTA

B kauectBe pacueTHOM Mozenu rpyHTa JJIsl pe-
IICHUS HEJIMHEWHOH 3aJ]adyd MCIOIb30Bajach MHKpE-
MEHTaJbHasi MOJCIb jJepopMarioHHOro tumna. CBsi3b
MEX]ly HaIlpsDKEHUSIMU U iepopManusMu B MOJENH
MPUHSATA Pa3IeIbHO I 00BEMHONW M CIBUTOBOU CO-
CTaBIIAIONINX TEH30pa HANIPSHKCHUN

dS[.j :_ZG‘;de[j (an
dé, =3Kde ,°
rae dSU. — MpHUpalleHue AeBUAaTOPHONU COCTABIIAIOIIEH
TEH30pa HaNPSHKEHUH;
de, — UPUPALICHAE ICBHATOPHON COCTABIIAIOLICH TCH-
30pa aedopMarruii;
d§,, — NpUPAILICHHE CPEHETO HAIPSIKCHHUS;
ds‘p — mpHUpalieHne cpenHeit aedopmaium;
K° — muddepeHtmatbHbIi MOTYITh MehopMaIiy 00beMa;
G° — muddepeHImanbHbIN MOITYIb Te(OpPMAIIK CIBHTA.
MareMaTrueckas armpoKCUMAIIHsl JIEBUATOPHOTO
Harpy’K€HHsI IPUHATA B BUJE JUHEHHOIO IOJMHOMA
JIBYX TIEPEMEHHBIX MTPU YCIOBUU:
* HarpyXeHHUS IO JICBHATOPHOHN COCTABIISIOIICH
TEH30pa HaIPSKCHUS

Gy =A4,+43,  +A4,; (12)

* Pasrpys3KH MO JEeBHATOPHON COCTABIISIONICH TEH-
30pa HaNpsHKEHUH

Gi=A,+ A5 . (13)

Arnmpokcumanus quddepeHInanbHOT0 MOTYIIS
nedopMary 00beMa Py YCIOBHH HATPYKESHUSI TI0 I1a-
POBOI COCTaBJISAOIIEH TEH30pa HAIIPSKEHUI OCYIIECT-
BIISICTCS CTETICHHBIM ITOJIMHOMOM BTOPOTO TIOPSIIKA!

0 — 2
K;=B,+B3 +B)3 (14)

npu «pasrpyske» K, = const,
I7ie T, — MHTEHCHBHOCTh KacaTeIbHbIX HAIPSKEHUH;

8,,— CpejlHee HATIPSKEHHE;

Ay A, A4, Kp, B, B,, B, — pacyeTHbI€ NapaMeTphbl MO-
JIeJIH.

AJITOPUTM pelleHus] HeJIMHeHOH 3a1auu

1. Brruucnenue neBUaTOPHOM U IIAPOBOM COCTAB-
JIAIOMKUX TEH30pa HANpsKeHUH, COOTBETCTBYIOMINX
npeAbAyIeMy Imary perrenus (j—1)

1= (§U-D
T/ T;(Scp )

o iy (15)
8= 8@(85;. D)

2. Breruucnenue neopMaIiioOHHBIX XapaKTepH-
ctuk, coorBeTcTByomuUX HJIC u HanpaBieHUIO BEKTO-
pa morpyxeHus npeapayiero (j—1) mara:

a) MOy b ie(hopMaIii CIBUTa

0 — (0 ((-D- SG-DY .
GH(H) G/ (t! ,Scp ) — Harpy3Ka;

0
GP(/*l)

0) Moxyns nedopmanuu oobeMa

=G (80") — pasrpyska;

I(Ial,(/‘—l) =K (8((;1)) — Harpyska,
K. |, = const — pasrpyska.

JledopManinoHHbIE XapaKTEPUCTUKN OKOHYATEIIb-
HO IPUHMUMAIOTCSI [0 YCIIOBHIO HATPYKEHHS:

j-1 0 = (G0 :
ecmn dt/ ' < 0,0, T0 G(H) GP(H),
- 0 — (0 -
ecmm dt/ ! > 0,0, To qu) GH(H),
- 0 — o -
eclu dScp <0,0, T0 o KP(H),

-1 0 — Ko
eciu dSCp >0,0, To IQH) KH(/—I)'

3. Vcnone3ys nehopManinoHHBIE XapaKTSPUCTHKH,
BBIYMCIICHHBIE B II. 2, HAXOIATCS IeBUATOPHAsl U 00BEM-
Has COCTABIIIOIIIE TEH30pa HAIIPSDKEHUH Ha j-OM Iare

pereHus:

SO = §GD + dSo, (16)
y y i

4. BBIYUCIAIOTCS MOJHBIC HANPSDKCHUS HA j-OM
miare:

Si=850+§0§

i Sy @

(17

rae & — cumBoin Kponekepa.
5. BeryucieHue moOTHBIX JepopManuii Ha j-OM
miare:

(18)

6. YcTaHOBJIGHHE HOBOTO YCJIOBHS Harpy>KeHHs
JUISL cIeytoIero (j+1) mara pemeHus:

e =gl 4 deih,
y y y

ecmn ©V) > 1) — mHarpyska;
ecmn ©V) < ") — pasrpyska;
ecnu 6(,(,’;) > 86([’;") — HarpysKa;
8 <80 — pasrpyska.

7. ®opMUpPOBaHUE MATPULBI CBS3M HAIPSIKCHHS
u nedopmanuit [B/], marpuisl cBsi3u aedopmanuii
u nepemertteHnit [D/] u robanbHO MAaTPHIIBI KECTKO-
ctu [K7].

8. Pemenne cucteMsl ypaBHEHUH MeToJja KOHEU-
HbIX dneMeHToB (KD)

[K/]{dV]} = {dF} (19)

OTHOCHUTEJIbHO HEM3BECTHOTO BEKTOpa MpHUpaNICHUN
nepeMeIeHuit {d Vi]»f }.

9. Brruncnenue npupaieHuii Bekropa aedopma-
Uil i-To I1ara pereHus {dsu} U COXpaHEHHE €TO0 B OTle-
paTUBHOM NaMsITH.

10. CoxpaHeHue TEeKyIUX 3HAYCHUH MMOJIHBIX Ha-
TIPSOKEHUH 1 tepopMannit sl(j'.’l = 8‘5; a TaKk)Ke HOBOTO yC-
JIOBUSI HATPY)KEHHS B MACCHBE KHCTOPHM» HATPY>KEHHUSI.

11. TIlepexon k cieayroleMy ary peeHus.

[Tapamerpbl pacueTHON Mojenu A, 4,, A, Kp, B,
B,, B, B hopmymnax (12)—~(14) onpenensimmce mo TaHHbIM
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TPEXOCHBIX UCIBITAaHUN B cTabmiomerpe. B kauectse
HCIIBITYEMOTO TPYHTA MPUHST MECYaHbIN TPYHT Cpel-
HEW KpyMHOCTH, MMEIONIN MIOTHOCTE Pd = 1,651/cM®
u BIaxxHocTh W =10 %.

Bce pacdeTh BRIOTHSIINCH YUCICHHBIM METOIOM
K3 B mporpammuom kommuiekce PCK&GRAF. Jluckpe-
TH3AIMs pacyeTHOW 00JIACTH Ha KOHEYHBIE 3JIEMEHTBHI,
OTJIAJIKa HCXOIHOM HH(OpMAIIHH, a TaKXkKe rpadudeckas
00paboTKa pe3yIbTaTOB BEIYUCICHUN OCYIIECTBISIIACH
C TIOMOINBI0 CMENHAIBHBIX MPOTPAaMMHBIX CPEICTB
k nakety PCK&GRAF. [Iponenypa penienus HelnuHen-
HOW 3a/1a4 CBOJIJIACH K H3BECTHOMY METOMY ITePEeMEH-
HoM xkecTkocTH [18, 19], cormacHO KOTOpOoMy MaTpuia
JKECTKOCTH TIepeOPMHIPOBBIBANIACH HA KAXKIOM IIare
peIIeHns B COOTBETCTBHH ¢ TeKylInMm ypoBHem HJIC
Y OpUEHTAIMN BEKTOPA JIOTPYKEHUSL.

B kadecTBe MepompUATHI MO BHIPAaBHHBAHUIO
KpeHa 3ary0IeHHOTO COOPYKECHHUSI MOXKET OBITH BBI-
OpaH crmoco0 peryMpoBaHus CONPOTUBICHUS TPYHTA
anekTpoocMocoM [20] uinu nepegada ropu30HTaIbHO-
TO JaBICHUS HAa TPYHT, OCHOBAHHBIN HA MOTPYKCHUH
B MacCHUB TPYHTa DJIAaCTHYHOW 000JI0YKH, B KOTOPOU
MMOCPEJCTBOM CICIHATBFHON TEXHOJOTUH CO3HAcTCS
M30BITOUHOE AaBIICHUE, IEpEaroIIeecs Yepe3 CTCHKH
000JI0uKH Ha TPYHT [21-23]. DnacTu4Hble 000I0YKU
ITOMEIIAIOTCST Ha HEKOTOPYIO TIIyOWHY BIOJb CTCHEI 3a-
DTyOJIEHHOTO COOPYKEHHSI C HAPYKHOM CTOPOHBI. 3aTeM
BO BHYTPEHHIOIO MTOJIOCTh 00OJOYKH MEpeaaeTcs 1aB-
JICHHE, KOTOPOE C OIHOW CTOPOHBI IMOJIACTCS HA CTEHY
COOPYKEHHS, C APYTOil — Ha TPYHT.

OnucaHHas BBIIIIE 33/1a4a pElIeHa B BHJE pac-
YEeTHOH cxeMbl. PacdeTHast cxema mpeacTaBiseT co0oi
TPYHTOBBIN MaccuB pazmepoM 296,0 M (ITo ropu30HTa-
nu) Ha 115,0 M (o BepTukanu). B nieHTpanbHOM YacTu
CXEMBI PaCIIOJIOKECHO KECTKOE 3arTyOICHHOE COOpPYKE-
HHE, KOTOPOE UMEET MPOTSHKEHHOCTh B miane 50,0 M
u 3aryoneHo Ha 45,0 M.

Pacuernas cxema auckpeTusupoBaHa Ha 246 ye-
TBIPEXYTOIBHBIX H30MIapaMETPHUCCKUX IEMEHTOB [24].
OO0111ee KOJTMYCSCTBO Y3JI0B COCTaBHIIO 282.

PacueTHas o0nacTh mpencTaBiIeHA ABYMS TPyI-
MMaMH 3JIEMEHTOB, UMCIOIINX Pa3NIuIHbIe JehopMaIi-
OHHBIE XapaKTEPUCTUKU. DIEMEHTHI IEPBON TPYIIIBI
(>xecTKOe 3anTyOIIeHHOE COOPYKEHHE) — YIPYTUi Ma-
Tepuan ¢ moayaem ynpyrocta E = 30 000,0 MIla u xo-
a¢¢urmentom [lyaccona V= 0,18.

OxpyKarolee coopyKeHHEe IPOCTPAHCTBO COCTO-
WT U3 TPYIIBI THHEHHO-1e()OPMHUPYEMBIX 2JIEMEHTOB
Ne 2 ¢ mogynem nepopmanmu £ = 30,0 MIla u koo pu-
uuenToM Ilyaccona V'=0,33.

[Ipu permreHnu 3ama4qu moyaraeTcs, 9YT0 COOpy-
JKCHHE U3HAYaJIbHO UMEET KPeH, KaK 3TO U300pa)keHo
Ha puc. 6 (ciieBa Harpapo). J{Jst uctpaBieHUs HepaBHO-
MEpHOI OCaJKU C IPABOW CTOPOHBI COOPYKEHUS MPHU-
KJIaJIBIBAETCSl JIOTIOTHUTENIbHAS HAarpy3Ka HHTEHCHBHO-
cThi0 O Ha yvyacTke JuInHOH L = 12,5 m.

Harpyska O B pemaeMbIX 3a/1a4ax MpHHUMAJIach
pasHoii 0,3; 0,6 u 0,9 MI1a.
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Y4auTeIBas, 4TO NpPH PEIICHUU YNPYTOH 3a1adn
3any0JIeHHOE COOPYKEHHE OKPYIKEHO JHMHEHHO-/1e-
(dbopmupyeMoii cpenoii, To pu JeHcTBUN Harpy3ku O
C MPaBOH CTOPOHBI OITyCKHOTO KOJOALA OylyT MMETh
MECTO PACTSITHUBAIOIINE HANPSKEHUS, IPENSITCTBYIO-
1€ TIEPEMEIIEHHIO BIIEBO. B peabHBIX yCIOBHAX pac-
TATUBAIOLINE HAPSDKCHNSI BOSHUKATH HE OyIyT 3a cyer
TOTO, YTO, BO-TIEPBBIX, IPYHT OTJIEJICH OT BHEIIIHEH CTO-
POHBI KOJIOZIIIA TUKCOTPOITHOM pyOaIkoii, BO-BTOPBIX,
YIPYromjaacTUUECKUE CBOMCTBA IPYHTOB MPEMSATCTBYIOT
Pa3BUTHIO PACTATUBAIOIINX HAMIPSKESHHUH.

Jlns ycTpaHeHus yKa3aHHBIX MOJEIBHBIX HENO-
CTaTKOB B PaCUETHOH CETKE MPeyCMOTpEHa y3Kas Mpo-
pe3b, KOTopas MOACIHUPYETCS TPYNIOil KOHTaKTHBIX
aneMeHTOB Ne 3 ¢ HU3KUMH Jie()OpMaMOHHBIMH Xapak-
TEPUCTUKAMM, KOTOPBIE MPEMSATCTBYIOT pacipocTpa-
HEHUIO PACTATUBAIOIIUX HAMPSDKEHUH B OKpYsKaroliei
cpene. Jpyrumu cioBaMu, yKazaHHas BBIIIE TPEThS
IpyIIia AIeMEHTOB MOJCIUPYET THKCOTPOITHYIO pyOarn-
Ky, OKPY>KaIOII[y0 COOPY>KEHHE.

OCHOBHas 4acTh PacyeTOB BHIITOJIHEHA HA OMHU-
caHHOM BellIe ceTke KO ¢ MozmenupoBanuem rpyH-
TOBOTO MacCHBa JTUHEHHO-AehOpMHIpyeMOil cpenoil.
OpHaKo y4nThIBas, UTO TPYHT SIBISIETCA CPENON C APKO
BBIPQ)KEHHBIM HEJTMHEHHBIM XapaKTepoM Ae(hpopMupo-
BaHMs, ObLJIa pellieHa 3aj1a4a B HeJIMHEWHOW ITOCTaHOB-
ke. Cetka KO npu 3Tom Mogenupyercst Tpems rpymnmna-
MM 3JIEMEHTOB: II€pBasi rpynna sBJISeTCs JUHEUHOI,
MOJICJIUPYET JKECTKOE 3ariyOIeHHOE COOpYXKEHUE;
BTOpasi — HEIMHEIHAS ¥ MOJIEINPYET TPYHTOBYIO Cpe-
Ny; TPeThs TPyMIa 3JIEMEHTOB, KaK U MPHU PELICHUU
YHpYTo# 3a/1a4¥, PacHoI0KeHa C IPaBOil CTOPOHBI CO-
OpY)KEHUsI, UMEeT HU3KHe 1e(hOpMALMOHHBIC XapaKTe-
PUCTHKH U MOJEIUPYET THKCOTPOIHYIO pyOamky. Pe-
IIEHUE HEJIMHEWHBIX 3a/]a4 OCYILECTBISIIOCH ITPH TPEX
3HaYeHUAX OokoBoi Harpy3ku Q = 0,3; 0,6 u 0,9 MIla.
B xauecTBe HEMMHEHHOW MOIEIH HCIIOIB30BATIACH HH-
KpeMeHTaIbHAast MOJIEJb, ONIMCAaHHAS BBIIIE.

C nenpio McclieJOBaHUS BO3MOXKHOCTH Ooiee
3(PeKTUBHOTO MPUMEHEHHS MPEAJIaraeMoro crocooda
HCIIPaBJIEHUs] KPEHa MPOU3BEAeHAa AONOIHUTEIbHAS
CepHsl pacueToB C YIETOM HEKOTOPOiIl 30HBI OCHOBA-
HUS, PACIOI0KEHHONU CO CTOPOHBI MMUHHUMAaJIbHOM
OCaJKN COOPYXEHHS, KOTOpas UMEET CyIIEeCTBEHHO
6onee HU3KUi Moaynb nedopmaruu. [peamnonaraer-
Csl, UTO YKa3aHHas 30Ha MOXET OBITh CO3/1aHa UCKYC-
CTBEHHBIM 00pa3zom, Hampumep, pa3OypruBaHUEM HIIN
co37aHueM cHUCTeMbl menei. PaccmarpuBanuce pas-
JIMYHBIC BAPUAHTHI 110 TEOMETPUIECKUM pazMepam 30H
C MOHMKEHHBIM MozyiieM nedopmain. OO00IEeHHbIN
MOJyIb te(hopManiuy B pa30ypeHHON 00IacTu PUHST
paBHbBIM 2,5 MIla. 30Ha ¢ MOHMKEHHBIMU Jedopma-
LUOHHBIMU XapaKTePUCTUKAMU MIPUHSTA TPEYTOJIbHOM
(OpMBI C YBETHYECHHEM B TOPHU30HTAIHLHOM HAalpaB-
JICHUW CHM3Y BBEPX. DTO CAEIAHO U3 COOOpakeHHi
CO3JIaHUsI BO3MOXKHOCTH peaIM3allui OOIBIINX TOPH-
30HTAJIbHBIX [IEPEMELIEHUN BEPXHEH 4acTH COOpYKe-
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C HEOAHOPOAHOM IPYHTOBOK CPEAOH MPH MOrPYXEHNUMN

HUS 110 CPAaBHEHHUIO C HWKHEH TIpH JIeHiCTBUN OOKOBOU
JIOTIOJIHUTEIBHOM Harpy3ku Q.

YucneHHOE pelleHre Te0TeXHHUECKHX 3a/1ad 1o-
3BOJIMJIO MOJIYYUTh clefyrolnue pesynsTaTel. Ilepe-
MeEII[EHUE KOHTYpa OMYCKHOTO KOJIOJLA B CIIJIOLIHOM
YIIPYTOH Cpejie MPH PEeryIMpoBaHUHN JeHCTBHSI OOKOBOM
JIOTIOJIHUTENIbHOW Harpy3ku O U OJJHOBPEMEHHOE pe-
T'YJIIUPOBaHUE CONPOTHUBIICHHS IPYyHTA MO OOKOBOM I10-
BEPXHOCTH 00ECIeUMIIN TIPEeIOTBPAIICHHE KPEHOB MIPU
MOTPY’KEHUU B HEOJHOPOIHBIE TPYHTHI. [lepemenienus
COOPY’KEHHUS 110 JaHHBIM PELICHUSAM HeJINHEeHHOI 3a1a-
YM MpUBeNIeHbI Ha puc. 6. Hanbonbime npenorsparie-
HUSI a0COJTIOTHBIX TOPU30HTAIBHBIX TIEPEMEILICHNH MTpH
Harpyske Q = 0,9 MIla cnenyromue:

Tabuuia nepeMeneHnil yrioBbIX TOUEK COOPYKEHUS
Table of displacements of the corner points of the structure

0= 0= o=
=0,3 kr/cm? =0,6 xr/cm? =0,9 kr/cm?
Howmep kg/cm? kg/cm? kg/cm?
TOYKH
points U,cm | U,em | U, cm U, U,cm v,
¥ z y CM ¥ CM
cm cm cm cm
cm cm
1 -6,7 9,16 -13,4 18,3 | —20,2 | 27,5
2 -16,0 9,17 -32,0 18,3 | 48,0 | 27,5
3 -6,7 -1,08 -13,3 -2,1 | =20,0 | -3,2
4 -16,0 | —1,06 -31,90 | 2,1 | 47,8 | 3,2
E=30MIla/MPa
v=0,33
[lepemenienns: COOpyKeHHUs B YIPaBIIEMOM
) PEKUME HOTPYIKEHHS
Displacements of a structure in the controlled
embedment mode
—48,0 cm / cm
48,0 cm / cm
3,2cm/cm 27,5 cm
=)
(9]
=
Q
S
o~
N

S
20,2 ¢cm/ cm

20,2 cm/ cm
_ Haganbnas konurypamus
Initial configuration

O - Q=03 kr/em® / kg/cm?
A — 0=0,6 kr/em? / kg/em?
O-0=0,9 kr/em? / kg/em?

Puc. 6. [lepemernienne KOHTypa OITyCKHOTO KOJIOAIA B CILIONI-
HOM yIIpyTroif cpezie mpH AeicTBUU OOKOBOHM HArpysku: Q =
=3,0; 6,0; 9,0 kr/cm?
Fig. 6. Relocation of the contour of the foundation cylinder in
the continuous elastic environment under the lateral load: O =
=3.0; 6.0; 9.0 kg/cm?

* mepBas cepus pacueToB — 48 cm;

* BTOpast Cepusl pacueToB — 67 cM;

* TpeThs cepust pacueToB — 80 cMm;

* 4eTBepTas cepusi pacueToB — 16 cM.

Jluist Bcex pemraeMbIx 3aja4 0e3 MpUMEHEHUS Me-
TOZIOB TEOTEXHUYECKOTO PEryIMpOBaHus HaOIo1anach
HEPaBHOMEPHOCTH TOTPYKEHHUS OITyCKHOTO COOpYIKe-
HUSI: BEpTUKAIIBHBIC TIepeMereHus (noaustue (+); omy-
cKkaHue (—)) JIEBOTO U MPaBOro KOHTypa 3arTyOIeHHOTO
COOPY)KEHHUS C COOTBETCTBYIOIM 3HAKOM:!

* mepsas cepust pacuetoB: —3,2 u +27,5 cMm;

* BTOpas cepust pacuero: —12,5 u +36,4 cwm;

* TpeThbs cepust pacueToB: —25,7 u +41,1 cm;

* yeTBepTas cepus pacueToB: —3,2 u +15,9 cm.

[Tpu y4ere B pacuerax 30H C MOHWKEHHBIM MOJTY-
sieM aedopmaiuu (30Ha pa30ypuBaHUs) TOPU3OHTAIb-
HBIE MIepEeMEIICHHs] BEPXHEH YaCTH COOPYKEHHS YBEIH-
YHMJTMCH NMPAKTUYECKU B 2 pasa.

CpaBHEeHHUE pe3yNIbTaTOB PEIICHUs 33/1a4 C Pas3iiny-
HBIMH pa3MepamMu o0acTu pa30ypHBaHUs TOKa3bIBACT,
YTO TP OTHOM U TOM ke E yBeJIMYCHUE Pa3MEPOB M0Y-
TH B 2 pa3a NPUBOAMT K YBEIMYCHHIO NEPEMEICHUH
npumMepHo Ha 15-30 %.

['eomeTpuyeckure pa3Mepbl U KOHQHUrypanus 30H
perynupoBanust H/IC BbIOpaHbI myTeM aHalIN3a JaHHBIX
pacueroB o niepemerntenusM (puc. 7, 8). [lpu pemenun
HEJIMHEWHOM 3a1a4un (UeTBEPTasi CEPHsl PACUCTOR) MOMY-
YEHBI TIEPEMEICHUSI, CYILIECTBEHHO MEHBIIINE, YEM MPH
peLIeHUHN YIPYTUX 3a7ad. ITOT (GakT MOXKHO OOBSICHUTD
TEM, YTO NPH PELICHUH HEJIWHEWHOH 3a/1a4¥ B IPYHTO-
BOIi cpelie, OKpy»Karoliel 3arTyOiIeHHOe COOpyKEeHHe,
peanmzyercs CyliecTBeHHas 1e()opMalMOHHAs HEOTHO-
poxHocTh. Moyl ieopMaluy Mpy peIieHUH HeJlu-
HEHHOW 3a71auu 3aBUCUT OT HAIPSKEHHOTO COCTOSIHUSL.
B cBs13u ¢ 9TMM € TITYOMHOIN MOy ieopManiy yBe-
syuBaetcst. OTMETHM, YTO JUIsl HEIMHEWHOTO PEeIICHUsI
OTCYTCTBOBaJIa 30Ha pa30ypHBaHHMs, a TAKKE HE MOJIe-
JIMPOBAJIAaCh TUKCOTPOITHAS pyOalka, pacroiokeHHas
BOKpYT COOpYKEHUsI. BrienepednciieHHbie (pakTopsl
TIPUBENN K MEHBIINM FOPH30HTAJIBHBIM MEPEMEIICHUSIM
TP pPEIICHNH HEJTMHEHHOM 3a/1auu.

MoneaupoBanue ycJ10BHO-MTHOBEHHBIX

CPBLIBOB MACCUBHOI 000/109KH

TIPU MOTPY’KeHNH ee B HEOTHOPOTHYIO

TPYHTOBYIO cpexy

C nomolnelo mporpaMMHoro komriekca Autodesk
Robot Structural Analysis Professional [25-27] npoBo-
JIMJICS aHAITM3 PaOOThI KOHCTPYKIMHU OITyCKHOW 000J104-
KM B TIEpHO]I €€ BHE3AITHOTO HEKOHTPOJIMPYEMOTO MpPO-
CKaJIb3bIBaHMs (IIAJICHNs) Ha JJHO OTKPBITON TPyHTOBOU
MOJIOCTH € BBICOTHI 1,3—1,5 M mpu ymiax OTKIOHEHHUS
OT BepTHKaibHOU ocu 0,5-5°.

[pu pa3pabotke pacueTHoil Monenu (puc. 9) yuu-
TBIBAJIOCH, YTO KOHCTPYKIIMS 000JIOUKH COCTOUT U3 JABYX
LWJIMH/IPOB, TIOCTABJICHHBIX JAPYT HA JpyTa:

* BEpXHMH LHMIMHAP: HApYXKHBII paguyc R =36 M,
BHyTpeHHHUH paguyc R = 30,5 M, BeicoTa H1 =46 Mm;
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Brnsuue Benmdun U Ha 0Cajiki OBEPXHOCTH IPYHTa TP KPEHaX OIyCKHOTO KOJIOAIA
The influence of U, values on the subsidence of the soil surface in case of the foundation cylinder tilts

u r,M/m
0 10 20 30 40 50 60
| 5 - H =30m/m
> s ¢=30°
— C=0,001 MIla/MPa
20 P iy
' 5 bO 0,1 0,2 0,3
40 —— E=30MIlla/MPa
U, mm
40 i —— E=20MIa/MPa
60
Fid 4 — E=10MIlla/MPa
%0 80
1-U = /
\\.\ U=03m/m
== 3 AR 2-U =025M/m
100 120 \\\ x
. 3-U =02m/m
AR :
120 ﬁ 5 180 N 4-U =0,15m/m
f S,MM' 5-U =0,Im/m
mm
140 =] 6—-U =0,05m/m
7-U_=0,01 M/ m
160 a-S=1( U, E)
b-S,=f(,U,E)
S, MM
mm

Puc. 7. Perynupoanue Bennuun U_Ha 0Ca/IKM IOBEPXHOCTH IPYHTA [PU KPEHAX OIYCKHOIO KOJIO/IA

Fig. 7. Regulating U, values in terms of the values of subsidence of the soil surface in case of the foundation cylinder tilts

BiusiHMe TOPU30HTAIBHBIX TIEPEMEIEHNH CTEH KOJIOA Ha 0Ca KK MTOBEPXHOCTH IpyHTa (H = 30 M)
Influence of horizontal displacements of the well walls on the subsidence of the soil surface (#, = 30 m)

0 5 10 15 20 25 30 r,M/m
. T —— - E=30MIla/MPa
20 _...------"""'""< _65‘:‘/
pr—— 7 Tl N -
74 6 - E=20MIIa/ MPa
40 0 - E=10MIIa/ MP:
/< 5 a a
./,/
-Vl
60 — - I-u=03m/
"_/ ’>\</ / \4 u L 3M/ m
__,_-.f‘" -
80 = BN Y _
/ 2-u=02m/m
74 \
100 _).< / 3 3-u=0,15m/m
—'—'-"-'-'

120 / 2 4-u=0,1m/m
140 Z 5-u=0,05mM/m
J’.<
1" | A B ,
160 6-—u=0,01mM/m
L ——1" 1
f
S, MM
mm

Puc. 8. PerymupoBaHue TOpH30HTAIBHBIX TIEPEMEIIEHHN CTEH KOJOIA B PEXKUME YIPABISEMOM MOCAIKH COOPYKEHUS

Fig. 8. Regulating horizontal displacements of the well walls in the mode of the controlled embedment of a structure
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C HEOAHOPOAHOM IPYHTOBOK CPEAOH MPH MOrPYXEHNUMN

Puc. 9. CxeMbl pacueTHBIX MoOJeIel OoTpyKaeMoii 000JI0UKY TIPH Pa3INIHbIX YINIaX €€ OTKIOHEHUs OT BEPTHKAIBLHOH OCH:

@ — CTaTH4eCKOe OIMpaHue MPH KpeHe; b, ¢ — CPhIB ¥ MPOCKAIB3BIBAHUE IIPH KPeHE (OTKIOHCHNH OT BEPTHKAIBLHOH OCH)

Fig. 9. Structures of design models of a lowered shell at different angles of deviation from the vertical axis: a — static support

in case of tilt; b, c — fall and sliding in case of tilt (deviation from the vertical axis)

* HIDKHUH HWIMHAP: HapyKHBIN paanyc R =36 m,
BHyTpeHHHH paguyc R = 30 M, Beicota H2 = 25 m. Ta-
KHM 00pa3oM, Hapy>KHBII JHaMeTp 000I0YKH COCTAaBUI
D =72 m, BeIcoTa 060mouku paBHa H = 71 m. beron
kacca B30.

JIist MOZIETMPOBaHMS BEJTMYMHBI CHIIBI y/iapa Mpu
CpbIBE 000JIOYKH B MOJIENIN IMJIMHJP MaAaji C BBICOTHI
H = 150-250 cM nox selicTBeM COOCTBEHHOTO Beca
¢ ynioM HakioHa 0,5-5° Ha MomamIMBBIA TPYHT (TVIH-
Ha 3eneHoBarto-cepas: ¢ = 21°, C = 0,04 Mlla, E =
= 19 MlIla). MoaenupoBanach MpoCTpaHCTBEHHAsl pac-
yeTHas cxema 00ogouku Becom G = 210 000 T; uucio
y31m0B — 16 944; o6bpemubix KD — 12 496; konuue-
CTBO CTaTMYECKHX cTeneHeil cBoboasl — 50 828; ko-
JMYECTBO HATPYKEHUH — 27; yCKOpeHHEe CBOOOIHOTO
nagenns g = 9,81 m/kB-c; Bpems nazenus ¢ = N(2H/g);
At=0,30-0,54 c. 13-3a yriia HaKJIOHa CHJIBI TPSHUS TIPH-
KJIaJIbIBAIMCH B BEPXHEH YaCTH KOJO/IIA C OTHOH CTOPO-
HBI M B HIDKHEH 4acTH C MPOTHBOIIOIIOKHON CTOPOHBI.

o

a”
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[Mpu ananuze HJIC o0onouku MCronb30BaiCs
k03 PULMEHT 3ampeIelIbHOT0 COCTOSIHUS 11, OTpe/ie-
JIIEMBIH OTHOIIIEHUEM DKBUBAJIECHTHOI'O HaIpsXKCHUA
KOHCTPYKIIMK 000JI04KH 110 Mu3ecy K mnpeieabHOMY
COMPOTHUBIICHHIO OeToHa Kiaacca B30.

Tak Kax MOJEIMPOBaHKUE MPOIIECCOB CPBIBA TIPU
Pa3IUYHBIX YIJIAX OTKJOHEHHUS OOOJIOYKH OT OCH Q
U BBICOT mageHust AH BBIIOIHSIOCH B JIOCTATOYHO
0O0NBIIIOM THAara3oHe, B TaOJIHIIEe IPEICTABICHBI TOJb-
KO HamboJee XapaKTepHBIE PE3yNBTaThl, KOTOPEIC OBLIH
MIPUHATHI U1 aHanmu3a. OO0Ias pacueTHas TabIuIa pe-
3yJBTAaTOB HHTETPUPOBAHNS YPaBHEHUH JBIKEHHS 000-
JIOYKHU TIPU CpbIBe (TTajieHnn) Ha cKkopocTu VZ, VX, VY
cm/c, yexopernn AZ, AX, AY cm/c® n cmeniennu UZ,
UX, UY cm cocraBnsna 186 385 cTpok.

ITo pesynbraram monenuposanus (puc. 10) ycra-
HOBJICHBI JIOITyCTHMBIE ITapaMeTPhl IPOCTPAHCTBEHHOTO
TIOJIO’KEHUS 000JIOUKH U ANAIIAa30HbI €€ YCIOBHO-MI'HO-

3,0

2,5

2,0

1,5

1,0

=0

0,5

25 50

75 100 125 150 175 200 225 250

AH, cm / cm

Puc. 10. O6macTh mpeaensHO JTOMYCTHMBIX BEIMYHH YCIOBHO-MTHOBEHHBIX IOCANOK (CPBIBOB) AH 000IOUKH THAMETPOM

D =61 wm, Beicoroit H="71 m, Becom G =210 000 T, mpu pa3IHIHBIX YIJIaX OTKIOHEHHS COOPY)KEHHS OT BEPTUKAIBHOMN ocH t°

(6eton kmacca B30; ¢ =21°, C = 0,04 MIla, £ = 19 Mlla)

Fig. 10. The area of maximum permissible values of conditionally instantaneous falls AH of the shell, D = 61 m, height

H =71 m, weight G =210 000 tons, at different angles of deviation of the structure from vertical axis a° (B30 concrete;

¢ =21° C=0.04 MPa, E =19 MPa)
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Pe3yJ'ILTaTI>I MOICINPOBaHU

The simulation results

n’=0,21

0 —

max

0,0 cm
cm

n?=0,56 n*=0,56

2 = 4 =
3,1 cm 26,1 ¢
cm cm

Hcxonnoe monoxkenne a = 0,5°;

Dopma 2. lonpenensuoe HJC a= 0,5°

®dopma 4. [Ipenensnoe HJAC a=1°;

AH=0wM AH=125m AH=125wm
Initial position a = 0.5°; Form 2. Prelimit SSS a =0.5°; Form 4. Limit SSS a = 1°;
AH=0m AH=125m AH=125m
n''=1,94 n'7=3,68 n?=10,56
Al = 17 = 2 =
43,5 c™m 62,3 cm 183.4 cm
cm cm cm

dopma 11. 3anpenensnoe HJC
a=2,5%AH=125™m

Form 11. Superlimiting SSS
a=2.5%AH=125m

AH=25wm

AH=25m

BEHHBIX CPBIBOB, 00€CIMEYUBAIOLINX OMPENAEIbHOE
HJIC obomoukm.

Pe3ynsraThl MOJETUPOBAHMUS TIPOAEMOHCTPHPOBA-
JIM, YTO JUTS KPYITHOTabapuTHBIX 000JI0YEK PEKOMEH,1a-
[[MM HOPMATUBHBIX JOKYMEHTOB MMEIOT OTPaHHUYCHHOE
NPUMEHEHHE U HYK/IAIOTCS B MOATBEPIKICHHOM pacueT-
HOM MOJICJIMPOBAHUH.

3AKJTIOYEHHUE U OBCYXIAEHHUE

Pe3ynbraThl MOHUTOPUHTA, TEOTEXHMYECKON OIIECH-
KM M YUCJICHHOTO MOJEIMPOBAHUS B3aMMOJACHCTBUS
KPYITHOTa0apUTHOTO OMYCKHOTO KOJOAIA ¢ HEOJHO-
POIHBIM TPYHTOBBIM MacCHBOM YOEAWTEILHO ITOKa3a-
JIU, 9TO B CHIIYy CHCIM(PUUECKUX YCIOBUI B3anMOICH-
CTBHSI MACCHBHOM 00OJIOYKH C TPYHTOBBIM MAacCHBOM
HEO0OXOIUM y9eT 3TOH crenn(uKN HecTalnOHAPHOTO
pexrMa TorpyKeHus B pacuerax. OCOOCHHOCTH B3au-
MOZAEHCTBHS XapaKTEPU3YIOTCS BKIIOYEHHUEM B paboTy
s dexra (paxTopa) MacmITaOHOCTH: TeOMETpHUYECKAs
M3MEHYHMBOCTH (AepOpPMALNU U CMEIICHUS) 000I0UKN
IpU runeppasMepax IUIOMAnAH OOKOBOH IOBEPXHO-
CTH OITyCKHOTO COOPY>KEHUSI, B3aUMOJEHCTBYIOIIETO
C Pa3HOPOAHBIM I'PYHTOM, U €r0 CynepOosblIas Mac-
ca, co3/aroniasi MOLHbBIA KUHETUYECKUN UMITYJIbC MIPU
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®dopma 17. 3anpenensnoe HJAC a =2,5°%

Form 17. Superlimiting SSS a =2.5°;

®dopma 22. 3anpenensuoe HIAC a = 3,5°;
AH=25m

Form 22. Superlimiting SSS a = 3.5°;
AH=25m

MTHOBEHHBIX I10CaJIKaX OITyCKHOTO COOPYXXEHHUsI B pa3-
HOTIpOYHbIE TPYHTHI. [IpemioskeHHas KOHIENIHs 110-
3BOJIsieT MosieniupoBarh Oe3nedexTrsii XKL omyckHoro
KOJIOZIa Ha 3TAaIe MPOSKTHPOBAHUS ITyTEM MOJIEINPO-
BaHUS COBMECTHOTO IPOSBICHHS (PaKTOPOB, 00YyCIOB-
JMBAIOLINX CHENN(UIECKOE MOBEICHHE KOHCTPYKIMH
MIPY OTPY’KEHUH U BMEMIAIOIIETO €€ TPYHTOBOTO Mac-
CHBa U IPEISTCTBYIOUINX OCYIIECTBICHHIO IIPOESKTHBIX
PESXKUMOB BO3BE/ICHHS coopykeHHs. HeoOxomumo yan-
TBIBATh, YTO HA PA3HBIX 3TAIaxX MOTrPYKEHUsI POSIBIICT-
csl pasnuuHoe, naxe 3Hakonepemennoe, HJIC cucremsl
«KpyTmHOTabapHUTHAS 000JI0YKa — TPYHTOBBIN MAaCCHBY
U PEaN3yIOTCs OTHOBPEMEHHO JITIOPbI IaBJICHUH TPYH-
TOBOM CpeJIbl Ha PAa3HBIX YACTIX OOKOBOH IMMOBEPXHOCTH
000JI0YKH, BKJIFOYAsl JaBJICHHE TIOKOsI, aKTHBHOE U 11ac-
CHUBHOE JABJICHUS, YTO HEBO3MOXXHO yUECTh TPaJUIIH-
OHHBIMHU MeTOaMu pacyeTa. [IpencraBieHHbIN NOAX0A
Ha OCHOBE BBISIBJICHHBIX 0COOCHHOCTEH M 3aKOHOMEp-
HOCTH B3aMMOJAEHCTBUS KPYIMHOTa0APUTHOTO OMYCK-
HOT'O KOJIOJIA C HEOAHOPOAHBIM I'PYHTOBBIM MaCCHBOM
TTO3BOJISIIOT OIPEACIUTh MapaMeTPphl TEOTEXHUUECKUX
BO3JCHCTBUN U PEKUMOB UX NMPUMEHEHUS JJIs HENlO-
ITyIICHUS 3alpeIesIbHOTO pa3BUTHs Aedopmaruii 000-
JIOYKU W perynupyemMoro 6e3nedekTHoro pexxnma Imo-
TpYKEHHS.
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AHHOTALUMA

BBeaeHue. PaspaboTka TexHonornm obpatleHms ¢ ocagkamu Tpebyet noHMmMaHus O4MCTHBIX coopykeHun (OC), kak criox-
HbIX MHOrONapaMeTpU4eCcKUX CUCTEM, UMEIOLLMX BblPaXXEHHbIE KOPPENSLMOHHbBIE CBA3M MEXAY COCTaBOM CTOUYHbIX BoA (CB)
1 NOMNYYEHHbIX HA X OCHOBE KOHLEHTPUPOBAHHBIX 3arpsisHeHUA. PaccmaTtprBaeTcsi co3gaHue akonornyecku b6esonacHbix
KOMMIEKCOB yTunm3aumm ocagkoB cTouHbIX Bog (OCB), yumTbiBatoLLmMX TexHonormveckmne ocobeHHocTn OC.

Matepuansi n metoabl. Viccnenytotca Hanbonee kpynHele OC, pacnonoxeHHble B Camapckor obnactu, a Takke pasnmy-
Hble naptum OCB, koTopble hOPMUPYIOTCS Cenyac 1 yxe UMEIOTCA B apearne ux BMaHWUSA. [N pelieHnst NocTaBleHHbIX
3agay NpUMeHeH MeTof rnmaBHbIX KOMAOHEHT (MIK).

Pesynbrathl. [NpeactaBneHa kputepuanbHo-napameTpuyeckas oueHka OC 1 ocagkoB, 06pasyroLMXCsl U HaKOMMeHHbIX
Ha HUX, C PacYETOM IKOJIOTMYECKMX U PECYPCHbIX NapaMeTpoB. s NMonyyYeHHbIX AaHHbIX OCYLLECTBMANMCL NpoLleaypbl
LEHTPUPOBAHNSA U LUKANUPOBaHUsS C AanbHeNWMM aHanm3oMm ¢ nomowpto MIK. Pesyneratbl noctpoeHHon MIK-mogenu
oTOOpakeHbl Ha rpachmkax CHETOB M Harpy3ok, KOTOpble XapakTepu3yloT B3aNMOCBSA3b MEXAY MECTOPOXAEHUAMU U OLEHU-
BaloLMMM X NapamMeTpamu.

BbiBoabl. Mpu aHanuse 20 nnowagok OC, noaseprHyTbix oTOOpY, B paLmnoHanbHyo obnacTe Bown 6 06beKTOB, KOTOpble
XapaKTepu3yloTCcsl pa3BUTON UHXXEHEPHOW MHPACTPYKTYpOM; B YCIIOBHO pauuoHarnbHyl0 obnactb — 8 0ObeKTOB, Ha UX
TEPPUTOPUM CO3daHME KOMMIEKCOB 06paboTkM 1 yTunmusaumm ocagkoB TpebyeT npeaBapUTENbHONO reo3KONorM4yeckoro
obocHoBaHus. OcTaBlunecs 6 06bEKTOB OTHOCSTCSI K 06nacTy HepaLMoHarnbHbIX, pecypcHasi CocobHOCTb KOTOPbIX Heao-
cTaTouHa Ans opraHm3aunm acheKTUBHBIX NPon3BoACTB. CUCTEMHBIV NOAXOA NO3BOMSET MO3ULIMOHUMPOBaTh 06bEKTbLI 06pa-
60Tk OCB Ha KoMMNekcax O4YUCTHBIX COOPY>KEHWI, PACMONOXEHHbIX B paLMOHanbHON U YCITOBHO paLMoHarnbHoOM obrnacTsix
OCBOEHWUSI, U HAMETUTb TEXHONOIMYECKME cxeMbl BGoree rnyboKoro BOBeYEHUSI 0CaAKOB B YTUMU3ALMIO.

KIMKOYEBBIE CITOBA: ocagkn CTOYHbIX BOA, OYUCTHBIE COOPYXEHUS, KOMMSEKC yTUnIn3auun, KputepmnanbHo-napameTpu-
Yyeckasi oLeHKa, MEeTOA MMaBHbIX KOMMOHEHT
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Wastewater sediment treatment facilities in a large region
as a multi-component system
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Nikolay I. Shestakov?, Artem P. Seyanko', Dmitry E. Bykov'
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ABSTRACT

Introduction. The development of a sludge management technology requires the understanding of treatment facilities as
complex multi-parameter systems having explicit correlations between the composition of wastewater and concentrated
pollution. In this regard, the article discusses the establishment of environmentally friendly systems for the disposal of
sewage sludge, taking into account the process features of treatment facilities.

Materials and methods. The authors study the largest treatment facilities located in the Samara region, as well as various
new and previously accumulated batches of sewage sludge in the area of their influence. The method of principal components
is applied to solve the pre-set tasks.

Results. Parametric criteria, used to evaluate the treatment facilities and the sludge they accumulate, are addressed in the
article. The project also encompasses the calculation of environmental and resource parameters. Data centering and scaling
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were applied to the information obtained in the course of the project implementation, and the obtained data were further
analyzed using the method of principal components. The results obtained with the help of the model, constructed using the
method of principal components, are displayed in the graphs of accounts and loads, characterizing the relationship between
the fields and parameters used to evaluate them.

Conclusions. Following the analysis of 20 pre-selected sites of treatment facilities, 6 facilities were considered as
rational, since they are characterized by the well-developed engineering infrastructure. The conditionally rational area
includes 8 facilities. Sediment processing and disposal plants are to be established there upon completion of preliminary
environmental surveys. The remaining 6 facilities are considered irrational, since their resource capacity is insufficient for
efficient production processes. A systematic approach allows (1) arranging sewage sludge treatment facilities at wastewater
treatment plants located in the rational and conditionally rational areas of development and (2) drafting process flow diagrams
to ensure a higher involvement of sludge in reclamation processes.

KEYWORDS: sewage sludge, treatment facilities, reclamation facility, evaluation using parametric criteria, principal com-
ponent analysis
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BBEJIEHUE

OpmHnM U3 Hanbolee KPYITHOTOHHAXKHBIX OTXOIOB
OpraHOMUHEPATLHOM NPUPOIBI BEICTYIIAIOT OCAJIKH XO-
35ICTBEHHO-OBITOBBIX M IIPOM3BOJICTBEHHBIX CTOYHBIX
Boz (CB).

B kpynHOM pernone KOJIN4eCTBO OCAAKOB IO pe-
CYypCHOMY (haKTOPy COMOCTaBHMO C 0OBEMOM TBEPABIX
KOMMYHaJIbHBIX OTXOA0B [1, 2].

Ha mopasnsiomieM OONBIIMHCTBE OYUCTHBIX CO-
opyxxenuit (OC) HepelIeHHOCTh BOpoca 00padboTKH
" yTUJIM3allu O0CaJIKOB NPHUBOJUT K HAKOIUICHUIO U 3a-
rHuBaHMI0. Kak criepcTBrue — yXyaIaeTcss COCTOSHHE
BCEX KOMIIOHEHTOB OKpY»Karolel cpenbl. B koHeuHOM
WTOTE€ BMECTO OUUCTKH MPOUCXOIUT NEPEHOC 3arpsi3He-
HUH 13 00beMa CTOYHOH JKUJIKOCTH B OTBAJI, a 3aTeM
B KOHLIEHTPUPOBAHHOM M 00Ji€€ TOKCHYHOM BHJIE —
B BOJJOEMBI.

Metoabl 00paboOTKH OCaJKOB TPeOYIOT 3HAUH-
TEJIBHBIX 3aTpaT TEIIOBOM U AJIEKTPUUYECKON SHEPIUH,
XIMHYECKUX PEarcHTOB, a TAKXKe pasHO0Opa3HOTo 000-
PYZIOBaHHUS: eMKOCTHOTO, J103aTOPHOTO, CTYIIAIOIIETO
1 00€3BOXKHBAIOIIETO; KOMIIPECCOPOB, HACOCOB, TEILIO-
0OMEHHHMKOB; 000pYIOBaHHS IS TPAHCIIOPTUPOBKH,
CYIIKH, C)KUTAaHUS, OMOTEpPMUIECKOTO KOMIIOCTHPOBA-
Hus [3].

OpHako pemeHre mpodIeMbl 0CAIKOB COMPSIKCHO
HE TOJBKO C COBEPUICHCTBOBAHHEM CYIIECTBYIOLINX
WM pa3pabOTKOW HOBBIX TEXHOJOTHYECKHX IPOIlec-
coB Ha OC. HeoOxoquM y4eT riaBHOH 1enu 00paboTku
W YTUIU3ALUN 0CAJKOB — IMOIYyYEHHsI KOMIAKTHOTO,
00e3BpeKEHHOTO, JIETKO TPAHCIIOPTHPYEMOTO MPOAYK-
Ta, KOTOPBIA JOIHKEH 00IaiaTh CPOJIICTBOM C Teocpe-
JIOH — MCTOYHHKOM 00pa30BaHUs STOTO OTXO/A.

B CIIOXHBIX TEXHOJOTHYECKHX IETIOYKaxX yIpaB-
JeHus o0pabOTKOW M yTHIU3AIMEH 0CaJKOB HA KOM-
mekcax o4yucTHBIX coopyxkenuit (KOC) ¢ paznuuHbiM
YPOBHEM TEXHOJIOTHYECKOH CIOKHOCTH HE BCETa ode-
BHIHO, KaKOH METOA 00paOOTKH — TIIaBHBIH, a KaKOH
BcriomoraresbHbld. [1oo0Hast HeonpeeIeHHOCTh OT-
pHIIATENILHO BIUSET Ha BBIOOP pecypcocOeperarommx
TEXHOJIOTHH ¥ 00Illee COCTOSIHNAE YKOCHCTEM B IIEJIOM.
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BonbIIMHCTBO MOJAX0M0B K COOPYKEHHUSIM 00pa-
OOTKHM 0CaJIKOB OCHOBAHO MCKITIOYUTEIHHO HA CO3/[aHUN
WH)XEHEPHBIX 00BEKTOB, CIIOCOOCTBYIONIUX YAAICHUIO
OTXOJIOB C TEPPUTOPHH OYUCTHBIX COOPYKESHUH 000U
neHoi. bes atoro ganeHemas ounctka CB HeBO3MOX-
Ha. Mexy TeM B pa3paboTKe TeXHOJIOTHH OOpaICHHS
¢ ocajgkaMu HeoOxoaumo nmoHuMmanue OC, KaK CIOoXK-
HBIX MHOTOTIAPAMETPHUYCCKHUX CUCTEM, UMCIOIINX BbI-
paXeHHbIE KOPPENSIIMOHHBIE CBSA3U MEXIY COCTAaBOM
CB u moryueHHBIX Ha UX OCHOBE KOHIICHTPHUPOBAHHBIX
3arpsA3HEHUN.

YcTOoMYHUBRIE CBS3U MEKIY TEXHOJIOTHYCCKUMU
ocobenHocTsaMu OC U HampaBIeHUAMH YTHIH3ALUN
0CaJIKOB CyIIecTBYIOT. OHAKO MX BBISBICHHUE JUIS TIPO-
E€KTUPOBAHMSI Y3JIOB YTHUJIM3AI[UU OCAJKOB TPEOyeT Jie-
TaIFHOTO aHAJIM3a MHOTOMEPHBIX MaHHBIX Kak 1o OC,
TaK " 1o ocajkaM ctouHbiX Boa (OCB).

B sT0i1 cBsI3n npeacTaBisieTcsi akTyaJlbHOU ajan-
Talus CyIIeCTBYIONIET0 B XUMHUYECKUX TEXHOJIOTHSX,
HO HU pa3y He MPUMCHSBIICTOCS B PAKTHKE BOJTOOTBEC-
JeHust Metoza raBHbIX kKomrnoHeHT (MI'K) mst axosno-
ro-TexHu4ecko oueHku npurogHoctu OC Kak roia-
JIOK CO3/ITaHMSI KOMIJIEKCOB YTHJIM3AIMHA OCAAKOB [4—6].

Lenpro HacTOSMICH pabOTHI ABIICTCS CO3MaHUC
9KOJIOTHYECKH 0€30MaCHBIX KOMILIEKCOB YTHUIU3AINHI
KpYIHOTOHHAaXKHBIX O0TX0/10B BopooTBeneHuss — OCB,
YYHUTHIBAIONIUX TeXHOJorndeckue ocobennoctu OC.
JUist MOCTHKCHHS TaHHOU IICJIH CICAYCT BBITOJHHUTH
CIEeYOIINE 3aauu:

1) ananu3 ocagkooOpa3oBaHUS B 3aBHCHMOCTH
OT PECYPCHBIX, MHKEHEPHBIX M TEOIKOJIOTHUECKHUX 0CO-
oennocreit KOC;

2) aHanmu3 BUAOB, CTPYKTYPBI, COCTaBa Hanbomee
pacmupoctpareHHBIX THITOB OCB mpUMEHUTEThHO K UX
MoCeAYyoNIeH YTUIIU3aluu;

3) aHaNMHM3 UMCIOIIUXCSI METOOB IPEABAPUTEITH-
HOU MOATOTOBKH OCAJKOB B COCTaBE MHBAPUAHTHBIX
TEXHOJOTHYECKUX CXEM;

4) pa3paboTka CUCTEMBbI COOTBETCTBHS HAMpPaB-
JICHWH TOATOTOBKH OCAJKOB BBIICICHHOMY YPOBHIO
TEXHOJIOTUYECKON CIOKHOCTH U OCOOCHHOCTSIM KOH-
kpetHoro tura OC. ObocHOBaHNE ATONH CHCTEMBI C HC-
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MOJIb30BAHUEM COBPEMCHHOTO MAaTEeMaTHUYECKOTO arla-
para 00pabOTKN MHOTOMEPHBIX JTaHHBIX;

5) pa3paboTKa TEXHOJIOTHYSCKUAX CXEM ITOTOTOB-
KA OCAJIKOB C COBCPIICHCTBOBAHUEM METOIOB CTPYK-
TypHO-(a30BOr0 KOHIEHTPHUPOBaHUS, OWOCTAOWIH-
3aI[UU U, IPU HEOOXOAMMOCTH, YIPOYHCHHUS; METOJ
YOPOYHCHHSI 0CAIKOB II€JICCO00pa3eH, HApuMep, is
CBSI3BIBAHUSI TSDKEIIBIX METAJIIOB;

6) KOHCTPYKTHBHOE O(OPMIICHHE KOMIUJICKCOB
nmoaroroBku 1 yrunusanuu OCB st OC ¢ pa3nuaHbM
YPOBHEM TEXHOIOTHYCCKON CIOKHOCTH, PECYPCHBIMH
U TCOIKOJIOTMICCKUMH 0COOCHHOCTSIMU;

7) TeXHUKO->KOHOMHYECKOe 000CHOBAaHHE TIPE]-
CTABJICHHBIX BBINIC KOMIUIEKCOB MOATOTOBKU U yTHJIH-
saru OCB.

MATEPHUAJIBI U METO/JbI

B kxavecTBe 00BEKTOB BBICTYIINIIN HCCIIEIOBAHHBIC
IpH y4aCTUH aBTOPOB KaHAJIN3AIIMOHHBIC OYUCTHBIC CO-
opyxenust (20 00sexToB) (Tabm. 1). Kpome Toro, 00bek-
TaMU U3y4eHHUs cTanu 6 paznuuHelx naptuit OCB, 06-
pasyrolrecs ¥ paHee HAKOTUICHHBIE B apeasie BINSHUS
OC (6 Tumos) (Tadm. 2).

Bri6op OC 00ycnoBneH pa3IudHbIMU YPOBHEM
Pa3BHTOCTH WX MHXKCHEPHOU WHPPACTPYKTYPHI IO 00-
PAICHHIO C 0CAJKaMH, PECYPCHBIMHI M SKOJIOTHUECKH-
MH 0COOCHHOCTSMU.

Be160p 1 mocieayronas THIN3AINS 0CAIKOB ObLIN
orpe/iesIeHbl BO3MOXKHOCTSIMHU CYIIECTBYIOIIEH 0a3bl
JAHHBIX, a TAKKE OTIMYMSIMHU B TeHE3HCe 00pa30BaHUS.

Tunuszanus BrIIoyana:

* ocanku ropoackux CB (B ToMm uuncie aspoOHO
CTaOMITM3UPOBAHHBIC M aHAPOOHO COPOKEHHBIE CME-
CH 0CaJIKOB ITIEPBUYHBIX OTCTOHHHMKOB C M30BITOYHBIM
HIIOM);

* ocanku Hedreconepxkamux CB (B ToMm dmcie
IIPY COBMECTHOM OYHCTKE C TOPOJCKUMH CTOKAMH);

* 0CaJIKM, HAKOIUIEHHBIE HA MIIOBBIX IUIOIIAAKAX
1 B WIOHAKOMUTENSX (CTapble 3aJIeKH, 0OBEKTHI NCTO-
PHUECKH HAKOTIJIGHHOTO AKOJIOTMYECKOTO Bpea);

* M30BITOYHBIC AKTUBHBIC MIIBI.

B Tabn. 1 npencrasneHs! cBefeHUs 110 00beMaM
00pa3oBaHMs 0CA/IKOB HAUOOJIEE KPYITHBIX CTAHIIMH a3-
pannu Camapckoit 001acTi — pa3BUTOTO MPOMBIIIIICH-
Horo peruoHa P®!. 3neck exeromHo obpasyercs Gonee
5 MIIH M® CBIPBIX OCaJKOB W M30BITOYHBIX aKTHBHBIX
wioB (MAN), Gonpinast 4acTh KOTOPBIX MMOCIE BeCbMa
HECOBEPIIECHHO 00paOOTKN HITH CKIIaHPYETCs TOOITH-
30CTH OT WJIOBBIX IUIOIIAJIOK, MJTH BHIBO3UTCS HA CBAJI-
KH.

B Tabn. 2 npuBeieHb! cBEIEHNS TI0 COCTABY OCal-
KOB, 00CJI€ZIOBAHHBIX TIPH y4aCTHH aBTOPOB.

C ogHOHN CTOPOHBI, PACCMOTPEHHBIE OCAIKH CO-
JIep>KaT B CBOEM COCTaBe a3oT, Gocdop, Kanuii, rymyc,
MUKPO- 1 MAKPOIJIEMECHTHI, T.€. ABJIAIOTCSA OpTaHOMUHE-

'TocyaapcTBEHHBIH TOKIAA O COCTOSIHUH OKPYIKAIOIIeiH cpe-
IIbl ¥ IPUPOIHBIX pecypcoB Camapckoii obnactu 3a 2020 .

pasibHBIM ynoopenueM. C npyroit CTOpoHBI, B HUX Ha-
XOJSITCSL TeIBMUHTBI, TIATOT€HHAsT MUKPO(II0pa, JEerKOo-
3arHMBAONIas OPraHHKa.

PE3VYJIBTATHBI HCCIEJOBAHUA

AHann3 00beKTOB U3YUYCHHMSI TTOKa3all, 4TO Tepen
yrunnzanueit OCB tpebyercs nx MOATOTOBKA IS TT0-
JIy4eHHs TPAHCIIOPTaOeIbHOr0, 0€30IacCHOTO B CaHU-
TapHOM U HKOJIOTHYECKOM OTHOIICHHH MPOIYKTa, KOTO-
PBIH MOXKHO YTHIIM3HPOBATh C MUHUMAJIBHBIM yIIIepOooM
JUIsL OKpY KaroIlel cpe/sl.

J1J1s1 5TOrO 0CaIOK CIIeAYEeT MOABEPrHYTh MOCIEN0-
BaTENBFHON WJIN TapajlIeNbHON 00paboTKe ¢ UCTIONB30-
BaHHMEM CJIEAYIONIUX IPYIIT METO/IOB!

* (ha30BO-CTPYKTYPHOTO KOHIICHTPHPOBAHHUSI (HITH
00€3BOXKMBAHHS);

e Ouocrabunuzanuu (MJIM MHHEpalu3alHu
1 06e33apaKUBaHNA);

* YIPOYHEHHs (MU KOHCONHIALNH, HAIIPUMED,
JUISL CBSI3BIBAHMSI TIO/IBMDKHBIX (DOPM TOKCHKAHTOB).

PasnooOpasue cocraBa CB mpenomnpenenser He-
00XOIMMOCTh MHINBHAYAIBHOTO MTOIX0a K BOIIPOCAM
BBIOOpa MeToma 00padoTku u yrunusanuun OCB mis
Ka)KJJIOr'0 KOHKPETHOTO 00BEKTA.

B nacrosmeit pabote mpeamonaraeTcs, 9To OCHOB-
HBIM HallpaBJICHUEM YTHIN3AIUH 0CAIKOB BEICTYIIHT UX
HCIIOJIb30BAHKUE B KAUCCTBE IPYHTOMOMOOHBIX PEKYIIh-
THUBAIIMOHHBIX MaTepuaios (I'PM) [7-9].

KpurtepunajisHo-napamerpuyeckasi OLeHKa

OYHCTHBIX COOPYKEHHIl H 0CAIKOB,

00pa3ylommxcsi H HAKOIJIEHHBIX HA HUX

[Tokazarenem pa3pabOTKN CUCTEMBbI COOTBETCTBHS
HaIlpaBJIEHUH MOATOTOBKU OCAJIKOB BBIJEICHHOMY
YPOBHIO TEXHOJIOTUYECKOH CIIO)KHOCTH U OCOOCHHO-
ctam OC sBisieTcs mpeasiaraeMas KputepualbHO-TIa-
pametpudeckas oneHka kak camux KOC, Tak U THIIOB
OCB.

Bce xapakrepucruku BiOpanHbix OC npumeHu-
TEJIBHO K UX OCOOEHHOCTSIM, a TAK)KE XapaKTEePUCTH-
KM 0CaJKOB, BHOBb 00pa3ylOIIMXCs W HAKOIUICHHBIX
B rPaHMIAX JaHHBIX COOPYKEHUH, TP PEepeHIIMPOBAHBI
Ha JIBE TPYHIIbI: TE€0IKOJIOTHUECKYIO H PECYPCHYIO.

B reoskonornyeckyro rpyniy napameTpoB BXO-
JAT TOKa3aTeln OMacHOCTU OCaJKOB, HAJUYMS B HUX
OCHOBHBIX 3arpsI3HSIOMINX 3JIEMEHTOB U COCIHUHEHUI,
a TaK)Ke CTENCHb 3alUIIEHHOCTH 'e0Cpe/Ibl OT 3arpsi3-
HEHUSI.

I'pynma pecypcupix mapamerpoB KOC orenuBa-
€T TOTEHIMAIbHBII 00beM 0CaIKOB M MOTPEOHOCTH
BO BTOPUYHBIX PEKYJIBTHBALIMOHHBIX Marepuaiax s
JAHHOW TePPUTOPHUN MECTHOCTH, a Taroke miomaan OC
U JIETPaJJUPOBAHHBIX UX JICATEIBHOCTHIO 3€MEIlb B I'pa-
HUIIAX 00BEKTOB Pa3MELICHUS 0CaIKOB, BKIIIOUAIOIINX
WJIOBBIE TUIOIIAKH 1 MIIOIIIAMOHAKOIIUTEH.

OxoHuaTenbHo Habopsl mapamerpoB OC u ocan-
KOB, KaK MHOTOIIapaMETPUYECKUX CUCTEM, CBEJICHBI
B Tabm. 3 [10].
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CoopyxxeHmnsi 06paboTKi 0CaAKOB CTOYHbIX BOA

C. 205-221

KPYMHOro pernoHa — Kak MHOIOKOMIOHEHTHas cucrtema

Cucrema otroopa OC B Ka4yecTBe IUIOIAI0K CO3/1a-
HUs KomIutekcoB yrmmu3anmn OCB 6a3upyercs Ha oc-
HOBE HCIIOJIb30BAHUS KPUTEPHUEB, KAK COOTHOIICHUS
OTAETHHBIX TAPAMETPOB, TIPEACTABICHHBIX B TA0MT. 3.

[IpennaraeMpie KpUTEPUHU BKIIOUAIOT HAOOP WMH-
nekcoB. [lepBbie Tpu muaekca onenuBaor OC kak
MTOTSHITHATHHYIO TUTOMIAAKY CO3TaHUS MPEIMPUATHS
1o 06paboTke u yTrim3aiuu ocaakos. [lociemyronime
JIBa MHJCKca OIleHnBaIOT ocanku OC Kak MOTCHIHAITb-
HOE CbIpbe U1 mpou3BoacTBa ' PM.

Kpurepun, ouennBaioniue 04ucTHbIE

COOpPY:KeHHUS

1. Unnekc nerpaganuy TEPPUTOPHH, BBICTYIIA-
FOIUI TIOKa3aTeJieM COOTHOIICHUS IUIOMIAIN, JAeTpa-
JUPOBAHHOM MIIOBBIMU KapTaMH WM HAKOIHUTEISIMH,
Kk o6me#t miomanun OC. I . mOKa3bIBACT, HACKOJIBKO
TUIOIIA/(b OTPULIATEIBHOTO BIMSHUS OTXO0/a Ha reocpe-
JIy TIPEBBIIIACT TUIOIIAAb NCTOYHHUKA JeTPaIallHH.

2. lnexc moTeHIMAIbHON PeKyIbTUBUPYIOIIEH
cnocobnoct OC (Ipex =V./ Vpex). 3nauenus [, xone-
Omromuecs 1o onsITy [11] B rpanume auanasona ot 0,1
1o 1,0, moka3pIBarOT Ha BO3MOXXHOCTH MCIOJIb30BaHMUS
0CaJika B KaueCTBE MOTCHI[HAIBHBIX TPYHTO3aMeIIat0-
LIMX MaTepUaliOB Ha BBIJICIICHHON TEPPUTOPUH B 30HE
rusinust KOC.

Kocsenno, 3nauenue IpeK KOPPEIUPYET C COOTHO-
IICHHEM TOJIOBOTO 00BheMa CBEXHUX OCAJKOB KO BCe-
My 00beMy ocankoB B rpanunax KOC, HaKOIUICHHBIX
3a BECh )KM3HEHHBIN IUKJI MX IKCIUTyaTaIlH.

3. UudpacTpyKTypHBIil HHACKC Imb OIpeneser
CTEIIeHb Pa3BUTOCTH 00bekToB 00paboTku OCB u Jo-
TUCTUYECKHX Y3JIOB IIEPBUYHON MepepabOTKH U TPaHC-
nopra ocanka u I'PM.

1., OTIPE/ICIICH B HACTOALICH paboTe KaueCTBEHHO
C CTIOJIE30BaHNEM METOJI0B SKCIIEPTHOM OIICHKH B THA-
na3oHe ycsoBHbIX OamioB ot 0—10. 3a 0 mpuHUMaeTcs
orcyrctBue Ha KOC coopyxeHm 00paOOTKU U yTHIIH-
3alMU 0CaJKoB; 3a 10 — Hagu4Ke MaKCHUMAaJIbHO IOJI-
HOTO COCTaBa COOPYXEHHI 00e3BOKUBAHHSI, MHHEPAITH-
3alin U JeTokcukanun ocankos Ha KOC.

Kpurepun, oneHnBaionue cocTosinue 0caaKoB

4. Inaexc crmocoOHOCTH 0CaaKoB K (ha30BO-IHC-
TIEPCHOMY KOHLCHTPHPOBAHHIO ([, =V /V ) — Kak
OTHOILIEHHE 00beMa CBOOOIHOI BOJIBI B OCAJIKE K 0011Ie-
My 00beMy BOJbI, BKJIIOYAIOLIEMY U CBs3aHHYI0. WH-
JIEKC YKa3bIBAeT HA CIIOCOOHOCTH 0CaIKa K Pa3IeICHHIO
KaK B YCIIOBUSIX €CTECTBEHHOH CYIIKH, TaK U IPUHY/IH-
TEJEHO, B TOM YHCJIC U C TPAMEHCHHEM PEarcHTOB.

ITo omwiTy nccnenoBanust orxonoB B CamI TV,
a TaK)Ke aHaJu3a JIMTEPATYPHBIX JAHHBIX, [, KOJIe-
Onercs B auanazoHax 3HaueHuit ot 0,2 0,5; 0,5-0,7;
0,7-1,0. Ilpu 3TOM MeHbIIIee 3HAYCHNE XapPAKTEPHO IS
0CaJIKOB, COAEPIKAIMX TOBBILICHHOE 3HAYCHNE KHUIKOU
¢azp1. Kak mpaBmito, K TaKUM 0CaJIkaM OTHOCAT OCajl-
KU MIEPBUYHBIX OTCTOMHUKOB, CMECH C M30BITOYHBIMU
niaMu. bonbiiee 3HaueHHE OTHOCHUTCS K aHAadPOOHO-
COpO’KEHHBIM OCaJKaM, OTJACIBHBIM (hparMeHTaM 3a-

CTapesbIX, TEXHOTCHHBIX 00pa30BaHUH B HAKOIIUTEISX
1 Ha WIOBBIX TUTOTIaKax [12].

5. Vnpexc crabunusanmn [ = OODF/O06m yKa3bIBa-
€T Ha CIIOCOOHOCTh 0CaJika K MUHEpaJIN3alui, B TOM
YHCIIE B €CTECTBEHHBIX YCIOBHUSX, IPU KOHTAKTE C OHO-
THYECKUM (aKTOPOM Cpe/ibl — aOOPUTeHHOW KOMIIOCT-
HOW ¥ TIOYBEHHOH MUKPODIOPOii.

Kpowme Toro, I  onenuBaet CIIOCOOHOCTE K OMOXH-
MHYECKOMY Pa3IOKEHUIO TPUMEHHUTEIBHO K BO3ZMOXK-
HOCTH HCITOIB30BaHNS METO]a KOMIOCTHPOBAHHUS, KaK
HaunboJsee MPUOIIMKEHHOTO K OMOTIO3UTHBHBIM TEXHO-
norusm [13, 14].

I, oneHMBaETCA COOTHONIEHHEM OOBEMOB JIETKO-
pasjaraeMblX OPraHMYeCKHUX COCAMHEHUU B OCAJKe,
paspyuiaeMblX MUKpOONOJIOTHYECKNM IIyTeM, K 001e-
My 00BbEeMy OpTaHUKH.

OnbIT, HAKOTIJICHHBII UCCIIEN0BATEISIMU B 001acTH
OMOIECTPYKIINU ¥ XMMHUYECKOH IeCTPYKIIMN OPTaHUKN
B KOHTPOJIMPYEMBIX YCIIOBHUSX, & TAK)KE aHAJIN3 CIIOCO0-
HOCTH IIMPOKOTO CIIEKTPa COSTUHEHHUN K PAa3JI0KEHHIO
TIOKa3BIBAOT, YTO JTMANA30H 3HAYEHNH [ JIEKUT B TIpe-
nemnax ot 0,1 1o 0,9 [15].

[pencraBneHHbIi HAOOP HHAEKCOB OBLT UCTIONB30-
BaH B HACTOSIIEH paboTe 1yt KpUTEPHAIBHON OIICHKN
MIPUTOAHOCTH BoBiedeHus ocankoB KOC B rpyHTO3aMe-
IIAIOIINE MaTepHaIbI.

JlanHasg OII€HKA MPOJEMOHCTPHPOBAA, 4YTO
u KOC, u ocaaku, SBISIOTCS CJI0KHBIMH MHOTOKOMIIO-
HEHTHBIMH ¥ MHOTO(AKTOPHBIMH cHcTeMaMH. BeiOpars
TEXHOJIOTHIO M TTOCIIEJ0BATEILHOCTD METOJJOB yTHIIN3a-
MM 0CAJIKOB, a TAK)Ke MOKa3arh, Ha kKakoM OC 1aHHBIN
Ha0Op METOJIOB MPEANOYTHTENCH, 3aTPYAHUTEILHO BBH-
JIy CIIOKHOCTH YCT@HOBJICHHSI, KAKUE KPUTEPHHU CITyKaT
JUKTYIOIIMMH, a KaKHe BTOpocTeneHHbIME. [loaToMy
Ba)KHBIM MHCTPYMEHTOM yCTAaHOBJIEHHUS] COOTBETCTBHUS
HaIpaBleHUs TOJTOTOBKH OCAJKOB BBIJCICHHOMY
YPOBHIO TEXHOJOTHYECKOH CIIOXKHOCTH M 0COOEHHO-
cTsiM KoHKpeTHOoro THra OC BBICTYIIaeT MaTeMaTHIe-
CKHUH amnmapar o0paboTKH mapaMeTpUYEeCKUX JaHHBIX
nmu MI'K [16].

J10 cerofiHsIIHero AHs B KOHTEKCTE OL[EHKU CHUCTe-
MBI «OYHCTHBIC COOPYXKECHHUSI — OCAJIKU CTOYHBIX BOI»
MI'K He npumenscs.

OcnoBa MI'K — MaccuB JaHHBIX, BKJIIOUAIOIIMI
3HAUECHUS BCEX BBIICHICPEUNCIICHHBIX KPUTEPHEB.

MI'K no3BosisieT HEHTPUPOBATh MOIYUYEHHBIE pe-
3yIbTaThl B 00JaKe MX PacCenBaHUs, a TaKKe OIpe-
JeNUTh Hanbolee 3HAUNMBIC TEPEMEHHBIC, JEJIbTa
KOTOPBIX UMeeT HauboJbiiee 3HadeHue. [Ipu aToM nH-
(opMaTUBHOCTH AaHHBIX HE U3MeHuTcs [17-19].

Jlnst mpoBesieHnsl aHalIW3a MHOTOMEPHBIX JIaH-
HBIX NPUMEHEH MaKeT MaTeMaTHYECKHUX MPOrpaMM
Unscrambler® [20]. Ha ocHOBE 3KCTIepUMEHTAIBHBIX
HCCIeA0BaHNHN ObUT cOpMHUPOBAH HAOOP MCXOMHBIX
CBEJICHMH C IIeJIbI0 aHaJIN3a B BHJIE MaTpUIBl X, dpar-
MEHT KOTOpOif mpuBeieH B Tabu. 4. Marpuria X pa3mep-
HocTbio [ X J coctout u3 20 00pasuos (/) u 5 nepemeH-
HBIX (J) (cM. Tabu. 4). B kauecTBe 00pa31ioB BHICTYAIOT
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Tabu. 4. OurcTHBIE COOPYKEHNS — 00BEKTHI HCCIISIOBAHMS C PA3INYHON KPUTEPUAIbHO-TTapaMeTPHIECKOH XapaKTepPUCTHKON
COCTOSIHUSI TEPPUTOPUI U OCATKOB

Table 4. Wastewater treatment facilities as research objects featuring different parametric criteria characteristics of territories
and precipitation

Kpurepuu oLeHKH COCTOSHUS OUMCTHBIX COOPYKEHUI U OCAJIKOB O6nactb
Criteria for the evaluation of the state of treatment facilities and MIPUTOHOCTH
sediments KOC k coznanuto
KOMILIEKCA
Ne KOC yruauzanun OCB
No. Treatment facility L. = Ipek = Applicability of
= SH/SKOC - Voc/Vpel( Im-lc)) I(DZ[K = VCB/V061U IC'I' = OGMO/OOGLL! treatment facilities to
Ly = L= Ly | Lope=V/V,, | 1,=0,/0,, | the establishment of
=SS, D =, a wastewater sludge
reclamation facility
| % Camapa 0,36 0,15 8,0 0,12 0,35 ++
Samara
o |I Tomedrri 032 0,17 | 60 0,18 0,38 ++
Togliatti
3 |¢ Conpane 0,40 011 | 95 0,15 0,15 ++
Syzran
4 b lanaceck 0,36 0,18 | 6.0 0,16 037 +
Chapaevsk
5 | % Ompansei 0,38 012 | 75 0,12 0.16 -
Otradnyi
6 ¢ Kuryresck 0,37 045 | 65 0,12 0,9 -
Zhigulevsk ’ ’ ’ ’ ’
7 |\ Hoxsuerneso 0,36 0,12 | 85 0,18 021 +
Pokhvistnevo
. OKTA0pBCK
8 Oktyabrsk 0,35 0,10 9,5 0,11 0,17 -
g |rKunem 031 034 | 70 0,10 0,51 +
Kinel
1o |% Hedreropex 0,28 0.6 9,0 0,12 1,45 +
Neftegorsk
nrt. bezeHuyk
11 | Bezenchuk urban-type 0,26 0,56 8,0 0,15 1,30 ++
locality
c. Kunens-Yepkaccel
12 Kinel-Cherkassy 0,28 0,47 6,6 0,16 1,10 -
13 | Cepruesck 0,24 045 | 8.0 0,24 0,9 -
Sergievsk
OAO
«HoBokyii0bImeBcKuii
HII3»
+
14 Novokuibyshevskiy Oil 0,18 0,18 7.0 0,22 0,37
Refinery open joint stock
company
OAO «KytiOpImmeBcknit
HII3»
15 | Kuibyshevskiy Oil 0,16 0,09 6,0 0,22 0,1 -
Refinery open joint stock
company
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Oxonuanue Taobn. 4/ Continuation of the Table 4
Kputepuu omeHKH COCTOSHUS OYMCTHBIX COOPYKEHHH U 0CaIKOB 061acTh
Criteria for the evaluation of the state of treatment facilities and MIPUTOTHOCTH
sediments KOC « cozpanuto
KOMILIIEKCa
No KOC yruimzanuu OCB
No. Treatment facility I, L= Applicability of
(S / KOC) =V/ Vi | Loy | Lo = VlViou | Lo = Ogue/ O | treatment facilities to
degy L= w | e =VilV | L= 0/7,,/ O,, | the establishment of
=SS, )| =V/v, a wastewater sludge
reclamation facility
OAO «Cp3panckuii HII3»
16 | Syzranskiy Oil Refinery 0,11 0,29 7,0 0,21 0,54 ++
open joint stock company
AOOT «TonparTuazor»
17 | Joint stock company of the 0,12 0,51 8,5 0,28 0,87 +
open type Togliattiazot
000 «CUBYP TombsTTi»
18 | SIBUR Togliatti limited 0,12 0,19 6,0 0,34 0,25 +
liability company
OAO «HoBoxyiObImIeB-
ckast HXK»
19 | Novokuibyshevskaya 0,14 0,48 7,0 0,35 0,79 +
Petrochemical Company,
open joint stock company
OAO «HoBoxy#0bImes-
ckast TO»
20 |Novokuibyshevskaya 0,12 0,53 7,5 0,40 1,40 ++
Trade Firm, Open Joint
Stock Company

OC (talmn. 1), mepeMeHHBIX — TPYIITBI KpUTEPHUEB (MH-
JIEKCOB), XapaKTepH3yIoMmux Kak kaxmoe OC B OTHAEIb-
HOCTH, TaK U Bce OOBEKTHI BMECTE.

VcxonHple CBeICHNUS, IPOIICAIINE CTAANIO TIPEII-
BApUTEJIBHOMN MOATOTOBKH, B XOJ€ KOTOPOH OCylIeCT-
BIISTMCH TIPOLEYPhI IIEHTPUPOBAHUS U IIKATMPOBAHUS,
aHanmu3upoBaiuch ¢ nomoibo MI'K. Pesynbrarel no-
crpoernoir MI'K-mozenu otobpakarorcst Ha rpadu-
KaxX CUETOB M HArpy30K. DTH rpadMKH XapaKTepH3yIoT
B3aMIMOCBSI3b M@Ky MECTOPOKICHUSIMHI U OLICHUBATO-
IIMMHA UX TTapaMeTPaMH.

C yueTom o0mieil 0cTaTo4YHON TUCTIEPCUH OBIIO
MMOCTPOCHO 3 TIIABHBIX KOMITOHEHTHI, 00MIas 00bsc-
HEHHas Aucrnepcus KoTopbix coctaBuia 90 %. B pa-
6ore paccmarpuBaroTcs | u 4 TIaBHBIC KOMITOHCHTHI
(puc. 1, 2), ocTanbHBIC KOMIIOHEHTHI HE TIPUBOJSATCS
10 IPUYMHE HU3KOH MH(POPMATUBHOCTH OTHOCHUTEIIEHO
BBITOJIHSAEMOH 3a1a4H.

I'papux MI'K-cueToB mimm «kapTa 00pa3imoBy mo-
Ka3bIBaeT PACIIOIIOKEHNE TEPPUTOPHHA HCCIEAYEMbIX
OUYMCTHBIX COOPY>KEHUH B mosie 1 U 4 MIaBHBIX KOMIIO-
HeHT (puc. 2).

Ha rpaduke cueTtoB BUAHO YCIIOBHOE pasJielieHHe
00pasIoB Ha TpU rpymnmbl: pauonaibHyto (1), yciaos-
HO parmoHanpHy0 (I1) m Hepammmonanpryto (I1I), mpu-
MEHHUTENHHO K OCBOCHHIO TEPPUTOPHI BHIOPaHHBIX

KOC B xauecTBe TUIOMAMOK TSI CTPOUTENBCTBA TIPE-
npusATH 110 pon3BoAcTBy ['PM. OGnacTtu BbIeIeHBI
Ha ocHOBaHUU pacnonokeHuss OC OTHOCUTENIBHO Ocei
Y Havasa KOOPJAMHAT, Pa3AessIIoIIUX 00bEeKThl Ha IpyI-
IIBI CO CXOHBIMH XapaKTePUCTUKAMH, OTOOpaKEHHBIMU

Ha rpaduke Harpy3o0K.
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Fig. 1. Chart of accounts based on the method of principal

components

217

ZZ0Z “Z 9NSS| "L 2Wn|o/ . 8IN}08})IYdJy pPUB UOI}ONIISUOD) UO [BuINOf AJYIUO « NSOIN HIUISOA
Zz0z ‘z »2fumag "L wo L . (8uljuQ) 0099-70£2Z NSSI (Wulld) GE60-2661 NSSI « ADJIN ¥MHLODg



0935 (Print) ISSN 2304-6600 (Online) * Tom 17. Beinyck 2, 2022

BectHuk MICY ¢ ISSN 1997

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 2, 2022

K.J1. Hepmec, O.B. TynuuysbiHa, B.H. llbicmuH, H.U. LLlecmakos, A.I1. CesiHko, [].E. Bbikoe

0,5 |I'K4
oKf ®Cb 0,4 e Zc T
L o oV
0,3 LS
(] 0,2
Nv s oK L
0,1
Cp op 'Kl
-0,4 —0:3 -0,2 -0,1 0 0,1 02 03 04 05
-0,1
olla
-0,2
o1 1PV

Puc. 2. I'padux Harpy3ox
Fig. 2. Load graph

I'paduk Harpysok (puc. 2) mMoka3bIBaeT, KaKOu
BKJIa/I BHOCUT KaKJBII M3 MOKa3aTeiel B pacmpeaese-
Hue OC 1o rpynmnamM BO3MOKHOCTH CTPOUTEITBHO-X035H-
CTBEHHOI'O OCBOECHMs TeppuTopuid. Ha HEM MOXKHO yBU-
JIeTh BIHMSIHUE Ka)KJI0T0 U3 MOKa3aTesiel Ha MOJ0KEHHE
KOMITOHEHTBI.

3AKJIIOYEHHUE U OBCYXIAEHUE

W3 20 mromanok OC, MOABEPTHYTHIX OTOOPY,
B PallMOHAJIBHYIO 001aCTh BOLLIN 6 00BEKTOB (OTMeUe-
Ho 3HaKoM ++): KOC 1. Camapsl, Tonbsrtu, Cei3pany,
nrt. besenuyk, a Taxke cTaHuuu adpanuu CheI3paHCKO-
ro HIT3 u Ob1Bieit HoBOKy#HOBIIIEBCKOM TPUKOTAXKHON
(abprkn. CoBMECTHBIN aHaIN3 rpa)IKOB CUETOB U Ha-
TPY30K HPOJAEMOHCTPUPOBAI, YTO 3TH OOBEKTHI XapaK-
TEPU3YIOTCS Pa3BUTON HHKECHEPHON HHPPACTPYKTYPOH,
TTOJTHBIM HaOOPOM COOPY>KEHHIIH MEXaHOOMOJIOTHIECKOM
OCB, pe3epBoM TeppuUTOpHi 1 cTpouTenscTBa. Co-

CTaB 0CAJKOB COAJIAHCUPOBAH IO COJEPIKAHUIO OUO-
TeHHBIX AJIEMEHTOB, U IIPUCYTCTBYET HCTOYHUK HHOKY-
JIUPYFOIIEH MUKPOGIOPhI — aKTUBHBIN UJI C BBICOKHM
MpupocToM. BiaxkHOCTh U copepxkaHue 6e330JI5HOTO
BEIIECTBA TTO3BOJIAIOT MCIIOIb30BATh OCAJIKU JAaHHBIX
KOC B xauectBe 'PM mnocie npeasaputensHoii oOpa-
OOTKH B COCTaBE MTPOEKTUPYEMOT0 KOMITJIEKCa

B ycnoBHO paroHansHy0 0071acTh (3HaK +) BOII-
71 00BEKTHI, HA TEPPUTOPHN KOTOPBIX CO3AAHUE KOM-
IIJIEKCOB 00pa0OTKM W YTHIIU3AIHKA OCAIKOB Tpedyer
MIPEABAPUTEILHOTO T€0IKOIOTHIECKOTO 000CHOBAHMS.
B uvactrocTh, a1 mectu 00bekToB — OC 1. Yanaes-
cka, Kunens, Hedreropceka, crarmmii asparm Hoso-
kyiobsrmesckoro HIT3, TomesarrnAsora, OO0 «CUBYP
ToxpaTTi» HEOOXOIUMO BBIJICIICHUE JOTIOITHUTEIBHBIX
MOIIIHOCTEH 1 TepPUTOPHIL MOJT COOPY>KEHHUsI 00padOTKN
0CAJIKOB, a TAKXXE MX JOIOIHUTEILHOTO 00e3BpeKnBa-
HUS JUTs1 IMMOOMITM3AINK Ce(DUUECKUX 3arpsi3HEHMI.

B HepanmoHapHO# 00:1aCTH CrpyIITUPOBAHEI 00b-
€KTbl, peCypcHasi ClIOCOOHOCTh KOTOPBIX HEJI0CTATOYHA
Ut co3nanus 3 (HEKTHBHBIX TPOU3BOACTB. OOBEMBI
0CaJIKOB, OTCYTCTBHE COBPEMEHHBIX COOPYKECHHH HX
MIOATOTOBKH M TEPPUTOPHUI PE3EPBHOTO CTPOUTEILCTBA,
a TaKoKe OJIM3KO PacIONOKEHHBIX aKLENTOPOB yTHUIIN3a-
[IMH MTPEISITCTBYIOT CO3JJAHUIO KOMIUIEKCOB MOATOTOBKU
OCB. Haubosiee npenouTHTENIbHBIM 3/1€Ch BBICTYAET
CO3/IaHUE TIPOMEIKYTOUHBIX Y3JIOB MEXaHUYECKOTO 00e-
3BOXKHBAHHS C ITOCIEAYIONINM BIBO3OM IMOIYITPOIYK-
TOB Ha KOMIIJIEKCBI, CTPOUTENBCTBO KOTOPBIX BOSMOKHO
B paMKax OOBEKTOB PAIlMOHAIBHOM M YCIOBHO PalNo-
HaJIbHOH oOnacTeil.

CHCTEeMHBII MMOIX0A AAET BO3MOKHOCTH IO3H-
IHOHHUPOBATH coopyxkerus oopadborkn OCB nHa KOC,
PAacCTIOJIOKEHHBIX B PAI[IOHAIBHONW M YCIOBHO palyo-
HaJIbHON 00JacTsIX OCBOCHHMS, 1 HAMETUTH TEXHOJIOTH-
YeCcKHe CXeMbl Hanbosiee ITyOOKOro BOBJICUEHHS 0Cal-
KOB B YTHJIM3AIHIO.
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ABSTRACT

Introduction. The study of heat exchange transients in the climate system “Heater-Ventilator-Room”, when ventilator ca-
pacity varies step-wise, is presented. The construction of functional relations between inputs and outputs of the system is
the object of special attention. This allows for a non-parametric identification of impulse responses in the system for simula-
tion and control.

Materials and methods. The climate system is represented by a combination of several different-type elements with step
inputs and experimental data as outputs. Mathematical models of the elements are governed by Volterra integral equation
of the 2nd kind. Solution of this equation is an ill-posed problem, and specifics of identification experiments do not allow
applying computational methods of classical regularization algorithms. A non-parametric identification of impulse responses
for the elements is performed by the authors’ stable algorithm with due regard for real technical systems specifics. The al-
gorithm is founded on stable differentiation by smoothing cubic splines with optimal smoothing parameter estimation and
special type boundary conditions.

Results. Non-parametric identification algorithm is adapted for the investigated climate system. The inverse problems of
impulse responses identification and the direct problems of heat flux reactions prediction are solved. A high convergence of
theoretical and experimental data is shown.

Conclusions. The behavior of the transients is predictable for the climate system under the particular operation mode.
The algorithm proposed takes proper account of practical problems specifics. The results obtained suggest the efficiency of
the algorithm for applied identification problems solutions in real complex technical systems.

KEYWORDS: climate system, transient process, relative excess heat, non-parametric identification problem, Volterra in-
tegral equation of the 2nd kind, stable identification algorithm, smoothing cubic splines, combined boundary conditions,
optimal smoothing parameter estimation when the measurement noise variance is undefined
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NpenTuduranus nepexoaHbIX NPoLecCOB TENI000MeHA
3JIEMEHTOB CHCTEMbI 00eCre4eHUusI MUKPOKJINMATA

Pycram IllamuabeBuay Mancypos!, FOpuii EBrenseBny Bockoooiinnkos'?,
Bacuauca AnnpeeBHa boesa!
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AHHOTALUNA

BBepaeHue. BbiNnonHeHo vccneaoBaHWe nepexofHbIX NMPOLECCOB TeMnooGMeHa B KNMMaTUYECKON CUCTEME «BO3OYXOHa-
rpeBaTenb-BEHTUNSTOP-NOMELLEHVEY NPK CKaYKOOBPa3HOM U3MEHEHMM 06BEMHOI NPOM3BOAMTENBHOCTM Ha BEHTUIATOPE.
Ocoboe BHUMaHWe yaensieTcs U3yvyeHuo GyHKLMOHANbHbIX CBSI3eW MeXAy BXOLHbIMU U BbIXOAHBIMU XapakTepucTMkamm
cucteMbl. TO NO3BONSET NPOBECTM HEMapaMETPUYECKYHO MAEHTUUKALIMIO MMMNYNbCHBLIX NEPEXOAHbIX (OYHKLIMA 3NeMEHTOB
KNUMaTUYeCKON CUCTEMbI ANs fanbHENLero MoAEnMpoBaHus 1 ynpasneHus.

MaTepuanbi U MeToAbl. V3ydyaemas knuMaTtuyeckasl cuctema paccmMaTpuBaeTcs B Bae KOMOMHALMKM HECKOSbKMX pasHo-
TWUMHBIX 3NEMEHTOB CO CKayKooGpPasHbIMU BXOAHLIMU M BbIXOAHLIMU CUrHaNamMu, NpeacTaBneHHbIMU 3aLlyMAEHHbIMU 3KC-
nepuMeHTanbHbIMU AaHHbIMU. MaTemaTuyeckue mogenv ar1eMeHTOB CUCTEMbI OMMUCHLIBAOTCS MHTErpanbHbIM YypaBHEHWEM
BonbTeppbl BTOporo pofa. PelueHne aToro ypaBHeHUs SIBASIETCA HEKOPPEKTHO NocTaBneHHo 3agadeit. Cneuunduka akene-
pUMeHTa No naeHTUdMKaLMK He faeT BO3MOXHOCTb UCMONb30BaTh AMSi PELUEHNS BBIYUCIIUTENBHBIE CXeMbl KaCcCU4eCcKmx
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perynspvavpyoLmMx anroputmoB. Henapametpuyeckas MAeHTUMMKALUS UMNYNbCHBbIX NEPEXOAHbIX PyHKUMIA anemMeHToB
KNMMaTU4YEeCKON CUCTEMbI BbIMOMHSETCS pa3paboTaHHbIM aBTOpaMu YCTOWYMBBIM anropuTMOM, CMOCOOHBIM yYWTbIBaTb
cneuundpuyeckne 0CO6eHHOCTU pearbHbIX TEXHUYECKUX cucTeM. [ocTpoeHre anropytma OCHOBaHO Ha BbIYUCIIEHWUMW YCTOWM-
YMBbIX NMPOW3BOAHBIX U MHTErpana CBEpPTKU CriaxuBakoLmMmMmy Kybuyeckumu cnnanHamm ¢ nogbopom onTrMarnbHOro napa-
MeTpa CrraXxvuBaHusi U cneuuanbHbIMU KpaeBbIMY YCIIOBUSIMU.

Pesynbrathl. [puBefeH aBTOPCKUIA anroputM HenapameTpuyeckon naeHTudukaumm, agantupoBaHHbin Ans paboTsl ¢ mc-
cnegyemon KnumaTudeckoln cuctemolt. PelleHbl obpaTHble 3agaqun MAeHTUMKALUM UMNYNbCHBIX NEPEXOAHbBIX DYHKLMIA
1 NpsiMble 3aa4n NPOrHO3MPOBaHMUS peaKLuii TENSOBOro NoToka. lokaszaHo BbICOKOE COOTBETCTBUE TEOPETUYECKMX M IKC-
nepuMeHTarbHbIX XapakTepUCTUK.

BbiBoAbl. AHanM3 nonyyYeHHbIX pe3ynsTaToB Mokasarsn, YTo NoBedeHne paccMaTprBaeMbiX NepexoAHbIX NpoLEeCcCcoB npea-
CKasyeMo 1 XxapaKTepHO A AaHHOTo pexuma paboTbl KnumMaTnyeckon cuctembl. [peanoxeHHbI anroputM HenapameTpu-
Yeckon naeHTudmKaumm cnocobeH yuntbiBaTb crneumdguyeckne ocobeHHOCTY NPakTUYECKMX 3afad 1 SKCepuMeHTanbHbIX
OaHHbIX N MOXET ObITb NPYMEHEH MPU PeLUeHNM NPUKNaaHbIX 3a4ay MAeHTUdMKALMKM B pearbHbIX TEXHUYECKUX CUCTEMAX.

KINMIOYEBBIE CITOBA: knumaTunyeckasi cuctema, NnepexofHblil npoLecc, OTHOCUTENbHas M30bITOuHas TennoTa, 3ajaya
HernapameTpuyeckon wuaeHTudmKaumm, uHTerpanbHoe ypaBHeHve BonbTeppbl BTOpOro poga, yCTOWMYMBBLIA anroputM
naeHTuukaumm, crnaxmeatoye kybrudeckve cnnaiHbl, KOMOMHUPOBaHHbIE KpaeBble YCNOBWS, OLeHBaHNE ONTUMAasbHOTO
napameTpa criaxvBaHus Npy HeM3BeCTHON ANCMEPCUN LLIYMOB U3MepPeHUii

bnazodapHocmu: ViccriedoeaHue 8bInofIHEHO npu ¢huHaHcogol noddepxxke PO®U e pamkax HayyHo20 npoekma 20-38-
90041.

ona UMTUPOBAHUA: Mancypos PLL., BockoboliHukos FO.E., boesa B.A. Heat transient processes identification of
the elements of internal environment system // BectHuk MICY. 2022. T. 17. Buin. 2. C. 222-231. DOI: 10.22227/1997-

0935.2022.2.222-231

Asmop, omeemcmeeHHbIl 3a rnepenucky: Bacunvuca AHgpeesHa boea, v.boyeva@sibstrin.ru

INTRODUCTION

When building operation and maintenance, a num-
ber of problems of great importance are solved to provide
comfortable conditions in rooms. Among the problems
are development, control and optimization of internal
environment systems and microclimate stabilization
in rooms between the preset values on exposure to in-
ternal or external thermal agitations. The quality of cli-
mate parameters and stability of a system are defined by
system response on the agitations arising named a tran-
sient process, or simply a transient [1]. Non-parametric
identification of dynamic transients in the elements
of the researchable system is an initial crucial phase for
all of these problems.

Transients study in the climate system “Heater —
Ventilator — Room” appears as response prediction
of the one of climate system element on agitation caused
by another element [1]. Construction of functional rela-
tions between the input and output values of the element
allows for a non-parametric identification of the impulse
responses, but it requires to formulate the reliable ma-
thematical model in various dynamic states [2].

Conventionally, mathematical models for various
technical processes and states of an element are pre-
sented as differential equations. In recent times, energy
specialists tend to reject this approach because it either
does not respond for some properties of the element
or simply is unrealizable [3]. At present, more univer-
sal integral models are actively used which successfully
serve as applications in experimental data processing,
automation control theory, filtration and restoration
of signals and images, computed tomography and op-
timization [4—10]. The advantages of the integral equa-
tions include compactness in the description of dynamic
systems, the natural practical content of the kernels
of the equation as reactions to typical input agitations,

and high stability of the numerical implementation.
But the main problem that arises when solving inte-
gral equations is related to the conventional correctness
of their solutions. Classical regularizing algorithms,
such as methods of Runge-Kutta type, h-regularization
methods (by Tichonov, Apartsyn, Bakushinsky, Deni-
sov etc.), different quadrature methods, Wiener-Kalman
method etc., do not take into account the features of real
objects and practical problems.

Thus, the development of stable identification al-
gorithms for the practical problems with experimental
initial data is not only relevant for applications, but
also has a theoretical significance in the development
of computational methods of ill-posed problems under
incomplete a priori information.

The purpose of the research is to study responses
behavior of the elements of the climate system “Heater-
Ventilator-Room” and calculate the responses mathe-
matically by a priori information about the experimental
observational data. The accompanying objectives are:

* to construct the functional relations in the climate
system in input-output terms and formulate the reliable
mathematical model;

* to detect behavior specifics of climate system sig-
nals under the definite operation mode;

* to perform a non-parametric identification
of the impulse responses of the elements by the authors’
algorithm;

* to solve the direct prediction problems of the the-
oretical responses on internal or external agitations;

* to study the behavior of the theoretical responses
in comparison with the experimental data.

To solve the objectives, the authors use methods
and algorithms self-developed reported in [11-13]. This
paper represents the application of these methods and al-
gorithms in terms of experiments reported in [1, 2, 14].
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MATERIALS AND METHODS

Heat exchange transients are investigated in
the climate system ‘“Heater-Ventilator-Room”, consi-
dered in detail in [14], when ventilator capacity varies
step-wise from 0.6 to 0.7 (from 42 to 49 Hz) in fractions
of maximum controller frequency, and the heater is in-
active and characterizes by zero constant capacity. In
this operation mode, the ventilator is an active element,
the heater is a reactive element, and the transients in
the system are actuated by ventilator capacity step.

On Fig. 1 [1] functional block diagram of the in-
vestigated climate system is shown. Heater capacity is
operated by the triac capacity controller AW, and ven-
tilator capacity is operated by frequency current con-
verter AF. The parameters registered from sensors in
the system are:

« dust heat flow rate u;

» pressure differential across the ventilator AP;

* dust relative humidity ¢ ;

* heater input temperature 7;

* heater output temperature 7,;

* room input temperature 77;

* room output temperature 7.

The parameters of heat flux state were registered at
the dust inspection points at 1 s intervals.

Fig. 2 depicts the circulation of heat fluxes gener-
ated/absorbed by a moist air flux though the elements

of the climate system [14]. The air mass flow, while ex-
perimental data processing, is defined as G = p(T,)ur,
where F, m?, is the sectional area of an air duck at
the location points of velocity u and temperature 7, sen-
sors; p(T,), kg/m?, is dry air density at 7, temperature.
The heat absorbed by the heat flux from the heater is
defined as Q, = ¢, GAT, AT, = T, — T,, from the ven-
tilator as Q = ¢ GAT , AT =T, - T,, from the control
subsystem as Q = c GAT,AT =T, —T,, where c_ is air
thermal capacity. The heat assimilated and accumulated
by the heat flux at room air space is defined as Q =
=¢,GAT, where AT =T, — T,. Heat injection to the en-
vironment from the room is defined as Q = ¢ GAT,
where AT =T, - T,.

According to [14], a similarity parameter that de-
scribes transitions in the climate system is relative ex-
cess heat Q. This characteristic involves contribution
of all heat flux parameters and defined by

0,(r)-0(0)
|Qf (z.)-Q (0)|

where Q7 for i = 1 is the relative excess heat Q7 gene-
rated/absorbed by the moist air flux though the heater;
for i = 2 is the relative excess heat Q' generated/ab-
sorbed by the moist air flux though the ventilator; for i =
= 3 is the relative excess heat Q7 assimilated by the heat

Q = J=1..4, (1)

Climate control subsystem

Room

D —

_____________________ -

I

I

@ I
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I
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. X I
Ventilator Hester JI

Fig. 1. Functional block diagram of the climate system “Heater-Ventilator-Room” (source: Mansurov R.Sh., Rudyak V.Ya.
Transients processes in the system the heater-fan when changing the operating mode of the fan. News of Higher Educational

Institutions. Construction. 2019; 3:50-63)

Climate control subsystem

E i

Fig. 2. Scheme of heat fluxes ventilation in the climate system “Heater-Ventilator-Room”
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flux though the room; for i = 4 is the relative excess
heat Q' generated/absorbed by the moist air flux though
the control subsystem; Q (1) is the heat generated at
the current time 1; Q(0) is the heat generated at the ini-
tial time t = 0; Q(x,) is the heat generated at the finite
time t, = 500 s.

Fig. 3 shows the scheme of non-parametric identi-
fication experiment in the climate system “Heater-Ven-
tilator-Room” under the considered operation mode,
with regard to heat fluxes circulation and thermal agita-
tions. The system can be represented as a combination
of two simpler subsystems characterized by the diffe-
rent proceeding physical processes. The subsystems are
the subsystem of climate control in room, also called
the climate control subsystem “Heater-Ventilator”,
and the controlled subsystem “Room”. Alternatively,
the climate control subsystem is composed of two ob-
jects — the heater and the ventilator. When performing
experiments, stationarity and linearity of the climate
control subsystem and its objects had been observed [2].
The room is not included in the general identification
scheme because of unpredictability of the proceeding
stochastic physical processes [13].

In identification scheme (Fig. 3), the input ¢(t)
of the climate control subsystem is capacity step
on the active ventilator. The output f,(?) is heat flux
active agitation by ventilator activity represented
by the relative heat Q’. Being the reactive object
of the climate control subsystem, the heater not only
affects the heat flux by its own heat release but also re-
acts on ventilator capacity step. At the initial moment,
the heater is inactive, or operates under zero capacity, so
heater activity includes its reaction on ventilator capac-
ity step only. The output f(¢) is the reaction of the heat
flux through the heater on ventilator capacity step ¢(t)

=
o(7)
r—""="=-"=-"=-=-"-""I"—-"="-"=-"="="=-"=-"=-—==== 1
I Heater mode “0” Climate control 1
: subsystem k() :
I
. l
: Heater Ventilator :
! k() k() i
I
. 0, | A0 or [ /(o) :
O e L e e T R —
o) | v
Controlled
subsystem
Room Q7

{}QZJ

Fig. 3. Scheme of identification in the climate system “Heater-
Ventilator-Room”

represented by the relative heat Q. The output f{¢) is
the reaction of the climate control subsystem on the in-
put step ¢(t) represented by the relative heat Q.

Physical processes proceeding in the climate control
subsystem and its objects are complicate for an adequate
mathematical description. In this case, let us assume
a model of the subsystem is a non-detailed “black-box”
involving only an input and an output. In input-output
terms, this mathematical model can be formulated by
Volterra integral equation of the 1st kind with a differ-
ence kernel [15, 16]. However, there is shown in the lit-
erature [6] that solution of the integral equation is an ill-
posed problem by Hadamard due to possible violation
of the solution stability under noisy experimental data
on the right side of the equation [7, 8]. Let us employ
the approach from [14] involving the conversion of Vol-
terra integral equation of the 1st kind to Volterra integral
equation of the 2nd kind:

1 o, f'()
+— - =—=1€|0,T

k(1) (p(O)J.O(P (t—1)k(t)dr 2[0) 1€[0,T],(2)
where k(¢) is an impulse response, ¢(t) is an input, f{¢)
is an output. In the investigated subsystem, the input
(1) is the step signal from 0.6 to 0.7 with the constant
amplitude . The outputs f,(¢), £,(t), () are a priori inex-
act noisy observations from the laboratory facility de-
scribed in [2, 13] contaminated by measurement errors.
All the signals of the subsystem are equally spaced,
plotted by N = 500 samples with the time step At = 1 s.

For simulation and operation the climate control
subsystem described by the model (2), it is required
to solve the problem of non-parametric identification
consisting in evaluation of climate control subsystem
impulse response k(#), ventilator impulse response k (¢)
and heater impulse response k,(f) by measured noisy
outputs when ventilator capacity varies step-wise. In
terms of causal relationships, the problem is inverse
because it requires to regenerate the impulse response
on the known reaction of the subsystem or object.

Note that the problem formulated in the form (2)
remains ill-posed and means calculation of the first de-
rivatives from noisy outputs so the solution obtained may
be unstable under measurement noises in initial data.
A stable solution of the problem posed is suggested to
calculate by authors’ non-parametric identification algo-
rithm for technical systems reported in [11, 12, 14] which
evaluates impulse responses by smoothing cubic splines.

RESULTS OF THE RESEARCH

Stable non-parametric identification algorithm for
dynamic systems adapted for the practical identification
problems in the climate control subsystem and the ob-
jects involves the following stages.

Stage 1. Analysis of information about measure-
ment noise characteristics in noisy initial data

In this stage it is concluded whether pre-processing
(or filtration) of noisy initial data would be advisable.
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As is shown in [17], in case of initial data contamina-
tion by impulse noise or Gaussian noise more than 10 %
it is advisable to pre-filtrate the initial data to reduce
the identification error.

The initial experimental noisy outputs f,(¢), f,(?),
¢) are represented on Fig. 4-6. There is no a priori in-
formation available about measurement noise charac-
teristics in the outputs. Measurement noise level in each
output has been evaluated by methods [10], and for
the ventilator it was 3, = 3.4 %, for the heater — 3,, =
= 6.7 %, for the climate control subsystem — &, =3.1 %,
so no pre-filtration of noisy outputs is required.

Stage 2. Calculation of smoothing cubic splines
with their stable first derivatives § ;p’al(t), S}’QL(t) from
the values of inputs and outputs

Smoothing cubic splines construction is fully con-
sidered in [18, 19] but essentially depends on the two
following factors not properly appreciated in literature.

The first factor is boundary conditions. When
solving practical engineering problems, boundary
conditions assumed to be set on account of problem
specifics and distinctive features of the field observa-
tions. In the investigated problems, it would be incor-

1.2
. WV""‘M
& 0.8
3 0.4
0.2
0
0 100 200 300 400 500
Time ¢, s
Fig. 4. Output of the ventilator f,(#)
1.2
1 I
s:i 0.8 } k Ll
206]] w
5 0.4 } |
0.2
0 0 100 200 300 400 500
Time ¢, s

Fig. 5. Output of the heater f,(?)

g e
= 06 £
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3 0.4
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Fig. 6. Output of the climate control subsystem f{¢)

226

rect to set the left boundaries of the impulse responses
in zero values for a variety of reasons undermentioned.
At the same time, the reactions f(¢), f,(¢), f(¥) in
the end of the time interval converge to steady state,
and the according right boundaries of the impulse re-
sponses are expected to be zero [20, 21]. The classical
natural boundary conditions or boundary conditions
of the 1st kind seem to be inappropriate for the inves-
tigated problem. It would make sense using the com-
bined boundary conditions, when at the left boundary
the first derivative value is set, and the second zero
derivative value is at the right boundary [22].

The second significant factor is selection of the best
estimate o, of the optimal smoothing parameter a,, that
minimizes the smoothing mean-square error [8, 20].
When solving practical problems with experimental
data, there is no information about the numerical cha-
racteristics of measurement noises, and the estimate o,
is calculated by L-curve method [11]. In this experiment
the value of estimate was o, = 6,183 103,

By substitution of the calculated spline derivatives

S'np,aL(f), SfﬁaL(t) into equation (2), equation (3) can be
obtained:

1 i

k(t)+ S (t—=1)k(t)dr=
() S(pa (tl).[o ‘ML( ) ()
L (3)
S0, (1)
= L ,t S [0 ,T] .
S‘P’“l (tl
Stage 3. Calculation of the convolution integral

! ! .
S o0, (= DE(T)dT from equation (3)

Approximating the convolution integral we obtain:
1
.[Osw’ul (tj - t)k(t)dr =
-4

Y (1, —r)dr}ﬁl...z\f, j=2..N

-1z
:Zizlki[ 1, @0

Then matrix ®'(N — 1)(N — 1) is formed with
i=1..N-1,j=1..N-1 clements calculated by
the rule:

0 fori<yj
q)l,- i Liji2 . . (5)
’ A (r)d‘c fori>j

tijn

Stage 4. Construction of the impulse response
estimate £(7)

Approximating equation (3) by a system of linear
equations we obtain:

- 1 \ 1 .
k={1T+ D fh
[ S‘P’GL (tl ) ]S(Py“[_ (t1 )

where [ is an identity matrix (N — 1)(N — 1); k is solution
vector, and its components are the estimates for identi-
fied impulse response values.

(6)
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Fig. 7. Impulse response estimate 131(1‘) of the ventilator
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Fig. 9. Impulse response estimate /(7) of the climate controlled
subsystem

Fig. 7-9 shows the calculated estimates IEI(t),
k(t), k(¢) for the climate control subsystem and
its objects. The reason of nonzero initial values
of the impulse responses is the testing environment
of the field observations for the experimental series
under the investigation. Heater capacity control is pro-
vided by the triac capacity controller generating con-
trol signal as the sinewave with average period factory
setting in 57 s [23]. The experiments are conducted
serially from the eighteen consecutive single experi-
ments lasting 500 s including serial heater capacity in-
crease in the even experiments and decrease in the odd
experiments. After that, the received observational
data were averaged over the nine even heating ex-
periments and the nine odd cooling experiments. This
compensates, fully or partially, the sinewave feature
of the experimental data [1].

When the heater operates under zero capacity and
nominally inactive, the applied power to the heater is not
more than 0.01 from the maximum value of the electric
capacity anyway. This fact is due to the operation of safe-
ty control system of heater fuel elements. If there is not
the minimum required heating, safety control system
states the heater in the emergency operation [1]. Sum-
ming up, the reason of the sinewave experimental sig-
nals is the operation of heater safety control system and
the triac capacity controller. The initial values of the im-
pulse responses associated with heater switching torque
from capacity increase/decrease which mistimes with
the initial zero value. The sinewaves in signals are theo-
retically irrelevant for construction of mathematical mo-
dels so they must be reduced. In subsequent experiments
the triac capacity controller will be replaced with the thy-
ristor one, linearly controlling heater capacity.

The solutions of the direct problems shown
on Fig. 10-12 are the predictions of heat flux reactions
f,@), f,(1), f(?) on the agitation ¢(t) by calculated im-
pulse response estimates £ (0, k ,(0), k(t). The values
of the solution relative error are: for the ventilator — 6
= 4.6 %, for the heater — 3, = =15.6 %, for the cllmate
control subsystem — &, = =4, 4 %. There is the evidence
that the theoretical reactlons f (9, f L0, f (¢) corresponds
highly to the experimental data f,(#), £,(¢), f{t). Note that
the theoretical characteristics are sufficiently smooth.
Measurement noises and instrumental errors introdu-
cing non-informative sinewaves are reduced that affects
the solution relative errors.

CONCLUSION AND DISCUSSION

Let us analyze the behavior of the heat transients
of the climate system elements.

The ventilator has an internal heat source and af-
fects the heat flux by the heat production of its own and
by the heat exchange with the flux. On Fig. 10 it can be
observed that the heat O generated by the ventilator in-
creases monotonically and stabilizes then when the heat
flux is healed. Objectively, at the beginning of the tran-
sient, the difference AT, = T, — T, is incremental due to
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the small decrease of pre-ventilator temperature 7, and
constant post-ventilator temperature 7, and Q7 evo-
lution is governed by the increasing air mass flow G.
After that, Q7 increase changes qualitatively and keeps
growing because of active ventilator heat production
by its own [11]. Finally, heat generation intensity by
the ventilator and the heat exchange with the heat flux
stabilizes and sets O’ to 1. The evolution of climate
control subsystem heat Q7 on Fig. 12 changes similarly.
As is noted in [1], the characteristics plotted on Fig. 10
are the typical Q” evolution for blasting when the venti-
lator is active. In this case, the heat O’ changes at most
in accordance with heater capacity operation mode, and
the value of ventilator capacity step is insufficient.

On Fig. 11 it can be observed that at the beginning
of the transient the heat O/ generated by the heater is
attended with the increase of G. Transient time depends
on the factory setting of the triac capacity control-
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Fig. 11. Impulse response estimate f,(¢) of the heater

228

ler [23]. Then heat exchange process between the heat
flux and heater surface stabilizes, O/ decreases slightly
and sets to 1. The characteristics plotted on Fig. 11 are
the typical O} evolution for blasting when the heater is
reactive. The literature [1] states that O/ evolution is
sufficiently defined by heater capacity operation mode,
and the more capacity is, the more the influence of ven-
tilator capacity step.

For the theoretical characteristics on Fig. 10-12
it is simpler to predict their behavior under the certain
conditions in comparison with the experimental data
contaminated with measurement noises. The theoreti-
cal characteristics are qualitatively more accurate and
informative and can be used further for modeling and
controlling the room.

A non-parametric identification of real dynamic
systems is a rather complicated and time-consuming
problem as a matter of actual practice. On the one hand,
it is due to ill-posedness of equation (2) solution, and
on the other hand, it caused by different types of in-
puts and outputs of identified systems. The algorithm
proposed in paper enables to perform a stable non-
parametric identification whether for a whole system
or for its elements individually with completely regard
to the specifics of a problem posed. Smoothing cubic
splines allow constructing the efficient algorithm for
filtration of various statistical measurement noises in
inputs and outputs of a system. Because of smoothing
cubic splines application, identification error value de-
pends on the differentiation errors of inputs involving
matrix @ elements (5) and of outputs involving vec-
tor /' components (6). Optimal smoothing parameter
evaluation meets the minimum of the differentiation er-
rors for noisy inputs and outputs of an identified system
and the minimum of the identification error as a conse-
quence [24].

Successful solution of the real engineering problem
of the non-parametric identification applied to the cli-

1.2

—_

Heat flux reaction estimate f ()

<
)

<
o

<
~

<
)

0 100 200 300

Timet, s
Fig. 12. Impulse response estimate f{¢) of the climate
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mate system ‘“Heater-Ventilator-Room”, when the ob-
servational data are noise-contaminated, proves the ef-
ficiency of the algorithm proposed for applied problems
solution. The non-parametric identification of the im-
pulse responses for the elements of the climate system
allows predicting heat flux reaction on the agitation with

the high accuracy. The results of the investigation rep-
resented permit advising the algorithm for identification
of impulse responses in other real dynamic systems.
Particularly, the algorithm can be used for modeling and
studying of transients in the investigated climate system
under the more complex operation modes.

REFERENCES

1. Mansurov R.Sh., Rudyak V.Ya. Transients
processes in the system the heater-fan when changing
the operating mode of the fan. News of Higher Educa-
tional Institutions. Construction. 2019; 3:50-63. DOI:
10.32683/0536-1052-2019-723-3-50-63 (tus.).

2. Mansurov R.Sh. Thermodynamic processes in
the elements of microclimate control systems. Plumbing,
Heating, Air Conditioning. 2014; 1(145):90-93. (rus.).

3. Botoroeva M.N., Bulatov M.V. Applications and
methods for the numerical solution of a class of intege-
ralgebraic equations with variable limits of integration.
The Bulletin of Irkutsk State University. 2017; 20:3-16.
DOI: 10.26516/1997-7670.2017.20.3 (rus.).

4. Brunner H. Volterra integral equations:
an introduction to theory and applications. Cam-
bridge, Cambridge University Press, 2017; 387. DOI:
10.1017/9781316162491

5. Suslov K.V., Solodusha S.V., Gerasimov D.O.
Integral models for control of smart power networks.
IFAC-PapersOnLine. 2016; 49(27):439-444. DOI:
10.1016/j.ifacol.2016.10.772

6. Osipov Yu.S., Maksimov V.I. On dynamical
input reconstruction in a distributed second order equa-
tion. Journal of Inverse and Ill-posed Problems. 2021;
29(5):707-719. DOI: 10.1515/jiip-2021-0004

7. Giirbiiz B.A. A numerical scheme for the solu-
tion of neutral integro-differential equations including
variable delay. Mathematical Sciences. 2021. DOI:
10.1007/s40096-021-00388-3

8. Gabbasov N.S. On numerical solution of one
class of integro-differential equations in a special
case. Computational Mathematics and Mathematical
Physics. 2020; 60:1666-1678. DOI: 10.1134/
$0965542520090092

9. Voytishek A.V. Classification and applications
of randomized functional numerical algorithms for the
solution of second-kind Fredholm integral equations.
Journal of Mathematical Sciences. 2021; 254(7):589-
605. DOI: 10.1007/s10958-021-05328-z

10. Solodusha S.V., Mokry I.V. A numerical solu-
tion of one class of Volterra integral equations of the
first kind in terms of the machine arithmetic features.
Bulletin of the South Ural State University. Series Ma-
thematical Modelling, Programming & Computer Soft-
ware. 2016; 9(3):119-129. DOI: 10.14529/mmpl60310

11. Voskoboynikov Yu.E., Boeva V.A. L-curve
method for evaluating the optimal parameter of a smoo-
thing cubic spline. International Research Journal.

2021; 11(113):6-13. DOI: 10.23670/IRJ.2021.113.11.003
(rus.).

12. Voskoboinikov Yu.E., Boeva V.A. Synthesis of
smoothing cubic spline in non-parametric identification
technical systems’ algorithm. /OP Conference Series:
Materials Science and Engineering. 2020; 953:012035.
DOI: 10.1088/1757-899X/953/1/012035

13. Mansurov R.Sh., Voskoboinikov Yu.E., Bo-
eva V.A. A theoretical and experimental study of tran-
sient characteristics of the heat exchange in a thermal
control system. Vestnik MGSU [Monthly Journal on
Construction and Architecture]. 2021; 16(6):720-729.
DOI: 10.22227/1997-0935.2021.6.720-729 (tus.).

14. Mansurov R.Sh., Kuvshinov Yu.Ja. Intellec-
tualization of control systems of room micro-climate
processes evolvement. News of Kabardino-Balkarskiy
Science Center of Russian Science Academy. 2012;
2-2(46):85-93. (rus.).

15. Kondratenko Y., Kuntsevich V.M., Chikrii A.A.,
Gubarev V.F. Advanced Control Systems: Theory and
Applications. Series in Automation, Control, and Robot-
ics. River Publishers, 2021; 300.

16. Jing X., Ding Hu, Wang J. Advances in ap-
plied nonlinear dynamics, vibration and control-2021.
The Proceedings of 2021 International Conference on
Applied Nonlinear Dynamics, Vibration and Control
(ICANDVC2021). Springer, Singapore, 2021; 1198.

17. Boeva V.A. About the reasonability of noizes
under the pre-filtration processes for identification prob-
lems. Caspian Engineering and Construction Bulletin.
2019; 4(30):141-145. (rus.).

18. Mariati N.P.A.M., Budiantara I.N., Ratnasari
V. The application of mixed smoothing spline and fouri-
er series model in nonparametric regression. Symmetry.
2021; 13(11):2094. DOI: 10.3390/sym13112094

19. Li K., Huang T.Z., Li L., Lanteri S. Non-intru-
sive reduced-order modeling of parameterized electro-
magnetic scattering problems using cubic spline interpo-
lation. Journal of Scientific Computing. 2021; 87(2):52.
DOI: 10.1007/s10915-021-01467-2

20. Zabczyk J. Mathematical Control Theory.: An
Introduction. Birkhéuser, 2020; 336. DOI: 10/1007/978-
3-030-44778-6

21. Wang J., Ricardo A.R.M, Meng H., Ru-
ben M.M., Jorge L.S. Introducing system identification
strategy into model predictive control. Journal of Sys-
tems Science and Complexity. 2020; 33(5):1402-1421.
DOI: 10.1007/s11424-020-9058-3

229

ZZ0Z “Z 9NSS| "L 2Wn|o/ . 8IN}08})IYdJy pPUB UOI}ONIISUOD) UO [BuINOf AJYIUO « NSOIN HIUISOA
Zz0z ‘z »2fumag "L wo L . (8uljuQ) 0099-70£2Z NSSI (Wulld) GE60-2661 NSSI « ADJIN ¥MHLODg



0935 (Print) ISSN 2304-6600 (Online) * Tom 17. Beinyck 2, 2022

BectHuk MICY ¢ ISSN 1997

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 2, 2022

Rustam Sh. Mansurov, Yuri E. Voskoboinikov, Vasilisa A. Boeva

22. Voskoboinikov Yu.E., Boeva V.A. Descriptive
signal smoothing in a single algorithm nonparametric
identification of technical systems. Modern High Tech-
nologies. 2020; 7:24-28. DOI: 10.17513/snt.38128 (rus.).

23. Nikulin E.A. Bases of Automation Control
Theory. Frequency Methods of System Analysis and

Received December 3, 2021.
Adopted in revised form on February 23, 2022.
Approved for publication on February 23, 2022.

Synthesis. St. Petersburg, BHV-Petersburg Publ., 2004;
640. (rus.).

24. Toshniwal D., DiPasquale M. Counting the
dimension of splines of mixed smoothness. Advances
in Computational Mathematics. 2021; 47:1-29. DOI:
10.1007/s10444-020-09830-x

BionoTEs: Rustam Sh. Mansurov — Candidate of Technical Sciences, Associate Professor; Head of the Department
of Heat and Gas Supply and Ventilation; Novosibirsk State University of Architecture and Civil Engineering
(Sibstrin); 113 Leningradskaya st. Novosibirsk, 630008, Russian Federation; 377487; rmansurov(@inbox.ru;

Yuri E. Voskoboinikov — Doctor of Physics and Mathematics, Professor, Head of the Department of Applied
Mathematics; Novosibirsk State University of Architecture and Civil Engineering (Sibstrin); 113 Leningradskaya
st., Novosibirsk, 630008, Russian Federation; Professor of the Department of Automation; Novesibirsk State Technical
University; 20 Karla Marksa Avenue, Novosibirsk, 630073, Russian Federation; 13547, Scopus: 6602170597, ORCID:

0000-0002-9731-8618; voscob@mail.ru;

Vasilisa A. Boeva — postgraduate student, Assistant of the Department of Applied Mathematics; Novosibirsk
State University of Architecture and Civil Engineering (Sibstrin); 113 Leningradskaya st., Novosibirsk, 630008,

Russian Federation; 1027172; v.boyeva@sibstrin.ru.

CIIUCOK UCTOYHHUKOB

1. Mancypos P.111., Pyosx B.A. TlepexoHbie mpo-
LIECCHl B CHCTEME HarpeBaTesb—BeHTUIIATOP MPH U3-
MEHCHHH peXMMa paboTHl BeHTHIIAITOpa // M3BecTus
By30B. Ctpoutenscto. 2019. Ne 3. C. 50-63. DOI:
10.32683/0536-1052-2019-723-3-50-63

2. Mancypog P.1L. TepMoaHaMUYECKUE TIPOLEC-
CBI B 2JIEMEHTAX CHCTEM 0o0ecIieueHns] MUKpOKInmara //
CaHTexHuKa, OTOIJICHUE, KOHAUIIHOHupoBanue. 2014.
Ne 1 (145). C. 90-93.

3. bomopoesa M.H., Bynamog M.B. Ilpunoxxenus
1 METOJBI YHCICHHOTO PEeIeHHUs OJHOTO Kiacca HH-
Terpo-aireOpandeckux ypaBHEHHUH C MepeMeHHBIMU
npenenaMu naTerpuposanus // U3sectust Upkyrcko-
ro rocyiapcTBeHHoro ynusepcurera. Cepus: Mare-
matuka. 2017. T. 20. C. 3—16. DOI: 10.26516/1997-
7670.2017.20.3

4. Brunner H. Volterra integral equations: an in-
troduction to theory and applications. Cambridge :
Cambridge University Press, 2017. 387 p. DOL:
10.1017/9781316162491

5. Suslov K. V., Solodusha S.V., Gerasimov D.O.
Integral models for control of smart power networks //
IFAC-PapersOnLine. 2016. Vol. 49. Issue 27. Pp. 439—
444. DOI: 10.1016/j.ifac0l.2016.10.772

6. Osipov Yu.S., Maksimov V.1. On dynamical input
reconstruction in a distributed second order equation //
Journal of Inverse and Ill-posed Problems. 2021. Vol.
29. Issue 5. Pp. 707-719. DOI: 10.1515/}iip-2021-0004

7. Giirbiiz B.A. A Numerical scheme for the solu-
tion of neutral integro-differential equations including
variable delay // Mathematical Sciences. 2021. DOI:
10.1007/s40096-021-00388-3

230

8. Gabbasov N.S. On numerical solution of one
class of integro-differential equations in a special
case // Computational Mathematics and Mathematical
Physics. 2020. Vol. 60. Pp. 1666-1678. DOI: 10.1134/
$0965542520090092

9. Voytishek A.V. Classification and applications
of randomized functional numerical algorithms for the
solution of second-kind Fredholm integral equations //
Journal of Mathematical Sciences. 2021. Vol. 254. Is-
sue 7. Pp. 589-605. DOI: 10.1007/s10958-021-05328-z

10. Solodusha S.V., Mokry 1.V. A numerical solu-
tion of one class of Volterra integral equations of the
first kind in terms of the machine arithmetic features //
Bulletin of the South Ural State University. Series
Mathematical Modelling, Programming & Computer
Software. 2016. Vol. 9. Issue 3. Pp. 119-129. DOI:
10.14529/mmpl60310

11. Bocrkobounukoe IO.E., Foesa B.A. Meton
L-xpuBoii 1Jsl OLlEHMBAaHUS ONTUMAJbHOIO Iapa-
MeTpa CTIaXUBAIOIIero KyOmdueckoro crmiaiiHa //
Mex1yHapOoaHbII HAy4YHO-UCCIEA0BATENbCKUN KYP-
Hai. 2021. Ne 11-1 (113). C. 6-13. DOI: 10.23670/
IRJ.2021.113.11.003

12. Voskoboinikov Yu.E., Boeva V.A. Synthesis of
smoothing cubic spline in non-parametric identification
technical systems’ algorithm // IOP Conference Series:
Materials Science and Engineering. 2020. Vol. 953. P.
012035. DOI: 10.1088/1757-899X/953/1/012035

13. Mancypos P.I1I., Bockobounukos IO.E., bo-
eéa B.A. A Theoretical and experimental study of
transient characteristics of the heat exchange in a thermal



Heat transient processes identification of the elements

- : C. 222-231
of internal environment system

control system // Bectauxk MI'CY. 2021. T. 16. Ne 6.
C. 720-729. DOI: 10.22227/1997-0935.2021.6.720-729

14. Mancypos P.I1I., Kyswunos FO.A. Nutennex-
TyaJu3alus yIpaBJIeHUs: CucTeMaMu (OPMHUPOBaHUS
MUKpoKIuMaTa nomenienuii // M3secrus Kadapanno-
bankapckoro HayuHoro neatpa PAH. 2012. Ne 2-2 (46).
C. 85-92.

15. Kondratenko Y., Kuntsevich V.M., Chikrii A.A.,
Gubarev V.F. Advanced Control Systems: Theory
and Applications. Series in Automation, Control, and
Robotics. River Publishers, 2021. 300 p.

16. Jing X., Ding Hu, Wang J. Advances in applied
nonlinear dynamics, vibration and control-2021 // The
Proceedings of 2021 International Conference on
Applied Nonlinear Dynamics, Vibration and Control
(ICANDVC2021). Springer : Singapore, 2021. 1198 p.

17. Boesa B.A. O nenecoodpa3HOCTH MpeBapH-
TEJNBHOM (WIBTpAlNKU 3allyMJICHHBIX CUTHAJIOB B 3a-
Jadax uaeHTuukanuy // NHKeHepHO-CTPOUTEIbHBIN
BectHUK [Ipukacmus. 2019. Ne 4 (30). C. 141-145.

18. Mariati N.P.A.M., Budiantara I.N., Ratnasa-
ri V. The application of mixed smoothing spline and
fourier series model in nonparametric regression // Sym-
metry. 2021. Vol. 13. Issue 11. P. 2094. DOI: 10.3390/
sym13112094

19. Li K., Huang T.Z., Li L., Lanteri S. Non-
Intrusive reduced-order modeling of parameterized

Iocmynuna 6 pedaxyuto 3 dexabps 2021 e.
Ipunsma 6 oopabomannom euoe 23 ¢espans 2022 e.
Ooobpena onsa nyoauxayuu 23 gespana 2022 a.

electromagnetic scattering problems using cubic spline
interpolation // Journal of Scientific Computing. 2021.
Vol. 87. Issue 2. P. 52. DOI: 10.1007/s10915-021-
01467-2

20. Zabczyk J. Mathematical control theory: An
introduction. Birkhéuser, 2020. 336 p. DOI: 10/1007/978-
3-030-44778-6

21. Wang J., Ricardo A.R.M, Meng H., Ruben M.M.,
Jorge L.S. Introducing system identification strategy into
model predictive control // Journal of Systems Science
and Complexity. 2020. Vol. 33. Issue 5. Pp. 1402—-1421.
DOI: 10.1007/s11424-020-9058-3

22. Bockoboiuinukos FO.E., boesa B.A. Jleckpur-
TUBHOC CIVIA)KMBAHUE CUTHAJIa B OHOM aJITOPUTME HE-
rapaMeTPUIeCKON UICHTU(PHUKAIMHA TEXHHYSCKUX CH-
creM // CoBpeMeHHbIe HaykoeMKkue TexHooruu. 2020.
Ne 7. C.24-28. DOI: 10.17513/snt.38128

23. Huxynun E.A. OCHOBBI TEOpUU aBTOMATH-
YEeCKOTO yrpasiieHus. YacTOTHbIE METO/IbI aHAIN3a
u cuHTe3a cucteM. CII6. : MU3n-Bo BXB-IletepOypr,
2004. 601 c.

24. Toshniwal D., DiPasquale M. Counting the
dimension of splines of mixed smoothness // Advances
in Computational Mathematics. 2021. Vol. 47. Pp. 1-29.
DOI: 10.1007/s10444-020-09830-x

Os ABTOPAX: Pycram LllamMmuiabeBuu MaHCypoB — KaHAWIAT TEXHHUYECKUX HAyK, JOICHT, 3aBEAYIOIIUIT Kadeapoii

TEIJIOra30CHa0KeHUs U BeHTWALuK; HoBocnOupckuii rocyiapcTBeHHbINH apXUTEKTYPHO-CTPOUTEIbHbIH YHUBEP-
cutet (Cudcrpun); 630008, . HoBocubupcek, yiu. Jlenunrpaackas, 1. 113; PUHLL ID: 377487; rmansurov(@inbox.ru;
IOpuii EBrenseBund Bocko6oiiHMKOB — OKTOp (PU3HKO-MaTeMaTHICCKUX HayK, ITpodeccop, 3aBeayronuii Kade-

Ipoii npukiaaHoi Matemaruky; HoBocuOupcekuii rocyiapcTBeHHbI apXUTEKTYPHO-CTPOUTE/IbLHbI YHUBEPCUTET

(Cubcrpun); 630008, . HoBocubupck, yi. Jlennnrpanckas, 1. 113; npodeccop kadenpsr aBromarnxu; HoBocudupekuii
rocyiapcrBeHHblii Texunyeckuii yausepeuret (HI'TY); 630073, . HoBocubupck, mp-t Kapna Mapxkcea, a. 20; PUHL]
ID: 13547, Scopus: 6602170597, ORCID: 0000-0002-9731-8618; voscob@mail.ru;

Bacuiuca AnapeeBna BoeBa — acnimpant, accucteHT Kadeapsl npukiagHoi MmaremMaruky; HoBocuonpekmii

roCyIapCTBEHHbII APXHUTEKTYPHO-CTPOUTEIbHBIH yHUBepcuTeT (Cuocrpun); 630008, r. HoBocubupck, yi. JlennH-
rpanckas, a. 113; PUHIL ID: 1027172; v.boyeva@sibstrin.ru.

231

ZZ0Z “Z 9NSS| "L 2Wn|o/ . 8IN}08})IYdJy pPUB UOI}ONIISUOD) UO [BuINOf AJYIUO « NSOIN HIUISOA
Zz0z ‘z »2fumag "L wo L . (8uljuQ) 0099-70£2Z NSSI (Wulld) GE60-2661 NSSI « ADJIN ¥MHLODg



TEXHONIOIMMA N OPTAHN3ALNA
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IIpuMeHeHUEe PUCK-OPUEHTHPOBAHHOIO MOAX0/a
NPH BHINOJTHEHUHN (PYHKIMA CTPOUTETBHOTO KOHTPOJISA
TEXHUYE€CKOIr0 3aKa34nKa

A3zapuii AOpamoBuy Jlanuayc, Anexkcanap Hukonaesuu Makapos
Hayuonanvnouii uccnedosamenvexuit Mockosckuil 20Cy0apcmeentvitl CmpoumesibHblil YHUSEpCumen
(HUY MI'CY),; 2. Mocksa, Poccus
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AHHOTALMA

BBepeHue. YunTbiBas BbICOKYIO MHOro3aaqyHOCTb paboTbl B YCIOBUAX MHTEHCMBHOW AVMHAMUKN CTPOUTENBCTBA, TEXHUYE-
CKMWIA 3aKa34MK HEe MOXET BECTU CTPOUTENbHBIN KOHTPOMb, oxBaTbiBatoLwmnii 100 % AeAaTenbHOCTU reHepanbHOro noapsayvka
1 cybnoapsaHbix opraHM3auni. B HacTosilee BpeMs B HOPMATVBHOW AOKYMEHTaLUN He 3aKkpensieHbl NOAXOAbl, yCTaHaBMu-
BaloLLie CTeneHb ONacHOCTH CTPOUTENbHbBIX AedEKTOB 1 HapyLUeHWi TpebGoBaHNUI OXpaHbl Tpyaa U TeXHWUKM 6e30nacHoCTy.
[MoaTomy akTyanbHbl paspaboTka v BHeApeHe METOAMK, MO3BONSAIOWMX PACCTABNATb NPUOPUTETBI MEXAY OObekTamu KOH-
TPONSA 1 ynpaeneHus, U onpeaeneHne NnocneaoBaTeslbHOCTY YCTPaHEHUS BbISIBIIEHHbBIX HApyLLeHUA. NS peLlueHns JaHHbIX
npobnem npeanoxeHO UCMOMNb3oBaHNE pUCK-OpueHTupoBaHHoro noaxopa (POIM). Llenb nccneposaHus — paspabortatb
meTogonormo npumeHeHns POl B cTpouTenbHOM KOHTpomne Texaakasuumka. 3agayv uccnegoBaHns — vaeHTUdMKaums,
aHanu3 1 pacyeT pYCKOB MPW NPOBEAEHNN CTPOUTENBHOTO KOHTPOMS.

Matepuanbi n MmeToabl. [1ns naeHTUMKaLmMm pUCcKOB NCMoMb30BaHbI METOALI CUCTEMHOTO Y MOPPOIOrMYECKOro aHanuaa, ¢ Le-
nbto Knaccudmkaumm AedekToB — CTaHAapTbl CUCTEMbl NokasaTernen kadyecTsa NpoayKumy B CTpouTenbcTBe. PacyeT puckos
BbINOMHEH HA OCHOBAHWW CTaHAAPTOB MEHeMKMEHTa pucka 1 MONOXEHW TeopuK BEPOSTHOCTEN, a UMEHHO TeopeMbl balieca.
Pe3ynbraThl. BbinonHeH 0630p NpuMeHeHUst MeHegXXMeHTa pyUcka B CTPOUTENBLCTBE M 060CHOBaHa aKkTyarnbHOCTb €ro BHe-
OpPeHVs B CUCTEMY YMNpaBlieHNsi OXPaHOW Tpyda M CUCTEMY KOHTPOMSA KayecTBa TeXHWYecKoro 3akasuuka. OnpepgeneHbl
cnocobbl pacyeTa anocTepUOPHON BEPOSITHOCTV TpaBMaTn3ma npuw nosiBlIieHUN HapyLLeHns B obnacTtv oxpaHbl Tpyaa. Bbi-
nornHeHa knaccudvKauusi CTpouTenbHbIX AedeKToB Mo BUAY U cTeneHn onacHocTw. MprBeaeH cnocob pacyeta anoctepu-
OPHOW BEPOSITHOCTW HEBNaronpusTHeIX COBLITUI NPU BbISBNIEHUN AeEeKTOB CTPOUTENbHbLIX KOHCTPYKLMIA.

BbiBoabl. V3noxeHbl pesynsratbl No pa3paboTke METOAVKW onpederieHns pUckoB Npu MPOBEeAEHNN CTPOUTENBHOIO KOH-
TPONs, KOTOPasi OCHOBAaHa Ha pacyeTe anoCTEPUOPHBIX BEPOATHOCTEN HeBNaronpuUATHbLIX CODLITUI, YCTAHOBMNEHHbLIX NO CTa-
TUCTMKE TPeX anpuopHbIX NokasaTenen: Yactota BO3HUKHOBEHWSA OMaCHOCTEN, YacToTa BO3HMKHOBEHMS yllepba, YacTtoTta
BO3HMKHOBEHWS OMacHOCTew, NoBnekwmx yuiep6. MokasaHbl nepcnekT!Bbl AanbHeNLWero NCCnefoBaHus.

KIMKOYEBBIE CJIOBA: MeHemKMEHT pucka, pPUCK-OPUEHTUPOBAHHbIN NOAX0M, OLEHKa pucka, CUCTEMA KOHTPOMS KadyecTsa
CTpOUTENBLCTBA, AeEKTbI CTPOUTENBbHbBIX KOHCTPYKLMIA, CUCTEMA YNPaBIEHUS OXpaHOU Tpyaa, OpraHn3aunsi CTpouTenbCcTBa
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ABSTRACT

Introduction. The activity of a technical customer, performed in the course of implementing construction projects, encompasses
numerous functions, including construction control. Given that multitasking is typical for intensive construction, construction
control, performed by the technical customer, cannot reach 100 % of the activities conducted by the general contractor and
subcontractors. Currently no regulatory documentation determines the level of danger of construction defects and violations
of occupational health and safety requirements. In this regard, it is important to develop and implement methods that allow
prioritizing the objects of control and management, and determine the sequence of violations to be eliminated. It is important
to introduce a risk-based approach into construction control performed by the technical customer to solve these problems.
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[MprMeHeH1e PUCK-0PUEHTUPOBAHHOIO MOAXOAA
MPY BbIMOAHEHMM GYHKLIME CTPOUTEABHOIO KOHTPOASI TEXHUUECKOIO 3aKasumka

C. 232-241

The purpose of the study is to develop a methodology of risk-based construction control by the developer. The objectives of
the research include identification, analysis and calculation of risks in the course of construction control.

Materials and methods. In this article, methods of systemic and morphological analysis are used to identify risks; standards
of the system of indicators applied to the product quality in construction are used to classify defects. Risks are calculated
using risk management standards and provisions of the theory of probability, namely, Bayes’ theorem.

Results. This article has an overview of application of risk management in construction; it substantiates the relevance of its
implementation by the technical customer within the framework of the construction control system. The article identifies the
main risks of construction control and suggests a method for calculating them using Bayes’ theorem. Methods of calculating
the a posteriori probability of injury in the event of a violation of occupational health and safety rules are determined. In
the article, the authors present a classification of defects of monolithic railway structures. The article provides sample
classifications of defects of monolithic reinforced concrete structures. The method of calculating the risk of damage caused
by a defect in a building structure is determined, which allows assessing the degree of the defect hazard. The method of
calculating the a posteriori probability of adverse events in the course of detecting defects in building structures is determined.
Conclusions. In the article, the authors present a methodology for identifying risks in the course of construction control.
It encompasses the calculation of a posteriori probabilities of adverse events using three a priori indicators: the frequency
of hazards, the frequency of damage, the frequency of hazards that cause damage. The prospects of further research are
addressed in the conclusion section of the article.

KEYWORDS: risk management, risk-based approach, risk assessment, quality control system, defects of building struc-
tures, occupational health and safety management system, organization of construction
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BBEJAEHHUWE

B ctepe opranuzaimu cTpouTeIbCTBA aKTyaIbHBIM
HAaITPaBJICHUEM SIBIICTCS Pa3pabOTKa METOIOB U CPEACTB
OIIEHKH ¥ TIPOTHO3UPOBAHUS BOSMOXKHBIX MOCIIEICTBHI
MIPUHSTHS yIIpaBIeHYeCKnX pemenuii. OQuH U3 Takux
MHCTPYMEHTOB, 3apPEKOMEH/IOBABIINX CE0sI B TPOU3BOJ-
CTBEHHOH JESTEIbHOCTH, — MEHEIKMEHT pucka. IIpo-
BEJICHBI FICCIICIOBAHIS B YACTH IIPOIIECCOB MCHEIKMECH-
Ta pUCKa B Pa3IMYHBIX 00JACTSAX CTpoUTEIbCcTBa [1].
WnentndurmpoBansl (GakTopsl pUCKa B CTPOUTEIBHOM
otpacnu [2, 3] ¥ B OTAENBHBIX cepax, TAKUX KaK KH-
numiHoe [4, 5], manostaxHoe [6, 7], moazeMHoe [8],
JKEJIe3HOOPOKHOE CTPOUTENHCTBO [9], yCTaHOBIEHBI
KPUTEPUH PUCKA IPUIUHEHUS BPEAa 3A0POBBIO MPH J0-
poxkHoM ctpoutenberse [10], u3yyaroTes YKOHOMHUYE-
CKHUE PUCKHU CTPOUTEIBHBIX MPOEeKTOB [11].

PaccMoTpeHBI OIIEHKH pHCKa TpaBMaTH3Ma oIpe-
NETICHHBIX BUJOB CTPOUTEIBHO-MOHTAXXHBIX PadboT
(CMP) [12]; puckoB, CBSI3aHHBIX C Ka4Y€CTBOM CTPO-
UTEJbHBIX paboT Ha NMpUMepe CTPOUTENbCTBa (aca-
noB [13] u 6eronnbIx mokpeiThii [14]. B PO ¢ 2016 T
IMocranoBnenuem Ilpasurenscrea PO ot 17.08.2016
Ne 806 BBeneHO NPUMEHEHHE PUCK-OPUEHTUPOBAHHOTO
noaxona (POII) B opranu3amuu rocyJapCcTBEHHOTO
KOHTPOJISI B Pa3IMYHBIX cepax MOIHAA3OPHOU Jie-
SITEILHOCTH IOPUAMYECKHX JIUL U MHINBUYaJbHBIX
npeanpuHuMareneil. B yactu opranuzanuu rocyaap-
CTBEHHOTO cTpouTenbHoro Hamzopa (I'CH) ¢ 2018 1.
taxoke BBesieH POII [Moctanosnenuem [IpaBurenscTBa
P® ot 25.10.2017 Ne 1294. POII B yctpoiictee 'CH
3aKJTI0YAETCS B Pa3AeCHUN CTPOUTEIBHBIX 00BEKTOB
Ha KaTerOPUHU PUCKA B 3aBUCUMOCTH OT IOTCHIHAIIb-
HOM OMacHOCTH (BPE 3110POBBIO M )KU3HH, (PHAHCOBBIE
3aTpaThl B Pe3yabTaTe MOTEHINAIbHBIX HETaTUBHBIX
MOCTIEACTBUN) U pa3paboTKe MPOrpaMMBl IIPOBEPOK
Ka)/I0T0 00BEKTa B COOTBETCTBHH C YCTAaHOBJICHHBIM
JUISL HETO KpUTEpHeM pucka (A KaKIoW KaTeropuu

pHCKa ONPENEIEHO MAKCHMAIBHOE YHCIIO TPOBEPOK).
Bgenenne POII no3Bosniio noBeICUTH 3 PEKTHBHOCTH
paboThI HA/30PHBIX OPTaHOB 3a CUET PALMOHAIBHOTO
pacrpeseneHns BHYTPEHHUX PECYypCOB U BHICTaBIe-
HUS TIPUOPUTETHOCTH KOHTPOJIS MEXAY OOBEKTaMu
B 3aBUCHMOCTH OT UX CIIO)KHOCTH M OTBETCTBEHHOCTH,
YTO B CBOIO OYEpE/b CIIOCOOCTBYET CHIKEHHIO PHCKOB
aBapuii, Ype3BbIYAHHbBIX IIPOUCILIECTBUIM, IOJyUECHUS
HEKa4eCTBEHHON CTPOMUTENbHON mpoxykuuu [15, 16].
B cTpoutensHOl oTpacnu clienyonias CTyleHb KOH-
tpoinsa nociae I'CH — cTpouTenbHblil KOHTPONIb TEX-
HHUYECKOT0 3aKa3yuka. /laHHBI KOHTPOJIb CIIy>KUT He-
OTHEMJIEMBIM 3B€HOM JFO00TO CTPOUTENHEHOTO TIPOEKTa,
00€eCTeYnBalOINM U MOATBEPKJAIOIIUM JOCTIKCHNE
MPOEKTHBIX U HOPMATUBHBIX TOKa3aTejIeil CTpOUTEh-
HOTO OOBekTa. ComepxaHue M (YHKIIUH CTPOUTEITh-
HOTO KOHTPOJISI perIaMeHTHpyIoTcs ['pagocTpouTens-
HBIM KOfieKcoM P® 1 pasnnyHBIMH HOPMAaTHBHBIMU
nokymentamu (CHull 12-01-2004 «Opranuszamnus
CTPOMTEINILCTBAY»), HO JUIs 3 PEKTUBHON OpraHU3aNN
1 yTIPaBICHUS CTPOUTEIBFHBIM KOHTPOJIEM Ha KOHKpET-
HBIX 00BEKTax TpeOyeTcsl MPUMEHEHNE HayYHBIX MO]-
X0110B, Takux kak POII.

B Hacrosiiee Bpemst B 0071aCTH KOHTPOJIS Ka4ecTBa
CTPOUTENBHBIX NPOLIECCOB HA HOPMAaTHBHOM YPOBHE
He pa3paboTaHO METOUK WJIN PEKOMEHIALNH, KOTOpbIe
YCTaHaBIMBAIOT MOAXOABI K PACUETY PUCKOB ITPU BBISB-
JICHUH JIe()EKTOB CTPOUTEIBHBIX KOHCTPYKIMii. B ce-
pe OXpaHbI TPyJa CO3/IaHbI TOJX0/IbI K PACUETy PHUCKOB
TpaBMaTU3Ma C IIOMOIIBI0 METO/[a JIOTHUECKOTO aHaIN3a
JepeBa COOBITHIA, METOIa BepOaTbHBIX (PYHKINH, C TIPH-
MEHEHHEM HEYeTKHUX MHOXkecTB [17], a Taxoke Ha OCHO-
BaHWH CTATUCTUYECKUX JAHHBIX MO HECYACTHBIM CITyda-
SIM M DKCTIEpTHBIX ompocoB [18]. Ho He mpencraBneHo
HCCIIEIOBaHUN, KOTOPbIE YUUTHIBAIOT YAaCTOTY MOSIBIIE-
HUS HapyIIeHUH TpeOOBaHUI OXpaHbI TPyAa, YTO AAaCT
BO3MOYKHOCTb PACCUUTATh AallOCTEPUOPHBIE BEPOSTHO-
CTH TPaBMaTH3Ma C IOMOIIIBI0 0aiieCOBCKOTO MOAXO0a.
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Llenp 1aHHOTO MCCIEIOBAaHUS — OIPEACIUThH Me-
Tomosioruto ucnoab3osanus POII B cucreme ynpasiie-
HUsI OXPaHOM Tpy/ia U KOHTPOJIEM KadeCcTBa CTPOUTEIb-
CTBa CO CTOPOHBI TEXHUYECKOTO 3aKa3uyhKa Ha OCHOBE
OaiiecoBCKOro Mozxoza pacyera BEpOsTHOCTH Hebaro-
MPUATHBIX COOBITHH. B 3a1aun nccienoBanus BXOAST
NACHTU(UKAIUSA PUCKOB IIPH BBIMOJHEHUH (DYHKIMH
CTPOMTEJILHOTO KOHTPOJIS, KiIacCupUKanus nepeKToB
10 BUJIy M CTEIICHU OIacHOCTH (ymepOa), BhISIBICHHE
MOJIX0/a ISl pacdyeTa anoCTEPUOPHBIX BEPOSITHOCTEH
HEOIaroNmpUATHBIX COOBITHI.

MATEPHAJIBI U METOJbI

Y4uuTheIBass MHOTOOOPA3HBIN KOMITIEKC (DYHKIIMN
1 3a]a4, BO3JIOKEHHBIX HA TEXHUYECKOTO 3aKa3unKa
IIPY CTPOUTEIILCTBE 3/JaHUI U COOPYIKEHHI, BHEJIPEHHE
POII B cucteMy CTpOUTENBEHOTO KOHTPOJISI TEXHUYE-
CKOT'0 3aKa34uKa MO3BOJIMT IMOBBICUTH dPPCKTUBHOCTh
pelIeHNsT KOMIIEKCa BOIPOCOB MO0 HECKOJIBKUM Ha-
TIPaBJICHUSAM:

1) nmporiecc opraHu3anuu ¥ yIpaBIeHUs] CTPOU-
TEJIbHBIM KOHTPOJIEM HA O0BEKTaX CTPOUTEIBCTBA —
paccTaHOBKa MPHUOPUTETOB MEXAY OOBEKTaMH KOH-
Tposis (BHAaMH padoT), a TaKXKe MEK1Y BBISIBICHHBIMU
HapyUICHHUSIMU;

2) mpolueaypa BBIIOJIHEHHS CTPOUTEIBHOTO KOH-
TPOJIsI — BXOJAHOM, ONEPaLlMOHHBIA, IPUEMOUYHBIN
KOHTPOJIb Ka4eCTBa, a TaK)Ke KOHTPOJb BBHIIOIHEHHUS
TpeOOBaHMI OXpaHBI TPyJla U TEXHUKH OC30MIaCHOCTH
(OTuTBb);

3) mpouecchl MPOBEPKH U COINIACOBAHUS MCIIOJI-
HUTEJIBHON U OpraHU3allMOHHO-TEXHOJIOIMYECKON J10-
KyMEHTaIUH;

4) cornmacoBanue pabodeii TOKyMEHTAINH;

5) coracoBaHue (PMHAHCOBBIX MTOTOKOB.

Jliist MiceeoBaHus IOCTABICHHOM MPOOIEMBI HC-
10JIb30BaHbl OCHOBHBIC MOJIOKEHHUS MECHEIKMEHTA PH-

cka 'OCT P MCO 13824-2013, cucTeMsl OKa3aTenei
kagecTtBa npoxaykuuu 'OCT 4.200-78, ocHOBHBIE TT0O-
JIOKEHUS ympaBieHus kadecTBoM npoaykmuu ['OCT
15467-79.

Cormacao 'OCT P 12.0.010-2009, puck R coObI-
THA A paccunuThIBaeTCs 1Mo hopmyre

R(4) = PAUA), )

rine P(4) — BeposTHOCTH coObITHS A; U(4) — moTeH-
LUATILHBINA yriepO coObITHS A.

Jlis MaTeMaTn4eckoro 00OCHOBAHUS IPUHSATON
METOJUKH B CTaThe MPUMEHSIIOTCSI TTOJIOXKEHHS TECOPHU
BEPOSITHOCTEM, ¥ B 4acTHOCTH, Teopema baiieca.

[Tpu M3yueHUn PUCKOB CTPOUTEIBHOTO KOHTPOJIS
CO CTOPOHBI TEXHUUECKOTO 3aKa34MKa MOYKHO BBIICIUTh
CJIETYIOIIIE OCHOBHBIC PUCKH, H300payKeHHbIE Ha PHC. 1.

PE3YJIBTATHBI

Puck TpaBmaTusma

3HAYUTEIBLHOE KOJIUYCCTBO PabOT MOCBSIICHO
MEHEKMCHTY PUCKa B 001aCTH OE30MaCHOCTH CTPOU-
tenscrea [19, 20]. HOCTPOM paspa6oran MeTomuKy
OTHECEHHUS CTPOUTETBHBIX OOBEKTOB K IIECTH KaTero-
pHSIM pUCKa B 3aBUCUMOCTH OT COOJIIO/ICHUSI HAa HUX
TPYAOBOTO 3aKOHOJATEIHCTBA B 00IACTH OXPAHBI TPY-
nal. B maHHOW METOMMKE BBIACIEHBI CTPOUTETHHBIE
paboThI, KOTOpPBIE UMCIOT MOBBIIICHHBIH PUCK TpPaB-
MaTH3Ma, a TaKXKe MPEUIOKEH CII0Cco0 pacdera «Io-
TEHIMAJIBHOTO pUCKAa NPUYMHEHUS Bpea 370POBBIOY.

! Meroauka OTHECEHHUS JESITEIbHOCTH IOPUAMYCCKUX JIUI]
U MHIUBUAYAJIbHBIX MpeAlpUHAMATENeH U (WiIn) CTpou-
TEJILHBIX 0OBEKTOB, B OTHOIIEHUH KOTOPBIX YKa3aHHbIE JIHIA
OCYILIECTBISIIOT CTPOUTENILCTBO, PEKOHCTPYKIIUIO, KAUTalb-
HBI PEMOHT, CHOC, K OIPEJCIIEHHOM KaTErOpUu PUCKa W
ompenelieHHOMY Kitaccy omacHoctd. URL: https://nostroy.ru/
nostroy/comittees/comitet_strahovanie/deyat/

Puck TpaBmaru3ma npu BeimonHeEnn CMP
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Risk of injuries during construction work

Puck nedekToB Ha cTagun CTPOUTENILCTBA
Risk of construction defects during the building stage

Prck ommOoK B HCIIOTHUTEIEHONW JOKYMEHTAIIHA
Risk of errors in executive documentation

Prck ommboK B OpraHu3aiiOHHO-TEXHOJIOTHYECKON TOKYMEHTAITU!
Risk of errors in technical documentation

Puck omubok B coriacoBaHnM (PUHAHCOBBIX TOTOKOB

Risk of errors in the coordination of financial flows

Puc. 1. Pucku cTpOUTETHHOTO KOHTPOIIS TEX3aKa3dHKa

Fig. 1. Construction supervision risks
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C. 232-241

npu BbIMOAHEHUN ¢yHKLlM1:1 CTPOUTEABHOIO KOHTPOAA TEXHUYECKOIo 3aKa3ynKa

JlaHHBIN PUCK YKPYITHEHHO XapaKTEePHU3yeT COCTOSHHE
OXpaHbl TPyZla HA CTPOUTEIIbHBIX 00bEKTaX MO 3a(uk-
CHPOBAaHHOMY Ha HUX KOJIMYECTBY HECUACTHBIX CIIydacB
W HapyUICHWH, BUJOB OMACHBIX Pa0OT M COTPYIHUKOB
1 XOPOILO MOAXOMUT JAJsl YIPABJIECHUS PUCKAMU IpPU
KOHTPOJIE COBOKYIHOCTH CTPOMUTEIBHBIX OOBEKTOB
nazopHbMK opranamu (CPO, I'CH). s ynpasnenus
OXpaHOU TpyJ/ia BHYTPU OJHOTO 0OBEKTa CTPOUTENILCTBA
HE0OXOAMMO co3/jaHie 0oJjiee THOKOTO MHCTPYMEHTA
OILIEHKH, YUHUTBIBAIOIIETO INHAMHUKY IIPUYNH BO3HUK-
HOBEHUS HECYACTHBIX CIIy4aeB, a UMEHHO HapylleHUN
tpedoBanuii OTuTh. B atom ciydae puck TpaBMarn3ma
R(B) MOXHO TIpEICTaBUTH B BU/IC (DOPMYITBI

2

e P(B | A) — BepOATHOCTh TPaBMaTH3Ma B PE3yIIbTa-
Te nosiBreHus i-ro Hapymenus OTuTb.

OreHKa pUCKOB 0 popMyite (2) TO3BOIHT KIIACCH-
¢unmposars Hapymenus Tpedbosanuii OTuTh no cre-
nieHu omacHoctu. [Ipumenenue POIT obecnieyuT moBkI-
ieHue dpPeKTHBHOCTH (PyHKIIMOHUPOBAHHSI CUCTEMbI
ynpasienus oxpanoit Tpyzna (CYOT) 3a cuer BO3MOX-
HOCTH OIIPEJICJICHHs TPUOPUTETHOCTH TIPH YCTPAaHEHUN
HapyllIeHUH 0 ypOBHIO pUCKa TpaBMarusma. B mpo-
[[eCCe CTPOUTENILCTBA HAKAIUINBACTCSA OOJIBIIOE KOJIH-
YeCTBO CTAaTUCTUYECKOM MH(OpMAaNU 0 HapyHICHHUSIX
OTuTb, KOTOpyI0 MOXKHO MCIIOJIB30BATh ISl BBIYHCIIE-
HUS allOCTEPUOPHBIX BEPOSITHOCTEH TPaBM Ha CTPOH-
TEJIHHOM OOBEKTE, TEM CaMbIM YUHUTHIBAsl CIIENU(UKY
CYOT na nanHOM 00beKTe. ABTODBI IpE/JIaraoT uc-
M0JIb30BaTh 0aleCOBCKUN MOAXOM IUIsl ONPEIeIICHNUs
BEPOATHOCTH HACTYIUICHUS TPABMBI Ha TIPOU3BOACTBE.

B atoMm ciygae BeipaxkeHue (2) MOXKHO 1peodpas3o-
BaTh CIEIYIOMINM 00pazoM

P(4,| B) P(B)
Py

R(B) =Y P(B| 4)U(B),

P(B|4)= (€))

e P(A,) — 4acToTa (anpuopHas BEPOSATHOCTD) HOSB-
nenus i-ro napymenns OTuTb; P(4, | B) — 4vactoTa
(anpropHast BEpOSITHOCTH) HApYyLIEHHs (-0 TPeOOBaHMs
OTuTBb, xoTOpoe MPHBEAET K MOSBICHUIO COOBITHS; B —
TpaBMa Ha Ipon3BozcTBe; P(B) — yactoTa (anmpuopHast
BEPOSITHOCTH) TPaBMAaTH3Ma B CTPOUTEIILCTBE.

Puck nedexron

IIpu BEIOTHEHUU CTPOUTEIBHBIX PabOT CIemy-
foas BaKHEHIasi KaTeropusi pucka — 3TO PUCK Je-
(heKTOB CTPOUTEIBHBIX KOHCTPYKIUH. ECcTh prckH, KO-
TOPBIC BBI3BAHBI MIOCTEIICHHBIM H3HOCOM U CTapEHHEM
KOHCTPYKIHH [21], a TakKe pasaTMIHbBIMU HEOIaronpH-
SITHBIMM ITPUPOAHBIMU BO3ZelcTBusAME [22]. B mpempI-
IyIUX paboTax aBTOPHI UCCIIETOBATN OCHOBHBIE OITac-
HOCTH, BOSHUKAIOIIUEC MPU OOHAPYKCHUH JCPCKTOB
BO BpEeMs CTPOUTENIECTBA U HA CTAIMH IKCILTyaTaIlHH.
B naHHOIT cTaThe paCCMOTPEHBI PUCKH, COTPSKCHHBIC
¢ AedeKTaMHu CTPOUTENbHBIX KOHCTPYKIUi, BOSHUK-
IIMMH B pe3ylIbTaTe HapyIICHUIN MPU CTPOUTEIBCTBE.
Brinu BBISABICHBI OCHOBHBIE OMACHOCTH, CBSI3aHHBIC
C TaHHBIMHU PUCKAMH, KOTOPBIC PAa30UTHI HA MIATH TPYIIIL
B 3aBHCHMOCTH OT BHJa yuiep0Oa (puc. 2).

TTokaszarenn Ha3HaYCHUS BKIIOYAIOT MPOYHOCTH,
TETUIOU30JISAHUIO, THIPOU3OIISIIIUIO, 3BYKOU3OISAIUIO
KOHCTPYKLMH U T.II. B 3aBUCUMOCTH OT uX Buaa. dax-
TOPBI KOHCTPYKTUBHOCTHU OTBEYAIOT 32 TCOMETPHUYCCKHE
pa3mepsl, GopMy, CTPYKTYPY KOHCTPYKIIUH, SPTOHOMH-
YeCKHUE MOKAa3aTeNId BKIIOYAIOT TEMIIEPaTyPHBIH pe-
JKUM, BIQKHOCTbB, COACPIKAHNE XUMHUIECKUX BEIICCTB
u 1.a. Clenyroumui sTan uccieoBaHuil — omnpenene-
HUE TUIOBBIX JC(PEKTOB Pa3IMYHBIX CTPOUTEIBHBIX
KOHCTPYKIIUH M WX KIIACCU(UKAIHS IO BBIICICHHBIM
rpymnmaM. B HacTosieii cratbe BbINogHeHa Kiaccupu-
Kall{sl TUTIOBBIX JIe(DEKTOB MPH BO3BEICHUN MOHOIUT-
HBIX JKeJIe300eTOHHBIX (7k/0) KOHCTPYKIHiA (Ta0JI.).

Hapymenue
MoKa3arenen
Ha3HaYCHHS
Violation of appointment
indicators

Hapymienue Hae:)KHOCTH U JOITOBEYHOCTH
Violation of reliability and durability

Hapymenue nokasarenei KOHCTPYKTUBHOCTH
Violation of constructivity indicators

Hapyienne sproHoMudecKuX moka3arenei
Violation of ergonomic indicators

Hapymienne scTeTHYeCKHX IMoKa3arenen
Violation of aesthetic indicators

Puc. 2. Kinaccuukanus neheKToB 1Mo BUAY OMaCHOCTH

Fig. 2. Classification of defects by types of hazards
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Knaccuguxanus THIOBBIX 1e(pEeKTOB MOHOJIIUTHBIX JK/0 KOHCTPYKIIHMH 110 BHJY OIIACHOCTH

Classification of standard defects of monolithic reinforced concrete structures by types of hazards

Hapymenue

TOKa3arelie

Ha3HAYCHUS
Violation

of purpose

indicators

‘VMeHbIIeHue
MIPOYHOCTH
OeToHa
KOHCTPYKIIUH
Reduction in
the strength
of a concrete

Hapymenue
Ha/Ie)KHOCTHU U
JI0JITOBEYHOCTH

Violation of reliability
and durability

TpeuHb! B 6eTOHE
LIUPUHON PACKPBITUS
6omee 0,2 Mmm

Cracks in concrete
with an opening width
exceeding 0.2 mm

Hapymenue
IoKa3areien
KOHCTPYKTHBHOCTH
Violation of
constructivity
indicators

OTKII0HEHHE

10 BEPTHUKAH,
TPSIMOJIMHEHHOCTH,
TOPH30HTAIBHOCTH
KOHCTPYKIMH
Variation from
plumb, straightness,

Hapymenue
SPrOHOMUYECKUX
IoKazaTesnen
Violation of ergonomic
indicators

CHmmxeHne
9HEepro3hHeKTUBHOCTH
Reduced energy efficiency

Hapymenue
3CTETUYCCKUX
roKazaresei
Violation of
aesthetic indicators

YKupossle u
PIKaBbIe TISITHA
MTOBEPXHOCTH
OeToHa

Grease and rust
stains on the
concrete surface

structure horizontality of a

structure
‘YMeHbLICHUE Hapymenus npu OTKIIOHEHHS IToBblIIeHHBIH PaxoBuHBI, CKOIBL
JaMeTpa CTBIKOBKE apMaTyphl pa3MepoB CEUCHHUS YPOBEHb XUMUYECKOTO/ Ha MOBEPXHOCTH
apMarypbl Reinforcement Deviations of cross pazuanuoOHHOrO Getona
Reduced connection violations section dimensions 3arpsi3sHeHus OeToHa Irregularities
diameter of the High chemical/radiation and chips on the
reinforcement pollution of concrete concrete surface
W3menenne Yyactku OTKJIOHEHUS OT CHMKEHHE 3BYKOU3OJISIIUT OobHaxeHne
mara HEYMJIOTHEHHOTO OETOHA | COOCHOCTH, JUTHH KOHCTPYKIIUH (uxcaTopon
apMarypsl Areas of non-compacted | mponetos Reduced sound insulation of | 3amumTHOTO CI104,
n/unu concrete Deviations from the structures MIPOBOJIOKH
KOJIMYeCTBa axis, lengths of spans Exposure of
Changes in the protective layer
reinforcement retainers and the
spacing and/or wire
quantity

OO0HaxeHue padboueit OTKIIOHEHUSI
apMarypbl pa3MepoB IPOEMOB
Exposure of working Dimensional
reinforcement deviations of
openings
‘VMmenbIIeHNE Pacnonoxenue
MOPO30CTONKOCTH, AQHKEPHBIX 0OJITOB,
BOJIOHETIPOHHUIIAEMOCTH | BBIITYCKOB apMaTyphl

0eToHa KOHCTPYKIINU
Reduction of frost
resistance, water
permeability of concrete

Location of anchor
bolts, protruding
reinforcement
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VYMmeHbleHne
3aIIUTHOTO CJI0s OeTOHA
Reduced concrete cover
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npu BbIMOAHEHUN ¢yHKLlMl:1 CTPOUTEABHOIO KOHTPOAA TEXHUYECKOIo 3aKa3ynKa

Paznenenue nedekToB Ha TPYIIIBI, OTOOPAKCHHOE
Ha pHC. 2, HE JaeT OJHO3HAYHON XapaKTEPUCTHKH CTe-
IIeHN onacHocTH Aedexra. Ha pasnuuHbIx cTpouTess-
HBIX O0BEKTaX ¥ JJISl PA3HBIX CTPOUTEIBHBIX KOHCTPYK-
Ui 1e(eKThl U3 OIHOM IPYIIIBI MOT'YT 3HAUUTEIBHO
OTJINYATHCS TI0 CTEIEHU ONacHOCTH. B 3aBucumocTn
OT CTENEHH ONACHOCTH Ae(eKTHl MPHUHATO Pas3IeisaTh
Ha TpH kiacca (puc. 3).

[Tpu BBITIOTHEHUU CTPOUTEIILHOTO KOHTPOJIS B ITPO-
Liecce CTPOUTENBCTBA AS(EKThI, OTHOCSIINECS K IIePBO-
MY BUJly «HapylICHHE TIOKa3aTesied Ha3HAYESHHsD), TOIIK-
HBI KJIaCCH(DUIUPOBATHCS KaK «KPUTHUYCCKHN Ie(heKT».
Toxpko mocse aHamu3a NnpeacTaBUTeNeH OpraHu3anuii,
OTBETCTBEHHBIX 32 pa3padOTKy NPOSKTHOH JOKyMEHTa-
UM, JaHHBIC Ae()EKTHI MOXKHO MEPEKITaCCH(DUIIUPOBAT
B JIpyTyIo Tpymity. JleeKTsl U3 rpynIn «HapyIIeHne Ha-
JIeKHOCTH U JIOJITOBEYHOCTH» U «HAPYILECHHE IT0Ka3aTe-
JIeld KOHCTPYKTHBHOCTH» — 3TO Je(eKThI Kilacca «3Ha-
YUTETHHBIN Ie(eKT», aHAJIOTHIHO AePEeKTaM MEepBOTO
BHUJIa UX MOXKHO IepeKIaccu(prIUpOBaTh TOJIBKO MOCIe
aHanm3a MPOeKTHOH opranuzarmeil. Jleexrs! Buia «Ha-
pYyLIEHHE SPrOHOMUYECKUX ITOKA3aTeNei» Jale MOKHO
OTHECTH K KJIACCy «MaJIO3HAYMTENBHBIN TE(PEeKT», UC-
KJIIOYEHHEM MOTYT SIBJIATHCS AE(EKTHI, CBSI3aHHbIE C Ha-
pyueHneM 3HeprodGp EeKTUBHOCTH U TOKCHYHOCTH KOH-
CTPYKLMII B 3aBHCHMOCTH OT KOJMYECTBa U MaciuTada
JAHHBIX 1e()EKTOR.

Bun nedextoB «HapylIeHHE 3CTETHYECKHUX MO-
KazareJseil» Takke NPUYUCINM K KIIaccy «MaJo3HauH-
TEJIbHBIN JIe(PeKT» 3a UCKITIOYCHUEM OTAEJIOYHBIX I10-
KPBITHH, CTEIIEHb M KOJIMYECTBO Ie()HEKTOB B KOTOPBIX
3HAUUTEIIBHO BIUSIOT Ha MPOIIECC Peai3alnuy KOHed-
HOU MPOJYKIMH U €€ JalbHellIel dkciuryaranuu. Pe-
LICHUSI 110 Mepekiaccudukauy 1e(eKToB, CBI3aHHbIX
C DPrOHOMHYECKHMH IOKa3aTeISIMU KOHCTPYKLHUH,

1 1e()EKTOB OTJEIOUYHBIX TOKPHITHI MPUHUMAIOT TIPE-
CTaBUTEJH MPOEKTHBIX OPraHu3alil U pa3padoTYnKu
JM3alH-TIPOEKTOB, COOTBETCTBEHHO.

Bce onucanHble BbIle MOIXObI K KilacCH(HKa-
UK 1e(eKTOB OXBATHIBAIOT OOJIBIIYIO YaCTh THIIOBBIX
Je(EeKTOB KOHCTPYKIHUH, HO JUIsl K)KIOTO CiIydasi Kiac-
cU(UKaMK HalayTCs CBOM HCKimodeHus. Kak ormeue-
HO BBIIIIE, JUIs JTI000T0 Ae(eKTa, yCTaHOBICHHOTO CTPO-
UTEILHBIM KOHTPOJIEM, BO3MO)KHO U3MEHEHHUE Kilacca
B pe3yJbTaTe PEIICHUN NMPEACTABUTENEH IPOEKTHBIX
opranuzanuii. Ho okoHuarensHoe pelieHue o npucBo-
SHHMIO KJIacca TOMY WM HHOMY Je(DEKTy CTPOUTEIBHBIX
KOHCTPYKIMH, KaK ¥ pelIeHue 1o crocoly ycTpaHeHHs
nedexra, — 3a TEXHHYECKUM 3aka3uukoM. [Iponecc
MPUHITHS TaKUX PEUICHUH OCIOXKHSIET (akT OTCyT-
CTBUS MPSIMON CBSI3M MEXKIY IePEKTOM M yImepoom,
B 0COOCHHOCTH, KOTAa Ae(EKT He OTHOCUTCS K IPYII-
e «HapyIIeHHe MOoKa3aTeleil Ha3HaYeHUs» U K KJlac-
cy «kputnyeckuit aedexr». Tak, Hanpumep, Aaneko
He BCEr/ia HUINYUE TPELMH WIN yYacTKOB HEYIUIOTHEH-
HOro 6eTOHa B MOHOJIUTHBIX /0 KOHCTPYKIHUSX IIPUBO-
JUT K TT0Tepe Hecyllel CroCOOHOCTH WIIM OTpaHHuve-
HUIO HKCIUTyaTanuy. B 3Toit cBsI3u A popMamu3aiim
rporiecca MPUHATHS TAKUX PEIICHUH aBTOPHI Mpeia-
TafoT UCIOIb30BaTh PUCK-OPUEHTHPOBAHHBIN ITOIXO.
CornacHo ¢opmyiie (1), MOXKHO OLIEHUTH PUCK yIepoa
B pe3ynbTaTe nosiBiaeHus nedexra D

R(D) =Y P(U| D)UD), “

e P(U | D) — BepOATHOCTD yiiep0a npu MOsSBICHUU
nedexra D; U(D)) — ymep0 B pe3yibTare MOABIECHHS
i-ro nedekra.

Jlnst mpumepa ¢ MOHOJTUTHBIMU HECYIIUMHU KOH-
CTPYKIUSIMH B 3aBUCHMOCTH OT TpyIIbl 1e()eKToB

JedeKThl CTpOUTENIEHBIX KOHCTPYKINH
Defects of building structures

Kpuruueckuii nedext
Critical defect

3HaYUTENbHBIN Je(eKT

Mano3Ha4uTenbHbIH AedeKT

Significant defect

Insignificant defect

Hedexkr, mpu Hammuun
KOTOPOTO MCIOJIb30BaHUC
MIPOYKIMH IO Ha3Have-
HUIO HEBO3MOXKHO HIIH
HEJIOITYy CTHMO
A defect in
the presence of which
the use of products for
their intended purpose is
impossible or unacceptable

Jedekr, KoTOpEIi cymie-
CTBEHHO BJIMSET Ha HC-
T10JIb30BaHNE MTPOTYKIIUH
10 HA3HAYCHHIO U (WJIH) Ha e¢
JIOJITOBEYHOCTH, HO HE SIBJISI-
eTCsl KPUTHYECKUM
A defect that significantly
affects the intended use
of the product and (or) its
durability, but is not critical

JledekT, KoTOpEIi cylie-
CTBEHHO HE BIIMSIET Ha HC-
TIOJIb30BaHUE MPOYKIHH
10 Ha3HAYCHUIO U €€ J0JITO-
BEYHOCTh
A defect that does not
significantly affect
the intended use
of the product and its
durability

Puc. 3. Kinaccudukanms nedektos 1o creneHu ymepoa

Fig. 3. Classification of defects by degree of damage
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yiepd MOXET OBITh CIEIYIOINM: MOTepsl Hecylen
CIIOCOOHOCTH, OCTAHOBKA JKCIUTyaTallWH, 3aTpaThl
Ha NPEXJAEBPEMEHHBIH KaUTaJIbHBIH PEMOHT H/WIIN
YCUJIGHHE KOHCTPYKIIUU, CHIDKeHHE >Heprodddex-
THUBHOCTH, 3aTPaThl HA PEMOHT MTOBEPXHOCTH OETOHA.
OreHKy yiiepOa MPUHATO MPEICTABIATE B BUIE (GUHAH-
COBBIX 3aTpart, KOTOpbIE OH 3a co0oii BiaevyeT. CriocoOb
OLIEHKHM TaKOBBIX 3aTPaT OTHOCSTCS K CMETHOMY JEITy
U JO0CTAaTOYHO XOPOMIO M3Y4YeHBI U (POPMaIM30BaHBI.
B nanHo#1 craThe npeacTaBieH MOAXOA Ul OLEHKHU Be-
positHOCTH yiiepOa. OH 3aKilo4aeTcsi B IPUMEHEHUH
TeopeMsl balieca s pacdeTa BEpOATHOCTH ymiepOa
P(U | D,), BbisiBIIeHHOTO AedeKta D, 4epe3 N3BECTHbIE
arpHOpHbBIE BEPOSTHOCTH!

PD, | U) P(U)

P | D)= =2 2,

%
rae P(D, | U) — uacToTa (anmpruopHas BEPOSATHOCTB)
yiep0Oa 1Mo mpu4yrHe NosBiIeHus i-ro aedekra; P(U) —
BEPOATHOCTH JJAHHOTO BUAA yIiepOa /Ui paccMaTprBa-
EMBIX KOHCTPYKIHH; P(D,) — BEPOATHOCTH NOSABJICHUS
i-ro nedekra.

Bce yka3zaHHbIE alpUOpPHBIE BEPOATHOCTH MOTYT
OBITH pacCYNTaHbl HA OCHOBAaHUH AHAJIN3A CTATUCTH-
veckux nanubix: P(D, | U) nu P(U) — 1o pesynsTaram
o0ciieroBaHMN 3MaHUH U COOPYKCHUH, aHAIN3a TEXHH-
YECKHUX 3aJlaHUi Ha TEKyIHe W KaluTaJlbHble PEMOH-
ThI, PEKOHCTPYKIHUIO; 2(D,) — MO pe3yNbTaTaM aHaim3a
CTAaTHUCTUKY HApYyIICHNH, BBISIBICHHBIX CTPOUTEIBHBIM
KOHTPOJIEM TEXHHYECKOTO 3aKa3uhKa, rOCydapCTBEH-
HBIM CTPOUTENILHBIM KOHTPOJIEM Ha paHee MOCTPOCH-
HBIX 00BEKTaX.

3AKJIIOYEHUE

B cTaTee 00ocHOBaHa HEOOXOOUMOCTH IIPHUMeE-
nenus POII B cucteme ynpaBieHHUs: OXpaHOU Tpyaa
U KOHTPOJIEM KadyecTBa CO CTOPOHBI TEXHHUYECKOTO
3aKa34yuKa. BBIMONHEH 0030p HAy4YHBIX HCCIIEI0Ba-
HHUHA B O0JIACTH CTPOUTENBCTBA, MMOCBSIICHHBIX Me-
HEDKMEHTY PHUCKa, U ClIeJIaH BBIBOJ 00 aKTyaJbHO-
CTHU NMPUMEHEHUS] PUCK-OPUEHTUPOBAHHOTO MOAXO0/A
B ICATEIBHOCTH TEXHUIECKOTO 3aKasz4nKa. [Ipeanoxen
Croco0 pacyera pHCKa TpaBMaTHU3Ma, OCHOBAHHBIN
Ha pacyueTe aroCTepHOPHON BEPOSITHOCTH TPaBMAaTH3-
Ma, IPEUMYIIECTBO KOTOPOTO 3aKJII0YAETCsl B yUeTe
TpexX alpUOPHBIX BEPOSTHOCTEH: BEPOSTHOCTH TPAB-
MaTu3Ma B CTPOUTENIbCTBE, BEPOSITHOCTh TPaBMaTu3Ma
B pe3yibTaTe HapyMIEHUsS KOHKPETHHIX TPeOOBaHHMA
OTuTb u BepoATHOCTh BOSHUKHOBEHHMS JTaHHBIX Ha-
pYILICHUH Ha CTPOUTENbHBIX 00bekTax. [IpencraBieHa
KJlaccu(UKalusi CTPOUTENbHBIX Ae(PEKTOB 110 IPyTI-
IaM B 3aBUCHMOCTH OT BUJA U CTEICeHHU ymepda. Pa3-
paboTaHa METOIMKa pacueTa pucka yuiepoa npu mo-
SIBIICHUU CTPOUTEIBHBIX E(HEKTOB C UCIIOIh30BAHHEM
6aifeCOBCKOTO MTO/IX0/1a, OCHOBAaHHAS HA OMPEICICHUN
TPEX alPHOPHBIX BEPOSTHOCTEH: BEPOSTHOCTH yIepoa
JUTSL paCCMaTPUBAEMBIX BHIOB KOHCTPYKIUN, BEPOSIT-
HOCTB yiiep0a 1Mo MPUYUHE KOHKPETHBIX CTPOUTEIIb-
HBIX 1e(DeKTOB ¥ BEPOSTHOCTD MOSBIICHUS TAHHBIX BH-
0B nedekroB. JlanpHeiee UCCICT0BAHUE JOIKHO
BKJIFOYATH Pa3paboTKy KiacCUpUKAIUi 1ePEeKTOB I
Pa3IUYHBIX CTPOUTENHHBIX KOHCTPYKIIUH, ompenesne-
HHUE KPUTECPHUEB OLICHKU CTEIEHH OMACHOCTH CTPOMU-
TCJIbHBIX TC(PEKTOB, 3HAYCHHUH alPUOPHBIX BEPOSTHO-
CTeil HeOJIarOMPUATHBIX COOBITHI MIPH pacueTe PUCKa,
pa3paboTKy METOAMKH YIIPABICHUS PHUCKAMH.
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T'ocynapcTBeHHbIE 3aKYNIKH
B CTPOUTEJIbCTBE — 3apy0esKHasl IPAKTHKA
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AHHOTALMA

BeegeHue. Pacnpenenenve v nonyyeHue 3akas3oB Ha MPOEKTUPOBAaHME U CTPOUTENBLCTBO — OAUH U3 BaXHEWLIMX ane-
MEHTOB OpraHn3aLMm XXU3HEHHOTO LMKNa cTpouTenbCTBa. [peacTaBnseT MHTepec U3yyYeHne nNpaBun pacrnpeneneHns rocy-
[apCTBEHHbIX 3aKasoB M NPaKTUKN UX MPUMEHEHUS B Pa3NYHbIX CTpaHax. AHanu3vpyeTcs OonbIT BeAyLLMX 9KOHOMUK Mupa
B obnactu opraHu3auumn 1 NnpoBeaeHUst TOProB Ha CTpouTenbCTBO. Llenb nccnegosaHusa — paspaboTtka HayyHO 06OCHO-
BaHHbIX MPEASIOKEHUI MO COBEPLLUEHCTBOBaHNIO dhefeparnbHOro 3aKkoHoAaTenbCTBa B 00NacTy rocyfapCTBEHHbIX 3aKymnok
CTpOUTENbHbIX 0OBLEKTOB U paborT.

MaTtepuanbl u meTtoAbl. PaccmaTtpusaloTcs opuriHanbHble HOPMaTVBHO-NPABOBbIE JOKYMEHTbI MO OpraHM3aLmmn KOHKYp-
COB Ha CTpouTenbHble paboTbl B psAe CTpaH, a Takke B MeXAyHapOAHbIX opraHu3aumsx; TeHaepHole npasuna CLUA, ®pan-
umn, Fepmanun, Hoeon 3enanamn, Anonun, Kutas. Mcnonbaytotes n obobLuatotcs matepuansl 0630poB, BbIMOMHEHHbIX
yYeHbIMU 1 cneumanucTamu.

Pe3ynbraThl. B pe3ynsrate aHanusa HopmMaTyBHO-NPaBOBbIX [JOKYMEHTOB BbISIBIIEHbI OCHOBHbIE METOABI OPraHU3aLmmn TeH-
[epoB Ha CTPOUTESbHbIE 1 NPOEKTHbIe paboThl. C TOYKM 3peHns (POPMUPOBAHWSA PaBHOMPABHbIX Y OTBETCTBEHHbIX OTHOLLIE-
HWI rocyAapCTBEHHOrO 3aKasyunka U CTPOUTENBHOIO NoapsiAYmnKa HangeHo MHOro O6LLMX OpraHU3aLMOHHO-3KOHOMUYECKMX
NnoaxoAoB Y METOAOB.

BbiBoAbIl. YCTAHOBMNEHO, YTO Psii METOAOB NMPaKTUYeCKn He NpuMeHsieTcst B Poccum, Hanpumep, KOHKYpeHTHbIe NeperoBopbl
1 OBYX3TanHbIM TeHaep. Hanpotus, HEKOTOPbIe 0COBEHHOCTN POCCUMINCKOro 3akoHoAaTenbCcTBa OyayT BbIMSAAETb CTPaHHbI-
MU s 3apybexHoro yMTatens, Hanpumep, YCTaHOBMEHWeE 3aKa3unkoM HavarbHOW LieHbl KOHTpaKTa unm onvcaHve npasun
3MEeKTPOHHOro AoKyMeHToobopoTa B heaepanbHOM 3akoHe. ABTOPbI CHMTAIOT, YTO B POCCUACKOM 3aKOHOAATENbCTBE Lie-
necoobpasHo 0Tpa3nTb BO3MOXHOCTb KOHKYPEHTHbIX NeperoBopoB, bonbLue yaenaTb BHUMaHusi Bonpocam obecneyeHus
Ka4yecTBa 1 [ONroBe4YHOCT 06BEKTOB, COOMIOAEHWI0 OTOBOPHBLIX CPOKOB.

KIKOYEBBIE CITOBA: rocynapCTBEHHbIE 3aKymnku, CTPOUTENbHbIe paboTbl, TeHAEP, KOHKYPC, TOPrU, KOHKYPEHUMSs, 3apy-
GeXHbIV OnbIT
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ABSTRACT

Introduction. The distribution and receipt of design and construction orders is a most important element in the construction
life cycle. It is of considerable interest to study the rules governing the distribution of state orders and the practice of
their application in various countries. This article examines the experience of the leading world economies accumulated in
the bidding for construction projects.

Materials and methods. The authors studied original legal documents on the organization of tenders for construction works
in several countries, as well as in international organizations. The tender rules of the USA, France, Germany, New Zealand,
Japan, China are considered. Materials of reviews and scientific researches, conducted by other scientists, are also used
and summarized.

Results. The principal methods for organizing tenders for construction and design works were identified as a result of
analysis of regulatory documents. The authors have found many common approaches and methods used to assure equal
and responsible relations between the state customer and the construction contractor.

Conclusions. It has been established that a number of methods, widely used abroad, are practically not used in Russia, for

© E.A. IycakoBa, A.C. MaBnros, 2022
PacnpocTtpaHsieTca Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



[ocyaapCTBEHHbIE 3aKYIMKM B CTPOUTEALCTBE — 3apybexHasi npakT1ka

C. 242-252

example, competitive negotiations and two stage tendering. On the contrary, a foreign reader may think that some provisions
of the Russian legislation are strange, for example, initial contract price setting by the customer or electronic document

management rules in the federal law.

KEYWORDS: public procurement, construction work, tender, bidding, competition, international experience
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BBEJAEHUE

Pacmpenenenne u momyd4eHne 3aka30B HA MPOCK-
THPOBAaHUE U CTPOUTEIHCTBO — OJWH M3 BAKHEHUIITNX
9JIEMEHTOB OpraHM3aluu Ku3HeHHOTO Iukia (JKII)
cTpouTesbeTBa. YacTo Ha 9TON CTaiuu peLaeTcst Cyb-
0a cTpo¥KH, Tak Kak HEYAaqIHO MOJOOpaHHBIN HCIION-
HUTENH (MOAPSITYUK) MOXKET HE BBIITOJHUTH CTOSIIHE
nepea HUM 3a7a49d WU 3aTPAaTUTh YPe3MEpPHO MHOTO
pecypcoB. OCHOBHOE BHHMAaHHE 3aKOHOJATEJICH Ha-
MPaBICHO TPHU 3TOM Ha MOJyYCHHE 3aKa30B 3a CUET
OIO/PKETHOTO (hPMHAHCUPOBAHUS, XOTsI KOPIOPATUBHOE
(MHaHCHPOBAHME B MUPE 3aHUMAET OONBIIYIO YaCTh
WHBECTHINH, 00b19HO Topsika 80 %.

B 1enom B 3apyOeKHBIX HAYYHBIX ITyONHKALNAX,
MTOCBSIIIEHHBIX 3TOI TeMaTUKe, OTMEYALTCS KaK KPUTH-
YecKas BAKHOCTh METOZOB OPTaHU3AINHU TOCYJapCTBEH-
HBIX 3aKa30B B CTPOUTEJIbCTBE, TaK U (hparMeHTapHOCTD
¥ HEIOCTATOYHAs TEOPETHUECKask UCCIETOBAHHOCTD X
MeXaHU3MOB U npaBu [1]. B nccnegoBanmsax rocymap-
CTBEHHBIX 3aKa30B B CTPOUTEIHHON OTpaciIl paccMa-
TPHUBAIOTCS CaMble Pa3HbIC MOAXOABI K MOJICINPOBAHHIO
BBIOOpA MOAPSAAUNKA, KPUTEPHUSAM MOJEIH, METOAAM
TIPUHATHUS PEIICHIH 1 MEXaHW3MaM oTOopa:

* W3ydYaroTcs TeopHs U (PaKTOpHI KadecTBa B3aH-
MOOTHOIICHUN MOAPSTINKOB U CYOTIOIPSITINKOB B yC-
JIOBHAX pacTymieil KoHKypeHwH [1];

* TOATAIHbIC MOAXO0/IbI K BEIOOPY AP PEKTUBHBIX
MTOJPSATINKOB, ABYXIICJIEBbIC ONITUMHU3AIIMOHHbBIC MOJIC-
JIM MUHUMU3AIUH 3aTPaT U PUCKOB [2];

* MaTeMaTU4eCKHe MOJCIN HEYCTKOW JIOTHKH IS
OlLICHKH (paKTOPOB pHCKa MPU BHIOOPE MOAPSIIHNKOB
B CTPOUTEIBHON oTpaciu [3];

* MOJETH MpeleaeHTHOro 0Toopa [4];

* MAJOrOBOE MPOCTPAHCTBO IETIOYCK 3aKYTIOK,
crenupuyIecKue aarOPUTMBI COIMATBHBIX 3aKyIOK
B YIPABICHUH MPOCKTAMH, MEHTAIUTET 3aKyIOK [5]
Y MHOTHE JIPYTHE TIOIXO/BI.

AHaNM3UPYIOTCS COJCPIKATEIbHBIC acIeKThI (op-
MaJbHBIX U He(OPMalbHBIX MEXaHU3MOB JaBIICHUS
Ha 3aBHCHMBIC OpPTaHU3AIUA — HPUHYAUTEIBHOTO
nzomMopdusMa, KOTOpPbI CUMTAETCsS Hanbojee MOII-
HOM JBUXKYLIEH CUIION MPUHATHUS COLMAJIBHBIX 3aKyIIOK
B CTPOHUTENBHBIX MpOeKTax. M3yuyaroTcs 3akOHOMEp-
HOCTH MUMETHYECKOTO H30MOp¢H3Ma U HOPMATHB-
HOTO M30MOp(H3Ma, KOTJja OPraHU3aIIH BEIHYKICHBI
MEHSTBCS IO JISHCTBHEM BHEIIHUX CHJI, HOPMATHBOB,
po(heCCHOHAIBHBIX CTAHIAPTOB WM CeTei [5].

CyIecTBYIOT peNpe3eHTaTUBHbIE CTaTHCTHYE-
CKHE UCCIIEJOBAaHNS KOHTPAKTOB HA TOCY/IapCTBEHHBIC
3aKyTIKH, [TOCBSIICHHBIE 3J0yNOTpebIeHus M, GpaBopu-
TU3MY W TIPUKJIQIHBIM TI€PCIIEKTUBAM HCIOTIb30BaHUS
Moyieselt MallIMHHOTO 00y4eHHS ISt HPOTHO3UPOBAHMUS
Hea((HEeKTUBHOCTH U KOPPYIIIMU B JaHHOH cdepe [6].

Bonpmoe xonndgecTBO HayIHBIX paboT M 0030pOB
MIPUBOASIT 0COOEHHOCTH U BO3MOYKHOCTH LU(POBBIX
TEXHOJIOTHH 3aKyIOK, CMapT-KOHTPAKTHI C IPUMEHEHH-
€M TEeXHOJIOTHH OJOKUYEHHa, B3aNMOCBSI3H MEXTy I ]-
POBBIMU TEXHOJIOTHSIMH M PEIICHUSIMU TPOOJIEMaTHKH
TOCYJapCTBEHHOTO YIIPABICHHA W TOC3aKyIoK [7, 8].
OTMedaeTcs, 4TO OTKPHITHIE JJaHHBIC, B YACTHOCTH ITy-
OJMKAlMU O TOCYAapCTBEHHBIX 3aKyNKax (TeHIepax),
SIBISTFOTCSI ICTOYHUKOM OOBEKTHBHON MH(OPMALIUH IS
TIPUHSATHS PELICHUI 3aMHTEPECOBAHHBIMU CTOPOHAMH,
a U POBBIC TEXHOJIOTHMH — OCHOBOHM YCTOWYHMBOCTH
LIETIOYEK MTOCTABOK U 3aKyIOK B cTpouTenberse [9, 10].

WurennexryanbHble OM3HEC-TIPOLIECCH U METO/IbI
00pabOTKK MACCHBHBIX JAHHBIX MO3BOJISIOT aHATH3UPO-
BaTh KOJIMYECTBEHHYIO, reorpaMuecKylo, OTpacieByio
KOHKYPEHTOCTIOCOOHOCTh ¥l MEKPETHOHATILHYIO MOOMITb-
HOCTB YYAaCTHUKOB TOCYAaPCTBEHHBIX 3aKyTIOK [11].

B oTedyecTBEHHBIX Tpy/laX MOKHO BCTPETHTBH 00-
30pbl U KPUTHUYECKHUI aHAIN3 TEHJEPHOrO 3aKOHO-
narenbcTBa B Poccnn n 3a pyOeskoM, OJHAKO MOYTH
HE paccMaTpHUBAIOTCS 0COOCHHOCTH TEHIEPOB B 00-
JacTu cTpouTenseTa [12—18]. B cBs3u ¢ atum mpen-
CTaBIISIET MHTEPEC U3yUeHHUE MPABMI paclpeieeHus
TOCYIapCTBCHHBIX WHBCCTUIIMOHHBIX 3aKa30B U IIpaK-
THUKHU UX UCTIOIB30BAaHMS B PA3IMIHBIX CTPAHAX C TEM,
4TOOBI 00CYIUTH LIENeCO000Pa3sHOCTh X MPUMEHEHUS
B Poccun.

Lenbro rccneioBanusl, pe3yinbTaTbl KOTOPOTO OTpa-
JKAIOTCSI B IIPE/IJIaraeéMoM LIMKJIE CTaTel, sIBISIeTCsl pas-
paboTka HaydHO 0OOCHOBAHHBIX MPENIOKEHUH IO CO-
BEPIICHCTBOBAHMIO (pe/IepaIbHOTO 3aKOHOATEIbCTBA
B 00JIaCTH TOCYJapCTBEHHBIX 3aKyIOK CTPOUTEIBHBIX
00BEKTOB U paboT. 3aada TaHHOW CTAaThH — aHAIN3
OTIBITA BEIYIINX SKOHOMUK MUpPa B 00JacTH IpOBEIe-
HUSl TOPTOB Ha CTPOMUTENBCTBO, BBIBICHHUE IIPEUMY-
IIECTB U HEAOCTATKOB PETHOHAIBHOTO U JIOKAJIBHOTO
3aKOHO/IATENNbCTBA B PA3IMYHBIX cTpaHax. Heobxoanmo
0000ITUTh OPTaHN3ANOHHO-3KOHOMHYECKHE TIPEIO-
CBIJIKH BBIOOPA CTPOUTENBHBIX HOAPSIIIUKOB, obecre-
YeHHsI PaBHOIIPABHOTO B3aWMOJIEHCTBUSI C rocynap-
CTBEHHBIMH 3aKa3YMKAMH M JAPYTUMH y4aCTHHUKAMU
nporeccoB JKII cTpouTenbHBIX 0OBEKTOB.
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MATEPHUAJIBI U METO/JBI

He sBnssch ropucTaMu, aBTOPHI COCPEIOTOUH-
JU aHAJIU3 HAa OPTaHHU3ALUOHHBIX U YKOHOMUYECKHX
aCIeKTax MPOBEACHUs TOProB, KOTOPbIE, 10 HAIIEMy
MHEHHIO, COCTABIISIOT KBUHTACCEHIIMIO 3TOTO BaKHOTO
srana KL Bo3BeneHus 31anuii u coopyxenuil. Paccma-
TPHUBAIOTCS IPABHIIA FOCYJapPCTBEHHBIX 3aKYIOK B Ta-
KUX cTpaHax mupa, kak CIIA, ®pannus, 'epmanus,
Kurail u npyrux, a Takxke MexIyHapOIHbIE COITIAIIe-
HUsL. BEIABISIFOTCS XapaKkTepHble 0COOCHHOCTH, IPUCY-
1[1€ OCHOBHBIM Pa3BUTBIM CTpaHaM. [{jis 3TOro ucroib-
3yIOTCSI OPUTHHAJIIBHBIE JOKYMEHTHI, JOCTYI K KOTOPBIM
00br9HO cBOOONEH. OCHOBHBIC HOPMATHBHO-IIPABOBBIC
JIOKYMEHTBI IIEPEBEIEHBI ABTOPAMU HA PYCCKUU S3BIK,
MHOT'HE U3 HUX 00CYK/JaroTcsi BepBble. B HEKOTOPBIX
Cllydasix HPUMEHSIOTCSI 0030pbl OTEUECTBEHHBIX yUe-
HBIX, XOTsl B HUX IVIABHBIM 00pa30M M3J1araioTcs oomme
MPUHIUIBI TOCYAaPCTBEHHBIX 3aKYINOK, a HE TOJBKO
CTPOUTENILHON OTpaciIu.

KiroueBsIMH METOIaMH MCCIIEIOBAHHSI BBIOPAHBI
cucTeMHbIN aHanu3 1 anaiau3 XKL crpouTensHOro 00b-
eKTa, 0a3upyroIIrecs Ha MOHATUSIX CHCTEMOTEXHUKN
B cTpouTensCTBe [19]. DT MeTonbI, MOKa3aBIINe TPH-
MEHUMOCTb TEOPUU CUCTEMOTEXHUKU B COBPEMEHHBIH
MepUo/], YCIEIIHO UCIONb3YIOTCS aBTOpaMH Ha IMpo-
TSDKCHUH psifa JieT'. B nanpHeiimem npennonaraercs
KPUTUYECKU U3YyUUTh aHAJIOTMYHBIH POCCUMCKUI OIBIT
1 TIOAITOTOBHUTH OOCYKJICHUE KOHIIENTYaIbHBIX TPEIIIO-
JKEHHMH JIJIs1 COBEPIIEHCTBOBAHMSI 3aKyIIOYHBIX ITPABUII
B Poccuu.

PE3YJIBTATBI HCCJIEJOBAHNA

HawnbGonee obmmne HOPMATHBHO-TIPABOBBIE aKTHI
B 00JIACTH MEXXIYHApOAHOW TOPrOBIIM, U B YACTHOCTH,
rocyaapcTBeHHbIX 3akynok uznaetr FOHCUTPAJL —
aBTOHOMHBIN oprad OOH B 061acTi MeXTyHapOTHOM
toproeiu (United Nations Commission of International
Trade Law — UNCITRAL). B 2011 r. 6611 npussT MO-
JIeNIbHBII 3aKOH O MyOJIMYHBIX 3aKynKax, B 1994 r. —
MOJIENIbHBIN 3aKOH O TOCTAaBKaX TOBApOB, CTPOUTEIb-
HBIX pabor u ycunyr?. Ho, HecMOTpsi Ha Ha3BaHWE,
KaKuX-JIN00 0COOCHHOCTEH CTPOUTEIHCTBA B IOKYMEH-
TE HE YUTEHO: (PaKTUUECKU CTPOUTEIILCTBO YIIOMSHYTO
KaK CHHOHHUM CJIOBA «PabOThI».

ITo nHnekcy 3 PEKTUBHOCTH TOCYIapCTBEH-
HBIX 3aKYIOK, KOTOPBIH Beruucisercs Okcopackum
YHUBEPCUTETOM, IEpBOe MecTo 3aHumaeT Hosas

'T'ycarosa E.A., I1aenog A.C. OCHOBBI OpraHU3aLMU U yIIPaB-
JICHHS B CTPOUTENIBCTBE ;| YUeOHMK U NIPAKTHKYM JUIS BY30B.
2-e m3x. mepepad. u gomn. M. : FOpaiit, 2021. 648 c.
2UNCITRAL Model Law on Procurement of Goods, Con-
struction and Services with Guide to Enactment. URL: https://
uncitral.un.org/sites/uncitral.un.org/files/media-documents/
uncitral/en/ml-procure.pdf
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3enangus’. PazpaboTaHHbIe MpaBHUia MPUMCHSIOT-
Cs K 3aKyIllKaM CTOUMOCThIO Oonee 0,1 MIIH moiu.
1 K CTPOUTEIBHBIM IIPOEKTaM Ha cymMMy Ooiee 9 MitH
nomt. 6e3 HIC («moporoBas» cTouMocTsh). OTaen ro-
CYIapCTBEHHBIX 3aKYMOK M HECHTPbI IKCIEPTU3BI ITPO-
BOJST MOJUTHUKY, MTO3BOJISIOIIYI0 MaJbIM U CPSIHUM
MPEANPHUATUSAM YCIICIIHO yYacTBOBATh B IMOCTaBKaX
JUTSL TIEHTPABHOTO MMPABUTENBCTBA. B rocymapcTsen-
HBIX TTPaBUJIAX ITOCTABOK CIEIHATBHBIA Pa3/IeN OCBs-
IICH CTPOUTEIBCTBY U PEKOHCTPYKIIMH 3IaHUH, a TaK-
JKe 3aKyIKaM CTPOMTENIbHBIX Marepuanios?. HauanbHas
CTOMMOCTB 3aKa3a OMpPEACNIICTCS TOCYIapCTBEHHBIM
YUpeXKJACHUEM, HO UCIIONIBb3YETCS JUIIb IS YCTaHOB-
JieHus1 (haKkTa MPEBBIIICHUS TOPOTOBOM CTOMMOCTH 3a-
KYIIKH.

[IpemycMOTpeHO, 9TO B CTPOUTEIBHBIX MPOCKTAX
MOTYT IPUCYTCTBOBATh JOTIOTHUTENBHEIE paOOTHI, Ha-
puMep, He0OXOIUMOCTh HEKOTOPBIX 3€MIISHBIX pPa-
00T MOXeT ObITh OOHApY)KEHa TOJBKO MPHU BCKPBITHU
MTOBEPXHOCTH 3€MEJIBHOTO y4acTKa. [JTaBHBIM BHIIOM
TEHJIepa SBISIOTCS OTKPBITHIC TOPTH, OTHAKO TPOIOII-
JKCHHE CTPOUTEIHCTBA 3MaHUS MOXKET OBITH IMTOPYUEHO
MOAPSITINKY 0e3 0OBSBICHHUS KOHKypCa, €CIIH 3aMe-
Ha MOJPSAYMKA MOBJIEYET CHIKEHUE dPPEKTUBHOCTH
cTpouTenbeTBa. O0s3aTeIBHBIMU SBIISIFOTCS COOITFOIC-
HHE cTpouTeabHbIX HOpM HoBoii 3enanauu, a Takxe
HCTIOTF30BAaHIE MIEPETOBBIX TEXHOIOTHHA.

[IpaButenbcTBO HOBOW 3emanaun UCMOJIb3yeT
CTPOUTEIIbHBIC MOAPSIABI JJIsI YIYUYIICHUS KBaTU(DU-
KAl U Pa3BUTHUS MECTHBIX CTPOUTEIBHBIX OPTaHH-
3anuid. B 4acTHOCTH, TOCyJapCTBECHHBIC 3aKa3UUKH
JOJDKHBI BKJTIOYATh B TPEOOBAHMS U B KPUTEPUH OIICH-
KH BOIPOCHI MOBBIMICHUS KBAIU(DUKAIIMKA U O0yICHHUS
MOJIPSTIMKOB, CYOMOIPSIAYMKOB, a TAKXKE POBEPSATH
HCTIONIHEHUE 3TUX TpeboBaHuil. ['ocymapcTBeHHBIC
3aKa39UKHN JOJDKHBI TaKXKe YYUTHIBATH TPeOOBaHUSA
OXpaHBI TPYZAa U TEXHUKU 0E€30MacHOCTH TepCcoHala
MOJIPSTYMKOB, HEOOXOJAMMOCTh CO3aHUsI pabodmnx
MeCT ISl KOPEHHOTO HaceJIeHUs (MaopH, MMOJTHMHE3UI-
IbI) ¥ J)KeHIIH. TakuM 00pa3oM, OJIaromoryqHoe co-
CTOSTHUE TIOJPSTHON OpPTaHU3AINHU CIYKHUT 3aJI0TOM
YCTEIIHOTO BBHIMTOJHEHUS 3aKa3a. XOpomo ObI 3TO Mo-
HUMAaTh U B JPYTUX CTPaHaX.

B CIIIA 3akynku B 00JacTH HEABM)KUMOCTH He-
MMOCPEACTBEHHO IS peepalbHBIX HYK/ OTPaHIIH-
BAaIOTCA B OCHOBHOM CTPOHUTEIHCTBOM WJIH apeHAON
pabounx mect mast 1,1 MiaH deaepanbHbIX CITyXKalnX.
OO0cny)KMBaHUEM U CTPOUTEIHCTBOM BeJaeT Ciryxk0a
obmectBeHubIX 3nanuii (Public Building Service),
a mpoBoauT (enepanapHas ciryxkoOa 3akynok (Federal
Acquisition Service). O6e ciayk0bI BXOIAT B aIMH-
HUCTpANHIo 00mux ciayx06 npasutenascTBa (General
Service Administration), koTopas pa3memniaet HHPop-
MaIMI0 Ha caiiTe (elepabHbIX MPEIIOKCHUN IS

3The International Civil Service Effectiveness Index InCiSE+.
Result Report. Oxford, 2019.
4Government Procurement Rules, 4th ed. New Zealand, 2019.
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o6usHeca. CTpyKTypa aJMUHHUCTPAIUH IIPECTaBlIcHa
Ha puc.’. OJHAKO 3TH 3aKYIKH COCTABISIOT HEOOIb-
IIyI0 10J10 (heiepanbHbIX PacXo/l0B, B KOTOPBIX TOH
3a1al0T 000poHHBIe pacxoabl. DenepanbHas coo-
ctBeHHOCTH B CIIIA BkiItOYaeT 3emiu (B TOM 4ucIe,
3amoBeaHbIe), HHPPACTPYKTYpHBIE U 00OpPOHHBIE
00bexTr. B 2020 1. rpaxxaaHCKUE 3JaHUASI U COOPY-
xkeHus B henepanbHO COOCTBEHHOCTH COCTABIISIIN

3GSA Organization. URL: https://www.gsa.gov/about-us/gsa-

organization

Otnen nepcoHana

Chief of Staff

9 848 mipa noi1., a COOCTBEHHOCTh MUHHUCTEPCTBA
o6opousl — 17 254 mupa moi.b

3aka3pl Ha MPOEKTHBIE M CTPOUTEIbHBIE pado-
THl PaclpenessiloTCsl B COOTBETCTBUH ¢ (enepaib-
HBIM TonokeHneM o 3akymnkax (Federal Acquisition
Regulation). [Tomoxxerne BKIIIOYaeT OOIBIIOE KOTHYE-
CTBO CTaTel, MOCBSLICHHBIX Pa3IMYHBIM HaIllPaBICHHUAM

¢FRPP Summary Report Library. URL: https://www.gsa.gov/

policy-regulations/policy/real-property-policy/data-collec-

tion-and-reports/frpp-summary-report-library
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KOHTpaKTalMu. [IpoeKkTsl HOPMAaTHBHBIX AKTOB ITyOITH-
KYIOTCA U OOCYXKTArOTCsl O0IIEeCTBEHHOCTRIO 10 TIPH-
HATHUS, HO HEOOJBIIUM KOMIIAHHSM HHOTZAA TPYIHO
MIPOCIIETUTH 32 BCEMH U3MEHEHHSIMH OOLIMPHOTO 3aKO0-
HOZATEeNbCTBA.

B oTHOIIGHMHM KOHTPAKTOB Ha CTPOUTEIHCTBO
1 (QYHKITHM apXUTEKTOpa-UHKEHEpa AeHCTByeT 4. 36 (he-
nepansHoro [Tonoxenus o 3akynkax’. YKa3aHo, B 4acT-
HOCTH, YTO CMETa Ha 3/]JaHUE MOXKET OBITh COCTaBIICHA
rOCYIapCTBEHHBIM 3aKa34MKOM JUII OPUEHTHPA Ha TOP-
rax, HO, KaKk MpaBHJIO, OTa OLIEHKA HE pa3riIallaeTcs.
3aKaz4yuK JOJDKEH OTKIOHHUTH TPEUIOKEHHE, €CITH OHO
CHJIBHO 3aHIDKEHO MM 3aBBIIICHO. J[j1s1 3aKka30B ¢ ieHOH
ceeimre 100 ThIc. MO, MpeaycMaTpuBaeTcss OaHKOBCKas
rapantus. [Tpu ctoumocrtu 3akaza 1o 1,5 mMiH jgoiut.
MIPEAIIOYTUTEIBHBIM SIBIISICTCSl (UKCHPOBAHHAS 1ICHA,
mpy OoJbIIEH CTOMMOCTH — JJOTOBOP C CIMHUYHBIMA
pacLeHKaMH.

Konkypc Ha npoekTHbIe pabOThI MPOXOAUT OOBIY-
HO B J1Ba dTana. Ha mepBoM sramne paccMarpuBaroTcs
3asBKH M MPOBOASATCS coOecesoBaHMs, Ha OCHOBE KO-
TOPBIX (DUPMBI-IIPETCHICHTHI PAHKUPYIOTCS B COOT-
BETCTBHH C MX KBaTH(UKAIIUCH. 3aTeM MMPEICTaBUTEIIN
CIryOBI BEYT EPETOBOPHI O LIEHE M CPOKAX BBITIOJIHE-
HUS 3aKa3a ¢ (pUpMaMH ¢ HanOOJIBIIUM paHroM. MoryT
TaK)Ke PacCMaTPUBATHCS MOPTHOIHO MPOSKTHBIX (prupM
JUIsl paH)KHUPOBaHUsI 0e3 KOHKPETHOTO 00bekTa. Takoii
poriecc 0Toopa MOXKET 3aHUMATh 110 TO/Ia.

MoryT OBbITh BBIAAHBI pa3eIbHbBIC JOTHI Ha MPO-
eKTHpoBaHue u cTpouTenbcTBO (Design-bid-build) mmm
coBmecTHbIe J10THI (Design-build). B mepsom ciyuae
UCIIONB3YIOTCSI OOBIYHO JIBYXdTamHbie Topru. [1pu aTom
MIPOEKTUPOBAHUE U CTPOUTEIHCTBO BO3MOXKHO IOPY-
YUTH OJHOW W TOH ke (pUpMe TONBKO C pa3pelieHUs
IMOJTHOMOYHOT'O NPCACTABUTEIIA NPaBUTCIILCTBA. HpO-
EKTHPOBIHMKH JIOJDKHBI COOMonars heiepaibHbIe PeKo-
MeHauH 110 3G QPeKTHBHOMY, O€30MaCHOMY U JOJITO-
BEYHOMY CTPOHTEIBCTBY.

KoHkypc Ha CTPOUTEIbHO-MOHTAXHBIE PAOOTHI
MIPOBOAMTCS B OJJMH WMJIM JIBa dTamna. B 3asBkax Moxer
OBITH yKa3aHa B3aMMOCBS3b MEXIY TEXHHYECCKUMHU
U [CHOBBIMHU IpeIIOKeHUsIMH. [leperoBopsl ¢ y4act-
HUKaMH KOHKypca BEAYTCs, YTOObl YTOUHUTh TEXHH-
YeCcKHe TPEJUIOKEHNsI U IIeHy KOHTpakTa. [lonpsauuxy
TIPEIOCTABIISCTCS BPEMS JIIsl O3HAKOMIICHHSI HE TOJIBKO
C IIPOEKTOM, HO M C IUIOMaaKkoil ctpoutenscrsa. Co-
BMCCTHO OroBapyBarOTCs BOIIPOCHI OXpaHbl IJIOMAAKH,
obecrieueHust oyKapHOi 0€3011aCHOCTH, OXPaHbI OKpPY-
JKaroUel cpepl U T.II.

[Tpu TOM, 9TO MOAPSIYHMK B XOJC BHITOIHEHUS 3a-
Ka3a HECET CTPOTYI0 OTBETCTBEHHOCTb, IIEPe]l HauaIoM
KOHKYypCa 3aKa3uuK JielaeT BCce, YTOObl MaKCHMallb-
HO OTKPBITO NMPOWH(OPMHUPOBATH YYaCTHHKA TOPTOB
00 ocobenHoctsax mpoekra. O6br9HO He MeHee 12 %

"FRPP Summary Report Library. URL: https://www.gsa.gov/
policy-regulations/policy/real-property-policy/data-collec-
tion-and-reports/frpp-summary-report-library
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o0beMa paboT reHepaNbHBINA MOAPSITINK JOIDKEH BbI-
MIOJTHUTH CBOMMH cHiIaMu. TeM He MeHee yCTPOHCTBO
WHKEHEPHBIX CETEH 1 ANIEKTPOMOHTAXKHBIE PAOOTHI, KaK
MIPaBUIIO, OTJAIOTCS Ha CyOrnoapsia. boibmmHCTBO J10-
TOBOPOB 3aKiiloyaeTcs B TeueHue 60 aHeil ¢ MoMeHTa
MOTyYEHHS MPEATOKESHHI®,

ITpu or6ope GpupM Ha pOITb APXUTEKTOPA-HHKEHE-
pa (aHaIOT HMHXUHUPUHTOBON (pUPMBI B eBpOTIEHCKOM
CTPOMTEJNILCTBE) YUHUTHIBAIOTCS NMPOQeCcCHOHAIbHAs
KBaJIM(HUKALUS COTPYIHUKOB, PE3YIIBTAaThl BBITIOIHEH-
HBIX paboT u T.1. OTOOp GUPM OCYIIECTBISIETCSI KOMHUC-
CHEH 1oJl MpeJIcelaTeIbCTBOM YJICHA IIPaBUTEIbCTBA.
Ilena pabot He uMeeT pemiaromniero 3HadeHus. OeHKa
CTOMMOCTH pabOT apXUTEKTOpa-MHKEHEPa CO CTOPOHBI
MIPaBUTEIILCTBEHHON KOMUCCHUU HE pa3IylallaeTcsi, OKOH-
YaTenbHas [IeHa YCTaHABIMBACTCS ITyTEM IIEPEroBOPOB
C TIpeIBapUTEIFHO OTOOPAaHHBIME (hupMaMu. ApXHUTEK-
TOp-MHKEHEP HECET OTBETCTBEHHOCTb 3a PE3YNbTAThI
OKa3aHHBIX UM YCIYT — 3TO MOXET ObITh pa3paboTka
WM IPOBEPKA MPOEKTHON JIOKYMEHTAIINH, @ TAK)XKE KOH-
TPOJIb UCIIOJIHEHUS TPOCKTA.

OtrmernM, gto mexnay CIIA, Kanamoit m Mek-
cHKoii 3akiroueHo CeBepoaMepHKaHCKOEe COTIallieHHe
o cBobozHoit Toproie (NAFTA), B koTopoM npume-
HSIETCS MEXHAIMOHAJIBHOE PETYIHPOBAHHUE 3aKyIOK
JUISL KPYITHBIX KOHTPAKTOB, TIPEBBIMIAIONIIX MUHIMAITb-
HOE «110poroBoey 3HadeHue. [IpexycMoTpeHo BeneHne
CIIMCKa KBaJ’II/I(bI/IHI/IpOBaHHBIX IIOCTAaBIIMKOB, U3 YHCJIa
KOTOPBIX MOTYT OBITh BEIOpAHBI YYaCTHUKH TOPTOB JUIsI
KOHKPETHBIX 3aKa30B.

Jliist eBponeiickux cTpaH OO0JbIIOE 3HAUCHHE UMe-
10T IUpeKTHBBI EBporeiickoro coro3a’, 0CHOBaHHbBIE
Ha OONIMX MPUHIUIAX MPO3PavHOCTH, PABHONPABHS,
OTCYTCTBHSI AUCKPUMUHALINU, B3aUMHOTO TIPU3HAHMUA,
MPOMOPIIMOHATLHON OTBETCTBEHHOCTH U p. [20]. On-
HaKo IO ICWCTBHE 3TON TUPEKTHUBBI OAMA/IAIOT TOJb-
KO T€ KOHTPAKTBI, KOTOPBIE TIPEBBIMIAIOT ONPE/ICICHHBIN
TIOPOT, yCTAaHABINBACMBIN B HACTOSIIIIEE BPEMSI B pa3Me-
pe 70 5,5 MITH eBpO IS CTPOUTETBHBIX padOT U MeHee
0,5 MJTH €BpO /ISl IPOEKTHBIX padoT. B ocTanbHbIX city-
Yasix JIeHCTBYeT HAlIMOHAILHOE 3aKOHOIATENILCTBO, ITPU
9TOM 00BEM TAaKHX 3aKyIIOK B HECKOJIBKO Pa3 IPEBbIIIa-
eT 00BeM KPYMHBIX (TIOPOTOBBIX) 3aKymoK. OTaenpHbIe
nupextuBsl EC mpUHATHI 1O 3aKynKaM B 00acT 060-
POHBI 1 OE30IACHOCTH, a TAKXKe B 00JIaCTH SHEProcHao-
YKEHUsI, BOZOCHA0KEHHsI, TPAHCIIOPTA U CBS3H.

J1J1s1 OCTABIIMKOB M TTOAPSITYNKOB B €BPOTMIEHCKOM
3aKOHO/ATENbCTBE NPUMEHSETCS CBOJIHBIN TEpPMUH
«IKOHOMHYECKHUH oreparop» (economic operator), T.e.
J000€ FOPUANYCCKOC HITH (HU3NICCKOE JTHIIO, Tpeia-

8 Part 36. Construction and Architect-Engineer Contracts.
URL: https://www.ecfr.gov/current/title-48/chapter-1/
subchapter-F/part-36

2U.S. General Services Administration. Bidding on Federal
Construction Projects. URL: https://www.gsa.gov/real-estate/
real-estate-services/for-businesses-seeking-opportunities/
bidding-on-federal-construction-projects
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raroiee ToBapbl, pabOThl MM yCIYTH HA CBOOOIHOM
peiake. Ecim sxoHOMHUECKHEe onepaTopbl 00beTuHS-
IOTCSI B TPYTITBI (KOHCOPIIMYMBI) JUISL BBITIOJIHEHHS 3a-
Ka3a, U HUX MOTYT pa3padarbIiBaThCs CIElUalbHbIE
KBaMpuKannoHHsle TpeboBanus. [loapsaunk Moxer
BBITTOJIHATH PA0OTHI KaK COOCTBEHHBIMH CHIIAMH, TaK
1 C TIOMOMIBIO cyOmoapsTunkoB. HekoTopele 3axas3sl
BO3MOKHO 3ap€3€pBUPOBATH NJIsI UHBAJIHUI0B U JPYTUX
COLMAIILHO 000cO0IEHHBIX ornepaTopoB. Cpok mojaqn
3astBOK 00bI4HO OT 30-35 nmHEH, B CPOUHBIX Caydasx
10—15 muei.

B otnuuune ot amepukanckux npasuil, B EBporne
JUISL CHSITHSL HAllMOHAJIBHBIX 0apbepoB MPEUMYIIECTBO
OT/IaeTCs MPOLIETypaM OTKPBITBHIX TOPTOB, & IEPETOBOP-
HBIE MIPOIECCHl PEKOMEHAYIOTCS IIsl HHHOBAITMOHHBIX
1 CJIOKHBIX KOMITJIEKCHBIX KOHTPAKTOB, ApXUTCKTYPHBIX
Y WH)KEHEPHBIX YCIYT, T.€. B CIIydasx, KOrja 3aKa3zunk
HE MOJTHOCTBIO MTPE/ICTABISIET ceOe pe3ysIbTaT HCIOJIHE-
HUS 3aKa3a. B To ke Bpemst 3aKa3uuKaM MPeaoCcTaBIs-
eTcs cBoOo/ia TIpu BhIOOpE criocoba 3aKymoK, OHAKO
COCO0 3aKyINKH HEJIb3s1 MEHSTH 110 X0y OOBSIBICHHON
nporneaypsl. B 4acTHOCTH, KOHKYPEHTHBIE ITEPErOBOPHI
4acTO MPOBOJATCA MPH 3aKIIOYEHUH I0TOBOPOB TOCY-
JIApCTBEHHO-YAaCTHOTO MapTHEPCTRA.

3aKymnaroiye OpraHu3aliu JOKHBI yOITHMKOBATh
©)XKEro/lHbIe TIPOTPaMMBbI 3aKyIOK (IIpeBapuTeIIbHBIC
YBEIOMIICHUS ), TEHACPHBIC OOBIBICHUS U TTOAPOOHEIC
pemienns o0 uTorax KOHKypcoB. IIpoekTHbIe paboThI
U BO3BeJIeHHE OOBEKTOB MOTYT Pa3bIIPhIBATHCS Kak
BMECTE, TaK U 110 OTACNbHOCTH. CMEIIeHHE Pa3InuHbIX
00BEKTOB B OJTHOM JIOTE AOIMYCKAETCS MPU COOTBET-
CTBYIOIIIEM 00OCHOBaHHH, HAIIPUMED, TIPH CTPOUTEIb-
CTBE TTAPKOBKHM COBMECTHO C JKHJIBIM 3/1aHHEM. 3aKa3bl,
CTOMMOCTB KOTOPBIX npeBbimaet 100 ThIC. eBpo, myOIu-
KyloTcs Ha MHOTOsI3pIgHOM TopTasie TED — Tenders
electronic daily'.

C 2014 r. yYUTBIBAIOTCS KPUTEPHUH JOCTYITHOCTH
JUTS MHBAJIUIOB B CIICIM(HUKALNH JIIOOBIX padboT. Brep-
BbIE BKJIIOUEHO TTOJIOKEHHE O BBITIOIHEHUH T'€HITOPSI-
YHKOM YacTH PadOT CBOMMHM CHJIAMH 110 TPeOOBAaHUIO
3aka3zuuka. [IpenycMoTpeH Tak)ke HOBBIM THII KOH-
TpakTa — JMHAMHUYeCKasl CHCTeMa 3aKyIoK JUIs pH-
00peTeHNs] TOBApPOB MIMPOKOTO IOTPeOIeHNs, 0OBIYHO
MIPUCYTCTBYIOIIETO Ha PHIHKE, 10 KatanoraM. Cucrema
MTOTHOCTHIO paboTaeT B anekTpoHHOM Buae. C 2018 1.
NPaBUJIO JIEKTPOHHBIX KOMMYHHUKAIMI pacipocTpaHe-
HO ¥ Ha JpYyTre 3aKyIOYHbIE MPOLEYPbI, BKIIIOYAs BbI-
CTaBJICHHE CUCTOB 3 BBITIOJIHEHHBIC PaOOTHI.

[TpencTaisieT MHTEpEC NHHOBALMOHHOE TTapTHEP-
CTBO — 3aKJIIOUEHHE COIVIALICHHUSI O COTPY/IHUYECTBE
YACTHBIX (MPM C TOCYIAPCTBOM B 00JIaCTH pa3pabOTKu
HOBBIX NPOAYKTOB. K MHHOBAIMSAM BO3MOXKHO OTHE-
CTH TaK)XE CO3JJaHWE U CTPOUTEIHCTBO HOBBIX IpEa-
npusTuid. Takoe NapTHEPCTBO MOKET BKINOYATh 3Ta-
TIbI MCCIIEIOBAHUM, pa3paboToK U 3aKyIok. KoHKypchl

1" Tenders electronic daily. URL: https://ted.europa.eu/TED/
main/HomePage.do

Ha apXUTEKTYPHbIC MPOEKTHI MPOBOJISTCS AHOHUMHO,
C MPUBJICYCHUEM KOMIIETCHTHOT'O YKIOPH.

B Benmukoopurannu 1o korna 2020 . qelicTBoBaIn
IupekTuBBl EBpomneiickoro coro3a. B Hacrosmiee Bpems
JECTBYIOT PaBIIIa O TOCYAAPCTBEHHBIX KOHTPAKTax !,
KOTOpBIE ()aKTHYECKHU 10 CHX IOP MOBTOPSIOT IIPaBHiIa
EBpocoto3a. B gacTHOCTH, 3aKa3bl TAKKE MMyOIUKYIOTCS
na TED'", Ha Benuko6purtanuio u OpaHIMIO TPUXO-
JIMTCSI TIOJIABJISIFONIAs YACTh 3aKYIIOK C HCTIOJIb30BaHUEM
KOHKYPEHTHBIX ITEPEroBOPOB.

C 1 anpens 2019 1. Bo @paHuuu BCTyNMI B CUITY
HOBBII KOJEKC TOCYIapCTBEHHBIX 3aKa30B'?, ITOCBSIIICH-
HBI B OCHOBHOM CTPOUTENIBHBIM M MHBECTHIIMOHHBIM
KOHTpakTaM. Kojekc COCTOMUT M3 3aKOHOAATENbHOM
U pernaMeHTupytomen yacteit. Kaxxnas yacte BKIOUa-
eT npeamOyiry, OTnpe/ieIeHus], IPaBUiia rOCyIapCTBEH-
HBIX 3aKyITOK U KOHLIECCHH.

Bo ®pannum cymecTByeT 1Ba OCHOBHBIX THIIA
KOHKYPCOB: OTKPBITBIE W OTpaHMUYCHHBIE (JIBYXdTall-
HbIe). 3aKII0YaroTCs TaK)Ke paMOYHBIE KOHTPAKTHI
Ha CPOK JI0 BOCbMH JIeT. IIpeiMeT KOHTPaKTOB MOXKET
BKJIFOYaTb MPOCKTUPOBAHUE, CTPOUTCIIBCTBO, PCKOH-
CTPYKIIHMIO, DKCIUTyaTalMi0 U CHOC 00BEKTOB B JIOOBIX
coueranusx. OTaenpHas I1aBa MOCBsILIEHa «IapTHEp-
CKHM) TOpTraMm, T.€. 3aKJII0YEHHI0O KOMIUIEKCHBIX KOH-
TPAKTOB ISl TPYHIIBI Y3KOHOMHUYECKUX OINEepaTopos,
BKJIIOYAsl CTPOUTENIBCTBO, MPOSKTUPOBAHNE, HKCILTY-
aTamuio U 00CTy)KUBaHNE 00BEKTa, a TAKXKe ydacThe
B huHaHCUpoBaHuK. B Komekce moapoOHO periamMeH-
TUPOBaHbI Cllyyau, KOIJa roCylapCTBEHHbIN 3aKa3unuK
MOXKET HE JOIIYCTUTDH K ITPOoUEAYPE 3aKYIIOK OTACIIbHBIX
JIMILL 32 pa3JINuHble HapyIICHHS.

B I'epmanuu oduimanbHble MOJ0KEHHS O TIPaBH-
JIaxX 3aCTPOMKH COZIEPIKaTCsi B OCHOBHOM CTPOMTEILHOM
3akoHe I'epmanmnn «Baugesetzbuchy (amamor Harrero
I'pamocTpounTenbHOTO Komekea)'®. CBsi3aHHbBIC ¢ TEH Ie-
POM IIPOILEAYPBI HOCAT COKpalleHHOoe HazBaHue AVA:
Ausschreibung — Vergabe — Abrechnung (o0bsBie-
HHUE TEeHJepa — pa3MeIleHHe 3aKa3a — BBICTABICHHE
cueToB). KomnbioTepHbIe TPOrpaMMBl ISt HOAJEPIKKA
TEHJIEPHBIX MPOLEAYP TAKKE YaCTO COEPXKAT B HA3BA-
HuU ab0peBuarypy AVA.

3aKymKa CTpOUTENbHBIX PadoT AJIS rOCyAapCTBEH-
HBIX HYXJ NPOU3BOAUTCA B COOTBETCTBUM C IIpaBUJIa-
MU IPEI0CTaBICHUsI CTPOUTENILHBIX KOHTpakToB (VOB:
Vergabe- und Vertragsordnung fiir Bauleistungen)'.
OHu coepskaT TpH YacTH: OOIIHE TIOJOKESHHUS O TIPEI0-
CTaBJICHUM CTPOUTEIBHBIX YCIIYT, OOIINE YCIOBUS KOH-
TpakTa Ha BBIIIOJIHEHHE CTPOUTEIBHBIX padoT, oomiue

!"The Public Contracts Regulations 2015. URL: https://www.
Ibhf.gov.uk/sites/default/files/uksi 20150102 en tcm21-
194241.pdf

12Code de la commande publique. URL: https://www.legi-
france.gouv.fr/codes/id/LEGITEXT000037701019/

13 Baugesetzbuch. Bundesamt fiir Justiz. 2021.

14 Vergabe- und Vertragsordnung fiir Bauleistungen (VOB).
Beuth Verlag. 2019.
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TEXHUYECKUE YCIIOBHSI KOHTPAKTa Ha CTPOUTEIbHBIC
paboter. Cnenyer orMeTHTh, uTo VOB He sBIstOTCS
3aKOHOM, a MPEICTaBIAIOT 000N MPUHUMAEMBIH To-
CyIapCTBEHHBIMH 3aKa3dMKaMH H MOJAPSAINKAMHU CBOJ
TIPaBHJI, OTHAKO JUISl TOCYAAPCTBEHHBIX 3aKyIIOK CITy>KaT
00s13aTeIbHBIMU.

O6mue monoxxenust VOB (wacts A) mompasymeBa-
10T, YTO 3aKa3bl HU)KE HEKOTOPOTO IIOPOTOBOTO 3HAYCHHSI
PeryIupyIoTCcsl HallMOHAIBHBIM 3aKOHO/IATEIIbCTBOM,
Goree KpymHBIE 3aKa3bl — MpaBuwiIaMu EBpormeiickoro
cotoza mim Beemuphoit Toprosoit oprannzammu (BTO).

Tenaeps! pa3nemnsrorcs Ha MyOIUYHbIE, TEHIECPHI
C OTPaHWYCHHBIM YYacTHUEM U YNPOILICHHBIE (JUIs He-
O0pImMX 00beMOB). Ha MyOMUYHBIX TEHACpax KOJIU-
YEeCTBO YYaCTHUKOB He orpaHuuuBaercs. Ha TeHnepsl
C OTPAaHWYEHHBIM YYaCTHEM JIOJDKHO OBITh TIPHUIVIAIICHO
HE MEHee IISITH YYaCTHUKOB. be3 mpoBeeHns KOHKypca
MOTYT OBITh TIEpE/IaHbI 3aKa3bl HA CTPOUTEIbHbIE pado-
TBI cTOUMOCTEIO 710 50—150 THIC. €BpO (B 3aBUCHMOCTH
0T BHJa paboT), a TaKKe M0 MPUYUHAM CEKPETHOCTH,
CPOYHOCTH, NMaTEeHTHOH 3alIMTHI U T.I. B 3TOM ciydae
CIIEZyeT PacCMOTPETh HE MEHEE TPeX 3asBOK.

[Tpu cocTaBneHUN JOTOBOPOB YKa3bIBAIOTCS, KaK
MIPAaBUIIO, EAMHUYHBIC PACIICHKN Ha BBHITIOJIHSAEMBIE pa-
0O0TEI, 32 aJIEeKBAaTHOCTh KOTOPBIX OTBEYACT MOAPSITULK.
3a ompenenenne oObEMOB PadOT OTBEUACT 3aKa3uHK.
[TosTomMy puckH 3aKa3unKa U NOAPSAYMKA €CTECTBEH-
HBIM 00pa3oM pazzaenstorcs. [I[poeKTHpoBIIUK cocTaB-
JISIET TeHACPHYIO0 TOKyMEHTAIHI0, KOTopast (hopMaIbHO
HE SIBJISICTCS YaCThIO IPOEKTHOM IokyMeHTau. OCHO-
By €€ COCTaBIISIET MTEPEUeHb PadOT C MpeAIoIaracMbl-
mu oobemamu — Leistungsverzeichnis (LV). [Ipasuna
YEeTKO Pa3JInYaloT CIydan MPEACTaBICHHS 3aKa3UMKOM
nepedHsi paboT 0e3 ykazaHus 00HEMOB U TEPEUHs
C yKa3aHHeM 00bEeMOB ¥ MPOEKTHOW JIOKYMEHTAIHEH.
Ilonpsinuuk MOXeT npencTaBuTh cBoil LV ¢ orpannueH-
HBIM [IEpeYHEM PadoT.

Ecimn 00bemM paboT M3BECTEH, AOTOBOP MOMKET
OBITh 3aKJIFOUCH C «MAyIIaIbHONY (HEASIMMON) [IEHOM.
OTo ynoOHO aJis 3aKa3unka, OJHAKO MOXKET BBI3BATh
CJIOKHOCTH TIPH IOCPOYHOM PACTOPKEHUH KOHTPAKTA.

[Tpu HeompeneaeHHBIX BUaX paboT (Hampumep,
TIPA PEMOHTE U PEKOHCTPYKIIMN) BO3MOXKHO 3aKIIFOUe-
HHE JIOTOBOPA ¢ (PMKCHPOBAHHOMN 110YaCOBOW CTaBKOU
orutarel Tpyaa. OcranbHast 4acTh OIUIAYUBAETCS 110 (hak-
THYECKUM pacxopam. [Ipu HeompeneneHHOM oObeMe
paboT MOTyT OBITH 3aKJIIOYEHBI PAMOYHBIE COTJIAILICHNS,
KOTOPBIE YTOUHSFOTCS ITO3TAITHO.

Y4acTHUK KOHKYpCa yKa3bIBaeT 00bEMbI BHIPYUKH
3a mocienHue Tpu (PUHAHCOBBIX T'0O/la M BBHITOJHEHHE
CTPOUTENBHBIX PadOT 3a MOCJIEAHUE TIATH JIET, KOJIHYe-
CTBO pab0YMX M PYKOBOJISIIETO TEXHUIECKOTO ITEPCOHa-
J1a B ocsieiHue Tpu roga. IloxaspiBaercst nH(OpMarys
00 yruiare HaJoroB W B3HOCOB Ha COLMAJIbLHOE obecre-
YeHHe, y9acTHU B NMPO(PECCHOHATBHBIX COO0IIeCTBaX
U Jp. 3aKa3uuK TaKKe MPEACTaBIsIeT 10Ka3arelbCTBa
9KOHOMHUYECKOH M (PMHAHCOBOH COCTOATENIBHOCTH.
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Ha Hem neXuT Taxke OTBETCTBEHHOCTD 32 PE3YNIbTAThI
HMHXCHEPHBIX U3bICKaHUM.

B crienudukanusax 1 TEXHHYECKUX TPEOOBaAHMIX
3aKa3yMKa HE YKa3bIBalOTCS (PUPMEHHbIC HA3BaHMS,
a TIPUBOJSATCS CCHUTIKM HAa HAIMOHAIIBHBIC WITH MEXKITy-
HapoAHbIE CTAaHJAPThI. B KpaiiHeM ciiyyae, KOHKpETHOE
HaWMEHOBAaHUE TPUBOAUTCS C MIOMETKON «WJIN HKBH-
BAJICHT». 3aKa34MK HE MOXKET OTKJIOHUTH 3asBKY, €CJIN
Y4aCTHUK KOHKypca JOKa)KeT PaBHOIIEHHOCTb CBOETO
TEXHUYECKOro mpeioxkenns. Ho 3asBKy MOryT OTKIO-
HUTB, CCIIM LIEHA MPEUIOKEHHS OyIeT Ype3MepHO Maa
(meMrmiHT).

OO6pararoT Ha ce0s BHUMaHUE )KECTKUE TpeOOoBa-
HHUS K UCIOJIB3YEMBbIM 3JIEKTPOHHBIM CPEICTBAM: 3TH
CpeICTBa JJOJDKHBI OJIOKUPOBATH JOCPOYHBIN JOCTYII
K JIaHHBIM, TOYHO OIPEJEIsATh BPeMs JOCTyTa K JaH-
HBIM, (PUKCHPOBATH MOIBITKY HAPYIICHHS PaB JOCTY-
a 1 T.I. 3aKa3uyK J0JDKEH MPEJOCTaBIATh BCIO HEOO-
XOANMYI0 MH(POPMAIHIO 00 MCIOIB3yeMBIX METOJaX
muQpoBaHusl, OTCIEKUBAHUS JIAT, IPYTHUX TEXHUYEC-
CKHUX MapaMeTpax MEeKTPOHHBIX CPEJCTB. DIEKTPOHHOE
MIPE/UTOKEHHE MTOAPSTIMKA MTOCTYNaeT 3amn(poBaH-
HBIM U OTKPBIBAETCS TOIBKO B ACHB MO/IBEICHNSI HTOTOB
KOHKYypca.

OO01ue TeXHUUECKNUE YCIOBUS I CTPOUTEIBHBIX
pabot (uacth C) ONHOBPEMEHHO SIBJISIOTCS] HALIMOHAIIb-
HbIM cta"jaaproM I'epmanun DIN 18299, koHkpeTHbIe
TpeOOBaHMS MO KXKJOMY BHILY pabOoT M3JI0KEHBI B 00-
see ueM 60 cranpaprax cepun ATV DIN 183xx.

Kwuraiickas Hapomnas PecmyOnmka cumraercs
CTPAHOMU C IUIAHOBOH YKOHOMMKOM, IIPU 3TOM UMEET
BITOJIHE PA3BHUTOE 3aKOHOAATENBCTBO B 00JACTH TEH-
JICPHBIX TOPTOB. 3aKOH O TeHepax'> pacmpoCcTpaHsIeTCs
Ha CTPOMTENBHBIC IIPOSKTHI KPYITHBIX HHPPACTPYKTYyp-
HBIX COOPYKEHHH, OOBEKTOB, MOJYYUBIINX TOCY-
JapCcTBEHHOE (PMHAHCHUPOBAHME WM HCHOIb3YIONIUX
(uHaHCHpPOBaHKME MEXKIYHAPOJHBIX M MHOCTPAHHBIX
opranuzanuii. Kpome Toro, B 2002 . ObUI IPUHSAT 3a-
KOH O TOCY/JapCTBEHHBIX 3aKyIIKax, TOCIIEIHSS PeaaK-
wust npussita B 2014 116,

B ocHOBHOM 3aK0H 0 TeHJIepax 03By4HBAET TPEOO-
BaHMS U OTPAaHWYCHUS JUIA TOCYJapCTBEHHBIX 3aKa3uH-
KOB. AJMMHUCTPATUBHBINA Ha/A30p TOCYAapCTBA UMEET
MIPaBO OCYIIECTBIATh KOHTPOJIb HaJl JCHCTBUAMHU BCEX
Y4aCTHUKOB TEHJIEPHBIX Mpoueayp. Tak, 4ieHsl olle-
HOYHOTO KOMHTETa, ITepeiaBlIne KOHPHICHINAIBHYIO
MH(OPMALIMIO TPETHUM JIUIIAM, OABEPTatoTCs mTpady
10 50 ThIC. F0aHEH WITM YTOJIOBHOMY IIPECIICIOBAHUIO.
Y4acTHUK TeH/epa HE MOXKET IpeJyIararh IeHy padot
HUKE Ce0ECTOMMOCTH | JIOJDKEH YKa3aTh OTBETCTBEH-

!5 3akon KHP o mpoBeneHnn TEHAEPOB U TOPTOB : MPUHST
11-ii ceccueii [Toctosunoro Komurera BCHII 9-ro co3siBa
30.08.1999.

16 3akon KHP 0 rocymapCTBEHHbBIX 3aKyIKax : pel. MpH-
Hara 10-i ceccueit [locrosanoro Komurera BCHII 12-ro
cospiBa 31.08.2014. URL: http://www.npc.gov.cn/wxzl/

gongbao/2014-11/18/content 1892150.htm
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HBII TIEpPCOHAII U CBEJICHHS O MEXaHU3Max M 000pyIo-
BaHMU.

J11s1 opran3anuy KOHKypCOB MOTYT OBITB ITPUBIIE-
YCHBI HC3aBUCUMBIC «JIOBEPCHHLIC ar€HTCTBaA». O6’])§IB-
JICHHUS O KOHKYpCax JUIsi HHOCTPAHHBIX KOMITAaHUH ITy-
ONMUKYIOTCSI, B 4aCTHOCTH, areHTcTBoM China Bidding
Ltd. Konkypc mpoBOAUTCS MPU YHCIIE YUYaCTHUKOB
He MeHee Tpex. Tax e, kak u CIIA, opranuzaropsl
KOHKypCa JIOJKHBI PACIIPOCTPAHUTD CHEIUAIBHO ITOI-
TOTOBJICHHYIO TE€HJICPHYIO TOKYMEHTAIHIO 1 OPTaHNU30-
BaTh MMOCEUICHHUE TUIOLIAIKH Oy/IyLIero CTpPOUTENILCTBA.

3aKOH 0 TOCYAapCTBEHHBIX 3aKyIKaX OXBaThIBAET
BCE BH/BI TOBAPOB, PA0OT 1 YCIIYT, B TOM YHCJIEC CTPOH-
TENBHBIX PadoT. Ha pernoHabHbIX yPOBHSIX CO3AAI0TCS
areHTCTBA I10 3aKyIKaM, KOTOpbIe HECYT OTBETCTBEH-
HOCTH 3a 39 QEKTUBHOCTD 3aKYyIIOK 1 COONIOEHNE TIpa-
BuI. OTBETCTBEHHOCTH 3@ COOIIOICHHUE MTPABUI HECYT
KaK areHTCTBAa 10 3aKyNKaM, TaK U COTPYIHUKH Hal-
30pHBIX OpPraHoOB.

locynapcTBeHHBIE 3aKYNKH MOTYT OBITH OCY-
HIECTBJICHBI ITYTEM Hy6HI/I‘-IHOFO mpuriIamicHus K y4da-
CTHIO B TOprax (Kak OCHOBHOH METOJT), OrPaHUYEHHOTO
MIPUTTIANICHNS, KOHKYPEHTHBIX II€PErOBOPOB, 3a1poca
KOTHPOBOK, 3aKYyIIKH y €IMHCTBEHHOI'O MOCTABIIHKA
U IpyruMu criocodbamu. MeTo10M KOHKYPEHTHBIX Iepe-
TOBOPOB MOTYT OBITh IIPOBEJICHBI 3aKyTIKH CO CIIOXKHOU
TEXHOJIOTHEH, a TAKXKe 3aKyTIKH, [IeHa KOTOPBIX HE MO-
KeT OBbITh paccuuTaHa 3apaHee. /|Jiss KOHKYPEHTHBIX
MIEPErOBOPOB CO3JAETCsl IPYIIA, ABE TPETH KOTOPOU
COCTAaBIISIIOT HE3aBHCUMBIE 3KcepThl. [IpoBomsiTes pas-
JCIIBHBIC TIEPETOBOPHI C KAXKIABIM IMOCTABIIUKOM.

3aKyIKy y eJMHCTBEHHOTO NCTOYHHUKA TPOBOISTCS
B CIy4asX YHHUKQJIbHBIX TOBAPOB, MPOJOIDKEHHUS 3aKy-
MTOK ¥ YPE3BBIYAIHBIX 00CTOSTEIBCTB. 3apoc KOTHPO-
BOK OCYILECTBIISIETCS B Cilydae NMPUOOpETEeHUs! CTaH-
JapTH3UPOBaHHBIX TOBapoB. [Ipeanourenue oraaercs
TOBapaM OTEYECTBEHHOTO MPOUCXOKICHNUS.

B 2015 r. B Kurtae BCTynuio B CHILy MOJIOKEHUE
0 TIPUMEHEHUH 3aKOHA O TOCYIaPCTBEHHBIX 3aKymKax'’.
B HEeM OBUTO yTOYHEHO, B KAKHX CPEICTBaX MacCOBOU
nHpOpMANNK AOKHA OBITH OMyOIMKOBaHA HMHGOP-
Manus O 3aKyIKax, BKJIO4Yas JaHHBIC O KOHTpaKTax
U pe3ysbTarax MCIOIHEHNs, a TAKXKe CIIMCOK IKCIIep-
ToB. [IpaBuia BBOIST U MEXaHU3M CITydaifHOTO oTOOpa
9KCIIEPTOB U3 MPABUTEIbCTBEHHOW 0a3bl JaHHBIX. OT-
BETCTBEHHOCTB JKCIIEPTOB BKJIIOUAET I'PaXJTaHCKYIO
1 YTOJIOBHYIO OTBETCTBEHHOCTbH. [lOMbITKa MOAKyma
TIpecieayercs 1o 3akoHy. TpeGoBaHuMs 3aKa3dMKa K I10-
CTaBIIMKaM PacCMaTPHUBAIOTCS KaK HeOOOCHOBaHHEIE,
€CJIM YCJIOBHS PA3JINYaroTCs JJISl PA3HBIX ITOCTABIIH-
KOB, €CJIN yKa3blBA€TCA KOHKPETHAas MPOAYKLHUS IO-
CTaBIllMKa, OpraHU3alMOHHO-TIpaBoBas (opma 1mo-
CTaBIIMKA U B HEKOTOPBIX JPYTIHX cilydasx. B memom
HOBBIC NIPABWJIA HE U3MEHSIOT IIPUHINIIOB U METOJIOB

17Covington. China’s New Regulations on Government Pro-
curement Seek to Promote Greater Transparency. 2015.

KOHKYPEHTHBIX 3aKYIIOK, & HallpaBJeHbl HA MOBBILICHHE
OTBETCTBEHHOCTHU BCEX YYaCTHHUKOB IpoLEecca.

B Slnmonnn rocynapcTBeHHBIE 3aKyTIKH IIPEICTAB-
JISTIOT COOOH TBYXypPOBHEBYIO CHCTEMY, XOTs SImoHNAS —
He (enepaTuBHOE rocynapcTso. Ha BepxaeMm ypoBHe
3aKyIIKU BBIMOJHSIOTCS IEHTPAJIbHBIM IPABUTEIbCTBOM
U 0TpacjeBbIMM MUHUCTEPCTBAMH, HAa BTOPOM YPOBHE
3aKyIIK{ COBEPIIAIOT NPEe(GEKTY Pl U MyHUIUITATUTETHI.
OcHoOBHBIE ITpaBHUJIa OBUIM NPUHSTHI B 3aKOHE O O10A-
KETHBIX pacyeTax M rOCyIapCTBEHHBIX CUETaxX, KOTOPbIE
SBIISIIOTCSI OZIHUMH M3 CaMbIX CTapbIX ACHCTBYIOLINX
JIOKYMEHTOB: YTBEPKJICHbI UMIIEPATOPCKUMH yKa3aMu
B 1947 r. B 2000 r. npuHSAT 3aKOH O MPOBEAECHUH TOPTOB
1 3aKJIIOYCHUU KOHTPAKTOB Ha OOIIECTBEHHBIE Pa0OTHI,
TIOCBSIIEHHBIA CTPOUTEIEHOMY CEKTOPY SKOHOMHUKH.

Nudopmanns o mpeacTosmux 3aKynKkax IryoiIu-
KyeTcs Ha oduimansHOM caire's, B ToM wmcie mst
WHOCTPAHHBIX TOJPSIYUKOB. 3aKyIIKH BEPXHETO YPOB-
HS IPOXOJAIT TIO/T KOHTPOJIEM COBETa 0 OpraHU3aINN
TOCYIapCTBEHHBIX 3aKyNOK M YIPaBJICHUS 1O Opra-
HU3aLlUU TOCYapCTBEHHBIX 3aKymnok. [Ipu 3akymkax
BO3MOKHBI TPU BapHaHTa: OTKpbITEIE (70 % ciydaes),
BBIOOPOYHBIC U 3aKYIIKU Y €AMHCTBEHHOTO TTOCTABIIH-
ka [21]. Bo BHemHel Toprosie SnonHus npuaepxKuBa-
eTcst B ocHoBHOM npasui BTO.

N3 paccMOTpEeHHBIX TOKYMEHTOB BHIHO, YTO
BO MHOTHX 3apyO€KHBIX CTPaHaX IMPOBEICHUIO KOHKYP-
COB B c(hepe CTpOUTENbCTBA YIeseTCs OONbIIOe BHU-
Manue. B CHIA, I'epmanuu, @paHiuu 1 Ipyrux crpa-
HaxX TOPTH B CTPOUTENILCTBE BBIJICIICHBI B OTACIBHYIO
BETBb 3aKOHOJIATEIbCTBA B BHJE OTJCIILHBIX 3aKOHOB
YT Pa3IesioB OOIIETO 3aKOHOJATEIbCTBA. DTO CBA3AaHO
C TEXHOJIOTHYECKUMH, OPTaHU3AMOHHBIMU M 9KOHO-
MHUUYECKUMHU OCOOCHHOCTSIMU CTPOUTENBHBIX OOBEKTOB.
B Poccun [y1st 3aKyIok JiF0ObIX TOBapOB, YCIYT, CTPO-
UTENBHBIX U UHBIX Pa0OT MPUMEHSETCS MPAKTHYCCKU
OJTHO W TO € 3aKOHOJATEIbCTBO. B oTeuecTBEeHHOU
MIPAKTUKE 3aKyNKH Pa3IMyaloT JIMIIb M0 HCTOYHHUKY
(uHAHCHPOBAHHUS.

B mpaBoBBIX HOpPMax roCyaapCTBEHHOTO YPOB-
Hsl pa3HbIX CTPaH PacCMaTPUBAIOTCS MPHHLHUINAIb-
HBIE BOIIPOCHI Pa3MEIICHUS 3aKa30B U KOHTPAKTAIUH,
a mpaBwWJia JOKYMEHTOOOOPOTa OIMCHIBAIOTCS JHIIb
B 0o0mieM BHJE. DIEKTPOHHBIA JOKYMEHTOOOOPOT SB-
JISI€TCS OUYEBUAHBIM M NPEIIONAraonMCcs CII0COO0M
KOMMYHUKAIHi, IPH 3TOM cama 1o cebe nudpoBu3a-
LU HE CIYXUT IPEeAMETOM HOPMAaTHUBHOIO PETYIUPO-
Banus. OnHako B Poccnu orpomHbIi 1o 00beMy 3aKOH
0 KOHTPAKTHOM crcTeMe!® ¢ MO3aKOHHBIMH aKTaMH I10-
CBSIILIEH 110 OOJIBIIEH YacTH MPOLEyPHBIM BOIIPOCAM,
B IIEPBYIO OYEPE/Ib, HIIEKTPOHHOMY JIOKyMEHTOOOOPOTY.

18 Japanese Government Procurement. URL: https://www.
jetro.go.jp/en/database/procurement/

1O KOHTpaKTHOII cucTeMe B cdepe 3aKyIoK TOBapOB, pador,
yCIIyT A7t 00eCreYeH sl TOCYAapCTBEHHBIX M MYHHIHITAb-
HbIX Hyx] : Denepanbablil 3akoH 0T 05.04.2013 Ne 44-D3.
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B OonpmmHCTBE cTpaH, kKak u B Poccnu, mprumMeHsi-
eTcs OTpaHMUYCHHBIH HAa0Op TEH/IEPHBIX MPOIEIYp: OT-
KPBITBIH, 3aKPBITBIA KOHKYPC C MPHIVIAIICHUEM y4acT-
HHUKOB, 3aKyllKa y ¢IMHCTBCHHOI'O IMMOCTaBIIUKa U AP.
JUts KpyIHBIX 3aKa30B MCIIOJIB3YETCS TAaKOW MajlOW3-
BECTHBIN y HAC METOJl, KaK KOHKYpPEHTHBIE TIePETOBO-
PBL. AYKIIMOH 1 PEAYKIIHOH (HA TIOHIDKEHHE) JUISI CTPO-
UTCJIbHBIX 3aKa30B IMOYTH HE IMTPUMEHAIOTCA.

3axoHonarenbcTBO HoBoil 3enaniun, mpu3HaHHOE
caMbIM 3 (EKTHBHBIM B MHpPE, CTUMYJIHPYET Pa3BUTHE
TIOZPSAHBIX OPraHU3aHH, X KBAJTH(PHUKAIMN U TSXHHU-
4ecKkoil ocHaleHHOCTH. CpaBHUBAs 3TO C OTEYECTBEH-
HBIM OITBITOM, NPUXOJUTCS C COKAJICHUEM OTMETHUTh,
YTO B 3aKOHOJATENbCTBE Poccuu MHTEpecH moapsia-
HBIX OpraHM3aliii 9acTO OCTAIOTCS BHE IOJISL 3PCHUS
HE TOJBKO 3aKyIOYHOTO 3aKOHOJATEIbCTBA, HO U MPO-
¢unpHOTO MUHUCTEPCTBA. HU B 0/1HO¥ M3 paccMOTpeH-
HBIX CTpaH HE CYIIECTBYET MOHATHS HAadaJIbHOU (MaK-

CHMaJ’ILHOﬁ) LCHbI KOHTPAaKTa, UCTI0JIb30BAHUC KOTOpOfI
B Poccun OPpUBOAUT K MHOTOYHUCJICHHBIM CPbIBAM TCH-

JICPHBIX MPOIIEIYP.

3AKJIIOYEHUE

ABTOpBI CUUTAIOT, YTO B POCCUUCKOM mpodeccu-
OHAJBHOM COOOIIECTBE HEOOXOIUMO OOCYIHTH BO3-
MOYKHOCTE CITEIIMAIbHOTO 3aKOHOJATENbCTBA IS Ka-
MUTAIBHOTO CTPOUTEIHCTBA, KOTOPOE YUUTHIBAIO ObI
OCHOBHBIE 0coOeHHOCTH oTpaciu. [Ipu atom I'pajo-
CTPOUTEIbHBIN KOJIEKC JIOJDKEH ObITh HAIIEJICH Ha HHbIE
3aja4d. B TeH1epHOM 3aKOHOATEIbCTRE IeJIecoo0pas-
HO OTPa3HuTh BO3MOXKHOCTh KOHKYPCHBIX IIEPErOBOPOB,
OoJipIlle yIeNnsATh BHUMAaHUSI BOMpOcaM 00ecredeHus
KauecTBa M JIOJITOBEYHOCTH OOBEKTOB, COOTIONEHHUIO J10-
TOBOPHBIX CPOKOB. DTOMY OY/IET MOCBSIIEHA OT/ICIIbHAS
CTaThsl.
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TpeboBaHMs K 0POPMAEHUIO HAYYHOM CTaTbu

TPEGEOBAHUA K O®OPMNEHUIO HAYYHOWU CTATbM

Texcr crarbn Habupaetcs B daitnax B popmare .docx.

CTPYKTYPA HAYUHOUM CTATHhU

Hayunas ctaThst 1OKHA COCTOSTH M3 CIEAYIOIIMX CTPYKTYPHBIX 3JI€MEHTOB: 3ar0jIOBOK, CIIMCOK aBTOPOB,
AQHHOTAIWS, KJIIOUEeBBIE CII0BA, OCHOBHOM TEKCT, CBEJICHNS 00 aBTOPAX, CIIMCOK MCTOYHUKOB.

3aroI0BOK, CIIMCOK aBTOPOB, aHHOTAIIHSI, KITIOYEBBIE CIIOBA, CIIMCOK MCTOYHUKOB YKa3bIBAIOTCS MOCIEI0Ba-
TEJIHO Ha PYCCKOM M QHIJIMHCKOM SI3bIKaX.

3aroIoBOK K CTaThe JOIKEH COOTBETCTBOBATH OCHOBHOMY COJEPKAHUIO CTAaThU. 3ar0JIOBOK CTAaThH JIOJDKEH
Kparko (He 6osiee 10 c/IOB) M TOUHO OTpakaTb OOBEKT, eI 1 HOBU3HY, PE3Y/IbTaThl IPOBEJICHHOIO HAYYHOTO HC-
cienoanus. OH 1OIKEH ObITh MH(OPMATUBHBIM U OTPa)KaTh YHUKAIBHOCTh HAyYHOTO TBOPYECTBA aBTOPA.

Crcok aBTOpOB B KpaTkoil popMe oTpaxkaeT BCEX aBTOPOB CTAaThH M yKa3bIBAETCS B CIeAyIoIeM (opmare:

HAms OruyecrBo ®amuusn’, Umst OTuecTtBo @avuims?

! Mecmo pabomul nepeoco agmopa, 20poo, Cmpana

2 Mecmo pabomwi 6mopoeo asmopa, eopoo, Cmpaua

*ecau asmopos ne 6onee wemvipex, mo Heobxooumo ykaszwvieams noanvie OPUO, om nsamu asmopos
u bonee — OONYCMUMO UCNOTb308AMb UHUYUATL

AHHOTALUA

OCHOBHOW IPUHIIUTI CO3/IaHUs aHHOTaNu — HH(popMatnBHOCTE. O0BeM aHHOTarmu — oT 200 1o 250 cios.

CTpyKTypa U cOolepKaHUEe aHHOTAIUH JOJDKHBI COOTBETCTBOBATh CTPYKTYPE U COAEPIKAHHIO OCHOBHOTO TEK-
CTa CTaThH.

AHHOTAIMs K CTaThe NOJDKHA IMPEICTABIATh KPATKYIO XapaKTEPHUCTHKY HAay9HOH CTaThH. 3ajava aHHOTA-
UM — JaTh BO3MO)KHOCTh YUTATENIO YCTAHOBUTH €€ OCHOBHOE COJIePKAHNE, ONIPEICITUTH €€ PEIeBAaHTHOCTH U Pe-
IIUTh, CJCTYET JIU 00pAIaThCs K TIOJIHOMY TEKCTY CTaThH.

Yerkoe CTPYKTYPHPOBAHUEC aHHOTALUHU IMO3BOJISICT HE YITYCTHTh OCHOBHBIC AJIEMEHTHI cTaThi. CTpyKTypa
AHHOTAIINY aHAJIOTHYHA CTPYKTYPE HAyIHOH CTaThH U CONEPKUT CIEAYIOUIHE OCHOBHBIC pa3Ieybl:

* BBemeHme — COJCPKUT OMUCAHUE TIPEIMETA, [ICJICH U 3a]1a4 UCCIICAOBAHUS, aKTyaIbHOCTb.

* MaTtepuaabl 1 MeTOIBI (MIIH METOIOJIOTHS IPOBEICHHS PaOOTHI) — OIUCAHKE HCIIOIB30BAHHBIX B HCCIICIO-
BaHUH WHPOPMAITHOHHBIX MAaTEPHAJIOB, HAYYHBIX METOIOB MJIM METOIUKHU IPOBEICHUS UCCIICTIOBAHMUS

e Pe3yJbTaThl — MPUBOIATCS OCHOBHBIC TCOPETHUCCKUEC M DKCIICPUMEHTANILHBIC PE3y/IbTaThl, (PaKTHUCCKUE
JTAaHHBIC, OOHAPY)KCHHBIC B3aUMOCBSI3M U 3aKOHOMEPHOCTH. [IpeiouTeHre OTIaeTCsl HOBBIM Pe3yJIbTaTaM U BBIBO-
JlaM, KOTOpPBIE, IT0 MHCHHIO aBTOPa, IMEIOT MPAKTHYECKOE 3HAYCHNUE.

* BbIBOABI — YETKOE M3JIOKEHHE BBIBOJIOB, KOTOPHIE MOTYT COMPOBOXKIATHECA PEKOMEHIAIMAMH, OIICHKAMH,
MPE/JIOKCHUSMU, OTIMCAHHBIMU B CTaThE.

o KuroueBble €J10Ba — TIEPEUUCIISIOTCS Yepe3 3asaTyI0, KomdecTBo — oT 7 10 10 cios.

Baaronapuoctu. Kparkoe BeIpaskeHHe 01aronapHOCTH EpCOHAM W/WIJIA OPTaHU3AIMSIM, KOTOPHIe OKa3aii
MTOMOII[b B BBITIOJTHEHUH UCCIICIOBAHUS WIIH BHICKA3bIBAIM KPUTHUCCKHE 3aMEUaHUs B a[[pec Balllel craThu. Takke
B pasjielic yKa3bIBACTCS UCTOYHHUKK (DMHAHCUPOBAHUS MCCIICIOBAHUS OT OpraHu3anuii U (POHIOB OpraHU3aIUsIM
1 poHmam, T.c. 3a CYET KaKUX TPaHTOB, KOHTPAKTOB, CTHIICHINH YAaI0Ch IPOBECTH HCCiIe0oBaHNe. Pa3nern mpuBo-
JUTCS TIPA HEOOXOTMMOCTH.

AHHOTaIMsI HE JIOJDKHA COJIEPIKATh:

* M30BITOYHBIX BBOAHBIX (pa3 («ABTOp CTaThU pacCMaTpPUBACT...», «B maHHOI cTaThe...» U T.1.);

* abCTPaKTHOTO yKa3aHUs Ha BpeMs HamucaHus cTaTthl («B HacTosmiee Bpems...», «Ha maHHBI MOMEHT...»,
«Ha cerogHsiiHui A€Hb...» U T.11.);

* 00IIEro ONMUCaHUS;

* IIUTAT, TAOIUII, AUAarpamMmM, abOpeBuaTyp;

* CCBUIOK Ha HCTOYHHUKH JINTEPATyPHI;

* UHPOPMAIINIO, KOTOPOU HET B CTAThE.

AHTIIOSI3BIYHAST aHHOTAIINS TTHINETCS IO TeM ke TpaBmitaM. OTMETHM, YTO aHIIIUICKas aHHOTaNus He 00s13a-
TEIBHO JIOJKHA OBITH TOYHBIM TIEPEBOJIOM PYCCKOM.
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TpeboBaH1s K 0pOPMAEHHUIO HaY4HOM CTaTbi

Crnenyer obpamarh 0co0oe BHUMaHNWE Ha KOPPEKTHOCTh yNoTpeOiaeHusl TepMuHOB. V30eraiiTe ynorpebie-
HUSI TEPMHHOB, SIBIISIIOIINXCSI TIPSIMOM KaJbKON PYCCKOSI3bIUHBIX. Heo0X0quMo co0moaars eJMHCTBO TEPMUHOIIO-
THH B IIpEAeIax aHHOTAIHH.

KiroueBbie cioBa — Hp006p33 CTaTbW B IMOMCKOBBIX CHUCTEMAX, T€ TOYKH, IO KOTOPBIM YHUTATEIIb MOXKET
HaliTn Bally CTAaTbIO U ONPCACTIUTD MPEAMCTHYIO o6acThk TekcTa. UTOOkI OIMPCACTIUTL OCHOBHBIC KJIFOYEBLIC CJIOBA
JUIA CTaTbH, PEKOMEHAYCTCA NMPCACTABUTD, 10 KAKUM ITOMCKOBBIM 3aIllpoCaM YU TATCIN MOT'YT UCKaTh Ballly CTaTbIO.
Kak MMPpaBHJIO, KIIIOYCBBIC CJIOBA TAKKC MOT'YT BKJIIOYaTh OCHOBHYIO TCPMUHOJIOTHIO.

OCHOBHOM TEKCT

OCHOBHOIi TEKCT HAYYHOI CTaTbHU, IPEICTABIAEMON B KypHAJ, TOIDKEH OBITH O(OPMIICH B COOTBETCTBUHU
co cranaaprom IMRaD u Bxitouats ciaeayronye pasienst:
* BBencHue;
* Marepuanbl U METOIBI;
* Pe3ynbTarhl UCClIE0BaHHUS;
* 3akiroueHne u 00CyXKIeHue.

PUCYHKHU U TABJHUIbI

PucyHku 1 TaOJIUIIBI CllelyeT BCTaBISTh B TEKCT CTaThH Cpa3y Mociie Toro ad3aia, B KOTOPOM PUCYHOK BIEp-
BBIC YIIOMHUHAETCsA. PUCYHKM M TaOMHIBI TODKHBI OBITH OPUTHHANBHBIMA (MO0 C yKa3aHWEM HCTOYHHUKA), XO-
pomrero kadectBa (He MeHee 300 dpi). OpurnHambsl PUCYHKOB TIPENOCTABISIIOTCS B (aiimax ¢opmara .jpg, .tiff
(nazBanue (aiiyia JOHKHBI COOTBETCTBOBATH MOPSIKOBOMY HOMEpY PUCYHKa B TekcTe) Pazmep mpudra momkeH
COOTBETCTBOBATh pa3Mepy Mpu(Ta OCHOBHOTO TEKCTa cTaThu. JIMHNN 00s3aTenbHO He ToHbIe 0,25 MyHKTOB.

3aroyioBKM TaOJUII ¥ PUCYHKOB BBIPABHHMBAIOTCS MO JIEBOMY Kpaio. 3arojOBOK TaOIHMIBI pacriojiaractcst
HaJl Hel0, HAYMHAsICh ¢ coKparieHus «Tabi.» u mopsIKoBOro HoMepa TalJUIIbl, TIOIHCh K PUCYHKY pacrojiaraer-
Csl IOl HUM, HAYMHASCh C COKpAIeHUs «PHC.» 1 MOPSAKOBOro HOMepa. PHCYHKH U TaONUIIBI TO3UIIMOHUPYIOTCS
T10 LICHTPY CTPaHHUIIBI.

[NonpucyHOYHBIE TOANUCH U Ha3BaHUS TaOIHI] PA3MEIIAIOTCS Ha PyCCKOM U aHITIMHCKOM SI3bIKaX, KayK/Ibli Ha
HOBOM CTPOKE C BBIPAaBHHBAHKEM I10 JIEBOMY KPaIo.

Oopasey:

Puc. 1. [Ipumep pucyHka B cTarbe

Figure 1. Example of article image

Ta6u. 1. [Ipumep TaObIUITHI B CTAThe

Table 1. Example of table for article

D®OPMYJbI

DopMyIBl TOKHEI OBITE HAOpaHBI B pegakrope Gpopmyt MathType Bepcun 6 nnn BeIme.

[ndpsl, rpedeckne, FOTHUECKUE U KHPWITHYECKHE OyKBBI HAOMPAIOTCS NPSIMBIM MIPH(TOM; JIATHHCKHE OyK-
BBI JUIsl 0003HAYCHHS Pa3IMuHbIX PU3NYECKUX BeIHYHH (A, F, b ¥ T.II.) — KypCUBOM; HAMMEHOBAHUSI TPUTOHO-
METpUYECKUX (DYHKINH, COKpaIICHHbIE HAMMCHOBAHNS MaTeMaTHYeCKUX TOHATHH Ha JaTHHUIE (max, div, log
1 T.IL.) — OPSIMBIM; BEKTOPHI (@, b ¥ T.I1.) — >KUPHBIM KyPCHBOM; CUMBOJIBI XMMHUYECKUX JIEMEHTOB Ha JIATHHHIIC
(Cl, Mg) — npsaMbIM.

3anuch GOpMyITEI BBITONHIETCS aBTOPOM C HCIIOIBb30BaHUEM BCEX BO3MOJKHBIX CIIOCOOOB YIPOIICHUS U HE
JIOJDKHA COJEpIKaTh IPOMEXKYTOUHbIE IPe0Opa30OBaHUs.

CIINCOK HCTOYHHUKOB

CITHCOK NCTOYHMKOB COCTABIISIETCSI B TIOPSAKE YIOMHUHAHNUS B TeKcTe. [1opsSAKOBEIH HOMEp NCTOYHHUKA B TEK-
cTe (CChUIKA) 3aKJII0YAETCs B KBaJpaTHble CKOOKHU. TeKCT cTaThy JOJDKEH COJIepyKaTh CChIJIKM Ha BCE MCTOUHHUKH M3
crucka ureparypsl. [Ipy Haau4ny CChIIKK JODKHBI cofepxkaTh uaeHTuduxaropst DOIL.

CITHCOK NCTOYHUKOB Ha pycckom sa3vike oopmirsiercs: B coorBeTcTBuy ¢ Tpedosanusimu [[OCT P 7.0.5-2008.

CIIMCOK MCTOYHHMKOB Ha aHIIMHCKOM si3bike (reference) odopmisieTcsi B COOTBETCTBUM € MEX/YHApOIHBIM
CTaHAAPTOM IUTUPOBAHMS Vancouver — IOCJIeI0BaTEIbHbIN YMCIEHHbBIM CTIIIb: CCBUIKM HyMEPYIOTCS 10 XOIy
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TpeboBaHMs K 0POPMAEHUIO HAYYHOM CTaTbu

WX LUTHPOBAHUS B TeKCTe, Tabnuiax u pucynkax. @O aBropoB, Ha3BaHHE CTAThbH HA AaHIIMHCKOM SI3bIKE, Hau-
MEHOBaHUE KypHaJla, 0/l BBIITycKa; ToM (BBIITYCK): CTPaHHIIBL.

CIIMCOK MCTOYHHKOB M CBEIEHHS 00 aBTOpax YKa3bIBAIOTCS MOCJIEOBATEILHO HA PYCCKOM M aHIIMIICKOM
SI3BIKAX.

HopmaruBHble TOKyMEHTHI (TTOCTaHOBJICHHS, pacriopsbkeHus, yerassl), [OCTsI, cripaBouHast mureparypa He
YKa3bIBAIOTCSI B CIIMCKAaX NCTOYHUKOB, O(OPMIISIOTCS B BUJE CHOCOK.

CBEJEHUSA Ob ABTOPAX

B CBenenusx o0 aBropax (Bionotes) npeacrasnsercss ocHOBHas mH(poOpManus 00 aBTOPCKOM KOJUICKTHBE
B citeayromieM opmare.

Hms, OTuecTBo, @aMuims (1OJIHOCTHIO) — YU€Hasl CTEIICHb, YICHOE 3BaHUE, JOJDKHOCTD, MO/IPa3/IelICHNUE;
Ha3BaHWe OpraHu3anuu (00s3aTeIbHO NPUBOAUTH B MOJHOW M KPaTKOM OQHIMAIbHO YCTaHOBIECHHOH (hopMme,
B UMEHUTENILHOM MaJIeKe), B KOTOPOM paboTaeT (YUuTCs) aBTOP; MOYTOBBIN apec OpraHu3alyu; apec dIeKTPOH-
Ho#i moutsl; ORCID, ResearcherID u ap. (npu Hamiuun).

CgezieHus 00 aBTOpax MPECTABISIOTCS HA PYCCKOM M aHIIIMHCKOM SI3bIKaX.

CaezieHust 00 aBTOpax Ha aHDIMICKOM SI3bIKE JAIOTCS B IOJHOM BHJE, Oe3 cokpamieHuit cios. [IpuBoasarcs
o(umaIbHO yCTaHOBICHHBIE AHIIIOA3BIYHbBIC HA3BAHNS OPTaHU3ALUN 1 UX TToapasaeneHuid. OmmycKaloTcs SIeMeH-
TBI, XapaKTEPU3YIOIINE MTPABOBYIO (OPMY YUPEKACHHS (OpraHU3alni) B HA3BAHHUAX BY30B.

ABTOp JTOIKEH NPUIEPKUBATHCS €ANHOOOPA3HOTO HANMCAaHUs (DaMUIIMK, UMEHH, OTYECTBA BO BCEX CTAThSX.
Ora uHbOpManus TSI KOPPEKTHOH WHACKCAIIMH JAOJDKHA OBITh yKa3aHa B JAPYTHX CTaThiIX, MPOQHILX aBTOpa
B MexxayHapoaHbIX 6a3ax maHHBIX Scopus/WoS u T.1.

CBEJEHMUSA O BKJIAJE KAXKJIOI'O ABTOPA

CBeaeHUsIM TPEANICCTBYIOT ciioBa «Bkian aBTopos:» (Contribution of the authors:). ITocie dhamunuu
Y MHUIIMAJIOB aBTOpa B KpaTKol (hopMe OMKMCHIBASTCS €ro JIMYHBINA BKJIAJ] B HAllMCAHKE cTaTbu (uzaes, coop mare-
puana, oopaboTka Marepuaia, HalkcaHue CTaTbi, HAydYHOE PeJaKTUPOBAaHHE TEKCTa U T.1I.).

CaenieHust 00 OTCYTCTBHU WIIM HAJTMYUHU KOH(DIMKTAa HHTEPECOB U JCTATU3AIMIO TAKOTO KOH(IIMKTA B CIIydac
€ro HAJIMYHSI YKAa3bIBAIOT ITOCJIC BCEX JIAaHHBIX O BKIIAJE KaXKIOTO aBTOpa.
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TpeboBaH1s K 0pOPMAEHHUIO HaY4HOM CTaTbi

KAK NOJTOTOBUTH OCHOBHOM TEKCT CTATHH,
YTOBbI EE IIPUHAJIUN K HYBJAUKALIUN?

3ATOJOBOK

3aroIoBOK CTaThH IOJHKEH KPATKO U TOYHO (He 60iee 10 ciioB) oTpaxars 00BEKT, [1eNIb 1 HOBU3HY, Pe3yJIbTa-
TBI IPOBEJEHHOI0 HAYYHOT'O HCCIIeN0BaHNUs. B Hero Heo0X0aMMO KaK BIOKUTh HHYOPMATHBHOCTD, TAK U OTPA3UTh
MPUBJICKATCIbHOCTD, YHUKAJIBHOCTH HAYYHOT'O TBOPYECTBA aBTOpPA.

OCHOBHOM TEKCT CTATbHU

OCHOBHOI1 TEKCT HayYHOM CTAaThH, IPEACTABISIEMON B )KypHAI ISl PACCMOTPEHHS BOIIPOCA O e¢ ITyOIHKaLUH,
JOJDKEH OBITH O(OPMIICH B COOTBETCTBHHU CO cTaHAaproM IMRaD u BKITIoUaTh ClieAyIomue pa3feibl: BBEICHHEC
(Introduction), marepuaisl 1 Metoabl (Materials and methods), pe3ynsrars! uccinenoanus (Result), 3axiroucHue
u obcyxnenue (Conclusion and discussion).

Bgenenmne (Introduction). Otpaskaer To, Kakoi poOIeMe TOCBSIIEHO HeciienoBanue. OcymiecTBisieTcs no-
CTaHOBKA HAy4YHOU MPOOIIEMBI, €€ aKTyaJbHOCTb, CBSI3b C BAKHEHIIIMMH 3a1a4aMH, KOTOpbIe HEOOXOIMMO PELIUTh,
3Ha4YEHHE [T PA3BUTHUS ONPENeNICHHOM OTpacin HayKH MM MIPAKTHYECKOH NesITeIbHOCTH.

Bo BBCACHUM JOJDKHA COACPKATHCA I/IH(bOpMaHI/Iﬂ, KOTOpasd MO3BOJIUT YUTATCIIO TIOHATh U OUCHUTDH PE3YIIb-
TaThl UCCIICNOBAHUS, MPEICTABICHHOIO B CTaThe O3 JOMONIHUTEIBHOIO OOPAIICHUS K JAPYTHM JHUTEPATyPHBIM
HCTOYHHMKAM. Bo BBEJICHHH aBTOP OCYIIECTBISIET 0030p MPOOIeMHON 001acTH (JIMTepaTypHbIil 0030p), B paMKax
KOTOPOIl OCYIIECTBICHO MCCIIeNOBaHNEe, 0003HaYaeT MpOOIeMbl, HE PEIICHHBIC B MPEIbIIYIINX HCCICI0BAHUAX,
KOTOpBIE NPU3BaHa PEIINTh JAaHHas cTaThs. KpoMe 3Toro, B HeM BEIpakaeTcs INIaBHAs MJes ITyOIUKali1, KOTo-
past CyIIECTBEHHO OTIMYACTCSl OT COBPEMEHHBIX MPEACTABICHUH O MpoblieMe, MOTOMHIET WIH YIIYOIseT yxe
W3BECTHBIC MOIXO/IBI K HEil; 00paliiaeTcsi BHUMaHKE Ha BBEICHHE B HAYYHOE 00palleHne HOBbIX (haKTOB, BBIBOIOB,
pEeKOMEH AL, 3aKoHOMEepHOCTEil. L{esib cTaThu BBITEKACT M3 MOCTAHOBKY HAYYHOIH MPOOIEMBI.

PEKOMEHJAIIMU IO COCTABJIEHUIO
JUTEPATYPHOI'O OB30PA

B Cnucok uctouHukoB pekoMeHayeTcs: BKIodars oT 20 10 40 MCTOYHMKOB, HE YUYUTBIBAasl CCbUIKM HA HOP-
MaTHBHBIE JOKYMEHTHI, HHTEPHET-PECYPCHI (CalThl ceTn VIHTepHEeT, He SABIAIONINECS TePUOIMYECKUMHU H3TaHU-
MH), OTYETBI, @ TAK)KE UCTOYHUKH, OTCYTCTBYIOIME B KaTaJ0rax BeAyIIUX POCCUICKUX OMOINOTEK-Ie03UTapUeB
(I'TIHTB, PHB, PI'B), apxuBax u T.1. [Tomo0HbIE NCTOYHUKN TIPUBOJIST B CHOCKAX BHHU3Y CTPAHUIIBI CBEPX MUHHU-
MaJbHO PEKOMEHIYEMOro Iopora.

He pexoMenmyeTcst cchlaThCcsi HAa MHTEPHET-PECYPCHI, HE COAepIKAIINe HAYIHYIO HH(POPMALINIO, YIeOHUKH,
y4eOHbIe 1 MeTOANUecKre TToco0us. B umcie HCTOYHNKOB JOIDKHO OBITh He MeHee 10 HHOCTPaHHBIX HCTOYHUKOB
(mmst crarei Ha aHIIMHCKOM SI3bIKE HE MEHee Tpex poccuiickux). He MeHee 1mecTH U3 HHOCTPAHHBIX U HE MEHee
LIECTH U3 POCCHUHUCKUX MCTOYHMKOB JIOJDKHBI OBITH BKIIFOUECHBI B OJIMH U3 BEIYIINX WHJIEKCOB IUTHpOBaHus: Web
of Science/Scopus mwmu Anpo PUHII. CocTaB UCTOYHHKOB JHOIDKCH OBITH aKTyaJbHBIM H COMCpPKATh HE MCHEE
BOCBMH CTaTE€il U3 HAYUYHBIX KYpHaJIOB He crapiie 10 jer, U3 HUX YeThlpe — He cTaplie Tpex JieT. B cnucke uc-
TOYHHKOB JIOJDKHO OBITH He Oosee 10 % pabot, aBTOpoM TG0 COAaBTOPOM KOTOPBIX SBIISIETCS aBTOP CTATHH.

Marepuanast u MeTonbl (Materials and methods). Otpaxaer To, Kak u3ydanach npoodiema. OnuCHIBAIOTCS
TIPOIIECC OPraHU3aLUK HKCIICPUMEHTA, IIPUMEHEHHbBIC METOANKH, 000CHOBBIBAaeTCs X BbIOOp. JleTanu3anus onu-
CaHMs TOJDKHA OBITh HACTOIBHKO TOAPOOHOI, YTOOB! TF000H KOMITETEHTHBIN CHEIHAIICT MOT BOCTIPOU3BECTH X,
TI0JIb3YACH JIUIIb TEKCTOM CTAThH.

Pesyabratsl (Result). B paszaene npeacrasisercs: CHCTEeMaTU3UPOBAHHbBIN aBTOPCKUN aHATUTUYCCKUN U CTa-
TUCTHUYECKUH Marepuall. Pe3yasTarsl MpOBEAEHHOTO MCCIIEIOBAaHHS HEOOX0ANMO ONUCHIBATH JIOCTATOYHO TTOJTHO,
YTOOB!I YATATENIb MOT IMIPOCIETUTH €ro 3TAMbl U OICHUTh 00OCHOBAHHOCTDH C/ENAHHBIX aBTOPOM BBIBOJIOB. DTO
OCHOBHOM pasziel, ieJIb €0 — IPH TOMOIIY aHaIn3a, 0000IIEHNS 1 Pa3bhsICHEHNS JTaHHBIX J0Ka3aTh pabodyro
rurnore3y (rumore3sl). Pe3ynbrarel Ipu HEOOXOAMMOCTH MOATBEPIKIAOTCS MILTIOCTPALUSIMU (Tabnuiamu, rpadu-
KaMH, PUCYHKaMH ), KOTOPBIE MPECTaBIISIOT HCXOAHBIN MaTepHall il I0Ka3aTeIbCTBA B CBEPHYTOM BuUjie. BakHo,
YTOOBI MTPOMJUTIOCTPUPOBaHHAs MH(OpMAIMs He TyOiaMpoBalia yXKe IpUBEICHHYI0 B TekcTe. [IpencraBineHHble
B CTaThE PE3YNBTATHI COTMOCTABIISIOTCA C MPEABLIYIIMMHI padoTaMu B 3TOH 00/1aCTH Kak aBTOpa, TaK U IPyTUX HC-
clieIoBaTeNeH.
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TpeboBaHUsI K 0POPMAEHMIO Hay4YHOM CTaTbu

3akuiouenue (Conclusion and discussion) COmepXuT KpaTKyto (GopMyITHPOBKY pe3yJabTaTOB UCCICTIOBAHUS.
B HeM B c)xaToM BHJIE TOBTOPSIFOTCS TIIABHBIC MBICITH OCHOBHOW YacTh paboThl. [I0BTOPHI H3aracMoro Marepuaia
nydiie oopMILSITh HOBBIMH (hpazamu, OTIIMYAIOIIMMHKCS OT BHICKa3aHHBIX B OCHOBHOM 4acTu ctarbu. B aTom pas-
Jielie HeOOXOIMMO COMOCTABUTh ITOJTyUCHHBIC PE3yNIBTaThl ¢ 0003HAYCHHOW B HavYalie paboTHI 1IebI0. B 3akiroue-
HUM CYMMHUPYIOTCS pe3YJIbTaThl OCMBICIICHHSI TEMBI, JIJIAFOTCS BHIBOJIbI, 0000IICHHS U PEKOMEHJAIINH, BBITEKAIO-
ue 13 paboThL, MOTYCPKUBACTCS HX MIPAKTUICCKAS 3HAYMMOCTb, & TAK)KE OIPEICISIFOTCS OCHOBHEIC HAIIPABIICHHS
JUISL TaIbHEHIIero UCCIIeIoBaHus B ATOH 00acTh. B 3aKIIIOUMTENBHYIO YaCTh CTaThH XKEJIATeIbHO BKIIOUUTH MO-
MIBITKH TIPOTHO3a Pa3BUTHS PACCMOTPEHHBIX BOIIPOCOB.
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KAK O®OPMUTH CIITNCOK UCTOYHUKOB

CHuHCOK HCTOYHHKOB HA PyCcCKOM si3bIKke odopmisieTcs B coorBeTcTBHU ¢ TpeboBanusmu 'OCT P 7.0.5—
2008.

Oébpasey:

JIuteparypa

1. I'onuyein I C. TlapaukoBbIif 23GdexT n m3menenus knnmara // [pupoma. 1990. Ne 7. C. 17-24.

2. lenywunun 10.4., Makapos K.H. IIpoOneMbl 1 IepceKTUBBI THAPABIMYECKOTO MOJICITMPOBAHNUS BOJIHO-
BBIX MPOIECCOB B MCKaKEeHHBIX MacmTabax // CTpoutenscTBO: Hayka u oopaszosanue. 2019. T. 9. Bem. 2. Cr. 4.
URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2019.2.4

CITUCOK UCTOYHHMKOB Ha aHIVIMIICKOM si3bIKe (reference) oopmMiisieTcst B COOTBETCTBUH C MEXK/yHAPOIHBIM
CTaHAapTOM IIUTUPOBAaHMs Vancouver — ITOCIJIEI0BAaTEIbHBINA YHCICHHBIH CTHIIb: CCBUIKH HYMEPYIOTCS 110 X0y
MX LUTHPOBAHUS B TeKCTe, Tabnuiax u pucynkax. @O aBTopoB, Ha3BaHHE CTAThbH HA AHIIMHCKOM sI3bIKE, HaU-
MEHOBaHHE ypHaJla, T/ BBITycKa; ToM (BBIITYCK): CTPaHHIIBI.

Oopaszey:

Reference

Hazpauus myOnukaiuii, n3qaHuid U APYTHX SIIEMEHTOB OMOIHOTpaUIecKOTo ONMCAHUS I HE aHITION3bIY-
HBIX MaTepHajoB JOJKHBI IPUBOUTHCS B O(UIIMAIEHOM BapHaHTe MepeBoyia (T.e. TOM, KOTOPbIH pa3MelleH B ca-
MOM M3/IaHUH; IPU HAIUYHH).

IIpumepul oghopmaenus pacnpocmpanennplX munoe OuOIUOZpaAPUYECKUX CCHLI0K:

Knuru 10 Tpex aBropoB: @amvunms (Pamumn) MHUIIATE aBTOPOB. 3aroyioBok. ['opon n3nanus, znarens ™,
Ton u3nanms; Ob1Iee KOIMYeCTBO CTPaHUII.

Oopaszey:

Todinov M. Reliability and risk models. 2nd ed. Wiley, 2015; 80.

Knuru 6os1ee Tpex aBropoB: ®amunuu MHuimansl aBTopoB (MepBeIx mecTtH) et al. 3aromoBok. ['opox n3-
nanusi, U3narens, lox u3nanns; O01iee KOJIMYECTBO CTPAHHMII.

Crarbs B neyaTHoM :kypHaje: ®ammnns (Oamurn) Maummans! aBTopoB. 3aroinoBok. Ha3Banue xypHana.
Ton my6muxarum; Tom* (Beimyck): Crpanunsl. DOI (ipy Hanmuuun — 00s13aTeNIbHO).

Oopaszey:

Pupyrev E. Integrated solutions in storm sewer system. Vestnik MGSU. 2018; 13(5):651-659. DOI:
10.22227/1997-0935.2018.5.651-659

Crarbs B 2J1eKTPOHHOM :KypHaJe: Qamumust (Pamunnn) Mannmans: aBropos. 3aronoBok. Hassanue xyp-
Hana. Jara mybonukanuu [nara nurupoBanus|; Tom™ (Beimyck): Ctpanumsr. URL.

Oopaszey:

Chertes K., Tupitsyna O., Martynenko E., Pystin V. Disposal of solid waste into soil-like remediation and
building. Stroitel stvo nauka i obrazovanie [Internet]. 2017 [cited 24 July 2018]; 7(3):3-3. URL: http://www.nso-
journal.ru/public/journals/1/issues/2017/03/03 03 2017.pdf DOI: 10.22227/2305-5502.2017.3.3

Crarbsi, pa3MelmneHHasi Ha uHTepHeT-caiite: Pavmmmsa (Gamunun) Vaunmansl aBropa (aBTOpPOB)*.
Hazsanwue [Internet]. [opox, M3narens*, Ton uznanus [[ara nocnearero ooHoBneHus *; nara muruposanus]. URL

Oépasey: How to make a robot [Internet]. Design Academy. 2018 [cited 24 July 2018]. URL: https://academy.
autodesk.com/how-make-robot

* yKa3bIBAIOTCS TIPH HAJTMYHH.

Bce matsl ykaspiBarores B popmate I JI-Mecs (texctom)-Tox

s popmuposanus anenoazeluno20 CRUCKA UCMOYHUKOE PeOaKyusi peKOMeHOYem UCHONb3068AMb pecypc
Citethisforme.com.
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LHIABJIOH CTATbH

Tun Cratbu
Tun cTarbu — Haquaﬂ CcTarbs, 0630pHa;1 CTaThbH, peZ[aKHI/IOHHaH cTarbs, )II/ICKYCCI/IOHHaSI CTaThb, HepCOHaﬂI/II/I,
peZ[aKTOpCKaSI 3aMCTKa, pCHGHBI/IH Ha KHI/IFy, peHCHSI/Iﬂ Ha CTaTblO, CIICKTAKJIb U T. II., KpaTKOC COO6H.[CHI/IC.

YIK 11111
DOI 11111

3ATOJOBOK CTATbHbHU

JOJDKeH KpaTko (He 6omee 10 ¢oB) M TOYHO OTpakaTh OOBEKT, IIeJIb U HOBU3HY, PE3YJIBTAThl POBEJICHHOTO HAyY-
HOTO UCCIICIOBaHUs. B HEro He0OXOAUMO KaK BIOXKHTH HH(POPMATHBHOCTh, TAK U OTPA3UTh MPHUBIICKATCIBHOCTD,
YHHUKAIBHOCTh HAyYHOTO TBOPYECTBA aBTOPA.

Hmst OtuectBo ®amuins!, Umsa OtuecTtBo Pamuiius’ -

' Mecmo pabomer nepsoco asmopa; 2opoo, cmpana

2 Mecmo pabomel nepgoco asmopa, 20poo, cmpana

*ecnu agmopos e 6onee yemvipex, mo HeodXoouMo ykaswvieame noanvie PHUO, om namu asmopos u
bonee — 0onycmumo UCnoIb308amb UHUYUATb

AnHoTanus (nomkHa comepxkarb ot 200 10 250 ci10B), B KOTOPYHO BXOAUT WH(POPMAIIUS O/ 3ar0JI0BKAMHU:
BBenenne, Marepuanbl 1 MmeToabl, Pe3ynbrarsl, BoiBoabl.

BBenenne: mpuBOAATCS XapaKTEPUCTUKN PabOTHI — €CIIN HE SICHO W3 HAa3BaHMS CTaTbH, TO KPAaTKO (opMy-
JIUPYFOTCSL TIPEAIMET UCCIICAOBAHMS, €r0 aKTyaJbHOCTh M Hay4yHas HOBH3HA, a TAKXKE MPAKTHYECKas 3HAYMMOCTh
(oOmIecTBeHHAS U HAayYHAs1), IIeTh U 3aJa49d McciaeqoBaHus. JIakoHUYHOE yKa3aHue polieM, Ha pPelIeHne KOTo-
PBIX HaIPaBJICHO MCCIICIOBAHNE, WM HayYHAas THIIOTE3a HCCICIOBAHMS.

MarepuaJbl M1 METOABI: OIMCAHNE TPUMEHSIEMbIX HH(OPMAIIMOHHBIX MaTepHaIOB M HAyYHbBIX METO/IOB.

Pe3yabTaThl: pa3BepHYTOC MPEICTABICHIE PE3YIBTaTOB MCCIEAOBaHMs. [IpHBOAATCS OCHOBHBIC TCOPETH-
YEeCKHE M SKCIEPUMEHTATIbHbBIC PE3YIbTaThl, (DaKTHUECKNE TaHHBIC, OOHAPYKEHHBIC B3aUMOCBS3H M 3aKOHOMEP-
HOCTH. HpI/l OTOM OTHACTCA MPEANOYTCHUE HOBBIM PE3yJibTaTaM U JaHHBIM JOJTOCPOYHOI0 3HAYCHUA, BAXKHBIM
OTKPBITHSM, BBIBOJIaM, KOTOPBIC OIPOBEPTAIOT CYIICCTBYIOIINE TCOPUH, a TAKXKE JaHHBIM, KOTOPEIC, 10 MHCHHUIO
aBTOpPA, IMEIOT MPAKTHYECKOE 3HAYCHNUE.

B])IBOZIBI: APTYMCHTHUPOBAHHOEC O6OCHOBaHI/le HCHHOCTH MOJYYCHHBIX PE3YJIbTAaTOB, PEKOMCHAAIIUN 10 UX
HCTIOJIB30BAaHHIO U BHEAPCHUIO. BEIBOIBI MOTYT COITPOBOXKIATHCS PEKOMCHIAIMSIMU, OIICHKAMU, TIPEITIOKCHUSIMH,
HOBBIMH THIIOTE€3aMH, ONTUCAHHBIMU B CTAThE.

le/IBC,ﬂeHHbIC YaCTU aHHOTALUU CJICAYCT BBIACIATH COOTBETCTBYIOUIMMHU ITOA3ar0JIOBKaAMU M U3JlaraTb B JaHHBIX pas3Jeiiax pejaeBaHT-
Hy!0 HHpopManuo. CM. peKOMeH/IAIMM 110 COCTABJIEHHIO AHHOTAIIMMH.

KuoueBble cjioBa: 7—10 KIIOUEBBIX CIIOB.

KirroueBble ciioBa SIBJISIFOTCS TTOMCKOBBIM 06pa30M Hay‘-[HOﬁ crathu. Bo Bcex 6H6nu0rpa(1mqec1<nx Gasax JAaHHBIX BO3MOKEH ITOHCK
craTel 1Mo KJIFYEBBIM CI0BaM. B ¢Bs3M ¢ 3THM OHU JOJDKHBI OTpaXXaTb OCHOBHYIO TEPMHUHOJIOIMIO HAYYHOI'O UCCIICAOBAaHUA U HE ITIOBTOPATH
Ha3BaHHWEC CTATbH.

bnazooaprnocmu (ecmu HyKHO).

B aTom paszaene ciaeayeT ynoMsaHyTh mo;[ef/'[, TIOMOTaBIINX aBTOPY MOATOTOBUTH HACTOALIYIO CTAaThIO, OpraHu3aluu, OKa3aBIIne (bI/[HaH-
COBYIO IIOJJICPIKKY. XOpOIlII/IM TOHOM CUHTACTCS BBIPAKECHUE 6J'IaFOZ[apHOCTI/I AHOHUMHBIM PELECH3CHTaM.

Aemop, 0MmeemcmeeH bl 3a nepenucky. Hmst OtuecTBO qDaMI/IJ'II/IFI, aapec 3J'IeKTpOHHOI>i TIOYTHI VI CBA3H.

3ATOJTOBOK CTAThbU HA AHTJIUMCKOM SA3BbIKE

N.0. ®amuaus’', U1.0. @aMuius> - Ha aHITIMHACKOM S3BIKE
' Mecmo pabomul nepgozo asmopa; 20pod, cmpana — Ha aHTITUHCKOM SI3bIKE
2 Mecmo pabomwl nepgoeo asmopa, 20poo, CmpaHa — Ha aHIIIHHCKOM SI3bIKe
*ecau aemopoe He Oollee uemvipex, mo HeobxooumMo ykazvieams noinvie U0, om namu agmopos u
bonee — ()onycmwvzo UCnoib306amsv UHUYUAIbL

Abstract (200-250 ciioB)
Introduction: text, text, text.

Materials and methods: text, text, text.
Results: text, text, text.
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BBEJAEHHUE

3ajaua BBeICHHSI — 0030p COBPEMEHHOI'0 COCTOSIHUS paCCMaTpHBaeMOil B cTaThe podIeMaTuku, 0003Have-
HHUE HayYHOU IPOOJIEMBI U €€ aKTYaJIbHOCTH.

BBejieHue 1070KHO BKITHOYATh 0030p COBPEMEHHBIX OPUIMHAIBHBIX POCCUICKUX U 3apyOeKHBIX HAyYHbIX J10-
CTW)XKEHHH B paccMarpuBaeMOd MpeJMETHOH 00JIacTH, MCCIICIOBAaHUN M PE3yJbTaToB, Ha KOTOPBIX 0azupyercs
npencrasisiemas pabora (Jlureparypusiii 0630p). JluTeparypHsiii 0030p IOMHKEH MOAYEPKUBATH AKTYalIbHOCTD
Y HOBHM3HY PacCMaTPUBAEMbIX B HCCIICIOBAHUU BOIIPOCOB.

Bo BBeneHny 10mKHa cosiepKaThest THPOPMALHS, KOTOPAst TO3BOJIUT YUTATENIO TIOHATh U OLCHUTH Pe3yJIbTa-
ThI HCCJIEIOBAHYSL, TIPEICTABIEHHOTO B CTaThE.

JInteparypHbIii 0030p. Criucok MCTOYHUKOB BKIouaeT oT 20 10 50 MCTOYHMKOB, HE YUMTBIBAs CCHUIKU
Ha HOopMaTuBHBIE ToKyMeHTHI ('OCT, CHull, CII), naTepHET-pecypcsl (caiiTel ceTu IHTEpHET, He SBISIONIHECS
NEePHOIUUECKIMU U3/IaHUSIMH), OTYETHI,  TAK)KE€ UCTOYHUKHU, OTCYTCTBYIOLIME B KAaTalOrax BEIyIIMX POCCHIA-
ckux oubnuorex-genosurapues (I'TIHTE, PHB, PI'B), apxuBax u T.1. I1o100HbIE HCTOYHUKH CIIEyeT yKa3bIBaTh
B CIIMCKE JINTEPATYPbI CBEPX MUHIMAJIBHO YCTaHOBJIEHHOTO 1opora. He pekoMeHtyeTcs cebliaThCst HA HHTEPHET-
PeCypChl, He colieprKaIliue HayYHY 0 HH()OPMALIUIO, YICOHUKH, y4COHBIC U METOAMYCCKUE [TOCOOHS.

VYpoBeHb IyONUKALUK ONIPEACISIIOT TOJHOTA U TPECTaBUTEIbHOCTh HCTOUHUKOB. He MeHee mecTu u3 nHo-
CTPAHHBIX M HE MEHEE IIECTU U3 POCCUHCKUX NCTOYHHKOB JIOJKHBI ObITh BKIIIOYEHBI B OJJMH U3 BEAYIIHX HHIEKCOB
LUTHPOBAHUSL:

* Web of Science http://webofknowledge.com
* Scopus http://www.scopus.com/home.url
* sapo Poccuiickoro nuaekca Hayunoro nutuposanus (PUHLI) http://elibrary.ru

AHTIIOSA3BIYHBIX MICTOYHUKOB BKJIFOUAIOT B CIIHCOK He MeHee 50 %, 3a mocieqHne TpH roga — HE MEHEE I10-
JIOBUHBI. PeKOMeH TyeTCsl KCII0Ib30BaTh OPUTHHAIBHBIE UCTOYHUKY He crapure 10 ser.

CCBIIKM HA HCTOYHHMKH ITPUBOAATCS B CTAaThEe B KBAaPATHBIX CKOOKaX. MICTOYHMKN HyMEpyIOTCS 110 MOPSIIKY
YIIOMUHAHUS B CTAThE.

3aBeplIaloT BBEICHHUE K CTAaThe MOCTAHOBKA M ONMCAaHKE 1M U 331a4u IPUBEJICHHON PaboTBhI.

MATEPHAJIBI U METObI

Pa3zzen onuceiBaeT METOMKY IpoBeeHHs nccienoBanus. OO0CHOBaHHME BBHIOOpA TeMbI (Ha3BaHMsI) CTAThU.
CaeleHHs 0 MeTO/Ie, IPUBEICHHBIE B pa3/eiie, JOJDKHBI OBITh JOCTATOYHBIMH ISl BOCIIPOM3BE/ICHUS €ro KBaJIH-
(ULMPOBAHHBIM UCCIIECAOBATEIIEM.

PE3YJUBTATHI HCCIEJOBAHHUA

B aT0#1 yacTu cTaTthbu AODKEH OBITH IPEACTABICH CHCTEMATH3UPOBAHHBIN aBTOPCKUI aHAIUTUYECKUH U CTa-
TUCTUYECKUH marepual. PCSyJ'II)TaTI)I MPOBEACHHOI'O UCCJICAOBAHUA HeO6XOZ[I/IMO OIIMCBIBATH TaK, lIT06I)I YUTareciib
MOT HPOCJIEUTh €ro 3Tallbl ¥ OUEHUTh 000CHOBAHHOCTH C/ICIIAaHHBIX aBTOPOM BBIBOZOB. DTO OCHOBHOM pasell,
LIeJIb KOTOPOTO — ITPY MOMOIIM aHaJIN3a, 0000IIEHHS U Pa3bsICHEHNS JaHHBIX J0Ka3aTh pabouyro TUoTesy (ru-
moTe3bl). PesynbTaTel mMpu HEOOXOAMMOCTH TOATBEP)KIAOTCS WIUTIOCTPAlUAME (Tabnumamu, rpadukamMu, pH-
CYHKaMH), KOTOpBIE TPECTABIIAIOT UCXOIHBII MaTeprall WiN 10Ka3aTeIbCTBA B CBEPHYTOM BUE. BakHO, 4TOOBI
NPOMUTFOCTPUPOBAHHAST HH(POPMAIUS HE TyOarpoBaja yxKe IMPUBEICHHYIO B TekcTe. [IpecTaBicHHbIC B CTAaThe
Ppe3yabTaThl CIEAYET CONOCTABUTh C MPEABLIYIIMME paboTaMy B 3TOH 00J1aCTH Kak aBTopa, Tak U APYTUX HCCIe-
noBarelnieil. Takoe cpaBHEHHE JOMOIHNUTEIBHO PACKPOET HOBU3HY MPOBEAECHHOH paboThl, NpUIACT el OOBEKTHB-
HOCTb. Pe3ybTars! HCCIIeI0BaHNS TOIKHBI OBITh N3JI0’KEHBI KPATKO, HO TIPH 3TOM COZIEPXKATh JOCTATOUHO HH(Op-
Malluy U1 OLICHKU COCJIaHHBIX BBIBOJOB. He IMPUHATO B JTaHHOM pasacii€ MPpUBOAUTE CCHIJIKM Ha JIUTCPATYPHBIC
HCTOYHUKH.

3AKJTIOYEHHUE U OBCYXIEHUE

3aKIII0YeHUE CONEPIKUT KPaTKy1o GOPMYIMPOBKY Pe3y/IbTaToB HCCieI0BaHus (BBIBObI). B aTOM paznene no-
Ka3bIBAOT, KaK ITOJYYCHHBIC PE3yIbTaThl 00CCIICYMBAIOT BEITIOIHECHIE TI0CTABICHHOH [IEJIH HCCIICOBAHS, YKa3bl-
BAIOT, YTO MOCTABJICHHBIE 33J[a4u aBTopamu ObuIH perieHbl. [IpuBoasTCcs: 0000IICHUS U IAI0TCsI PEKOMEH/IAlHH,
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BBITCKAOIINUC U3 paGOTLI, NMOAYCPKUBACTCA UX MPAKTUICCKAA 3HAYUMOCTD, 4 TAKKEC ONPEACTIAOTCA OCHOBHLIC Ha-
paBJICHUA 1JId aanLHeﬁmero HUCCJIICOOBaHUs B 9TO0M obnactu. B paMKax 06CY)K[[€HI/ISI JKCJIATCJIbHO PACKPBITH IEP-
CIICKTHUBBI pa3BUTUA TCMbI.

B nannom pasaeie HE MPUBOAAT CCBUIKW HAa NCTOYHHUKH.

CIIUNCOK UCTOYHHUKOB (REFERENCES)

Odopmasiercst Ha pycCKOM H aHIVIHICKOM SI3BIKAX.

PacrionoxeHre HCTOYHUKOB B CITUCKE — B CTPOTOM COOTBETCTBHH C MOPSIKOM YIIOMHHAHHS B TEKCTE CTaThH.

Bubnmuorpadudeckoe ormucanue TOKYMEHTOB (B TOM YHCIIC U AIIEKTPOHHBIX) HA PYCCKOM SI3bIKE 0(hOPMITIETCS
B cooTBeTcTBUH ¢ TpeboBarnmsmu 'OCTa P 7.0.5-2008.

Bubnuorpadudeckoe onmucanne JOKYMEHTOB (B TOM YHCIIE M 3JCKTPOHHBIX) Ha aHIIIMHCKOM SI3BIKE 0(opM-
Jisercs B cTuie «BaHkyBepy.

Pycckosi3pIaHbIe HCTOYHUKH HEOOXOJMMO IPUBOJUTH B O(PUIMaIbHOM BapUaHTe MepeBoaa (T.e. TOM, KOTOPBIi
pa3MelleH B caMOM M3IaHuM; IpY Hajau4yun). Ha3Banue ropozia u3iaHus IPUBOIUTCS TOJHOCTHIO, B aHITIMHCKOM
HanrcaHuu. Ha3BaHus ’KypHAJIOB M U3ATEIECTB MPUBOAATCS THO0 OpUIHAaIbHBIC aHTIIMHCKUE (€CITH €CTh), THO0
TpaHCIUTEPHUPOBaHHEIC. B KOHIIE OMMCaHUs HCTOYHHKA B CKOOKAX YKa3bIBACTCS S3BIK MICTOYHHKA (TUS.).

Jna m3ganuit cnemyer ykazaTh (paMuiIMu aBTOPOB, KypHAT (3JEKTPOHHBIA aApec), TOI U3AaHHSA, TOM (BBI-
MycK), HoMep, cTpanuiibl, DOI unu anpec noctyna B cetu MHTEpHET. UHTEpECYIOMUIICS YNTATENb TOJKEH UMETh
BO3MOYKHOCTb HAWTH yKa3aHHbIH JINTEPATYPHBIH HCTOYHUK B MAKCHMAIILHO CXKATHIE CPOKH.

Ecnm y crareu (n3panust) ects DOI, ero o6s3arensHO yKas3piBaloT B OHOIHoOrpaduyeckomM OnucaHuy UCTOU-
HUKA.

Baxxo paBUIIEHO OPOPMUTH CCHIIKY Ha HCTOYHUK.

Ipumep odopmiteHus:

CIINCOK HCTOYHHUKOB

1. Camapun O.JI. O pacyere OXJaXICHHUsS HAPYKHBIX CTCH B aBapUHHBIX peKUMax TeruiocHaOxeHus // M3Be-
cTHs BBICIINX y4eOHBIX 3aBeneHuid. CtpoutenseTBo. 2007. Ne 2. C. 46-50. URL: http://izvuzstr.sibstrin.ru/uploads/
publication/fulltext/2-2007.pdf (nara ob6pamenus: 04.12.18).

2. Mycopuna T.A., [lempuuenxo M.P. Matematndeckas MOZIEIb TEIJIOMaccoreperoca B nopuctom teine // Ctpou-
TENBCTBO: Hayka U oOpasosanue. 2018. T. 8. Ne 3. C. 35-53. DOI: 10.22227/2305-5502.2018.3.3

REFERENCES

1. Samarin O.D. On calculation of external walls coling in emergency condition of heat supply. Proceedings
of Higher Educational Institutions. Construction. 2007; 2:46-50. URL: http://izvuzstr.sibstrin.ru/uploads/publication/
fulltext/2-2007.pdf (Accessed 19th June 2015). (rus.).

2. Musorina T.A., Petrichenko M.R. Mathematical model of heat and mass transfer in porous body. Construction:
science and education. 2018; 8(3):35-53. DOI: 10.22227/2305-5502.2018.3.3 (rus.).

CBEJEHHNA Ob ABTOPAX

OdopmasioTcst Ha pycCKOM M AHIVIMIICKOM SI3bIKAX.

O6 aBTOopax: Hms, oTyecTBo, hamMmuius (OJHOCTHIO) — YUCHAs CTEIEHb, YUCHOE 3BaHUE, JIOJDKHOCTD, TI0APA3/ICIICHHE;
Ha3BaHHe OPraHu3anuu (00513aTeIbHO IPUBOAUTS B IIOJIHO U KPATKOH 0(HIIHAIBHO YCTAaHOBICHHON (opMe, B UMEHUTEITBHOM
najexe), B KOTopoii paboraet (YUUTCs) aBTOP; MOYTOBBIH aJjpec OpraHU3aLii; apec AMEKTPOHHOMN MOUTHI;

Hms, oTyecTBO, (hamMuinst (IIOJTHOCTBIO) — Y4€HAsl CTEIIeHb, yYCHOE 3BaHUE, TOJDKHOCTD, 0pa3/ielicHie, Ha3BaHHue
opranu3anmu (00s13aTeIbHO IPUBOJUTH B IIOJIHOM M KPaTKOW 0 UIIHAIBHO YCTAaHOBICHHOH (opMe, B IMEHUTEIEHOM Ma/IeKe),
B KOTOPOii paboTaet (Y4UTCsI) aBTOP, HOYTOBBIH aJpec OpraHu3alnH, apec HIEKTPOHHOH MOYTHL

Ceedenus 06 agmopax Ha aHIITHHCKOM 3bIKE IIPUBOIATCS B IIOJTHOM BHE, 0€3 COKpaleHui cioB. [Ipusoasrcs
o(uMaIbHO YCTaHOBJICHHBIE AHIIIOSA3BIYHBIC HA3BAHUSI OPTaHU3aLUI 1 UX TToapaszaeneHuid. OmmycKalTcs dIeMeH-
TBI, XapaKTEePU3YIOIINE MTPABOBYIO (OPMY YUPEKAEHHS (OpraHU3alri) B HA3BAHUSIX BY30B.

ABTOp JTOJDKEH NPUIEPKUBATHCS ANHOOOPA3HOTO HANMCaHus (PaMHIIMK, UIMEHH, OTYECTBA BO BCEX CTAThSX.
Ota uHpOpMALM IS KOPPEKTHOH MHIEKCAIMHU JODKHA OBITh yKa3aHa B APYTHX CTaTbsiX, NPOQHIAX aBTopa
B MexxayHapoaabIx 6a3ax maHHbXx Scopus / WoS u T.1.
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Bionotes: Hms, oTuecTBo, pammins (MOJTHOCTHIO) — YyY€HAsl CTENEHb, YUCHOE 3BaHUE, JOHKHOCTD, MOJPA3/ICIICHIE;
Ha3BaHHe opraHu3anuu (00s3aTeIbHO MPUBOIUTH B MOJHOM U KPATKOM OQHIMANIBLHO YCTAHOBICHHOHN (opme), B KOTOpOi
paboraet (y4uTcs) aBTOP; TIOUTOBBIN aJpeC OPraHU3aIUH (B MOCIIEI0BATEIBHOCTH: O(HC, 0OM, YIHIIA, TOPOJI, HHIIEKC, CTPaHA);
ajipec AIEKTPOHHOH TOYTHI,

HUms, oTuecTBO, (haMmuius (IIOJTHOCTHIO) — yu€Hasi CTEeNEHb, YU€HOE 3BaHKE, TODKHOCTD, MO/Ipa3/iejieHie; Ha3BaHue
opranu3anuu (00s3aTeNIbHO MPUBOJKUTL B TMOJHON M KpaTKoil O(HUIMAIbHO YCTAHOBICHHOW (opMe), B KOTOpPOH paboTaer
(y4uTCsi) aBTOp; TIOYTOBBIN aJpec OpraHu3aluu (B MOCIEA0BATEILHOCTH: O(UC, IOM, YU, TOPOJI, HHIEKC, CTpaHa); aapec
9JIEKTPOHHOM MOYTHI.

BHUMAHMUE! Bce Ha3paHus1, MOANKUCH H CTPYKTYPHBIE 3JIEeMEHThI PHCYHKOB, rpadukoB, cxeM, Ta0JH1]
0oopMIIAIOTCS HA PYCCKOM M AHIVIMICKOM SI3BIKAX.

Brrao asmopog:

Damunus U.O. - onucanue 1uuno2o 6xk1aoa 6 Hanucarue cmamoii 8 Kpamkou opme (udes, coop mamepuana, oopabomxa
Mamepuana, Hanucaxue CManbvi, Hay4Hoe peOaKmuposanue mekcma u m. o.).

IIpumep:

Apmemvesa C. C. — nayunoe pyKosoOCcmeo, KOHYenyus uccie006anus, paseumue Memooono2uu; yuacmue 6 paspabomxe
VUEOHBIX NPOSPAMM U UX Peanu3ayuu, HanucaHue UCXo0OH020 MeKcma, umozogvie 6b16006l. Mumpoxun B. B. — yuacmue 6 pas-
pabomke yuebHbIX NPOSPAMM U UX peanuzayui; 00pabomxa mekcma, Umo206sle 6b1600bL.

Iocne «Mudpopmanuu 00 aBTOpax» IPHUBOIAT CBEAEHHS 00 OTCYTCTBHH WM HAIWYAN KOH(JIMKTAa HHTEPECOB

n ACTaJIM3allu0 TaKOIro KOHq)J'II/IKTa B CJIy4a€ €ro HaJIu4us. Ecnu B cTatse MPUBOAAT JaHHBIC O BKJIAAC KaXXA0Tr0 aBTOpa, TO
CBCICHUSA 00 OTCYTCTBUU WJIN HAJIUYNHU KOHq)J'II/IKTa HUHTCPCCOB YKa3bIBAKOT IMOCJIC HUX.

IIpumep:

Brrao asmopos: éce asmopul coenanu K6UBAIEHMHbIL BKIAO 8 NOO2OMOBKY NYOIUKAYUU.
Asmoput 3a5671510m 06 OMCYMCMEUY KOHQIUKMA UHMEPECOs
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| Dopma Ne I1/]-4 1|

Y®K no r. Mockse r. Mocksa (HUY MI'CY, n/c 20736X29560) KNN 771601001
| (HaMMEHOBAHHE TIOTyUaTelIsl MIATEKA) I
: l7[7]1]e[1]0]3]3]0]1] o[3[2[1]4[6[4[3][0]0]o]o[o]o]o[1][7][3]0]0] '
| (MIHH nonyuaresis miaresxa) (HOMep cueTa nojryyaTess niarexa) |
! 8 IY Batika Poccum no LI®O sux[ofo[4][5[2][5]a]8]8] !
| (HauMeHoBaHHe GaHKa MOMyYaTeNs MiaTeka) |
! KBK oloJolofolo]o]o]o]olo]o]o]olo]o]o]1]3]0] !
| |

OKTMO
| |4[5[3[e[5[o[o]o] !

|
| NU3Bemenne Becrank MI'CVY - 637.00 py®6. X 6 9K3.

TIOJINHCKA Ha SIHBAph, (heBpab, MapT, anpels, |
| Maif, mons 2022 r. |
I Becrauk MI'CY I
I (HaNMEHOBAHHE IIATeXKaA) (HOMep JTHLEBOTO cueTa (KOJ) IUIATE/IbIIHKA) I
! Kaccup ®.1.0 I
| IIaTENbIIMKA |
| Anpec |
| IJ1aTelbIINKA |
I Cymma I
I TIIaThl |

Cymma 3a
! miaTexa 3 822 pyo. 00 xom. ycayru pyo. KOII. I
I Hroro pyo. KOIL. « » 20 r. |
| C yCIOBHSMHU NPHEMa YKa3aHHON B IUIATEXKHOM JIOKYMEHTE CyMMBI, B T.4. ¢ CYMMOM B3UMaeMoii miatsl 3a yeuyru |
| 631"(3, O3HAKOMJICH M COIJIaceH. I
I Tloanuce I

IIaTebIHKA

r 1
| |
! Dopma Ne I1/]-4 I
| |
| |
| Y®K no r. Mockge r. Mocksa (HUY MI'CY, n/c 20736X29560) KM 771601001

(HaHMSHOBaHME nony4arens HJ'IBTS)K’«]) I
| |

[z]7]1]e[1]o[s[3]o[4] [o[3[2[1]4]e[4]3[o]o[o]o[o]o]o[1]7[3]0]0]

I (MIHH nonyuarens niatexa) (HOMep cueTa nosyyaress niareka) |
! B 'Y baHka Poccun no LI®O BI/IKlO 0 4|5|2l5|9|8|8| |
| (HanMeHoBaHMe OaHKa MOTyJaTeIs MIATeXa) |
! KBK [o]o]o]o[o[o]o]o]o[o[o]o]o]o]o]o]o][1][3]0] !
| |
| OKTMO |
! |4[5[3[6[5[o[o]o] |
I Bectaux MI'CY - 637.00 py6. x 6 9K3.

MOANKCKA Ha SHBAphb, (heBpalb, MAPT, AIPEIb, I
| Maii, nrons 2022 1. |
| |
I Becrank MI'CY I
| (HAaMMEHOBAHHE IIATEKA) (HOMEp JIHIEBOTO cueTa (KOJ1) IUIaTe/bIIHKA) |

D.N.0
! I1aTesbIuKa I
! Anpec |
| UIaTeNb MK |
| Cymma l
| TLIaThI |
| KBuranuusi Cymma 3a I
I iaTexa 3822 py6. 00 KOII. yCIyTH pyo. KoM
| Kaccnp Hroro pyo. KOTI. « » 20 T. |

C YCIIOBHAMH IIpueMa yKaBaHHOﬁ B INTATE)KHOM JOKYMEHTE CyMMBI, B T.4. C CyMMOﬁ B3UMaeMOM IIaThl 3a ycanyru
I 6£lHKa, O3HAKOMJICH U COTJIaCCH. I
| Moxnucn |
| NUIATeNbIHKA I
| |
L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ———— — -

Brank futst omaTel OJIyro0BO MOMIMCKY Yepe3 pefaknuio (oruiara B OaHKe).

BHUMAHHUE!

Ecnum BBl onnaruim noxnucky no ¢gopme I1/1-4 B 6aHKe, TO AJ1s1 CBOEBPEMEHHOW OTIIPABKU BaM HOMEPOB JKypHaa
0e30TIaraTeIbHO IMPHIIIHTE KOIUIO INIATEKHOTO JOKYMEHTa M COOOIIHUTE Ball afipec ¢ mouToBeM nHaekcoM, @.11.0. Ha
e-mail: podpiska@mgsu.ru.

[Moanucunku — padotarkr HUY MI'CY MoryT 3amofgHuTh OIaHK Ha CBOE MMsI M OOPATUTHLCS B OT/EN pacipo-
cTpanenus u pazsutus Msnarensctsa MUCH — MI'CVY st oopMITeHUS TOATUCKH.

Tenedon: (495)287-49-14 (Bu. 14-23), podpiska@mgsu.ru.

TToapoGuyto nHpopMarmio 0 BapuaHTax noanucku Ha «Bectauk MI'CY» st pusndeckux v I0puanIeCKUX JTHIL
CMOTpHUTE Ha caiiTe xypHaia http://vestnikmgsu.ru/



Dopma Ne I1/]-4
Y®K no r. Mockse r. Mocksa (HUY MI'CY, n/c 20736X29560) KIM 771601001

(HaMMEHOBAHHE TOJTyUaTells MIaTeKa)

[7]7]1]e]1]0]3]3]9]1] ol3]2]1]4]6]a]3]0]o]o]o]o]olo]1]7]3]0]0]
(VMHH nonyuarens njaresxa) (HOMep cyeTa nojryyaTesisi IIaTexka)
B 'Y Baxka Poccun no L|®O BI/IK|0|0|415|21519|8|8|
(HanMeHoBaHHe DaHKa MOTyJaTesIst IIaTexKa)
KBK [o]o]o]o]o]o]o]o]o]o]o]o]o]o]oo]o]1]3]0]

OKTMO |4]5]3]s[5[o[o]o

Bectauk MI'CYV - 573.34 py6. x 12 3k3.
MOJIHCKA Ha SIHBAPb, GeBpaib, MapT, alpeib, Mail, HIOHb,
HIOJIb, ABI'YCT, CEHTSOPb, OKTIAOPB, HOSOPB, Jekabpb 2022 1.

HN3BemeHnmne

Bectuuk MI'CY
(HaHMCHOBAHHME TUIATEKA) (HOMEp JIMIEBOro cueTa (Koj1) IiaTesbluiuKa)
Kaccup ®.1.0
IUIaTeIbIINKA
Anpec
IIaTEeIbIINKA
Cymma
TUIaThI
Cymma 3a
marexa 6 880 pyo. 00 «xom. yciayru pyo. KOII.
HUroro pyo. KOIL. « » 20 T.
C yCIOBHSIMH IpHEMa YKa3aHHOI B IUIATEKHOM JOKYMEHTE CyMMBI, B T.4. C CyMMOIl B3MMaeMoii ILIATHI 33 yCIyTH
6am<a, O3HAKOMJICH M COTJIaCCH.
Tloanuch
nIaTeabIHKA

Dopma Ne 11]]-4
Y®K no r. Mockse r. Mocka (HUY MI'CY, n/c 20736X29560) KM 771601001
(IIRMMSHOBBHME nosrydarens rma"re)l(a)
[z]7]1]e[1]o[s]3]o[4] [o[3]2]1]4]e[4]3[o]o[o]o]o[oo[1]7[3]0]o]
(MHH nonyuarens rareska) (HOMep cueTa Mmomy4aTesns miareka)
B 'Y BaHka Poccuu no LIdO pux[0]o]4]5]2]5]9]8]8]
(HaVIMBHOBaHHS Ganka nojryqarens I"U'IBTE)I\‘B)
KBK [o]o]o]o]o]o]o]oo]o]o]o]o]o]o]o]o]1]3]0]
OKTMO
|4[s[3[e[s[o[o]o]
Bectank MI'CY - 573.34 py6. x 12 9x3.
MOJINKCKA Ha SIHBAPb, (peBpajib, MapT, alpelib, Mail, HIOHb,
HIOJIb, BTYCT, CEHTAOPb, OKTSIOPb, HOAOPB, nekadbps 2022 .
Bectauk MI'CY
(HaMMEHOBAHHE TIATEKA) (HOMep JHIEBOro cueTa (KOJ1) MiaTesbluiuKa)
D.1.0
IulaTebIIUKa
Anpec
IJIaTeJIbIINKA
Cymma
TIIaThl
KBuranuus Cymma 3a
miaTexa 6 880 py6. 00 KOIl. _yCIyTH pyo. KOTL.
Kaccup Hroro pyo. KOII. « » 20 I.
C YCIOBHUAMH TIpUeMa yKaSaHHOﬁ B IUIATE)KHOM JIOKYMEHTE CyMMBI, B T.4. C CyMMOﬁ B3MMaeMOM TUIaThI 3a ycuayru
GaHKa, 03HAKOMJICH U COTJIACEH.
Moanucn
IUIATEbIHKA

Brrank 17151 o1IaThl MOIYTOXOBOH MOAIMCKY Yepe3 peJaknuio (omiara B 6aHke).

BHUMAHHUE!

Ecnu BBl omtatnim noamnucky 1o ¢gopme [1/]-4 B 6aHke, TO /U1t CBOEBPEMEHHOW OTIIPABKM BAM HOMEPOB JKypHalia
0e30TaraTe’IbHO MPUILTUTE KOIMIO IUIATEKHOTO JOKYMEHTA M COOOIIHTE Ball ajpec ¢ MoYTOBBIM HHAekcoM, O.1.0.
Ha e-mail: podpiska@mgsu.ru.

[Moanucurnku — padorHuku HUY MI'CY MoryT 3amoyHuTh OJIaHK Ha CBOE UM 1 00paTUTHCS B OT/IEN Pacipo-
cTpaneHus u pa3surus M3parensctsa MUCU — MI'CVY miist oopMITeHHST TOATTUCKH.

Tenedon: (495)287-49-14 (BH. 14-23), podpiska@mgsu.ru.

[MoapoGuyto nHpopMaIyio 0 BapuaHTax noAnucku Ha «Bectauk MI'CY» it Gu3n4eckux U IOPUANIECKUX
JIUII CMOTpPHUTE Ha caliTe )kypHaina http://vestnikmgsu.ru/





