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BECTHUK™

Hay4Ho-TexHWUYecKnin X)KypHan Nno CTPOUTENbCTBY U apXUTEKType

«Bectauk MI'CY» — pelieH3upyeMblil HAyYHO-TEXHUYECKUN KypHaJ 0 CTPOUTEIBCTBY U apXUTEKTYpeE,
LEJISIMH KOTOPOTO SIBJISIFOTCSL (POPMUPOBAHUE OTKPBHITOrO HH(POPMAIIMOHHOTO POCTPAHCTBA U1l 0OMEHa pe3yiib-
TaTaMy Hay4YHbBIX UCCIICJOBAaHUH U MHEHHUSIMHU B OOJIACTU CTPOUTEIHCTBA MEXKTY POCCUICKMMU M 3apyOeKHBIMU
HCCIIeIOBATEIISIMK; TIPUBJICYCHIE BHUMAHUSI K HanOoJiee akTyallbHbIM, IEPCIIEKTHBHBIM 1 HHTEPECHBIM HarlpasJie-
HUSIM CTPOUTENBHON HAYKU U MPAKTUKH, TEOPUU U UCTOPUU TPAIOCTPOUTENLCTBA, APXUTEKTYPHOTO TBOPUECTBA.

B 0CHOBHBIX TeMaTH4YECKUX pa3zenax KypHalia IyOIMKyIOTCSl OpUTMHAJIbHBIC HAYYHBIE CTaTbU, 0030pbl, Kpar-
KHe COOOIICHUs, CTaThU 110 BOIIPOCAM ITPUMEHEHHS HAYYHBIX JOCTIKCHUH B IPAKTUYECKOM JIESITeIbHOCTH Mpe-

MIPUSITHH CTPOUTENILHOM OTpACciv, PELIEH3MH Ha aKTyaJIbHbIC ITyOIMKALUH

TemaTtu4yeckmne pyopukm

* APXHTEKTypa U IpafioCTPOUTEIHCTBO. PEKOHCTPYKINMS M pecTaBpanus

* [IpoexTnpoBaHye 1 KOHCTPYHUPOBAHHUE CTPOUTEIILHBIX cHcTeM. CTpOHUTENIbHAS MEXaHHKA.
OcHoBaHus ¥ QyHIaMEHTBI, TOA3EMHBIC COOPYKEHHS

» CTpouTesbHOE MaTepHUaIOBeICHUE

» be3onacHOCTh CTPOUTENBCTBA U TOPOICKOTO XO3AHCTBA

* I'mppasnuka. ['eorexHuka. ['maporexHuuecKoe CTPOUTEIHCTBO

* VlH)xeHepHbIE CUCTEMBI B CTPOUTENILCTBE

* TexHOJIOTHS M OpraHu3alys CTPOUTEIBCTBA. DKOHOMHUKA U YIIPABICHUE B CTPOUTEIBCTBE
* Kparkue cooOmenust. /luckyccun u petuensun. Mapopmanms
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MmaBHbIN pegakTop

Banepuu Heanosuu Tenuuenxo, akajeMUK, NepBblil Bulle-npe3uieHT Poccuiickoll akajeMuu apXUTEKTyPbl U CTPOUTEIBHBIX
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HUY MI'CY, Mockaa, Poccuiickast @eneparust

3amecTuTenu rnaBHOro pepaKkTopa

Enena Anamonveena Koponw, ui.-kopp. Poccuiickoii akaieMin apXUTeKTypbl U CTPOUTENBHBIX HayK, JI-p TEXH. HayK, PoQ.,
3aB. Kad. )KUIHIIHO-KOMMYHaIbHOTO Komiuiekca, HUY MI'CY, Mocksa, Poccuiickas deneparus
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npopekrop, HUY MI'CY, Mocksa, Poccuiickas @enepanus
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IlaBes AsiekceeBH4 AKUMOB, JI-p TEXH. HayK, pod., akaJeMuK
Poccwuiickoii akaieMun apXUTEKTypbl U CTPOUTENILHBIX HayK, PEKTOP,
HWNY MI'CY, Mocksa, Poccuiickas denepannst

Herp Banamyk, a-p, npod., benocToKCKuii TEXHOIOTHYECKUI
ynusepcutert, PecryOmuka ITonbira
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APXUTEKTYPbI M CTPOUTEIIBHBIX HAYyK, I-p TEXH. HAYK, Ipod.,
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Butanuii BacuibeBuu besiukos, 1-p TexH. HayK, IIaBHBIH
HAy4HBIH COTPYIHHUK JIAOOPATOPHH THPOIOTHH PEUHBIX OaCCeHHOB,
DdenepanbHOE TOCYIaPCTBEHHOE OFOKETHOE YUPEXKICHHE HayKn
WucrutyT Bogubix nmpobnem Poccuiickoit akanemun Hayk, Mocksa,
Poccniickas ®enepauus

Anexkcanap MuxaiiioBuy Besocroukuid, 1-p TexH. HayK, pod.,
akaJeMHK PoccHiickoii akaieMin apXUTEKTYPbl U CTPOUTEIIBLHBIX
HayK, Hay9HBIH pyKoBoxuTeNb, HayuHo-00pa3oBaTeIbHBIA IEHTP
KOMITBIOTEPHOTO MOZICIMPOBAHUS YHUKATIBHBIX 3MaHUH, COOpYKEHUIT
u koMIniekcoB uM. A.b. 3omoroBa, HUY MI'CYVY, Mocksa,
Poccuiickas ®eneparust

X.H.X. Bpoyapc, npod., I-p HHK. (TeXHUYECKHE HAYKH,
CTPOHTETbHBIC MaTeprabl), TeXHIUecKuii yHUBEPCHTET
Diinnxosena, Koponesctso Hunepnannos (Fomnanaus)

Moct Banbpasen, pod., -p HHA. (TEXHHUECKHE HAYKH,
KeIe300eTOHHBIC KOHCTPYKIHH), TeXHUYECKNH YHHBEPCHTET
Hensdra, Koponescto Hunepnanmos

Hukonaii UBanoBuy Batun, 1-p TexH. Hayk, npod., DenepansHoe
rocy/1apCTBEHHOE aBTOHOMHOE 00pa30BaTelIbHOE YUPEkKICHHE
BeIcIIero oopasoBanus «CaHkT-IleTepOyprekuii OMNTEXHUYESCKUH
yauBepcutet [lerpa Benukoro», Cankr-IletepOypr, Poccuiickas
Denepanust

Ho3zed Buuan, 1-p (TeXHHUYECKUE HAYKH, KeIe300€TOHHbIC
KOHCTpYKUuH), pod., Yuusepcurer JKunnna, CroBankast
Pecryoinmka

3adurnes Boitunukmu, 1-p (ctpouTenabHas MEXaHUKa), IPOQ.,
BporytaBckuii TeXHOIOrHYECKHIT yHHBepeuTeT, Pecriyonuka [lombia

Karaxuna Inaabimescka-®enopyk, 1-p TEXH. HayK, mpod.,
benocrokckuit TexHonornueckuii yausepeutert, Pecriy6imxka ITonbira

Munan Fonuuky, I-p (TeXHHICCKHE HAYKH, CTPOUTEIbHBIC
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yauBepcurera B [Ipare, Yenickas PecrryGnuka

Herp I'puropbeBuy I'paboBbIii, 1-p SKOH. HayK, pod., 3aB. Kad.
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MI'CY, Mocksa, Poccuiickas ®eneparyst

Cranncaas Emuono, 1-p Texs. Hayk, npod., 3aB. Kad.
COMPOTHBJICHHS MATEPHUAJIOB, TEOPHH YIIPYTOCTH M [UTACTUYHOCTH,
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PepakTop: Tamovsna Braoumupoena beponukosa
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Mocksaa, Poccuiickas ®enepanns
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Apkaanii Hukonaesu4 JIapuoHoB, 1-p TeXH. HayK, Mpod., 1.0.
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Pyna JIniiac, xaHz. 5K0H. HayK, mpod., TamMHCKHN TeXHUYECKHIT
YHUBEPCUTET, DCTOHUS

Hnecca I'aneepna JlykmaHoBa, 1-p TeXH. HayK, 1pod., 1pod. kad.
9KOHOMUKH U yrpasieHus B crpoutenscrse, HUY MI'CY, Mockaa,
Poccuiickas @enepariyst

JleBoH PadadinoBuy Mawisin, 1-p TexH. HayK, npod., akaJeMuK
Poccuiickoii akageMun apXUTEKTypbl U CTPOUTEIBHBIX HAYK, IPOd.
kad. aBTOMOOHIBHEIX Hopor, DenepabHoe rocy1apcTBEHHOS
Oro/DKETHOE 00pa30BaTENIbHOE YUPESIKICHHE BEICIIET0 00pa30BaHMs
«J10HCKOM rocyapCcTBEHHbIH TEXHUUECKUI yHUBEPCUTETY, PocTOB-
Ha-Jlony, Poccuiickas ®enepanys

Huxounaii [TaBioBna OcMostoBeKkHid, 1-p Gpu3.-Mar. HayK, npod.,
WHerutyT cucteMHbIX HccneoBannit [Tonbckoii akaieMun Hayk,
Bapmasa, Pecniyonuxka [Tonbina

Awnnpeii Bymumuposuy [lonomapes, 1-p TexH. Hayk, pod.,
3aB. Ka). CTPOUTETLHOTO IPOU3BOACTBA U TEOTEXHUKH,
DenepanbHOE TOCYIapPCTBCHHOE aBTOHOMHOE 00pa30BaTeIbHOE
YUpEKJICHHE BEICIIEro 00pa3zoBanus «IIepMCcKHil HAI[OHATBHBIH
HCCIIE0BATENbCKUN MTOIMTEXHUYECKUI yHuBepcuteT», [lepms,
Poccuiickas ®enepanus

Mupocaas I[IpempoB, 1-p, npod., MapuGopckuii yHUBEPCHTET,
Pecny6nuka CiioBeHust

Ceernana BacnibeBna CaM4eHKO, JI-p TEXH. HayK, pod., 3aB.
kad. ctpoutenabpHoro Marepuaiosenenus, HUY MI'CY, Mocksa,
Poccuiickas @enepariust

Baagumup Huxonaesn Cuaopos, 1-p TexH. HayK, Ipod., wiL.-
xopp. Poccuiickoit akageMun apXuTEKTyphbl U CTPOUTEIbHBIX HayK,
3aB. Ka). nHopMaTuKy U npuKIagHol Matemaruky, HUY MI'CY,
Mocksa, Poccuiickas deneparus

Apmen 3aenon4 Tep-MapTupocsit, 1-p TeXH. HayK, IIPOPEKTOP,
IVIaBHBII HayYHbIH COTPYAHHUK HAayYHO-00Pa30BaTENILHOTO LIEHTPa
«I'eorexnuka», HUY MI'CY, Mocksa, Poccuiickas @enepanust

XypHana

KoppekTop: Okcana Barepvesna Epmuxuna
LOuns3ariH n BepcTKa: Onvea I puzopvesna [oponosa

MNMepeBoa Ha aHIMUNCKUN A3bIK: Oivea Banepvesna FOoenkosa

XKypnan BrimodeH B yrBepskaeHHbIH BAK Muno6puayxu Poccun [lepedeHs pernieH3upyeMbIX HayqHBIX XKypPHAIOB U U3IaHUM, B KOTOPBIX
JOJKHBI OBITH OIyOIMKOBaHBI OCHOBHBIC Hay4HBIC PEe3yNbTaThl JUCCEPTAINil Ha COUCKAHUE YUCHBIX CTECICHEH KaHAnAaTa i JOKTOpa Hayk.
Wnnexcupyercs B PUHI, Hayunoii anexrponHoii 6ndmiorexe «KudepJlennnka», UlrichsWeb Global Serials Directory, DOAJ,
EBSCO, Index Copernicus, RSCI (Russian Science Citation Index na marpopme Web of Science), ResearchBib



Mpepacepartenb peAakUMOHHOroO coBeTa

Anexcandp Pomarnosuy TycHum, I-p TEXH. HayK., JOII., M.0. 3aB.
Kad. METAINTMYECKUX 1 IEPEBSIHHBIX KOHCTpYKUuid, HUY MI'CY,
Mocksa, Poccuiickas ®enepanns

PepakunoHHbIN coBeT

IOpuii BaragumupoBuy AJjiekcees, JI-p apxXUTEKTypbl, npod.,
mpod. kad. rpagocrpoutenbctea, HUY MI'CY, Mocksa, Poc-
cuiickas Penepauust

Huxounaii BnagumupoBny bannuyk, 1-p ¢pus.-mart. Hayk, npod.,
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Hrops AnapeeBuuy BoHIapeHKo, O-p apXUTEKTypsl, mpod.,
akan. Poccuiickoil akaJeMHu apXUTEKTYpbl U CTPOUTEIIbHBIX
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Denepanns
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Buaagumup IlennanbeBuu larapun, a-p TexH. Hayk, mpod.,
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Adnexkcanap BuraabeBuu 'mu30ypr, a-p TexH. Hayk, npod.,
3aB. kKa). HHOOPMALMOHHBIX CHUCTEM, TEXHOJIOTUIl U aBTOMA-
Tu3anuu B crpourensctse, HUY MI'CY, Mocksa, Poccuiickas
Denepanns

Huna BacuiabeBna JlaHu/uHa, 1-p TEXH. HayK, 3aB. Kad. rpa-
nocrpoutensctBa, HUY MI'CY, Mocksa, Poccuiickas dene-
pauus

OuJer Bacuiabesny Kabdanues, 1-p TeXH. HayK, JOLl., JUPEKTOP
HAyYHO-TEXHHYECKHUX MPOEKTOB, IPpod. Kad. xKele300eTOHHBIX
1 KaMeHHbIX koHCcTpyKuwmii, HUY MI'CY, Mocksa, Poccuiickas
Denepanus

Muxauna Hukonaesuu Kupcanos, 1-p ¢us.-mar. Hayk, npod.
Ka(. poOOTOTEXHUKH, MEXaTPOHUKH, THHAMHUKHA U TPOYHOCTH
MamuH, HalmoHanbHBIM HCClIeN0BaTeNbCKUN  YHUBEPCUTET
«MockoBckuil 3HepreTuyeckuii HHCTUTYT», Mocksa, Poccuii-
ckast denepanys

Enena IOpbeBna KyiaukoBa, 1-p TexH. Hayk, npod. kad. cTpo-
UTEIbCTBA MO/I3EMHBIX COOPYKEHHH U MIaXT, Kad. HHKEHEPHOI
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yuusepcuret “MUCuC”», Mocksa, Poccuiickas deneparust
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kopp. Pocculickoil akajieMun apXuTEKTYpbl U CTPOUTEIBHBIX
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JIUPEKTOpA MO HAayuHbIM HccnenoBanusM, AO «MocBogokaHa-
HWHWnpoext», Mocksa, Poccuiickast @eneparus

Cranuciaas Baagumuposuy Codosb, I1-p TeXH. Hayk, npod.,
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AHHOTALMUA

BeepeHue. [Mpu B3armogenicTeum GappeTsl co crabbiv HEOAHOPOAHLIM OKPY>KatoLLMM U MOACTUMNAOLLMM TPyHTaMU ocaaka
GappeTbl MOXET Pa3BMBaTbCs ANMTENbHOE BpeMsi. MporHo3 ocafok 6appeTbl BO BpEMEHM UMEET GOsbLIOe 3HaYeHne Mpu
NPOeKTUPOBaHMM BappeTHOro hyHAaMeHTa Ha MUHUCTBIX rpyHTax. HeobxoamMmo paccmaTtpueaTh NPoLECC pasBUTUS 0Caaok
GappeTbl Kak peornormyeckuii. ManoxeHsl NOCTaHOBKA U peLLEHWE 3a[a4n O B3aMMOAENCTBUM 6appeTHOro chyHAaMeHTa C MHO-
rOCMOMHBIM OKPY>KaIoLLMM 1 MOACTUMAIOLMM TPYHTaMM NPU yYeTe KUX ynpyro-BA3KOMIacTUYeckmnx cBoicTB. MNokasaHo, YTo
ocafika OCHOBaHWsl Pa3BMBAETCS B 3aBMCHMOCTU OT BA3KOCTU OKPYKAIOLLETO rPpyHTa.

Martepuansi u meToabl. 3a4ava paccmaTtpuBanach B IMHeRHoM NocTaHoBke. PelleHne NprBeaeHo aHanmMTMyeckm MeTo-
oM. [nsa onvcaHms npouecca pasBuUTUSi 0CafoK BO BPEMEHM WUCMONb30BaHbI NOCTOSHHbIE U NEpeMeHHbIE KO3 PULINEHTbI
BSAIKOCTM pyHTA.

PesynkTathbl. [onyyeHbl BbipaxkeHWsi Anst onpeaeneHnst 0Cafku, yeunuii Ha GoKOBOM NMOBEpXHOCTH, a Takke Ha nsTe Gap-
peTbl. MNoka3aHbl 3aBUCMMOCTY OCaAKU U YCUMIUIA HA HUXKHEM KOHLIE GappeTbl OT BPEMEHW MpuW y4YeTe yrpyro-Bsa3KkonnacTy-
YeCKMX CBOMCTB MaccuBa OKpyKatoLero rpyHTa. MNpueeneHbl rpadpuky KpMBLIX 3aBUCUMOCTEN OCafku GappeTbl U ycunus
noA nNsATol GappeTbl OT BpEMEHU NpY Pas3nnyHbIX 3HaYEeHUAX KOIPPULMEHTOB BS3KOCTU FPyHTA.

BbiBoabl. [laHHble peLleHnst MOryT ObiTb NPYMeHEHbI AN OnpeaeneHnst BepTUKanbHOro nepemelleHns 6appeTsl Npy B3a-
MMOAENCTBUN C HEOLHOPOAHBIM FPYHTOBLIM MaccBoM. KOadhdULMEHT BA3KOCTM OKPY)KAKOLLETO rpyHTa OKasbiBaeT 3Hauu-
TernbHOe BMUSHWE HA CKOPOCTb Pa3BUTUS HANPSXKEHWS NMOZ HKHUM KOHLIOM GappeThl. YUeT yBenuyeHnsi BoO BPEMEHU KOad-
b1UMeHTa BA3KOCTU BO3AENCTBYET Ha BpeMs CTabunusaumm ocagku, a Takke AaBneHne nog HUKHUM KOHLOM GappeTsl.
[JonycTum nNporHo3 cTabunuanpoBaHHoi ocafkn GappeTsb! Npu B3aMMOAENCTBUN C YNpYro-BA3KOMNIacTUYECKUM TPYHTOBbLIM
MaccuBOM.

KNIOYEBbLIE CIIOBA: B3aumopeincTBue GappeTbl, MHOrOCMOWMHbLIN OKPY>KatoLWuii U NOACTUNAIOLMNIA TPYHTbI, YNpyro-
BSA3KOMnacTuyeckas Moaerb, aHanMTUYEeCKUA METOA, Peonormyeckme CBoMCTea, cTabunmampoBaHHas ocagka

AnA UWNWTUPOBAHWUA: Tep-MapmupocsaH 3.I., Tep-MapmupocsiH A.3., Xbly XbiHe [am. B3aumonencteme 6appeTtbl
C MHOTOCIOVHbBIM OKpY>KatoLLIMM 1 NMOACTUNAOLWMM FPYHTaMK C Y4ETOM UX YMPYrUX U YNpYro-BA3KONMacTUYeCcKnx CBOWCTB //
BectHuk MITCY. 2022. T. 17. Bein. 9. C. 1135-1144. DOI: 10.22227/1997-0935.2022.9.1135-1144

Asmop, omeemcmeeHHbIl 3a rnepenucky: Xbly XbIHr Jam, hungdh1992@gmail.com.

Interaction between a barrette and multilayered surrounding
and underlying soils, taking into account their elastic
and elastic-viscoplastic properties

Zaven G. Ter-Martirosyan, Armen Z. Ter-Martirosyan, Hung Huu Dam
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. Upon interaction between a single barrette with underlying and loose surrounding soils the settlement
of the barrette can occur for a long period of time. Therefore, the prediction of barrette settlement in time is significantly
essential for building, foundation analysis and design under such geological conditions. As a result, it is vitally necessary
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BBEJIEHUE

to consider rheological processes of soils the cause of the change of barrette settlement in time. In order to clarify
the abovementioned problem the setting and solutions to the problem of the interaction between a single barrette and
elastic-viscoplastic surrounding and underlying soil are presented. The result indicates that the viscocity of surrounding soils
greatly affects time-dependent settlement curves of a vertically loaded barrettle.

Materials and methods. The problem is considered in a linear formulation. The solution is acquired in analytical method.
To figure out the changing in time process of barrette settlement, constant and variable coefficients of viscosity of soils are
applied.

Results. The expressions are obtained to determine barrette settlement, friction forces on side surfaces of the barrette and
reaction forces under the barrette heel. The relationship between the reaction forces under barrette toe; barrette settlement
and the time are derived in regard to elastic-viscoplasticity of multilayered surrounding soil. Acquired results are presented
by graphs in the article. The graphs demonstrating abovementioned relationships are provied according to various values
of constant and variable coefficients of viscosity of soils.

Conclusions. The acquired solution can be applied to determine vertical displacement of a barrette when interacting
with an elastic as well as elastic-viscoplastic heterogeneous soil mass. Coefficients of viscosity of surrounding soil have
a significant effect on the rate of barrette settlement and stress under the barette heel. Taking into account the increase
in the coefficients of soil viscosity over time affects greatly the values of long-term settlement of the barrette, as well as
pressure under the barrette toe. As a result, it is possible to predict the values of stabilized settlement as well as long-term
bearing capacity of a barrette interacting with an elastic-viscoplastic heterogeneous soil mass.

KEYWORDS: barrette interaction, multilayered soils, heterogeneous soil mass, elastic-viscoplasticity, rheological proper-
ties, settlement rate
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B TOM, YTO MPOLECC KOHCOIU AN I'PYHTOBOI'O OCHO-
BaHU BCETIA ABJIACTCA 3aTyXarOIUM 1 6y,I[CT crabuiu-

HpOFH03 Ppa3BUTHUA OCAAOK 'PYHTOBOT'O OCHOBAHUA
3UPOBATHCA, a IPOLCCCHI NOJIZY4YECTHU IPOTCKAIOT C BO3-

BO BPEMEHHU UMEET CYIIECTBEHHOE 3HAUEHHUE TIPH TIPO-
CKTUPOBaHUU (YHIAMEHTOB, B TOM YHCJIC OapPETHBIX
(yHIaMEHTOB 10 BTOPOH IPyYIIIE HPEIeIbHOIO COCTOSI-
HUg. Bo MHOTHX HOPMAaTHBHBIX JOKyMEHTaX OICHKA
OKOHYATEJIbHOTO 3HAYEHMsI OCaJKU CBailHBIX (yH-
JTAMEHTOB ITPOBOANTCS 0€3 yueTa pa3BUTHs Ae(hopMaItim
TPYHTOBOTO OCHOBAHUS BO BPEMEHH 3a CUET UX PEOJIo-
TUYECKHUX CBOMCTB. /{7151 MHOTHX pacueToB MPoIecC KOH-
CONUIIalINH paccMaTpUBaeTcs Kak (akTop BPEeMEHH,
BIIMSIOIIMK HA IIPOTHO3 0CaJI0K I'PYHTOBOTO OCHOBa-
Hust [1]. HegocTaTok MaHHOTO TOAXOa 3aKII0YaeTCst

pacTtamllei Uiau ¢ yMeHbIIarleics CKOPOCThIO,
KOTOPBIC COOTBETCTBYIOT HE3aTyXaIOMICH 1 3aTyXaroIe
noisyuecty. UrHoprpoBaHue BIUSIHUS PEOTOTUUECKUX
CBOWCTB I'PyHTa JJIs pacyeTa OCaJKH CBAHHBIX (yH-
JAMEHTOB MOXKET MPUBOAUTEH K HEJOOLECHKE OCAIKH
TI0 TIpeIeNIbHBIM JieopmatiusiM. Borpocs! o B3anmozei-
CTBHUH CBaHBIX (YHIaMEHTOB C TNIUHUCTHIM IPYHTOBOM
pu y4eTe pakropa BpeMeHH paccMarpuBaii M. A. ScuH,
10 .K. 3apenkuii, M.A. Merc, b.1. [lanmarosa, A.A. bap-
Tonomeit, U.M. Omenpuak, b.C. IOmkos, ®.K. JlamnmuiH,

p
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Puc. 1. PacyeTHast cxema B3aMMOJICHCTBHSI OJMHOYHOM OAPPETHI ¢ MHOTOCIIOHBIM TPYHTOBBIM MacCHBOM

Fig. 1. Calculation schema for the interaction between a single barrette and multilayered soil massif
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B3zaumoaerictBue 6appetbl C MHOIOCAOHMHbIM OKPYXXatoLLMM U MOACTUAGHOLLMM FPYHTaMMU
C YUETOM UX YNpyrux u yrnpyro-Bsi3KonAacTMyeckmnx CBOMCTB

C. 1135-1144

3.H. Hryew, 3.I. Tep-Maptupocsn, A.3. Tep-Maptupocsix
u ap. [2-15].

MeTozasl pacuera 0CaJKH OJMHOYHON OappeTs
TIPY B3aUMOJECHCTBHUHU C OJTHOPOJHBIM IPYHTOBBIM Mac-
cuBoM Ob1TH pazpadorans B.B. Cunoposemm u 3.1 Tep-
MaprupocsHoM [16, 17]. OnHako U TaKUX pPacdyeToB
pEOJIOTHUECKUE CBOMCTBA TPYHTOBOTO MAaCCHBA HE Y-
TeHbl. [loaToMy B Hacrosimeil paboTe U3y4yeH BOIpoc
0 B3aUMOJICHCTBHY OJIMHOYHOM GappeThl ¢ MHOTOCIIOM-
HBIM TPYHTOBBIM MacCHBOM, OOJIa/alOIUM YIIPYTO-
BSI3KOIUIACTUYECKUMH CBOHCTBaMH.

PaccmarpuBaeTcst reoMmexaHHYIeCKast MOZIEIb B BUAIE
TPYHTOBOM SYEHKN KOHEUHBIX JIEMEHTOB 24 X 2B, BMe-
IaroIei 0appeTsl aOCONOTHON KECTKOCTH JTHHOM /
U pazmepamu 2a X 2b, mosnorasi, 4To BIUSHAE 0appeThl
OTpaHMUEHO pazmepamu 24 X 2B, rie BepTUKAJIbHbIC
TiepeMeleH s paBHbI HyITt0. PacueTHast cxema ripeicras-
JieHa Ha puc. 1.

MATEPHAJIBI 1 METOJbI

CornitacHo pabote [17] npu aHaM3e HANPSHKEHHO-
nedopmuposanHoro cocrostaust (HIC) maccuBa rpyHTa
BOKpYT CBaW, OappeTsl U 1OJ1 UX MSATOH MOKa3aHo, 4TO
IIPY UX B3aNMOJCHCTBUN 00BeMHOM AeopMariueii okpy-
JKAIOIIETO IPYHTa MOYKHO ITPpEeHeOpeyb, TaK KaK CJIBUIO-
BbIe ie()OpMaIi Ha KOHTAKTHOM OBEPXHOCTH OappeThl
¢ rpyHTOM IpeoOiasator. Takke MpUHUMAETCs THIIOTe-
34, 4TO JKECTKOCTh MOJCTUIAIOLIETO IPYHTA CYII€CTBEH-
HO TNPEBBIIIAET KECTKOCTh OKPY’KAIOMIETO TPyHTA
Gy>>G;(i=1,2,..,n).

[Tycts onguHo4Hast Gappera rabaputoM 2a x 2b B3a-
UMOJEHCTBYET C HEOJHOPOJHON I'PYHTOBOH sIYEHKOM
pasMepoM 24 x 2B, KOTopasi COCTOUT U3 MOJICTUIIAOIIIEe-
ro TPYHTa U MHOTOCJIOHHOTO OKPYXKAIOIIEro rpyHTa,
MOIIHOCTb KaXJOro cios cocTtaBiser /; (i=1, 2, ..., n).
K oronosky OappeTs! IpuiIokeHa Harpy3ka N, KoTopas
BOCTIPHHUMAETCS HIPKHIM KOHIIOM R 11 OOKOBO ITOBEpX-
HOCTBIO 7. B COOTBETCTBHY C rTeOMETPUIESCKUMHU 0COOCH-
HOCTSIMU OappeThl, UMEIOIIEH NPSMOYTOJIbHOE CeUeHHE
2a % 2b, cuiIbl TpEHUS Ha OOKOBBIX IIOBEPXHOCTSIX MO CTO-
poHam 2a u 2b o6o3navatorcs T, u T, T.e. cymMapHas
CHJIa TPEHHS IPUHUMACTCSL:

(1)

B cooTBeTcTBHM € pacyeTHON CXEMOM, MpeACTaB-
neHHo Ha puc. 1, cunsl Tpenust 7, u T), pa3aeicHs! Ha
cocrasiusione T,y 5, ¥ Ty 5, MHACKCAMH
1, 2, 3, ..., n OOYCJIOBJICHBI 3aJI€TaHUS CJIOCB IPYHTOB
0 TIOPSIKY cBepXy BHU3. [Ipu 3TOM (hopMyiy MOKHO
3aImcarh CIICAYIOIIAM 00pa3oM:

T= 2i T, + 2i T,
i=1 i=1

T=2T,+2T,

)

3amnuiieM ypaBHEHHE PABHOBECHS [J1s1 U3Y4YEHHOTO
ciydas (puc. 1):

N=R+T, 3)

e

N =4aboy, “4)

R =4aboy,, )

T npuauMaetcs 1o popmyie (2).
Casurosas ieopMarius i-ro Ciost BOKpYT 0appeTsl
ompenensercs 1o cuenyromuei gopmyme [8, 9, 17]:

_—dS;(r) _—1,(r)
dar G

1

Y (r) (6)
rae S(r) — ocajka i-ro cosi TPyHTa 3a CUET KacaTellb-
HOTro HamnpspkeHus 1(r); G; — MOAY/b C/IBUTa i-TO CIIOS
rpyHra (i=1, 2, ..., n);

T.
T[ (l") = —la
2a(r)l; %)

a(ry=a+r - tga.
CortacHo pacdeTHo# cxeme (puc. 1), kacaTeTbHbIE

HaNpsDKeHHs Ha i-M cJloe 1o cTopoHaM 2a u 2b co-
OTBETCTBEHHO NPEJICTaBICHBI B (hopmax:

T .
Ta i (r) = 4t )
: 2(a+r-tgo)l; ®
Uy
Ty (r) = i

2(b+r-tgB)l,

WnTerpupys S;(r) n3 BoipaxkeHus (6) ¢ yueTom
(dopmyisl (8), TOITydaeM 3aBUCHMOCTD OCAI0K i-TO CIIOS
ot 7 (puc. 1):

T .
ST
’ 2G; Y (a+r-tga)
T .
=—%—In(a+r-tga)+C,;,
2G,l; -tga ’
(€))
=T, dr
S =2 ] =
2G, 7 (b+r-tgP)

=D pn(ptrtg)+Cy
267, tgp DT Co

Koncrantst C,; u C; MOTYT OBITH OTpPE/EICHBI
U3 IPAaHUYHBIX YCJIOBHUH, 4YTO HA I'PAHUIIE IPYHTOBOI
auediku npu r =B —b; S, (B—-b)=0; npur =4 — a;
Sp.{Ad—a)=0.

C,i :Lln[a+(8—b)tga];
T 2G-tga
. (10)
Cy; =—2—In[b+(4-a)tgp].
b= 5g s gp Mo Deb]

Ocanxu S, (r) u S, (r) TOCTUTar0T MAaKCUMAJIbHBIX
3HAYCHUSIX Ha OOKOBOI MOBepXHOCTH OappeTsl (1 = 0),
ipu yuete ¢opmyinsl (10) OHM MpencTaBIeHBI CIETyTO-
M 00pazom:
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T, a+(B-b)tga
S ——tai (B-bjtga |,
T 2G;-tga a
(1D
Ty, b+(A-a)teP
Sy = In .
T 2Gy; -tgB b

Oca/iKy HIKHETO KOHIIA OappeThl MOIyYuM O H3-
BECTHOH 3aBUCHMOCTHU OCAJKH IIPSIMOYTOJILHOTO KECT-
KOTO IITaMIa ¢ y4eTOM KOd(pUIHeHTa TIyOUHBI
K; < 1[18], r.e. umeem:

ox(1 —vg)akK,m

SR:—:

6,K,
G, k

(12)

IJle G — HaNpsDKCHUE MOJ HUKHUM KOHIIOM Oap-
persl; Gy 1 vy — HmapaMeTpsl AeHOPMUPYEMOCTH

MOJICTUJIAFOIIETO CII0ST; ® — KO3 DHUIMEHT, yIUThIBAO-
mui Gopmbl mTammna (KBaapar, NPSIMOYTOIbHHUK);
K=(1-vy)akK,0/G,.

W3 ycnoBus aOCOIIOTHOM JKECTKOCTU OappeTsl OT-
METHUM, YTO OCa/IKU Ha TIOBEPXHOCTSIX OappeTsl S, ; U S), ;
BO BCEX CJIOAX OKPYXKAIOILEro IPyHTa U ocaiKa Sp Ipo-
JaBIMBaHMS B NOACTHIAIOIINI IPYHT HHIKHETO KOHIIA
GappeTsl SBISIOTCS PaBHBIMU, T.C.:

Sp=80 =81 =80n=8,=5,
= Sb.i IET Saﬂ = Sb.n'

i

(13)

Ha ocHoBe monmy4yeHHOTO ycnoBus paBeHcTBa (13)
3aMUILIEM CUCTEMY YPaBHEHUI PABHOBECHS CIIETYIOLIIM
obpazom:

Tal _ Tbl Ta2 _ 7—}72 Tu2 _ Tbl .
1= 25 1= 25 1= Hy;
2/,G, 21,G, 21,G, 21,G, 21,G, 21,G,
Tai Tb i Ta i Ta i+l
—H = H,, —H = ' Hy; (14)
2L,G; 2L,G; 2L,G; 261Gy
Ta n Tb n Ta i
“—H, =—""—H,, ——H, =0xK,
21,G, 21,G, 21,G;
rae e
1 a+ (B-b)tga n
H1=tg—aln[f ; A=2\K| Y Gi; (H,+H,)+HH,ab |;
(15) = (19)
H2=Lln brA-ayrgp . i=12, ..,n
tgp b
Od4eBHIHO, YTO TIPHU OTIPEICTICHHOM COOTHOIIICHUH
Bripaxenue (3) mpeoOpa3oBaHO Tak: 9THX NTAPaMETPOB YCHIINE Ha HIKHEM KOHIIE 0appeThl R
n n MOXKXET MCHATHCA B IIMPOKUX ITPEACIaxX OT HYJIA U 10 KO-
22 T, + 22 T,;+4abogK = N. (16) HEYHBIX 3HAYEHHWH. YCTaHABIMBAsA PACUETHYIO BEJTUIH-
i=l

i=1

Cosmemas ¢opmyinsl (16) ¢ (14), mpuobperaem
CHCTeMy YPaBHEHMH JUISl HAXOXKACHUSI YCHITHHA, 00pasy-
IOIIMXCS B TPYHTOBOM MacCHBE IPH B3aUMOJICHCTBUH

¢ Oapperoii:
T . T,. T . T
a.i = b.i H2; a.i Hl — a.i+l Hl;
21,G; 21,G; 21,G; 211Gy
Tan Tbn Tai
A= bn g el g6 K, (17)

20,G, ' 21.G, P 216,

n
+2)' T, +4abopK = N.

n
22 Ta.l
i=1

i=1
Pemenne cucremsr ypaBHernii (17) mmeeT BHI:

H H
Taj = NthtKTzv TaAn = NGnanTZ’
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H H
T,; = NGIK=: T,, =NG,L,K=+ (18
HH HH
op=N— Z;SR:NK—;)LZ,
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HYy Gp B JINHEWHOW MOCTAHOBKE, CIEAYeT MPOBEPUTH
CTCIICHb €€ HpI/I6J'II/I)KeHI/I${ K IpeaAcIbHOMY COCTOAHUIO
(o <op). Takyro mpoBEpKy MOXKHO OCYIIECTBUTS 110 (YOp-
myne JI. Ipanamis [18, 19] B Buge:

I+ sin@, SER

Or = (Yl +cp-ctgQy)—— — ¢y ctg @y, (20)
I-sin@,

7€ Y — YACIbHBIN BEC TPYHTA B MPEEIax OT MOBEPX-
HOCTH I'pyHTa 10 I1yOuHbI /; [ — riyOuHa Ha ypoBHE
HOZIOUIBBI OAPPETHL; ¢y U Py — HapaMeTpbl IPOYHOCTH
TIOACTHIIAOMIETO CII0SI TPYHTA.

Paccmotpum ipumep: N = 50 000 kH; a = 0,75 m;
b=15mM;A=375m; B=45m; [, =25m; [, =15 Mm;
a=PB=45°%K,=0,72; G, = 4400 «l1a; G, = 6000 I1a;
G, =30 000 xITa; © = 1,22; v, = 0,25; y = 19 xkH/M;
[ =40 m; @y = 19°%; ¢, = 60 kIla.

C nomousto 11K Mathcad nonyqnm 7,,; = 4505 xI1a;
T,, = 3686 xlIla; T,; = 6599 klla; T;, = 5400 xIIa;
o = 2138 xIla; o= 5010 xI1a; S = 0,033 M.

ComnocTaBieHne 3aBUCUMOCTEI 0caok OappeTsl
OT IPUIIOKEHHOU HArpy3KH N, MOTy4eHHBIX IIPH UCTIOJb-
3oanuu pemenus (18) u 1K Plaxis, mpencrasieHo
Ha puc. 2. JIuHeHO-ynpyTast MOAETh IPUMEHSIETCS IS
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MOy YCHHUS PE3yNIBTaTOB YHCICHHBIM MeTo1oM. Jledop-
MalMOHHBIE MMapaMeTpsbl JUIsl MOZEIe TPyHTa B IIPO-
rpamme Plaxis BHECEHBI U3 BBIIIEYKa3aHHOTO ITpUMeEpa.

3aBUCHUMOCTH OCAJK{ OT HArpy3KH, MOTy4IeHHbBIE
AQHAJIUTUYECKUM U YHCIIEHHBIM METOJAMHU, IIPECTaBiIe-
HbI Ha puc. 2. Kak BUHO U3 pUC. 2, PACXOKACHUE MEXKTY
JBYMsI METOZIaMH COCTaBIIsIET OKouio 3 %o.

JIns yueta ynpyro-Bsi3KOIUIaCTUYECKOTO CBOMCTBA
OKPY’KaIOIIEero IPyHTA HCIIOIb3YETCs PEOTOrnuecKas
mozesib MakcBeluia B BUJIE:

* .
T—7T T

+—,
no G

rmetu T" — KacarelbHOE U MPEACIbHOC HAIPAKCHUSA
B OKPYKaromeM I'pyHTEC U COTTPOTUBJICHUE CABUTY OKPY-
JKarouIero rpynTa COOTBETCTBEHHO, TPUYCM T OIpeac-

nsercs u3 yenosust Kymona — Mopa; 1(f) 1 G — BSI3BKOCTb
U MOJYJIb CJIBHI'a OKPY’KaIOILIEro IPyHTa.

T= 2

SeM/m
0,07

0,06
0,05
0,04
0,03
0,02

0,01

0 20-10° 40 - 10° 60 - 10° 80 - 10% 100 - 10°
N, kH / kN

Plaxis

s AHAnUTHUECKUH MeTOn /| Analytical method

Puc. 2. I'paduxu «Harpy3ka — ocaakay, MoJTydeHHBIC
AHAIUTHYECKUM METOIOM TI0 opmyrte (18) n yncIeHHBIM
meronoM Plaxis 3D

Fig. 2. Load
using formula (18) and by Plaxis 3D

settlement graphs gained by analytical method

[TycTh Ha GOKOBBIX MOBEPXHOCTSX OAPPETHI IO CTO-
poHaM 2a u 2b 00pazyroTcst 001IKe IPUBE/ICHHBIC Kaca-
TeJIbHBIC HANPSDKEHUS T, U T; COOTBETCTBEHHO IIPU B3a-
HUMOJICHCTBHU C MHOTOCIIONHBIM OKPY)KAFOIIIMM TPYHTOM.
[Tpuuem caBurossie aehopMaly BCex CIOEB OKpYyKa-
FOIIETO TPYHTA UICHTUYHBI IO CTOPOHaM 2a u 2b, T.e.:

Yai™ Yar Vb.i = Vo (i = 1, IEEE) n), (22)

THe Y, ;»Y) ;— CABUTOBBIC Ie(hOPMAITHH i-TO CIIOS IO CTO-
poHaM 2a 1 2b COOTBETCTBEHHO.

OTcioa mojrydyaeM 3aBHCHMOCTD KacaTelbHOIo
HANPsDKEHNUS T, ; i-TO CIOS OT IPHBEJCHHOTO KacaTelb-

HOTO HATpPsLKEHHUS T, PACHpPeeIIIOIEerocs B1oIb oap-
peTsL:

(23)

rae G — MpUBEICHHBII MOTYNb CABUTa MAaCCHBA OKPY-
Karolero rpynra; G; — MOZYJIb CABUTA i-TO CJIOS.

CymmapHast cuna tpenust 7, Ha O0KOBOI MoBepX-
HOCTH OappeThl IO CTOPOHE 2a TPEACTaBICHA CIIEIyTO-
M 00pazom:

T,=T,,+T,,+...

a

+T

a.n’

24

..t 2alt

n-a.n:

2alt, =2alt, | +2alyT,, + (25)
[Toncrapmsis Beipaxenue (23) B (25), momydaem:

LG LG,
G e

Tl=1, +71 (26)

+.+71, 1Gy .
G
[Tociie HEKOTOPBIX MPEOOPA30BAHUI 3aBUCIMOCTh
MPUBEACHHOIO MOAYJIA CABUI'a MaCCHBa I'pyHTa OT MO-
JTyJeH CIBHTa CIOEB OKPYXKAIOIIETO TpyHTa Iprodpe-
TaeT BUJ:

G LG, +1L,G, +...+1,G, _

7 27

Ha ocnoBanmum ycnosus (22) ciemyeT OTMETHTH,
YTO CKOPOCTH PAa3BUTHs CIBUIOBOI edopmManun Bcex
CJIOEB OKPY’KAIOLIETro rPYHTa U MPUBEACHHOTO MacCUBA
TPYHTa UJICHTUYHBI, C Y4€TOM BeIpaxkeHus (21) nmeem:

'Yaj = Ya’ (28)
T, —rf h T, -7 +i'_a (29)
n; () G; nw) G’

I€ T, — COIPOTHUBIICHUE CABUTY i-TO CIIOS OKPYKalo-
IIET0 IPYHTA; 1),(f) — BSI3KOCTB i-TO CJI0S] OKPY>KAIOILETO
TpyHTa; () — yCpeaHEeHHAas BI3KOCTh MaCCUBA TPYHTA;
T" — yCpeAHEHHOE COMPOTUBICHHUE CABUTY MacCHBa
IPYHTa, KOTOPOE OMPEAEISETCS AHATIOTHYHO BhIPAKCHHU-
sM (24) u (25):

"=+ +...+T; (30)
2alt* =2al 1) + 2alyty + ..+ 2al, 1) 31
= Lty + LT+ + 1T, . (32)

[

Huddepenmmpyst popmyy (23) mo BpeMeHH, TTOITy-
qaeM:

2 =4. (33)

C yuaerom (33) mpeobpazoBanHas popma BeIpake-
Hus (29) npeacTapieHa CIEAYIOMIM 00pa3oM:
* « Im; (¢
TI_T; :(Ta _T ) ln;( )

34
¢ m@’ Y
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p im0

S[n-r]=a -

35
i1 () G2

n
Ba)kHO OTMETHTB, 9TO Z [Taj - Tl*] =T,-T ", pu
i=1
5TOM HaXOJUM 3aBUCHUMOCTb YCPEJHEHHON BA3KOCTH
MAacCCHBa IPyHTa OT BA3KOCTEN M MOLIHOCTEH CJI0EB OKPY-
KAIOLIEro rPyHTa:

Im@®+Ln, (O +...+1n, )

; (36)

n =

CKOpOCTb Pa3BUTHS OCAJIKH 110 TIOBEPXHOCTH Oap-
PETHI UMEET 3aBUCHMOCTD BHJA:

S =—[Y(rydr+C,

. ‘Ca—’C*
S, =] n(t) dr+C,, (37)
S, (r) = j ” dr+Cb

BrIpaxeHns: CKOPOCTH Pa3BUTHSA 0CAT0K OKpYKa-
IOLIEro rpyHTa Ha OOKOBOH ITOBEPXHOCTH OappeThl MOXK-
HO 3aIncarh TakK:

a=

T, ln‘:a+(B—b)tga}_
2n!/-tga a

b)+ Lo
2GI-tga
T, ln[b+(A—a)th}_
2nl-tgp b
T, ln[b+(A
2GI-tgh

a

—ﬁ(B— ln|:a+(B—b)tg(x];
n

(38)

—i(A—a)+ —a)tg[}}
n

b

CKOpOCTb pa3BUTHS 0CAAKU OICTHIIAIOIIETO IPYH-
Ta 3aBUCUT OT CKOPOCTH M3MEHEHUSI HANPSKEHHUS G TI0N
IISITOM OappeTsl, T.e. UMeeM:

6r(1-vy)ak,0

. (39)

SR = :GRK’
rae
(1-vy)akK,;0

G, '

K= (40)

W3 ycnoBus paBHOBecHs ocanok 6apperts! (13) mo-
JIy4aeM yCJIOBHE PABHOBECHSI CKOPOCTH 0CAJIOK, KOTOPOE
MIPEJICTABIICHO B CJICIYIOIIEM BHJIC:

Sp=8,=S,. 41

Conocrasiss Beipakenue (38) ¢ (39) Ha ocHose
ycioBus paBHoBecHs (41) nonyyaem cucrtemMy ypaBHe-
HUI paBHOBECHSI:

1140

la (B b)+—2- 7, H, =
2nl 2GI
Ly (A a)+—2 7 Hy;
nl 2GI
7 (42)
(B by+—2H, =
nl 2G1
Grll—v,)aK,m
_ g (1= ) ak, = 6,K,
GO

rae H,, H, onpenenstores 1o popmyne (15).
3asucumocts T, u T, ot T}, T, u 6 npuoGperena
IyTeM NpeoOpa30BaHus CUCTEMBI YpaBHEeHUIT (42):

T, T, (T, T, \H
—[”+—b]—2+

n G n G
T 21 “43)
L/ PN )
N + G —|:(SRK+ ;. (4 a)} i, (44)

U3 pacueTHOI CXeMBI YCIIOBUE paBHOBECHsI OyleT
BBINNISAZICTh TaK:
T+R=N (45)
WIn
2T, + 2T, + 4aboy = (46)

Hudbdepennupys popmyny (46) o ¢, moxydaem
CJIE/IYFOLIYIO 3aBUCUMOCTD:

T,+ T, +2abogy =0 (47)
YuureiBas BeipakeHus (46) u (47):
T, T T, T, '
2(—”+—“]+ 2[—”+—”j+ 4ab(G—R+G—RJ _N (48)
n G n G n G n

[Moncrasmsist popmyasl (43) u (44) B (48) moce He-
KOTOPBIX ITpeoOpa3oBaHuil, UMeeM:

45, {(Hl I:Ij;)lKn + ngb}+4abcR -
1442 (49)
_ N apet | B=DH, + (A= a)H, ’
HIHZ
6 +0xP =0, (50)
rae
P abH\H,
(51)
_ NHH, 417 [(B-b)H, +(A—a)H,]

4(H, + H,)iKn+ NabH
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Pemrenue nuddepeHnnanbHOr0 ypaBHeHUs IPH-
HUMAET CICAYIONIYI0 Gopmy:

opy=e 1™ {j 0 a1+, } (52)

GR(t)= %+ Coe ™. (53)

ITocTosiHHyt0 MHTEerpupoBanus C, onpeaenseMm
13 HavanbeHoro ycnosus npu ¢ = 0. Torna:

Q} —p

5= 240,02 . (54

rne o,x(0) onpenensercs B TMHEHHONW MOCTaHOBKE
o popmye (18).

3aBUCUMOCTh OCAJKH MPOJABIMBAHUA Oap-
peThl Sp(f) OT BpeMeHU Npe/icTaBlIeHa B BUJIC:

0

Sp()=0R()K = %K + [GR(O)—F}K{P’. (55)

B ciryuae nepeMeHHOI BI3KOCTH IO BPEMEHH IPH-
HUMaeM 3aKOH M3MEHEHHS BSI3KOCTH BO BPEMEHU
N{#) =np (1 + o,f) W1 i-rO €105 OKPY’KAIOLIETO IPYHTA,
ypaBHenue (50) MOXKHO 3aricaTh B BHJIE:

* *

L+, I, +il,
e
P* _ abH1H2
B bH H,’
(H1 + Hz)lKno _,_110‘1712
G (57)
o - NH\H, - 417 [(B-b)H, +(A-a)H,]
B 4n, abH, H
4(H, + H,)IKT, + %
O klla / kPa
7800 .
/""f
6760 |
/ ....-'-"'"'.....
5720 / = el |
/ ..---"""""'-'-'-"I
1050 / = 1
3640 A _4(’_" : {
2600
0 1200 2400 3600 4800 6000
¢, cyt/ days
—T =Ty -], M4
a

[Tpu ydere rpaHUYHOTO YCIOBUS, 4TO TipH ¢ = 0,
6x(t=0)=0,(0), 64(0) onmpenemnsiercs mo popmyie (18),
pemerne nuddepeHnnaaTsHOro ypaBHeHus (56) mpu-
HUMaeT hopMmy:

% * _p"
Op (1) =%+|:GR(O)— 0 }(Hocz) o,

- 58
» (58)
dopmyna ocagku O0appeTsl B ONpEICICHHBIN

MOMEHT BPEMEHH / YCTaHOBJIEHA 110 (opMyie:

Se (=0, 0K =2 K+
P (59)

+[GR(O)— i* JK(Hoct)_cf.

Paccmorpum pentenue ypasuenuii (34) u (35) npu
CIIeYIOUINX UCXOAHBIX AaHHbIX: N = 67 500 xH;
a=075m;b=15m;A=3,75Mm; B=45m;, n=2;
L, =20m; 1, =10 Mm; 0= =45%K,=0,72; G, =
=10 500 xI1a; G, = 15 000 kIla; G, = 40 000 xIIa;
©=1,22; Vo = 0,3; T = 60 klla; Nenoitt = Menoiiz = M1 =
=10""11; 1, = 4,10'° IT; 3 = 8,10'° IT; m, = 12,10 T1.
Pe3ynbTarsl MpeacTaBiaeHbl Ha puc. 3.

Taxoke paccMoTpuM pertienue ypasHenuit (39) u (40)
TIPY BBIILIEYKa3aHHBIX HCXOHBIX JAHHBIX C PA3INYHBIMU
kodpummentamu o, ;=104 a; ,=107; 0, ;=5,107;
a; 4= 0,01 15 mepBOro CNOsI OKPYKAIOUIEr0 IPyHTA
ua, ; =510%a,,=5107 a, ;=0,01; a, , = 0,05
JUTSL BTOPOTO CJIOSI OKPY KAIOIIEeTo IpyHTa. Pe3ysnbrarsl
MIpECTaBJICHbI Ha puc. 4.

PE3YJIBTATBI HCCIIEJOBAHUA

[Tpu aHanw3e MOJy4YEeHHBIX 3aBUCHMOCTEH MOKa3a-
HO, YTO HAIMPSHKEHUE TIOJT MATOW OappeThl K 0cajka oap-
PEThI BO BpEMEHH BO3PACTAIOT C PA3IMYHON CKOPOCTHIO
1 JIOCTUTAIOT CTAOMIM3UPOBAHHBIX 3HAYCHUH (TTPH ¢ —00,

Sgo M/ m
0,12 :
"]
0,104 // =
0,088 / f
/ .--"""""H
0,072 / ,..a-""""'"‘#' :
0,056 A e -
0,04 |
0 1200 2400 3600 4800 6000
¢, cyt/ days
—T Ty -], Ny
b

Puc. 3. I'pacduxu 3aBuCUMOCTH Gx(f) (@) 1 S(?) (b) IpH pa3TUIHBIX TapaMeTPax BA3KOCTU OKPYKAIOIIETO IPyHTa

Fig. 3. Dependency curves c(?) (a) and Si(?) (b) on time achieved for various values of viscosity of surrounding soils
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Op, Klla / kPa
7800
7000 1
6200 z"/
5400 / | B
3800 t !
3600 F- 1 l :
0 1500 3000 4500 6000 7500 9000
t, cyt / days
—_— —_ 0y —_— Oy Oy
a

Spo M/ m
0,12
0,11

0,1
0,09
0,08
0,07
0,06
0,05

0 1500 3000 4500 6000 7500 9000
t, ¢yt / days
--—--(X1

— Ol

— O
b

Oy

Puc. 4. I'paduxu 3aBucuMoctH 6(¢) (a) u Si(?) (b) npu paznuuHbIX K03(PQULHEHTAX 0. OKPYXKAIOLIETO IPyHTa

Fig. 4. Dependency curves c(?) (a) and Si(?) (b) at different coefficients o of the surrounding soil

6x(f) = ox(0) = const, Sp(¥) — Sy(0) = const). Mcxons
13 3aBUCUMOCTH (3), IPU HAPACTAHUU HAIPSKCHUSI T101
MATOM 6apPEThI CHITBI TPEHHSI HA OOKOBOW MTOBEPXHOCTH
GappeThl yMeHbIIAIOTCS cO BpeMeHeM. [IpnobpereHHbIe
3aBHCUMOCTH II03BOJISIOT IPOTHO3HPOBATh PAa3BUTHE
ocajiki 0appeThbl BO BPEMEHH IIPH YUETe YIPyro-Bs3KO-
IUTACTUYECKUX CBOIMCTB OKpy»XKatomiero rpyHra. [Ipuse-
JICHHBIE Pe3yJbTaThl II0KA3aJIH, YTO IPH YBEINYCHUH
KOd(pPULIUEHTA BSI3KOCTH OKPYIKAIOIIEr0 IPyHTa Pa3BU-
THE HANPSDKEHUS TOJ IATOM OappeThl U ee ocajKa 3a-
MeuIsroTCst. CortacHO MPUOOPETEHHBIM 3aBUCUMOCTSIM
(puc. 4), npu yuere HapacTaHus KO3(PHULINEHTA BI3KO-
CTH BO BpPEMEHH JJaBJICHUE [T0]] TIOIOLIBOW OappeThl M 0cal-
Ka 6appeThl YMEHBIIAIOTCS.

3AK/IIOYEHUE U OBCYXKJIEHHUE

IIpencTaBieHbl MOCTAaHOBKA U pELIEHUE 3a1a4u
B3aMMOJICHCTBHS OJUHOYHOHN OappeTsl ¢ yIPyruMH

MHOTOCJIOMHBIM OKPYKAIOIUM U MOACTHIIAIOIINM TPyH-
tamu. [lomydeHHOe pelieHne ABISIeTCsl OCHOBOM AJid
3a[a4l B3aUMOACHUCTBHS OJMHOYHON GappeThl C MHOTO-
CIIOMHBIM OKPY’KarOIUM M MOJCTUJIAIOIINM I'PYHTaAMU
C Y4€TOM UX YHPYTo-Bs3KOIUIACTUYECKUX CBOMCTB.

IIpu B3ammopeicTBIM GappeThl ¢ MHOTOCIOHHBIM
OKPY>KaIOIIUM H TOJCTHIAIONUM IPYHTaMH C YIETOM
UX YIPYTO-BS3KOIUIACTHYECKHUX CBOWCTB 00pa3yroTcs
3HauuTeNbHO cinoxkHble HIC, mpu 3TOM H3MEHS0TCA
BO BPEMEHH HANpPsDKEHUE MO/ HIDKHUM KOHIIOM OappeTsl
1 0cajiku 6appeTsl. AHAJIN3 TPHOOPETEHHBIX 3aBUCUMO-
cTell IEeMOHCTPHUPYET, YTO NMPU HApPACTaHUU JaBICHUS
Ha 1sTe 6appeTsl BO BPEMEHH CHIIBI TPEHHS Ha OOKOBOM
MIOBEPXHOCTHU OappeThl yMeHbatores. Ha mepepacnpe-
JIeJICHUEe YCHITHA Ha OappeThl MEXKIY MATON M OOKOBOH
MTOBEPXHOCTHIO M BpEMsI CTaOMIIN3AIINH 0CaI0K OappeThI
CYIIECTBEHHO BIHSIOT PEOJIOTHIECKUE TApaMETPhl MHO-
TOCIIOWHOTO OKPY>KaIOIIETO TPyHTA.

CIIMCOK HCTOYHHUKOB

1. Bapmonomeu A.A., Omenvuax U.M., FOw-
ko6 b.C. IIporno3s ocajiok cBaiHbIX (pyHIaMEHTOB. M. :
Crpoitmzaart, 1994. 380 c.

2. Jlaamamos b.U1., Jlanwun @.K., Poccuxun FO.B.
[TpoexTrpoBaHue cBaitHBIX (DYHIAMEHTOB B YCIOBUIX
ciadbIx TpyHTOB. M. : CTpoiinsnar. JIeHuHrp. ora-nue,
1975. 240 c.

3. Acun M.A. MeTtoauka UCTIBITAHUNA U pacdeTa
CBaii Ha 0CaJIKy ¥ HECYIIYIO CIIOCOOHOCTh B YCJIOBUSIX
MOJI3yYEeCTH : JIUC. ... KaHM. TeXH. HayK. M., 1990. 151 c.

4. 3apeyxuii FO.K. BA3KONIaCTUYHOCTh TPYHTOB
1 pacueTsl coopykeruid. M. : Ctpoitmsnat, 1988. 349 c.

1142

5. Memc M.A. I3yueHue BAUSHUS UHKEHEPHO-
re0JIOrHYecKuX (PaKTOPOB HA HECYIIYIO CIIOCOOHOCTH
OJIMHOYHBIX CBaM MO pe3yJIbTaTaM CTATHUECKUX M JIHA-
MHMYECKUX MCIBITAHUMN : JUC. ... KAHJ. TeXH. HayK. M.,
1976. 172 c.

6. Jlanwun @.K. Pacuet cBail o npeaeabHbIM coc-
tositHusiM. Caparos : 3n-Bo CaparoBckoro yH-ta, 1979.
151 c.

7. Heyen 3.H. B3aumopeiictBue 0ypoHaOMBHBIX
JUIMHHBIX CBall ¢ TPYHTOBBIM OCHOBaHHEM C yUETOM
(¢akTOpa BpEMEHH : JUC. ... KAaHJ. TeXH. HayK. M.,
2007. 167 c.



B3zaumoaerictBue 6appetbl C MHOIOCAOHMHbIM OKPYXXatoLLMM U MOACTUAGHOLLMM FPYHTaMMU
C YUETOM UX YNpyrux u yrnpyro-Bsi3KonAacTMyeckmnx CBOMCTB

C. 1135-1144

8. Tep-Mapmupocan 3.I"., Heyen 3ane Ham. B3a-
UMo/IeiicTBHE CBall OOJBIION JITHHBI ¢ HEOTHOPOAHBIM
MacCHUBOM C YYETOM HEJIMHEHHBIX ¥ PEOJOTrHUYECKHX
cBoiicTB rpyHTOB // BectHrk MI'CY. 2008. Ne 2. C. 3—14.

9. Jlune X.H. B3aumoneiicTBusl JIUHHBIX CBail
C TPYHTOM B CBaifHOM (pyHIAMEHTE : JTUC. ... KaHA. TEXH.
Hayk. M., 2006. 151 c.

10. Poccuxun IO.B. Caiinble pyHIaMEHTHI Ha
cnabbIx 1 ocearomyx rpyarax. Pura : PIIN, 1974. 157 c.

11. Cmpynun I1.B. Hanpsokenno nedopmupoBan-
HOE COCTOSIHHE TPYHTOLIEMEHTHBIX CBai, B3anUMOJICHi-
CTBYIOIIMX C TPYHTOBBIM OCHOBaHNWEM M MEKCBaHHBIM
MPOCTPAHCTBOM : JUC. ... KaH. TeXH. Hayk. M., 2013.
168 c.

12. Yuwus Tyan Bvem. B3aumoneiictBue OypoHa-
OMBHBIX JUTMHHBIX CBalf KOHEYHOH >KECTKOCTH C OKpY-
MKAOIINM 1 TTOJICTHIAIOIINM IPYHTAMH U POCTBEPKOM :
IWC. ... KaH[. TeXH. HayK. M., 2015. 119 c.

13. Booker J., Poulos H. Analysis of creep
settlement of pile foundations // Journal of the Geotechnical
Engineering Division. 1976. Vol. 102. Issue 1. Pp. 1-14.
DOI: 10.1061/ajgeb6.0000228

Tocmynuna 6 peoaxyuto 6 urons 2022 e.
Ipunsma 6 oopabomannom éude 13 uronsn 2022 2.
Ooobpena ona nyoruxayuu 27 urons 2022 2.

14. Hansbo Sven. Foundations on friction creep
piles in soft clays // International Conference on
Case Histories in Geotechnical Engineering. 1984.
Pp. 913-922.

15. Rosen R., Fredriksson A. Foundation on creep
piles: Design parameters, graphical presentation by
computer of resultant force systems as well as an analysis
of test pile results // 11th International Conference on
Soil Mechanics and Foundation Engineering (San
Francisco).

16. Cuoopos B.B. HanpsixeHHO-1e(hOpMUPOBaH-
HOE€ COCTOSIHUE HEOJHOPOJIHOTO IPYHTOBOI'O MacCHUBa,
B3aUMO/IEHCTBYIOIIET0 ¢ OappeTaMu OOBIION JUTUHEI :
JIUC. ... KaH/a. TeXH. Hayk. M., 2013. 159 c.

17. Tep-Mapmupocan 3.1, Tep-Mapmupocan A.3.
Mexanuka rpynros. M. : U3a-so ACB, 2020. 946 c.

18. Hopowxkesuu H.M., 3namenckuii B.B., Kyou-
Hoe B.U. IHXeHepHbIe METOIBI pacueTa CBaHbIX (pyH-
JIAMEHTOB TIPU Pa3IMYHBIX CXeMaX UX HarpyxeHus //
Bectauk MI'CY. 2006. Ne 1. C. 119-132.

19. @nopun B.A. OcHOBBI MeXaHUKU FPYHTOB. T. 1.
M.-JI. : Toccrpoitusnart, 1958. T. 1. 356 c.

Op ABTOPAX: 3aBeH I'puropbeBuu Tep-MapTupocsiH — JOKTOp TEXHHUECKUX HAyK, podeccop, mpodeccop
Kadeapbl MEXaHUKH TPYHTOB U reoTeXHUKH; HauuoHaIbHbI HeclienoBaTe/bcKkiii MoCKOBCKHIl rocyiapcTBeHHbI#
crpoutenbHblii yausepcuter (HUY MI'CY); 129337, . MockBa, SIpocnasckoe mocce, a. 26; SPIN-kox: 9613-8764,
ORCID: 0000-0001-9159-6759, Scopus: 6603474514, ResearcherID: Q-8635-2017; ter-martyrosyanzg@mgsu.ru;

Apmen 3aBeHoBu4 Tep-MapTHpocsiH — JJOKTOp TEXHHYECKUX HAYK, Ipodeccop, MPOPEKTOp, PyKOBOAH-
TeIb HAyYHO-00pa3oBaTeNbHOTO IeHTpa «l eoTexHnkay; HanuoHaabHBINH HccaenoBaTebCKUil MoOCKOBCKUIA
rocyiapcTBeHHbIH cTpoutebHblil yauuBepeuter (HUY MI'CY); 129337, . Mockaa, SIpocnasckoe mocce, 1. 26;
SPIN-kox: 9467-5034, ORCID: 0000-0001-8787-826X, Scopus: 35621133900, ResearcherID: Q-8635-2017;
Ter-MartirosianAZ@gic.mgsu.ru;

Xbrar Xb1y JIaMm — acrimpanT Kadeapbl MEXaHUKH TPYHTOB U reoTeXHUKH; HanmoHaabHbII HeclienoBaTe bCKuii
MockoBckuii rocylapcTBeHHblii crpouTenbHblii yausepeuter (HUY MI'CY); 129337, r. Mocksa, SIpocinasckoe
mocce, 1. 26, ORCID: 0000-0001-7463-0521; Scopus: 57385738200; hungdh1992@gmail.com.

Brnao asmopos:

Tep-Mapmupocsin 3.1 — Hayunoe pykogoOcmeo, KOHYenyus UCCILe008aNUs, PA3GUMUEe MEMOoO0NI02UU, HAYYHOEe PeOaK-
muposanue mexcmd.

Tep-Mapmupocsin A.3. — nHayunoe pedakmuposanue mexkcma.

Xotne Xory Jlam — nposedenue anaiumuieckux pacuemos, HAanUCanue ucX00H020 MekCmd, Umo2ogole 6ble00bL.
Aemopwl 3as61510m 06 OMCYMCmMEUU KOHGIUKMA UHMEPECO8.

REFERENCES

1. Bartolomey A.A., Omelchak [.M., Yushkov B.S.
Prediction of settlement of pile foundations. Moscow,
Stroyizdat, 1994; 380. (rus.).

2. Dalmatov B.I., Lapshin F.K., Rossikhin Yu.V.
Design of pile foundations in conditions of weak soils.
Moscow, Stroyizdat. Leningrad, 1975; 240. (rus.).

3. Yasin M.A. Methodology for testing and calcu-
lating piles for settlement and bearing capacity under

creep conditions: thesis of candidate of technical sci-
ences. Moscow, 1990; 151. (rus.).
4. Zaretsky Yu.K. Viscoplasticity of soils and calcula-
tions of structures. Moscow, Stroyizdat, 1988; 349. (rus.).
5. Mets M.A. Study of the influence of enginee-
ring-geological factors on the bearing capacity of single
piles based on the results of static and dynamic tests :

1143

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO [eulnor AJYJUOA « NSODIN MIUISOA
ZZ0zZ ‘6 »oAuag "L woL . (8UluQ) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

3.I. Tep-MapmupocsiH, A.3. Tep-MapmupocsiH, Xbly XbiHe am

thesis of candidate of technical sciences. Moscow, 1976;
172. (rus.).

6. Lapshin F.K. Calculation of piles for limit states.
Saratov, Publishing House of the Saratov University,
1979; 151. (rus.).

7. Nguyen Z.N. Interaction of bored long piles with
soil base considering time factor : thesis of candidate of
technical sciences. Moscow, 2007; 167. (rus.).

8. Ter-Martirosyan Z.G., Nguyen Giang Nam. In-
teraction between long piles and a heterogeneous massif
with account for non-linear and rheological properties of
soils. Vestnik MGSU [Monthly Journal on Construction
and Architecture]. 2008; 2:3-14. (rus.).

9. Dinh H.N. Interactions of long piles with soil
in a pile foundation : thesis of candidate of technical
sciences. Moscow, 2006; 151. (rus.).

10. Rossikhin Yu.V. Pile foundations on weak and
subsiding soils. Riga, FIR Publ., 1974; 157. (rus.).

11. Strunin P.V. Stress-strain state of soil-cement
piles interacting with the soil base and the inter-pile
space : thesis of candidate of technical sciences. Moscow,
2013; 168. (rus.).

12. Trinh Tuan Viet. Interaction of bored long piles
of finite stiffness with surrounding and underlying soils
and the pile cap : thesis of candidate of technical sci-
ences. Moscow, 2015; 119. (rus.).

13. Booker J., Poulos H. Analysis of creep settle-
ment of pile foundations. Journal of the Geotechnical

Received June 6, 2022.
Adopted in revised form on June 13, 2022.
Approved for publication on June 2, 2022.

Engineering Division. 1976; 102(1):1-14. DOI: 10.1061/
ajgeb6.0000228

14. Hansbo Sven. Foundations on friction creep
piles in soft clays. International Conference on Case
Histories in Geotechnical Engineering. 1984; 913-922.

15. RosenR., Fredriksson A. Foundation on creep
piles: Design parameters, graphical presentation by
computer of resultant force systems as well as an ana-
lysis of test pile results. /1th International Conference
on Soil Mechanics and Foundation Engineering (San
Francisco).

16. Sidorov V.V. Stress-strain state of an inho-
mogeneous soil mass interacting with long barrettes :
thesis of candidate of technical sciences. Moscow, 2013;
159. (rus.).

17. Ter-Martirosyan Z.G., Ter-Martirosyan A.Z.
Soil Mechanics. Moscow, ASV Publishing House, 2020;
946. (rus.).

18. Doroshkevich N.M., Znamensky V.V., Kudi-
nov V.I. Engineering methods for calculating pile foun-
dations for various loading schemes. Vestnik MGSU
[Monthly Journal on Construction and Architecture].
2006; 1:119-132. (rus.).

19. Florin V.A. Fundamentals of soil mechanics.
Vol. 1. Leningrad; Moscow, Gosstroyizdat Publ., 1958;
356. (rus.).

1144

BioNnoTEs: Zaven G. Ter-Martirosyan — Doctor of Technical Sciences, Professor, Professor of the Department of
Soil Mechanics and Geotechnics; Moscow State University of Civil Engineering (National Research University)
(MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; SPIN-code: 9613-8764, ORCID: 0000-0001-
9159-6759, Scopus: 6603474514, ResearcherID: Q-8635-2017; ter-martyrosyanzg@mgsu.ru;

Armen Z. Ter-Martirosyan — Doctor of Technical Sciences, Professor, Vice-rector; Moscow State University
of Civil Engineering (National Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian
Federation; SPIN-code: 9467-5304, ORCID: 0000-0001-8787-826X, Scopus: 35621133900, ResearcherID: Q-8635-
2017; Ter-MartirosianAZ(@gic.mgsu.ru;

Hung Huu Dam — postgraduate of the Department of Soil Mechanics and Geotechnics; Moscow State University
of Civil Engineering (National Research University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian
Federation; ORCID: 0000-0001-7463-0521; Scopus: 57385738200; hungdh1992@gmail.com.

Contribution of the authors:

Zaven G. Ter-Martirosyan — scientific guidance, concept of research, development of methodology, scientific text editing.
Armen Z. Ter-Martirosyan — scientific text editing.

Hung Huu Dam — the product of analytical calculations, writing the source text, final conclusions.

The authors declare that there is no conflict of interest.



HevipoceTteBoe MporHo3MpoBaHMe COMPOTUBAEHUS MONEPEeYHON CUAE
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HeiipoceTeBoe NpOrH03upoBaHue CONMPOTUBJICHUS MOMEPEYHON
CHJIe ADMHUPOBAHHBIX 0€TOHHBIX ABYTABPOBBIX 02JIOK

Mypar Myxamenosuu Tamos, Osibra BajieatunoBna Pynenko,

Cepreii BnagumupoBu4 YcaHon
Kybanckuu 2ocyoapcmeennviii mexnonoeuveckuti ynusepcumem (KyoIl'TY); . Kpacnooap, Poccusa

AHHOTALMUA

BBeaeHue. B TOHKMX CTeHKax ene3obeToHHbIX 6anok B 30He COBMECTHOrO AeMCTBUSA MOMepeYHbIX cun u nsrnbatoLlero
MOMeHTa 06pa3yeTcs cMcTemMa HaKIMOHHbIX TPELLMH. NPOYHOCTb 3aKMYEHHBbIX MeXaY TpeLuMHaMn 6eTOHHbIX MOMNoc 3aBUCUT
OT pa3mMepoB CTEHKM, NPOYHOCTM BeToHa, NapamMeTpoB NONepPeYHOro 1 NPOAONBEHOrO apMUPOBAHUS 1 MponeTa cpesa 3arpy-
xeHus. [ledopmaumoHHble MOAENW AN MITOCKOTO HANPSXKEHHOrO COCTOSIHNS XXene3obeToHa CNOXHbI B MPUMEHEHWN, BBUAY
4yero B HOpMax As1s pacyeTa NPOYHOCTU CTEHKU MPUHATBI AMIMpUYeckue hopMyrbl, MOMyYeHHbIE MO UMEIOLLMMCS IKCNepu-
MeHTarnbHbIM AaHHbIM. V3y4anack BO3MOXHOCTb 6ornee TOYHOro yyeTa BIUSHUS KOHCTPYKTUBHBIX NapamMeTpoB U CXEMbI
3arpy>xeHust MUHCTPYMEeHTaMN MaLUMHHOTO 0By4eHNsi — UCKYCCTBEHHBIMU HelpoHHbIMU ceTamu (MHC). AHanmanpyemas
akcnepuMeHTanbHas 6asa Bkntoyana pesynsratbl UcnbiTaHuin 77 6anok. BxogHor cnon MIHC coctosin u3 cemmn He3aaBUCUMbIX
nepeMeHHbIX, BbIXOAHOW — W3 OHOI 3aBMCUMOMN, B Ka4ecTBe (DyHKLMIA aKkTMBaLMU paccMaTpyBanmncb Kak NMMHenHbIe, Tak
N HEMUHeVHbIEe PYHKLUN.

MaTepuansi n metoabl. O6BLEKTOM NcCneaoBaHNS CRYXXUIN UCTNbITaHHbIe aBTOpamMu 6eTOHHbIE Ganku ByTaBpOBOIo ceyve-
HMS ¢ 6a3anbTOKOMMO3UTHBIM U CTalbHbIM MOMNepPeYHbIM apMmupoBaHneM. [ins obecneyeHnsi CTaTUCTUYECKON 3HAYMMOCTH
He3aBMCUMbIX MEPEMEHHbIX N0 BCeM MnokasaTtensam AobaBneHbl AaHHbIe 13 ONbITOB APYruxX aBTOpoB. HelMpoHHbIe ceTn cos-
Aasanuck B nporpamme STATISTICA. Ha nepBom atane NnpMMeEHSNMCb HOPMarnu3oBaHHble 3Ha4YeHUs napameTpoB. 3aTem
TOYHOCTb MporHosmpoBaHusa MHC cpaBHMBanack C TOYHOCTbIO PErPECCMOHHBIX Mofenen. Ha 3aknioynTensHom atane pac-
YeTbl NPON3BOAMNNCL Be3 HopManusaLmn NapaMmeTpoB.

Pe3ynbraThbl. YCTaHOBINEHO, YTO pe3ynbTaThl MPOrHO3MpoBaHUst ¢ nomoLLbio VIHC nMetoT BbICOKYHO TOYHOCTb: OTHOCUTENbHASA
NOrpeLIHOCTb MPOrHO3MPOBaHMS MO HOPManuM3oBaHHbLIM NapameTpam cocTaBuna 28,6 % ans perpeccmoHHoro Mmetoga n 10,9 %
ans MHC. Ang pacyetos npu nomoLm MHC no gaHHbIM 6e3 npeaBapuTenbHON HopManm3awum OTHOCUTENbHAsA MOrpeLLIHOCTb
nporHo3npoBaHuns coctasuna 6,6 %.

BbiBoabl. Pe3ynbrarthl HACTOSALLErO UCCNEA0BAHNS U APYTMX aHaNOMMYHbIX paboT OTEYECTBEHHbIX U 3apybexHbIX aBTOpoB
nossonstot cumtatb MHC nepcnekTBHLIM MHCTPYMEHTOM peLLeHus TPYAHO hopManmnsyeMblx 3agay pacdera CTpoUTENbHbIX
KOHCTPYKLWI.

KNIOYEBbBIE CITOBA: aByTaBpoBble 6anku, KOMNO3UTHOE apMUPOBaHMe, NonepeyHasi cuna, NMPOYHOCTb CTEHKU, UCKYC-
CTBEHHbIE HEMPOHHbIE CETU, HAKMOHHbIE TPELLMHbI, HEMPOCETEBOE NPOrHO3NpPOBaHNE

bnazodapHocmu. VIHHOBaUVOHHBIN NPOEKT BbINOSHEH NPy donHaHCoBoM noaaepke KybaHckoro Hay4Horo hoHaa B pamkax
KOHKypCa Hay4HO-MHHOBALIMOHHBIX MPOEKTOB, OPUEHTUPOBAHHbBIX Ha kKomMepumanuaaunio Ne HAM-20.01/27.

AnAa UWWTUPOBAHMWUA: Tamos M.M., Pyderko O.B., YcaHosg C.B. HelipoceTeBoe NporHo3npoBaHUe ConpoTMBIEHUSI MO-
nepeyHol cumne apMmMpoBaHHbIX GETOHHbIX ABYTaBpoBbIX 6anok // BecTHuk MITCY. 2022. T. 17. Buin. 9. C. 1145-1159.
DOI: 10.22227/1997-0935.2022.9.1145-1159

Asmop, omeemcmeeHHbIl 3a nepenucky: Cepren Bnagumuposny YcaHoB, svusanov@gmail.com.

Neural network prediction of web-crushing strength
of i-shaped reinforced concrete beams

Murat M. Tamoyv, Olga V. Rudenko, Sergey V. Usanov
Kuban State Technological University (KubSTU), Krasnodar, Russian Federation

ABSTRACT

Introduction. Under the combined action of shear force and bending moment web-shear cracking takes place in the thin
webs of reinforced concrete beams. The strength of the concrete struts between the cracks depends on the size of the web,
concrete strength, parameters of the transverse and longitudinal reinforcement, and the shear span-to-depth ratio. Plane
stress constitutive models for reinforced concrete are difficult to implement. For this reason, building codes employ empirical
formulas for web-crushing strength which were obtained from the analysis of the existing experimental data. Using machine
learning tools — artificial neural networks (ANN) — can serve as a solution that allows to take into account the impact
of structural and loading parameters more accurately. The analyzed experimental base included the test results of 77 beams.
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The input layer of the ANN consisted of 7 independent variables, the output — of 1 dependent, and both linear and nonlinear
functions were considered as activation functions.

Materials and methods. The article studies I-shaped concrete beams with basalt fiber reinforced polymer and steel
transverse reinforcement tested by authors. To ensure the statistical significance of independent variables in all indicators,
the database of other authors was also considered. Neural networks were developed using STATISTICA software package.
In the first stage, the input and output variables were normalized. The accuracy of the ANN model prediction was compared
with the accuracy of regression models. In the last stage, the calculations were performed without normalizing the variables.
Results. Artificial neural networks prediction has high accuracy. The relative error of prediction was 28.6 % for the regression
method and 10.9 % for the ANN. For calculations without preliminary normalization relative error of prediction was 6.6 %.
Conclusions. The results of research and other similar studies suggest ANN to be a promising tool for solving intractable
problems of structural engineering.

KEYWORDS: I|-shaped beams, FRP-reinforcement, shear force, web-crushing strength, artificial neural networks, shear
cracks, neural network prediction
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BBEJAEHUE

Apwmarypa komnozutHas noiauMepnas (AKIT) na-
XOJUT Bce Ooublee MpUMEHEHHE B CTPOUTEIHLHOM OT-
paCJ‘II/Il [1-5]. Ocobennoctu AKII, onpenemsromue 00-
JIaCTh €€ PallMOHAIBHOTO NCIOIb30BAHUS, BKIIOUAIOT
BBICOKYIO KPaTKOBPEMEHHYO [IPOYHOCTh Ha PacTsHKEHHE,
HU3KUH MOZYJ b YIIPYTOCTH, KOPPO3UOHHYIO CTOMKOCTD,
Panuonpo3pavHOCTh, HU3KYIO TETIIONPOBOAHOCTD M Ma-
JIBIA yACNBHBIN BEC, BRICOKYIO OTHECTOUKOCTS [6, 7].
Pa3paborka 000CHOBaHHBIX METOJIMK pacueTa OETOHHBIX
KOHCTpYKIHii, apmupoBanHbix AKII, TpeGyer nposene-
HUS COOTBETCTBYIOIINX YHCIEHHBIX U IKCTIEPUMEHTAIIb-
HBIX MCCIIEIOBAaHUIH.

Manoun3y4eHHbIM BOIIPOCOM OCTaeTcst pabora Ha-
KJIOHHBIX CEUYEHHH OCTOHHBIX M3TM0AEMBIX IEMEHTOB
c toriepeyHsIM apMupoBanneM u3 AKII. Oxnotit u3 hopm
pa3pyLIeHUH TaKnX KOHCTPYKIUH, BO3MOXXHOM TIPH BBI-
COKOM COJIEp>KaHHH ITOTIEPEYHON apMaTyphbl, SIBISETCS
pa3npoOieHe CTeHKU PHUOTIOPHOM 30HBI. DKCIIEpUMEH-
TaJbHBIMU HCCIIEJOBAHUAMHU YCTAaHOBIICHO, YTO Ha CO-
MPOTUBIICHUE CTEHKHU, IIOMUMO OUYEBHJHBIX Iapa-
METPOB — IPOYHOCTH OETOHA, pa3Mephl CEUCHUs,
OKa3BIBAIOT BIMSHHUE TAKXKE U CXeMa Harpy>keHus (Tpo-
JIET cpe3a), HHTEHCUBHOCTH ITOTIEPEYHOT0 APMUPOBAHHS
U YToJl HaKJIOHA XOMYTOB, J1e()OpMaIlOHHBIC XapaKTe-
pHUCTHKU apMatypsl [8]. 3HaUUTEIbHOE KOJTMYECTBO Tpe-
OyIOILIMX y4yeTa napamMeTpoB JejaeT 3aTpyIHUTEIbHON
pa3paboTKy QU3NUYECKUX MOJEICH sl NHKESHEPHBIX
MeToAMK pacuera. [I09ToMy B OTE€UECTBEHHBIX U 3apy-
OeXHBIX HOPMaXx MPOEKTUPOBAHUS ISl pacueTa Ipod-
HOCTH CTE€HKH TPHUHATHI SMIUPUIEcKre (HOPMYIIbI, OC-
HOBAaHHbBIE Ha pe3yJbTaTax dKCIEPUMEHTOB [9].
HexoTtopsie U3 BBIIICIEPEIUCICHHBIX TapaMeTpPOB
B hopMynax HOpPM HE yUUTHIBaIOTCA. Bo3moxkHast B3au-

' ACI 440.1R-15. Guide for the Design and Construction of
Structural Concrete Reinforced with Fiber-Reinforced Polymer
Bars. American Concrete Institute, 2015. 88 p.

1146

MO33aBHUCHMOCTD BIHSHHS IapamMeTpoB GpopMyaaMu
He paccMaTpuBaeTcs. PemeHreM, mo3BossIoIUM ycTpa-
HUTB 3TH HEJIOCTATKH, MOXKET TTOCIYKHUTh IPUMEHEHHE
WMHCTPYMEHTOB MAIIMHHOTO 00Y4EeHHSI, CIIOCOOHBIX OITpe-
JETSITh MCKOMbIE BETMUMHBI HA OCHOBAaHUU 0000IIEHUS
UMEIOIINXCS TPUMEPOB O€3 SIBHOTO MPOrpaMMHUpPOBa-
Hus [10-12].

B nocnennue pecsTuiaeTust IpuoOpen MHupoKyko
HONYJISPHOCTD U MPEBPATUINCE B 3 (HEKTUBHBIN HHCT-
PYMEHT JUIsl pELICHUs] MHOTHX MHXXCHEPHBIX 3a]a4 Ma-
TeMaTHIeCKNEe MOJICIH, CXOKHE C PYHKIIHOHHPOBAHUEM
HEPBHBIX KJIETOK KUBOro opranusma [13—16] u momy-
YHMBIINE Ha3BAHNUE KHUCKYCCTBCHHbIC HEHPOHHBIE CETH
(MHC). Umerommiicst onbiT npuMenenust MTHC s pas-
BUTHS METOJIMK PacueTa )eJie300eTOHHBIX KOHCTPYKIHIA
Ha [TOTIEPEYHYI0 CHITY PACIPOCTPAHSAETCs TOJIBKO Ha pa3-
py1IeHHe 6aIoK 1o HaKIOHHBIM cedeHusM [ 17-19]. Llens
HacTOsMIEeH pabOTHI — IMPOBEPKA BO3MOXKHOCTH ITPOTHO-
3upoBanus npu nomoiu MHC npoyHOCTH TOHKOM
CTEHKH 0aJIOK Ha IIPUOMOPHBIX ydacTKaX (IPOYHOCTH
T10 HAKJIOHHO ITos1oce Mexay TpetuHaMu ). OObeKT nc-
cIe0BaHMs — OAJIKU BYTaBPOBOTO CEUCHUS ¢ 0a3aib-
TOKOMITO3UTHBIM M CTQJIbHBIM (9TaJOHHBIE 00pa3Iibl)
TIOTICPEYHBIM APMHPOBAHUEM, H3TOTOBICHHBIEC U HCIIbI-
TaHHbIE aBTOPaMH B J1a00paToprH Kadepbl CTPOUTEIb-
HBIX KoHCTpyKIuit Ky6I'TY [9], a Takke TaBpOBBIE
U JIByTaBPOBBIE JKeJIe300eTOHHBIE OaJIKN APYTUX HCCIle-
JIOBaTEJIEH.

MATEPHAJIBI U METO/JbI

B pamkax sKCriepIMEHTaILHOTO NCCIICI0OBAHUS Xa-
pakrepa paboThl TOHKOW CTEHKH OETOHHBIX 0aJIOK C KOM-
TIO3UTHBIM ITOTIEPEYHBIM apMHPOBaHNEM OBLIIO UCIIBITA-
HO 28 Oasok ¢ 0a3aJbTONIACTUKOBOW M CTaJIbHOU
(sTasonHbIe 00pa3ikl) apmarypoi. [Iposer 6anok coc-
TaBisut 2340 MM, pabouast BBICOTA U TONIIHWHA CTEHKH
Ob1TH cooTBEeTCTBEHHO paBHbI 260 1 30 MM. Mcribitanns
MIPOBOMIINCH IIPU TPEX OTHOCHUTENBHBIX MTPOJIETaX Cpe-



HevipoceTeBoe MporHo3upoBaH1e COMPOTUBAEHUS MOMEPeYHO CHUAe
apMMpPOBaHHbIX BETOHHbLIX ABYTaBPOBbIX 6AA0K

C. 1145-1159

3a alhy, — 1,6; 2,5 u 3,2. [IpoueHT nonepeyHoro apMu-
poBaHus BapbHupoBaiucs B npexenax 0,4—1,3 %, yron
HaKJIOHAa apPMUPOBAHUS CTEHKH K TPOJOJILHON OCH 00-
pastoB coctasisin 90 u 45 rpaxycos. [TogpoGHbIe Xa-
PaKTePUCTUKU OAJIOK IPUBEICHBI B Ta0. 1. VicnibiTanus
00pa3IoB MPOBOJMIKCH B 3aMKHYTO# CHUIIOBOH pame
YETBIPEXTOYCUHBIM W3rHOOM.

Jlns obecriedeHus CTaTUCTHYECKOW 3HAYUMOCTH
HE3aBUCUMBIX IICPEMEHHBIX 110 BCEM IMOKA3aTCIIAM K Ha-
UM o0pasiiaM ObLTH J00ABJICHBI JaHHBIC U3 OIMBITOB
npyrux aBTopoB [8, 20-23]. B tabn. 1 npuBenaeHs! xa-
PaKTepUCTUKU 00pa3IOB pacCMaTprBaeMON BHIOOPKH:
OTHOCHTEIBHBIN IPOJIET cpe3a a/hy,, yroll HaKJIoHa I0-
TepedHoi apMaTypHl 0., TOJIMHWHA CTEHKH b, pabouas

Taba. 1. XapakrepucTuku 6aIox

Table 1. Parameters and shear capacity of the beams

BBICOTA 0aNOK /), TPU3MEHHAS IPOYHOCTh OCTOHA R,
HPOLEHT MOIEePEYHOr0 aPMUPOBAHHU |L,,, MOLYIIb YIIPY-
TOCTHU MOIEPEYHON apMaTypsl £ 1 BeIM4YMHA pa3pylua-
IOILEH ronepedHol cuiibl O, ABIAIOMIASCS TAPAMETPOM,
paccunthiBaeMbiM cpeactBamu MHC. Oobmiee konuye-
CTBO 00Pa3IOB B BEIOOPKE paBHO 77.

OnuH 13 Hanboee MOMyIIPHBIX MPOTPAMMHBIX
MIPOJIYKTOB, UCTIONIB3YEMbIX JUIsl CO3JJaHUsI HEMPOHHBIX
cereit (HC), — STATISTICA Neural Networks (SNN),
pa3padoranHsIil Komnanuei StatSoft. [Taker SNN BcTpo-
€H B Ha0Op JIPYTMX aHATUTHYECKUX CPECTB TPOrPaMMbl
STATISTICA, uTo m03BOJISIET MPUMEHSTD MIPH OICHKE
JIaHHBIX KaK PErpecCHOHHBIC, TaAK U HEHpPOCETEeBbIC
METO/IbI.

Howmep Mudp
/1 ABTOD Oaaku a,Tpag | b,mm | hy,mm | Ry, MIla E,MIla | Q,,, xH
N/a Author Beam @ho hail mm mm MPa B> %0 MPa kN
number cipher
1 b1 1,60 90,00 30 260 31,90 0,59 170 88,70
2 B2 1,60 90,00 30 260 26,90 0,59 170 68,10
3 B3 1,60 90,00 30 260 33,00 0,59 170 91,60
4 b4 1,60 90,00 30 260 25,80 0,59 170 75,00
5 b5 1,60 90,00 30 260 26,10 0,59 170 65,70
6 b6 1,60 90,00 30 260 29,80 0,59 170 81,80
7 b7 1,60 90,00 30 260 31,60 0,59 170 96,50
8 B8 2,50 90,00 30 260 34,70 0,59 170 66,00
9 B9 2,50 90,00 30 260 30,80 0,59 170 68,90
10 b10 2,50 90,00 30 260 31,90 0,59 170 71,90
11 Bb11 2,50 90,00 30 260 29,40 0,59 170 84,80
12 b12 2,50 90,00 30 260 27,10 0,59 170 68,00
13 b13 2,50 45,00 30 260 29,10 0,83 170 86,60
14 b14 2,50 45,00 30 260 29,00 0,83 170 64,00
15 M.M. Tamos [8] b15 2,50 45,00 30 260 29,10 0,83 170 80,70
16 M.M. Tamov [8] b16 2,50 45,00 30 260 31,90 0,83 170 85,60
17 b17 2,50 45,00 30 260 31,40 0,83 170 73,80
18 b18 2,50 45,00 30 260 30,50 0,83 170 93,40
19 b19 3,20 90,00 30 260 28,00 0,59 170 52,10
20 Bb20 3,20 90,00 30 260 28,20 0,59 170 56,20
21 b21 3,20 90,00 30 260 27,70 0,59 170 53,40
22 Bb22 3,20 90,00 30 260 28,90 0,59 170 81,40
23 b23 3,20 90,00 30 260 24,80 0,59 170 48,90
24 b24 3,20 90,00 30 260 31,90 0,59 170 61,90
25 Bb25 3,20 90,00 30 260 30,80 0,59 170 59,60
26 Bb26 3,20 90,00 30 260 31,20 0,59 170 59,60
27 B27 3,20 90,00 30 260 26,90 1,64 170 62,90
28 b28 3,20 90,00 30 260 30,80 1,64 170 78,10
29 Bb29 3,20 90,00 30 260 32,40 1,64 170 82,70
30 B30 3,20 90,00 30 260 33,00 1,64 170 84,10
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Ipooonocenue maén. 1/ Continuation of the Table 1

Homep HIngp
/1 ABTOD Oanku a,rpag | b,mm | ho,Mm | Ry, MIla E,MIla | O, kH
N/a Author Beam @hy hail mm mm MPa s %0 MPa kN
number cipher
31 NRS8 2,00 90 60 350 14,25 2,78 200 120
32 NR10 2,00 90 60 350 22,71 3,29 200 225
33 NT8-1 2,00 90 60 350 19,03 2,78 200 210
34 F. Leonhardt [20] | NT8-2 2,00 90 60 350 19,42 2,78 200 210
35 NT10 2,00 90 60 350 16,21 3,29 200 165
36 T1 3,00 90 100 830 23,3 1,41 200 80
37 T2 3,00 45 100 830 21,06 1,43 200 116
38 b1-B-0.4 1,6 90 30 260 27,0 0,4 56 54,9
39 b1-B-0.7 1,6 90 30 260 27,3 0,7 56 57,6
40 Bb1-B-1.0 1,6 90 30 260 28,5 1,0 56 77,4
41 b1-B-1.3 1,6 90 30 260 27,5 1,3 56 71,5
42 b1-H-0.4 1,6 45 30 260 24,5 0,4 56 61,7
43 Bb1-H-0.7 1,6 45 30 260 25,4 0,7 56 62,1
44 B1-H-1.0 1,6 45 30 260 28,7 1,0 56 76,2
45 B1-H-1.3 1,6 45 30 260 25,2 1,3 56 70,5
46 b2-B-0.4 2,5 90 30 260 27,2 0,4 56 42,7
47 Bb2-B-0.7 2,5 90 30 260 27,2 0,7 56 47,1
48 Bb2-B-1.0 2,5 90 30 260 29,4 1,0 56 51,2
49 Bb2-B-1.3 2,5 90 30 260 29,4 1,3 56 57,1
50 B2-H-0.4 | 2,5 45 30 260 25,2 0,4 56 48,1
51 C.B. Yecanos [9] | B2-H-0.7 | 2,5 45 30 260 25,2 0,7 56 50,3
52 S.V. Usanov [9] | B2-H-1.0 | 2,5 45 30 260 24,1 1,0 56 44,8
53 Bb2-H-1.3 2,5 45 30 260 24,1 1,3 56 55,4
54 b3-B-0.4 32 90 30 260 29,8 0,4 56 42,5
55 Bb3-B-0.7 32 90 30 260 30,7 0,7 56 48,7
56 Bb3-B-1.0 32 90 30 260 28,6 1,0 56 47,2
57 B3-B-1.3 32 90 30 260 27,2 1,3 56 47,4
58 B3-H-0.4 | 3,2 45 30 260 27,7 0,4 56 42,8
59 B3-H-0.7 | 3,2 45 30 260 26,3 0,7 56 50,1
60 B3-H-1.0 | 3,2 45 30 260 25,7 1,0 56 46,3
61 Bb3-H-1.3 32 45 30 260 28,7 1,3 56 56,2
62 B21-1.0 2,5 90 30 260 28,9 1,0 170 65,1
63 BD1-1.3 2,5 90 30 260 28,9 1,3 170 74,5
64 B22-1.0 32 90 30 260 29,7 1,0 170 62,5
65 BD22-1.3 32 90 30 260 29,7 1,3 170 70,8
66 I-1 2,5 90 74 563 343 2,72 200 453,1
67 12 2,5 90 74 563 28,4 1,53 200 371
B.V. Rangan [21]

68 I3 2,5 90 63 563 29,3 3,19 200 369,1
69 I-4 2,5 90 64 563 33,5 1,77 200 416
70 SC-9.5-2 | 333 90 180 600 39,67 0,26 130 376
71 E.A. Abmed [22] SC-9.5-3 | 3,33 90 180 600 32,90 0,39 130 440
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Oxonuanue mabn. 1/ End of the Table 1

Homep Mudp
1/ ABtop Oanku alh a,rpag | b,mMm | ho,Mm | Ry, MIla o E,MIla | Q,,, kH
N/a Author Beam 0 hail mm mm MPa How» 70 MPa kN
number cipher
72 SC2 3,19 90 135 470 50,76 0,24 137 2717,5
73 SC3 3,19 90 135 470 50,76 0,36 137 341
74 SC4 3,19 90 135 470 47,94 0,49 137 375,5
E. Shehata [23]
75 SG2 3,19 90 135 470 50,76 0,71 41 292
76 SG3 3,19 90 135 470 31,02 1,06 41 312,5
77 SG4 3,19 90 135 470 31,02 1,42 41 311,5

Ha nepsom stamne co3naBanacs MHC, BXoHO# ciioii
KOTOPO# BKJIIOYaJl 7 HE3aBUCHUMBIX MEPEMEHHBIX:
alhy (x)), o (x3), b (x3), hg (x4), Ry (x5), Wy, (X6) 1 E (x7).
BrixogHO# €10 COCTOST U3 OHON 3aBUCUMOM nepe-
meHHOU O, (v). IIpouenTs! 00yuatomie, TeCTOBOH
Y KOHTPOJIBHOM TapTHii OBLITN COXPaHEHBI CTAHIAPTHEI-
MHu: uist oOydatorei maptuu — 70 %, rectoBoit — 15 %
1 KOHTponbHOU — 15 % [15, 24]. Apxurexrypoit HC
BBIOpPaH MHOTOCIIOMHBIN MEPIENTPOH C OAHUM IpOMe-
JKYTOYHBIM CJIOEM, coaeprkaruM oT 1 10 20 HelpoHOB.
[Tpu nocrpoennu cetn ObUT UCTIPOOOBaH HAOOP HYHKIIMI
aKTUBAIMK HEHPOHOB (JMHEHHas, TorapuMuIecko-
curmMounHas u T.1.). KoaudecTBo UKIOB 00ydeHuUs
(amox) mpuHUManock paBHbM 1000 (prc. 1).

BBuy Toro, uTo mapaMeTpsl 6aJoK U pa3pyIIaio-
1ast Harpy3Ka AIMEIOT Pa3UIHbIC eAMHUIIB H3MEPEHHS,
BBITIOJIHEHA HOPMAIHU3aIUs BCEX 3HAYCHHUH mapameT-
POB X; AL BXOJHOTO ¥ BEIXOJHOTO CJIOEB C HCIIOJIb30Ba-
HUEM UX CTaTHUCTHYECKHUX XapPAKTEPUCTUK — CPEIHETO
3HAYEHMS X; U AUCIICPCUH G; 110 hopMyIIe:

¥ =L (1

364 SANN - Data selection: 77 Sanor H S

Dk Samplesy [EHM and AN | Sebsamghng |

Sbegiing mesthod = e
Fandom samging Carcel
(%) Fundom sampls mose : ; =
Tewrs (5 n E'a' =
Test (i e M Ed"_u-lmw
Vishclation (%} I Ui peixh ke
Sewe for samping: 1000 H sl
it warable
() Saegiing visabie
o = Bl Fncling firputi]
B Ty s oy re—
o s i () Wb mukabiubion
| dilibor, by Case selecton
& Cawegeghts

a

Hopmanwuzanust siBIsS€TCSl 4aCTO MCIOJIb3YEMBIM
npuemoM 1ipu cozpanuu MHC u ocymecTtusercs pas-
JIMYHBIMU CIIOCOOAMH B 3aBHCUMOCTH OT 0COOCHHOCTEH
pemaeMbIx 3a1a4 [25, 26]. OHa MO3BOMSIET CYIIECTBEH-
HO yJNYYIIMTh KaueCTBO IOJy4aeMOW MOJEIN JJIs
COIIOCTABJICHHS PE3YJIBTaTOB MPOTHO3UPOBAHUS, TOIY-
YEHHBIX Pa3IMYHBIMU METOJAMH.

AnroputmoM oOyuenust Bcex MHC sBisines BFGS
(Broyden — Fletcher — Goldfarb — Shanno algorithm —
anroput™ bpoiinena — @neryepa — [ompadapba —
[[TarHO) — KBa3WHBIOTOHOBCKUN METOJ YHCICHHON
ONTUMHU3AINH, TIPETHA3HAYCHHBIN JJIs1 HAXOXKICHHUS JI0-
KaJbHOTO MakcUMyMa/MUHUMYyMa GyHKIH. OyHKIns
omubok SOS (sum of squares) MUHUMH3UPYET CpeIHe-
KBaapaTHuecKyto ommoky nosyuennont HC u Beraucis-
ercs o popmyne:

Ew) =Y (vi- ), @)
i=1

IJie ¥; — BBIXOAHOE 3HAYCHHE i-T0 HEHPOHA BBIXOTHOTO
ciost; y; — TpefyeMoe 3Ha4eHHe i-T0 Hei{poHa BBIXOA-
HOTO CIIOSL.

“5-'-"!: Bigprmpled Pittwaib Saiech LAPGD TT Sassa T x
Actra el radet s
Bigl 0 et o Dwwgped Tedpsl Veldsbonped Apoeftes  [eorfuret §
] ¥
M!Hmw:w“hﬂd
[ e . B iw
B R T - |
et [| B e 1 Ji] || (Wt
Blas e i [ 11 i ——
Py
s [ R
2 et
W Omow =

Puc. 1. [Tapametps! co3naBaemoit UHC: @ — mis ciydaiinoit BEIGOpKY; b — 1i1st MHOTOCIIOIHOTO NeprenTpoHa i ooydenus MTHC

Fig. 1. Details of the ANN: @ — for random sampling; » — for multilayer perceptron and ANN training
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‘VYpaBHEHHUs perpeccuid, UCIOJIb30BaHHbIE HA BTO-
POM dTane Ajid CpaBHCHUA MOJTYUYCHHBIX PE3YyJIbTaTOB
MIPOrHO3UPOBAHUA CO 3HAYCHUAMU 110 JaHHBIM HeﬁpO-
CETEBOr0 METOAA, UMENH CIEAYIOUIMI BUJL:

* JUIsl KBQAPAaTUYHOM perpeccuu:

Y= agt s + iy + ags+ by’ +

2 2 :
+DyXy” F byxs” + byxaxy + bsxaxs + bexgxs;  (3)
* JUIs KyOMUEeCKOH perpeccuu:
Y= dg Ty + ay +ays+ by’ +
+ box? + byxs? +3 byxsx, 3+ b5x3x§ +
+hexgxs texy’ +epxy +eaxsT, “

rae a, b, ¢ — k03 PUINEHTH HE3aBUCUMBIX IIepeMeH-
HBIX PErpecCHil.

PE3YJIBTATHBI HCCJIEJOBAHUSA

Ha puc. 2 npuenena Beibopka nosxryuenusix MHC.
[Taxer SNN npejyiaraeT nosp30BaTelto CaMOCTOSTEIEHO
BbIOpark apxurektypy MHC. Hannyumas apxutekrypa
oTOMpaach Mo MOKa3aTeNsIM HauMEHBIIIEH oOKK 00y-
YEHUsI KOHTPOJILHON MapTHH MPH OTHOBPEMEHHOM yue-
TE COOTBETCTBYFOIIHX OIIHOOK 00YYCHHS TECTOBOI 1 00y~
YaroIeil BEIOOPOK.

OtoOpannas u3 npuseaeHHbIX Bbilie MHC (Bbiae-
JIeHA 3eJICHOW paMKOH Ha puc. 2) BKIItoyaeT 17 HepoHOB
B IIPOMEKYTOUHOM ciyioe. DYHKIMEH aKTHUBAIMK sl
CKPBITOTO CJIOS SIBJISIETCS JIOTapr(pMUUECKO-CUTMOUTHAST
(GyHKLUS, 17151 BBIXOJHOTO CJIOS — T'HIepOoInIecKui
TaHreHc (puc. 3).

Met name Traming perd.  Test pei, Validation p...  Algorithm Enor funct Hiddenact  Output act
MLP 7-31 0930453 0.323884 0574114 BFGS 38 505 Tanh Identity
MLP 761 0829153 0.992097 0.300531 BFGS B 505 Logestic Sine
MLP 7-81 0999257 0987372 0.966764 BFGS 108 505 Tanh Sine
MLP 7-7-1 0.840579 0992348 0.920105 BFGS & 505 Sine Logishe
MLP 7171 0.396245 0993244 0.58015 BFGS 63 S05 Logstic Tarh
MLP 7-6-1 0.9%6228 09880860 0,582385 BFGS 43 505 Tanh Tanh
MLP7171 0996977 0334089 (0985518  BFGS43  SOS Logistic Tarh
MLP 7-11-1 0885107 0934522 0.953603 BFGS 36 505 Logestic Logishc
MLP 7181 0,9959M 0984795 0380134 BFGS 55 505 Tanh Tanh
Puc. 2. Xapaxrepuctuku nosyuenusix MHC
Fig. 2. Characteristics of the obtained ANN
| Met name | Training perf | Test perf | Validation | Training armor | Test emor | Validation | Training | Emor function | Hidden | Output
| | | pef | _ ermor | algonithm | acthation | activation |
[MLP 7171 0,995977 0.994089 0.985518 0004132 0005190 0024287 BFGS49 805/ Logistic Tanh|

Puc. 3. Xapaxrepuctuku Beiopannoit UHC

Fig. 3. Parameters of the selected ANN

[IporuosupoBanue pesynsTaros ¢ nomouso MHC
1 COTIOCTABJICHHE MX C MCXOAHBIMHU JAHHBIMH TO3BOJIS-
€T pPacCYUTaTh OTHOCUTENBHYIO MIOIPEIIHOCTD UCIIOMNb-
3oBanust MUHC no ¢opmyore:

S =M100 %,
Vi

)

TI€ Vi — HOPMAIN30BaHHOE 3HAYCHHUE PA3pyILIArONIeH
Harpys3kH, OJIy4eHHOE NPH MPOTHO3UPOBAHUH C TIOMO-
mpio MHC B i-M ucneITanny; y; — HOPMaJIN30BaHHOE
(akTHUeckoe 3HaYEHUE pa3pylIalolIeii Harpy3Ky B i-M
HCTIBITAHHH.

B cpeanem oTHOcHTeIbHAS IOTPENIHOCTH COCTa-
Bua 10,86 % (mpu 3TOM B pacueTe He yUUTBIBAJICS OJMH
pe3yasTar ¢ nmorpemuocteio 1759 %, apnsapmuiics
BEIOPOCOM).

AHanu3 o0muiell YyBCTBUTEIBHOCTH K BXOJHBIM
nepemeHasM MHC (puc. 4) mokasai, 4to napaMmeTrpam,
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OKa3bIBAIOIIMMH HAUOOJIbIIICE BIMSHIE HA JaHHbBIC BbI-
XOHOTO CJI0, ABIISIOTCS pabouast BbIcOTa OAJIKH /1 (x4)
U IPOYHOCTH O€TOHA R, (X5). DTU BEeIMUUHBI OyIyT CIIy-
JKHTBH B JaJIbHE1IeM (pakTop-apryMeHTaMu JJIst perpec-
CHUOHHBIX Mojeleil, a Benuuuna Q,,;, (v) — LeneBoi
(dyHKIHEH.

Sensithaty analysis (77 Ganox)
Samples: Train

ﬂ,,R.,|b|Eia_nﬂ1=:j.fE
(Z32.2786] 77.78572 24,0925 9019623 2644681 2,3263% 1606710

Puc. 4. Ananus o6uieii uyBctButenbHoctu MHC

Fig. 4. ANN global sensitivity analysis

Ha BrOopom sTane paboTsl IPOBOAMINCH Pa3BEI0Y-
HBIH aHAJIN3 JJAHHBIX HA MPEAMET HaJIN4Hs BHIOPOCOB
1 HE3HAYUMBIX JaHHBIX MYyTEM OCTPOEHHS TEPHAPHOTO
rpaduka ¢ IOMOIIBIO CIUTAHH-UHTEPIIOISIINK U IPOTHO-
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3MPOBAHUE PE3YJIBTATOB IKCIIEPUMEHTA C IPUMEHEHUEM
perpeccuil. KoppessinMoHHbBIN aHaau3, BHIITOJIHEHHbBIN
JUISL TIOJTyYEHHBIX ITapaMETPOB, JaJl BO3MOXHOCTD Olie-
HUTH 3HAYMMOCTH K03(p(PUIIMEHTOB KOPPEISAINN 1 Ha-
JIMYUE MYJIBTHKOJUIMHEAPHOCTH (CYILIECTBEHHOH CBSI3H
MEX/y CaMHUMH HE3aBUCHMBIMH IIE€pEMEHHBIMN). Mar-
pHIa ¢ MapHbIMU KOY(GHUIUEHTAMH KOPPEISINH 7 JIIs
BCEX COYETAHUM NMEpPEeMEHHBIX MPUBEJIEHA HA pHUC. 5.
3HaunMble KOdPUIHESHTH KOPPEIAINN IporpaMmma
STATISTICA BeImensieT KpacHBIM IIBEeTOM. J[i1st 00enx
HE3aBUCHMBIX TIEPEMEHHBIX NMapHble K03()OUINEHTHI
KOPPEJISILMY SIBIISIIOTCSI 3HAUMMBIMHU (110 11Kase Yeqioka
[IepEeMEHHas X, UIMEET BBICOKYIO CBA3b C HE3aBUCUMOM
MIePEeMEHHOI1, X5 — yMEepeHHYI0). MyJIbTHKOIIHHEap-
HOCTb ITPAKTUIECKH OTCYTCTBYET, TAK KaK MTapHBIH KO3 (-
¢unment xoppemnsunu paseH 0,197461, aTo HEe TIpEBHI-
maet pomyctumoe 3HaueHue 0,7 (mo mkane Yemmoka,
eci || < 0,3 — cBA3b NPAKTHYECKH OTCYTCTBYET [27]).

Comrelations {77 Ganok)

Marked correlations are significant at p < 05000

N=TT (Casewise deletion of missing data)
Variable | Means | Std Dev. | h, | R
Q.. 0,000000] 1,000000 1,000000 0,723520 0447918
h, 0000000/ 1.000000 0. 723520 1,000000 0197461
R, -0,000000 1,000000 0447918 0,197461 1,000000

Puc. 5. Koppensunonnas marpuna

Fig. 5. Correlation matrix

TeprapHsIii rpaduk Ha puc. 6 TTO3BOIISET IPOBECTH
BU3YallbHBIN aHanus nosepxHoctu O, (hy, R,) 1 BbI-
Opartb crienuduKalio perpeccHoHHoi Moneny. Ha nmpax-
THKE MPEANOYTeHHE OTaeTCs 0oJIee MPOCThIM BHUIAM
(byHKIMH, TaK KaK OHH B OOJIBIIEH CTETICHN MOJIAI0TCs
WHTEPIpPETANA U TPEOYIOT MEHBIIIEro 00bemMa HabIro-
JneHuil. HaTepnonsuus cruialHaMu Aajia BO3MOKHOCTb
TIPE/IOJIOKATD, YTO JJIs TPOTHO3UPOBAHNS PE3YIIBTaTOB
JIydIlle UCTIOIb30BaTh KBaAPATHUHYIO HIH KyOU4eCKyIo
perpeccun. J{is co3naHus perpeccuu KaxJioro Bua uc-
T10JIb30BAJIMCH YPABHEHUS C TPEMsI apaMeTpaMu, UMe-

IOIIMMU HanOoJIbIIee BIusHUE (puc. 4): TONIINHA CTEH-

Ku b (x5), pabouast BbICOTa OalKH /1y (X,4) U IPU3MEHHAS

IPOYHOCTH OeTOHA R, (Xs).
3D Surface Plot of O

4 AgaINst i and R,

77 6amok 10v*77¢
Qull S

Spline
Qu/r s ¥

.2

<125
[1<0,25
B <-0,75
B <-1,75
<275

i h,

Puc. 6. TeprapHslii rpaduK, NOTYYEHHBIH ¢ TOMOLIBIO 3D
Surface plot

Fig. 6. Ternary graph obtained from 3D Surface plot

Perpeccun ananmu3npoBaiuch momaroso (puc. 7).
B Moziess BKITIOUAnKCh (T UCKITIOYAITHCh U3 Hee) Tepe-
MEHHbIE, KOTOPBIE BHOCAT HAUOOIBIIIHIA (HAUMEHBIIINH )
BKJIaJ] Ha JaHHOM 11are. JIaHHast Omiiust o3BOJISIET OCTa-
HOBHUTHCS Ha IIare, Mpyu KOTOpoM KO3DPUIIUEHT AeTep-
MUHAIMH elll¢ He HAanOOJIbIINI, OIHAKO YKE BCE Mepe-
MEHHBIE MOJICITH SIBIISIOTCS 3HAYUMBIMH.

Anmnpokcumarnust pyHKIHI BBITONHSIIACH METOIOM
HaMMEHBIINX KBaJAPaToB. B KaK0M cliydae OlleHUBA-
¢ MHO)KECTBEHHBIH KOX(PPUIINEHT KOPPEIALNH, CIa-
raemMple perpeccHil mocieqoBaTelbHO UCKIIOYAINCh
U3 ypaBHEHHI 710 JIOCTHIKEHHS p-yPOBHS BEPOSITHOCTH
OTKJIOHEHHS TMIIOTE3bl O 3HAUUMOCTH YaCTHOTO KO-
¢unreHTa KOppesauun 1 Kaxaoi Bennuunsr 0,05
(B HaIIEM ciTydae p-ypOBEHb ObLI CYIIECTBEHHO HHKE
9TOTO ypOBHS (pHC. §)).

Estimate | Standard | twvalue | pvalue | Lo. Conf| Up. Conf Estimate | Standard | tvalue | pvaiue | Lo, Conf | Up. Conf
e e e a0 & o TeT :;rz;u 458775 -L::;':mi :Ta‘;zﬁ

00 [ 0,598951] 0.066564] 8.99670| 0,000000/ 0466131 0.731854 | i=rsle iciens 076091 0466734 196 661 44 7538
al| -0.015852) 0225902 -0.07017 0.944267 -D466T5 0435050 [a2| 130888 1743732 074046 0456327 479036 217 6650
a2 | 2,064603 0,193797  10,65343 0000000 167778 2451423 [a3] 018¢ 00561 346506 0000362 0082 03058
23| 0200911 0,040677 4093914 0000006 0,11972 0282103 [B1| 44067 57.1214 077145 0443277 -158.180 70,0465
b1 | 0460446  0.202711 -2.27145 0,026337| -0,86506 -0.055834 [ia| 9ars  3vnt Sars s pon i e
b2 | -0,800293) 0.118506) -6,75317| 0,000000 -1,03683 -0.563753 |b4| 43893 S64870 0750730455566 160654 729082
b3 | -0,043443 0027970 -1,55319 0125089 -0,09927 0012386 E 'g-g: g:;ﬁ‘g 'g-;;:; ::g:gﬂz’g Eﬁ; g;:;
bd | 0910843 0326372 2790810006842, 0.25340] 1562285 (%] S0%. 03 CENIS AR AUE SHH
b5 | -0,080658 0,089235 -0.90388 0369296 -0.25877 0097456 [c2| 13339 175810 075874 0450791 48462 217826
b6 | 0091643 0107783 085025 0398213 -012349 0306780 [e3] 001 00024 192913 0263089 -0.011  0.0388

a b

Puc. 7. [Tapamerpsl KBagpaTuuHoii (a) 1 Kyonueckoii (b) perpeccuii 10 HCKIIFOYEHHS CIaraeMbIx ¢ p-ypoBHeM Baiire 0,05

Fig. 7. Parameters of quadratic () and cubic (b) regressions before the exclusion of summands with p-level less than 0.05
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I vi=alen i dead e b 1P 2o b BebINb Tee 1

a

Estimate | Standard | tvalue | pvalue | Lo. Conf| Up. Conf ey
aror df =70 Limnit Limit el of confdence: 05 0% | alphas0 050)
ab | 0.649832] 0035322 18.3974) 0,000000| 0,57938 0,720280 SRS o etk | vl L. Ghwti U Cost
82 | 2138836 0066758 32,0384  0,000000] 200569 2271982 al 011077, 50701 0000000, 044015, 0BE15E
a3 | 0,192937| 0027741 65,9549 0,000000; 0,13761 0248265 31| TIIE 0,123 15416 0000000, 113170, 2.23000
b1 0543651 0.131737 4,1268 0,000100 -0,80639) -0,280910 B b !y e e
b2 | -0.879438| 0,086766  -10,1357 0,000000| -1,05249| -0,706388 bz | 0.65065| 0,091105] 7,947 0,000000] 046490 053240
b3 | -0,064656] 0.010704] 6,0402 0,000000 -0.08601) -0,043307 2 G5NE DURE T ious o sadges o ssrr 6 sares
b4 | 1051103 0256039 41052 0.000108: 054045 1561757 2| 018843 0007248 5,458 0,000000] 0 FIT81) 0, 10

b

Puc. 8. [Tapamerps! kBagpatideckoii (¢) n Kyoudeckoii (b) perpeccuii mociie HCKITIOUSHHMS CllaraeMbIX ¢ p-ypoBHeM Beimie 0,05

Fig. 8. Parameters of quadratic («) and cubic (b) regressions after the exclusion of summands with p-level less than 0.05
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Fig. 10. Statistical indicators of quadratic («) and cubic (b) regressions
Hckombie ypaBHEHHS perpeccuil OyayT UMeTh * JUIs KyOMYECKON PerpecCHu:
CHICAYIOUIHH BIIL: 3 ¥ =0,66105 + 2,04433x; + 0,23 14x; —
¢ UL KBaJIpaATHIHON PErPECCUH: — 1,27429x32 + 0,65065x2 — 0,07108)552 + 7

y=0,649832 + 2,138836x, + 0,192937x5 —
—0,543651x3 — 0,879438x7 — 0,064656x% +  (6)
+1,051103x3x,;
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OLICHMBAIOT CTETICHB BIUSIHUSL (DAKTOP-TIEPEMEHHBIX: JUIsI
KBaJpaTUYHON Perpeccuu nepeMeHHas x, UMeeT Hau-
OoJbliIee BIMUSHHUE, A X5 BISIETCA CIISAYIONEH 110 cTere-
HU BJIMSIHUS Ha LEJeBYI0 QYHKIHNIO, Ul KyOHueCKon
perpeccur TakuMHU (aKkTOp-NePEeMEHHBIMU BBICTYAIOT
X3 ¥ X5 COOTBETCTBEHHO.

JIs o1ileHKH KayecTBa MOCTPOCHHBIX PErPecCHOH-
HBIX YpaBHEHHI ObU IPOBEICH aHAIN3 OCTATKOB — OJIMH
13 CaAMbIX BaXKHBIX 2JIEMEHTOB MOJOOHBIX aHATTN30B [27].
Ha npuBeaeHHBIX HHKE I'UCTOTpaMMax BUIHO, YTO
OCTaTKH UMEIOT ONMM3KHe K HOPMaJbHBIM 3aKOHBI pac-
npeneneHus (puc. 9), 4To B CBOIO O4Yepeb TOBOPUT
00 aJIeKBaTHOCTH HCCIIETyEMbIX 3aBUCHMOCTEH.

[To momy4eHHBIM CTATUCTUYECKUM MOKAa3aTEeIsIM
(puc. 10) BumHO, 9TO 00€ perpeccuu UMET OIHM3KYIO
CBS3b MEXTY TPEAUKTOPOM M OTKJINKOM, HO KyOHUdecKas
perpeccus Moka3bplBaeT HECKOJIBKO JIyUIlIee KaueCTBO
TIpeCKa3aHus.

To4HOCTB MPOTHO3UPOBAHNUS PE3YITHTATOB C TIOMO-
IBIO KBA/IPaTHYECKON M KyOUUECKO# perpeccuii OleHu-
Bajach Tak e, kak u a1 MTHC npu momorum Beraucie-
HHUS OTHOCHUTEIBHOW morpemuocTH. Jnsg obeunx
perpeccuii 3HaUeHUS MOTPEIIHOCTEH ObIIN OJIM3KHU
Mexy coboit u coctapmim 28,62 u 28,6 % coorBeT-
CTBCHHO, YTO 3HAYUTEIHHO OOJBIIE MTOTPEITHOCTH, BbI-
yrcnenHoi g MHC (oauu u3 pe3ynbTaToB B KaxkJI0M
perpeccun coctaBui 6oiaee 55 000 % u oTHECeH K BHI-

OpocaM, OTHOCHUTEIbHAS TOTPEITHOCTH OlIEHHBaNIAach 03
UX y4eTa).

3aTeM A7t MOATBEP:KICHUS aJIeKBaTHOCTH MOJICTICH,
HCTIONTF30BAaHHBIX MIPH MIPOTHO3UPOBAHUHY BETHUUHBI pa3-
pYLIAIOLIEH HArPY3KH, BBIIIOJHEH aHAJIOTMYHBIN aHAIN3
Ha TISITH JIOTIOTHUTENBHBIX 00pasiax (Tabm. 2). Pesynsrar
MIPOTHO3a OKa3aJICs JIyyine s Mmozenu Ha ocHoBe THC,
OTHOCHUTEbHASI IOTPENTHOCT cocTaBmia 8,4 %.

3aremM MeTo] IPOTHO3UPOBAHHUS PE3YIbTaTOB JKC-
nepuMenTa ¢ nomotnsio MHC, mokaszaBmii cymecTBeH-
HO 0oJiee BBICOKYIO TOUHOCTb, OBbLI MPUMEHEH ISl 00-
pabOTKH OMBITHBIX JIAHHBIX 0€3 MX MPeJBAPUTEIBHOM
HOpMasT3anyu. VIcTionb3yst OMMCaHHYIO BBIIIE METOANKY
coznanus MHC, nmomydaem psin MTHC u or6upaem cpeau
HHX HMEIOIIYI0 HAWTy4IIIyl0 TOYHOCT IporHo3a (puc. 11).

Otob6pannas u3 npuseeHHbIX Boiie MHC (Bbize-
JIeHa 3eJIeHOH pamKoii Ha puc. 11) Biimtouaet 10 CKpBITBIX
HEUPOHOB B CKPBITOM ciioe. DyHKIIMEH aKTUBALIMY J1JIs1
CKPBITOTO M BBIXOJTHOTO CJIOEB SBIISETCS IKCIIOHEHTA
(puc. 12). Ha puc. 13 npusenen rpadpuk 3aBUCUMOCTH
MTOJTyYEHHBIX M MPOTHO3HBIX 3HAYCHUHN pa3pyIIaroniei
Harpy3ku. Toukn Ha rpaduke J0CTaTOYHO IJIOTHO IPyII-
MUPYIOTCA BOKPYT JUArOHAIBHOW JUHUH, T.€. TOTY-
YeHHAast MOJIENIb XOPOIIO COTNACyeTCs C pe3ylbTaTaMu
skcriepuMenTa. OTHOCHUTENBHAS TTIOTPEITHOCTD ITPHU MPO-
THO3MPOBAHUHU PE3YJIBTATOB IKCIIEPIMEHTA COCTaBMIIA
B cpenHeM 6,62 % (tabm. 3).

Tabu. 2. XapakTepruCTUKH JOTOTHUTENBHBIX 0aIOK IPYyTHX aBTOPOB

Table 2. Parameters and shear capacity of the beams of other authors

1 rCA 28] BT-1I-1(a) 2 90 42 330 16 1,75 200 102,5
.C. Anues
2 G.S. Aliyev [28] BT-1I-1(6) 2 90 43 330 16 1,36 200 95
3 BO-I1-3 2 90 45 330 18 1,63 200 106,9
4 A.P. A6aymnaes [29] BA-I-3 3 90 51 322 22,2 1,48 200 118,1
5 A.R. Abdullaev [29] BJ-1-31 3 90 52 320 20 1,46 200 | 114,9
Net, naeme Tramning parf,  Test pail, Valdationp..  Algonthm Emor funct Hidden act Output sct.
MLP 7-31 0888113 0.994630 D.955667 BFGS 29 s05 Logistic Logistic
MLP 771 0.934747 0994829 0988939 BFGS 118 S05 Exponential  Exponential
MLP 7-2-1 0987204 0,932003 0.973009 BFGS 140 s05 Exponential Logistic
MLP 7-71 0995388 0930811 0,360082 BFGS 23 505 Exponential Idanitity
MLP 7171 0995337 0933406 0976269 BFGS 26 05 Exponential Sine
MLP 7-9-1 0996234 0.936689 0380273 BFGS 46 505 E sponential Tanh
MLP 7-4-1 0.396358 0993408 0.930337 BFGS 51 s05 Tanh |dentity
MLP7101 0894308 0982038 0955906 BFGS26  SOS Exponential  Sine
[MLP 7-10-1 0993394 0992357 0,392060 BFGS 77 205 Exponential Exponential ]
Puc. 11. Xapaxrepuctuku nonydennsix MHC
Fig. 11. Characteristics of the obtained ANN
Validation | Training | Emor funclion | Hidden Qutput

Net. name | Training perf. | Test ped. | Validation | Training amor iTasl Brrar

errer algorithm actration | actwvation

pe
[MLP 7-10-1 0993394 0932357 0392060 201581

Puc. 12. Xapaxrepuctuku oroopanaoit UHC

Fig. 12. Parameters of the selected ANN

7617156

1982134 BRGS 7T 503, Exponential| Exponential]
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Puc. 13. 3aBucumMocTs MexIy GakTUIeCKUM B IPOrHO3HBIM 3Ha4eHUAMH O,
Fig. 13. Relationship between the actual and predicted value of O,
Taba. 3. CpaBHeHne GaKTUUSCKUX TAHHBIX U PE3yJIbTaTOB NPOrHO3UpoBaHus ¢ momorsio MHC
Table 3. Experimental data vs. ANN predicted results
daxTuyecku Paspemennas DaxkTuyecku Paspemennas
paspemieHHast | Harpyska 1o JaHHbIM | OTHOCHTENIBHAS paspelieHHast | Harpyska o JaHHbIM | OTHOCHTENIbHAS
Harpyska Q,,,, kH UHC 9, ,, kH HOTPEeNHOCTh, % || Harpyska Q,,,, kH UHC 9, ,, k<H HOTPENIHOCTD, Yo
Test failure load ANN shear failure | Relative error, % || Test failure load ANN shear failure | Relative error, %
Qu/t’ KN load Qu/t.p7 KN Qu/t’ KN load QU/I.])’ KN
88,70 91,64 3,32 70,5 73,61 4,41
68,10 72,44 6,38 42,7 46,23 8,26
91,60 96,16 4,98 47,1 47,67 1,20
75,00 68,69 8,41 51,2 51,30 0,19
65,70 69,69 6,08 57,1 54,08 5,29
81,80 83,24 1,76 48,1 46,84 2,63
96,50 90,42 6,30 50,3 48,56 3,47
66,00 80,56 22,06 44,8 50,02 11,66
68,90 70,37 2,13 55,4 52,57 5,10
71,90 73,20 1,81 42,5 45,09 6,09
84,80 66,85 21,17 48,7 46,53 4,46
68,00 61,40 9,70 47,2 47,16 0,07
86,60 83,47 3,61 47,4 48,09 1,45
64,00 83,20 30,00 42,8 44,53 4,05
80,70 83,47 3,44 50,1 45,22 9,74
85,60 90,94 6,24 46,3 46,27 0,07
73,80 89,64 21,46 56,2 49,03 12,76
93,40 87,25 6,58 65,1 72,66 11,61
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Oxonuanue maon. 3/ End of the Table 3

daxruyecku Pazpemennas daxruyecku Paspemennas
paspellieHHas | HarpysKka 110 JaHHbeIM | OTHOCHUTEIIbHAs paspelleHHas | Harpyska 110 JaHHbeIM | OTHOCHTEIIbHAs
Harpyska Q,;,, kH nHC 9, ,, x<H MOrpenIHoCTs, % || Harpyska Q,,,, KH nHC 9, k<H MOTPENIHOCTD, %o
Test failure load ANN shear failure | Relative error, % || Test failure load ANN shear failure | Relative error, %
O, KN load O KN O, KN load Oy KN

52,10 56,88 9,17 74,5 78,53 5,40

56,20 57,21 1,79 62,5 65,65 5,04

53,40 56,39 5,60 70,8 70,67 0,18

81,40 58,38 28,28 453,1 455,19 0,46

48,90 52,01 6,35 371 371,22 0,06

61,90 63,66 2,84 369,1 366,66 0,66

59,60 61,69 3,50 416 417,47 0,35

59,60 62,40 4,70 376 410,22 9,10

62,90 68,74 9,29 440 411,39 6,50

78,10 80,43 2,99 2775 346,72 24,94

82,70 85,33 3,18 341 350,14 2,68

84,10 87,15 3,63 375,5 354,71 5,54

120 126,68 5,57 292 296,88 1,67

225 272,91 21,29 312,5 315,12 0,84

210 205,28 2,25 3115 326,23 4,73

210 211,41 0,67 77,4 57,47 25,75

165 163,54 0,88 71,5 59,54 16,72

80 79,14 1,07 61,7 57,57 6,69

116 115,42 0,50 62,1 63,13 1,66

54,9 49,98 8,97 76,2 74,48 2,26

57,6 52,70 8,50 Cpeanee suasere 6,62

Mean value

3JAK/IIOYEHUE U OBCYXJIEHHUE

Pe3synbraTel 0T€UECTBEHHBIX U 3apyOEKHBIX HCCIIE-
JIOBaHUI yKa3bIBAIOT HA BO3MOXKHOCTb IPUMEHEHHUS
WHC mis pemmeHust COKHBIX, TPYIHO (OPMaH3yeMbIX
3aJa4 pacyera CTPOUTEIbHBIX KOHCTPYKIWH. B mpen-
craBieHHol pabore MHC BriepBble IpUMEHEHBI sl
MIPOTHO3UPOBAHKSI IPOYHOCTH TOHKOM CTEHKU apMUpPO-
BAaHHBIX 6eTOHHBIX 68._]'[01( B 30HC ﬂeﬁCTBHH TONEPEYHBIX
cui. [l 0OBeKTHBHOM OLIEHKH PE3yJIbTaTOB PAaCueTOB
mpu oMo MHC 6a3a skcriepuMeHTaTbHBIX TaHHBIX
BKJIFO4ajia 00pasiel ¢ BAPbUPYEMBIMH B IIMPOKUX JNa-
Ma30Hax UCXOHBIMHU MTapaMeTpaMH M BETMIMHAMH pa3-
PYLIAIOLINX HATPYy30K.

ITporuosuposanne MHC nokasano Xopolryro cxo-
JUMOCTb C Pe3yJbTaTaMM HaTypPHBIX UCHBITaAHUHI
13 PaCCMOTPEHHON BHIOOPKH — CPEIHSISI IOTPELIHOCTh
pacuetoB coctaBuina 6,62 %. Monens MTHC 6bu1a ompo-
0oBaHa Ha HAaTYPHBIX UCIBITAHNUAX, HE 33]JcHCTBOBAHHBIX

pu ee 00y9eHNH U TECTUPOBAHUU. 3/IECh PacUeThl IPH
nomou MHC Taxske nmokasaiy XopoIue pe3yabTarbl —
Cpe/IHsisl BeIMYMHA OTpelIHOCTH cocTaBuia 8,4 %. Tou-
HocTh pacueTos npu oMot MHC cpaBHUBanace ¢ To4-
HOCTBIO PETPECCHOHHOTO aHaIN3a MO MPEBAPUTEIBHO
HOPMaJIN30BaHHBIM JaHHBIM. CpeqHss MOrpenHocThb
pacuetoB o MTHC oxa3anack npumepHo B 2,5 pa3a HIXKe,
4eM Ul PerpecCHOHHOIO aHaIn3a.

Pe3ynsTaThl BEITOMTHEHHON PaOOTHI ITO3BOJISIOT 3a-
KITFOYHTB, YTO MPEIOKEHHBIH CII0CO0 MaTeMaTHIEeCKO-
ro mozenuposanust MTHC npumeHnM Juist pacueToB Mpou-
HOCTH CTEHKU MPHUOMOPHBIX YYaCTKOB TaBPOBBIX
1 IBYTaBPOBBIX apMUPOBAHHBIX OETOHHBIX O6ajok. Kpo-
Me Toro, pacueTsl cpenctBamu MHC MoryT mocmyXuTh
HOBBIM MHCTPYMEHTOM JUJISl TPOBEICHUS YUCICHHBIX
9KCIIEPUMEHTOB, HallPaBJICHHBIX HAa UCCIIE0BaHUE BIIH-
STHUS BapbUPYEMBIX KOHCTPYKTUBHBIX U Harpy304HBIX
MapaMeTPOB Ha HECYIIYIO CTIOCOOHOCTH OAJIOK MPH JIEH-
CTBHH TIOTIEPEYHBIX CHII.
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ABSTRACT

Introduction. Existence of openings in webs of beams reduce their shear rigidity and increase deflections compare with
beams of the same dimensions with solid web. Investigation of the castellated beam’s deflections is important, because one
of main demands to beams of engineering structures is guarantee of necessary rigidity, i.e. restriction of ratio deflection to
length. In the work it was studied deflections of castellated beams with diamond shape, hexagonal, sinusoidal and circular
openings, widely used in structural industry.

Materials and methods. Effect of openings on transverse deflections of the castellated steel beams was studied analytically
with theory of composite bars, with the finite element method and experimentally on four meters’ double consoled beams
under loading with concentrated forces applied at consoles.

Results. Universal analytical relation was obtained which allow reliably evaluate deflections of simply supported beams with
various shape of openings under different kind of loading. Analysis of results of calculation of beams by FEM using program
complex ANSYS demonstrates satisfactory correspondence to experimental data and to analytical relations.

Conclusions. Obtained with the theory of composite bars analytical dependences for deflections of simply supported beams
are applicable for beams with various type of perforation and different kind of loading.

KEYWORDS: deflections, castellated beams, diamond shape, hexagonal, sinusoidal and circular openings, analytical
solution, experiment, FEM
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AHHOTALUMUA

BBepeHune. Hanvume Bbipe3oB B CTeHkax 6anok CHMXaET MX CABUIOBYHO XXECTKOCTb U yBENUYMBAET NPOrnbbl MO CPaBHEHWUIO
¢ bankamu Takmx e pa3mepoB CO CMIOLIHOW cTeHKoW. MiccnegoBaHve npornboB nepdoprpoBaHHbIX 6anok BaxHO, Tak Kak
OAHWM U3 OCHOBHbIX TpeboBaHU k 6ankaMm NHXEHEPHbIX COOPYXeHUN ABnseTca obecnedyeHne HeobXoaMMON XeCTKOCTH,
T.€. OrpaHnyeHne oTHoLeHNs npormba K AnvHe. M3ydeHbl npornbel nepoprpoBaHHbIX 6anok ¢ poMGoBUAHBIMK, LWECTU-
YrornbHbIMWU, CUHYCOMAAMNBHBLIMU U KPYTTbIMU Bbipe3amu, LUIMPOKO MPUMEHSEMbIMU B CTPOUTENbLCTBE.

MaTepuanbi u metoAbl. AP eKT BbIpe30B Ha NonepeyHbIn n3rnb nepdoprpoBaHHbIX 6anok nccnegoBancs aHanUTUYecku
C MCMOMb30BaHNMEM TEOPUM COCTaBHbIX CTEPXKHEN, METOAOM KOHEYHbIX anemeHToB (MKJ) 1 akcnepumeHTanbHO Ha CcTanbHbIX
YeTbIPEXMETPOBLIX ABYXKOHCOSbHbIX CTarnbHbIX 6ankax npy Harpy>XeHnv cocpeaoTOYEHHbIMU CUMaMU Ha KOHCONSIX.
Pesynbrathl. [TonyyeHo yHuBepcanbHoe aHanMTu4eckoe peLleHne, No3BonsioLLee HageXHO OLeHBaTb NPormbbl LLapHNP-
HO onepTbiX 6anok ¢ pasHoW hopMoN BbIPE3OB NPU PasHbIX BUAAX HarpyxeHus. AHanua pesynsratoB pacyeta 6anok, Bbl-
nonHeHHbIx MK ¢ nomolubto nporpammHoro komnnekca ANSYS, nokasan yaoBneTBoputeribHoe COOTBETCTBME AaHHbIX
3KCMEPVMEHTOB N pacYETHbIX 3aBUCMMOCTEN.

BbiBoabl. [Nony4eHHble MO Teopun COCTaBHbIX CTEPXKHEN 3aBUCMMOCTU MPUMEHUMbI A5 6anok ¢ OTHOCUMTENbHOW ANTMHOW
bonbLue gecaTu.

KNIOYEBbLIE CITOBA: nporu6, nepdopupoBaHHas 6anka, pomboBMAaHbIE, LLECTUYTOMbHblE, CUHYCOMAanbHbIE U Kpyr-
ble BbIpe3bl, TEOpUs CocTaBHbIX cTepxHen, MK, akcnepumeHT
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Bbin. 9. C. 1160-1174. DOI: 10.22227/1997-0935.2022.9.1160-1174
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INTRODUCTION

A big number of studies as foreign [1-17], so and
Russian authors [18-25] are dedicated to investigation
of the castellated beams deflections, because one of main
demands to beams of engineering structures is guarantee
of necessary rigidity, i.e. restriction of ratio deflection to
length.

In some studies, only experimental investigations
of deflections [1-5] were carried out, in another it was
used FEM calculations [6, 7, 9—14]. First analytical
solution for deflections of castellated beams based on
Vierendeel scheme have been published in 1957 [2].
In [2] it was considered theoretically and by tests
the deflections of the hexagonal castellated beams, which
were used under construction of 30-m highway bridge
in state Texas. Later improved formula for the Vierendeel
scheme was obtained in [8].

In studies [15] and [16] was applied the principle
of minimum potential energy for analytical solution of
elastic deflections of castellated beams with hexagonal
openings. In [16] for improving of accuracy of solution
the coefficient of the shear rigidity was determined with
help of calculations by FEM using software ANSYS. It
was indicated, that for short beams error of calculations
does not exceed 6 %.

In Russian practice almost all studies on deflections
of castellated beams [19—24] are based on the theory of
composite bars (TCB), elaborated in [18]. In [21, 22]
analytical solution of problem of simply supported
castellated beam with hexagonal openings performed
with help of TCB is in good correlation with results
obtained by FEM and experimental data. Deflections of
castellated beams with sinusoidal openings were
considered analytically in [24]. In [25] for obtaining of
deflections of beams with circular openings, subjected
to uniformly distributed load have applied the energy
method Timoshenko.

In spite of big number of studies, the European
structural standards do not contain formulas for
calculation of deflections of castellated beams. Initially
in Eurocode 3 (1993) it was annex N “Openings in web
of beams”, in which considered empirical relation, based
on Vierendeel scheme for deflections of castellated
beams, but later in Eurocode 3 (2005) this relation was
omitted as not reliable. Only in Russian structural
standard” there are recommendations on analytical
determination of deflections of castellated beams with
hexagonal openings.

From performed review it is clear that there are three
analytical approaches to prediction of deflections of
castellated beams: the Vierendeel scheme; the theory of

! Eurocode 3. ENV 1993-1-1:1993. Design of steel structures.
Annex N: Openings in webs. European Committee for Stan-
dardization.

2 SP294.1325800.2017. The construction of steel. Design rules.
198 p.

composite bars; the principle of minimum potential
energy. From numerical methods the most efficient is
the finite elements method.

Although the finite element method allows to predict
rather exactly deflections of castellated beams it demands
at first, rather expensive program complexes, for example,
such as NASTRAN, ABAQUS or ANSYS, and secondly,
it is need a qualified personal, as even small mistake in
initial data can bring to serious distortion of results. That
is why application of analytical relations, allowing
operatively evaluate rigidity of beams of different
constructive design using only tabular processor Excel,
is always preferable.

Aim of this study is to obtain analytical relations
for the castellated beams deflections with hexagonal,
diamond shaping, circular and sinusoidal openings and
compare obtained solutions with results by FEM and
experimental data.

MATERIALS AND METHODS

Solution of problem of the castellated beam’s
deflections was performed with three methods: analytical,
based on application of the theory of composite bars,
numerical calculations by the finite elements method,
using program complex ANSYSS and experimental tests
on steel models.

In the analytical approach based on application
of TCB a castellated beam was considered as composed
of two T-shaped bars joined each other with elastic lay
formed by web-posts between openings. Differential
equation of flexure of such beam were solved in series
of Fourier, high convergence of which allow to keep only
one term in series. Kind of perforation is taking into
account only with coefficient of rigidity of elastic lay.

Numerical calculations of beams were performed
by FEM using ANSYS software. The models of beams
were composed of plane quadrilateral finite elements
Shell63. As accuracy of calculation by FEM depends on
dimensions of FE for adequate description of model
the size of FE was tied with radius of fillet of openings.
Performed analysis showed that for sinusoidal openings
satisfactory description of contour can be reached under
sizes of FE approximately equal to 0.2 of radius of
opening. In calculations sizes of FE were equal to
Agg = 0.05H. For reducing of dimensions of system of
equations and respectively time of calculation in program
it was taking into account symmetry of structure. That
is why it was considered only half of beam. All beams
were simply supported and loaded with uniformly
distributed load or by concentrated forces.

Although the finite elements method allows rather
reliably appreciate accuracy of obtained analytical
relation in the study it was also performed experiments
on beams with diamond shaping and hexagonal openings
ofregular shape. Experiments allow define more precisely
influence such factors as inexactitude fabrication of
construction, existence of initial deformations, influence
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of residual stresses and so on. Research was conducted
on four meter’s steel beams, having two consoles with
1.5 m length each loaded via dynamometers by
concentrated forces.

RESULTS OF THE RESEARCH

Calculation of beams with the theory
of composite bars

Before to consider the castellated beams we pay
attention on peculiarities of deformation of beams with
solid web, which will be denoted as / — H —1,,— b,— 1,
where incoming magnitudes are interpreted as: / is length
of beam, H is depth of beam, ¢, is thickness of web,
b,is width of flange, 7,is thickness of flange.

As it is shown in [24], full deflection of simply
supported beam with solid web under uniformly
distributed load is determining as sum of deflection
caused by bending moment and deflection due to shear
force:

Wonas = Wi (1+12.5(CH /1) (1164 4, /4, ), (1)
is deflection of beam under distributed load,
bty %s

where w!l
determined on technical theory of flexure; 4,=
area of flange; 4,, = h,¢,, is area of web (h,, = H
calculated depth of web).

From relation (1) it is clear the influence of shear is
stronger with increasing the ratio 4,/4,,, because existence

of perforation of web reduce value 4,,, then influence of
shear is growing. For simply supported beams increasing
of deflection due to shear can reach 30 %, and for clamped
beams this increasing can be equal 1.5-2 times compare
to deflections of beams the same dimensions with plane
web. The bigger ratio //H the less role of shear.

For evaluation of rigidity it is important to know
what effect from shear on deflection of beam produce
perforation. It will be considered beams of a few
constructive designs with diamond shaping openings
(Fig. 1, a), with hexagonal openings (Fig. 1, b), with
sinusoidal openings (Fig. 1, ¢) and with circular openings
(Fig. 1, d). In this article it was used three methods of
calculations of the castellated beams deflections: theory
of composite bars; the finite element method and
experiment.

For designation of dimensions of castellated beam
with diamond shaping openings in the work is using next
form of writing: / — H —t,,— b,— t,— B — & — 3, in which
B = h/H is relative depth of openings; & = c/a is relative
width of web-posts (c is size of horizontal side, a is
inclined side of opening); 9 is angle of inclination of
sides of hexagon to horizontal axis (Fig. 2). In this work
the diamond shaping openings with angle of inclination
of sides 3 = 60° is only considering. For beams with
diamond shaping openings relative width of web-posts &
can be changing in diapason 0.2 <& < 0.8. Under width
of web-post c =a, i.e. under { = 1, we have case of classic

perforation with hexagonal openings of regular shape
(Fig. 1, b).

DMX 50198

a b

DMX 492132

m XX

d

Fig. 1. Shapes of openings in castellated beams: « — diamond shaping; b — hexagonal; ¢ — sinusoidal; d — circular

. A a p \¢ [[W
% c a gy

z Ay

Fig. 2. Denominations for castellated beam with diamond

shaping openings

Scheme of calculation in the theory of composite
bars imply existence of two T-section bars (Fig. 2) and
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elastic lay, formed by web-posts. Differential equation
of composite bar in [22] was obtained in form:
1K M” MK

c W//: _ > c , (2)
EAI E2I, E*Al

27”7

where w is deflection of beam; /) is moment of inertia
for cross section with opening; K., is coefficient of rigidity
of elastic lay; E is Young’s modulus; 4 is area of T-section
above opening; /, is moment of inertia of T-section.

Solution of equation (2) was made in series Fourier
for case of simply supported beam under uniformly
distributed load g. Then the function of bending moment
was decomposed in sinus series as:
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2
v =9 > %sinnnn (3)
8 ,oan
and function of the beam deflection w as:
w= 2 a, sinnmn. 4
n=1,3
Substitution (3) and (4) into (2) leads to form:
4q1* I,/21,+ K. | n?
L /21, +Ke/n sinamn,  (5)

- °ElL 5 0 (1+&: /)

where n = x/, and K, is non-dimensional coefficient,
determined as:

K =K1, [(v*EaL). (6)

As show analysis of calculations of castellated

beams by FEM, for simply supported beam with uniform

load g, rather good results can be received with remaining

only one term in series (5), changing under that factor
4/m° on 5/384. Then instead of (5) we get:

5qi* 1,/21, +K.
384El, 1+K,

(7

cast —

First coefficient in (7) represents deflection w’” of
simply supported beam, determined according to
technical theory of the beam’s flexure:

r__5ql ) ®)
384El,
Moment of inertia /; is calculating as:
Iy=1,-Ft,/12, )

where 7,,— moment of inertia of beam with plane web;
h — depth of opening.
Moment of inertia /,; is calculated as:

Ly=bi(H—1)*/2+(H-2t)’t,/12.  (10)

As in most cases K, > 100, then in denominator
of (7) it is possible to eliminate unit and to rewrite it in
more compact form:

Wegsy = WL +1/2IK)).

(11)

Second item in brackets in (11) takes into account
influence of shear of web, caused with perforation. After
substitution of coefficient K, (6) into (11) magnitude 7,
is eliminating and equation transforms to:

cast

Wegsy = W1+ 0.5n°EA | K 7). (12)
Area of T-section 4 is calculating as:
A=1b;+1,(0.5(H—h)—1t). (13)

Obtained above relation (12) is applicable for any
kind of perforation. Namely second term in brackets in
(12) account the shear component of deflection. Different

kind of perforation is determining by the coefficient of
rigidity of elastic lay K.

Coefficient of rigidity of elastic lay, formed with
web-posts for beam with diamond shaping openings K,
can be calculated as:

K.=Gt,/ ah, (14)

where G = E/ 2(1 + p) is shear modulus; a is numerical
coefficient, depending on kind of the beam supports
(fixed one or simply supported).

For simply supported beam with diamond shaping
openings the magnitude o can be adopted as o = 8.11.
Then relation (14) takes form:

K,.=Gt, /8.11BH. (15)

Hence, deflection of castellated beam with diamond
shaping openings can be calculated on (12) taking into
account (15):

wiCB = wWIT (14 104BHA/1,1%).

r

(16)

Relation (16) is applicable to beams with diamond
shaping openings in diapason of relative depth of
openings 0.667 <3 < 0.73 and not depends on relative
width of web-posts in diapason of 0.2 < ¢ < 0.8. Note
that for more accurate calculation in relation (16) moment
of inertia / is calculated not at (9), but as effective one:

1,=1,- 11,/ 24. (17)

Moment of inertia /,, represents mean value between
moment of inertia /,; of beam with plane web and /; is
moment of inertia for cross section with opening (9).

Under classic perforation with hexagonal openings
coefficient of rigidity K, according to calculations by
FEM can be adopted in form:

K, =Gt,/(26.3(1.968 — 1)BH). (18)
Substitution (18) in (12) lead to deflection of beam
with hexagonal openings in form:

TCB
Whex

=w" (1+337(1.968 - 1)BHA/1,1%). (19)

Expression (19) is applicable to beams in diapason
of relative depth of openings 0.667 <3 <0.73 under fixed
relative width of web-posts & = 1. Moment of inertia in
expression (19) is calculating according to relation (17).

For beams with sinusoidal openings (Fig. 3, a),
which appeared not long ago in structural practice with
aim to reduce the stress concentration we use
denominations / — H —t,,— b,—t,— B —p — E— 3, where
magnitude p, representing a relative fillet radius, is
determining as p = r/a (r is radius fillet of angles of
openings, a is inclined side of opening without fillet). In
this paper it was considered variants of sinusoidal
perforation (Fig. 3, @) with magnitude & = 1 and relative
radiuses of fillet p=10.25 (Fig. 4, b) and p=0.5 (Fig. 4, ¢).
Magnitude of angle of inclination of sides was 9 = 60°.

For beams with sinusoidal openings (Fig. 3, a), i.e.
with hexagonal openings with fillets, relation (16) is need
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in correction, which is possible to make introducing
additional function k(p). In this case relation (16) takes
form:

Wy = WI(1 + 104k(p)BHA/L, ). (20)

Determine k(p) with help of calculations by FEM
of the shear deformation of fragments of beams with
length equal to step of openings (Fig. 4), with different
radius of fillet under action the same shear force. Numerical
calculations were performed with complex ANSY'S using
finite elements Shell63.

As itis clear from Fig. 4, b, under relative radius of
fillet p = 0.25 the shear deformation of fragment is
reducing at 1.048 times compare with fragment without
of fillet (Fig. 4, a). Similar calculation under radius
p = 0.5 (Fig. 4, ¢) lead to effect at 1.1 times. From
obtained results it is possible to conclude that function
k(p), can be approximated by relation:

k(p) = 1.07 — 0.03p. Q1)

Some increasing of rigidity of beam under rounded
angles can be explained with redistributing of material
more near to shelves under common conservation of its
volume.

Taking into account (21) the relation (20) for
deflection of beam with sinusoidal perforation can be
represented as:

TCB
Wsin

=w’ (1 +104(1.07—0.03p) BHA/ twlz). (22)

It is necessary to mark that obtained relation is
reliable to case of perforation of web with openings of

C

a

regular hexagonal shape, having radius of fillets in
diapason 0.25 <p <0.5.

Beams with circular openings (Fig. 3, b) is denoted
as[—H—1t,—b—t,—p—& where £ = ¢/d (c is width of
web-post, d is diameter of opening).

For castellated beams with circular openings it is
using the same relation (12), and view of perforation
taking into account only with coefficient of elastic lay
K.. For circular openings coefficient K, can be
approximated as:

K.=Gt, | o(E)BH, (23)

where ®(§) is function, depending on relative width of
web-post &.

For beams with circular openings function w(§) was
obtained on base of analysis of FEM calculations in form:

(&) = 698 — 73.5¢ + 26.7. (24)

After substitution (23) in (12) we get expression for
deflections of beams with circular openings in form:

wi® = w (1+12.88HAW(E)/1,1%).

(25)

For verification of obtained expressions (16), (19),
(22) and (25) it is need to compare results with FEM.

Calculation of beams by FEM

After obtaining of analytical relations for deflections
of castellated beams with various shape of openings (16),
(19), (22) and (25) it will be considered application of
them by comparison with solutions obtained by FEM
and experimental data.

S
o

JI1EN

Fig. 4. Deformation of fragments of beams under: a — p=0;b—p=0.25;¢c—p=0.5
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Having relation (16) for estimation of deflection of
castellated beams with diamond shaping openings it was
performed calculations by FEM of these beams and then
verified application of formula (16) for evaluation of
deflections according to theory of composite bars.

The series of calculations of castellated beams with
different parameters of openings were carried out.
Deflections of simply supported beams /—75 —¢,,— 17 —
— 1.52 cm — & — B — 60° under action of uniformly
distributed load ¢ = 10 kN/m with different relative width
of web-posts E=0.2, £=0.4 and = 0.8, different length
of beams, different thickness and relative depth of
openings were considered. Represented at Fig. 5 results
show, that under constant depth of openings the influence
of width of web-posts & on magnitude of deflection

DMX = 11.4287

WM = 11.43 mm; w8, =11.33 mm; 8= 0.9 %

a

practically is absent. This is reflecting in relation (16). It
can be explained that fixed angle of inclination of sides
9 area of openings remains unchangeable under any
parameter &, and with the same distribution of material
of beam along it’s depth. Under relative length of beam
I[/H = 14, thickness of web #,,= 0.6 cm, relative depth of
openings B =0.73 and = 0.2 divergence in magnitudes
of deflections, calculated by FEM and on relation (16),
does not exceed 6 = 0.9 % (Fig. 5, a), and under £ = 0.4
practically coincide (Fig. 5, b).

As most essential influence of shear on deflections
is appearing in short beams (see relation (1)), it were
calculated beams with //H =10, { =0.2 and B = 0.667
(Fig. 6, a) and beams with I//H = 10.17, £ = 0.4 and
B =0.73 (Fig. 6, b). In this case a divergence of results

DMX = 11.3452

WM = 1135 mm; w2, =11.33 mm; 5 = 0.1 %

b

Fig. 5. Deflections of simply supported beams 1,050 — 75 — 0.6 — 17 — 1.52 cm — 0.73 — & — 60° with various perforation:

a—E=02b—E=04

DMX = 2.80746

DMX = 3.05388

wffé\:[nh =2.81 mm; w,ThCOl?n,, =275mm;6=2.1%

a

W,ng\fnb =3.05 mm; wj&ib =299mm;6=19%

b

Fig. 6. Deflections of simply supported beams /— 75 —1—17 - 1.52 cm —  — £ — 60° with different perforation: « — /=750 cm,

B=0.667,=02;b—1=763cm,B=0.73,=0.4

DMX = [85.853

FEM

Wyhoms = 185.85 mm; w,

DMX = [85.255

TCB
rhomb —

=184.05mm;d=1%

FEM

WM =185.26 mm; W, = 184.05 mm; 8 = 0.7 %

Fig. 7. Deflections of simply supported beams 2,700 —90 - 1.2 - 19 - 1.78 cm — 0.667 —{ - 60° at: a — £=0.8; b — £=0.2
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obtained by FEM and on (16) is increasing, but not
exceeds 6 =2.1 %. In Fig. 6, b relative length was adopted
equal to //H=10.17, as under less length it is not located
a whole number of openings.

Under increasing of relative length to //H = 30 it
was performed calculations of beams 2,700 —90 — 1.2 —
—19—-1.78 em — 0.667 — & — 60° with relative width of
web-posts & = 0.8 (Fig. 7, a) and & = 0.2 (Fig. 7, b). On
the same Fig. 7 it is indicated results of calculation
on (16), showing, that divergence with FEM does not
exceed 6 =1 %.

Existence of diamond shaping perforation with
the depth openings 0.667H under angle of inclination of
sides 9 = 60° independently of width of web-posts lead
to reducing of flexible rigidity of beam approximately at
20-22 % compare with beam of the same dimensions
without openings.

Increasing of relative depth of openings from
B=0.667 until p=0.73 under 9 = 60° reduce the flexible
rigidity approximately at 2—6 %.

DMX = 5.9565

WM = 5,96 mm; wroP = 5.83 mm; 6 =22 %

DMX = 11.2482

FEM

wieM = 11.25 mm; wio® =11.09 mm; & = 1.4 %

o =

b

DMX =39.6013

000000060 ¢

wiEM = 39.6 mm; wC® = 39.4 mm; § = 0.5 %
C

Fig. 8. Deflections of simply supported beams with hexagonal
openings of regular shape /—75-0.6—17-1.52 cm—0.667 —
—1-60°at:a—[=875cm; b—[=1,050cm;c—/=1,480cm

For beams with hexagonal openings of regular shape
it is possible to adopt relation (19), but calculations by
FEM show (Fig. 8, a), that under & = 1 deflections, cal-
culated by it lead to results with error not exceeding
6 = 2.2 %, only for openings with B = 0.667 under
I/H>11.7. Under //H = 14 (Fig. 8, b) and I/H = 19.7
(Fig. 8, ¢) divergence with FEM is reducing to values
6 =1.4 % and 6 = 0.5 % respectively.
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For beams with bigger relative depth of openings
calculations according to (19) and results by FEM
(Fig. 9, a—c) show, that in diapason of length
11.7 < I/H < 19.7 under p = 0.73 divergence with FEM
does not exceed 6 = 0.6 %.

DMX = 6.29658

wieM = 6.3 mm; wie® = 6.26 mm; 8 = 0.6 %

a

DMX = 12321

WM = 1232 mm; wis® = 12.28 mm; 8 =0.3 %
b

DMX =46.5572

XX xrxxx

wiEM = 46.6 mm; w<® = 46.3 mm; & = 0.6 %
C

Fig. 9. Deflections of simply supported beams with hexagonal
openings of regular shape /—75—-0.6 —17—-1.52cm —0.73 —
—1-60°at:a—[=860cm; b—[=1,050cm;c—/=1,520cm

Series of calculations of deflections of simply
supported castellated beams with sinusoidal openings
were performed with different parameters /— 75 — 0.9 —
—19.9—-1.4cm - 0.667 — p — 1 — 60° under uniformly
distributed load ¢ = 10 kN/m. It was changing magnitudes
of relative radiuses of fillet in diapason 0.25 <p <0.5
and length of beam under fixed relative depth of openings
B =0.667 and relative width of web-posts &= 1. Results
of calculations of indicated beams are shown in Fig. 10.

As show finite element analysis, the biggest
divergence (6 = 0.9 %) of FEM results and calculations
on (22) can be seen for relatively short beams with
I/H =11.57 (Fig. 10, a). Increasing of relative length
until //H = 13.88 reduce error of calculation on (22) to
6=0.3 % (Fig. 10, b), and at //H = 16.2 error does not
exceed 0.1 % (Fig. 10, d). Calculation of beams with
length //H = 13.88 with relative radius of fillet p = 0.25
lead to error of calculation on (22) equal to 6 = 0.9 %
(Fig. 10, ¢).

For beams of big length with //H = 32.4 divergence
of analytical calculation with the FEM results is
practically absent (Fig. 10, ). On the whole, calculations
on (22) give rather good results, not exceeding divergence
6=0.9 % in diapason of relative lengths 11.57<l/H<32.4.
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DMX = 4.67993

DMX = 8.95199

FEM
Wsm

=4.68 mm; wSm B=464mm;5=09%

a

DMX =9.01102

=8.93mm; 6=09 %

FEM _ TCB
Wen - = 9.01 mm; wy;;

c
DMX =226915

¥

wEiEM = 8.95 mm; wi P =8.92 mm; 5 =03 %

b

DMX =15.7734

2000000

WM = 1577 mm; wiS® = 15.78 mm; §=0.1 %

d

WEEM = 296.9 mm; wiC® =226.9 mm; § = 0.01 %

sm sin

Fig. 10. Deflections of simply supported beams / — 75 - 0.9 - 19.9 — 1.4 cm — 0.667 — p — 1 — 60° under uniformly distributed

load g =10 kN/m: a — [/H=11.57,p=0.5; b — I/H =
e—I/H=324,p=0.5

It can be noted from relation (22) that radius of fillet
has very small influence on deflections of beams with
sinusoidal openings.

Constructive design of beams with circular openings
have a big difference: it is using beams with relative
width of web-posts & = 0.15 (Fig. 11, a), with £=0.25
(Fig. 11, b) and with £ = 0.5 (Fig. 1, d). Relative depth
of openings is changing in diapason 0.667 < 3 < 0.73.
That is why in such wide diapason it will be performed
calculations of castellated beams with circular openings
by FEM.

Deflections of castellated beams with circular
openings were calculated by FEM for beams with

13.88,p=0.5c—I/H=

13.88,p=0.25d —I/H=16.2,p=0.5;

dimensions 1,050 — 75 -1-17—-1.52 cm — 0.667 — &
and 0.15 <& <0.5. Relative length of beams was equal
to //H = 14. Results of calculation by FEM using ANSYS
under relative width of web-posts & = 0.15 and on (25)
are shown in Fig. 12, a, from which it is clear that
divergence with indicated values does not exceed
6=0.1 %. Approximately the same accuracy demonstrate
calculations with variant of the web-post width § = 0.4
(Fig. 12, b) and variant with & = 0.5 (Fig. 12, ¢). In
Fig. 12, d is shown deflection of beam with solid web,
which allow to appreciate influence of openings at
changing of rigidity of beam. As it possible to see from
comparison of Fig. 12, a and Fig. 12, d, existence of

Fig. 11. Constructive design of beams with circular openings: a — £ =0.15; b — £=10.25
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DMX = 10.7843

29%0000000000000°8

WM =10.78 mm; w1 = 10.8 mm; § =0.1 %

a

DMX =9.08652

200000000 0000"

WM =909 mm; w B =9.1 mm; §=0.1 %

C

DMX =9.28188

2%ccsoc00000008

WM =928 mm; w' =929 mm; §=0.1 %

Clr cir
b
DMX = 7.51704
WEEM
Wer = 7.52 mm
d

Fig. 12. Deflections of simply supported beam 1,050 — 75 -1 - 17 — 1.52 cm — 0.667 — & under distributed load q =10 kN/m:

a—E&=0.15b—&=04;c—&=0.5; d— solid beam

FEM _ TCB
Wer = 3.18 mm; w;;

=313 mm;6=1.6%

a

FEM TCB
W = 3.43 mm; w,;;

=337mm;6=1.7%
b

Fig. 13. Deflections of simply supported beam /—75-0.95—-17-1.52cm—0.667—-& a—/=730cm,£=0.2; b— =760 cm,

£=0.25

perforation with £=0.15 and p =0.667 lead to increasing
of deflection of simply supported beam of indicated
dimensions approximately at 1.44 times.

Data of calculation of beams with //H = 14, shown
in Fig. 12, obtained by FEM and on (25), allow to mark
high accuracy of indicated relation for beams with any
kind of peroration.

So far as the most strong effect of shear is appearing
in short beams, the calculations were made for beams

DMX =171.873

with I/H =9.73 (Fig. 13, a), which show that at § = 0.2
error is not exceed 6 = 1.6 % (Fig. 13, a), and at E=0.25
divergence with FEM is increasing till 8 = 1.7 %
(Fig. 13, b).

Increasing of related length of beam till //H = 30
lead to deflections, shown in Fig. 14 under § = 0.4
(Fig. 14, @) and £=0.15 (Fig. 14, b). Calculations on (25)
show that divergence with results by FEM does not
exceed 0.5 %.

WM = 1719 mm; wiB = 172.7 mm; § = 0.5 %

cir cir

DMX =179.327

WM =179 3 mm; wC® = 179.6 mm; § = 0.2 %

L‘lr cir

Fig. 14. Deflections of simply supported beam 2,250 - 75 -1-17-1.52cm - 0.667 - & a —&=0.4; b — £=0.15
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DMX =16.0352

w M = 10.1 mm; w'® = 9.93 mm; 6 = 1.7 %

a

WM = 16.04 mm; w'® = 15.6 mm; §=2.7 %

b

Fig. 15. Deflections of simply supported beam /— 75— 1-17-1.52cm—-0.73 - & a—1[=1,050 cm, £=0.3; b — /=1,200 cm,

£=04

Calculations performed for beams 1,050 - 75 -1 —
—17-1.52 ecm—0.73 — & with relative depth of openings
B = 0.73, show that for beams with relative width of
web-posts & = 0.3 divergence in results by FEM and
on (25) is less than 1.7 % (Fig. 15, @). But for similar
beam with /=1,200 cm and & = 0.4 calculations lead to
increasing of error up to 2.7 % (Fig. 15, b).

Experimental study of deflections

Material of models was steel C345 with elastic
constants £ =210 GPa and p = 0.3. Scheme of testing
set is shown in Fig. 16, a, represented by itself two
columns located at distance one meter from each other
at which was put down the testing four meters’ model.
Model have two console with length 1.5 m each. To ends
of beam were applied concentrated forces F' =5 kN via
dynamometers for traction, jointed to power floor via
bottle rigging screw. Deflections with accuracy 0.01 mm
were measured with indicators of watch type located at
edges of beam (Fig. 16, a). It was tested three beams
400 —28 — 0.2 - 10— 0.3 cm — 0.667 — & — 60° with
relative width of web-posts §=0.4, E=0.6 and = 1.
Values of the measured deflections were equal to
wyy = 4.68 mm under & = 0.4; iy = 4.72 mm under
&=0.6 and w{®' = 4.80 mm under £ = 1. Tested beam
with & = 0.4 is shown at Fig. 16, b.

Calculations by FEM give results wg EM =4.6 mm
(Fig. 17, a), wpe" = 4.62 mm (Fig. 17, b) and

wiEM = 4,76 mm (Fig. 17, c) respectively.

For calculations of deflections of double consoled
castellated beam on (16) it is necessary initially determine
magnitude w’”. In accordance with character of loading
deflection w'” is determining as:

3 2
WTT Pl a[3a_2b_a_2]’
l /

T GEL, |
where /,, is moment inertia of cross section of beam,
determined on (17); @ = 1.5 m is length of console;

(26)

b=1-a=2.5mis distance from first support to end of

beam.
This lead to value w’T = 3.72 mm, substitution of
which in (16) gives:
1+104-186.8-387
wiB =372 =4.59 mm. (27)

2-4,000°

Divergence between (27) and experiment for beam
with &= 0.6 1s 2.8 %.

CONCLUSION AND DISCUSSION

Compare results, obtained with different methods
for evaluation of their accuracy. As criteria of reliability
we will be use results of the FEM calculation. It is need

to mark that in all considered below formulas authors of

studies [8, 16] there were considered castellated simply
supported beams with hexagonal openings with relative
depth equal to B = 0.667, and loaded with uniformly
distributed load g.

Fig. 16. Testing set up for determination of beam’s deflections: @ — with wide web-posts & = 1; b — with narrow web-posts

£=04
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DMX = 4.60326

DMX = 4.61649

DMX = 4.75729

¢

Fig. 17. Deflections of double cantilevered beams 400 — 28 —
—02-10-0.3cm—0.667 — & — 60° with different width of
web-posts:a —E=04;b—E=0.6;c—§E=1

In study [8] relation for deflections of castellated
beam with hexagonal openings, based on Vierendeel
scheme was obtained in form:

4 n
Voo Sql +kz Vll

hex — > (28)
384El,, GAyy

i=1

where ¢ is distributed load; / is length of beam; £ and G
are Young’s modulus and shear modulus respectively;
I,;and 4 rare effective moment of inertia of castellated
beam and effective area of shear of T-section respectively;
k is numerical factor; n is number of openings in beam;
V; are ordinates from diagram of transverse forces,
corresponding to centers of openings.
Values /,;and GA,;in [8] were determined as:

1,1 +bftfH2 4,(BH)
12 2 24

3Els

3
C

Ieﬁ' =
(29)

GAy =

where /,is moment of inertia of T-section above opening;
s is step of openings; ¢ = 3s/8 is calculated length of
T-section.

Represented in [8] relation (28) is a few incorrect
from our point of view, but after some improvement
performed by us, this relation including (29) can be
modified into:

(30)

cas
t

15>
W, :wTT[1+4.86;ﬁ7}.

In study [16] based on the principle of minimum
potential energy the deflections of castellated beams with
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hexagonal openings is proposed to calculate according
to relation:

£ 5q1° «
cas — P
384E(21, +2v°4) 16GK.1,,

y 2
X v 3 1
I, +v°A4

where /, is moment of inertia of T-section, calculated
according to (9); 2v is distance between centers of gravity
of T-sections located above and below opening; 4 is area
of T-section, calculated on (13); 2a is depth of openings;
K.=0.19-0.25b,/ 1.

After simple transformation performed by us
relation (31) can be written as:

49.92av* 4?
wE =wT| 1+ 99a\/2
K.t I°1

ql’a

€2y
2ElLa

GK 1,12V J

521a
o)) e

where /=21, +2v*4 is moment of inertia for cross section
with opening.

Incoming into relation (32) magnitudes are
calculated as:

cas

a
A=t b, +t,——,
s W2

2 3
H—t H -2t 3
I:bf,f( f) +tw( 12f) _ZW(Zlc;) ’
3
bt 2—1
I,:{—;f+bftfzf+tw—(a/ 3 f) +

(33)

+1,

2
a a
2—tf(4—26] ’

(0501, (0.5a—1,)0.5+0.5t,

w w?

bftf+(0.5a—t/)

H-t,
L2

., a=H/3.
2

V=

According to represented relations (30), (32) and
(16), it can be calculated deflections of castellated beams,
which are shown in Fig. 18. Beams of constant cross
section but different length /— 60—0.86— 18 — 1.35 cm—
—0.667 — 1 were calculated.

Results of calculations shown in Fig. 18 are collected
in Table 1. In this Table 1 in corresponding columns are
indicated divergences of calculation of deflections in
respect to FEM data.

One more series of calculations was performed on
beam of other dimensions (Fig. 19), in order to be sure
in stability of obtained results. Data of these calculations
are collected in Table 2.

As it can be seen from represented in Table 1 and
Table 2 data the best results demonstrate relations (16)
and (30) but relation (16) is more attractive because do



Prediction of the castellated beams deflections €. 1160-1174

DMX =2.159 DMX =4.12

Whee! =2.16 mm, I/H = 10 WEEM = 412 mm, /H = 12

a b
DMX =9.239 DMX = 63.093
wiP™ = 9 24 mm, I/H = 15 WM — 63.09 mm, I/H = 25
c d

DMX = 128.331

wieM = 128.3 mm, I/H =30

e

Fig. 18. Deflections of castellated beams / — 60 — 0.86 — 18 — 1.35 cm — 0.667 — 1 under distributed load ¢ = 10kN/m:
a—I=6m;b—I[=72m;c—I[1=9m;d—[=15m;e—1[=18m

Table 1. Deflections of castellated beams / — 60 — 0.86 — 18 — 1.35 cm — 0.667 — 1 of different length

Method of calculation I/H=10 I/H=12 I/H=15 I/H =125 I/H=30
wieM mm 2.16 - 4.12 - 9.24 - 63.09 - 1283 -
W, m 214 | 09% | 404 | 1.9% | 907 | 1.8% | 63.11 | 0.01% | 1284 | 0.1%
wh, ., mm 202 | 65% | 391 | 51% | 9.00 | 26% | 64.62 | 24% | 1323 | 3.1%
wic® mm 2.16 0% 4.08 1% 913 | 12% | 6329 | 03% | 1287 | 03%

Table 2. Deflections of castellated beams / — 38 — 0.6 — 12 — 1 ecm — 0.667 — 1 of different length

Method of calculation Wi, mm wh,, mm wh,, mm Wyee > mm
Beam-1 2.24 - 2.12 54% 2.07 7.6 % 2.22 0.9 %
Beam-2 27.14 - 27.28 0.5% 26.65 1.8 % 27.66 1.9 %

not require calculations of center of gravity and moment  of perforation is determined with coefficient of rigidity
of inertia of T-section. At the same time relation (16) of elastic lay K, and kind of loading is determining with

allow to change depth of openings, but relations (28) and  magnitude w’”.
(30) are applicable only for hexagonal openings with For beams with diamond shaping openings
related depth B = 0.667. Relation (32) is less accurate  dependence (16) is applicable in diapason of relative

than two others. depth of openings 0.667 < 3 < 0.73 at relative length of

Obtained with the theory of composite bars beams//H > 10. Relative width of web-posts in diapason
analytical dependence (12) for deflections of simply 0.2 <&<0.8 practically does not influent on deflections.
supported beams is applicable for beams with various  Calculations of deflections on (16) have a good correlation
type of perforation and different kind of loading. Type as with results obtained by FEM so and with experiments.
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DMX = 2.23687

oy xxxa

Beam-1; w,}f‘iM =2.24 mm

a

DMX =27.1361

Beam-2; w,ffM =27.14 mm

X

b

Fig. 19. Deflection of beams /—38 — 0.6 — 12— 1 cm — 0.667 — 1 under g = 10 kN/m: a — /=4 m; b— /=8 m

For beams with hexagonal openings of regular
shape, i.e. with & = 1, relation (19) brings to error not
exceeding 2.2 % under //H > 11.7.

Sinusoidal perforation according to relation (22)
increase rigidity of castellated beam compare to beam
with regular form of hexagonal openings without fillets
only at 2-2.5 %.

For beams with circular openings dependence (25)
is applicable in diapason 0.667 < B < 0.73 and
0.15 <& <0.5 under relative length of beam I/H > 10.

Calculations of deflections according to obtained
above formulas are in a good correlation with FEM
results.

Comparative analysis show that relations (16) and
(30) demonstrates good results almost coinciding with
results obtained by FEM but relation (16) is more
attractive as no demands calculations of center of gravity
and moment of inertia of T-section. Formula (31) is less
accurate than two others.
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AHHOTALMUA

BBepeHue. MogudgukaLuusi 6eToHa cycrneH3nen TEXHNYECKON Caxu NPUBOAUT K 3HAYUTENBHOMY MOBbILLEHWIO 3MEKTPUYECKO
NMPOBOAUMOCTU KOMMO3UTHbBIX CTPOUTESNBHBIX MaTepuanos. MNogobHble MaTepuans NpeacTaBnsaoT 60MNbLUION MHTEPEeC B TakuX
oTpacnsax CTPOUTENBHOMO NMPOU3BOACTBA, Kak TPaHCMOPTHOE, 3HEPreTUYECKoe U MPOMbILLIEHHOE CTPOUTENbCTBO, U MOTYT
NPUMEHSITECH B KAYECTBE CUCTEMbI aKTVBHOIO CHErOMMaBneHus, 3aLumTbl apMaTypbl OT SNIEKTPOXMMUYECKON KOppOo3uu, 3a-
LTI OT ANEKTPOMAarHUTHOro n3ny4veHns. NpeacraBneHsl pedynsTaThl ICCNef0BaHNs BO3MOXHOMO MexaHM3Ma BO3HVKHOBE-
HWS ANEeKTPUYECKOW MPOBOAUMOCTH B CUMMKATHON MaTtpuLie, MOANGULIMPOBaHHON YINepoAHbIMU HaHOYaCTULLaMK.
MaTtepuansl u Metoabl. C Lienbio NCCrneaoBaHNsa KOHTaKTHbIX obnacTen Mexay yrnepogHsIMy HaHoYacTULaMM B CUMUKaT-
HOW MaTpuLie NPOBOAMINMCE PacyeTbl MarbiX MOMNEKYNSIPHbIX (parMeHTOB, NPUCYTCTBYHOLLMX B MOANULIMPOBAHHOM GETOHE.
PacueTbl BbINONHeHb METOAOM (PyHKLMOHAaNa nnotHocTy B nporpamme FireFly. O6meHHo-koppensaunoHHble 3 dekTbl yum-
TbIBanuchb C Ucnonb3oBaHneM yHkumoHana B3LYP.

Pe3ynkTaTthl. OnTuMansHoe NpoLeHTHOe codepxaHne MoanMdrLMpYoLLLEro KOMMNOHeHTa onpeaenseT BO3MOXHOCTb obpa-
30BaHWUSA CETKM NPOBOASALLMX YIMEePOAHbIX HAHOYACTUL, B CPefe MUHEPanbHOro BAXYLLEro. QnekTpuyeckoe cornpoTuBeHne
maTepuana obycrnoBneHo ConpoTUBEHMEM KOHTaKTHbIX obnactei mexay aTuMu HaHovacTuuamu. MpoBeneHbl KBaHTOBO-
XMMUYECKME nccrnefoBaHust MONeKynspHbIx oparMeHTOB, NPUCYTCTBYIOLLMX B KOHTAKTHbIX 06nacTsix, 1 B3anMoaencTBus
MeXAy HMMU. BbinonHeHa oueHka BMUSHUSA MOMNeEKyNspHbIX (hparMeHTOB CUMMKaTHOW MaTpuLbl Ha 3MeKTpUYecKoe conpo-
TUBINEHNE KOHTaKTHbIX obnacTen.

BbiBoAbl. KBaHTOBO-XMMUYECKME pacyeTbl U aHanmM3 Ha OCHOBE NPOLIEHTHOIO COAEPXaHUsi COCTABMNALWMNX KOMMOHEHTOB
rokasanu, YTo anekTpu4eckas NPOBOAUMOCTb MOANMULIMPOBAHHOMO 6eToHa obecneymBaeTcst ABUXEHNEM JMEKTPOHOB MO
ceTKe yrnepoaHbIX HaHoYacTuL, (hopMUpyoLLEencs B cunukatHon matpuue. OCHOBHON BKag B 3N1EKTPUYECKOe COMpOTUB-
neHue mMatepuana BHOCAT 06rnacTyi KOHTaKTOB MeXay 3TUMWU HaHo4acTuuamu. ConpoTUBNEHUE CHWKAETCS 3a CHET NPUCYT-
CTBUSA B KOHTAKTHbIX 00MacTsax MOMNeKynspHbIX (parMeHTOB CUIMKATHON MaTpuLibl.

KIOYEBBIE CJIOBA: cunukatHble mMaTpuLbl, KBAHTOBO-XMMUYECKOe MOoAenupoBaHue, rpadpeH, TexHudeckasi caxa,
3MEKTPONPOBOAHOCTb, MUHEPATIbHOE BSXKYLLEe
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ABSTRACT

Introduction. It is confirmed that a dispersion of carbon black when it added to concrete is likely to increase its electrical
conductivity. These materials are of great importance for construction for example for civil engineering, transportation and
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energy industries. In that branches such materials could be used as snow melting systems, protective materials for metal
bars, electromagnetically shielded materials. This study is about probable reason of electrically conductive properties in
silicate-based material with carbon particles.

Materials and methods. Small molecular fragments which are the parts of modified concrete have been considered
to investigate contact areas between carbon particles in silicate based material. Fire Fly has been chosen as software.
Exchange-correlation phenomenon has been included by using B3LYP.

Results. An optimum percentage of modifier in mineral binder leads to the formation of an electrically conductive grid made
of carbon nanoparticles. Electrical conductivity of material is influenced by contact areas between these nanoparticles.
Quantum chemical molecular models of molecular fragments and interactions between these fragments have been made.
Also, the impact of these areas on electrical conductivity was estimated.

Conclusions. Quantum chemical molecular models and analysis based on the optimum percentage of the modifier
showed that electrical conductivity of the modified concrete depended on an electrons movement along the grid of carbon
nanoparticles formed within the mineral matrix. The key role in electrical conductivity of the material plays contact areas
between these particles. Electrical conductivity is increasing due to silicate-based components in molecular fragments.

KEYWORDS: silicate-based composites, quantum chemical molecular models, grapheme, carbon black, electrical
conductivity, mineral binders, model fragments
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BBEJEHUE

PazButne TexHosoruii pedyet yBeandeHus GpyHK-
LIMOHAJIBHON HArpy3Ku KOHCTPYKUUH, 3AaHUNA U COOPY-
YKEHUH IS TIOBBIIICHHSI DKOHOMHUYECKOH A PEKTUBHO-
ctu [1, 2]. B paborax [2, 3] mpeniokeHO COBMETICHIE
CBOMCTB O€TOHA BOCIIPMHUMATH KaK CTaTUYECKYIO U JTH-
HaMHUYECKYIO Harpy3Ky € JJIEKTPOITPOBOTHOCTHIO, KOTO-
pylo 00ecneunBaloT BBeIeHHEM JJ0OABOK, TAKMX Kak
CTaJIbHOE BOJIOKHO H/WJIN YIJIEPOJCOACPIKALIUI AHC-
TIEPCHBIN TOPOIIOK H 1p. Tpa uMOHHEIH OETOH UMEeT
HecTaOMIIbHBIE TUAIEKTPUUECKHE XapaKTEPUCTHKH, ITPH-
CYTCTBHE IaHHBIX 100aBOK 0OyCIIaBINBACT MOSBICHHUE
JIOTIOJTHUTENIFHOTO CBOMCTBA MPOBOAMMOCTH AIIEKTPHUE-
cKoro Toka. [IpoxoxkaeHne Toka CriocoOCTBYET TTOBBI-
LIEHHIO TeMIIEPaTypbl KOMIIO3UTa, TOSIBIICHHIO JIEKTPO-
MAarHUTHBIX CBOKCTB [4], 4TO onpeneseT NOTeHIual
MIPUMEHEHUSI IAaHHOTO Marepuaa B CTPOUTENILHON OT-
paciy 1Mo CJIEAYIOINM HalpaBICHUIM: 000TpeB IoMe-
meHui [5—7], 3a3emiuenue [§], aIeKTpoMarHuTHOE dKpa-
HUpoBaHUe [ 8], kKaToAHas 3alUTa apMaTypHOU cTamu [ 8],
YCTpaHEHHE CTaTHYECKOro IekTpudecTna [7]. Kak mo-
Ka3bIBAIOT MPUKJIIaIHbIe uccienoanus [9, 10], Ha ceron-
HSIIHUN 1€Hb aKTHBHO BHEAPSIETCS] TEXHOJIOTHS PE3NC-
THBHOT'O HArpeBa JIOPOXKHBIX U a9POAPOMHBIX TTOKPBITHH,
a TaKKe TEXHOJIOTUSI CAaMOIMAarHOCTUKY KOHCTPYKIIMH
Ha ocHOBE 3((hekTa be30pe3ucTUBHOCTH. [10TpeOHOCTD
B KPYIJIOTOMYHOM (DYHKITHOHHPOBAHUH TPAHCIIOPTHON
HHOPPACTPYKTYPHI JIeNaeT BHEPEHNE TeXHOJIOTHH 000-
IpeBaeMBIX JJOPOXKHBIX ITOKPBITUH ISl a9pOIIOPTOB M 30H
C MUHTEHCHBHBIM JIBI)KCHHEM BOCTPEOOBAHHOI, TIO3BOJIUT
MOBBICUTH YCTOHUMBOCTH MHPpacTpykTypsI [11-13].

Opnaxo ananu3 TpynoB [11, 14] mokassiBaer mo-
BCEMECTHOE UCIIOJIb30BaHNUE JOPOTOCTOSIIUX IEKTPO-
MIPOBOISIIMX KOMIIOHEHTOB [UIsl 00ECIICUeHNUS TaHHOTO
psiia CBOMCTB, 4TO CTaBHT MO/ BOIPOC SKOHOMUYECKYIO
2 PEeKTUBHOCTH MX MPAMEHEHS. B CBOIO ouepens B Iry0-
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nukanusix [ 5, 15, 16] npennoxeHo npuMeHeHne 0TX0/I0B
AHTPOIMOTEHHOTO MPOUCXOXKICHUS MIPU U3TOTOBICHUH
AIIEKTPONPOBOsIICro OeToHa. Tak, MpoOBeICHBI UCCIIC-
JTOBAHUS BIUSAHUSA PA3INIHBIX OTXO0B IIPOMBIIIICHHO-
T'O TIPOM3BOJICTBA HA IEKTPOTEXHUUECKNE CBOICTBA
MaTpHII, B TOM YHCIIe OBIITH UCTIONB30BaHbI: TEXHIYECKAS
caxa [2], achanbrensl [2, 4], ctanpHast cTpyxka [10],
LUTAaK EKTPOAYTOBBIX IIeuei [6], HOpOIIOK TeXHUYe-
CKOT0 yIJIepoAa U HAHOYACTHUIBI TEXHUYECKOTO YITIEPO-
na [5], 30ma yHoca [6], KOKCOBBIHM MOPOLIOK [6], yriepo-
JMUCTBHIN IIJIaM allloMUHUEBOTro mpousBojacTea [11].
N3ydeHue BIUSHUS NPEICTABICHHBIX TEXHOTEHHBIX
J00aBOK Ha DKCILIyaTallHOHHBIC CBOWCTBA U CTPYKTYPO-
00pa3oBaHNe MHHEPATBHBIX MaTPHII TIOATBEPIMIIH, 9TO
MOp(OJIOTHS, AUCTIEPCHOCTH U PABHOMEPHOE pacIipe/ie-
JICHHUE B CTPYKTYPE MPOBOASAIIINX KOMIIOHEHTOB BO3/ICH-
CTBYIOT Ha MPOBOJUMOCTE B OOJNBINCH CTEMCHHU, YeM
MTOBBIIIICHUE KOHIICHTPAIUN JOOABOK, OJTHAKO HEO0X0-
JIIMO TIOJIPOOHOE OTHCaHUE MEXaHM3MOB, 0OeCIICUunBa-
FOLIMX JAHHOE CBOWCTBO VISl CTAOWIIM3aLMU U BOCIIPO-
MU3BOJAMMOCTHU PE3YJILTATOB.

JI71st co3manus 3JeKTpOnpoBosIIero 6etona [3—6]
MIPEUMYIIECTBEHHO UCTIONB3YIOT YITIEPOACOAepIKAIIIE
MEJKOIUCTICPCHBIC MTOPOIIKH, YTIIEPOIHOE U CTAIBFHOE
BOJIOKHO, TIPH ATOM ITPUMEHEHHE JAHHBIX J0OABOK NMe-
eT olpe/ieTIcHHBIE oTpaHnYeHus. JlobaBiIeHne MEIKO-
1 YIBTPAIUCIIEPCHBIX YITIEPOICONEPKAIINX ITOPOIITKOB
MOXKET 3HAYUTENBHO YIYULIIUTh AIEKTPONPOBOAHOCTD
MUHEPaIbHOW MaTPUIIbl, OHAKO MPEBBILICHUE TOpOra
ONTUMAJILHON KOHIIEHTPAI[MU IPUBOJIUT K CHUXKEHUIO
MEXaHWYECKUX CBOWCTB.

B 3aBHCHMOCTH OT KOHIICHTpAIMK U MOP(OIIOTH-
YECKUX XapaKTEPUCTUK DIICKTPOIPOBOIAIINX T00aBOK
MOYKHO BBIICTHTD TPH PA3TUIHBIX THIIA JICKTPOIIPOBO-
ISIIel CTPYKTYphl B MUHepanbHo# Matputie (4, B u C).
Tun A conepX uT KOHUEHTPALUIO MEJIKOAUCIIEPCHOM
AIIEKTPONPOBOAAIICH T00AaBKU HUXKE, 4eM KPUTHIECKOE
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coziep)KaHue, Ha3bIBAEMOE TIOPOTOM TIEPKOJISIIIMH, KOTO-
poe obecrieunBaeT CHIPKEHHUE YACIBHOTO MIEKTPUIECKO-
TO CONPOTHBIICHUS MaTepraia. B manHoM Tume mpeoo-
JajaeT MOHHasl POBOJNMOCTh, KOTOpas CBsi3aHa
C IBIDKCHHEM HOHOB B TIOPOBOM KUAKOCTH. C TeueHHEM
BPEMEHH Y/ICIBHOE DJIEKTPUYECKOE COIPOTHBIICHHUE Ta-
KHUX MaTPUII [TOBBIIIACTCS 32 CYCT CHIDKCHUS KOJTMUCSCTBA
JKUJIKOCTH B ITopax. Tun B npeacTapiseT co00i AIeKTpo-
TIPOBOJISIIILYIO CTPYKTYPY, CHOPMUPOBAHHYIO U3 YACTHIL
1 BOJIOKOH C OTHOCHTENIbHBIM YIUIMHEHHEM, B KOTOPOH
yBEJIUUEHHE COJePIKAHUS TIPOBOJISIIIETO HATOTHUTEIS
o0ecCTIeunBaeT OCTEIICHHOE CHIKEHHE YIEIEHOTO 3JIeK-
TPUYECKOTO COTPOTHBICHHS. DIEKTPOIPOBOIHOCTh
o0ecrieunBaeTCss HOHHOW MTPOBOAMMOCTBIO M DJIEKTPOH-
HOM MPOBOAMMOCTHIO 33 CUET KOHTAKTA IMPOBOISIINX
komroHeHToB. Tur C hopMHPYIOT IPUMEHEHUEM MEJIKO-
JMICTIEPCHBIX T00aBOK M YTIIEPOICOICPIKAIIETO BOJIOKHA
C TONOJJHUTCIIbHBIM COACPIKAHUEM MPOBOAAIINX IPU-
Mecel, CHIDKAIOIINX yAeThHOE AIEKTPHIECKOE COTIPO-
tusnenwue [11, 13, 15].

[Toka3zarens ynesbHOro 00bEMHOTO AEKTPHYECKO-
TO COITPOTHUBIICHHUS 00PATHO MPOTIOPIIMOHAIEH IEKTPO-
MIPOBOTHOCTH MaTepuasa, OCHOBHBIM METOZOM €ro pac-
4YeTa Ha CETONHSIITHUN IEeHBb SBISCTCS OTHOIICHHUE
MIPOU3BEACHUS TUIOIIAAH MTOTIEPEYHOTO CEUSHHS U CO-
MIPOTHUBIICHUS Ha IEKTpoaax oOpasia K JTHHE MEKIY
anekTpoaamu [5]. TeM He MeHee N3BECTHBIE B HACTOSIIIEE
BpEeMsI METOJIMKH ONPEACICHHS ¥ pacuyeTa yAeIbHOTO
COTPOTHBIICHUS PACCMATPUBAIOTCS C TOUKH 3PCHUS ITPE-
CTaBJICHHs OETOHA KaK KOHIJIOMEepara, He IpHHUMAs
BO BHUMaHHE 0COOCHHOCTH MPOIIECCOB, 00ECIICINBATO-
1110708 CTa6I/IJ'II)HI)Ie 3HA4YCHUA YACIIbHOTO COIPOTUBIICHUA.

Teopernueckne NOIX0/bI 1, B YaCTHOCTH, KBAHTOBO-
XIMUYECKHE METOIBI MOJCTMPOBAHUS IPHOOPETAIOT BCE
Oosblee 3HAUEHHUE TIPU PEIICHUH aKTyalbHBIX 3a/1a4
B 00JTaCTH MaTepHaoBeIeHIs. Pe3ympraTsl TeopeTHye-
CKHUX UCCJIEIOBaHUI CTPOCHUS ¥ PEaKIIMOHHOM CII0C0O0-
HOCTH HEOPTaHUYIECCKUX COCTUHCHUN TOMOTHSIIOT JaH-
HBIC DKCIICPUMCHTAJIBHBIX HCCJ’IGJ]OBaHPIﬁ, yYOpoI1aroT
WX MHTEPIPETALHNIO U MO3BOJISIOT HOIYYHTh BAXKHYIO
WH(POPMAIIHIO.

B npencrasiennoit padore At yTOUHEHUST Mexa-
HH3Ma IPOBOANMOCTH O6eToHa, MOTU(DUIIHPOBAHHOTO
YIIIEPOJICOAEPIKAIIIMMHU TEXHOTEHHBIMHU J0OaBKaMH, UC-
TOJIb30BaH METOJ KBAHTOBO-XHMHUYECKOTO MOJICITHPOBA-
Husl. JJaHHBIN METOJ MPOKO MPUMEHSIETCS MIPU U3y4e-
HHH CBOWCTB M CTPYKTYPbI OETOHA M €TO B3aUMOJICHCTBHS
¢ moguduraropamu [17-24]. UccnenoBaTenu UCTIONb-
3yIOT BCE€ THITbI MOJIEKYJISIPHBIX MOJIEJICH: TIepBOIIPUH-
numnabie [17-20] u monysmnupudeckue [21] MeToasr
KBaHTOBOI XMMHH, a TAK)KE METOJbI CUIOBOTO MMOJIsI
[21-23], ocHOBaHHBIE Ha SMIUPHUECKUX (QYHKIUIX
aTOMHBIX KOOPIMHAT. B yKa3aHHBIX Tpyaax aHaJIH3UPY-
I0TCSI MEXaHUUECKHE XapaKTEPUCTUKH U IIpoLiecchl (hop-
MHPOBaHHSA CTPYKTYPbl MHHEPAJIHHOTO BsDKYIIEero. Bo-
TIPOCHI AJIEKTPOINPOBOJHOCTH PaHee HE PACCMATPUBAIUCH
B PaMKax MOJICKYJISIPHBIX MOICIICH.

MATEPHAJIBI 1 METOJbI

JIist ccnenoBannsi KOHTAKTHBIX 00IacTell MeX Iy
YIJIEPOIHBIMU HAHOYACTUIIAMH B CHUIMKATHOM MaTpHIIe
TIPOBOMIMIICH PACYETHI MAJIBIX MOJICKYJIIPHBIX (hparMeH-
TOB, MIPUCYTCTBYIOMINX B MOAU(DUIIPOBAHHOM OETOHE.
DMITMPUYCCKUE JaHHBIC, UCTIOIB30BAaHHbIC JIJIS TIPOBE-
JICHUSI pACYCTOB, OBLTH IMOJTYYCHBI HA OCHOBAHUH PE3YIIh-
TaTOB MOMCKOBBIX MCCJACAOBAHHI 0 ONTHMHU3ALUH
KOJIMYECTBA AJIEKTPONPOBOIIIINX J00aBOK Ha Oaze
TEXHOTECHHOTO CHIPBS IS CHITMKATHBIX MaTpuil [12, 16].
PaccmarpuBamich HezapshHKeHHBIC MOJICKYIISIPHEIE (hpar-
MeHTBI. OOOpBaHHBIC XUMUYECKHE CBSI3U KOMIICHCUPO-
BaJIUCh aTOMaMH BOJOPOJa Wi (DYHKIIMOHAIbHBIMH
rpynmnamu. Beicokasi ajeKTpuyeckas IpoBOJUMOCTD
YIJIIEPOIHBIX HAHOYACTHII OOBIACHICTCS COACPKAHUEM
B HHX 00NacTe# ¢ rpadpuTornonoOHON CTPYKTYpOH, KO-
TOPBIE MOJICIHPOBATHCH ACPEKTHBIMH Tpad)eHOBBIMH
KJIaCTepaMU KOHEYHOTO pa3mepa. PacueTsl BHITIOTHEHBI
METOJIOM (PYHKIIHMOHAJA TNIOTHOCTHU C MIOMOIIBIO MPO-
rpammbl FireFly [25], paspaboTaHHOi Ha ocHOBE
GAMESS (US) [26]. OOMeHHO-KOPPEISAIUOHHBIE d(]-
(heKTHI YIUTHIBAJIIICH C NCTIONB30BaHIEM (PYHKITOHAIIA
B3LYP [17]. C uenpro onucaHus aTOMHBIX OpOHTAJICH
KHCJIOPOJIa, KATBIUS U KPEMHUSI UCTIOJIb30BAJICS Oa3uc-
HBbII HAOOp 6-31 1+G” ¢ AOMONHUTENBHBIMU GA3UCHBIMU
(GyHKUIUSIME JU1s1 OLIEHKH 9((EKTOB Mosipru3anuu u 1ud-
¢y3apIME opOuTansamu [27-30]. [l atomoB yriiepona
1 BOJOpOJa MpUMEHsANCS MeHbmui 6a3uc 6-31G
[31, 32]. basucHble HaOOPHI B3SATH U3 CUCTEMEI
BasisSetExchange [33]. [Tockonbky pa3mep MOIEITBHO-
ro rpad)eHOBOrO KJIacTepa JOCTATOYHO BEJIUK, & aTOMBI
PaCIIOJIOKEHBI OJIM3KO JAPYT K IPYTY, YMCHBIICHHBIH Oa-
3WC I aTOMOB YITIEPOAa U BOAOPOA HE TOJDKEH MPH-
BECTH K 3HAYUTEIHHBIM OmHOKaM. ONTHMHU3AIS T€0-
METPHUHU MOJICKYISIPHBIX ()parMEeHTOB BEHITIOIHSIACH
METOJIOM IPaJIeHTHOTO CITycKa. Mintroctpanuu k pado-
T BBIMOJHCHBI C MCIOJBb30BAHUEM HPOTPaAMMBI
Facio [34].

PE3YJBTATBI HCCJIEJOBAHUSA

J171s1 BBIIBUKCHUS TIPCABAPUTCIIBHON TUITOTE3BI
O MPEUMYHICCTBEHHOM MEXaHU3ME IMPOBOANMOCTH MO-
TUGUIIIPOBAHHBIX CHJIMKATHBIX MaTPHI] HEOOXOIUMO
Y4ecTb, UTO YIENBbHOE DICKTPUICCKOE COMPOTHBIICHIE
6eroHa HaxoauTcs B penenax 10 OM M B 3aBHCHMOCTH
ot obpasua [35, 36]. B To ke BpeMst yaeiabHOE IEKTPH-
YecKoe CONpoTHBIIeHHe rpaduTa 6msko k 1077 Om-m[30].
Takum 00pa3om, JIEKTPUUECKUE TOKH OyyT IPOTEKATh
MIPEUMYILECTBEHHO 110 (hparmeHTam rpadurono00Hon
CTPYKTYpPbI B KOMIIO3UTHOM MaTepHae.

B kadecTBe 6a30BOT0 cOCTaBa I PACUCTOB IPHHAT
COCTaB MEJIKO3EPHHUCTOTO OETOHA, B KOTOPOM KOJIMYECTBO
YIIIEPOJHBIX HAHOYACTHIL B COCTaBE KOMITO3UTA JIOBO-
num 10 7 % mo macce [37]. Micxoast u3 3TOTo OnTUMAallb-
HO TI0JJOOPaHHOTO KOJIWYeCTBa MOIU(UKATOPA, MOKHO
OIICHUTH BEPOATHOCTD MPUMBIKAHHUS YTICPOIHBIX HAHO-
4acTHIL APYT K OpyTy. [IprMem, 9To IIIOTHOCTH OETOHHOM
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kommosunuu coctasiser 2000 kr/v>. ComacHo JKcre-
PUMCHTAIBHBIM JaHHBIM, Pa3Mepbl HAHOYACTHI] B pac-
CMaTpHBaeMbBIX 00pa3Iax COCTaBUIHU: IMHUPUHA
2:-10°-3-107° M, JUIMHA 5 - 1085107 m Jnst
rpy0Oii OLEHKH MOXXHO CYMTATh HAHOYACTHILY JIUCTOM
rpadeHa npsMoyronbHoi popMsel. B TakoM cityuae miio-
manp mucta S = 10710 — 1,5 107 M2 [Ipu Takux uc-
XOJIHBIX TaHHBIX MOXKHO MTOKa3aThk, YTO B 00bEME MH-
HEpaJbHOrO BSKYIIET0 Ha PAacCTOSHUU He Oojee
3,5 - 107! M ot rpaheHOBOI IGHTHI B CPETHEM OKAXKET-
cs He MeHee 500 aToMOB yIeposa, MpUHAJIekKAIINX
JIPYTUM YTICPOTHBIM HAaHOYACTUIIAM. TakuM 00pazom,
MIPU PACCMATPUBACMOI JI0JIE YIICPOJAHBIX HAHOYACTHI
B CHJIMKATHOW MaTpHIIe, KAl U3 rpad)eHOBBIX 00b-
€KTOB B HAHOKOMIIO3UTE KOHTAKTHUPYET C APYTUMH Ha-
HoyacTuIamMu rpadena. I1og KOHTAKTOM B STOM ciydae
MOJIpa3yMeBaeTCs PacroyioKeHUe IBYX I'padeHOBbIX
JIICTOB HA PAcCTOSHHUH, Gmu3KoM K 3,5 - 10710 M, xapax-
TEPHOM TSI MEXKITOCKOCTHOTO PACCTOSHHS B Tpadure.

PazymeeTcs, peanbHOE KOJTHISCTBO TAKUX KOHTaK-
TOB OyZIET MEHBIIIE M3-3a TOTO, YTO JIUCTHI Tpad)eHa B Ha-
HOKOMIIO3HUTE OYIyT 00pa30BBIBATh «IIAYKW», KOTOPHIC
HE TIOJTHOCTBIO Pa3lIeIATCS Ha OTACIBHBIC JIUCTHI 32 CYCT
B3aUMOJIENCTBUS C OIsIpHOM cpenoil. Kpome Toro, 3Ha-
YHUTENIbHAS YaCTh YITIEPOIHBIX O0BEKTOB HE UMEET Ipa-
¢urononodHOM cTpyKTYyphl. Tem He MeHee Kax1ast rpa-
(heHOBass HAHOYACTHIIA C BRICOKOW BEPOSITHOCTHIO OyIeT
HAXOAWUTHCS B OIM3KOM KOHTAKTE C IPYTUMHU HAHOYACTH-
namu rpadeHa. BHyTpu MOIU(pHUIIMPOBAHHOTO OETOHA
o0pasyercsi pa3BETBICHHAS CETKA U3 BBITSHYTHIX rpade-
HOBBIX HaHOYACTHII (pHC. 1), KOTOpas MOXKET IIPUBECTH
K 3HaYUTEIBHOMY POCTY MPOBOAUMOCTH 0Opasia
13-3a BBICOKOH JIEKTPONPOBOAHOCTH TpadeHa.

WO

\

Puc. 1. Cerka rpageHoBBIX HaHOUACTHI B 00pasie. Odnactu
KOHTaKTOB HAHOYACTHUI] O0BEICHBI OKPY>KHOCTSIMHU

Fig. 1. Graphene nanoparticles in the sample. The contact
areas of nanoparticles are circled

[TpucyTcTBHE B CHUIMKAaTHOM 00pa3iie HEKOTOPOTO
KOJIMYECTBA COCTMHEHUH NepeXOqHbIX METAJIOB U aK-
TUBHBIX aHUOHOB B )KUAKOU (ha3e MOXKET IPUBECTHU K 00-
Pa30BaHUIO0 XUMHYECKUX CBA3EH MEX1y OTACIbHBIMU
HaHouacTuamMu. OJJHaKO Ha OCHOBE MMEIOIINXCS pac-
YETHBIX U IKCIICPUMEHTANIBHBIX JAHHBIX HEJb3S yTBEPXK-
Jath, 4To Oy/ieT 00pa30BBIBATHCS MHOTO XMMHUYECKUX
KOHTAaKTOB M3-3a MAJIOTO KOJIMYECTBA IIEPEXOTHBIX Me-
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TAJUIOB M HU3KUX TEMIIepaTyp MPOTEKaHUS BCEX MPO-
neccoB. Utak, mpenmyIiecTBeHHasi IpUpOa KOHTAaKTOB
He OynmeTt 6a3upoBaThCSA HA XUMHUECKUX CBA3SIX MEKIY
ux aromMmamu. Takue KOHTaKTHbIC 001acTH OYIyT UMETh
HU3KYIO JICKTPOIPOBOAHOCTE U 00ecIiedaT OCHOBHOM
BKJIQJI B DJIGKTPUUYECKOE COTIPOTUBIICHHE oOpa3na. W3-
BecTeH (haKT, YTO MPOBOJUMOCTE rpaduta BIOIb IIIO-
ckocTed Ha 3—4 mopsaka BbILIE, YEM IPOBOAUMOCTD
B HaNpaBJICHUH, TIEPIICHIUKYIIPHOM IUIOCKOCTIM [36].
[IpoBoaMMOCTb B HapaBiI€HUU, TEPIEHIUKYIIPHOM
IJIOCKOCTSAM TpaduTa, UMEET TaKyro K€ MPUPOLIY, UYTO
U MPOBOJUMOCTh MEXK/y OJU3KUMHU HAHOYACTUILIAMH.
OHna 00yciIoBIIeHa TYHHEITUPOBAHUEM AIICKTPOHOB Uepe3
MOTEHIUAIbHBIN Oapbep, KOTOPbIN (hOPMUPYETCsI BHICO-
KHUM MOTEHIIUAJIOM 3JIEKTPOHA B MEXKIIOCKOCTHOM TPO-
crpancTBe. [Ipu 3TOM MPOBOIUMOCTH KOHTaKTa Oymer
3HAYUTEIILHO HUXKE, YEM MEXK Ty TPapUTOBBIMH ILIOCKO-
CTSMHU, U3-3a €ro Majiod miomanu. TyHHeIbHbIH TOK
yepes MOTeHIIUANbHBIN O6apbep MEXIy OByMs HAHO-
YaCTHIIAMH ONPEENIIEeTCS SKCIIOHEHIIMATBHOM 3aBUCH-
MOCTBIO:

rae m — 3¢ QeKTHUBHAS Macca 3JIEKTPOHA B HAHOYACTH-
ue; AE — BbIcOoTa NOTEHIMAIILHOTO Oapbepa; i — 11o-
crosiHHas [lnaHka; L — paccrosiHue Mex1y IpOBOAs-
NIMMHU HaHO4YaCTUILIAMMU.

[ToaTomy amekTpuyeckast IPOBOIUMOCTE OBICTPO
Ma/1aeT C yBEIUICHUEM PACCTOSHUS MEX]ly HAHOOOBEK-
TaMH U YBEJIMYECHUEM BBICOTHI TOTEHIIMAIBLHOTO Oaphbe-
pa. JlooHUTETbHOE BIAMSHIE HAa TPOBOIUMOCTD MOTYT
0Ka3aTh MOJICKYJISIPHBIE ()parMeHThl CHIIMKaTHOM MaTpu-
IbI, PACIIOJIOKEHHBIE B OKPECTHOCTH KOHTAKTa yTIJe-
POAHBIX HaHOYACTHUI. Hannune y 3TUX MOJEKYISPHBIX
(bparMeHTOB HE3aIrOIHEHHbBIX MOJICKYJISIPHBIX OpOHTasel
OTPHIATENTLHON SHEPTHH MPUBOIUT K YMEHBIIICHHUIO BbI-
COTHI MOTCHIIMAJIBHOTO Oaphepa U yBEIMYCHUIO TOKa,
MIPOTEKAOIIETO Yepe3 KOHTAKT.

MetonoM (hyHKIHMOHAIA TNIOTHOCTH BBITIOJTHEHBI
pacdeTsl MaJIbIX ()ParMeHTOB MHHEPAIBHOTO BSDKYIIIETO
1 UX B3aUMOACUCTBHS ¢ JucTOM Tpadena. B xauectse
MOJIe M Tpa)eHOBO HAHOYACTHUIIHI ObLIT BEIOpAH MaJTbIit
dparment CygH ¢ (puc. 2, a). Ilpu 3TOM 060pBaHHBIE
CBSI3M aTOMOB yIJIEpOJia CKOMIICHCHPOBAHbBI aTOMaMHU
Bonopoja. Ha puc. 2 u 1pyrux aromsl yriepoja u3o-
OpakaroTcsi TEMHO-CEPBIMH IIapaMHU, aTOMBI BOJJOPO-
Jla — CBETIIO-CEPBIMH, @ aTOMBI KUCIIOPO/ia — IIapaMu
KpacHOro 1Beta. B sxcriepuMeHTanbHbIX UCCIIeI0BaHU-
SIX MICTIOB30BAIICS rpadeH ¢ BBICOKOH CTETICHBIO Ie(EKT-
HOCTH, COAEpXKAIUi pa3iaudHble GYyHKIHOHAJIbHEIE
rpymnsl. [ToaToMy npu pacderax Takke pacCMOTPEHBI
(parMeHTHI TpadeHOBOMN MIIOCKOCTH C MPOCTEHIINMU
(YHKIMOHAIBHBIMU TPYNIaMUA. DTU CTPYKTYPbI TaKXKe
nokasaHsl Ha puc. 2. Ha puc. 2, b npuBeneHa cTpykrypa,
cofieprKaIasi KHCIOPOIHBIA MOCTHK MEXy IBYMsI CO-
ceHMMU atoMamH yriepona. Ha puc. 2, ¢ npencrasiena
CTPYKTYpa, COJlepIKaIias ABE THAPOKCHIIbHBIE TPYIIIIbI.



lpumeHeHue KBaHTOBO-XUMMUYECKOIO MOAEAUPOBAHUS AA ONPEAEAEHNS MexaHU3Ma
3/\eKTpM‘JeCKOI:1 MPOBOAMMOCTU B CUAMKATHbIX MaTtpuuax

C. 1175-1186

o 0 kr 0 o i o] (] o
c.‘.I.I-E} c...l.l.llﬁ G.I_.II'-'..:O
g g PgPg? g g g gl g g g g’

o ' : . :
...‘.-..G u. ..h'..—‘ ‘J...PQ.-..Q
g P g tg g P -?-.c.f_; (j-_--‘q-.‘_.s
0o g® g0 O-?-.-.na G....c..-ﬁ
o c a 0 & o) o 4 o
a b ¢

Puc. 2. MonenbHblit pparMeHT HaHOUAcTUIBI TpadeHa (a); MOJISNIBbHBIH GparMeHT HaHOYACTHUIIBI Tpad)eHa ¢ KUCIOPOIHBIM

MOCTHKOM (b); MOJETBbHBII (hparMeHT HAHOYACTHIBI TpadeHa ¢ JBYMs THIPOKCHIBHBIMH IPyIIIaMH (¢)

Fig. 2. A model part of a graphene nanoparticle («); a model part of a graphene nanoparticle with an oxygen bridge (»); a model

part of a graphene nanoparticle with two hydroxyl groups (c)

Kpowme toro, uccnenoBaicst pparMeHT rpadeHa ¢ Kuc-
JIOPOAHBIM MOCTHKOM, COEIMHSIONIAM aTOMEI YIIIepOa,
PpacnoNIOKEHHBIE B MPOTUBOIIOIOKHBIX YITIaX YITIEPO.I-
HOTO IIECTUYTOJbHHUKA. B pe3ynprare MUHMMHU3ALHN
SHEPTHU CUCTEMBI aTOM KHCIOPO/Ia CMECTHIICS B MTO3H-
uuto Haj neHTpoMm C—C CcBA3M, U 3Ta CTPYKTypa mpe-
BpaTHIIaCh B CTPYKTYPY, N300paKeHHYIO Ha PHC. 2, d.
BrImosHEHBI KBAHTOBO-XUMHUYECKHUE pacucThI B3a-
nMozencTBIA rpadeHa, coeprKaliero GyHKIHOHAIbHbIC
TPYTIIEL, C KalbIFeM. PacdeTsl moKas3aim, 9To IIpH ATOM
MPOUCXOAUT BOCCTAHOBJICHUE UICATIBHOMN IpaeHOBOM
CTPYKTYPBI C 00pa30BaHHEM COOTBETCTBYIOIIUX COC/IH-
HEHHUH Kanblusd. ITOT (paKT corIacyeTcs ¢ CyIIeCTBYIO-
LIUMU SKCTIEPUMEHTAIbHBIMU JaHHBIMU [38]. DexTpo-
MIPOBOJHOCTH Tpad)eHa CHIILHO 3aBUCUT OT CONICPIKAHUS
nedexToB B ero crpykrype [39]. TIockoabKy B KUAKOM
(haze MUHEPAIILHOTO KOMIIO3HTa BBICOKA KOHIIEHTPAIIHS
HMOHOB KaJIbIUS, ITIOTHOCTH 1e()eKTOB Irpad)eHOBON Ha-
HOYACTHIIBbI, KOHTAKTUPYIOLIEH ¢ )KuaKol ¢azoii, Oyaer
CHIDKATHCS. DTO TPUBENIET K TIOBEIIICHHUIO IEKTPOIIPO-
BOJTHOCTH HaHo4acTull. [lo60uHBIM A deKkToM cTaHeT
HapyIICHHE KOMIIOHEHTHOTO COCTaBa KUAKOH (a3bl, 4TO
B CBOIO OUYepe/Ib MOXKET TOBIHATH Ha IPOYHOCTHBIE Xa-
PaKTEepUCTHUKH OeTOHA. 3HAYNUTEIBHOE CHUKEHHE ITPOY-
HOCTH HaOIIFOAeTCsI SKCIIEPHUMEHTAIIEHO TIPU CONepIKa-
HUM yITIEPOIHBIX HaHOYACTUI Oonee 7 % 1o Macce.
Paccmorpeno B3aumoneiicTue rpadeHOBOTO
(¢parmMeHTa UIEaIbHONU CTPYKTYPHI CO CIEAYIONUMU
MOJIEKyJIaMH, IIPUCYTCTBYIOIIMMH B CPEJIe B Ipoliecce
00pa3oBaHusl CTPYKTYPHI CHIMKATHBIX KOMIIO3UTOB!
CaO, H,0, Ca(OH),, ¢ HelTpaIbHBIM aTOMOM U HOHOM
kajbuus. Kpome Toro, u3ydeHo B3aumoeiicTBue rpa-
(heHOBOTO KIacTepa ¢ MOIEIBEHBIM ()ParMEHTOM CTPYK-
TypBbI cCUIINKaTHOM MaTpuip Ca,SiO, (puc. 3), B KOTOPOi
TIPUCYTCTBYET XapakTepHbIi TeTpayp SiO,, a BAKaHTHbIC
CBSI3M aTOMOB KHCJIOPO/a TETPadIpa KOMIEHCHPYIOTCS
JByMs aToMaMH Kanblust. Ha puc. 3 u nanee atombl Kaiib-
s 1300pakaroTCst OOIBITUMH [ITApaMU YEPHOTO [IBETA,

a aTOMBbI KPEMHUSI — CepbIMU Iapamu. OnTuMu3anms
SHEPIHH CHCTEMBI TIOKA3bIBACT, UTO B OOJBITMHCTBE CITy-
YaeB MPOUCXOAUT COMMKEeHNe Tpad)eHa C HOHAMH Kajlb-
us (puc. 4, 5). DTOT pe3ysbTaT HaXOIUTCS B COTIIACHH
C MCCIEeIOBaHUSAMHU APYTHX aBTOpOB [22]. MckimoueHue
COCTABIISIET KOMIUIEKC C THIPOKCH/IOM KBNS, KOTOPBIN
NepexouT Ha nepudepuio Kiactepa, Mpu TOM aTOMbI
KHCII0poJa cONMKAIOTCS ¢ BOJOPOIAMH, PacIiON0KEH-
HBIMH Ha rpaHuLax rpadeHa. DHeprus B3auMOIeHCTBHS
¢ rpad)eHOBOM MIOCKOCTBIO IS BCEX CHCTEM OJM3Ka
k 0,5 5B. B3aumoneiictBre rpadeHa ¢ MOJICKyISIpHBIMA
(parmMeHTamMH, COEPXKALIMMHI HOH KaJIbLIUs, 0Ka3al0Ch
3HAUUTENILHO CUJIbHEE, YEM B3aHMOJCHCTBHE C aTOMOM
KaJIbIIHsI, MOJICKYJION BOJIBI M MEXKITJIOCKOCTHOE B3aUMO-
nefcTBHe Mexay rpadeHoBBIMU pparmeHTaMu. [lpn
9TOM HamboJiee CHIBHBIM OKa3aJI0Ch B3aUMOJICHCTBHE
CO CTPYKTYPHBIM (hparMEeHTOM, ITOKa3aHHBIM Ha pHC. 3.
Taknum 06pa3oM, BeslMKa BEpOSTHOCTh Pa3MELIEHUs Irpa-
(heHOBBIX TUTOCKOCTEH BIOIB MIIOCKOCTEH CTPYKTYPHI,
00pa30BaHHbBIX HOHAMU KaJIblHsl. B ciryyae npucyTcTBus
B CTPYKType rpadeHa mossapHbIX (YHKIHOHAIBHBIX
IPYIIII CHJIa €r0 B3aUMOJICHCTBUS CO CIIOSIMH MUHEPaJTb-
HOW MaTpHIIBI MOXKET BO3pacTh B 18 pas [22].

Puc. 3. MoznensHbIH (parMeHT 4acTHIEI MUHEPATEHOTO
BSDKYIIIETO

Fig. 3. Model part of a mineral binder particle
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Puc. 4. 'eomerprueckasi CTpyKTypa KOMILIEKCa,
oOpasoBanHoro rpagerom u CaO

Fig. 4. Geometric structure of the complex formed by
graphene and CaO

Puc. 5. 'eomerpuueckas CTpyKTypa KOMILIEKCa,
00pa30BaHHOTO MOJEIBHBIMH (pparMeHTaMH rpadeHa
U MUHEPAJIBHOTO BAXKYIIErO

Fig. 5. Geometric structure of the complex formed by model
parts of graphene and mineral binder

[Tpencrasnsier MHTEPEC BO3ZMOXKHOCTH PaCIOJI0-
xeHust Gpparmenrta Ca,SiO, B 0o0acT KOHTaKTa rpa-
(beHOBbIX HJacCTHlII. HpOBCI[eHO JABa BBIYHCIUTCIbHbBIX
9KCIIEPUMEHTa JJISl CHCTEM, COCTOSIIUX U3 (parMeHTa
Ca,Si0, n aByx rpadeHoBbIX kiacTepos. HauansHoe
1 KOHCYHOC PACIIOJIOKCHUEC MOJICKYJIAPHBIX CUCTEM JJIs
JIBYX BapMaHTOB 00pa30BaHUsI KOHTAKTHBIX O0nacTen
NpuBeaeHO Ha puc. 6—9. CTpyKTypa, MpeacTaBIeHHAs
Ha pHc. 9, 110 SHEPrUH 0Ka3anach OoJiee MPEANOYTHTEb-
HO, HO pa3HuIIa cocTaBmia He Oonee 0,1 3B. Pe3ynsrarst
pacyeToB MOKa3bIBAIOT, YTO BO BCEX CIIyyasx (pparMeHT
Ca,Si0, nonagaer B 00J1aCTh KOHTaKTa MEXIY Tpade-
HOBBIMH KJIACTEPAMH.

OI_IGHI/IM BJIIMAHUE PACCMOTPECHHBIX MOJICKYJIAPHBIX
(parMeHToB Ha MPOBOANMOCTH KOHTAKTOB MEX/Y Ipa-
(beHOBI)IMI/I HaHO4YaCTHUIlaMHU. MoxHO MPUHATH, YTO TOK
B OCHOBHOM 00€CIIeUNBACTCS IEKTPOHAMH, MOMaat0-
LIMMH B 30Hy IPOBOJIMMOCTH, COOTBETCTBYIOIILYIO HH3-
1IeMy HE3alOJHEHHOMY YHEPreTHUYEeCKOMY YPOBHIO
Moiekyisiporo gparmenta (LUMO). B tabnure npu-
BOJAATCA paCYCTHBIC 3HAYCHUA O3TOI0O YPOBHA B 5B JJIsA
BCEX PAaCCMOTPEHHBIX MOJIEKYJI U KJIACTEPOB.
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Puc. 6. HauanpHOE pacmoiioxkxeHue MOACTBHOTO ()parMeHTa
MHHEPAIBHOTO BSKYIIETO U IBYX IpadeHOBBIX KIacTepoB
Fig. 6. Initial arrangement of a model part of a mineral
binder and two graphene clusters

- c0-C8 C8-89-8% 0 °

Puc. 7. I'eomeTpust cuctembl, MOKa3aHHOH Ha pHc. 6, mocie

MUHUMH3ALA DHEPTUU

Fig. 7. The geometry of the system shown in Fig. 6, after
energy minimization
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Puc. 8. HauanpHOe pacroiokeHne MOJEILHOTO (pparMeHTa
MHHEPAJILHOTO BSUKYIIETO U BYX IpadeHOBBIX KIIaCTepOB

Fig. 8. Initial arrangement of a model fragment of a mineral
binder and two graphene clusters
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Puc. 9. 'eomeTrpust cucTembl, MOKa3aHHOW Ha puC. 8, mociie
MUHMMU3AIMU SHEPTUU

Fig. 9. The geometry of the system shown in Fig. 8, after
energy minimization

DHepruy HU3IIKMX HE3aHATBIX SHEPIeTHUECKUX YPOBHEH, 5B
Energies of the lowest unoccupied energy levels, eV

Monexyna / Molecule Epymo, 9B/ eV
H,0 0,52
I'paden / Graphene 2,43
Ca -1,02
Ca(OH), -1,55
Ca,Sio, -1,83
CaO -2,32

Takum oOpa3om, IpH TOMaaHUH B 00JaCTh KOH-
TaKTa JII000H MOJIEKYIBI U3 TAOMHUIIBI (KpOME BOIBI) TIPO-
W30MIIeT CHIKEHHE SHEPTreTHYECKOTo Oapbepa It TyH-
HEJIMPOBaHUS JIEKTPOHOB MEXTy KJlacTepaMu rpadeHa.
Y4uTHIBast 9KCIIOHEHIIMAIBHBIN XapakTep 3aBUCUMOCTH
TYHHCJIBHOTO TOKa OT BECJIMYMHBI SHEPTETUYCCKOT'O 63-
pbepa, HeOOIbIIOE ero CHUIKEHNE MOXKET MPUBECTH
K 3HAYUTEIbHOMY ITOBBIIICHHIO TOKA Yepe3 KOHTAKT.
B T0 K€ BpeMs NOTEeHIUAJBbHBII Oapbep He CHUKACTCS
TIPH TO11a/TAaHUH B KOHTAKTHYIO 00J1aCTh MOJICKYJIBI BOJIBL.

DTOT (paKT U OMOTHUTEIILHOE PACCESIHUE IEKTPOHOB
3a c4eT B3aMMOJEHCTBHSI C BO30YXKIEHUSIMH aTOMHON
PELIeTKH, NHIYIUPYEMbIMH B3aHMOICHCTBUEM C KUJIKOH
Cpeaoil, IPUBOJAT K POCTY IEKTPOHHON IPOBOJUMOCTH
CHCTEMBI B TIPOIIECCE 3aTBEpeBaHus pacTBopa. [lpn
9TOM MOHHASI TPOBOIMMOCTb Oy/IeT CHUKATHCS M3-32 YMEHb-
IIEHUSI COZIEPKAHUS KHUIKOH (Basbl.

3AKJIIOYEHUE U OBCYXKJIEHHUE

[IpennoxeH 1 000CHOBAaH MEXaHU3M JIEKTpUYE-
CKO ITPOBOIMMOCTH CHIIMKATHBIX MaTpPHI, MOIU(HIII-
POBaHHBIX YIIEPOAHBIMU HaHOYACTHIAMU. M3 mpose-
JICHHOT'O aHAJIN3a MOYKHO CIEJIaTh CIEIYIOIIUE BHIBOJBL:

* IPOBOJMMOCTH 3JIEKTPOHOB B MOAM(DHUIINPOBAH-
HOMW CHJTMKATHOM MaTpHIie 00eCTIeunBAETCsI CETKOM yTiie-
ponHbIX HaHOYacTUl. OCHOBHOM BKJIaJl B AIIEKTPUUYECKOE
COTIPOTHUBIICHHE BHOCAT 00JIaCTH KOHTAKTOB MEX]y Ha-
HOYaCTUL[AMU;

* IPUCYTCTBUE CUIMKATHONW MATPHUIIBI CHUIKAET
ANEKTPUYECKOE COITPOTUBIICHHE KOHTAKTHBIX 00JacTel
MEXAY YIIICPOAHBIMU HAaHOYACTHIIAMI;

* rpaduTONO00HBIE HAHOYACTHUIIBI TIPEUMYIIIE-
CTBEHHO pacIojararoTcsi BA0JIb TpaHeil KpUCTAJUINTOB
CIJITMKATHOM MaTpHIIBI, COAECPIKAIIUX HANOOIbIIEe KO-
JINYECTBO MOHOB KAJIbIIVS;

* 1e(EeKTHOCTh YIIIEPOAHBIX HAHOYACTHUI] MOXKET
CHIDKATBCS 32 CUET B3aUMOJICHCTBHS UX (pyHKIIMOHAIb-
HBIX TPYMIT ¢ HOHAMHU KaJIBIUSI U3 TeIsl MUHEPaIbHOTO
BsDKyIero. Ilpu 3ToM NpoYHOCTHBIE XapaKTePUCTUKU
CHJTMKaTHOTO KOMITO3HUTA CKJIOHHBI K CHH)KEHHIO;

* 3JIEKTPOHHAs IPOBOAUMOCTh MaTepralia Bo3pac-
TaeT B IPOLECCE 3aTBEPIEBAHUSI.

CIIMCOK HCTOYHHUKOB

1. Wang X., Wu Y., Zhu P., Ning T. Snow melting
performance of graphene composite conductive concrete
in severe cold environment // Materials. 2021. Vol. 14.
Issue 21. P. 6715. DOI: 10.3390/ma14216715

2. Cordon H.C.F., Tadini F.B., Akiyama G.A.,
de Andrade V.O., da Silva R.C. Development of
electrically conductive concrete // Ceramica. 2020.
Vol. 66. Issue 377. Pp. 88-92. DOI: 10.1590/0366-
69132020663772775

3. LiuX, QuM., Nguyen A.P.T., Dilley N.R., Yaza-
wa K. Characteristics of new cement-based thermoelec-
tric composites for low-temperature applications / Con-
struction and Building Materials. 2021. Vol. 304.
P. 124635. DOI: 10.1016/j.conbuildmat.2021.124635

4. Makul N. Advanced smart concrete — A review
of current progress, benefits and challenges // Journal of
Cleaner Production. 2020. Vol. 274. P. 122899.
DOI: 10.1016/j.jclepro.2020.122899

5. Dehghanpour H., Yilmaz K., Ipek M. Evaluation
of recycled nano carbon black and waste erosion wires

in electrically conductive concretes // Construction and
Building Materials. 2019. Vol. 221. Pp. 109-121.
DOI: 10.1016/j.conbuildmat.2019.06.025

6. Fiala L., Pommer V., Bohm M., Scheinherrova L.,
Cerny R. Self-heating alkali activated materials:
Microstructure and its effect on electrical, thermal and
mechanical properties // Construction and Building
Materials. 2022. Vol. 335. P. 127527. DOI: 10.1016/j.
conbuildmat.2022.127527

7. Rahman M.L., Malakooti A., Ceylan H., Kim S.,
Taylor P.C. A review of electrically conductive concrete
heated pavement system technology: From the laboratory
to the full-scale implementation // Construction
and Building Materials. 2022. Vol. 329. P. 127139.
DOI: 10.1016/j.conbuildmat.2022.127139

8. Zukowski B., dos Santos Mendong¢a Y.G., de
Souza J.V.B., Filho R.D.T. Cement-based EMI shielding
materials // Materials for Potential EMI Shielding
Applications. 2020. Pp. 333-340. DOI: 10.1016/B978-
0-12-817590-3.00020-8

1181

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO [eulnor AJYJUOA « NSODIN MIUISOA
220z ‘6 »ofuag "L WoL . (3UluO) 0099-¥0E€Z NSSI (uld) S€60-2661 NSSI » ADJIN ¥MHLO9g



BectHuk MI'CY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

I.U. Sslkoenee, H.B. Xoxpsikoe, U.C. lNonsHckux, 3. OpbaH, A.H. l'ymeHok

9. Tuan C.Y. Implementation of conductive
concrete for deicing (Roca Bridge). Lincoln, 2008.

10. Sassani A., Arabzadeh A., Ceylan H., Kim S.,
Sadati S.M.S., Gopalakrishnan K. et al. Carbon fiber-
based electrically conductive concrete for salt-free
deicing of pavements // Journal of Cleaner Production.
2018. Vol. 203. Pp. 799-809. DOI: 10.1016/j.
jelepro.2018.08.315

11. Hornbostel K., Larsen C.K., Geiker M.R.
Relationship between concrete resistivity and corrosion
rate — A literature review // Cement and Concrete
Composites. 2013. Vol. 39. Pp. 60—72. DOI: 10.1016/j.
cemconcomp.2013.03.019

12. Lee H., Park S., Kim D., Chung W. Heating
performance of cementitious composites with carbon-
based nanomaterials // Crystals. 2022. Vol. 12. Issue 5.
P. 716. DOI: 10.3390/cryst12050716

13. Henuciok U.FO., Yecnenckas M.B., ®@oku-
na M.H., Jlocywrxosa K. FO. DAEKTPONIPOBOIAIIAS KOM-
no3utus 6etoHa / Hay4HO-TeXHUYCCKHI BECTHUK HH-
(hOopMaIMOHHBIX TEXHOJOTHI, MCXaHUKH M ONTHUKH.
2018. T. 18. Ne 1. C. 158-162. DOI: 10.17586/2226-
1494-2018-18-1-158-162

14. Garcia-Macias E., D’Alessandro A., Castro-
Triguero R., Pérez-Mira D., Ubertini F. Micromechanics
modeling of the electrical conductivity of carbon
nanotube cement-matrix composites // Composites
Part B: Engineering. 2017. Vol. 108. Pp. 451-469.
DOI: 10.1016/j.compositesb.2016.10.025

15. Dehghanpour H. Evaluation of recycled nano
carbon black and waste erosion wires in electrically
conductive concretes // Construction and Building
Materials. 2019. Vol. 221. Pp. 109-121. DOI: 10.1016/j.
conbuildmat.2019.06.025

16. Gumenyuk A.N., Polyanskikh I.S., Pudov I.A.,
Shevchenko F.E., Kuzmina N.V., Yakovlev G.I. Directed
regulation and localization of electrical properties
for composite construction materials // Solid State
Phenomena. 2021. Vol. 325 SSP. Pp. 119-124.
DOI: 10.4028/www.scientific.net/SSP.325.119

17. Mai N.L., Hoang N.-H., Do H.T., Pilz M.,
Trinh T.T. Elastic and thermodynamic properties of
the major clinker phases of Portland cement: Insights
from first principles calculations // Construction and
Building Materials. 2021. Vol. 287. P. 122873.
DOI: 10.1016/j.conbuildmat.2021.122873

18. Yang K., White C.E. Modeling of aqueous
species interaction energies prior to nucleation in cement-
based gel systems // Cement and Concrete Research.
2021. Vol. 139. P. 106266. DOI: 10.1016/j.cemconres.
2020.106266

19. Zhao R., Zhang L., Fan G., Chen Y. Probing
the exact form and doping preference of magnesium in
ordinary Portland cement clinker phases: A study from
experiments and DFT simulations // Cement and Concrete
Research. 2021. Vol. 144. P. 106420. DOI: 10.1016/].
cemconres.2021.106420

1182

20. Khokhriakov N.V., Yakovlev G.1., Kodolov V.I.
Modelling of hydratation of calcium sulfate hemihydrate /
Chemical Physics and Mesoscopy. 2000. Vol. 2. Issue 2.
Pp. 205-213.

21. Estolano A.M.L., Lima N.B., Junior R.V.A.,
Belarmino M.K.D.L., Silva A.1.S., Nascimento C.F.G.
et al. Concrete paving blocks: Structural, thermodynamic,
fluorescence, optical and mechanical properties // Journal
of Molecular Structure. 2019. Vol. 1184. Pp. 443-451.
DOI: 10.1016/j.molstruc.2019.02.048

22. ZhouY., Xiong C., Peng Z., Huang J., Chang H.
Molecular dynamics simulation of the interfacial interac-
tion mechanism between functional groups on graphene-
based two-dimensional matrix and calcium silicate hy-
drate // Construction and Building Materials. 2021.
Vol. 284. P. 122804. DOI: 10.1016/j.conbuildmat.
2021.122804

23. Sanchez F., Zhang L. Molecular dynamics
modeling of the interface between surface functionalized
graphitic structures and calcium-silicate-hydrate:
Interaction energies, structure, and dynamics // Journal
of Colloid and Interface Science. 2008. Vol. 323. Issue 2.
Pp. 349-358. DOI: 10.1016/].jcis.2008.04.023

24. Hou D. Molecular dynamics study on cement—
graphene nanocomposite // Molecular Simulation
on Cement-Based Materials. 2020. Pp. 159-185.
DOI: 10.1007/978-981-13-8711-1 7

25. Granovsky A.A. Firefly version 8. URL: http://
classic.chem.msu.su/gran/firefly/index.html

26. Schmidt M.W., Baldridge K.K., Boatz J.A.,
Elbert S.T., Gordon M.S., Jensen J.H. et al. General
atomic and molecular electronic structure system //
Journal of Computational Chemistry. 1993. Vol. 14.
Issue 11. Pp. 1347-1363 DOI: 10.1002/jcc.540141112

27. Becke A.D. Density-functional thermochemistry.
II1. The role of exact exchange // The Journal of Chemical
Physics. 1993. Vol. 98. Issue 7. Pp. 5648-5652.
DOI: 10.1063/1.464913

28. Blaudeau J., McGrath M., Curtiss L., Radom L.
Extension of Gaussian-2 (G2) theory to molecules
containing third-row atoms K and Ca // Journal of
Chemical Physics. 1995. Vol. 107. Pp. 5016-5021.
DOI: 10.1063/1.474865

29. Krishnan R., Binkley J.S., Seeger R., Pople J.A.
Self-consistent molecular orbital methods. XX. A basis
set for correlated wave functions // The Journal of
Chemical Physics. 1980. Vol. 72. Issue 1. Pp. 650-654.
DOI: 10.1063/1.438955

30. McLean A.D., Chandler G.S. Contracted
Gaussian basis sets for molecular calculations. I. Se-
cond row atoms, Z =11 — 18 // The Journal of Chemi-
cal Physics. 1980. Vol. 72. Issue 10. Pp. 5639-5648.
DOI: 10.1063/1.438980

31. Ditchfield R., Hehre W., Pople J. Self-consistent
molecular-orbital methods. IX. An extended Gaussian-
type basis for molecular-orbital studies of organic



lpumeHeHue KBaHTOBO-XUMMUYECKOIO MOAEAUPOBAHUS AA ONPEAEAEHNS MexaHU3Ma
3/\eKTpM‘JeCKOI:1 MPOBOAUMOCTU B CUAMKATHbIX MaTpulax

C. 1175-1186

molecules // Journal of Chemical Physics. 1971. Vol. 54.
Pp. 724-728. DOI: 10.1063/1.1674902

32. Hehre W., Ditchfield R., Pople J. Self —
consistent molecular orbital methods. XII. Further
extensions of Gaussian — type basis sets for use in
molecular orbital studies of organic molecules // Journal
of Chemical Physics. 1972. Vol. 56. Pp. 2257-2261.
DOI: 10.1063/1.1677527

33. Pritchard B.P., Altarawy D., Didier B.,
Gibson T.D., Windus T.L. New basis set exchange:
An open, up-to-date resource for the molecular sciences
community // Journal of Chemical Information and
Modeling. 2019. Vol. 59. Issue 11. Pp. 4814-4820.
DOI: 10.1021/acs.jcim.9b00725

34. Suenaga M. Facioisafree GUI for computational
chemistry softwares (TINKER, MSMS, Firefly, Gamess,
MOPAC and Gaussian). Facio has been developed by
Masahiko Suenaga, Department of Chemistry, Graduate
School of Science, Kyushu University, Japan.
URL: http://zzzfelis.sakura.ne.jp

35. Dong W., Huang Y., Lehane B., Aslani F.,
Ma G. Mechanical and electrical properties of concrete
incorporating an iron-particle contained nano-graphite
by-product // Construction and Building Materials.

Tlocmynuna 6 pedaxyuro 9 urons 2022 .
Ipunsima 6 oopabomannom eude 12 aszycma 2022 e.
Ooobpena onsa nyoauxayuu 30 aseycma 2022 2.

2021. Vol. 270. P. 121377. DOI: 10.1016/j.conbuild-
mat.2020.121377

36. BanerjeeS., Sardar M., Gayathri N., Tyagi A.K.,
Raj B. Conductivity landscape of highly oriented
pyrolytic graphite surfaces containing ribbons and
edges // Physical review. B, Condensed matter. 2005.
Vol. 72. Issue 7. DOI: 10.1103/PhysRevB.72.075418

37. Urkhanova L.A., Buyantuev S.L., Urkhano-
va A.A., Lkhasaranov S.A., Ardashova G.R., Fediuk R.S.
et al. Mechanical and electrical properties of concrete
modified by carbon nanoparticles / Magazine of Civil
Engineering. 2019. Vol. 8. Issue 92. Pp. 163-172.
DOI: 10.18720/MCE.92.14

38. Babaes A.A., 300606 M.E., Kopnunos /[.IO.,
Traueg C.B., Tepykog E.H., Jleguyxuii B.C. OnTuueckue
U 3JIEKTPUYECKUE CBOWCTBA oKcua rpadena // OnTuka
u crnektpockorus. 2018. T. 125. Ne 6. C. 820-824.
DOI: 10.21883/0S.2018.12.46945.90-18

39. Zeng W., Tao X.-M., Lin S., Lee C., Shi D.,
Lam K. et al. Defect-engineered reduced graphene oxide
sheets with high electric conductivity and controlled
thermal conductivity for soft and flexible wearable
thermoelectric generators // Nano Energy. 2018. Vol. 54.
Pp. 163—174. DOI: 10.1016/j.nanoen.2018.10.015

O aBTOPAX: I'puropmii UBanoBu4 SIkoBiieB — HOKTOp TEXHUYECKHUX HayK, Ipodeccop, 3aBenyromunii kapeapoit

CTPOUTENBHBIX MAaTEPUAJIOB, MEXaHU3ALUH U T€OTEXHUKH, IHCTUTYT CTPOUTENLCTBA U apXUTEKTYphl uMenu B.A. 1lly-

MuioBa; MaxeBckuii rocyiapcrseHHblil Texundeckuii yaupepceurer umenn M. T. Kanmamnukosa (MxI'TY umenn

M.T. KanamnunkoBa); 426069, Ynmyprckas Pecnyonuka, r. xesck, yiu. Crynenueckast, 1. 7; SPIN-kox: 6545-2779,
ResearcherID: V-9517-2019, Scopus: 7006888927; ORCID: 0000-0002-2754-3967; gism@jistu.ru;
Huxkonaii BiagumupoBuy XoXpsikoB — KaHIUIAT GU3HKO-MaTEMaTHIECKUX HAYK, TOIEHT, 3aBeIyIOMni Kade-

poii Belcuiel MareMaTuky; MaxeBcKkas rocylapcTBeHHasi celbCKoXo3siiicTBeHHas akagemus (Maxesckasa I'CXA);
426069, 1. Nxesck, ya. Ctynenyeckas, 1. 11; SPIN-kox: 6699-1254; khrv70@mail.ru;
Hpuna Cepreena IlonsiHCKUX — KaHANWAAT TEXHUYECKUX HAYK, JOLEHT Kadeapbl CTPOUTENbHBIX MAaTEPHATIOB

MEXaHU3alUHU U TeOTEXHUKHU, NTHCTUTYT cTpouTenbeTBa U apxuTekTypsl uMeHu B.A. Illymunosa; MakeBckuii rocynap-

crBeHHbIN Texunyeckuii ynusepcurer umenu M. T. Kanamnukoa (Ml 'TY umenn M.T. Kanamnuxosa); 426069,
VYnmyprckast Pecniyomuka, r. Vxesck, yi. Ctynenueckas, a. 7; SPIN-kox: 9921-9051, Scopus: 56789978800, ORCID:

0000-0003-1331-9312; irina_maeva@mail.ru;

3oaran Opdan — PhD, nouent, Mccnenosarenbckas rpymia CTPYKTYpPHOU AUArHOCTUKY U aHann3a; [ledckmii
yuuBepcuret; H-7624, 1. Tleu, Benrpust; Scopus: 25637382700; orban.zoltan@mik.pte.hu;
Anexcanap HuxonaeBnu I'yMeHI0K — accucTeHT Kadeapbl CTPOUTEIIBHBIX MaTepHaIoB, MEXaHU3AIMU U Te0-

TeXHUKH, HCTUTYT cTpouTenscTBa U apXUTeKTyphl nMeHn B.A. Illymunosa; MikeBcKkuii rocyiapcTBeHHbIH TeXHU-

yeckuii ynuBepcuter umenn M.T. Kanamnnkoa (MkI'TY umenn M.T. Kanamnukosa); 426069, Ynmyprckas
Pecny6muka, 1. Mokesck, yin. Crynendeckas, a. 7; SPIN-kox: 6196-8655, ResearcherID: AAH-1846-2021, Scopus:
57204363802, ORCID: 0000-0002-2880-8103; aleksandrgumenyuk2017@yandex.ru.

Bxrao asmopos:

Arosnes I' M. — konyenyust ucciedosanusi, 00pabomka mexkcma, umozoebie ble00bL.

XOXpﬂKOG H.B. fMemOOOJZOZMﬂ, 06pa60m1<a Mamepuajd, Hanucanue cmamosi, unocoesle 6b1600bL.

Tonanckux U.C. — udé}l, Hanucanue cmamovl, Haylmoepedakmuposa}me mekcma, umaocoevle 661600

Opban 3. — cbop mamepuana, obpadbomka epaguueckoo mamepuana, 0opaboma mekcma.

Dymenrox A.H. — cb6op u o6pabomra mamepuana, npogedenue 1a60pamopHbix Uccied08anull, 00Opabomra mekcmd.

1183

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO [eulnor AJYJUOA « NSODIN MIUISOA
ZZ0zZ ‘6 »oAuag "L woL . (8UluQ) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

I.U. Sslkoenee, H.B. Xoxpsikoe, U.C. lNonsHckux, 3. OpbaH, A.H. l'ymeHok

REFERENCES

1. Wang X., Wu Y., Zhu P., Ning T. Snow mel-
ting performance of graphene composite conductive
concrete in severe cold environment. Materials. 2021;
14(21):6715. DOI: 10.3390/mal14216715

2. Cordon H.C.F., Tadini F.B., Akiyama G.A., de
Andrade V.0, da Silva R.C. Development of electrically
conductive concrete. Cerdmica. 2020; 66(377):88-92.
DOI: 10.1590/0366-69132020663772775

3. Liu X., Qu M., Nguyen A.P.T., Dilley N.R.,
Yazawa K. Characteristics of new cement-based ther-
moelectric composites for low-temperature applications.
Construction and Building Materials. 2021;304:124635.
DOI: 10.1016/j.conbuildmat.2021.124635

4. Makul N. Advanced smart concrete — A review
of current progress, benefits and challenges. Journal of
Cleaner Production.2020; 274:122899. DOI: 10.1016/j.
jelepro.2020.122899

5. Dehghanpour H., Yilmaz K., Ipek M. Evaluation
of recycled nano carbon black and waste erosion wires
in electrically conductive concretes. Construction and
Building Materials.2019;221:109-121. DOI: 10.1016/j.
conbuildmat.2019.06.025

6. Fiala L., Pommer V., Bohm M., Scheinher-
rova L., Cerny R. Self-heating alkali activated materi-
als: Microstructure and its effect on electrical, thermal
and mechanical properties. Construction and Building
Materials.2022;335:127527. DOI: 10.1016/j.conbuild-
mat.2022.127527

7. Rahman M.L., Malakooti A., Ceylan H., Kim S.,
Taylor P.C. A review of electrically conductive concrete
heated pavement system technology: From the labora-
tory to the full-scale implementation. Construction and
Building Materials. 2022;329:127139. DOI: 10.1016/j.
conbuildmat.2022.127139

8. Zukowski B., dos Santos Mendong¢a Y.G., de
Souza J.V.B., Filho R.D.T. Cement-based EMI shiel-
ding materials. Materials for Potential EMI Shielding
Applications. 2020; 333-340. DOI: 10.1016/B978-0-12-
817590-3.00020-8

9. Tuan C.Y. Implementation of conductive con-
crete for deicing (Roca Bridge). Lincoln, 2008.

10. Sassani A., Arabzadeh A., Ceylan H., Kim S.,
Sadati S.M.S., Gopalakrishnan K. et al. Carbon fiber-
based electrically conductive concrete for salt-free dei-
cing of pavements. Journal of Cleaner Production.2018;
203:799-809. DOI: 10.1016/j.jclepro.2018.08.315

11. Hornbostel K., Larsen C.K., Geiker M.R.
Relationship between concrete resistivity and corro-
sion rate — A literature review. Cement and Concrete
Composites. 2013; 39:60-72. DOI: 10.1016/j.cemcon-
comp.2013.03.019

12. LeeH., Park S., Kim D., Chung W. Heating per-
formance of cementitious composites with carbon-based
nanomaterials. Crystals. 2022; 12(5):716. DOI: 10.3390/
cryst12050716

1184

13. Denisyuk I.Yu., Uspenskaya M., Fokina M.I.,
Logushkova K. Conductive concrete composition.
Scientific and Technical Journal of Information Tech-
nologies, Mechanics and Optics. 2018; 18(1):158-162.
DOI: 10.17586/2226-1494-2018-18-1-158-162 (tus.).

14. Garcia-Macias E., D’Alessandro A., Castro-
Triguero R., Pérez-Mira D., Ubertini F. Micromechanics
modeling of the electrical conductivity of carbon nano-
tube cement-matrix composites. Composites Part B:
Engineering. 2017; 108:451-469. DOI: 10.1016/j.com-
positesb.2016.10.025

15. Dehghanpour H. Evaluation of recycled nano
carbon black and waste erosion wires in electrically con-
ductive concretes. Construction and Building Materials.
2019;221:109-121. URL: https://doi.org/10.1016/j.con-
buildmat.2019.06.025

16. Gumenyuk A.N., Polyanskikh I.S., Pudov [.A.,
Shevchenko F.E., Kuzmina N.V., Yakovlev G.I. Directed
regulation and localization of electrical properties for
composite construction materials. Solid State Pheno-
mena. 2021; 325 SSP:119-124. DOI: 10.4028/www.
scientific.net/SSP.325.119

17. Mai N.L., Hoang N.-H., Do H.T., Pilz M.,
Trinh T.T. Elastic and thermodynamic properties of
the major clinker phases of Portland cement: Insights
from first principles calculations. Construction and
Building Materials. 2021;287:122873. DOI: 10.1016/j.
conbuildmat.2021.122873

18. Yang K., White C.E. Modeling of aqueous spe-
cies interaction energies prior to nucleation in cement-
based gel systems. Cement and Concrete Research. 2021,
139:106266. DOI: 10.1016/j.cemconres.2020.106266

19. Zhao R., Zhang L., Fan G., Chen Y. Probing
the exact form and doping preference of magnesium in
ordinary Portland cement clinker phases: A study from
experiments and DFT simulations. Cement and Con-
crete Research. 2021; 144:106420. DOI: 10.1016/j.
cemconres.2021.106420

20. Khokhriakov N.V., Yakovlev G.I., Kodo-
lov V.I. Modelling of hydratation of calcium sulfate
hemihydrate. Chemical Physics and Mesoscopy. 2000;
2(2):205-213.

21. Estolano A.M.L., Lima N.B., Junior R.V.A.,
Belarmino M.K.D.L., Silva A.L.S., Nascimento C.F.G.
et al. Concrete paving blocks: Structural, thermody-
namic, fluorescence, optical and mechanical properties.
Journal of Molecular Structure. 2019; 1184:443-451.
DOI: 10.1016/j.molstruc.2019.02.048

22. ZhouY., Xiong C., Peng Z., Huang J., Chang H.
Molecular dynamics simulation of the interfacial inte-
raction mechanism between functional groups on gra-
phene-based two-dimensional matrix and calcium sili-
cate hydrate. Construction and Building Materials. 2021;
284:122804. DOI: 10.1016/j.conbuildmat.2021.122804



lpumeHeHue KBaHTOBO-XUMMUYECKOIO MOAEAUPOBAHUS AA ONPEAEAEHNS MexaHU3Ma
3/\eKTpM‘JeCKOI:1 MPOBOAUMOCTU B CUAMKATHbIX MaTpulax

C. 1175-1186

23. Sanchez F., Zhang L. Molecular dynamics
modeling of the interface between surface functiona-
lized graphitic structures and calcium-silicate-hydrate:
Interaction energies, structure, and dynamics. Journal
of Colloid and Interface Science.2008; 323(2):349-358.
DOI: 10.1016/j.jcis.2008.04.023

24. Hou D. Molecular dynamics study on
cement—graphene nanocomposite. Molecular Simu-
lation on Cement-Based Materials. 2020; 159-185.
DOI: 10.1007/978-981-13-8711-1 7

25. Granovsky A.A. Firefly version 8. URL: http://
classic.chem.msu.su/gran/firefly/index.html

26. Schmidt M.W., Baldridge K.K., Boatz J.A., El-
bert S.T., Gordon M.S., Jensen J.H. et al. General atomic
and molecular electronic structure system. Journal of
Computational Chemistry. 1993; 14(11):1347-1363
DOI: 10.1002/jcc.540141112

27. Becke A.D. Density-functional thermo-
chemistry. III. The role of exact exchange. The Jour-
nal of Chemical Physics. 1993; 98(7):5648-5652.
DOI: 10.1063/1.464913

28. Blaudeau J., McGrath M., Curtiss L., Radom L.
Extension of Gaussian-2 (G2) theory to molecules con-
taining third-row atoms K and Ca. Journal of Chemical
Physics. 1995;107:5016-5021. DOI: 10.1063/1.474865

29. KrishnanR., Binkley J.S., Seeger R., Pople J.A.
Self-consistent molecular orbital methods. XX. A basis set
for correlated wave functions. The Journal of Chemical
Physics. 1980; 72(1):650-654. DOI: 10.1063/1.438955

30. McLean A.D., Chandler G.S. Contracted
Gaussian basis sets for molecular calculations. I. Second
row atoms, Z= 11— 18. The Journal of Chemical Phys-
ics. 1980; 72(10):5639-5648. DOI: 10.1063/1.438980

31. Ditchfield R., Hehre W., Pople J. Self-consis-
tent molecular-orbital methods. IX. An extended gaus-
sian-type basis for molecular-orbital studies of organic
molecules. Journal of Chemical Physics. 1971; 54:724-
728. DOI: 10.1063/1.1674902

32. Hehre W., Ditchfield R., Pople J. Self — con-
sistent molecular orbital methods. XII. Further exten-
sions of Gaussian — type basis sets for use in molecular

Received June 9, 2022.
Adopted in revised form on August 12, 2022.
Approved for publication on August 30, 2022.

orbital studies of organic molecules. Journal of Chemical
Physics. 1972;56:2257-2261. DOI: 10.1063/1.1677527

33. Pritchard B.P., Altarawy D., Didier B., Gib-
son T.D., Windus T.L. New basis set exchange: An open,
up-to-date resource for the molecular sciences communi-
ty. Journal of Chemical Information and Modeling. 2019;
59(11):4814-4820. DOI: 10.1021/acs.jcim.9b00725

34. Suenaga M. Facio is a free GUI for computa-
tional chemistry softwares (TINKER, MSMS, Firefly,
Gamess, MOPAC and Gaussian). Facio has been deve-
loped by Masahiko Suenaga, Department of Chemistry,
Graduate School of Science, Kyushu University, Japan.
URL: http://zzzfelis.sakura.ne.jp

35. Dong W., Huang Y., Lehane B., Aslani F.,
Ma G. Mechanical and electrical properties of concrete
incorporating an iron-particle contained nano-graphite
by-product. Construction and Building Materials. 2021,
270:121377. DOI: 10.1016/j.conbuildmat.2020.121377

36. Banerjee S., Sardar M., Gayathri N., Tya-
gi A.K., Raj B. Conductivity landscape of highly oriented
pyrolytic graphite surfaces containing ribbons and edges.
Physical review. B, Condensed matter. 2005; 72(7).
DOI: 10.1103/PhysRevB.72.075418

37. Urkhanova L.A., Buyantuev S.L., Urkhano-
va A.A., Lkhasaranov S.A., Ardashova G.R., Fediuk R.S.
et al. Mechanical and electrical properties of concrete
modified by carbon nanoparticles. Magazine of Civil
Engineering. 2019; 8(92):163-172. DOI: 10.18720/
MCE.92.14

38. Babaev A.A., Zobov M.E., Kornilov D.Y.,
Tkachev S.V., Terukov E.I., Levitskii V.S. Optical
and electrical properties of graphene oxide. Optics and
Spectroscopy. 2018; 125(6):820-824. DOI: 10.21883/
08S.2018.12.46945.90-18 (tus.).

39. Zeng W., Tao X.-M,, Lin S., Lee C., Shi D.,
Lam K. et al. Defect-engineered reduced graphene oxide
sheets with high electric conductivity and controlled ther-
mal conductivity for soft and flexible wearable thermo-
electric generators. Nano Energy. 2018; 54:163-174.
DOI: 10.1016/j.nanoen.2018.10.015

BronoTEs: Grigorij I. Yakovlev — Doctor of Technical Sciences, Professor, Head of the Department of Building

Materials, Mechanization and Geotechnics, Institute of Construction and Architecture named after V.A. Shumilova;
Kalashnikov Izhevsk State Technical University (ISTU); 7 Studencheskaya st., [zhevsk, 426069, Russian Federation;
SPIN-code: 6545-2779, ResearcherID: V-9517-2019, Scopus: 7006888927; ORCID: 0000-0002-2754-3967;

gism@istu.ru;

Nikolaj V. Khokhriakov — Candidate of Physical and Mathematical Sciences, Associate Professor, Head of
the Department of Higher Mathematics; Izhevsk State Agricultural Academy; 11 Studencheskaya st., [zhevsk, 426069,
Izhevsk, Russian Federation; SPIN-code: 6699-1254; khrv70@mail.ru;

Irina S. Polyanskikh — Candidate of Technical Sciences, Associate Professor of the Department of Building
Materials of Mechanization and Geotechnics, Institute of Construction and Architecture named after V.A. Shumilova;
Kalashnikov Izhevsk State Technical University (ISTU); 7 Studencheskaya st., Izhevsk, 426069, Russian Federation;
SPIN-code: 9921-9051, Scopus: 56789978800; ORCID: 0000-0003-1331-9312; irina_maeva@mail.ru;

1185

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO [eulnor AJYJUOA « NSODIN MIUISOA
ZZ0zZ ‘6 »oAuag "L woL . (8UluQ) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

IN. slkoenes, H.B. Xoxpsikoe, U.C. MonsiHckux, 3. Op6aH, A.H. l'ymeHtok

1186

Orban Zoltan — PhD, Associate Professor, Structural Diagnostics and Analysis Research Group; University of
Pécs; H-7624, Pecs, Hungary; Scopus: 25637382700; orban.zoltan@mik.pte.hu;

Alexander N. Gumeniuk — Assistant of the Department of Building Materials, Mechanization and Geotechnics,
Institute of Construction and Architecture named after V.A. Shumilova; Kalashnikov Izhevsk State Technical University
(ISTU); 7 Studencheskaya st., [zhevsk, 426069, Russian Federation; SPIN-code: 6196-8655, ResearcherID: AAH-1846-
2021, Scopus: 57204363802, ORCID: 0000-0002-2880-8103; aleksandrgumenyuk2017@yandex.ru.

Contribution of the authors:

Grigorij I. Yakovlev — conceptualization, scientific editing of the text, conclusions.

Nikolaj V. Khokhriakov — methodology, data processing, writing of the article, conclusions.

Irina S. Polyanskikh — idea, writing of the article, scientific editing of the text, conclusions.

Orban Zoltan — data gathering, scientific editing of the text.

Alexander N. Gumeniuk — data gathering and processing, laboratory testing, scientific editing of the text.



BEE3OINMACHOCTb CTPOUTEJIbCTBA
M TOPOOCKOIO XO34AMCTBA

HAYVYHAS CTATBSI / REASERCH PAPER
VIIK 502/504
DOI: 10.22227/1997-0935.2022.9.1187-1205
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AHHOTALUMUA

BeepneHue. AHanM3a NpakTUYECKOro 1 TEOPETUYECKOTO OMNbITa NOKa3biBAET 3HAYUTESIbHOE BIIMSIHUE «3€MEHbIX» KPbILL Ha CHY-
KeHWe KoHLeHTpauLnin PM, 5, 0fHaKo CyLLECTBYIOLIME METOAMKI HE NO3BONSIOT NPY pacyeTe KOHLIEHTPaLIMK 3arpASHSIOLLINX
BELLECTB YUMUTLIBATL MbINENOrMOTUTENLHYI0 CIOCOBHOCTL HacaXAeHWii B OTHOLLeHUM YacTul, PM, 5. Liens nccnenosaqmns —
co3aaHve METOAVKN 0B0CHOBaHWS 3 (PEKTUBHOCTM YCTPONCTBA «3EMEHbIX» KPbILL AN CHUKEHUS MENKOAUCTIEPCHbBIX YacTuLy
PM, 5 B Liensix NOBbILLIEHMS 3KONOr4eckoi 6e30nacHOCTM ropoaCcKoi cpeabl (MPUMEHUTENBHO k PO) B COOTBETCTBUM C Npea-
NOXXEHHOM TUMOSIOrMe Ha OCHOBaHMW pa3paboTaHHOW MaTemMaTUYeCcKoh MOAENK.

Martepuansi u MeToabl. MNpyMeHeHbl aHanMTuyeckoe 0606LLEHME U CUCTEMATM3aLMUS HAYYHbIX UCCIiefoBaHUi, MaTemaTy-
yeckue MeTodbl.

Pesynkrathl. PaspabotaHHas MeToauka npeacTasnseT cobom nocnenoBaTensHoCcTb 29 4eNCTBUIA, OCYLLECTBMNEHME KOTOPbIX
npvBeaeT K MOSyYeHM0 BbIBOAA O TOM, CTOUT N O3EMEHSATh CYLUECTBYIOLLYIO KPbILLY 34aHus, U ByaeT N 3To aheKTUBHO
C TOYKM 3PEHNA CHKEHNA KOHLIEHTPaLMK MenkoamcnepcHbix YacTul, PM, 5 B Bo3ayliHO cpeae. BeinonHenune neicTsnit
COMPSPKEHO C NPOBEAEHUEM pacyeTa B COOTBETCTBUM C MaTeMaTU4eckoi Moaenbio. OKoHYaTeNbHbIM YNCTIEHHbIM pesyrnsTa-
TOM [@aHHOW MeToauKu ByaeT SBNATLCA OCPeAHEHHOEe 3a NETHWUI NePVOA BPEMEHU CyTOYHOE HaKOMEHME MbIIn Ha NoBepX-
HOCTU «3€MeHON» Kpbilun B rpaMmMax. Yem Gonblue gaHHoe 3HaveHue, Tem Gonee apdekTUBHO YCTPOWNCTBO «3eNeHOM»
KpbILLK B BbIGpaHHOM MECTe C TOYKM 3PEHVS MOBbILLEHMS 3KONOrMYeckoi 6esonacHocTu ropoga.

BbiBoabl. [laHHas METOAMKA UMEET NPaKTUYECKYH 3HAYMMOCTb Y MOXET BbITb UCMOMb30BaHa NpU PasfyHbIX rpagoCcTpo-
UTENbHbIX CLieHapusiX, Korga HeoBX0AUMO YMCTIEHHO OLEHUTb 3DMEKTUBHOCTL MPUMEHEHUS «3EMEHOM» KPbILLX HA TOM UMK
MHOM 34aHUK, YTO NPOBOAMUTCA Ha dTane NPOeKTUPOBaHUSA NMyTEM COMOCTABMNEHUS Pa3IIMYHbIX BAPUAHTOB Pa3MeLLEeHUs «3e-
NeHbIX» KpbIW W BbiGopa HanGonee onTMMansHOMO U3 HUX (4Ns KOTOPOTo NMPU NPOYMX PaBHbLIX YCMOBUAX OCPeAHEHHOe
3a NeTHWIA Nepu1oz, BpEMeHM CyTOYHOE HakonneHue Nbini PM, 5 Ha MOBEPXHOCTM «3eneHon» Kpbiln B rpaMmax GyaeT Hau-
GOSbLUMM) C TOYKM 3pEHNst 0BecneyeHmns 3Koormyeckon 6esonacHoCTy.

KNIOYEBBIE CIIOBA: sarpssHeHue Bo3dyxa, BbIOpOChI aBTOTpaHcnopTa, MenkoaucnepcHble Yactuubl PM, 5, «3ene-
Hble» KpbILLUW, O3eNeHeHe ropofCKUX TEPPUTOPUIA, dKoNormyeckas 6e3onacHOCTb rOPOACKOM cpefbl
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yrnaBnuBaHus Mbiny «3eneHbiMuy» Kpbiwamu // BectHnk MITCY. 2022. T. 17. Bein. 9. C. 1187-1205. DOI: 10.22227/1997-
0935.2022.9.1187-1205
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Methodology for substantiating the effectiveness
of dust capture by “green” roofs

Elena V. Sysoeva, Margarita O. Gelmanova, Mikhail Yu. Slesarev
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. The analysis of practical and theoretical experience shows a significant impact of “green” roofs to reduce
the concentration of PM, 5, but the existing methods do not allow in calculating the concentration of pollutants to take
into account the dust absorption capacity of the plantations in respect of PM, 5 particles. The aim of this work is to create
a method to justify the effectiveness of “green” roofs to reduce fine PM, 5 particles to increase the environmental safety
of the urban environment (as applied to the RF) according to the proposed typology based on the developed mathematical

model.
Materials and methods. Analytical generalization and systematization of scientific research, mathematical methods were
applied.

© E.B. CbicoeBa, M.O. lfenbmaHoBa, M.HO. Crecapes, 2022 1187

PacnipocTpaHsieTcsi Ha ocHoBaHuK Creative Commons Attribution Non-Commercial (CC BY-NC)

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO |eulnor AJYJUOA « NSDIN MIUISOA
ZZ0zZ ‘6 »oAuag "L woL . (8UluQ) 0099-¥0£Z NSSI (1uld) GE60-2661 NSSI « ADJIN d¥MHLODg



BectHuk MI'CY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

E.B. Cbicoesa, M.O. NenbmaHoea, M.FO. Cnecapee

Results. The developed method represents a sequence of 29 actions, the implementation of which will lead to a conclusion
about whether to green the existing building roof, and whether it will be effective in terms of reducing the concentration
of fine particles PM, 5 in the air environment. Performing the actions involves performing a calculation in accordance with
a mathematical model. The final numerical result of this methodology will be the average for the summer period of time daily
accumulation of dust on the surface of the “green” roof in grams. The greater the value, the more effective the device “green”
roof in the selected location in terms of improving the environmental safety of the city.

Conclusions. The developed method has practical significance and can be used in various urban planning scenarios, when
it is necessary to evaluate numerically the effectiveness of the “green” roof on a particular building, which is carried out at
the design stage by comparing different options for placement of “green” roofs and choose the best of them (for which, other
things being equal, the average daily dust accumulation PM, 5 for the summer period in grams on the surface of the “green”
roof will be the greatest) in terms of ensuring environmental safety.

KEYWORDS: air pollution, motor vehicle emissions, fine particulate matter PM, 5, “green” roofs, urban greening, environ-
mental safety of the urban environment
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BBEJAEHUE

3arpsi3HeHHe BO3YLIHOM Cpebl IbUIEBBIMU YaCTU-
LIaMHU Ha TEPPUTOPUSIX KPYIMHBIX TOPOAOB MPOAOIKAET
0CTaBaThCsI aKTyaIbHOI ITpodieMoit Bo BceM mupe [ 1, 2].
OnauMu n3 HanboJiee pacpOCTPAHEHHBIX 3aTrPSI3HATE-
JIel B BO3IYIIHOHN cpejie ypOaHH3UPOBaHHBIX TEPPUTO-
puii SIBISIIOTCS. MENKOMUCTIEPCHBIE YacTHlbl PM, 5 [3],
MIPEUMYIIECTBEHHO 00pa3yroHecst PH IBHKCHUH aBTO-
TPAHCHOPTHBIX cpeAcTB [4]. nuTenbHOoe BO3AEHCTBHE
PM, 5 — KosoccabHbIf 9KOIOrHY€ECKHi (hakTop pucka
VTS 3110pOBbs yesoBeka [S]. CriocoOCTBYET MOSIBJICHUIO
U IIPOrPECCUPOBAHUIO CEPAECUHO-COCYAUCTBIX 3a00J1eBa-
Huii [6, 7], pecnupartopHbIxX [8], oHKOTOTHUUYECKUX [9]
U HelposereHepaTuBHbIX 3aboneBanuii [10], uto npu-
BOAUT K COKPAIEHHUIO MPOJOJKUTEIBHOCTH KU3HU
[11,12].

B ycnoBusix BbICOKOM 3aIIbLIEHHOCTH BO3AYLIHOM
CpeIsl KpaliHe BaykHa CIIOCOOHOCTH CPE/Ibl COMPOTUB-
JIATBCS PACTIPOCTPAHEHHIO 3arPA3HSIONINX BeniecTs (3B)
B arMocdepe, 4To 00ecreunBaeTcsi J0CTaTOYHOM II0-
137160 03€JIEHEHHBIX TeppuTopuil. CucteMa roposicKo-
TO O3EJICHEHMSI, CIyKaIlasi 3IEeMEHTOM NPUPOTHOIO
Kapkaca ropoja, IpeiCTaBIsieT cO00H HEOThEMIIEMYIO
YacTh INTAHUPOBOYHOH CTPYKTYPBI TOPOZA M UMEET OOJIb-
1oe 3Ha4eHHEe B 00CCIEUCHHH, a TAK)KE NMOBBIIICHUN
9KOJIOTUIECKOM O€30ITaCHOCTH TOpoCcKoit cpensr [13].

B ocoGeHHOCTH TOPOACKOE 03EIEHEHUE BIUSET
Ha MUKPOKJINMAT ypOaHU3MPOBAaHHON TEPPUTOPHH, Jie-
nast ero KOM(GOPTHEIM IS IPOKUBaHUS Topoxkad. Op-
TaHU3aUs PACTUTEIBHOCTH MIPUBOJIUT K CHIDKEHUIO
TEMIIEpaTypbl BO3/LyXa B TEIUIOE BPeMsI rofia (CMATYeHUE
a¢dekTa «ropoAcKoro ocTposa Teriay [14]) u yBemu-
YEHHIO BIIYKHOCTH BO3/yXa, CIIOCOOCTBYET COXPaHEHHIO
6ropa3Ho00pa3ys, MO3BOJISIET YITyUIINTh KAYE€CTBO BO3-
JyXa, YMCHBIIIHNB COJICPKAHUE BPEIHBIX JUIS 3[0POBbS
YeJI0BeKa MpUMecei 1 bUTH. B coBpeMeHHBIX Hccieno-
BaHMAX OOJIBIIOE BHUMAHHE Y/IENSeTCsl BONPOCAaM CHU-
KEHHsI KOHIEHTPALMH METKOIMCTIEPCHBIX YacTHIl PM, s
IIyTEM O3€JIEHEHHs TOPOJCKHUX TeppuTopuit [15-19].
YMeHbIIeHHE KOHIIEHTPANUH ITbUIEBBIX YaCTHI] 0OecTie-
YUBAETCS 34 CUET MX OCaXKJEHUS HAa MOBEPXHOCTH
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JTUCTHEB 3eNeHbIX HacaxaeHuil [20]. CymecTBytommue
HCCIIeIOBAaHNS MOATBEPKAAIOT CHOCOOHOCTD 3€JIEHBIX
HacaXJICHUH TOTIIoIIaTh HeKoTopble 3B n3 armocdepsl,
B TOM 4uclie i PM, 5, 4To Jiesiaer 3eseHble HacaxAeHus!
Ba)KHBIM CPEACTBOM KOHTPOIIA paccenBanus 3B B ropoa-
ckoif cpene [21-25].

OJ1HO 13 BO3MOYKHBIX PEIICHUH IPOOIEMBbI BRICOKUX
KOHILIEHTPALUH MEJIKOJUCIIEPCHBIX YaCTHIl B BO3LyXe
ropoja — 03€JE€HEHHE KPBII 31aHuil. [laHHas TEXHOIIO-
TSI IIUPOKO TIPUMEHSIETCS B TIOCICIHHUE JECSATHIICTHS
B ['epmanuu, @panuuu, Uranuu, CLIIA, Kanazge, Slnonun
u Kutae. «3eneHpie» KpBIIIKM MPEACTABISIOT COO0M
MHOTOCJIONHYIO KOHCTPYKIIMIO TIOKPBITHS 3/1aHHs, COC-
TOSIIIYTO U3 HECYIIEH YacTH U JOTIOJIHUTENIFHBIX CIIOCB
(pacTUTENBEHOCTD, CyOCTpaT, GUIBTPYIOLIHIA CIIOH, Ipe-
HaXHBIN CITOW, M30JISIHUS, KOPHEBOU Oapbep, THIPOU30-
JISIIIMOHHAsI MeMOpaHa) [26], 00eCrieunBarOIInX HATHIHE
PacTUTETHLHOCTH Ha KPBIIIaX 37JaHni, KOTOpas YaCTUIHO
3aMeHsIeT 3eJeHble HaCAKACHHS, YHUUTOKCHHbIE TIPU
CTPOUTENLCTBE 3/1aHUs. BakHO OTMETUTH, UTO B yCIIO-
BUSIX BBICOKOH MIOTHOCTH TOPOJCKOI 3acTpOHKH mpH
HEBO3MOKHOCTH BBIJICIIUTH CBOOOJIHOE ITPOCTPAHCTBO
UCKJIIOYUTEIIEHBIM PEIICHUEM SIBIISICTCSl PEOPTraHn3alys
CYIIECTBYIOLIHX ITOKPBITUH 3aHNH B IIOKPBITHE 10 TEX-
HOJIOTHH «3€J€Has» KpbIlla [27] IpH yCIIOBUH BBIION-
HeHus pacueta 1o Harpyskam [28]. Kak npasuiio, B ciio-
KUBIIEHCS 3aCTPOIKe MEEeTCs BHICOKAsI BEPOSITHOCTh
Pa3MECTUTh HEIKCIUTYaTHPYEMbIE «3EJICHBIC» KPBILIH
9KCTEHCHBHOT'O THIIA BCIIEACTBUE HEOOIIBIIIOTO BEca 10-
MIOJTHUTENBHBIX CI0EB «3EJCHOI» KPBIH (BEC JOIOI-
HUTEIBHBIX C10eB cocTaBiser 80—100 kr/m mpu Toji-
muHe cyocrpara 0,03-0,15 M) Ha HUXKecTOSIINE
HeCyIIHe 3JeMeHTHI 31aHust. COOTBETCTBEHHO, YCTPOii-
CTBO IKCIITYaTUPYEMBIX «3€JIEHBIX» KPBIIII HHTEHCUBHO-
ro THIa JAOJDKHO OBITh 3allJIAHMPOBAHO HA CTAJUU
MpoeKTa (BeC JOMOJHUTENBHBIX CIOEB COCTABISIET
180—500 kr/m? npu Tonmune cy6erpara 0,2—0,6 M)
1 B MCKITIOYHUTEITBHBIX CITy4asX MOXKET ObITh IPUMEHEHO
B ITOKPBITUSIX CYIIECTBYIONIMX 3aHUI C OOJIBIINM 3a-
IIacoOM Ha JOITyCTUMBIE Harpy3KH Ha HIDKECTOSIINE He-
cyiue aneMeHThl 31anus [29, 30]. «3eneHbiey Kpblluy —
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OJIMH W3 MHCTPYMEHTOB, KOTOPBIH MOXET CMATYUTH
HEeraTUBHBIC TOCTIEICTBHS MBUIEBOTO 3arpsi3HEHUS MTPH
o0ecriedyeHnH psifia TaKuxX dKojoruueckux 3ddexron
[31], xak Tpu O3eIeHEHUH TEPPUTOPHH HA YPOBHE 3e€M-
nu. Cpeau MHOTHX NMPEUMYIIECTB «3eJICHBIX» KPBIII,
TTOMUMO BBIIICYTTOMSHYTHIX, BBIJCIISIOTCS TIOBBIIICHHE
9Heprod(pHeKTUBHOCTH MOKPBITHS [32], yBenuueHue
CpOKa CITy>KOBI KPOBEJIbHOI MEMOpaHbI 1 3a]Iep>KUBaHNE
JTIUBHEBBIX CTOKOB.

TeM He MeHEe, HECMOTPSI Ha IKOJIOTHYECKUE Tpe-
HMMYIIECTBA «3EJIEHBIX» KPBIII ¥ 3HAYNTETIBHBIN HHTEPEC
K JIaHHOH TEXHOJIOTUU BO BCEM MUpE, OOJIbIIas YacTh
Iy OIUKaNNi 0 BO3/ICHCTBHUIO «3€TICHBIX)» KPBIII Ha BO3-
JYUTHBIC 3aTPA3HUTENIN MOCBAIICHA CIOCOOHOCTH «3€-
JICHBIX» KPBIII yIaBnuBaTh Takue 3B, kak PM,, [33],
NO,, O3, SO,, cHMkKasi UX KOHIICHTPAIUIO B BO3JyXe
[34-36]. Tak, uccnenoBarensiMu yCcTaHOBJIeHO [34], uTo
«3€JICHBIC» KPBIIIN OKa3bIBAIOT 3HAYUTEIHHOE MTOJIOKH-
TEITFHOE BIIMSHHE Ha OKPYKAIOIIYIO CPEIY, TPUBO/IS K CHHU-
JKeHUIo 3arpsi3HeHus armocdepst Ha 35—100 %. Oxnaxo
TOJIBKO Ha TIPOTSDKEHUH TTOCIIEAHUX JIET YICHBIC MPUIILITH
K HEOOXOIMMOCTH YIIIyOJICHNUS UCCICIOBAHUN O BO3-
JICHCTBHIO «3€JIEHBIX» KPBIII IMEHHO Ha MEJIKOANCIIepC-
HbIe YacTuibl PM, 5.

AHAJOTHYHO C IPYTUMH TUIIAMHU O3EJICHEHUS To-
POJCKHUX TEPPUTOPHUI PACTUTEIBHOCTD HA «3EJICHBIX»
KpbIIIaX MPUBOJMUT K 3aMETHOMY CHHKEHHIO PM, 5
[37, 38]. Tak, nHanpumep, B padote [37] KuTaliCKUMHI
YUEHBIMH B TeIUIbIHN iepruof roaa (24.08.2014) 6su1 mpo-
BeZIeH 24-9acoBOM SKCIIEPUMEHT 110 MOHUTOPHHTY KOH-
ueHrpanud PM, 5 Hajl yCI0KHEHHON aBTOMATHYECKOM
CUCTEMOH «3€JIEHON» KPBILIM — CUCTEMOH, yIpaBiisie-
MOM 3JIEKTPUUYECKUMU YCTPOUCTBAMM, TUTAIOIIUMHUCS
OT COJTHEUHOM dHEPTUH, ¢ PYyHKIIHSIMHU COXPAHEHHUS T0XK-
JICBOM BOJIBI JUIS TTONINBA, COOpa M 00pabOTKHU MOTyyeH-
HBIX JTaHHBIX. Pe3yiabpTaThl SIKCIEPUMEHTA MMOKA3aJIH
cokparenne kKouenTpauun PM, s na 14,1 % nan ose-
JICHEHHOM KPpBbIIIeH B CpaBHEHNUHU C HEO3€JICHEHHOM KpbI-
mieii. OJHaKo B CHIIY HETIPOJOJKUTEIBHOCTH JKCIIe-
pHUMEHTa, HeOOJIBIIION TUTONIAIH 00PA3IOB U CIICIIUPHUKH
THUIIa PACTCHNI HEOOXOIMMBI TIOITBEP K JAFOIIIE PE3YIIhb-
TaTHl U JabHEHIINE SKCTIEPIMEHTAIbHBIC CCIIeI0Ba-
HUS, 9TOOBI MTOITBEPIUTH 3TOT BBIBOJ U OIICHUTH POJIb
IJIOIIAIM JTUCTHEB HACAXKICHUH Ha «3€ICHON» KPBIIIE
B yAAJICHUN MEIKOANCIICPCHBIX YaCTHII.

VYyeHble TPOBEIU IKCIICPUMEHTAIBHBIE HCCIIe-
noBaHus [38] Mo OIEHKE BO3ACUCTBUS «3EICHBIX»
KPBIII ¢ MATHIO BUAAMHU pacTeHuit (Pitosporumtobira,
Lavandulaangustifolia, Lampranthusspectabillis,
Sedumalbum n Sedumreflexum) na cnmxenne PM, s B a-
60paTOPHOM MOMEIICHUH TIPU KOHTPOJIIMPYEMBIX yCIIO-
BUSAX OKpY’Kalomel cpenbl. ABTOPHI YTBEPKAAIOT, YTO
PACTUTENBHOCTD Ha «3€JIEHBIX» KPBIIIaX MOXKET 3HAUHU-
TENLHO CHU3UTH KOHIEHTpanun PM, s, ipuaem S. album
u S. reflexum cHIKAIOT MMUKOBYIO KOHIEHTpauio PM, s
1o 45,3 u 71,4 % 1o cpaBHEHHIO C TTMKOBBIMH KOHIIEH-
TpauusamMu PM, 5 6€3 pacTUTENBHOCTH COOTBETCTBEHHO,
a caMble HM3KHE 3HAUCHUSA OBUIM OOHApYyKCHBI IS
L. Angustifolia w P. tobira. ABTOpbI OTMEUAIOT, YTO HAH-

Oonpmii moTeHMan K ynanenuto PM, s nabmronaercs
y S. album (29,3 + 8,7 MKr/cM>-4) B CBSI3M C BBICOKOI
LIEPOXOBATOCTHIO JINCTHEB M KPAeBbIM d(pexTom (JTUCThs
MEHBIIIETO pazMepa 00aagar0T OONBITUM TOTESHITHAIOM
ans ynapnusanus PM, 5 [39-41]). B uccnenosanuu ame-
PUKaHCKHX yueHBIX [42] ObLI cAeTIaH BBIBOJI, YTO «3elIe-
HBIE» KPBIIIM Ha BBICOTE 26 M MOTYT CHU3UTH PM, 5
Ha BennuuHy 7-33 %. B 3akmoueHnn myOmuKanuy Oblm
copMynTHpOBaHbI TUIIOTE3bI O TOM, YTO BO3/ICHCTBHE
PM, 5 na uenoBexa Ha Kpblie OyIeT HIKE, 4EM Ha yPOB-
HE 3eMJIH, PACTUTEIHHOCTH Ha «3EJIEHBIX» KPBIIIaX, Be-
POSITHO, YAAJIUT MEHBIIIE YaCTHI] BCICACTBUE BEPTUKAIIb-
HOrO Tpaguenta PM, s (¢ yBelM4IeHHEM BBICOTBI 31aHHS
KOHIIeHTpaiust PM, 5 TTIOCTENIEHHO CHIKAETCS U3-3a y/1a-
JIEHUST OT UCTOYHHUKA).

Y4eHBIMHU MPOBEICHO TEOPETUUECKOE UCCIEN0-
BaHME HECKOJIBKHUX CI[EHAPHEB «3EJIEHBIX» KPBIII
1 «3eNeHbIX» (acanoB ansd I. CaHTBATO B MPOrpaMMe
ENVI-met [43], pe3yabTaTbl KOTOPOTO MOKa3ajlu, 4TO
«3CJICHBIC» KPBIIIN HA MAJIO3TAXKHBIX 3/1aHUSIX MOTYT
YAYYIIUTh Ka4€CTBO BO3/AyXa HA MEIIEXOJHOM/TIPUTO-
POIHOM YPOBHE, ITPU 3TOM IPUOPUTETHOMN BHICOTOU /1JI51
TaKuX LieJIeH sBisieTcs BeicoTa Menee 10 M. YcTaHnoBsiie-
HO, 4TO KoHUeHTpauuu PM, s carkatoresi va 3,7 1 2,7 %
JUIS 371aHUH C PACTIONIOKEHUEM «3EJICHOM» KPBIIIH Ha BBI-
core 5 u 10 M cooTBeTCTBEHHO. TaKke pe3ybTaThl pac-
yera B ENVI-met nponemoHcTprpoBaiu, 4To COBMECT-
HOE YCTPOHCTBO «3€JIEHBIX» KPBIII 1 «3eJICHBIX» (pacaioB
MOXKeT cokparutb PM, s 10 7,3 % B cpaBHennu ¢ 6aso-
BBIM cluieHapueM. [TomrMo 3Toro, ObLT OTIpe/ieNieH ONTH-
MaJIbHBIN K03 GuuueHT TOKpbITHA C, PacTUTEIBHO-
CTBI0, KOTOPBIH cocTaBisgeT 75 u 50 % /it «3eeHBIX
KPBIII Ha 3aHUSIX BBICOTOM 5 1 10 M COOTBETCTBEHHO.
CrenaH BBIBOZ O TOM, YTO CJIEyeT U30eraTh TyCTHIX
JICPEBBEB B YIUUHBIX KAHBOHAX, TOCKOJIBKY JA€PEBbS BbI-
3BIBAIOT YMEHBIIICHHUE ITUPKYIALIUH BO3AyXa U, KaK CIe-
CTBHE, IPUBOJIAT K YBEJINYCHHIO KOHIIEHTpAMd PM, 5
B arMOC(epHOM CJI0€ OKOJIO TIOBEPXHOCTH 3EMITH.

[Tomumo Bompoca 3pHEeKTUBHOCTH «3EICHBIX»
KpBIII B OTHOIIEHUHU 3KOJOTUYECKUX MPEUMYIIECTB,
BaYXHO OTMETHUTh SKOHOMHYECKYIO IIeIeCO00Pa3HOCTh
JAHHOM KOHCTpYKIUH. B ncciaenosanmu [44] kaHaacku-
MH Y4E€HBIMHU ITPOM3BEICHA OIICHKAa SKOHOMHUYECKOII I1e-
71eco00pa3HOCTH BHEIPEHUS TEXHOJIOTHHU «3EJICHBIX)»
KPBIII IPH YUIETe TPEX OCHOBHBIX IKOJOTHUECKUX TIpe-
HMMYIIECTB, KOTOPbIE 00ECIICUNBACT «3€JICHAs KPBbIIIa
(ymyd1ieHue KauecTBa BO3/IyXa, yIpaBlIeHHE JINBHEBBIMU
CTOKaMH, SKOHOMHS SHEPTHH). YUeHbIE MPUIILTH K BbI-
BOJY, YTO HAaMOOJIbIIAs SKOHOMUYECKas BHITO/1a Obliia
MOJydeHa 3a CUeT yJyulIeHHUs KauyecTBa BO3JyXa,
a yIpasJieHHE IMBHEBBIMH CTOKAMHU ¥ SKOHOMHUS YHEPTHH
3aHUMAIOT BTOPOE M TPEThE MECTa COOTBETCTBEHHO. Pe-
3yJBTAThI PACUCTOB MOKA3AJIH, YTO YHCTAs IPUBEICHHAS
CTOMMOCTB «3€JICHBIX» KPBIII Ha 28—48 % MeHbIIIe, 4eM
y OOBIYHBIX KPBIIII B TEUEHHE BCETO CPOKA IKCILTyaTAI[HN
(40 net). OgHaxo mpu 20-1eTHEM MEPHUOJIE IKCILTyaTaIH
«3€JICHOW» KPBIIIN MTPOEKTHI C €€ MPUMEHEHUEM SIBIIS-
FOTCSI 9KOHOMHUYECKH KU3HECTIOCOOHBIMU TIPH OTIpeie-
JICHHBIX YCIOBUAX U OTpaHUYCHHAX [45].
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BaxHO OTMETUTB, YTO B CBSI3U C TPYIOEMKOCTBIO
TIporecca peaan3anny TEXHOIOTHH «3EJICHOW» KPBIIIN
KpaiiHe Ba)KHBIM CTAHOBHTCS BONPOC APPEKTUBHOTO
Pa3MEIIeHHUs «3eIEHBIX» KPBIII ¢ TOUYKU 3PEHUS Hau-
Oonbiiero ux BausHus Ha cHwkenue PM, 5. B nannom
HCCIIEJOBAHNY NIPEJIIAracTCsl BBIACIUTD JIBE TUTIOIOTHN
TOPOACKUX TEPPUTOPHUH MO KPUTEPHIO dPPEKTUBHOCTH
YCTPOMCTBA «3EJIEHBIX» KPBILI B [EJSX CHUKEHHS KOH-
LIEHTPALUU MEJIKOAMCIIEPCHBIX YaCTHUL] PMZ,5 (mpume-
HUTEIBHO K PD):

1) a3 hexTHBHYIO FOPOACKYIO TEPPUTOPHUIO, IIOTEH-
LUAIBHO TOAXOISIIYIO Ul pa3MEIeHHsI 03eJICHEHU S
Ha KpbIIIax 3/1aHUM;

2) Hedp(DEKTUBHYIO TOPOJICKYIO TEPPUTOPHIO,
HE TOIXOASIIYIO JUIsl Pa3MEIeHUS 03€JIeHeHNS Ha KPbI-
max 3JaHuu.

CormtacHO pa3paboTaHHO THITONOTHH, K 3 HeKTHB-
HBIM FOPOACKHUM TEPPUTOPHUSIM OTHOCSITCSI TEPPUTOPHUH,
YIOBIIETBOPSIIONINE KAKOMY-JIHOO0 U3 CIEAYIOIMNX KpH-
TepueB (MPUMEHHUTENIBHO K PD):

* IPUHAUICKHOCTh TEPPUTOPUH K IIEPBOI 30HE
(manbonee 3(h(HeKTUBHON TEPPUTOPHH) M BTOPOH 30HE
(Teppurtopuu cpeaneit apdexruBuoctn) (puc. 1);

* IPUHAJJIEKHOCTh TEPPUTOPUU K KATETOPUHU
«KPYIHBIE» WM «KPYMHEHIIHe» ropojia ¢ YHCICHHO-
CThIO HaceneHus Oosiee 250 ThHIC. YEIOBEK B COOTBET-
ctBuH ¢ knaccudukammeit CIT 42.13330.2016 «I'pano-
CTpoUTENbCTBO. I lIIaHNpOBKa U 3aCTPONKA TOPOACKUX
M CEIILCKUX Mocenenuii» . 4.4, tadi. 4.1;

* JI0JIsl 03€JIEHEHHO! TepPUTOPHUH BHIOPAHHOTO
KBapraja ropojaa JoJDKHa cocTaBiiaTh meHee 0,4
(S Sep):

K #eahpekTHBHBIM TOPOICKUM TEPPUTOPHUAM OT-
HOCSTCSl BCE OCTaJIbHbIE TEPPUTOPHUH, YAOBIETBOPSIO-
LIMe KaKOMY-JIH00 U3 CIEeIYIOIINX KpUTEpUeB (IpuMe-
HUTEIBHO K PD):

* IPUHAAJIEKHOCTD TEPPUTOPHUHU K TPEThEH 30HE
(TeppuTopru HU3KOH 3(H(HEKTUBHOCTH) H YETBEPTOM 30HE
(ueapextrBHOM TeppuTopun) (cM. puc. 1);

* IPUHAJJICKHOCTh TEPPUTOPUU K KaTETOPHHU
«MAJIBIe, «CPETHHUE WU «OOJIBILIIE) FOPO/Ia C YHCIICH-
HOCTBIO HaceneHust MeHee 250 ThIC. YEJIOBEK B COOT-
BercTBHH ¢ knaccudukarmeit CIT42.13330.2016 «I'pa-
JIOCTPOUTENLCTBO. I IImaHupoBKa 1 3acTpoliKa FOPOACKUX
U CENBbCKUX MOceneHuii» 1. 4.4, tabm. 4.1;

Kapra xnmuMaTHtIecKux 30H
Map of climatic zones -
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. waubonee »pdekTUBHBIC TEPPUTOPUT
Vi the most effective territories
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HusKas 5 eKTUBHOCTE
low efficiency

TEPPUTOPHH cpenHeil 3 heKTUBHOCTH
! are territories of average efficiency

e PeKTUBHEBIE TEPPUTOPUH
inefficient territories

Puc. 1. Cxema crenenu 3pPpEeKTHBHOCTH 1 BOZMOYKHOCTH ITPUMEHEHHS «3€JIEHBIX» KPBIII [U1s Tepputopun Poccun [46]

Fig. 1. Scheme of the degree of effectiveness and applicability of “green” roofs for the territory of Russia [46]
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* JIOJISl 03€JCHEHHOW TEPPUTOPUU BHIOPAHHO-
ro KBapTalia ropojia JTOJKHA COCTaBIAThL Oonee 0,4
(SOB/STCP)'

TexHOIOTHS «3€IeHas KPbIIa MOXKET IIPUMEHSITh-
Csl TPY HEO0OXOAMMOCTH JUTsl Hed(p(HEeKTUBHBIX TOPOICKIX
TEPPUTOPHUHA, OTHAKO 3PPEKTUBHOCTH JAHHOH TEXHOIIO-
TMH B OTHOLICHUU CHIXKEHUsE PM, 5 MOKET ObITh HEBbI-
COKOH.

Lenb aHHO# pabOTHI — CO3IaHKUE METOAUKU 000C-
HOBaHUs 3P PEKTUBHOCTH yCTPONUCTBA «3EJICHBIX)» KPBILL
JUsL CHHDKEHHSI MENIKOAMCIIEPCHBIX YacTull PM, 5 B tiessix
TTOBBIIIICHHUS YKOIOTHIECKON 0€30IacCHOCTH TOPOACKOM
cpeapl (MpUMEeHHTENNbHO K PD) B COOTBETCTBHH C TIpe/I-
JIO)KEHHOM THITOJIOTHEN Ha OCHOBAHUH pa3pabOTaHHOM
MaTeMaTHIeCKOH MOJICTIH.

MATEPHAJIBI U METO/JbI

B manHOM HccnenoBanny ObUTa pa3paboTana Mare-
MaruydecKasi MOJIeIb [Tl YUCIIEHHOTO pacyueTa Crocoo-
HOCTH «3€JICHBIX» KPBIII CHIKATh KOHI[EHTPAIIUH MEJI-
KoqucnepcHbix yactui PM, s B BO3aymHO#| cpene
ropona. PacuerHasi cxema MoIenu ISl ONPEICIICHUS
OCaKIICHUS YaCTHI[ IPE/ICTABICHA HA puUC. 2.

VYpaBHenue TypOysaeHTHo nuddy3nu, onucsiBao-
1iee JaHHYH MOJICIb, UMEET BU/I:

Y, 2%, % 9, 2% |-
In(z,/zy) \z,)ox 0z 0z z )0z
(M
_hdg, vtk 220 82_;1
z, 0z zy oz
Ie V; — CKOPOCTH BETpa Ha BBICOTE z;, M/C; z| — BbI-

6paHHaH BBICOTA HAaZl YPOBHCM KPBIIIH, M; Z, — LICPO-

Betposo#i noTok co cpenHei

- 3
KoHIeHTpatneh PM, < ¢, ., MKr/M
Wind flow with an average

ot 3 z
concentration of PM, 5 g, hg/m
i=4
LIepoxosaTocTh N

MOBEPXHOCTH O3€/TCHEHHU
The roughness
of the landscaping surface

=
a

XOBATOCTh MOBEPXHOCTHU «3EJICHOM» KPBIIIH; ¢ — KOH-
LEHTpalMsl 4YaCTHIL PM2’5, MKF/M3; Vv, — CKOpPOCTh
IPaBUTALMOHHOTO oceanust yacTul PM, s, siBisieTcst
MTOCTOSTHHOW BEJIMYMHON, MOKHO HAWTH TI0 TaOIHUIIE;
v — K03 PHUIHEHT MOJeKyIApHOH auddy3mu Bo3myxa,
M?/c; k; — kooddumment obmena, m*/c.

JlarHOE ypaBHEHNE MOXKET OBITh PEIICHO YHCIICH-
HBIMU MeTofiamu B porpamme Comsol Multiphysics
B Moxyne General Form PDE, cnenmansao npenHa3Ha-
YCHHOM JIJIsl YMCJICHHOTO PELICHUS YPaBHCHUN TypOy-
neHTHOU nuddy3un. s 3Toro BBeIeM NCXOHBIC TaH-
HbIC B Tiporpammy (tadm. 1).

Taou. 1. VcxoaHble faHHbIE JJIs pacyeTa B IporpaMme
Comsol Multiphysics B momyme General Form PDE

Table 1. Initial data for the calculation in the program
Comsol Multiphysics in the module General Form PDE

[Tapametpsl 3HaueHus
Parameters Value
z;, M/ m 1
ky, MP/c / m/s 0,2
Zg, M/ m 0,05
v, M/c/ m/s 2
v, M¥/c / m’/s 8,25 107
Gumpy MKT/M® / pig/m’ 40
v, M/c/m/s 2,7-107*
z,M/ m 20

[To pe3ynbraTaM YHMCICHHOTO pELICHUs ObLIN
COCTaBIICHbI Tpa(UKH, IPEACTaBICHHBIC HA pHC. 3—5.

Kax BugHO 13 puc. 4, HaubonbIIee CHIKEHUE KOH-
LEHTPALMU HaJl TOBEPXHOCTBIO «3EJIEHOID KPBIIIN MPO-

TIpodis ckopocTH BeTpa
Wind speed profile

acdeTHas 007acTh
P 6.
- Estimated area

Osenenenue KpPBIITH

|
: Roof greening
|

X
N

3nanue
Building

S —————
TIpoesxkas yacthb
Roadway

Puc. 2. PacueTHas cxema Juist YUCICHHOTO PEIICHUS

Fig. 2. Calculation scheme for the numerical solution
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HUCXOOUT Ha BBICOTE 10 2 M, BBIIIIC KOHHCHTpaLII/IS{ 6I)ICTpO
cTpeMuTcs K (OHOBOMY 3HaueHHU0. [loaToMmy Hanbo-
Jiee PaIMoOHANBHO 03€NEHATHh KPBIITH MaJIO3TaKHBIX
1 CPeTHEITAKHBIX 3JaHU{ WITN YacTel 3MaHui (Hampu-
Mep, CTHII00aTHI ), pACTIONIOKCHHBIX B HETIOCPEICTBEHHOM
OM30CTH K ICTOYHUKAM 3arps3HEHUS (ABTOMOOMITEHBIM
JOpOTaMm).

G gy MED/AMC [ pg/m’

20 40
39,8
39,6
H M/ m
394

39,2

0 L,m/m 20

Puc. 3. [lunamMuka U3MEHEHUS KOHLICHTPALUI
MENKOAMCIIEPCHBIX YacThIl PM, s ¢, MKI/M’

B 3aBHCHMOCTH OT BBICOTHI [, M

Fig. 3. Dynamics of PM, s fine particle concentration change

G ump» 1g/m” as a function of height /4, m

Torox ocaxparommxes wactuu PM, o, MKr/m2 ¢
The flow of precipitating particles PM, 4, pg/ms

Pazpaborannas MmaTeMariuueckas MOJIENb O3BOJIsI-
€T YUCIIEHHO OLICHUTh 3P PEKTUBHOCTH TPUMEHEHUS
«3EJICHO» KPBILIY B TON WIX UHOM IPaloCTPOUTEIBLHON
cutyann. OHa MOXKET HCIOJIB30BAThCS [Tl CPABHEHHUST
Pa3JIMYHbIX BAPUAHTOB O3CJICHCHHWS KPBIIII BHaHHﬁ U BbI-
Oopa HanboIIee ONITUMAIILHOTO C TOYKH 3peHHs 00ecIe-
YEeHHUS IKOJIOTHIECKON O€30MacHOCTH.

Jlanee Ha OCHOBaHHMH pa3pabOTaHHON MaTeMaTH-
YeCKOM MoJienu ObIT pa3paboTaH alrOPUTM METOIUKH
060ocHOBaHUS YP(PEKTUBHOCTH YCTPONCTBA «3EIIEHBIX)
KPBIII 1751 CHH)KEHHUS MENTKOIMCIIEPCHBIX YacThll PM, s
B IIETISIX TIOBBIIICHUS 3KOJIOTHYECKOI 6e30MacHOCTH TO-
pozckoii cpebl (MpuMeHUTENbHO K PD). JlaHHBII anro-
PHUTM MPENCTABIISET COOOH TOCTIeIOBATENLHOCTD 29 neii-
CTBHH, OCYIIECTBICHHIE KOTOPHIX IPUBEACT K ITOTYICHHIO
BBIBOJIa O TOM, CTOWT JIM O3EJICHATH CYIIECTBYIOIIYIO
KpBIITY 37aHUs, U OyaeT au 3T0 3G (EeKTUBHO C TOUKH
3peHHUS CHIKEHUS KOHIICHTPAIINN MEITKOJUCTICPCHBIX
vacturl PM, s B BO3/1y1iHOM cpefe. BoinosnHenue Jei-
CTBHI1 COTIPSKEHO C OCYIIECTBICHHEM pacueTa B COOT-
BETCTBUHU C MAaTEMATHUYECKON MOJEIbIO, YKa3aHHOM
BEIIIIE, YTO ITO3BOJISET MOTyYUTh IOCTOBEPHBIC TAaHHEIC.
OKOHYATEeNFHBIM YUCIICHHBIM PE3YJIbTaTOM JaHHOU Me-
TOIVMKH OYIET SBIATHCS OCPEIHEHHOE 3a JISTHUN IEPHOJT
CYTOYHOE HaKOIUICHHE TTBUTH Ha TIOBEPXHOCTH «3€JICHON»
KpPBIIIH B Tpammax M,,.. Uem Oombiiie 3HaueHNE M,),, TEM
6omee 3(HhPEKTUBHO YCTPOUCTBO «3EIEHOI» KPBIIIN
B JJAHHOM MECTE C TOYKH 3PEHUS ITOBBIIICHUS YKOJIOTH-
YeCKoil 0e30MacHOCTH ropoa.

—0,063 |-
—0,0632 =
—0,0634 |-
—0,0636 =
—0,0638 =

—0,064 =
—0,0642 =
—0,0644 -
—0,0646 =

—0,0648 =

L] L T

10 15 20

PaccrosiHMe BIOIEL KpoBIU
Distance along the roof

Puc. 4. IToTok ocaxaaronmxcs MEIKOAUCIEPCHBIX YacTull PM, 5 B 3aBUCHMOCTH OT PacCTOSHMS BIOJb «3€JIE€HOM» KPBIIIN

Fig. 4. Flow of PM, 5 precipitating fine particles as a function of distance along the “green” roof
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Puc. 5. ITpoduib KOHLIEHTPALMU MEIKOIUCIIEPCHBIX YacTULl PM, 5 TI0 BBICOTE Ha KPAIO «3€JICHOI» KPBILIN, HAXOIAIUNACS

C HpOTPIBOHOJ'[O)KHOﬁ CTOPOHBI OT A0pOru

Fig. 5. PM, s fine particles concentration profile by height at the edge of the “green” roof on the opposite side of the road

AJITOPUTM MeTOTMKH 000CHOBaHUSA 3 PeKTHBHOCTH
YCTPOHCTBA «3eJIEHBIX» KPBILI A1 CHUKeHHU s
MEJIKOAUCIIEPCHBIX YaCTHIL PMZ,5

1. Hauano anroputma.

2. Benute Ha3BaHUE rOpoOAa, B KOTOPOM IJIAHUPY-
€TCs YCTPOMCTBO «3€JICHOW» KPBIIIH.

3. IIporpammoii onpezaensercs NpUHAIEKHOCTb
roposa K OTHOMY U3 YeThIpeX pailoHOB (cM. puc. 1).

4. Ecniu TOpOJT MPHHAIUICKUT K TPETHEMY HITH YeT-
BEPTOMY PailoOHy, TO IPUMEHEHHUE «3eJICHOW» KPBIIIN
cunTaeTcs Hed(PEKTUBHBIM, B IIPOTUBHOM CITydae IMpo-
JOJDKUTDH BBITIOJIHEHHE aNTOPUTMA.

5. YkaxuTe 4UCIEHHOCTh HAaceJIEHUS ropoja,
TEIC. YeJl.

6. Ecni uncieHHOCTh HAaCeNeHUs TOPOAa PEBhI-
maet 250 ThIC. 4el., TO OCYIIECTBIIETCS ePeXos K clie-

NYIOLlEMY 1Iary, B MIPOTUBHOM cllydyae NpUMEHEHUE
«3CJICHOW KPBIIIH cYUTacTCs Hed(PHEKTUBHBIM.

Ipumeyanue: XpynHbIe U KPyIHEHIINE ropoaa (B cOOT-
BetcTBUH ¢ Kiaccudukanumeit CI142.13330.2016 «I'pamoctpo-
urenbeTBo. [ImaHnpoBKa 1 3acTpoiika ropoACKUX U CENbCKUX
nocesneHui» m. 4.4, Tabn. 4.1) ¢ YUCICHHOCTHIO HACEICHUS
Oosee 250 THIC. YEJIOBEK CUMUTAIOTCS MOAXOMSIIMMU s
YCTPONCTBA «3€JIEHBIX» KPBIL, OCKOJIIbKY UM CBOMCTBEHHbI
OoJIbIIIKE I/IH(bpaCprKTypHBIG HU3MEHCHUSA U pa3BUTas aBTO-
TPAHCIIOPTHAs CHCTEMa.

7. BeeauTe mromans 03eIEHEHHS BEIOPAaHHOTO
KBapraJia ropoza (S,,, ra) u Iomab» Bcei TeppuTopun
BBIOPAHHOrO KBapraa ropoaa (S, ra). [lporpammoit
OTIPENEIISACTCS T0JIS 03CICHCHHOM TEPPUTOPUH BBIOpAH-
HOTO KBapTalia ropoja 1o gopmyine: Sq./Sy,,.

8. Ecnin 1onst 03e7IeHeHHOM TeppUTOpPHUH BBIOpaH-
HOTO KBapTasa ropojaa menbiie 0,4, To OCyIIeCTBIsIeTCs

Taba. 2. Dopma npe0CTaBICHNS JaHHBIX O BETPOBOM PEXXUME TEPPUTOPUH

Table 2. Form for the provision of data on the wind conditions of the territory

Cpennsis Cpenmsis
Hampasnenue o Hampasnenue
TlosTopsiemocts p, % | ckopocTh v, M/C Betpa [ToBTOpsieMocTs p, % | cKOpOCTH v, M/C
BeTpa o e
Wind direction Repeatability p, % Average speed Wind direction Repeatability p, % Average speed
v, m/s v, m/s
10/S Pio! Ps Vjo / Vg C/N pe! Py Ve /vy
OB/ SE Pios/ Pse Vio / Vsk: C3/NW Pc3/ Paw V3 / Vnw
B/E P/ P v/ Vg 3/W p3/ Pw V3 / Uy
CB/NE Pcs/ P Vep / Ung: 103/5W P03/ Psw Vi3 / Vsw
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nepexoj K CleAyIolleMy I1ary, B IPOTUBHOM CJly4ae
MPUMCHCHUE «3CJICHON» KPBIIIK cuuTaeTcs Hedddek-
THUBHBIM.

Ipumeuanue: cornacao 1. 9.12 CI142.13330.2016 «I'pa-
JOCTPOUTENbCTBO. [ImaHupoBKa U 3acTpoiika TOPOJCKHUX
M CEILCKHUX ITOCEIICHMIN JOJIs1 03€JICHCHHOM TCPPUTOPUHU B 3a-
CTpoiiKe JTo/bKHa OBITh He MeHee 40 %.

9. BBeamTe METEOPOIIOTHYECKUE TaHHBIE TT0 BETPO-
BOMY PEXHUMY TEPPUTOPUH (TTIOBTOPSEMOCTH BeTpa p, %;
CpEIHsIsE CKOPOCTh BETpa L, M/C) JJIsl ICTHUX MECSIICB
B COOTBETCTBHUH C TaOI. 2.

10. Begute 3HaueHHE OHOBOH KOHIICHTPAITIH
MEJIKOIMCIIEPCHBIX YacThIl PM, s, XapakTepHOii Juist pac-
cMmaTpuBaeMoro paiiona ropoaa C,,,, MKI/M.

Tpumeyanue: B kauecTBe (HOHOBOIT KOHIICHTPALNH CITY-
KUT CPEAHECYTOYHAS KOHUCHTpPANUs MEJIKOAUCICPCHBIX
YacTHIL PMz,s’ OIpEJIeJICHHAs 110 JIaHHBIM METEOCTaHIUH,
PaCIONIOKCHHON BOIM3H paccMaTpUBAEMOr0 TOPOACKOTO
KBapraJa.

11. Beegure naHHBIE IO TPAHCIIOPTHRIM MarucTpa-
JISIM, OTPAaHUYUBAIOIIMM BBIOPAHHBIN KBapTaj roposa,
coracHo Taoi. 3.

12. i Kaxa0i TpaHCHOPTHOM MarucTpaiu mpo-
TPaMMOW pacCUUTHIBACTCA CyTOYHOE KommdecTBo TC
THna m st j-i goporu (N,
c taom. 4.

Ipumeyanue: Tunsl TC gensres Ha:

1) nerxoBbie aBTOMOOMIH (M = 1);

2) Tpy30BBIe aBTOMOOMIN HEOOIBIION IPy30M0IbEM-
HOCTH (1 = 2);

> WIT.) B COOTBETCTBUU

3) rpy30Bble aBTOMOOHIIN OOJIBIION IPY30IOIBEMHOCTH
(m = 3);

4) aBTOOYCHI (M = 4).

B tabnuie mpunsito coorHomenue tuioB TC, mpo-
e3Karomux B CyTKu. [Ipn Hammanu Gosee akTyaabHBIX
JTAaHHBIX HEOOXOIIMO MX BBECTH B TAOIHUITY BMECTO HMe-
IOLLMXCSA, PACYET IPOU3BOAUTCS B COOTBETCTBUU C JJaH-
HBIMH, BBEJICHHBIMH B TaOJIHITY.

13. [Iporpammoii 1151 KayKA0W TPAaHCHOPTHOM Ma-
TUCTpAJIU ONPENEISETCS CPEAHECYTOUHAS! UHTEHCHB-
HOCTb BBIOPOCOB PM, 5, MKI/(M-C), 0 popmyse:

4 N.
q;=3.6-10°Y B, —",

24 )

m=1

rae P, — MHTEHCUBHOCTH BBIOpOoCOB 4acTuil PM, 5
TPaHCIOPTHBIMHU CPEICTBAMH THIIA 71, MKT/(KMIIIT.)
(Tabu. 5); N,,, — cyrouanoe kommdectso TC tuma m st
J-# goporu, LT.

14. JIns kax10T0 3/1aHus, TOTEHIIMAILHO MOIXOs-
LIETO AJISl YCTPOICTBA «3EJIEHOI KPBIIIN, HA TEPPUTO-
pHH BEIOPaHHOTO KBapTasa BBEANTE JaHHBIE B COOTBET-
cTBHH C TalI. 6.

HpuMeanue: 3JaHUAMH, IIOTCHIIUAJIBbHO MOAXOAAITUMHA
JJIs yCTpOﬁCTBa «3EJICHBIX» KPBII, CHUTAIOTCA 3JaHUA, YI10B-
JIETBOPSIIOIIME CIEIYIOUUM YCIOBUSM:

1) 3maHus ¢ MIOCKON KpBILIEH;

2) 31aHusl, pacroNoKeHHbIE Ha MEPBOi TMHUH 3aCTPOii-
KU OT OTpaHUYMBAIOIUX KBApTaJI JOPOKHBIX MaFPICTpaJ'IefI;

3) 3manust ¢ BoICOTOH < 30 M;

4) He IPOMBIIIICHHBIE 3JaHUsL.

Ta6a. 3. JlanHble 0 TPAHCIIOPTHBIM MAarucTpajsiM, OrPAaHUYUBAIOIINM BHIOPAHHBIN KBapTall ropoja

Table 3. Data on traffic arteries bounding the selected city block

Homep noporwu j
Road number j

Ha3Banue TpaHCIIOPTHOM MarucTpaiu
Name of the transport highway

CyTo4HOE Konn4ecTBO TpaHcopTHBIX cpeacts (TC)
BCEX THIIOB UL j-if 10poru N, WT.
The daily number of vehicles (TS) of all types
for the j-th road N,, pcs

1 N,
2 N,
3 N,
4 N,

Taou. 4. CyTouHOE KOJIMUECTBO TPAHCIOPTHBIX CPECTB TUIA M JUIA j-I 1OPOrH

Table 4. Daily number of vehicles of type m for the j-th road

CyTO4HOE KOJINYECTBO CyTO4HOE KOJIMYECTBO
CyTO4HOE KOJIM4ECTBO . .
Homep . IPY30BbIX aBTOMOOMIICH IPy30BbIX aBTOMOOMIIECH CyTO4HOE KOJINYECTBO
. | merxoBbIx aBTOMOOMIIEH . .
JIOpOTH j No. HeOOJIBIIOI Ipy30- 6011b11I0H Tpy30- aBro0ycoB Ny, WT.
Road Dail 7 b ¢ IOIBEMHOCTH Ny, IUT. IOIBEMHOCTH N3, IIT. Daily number of buses
aily number o . ! . :
number j v Daily number of small Daily number of heavy Ny, pes
‘ passenger cars N, pcs
/ trucks N, pcs trucks N3, pcs
1 0,88 - NV, 0,05 - N, 0,03 - N 0,04 - N,
2 0,88 - N, 0,05 - N, 0,03 - N, 0,04 - N,
3 0,88 - Ny 0,05 - N, 0,03 - Ny 0,04 - N,
4 0,88 - N, 0,05 - N, 0,03 - N, 0,04 - N,
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Ta6u1. 5. IHTeHCHBHOCTB BBIOPOCOB yacTuil PM, 5 TPaHCIIOPTHBIMU CPEJICTBAMM THIIA /1

Table 5. PM, s particle emission intensity by m-vehicles

Tun TpaHCOpPTHBIX
CpencTB m
Type of vehicles m

Omnucanue rpymibl
Description of the group

WurencuBHOCTD Henyckanust PM, s
OJIHUM TPAHCTIOPTHBIM CPEJICTBOM P, ,
MKT/(KM"IIIT.)

Intensity of emission of PM, s by one
vehicle P, ug/(km-pcs)

m>

rpy30BbIe aBTOMOOMIIH HEOOIBIION Irpy3011OALEMHOCTH

1 . 15£5
Small-capacity trucks

) I'py3oBbie aBTOMOOHIIM OOJIBIION TPY30TOABEMHOCTH 125 + 45
Heavy-duty trucks
J §

3 €rKOBBIC aBTOMOOMIIN 10+5
Passenger cars
ABTOOYCHI

4 105 +
The buses 0535

Tabu. 6. Dopma npenoCcTaBICHUS JaHHBIX O 3MaHUAX

Table 6. Building data submission form

Howmep 3nanus r Anpec Beicora 4,, M
Building number Address Height /,, m
1 h
2 hy
3 hy
Nop/ Ny s ! Pt

Jns onpenenenus TpebyeMbIX MapaMeTpoOB 3a-
CTPOMKH MOXET OBbITh yA0OHO MCIOJIB30BATh CXEMY
BBIOPAHHOTO KBapTalia ropo/ia, IpuMep KOTOPO#l oKa3aH
Ha puc. 6. Ha HeM moaxopsime Uit 03eJIeHeHNS KPBIIIH
3/1aHUH BbIJEIIEHBl OPAaH)KEBBIM LIBETOM, IIOKa3aHbl pac-
CTOSIHUSL OT Kpast IOporu J10 (acasia 30aHust A KaKI10-
IO U3 BEIOPAHHBIX 3/1aHUI.

15. Hauano nukna 1. JIjst Bcex HampaBieHui BeTpa
(cm. Tab. 2) BeinonHUTE AeiicTBus 16-27.

16. Iy KaX10TO M3 BEIOPAHHBIX 3aHUH Ompee-
JIUTE UHTEHCUBHOCTH BEIOPOCOB C HABETPEHHOM TpaHC-
HOPTHOH MarucTpaiM ¢,,,., MKIr/(M-c), KOTopas COOTBET-
CTBYET 3TOMY 3/1aHuIO (cM. mar 13).

prweltaﬂue: 3a BEJIIMYUHY qSJIV MPUHUMACTCA UHTCHCUB-
HOCThb BI)IﬁpOCOB C TpaHCHOpTHOi/’I Marucrtpaliu, HaXOE[S{H.[efICH
nepea 31aHueEM € HaBeTpeHHOﬁ CTOPOHBI. B Cj1y4ac €CJIM Ha-
XOIAIAsACs Nepes 30aHNEM TPaHCIIOPTHAS MarucTpalb pac-
IIOJIOKEHA C HOZ[BeTpeHHOﬁ OTHOCUTECJIBHO 31aHNsA CTOPOHBI,
(5 VT DTOTO 371aHus puHUMaeTcs pasHbiM 0. Tax, na puc. 2
BH/THO, YTO IEpe] 31aHUsIMU 13 ¢ HaBETPEHHON CTOPOHBI pac-
TIOJIAraeTCs I0POra 2, MOITOMY 11 = Gypp = (a3 = o> TIEPEN
3JaHUAMAU 4-6 ¢ HaBeTpeHHOﬁ CTOPOHBI pacriojiara€Tcs g0-
pora 1, mo3TOMY ¢4 = q515 = q316 = ¢ - PACIIONOKEHHbIE TIEPE]T
3MaHMAME 7 U 8 TOPOTH HAXOASATCS C IIOABETPEHHON CTOPOHBI,
HOITOMY G197 = g = 0.

17. s KaX10T0 U3 BEIOPAHHBIX 37IaHUIN BBEIUTE
paccrosiHe OT LieHTpa ero (dacajia A0 Kpas Mpoe3nken

YacTH, COOTBETCTBYIOLIEH 3[JaHUIO HABETPEHHOM TpaHC-
MIOPTHOM MarucTpaii c,, M (CM. puc. 6).

18. Hagamo mmkora 2. J{ins kaxaoro u3 BEIOpaHHBIX
30aHUI BBITTOJIHNUTE neiicTBus 19-28.

19. Beenure 3HaYCHUS: YTOI MEXKTy HAIIPABICHUEM
BETpa U OCbO HABETPEHHOM TPAHCIIOPTHONW MarucTpain
(¢, Tpamychl) M MOJIO CONTHEYHBIX JAHEH 3a 3 JIIETHHUX
Mecsna. IIporpamMmmoii onpenensieTcs: oxxugaemMast KoH-
LEHTPAIHsI PMZ’5 BONMM3M (acana 3MaHAA HAJl 3eMIIeH
(Cy,» MKT/M). JIyist pacueTa BeTHUHHBI TIPeUIaraeTcs
HCIOJIB30BaTh TayCCOBCKYIO MOZIENb paccenBanus 3B
B aTrMocdepe Ha HeOOIbIIUX BHICOTaX. Toraa Bemndu-
Ha C,, OyaeT onpenensaThes Mo caeayromei hopmye:

2
Copp = 4

r amb > 3
V21 -Gv-sin@ ’ ©)

TJ€ ¢, — MHTCHCHBHOCTH BRIOPOCOB C HABETPEHHOM
TPAHCIIOPTHOH MarucTpajy, COOTBETCTBYIOLIEH 3/1a-
HUIO 7, MKT/(M-C) (cM. mar 16); 6 — cTaHgapTHOE OT-
KJIOHEHHUE I'ayCCOBCKOTO PACCEMBAHUS B BEPTHKAIBHOM
HalpaBlICHUHU, M (3aBUCUT OT PACCTOSHUS MEXKIY pac-
CMAaTpPUBAEMBIM 3[JaHUEM U JIOPOTOIi ¢, U ONpenenseTcs
METOAOM MHTEPIONSIUN 10 Taba. 7); v — cpegHsas
CKOPOCTH BETPA, ISl KOTOPOH BeneTcst pacdeT (CM.
mar 9), M/c; @ — yroi MeXIy HalpaBICHHEM BETpa
1 OCBIO HABETPEHHOH TPAaHCIOPTHOW MarucTpayu (CM.
puc. 6); C,,,, — hoHoBas KOHUEHTpauus yactull PM, s
(cM. mar 10), Mxr/>.

20. ITporpammoii onpeaenseTcs CKOPOCTh BETpa
Ha YPOBHE 5 M HaJl TOBEPXHOCTBIO KPBIIIH 30aHUS V.
CKOpOCTB BeTpa HaXOIUTCS 1Mo hopmye:

h,+5B

ETA @

Ly = VyJkyg (
e h, — BBICOTA 3[]aHU HaJl IOBEPXHOCTHIO 3EMIIH, M;
ko 1 p — K03 PULHEHTHI, KOTOPBIE ONPEAETIAIOTCS
o Tabm. 11.3 CIT 20.13330.2016 «Harpy3ku u Bo3zeii-

CTBHSA» B 3aBUCUMOCTH OT THIa MecTHOCTH (k| = 0,4
u f=0,25).
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KpoB.is, moTeHIMaabHO MOAXOIAIIAS I 03eJIeHeH s (§ mIT.)

Roof potentially suitable for landscaping (8 pcs.)

Jopora 2
Road 2

Jopora 1
Road 1

Berep caocur 3B B cTopoHy 3acTpoiiku

The wind blows pollutants towards the building

Puc. 6. K 11-my mary metoauku

Fig. 6. By step 11 of the methodology

Betep crocut 3B B cTopoHy 3acTpoiiku
The wind blows pollutants towards the building

Taou. 7. CTangapTHOE OTKJIOHEHHE I'ayCCOBCKOIO PaCCEUBaHUs, M

Table 7. Standard deviation of Gaussian dispersion, m

VYnaneHue ot Kpast IpOeIKeH 4acTH, M
Ip on;[ﬂma‘a conHe‘{Hag pa‘umaunﬂ Distance from the edge of the roadway, m
Incoming solar radiation

10 20 40 60 80 100

C
kA 2 4 6 8 10 13

Strong
Cnabas

1 2 4 6 8 10
Weak

Tpumeuanue: eciu 101151 COTHEUHBIX JTHEH 3a ieTHHE 3 Mecsina coctasisiet 6oibiie 50 %, To BEIOMpaeTcs epBasi CTpoKa,

€CJIM MEHbIIE WJIK paBHO, TO BTOpasi CTpOKa.

21. IIporpammoii onpenenseTcs KOHIEHT AL Jac-
trir PM, 5 Ha otmeTke Kpbimm 3nanus C,. 10 popmyie:
hZ
— 200
CKV - (COr - Camb )8 + Camb :

(&)

ITpumeuanue. xonnenTpauus C,, pacCIUTHIBACTCS 110 HOp-
MyIie, KOTopas ObliTa ToTyueHa IIPH aHATIN3€ Pe3yIIbTaToB pac-
yera B ENVI-met u koTopast oTpaxaer XapakTep pacCerBaHUs
yactul, PM, 5 o Beicore (cM. puc. 7). I'padux C(h) nonoben
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TMIOJIOBUHE IayccoBOil GpyHKIMM (MMEHHO Ha 3TOM CXOJCTBE
OCHOBaHbI T'ayCCOBBI MOZIENIH paccenuBanus 3B).
Oyuxuus C(/) 3anuchiBaeTCs B BUJE:

_(h=bY’
C(hy=ae 2

+C

amb >

(6)

rae a, b, ¢ — xo3¢hGuIUeHThI, KOTOphIe paBHbL: b = 0,
a v ¢ MoxHO Haiitn u3 yenosuit C(0) = C,, C(30)-C,,,,=
=e*(C, - C,,;) (T.e. paccTosinme 30 M GyxeT coot-
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BETCTBOBATH PACCTOSHHUIO 3G JIJIs HOPMAJILHOTO pacipe-
JICTICHUS], IPU KOTOPOM rayccoBa (pyHKIUsI O4eHb O3~
KO MOAXOAHUT K ocu abcuuce): a = Cy— C,

amb»
30

¢c=—F—==10.
J-2In(e™*?)
.. 60
£ E
E ﬁ S0= N
& ~
= 40 <
25 o T ~
S U T o~
= o | Tl ~—
S = =
Eg 20
!
=210
§ o
o0
0 20 40
Bricora i, m
Height 7, m
— - — PMy5 A --ooeeee PM,sb —— don
PM, s A PM, B background

Puc. 7. K onpezenenuto npeaeabHON BbICOThI BIUSHUSA
JIOpOTH Ha KOHIEeHTpauuto PM, s

Fig. 7. To determine the limiting height of the effect
of the road on the concentration of PM, s

22. Beenute 3Hauenus L,, B,,, B,,

Ipumeuanue: 3nayenus L,, B,,, B,, onpeaensiorcs myTeM
HPOBEACHHUS YepPe3 yIVIbl 3aHUi JIMHUH, TapauleIbHbIX Ha-
MPaBJICHUIO BeTpa (CM. puc. 8).

z

X

Puc. 8. Cxema onpenenenus napameTpos L,, B,,, B,,

Fig. 8. Parameter determination scheme L,, B,,, B,,

1r

23. BBeauTe MHAEKC MTIOTHOCTH TUIOIIAN JINCTHEB
JUIsl Ka)XKJIOTO 3[aHUs ¥ ¢ 03eJI€HeHHOU Kpbliel (LAL,
M?/M?). 11 SKCTEHCHBHO# «3€J1EHO» KPHITIH LAI. =
=2 M/

24. Ocy1iecTBasieTcs pacueT Ha OCHOBE OMIMCAHHOM
panee moznenu Comsol Multiphysics (General Form
PDE) nipu oMoy mosb30BaTeIbCKOro MPUI0KEHHS.
Pesynbratamu pacuera sSBISIOTCS 3HAUYCHHS: yAETbHON
MHTEHCUBHOCTH MOMIOIEHHs YacTull PM, 5 moBepxHo-
CTBIO KPOBEJBHOTO 03eseHeHust /77 u I3, MKr/(M-c) 1ust

JIBYX y4aCTKOB KPBIIIH (YIJIOBOTO M IEHTPATIBHOTO — CM.
puc. 8).

25. TIporpaMmoti orperenseTcs o0rIee KOIMIeCTBO
uactull PM, 5 (B rpaMmax), KOTOPOE OCSIET Ha «3elie-
HO» Kpblllle Ha 3[aHUU 7 32 24 yaca IpH i-M HampaBJie-
HUH BeTpa 1o hopmyiie:

Alir = 070864(11}2131r + th};uBZr)’ (7)

rne 0,0864 — 3HaueHue, MOITYUYEHHOE MIPU NIEPEBOIE
MKT/C B MKI/24 4.

26. Konen nukna 2.

27. Konen mukna 1.

28. IIporpaMMoii BEIBOASATCS pe3yIbTaThl pacueTa
B BHJIE, ITOKa3aHHOM B Ta0u1. 8. 3HaueHus B Ta0I. 8 JaHbI
IUTSE TIpAMEpa.

Tabu. 8. [Ipumep odopmiieHHs pe3yabTaToB pacyera st
BCEX HaIPaBIEHUN BETpa

Table 8. Example of calculation results for all wind directions

Homep M, r/g
Hrorosoe

31aHusA 7 [IpU MapaMeTpax BeTpa:

e . . i MOr’ r
Building with wind parameters:

Total M,,, g

number 7 | py,V; | P, Vs Pg» Vg

1 6,8 34 0,3

2 5,1 0,5 0,2

3 3,4 0,8 0,1

4 5,4 0,6 32

5 6,4 0,7 2,6

6 2,3 0,4 5,2

7 0,8 7,2 3,7

8 0,3 35 4.8

IIpumeuanue: NTOroBoe 3Hadenue M,,, yanThIBalonee
H3MEHUYMBOCTb BETPOBOI'O PEKUMA HA TEPPUTOPHH 3aCTPONKH,
UL KaXKJI0TO 3[[aHUSI PACCUUTBIBACTCS IO (hopMyIIe:

M()r :iMir & (8)
<100

Harpumep, auist 1-ro 3nanus B Ta0i. 7:

My =6,8-LL+34. 224 40308
100 100 100

29. IIporpammoit GOpMHUPYETCsl CIIUCOK 3MaHHUI
10 yObIBaHMIO BETMUYMHBI M),. B Hauaje nonyueHHOro
CIIUCKa OYyIyT CTOSTH 3MaHHS, YCTPOUCTBO «3EICHOI»
KPBIIIN HA KOTOPBIX IMEET HanOOIBIINI TPHOPUTET JUIs
BBIOPAHHOTO KBapTaja.

Ipumeuanue: 3nadenue M, oTpaxxaeT OCPEIHECHHOE
3a JICTHUIA TIEPUOA BPpEMEHHN CYTOYHOE HAKOIIJICHUE IBUIN Ha I10-
BEPXHOCTH «3€JIeHOI» KphIK B rpaMmax. Uem Oobine 310
3HaueHue, TeM Oosee IPPEKTUBHO YCTPOHCTBO «3EICHOID
KPBIIIXA B JAHHOM MECTE C TOUKU 3PCHUST obecrieueHus KOJI0-
THYECKOM 0€30I1aCHOCTH ropoja.

PE3VYJIBTATBI HCCJIIEJOBAHUA

ITo pe3ynbraram McciIe0BaHus COCTaBICHA OJIOK-
cXema ajJropurMa MeToAuKH 00ocHOBaHUS 3(PdeKTHB-
HOCTH YCTPOMCTBA «3€JICHBIX» KPBIII JIJIsl CHUKECHUS
MenKoaucIepcHeIx yactul PM, s (puc. 9).
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Metoanka 060CHOBaHUSA 3PGEKTUBHOCTH YAGBAMBAHUS MbIAM «3eAeHbIMU» Kpbitavy — C. 1187-1205

Beginning / Enter the name of the city

Enter the population
(N, thousand people)

2 zone

4 Landscaping roofs No V=250 Yes Enter S of the landscaping of the block
zone . o =125 .
ot is not effective and S of the territory of the block
Calculation Sg, /S,
Enter the background Enter the repeatability and average No The resulting Yes Greening of roofs
concentration value PM; 5 wind speed in the selected area value is > 0.4 is not effective
. Enter the height of each building
Enter data on the highways in the block notentiall itabl
. in the block potentially suitable y i
that limit the selected quarter . I R . Y .. . Completion
for the device of the “green” roof
For each transport highway, the daily X .
. »P . e ° For each wind direction Output of results
number of vehicles is calculated by type
™ Jail l . _ F b sel l{ buildi Formation of a list of values of the mass
c (?\ emge‘ aily emlssu)-n intensity ) l)l.e«l(, 1‘ sel t‘:(.lf:( l{l ding, enl§1 of particles PM, 5 deposited on the “green”
of PM, 5 is calculated for each — the intensity of emissions from the windward .
higt hieh roof during the day, the average value
transport highway transport highway for 3 summer months for each building

l !

For each selected building, enter
the distance from the center of its
facade to the edge of the roadway

Calculation of the final value of the mass
of particles PM, 5 deposited on the “green” roof

during the day, the average value for 3 summer
months for each building (taking into account
the variability of wind direction and speed
in the selected area)

For each selected building

Enter the value of the angle between the wind direction
and the axis of the windward highway and the proportion

:

of sunny days for 3 summer months

The wind speed is calculated at the level The expected concentration of PM, 5 is calculated

of 5 m above the roof surface of the building near the facade of the building above the ground
The concentration of PMj s at the roof Enter the geometric parameters
level of the building is calculated of the building
The user application uses the entered data Enter the index of the leaf surface of the landscaping
to calculate the total mass of particles PM, s, g, / that is supposed to be arranged on the roof of the building
which will settle on the “green” roof
of the building in 24 hours

Puc. 9. brok-cxema anroputMa MeTOIUKN 060CHOBaHHS 3Q(GEKTHBHOCTU yCTPOHCTBA «3EIEHBIX» KPBIII JUIS CHIDKEHHS
MEITKOJJMCIIEPCHBIX YacThI] PM, ¢

Fig. 9. Block diagram of the algorithm of the methodology for substantiating the effectiveness of “green” roofs to reduce fine
particulate matter PM,
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3AKJIIOYEHHUE U OBCYXIAEHHUE

ITpoGnema kauecTBa BO3/yXa CTAHOBUTCS IPUOPH-
TETHOH ISl MOJACPKAHMSI 3710POBbS M OIarOnOIyIHs
TOPOZICKOTO HACENIEHHUS B KOHTEKCTE POCTA TOPOJOB U TEX-
HOJIOTMYECKOTO Pa3BUTHA. AHATIN3 IPAKTUYECKOTO U Te-
OPETHYECKOTO OTBITA MOKA3bIBACT 3HAYUTEIFHOE BIHSA-
HUE 03EJIEHEHHs TOPOACKUX TEPPUTOPUI, B TOM YHCIIE
03€JIEHEHMs KPBILII 3/JaHUI1, HAa CHU)KEHHE 3allbUIEHHOCTU
TOPOJACKON cpe/ibl MEJIKOAUCIEPCHBIMU YaCTUI[AMU
PM, 5. Pasmenienne HEOOXOAMMOrO ypOBHS 03€JIEHEH U
Ha TEPPUTOPUU FOpPOJA SIBISETCS BAXKHOM 3a1aueid JuIst
obecriedeHust SKoornueckoit 6ezomacHoctu. Crnenyer
MIPUHUMATh TAKHE YIIPABICHUECKUE PEILICHHS, KOTOpPhIE
ObLTH ObI HANIPABJICHBI HA YCTOMYMBOE PAa3BUTHE FOPOI-
CKUX TEPPUTOPHNA C TOUKH 3PEHHS DKOJIOTUIECKHX ITpe-
HMYIIECTB, KOTOPBIE MOTYT OBITh 00ECIICUEHBI YBEJIYE-
HHUEM IUIOLAJU O3EJIECHEHHBIX TEPPUTOPUNA B LENISIX
TIOBBIIICHHUS SKOJIOTUYECKOM 0€30MacHOCTH TOPOICKOI
cpenpbl. OHAKO B CYIIECTBYIOLIMX METOAAX U METOJMKAX
pacueTra paccerBaHUsl MENKOAUCIEPCHBIX YaCTHI[ 03€-
JICHEHUE TEPPUTOPUU B MOJTHON MEpPE HE YUUTHIBAETCA
IIpY IIAHUPOBAHUU T'OPOJCKOH CPE/IbI U OLIEHKE CTEIIEHU
€€ HKOJIOTMIECKON 0e30MacHOCTH.

PazpaboranHas MaremMaTHyecKas MOJEIb, KOTOpast
TI03BOJISIET YMCICHHO OLEHNTH 3P (PEKTUBHOCTH IIPUME-
HEHUSI «3€JICHOI» KPBIIIH MPHU Pa3IUYHBIX TPaioCTpo-
UTCJIBHBIX CLICHApPHUAX, MOXKECT OBITH MCIIOJIb30BaHa JUIA
CPaBHEHMS PA3IIMYHBIX BAPHAHTOB O3€JICHEHUS HA dTarle
MIPOEKTUPOBAHMS U BHIOOpA HanboJIee ONTUMAIEHOTO
U3 HUX C TOYKH 3pEHUS 00eCIIeYeHHS IKOJIOTHUECKON
6e30MmacHOCTH (JUISI KOTOPOTO MPH MPOYHUX PABHBIX yC-
JIOBUSIX CyMMapHOe ocaskieHue Yactui PM, s Ha mosepx-
HOCTSIX O3CJICHCHHs OyneT HauOombpmmMm). [Ipu sTom
pa3paboTaHHast MOJEJIb PACCMATPUBAET TOJIBKO TY YacThb
BO3/IYIIIHOTO I0TOKA, KOTOPasi KOHTAKTUPYET C 03€JICHsI-
€MOH IMOBEPXHOCTBIO, YTO JEAeT €€ 3HAUUTEIBHO IPO-
1€ B UCIOIb30BAaHUM 10 CPABHEHUIO C MOAEIISIMH, OIH-

CHIBAIOIMMH JBHKEHUE BO3AYIIHON CPEJIbI BO BCEM
00BeMe TOPOACKON CPEb.

Ha ocHOoBaHUM pa3paboTaHHOI MaTeMaTH4eCKON
MoyeH ObII pa3paboTaH ajIropuT™M METOANKH 000CHO-
BaHUsI 9(Q(PEKTUBHOCTH YCTPOUCTBA «3EJIEHBIX» KPBIII
JUTS CHIOKEHHMST METIKOMMCTIEPCHBIX YacTuil PM, 5 B riensax
TTOBBITICHHUS YKOIOTUIECKON 0€30IIaCHOCTH TOPOACKOM
cpenbl (mpuMeHUTENTHHO K PD). JlaHHBI aropuT™ Ipe-
cTaBaseT co0O0i MOCAe0BATEIBHOCTh 29 NeHCTBHH,
OCYIIECTBICHHE KOTOPBIX MPHUBEICT K MOITYYECHHUIO BbI-
BOJIa O TOM, CTOMT JIM O3€JIEHSTh CyIIECTBYIOMIYIO KPbI-
Ty 37aHus, ¥ OyzeT 1 3T0 3 (HEeKTUBHO C TOUKH 3PSHUS
CHIDKEHUS KOHIICHTPAIIMH MEJIKOIUCIIEPCHBIX YaCTHIL
PM, 5 B BO3y1IHOH cpezie. Boimonnenue neictui co-
MPSKEHO € OCYIIECTBICHUEM pacdeTa B COOTBETCTBUU
€ MareMaTu4ecKol MOJEIIbIO, YKa3aHHOM BBILLE, YTO 1AET
BO3MOKHOCTbH ITOJYIHUTh IOCTOBEPHBIE AaHHBIE. OKOH-
YaTeIbHBIM YHCIICHHBIM PE3YJIBTaTOM JJAHHON METOJIMKN
OyzeT SIBJSITHCS] OCPEAHEHHOE 3a JICTHUH ITEPUOJL CyTOY-
HOE HaKOTIJICHHUE MTBIJIM Ha TIOBEPXHOCTH «3€JICHOID KPbI-
mu B rpammax M,,. Uem Gonbuie 3HaueHune M,,, TeM
6onee Y PEKTUBHO YCTPOUCTBO «3EIEHOI» KPBIIIU
B JJAHHOM MECTE C TOUKHU 3PEHUS TOBBIIIEHUS YKOJIOTH-
Yyeckoll 0e30MacHOCTH ropoja.

Pa3zpaboraHHasi METOIMKA UMEET IPAKTUYECKYIO
3HAUMMOCTb M MOJKET OBITh NCIIONIB30BaHA TIPH PA3IHY-
HBIX TPaJJOCTPOUTENBHBIX CIIEHAPHUSX, KOTIa TpeOyeTcs
YHCJIEHHO OLIEHUTH d(PPEKTUBHOCTh IPUMEHEHHS «3€-
JICHOM KPBIIIM Ha TOM WJIX UHOM 3aHUH, YTO BBINOJI-
HSIETCS Ha ATaIe MPOCKTUPOBAHNUS ITyTEM COIOCTABICHHS
Pa3INYHBIX BAPUAHTOB PA3MEIICHUS «3EIEHBIX» KPBIII
u BBIOOpa HanboIee ONTHUMAIBHOTO U3 HUX (U1 KOTO-
pOro MpH MPOYUX PaBHBIX YCIOBUSIX OCPEAHEHHOE
3a JIETHUH epHOJl BpEMEHH CYyTOUHOE HAKOTLIEHHE MBLIH
PM, 5 Ha TOBEPXHOCTH «3€JICHOW» KPBIIIH B TpaMMaXx
OyzneT HauOOJBIINM) C TOUKH 3PEHUS 00ECTICUCHUS KO-
JIOTHYECKOl 0e30MacHOCTH.
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ABSTRACT

Introduction. Airport runway pavement is always subjected to considerable impact loads as a result of aircraft landing
heavily on the concrete surface. As a result, runway pavements must have adequate strength and durability capability to
avoid damage caused by a hard impact, such as surface deflection downward or penetration, because repair works are
inconvenient within the operating conditions of the airport and increase the service life cost of the pavement structure.
3DFE research is carried out to identify some beneficial elements in influencing the concrete and base layers deformation
of the runway pavement.

Materials and methods. The research developed 3D finite element model from the previews study by using the Explicit
Dynamics model using the Ansys workbench. The concrete characteristics such as slab thickness, concrete density, modulus
of elasticity, flexural tensile strength, and compressive strength of the runway pavement are tested, while the impactor
weight and velocity are chosen and investigated too.

Results. The results included the effect of 4—7 different values for each factor. The depression of the concrete and base
layers is presented.

Conclusions. The main conclusion that can be drawn from this work is that flexural tensile strength, compressive strength,
and slab thickness have a significant effect on the concrete depression of the runway pavement as well as the impactor
weight and velocity.

KEYWORDS: concrete runway pavement, impact load, concrete deformation, concrete depression, rigid pavement,
explicit dynamics model, Ansys Workbench, 3D finite element model
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ITapameTpuueckoe ucciaeaoBaHue MPoruda cjioeB 6€TOHHOIO
NMOKPBITHS B3JIETHO-TIOCA0YHOM MOJIOCHI IPU YIAPHOI HATPY3Ke

Xaiinep A66ac Amyp AnApaza’?, Xapyn Maxmyn'?
! Poccutickuii ynusepcumem opyacovr napooos (PYIIH); e. Mockea, Poccus;
2 Vuusepcumem Kepbenwi; 2. Kepbena, Hpax;
3 Hayuonanvmuiii uccnedosamenscxuii Mockogckuii 20cy0apcmeenblii CmpoumenbHwlii yHugepcumen
(HUY MI'CY), 2. Mocksa, Poccus

AHHOTALMUA

BBepeHue. [NokpbiTe B3neTHo-nocagouHon nonockl (BIIM) asponopTa Bcerga noaBepraercs 3Ha4nTeNbHbIM yAapHbIM Ha-
rpy3kam B pe3yrnbsTaTte TsBKeNown Nocazku camorneToB Ha GETOHHYIO MOBEPXHOCTb. B cBs3n ¢ aTum nokpbiTvsa BT gomkHbl
obnagaTtb 4OCTATOYHOWM NPOYHOCTBIO U LONTOBEYHOCTLIO, YTOObI N36exaTb NOBPEXAEHWIN, BbI3BAHHbLIX CUMbHBIM YAAPOM,
Takux Kak npornd noBepxHOCTU NN NpobuBaHne, NOCKONbKY PEMOHTHbIE paboThbl B YCNOBUSIX KCNIyaTauum asponopra
3aTpyAHUTENbBHbI 1 UMEKOT HEMary CTOMMOCTb. MiccnegoBaHve NpoBOAUTCA ANS BbISIBIEHUSA NapaMeTpoB, BAUSIIOLLNX
Ha Aedopmaumto 6eToHa 1 6a3oBbIx cnoes NokpbiTust BT,

MaTepuansl n meToabl. PaspabotaHa 3D-mMoaenb KOHEYHbIX 31IEMEHTOB Ha OCHOBE NpeaABapuTesibHbIX MCCNEA0BaHNI C No-
MoLubio mogenu Explicit Dynamics n ucnons3oBaHus paboyen cpeabl Ansys. PaccmaTtpuBanucb xapakTepucTuku 6eToHa,
Takue Kak TOMNLUHa NANTbI, NOTHOCTL 6eTOHA, MOAYMb YNPYroCcTH, MPOYHOCTb Ha U3rMG 1 NMPOYHOCTb Ha CXaTue MOKPbITUS
BII1, a Takke BeC 1 CKOPOCTb yAapHOro anemMeHTa.

Pe3ynbratbl. Pesynbrathl BKoYanu BvsiHWe 4—7 pasnuyHblX 3Ha4eHnn ans kaxxgoro dakropa. NpeacrasneHa genpeccust
6eTOHHOro 1 6a3oBOro Croes.
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INTRODUCTION

During a big aircraft landing, the airport runway
surface is subjected to significant impact loading [1].
Extremely big and heavy aircraft have also been
developed to accommodate travel demand, which may
impose a significant impact force on runway pavement.
As aresult of such an impact, some neighboring regions
of'the top surface layer of runway pavement are penetrated
or depressed. The level of damage can vary depending
on parameters such as aircraft weight, velocity, and
landing angle, as well as material properties and runway
pavement thickness.

A few experimental, infield, and finite element-
based research investigations were done to better
understand the behavior of concrete/rigid runway
pavement. The consequences of impact loads caused by
forceful landings of big aircraft on airport runways have
been studied by Ku et al. [2]. The flexible pavement on
a runway at Cagliari-Elmas Airport in Italy was studied
in situ for its responsiveness to aircraft operations was
investigated by Al-Qadi et al. [3]. Rufino et al. conducted
a comprehensive infield experiment at Denver
International Airport to investigate slab-Base interaction.
Gap analysis from deflection data, interface analysis from
paired strain data, and comparison of predicted and
observed strains were the three aspects of this technique.
The gap investigation demonstrated that there are gaps
between the slab and the foundation, depending on
the temperature differential and slab location. Based on
temperature fluctuations and slab location, a gap analysis
between the slab and the Base was conducted. During
the gap analysis, an effective built-in temperature
difference was also identified. Despite the presence of
gaps beneath the slab, the paired strain data analysis
indicated contact friction or bonding action under wheel
loads. The maximum contact friction was found in
the slab interior, followed by doweled transverse joints
and transverse dummy joints, while tied longitudinal
joints showed an unexpected full-slip state. According
to a comparison of observed and predicted strain, contact
friction is formed when airplane gear is loaded [4].
Buonsanti et al. developed a finite elements (FE)
technique to evaluate contact stresses in a flexible
pavement under landing aircraft weights [5].

A comprehensive study has been conducted to
evaluate runway pavement degradation and to provide

improvements, specifically for such pavement under
moving aircraft loads. Kim and Tutumluer [6] used
a finite element (FE) analysis to investigate the impacts
of multiple wheel load interaction on the flexible runway
pavement rather than a single wheel load condition under
moving aircraft load.

Maitra et al. investigated the influence of contact
friction on concrete pavement response. The interface
friction of ordinary concrete pavements was measured
using a series of push-off tests. For this purpose, concrete
slabs were placed over several types of bases with smooth
and rough interface conditions. The influence of various
interface conditions on the critical responses of pavement
subjected to the combined action of axle load and
temperature fluctuation was explored using parametric
analytical investigation and the FE technique. A negative
temperature gradient creates substantially higher tensile
stresses at the slab top when the contact between the slab
and the base is rough. The tensions grow considerably
higher when axle load is added. In addition, Corner
deflections are also shown to be considerable when
compared to deflections at the margins or within
the interior region, according to the study. A concrete
slab with a smooth contact is helpful during seasonal
temperature variations because horizontal motions are
free, resulting in reduced tensile stresses [7].

Caliendo and Parisi propose two specific
3-dimensional FE models for assessing maximum
stresses at critical sites in concrete slabs (i.e., at the interior
and edge) that outperform approximation approaches.
Research on square-shaped slabs on concrete airport
pavements is now underway. A homogeneous, isotropic
elastic half-space is employed as a subgrade (foundation)
model to explore the influence of change in Young’s
modulus, in contrast to Winkler’s response modulus.
The effects of two planes (the A380 and the B747), as
well as different subgrade bearing capabilities and
temperature gradients, are investigated. The combined
stresses caused by aircraft load and temperature gradients
are precisely predicted and compared to their effects
using FE software. As a consequence, the erroneous
application of the concept of effect superposition, which
is produced by the tensile stress resistance of
the supporting soil, is measured. It is calculated
the difference in stress levels induced by the two distinct
airplanes. The results of the FE software are also utilized
to develop a more straightforward method for determining
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maximum stresses. This predictive approach is useful
for calculating stresses in the preliminary design phase
more rapidly. Revisions to Westergaard’s load stress
model and Eisenmann’s temperature stress model, as well
as unique load and ¢ actions, are required in the proposed
equations. Because the method uses dimensionless
variables, it may be used for a wide range of square slab
dimensions [8].

An impact is an alternative method of creating
a short-term dynamic reaction in a structure, similar to
the loading induced by a blast event in certain ways.
The layer type of the target is important in this study
since the runway pavement is a layering system. When
a layered-type target material is affected, stresses and
strains are created. When the layer of particles in
the target is squeezed, compressive stress is formed. As
a result of this process, which is analogous to, stress
waves are created. Only a few studies have looked into
the post-cracking performance of BF HPC. This is
troublesome because, in many actual applications, initial
crack strength is not enhanced. The inclusion of fibers,
on the other hand, helps the post-cracking reaction
the most. Chopped BF and MiniBars BF have both been
shown to increase the flexural toughness of concrete.
However, establishing the relative worth of each product
is difficult because the findings are based on different
test procedures. According to the ACI Committee 544
proposed to drop weight test for impact resistance, BF
can considerably enhance performance after cracking.
The outcome, on the other hand, is based on data from
four or six instances per concrete mix. This testing
process, which demands around 40 specimens for each
combination, is prone to large variations. The test process
is notorious for its large variations, necessitating roughly
40 specimens per mix to keep the percent error of
recorded mean values below 10 %. Li and Xu [9]
observed that BF may significantly increase the energy
absorption capacity of geopolymer concrete during
impact loading using a Split-Hopkinson pressure bar
technique. However, nothing is known regarding
the impact performance of Basalt Fiber Reinforced
Concrete (BFRC) in general. Because the results of
impact testing obtained using various test methodologies
are seldom comparable, the results of a basic test method
may serve as a more practical standard against which
future comparisons may be made. Because BFRC is
a newer organization, this is extremely crucial.

In research by Wu et al., an intriguing technique
combines a constructed multilayer pavement runway and
evaluates it under blast stress. There are two sorts of
slabs. A series of field explosion tests were conducted to
assess the new multilayer pavement’s performance in
the field. Two 275 mm thick slabs of pavement were cast
and tested. The initial slab, which had an Asphalt
Concrete layer of 75 mm thickness, was reinforced with
Geogrid, then the High Strength Concrete layer of
100 mm thickness, and lastly the Engineered Cementitious
Composites layer (100 mm thickness). The second slab
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was a 275 mm thick ordinary concrete pavement.
The novel multilayer pavement outperformed the standard
pavement system, according to the study. In addition,
using 3D FE numerical modeling, the dynamic behavior
of the two slabs subjected to blast stress is studied [10].

The behavior of thin slabs of High Strength-High
Ductility Concrete after many moderate-velocity hits is
evaluated using drop weight impact tests. High Strength-
High Ductility Concrete is a fiber-reinforced cementitious
composite that combines compressive strength (more
than 150 MPa) and tensile ductility in a single material
(more than 3 percent). Deformation processes, cracking
patterns, and impact load resistance of high strength-high
ductility concrete slabs are researched and compared to
slabs made of Cor-Tuf, a fiber-reinforced ultra-HPC with
a compressive strength of around 200 MPa. The ductile
flexural behavior of the High Strength-High Ductility
Concrete slabs is characterized by many tiny cracks that
are equally distributed, whereas the quasi-brittle flexural
and shear failures of the Cor-Tuf slabs are characterized
by large, localized fractures and severe spalling.
According to a FE investigation of their responses,
the observed difference in structural behavior of High
Strength-High Ductility Concrete and Cor-Tuf slabs is
a direct result of the differential in tensile ductility of
these two materials [11].

Damage such as surface penetration depth happens
as a result of an airplane’s landing. As a consequence,
a three-dimensional FE analysis (three-dimensional FE
analysis) is conducted to identify some relevant criteria
for regulating the top surface penetration depth of runway
pavement. The mass, velocity, impact angle, and
boundary conditions of the impactor are determined as
exterior factors, whereas the thickness, compressive
strength, and density of materials used in the runway
pavement are chosen as internal characteristics.
The impact angle has a significant influence on the top
surface deflection for both types of runway pavement,
according to the study. When the impact angle is adjusted
from 30 to 60 degrees, surface penetration of runway
pavement rises by around 78 percent, whereas it increases
by about 42 percent when the impact angle is changed
from 60 to 90 degrees. Surface penetration improves
significantly with increases in concrete compressive
strength up to the normal strength concrete range (30 to
50 MPa). Again, utilizing enough high-strength concrete
has been shown to help reduce surface depression [12].

Yan et al. investigated the interlayer bond quality
of a double layer runway pavement using a splitting
tensile test with a double layer Beam configuration. For
the splitting tensile test, a 150 x 150 x 150 mm cube
specimen was created, with half of the specimen made
of new cement concrete and the other half made of aged
cement concrete. A fiber grid was laid down on the bottom
of the old cube, and the new cube was then linked to
the old overlay cube. The loading velocity for the splitting
tensile test was 0.08 MPa/s. The researchers found that
adding fiber to concrete increases its splitting tensile
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strength by up to 32 %, with 5 mm BF being the most
effective. They also took strain readings in the Beam’s
top and bottom layers. The strain distribution in the two-
layer Beam was found to be essentially linear across its
depth. The lower Beam was discovered to carry the tensile
load, while the higher Beam absorbed compressive stress.
Horizontal friction between the interfaces of double-layer
beams also lowered tensions between the top and bottom
layers by 44 to 98 percent, according to the researchers.
The size of the coarse aggregate, on the other hand, did
not influence a concrete material component [13].

Cao studied BFRC’s static and impact behaviors.
Compressive, flexural, splitting tensile, and impact test
properties were all included in the investigation. In
addition, the effects of fiber mixing amount on concrete
mechanical properties were investigated, and
the appropriate fiber mixing amount was identified.
The research looked at five different BF concrete mixtures
as well as a control mix. According to the findings,
the static and impact test behaviors of BFRC were
considerably improved, and strengthening and toughening
effects were accomplished. The ideal BF percentage was
reported to be between 1.5 and 2 kg/m® [14].

Fu et al. investigated the impact analysis and
modeling of mineral admixture basalt polypropylene
fiber reinforced concrete [15]. The impact load test was
carried out with a 75 mm Split-Hopkinson pressure bar.
According to the findings, the dynamic compressive
strength, dynamic elastic modulus, and critical strain of
basalt polypropylene fiber reinforced concrete all
increased as the strain rate rose. The addition of basalt
fiber (BF) and polypropylene fiber (PF) to concrete
improved the strain rate effect of dynamic compressive
strength and dynamic elastic modulus, as well as
the deformation capacity of the concrete. PF had a greater
influence on the strain rate effect of dynamic compressive
strength of concrete than BF. However, there was no
difference in the impacts of BF and PF on the strain rate
effect on the dynamic elastic modulus of concrete.
The strain rate effect of BPFRC’s dynamic compressive
mechanical behavior revealed a significant positive
relationship with fiber hybrid volume. The proposed
viscoelastic damage constitutive models from this work
might be used to accurately reflect BPFRC’s dynamic
mechanical behavior [15]. The strain-rate influence of
the dynamic compressive strength, dynamic elastic
modulus, critical strain, specific energy absorption, and
characteristic length of HBPRC was fully investigated.
The findings demonstrated that when the strain rate grew,
so did all of the HBPRC’s mechanical indices.
The dynamic growth factors of compressive strength and
elastic modulus rose linearly as the decimal logarithm
of the strain rate grew, but the critical strain and
characteristic length increased linearly as the strain rate
increased [16].

In response to environmental parameters, Wei et al.
investigated nonlinear strain distribution in a field-
instrumented concrete pavement slab. When measuring
the curling and warping of a concrete pavement slab,

the strain is generally considered to be distributed linearly
across the slab depth, and a plane section is expected to
keep its plane after deformation. The strain distribution
in a concrete slab, on the other hand, may not be linear
due to the material’s viscoelastic nature. This study
examined the temperature and strain development at
various depths in a field-instrumented concrete pavement
slab starting 12 hours after construction. The nonlinear
distribution characteristics of temperature and strain
along the slab depth were explored at the slab corner and
center. According to the measurements, temperature and
strain were determined to be nonlinearly distributed
together with slab thickness. The nonlinear distribution,
particularly the strain, was more severe at the slab corner
than at the slab center. This work presents a method for
determining the slab depth and the amount of drying
shrinkage induced by external drying [17].

Curling stresses of continuously reinforced concrete
pavements as a function of foundation parameters were
studied by Zhang [18]. A realistic evaluation of the curling
Stresses of Continuously Reinforced Concrete Pavements
(CRCP) under various types of bases is necessary for
the reasonable design of concrete pavements. The effects
of six common bases on curling stresses of CRCP
subjected to temperature changes are investigated in this
paper using a 2D FE technique. When establishing Base
characteristics, both the frictional bond-slip stiffness and
the Base stiffness are taken into consideration. When
compared to the vertical stiffness of the underlying Base,
a stiffer foundation is shown to be desirable for CRCP
in terms of concrete stress, whereas the bond-slip
relationship between slab and Base (with no interface
treatment) does not influence concrete stresses.
The variation in steel stress between six standard bases
is not significant. Due to the CRCP slab fracture, the steel
is in a tensile state at the longitudinal site, and even with
a small temperature differential, the maximum curling
stress can be rather high [18].

The investigation by Tian et al. established a method
for evaluating cumulative damage factors based on
Miner’s law to improve airport runway stiff pavement
design [19]. This approach makes use of data from
measured aircraft wheel drifts as well as built-in influence
surfaces. We built an aircraft wheel wander measuring
system and measured actual aircraft wheel loading
locations at Shanghai Honggqiao International Airport
(SHA). To generate influence surfaces, we employed
finite element analysis (FEA) and multivariate
interpolation. Researchers utilized FEA on a nine-slab
model to simulate load transfer effects. Based on
the observed wheel wander distribution and the created
influence surface, a cumulative damage surface
construction approach for estimating cumulative damage
factors is proposed. The proposed cumulative damage
surface technique offers the following preliminary
benefits: (1) each load repetition’s damage is addressed
independently for the computation of the cumulative
damage factor, and (2) the load transfer impact is
considered using FEA simulations. Furthermore, the field
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data we collected at SHA reveals that the extreme value
distribution better reflects aircraft wheel drift than
a normal (uniform) distribution. When the maximum
cumulative damage factors calculated using the extreme
value distribution are compared to those estimated using
the normal distribution, the maximum cumulative
damage factors projected using the extreme value
distribution are 210 percent higher. According to
the different cases analyzed in this study, the recommended
cumulative damage surface methodology gives lower
cumulative damage factors values than the normal Civil
Aviation Administration of China method [19].

Park et al. [20] suggest enhanced criteria for material
quality and mix proportions of concrete slabs to improve
the performance of concrete pavements at Incheon
International Airport in the Republic of Korea. Two
comparable airports were chosen for comparison with
Incheon IA based on their facilities status and annual
flight processing capacities. Both other airports, after
Incheon International Airport, have the second and third
greatest annual numbers of flights per unit area of
the runway. Because of the poor quality of the aggregates
used and the frequent freeze-thaw cycles, standards for
aggregate and mix proportions were established to
improve crack durability. When compared to the other
airports, the concrete slab mix requirements at Incheon
IA revealed smaller amounts of cement and liquid
admixture, a higher abrasion rate of coarse aggregate,
and a larger proportion of fines in the aggregate. New
criteria were devised based on the comparison of
outcomes. Using the updated criteria, the performance
of the concrete pavement was evaluated by measuring
the air content and freeze-thaw resistance of 12 mixes
with varying amounts of cement, liquid admixture, and
particles in the aggregate. Increases in cement and liquid
admixture concentration, as well as a decrease in fines
content in the aggregate, were found to improve air
content and freeze-thaw resistance of the concrete
runway, according to the study [20].

Studying the individual factors’ implications on
the infrastructures’ dynamic reaction during impact via

full-scale experiments is usually out of reach. To estimate
the dynamic reaction of infrastructure subjected to impact
loadings with varying parameters, numerical simulation
is typically used. As a result, a thorough numerical
analysis was performed to investigate the important
determining parameters accountable for runway concrete
pavement layer and base layer deformation under
the impact load. This research will begin with
the verification of the numerical model on the concrete
pavement by applying experimental results from previous
research [21]. To accomplish this, a 3D FE model is
developed using Ansys Workbench 2022R 1. Following
validation, a thorough parametric analysis is performed
to assess the influence of various factors on
the performance of runway pavement under impact
loading, particularly the surface penetration depth of
concrete runway pavement and base layer. These factors
include impactor and concrete properties. The impactor
properties used included the velocity of the impactor,
impactor mass, and impactor density. While the runway
concrete properties include slab thickness, concrete
density, modulus of elasticity, flexural tensile strength,
and compressive strength.

MATERIALS AND METHODS

In this part of the study, a methodology for
developing a FE model to simulate HPC under the impact
load is presented, followed by a validation of the FE
model using literature data. Wu’s (2018) drop weight
experimental approach on a normal concrete pavement
was used for validation [21]. Furthermore, the impact
resistance of several different BF HPC was examined
using a rigid pavement FE model that has been established.
A parametric study was also conducted to investigate
the impact of various parameters on the impact resistance
of the validated FE models. An Explicit Dynamics
analysis is used to estimate the dynamic response of
a structure due to stress wave propagation, impact, or
rapidly changing time-dependent loads. Momentum
exchange and inertial effects between moving objects

* Drop Weight

900 mm

Base
1,000 mm

Thick
Concrete
Slab

Steel Strong
Box (600 mm)

Steel Frame

Fig. 1. Experimental setup of concrete pavement specimens
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are typically important aspects of the studies that are
conducted. This type of analysis may also be used to
model mechanical processes that are exceedingly
nonlinear. Materials, contact, and geometric deformation
can all induce nonlinearity. This type of research can
successfully duplicate events that happen in fractions of
a second (typically on the order of 1 millisecond). For
longer-duration events, consider using a transient analysis
system'.
To confirm the experimental impact load, a 3D FE
simulation was performed in Ansys Workbench Explicit
Dynamic [21]. A 3D FE simulation in Ansys Workbench
Explicit Dynamic was used to corroborate the experi-
mental impact load. The study uses explicit materials
since they include data that is particular to an Explicit
Dynamics analysis. On top of the subgrade, a 275 mm
thick concrete slab was used to construct the model.
There are two strata to the subgrade. Geocell reinforced
sand is found in the top sand layer, whereas compacted
sand is found in the bottom layer. As indicated in Fig. 1,
each subgrade layer measured 1,000 x 1,000 x 300 mm,
whereas the concrete slab utilized in the experiment was
900 x 900 x 275 mm. Fig. 2 shows the drop weight ap-
paratus that was used. The impact load of 1,181 kg was
applied at the mid-point of the top surface of the concrete
slab using a 100 mm hemispherical drop mass. The test
used a drop height of 1.5 m with an impact velocity of
5,133 m/s. The mechanical properties of the materials
used in the FE model analysis are given in Table 1-3.

Fig. 2. Drop weight test machine

I ANSYS I. Mechanical User’s Guide 2021-R2. Ansys. 2021;
15317(July):1028.

Table 1. Mechanical properties of concrete slab

Parameters Value
Young’s modulus £, GPa 33
Poisson’s ratio v 0.2
Density p, kg/m? 2,400
Compressive strength 1, MPa 54
Flexural Tensile strength f,, MPa 2.7

Table 2. Mechanical properties of subgrade

Parameters Geocell reinforced sand | Sand
Young’s modulus £, MPa 103.5 40
Poisson’s ratio v 0.3 0.3
Density p, kg/m® 1,600 1,600
Friction angle {3, degrees 40 40
Cohesion ¢, kPa 89 13.8

Table 3. Mechanical properties of the Impactor

Parameters Impactor
Young’s modulus £, GPa 207
Poisson’s ratio v 0.3
Density p, kg/m® 118,000
Yield strength £, MPa 500

Element Selection and Material Modeling

Concrete Slab

The concrete model in explicit materials provided
in Ansys Workbench was used to model a concrete slab.
Table 1 was used to alter the parameters of the concrete
slab. The elastic parameters were chosen in accordance
with Wu [21], and the plastic characteristics were taken
into account following Riedel et al. [22].

Subgrade

The subgrade was also modeled using the Ansys
Workbench’s sandstone material attributes. The elastic-
plastic behavior of subgrade soil was simulated using
the Drucker — Prager plasticity model. The properties of
geocell reinforced and ordinary subgrade sand are listed
in Table 2.

Drop Mass

In the experiment, a drop mass of 1,181 kg was
employed, as indicated in Fig. 1. The impactor was
modeled using explicit materials in Ansys Workbench,
with the mechanical characteristics changed to match
the impactor used in the experiment. In addition, to match
the overall weight, a point mass was placed on the top
of the impactor.

Wu’s (2018) cylindrical-shaped hemispherical
impactor’s detailed specifications are shown in Table 3.
The impactor’s Stiffness Behavior is set to stiff.

Z20Z ‘6 @NSS| "L WIN|O/\ « 8IN108)IYDJY PUE UONONIISUOD) UO [BUINOL AJYIUO « NSDIN MIUISOA
220z ‘6 wofumag "L woy . (8Ulu0) 0099-v0£Z NSSI (3ulld) S£60-2661 NSSI « ADJIN MMHLODY

1211



BecTtHuk MICY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022
Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

Hayder Abbas Ashour AlAraza, Kharun Mahmud

FE Meshing and Contact Modelling

The quantity and precision of meshes required for
element meshing define the mesh size. Choosing the right
mesh size for the FE model was crucial for accurate
analytical findings and, more importantly, for high strain
loading. A tiny mesh size was used for the whole model
to achieve a better outcome. The concrete slab was
chosen with a finer mesh size than the subgrade because
it was immediately subjected to impact load. A mesh size
of 5 mm for the concrete slab and 8 mm for the subgrade
was chosen based on the convergence study. With linear
element order, explicit mesh types are employed.
The aspect ratio (Explicit) approach was utilized to create
a high-quality mesh. Fig. 3 shows the Symmetric FE
meshing of concrete pavement specimens.

600.00 mm ‘,L
Y X

Fig. 3. Symmetric FE meshing of concrete pavement

300.00

specimens

A generic contact algorithm was used to characterize
the interaction between a hemispherical impactor and
a concrete pavement specimen. By linking together,
the contact surfaces of the concrete slab and the subgrade,
the surface-to-surface interaction between the concrete
slab and the subgrade was calculated. The hard contact
formula was used to characterize normal stress behavior
in both the general and surface-to-surface contact
approaches, while the penalty frictional formulation was
used to define tangential stress behavior at contact
surfaces. A similar modeling approach was utilized to
simulate the interaction between the textile belt and

the concrete slab. However, because the normal friction
coefficient maintains within the range of 0.4—0.55 under
impact loading, a dynamic friction coefficient of 0.45
was chosen at the point of contact between neighboring
surfaces. Boundary Conditions and Loadings.

The fixed support condition was applied on
the Subbase bottom. Two sides of the Subbase, two sides
of the Base, and two sides of the concrete pavement were
believed to have symmetric support. On the other two
sides, there was no restriction on the use of the concrete
pavement. On the other two sides of the Base and
Subbase, the displacement boundary condition is utilized.
The impactor’s other vertical sides were kept from
moving to the side. For all bodies, the standard Earth
Gravity is specified.

Validation of FE Model

The outcomes of Wu’s drop weight impact tests
were compared with the results obtained from
the Developed FE model of concrete pavement specimens.
The Researcher found the greatest vertical deflections at
three sites on the top surface of the concrete pavement
specimen [23] (see Fig. 4).

I 450 mm 450 mm i
LI I 1
— —
450
mm Centre 450 mm
- e =l
200 mm T ® * po 300 mm
| | | |
1 1 1 1
225 mm225 mm 500 mm

Fig. 4. Selected locations to measure deflections by Wu (2018)

As a consequence, the symmetric FE model was
confirmed at the three sites with the maximum vertical
deflections. The highest downward deflections observed
in the impact test and computed using FE analysis at
these three specified locations of the concrete pavement
specimen exposed to a single impact force at a velocity
of 5,133 m/s are shown in Table 4. The experimental and
FE models were found to accord rather well. The FE
result was found to be about 1.03, 0.99, and 0.99 for
the P1, P2, and P3 sites, respectively, with Coefficients
of Variation of 0.0245, 0.0065, and 0.0343.

Table 4. Maximum deflections of concrete slab under the impact load

Location Maximum deflection | Maximum deflection in experimental | FE result/experimental Coefficient
in FE analysis, mm investigation of Wu (2018), mm result of variation, CoV
P1 26,992 26.07 1.03 0.0245
P2 26,811 27.06 0.99 0.0065
P3 26,654 27.98 0.99 0.0343
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In the FE analysis, penetration in the region of
the impact loading application directed the failure of
a concrete slab, which was determined to be the same as
Wu’s experimental test. Based on Wu’s impact test,
Fig. 2. 16 displays the concrete pavement failure
mechanisms. As a consequence, the constructed FE
model properly anticipated the behavior of the concrete
pavement specimen, and the confirmed FE model was
used in the parametric analysis described in the following
sections.

RESULTS OF THE RESEARCH

The effects of various factors on the behavior of
a concrete slab (900, 900 and 275 mm thick) to impact
loads were studied using parametric research. More
importantly, parametric research was conducted to assess
the influence of various factors on the concrete slab’s
deflection. The impact load’s influence on the deformation
of both concrete and sand layers was determined using
parametric research. There were three types of parametric
studies in the research. Concrete and impactor
characteristics were among these. The slab thickness,
concrete density, modulus of elasticity, and compressive
and flexural tensile strength were among the concrete
parameters. The velocity and weight of the impactor were
among the impactor attributes. The investigation also
discovered that the concrete’s Poisson ratio had no effect.

Slab Thickness

A thicker pavement slab would enhance the struc-
ture’s bending resistance and provide greater protection
for the base and subbase layers when subjected to static
or dynamic stresses. On the other hand, the thickness of
the pavement slab cannot be extended forever. In rigid
pavement design, the slab thickness was commonly
specified at 200 to 300 mm [24].
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Fig. 5. Slab thickness effect on the deformation

Four different thicknesses of concrete slabs were
chosen to explore the effect of slab thickness on modifying
the deflection of concrete slabs under impact loading:
225,250, 275, and 300 mm. The compressive strength
of the concrete was maintained at 54 MPa. Variation in
concrete slab deflection as a function of concrete slab
thickness is shown in Fig. 5. As the slab thickness grows,
the deflection of the concrete slab decreases within
the prescribed values, as shown in Fig. 5. The deflection
in the Sand layer and concrete slab layer was reduced by
3.75 and 6.4 percent, respectively, when the slab
thickness was raised from 225 to 250 mm. When
the thickness of the Sand and Concrete layer was extended
to 300 mm, the decrease climbed to 11 and 18.3 percent,
respectively. As a result, the slab thickness is expected
to have a significant influence on impact deflection.

Concrete Density

The density of the concrete used for the concrete
slab was chosen as 2,300, 2,350, 2,400 and 2,400 kg/m?,
with a constant concrete slab thickness of 275 mm and
concrete compressive strength of 54 MPa, to investigate
the influence of concrete density on the deflection of
the concrete slab under the impact load. Fig. 6 shows
how the deflections of a concrete slab and sand layer
vary as the concrete’s density varies. The deflection of
the concrete slab was reduced by 3.7 percent and
the deflection of the sand layer was reduced by 1.3 percent
when the concrete density was increased to between
2,300 and 2,350 kg/m®. The amount of sand deflected
reduced by 0.6 to 1.8 percent. Furthermore, the concrete
deflection fell from 0.65 to 3.7 percent. The deflection
was marginally reduced by the concrete density.

Modulus of Elasticity
To investigate the effects of the modulus of elasticity
on the deflection of the concrete slab under the impact
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£
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g
300 4
:
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Fig. 6. Concrete density effect on the deformation
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load, the modulus of elasticity of the concrete used for
the concrete slab was chosen as 33,000, 36,000, 40,000
and 45,000 MPa, with a constant concrete slab thickness
of 275 mm and concrete compressive strength of 54 MPa.
Fig. 8 demonstrates how the deflections of a concrete
slab and sand layer change as the modulus of elasticity
changes.

Fig. 7 shows that increasing the modulus of elasticity
from 30 GPA to 33,000 MPa reduced the deflection of
the concrete slab by 0.5 percent while increasing
the deflection of the sand layer by 0.4 percent. As
the modulus of elasticity increased from 36,000 to
40,000 MPa, the sand deflection reduced from 1.6 to
1.74 percent, respectively. The concrete deflection, on
the other hand, increased from 0.53 to 0.41 percent. When
the modulus of elasticity is between 45,000 and 50 MPa,
the concrete deflection decreases by 1.3 to 3.0 percent.
Furthermore, the sand deflection rose from 1.74 to
2.3 percent.
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Fig. 7. Modulus of elasticity effect on the deformation

Flexure Tensile Strength

To investigate the impact of concrete flexure tensile
strength on the deflection of concrete slabs under impact
loading, four different flexure tensile strength values for
the concrete slab were chosen: 2.7, 5.0, 10 and 15 MPa.
The concrete slab’s thickness was set at 275 mm. Fig. 8
shows how the deflection of the concrete slab changes
with the concrete’s Flexure Tensile.

The distortion of the sand layer dropped by 2.4
percent as the flexural tensile strength increased from
2.7to 5 MPa, and by 4.7 percent when the flexural tensile
strength reached 10 MPa, before progressively increasing.
Furthermore, an increase in flexural tensile strength only
results in a considerable reduction in concrete slab
deformation. The deformation was reduced by 8.3 percent
when the flexural tensile strength was increased from 2.7
to 5 MPa, and by 24.5 percent when the flexural tensile
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strength was increased to 10 MPa. The concrete deflection
reached 38.1 percent when the flexural tensile strength
reached 15 MPa. As a result, the concrete slab’s deflection
was greatly reduced by the flexural tensile strength.

60.0
50.0
E \0\0\
g 40.0
g
S 300 N N I Y
-
B 20.0
10.0
0.0
2.7 5 10 15
Flexural tensile strength, MPa
—0O— Total == Sand =—A— Concrete

Fig. 8. Flexural tensile strength effect on the deformation of
concrete slabs

Compressive Strength

To investigate the influence of concrete compressive
strength on the deflection of concrete slabs under impact
loading, four different compressive strength values for
the concrete slab were chosen: 50, 54, 60 and 65 MPa.
The concrete slab’s thickness was set at 275 mm.
The deflection of the concrete slab changes with
the compressive strength of the concrete, as illustrated
in Fig. 9.

60.0
50.0 it _
—o
g
g 40.0
g
g
= 30.0 S e ———
:
2 200 A S
10.0
0.0
50 54 60 65
Compressive strength, MPa
—O— Total == Sand =—A— Concrete

Fig. 9. Compressive strength effect on the deformation of
concrete slabs
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The sand layer deformed by 6.2 percent when
the compressive strength climbed from 50 to 54 MPa,
by 4.9 percent when the compressive strength reached
60 MPa, and by 2.3 percent when the compressive
strength reached 65 MPa. Furthermore, increasing
compressive strength only leads to a significant decrease
in concrete slab deformation. When the compressive
strength was increased from 50 to 54 MPa, the deformation
was decreased by 4.7 percent, and by 8.3 percent when
the compressive strength was increased to 60 MPa. When
the compressive strength reached 65 MPa, the concrete
deflection fell by 15.7 %. As a result, the concrete slab’s
compressive strength greatly reduced slab deflection.

Impact Velocity

To test how impact velocity influenced the deflection
of the slab under the impact load, the impactor’s impact
velocity was adjusted to 4,000, 5,000, 6,000 and
7,000 mm/s for a concrete slab with a constant weight
of 1,181 kg. The consistent impact weight of 181,000 kg
indicates that the impactor’s weight was constant
regardless of impact velocity. The impactor was
cylindrical and featured a hemispherical drop head.
The impactor was 100 mm in diameter. Fig. 10 depicts
the variation in deflection as a function of impact velocity.
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Fig. 10. Velocity effect on the deformation of concrete slabs

Fig. 10 shows that as the impact velocity increased,
the deflection of the concrete slab increased in a non-
linear fashion. The four impact velocities were chosen
because the range was considered to be large enough to
generate significant deflection. It is obvious that the low
velocity has no significant deflection, however choosing
a larger velocity resulted in damage to the selected
specimen. The deformation of the sand layer increased
by 27.6 percent when the velocity climbed from 4,000

to 5,000 mm/s, 57.2 percent when the velocity reached
6,000 mm/s, and 86.9 percent when the velocity reached
7,000 mm/s. Furthermore, increasing velocity only
resulted in a considerable increase in concrete slab
deformation. The deformation rose by 41.3 percent when
the velocity was increased from 4,000 to 5,000 mm/s,
and by 78.8 % when the velocity was increased to
6,000 mm/s. When the velocity of the concrete reached
7,000, the deflection increased by 137.8 %. As a result,
the velocity of the impactor greatly increased slab
deflection.

Impactor Weight

The influence of impact weight on deflection was
studied using a hemispherical drop head impactor with
an impact mass of 1,181 kg. The impact weights of
the impactor were set at 800, 1,000, 1,200 and 1,400 kg.
The impactor’s velocity and other factors were held
constant. The impactor’s impact weights were set to
produce sufficient deflection on the top surface of
the concrete slab. Because the FE model of the concrete
slab was validated using an impact test, the impact weight
values were chosen to be close to the original impactor
weight. Fig. 11 shows how the deflection varies with
different impact weights.

Fig. 11 shows that as the weight of the impactor
increased, so did the deflection of the concrete slab and
Sand layer. When the impactor weight was increased to
1,000, 1,200 and 1,400 kg, the deformation in the sand
layer rose by 9.7, 16.2 and 23.3 percent, respectively,
compared to the initial position. As a result, the distortion
of the concrete slab rose dramatically as compared to
the starting position (800 kg). When the impactor weight
was raised from 800 to 1,000 kg, 1,200 and 1,400 kg,
the deformation rose by 26.3, 56.6 and 86.2 percent,
respectively. This section of the paper should demonstrate
the author’s methodical analytical and statistical content.
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Fig. 11. Impactor weight effect on the deformation of
concrete slabs
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CONCLUSION AND DISCUSSION

Ansys Explicit dynamics were used to do a finite
element analysis to validate the concrete pavement model
under impact loads using test findings from the literature.
Following validation, parametric experiments were
carried out to assess the impact of several factors on
the deflection of the concrete pavement under the impact
load. The following are the important conclusions from
the impact research of concrete pavement:

« as the thickness of the concrete slab increased,
the deflection of the slab was reduced. With each mm
increase in slab thickness;

* the concrete density and the modulus of elasticity
have an insignificant effect on the deflection of the slab
within the range used;

* the flexural tensile strength increased the de-
formation of the concrete slab decreased signifi-
cantly;

e increasing the compressive strength of
the concrete leads to a decrease in the deformation of
the slab;

* the impact velocity and impactor weight were
shown to have a substantial influence on the deflection
of the concrete slab’s top surface.
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BeepgeHue. [Insa ycTpaHeHus npobnemsl geduimta Bofdbl Ha opolueHue B I. Kepbena (Mpak) Bnepsble 6bio NPpUHATO peLle-
HV€ MO UCMOMb30BAHMIO OYMLLIEHHBIX CTOYHBIX BOA C FOPOACKNX OYMCTHBIX COOPY>KEHWI. TpaHCNOpPTMpOBaHWE BOAb! OT O4YUCT-
HbIX COOPY>XEHWI 40 OpoLLlaeMbIX 3eMerb OCYLLECTBAETCSA Mo Tpybonposoay B HanopHom pexumMe. CpaBHUBAIOTCS pesyrb-
TaTbl UMUTALMOHHOIO MOAENMPOBaHMS € Ucrnorb3oBaHnem nporpammel WaterCAD V8i npu pasnnyHbix pacxogax B HanopHom
cucTeme nogaym Bodpl C pesynsrataMu nabopaTopHbIX MCCegoBaHWin Ans Tpex TUMNoB Matepuanos Tpyb (cTtanbHasi Tpyba
anametpom 100 MM C NONMMEPHbLIM NOKPLITUEM, NONMATUNEHoBas Tpyba anametpom 100 MM 1 cTanbHas Tpyba guameTpom
100 MM C LleMeHTHO-MecYaHbIM NokpbiTrem (auameTp 90 mm)). Llenb paboTel — Bepudurkaumsa pesaynsraToB, Nony4YeHHbIX
B nporpamme WaterCAD V8i, c pesynbratamy 3KCNEPUMEHTOB Ha pasnunyHbIX TMnax Tpyo.

MaTepuanbi 1 MeToAbl. V3yvanuck XxapakTepyCTVKu NMOTOKa B LUIMPOKUX Anana3oHax pacxodos.

PesynbraTtbl. CpaBHeHWE pe3ynbTaTtoB 3KCMepUMEHTa C pe3ynsraTtaMu, NoflyYeHHbIMU C MOMOLLbI0 UMUTaLMOHHOW Mogenu
WaterCAD V8i, nokasanu, 4To no rugpaBnuM4yeckum napametpam (notepu Hamnopa, KoaULUMEHTbI TPEHUS) OHU BM3KK
no 3HayeHusiM, Ho B nporpamme WaterCAD V8i 3adpmkcupoBaHbl 6onee BbICOKME 3Ha4YeHUst Ans Tpy6 (cTanbHoW Tpyobl
avametpom 100 MM C NONMMEPHBIM MOKPLITUEM W NONU3TUNEHOBOW TPybbl AnameTrpom 100 mm). OTMeYeHa BbiCOKas CXo-
AVMMOCTb pesynbTatoB And pAaa ApYrux rmapasnuyeckmx napameTpos.

BbiBoAbl. Pe3ynbrathl ccnenoBaHns No CONOCTaBNEHNIO 3KCNEPUMEHTArbHbBIX AaHHbIX C PACYETHBIMU, MOyYeHHbIMU
no nporpamme WaterCAD V8i, no3BonstoT caenaTb BbIBOA O BO3MOXHOCTY LUMPOKOrO UCMONb30BaHWS ee Ha NpakTuke Ans
onpefeneHns rmapaBnMYecknx nokasarenen TpybonpoBoaoB.

KNOYEBbLIE CITOBA: necduumnt Boapbl, TpaHCNOPTMPOBaHUE BOAbl, HanopHble Tpyobl, MogenupoaHue WaterCAD Vi,
nabopartopHoe uccrefoBaHue, Tpy TUNa MaTepuarnos, XapakTEPUCTUKN MOTOKA, KO3MULMEHT Koppensumum
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Hydraulic studies of pressure pipes made of various materials
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ABSTRACT

Introduction. To solve the problem of water shortage for irrigation in the city of Kerbala (Iraq), for the first time, a decision
was made to use treated wastewater from urban wastewater treatment plants. Transportation of water from treatment
facilities to irrigated lands is carried out through a pipeline in a pressure mode. The article compares the results of simulation
modeling of WaterCAD V8i at various flow rates in a pressurized water supply system with the results of laboratory studies
for three types of pipe materials (100 mm diameter steel pipe with polymer coating, 100 mm diameter polyethylene pipe and
100 mm diameter steel pipe with cement-sand coated (diameter 90 mm)). The purpose of the work is to verify the results
obtained in the WaterCAD V8i program by conducting experiments for various types of pipes.

Materials and methods. During the experiment, the characteristics of the flow were studied.

Results. Comparison of the experimental results with the results obtained using the WaterCad V8i simulation model showed
that the hydraulic parameters (pressure loss, friction coefficient) are close in values, but the WaterCad V8i program recorded
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higher values for pipes (steel pipe with a diameter of 100 mm with a polymer coating and a polyethylene pipe with a diameter
of 100 mm). The high convergence of the results for a number of hydraulic parameters can be noted.

Conclusions. The results of the work carried out by comparing the experimental data with the calculated ones obtained
using the WaterCAD V8i program allow us to conclude that it can be widely used in practice to determine the hydraulic

performance of pipelines.

KEYWORDS: water scarcity, water transportation, pressure pipes, WaterCAD V8i simulation, laboratory study, three types
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BBEJAEHUE

Mozenb UrpaeT BaKHYIO POIIb B IPOCKTUPOBAHUH,
9KCIITyaTalliy ¥ YIPaBICHUH CHCTEMaMH pacipesierne-
Hust Bojwl [ 1-12]. B aTOM HccenenoBareabckoM MOCIIH-
POBaHHUH MCIOJB3YETCS MIPOTPAaMMHOE 00ecredeHHe
(ITO) WaterCAD VS8i nns amanu3a THAPaBINIECKUX
IapaMeTpoB BOAOIIPOBOAHBIX TPYO ITyTEeM pacdera I10-
Tepb HaNopa, CKOPOCTH U JIPYTHX IOKa3aTesei B pac-
cmarpuBaembix Tpybax. WaterCAD V8i — [10 mns
THIPABINIECKOTO MOAEIHPOBAHUSA, KOTOPOE COCTOUT
W3 pa3sTUYHBIX (PYHKIHA, BKIFOYas THOKYIO TpaduKy
u nporpecc npoduist. MHorue GpyHKIUH, TaKUE KaK TU-
JPaBJIMYECKUI aHAJIM3 U aHAJIN3 KaueCTBa BOJIbI, & TAKIKE
CTAIIOHAPHOE U I0JTOCPOTHOE MOACINPOBAHHE, TAKKE
CO3/IaHBI U PaOOTHI C PaCIIMPEHHBIMU BO3ZMOKHOCTSI-

MU 1 3 (PEKTUBHBIM YIPABICHUEM JaHHBIMH HapsiIy
¢ uaterpanueit AutoCAD u 'IC. [IpeumymecTBa
WaterCAD V8i no cpaBaenwuro ¢ apyrum [10 Briouaror
MIOCTPOCHHUE YNPOIIEHHBIX MOZIETEH C TOMOIIBIO T€0-
MIPOCTPAHCTBEHHBIX MOAYJICH U HHCTPYMEHTOB, TaKUX
kak Load Builder m TRex, mogenupoBaHue KadecTBa
BOJIbl, aHAJIN3 TIOTOKA, ONITUMH3ALMIO U YIIPaBJIeHHE Clie-
Hapusmu. WaterCAD V8i npumeHnsieTcs 1uisi pa3HbIX
THUIIOB BOAOPACIIPEACIICHUs, @ TAK)KEe TIPOrPaMMHBIX I1a-
KETOB MOJICITMPOBAHNS, IPHHSATHIX JJISI Pa3TNIHBIX PH-
noxenuit [13-25].

MATEPHAJIBI U METO/JbI

OO01wii BUJ THAPABIIMYESCKOTO CTCH I B BHIIC CKU-
3a MpejcTaBieH Ha puc. 1.

Bona u3 mepuoro aka Borma B MepHEIit
Water from | 1 1 | Bax
the measuring tank Water in
1-5 Touka 2-3 TOUKR the measuring tank
1st point 1 2st point
’ | ya ; = ;
L= ma—— E—
fm“ﬂ:’-ffﬂ; g M- 3 { = | | =n=ﬂ=mn—az7
. HiF 2 . B i
21! P /)
=t i Ao L ] [f———
. . 4 e - HE4 | Ak (mepeman)
4 HE g 3 : {drop)
B i | e— ﬁﬁgﬂj S —
{ LD —/ = _____5_:_.;_, et {' Eﬁ o _____:_;::5 Mnmm.(
5
=10 000
0 0

Puc. 1. DCKHU3 OIBITHOTO THAPABIMYECKOr0 CTeHa: V2/2g — CKOPOCTHOI Harop; / = 10 000 — JUIHHA OIBITHOTO Y4acTKa
TpybomnpoBona, M; Al — pa3sHOCTh NMOKa3aHUN NMBE30METPOB; / — TOHKUU MONUMEpPHBIH pykaB aumamerpoMm 100 Mm;
2 — nonuaTHICHOBAsA TpyOa nuamerpom 100 MM; 3 — cTanbpHas TpyOa ¢ HEMEHTHO-TIECUaHbIM TOKPHITHEM, AuameTpoM 100 MM
(C y4eToMm 3aIIUTHOTO CII0sl BHYTPEHHHUI THaMeTp HOBOIO Tpybomnposoaa coctasisieT 90 Mm); 4 — ckopocTHas TpyOka [Tuto;

5 — mbe3omeTrpuueckas Tpyoka; 0—0 — TII0CKOCTh CpaBHEHHS

Fig. 1. Sketch of an experienced hydraulic stand: v*/2g — high-speed pressure; / = 10,000 — the length of the experimental
section of the pipeline, m; Ah — the difference in the readings of piezometers; / — a thin polymer sleeve with a diameter
of 100 mm; 2 — a polyethylene pipe with a diameter of 100 mm; 3 — a steel pipe with a cement-sand coating with a diameter
of 100 mm (taking into account the protective elephant, the inner diameter of the new pipeline is 90 mm); 4 — a high-speed

Pitot tube; 5 — a piezometric tube; 0—0 — a comparison plane
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Jln pacuera ruipaBInyecKUX IapaMeTpoB UCHONb-
30BaJIUCh CIIEAYIOLINE YPABHEHUS:
* CKOpPOCTHO#1 Harop (M)

H= Hiryro — Hims (D

rae H,p,,, — Nokazauus Ha TpyOke [1uto, m; H,;; — no-
Ka3aHUs Ha IIbE30MeTpe, M;
* xoaddunment Kopnomnnca

o, =2gH, /| V> )

[IpumenstoTcs ypaBHEHHUs IEPBOM U BTOPOU TOUEK
u Oepercs cpenHee:

* CpeaHsis CKOpOCTb Ve,

ch = Qcp /o, 3)
TIe QCp — pacxoasl BOABI (CpeHEee 3HAUCHHE, M3/c);

® — KMBOE CeYeHue, M;
* mIoTepH Haropa (M)

Mm/c,

Ah=Hyy = Hyy; “
* cpenHee 3HaueHue Kodddunmenra Kopuonuca

U = Do, / 11, (%
rae n = 2 (ABe TOUYKH);

* xoaddunment Hapcu

- 2gAhd

= s
lacp ch

(6)

rae A — ko3 QUIUEHT TUAPABIHICCKOTO TPCHHS;
2 — YCKOpeHHUe CBOOOTHOTO MajICHUS, m/c?.

MeTtoguka NMpoBeACHMS IKCIEPUMEHTOB

DKCIIEPUMEHTHI ITPOBOIWIKCH B J1a00OpaTOpuu Ka-
(benpsl BomocHabxkeHus u Bogoorseaeuuss HUY MI'CY,
cXeMa yCTaHOBKH Mpe/CTaBlIeHa Ha puc. 2.

Puc. 2. O0muit BII THAPABINYECKOTO CTEHIIA C 00CUX CTOPOH

Fig. 2. General view of the hydraulic stand from both sides

HccnenoBaHus BBINOJIHEHBI ¢ UCIIOJIb30BaHUEM
Tpex MapaljeiabHBIX TPYOOIPOBOAOB IINUHON 18 M
(cranbHast TpyOa auamerpoM 100 MM C TOJTUMEPHBIM
TIOKPBITHEM, ITONMATHIICHOBAs TPpyOa tnamerpom 100 MM
u ctajnpHas TpyOa auamerpom 100 MM C EMEHTHO-
TIeCYaHbIM ITOKPBITHEM (BHYTpeHHUH 1raMeTp 90 Mm)).
VYcraHoBka 000pynoOBaHa bE30METPAMH, HACOCHOH
YCTaHOBKOH (pHcC. 3, @), COCTOSIIIEH N3 ABYX EHTPOOEK-
HbIX HacocoB Mapku ALIMJI-80A/130-3,0/2 (pacxon
43,2 M3/a; manop 13, m; n = 2900 06/mMun) ¢ pery-
JUPYEMBIM KOMIIBIOTEPHBIM IPUBOAOM (pucC. 3, b),
YTO IO3BOJISIET aBTOMATHYECKH PEryInpoBaTh pac-
XOJ, U3MEHSS 4acTOTy BpalleHHs pabouyero xoseca
ot 0 10 2900 06/muH.

I'mapaBnudeckwii CTeHT CHAOKEH TaKKe y3JI0M H3-
MepeHHst pacxo/ia 00beMHBIM MeTO/IOM (puc. 4, a), BKITIO-
YalLUM PacloJIOKEHHBIA Ha TOPLIEBOM 4acTH Ha-
KOIUTEIbHOW eMKOCTH MepHBIH kKapmaH (Ha 100 i)
C OTTapUPOBAHHBIM BOJJOMEPHBIM CTEKIIOM (pHcC. 4, D).

Puc. 3. Hacocnas yctaHoBKa (a) U mkad) yrnpapicHHUs ¢ KOMITBIOTEPOM (b)

Fig. 3. Pumping unit () and control cabinet with computer (b)
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C. 1218-1230

a

b

Puc. 4. Y3en nuzmepenus pacxojga 00beMHBIM METOJIOM (d) C BOPOHKOH, F'MOKHUM IITAHTOM M MEpHBIM KapmaHoM Ha 100 1

U OTTapUPOBAHHOE BOJIOMEPHOE CTEKIIO (D)

Fig. 4. Flow measurement unit by volumetric method (a) with funnel, flexible hose and measuring pocket for 100 1 and calibrated

water gauge glass (b)

Puc. 5. ®parment crenna ¢ Tpyokamu [Iuto u neezomerpamu

Fig. 5. Fragment of a stand with pitot tubes and piezometers

Jlist oTOOpa CTaTHYecKoro U JMHAMUYECKOTO J1aB-
JICHUIT Ha TPeX TPYOOIPOBO/IAX B IBYX X TOUKAX Ha pac-
crostHu# 10 M ApyT OT pyra yCTaHOBIICHBI ITbE30METPBI
u Tpyoxu [lurto (puc. 5): mepsas B 4,0 M oT epBoro
10 XOJy JIBUKEHHSI BOJIbI MECTHOTO THPABINYECKOTO
COTIPOTHBICHUS — (pIaHIa Ha TOBOPOTE TPYOOIIPOBOAA;
BTOpas B 4,0 M OT 3a/IBIKKH BOJIM3H HAKOMTUTEIHHOM
€MKOCTH (B MECTE U3JTBA BOJBI).

PE3YJIBbBTATHBI HCCJIEJOBAHUSA

Pe3ysbTarhl 3KCNIEPUMEHTAIbHBIX UCCIeI0BAHUI

ITo BIIEU3TIOKEHHOM METOAUKE NPOU3BCACHBI pac-
YCThI TNAPABIINYCCKUX XaPAKTCPUCTHUK IIOTOKA CTaJIbHOU

TpyOs!I ArameTpoM 100 MM C TOTUMEPHBIM ITOKPHITHEM,
KOTOpBIE TIPE/ICTaBICHBI B Ta0M. 1.

Kaxk BugHO U3 Tabn. 1, ¢ yBenuuenneM pacxoja
BOJIBI B TPYO€ yBEIMUIMBAIOTCS 3HAUCHUS BCEX TUAPAB-
JMYECKUX MapaMeTpoB, KpoMe koddUIneHTa ruIpas-
JIMYECKOTO TPEHHUsI. DTO CBA3aHO C TEM, UTO CYIIECTBYET
oOparHast 3aBUCUMOCTb MEXKITy KO (HUIIMEHTOM ruipaB-
JINYECKOTO TPEHUSI U uucioM PeiiHombaca, koTopoe 3a-
BHCHUT OT CKOPOCTH TOTOKA. 3aBUCUMOCTb MEXIY I10-
Tepel Halopa M pacxoZoM M3 Pa3INIHBIX MATEPHAIIOB
n300pakeHa Ha puc. 6.

CranpHas TpyOa ¢ MOTMMEPHBIM ITOKPHITHEM JIHa-
MetpoMm 100 MM (puc. 6) uMena HauMEHBITHE TOTEPH
Harmopa Mo CPaBHEHHIO C MOJIUITHICHOBOW TPyOOH.
Takke oTMe4eHO, UTO cTajbHas Tpyda AMAMETPOM
100 MM ¢ IIEMEHTHO-TIECIAaHBIM OKPBITHEM (BHYTPEHHHUH
nmuaMetp 90 MM) MMeTa camble OOJTBIITHE TOTEPH IO CPaB-
HEHUIO C IPYTUMH TUIIAMH TPYO 110 IPHIHHE MEHBILIETO
TUaMeTpa M, TAaKIM 00pa3oM, OOJBIINX TOTEePh HAIopa.

CpaBHeHHe pe3yJIbTaTOB IKCIIEPHMEHTA C Pe3yJIbTa-
TaMH, MOJY4YeHHBIMH C MOMOIIBI) HMHUTANMOHHOMN
moaean WaterCAD V8i

Jlia MoznenupoBaHUs THAPABIMUECKOTO pexXUMa
TpyOBI HcToNb30BasIach mporpamma WaterCAD V8i. Oto
JIaJI0 BO3MOXHOCTB MOJIEJIUPOBATh TEUEHHE BOJIBI B TPY-
0ax W3 pasJIMYHBIX MaTepuainoB. Ilorepu Hamopa
B CHCTEME PacCUMTHIBAINCH C MOMOIIBIO YPAaBHEHUS
Japcu — Beiicbaxa. Pe3yabrarhl SKCrIiepUMEHTa U IKC-
IUTyaTaluy IPOrpaMMBI Ul CTaJIbHOM TPyOBI qrame-
TpoM 100 MM ¢ TOTMMEPHBIM MOKPBITHEM TP pa3IHy-
HBIX pacxojax MpeiCTaBlIeHb! B Ta0l. 2.

W3 tabn. 2 cienyeT, 4To SKCIIepUMEHTaJIbHbIE U ITPO-
IpaMMHBIE 3HAYEHHs TIOTEPh HAIlOpa ¥ CKOPOCTEH IoToKa
OMM3KH. DTH pe3ybTaThl aHAJIOTHYHbI Pe3yJbTaTaM, IIpHy-
Be/IEHHBIM B pabore [ 1], Tie aBTopamMu paccMaTpHBaIOTCA
BOIIPOCHI B MEPUOJ IPOBEJECHUS IBYX IKCIIEPHMEHTOB,
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Taou. 1. PacueTsl ruipaBIMyecKUX XapaKTEPUCTHK ITOTOKA CTaIbHOU TpyOb!I quaMeTpoM 100 MM ¢ HOMHMEPHBIM OKPHITHEM

Table 1. Calculations of hydraulic flow characteristics of a 100 mm diameter polymer-coated steel pipe

C
[laBnenue Cpennuii mokaszarens | CpeqHsist CKOPOCTb —— i:;l;f;n?;:;:;e Koapdurment
nacoca H, M | pacxona Boxsl Q,,, M°/c V., M/c P Hapcu A
P P Haropa A, M Kopuomuca a, .
Pump pressure Average water Average speed Head loss Ah. m | Average coe fﬁcile):nt Darcy coefficient
H,m consumption Q,,,, m*/s V,.,m/s " verage coer Iy
value Coriolis o,
12 0,006444 0,8209 0,05 1,163 0,0125043
12 0,00644 0,8205 0,05 1,15 0,012658
12 0,0073 0,9302 0,075 1,268 0,013398
12 0,008233 1,0488 0,093 1,443 0,0114837
12 0,008304 1,058 0,1024 1,268 0,0141403
12 0,00868 1,106 0,118 1,402 0,01348
12 0,00862 1,098 0,116 1,357 0,013897
12 0,006698 0,853 0,0560 1,3026 0,0115806
12 0,00671 0,854 0,0565 1,343 0,0113059
12 0,006796 0,865 0,068 1,218 0,0146245
12 0,006801 0,866 0,059 1,2283 0,0125534
12 0,006873 0,8755 0,064 1,2184 0,0134316
12 0,006929 0,88275 0,05 1,245 0,010101
12 0,008707 1,109 0,1175 1,2432 0,015062
12 0,0087391 1,1132 0,115 1,52235 0,0119478
12 0,008733 1,11217 0,120 1,533 0,0124036
02 7560 64127
R*=10,9574
0,18 ;
’ ¥ = 2479x>03% -
R*=10,9551
0,16 ’
¥ = 961,39x"326
0.14 R*=10,9724
0,12
: ) #
= 0,1 A /f
ﬁ
0.08 #//
< 7
0,06 » -
¢
0,04 n
. -
0 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,01
O, Me/m’/s
@ CranbHas Tpy6a nuamerpoM 100 MM C OJIMMEPHBIM MTOKPBITHEM

100 mm diameter steel pipe with polymer coating

B TlommatmiieHoBas Tpy6a auamerpom 100 Mmm
Polyethylene pipe with a diameter of 100 mm

A

CranbHast Tpy6a nuamerpoM 100 MM C IIeMEHTHO-TIECYaHBIM HOKpPHITHEM (uameTp 90 Mm)

Steel pipe with a diameter of 100 mm with a cement-sand coating (diameter 90 mm)

Puc. 6. 3aBucuMocCTbh MeXx 1y NOTEpE Haropa U pacxoJoM JUlsl pa3IMYHbIX MaTepHUaIoB

Fig. 6. Relationship between head loss and flow for different materials
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[MApaBAMYECKUE UCCAEAOBAHUSI HAMOPHbIX TPYO M3 pa3AMyHbIX MaTepHUaroB

C. 1218-1230

Taou1. 2. Pe3yasraThl SKCIIEPUMEHTA U 3KCIUTyaTalluy IPOTPaMMBI JUIs CTalIbHOM TpyOs! AuamerpoM 100 MM ¢ OJTMMEPHBIM

MOKPBITHEM TIPU PA3ITHYHBIX PACX0Odax

Table 2. The results of the experiment and operation of the program for a 100 mm diameter steel pipe with a polymer coating

at various costs

[lorepu Hanopa IoTepwu Hamopa Ah CpenHsis CKopoCThb CxopocTb
Pacxonsl Boxsl O, MY/c | (sxcnepument) Ak, M WaterCAD V8i, M | (oxcniepument) ¥V, m/c | WaterCAD V8i V, m/c
Discharge water Q, m/s | Head loss (experiment) Head loss Ak Average velocity Velocity
Ah, m WaterCAD V8i, m experiment V,, m/s | WaterCAD V8i I, m/s
0,00644 0,05 0,0689 0,8205 0,82
0,006698 0,056 0,0741 0,853 0,8528
0,00671 0,0565 0,0743 0,854 0,8543
0,006929 0,06 0,0789 0,88275 0,8822
0,0073 0,075 0,0868 0,9302 0,9295
0,008233 0,093 0,1084 1,0488 1,0483
0,00862 0,116 0,1181 1,098 1,0975
0,008707 0,1175 0,1203 1,109 1,1086
0,008733 0,12 0,12 1,11217 1,1119
0,0087391 0,115 0,1211 1,1132 1,1127

a IMEHHO: SKCIIEPUMEHTA C HCIOJIb30BAHUEM PYYHOTO
MaHOMeTpa B J1abopaTopuu ¢ OOJBIIMM Pa3HOOOpa3H-
€M JIMaMETPOB U THIIOB BOJOMPOBOIHBIX TPYO (IaaKuX
U IIEPOXOBATHIX) U IKCIICPUMEHTAMH C IPUMECHCHUEM
I1O WaterCAD V&i. IIpu 5TOM nosy4eHHbIC 3HaUCHUS
CKOPOCTH U ITOTEPh HAropa arnmpoKCUMHUPYIOTCS, T.C.
HUMEIOT NPSIMYIO MOJIOKHUTEIBHYIO CBSI3b KaK CO CKOPO-
CTBIO, TAK U CO 3HAYCHUEM TTOTEPb HATIOPA, TIOTYUYCHHBIM
METOJIOM SKCIeprMeHTOB. OTpaHUueHHEM YKa3aHHOTO
BBIIIIC UCCIICIOBAHMUS SBISETCS TO, YTO AUAMETPBI HUC-
oJIb3yeMbIX TpyO Mauer (3,9; 7,5; 12,5; 17 u 18,5 mm).

CpaBHEHHE SKCIIEPUMEHTANIBHBIX PE3YJIBTaTOB C pe-
3yNIBTATAMH, TOTYYCHHBIMH C TOMOII[BI0 HMHTAIIHOHHO
mozein WaterCAD V8i jiist notephb Hanopa, rmpeicTas-
JIEHO Ha puc. 7.

W3 puc. 7 BUHO, 4TO OTEPH HATIOPA B IPOTrpamMMe
WaterCAD V8i ObUIN HECKOJIBKO BBIIIE, YEM MTPU IKC-
MEPUMEHTANBHBIX UCCIICIOBAHUAX, & TPU YBCIHUCHUH
pacxo/a pe3yabTaThl MPAKTHUCCKU HICHTHYHbL. 3aBHUCH-
MOCTb MEX/1y SKCIIEPHUMEHTaJIbHOW MOTepel Haropa
n umutannonHor moxenn WaterCAD V8i mokazana
Ha puc. 8.

Ciemyer OTMETUTD, YTO KOI(PPUIIEHT KOPPEISILIN
cocrasmi R =0,9869, uto YKa3bIBaEeT Ha BBICOKYIO CXO-
JIMMOCTh Pe3yNbTaToB. VI3MepeHHBIC 1 pPaCCUUTAHHbIC
K03(h(DHUIIHEHTHI TOTEPh HA TPCHHE TIPH PA3ITHYHBIX YKC-
nax PeitHonb/ica nmpeacTaBieHsl Ha puc. 9.

CornacHo puc. 9, pe3ynbrarsl pacuera uncia Peii-
HOJIBJICA COOTBETCTBYIOT TYpOYJICHTHOMY PEXXKUMY Teue-
HUsl Bozibl. He00X01MMO 3aMETUTh, YTO B POTpaMMe
3aj0keHo ypaBHeHHe KonbOpyka — Yaiira s pacuera
K03 GUIIMEHTA THAPABIMYECKOTO TPEHHMs, a B labopa-
TOPHBIX MCCIIEIOBAHMAX ISl pacueTa KodpPuireHra
THJIPaBIMYECKOTO TPEHHUs MCIIOJIb30BAHO yPaBHEHUE
Hapcu — Beiicoaxa u kospdunuent Kopuonuca. 3to
U SBISICTCS TIPUYUHONW PACXOXKICHHS B PE3yNbTaTax.

[IpencraBiaeHHbIe PEe3yNIbTAThl AHAIIOTUYHBI PE3YIIbTa-
TaM, OJYYCHHBIM B paboTe [2], B KOTOPOI aBTOPHI pac-
CMaTpHBAIOT BOTIPOCHI, CBSI3aHHBIE C T'H/PABINYECKUM
HKCIIEPUMEHTOM U ITOTEPSIMU Ha TPEHHE, TIIe KO PHIIHU-
€HTHI OIICHUBAJIMCH C MCIIOJIb30BAaHUEM IECTH Pa3IHy-
HbIX unceln PeitHonbaca. B utore paznuia Mexay uz-
MEpPEHHBIMH M PAacCYMTAHHBIMU KOdpunuenramu
TIOTEPh Ha TPEHHE CTAHOBSITCS 3HAYUMBIMH, KOT/1a YUCIIO
Peitnonbaca ymensinaercs menee ueM Ha 2000 nmst na-
MHHApHOTO ITOTOKa. B3auMOCBsI3b MeK 1y IKCIIEpUMEH-
TaIbHBIM K03 (QUIMEHTOM THAPABINYECKOTO TPEHHS
U uMUTAoOHHON Monenbio WaterCAD V8i npuBenena
Ha puc. 10.

3ameTHM, 4TO KodQHUIMEeHT KOoppensuuu R =
= 0,9057. D70 yKa3pIBaeT Ha BBICOKYIO CXOJUMOCTH
pe3ynbraroB. Pe3ynbTaThl SKCIIEpUMEHTa U paboThI
MIPOTPaMMBI JIJISl TIONIMATHIICHOBOW TPYObI IMaMEeTpOM
100 MM C MOJIMMEPHBIM MOKPBITUEM MPU PA3THUHBIX
pacxoiax MpuBeJIeHbI B Ta0M. 3.

W3 Tabn. 3 oueBHHO, YTO DKCIIEPUMEHTAILHBIC
U IpOorpaMMHbIE 3HAYCHHUS TOTEPh HAIOpa UMEIOT He-
3HAYUTENILHOE PACXOXK/ICHHUE, CBI3aHHOE C UCTIONbh30Ba-
HUEeM (OpMyYIT pa3InYHBIX aBTOPOB, a CKOPOCTH IOTO-
Ka — MOYTH OJMHAKOBbIe 3HaueHus. CpaBHEHHUE
9KCIIEPUMEHTAIILHBIX PE3yJbTaTOB C Pe3yIbTaTaMH,
MOJIy4EHHBIMH C TIOMOIIbI0O UMUTAIIMOHHON MOZAEIN
WaterCAD V8i anst norepu Hamopa, NpeacTaBiIeHO
Ha puc. 11.

W3 pucyHKa BUIHO, YTO NOTEPH HANOPA, MOTyUYCH-
ueie B nporpamme WaterCAD V8i, ObutH HECKOIBKO
BBIIIIE, YeM IPU IKCIEPUMEHTAIBHBIX UCCIICOBAHMSX.
3aBUCUMOCTBH MEX]ly IKCIIEPUMEHTAJIbHBIMH 3HAYE-
HUSIMU TIOTEPh HAlOpa U MMHUTAIMOHHOW MOJEIN
WaterCAD V8i noka3zana Ha puc. 12.

Kosddunment xoppensuun R = 0,9559. I10 yKa-
3bIBAET Ha BBICOKYIO CXOANMOCTh PE3YJIbTaTOB.

1223

ZZ0Z ‘6 dNSS| "L aWINJO/ . 9IN}08)IY2Jy PUB UOIJONJISUOD UO [Bulnor AJYJUOI « NSDINI MIUISIA
220z ‘6 #ofuiag "L WoL . (3UluQ) 0099-¥0E€Z NSSI (1uld) S€60-2661 NSSI » ADJIN ¥MHLO9g



J1.C. A6dynamup, B.A. Opnoe, H.T. [[)xymazynoea

0,14
y = 743, 7113406
R%=0,9999
%
o1 e ;E/ y = 63 424778
— R*=0,9916
g ,
- 0,08 = N
E E pd
S 006 = <
‘/
0,04
0,02
0
0,005 0,006 0,007 0,008 0,009 0,01

O, Mc/ms

@ AhdKcnepuMeHT
Ah experiment

B Ah nporpamm WaterCAD V8i
Ah of WaterCAD V8i programs

Puc. 7. CpaBHEHHE SKCIIEPUMEHTAIILHBIX PE3YIIBTATOB C PE3Y/IbTaTaMH, MTOJTy4EHHBIMU C MCTIONB30BAHUEM UMHUTAIIMOHHON
mozenu WaterCAD V8i st moreps Harmopa

Fig. 7. Comparison of experimental results with results obtained using the WaterCAD V8i head loss simulator
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Fig. 8. Relationship between experimental head loss values and WaterCAD V8i simulation model
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Fig. 10. Relationship between Experimental Hydraulic Friction Coefficient and WaterCad V8i Simulation Model
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Tabu. 3. Pe3ynbrarsl 9KCIIEpUMEHTa 1 pabOThI TPOTrPAMMBI IS TOJIMATUIICHOBOH TPyOs! tuamerpoM 100 MM C OITUMEPHBIM
MIOKPBITHEM IIPH PA3IMYHBIX PACXOAAX

Table 3. The results of the experiment and the work of the program for a polyethylene pipe with a diameter of 100 mm with
a polymer coating at various costs

[orepu Hanopa Ah Ilorepu Hanopa Ah CpenHsist CKOpoCTh CxopocTh
Pacxop! Bozsr O, M/c (3KCTIEPUMEHT), M WaterCAD V8i, M | (3KCIIEpUMEHT) Veps m/c | WaterCAD V8i V, m/c
Discharge water O, m*/s Head loss A& Head loss Al Average velocity Velocity
(experiment), m WaterCAD V8i, m (experiment) V,, m/s | WaterCAD V8i V, m/s
0,001477 0,004 0,0047 0,18825 0,18806
0,0023305 0,011 0,0205 0,296878 0,2968
0,0036938 0,025 0,0507 0,470547 0,47031
0,003865 0,036 0,0556 0,49236 0,49211
0,0040884 0,044 0,0621 0,520815 0,52055
0,005426 0,065 0,1086 0,69122 0,69086
0,005646 0,083 0,1174 0,719337 0,71887
0,0066738 0,085 0,1637 0,8501656 0,84973
0,0067506 0,087 0,1674 0,859949 0,85951
0,0084201 0,179 0,2598 1,07264 1,07208
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Fig. 11. Comparison of experimental results with results obtained using the WaterCAD V8i head loss simulator

1226



[MApaBAMYECKUE UCCAEAOBAHUSI HAMOPHbIX TPYO M3 pa3AMyHbIX MaTepHUaroB

C. 1218-1230

03

025

0,2
=
>
a
<

2 0,15
8
<
=
~
<

0,1

0,05

0 0,05

v =[1,5017x +/0,0081
R>=10,9559

0,1 0,15 0,2

Ah skcniepument / A/ experiment

Puc. 12. 3aBHCHMOCTb MKy IKCIIEPUMEHTAIBHOM MoTepeil Haropa 1 UMUTaoHHO# Mozenn WaterCAD V8i

Fig. 12. Relationship between Experimental Head Loss and WaterCAD V8i Simulation Model

3AKJIIOYEHHUE U OBCYXIAEHHUE

[TpoBeneHO aHAINTHYECKOE CPABHEHHUE PE3YJib-
TaTOB Ja0OPATOPHBIX THAPABIMYCCKUX HCCICIOBAHMIA
C pe3yJIbTaTaMHt, TOJYYCHHBIMU C MTOMOIIBI0 UMHUTA-
uuonHoi momenu WaterCAD V8i s Tpy6 u3 pa3nmd-
HBIX MaTepPHAIIOB.

PesynpraThl CpaBHCHHS 3KCICPUMCHTAIBHBIX
HCCIICIOBAaHHU THIPABIHYCCKUX TAPAMETPOB IS CPE/I-
HUX CKOPOCTEH MOTOKA M MOJIYYESHHBIX C TOMOIIIBIO HMH-
tanmuoHHoW Momenu WaterCAD V8i mpaktudyecku
UJECHTUYHEI.

3ravenust ko3 uImenTa ruapaBInIeCKOro TPEHUS
JUISL BCEX TPEX HCCIIeYeMbIX THUIIOB TPYO, OITyuYeHHBIC
C MIOMOIIBKO I/IMI/ITaLII/IOHHOI\/’I MOJCIIN, OKa3aJIMCh BBIIIC,
YeM SKCHEepPHUMEHTAIbHBIC 3HAYEHHS U3-3a UCIIOIb30Ba-
HUs B pacyeTax (pOpMyJ pa3HbIX aBTOPOB; IPH ITOM
KOPPEISIMOHHAsT KPUBAsl YKa3bIBACT HA XOPOIIYIO CXO-
JAUMOCTD IMOJTYYCHHBIX 3HAYCHUH.

Pesynbrarhl mpoBeieHHON PadOTHI ITO COTIOCTaBIIE-
HUIO OKCIICPUMCHTAJIbHBIX TaHHBIX C PaCY€THBIMU, ITOJTY-
yeHHBIMHU 110 Tiporpamme WaterCAD V8i, mo3Bomnstor
cJienaTh BBIBOJ] O BO3MOYKHOCTH IIMPOKOTO HCIIOIb30Ba-
HUSI €€ Ha TPAKTHUKE JUIS OTIPEAEIICHHS TH/IPABINIECKIX
Trokazaresnei TpyOoIrpoBoJIOB.

CIIMCOK HCTOYHHUKOB

1. Igbal M.T. Determining energy loss due to
roughness of pipe walls in piping systems with
WATERCAD V38i // Civil Engineering Journal. 2015.
Issue 1. Pp. 32-39.

2. KimaJ.H., Kwona S.H., Yoonb K.S., Leeb D.H.,
Chunga G. Hydraulic experiment for friction loss
coefficient in non-circular pipe // Procedia Engine-
ering. 2016. Vol. 154. Pp. 773—778. DOI: 10.1016/j.
proeng.2016.07.582

3. Rezagama A., Handayani D.S., Zaman B., Pu-
tra R.R.S. Design optimization of water distribution
suburban area in Mranggen, Semarang, Indonesia // IOP

Conference Series: Earth and Environmental Science.
2020. Vol. 448. Issue 1. P. 012066. DOI: 10.1088/1755-
1315/448/1/012066

4. Agunwamba J.C., Ekwule O.R., Nnaji C.C.
Performance evaluation of a municipal water distribu-
tion system using WaterCAD and EPANET // Journal
of Water, Sanitation and Hygiene for Development.
2018. Vol. 8. Issue 3. Pp. 459—467. DOI: 10.2166/wash-
dev.2018.262

5. Bhaskar S.P., Dr. More Ashok B., Rout A.K.,
Rajendra G.M. Feasibility analysis of water distribution
system for Yavatmal City using WaterGems Software //

1227

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO |eulnor AJYJUOA « NSDIN MIUISOA
220z ‘6 #ofuiag "L WoL . (3UluQ) 0099-¥0E€Z NSSI (1uld) S€60-2661 NSSI » ADJIN ¥MHLO9g



BectHuk MI'CY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

J1.C. A6dynamup, B.A. Opnoe, H.T. )xymazynoea

International Journal of Innovative Research in Science,
Engineering and Technology. 2017. Vol. 6. Issue 7.
DOI: 10.15680/1JIRSET.2017.0607132

6. Achour B., Amara L. New formulation of
the Darcy-Weisbach friction factor // Larhyss Journal.
2020. Vol. 43. Pp. 13-22.

7. Jamil R., Mujeebu M.A. Empirical relation be-
tween Hazen-Williams and Darcy-Weisbach equations
for cold and hot water flow in plastic pipes // Water. 2019.
Vol. 10. Pp. 104-114. DOI: 10.14294/WATER.2019.1

8. KuokK.K., Chiu P.C., Chee D., Ting M. Evalua-
tion of “C” values to head loss and water pressure due to
pipe aging: Case study of Uni-Central Sarawak // Journal
of Water Resource and Protection. 2020. Vol. 12. Issue 12.
Pp. 1077-1088. DOI: 10.4236/jwarp.2020.1212064

9. Niazkar M., Afzali S. Analysis of water distribu-
tion networks using MATLAB and Excel spreadsheet:
h-based methods // Computer Applications in Engine-
ering Education. 2017. Vol. 25. Issue 1. Pp. 129-141.
DOI: 10.1002/cae.21786

10. Coban M.T. Error analysis of non-iterative fric-
tion factor formulas relative to Colebrook-white equation
for the calculation of pressure drop in pipes // Journal of
Naval Sciences and Engineering. 2012. Vol. 8. Issue 1.
Pp. 1-13.

11. Arunjyoti S., Senapati S.C., Sirisha A.
A mathematical model for the selection of an economical
pipe size in pressurized irrigation systems // African
Journal of Agricultural Research. 2016. Vol. 11. Issue 8.
Pp. 683-692. DOI: 10.5897/AJAR2015.10648

12. Cafaro V.G., Cafaro D.C., Cerda J. Improving
the mathematical formulation for the detailed scheduling
of refined products pipelines by accounting for flow rate
dependent pumping costs // Iberoamerican Journal of
Industrial Engineering. 2013. Vol. 5. Issue 10. Pp. 115—
128. DOI: 10.13084/2175-8018.v05n10a09

13. Hashemi S., Filion Y., Speight V., Long A.
Effect of pipe size and location on water-main head loss
in water distribution systems // Journal of Water
Resources Planning and Management. 2020. Vol. 146.
Issue 6. DOI: 10.1061/(ASCE)WR.1943-5452.0001222

14. Cabrera E., Gomez E., Cabrera Jr.E.,
Soriano J. Calculating the economic level of friction in
pressurized water systems // Water. 2018. Vol. 10.
Issue 6. Pp. 763. DOI: 10.3390/w10060763

15. Berhane T.G., Aregaw T.T. Optimization
of water distribution system using watergems: The case
of Wukro Town, Ethiopia // Civil and Environmen-
tal Research. 2020. Vol. 12. Issue 6. DOI: 10.7176/
CER/12-6-01

Iocmynuna 6 pedaxyuro 28 urons 2022 e.
IIpunsma 6 dopabomannom euoe 17 aseycma 2022 e.
Ooobpena onsa nyoruxayuu 30 aseycma 2022 e.

16. Michalos C. Consequences of under-estimating
friction losses in wastewater forcemains // Pipelines
2020. 2020. DOI: 10.1061/9780784483213.002

17. Mahar P.S., Singh R.P. Optimal design of
pumping mains considering pump characteristics //
Journal of Pipeline Systems Engineering and Practice.
2014. Vol. 5. Issue 1. DOI: 10.1061/(asce)ps.1949-
1204.0000157

18. Asim T., Mishra R., Kollar L.E., Pradhan S.R.
Optimal sizing and life-cycle cost modelling of pipelines
transporting multi-sized solid—liquid mixtures // Inter-
national Journal of Pressure Vessels and Piping. 2014.
Vol. 113. Pp. 40-48. DOI: 10.1016/j.ijpvp.2013.11.003

19. Martin-Candilejo A., Santillan D., Iglesias A.,
Garrote L. Optimization of the design of water distribution
systems for variable pumping flow rates // Water. 2020.
Vol. 12. Issue 2. P. 359. DOI: 10.3390/w12020359

20. A6oynamup JI.C., Jorcymazynosa H.T. Texauxo-
9KOHOMHUYECKOE 000CHOBaHKE BEIOOPA MApaMETPOB TPYO
Y CHCTEMBI TPAHCHIOPTHPOBKU CTOYHBIX BOJI JUIsl OPOILIe-
HUsI HA IPUMEpEe aIMHHUCTpAaTHBHOTO ropoza Kepbena
(Upax) // Bectauk MxenepHoi mikodbl JlanpHeBocToY-
Horo (enepanbHOro yuusepcurera. 2021. Ne 4(49).
C. 81-89. DOI: 10.24866/2227-6858/2021-4/81-89

21. Abdulameer L.S., Dzhumagulova N.,
Algretawee H., Zhuravleva L., Alshammari M.H.
Comparison between Hazen-Williams and Darcy-
Weisbach equations to calculate head loss through
conveyancing treated wastewater in Kerbala city, Iraq //
Eastern-European Journal of Enterprise Technologies.
2022.Vol. 1.Issue 1 (115). Pp.36-43.DOI: 10.15587/1729-
4061.2022.251385

22. Micheal A.M. Irrigation theory and practice.
New Delhi, Vikas Publishers, 1998. Pp. 279-282.

23. Bello A.D., Alayande W.A., Otun J., Ismail A.,
Lawan U.F. Optimization of the designed water
distribution system using MATLAB // International
Journal of Hydraulic Engineering. 2015. Vol. 4. Issue 2.
Pp. 37-44. DOI: 10.5923/j.ijhe.20150402.03

24. 3yiikos A.JI. I'unpasinuka : B 2 1. T. 2. Hamop-
HBIC M OTKPBITHIC OTOKHU. [ HIpaBIiKa COOPYKESHUH :
yuaebnuk. M. : MI'CY, 2015.

25. I'ypunosuu A./[., boiiyog B.I". Merononoruye-
CKHE TIOAXO/IbI aHAJIN3a COCTOSHUS M NIEPCIICKTUB pas3-
BUTHUS CHCTEM BOJOCHA0KEHHUS TOPOIOB C UCIIOIB30Ba-
HUEeM HHPOPMAIOHHBIX TeXHONorHi // BecTHuk bpecT-
CKOT'0 F'OCYIapCTBEHHOT'0 TEXHHYECKOTO YHUBEPCHUTETA.
Boioxo3siicTBeHHOE CTPOUTENBCTBO, TEIIIOIHEPTeTHKA
u reoskostorus. 2018. Ne 2 (110). C. 100-104.

Osp aBTOPAX: Jleiic Caug AGayraMup — acnupaHT KadeIpbl THIPABINKY U rHApoTeXHUKH; HanmonansHbIi

uccjenoBarenbckuii MockoBcKHii rocylapcTBeHHbI cTpouTenbHblii yHuBepeuter (HUY MI'CY); 129337,

1228



[MApaBAMYECKUE UCCAEAOBAHUSI HAMOPHbIX TPYO M3 pa3AMyHbIX MaTepHUaroB

C. 1218-1230

r. Mockaa, SIpociaBckoe mocce, 1. 26; npenoaasaress kapeapsl HeTsHOI nmkeHepun; YHuBepcuteT Kepoesr;
r. Kepbena, Upak; PUHII ID: 1063894; laith eng2009@yahoo.com;
Baapumup AnekcanapoBud OpJioB — JOKTOp TEXHHYECKHX HaykK, npodeccop kadeapsl BOZoCHAOKEHMUS

u BontooTBeeHNs; HanmoHaabHbIH Hccie1oBaTe 1Kl MoCKOBCKHI rocy1apcTBeHHbIN CTPOUTE/ILHBINH YHUBEP-
cuter (HY MI'CY); 129337, . Mockaa, SIpocnasckoe mocce, 1. 26; PUHLL ID: 507689; OrlovVA@mgsu.ru;

Ha3zupa TentumuumoBHa /[xKymaryjioBa — JOKTOp TEXHHYECKUX HayK, JOIECHT KadeIpbl THAPABIUKH U THAPO-
TexHuky; HanmoHanbHbIi ucciaegoBaTebcKHii MOCKOBCKHI roCy1apCTBeHHbIH CTPOUTENbHbIN YHHBEPCHTET
(HIY MI'CY); 129337, . Mockaa, SIpociaBckoe mocce, 1. 26; dnazira@rambler.ru.

Brrao asmopos: éce asmopul coenanu K6UBAIEHMHbIL BKAAO 8 NOO2OMOBKY NYONUKAYUU.

Asmopul 3as61510m 06 OMCYMCcmMeuU KOHGIUKMA UHMepecos.

REFERENCES

1. Igbal M.T. Determining energy loss due to rough-
ness of pipe walls in piping systems with WATERCAD
V8i. Civil Engineering Journal. 2015; 1:32-39.

2. KimaJ.H.,Kwona S.H., YoonbK.S., Leeb D.H.,
Chunga G. Hydraulic experiment for friction loss coef-
ficient in non-circular pipe. Procedia Engineering. 2016;
154:773-778. DOI: 10.1016/j.proeng.2016.07.582

3. Rezagama A., Handayani D.S., Zaman B.,
PutraR.R.S. Design optimization of water distribution sub-
urban area in Mranggen, Semarang, Indonesia. /OP Con-
ference Series: Earth and Environmental Science. 2020;
448(1):012066. DOI: 10.1088/1755-1315/448/1/012066

4. Agunwamba J.C., Ekwule O.R., Nnaji C.C.
Performance evaluation of a municipal water distribu-
tion system using WaterCAD and EPANET. Journal of
Water, Sanitation and Hygiene for Development. 2018;
8(3):459-467. DOI: 10.2166/washdev.2018.262

5. Bhaskar S.P., Dr. More Ashok B., Rout A.K.,
Rajendra G.M. Feasibility analysis of water distribution
system for Yavatmal City using WaterGems software.
International Journal of Innovative Research in Science,
Engineering and Technology.2017;6(7). DOI: 10.15680/
IJIRSET.2017.0607132

6. Achour B., Amara L. New formulation of
the Darcy-Weisbach friction factor. Larhyss Journal.
2020; 43:13-22.

7. Jamil R., Mujeebu M.A. Empirical relation be-
tween Hazen-Williams and Darcy-Weisbach equations
for cold and hot water flow in plastic pipes. Water. 2019;
10:104-114. DOI: 10.14294/WATER.2019.1

8. Kuok K.K., ChiuP.C., Chee D., Ting M. Evalua-
tion of “C” values to head loss and water pressure due to
pipe aging: Case study of Uni-Central Sarawak. Journal
of Water Resource and Protection. 2020; 12(12):1077-
1088. DOI: 10.4236/jwarp.2020.1212064

9. Niazkar M., Afzali S. Analysis of water distribu-
tion networks using MATLAB and Excel spreadsheet:
h-based methods. Computer Applications in Engine-
ering Education. 2017; 25(1):129-141. DOI: 10.1002/
cae.21786

10. Coban M.T. Error analysis of non-iterative fric-
tion factor formulas relative to Colebrook-White equa-

tion for the calculation of pressure drop in pipes. Journal
of Naval Sciences and Engineering. 2012; 8(1):1-13.

11. Arunjyoti S., Senapati S.C., Sirisha A. A mathe-
matical model for the selection of an economical pipe size
in pressurized irrigation systems. African Journal of Ag-
ricultural Research. 2016; 11(8):683-692. DOI: 10.5897/
AJAR2015.10648

12. Cafaro V.G., Cafaro D.C., Cerda J. Improving
the mathematical formulation for the detailed schedu-
ling of refined products pipelines by accounting for flow
rate dependent pumping costs. Iberoamerican Jour-
nal of Industrial Engineering. 2013; 5(10):115-128.
DOI: 10.13084/2175-8018.v05n10a09

13. Hashemi S., Filion Y., Speight V., Long A. Ef-
fect of pipe size and location on water-main head loss in
water distribution systems. Journal of Water Resources
Planning and Management. 2020; 146(6). DOI: 10.1061/
(ASCE)WR.1943-5452.0001222

14. CabreraE., Gomez E., Cabrera Jr.E., Soriano J.
Calculating the economic level of friction in pressurized
water systems. Water. 2018; 10(6):763. DOI: 10.3390/
w10060763

15. Berhane T.G., Aregaw T.T. Optimization of
water distribution system using WaterGEMS: The Case
of Wukro Town, Ethiopia. Civil and Environmental Re-
search. 2020; 12(6). DOI: 10.7176/CER/12-6-01

16. Michalos C. Consequences of under-estimating
friction losses in wastewater forcemains. Pipelines 2020.
2020. DOI: 10.1061/9780784483213.002

17. Mahar P.S., Singh R.P. Optimal design of
pumping mains considering pump characteristics. Jour-
nal of Pipeline Systems Engineering and Practice.2014;
5(1). DOI: 10.1061/(asce)ps.1949-1204.0000157

18. Asim T., Mishra R., Kollar L.E., Pradhan S.R.
Optimal sizing and life-cycle cost modelling of pipelines
transporting multi-sized solid—liquid mixtures. /nterna-
tional Journal of Pressure Vessels and Piping. 2014;
113:40-48. DOI: 10.1016/j.ijpvp.2013.11.003

19. Martin-Candilejo A., Santillan D., Iglesias A.,
Garrote L. Optimization of the design of water distri-
bution systems for variable pumping flow rates. Water.
2020; 12(2):359. DOI: 10.3390/w12020359

1229

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO |eulnor AJYJUOA « NSDIN MIUISOA
ZZ0zZ ‘6 »oAuag "L woL . (8UluQ) 0099-¥0£Z NSSI (1uld) GE60-2661 NSSI « ADJIN d¥MHLODg



BecTtHuk MICY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022
Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

J1.C. A6dynamup, B.A. Opnoe, H.T. )xymazynoea

20. Abdulameer L.S., Dzhumagulova N. Feasibi-
lity study of the choice of pipe parameters and waste-
water transportation system for irrigation on the exam-
ple of the administrative district of Kerbala (Iraq).
FEFU: School of Engineering Bulletin. 2021; 49:81-89.
DOI: 10.24866/2227-6858/2021-4/81-89 (rus.).

21. Abdulameer L.S., Dzhumagulova N., Algre-
tawee H., Zhuravleva L., Alshammari M.H. Comparison
between Hazen-Williams and Darcy-Weisbach equations
to calculate head loss through conveyancing treated
wastewater in Kerbala city, Iraq. Eastern-European Jour-
nal of Enterprise Technologies. 2022; 1(1):(115):36-43.
DOI: 10.15587/1729-4061.2022.251385

22. Micheal A.M. Irrigation Theory and Practice.
New Delhi, Vikas Publishers, 1998; 279-282.

Received July 28, 2022.
Adopted in revised form on August 17, 2022.
Approved for publication on August 30, 2022.

23. Bello A.D., Alayande W.A., Otun J., Is-
mail A., Lawan U.F. Optimization of the designed wa-
ter distribution system using MATLAB. International
Journal of Hydraulic Engineering. 2015; 4(2):37-44.
DOI: 10.5923/j.ijhe.20150402.03

24. Zuykov A.L. Hydraulics : in 2 volumes. Vol. 2.
Pressure and open flows. Hydraulics of structures : text-
book. Moscow, MGSU, 2015. (rus.).

25. Gurinovich A.D., Boytsov V.G. Methodologi-
cal approaches to the analysis of the state and prospects
for the development of water supply systems for cities
using information technology. Bulletin of the Brest State
Technical University. Water Management Construction,
Thermal Power Engineering and Geoecology. 2018,;
2(110):100-104. (rus.).

BioNnoTEs: Layth Saeed Abdulameer — postgraduate student oh the Department of Hydraulics and Hydraulic
Engineering; Moscow State University of Civil Engineering (National Research University) (MGSU); 26 Yaroslavskoe
shosse, Moscow, 129337, Russian Federation; Lecturer of the Department of Petroleum Engineering; University of
Kerbala; Kerbala, Iraq; ID RISC: 1063894; laith_eng2009@yahoo.com;

Vladimir A. Orlov— Doctor of Technical Sciences, Professor of the Department of Water Supply and Sanitation;
Moscow State University of Civil Engineering (National Research University) (MGSU); 26 Yaroslavskoe shosse,
Moscow, 129337, Russian Federation; ID RISC: 507689; OrlovVA@mgsu.ru;

Nazira T. Dzhumagulova — Doctor of Technical Sciences, Associate Professor of the Department of Hydraulics
and Hydraulic Engineering; Moscow State University of Civil Engineering (National Research University) (MGSU);
26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; dnazira@rambler.ru.

Contribution of the authors: all authors made an equivalent contribution to the preparation of the publication.

The authors declare no conflicts of interest.

1230



AAropuTMbI @BTOMaTM3aLumm pacyera xapakTepuCcTUK BOAHbIX 06BbEKTOB

Ha nprmMepe Boaro-AXTyOMHCKOM noMbI C. 1231-1239

HAYYHAS CTATBSI / REASERCH PAPER
VIIK 627.81
DOI: 10.22227/1997-0935.2022.9.1231-1239

AJITOPUTMBI ABTOMATH3AI[MU PACYETA XaPaKTEePUCTHK BOIHBIX
00beKTOB Ha npuMepe Bouiro-AXxryOMHCKONH MOMMBI

Cepreii EBcrapnesny Beanapyk!, Anuna Banepresna MacTpiokosa’,

Butanuii Buktoposnu Yykanos’
! Poccutickuii 2ocyoapemeennwiii acpapnuiii ynusepcumem — MCXA umenu K.A. Tumupsszesa
(PIAY — MCXA umenu K.A. Tumupszesa), e. Mockea, Poccus,
2 Huemumym 600nvix npotnem Poccutickoii akademuu nayk (MBIT PAH); 2. Mockea, Poccust

AHHOTALUMUA

BBepeHue. BaxHeniwen n Hanbonee CnoxHom n3 3agad, peluaemMbix npu ynpasneHunn Bomkcko-Kamckum kackagom, SBns-
€TCS OpraHn3aLust 1 BbINOIHEHME CneLunanbHOro BECEHHEro nonycka, OCyLLeCTBSEMOro eXeroqHo B MHTepecax CenbCcKoro
1 pblbHOrO X03ancTBa HwkHen Bonru. Micnonb3oBaHne MaTteMaTMyecknx Mogenen ansi pacydeTa ABWKeHUs BoAbl no Bonro-
AXTYOGUHCKOW NoriMe NO3BOMNSAET NOBbICUTL 3PHEKTUBHOCTL peLLeHns ykadaHHoW 3agayn. OgHako peanbHO PYHKLUOHMPY-
olMe B HacTosLee BpeMs matemaTnyeckme rugpoamHaMmmyeckne mogenu HmkHen Bonrn He obnapatoT Heobxogmmon
TOYHOCTbIO 1 BbICTpOAENiCTBUEM. B kayecTBe pelleHnst faHHON Mpobnembl HaMeYeHO CO3AaHne anropuTMa MOAENMPOBaHNS
ABWXEHNS BOAHbBIX Macc, COYETaOLLEro NCnornb30BaHMe HOMOrpaMM AVHaMM4Yecknx o6bemMoB 1 TaHkoBOW mogenu. Ha nep-
BOM 3Tare A0SMKHbl ObITb MOMyYeHbl XapakTepUCTUKN BOAOEMOB 1 BOAOTOKOB, 06pasyroLLux BogHYH cuctemy HipkHen Bonru.
MaTepuansbi u meToabl. Matepnanamu Ans BbINOMHEHNA paboT cnyxunu pactposas Luudposas Moaens penseda ¢ nna-
HOBbIM paspelueHrem 30 M, Nony4yeHHas No AaHHbIM AUCTAHLUMOHHOTO 30HANPOBaHNSA 3eMnun. ANropuTtMbl onpeaenexHns
MONOXEHWUS U FPaHULL, BOAHBIX 0ObEKTOB U pacyeTa NX XapakTepyCTVK peannaoBaHbl Ha A3blke MporpammmnpoBaHns ®opTpaH.
Pesynbrathbl. [TpuBeaeHo onmcaHne anropyTtMOB CriaXnBaHus LMdpoBov MOAENU penbeda, Noncka nokanbHbIX MUHUMY-
MOB 1 OnpefeneHns rpaHnL, NOVMeHHbIX eMKOCTEN, pa3paboTaHHbIX C Lenbio NOAroTOBKN MHAOPMALIMOHHBIX CTPYKTYP,
npeaHa3HavYeHHbIX ANA UCMONb30BaHUA B CO34aBaeMON MatemMaTu4eckon MoAenu BOAHON CUCTEMbI C Pa3BUTON CETbIo
NOVMEHHbIX BOLOTOKOB 1 BOOOEMOB Ha npumMepe Bonro-AxTy6uHckon noviMbl. [NokasaHbl pesynsraTtbl UCTbITaHUst pa3pabo-
TaHHbIX anropuTMOB.

BbiBoAbl. Pesynsrathl paboTbl anroputMoB MoVCcKa FToKarnbHbIX MUHUMYMOB Ha LindpoBor Mogenu penseda v onpeaenenns
MONOXEHNS U FPaHuL, MONMEHHbIX EMKOCTEN MO3BONAT NEPenTN K Crieayowmum atanam paboTbl: pacqeTy xapaKTepucTmk
BOAHbIX OOBbEKTOB, NOCTPOEHNIO rpadha MoAenu, paspaboTke CUCTEMbI XPaHEHNS AaHHbIX.

KNIOYEBbIE CITOBA: Bomxcko-Kamckuin kacka, Bonro-AxTy6uHckas noiMa, cneumarnbHbli BECEHHUIA MonycK, Lnudpo-
Basi Mogenb penbeda, AUCTaHLMOHHOE 30HAMPOBaHNe 3eMnu, HOMOrpamMMbl AMHAMUYECKNX 0ObeMOB, TaHKOBasi MOAENb
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Automation algorithms for water bodies characteristics calculation
on the example of the Volga-Akhtuba floodplain
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! Russian State Agrarian University — Moscow Timiryazev Agricultural Academy
(RSAU — MTAA named after K.A. Timiryazev); Moscow, Russian Federation,
2 Water Problems Institute of the Russian Academy of Sciences (WPI RAS); Moscow, Russian Federation

ABSTRACT

Introduction. Organization and implementation of a special spring release, carried out annually in the interests
of the agriculture and fisheries of the Lower Volga, is the most important and complex problem of the Volga-Kama cascade
management. The way to increase the efficiency of solving this problem is to use of mathematical models for calculating
the movement of water along the Volga-Akhtuba floodplain. However, the currently functioning mathematical hydrodynamic
models of the Lower Volga do not provide enough accuracy and speed. It is planned to create an algorithm for modeling
the movement of water masses, combining the use of nomograms of dynamic volumes and a tank model. The characteristics
of water bodies and streams that form the water system of the Lower Volga should be obtained at the first stage.
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Materials and methods. The materials for the work were a raster digital elevation model with 30 m resolution, obtained
from Earth remote sensing data. Algorithms for determining the position and boundaries of water bodies and calculating their
characteristics are implemented in the Fortran programming language.

Results. The description of algorithms of smoothing the digital elevation model, searching for local minima, and determining
the boundaries of floodplain reservoirs developed to prepare information structures using in the created mathematical model
of a water system with a developed network of floodplain streams and lakes is given on the example of the Volga-Akhtuba
floodplain. The results of testing the developed algorithms are shown.

Conclusions. The results of the algorithms for searching for local minima on the digital elevation model and determining
the position and boundaries of floodplain reservoirs make it possible to calculate the characteristics of water bodies, building
a model graph, and developing a data storage system at the next stages of work.

KEYWORDS: Volga-Kama cascade, Volga-Akhutba floodplain, special spring water release, digital elevation model, Earth
remote sensing data, nomograms of dynamic volumes, tank model
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BBEJAEHUE

C 2018 r. UuctutyT BomHbIX pobiiem Poccuiickoit
axagemunu Hayk (MBII PAH) mo 3aka3y ®@enepansHOTO
areHTCTBA BOJHBIX PECYpPCOB MIPOBOIUT pabOTHI ITO pac-
YEeTHOMY 00OCHOBAHHUIO PEKUMOB pabOTHI BCEX BOJIO-
xpanunuil Bomxkcko-Kamckoro xkackana. B cocrase
yKa3aHHBIX pa0OT BakKHEHIIel 1 HauboIee CI0KHOM
13 pelIaeMbIX 3aJ1au ABJSAETCS OPraHU3alUs U BBIIOJ-
HEHHE CIEIMaIbHOTO BECEHHETO IOITyCKa Yepe3 3aMbl-
Karolui kackax Bonrorpaackoro ruipoysina, oCcyecT-
BIISIEMOTO €KETOJHO B MHTEPECax CEILCKOT0 U PhIOHOTO
xo3siicTBa HuwkHeit Bonru. PaspadareiBaembriil miis
9TOTO rpadMK CIEHUAIBLHOTO OITyCKa B KAUECTBE [EPBO-
OYEepPETHOHN LEIH AOJKEH 00eCeunTh ONTHMAIIbHBIC
B CKJIQJbIBAIOLIUXCS KOHKPETHBIX IS KaXJ0ro rojaa
THIPOJIOTHYECKUX 1 BOJIOX03HCTBEHHBIX YCIOBHUIX Ha-
MOJIHEHHE MMOWMEHHBIX BOJOEMOB U PEXKUM YPOBHEH

BOJIBI B OCHOBHBIX BOJOTOKaxX Bomiro-AXTyOHHCKO# MOii-
MBI 1 B niensTe Bonru [1, 2]. D¢ dexTuBHOE penienne
MOZOOHBIX 33J1a4 HEBO3MOXKHO 0€3 MCIOJIb30BaHHs Ma-
TeMaTHIeCKUX Moneneit [3—6].

PeanpHO QyHKIIMOHHUPYIOITIEC B HACTOAIIECE BPEMS
MaTeMaTHYeCcKre TuapoIuHaMuyeckue Mmoaenu Hinkueit
Bonru ocHoBrIBaroTCs 1100 HA MPUHILUIIE «YEPHOTO
sukay [7-9], 6o Ha pemIeHN N CUCTEMbI YpaBHEHHH
Cen-Benana B omHoMepHo# nocranoBke [ 10, 11]. Takue
MOJIeNT! 00ECIIeYHBAIOT TOJILKO pacyeT ypOBHEW BOJbI
110 oCHOBHOMY pycity Hukue#t Bonru u He yuuThIBatoT
B ITOJTHOW Mepe aKKYMYJISIIHIO U IOTEPH CTOKA B MHOTO-
YHUCJICHHBIX TOUMEHHBIX 03epax U epuKax, He MO3BOJIs-
IOT OTIEpaTHBHO KOHTPOJIUPOBATh UX BOJHBINA PEIKUM H,
COOTBETCTBEHHO, OTIEPATHBHO KOPPEKTHPOBATH PEKIM
OCYIIECTBIICHHUS CHeIonycka. [Ipu saTom gaxke ecin
MaKCHMaJbHbIe YPOBHU BOBI 10 OCHOBHBIM CTBOPAM
Ha TIIaBHOM pyciie Bonru paccauThIBaioTCs € yIOBICT-
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Puc. 1. Yposuu Bozis! B p. Bonre y ¢. EnoTaeBka dakruyeckue (1) n paccunrannsle B nporpaMmmaoM komiutekce HEC-RAS (2)

Fig. 1. Water levels of Volga River at gauge station Enotaevka: actual (1) and calculated in HEC-RAS (2)
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BOPUTEJIBHON TOYHOCTBIO, TO PACUETHBIN X0 YPOBHEM
BOJIBI Ha MTOJJbEME M OCOOCHHO Ha CITa/ie BECCHHETO I10-
IyCKa 3aMETHO OTJIMYAETCsI OT (JaKTHUECKOTO X0/1a YPOB-
Hel BofwI (puc. 1).

Peunth npobiieMy Ooliee TOYHOTO ydeTa MpoHc-
xomsaumx Ha Huknelt Bonre ruapaBinueckux nporuec-
COB MOIJIH OBl JIByMEPHBIE MM TPEXMEPHbIC I'HIPO/IH-
HaMHUYeCKHUe MOJIENH, Takue Kak, Hampumep, STREAM
2D CUDA [12, 13]. OqHako UX UCTIOIB30BAHKE B PEIKHU-
Me OIIEPAaTHBHOTO YIPABICHUS CIICIIIONYCKOM OTpaHH-
YEeHO CYIIECTBEHHBIMHU 3aTpaTaMM BPEMEHH Ha BBIYHUC-
neHusi. YToObl BBIOJHUTH pacydeT JJsi TaKoro
MacuTabHOro 00beKTa Kak Bosro-AxTyOuHckas noiima
Ha COBPEMEHHOM MEPCOHAIBLHOM KOMITbIOTEpE TOTPedy-
€TCsI HECKOJIBKO YacoB, AaXKe IPU IPUMEHEHUH TEXHO-
JIOTUH mapajuleIbHbIX BBIYUCICHUH Ha rpaduyecKkux
ajanTepax.

MATEPHAJIBI U METO/JbI

JIJ1st oniepaTHBHEIX PACcYeTOB, ETBEO KOTOPHIX 5IB-
JIIETCS ONTUMU3aus ruaporpada copocos u3 Boiro-
TPaJCKOTO BOMOXPAHIMIIUINA, HY)KHA OBICTPONCHCTBYTO-
masi Mojesb. I co3MaHus TaKoW MOJEJIM Hadara
pa3paboTKa aNTroOpHUTMa, PEalU3yIOMEero GakTHIeCKH
IIByMEpHYIO (KBa3HIBYMEPHYIO) CXEMaTHU3aLUI0 MOJIC-
mupyemMoro oobsekTa. B pazpabaTsiBaeMoM anropuT™e
JUTSE MOZICTTUPOBAHMSI IBIDKCHUS BOITHBIX Macc OyIeT uc-
TOJIb30BATHCSI COUCTAHHE PACUCTHBIX METOIOB HA OCHO-

BE HOMOTPaMM JTUHAMUYECKUX 00BEMOB Il OTHOCH-
TEJIBHO KPYTHBIX PEUYHBIX y4acTKOB [ 14—16] 1 TaHKOBOM
mozenu [17, 18] mist cuicTeMbl OTHOCHTEIIEHO HEOO b=
LIMX BOJIOEMOB U COCAMHSIONIMX UX BOJOTOKOB, JIOMYC-
KaloIllee CXeMaTU3allnio MOJICINPYyEeMOro 00beKTa rpa-
(oM NMpoM3BOJIBHON CTPYKTYpPHI (T.€. C HAITHYUEM
IIUKIIOB).

Jis peanuzanuu pazpabaTbiBaeMOro ajiropurma
Ha MEePBOM dTalle MIIaHUPYyeTCst co3anne MHHOopMaIy-
OHHBIX CTPYKTYP, ONIMCBIBAIOLIUX BOJTHBIE OOBEKThI M UX
Y4YacTKH Ha OCHOBE PACTPOBBIX JIAHHBIX CITyTHUKOBOTO
souaupoBanus 3emian SRTM, 1udpoBbIX KapT U KOCMH-
YECKUX CHUMKOB U MO3BOJISIIOIINX B aBTOMAaTH3UPOBaH-
HOM PSKHUME MaCIITaOMPOBaTh (JIETATH3HUPOBATH) OOBEKT
MOJICJIMPOBAHUS B 3aBUCHMOCTH OT pellacMoii 3a/1a4H.

[MpotskenHocTh Bonro-AXTyOMHCKOM MOWMBI
OT TUJpOoy3Jia Bojirorpajackoro BOJOXpaHUIUIIA
1o c. Bepxuee JleOGsoxbe o npsimoit coctapmsieT 350 kM.
[upuna moimer Kosebsetcst ot 30-33 kM B mpezenax
Bosnrorpanackoit obnactu 10 13-25 kM — B npeaenax
AcTtpaxanckoit odactu (puc. 2). O4eBHIHO, YTO TPO-
LIecC pacyera XapakTepHUCTHK MHOTOUMCIICHHBIX BOIHBIX
00BEKTOB (KPUBBIX 00bEMOB, TUTOIIAIN 3epKaa, ITHHBI,
YKJIOHA JTHA U Jp.), PACIOJIOKECHHBIX Ha HEH, TpedyeT
1yOOKON aBTOMAaTH3AIHH.

OCHOBOI1 JIs1 BBIJICTICHUS BOIHBIX OOBEKTOB U pac-
4eTa X XapaKTEePUCTUK CIYXUT HUPPOBasi MOJIENb pe-
aseda (IIMP) ¢ mranoBsiM pasperienuem 30 M, moy-
YeHHas MO0 JaHHBIM pagapHoi ckemku SRTM [19].

Puc. 2. Cxema nokpbsITHA Boiro-AXTyOHHCKOH MOWMBI M COCEHEH TEPPUTOPHU JaHHBIMU CITy THUKOBOTO 30HIUPOBAHUS

3emau SRTM

Fig. 2. SRTM data at Volga-Ahtuba floodplain and neighboring area
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Puc. 3. ®parment LIMP, nony4yenHoii Ha ocHoBe faHHBIX SRTM, ¢ Ha0KEHHBIMU U30JIMHUSIMU BBICOT

Fig. 3. Original DEM fragment with superimposed elevation contours

Oco6erHoCThIO 3T0# LIMP sBIIsIeTCS TO, YTO BEICOTHEIE
OTMETKH IMPEJICTABJICHBI 1ISJIBIMU 3HAYCHUSIMU C JHC-
KpeTHOCThIO 1 M. M301MHUK BBICOT /1S TAKOTO HUpPO-
BOTO peiibeda MMEIOT HEECTECTBEHHYIO N3JIOMaHHYIO
(bopmy, ecTb «BHUCSTUUE» M30IUHKH (pHc. 3). UneHTndu-
LIMPOBATh BOHBIC OOBEKTHI 3/1€Ch 3aTPYTHUTEIBHO.
Crnaxxusanue LIMP cymecTByronmmu cpeicTsamu
I'C [20], xak moKa3ajia MpaKkTHKa, He IIO3BOJISIET ITOJTHO-
CTBIO U30ABHUTHCS OT MEPEUMCIICHHBIX HEIOCTATKOB, KPO-
Me TOTO, 1eJIeco00pa3Ho 00aaTh COOCTBEHHON NPO-
HeAypOld MHTEPIOJSIUU, KOTOpas MOXET OBITh
HMHTETrpUpoBaHa B Oy/y1ee nporpaMMHoe oOecTieueHue.

PE3VYJIBTATBI HCCJIIEJOBAHUA

Jlist nony4enust Gosee ecTecTBeHHOM (hOPMBI LIU-
poBoro penbeda ObUT pa3padoTaH aJrOPUTM CIVIAKUBA-
HYsI, OCHOBAHHBIN HA SKCTPATIOJISILIUA OTMETOK HCXOJHOU
LMP 1o mectHaAaT TOYKaM IO CIEAYIOLIEH cXxeme.

OTMeTKa IIOBEPXHOCTH 3eMiId H' B TOYKE C KOOp-
JUHATaMH (i, j) paccuuThIBacTes o hopmyie:

H'j=0,15Q2H, | ;= H; 5+ 2H;y j— Hypp; +
t2H;  —H;; 5+ 2H, 0 —Hpp) t
TO01QH j —Hijr ¥ 2H oy —Hinjin +
T2H; oy~ Hip 0t 2H o — Hiig o),

e H— ncxoHble OTMETKH ITOBEPXHOCTH 3EMIIU B STUCH-
Kax CETKHU, UHJCKCHI KOTOPBIX COOTBETCTBYIOT CXEMe
Ha puc. 4; 0,15 — B3BemmBarOmMuUi KOAQOUIUCHT IS

AYECK, PACIIOI0KCHHBIX erCTOO6pa3HO OTHOCHUTCIIBHO

1234

9KCTpanonmpyemoit staeiikn; 0,1 — B3BemMBaIOMINIA KO-
3 UUUEHT IS AUArOHANBHBIX TYEeK.

ITocie pacuera oTMeTKH B ToUke (7, j) 110 (hopmyIie
(1) mpoBepsiercs, 9TOOBI OHA HE OTANYAIACH OT HCXOJHON
orMmeTkH Gonbine, yem Ha £0,5 M (puc. 4). Ecimu pac-
YeTHasi OTMETKA BBIXOJHT 33 JOMYCTHMBIN Hana3oH,
TO BBIITOJHACTCS KOPPEKTUPOBKA 3HAYCHUS 110 (hopMyIIe:

ec H'; ;> H,;+ 0,5, 10 H'; ;= H; ; +0,5;

@
ecmn H'; ;< H,;;— 0,49, 10 H'; ;= H; ; — 0,49.
J
H
. ¥
]
H

Puc. 4. Cxema k hopMmylie CrIIaKUBAHUS UCXOIHON CETKH

Fig. 4. Scheme for the smoothing formula

IIpencraBieHHbIH aIrOPUTM SKCTPAIOJISIMN ObLT
peanu3oBaH B BHJIE porpaMMbl it DBM Ha si3bIke
FORTRAN u mpoBepen Ha ygactke LIMP, cooTBeTcTBY-
romiem 48° c.ir. u 45° B.1. (kBagpar N48E45 Ha puc. 2).
®parMeHT cIaKeHHOTO penbeda IpUBEIeH Ha pHC. 5,
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[JIC BUIHO, YTO M30JIMHUY IPHOOPEIH OoJiee eCTeCTBCH-
HbIE, MJIaBHBIC OuepTaHus. KomnaecTBo «BUCSUNX» U30-
JIUHAN CYIIECTBEHHO COKPATHIIOCH, OJTHAKO UX HATTUYHE
TOBOPHUT O HEOOXOIUMOCTH COBEPIICHCTBOBAHHUS OITH-
CaHHOTO aJTOPUTMA.

Crnaxxennast LIMP aBnseTcst ocHOBOH AJis ciemy-
FOLIETO 3Tara padoT — ONPee/ICHUs TPAHULL TOUMEH-
HBIX EMKOCTEH, MPEICTABISIONMX COOOH 3aMKHYThIC
MMOHMKEHUs penbeda.

IlIkan1a BEICOT, M
Elevation, m

—18—15—-13-10 -7 —4 0 4
TopuzonTanu
™ Elevation contours

s aToro cHadana Ha LIMP uiyTcs nokanabHble
MUHAMYMBI. JIOKaIbHBIM MUHUMYMOM CHHTAETCSI TOUKa
Ha LIMP, Bokpyr KOTOpO# OTMETKH ITOBEPXHOCTH 0O0JTb-
11 WJIM PaBHBI, YEM OTMETKA B TEKYIIeH TOUKe, T.€. IJIe
H;;> H,yy ;1 Anst BCeX 3Ha4eHnd k = —1,1 m [/ =—1,1.
Ecnu ykazaHHOE yCIIOBHE BBIIIOJIHEHO, TO TOUYKH C KOOP-
JnuHaTamMu (i+k, j+/) 13 nanpbHERIero noucKa HCKIoYa-
1otcs (puc. 6, a). [Torck ocyliecTBiseTcs mocieaoBa-
TEJIBHO M0 cTpoKam (daiiiaa ¢ [IMP.

Puc. 5. ®parment crnaxennoit IMP ¢ Hano)xeHHBIMU MU30JIMHUSMH BBICOT

Fig. 5. Smoothed DEM fragment with superimposed elevation contours
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Puc. 6. Cxema K ONpesCNICHUIO JIOKAIbHBIX MUHUMYMOB Ha [IMP: ¢ — l0KalbHbI MUHUMYM B TOYKE C OTMETKOH H; ; >
> H;\y s b— NOKabHbBIA MHUHUMYM B TOUKE C OTMETKOH H,; = H, . ;./; ¢ — JIOKQJIbHDBIH MUHUMYM B TOUKE C OTMETKOH H;; =

= H;.y, j+ OTCYTCTBYET

Fig. 6. Scheme for searching local minima on the DEM: @ — local minimum is at the point with elevation H; ;> H,; ;.3

b — local minimum is at the point with elevation H,; = H,; ;.;; ¢ — no local minimum is at the point with elevation H, ; =

- ]—[i+k,j+l
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Puc. 7. Cxema Kk onpeiesieHUIo rpaHull TOHMEHHONW eMKOCTH

Fig. 7. Scheme for determining the boundaries of the floodplain reservoirs
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Fig. 8. Position of local minima and floodplain reservoirs on the smoothed DEM
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Ecnu B Touke (i+k, j+/) BoIIOMHSACTCS yCIOBUE
H;;=H;.} ;1 TO IPOU3BOAUTCS JONOIHUTENIbHAS PO~
BEpKa yCJIOBHS JIOKAJTBHOTO MUHIMYMa, ITPU 3TOM TOYKa
(i, /) u3 moucka uckirovaercs. Eciu ycioBue BBIIONHE-
HO, TO 32 JIOKaJIbHBI MUHUMYM IpUHUMaETCS y3ei (7, /)
(puc. 6, b). Eciiit oka3bIBaeTcCst, 4TO B KAKOH-1IM00 TOUKE,
cocenHeit ¢ (i+k, j+/), oTMeTKa TOBEPXHOCTH MEHBIIIE,
TO MUHMMYyMa B y31ie (i, j) HeT (puc. 6, ¢).

[onyuennsle nokanbHble MUHUMYMBbI LIMP siB7s-
IOTCA XapaKTECPHBIMU TOYKaMH, OT KOTOPbIX HAYMHACTCA
TIONCK T'PaHUI] TOMMEHHBIX EMKOCTEH. AJTOPUTM ITONC-
Ka OCHOBAaH Ha IMIOMCKE OPOBOK, KOTOPBIE ITPEACTABIISIOT
co00i1 T0KaNbHBIE MAKCUMYMBI Ha IU(PPOBOM peibede
H°. CHauasia OpOBKH HIIYTCS OT TOYKH JIOKAJILHOTO MH-
HuMyMa H™" o cTpoke, 3aTeM — 110 cTonbiry (puc. 7).
B rpanunmax stux OpoBOK onpenesieTcs HoJ0KEHNE
JIOKaJIbHBIX MaAKCUMYMOB IJI1 BCEX CTOH6HOB " CTPOK.
W3 Bcex 3HaYeHMI OTMETOK OPOBOK BBIOMPAETCSI MUHH-
MaJIbHas BEJIMYMHA 1 IPUHUMACTCA 3a BEPXHIOIO I'PaHu-
Ly YPOBHS BOJIbI B IOIMEHHO# eMkocTH H®. [lanee B rpa-
HUIIaX OPOBOK BBIMOIHAETCS TIOMCK Y3JI0B, B KOTOPBIX
OTMETKa MEHbIIIC WK PaBHA 3HAUCHHIO H®. DTH y3IIbl
OTMEUAIOTCS Ha CETKE KaK NMPUHAMAICSKAIINE K JAHHON
€MKOCTH.

Pe3ynbraThl onpeaeneHust MONTOKEHUS JTOKAIBHBIX
MHMHHMMYMOB U I'PAHUL] IOUMEHHBIX EMKOCTEH C IIOMO-
IIBI0 OITMCAHHBIX aJITOPUTMOB ITPUBEICHBI Ha PHC. §, TIe

BUJIHO, YTO BU3yaJlbHO OHU XOPOILIO COBMAJIAIOT C I10-
HIDKEHUSIMH pelbeda Ha crnaxeHHoi LIMP.

3AK/IIOYEHUE U OBCYXJIEHHUE

B xone pa3paboTky MaTeMaTHueCcKOi MOJIEH BOI-
HOM CHCTEMBI C pa3BUTOM CETHIO IOMMEHHBIX BOAOTOKOB
Y BOJIOEMOB OblJIa HayaTa MoAroTOBKA IAHHBIX O BOIHBIX
00BbeKTax M UX y4acTKax, pacloyioKeHHBIX B Bomro-
AxTtyOuHCKOH noiime. B cBsI31 ¢ ee CyIlecTBeHHOMH 1o-
Iab0 IS TOATOTOBKHU JAHHBIX UCIIOIB3YIOTCS ITH(]-
POBEIE pecypchl: MHU(PPOBEIC MOIETH pebeda, JITEKTPOH-
HBIE KapThl, CIyTHUKOBBIE CHUMKH, 11 00paboTKH
KOTOPBIX TpeOyeTCsl CO3MaHne CIIENHATbHBIX IPOIEAY].

B nacTosmiee Bpems paspaboTaHa, peann3oBaHa
B BHUjIe TporpaMMebl At DBM u ucnbITaHa nporeaypa
crnaxupanus LIMP, koTopast npenHa3zHadeHa Jyis nepe-
cyeTa IeJOUYHUCICHHBIX JaHHBIX PaJapHOi ChbeMKH I0-
BepxHOCcTH 3eMiu (SRTM), umMeromux pa3penieHue
110 BepTUKaiu 1 M, B 3HaUEHMs C MJIaBAIOLIEH TOUKOM.
3TO MO3BOIHIIO MTOIYYHUTH OOJIee ITABHBIC H €CTECTBEH-
HBIE 0YepTaHus MU(POBOTO penbeda.

Pe3ynsTaTsl paboTHI aNTOPUTMOB MTOMCKA JIOKAIb-
HbIX MUHUMYMOB Ha [IMP u onpenenenus nonoxeHus
U TpaHUIl MOWMEHHBIX EMKOCTEH MO3BOJISIOT EPEUTH
K CJICITYFOIIIIM JTarraM paboThI: pacueTy XapaKTePHUCTUK
BOJIHBIX 00OBEKTOB, TOCTPOCHHUIO rpada MOAEIH, pa3pa-
OOTKE CHCTEMBI XpaHCHUS TaHHBIX.
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TEXHONIOIMA N OPTAHN3AUNA CTPOUTEJIBCTBA.
QKOHOMUWKA N YNPABIIEHWE B CTPOUTEJIbCTBE

HAYYHAS CTATBSI / RESEARCH PAPER
VK 711.1:69.05
DOI: 10.22227/1997-0935.2022.9.1240-1249

CBonHasi napaMeTrpuyeckasi MoJeJib OPraHu3anun
PEeHHKUHMPUHIA TEPPUTOPUH U 3aCTPOUKH

IIaBesa AnarogabeBud 7Kypasies, Cepreii bopucosuu Coopuunkon
Hayuonanvhulil uccieoosamenvexuti Mocko8ckutl 20Cy0apcmeenHulil Cmpoumenbublil YHugepcumem
(HUY MI'CY), 2. Mocksa, Poccus

AHHOTALMUA

BBepeHwue. MpuHUMNbI U HaNpaBneHns pa3BUTUA TEPPUTOPUIA Kak CBODOOHBIX, TaK U YxKe 3aCTPOEHHbIX SBMAIOTCA Krtove-
BbIMU chakTopamu B (hopMmnpoBaHMM KOMGOPTHOIO rOPOACKOro NPOCTPaHCTBA. VIHCTPYMEHTOM ANsa peanusauum MogepHU-
3aunm 1 TpaHcopmaLmMmn BbICTYNaT COOTBETCTBYOLLME KAYECTBEHHbIE U COanaHCPOBaHHbIE MPOEKTHbIE PELLEHUs, Npu-
HATUE KOTOPbLIX B YCIOBUSIX MHOroakTOPHOCTU LOJIKHO Hambonee MOMHO oTBeYaTb LENAM PeuHXUHUPUHTA
1 XapaKTepr3oBaTbCsi MUHUMYMOM 3aTpaT Y MaKCUMarbHON 3PEKTUBHOCTBIO.

MaTtepumanbl u Mmetoabl. [peamMeT nccrnegoBaHUss — NPOEKTHbIE PELLEHNST B OTHOLLEHUN TEPPUTOPUIA U 3aCTPONKM, YUUTbI-
BatloLLMe 0COOEHHOCTH CyLLIECTBYHOLLMX FPaA0CTPOUTENbHbIX peLLeHNiA. BbiIGop BapMaHTOB pa3BUTUS TEPPUTOPUIA 1 3aCTPOK-
KW, ypaBneHne u opraHm3aums MeponpuaTUSMN PEUHXMHUPUHTA OCYLLIECTBIIAIOTCA Ha OCHOBE NapameTpUyecKoro Moaenu-
poBaHMsA 1 MaTeMaT4eckoro obecneveHns. ANropuTM Co3haHns napameTpryeckor Mogenu npegnonaraeT pernaMmeHTaumo
3M1EMEHTOB U UX NapamMeTPOB C y4ETOM OCOBEHHOCTEN CyLLECTBYIOLUMX FPAgOCTPOUTENBHbBIX PELLEHUIA (TEPPUTOPUI U 3a-
cTpovikn). MpeactaBneHsl knaccudukaums 1 onMcaHe NnapamMmeTpoB PEVHXUHUPUHIA TEPPUTOPUIA U 3aCTPOWKM MO Ero aneMeH-
TaMm, BKIOYAOLWMM: 3aCTPOViKY, Kak COBOKYMHOCTb 0ObEKTOB KanuTanbHoro ctpoutensctea (OKC), 3eMenbHbIN y4acTok,
6naroyCTponcTBo TEPPUTOPUN (B TOM YMUCIE O3ENEHEHNE), @ TakKe UHXEHEPHYIO 3alumTy. MeToq nccnegoBaHms — CTPyK-
TYPHBIV U (PYHKLMOHAMBHBIN aHanms.

Pe3ynkraTthl. [1prBeaeHbl (CMCTEMATM3NPOBaHbI) MapaMeTpbl CBOAHOW NapameTpuU4ecKon MOLENN OpraHn3aLmn PeNnHXHN-
pWHra TEpPUTOPUIA U 3aCTPONKM MO PYHKLMOHANBLHOMY MPU3HaKY (C BO3MOXHOCTBIO AarnbHenLwen 4eKOMNo3nLmm), yumTelBa-
toLme 0cobeHHOCTH aNEeMEHTOB IrPafloCTPOUTENBHBIX pelleHnin. CBogHas napaMeTpuyeckas Mogernb OpraHn3aunm penHXm-
HUPWHra TEPPUTOPUIA U 3aCTPOMKN YUUTLIBAET MHTErpPaLMIO rPYNMUPOBKN YKPYNMHEHHbIX NMoka3aTternen. 3HaYMmMoCTb CBOAHOM
napameTpu4ecKkon Mogenu Ansi Co3aaHmsa KoMOpPTHON 1 Ge3onacHom cpeabl XU3HeAEeATENbHOCTU BblpaXkaeTcsl MPUHATUEM
NPaKTUYECKMX PELLUEHMIN MO peanu3aummn MeponpUATUIA IKCNyaTaLuum U peNHXNUHUPUHIA TEPPUTOPUIA 1 3aCTPOVKN.
BbiBoAbI. [1peanoxeHHble KpUTeprm KONMYECTBEHHOW OLIEHKM U YPOBHS BXKHOCTV MNApaMeTPOB PEUHXUHUPUHIA TEPPUTOPUIA
1 3aCTPOViKM, CHOPMUPOBAHHBIE C MPUMEHEHMEM MaTeEMaTUYECKOro METOAA CTPYKTYPHOWM aHanMTUYeCKON OLEeHKM (aKcnep-
TW3bl), MO3BOMNSAIOT OCYLLECTBMATL YNPaBNeHNe CLEeHapusiM1u pasBuTUS MPOEKTHBIX PELUEHNI, COOEPXKALLMXCA B MEPONpUsi-
TUAX PEUHXMHUPUHIA, Kak Hanbornee NonHO oTpaXatoLLMX COOTBETCTBUE MEPONPUATUA PEUHXUHUPUHTA €ro LIENsIM.
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ABSTRACT

Introduction. The need for the development and transformation of urban areas is determined by the growing demand for
a high-quality urban environment among the population. The principles and focuses of development of unoccupied and
built-up areas are the essential key factors for the formation of a comfortable urban space. The tool for implementing such
updates, upgrades and transformations represents a set of appropriate high-quality and well-balanced design solutions,
which, if implemented, must most comprehensively suit the purpose of reengineering and be characterized by minimal
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costs and maximal efficiency in conditions of multifactority. The article addresses the application of parametric modeling to
the relevant problem of management and arrangement of reengineering of territories and built-up areas.

Materials and methods. The subject of the study encompasses design solutions developed for territories and built-up areas.
They are to take into account the features of current urban planning. Parametric modeling and mathematical support facilitate
the choice of development options for territories and built-up areas, the management and arrangement of reengineering
activities. The algorithm for developing a parametric model entails the regulation of elements and their parameters, taking
into account the features of current urban planning solutions (territories and built-up areas). The study presents a classification
and description of parameters for the reengineering of territories and built-up areas broken down by the elements, including
a built-up area as a set of capital construction projects, a land site, landscaping (including greening), as well as engineering
protection. The research method includes structural and functional analysis.

Results. Parameters of the consolidated parametric model designed for the arrangement of reengineering of territories and
built-up areas are presented (systematized) according to their functions (with an option for their further decomposition), taking
into account features of elements of urban planning solutions. It is noteworthy that the consolidated parametric model,
developed for the arrangement of the reengineering of territories and built-up areas, takes into account the consolidation of
a group of aggregate indicators. The significance of this consolidated parametric model for creating a comfortable and safe
living environment is expressed in practical solutions on the implementation of actions consisting in the operation or
reengineering of territories and built-up areas based on the data from the information management system, that includes
the arrangement of monitoring and collection of information about the condition of territories and built-up areas.
Conclusions. The proposed criteria for the qualitative evaluation and identification of the level of importance of reengineering
parameters, applied to territories and built-up areas, developed using the mathematical method of structural analytical
evaluation (examination), allow for the management of project solution scenarios, implemented in reengineering events, since
they convey the compliance between reengineering events and their purpose in the most comprehensive way.

KEYWORDS: reengineering of urban planning solutions, reengineering of territories and built-up areas, reengineering
parameters of territories, mathematical method of structural analytical evaluation, parametric model, composition of a para-
metric model, reengineering in construction
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BBEJIEHUE

Heob6xonuMocTh pa3BUTHS U peoOpa3oBaHUs TO-
POJCKUX TEPPUTOPUI ONpenesieTcsl BO3PaCTAIOUINMU
MOTPEOHOCTSIMH HACEIICHNS B Ka9eCTBE TOPOJICKOIL cpe-
11 [ 1-6]. OOBEKTOM HCCIeNOBaHMS HASHTHPHIIUPYETCS
Ipolecc PeHHXUHUPUHTA (BKIIIOYAIOINN pa3BUTHE,
0OHOBIIEHHE, MOJIEPHN3AIINIO, IEPEOCHAIIIEHHUE U TPAHC-
(dbopmanu) TeppuTOpUil Kak CBOOOTHBIX, TaK U yKe
3aCTPOEHHBIX, KOTOPBIH SBIISIETCS KITIOUYEBBIM (PAKTOPOM
B GOPMHUPOBAHIH KOM(POPTHOTO TOPOICKOTO POCTPaH-
ctBa. ONTUMM3ALMOHHBIC MEPONPUATHS PEUH)KUHUPHH-
ra pacCMaTpPUBAIOTCS KAK HHCTPYMEHT YIIPaBJICHUS pa3-
BUTHEM TEPPHUTOPHUH U 3aCTPOUKHU U 00ECIIEUNBAIOTCS
(000CHOBBIBAIOTCS) IPOEKTHBIM TOIXOIOM.

ITpeamer Mccae0BaHUS — MPOCKTHBIE PEIICHUS
B OTHOILIEHUU TEPPUTOPUN U 3aCTPOMKH, YUUTHIBAIOLINE
0COOEHHOCTH CYIIECTBYIOLIUX I'PaJOCTPOUTEIBHBIX
peLIeHMi.

[TpoOnemarnka BbIOOpA MEPCHEKTUBHBIX HAIlPaB-
JIeHUH pa3BUTHA (0OOHOBJICHHUS, MOACPHHU3ALNH, TIepe-
OCHAIIIEHUS ¥ TPpaHC(HOPMAITH ) TEPPUTOPHI U 3aCTPOH-
KU BBIPAXaeTcs CI0KHOCTBIO U MHOTOIPAaHHOCTBIO
OpraHM3alUK MTPOeKTHpoBaHus. Pa3paboTka n cpaBHe-
HHE BapHaHTOB MPOCKTHBIX PEIICHUH MMO3BOISIET IPH
MHOTOKPUTEPHUATBHOM BO3JIEHCTBUN YUUTBIBATh Pa3IUy-
HBIC ycIoBHUS (QyHKIIMOHUPOBaHUS (IpeoOpa3oBaHus,
TpaHchOopMaIuU) TEPPUTOPHUIT M 3aCTPOUKH, UTO SIBIISI-
€TCsI METOIOJIOTHUECKOI OCHOBOM IpafioCTPOUTENBHOTO
MIPOEKTUPOBAHMUSL.

Pa3BuTue TeppUTOpUIL U 3aCTPOMKHU IIpENyCMaTpu-
BaeT YNpPaBICHYECKHUE TIPOLEAYPHI, BKIIOYAIOIINE HH-

CTPYMEHTHI (Hay4YHBIE TIOAXO/BI), CBI3aHHbIE C MOJIEITH-
pOBaHMEM Pa3BUTHSI TEPPUTOPUM U 3aCTPOUKH.

Vipasnenue 1 MOIETMPOBAHUE BAPUAHTOB ITPOEKT-
HBIX PELIEHUH B COCTaBEe MEPONPUATUN PENHKUHUPUH-
ra TeppUTOPUIN U 3aCTPONKH OCYIECTBIISETCS Mapa-
METPUYECKHM ITOJXO00M, ¢ 00ECIIeYeHNEM Ha OCHOBE
MaTeMaTH4YeCcKOro anmapara.

C 1eJ1bI0 OLIEHKH YPOBHS YIIPABICHUS U Oy IEHUS
ONTUMAJIIBHOTO Pe3yJbTaTa OT MEPOIIPUATHH PEUHKUHU-
pUHTa TEPPUTOPUM U 3aCTPONKH BBITIOIHSAETCS CTPYK-
TYPHO-IIapAMETPUUECKOE MOJEIIMPOBAHNUE CUCTEMBI,
KOTOpOoe 00ecTeunBaeT MOCTPOCHUE HePapXIMIeCKOM
APXUTEKTYPH (CTPYKTYPHI), IPOBEICHHUE €€ aHaIn3a
Ha MpeIMeT ONTUMAIBHOCTH CBSI3€H, BBISIBIICHHE YPOB-
Hell MOAUYNHEHHOCTH, OTNPEEICHHE KOTUUEeCTBEHHON
MeEpBbI B BBISIBIICHHON HepapXU4eCcKO MOJUNHEHHOCTH.

ITocnenoBaTenbHOCTH MOCTPOCHUS HEPAPXUH OCY-
LIECTBIIACTCS AaHATMTHUECKOM IKCTIEPTH30H (IKCIICPTHOM
OIIEHKOH) C MPUMEHEHNEM HHCTPYMEHTAapHUEB MaTe-
MaTHUYECKOTO anmnapara, B TOM YHCJIe: NapHbIX U MHO-
JKECTBEHHBIX CPaBHEHUI, MATPHUIHBIX U TpadoOBBIX
METOJIOB CTPYKTYPHOI OLEHKH.

MeTononorust napHbIX CPaBHEHUI U HAIpaBIIEH-
HOTO rpada UCIoNIb3yeTCs Kak Hanbosee oTpaxaromnas
BO3MOXKHOCTB B JIaHHOU cdepe [7-9].

B ocHOBe mapamMeTpHuecKoro MoACIHPOBAHUS Me-
pONpUATUH PEUHKUHUPHUHTA TEPPUTOPUN U 3aCTPONKHU
JIEKUT MNPOEKTUPOBAHUE € TOMOIIBIO TAPaMETPUUECKHUX
JaHHBIX, KOTOPHIE XapaKTePU3YIOTCS MACIITaAOHOCTHIO
1 CJIOKHOM CUCTEMOM CBsI3€i BHYTPU OCHOBHBIX 3JIEMEH-
TOB I'PaJOCTPOUTENIbHBIX PEIIEHUN TEPPUTOPUH U 3a-
crpoiiku [10-12].
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Takum 00pa3zom, B yCJIOBHSIX MHOTOKPHTEPUATIBHO-
r0 BEIOOpa aKTyaIbHOW 3a/1aueii SBIISIETCS OIpeIeIICHIEC
ONTUMAJIBHOTO COCTaBa MEPONPHSITUI pEMH)KUHUPHHT A
TEPPUTOPHIA U 3aCTPOUKH 1151 HOPMUPOBAHUS KOMPOPT-
HOTO TOPOICKOTO TIPOCTPAHCTBA.

Llens viccnenoBaHusl — MPUMEHEHUE MapaMeTpH-
YECKOTO0 MOJIX0/Ia ¥ CO3/IaHK1E CBOIHOM MapaMeTpUuyeCcKon
MOJISNIA JUTS YIPABICHHUS MEPOIIPUITUSIMH IO OpPTraHU-
3allUU PEMH)KUHUPUHTA TEPPUTOPUI U 3aCTPOIKH.

3amaun UCCIEIOBaHUS — YUUTHIBAS XapaKTepuc-
THKU ¥ 0COOCHHOCTH CYIIECTBYIOIINX ITapamMeTpoOB
AJIEMEHTOB I'PaJOCTPOUTEIBHBIX PEIICHUH, BEIPAaOOTaTh
KpuTepuu 000CHOBaHUSA (OIIEHKH 3()(HEKTHBHOCTH) Me-
PONPUATHI PEHHKMHUPUHTA TEPPUTOPUI U 3aCTPOHKH,
OTpa)kalolINe ero Lelb.

MATEPHAJIBI 1 METOJbI

PaccMoTpenne B Hccen0BaHNK TEPPUTOPHH U pac-
MOJIOKEHHOM Ha HEW 3aCTPOMKH, KaK €IUHOIO LEJIOro
00beKTa BO3ACHCTBHIl, yKa3bIBAET HA AKTyallbHOCTh
MIOCTaHOBKH 3a/1aud B JAHHOM U3JI0KEHUH M HEOOXO-
JIMMOCTB YCTAHOBIICHHSI KaK €€ COCTaBJIIsronieid — op-
MHPOBAHME CBOAHOW MapaMETPUUYECKON MOJEIN PEUH-
YKMHUPHHTA, IPUHUMAIOIEH BO BHUIMaHUE 0COOCHHOCTH
OpraHHu3aliK MPeoOpPa30BaHUH CyIIECTBYIOMINX IPaIo-
CTPOUTENBFHBIX PEUICHUN (PEIICHU TePPUTOPHIA U 3a-
ctpoiikm) [ 13, 14]. [Ipuaumas BO BHUMaHNE yKa3aHHBINA
MIOJIXO0], CJIEJIyeT BBIIIOJIHHUTD KJIacCU(UKALMIO Mapa-
METPOB, arperupoBaB MX IO ONPEIeICHHBIM OCHOBHBIM
9JIEMEHTaM TPagoCTPOUTENHHOTO pemeHus (puc. 1)
[15, 16]:

[TapameTpbl peuH)XMHUPUHTA TEPPUTOPUIA U 3aCTPONKH
Reengineering parameters of territories and built-up areas

'

Cosokynnocts OKC L

1

BaroycrpoiicTBo Y

(3acTpoiika)

3eMebHBIN y4acToK

TEPPUTOPHHI

The totality of capital
construction facilities
(built-up area)

Land plot

NnxenepHas
3aIuTa
Engineering protection

(B TOM UmCIIEe 03€TICHEHHE)
Landscaping (greening)

WuxenepHas
3aImrTa
Engineering protection

of a territory

TexHuueckue
napaMeTpbl
Engineering
parameters

Oo61mue
rnapaMmeTpbl
General parameters

[TapameTpbl
OnaroycTpoicTBa

[TapameTpbl
3aCTPOMKH

Parameters
of a built-up area

Landscaping
parameters

[Tapamerpsl

MIPOU3BO/ICTBEHHBIX
OKC
Parameters

Bbuonornueckue
napameTpbl
Biological parameters

[Tapametpbl

[Tapametpsl TeppHTOpHI

> O3CJICHCHUA

. Parameters
Greening parameters

of industrial capital
construction facilities

[Tapamerpsl
HETPOU3BOJICTBEHHBIX
OKC
Parameters
of non-industrial
capital construction
facilities

[Tapamerpsl
JIUHEMHBIX 00HEKTOB
Parameters
of linear facilities

of a territory

Puc. 1. Knaccudukanus napaMeTpoB peHHKHHUPHHTA TEPPUTOPHUI M 3aCTPOUKH IO €T0 JIeMEHTaM

Fig. 1. Classification of parameters of reengineering of territories and built-up areas by elements
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* 3aCTpOiiKa, KaK COBOKYITHOCTb OOBEKTOB Karlu-
TanpHOTO cTpoutenscTBa (OKC);

* 3€MEJIbHBIN Y4acTOK;

* 01aroycTpoicTBO TEPPUTOPHH, B TOM YHCIIE O3€-
JICHEHUE,;

* WH)KEHEepHas 3alluTa.

B nanHoO# kimaccu(uKaMy WHXCHEPHAS 3al[UuTa
oTIpezieTieHa KaK OT/eNbHas TPYIINa, XOTs 110 BCEM HpH-
3rakaM oHa sBisieTcss OKC. OgHako HEOOX0MUMO yKa-
3aTh, YTO COOPYKECHUSI MH)KEHEPHON 3alIUTHI MOTYT
(YHKIIMOHAJIBHO OTHOCHTBCS Kak K oTaenbHoMy OKC,
TaK U KO BCEH TEPPUTOPUH, IIPEINOXPAHssL OT BIMUSIHUSA
He6HaFOHpI/I${THBIX MMPUPOAHBIX U OKCINTyaTallMOHHBIX
BO3JEICTBUI, UMEIOLIUX PA3IIMYHYIO IPUPOY BO3HHK-
HoBeHHs [17]. B 9TOM cBsA3M mapaMeTphl HHXKEHEPHOM
3aIIUTHI MPE/ICTABISETCS [eNeCO00Pa3HbIM Pa3/ICIUTh
COOTBETCTBEHHO HA JIBE€ COCTaBJISIONINE:

* I[1apaMeTpbl 3aCTPOUKH;

* MapameTpbl TEPPUTOPHUIL.

Taknm 06pa3om, MepBasi COCTABIIAIONIAs XapaKTe-
pu3yeT 00bEMHO-TIIIAHNPOBOYHbBIE U KOHCTPYKTHBHBIC
pelenus nHxxeHepHoH 3amuTs! otaenbHbIX OKC, a BTO-
past COCTaBIISIOIIAS — PEIICHHS WHKeHEPHON 3aIUThI
3€MEJIBHOIO Y4YacTKa, IPYIIIbl 31aHUH WK JIMHEHHOTO
COOPYKEHHS, M PACTIOIOKEHHAsI B €T0 MOJI0CE OTBOJA.

Kak ormeuanocs BbllIe, 3aCTPOHKa — 3TO COBOKYII-
HOCTh OKC, 00BbeIMHEHHBIX SIUHBIM I'Pa0CTPOUTEIH-
HBIM 3aMBICJIOM WX pemenneM. [Toatomy npeacrasis-
€TCs OTIPaBIaHHBIM ITapaMEeTPbI 3aCTPOHKH IPYIITHPOBATH
CIeYIOIIUM 00pa3zoM:

* 001Me mapaMeTpbl 3aCTPOIKH;

* mapameTpsI mpou3BoacTBeHHBIX OKC;

* mapameTpsl HenponsBoacTBeHHBIX OKC;

* TIapaMeTphl JIMHEHHBIX 0OBEKTOB.

Kaxk BUIHO, OCHOBY IaHHO# KJlacCU(UKAIMY TIapa-
METPOB CcOCTaBIISIIOT nosioxkeHus Ilocranosnenus [pa-
ButenbcTBa PD ot 16.02.2008 Ne 87 «O cocTtase pa3-
JICJIOB ITPOEKTHON JOKYMEHTAIMU U TPEOOBaHMAX K UX
conepxkanuio» (pex. ot 01.12.2021), yto obecreynBaet
€IMHBIN OAXO/ K TapaMeTPHUIECKOMY MOJICTUPOBAHUIO
PEMHXXUHUPUHIA U €r0 COOTBETCTBUE AEHCTBYIOLICH
HOpPMAaTUBHOH 0a3e HHBECTHIIMOHHO-CTPOUTEIHHOM Jie-
SITEJIFHOCTH.

3eMenbpHBIN yuacToK, Kak 4acTh 3€MHOU MOBEpX-
HOCTH ¢ ()MKCHPOBAHHBIMH I'PAHUIIAMH ¥ CBSI3aHHBIN
C IPUPOTHBIMH MPOLECCAMH, XapaKTEPU3yeTCs:

¢ TEXHUYCCKUMMU IMapaMETpaMHu,

* OMOJOTUYECKUMH ITapaMeTPaMH.

TexHMUECKHE TapaMeTpsl SIBISIFOTCSI 000CHOBAHH-
eM Takux TpaHchopmannii, Kak N3MEHEHHE TUIaHUPO-
BOYHBIX pEIleHNH, rabapuToB M T.II., @ OHOJIOTHYECKHE
napaMeTpbl COCTABJIAIOT OCHOBY JJId IMIPUHATHUA U pEa-
JIU3AIMH arPOTEXHUIECKUX MEPOIPUATHI (B OCHOBHOM
TIPU PEKYJIBTUBALINH ), HATIPHIMED, TAKUX KaK BOCCTAHOB-
JICHWE TUIOJIOPOIHOTO CJIOSI IOUBBI, KOMIEHCUPYIOIIHE
MOCAJKU PACTUTEIBHOCTH U T.1.

C 3eMeIbHBIM y4acTKOM HEpa3pbIBHO CBA3AHBI,
HO BBIICJICHBI B OT/EIIBHYIO IPYIITY Kilaccu(UKaIum,
011aroyCTpOMCTBO 1 03€JICHEHUE, KOTOPIE OMUCHIBAIOT-
cs1 COOCTBEHHBIMU MHOXECTBAMH N1aPaMETPOB.

PE3YJBTATHBI HCCJIEJOBAHUSA

VYKka3aHHBIE 2JIEMEHTBI IPaI0CTPOUTENILHOTO pellie-
HUSL OIIPEICISTIOT MEPONPUSTHS PEHH)KUHUPHHTA Tep-
PUTOpPHUI U 3aCTPOIKHU, KOTOPbIE pacloiaratoT CBOMMHU
OTIIMYUTEIBHBIMU 0COOCHHOCTSIMHU U C(hepoii puMeHe-
Husl. B 3TO# cBA3M 10 QYHKIMOHAIBHOMY TIPU3HAKY

[TapaMeTpsl penHKHHUPHHTA TEPPUTOPHU U 3aCTPOUKHI
Reengineering parameters of a territory and a built-up area

!

3acrpoiika
Built-up area

[TapameTpbl TEXHUUECKOTO
> HIEPEBOOPYIKECHHS
Parameters of technical retooling

[TapaMeTpsl peKOHCTPYKITHH
Parameters of reconstruction

[TapameTrpsl peHoBauuu
Parameters of renovation

Y

ITapameTpbl HOBOTO CTPOUTEILCTBA
Parameters of a new construction project

!

Teppuropus
Territory

ITapamerpsl peHoBalu
Parameters of renovation

IMapaMeTpbl peKy/IbTUBALIMN
Parameters of reclamation

Puc. 2. Knaccudukanus napaMeTpoB peHHKHHUPHHTA TEPPUTOPUH U 3aCTPOUKH 10 (PYHKIIHOHATEHOMY MIPU3HAKY

Fig. 2. Classification of reengineering parameters of a territory and a built-up area by their functions
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MapaMeTpsl PEeHHKHHUPHUHTA, KaK U B IpeAbIIyIeH
KJIaCCU(UKAIIN, MOYKHO Pa3AeIUTh Ha TEPPUTOPHH U 3a-
CTPOMKH (pHC. 2), U AOMYCKAIOLTUE NATHHEUIITYIO TEKOM-
TTO3UIIHIO.

Wtak, cocTapmsroniasi MOJIENIN, KOTOpast OMICHIBACT
TEPPHUTOPHIO, TOJDKHA BKIIOYATh MapaMeTpsl [ 18-23]:

* PCHOBALINHY;

* PEKyJIbTHUBAIUH.

A cocTaBnsromas, XapakTepu3yromias 3acTponKy
[24-27], Gynert, BeposATHO, COAEPKATh TapaMeTPHhI, yKa-
3BIBAIOIINE HA:

* TEXHHUUYECKOE IIEePEBOOPYKCHNUE;

* PEKOHCTPYKIIHIO;

* PCHOBAIIHIO;

* HOBOE CTPOUTEIHCTBO.

CTOUT OTMETHUTD, YTO MTapaMeTPhI IEPBOH U BTOPOit
KJIACCU(PUKAIMN JIOTTYCKAIOT:

1) KonmueCcTBEHHOE U Ka9eCTBEHHOE TIPE/ICTABIICHUE;

2) HaNU4YMe HOPMATHUBHBIX, MPOCKTHBIX U (aKTH-
YECKUX 3HAYCHUII.

3HaUyeHUS MapaMeTPOB MOTYT UMETh YHCIOBOE
(popmasbHOE) HITH CMBICIIOBOE (He(OpMaIbHOE) BBIPa-
JKEHHE, a TAKOKe MICHTH(DUIIMPOBATHCS Ha OTIPEACTICHHOM
sTarne >kxn3HeHHoro nukiaa OKC.

Y4uTHIBas BCE BHIICTIPUBEICHHOE, MOYKHO YTBEPIK-
JIaTh, YTO CBOJHAS ITapaMeTpUiecKas MOJIeNIb OpraHu3a-
UM PEMHXMHUPHUHTA TEPPUTOPHIA U 3aCTPOMKH Oyaer
HWHTETPUPOBATh TPYNIHPOBKH YKPYITHEHHBIX MTOKa3aTe-
neid. [IpuHsTHe yrpaBieHYeCKUX pelIeHu 0 He0OX0au-
MOCTH TOTO MJIH HHOTO MEPOIIPHUATHS B IPOTpaMMe pe-
WHKAHUPHHTA X BO3MOXKHOCTH (TIOATOTOBJICHHOCTH) €T0
peanu3ainuu J0/OKHBI ObITh 000CHOBaHbBI. BBUIY TOTO,
YTO pPa3INYHBIC TapaMeTPhl UMEIOT HEOTMHAKOBOE BITH-
SHUE Ha JaHHBIE PELICHHUS, CIIEAYET 3aKPEIUTh 3TO T10-
JIO)KEHHUE TTPH TIOMOIIH UCTIONb30BaHUS KOI(PPUIIMEHTOB
3HAYMMOCTH (BaXXKHOCTH) (Ta0II.).

B nanHoM nmpuMepe 3HaYMMOCTb MEPONPUITUH
1 YKPYIHEHHBIX MTapaMeTpoB 0003HaUeHa JOCTATOYHO
yciaoBHO (mpubau3uTenbHo). KoHKkpeTnsamus Takux
k03D (HDUIIUCHTOB JTOJIXKHA POU3BOIUTHCS B KaXKIOM OT-
JIeJIbHOM cllyvae. B panbHeiiem npemnoiaraercs pas-
pabotars hopMaIn30BaHHOE PE/CTABICHUE HA3HAUCHUSI
yKa3aHHbIX KO3 GHUIIMEHTOB 3HaunMOocTH. Heodxoanmo
yKa3aTh, YTO KPOME OTIMYHNS 3HAYMMOCTH TaKXKe MpH-
CYTCTBYET BapHaTHBHOCTbh CAMUX 3HAUCHUII TOKa3aTenen
MIPU Pa3INYHBIX CIIEHAPUSIX HHBECTUIIMOHHOH Mporpam-
Mbl PEMH)KMHUPUHIA TEPPUTOPUI U 3acTpoiiku. I[1oaTo-

My TpeOyeTcs BEIOpaTh TOT BapUaHT pa3BUTHSA COOBITHIA,
KOTOPBIM HanboJee MOTHO COOTBETCTBYET IEJIN PEHH-
KUHUPHUHTA U XapaKTEePU3yeTCs IPU 3TOM MHHUMYMOM
3arpar u MmakcumymoM 3 dekra. Pemenue 3ot 3amaun
MOXET OBITh JIOCTUIHYTO METOJIOM MapHbIX CPAaBHEHHUI
Pa3IUYHBIX BApHAHTOB WHBECTUIIMOHHON MPOrPaMMBI
penmkuHUpHHTA [28, 29].

Vcnonp30BaHMe JAHHOTO METOA JOMYCKAaeT:

1) axcpecc-OIeHKY [0 MEPOIPHUSTHSIM ITPOTrPaMMBbI
PEHHKUHUPHHTA C YCTAaHOBJICHHEM 11€JI€CO00Pa3HOCTH
UX peaju3alyy U Ha 3TOM OCHOBE MX COYETAHUS B UH-
BECTUIMOHHOI IIporpamme;

2) AeTanbHYIO OIIEHKY BapUAHTOB MO YKPYITHEHHBIM
rapaMeTpam, 4To MO3BOJISIET C(HOPMHUPOBATH ONITHMATIh-
HBIH BapHaHT MPOTPAMMBI PEHHXKMHUPHHTA U YCTAHO-
BUTH HE TOJBKO COUCTAHNE MEPOTIPHUITHH, HO U €ro Xa-
paxrep, 1 00beMbI KOHKPETHBIX BUIOB paboT;

3) cpaBHEHHE HOPMATHUBHBIX, IPOCKTHBIX U (haKTH-
YECKUX MMapaMeTpoB [T ONpPeAeICHU HEOOXOAUMOCTH
PEHHXHHUPHHTA B IIEJIOM U €70 MEPOIIPUATHIH B OTJCITb-
HOCTH.

Vcnonb3yst COBMECTHO € TeOpHEH MapHBIX CpaBHE-
HUI METOJIOJIOTHIO HANPaBJICHHOTO Tpada, yCTaHOBUM
V={V,,V,, ..., V,} MHO)XECTBO BApPUAHTOB C EANHBIM
Hab0pOM (HOMEHKJIATy POt ), KOTOPBIN OMHICHIBACTCS CO-
BOKYMHOCTBIO S = {5}, S,, ..., S,,}.

Kaxk yxa3aHo BblIIlIe, mapaMeTpsl paCCMaTPUBAEMBIX
BapHAHTOB UMEIOT HEOINHAKOBHIN YPOBEHb BaKHOCTH
WJIU BEC, IPYTHUMH CIOBAMH, C PA3INYHON CTEHEHBIO
CITOCOOCTBYIOT TOCTHIKEHUIO [1€JTH MHBECTUIIMOHHON
MpOrpamMMbl peMHKMHUPUHTA. B CBOIO ouepeib, Kax bl
BapHaHT 00J1alaeT HEKOW HHTEHCHBHOCTBIO OTOOpake-
HUS B HEM KaKOro-JIM0O mapamerpa.

Pemmennem 3amaun ABAsSETCA YCTaHOBICHHUE TOTO
BapHaHTa, KOTOPBIH ¢ MAKCUMaIIbHBIM 3 (eKToM 10CTH-
raeT LeJIM MHBECTULMOHHOM ITporpaMMsl. B 31011 cBsA31
MOYKHO BBIZICTTUTH J[BA JTAla B €€ PELICHUH.

IlepBelii 3Tan1 — CTPYKTYpHU3aLds HOMEHKIIATYPBbI,
T.e. MHTEpIpeTanus ee B ¢popMare HEpapxXuu, Kak
YaCTUYHO YHOPSTOYCHHBIX MHOXKECTB.

BTtopoii atan npeanonaraer:

* WJICHTHU(HKAINIO HHTCHCUBHOCTHU MTPOSIBICHUS
MapaMeTpoB y KaKJ0r0 BapuaHTa — Beca KOHKPETHOTO
mapameTpa;

* YCTaHOBJICHHE YPOBHS BaXHOCTH (Beca) caMux
mapaMeTpoB B KOHTEKCTE 1M MHBECTHIIMOHHON
MIPOrpaMMbl PEHHKUHUPHHTA.

Krnaccuduxarys MeponpusTuii B yKpyIMHEHHBIX TTapaMeTPOB PEMHKUHUPUHTA TEPPUTOPUI U 3aCTPOHKH

Classification of actions and consolidated parameters of reengineering of territories and built-up areas

HaumenoBanue mMepornpusTus
Kon

CUHKUHUPUHTA
Code P P

Reengineering action

3HAYMMOCTH MEPOTIPUSITHS
PEHHKMHUPHHTA
Significance

of a reengineering action

3HAYUMOCTh
HaumenoBanue
YKPYITHEHHOTO
YKPYITHEHHOTO
MOKa3ares
TOKa3areJs

. o Significance
Consolidated indicator R = .
of a consolidated indicator
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Jlmst onipeienieHust BECOB HEOOXOMMO BBITIOTHUTH:

* TapHbIC CPAaBHEHUS BAPHAHTOB HAa OCHOBE MUHTCH-
CHBHOCTH TIPOSIBIICHUS B HUX KaKJIOTO TTapaMeTpa;

* MapHbIC CPAaBHEHMS NMapaMeTPOB OTHOCUTEIHHO
WX BOXXHOCTH JUIS €T MHBECTUIIMOHHOM MPOTPaMMBI
peumkuHUpUHTA. J{7151 3TOTO TpeOyeTCs onpeaencHHas
KOJIMYEeCTBEHHAs 1Ikaja oT 1 10 9, B KOTOpoil MOXKHO
BBIPA3UTh CPABHEHMSA Map Kak BapHAHTOB, TaK M Mapa-
MeTpoB. KomruecTBeHHO MapHbIe CPaBHEHHS 33aJaI0TCS
B OTOI1 MIKaie M MPEACTABIAIOTCS MaTpHUIEH pa3mepa
nxn

A=(ay), (,j=1,2, ...,n). (1)

DIIeMEHTBI a;; ONPEICIISAIOTCS CIEAYIOLIUM obpa-
30M:

1) ecn a; =0, T0 a; = 1/a, mpu ycioBum o # 0,
ae {1,2,...,9};

2) eciM OIICHKHU TAaKOBBI, UTO B BAPHAHTE V; NHTCH-
CHBHOCTB IPOSIBIICHIS ITApaMeTpa Takas ke, KaK 1 y TIpe-
TEHAECHTAa Vj, TO a; = a; = 1, B wactHOCTH a; = | mns
BCEX i.

[Tocne mpexcTaBneHNs KOTUIECTBECHHBIX OIEHOK
WHTEHCHBHOCTH NPOSBICHU ITAPaMETPOB BO BCEX Mapax
(V, V) uepes a;; HeOOXOAMMO Kaxk10My Bapuauty V; ro-
CTaBHUTh BEC W; OTHOCUTEILHO 3TOro napamerpa. Cie-
JyeT OIPEIeNIUTh COOCTBEHHBIN BEKTOP MATPHIIBI Iap-
HBIX CPaBHEHUM, COOTBETCTBYIOILUNA MaKCUMAJIbHOMY
3HAUCHHUIO:

AW =,

— T
max V> W= (W, wy, ..., W),

2

rac T — cumBon TPAHCIIOHUPOBAHUS.

JJ1s1 HOpMaJNIM30BaHHOTO PELICHUS I0JIaraeM
o=w, + ... +w, 1 3aMeHseM BekTop W Ha BexTop (1/at)
W (B manmpHeHIIeM NOTy4YEeHHBIN BEeKTOp OyzmemM 0003Ha-
4yark W, 410 oOecneynBaeT eqUHCTBEHHOCTh BEKTOPa
BECOB WV, a TakXke TO, 4TO 0L =W + ... T W,).

AHaJOTHYHO PACCUUTHIBAIOTCS Beca MapaMeTpoB
OTHOCHTEJIBHO LM WHBECTULIMOHHON MPOTPaMMBI pe-
MHKMHUPUHTA ITyTeM MaTpPHUIIBI UX TAPHBIX CPABHEHUH,
Ha OCHOBE KOTOPOH yCTaHaBIUBAETCS MaKCUMAJIbHBII
COOCTBEHHBIN BEKTOP, COOTBETCTBYOLINI HAMOOIbIIIEMY
3HAYEHMIO, U IIPOBOIUTCS €I0 HOPMaIu3aLusl.

3aKITIOUYUTEIBHBIN 3Tal — OIpe/ieSICHNEe BApHAHTA,
KOTOPBI MaKCHMaJIbHO CIIOCOOCTBYET JOCTHIKEHUIO
1L[eTM MHBECTULIMOHHOM IPOTpaMMBbl PEHHKUHUPUHTA.
Jist 5TOr0 UICHTUGUIIUPYIOTCS Beca BAPHAHTOB OTHO-
CUTEIBHO IIEJIH, ¥ BEIOUPACTCSI TOT CLICHAPHH, KOTOPBIHA
nMmeeT Hanbonbpmui Bec. @opMann3oBaHHas 3aMuch
JIAaHHOU MPOIIEAYPHI:

W=[W, W,.. W,W,, 3)

tne W, = (wi, wi, ..., w))T — BexTop Becos BapmaHTOB
OTHOCHTEJIBHO i-T'0 TIapaMeTpa; 7 — KOJIMYECTBO Bapu-
aHToOB, I = 1, 2, ..., m; m — KOJNMYECTBO TAPaMETPOB;
Wy=w/{,w),...,w,))T — BexTop Becos mapamerpos
B NIPEJIOMIICHUH LIeJTM HHBECTHLHMOHHON ITPOTpaMMBI
PEUHKMHUPHHTA.

OO0benHEeHIE METOIOIOTHH TTAPHBIX CPaBHEHUI
W HaIpaBJIEHHOTO rpada Mo3BoJseT Ha 3TOH OCHOBE
c(hOpMHPOBATH aJICKBATHYIO APAMETPUYECKYIO MOJIEIb
PEUHKUHUPUHTA TEPPUTOPHI U 3aCTPONKH, KOTOpasi, Kak
yIKe OTMEYaJIOCh, B TaJIbHEHIIIEM JOJDKHA CTaTh I'eHE3H-

[Tapamerpuueckas Mmoaenb
PEUHKHMHUPHHTA TEPPUTOPHU U 3aCTPOUKH
Parametric model of reengineering of a territory and a built-up area

/

MOHHTOPHHT COCTOSTHUS
TEPPUTOPHHU U 3aCTPOUKH
Monitoring of the condition
of a territory and a built-up area

y dopmupoBanue HHPOPMAITMOHHON
CHMCTEMBI YIIPABJICHUS Y
TEPPUTOPHEN U 3aCTPONKOM
Formation of an information system
designed for the management
of a territory and a built-up area

[Ipunsitue pemenuit
Decision making

Y

/

Opranuszanus
Arrangement

DKCIUTyaTaIus
Operation

Pennxunupunr
Reengineering

dopmupoBanue KOMPOPTHOH U 6e30macHOI

Cpeabl XKU3HEACATECIIbHOCTH

Formation of a comfortable and safe living environment

Puc. 3. IIpakTudeckast 3Ha4UMOCTb NAPAMETPHUUCCKON MOAENIN PEUHKUHUPUHTA TEPPUTOPUU U 3aCTPONKH

Fig. 3. Practical significance of the parametric model of reengineering of a territory and a built-up area
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COM TPUHSTHS PEIIeHUH 0 HEOOXOIMUMOCTH, XapaKTepe
1 o0beMe TeX WM WHBIX Tpeodpa3oBaHuil (puc. 3).

Bonbioe 3HaueHne nprodperaet mpoueaypa Gpop-
MHUPOBaHMS UCXOJHBIX JaHHBIX Ul OpraHU3anuu 3¢-
(exTuBHOM sKcIITyaTanun coBokymHoctd OKC, 3emens-
HBIX YYaCTKOB W UX PEHHXMHUPHHTA KaK €IMHOTO
TIEJTOTO JJIS CO3MaHMsI KOM(OPTHOM 1 6€30TacHOM CpeIbI
KHU3HEACATEIBHOCTH.

3AKJIIOYEHHUE U OBCYXIAEHHUE

IIpennoxeHHbIE KPUTEPUU KOIMYECTBEHHOM OLIEH-
KM ¥ YPOBHSI Ba)KHOCTH ITapaMeTPOB PENHKMHUPHUHTA
TEPPUTOPUI M 3aCTPONKH, CHOPMUPOBAHHEIE C TIPHME-
HEHHEM MaTeMaTH4eCKOro METo/1a CTPYKTYpHOM aHaJIH-
THUYECKOH OIEHKH (3KCHEPTU3BI), MO3BOJISIOT OCYIIECT-
BIISITH YIIPaBJIICHUE CLEHAPUSIMU Pa3BUTHsI IIPOCKTHBIX

pELICHU, CONEPKALIMXCS B MEPOIIPUATHUIX PEUHKUHU-
PHHTa, KaK HarOoJIee OJTHO OTPAXKAIOIIIX COOTBETCTBUE
MEpOIPUSTHI PEHHKUHUPHHTA €TO IIEIISIM.

HarmonHenue napameTpuyeckoil MOIENIN PEeHHKH-
HUPWHTA TEPPUTOPUH U 3aCTPONKH (PaKTHIECKUMH 3HA-
YEHUSIMH TIPETIOJIaraeT OCyIIeCTBICHUE MOHUTOPHHTA
3a UX TCXHUYCCKUM COCTOAHHUEM, KOTOpBIﬁ MOXET BbI-
TIOJTHATHCS KaK HA IOCTOSTHHON OCHOBE, TaK M C OIpeie-
JICHHOH NEPUOANYHOCTBI0. B TOM M ipyrom citydae 3To
J0CTaToYHO OoJNbIION 00beM MH(pOPMAIUK, KOTOpast
MTOJUTEKHUT 00pabOTKe, XPAHEHHUIO U TIepeaade s MpH-
HATHA perieHus. Takum o0pa3oM, MOJKHO YyTBEp)KIaTh,
4T0 HEeoOXoaMa HH(OpPMALMOHHAsI CUCTEeMa YIIpaBlie-
HUS TEPPUTOPUEN U 3aCTPOUKOM, KOTOpasi BIOCIEICTBUI
MOXXET OBITh HHTETPHUPOBAaHA B MH()OPMAIMOHHYIO
CHUCTEMY HACEJICHHOTO IMyHKTa (smart city).
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AHHOTALMUA

BBeneHue. PaccmatpuBatloTca nsyyeHne 1 npuMeHeHne Metoa MHOFOMEPHOTO LUKanMpoBaHWsa ANS OLEHKU npouecca
B3aUMOLENCTBUSI NPeaNpUATUIA MHBECTULMOHHO-CTpouTenbHol cdepbl (MCC) n ocobbix akoHOMUYeckux 3oH (033) B Lensix
NoBbILLEHNS PUHAHCOBO-XO3ANCTBEHHOIO U MIHHOBALIMOHHOTO NOTEHLMana CTpoUTenbHON oTpacnu. AKTyanbHOCTb Nccrneno-
BaHWSA 06ycrnoBneHa pacTyLyeil 3HaYMMOCTbIO MCMONb30BaHWSA MHCTPYMEHTOB TeppuTopuanbHoro passutua O33 ans pe-
LUEeHNS 3a4a4y Mo OCYLLECTBMNEHWI0 TEXHONOrMYECKNX UBMEHEHWIA, HaNpPaBMNeHHbIX Ha POCT MOSIBMEHUS MHHOBALIMOHHBIX NPO-
€KTOB, KOTOPble NO3BOMAT CHOPMMPOBATL COBEPLUEHHO MHble NOAXOAbl K 06ecneyeHnto HenpepbLIBHOTO pas3BUTUS
B pas3fnUYHbIX CEKTopax CTpouTenbCTBa M nNpeobpasoBaTh CyLLECTBYOLINE METOAbl OLEHKN 1 aHanusa uHaHCoBO-
X03ACTBEHHOTO cocTosiHMSA npeanpuaTuii MCC B ycnosusx B3ammoperictausi ¢ O33.

Matepumanbi u meToabl. [peanoXeHHbIN METOA OLeHKN 0bnagaeT CTPOron Hay4YHOW NOCNeAoBaTENIbHOCTbLIO M COOTBETCTBY-
IoLLIeN TeopeTUYeckon 6a3oi, KoTopasi MOCyXua OCHOBOW Ansi ero co3faHus. PazpaboTaHHbIn METOA MHOrOMEPHOTO LUKa-
NMPOBaHVA AN OLEHKN N3MOXEHHOro B paMKax UCCNefoBaHns npouecca MMeeT YHUBEPCarbHY0 NPUMEHNMOCTb ANS pas-
TNINYHBbIX NPEANPUATUIA CTPOUTENBHOW OTpacnu, MOCKONbKY CTPYKTYpMpPOBaAH B COOTBETCTBUM C LiENblo U 3agadvyamu
nccnenoBaHus. KnoyeBbiMu nogxoaamu, NpUMEHSIEMbIMA B paMKax Hay4YHOro roucka, Nocry>Xunm MeToAbl KBannuMmetpuye-
CKOW OLIEHKM 1 NMOCTpOoeHne nHdorpadmnyeckmx Mogenen B3anMoaeicTBrs, UNIOCTPUPYIOLLMX AVMHAMKKY nokasaTtenen
hrHaHCOBO-X035MCTBEHHOro aHanunsa npeanpusatus NCC.

PesynbraThl. PesynsraTtbl MICNONb30BaHNsi MHOTOMEPHOTO LUKaN“poBaHUs NpeocTaBnsaoT adpdeKkTUBHbIN cnocob nony-
YeHus BU3yarnbHO-HarnsagHowW MHdopmaLuum o nepcnekTuBax B3anmogenctaus npeanpusatun NCC n O33 B auHamuke, xa-
paKkTep13yembiil OCTYMHOCTbIO YNpPaBieHYeCKoro NpUMeHeHVs Ans PpyKOBOACTBA NPeanpuaTUii U NUL, OTBETCTBEHHbIX 3a
B3avmopeicTeme. OCO6EHHOCTb MHOTOMEPHOTO LLUKaNMpOBaHMs 3aKknoyaeTcs B BO3MOXHOCTM y4eTa CBOVWCTB M3y4aemoro
ABNEHNS, BO3HMKAIOLMX KaK U3 BHELLHEN, TaK N BHyTPEHHEN cpedbl, YTO NMO3BOMNSAET OCYLLECTBUTL BCECTOPOHHIOK OLIEHKY,
OoTpaxatoLLyto AaHHbIE U3 Pa3NUYHbIX UCTOYHWMKOB MHGOPMaLUK.

BbiBopbl. [NocTpoeHme Lwkan BaXKHOCTU U BIIUSIHUS OPraHU3yeT NopsiAoK OLIEHKM CXOASA U3 MPOdUITbHBIX CUCTEM penpeseH-
TaLMK KONMYECTBEHHbIX Pe3yrbTaToB, KOTOPblE AEMOHCTPYPYIOT NOSNIOXUTENBHbIE U OTPULATENbHbIE TEHAEHLUN B OTKIOHE-
HVM BENWYMH nokasarenen B (hopmMe Ka4eCTBEHHOW XapaKTEPUCTUKN, KOTOPYHO MOXHO AOMOMHWUTL AN AanbHENWnX nccne-
[0BaHWI B 3aBUCKMMOCTU OT LIEN Hay4YHOro nomcka.

KIMOYEBBIE CJIOBA: npegnpusitTue MHBECTULMOHHO-CTPOUTENBHON cdepbl, 0cobas akoHoMUYeckasi 30Ha, MHOromep-
HOe LUKanMpoBaHue, KBanuMeTpusi, MHHOBaLIMK, (UHaHCBI, MHdorpaduyeckasi Mogenb, NPOdUIbHbIE CUCTEMBI
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MeToA MHOrOMEPHOrO LUKaAMPOBaHMWS ANSI OLEHKH 3PEKTUBHOCTU B3aUMOAEHCTBUS MPEANPUSTIIN

. C. 1250-1263
MHBECTULIMOHHO-CTPOUTEABHOM CPEepbl M 0COObLIX IKOHOMMUUECKMX 30H...

ABSTRACT

Introduction. The article is devoted to the study and application of method of multidimensional scaling to assess the process
of interaction between enterprises of the investment and construction sector (ICS) and special economic zones (SEZ)
to increase the financial, economic, and innovative potential of construction industry. The relevance of the study is due
to the growing importance of using territorial development tools (SEZ) to solve the tasks of implementing technological
changes aimed at increasing the emergence of a variety of innovative projects that will allow us to form completely different
approaches to ensure continuous development in various construction sectors and transform existing methods of assessing
and analyzing the financial and economic condition of ICS enterprises in terms of interaction with SEZ.

Materials and methods. Proposed evaluation method in the article has a strict scientific consistency and an appropriate
theoretical basis, which served as the basis for its development. Developed method of multidimensional scaling for
evaluating the process described in the article has universal applicability for various enterprises of construction industry,
since it is structured in accordance with the purpose and objectives of the study. The key approaches that used in framework
of scientific research were methods of qualimetric assessment and the construction of infographic models of interaction
which illustrating the dynamics of indicators of financial and economic analysis of the ICS enterprise

Results. The results of using multidimensional scaling provide an effective way to obtain visual information about prospects
of interaction between enterprises of the ICS and SEZ in dynamics, characterized by the availability of managerial application
for management of enterprises and persons responsible for interaction. The peculiarity of multidimensional scaling is
possibility of considering properties of phenomenon under study arising from both the external and internal environment,
which allows for a comprehensive assessment reflecting data from various information sources.

Conclusions. Construction scales of importance and influence organizes the evaluation procedure based on specialized
systems of representation of quantitative results that demonstrate positive and negative trends in the deviation of values
of indicators in the form of a qualitative characteristic that can be supplemented for further research, depending on
the purpose of scientific research.

KEYWORDS: enterprise of investment and construction sector (ICS), special economic zone (SEZ), multidimensional
scaling, qualimetry, innovation, finance, infographic model, profile systems
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BBEJAEHUE

B nocnennune roybl 3HAUMMBIMU COOBITHUSIMH, KOTO-
PpBI€ MOBJIUSUTH HA MTHHOBAIIMOHHOE Pa3BUTHE CTPOUTEIIb-
HOU orpacau PO, cranu npogoKUuTeabHbIE TEXHO-
JIOTHYECKNE W3MEHCHHMS, BHI3BAHHBIC YyCUICHUEM
MEKTyHapOIHOW KOHKYPEHIINU B 00JacTH (PMHAHCOBO-
rO KOHTPOJISl U NEepexo/ia Ha HOBYIO MOJIEIb pacyera,
BBIPAKCHHYIO B OTUY>KACHHH OT HHCTPYMEHTa (hOPMH-
poBaHusI OIOIPKETHO MOJIUTHUKHY, U IEPEX0/1a K MHBECTH-
LIMOHHOMY METOAY PeryJIupoBaHus cpeAcTs [1] u Bio-
KEHHUIO B HamboJiee MepCIeKTUBHBIE HAYKOEMKHE
npoekThl. C Ipyroii CTOpOHbI — BO3POCIIAs POJIb aMH-
HUCTPaTUBHBIX OapbepoB U 00pa3oBaHNE UCKYCCTBEH-
HOTO Ae(uIMTa 3eMETBHBIX YYaCTKOB IO PEATU3aAINI0
WHBECTUIIMOHHO-CTPOUTENbHBIX NpoekToB (MCII)
TIOBJICKIIO BO3HUKHOBEHHE TPYAHOCTEH B OCYIIECTBIIC-
HUM KPYTHBIX HHPPACTPYKTYPHBIX IIPOEKTOB, KOTOPBIE
HYXXJAIOTCS B co3aHUU 3P (HEeKTHUBHBIX (PHHAHCOBO-
XO3SIHCTBEHHBIX MEXaHU3MOB 00€CIICUCHHUS apTyMEHTH-
POBaHHBIX MOJIOKEHUH MTPOCTPAHCTBEHHOTO PA3BUTHUS
cyobekroB PO [1, 2]. Onna u3 popm 1mogo0HBIX Mexa-
HHU3MOB — 0C00bIe 3KoHOMUYecKre 30HbI (0D73), KoTOo-
pbI€ IPOYHO 3aHSIIH MOJIOKEHUE JACUCTBEHHOTO HHCT-
PYMEHTa IO PELICHUIO IPOOIEeM TEPPUTOPHUATIBLHOTO
TUTAHUPOBAHNUS M Pa3BUTHA. TEHACHINS K YBEITHUCHNIO
KOJIMYECTBa INTAaHUPYEMBIX K yupeskaeHuto O93 cBs3aHa
C XapaKTepOoM JIbIOT U MPEUMYIIECTB, KOTOPHIEC XapaK-
TEPU3YIOT UX KaK BBICOKOA(()EKTHBHBIE IIIONIAIKH MO
peanuzanuio UCII unu npucoeuHEHUIO K HUM B Ka-
YeCTBE IPON3BOJCTBEHHOTO pe3ueHTa. [lepcrekTuBsl

npumenenust OO3 a7st pa3BUTUSA CTPOUTEIBHOM OTpacin
OYEBUIHBI — rOTOBAsl MHKEHEPHO-TEXHUUECKAs U TPAHC-
nopTHasi MHQPACTPYKTypa; MNUPOKast CUCTEMa JIbTOT
1 HAJIOTOBBIX IpedepeHnnii; 3eMilst, KoTopasi Ipomuia
HEOOXOANMBIE MPEAITPOCKTHBIE U TPOSKTHBIE MTPOIIEY-
PBI 7T MOTYYEHUs cTaTyca MPUTOJHOCTH O] BO3BeIe-
HHE 00bEKTOB HEIBMKUMOCTH; M HaJIMUKUE CBOOOIHOM
TaMOXeHHOH 30HbI. OHUM U3 Hanbomee APKHUX MpH-
MepoB 3(h(HEKTHBHOCTH B3aUMOICHCTBHIS ITPEIIPUSATHIA
HWHBECTUIIMOHHO-cTpouTebHON cepsl (MCC) n O3
SIBIISIETCS] MHTEHCHBHOE CTPOUTENHCTBO B O3 «JlyOHay,
pactonoxeHHoi B MOCKOBCKo#1 00nactu. Pesunentamu
stoir OD3 OBUIO MPHHSTO PEIICHNE O CO3TaHUU CEMH
HOBBIX 3aBOJIOB M HAyYHO-IIPON3BO/ICTBEHHBIX KOMILICK-
COB, YTO CIIOCOOCTBOBAJIO 00Opa30BaHUIO HA OIM3IIEeKa-
et kK O3 TeppUTOPUH KUIIOTO KOMILIEKCa U HECKOJIb-
KHX eTckux canoB [3]. IIpu aToM CyliecTByIOT pa3Hble
AQHAJTUTUYECKHE UTOTH, KOTOPBIE MOJTBEPKIAI0T Mep-
creKTUBHOCTh OD3 Kak MHCTPYMEHTa NpPUBJICUCHUS
BJIO)KEHHUH U pa3BUTHS HHBECTUIIHOHHO-CTPOUTEIBHOTO
rxoMmiutekca (MCK) B 033, noguepkuBasi BaXKHOCTb pe-
amuzanuu VCII B OD3, BKIIOYEHHBIX B MIPOTPaMMBI
CTPOUTENBCTBA Ha (heJIepaIbHOM M PErHOHAILHOM YPOB-
HSIX MTOCPEJICTBOM KaIllUTaJIbHBIX BIOXKEHHI B HOBOE
CTPOUTENBCTBO, @ HE IPOCTO CTUMYJINPOBAHNE HHBECTH-
[IMOHHOW aKTUBHOCTH [4].

Opnako B OD3 cymiecTByeT u psia TPYIHOCTEH, KO-
TOPBIE CBSI3aHbI C HEBEPHO BBICTPOEHHOM MOJIUTUKON
TUTAHWPOBAHUS TIO0 Pa3BUTHIO U COBEPIICHCTBOBAHUIO
033, 4TO NPUBEIIO K TIOMEXaM B OIIPE/IEIEHIH HE00X0-
JIMMBIX 00BbEMOB OCYIIIECTBIISIEMBIX CTPOUTENIBHBIX padboT
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1 obecreueHuH CTaOMIIBHOTO TTOJIOKEHHSI JIOXOTHOCTH
peamuzyembix MCII [5]. MHorue pe3yabraThl HAyYHBIX
HCCIEI0BAaHUN [TOKA3bIBAIOT HEOJAHO3HAYHYIO OLIEHKY
033 B posii HHCTPYMEHTA MO MPUBJICUECHUIO HHBECTH-
LM, YTO TPOJUKTOBAHO HOPMATHBHO-IPAaBOBBIMH aCTICK-
taMu (pyHKIHOHUpOoBaHUS OD3 U OTCYTCTBUEM IOHSI-
TUIHBIX CBA3€H B ONpEeIeHUHN PsJia TEPMUHOB, KOTOPBIE
MIPUBOIAT K HEI(PPEKTUBHOMY IIPUMEHEHHIO OIO/KET-
HBIX aCCUTHOBAHWH Ha coBepuieHcTBoBaHUEe OD3 1 He-
PAILMOHATIBHOMY HCIIOIBb30BAHHIO 36METIbHBIX YUaCTKOB,
MPUTOTHBIX IJI CTPOUTEIBCTBA PA3TUIHBIX MPOEK-
TOB [2, 6]. B cBoeii cTarbe B.A. OcTaHuH npUIlIeN K BbI-
BO/IY, YTO MHBECTUIIMOHHBIC OXXHU/IAHUS U JICHCTBUTEIb-
HOCTH BEIEHHUS MPOCKTHOH mesTenbHocTH B O3
B 3HAUUTEIIHLHOHN CTENEHN PACXOAATCS MO MPUYHHE CY-
IECTBOBAHMS CYOBEKTHBIX POTHBOPEUHI MEXK/TY y4acT-
HUKaMM UHBECTULIMOHHOTO Mpouecca B O3 [7], koTo-
pble CilefyeT yYUTHIBaTh MPHU BEACHUH PA3IUIHOU
¢dbopmel mpoexTHOM AesterpHOCTH B O33. Kpome Toro,
HEOOXOIUMBIM yCJIOBHEM ITOBBIIIEHHS 3P (PEKTHBHOCTH,
MIOMHUMO peOPMHUPOBAHUS OPraHU3AIMOHHBIX OTHOILIE-
HUH, SBISETCS MOTUPHUKALUS CTPYKTYpPbI pHHAHCHPO-
BaHUS U OIOKETHOTO perynupoBanus B 023, koTopas
HalpasJIeHa Ha yIydlIeHHE B3aUMOACHCTBHS roCyaap-
cTBeHHO-4acTHoro naptHepcetsa (I'YI) [6], uTo BhmsteT
Ha MePCIEeKTHBHOCTH M YCIIEITHOCTh PEAIN3YEeMBIX B Oy-
JyLIeM NPOEKTOB. Ps uccrnenosareneil aHaIOrHUHBIM
00pa3oM yCTaHOBHIIH, YTO OJTHOH M3 KJIFOYEBBIX ITPOOIIEM
(YHKIIMOHNPOBAHUSI CITYXKUT NEPEIEHb PA3INIHOTO POsia
po0ieM KaK OpraHU3aluOHHOTO, TaK U (PUHAHCOBOTO
XapakTepa, KOTOpble IPUBOSAT K IBOMHBIM CTaHAapTaM
B ynpasieann O33 n GopMUpOBaHHIO KOHGIUKTHON
MapaJuTMbl CyOBEKTHOTO B3aUMOJICHCTBUS MEK/TY T10-
TEHIMAJIbHBIMU PEe3UACHTAMH U pyKoBoacTBoM O3 [7].

O0600111ast Bce BbIIIECKa3aHHOE, aBTOPHI CTAThU
NpeJJaraloT BBECTU U3MEHEHHUs B CyLIECTBYIOIIHE
METO/BI OLICHKH 3P PEKTUBHOCTH B3aUMOJCHCTBUS
npeanpustail UCC u 033, ucmons30BaB METO] KBAITH-
METpPHUH, KOTOPBIH M03BOJSET MPeoOpa3oBaTh KOIHUE-
CTBEHHBIE pe3yNbTaThl (PUHAHCOBO-X035HCTBEHHOI'O
ananm3za npegnpusituit UCC B kauecTBeHHYIO GOpMy
MIOCPEACTBOM NMPO(HUILHON CUCTEMBI PElpe3eHTalnN
KOJIMIECTBEHHBIX PE3yNbTaToB. [1o/ KBaIMMeTpuei mo-
HUMAaETCs METOJ] KOMIUIEKCHON OLIEHKH, HAaIllPaBJICHHBIN
Ha ()OPMUPOBAHNE MHOXKECTBA IIIKAJI U3MEPEHHsI B CO-
OTBETCTBHUHM C aTpHOyTaMH M3y4aeMOil CHCTEMBI B pa3-
JUYHBIX YCIOBHSX M MpOIeccax, B TOM YHCIE U JIS
HCCIIeJOBaHNS ANHAMUKHY M3MEHEHNUS YUCIIOBBIX XapaK-
TEPUCTUK IIPU B3aUMOJICHICTBUN CUCTEM PA3JINYHOM IIpU-
poJbl BOSHUKHOBEHUS [8]. YHUBepcalbHas NpUMEHU-
MOCTbH JJAHHOTO MeToaa 0003HaYeHa MHOXXECTBOM
YYEeHBIX U uccienoBareneii [9], B 4acTHOCTH, OTHOM
13 HanboJlee 9acTo NCIOIB3YEMBIX cep SABIIETCS Me-
HE/DKMEHT KauecTBa Pa3jIMYHbIX BUIOB MPOAYKIIHH,
SIBJICHUH WK coObITHil. B cTpouTenbHON oTpacin Me-
TOJBI KBAIMMETPUIECKON OIIEHKH HCITONB3YIOTCS JUIS
N3Yy4YEeHHS] KOHCTPYKIMOHHBIX W HKCIUTYaTaIllHOHHBIX
XapaKTEePUCTHK CTPOUTEIBHBIX MAaTEPUAJIOB B Pa3Ind-
HBIX ONBITHBIX ycinoBusx [10, 11]. KBanumerpust oGna-
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JJaeT CBOMCTBOM KOMIIIEKCHOCTH MO OTHOIICHHIO
K GOpMHPOBaHHIO aTPpHOYTOB CHCTEM, IMTOCKOJIBKY Jie-
MOHCTPHPYET PE3yIbTaThl U3 Pa3IMYHBIX HAIpaBICHUH
MOHHUTOPHHTA U3y4aeMOTO SBJICHUS M MPEJOCTABIACT
BO3MO)KHOCTB ()OPMUPOBAHNS HHTETPAIBHBIX ITOKa3aTe-
JIeH, pa3uTeIHbHO OTIAMYAIONINXCS APYT OT IpyTa HE TOJIb-
KO MacmTaboM MOJEeTUpyeMoro o0beKkTa OIEeHKH,
HO U (pyHKIIMOHAIIbHBIM Ha3Ha4ueHHeM [ 12—14]. BaxxHei-
11ee CBOMCTBO MTPOBOIMMOTO HCCIEIOBAHUSI — CTPOTas
Hay4Hasi IOCJIeI0BaTeIbHOCTh U 0a3upoBaHue pa3pada-
THIBAEMOTO METO/Ia MIKAIUPOBAHUS Ha KIFOUEBBIX I10-
JIOKEHUSIX TeOPUH HHPOTrpaduiecKoro MoAeIupoBaHHs
u Teopuu GpyHKIoHabHbIX cucteM [1.K. Anoxuna [15].
[IpakTuyueckas 3HAYMMOCTh MHOT'OMEPHOTO IIKATHPOBa-
HUS B PEUICHUH NMPOOIEeMbI IO 00ECTICYCHUIO OpTaHH-
3aI[MOHHON U (uHAHCOBOM pedopmaiun O3 u BO3-
MOXXHOCTH YPEryJIHpOBaHMs BHYTPH KOH(DIUKTHOU
CyOBEKTHOH mapagurMbl MyTeM MOCTPOCHUS HH)O-
rpau4ecKux Moenel B3auMOACHCTBHS IPEAIPUSTHIA
NCC n 033 B ycnosusx peanuzarun VCII.

MATEPHAJIBI 1 METO/JbI

BelieykazanHbie Teopun HHGOrpadhuIeckoro Mo-
JIETMPOBAHMS U PyHKIMOHAIBLHBIX CUCTEM IIpe/Iroiara-
10T IIPOBEICHNE aHATUTUIECKON paboThI MO pacipese-
JICHUIO JJAHHBIX Ha WH(POpMaIMOHHbIE oToKH [8, 15],
IIOJIyYEHHbIE U3 BHEIIHEH U BHYTPEHHEH Cpelibl B3au-
monericteus npeanpusatuit UCC u 023, u ux panpHen-
meMy CTPyKTYPHUPOBAHHIO COTJIACHO HANpPaBICHUSAM
KOMIUIEKCHOTO MOHMTOPHHTA I OIICHKH ITapaMeTPOB
CJIOKHBIX CHCTEM B YCIIOBHUSAX MPUHATHS yIpaBlIeHYe-
CKHUX peleHuil. Metonuka uccie0BaHus CTPOUTCSL B CO-
OTBETCTBHH C HAy4YHOH 000CHOBAHHOCTBIO IPUMEHEHHS
METOAa KBAJUMETPUUECKON OLIEHKH, BBIPAKEHHOM
B (hopMe MOCTPOESHHS LIKAJ apaMeTpoB H3ydaeMon
CHUCTEMBI U pa3pabOTKOH NPO(UIBHBIX CHCTEM perpe-
3€HTAIMH KOJMYECTBEHHBIX Pe3yIbTaTOB 110 HAIlpaBiie-
HUSM KOMIJIEKCHOTO MOHHUTOPHMHTA B3aHMOCHCTBUA
CyIIHOCTEH (CUCTEM) Pa3IUYHON MPUPOIBI BOSHUKHO-
BeHus [8]. Mcnonp3oBaHnEe KBATUMETPHH AOMYCKAeT
BO3MO)KHOCTB MOTY4EHHSI KAYeCTBEHHOM OI[CHKH N3y4a-
€MOT0 MPOoLecca, UCHOIb3Ys KOMTHYEeCTBEHHbBIE H3Mepe-
Hust [8, 16, 17], coxpaHsisi IpH TOM CIIOCOOHOCTH 000-
COOJIEHHOTO U3yueHHUs aTpUOYTOB CUCTEMBI B IMHAMHUKE,
B IIPOLIECCE U3MEHEHHS COOCTBEHHOM BEIMYUHBL. MHOTO-
MEpHOE IIKAJTUPOBAHUE OCYLIECTBIAETCS MMyTEM MO/e-
JINPOBaHUs IIPOLECCa B3aUMOIEHCTBUS NPEAIPUATUN
HNCC u 023, B KOTOPOM KOJIMYE€CTBEHHBIE 3HAYEHUSI
HaIpaBICHUH KOMIIJIEKCHOTO MOHHUTOPHHIA pacipee-
JICHBI 10 TIapaMeTpaM M3y4aeMoil cCUCTeMBbI (CyObEeKT
B3aMMOJICHCTBHUA). BaskHBIM 3TarioM B paMKax UCCIIENI0-
BaHUS SIBIIACTCS BU3yaJIbHO-HANIAHOE MOJICTTUPOBAHHE
nporecca B3aumoaericteus npeanpustuii UCC. Cornac-
HO TMOJIOKEHUSIM TEOPHU MHPOTrpahuIecKoro MoJiesu-
poBanus [8], B3aUMOICHUCTBYS U COMMKEHUS CYIITHOCTEH
Pa3IUYHON MPUPOJIbI BOZHUKHOBEHUS, 00J1a/1at01UX
pa3IM4YHBIMU HOpMaMu (YHKIIMOHHPOBAHHUS, XapaKTe-
PHU3YIOTCSI IByMsI OCHOBOIOJIATAIOIUMH (Ha30BbIMH
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nepexo/ilaMy CXOXKICHHS: HyJeBas (a3a, KOTopasi O3Ha-
MEHOBBIBACT HAYaJI0 B3aMMOACHCTBUS, HA ITOU (ase
CyOBEKTHI (CHCTEMBI) CYIIECTBYIOT B COCTOSTHIH TTOKOS,
a UX apaMeTpbl HEU3MEHHBI HITH HAXOATCS B HE3HAYH-
TENbHOW M 00paTUMON JUHAMUKE BEJIMYNH; aKTUBHAS
(aza, KoTOpasi CBUACTEIILCTBYET O Havyalle B3aUMOJICH-
cTBUS 1 hopMHUPOBaHUS 000OTHBIX BO3JICHCTBHIA CYyOb-
extoB [8]. Ha puc. 1 npomuttocTpupoBato rpapudeckoe
npejacTaBieHne B3anmoseiicTusa npeanpuaruii MCC
u 093 npu (a30BbIX Mepexoaax COMMKESHUSI.

Pesynbrar maccuBHON (a3bl — HEOOXOAMMOCTH
B BBITIOJIHCHUN KOMITJIEKCHOTO MOHUTOPHHTA CPE/IbI B3a-
nmonercTeus npeanpustuit UCC u 023, utorom KoTo-
poro siBisieTcst GopMUPOBaHKE COOTBETCTBYIOIIUX Ha-
NpaBJieHU MOHUTOpUHTA. B paMkax uccienoBaHus
ABTOPBI MPHIIUIN K BBIBOAY, YTO KOMIUIEKCHBIH MOHHUTO-
PHMHI' BHYTPEHHEH Cpe/ibl B3aUMOJICHCTBUS B HANOOIIb-
1€ CTENICHN COOTBETCTBYET ITOCTABICHHOH B HCCIIENIO0-
BaHHUU NpOOJIeMe U €€ PEIICHHUI0, N0 ATOW MpHUYNHE
BHEIIHME MH()OPMAIMOHHBIC TOTOKH (GOPMHUPOBAHUS

IIpennpustue UCC
ICS enterprises

IlaccuBHas daza

Passive phase
DrHAaHCOBO-X0351CTBECHHOE
COCTOSIHHE
Financial and economic condition

COBOKYIHOCTb TIOKa3aTelei,
OTpaKAIOLIUX aTPHOYT
CHCTEMBbI
A set of indicators reflecting
the attribute of the system

TTokazarens 1
Indicator 1

TToka3zarens 2
Indicator 2

Tlokazatens n
Indicator n

053
SEZ

=)

MHHOBAaIMOHHBII TOTESHIIHAIT
Innovative potential

Peammzara UCIT
Implementation of the ICP

VHast IpOeKTHAs IS TEIbHOCTD
Other project activities

COBOKYITHOCTH ITOKa3aTeseit
B3aNMMOJEHCTBUS
A set of interaction indicators

KommiekcHbIii MOHUTOPHHT Cpe/Ibl B3aMMOICHCTBHUS
Comprehensive monitoring of the interaction environment

AxTuBHas dasza
Active phase

Wndorpaduyeckre Moaea KOHBEPreHIIMN
B3aMMOJICHCTBUSI U JMHAMUKH T0Ka3aTenen
Infographic models of convergence interaction
and dynamics of indicators

IIpoduipHas cucrema pernpe3eHTanum
KOJIMYECTBEHHBIX PE3yIbTaTOB
Profile system of representation
of quantitative results

<

—

Amnanu3 GUHAHCOBO-XO03SHCTBEHHON
JeATEIBHOCTH
Analysis of financial and economic activity

Pacuer nHeKCa KOMITZIEKCHOTO MOHHTOPHHTA
BHYTpPEHHEH Cpelibl
Calculation of the index of integrated
monitoring of the internal environment

Puc. 1. Bzaumoneiictue npeanpustaii UCC u 093 npu pa3oBbIX nepexonax cOMMKEHHS

Fig. 1. Interaction of ICS enterprises during phases transitions of convergence
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HaTpaBICHUI MOHUTOPUHTA HE CTONb MTOJPOOHO H3JI0-
JKEHbI B cTaTbe. AKTHBHAs (ha3a B3aMMOJICHCTBHS XapaK-
TepusyeTcs He0OX0AMMOCTBIO TPOBEACHUS aHAIIN3a
(buHAHCOBO-X035HCTBeHHOM AesTenbHOCTH (ADX]])
npeanpustus UCC, HamepeBaromerocst OCyIecTBIsATh
nesiteabHOCTh B O3, Ha 3TOM 3Tane GOpMHUPYETCS CO-
BOKYIIHOCTb [10Ka3aTelel, OTPAYKAIOILIUX OIIPEACICHHbII
napameTp (PUHAHCOBOTO M MaT€PHaIbHOTO COCTOSIHUS
n3ydaemoro npeanpuatus [18, 19]. dynkunonamsHOE
nazHaueHne ADXJ[ B 000CHOBaHUM TPUIMHHO-CIIE-
CTBEHHBIX CBSI3€H, KOTOpPbIE PACKPHIBAIOT CTENEHb (H-
HAHCOBOW YCTOMYMBOCTH M TIATEKECTIOCOOHOCTH Ipe/I-
nipusitisi UCC m ero cnocoOHOCTH HECTH OTBETCTBEHHOCTh
110 COOCTBEHHBIM 00s13aTEIbCTBAM, COXPAHSASA CTAONUIh-
HOE 1 aBTOHOMHOE SKOHOMUYECKOE CYIIIECTBOBaHHE.
HTtorom mpoBeneHns aHaIn3a SBISIETCS MPOTHO3
OCHOBHBIX TCHACHIINI OpPraHU3aI[MOHHOTO M (hUHAH-
COBOTO Pa3BUTHUSA, YIUTHIBAIONIUX IIPOCTPAHCTBEHHO-
JUHAMUUYECKUI XapaKTep U3MEHEHUM, BbI3BAHHBIX
B3aumozeiictBuem ¢ 093 [20, 21]. JlokyMeHTBI Oyxraj-
TEPCKOH, yIPaBICHUECKOM OTYETHOCTH, ONMCHIBAIOLIUE
MaTepUaJbHYyI0 U MPOU3BOACTBCHHYIO CTOPOHY Mpea-
TIPUSITHS, TOCITYKUITH KITFOYEBBIMU MH(OPMAIMOHHBIMA
ncToyHuKamMu A nposeneHus ADX/I. BaxHo oTme-
TUTh, YTO BECh IEPEUCHB UCIIOIB3YEMbIX JAHHBIX — 3TO
Bce HH(OPMAIIMOHHBIE TOTOKH, CHOPMUPOBAHHBIE HA OC-
HOBE OTYETOB 1 JIOKYMEHTOB BHYTPEHHETO MOIb30BAHUS,
XapaKTepU3YIOIINX Mpoliecc B3aumoencTus. [10100-
Hasl CUCTeMa OpraHu3alluK JJAHHBIX CBs3aHa C HE0OXO-
JFIMOCTBIO IEKOMIO3UITUH CJIOKHOYCTPOCHHOTO SIBIICHHS
Ha 6oJ1ee MPOCTHIE COCTABISAIOIINE, YTOOBI OLICHUTH BaXK-

HOCTb KaKJ0W U3 LIKaJI KBAJTUMETPUUIECKON OLIEHKHU CO-
IJIACHO HAMPABJICHUIO KOMIIJIEKCHOTO MOHUTOPHHTA.
Bonee Toro, pe3ynbTaTsl OLIEHKH JalOT BOBMOXXHOCTD
00BbEIMHUTD KOJINUECTBEHHBIC M KaU€CTBEHHBIE PE3YIib-
TaThl B €MHBIA MHTErpajbHbIN MOKa3aTeslb. YUeT
cBOMCTB 3(p(hekTOB BHEIIHEH 1 BHYTPEHHEH Cpe/ibl —
Ba)KHOE MTPEUMYIIIECTBO MHOTOMEPHOTO IIKATUPOBAHUS,
MTOCKOJBKY CO3aeT YCIIOBHS JJI BOCIIPOU3BEIACHUS
LEJBHOTO TPOrHO3a (POPMUPOBAHMS M PA3BUTHS H3yya-
€MOTO SBJICHUS 110 YaCTHBIM M €AMHIUYHBIM H3MEPEHHSIM.

Takum ob6pazom, ADX]] cOCTOUT U3 HECKOIbKUX
IpyYI 1oKa3arelneii, KoTopble 00beANHEeHbI 001IIeH JI0-
THYECKOH MOCIIEA0BaTEIbHOCTHIO, IEPEUNCIIUM HX: T10-
Kazaresiu (PMHAHCOBOW yCTOWYMBOCTH, ITOKA3aTeIH Jie-
JIOBOM aKTHBHOCTH, MOKa3aTeNH PEHTA0EIbHOCTH,
MTOKa3aTe! TIaTeKeCIIOCOOHOCTH U TUKBUHOCTH —
KOMIUIEKCHBIN aHaJIN3 JTUKBUAHOCTH.

B tabn. 1 nmpencraBneHa kpaTkas XapakTepHCTHKa
KaKJI0U U3 TPy nmokasarenei B pamkax ADX]I.

Baxxxo orMeTHTh, 9T0 nokazatenun ADX/] paccun-
TBHIBAIOTCSI B 00513aTEIbHON MOCIEI0BATEIEHOCTH MEXKTY
c00011, MOCKOIBKY CHHTE3UPOBAHBI B (hOpME COBOKYTI-
HOCTH a0COJIIOTHBIX U OTHOCHTEJIbHBIX BEJIMYNH, KOTO-
PpbI€ SIBJISIFOTCSI TPOM3BOIHBIMH 1 (DOPMHUPYIOTCS COIIIAC-
HO paHHEE NMPOBEJACHHBIM pacueTaM.

Utor AOX]] npeanpustus MCC, HamepeBaromie-
roCs OCYHIECTBIATD AeSITeNbHOCTh B 023, — mocTpoe-
HUE TPODUITBHON CHCTEMbI KBATMMETPUUECKOM OTICHKH,
KOTOpasi OTPa’kaeT BHIIBICHHBIC MTOJIOKHUTEIBHBIC U OT-
pHUIaTeNbHBIC TEHACHIIUH 110 Pe3yIbTaTaM BHYTPEHHETO
KOMILJIEKCHOT'O MOHUTOPHHTA (Ta0I. 2).

Tao6ua. 1. Kparkas XxapakTeprcTHKa TPYII [TOKa3aTelel aHain3a (PMHaHCOBO-XO3IUCTBEHHOH ESTEIBHOCTH

Table 1. A brief description of the groups of indicators of the analysis of financial and economic activity

I'pynna nokazareneit AOX]/]
Group of indicators for the analysis of
financial and economic activity (AFEA)

Xapaxrepuctuka B pamkax ADX]|

Characteristics within the framework of the AFEA

®duHaHCcOBas YCTOHYUBOCTh
Financial stability

®duHaHCOBas yCTOMUMBOCTD NPEANPUATUS ONpeeNsieT BeIUIUHY U COOTHOLIEHUE
00BEMOB COOCTBEHHBIX M 3a€MHBIX CPEJICTB, KOTOPBIE HEOOXOMMBI TSl 00eCIIeUeHUSI
3aIacoB U 3aTpaT; AEeMOHCTPUPYET CTPYKTYpy KalluTajla NPeANpUITUS U €TO
UIATEXECIIOCOOHOCTh

The financial stability of the enterprise determines the amount and ratio of the volumes
of own and borrowed funds that are necessary to ensure reserves and costs;
demonstrates the capital structure of the enterprise and its solvency

JlemoBasi akTHBHOCTH
Business activity

OtreHKa J1eI0BOH aKTUBHOCTH HPEIIPHATH, KOTOpas CBA3aHa C OIIPE/ICICHUEM
3G PEKTUBHOCTH UCTIOIB30BAHUS H 000PaYNBAEMOCTH aKTHBOB; CKOPOCTH 000poTa
KanuTajga HalnpsSMylo BIMSCT Ha IJIATEKECIOCOOHOCTb, MOCKOIBKY OTPaKaeT
BO3MOXKHOCTBH (DOPMHUPOBAHUS ICHEIKHBIX CPEJICTB

Assessment of the business activity of an enterprise, which is associated with
determining the efficiency of use and turnover of assets; the rate of capital turnover
directly affects solvency, since it reflects the possibility of generating cash

PenTabenpHOCTD
Profitability

PackpbIBaeT JOXOMHOCTB BIOKSHUH U BEIMUMHY MOJTyJaeMON IPHOBIIH Ha €IHHUILY
CTOMMOCTH COOCTBEHHOTO KanuTaia 1 GOpMUPOBaHUS HHBECTHIIMOHHON O THKH
1 BBIOOPA ONTUMAIIBHBIX ISl peain3aliy IPOEKTOB

Reveals the profitability of investments and the amount of profit received per unit
cost of equity and the formation of investment policy and the selection of optimal
projects for implementation
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Oxonuanue mabn. 1/ End of the Table 1

I'pynna noxaszareneit AOX]{
Group of indicators for the analysis of
financial and economic activity (AFEA)

Xapakrepuctuka B pamkax ADX]{
Characteristics within the framework of the AFEA

[TnarexecrnocoOHOCTb U JIMKBUIHOCTD
Solvency and liquidity

CriocoOHOCTB NPEAPHATHSI HECTH OTBETCTBEHHOCTH 10 COOCTBEHHBIM (DUHAHCOBBIM
00s13aTeNbCTBaM CBsI3aHa C €ro IUIATeKeCIIOCOOHOCThIO, KOTOPast XapaKTepU3yeTcst
JIMKBH/IHOCTBIO — CBOWCTBOM CpEACTB 000pauyMBaThHCS B JICHEKHYIO HopMmy,
HCKITIOUasi pHCK MOTEPH COOCTBEHHO 6alaHCOBOI CTOMMOCTH

The ability of an enterprise to bear responsibility for its own financial obligations is
related to its solvency, which is characterized by liquidity — the property of funds
to turn into monetary form, excluding the risk of loss of its own book value

KommuekcHbIi aHaNN3 TMKBUIHOCTH
Comprehensive liquidity analysis

AHanu3 JUKBUIHOCTU GajiaHCca MyTeM PACIpeeICHUsI UMCIOMINXCS aKTHBOB
MPEANPUATHA OT Haubojee TUKBUIHBIM K HaNMeHee. AHAJOTHYHBIM 00pazomM
IPYHIHPYIOTCS ¥ CTAThU MAacCHBa OalaHCa B COOTBETCTBHH CO CPOUYHOCTHIO MX
OILIaThI

Analysis of the liquidity of the balance sheet by distributing the company’s existing
assets from the most liquid to the least. Similarly, the items of the balance sheet
liability are grouped in accordance with the urgency of their payment

Taou. 2. [IpoduibHast cucTemMa penpe3eHTalul KOJTHIeCTBEHHBIX pe3ynsraTtoB ADX]]

Table 2. Profile system of representation of quantitative AFEA results

Hanpasnenne ADX]{
AFEA direction

TloaoxuTEeNBHBIEC TCHACHIIIT

HeraruBHble TeHIeHINN

Positive trends Negative trends

®duHaHCcOBas YCTOMYUBOCTh
Financial stability

VBennueHne 10711 COOCTBEHHOTO KalHTajla
B 0011eM o0beMe CpencTB

Increase in the share of equity in the total
amount of funds

Beicoknit 00beM 3aKpeTUTOBAHHOCTH
High volume of crediting

JlemoBasi akTHBHOCTh
Business activity

CHIKEHHE CPOKa 000payMBaeMOCTH
MaTepHajIbHBIX 3a11acOB
Reduction of the inventory turnover period

VBenuueHne MpoaoKUTEILHOCTH
OIEPAMOHHOTO IUKIIA
Increasing the duration of the operating cycle

PenrabenpHOCTH
Profitability

[oBrmmenue peHTa0eIEHOCTH COOCTBEHHOTO
Karuraia
Improving return on equity

CHIDKEHHE JUINTENFHOCTH NTeproIa
OKYIIaeMOCTH COOCTBEHHOTO KalnTala
Reducing the duration of the payback period

of equity
[TnarexecrnocoGHOCTh Poct obecniedeHHOCTH COOCTBEHHBIMU HenocraTo4yHblil ypOBeHb TEKyIIEi
Solvency CpeACTBaMHU JIMKBUJIHOCTH
Growth of provision with own funds Insufficient level of current liquidity
JIMKBHHOCTD TToBbIIICHHE COBOKYITHOTO 00beMa JIMKBUAHBIX | POCT 710511 MEJTICHHO pean3yeMbIX akTHBOB
Liquidity aKTHBOB B CTPYKType OalaHca Growth in the share of slow-selling assets

Increase in the total volume of liquid assets in

the balance sheet structure

CrerneHb UHTEHCUBHOCTU U 3HAUUMOCTH MPOsIBIIE-
HUS TCHIICHIINN B TIPOIIECCE B3aUMOICHCTBHUS MIPEATIPH-
stuit UCC u 023 B acnekre ucnonbzoBanuss ADX]/]
XapakTepu3yeTcs KOHBEPTSHIINEH, KOTOpast IEMOHCTPH-
pyeT IMHAMHKY U3MEHEHU TI0Ka3aTenei B HeTocpeI-
CTBEHHOM IIPOIIECCE IO COMMKEHUIO CYOBEKTOB, OKa3bI-
BafOIIUX 000IOMHOE BIHMSHUE APYT Ha npyra [22-26].
[Ton xoHBepreHIIel TOHUMAIOTCS TICPCIICKTHBEI ITOSIB-
JICHHS IPUHITAITAATHHO HOBBIX U SIMHBIX YepT Y 00enX
CTOPOH CXOXKICHH, KOTOPOE B paMKax MPeIMeTa HC-
CJIeIOBAaHUS MOYKET OBITh BRIPAXKCHO B 00pa30BaHUH CO-
BEPUIEHHO MHBIX MHTETPaTUBHBIX eauHul [15, 25],

00TaaroINX KOMIUIEKCHBIMHU M COBOKYITHBIMH IPH3HA-
KaMHU B pe3ynbTare B3aumoneiictsus [8, 15]. Ha puc. 2
MIpUBEICHA JHHAMHUYECKAsT KOHBEPTCHITUS TOKa3aTesei
MOHHTOPUHTA BHYTPEHHEH Cpeabl B3aUMOJCHCTBUS
npeanpustuit UCC u 033, no3possitonmias caenaTb Bbl-
BOJI O HAJTMYUH PE3YIABTUPYIOINX BIFSHUI MKy CYyOh-
€KTaMH 10 OTHOIICHHIO IPYT K APYTY.

Taxwum 06pa3oM, IO pe3ynnbTaTaM IpUMEHEHHUS Me-
TOJIOJIOTHH UCCIICIOBAHMUS OBLIO YCTaHOBIEHO, 9TO (ha-
30BbI€ NIepexoabl B3aumozaeicTeus npennpustuit MCC
n OD3 B acneKkTe COBEPIICHCTBOBAHUS (PHHAHCOBOTO
Y MHHOBAIIMOHHOI'O MOTEHUUANOB [25] CTpOUTEIBHOM
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Hror B3aumoieficTBUS
The result of the interaction

[peanpusarue UCC
ICS Enterprise

Konseprennus
Convergence

¥

dopmupoBaHHe TPEeHIa B TPOCTPAHCTBEHHO-BPEMEHHOH THHAMUKE
Trend formation in space-time dynamics

Puc. 2. Jlunamudeckasi KOHBEPIeHIIMS MTOKa3aTeNieii MOHUTOPHHTA BHYTPEHHEH cpelbl B3aumoaeicTeus npeanpustuii UCC

n 003: ®Y — ¢uHaHCOBas YCTOMYMBOCTD; [IA — nenoBas akTUBHOCTh; P — peHTabenbHOCTD; [1 — miare:kecrocoOHOCT;

JI — IUKBUAHOCTH

Fig. 2. Dynamic convergence of indicators for monitoring the internal environment of interaction between ICS enterprises and

SEZ: FS — financial stability; BA — business activity; P — profitability; S — solvency; L — liquidity

OTpPACIH JIeKaT B OCHOBE IIPUMEHEHHSI METO/1a KBaJIH-
METPHYECKON OLIEHKN U MHOTOMEPHOT'O IIKaJIUPOBAHUS,
HaINpaBJIeHHOTO Ha (OPMHUPOBAHHUE KOJINYECTBEHHON
OLICHKH SIBJICHHS, KOTOpast B JaJIbHEHIIIEM ITpeo0pasyeT-
Csl B KAUECTBEHHYIO XapaKTEPUCTUKY Oyarosapst mpo-
(GUIBHON cHUCTEME Perpe3eHTAMU KOJUYeCTBEHHbIX
Pe3yabTaToB, OTPAXKAIOIIEH MOJIOKHUTEILHBIC M OTPHILIA-
TEJIbHBIC TCHACHINHA KOMIJIEKCHOTO MOHUTOPHHTA
BHYTPEHHEH Cpezibl, BRIPAKEHHOTO OCYIIECTBICHHEM
ADX ]I mpennpustus MCC. Kpome Toro, KOHBEpreHIH
U cOnmkeHue CyObeKTOB, UMEIOIINX Pa3HbIE HOPMBI
(YHKIIMOHUPOBAHMSL, O3BOJISIET OCYIIIECTBUTD IPOTHO3
TIEPCIIEKTHB B3aNMO/ICHCTBYSL, T1€ CTAHOBUTCS BO3MOXK-
HBIM TIOSIBIICHUE IPUHIMITHAIIBHO HOBBIX (hOpM 00be1u-
nenust npennpustuit UCC u 033, obnanaronmx cxo/-
HbIMU uepTamu [27, 28].

PE3YJIBTATBI HCCJIEJOBAHUA

Ha ocHoBaHUM TPOBEICHHBIX NCCIIEIOBAHUI BU3Y-
JIBHO-HANIAHOHN (popMOit MpeacTaBIeHIsI MHOTOMEp-
HOTO IIKaJTHUPOBAaHUA SBIsieTCA MHporpaduueckas
MOJIeJTh 3Be314aToro Buja (puc. 3), KOTopasi WTioCTpH-
PYET CTeneHb BAXXHOCTH U BIUSIHUS PA3IMYHBIX TPYIIT
nokazareneid AOX]] u HanpaBiieHUsT KOMILUIEKCHOTO
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MOHHUTOPHHIA, CBI3aHHOT'O C U3YYEHUEM JIaHHBIX, CO-
JICPIKAIUXCS BO BHYTPECHHEH HH(POPMAITMOHHON Cpeie
B3aUMOJEICTBUSL.

CdopmupoBaHHas 3Be3g4aTas MOACIb — 3TO
MHOTOTpaHHUK, Ha YIJIaX KOTOPOTO pacrpeieIeHbl TPyTI-
bl nokazareneit AOX/I, BbIpaskarolue onpeaeaeHHy0
BEJIMYUHY TpapUUCCKH, YTO MMO3BOJISICT CACIATh BBIBOJ
0 3HAYUMOCTH BIMSIHHSI KQXKI0TO OTAEIBHOTO I0Ka3are-
JIsl HaTpaBJIeHUs1 (PUHAHCOBOTO aHAJIN3a MPEIIPUSTHS.
COBOKYITHOCTB ITOJJOOHBIX MOJICIICH TaeT BO3SMOKHOCTD
BBISIBUTH TPEH/I U €r0 MPeoOpa30BaHusl Ha MPOTSHKCHUH
BCEro TIpoIiecca HaOMOACHUH B yCIOBUAX B3aUMOICH-
CTBHS, YTO COJICHCTBYET 00Pa30BaHHIO U HCIIOJIE30BAHHIO
[IPOTHO30B, KOTOPBIE JIETKO BOCIPOU3BECTH IIOBTOPHO.
To4HOCTB 1 0OBEKTUBHOCTD MOTYUCHHBIX 3HAYCHHUI 00Y-
CJIOBJIGHAa OTCYTCTBHEM HAJOOHOCTU B NMPUBJICUYCHUH
K paboTe PKCIEPTOB — BCE KOJIMYCCTBEHHBIC PE3yIIbTa-
TbI TIOJTY4EHBI B XOZI€ IPOBEAECHMSI MATEMATUUECKUX OIIe-
pauui, a pacnpeneneHbl B COOTBETCTBUU C BETUUMHON
OTKJIOHEHUS (PaKTHUECKHX TUIAHOBBIX 3HAYEHHUH, KOTO-
pbl€ pACCUUTHIBAIOTCS KaK CyMMa Pa3HOCTU MEXIy Be-
JIMYMHAMU TI0Ka3aTesel Mex 1y co0oil. D dexTrnBHOCTD
3BE34YAThIX MOJIEJIEH 3aKIII0YaeTCsl B IPEI0CTABICHUHI
HarIIAHON (OPMBI H3MEHEHHS [T0Ka3aTejIeii MOHUTO-
pUHIa BHYTPEHHEH cpeibl, YTO AOIMYCKAET BO3MOKHOCTh
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Kommekcnas mukBuaHocts (KJT)
Complex Liquidity (CL)

®duHaHcoBas ycTodunBocTh (DY)
Financial stability (FS)

AOGCOII0THEIE

1 OTHOCHUTEJILHEIE
[OKa3aTen
Absolute and relative
indicators

Jlenosast aktuBHOCTH ([1A)
Business activity (BA)

AOCOnIOTHBIE

M OTHOCHUTEJIbHEIE
IOKa3aTe/u

Absolute and relative
indicators

ITnarexxecocodnocTs (IT)
Solvency (S)

PenrabenbHocTb (P)
Profitability

JIukBunHoCTh (JT)
Liquidity (L)

Puc. 3. Undorpaduyeckast Mosiesb BOKHOCTH U BIHMSHHS HAaPaBICHUH KOMITJIGKCHOTO MOHUTOPUHTA BHYTPEHHEH Cpe/ibl

Fig. 3. Infographic model of the importance and influence of the directions of integrated monitoring of the internal

environment

HHTEPIIPETHPOBATH KOJINYECTBEHHBIE JJaHHbIC B KAYECT-
BEHHYIO KOH(QUTYPAIHIO, KOTOpast OTPaKaeT N3MEHEHHUS
HanpaBieHuid AD®X]] B nTuHaMHUKE, T€MOHCTPHPYSI
T€ 3Ha4YCHUsI, KOTOPbIE B HANOOJIbIICH CTEIICHN H3MEHH-
JIUCh B pe3ysbTare B3aumozaeiicteus ¢ 033.

[TpenmymiecTBO HHPOTrpaduIecKoro MoAEIHPOBa-
HUS TAK)KE 3aKJII0YaeTCs B OLIEHKE MHTEHCHBHOCTH M CTe-
IICHU BAaXXHOCTHU OTACIIbHBIX nokasarejel Uin rpyi1i,
KOTOpbIE U3MEHWIN (PMHAHCOBO-MaTepHaIbHbIN ITOTEH-
LIUaJl U3y4aeMoro MpeAnpusaTys. [y ToUHOCTH ompesie-
JICHUS XapakTepa N3MEHEHUH U AMHAMUKY TIOKa3aTeeH
CJIelyeT BBECTH IIKATy HU3MEPEHHH, OpDHEHTHPOBAHHYIO
Ha pa3bsICHEHHE UTOTOB pacyeTa KOJIMYECTBEHHBIX I10-
kazareneit AOX]J] [29]. PanHee B uccaenoBannu ObLIa
copmupoBaHa NPOGUIbHAS CHCTEMA PENPEe3eHTALIH
KOJIMUECTBEHHBIX pe3ynbraroB ADX/] npeanpusrus, Kak
YacTh KOMIUIEKCHOTO MOHUTOPHHTA CPEZbl B3aNMOCH-
ctBust ¢ OO3. B X011 Hay4HOTO UCCIIEN0BaHMsI aBTOPBI
IIpe/IIaraloT BBECTH U3MEHEHHS B TPOQHIIBHYIO CHUCTE-
My, 100aBHB TIOMHUMO XapaKTEPUCTUK MOJOKHUTEIBbHBIX
U OTPHULATEIbHBIX TEHICHIUN TaKXKe pacueT BEeJINIUH
OTKJIOHEHWMSI TToKa3arenei (Tabim. 3).

Pacnpenenenue BeMUYNH OTKJIIOHEHUS OCYIIECT-
BISIETCSI U OLIEHUBAETCSI HA OCHOBE IIKAJIBI TUHAMUKA
n3MeHeHus nokasareneit or 0 1o 5 (0 — orcyrcTBUe
OTKJIOHEHHUS, | — He3HaYyHuTelIbHOEe, 2 — 3aMETHOE,
3 — ourytumoe, 4 — 3HaYUTENbHOE, 5 — BeChbMa 3Ha-
gnmMoe). B pesynsraTte pacdeTra 3HaYCHHIA IMOKa3aTese
YCTaHaBIMBACTCS PA3HOCTh MEXKAY TIAHOBBIMHU M (hak-

THYECKUMU 3HAYCHHUSIMHU, KOTOPbIE OPHEHTHPOBAHBI
Ha MOJIy4YCHHE BBIBOAOB U UTOI'OB B OTHOIICHUU IIPO-
THO3a TEHJICHIIMH N3MEHEHUs U IMHAMUKHU HallpasJie-
Huit AOX/]. KirroueBbIM ycIoBHEM MPUMEHEHHUS METO/Ia
KBAJIMMETPHUUYECKOI OIEHKH SIBISETCS (POPMUPOBAHHE
pO(UIBHON CHCTEMBI PEIPE3CHTANN PE3yIbTATOB,
KOTOpAs JIOTIOJHEHA OLIEHKOM CTENeHN MHTEHCUBHOCTH
1 3HAYMMOCTH MPOABJICHUSA MOJIOKUTCIBHBIX U OTpU-
LaTeJIbHBIX TEHCHIMH. Vcronb30BaHne JaHHOTO MOJ-
XO0Jla OLIEHKH MO3BOJIIECT IIPOBECTH IIpeoOpa3oBaHue
KOJIMYECTBEHHBIX PE3yIbTaTOB B KAUECTBEHHBIH BUJ,
oOnaiaronyii BaXXKHOH yIIpaBIeHYECKOIH [IEHHOCTBIO JUIs
TIPUHSITUS PEILICHUH 110 B3aUMOICHCTBUIO MPEATIPUSTHI
NCC u 0323 15 U1l M pyKOBOIUTENEH, OTBETCTBEHHBIX
3a CO37IaHMe MPOYHBIX CyOBeKTHBIX cBs3eit [30, 31].
Taxwmm 06pa3oM, HTOTOM pa3padboTKH MPohUIBHOI
CHCTEMBI PETIPE3CHTAINH KOJIMIECTBEHHBIX PE3YIIBTaTOB,
YUUTHIBAIONIEH BETMYMHBI OTKIOHEHHS TUIAHOBBIX 3Ha-
YeHHUH moKasaresiell oT (PaKTHUECKUX, CIYXKHUT pacyer
MHJIEKCa KOMIUIEKCHOTO MOHUTOPHUHIa BHYTPEHHEH cpe-
JIbl, KOTOPBIH PACCUUTBHIBACTCS CIEAYIOIMM 00pa3oM:

IB.M =5+ ZBO nos ZBO orp> (1)

rae 5 — 970 6a30BOE 3HAYCHHE LIKAJbl JTUHAMHUKN
M3MEHEHUs TIoKazaTesel (prHaHCOBO-X03SHCTBEHHOTO
aHaJiM3a KOMIIJIEKCHOIO MOHUTOPUHIA BHYTpPEHHEH
cpens! npeanpuatus UCC, npuaIMaemMoe Kak HauIyd-
IUH pe3ynbTaT paHKUpOBaHUs. B MHIEKC KOMILIEKC-
HOTO MOHHUTOPUHTA BHYTPEHHEH Cpellbl BHOCSTCS BCE
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Ta6u. 3. [IpoduibHas cucteMa perpe3eHTalnH KOJINYECTBEHHBIX PE3yJIbTaTOB, YUHTHIBAIONIAS BEIUYHHBI OTKIOHEHHS

IUIAHOBBIX 3HAYCHHI ITOKa3aTeliel OT (aKTHUSCKUX

Table 3. Profile system of representation of quantitative results, considering the deviation of the planned values of indicators

from the actual

[onoxxuTenbHast TEHACHIINS

3HaveHKe MOKa3aTess

I'pynmsr
Hanpasnenne AOX] | nokasareneit Positive trend The value of the indicator Pesynbrar
AFEA direction Groups of 0 paH)KI./IpOBaHHH
o Tpunarenbas renaens | Ilranosoe (II) | @akruaeckoe (P) | Ranking result
indicators Negative trend Planned (P) Actual (A)
dunancoBas Yy, VBenuueHue g0 I1/P D/A [1-®
YCTOHYUBOCTD FS, COOCTBEHHOI'O Kanurasna P-A
Financial stability Increase in the share of equity
Beicoknit 06bem -o
3aKpPEAUTOBAaHHOCTH P-A
High volume of crediting
JlenoBast akTUBHOCTh JA, CHUXEHHE CpOKa In/p D/A [I-®
Business activity BA, 0060paunBaeMOCTH P-A
MaTepHaIbHBIX 3aIacoB
Reduction of the inventory
turnover period
VBenuueHue -®
MPOJOJIKUTENIBHOCTH P-A
OIEPALIMOHHOTO LUKIIA
Increasing the duration of
the operating cycle
PentabenbHocTh P, TloBbllIeHNHE PEHTAOCIBHOCTH Im/p D/A -o
Profitability COOCTBEHHOTO KaluTana P-A
Improving return on equity
CHIDKEHHE JUTNTEIFHOCTH I1-®
MIEPHUOJIA OKYIIAEMOCTH P-A
COOCTBEHHOTO KalnTajla
Reducing the duration of
the payback period of equity
[TnarexecrocoOHOCTh 11, Poct obecnieueHHOCTH In/p D/A n-o
Solvency S, COOCTBEHHBIMH CPEJICTBAMHU P—-A
Growth of provision with own
funds
Henocrarounslii ypoBenb [I-®
TEKyILEel JINKBUIHOCTH P-A
Insufficient level of current
liquidity
JIukBUIHOCTB I, IloBbImenne cOBOKyIHOTO Im/p D/A [-@
Liquidity L, oObeMa JIMKBHHBIX aKTUBOB P-A
B CTpyKType OanaHca
Increase in the total volume of
liquid assets in the balance
sheet structure
Poct nonmu meanenHo [1-®
pean3yeMblX aKTHBOB P-A
Growth in the share of
slow-selling assets
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3HAUYEHUS OTKIOHEHUH MOJIOXKUTENBHBIX ) () oz H OT-
PHULATENIBHBIX XaPAKTEPUCTHK Y () op- [[0TyUCHHOEC
3HaUCHHE MHJEKCa B JAIbHEHIIIeM HE0OX0IUMO BEPHO
PacKpbBITh U HHTEPIPETHPOBATH COTTIACHO MPHHSATHIM
IIKajJaM U3MEPEHHs OTKIIOHEHHsI [TOKa3aTeNel 1 cylie-
CTBYIOILIEMY CITOCOOY HOPMHUPOBAHHSI PE3YJIBTATOB Ha OC-
HOBE 3apaHee YTBEP KJICHHBIX U IPUHATHIX TOMYCTUMBIX
3HAYCHUI, KOTOPhIC U3JI0KEHBI B OyXrajaTepCKO
1 yIPaBIEHYECKOW OTUETHOCTH aHATH3UPYEMOTO Mpe-
mpusatust UCC. torom pacdera HHEKCa KOMIUIEKCHOTO
MOHHUTOPHHI'A SIBIISIETCS MTOTy4E€HUE HHTETPAIbHOTO pe-
3yJbTaTa, YUYUTHIBAIOIIETO COBOKYITHOCTD PA3JINIHBIX
rmokasareseil, 00beIMHCHHBIX O0ITNM HaIlpaBICHHEM
KOMIIJIEKCHOTO MOHUTOPHHIa BHYTPEHHEH Cpe/bl B3au-
mozeicteus npennpustuit UCC u O33. Pesynsrar mpo-
BEJICHHOTO aBTOPAaMHU HCCIIeI0BaHNsI — 00OCHOBaHHE
MIPUMEHEHUS! METO/1a KBAIMMETPUYIECKON OLIEHKHU, BbI-
paXXeHHOW B MOCTPOCHUU IIKAJ U3MEPEHUS BEIUUYHUH
OTKJIOHEHHS TI0Ka3aTeNlell 0 OTPHUIATENIbHBIM U MOJI0-
JKATEIbHBIM TeHaeHIusIMu AD X/, 1 MeToauKa co3ma-
Hus HHPOrpahUIeCKUX MojeNeli KOHBEPTEeHIINH U M-
HaMHUKH KOMIUIEKCHOTO MOHHUTOPHHIA BHYTpPEHHEH
cpensl BzanmoaeicTus npeqnpusatuit UCC nu 033.
[lepcrieKTUBHOCTB M3I0’KEHHOTO METO/Ia OLICHKHU 3aKJIIO-
YaeTcsi B BOBMO)KHOCTH COBMeIIEHHs (DMHAHCOBBIX pe-
3yJBTaTOB AEATEIBHOCTHU U IpenmyIiecTs O3, KoTopble
CIIOCOOCTBYIOT OCYIIIECTBICHNIO KOHBEPISHIIMHU U COITH-
YKEHHIO Pa3JIMYHBIX CYLTHOCTEH, UMEIOIINX crieruduye-
cKue HOpMbI (DyHKIIMOHUpOBaHus. bornee Toro, ycnen-
HOE MIPUMEHEHHE MOJejleld KOHBEPIeHLIHUH AeaaeT
BO3MOXHBIM OCYIIECTBJICHNE ITPOrHO30B B3aNMOEH-
CTBHSI, KOTOPBIE MOTYT CTaTh YCIICIIHBIM M IPOCTHIM
METOJIOM JUTSI TPUMEHEHHS B YIIPaBICHYECKON JCATEINb-
HoCTH A1 pykoBozacTsa npeanpustuil UCC u O93.

3AK/IIOYEHUE U OBCYXJIEHHUE

Hcnonp3oBaHue METO1a KBAJIMMETPUUECKOM OLIEH-
KM ¥ MHOTOMEPHOTO ITKaJUPOBAHUS I N3YUCHUS
B3anmoneiictus npennpusataii UCC u 033 — 310 2-
(EeKTUBHBIH U NMPOCTON MHCTPYMEHT HAOIIOACHUS,
TIPOTHO3MPOBAHUS U OITPE/ICIICHNS TCH/ICHIINH Pa3BUTHS
CTPOMTEIBHON OTPACIIi, YyUYUTHIBAIOIIUX ACTIEKTHI CO-
BEPLICHCTBOBAHUS MHHOBAI[MOHHOTO NOTEHIMaNa, (hu-
HAHCOBOTO U OPTaHU3aIlMOHHOTO PETYINPOBAHHUS IO pe-
HICHUIO MTPOOJIEMbI HEIOCTATOYHON MHBECTHIIMOHHOM
s dexrnBHOCTH O3 1 HATUYUIO BHYTPU KOHPIUKTHOM
CyOBEKTHOH MmapauTMbl, KOTOpasi TaryOHO BIUSET Ha pa-
60ty OD3 1 crtocoOCTBYET MOSBICHUIO ABOMHBIX CTaH-
JapTOB B OTHOIIEHWH YIPaBICHYECKHUX IMPOIECCOB
o opmupoBaHHIo d3PPEKTUBHON CTPYKTYPHI IO KOH-
TPOJIIO OTHOIICHUH MEX/1Ty Y4acTHUKaMH B3aHMOJICH-
ctBus [6]. CyliecTBOBaHHE HEZOCTATKOB B HOPMATHBHO-
MPAaBOBOM I10JI€ 110 YCTAHOBJIEHUIO [IOHSITUITHOM JIOTUKH
MTOCITYKIJIO MIPUYMHOI HepallMOHATIBHOTO pacipeese-
HUS OIO/PKETHBIX aCCUTHOBAHMH, UTO MPHUBENIO K HEOO-
XOJUMOCTH CO3/1aHUsI HHCTPYMEHTOB 1O pedopmanun
CTPYKTYpHI puHaHCHpoBaHusa OD3 U yaeneHuro 60b-
miero BHUMaHusA Mexanusmy [UII npu ¢popmupoBaHmm

HCTOYHHUKOB (DMHAHCHPOBaHMs, peaiu3yeMbix B OO3
MPOEKTOoB [7].

B 37001 cBsI3M poab METOAA KBAIMMETPUUECKOM
OIICHKH 3aKITF0YaeTCs B 000CHOBAaHUH 3HAYUMOCTH (HH-
HaHcoBoro cocTosiaus npennpustaii MCC Ha nmpuHsITHE
3¢ PEKTHBHBIX YIIPABICHYECKUX PEIICHNH, KOTOPBIE IO~
KPETUICHBI, TOMAMO KOJTMYECTBEHHOTO M KAY€CTBEHHOTO
conepkanust, HHPporpaGuuecCKUMHI MOIEISIMU THHAMH-
KM TTOKa3areiel 1 KOHBEPTeHIINH YYaCTHUKOB B3aHMO-
neicteus. adorpaduaeckoe MoaemnpoBaHne n3ydae-
MOTO TIpOIIecca HAPABICHO HA BU3yaJIbHO-HATTISTHYIO
JIEMOHCTPAIINIO H3MEHEHH TIOKa3aTeJel, OTpakas cTe-
MeHb 3HAYUMOCTHU U BIHUSHHUA KaXIOTO MOKa3aTelns
ADX]I. Ucnonb3zoBaHuE COBOKYITHOCTH MOJENEH CO3-
JIaeT YCIIOBUS JJIS BBISIBICHUS TPEHAA U3MEHEHHH, KO-
TOPBI MOKHO aHAJIM3WPOBATh B TWHAMHKE, H3Y9HB OT-
JeTbHBIC HAPaBICHNUS KOMIUIEKCHOTO MOHUTOPHWHTA
BHYTPEHHEH CPe/Ibl, U BBLACTHUTH T€, KOTOPBIE B HANOOITh-
el CTENEHM BIMSAIOT Ha MPOLECC B3aUMOAECHCTBHUS
npeanpustaii UCC u O33.

Y4eT noIoKUTETHHBIX U OTPHULATEIBHBIX TCH/CH-
LU TIPY aHAITN3e (PUHAHCOBOTO COCTOSTHHUS TIPS IIPHATHIA
CO31aeT YCIOBHSA VIS IPE0Opa30BaHUs KOJIMIECTBEHHBIX
3HAYCHUH TTOKa3aTelel B KaueCTBEHHYIO POpMY, KOTopas
00Ia1aeT yHUBEPCATFHOCTHIO TPUMEHEHHS U TIPOCTOTOM
BOCIIPHSATHS, 9YTO UMEET 0COOYIO MPaKTHIECKYIO IIeH-
HOCTB JIJIS IPUHATHS YTIPABICHYSCKIX PEIICHUH B OTe-
paTHBHOW 0OCTaHOBKE, KOT/Ia HET BO3MOXHOCTH OCY-
IIECTBUTDH MOTHOICHHBIN CIIOKHO CTPYKTYPHPOBAHHBIH
aHanu3. BO3MOXHOCTH JEKOMIIO3HIIHH Tpollecca
B3aNMOJICHCTBHS Ha COCTABIIAIOIINE — 3TO OJJHO M3 KITFO-
YEeBBIX MPEUMYIIECTB METO/Ia MHOTOMEPHOTO ITKAJH-
pOBaHHs, KOTOPOE CBA3AHO C YIPOIICHHEM MHOTOKOM-
IJIEKCHOTO SBJIEHUsI Ha MPOCThIe AeiicTBus. Kak ogun
13 BaKHEUITNX PE3yAbTaTOB HAYYHOTO MCCIEIOBAHUS
MIPEACTABIICH HH/IEKC KOMITICKCHOTO MOHUTOPHHTA BHY-
TPEHHEH cpebl, 00bEAMHAIOIINI KOIMYeCTBEHHBIC U Ka-
YEeCTBEHHBIC XapAKTEPUCTUKN B AMHBIA HHTETPATHHBIH
UTOT, TAFOIINI BO3MOXKHOCTH CHETATh BEIBOJ 00 Y dek-
TUBHOCTH B3anMmopeicTeus npeanpustuit UCC nu 033
HA OCHOBaHHH OTHOTO M3 HATIPABICHWH MOHUTOPHHTA.
Kpowme Toro, nHIEKC THIIIEH HAJJOOHOCTH B TIPHBJICYCHUH
9KCTIEPTOB, TIOCKOJIBKY OIICHKA CTPOUTCS ITyTEM BHIYHTA-
HUS BEeIMYNH OTKIOHCHHS MTOJIOKUTEIBHBIX W OTPHUIIA-
TENBHBIX XaPAKTEPUCTHK, TIOyYCHHBIX 110 HTOTaM paHee
nposeneHHoro A®X/I, u npeanonaraer BO3MOXHOCTb
PaHKHPOBAHUS COTIIACHO Pa3HUIIE MEXIY TTAHOBBIMH
1 (haKTHUECKUM BeNWIHHAMU. [IepCTIeKTHBEI pa3BUTHS
HCCIIeIOBAaHUH, M3II0KEHHBIX B CTaThe, OOIIHUPHBI, METOJT
MHOTOMEPHOTO IITKAJIMPOBAHUS IPUMEHHM U TI0 OTHOIIIE-
HUIO K APYTHM HANPABICHUSIM KOMIUIEKCHOTO MOHH-
TOPHHTA, SBICHUSAM WIH COOBITUAM. ABTOPHI CTaThH
MPEeIoNaraiT, 9TO JaJbHEHIINe HaydHbIe TTOUCKH
B HaTPaBJICHUH METOa MHOTOMEPHOTO IITKATAPOBAHHS
MOYKHO HCTIONIB30BATh IPH M3YICHUH TIOJTHOTO CXOXKIe-
wus npeanpusatait MCC u 033 npu pa3IndHBIX yCIIo-
Busix [30-34], oTpa3uB Te HAMPABICHUS KOMIUICKCHOTO
MOHHUTOPHHTA, KOTOPHIE TIOBIHAIOT Ha KOHBEPTCHIIUIO
CyOBEKTOB 000IOHOTO BO3/ICHCTBUS.
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AHHOTALMNUA

BBeaeHue. [onoxeHve o ToM, 4TO Nio60N XO3ANCTBYOLLMNIA CyOBEKT B 9KOHOMUYECKON CUCTEME HE CyLLIeCTByeT 060COBNEHHO
OT Cpefbl, KOTOpasi ero OKPYXXaeT, cCo34aeT HeOOXOAMMOCTb NPY PYHKLMOHMPOBAHUN U Pa3BUTUM OpraHn3auny y4nTbiBaTb
Lienn OCHOBHbIX 3aMHTEPECOBaHHbLIX CTOPOH. OGbEeKTOM UCCNenoBaHMA ABNSIOTCA eAMHble TeNocHabXaroLme opraHnusaunm
(ETO), BbiCTynatoLme O4HUM U3 yHaCTHUKOB TEMNOCHAOXKEHWS, 32 KOTOPbIM 3aKOHOA4ATENbHO 3aKpenyeHa OTBETCTBEHHOCTb
3a MOZEPHU3aLMI0 U TEXHOMNOIMYecKoe pasBuTre TeNnocHabXeHns Ha onpeaeneHHon Tepputopun. Baanmopgencrevne ETO
C OpYrMMm XO3AIUCTBYIOLLMMY CyBbekTaMun 1 AepxaTensiMm UHTEPECOB OKa3biBaeT BNUSIHUE HA XapaKTep Y MHTEHCUBHOCTb
OCYLLECTBMNEHNSA MOAEPHM3ALMN, TEXHOSIOTMYECKOrO M MHHOBALIMOHHOTO pa3BuTus. Llenb nccnenoBaHns — BblgeneHue rpynn
CTEeNKXoNnaepoB, B3aUMOAENCTBUE C KOTOPbIMU BaXXHO A1 MHHOBALMOHHOTO pa3sutusa ETO, a Takke onpegeneHne mx oc-
HOBHbIX Lienen u UHTEPECOB AN TOro, YTOObl MMETb BO3MOXHOCTb YUYMUTbIBATL UX NpK pa3paboTke MexaHu3ma ynpaBreHus
MHHOBaLMOHHbIM pa3sutnem ETO.

MaTtepuansbi u metoabl. TeOpeTUYECKON M METOLONOMMYECKO OCHOBOWM MOCIYXUMN paboTbl POCCUNCKUX U 3apyBeXHbIX
aBTOPOB, MOCBSILLEHHbIE CTENKXONAEPCKOMY NOAX0AY K yrnpasneHuto. MNpuMeHannck MeToabl SMMUMPUYECKOrO N TEOPETU-
4YeCKOro uccrefoBaHus.

Pe3ynbraThbl. VI3y4eHne Noaxo[0B pOCCUACKMX U 3apyBeskHbIX aBTOPOB K knaccudukaumum CTENKXONAEPOB NO3BONMITO cdop-
MUPOBAaTh NepeyeHb OCHOBHbIX CTENKXONAEPOB, 3aNHTEPECOBAHHbIX B MHHOBALMOHHOM pa3suTumn ETO, a Takke BbloenvTb
MX OCHOBHbI€E LIeN, YTO NPeaCTaBNsiET MHTEPEC, TaK Kak MAeHTUMKALMS, CTPYKTYpM3aLms 1 MOCTPOEHME KapTbl BO3MOXHbIX
CTENKXOnaepoB AAET BO3MOXHOCTb OLEHUTb BapuaHTbl (DYHKLMOHUPOBaHUS 1 pa3BUTUSI OObeKkTa UCCNeqoBaHNst C TOYKU
3pEHUS CYLLECTBYIOLLMX 3aMHTEPECOBAHHBIX FPYMNM U UX BIUSIHUS.

BbiBogbl. CUCTEMHBIN NOAXOA K YPaBEHUIO 3aMHTEPECOBAHHBIMU B MIHHOBALMOHHOM pa3sutun ETO rpynnamm, ocHOBaH-
HbIV Ha KPUTEPUM ONTUMArbHOCTU, OOMMKEH CTaTb BaXXHOW CTpaBnstoLLeln npu paspaboTke mexaHuama ynpasfeHus pac-
cMaTprBaeMbIM NPOLLECCOM.

KIOYEBBIE CJIOBA: TennocHabxeHue, eauHble TennocHabxatolwme opraHnsaumm, UHHOBaLMK, MHHOBaLMOHHOE pas-
BUTUE, NHHOBALIMOHHOE pa3BUTME eanHbIX TEMNOCHaBXaoLWNX opraHn3aunii, CTeNKXonaep, Teopusi CTEMKXONAEepPOB, CTEK-
XONAepcKuin noaxoq

Onsa UWUTUPOBAHWUA: [naskosa B.B. CTenkxonaepckuii NoAxos K UHHOBALMOHHOMY Pa3BUTUIO eQUHBIX TenmnocHabxa-
oLmMx opraHmaaumin // BectHuk MITCY. 2022. T. 17. Bein. 9. C. 1264—1275. DOI: 10.22227/1997-0935.2022.9.1264-1275

Asmop, omeemcmeeHHbIl 3a rnepenucky: Banepusi BuktopoBHa maskoBa, leram86@mail.ru.

Stakeholder approach to the innovative development
of unified heat supply organizations

Valeria V. Glazkova
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. The provision that any economic entity in the economic system does not exist separately from the environment
that surrounds it creates the need for the functioning and development of the organization to take into account the goals
of the main stakeholders. The object of this study is unified heat supply organizations, acting as one of the participants in
heat supply, which is legally responsible for the modernization and technological development of heat supply in a certain
territory. The interaction of unified heat supply organizations with other economic entities and holders of interests necessarily
influences the nature and intensity of modernization and technological development, and their innovative development.
The purpose of the study is to identify groups of stakeholders whose interaction is important for the innovative development
of unified heat supply organizations, as well as to determine their main goals and interests in order to be able to take them
into account when developing a mechanism for managing the innovative development of unified heat supply organizations.
Materials and methods. The theoretical and methodological basis of the study was the work of Russian and foreign
researchers in the field of the concept of stakeholders and the stakeholder approach to management. The methods
of empirical and theoretical research were used in the study.
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Results. The study of the approaches of Russian and foreign authors to the classification of stakeholders allowed us to
form a list of the main stakeholders, interaction with which is important for the innovative development of unified heat supply
organizations, as well as to highlight their main goals and interests, which is of interest, since identification, structuring and
building a map of possible stakeholders allow us to evaluate the options for the functioning and development of the object
of study from the point of view of existing interest groups and their influence.

Conclusions. A systematic approach to the management of groups interested in the innovative development of unified
heat supply organizations, based on the optimality criterion, should become an important factor in the development
of a management mechanism for the process under consideration.

KEYWORDS: heat supply, unified heat supply organizations, innovations, innovative development, innovative develop-
ment of unified heat supply organizations, stakeholder, stakeholder theory, stakeholder approach

FOR CITATION: Glazkova V.V. Stakeholder approach to the innovative development of unified heat supply organizations.
Vestnik MGSU [Monthly Journal on Construction and Architecture]. 2022; 17(9):1264-1275. DOI: 10.22227/1997-
0935.2022.9.1264-1275 (rus.).

Corresponding authors: Valeria V. Glazkova, leram86@mail.ru.

BBEJEHUE

[TocTynarom CTEHKXOIIEPCKOTO ITOAXO0/a B yIIPaB-
JICHUU CTAHOBUTCS MBICIIb O TOM, YTO JTF000H X035 CTBY-
IOMHUH CyOBEKT CyImecTByeT He 000COOICHHO MIIs
JOCTHKEHUS UCKIIIOYUTENIBHO CBOMX Lieel, HO U Kak
BaKHasl YaCTh ME30- U MaKPOCPEIbI, T.6. KaK JIEMEHT
CHCTEMBI, KOTOPBII HAXOAUTCS BO B3aUMOCBS3H U B3aH-
MOBIUSTHHHU C APYTHMH 3I€MEHTaMU CUCTEMEBI U €€ cpe-
noi. UHHOBallMOHHOE pa3BUTUE OpraHU3aluid, B TOM
YHCIIe U PACCMAaTPUBAEMBIX B HACTOAIIEH CTAThe €ANHBIX
TEIUIOCHA0XKAIOIINX OpraHU3aIui (namee — ETOI),
TaKXKe He MPOXOIUT U30JIMPOBAHHO OT (h)aKTOPOB HHHO-
BAIMOHHOTO MaKpO- ¥ MUKPOKJIMMATa, 4TO TOApa3yMe-
BAET, YTO LIEJIM UX MHHOBAIIMOHHOTO PA3BUTHS JOJDKHBI
OBITh COMIACOBAHBI C LIEJISIMU OCHOBHBIX, 3aHHTEPECO-
BaHHBIX B HHHOBaIMOHHOM pa3Butuu ETO, cTopoH.
Bsaumoneiicteue ETO ¢ apyrumu xo3siCTBYOIUMU
CyOBEKTaMH M CTEHKXOJIICpaMH B 0053aTETTHHOM MTOPSII-
K& OKa3bIBAET BIMSIHHUE HA XapaKTep U UHTEHCUBHOCTD
YUX WHHOBAIIMOHHOTO passutus [ 1, 2].

TpaauIMOHHO MPHUHATO CUNTATh, YTO OCHOBHBIC
TIOJIOKEHHSI TEOPHH CTEHKXONepoB chopMHUpoBaICh
Kk 60-m . XX B. B 70-x rT. Paccen Axod ¢ npu n3ydeHnn
COLMAIBHBIX CUCTEM PACLIMPHII 3TU TOJIOKEHUS], HO LM~
pOKoe pacripocTpaHeHre OHU oyariu B 80-x rT. XX B.
rmocie BbIxona padborsl mpogdeccopa D.P. dpumena
«Crparernyeckuit MEHEKMEHT: CTEHKXOICPCKHi MoA-
xom» [3, 4]. Bmecte ¢ Tem uccnenoatens B.JI. TamboB-
ueB [5] yrBepkaaet, 4To HeSIBHO chopMyJInpOBaHHbIC
MOCTYNIaThl TEOPUH CTEHKXOIAEPOB MOTIIM BO3HUKHYThH

UEunas remocHatkaromast OpraHu3aIys B CHCTEME TeTI0-
cHaOKEHHS — 3TO TEIIOCHAOKAIOIIAsl OPTaHU3aLHs, KOTOPAast
OTIpeNeNsieTCs B CXEME TEIUIOCHA0XKEHUS (eiepalbHBIM Opra-
HOM HCIIOJTHUTEIBHOU BIIACTH, YIIOMTHOMOYSHHBIM [ IpaBuTeb-
ctBoM Poccuiickoit Dezepaniiu Ha peaau3alnio rocyapcTBeH-
HOU MOJNHUTHKH B cepe TEIoCHAOKEHUS, HIIH OPTaHOM
MECTHOTO CaMOYIIPaBJICHNs HA OCHOBAaHHU KPUTEPUEB U B T10-
PpsizKe, KOTOpbIE YCTaHOBIICHBI IPABUIIAMH OPTaHU3AIHH TEIUIO-
cHaOxeHms, yTBepxkaeHHbIME [IpaBuTenscTBoM Poccuiickoii
®denepannu.

eme B 1930-x rr. B padotax M. I[o,uzlaz, KOTOPBII Tpo-
THBOIIOCTABIIAAA CBOIO TOUKY 3peHus A. Bepne®, cuntas-
LIeMy, YTO OCHOBHAS 3a00Ta KOPIIOPALMH 3aKIII04aeTCs
B pazMepe NprObUIN aKIIMOHEPOB, OITPE/ICIISUT B KAYE€CTBE
3HAUUMBIX 33J1a4 XO3SICTBYIONIEro cyObeKTa, TOMUMO
pUOBUTH, TaKXKe 1 3200Ty 0 0€3011aCHOCTH COTPYITHHKOB,
MOTPEOUTEISIX MyTEM BBIITyCKa Ka9€CTBEHHOM MPOIyK-
LIUH, @ TAK)KE MECTHBIX COOOIECTBAX M MX 0JI1arococTo-
smm. Criycrs noutr 20 et I. Caiivon® B cBoux paborax
OIpPEEIINIL, YTO COIIACHO MOJIENH IIOOIIPEHUE—BKIA
«BCE MOTEHIMAIILHBIC YYACTHUKH OpPraHU3aluy T0ITy-
YaloT 32 BCTYIUICHHE B HEe HEKOTOPOE MOOILIPEHHE B 00-
MEH Ha COOTBETCTBYIOIIH BKJIa/ B QyHKIIMOHUPOBaHHE
opranm3anum» [5, 6] (Hampumep, BEIpyYKa OT IMPOIAXK
JUIsl PYKOBOJUTENEH U aKIIUOHEPOB, OCYIIECTBISIOINX
ynpaBiieHHe OpraHu3anue, 3apaboTHas 1ata s
pabOTHHMKOB, yYacTBYIOIIMX B IPOU3BOJCTBEHHOM ITPO-
ecce, MprodpeTaeMble HOTPeOUTENIMH OJ1ara U yCIryTru
3a OIJIaTy MOKYINOK W T.J.). DTHU XK€ HJeH HallJIn
CBOC OTpa)KEHHUE B IOBEACHUYECKOW Teopun (GpupMbI B
1960-x T, KOTOpast MpeCcTaBIIsUIa LEJU PUPMBI HE TOJIb-
KO B BUJIE €JTMHCTBEHHO BO3MOKHOH 11€J11, BBIPAKCHHON
B MakCUMH3aINH TPUOBIIH, KaK 3TO ObLIO 3asIBICHO 1103~
K€ B HEOKJIACCUUECKOI SKOHOMHUUECKOI TEOpPHH, a B CUC-
TEMe LIeJIeH, KOTOpbIE ObLIN ITOTYUCHBI B XOJI€ JUCKYCCUH
Pas3JIMYHBIX TPYIII, OTHOCSIINXCS TEM HIIM MHBIM 00pa-
30M K (pMpMe, NMEIOLINX PA3IMYHbIe HHTEpeCH! [S].

B 1960-1970-x rr. pacTeT HHTEpEC K KOHLEMIUU
nerutumuoctu Gupmsl (J.G. Maurer, S.P. Sethi® u 1p.),
COIVIACHO KOTOPOH OpraHu3aIyst JOIKHA «OIIPaB/IbIBATh
CBOE CYIIECTBOBAHME Nepe APYTHMMHU OpraHn3alisIMA

2 Dodd E.M. For whom are corporate managers trustees? //
Harvard Law Review. 1932. Issue 45. Pp. 1145-1163.

3 Berle A.A. For whom corporate managers are trustees: A note //
Harvard Law Review. 1932. Issue 45. Pp. 1365-1372.

4 Simon H.A. Comments on the theory of organizations //
American Political Science Review. 1952. Pp. 1130-1139.

5 Sethi S.P. Dimensions of corporate social performance —
An analytical framework // California Management Review.
1975. Vol. 17 (3). Pp. 58-64.
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WJIN BBIIICCTOALIIUMU OpFaHI/I3aHI/I${MI/I»6. Taxon IIoAXO01
MOIPa3yMEBaCT, YTO OPraHU3AIINs JOJDKHA II0KAa3aTh, KakK
OHa YUYUTBIBACT MHTCPECHI PA3JIMYHBIX I'PYIIIT JUI, YTO
OHA «OTBETCTBCHHA» M IIOJIC3HA», U B CBSA3H C ITUM
MOJIyYUTh JTOIOJIHUTEIBHBIE PECYPCHI U1 CBOECIO pas-
BUTHA, HAIIPUMEP, CO CTOPOHEBI rOCya1apCTBa WJIN BBIIIC-
CTOSIIICH KOPIOPAIMK U T.[. DTOT MOJAXOI TECHO Mepe-
IJIETAETCS C COBPEMEHHOM KOHIIEMIINENH COUaIbHON
OTBETCTBEHHOCTH OM3HECA, B paMKaX KOTOPOI OpraHmu-
3aIMsIM HeOOXOMMO MPOSIBIIATH 3a00Ty M OTUUTHIBATHCS
0 (opMax ee IPOSIBJACHHUS 110 OTHOIICHHIO K CBOUM Pa-
00THHKaM, 00 OKpYIKaloIel cpesie, a TaKKe MECTHBIX
coobmiectBax [5, 7, 8]. lanpHeiiee pa3BUTHE CTEHK-
XOJIZIEPCKOTO MOAX0/1a HAIIJIO OTPaKeHUE B paboTax
T.M. JIxxonca, C.JI. Xumna, O. Yunesamcona, k. [Tocra,
JI. IIpectona u C. Caxkca [9, 10] u nipyrux aBTOpoB, Ko-
TOPBIX O6’be}II/IH${eT nacs O TOM, 4YTO OTHOIIICHHUA CO CTEHK-
XOJIICPaMH HEOOXOIUMO PacCMaTPHUBATh KaK BAXKHYIO
COCTaBJISIFOIIY O ICATCIIbHOCTH OPraHU3aI[|K, KOTOPOH

N

I'pynna 1. IToaxozp!, BKIroYaromue
B TPAKTOBKY MOHATHUS «CTEHKXOJIAEP»
BO3MOXKHOCTb KaK OKa3bIBaTh BIMSIHUE

Ha OPraHMU3aLHI0, TAK 1 HAXOAUTCS
TI0J1 €€ BIIMSIHUEM
Group 1. Approaches that include
in the interpretation of the concept
of “stakeholder” the ability to both
influence the organization
and be influenced by it

<
/

4
\

I'pynna 2. [Toxxonsl,
paccMaTpPHUBAIOIIHE «CTEHKXOIIECPOB»
TOJIKO KaK JIUII, CHOCOOHBIX OKa3bIBATh
BJIMSTHHE Ha OPTaHU3alUI0
Group 2. Approaches that consider
stakeholders only as persons capable
of influencing the organization

.

4 I'pynna 3. IToxxonsl,
paccMaTpHUBAIOIIHE «CTEHKXOIIEPOB»
TOJIBKO KaK JIMILI, UMEIOIIUX TOJIBKO
HMHTEPEC OT JeSTeIbHOCTH OPraHH3aIiN
Group 3. Approaches that consider
stakeholders only as persons who have
an interest in the activities

4
D

of the organization

- 4

TpeOyeTCst YIPaBIIsATh, U KOTOPasi B KOHCYHOM MTOT'E ITPHU-
BeZIeT K pocTy 3(h(HEKTUBHOCTH OpraHU3aInu.

MATEPHAJIBI 1 METO/JbI

B ocHoBe paccMaTpuBaeMoil KOHLENIUU JIEKUT
IIPOLIECC B3aUMOOTHOIIEHUSI M yUET HUHTEPECOB IIUPOKO-
O KpyTa JINII, KOTOPBIi 0003HaYaI0T TEPMUHOM «CTEHK-
xonaep». B nepeBoze Ha pycCKH A3BIK TAaK Yallle BCETO
Ha3bIBAIOT «3aUHTEPECOBAHHbIE CTOPOHBDY UIIH «BOBJIE-
YEHHBIE CTOPOHBI», B TO BPEMs KaK B OPUTHHAIbHOM
AQHINIUICKOM SA3BIKE CTEHKXOIIEPAMU MOTYT OIIPEAETATh
Kak JIML, MHBECTHPYIOIIUX B OM3HEC, TaK U JIUII, 3aH-
TEPECOBAHHBIX B YCIIEXe Kakoro-Jioo meporpusitus [11].
OTO KIIIOUEBOE MOHATUE TEOPUH CTEHKXOIAEPOB, ITOATO-
My I1esecoo0pa3Ho pacCMOTPETh OCHOBHBIC ITOJIXO/bI
K €ro TPaKTOBKE, BCTPEUAIOIHUECS B YKOHOMUYECKOH
JUTEpaType, ¥ CrpyHIrpoBaTh UX CICITYIOMINM 00pa3oM

(puc. 1).

* O.P. ®pumer / E.R. Freeman;

* M.A. Ilerpos / M.A. Petrov;

* .B. I'ypkos / I.B. Gurkov;

¢ B.JI. Tam6oB1eB / V.L. Tambovtsev;

* [1.C. Illep6agenxo / P.S. Shcherbachenko;

* [Tayna ne Kamapro ®@uopunun / Paula de Camargo Fiorini;

» CtaHAapT B3aNMOJICHCTBHS C 3aNHTEPECOBAHHBIMI CTOPOHAMH —
AA 1000 SES u np. / The standard of interaction with stakeholders
is AA 1000 SES, etc.

* E.K. Exmukees / E K. Ekshikeev;
* JIx. Coy3a u ap. / J. Souza et al.

* E.O. KpacunsaukoBa / E.O. Krasilnikova;
e AT. Xapun / A.G. Kharin;
» T.P. 'apeesB u gp. / T.R. Gareev et al.

Puc. 1. ['pynmmpoBka ogxo/10B K ONpeieTIeHHI0 TEPMUHA «CTEHKXOoNIep» (CocTaBlieHa aBTopoM Ha ocHose padot A 1. Kiremeresa,
E.B. Kynpsmooit, C.O. Copokuna [3]; B.JI. TamboBuesa [5]; A.B. [Tnotnuxosoii [11])

Fig. 1. Grouping of approaches to the definition of the term “stakeholder” (compiled by the author based on the works of
A.P. Klemeshev, E.V. Kudryashova, S.E. Sorokina [3]; V.L. Tambovtseva [5]; A.V. Plotnikova [11])

® Freeman R.E. Strategic management: A Stakeholder Approach. Boston, 1984. 275 p.
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CTeKXONAEPCKUI MOAXOA K MHHOBALIMOHHOMY Pa3BUTUIO EAMHBIX TENAOCHABXaOLLMX OpraHu3aLmi

C. 1264-1275

[IpoBenennbli aHATU3 TTO3BOIUI 3aKIOYUTh, YTO
OOJIBIIIMHCTBO U3 TIOAXO/IOB K OMPEACICHUIO «CTECHKXOI-
JIep» BKJIFOYAET B TPAKTOBKY JAHHOTO MOHSITUS KaK BO3-
MOYKHOCTB OKa3bIBaTh BO3JICHCTBHE HA IKOHOMHUYCCKYIO
cucTeMy (B YaCTHOCTH, OPTraHU3AIHIO), TAK U HAXOIUTh-
¢ TIOJ €€ BIHMSAHNEM. B 3aBUCHMOCTH OT 001acTH pH-
MEHCHHSI 3TO BO3JICHCTBHE MOXKET OBITh HAINPABJICHO
HA IIeJIH, PE3YABTaTHl NS TeIbHOCTH CHCTEMBI, CTpaTe-
THFO, TIOJIUTUKY U TIPOIIECCHI U JIp.

Hcxonst 3 HHTEPECOB CTEUKXOAEPOB U CTEIIEHU
UX BIIVSIHHS HA CUCTEMY B SKOHOMUYCCKOH JTUTEPaType
o0pazoBajics psizt KiIacCUpUKAIMN U MOAXO/I0B K CTPYK-
TYPH3AIUH CTEHKXOIICPOB, OCHOBHEIE U3 KOTOPHIX MPEI-
craBiensl B Ta0n. 1. CTons 0OMIMPHOE KOJUUYECTBO
CYIIECTBYIOIINX KIaCCHU(PHUKAIIN CTEHKXOIICPOB CHUCTE-
MaTHU3UPOBAHO IO TPEM OCHOBHBLIM IPpHU3HAKaAM: MECTY
B OKPY’>KCHHH KOMIIAHUH, (PYHKIIHOHATEHOMY MTPH3HAKY,
CTCTICHU 3aUHTEPECOBAHHOCTU U BIIUSAHUA.

PE3YJIBTATHBI HCCJTEJOBAHUSA

CTOWT PEATIONOKHTE, 9TO Pa3BUTHE KilacCH(UKa-
LU CTEHKXOJIICPOB CBA3aHO CO CIeHU(BUKON U 0COOCH-
HOCTSAMHU (DYHKIIMOHHPOBAHUS opraHu3anui [13, 14].

BwMmecte ¢ Tem HYXHO OTMETUTH, YTO, pacCMaTpuBas
TIpOIIeCC YIIPABICHUS C TOUKU 3PCHUS TCOPUH CTEHKXOI-
JIEpPOB, BCErJa BOZHUKAET HEOOXOJUMOCTh CO3/IaHUS
KJIacCH(UKAITIH CTCHKXOJIICPOB TPUMEHHUTEIHHO K UC-
CIIelyeMOii cucTeMe, Tak Kak HACHTH(PHKALMS, CTPYK-
TypHU3aIH U TOCTPOSHHE KaPThI BOSMOKHBIX CTEUKXOJI-
JIEPOB TIO3BOJISIIOT OLIGHUTh BapHaHTHI €€ Pa3BUTHS
C TOYKH 3PCHHSI CYIECTBYIONINX 3aMHTEPECOBAHHBIX
TPYIII ¥ CTETNIEHH UX BIUSHUS. JTO MOJIOXKEHUE ONpeie-
JISeT MOTPEOHOCTH BBIACIHUTE CIECAYIOMINE TPYIIIIBI
CTEHKXOJJIEPOB, B3aUMOJICHCTBHE C KOTOPBIMH Ba)KHO
s nHHOBanmoHHoTo passutus ETO, a Takke ux oc-
HOBHEIC IIeJIM U UHTEpecHl (Tadm. 2) [15, 16]. 3xech xe
CTOUT 3aMCTUTh, YTO TOHJ’[I/IBHO-SHepFeTI/I‘IeCKI/Iﬁ KOM-
IJICKC, B YACTHOCTHU U CHCTEMa TETUIOCHAOXKCHIMS, Ha-
XOJISITCSL B YCJIOBHSIX DHEPronepexosa, T.e. 3HaUuTeIb-
HOTO CTPYKTYPHOTO M3MEHEHUS B DHEPTreTUKE, KaK
MHPOBOTO0, TaK ¥ POCCUICKOT0 MaciTada, mpu KOTopoM
MIPUOPUTET OTAACTCSI IKOIIOTHIECKH YHUCTOH U pecypco-
cOeperaroniei sHepreTHKe, He CHIKas ITPU ATOM HOTpe-
OUTEITECKUX CBOWCTB YCITYT KOMITIEKCA. JTO MOJIOKEHHE
TaKXe TpeOyeT OTpasKeHHs B LIEISIX U MHTepecax CTeiK-
XonaepoB nHHOBarmoHHOro pa3sutus ETO.

Taou. 2. Xapaxrepuctuka B3anmoaeiicteust ETO 1 ee 0CHOBHBIX CTEHKXOJIEPOB B ITPOIIeCcCe MHHOBAMOHHOTO pa3Butus ETO

(cocTaBIeHO aBTOPOM)

Table 2. Characteristics of the interaction of IT and its main stakeholders in the process of innovative development of IT

(compiled by the author)

Crekxonaep
Stakeholder

OCHOBHBIE IIETIM ¥ HHTEPECH B IIPOIIeCce HHHOBAIIMOHHOTO pa3Butust ETO
The main goals and interests in the process of innovative development IT

IIOJIMTUKH,

OpraHsl TOCYIapCTBEHHOM
BIIACTHU
State authorities

3arpsA3HAOMINX BEIICCTB

discharges of pollutants

* obecriedeHre MOCTYIUICHUs TIaTeXei B OI0/DKET B IIOJTHOM 00beMe B YCTaHOBIICHHBIE CPOKH;
* BBITIIOJIHCHUE 3a/1a4 U JOCTH)KEHHE LIeJIeBbIX TapaMeTpOB TOCYAapCTBEHHON YHEPreTu4eCcKon

* MOJICPHH3AIIHS CYIIECTBYOMIMX MOIIHOCTEH TEIUIOCHAOKEHNS;

* pa3BUTHE HHPPACTPYKTYPHI TEPPUTOPHN;

* noBbIIIeHNE AP YEKTUBHOCTH TETLIOCHAOKECHUS;

* Pa3BUTHE YHEPrOCOEPEIKEHNUS B CTPAHE;

* BBIIIOJIHCHHE [UIAHOBBIX [OKa3aTelei o 00beMaM 1 THHAMUKE CHIKCHHS BHIOPOCOB M COPOCOB

* ensuring the receipt of payments to the budget in full on time;

* implementation of tasks and achievement of target parameters of the state energy policy;

» modernization of existing heat supply capacities;

« development of the territory’s infrastructure;

« improving the efficiency of heat supply;

* development of energy saving in the country;

* implementation of planned indicators on the volume and dynamics of reducing emissions and

KoHTposnbHbIie Oprafbt
Control bodies

* COOMIOIEHNE YKOJIOTNYECKUX HOPM U CTaHIAPTOB;

* COOMIOICHNE CTAHAAPTOB M MPaBUII 6E30MaCHOCTH

* compliance with environmental norms and standards;
» compliance with safety standards and regulations

AKIHOHEPHI

* TOXOJl OT MHBECTHUIINIA

* MOBBINICHHE (PHHAHCOBBIX U MPOU3BOJCTBEHHBIX ITOKA3aTEICH;

* noBbIIeHHe d(PPEKTHBHOCTH IPOU3BOICTBA M CHUKCHUE U3/ICPIKEK;

* MOBBIIICHHE AKI[HOHEPHOI CTOMMOCTH;

* TOCTaTOYHOCTH CPEACTB A QYHKIIMOHMUPOBAHUS M PA3BUTHUS TEIUIOCHAOKEHHUS 3a CUeT
MOBBIIICHUS 3)(HEKTUBHOCTH €r0 ICSITCIBHOCTH;
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B.B. Na3koea

Ipooonacenue maén. 2 | Continuation of the Table 2

Creiixxonaep
Stakeholder

OCHOBHBIE 11T U HHTEPECHI B IIPOLIECCE MHHOBALMOHHOTO pa3sutusi ETO
The main goals and interests in the process of innovative development IT

* improving financial and production indicators;
* increase production efficiency and reduce costs;
e increase in shareholder value;

Shareholders « sufficiency of funds for the functioning and development of heat supply by increasing
the efficiency of its activities;
* return on investment
* NIOBBILICHUE (PMHAHCOBBIX U IIPOU3BOACTBEHHBIX MOKa3aTeei;
* JIOXOJ] OT MHBECTHIIHH;
* paboumit MEXaHU3M NPUHATUS PELLIEHUH 110 MHBECTHILMOHHBIM BIOXEHHUSM B Pa3BHTHE OTPACIIH,
HuBecTopsl UCXOZIA B TOM YHCIIE U3 NTOKa3aTeel yaydIIeHns SKoJI0rn4ecKoi 06CTaHOBKU
Investors * improving financial and production indicators;
* return on investment;
» a working mechanism for making decisions on investment investments in the development of
the industry, based, among other things, on indicators of environmental improvement
* BBITIOJIHEHUE CBOMCTBA YHEPreTHUECKOI 0e30MaCHOCTH TEIUIOCHAOKEHS;
* obecriedeHne TpeOyeMbIX TapaMeTPOB U KauecTBa TEIIOCHAOKEHNS,
* JOCTYITHOCTb ¥ HAaJEKHOCTh TEIUIOCHAOKEHUS AT BCEX KaTeropHii moTpeduTenei;
* mpueMJIeMast IIeHa YCIIyT;
[MoTpeburenu * HaMCHBILUI yPOBEHb HETaTUBHOIO BO3/ICHCTBUSA HA OKPYKAIOILYIO CPEay
Consumers * performance of the property of energy security of heat supply;

* ensuring the required parameters and quality of heat supply;

« availability and reliability of heat supply for all categories of consumers;
* reasonable price of services;

« the lowest level of negative impact on the environment

Byayuime nokoneHust
Future generations

* HAMMEHBLINI YPOBEHb WIIH OTCYTCTBHE HETATHBHOTO BO3/CHCTBHS HA OKPYKAOIILYIO CPEILy
1 BBINOJIHEHUE CBOMCTBA 3KOJIOTMYECKOH 0€301TaCHOCTH TEII0CHA0KEHHMST;

* palMOHaJIbHOE HCIIOIBb30BaHKUE PECYPCOB U COOMIOICHUE TPUHIIUITOB 3HEProd(GHEeKTUBHOCTH;
* HaJIMYKE MPO3PAYHOrO U pabouero MeXaHH3Ma, MO3BOJISIFOIICTO YIUTHIBATh HX HHTEPECHI IIPH
NPHHSITHA YIIPABICHYECKOTO PEIICHHS

* the lowest level or absence of negative impact on the environment and the fulfillment of
the environmental safety properties of heat supply;

* rational use of resources and compliance with the principles of energy efficiency;

» the presence of a transparent and working mechanism that allows taking into account their
interests when making a management decision

MectHble cO00IIeCTBa
Local communities

* HAaMMEHBLINH YPOBEHb WIIH OTCYTCTBHE HETATUBHOTO BO3/CHCTBUS HA OKPYKAIOIILYIO CPELy
1 BBITIOJIHEHHE CBOICTBA HKOIOTNYECKOI OE30IIaCHOCTH TEIIOCHAOKEHNMS,

* y4acTHE B YCTOIYMBOM Pa3BUTUH TEPPUTOPHH;

* y4acTHe B Pa3BUTUH MECTHOH HH(PACTPYKTYpBbI;

* YIIY4IICHHE SKOJIOTHYECKON 00CTaHOBKH

* the lowest level or absence of negative impact on the environment and the fulfillment of
the environmental safety properties of heat supply;

* participation in the sustainable development of the territory;

* participation in the development of local infrastructure;

* improving the environmental situation

OO01ecTBEHHBIE
OpraHu3anuu

1 DKOJIOTHYECKHE JBHIKCHUS
Public organizations and
environmental movements

BecTtHuk MICY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022
Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

* HaMEHBIINH YPOBEHb HJIM OTCYTCTBHE HETaTHBHOTO BO3/ICHCTBHS Ha OKPYXKAIOIIYIO CPeLy
1 BEINTOJTHEHUE CBOMCTBA SKOJIOTHYECKOH 0€3011aCHOCTH TeII0CHA0KEHHST;

* COOMIONICHNE IKOTOTHUECKHX HOPM U CTaHAaPTOB;

* cOOMIONIeHNE IPUHITHIIA YKOJIOTHUECKON MTPO3PaTHOCTH

* the lowest level or absence of negative impact on the environment and the fulfillment of
the environmental safety properties of heat supply;

 compliance with environmental norms and standards;

« compliance with the principle of environmental transparency
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CTeKXONAEPCKUI MOAXOA K MHHOBALIMOHHOMY Pa3BUTUIO EAMHBIX TENAOCHABXaOLLMX OpraHu3aLmi

C. 1264-1275

Oxonuanue maon. 2/ End of the Table 2

Cretixxonaep
Stakeholder

OCHOBHBIC IIETIH I HHTEPECHI B ITPoIiecce HHHOBAIMOHHOTO pa3sutust ETO
The main goals and interests in the process of innovative development IT

COTpyIHUKH OpraHU3aLUuN
Employees of
the organization

* COOMIONICHNE IKOJIOTUUECKUX HOPM U CTaHAapTOB,;

* cO0OJIOIeHNE CTaHIAPTOB U IIPaBHJI OE€30MaCHOCTH;

* co3naHue pabounx MecT;

* yAdy4lLICHUE yCIOBUH Tpyaa;

* BO3MOYKHOCTb IPO()ECCHOHAIBEHOIO POCTA U Pa3BUTHS;
* TOCTOIHAasA 3apaboTHAas I1J1aTa;

* BO3MO)KHOCTB TTOBBIIICHHsI 00pa30BaTEIbHOTO YPOBHS
» compliance with environmental norms and standards;
» compliance with safety standards and regulations;

* job creation;

* improving working conditions;

* opportunity for professional growth and development;
* decent wages;

« the possibility of improving the educational level

[TocTaBmuku pecypcon
Resource Providers

* MPHUOBLIB;

* BO3BMOKHOCTb CTaOMIIBHOTO JIOJITOCPOYHOTO MAPTHEPCTBA,;

* COOJTFOZICHHE YKOIIOTHYECKUX, TEXHUUECKUX U IIPOYNX HOPMATHBOB U CTAHaPTOB IPH 0TOOpE
MOCTaBIIMKOB

* profit;

* the possibility of stable long-term partnership;

* compliance with environmental, technical and other regulations and standards in the selection
of suppliers

TennocHabxaromue
OpraHu3anuH
Heat supply organizations

* DKOHOMHYECKH BBITOIHOE B3aMMOJCHCTBUE C YYETOM HHTEIrpPaLiK 3a00Thl 00 OKpyIKatomieit
cpene, CIEJACTBUEM 4Yero CTaHOBUTCA IPUMEHEHHE pecypcocheperaromux crnocobos
XO3SHCTBOBaHUS], MHHOBALIMOHHBIX TEXHOJIOTHH U TIPOJIYKTOB

« cost-effective interaction taking into account the integration of environmental care, which
results in the use of resource-saving management methods, innovative technologies and products

CTpouTenbHO-MOHTAXKHBIE
OpraHM3aluH

Construction and
installation organizations

* IpUOBLIB;

* BO3MOXXHOCTh CTaOUJIBHOTO JIOJITOCPOYHOTO TApTHEPCTBA
* profit;

« the possibility of a stable long-term partnership

[IpoekTHBIE OpraHU3auu
Project organizations

* IPUOBLIb;

* BO3MOKHOCTb CTa0MIIBHOTO JJOJITOCPOYHOTO ITapPTHEPCTBA
* profit;

* the possibility of a stable long-term partnership

Hayuno-
HCCIIEI0BATENIbCKHE
OpraHu3anuu

Research organizations

* CIIPOC Ha MPHUKIIAJHBIC HAYYHbIC HCCIIEIOBAHUS,
* (prHAHCHUpPOBaHME HAYYHOTO MOMCKA PA3BUTHUS YUCTON IHEPTrEeTHUKH U BO30OHOBISIEMBIX
pecypcos;

* pa3BUTHE MPUKIIATHBIX HAyYHBIX UCCIIEOBAHUIT

» demand for applied scientific research;

« financing the scientific search for the development of clean energy and renewable resources;
* development of applied scientific research

O0pasoBareibHbIe
OpraHu3aluu
Educational organizations

* Pa3BUTHE CHCTEMBI JIOMOJHUTEIBHOTO NPO(ECCHOHATBHOTO 00pa30BaHMS;
* pa3BUTHE MPUKJIAIHBIX HAyYHBIX UCCIIEIOBAHUIT

* development of the system of additional professional education;

* development of applied scientific research

Kak ormeuaer uccienosareins B.JI. TamGoBIieB,
CTCHKXOJIICPCKUH MOXO/ B YIIPABICHUHU BKJIFOYACT TPH
HATIPABJICHUS: ONTMCAHKE [TOBEICHUSI CUCTEMBbI B paMKaXx
peanu3anuy 3TON KOHIICTIIUH, MPUHITHE YIIPaBJICH-
YECKUX PEIICHUH, KACAIOIIMXCSI PACIIMPCHUS KpyTa Iie-

JIeH CHCTEMBI, a TaKXKe UCCIeI0BaHNe U MPUMECHECHHE
Ha MPaKTHKEe HHCTPYMEHTOB, NMO3BOJIAIONINX PEaIn30-
BBIBATh YCTAHOBJICHHBIC I[EJIH CUCTEMBI BO B3aMMOICii-
CTBHMH C BHEUIHEH Cpejoi. YUHUTBIBasi 3TO 0OCTOSTEINb-
CTBO, aBTOP 3aKJIIOYACT, YTO «CTEHKXONAepCKasi Teopus
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BectHuk MI'CY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

B.B. ma3koea

ABIISICTCS MEHEKEPCKOW B IIMPOKOM CMBICIIE 3TOTO
CJIOBaY», TaK KakK, TOMHUMO HCCICAOBAHMS MPUUMHHO-
CIEACTBEHHBIX CBfA3EH, MpeaaraeT paspadaTeiBaTh
CTPYKTYpBI YIIPaBICHHUS, YIIPABICHIECKHE MEXaHU3MBI
1 UHCTPYMEHTBI, BO3MO)KHBIE K IPUMEHEHHUIO IO OTHO-
LICHUIO K CHCTEME C TTO3UINH yueTa HHTePECOB 3aUHTe-
pecoBaHHBIX CTOPOH [5]. B aTOM acnekre cTelkxonep-
CKHI1 TOJIXO1 B yIPaBICHUHU BBI3BIBAET 0COOBINH HHTEPEC,
TaK KaK MOMOTaeT pemarb BOIpOCkl 000CHOBaHMSI, Jie-
JKAIero BHYTPH SKOHOMHUYECKOM TeopHuH, U BhIOOpa
HOPMATHUBHBIX YCTAaHOBOK Pa3BUTHS SKOHOMHYECKOM

@ D

Cranpapt
B3aMOJICHCTBUS
C 3aHHTEPECOBAaHHBIMU
croponamMu — AA 1000
SES
Stakeholder Engagement
Standard — AA1000SES

cucTeMsl. B 9T0M CBS3U paccMOTPUM Pa3BUTUE TEOPUU
CTEHKXONJIEPOB U €€ NPUMEHEHHE.

3AKJIIOYEHHUE U OBCYXIAEHHUE

Heo0XonMMOCTh pacCMOTPEHHS COACPIKAHUS
CTEHKXOJIAEPCKOT0 MOAXO0AA C MO3ULIUN HECKOIbKUX
ABTOPOB BBI3BaHA TEM, YTO, HECMOTPS Ha O0IIHUE KaTe-
TOPHH U NOAXOABI, IPUMEHAEMbIE K paccMaTpUBaeMOM
TEOpHH, COIepKaHne X ObIBACT Pa3HbIM, OTCIO/IAa METO-
JOJIOTHYECKU BaXKHBIM SIBJISICTCS HEOOXOIUMOCTh UX
yTouHeHus (puc. 2).

Bergensier Tpu CTyneHH B3aMMOAEHCTBHS C 3aMHTEPECOBAHHBIMU CTOPOHAMHM: C IIEJIBIO
CHIDKEHHSI OCTPOTHI TPOOJIEMBI, NPOHCXOJsIIee B pe3yibraTe AABICHHS M HMEomiee
JIOKTBHBIA 3()(EeKT; CHCTEMAaTHYECKOe B3aNMOAECHCTBHE C IEBI0 YIPABICHUS PHCKOM H
JI4IIEro IOHUMAaHHS 3aHHTEPECOBAHHBIX CTOPOH; KOMILUIEKCHOE CTPATeTHYeCcKOe B3aUMO-
JieicTBre 1S 00eciedeH sl YCTOMINBON KOHKYPEHTOCTIOCOOHOCTH

Identifies three stages of interaction with stakeholders: in order to reduce the severity
of the problem, which occurs as a result of pressure and has a local effect; systematic
interaction in order to manage risk and better understand stakeholders; integrated strategic
interaction to ensure sustainable competitiveness

Bunar B «0oratcTtse) OpraHM3alul «CIIOCOOHOCTh KOMIIAHHH IPOW3BOAUTH PAa3IHMYHBIC
OJiara 71 BceX €€ CTEHKXOJIEPOB B TCUCHHE AIUTEIFHOTO BpeMEeHN». Peus uaer o peanu-

They see in the “wealth” of the organization “the ability of the company to produce various
benefits for all its stakeholders for a long time”. We are talking about the implementation of

PaCCManI/IBaeT HOHATHUC TCOPUUN CTefIKXOHI[CpOB B Ka4€CTBC MPEAIIOJJIOXKCHUSA O TOM, YTO
KOMIIaHUHW TPOU3BOAAT BHCIIHUC 3(1)(1)6KTLI, BJIMAIONIUE Ha HECKOJIBKO CTOPOH, Kak

Considers the concept of stakeholder theory as an assumption that companies produce
external effects that affect several parties, both internal and external to the organization

Teopust CTEUKXOIIEPOB — 3TO TEOPHS 0COO0H MOIEIIN KOMITAHHH, KOTOPasi ONPEAEICHHBIM
00pa3oM HHTEPIPETHPYET €€ B KAIeCTBE COIMAILHO OTBETCTBEHHOTO HHCTHTYTAa COBPEMEH-

The stakeholder theory is the theory of a special company model that interprets it in a certain

YTOYHSET CYyNTHOCTh CTEHKXOIAEPCKOTO MOIX0/1a — COOIOJICHNE HHTEPECOB KITFOYEBBIX
CTEHKXOJIEPOB WM «COOIIOEHNE», KaK CIeIOBaHHE, 3aMEHUTh Ha «yYUTHIBAHHE» Kak
obOpamienne BHUManHus. Clie0BaTeNbHO, CYITHOCTh CTEHKXOIIEPCKOro MOAX0a 3aKIII09a-
€TCsl B TPHHATHH BHUMAaHHS HHTEPECOB 3aMHTEPECOBAHHBIX CTOPOH ISl YCHEITHOTO

Clarifies the essence of the stakeholder approach — compliance with the interests of key

Jlx. [ocr, JI. Ilpecton
u C. Caxc 3a{{ JOJITOCPOYHOM MOJIUTHKH COLHATBEHO OTBETCTBEHHOCTH
J. Post, L. Preston
and S. Sachs
a long-term policy of social responsibility
[Tayna ne Kamapro
DropuHH BHYTPCHHHE, TaK ¥ BHEIIHUE IO OTHOIICHHUIO K OPTaHU3aIluI
Paula de Camargo Fiorini
C.A. [lomosa
u JIJI. ®omuna
HOTO (KalMTaJICTHYECKOTr0) 00IIecTBa
S.A. Popova
2l L AL, [Fommios way as a socially responsible institution of a modern (capitalist) society
A.B. Tlioiikosa CIICHUSI 3a/1a9 CHCTEMBI
A.V. Plotnikova p

stakeholders or “compliance” as following, replace with “consideration” as attention. There-
fore, the essence of the stakeholder approach is to take into account the interests of

stakeholders for the successful solution of the tasks of the system

Puc. 2. [Toxxons! kK TEOPUHU CTEHKXOIIEPOB (COCTaBICHO aBTOpoM Ha ocHoBe padot A.Il. Kinememesa, E. B. Kyapsmiosoii,

C.D. Copoxkuna [3]; A.B. IInoraukoBoii [11])

Fig. 2. Approaches to the theory of stakeholders (compiled by the author on the basis of the works of A.P. Klemeshev,

E.V. Kudryashova, S.E. Sorokina [3]; A.V. Plotnikova [11])
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Jlo HeraBHEro BpEMEHM KOHUETLINS CTeHKXonaep-
CKOTO ITOJIX0/1a B YIPABJICHUH cozepxkaia B cede GyH-
JaMEHTaJTbHOE TIPOTUBOPEUHE, KOTJa CINTAIOCEH, YTO
HEBO3MOYKHO OJIMHAKOBO JIOOMBATHCS] BBICOKHX 3KOHO-
MHUYECKUX IIeNell OM3Heca U TaKXKe XOPOIIO 3a00TUThCS
00 uHTEepecax odIecTra U padorHukax. OnHaxo M. [Top-
tep u M. KpeiimMep B cBoMX paboTax MOMBITAINCH MU-
HUMHU3HUPOBATH JaHHOE MPOTUBOPEUNE, MPEICTABUB
KOMITJIEKC TPAaKTUYECKUX UHCTPYMEHTOB yIIPaBICHMUS,
MIpUMEHEHHE KOTOPBIX OHOBPEMEHHO TPUBOIMNT, C O~
HOM CTOPOHBI, K IMTOBBIIIEHUIO KOHKYPEHTOCIIOCOOHOCTH
OpraHU3alUH U POCTY €€ IPHOBUIN U, C IPYTOH CTOPOHBI,
YAYYIICHUIO COIMAIIBHBIX U YKOHOMHYECKUX yCIOBHH
pabOTHUKOB OpraHMU3alMM ¥ MECTHBIX COOOIIECTB
[17, 18]. Paccen Axodd Tarxke oTMedal, 9To, HECMOTPS
Ha TO, YTO KXl CTEUKXOJIJIEP UMEET CBOK KOHEUHYIO
1IeJTb, 3a49aCTYI0 CTEUKXOIJICPBI B paMKaX OIHOW KOHO-
MHUYECKOH CHCTEMBI MOTYT 3aHUMAaTh KOHKYPEHTHBIC
MO3ULUHU, a MHOT/A 1IeJIb OJHOI0 CTEHKXOAepa Jaxe
MOYKET IIPOTHBOPEUUTH IIEITH IPYTOTO, BCE JKE PCIICHUS
MHOTHX COIHAJIBHBIX MPOOIEM MOXKHO JTOOHUTHCS, Ha-
naauB YQPEeKTUBHOE B3aUMOJICHCTBIE «3aNHTEPECOBAH-
HBIX JuIy» B cucteme [ 19, 20].

B nponomkenne mpiciu Paccena Akodda cinemyer
n00aBUTH, 9TO YPPEKTUBHOE B3aUMOCHCTBHE CTEHK-
XOJIJIEPOB 11eJ1IecO00pa3HO OCYIIECTRISITh, OMUPAsCh
Ha KpuTepuil onTuManbHoCcTH B. ITapero [21]: uTo0BI
HMHTEPECHI HU OTHOTO U3 CTEUKXOJAEPOB 3KOHOMHUYECKOM
CHCTEeMBI He OBUIN YIIEMJICHBI, HEOOXOANMO OpraHn30-
BaTh TAKOE COCTOSTHIE CUCTEMBI, KOT/[a HUKAKHE BO3MOXK-
HBIC U3MEHEHHSI HE MOTYT YIIy4YIIUTh OJIar0OCOCTOsTHHE
XOTs1 OBI OTHOTO MHIWBHUIA, HE YXY/IIAas IIPU 3TOM KO-

HOMHUYECKOE MOJIOKEHUE OCTANBHBIX. J[pyruMu ciioBamu,
yIpaBJIeHHE HHTEPECaMH CTEHKXOIAEPOB TOT/Ia MOKHO
cunTaTh 3QGEKTHBHBIM, KOTIA YITYUIICHUE TIOJOKCHHS
OTAENBHBIX CTEHKXOIIEPOB B CUCTEME HE MPHUBOIUT
K YXYIIICHHUIO TTOJIOKCHUS OCTAIbHBIX 3aHHTEPECOBAH-
HbIX cTOpOH [20]. JlaHHBIA NPUHLUI CIPABEAJIUB U [Tt
YIPaBJICHUS IPYIIION CTEHKXOJIIEPOB, 3aUHTEPECOBAH-
HBIX B UHHOBAITOHHOM pa3Butuu ETO, mepedeHs v riem
KOTOPBIX MTPUBEICHHI B TA0M. 2.

B 3akitouenue cieayer OTMETUTh, YTO OCHOBHBIE
MTOJIO’KEHNS TEOPUH CTEHKXOIIEPOB HAIILITHA Pa3HOO0pa3-
Hoe npuMmeHenue B ynpasiuenuu: WU.1O. bensesoii,
B.A. Maxoekunoui, U.A. Cemeiikunoit, 1.H. Tkauerko
€ IIO3ULMH yIIPaBIIEHUs CTEHKXOJIEpaMH paccMaTpuBa-
JIoCh KopriopatuBHoe ynpasinenue; [. Kaccunre, H. Ba-
¢doac, JI.A. Pamenckas, JI. [Ipecton u X. CanueHc,
C.®. Bumio u Apyrue npesiaraloT KCIoab30BaTh MOIXO
¢ no3uuuil puck-menegxmenta; M.H. Tkauenko
u K.K. CuBok03 NpuMEHSIOT CTEHKXOIIEPCKYIO0 KOH-
LETIMI0 B YIIPABICHUH MPOCKTaMH U T.J. HecmoTpst
Ha MHOTOOOpaswue (hopM UCTIOIH30BAHMUS TaHHOU TEOPUH,
JUTSL KQXKJIOTO MUCCIIeTyeMOro 00BbEeKTa IeIeco00pa3Ho
BBIPA00OTATh CUCTEMHBIHN TOAXO0/] K YIIPABICHUIO BCCMHU
3aMHTEPECOBAHHBIMH T'PYIIIaMH, YTO CTAHET BaXXHOU
COCTABJISIFOLIEH /17151 €r0 yCTOHYMBOro pa3BuTus. B aToit
CBSI3M B JTAJIbHCHUIITNX MCCIICAOBAHUIX MPH pa3paboTKe
MEXaHH3Ma YIPaBICHUS HHHOBAIIMOHHBIM Pa3BUTHEM
ETO nemnecoobpa3Ho yuIuTHIBaTh HHTEPECHI M LIETH OC-
HOBHBIX CTCHKXOJIJICPOB pacCMaTPUBAEMOTO 00BEKTa
B KOHTEKCTE TMpeIMeTa UCCIAeOBAHUSI, OCHOBBIBASCH
Ha KPUTEPUH ONTHMATBHOCTH.

CIIMCOK HCTOYHHUKOB

1. Escees E.I'. PecypcHO-cOamaHCHPOBAHHOE
yrpasieHue (yHKIIMOHUPOBAHUEM U Pa3BUTHEM TEILIO-
CHA0XKAIOIIUX OpPraHU3alHii : JUC. ... A-pa IKOHOMH-
gecknx Hayk. M., 2022. 388 c.

2. Stennikov V., Penkovskii A. Problems of Russian
heat supply and ways of their solution // E3S Web of
Conferences. 2020. Vol. 219. P. 02003. DOI: 10.1051/
e3sconf/202021902003

3. Klemeshev A.P., Kudryashova E.V., Sorokin S.E.
Stakeholder approach to the implementation of the “third
mission” of universities // Baltic Region. 2019. Vol. 11.
Issue 4. Pp. 114-135. DOI: 10.5922/2079-8555-2019-4-7

4. Xapun A.I'., I'apees T.P. CTelKX0JI1epCKUIl
MOAXOJ B YIPABICHUU OPTaHH3aLsIMU: EPCIIEKTHBEI
MIPUMEHEHUS TEOPETHKO-UTPOBBIX Moaenel // Terra
Economicus. 2014. T. 12. Ne 4. C. 105-113.

5. Tambosyes B.JI. Crelikxonuepckas Teopust Gpup-
MBI B CBETE KOHIEIIUU PEKUMOB COOCTBEHHOCTH //
Poccwuiickuit xxypran meremxmenTta. 2008. T. 6. Ne 3.
C. 3-26.

6. Valentinov V., Hajdu A. Integrating instrumental
and normative stakeholder theories: a systems theory
approach // Journal of Organizational Change Manage-
ment. 2021. Vol. 34. Issue 4. Pp. 699-712. DOI: 10.1108/
JOCM-07-2019-0219

7. Kim E.W., Choe S., Kwak J. Multinational
companies and the corporate social responsibility at
home: the stakeholder approach // Management Decision.
2019. Vol. 57. Issue 9. Pp. 2383-2400. DOI: 10.1108/
MD-01-2018-0109

8. Khojastehpour M., Shams S.M.R. Addressing
the complexity of stakeholder management in
international ecological setting: A CSR approach //
Journal of Business Research. 2019. Vol. 96.
DOI: 10.1016/j.jbusres.2019.05.012

9. Donaldson T., Preston L.E. The stakeholder
theory of the corporation: concepts, evidence, and implica-
tions // Academy of Management Review. 1995. Vol. 20.
Issue 1. Pp. 65-91. DOI: 10.5465/amr.1995.9503271992

1273

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO [eulnor AJYJUOA « NSODIN MIUISOA
ZZ0zZ ‘6 »oAuag "L woL . (8UluQ) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 17. Beinyck 9, 2022

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

B.B. ma3koea

10. Post J.E., Preston L.E., Sachs S. Managing
the extended enterprise: the new stakeholder view //
California Management Review. 2002. Vol. 45. Issue 1.
Pp. 6-28. DOI: 10.2307/41166151

11. IInomnuxoeé A.B. CpaBHEeHHE COAEPKAHUIL
CTEHKXOJICPCKUX TIOAXOMO0B B yIIPaBICHUH // IKOHO-
MHKa, IpealpuHUMaTensCcTBO U nipaBo. 2021. T. 11.
Ne 12. C.2695-2704. DOI: 10.18334/epp.11.12.113929

12. @unoceesa A.F. DopMupoBaHUE MEXaHU3MA
yIpaBJICHHUS KIIOYEBBIMU CTEHKXOJIZIEpaMH KOpIopa-
1MUY : IUC. ... KaHJ. 9KOH. HayK. M., 2019. 208 c.

13. Degtyareva V.V., Bakhtina S.S., Tatenko G.1.
Stakeholder engagement in the management of innovative
territorial development: A platform approach // “Smart
Technologies” for Society, State and Economy. 2021.
Pp. 1563-1572. DOI: 10.1007/978-3-030-59126-7 171

14. Tyapkina M., Vinokurov S., Vinokurova M., Li H.
Development of agroindustrial companies: the stakeholder
approach // Regional Economic Development in Russia.
2020. Pp. 101-112. DOI: 10.1007/978-3-030-39859-0 9

15. Astratova G.V., Rutkauskas T.K., Rutkaus-
kas K.V., Klimuk V.V. Creating an environmentally safe
and reliable heat supply system through the introduction of
energy-saving technologies in housing and common utili-

Tlocmynuna 6 pedaxyuro 1 cenmaops 2022 e.
Ilpunama 6 dopabomannom eude 12 cenmaodps 2022 e.
Ooobpena ons nybonuxayuu 19 cenmsbps 2022 2.

ties services // E3S Web of Conferences. 2021. Vol. 265.
P. 04020. DOI: 10.1051/e3sconf/202126504020

16. Verstina N., Evseev E., Tsuverkalova O.,
Kulachinskaya A. The technical state of engineering
systems as an important factor of heat supply organizations
management in modern conditions // Energies. 2022.
Vol. 15. Issue 3. P. 1015. DOI: 10.3390/en15031015

17. Porter M.E., Kramer M.R. Strategy and society:
the link between competitive advantage and corporate
social responsibility / Harvard Business Review. 2006.
DOI: 10.1108/5d.2007.05623ead.006

18. Porter M.E., Hills G., Pitzer M., Patscheke S.,
Hawkins E. Measuring shared value: How to unlock
value by linking social and business results // FSG. 2011.

19. Axog¢ P., Omepu @. O meneycTpeMICHHBIX
cuctemax / mep. ¢ anri. [.b. Pybamsckoro. M. : JIKU,
2008. 272 c.

20. I'nasxoea B.B. MeTtoanyecknue OCHOBBI OICHKH
3 PEeKTUBHOCTH COLMATBHBIX NHHOBAIHIOHHO-HBECTH-
LIMOHHBIX IPOEKTOB : JUC. ... KaHJ[. 9KOH. HayK. Brnanu-
mup, 2015. 227 c.

21. Hapemo B. Komnenanym 1no obuiei comuo-
noruu / nep. ¢ uran. A.A. 3orosa. M. : I'Y BIID,
2007. 511 c.

Osp ABTOPE: Banepusi BukropoBna [l1a3koBa — KaHIMIaT SKOHOMUYCCKHUX HAYK, TOICHT KadeIpbl MCHEKMCH-

Ta ¥ nHHOBalWii; HanmoHaIbHbIH HccesienoBaTebckuii MoCKOBCKHIl rocy1apcTBeHHbII CTPOUTEIbHbIN YHHBEP-
curer (HY MI'CY); 129337, . Mocksa, SIpocnaBckoe mmocce, 1. 26, PUHII ID: 888163, ResearcherID: ABI-2788-
2020, ORCID: 0000-0002-5995-8585; leram86@mail.ru.

REFERENCES

1. Evseev E.G. Resource-balanced management of
the functioning and development of heat supply organi-
zations : dis. ... doctors of economic sciences. Moscow,
2022; 388. (rus.).

2. Stennikov V., Penkovskii A. Problems of Rus-
sian heat supply and ways of their solution. £3S Web
of Conferences. 2020; 219:02003. DOI: 10.1051/e3s-
conf/202021902003

3. Klemeshev A.P., Kudryashova E.V., So-
rokin S.E. Stakeholder approach to the implementation of
the “third mission” of universities. Baltic Region. 2019;
11(4):114-135. DOI: 10.5922/2079-8555-2019-4-7

4. Kharin A.G., Gareev T.R. Stakeholder approach
in the management of organizations: prospects for the use
of game-theoretic models. Terra Economicus. 2014;
12(4):105-113. (rus.).

5. Tambovtsev V.L. Stakeholder theory of the firm
in the light of the concept of ownership regimes. Russian
Journal of Management. 2008; 6(3):3-26. (rus.).

6. Valentinov V., Hajdu A. Integrating instrumental
and normative stakeholder theories: a systems theory

1274

approach. Journal of Organizational Change Manage-
ment. 2021; 34(4):699-712. DOI: 10.1108/JOCM-07-
2019-0219

7. Kim E.W., Choe S., Kwak J. Multinational com-
panies and the corporate social responsibility at home:
the stakeholder approach. Management Decision. 2019;
57(9):2383-2400. DOIL: 10.1108/MD-01-2018-0109

8. Khojastehpour M., Shams S.M.R. Addressing
the complexity of stakeholder management in inter-
national ecological setting: A CSR approach. Jour-
nal of Business Research. 2019; 96. DOI: 10.1016/;.
jbusres.2019.05.012

9. Donaldson T., Preston L.E. The stakeholder
theory of the corporation: concepts, evidence, and im-
plications. Academy of Management Review. 1995;
20(1):65-91. DOI: 10.5465/amr.1995.9503271992

10. Post J.E., Preston L.E., Sachs S. Managing
the extended enterprise: The new stakeholder view.
California Management Review. 2002; 45(1):6-28.
DOI: 10.2307/41166151



CTENKXONAEPCKMI MOAXOA K MHHOBALIMOHHOMY Pa3BUTUIO €AMHBIX TENAOCHAOXaIOLLIMX OpraH13aLimi

C. 1264-1275

11. Plotnikov A.V. Comparison of stakeholder
approaches in management. Journal of Economics,
Entrepreneurship and Law. 2021; 11(12):2695-2704.
DOI: 10.18334/epp.11.12.113929 (rus.).

12. Finogeeva A.l. Formation of a management
mechanism for key stakeholders of the corporation :
dis. ... candidate of Economic Sciences. Moscow, 2019;
208. (rus.).

13. Degtyareva V.V., Bakhtina S.S., Tatenko G.I.
Stakeholder engagement in the management of innova-
tive territorial development: A platform approach. “Smart
Technologies” for Society, State and Economy. 2021;
1563-1572. DOI: 10.1007/978-3-030-59126-7 171

14. Tyapkina M., Vinokurov S., Vinokurova M.,
Li H. Development of agroindustrial companies:
the stakeholder approach. Regional Economic Deve-
lopment in Russia. 2020; 101-112. DOI: 10.1007/978-
3-030-39859-0_9

15. Astratova G.V., Rutkauskas T.K., Rutkaus-
kas K.V, Klimuk V.V. Creating an environmentally safe
and reliable heat supply system through the introduc-
tion of energy-saving technologies in housing and com-

Received September 1, 2022.
Adopted in revised form on September 12, 2022.
Approved for publication on September 19, 2022.

mon utilities services. E3S Web of Conferences. 2021;
265:04020. DOI: 10.1051/e3scont/202126504020

16. Verstina N., Evseev E., Tsuverkalova O.,
Kulachinskaya A. The technical state of engineering
systems as an important factor of heat supply organiza-
tions management in modern conditions. Energies. 2022;
15(3):1015. DOI: 10.3390/en15031015

17. Porter M.E., Kramer M.R. Strategy and society:
the link between competitive advantage and corporate
social responsibility. Harvard Business Review. 2000.
DOI: 10.1108/5d.2007.05623ead.006

18. Porter M.E., Hills G., Pitzer M., Patscheke S.,
Hawkins E. Measuring shared value: How to unlock
value by linking social and business results. FSG. 2011.

19. Akoff R. On purposeful systems. Moscow,
LKI, 2008; 272. (rus.)

20. Glazkova V.V. Methodological foundations
for evaluating the effectiveness of social innovation and
investment projects : dis. ... candidate of Economic Sci-
ences. Vladimir, 2015; 227. (rus.).

21. Pareto V. Compendium on general sociology.
Moscow, Publishing House of the Higher School of Eco-
nomics, 2007; 511. (rus.).

BionoTEs: Valeria V. Glazkova — Candidate of Economic Sciences, Associate Professor of the Department of
Management and Innovation; Moscow State University of Civil Engineering (National Research University) (MGSU);
26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; ID RISC: 888163, ResearcherID: ABI-2788-2020,

ORCID: 0000-0002-5995-8585; leram86(@mail.ru.

1275

ZZ0Z ‘6 @NSS| "L 2WN|Oo/ . 9in}08}IY2Jy PUB UOIONIISUOD UO [eulnor AJYJUOA « NSODIN MIUISOA
220z ‘6 »ofuag "L WoL . (3UluO) 0099-¥0E€Z NSSI (uld) S€60-2661 NSSI » ADJIN ¥MHLO9g



BecTtHuk MICY « ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) * Tom 17. Beinyck 9, 2022

Vestnik MGSU ¢ Monthly Journal on Construction and Architecture « Volume 17. Issue 9, 2022

TpeboBaHUsI K OPOPMAEHMIO HAYHYHOM CTaTbn

TPEEOBAHUA K O®POPMITEHUIO HAYYHON CTATbU

Teker crathu HaOupaercs B (aiinax B popmare .docx.

CTPYKTYPA HAYUHOM CTATHHU

Hayunasi craTbsi 10JDKHA COCTOSITH M3 CIEAYIONIMX CTPYKTYPHBIX JJIEMEHTOB: 3arojIOBOK, CIIMCOK aBTOPOB,
AQHHOTALMS, KJIFOYEBBIC CIIOBA, OCHOBHOMN TEKCT, CBEACHMS 00 aBTOPAX, CIIMCOK HCTOYHUKOB.

3aroJI0BOK, CIIMCOK aBTOPOB, aHHOTALMS, KJIIOYEBBIC CIIOBA, CIIMCOK JUTEPATyphl YKa3bIBAIOTCS MOCIEIOBA-
TEJIHO Ha PYCCKOM M QHIVIMHCKOM SI3bIKaX.

3aroJIoBOK K CTaThe JOJDKEH COOTBETCTBOBATH OCHOBHOMY COICPIKAHHIO CTAThH. 3ar0OJIOBOK CTaThH JTOJDKEH
Kkpatko (He 6osiee 10 C/IOB) M TOUHO OTpakaTh OOBEKT, IIEJb U HOBU3HY, PE3YJIbTaThl IPOBEJICHHOTO HAYYHOTO HC-
ciretoBanus. OH J10JDKeH ObITh MH(OPMATUBHBIM U OTPaKaTh YHHKAIBHOCTH HAyYHOTO TBOPYECTBA aBTOPA.

CHHCOK aBTOPOB B KpaTKoil (hopMe OoTparkaeT BCEX aBTOPOB CTAThH M yKa3bIBACTCS B CIICIYIOIIEM (opmare:

Hms OtyecrBo @amuans’, Umst OtuectBo Pamuins?

I Mecmo pa6omwt nepsozo asmopa; 20pod, cmpana

2 Mecmo paomui mopozo asmopa; 20pod, cmpana

* ecJim aBTOpOB HE OoJiee YeThIpex, TO HeoOX0ANMO yKasbiBaTh noiHele PMO, oT msaTH aBTOpOB 1 Honee —
JOIyCTHMO HCIOIb30BaTh HHULUAIIBL.

AHHOTAIIUA

OCHOBHO MPUHIIMIT CO3JaHUS aHHOTAIIMU — HHpopMaTHBHOCTh. O0beM anHoTamu — ot 200 10 250 cios.

CTpyKTypa 1 coiepKaHue aHHOTAIMHU JIOJDKHBI COOTBETCTBOBATH CTPYKTYPE U COJEP)KAHHIO OCHOBHOTO TEK-
CTa CTaThH.

AHHOTaMs K CTaThe JIOJDKHA IMPEACTABIATh KPATKyl0 XapaKTepPUCTHKY HaydHOW CTaThH. 3ajjaya aHHOTa-
UM — JIaTh BO3MOXXHOCTH YUTATEII0 YCTAaHOBUTH €€ OCHOBHOE COZEPKaHUE, ONMPEICIUTh €€ PEIEBAaHTHOCTD U
PEIIUTB, CIIEYeT JIM 00panIaThCs K IOJTHOMY TEKCTY CTaThH.

YeTKo€ CTPYyKTypHpPOBaHWE aHHOTAIMU IO3BOJSIET HE YIIYCTUTh OCHOBHBIE 3JI€MEHTHI cTarThbi. CTpyKTypa
AQHHOTAL[MY aHAJIOTUYHA CTPYKTYpPE HAYYHOM CTaThU M COACPIKUT CIICIYIOIINE OCHOBHBIC Pa3/ICIbL:

* BBeneHue — COIep)XUT ONHMCAHUE IPEAMETa, LieJel U 3a1a4 HCCIeI0BAHMs, aKTyalbHOCTb.

* MarepuaJjbl M MeTObI (MM METOOJIOTHSI TIPOBE/ICHHST pabOTHI) — OIHMCAHHUE UCTIOIB30BAHHBIX B HCCIIEO-
BaHUM MH(OPMALMOHHBIX MATEPHAJIOB, HAYYHBIX METOOB MJIM METOJHKHU ITPOBEICHUS UCCIICIOBAHUS

e Pe3yabTaThbl — NPUBOASTCS OCHOBHBIE TEOPETUUECKUE M IKCIIEPUMEHTAIILHBIC Pe3yNIbTaThl, ()aKTHUECKUE
JIaHHBIE, OOHAPYKEHHbIE B3aMMOCBSI3U U 3aKOHOMEPHOCTH. [IpeinouTenne oT1aeTcsi HOBBIM pe3ysibTaTtaM U BHIBO-
JlaM, KOTOpbIe, [0 MHEHHUIO aBTOPA, UMEIOT MPAKTHYECKOE 3HAUCHHE.

* BbIBoABI — ueTKOE M3II0KEHHE BBIBOIOB, KOTOPbIE MOT'YT COMPOBOXK/IATHCSI PEKOMEHIALIUSIMHU, OLICHKAMH,
MIPEATIOKEHUSIMH, ONTMCAaHHBIMU B CTaThe.

e KiroueBble €J10Ba — TICPEUUCIIAIOTCS Yepes3 3aIsaTyI0, KOMHIecTBO — OT 7 110 10 cioB.

BbaaromapuocTu. Kparkoe BbipaykeHHe 01aroqapHOCTH IMEPCOHAM W/HIIM OpTraHMU3alisIM, KOTOPhIe OKa3alli
TIOMOIIb B BHIIIOJIHEHUH MCCIIIOBAHMSI HJTH BHICKA3bIBAJIM KPUTHYECKUE 3aMEUaHMs B aJipec Baiel crarbu. Taxoke
B pazjiesie yKa3bIBaeTCsl ICTOYHUKY (PMHAHCHPOBAHHS HCCICAOBAHMS OT OpraHu3anuii ¥ (OHIOB OpraHU3alUsAM 1
(doHaam, T.e. 32 CYET KaKMX I'PAHTOB, KOHTPAKTOB, CTUIICHANH YIaJloCh [IPOBECTH HcclienoBaHue. Pasnen npuso-
JUTCS TIPH HEOOXOAUMOCTH.

AHHOTaIVA HE IOJDKHA COZIePIKATh!

* U30BITOYHBIX BBOAHBIX (ppa3 («ABTOp CTaThH paccMaTpuBaceT...», «B maHHOI cTaTbe...» U T.11.);

* a0CTPaKTHOTO yKa3aHMs Ha BpeMs HamucaHHs cTaTbi («B Hacrosmiee BpeMs...», «Ha TaHHBI MOMEHT. . .»,
«Ha ceropssiHui A€Hb...» U T.11.);

* 00IIEro OMUCaHus;

* IUTAT, TAOIUII, AArpamMm, abOpeBuaryp;

* CCBUIOK Ha UCTOYHHUKH JIUTEPATYPhI;

* uH(OpMAIHIO, KOTOPOH HET B CTaThE.

AHIIIOA3bIYHAS] aHHOTALMS ITUILIETCS 10 TeM ke npaBmiiaM. OTMETHM, 4TO aHIVIMHCKas aHHOTAIs He 00s13a-
TEIIBHO JIOJDKHA OBITH TOYHBIM HIEPEBOIOM PYCCKOH.
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Crnenyet oOpammark 0co00e BHIMaHHUE Ha KOPPEKTHOCTh yHoTpeOnenuss TepMuHOB. M30eraiiTe ynorpebie-
HUSI TEPMHHOB, SIBISIIOIIMXCSI IPSIMON KAJIbKON PYCCKOSI3bIUHBIX. He00X0MMMO cOOI0IaTh SIMHCTBO TEPMHUHOIO-
THH B TIpe/ieiiaX aHHOTAIIUH.

KaioueBbie ciioBa — mpooOpa3 cTaThby B IMOMCKOBBIX CHCTEMaxX, T€ TOYKH, 10 KOTOPBIM YHTAaTENlb MOXET
HaWTH Ballly CTaThIO M OMPEICIUTD NIPEIMETHYIO 00J1acTh TeKcTa. UTOOBI ONpEAeIuTh OCHOBHBIE KIIFOYEBBIC CII0BA
JUISL CTAaThH, PEKOMEHAYETCS IPE/ICTABUTD, 110 KAKUM MOMCKOBBIM 3aIlpOCaM YUTATEIN MOTYT MCKaTh Ballly CTaThIO.
Kak mpaBuio, ki1ro4eBbIe C10Ba TAKXKE MOTYT BKIIIOUaTh OCHOBHYIO TEPMHUHOJIOTHIO.

OCHOBHOM TEKCT

OCHOBHOI1 TEKCT HAYYHOI CTATBH, TIPEICTABIIEMON B J)KypHAII, TOJDKEH OBITH O(hOPMIICH B COOTBETCTBHH
co cranaproM IMRaD u BxitouaTs ciaeayromye pasesst:
* BBencnue;
» Marepuaibl 1 METOIBL;
* Pesynbrarsl UCCIEI0BAHMUS;
* 3aKIoueHue U 00CYKICHHE.

PUCYHKHU U TABJUIbBI

PucyHKH 1 TaONMUIIBI CIETyeT BCTABIATH B TEKCT CTAThU Cpasy MOCye TOro ab3ara, B KOTOPOM PUCYHOK BIIEp-
BbIC YHOMHUHaeTcsl. PUCYHKM M TaOIMIBI TOJDKHBI OBITh OPUTHHAIBHBEIME (JIMOO € yKa3aHHEM HCTOYHHKA), XO-
porrero kadectBa (He mMenee 300 dpi). OpuruHaIbl PpUCYHKOB NMPEAOCTABIAIOTCS B (ainax ¢opmara .jpg, .tiff
(ma3BaHue (haiina TOMKHBI COOTBETCTBOBATh MOPSIKOBOMY HOMEpPY PHCYHKa B TekcTe) Pasmep mpudra momxeH
COOTBETCTBOBATH pa3Mepy IIpU(Ta OCHOBHOTO TeKcTa CTaThbu. JIMHUM 00s13aTenbHO He ToHbIIE 0,25 MyHKTOB.

3aroyoBKY TaOJIUIL U PUCYHKOB BBIPABHUBAIOTCSI 10 JICBOMY Kparo. 3arojIoBOK TAOIUIBI PACIIOaracTcsi HaJy
HEI0, HAYWHAsACh C COKpameHus «Tabi.» u mopsaKoBoro HoMepa TabIHIbI, HOIINUCH K PHCYHKY PacIioiaraeTcs
TI0/T HUM, Ha9MHAsICh C COKparieHus «Puc.» 1 nopsikoBoro Homepa. PHUCyHKH 1 TaOIMIBl TO3UIIMOHUPYIOTCS 110
LIEHTPY CTPAHUIBL.

[TonpucyHOYHBIE TOAMUCH U Ha3BaHUS TaOIHI] PA3MEIIAOTCS HA PYyCCKOM U aHITIMICKOM SI3bIKaX, KayK/IbIi Ha
HOBOM CTPOKE C BBIPaBHHBAaHHEM I10 JIEBOMY KpaIo.

Oopaszey:

Puc. 1. [Ipumep pucyHka B cTaTbe

Figure 1. Example of article image

Taoa. 1. [Tpumep TabnHIBI B CTaThE

Table 1. Example of table for article

D®OPMYJbI

DopmyItel T0IKHBI OBITH HAOpaHbl B peakrope popmynr MathType Bepcun 6 witu BhIe.

[Tudpsl, rpedeckre, FOTHUECKUE M KHPUITMYECKHE OYKBBI HAOMPAIOTCS NPSIMBIM HIPU(TOM; JIAaTHHCKHE OyK-
BBI JUIs1 0003HAYCHHS PA3THYHBIX (PU3NIECKUX BeIH4uH (4, F, b U T.1I.) — KypCHUBOM; HAUMECHOBAHUS TPUTOHO-
METPHUYECKUX (PYyHKIHUH, COKpaIleHHbIe HAaNMEHOBAHUS MaTeMaTHUECKUX TMOHATHH Ha jartuHuie (max, div, log
U T.I.) — OPSMBIM; BEKTOPHI (@, b 1 T.11.) — KUPHBIM KYPCHBOM; CUMBOJIBI XUMUYECKUX AJICMEHTOB Ha JIATHHUIIE
(Cl, Mg) — npsMBIM.

3anuch (GopMyIIbI BBITIOIHSIETCS aBTOPOM C HCIIOJIB30BAHHEM BCEX BO3MOXHBIX CIIOCOOOB YIPOILCHUS U HE
JIOJDKHA COZIEPKATh MPOMEXKYTOUHBIE TIPEOOPa30BAHNS.

CIIUCOK HCTOYHUKOB

CIIICOK HCTOYHMKOB COCTABIISIETCSI B TIOPSAKE YIIOMUHAHUS B TeKcTe. [1opsAKOBEIH HOMEp MCTOYHHUKA B TEK-
cTe (CChUIKa) 3aKIII0YAETCs B KBaJ[paTHble CKOOKH. TeKCT cTaThy JJ0JDKEH COJIepIKaTh CChIJIKM Ha BCE MCTOUHHUKHU M3
CIHCKA UCTOYHUKOB. [IpH HANMYKMU CCHUIKH JIOJDKHBI cofepkarh uaeHtudukaropst DOL.

CIIUCOK NCTOYHUKOB Ha pycckom sizvike oopmirsiercs: B coorBeTcTBur ¢ TpedosanusimMu [OCT P 7.0.5-2008.

CHucoK MCTOYHHKOB Ha aHIIIMKACKOM si3bike (reference) opopMisieTcss B COOTBETCTBHH C MEKIYHAPOIHBIM
CTaHIAPTOM LUTHPOBAHUS Vancouver — IOCIe0BATeIbHBIN YHCICHHBIA CTHIIb: CCBUIKH HyMEPYIOTCS MO XOIY
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UX IIUTUPOBAHMA B TeKcTe, Tabnumax u pucyHkax. @O aBTopoB, Ha3BaHHWE CTATbU HA aHIINHCKOM S3bIKE, HaH-
MCHOBAHHE KypHasla, T/ BBITycKa; ToM (BBITYCK): CTPAaHHIIBL.

Cnrcox MCTOYHHMKOB M CBEJACHHA 00 aBTOpax yKa3bIBAIOTCS MOCIEIOBATEIBLHO HA PYCCKOM M aHTIHHCKOM
SI3BIKAX.

HopmaruBHbIe TOKYMEHTHI (ITOCTaHOBICHHUS, pacnopsukeHust, yctasbl), [ OCTrI, cipaBoyHas nurepaTypa He
YKa3bIBAIOTCS B CIIMCKaX MCTOYHHUKOB, O(OPMIIIOTCS B BHJIC CHOCOK.

CBEJEHHUA Ob ABTOPAX

B Csenenusix 00 aBropax (Bionotes) npencrasnsercst ocHOBHast HH(QOPMAILHI 00 aBTOPCKOM KOJUICKTHBE B
cieayroriieM dpopmare.

Hms, OTuecTBo, @aMuims (MOIHOCTHIO) — YUeHast CTEIICHb, yIEHOE 3BaHUE, JOIDKHOCTD, MO/IPA3/IeIICHNUE;
Ha3BaHUe OpraHu3anum (00s3aTeIbHO MPUBOJUTH B MIOJIHON M KPaTKOH O(UIMANIBHO yCTaHOBICHHOU (opme, B
MMEHUTEIBHOM TaJiekKe), B KOTOPO paboTaeT (YYUTCs) aBTOP; MOYTOBBIN a/pec OPraHU3aINH; apec IEKTPOH-
noii mouter; ORCID, ResearcherID u np. (npu Hanu4um).

Caeziennst 00 aBTOpax MPENCTABISIOTCS HA PYCCKOM M aHIIIMHCKOM SI3BIKAX.

Caenenus 00 aBTOpax Ha aHIIIMIICKOM SI3bIKE AIOTCS B TIOJIHOM BHJE, 0e3 cokparienuii cinoB. [TpuBonsarcs
o(uMaNbHO YCTaHOBJICHHbIE AHIIOA3BIYHbBIC HA3BAHNSI OPTAaHU3ALUN 1 UX TToapasaeneHuid. OmycKalTcs SIeMeH-
ThI, XapaKTEPU3YIOIINE MTPABOBYIO (POPMY YUpEKACHHs (OpraHU3alri) B HA3BAHUSIX BY30B.

ABTOp JTOJDKEH NPUICPKUBATHCS €ANHOOOPA3HOT0 HANMCaHUs (PaMHIIMK, UIMEHHU, OTYECTBA BO BCEX CTAThSX.
Ota uHdopmanus Ui KOPPEKTHOW MHJICKCAIMK JIOJDKHA OBITh yKa3aHa B JPYIHX CTaThsX, NPO(MISIX aBTopa B
MexayHapomHbIx 0a3ax gaHHBIX Scopus/WoS u T.11.

CBEJEHHSA O BKJIAJE KAXKJIOTO ABTOPA

CaezieHHsAM IpeAlIecTBYIOT ciioBa «Bxitax aBropos:» (Contribution of the authors:). [Tocie dpammmmm u nan-
[[1aJIOB aBTOPA B KPaTKoil (popmMe ONMChIBACTCS €ro JIMUHBIN BKJIAJ B HAIIMCAHUE CTaThu (Maes, cOop Marepuana,
00paboTka MaTepHaa, HaMCaHUE CTAaThH, HAyYHOE PEIAKTHPOBAHUE TEKCTA U T.11.).

CaejieHus 00 OTCYTCTBUY WM HAJMYUU KOH(IMKTA MHTEPECOB M JICTAIN3AIMIO TAKOTO KOH(IIUKTA B CIydae
ero HaJIM4YKs YKa3bIBAIOT II0CIIEC BCEX JAHHBIX O BKJIAJIC Ka)KI0ro aBTopa.

Oopaszey:

Bxnan aBropos:

®avmuiaus U.0. — HayvyHOE PYKOBOICTBO; KOHLEIIIUS UCCICAOBAHUS; PAa3BUTHE METONOJIOTHH; y4acTHe B
pa3paboTke y4eOHBIX IPOrpaMM M UX pean3alii; HallMCaHUe HCXOIHOIO TeKCTa; HTOrOBBIC BBIBOJBL.

Davuansa U.0. — yuactue B pa3paboTke yueOHBIX MPOrpaMM U HX peann3anui; 1opaboTka TeKCTa; UTOTo-
BBIC BBIBOJIBL

Bce aBTopbI clienany SKBUBAJICHTHBII BKJIAJ[ B TOATOTOBKY ITyOJIMKALIUH.

ABTOPBI 3a5IBIISIIOT 00 OTCYTCTBHU KOH(IINKTa HHTEPECOB.

Contribution of the authors:

®amuaua U.0. — scientific management; research concept; methodology development; participation in
development of curricula and their implementation; writing the draft; final conclusions.

®amuausa U.0. — participation in development of curricula and their implementation; follow-on revision
of the text; final conclusions.

Contribution of the authors: the authors contributed equally to this article.

The authors declare no conflicts of interests.
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KAK MNOJIOTOBUTHh OCHOBHOM TEKCT CTATbHMU,
YTOBbI EE IPUHAJU K IYBJIUKAIIUN?

3ATOJOBOK

3aroy0BOK CTaThb JOJDKEH KPaTKO M ToUHO (He Oosee 10 cioB) oTpakarb 00bEKT, IeJIb U HOBU3HY, pe3yJibTa-
ThI IPOBEICHHOTO HAYYHOTO UCCIIE0BaHus. B Hero He0OX0MMMO KaK BIOKHTh HH(POPMATUBHOCTD, TAK M OTPA3UTh
MIPUBJIEKATEILHOCTh, YHUKAJIBHOCTh HAyYHOI'O TBOPYECTBA aBTOPA.

OCHOBHOM TEKCT CTATHH

OCHOBHO# TEKCT HayYHOI CTaThu, IPECTABISIEMOIl B )KypHAJI JJIsl pPACCMOTPEHHS BOIIPOCA O €€ MyOIHMKaIHH,
JIOJDKeH ObITh 0()OPMIICH B COOTBETCTBHHM co cTaniaproM IMRaD u Bkitouars Cieayrolye pasjienbl: BBeICHNE
(Introduction), marepuainsl 1 MeTons! (Materials and methods), pesynbrars! nccnenosanus (Result), 3aknrodenue
u obcyxaerne (Conclusion and discussion).

Bgenenmne (Introduction). Otpaskaer T0, Kakoi poOIeMe TOCBSIIIEHO HeciienoBanue. OcymiecTBIsieTcs no-
CTaHOBKA HAayYHOU MPOOJIEMBI, €€ aKTyaJbHOCTb, CB3b C BAKHEHIINMH 3aa4aMH, KOTOpbIe HEOOXOAMMO PEIIHUTh,
3HAYCHHUE ISl pa3BUTHS ONPE/ICICHHON OTpaci HAYKU MM IPAKTUYECKOH e TeIbHOCTH.

Bo BBeneHnH I0/mKHA coeprkarbes HHGOPMALUs, KOTOPask TIO3BOJIUT YATATENIO IOHAT U OLCHUTh PEe3yilb-
TaThl MCCIIEI0BAHMSI, MTPEACTABICHHOTO B CTaThe 0e3 JOIOJHHUTEIFHOIO OOpalleHust K JPYTHM JIHTepaTypHbIM
ncToYHUKaM. Bo BBeIeHNN aBTOp OCYIIECTBISIET 0030p MpobiaeMHOI obmacTu (JiuTepaTypHBIi 0030p), B paMKax
KOTOPOH OCYIIECTBICHO MCCIEI0BaHNe, 0003HaYaeT IPOOIEMBbl, HE PELICHHBIE B MPEABIIYIIMX UCCICAOBAHUIX,
KOTOpBIE NIPU3BaHa PEIINTh AaHHAs cTaThs. KpoMe 3Toro, B HeM BEIpaKaeTcsl INIaBHAs Mpes IyOIuKalu, KOTo-
past CyLIECTBEHHO OTJIIMYAETCS OT COBPEMEHHBIX HPEJICTABICHHH O TpoOieMe, JIOMOIHICT WM YIIyOiseT yxe
M3BECTHBIE ITOAXOABI K Heil; 00palnaeTcsi BHUMaHKUE Ha BBEICHUE B HAyYHOE 00pallieHHe HOBBIX (JaKTOB, BHIBOJIOB,
peKoMeHanui, 3akoHoMepHocCTei. Llenb cTaThby BhITEKAeT N3 TTOCTAHOBKH HAYYHOW TIPOOIEMBI.

PEKOMEHJANWHU MO COCTABJEHUIO
JUTEPATYPHOI'O OB30PA

B Cnucok uctouHukoB pekoMeHayeTcst BKiodath oT 20 10 40 UCTOYHMKOB, HE YUYUTHIBAsl CCUIKM HA HOP-
MaTHBHBIE JOKYMEHTHI, HHTEPHET-PECYPCHI (CalThI ceTn VIHTepHET, He SBIAIONINECS TEPUOINYECKUMH H31aHMI-
MH), OTYETHI, & TAK)KE HCTOYHUKHU, OTCYTCTBYIOIIHE B KATAJIOTaX BEAYIIUX POCCHUCKUAX OMOINOTEK-ICIIO3UTAPHEB
(I'TTHTB, PHB, PI'B), apxuBax u T.i. [lono0HBIE MICTOYHUKH MPUBOAAT B CHOCKAX BHHU3Y CTPAHMIIBI CBEPX MUHH-
MaJIBHO PEKOMEHyeMOro Iopora.

He pexoMeHtyeTcst cChUIaThCsi HA HHTEPHET-PECYPChI, HE COfiepKallie HayqHy0 HH(POPMAIINIO, YIEOHHKH,
y4eOHBIC U METOJMUCSCKUE TTOCOOus. B 4rcie HCTOYHNKOB JODKHO OBITh He MeHee 10 MHOCTPaHHBIX HCTOYHUKOB
(mst craTeil Ha aHDIMICKOM SI3bIKE HE MEHEee TPeX POCCHiicKhX). He MeHee mecTH u3 MHOCTpaHHBIX U HE MEHee
IIECTH U3 POCCUICKIX UCTOYHHMKOB JOJKHBI OBITh BKIFOUCHBI B OJTUH M3 BEIYIIIX WHIICKCOB UTHpOBaHUs: Web
of Science/Scopus wiu Sapo PUHII. CocTaB HCTOYHHMKOB JOJIKEH OBITH aKTyaJbHBIM M COIACPKATh HE MCHEE
BOCBMH CTaTCH M3 HAYYHBIX KYPHAJIOB He crapiie 10 JeT, u3 HUX YeThIpe — HE cTaplie Tpex JerT. B crimcke uc-
TOYHHKOB JTOJDKHO OBITH He 6onee 10 % paboT, aBTOpoM 100 COaBTOPOM KOTOPHIX SBIISIETCS aBTOP CTAaThH.

Marepuanbl u Metonbl (Materials and methods). Otpaxaer To, Kak u3ydanack npoodiema. ONuchIBAIOTCS
MIPOIIECC OPTaHU3AIUH SKCIICPUMEHTA, IPUMEHCHHBIC METOIUKH, 000CHOBBIBACTCS MX BBIOOD. JleTanu3anus omu-
CaHus JOHKHA OBITh HACTOJIBKO TOAPOOHOH, YTOOBI JTFOO0H KOMITETEHTHBINH CIIEIUAIUCT MOT BOCIIPOU3BECTH HX,
MTOJIB3YSICh JIUIIb TEKCTOM CTaThH.

Pesyabratsl (Result). B pasgene npeacrasisercs: CHCTEMaTH3UPOBAHHBIN aBTOPCKUI aHAIMTHYECKUAN U CTa-
TUCTHYCCKUHN Marepuai. Pe3ynsraTel MpOBEICHHOTO MCCICIOBaHUS HEOOXOMUMO OIHCHIBATH JOCTATOYHO IOJTHO,
YTOOBI YMTATENb MOT MPOCIEIUTH €r0 ATAIBl U OIEHUTh OOOCHOBAHHOCTPH CAENAHHBIX aBTOPOM BBIBOIOB. JTO
OCHOBHOM pasfiel, IeJIb ero — IPH ITOMOIIU aHaIH3a, 000OIICHNS U Pa3bhsCHCHUS AHHBIX JOKa3aTh PabOvyIo
TUIOTE3Y (THIOTE3H!). Pe3ynbTaThl mpu HEOOXOIUMOCTH MOATBEPKAAIOTCS HILUTIOCTPALUIMHE (Tabnuiamu, rpadu-
KaMU, PUCYHKaMH ), KOTOPBIC MTPECTABIISIFOT HCXOIHBIN MaTepral WK JJOKa3aTeILCTBA B CBEPHYTOM BHJIE. BaxkHo,
4TOOBI MPOMJUTIOCTPUPOBAHHAS WH(pOpMaLsl He JyOIrpoBaia yxKe MpUBEACHHYIO B Tekcre. [IpencraBieHHbie B
CTaThe PE3yJbTaThl COMOCTABIISIOTCS C MPEIBIAYIIMMU paboTaMu B 3TOW 00JacTH Kak aBTopa, TaK U JIPYTUX HC-
clieloBaTeNeH.
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3axkurouenne (Conclusion and discussion) coepkuT KpaTtkyro (GopMyIHpOBKY pe3yJbTaToB UCCIICOBAHUSI.
B HeM B c)kaToM BHJIC IOBTOPSIIOTCS TTIABHBIC MBICIH OCHOBHOI 4acT paboThl. [I0BTOpHI H31araeMoro Marepuarna
nydiine oOpMILSITh HOBBIMH (hpazami, OTIIMYAIOIIMMHUCS OT BHICKa3aHHBIX B OCHOBHOM 4acTu ctarbu. B aToM pas-
Jiesie HeOOXOIMMO COTIOCTABUTH MOJTYUYCHHbBIC PE3yNbTaThl ¢ 0003HAUCHHOI B Hayasie padoThl 1enblo. B 3akimode-
HUN CYMMUPYIOTCA PE3YJIbTAThl OCMBICIICHUA TEMBI, ACJIAI0OTCA BBIBO/IbI, 0606IJ_ICHI/I$[ " pCKOMECHallNH, BBITCKAIO-
e u3 paboThl, MOAYSPKUBACTCS UX MPAKTHYCCKAs 3HAYUMOCTB, & TAKXKE ONPEICIISIFOTCS OCHOBHbBIC HAIIPABIICHHUS
JUTSL TATTBHEHIIIETO UCCIICIOBAHUS B 3TOM 00MacT. B 3aKIFOYNTENBHYIO YaCTh CTAThHU JKEIAaTENbHO BKIFOYHUTH 110~
IIBITKA POTHO3a PA3BUTHSI PACCMOTPEHHBIX BOIPOCOB.

KAK O®OPMUTDH CIITUCOK HCTOYHHUKOB

CnHcOK HCTOYHHKOB HA PYCCKOM sI3bIKe O0popmMIisieTcs B cOOTBeTCTBIH ¢ TpeboBanmsmu [OCT P 7.0.5—
2008.

Oébpasey:

CITUCOK HCTOYHHKOB

1. I'onuyein I C. TlapHUKOBEIA dQdexT n m3mMeneHus knumara // [pupoma. 1990. Ne 7. C. 17-24.

2. enywunun FO.A., Maxapoe K.H. TIpoGieMbl ¥ IEPCIICKTUBBI THIPABIMYCCKOTO MOJICTUPOBAHNUS BOJIHO-
BEIX IPOIECCOB B MCKAKEHHBIX MacmTabax // CTpoutenscTBO: Hayka u oOpaszoBanue. 2019. T. 9. Bem. 2. Cr. 4.
URL.: http://nso-journal.ru. DOI: 10.22227/2305-5502.2019.2.4

CHHCcOK HCTOYHHKOB Ha aHIIHiicKkoM s3bIKe (reference) opopmirseTcss B COOTBETCTBHH € MEKTyHAPOIHBIM
CTaHJapTOM IIUTUPOBaHHs Vancouver — IIOCIIeI0BATEIbHBINA YHCIEHHBIH CTHIIb: CCBUIKH HyMEPYIOTCS 1O XOIy
UX OUTHPOBAHUA B TEKCTe, TaOnuuax u pucyHkax. @O aBTopoB, Ha3BaHUE CTAThU HA AHIVIMIICKOM SI3BIKE, HaH-
MEHOBaHHE KypHaJla, TOJ BBITyCKa; ToM (BBITYCK): CTPaHHIIBI.

Oébpasey:

Reference

HazBanus myOnukaiuii, m3qaHuid ¥ APYTHX SIIEMEHTOB OMOIHOTpadpUIecKoro ONMCAHUS I He aHTJION3bIY-
HBIX MaTepualioB JOJDKHBI MPUBOJAMTHCS B O(QHUIUAILHOM BapuaHTe IepeBoaa (T.e. TOM, KOTOPBI pa3MelieH B
CaMOM M3JIaHUH; TIPH HAIUYUH).

Ilpumepol opopmnenusn pacnpocmpanennvlx MUno8 OUOAUOZPAPUUECKUX CCHLNOK:

Kunuru 1o Tpex apropon: ®amimms (Pamrumin ) Manmmane: aBTopos. 3aronoBok. [opox n3ganus, M3narens™,
lon u3nanmst; O0LIee KOJIMYECTBO CTPAHUII.

Oébpasey:

Todinov M. Reliability and risk models. 2nd ed. Wiley, 2015; 80.

Kunuru 6osee Tpex aBropoB: @ammmun Manmmans! aBTopoB (epBeIx mectn) et al. 3aromoBok. [opox u3-
nanwus, M3narens, ['on uznanus; OO0IIee KOJIUIECTBO CTPAHUIIL.

Crartbs B neyaTHoM ;kypHaJje: @avmmms (Pamunnn) MHUTIATE aBTOPOB. 3aroioBok. Ha3Banme xxypHana.
lon my6mukanum; Tom* (Beimyck): Crpanunsl. DOI (ipy Hamuuum — 00s13aTeNIbHO).

Oébpasey:

Pupyrev E. Integrated solutions in storm sewer system. Vestnik MGSU. 2018; 13(5):651-659. DOI:
10.22227/1997-0935.2018.5.651-659

CraTbs B 2J1eKTPOHHOM KypHaJe: amunus (Pamunun) MHumane! aBropos. 3aronoBok. Ha3Banue xyp-
Hana. Jlata myOonukanuu [nara murupoBanus|; 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-calite: ®avmius (Gamunun) VHunmansl aBropa (aBTOpoB)*.
Hasganwue [Internet]. [opon, U3narens™®, Tog u3manus [[lata mocnennero oOHOBIeHUS *; nata urupoBanns|. URL

Oébpaseu: How to make a robot [Internet]. Design Academy. 2018 [cited 24 July 2018]. URL: https://academy.
autodesk.com/how-make-robot

* yKa3bIBAIOTCS TIPH HAJTUYUH.

Bce mats ykaseiBarotes B popmate 1 JI-Mecs (Tekcrom)-Tox

Hns gopmuposanus anznosa3biuno2o0 CRUCKA UCTHOYHUKOG PeOaKyus peKoMeHOyem UCNONb308aMb pecypc
Citethisforme.com.
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LUABJIOH CTATbW

Twum ctatbn
Tun CTaTbU — Hay4Hasd CTaThs, 0630pHaH CTaTbH, pEAaKIMUOHHAA CTAaThs, JUCKYCCHOHHAs CTAaThs, IICPCOHAINU, PEAAKTOPCKAA 3aMETKaA,
PEUEH3Us Ha KHUTY, pEHEH3U HAa CTATBIO, CIIEKTAKJIb U T.II., KPaTKOE COOGU.IGHI/IS.

VK 11111
DOI

3ATOJTIOBOK CTATHbHA

JIOJDKEH Kpatko (He 6onee 10 cI0B) M TOYHO OTpa)kaTh OOBEKT, IIeTIb U HOBU3HY, PE3YIIbTaThl IPOBEACHHOTO HAy4-
HOTO HCCIIe/IoBaHMs. B Hero HeoOX0MMO Kak BIOKHTh MH()OPMAaTHBHOCTh, TaK ¥ OTPa3UTh MPHUBJICKATEIBHOCTS,
YHHUKaJIbHOCTh HAyYHOTO TBOPUYECTBA aBTOPA.

Ums OtuectBo @amuans', Ums OtuectBo @amuans’

' Mecmo pa6omui nepsozo asmopa; 20poo, cmpana

2 Mecmo pabomul nepeo2o agmopa; 20pood, CMpaHa

* ecmu aBTOPOB HE Oomee YETBIPEX, TO HCO6XO,I[I/IMO YKa3bIBaTh IIOJIHBIC CDI/IO, OT IISITH aBTOPOB U bomee — JOMMyCTUMO HCIIOJIb30BaTh
WHHIHAJIbI.

AnHoTanus (1omkHa comepxkark ot 200 10 250 ci10B), B KOTOPYHO BXOAUT WH(POPMAIUS IO/ 3ar0JI0OBKAMHU:
Beenenne, Marepuasnl U MeToabl, Pe3yiabrarsl, BoiBoAbI.

BBeaenue: mpuUBOAITCS XapaKTEPUCTHKH pabOTH — €CIIHA HE SICHO M3 Ha3BaHMS CTAThH, TO KPaTKo hopMmy-
JIUPYIOTCSL IPEMET UCCIIEeIOBaHMs, €r0 aKTyalbHOCTh U HAay4yHasi HOBU3HA, a TaKXe MpakTHueckas 3HaYUMMOCTb
(oOlIecTBeHHAS U HAy4HAas ), IeIb U 33a7a4K HCCIeIoBaHus. JIakOHUUHOE yKa3aHue po0iieM, Ha PEIICHUE KOTO-
PBIX HalpaBIeHO UCCIIEAOBAaHUE, UM HAy4Hasl TMIIOTE3a UCCIIEA0BaHUS.

Martepuaabl 1 MeTOIbI: ONMCAaHHIE MPUMEHICMbIX HH()OPMAIIMOHHBIX MaTEPHUATOB M HAYYHBIX METOHOB.

PesyabTarhl: pa3BepHYTOE MPEACTABICHUE PE3YJIBTATOB HUcciaenoBaHus. [IpUBOASTCS OCHOBHBIE TEOPETH-
YCCKHUE U DKCIICPUMCHTAJIBHBIC PE3YJIbTAaThI, (l)aKTI/I‘{eCKI/Ie JJAaHHBIC, 06Hapy)KeHHI>IC B3aMMOCBA3HU U 3aKOHOMEP-
HocTH. [Ipu 3TOM OTHAaeTcs MpennoYTEHNE HOBBIM pe3yJbTaTaM M JAAHHBIM JOJITOCPOYHOTO 3HAYEHHUS, BaXKHBIM
OTKPBITHSIM, BBIBOAAM, KOTOPbIE OIIPOBEPraloOT CYIIECTBYIONINE TEOPUH, a TAKXKE JAHHBIM, KOTOPBIE, 10 MHEHUIO
aBTOPA, UMEIOT MPAKTHUECKOE 3HAYEHHE.

BbIBOABI: apryMEHTHPOBAaHHOE 0OOCHOBAHHME IIEHHOCTH MOIYYEHHBIX PE3yIbTaToB, PEKOMEHIAINN MO WX
HCIIOJIb30BAaHUIO U BHEAPEHUIO. BBIBOABI MOT'YT COITPOBOXKIATHCS PEKOMEHIALUSMU, OLEHKAMU, TPEII0KEHUAMH,
HOBBIMH 'MIIOTE3aMHU, ONIMUCAHHBIMU B CTaThe.

HpI/IBeL[eHHI)Ie JacTU aHHOTAalWU CIEAYET BBLACIATH COOTBETCTBYIOIIUMU ITOA3ar0JIOBKaMU U U3JIaraTb B JaHHBIX pa3aeiiaX pejIeBaHT-

HyH0 uHpOopManu. CM. peKOMeH/IAIMH [0 COCTABJIEHHI0 AHHOTAIIMH.

KuroueBble coBa: 7—10 KITIOUEBBIX CIIOB.

KiroueBble ciioBa sBISIOTCS MOMCKOBBIM 00pa3oM Hay4yHOH cTathu. Bo Bcex Oubnuorpaduueckux 6a3ax JaHHBIX BO3MOMKEH HMOMCK
CTaTel Mo KIIFOYEBBIM CJI0BaM. B CBSI3M ¢ 3TUM OHH JOJKHBI OTPaXaTh OCHOBHYIO TCPMUHOJIOTUIO HAYYHOT'O UCCIICIOBAHUA U HE TOBTOPATH
Ha3BaHHUC CTATbH.

brazooaprnocmu (ecnu Hy X HO).
B arom paszene CiIeayeT ynoMsHyTh H}O,Zleﬁ, TIOMOT'aBIIMX aBTOPY MOATOTOBUTH HACTOALILYIO CTaTbIO, OpraHn3alii, OKa3aBILINC q)HHaH-
COBYIO HOAJICPKKY. XOPOIIUM TOHOM CUMTACTCS BRIPAXKEHHE 0J1arolapHOCTH aHOHUMHBIM PELICH3CHTaM.

Aemop, omeemcmeennwiii 3a nepenucky: ma OtuectBo @amMunus, aapec dJIEKTPOHHOM MOYTHI IS CBA3H.

3ATOJJOBOK CTAThU HA AHTJIMVICKOM SI3BIKE

N.0. ®amunsi', N1.0. @amuius’ * Ha aHITHHCKOM S3BIKE
' Mecmo pa6omer nepeozo asmopa; 20pod, cmpana — Ha aHITHACKOM SI3bIKE

2 Mecmo pabomui nepsozo agmopa, 20pod, Cmpand — Ha aHIITHHCKOM S3bIKe
* ecimu ABTOPOB HE Oomee YETBIPEX, TO HeO6XOI[I/IMO YKa3bIBaTh IOJIHBIC CDI/IO, OT IISITU aBTOPOB U Oomee — JAO0MMYyCTUMO HCIIOJIb30BaTh
WHHIHAJIbI.

Abstract (200-250 cios)

Introduction: text, text, text.

Materials and methods: text, text, text.

Results: text, text, text.

Conclusions: text, text, text.

Key words: text, text, text.

Acknowledgements: text, text, text.

Corresponding author: mst OtaecTBo @aMuimst, aapec IEKTPOHHOM MOUTHI U CBS3H — HAa aHTITHHCKOM
SI3BIKE.
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BBEJEHUE

3ajava BBEeACHHUSI — 0030p COBPEMEHHOI'0 COCTOSIHUS PACCMATPHBAEMOM B CTaThe MPOOIeMaTnK, 0003Have-
HUE HAyYHOU MPOOJIEMBI U €€ aKTyaJIbHOCTH.

BBezienne 107KHO BKITFOYATh 0030p COBPEMEHHBIX OPUTMHAIBHBIX POCCUMCKNX M 3apyOeKHBIX HayYHbIX J10-
CTIDKCHHI B pacCMaTpUBAacMOM IMPEIMETHOW 00JacTH, UCCIACIOBAHUI M PE3yJbTaToOB, HA KOTOPBIX Oasupyercs
npezacTasisieMast padora (Jlureparypusiit 0630p). JluteparypHslii 0030p TOIDKEH IMOJUEPKUBATh aKTyalbHOCTh U
HOBH3HY pacCMaTPUBAEMbIX B HCCIIEJOBAHIH BOIIPOCOB.

Bo BBeeHnY 10mKHA coniep kaThest THGOPMALHS, KOTOPast TO3BOJIUT YUTATENIO TIOHATH U OLCHUTH Pe3yJIbTa-
TBI UCCIICIOBAHNSA, IPEICTABICHHOTO B CTaTheE.

JInteparypHblii 0030p. Criucok MCTOYHHUKOB BKIro4aeT OoT 20 10 50 MCTOYHMKOB, HE YUMTBIBAs CCBUIKU
Ha HopMaTuBHbIe 1oKyMeHTHI (I'OCT, CHull, CII), uatepHer-pecypcsl (caiiTel ceTu IHTEpHET, He SBISOIIHIeCcs
TIEPUOINYECKUMH M3AaHUSMH), OTUYETHI, a TaK)Ke MCTOYHUKH, OTCYTCTBYIOLIME B KaTalorax BEIYIIMX POCCHM-
ckux oudbnuorex-genosurapues (I'TIHTG, PHB, PI'b), apxuBax u T.1. [1onoOHbIe HCTOYHUKH CIIEYeT yKa3bIBaTh
B CITIMCKE UCTOYHUKOB CBEPX MHHHUMAJIBHO yCTAaHOBICHHOTO ropora. He pekoMeHyeTcst cehliaThesl Ha HHTEPHET-
PeCypChl, HE ColepIKaIie HayIHY 0 HH(DOPMAIINIO, YICOHHKH, YUCOHbIC U METOAMYCCKUE TOCOOHSL.

YpoBeHb MyOIMKanny ONpe/eNsoT HOJIHOTAa U NPEICTaBUTEIBHOCTh HCTOYHUKOB. He MeHee 1mecTn u3 uHo-
CTPaHHBIX M HE MEHEE IIECTH U3 POCCUHCKUX HCTOUHMKOB JIOJKHBI ObITh BKJIFOYEHBI B OJIH W3 BEYIHX HHJCKCOB
LUTHPOBAHUSL:

* Web of Science http://webofknowledge.com
* Scopus http://www.scopus.com/home.url
* sapo Poccuiickoro nuaekca HayuHoro nutuposanust (PUHLI) http://elibrary.ru

AHIIIOA3BIYHBIX MCTOYHUKOB BKJIIOUAIOT B CIIHCOK He MeHee 50 %, 3a rmocieqHnue Tpy roja — HE MEHee I10-
JIOBUHBL. PeKOMEHIyeTC s HCTIONb30BaTh OPUTHHAIBHBIE HICTOYHUKH He cTapiie 10 yer.

CCBIIKM Ha HCTOYHHUKH ITPUBOAATCS B CTAThe B KBAPATHBIX CKOOKaX. MICTOYHUKN HyMEpyIOTCS 11O MOPSIIKY
YIOMHHAHUS B CTaThe.

3aBepIIaloT BBEICHHUE K CTAaThe MOCTAHOBKA M ONHMCAHKE IIEIH U 337a41 IPUBEICHHON PabOTHI.

MATEPUAJIBI U METO/IbI

Paznen ommceiBaeT MeTOMMKy MpoBeneHUs nccneaoBanns. O60cHOBaHKE BEIOOpa TeMbI (Ha3BaHMUS) CTATHH.
CBeficHUSI 0 METOJIE, IIPUBE/ICHHBIC B pa3zieiie, NOJDKHBI ObITh TOCTATOYHBIMU ISl BOCIIPOU3BEICHUS €r0 KBaJIH-
(ULIPOBAHHBIM HUCCIICAOBATEIICM.

PE3YJIBTATBI HCCIEJOBAHUA

B aT10ii wacTu cTaThu AOJDKEH OBITH IMPEACTABICH CHCTEMATH3UPOBAHHBIM ABTOPCKHN aHAJIMTHUECKHHA U
CTaTHCTHYECKUI MaTepuall. Pe3ynbraTsl MpoBEICHHOIO MUCCIEI0BAHUS HEOOXOANMO ONKCHIBATH TAK, YTOOBI 4H-
Taresib MOT MPOCIEANUTh €ro ATalbl U OLEHUTh 000CHOBAHHOCTH CJIEJIaHHBIX aBTOPOM BBIBOJOB. JTO OCHOBHOM
paszien, 1exb KOTOPOTo — IIPH ITIOMOIIM aHali3a, 0000IIEHNS ¥ pa3bsCHEHNsS JTaHHBIX JI0Ka3aTh pabodyIo I'MIT0-
Te3y (rumnoresbl). Pe3ysbTarsl pU HEOOXOAMMOCTH MOATBEPIKIAOTCS WILTIOCTpanusmMu (Tabiuinamu, rpaduka-
MH, PUCYHKaMH), KOTOPbIE MPEACTABIISIOT NCXOIHBIH MaTeprall WiIn A0Ka3aTelbcTBa B CBEPHYTOM Buje. BakHo,
4TOOBI TPOMJUTIOCTPUPOBaHHAS MH(OpMaLsl He JyOaupoBalia yxKe MPUBEACHHYIO B Tekcte. [IpencraBieHHbie B
CTaThe PEe3yJIbTaThl CIIEYeT COMIOCTABUTH C MPEABIIYIINMH padoTaMu B 3TON 00JIaCTH Kak aBToOpa, TaK U APYIUX
uccienoareneid. Takoe cpaBHEHUE TONOIHUTEIBHO PACKPOET HOBU3HY NPOBEACHHON padoThl, MPUAACT €i 00b-
eKTHBHOCTb. Pe3ynbrarTsl HccienoBaHus JODKHBI OBITh M3JI0KEHBI KPAaTKO, HO TP 3TOM COJIEPXKaTh JIOCTATOYHO
nH(OpPMALUK JUIS OLICHKHU ClICJIAHHBIX BHIBOAOB. He NpuHsITO B TaHHOM pasjielie IPUBOJUTH CCHUIKM Ha JIUTEpa-
TypHBIE HCTOYHUKH.

SAKJIIOYEHHUE U OBCYXIAEHUE

3aKITroueHue COICPIKUT KPATKYI0 (OPMYIMPOBKY pe3yIbTaTOB MCCIIENOBaHUs (BBIBOABI). B 3TOM pasmerne mo-
Ka3bIBAIOT, KaK TOJ[yYeHHBIE PE3yJIbTaThl 00ECIICUMBAIOT BBIOJIHEHNE TOCTABICHHON LIEJI UCCIIEA0BAHUS, YKa3bl-
BAIOT, YTO MOCTABJICHHBIEC 3aJla4i aBTOpaMH ObUIM pemeHsl. [IpuBoasTcs 0600meH s U TalTcs PEeKOMEHJalHH,
BBITEKAIOLIHE U3 PadOThI, MOAYEPKUBACTCS X MPAKTUUECKAst 3HAYMMOCTb, a TAKXKE OIPE/IEIISIIOTCS OCHOBHBIE Ha-
IIpaBJICHMS VIS JaJbHEHUIIero HCCIIe0BaHus B 9Tol oOacTy. B paMkax 00CyKISHUs jKeIaTeIbHO PACKPBITh I1ep-
CIIEKTHBBI Pa3BUTHS TEMBI.

B nanHOM paszerne He IPUBOASAT CCBHUIKH Ha HCTOYHHUKH.
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CIIMCOK UCTOYHUKOB (REFERENCES)

Odopmisercs Ha pycCKOM H AaHIVIMIICKOM SI3bIKAX.

PacnonojkeHre HICTOYHHUKOB B CITUCKE — B CTPOTOM COOTBETCTBHH C TOPSAIKOM YIIOMHHAHUS B TEKCTE CTaThH.

bubnmorpaduueckoe onrcaHue JOKyMEHTOB (B TOM YHCIIE U SJIEKTPOHHBIX) Ha PYyCCKOM SI3bIKE 0(hOPMIISIETCS
B cootBeTcTBUU ¢ TpeboBanusmu 'OCTa P 7.0.5-2008.

bubmuorpadudeckoe omucaHue JOKYMEHTOB (B TOM YHCIIE M 3JICKTPOHHBIX) Ha aHIIIMHUCKOM sI3BIKE 0(hopM-
nseTcs B cTuiie « BaHKyBep».

PyccKosI3pI9HBIC HCTOYHUKH HEOOXOIUMO IIPUBOIUTH B OHUIIMATEHOM BapHaHTE IepeBoAa (T.¢. TOM, KOTOPBII
pa3MeIeH B caMOM M3aHUH; IpH Hanuuuu ). Hazanue ropoaa u31aHus IPUBOAUTCS MOJHOCTBHIO, B aHTIIHIICKOM
HanrcaHuu. Ha3BaHus )KypHAIOB M U3aTEIIECTB MPUBOAATCS THO0 OpUIIHAaTbHBIC aHTIINHCKUE (S€CITH €CTh), THO0
TpaHCIUTEPUPOBAaHHBIC. B KOHIIE ONMMCaHNs HCTOYHUKA B CKOOKAX YKa3bIBAeTCS SA3BIK UCTOYHHKA (TUS.).

Jis m3gaHuit cuemyer ykazaTh (paMiIdu aBTOPOB, )KYpHAT (3JCKTPOHHBIA aJIpec), TOI M3TaHHS, TOM (BBI-
ycK), HoMep, ctpanuibl, DOI win aapec noctymna B cetu MaTepHEeT. IHTEpECYIOMUICS YUTATENb JOJDKEH HMETh
BO3MOKHOCTH HAHTH yKa3aHHBIN JIUTEPATYPHBIA UCTOYHUK B MAKCHMAJIBHO CIKATHIC CPOKH.

Ecnu y crarbu (m3manusi) ects DOI, ero 00s13aTebHO YKa3bIBAIOT B OMOIHOrpahuueCKOM OIMMCAaHUU UCTOY-
HUKA.

BakHO npaBMIIbHO OOPMHUTH CCHIIKY Ha HCTOUHHK.

IIpumep odpopmaenus:

CIINCOK UCTOYHHUKOB

1. Camapun O.[]. O pacuere OXJIaXKICHUS HapYXHBIX CTCH B aBapUIHBIX PEKMMax TeIUIocHaOxkenus // M3se-
CTHS BBICIINX y4eOHBIX 3aBeneHmid. CrpontensctBo. 2007. Ne 2. C. 46-50. URL: http://izvuzstr.sibstrin.ru/uploads/
publication/fulltext/2-2007.pdf (zaTa odpamenms: 04.12.18).

2. Mycopuna T.A., Ilempuuenxo M.P. MaTtemaTr4eckast MOJIeIIb TEIIIOMaccoIiepeHoca B mopucToM tene // Ctpou-
TEIIBCTBO: Hayka 1 oOpasoBanue. 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.).

CBEJAEHUA Ob ABTOPAX

O¢popMIIAIOTCS HA PYCCKOM M AHIVIMIICKOM fI3bIKAX.

006 aBTOpax: Hmsa, oTuecTBO, hamMuans (II0OIHOCTHIO) — ydeHas CTCIICHb, YICHOE 3BaHHE, JODKHOCTS, ITOAPa3/ieiIeHIe;
Ha3BaHHe OpraHu3anuy (00s3aTeIbHO IPUBOIUTH B OJIHOH 1 KpaTKOH 0()HINAIBHO yCTAHOBICHHON opMe, B UMEHUTETHHOM
TaJie’Ke), B KOTOpoi paboTaeT (YUuTcs) aBTOp; IIOYTOBBIH afpec OpraHu3aIiy; apec JEKTPOHHON ITOUTHI;

Hmsa, otuecTBO, haMuans (IONHOCTHIO) — yUCHAs CTEIEHb, YyUCHOE 3BAHKE, JOJDKHOCTD, MOZIPA3ICICHNS, HA3BaHUe
opranmu3anuu (00s13aTeIbHO MPUBOIUTE B MOIHOM M KPaTKOH OQUIHAIBEHO YCTAHOBICHHOH ()opMe, B UMEHHTEIHHOM ITaIekKe),
B KOTOpO#i paboTaeT (Y4nuTCsl) aBTOP, IIOYTOBBIHN afipec OpPraHu3aIiU, aApecC JEKTPOHHON MOYTHL.

Bxnan aBTopos: ®avmms N.0. — onucanue JIMYHOTO BKJIaa B HAMCAHNE CTAThHU B KpaTkoi (opme (uzest, coop
Marepuana, 00paboTKka MaTepuaia, HallMCaHUe CTaThH, HAyYHOE PENaKTUPOBAHNE TEKCTA U T. 11.).

Ilpumep:

Apmemvesa C.C. — nayurnoe pykogoOcmeo; KOHYenyus uccie008anisl; pasgumiue Memoooiocuu, yuacmue 6 paspabonike
VUEOHbIX NPOSPAMM U UX Peanu3ayull; HAnucanue UCX0OHo20 meKcma, umoz2ogvle 6vigoovl. Mumpoxun B.B. — yuacmue 6
paspabomxe yueOHbIX NPOSPAMM U UX pearu3ayuu;, 0opadomKa mekcma, umo2osule 8bl800bl.

IMocne «Mudpopmanun 00 aBTOpax» NPHUBOAAT CBEJCHUS 00 OTCYTCTBHUHM WM HAJIMYHM KOH(IIMKTA HHTEPECOB U
JIeTAJIN3aHUI0 TAaKOTo KOH(IMKTA B Clydae ero Hanmmuus. Ecim B craTbe NMPHUBOASAT JaHHBIE O BKJIAJE KaXJIOTO aBTOPA, TO
CBEJICHUSI 00 OTCYTCTBHU MM HAJIMYMH KOH(INKTA HHTEPECOB YKA3hIBAIOT ITOCTE HUX.

Ilpumep:

Brao asmopog: éce agmopul coenanu IKEUBALEHMHBII 6KAA0 6 HOO20MOBKY NYONUKAYUL.

Aemopwl 3a5a61510m 06 OMCYMCMEUU KOHGYIUKMA UHMEPECOs.
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LLlabAoH cTaTbyn

Ceedenus 06 agmopax Ha AaHIITUHACKOM s13bIKE IPUBOATCS B IIOJTHOM BHE, 0€3 COKpaleHui cioB. [IpuBoasrcs
o(uMaNbHO YCTaHOBIEHHbIE AHIIIOA3BIYHbBIC HA3BAHNS OPTaHU3ALNH 1 UX TTopasaeneHuid. OmycKaloTcs dIeMeH-
ThI, XapaKTEPU3YIOLINE TPABOBYIO (OPMY yupeskJeHus (OpraHn3aliin) B Ha3BaHHUSIX BY30B.

ABTOp JTOJDKEH NPUIEPKUBATHCS €INHOOOPA3HOT0 HANMCaHUs (DaMHIIMK, UIMEHH, OTYECTBA BO BCEX CTAaThSIX.
Ota uHbOpManys Iy KOPPEKTHOW MHACKCAIMU JO/DKHA OBITH yKa3aHa B JPYIHX CTaThsaX, HPOQHISLX aBTOpa B
MexyHapoaHbIX 0a3ax qaHHbIX Scopus / WoS u T.z.

Bionotes: Hms, oTuecTBO, (hamMuiansi (IOTHOCTHIO) — YUCHAs! CTEIICHb, yUCHOE 3BAaHHE, JOJLKHOCTD, ITOAPa3/eiIeHHE;
Ha3BaHHe opraHu3anuy (00s3aTeNbHO NPHUBOAUTE B TOJMHONW M KpaTKOH O(HIMAIbHO yCTAaHOBIEHHOW (opme), B KOTOPOit
paboTaeT (yuuTcst) aBTOp; MOYTOBBII ajpec OpraHu3aIHy (B IOCIE0BATEILHOCTH: 0HC, TOM, YIUIIA, TOPOJ, HHIEKC, CTPaHa);
azipec NMEKTPOHHON ITOUTHI;

Hmsa, oTtuecTBO, hamMuans (OIHOCTHIO) — yUYeHAs CTETIEHb, yIeHOE 3BaHUE, JOJDKHOCTD, MOpa3/ie/ieHNe; Ha3BaHue
opranmu3anuu (00s3aTeILHO NMPUBOAUTE B MOJHON M KPaTKoil OGHIIMAIBHO yCTAaHOBIEHHOW (hopme), B KOTOpoil paboraer
(yautcst) aBTOp; MOYTOBEIH afpec opraHu3ayy (B MOCIEOBATEILHOCTH: O(UC, 10M, YIHIa, TOPOA, HHIEKC, CTPaHa); aapec
SNEKTPOHHOI! MOYTEL.

Contribution of the authors: ®amummsa 1.O. — omcanue TMIHOTO BKJIAJ[a B HAIIMCAHUE CTAThU B KPATKOI
¢dopme (nzmes, cobop Marepuana, o0paboTka MaTepraa, HaMCAHUE CTaThH, HAyTHOE PeJaKTHPOBAHUE TeKCTa U T.1I. / conceptu-
alization, methodology, data gathering and processing, writing of the article, scientific editing of the text, supervision etc.) Ha
QHIVIUHCKOM SI3BIKE.

IMocne «Mudopmarnum 00 aBTOpax» NPHUBOAAT CBEJCHUS 00 OTCYTCTBHHM WIIM HAJIMYHM KOH(IIUKTA HHTEPECOB U

JCTAaIU3alui0 TaKoro KOH(i)III/IKTa B CJIy4dac€ €ro Halln4ius. Ecmm B cratbe MPUBOJAAT JAaHHBIC O BKJIAAC KaXXAOI'0 aBTOpa, TO
CBCACHUA 00 OTCYTCTBHUHU WUJIKN HAJTUYUHN KOH(i)J'II/IKTa HUHTEPECOB YKa3bIBAIOT MMOCJIC HUX.

BHUMAHMUME! Bce Ha3BaHusl, MOANUCH M CTPYKTYPHBIE 3j1eMeHTHl PUCYHKOB, IpadukoB, cxeMm, Ta0IuL
oopMIAIOTCS HA PYCCKOM M AHIVINHCKOM fA3bIKAX.
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| Dopma Ne I11]]-4 |

Y®K no r. MockBe r. MockBa (HUY MI'CY, n/c 20736X29560) KINMN 771601001
I (Hﬂ}’lMCHDBEH}’lC nosyyarens quarcma) I
! [z]7]1]e[1]o]3]3[e]1] lo[s[2[1]ae[4]3[0[o]0[o]o[0[o[1]7]3]0]0] !
| (VHH nonyuatens niaresxa) (HOMep cyeTa MomydaTess MIaTexa) |
! 5 TY Barka Pocoun no LI®O suk[o]o[4]5[2][5[9[8]8] !
| (HanMeHoBaHKe GaHKa MOTydaTeNs MaTexa) |
! KBK lo]o[ofolo]o[o]olo]o[ofo]ofo[0lo]o[1]3]0] !
| |

OKTMO
| |4[5[3[6[s[o]o]o] !
| U3BemeHnue Bectauk MI'CY - 637.00 py6. X 6 9K3. |

MOJIHNCKA HA SHBAPb, ()eBpaib, MapT, anpeib,
| Maii, nrons 2022 1. |
! Bectnuk MI'CY I
I (HaMMEHOBAHHUE IUIATEKA) (HOMep JIMIEBOro cyeta (KoJ) MaTesbluKa) I
! Kaccup 1.0 I
| IJIaTeINbIINKa |
| Anpec |
| TiaTelbIIuKa |
I Cymma I
I TJ1aThl |

Cymma 3a
! IIaTexa 3 822 pyo. 00 xom. yciyru pyo. KOII. I
I Hroro pyo. KOII. « » 20 r. |
| C yclnoBUSME TIPHEMA YKA3aHHO B IUIATEKHOM JIOKYyMEHTE CYyMMBI, B T.4. ¢ CyMMOIl B3uMaeMoil miatel 3a yeuyru |
| GaHKa, 03HAKOMIICH U COTTIACEH. |
I TMoanucek |
. iarejbllHKa
r 1
| |
: dopya e 114

|
| |

Y®K no r. Mockee r. Mocksa (HUY MI'CY, n/c 20736X29560) KMM 771601001
|

(HBMMCHOBHHMC nojsy4arenst HH&]TE)KB) I
| |
| [z]7[1]e[1]o]3]s]0]4] [o[3[2]1]4[6[4]s[o[o[o[o[o[o[o[1[7[3[o]o]

(MHH nosyyatesist njarexa) (HOMep cueTa MoJrydaTesis IiaTexa)
I B Y Banka Poccum o LIGO pux[0]o]4[5]2]5]9]8]8] !
| (HaumeHoBaHue GaHKa MOMyyaTeIs MIaTexKa) l
: KBK [o]o]o]o]oo]o]o]o]o]o]o]o o]0 o o]1]3]0] :
| OKTMO |
| |4[5[3[6[s[o]o]o |
I Bectauk MI'CY - 637.00 py0. x 6 9k3.

MOAMNCKA Ha STHBAPb, (eBpalib, MAPT, alpelib, I
| Maii, urons 2022 . |
| |
| Bectauk MI'CY I
| (HaMMEHOBAHHE ILIATEIKA) (HOMep JMIIEBOTrO cueTa (KOJ) IIaTe/IbIInKa) |
| N0

rJaTeabIIuKa |
! Anpec I
I IIaTenbIInKa |
| Cymma l
| ILIAThL |
| KBuranunus Cymma 3a I
I iaTexa 3822 py6. 00 KOII. YCIIyTH pyo. Ko |
| Kacenp Hroro pyo. KOII. « » 20 Lo

C ycloBUsIMH IIpHEMa YKA3aHHOI B IIATEXKHOM JIOKYMEHTE CyMMBI, B T.4. C CYMMOMN B3HMAaeMOii ILUIaThl 32 yCIYTH
I 6aHKa, 03HAKOMJICH U COTJIACEH. |
| Moxmucy |
| TIaTe/bIHKa |
| |
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 e e e —— - -

Brnank 17151 O1ruIaThl MOTYTOIOBOM MOAIMKMCKHU Yepe3 peAakiuio (ormiara B 6aHke).

BHUMAHHE!

Ecnu BBl omnaruin noanucky no gopme I1/1-4 B 6aHKe, TO A5l CBOSBPEMEHHOW OTIIPABKU BaM HOMEPOB JKypHaia
6e3oTIaraTesbHO IPHIIIUTE KOIUIO IUIATEKHOTO TOKYMEHTa M COOOLIUTE Ball ajipec ¢ mouToBeIM nHaekcoM, ®.11.0. Ha
e-mail: podpiska@mgsu.ru.

[Moanmucunku — pabotaukn HUY MI'CY moryT 3anoigHuTh OIaHK HA CBOE MM M OOpaTUTHCS B OT/EIN pacmpo-
ctpaneHus u pa3sutus MznarenbctBa MUCU — MI'CY s opopMiIeHHS MOAMHCKH.

Tenedon: (495)287-49-14 (BH. 14-23), podpiska@mgsu.ru.

[Moppobuyto nudopmanuio o Bapuantax noanucku Ha «Bectank MI'CVY» 1i1st U3HUECKUX U FOPUANIECKUX JTUL]
CMOTpHUTE Ha caiiTe xxypHaia http://vestnikmgsu.ru/
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Y®K no r. Mockse r. Mocksa (HUY MI'CY, n/c 20736X29560) KNI 771601001
(HAMMCHOBAHHE IOJIy4aTelIs IIaTeKa)
|7|7|1 l6]1 |0|3|3|9|1| lo]s]2]1 |4|6|4|3|0|0|0|0|0|0|0|1 [7[3]0]o]
HH nosy4arens rma”re)lca "QMC]‘J CueTa rnojay4daresns HHHTE)K&
B 'Y Bakka Poccun o LI®O suxlo|o[4][5]2]5][9]8]8]
(HanMeHoBaHKe GaHKa MoydaTess naTexa)
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[5o0]o]o]
N3Bemenne Becruuk MI'CY - 573.34 py6. x 12 ok3.
MOJIITMCKA Ha SHBAPb, (heBpallb, MapT, alpelib, Mail, HIOHb,
HIOJTb, aBT'YCT, CEHTAOPH, OKTIOPD, HOSOPD, Aekadps 2022 1.
Bectauk MI'CY
(HAaHMEHOBAHHE TLIATEKA) (HOMep JMLEBOro cueTa (KOJ) MlaTelbiiuKa)
Kaccup D.1.0
IJiaTesbIIuKa
Anpec
TIaTenbIIKa
Cymma
TJ1aThl

Cymma 3a
IIaTexa 6 880 pyo. 00 xom. yciyru pyo. KOIIL
Hroro pyo. KOII. « » 20 I.

C ycIOBUsIMH NPHEMa YKA3aHHOI B IUIATEKHOM JOKYMEHTE CYMMBI, B T.4. C CyMMOI B3MMaeMOii IUIaThl 32 YCIyru
GaHKa, 03HAKOMJICH U COTTIACEH.

Toanucek

IiaTejibIuKa

Dopma Ne 11/]-4

Y®K no r. Mockse r. Mocksa (HWY MI'CY, n/c 20736X29560) KN 771601001

(HaNMEHOBAHHE TOJTyYaTels MIIaTe/Ka)

zl711l6l1]0]s]s]o]4] [olsl2]r]a]e[4]s]o]olololofofo[1]7[3]o]o

HH nonyuatens niareska) (HOMep cueTa MmojyJaress miaTexa)

B 'Y BaHka Poccum no LidO pux[0]o[4[5]2]5][9]8]8]

(HanveHoBaHHe GaHka MOTydaTesis MIaTeka)

KBK [o]o]o]o]o]olo]o]olo]o]o]o]o]o]o]o]1]3]0]

OKTMO 4]5]3]6]s]o]o[o]

Becrauk MI'CY - 573.34 py6. x 12 ok3.
MOJIIIMCKA Ha SHBAPb, (PeBpallb, MapT, alpelib, Maii, HIOHb,
HIOJIb, aBTYCT, CEHTAOPB, OKTAOPB, HOSIOPB, Iekabps 2022 .

Becrauk MI'CY

(HaMMEHOBAHHE TLIATEKA) (HOMep JHIIEBOTO cueTa (KOJ) IIaTe/bInKa)
®.H1.0
TraTeJIbIuKa
Anpec
IJ1aTe/IbIIuKa
Cymma
TUIaThI
KBuranuus Cymma 3a
miaTexa 6 880 py6. 00 KOIL. _yCIIyTH pyo. KOII.
Kaccup Hroro pyo6. KOII. « » 20 T.

C YCIIOBHSIMH IIpUEMaA yKa3aHHOﬁ B INTIATE)KHOM JTOKYMEHTE CyMMBI, B T.4. C CyMMOﬁ B3UMaEeMOM TLIATHI 3a ycayru
0aHKa, 03HAKOMIICH U COTJIACEH.

Moanucs

IJaTe bIUIHKA

BraHk A71s1 OTIaThl OTYTOM0BO MOAMUCKHU Yepe3 pelakiiio (oriara B 0aHKe).

BHUMAHHUE!

Ecnu BbI omnaruny noanucky no gopwme [1/1-4 B 6aHKe, To 1)1 CBOEBPEMEHHOH OTIIPaBKH BaM HOMEPOB JKypHaJa
0e30TaraTe’ bHO MPUILTUTE KOIMIO TUIATEKHOTO JJOKYMEHTa U COOOIIHUTE Ball ajpec ¢ Mo4ToBBIM HHAekcoM, ©.1.0.
Ha e-mail: podpiska@mgsu.ru.

[onnucunku — pabotHuku HUY MI'CY MoryT 3amonHUTh OJIaHK Ha CBOE UM U 00pPaTUTHCS B OT/IEN Pacipo-
crpanenus u pazsutus Msnarensctea MUCU — MI'CY muist o opMIIeHUS TOINCKHY.

Tenedon: (495)287-49-14 (BH. 14-23), podpiska@mgsu.ru.

[Moapo6Guyto nHpopMaIuio 0 BapuaHtax noAnucku Ha «Bectauk MI'CY» st GuU3NYECKUX U IOPUANIECCKHUX
JIUI] CMOTPUTE Ha caiite xypHaina http://vestnikmgsu.ru/
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