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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

Banepuit Meanosuu Tenuuenxo, akaieMuK, NEpBbII BULIE-TIPe3UIeHT Poccuiickoil akajeMuu apXUTEeKTypbl U CTPOUTEIbHBIX
HayK, JI-p TeXH. HayK, Ipod., mpod. Kad. CTPOUTEILCTBA OOBEKTOB TEIJIOBOW H aTOMHOW 3HEPTETUKH, TIOUCTHBIN MPE3UJICHT,
HUY MI'CY, Mockaa, Poccuiickast @eneparust

3amecTuTenu rnaBHOro pepaKkTopa

Enena Anamonvesna Koponw, dn.-kopp. Poccuiickoit akageMun apXUuTEKTypbl H CTPOUTENLHBIX HAYK, JI-p TEXH. HAyK, MPpod.,

3aB. Kad. )KUIHIIHO-KOMMYHaIbHOTO Komiuiekca, HUY MI'CY, Mocksa, Poccuiickas deneparus
Bepa Braoumuposna I'anuwnuxosa, 1-p TEXH. HayK, 10IL., Tpod. kad. sxe1e3006 TOHHBIX U KAMEHHBIX KOHCTPYKIIHH,

npopekrop, HUY MI'CY, Mocksa, Poccuiickas @enepanus

PepakunoHHas konnerus

IMaBen AnexkceeBUY AKHMOB, JI-p TE€XH. HayK, Ipod.,
akanemuk PAACH, pextop, HUY MI'CY, Mocksa,
Poccuiickas @enepanus

IMerp Banamyxk, 1-p, npod., bernocrokckuit
TEXHOJOrn4eckuii yuuBepcutet, Pecrryonuka [omnpmma

Aunexkcanap TeBbereBuu bekkep, wi.-kopp. Poccuiickoit
aKaJeMHuHn apXUTEKTYPbl U CTPOUTEJIbHBIX HAYK, J-P TEXH.
HayK, Ipod., TMPEKTOp HHKEHEPHOH mKoubl, DenepansHoe
rOCyJapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
yUpekIeHHe BBICIIEro 00pa3oBaHus «/]aIbHEBOCTOUHBIH
(benepanbHbIil yHUBEpCUTET», JabHEBOCTOYHAS
peruoHanbHas opranuzanus Poccuiickoil akagemun
ApXUTEKTYPbl U CTPOUTENIBHBIX HayK, BiaguBocTok,
Poccuiickas ®@enepanus

Buraumnii BacuinbeBuu benukos, 1-p TeXH. HayK, NIaBHBII
Hay4HBIil COTPYIHHUK Ja00paTOPUH THAPOIIOTHH PEUHBIX
OacceitnoB, denepaabHOE TOCYAAPCTBEHHOE OIOPKETHOE
yupexaeHne Hayku MHCTUTYT BogHbIX pobiem Poccuiickoit
akajgeMuu Hayk, Mocksa, Poccuiickast @enepanus

X.1.X. Bpoyapc, npod., 1.-uHXK. (TEXHUUECKHE HAyKH,
CTpOUTENbHbBIE MaTepuabl), TeXHUUECKUI yHUBEPCUTET
OitaaxoseHa, KoponesctBo Hunepnannos (I'omran i)

Ansep Unpucosnu Bypxanos, 1-p ¢us.-mar. Hayk, J011., 3aB.
kad. usukn, enepanbHOE FOCYIAPCTBEHHOE OIOKETHOE
00pa3oBaTeIbHOE YUPEKICHHUE BBICILErO 00Pa30BaHMUs
«Bonrorpaackuii rocyaapcTBEHHbIN TEXHUYECKUN
yHuBepcuter», Bonrorpaz, Poccuiickas ®enepanns

Hoct BanbpaseH, nmpod., A-p-MHX. (TEXHUYECKUE
HayKH, KeJIe300eTOHHBIC KOHCTPYKINH), TeXHNYe CKIi
yausepcuret [ensdpra, Koponesctso Hunepnannos

HukoJaii UBanoBuy BaTuu, 1-p TexH. HayK, npod.,
pod., henepabHOE rocyapcTBEHHOE aBTOHOMHOE
00pa3oBaTenbHOE YUPEKACHHE BBICIIET0 00pa30BaHuUs
«Cankr-IlerepOyprekuil MONMNTEXHIYECKNIT yHUBEPCUTET
[lerpa Benmukoroy, Cankt-IlerepOypr, Poccuiickas denepariis
Hozed Buuan, 1-p, npod., Yausepcurer XKunnna,
Crosarkas PecryOnuka

3adurnes Byiitunuku, 1-p, nmpod., Bpormasckmii
TEXHOJIOTHYeCKUi yHHBepcuTeT, Pecrryonuka [Tonbma
Karaxnna I'magymescka-®eqopyk, 1-p TEXH. HayK,

pod., BemocToKCKmit TeXHOMOTHYECKHUIA YHUBEPCUTET,
Pecny6nuka [Tonbia

Munaun Donuukn, 1-p, npod., Mactutyt Kiiokuepa
Yemickoro TexHuueckoro ynusepcurera B [pare,
Yemickas Pecry6nmka

Ierp I'puropueBny I'pabdoBBblIii, 1-p S5KOH. HAyK, TPOQ.,
3aB. Ka. OpraHu3aly CTPOUTEIHCTBA H YIIPABICHUS
HeasmwkuMocthio, HUY MI'CY, Mocksa, Poccuiickas
denepanus

CranuciaaB Emuointo, 1-p TexH. Hayk, Ipod., 3aB. Kad.
COIPOTHBIICHNS] MATEPUAIIOB, TCOPUH YIIPYTOCTH

U IUTAaCTUYHOCTH, BapiaBckuii TeXHOIOrnuecKuit
YHHUBEPCUTET, HHKEHEPHO-CTPOUTEIBHBIN (QaKyabTeT

Poan¢ Karuenéax, 1-p unx., npod., Texunuecknit
yauepcuteT Japmmrant, @eneparusHas PecmyOmmka
I'epmanus

Jmutpuii BsiuecnaBoBuu Ko3inoB, 1-p TexH. Hayk, npod.,
3aB. Ka. THAPABIUKH ¥ THAPOTEXHUIECKOTO CTPOUTEIBCTBA,
HUNY MI'CY, Mocksa, Poccuiickas @eneparust

Mapra Kocop-Kazep0yxk, 1-p TexH. Hayk, mpod.,
benocTokckuil TEXHOJIOTHYECKUIT YHUBEPCUTET,

PecnyoOnuka ITonbimna

Cepreii Biagumuposuu Ky3uenos, 1-p ¢pus.-Mar. HayK,
pod., TNIaBHBIA HAyYHBIH COTPYIHUK, PenepansHoe
rOCyJapCTBEHHOE OIOKETHOE YUPEKIACHUE HayKH MHCTUTYT
npobaem Mexanuku uMm. A.FO. Mnummnckoro Poccuiickoi
akajgemMuu Hayk, Mocksa, Poccuiickas @enepanus

Pyna Jluiiac, kaH]. 9KOH. HayK, Ipodeccop,
TannmmHCcKUl TEXHUYECKUH YHUBEPCUTET, DCTOHUS

Huxouaii [TaBaoBua OcMosoBeKkHid, 1-p Gu3.-MaT. HayK,
pod., MHCTUTYT CHCTEeMHBIX UccienoBaHuid [1obckoit
akajJieMun Hayk, Bapriasa, PecyOmnuka [Tonbima

Amnapeii Byntumuposuy IloHomapes, 1-p TeXH. HayK,
mpod., 3aB. Kad. CTPOUTEILHOTO MTPOM3BOACTBA U
reorexHuky, [lepmMckuil HalMOHAIBHBIHN UCCIEJOBATEIbCKUI
NoAUTeXHUYEeCKU yHuBepcuret, [lepmb, Poccuiickas
denepanus

Mupocaas I[Ipempos, 1-p, npod., Mapubopckuii
yHuBepcuter, Pecrryonrka CroBeHUs

Cgeriana BacunseBHa CaMueHKo, 1-p TeXH. HayK, Ipod.,
mpod. kadenpsl TeXHOTOTUH BKYIINX BEIIECTB U OCTOHOB,
HUY MI'CY, Mocksa, Poccuiickas ®enepanns

Apmen 3aBenosn4 Tep-MapTupocsin, 1-p TeXH.
HayK, pyKOBOJHTEIb HayTHO-00Pa30BaTeIbHOTO IEHTPa
«['eorexnnkay», HUY MI'CY, Mocksa, Poccuiickas
denepauus

Pepakuus xxypHana

Bbinyckarowmm pegakTop: Anna Anexcandposna JJaouuesa

Pepakrop: Tamovsna Braoumuposna beponukosa

KoppekTop: JIw606b Bradumuposra Ceemauunas

LOunsariH n BepcTKa: Onvea I puzopvesna [oponosa

MepeBoa Ha aHrMUNCKUNA A3bIK: Onvea Cepeeesra Konakosa

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 Pomanosuy Tycnun, i-p TeXH. HayK., 10, IpOQ.
Kad. METAININYECKUX U ACPEBIHHBIX KOHCTPYKIIUH, IIPOPEKTOP,
HUNY MI'CY, Mocksa, Poccuiickast @eneparust

PepakumoHHbIW coBeT

IOpuii BiragumupoBuy AJlekceeB, J-p apXUTEKTYpbl, npod.,
mpod. kad. rpagocrpoutenbctea, HUY MI'CY, Mockga, Poc-
cuiickas denepauus

KOpuii MuxaiitoBuu Baskenos, akan. Poccuiickoll akagemun
APXUTEKTYPHI ¥ CTPOUTEIBHBIX HayK, JI-p TEXH. HayK, IpoQ., 3aB.
Ka(. TEXHOJOTUH BSKYIIMX BemecTB u 6etoHoB, HUY MI'CY,
Mocksa, Poccuiickas ®enepanus

Hukonaii Baagumuposuy Banuuyk, 1-p hus.-mar. Hayk, npod.,
3aB. J1a0. MEXaHUKH M ONTUMH3ALUK KOHCTPYKIHii, DenepaibHoe
roCyAapCcTBeHHOE OF/KETHOE yupexaeHne Hayku MHCTHTYT po-
OneM mexanuku uM. A.JO. Mumumuackoro Poccuiickoil akageMuu
Hayk, MockBa, Poccuiickas denepanus

Hrops Anapeesnd bonngapenko, akan. Poccuiickoii akagemun
APXUTEKTYPhl U CTPOUTENBHBIX HAyK, JI-p apXUTEKTYphl, Mpod.,
nupekrop, Gunnan denepanbHoe rocy1apcTBEHHOE OIOKETHOE
yupexaenne « L THUHIT Munctpos Poccun» Hayuno-nccnenosa-
TEeJILCKUI MHCTUTYT TEOPHU M UCTOPUM apXUTEKTYPhl U IPajo-
crpoutensctBa (HUMTUAT'), Mocksa, Poccuiickast @eneparust

Haraubsa I'puroppeBHa BepcTuna, 1-p 5KOH. Hayk, mpod.,
3aB. ka(. meHemKkMenTa u uHHOBarmii, HUY MI'CY, Mockaa,
Poccuiickas ®enepanms

Anexcannp HuxonaeBuu Baacos, 1-p texH. Hayk, BPYO nu-
pexropa, denepanbHOE TOCYIapCTBEHHOE ONOKETHOE YUYPEK-
nenne Hayku «MHCTUTYT mpuknagHol MexaHuku Poccuiickoii
axkaJeMuu Hayk», MockBa, Poccuiickas dexnepauus

Baagumup I'ennaabeBmu larapun, wui-xkopp. Poccuiickoii
aKaJIeMAU apXUTEKTYPbl U CTPOUTEIBHBIX HAyK, JI-p TEXH. HayK,
npo¢., IIaBHBIA Hay4HBI CcOTpyaHUK, DenepainbHOE rocyaap-
CTBEHHOE OIO/KETHOE yupexaeHue HaydHo-ncciaenoBaTenbekuii
HHCTUTYT CTpoMTENbHOM (usuku Poccuiickoll akagemuun apxu-
TEKTYPBI U CTPOUTENBHBIX HayK, MockBa, Poccutickast Denepannst

Adexcannp BuraabeBuu I'mu30ypr, n-p TexH. Hayk, npod.,
3aB. ka. MHPOPMAIMOHHBIX CHCTEM, TEXHOJIOTHH M aBTOMa-
Tu3aimu B crpoutenbere, HUY MI'CY, Mocksa, Poccuiickast
Denepanns

Huna BacusibeBHa JlaHH/IMHA, JI-p TEXH. HayK, 3aB. Kad. rpago-
crpoutensctBa, HUY MI'CY, Mocksa, Poccuiickas @eneparust

Ouaer BacuabeBnu KaGanues, 1-p TexH. HayK, JI0II., TUPEKTOP
HAy4YHO-TEXHHMYECKHUX MPOEKTOB, MPod. Kapeaps! jxene300eToH-
HBIX U KaMeHHBIX KoHCcTpykimii HUY MI'CY, Mocksa, Poccnii-
ckas Deneparust

Muxauna Hukonaesuu Kupcanos, 1-p ¢us.-mar. Hayk, npoo.
Ka(. poOOTOTEXHUKH, MEXaTPOHHMKH, THHAMHKHA W MPOYHOCTH
MamuH, HanponansHeli uecnenoBarenbckuil ynusepeuter « Mo-
CKOBCKHIi sHepreruyeckuit uuctuty (HMY «M3W»), Mocksa,
Poccuiickas ®enepanus

Enena IOpseBna Kyankosa, 1-p TexH. Hayk, opod., kad. cTpo-
UTENBCTBA MOA3EMHBIX COOPYKEHHH U LIaXT, Kad). HHKEHEPHOI
3aIIUTBl OKpYKaroleil cpenpl, denepaibHOE rOCYIapCTBEHHOE
aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE BBICIIETO0 00pa3o-
Banus «HarmoHaapHBIN HCCIIENOBATEIBCKUI TEXHOIOTHYECKUI
yausepcureT “MUCuC”», Mocksa, Poccuiickas ®eneparust

Jleonun Cemenouu JIsixoBuu, akaj. PoccHiicKol akajeMuu
APXUTEKTYPbI U CTPOUTEIIbHBIX HAYK, JI-p TEXH. HAyK, Ipod., 3aB.
Kad. crpouTensHoi Mexanuku, denepanbHOE rocynapCTBEHHOE
Oro/keTHOE 00pa30BaTeNIbHOE YUPEIKICHUE BbICIIEro 00pa3oBa-
Hus «ToMCKHI TOCY1apCTBEHHBIH apXUTEKTYpPHO-CTPOUTEIIBHBIN
yHusepcute», Tomck, Poccniickas denepanys

Pammn AGaysiioBuy MaHryues, 1-p TeXH. Hayk, mpodeccop,
wr.-kopp. PAACH, 3aB. xad. reorexnuku, denepanbHoe rocy-
IapCcTBEHHOE OIOMKETHOE 00pa30BaTeNIbHOE yUPEKICHUE BBIC-

urero odpasoBanus «Cankr-IlerepOyprekuil rocyiapcTBeHHBIH
ApXUTEKTYPHO-CTPOUTEIbHBIH yHIBepcuTeT», Cankr-IlerepOypr,
Poccuiickas denepanus

Buagumup JIsBoBu4 MoHapyc, 1-p TEXH. HayK, IPO., WI.-KOpp.
PAACH, 3aB. kad. CTpOUTEIBHON U TEOPETUUECKOH MEXaHUKH,
HUNY MI'CY, Mocksa, Poccuiickas deneparust

Amnzpeii Anexcanaposuy Mopo3eHko, 1-p TeXH. HayK, JOIL.,
3aB. Ka(). CTPOUTEIHCTBA OOBEKTOB TEIJIOBOIM W aTOMHOM dHepre-
tuku, HUY MI'CY, Mocksa, Poccniickas denepanus

Exarepuna BragumupoBna HesknukoBa, 1-p 5KOH. HayK, JIOLL.,
MIPOPEKTOP, 3aB. Ka). SKOHOMHUKU U YIPABICHUS B CTPOUTEIIb-
ctBe, HY MI'CY, Mocksa, Poccuiickas @enepanus

Hapexna Cepreesna HuknTuna, KaHJ. TeXH. HayK, Ipod. Kad.
MEXaHHKU TPYHTOB M T€OTEXHUKH, CTAPIINA HAy4YHBIH COTPYJI-
nuk, HUY MI'CY, Mockga, Poccuiickas ®eneparys

Baagumup Anexcanapouy OpJioB, 1-p TeXH. HayK, Ipod.,
3aB. Ka). BogocHaOxeHus 1 BogootseneHus, H1Y MI'CY, Mockaa,
Poccuiickas ®enepanms

Herp Sn Maas, 1-p, npod., Texandyeckuit yausepcuret bepin-
Ha, QeneparuBHas Pecrnyonuka ['epmanns

Ouser I'puropbeBuy Ilpummuu, 1-p TexH. Hayk, npod., 3am.
JIMPEKTOpa Mo Hay4yHbIM uccienoBanusaM, AO «MocBogokaHa-
HWHUnpoext», Mocksa, Poccuiickas ®enepanust

Eprennii UBanosuu Ilynsipes, nodernsiii unen Poccuiickas
aKaJeMHs apXUTEKTYpbl U CTPOMTENBHBIX HAYK, J-D TEXH. HayK,
npod., KOHCYIBTaHT Kad. THAPABIMKH U THUIPOTEXHHYECKOTO
crpoutenbctBa, HUY MI'CY, Mocksa, Poccuiickas @enepanns

CranuciaaB BaagumupoBuu Co004b, 1-p TeXH. HayK, mpod.,
MIPOPEKTOP, 3aB. Kad. THAPOTEXHUYECKUX ¥ TPAHCIIOPTHBIX CO-
opyxeHuii, DenepanbHOE TOCYIapCTBEHHOE OFOKETHOE 00pa3o-
BaTeJIHOE YUPEXKICHHE BBICIIEro 00pa3oBaHus « Hikeropoackuii
rOCY/IapCTBEHHBINH apXUTEKTYPHO-CTPOUTEIbHBIH YHUBEPCUTETY,
Hwxuuit Hosropon, Poccuiickas ®epepanus

Muxauna IOpbeBuu CiiecapeB, 1-p TeXH. HayK, npod., mpod.
Kad. CTPOUTENILCTBA OOBEKTOB TEIUIOBON U aTOMHOIT SHEPTeTHKHY,
HUY MI'CY, Mocksa, Poccuiickas ®eneparus

KOpuii AngpeeBny Tadynummukos, wi.-kopp. Poccuiickoii aka-
JICMUH apXUTEKTypbl M CTPOUTEIBHBIX HAyK, J-p TEXH. HaykK,
mpod., mpod., 3aB. Kad. WHKCHEPHOTO OOOPYIOBAHUS 3AAHHIA
u coopysxeHuit, denepanrbHoe rocyapcTBCHHOE OIOKETHOE 00-
pa3oBaTesIbHOE YUPEXKICHHE BBICIIEro oOpa3oBaHHs «MOCKOB-
CKHii apxuTeKkTypHbIi HHCTUTYT ([OCyIapcTBEHHAs aKaIeMus)»
(MAPXI), Mocksa, Poccuiickas ®eneparius

Baagumup Unbuu TpaByu, 1-p TexH. Hayk, npod., akaJIeMUK
u Bute-npe3uneHT PAACH, 3am. reHepasibHOTO JUPEKTOpa-TiiaB-
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Analysis situation of urban green space framework in Tehran

Nina V. Danilina, Alireza Majorzadehzahiri
Moscow State University of Civil Engineering (National Research University) (MGSU),; Moscow,
Russian Federation

ABSTRACT

Introduction. In recent years, the development of cities and the increase in urban population has upset the balance of urban
ecology in Iran. The destruction of agricultural fields and natural areas, as well as changes in the function of urban green
spaces have caused environmental problems. Therefore, the main purpose of this study is to investigate the distribution
of green space in Tehran with an environmental sustainability approach.

Materials and methods. The research method is applied in terms of purpose and descriptive-analytical in terms of method.
Basic information has been obtained through library studies and Tehran Municipality and using GIS, mathematical and
statistical methods such as entropy coefficient, Concentration level method, Lorenz curve, Location quotient (L.Q) method,
Distribution quotient (D.Q) method distribution of Tehran green space function were analyzed.

Results. The results show the unbalanced and inappropriate spatial distribution of green space and the critical environ-
mental situation in the 22 districts of Tehran. According to the entropy coefficient model, district 18 is the most unbalanced
distribution and in contrast, district 2 has the most balanced distribution. The results of the concentration level method based
on the value of C obtained for each of the districts showed that districts 4 and 1 with the level of 2.141 and 2.103 have
the highest concentration level and other districts have much less concentration level than these districts. The Lorenz curve
also indicates that the distribution of urban green spaces in 22 districts of Tehran is different from the uniform distribution,
and in some districts, it is higher than the uniform distribution and, in some districts, it is lower, which indicates an unbalanced
distribution between the districts. Location quotient (L.Q) method and distribution quotient (D.Q) method also showed that
the concentration and density of green space use in different districts of Tehran was inappropriate and unbalanced.
Conclusions. This research show that according to the 8 million population in Tehran, its per capita green space is 16.27
square meters and its distribution is unbalanced in 22 districts. Also districts 1 and 22 with a per capita of 33.85 and 58.67
square meters and having 204 and 77 green spaces in the suitable situation and districts 10 and 11 districts with a per capita
of 2.58 and 4.96 and having 51 and 30 green spaces are in the unsuitable situation. And according to the statistical methods
used, the green space of the districts has an unbalanced spatial distribution. In the 1990s and 2000s, there was a greater
tendency for construction in the northern districts and about 45 % of the city’s gardens were destroyed during these years,
and most of the destruction occurred in the northern districts.

KEYWORDS: urban green space, spatial distribution, sufficiency, environmental sustainability, GIS, Tehran
FOR CITATION: Danilina N.V., Majorzadehzahiri A. Analysis situation of urban green space framework in Tehran.
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AHaJIN3 COCTOAHUSA TOpPoOACKOIo 3€¢JICHOI0O Kapkaca B TerepaHe

H.B. lanniauna, A. Maxxop3aaexsaxupu
Hayuonanvhulii uccneoosamenvexuti Mocko8ckutl 20Cy0apcmeenHulil Cmpoumenbublil YHugepcumem
(HAY MI'CY); 2. Mockea, Poccus

AHHOTALMUA

BBepeHue. B nocnegHune rogpl passutie ropogos M POCT FOPOACKOrO HaceneHns HapyLumnnm 6anaHc ropofackon aKonorum
B MpaHe. Llenb nccnegoBaHnsa — n3y4mntb COCTOSIHME 3€MEHOT0 Kapkaca Ha npumepe TerepaHa ¢ UCnonb3oBaHnem nogxoaa
3KOMOrMYECKON YCTONYMBOCTH.

MaTepuanbl u metopbl. MNprMeHnnM onucaTenbHO-aHanNMTU4Yeckne MetToabl ¢ ncnomnb3osaHmem MNMC, matemaTtnyeckune
N CTaTUCTUYECKNE NHCTPYMEHTbI, Takne Kak KO3hMULIMEHT S3HTPOMNMKU, METOA, YPOBHS KOHLIEHTpaumu, kpusasi JlopeHua, metoq
koadhdpuumeHTa mectononoxenus (L.Q), metop koadbduumenTa pacnpegenenus (D.Q) ana ananusa pacnpegeneHns gyHk-
Lum 3eneHbix 30H TerepaHa. VicxogHasa nHdopmauums nonyvyeHa nocpeacTBOM HaTypHbIX UCCIeA0BaHNUN U aHanusa opuum-
anbHbIX JOKYMEHTOB MyHuumnanuTteTa Terepana.

PesynbraTbl. YCTaHOBMNEHbI HECOrNMAacoBaHHOE NPOCTPAHCTBEHHOE pacnpeerneHne 3efeHbiX 30H U KpUTuieckas aKomnoru-
Yyeckas cutyaumus B 22 okpyrax TerepaHa. CornacHo mogenu koadduumneHTa aHTponun, okpyr 18 obnagaet Hanbonee He-
cbanaHcupoBaHHbIM pacnpefeneHem, okpyr 2 — cbanaHcupoBaHHbIM pacnpepeneHem. NprMeHeHne metToga ypoBHS
KOHLIEHTPaLuM, OCHOBAHHOIO Ha 3Ha4eHun C, MoMy4YeHHOM ANS KaX4oro U3 OKPyros, Nokasano, YTo okpyra 4 n 1 ¢ ypoBHeM
2,141 n 2,103 obnapatoT caMbiM BbICOKMM YPOBHEM KOHLIEHTPaLWW, ApYyrMe OKpyra — MeHbLUUM YPOBHEM KOHLEHTpaLumm
3erneHbix 30H. Kpusas JlopeHua ykasbiBaeT Ha HepaBHOMEPHOe pacnpeaeneHne 3eneHbix 30H Mexay okpyramu. Metoabl L.Q
n D.Q Takke NpoaeMOHCTPUpPOBanu, YTO KOHLEHTPaUMs 1 NAIOTHOCTb UCMOMb30BaHUS 3eNEHbIX 30H B Pa3NINYHbIX OKpyrax
TerepaHa HepaBHOMEPHbI.
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BuiBogbl. CpeaHsis obecneyeHHOCTb HaceneHust TerepaHa seneHbIM1 30HaMu cocTaensieT 16,27 M2 Ha yenoseka, YTo Co-
OTBETCTBYET POCCUINCKUM HOpMaM, HO UX pacnpeaeneHune B 22 okpyrax HecbanaHCMpoBaHHOE, U XXUTENW pasHbIX OKPYroB
MMeIOT pasHble YCroBMs AocTyna k HuM. [lns okpyros 1 1 22 obecneyerHocTs — 33,85 1 58,67 m2, ans okpyros 10 n 11 —
2,58 1 4,96 M? Ha Yenoseka. [lokasaHa runoTesa, Y4To NPeaoKeHHbIE METOAbI MOXHO NPUMEHSTh AN OLEHKU COCTOSHMS
3ereHoro kapkaca. 3eneHbiin kapkac TerepaHa HaxoAMTCS B HEYAOBMNETBOPUTENBHOM COCTOSIHUM U HE obecnevmBaeT ycToi-
4nBOe pas3BuTUE TeppuTopuii ropoga. ObbsicHseTcs aTo aencTeusMu Bnacti B 1990-2000 rr., korga Havanacb akTMBHas

3acTpoiika ropoaa v yHuuToxXeHue 45 % ropoackmx cagos.

KNIOYEBbBIE CITOBA: ropoackve 3eneHble 30Hbl, MPOCTPAHCTBEHHOE pacnpenerneHne, obecneyeHHoCTb, 3Konornye-
ckasi yctonumBocTb, [MC, ctatuctudeckme metoabl, TerepaH

AnA UUWTUPOBAHWA: [aHunuHa H.B., Madxop3adexsaxupu A. Analysis situation of urban green space framework in
Tehran // BectHuk MICY. 2021. T. 16. Bbin. 8. C. 975-985. DOI: 10.22227/1997-0935.2021.8.975-985

INTRODUCTION

Green space is one of the most important urban
functions. Which is considered as green infrastructure in
urban districts and also as one of the most important
centers of welfare and recreational services, have an
important social, economic and ecological role in cities
and a favorable environment for raising children,
maintaining comfort and it is an indicator for improving
the quality of living space and community development.
But the vital importance of green space in today’s world
is not only because of its recreational and economic
values, but also because of its environmental importance.
In other words, the most important effect of green space
in cities is its environmental function, which increases
the biological quality of cities by creating a balance in
the metabolism of the city on the one hand and raising
the level of beauty on the other. Therefore, the importance
and role of urban green space in their life and sustainability
and its physical and natural effects on the urban system
and its various ecological, economic and social
efficiencies cannot be ignored. With this approach, urban
green space can be defined as outdoor places with
prominent amounts of plant life and the existence of
major quasi-natural areas. Green space development
should be based on the correct attitude to the environmental
and social needs of the city as well as the facilities and
capabilities of the city. In this regard, the two categories
of sustainable development and improving resource
productivity will be at the top of green space development
policies. A very important point here is to know the
ecological structure and quality of the environment [ 14].

The consequences of urban development and their
environmental problems have made the existence of
green space and its expansion inevitable forever. Cities,
as the center of concentration, activity and life, have no
choice but to accept the structure and function of natural
systems in order to ensure their sustainability. Urban
green spaces as a living and vital part of the morphological
structure and the main factor of ecological potential of
cities have a fundamental role in the environmental
sustainability of cities. In recent centuries, the trend of
increasing urban population and, consequently, the
expansion of the physical development of the city, has
created many problems for urban centers, especially large
cities. In our country, the rapid growth in recent decades
has been done in such a way that the urban space and
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infrastructure required by cities are not equipped
accordingly [5, 6]. The main effect that has resulted in
the rapid growth of the city is the disruption and
inadequacy of the service distribution system, which is
generally seen in all cities of Iran. The consequences of
urban development and the complexity of today’s
environmental problems that have affected many urban
communities, has made the existence of green space and
its expansion more necessary than ever. Today, our living
environment is a place where green space is an integral
part of the urban structure and should play a key role in
urban metabolism and environmental sustainability and
be a framework for promoting culture, urban society and
individual identity [7-10]. On the other hand, the growth
of industry and population growth in cities, has led to
commercial construction and the need to create new
urban functions to meet the growing needs and housing
population gradually reduces the share of green space
and urban gardens and thus It has caused environmental
pollution. It is worth mentioning that with the increase
in the process of destruction of nature, human attention
to natural resources has increased and its productivity
has replaced respect for nature. In general, the existence
of green space and their impact on cities is inevitable, so
without it, it is not possible for cities to remain sustainable.
The most important effect of green space in cities is
temperature adjustment, increase in relative humidity,
mild air and dust absorption [11, 12]. Therefore, if green
space is necessary as a part of the context of cities as
well as part of urban functions, it cannot be separated
from the needs of urban society. Therefore, green space
should be constructed quantitatively in proportion to the
physical volume of the city and its future expansion
process so that it can have an effective environmental
efficiency as an active green space creation and proper
distribution Green space in cities has a significant impact
on physical and mental health, social activities, high IQ
and increase the ability to work and activity and gives a
new and satisfying shape to people’s lives. But now, as
we see, the urban landscape in many contemporary cities,
has been nothing but buildings and towering towers, and
man can less relax in escaping the mass of cement, iron,
asphalt and enjoy living in cities. In the meantime, as
mentioned, proper access to urban green space is one of
the issues that play a significant role in the relative
guarantee of individual and social health, peace of mind
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of citizens and improving the quality of the environment
[13-16].

Undoubtedly, green space and urban parks should
be considered among the most basic factors of
environmental and human sustainability of urbanization
today. If they are properly planned, they will have
favorable effects on the health of body and soul. Green
space, which is part of the appearance of the city, as one
of the real phenomena, is one of the first issues that
human beings have always been in contact with and will
be. The importance of green space in urban environments
is such that it is considered as one of the indicators of
community development. In the meantime, what seems
important is the issue of spatial and spatial distribution
of urban green space, which if it is inappropriate, visual,
social and environmental anomalies such as improper
architectural design, improper plant layout, lack of spaces
Proper leisure creates the confusion of the cityscape,
inappropriate use of leisure time and lack of proper social
interaction [17-19].

Landscapes change because they are the expression
of the dynamic interaction between natural and cultural
forces in the environment. Cultural landscapes are the
result of consecutive reorganization of the land in order
to adapt its use and spatial structure better to the changing
societal demands. The theory of quality of life is to
promote and develop the concepts of quality of people’s
living environment to provide them with the best ways
of life. the development of smart and sustainable city
concepts on the basis of social factors that will play the
role of the accelerator for ensuring a high quality of life
for the population and the urban aspects of sustainable
development of smart territories. Thus, the practical
implementation of the proposed methods creates a real
opportunity to improve the quality indicators of urban
life with a complex landscape located in the city, which
will directly affect the improvement of people’s health
[20-23].

In addition to this issue, another major problem in
different cities of Iran is the lack of urban green space.
Today, when a comparison is made between green space
urban planning standards, it is clear that many cities face
major shortcomings, as well as inadequate distribution

and unfair distribution, which have created problems in
terms of easy access for people. Therefore, city managers
in responding to these imbalances need to use new
analytical tools and more effort. Therefore, the importance
of such issues in special districts and cities such as Tehran
is more than other districts. Because human societies in
these cities are constantly exposed to the consequences
of urbanization and environmental pollution. If we add
these cases to environmental stresses such as extreme
heat, dust and dry air, then we will realize the importance
of green space in such cities Irregular development The
city of Tehran and having more facilities and services
raises the need for green space more than before. In this
city, the increase in population and excessive density of
buildings has destroyed the environmental quality and
has caused the destruction of these spaces as much as
possible. One of the problems of Tehran is the
uncoordinated distribution of green space in different
districts of the city. Global standards of green space are
something around 25-20 square meters for each citizen,
while according to unofficial statistics, the per capita
green space in our country is about 8-9 square meters.
However, in the city of Tehran, this per capita is 9.2
square meters per person, and specifically in district one,
the per capita green space in the current conditions is
about 3.91 square meters per person. Of course, this
figure is not the same in different districts of Tehran for
some districts per capita green space is less than the urban
standard and for others is more, and this lack of uniform
distribution exists not only in the whole districts but also
within the areas themselves. At the same time, the same
amount has been distributed spatially and spatially, so
study and be aware of how the spatial and spatial
distribution of green space in district one of Tehran with
emphasis on environmental sustainability and with the
aim of recognizing existing deficiencies and bottlenecks
Such observance of the principle of spatial justice seems
necessary.

MATERIALS AND METHODS

Tehran (Fig. 1) with an area of about 730 square
kilometers is located between 51 degrees and 8 minutes

Saudi Arabia

— ROIakA
. Uz_huku{nnJ

Turkmenistan Tyl

Afghanistan

Fig. 1. Location of Tehran
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to 51 degrees and 37 minutes east longitude and 35
degrees and 34 minutes to 35 degrees and 50 minutes
north latitude and in terms of administrative divisions
into 22 districts and 119 regions, and 362 neighborhoods.
Tehran has hot and dry summers and cold and wet
winters. It is most often affected by the Siberian
anticyclone. Its temperature rises especially during the
cold period of the year and during the nights. The
frequency of temperature inversion, especially at altitudes
of 5 to 100 meters, increases the city’s ability to pollute.
In addition, the increase in stagnant air also increases the
concern of planners to create healthy living conditions.

This research was analytical-descriptive. In this
research, first, using library studies, urban plans and field
studies, the desired information has been collected, then
to analyze this information and to measure the level of
concentration and spatial balance of green spaces in
different districts of Tehran, Their distribution quotient
between districts and the difference between the
distribution of urban green spaces and uniform

] Recreation and tourism
establishments

B Recreation area

[ Forest park

~ Matural areas zone
Water area

B Public recreation areas

— Greening along the road network

Fig. 2. Current Situation of Tehran Green Space Framework

distribution are the existing mathematical and statistical
methods such as entropy coefficient, concentration level,
Lorenz curve, location quotient (L.Q) method and
distribution quotient (D.Q) method.

RESULTS OF THE RESEARCH

Situation of green space framework in Tehran

According to the statistics obtained from Tehran
Municipality, the total area of the city is 615,621,556.30
square meters, in which 8,938,686 people live. The green
space of Tehran, which mostly includes parks and
gardens, is 557,308,706 square meters. According to the
population of Tehran, the per capita green space is 16.27
square meters per person. In total, there are 2,262 green
spaces in Tehran. The green space framework of Tehran
includes 7 types of green space, which are shown in
Fig. 2.

Also, the situation of each district of Tehran is
shown in Table 1 and Fig. 3, 4 and 5.

Table 1. Comparison of population, area and green space of 22 districts of Tehran

Districts Population Area, m? Green space area, m> Green space per capita, m’
1 522,526 46,610,925.96 16,503,712 33.85
2 721,964 47,005,551.53 14,683,896 20.94
3 337,275 29,217,372.49 5,268,398 15.94
4 946,728 61,554,530.94 20,013,693 21.78
5 884,287 53,161,730.49 12,426,409 14.48
6 259,868 21,367,448.65 3,119,503 12.41
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End of the Table 1

Districts Population Area, m” Green space area, m> Green space per capita, m’
7 312,996 15,335,057.36 1,409,262 451
8 445,554 13,156,441.53 1,705,089 4.01
9 180,818 19,746,501.80 2,778,630 15.95
10 336,962 8,185,486.76 843,299 2.58
11 316,492 12,031,225.02 1,527,996 4.96
12 241,430 16,007,300.69 1,375,827 5.69
13 244,516 12,862,735.46 2,203,722 8.85
14 507,783 14,552,730.70 4,775,736 9.26
15 670,574 27,739,822.06 9,835,482 15.34
16 260,178 16,512,495.56 3,076,979 11.46
17 289,234 8,251,824.81 1,062,393 3.89
18 431,276 37,869,105.00 6,048,183 15.83
19 262,316 20,341,440.30 6,856,397 26.27
20 378,741 23,583,689.19 6,798,268 18.61
21 196,998 51,525,286.31 6,864,068 36.74
22 198,970 59,002,853.70 10,346,053 58.67

llp _

"fnr"l” nw”

® Greenspace area, m

Fig. 3. Green space area of 22 districts of Tehran

As Tables 1 and Fig. 3, 4 and 5 shows, the largest
area of green space in Tehran is in district 4 with an area
0f20,013,693 square meters and per capita green space is
21.78 square meters. In contrast, the lowest area of green
space is related to district 10 with a green space area of
843,299 m? and a per capita green space of 2,058 m?,
District 22 with a per capita green space of 58.67 square

w 5Py A P 3
Gareen space per capita, m

meters has the highest per capita due to the low population
of'this district. The highest number of green spaces among
the 22 districts of Tehran is in district 4 with 264 and the
lowest number is in district 10 with 28 green spaces. To
create a suitable urban environment and ensure the welfare
of residents, it is necessary to create a balance between
the resident population and green space.
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Fig. 4. Number and area of green space in 22 districts of Tehran

Green space
per capita, m”
2.8-6.2
B 6.2-15.6
o 15.6-236
B 23.6-43.7
P 43766

Fig. 5. Sufficience of green space per capita in 22 districts of Tehran

Entropy coefficient of the existence of spatial balance of a variable and less

Through the entropy method to measure the than the inverse number indicates this state, which is
uniformity of the variables; Such as population calculated based on the following equation:
distribution in districts of a city or public services can i (ai)
be used. According to the theoretical principle of the =L 2, ....n, M

a.
model, when entropy tends to the number one, the sign zi=0ff !
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E;= —szij 1npij7 (2)

3)

where E is the entropy coefficient of each district and
P is the ratio of the number of independent variables
(green space) divided by the sum of the independent
variables. F'is the value of the independent variable and
K is the constant coefficient. M is the number of calculated
variables.

Based on the method, Tables 2 show the distribution
of green space in the districts, and the more the coefficient
tends to one inclination, the more the balance of services
indicates, and the more it tends to zero, the more the
inconsistency in distribution of green space at the districts
level. Based on the results of entropy index analysis; The
spatial distribution of green space use among the 22
districts of Tehran is such that district 18 is the most
unbalanced distribution and in contrast, district 2 has the
most balanced distribution.

Concentration level method

This technique shows the extent to which an activity
is evenly distributed in different parts of an district or
territory, or to what extent it tends to Concentration. It
therefore provides a comparative image of the position
of'the study districts relative to each other. The measure-

K=1/In M,

Table 2. Calculation of entropy coefficient for districts of
Tehran

ment of the spatial distribution of an activity or function
is done through the following equation:

Sy

5 @

where C is the concentration of an activity or function,
X s the percentage distributed of the area of each district,
and Y is the percentage distributed of an activity or
function in each district. The C value in this technique
always fluctuates between zero and one hundred. The
higher the amount and calculated, it indicates the
inappropriate distribution or the intense concentration of
that activity or function in certain points.

The level of C indicates the low concentration of
urban green spaces in the 22 districts of Tehran. In order
to clarify the analysis of the concentration of green spaces
and to know in which district the concentration is more,
we calculated this method separately for each district of
Tehran. The results of Table 3 show that districts 1, 21,
2,15, and 22 with the concentration of 2.103, 1.735,
1.421, 1.256, and 1.100 have the highest concentration
but in other districts of Tehran Far less common in these
districts.

Lorenz curve

This technique is one of the spatial distribution
techniques and shows how variables are distributed. This

Table 3. Concentration level of green spaces in 22 districts
of Tehran

Districts Entropy coefficient Districts Concentration level of green space C, %
1 0.648 1 2.103
2 0.681 2 1.421
3 0.450 3 0.492
4 0.465 4 2.142
5 0.450 5 0.116
6 0.406 6 0.622
7 0.446 7 0.742
8 0.440 8 0.460
9 0.233 9 0.612
10 0.372 10 0.363
11 0.489 11 0.431
12 0.479 12 0.809
13 0.315 13 0.258
14 0.123 14 0.522
15 0.358 15 1.256
16 0.493 16 0.243
17 0.434 17 0.291
18 0.106 18 0.703
19 0.221 19 0.794

20 0.540 20 0.510
21 0.319 21 1.735
22 0.409 22 1.100
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Fig. 6. Lorenz curve for green space distribution in Tehran

curve is a cumulative frequency curve and compares the
distribution of the variable in question with a uniform
distribution that represents equality. In this curve, the
cumulative ratio of the variable (green space) is on the
y-axis and the cumulative ratio of the population of the
districts is on the x-axis. According to this curve, the
farther the curve is from the standard distribution line,
the more unbalanced the distribution of the desired
variable in a zone will be.

According to Fig. 6, as can be seen, the Lorenz curve
shows the difference in spatial distribution of urban green
space in 22 districts of Tehran compared to uniform
distribution and indicates the fact that the distribution of
urban green space in 22 districts is proportional. It is
different in uniform distribution and in some districts, it
is higher than uniform distribution and, in some districts,
it is lower which indicates unbalanced distribution
between districts.

Location quotient (L.Q) method

The L.Q method is very useful for calculating the
spatial concentration. By this method, it is easy to
understand the distribution of the desired variable in
urban districts. The L.Q method is a measure designed
to determine the relative concentration of a function in
one district relative to other districts. That is, it is
a method of measuring the relative concentration of
a particular district relative to all districts. The equation
of method L.Q is:

L.Q = (x/n;) / (x/n), %)

where x; is the number of variables 7 in the target district,
n; is the population of the district, x is the number of
variables in the whole city and » is the population of the
whole city. Given an L.Q result smaller than one, this
means that the concentration of the desired variable in
one district is less than total districts. Equal to or close
to one means the self-sufficiency of the district under
consideration compared to other districts and is greater
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than one indicates the concentration of the desired
variable in one district relative to the total districts.

As Table 4 shows, the L.Q calculated in districts 1,
2,4,19, 20, 21 and 22 is higher than one and indicates
the high concentration of urban green spaces in these
districts compared to other districts. In districts 3, 9, 15
and 18 this value is approximately equal to one, which
indicates the balance in these districts. In districts 5, 6,
7,8,10,11,12,13, 14, 16 and 17, this value is less than
one and indicates the lack of concentration of this
function in these districts compared to other districts.

Distribution quotient (D.Q) method

The following equation can be used to measure the
distribution quotient of specific production, service or
functional spaces:

D.Q =YX, (6)

where D.Q is the distribution quotient, Y'is the percentage
distribution of the functional spaces of each district and
Xis the percentage distribution of the area of each district.
Based on the distribution quotient calculations, there is
a density of spaces or functions in districts where the
quotient is more than one.

Table 4. Results of location quotient and distribution
quotient for green space in 22 districts of Tehran

Districts Location quotient Distribution quotient

(L.Q) (D.Q)
1 2.016 1.555
2 1.298 1.372
3 0.997 0.792
4 1.349 1.428
5 0.897 1.026
6 0.766 0.641
7 0.287 0.403
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End of the Table 4

Districts Location quotient Distribution quotient

L-Q D-Q)

0.244 0.569
9 0.981 0.618
10 0.159 0.452
11 0.308 0.557
12 0.363 0.377
13 0.575 0.752
14 0.600 1.441
15 0.936 1.557
16 0.755 0.818
17 0.234 0.565
18 0.984 0.771
19 1.669 1.480
20 1.146 1.266
21 2224 0.585
22 3.320 0.770

To compare with the L.Q method (Table 4), the
distribution quotient method for urban green spaces in
22 districts of Tehran was calculated with equation 6 and
as we see in Table 4, the distribution quotient of green
spaces in districts 1, 2, 4, 5, 14, 15, 19 and 20 is higher
than one and indicates the density of green spaces in
these districts.

CONCLUSION AND DISCUSSION

Urbanization, is a major cause of environmental
change. This approach has been formed as a result of
historical-geographical complexities and has caused
unbridled urban expansion and destruction of green
spaces and agricultural lands and changes in land

functions and has caused the loss of beauty, urban space,
nature and objective manifestation of socio-economic
problems, has become cultural and ecological, which has
not only caused climate change, but also environmental
changes and disturbed the ecological balance. The
disappearance of urban green spaces as the breathing
lungs of cities and the expansion of polluting industries
in cities has made the urban environment polluted and
uninhabitable. Currently, 22.76 % of the total area of
Tehran is dedicated to various types of green space.
However, in the 1990s and 2000s, despite the emptiness
of the southern and eastern districts of Tehran, there was
a greater tendency to build in the northern districts. About
45 % of'the city’s gardens have been destroyed over the
years, with most of the destruction in the north, and the
parks created during this period are not comparable in
terms of ecological efficiency. According to the population
0f'8,938,686 people in Tehran, the per capita green space
is 16.27 square meters and its distribution in 22 districts
of Tehran is unbalanced. District 2 with the highest
entropy coefficient, is in the best conditions and district
18 with the lowest entropy coefficient, is in the worst
condition. Considering the use of quantitatively different
methods, it can be concluded that the distribution of
urban green spaces in the 22 districts of Tehran is
unbalanced and there is little difference in this regard
between the districts so that based on the Lorenz curve
the distribution of urban green spaces in the 22 districts
of Tehran are different from the uniform distribution,
which indicates an unbalanced distribution among the
districts. Also, based on the data obtained from different
methods in this study, it can be said that only districts 1,
4, 21 and 22 have a suitable situation in terms of urban
green space performance and districts 10 and 11 have an
unsuitable situation in terms of urban green space
performance. are. According to the results of this research,
there is a need for prioritization to improve and develop
the urban green space framework of Tehran.
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HccuaenoBanue u3MeHeHUS nmapaMmerTpoB, BJINAKOIIHUX
Ha MoAaTJiInBOCTb COCAMHECHUSA KOJIOHHDBI C (l)yHIlaMeHTOM
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AHHOTALMUA

BeepgeHue. CyulecTBytoLlve BUAbI 3aaHnsi COEAMHEHNI B PaCHETHON CXeMe — LIapHUPHOe 1 abConTHO XecTkoe — 3a-
YacTylo He oTpaxatoT peanbHyto paboTy y3na. OTCyTCTBMUE pacyeTa AeNCTBUTENBbHOM XECTKOCTU COEANHEHNS U ee HeyYeT
npy NPOEKTMPOBAHWUWN Kapkaca MOryT NPUBECTU K OTIMYHOMY OT Pac4eTHOro pacrnpeaeneHunto YyCUnin n yBenmyeHuio nepe-
MELLEHWIA 3NIEMEHTOB kapkaca. Llenb HacTosiLeln paboTbl — U3y4eHue BIMsSIHUSE pa3MepOB 31EMEHTOB, hOpPMUPYHOLLIMX Hady
KOIMOHHbI, Ha ee BpaLLaTernbHYt0 KeCTKOCTb.

MaTtepuanbl u MeToabl. PacyeT nonepeyHON pambl Kapkaca Npou3BOAMIICS B nporpaMMmHoM komnnekce Dlubal RFEM.
PaccunTaHHble ycunus, 4encTByoLmMe B HKHEM CeHEHUN KOMOHHBI, Obinu nepeHeceHbl B pacyeTHble Mofenu 6a3bl KONMoH-
Hbl, BbINMOSNHEHHBIE B NporpaMMHom komniekce IDEA StatiCa, B KOTOPOM 1 OCyLLECTBASANCA SalNbHENLLNN pacyeT )KeCcTKoCTen
COeaVHEHUN.

Pe3ynkratbl. OnpegeneHbl BpallaTenbHble XXeCTKOCTU COeAVHEHWI NPU pasnvuyHOM KOHCTPYKTUBHOM pelueHun 6asbl Ko-
NOHHbI. [poaHanMa3npoBaHO N3MEHEHWE XEeCTKOCTN COEANHEHUSI KOMOHHbI C hyHAAMEHTOM NpU yBENUYEHUN TOMLLMHBI
1 BbICOTbI OMOpPHbIX pebep. Ha ocHoBaHWM NpoBeAeHHbIX PacYETOB MOCTPOEHbI rpactukun BbISIBNEHHbIX 3aBUcuMocTen. B ka-
YecTBe npvmepa ycuneHns 6asbl KONMOHHbLI NPEANoXeHO BBeAeHNe TpaBepc. PaccMOTpeHo LWecTb BapuaHTOB yCTPOWCTBa
TpaBepc, a Takke BapuaHTbl C TPEMS OMOPHLIMU pebpamu 1 ¢ TpaBepcamu, Ho 6e3 onopHblx pebep. PaccunTaHHble XecT-
KOCTN 6a3 KOMOHH CBefieHbl B rpaduku, N3 KOTOPbIX BUAHO, YTO BNOXeHWe MeTanna 3pdekTMBHO NULLb A0 onpeaerneHHoro
MoMeHTa. MccnenoBaHbl BapuaHThl yCTPOWCTBa 6a3 KONMOHH C JOMONHUTENBHLIMU NoNepeYHbIM1 pebpamu.

BbiBogbl. HanbonbLumin Bknaz B yBenvyeHve BpallaTeribHOM XeCTKOCTM COEIMHEHMS BHOCUT JobaBneHne TpaBepchl. YBe-
NMYnBast TOMLLUMHY UK BbICOTY BBEAEHHbIX TPaBEPC, HEBO3MOXHO A0OMTbCA abCOMNOTHO KEeCTKOro 3akpenneHus, Heobxo-
AMMO KOMMIEKCHOe U3MEHeHMe HeCKONbKUX napameTpoB. BeegeHne fononHuTenbHbIx pebep, pacnonoXeHHbIX BHe Mno-
CKOCTMW OeWCTBMSA MOMEHTA, NMPaKTUYECKN HE OTPaXaeTCsl Ha XXECTKOCTU COEAUHEHNS.

KIMIOYEBDBIE CITOBA: 6a3a KornoHHbI, MONY>XeCTKUIA y3en, )XeCTKOCTb COeAMHEHWS, TpaBepca, BHELIEHTPEHHOE cxxaTtue,
MEeTannoemMKoCTb, NoAaTMBOCTb

ona UMTUPOBAHUA: Acmaxosa J1.U., Acmaxos U.B., FOxHuHa A.A., JlumoHuHa A.A. ViccrnenoBaHue naMeHeHus na-
pamMeTpoB, BAUSIOWMUX HA NOAATIIMBOCTb COEANHEHNSI KOMOHHbI ¢ hyHAameHTom // BectHuk MITCY. 2021. T. 16. Bbin. 8.
C. 986-996. DOI: 10.22227/1997-0935.2021.8.986-996

Research of changes in the parameters that affect the rigidness
of the column-foundation joints

Lyubov 1. Astakhova, Ivan V. Astakhov, Anastasiya A. Yukhnina, Anna A. Limonina
Saint Petersburg State University of Architecture and Civil Engineering (SPbGASU), Saint-Petersburg,
Russian Federation

ABSTRACT

Introduction. The existing types of connection assignment in the design scheme — hinged and absolutely rigid joints — do
not reflect the actual operation of the connection. The lack of calculation of the actual rigidness of joint and its failure to take
into account in the design of the frame can lead to a different distribution of efforts from the calculated one and an increase in
the movement of the frame elements. The purpose of this work is to researching the influence of the change size of the ele-
ments forming the column base on its rotational rigidity.

Materials and methods. The calculation of the transverse frame was performed in the Dlubal RFEM software package.
The calculated efforts acting in the lower section of the column were transferred to the calculated models of the column base,
made in the IDEA StatiCa software package, in which the further calculation of the joint rigidness was performed.

Results. The rotational rigidness of the joints with different structural solutions of the column base is determined. The change
in the rigidness of the connection between the column and the foundation with an increase in the thickness and height
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of the support ribs is analyzed. Based on the calculations, graphs of the identified dependencies are constructed. As an
example of strengthening the base of the column, the introduction of a traverse was proposed. The article considers six vari-
ants of the traverse device, and variants with three support ribs and with traverses, but without support ribs. The calculated
rigidness of the column bases is summarized in graphs, where it can be seen that the metal adding is effective only up to
a certain point. Variants of the arrangement of column bases with additional transverse ribs are considered.

Conclusions. The greatest contribution to the increase in the rotational rigidness of the joint is made by the addition of a tra-
verse. By increasing the thickness or height of the introduced traverse, it is impossible to achieve absolutely rigid fixing, it
is necessary to change several parameters in a complex way. The introduction of additional ribs located outside the plane
of action of the moment practically does not affect the rigidity of the joint.

KEYWORDS: column base, semi-rigid connection, rigidness, connected traverse, eccentric compression, metal consump-
tion, deformation capacity

FOR CITATION: Astakhova L.I., Astakhov I.V., Yukhnina A.A., Limonina A.A. Research of changes in the parameters that
affect the rigidness of the column-foundation joints. Vestnik MGSU [Monthly Journal on Construction and Architecture]. 2021;
16(8):986-996. DOI: 10.22227/1997-0935.2021.8.986-996 (rus.).

BBEJAEHUE

CoBpeMeHHBIE 31aHUS U COOPYKEHUS Yallle BCEro
OBIBAIOT CIIOKHBIMU KOHCTPYKTHBHBIMH MHOTOJICMEHT-
HBIMHU KOMIIJICKCAMHU, CO3/1aBaCMbIMH JIsI BBIIIOJTHCHUA
OOJBIIIOTO KOJTMYESCTBA Pa3IHIHBIX HyHKUIWH. {7 mpu-
HSATHS HanboJIee palMoHATBLHOTO ¥ TOYHOT'O ITPOEKTHOTO
pereHust HeoOXOANMO BBITIONHUTH PAcUeT, Pe3yIbTaThI
KOTOPOTO OoJiee Ha/Ie)KHO ONMCHIBAIIN ObI ICHCTBUTEIb-
Hy10 paboTty 3nanus [ 1-6]. PacueT MeTammn4ecKux KOH-
CTPYKIIMI MOKHO CJICNIaTh TOYHEE IPH YIETe B pacyeT-
HOH cxeme peanbHOH )KeCTKOCTH y370B [6—10].

TpagumuoOHHO NIIA 3aaHUS THIA COCIHMHEHUS
9JIEMEHTOB MCIOJB3YETCs JIBa BapHaHTa 3aKperuie-
HHST — a0COOTHO JKeCcTKoe W mapHupHOoe. OgHAKO
Ha MPAKTHKE MOXET OKa3aThCsl, YTO MIAPHUPHBIN y3ell
BOCIHPHUHUMAET YacTh U3rU0AOIIero MOMEHTA, a JKeCTKOE
COCIMHCHHUE JOMYCKACT MAaJblii MOBOPOT CCUCHMUS
[11-14]. B Takux ciy4asix MpoOUCXOTUT Mepepacipee-
JICHHUE YCHITUI, YTO IPUBOINT K M3MCHEHHUIO PACICTHBIX
JUIMH U TIEPEMELICHUH JIEeMEHTOB KapKaca.

Jl1s1 moHMMaHMS Ha dTare pacyeTa, Kakoi OymeT
peanbHast paboTa Kapkaca 31aHHs, B €BpOIEHCKOl HOp-
MAaTHBHOH 0a3e BBEJHU CICAYIONIYIO KIIACCH(PUKAIINIO
COCMHCHUH: YCIOBHO IIApHUPHBIC, MOTYKECTKUE,
xectkue. JlaHHoe pasiesieHre 1103BosieT 00Jiee TOUHO
mo700paTh CeUeHHsS IEMEHTOB KapKaca, OIICHUTH pabo-
Ty KOHCTPYKIMH TIPH ONIPEEIICHHOM ITPOEKTHOM CTpPO-
€HHH y3II0B.

[Ipu Heyuete NEeHCTBUTENBHOM KECTKOCTH COETU-
HEHHUH BO3MOKHO HapyILICHUE TEXHOJIOTUYECKOIO IIpo-
mecca u3-3a Ype3MEepHO OONBIINX TIEPEMEIICHH dJ1e-
MEHTOB KapKaca, 0COOCHHO B 3/IaHHSIX, 000PY/TOBaHHBIX
MTO/IBECHBIMH KPaHAMH, TJI¢ KOJIOHHBI BHEIICHTPEHHO
ckarel. OTVIMYNTEIBHON YEePTOH TAaKNX CITy4yaeB sIBIISCT-
Cs1 TO, YTO BCE KOHCTPYKIIMHU HMEIOT 3a11ac 110 IPOYHOCTH
IIpU BBICOKOH AedopMaTuBHOCTU cXeMbl. C IIeTbI0
YMEHBIICHHS TIEpEeMENICHII 1 BO30OHOBICHUS TEXHO-
JIOTHYECKOTO TIPOoIlecca CIeIyeT BHIOTHUTD YCHICHHE
y3J10B, YBEJIUYUB UX KE€CTKOCTh. BMecTe ¢ Tem noboe
YCHUIICHHE BJI€UET 32 COOOW yBETHMUEHIE METAIIII0EMKO-
CTH KapKaca, HO3TOMY Ba)XHO 3HaTh, KAaKOW NMPUPOCT
KECTKOCTHU HpOHSOﬁ)IeT IIprU U3SMEHCHHUU OTACJIBHBIX
MapaMeTpoB JIECMEHTOB 0a3bl KOJIOHHEI, TJ[E TOSBUTCS

HanOOoJIbIIIee YBEIMUCHHUE )KECTKOCTH [P MUHUMAJILHOM
BIIOYKEHHH JIOTIOIHUTEIBHOTO MeTaia [15-20].

Iens HacTosAmeH pabOTH — MU3yYCHHUE BIHSHISL
pa3MepoB 3JIEMEHTOB, GOPMHUPYIOMNX 0a3y KOTOHHEI,
Ha ee BpalaTeIbHy0 KECTKOCTb.

YucieHHoe MOJEINPOBaHNE OCYIIECTBISAIOCH
B iporpaMMHoM komruiekce IDEA StatiCa.

MATEPHAJIBI U METO/bI

B kadecTBe pacyeTHOTO MpUMepa ObluIa MPUHATA
morepeyHasi pamMa Kapkaca MPOMBIIIIICHHOTO 3JaHMs,
cocrosias u3 IByx npomnetoB 24,0 u 12,35 m. O6a mipo-
jeta 000pyAOBaHbI MOABECHBIMHI KpaHAMH I'PY30I0/Ib-
eMHOCThI0 6,3 T. CeueHust KOJIOHH 1o ocsiM A u b mpu-
HATHI U3 1ByTaBpoB 401111, mo ocu B — u3 nByraspa
3011I1. OOwimit BUI pacyeTHOI CXeMbl paMbl IPEICTAB-
JIeH Ha puc. 1. PacdeT pambl IpoU3BOAMIICS B IPOTPaMM-
HoM komiuiekce Dlubal RFEM.

ITpoekTHast KOHCTPYKIIHS Oa3bl KOJIOHHBI IIOKa3aHa
Ha puc. 2. Ee 0CHOBHBIMU KOMITOHEHTaMH SIBJISIOTCS:
pebpa sxkecTkocTH TOMIMUHON 10 MM; omopHas mHTa
TONIIUHON 38 MM; aHKEpHBIE OONTHI — XUMHUYCCKHE
ankepsl HILTT HIT-RES00 ¢ riryounoit 3anenku 400 mm,
paccTaBlIEHHBbIE U3 IIOCKOCTU JEHCTBHUS MOMEHTA.
ITo naHHBIM IPOEKTHOHN JOKYMEHTALUHU, IPUHSATAs] KOH-
CTPYKLMsI 0a3bl KOJIOHHBI 00ECIIeUNBAET )KECTKOE 3aKpe-
IUIEHHE HIDKHETO KOHIIA KOJIOHHBI B TNIOCKOCTH ICHCTBHSA
MOMEHTa, IIAPHUPHOE 3aKpPEeIUIeHHEe — U3 MIOCKOCTH
neiictBusg MomeHTa [S5]. PacueT peanbHOM KeCTKOCTH
0a3bI KOJIOHHBI BBITIOJTHSJICS B TIPOIPAMMHOM KOMITJIEK-
ce IDEA StatiCa.

J11st KOppeKTHON PabOTHI MPOrPaMMBI PacyeT MPo-
M3BOJAMIICA NIPH YCTAHOBJIEHHBIX €BPONEHCKUX HOPMax
MIPOEKTUPOBAHMS, TAKXKe OblJIa yUTEeHa CBsI3eBasi CTPYK-
Typa KapKaca.

PE3YJIBTATBI HCCJIIEJOBAHUA

PesynpraThl pac4eToB )KeCTKOCTH 0a3bl KOJOHHEI
IIPY MIOCIIeI0BATEILHOM YBEJIIMUEHUH TOJIIIUHBI OMOP-
HBIX pedep Mpe/CTaBIeHb! B BUJE Tpaduka Ha puc. 3.
3a 100 % npuHSATO 3HAYEHHE )KECTKOCTH abCOIIOTHO
YKECTKOTO 3aKpEIUICHHs COSIMHEHUsI TaHHOW KOHpHUTy-
panuu.
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Fig. 2. The structure of column base, which was used in project

Kak BunHO 13 rpaduka, yBeJIHMUCHHUE TOJNIUHBI
ONOPHBIX pedep Hedp(EeKTUBHO MPH TONIIHHE Oonee
15 mm. VYBennuenue TommuHb pedpa ¢ 15 1o 30 mm, T.€.
Ha 100 %, NpUBOAUT K YBEIMUYEHHIO )KECTKOCTU COEU-
Henus Ha 3,01 %.

CrenoBarenbHo, Tonmuaa pedep 10 My, npuHsITAas
B [IPOEKTE, ABIACTCS JOCTATOUHOM [T pacCMaTpHBacMO-
TO TpHUMepa.

[Tpn pOEKTHPOBAHUY PEKOMEH/TyeTCs TIPHHUMATh
BBICOTY OLOPHBIX pedep, pasuyto 0,5-0,8b,, rue b, —
BBICOTA CEUEHUSI KOJIOHHHI [ 1 6]. 3aBUCUMOCTB )KECTKOCTH
OT BBICOTHI OTTIOPHBIX pedep IoKa3aHa Ha puc. 4.

CoracHo pe3ynsraram, IpeCTaBIeHHBIM Ha puc. 4,
MIPH YBEITMYCHUH BBICOTHI OTIOPHBIX pedep KEeCTKOCTh
CHaJaJia pacTeT, a 3aTeM HadMHAeT YMEHBIIIAaThCS, OTHA-
KO, BCE OTH U3MCHCHHS MPOUCXOIAT B mpeaenax 2 %

988
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OT HAYAITLHOU KECTKOCTH COSMHEHUS. Takum 00pazom,
pPEKOMEHaNus 10 NPOSKTHPOBAHUIO BEICOTHI peldpa,
pasHoii 0,5b,, crpaBeusa.

Bce nmpuBenieHHBIE pacdeThl HOKa3bIBAIOT, YTO YBeE-
JIMYECHNE KECTKOCTH 0a3bl KOJIOHHBI ITyTEM YTOJIIICHHS
OIIOPHBIX pedep 1 YBEIUUSHHUS X BHICOTHI MAJIOd(heK-
TUBHO. J{JIsi yBEeJNIMYEHUS KECTKOCTH COCJUHECHUS
U yMEHBIIECHNUS 1e(OpMaTHBHOCTH paMbl KapKaca MOK-
HO YCHJIMTH KOHCTPYKIIHIO Oa3bI KOJIOHHBI ITyTEM BBEJIe-
HUs TpaBepc. BapuaHTbl ycTpoiicTBa 6a3bl KOJIOHHBI C TPa-
BepcaMHM MOKa3aHbl Ha PHC. 5.

Taxoke nist cpaBHEHHsI OBIIIM pACCMOTPEHBI 0a3bl
KOJIOHH C TpaBepcaMu, Ho Oe3 pedep u ¢ TpemMsi pedpamu
¢ KaX/10H CTOpOHBI (pHc. 6).

3aBUCHMOCTH 3HAYCHUI )KECTKOCTH COCIMHEHUS
OT BBICOTBI U BUJIa TPABEPCHI IIPUBEICHBI HA PHC. 7.
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Fig. 3. Graph of the dependence of the joint rigidness on the thickness of the support ribs
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Fig. 4. Graph of the dependence of the joint rigidness on the height of the support ribs
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d e I

Puc. 5. BapuanTs! ycrpoiicTBa 6a3bl KOJIOHHBI C TPABEPCAMHU: @ — CO CKOCOM I'paHei 710 OTIOPHOM IUTHTHI; b — O CKOCOM I'paHeit
ozt 45°; ¢ — npsSMOyTOJbHAST; d — NPSIMOYTOJIBHAS C IIPSIMOYTOJIBHBIM BBIPE30M; € — IPSIMOYTOJIbHAS C TPEYTOIEHBIM BBIPE30M,
HaIpaBJIeHHBIM BHH3; f — CO CKOCOM I'paHei JI0 OIIOPHOH IUIUTHI, C TPEYTOJIbHBIM BEIPE30M, HAIIPABIICHHBIM BHU3

Fig. 5. Options for the device of the column base with connected traverses: @ — with a bevel of the faces to the base plate; b —

with a bevel of the faces at 45°; ¢ — rectangular; d — rectangular with a rectangular cutout; e — rectangular with a triangular

cutout directed downwards; f— with a bevel of the faces to the base plate, with a triangular cutout directed downwards

a b

Puc. 6. bazsl kononH: @ — 6e3 ONOPHBIX pedep ¢ MPSMOYTOIBHOM TPaBepcoil; b — ¢ TpeMs OIIOPHBIMH pedpaMu

Fig. 6. Column bases: a — without support ribs, with a rectangular traverse; b — with three support ribs
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MNpoueHT IHAMCHUA KECTKOCTH OT ABCOMIOTHO
HECTKOID 3aKperieHns, %
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Puc. 7. 3aBUCHUMOCTb )KECTKOCTH COCAMHEHMS OT BBICOTHI U BHJla TPABEPCHI

Fig. 7. Dependence of the joint rigidness on the height and type of the traverse

AHanu3upys JaHHbIC PE3YJIbTAaTOB PACUYETOB, H30-
OpaKeHHBIE Ha pHC. 7, MOYKHO CJIENIaTh CIIETYIOIIHE BbI-
BOJIbI:

* 0as3bl ¢ TpaBepcaMu 00Ja1ar0T OOJIBIIICH KECTKO-
CTBI0, YeM 0a3bl C KOHCOJIBHBIMU peOpamu (puc. 6, b);

* caMOU HEBBITOAHOM SBJISIETCS MPSIMOYTOJIbHAS
TpaBepca ¢ MpSIMOYTOJIbHBIM OTBEepCTHEM (puc. 5, d), ee
BBEJ/ICHHE HE3HAYNTEIBHO YBEIUUUBACT )KECTKOCTh CO-
€IMHEHUSI, 110 CPABHEHHIO C OCTAJIbHBIMU BapHaHTaMU
ycTpoiicTBa TpaBepc. Hanbombimmit mpupocT KeCTKOCTH
obecrieunBaeT MpsMOyTolibHasi TpaBepca 0e3 BhIPE30B;

* C YBEJIMUEHHEM BBICOTHI TPABEPCHI IO BEIIMUNHBI
0,7b;, 5xeCTKOCTb COeJUHEHNS Bo3pacTaeT. JlanpHeliee
YBEJIMYCHHUE BBICOTHI TPaBEPChl HEAIPPEKTUBHO, TAK KAK
pyu 00JbIIEeH METAIOEMKOCTH COCIMHEHHS JKECTKOCTh
H3MEHSIETCS HE3HAUUTEIbHO.

Ha sxecTkocTh 0a3bl KOJTOHHBI MOYKET TMOBIHSITH
TOJIIIMHA TpaBepc, JlaHHasi 3aBUCUMOCTh IMOKa3aHa
Ha puc. 8.

C 1enbro oreHKH 3P(GEKTUBHOCTH BIIOKEHHS METaI-
Jla B COEIMHEHNE NOCTPOUM rpa)uK OTHOUICHUS TIPH-
POCTa MKECTKOCTH K MPUPOCTY METAIIOEMKOCTH OTHOCH-
TeIbHO 0a3bl KOJIOHHBI, IPUHATON B MpoekTe (puc. 9).
UYem Oobllie 3HAYCHUE JAHHOTO KOA(PPUIIMEHTA, TEM
JIydIlle — MEHBIINH NPUPOCT METaUIa IPUBEN K 00JTb-
LIeMy IPUPOCTY BpalaTeIbHON KECTKOCTH.

Ha rpadwukax, n3o0paxeHHbIX Ha puc. 8 1 9, MOX-
HO 3aMETHUTH CIIEYIOINE 3aBUCHMOCTH:

* C yBEJIMYCHHEM TOJIIHHBI TPaBEPC KECTKOCTh CO-
€MHEHUsSI BO3PACTAaeT BHE 3aBUCHUMOCTH OT BHUIA
TpaBepchl;

* 1pu TONIIMHE TpaBepchl 10 MM HaUOOIBIITYIO
KECTKOCTh 0OecrednBaeT MpsiMOyToibHasl TpaBepca
(puc. 5, ¢);

* k0d(h(HHUIMEHT MPUPOCTA HKECTKOCTH K IPHUPOCTY
METaJUIOEMKOCTH ITOHIKAETCS, YTO 03HAYALT, YTO METaIL
BKJIQJIBIBACTCS HE CTOJIb 3P (PEKTUBHO;

* HamOoJiee BBITOJIHOE BJIOKEHUE MeTasl1a odecre-
YHMBaET TpaBepca C TPEYroJIbHBIM OTBEPCTUEM U CPE3OM
OOKOBBIX I'paHei 10 ONOPHOH MINTHI (pHC. 5, f).

B pabote [6] ykazaHO, 4TO JJIs1 TOTO, 4TOOBI YBEIIH-
YUTh PAaBHOMEPHYIO Iepeaady JAaBJICHHS C ILUIHTHI
Ha QyHJIAMEHT, )KECTKOCTb ITUTHI YBEINYNBAIOT JOTIOJI-
HUTEJIBHBIMH peOpaMu MeK/1y BETBSIMH TpaBepchl. Pac-
CMOTPHUM YEThIpE BapUaHTa KOHCTPYHUPOBaHUs 0a3bl
KOJIOHHBI: MPOCKTHBIN; ¢ Haubosee 3dexkTuBHOI Tpa-
Bepcoii (1Mo pe3yabraTaM BBIYHCICHUH, KOTOPbIE MPH-
BEJICHBI BBIIIIE); C peOpaMu, yCTaHOBICHHBIMU MEXIY
TpaBepcaMu; ¢ pedpamu, YCTaHOBICHHBIMH CHAPYKH
Tpasepc (puc. 10).

Kax BuHO 13 rpaduka, nzoopakenHoro Ha puc. 10,
J00aBJICHUE TPABEPCHI IACT 3HAYUTEIBHO OOJIBIIHN (-
(exkr, yem qo0aBicHuEe pedep U3 TIOCKOCTH JACHCTBUS
MomeHTa. [Ipu ux BBejieHHN BpalaresibHas )KeCTKOCTh
COEJIMHEHMSI BO3PACTaeT HE3HAYUTEIHHO B OTIIMYNE
OT pacxo/ia MeTajiia ¥ TPYAOEMKOCTH U3TOTOBJICHHS Ta-
KO 0a3bl KOJIOHHBI.

3AKJIIOYEHUE U OBCYXKXJIEHHUE

OmnurcaHbl U3MEHEHUS JTUIIH HCKOTOPBIX IIapaMe-
TPOB, COCTABJIAIOMINX 0a3bl KOJIOHHEL. 13 paccMOTpPECH-
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Fig. 8. Graph of the dependence of the joint rigidness on the thickness and type of the traverse
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Fig. 10. Graph of the dependence of the joint rigidness on the including of additional edges from the plane of action of the

moment

HBIX BAPHAHTOB HANOOJIBILINH BKJIA/I B YBEIIMUCHHE 3Ha-
YEeHUS BPAIIATEIbHON KECTKOCTH COSTMHEHUS BHECTIO
BBeJIeHHUE Tpasepce. JlobaBieHne TpaBepc IPUBOAUT K PO-
cTy xkecTkocTH ¢ 71,7 1o 84-98 % oT 3HaueHH KECT-
KOCTH a0COJIFOTHO JKECTKOTO coeJMHeHHMs. [laHHbIi 3-
(exT HabmogaeTcss B TOM YHCIIE 332 CYET YMEHBIICHHUS
pacueTHBIX YYacTKOB ONOPHOI IUINTHI, YTO MO3BOJISET
YMEHBIINUTH €€ TONIIHUHY.

Camblit 5KOHOMHYECKH BBITOTHBIH BapHaHT yCTPOH-
cTBa 0a3bl KOJIOHHBI C TPABEPCAMH — BapHaHT, H300pa-
JKeHHBII Ha puc. 5, f. B aOCOMIOTHBIX 3HAYCHHUSIX yCTa-
HOBKa TaKuX TPaBepC JAACT HE MAKCUMAJIbHBIN IPUPOCT
KECTKOCTH U3 BO3MOXKHBIX, OJIHAKO, NIPU BIOKEHUU
Mertamna 11,82 Kr BO3MOXKHO MOTYYUTH MOBBIIICHHUE
skectkocTr Ha 20 %, 4To siBjsieTCs HauOO0Iee BHICOKUM
TIoKa3aresieM U3 MpeAIoKeHHbIX BapuaHToB. K mpumepy,
JJsT KOHCTPYKIMHM 0a3bl KOJOHHBI, MOKAa3aHHOU
Ha puc. 5, b, He0OX0IUMO BIOXKHTE 17,3 KT MeTamia s
AQHAJIOTUYHOTO MOBBIIIEHUS BpaIlaTeIbHON ’KECTKOCTU
COEUHEHUS.

YBenuuuBas TOJNIMHY BBEICHHBIX TPABEPC, TAKKE
BO3MOYKHO JOOMTHCS TIOBBIIICHHS )KECTKOCTH COCIHHE-
HUSI, BMECTE C TE€M, TIPH BIIO)KEHHUH BCe OOJIBIICH MacChl
MeTaJlja B TONIIUHY TPaBEPC TEMIIBI IPHPOCTA KECTKO-
CTH yMeHbIIaroTcs. s paccMaTpuBaeMoro npumepa
onTHUMaJIbHas ToimuHa TpaBepc — 10—-14 mm.

COOTHOIIIEHHUE KECTKOCTEH BApUAHTOB 0a3 KOJIOHH
¢ TpaBepcaMM COXPaHSETCs U NMPH YBETHMUEHUH BBICOTHI
TpaBepc, U MPHU POCTE UX TOJIIHH.

BBezieH1e TOMOIHUTEIBHBIX pedep U3 IIOCKOCTH
JICHCTBUSI MOMEHTA ITPAKTHUECKH HE OTPaXKaeTCsl Ha Bpa-
LIATENIBHON JKECTKOCTH coennHenus. ITpu sTom 3HaYm-
TENBHO BO3PACTAIOT TPYJOEMKOCTb H3TOTOBJICHNUS COE/IU-
HEHHUS M PacXo] MeTallia.

B coBpeMEeHHOM MPOEKTHPOBAHUN HE CIIETYET MbI-
TaThCsl I0CTHYb a0COMIOTHO YKECTKOTO 3aKPETICHNS], BMe-
CTO TOTO HEOOXOJMMO 3aMOJIEINPOBATh Ha ATAIle pacyeTa
COCJIMHEHUS TaK, YTOObI MX MTOAATIMBOCTh OOeCTIeYnBaa
JIOIMYCTUMBIE epeMELIEHHs HIIEMEHTOB KapKaca ITpU Mak-
CHMaJIbHO 3()(pEKTUBHOM BIIOKEHHH METaJLIA.
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OnpeaeneHmne ycuansi B rnbkoM yriope KOMOUHUPOBAHHOM MAUTbI

C. 997-1005
C UCMOAb30BaHMEM NPOPUAMPOBEHHOMO HaCTUAG

VK 624.073:624.046 DOI: 10.22227/1997-0935.2021.8.997-1005

OnpeneJsienne ycuausi B THOKOM ynope KOMOMHUPOBAHHOM MJIMTHI
C UCMO0JIb30BaHUEM NPOPUIHPOBAHHOIO HACTUJIA

JI.P. 'mmpanoB, A.U. ®arraxoBa
Kazanckuii 2ocyoapcmesennuiii apxumexmypro-cmpoumensuwiti ynusepcumem (KIACY); e. Kasans, Poccus

AHHOTALMNUA

BBepeHue. B 30aHnaX co cTanbHbIM KapkacoM Hambonee 4acTo NPUMEHSIIOTCS KOMOUHMPOBAHHbIE CTanexene3o0eToHHbIe
NepeKpbITUS C UCMONb30BaHeM NPoUIMpoBaHHOro HacTuna. CoBmecTHasi paboTa aucka nepekpbiTvs 1 6anok HacTuna
obecneyvnBaeTcsl MOCTAHOBKON rMBkMx ynopoB. B pamkax nccnegoBaHus No onpeaeneHunio nepemMeLLeHnii B nante nepe-
KpbITUsi Oblfla NOCTaBneHa 3afava BbISIBNEHUsSI COBUTAOLLEro yCuUnus B rmbKux ynopax oT AeNCTBUS TOPU30HTanbHOM Ha-
rpysku. B pesynsrate npeanoxeH cnocob onpeneneHnst yeunus B ctag-6ontax npy Mx NOCTaHOBKE MO KOHTYPY MAWTbI, OC-
HOBaHHbIN Ha @aHanornm ¢ pacyeToM rpynnsl 6oNToB.

MaTtepumanbl U MeToabl. Ha 6ase pacyeTa rpynnbl 60MTOB BbiBEAEHbI pacyeTHbIE BblpaXXEHUs ANsi YCTAHOBMEHNUS YCUnus
B rmbkux ynopax. C uenbko onpegeneHms OCTOBEPHOCTU NOMyYaeMbiX 3HAYEHUI BbIMOSIHEH pacyeT METOAO0M KOHEYHbIX
3M1EMEHTOB, pearnn3oBaHHbIN Ha NnporpaMMHoM komnnekce Jlpa-CAlP. PaccmaTpuBanuck 06pasubl NAnUT ¢ pasHbiM COOT-
HOLLEHMEM CTOPOH. PaccunTbiBanachk CXOAMMOCTb PELUEHUs pa3nnyHbiMKU MeTogamu ans nnutbl pasmepamu 0,6 x 0,6 m
C MarnbIM KONMYeCTBOM IMOKMX YNOPOB, MOCIE YEro ndyyanacb CXOAMMOCTb NPeaSIoKEHHOrO peLLEeHUsl NP peasbHbIX pas-
Mepax NnT ¢ 6obLUNM KONMYECTBOM MMOKMX YNOPOB.

Pe3ynbrathl. [onyyeHa oopMyna Ans onpegeneHns yeunus B Kaxxaom rubkom yrnope, B YaCTHOCTM B Hanbornee HarpyXeH-
HbIX KpanHux ynopax. [ns Harnsi4HOCTM 1 BO3MOXHOCTM NPUMEHEHUST NPeaSIoXKEHHOro crocoba BeIMOHEH pacyeT Ha OBM.
[MokasaHbl OrpaHnYeHns No MPUMEHMMOCTM AaHHOrO cnocoba. [JaHbl MOSICHEHMS K BbISIBIIEHUIO FrEOMETPUYECKNX XapaKTepu-
CTMK r’MOKMX YNOpOB.

BbiBogbl. PacuyeT no aHanorum ¢ rpynnori 60nToB No3BONsieT ONpeaenuTb ycunme B rmbKoM ynope noboro KOHCTPYKTUBHO-
ro ceyeHusi. MNMpeanoxeHHsbIn cnocob NoaxoauT Anst OLEHKN HecyLlen cnocobHOCTM rMbKMX yNopoB, Tak Kak NpocT B Npu-
MeHeHUN. 3HayeHne ycunmsa 4act BO3MOXHOCTb YCTaHOBUTb AeOPMaTMBHOCTL Kak camoro rubkoro ynopa, Tak u nepemMe-
LLIEHNUSI NANTbI B LIESNIOM.

KNIOYEBbBIE CITOBA: cranexene3obeToHHast nnuTta, NPOgUNMpoBaHHbIA HACTUI, FOPU3OHTaNbHbIE HArpy3ku1, yeunus
B rMbkmx ynopax, rubkue ynopsbl, ctag-6onTbl

Ana UWMTUPOBAHMWUA: lumparos J1.P, ®ammaxosa A./. Onpeaenexne ycunusi B rubkom ynope KoMOMHUPOBaHHOM MNTbI
C MCMNonb3oBaHeM NpodunupoBaHHoro Hactuna // BectHuk MIFCY. 2021. T. 16. Bein. 8. C. 997—-1005. DOI: 10.22227/1997-
0935.2021.8.997-1005

Flexible stop’s force determining method in a combined plate using profiled
flooring

Linur R. Gimranov, Alsou E. Fattakhova
Kazan State University of Architecture and Engineering (KSUAE); Kazan, Russian Federation

ABSTRACT

Introduction. Steel-reinforced concrete floors with profiled decking are most often used in steel frame buildings. The joint
work of the floor slab and tertiary beam is ensured by shear studs. The article discusses a shear studs stress determining
method from horizontal load. Studs are placed along the slab’s perimeter. The method based on the bolts’ group calculation
analogy.

Materials and methods. Based on the bolts group calculation design expressions were derived to determine the force
in shear studs. To determine the obtained values reliability a finite element calculation was performed using the Lira-CAD
software package. Different aspect ratios slabs samples were considered. The solution’s convergence was determined by
various methods for a plate with 0.6 x 0.6 m dimensions with a small number of studs, after which the proposed solution
convergence was studied for real dimensions of plates with a large number of flexible stops.

Results. The resulting formula allows determining the stress in each flexible stop, in particular in the most loaded corner
studs. The computer calculation was performed for the proposed method clarity and using possibility. The method’s use
restriction was determined. In addition, the shear studs’ geometric characteristic’s definition explanations are given.
Conclusions. The proposed calculation method allows to determinate any structural section’s shear stud’s stress. There-
fore, it allows to choose stud’s optimal cross-section area or check its bearing capacity in the existing buildings and struc-
tures floors. Moreover, the stress value allows to determine the stud’s and a whole slab’s deformations.

KEYWORDS: shear studs, shear stiffness, horizontal loads, shear forces, wind load, temperature effect, stud’s bearing
capacity
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BBEJAEHUE

OcHoBHast Harpy3Ka JiIsl 3AaHUN HeOOBIIOH 3Tax-
HOCTH — BEPTHKAJIbHAS, C YBEIHUYECHHUEM 3TAKHOCTH
3HauY€HHE FOPU30HTAJIBHBIX HArPy30K YBEINYHBACTCS.
[TpuunHO# TOMY MOTYT OBITH BETPOBBIE, CEHCMUYECKHE
Harpys3KH, B 3aBUCHMOCTH OT Ha3HAYEHH 3JaHUS MOTYT
OBITH HArpy3KH OT 00OPYIOBAHUS WM MamuH. [opu-
30HTaJIbHBIE HArPy3KH BOCIPHUHUMAIOTCS JIHCKAMU
MIEPEKPBITHS, & UMEHHO THOKHUMHM yIIOpaMH, 00beTUHS-
IOITIMHA PabOTy KeTIe300eTOHHOH TITUTHI, IPOPIITHPO-
BAaHHOTO HACTHJIA M OAJIOK.

B 3apy0erxHoi nTeparype uMeercst pasJiel pac-
YETOB KOMOMHUPOBAHHBIX MEPEKPBITHIA C YIETOM JEH-
CTBHS TOPU3OHTANIBHBIX HArpy3oK [ 1, 2]. OnHako OCHOB-
HOHM aKIEHT cJejaH Ha ONpeaelicHHEe Hecyluel
CIIOCOOHOCTH, a CII0CO0 YCTaHOBJICHUSI YCHITUSI HE TIPH-
BOIUTCA. B oTedecTBeHHOM THTEpaType MOAOOHOTO pa3-
JIeJ1a pacyeToB HeT. PekoMeH a1y 1o mogoopy CeueHuH,
mrara MOCTaHOBKH TMOKHMX YIIOPOB OCHOBBIBAIOTCS
Ha obecrieueHur COBMECTHON paboThI kene300eToHa
1 HECHEMHOH omayOKu U3 Mpo(UIMPOBAHHOTO JIFICTA
[3-5]. Kpome Toro, onpezeneHue ycunuii B yropax ocra-
ercd 3a7a4el MHKEeHepa.

W3yuyenue oreuecTBEHHON HOPMATUBHOM JIUTEpa-
TypbI IO3BOJIMIIO CIENIaTh BBIBOJ, YTO MEPEMEIICHHS
KapKacoB 3/1aHNH, B YaCTHOCTH KOMOWHHPOBAHHBIX JNC-
KOB IEPEKPBITHH C UCIIOIb30BaHUEM ITPODUITHPOBAHHO-
ro HacTUJIa, OT AEHUCTBUS TOPU3OHTAIBHON HAarpy3ku
HE perinaMeHTHpYIoTcs. B 3apy0eXHBIX MCTOYHHKAX
JlaHHas TeMa 3aTparuBaetcs [6, 7], olHAKO TakKe Mallo
n3ydeHa. B pesynbrare yero Obu1a mocrapieHa 3a1a4a —
pa3paboTarh METO/ pacueTa KOMOMHHUPOBAHHBIX Mepe-
KPBITHI Ha TOPH30HTAJIBHBIC HATPY3KH, & TAKXKE OLCHKN
JOMYCTUMBIX Ae(opMaIuii OT FOpU30HTAIBHBIX HATPYy-
30K. B paborax [8, 9] otMedeHo, 4TO THOKHE YITOPHI TPH
BEPTHKAJIBHOI Harpyske MpakTHUECKH He padoTaroT.
A B yOnukanui [ 10] ykazaHo, 4TO OCHOBHYIO POJIb ITPpH
OIIPE/ICIICHUH TTEPEMEIICHHUH BBITIOIHSIOT THOKHE YIIOPHI.
ITpn 5TOM BO3HMK BOTIPOC BBISBICHHSI YCHINI B THOKHX
yIopax JUisl JaTbHEHIIIEro yCTaHOBIICHUS ITepeMeTeHHH.

Tak kak CTaJ'le)KeJ'Ie306eTOHHLIe IININThI B OCHOBHOM
OTHPAIOT Ha OAJIKU HACTHMIIA 11O YeThIpeM cTopoHam [11],
TO paccMaTpUBAJIACh 3a/1a4a, B KOTOPOi THOKNE YIOPHI
HaXOJSITCS 110 KOHTYPY siueiku OalouHoM KieTku. B ka-
qeCcTBE THOKHX YHOOpOB Yami€ BCEro NpuMEHAOT CTad-
00NITEI — HEOOBINNE CTEPKHN KPYTIIOTO CEYCHUS THa-
METPOM OT 6 10 25 MM €O LUISIIIKOW Ha OJJHOM KOHIIE.
Cran-00NThI, PacroyioKEHHBIE 110 TIEPUMETPY TUIUTHI,
HAIOMMHAIOT TPYIILy OOJITOB, OTCIO/la BO3HUKIIA UEs
BO3MOKHOCTH OIIPEJICNICHUs] yCHIIUSI B THOKOM YIIOpE Kak
B TpyIre OOJNTOB.

B naHHO# cTaThe OMMCHIBACTCS CIOCOO HAXOXK/IE-
HUS YCHIIHSA B CTa-001Te, CIIOCOOBI ONpPEAeTICHNS Te0-
METPHUYECKHUX XapaKTEPHCTHK UX TPYyTIIbL. {715t BEIsICHE-
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HUSI TPUMEHUMOCTH PEJIIOKEHHOTO CII0C00a BHITIOIHEH
pacuert Ha 1K Jlupa-CAIIP. [IpoBeneH cpaBHUTEIbHBIH
aHAJIN3 Pe3yJabTATOB, MTOMYyUYEHHBIX PYYHBIM U MAIIWH-
HBIM pacuyeTaMH. b1 BBEICHBI yTOUHEHUS 10 BO3MOXK-
HOCTH NPUMEHEHUsI MpeAIokeHHOM (hopmysbl. [Tpuse-
JICHHBIN CII0CO0 MTO3BOJIUT ONPEAEIISTH 3HAUCHUS Y CUITHIA
B THOKHX yropax, He rpuberas k pacieram Ha OBM.

MATEPHAJIBI U METO/bI

WmxeHepHas 3ajada COCTOUT B TOM, YTOOBI TIPO-
CTEHIITIM ITyTEM YCTaHOBUTH T WII MHBIC 3HAYCHUS 03
OTeph TOYHOCTH. IIpn paccMOTpeHUH CTIOCOOOB BHI-
SIBTICHUS TIePEMEIIICHI I KOMOWMHIPOBAHHOM TUTUTHI TIepe-
KPBITHS TIOTPEOOBANIOCH Y3HATH YCHIIHE B THOKOM YIIOpeE.

B nporecce n3yueHus pyKoBOACTBA MO MPOEKTH-
posanmio nuadparm [12], a Takxke crareit [13, 14] 3a-
MEUEHO, YTO THOKHUE YIIOPBI, 00ECIICINBAIOIINE COBMECT-
HOCTb PaOOTHI TYCHKH OATOUHON KIETKU U CAaMOH TUTUTHI,
paboTaroT aHAJOTHYHO TPYIIE OOITOB, HATPYKEHHBIX
HEKON Harpy3KoH, MPUII0KEHHOMN C 3KCIIEHTPUCUTETOM.
Jedopmanust mIuThl KBaApaTHOH (GOPMBI B TUIAHE MTPU
TOPU30HTAJIBHBIX HArpy3Kax Mpe/cTaBiIeHa Ha puc. 1, a.
BuHo, uTo paMka (siueiika 0aa09uHOM KISTKH) OyATO ObI
MpOBOPAYMUBACTCA BOKPYI LCHTpPA TAXKCECTHU MJIHUTHI,
U B TO e BpeMst 1e(hOpMUPYETCsl OT CABUIAIOLINX YCH-
nuit: popma craa poMOOBUIHOMN. AHATIOTMYHBII XapaK-
Tep e opMali rpyNIbl OOJITOB B COSJMHEHHH, Pabo-
TaKOIIEM Ha MTONEPEYHYIO HAarpy3Ky ¥ MOMEHT (puc. 1, b),
TO3BOJIMJI BBIIBUHYTH THIIOTE3Y, YTO, UCIIOJIB3Yys TC KE
(b opMyJIbL, 4TO U JIJIs OOITOBOTO COCMHCHHS, BO3MOXKHO
OIIPEJIEIUTh YCHINE B THOKOM YIIOpe.

Puc. 1. CpaBHEeHHE PaCUCTHBIX CXeM Ae(POPMALIii: @ — IUTHTHI
¢ THOKMMH yIIOpamu; b — Tpymiisl 60ITOB

Fig. 1. Calculated deformation schemes comparison: a — plates
with flexible stops; b — groups of bolts

B tpyne [15] paccmarpuBaeTcst HECKOIBKO BapUaH-
TOB ONPEAETIEHUS yCUIINS I pa3INIHbIX CIIy4aeB IpU-
JIOXKEHUS Harpy3ku. Jns peleHys JaHHO! 3a/1a4u MO~
XOJUJIN TPH cHoco0a pemeHus: TaKk Ha3bIBaEMbIH
YIPYTuii METOJI, MeTOJ] MTHOBEHHOT'O IEHTPA BPAIIEHHS
1 UTePalliOHHBII METO/ yCTAHOBJICHNUS ICHTPA TSHKECTH.
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Y4uTBIBas JOCTOWHCTBA U HEOCTATKU MEPEUNCIICHHBIX
METO/IOB, OBUIO TIPHHSTO PELICHHE, YTO YIPYTHH METO
MOAXOIUT Oosee ocTanbHbIX. Ero cyTh 3akitouaercs
B CyMMHPOBaHMH BEKTOPOB YCHJIMH OT C/IBUTA U Bpallle-
Hus (puc. 2). ITo cpaBHEHHIO ¢ IByMS IpyTUMH METOIa-
MH, TPeOYyIOIMMHU HECKOIBKUX NTEepannii, BEIOpAaHHBINA
METO/] T03BOJISIET ONPENEIUTh 3HAUEHHE YCUIIUS CPasy.
OnHako MeTox 00J1a/1aeT HEeCYIIeCTBEHHBIM HEI0CTaT-
KOM: 3aBbllICHHbIC 3HaueHus ycuini [16]. [Togo0HbIM
HEI0CTAaTKOM MOKHO NpeHeOpedb, IOTOMY YTO 3aBbI-
IIEHHOE 3HAYEeHHUE UJIET B 3arac MPOYHOCTH PACCUUTHI-
BaeMbIX ynopoB. Kpome Toro, MbI canTaem He 60JITOBOE
COEIMHEHUE, a pelllcHUue OepeM B KauecTBE aHAJIOTa.
Yennue B 6onTe onpeessieTcst Kak CyMMa yCHITHS
OT MepeMeIIeHUs BJI0TIb OCH ICHCTBUS CUIIBI U OT IIOBO-
poTa BOKPYT HEHTPA TSHKECTH rpymmbl 6onToB. CTpen-

C UCMOAb30BaHUEM MPOPHUAMPOBAHHOIO HaCcTUAa C. 997-1005
F
Or=— (2)
n
M X2+ y.2
Oy =—Ay~——, (3)
J, 2
[2 2
X7+
M, = FF—yF, 4)
2
2, 2 2, 2
x:+y: A Xy +
QM,-=FJ Pt A O
2 J, 2
2
1 ’ \/xi2+yi2 Ab Vx%—i_y}z'"
0, =F " + 5 T 7 , (6)

KaMH Ha pHC. 2 MOKa3aHbl COCTABIISIIONINE OT TIOBOPOTA
Oy 1 ot caBura Q.

Yeunue B i-oM 60JITE €CTh CyMMa BEKTOPOB YCHIIHS
ot ciBura Qp; u nosopota 0, (Boipaxkenue (1)). Cusu-
rarolias Cuja paBHOMEPHO pacIpe/iessieTCsi MeXKLy BCe-
Mu OonTamu (2), B TO BpeMsl KaK YCHIINE OT ITOBOPOTa
OIpe/IeNsAeTCs KaK MPOU3BE/ICHHE KPYTSIIEro MOMEHTA
Ha IUIONIa b CEYCHHUs BCeX OOJTOB, JIEJICHHOE Ha I10-
JISIPHBI MOMEHT MHEPLIUH U YMHO)KEHHOE Ha PACCTOSIHUE
MEXy IEHTPAaMH TsDKeCTH 0oiTa U IHTHL. B hopmyne
(3) uepes x; u y; 0003HAUCHBI PACCTOSHUS 110 IIUPUHE
U JUTMHE MTHL. CaM KPYTAIINI MOMEHT paBeH MpOu3-
BEJ/ICHHIO C/IBUTAOIIECH CHIIBI HA TUIEUO, PABHOE PaccTo-
STHUIO OT TOYKH TIPHIIOKEHHS CHIIBI IO IIEHTPA TSHKECTH
Tkl [1o aHamoruu ¢ popmysoii (3) miedo 6110 000-
3HAUEHO Yepe3 X, U Vp. [loactasisist popmymnst (2)—(4)
B BoIpaxkeHue (1), momyuum popmyiy (6) st onpese-
JICHUS YCHUIIHSL B TFOOOM OOIITE TITUTHL:

0, =0} + 0y (1)

QMJ'

Puc. 2. Yeunus B 60sTax oT MOBOPOTA M CJIBUTA

Fig. 2. Pivot and shear bolt forces

p

rae n — oOlee KOIU4ecTBO CTaf-001ToB; A, — ImIo-
1I[a]Tb CCUCHUSI TPYIIIBI OOJITOB; Jp — MOJIAPHBIN MOMEHT
MHEPIUH TPYIIbI 00JTOB OTHOCUTEIILHO LIEHTPA TSHKE-
CTH.

B mpoBenennsIx panee uccienoanusx [17] ycra-
HOBJICHO, YTO YIJIOBBIE THOKHUE YIIOPBI O0JIEE OCTAIBHBIX
HAIpSHKEHBI U TTO/IBEPIKEHBI TIOJIOMKE, TIO3TOMY B IIEPBYIO
ouepesb PACCMOTPUM YIIIOBOH THOKHUIA YIIOp, IS KOTO-
poro x; = xp = b/2, y, = yp = l/2, nosromy opmyina (6)
npumeT Buz (7)

2
LY (4 (67+0)

0=F = |+ S—". @

n J 4

P

rae b X [ — pa3Mepsl TUTUTHI B TUIAHE.
OTmeTuM, 4TO HaJIM4Ke B hopMylie TeoMeTpuye-
CKUX XapaKTepHCTHUK MO3BOJISIET YUUTHIBATh PA3INIHbIC
KOHCTPYKTHBHBIE pellleHHsi THOKKX yropos. Ecin npe-

AYCMOTPECHO PA3JIUYHOC PCUICHUC YIIOPOB MO AJIUHE

On| On Qp F

15

O

————
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Y IIUPUHE TUTUTHI, TO MOXKHO BBECTH KOO (HUIMEHT NpH-
BE/ICHUS TEOMETPUUECKUX XapaKTEPUCTUK THOKUX yIIO-
POB K 011HOI Mojien. B aToM cirydae pacyeTHast MOAETb
TIEPEKPBITUS Oy/IET yIpOIIeHa.

Jlns onpenieneHus (pUMEHUMOCTH JaHHOH (popMy-
ne1 BeImontHeH pacdet Ha [IK JIupa-CATIIP. Jlanee mpo-
BEJICH CPAaBHUTEIbHBIN aHAIN3 TOJXYYCHHBIX yCHIIHH,
BBIYHMCIICHHBIX Pa3HBIMH METOJAMH, YTO JIAJI0 BO3MOXK-
HOCTB HAINIAAHO MPOACMOHCTPUPOBATH T'MIIOTE3Y, a TaK-
K€ YCTAaHOBUTH TOUYHOCTH MOJIy4aeMbIX PE3yJIETaTOB
OTHOCHUTEJIBHO Hanbosee pacpocTpaHEeHHOTo crocoba
pacuera.

Paccmotpena muta pazmepamu 0,6 x 0,6 M, omep-
Tast IO YETHIPEM CTOPOHAM, THOKHE YIOPBI — CTa-
60NTHI TOCTABJICHBI 110 BCeMy KOHTYpY. Ha puc. 3 mpen-
CTaBJIEHAa MOJIeb JAHHOM MINUTHI, mocTpoeHHas B I1K
JIupa-CAIIP.

CrepyKHH, MOJIENUPYIOIIHE OaJKi HACTHIIA, OBLTH
TIPUHATHI 1ByTaBpoBoro ceueHust Ne 6052, rudkue ymo-
poI (cTag-60nTel tuameTpom 20 MM) 3aJaHbI CTEPIKHAMHE
JUTHOM 5 MM, 4TOOBI PaKTHYECKU UCKITIOYUTD UX U3THO.
Cama muinTa CMOZIETMPOBAHA IUTACTHHAMM TOJIINHON
B 13 MM, C )KECTKOCTHBIMH XapaKTEPUCTHKAMHU OCTOHA
B25. To yram muTa mapHupHoO 3akperieHa. Harpys-
Ka IpuKJIaabiBajIachb Ha 6aHKI/I HacCcTHuja Tak, YTOOBI pam-
Ka MOTJIa CABUTATHCSI M IPOBOPAYUBATHCSI OTHOCUTEIBEHO
3aKpEIUICHHON TUINTHI. DTa MOJEIb YK€ NPUMEHAIach
B MpEABLAYIINX UccienoBanusx [7, 17] u nopaborana
TaKUM 00pa3oM, 4ToOBI pe3ysIbTar ObLT OJIM30K K pealib-
HOM paboTe KOMOMHUPOBAHHOTO MEPEKPHITHS C HCITOTh-
30BaHUEM NPO(IINPOBAHHOTO HACTHIIA.

Ha obpasen npuiioxkeHa Harpy3ka, HarpaBJIieHHas
Baosb ocu O,, F'= 50 kH. B pe3ynbrarax uucieHHOro
SKCIIEPUMEHTA HAaC HHTepecoBaiy 3HaueHus O, u Q..

Jlasee BBIUNCIICHBI 3HAYCHHS YCHIINH B YIIIOBOM
ynope o popmysie (7). [ToiaydeHHBIC B pe3ysibTaTe KOM-
NBIOTCPHOIO0 MOACIIMPOBAHUA 3HAYCHUA CPABHUBAJINCH
C BBIYHMCICHHBIMH TI0 (popMynaM. YTOOBI ONIpEneIuTsh,
HACKOJIBKO TOYHO MOKHO PaCCUMUTATh YCHIHS B IIUTE

peambHBIX Pa3MEpPOB, PACCMOTPEH 00pasel] pazMepaMu
6 X 6 M, KECTKOCTH H IIIar MOCTAHOBKU THOKHUX YTIOPOB
OCTaBaJIUCh MTPEIKHUMU.

[Tocme gero OBLTH 3aMOJETUPOBAHEI €IIIe TPH ILTH-
THI C TEMH K€ XapaKTEPUCTHKAMU, HO C COOTHOIIICHUEM
cropor 1:2,2:3 1 1:3,3 x6M,4X6MuU2 X 6M COOT-
BETCTBEHHO. Harpyska mpuiokeHa Kak K OOJbIIIeH, Tak
U K MeHbIle ctoponaM. Omnpenensiiach BO3MOXHOCTh
MIPUMEHEHHS MTPEIIOKEHHOTO CII0Cc0o0a TS TPSIMOYTOITh-
HBIX B IUTAHE TUTUT. 3/I€Ch XK€, C YUETOM BBIBOJIOB, CJIC-
JIAHHBIX TIOCJIE TIEPBOTO aHAIM3a Pe3yJbTaToB, CPaBHU-
BAJIHCH JIUIITH 3HAYCHUS YCHIINH, TOTYICHHBIX B YIIIOBBIX
cTaa-0onTax.

PE3YJBTATHBI HCCJIEJOBAHUSA

Paccunraem ycunaue B yrimoBoM 'MOKOM ymope
o BeIBeNleHHOW (popmyre (7). s Hadana BEIYUCITHM
TeOMETPHUYECKHE XapaKTEPUCTHKH, KOTOPbIE OYIyT O/lU-
HAaKOBBIMH JUIA BceX OOJITOB.

[Inomans ceueHus BCeX cTag-00ITOB A, yCcTaHaB-
JUBaeTcs 1o hopmyse:

nd? (20 mm)’

A, =nT=24-3,14~ =7536 Mmm2, (8)

rae d =20 MM — auametp cran-6onta; n =24 — obmiee
KOJIMYECTBO CTa/1-00JITOB.

IlonspHBIi MOMEHT UHEPLIMK OTHOCUTEIILHO LICHTPA
TSDKECTH IUIHTHI J,, onpezensiicst o dopmyse (9):

Jp=2(in+Ai(y,~2+x,~2))=

n
i=1

(€))

TJIe X; — PacCTOsSHUE OT IIEHTPa TSKECTH i-To OosTa
JIO LEHTpPa TAXKECTU BCEH MIIUTHI MO IHUPUHE MIIUTHI;
¥V;— PaccTOsTHKE OT LIEHTPa TSKECTH i-r0 OO0NTa 10 LIEH-
Tpa TSHKECTH BCEH TUINTHI 110 JAJIMHE TUIUTHI.

Puc. 3. O6I.L[I/Iﬁ BU KOMHL}OTepHOﬁ MOJC/IN KOM6I/IHI/IpOBaHHOﬁ TUIATBI MIEPEKPLITUSA C UCIIOJIB30BAHUEM HpO(I)I/IJ'II/IpoBaHHOFO

HacTuJia

Fig. 3. Combined floor slab using profiled flooring computer model general view
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C UCMOAb30BaHUEM MPOGUAMPOBAHHOIO HacTUAa

Jyist ynpoIeHus: pacyeToB CyMMa KBaJIpaToB pac-
CTOSIHMU JUIsl IPUBEACHUS LIECHTPOB TSKECTU KaXkJIOTO
cTaj-00JITa K HEHTPY TSHKECTH BCEH IUTUTHI ObliIa pelie-
Ha KaK [TPOM3BEIeHIE KBa/IpaTa [1ara MoCTaHOBKH CTa/l-
00JITOB Ha CyMMY KBa/IpaToB /1 MEPBBIX HATypPaTbHbBIX
grcel. Tak Kak HEeHTP TSHKECTH TUIMTHI HaXOAUTCS T10-
CEepeIHHE, TO IOCTATOYHO ONPEACIIUTE CyMMY KBapaTtoB
paccTOsHUI [UIsl OHOM MOJIOBUHBI. Takum oOpazom,
noy4ensl Gopmyisr (11) u (12). OqHako KOIMUECTBO
0O0JITOB B OJTHOM HaIPaBJICHUH OBLIO HEYETHBIM, & B JIpY-
TOM — YETHBIM, ITO3TOMY JUISI HEYETHOTO KOJINYECTBA
0ONTOB MPUMEHEHA CyMMa KBaJPaToB /1 TIEPBBIX HEUCT-
HBIX HaTypanbHbIX grcen (11), a 1t geTHOTO KOmmude-
CTBa — CyMMa KBaJIpaToB 71 IEPBBIX HATYPAJIbHBIX YHCEll
(12). Tak, moncraBus BeipaskeHus (11) u (12) B (10),
MOJYyYUM (GOPMYITY JUIsl OTIPE/ICICHHUS MOJSIPHOTO MO-
MEHTa MHepLuH Tpymis! 6oaros (13).

Y ex)=Y (0
i=1 i=1 i=l
" 2
-
Yy2=2 (@3) e (1)
i=1 i 2 3 ’
ny—l ny—l+1 2ny—1+]
LA , 2 2
in =2|dl; ; ,  (12)
i=1
di’n, (nf —1) .
J =n£+nﬁ;d2 12 (13)
P32 4 dbizny(ny+1)(ny+2) ’

4

12

e 7, = 6 — KOJIMYECTBO CTa-00ITOB 11O IIMPHHE TUTH-
TBI; 1, = 6 — KOJIMYECTBO CTA-00JITOB I10 JUIMHE IIJIUTHL;
dl; =100 MM — m1ar HOCTaHOBKH CTa/1-00JITOB I10 U~

He nThL; db; = 100 MM — I1ar HOCTaHOBKH CTaI-00/ITOB
0 INMPUHE TIIUTHI.

(20 mm)* (20 mm)’
=24 g 314
(100 mm)* -6(6> 1)
+
X 122 =6,90-10° mm*. (14)
(100 mm)”-6(6-1)(6+2)

12

Teneps MOXXHO TEOPETHUCCKH OITPECIUTh YCUITHE
B YIVIOBOM CTajJ-OosTe:

7536 Mm? "
6,90-10° mm*

((600 mm)’ +(600 MM)2) )
4

1 2
=50kH || — | +
0=30x (24j

X

=8,341 kH. (15)

BrImcaHbl pe3ynbTaThl YUCICHHOTO SKCIICPUMCH-
Ta obpasma pazmepamu 0,6 x 0,6 m (tadn. 1). Pamka
COCTOUT U3 YETHIPEX 0ANOK, 3HAUCHUS YCUITHH B KQXKI0H
ObLTH IPUOJIM3UTEIBHO PAaBHBIMH, TIOITOMY B TaOJIHIIE
MPEICTABICHBI 3HAYCHUSI JIJIsT OJJHOW OaJiku. 3HAYCHHE
YCHITUSL TS CPABHCHHUS C PYYHBIM PACICTOM PACCUUTHI-
BAJIOCH KaK CyMMa BEKTOpoB ycunuii N u O, B banke
B MECTE KpETUICHHUS THOKOTO yIopa.

Pasnuna 3HaueHuii 11s1 yIOBBIX YIIOPOB HE Ipe-
BoImaeT 1,5 %, 4To MO3BOJSET CeaTh BHIBOJ O BO3-
MOXKHOCTH MIPUMEHEHHsI JAHHOTO Crocoba. 3aMeTum,
YTO pa3HHUIA 3HAYCHUH B 0OJITaX, PACTIONIOKCHHBIX OJTH-
e K IEHTPY Oallku, BO3pacTacT.

B kauecTBe sKcTIepruMeHTa MOACTH ObLITa YBEIINYe-
Ha JI0 HaTypaJIbHBIX Pa3MEpOB, T.€. KOTHMIECTBO CTaM-
00J1TOB B Oaske Bo3pociio 10 60. B aTom citydae 3Have-
HUs yCHHHﬁ, BBIYUCJICHHBIX AaHAJIUTUYCCKU U MAIITMHHBIM
pacyeToM, COBITaaJIN TOIBKO JIJIsl 3—5 yIIIOBBIX OOJITOB.
Yewius B MOCIIEAYIOMUX 00ITaX, PaCcIoI0KEHHBIX OJTH-
xKe K cepenuHe 6anmku, ommmdanuch Ha 20—60 %. Takmm
00pa3oM, MOXHO CIENaTh BBIBOJ, UTO MAaHHBIN CTIOCO0
MOYKHO HCTIOJTB30BaTh TOJBKO IS OTPEIEICHUS Y CHUITHS
B YIVIOBBIX THOKHX yIOpax.

Taba. 1. CpaBHEeHHE yCUIIHIA, TOTYyYCHHBIX B PE3y/IbTaTe YHCICHHOTO SKCIEPUMEHTA CO 3HAUCHHUSIMH, TTOIYIeHHBIMH

AHAJTIMTUYCCKU

Table 1. Comparison of the numerical experiment effort with the values obtained

Howmep 6onta

Bolt number ! 2 3 4 > 6
Pyunoit 8,341 8,339 8,338 8,338 8,339 8,341

Yeunue Hand
Effort i
Mautmssii 8,268 7327 6,829 6,825 731 8,242
Machine
Paznuna, %
R — 0.9 12,1 18.1 18,1 12.3 12
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Jlis moATBEpKACHUS TaHHOW T'MIOTE3bl pACCMO-
TPEHBI 00Pa3IbI IUTUT C PA3HBIM COOTHOILICHUEM CTOPOH
(puc. 4), 3aMONIETUPOBAHHBIX B HATyPAIbHYIO BEINYHHY.
Pe3ynbTaThl BBISIBICHHS YCHUIINHN B YITIOBBIX 00NTax, Ha-
XOIAIINXCA HA YTy PaMKH C IPHIIOKCHUEM Harpy3KH,
TIPUBE/ICHBI B Ta0I. 2.

AHaIMTHYECKHUN pacueT CpaBHEH C Pe3yabTaTaMH,
MOy YCHHBIMH IIPU pacyeTe Ha MPOTrPaMMHOM KOMITJICK-
ce. JloCTOBEpHOCTD Pe3yIbTaToB, MTOTyYEeHHBIX YHUCIICH-
HBIM 3KCIIEPUMEHTOM, OTHCHIBAIIACH B PAHEE OITyOIIMKO-
BaHHBIX cTarhsx [10, 17].

OTMeTUM, YTO MPEATIOKEHHBIN CITOCO0 HE TT03BO-
JIeT YCTaHOBUTH TOPU30HTAIBHYIO U BEPTUKAIBHYIO
MIPOCKIIMH YCHIIMH B CTa1-001TaxX, KOTOPbIE TPHBOJISTCS
B MMPOTPaMMHOM KOMIIJIEKCE, T03TOMY B TaOJIHIIE MPH-
BEJICHBI CyMMapHBbI€ yCHUINA B 6onTax.

OO0paruMcst K pe3ysibTaram, MoJy4YeHHBIM MPU MO-
JICTTMPOBAHNH TUTUTHI MAJIBIX Pa3MEPOB U TOH 5K€ MOJICITH,

HO B HaTypajbHYIO BeNMYUHY. B Monenu pazmepom
0,6 x 0,6 M oTIpeIeNIeHO, YTO JUIsl YIJIOBBIX OOJITOB ITPO-
LICHT COBIIaIeHMs He rpeBbIiaeT 1,5 %, npu yBelnueHun
KoJIMUecTBa 001TOB (00paser; pazmepamu 6 X 6 M, cTaj-
OOJITHI OCTABJICHBI C I1aroM 10 ¢M) BBISBICHO PaCcX0XK-
JICHNE 3HaUCHNH yCHIIMHI LIeHTpalIbHBIX 001TOB. B pado-
Te [ 16] maHHBI METOJT TAKXKE Ha3bIBAIOT KOHCEPBATHUBHBIM,
MoJipa3yMeBasi oJy4eHUEe HECKOJIBKO 3aBBIIIEHHOIO
pesyibrara. B Hamem ciiydae nojydeHHbIC 3HAYCHHS
MEHBIIIE MOJYYECHHBIX B PE3YJIbTAaTe YUCICHHOTO JKCIIe-
pUMeEHTa.

Jeno B ToM, 4TO (pOpMysIa HE yUUTHIBAET PabOTy
rubxoro ymnopa B 6etone. [t yrioBsIX yrnopoB Kaca-
TEJIbHBIC HAINPSDKEHUsT OOJbIIIE, CIEMICHHEe ¢ OETOHOM
MPaKTUYECKH HE BIMsEeT Ha 3HaueHne ycunit. Kacarens-
HbIC HANpPSIKEHUS K CepeArHe 0allku YMEHBIIAITCS,
1 BIIMSHUE CLICTUICHHSI OETOHA CTAHOBUTCA OOJIee 3HAYH-
TensHBIM [17]. TIpeaioskeHHBIN METOA HE YUHUTHIBACT

CooTHolleHHe cTopoH 1:2
(mawTa 3 % 6Gm)
Aspect mitio 1:2

(slab 3

bmj bamp

CooTHolle HHe cTopod 2:3
{nanra 4 ¥ 6 M)
Aspect ratio 2:3

islab 4 =

CooTHolleHne cTopod 1:3
(nauTa 2 x 6M)
Asoect ratio 163
(slab 2 = G m)

Puc. 4. O6H.[I/II71 BUJ] KOMIIBIOTEPHBIX MOﬂeHCﬁ KOM6I/IHI/Ip0BaHHLIX TJIAT NEPEKPBITHA C UCIIOJIB30BAHUEM HpO(l)I/IJ'II/IpoBaHHOFO

HacTuJia ¢ pa3HbIM COOTHOIICHUEM CTOPOH (HOKa3aHa Harpyska, IpuiIOoKCHHas JIUIIb 110 OJTHOM CTOpOHe)

Fig. 4. Different aspect ratios combined floor slab using profiled flooring computer model general view (the load is shown

applied only on one side)

Ta6u. 2. CpaBHeHHE yCHUIIHI B YIVIOBBIX THOKUX yIIOpax MPsSMOYTOJIBHBIX B IJIAHE [UTHT
Table 2. Rectangular slabs’ corner flexible stops forces in comparison

Koopaunarsr crag-6onra Harpy3ka B1osb ATMHHON CTOPOHBI Harpyska no kopoTkoii cropone
OTHOCHTENBHO LIEHTpa Load along long side Short side load
TSDKECTH TUTUTBI, MM
Herd bolt coordinates Veunus, kH Veunus, kH
Non/m | relative to the centre of Efforts, kN © o\i Efforts, kN ° O\C’n
No. gravity of the plate, mm g § g §
Teopernueckuit TIK E é Teopernyeckuit IIK = E
pacuer JInpa-CAITP & S pacder JIupa-CATIIP a% E
i Yi Theoretical PC Theoretical PC
procedure Lira-CAD procedure Lira-CAD
1 2 3 4 6 7 8 9
1 1500 3000 3,479 3,441 1,1 3,767 3,707 1,6
2 2000 3000 3,918 3,863 1.4 4,027 3,967 1,5
3 1000 3000 3,35 3,31 1,2 4,096 4,022 1,8
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JIAHHOTO (haKTa, B Pe3yJIbTaTe 4ero yCUIIHs, Oy YeHHbIC
MIPH pacyere MpeIoKEeHHbIM METOJIOM, OOJIbIle TeX,
KOTOpBIE OBbLJIH MOJYYEHBI METOAOM KOHEUHBIX AJIEMEH-
ToB 1pu pacuere Ha OBM. B Tpyne [18] pacnimceiBaercs,
Kakasi 4yacTh YCHJIMS B CTaA-00JITax MPUXOJUTCS Ha pa-
60Ty ymopa B IIJIUTE, a Kakasi — OT CJIBUTa OaIKK Ha-
cruna. TeopeTuyeckuii pacyerT MeHbIIE IKCIIEPUMEH-
TaJIBHOTO Kak pa3 Ha 13—22 %, KOTOpbIe MPUXOIATCS
Ha paboTy aHkepa B OeToHe.

C apyroii ctoponsl, B myonukanusax [18-20] 6su1o
OTMEUYEHO, YTO YCHJIMS OT HOPMATHUBHOW HArpy3KH, He-
00XOJMBbIE ISl BBISIBIICHUS TTEPEMEILEHUI, MEHbIIE
HOPMaTUBHBIX NprOIU3UTeNsHO Ha 20 %, a mporpaMm-
HBIH KOMILIEKC OIpe/IeNsieT pacueTHble 3HaueHus. Crie-
JIOBaTEIIbHO, MPEIaraeMblii CII0co0 pacdera MOIXOAUT
JUTSL OTIPEJICIICHHSI HeCyIel CIIOCOOHOCTH 1O BTOPOH
IpYIIIE IPeIebHBIX COCTOSHHM.

PaccmoTpuM pesynbrarhbl YHCICHHOTO IKCIIEPUMEH-
Ta MPSAMOYTOJIBHBIX B IUTaHE TUIKT (Tabi. 2). B marom
Y BOCBMOM CTOJIOIIAX MPUBEICHBI CyMMapHbIC 3HAUYCHHUSI
YCHJIMH IS YTJIOBBIX CTaa-00JITOB, PACIOIOKEHHBIX
OJIMyKe BCETO K TOUKE NMPHIIOKEHHs Harpysku. Kak
U B IPUMEpE C KBAJAPATHOH B IUIaHE TUIMTON pa3HHIA
rosTyyaeMbIX 3Ha4eHui He Oomnee 2 %. OaHako npu cpas-
HEHUHU YCWIMH B O0NITax, pactoyioxeHHbIX OJIMKeE K ce-
peauHe rposiera 0anku, pa3HuIa B pe3yJbrarax yBellu-
YHBACTCS.

IIpu npuiiokeHuU Harpy3KH BAOJIb JJIMHHOM CTO-
POHBI pa3HUIlA B MOIY4YaeMbIX PyYHBIM U MAITMHHBIM
pacdeToMm 3HaueHHAX He Oonee 60 %, Kak U B cirydae
C KBaApaTHOH B Tuiane nToil. 60 % momydeHs! ams
CTaJ-00JITOB, PACTIOIOKEHHBIX OJIMKE BCETO K Cepe/IH-
He mpojera. YTo ke KacaeTcs O0JITOB MO KOPOTKUM
CTOpPOHAM, TO CXOJUMOCTb METOJIOB 0OPAaTHO MPOIIOp-
[IMOHAJIbHA KOJIMYECTBY OONTOB: JIsl cpejiHero Oonra
B YETBIPEXMETPOBOH Oanke coctaBuia 33 %, sl IBYX-
MeTpoBoit — 16 %.

Ecnu Harpyska nmpusokeHa 1o KOpoTKOi CTOpOHeE,
TO YCHJIMSI B THOKHMX yIOpax, pacroioKEeHHbIX OJnke
K Cepe/IHe IIEeCTUMETPOBBIX OAJIOK, MTOIYYal0TCs B He-
CKOJIBKO pa3 OoJIbliie TeX, KOTOPbIE MOJYUYEHBI B MPO-
rpaMMHOM KoMIuiekce. [IpumMedaresbHo, 4To ueM Ommxke
K KBaJIpaTHOH (opMe IIUTa, TEM MEHbIIE Pa3HHIIA.

To ecTh yCHIIHsI, OTYYCHHBIC IPEITIOKSHHBIM METOIOM,
6osbIre B 1,2 pasa quist IUIHTBL 4 X 6 M, a JUISL TUTATHI
2x6M—B3,2paza.

Takum 00pa3oM, MOJKHO CJIeJIaTh BBIBOJI, YTO MPE/I-
JIOKEHHBIM METOIOM MOYKHO OTIPECIISITh YCUIIHS B yIJIO-
BBIX THOKHX YIIOpax 3aKPCIUICHHBIX [0 KOHTYPY ILIHT
MIEPEKPBITHS BHE 3aBUCMOCTH OT COOTHOIICHHUS CTOPOH
1 KOJINYECTBA KPEIUICHUH. AHAJIN3 POIICHTA HECXOIH-
MOCTH 00pa3I[0B Pa3HbIX Pa3MEPOB MMO3BOJIHI 3aKITIO-
YUTh, 9TO NpH 30 U MeHee THOKUX yropax BAOIb OaJIKK
CXOAMMOCTH PYYHOI'O M MAaIlHHHOTO PACYCTOB JAOT
BO3MOYKHOCTB I0JIb30BATHCS MOy YCHHBIMU PACUCTHBIMHI
bopmynamu.

3AKJIIOYEHUE U OBCYXIAEHHUE

[TomyuyeHHBIE yCHIIHS TO3BOJIAT HE TOJIBKO OLICHUTH
HECYIIYIO CIIOCOOHOCTH HanOoJIee HarpyKEHHBIX THOKMX
ynopos 6e3 npuMeHenust 9BM, Ho U B nanpHeleM
OIIPENEeNUTH 1e(OPMATUBHOCTH THOKOTO YIIOpa, KOTopasi,
B CBOIO OYE€pe/ib, BIHSET Ha TIEPEMEILCHNS KapKaca OT-
HOCHUTEJBHO TUTUTBHI.

Pe3toMupyem BBIBOABI, CIETaHHbBIE B PE3YJIbTaTe
N3Y4EHHS IPEATIOKEHHOTO METOIA OTIPEIeTICHHS Y CHITHI
B THOKHX yTIOpax I10 aHaJIOTHHU C TPYMITOi OONITOB:

* OIIPE/ICNICHO yCHINe B THOKNX yIopax KOMOHUHH-
POBAaHHOTO CTAJICKEIE300€TOHHOTO MEPEKPBITHS C UC-
TIOJTb30BaHUEM TTPOGUINPOBAHHOTO HACTUIIA IO aHAJIO-
THH C OIIPEAEIICHIEM YCHUIIHS B TPyIIIe OOJITOB;

* MareMaTH4yecKue MpeoOpazoBaHMs TO3BOIHMIN
YHPOCTUTH BBIYHMCIICHUS TEOMETPUUECKHUX XapaKTepH-
CTHK BCEX THOKMX YIIOPOB;

* (opMyIna 1aeT HECKOJIBKO 3aHM)KCHHBIN Pe3yIlb-
TaT, a TAK)Ke MOIXOANT JIUIIb /IS ONIPEICIICHHS Y CHITHS
B YIVIOBBIX THOKHX yTIOpax;

* IPEAJIOKEHHBIM CIIOCOOOM MOXKHO paccYUTaTh
ycuius B HanOoJjiee Harpy>kKeHHOM THOKOM yIope JUIs
OIIEHKH INIEpEMEIEHH, HO He Hecyliel criocoOHoCcTH
ymopa,

e C ICIBI0 JAILHEHIINX MCCIIEOBAHUN JaHHBIN
croco0 OyaeT NPUMEHSITHCS JUIsl HePBUYHON OLEHKH
ycuinii B THOKHX yropax, oka He OyzieT HaiieH oornee
TOYHBIH c110c00.
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AHHOTALMNUA

BBepeHue. Bonpockl npo4HOCTH U fedopMaTUBHOCTM ene306eTOHHbIX NePEKPbLITUI NPU NPOAaBNNBAHNM OCTAOTCH B Ha-
CTosILL|ee BPEMS HEAOCTATOMHO M3YyYEHHbIMW, HECMOTPS Ha MMEIOLLIMECS MHOTOYMCIIEHHbIE NyBnuKaumMm B TEXHUYECKOW Nn-
TepaType. NpeacTaBneHbl pe3ynbTaThl 9KCNepMMEHTarnbHbIX UCCe4OBaHNA NPOYHOCTM Ha NpoAaBnvBaHve parMeHToB
CONpPSKEeHWS MITOCKMX >Kene300eTOHHbIX MOHOMUTHbBIX MIUT C KOMOHHOW NPpW CTaTU4YeCKoM HarpyxeHuu. Llenb nccneposa-
HMS — MoryYeHne 3KCNepPUMEHTarbHbIX AaHHBIX O HaNPsXXeHHO-AedOPMUPOBaHHOM COCTOSHUM hparmMeHTa MOHOMUTHOTO
nepekpbITAA NPU CTaTUYECKOM NpoAaBnuBaHUK 1 pa3paboTka NPOCTPaHCTBEHHON MOAENV Ha OCHOBE METOAA KOHEYHbIX
3MEMEHTOB C MocneayLLMMN YACTIEHHBIMU NCCea0BaHNAMM.

MaTepuanbi u MeToAbl. SKCNepUMeHTarnbHble CCNeaoBaHNS MPOBOAMITUCE Ha UCTbITaTENbHOM CTeHAe. [laHbl xapakTepu-
CTUKM OMbITHBIX 06Pa3LIoB: pa3Mepbl, apMUMpoBaHue, knacc 6etoHa 1 apmatypbl. OnvcaHa yctaHoBKa 415t NPOBEAEHNS UC-
nblTaHWi. [INs YMcrneHHOro MogenuMpoBaHUS y3rna COMPSPKEHUS NINUTbI C KOMOHHOW MPUMEHSNCS NPOrpaMMHBbIA KOMMIEKC
ATENA, KOTOpbI NO3BONSIET OCYLLECTBNATL (DM3NYECKN N FEOMETPUHECKN HENMHENHBIE PACcHEThI )Kene306eTOHHbIX KOHCTPYK-
LM C y4eToM pearnbHol paboTbl MaTepuanos, UCMOMb3yeMbIX NMPU CO3AaHUN SKCMEePUMEHTabHbIX Modenen.
Pe3ynbratbl. BoinonHeHo cpaBHeEHME pesynbTaToB Mo pa3pyLuatoLLen Harpyske, Noy4yeHHoe Npy NpoBEAEHUN SKCNIepPUMEH-
Ta, C pe3ynbrataMn YNCMEeHHOro MOAENMPOBaHNSA METOAOM KOHEYHbIX 3MIEMEHTOB U C pe3yrbTaTaMu BblYMUCIIEHUS MO METO-
avkam CIM63.13330.2018 n EBpokog 2. MonyyeHbl antopbl pacnpeaenexuns gecdopmaumin B apMmatype 1 6eToHe, paspyLia-
toLLMe Harpy3ku 1 Cxembl pacnpefeneHns TpewmnH oopasLoB.

BbiBoAbl. AHann3 akcnepMMeHTanbHbIX U YACIEHHbIX NCCNEAOBaHMI NO3BONNA CPOPMYNMpPOBaThb YCIIOBUS MPOYHOCTH
Ha NpoAaBnMBaHue MIOCKMX NINUT C MPOAONbHLIM apMUPOBaHNEM 1 AaTb PeKOMeHAauuM No pacyeTy Ha NPOYHOCTb Npu
LleHTpanbHOM HarpyeHun. HanpspkeHns B ropu3oHTanbHOM apmaTtype v HopMarbHble HanpshkeHus cxaTus B 0eToHe nnu-
Tbl B CTAAMKN paspyLUEHNs OT BEPTUKaNbHOro NPoAaBNMBaHNsA MOryT HE AOCTUraTb PaCHETHbIX NPeAenbHbIX 3HaveHnn. Me-
ToAMKa UX onpeaeneHns SBnseTcs npegmMeTom AanbHenWwmnx nccnesoBaHmin.

KNIOYEBbLIE CNNOBA: vccnenoBaHue, ctatudeckas Harpyska, 6e3banoyHas nnvTa, NPOYHOCTb Ha NpoAaBnuBaHue, ae-
dopmMauum, MeTos KOHEYHbIX ArIEMEHTOB
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Experimental and theoretical study of the strength of plates for pressure
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ABSTRACT

Introduction. The issues of strength and deformability of reinforced concrete floors during punching remain insufficiently
studied at present, despite the numerous publications in the technical literature. This article presents the results of experi-
mental studies of the punching shear strength of fragments of conjugation of flat reinforced concrete monolithic slabs with
a column under static loading. The purpose of these studies was to obtain experimental data on the stress-strain state
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of a fragment of a monolithic floor during static punching and to develop a spatial model based on the finite element method
with subsequent numerical studies.

Materials and methods. Experimental studies were carried out on a test bench. The characteristics of prototypes are given:
dimensions, reinforcement, class of concrete and reinforcement. A test setup is described. For the numerical simulation
of the slab-column interface, the ATENA software package was used, which allows for physically and geometrically nonlinear
calculations of reinforced concrete structures, taking into account the real work of the materials used to create experimental
models.

Results. Comparison of the results for the breaking load, obtained during the experiment, with the results of numerical
modeling by the finite element method and with the results of calculations using the methods of SP 63.13330.2018 and
Eurocode 2. The diagrams of the distribution of deformations in reinforcement and concrete, breaking loads and patterns
of distribution of cracks in the samples are obtained.

Conclusions. The analysis of experimental and numerical studies made it possible to formulate the conditions for the pun-
ching shear strength of flat slabs with longitudinal reinforcement and to give recommendations on the strength calculation
under central loading.

KEYWORDS: research, static load, girderless slab, punching shear strength, deformation, finite element method

FOR CITATION: Trekin N.N., Sarkisov D.Yu., Trofimov S.V,, Krylov V.V., Evstafeva E.B. Experimental and theoretical study
of the strength of plates for pressure. Vestnik MGSU [Monthly Journal on Construction and Architecture]. 2021; 16(8):1006-
1014. DOI: 10.22227/1997-0935.2021.8.1006-1014 (rus.).

BBEJAEHUE

Bomnpocsr nmpounocTH 1 1epOpMaTUBHOCTH XKeTe-
300€TOHHBIX NEPEKPBITHI TIPH TPOJABIMBAHUH OCTAIOT-
Csl B HACTOsIIIEE BPEMsI HEOCTATOYHO M3yUEHHBIMH,
HECMOTPS Ha UMEIOIINECs] MHOTOYNCIICHHBIE TyOnnKa-
1Y B TexHUUeckol aurepatype [ 1-14]. Meronuxka pac-
YeTa Ha CTaTUYECKUE BO3ACHCTBHUS, NPEICTABICHHAS
B nerctByrouiem CIT63.13330.2018, ocHoBana Ha mipe-
MOCBUIKAX, OTIIMYAIOLINXCS OT (PAKTHIECKOTO HAMPSHKEH-
HO-HeopmupoBarHoro coctosaus (HJIC) mpu nponas-
JUBAHUM, B YACTHOCTH, IO CXEME pa3pylIeHUsd
U pacrpeeneHus ycunuii Ha 6eTOH, TPOAOIbHYIO H 110-
TIEPEYHYI0 apMaTypy B MPEAEIBHOM TI0 TIPOYHOCTH CO-
CTOSIHUM JKeJIe300€TOHHOMN IUTUTHL. B ¢Bsi3n ¢ 3TUM M3-
yuenne HJIC ceuennit sxene300eTOHHON TUTHTHI TIPH
MpOJaBJIMBaHUN — aKTyasbHas 3aaaya [15-17].

Ha ocHOBaHHMM BBIIIEHU3I0KEHHOTO, 11€JIb HACTOS-
IIIEro UCCIIeJOBAHNS — MOJTyIEHHE SKCTICPIMEHTAIBHBIX
nanHbix 0 HJIC dgparmenTa MOHOJINTHOTO TIEPEKPBITHS
IIPY CTAaTUYECKOM IIPOJaBINBAHUU U Pa3paboTKa mpo-
CTPAHCTBEHHON MOJEIHN Ha OCHOBE METOJa KOHEYHBIX
9JIEMEHTOB C MTOCIIEAYIOINMH YHCIICHHBIMH HCCIIEA0BA-
HUSIMU.

W3-3a cnoxunoctu HAC npu npoxaBnuBaHuu Hau-
OoJiee palOHAIBHBIM IIYTEM SIBJISIETCS IKCIIEPUMEH-
TaJbHO-TEOPETUUECKOE N3yUECHHUE IIPOLIECCOB PA3BUTHS
nedopmaiuii n HalpsDKEHWH 0T MOMEHTa Harpy KeHUsl,
TPEINHOOOPA30BaHUs U 10 MPEEIbHOTO COCTOSIHUS
1o npoyHoctH [18].

MATEPHAJIBI U METO/bI

HccnenoBanus Mojielieii ObUTH IPOBE/ICHBI B JIA00-
PaTOPUH UCTIBITAHUS CTPOUTEIHHBIX KOHCTPYKIHH B ToM-
CKOM TOCYIapCTBEHHOM apXHUTEKTYPHO-CTPOUTECIHEHOM

YHHUBEPCHUTETE, COTPYIHUKH KOTOPOTO MMEIOT OITBIT IIPO-
BEIECHUS TaKUX pa60T1’ 23,4

OKCIepUMEHTAIbHbIEC NCCIIEI0BAHUS OCYIIECTBIIS-
JIUCH HA HCTIBITATEIILHOM CTEH/IE', BKITIOUAIOIIEM METall-
JIMYCCKUC TAXKU, HPUKPCIIICHHBIC TOCPECACTBOM IrackK
K CHJIOBOMY 10Ty, Ha KOTOPBIX pacroJaraiach OropHas
MeTaJuTnuecKas TpaBepca. JKCIepUMEHTAIbHbIH 00pa-
3€ll YCTaHaBIMBAJICS Ha CIEUAIBHO U3TOTOBICHHYIO
METaJUIMYECKYIO OIOpY U3 MTPOKAaTHOTO METaJuIa C JI0-
TIOJTHUTEIBHBIMU peOpaMu KECTKOCTH, KOTOPask PaCIIo-
JIOKEHa Ha cHII0BOM roaty. [1pu aTom GbuT0 0OecnedeHo
cBOOOMHOE omMpaHue oOpasma 1mo KoHTypy. [Ipomer
IJIATEl B 000WX HampaBieHUAX cocTaBisaa 500 mM.
CBepXy Ha KOJIOHHYIO 9acTh 00pasa oJeBajICsl MEeTal-
JIMYECKHUH OTOJIOBOK JUISl paclpeielieHUs Harpy3KH.
Ha oronoBok ycraHaBiIMBaJICs T'HAPABIMYECKHUI JOMKpAT
JII'-100, moaxsIroueHHbIN K MacIsTHOM CTaHIMU. Mexay
JIOMKPATOM ¥ HW)KHEH MOBEPXHOCTHIO OMOPHOU TpaBep-

' Harent RU Ne 76117 U1. TenzomeTpuueckoe ycTpoii-

CTBO JUISL U3MEpeHust leopManuii apMarypbl JKeJae300eToH-
HbIX KoHCTpyKIiuit / [lneskoB B.C., OnnokxomnsuioB I"1.,
CapkucoB [I.}O., Turaii O.10., Ucmaunos I.M.; 3asBka
Ne 2008113329/22 ot 07.04.2008; omy6:. 10.09.2008.

2 TMarent RU Ne 48225 U1. CreHp IS UCIIBITAHUS JKEJIE30-
OCTOHHBIX AJIEMEHTOB Ha KOCOE BHEIICHTPEHHOE KPAaTKOBpPE-
MEHHOE TuHaMuueckoe pactsokenue / [Tneskos B.C., Capku-
coB JI.1O.; 3asBka Ne 2005112503/22 ot 25.04.2005; omy0m.
27.09.2005.

3 Marent RU Ne 66534 U1. Veranoska JUISL DKCIIEpUMEHTAIIb-
HBIX UCCJICIOBAHUU CTPOUTEIBHBIX KOHCTpYKIUi / [lnes-
xoB B.C., Onnoxonsuios I'U., Capkucos J1.1O., Turaii O.1O.,
OpmnoxomnsuioBa O.A.; 3asBka Ne 2007110136/22 ot 19.03.2007;
omy6ur. 10.09.2007.

4 Tlarent RU Ne 2401424 C1. CTeHn 11 MCIIBITAHHUS JKeJIe-
300€TOHHBIX JIEMEHTOB Ha KPATKOBPEMEHHOE IMHAMUYECKOE
cxkarue / [lnesxoB B.C., Oguoxonsuios I.1., banaun 1.B.,
Capxkucos /.10., T'onuapor M.E., /I306a I1.B.; 3asBka
Ne 2009131954/28 ot 24.08.2009; omy6a. 10.10.2010.
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CBI pacIoyaraics CHIOU3MEPHUTENb [UIs OTIOTHUTEIIb-
HOTO KOHTPOJISI Harpy3KH Ha Tanax ucubitanus. s
TIOJTy4EHHs CBEICHHH 0 Nedopmanusax OeToHa U apMma-
TYpPBI UCTIOIB30BAINCH TEH30PE3UCTOPHI 6a30ii 20 MM

Marepuaiuos. [Ipu sTom npumeHsiemas pacyeTHas cxema
Mocjie MPOBEACHHS PacueTa yTOYHIACH B LENIX O0Ib-
IIeTO MPUONIKEHUS PacdeTHON MOJENH K HAaTypHOU
KOHCTPYKIIHH.

Ha apmartype u 6a30ii 50 Mm Ha OeTone. Bee TeHzopesu-
CTOPBI U CHJIOU3MEPHUTEIIb OBUTH TOJKITIOYEHBI K N3Me-
putenbHo cucteme MIC-036 juist perucTpaluy JaHHbIX.

CxeMa yCTaHOBKH JJIsl HCTIBITaHUS (PparMeHTOB
IUTAT Ha MIPOJIaBIMBaHIE MTOKa3aHa Ha puc. 1.

Br160p pazmepoB onbITHBIX 00pa3ioB 00yCIOBICH
TEXHUYECKHMH XapaKTePUCTHKaMH JJAHHOW yCTaHOBKH,
3a/1ayaMy SKCIIEPUMEHTA, BOZMOXKHOCTSIMH H3TOTOBIIC-
HUS U UCTIBITaHUS Mofieseit. i mpoBeieHus SKCIepu-
MEHTAJIbHBIX HCCIICIOBAHHUHN TUIUT IIEPEKPBITHS B PEIKH-
M€ MpPOJNaBIMBAHUS NPU ACHCTBUM CTAaTHYECKOU
Harpy3KH H3rOTOBJICHBI KBaJpaTHbIC 00pa3isl )parMeH-
TOB TUTOCKUX OECKAIMMTENBFHBIX JKEIIe300€TOHHBIX TUTUT
C KOJIOHHAMH, X TOJIIUHBI cocTaBisuik 100 u 120 mm.

OO0pa3ibl BHITOJIHSIINCH JIBYX THIIOB, KOTOPBIE OT-
JIMYAIIUCh TOJNIMHOHN TNIMTHON 9acTh. XapaKTepHUCTHKH
OTIBITHBIX 00PA3II0B PEICTABICHEI B Ta0M. | 1 Ha puc. 2.

I[To pe3yapraTaM 3KCIIEPUMEHTAIBHBIX HCCIECI0BA-
HUH MOJTy4eHbl BEJIMYUHBI pa3pylIarolnX Harpy3okK,
a TaK)Ke CXEMBbI TPEIMHOOOpa30BaHMsI, KOTOPBIC TTOKa-
3aHbl Ha puc. 3.

TeopeTmueckue Mccae0BaHUS OCHOBAHBI HA YHC-
JICHHOM MOJICJTUPOBAaHUU KOHCTPYKIIMH C COOIIO/ICHUEM
BCEX JIaHHBIX O TEOMETPUH KOHCTPYKIIMU ¥ CBOMCTBaX

Puc. 1. Ycranoska JUJI UCTIBITAHUS TIJIAT Ha MPOJaBJIMBAHUEC

Fig. 1. Installation for testing slabs for punching

Tao6u. 1. XapakTepuCTUKN HCIIBITAHHBIX IUTUT
Table 1. Characteristics of the tested boards

M
ng;p(L];Ka e,Mm/m | a,m/m | Aym/m | hg, M/ m Apmarypa % Ry, Mlla | R, Mlla
pastios ’ ’ ’ e Reinforcement Hy 70 MPa MPa
Sample marking
Bepxwusisi cerka @8 mar 100
CE]Z(?O 1 0.1 0.6 0.1 0.076 Huxnss cetka @8 mar 100 0.66 15.5 500
Upper mesh &8, step 100
Lower grid &8, step 100
Bepxnsist cetka I8 mar 100
CBY 0.1 0,6 012 | 0096 | Hwxnascerka D8 war 100 | o, 15,5 500
Upper mesh @8 step 100
Bottom grid &8 step 100

Ilpumeuanue: ¢ — MUPHHA CEYCHUS KOJIOHHBI; /i — BBICOTA IUTUTHI; /i) — NpPHUBEICHHAs paboyast BBICOTA CEUCHHUS; L, — KOd(-
(UIMEHT TIPOIOIBHOTO apPMUPOBAHHUS, MCIIONB3yEMBIH s HOPMAaTHBHON OIL[EHKH Hecyllel CIIoCOOHOCTH y3J1a CONPSDKEHUS
IUIATHI M KOJIOHHBI T10 HOPMaM®; R, — CpeJIHsis PU3MEHHas IPOYHOCT, OTYYEHHAS TI0 PE3y/IbTaTaM J1ab0paTOPHBIX HCTIBITA-
HMI; R, — Ipejien TeKy4ecTH apMaTypbl; MApKUPOBKa 00pa3LioB Cl?lz(?O(l 20); € — crarnueckne ucnbiranns; B20 — sokensiit
6eron kiracca B20; 72100 (120) — Bricora rumtHOH 9acTr o6pasna 100 (120) mm.

Note: ¢ — column section width; 7 is the height of the slab; 4, — reduced working height of the section; p, — coefficient of
longitudinal reinforcement used for the normative assessment of the bearing capacity of the slab and column interface according
to the standards®; R, — is the average prismatic strength obtained from the results of laboratory tests; R, — yield strength of
reinforcement; marking of samples C/Ez;lz(?o(lzo); C — static tests; B20 — heavy concrete of class B20; 2100 (120) — height of
the slab part of the sample 100 (120) mm.

> EN 1992-1-1:2004 Eurocode 2. Design of concrete structures — Part 1—1: General rules and rules for buildings, Brussels :
CEN, 2004.
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Fig. 2. Dimensions and reinforcement of prototypes
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Puc. 3. Cxembl TpemuHOo0Opa3oBaHysl NpHU pa3pymiaroliei Harpyske ans oopasuos: C;5

Fig. 3. Schemes of cracking under breaking load for specimens: C, 5,

a

b

~1(a)u CEZY

B20

iz =1 (@); CRgy =1 (b)

-1()

LZ0Z ‘g ®NSS| "9 SWIN|O/ « 9IN}08]IYOIY PUB UONONIISUOD UO [BUINOL AJUIUOI « NSOIN MIUISOA
120z ‘g »2Auiag "9 woy . (8uljuQ) 0099-70£Z NSSI (Julid) G£60-2661 NSSI + ADJIN ¥MHLODgG

1009



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 16. Buinyck 8, 2021

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 16. Issue 8, 2021

H.H. TpekuH, 4.10. Capkucos, C.B. Tpoghumos, B.B. Kpbinos, E.b. Eecmagbesa

JI71st 9uCIeHHOTO MOJCIUPOBAHUS y3J1a COTpPSIKE-
HUS TUTUTHI C KOJIOHHOHN NMPUMEHSUICA IPOTPaMMHBIN
xoMruiekc ATENA, KOTOpBIif TO3BOJISET TPOBOIUTH (hH-
3WYeCKU U TeOMETPUYECKHU HETMHEWHBIE pacuyeThl JKelle-
300€TOHHBIX KOHCTPYKIMH C Y4€TOM peaibHON paboThl
MaTepuajoB, UCTIOIB3YEMbIX IPH CO3AHUH IKCIICPUMEH-
TaJbHBIX Mojelneil. Harpumep, st sxene300eToHa yuu-
TBIBACTCS: 00pa30BaHME TPEINH, CIICTUICHHE apMaTy bl
¢ 6eToHOM U psix Apyrux (axropos [19, 20].

Pacuernas mozneuns npescTaisuia codoit y3en co-
MIPSDKEHUS TUTMTHI IEPEKPBITUS U KOJIOHHBI (1/4 yacThb
AKCMIEPUMEHTATBHOTO 00pasiia). ApMaTypHas ceTka Mo-
JIeTTMPOBAJIach CTEPKHEBBIMU KOHEUHBIMH JIEMEHTAMH.
JlaHHBIE 27IEMEHTHI HE UMEIOT M3THOHON )KECTKOCTH 1 Pa-
00TalOT TOJIBKO Ha pacTsDKeHUE-CxKaThe. Pacionoxenne
apMaTypHBIX CTEP>KHEH CTPOro COOTBETCTBOBAJIO JKC-
MIEPUMEHTAIILHBIM 00pa3Iam.

Matepuan At KOJOHHBI OBLIT IPUHAT YIPYTHH,
C MOAYJEM YHPYTOCTH Kak y OeroHna. Ilnura, konoHHa
1 OTIOpHAsI TUINTA MOJEIMPOBAINCH 00HEMHBIMH KOHEU-
HbIMHU nemMeHTaMu. Ha puc. 4 npeacrasnena 3D u ko-
Heuro-s1ementHas (KD) Mozens obpasia CE3 —1.

CpaBHEHHE MTOTyYCHHBIX 3HAYCHNH HeCyIeH cro-
COOHOCTH M3 IKCIIEPHUMEHTA M 10 pacyeTaM B IPOrpaMm-
HoM komiuiekce ATENA, o metonukam CIT 63.13330
u EC2° npuBeneno B Tabu. 2.

PacxoxieHns B 3HAYEHHUSIX HECYIIEH CTOCOOHOCTH
IIPU IIPOAABIMBAHUN MEXKAY PE3yabTaTaMU OKCIIEPUMEH-
TaJIbHBIX I/ICCHe}IOBaHHﬁ 1 pacy€TOB I10 OTCYCCTBECHHBIM
HopmaMm u o EC2° B cpetnem cocrapumu: uist CI163 —
41 %; mo EC2° — 36 %, a no K3 mozemn — 2,95 %.

ITo pesynbraram pacuera obpasua CPay — 1 makcu-
MaJIbHbIE OTHOCUTEINBHBIE Ie()OpMaIIIH B apMaType B MO-
MEHT pa3pylieHus oopasua gocturamu g, = 0,00173.

CpezHee 3HaUCHNE OTHOCUTENBHBIX Je(opmariuid,
TMIOJIyYSHHBIX B XOJI€ TPOBEICHUS SKCIIEPUMEHTA, COCTa-
BUJIO

€2 =0,001912.

cp (1)
Pacxoxk/IeHHEe MEX /Ty Pe3y/IbTaTaMHt SKCIIEPHMEHTA
1 K3 mozenu o6pasua CPA)) —1 no mokasauusm oTHO-

CHUTEJIBHBIX JiIeopMaIiii B apMaTypHBIX CTEPKHSIX B MO-

MEHT pa3pylIeHUS:

Puc. 4. 3D u KD mozens n3 nporpammuoro komriekca ATENA: / — konoHHa; 2 — onopHast IJIHTa; 3 — IUINTA IePeKPBITHS;

4 — apMaTypHBIC CTeP)KHH; 5 — TOYKa MOHHTOPHHTA NEPEMEIICHUN BIOJIb BEPTHKAILHOIN OCH; 6 — MECTO IPHIIOKEHUS

HarpyskKu; 7 — T'paHb 3aKPEIJICHUA 06pa3ua OT CMEUICHUS U3 INIOCKOCTH CUMMETPUN

Fig. 4. 3D and FE model from ATENA software package: / — column; 2 — base plate; 3 — floor slab; 4 — reinforcing bars;

5 — monitoring point of displacements along the vertical axis; 6 — place of load application; 7 — face of fixing the sample

from displacement from the plane of symmetry

Tao6u. 2. CpaBHCHHE MOMYYCHHBIX 3HAYCHUIT HECYIIIEH CITIOCOOHOCTH U3 IKCIIEPUMEHTA U 110 pacyeTam

Table 2. Comparison of the obtained values of the bearing capacity from the experiment and by calculations

MapxupoBka 0\0“ X 5°

Homep = 2 N
No 00pasnoB Rexp KH/KN | Rarpna, KH /KN | Repgez, KH /KN | Ry, kH /KN Z 2 g

" | Sample marking <11:: g <

1 CcBx —1 133,24 138 71 80 357 | 47 40

2 cBa -1 160,93 164,6 105 110 228 | 35 32

IIpumeuanue: A — pacxoxJIEHUE TEOPETUUECKUX U IKCTIEPUMEHTAIBHBIX JaHHBIX B %0.

Note: A — discrepancy between theoretical and experimental data in %.
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OKCMl _ o
£ __100=9,5 %.
SKCIT
cp

Ae= 2)

MakcrMalTbHbIC HAMTPSKCHUS CKATHSI B OETOHE y Tpa-
HU KOJIOHHBI B 3KCIICPUMCHTAJIBHBIX HUCCICIOBAHUIX
nocturanu 5 MlIla, a B KD mogenu — 6,6 MlIla.

Ha puc. 5 nmpuBeicHa cxema BepTUKAJIbHBIX Mepe-
MEIICHUI MPU MaKCUMaJIbHOM HArpy3Ke U OTMEUYCHO
PacCIIONIOKEHUE TPEIINH, (HOPMHUPYIOIIAX TUPAMU/TY TIPO-
JIaBJIUBaHMUS.

Mepesmemenns X(3), M
Displacements X(3), m

0.00036
0, (0008

—0,00019
—0,00047
—(0,00075
—0,00103
—0,00130
—0,00158
~0, 00186

NN D RN

Puc. S. [lepememnienns Todek 0Opasia BIOIb BEPTUKATBHON
OCH B MOMEHT Pa3pyIICHHs

Fig. 5. Displacement of sample points along the vertical axis
at the moment of fracture

PE3YJBTATHBI HCCJIEJOBAHUSA

Pe3ynbTarhl MPOBEICHHBIX YKCIEPUMEHTATBHBIX
U TEOPETHYCCKUX MCCIICNOBAHUI COMPOTHBICHHS y371a
CONPSIKEHUSI MEPEKPBITHS C KOJOHHOH MPOIABINBAHHUIO
n ananu3 pazsurust HJC o0pa3uoB npu HarpyxeHun
JI0 MOMCHTA Pa3pyIICHHUS MOKA3aIH CIACAYoIIee:

* TIPH HAJUYUH MPOIOJIBHOTO APMUPOBAHUS pa3-
pyuieHre oOpasiia mpu o0pa3oBaHUM TPEIIUH B PacTs-
HYTOW 30HE HE MPOUCXOMAHUT, a 00pasyeTcs mapa Cui,
bopmupyroLIas CKaTyIo 30HY OETOHA B Ipeenax Bep-
HIMHBl MHPAMUIBI IPOJABIUBAHUS U PACTIHYTYIO
W3 HIOKHEH apMaTyphl;

* COMPOTHUBJICHHE BEPTUKATIBHOMN HATPy3Ke OKa3bl-
BaeT c)karas 30Ha OeToHa, chOpMUPOBAHHAS TOBEPXHO-
CTBIO MPUBEACHHON MUPAMU/IBI TPOIABIHBAHHUS, KaK 9TO
MOKA3aHO Ha pHUC. 6;

* OCTOH CXKAaToif 30HBI B KOHTYpPaX MPUBEICHHOM
MIUPaMHUJIBI ITPOJIABIIMBAHUs padOTaeT Ha cpe3 ¢ o0Ka-
THEM;

* CONPOTHBIICHHE OCTOHA CPE3y YBEIUYUBACTCS
3a cyet oOkuMaromux ycuini [21].

C y4eToM c/IeTaHHBIX BBIBOJIOB HECYIIYIO CIIOCO0-
HOCTb (pparMeHTa IIUTHI IPH IIEHTPATEHOM MPO/IABIH-
BaHUH MOYKHO PACCUUTATh U3 BBIPAKCHUSL:

F= AredRsh,red= (3)

1€ Ry oq — TPUBEICHHAS POYHOCTH OETOHA Ha Cpe3,
paBHast

Ry rea = 2Rk, 4)

e R;, — COMpOTHBICHUE OCTOHA Ha PacTsHKCHUE OCe-
BO€; k— KOA(PHUINCHT yBETMUCHHS TPOIHOCTH Ha Cpe3
TP HATMIUHA OOKOBOTO OOXKATHS;

Ared = 4Ared1 ’

rae A,,4) — NA0IIab CTOPOHBI IPUBEICHHOM MTHPAMUIBI
MIPOJABIMBAHMS C yUETOM HAKJIOHA TpaHeH

[puseneHHas nupamuia

MpoJiaBIMBaHus
Reduced shear pyramid

A,
AN

L o o P i M ]

] T = O

J\ =
=] =

] O O a] a) L

L /\/‘ \\ ]
A

Puc. 6. Cxema npoaaBIMBaHU CTaTUIECKOU Hal"py3KOfI TUTIOCKMX TUIUT C MPOAOJIBHBIM apMHUPOBAHUEM

Fig. 6. Diagram of static load punching of flat slabs with longitudinal reinforcement
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2(b
Aredl =%‘ (5)

Bricora cxxatoi 30HEI OIpeACIACTC U3 YCIOBUSA
PaBHOBECHUA B HOPMAJIbHOM CCYCHUM IIJIMTHI Y OHOpHOﬁ
30HBI

GSAS - GSC‘AS' - GbAredl =0, (6)

IJie G,— HaIPsDKEHUE B HIDKHEH pacTsHyTOI apMaType;
0, — HaIpsDKCHUE B BEpXHEH cxkaToll apmarype; 6, —
HaIpspKeHUE B OETOHE C)KaTOM 30HBbI.

B BrIpakenue (6) BXOAAT YETHIPE HEU3BECTHBIX —
X, G, Oy, Gp. [I09TOMY BBICOTY C3KaTOM 30HBI ONIPENEITUM
TI0 OTIBITHBIM 3HAYEHUSIM HanpspkeHnit. Ha ocHoBannn
9KCIIEPUMEHTAIIBHBIX UCCIIEJOBAHUH YCTAHOBIICHO, YTO
11 o6pasiia mapkn CE2% —1 cperee 3HauCHHE BHICOTHI
CKaTOH 30HBI IPU MAKCUMAJIbHOM Harpy3Kke COCTaBUIIO
3,5 cm. Ipm aToM 1omaap 60KOBOH TOBEPXHOCTH MPH-
BEJICHHOU MpaMUIbl NpogaBauBanus —A4,,,= 257 oM>.
[Tpu HampspKEHUSIX B CKaToM OeToHe, paBHBIX 6,5 MITa,
K03(GUIMEHT yBeTUUEHHS ITPOYHOCTH Ha CPe3 110 pa-
6ote [21] ¢ yuetom BbIpaxkenus (4) cocraui 1,7.

Hecymas crocoGrocTs 06pasma CEAY) — 1, onpe-
JIeNICHHAs 10 MPEACTABICHHBIM MPEATOKEHUAM: F) =
257 - 3,4 - 13,8 =12 058,5 krc = 120,5 xH, 9ro umeer
pacxoXIeHHe OTHOCHTEIILHO SKCIIEPUMEHTAILHOTO 3Ha-
yenust 9,8 %.

3AKJIIOYEHHE

Pesynbrarel ucnbiTaHuil (hparMeHTa y3Jia ConpsiKe-
HUSI IEPEKPBITUS C KOJIOHHOM MOKAa3aiu, YTO METOANKA
CI163.13330.2018 naet 3aHMKESHHBIE PE3YJIBTATHI 110 pa3-
pylIaolei Harpy3Ke Mpu UEeHTpalbHOM MPOJIaBIuBa-
HHUM. DTO CBA3AHO C OTJIMYMUEM MPUHITOW pacueTHOM
cxeMbl oT paktudeckoro HJIC B mpenenpHOM cTaanu
Y HEeJI0y4eTa MOBBIIICHHS IPOYHOCTHBIX CBOUCTB OETO-
Ha B YCJIOBHSI 00BEMHOTO HAIPSKEHHOTO COCTOSTHUS.

Wrorn sxcneprMeHTaIbHbIX U YUCIEHHBIX HCCIe-
JIOBaHUI HA OCHOBE METOJ]a KOHEUHBIX JIEMEHTOB I10-
KazaJii, YTO MPH LEHTPAJIbHOM IPOJABIMBAHUU IIPU
HaJMYUU NPOJOJIBHOM apMaTypbl B IPEAEIBHON CTaIUI
10 HeCyIeH CIIOCOOHOCTH COTPOTHUBIICHHUE CPE3y OKa-
3bIBAET IIPUBEICHHAS IOBEPXHOCTh IMPAMUbI IIPOJaB-
JINBaHUS, UMEIOLIAsl BBICOTY, PABHYIO BBICOTE CHKaTOM
30HBI OETOHA.

IIpu 3TOM CONIPOTUBIIEHHUE CPE3Y CYLLECTBEHHO I10-
BBIIIACTCS 33 CUCT OOKOBOTO 00XKATHSI.

Hanpsixenus B ropu30oHTaIbHOM apMarype U HOp-
MaJTbHbIC HANPSKECHHSI CXKATHS B OETOHE IJIMTHI B CTA UK
paspyliieHus OT BEPTUKAIBLHOTO MPOJABIUBAHUS MOTYT
HE JIOCTUTaTh PACUETHBIX MpEEIbHbIX 3HaUeHU. Me-
TOJIMKA UX OMPEJIEIICHUS SBIISIETCSI TPEAMETOM JIATbHEN-
IIUX UCCIIEIOBAHUN.
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IIpoBepka KMBY4eCTH KOHCTPYKTHBHBIX CHCTEM U3 COOPHOIO
’KeJ1e300eTOHA 10 METOAY JHEPreTu4eCKoro dajaHca
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AHHOTALMNUA

BBepeHue. TpeboBaHus, kacatoLimecst obecneveHmns KNBYYeCTN KOHCTPYKTUBHbBIX CUCTEM, CrieayeT BbINOMHATL Ha cTagum
KOHLIENTYanbHOro NPOEKTMPOBaHUS C YH4ETOM NPUMEHEHUS Pa3NUYHbIX CTPATErMIn 3aLUMThl OT NPOrPECCHPYIOLLErO OOpyLUe-
HUs1. 10 CpaBHEHWMIO C KOHCTPYKTUBHBLIMW CUCTEMaMM U3 MOHOMUTHOTO Xene3obeToHa, cucTeMbl, 06pa3oBaHHbIe U3 COOPHbIX
ene3obeTOHHbIX 31eMEHTOB, ABMsATCA 6onee BOCNPUNMMUUBBLIMY K 3dpdhekTaM OT 0cobbix Bo3aencTBun. [Ans obecneveHns
LLeNIOCTHOCTU MOBPEXAEHHON CUCTEMbI B UCXOAHOW COOPHON KOHCTPYKTMBHOW cucTeMe HeobxoamMmo npegycmartpuBaTh
(pesepBrpoBaTh) LOCTATOYHOE KONMMYECTBO rOPU3OHTAsbHbLIX (BHYTPEHHUX U NEPUMETPUYECKMX) N BEPTUKANbHBLIX CBA3EW,
obnagaroLwmx TpebyeMoin cTeneHbo HepaspbIBHOCTU M NNacTU4eckon 4edopMaTUBHOCTH.

MaTtepuanbl u MeToabl. Vcnonb3oBany aHannTMYeckne MOLAENN CONpPOTUBIEHUSI TOPU3OHTASIbHbIX CBA3EN, OCHOBAHHbIE
Ha ypaBHEHUSIX 3HepreTnyeckoro 6anaHca cMcTeMbl.

Pe3ynbrartbl. Ha peanbHoM npyvmMepe cOOpPHOro NepeKpbITUS BbIMOMHEH pacyeT TpebyeMbix NnapamMeTpoB rOPU30OHTaNbHbIX
CBsI3ei NO NPeAOKEHHbIM 3aBUCUMOCTSIM, OCHOBAHHbLIM HAa MOLENW SHEPreTnYeckoro 6anaHca CUCTeMbl U pac4eTHbIX MO-
Oensix, BKIMOYEHHbIX B HOPMbI pasnnyHblX cTpaH. CpaBHEHWE NOMyYeHHbIX Pe3yNnbTaToB Nokasarno, YTo pacyeTHble MOAENU
HOpPM B psiie CrlyyaeB MOryT AaBaTb Hebe3onacHbl pesynbrart, 3aHmkas TpebyemMyto nnoLlanb CeYeHUss ropu3oHTasbHbIX
cBsi3en. ATO 0OBACHAETCHA TEM, UTO MPAKTUYECKM BCE 3aBMCMMOCTHM AJ11 pacyeTa CBA3EBbIX YCUMNUIA ONUPAKOTCA Ha NOCTOSIH-
Hble 3Ha4YeHUst NpeaensHoro npornda (kak npasuno, ot 1/6 o 1/10 nponerta) 6e3 NpoBepok NpeaensHoN AedopMaTUBHOCTH
rOPU30HTarbHbIX CBA3EW.

BbiBoAbl. YCTaHOBMNEHO, YTO AedOPMaTUBHOCTL CBA3EN — OAMH 13 6a30BbIX NapamMeTPOB, KOTOPbIE CrieayeT KOHTPONMMPO-
BaTb NPU MPOBEPKE XKMBYYECTN KOHCTPYKTUBHBLIX CUCTEM U3 COOPHOTO Xene3obeToHa. NpeanoXeHHbIN MeTog, OCHOBaHHbIV
Ha MONOXeHUsAX aHepreTnyeckoro 6anaHca, NO3BOMSAET y4ECTb NpedenbHyo AeOPMaTUBHOCTL FOPU3OHTANbHbIX CBS3EN
npv onpegeneHnm MeMopaHHbIX (LEnHbIX) YCUNNUA U BbIYUCUTL MakCcumarbHy0 AMHAMUYECKYIO0 peaKLmio NOBPeXaeHHOM
KOHCTPYKTUBHOW CUCTEMBI.

KNIOYEBbBIE CINOBA: xuBy4ecTb, Nporpeccupytolliee obpyLLeHne, MeTof SHepreTuyeckoro 6anaHca, ropusoHTanbHble
cBsi131, COOPHbIN ene3o6eToH, MeMBpaHHbIn 3 EKT, AUHAMUYECKOE CONPOTUBMNEHNE

AnA UUWTUPOBAHWUA: Typ B.B., Typ A.B., Jlusoz2y6 A.A. NpoBepka XNBY4eCTU KOHCTPYKTUBHBIX CUCTEM M3 COOPHOro
»xene3obeToHa No meToay aHepreTudeckoro 6anaHca // BectHuk MITCY. 2021. T. 16. Bein. 8. C. 1015-1033. DOI: 10.22227/1997-
0935.2021.8.1015-1033

Checking of the robustness of precast structural systems based
on the energy balance method

Viktor V. Tur, Andrei V. Tur, Aliaksandr A. Lizahub
Brest State Technical University (BrSTU),; Brest, Republic of Belarus

ABSTRACT

Introduction. The robustness requirements should be fulfilled already at the stage of conceptual design of the structural
system, taking into account the use of various strategies for its protection from progressive collapse. Compared to monolithic
reinforced concrete structural systems, precast concrete systems are more susceptible to the effects of accidental actions.
To ensure the integrity of the damaged system in the original prefabricated structural system, it is necessary to provide (re-
serve) a sufficient number of horizontal (internal and perimetric) and vertical ties with the required degree of continuity and
plastic deformability.

Materials and methods. Analytical models of the resistance of horizontal ties based on the equations of the energy balance
of the system.

Results. On a real example of a prefabricated floor, calculations of the required parameters of horizontal ties were per-
formed according to the proposed dependencies, based on the model of the energy balance of the system and the design
models included in the standards of various countries. Comparison of the results obtained showed that the calculation
models of the norms in a number of cases can give an unsafe result, underestimating the required cross-sectional area
of horizontal ties. This is due to the fact that all dependencies for calculating the tie forces are based on constant values
of the ultimate deflection (usually from 1/6 to 1/10 of the span) without checking the limiting deformability of horizontal ties.
Conclusions. Deformability of ties is one of the basic parameters that should be monitored when checking the robustness
of structural systems made of precast concrete. The proposed method, based on the provisions of the energy balance,
makes it possible to take into account the limiting deformability of horizontal ties when determining the membrane (chain)
forces and calculate the maximum dynamic response of the damaged structural system.
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BBEJAEHUE

Pe3oHaHCHBIE CTPOUTENEHBIE KATACTPO(DBI, UMEB-
[IMe MeCTO B TeYCHHE TocyeHero croyuerus [ 1-3], mo-
Ka3aJld, 9TO MPOBEPKY KMBYUYECTH KOHCTPYKTUBHBIX
CHCTEM B OCOOBIX PACUETHBIX CHUTYALUSIX CIIEILYeT pac-
CMaTpHBAaTh KaK OJJHY N3 BAYKHEHIIINX COCTABHBIX YacTel
MIPOEKTUPOBAHMS U KOHCTPYHPOBAHHUS SIIEMEHTOB CTPO-
UTEJBHBIX coopyxkeHuid. [Ipu 3ToM TpedoBanusi, Kacaro-
muecs: 00ecreYeHust )KUBYYECTH, CIIETYET BBITOIHSITh
Ha CTaJN{ KOHIENTYaJbHOTO MPOESKTHPOBAHUS KOH-
CTPYKTHBHOW CHCTEMBI C Y4E€TOM IIPUMCHEHHUS Pa3Iny-
HBIX CTPATEruii €e 3aIUThl OT MPOTPECCHPYIOIIETO 00-
pYyIICHHUS.

B nHayuyHO-TexHHUYECKOH TuTEparype mpeacTaBieH
LIENIBIH psAJ] OTIpeIeNICHUH TePMUHA KUBYdeCcTh» [1-8].

Hanpuwmep, B pekomentanusx Fib Bulletin 43! kon-
CTPYKIMOHHYIO KHBYUYECTh ONPEACIISIOT KaK HEUYBCTBH-
TEIHHOCTh KOHCTPYKTHBHOM CHCTEMBI K JIOKAJIbHOMY
pa3pyureHuro (IoBpekAeHNIO). 1o HeqyBCTBUTEIHHO-
CTBIO B JAaHHOM KOHTEKCTE OHIMAIOT TAKOE COCTOSTHHE
MOIU(PHUINPOBAHHON KOHCTPYKTUBHOM CHCTEMBI, KOT/Ia
TIOBPCIKACHUA OTACIIbHBIX 3JICMCHTOB (yMCpeHHLIC 110 OT-
HOIICHUIO K CHCTEME B II€JIOM) BBI3BIBAIOT TOJIBKO He-
CYIIECTBEHHbIC N3MCHEHUSI B €€ TIOBEICHUH (PEaKIIIH)
B CHITy TOTO, YTO CHCTEMa CIIOCOOHA ITepepactpeieisTh
JIOTIOJTHUTETBHEIE AP (EKThI, TOSBISIONIHECS MOCIIE pe-
aJIN3aIuu 0co00T0 BO3CHCTBHS, TIOKAa3bIBAs IIIIACTHYE-
CKYI0, @ HE XPYITKYIO (GopMy I100aibHOTO (IIPOrpeccH-
PYIOIIETO) OOPYIICHUS.

B nelicTByronmx HopMax” u Kogekce-oopasue Fib
MC 2010° TpeGoBaHue NPOBEPKH KHUBYUECTH yCTAHOB-
JICHO HESIBHO JUISl CIIy4aeB, KOTJa 3TO MPOAUKTOBAHO
TaKHMH COOBITHSMH, KaK MOXKapbl, B3PHIBEI, YIapb
TPAHCIIOPTHBIX CPEACTB B IEMEHTHI 3AaHUS, TTOCIE-
CTBUS YCIIOBCUYCCKUX OH_H/I6OK, JOIMYHIICHHBIX HA pa3jiny-
HBIX 9Tanax CymeCTBOBAHUA KOHCTPYKIIUU.

Heo0xo1nmMo OTMETHTB, YTO MPAKTHYECKH BCE U3-
BECTHBIE OIPE/ICIICHHS] TEPMUHA «OKUBYUYECTb) [2] 0a3u-

2

! Fib Bulletin 43: Structural connections for precast concrete
buildings // Guide to good practice. 2008.

2 CI15.03.01-2020. BeToHHbIE 1 %Ke/e300eTOHHBIE KOHCTPYK-
nuu. Munck, 2020; CH 2.01.01-2019. OcHoBBI IpoeKTHpOBa-
HUs CTPOMUTEIBHBIX KOHCTpYKIM, Munck, 2020; TKII EN
1991-1-7. O6mue Bo3zeitctBust. Yacts 7 — Ocobble Bo3zeii-
creust; BS 8110-1:1997. Structural use of concrete — Part 1:
Code of practice for design and construction; DoD 2005 UFC
4-023-03. Design Building to Resist Progressive Collapse.

3 Fib Model Code for Concrete Structures 2010 // Interna-
tional Federation for Structural Concrete (fib). Lausanne, Swit-
zerland, 2010.

1016

PYIOTCS TIIaBHBIM 00pa3oM Ha (heHOMEHE HeNpOTOpIIH-
OHAJILHOTO OOpPYIIEHUS U TOJIBKO HEMHOTHE, HAI[pUMep
[6, 8], paccMaTpUBaIOT )KUBYUYECTh KaK aceKT Oe3omac-
HOCTHU KOHCTPYKTUBHOM CUCTEMBI.

[Tonoxenust, pazpabaTbiBacMble B ITPOEKTE HOBOTO
konekca Fib MC 20204, OTHOCSIITHECS K OI[EHKE JKUBY-
YECTH KOHCTPYKTHUBHBIX CUCTEM, Oa3upyroTcs Ha Qop-
Mare OLCHWBaHMs PUCKOB, KaK 3To npezacTrasieHo B [ISO
2394:2015°. Cornacro Fib MC 2020 npoBepku xuBy-
YeCTH KOHCTPYKIHHU JTOJDKHBI BKIIIOYATH CIIEyIOIINe
OCHOBHBIE 3TaIbI: |) HAEHTH(UKALMS IPEToIaracMon
yrpo3sl (H) win nepeyHs yrpo3, KOTOPhIM, BEpOsTHEE
BCET0, MOXKET ITOJ[BEPraThcsl KOHCTPYKTHBHAS CHCTEMa
B mponecce 3kciuryaraiuy. CTOUT MPUHUMATh BO BHU-
MaHue, YTO 3HaYNUTEIIbHAS YaCTh YTPO3 MOXKET OKa3aTh-
csl HeMJCHTU(UINPOBAHHON (HAampuMep, TeppOPHUCTH-
YCCKUC W/WIM KPUMUHAIBHBIC aTaku); 2) ONPEaCICHIE
JIOKQJIEHOTO COITPOTUBIICHHUS OT/IEJILHOTO AieMeHTa (D).
3TO OTHOCUTCS B OCHOBHOM K ITPOBEPKaM COIPOTHBIIE-
HU TaK Ha3bIBACMBIX KITFOUCBBIX 3JICMCHTOB, HEIIOCPC -
CTBEHHO BOCIPHHHUMAIOIHUX 0coboe Bo3jaeiicTBUE
(HampuMep, CTEHOBAs MaHeNb MPU B3PhIBE OBITOBOTO
rasa); 3) yCTaHOBJICHHUE ITOCIIETYIOLIEr0 HEMPSIMOTO I10-
BPEXKICHUSA CHCTEMEI (), CIEIYIOMEro 3a MPpsIMBIM
JIOKAIIbHBIM Pa3pyLICHUEM, OMTUCHIBAEMOE TaKXKe, KaK
nporpeccupyiomiee oOpyuienne; 4) KOINIeCTBEHHOE
omnpeneneHue BeanuuH npsmeix C,, n Henpsimbix C;,,
MIOCJIC/ICTBUH, BKIIIOYasi SKOHOMUYECKHE, COLIMAJIbHBIE,
9KOJIOTHYECKHE TIOTEPH, a TAKXKE CTOMMOCTB yTPAaThI Ue-
JIOBEYECKUX JKM3HEH (4eI0BEeYeCKHUe KePTBBI) B MOHE-
TapHOM BbIpaxkeHnu cornacHo ISO 2394:2015. ITpsamele
3arpartsl (ymep0o) 0OBIYHO JTOKATU30BaHbl B HTOTE IT0-
BPEXKJICHHSI OTACIBHBIX 3JIEMEHTOB, KOT/a HETpsIMbIe
(KOCBEHHBIE) TOTEPH CBS3AHBI C yTPaTOil PyHKIIMOHAIb-
HOCTH CUCTEMBI, KaK pE3ybTaT p€aiu3dalvi IMPAMBIX
norepb. [lonneiil puck R, CBA3aHHBIN C OTKa30M CH-
CTEMBI B 0CO00 pacueTHOH CHTYyalllH, paCCINTHIBAIOT
coracHo SO 2394:2015.

KiroueBble cTpaTeruy 3amnThl KOHCTPYKTHBHBIX
CHCTEM OT IIPOTPECCUPYIOIIETO OOPYIICHUS U TpeboBa-
HUSI K TPOBEPKAM JKHUBYUYECTH KOHCTPYKTHBHBIX CHCTEM
13 kene300eToHa moapooHo n3noxkeHs B DoD 2005 UFC
4-023-03, TKIT EN 1991-1-7 1, 9-17].

Crpaterust aapTepHaTUBHBIX MyTEeH repeaadn Ha-
rpy3ku (ALP) min anbTepHaTHBHBIX TPASKTOPHIA B SIB-
HOM BHJI€ HCCIIEIyeT CONPOTHBIICHHE ITOBPEKACHHON
KOHCTPYKTHBHOW CHCTEMBI TPOTrpeccupyonieMy oopy-

4 Fib Model Code for Concrete Structures 2020 // Interna-
tional Federation for Structural Concrete (fib).

5 ISO 2394:2015. General principles on reliability of struc-
tures // International Standard. 2015.
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HICHUIO (T.€. «HETPSIMOEe» WIH «CIEAYIOIIEe 3a...»),
KOT/1a CTeNIeHb HauyaJIbHOTO TIOBPEXKACHHSI KOHCTPYKTHB-
HOM CHCTEMBI YK€ yCTaHOBJICHA (BBIHYXKJICHHO, 110 CIIe-
IHUaJbHBIM IIpaBUJIaM yJIaJICHBI U3 KOHCprKTHBHOﬁ
CHCTEMBI KITIOUeBbIe 21eMeHThl). Cie0BarellbHO, JIaH-
Hasl CTPaTerus pacCMaTPUBACTCS KaK CIIOCO0 CHIKEHUS
BepositHocTH P[S|DNH].

Mepsl, TOCPEICTBOM KOTOPBIX JIOCTUIAETCsl CHH-
JKEHHE 3TOH BEPOATHOCTH B paMKax JaHHOM CTpaTern,
BKJTFOYAIOT:

* pa3paboOTKy MHTETPUPOBAHHOMN CHCTEMBI TOPHU-
30HTAJIBHBIX ¥ BEPTHKAIBHBIX CBsI3eH, 00eCeqnBaIOINX
BOCIIPUSITHE 0CO0OTr0 COYeTaHUs BO3JAECHCTBHU (TP
A,=0) nnepepacipeeneHe yCHIUH B IOBPEXKICHHON
CHCTEME C YUETOM IICITHBIX (MEMOPaHHBIX) yCHIINH, BO3-
HUKAIOIIWX B TUIMTax U 0ankax neGopMupoOBaHHON CH-
cTeMbl (1pu 00ecreueHHOM BO3MOXXHOCTH Pean3aliin
OONBIINX MPOTHOOB), a TaKkKe 0amoYHBIX I(hPeKTOB
B CTEHaXx;

* MPOEKTUPOBAHUE PE3EPBHBIX HECYLIUX DIIEMEH-
TOB B CHICTEME, CO3/IaHNE PE3EPBOB CONPOTHBIICHUS dJIe-
MEHTOB U OTPaHUYCHHE YHCIIA JIEMEHTOB CHCTEMBI,
KOTOPBIE MOTYT IOJIyYUTh HEOOpaTHMBbIE JOKaJIbHbIC
TIOBPEXKICHHS TIPH PEATM3aIHA 0CO00TO COOBITHS.

Crpaterusi, HanpapJIeHHAs! Ha CHIDKEHNE TTOCIIEN-
CTBUN HaCTYIUICHU OTKa3a, UMECT LECJIbI0 OIrPaHUYNUTh
HeTpreMIIeMble (HeTpONOpPIHOHAIIBHEIE) TTOCIEICTBHS
(C;,q w/mmm P[S|DNH]), MOABISIOIIUECS B PE3yIbTaTe
peanu3anuu JoKaJIbHOTo noBpexaeHus D. JlanHas ctpa-
Terusi obecrieunBaeTcst yepes TpeOoBaHMs K KOMITOHOB-
K€ KOHCTPYKTHBHOW CHCTEMBI (HapuMep, U3MEHCHHE
HaIpaBIeHUs MPOJIETOB B IJIUTAX MEPEKPHITHI), 00b-
€MHO-IIJIAHHPOBOYHOTO PEICHUS 3/1aHUs (CTPOUTEIb-
HOTO COOPY’KEHHS), @ TAKXKE €r0 PACTIONOKEHHS HA TeH-
TIaHe.

Crparerust KoHTpous coobrTnii (P(H)) BKitoyaeT
MEpBI 110 MTPEAOTBPALICHHUIO MOSBICHHUS TIPEIBAPUTEIh-
HO UIeHTU(HUIMPOBaHHOTO Habopa yrpo3 (H) u orpanu-
YHMBAET YACTOTY UX MOSBJICHUS /IO IIPHEMIIEMOTO YPOBHSL.
JlanHas cTpaTerus He MOBBIMIACT, @ BOOOIIE HE BIUSIET
Ha COIIPOTUBJIEHUE KOHCTPYKTUBHOM cucTeMbl. Mephl,
CBSI3aHHBIC C KOHTPOJIEM YI'pO3, BKJIIOYAIOT, HAIIPHMED,
BBIOOP CTPOUTEIBHOI IUIONIA/IKH, OTPAHUYEHUS B UC-
T10JIb30BAHUH CTPOUTEIILHOTO COOPYKEHHsI, yCTAHOBKY
CHCTEM KOHTPOJIsl 0€30MacHOCTH, 3alUTHBIX 0aphepoB
u T.1. Kpome Toro, K 3TUM Mepam OTHOCST KOHTPOJIb
Kaue€CTBa NMPU MPOCKTUPOBAHUU JIA NIPECAOTBPAILLICHUSA
YeJIOBEYECKUX OIIMOOK U PEKOMEH/IAIMU 1O TeXHHYe-
CKOMY OOCITY>KMBaHHIO.

CTpaTeFI/ISI MPOCKTUPOBAHUA KITFOYEBBIX 3JICMCHTOB
OpPHEHTHPOBaHA Ha MPEJOTBPAILEHNE JIOKAJIBHOTO pa3-
pymrenust D (4acTo ONpeaensieMoro Kak «IpsMoe pas-
pYIIEHHEY ), BEBI3BAHHOTO HETTOCPEICTBEHHO YIpo30ii H,
u cHkeHus1 BepositHocTu P[D|H]. Tlox kimtoueBbIM dute-
MEHTOM B paMKax 3TOH CTPaTeTHH HOHUMAIOT AJIEMEHTHI
U COEANHEHUS], KOTOPBIE SIBIISIFOTCS] HEOOXOANMBIMH [UIS
o0ecIieueHuns CONPOTHBIICHHSI NCXOHON KOHCTPYKTHB-
HOMW CHCTEMBI B LICJIOM.

B Hacrosiieit crarbe paccMoTpuM 0oJiee AeTanbHO
peanu3anuio TOJIbKO MEpPBOi cTpaTeruu, MpuHUMas
BO BHIMaHHE TO OOCTOSITEIECTBO, YTO OCTABIINECS TPU
CTPaTCeruv MOTYT TaKKE OKa3bIBaTh CyIIIECTBEHHOC BJIU-
SIHUE Ha OTPaHMYCHUE TIPOTPECCUPYIOLIET0 OOPYIICHHS
CHUCTEMBI, 0COOCHHO B CIydae NACHTUPHUINPOBAHHBIX
0CcOo0BIX Bo3ieHcTBUH. Takum 00pa3oM, B paMKax MepBOit
CTpaTeruy CJIEAYET BBIIOJIHSITH IIPOBEPKY COIPOTHUBIIC-
HUSI TIOBPEX/ICHHON KOHCTPYKTHBHOI CHCTEMBI TTOCIIE
HACTYIUICHHUST 0COO0TO COOBITHS, T.€. TOATBEPKAATh pac-
YETOM, YTO KOHCTPYKTHBHAsI CHCTEMa CIIOCOOHA MOOH-
JIM30BaTh B IOBPEKACHHOM COCTOSIHIH aJIbTepPHATHBHbIC
MyTH (TPAeKTOPHH) IIepeaadn Harpy3Ku, oOnagas mpu
5TOM MUHUMAJIBHBIM 3a1aCOM HECylIel cocoOHOCTH
1 IUTaCTUYECKOH Z1e(hOpMaTHBHOCTH. 3/1€Ch BAXKHYIO POIIb
UTPAET CTETIEHb CTATHUECKON HEOTIPEAETUMOCTH NCXO-
HOU (HETOBPEXACHHOI) KOHCTPYKTUBHOI CUCTEMBI.

B o6mem ciiyvae HHTErpagbHYIO [ET0OCTHOCTb KOH-
CTPYKTUBHOM CHCTEMBI 3/1aHHS 00ECIIEUNBAIOT IIPUME-
HEHHEM KOMOWHAIMK FOPU30HTAIbHBIX (BHYTPEHHHUX
U TIEPUMETPUYECKNX) M BEPTUKAJIBHBIX CBSI3CH, pasMe-
IIaEMbIX B 3JIEMEHTaX EPEKPBITHS, KOJIOHHAX U CTEHAX.
ITo cytu, B 0c000#i pacyeTHOI CUTYalK CUCTEMY CBSI3er
CJIE/TyeT pacCMaTpPUBATh KaK «BTOPYIO JIMHUIO 3aLIUTHD)
KOHCTPYKTUBHOHW CHCTEMBI 34aHUs TI0CJIE NCUEPIAaHUs
M3rHOHOTO CONPOTHBIICHUS €€ AIIEMEHTOB.

[Tpm ynaneHuy KOJOHHBI WIIK Y4acTKa CTEHBI M pa3-
BHTHS OOJBIIAX IPOTHOOB B pPaOOTY HODKHA BKIIIOYATH-
sl crcTeMa CBsi3eid, o0ecrieunBast BOCIIPHATHE JICHCTBY-
omux 3p¢pexroB BozaeicTeuii. Tak, Hanpumep,
KOJIOHHA MHOTO3Ta)KHOTO 3/1aHMs, HAXOJSIIasiCS HETIo-
CPEICTBEHHO HAJl pa3pyLICHHBIM y3JIOM, BOCIPUHAMAET
OTIOpHBIE PEaKIMK OAJIOK Ha 3TOM yPOBHE KaK dJIEMEHT
BEPTUKAJIBHOMN MOABECKU.

B ciydae ynaneHus BHyTpeHHEW OMOPBI B JIEMEH-
Tax MepPeKPBITHS MOCIEA0BATEIHHO (B 3aBUCUMOCTH
OT BEJIMYMHBI BEPTUKAIBHOTO MEPEMEIICHUS U TPAaHIY-
HBIX YCJIOBHI) MOTYT PEaTH30BBIBATHCS APOUHBIN, U3-
rHOHBIH (OasI0uHbI) 1 MeMOpaHHbIH (LIerHO#) 3D PEKTHI.
Ecnu mporn® nepexphITHs IPEBBICUT KPUTHIECKOE 3Ha-
YEHHE, CBsI3H (CBSI3EBbIC AIIEMEHTHI) JIN0O pa3pyarcs,
7100 MOTEPSIIOT aHKEPOBKY B COCEHUX ITPOJIETAX, YTO
OyZleT CBUIETEIbCTBOBATH O PEBBIIICHUH IIPEIEITHLHOTO
COCTOSTHHSI.

[To cpaBHEHHNIO ¢ KOHCTPYKTHBHBIMH CHCTEMaMHU
13 MOHOJIMTHOTO KeJIe300€TOHa, CHCTEMBI, 00pa30BaH-
HBIC U3 C60pHBIX )KeJ1e300€ TOHHBIX DJICMCHTOB, ABJISAIOT-
cst Oosiee BOCHIPUUMYHBBIMU K dQdeKrTam oT 0coObIX
BO3ICHCTBHIA. ITO OOYCIOBICHO TIIAaBHBIM 00pa3oM Ha-
JIMYUEM B TAKMX KOHCTPYKTHUBHBIX CUCTEMAX pa3IMYHbIX
THIIOB CTHIKOBBIX COEIMHEHHH, TIOCPEJICTBOM KOTOPBIX
o0ecreunBaeTcst HHTErpaibHAs IIETTOCTHOCTH KOHCTPYK-
TUBHOM CUCTEMBI M HEPA3PBIBHOCTH B Iepeiaue yCUIHii.
[Tpu 5TOM B COOPHBIX CHCTEMAX PA3INYaIOT COSIMHEHNS,
paboTarorue Ha pacTsHKEHHeE, CxKaTne, N3ru0, KpydeHune,
caBur. [Ipu poekTHpoBaHNM 3MaHUI U3 COOPHOTO Ke-
71e300eTOHa COXPaHSIIOTCS BCe TPEOOBaHMUS, OTHOCSIIH-
€Csl KaK K CTPATeTHsIM 3aIlUTHI OT IIPOTPECCUPYIONIETO
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pa3pylIIeHUs], TaK U K IPOBEPKaM JKUBYUICCTH KOHCTPYK-
TUBHOU CHCTEMBL.

XOTs B TpaJUIMOHHBIX CHCTEMaX U3 COOPHOTO XKe-
71e300eTOHa HAJTMYHEe CUJI TPEHUS 110 KOHTAKTY AJIeMEH-
TOB, orpaHn4eHue aedopmanuii Ha onopax (apOUYHbIH
a¢(deKT) u cBapHBIC COSTMHCHUS 3aKIaHBIX MeTaNcH
HECKOJIBKO MOBBIIIAIOT COMPOTHBICHNE CUCTEMBI IIPH
JICHCTBUY BEPTHKAIBHBIX (TPABUTAI[IOHHBIX ) HATPY30K,
OJTHAKO TaKUE COCNUHEHHUS HE MOTYT 00ECIICUUTH J0-
CTaTOYHOTO CONPOTUBIICHUS KOHCTPYKTHBHOM CHCTEMBI
B OCOOBIX PACUCTHBIX CUTYAIUsIX. TaKuM 00pa3oM, [yist
COOIOMECHMS IETOCTHOCTH TOBPEKICHHON CHCTEMBI
B MCXOTHON COOPHOI KOHCTPYKTHBHOI CHCTEME HE0O-
XOJIMMO TIpelyCMaTpuBaTh (pe3epBUPOBATh) 10CTATOY-
HOE KOJIMYECTBO CBsI3eil, 00Mamaromux TpedyeMoi
CTETICHBIO0 HEPA3PHIBHOCTH U TUIACTHUYECKON Jedopma-
TUBHOCTH. Hepa3phIBHOCTH CBsi3el oOecriedyrBaeT BOC-
MpHsITHE 0CO00TO COYETaHUS BO3ACUCTBUI ITyTEM MO-
OMITM3aIuy ATBTCPHATUBHBIX ITyTeH Mepeadn yCHUIni
TocIie yaajieHus ornopsl. B cBoro ouepensp, miactuueckas
Je(pOPMaTHBHOCTH (CIIOCOOHOCTH MTOTyYaTh 3HAUUTECITh-
HbIC TUTACTHYECKHE YIJIUHEHHS CBSI3CH 0 pa3phiBa)
Ba)KHA C TOYKH 3pEHUS NepepacrpeaeneHus yCuinii,
MTONTYYCHHUS OOJBIINX IPOTUOOB, HEOOXOMUMBIX JJIS pe-
aNM3aIyy nernHoro (MeMOpaHHOTO) 3P dexTa, a TaKKe
KaK Mepa, CIIOCOOCTBYIOIasl MOMIOIIEHHUIO SHEPTUU
(memmdupoBaHuc) TpH AMHAMUYCCKOM IPHIOKECHUN
0Cc000T0 BO3IEHCTBHS TTOCTIE YTPATHI SIIEMEHTAMH CH-
CTEMBbI BEPTUKAJIBHOM OTIOPHI.

B KOHCTPYKTHBHBIX CHCTEMaX U3 COOPHOTO JKelre-
300€TOHA Ha CTaAMH PACCMOTPEHUS MIaHUPOBOYHBIX
PEIICHU TOJKHBI OBITh BBISIBIICHBI BCE KITFOUCBBIC JJIC-
MEHTBI, pa3pyIICHHE KOTOPBIX MOXET IPUBECTHU K HE-
MIPONIOPIIHOHAIFHBIM 00PYIICHUSIM CHCTEMEL. [1osTOMY
Ha MEePBOM 3Tare PEeKOMEHIYeTCsl IeTaIbHO MPOaHAIIHU-
3UpPOBATh COMPOTUBICHUE KIFOUYEBBIX IJICMEHTOB, KaK
9TO, HAIIPAMEP, BBITIONHAIOT MIPH MPOSKTUPOBAHNH TIa-
HEJIbHBIX 37aHuM.

[Ipu mpoeKTHPOBAaHUK CUCTEM U3 COOPHOTO JKelre-
300eToHa 0c000€ MECTO OTBOIUTCS MTPOSKTUPOBAHUIO
CBSI3EBBIX 2JIEMEHTOB, 00ECIICUHNBAIOIINX aJIbTePHATHB-
HBIC ITyTH MepeaYn HarpsokeHui. [1py ncnonp30BaHum
BBIYUCIIATENFHBIX KOMIUIEKCOB 0COOYIO pOJIh IPHOOpe-
TaeT aJeKBaTHOE MOJIENUpOBaHue cBsa3el. CienyeT oT-
METHTb, UTO B PAMKAX JIBYXCTAJUAHOTO ITPOCKTUPOBAHHS
MIPOBEPKY JKUBYIECTH KOHCTPYKTUBHOM CHCTEMBI C TIPH-
MCHCHHEM HEJIUHCHHBIX CTATHYCCKUX WIIA JUHAMUYC-
CKUX MOJIeJICH, YUUTHIBAIOIIUX MIPOCTPAHCTBECHHYIO
paboTy CTPOUTEIEHOTO COOPYKCHHUS, TIPEABAPSIET MPO-
E€KTHUpOBaHUE CUCTEMBI CBsi3el. EcTecTBeHHO, UTO TIPO-
EKTHPOBAaHHUE CBS3EH Ha ATOM ATaIle JI0JKHO OIMPATHCS
Ha JIOCTaTOYHO TPOCTHIE, HO SICHBIC U HAIIOJTHCHHBIC
(U3HMUECKIM CMBICJIOM U 00OCHOBAHHbBIE 3aBUCUMOCTH
(Albert Einstein: «Make everything as simple as possible,
but not simpler»). B HacTosmiei craThe npuBeICHEI aHA-
JUTHYECKNE 3aBUCUMOCTH ISl IPOSKTHPOBAHUS TOPHU-
30HTAJIBHBIX CBSA3CH B TUCKAX MIEPEKPHITUH, TOTYICHHBIC
Ha OCHOBE MOJIOKECHUH YHEPTETUIECKOTO MTOIX0/a, H3-
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JI0’KeHHOrO B padotax [10—13]. Ha peansrOM mpumMepe
COOpPHOTO MEPEKPHITHS BHITIOJIHEHO CPABHEHUE PE3YITh-
TaTOB PacdyeToB TPEOYEMBIX MapaMETPOB FOPU30HTAIb-
HBIX CBS3€H MO MPEUIOKEHHOMY METOIY M PaCueTHBIM
MOJIEIISIM, BKJIIOUCHHBIM B HOPMBI Pa3IMYHbIX CTpPaH
(CIT15.03.01-2020; CH 2.01.01-2019; TKIT EN 1991-1-7;
BS 8110-1; DoD 2005 UFC 4-023-03; Fib MC 2010;
ASCE 2013; PK3 2002). YcranosieHo, 4to gedopma-
THUBHOCTb CBS3CH SABISIETCS OTHUM U3 0a30BBIX Tapame-
TPOB, KOTOPbIe HEOOXOANMO KOHTPOJIUPOBATH IIPU pac-
4yeTe CBA3EH.

MATEPHAJIBI U METO/bI

AHaJIMTHYeCKHe MO/Je/TH CONPOTUBJICHHUS TOPH-
30HTAJILHBIX CBsI3€ii, 0CHOBAHHbIE HA YPAaBHEHHUAX
IHEPreTHYEcKOoro 6ajaHca cCMCTeMBbI

Membpannvle (yenuvie) 3¢pghexmol 8 nogpesicoeH-
HOU KOHCMPYKMUGHOU cucmeme

Kaxk 0b110 1TOKa3aHO BBINIE, PE3EPBUPOBAHUE ATTb-
TepHATUBHBIX MyTeH (TpaeKkTopuil) meperadn yCuinun
(Harpy3ok) paccMaTpUBalOT KaK OCHOBHYIO CTPATEruio
3aIIATHl KOHCTPYKTUBHOM CHCTEMBI OT MPOTPECCHPYIO-
mero oopymeHusi. ATbTepHATUBHBIC IYTH NEepeadn
Harpy3Ku B MOBPEXKIECHHON KOHCTPYKTUBHOM CHCTEME
peau3yroTCs ITIaBHBIM 00pa30M 4epes3 TaK Ha3bIBaeMbIe
«1ernHple» (M «MeMOpaHHbie») 3G deKTsr A Mt
MIEPEKPBITHI, KOHCOJIBHBIC U 0ao4HbIe d()PEKTHI 115
COOPHBIX CTEH, BEPTUKAIBHBIC TIO/IBECKH CTEH M KOJIOHH,
nuapparMeHHOTo 3(p(ekra B MIOCKOCTH EPEKPBITHI.
[pu peanuzanuu renHoro (MeMOpPaHHOTO) MEXaHU3Ma
B ITOBPEXKACHHOI KOHCTPYKTHBHOM CHCTEME BCE BEPTH-
KaJIbHbIE (TPaBUTAMOHHbIC) HArPY3KH BOCIPUHIMAIOT-
Csl 32 CUET PEAKIHMH B PACTSIHYTHIX TOPU30HTAIBHBIX
CBSI351X, ICHCTBYIOIIHX BJIOJIb INHUH BBIJICJICHHBIX JJIe-
MEHTOB.

Kak cnemyer u3 pabotsl [2], HECMOTpS Ha TO, YTO
JI0 HACTOSIIIIETO BPEMEHH HET €IMHOTO MHEHHUS O I0JI0-
JKEHUU MEPEXOTHON TOUKH, COOTBETCTBYIOLIEN BEPTH-
KaJIbHOMY TIPOTHOY, MMOCIIe KOTOPOTO B pabOoTy BKITIOYA-
IOTCSI TOPU3OHTAJIBHBIC CBS3H, U PEATU3YETCSI LIEITHON
WM MeMOpaHHBIH S QEKT, 00IENPHHSATO, YTO ITO CO-
CTOSIHUE, MIPH TIepexo/ie Yepe3 KOTOPOoe CKMMaloIine
OCEBBIC yCIIINS H3MEHSIOT CBOM 3HAK M CTAHOBSITCS Pac-
TATUBAIOLIMMH, TUOO0 COCTOSIHHE, IIPU KOTOPOM HEHa-
I'py’KEHHbBIE CBS3EBbIC 2JIEMEHThl HAYMHAIOT aKTHBHO
BOCIIPHHUMATh PACTSATHBAIOIINE YCHITHSL.

B pamHbIX Kapkacax NepBOHAYAIBLHO pealu3yeTcs
6amounsbIit dpdexT (beam-end-moment effect), a 3arem
BCIIe]] 3a 00pa3oBaHUEM, BKIIIOUEHHEM B paboTy U UcC-
YepraHueM COIPOTUBIICHUS M3TUOHBIX IUIACTHYECKUX
LIAPHUPOB B OMOPHBIX CEYCHMSIX (IIPU MaJBIX BEPTH-
KaJIbHBIX MIEPEMEIICHHSIX ) IPOUCXOIUT MEePexXo] K IeN-
HBIM (MEMOpPaHHBIM) YCHIIHSIM TIPY Pa3BUTHHU OOJBIINX
TIPOTUOOB.

Heo0xo1Mo o4epKHy Th, YTO B COOTBETCTBHH C Tpe-
6oBanusiMu HOpM U pexomenanuit (CIT 5.03.01-2020;
TKIT EN 1991-1-7; BS 8110-1; DoD 2005 UFC 4-023-
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03; Fib MC 2010; ASCE 2013; PK3 2002), pacuer 1ieH-
HBIX (MeMOpaHHBIX) ycuinii B 1e(hOpMUPOBAHHOI KOH-
CTPYKTHBHOIl CHCTEMe BBINOJHAIOT, KaK IPaBUIIO,
OT/IENIbHO 0e3 yueTa ee U3rHOHOT0 TIOBEICHHUS TIPH 00-
Pa30BaHMU IUIACTHYECKUX [IAPHUPOB.

Kak yxe mouepKuBaioch paHee, MosBICHUE MEM-
OpaHHBIX WM LEIHBIX YCHINII CIIeayeT paccMaTpuBaTh
KaK «8Mopyio TUHUIO 3auumul» KOHCTPYKTUBHOM CUCTe-
MBI OT POTPECCHPYIOLIETO OOPYIICHUS MIPH YCIOBHH,
YTO OCTABILASACS [OCIIE IEPBOHAYAILHOTO IOBPEIKICHUS
4acTh KOHCTPYKTHBHOM CUCTEMBI CIOCOOHa 00eCTIeunTh
MOOMIIM3ALHUIO ABTEPHATHBHBIX ITyTEH MepeJayn Ha-
TPY3KH, IPU KOTOPBIX B 3JIEMEHTAX MEPEKPHITHH (Oarkax
W TUTMTAaX ) TIOCIIE JOCTHXKEHUSI OOJIBILIMX ITPOTrHO0B Oy1yT
rapaHTUPOBAHHO 00ECIICUCHBI 3HAYUTEIIBHBIC T10 BEJIU-
YHHE TUIACTHYECKHE Ie(opMarLny.

Honywerus, npunsimole npu paspabomke ynpoujeH-
HBIX QHATUMUYEeCKUX Mooenetl

B pacueTHbIX MOJENSIX, IPUMEHIEMBIX VIS IPO-
BEPOK IOBPEKICHHBIX KOHCTPYKTHBHBIX CHCTEM TIOCIE
yAAIEHHS KITIOYEBBIX JIEMEHTOB, HCIIONB3YIOT IIPEHMY-
1iecTBa MeToa OOJbIINX MepeMelieHni U d3PPeKToB
TUTACTHYECKOH 1epOPMATHBHOCTH CBSI3EH (CTHIKOBBIX
coeMHEeHMH). )1 TAKUX KOHCTPYKTHBHBIX CUCTEM Clie-
JyeT OKUJIaTh, YTO X COMPOTUBIICHNE B 3HAYNTEIBHON
CTeneHu Oy/eT 3aBUCETh OT AMHAMUYECKHX d(PPEKTOB,
BO3HUKAIOIHX [TPU ITepexo/ie K 1e(hOpMUPOBaHHON CXe-
Me B pe3yJibTaTe 0co00ro BO3JCHCTBHS, a TAKIKE HEIU-
HEIHOTO ITOBEJICHNUS CBsI3€H (CTHIKOBBIX COEJINHEHHUN).
OCHOBHBIE TTOJIOKEHHS YIPOIICHHON MOAEIH VIS ITPO-
BEPOK MOJM(UIIMPOBAHHBIX CUCTEM C aJIbTEPHATHBHBIMU
Iy TSIMU [I€PEe/Iadyl Harpy30K, OCHOBAaHHBIE HA IPUMEHE-
HHU SHEPTeTHYECKOTO MOIX0/1a, OBUTH C(HOPMYITUPOBAHEI
B paborax [10-13]. PaccmarpuBaeMyro Moesb Ipume-
HSIIOT K IIOBPEXXACHHBIM HECYIIIUM CHCTEMaM, JUIsl KOTO-
PBIX CONPOTUBIICHHUE OIIPENIEIISIETCS B OCHOBHOM COMPO-
TUBJICHHEM CBsI3€H, BOCIPUHUMAIOIINX PACTSIKEHHE.
Onnako 6a30BbIe MPUHIMITEI MOTYT OBITH TIPUMEHEHBI
TAKOKe U IIPU aHAJIM3E IPYTUX MEXaHH3MOB pa3pyIICHH,
B KOTOPBIX ie(hOpMaIInH JIOKATU3YIOTCS B CBS3EBBIX JIe-
MeHTax (HalpuMep, CBS3U CHKaTHsl, CIBUTA, KOMOWHHPO-
BaHHbIE CBs131). [IpH 9TOM, IpHHIMAs BO BHUMaHHE BO3-
MOXXHbBIE MEXaHH3Mbl OOpPYIICHHS] KOHCTPYKTUBHOU
CHCTEMBI, pa3paboTKa aHAJTMTHIECKUX MOJIEIIeH COIpo-
THUBJICHHS TOPU30HTAIIBHBIX CBSI3EH pacTsyKESHUS BBIIIOIN-
HEHa, OMPAsICh Ha CIICAYIOIIUE AOMYICHHUSI:

1) cuntaercs, 4To KIOYEBbIE OMIOPHBIE SIEMEHTHI
MTHOBEHHO YIAJISIOTCS M3 KOHCTPYKTHBHON CHCTEMBI
HETOCPEACTBEHHO MOCIIe TPHIIOKEHUSI K HUIM 0c000T0
BO3/CHCTBUS,

2) Ha MOBPEXKJICHHYIO CHCTEMY C yIaJICHHBIM dJIe-
MEHTOM JIeHCTBYIOT TOJIBKO IPaBUTALIMOHHBIC HATPY3KH
(ocoboe coueTaHKe BKITIOYAET XapaKTePUCTUIECKOE 3HA-
YeHHe cOOCTBEHHOTO Beca + IPyrux MOCTOSHHBIX Ha-
IPY30K + IPAaKTHYECKH [IOCTOSHHOE 3HAUYCHUE [IEPEMEH-
HOIl Harpy3ku). Bonpocsl, oTHOCsIIMECS K BEIOOPY
0COOBIX PACUSTHBIX COYETAHHMI HATPY30K IPHU IIPOBEPKaX

MOAU(DHUIIMPOBAHHBIX CHCTEM, U3yUYEHBI B TPyldax
[18, 19];

3) oTaenpHBIE COOPHBIE 3IIEMEHTHI B IIPOIIECCE Bep-
THUKAJIbHOTO MEPEMEIIECHUS CUCTEMBI paCCMaTPUBAIOTCA
Kak aOCOJIFOTHO KECTKHE TeJa, COSTUHEHHBIE TTO/IaTIIN-
BBIMH CBSI3IMH;

4) compOTUBIICHHE TOBPEKICHHOM HECYIIIEH CHCTE-
MBI 3aBUCHUT TOJBKO OT OIPEJEICHHBIX KPUTHUECKHX
CBA3€H B COEAMHEHMSIX, B KOTOPBIX B MPOIECCE Mmepe-
MEIIEHNS! KOHCTPYKTHBHOM CHCTEMBI B MECTE Y/IaJICHUS
OIMOPHOTO AIEMEHTa Pa3BUBAIOTCI MaKCHMaJbHbIE
YCHIIHS;

5) TIpH 3TOM CYMTAETCS, YTO B UICXOJHOM COCTOSHHU
HEMOCPEICTBEHHO Nepe]] yIaIeHUEM OIOPBI CBSA3U B CO-
EIMHEHHSX, 00ECTICUNBAIOLINX ATBTEPHATUBHYIO TIEpe-
Jlady yCWINH, SIBISIIOTCS HEHArpy>KeHHbIMHU (HEHarpsi-
JKEHHBIMN ).

I'paBUTAIIMOHHBIE CUIIBI MOACITUPYIOT PE3ylib-
Tupytonieit Q = mg, NpUIOKEHHON B LEHTPE TAKECTH
COOPHBIX AEMEHTOB. DAKTHUECKOE MOTOKESHUE TOBPEXK-
JICHHOM CHCTEMBI OTIpe/IeIIsieTcst 0000IICHHBIM TepeMe-
LIICHUEM a,, B LICHTPE THKECTU U YIIIOM 110BOpoTa 6 (31eCh
B 00LLEM ClTy4ae d,, — BEPTUKAIIbHAs KOMIIOHCHTA Iepe-
MerieHus ). CormacHo c(hopMyITHPOBaHHBIM JIOTTYIIICHH-
M 2) 1 4) IpeaCcTaBIsAeTCsS BO3MOXHBIM YCTAHOBUTD
MIPOCTHIE TEOMETPUIECKUE COOTHOLICHHS MEXKTY BEPTH-
KaJIbHBIM [IEPEMELLCHHCM CUCTEMBI @, U [IEPEMCLICHH-
eM (IIACTUYECKUM YIIMHEHHEM) W; CBSI3H B CTBIKOBOM
coeanHEeHNH. [|1s Ka) 10T CTBIKOBOTO COCIIMHEHHS He-
JUHEHHOe MOBECHUE CBSI3M O] Harpy3KOoH cienyeT
OIUCHIBATh 3aBUCUMOCTBIO N-W;, CBs3bIBatOLIEi! pacTs-
THBAIOIIEE YCUIINE B CTBIKOBOM COCIHHEHUH C IIepeMe-
menueM (cM. paszaen «MoJeTpoBaHHe CBSI3EBBIX die-
MEHTOBY).

Mooenuposanue Ounamuuecko2o conpomusienus
KOHCMPYKMUGHOU CUCEMbL HA OCHO6E IHEPSEMULECKO-
20 bananca. Pacuemnuie ypasnenus

[Tocre ynaneHus KOJIOHHBI BEPTHKAIBHbBIE TEpeMe-
LICHUS] CHCTEMBI NIPAKTHYECKH HE OTPAaHUUYMBAIOTCS
BIUIOTH 10 MOMEHTA BKIIFOUEHNS TOPH30HTAIBHBIX CBSA3EH
(momymienue 5). CienoBaTeNbHO, TP TBUKCHUU BHU3
cuctema rnpuodperaet yckopenne. PaBHOIEHCTBY OO
CBSI3€BBIX YCHJIMM B aJIBTEPHATUBHOU IIOBPEXKACHHOMN
CHUCTEME MOXXHO PaccMaTpHUBATh KaK CONPOTHBIICHUE
cucTeMbl R, ypaBHOBEIINBAIONIEE TPABUTALUOHHYIO
CUITY, IEHCTBYIOIIYIO B €€ IIEHTPEe TsDKEeCTH (IIeHTpe
Macc). [Ipu 3ToM conpoTHBIIEHIE MOXKET OBITH OTIpe/e-
JIEHO KaK CTaTH4ecKoe (KBa3UCTATHYECKOE) WM AMHA-
MHuueckoe. B pamMkax o0Iero s3HepreTHIeckoro noaxoaa
[10—-13] craTnyeckoe COMPOTUBICHNE N3MEHSETCA B 3a-
BHUCHMOCTH OT BEJIMYHHBI IEPEMEIICHUSI 1 MOXKET ObITh
OMHUCaHO yHKLHEH conpOTHBICHUS Ry, (a,.), CBS3aH-
HOW, B CBOIO OYepe/b, C 3aBUCUMOCTBIO N-w JIIsl TI1a-
CTHYECKUX CBSI3€H B COCTMHEHHIX COOPHBIX JJIEMEHTOB.

B obuiem ciryuae a1 onpeiesIeHHOro BepTHKAIb-
HOTO NIEPEMELICHHS ¢, U YIIIa IOBOPOTA O NBHKYIIeHiCs

1019

LZ0Z ‘g 9NSS| "9 SWIN|O/ « 8IN}08}IY2Jy PUB UOIONIISUOD) UO [eulnop AJYJUOA « NSDIN MIUISOA
LZ0z ‘@ »2Aumag gL wo L . (8ulluQ) 0099-70£2 NSSI (Julid) GE60-2661 NSSI + ADJIN XMHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 16. Buinyck 8, 2021

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 16. Issue 8, 2021

B.B. Typ, A.B. Typ, A.A. Jluzocy6

CHCTEMBI YCJIIOBHE SHEPIETHUECKOr0 Dalanca MOXKET
OBITh 3aIIMCAHO:

2
m|( da 1,(do S
2 +7(E):mgaqz—ZNf(wf>dWw M

i=1

rac [m — MOMCHT MHCPIUH MACChI.

B ypaBHenuu (1) aBa 4ieHa 1eBoii 4acTH Mpe/CcTaB-
JISIIOT CO00¥ KMHETHYECKYIO SHEPTHIO, BBIPAKEHHYIO
Yyepes3 MepeMenieHne 1 yroyl TOBOPOTa COOTBETCTBEHHO.
[lepBrlii wieH npaBoil YaCTH ypaBHEHUS BbIPAXKAET BbI-
CBOOOXKIAIOIITYIOCS TIOTCHIIMAIBHYTO SHEPTHIO, & TOCIE-
HUN — TIOTIONIEHHYIO SHEPTHUIO JehopMaIiuu sl CBsI-
3€BOI0 IUIACTHYECKOro coenuHenus. [lehopmupoBanHoe
COCTOSIHUE, NIPH KOTOPOM HACTyIaeT paBHOBECHUE, [10-
CTUTraeTcs TOrAa, KOraa JBU)KEHHE CUCTEMBI TOJTHOCTBIO
MIPEKPAIIAETCA.

B 3TOM cocTOSIHMN KMHETHYECKast SHEPTUS CHCTEMBI
cranoButcs paBHoi W) = 0. JlocTuraercsi MakCUManbHOE
BEPTHKAIIbHOC [IEPEMCIUCHNC Uy, 5, B LICHTPE TIKECTH
MOAN(GHUIMPOBAHHOH (TOBPEXIEHHOH) 4aCTH KOHCTPYK-
TUBHOW CHCTEMBI. TaknM 00pa3om, yCII0BHE PaBHOBECHS
U1 1e(hOPMUPOBAHHOTO COCTOSTHHSI CHCTEMBI C OTHON
CTETICHBIO CBOOO/IBI HA TIEPBOM ITOTYTIEPHO/IE KoJleOaHHH
MOKHO 3alucaTb TPaJUIIUOHHO!:

Wi,max

n
Qaqz,max = 2 J‘ Ni (Wi)dwi’ (2)
=l 0

TIC g ax — MAKCHMAJIbHOE BEPTUKAIBHOE [IEpeMelLe-
HHE (BHHM3) OT BBIHYKIAIOWIEH CHIIbL 05 W 0 — COOT-
BETCTBYIOIIIEE IIepeMeIieHre (YIITHHEHHE) i-01 TOPH30H-
TaJbHOM (BEPTUKAIBHON) CBSA3H.

DHeprus nedopMaIiu CBI3eBOro coeuHeHUsI(i)
MOXeT OBbITh BbIpaskeHa cortacHo Fib Bulletin 43 uepe3
OTHOCHTEJIEHYIO SHEPTHIO J1e(hOPMALMOHHON CIIOCO0-

HOCTH CBA3U:

E(w)= W](Vw‘fm , 3)
rac
W ()= | N () @

CrenoBarenbHO, ypaBHEHHE (2), BRIpakaroliee
9HepreTuyeckuii Oananc neGopMUPOBAHHON CHCTEMBI,
MOYKHO 3aIMCaTh!

n
Qaqz,max = ZEJI (Wi,max ) Ni,uwi,max . (5)
i=l1

Kora iBmkeHne npekpaiiaercs, CHCTeMa, BEpOsIT-
HO, He 00513aTeIIbHO HAXOAUTCS B COCTOSIHMU PABHOBECHSI,
MIOATOMY B JIOMOJTHEHHE K YCJIOBHUIO (5) TOMKHO OBITH
BBIMOJIHCHO CJICIYOIIEE YCIOBHE:

(6)

Rstat(aqz,max) z mg.
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Ecnu crarinyeckoe ConpoTHBICHHE, ONPENIEICHHOES
Ha MaKCUMaJIbHOM IT€PEMEIICHUH, IPEBbIIIAET BEIHY K-
JAIONIYI0 CHITY, CHCTeMa HauWHAeT JIBIDKCHUE BBEpPX,
U paBHOBecHe B Ie()OPMUPOBAHHOM COCTOSTHUU HACTY-
IIUT Yepe3 HECKOJIBKO IIMKIIOB IPEUMYIIIECTBEHHO YIIPY-
rux konebanuii. Eciu ycroBue (6) He BBITIOTHSACTCA,
IPHHATOE 3HAYCHUE Uy, oy HE SBISETCS KOPPEKTHBIM,
MTOCKOJIBKY /10 €r0 JIOCTHI)KEHUS IPOUCXOIUT pa3phiB
cBsI3ei. DTO MOKET IMETh MECTO B CHCTEMAaX C HECKOJIh-
KAMU B3aUMOACHUCTBYIOIINMH CBSI35IMH, €CIIH CBSI3EBbIC
COC/IMHEHMSI [T0CIIEI0BATEIBHO Pa3pyIIaloTCs B IPOLEC-
ce epeMenIeHNs MOAU(UITMPOBAHHOM CHCTEMEI (Zipper
type mode).

[TpoBepky ycnoBuii paBHOBeCHS CHII B 1e(hOpMH-
POBAaHHOM COCTOSIHUU JJISI HEKOTOPOTO IMPEIaraeMoro
MeXaHH3Ma OOPYIIEHHSI BHITIOIHSIOT C HCIIOJIh30BaHUEM
ypaBHenwuit (5) u (6). Torma AMHAMUYECKOE COMTPOTHB-
neHue R, aIbTePHATHBHON CHCTEMbI MOXET ObITb OIIpe-
JIETICHO U3 YCIOBHS, B COOTBETCTBUH C KOTOPBIM MaKCH-
MaJibHas BBIHYXKAaomas cuiia Q = mg N0JDKHA OBbITh
BOCTIPUHSITA TOPU30HTAITBHBIMU CBSI3IMU ITOCJIC BHE3ATI-
HOTO yZTaJCHUS KOJIOHHBI.

Kak cnenyer u3 ypaBHeHus (5), TMHAMHU4eCKO€E CO-
IPOTHBICHUE R, (4, may) CBI3AHO C MAKCUMAIIbHBIM
BEPTHKAJIBHBIM [EPEMCLUCHHEM Ay, 5y, KOTOPOE, KaK
MPaBHUJIO, BBIOUPAIOT C YYETOM HAJINYHsI CBOOOJHOTO
MIPOCTPAHCTBA JUIs IEPEMEIICHHSI CHCTEMBI (Harpumep,
corracHo Fib Bulletin 43 n BS 8110-1 paccTostHus 10 HU-
JKEJIEKAILETO MEPEKPHITHS ) U IepOopMaIMOHHOM CIT0c00-
HOCTH (IUTaCTHYECKOH 1e()OPMaTUBHOCTH ) COSANHEHHUSL.

[IpenBapsist BOIPOCHI, KacarONIHecs KOINIeCTBEH-
HOM OLICHKH HEOIPEICIIEHHOCTEH IPeIIaraeMoro yrpo-
IIEHHOTO METO/1a, OCHOBAHHOTO Ha ITOJIOKEHUSIX TEOPHU
SHEPTEeTUIECKOTO Dananca, Mo CPaBHEHUIO C MPSMBIM
HEJIMHEIHBIM IMHAMHYECKUM aHalIu30M, CIeayeT 00-
parutbes k padotam [ 10, 11, 13], B acTHOCTH, Haubomee
HOBOI1 13 HUX [20], onmyOmmkoBanHo B 2021 1. B y6mi-
karuu [20] oTMeueHo, 4TO B3aMEH IPOMO3IKOTO HEJIH-
HelftHoro auHamudeckoro ananusa (NLD), conepxarie-
TO IIETIBIH PSiT HEeOoIIpeAeTICHHOCTEH (HarpuMep, ICTOPHS
HarpyxeHus, KodQpQpuuUeHT aemMrnupoBanus U T.1.),
METOJ, OCHOBAHHBIM Ha YHEpPreTHYECKOM OayaHce
(EBM), — nepcrieKTHBHBIA ¥ MHOTOOOCTIIAFOIIIII METOT
OIpElEICHHS] MAaKCUMaIbHOW TMHAMUYECKOU peaKkuu
KOHCTPYKTHUBHOW cuctembl. HecMOTps Ha HeKoTOphIe
MTOTPEITHOCTH, MIPUHSATHIC PU OIICHIUBAHUH, KOTOPHIC
CJIE/IyeT pacCMOTPETh OT/IENILHO, ITOKa3aHO, YTO METO/I,
OCHOBAHHBIN Ha DHEPIETUYECKOM OajtaHce, sIBISIETCS J0-
CTaTOYHO TOYHBIM U 3()(hEKTHBHBIM KaK MPH PeaTn3aIiii
n3ruOHOrO MexaHn3Ma (00pa3oBaHHE MIACTUYECKUX
LIAPHUPOB IPH MAJIBIX ie(hOpPMaIMsX); TaK ¥ HA CTaJUN
peanu3anuiu MEMOPaHHOTO (IIETTHOTO) (P PEeKTa B CBSI3IX,
BOCIPHUHUMAIOIIUX pacTshKeHUe (CTaans OONBIINX Tepe-
Menienuil). B uccnenosanuu [20] mokazaHo, 4To MOJIEIb,
OTIHCHIBAIOIIAS HEOTIPEICIICHHOCT (OIIMOKY MOZICITHPO-
BaHWs) MeToJa dHepreTudeckoro d6ananca (EBM),
TI0 CPaBHEHHIO C HETMHEWHBIM IMHAMUYECKHM aHAIT30M
(NLD) xopo1ro omuchIBaeTCst JOrHOPMAIIEHBIM pacIipe-
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JICIICHUEM CO CIICAYIONIMMHU CTATUCTHYCCKUMU ITapame-
tpamu LN(0,95; 0,20).

CoopHoe nepekpbiTHE

Cmamuueckoe u Ounamuyeckoe conpomusieHue
cucmembl

Kax 65110 okazano BeIme (cM. ypaBHeHus (2)—(5)),
COTIPOTHUBIICHNE TTOBPEKICHHOW CHCTEMBI C aJbTEepPHA-
TUBHBIMH MY TSIMH TTEPEIaYH HATPYy3KH MPAKTUIESCKH Ha-
MPSMYIO 3aBUCUT OT CIIOCOOHOCTH K INIACTUYECKOMY
YIUTMHEHUIO CBSI3EBBIX COCTUHEHUI PH pa3BUTHU OOITh-
IUX epPEMELEHUH.

PaccMoTpum cO0pHOE TIEpEKPHITHE C pABHBIMH IIPO-
JIeTaMH TUTHTHBIX JIEMEHTOB. BHYTpeHHss omopa He-
pa3pe3HOTo pUTess pa3pyIIaeTcs MpU 0COOBIX BO3/ICH-
ctBusax. [Ipu ymaneHnn omopsl cOOpHOE MEPEKPHITHE
BMECTE C CHCTEMOW CBsI3eH JTOKHO cPOPMHUPOBATH
ATBTEPHATUBHYIO HECYIIYIO CHCTEMY, BOCTIPUHUMAIO-
IO Harpy3KY HaJl yIaJCHHBIM SJIEMEHTOM TP Peali-
3alWd [EMTHOTO WK MeMOpaHHOTO 3P deKToB. B cooT-
BETCTBUH CO C(HOPMYIHPOBAHHBIMH JJOMYIIECHUSIMH (CM.
pasnen «JlomymmeHus, IpUHATHIE TPH pa3padoTKe yrpo-
LIEHHBIX aHATUTHYECKUX MOJIEJIeH») B TIPENICIIbHOM CO-
CTOSIHUM COOPHBIE AIIEMEHTHI NIEPEKPBITHI paccMaTpH-
BAIOTCS KaK a0COJIIOTHO XKECTKHE Teja, COCTUHECHHBIC
TIOAATIAMBEIMU CBS3SIMHU.

HermocpencTBeHHO rociie yaaieHus CpeHel Oropsl
Hepa3pe3HOro purelisi COOPHbIE IINTH HAUMHAIOT IT0BO-
padMBaTHCs Ha COCEIHUX OMOPAX U epeMEIaThCsl BHU3
1, COOTBETCTBEHHO, 110 TOPU30HTAIIH.

Kak cnemyer u3 Fib Bulletin 43 [2], Mmoaens compo-
THUBJICHHS 3aITUCHIBAIOT ISl BBIJICJIEHHON TIPOAOJIbHON
TI0JIOCHI, COCTaBJICHHOM U3 IUTUT COOPHOTO MEPEKPHITHSL.
[Tpu 5ToM 3¢ dexThl, BOZHUKAIOIINE B HATIPABICHHUH, T10-
TIEPEYHOM K BBIJICICHHON MOJIOCE, TPEOYIOT OTJeILHOTO
HU3Yy4YCHUA U B }IaHHOf/lI prOH.[eHHOﬁ MOJICJIN HE YUUTBI-
BatoTcs. PaccmarpuBaercst 1e(hOpMUPOBAHHOE COCTOSI-
HHE€ CHCTEMBI MTOCJIE TOT0, KaK apOYHBIA U OaOYHBIH
93¢ deKThI yKe ucueprianbl 1 He yuuThiBatoTcs. Cieayer
OTMETUTH, YTO B KOHCTPYKTUBHBIX CUCTEMAX CO C60p-
HBIMU IINITUTAMU BIIMSIHUEC HAa3BAHHBIX 3¢)(beKTOB MOXET
100 OBITh HE3HAYMTENbHBIM, JHOO OTCYTCTBOBATH
TTOJTHOCTBIO.

[Ipumem, 4TO CBSI3M BO BCEX COCAMHEHUAX IIETTHOM
CHICTEMBI OJTHOTO 1 TOTO K€ THIIA ¥ 00JIaJaf0T aHAIOT Y-
HBIMHU XapaKTePUCTUKaMHU. JTO 03HAYACT, YTO CBA3EBEIC
COCTUHEHHS NMEIOT OJMHAKOBOE COIIPOTUBIICHUE pac-
TSOHKSHUIO ¥ OIMHAKOBYIO XapaKTEPUCTHIECKYTO 3aBHCHU-
MOCTh N-w I Ka)Ka0i cBs3u. JJII Ka)KaIoro diIeMeHTa

TIEPEKPLITUA CO6CTB€HHBIﬁ BEC U APYrue€ nNOoCTOAHHBIC
Harpy3Ky NpeJICTaBlIeHbI Pe3yJIbTUPYIOIIUM ycuiueM O,
MIPUJIOKEHHBIM B €T0 IIEHTpe TshkecTH. JeopMupoBaH-
HOE COCTOSTHHE OIPEACIISIeTCS] BEPTUKAIBLHBIM IepeMe-
LIeHHEM a,, (puc. 1).

J1J1s1 O/IMHAKOBBIX TOPU3OHTAIBHBIX MEPEMEIICHHN
W TPeX CBSI3€BbIX COCJMHEHUN BEPTHKAIbHOE MepeMe-
IIEHHUE ¢, MOXKET OBITh PACCUNTAHO HETIOCPEICTBEHHO

q
13 1e(OPMUPOBAHHOI TEOMETPHUCCKON CXEMBI KaK:

3w

g, = T, (7
rae [ — nnuHa 3i1eMeHTa COOPHOTO MEePEKPHITHS.
W3 yciioBuii cTaTU4ECKOTO paBHOBECHUSI CUCTEMBI

B 1e(hOPMUPOBAHHOM COCTOSIHUH MOXKHO 3aIHCaTh!

Qé: N(w)2a,,. (8)

C yuerom BelpaxkeHust (7) CTaTHYECKOE COIPOTHB-
JICHHE:

3w

/ (€))

Rmax (aqz,max ) =2N (W)
(DOpMaJILHO, MaKCHUMAJIbHOC 3HAYCHUEC CTaTUYCCKO-

TO COIPOTHUBJICHUSA CBA3aHO C MAKCUMAJIBHBIM IIEPEME-
HICHUEM aqz,max’ IIpHU KOTOPOM ABUKCHUC CUCTCMbI BHHU3
JOJDKHO OBITH OCTAHOBJICHO, OIIPEACIIACTCA IO q)OpMyJ'ICZ

3 Wmax

R (a =2N, (10)

max ( qz,max)
VYcnoBust sHEpreTUYeCcKoro daanca i JBYXIpo-
JIETHOM CUCTEMBI:

2Qaqz,max = 3§(Wmax)Nquax‘ ( 1 1)

Brons Beipaxkenns (7) u (10) B ypaBaernne (11),
MOJTy4aeM:

1

—E_, (Wmax ) Rmax .

5 (12)

Rdyn (aqz,max ) =

W3 ypasuenwii (10) u (12) oueBuaHO, 4TO TUHAMH-
YeCKOEe CONMPOTUBICHUE I[EMHON CUCTEMBI 3aBUCUT
HE TOJILKO OT CONPOTHUBIICHHUS CBS3EH PACTSKEHUIO,
HO M MX TJIACTHYECKOH 1e(hOPMaTUBHOCTH, T.€. CHOCO0-
HOCTH K yanuHeHuio. B ypaBuenun (12) ncnonasp3oBan
ko3¢ ¢uiueHt 1/2. D10 00BICHICTCSA TEM, YTO JaxKe,
€CIIH CBS3EBOE COETMHEHHE Oy/IeT UMETh HJICalTbHO TIJIa-
CTUYECKYIO PEaKIUI0, CTATHUYECKOE CONPOTHUBIICHNE

Puc. 1. ['eomerpuueckas cxema cOOPHOTO MEePEKPHITHS I ONPeeIeHHs LeMHOro G dekTa mpy OOIBUINX TepEMEICHHIX

Fig. 1. Geometric scheme of a prefabricated floor for calculating the catenary effect at large displacements
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LIEMTHOM CUCTEMBI BO3PACTAET MPAKTUYECKU JIMHEHHO
C BO3pacTaHUeM TepeMereHst [2].

MOJEJINPOBAHUE CBA3EBbIX QJIEMEHTOB

MonesupoBanue cBsi3eii, padoTaonmx Ha pac-
TSKEHHE

Huazpamma N-w onst apmanmyprnozo cmepoichs

Jlns nostyyenus quarpaMMbl N-w, CBA3bIBArOLICH
[IPOJ0JIbHOE pacTsruBarolee ycunue N ¢ nepeMenieHu-
eM w (JIOKaJIbHBIM CMEII[EHUEM) CBSI3U, padoTaroren
Ha pacCTsAKEHUE, CJICAYET UMETh TUarpaMmmy T-s, OIMUChI-
BAIOIIYIO 3aKOH CICTUICHUSI 10 KOHTAKTY C OKPYIKAIOIIHM
6eronoM (puc. 2). Ha ocHOBaHMM OOIIMPHBIX IKCIICPH-
MeHTaJbHEIX uccaenosannii Fib Bulletin 726, BKJTIOUAsT
U COOCTBEHHbBIC UCCIICIOBAHMS JIJISI OTMIUCAHUS 3aKOHA

% Fib Bulletin 72. Bond and anchorage of embedded reinforce-
ment: Background to the fib Model Code for Concrete Struc-
tures 2010 // Technical report federation internationale du be-
ton. 2014.

T, MIa / MPa %

Tb.mzlx

Th,,f'

—_———qm——_——————

CHECIIJICHUA MO KOHTAKTY, Obl1a IMpUHATA 3aBUCUMOCTD,
BrimoueHHas B CII 5.03.01-2020.

[TpeumymiecTBOM AuarpaMMbl, TOKa3aHHOW Ha
pHC. 2, ABIISETCS TO, UTO OHA IPUMEHMMA KaK IS CTePIK-
HEH TepHOAMYECKOTO PO, TaK U TIAAKUX CTEPXK-
Heid, a TaK)Ke NPaKTUYECKH TTOJTHOTO [TapaMeTPUYECKOro
psima 6eToHOB, BKITtouas Beicokonpounsie (CIT5.03.01-
2020, Fib MC 2010, Fib Bulletin 72). 3nauenus kaca-
TEJIbHBIX HAPSIKEHUH T U CMEILEHUN §; B ITapaMeTpH-
YeCKHX TOYKaX MHArpaMMBI CIEIyeT MPUHUMATH
coracHo CII 5.03.01-2020.

Jlst mepexozia K 3aBUCUMOCTH N-w HEOOXOIUMO:

a) OTIPEICNUTD AIUHY 30HBI ITepeIadn HarmpsoKe-
HUH [,

6) pacupenenenue gedopmanuii g,x) u g,(x)
Ha 9Toi aimuHe (puc. 3).

B obuiem ciryuae anuHa 30HBI TIepeziadn HarpshKe-
HUH BO3PACTET C YBEIMUECHUEM PACTIATHUBAIOIICTO YCH-
nvst. J17is OTAeIbHOTO CTepIKHSI, 33/1€JIaHHOTO B OeTOHE,
BO3MOXKHBI CIIEAyIONIMe chydan: 1) JyinHa 30HbBI Iiepe-
JIa4Y¥ HAPSHKCHU MEHbBIIE WITH paBHA IITHHE aHKEPOB-
KH; 2) JJIMHA 30HBI Iepeauyn HanpsokeHud Oosbine

Sp3 Sy MM/ mm

Puc. 2. Jlnarpamma 1-s 15l KOHTAKTHOW TIOBEPXHOCTH apMAaTypPHOT'O CTEPIKHS C OKPYIKAIOIIUM OCTOHOM COTIIACHO

CI15.03.01-2020

Fig. 2. Diagram t-s for the contact surface of the reinforcing bar with the surrounding concrete according to SP 5.03.01-2020
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Puc. 3. K OIPEACTICHNUIO BEJIMYUHBI CMCIICHNS KOHIICBOI'O YHaCTKa CTCPIKHS

Fig. 3. To determine the value of the displacement of the end section of the bar
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JJINHBI aHKEPOBKH. CneayeT OTMCTUTB, UTO JJIA HC-
NIPEPBIBHBIX CBA3EH PACTSKEHUS, IPOXOLALLUX Uepes
[IEPEKPBITHE, IPAKTHYECKN BCErga CIPABEAIIUB CIIy-
vaii 1.

Cormacno CIT 5.03.01-2020, Fib MC 2010 g yc-
JIOBHH, KOTZIa MoTIepeyHbIe JedopmManny OeToHa orpa-
HUYCHBI (OrpaHUYCHHBIC YCIOBH), 8 MAKCUMaJIbHbIE
HAIIPSDKEHUS! CLEIUICHUSI COOTBETCTBYIOT BEIMYMHE JIO-
KaJIBHOTO CMEIIeHus S, = 1,0 MM, JUIs OIIHCaHMs BOC-
XOZISIICH BETBU AUArpaMMbl IPHHIMAFOT 3aBHCHMOCTb:

_ 0.4
T = TomaxSp > (13)

TIE Tj, 1y — MAKCUMAJIbHBIE HANPSIKEHUS CLETICHHUS
cornacHo CII 5.03.01-2020; s, — Tekymiee 3Ha4YCHHE
CMEIIECHHsI apMaTypHOTO CTEPKHS B OETOHE.

J1uist onpeienieHust CMELeHUs B cIydae, Kor/a UTh-
Ha aHKEPOBKH OOJIbIIE JUTMHBI 30HBI NIEPEIadn Harpsi-
YKEHHH, IPUHUMAETCSI, YTO OETOHHBIH JIEMEHT SIBIISIETCS
YKECTKHM TEJIOM 110 OTHOLIEHHIO K apMaTypHOMY CTEpIK-
HI0. DTO, 0€3yCII0BHO, AaeT HE3HAUUTEIILHYIO ITEPEOIICH-
Ky BEJIMYHMHBI CMEUICHUS TOPIIa apMaTyPHOTO CTEPIKHS
OTHOCHTEJIEHO OeToHa.

[Tpu ycinoBuM ynpyroid paboThI CTEPIKHS U CMelIe-
HUs ero Topla He Ooyee ueM Ha | MM, cripaBeinBa
CIIeITyIOIIast 3aBUCUMOCTb, ToitydeHHast B Fib Bulletin 43,
Fib Bulletin 72 npu 060CHOBaHNHU pacUETHBIX MOJIOXKE-
Huii, BHeceHusIx B Fib MC 2010:

o2 0,714
(¢} (o}
Wog = 0,288 ———— + =20, (14)
Tb,max Es Es
rie & — IuaMeTp CTEPIKHS, MM;
Tb,max = 2’5 fcd - (15)
JUTSL «XOPOIITUX» YCIOBHH CICTIICHHUS;
Tb,max = 1’25 fcd 7 (16)

JUISL «BCEX JIPYTHX» YCIOBUM CIETUICHUSI.

I[TepBylit uien B npaBoit yactu ypaBHeHus (14) co-
OTBETCTBYET CMEIEHUIO TOPLla Ha AJIMHE 30HBI Iepe-

Jlauyl HAIIPSDKEHUH M 0003HAYACTCA S,y 0rt

5, \0T14
o

=0,288 (17)

S
end ,net
Tb,max

[Mocnenuuii wien ypasuenus (14) yuntsiBaer a¢-
(eKT JOKAIBHOTO pa3pyLICHUs IIOBEPXHOCTH OeTOHA
y CBOOOIHOTO Kpasi Ha JAJMHE TPUMEpHO 2.

OO0parHoe BbIpasKeHHE, CBS3bIBAIOIIEE HAIPSKEHHS
G, C OIIpPE/eJICHHBIM 3aJlaHHbIM CMELICHHEM TOpLa
CTEPIKHSI, MOXHO 3anucarb u3 ¢popmyast (17) crnenyro-
M 00paszom:

(18)

(19)

npu S,

COOTBETCTBEHHO, ITMHA 30HBI IEPEIaYH HAPsHKe-
Hui, cormacao Fib Bulletin 43, Fib Bulletin 72, Oyzmer
paBHa:

Jo
[, = 0,583—034
Se;td,net

+20. (20)

Tb,max

Ecnn cMenienne topra cTepXHs He IPEBHIIIaeT
1 MM, TO B COOTBETCTBHH C AUATPAMMOIi T-s (CM. puc. 3),
TEKy4eCTbh Ha Harpy»KEHHOM KOHIIE apMaTyPHOTO CTEPK-
Hsl JIOCTUTAETCS IPEKIE, UM OYAET JOCTUTHYTO T)y -
CMelieHre Topla CTepsKHsI TPU JOCTHXKEHUH TeKY4eCTH
B apMaTypHOM CTEPXKHE W,,,,, U JUIMHY [Iepe/jad Ha-
NPSKCHUI [, |, IOy YatoT IIPU [IOJCTAHOBKE B yPABHCHNE
(18) u (20) HanpspKeHWH, paBHBIX PACYETHOMY 3HAYECHHIO
CONPOTUBIICHNS APMATYPBI O = f,;. 3aBUCHMOCTb MEKILY
PacTATHBAIOIINM YCHUIIUEM H IIPOCKAIB3BIBAHIEM CTEPIK-
Hs 10 JOCTHIKCHHS TEKYYECTH B OOIIEeM ciiydae yxe
SIBJIsSIETCSI HelMHeHHOW . OJIHAaKO KECTKOCTh (MJIH 1o/aT-
JIMBOCTB) cOeAUHEHUs k,(W,,;) Olpenesercs B o0mmeM
cilydae Kak cexyluas B Touke N(w,,,):

N (wend )
—w .

ka (Wend ) = (21)

end

[Tpubnu3nTeNEHOE 3HAUYCHUE KECTKOCTH COSANHE-
HUS HETIOCPEACTBEHHO Iepell JOCTIKEHHEM TeKy4eCTH
OIIpe/IeIISIOT:

ky =t

(22)

end,y

rae N, — ycuie, COOTBETCTBYIOIIEE TeKYYECTH B CBsl-
3H; W, — CMEILEHHE, COOTBETCTBYIOLIEE Gy = f, ;.
Bripaxkenne (21) HenoOLEHUBACT KECTKOCTD IS
Harpy30K, MCHbIIHX, 4eM N,. JIist 9T0ro ypoBHs Harpy-
JKECHUS OoJiee perpe3eHTaTHBHO OyIeT )KeCTKOCTh, pac-
CUMTaHHAA C IPUMEHEHHEM ypaBHEeHHUs (22).

IIpedenvras eenuyuna npocKkaib3blGaHsl

Korna B cTepixHe 10CTUTaeTCsl TEKYyUECTh U IIPOHUC-
XOIUT JIOKAJIFHOE pa3pylueHne 0eToHa (B BUAEC KOHyca
BbICOTOU 2(J) Y MOBEPXHOCTH JJIEMEHTA, YaCTh JTMHBI
30HBI NIEpeIady HANPSHKCHUH MOTy4YaeT IIACTHUECKYIO
nedopmanuro. OMHAKO IS TOCTIDKCHHUS TEKY4ECTH
BZIOJIb BCET'O CTEPIKHSI HAIIPSDKEHUSI B apMaTypHOH cTann
Ha ero Harpy>KeHHOM KOHIIE JOJDKHBI IIPEBBIIIATH TPEIEIT
tekydect. Cornmacao Fib Bulletin 43 mist Anmusb! 30HBI
nepeiady HalpsHDKCHUH BBOAUTCS TAK Ha3bIBaeMast [UTH-
Ha «IUIACTUYECKON» 30HBI IEpeaaun HAIpsLKEHUNH —
Y9acTOK, Ha JUTMHE KOTOPOTO 3ariIyOJIeHHBIH B OCTOH
CTEpIKEeHb JIOCTUraeT TeKydecTH. [Ipu aToMm B mpenenax
«TUTACTUYECKOI» 30HBI HAMPSDKEHUS CIEIUICHHUS 10 KOH-
TakTy cHIDKaroTcs cormacHo Fib Bulletin 72.

ITpn mocTaTouHOM aHKEPOBKE CTEPXKHS B Tele Oe-
TOHA MaKCHMajbHas JUTMHA IUIACTHYECKOTO ydacTKa
Ha JUTMHE 30HBI NIEPeaun HarpsHKeHU OyaeT omnpee-
JISITBCS TIPU JIOCTIDKEHNH apMaTypHOH CTaJIbIO ITPOYHO-
CTHU IIpH pa3psise f,,. [loaToMy Ha JIMHE «ILIACTHYECKO-
r0» ydJacTKa HAIPsDKEHUS BO3PACTAIOT OT 3HAYCHHM,
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COOTBETCTBYIOIIUX TEKYUYECTH ];, J10 3HaYEHHH, COOT-
BETCTBYIOIINX NPOYHOCTH apMaTyphbl IIpH pas3psIBe f,,
Ha CBOOOTHOM KOHIIE CTepKHSA (pHcC. 4).

Torna npejenbHas JUIMHA y4acTKa ITACTHYSCKUX
nepopMAaIHii MOXKET OBITH ITOTyYeHA U3 YCIIOBHS PaBHO-
Becus (cM. puc. 4):

_F;'u_F;y _

T, p,nQ

Jua = Jya @

4 bl

by (23)
Tbm, pl
TI€ Tp,, ) — CPEAHHUE 3HAYCHHSI HAIPSKCHUI CLICTUICHHS
10 KOHTAKTy Ha JUIMHE 30HBI INIACTHYECKOTO 1e(hOpMHU-
poBaHus, onpenesieMble o ¢hopmyne (24).

J1s nedopMaTHBHBIX CTEPIKHEH ITEPUOTUIECCKO-
ro npo¢uist (apmarypa kiaccos B u C cormacuo CII
5.03.01-2020) B Fib Bulletin 43, Fib Bulletin 72 mpen-
JIO’)KEHO BBIABIIATH CPEJAHME HANPSIKEHUS CLETICHUS
Ha JITMHE 30HBI [UTACTHYECKOTO Ae(opMHUpOBaHHS TTPU
pa3pbIBe CTEpXKHEH U3 3aBUCHUMOCTEH:

Tbm,pl = 0’27Tb,max’ (24)

TIE Tp oy OTIPENENseTest no popmynam (15) nim (16)
B 3aBUCHMOCTH OT YCJIOBHI{ CIICTUICHHS.

[TpenenbHoe cMmemenne (YATUHEHHE) CBI3EBOTO
CTEPIKHSI PACCYUTHIBACTCS 110 (hOpMyIe:

LLLCCPPETPTTTTTT:

T

/

1.pl

f;fd

A
A
F
h

Wend,u = lt,plgsm,pl + Wend,y’ (25)

I &, ,, — CPEIHHUE OTHOCHTENIbHBIE Ae(OopMaLlK ap-
MaTypHOTO CTEPIKHs Ha JUIMHE Y4acTKa IIACTHYECKOTO
nedopmupoanus, cortacHo Fib Bulletin 43, npuHATHI
paBHBIMH g, ;= 0,5¢,,.

Kak cnenyer u3 ypaBaenus (25), npenenbHoe nepe-
MEIIEHUE BO3PACTAET 10 MEPEe YBEINICHHUS JTTHHBI 30HBI
IJIACTUYECKOTO Ae(hOPMUPOBAHHUSL [, ;.

Jlist onMcanust 3aBUCUMOCTH N-W 0 pe3ysibraTaM
aHaJIM3a pPe3yIbTaTOB HCIBITAHUI CTEp)KHEH, 3arTyOreH-
HBIX B OETOHE, a TakXke ¢ y4eToM pekoMmeHnanuii Fib
Bulletin 43, ni1st MogenupoBanust paboThI CBsi3eil Oblta
IIpe/UIoKeHa TPeXJINHeHHas naeanu3upoBaHHas Jua-
rpamma, oka3zaHHas Ha puc. 5.

PE3YJIBTATBI HCCJIIEJOBAHUA

IIpumep npoBepKH KUBYYECTH COOPHOT0 MHOTO-
3TAKHOTO 3aAHUS

Koncmpyxkmusenas cucmema, ucxoousie oarnHvle

B kauecTBe npuMepa paccCMOTPUM KOHCTPYKTHB-
HYIO CHCTeMYy COOpHOTO Kapkaca 18-3TaXHOTOo 31aHuUs,
IUTaH KOTOPOTO MOKa3aH Ha puc. 6. B maHHO# KOHCTPYK-
TUBHOI CHCTEME B KaYECTBE OMOPHBIX BEPTUKATBHBIX

L
K G, MIla/ MPa 4
~ %g L= kJﬂ-ﬂr ————————
Th.m.pl Sy

ferh 4

S

Puc. 4. K onpezeneHuio JUIMHbI «IUIACTHYECKOT0» ydacTKa (IUIACTHYECKUX Ae(hOopMarLiiii)

Fig. 4. Determination of the length of the “plastic” region (plastic deformations)

N, kH /KN |

I
|
I
|
I
I
|
1

-

Wepd.y 0,5w

end,u

Wendu Ws MM / mm

Puc. 5. UneanusupoBanHas auarpamMma N-w A7st CBSI3U U3 apMaTypHOM CTaiy, paboTaroniell Ha pacTshHKEHHE, COTJIACHO

Fib Bulletin 43 u Fib Bulletin 72

Fig. 5. An idealized N-w diagram for a tensile reinforcing steel tie according to Fib Bulletin 43 and Fib Bulletin 72
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110 MeToAy aHepreTmuyeckoro 6araHca €. 1015-1033

9JIEMEHTOB HCIIOIH30BaHBI MOHOJIUTHBIE KOJIOHHBI Ceye-
nueM 300 x 300 MM (110 ocsim 2, 6) 1 cOOpHBIE TTaHEeb-
HbIE CTEeHBI (110 ocsiM 1, 4, 7). [lepekprITie BHIIOITHEHO
13 COOPHBIX IUIUT MyCTOTHOTO HacTuia 1,2 X 6,0 M, BbI-
cotoii 0,22 M ¢ IOAPE3KOi B OTMOPHBIX y3J71aX, U3TOTOB-
JICHHBIX TI0 arperaTHo-MOTOYHON TeXHONOTHH. [ nuThI
OIUPAIOTCS Ha TTOJIKK COOPHBIX puresield BicoToi 0,26 M
(puc. 7). Ha cragnu npeaBapuTeNsHOTO aHAIIH3a 3aMpo-
eKTHPOBaHA CUCTEMa TOPH30HTAIBHBIX U BEPTUKAIBHBIX

cBs13ei B cooTBeTCTBIH C TpedoBanusiMu CI15.03.01-2020
n TKIT EN1991-1-7.

B cooTBeTCTBUM C UCXOAHBIMH JIJAHHBIMHU K TIPO-
€KTY OBUIH MIPUHSITHI CICAYIOIINE XapaKTePUCTHYECKHIE
3HA4YEHHs BO3JCHCTBHIA: 1) COOCTBEHHbIH BEC IJIUT Mepe-
KpbITHs g3 = 3,05 kI1a; 2) coOcTBEHHBII BEC KOHCTPYK-
nuu nosa g, = 0,6 xIla; 3) nepemMeHHas Harpyska
q,= 1,5 xIIa. Ocoboe coueTanue Bo3AeHCTBHI IPUHATO
B BUJIE:

CxeMa packIaiaKH TUTHT Ne PeKPLITHS

Layout scheme for floor slabs
” 3180 M Ma-1 \ -1
100 i 1 B n&-1 bum H 1] -1 Lwm
¢ 1 8 P2 i; N1 i Na-1110 ! g
bl [ L ] I
A 2 2 ! PeyAal i 1AV | Lu.! @
= n-1 &) \aw n-1 woo k| n-1
| " | T ] =
= n-1 =1 n-1 wis ik 20 g0 |
Saf ey
=TS
| n-1 g 8l ns | ﬁrk i ['_'Jf., n5| %I | g
— —_— - '
— =] =
[T g 2

Al

300

H i 2
130 40, wo N2 g s -1 i n-1 8
f l .
1T g — 3 HRE =gty g i — g
g L =T 8 ns Gkl Mme2 o gl 82
¥ & 28 G ’ =
3, MO ke | 3 : = Nmj1
Iﬂ| T " o - o
" — % 2t = AR = = =
® | Cunnk | = = M
| L 1690
El f-1 g n- i i - n-6 no A
H n-s
g - |
g | n-6 | n-6 E
- |E = fin-5 PE |
| noo gl A ne il oo K asm! | ne | /MJ -

L 6300

6300

Puc. 6. [Tinan nepekpsITys MEpBOro 3Taxa 18-3TaskHOro cOOPHOro KapKacHOTO 31aHHs

Fig. 6. Plan of the first floor of an 18-storey prefabricated frame building

beron C16/20
MEJIKO3e pHHCTBII

Fine-grained C l(a;’ll}\

concrete

Puc. 7. Y3en onupaHus AT MyCTOTHOTO HACTUIIA HA PUTENb

Fig. 7. Supporting join for slabs on the girder
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Pa=8n T8 TV ¢ =
=3,05+0,6+0,3-1,5=4,1 xlla.

[IpoBepky kHUBy4Y€CTH KOHCTPYKTUBHON CHUCTEMBI
BBITMOJIHSUIM C UCTIOJIb30BAHUEM TOTyUYEHHBIX aHAIUTH-
YEeCKUX 3aBUCUMOCTEH, yUUTHIBAIOIINX LEHOH (MeM-
OpanHbIii) 3P (PEeKT B KOHCTPYKIUAX COOPHOTO KapKaca.

B pamkax monxomoB, copMyIUpOBaHHBIX B JICH-
cTByromux HopMmax u ykazanusx (CIT 5.03.01-2020;
CH 2.01.01-2019; TKIT EN1991-1-7; BS 8110-1;
DoD 2005 UFC 4-023-03), paccMaTpuBaroT OTAEIBLHO
CONPOTHUBIICHUE MTOJOCH! U3 IUIUT MEPEKPHITUS B OJHOM
HaIlpaBJICHUU U CONPOTHBICHUE COOPHBIX pHUTenel
B ipyroM. B oTirune oT M3BECTHBIX PEIIeHU PHU OIpe-
JIeTICHUH TPeOyeMBIX IIJIOIIA/IeH CEYeHUH TOPU30HTAIb-
HBIX CBSI3€H, pa3MEIaeMBbIX B PUTEIISIX U IUTUTAX IIyCTOT-
HOTO HAaCTHJIA, UCHONb3YETCsl MPUHIIUIT COBMECTHOCTH
BEPTUKAIBHBIX IIEPEMEIIECHHUI B yIaJeHHOM y31e. B co-
OTBETCTBHUH C JAHHBIM TPUHIMIIOM (TTPUHIIAI KOMITaTH-
OMWIBPHOCTH) Ne(POPMAITHOHHO-CUIIOBEIE TapaMeTpPHI
CcBsI3el B pureidax v minuTax onpeaciadroT U3 yCJIOBUA
PABEHCTBA MEPEMCIUCHUN: Gyyay , = Amay p (30€CH, Ay )
Q. p— MAKCUMAJTBHBIA IPOTHO ILUTMT M PUTENIEH B Me-
CT€ yAAJICHHOTO AJIEMEHTA, COOTBETCTBEHHO).

Mooenuposanue céa3e6bix 1emMenmos

[TpuHMMaeM B KauecTBe CBsA3EH, 001a/1at0InX 3Ha-
YUTEIHHOM INIACTHYECKOH 1e(hOPMATUBHOCTBIO, CTEPIK-
HU 285240 co cleayIOMIMHI XapaKTePUCTUKAMH:
Jor = 240 MIla; (7,/f,), = 1,35 E; = 200 I'lla; g, =
=1,5-107% 4, =616 Mmm*. Beton C20/25: ., =20 MITa;
Jom =20 + 8 =28 MIla. Pe3ynbrarsl BBIYUCIECHHS Iapa-
METPHUYECKUX TOUeK nuarpamm N-w (puc. 5) Uit npu-
HSTBIX TOPH30HTAIILHBIX CBSA3€H IIPECTABICHBI B TA0M. 1.

Ananumuueckoe pewienue

PaccmotpuM monocy pureneit mo ocu 2 (puc. 6).
C‘lI/ITaeM, 4TO BHYTPEHHUEC CBA3U 11O HAITPABJIICHUIO OCU
2 cocpenoToueHbl B COOPHBIX pHUTelsiX. Purenn narpy-
JKEeHbI 0c000i1 Harpy3koil: O =4,1 X 6,0 X 4,0=98,4 xH.
Ha omope purenu HMEFOT eTieBble BoIMycKu 23255500
1 JIOTIOJTHATEIIEHO 3ape3epPBUPOBAHHbIEC TOPU3OHTAIIBHBIC
cesi3u 4J28S240. [lepemeriieHne CpeaHero y3ia (B Me-
CTe yJaJeHHUs KOJOHHBI) HE TOJKHO MPEBhIMATh 2,3 M
(cBOOOIHOE TIPOCTPAHCTBO ITAKA).

OrnperesieHe OCHOBHBIX PAaCYETHBIX MapaMeTPOB
U pe3yNbTaThl NPOBEPKH KUBYUYECTHU TIPECTABICHBI
B TaOm. 2.

Onupasich Ha NPUHSATOE yCIIOBHE paBeHCTBa Aedop-
Maluii, ToKa)XeM, KaK OpeenTh TpeOyeMyIo IUIOMa/1b
CedeHUs CBS3EH IS TaHHOTO BHAa apMaTypsl (S240).

[Ipunumas: a =0,61 m; Rdyn =29,52 xkH = Q;

max,pl

é(wmax) = 07977 Wmax,pl = 0,0206 MM.
2Rdyn _ 2- 29,52
é(wmax ) 05 97

Tornma Tpedyemoe ycuine, COOTBETCTBYIOIIEE pa3-
PBIBY CTEPIKHSI:

=60,86 kH.

Rmax =

“ ]Zmax B 36 0(;806206 =208 K
w .
2 max 2 >
\/ 6,0 J 6,0

Taxk xak 23285240 N, = 384 kH >299,8 xH. Tpe-
Oyemasi TIOIIaAb apMaTypHBIX CTEPIKHEH:

4 N ~299,8:10°
13, 1,3:240

purnMaem 22258240 (4, = 982 Mm?).

=960,9 MMm>.

Cpasgnenue pe3yibmamos pacuenog mpeoyemuix
napamempos cessell, Noay4eHHbIX N0 Memooy dHepze-
MUYECKo20 6aNanca u no 0eucmeyuUM HOPMAMUBHbIM
OOKYMeHmam

BBInosHNM cpaBHEHHE Pe3yJIbTaTOB, MOMYYEeHHBIX
C IPUMEHEHHEM aHATUTHYSCKHUX MOJIeTICH, OCHOBAHHBIX
Ha YpaBHEHHSX dHEPreTHUeCKoTo Oananca aedpopMupo-
BaHHOW CHCTEMBI IPU MaKCUMaJIEHOM BEPTHKaJIbHOM
MepEMEILICHNH, C MOJICIIIMH, BKIIIOYCHHBIMH B HOpMa-
TUBHBIC JOKYMEHTBI U PEKOMCHAAIINU PA3JIMYHBIX CTPaH
(CIT 5.03.01-2020; TKIT EN1991-1-7; BS 81101;
DoD 2005 UFC 4-023-03; PK3 2002") anst pacuera Bep-
TUKaJIbHBIX 1 TOPU3OHTAJIBHBIX CBH36171, MOJTYYCHHBIX
IJTaBHBIM 00pa30M TOJIBKO M3 YCIIOBHI paBHOBECHS ITPH
3aJJaHHOH BeJMIIHE poruda. Pe3ymsrarst mogdopa mio-
maan CEYCHUA rOpU30HTAJIbHBIX CBSI3EH 110 Tpe6OBaHI/I-
SIM JICUCTBYIOIIMX HOPM NPHBE/ICHBI B Ta0I. 3.

7 PekOMEH/IAITHH IO 3aIUTE JKIIBIX KAPKACHBIX 3AHHMIT TIPH
ypesBbluaiiHbIX cuTyanusax. M. : Mockomapxurekrypa, 2002.

Taoa. 1. [Tapamerpuueckue TOUYKN qruarpamm N-w IJisi IPUHSATBIX TOPH30HTANBHBIX CBsi3el U3 crepkHei 285240

Table 1. Parametric points of N-w diagrams for taken horizontal ties from bars J28S240

[Tapamerpsl auarpammsl N-w
Homep Ap_MHPOBaHHe Parameters for N-w diagram
No. Reinforcement
N,, kH/ kN N,, xH / kN Wendys MM / M Wend,s MM / MM
1 20285240 295,68 384,38 0,658 28,94
2 4285240 591,40 768,76 0,658 28,94

Ipumeuanue: obumi Bua auarpaMmbl N-w, CM. pHC. 5.
Note: general view of the N-w diagram, see Fig. 5.
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lMpoBEpPKa XUBYUECTU KOHCTPYKTUBHbIX CMCTEM M3 COOPHOIo Xere306eToHa
10 METOAY aHepreTuyeckoro baraHca

C. 1015-1033

Taou. 2. IIpoBepka >XxuBy4eCTH COOPHOTO >KeNe300€TOHHOTO 3aHus
Table 2. Robustness check of precast concrete building

Purens [=4,3m

[Inute! mycroTHOTO HacTUna /= 6,3 M

Girder /=43 m Hollow slab /= 6,3 m
5 g
® O g = ® © g =}
v 5 B aQ, = z o 1) < = v = 5 o = z 5 o < )
S8 :| §3 g% =9 |EE |88 Z| 53 gz o |[EE o
= k) g e © o = Z 2=l 5 9o = £ o © o = T a =
2 22 S 3 == e |Eos|lag s S = I g g S | E o8
5) 5 < = = S = g > X s 2| o E g =3 = o = E > 5 = 2
EzZ| o< e & HB EzZ| =54 8 2 2 |9
m o~ s = o~
[8a] s8]
Ta6u. 1 = |Com !
1 Wi i 0,02894 | u 6 Fmax.s M- HPHMEARHE | g61 | m/m
Table 1 = G See note
= | @ 7 D 7
2 Pmax.b opuyra (7) 1 ¢} M 7 Wi oPMyIa (7)1 62062 | s/ m
=2 Ay pmax | Formula (7) Formula (7)
Dopmyma (10) Dopmyma (10)
3 R 218,47 H 8 R 77,94 H / kN
max Formula (10) ’ « max Formula (10) ’ «
Dopmyma (12) Dopmyma (12)
4 R 218,47 H 9 R 37,80 H/kN
dyn Formula (12) « dym Formula (12) K
o 6) | 105,8 > D 6 37,8 >
5 R, >0 opmya (6) 10 Ry >0 opmya (6)
v Formula (6) 98,4 V Formula (6) 29,52
Ipumeuanue: | — npuHUMas ycIoBUe paBeHCTBA IPOTHGOB Apnax.s = Amax p» OTIPEIENIAEM TPEOyEMOE YITHHEHHE TOPU3OHTATBHOMN

CBS3U B IVIMTAX NEPEKPBITUA (B IonepeYHOM HaHpaBJ’IeHI/II/I) w

=20,6 MM < w,, = 28,94 MMm.

Note: ' — accepting the compatibility hypothesis a =

the hollow slabs (in the transverse direction) #

<w, =28,94 mm.

max.,s

‘max>

a

max>

max,b>

2 uztabn. 1 s 2228S240: 0,5w, = 14,47 MM <w,

Taou. 3. Pe3ynsrarel 10oA00pa TOPU30HTAIBHBIX CBA3EH 10 JeHCTBYIOIUM HOPMAaTHBHBIM JIOKYMEHTaM
Table 3. The results of calculating horizontal ties according to the current standards

max,req

we determine the required elongation of the horizontal tie in
2 from Table 1 for 22285240: 0,5w, = 14,47 mm < w

max,req

=20,6 mm <

CasiseBoe yeunue, T; a2 ApPMUpOBaHHE
Howmep HcTounuk dopmyna Tie Force, T " 5 A, Mm?
No. Reference Equation kH KH/M M s Reinforcement
kN kN/m m A g, mm”
1 2 3 4 5 6 7 8
/ 12208240
1 EN1991-1-7 0,8(g, + q,)sL 75 62,5 1,3 < —_
B(gr +aps ) . 4.8 G14)
BS 8110-1 (& +ac) L.
Aok k) Cr /
2 EN1991-1-7 7,5 5 ! 62,69 51,91 1,97 Sﬁ Mg)%
DoD F, =20 + 4n, wm 60 kH/m ’
DoD 3(1,2 g + 0,591, /g 1255240
3 116,34 96,57 1,05 <= e
CIT5.03.01 3(ge + 0,31, 6 (491)
/ 12128240
4 PK3 2002 +ql, /2 19,47 16,22 5,25 <+ e
(gt qdly , > > 1.2 (113)
ITlpumeyanue: [ pacuere npussTo [, = 6,3 M; g, = 3,65 kIla; ¢, = 1,5 xIla;

2 MaKcHManbHbI TPorud g

max

Note: ' — the calculation is based on l,=6,3m; g, =3,65kPa; g, = 1,5 kPa;

2 the maximum deflection a

max

ONIpEJICNIeH U3 YPaBHEHHS d,,,, = 0, = (g + qk)lg/(2Tj).

is determined from the equation a,,, = 8, = (g; + gI/(2 7).
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AHanm3 HOPMaTUBHBIX TOKYMEHTOB U PEKOMEH/1a-
mmii (CIT 5.03.01-2020; TKIT EN1991-1-7; BS 8110-1;
DoD 2005 UFC 4023-03; PK3 2002) noka3bIBaeT, 9TO
BCE pacyeTHbIC MOJIEINHU, MPEICTaBICHHbIE B Ta0M. 3,
HMEIOT B CBOEH OCHOBE 0a30BbIC ypaBHEHHS IS OIIpe-
JIeNIeHHsI IIeTTHOTO (MEMOPAaHHOTO) yCHUIIHS, TTOyYeHHO-
TO U3 YCJIOBUH CTaTHYECKOro paBHOBEeCHS Ae(hOpMUPO-
BaHHOW CHCTEMBI IPU MAaKCUMaJIbHOM BEPTHKAJIbHOM
NepeMeIleHUN:

& Vi)l

T =(1+oc)( % , (26)

J
s

rae 0, — BEPTUKAIbHOE MEPEMEIIEHUE CeUeHHUs C y/ia-
JICHHBIM OTIOPHBIM 3JICMEHTOM.

B pabore [2] moka3aHo, 4TO pacdeTHas MOIEITh
BS8110-1 u EN1991-1-7 onupaercs Ha dpopmyy Juist
OITIPE/ICIICHHSI BEPTHKAIBHOTO MEPEMEIICHHS:

5, =18,75(1+ )L @7)
T;

[Ipu onpenenennu o ot 0 go 1,5 (cormacuo [2])
u F, ot 24 no 60 xH/m (pu n3MeHeHUH Yucia dTaxel
ot 1 no 10 u 6oree) momydaeM MakCUMAaIbHOE TIepe-
MeIIeHue da,,,, = 0, < /;/1,28(!). PacueTnas monens
DoD 2005 UFC 4-023-03 nomy4eHa npH a,,,, = 6,<1,/6.

OCHOBBIBAsICH Ha pe3yNbTaTax UCIBITAHUN TOJ-
HOMAaCHITA0OHBIX MEPEKPBITUH, BHIITOJHEHHBIX B
1985-1999 rt. B PCA [2], ycTaHOBIIEHO, UTO MIPEACTEHOE
NepeMelieHue, IpU KOTOPOM peasiu3yeTcs [EenHoH (MeM-
OpaHHblit) 3¢ dexT, cocTaBiser o, = /,/6,67, uto 6aU3K0
K 3HaueHHuAM, npuHATEIM B DoD 2005 UFC 4-023-03
U TIOTyYeHHBIM APYTHMH HccieioBaressiMi. Kpome Toro,
B padotax [2, 12, 20] moka3ano, 4to (popma pa3pyIieHus,
CBsI3aHHAS C Pa3pbIBOM CTEPIKHEH, JOCTUTAETCS IPU
0, <1,/10.

CpaBHEHHE Pe3yJIbTaTOB PaCcueTOB, MOJYYSHHBIX
C IPUMECHEHHEM YPaBHEHUI SHEPTeTHUECKOro Oananca
u 3aBucumocTtei u3 HopM (CI15.03.01-2020; CH2.01.01-
2019; TKIT EN1991-1-7; BS 8110-1; DoD 2005 UFC
4-023-03; PK32002) (cMm. Tabm1. 3), IEMOHCTPUPYET, UTO
TpeOyeMble TUIOIAAN apMaTyPHBIX CTepPIKHEH, mpruMe-
HSIEMBIX B Kaue€CTBE TOPU30HTANIBHBIX CBSI3€H, Cyle-

CTBEHHO OTNMyYarTcia. Tak, Ipu pacuere o HopMaMm
(CI15.03.01-2020; CH 2.01.01-2019; TKITEN1991-1-7;
BS 8110-1) tpebdyercs 13208240, mo Hopmam DoD 2005
UFC 4-023-03 18255240, a B COOTBETCTBHH C PEKOMEH-
namusivu MHUWUTOIT u HALL Ctra/luO (PK3 2002)
tpedyercst 13125240 (cm. Tabm. 3), Torna Kak U3 pac-
YeTa M0 YPaBHEHUSAM dHEPreTHUEcKoro OajaHca C ¥c-
MOJIb30BaHUeM 3aBrcuMocTeil N-w — 23255240.

[Iprnmenenne pUKCHPOBAHHBIX 3HAUCHUH MaKCH-
MaJbHBIX BEPTHUKAIBHBIX nepemMenieHuit (ot /,/1,28
1o [,/10) B Hopmax n pexkomeraarusx (CI15.03.01-2020;
CH 2.01.01-2019; TKIT EN1991-1-7; BS 8110-1; DoD
2005 UFC 4-023-03; PK3, 2002) mpHBOIUT K TOBOIEHO
ONTHUMHUCTHYHBIM PE3ylIbTaTaM IPH BEIOOpE TOPU30H-
TaBHBIX CBs3el. Kpome Toro, 3aBUCHMOCTH TIepeync-
JICHHBIX HOPM IOJIy4eHB! 0e3 yueTa AMHAMHUYECKUX
P PEeKTOB.

Jlyist cpaBHEHHMS BBINOJIHEH pacyeT napameTpuye-
CKHUX TOYEK Juarpamm N-w JUis CBS3el, pacCUUTaHHBIX
o Hopmawm (CIT 5.03.01-2020; CH 2.01.01-2019; TKII
EN1991-1-7; BS 8110-1; PK3, 2002) (cM. Tabx. 4),
U TIPOBEPEHBI KPUTEPHUHU )KUBYUECTH IIEPEKPBITUS C UC-
II0JIb30BAHUEM CONPOTUBICHUN R .., R, IOy 4CHHBIX
13 YpaBHCHUH dHEpreTHdecKoro Oananca. Pe3ynbrars
pacdeToB MpuBEACHHI B Ta0M. 5.

Kak BuiHO M3 pe3ynbTaToB pacyera, pecTaBlieH-
HBIX B TaOJI. 5, MPOBEPOYHBINH KPUTEPUt Ry, = O st
TOPU3OHTAJIBHBIX CBSI3€I>1, YCTaHOBJICHHBLIX 110 HOpMaM
(CIT 5.03.01-2020; TKIT EN1991-1-7; BS 8110-1;
DoD 2005 UFC 4-023-03; PK3 2002), He BBITIOTHSIETCSL.
[Tpu 3TOM NpHHATOE apMUPOBAHKE, HECMOTPS Ha 3aBe-
JIOMO 3aJI0)KEHHYIO 3HAYUTEIbHYIO MJIaCTHUECKYIO Jie-
dbopmaTuBHOCTH cBs3el U3 apmarypsl S240 (g, =
=1,5-107%), He 0GECIIEINBACT JOCTHKCHHS IPUHSITOTO
a priori BEpTUKAJIBHOTO TepeMelneHus 0e3 pa3pbiBa
CTep>KHEH, UCKITI0Yasi TeM CaMBbIM YCJIOBHE TUIaBHOTO
BBIKJIFOYEHUS CUCTEMBI. Tak, BEpTUKAIBHBIN MPOTHO
o = 0,73 M o1 apmaryper 19205240, onpeneneHHbIH
C YYETOM IPEACTHHOTO YCHUIIHSI CTAJIN TI0 METOY dHEp-
TeTHYECKOTO OaaHca, OKa3bIBACTCs HEZIOCTATOUHBIM TS
BOCIIPUATHS 0COOBIX BO3IEHCTBUN. YCHIIAA B CBA3SX,
Oompe/elIeHHbIE 0 HOPMaM, COOTBETCTBYIOT .y
ot 1,05 M 110 1,968 M, uTo A1 1aHHOM apMaTypsl pea-
JUCTUYIHBIM HE SBIISICTCS.

Taou. 4. [TapameTpudeckne TOUKH AuarpamMm N-w [Tl TOPU30HTAIBHBIX CBsi3eil, paccuntanHbix coracHo Fib Bulletin 43

Table 4. Parametric points of N-w diagrams for taken horizontal ties calculated according to Fib Bulletin 43

ITapamerps! auarpammsel N-w
Homep ApmupoBaHue Parameters for diagram N-w
No. Reinforcement N,, xH N,, kH Wendyr MM Wendr MM
N, kN N, kN Wopd.y» M Wy TIM
1 145255240 117,84 153,19 0,492 38,49
2 1208240 75,4 97,97 0,612 30,8
3 1128240 27,14 35,29 0,379 18,9

Tpumeuanue: obmuii BUI quarpaMmel N-w CM. pHC. 5.
Note: general view of the N-w diagram see Fig. 5.
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Tatu1. 5. PacuerHbie 3HAYCHHS! CONPOTUBNCHUH Ry, Ry, A1 IOBPEHKACHHOI CHCTEMBI
Table 5. Design values of resistances R, R, for the damaged system
C
onp OTIiBneHHe MaxkcumainpHoe
cease, ki epeMEILEHHE A\, M
. ~ H b
Tpebyemoe | Resistance of et mx Kpurepuit
. Maximum displacement a,,,,, m
Homep UcTounuk apMHpPOBAHHE ties, kN ) Ry, =0
No. Reference Required 1 | Ho snepretnueckomy Criterion
e [To Hopmam )
reinforcement ) Ganmancy Ry 2 O
Roax Ry, | According to . ’
! According to
the standards )
the energy balance”
H
1 EN1991-1-7 13 0.73 ¢ BRITOMIACTE
Not done
BS 8110-1 1205240 23,73 | 11,03 .
2 EN1991-1-7 1,968 0.73 S
ot done
DoD
DoD He Bbmonusercs
41 19,44 1
3 CI15.03.01 12255240 ,63 9, ,05 0,85 Not done
H
4 PK3 2002 12128240 | 6,70 | 325 525 0,59 ¢ BRITOTIACTES
Not done
CormacHo
9HEPIeTHYECKOMY BEMoHseTeS
5 Oanancy 25255240 60,87 | 29,52 — 0,61
. Done
According to the
energy balance
Ipumeuanue: ' — BepTHKANBHBIC TIEPEMEIIECHHS, COOTBETCTBYIOIINE YCHIIMIO, ONPEICICHHOMY 110 IeHCTBYIOIIHNM HOPMAM;

2 BepTHKaJIbHBIC EPEMEIICHHS U3 yPABHEHHI JHEPIeTHUECKOTO OaNaHca.
Note: ' — vertical displacements corresponding to the force determined by the current standards; 2 — vertical displacements

from the energy balance equations.

Kak cnenyer n3 3aBucuMocT (22), mOIy4eHHON
U3 yCJIOBUS paBHOBECHs JIe()OPMUPOBAHHON CHCTEMBI,
IIPH OCTOSIHHOM 3HAY€HUH YCHIust B cBsisu T = f A,
(mocne moctrkeHus aedopmMaruii, COOTBETCTBYIOIIIX
TEKy4YECTH CTaJIN) HECYIIast CIOCOOHOCTH KOHCTPYKTHB-
HOW CHCTEMBI JINHEIHO 3aBHCUT OT BEJIMYMHBI BEPTH-
KaJbHOTO nepemenienus d,. Ilocae npeobdpasoBanus
3aBUcCUMOCTH (22), yuuTsiBasd, 4to (g, + v;q;) = R
HOJTyYaeM:

max?>

_ 2fydAst 5

R 7 5

max (28)
Taxk, 1711 pacCCMOTPEHHOTO CTy4asi FOPU30HTAIBHOI
cBs3m 1925 S240 npm 1, = 6300 mm, A, = 491 Mm>.

R,y = 0,00595 (29)

s,max"*

Kaxk 0b110 IOKa3aHO paHee, OMHUM U3 OCHOBHBIX
BOIIPOCOB IPH PACUYETe CBI3EBBIX YCHIINI SIBIISIETCSI OTIpe-
JIeTICHNE TI0JIOKEHHS TOUYKH, MTOKa3bIBaloIIeil mporuo,
IPY KOTOPOM MOOMIIN3YyeTCs MeMOpaHHBIH (LIEITHOH 3¢-
¢exr). list ycTaHOBIICHUS 9TOM TOUKH ITpU padoTe cTa-
THYECKH HEONPEASTMMOH KOHCTPYKIMH C OIIPEeIeIICHHOM
JI0JIeH YIPOIIEHHSI MOYKET OBITh PEUIOKEH CIIS/TY FOIIIN
MIOZIXOA: B KQ4YECTBE TOUKH, ONPEeNSIonell BeTHIHHY
poru0a, MpH KOTOPOM HAaYMHACT PEaIN30BbIBAThHCS 1IET-
HOH (MeMOpaHHBIH) 3 deKT, caemyeT cCUuTaTh TOUKY 4
HepeMeNeH s AMarpaMmbl F-0, MOTy4eHHOH PH UHHU-

[UanUK (BKITIOYEHUH) U3THOHOTO IUTACTHYECKOTO Iap-
HUpa C MPSIMOU OIMCHIBAIOIIECH 3aBUCUMOCTBIO F-3 Juist
nernHoro (MeMopanHoro) addekra, Kak TO MoKazaHo
Ha puc. 8.

Crenyer IMETb B BUJLY, YTO TOPU3OHTAIILHAS CBSI3b,
YCTaHOBJICHHAsI B KOHCTPYKIIHH, SIBISIETCS TNOO HEHa-
TPYKEHHOH 0 MOMEHTA BKIIOUEHHUS B padoTy (Koraa
MIPOCKTHUPYETCS KaK He3aBUCUMAsl CBSI3b), THOO MMEeT
HarpsHKEHHS CKaTust (KOTla OHa — 4acTh apMUPOBAHUS,
[OTIA/IAFOIIEr0 B CHKATYHO 30HY CCUCHUS MPHU U3TUOE).
CrnenoBarenbHO, KOJNUYECTBO aPMUPOBAHUS TOPU30H-
TAJIBHOW CBSA3M CIIEAyeT MOA0UPaTh TAKUM 00pa3oMm,
4TOOBI C OAHOW CTOPOHBI OBLT 0OECIIeUeH LEeHOH (MeM-
OpaHHBIH) 3PPEKT sl BOCIIPUATHS 0COOOTO COUCTAHUS
BO3/ICHCTBHIA, a ¢ IPyroil — oOecIedeH IIaBHbIH mepe-
XOJI OT BBIKJTFOUAFOIIETOCS M3THOHOTO IIIapHNPA K BKITIO-
YaIOIEHCs CBSI3U PacTsDKEHNUS. YCTAHOBICHHOE KOJINYe-
CTBO U IJIACTUYECKHE CBOWCTBA N3TMOHOI apMaTyphl pr
MPUHATHIX NTApaMeTpax CEeUeHHs! JOHKHBI 00ECTIEINTh
JIOCTATOYHYIO JJIMHY BETBH IUTACTHYECKOTO Je(OpMH-
pOBaHUA A7 JOCTHXKEHUS Nporuda a,,. 3Ha4uT, Ipolie-
Jlypa MpOEKTUPOBAHUS KOHCTPYKILUHU MPU MPOBEPKaAX
KUBYYECTH JOJDKHA 0a3MpoBaThCs Ha 00eCIeUYeHUH
TUTABHOTO M COTJIACOBAHHOTO TIEpexo/ia K MOOMIN3aIun
aJIbTePHATUBHBIX ITyTeH Mepeiauy Harpy3Ku (YCHITHi).

MaxkcumansHoe epeMenieHue d,,,, 1 COINpOoTUBIIe-
HUe R, CIIEyeT OIpeensITh, ONUPAsICh HA yPABHEHUS
SHEPreTHYECcKOoro OajaHca, Kak 3To OBLIO ITOKAa3aHOo pa-
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Hee. J{is obecrieueHns COBMECTHOCTH B paboTe U3ruo-
HBIX IIAPHUPOB U TOPU3OHTANIBHBIX CBS3€H pacTsHKeHUs
B CTaTHYECKH HEONPEJEIHMBIX CHCTEMaX MpPeATIoKeHa
ClIeytomIas Mporeaypa:

1) BEITONHSIOT HEJTMHEHHBIH pacdeT MOTUPHUIIHPO-
BAaHHOW KOHCTPYKTUBHOM CHCTEMBI U OIPEIEIISIOT Ipe-
JIeTIbHYI0 TOUKY AMarpaMMsbl F-0 [uisl yCcIoBUM paboTh
TOJILKO M3THOHOTO ImapHupa (puc. 9, a). Uepes 3ty T0U-
Ky TMPOXO/NT JINHEHHAst 3aBUCUMOCTb F-0, OTHCHIBAIO-
as ¢ AONYCTHMBIM MPUOIKEHNEM paboTy TOpH30H-
TaJbHOM CBsI3U. TaHreHC yIvia HAKJIOHA yCTAHABIUBAECT
KECTKOCTb TOPU30HTAIBHON CBA3H;

2) pacCYMTHIBAIOT IMapaMeTPhl TOPU3OHTATBHOM
CBSI3M AU 00ecmedeHns TpeOyeMOoro COMpOTUBICHUS
P BOCIPHUATHN KOMOWHAIIMH 0COOBIX BO3/ICHCTBHH.
ITpu sToM A71s 3agaHHOrO R, ONpenesoT gedopma-
LIMOHHbIE TApaMeTPHI CBSI3U, 00ECIICUNBAIOIINE TOCTH-
KeHHe TpeOyeMOoro MaKCHMaIbHOTO IEPEMEILICHHUS d
(puc. 9, b);

3) Npou3BOSAT KOMIUIEKCHBIN pacyeT Mogu(UIH-
POBaHHOW KOHCTPYKTUBHON CHCTEMBI C U3THOHBIMH
LIAPHUPAMH U IIAPHUPAMH PACTSKEHHUS C UCTIONb30Ba-
HHUEM BBIYHCIUTEIBHOTO KOMIIJIEKCA, B KOTOPOM peall-
30BaHbl HEJTMHEHHBIE IPOLIEIYPBI;

max

Fa

max

4) 0CyIIECTBISIOT MOCTPOCHUE TUHAMHYECKOM
JMarpamMMBbl M OTIPEJICIISIFOT HECYIIYIO CITIOCOOHOCTD I10-
BPEXKJCHHOM KOHCTPYKTUBHON cUCTeMBI (puc. 9, ¢) mpu
YCTaHOBJICHHOM 3HaYEHHUH TII00AIBHOTO KO PHUIIMECHTA
0e3011acHOCTH comIacHo, HanpuMep, padore [11].

3JAKJIIOYEHUE U OBCYXJIEHHUE

Pe3yanaTb1 BBIITOJIHCHHBIX I/ICCﬂeL[OBaHl/Iﬁ I103BO-
JSIIOT CJeJIaTh clefyrolne BbIBOABL. [IpeaioxKeHHbIH
METOJI OTIpe/IeIeHNs] MeMOPaHHBIX (LIEITHBIX) YCHIIHUA,
OCHOBAHHBI Ha TIOJIOKCHUSIX SHEPIeTHIECKOT0 OanaHca
MTOBPEXKICHHOW KOHCTPYKTUBHOM cucTteMbl (EBM), —
TIEPCIICKTHBHBIN M MHOTOOOCIITAFOIIII METO ] BBIYHICIIC-
HUS €€ MAaKCUMAJIbHOM JITMHAMUYeCKON peakiuu. JJaHHbIi
METOJI OIIPEACIICHUSI IIOJHON JUHAMUYECKON peaKkuu
CUCTCMbI MOXKET YCHICITHO NPUMCHATHCA KaK B CilIydac
MIPOCTBIX AHATUTUYECKUX MOAIETICH, TaK U JJIS CIIOAKHBIX
HEJIMHEHHBIX KOHEYHO-IJIEMEHTHBIX MOJIeNiell B3aMeH
I'POMO3/IKOTO HEJIMHEHHOTO IMHAMHYECKOTO aHalIn3a
(NLD), comepskamiero Ienslid psi HeOIpeaeIeHHOCTE!
(HampuMep, KCTOPHS HATPY>KEHIST, KO PUIIUEHT IEMIT-
¢upoBaHUs, OMMIOKA MOICITUPOBAHUS U T.11.).

F A
R

max

- I
« tan o |
> >
a4y D ax o ay,) gy dy 3 Ay 5
a b
Puc. 8. K onpesenennio NoaoKeHUs TOUKH a;
Fig. 8. To determine the position of point g,
Jlunamuueckas peakuus
Fa Fi Fa - -
Dynamic response
max [ — —_ = = = =
-~
FH — T T = /”j
Rn{\'ﬁ . 7‘ it
=> > 4 I
/
I / |
dy 8 dy Ay 8 dy Dy 8
a b c

Puc. 9. K OIPEACIICHUIO MTapaMETPOB COBMECTHOCTU CUCTEMBI CBsI3€i: ¢ — 3aBUCUMOCTH F-0 pu peajin3aluun HU3THOHOTO

IJIaCTUYCCKOI'0 MapHUupa; b — KOMILJIEKCHAS 3aBUCUMOCTh F-0 JJIsL HM3THOHOTO mapHupa u FOpI/I30HTaJ'ILH0I71 CBsA3H, ¢ —

NOCTPOCHUEC JIMHAMHUYECKOM pCaKunu CUCTEMbL

Fig. 9. To the determination of the parameters of a compatible system of ties: « — the dependence F-6 when realizing a flexural

plastic hinge; b — complex dependence F-8 for the flexural joint and horizontal connection; ¢ — determination of the dynamic

response of the system
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CpaBHeEHHE PE3yJabTaTOB pacyeTa, MOJyUYCHHBIX
C MIPUMCHCHHEM ITOJIOKCHUH JCHCTBYIONINX HOPM U Pe-
xomermarmii (CI15.03.01-2020; CH 2.01.01-2019; TKII
EN1991-1-7; BS 8110-1; DoD 2005 UFC 4-023-03; PK3
2002) u npeioxKeHHbIX 3aBUCUMOCTEN, OCHOBAHHbBIX
Ha MOJICITH YHEPTETHIECKOTO OaylaHca CHCTEMBI, ITOKa-
3aJ10, YTO PACUCTHBIC MOJICIIA HOPM B PSI/IC CITy4acB MO-
TYT aBaTh HEOC30MACHBIN Pe3yNbTart, 3aHIKasl, HalpH-
Mep, TpeOyeMyro TUIOMAab CEICHHUS TOPU30HTAIBHBIX
CBsi3ed. DTO OOBSCHACTCS TEM, UTO BCE 3aBUCUMOCTH
JUTS pacyeTa CBS3EBBIX YCIITUI OMUPAIOTCS Ha TIOCTOSH-
HBIC 3HAYCHHS MPEebHOTO Mporuda (Kak mpaBuio,
ot 1/6 1o 1/10 nponera) 63 MPOBEPOK MPEICITBHOM Je-
(hopMaTHBHOCTH TOPU3OHTANBHBIX CBs3eil. Kak crmemyer
13 BBITIOIHEHHOTO aHAJIN34, IPU HEM3MEHHOM 3HAUYCHHH
0co00r0 coueTaHus BO3JCHCTBUN PacyeTHOE YCHIIUE
B CBSI3U (Ha KOTOPOE MPOU3BOMIAT MTOJ00P €€ CCUCHII)
HM3MEHHUTCA 00PaTHO MPOMOPIIMOHATBEHO Tporudy. [1pu-
HATBIA B HOpMax # pekomenaanusx (CIT 5.03.01-2020;
CH 2.01.01-2019; TKIT EN1991-1-7; BS 8110-1; DoD
2005 UFC 4-023-03; PK3 2002) moaxo1 MOXXeT TPHUBO-

JIMTh K HEPEATMCTHYHBIM Pe3yJIbTaTaM, KOrjia MPUHITOES
apMHpOBaHUE TOPU3OHTAIBLHON CBSA3HM HE MOXKET 00e-
CIICYUTD JOCTIHKEHS 3aJI0KEHHOTO a priori mpeIenbHO-
ro nporuda B CHIIy HEOCTATOYHO 1ehOpMaTUBHOCTH.
B Haumbospieit Mepe COBIIAIAET C pEIICHUSIMH, OCHO-
BaHHBIMH Ha MMPUMEHEHUH dHEPTeTHYECKOTo OanaHca,
Mozenb, BkiroueHHast B DoD 2005 UFC 4-023-03, B xo-
TOPO¥! ITPH BBIBOZIE PACUETHBIX YPABHEHUH HCIIOIL30BaH
MTOCTOSTHHBIN npenenbHbIid nporud 1/10 mpomnera. Cie-
JyeT BHECTH M3MEHEHUs B JeicTByromue Hopmsl (CII
5.03.01-2020; CH 2.01.01-2019; TKIT EN1991-1-7)
B YaCTH MPUMEHEHUS ISl TPOSKTHPOBAHUS TOPH3OH-
TaJIbHBIX CBSI3€i METO/IOB, OCHOBAHHBIX Ha DHEPreTHYC-
CKOM OajlaHce CHCTEMEI.

VuuTeBast psii TOMYIIEHUH, TPUHITHIX Tpu Qop-
MYJIMpOBaHUY 0a30BBIX MOJIOKEHUI METO/1a, OCHOBAH-
HOTO Ha YHEPTETHUYCCKOM TIOIXO/IE, CIICTyET BHITOITHUTD
CTaTHUCTHYECKUI aHAITN3 OIIMOKH MOJICITUPOBAHUSI, OTTH-
pasich Ha pe3yJIbTaThl KCIIEPUMEHTAILHBIX HCCIIeI0Ba-
HUM, a He pe3yIIbTaThl JHHAMIYIECKHAX PACUETOB KOHCUHO-
AJIEMEHTHOM MOJIETH, KaK 3TO clienano B padore [20].
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HccnenoBanue XapaKTePUCTUK BOCXOAALIIECI0 BUXPHA HNUKJIOHA
U KOHHCHTPAIMUH NbLIA IO €0 CCYCHUIO

A.B. JlykbsinoB, C.M. OpJioB, b.P. Pomanenko
Jlonbacckas Hayuonanvuas akademus cmpoumenscmea u apxumexmypsolt ([JlonHACA), 2. Makeeska,
Honeyxas Hapoonas Pecnybnuka

AHHOTALUMUA

BBegeHue. 3alyuTa aTMocdepbl — colparnbHas M akoHoMUYeckas npobrnema, HepaspbiBHO CBA3aHHas C 3aAadert Co3aaHus
KOMCOPTHBIX YCIOBWIA NS XWU3HW 1 paBoThl Yenoseka. LinknoHbl sBnstoTcst Haubonee xapakTepHbIMU NPEACTaBUTENSMU
CYXMX UHEPLIMOHHBIX MbINeynoBuTenen. MayyeHne aspoamHamMmyecknx xapakTeprcT K BOCXOASILLETO BUXPS MO3BONUT Gonee
MOITHO MCMOMNb30BaTh AHEPTUIO, 3aTPAYEHHYIO Ha 3aKPYTKY NMOTOKA, U TEM CaMbIM MOBbICUTb 3PHEKTUBHOCTb LIMKITOHOB, @ Tak-
K€ CHWU3UTb 3Hepro3aTpaTtbl Ha OYMCTKY rasa oT Nbinu. Llenb uccneaoBaHns — CHWKEHWE SHeprosaTpaT Npu OYKUCTKe rasa
LIMKITOHaMU.

MaTepuanbi u MeToAbl. [pUMeHeHb! aHANMTUYECKWIA M SKCNIEPUMEHTaNbHbIV METOAbI CCIIE[0BaHUS.

Pesynbratbl. MonyyeHbl aHanMTUYECKne 3aBUCMMOCTU a3pOAVHAMYKIM BOCXOASILLETO BUXPS LIMKIOHA, KOTOPbIE nokasanu,
YTO BOCXOASALLMI BUXPb UMEET CHOXKHYIO CTPYKTYPY, ¥ LIMKIOH NPeACTaBnsieT coboi NCKYCCTBEHHO CO3AaHHyi0 CnvpanbHyto
CTPYKTYPY, CPOAHM TakoMy NPUPOAHOMY SIBIIEHMIO, kak TOpHaAo. [laHHas MaTemaTnyeckasi Moferb Nnornyyuna nonHoe noa-
TBepXAeHWEe NPOBEAEHHBIMU JKCNEPYMEHTANbHBIMW UCCIIEA0BAHNUSIMM.

BbiBoAbl. Moka3anu, 4To BOCXOASLUMIA BUXPb B LIYKIOHE MMEET CTPYKTYPY, COCTOSILLLYO U3 ABYX 30H. B nepBoii 30He (s4po)
cuna paguanbHOro rpagveHTa AaBneHnst NPEBbILLAET LEHTPOGEXHYIO CUMy, U Mblfb YCTPEMIISieTCs K 0cv LiknoHa. Bo BTopoi
LieHTpoBexHasi cuna NpeBbILLAET Curly rpagveHTa AaBneHus, U Nbiflb OTOpackiBaeTcs Ha nepudeputo. MNprBeaeHHas Teo-
peTuyeckasi MOAenb NO3BONMT 060CHOBaHHO BbIGUpaTh METoAbI Gonee paLyoHanbHOro UCMoNb30BaHUS 3aTpadYeHHo SHep-
MW 1 NOBbILLEHNS] 3P HEKTUBHOCTM LIMKITOHOB.

KNOYEBbBIE CITOBA: uMknoH, BbixronHasi Tpyba, Nbinb, BOCXOASALLMIA BUXPb, LEHTpobexHasi cuna, cuna paguansHoro
rpagveHTa AaBreHust, yrioBas YacTtoTa, CKOPOCTb paamansHoro apenda

Oona UUTUPOBAHWA: JlykesHos A.B., Oprios C.M., PomaHeHko b.P. \ccnenoBaHve xapakTepucTUK BOCXOOSALLEro BUXpst
LIMKIOHA U KOHLEHTPAaLMK Nblnu no ero cevenunto // BectHuk MITCY. 2021. T. 16. Boin. 8. C. 1034—-1044. DOI: 10.22227/1997-
0935.2021.8.1034-1044

Study of the characteristics of the ascending vortex of the cyclone
and the concentration of dust along its section

Alexander V. Lukyanov, Stanislav M. Orlov, Boris R. Romanenko
Donbas National Academy of Civil Engineering and Architecture (DonNACEA); Makeevka,
Donetsk People's Republic

ABSTRACT

Introduction. Protection of the atmosphere is a social and economic problem inextricably linked with the task of creating
comfortable conditions for human life and work. Cyclones are the most typical representatives of dry inertial dust collectors.
This work is aimed at reducing energy consumption when cleaning gas with cyclones.

Materials and methods. In the course of the work, analytical and experimental research methods were applied.

Results. Analytical dependences of the aerodynamics of the ascending cyclone vortex have been obtained, which showed
that the ascending vortex has a complex structure and the cyclone is an artificially created spiral structure, akin to such
a natural phenomenon as a tornado. The obtained mathematical model was fully confirmed by experimental studies.
Conclusions. The studies carried out show that the ascending vortex in the cyclone has a structure consisting of two zones.
In the first zone (core), the force of the radial pressure gradient exceeds the centrifugal force, and the dust rushes towards
the cyclone axis. In the second, the centrifugal force exceeds the force of the pressure gradient, and the dust is thrown to
the periphery. The obtained theoretical model will make it possible to reasonably choose methods for more rational use
of the expended energy and increasing the efficiency of cyclones.

KEYWORDS: cyclone, exhaust pipe, dust, upward vortex, centrifugal force, radial pressure gradient force, angular fre-
quency, radial drift velocity

FOR CITATION: Lukyanov A.V,, Orlov S.M., Romanenko B.R. Study of the characteristics of the ascending vortex of
the cyclone and the concentration of dust along its section. Vestnik MGSU [Monthly Journal on Construction and Architecture].
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MccaepoBaHUE XapaKTepUCTUK BOCXOASILLIETO BUXPS LIMKAOHA M KOHLEHTpaLUmMu nbiau no ero ceueHnto  C. 1034-1044

BBEJAEHUE

OO0t 00beM BEIOPOCOB 3arpsI3HSIONINX BEIIECTB
B 2019 r. cocraBun (1o nanHsIM PocmipuponHanzopa)
22 734 ThIC. T. BEIOPOCHI OT CTAIIMOHAPHBIX HCTOYHUKOB
BO3pPOCIH MO CpaBHEHHUIO ¢ mokazarensamu 2018 r.
(17 068 ThIC. T) U 3aUKCHPOBAHBI HA OTMETKE
17 295 Thic. T

3amuTa arMocepsl — COIMAIbHAS M SKOHOMHYE-
cKast Ipo0OJieMa, Hepa3phIBHO CBsSI3aHHAs C 3aadeil co3-
JaHusI KOM(OPTHBIX YCIOBHUH JUIsl )KU3HU U pabOTHI ue-
JIOBEKa.

BobIIMHCTBO TEXHOIOTHYECKHUX ITPOIIECCOB B ITPO-
MBIIUIEHHOCTH CONPOBOXAAIOTCS MBLIETa30BbIMHU
BBIOpOCAMU, COJEPIKAIUMH [IEHHBIE TOJTYIIPOAYKTHI,
KoTOpbIe 0€3B03BpaTHO Tepsitorcs. [loaTtoMmy ouncTka
1 00e3BpeKMBAHNE POMBIIUICHHBIX BEIOPOCOB HMEIOT
CaHUTapHOE M SKOHOMHUYECKOe 3HaueHue [1, 2].

L{ukJIOHBI ABISIIOTCS HanboJiee XapakTEepPHBIMU
MIPE/ICTABUTEIISIMU CyXHX MHEPIIMOHHBIX IbUICYIOBHUTE-
e, KOTOpPBIE, KaK ITPABHIIO0, IMEIOT IPOCTYIO KOHCTPYK-
110, 00JIa/1atoT OOJIBIION MPOMYCKHOM CIIOCOOHOCTHIO
1 HECIIOXKHBI B OKCILTyaTalluy. BBHIy 9THX IpeuMyIecTB
[UKIIOHBI TOJYYMJIM ITUPOKOE pacrpocTpanenue [3—6].

B nacrosiiee BpeMst HIMeeTCst 00JIBIIOE KOTMYECTBO
HCCIIEI0BAHHUN MO TOBBIICHNIO 3 () (hEKTUBHOCTH IIUKJIIO-
HOB, a TAaKX€ CO3/1aHO 3HAYUTEJILHOE KOJIMUECTBO BUJIOB
LUKJIOHOB, OJTHAKO JIOOUTHCS, YTOOBI IIMKIJIOHBI UCTIOJb-
30BaJIMCh KaK CaMOCTOSITEIbHBIN ammapar OYMCTKH rasa
OT TIbUIH, He ynanock. OCHOBHOE HaNpaBlICHHE UCCIIe-
JIOBaHUI COCPEAOTOUEHO Ha MOBBIIIECHUN CerapalioH-
HBIX CBOMCTB HUCXO/ISIIIIETO BUXPEBOTO MIOTOKA, B TO Bpe-
M KaK ITbUTb M3 IIUKIOHA BBIHOCUTCS BOCXOMASIINM
MTOTOKOM, KOTOPBIH MTPAaKTHYECKH HE U3YUECH.

Bocxomsumii BUXpb, 110 JaHHBIM YY€HBIX, Bpalia-
eTcsl KaK TBEPJI0€ TEJ0, BMECTE C TEM HET eIUHOI0 MHE-
HUS TaXe 0 paguyce Bocxozsmero Buxps. Y bapra [7]
Ppayc BOCXOISIIETO BUXPSI PABEH PaIIyCy BBIXJIOMHOM
TpyObl Ry, 10 Tep-Jlunneny — 2/3 R,,, . [8], no Crpoii-
MaHay — 1/2 R, [9]. U3ydeHue a3poiuHaMUYECKUX
XapaKTEPUCTHK BOCXOAAIIETO BUXPSI TO3BOJIUT Ooee
TIOJTHO MCIIONB30BaTh SHEPTHUIO, 3aTPAUCHHYIO0 Ha 3aKPYT-
Ky ITIOTOKa, U TEM CaMbIM IOBBICUTH 3(pPEeKTUBHOCTH
LUKJIOHOB, a TAK)Ke CHU3UTh YHEPro3arparsl Ha OYUCTKY
raza ot meiu [ 10, 11].

MATEPHAJIBI 1 METOJbI

Yamie Bcero paanyc BOCXOMSIIETO BUXPS PaBEH
pamnycy BEIXJIOTMHOW TpyObl. JlanHas TumoTesa Oputa
MPOBEpPEHA aBTOPAMH SKCIIEPUMEHTAIBHO M HalllIa MO/~
TBEPXKJICHHE.

Haub6onee nenecoodpaszHo Bce adpoJuHAMHUECKHE
3aBHCHMOCTH BOCXOJSIIETO BUXPS HPUBOAUTH K KOH-

'O cocrostamm 1 06 oxpare oKpysKaromeii cpes Poccuiickoit
®Deneparmu B 2019 romy: rocynapcTBeHHBIH goknan. M. : Mu-
HUCTEPCTBO MPHUPOTHBIX PECYPCOB U dKOJIOTHH Poccuiickoii
Deneparmn, 2020. 1848 c.

CTPYKTHBHBIM M DKCIUTYaTaI[MOHHBIM MapaMeTpam -
kioHa. Tak, yrioBasi CKOPOCTh BOCXOMSIIETO BUXPS
paBHa [12]:

®= 2VBX(1_KI2) ,
DK3In——
K2

(M

rae V,, — CKOpoCTb BO BXOAHOM HarpyoOxe, m/c; K, —
OTHOILIGHUE AUAaMETPa BBIXJIOMHONW TPYOBI K THAMETPY
OUKJI0HA; D — MuaMeTp OUKIOHA, M.
[Ton nmeiicTBHEM BpaIIeHUS BOCXOISIICTO BUXPS
LIMKJIOHA BO3HMKAET IeHTpoOexkHas cua [12]:
np diw>DK,n
R @
T7e 7 — JONIA PaJnyca BBIXJIOMHON TPyOBI IIUKIOHA
0<n<l.
3a cueT BpallleHHsI CTAaTUYECKOC JaBJICHHUC B paJiu-
aTbHOM HAIPaBICHUH PACTIPEICISICTCS HEpaBHOMED-
Ho [7]. Bocxoasiiuuii BUXpb B LIUKJIOHE IPEACTABISIET
co0oit BuXpeBoii uimiHAp. Eciu B o0nacTn upKysisiu-
OHHOTO TEYCHHUS PACTIPE/ICTICHNE JaBICHIS I HECHKH-
MaroIIecs JKUIKOCTH OnpeaerseTcs ypaBHeHnem bep-
HYJUIH, TO B BUXPEBOM 00JIaCTH PACIIPECICHUE JaBICHHS
YCTaHaBIMBACTCS U3 YCIOBUS PaBHOBECHSI BpaIlaIOIIX-
cs gactul [ 13]. Pacnipenenenue cTaTHaeckoro aBIeHAS
IO PaJInyCy BOCXOJSIICTO BUXPSI OMTUCHIBACTCS BBIPAXKE-
Huem [12]:
A
po-P IR ),
2K} I
K,

(€))

rJe p, — IUIOTHOCTD rasa, Kr/M.
[Ton nelicTBreM paauaibHOIO IpaIueHTa JaBICHUS
ra3 IBIKETCS C YCKOpeHueM, Kotopoe OyneT paBHo [12]:
2 2
a, = VBX(] KZ) =. (4)
DK3 | In L
K,

YacTuusl NbUIM YBIEKAIOTCS Fa30BbIM TOTOKOM
U JBUKYTCSI BMECTE C HUM PAaBHOMEPHO YCKOPEHHO,
HO OTCTaBas Ha BpeMs penakcanuu t. Torma ckopocTs
YaCTULBI B PAAUAIIBHOM HAIPABJICHUU OTHOCUTEIbHO
II0TOKA, IIPU OTCYTCTBUU IPYTUX BO3IEHUCTBUI, paBHa
[14]:

V,=V.=V,=at—a(t-1)=apr,

(6))

7€ T — BPEMsI pellakcaliy 9acTHUIIbL, C.

[Tpn HaXOXKJCHUU YACTHIIBI ITBIIIH B TTIOTOKE, ABH-
XKyILIEMCS ¢ yCKOPEHUEM, Ha YaCTHUILy OyzieT BO3IeHCTBO-
BaTh CHJIA, BBIHYKAIOIIAS €€ IBUTATHCSI C YCKOPEHUEM.

VBiekaromias cuia noToka rasa [15]:
F,=05C,Sp V7, (6)
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rae S, — pdexTuBHAs IIOMAAb YACTHIBI ITBUIH, AT
mapa S, = nd, /4, Mm%,

B nanHOM ciydyae K03 GUIUCHT COPOTHBICHUS
gacTuipl C, ra30BOMY IIOTOKY ONpPEIeseTcs 3aKOHOM
Crokca [14, 16]:

24

C,=—.
Re

O]
CI/IJ'Iy COITPOTUBJICHUA ABUKXCHUIO YaCTUIIBI OTHO-

CHUTEJILHO MOTOKA MOXKHO PACCYUTATH C TIOMOIIBIO (HOp-
myasl Crokca [17]:

F,=3npd,V,

q” (8)
rae |, — AuHaMHU4YCCKas BA3ZKOCTD rasa, H'C/Mz.
bananc CHII, ﬂeﬁCTByIOMHX Ha 4aCTUILY B BBIXJIOII-

HOIi TpyOe UKJIOHA, paBeH [14]:

Fo=(Fy = Fy). ®

[ToncraBus B hopmyity (9) 3HaYECHHS U PEILUB OT-

HOCHTEJIEHO CKOPOCTH Jperia V, momyaum:

d2p V2 (1-K,)
Vﬂ: ‘{pq BX( 12) 2(2’1_1).
18u, DK 1n?2

(10)

JlaHHast 3aBUCHMOCTB CIIPaBEIIHBA JUTS ITHKIIOHOB
10001 KOHCTPYKIIMH, IIOCKOJIBKY M3 KOHCTPYKTHBHBIX
mapaMeTpoB IMHUKIOHOB B opmyse (10) mpucyTcTByIOT
TOJIBKO JMAMETP IUKIIOHA D U OTHOIIICHUE BHY TPEHHETO
JMaMeTpa BBIXJIONHOH TPyObl K JuaMeTpy LUKIoHa K,
YTO UMEETCS Y IUKIIOHOB JIFOO0H KOHCTPYKIIUH.

v

ar

4

Ha puc. 1 npuBezeHa 3aBUCMMOCTS Jipeiida qyacTHil
B paJinaJbHOM HAIIPABICHUN B 3aBUCHMOCTH OT JOJIN
pajyca BBIXJIONHON TpyOsI V), = fin).

Kak BumnO 113 popmynst (10) u rpadukos (puc. 1),
npu n = 0,5, T.e. mpu R = 0,5R,,,,, Pa3HUIIa MEKIY CKO-
POCTAMH ra3a M YaCTULAMH IBUIM paBHa Hymo V= 0.
OTO TOBOPHUT O TOM, 4TO B 30He R = 0,5R . ecTh 00acTh,
B KOTOPOII JIeiCTBHE CUJT HA YaCTHIly paBHO Hymo. [Ipn
3TOM F, Tak e oOpamaercs B Houb F, = 0. D10 BO3-
MOXHO, KOIjia Fu — Fp = 0, T.e., KOorma meHTpoOeKHAS
CHJIa paBHA CHUJIE BO3JCHCTBUS ra3a HA YAaCTHUILy IbUIN
HOJ IEHCTBMEM I'paIMenTa JAaBleHus F = Fp. Pemus
9TO PABEHCTBO OTHOCHUTENBHO R, MOIY4HM:

mga,
R=—"2=0,25DK, =0,5R

o

(11)

BBIX*

DKCHEepUMEHTHI U TPAKTHKA MOKA3bIBAIOT, YTO yCTa-
HOBKa OTKJIOHSAIOIINX BCTABOK IO OCH IMKJIOHA 3HAYH-
TEIBHO yBENMYHUBaeT 3P(HEeKTUBHOCTH pabOTHI IMKJIOHOB,
YTO MOATBEPKAACT MPABMIBHOCTh OTY4YEHHOMN 3aBUCH-
moctu (10). [Ipuaem 3aMeTHM, 9TO PacIIOIOKCHUE 30H
B BOCXOZSIIEM BUXpPE LIMKJIOHA HE 3aBHCUT OT Iapame-
TpoB meutH U rukioHa (10) u (11), a rparnna pasmena
30H JIeXKUT B obnactu R = 0,25DK, = 0,5R,,, ..

CrnenoBaTenbHO, MOXKHO CAETATh BBIBOJ, YTO IU-

KJIOH — 3TO HE YTO HHOE, KAK HCKYCCTBEHHO CO3/IaHHAs
CIupajbHas CTPYKTYpa, CPOIHU TAKOMY SIBJIICHUIO, KaK
cMepu (TopHano) [18]. JlaHHOE OTOKEHUE HATIIATHO
WITIOCTPUPYIOT poTorpaduu cMepda, TOKa3aHHBIC
Ha puc. 2.

12 n

Puc. 1. 3apucumoctu V, = fin) nuxson LH 11-300: V,, =20 m/c; [ —d, = 2 Mkm; 2 — d, = SMkM; 3 —d, = 10 MKkM
Fig. 1. Dependencies V, = f(n) cyclone TsN 11-300: V,, =20 m/s; / —d, =2 um; 2—d, =5 um; 3 —d,, = 10 um
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Ha puc. 2, a BuztHO, uTO Ha niepudepur IMHUH TOKa
NPENCTABILIIOT CO00M JIorapupMUYECKUe CIIUpPaITH, KaK
n B nukuione (1). Ha puc. 2, b mokxazano ocHOBaHHE cMep-
4a, rI€ 4€TKO NpoCMaTpruBaACTCA HCHTpaJIbHasA 4aCThb
cMepya, KOTopasi BpallaeTcsi 1o 3aKOHY TBEPAOTo Tella,
TIpUYEM IIpHoceBas 4acTh (X000T) paBHSETCS TOJOBUHE
LEHTPAIBHOM 00JIaCTH.

a h

Puc. 2. ©ororpaduu cMepya: ¢ — HEHTpalIbHAs YaCTh CMepya;
b — ocHOBaHHE cMepya

Fig. 2. Photos of the tornado: ¢ — the central part of the

tornado; b — the base of the tornado

PE3YJIBTATBI HCCJIEJOBAHUA

J11st mpoBeIeHNST SKCTIEPUMEHTAIIBHBIX HCCIIE/I0Ba-
HUIl 0cOOEHHOCTEH THAPOIMHAMHYECKUX MPOLECCOB,
MIPOTEKAIOLIMX B BOCXO/SIIIIEM BUXPE IIMKIIOHA, OBLI CO3-
JIaH KOMIUIEKC U3 IBYX SKCIIEPUMEHTAIbHBIX yCTAHOBOK.
W3mepenne mapamMeTpoB MPOBOAMIOCH COMIACHO METO-
nuke [19].

J11s1 Kaykmoro uccienoBaHus pa3padaTeiBanach CBOS
IIporpamMmMa, IIPON3BOANIACH OI[EHKA TOTPELTHOCTH H3-
MEpEeHUIA, U1l yMEHbIIeH!s (MUHUMHA3AINH) YUCIIa OTTbI-
TOB NPUMEHSUINCh METObI MATPUYHOTO TJIAHUPOBAHUS
9KCTIEPUMEHTOB.

Ha mepBoii ycTaHOBKE MpOaHAIM3UPOBAHBI COOT-
BETCTBUSI IPUHSATHIM JOITYILEHUSM:

* PaJIyC BOCXOJSINETO BUXPSI, BPAIIAIOIIErOCs KaK
TBEPAOE TEIO, PaBEH PaNyCy BBIXJIOITHON TPYOBI;

* KOH(MUIypaIys BOCXOASAIIETO BUXPS;

* yIJIOBas CKOPOCTH BOCXOASIIETO BUXPS;

* pacmpesesieHne CTaTHIECKOTO JaBIeHNUs 10 pa-
JIYCY BBIXJIOITHOH TPYOBI.

Ha Bropoii ycTaHOBKE MPOBEPSINCH KOHIIEHTPALUS
IBUIM TI0 CEYEHMIO BBIXJIONHOM TPyOBI HA BBIXOZE U U3-
MEHEHHE KOHIIEHTPAIUH MBIJIH M0 CEYCHUIO BHIXJIOTHON
TpyOBI B 3aBUCHMOCTH OT EMKOCTH IIPHEMHOT0 OyHKepa.

DKCIepUMEHTAIbHBIE HCCIIETOBAHUS OCYILECTBIIA-
JIUCH B J1TAOOPATOPUHU BEHTWISIIUN M OYUCTKH BO3yXa
JlonOacckoli HaMOHAIIBHOM aKaJeMUH CTPOUTEIILCTBA
U apXUTEKTYPBL.

Cxema 5KCIIepUMEHTAIbHON YCTAHOBKH MOKa3aHa
Ha puc. 3.

OnucaHue IKCNEPUMEHTAJBbHON YCTAHOBKH
U METOMKH NMPOBeeHUsl IKCIIePHUMEHTOB

OnbITHI IPOBOJMIIUCH Ha IIUKJIOHAX, U3TOTOBIICH-
HBIX COIVIACHO KOHCTPYKTHBHBIM pasMepam HUMOTA3?.
DKCHeprMEeHTaIbHAs yCTAaHOBKA COCTOUT U3:

 mukiaona [TH 11-300;

* TPaH3HCTOPHOTO KJII0Ya, YaCTOTa CPadATHIBAHUS
KOTOPOTO 3aJ]aeTCs FeHePaTopOM 3BYKOBOM YaCTOTHI
I'3-33;

* CBETOIMOJHOM MOJICBETKH, YCTAHOBJICHHOH B IThI-
JIEBBIITYCKHOM OTBEPCTHH;

* TPO3paYHBIX OKOH, PACIIOJIOKEHHBIX M0 OCH 11U~
KJIOHA;

* u3MepuTenbHOM TpyOku [InTo JuIst M3MepeHus
CTaTHYECKOTO AABJICHUS 110 PaJJyCy BBIXJIOMHON TPYOBI;

» MukpomanomeTpoB Turna HT-1890;

* PeryJaupoBOYHOTO mIHbepa Jyis yCTaHOBKU pac-
X0J1a BO3/yXa, MPOXOJSILEro Yepes UKIOH;

* TTHEBMOMeTpuieckoil Tpyoku [InTo aist m3mepe-
HUSI CTATHYECKOTO U TIOJIHOTO J[ABJICHMUS;

* I CO3JaHUSI HEOOXOIMMOTO Pa3psKEHNs B CU-
cTeMe ucnonb3oBacs BeHTwisaTop L] 10-28 Ne 3.5;

* YCTpPOWCTBA JUIs BHECEHUSI [IapHKa U3 IIEHOILIa-
CTa B HY>KHYIO TOUKY;

* yCTpOMCTBa JUIA ONPENCIICHHUS YacTOTHI Bpallie-
HUSI BOCXOJISIILIETO BUXPSI.

IIpuGopbl 1 MeTOUKA ONIpeeeHUs] TOUHOCTH
U3MepsieMbIX BeJIHYNH

[Tpn npoBeneHNN HKCIIEPUMEHTAIBHBIX UCCIIE0-
BaHUH HEMOCPEICTBEHHOMY U3MEPECHUIO TOMJIEKAIN
CIeAYIONINe MapaMeTPhl: CKOPOCTh ra3a BO BXOJHOM
narpyOke; 00beMHBIN pacxoj BO3ayXa; TeMIeparypa
OKpY’KaIoIIeH cpeibl; 6apoMeTpUIecKoe JaBIeHHUE; OT-
HOCHTENbHAS BIAXHOCTD BO3/lyXa; BPEMs ITPOBEICHHUS
OTIBITA; BEC 3arpy’KacMOM IIBUIN B J103aTOP; BEC YUCTOTO
U 3aIblJIGHHOTO (DMIIBTPOB; BEC IBUTH B OyHKepe.

CKOpOCTh BO BXOJHOM NarpyOKe onpe/iessiiach npu
TIOMOIIM THEBMOMETpHUECKo# TpyOku I1urto, morpem-
HOCTb U3MEPEHNH ITp1 KOTOPOi He mpeBbiraeT 1-2 %.

JlMHaMHUYECKy0 COCTABIISIONLYI0 HAllOpa BO3/TY -
HOTO MOTOKA U THJIPABIMYECKOE COMPOTUBICHHE alla-
para u3Mepsiu HU(PPOBEIM MUKPOMaHOMETPOM THIIA
HT-1890 ¢ Tounoctsio +0,3 %.

TeMnepaTypa B TOMENIECHUN H3MEPsUIaCh TEPMO-
merpoM naboparopusiM TJI-18 TOCT 20345-71 ¢ Tou-
HocThio £0,5 °C.

bapomerprueckoe JaBieHne ONpeaessuioch ¢ uc-
moJIb30BaHUEM OapomMerpa-aHeponna tuima bAMM-1
T'OCT P 8.840-2013. IMorpemnocts mpubopa =65 Ila.

OTHOCHTENbHAs BIAXKHOCTh BO3/yXa yCTaHABIHMBA-
JIaCh aCMMpPAIMOHHBIM ncuxpoMmerpomM MB-4M I'OCT
112-78-52. TlorpemrHocTs mpudopa 5 %.

KonmaecTBo MOBTOpPEHMUIT SKCTIEPUMEHTA 111 BBIOH-
panu TakuM 00pa3oM, 9TOOBI 00ECTIEUUTh JOBEPUTEIh-

2 Iuknonst HAMOTA3: pyKoBOJSIIHE YKA3aHIS 10 TIPOEKTH-
POBaHMIO, N3TOTOBJICHUIO, MOHTAXKY M SKCILTyaTaluu. SIpoc-
naBib, 1970. 94 c.
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9
Ry
.l
— %
 S— ¢ m) r
A,
R,
I3

a

b

Puc. 3. Cxema yrpaBieHus MMITYJILCHOI ITOACBETKOM () U cXeMa ITepBOi SKCIIePHMEHTAIbHON YCTaHOBKH (b): 1 — MMITyJIbCHAS

CBCTOMO/IHAS TIOJICBETKA; 2 — OKHa; 3 — MUKIOH; 4 — TpyOku [TuT0; 5 — MHKpOMaHOMETPBI; 6 — PErYIUPOBOYHBI ITHOED;

7 — BCHTHUJIATOD, 8§ — 30HA MJIs1 BHECCHUS IapyKa U3 IIEHOIUIACTa B HYXKHYIO TOYKY, 9— 30HA U1 OIIPEACICHUS paanyca

TBEPAOTO TEJIAa, HaCTOTHI BpAllICHUS BOCXOASIIEIO BUXPS U KOH(bI/IpraIII/II/I Cprﬁ; 10— OTBEPCTHSA MJIs1 BHECECHUSA MEPUTCIIbHBIX

HHCTPYMEHTOB

Fig. 3. Pulse illumination control circuit (a) and circuit of the first experimental setup (b): I — pulsed LED illumination; 2 —

windows; 3 — cyclone; 4 — Pitot tubes; 5 — micromanometers; 6 — adjusting gate; 7 — fan; § — a probe for introducing a

foam ball to the desired point; 9 — probe for determining the radius of a solid, the frequency of rotation of the ascending vortex

and the configuration of the jets; /0 — holes for inserting measuring instruments

HYIO BEPOSITHOCTB ITPOBOIUMBIX UCTIBITaHUH 95 %. [lis
BBISIBJICHHS! IOBEPHUTEIIEHON BEPOATHOCTH BOCIIONB3YEM-
cs1 popmynoit Kopadensaa [20, 21]:

1 m
azl—(a) 100 %,

TJIe 0. — OBEPHUTEIbHAS BEPOSITHOCTD; /1 — YHCIIO UC-
mBITaHUH. JloBepUTeNbHAS BEPOSTHOCTh JODKHA OBITH
He meHee 95 %.

Paaunyc u yacToTa Bocxoasero BUXps ompere-
JISTTUCH OJTHOBPEMEHHO TIPH TIOMOINHU 30Haa 9 (puc. 2).
KoHcTpykius 30H1a MPEACTaBIsIeT COO0H CTATbHYIO

(12)

HPOBOJIOKY AUaMETPOM d,, = 1,0 MM, M30THYTYIO Ha KOH-
e nox yriiom 90°. Ha n30rayToM KOHIIE 30H]1a Kpemnu-
Jlach XOPOIIO BUIMMAs JICHTA, UMEIoIIasi OOJIbIIYIO Ma-
PYCHOCTBH M Mallblii Bec (eJIOUHBIH J0Xkab). Bynyun
BHECEHHOM B LIEHTP BOCXOASILETO BUXPS, JIeHTa 2 Bpa-
anach ¢ TOM ke 4acTOTOM, UTO U BOCXOMSAIIUI TOTOK.
JLJ1s BEISICHEHUSI painyca TBEPOTo TeJla U YaCTOTHI Bpa-

1038

IIEHUSI TPUMEHSIICS CTPOOOCKOMMYECKUI METO] OTIpe-
JICTICHNS YaCTOTHI BPAIICHUSI.

YacToTa MOICBETKN U3MEHSUIACh ITPH MOMOIIH Te-
Hepatopa 3I. IIpu coBmageHny 4acToT JCHTOYKA 30HA,
Ka3aJoch, CTOUT HA MecTe. Paiinyc BOCXOASAIIEro BUXPs
OTIPEZIETISUICS 110 JUIMHE JICHTHI. JIeHTa B ipenienax TBep-
JIOTO TeJa MMeJla POBHYIO KOHGHUrypamnuio. Ta gacTs,
KOTOpAasi BEIXOJMJIA 33 TPAHUIIBI TBEPIOTO Tella, M3ruda-
Jack ¥ BUOpHpoBasia. YI00HO ObUIO yCTaHABINBATH IPa-
HUILy POBHOTO Y4acTKa JICHTHI, KOT/Ia YaCcTOTa TeHEepaTo-
pa B 8—10 pa3 BblllIe YaCTOTHI BpallleHUsI BUXPEBOTO
motoka. B aToMm ciyuae Habmromanoch 8—10 memecTkoB.
[Tpu Taxoif 4acToTe OCh BpPAICHHUS JICHTHI 30H/1a JIeT4e
COBMECTHUTH C OCBIO IMKJIOHA 1 TPAHMILY TBEPOTO Tea
3HAUUTENILHO JIETYE OPE/ICIUTb.

B muxione [IH 11-300 pamuyc BRIXIIOMHON TPYOBI
paBeH R, = 88,5 MM. Y Hac MOJIy4nIIOCh MEHBIIEE 3HA-
yeHue R, = 84,6 mm. OTKIIOHEHHE COCTABIISIET BCETO
4,4 %, uto BHONHE 10Ty CTUMO. OTKIIOHEHHE B MEHBIITYIO
CTOPOHY, YeM PAINyC BBIXJIOMHON TPYOBbI, MOXXHO 00b-
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ACHUTH TEM, UYTO Ha I'paHULIC BOCXO}IHHIHﬁ IIOTOK HE-
CKOJIBKO pa3MbIBaJICA 1 BHOCHJI ITIOTPEIIHOCTE B UBMEPE-
HUS B MEHBIIYIO cTopoHy. [loaToMy fenmaeM BBIBOJ, 9TO
paanyc TBEPIOIo TeNna paBeH, kak y bapra, R, = R, ..

OTKJI0HEeHHEe YIJIOBOI CKOPOCTH BpalleHUs
OT pacyeTHON He MpeBbImano 5,8 %, 4To ABIAETCS XO-
pomeﬁ CXOAMMOCTBIO PACUCTHBIX U OKCTICPUMCHTAJIbHBIX
JAHHbIX.

15 onpenesieHusi rPaHUbI 30H, 13 KOTOPBIX CO-
CTOMT BOCXOSIINI BUXPb, H30paH METOA MPOOHOTO
Tena. B kauecTBe mpoOHOTO Tena BhIOpaH MapyK U3 Ie-
HOTOJIUCTHPONA dy; = 4 MM € MaJIbIM BECOM M OOJIBILION
MapyCHOCTHI0. DTOT MAPHUK BHOCUIICSA B HYXKHYIO TOUKY
TIpH IIOMOIIHX 30Ha & (puc. 2). 30H COCTOUT U3 TOHKOH
d=3 MM TpyOOUKH, B TPyOOUKY BCTABIICH IITHIPh, HA KOH-
11¢ KOTOPOTO HAKOJIOT MEHOIUIACTOBBIN MIApUK, IITyOHHA
BHCCCHUA HIapHKa YCTaHABJIMBACTCA OTPAHUYUTEIICM.
PaccTosiHue ot orpaHuuuTeNs A0 LEHTpa IIapyuKa omnpe-
ACIACTCA NIPpU MOMOIIN INTAHTCHIIUPKYJIA. TounocTh
YCTaHOBKH JEKUT B ipeaenax £0,1 mm. [Tocne BHECeHMs
IIapuKa B Hy’)KHOE MECTO OH 0CBOOOK1aeTcs. Pesynbra-
TBI U3MEPEHUH MOKa3aIy, YTO TpaHMIa pa3/esia BOCX0-
JSIIET0 BUXPS IUKJIOHA SIPKO BBIpakeHa. OTKIOHEHUS
cocTaBisioT MeHee 4 %.

Pacnpenesienne cTaTHyecKoro 1aBjeHus Mo pa-
JUYCY BBIXJIONHON TPYOBI IPOU3BOIMIOCH Ha TON XKe
YCTaAHOBKEC, YTO U MPOUIIBIC OKCIICPUMEHTEI.

W3 npenplayiux TeOpeTUYECKUX U SKCIEPUMEH-
TaJILHBIX UCCIEIOBAHUM M3BECTHO, UTO BOCXOASIIHI
BHXPB BpaIaeTcs Kak TBEPA0E TENO C TOCTOSHHOH YIIo-
BOM CKOPOCTBI0. XapakTep pacipeeieHusl CTaTHYeCKO-
TO IaBJICHUS 110 PAANYCY BBIXJIOMHOM TPpyOBI (3) 3aBUCHT
OT JIOJIM pajifyca BEIXJIONHO#M Tpy6sI (1 — 7). AGcomor-
HbBIC 3BHAYCHUA 3aBUCAT OT OKCILTyaTallUOHHBIX ITapamMe-
TpPOB:

(V3

1 KOHCTPYKTHBHBIX NTapaMETPOB LIUKIOHA

(13)

2
1-K
A »
2K lnL
K

2

PCSYJ'II)TaTBI TCOPETUUCCKUX U OKCTICPUMCHTAJIBHBIX
HCCIICIOBAHHIA ITPEACTABICHBI B Ta0I. 1. MakcuManbHOe
pacxokaeHHE MEXIY TEOPETUYECKUMU U DKCIIEPUMEH-
TaJIbHBIMH UCCJIICIOBAHUAMU UMECT XOPOUTYIO CXO/U-
MOCTbh. MaKkcuManbHOE OTKJIOHEHHE cocTaBisieT 8,6 %.

HccnenoBanue pacnpeaesieHus NbLIY M0 cevye-
HHUIO BBIXJIOMHON TPYObI MPOBOIUIOCH Ha BTOPOH
9KCTIEPUMEHTAIBHON ycTaHOBKe. OIpeaeneHne KOHIIeH-
TpaIUU MU TI0 CEUYEHHUIO BBIXJIOMHON TPYOBl — TPYII-
HOBBIIIOJTHUMAA KJIACCUYCCKUM MCTOAOM 3aj/1ada. B BoI-
XJIOMTHOH TpyOe, MOMUMO OCEBOIl CKOPOCTH, HMEETCA
WHTCHCHBHAs TaHICHIMAJIbHAas CKOPOCTh, YTO ACJIACT
MPAKTUYCCKN HEBO3MOXXHBIM YPaBHUBAHHUE CKOPOCTHU
B [TOTOKE U B IbLIC3a00PHO# TpyOKe. Tarke BBUIY Orpa-
HUYCHHOCTHU B IMTPOCTPAHCTBE BBIXJIOTTHOM pr6LI obLIC-
3a0opHast TpyOKa OyeT BHOCHTD HCKaXCHHUS B BO3IYIII-
HBIN IIOTOK, YTO TOXKC HC CHOCO6CTByeT ITOBBIIICHUIO
TOYHOCTH 3aMEpPOB.

JI.HSI BBIABJICHUA PACIIPCACIICHUA IBLIJIN 110 CCYCHUTIO
BBIXJIOITHOW TPYOBI OBLIO MPETIOKEHO YCTPOUCTBO (Ce-
rmaparop) ¢ pa3aeieHHEM MOTOKa B BBIXJIOMHON TpyoOe
Ha JIBE€ COCTABJISAIONINE IIPU MTOMOIIN KOJBIIEBOH AHa-
¢dparmbl 2 (puc. 4).

BBuay MHTEHCUBHOMN TaHI€HLUAIBHON CKOPOCTH
(TaHFeHHI/IaHBHaﬂ CKOPOCTh 3HAYUTCIBbHO NMPEBLIMIACT
OCEBYI0) KOHIICHTPAITHSI TIBLIH 10 OKPY>KHOCTH BBIXJIOI-
HO¥ TpyOBI pacnpenensercs paBHoMepHo. [loaTomy
KOJIMYCCTBO MBLIN, ITOMABIIEC IO Pa3HBIC CTOPOHEBI pa3-
JIENTUTENBHON TnadparMpl, pacipeersieTcs 1o OKpyK-
HOCTH paBHOMEpHO. TakuM 00pa3om, H3MEHsS JHAMETP
nuddysopa 2, a Takke U3MeHsisl 00beM OyHKepa IpH
ITOMOIIIM BCTaBOK, ONPEICINM PaCTIpeaeiIeHUE U
IO CEYCHUIO BBIXJIOTHOM TPYOBI IPH pa3IHIHBIX 00Be-

Taoan. 1. PeSyJILTaTLI TCOPETUUCCKHUX U OKCIIEPUMEHTAJIbHBIX HCCIICIOBAHUI CTaTHYECKOTO JIABIICHUS 10 paguycy BBIXJIOITHOM

TpyObI
Table 1. Results of theoretical and experimental studies of static pressure along the radius of the exhaust pipe
n 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Teopernyeckue —419 | 415 | 403 | 382 | 352 | 315 | 268 | 214 | —151 —-80 0
HCCIIEIOBAHUS
Theoretical
research
-410 -400 -330 —260 -130 -0
—400 -390 -340 -250 -140 -10
KCIIEpUMERT 420 -380 350 270 ~150 0
Experiment
-400 -410 -340 -250 -130 -0
—410 -390 -330 -260 -140 -10
Cpennee —408 -394 —-338 -258 —138 —4
The average
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Max OyHkepa. KonnuecTBO NbUTH, HOMABIIEH 110 pa3HbIe
CTOPOHBI Pa3eNUTEIbHOM Iuadparmpl, yCTaHABINBACT-
Cs ITyTeM Pa3HHUIIBI Beca (pUIsTpoB 6, 7 (puc. 5) 110 1 1mo-
cIIe IPOBECHUS KcIiepuMeHTa. OnpeienieHne pacnpe-
JEJICHUS TBUIN 10 PaguyCy BBIXJIONHOH TPyOBI
1[eJ1eco00Pa3HO CBECTH K OAHO(PAKTOPHOMY HKCIIEpPH-
MEHTY.

KonniecTBO MOBTOPHBIX SKCIIEPUMEHTOB OTIPEe-
JsieM, Kak u panee, 1o gpopmyie (12).

[TocTpouMm mMaTpuily ypoBHEH BapbHpOBaHHUs (ak-
TOpa. 3a UHTEePBaJ BAPbUPOBAHUS IPUMEM 3a30P MEKIY
BBIXJIONTHOM TpyOOii M pasnenuTenbHol quadparmon
(puc. 4) b =R, —R sy — KRy MAHIMAIIBHOE 3HAYC-
nue akropa pasHo 0,1R  , MakcumansHOe — 0,9R
Pesymnprarsl cBOaMM B TaoMI. 2.

BBIX"®

Takum 0Opa3om, myTeM U3MEHEHUsI pajuyca ua-
(¢bparmMsl MBI pa30MBaeM CEUCHHE BBIXJIOMHON TPYOBI
YCIIOBHO Ha CEKTOPHI (pHc. 6). B mponecce nposeneHus
9KCTIEPUMEHTA HYXXHO OIPEAEIUTh KOJINYECTBO IBLIH,
MomaBIIeH B KXl CeKTOp. YcTaHOBUB AU dy30p
¢ paguycom 0,9R,, onpesenM KOIM4eCTBO MbUIN B CEK-
Tope b}, T.e. G,. YeranoBus muddysop ¢ pamaycom 0,7R,,
OTpe/Ie MM KOJIMYECTBO MBUTH B ceKTope b + b, T.e.
G, + G,, BeruteM G| U MOIY4YUM 3HAYEHUE KOJIUYECTBA
TBLTH B ceKTOpe b5. 3HaueHHe Beca B IPYTHX CEKTOpax
onpezensieM ananornyHo. CyMMa KOJIMYeCTBa MbUIN
BO BCEX CEKTOPax SIBJISIETCS BHIXOIHBIM M3 IIMKIOHA KO-
JIMYECTBOM TIBIIH:

G +G+ G+ G+ G5+ Gg=G (15)

BBIX"®

¢=
=

Puc. 4. YcTpoiicTBO 17151 ONIPECICHUS pacpeCICHNUS MBLUTH M0 CCYCHUIO BBIXJIOMHOM TPYOBI

Fig. 4. Device for determining the distribution of dust over the cross section of the exhaust pipe
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Puc. 5. Cxema BTopoii 9KCIIepUMEHTaIbHON YCTAaHOBKY: / — IHTaTelb; 2 — TpyOka [1nTo; 3 — MUKpoMaHOMeTp; 4 — LIUKIIOH;
5 — Oynkep; 6, 7 — unbTpsl; 8, 9 — mmbepsl; /() — OTBepCTHS U U3MEPEHUs CKopocTeif; /] — BeHTwsarop; 12 —
KOHIIEHTPATOP MbUIH

Fig. 5. Scheme of the second experimental setup: / — feeder; 2 — pitot tube; 3 — micromanometer; 4 — cyclone; 5 — bunker;
6, 7— filters; 8, 9 — gate; 10 — holes for measuring speeds; // — fan; /2 — dust concentrator
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Tabu. 2. Marpuia ypoBHei BappbupoBaHusi pakTopoB
Table 2. Matrix of factor variation levels

O6o3HayeHne Dopmya 3HaueHne, MM
HanmenoBanne / Name . .
Designation Formula Value, mm

WuTepBan BapbupoBaHUs h 0,2R, 18
Variation interval

-
MuHnMabHOE 3Ha4YCHUE binin 0,1R, 9
Minimum value

*
MakcumMansHOe 3HaYeHHe b ax 0,9R, 81
Maximum value

Puc. 6. Cxema pa3OWBKU CeUECHHUS BBIXJIOMHON TpyOBI
Ha CEKTOPBI

Fig. 6. Scheme of dividing the section of the exhaust pipe into
sectors

Taou. 3. [luciepcuoHHBII cOCTaB MU
Table 3. Dispersion composition of dust

J1J1st SKCTIepUMEHTa UCTI0NIb30BalIach MbLIb U3 CY-
IIMITBHBIX OapabaHoB acdansrodeToHHOTO 3aBoa «J{oH-
criennpom» (r. MakeeBka), TUCIEPCHOHHBIA COCTaB
KOTOpOH Tpe/cTaBieH B Tao. 3.

B OyHKkep 3arpykaem B Ka)JIOM OIIbITE 4 KT ITbLIH.
[lepen ompiTaMu THIATENBHO BHIYHINAINCH OyHKEp
u GUIABTPHI 6 U 7. Pe3ynbrarhl ONBITOB MPUBEACHBI
B TalOI. 4.

H3mepenue Macchl IBUTH TPOM3BOIMIIOCH TIPH I10-
MOIIIH IEKTPOHHBIX BecoB Tuna SF-400A, TouHOCTh —
0,lr

Ha puc. 5 nokaszaHsl rpadyky pacipeaeneHus b
I10 CEUEHHIO BBLIXIONHOM Tpy6s G = f{b") mpr Q = const.

Kaxk BugHO U3 puc. 7 1 Ta01. 4, IBUIb 110 CEUSHUIO
BBIXJIOITHOM TPYOBI pacroiaraeTcst KpaiiHe HepaBHOMEp-
HOo. HanGompinas KoHIEHTpalys MbUTH HaOJI01aeTcst
y BHYTPEHHHUX CTEHOK BBIXJIOITHOW TPYOBI U B LIEHTPE.
[Ipuuem ¢ ymeHbIIeHHEM 00beMa OyHKEpa KOHIICHTpa-
LHs IBUTH y CTEHOK BO3PACTaeT HE3HAYUTENBHO, B TO Bpe-
Ms KaK B IICHTPE BBIXJIOITHOW TPYObI C YMEHbIICHHEM
oObeMa OyHKepa KOHIIEHTpAIHs MMbUIH CTPEMHUTEIHHO
pacTeT, ¥ TeM OoJIbIlle, YeM MEHbIIIe 00beM OyHKepa.

d, MKM / pim 1,6 2.5 4,0 6,3 10 16 25
G, mac. % / mass percent 97,7 96 92,5 87,6 77 62 36
V, em/c / cm/s 0,019 0,049 0,12 0,3 0,77 1,9 4,9
dsy =20 MKM / im p = 2600 kr/m’ / kg/m®
Taba. 4. Pe3ynsraTel I3MEpeHUH pacIpeie/IeHNs! TBUIN 10 CEYEHHIO BBIXJIOITHOH TPYOBI
Table 4. Results of measurements of dust distribution over the cross section of the exhaust pipe
dakrop b X
Factor b" (1-0,9)R, | (0,9-0,7)R, | (0,7-0,5)R, | (0,5-0,3)R, | (0,3-0,1)R, | (0,1-0)R, o\i =
3 3G |§ 5
Q
HEAICHTHE, MM 9 18 18 18 18 9 =
Value, mm m
1 G 130 42 4 3 10 31 220 | 94,5
Obrent Oyaepa O 7)™ A1) 44 14 33 | 219 | 945
Hopper volume O
G 140 50 4 4 16 24 238 | 94,0
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Oxonuanue maon. 4/ End of the Table 4

dakrop b" X
Faton (1-0,9)R, | (0.9-0,7)R, | (0,7-0,5)R, | (0,5-0,3)R, | (0,3-0,1)R, | (0,1-0)R, e
3G |E 5
Q
Suasene, MM 9 18 18 18 18 9 ==
Value, mm m
Obem Oynkepa 0| 4 | G| 119 43 1 1 18 34 | 216 | 94.6
Hopper volume Q 5 G| 125 44 2 2 19 40 231 | 94,2
Cpenree 3uauenme / Mean 1272 44.6 2.8 24 15.4 324 |224.8]9436
0,80 Cpemree | - | 1364 44,8 4 4 16.8 586 [268.6] 93.3
Average
0,50 Cpemnee | o1 1577 50.8 5.6 7.2 38,8 139,6  [399.2] 90,0
Average
020 Cpemee | o1 191 4 73,2 12,6 142 1054 3588 |755.6| 81,1
Average
G.rfe
400 - :
| 4
350 + !
300 4
250 4
200
150 + !
H
100 +
21
50 4
!
0 0.1 02 03 04 05 06 07 08 09 1 b, mmf mm

Puc. 7. Tpadwikn pacripenenenns mpumm o cexropam G = fAb") npu: 1 — Q; 2 — 0,80; 3 — 0,50; 4 — 0,20
Fig. 7. Graphs of dust distribution by sectors G = f{b") at: / — Q; 2— 0,80; 3 — 0,50; 4 — 0,20

IIpu sToM 3HaunTensHo cHkaercs KITJ nuknona. 9o
SIBJICHUE NMEET JIOTHYECKOEe OOBSICHEHNE: Y BHYTPCHHEH
CTEHKH BBIXJIOMTHOHW TPYyOBl KOHIICHTPUPYETCS MbLIb,
HE yJIOBJICHHAs B MPOCTPAHCTBE MEXKy KOPITYCOM ITH-
KJIOHA ¥ BBIXJIOITHON TPyOOH; B LIEHTPE IUKIIOHA TIPH-
CYTCTBYET IbLIb, BEIMbIBaeMast U3 OyHKepa, U TeM HH-
TEHCHBHEE, YeM MEHBIIIe 00beM OyHKepa.

3JAKJIIOYEHUE U OBCYXJIEHHUE

Ha ocHOBaHUM MPUHATHIX 000CHOBAHHBIX JIOITYTIIE-
HUH BBITIOTHEHBI TEOPETHIECKUE F SKCTIEPHMEHTAIHHEIC
HCCIIEIOBAaHUS THAPOANHAMITYECKUX IIPOIIECCOB BOCXO-
JSIIIET0 BUXPS MUKIOHA. [Ipn 3ToM:

1042

* 3a CYCT BBICOKOI YINIOBOI CKOPOCTH BOCXOSIIIC-
IO BUXPS CUJIa PAAHaIbHOTO IPAINEeHT TaBICHH Ha Ya-
CTHILy IIBUIN MMEET 3HaYeHUEe, COM3MEPUMOE C LIEHTPO-
OC)KHOM CHIION, U TOJDKHA YYUTHIBATHCS;

* pelIeHHe ypaBHEHHs OalaHCca CHII OTHOCUTEIILHO
CKOpOCTH Jipetiha 4acTUIIbI TTOKa3aJlo, YTO BOCXOSIIHNA
BUXPb COCTOUT U3 JIBYX 30H: OJHOM 30HBI, IJIe CUJIa Ipa-
JIUEHTA JaBJICHHUS IPEBBINIACT LHEHTPOOESIKHYIO CHILY,
U JIpyTOH, Iie IIeHTpoOeKHas cuita OoJIbIe TpaAueHTHON
CHUIBL; IIPUYEM FPaHKLA Pa3/esia HaXOAUTCs POBHO Ha I10-
JIOBHHE PaJlyca BOCXOISILEro BUXPs P BCEX KOH-
CTPYKTHUBHBIX U OKCILTyaTallMOHHBIX MapameTpax pado-
THI LIUKJIOHA;
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* MPOBEJICHHbIE SKCIIEPUMEHTAIbHbIE UCCIIEI0BA-
HUA MMOJTHOCTBIO MOATBEPANIIN aICKBATHOCTD MMOJTY4YCH-
HON MaTeMaTH4eCKOM MOJEIIH, MaKCUMaJIbHOE PACX0XK-
JACHUE MEXK Y TCOPETUICCKUMU U OKCIICPUMECHTAaJIbHBIMU
JIAHHBIMU cocTaBisier 8,6 %;

* 3a CYET CUJIbI PAIMAJIBHOTO IPaJeHTa JaBJICHUS
MbLJIb B BOCXOJSIIIEM BUXPE LIUKIJIOHA COCPEIOTOUCHA

KpaifHe HepaBHOMEPHO, HanOOJIbIIast KOHIIEHTpAIHs Ha-
0J1F01aIach y CTEHOK BBIXJIOMTHOW TPYOBI U 110 OCH IIH-
kioHa. Ecin KOHICHTpaUHs NbIJIN Yy CTCHOK BBIXJIOITHOM
TpyOBI MPaKTHYECKU HE 3aBHceNa OT o0bema OyHKepa,
TO B HeHTpaJ’IBHOﬁ YqacCcTu 3Ta 3aBUCUMOCTh 6])].]'[8. APKO
BBIpa)KeHa, nMest 00paTHO MPONOPIMOHAIBHYIO 3aBHCH-
MOCTb.
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AHHOTALMNUA

BBepgeHue. [epcnekTUBHbLIM HanpaBneHMeM NPUPOAONONb30BaHNS, NO3BONSAOLWMM n3bexaTtb gerpagaunm buocdepsl,
SIBMSETCH OCYLLECTBMNEHNE XO3ANCTBEHHOM U MHOW AeATENbHOCTU C MUHUMAarbHBIM BO3AeNCTBMEM Ha npupody. CocTtosiHue
300POBbSs HACENEHWS HAXOANTCS NOA BNUSIHAEM KOMMSekca hakTopoB cpeabl 06UTaHWs, BKIOYAKOLLErO rpynbl: CoLManbsHO-
9KOHOMMYECKME, CaHUTapHO-TUrMeHnYeckne, obpasa Xn3Hu, cTeneHb BO34eNCTBUSI KOTOPbIX HA YernoBeka pasnuyHa BO
BPEMEHU ¥ NMpocTpaHCcTBe. Harpy3ky atMmocgepHOro Bo3gyxa BOCNPUHUMAIOT OpraHbl AblXaHUs, 3peHNSsI, KOXKHbIA MOKPOB.
Bopa okasbiBaeT BnvsiHMe B BUAE BbiNagalolwnx aTMocepHbIX 0CafKoB, Kak MMTbEeBAs U pekpeaunoHHast. [psimoe BO3-
[OeNCTBME MOYBbI HA COCTOSIHUE 300POBbs YENOBEKA NPOUCXOAUT Yepe3 HEMOCPELACTBEHHbIN KOHTAKT C KOXXEN, MHransLnoH-
HO€ 1 NnepoparbHoe NOCTynneHns B opraHnam. CyLecTBeHHOE BNUSIHUE Ha KaueCcTBO ypOaHM3NPOBaHHbIX NMOYB, BOAbLI U BO3-
ayxa, a Takke 300pOBbs XUTENEN Oka3biBalOT 3eneHble HacaxaeHusi. OCHOBHOWM acnekT OXpaHbl OKpY»KatoLlen cpebl
1 nogaepxaHns 6naronpusaTHOrO MUKPOKIMMaTa B HaceneHHbIX MyHKTax — COXpaHeHWe U BOCCO3aHne «3eNeHoro» hoHaa.
MaTtepumanb! n metoAbl. [IpoBegeH CUCTEMHBIN aHanM3 Hay4YHoOW NUTepaTypbl, CTaTUCTUYECKUX OAHHbIX, HOPMATUBHbIX 4O-
KYMEHTOB.

Pe3ynbrathl. [puBegeHa 3aBUCMMOCTb POCCUSIH OT BIMSIHUSA CAHUTapHO-TUIMEHNYECKMX hakToOpoB cpeabl 0butaHus. Pac-
CMOTpeHa AUHaMuKa nokasaTtens «03efieHeHHbIe NPOCTPaHCTBa» B MHAEKCE Ka4eCTBa ropoacKor cpeabl Anst rpynmbl «Kpymn-
Henwwme ropogda». Ha npumepe CaHkT-lNeTepbypra nokaszaHa yA0BNETBOPEHHOCTb XUTeEmNel B chepe 03eNneHeHns TeppuTo-
puii panoHoB ropoga. OCHOBHblE NPOGNEMbI Pa3BUTUST «3eNEeHON» UHAPACTPYKTYPbl NPEASIOKEHO YCIIOBHO pa3densTb Ha
rpynnel. OnpegeneHbl KOHUENTYyanbHble NPUHLKMBI, COCTaBNSALWMNE METOLONOMMYECKY0 OCHOBY CO3[1aHUS «3EMEHOro»
Kapkaca HaceneHHoro nyHkta. CchopmupoBaHa rpynna KpUTepUeB OLIEHKN «3eNIeHOM» MHPPACTPYKTYpPbl, SBASIOLUXCS UH-
AvikaTopamy TEXHUYECKOW NPOrpecCMBHOCTU 1 COLMArnbHOM 3HAa4YMMOCTU, 0bnaparoLLmMx NPOrHO3MpYyLLe CrnocoOHOCTbIO
1 B3aMMOCOIaCoBaHHOCTbIO.

BbiBoAbl. Heobxoaumoe 1 4OCTaTOMHOE KONMYECTBO 3eMEHbIX HacaXaeHWn, HopManmays KayecTBO ropoACcKOW cpeabl,
CNocoBHO OKasbiBaTb MOMOXUTENbHOE BUSHNE Ha husnyeckoe 1 ncuxmnyeckoe 3nopoBbe xutenei. CTpaternyeckoe nna-
HVYPOBaHVe pasBUTUS «3ENeHO» MHPPaCTPYKTYpbl HACEMNEHHOrO NyHKTa, obecnevnBas XU3HeCcnocobHOCTb 3eMeHOro Kap-
Kaca, AOIMKHO YYUTbIBaTb BCE €ro 31eMEeHTbI 1 11 KOMMEHcaLMM Harpy3ok ypbaHunsauum BkovaTb 03efieHeHEe 3eMeSbHbIX
Yy4aCTKOB NPUOOMOBbIX TEPPUTOPUIA MHOTOKBapPTUPHBLIX JOMOB.

KNIOYEBbLIE CITOBA: ycTonunBoe pasBuTue, akorornyeckas 6e3onacHocTb, OXpaHa OKpyxatoLLen cpeabl, rpagocTpo-
nTenbHasi AesTENbHOCTb, FOPOACKOE XO35IMCTBO, O3EfIEHEHNE TEPPUTOPUN, 3€MEHbIE HacaXXAEHUs!, MHOFOKBApTUPHbIA AOM

AnA UWTUPOBAHMUA: [baykosa O.H. MNpyHUMMBLI CTPaTErnyeckoro NiiaHMpoBaHUS Pa3BUTUS «3EMEHOW» MHAPPaCTPyK-
Typbl ropoackor cpeabl // BectHnk MITCY. 2021. T. 16. Bein. 8. C. 1045—-1064. DOI: 10.22227/1997-0935.2021.8.1045-1064

Principles of strategic planning for the development of “green”
infrastructure of the urban environment

Olga N. D’yachkova
Saint Petersburg State University of Architecture and Civil Engineering (SPbGASU),; Saint Petersburg,
Russian Federation

ABSTRACT

Introduction. A promising direction of nature management, which allows avoiding the degradation of the biosphere, is
the implementation of economic and other activities with minimal impact on nature. The state of health of the population is
influenced by a complex of environmental factors. The load of atmospheric air is perceived by the respiratory organs, vision,
and the skin. Water influences in the form of precipitation, both drinking and recreational. The direct effect of soil on human
health occurs through direct contact with the skin, inhalation and oral intake into the body. Green spaces have a significant
impact on the quality of urbanized soil, water and air, as well as the health of residents. The main aspect of environmental
protection and maintaining a favorable microclimate in settlements is the preservation and recreation of the “green” fund.
Materials and methods. Systematic analysis of scientific literature, statistical data, regulatory documents.

Results. The dependence of Russians on the influence of sanitary and hygienic factors of the environment is shown. The dy-
namics of the indicator “green spaces” in the urban environment quality index for the group “largest cities” is considered.
On the example of St. Petersburg, the satisfaction of residents with the sphere of landscaping the territories of city districts
is shown. It is proposed to conditionally divide the main problems of the development of “green” infrastructure into groups.
The conceptual principles that constitute the methodological basis for the creation of a “green” frame of a settlement have
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been determined. Formed a group of criteria for assessing the “green” infrastructure, which are indicators of technical pro-
gressivity and social significance, with predictive ability and consistency.

Conclusions. The necessary and sufficient amount of green spaces, normalizing the quality of the urban environment, can
have a positive impact on the physical and mental health of residents. Strategic planning for the development of the “green”
infrastructure of the settlement, ensuring the viability of the green frame, should take into account all its elements and include
landscaping of land plots adjacent to the territories of multi-family dwelling.

KEYWORDS: sustainable development, environmental safety, environmental protection, urban planning activities, urban
economy, landscaping of the territory, green spaces, multi-family dwelling

FOR CITATION: D’yachkova O.N. Principles of strategic planning for the development of “green” infrastructure of the urban
environment. Vestnik MGSU [Monthly Journal on Construction and Architecture]. 2021; 16(8):1045-1064. DOI: 10.22227/1997-
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BBEJAEHUE

B mupe u B Poccun mepcrieKTHBHBIM HarpaBIeH -
€M TIPUPOAOII0JIE30BAHMSI, MTO3BOJISIOIINM H30€XKaTh
Jerpananuu 6uocgepsl, Bce OONbIIe CTAHOBUTCS OCY-
LIECTBIIEHNE XO3511ICTBEHHON M MHOH JeATEILHOCTH C MU-
HUMAaJIbHBIM BO3/ICHCTBHEM Ha ITPUPOJHYIO CPELy, Tiia-
HOBas JIMKBUJAIMUS MOCIEICTBUH HaKOIJICHHOTO
9KOJIOTHYECKOro yiiepoOa [1-6]. AkryanpHO hopMuUpo-
BaHHE KOM(OPTHONW TOPOJCKOH Cpeasl MOCPEACTBOM
MIPUMEHEHHMSI «3€TIEHBIX» TexHoyorui [7—10].

[Tox BIUsIHNEM TEXHOTEHHOM JESITEILHOCTH YelIo-
BEKa IPOUCXOST U3MEHEHHUS B IPUPO/JIE, KOPPEKTUPY-
eTcsl TEMIIepaTyPHO-BIaKHOCTHBIN PEXXUM, COKPAIIALT-
cs 6mopasznoobpasue [11-13]. TToaTOMYy OCHOBHBIM
ACTIEKTOM OXPaHbl OKPY’KaroIIel Cpe/Ibl ¥ MOJJIePIKaHHs
0J1aronpUsITHOr0 MUKPOKJIMAaTa B HACEJICHHBIX ITyHKTaX
SIBISIETCSI COXpaHEHHE «3esieHoro» donma [14—17].

Co3anue «3eJIeHBIX» I0SICOB, 00bEeTUHEHHBIX
B «GBEJICHBIN» KapKac Topojia, MpeaCTaBiIsieT CO00M KOM-
ek 3a1ad4 [ 18—20], TpeOyroLX CHCTEMHOTO PEIICHHST
[21-26], onuparomerocst Ha pe3yJIbTaThl HAyYHBIX UC-
cienoBaHuil [27-31], oCHOBaHHBIX Ha MPAKTHUYECKOM
ombiTe [32—-40]. B TpagosKoIorHaeckux CHCTEMAX «3110-
POBBIX» TOPOIOB CO3/IAIOTCS U IKCIUTYaTUPYIOTCS Cpe-
JIO3aIUTHBIC 0OBEKTHI 03elicHeHus [41—45].

B MHOTOUYHMCIIEHHBIX paboTax MCCIeayeTcs POk
3€JICHBIX HACAXKJCHUI B 3aIIUTE KUBOI IPUPOJIBI U Ue-
noBeka [46], B myOmuKanusax MOKa3aHo OJIarOTBOPHOE
BJIMSTHUEC O3CJICHCHHBIX TeppHTOpHﬁ, CHMIKAIOUINX BPCI-
Hble Bo3aeicTBusA [47-50] TEeXHOT€HHBIX TOPOJCKUX
00BEKTOB [51], B YaCTHOCTH TPAHCIIOPTHOM HH(PPACTPYK-
TypbI [52—54], IpOMBIIIICHHOCTH, KUITAITHO-KOMMY-
HaJIbHOTO-X03s11cTBa [55-58] Ha OuoTy.

310pOBbE YENIOBEKA XapaKTEePU3yeTCsl COCTOSHUEM
TIOJTHOTO (PU3NYECKOTO, IICUXUIECKOTO ¥ COIIMATIBHOTO
Graromnoiyyns, a He TOJIBKO OTCYTCTBHEM OOJNE3HEH nin
(u3MIeCKIX HeTOCTAaTKOB [59—62]. OmHuM 13 (hakTopoB,
BIIMSIIOIINX HA 3I0POBBE, CIYKUT OKpY’KaroIas cpena
[63—-66]. CoBpeMEeHHBIM rOpPOACKUM palioHaM CBOIi-
CTBEHHBI IUIOTHAS 3aCTPOWKA, MHTCHCUBHOE JBIKEHHE,
3arpsi3HeHne, uryM [67—70]. YaeHbIM coo0IIecTBOM H3Y-
4aroTcst GaKTOPbl HEraTUBHOW HArpy3KH, BbI3BaHHBIC
pocToM ypOaHU3aIuH, FPagoCTPOUTEIBHOM e TeTbHO-
CTBIO, M TIPEJUIATAI0TCS PEIICHUS [T0 HOPMAITH3aIlH BO3-
nevicreuit [71-73].
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MecTo npoXuBaHWU WHIUBHIYyMa BIHSIET HA €0
310poBke [74, 75], mo3TOMY 0:1ar0yCTpONHCTBO HKMIIBIX
KBapTaJIOB, BKJII0YAsl CTENICHb UX 03€JICHEHMUsI, KaueCTBO
3eJICHBIX HacaXJACHUH, UMeeT OoJiblliee 3HAUCHUE
[76,77]. Ha ocHOBe KOHIETIIIMH IPUPOJOTOAO00HBIX TEX-
HOJIOTHI CPeJIbl )KU3HEAEATEIBHOCTH N OMOTIO3UTHBHBIX
WHHOBAIIMOHHBIX IPOJTYKTOB COBEPIIEHCTBYETCS] HOPMa-
TUBHO-TEXHUYECKasl TOKyMEHTAIHs, BHOCATCS U3MEHE-
HUSI B 3aKOHOJATENbCTBO [78—81]. OnHako ropoackas
aJIMUHHUCTpalnA, OpraHbl MECTHOI'O CaMOYIIPaBJICHUSA
YACISIFOT HEJOCTAaTOYHO BHUMAHUSI 3€JICHBIM Hacax/ie-
HUAM MMPUIOMOBBIX 3€MCJIbBHBIX YYaCTKOB Ha dTamnax
YKI3HEHHOTO IIMKJIa MHOTOKBapPTHPHBIX TOMOB [82—-86].
CoBpeMEeHHOMY HaceJIeHHOMY ITyHKTY TpeOyeTcsl cTpa-
TErMUECKOE MIIAHNPOBAHUE PA3BUTHS «3€IICHOI» HH(pa-
CTPYKTYPbI TOPOJICKOH CPE/Ibl, YUUTHIBAIOIIEE N3MEHEHHS
BCEX COCTABIISIOIINX «3€JICHOro» (oHa, 00yCIOBICH-
HBIX pocToM ypOanu3zammu [87, 88].

Llens HacTOSILETO MCCIIeJOBAaHNSI — 00O0CHOBaHHE
MOTPEOHOCTH CTPATETHIECKOTO MITAHUPOBAHNS Pa3BUTHS
«3eJIeHOW» MH(PPACTPYKTYPBI TOTO WIIM HHOTO HACEJICH-
HOTO MyHKTA, CITOCOOCTBYIOMIETO 3PPEKTUBHOMY HC-
I0JIb30BAHUIO PECYPCOB TOPOJICKOM cpesibl. 3a1ada —
c(hOpMHPOBATH METOAOJIOTNYECKHE OCHOBBI TEXHOIOTHU
«3eJIeHoW» MH(PACTPYKTYPBI TOPOJICKOH CPEAbl, IPH-
MCHSIS q)aKTOpH])II‘/II aHaJIN3 JaHHBIX, TPECACTABICHHBIX
B OTKPBITBIX HCTOYHUKAX.

MATEPHAJIBI 1 METO/bI

Jls TOCTHOKEHMsI TIOCTAaBICHHOM 1eJIn U 3a/1aun
BBITIOJIHEH CUCTEMHBIN aHAJIN3 HAYYHOU JINTEpaTyphl CO-
OTBETCTBYIOICH TEMATHKH, BBISBICHBI CYIIECCTBYOIIHE
po0IeMbI U epcrieKTUBHBIE perieHus. [Ipoenen 0630p
AQHAJTMTUYECKOH MH(OPMAIINY O COCTOSTHUN CAaHUTAPHO-
STMHIEMHUOJIOTHUECKOTO Onaronoiyyuns Hacenenus Poc-
cuiickoit denepanuu B pazpe3e BIUSIHUS KOMIUIEKCA
CaHMTAPHO-TUTUEHNYECKUX (haKTOPOB Ha 3/10pOBbE Ha-
CeJIeHUs], IPUBEJICHBI CTETICHb BIIMSIHUS U IPOTHO3. B Me-
TOJMKE (OPMUPOBAHMS MHJEKCA KaueCTBAa TOPOACKOH
Cpeibl BBIICJICH THIT ITPOCTPaHCTBA ropoja «O3eneHeH-
HBIE MIPOCTPAHCTBAY, IPUBEACHBI BXOAAIINE B COCTaB
(axTopsl, popMHUPYIOIIUE CpeLy OOUTAHNUS, U B CPABHE-
HUM JIaHbI TTOKAa3aTeNN HHIUKATOPOB POCCUIICKUX TOPO-
JIOB C HaceyleHueM cBblme | miH yes. OcymecTBieH
PETPOCHIEKTUBHBIN aHAIN3 KOMIUIEKCA CTAaTUCTUYECKUX
n aHanuTHYeckux naHHbIX CankT-IlerepOypra 06 00b-
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€M€ U Ka4eCTBE 3€JICHbIX HacaXKIeHUM. Brinonuex cu-
CTEMHBIN aHaJIN3 HOPMATHBHO-IIPABOBBIX JTOKYMEHTOB
COOTBETCTBYIOILEH TEMaTUKH, AEHCTBYIOIINX B TPAHUIIAX
yKa3aHHOTO cyObekTa PD, ompenesieHbl KIHOUYEBBIC
acriekTsl. Ha ocHOBe pe3ynbTaToB IPOBEAEHHOTO (hak-
TOPHOTO aHaJIM3a MHPOPMAIMN HayYHBIX 1 HOPMATHBHO-
MIPaBOBBIX UCTOYHUKOB, CTATUCTUYECKUX M aHaJIH-
TUYECKUX JAHHBIX, METOJOJOTHYECKHE OCHOBBI
cucTeMOTexHUKH (A.A. I'ycakoB) cripoeliipoBaHb! Ha TEX-
HOJIOTHIO «3€NeHO0I» MHPPACTPYKTYPHI TOPOICKON
Cpeapbl.

PE3YJIBTATBI HCCJIEJOBAHUA

Cpena, Ka4ecTBO KOTOPOil 00ecreunBaeT yCcToNIun-
BO€ (DYHKIIMOHHPOBAaHHE 00OPa3yIOINX €€ KOMIIOHEHT,
siBIsieTcs onaronpustHoi [89, 90]. CoxpaHeHue i Ha-
CTOSIIIIETO ¥ OyAYIIHX TOKOJIEHHUH 3/10POBBIX IPHUPOTHBIX
CHCTEM CTaHOBMTCS OJHOW M3 aKTyaJIbHBIX NpoOIIeM
YCTOHYMBOTO pa3BUTHS ypOaHU3UPOBAHHOW TEPPHUTO-
pun. KagecTBo cpesbl — 3TO ee COCTOsSHUE, KOTOPoe
XapaKTepU3yeTCsl TEM WM UHBIM HHIUKATOPOM MJIH UX
xomIiekcoM [91, 92]. Ilpupoansie, IPUPOJHO-TEXHO-
TeHHBIE U TEXHOT'€HHbIC BBI30BBI KOMIIOHEHTAM OKpYKa-
IoMIEH cpefibl, MPUBOAAIINE K 3arps3HEHUI0 aTMochep-
HOTO BO3/yXa, IOYBBI, BOAHBIX PECYPCOB B CTpaHe,
YCTOMUYMBO CBSA3aHBI C COCTOSHUEM 3/10POBBS €€ JKUTe-
neii [63].

Harpy3ky armocepHoro Bo3ayxa BOCIPHHUMAIOT
opraHsl JbIXaHWsl, 3p€HUs, KOXKHBIN TOKpOB. Bona oka-
3BIBACT BIMSHHE B BHJIC BHIMAJAIONINX aTMOC(EPHBIX
0CaJIKOB, KaK NMUTheBas U pekpeaunonnas [92]. [Ipsmoe
BO3/ICHICTBHUE MOYBEI HA COCTOSIHUE 370POBBS YETIOBEKa

TIPOUCXOJIUT YEPE3 HEMTOCPEICTBECHHBIN KOHTAKT C KOXKEH,
HMHTAISIIIOHHOE U MTePOPaTbHOE MMOCTYIUICHHUS B Opra-
HusM [91]. [TockonbKy KauecTBO BO3/yXa, BOJIbI U IOUBbI
10 TeM HJTH WHBIM [TapaMeTpaM HE BCEra COOTBETCTBY-
eT NeHCTBYIOIMNUM HOPMAaTHBAM, TPAIOCTPOUTEIHHBIE
pEIICHHS, KOMMYHATbHAS H TPAHCTIOPTHAS HHPpPACTPYK-
TypbI HE ONITHMAJIbHBI, @ UMCIOIIHUICS B TOPOJIC SCTe-
CTBEHHBIN PETYIIATOp — 3eNeHBIH (GOHT — M0 00BeMYy,
COCTaBY, TEPPUTOPHATHHOMY Pa3MEIICHHUIO 3JICMEHTOB
HE Be3JIe JOCTATOYCH, B ICJIOM H 110 OTJCIIEHOCTH HE-
raTiBHbIC (PaKTOPHI TOPOIICKOH SKOCHCTEMbI MOTYT IPE/I-
CTaBIIATH OMTACHOCTH IS 370POBBsA denoBeka [63]. Ha-
CeJICHHE, POKUBAOIICE HA TSPPUTOPUH, HAXOIUTCS TOJT
MOCTOSIHHBIM BO3JEHCTBUEM HATPYy30K OT TOPOACKOU
cpensl (puc.). YpoBeHb HArPy3KH BOCIIPHHIMACTCS T10-
pPa3HOMY U 3aBHCHUT OT COI[HAIIFHOMN TPYIITBI, K KOTOPOM
MPUHAJUICKUT UHIUBUIYYM, HAIPUMEP, BO3PACT, IO,
Macca Tena, IpOJODKUTEIFHOCTh HAXOXKICHUS Ha Tep-
PHUTOPHUU H TIP.

Komrutekc (hakTopoB cpesipl 00UTaHUsI, OKa3bIBaIO-
IIUX BIMSHUC HA COCTOSHHUE 3I0POBbsI YCTIOBEKA, BKITFO-
waer rpymmsr’ [63]:

* COIMATBHO-IKOHOMHUYECKHE (haKTOPEI,

* CAaHUTAPHO-TUTUCHUYCCKUE (PAKTOPBI;

* (paxTopsl 0Opa3za KU3HM.

C TeyeHHEM BPEMECHH IPUOPUTETHOCTH BIIFSTHIS
TOW WJIK MHOM IPYIIIIBI (JaKTOPOB CPeibl OOUTAHUS Ha CO-

! O cocTostHUM CaHUTAPHO-2IUAECMHUOJIOTUYECKOTO oJarormo-

nyuust Hacesnenus: B Poccuiickoit ®enepanuu B 2019 roay:
rocyapcTBeHHbIH goknan. M. : DenepanbHast ciryx0a 1o Haj-
30py B cepe 3aumThl IpaB MOTpedUTeNei 1 O1aromnonyans
yenoseka, 2020. 299 c.
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CTOSTHHE 37I0POBbSI HACEJICHHS CTpaHbl MeHsieTCs [63].
OnHako, HECMOTPSI HA TO, YTO YUCIICHHOCTh HACEIICHHS,
TIOIBEPIKEHHOTO BIUSHHUIO CAHUTAPHO-TMIMEHHUECKUX
(baxTopos, 3a nepuos ¢ 2012 mo 2019 rr. cHU3KUIACH 04~
i Ha 10 %, Gonee MOTOBUHBI HACEICHUS CTPAHbI eKe-
TOJIHO OUTYIIAET HEraTUBHOE BO3/ICHCTBUE 3TOM IPYIIIIbIL.
ITo ko3 dunreHTaM KOPPEISIITHOHHON 3aBUCUMOCTH
YPOBEHb BIUSIHUS TPYIIBI CAHUTAPHO-TUI'MEHUUECKUX
(haKkTOPOB HA KJIFOUCBOM [IEJICBOM [TOKA3aTe/Ib Pa3BUTHS
CTPaHbl — OXHJIAEMYI0 IPOJIOJKUTEIbHOCTD KU3HU
B 2013 . cocrasmnsin 0,55; B 2014 . — 0,38; Ha cpenne-
cpouHblit teprox 10 2024 r. mporuosupyercs 0,43' [63].

K cannTapHo-rurueHnueckuM paxropam, Gopmu-
PYIOILMM HEraTUBHBIC TEHACHIIMH B COCTOSIHUH 3710POBbSI
HaceeHnst, oTHocsTes' [63]:

* KOMIUIEKCHAsI XUMHU4YECKas Harpy3Kka (Xumuue-
CKOE 3arpsi3HEHHE MMUIIEBBIX MPOIYKTOB, TUTHEBOI BOJIBI,
arMoc(epHOro BO3/lyXa 1 MOYBBI);

* KOMIUICKCHAsI OMOJIOTHYECKast Harpy3ka (OuoIio-
THYECKOE 3arpsi3HEHHUE MMUILEBBIX TPO/YKTOB, THTHEBOU
BOJIBI U TIOYBHI);

* KOMIUIEKCHAs HArpy3Ka, CBsI3aHHasi ¢ pru3nuecku-
MU (aktopamu (IryM, BUOpalys, yIsTpa3BykK, nH(ppas-
BYK, TEIJIOBbIE, HOHU3UPYIOLIHE, HEHOHU3UPYIOIINE
Y MHBIC U3ITyUYCHHUS).

[Ipu HameTHBIIEHCS TEHIEHIUU CHUKEHUSI KOM-
IJIEKCHOM XMMHUYECKON Harpy3ku Ha HaceleHue Npo-
JIOJDKAET OCTaBaThCsl CTAOUIIbHBIM YPOBEHD BO3ICHCTBHS
KOMILIEKca OMOJIOrnYecKuX (haKTOpOB M Pa3BUTHS He-
raTUBHOW TEHJICHIIUH YBEIMUCHHUS BO3ICUCTBHS (DU3H-
geckux (paxropos' (a6, 1) [63].

BeposTHBI TeMIT CHIDKEHNS TEPBUYHOM 3a0071eBa-
eMOoCTH HaceseHus Ha ypoBHe 0,3 % B TOI ¥ TEMIT CHH-

JKEHHSI CMEpPTHOCTH HaceneHus Ha ypoBHe 0,66 % B rof,
YTO COOTBETCTBYET YBEIMUYCHHUIO OXKHMIaeMOM MPO0I-
KuTenpHoCTH )Ku3HU Ha 0,04 %, MporHO3UpyETCs B CITy-
yae yIydIIeHNs KayecTBa 00bEKTOB OKpY KaroIei cpe-
JbI Ha q)OHe YAy4dImIeHUs COIMUAJIbHO-OKOHOMUYCCKUX
nokasaresieit u 06pasa sxmsu’ [63].

IIporxo3 pa3BuTHs CaHUTAPHO-3MIUAEMHUOJIOTHYE-
ckoll cutyauuu B P® u coCTOSIHUS 300pOBbs POCCUSIH
OCHOBaH Ha BEPOSATHOCTH, uTO B miepuof 10 2024 1. co-
XpaHATcs 0a30BbIC TapaMeTPhI BKJIaa BO BIUSHNE Ha 3710-
POBbE HAceJICHHUs Py (aKTOPOB CPEbI oburanms!
[63]:

e conuadbHO-d9KOHOMHYECKUEe pakTopbl — 40—
42 %,

* CaHWUTapHO-TUTHeHnYeckue (akrtopbl — 28—
32 %,

* (hakropsl 0Opa3za xu3uu — 27-31 %.

Cy1mecTBeHHOE BIUSAHNE HAa Ka4eCTBO ypOaHU3U-
POBAHHBIX MMOYB, BOJAbLI M BO3/yXd, a TAKXKE 3JOPOBLE
JKUTEJIEH OKa3bIBAIOT 3eJIeHbIe HacaxaeHus [46—50,
59-66].

Wunexce kadecTBa roOpojICKoil cpeibl hopMHUpyeTcst
MuncTtpoeMm Poccun. Pesynbrarel pacuera MHIEKca uc-
MOJIB3YIOTCS B peau3aluu nonoxeHud Ykasa [Ipesu-
nenta Poccutickoit @eaepanuu ot 21.07.2020 Ne 474
«O HanMoHaIBHBIX TeNIX pa3Butus Poccutickont dene-
patuu Ha iepuoa 10 2030 ronay, HAIMOHATBEHOTO MPO-
exta «Kuibe 1 ropojckas cpenan-.

®enepanbHbIM IPOEKTOM «POPMUPOBAHUE KOM-
(OPTHOI TOPOICKOM CPEIBI», HAITMOHAILHBIM IIPOCKTOM
«Kunbe u ropojckas cpeaa» k xoniy 2024 r. mpemryc-

2 Muncrpoit Poccun. URL: https://minstroyrf.gov.ru/

Ta6u. 1. 3aBucuMoCTb Hacesenus Poccuiickoil Denepariiy OT BIMsHM CAHHTAPHO-TUIHEHNYECKUX (aktopos! [63]

Table 1. Dependence of the population of the Russian Federation on the influence of sanitary and hygienic factors' [63]

Bun narpysku
Load type
KOMIUIEKCHAsl Harpy3Ka, CB3aHHast
KOMILIEKCHAast Gnonoruyeckas
KOMIUIEKCHAs XUMUYecKas Harpys3Kka ¢ ¢puznueckumu hakropamu
. Harpyska . .
complex chemical load . . complex load associated with
complex biological load .
physical factors
ITonBep:keHHOCTH BO3IEHCTBUIO HATPY3KU
Tox Exposure to stress
Year KOJINYECTBO KOJINYECTBO KOJINYECTBO
cyonbekroB PO, en. / cyonekroB PO, en. / cyonekToB PO, en. /
YHCIIEHHOCTh YHCJICHHOCTD YHCJICHHOCTD
YHCIICHHOCTD YHCIIEHHOCTh YHCJICHHOCTD
HaceJIeHus, HaceJIeHNs, HaceJIeHHs,
Haceaenus, % Hacenenus, % Hacenenus, %
MJTH YeJl. MJTH YeJl. MJTH YeJl.
. how many . how many . how many
how many subjects, how many subjects, how many subjects,
people, % people, % people, %
amt / how many amt / how many amt / how many
people, million people, million people, million
people people people
2012 48 /89,1 62,6 35/64,4 45,3 33/529 37,1
2018 46 /82,8 56,4 38/64,2 43,7 27/56,3 38,4
2019 41/81,3 55,4 36/59,4 40,5 30/67,5 46,0
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MOTPEHO TMOBBIIICHNE HHCKCA KauyecTBa TOPOACKOM
cpeas! Ha 30 %, COOTBETCTBEHHO COKPALIEHHUE KOJINYe-
CTBA FOPOJIOB C HEGIATONPHATHOM CPeIoi — B 1Ba pazaZ.

JIns onpeneneHus MHAEKCa KauecTBa TOPOACKON
cpensl cyobekTa Poccuiickoit Denmepari B 11esiom, a Tak-
JKe BXOJAIINX B €T0 COCTAB HACEJICHHBIX IIYHKTOB HC-
MOJB3YHOTCS 36 NHANKATOPOB, XapaKTEPHU3YIOIUX LIECTh
TUIIOB POCTPAHCTB ropoja, KOTOPbIE OLIEHUBAIOTCS
110 IIeCTH (paKTOpaM, POPMHUPYIOIIUM CpeTy OOHTAHHS .

OnHUM U3 ILIECTH TUIIOB IPOCTPAHCTB rOpo/ia ycTa-
HOBIIEH THIT «O3eJIeHeHHBIE TPOCTPAHCTBaY. PaKTOPEI,
(dopmMupyromnye cpeay oOuTaHus, OLCHUBAIOTCS MH/H-
KaTOPaMH, COOTBETCTBEHHO".

* «bezonacHOCTE» — «Jl0J1s 03€ICHEHHBIX TePPH-
TOPHIA OOIIIETO MOTE30BAHUS B OOIIIEH TUIOMIAIH 3€ICHBIX
HacaxJieHui». THIuKaTop 1no3BoJsieT OLEHUTh CTENEHb
KoM(opTa U 0€30M1aCHOCTH 03CJICHEHHBIX TEPPUTOPHUIA
B LIEJIOM U, B YACTHOCTH, IPUPOJHOTO O3€JIEHEHUS B IO-
pOACKOH yeprTe.

* «KoM(popTHOCTE» — «YPOBECHD 03CICHCHU.
OmnpenensieTcs Kak A0 IUIO0IMIAIH TOPOACKUX TEPPUTO-
puii, HOKPHITOH 3€JIeHBIMU HaCaXICHUSIMH, B 00MIeH
nowaau ropoja. Maaukarop nqaet BO3MOXKHOCTD OLe-
HUTH MMOTEHIUAT JUTS Pa3BUTHS O3€JICHEHHBIX TEPPUTO-
puii 00IIero MOTB30BaHUA, & TAKXKE IS TOBBIIICHUS
9KOJIOTHYECKOH 6e30MacHOCTH TOPOKAH C YIETOM OC-
HOBHBIX CBOWCTB 3€JICHBIX HACAXKJICHHUHU (TIOTJIONICHHE
IbUIK, LIyMa, YIJIEKMCIIOTO I'a3a U BbIAEIIEHUE KUCIIOPO-
Ja, GUIABTPAIMS CTOYHBIX BOJ U TIp.).

* «DKOJOTUYHOCTH U 310pOBbe» — «COCTOsSIHUE
3€JICHBIX HACAXKICHU . IHIUKAaTOp MO3BOISET OLIEHUTh
OMOIIPOYKTUBHOCTD 3€JIEHBIX HACAXKICHNH, COCTOSTHHE
MIPUPOIHOM Cpezbl B TOPOAE B LIEJIOM — KaueCTBO BO3-
JIyXa, ypOBEHb 3arpsI3HEHHOCTH MIOYB U TOBEPXHOCTHBIX
BOJI.

* «MpenTnyHOCTH U pazHooOpaszue» — «IIpusie-
KaTEeJIbHOCTh O3€JIEHEHHBIX TeppUTOpuil». MHaukaTop
XapaKTepu3yeT pa3HooOpa3ne U UACHTHIHOCTH 03€eJe-
HEHHBIX TIPOCTPAHCTB, IPUBIECKATEIBHOCTh O3€JICHEH-
HBIX TEPPUTOPUI ISl TOPOXKaH. YCTAHABIUBAETCS
10 YHCIy PeJeBaHTHBIX (oTorpaduii B cOlUaNIbHbBIX
cersix. [To3BOJIsIET OLIEHUTH Ka4eCTBO OJIaroycTpoicTBa
03EJICHEHHBIX TePPUTOPHH, HX (QYHKIIMOHATHHOE pa3-
HOOOpasue u UAeHTHYHOCTH [93].

* «COBpPEMEHHOCTh U AKTYalbHOCTb CPEIbI» —
«Pa3zHooOpasue yciryr Ha 03eJICHEHHBIX TEPPUTOPHUSIXY.
PaccunThiBaeTCs 0 4KUCTy TOUEK MPETOCTABICHUS pe-
KpEalMOHHBIX BO3MOKHOCTEN B IPAHULIAX 03€IEHEHHBIX
TeppuTopuii. JlaeT BO3MOKHOCTH OLIEHUTH MX (PyHKIIHU-
OHANBHOE pa3HOOOpasme, B TOM YHcIiie oOecreueHne

3 06 yrBepaaery Meronuki GOPMHPOBAHHS HHIEKCA Kaue-
cTBa ropoackoit cpensl: Pacnopsikenue IlpaBurensctsa PO
ot 23.03.2019 Ne 510-p.

4 PyKOBOJCTBO 110 OIpEIEICHHIO IIEPBOOUYEPEIHBIX HAIPAB-
JICHUH Pa3BUTHS TOPOJICKON CPEIbl C MOMOIIBIO HHJIEKCa Ka-
yecTBa roponckoit cpensl. URL: https://minstroyrf.gov.ru/
upload/iblock/133/rukovodstvo_index compressed.pdf

YCIIOBUH I KPYTJIIOTOJUYHOTO OTJBIXA, CIIOPTUBHBIX
3aHATHUIL.

* «O¢dexTuBHOCTH ympaBiIeHUs» — «Jlonsg Ha-
CEJICHHUS, UMEIOIIETO TOCTYT K 03€JIC€HEHHBIM TEPPHUTO-
pusiM 0011ero noiab30BaHus (TOPOJCKUE Jieca, MapKH,
cajpl U JIp.), B 00IIEH YUCICHHOCTH HaceneHus». [lo-
3BOJISIET OLIEHUTH BO3MOKHOCTH TOPOXKAH JUIsl IOCellle-
HUS 03€JIEHEHHBIX TEPPUTOPUI HA €KETHEBHONH OCHOBE
B MEMIEXOHOW JOCTYITHOCTH OT XKMJIBIX JIOMOB, TIOTEH-
LUaJ 7151 3aKPETJICHUs] Y HACEIECHUsI IPUBBIUKH K 3710-
poBOMY 00pasy »H3HH 3a CYET J0CyTa Ha CBEKEM BO3-
TyXe.

Pazpaborannbiiit Munctpoem Poccun coBMecTHO
¢ uHCTUTYTOM pa3BuTHs «JIOM.PD» u «Kb Crpenka»
MHJ/IEKC KaueCcTBa TOPOJICKOI Cpesibl He SBISETCS peii-
TUHTOM, a CITyXKHUT HHCTPYMEHTOM 715l pa0OThI KaXKJ0T0
TOpozia HaJl COGCTBEHHBIMU 30HAMH POCTa’.

3eJIeHbIi rOpoa MOKET MMETh HU3KYIO OLIEHKY I10-
kazarens «O3eIeHeHHbIE TIPOCTPAHCTBAY, TaK KaK Ha-
Jryure OOJIBIION TUIOMaan 03eJIEHEHHBIX TEPPUTOPHIA
HE rapaHTHPYeT BBICOKOE 3HAUCHUE WHANKATOpa, He00-
XOZMMO 0J1aroycTpanBaTh CyIIECTBYIOMINE TEPPUTOPUH,
MOBBIIIAs UX TPUBJIEKATEILHOCTD JUISI TOPOXKaH .

Pocculickue ropona pasnugaroTcs no pasMepy
1 KIMMaTHYeCKUM yClIoBUsAM. B nHziekce oHn nemsres
Ha rPYMIbI B 3aBUCUMOCTH OT YUCICHHOCTH HACEJICHUS
n xknaumara. CoOTBETCTBEHHO, CPAaBHUBAIOTCS ropojia
TOJIBKO B PaMKax MX Pa3MEpHO-KIMMATHIECKUX TPYTII.
B 2020 r. unaexc noxcuntan g 1116 poccuiickux ro-
ponos. B rpynny «Kpynueimue» Bxonar 15 ropogos
¢ HaceseHneM ot 1 MiH denoBek” (Tabu. 2).

Topon denepanbuoro 3nauenus Cankr-Ilerep-
Oypr — caMblii ceBEpHBII TOpOJ MUpa C HaCEJICHHEM
CBBIIIIE MUJITMOHA Y€NNOBEK. PacmonoxkeH y BOCTOUHOM
yactu PuHckoro 3anuBa bantuiickoro Mops B npezenax
[TpuneBckoit Hu3nHEL. Penbed ropona, HecMoTpst Ha 00-
IIyI0 PABHUHHOCTb, PA3HOOOPa3eH MO IPOUCXOXKICHUIO,
CTPOCHMIO U BO3pacTy. Knumar ymepeHHbI — mnepe-
XOJHBIN OT yMEPEHHO-KOHTUHEHTAJILHOTO K YMEPEHHO-
Mopckomy. Ha mpoTspkeHnn GoibIieit 9acTu roga mpe-
00J1a1al0T IHU ¢ 00Ja4HOM, MacMypHO# moronou
U PACCESIHHBIM OCBElLeHHEeM. XapaKTepHa yacTas CMeHa
BO3/IYIIHBIX Macc, 00yCJIaBIMBAIOIIAS YaCTO MEHSIOIIH-
ecs moroansle yciosus. Ilo reorpagugeckomy mecrto-
TTOJIOKEHHUIO TOPOJI HAXOJIUTCS B 30HE M30BITOYHOIO
YBIOKHEHHS. BllaKHOCTH BO3yXa OOBIYHO BBICOKAsI.
Cpenuss rofoBas TeMIlepaTypa BO3/yXa COCTaBIsACT
5,6 °C.

T'opoznckue 03eNeHeHHBIE TEPPUTOPHH CYIIIECTBYIOT
B YCJIOBUSIX HEBBICOKOH CPEIHEr0JOBOM TEMIIEPATYPhI
1 HEHOPMHUPOBAHHOT'O MTPUX0/1a CyMMapHOU COIHEYHON
panmanuu, 9To TpeOyeT OT PACTEHHUI MPOSBICHUS BbI-
COKHX aJJaTUBHBIX CIOCOOHOCTEN. BpICOKast BIa)KHOCTH
1 yacThle Mepenajsl 3MMHUX TeMIlepaTyp U3 OTpHlia-
TEJILHOTO B ITOJIOKUTEIILHBIN ANara3oH CHIDKAIOT yCTOM-
YUBOCTb PACTEHUN B XOJIOJHBIN MEPUOJ roja.

B rpannnax Cankr-IletepOypra HaxoAsTCs HE TOIb-
KO ypOaHN3MPOBAHHBIE TEPPUTOPHH C IPEUMYIIIECTBEHHO
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Ta6u. 2. [lunamuka nokasarenst «O3eleHEeHHbIE TPOCTPAHCTBAY B MHAEKCE Ka4eCTBA TOPOACKON CPe/Ibl JUTsl IPYIIIIbL

«Kpynneiimme ropoma»’

Table 2. Dynamics of the indicator “Green spaces” in the urban environment quality index for the group “Largest cities™

3Hauenue mokasareis «MHaeke kayecTsa 3uauenue mokasareist «O3ejIcHeHHbIE
. TOPOJICKOM Cpebl» 3a rof, Oamt MPOCTPAHCTBAY 3a rofl, Oat
9P0ﬂ The value of the indicator “Quality index of The value of the indicator “Green spaces”
City the urban environment” for the year, points for the year, points
2018 2019 2020 2018 2019 2020
Boxrorpaz 116 159 159 9 21 2
Volgograd
Boporeik 154 164 176 18 26 26
Voronezh
Exarepuiioypr 191 188 194 17 21 2
Yekaterinburg
Kasaits 190 201 204 30 32 32
Kazan
Kpacrospex 189 181 181 26 26 28
Krasnoyarsk
Mocksa 276 283 288 32 40 )
Moscow
Himicuiit Hovropon 190 193 201 33 31 32
Hwxuuit Horopoa
Hosocibmpex 161 158 166 27 26 2
Novosibirsk
Omck
104 106 113 16 15 18
Omsk
IIepmb
153 168 179 29 37 36
Perm
Poctoe-tia-Jlory 178 193 200 17 16 24
Rostov-on-Don
Camapa 163 159 168 27 29 27
Samara
Caner-Llerepbypr 238 243 249 44 45 41
St. Petersburg
Yba 179 182 189 40 43 43
Ufa
YeasOuHCK
Chelyabinsk 160 161 170 25 23 28

YHUPUIUPOBAHHBIM COCTaBOM ropojIcKoi (iops u day-
HBI, HO ¥ IPUPOJTHBIC SIKOCUCTEMBI, COXpaHSIIOIINe OHo-
JIOTUYECKOE Pa3HOOOpas3ne, CBOHCTBEHHOE MECTHOCTH.
B Ta0m. 3 nmokaszaHbl HU3MEHECHHUS B COOTHOIICHUH
IJIOLIAAEN TOPOJICKHUX 3EMEJIb U 3€JIEHBIX HACAKICHUI
B IIpeJiesiaX TOPOICKON 4epThl 3a mocnenuue 14 net. [To-
KazaTels «O01Iast IIoMIa s TOPOACKUX 3eMeb B IIPe/ie-
JIaX TOPOJICKON YEPThD» BKIIOYAET 3€MIIM M BOJHBIE ITPO-
CTPaHCTBA, PACIIOIOKCHHBIC B MPeeiax OPUIHAIBEHO
YTBEPKJACHHON TOPOJICKON YEPThI IO COCTOSIHUIO Ha KO-
HCII OTYCTHOI'O Iroaa, TaK»Xe y‘II/ITI)IBaIOTCH " 3€MJIU, U3b-
SThl€ U3 HEMIOCPEJICTBEHHOT'O BEJIEHUSI TOPOJICKOM HC-
MOJHUTENBHOMN BacTh . B okazarens «O0611as wiomags
3€JICHBIX HACaKIEHUH B Ipeeaax roOpoACKON YepTh»

> EMHCC. URL: https://fedstat.ru/
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BKJTIOYAIOTCSI CIIEIHATIBHO MIOCAKEHHBIE UITH €CTECTBEH-
HBIE TOPOZICKHE JIECA, 3€JIEHBIE U 3aIUTHBIE 30HBI U JIE-
corapku, OyJabBapbl, CKBEpHI, CaJlbl U ra30HbI, 00IIETo-
pOACKHE W pallOHHBIE NApPKU KyJIbTYpbl U OTAbIXA,
CTaIMOHBI, KITaA0uIIa, HACAKIACHHS B KIIIBIX pailoHax,
Ha NpHUycageOHbIX YIaCTKaX, BHYTPUKBAPTAIbLHOE 03€-
JICHEHHE, OOTAaHNYECKHE U 300JI0TNYECKUE Calbl U JIPY-
TUe BUJBI 03€JICHEHHS OIPAHUYEHHOTO MOJIb30BaHUs
¥ CIIEIMATBHOTO HA3HAYEHHS .

3enensie HacaxaeHust CankT-IleTepOypra xapak-
TEPU3YIOTCS Pa3pO3HEHHOCTHIO MOJI0XKEHUS B HCTOPU-
YECKHU CII0XKMBLLENCSA FOPOICKOM 3aCTPONKE U OTCYTCTBU-
€M CBSI3aHHBIX «3EJICHBIX MOSCOBY, YTO 00YyCIOBICHO
OOJIBIIUM KOJIMYECTBOM PEK U KaHAaJIOB, a TAKXKe UCTO-
puel pa3sBUTHS TOPOJCKUX TEPPUTOPHIA.
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Ta6u. 3. [IuHamMuka N3MEHEHNS TUIOMAIEH TOPOJICKHX 3eMeIb 1 3e/eHbIX Hacaxaenui B Cankt-Tlerepbypre 3a 20072020 rr.3
Table 3. Dynamics of change in the area of urban land and green spaces in St. Petersburg for the period 2007-2020 year’

Haumenopanue nokasarens
3HauCHUE [OKA3ATEs Indicator
3arof, ra O0mas wIonas ropoaCKIX 3eMeb OO0mast oAb 3eJICHbIX HaCAKICHUI
Indicator for the year, B IIpeJIesIax TOPOACKON YepThI B IIPEJIENIaX FOPOICKON YePThI
hectare The total area of urban land within The total area of green spaces within
the city limits the city limits
2007 140 088 37204
2008 140 088 37204
2009 140 088 37204
2010 140 088 37214
2011 140 313 37214
2012 140 313 34 190
2013 140 313 34372
2014 140 313 34372
2015 140 313 34372
2016 140 313 39732
2017 140 313 37937
2018 140 313 38595
2019 140 313 38767
2020 140 313 39 129

3eneHple HaCAKACHHUS MIPECTABIISAIOT COO0H COBO-
KYITHOCTb 03€JICHEHHBIX TEPPUTOPHIA, UMEIOINX Pa3HYIO
aJIMUHUCTPATHBHYIO MPUHAJUIC)KHOCTh. bosbias yacte
TEePPUTOPHH 3EIIEHBIX HACAKICHUN nMeeT (PUKCHPOBaH-
HBIE TPAHUIIBI, YTO O0OJIErYaeT ynpaBieHHe UMHU — 3TO
TEPPUTOPHHU 3€JICHBIX HACAXKICHUH O0IEero MojIb30Ba-
HUSI; TEPPUTOPHUH 3€JICHBIX HACAKACHUH OrpaHNYEHHO-
T'O MOJb30BAHMSA; TEPPUTOPUH 3€ICHBIX HACAXKJICHUI,
BBIMOJIHSIOMINX CIIEIHAIbHbIE (YHKIMH, B YACTHOCTH
YIMYHOTO O3€JICHEHUS]; TEPPUTOPHH 3AIIUTHBIX JIECOB;
TEPPUTOPUH 3EIEHBIX HACAKACHUH 0CO00 OXPaHIEMBIX
npupoaHsix Tepputopuit (OOIIT).

HawnbonpIiee BHUMaHNE B Ca/I0BO-TTAPKOBOM X035TH-
CTBE FOPOAA yAENSAETCS 3€TIEHBIM HACAKACHHAM OOILETO
MOJIb30BaHUS, T.€. OOIIETOCTYITHBIM MECTaM, KOTOPBIE
MIOCEIIAI0T PEJICTABUTEIH PA3HBIX COIIMAIBHBIX CIIOEB
HacesneHus. [IpuoMOBBIE TEPPUTOPHH U IPYTHE 03€IIe-
HEHHBIC y4aCTKH Ha MYHULUIAJIbHBIX TEPPUTOPHSIX
YacTO HE UMEIOT 3aKOHO/IATeIIbHO OTPE/IETICHHBIX IPaHHIT
1 03EJICHSFOTCS KUTEIISIMH CTUXUIHO.

ACTIEKT OXpaHBI OKPY>KaIOIIeH CpeJibl — CO3TaHue
OOIIT (tadn. 4). Ha Tepputopun Caukr-IletepOypra
HaxonaTces 15 OOIIT pernoHanbHOrO 3Ha4E€HUs, KOTOPHIE
OTHOCSITCA K KaTErOPHsM I'OCy1apCTBEHHbIC TPUPOIHBIC
3aKa3HUKH M MAMSITHUKH TPUPOJIBI, OOILEH III0IaAbI0
okoio 6142,7 ra, yto cocrapiusieT nopsaka 4 % Teppu-
TopHH Toposa’.

¢ Anmumucrparms Cankt-TlerepGypra. URL: https://www.
gov.spb.ru/

AIMHHUCTPaTUBHO-TEPPUTOPUATIEHBIMY SAMHHUIIA-
mu Cankt-IletepOypra sBistrores 18 paifioHOB: Anmu-
pantelickuii, BacuneoctpoBckuit, Bridoprckui,
Kanunnnckuii, Kuposckuii, Konmnuncknii, Kpacnorsap-
neiickuit, Kpacnocensckuit, Kponmraarckuit, Kypopr-
HbIi, MockoBckuit, HeBckuit, [lerporpanckuit, [lerpon-
BOpLOBBIH, [Ipumopckuii, [Tymkunckuit, DpyH3eHCKuil,
Hentpanbusiii. OOIIT pacnonokeHbl B CEMU U3 HUX:
OJIMH MaMATHHUK IPUPOIBI U TPU TOCYAAPCTBEHHBIX MPH-
POIHBIX 3aKa3HMKA O0IIeH TuTomaapo 3979 ra— Ha Tep-
putopun KypopTHOro paiioHa; o1uH HaMsATHUK IPUPOBI
1 TPH TOCYIAapPCTBEHHBIX MPUPOTHBIX 3aKa3HUKA 001Iei
mnomansio 1448,2 — ua tepputopun [Ipumopckoro
paifoHa; IBa MaMATHHIKA ITPUPOIIBI M OTUH rOCYIapCTBEH-
HBII IPUPOIHBINA 3aKa3HUK 00IIeH IuTomanpio 426 ra—
B [leTponBopiOBOM paiioHe; OfMH MAMATHUK IPUPOJIBI
miomaasio 65 ra — B KpacHocenbckom paiioHe; oauH
rOCy/lapCTBEHHBIN MPUPOIHBIN 3aKa3HUK IMJIONIAJBIO
102 ra — na Teppuropun KpoHmraarckoro paiioHa;
OJIMH MaMSTHUK MPUPOJBI TuIomaaso 96,8 ra — B Ile-
TPOTPaaCKOM paiioHe; OAWH MaMATHUK MPHUPOIBI
momaapio 25,7 ra — Ha Tepputopuu IlymkuHCKOTO
paitona’.

7 Jlokmaz 06 sxonorngeckoii cutyarun B Cankr-ITetep6ypre
B 2019 roxy / mon pexn. J1.C. bensesa, M.A. Cepebpuukoro.
CII6. : OO0 «Tumorpadwus ['mopm», 2020. 179 c. URL: https://
www.gov.spb.ru/static/writable/ckeditor/uploads/2020/08/07/
57/doklad_2019.pdf
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Ta6u1. 4. KonmnuecTBo 0000 0XpaHAeMbIX TPHPOAHBIX Tepputopuii B Cankt-IlerepOypre’

Table 4. The specially protected natural areas in St. Petersburg’

HawnmenoBanue mokasares 3uauenune mokasaress 3a 2020 rog, e.
Indicator Indicator for the year, amt

OOIIT ¢enepanbHOTro, pErHOHANIFHOTO M MECTHOTO 3HAYEHHS, €. 18
Specially protected natural areas of federal, regional and local significance, amt
OOIIT ¢enepanbHOro 3HAYCHHU, €11, 3
Specially protected natural areas of federal significance, amt
OOIIT pernoHanbHOTO 3HAYCHHUS, €. 15
Specially protected natural areas of regional significance, amt
Jlenaponorndeckue mapku 1 O0TaHUUECKHE caabl (eaepatbHOro 3HAUCHNUS, el

. . 3
Federal dendrological parks and botanical gardens, amt
TocynapcTBeHHBIE TPUPOAHBIC 3aKa3HUKH PETHOHAIBHOTO 3HAYCHMSI, €1 2
State nature reserves of regional significance, amt
[TaMATHUKY TPHPOIBI PETHOHAIBHOTO 3HAYCHUS, €]I. 7
Natural monuments of regional importance, amt

o naHHBIM cepyy OIIPOCOB, TPOBOIUMBIX B PAMKax
MOHHUTOPHHTA OOIIECTBEHHOT0 MHEHUSI HAaCEIeHUs
Cankr-IlerepOyprekuM nH(MOPMALMOHHO-aHATUTHYE-
CKHMM IIEHTPOM, JUHAMHUKA aKTyaJIbHOCTH MPOOIeM
B c(epe o3zenenenus B 2018 1. B cpeHeM 1o paiioHam
ropoza cienyromas: 19,5 % jxxurenelt ykasaiu Ha IIoxoe
COCTOSIHUE Ta30HOB B cBOeM paiione; 21,1 % — Ha He-
XBaTKY WJIH 3aITyIEHHOE COCTOsIHHE 3eJICHBIX Hacax/Ie-
uuii; 12,8 % — Ha OTCyTCTBUE MJIM HEIOCTATOUYHOE
KOJIMYECTBO CKBEPOB, MAPKOB, 30H oTabixa® (Tabu. 5).
HeynoBieTBOpeHHOCTh TOPOXaH COCTOSIHUEM I'a30HOB

B 2018 . mo paiioHaM Bhlllle cpeaHero ypoBHs: B He-
BckoM (31,7 %), Bacuieoctposckom (30,0 %), Beidopr-
ckoM (29,7 %), [Terporpanckom (28,8 %), A mmupainreii-
ckoM (27,0 %) u Llenrpansaom (26,7 %) palionax; H1XKe
cpennero — B MockosckoM (15,0 %), KpacHocenbckom
(14,0 %), IetpoasopuoBom (13,0 %), [TymkuHCKOM
(9,5 %), Kponrrraarckom (7,5 %) u Kypopraom (6,8 %)°.
OrneHka ropoxxaHaM# IpOOJIEeMbl HEXBATKU WIIH 3aITy-
LIEHHOTO COCTOSIHUS 3€JeHbIX HacaxaeHuit B 2018 1.
MPEBBIIIAET CPEJHEE 0 palloHaM 3HAUYEHHE TPajH-
IIUOHHO B YETHIPEX IJIOTHO 3aCTPOCHHBIX paliOHaX

Ta6u. 5. [IuHaMuKa aKTyaIbHOCTH npoOieM B cdepe o3enenennus paitonos Cankr-IlerepGypra®
Table 5. Dynamics of the urgency of problems in the field of greening of St. Petersburg districts®

HanmenoBanue moxasareist
Indicator

CpeuHee o paﬁOHaM 3HAQYCHHUEC ITOKa3aTeyis 3a rox, % ot 00111er0 Yncia

PECHOHICHTOB

Average regional value of the indicator for the year, % of the total number

of respondents

2008 | 2009 | 2010

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

AKTYanbHOCTB POOIEMBI TLIOXOTO

COCTOsIHHUA T'a30HOB

28,7 | 38,1 | 37,7

Relevance of the problem of poor
condition of lawns

34,1 | 28,8 | 26,9 | 8,1 19,5 | 21,4 | 22,8 | 19,5

AKTyaJII)HOCTL HpO6J’IeMI>I HEXBaTKHU
WA 3aIyIIEHHOTO COCTOSIHUSA

3CJICHBIX Haca)KI[eHI/Iﬁ

27,1 | 31,0 | 32,6

Relevance of the problem of
shortage or neglected state of green
spaces

31,3 | 204 | 235 | 16,5 | 19,2 | 17,3 | 21,7 | 21,1

AKTyanbHOCTb IPOOIEMBI
OTCYTCTBHS MJIM HEAOCTATOYHOTO
KOJIMYECTBA CKBEPOB, TIAPKOB, 30H
OT/bIXa

27,9
The urgency of the problem of the ’

26,4 | 31,0

absence or insufficient number of
squares, parks, recreation areas of

the population
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273 | 182 | 20,6 | 10,8 | 16,9 | 13,7 | 16,5 | 12,8
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uctopudeckoro neurpa — Learpansaom (39,0 %),
Anmupanretickom (36,7 %), [lerporpaackom (35,0 %)
u Bacuneoctposckom (33,7 %), a Takke B HeBckom
(31,5 %), Beiboprckom (30,7 %) m ®pyH3EHCKOM
(26,3 %). OcTpoTa paccMaTpruBaeMoii PoOIEMbI HUKE
cpenHero 1o paiioHam 3HadeHus B KonmuackoM (16,2 %),
[erpoxsoprioBom (11,3 %), Kponmragrckom (10,0 %),
[MymxunckoMm (9,2 %) u Kypoptaom (7,5 %)6. [TpoGie-
Ma HEXBaTKHU CKBEPOB, MapKOB, 30H oTAbIxa B 2018 1.
0oJIbIIIe, YeM B CpEAHEM 10 paioHaM, OECITOKOUT KHUTe-
JIel YeThIpex paifoHOB HCTOPUUECKOTO 1ieHTpa — Llen-
TpanbHOro (36,0 %), Bacuneocrposckoro (35,7 %),
[erporpanckoro (30,5 %) u Anqmupanreiickoro (30,2 %),
a Taxke [Ipumopckoro (22,3 %), Beidoprekoro (19,5 %),
Hescxkoro (19,2 %) u ®pynzenckoro (17,7 %). Huxe
CpeIHero 1o JaHHOU mpobiemMe oreHkr B [leTponBop-
1oBoM (8,2 %), Ilymkuuckom (7,2 %), Kpormrraarckom
(7,0 %) u Kypoprrom (4,0 %)°.

[TocTeneHHo€E 0310POBIEHHUE U ITOBBILLIEHUE YCTOM-
YHUBOCTH 3€JICHBIX HACAXKICHHUH BEIET K KOMIUIEKCY OIOC-
PEIOBaHHBIX BO3ICHCTBHI HA TOPOICKYIO CPEY U Kade-
CTBO JKM3HU JKHATENEH.

Coxpanenue duopaznoobpasus pacmumenbHo2o
u orcueomnozo mupa. Pacturensuele coodmiecTa ooe-
CIIEYMBAIOT MECTO OOMTAHUS AJIS )KUBOTHBIX, a TAK)Ke
rpuboB, TUIIAHHUKOB U MUKPOOPTaHU3MOB. B mepByto
o4epeib, TO KacaeTcsl KPYIHBIX MACCHBOB.

Conneunas paouayus. 3eneHble HACAKICHHUS PETy-
JIUPYIOT PEXKUM HHCOJISIIMU, cMsTdast 3 (GEKT MOBbIIIIe-
HUS TEMIIEpaTypbl BO3AyXa Ha FTOPOJCKOH TEpPUTOPUN
10 CpaBHEHUIO ¢ (POHOBOH. J|aHHBII acTIeKT CAaHUTAPHO-
TUTUCHUYCCKOH (PyHKIMH CLIOCOOHBI 3(PEKTUBHO pea-
JIN30BaTh HACAXKJICHUS C JPEBOCTOSIMU WIIM I'PYyNIIAMH
JIEPEBBEB CO 37J0POBOM, XOPOLLIO PAa3BUTON KPOHOM.

Ammocghepmbiil 6030yx. 3eTICHBIC HACAKICHUS BbI-
TIOJTHSIFOT CAHUTAPHO-THT'HeHNYeCKHe (DyHKINH, obecrie-
YHMBas MOBBIIIICHUE BIAYKHOCTH, OYHIIAst BO3AYX OT MEJI-
KOJMCIEPCHBIX YAaCTUL ¥ APYTHX 3aTPA3HUTEICH,
TIOTJIONIAsl YIVICKUCIIBIN Ta3 ¥ BBLACISS Kuciaopoxa. OT-
IenbHBIN 2P (EKT 3eTCHBIX HACAKACHUN — yayuuieHue
68empoBoll 0OCMAHOBKU 8 20po0e.

CB801icme0 3e1eHblX HACANCOCHUU NOHUNCATND ULY-
MO8ble 3aepsA3HeHUs TOCTATOYHO YacTO MCIIONb3YeTCs
B IPaJI0CTPOUTEIBHOM pakTuke. OueBUaHO, 3P HEeKTHB-
HOCTb HACAXJICHUH ITPX BBINOJIHEHUH (DYHKITMY 3aBHCHUT
OT UX COCTOSTHHUSI, TOCKOJIBKY OTPaYKCHUE M paCCEHBAHHE
3ByKa OCYIIECTBIISICTCSI KPOHAMU J€PEBbEB M KYCTapPHH-
KOB IIPH yCJIOBUH 3/10POBOTO, HOPMAJIEHOTO Pa3BUTHSL.
OnHako, KaK U B CIy4ae BETPO3aMUTHON QYHKIINH, IITy-
MO3aIIUTHAS PeaIu3yeTcsi IIPH YCIOBUH COOTBETCTBYIO-
el MIIAaHUPOBKHU HACAKICHUM.

[To9BEI M1 pacTUTETHHOCTH HAXOMISATCS B TECHOM B3a-
HMMOCBSI3H. YIIydIIIEHHE COCTOSHUS 3€IEHBIX HACAKICHUH
BEJIET K YJIYUIICHHIO COCTaBa U CTPYKTYPBI TOPOJICKUX
moYB. /locTaToOYHOE KOIMYECTBO CBOOOIHON OT TOTO HJITH
HMHOTO BHJIA TIOKPBITHS MOYBHI YITyUIIaeT YCIOBHS KH3-
HY pacTeHUI 1 HOPMAITU3YET COCTOSIHUE TOPOJICKOH IKO-
CHCTEMBL.

OO11er3BECTHO, YTO KaYeCTBO KU3HU HACEIICHHUS,
BKJIfOYasi Pr3nYecKoe U IICUXUUECKOE 3I0pPOBbE H 3a-
BHUCSIIIME OT HET'O CTOPOHBI KU3HH, CBSI3aHO, B TOM YHC-
JIe ¢ JOCTYIHOCTBIO OT/IbIXa Ha 03€JICHEHHBIX TEPPUTO-
pHSIX.

MHuorwue 3enenbie HacaxaeHuss Cankr-IlerepOypra
SIBJISIFOTCSL OOBEKTAaMH POCCHICKOTO M MUPOBOT'O KYJIb-
TypHO-UCTOPHUYECKOTO Hacienus. Takne HacaXJeHHS
TpeOyIOT 0COOBIX CITIOCOOOB M KPUTEPHUEB OIEHKH UX
COCTOSIHMS M (DYHKIIMOHUPOBAHHSL.

Okonomuueckue paxmopwl. Ilpu ycnosun s3pdek-
TUBHOM IUIAHWPOBKH HACAXKIEHHS [IPEI0TBPAIAIOT 3pO-
3MOHHBIE TTPOLIECCHI B ITOYBE, B YACTHOCTH OeperoBoi
JIMHUM; OKa3bIBAIOT OAaronpHsTHOE BIMSIHIE HA COXPAH-
HOCTb PA3JIMYHBIX IOBEPXHOCTEH U MaTEpHaIOB FOPOJ-
ckoit nH(pactpykrypsl. [TonokurenbHbIil 3P PexT oka-
3BIBAIOT Ha 3/I0POBbE M OJIArOIOIyYHe HACEICHUS.
[ToBBIIIAIOT PHIHOYHYIO CTOUMOCTD OOBEKTOB HE/IBH)KH-
Moctu. [Ipu 3TOM pacTeHHst MOTYT OKa3bIBaTh M OTPH-
LaTeNbHbIE BO3ACHCTBUSA Ha KalUTaJIbHbIE 0OBEKTHI
CTPOUTEJIBbCTBA U JINHEHHBIE 00BEKTHI, pa3pyias KOpHe-
BBIMH cHCTeMaMu (QyHAaMEHTHI 31aHUH, TOPOXKHYIO
OJIEXKTy U TIp., TPEACTABIATH OMACHOCTH JUIsl HHXKEHEp-
HBIX KOMMYHHKAIUH, HAllpIMep, 0OpBIB IIPOBOIOB, Ha-
pyuIeHre QyHKIIMOHUPOBAHUS MOJ3EMHBIX TPyOOIpo-
BOJIOB U [Ip.; YIpO3y XXKU3HHU U 340POBBIO JIOIEH,
HaIrpHuMep, BETPOBAIBbHBIC JIEPEBbsI, aJUICPTEeHBI H T.II.

Pa3paboTka IPOEKTHBIX PEIICHUH PacTUTEIBHBIX
KOMIIOHEHTOB MTPUAOMOBBIX TEPPUTOPHIA OCYILECTBIIS-
eTcs:

* B COOTBETCTBUH C HA3HAYCHUEM M TUIAHHUPOBKOM
oObekTa O1aroycTpoiicTsa;

e c ydeToM OajlaHca 03CJICHEHUS 3€MEJIbHOTO
y4acTKa;

* 10A0O0p IMOCaJOYHOr0 MaTepuasia NpPOBOJUTCS
C IPUMEHEHHEM aJIalITUPOBAHHBIX ITOPOJL C YYETOM UX
YCTOWYHMBOCTH K BO3AECHCTBHIO aHTPOIIOT€HHBIX (DaKTO-
POB;

* B OTHOUICHHUH /IEPEBLEB B OXPAHHBIX 30HAX MO/~
3eMHBIX KOMMYHHUKAIU ITPU COTJIACOBAHUHM C BJIa I€ITh-
LIEM TUX KOMMYHHUKaIHUH.

PeMOHT ra30HOB BKJIIOYACT

* CHATHE, BBIBO3, Pa3MEIICHHUE, YTHIN3ANHUIO JIep-
HUHBI ¥ N3HOCHUBILIETOCS PACTUTENILHOTO CII0sI HA y4acT-
Kax C HEY/IOBJICTBOPUTEIILHBIM COCTOSIHUEM I'a30Ha, pa3-
paboTKy TPyHTa; pa3pbIXJICHNUE MOACTUIIAIONIETO CIIOS
ra3ona (Bcralky, 00pOHOBaHHE WU INCKOBAHKE) C BbI-
00pKOIf HacTeil COPHBIX PaCTECHHI;

* YCTPOWCTBO, BOCCTAHOBJICHUE JIPEHUPYIOIIETO
cIos;

* PEMOHT, pyYHOE ¥ MEXaHH3MPOBAHHOE YCTPOU-
CTBO ra3oHa ¢ JI00aBJIEHNEM MU 0€3 PacTUTEIbHON
3eMJIN: IOATOTOBKY IOUBBI [UIsl yCTPOICTBA ra30Ha, BbI-

8.

8 O npasumax GmaroycrpoiictBa Teppuropuu CaHKT-

ITerepOypra U 0 BHECECHHH U3MEHEHHI B HEKOTOPBIE TTOCTa-
HoBieHus npaButensctBa Cankr-IlerepOypra : [TocTaHosie-
uue [IpaButensctBa Cankt-IletepOypra ot 09.11.2016 Ne 961.
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paBHHMBaHHUE U IITAHUPOBKY ITOBEPXHOCTH T'a30HA, TOCEB
ra30HOB, THJPOINOCEB ra30HOB, YCTPONCTBO ra30HOB
13 TOTOBBIX PYJIOHHBIX 3aTOTOBOK, OJJIEPHOBKY C 3aIloji-
HEHUEM IIIBOB PacCTUTEJILHOMN 3eMJlel, TPUKaThIBAaHUE
TTOBEPXHOCTH Ta30Ha, TIOJINB M BHECEHHE YIOOPEHHI;

* yhayieHne OOJIBHBIX WM aBAPUIHBIX ACPEBHEB,
HEJIOIMYIIEHUE NTOCAJAKH JEPEBLEB B OXPAHHOU 30HE ra-
30TIPOBOZIOB, KAOEIBHBIX U BO3AYIIHBIX JIMHUN AIIEKTPO-
nepeaay U Apyrux UHKEHEPHBIX ceTel.

[NepcneKTHBHBIMU HAy THBIMH UCCIIEZIOBAHHUSIMH JTSI
OLICHKHM COCTOSIHMSI 3€JICHBIX HACAKICHUM B TOPOICKOU
cpejie ABIAIOTCS :

* METOABI OLIEHKH COCTOSTHUS HacaXICHNI Ha OC-
HOBE (PM3MOHOMHUYECKUX U MOP(POMETPUIECKHX TTOKa-
3aresei IpeBeCHbIX pacTeHUI;

* QHATOMHYECKHE METOBI OLCHKH COCTOSIHUSA Ape-
BECHBIX pacTeHUl;

* (hU3NONIOTO-OMOXUMITYECKHE i XUMUUECKHE (OHO0-
TEOXMMHUYECKUE) METOIbI OLIEHKH COCTOSIHUS IPEBECHBIX
pacTeHU U HaCcaXICHUH;

* METOJBI OLICHKH COCTOSHUSA HAaCaKJCHHUH Kak
Y4acCTKOB TEPPUTOPUU;

* HCIIOJIb30BaHME (PUTOONTHUECKUX CBOHCTB pac-
TUTEJIBHOCTHU KaK MOKa3aTelsl € COCTOSHHUS,

* WHJIEKC JINCTOBOM MOBEPXHOCTH;

* BBISBJICHHE MHANKATOPOB KaYeCTBA TOPOACKOTO
O3€JICHEHHUSL.

3eJeHbIe HACaK/ICHHS HACEJICHHOTO ITyHKTA MPEea-
CTaBJISIIOT OCOOBIH DIIEMEHT TOPOJICKON CpeJibl M 001acTh
TIepECEUCHUSI THTEPECOB PA3TNYHBIX COIIMABHBIX TPYTIIT
1 KOHTpareHToB. COCTOSIHNE U MEPCTIEKTUBBI Pa3BUTHSA
3€JICHBIX HaCaXXICHUH COCTABIISIOT KOMIIIEKC CJIOXKHBIX
Hay4YHbIX M IPAKTUYECKnX 3a1ad. OpraHusanus mpoek-
THPOBAHUS TOPOACKOH «3eJIEHOW) CHCTEMBI MOXKET OBITh
paszieneHa Ha JBe, HMEIOIINE CyIIECTBEHHBIC OTIMIH-
TesbHbIE 0COOEHHOCTH, cTamuu'’;

* MakKpONPOEKTHPOBAHHE — OIpEENCHUE CTPYK-
TYPBI CHCTEMBI TOPOZICKOTO «3€JIEHOTO» (DOH/IA B IIETIOM
1 ee (PYHKIIMOHAJIBHBIX CBsI3eH C OKpY’Karolel BHEIIHEH
cpenoii;

* MHKPOIIPOCKTHPOBAHUE — KOHCTPYHPOBAHUE
9JIEMEHTOB CUCTEMBI TOPOJCKOTO «3€JICHOro» (hOoH/A.

OcHOBHEBIE TPOOIEMBI Pa3BUTHSA «3€JICHOI» HH(pa-
CTPYKTYPBI B3aUMOCBSI3aHbl — JIN00 B3aMMOBKIIIOUAIOT,
100 B3aMMO00YCIIaBINBAIOT, THOO B3aUMOJIOTIOTHSIOT

Ipyr Apyra, 1 UX yCJIOBHO MOXKHO pa3[euTh Ha IIATh

rpymm ' ;

®* TCXHHUYCCKHEC,
¢ OpraHu3alMOHHBIC;
* ODKOHOMHYECCKHUC,

° 06 yrBepiIeHIH MeTOIMKH OLEHKH SKOIOIHYECKOIO CO-
CTOSTHYS 3eJIeHBIX HacaxeHmnid Cankr-IlerepOypra : Pacro-
psxenne Komurera 110 Ipupoa0I0iIb30BaHUI0, OXPAaHE OKPY-
JKaromiel cpesibl 1 00eCIeueHHIO YKOJIOTHIECKOH 0e30acCHOCTH
Canxr-IlerepOypra or 03.02.2021 Ne 17-p.

19 I'vcaroe A.A. Cuctemorexuuka crpoutensersa. M. : Cpoii-
m3mat, 1983. 440 c.
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* IUTaHOBEIC,

* ympaBlIeHYECKHUE.

KoHuenTyaabHBIMU IPUHIUIIAMHE, COCTABIISFOLIH-
MH METOO0JIOTHIECKYIO OCHOBY CO3/IaHHSI «3EJIEHOTO»
KapKaca HACENEHHOTO TTYHKTA, ABIIOTCS

* (YHKIHOHAIbHO-CUCTEMHBIH MPUHIIHI, KOTOPBII
MIO3BOJISIET TOCTPOUTH JIOTUKY IIPOEKTUPOBAHUS CUCTEM
«3eJIeHOro» (oH/a;

* BEPOSTHOCTHO-CTATUCTHYECKUH IIPUHIINTL, XapaK-
TEPHOH 0COOEHHOCTBIO KOTOPOTO CIYKUT IEPEX0n
OT YaCTHBIX K 0oJee OOLIMM CHCTEeMaM, BKITIOUAIOIIHM
IIPEALIECTBYOUN YPOBEHb 3HAHUIA;

* UMUTALHOHHO-MOJAEIUPYIOUUN IPUHIUI, HO-
3BOJISIONINI 33 CYET KAYECTBEHHOTO U3MEHEHHSI METO/IOB
HCCIIEIOBaHUS MOBBICUTE 3 HEKTUBHOCTh IPHHUMAC-
MBIX OPraHU3aIMOHHO-TCXHOJIOTHICCKUX peLHeHI/If/'I;

* MHTEPaKTUBHO-rpaMYEeCKUi PHHIIHII, HCIIONb-
3yeMblil JIsl HOCTPOEHHUsS] U ONTHUMHU3AIUU MoJeNel
CJIOXHBIX CHCTEM, CO3/JaHNsI HOPMaTUBHOM 0a3bl, yuera
MHOTOBapUaHTHOCTH TEXHOJOTHH, PA3IIMUHBIX KPUTE-
pHUEB U OrPaHUYCHMUI];

* HMH)XEHEPHO-2KOHOMMUYECKUN MPUHIUI, TpUMe-
HSIEMBIH NIPH OLIEHKE IPOrPECCUBHOCTHU PEIICHUI.

Teopwust 1 METOIOIOTMS OLICHKN MPUHUMAEMBIX pe-
IeHnH npu GOPMHUPOBAHUH «3€TICHOID HHPPACTPYKTY-
PBI FOPOICKOM Cpeibl IPEAIIOAratoT IPYIILy OLEHOUYHbIX
KPUTEPHEB, ABIISIOINXCS NHIUKATOPAMH TEXHUYECKOM
MIPOTPECCUBHOCTH U COLMAIBHON 3HAUMMOCTH, 00J1a 1a-
IOIIMX MTPOTHO3HMPYIOIIEH CITOCOOHOCTBIO M B3aHMOCO-
IJIACOBAHHOCTBIO, M BKJIIOUAKOT KpuTepun ' :

* aAalTUBHOCTH, Hpe)]Ha?;Ha‘IeHHBIIZ JUI1 OUCHKHN
CIOCOOHOCTH 00BEKTa K MPeoOpPa30BAHUSIM B ITEPHOJ
CYILIECTBOBaHHUS;

* OpraHM30BaHHOCTH — KOMITJICKCHBIN KPUTEPHH,
HEOOXOAMMBII ¥ TOCTAaTOYHBIN IS OIICHKH OPTaHU30-
BaHHOCTH JKU3HEO0OECIIEUNBAIOIINX ITPOLIECCOB;

* TEXHOJOT'MYHOCTH, XapaKTepU3YIOILIUI COOTBET-
CTBUE COBOKYITHOCTH CBOHCTB 00beKTa TpeOOBaHUSIM
JKCIUTyaTalnwy,

* HaJEKHOCTH, O3BOJISIONIMH BBIACIATH MTOKa3a-
TEJIU, ONITUMAJIBHO-HOPMATUBHOC 3HAYCHUE KOTOPBIX
HE00X0MMO COOMIONATh PH BCEX 00CTOSITENILCTBAX;

* Pa3BEpPTHIBAEMOCTH — Kauy€CTBEHHBIN KPUTEPHUH
JUTSL OLICHKH NTPUHIMITHAIIBHO HOBBIX PEIICHN;

* YHUBEPCAJIbHOCTH, XapaKTEPU3YIOUIHH HIUPOTY
JHara3oHa BO3MOKHOCTEH 00BEKTa;

* PEe3yIbTaTUBHOCTH, XapaKTEPU3YIOIINI CTENIEHb
pea3yeMOCTH BO3MOXKHOCTEH 00BEKTa;

* YIIPaBIIEMOCTH, XapaKTEPU3YIOMINH yIIpaBise-
MOCTb IEMEHTOB TOPOJICKOTO «3EJICHOTO» (hoH/A.

3AKJIIOYEHUE U OBCYXKJIEHUE

B nepcriekTnBe caHUTapHO-TUTHEHUYECKUE (PakTo-
PBI, BKITIOUast XUMHYECKOE 3arpsi3HEHUE BOJBI, BO3AyXa
U TI0YBBI, OMOJIOTUYECKOE 3arpsi3HEHHE BOZBI M [TOYBBI,
MIPOJOJIKAT OKa3bIBATH HEraTUBHOE BIMSHUE Ha 30POBbE
HaceJeHUs..
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ITpu onenke nokasarens «O3eIeHEHHbIE TPOCTPAH-
ctBa» (0—60 OaIoB) MHIEKCA KaueCTBa TOPOICKOU Cpe-
161 (0-360 OaiIoB) B rpyIie pocCUCKUX FOPOIOB C Ha-
cenenreM cBhime 1 MitH yenr. B quHaMmuke 20182020 rr.
u3 15 TopoIoB MeHee MOJIOBUHBI OAIIOB CTAOMIHHO
MOJIy4aroT AEBATh ropooB — Boarorpaza, Boponex,
Exarepun0ypr, Kpacuospck, HoBocubupck, OmMck,
Pocro-na-/{ony, Camapa u YessiOnHCK.

PeTpocneKTHBHBIN aHAIN3 COOTHOLICHNUs 00mIen
TUTOIIA Y 3€JIEHBIX HACAKICHUH K 00IIeH IIoIaay ro-
POICKIX 3eMEITh B IpeiesiaX TOPOCKOH uepThl B CaHKT-
[TetepOypre moka3bIBaeT MOJOKUTEIHHYIO THHAMUKY —
1-2 %; Aag TOPOACKHUX XHUTEIEH aKTyalbHBIMH
OCTAIOTCsI TPOOJIEMbI COCTOSIHUS TA30HOB, HEXBATKH MIIN
3aIyIIEHHOTO COCTOSHMUS 3€JICHBIX HaCaXICHUI, OTCYT-
CTBUSI WJIM HEJIOCTATOYHOTO KOJIMUECTBA CKBEPOB, TAPKOB
1 30H oTxbixa. [Ipu orenke mokazarens « O3eIeHCHHBIC
MPOCTPAHCTBAY WHACKCA KaueCTBAa TOPOACKON CPEIBI
B niepuof ¢ 2018 mo 2020 rT. ropox moxyvaeT CoOTBET-
cTBeHHO 44, 45, 41 Oa.

C yckopeHueM TeMIloB ypOaHU3aIlK pacTeT Mo-
TpeOHOCTH B YCTOHYMBOM TOPOJICKOM IUIAHUPOBAHUH.
CyIIecTBYIONIHE MOIXOIb! K 30HUPOBAHHIO TOPOACKIX
TEeppUTOpPHUIA, OCHOBAHHBIEC Ha (PYHKIIOHAIIEHOM Ha3Ha-
YeHWHU PaioHOB, HE PemaroT Ipo0IeMy X 03eTCHEHHS.
TpeOyetcs nanbpHElIIee COBEPIICHCTBOBAHNE 3aKOHO A~
TEJIBHOM ¥ HOPMAaTHBHOM 0a3bl Ha ()eiepaIbHOM U pe-
THOHAJIBHOM YPOBHSIX.

Ha xauecTBO 3eJIeHBIX HACAXKICHNH CyIIIECTBEHHOE
BIIMSTHAE OKA3bIBAIOT YIIPABICHUYCCKUE PEIICHHUS U CBO-
€BPEMEHHOCTh UX pealn3allii, TCHACHIINN B Pa3BUTHN
ropojia, MOoToHbIC YCIOBHSI, PACIPOCTPAHEHHE U Pa3-
BUTHE Oosie3Hel u Bpeauteneit pactennii. CoxpaHeHue

0J1aronpUsATHON TOPOACKON CPEIbl, U3MCHEHUS 3aKOHO-
JIaTEeIILCTBA B 0OJIACTH TOPOJICKOTO 03€IICHEHHSI, MEHSIIO-
1{Mecs yCJIOBUsS IPOU3PACTAHUS 3€JIEHBIX HACAXKICHUH
Ha TEPPUTOPUH TOPOJIA OTIPEAEISIOT TOTPEOHOCTS MTPO-
BEJICHHS OLIEHKHU DKOJIOTHYECKOTO COCTOSHUS 3€TIEHBIX
HACaKJCHUI 10 YCTAHOBJIIEHHBIM HOPMATHBAM HX Kaye-
CTBa.

[Tpu popMUpOBaHUM «3EJIEHOT0» KapKaca ropoja
HEOoOXOMMO YUHUTBIBATH COCTOSIHIE BCEX €r0 DJIEMEHTOB,
BKJIIOYAsl 3€JIEHBIE HACAXKAECHUS IPUIOMOBBIX TEPPUTO-
puii B )xmibIx kBapranax. B Cankr-IletepOypre orcyT-
CTBYET METOJMKA OLIEHK! Ka4eCTBa O3EJIEHEHNS PUIO-
MOBBIX TEPPUTOPUII MHOTOKBAPTUPHBIX JIOMOB.

CBoeBpeMeHHas OlleHKa I'PaloCTPOUTENIBLHOMN Jesi-
TEJIbHOCTH B HACEJICHHOM ITYHKTE U B OKPY>KaIOIIHUX €T0
OKPECTHOCTSIX UMeeT Oouiploe 3HaueHue. Tak, Hanpu-
Mep, NepeMeleHNe IPOU3BOJCTBEHHBIX MOIIHOCTEH
3a TOPOJCKYTO YEPTY ¥ PEHOBALUS 0CBOOOXKICHHBIX ITPO-
MBIIJIEHHBIX TEPPUTOPHIA MOXKET HE J1aTh HKEJIAEMOTO
pe3yibrara B Cllydyae MaCCUPOBAaHHOM 3aCTPOMKU Ha rpa-
HUIIE TOPOJa ¥ 00JIACTH JKUIIBIMU KBapTalaMu ¢ HU3KOM
CTENEHBIO OJIar0yCTPONCTBA IEPEBBSIMH, KyCTapHUKaMH,
ra3oHaMH, a TaKXe IPH COXPAaHEHUHU CYLIECTBYIOLIETO
TPaAHCIIOPTHOTO TpaduKa.

IIpemraraercsa oCymecTBIATh OPraHU3ALUIO TPO-
€KTUPOBaHUSI TOPOJCKOM «3EJIEHOM» CUCTEMBI B JIBE CTa-
JIUH, pa3iinyas siTh rpym npodsieM. Ha obcyxneHue
BBIHOCSTCS KOHIIENTyaIbHbIE IIPUHIIMIIBI U TPYIINA OLle-
HOYHBIX KPUTEPUEB, COCTABIISIOIINX METOAOIOIMYECKYIO
OCHOBY CO3JaHUS «3€JIECHOIO» KapKaca HACEJEHHOTO
ITyHKTa. DJIIEMEHTHI TEXHOJIOTHHU «3€lIeHO0i» nHppa-
CTPYKTYPbI TOPOJICKON CPEIIbI INTAHUPYETCS pACCMOTPETh
B CJIEyIOLIEH CTaThe.
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Runoff irrigation practices and challenges in western lowlands of Eritrea
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ABSTRACT

Introduction. The arid and semi-desert lowland agro-ecological zones of Eritrea experience lowprecipitation, much lower
than the requirements forrobust agricultural production unless supplemented by properly functioning runoff irrigation sys-
tems. However, an in-depth understandingof the principles and practices of runoff irrigation, identification of itspotentials and
challengesand come up with viable solutions is necessary.

Materials and methods. Qualitative and quantitative, descriptive and analytical research methodologies are applied. Pri-
mary and secondary data are used to identify existing constraints. Besides, global and regional databases are extensively
utilized to fill information gaps.

Results. The total potential cultivable land of Eritrea amounts to 2.1 million ha, out of which 71.4 % is rainfed and 28.6 % is
irrigation. But, the potential irrigable land as reported by FAO is much lower (187,500 ha), out of which 50,000 ha is within
the Western Lowlands. Considering such disparities and the less likely scenario of lowest irrigation potential, the actual
equipped for spate irrigation at national level would amount to only 33.6 %, meaning there are still a lot of possibilities for
expansion. The causes of malfunctioning of the existing systems are associated to structural, operation and maintenance,
and management. Lack of historical hydrological data is among the highly likely reasons, which in turn greatly affects hy-
drological simulations.

Conclusions. Despitecommendable efforts made to expand the improved runoff irrigation in the Western Lowlands, most
of the projectshavefailed to achieve the intended purposes. Thus, comprehensive and simple mathematical modelsfor ma-
king hydrological predictions have been suggested.

KEYWORDS: runoff irrigation, spate hydrology, spate irrigation, water scarcity, water stress, Western Lowlands of Eritrea
FOR CITATION: Ghebrehiwot A.A., Kozlov D.V. Runoff irrigation practices and challenges in western lowlands of Eritrea.
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OpoineHue aKKyMYJUPOBAHHBIMHU JIMBHEBLIMH BOIaMU
U NPO0JIeMbl YIIPABJIEHUSI BOAHBIMHU PECYPCaAMHU B 3aNATHBIX
HU3MEHHOCTAX JPUTPEH

A.A. Te6pexusor’?, JI.B. Ko310B>
I Cenvcroxosaiicmeennwiii konnednc Xamenvmano, Hayuonanouulii uncmumym epicuie2o 06pazoeanis
u Hayunvlx uccuredosanul, 2. Koapoan, F'ocyoapcmeo Spumpesi;
? Hayuonanwnuiii uccnedosamenscruii Mockogckuti 20€y0apcmeenblii CmpoumenbHulii yHUsepcument
(HUY MI'CY); 2. Mockea, Poccus

AHHOTALMUA

BBepeHue. B nyCTbIHHBIX 1 MOMYNYCTbIHHBIX HU3WHHbBIX arpO3KONOrM4YeckMX 30Hax ApUTpen BbinagaeT Marno 0CagKoB, YTo
HEeoCTaTOYHO AN YCTOMYMBOIO CENbCKOXO3AWCTBEHHOMO NPOU3BOACTBA, ECINMN HE UCMOMb30BaTh TEXHOMOMM OPOLLEHUS.
[MoaTomMy Heobxoaumebl rinybokoe NoHUMaHne ocobeHHOCTEN U TEXHOMOMMN OPOLLEHUST aKKYMYIMPOBAHHBIMU NIMBHEBLIMU
BOAaMu, onpefeneHme BO3MOXHOCTEN M CyLLECTBYOLLMX Npobrnem Takoro opoLLeHUs 1, B KOHEYHOM uTore, paspaboTka
METOA0MOrMU NPEeOAONEHUs 3TUX Npobnem.

MaTepuansi u meToAbl. [TpyMeHeHbl Ka4eCTBEHHbIE 1 KONMYECTBEHHbIE, ONUCaTerbHbIE U aHanUTUYeCK1e MeToabl Uccre-
[oBaHus. Vicnonb3oBaHbl pe3ynbsTaTthl onpoca LEeneBon rpynrbl L, y4acTBOBaBLUMX B OCYLLECTBNEHUN MTMAPOTEXHUYECKMX
NPOEKTOB MO OPOLLEHMNIO aKKyMYIMPOBaHHbLIMU NTMBHEBLIMM BOAAMU; BTOPUYHbIE AaHHbIE, NMOfyYeHHbIE B pe3ynbraTe aHa-
nv3a BEAOMCTBEHHOW OKYMEHTaLMK; B YyCNOBUSIX HEAOCTaTOYHOro MHAOPMaLMOHHOTO obecneveHust o6LLEAOCTYNHbIE Fo-
GanbHble 1 pervoHasnbHble 6a3bl AaHHbIX.

Pesynbratbl. O6Las nnowaib NaxoTHbIX 3eMenb ApuTpen cocTaBnseT 2,1 MIH ra, u3 kotopbix 71,4 % — GorapHble,
28,6 % — opowwaewmsle. [nowane noTeHuuansHo opoLuaeMbix 3emenb (No gaHHbIM PAO) HamHoro meHbLue (187 500 ra),
13 koTopblx 50 000 ra HaxoasTca B 3anagHoi HU3MEHHOCTU. TakMe cTaTUCTUYECKME pasnnyns XapakTepHbl U Ans dakTu-
YeCKy opoLlaeMbIx cenbxo3yroaunii. [laxxe ecrnv npuHsTe BO BHYUMaHWe Gornee HU3KUE OLEHKM MppUraLMOHHOro NnoTeHuuana
(187 500 ra), dpakTnyeckas nroLaab opoLlaeMbix 3emernb byaeT coctaBnaTb Tonbko 33,6 % OT obLuero noteHUmana opo-
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LweHus. ATo YKa3blBae€T Ha BO3MOXXHOCTU AJ1A Pa3BUTUA OpoLLaeMoro 3emrnenenna B permoHe. AHanu3 nToroe NPoOBeAEHHO-
ro onpoca cneymanucToB BOAHOIO X03AMCTBa Nokasarn Hanvyve OLUMBOYHBIX ynpasrneH4YeCckunx peLueHun, aKcnnyataunoHHbIX
N TEXHUYECKUX np06neM B pa60Te r’MOpoTexXHUYeCcKnx COOpy)KeHMVI, CBA3aHHbIX B TOM 4uCIe C OTCYTCTBMEM MHOIONEeTHUX
rmaponorn4yecknx HabnaeHNN, YTO B 3HAYUTENbHOW Mepe BNnUAeT Ha pesyrbraTbl r’Maposiorm4eckoro MmogennpoBsaHua.
BbiBoabl. HecMoTps Ha 3HaunTenbHble ycunua no pa3pa60TKe N BHeOpPeHo nppurauMoHHbIX NMPOEKTOB B 3anagHoi HK3-
MEHHOCTH, BOMNbLUNHCTBO U3 HUX HE JOCTUITIM HAMEYEHHBIX Lienen. [MpeanoxeHo NCnonb3oBaTh MacCKBbl aHHbIX rnobanb-
HOro peaHanusa knvMmarta, KOMNEKCHbIe N NPOCTble PU3NKO-MaTeMaTnyeckne Mogenu opMmMpoBaHUs CTOKa.

KNIOYEBbBIE CITOBA: opolleHvie akkyMynupOBaHHbIMY NMBHEBLIMW BOAaMM, NMONMBHOE OpoLueHve, Bogocbop, aedu-
LT BOAbI, BOOHBIN KpU3nc, 3anagHble HU3MEHHOCTU Jputpen

AnA ULUWTUPOBAHWUA: Mebpexusom A.A., Koarnos [.B. Runoff irrigation practices and challenges in western lowlands of
Eritrea // BectHuk MICY. 2021. T. 16. Bein. 8. C. 1065-1076. DOI: 10.22227/1997-0935.2021.8.1065-1076

INTRODUCTION

Climate change is likely to affect the availability,
quality and quantity of water. The hydrological changes,
induced by climate change, produce more challenges to
the sustainable management of water resources. Much
of the impacts of climate change have already been
manifested in the tropical zones (e.g., sub-Saharan
Africa) [1]. In sub-Saharan Africa, water resources are
subjected to high hydro-climatic variability over space
and time, and are a key constraint on the region’s
continued economic development. Countries in this
region are environmentally and socio-economically
vulnerable to disasters and climate change, and many of
them are expected to experience increasing water
shortages and desertification in the future' 2. Cons-
picuously, food security, health, economy, energy, and
ecosystems are all water-dependent and thus vulnerable
to the impacts of climate change. The impacts of cli-
mate change on sub-Saharan Africa’s water resources
thereupon food security and human health are already
acute [2, 3]. Therefore, climate change adaptation and
mitigation through water management is critical to
sustainable development, and essential to achieving the
2030 Agenda for Sustainable Development, the Paris
Agreement on Climate Change and the Sendai Framework
for Disaster Risk Reduction.

Agriculture is the leading consumer of water and
mainstay of economic growth in many sub-Saharan
African countries. More than 60 % of the labor forces
are involved in agriculture related activities. But,
agricultural production and the economy of Africa largely
depend on sparse and unreliable seasonal rainfall. Most
countries in the region face a combination of high
hydrological variability, a lack of investment in water
infrastructure and weak water governance®. There are

! The United Nations World Water Development Report 2020:
Water and Climate Change. Paris, UNESCO, 2020.

2IPCC. Africa, in Climate Change 2014: Impacts, Adaptation
and Vulnerability. Part B: Regional Aspects: Working Group
IT Contribution to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge, UK,
Cambridge University Press, 2014. Pp. 1199-1266.

3 UN. Sustainable Development Goal 6: Synthesis Report 2018
on Water and Sanitation. New York, USA, 2018.
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several terms that are used to indicate the level of water
availability, such as water scarcity, water stress, water
depletion, inter-annual and seasonal variability,
groundwater level decline, drought, etc. Among them,
water stress and water scarcity are given more emphasis
in this discussion.

Water scarcity is a gap between available supply
and demand of freshwater in a specified domain, under
prevailing institutional arrangements and infrastructural
conditions. Causes of water scarcity are many and
inexplicably interlinked*. The factors that affect the
annual available supply of water can be natural or
anthropogenic: the natural factors include annual volu-
mes of flow, climatic variability, geological and
geomorphological conditions, uneven distribution of
water, etc.; anthropogenic factors are water control or
storage structures. But, factors affecting water demand
are all anthropogenic, such as economic, population
growth, urbanization, etc. According to FAO?, water
scarcity has three dimensions: physical — scarcity in
availability of fresh water of acceptable quality with
respect to aggregated demand (i.e., physical water
shortage); infrastructural (economic) — scarcity due to
the lack of adequate infrastructure, irrespective of the
level of water resources, due to financial constraints; and
institutional — scarcity in access to water services
because of the failure of institutions in place to ensure
reliable supply of water to users. Water scarcity is
signaled by unsatisfied demand, tensions between users,
competition for water, over-extraction of groundwater
and insufficient flows to the natural environment*. The
best-known indicator of national water scarcity is done
based on the amount of annual total renewable water
resources (TRWR) per capita. As such, countries or
regions are considered to be facing absolute water
scarcity if their TRWR is less than 500 m> per capita,
chronic water shortage if TRWR are between 500 and
1,000 m?® per capita, regular water stress if TRWR
between 1,000 and 1,700 m? per capita, and occasional

4 FAO. Coping with water scarcity: An action framework for
agriculture and food security. F4O Water Reports. Rome, Italy,
2012.

3 FAO. The state of the world’s land and water resources for

food and agriculture (SOLAW) — Managing systems at risk.
Rome and Earthscn, London, 2011.



Runoff irrigation practices and challenges in western lowlands of Eritrea

C. 1065-1076

or local water stress if TRWR is more than 1,700 m® per
capita [4].On the other hand, water stress measures total
annual water withdrawals (municipal, industrial, and
agricultural) expressed as a percentage of the total annual
available blue water®. Higher values indicate more
competition among users; hence, less than 10 % or
a score of (0-1) is low stress, 10-20 % (1-2) is low to
medium stress, 20—40 % (2—3) is medium to high stress,
40-80 % (3—4) is high stress, and greater than 80 %
(4-5) extremely high stress.

About 66 % of the African land mass is arid or
semi-arid, and more than 300 million of the 800 million
people in sub-Saharan Africa (in 2015) lived in absolute
or chronic water stress environments; that is, they had
less than 1,000 m® per capita. The reasonsmainly
stemmed from economic and/or institutional scarcity and
to a lesser degree from physical scarcity [5]. While water
stress is only 3 % (low stress) in sub-Saharan Africa as
compared to world (13 % — low to medium stress), the
region has a high prevalence of severe food insecurity
(29 %). This is due partly to unevenly distributed water
resources that are poorly managed, lack of investment
and are affected by conflict and natural hazards, such as
droughts and floods®. These situations are further
complicated by the drivers of the water crisis (for
example, demographic growth, economic development,
urbanization, pollution, etc.). The Horn of Africa (Eritrea
included), where farming constitutes more than the
continental average (over 80 %) of national econo-
mies, has been experiencing effects of recurrent climate
change evidenced by declining levels of water bodies,
unpredictable rainfall patterns, prolonged drought, erratic
floods, landslides and changing temperatures [6]. Thus,
economies and livelihoods of these nations are facing
unprecedented vulnerability to climate change. Lack of
sufficient water means there will be community-based
conflicts over food and water. In fact, future projections
on food and water indicate that this situation will continue
to get worse due to increase in demand’.

People have always tried to control and store
seasonal and irregular water flows in order to have access
to water, limit the damages of floods and overcome
droughts. Moldenand others® proposed three steps to cope
up with water scarcity: development, utilization, and
reallocation. Firstly, managing the supply can be done
by increasing access to conventional and non-
conventional water resources, including dam storage,

® Luo T., Young R., Reig P. Aqueduct projected water stress
rankings. Technical note. 2015.

7IPCC. Climate Change and Land: IPCC Special Report on
Climate Change, Desertification, Land Degradation, Sustain-
able Land Management, Food Security, and Greenhouse gas
fluxes in Terrestrial Ecosystems. Summary for Policymakers.
2019.

8 Molden D., Sakthivadivel R., Keller J. Hydronomic Zones
for Developing Basin Water Conservation Strategies. Research
Report No. 56, Colombo, Sri Lanka, 2001.

groundwater withdrawals, harvesting rainwater, reusing
wastewater and drainage water, desalination of brackish
or salt water, and the use of fossil groundwater. Secondly,
water quality deteriorates and aquatic ecosystems are
damaged due to reduced water quality and quantity. Thus,
water policies focus on improving water management
and conservation are necessary. Thirdly, water has
become a rare commodity and is no longer sufficient to
satisfy the aggregated demand from all sectors. Policies
are directed towards the economic optimization of water,
with emphasis on reallocation of water from low value
to high value uses. The three major water policy domains,
where supply enhancement and demand management
can be applied, are water, agriculture and national food
security4.

As noted earlier, Eritrea is located in one of the
driest parts of Africa with scarce fresh water resources.
The population of Eritrea has beendifferently reported
between 3.41 to more than Smillion. With the assumption
of 3.41 million in 2019, the population of Eritrea is
projected to be 4.24 million by 2030, 6 million by 2050
and by the end of the century it will be 9.06 million’. In
2017, out of the total population, 90 % live in rural areas
and the remaining 10 % in urban areas. The long-term
average annual precipitation and renewable water
resources are 384 mm (45.16 km® per year) and 7.31 km®
per year, respectively; the annual internal and external
renewable water resources represent 2.8 km® and
4.52 km?, respectively. The annual TRWRis also
differently reported between 1,399 m® per capita and
2143 m? per capita'®. In both scenarios, TRWR is by far
lower than continental and global annual averages whose
corresponding values are 3,133 and 5,675 m® per capita,
respectively. According to World Resource Institute
(WRI)%, Eritrea’s water stress score is 3.34 and 3 for 2010
and 2040, respectively. This means that even though
some improvement is expected to occur in the future, the
water stress level willremain within the range of 40—80 %
(that is, high stress) due to increase in demand and other
factors. Therefore, the water stress and water scarcity
indices demonstrate that Eritrea is literally one of the
countries with high or extremely high water vulnerability.
Furthermore, Eritrea’s geographical location thereupon
its climate on one hand, and decades-long warson the
other hand, renders it vulnerable to persistent water
shortages [7] and food deficits. A recent study on the
degree of vulnerability of Eritrea to climate change
demonstrated that more than 88 % of the farming
households were found to be vulnerable or highly
vulnerable to climate change as a result of the combined
effect of their exposure to external factors, sensitivity to
internal factors, and lower adaptive capacity [8].

° UN. World Population Prospects 2019: Volume II: Demo-
graphic Profiles. 2019.

10 FAO-AQUASTAT. Global Information System on Water and
Agriculture: Water resources. 2020.

1067

LZ0Z ‘g 9NSS| "9 SWIN|O/ « 8IN}08}IY2Jy PUB UOIONIISUOD) UO [eulnop AJYJUOA « NSDIN MIUISOA
LZ0z ‘@ »2Aumag gL wo L . (8ulluQ) 0099-70£2 NSSI (Julid) GE60-2661 NSSI + ADJIN XMHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 16. Buinyck 8, 2021

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 16. Issue 8, 2021

Anghesom A. Ghebrehiwot, Dmitry V. Kozlov

Over 72 % of the population in Eritrea is engaged
in subsistence agriculture. With future increase in
population, annual food requirement per person need to
be increased. According to FAO10, the total potential
arable land in Eritrea is estimated at 1.5 million ha, with
nearly 50 % of which is found in the lowlands of arid
and semi-desert agro-ecological zones. These two zones
receive on average, 200 to 400 mm of rainfall, which is
low for agricultural production unless otherwise
supplemented by irrigation [9, 10]. Thus, an increased
agricultural production can be achieved through
improving the existing irrigation systems (for example,
pressurized irrigation and runoff irrigation- also known
as “spate irrigation”) in the potential irrigable areas.
Therefore, the present study aimed at achieving the
following objectives: 1) to understand the concepts and
practices of runoff irrigation; 2) to explore the
development potentials and existing challenges of runoff
irrigation in Western Lowland plains of Eritrea; 3) to
suggest methodologies that can help to overcome the
challenges.

MATERIALS AND METHODS

As has been noted earlier, the study area focused
primarily on the runoff irrigation systems established in
the Western Lowlands, which can be better described by
the topography and climate of Eritrea. The landscape of
Eritrea can be broadly classified as the Eastern Lowland,
Central Highland, and Western Lowland. The Eastern
Lowland with an elevation of 0 to 1500 m above mean
sea level (msl) and being part of the Great Rift Valley
stretches along the Red Sea for about 800 km with a
width of about 30 to 100 km. The Western Lowland with
an elevation of 500 to 1,500 m above msl comprises the
area that stretches from south to northwards along the
Sudan border. The Eastern Lowland and Western
Lowland are hot and dry regions, with sparse settlements.
The Central Highland represents areas with high altitudes
and temperate humid climate with 1500 to 2500 m above
msl. It is the most densely populated region in the country.
The highest point is EmbaSoira with an elevation of 3018
m above mean sea level (msl) and the lowest point is
situated in the Danakil depression at Lake Kulul near the
Djibouti border with an elevation of 75 m below msl [9].
Fig. 1a shows the long-term annual rainfall distribution
of Eritrea. Most of the Western Lowland and almost the
whole eastern lowland areas receive an annual rainfall
of less than 400 mm. The area experiences hot to very
hot climate with a mean annual temperature of more than
27 °C. Rainfall is received from April/May to September/
October provided by the south-western monsoons.

Eritrea has five major river basin systems, namely
Red Sea, Barka-Anseba, Mereb-Gash, Danakil depres-
sion, and Setit (Fig. 1, b). From south to north, the main
westward drainages of the Ethiopian-Eritrean Highlands
are the Setit, Mereb-Gash, Barka-Anseba rivers. Each
drains west-northwest to swing abruptly northwards as
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they cross the line of the Barka lineament. Barka-Anseba
river basin is a basin formed as a result of a confluence
of two rivers, namely Barka and Anseba, close to the
Sudan border in the extreme northwest of Eritrea. Due
to the geography of Eritrea and thereupon its climate,
the flows through most of the rivers are highly seasonal
(ephemeral) with the exception of Setit — a Perennial
River. The Western Lowlands plains are predominantly
situated within the Barka-Anseba and Mereb-Gash river
basins and Set it basin to some extent.

To achieve the objectives, qualitative and quan-
titative, descriptive and analytical research methodologies
were used. Interviews and questionnaire survey were
undertaken with targeted people, who had been involved
in the implementation of various runoff irrigation as well
as other water resources projects in Eritrea, with the
intention of identifying existing challenges and their
solutions. Secondary data obtained from various
ministries were also utilized, notably the baseline survey
from the Ministry of Agriculture (MoA). Besides, glo-
bal and regional databases, which are freely available
for public domain such as FAO-AQUASTAT, World
Resources Institute (WRI), etc., were extensively
employed to fill the gap in data insufficiency. Eventually,
the collected information was analyzed and discussed as
presented in the ensuing section.

Concepts of spate irrigation

Runoff irrigation or spate irrigation is a type of
surface irrigation system usually practiced in arid and
semi-arid regions where evapotranspiration greatly
exceeds rainfall. It is defined as “an ancient irrigation
practice that involves the diversion of flashy spate floods
running off from mountainous catchments where flood
flows, usually flowing for only a few hours with
appreciable discharges and with recession flows lasting
for only one to a few days, are channeled through short
steep canals to bunded basins, which are flooded to a
certain depth” [11]. The structures used to divert the
runoff flood to irrigation fields are made up of earthen,
brushwood, gabion or concrete structures. The irrigation
fields are flooded at least two to three times to a depth
not less than 50 cm during rainy season. This process
supplements the soil moisture content in the deep alluvial
soils formed from the sediments deposited during
previous irrigations. As such, crops can be grown from
one or more irrigations with reduced risk of low yield
during dry periods [6, 11].

The fraction of rainfall that flows over the landscape
from higher to lower elevations is known as runoff.
Runoff'is usually associated with negative implications,
such as erosion, water loss, etc. It can, however, be used
for surface irrigation during rainfall events. It is
accomplished by diverting runoff water into plots where
crops are grown; each plot is surrounded by earthen
bunds. Thus, the rainfall irrigation system provides the
advantage of developing agricultural activities in areas
where such activities are impossible without it. The
amount of water that can be collected during a rainfall
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event depends on rainfall and watershed characteristics.
The main difference between runoff irrigation and
conventional irrigation is that the timing and the amount
of the application cannot be determined a priori. The
variability in available water can be minimized by
adjusting the size of the plots receiving runoff. Thus, in
order to model the productivity of a crop in such a system,
it is necessary to model the diverse processes involved
such as rainfall, infiltration, surface flow and consumptive
water use [9, 11, 12].

Historically, runoff irrigation is believed to be the
oldest form of irrigation. It has been practiced for
millennia in regions with arid and semi-arid climate
setting. The most well-known runoff irrigation systems
are found in the Arabian Peninsula, notably in Yemen,
where it dates back to 2000 years, the Negev Desert
region, which was built during the Israeli, Nabataean and
Roman-Byzantian periods going back to 1300 to 2900
years. Nowadays, it is foundin the Middle East, North
Africa, West Asia, East Africa and parts of Latin Ame-
rica [13]. In Eritrea, the spate irrigation practice is alleged
to have been introduced in the beginning of the 20th by
Yemeni migrants. It has been widely practiced form of
agriculture in Eastern Lowlands and some parts of
Western Lowlands of Eritrea [9]. The FAO database'”
also indicates that runoff irrigation has been extensively
practiced in countries with arid and semi-climates
(Table 1). Currently, Pakistan is the leading country in
spate irrigation practices (720,000 ha), followed by
Yemen (218,000 ha) and Ethiopia (200,000 ha). However,
the highest percentage of area under spate irrigation to
total irrigation is found in Somalia (75 %) and Eritrea
(61 %). Here, it is worth reporting the fact that the date
of data collection is variable as variable as two to
threedecades.

Runoff irrigation system consists of two major
components: catchment and field areas. While the
catchment area generates runoff, the field grows crops

Table 1. Area equipped for spate irrigation in selected countries'

as aresult of the application of diverted runoff. Two basic
requirements must be met to establish a runoff irrigation
system: (1) presence of mountainous or hilly topography
with adjacent low-lying fields on the same plain and (2)
a field with deep soils capable of storing sufficient
moisture. The former generates runoff water that can be
directed to the field so as to supply the crops during
periods of no precipitation. Two different types of runoff
irrigation systems are employed, depending on the slope
of'the terrain: micro and macro. Micro-catchment system
is for locations where the catchment area and the fields
lie neighboring to each other on the same plain. Macro-
catchment system is a catchment area located on a slope
with the usually terraced fields at the foot of the slope.
The ratio of the catchment area to field area in micro-
catchment runoff system varies from 1:1 to 10:1 and in
macro-catchment systems from 10:1 to 100:1. For further
details on the advantages and disadvantages of each
method can be referred to the works of [9, 12].

Water is used for food production in various ways,
including for agriculture, livestock and inland fishery
production. Water use in agriculture ranges from
essentially rainfed, relying on soil moisture from rainfall,
to entirely irrigate. Rainfed agriculture covers 80 % of
the world’s cropland and accounts for the major part
(60 %) of food production. Table 2 shows land cultivated
and equipped for irrigation and agricultural water
withdrawals in 2017. Irrigated agriculture covers about
22 % of cultivated lands. Water withdrawals from surface
and groundwater resources for irrigation currently
amount to 2,875 km? per year, which represents 72 % of
all water withdrawals in the world. In many drier
countries, irrigation water use usually accounts for more
than 90 % of total water withdrawals1. For instance, the
agricultural water withdrawal in Eritrea is 95 %.
Worldwide, the total cultivated area is about 1565 million
ha, which is approximately 12 % of the total land area.

0

Country Area under spate irrigation (in 10* ha) | Area under total irrigation (in 10° ha) % of total irrigation
Algeria 53 1230 4
Eritrea” 63 103.9 61
Ethiopia 200 858.3 23
Mongolia 27 84.3 32
Morocco 62.2 1,520 4
Pakistan 720 19,990 4
Somalia 150 200 75
Sudan 126 1852 7
Tunisia 27 486.6 6
Yemen 218 680.1 32

Note: " — MoA, 2013.
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Table 2. Land cultivated and equipped for irrigation agricultural water withdrawals (in 2017)!°

Tf)tal .Land I.Jar.ld e_quipped for Total water Agricultural Agricultural water
Region cultivated ec!ulppe.d for 1n1gat19n as % of withdrawal _water withdrawal .as % of
land irrigation | total cultivated land withdrawal | total water withdrawal
10° ha 10° ha % km?®/year km?®/year %
Africa 276 16 6 236 186 79
Americas 378 55 15 812 417 51
Asia 589 238 40 2,641 2,168 82
Europe 288 26 299 90 30
Oceania 34 3 22 14 63
World 1,565 338 22 4,010 2875 72
Eritrea 0.692 0.021 3 0.58 0.55 95

Presently, irrigation only covers 338 million ha, that
is, 24 % of the world’s arable land, but is responsible for
around 40 % of world crop output. Irrigation uses about
70 % of waters withdrawn from global river systems. In
different regions of the world depending on the local
climatic and other factors different types of water
management with different levels of service will be
appropriate10. The extent of the role played by water
management in different continents and types of countries
as far as agricultural production is concerned is presented
in Table 3. Eritrea covers an area of 117,600 km? and has
a coastline of over 1,000 km. The total cultivable area is
estimated at around 1.5 million ha. In 2017, the total
cultivated area was 692,000 ha, out of which 690,000 ha
arable land and 2,000 ha permanent crops (Table 3). Most
of the country consists of savannah, steppes and desert,
particularly in the south-western lowlands and in the east
near the Red Sea. The highlands, where altitudes range
between 1,500 and 2,000 m above mean sea level (msl)
are among the oldest areas cultivated by humans and are
showing signs of overuse. The population density with
reference to total area and arable land are estimated to
be 29 and 493 persons per km?, respectively. This is

actually lower than the values corresponding to
continental, global and even least developed values.
Of the country’s land area of 11.76 million hectares
only about 417,000 (3.4 %) are under rainfed cultivation
or fallow, while mere 22,000 ha (0.18 %) are irrigated.
Nevertheless, agriculture is the most important sector of
the Eritrean economy, accounting for about 50 % of the
gross domestic product and the bulk of export earnings.
In Eritrea the greatest part of the agricultural sector is
run by subsistence farmers, who cultivate more or less
from one to three hectares depending on the availability
of land. Main source of their production are a wide range
of rainfed crops grown in the above mentioned different
agroecological zones of the country. Among the most
important of these are cereals, pulses, oil seeds, fibre
crops, spices, medicinal plants, and others. However,
some farmers, where water is available, grow also
vegetables under irrigation during the winter dry season.
A properly managed and developed irrigation
system is one of the methods used to increase food
production and thereupon poverty reduction in arid and
semi-arid regions; it can enhance food security, promote
economic growth and sustainable development, create

Table 3. Population density with reference to total area and arable land * 1% !!

. . Total population . Population_ density in persons/km?
Region Total area (10° ha) (millions in 2017) Arable land (10° ha) with reference to
total area arable land
Africa 3,033 1,300 241 43 539
Americas 4,065 1,014 351 25 289
Asia 3,200 4,600 498 144 924
Europe 2,333 747 273 32 274
Oceania 856 42 32 5 131
World 13,487 7,703 1395 57 552
Eritrea 11.76 3.412 0.69 29 493
Least developed 2,078 1,000 183 48 546

" Frenken K. Irrigation in Africa in figures AQUASTAT Survey 2005. Food and Agriculture Organization Water Reports — 29.

Rome, FAO, 2005.
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employment opportunities, improve living conditions of
farmers as well as recharge groundwater. Runoff
irrigation can be classified into traditional (uncontrolled)
and improved (controlled). The former relies heavily on
sand, stone and brushwood spurs and earthen guide
bunds, which are damaged frequently; flexible, based on
locally available material, relatively efficient, and limit
diversion of high flows and high sediment loads. The
downside of such system is that it requires enormous
input of labour and resources for maintenance and
reconstruction. In the improved (controlled) type, more
robust and more permanent diversion and water control
structures are usually constructed, reducing excessive
maintenance burden. This technique too has disadvantages
such as low economic returns and diversion and
sedimentation problems.

According to FAO [11], there are four common
features of spate irrigation schemes: ingenious diversion
systems, built to capture short floods but also designed
to keep out the larger and most destructive water flows;
sediment management — the flood water has high
sediment loads that would otherwise fill reservoirs and
clog intake structures and distribution canals; soil
moisture conservation; and complex social organization.
Understanding the hydrology (also called spate hydrology
in this context) of the catchment area is critical to develop
spate irrigation system. The potential yield of spate
irrigation systems, the design of diversion structures and
canals and the area to be potentially irrigated is governed
by the hydrology of the area [14]. Spate hydrology is
characterized by a great variation in the size and frequency
of floods, which directly influence the availability of
water. Spate floods can have very high peak discharges
that make it very difficult to determine the volumes of
water that will be diverted to irrigation fields. Various
studies conducted in Saudi-Arabia, Yemen and Eritrea
have shown that very poor correlation between observed
rainfall and runoff [9, 11, 15, 16]. Estimates of flood
discharges and runoff volumes derived from conventional
rainfall/runoff models are therefore of limited use in spate
systems. The important hydrological parameters that
need to be determined include estimating mean annual
runoff using a runoff coefficient, runoff volume, the

proportion of annual runoff that is to be diverted, and
design flood (discharge). The mean annual runoff usually
accounts for 5 to 10 % of the mean annual precipitation.
Another important characteristic of spate floods is that
they transport very high sediment loads (2 to 3 times
more than runoff in perennial rivers. Therefore,
management of sedimentation is a key factor in spate
irrigation design.

RESULTS OF THE RESEARCH

The term irrigation potential in this study is used to
describe total irrigation practices, such as pressurized,
border, spate, etc. or a particular type of irrigation, for
instance, spate irrigation. Eritrea’s total irrigation poten-
tial can be better understood by evaluating the water
availability or runoff volume in the major river basins as
presented in Table 4. Accordingly, the Setitbasin has the
highest irrigation potential (225,000 ha) followed by Red
Sea and Mereb-Gash with lower runff coefficient. Ne-
vertheless, when annual runoff volumes are considered,
Mereb-Gash is the leading one (532 million m?) as a re-
sult of highest runoff coefficient. The Barka-Ansebaand
Denakil depression lack credible information about their
irrigation potentials. Although the annual rainfall volume
of the Barka-Anseba basin is estimated at 14,815 mil-
lion m?, the annual flow volume is estimated at only
41 million m®. This is perhaps because of greater values
of infiltration rates into the sandy plains of the river val-
leys. Generally, the Setit, Barka-Anseba, and Mereb-
Gash river basins, whose downstream plains located in
the Western Lowlands, are among the major river basins
with the highest irrigation potential. The total potential
area where runoff irrigation system can be developed at
national level is estimated to be 187,500 ha, out of which
nearly 50,000 ha are found along the major river basins
in the Western Lowlands and the rest along the coastal
plains in the Eastern Lowlands [12]. In fact this estimate
seems to underestimate far below the actual potential
reported by the MoA, Eritrea.

Table 5 represents the agricultural potentials of
Eritrea and its current status. Out of the total land area
of Eritrea, total potential cultivable land amounts to 2.1

Table 4. Runoff flow volumes and irrigation potentials of major river basins [12]

Potential
Mean annual | Mean annual rainfall Annual flow Mean annual .. N .en @
. Area, km? . 6 6 . irrigation land
Basin rainfall, mm volume, 10° m3 volume, 10°m3 | runoff coefficient . 3
(in 10° ha)
1 2 3=1x2 4 5=4/3
Red Sea 44,689 350 15,641 444 0.028 137
Barka-Anseba 39,506 375 14,815 41 0.003 N/A
Mereb-Gash 23,455 600 14,073 532 0.038 67.56
Danakil 10,532 200 2,106 135 0.064 N/A
Setit 7,517 650 4,886 49 0.010 224.6
Total 125,699 — 51,521 1,201 0.023 429.16

Note: N/A — not available.
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million ha; 71.4 % (1.5 million ha) of it is rainfed and
28.6 % (0.6 million ha) is irrigable. Currently, only
416,000 ha (28 %) of the potential cultivablerainfed is
actually cultivated whereas out of the potential cultivable
irrigated land, 104,000 ha (17 %) is actually irrigated.
Asnoted earlier, FAO-AQUASTAT database estimations
are much lower than the official reports from MoA. Such
disparities are also reported in actual area equipped for
irrigation. For example, actual area equipped for spate
irrigation in Eritrea is estimated to be between 17,490
and 63,000 ha by FAO-AUASTAT and MoA, respectively.
In the latter case (in 2013), the total actual area equipped
for spate irrigation was only 33.6 % of the total irrigation
potential estimated by FAO-AQUASTAT (187,500 ha)
or 9.3 % of the irrigation potential estimated by MoA
(0.6 million ha). This shows that there are still possibilities
for expansion of the existing systems. The reason for
disparity in irrigation potential estimation could be
related to the timing of data collection. However, due to
the incompleteness of the information from either of
them, both data sources are employed for analysis.
Table 6 shows irrigation potential by sources of water;
hence,the actual area equipped for irrigation is
predominantly dependent on surface water than
groundwater. The total area equipped for irrigation by
groundwater and surface water is 21,590 ha, of which
82 % uses surface water and the remaining 18 % depends
on groundwater'’,

Table 5. Agricultural potential and current status in Eritrea

Agricultural land Area (in 10° ha)
Country area 11,760
Potential cultivable land
Rain-fed 1,500
Irrigation 600
Total potential cultivable land 2,100
a. Actual cultivated rain-fed 416.1
b. Actual area equipped for irrigation
Spate irrigation 63
Dams 8.6
Pressurized irrigation 54
Well irrigation (open channel) 26.9
Total actual area equipped for irrigation 103.9
Total actual cultivated (a and b) 520

Note: Source: MoA, 2013.

Table 6. Irrigation potential by groundwater and surface water'’

The performance of a spate irrigation system,
irrespective of its scale, can be generally described in
terms of equity, regularity and reliability of water
delivery, and durability [9, 17]. Fadul and others [6]
revealed that the most effective measures include pre-
flood preparedness, risk sharing measures through water
and land management during and after flood by water
user associations, crop management by farmers, and
flexibility in operation by water managers. On the other
hand, like any engineering interventions, complete and
partial failures have had serious implications on the
economy, livelihoods of communities and the
environment. Various literatures [18, 19] found that users
of state-administered irrigation systems are less aware
of the implementation of rules and sanctions for
noncompliance, due to externally enforced rules. In this
regard, despite the promising efforts made to establish
improved spate irrigation systems in potential Western
Lowlands, their overall performance is low. For example,
even though the spate irrigation systems doubled
quantitatively (from 16 to 35) over the period of 2003
and 2016 in Gash-Barka region alone, none of them were
fully functional as of 2016. Fig. 2 shows the complete
and partial failure of the runoff diversion structures in
Hashenkit and Golij (Engulit). After few initial years of
operation, the Hashenkit project failed miserably
(Fig. 2, a), following structural failure of its components.
Thenceforth, inundation of the nearby plains including
residential areas has been reported during extreme floods.
Similarly, Golij diversion structure was severely out of
order (Fig. 2, b): upstream side filled with sediments;
gates damaged and/or blocked, and downstream tail
beginning to scour. Failures of these types are prevalent
in almost all the projects. The question that requires to
be answered is, therefore, what could be the motive for
such failures.

To somehow answer the aforesaid question, we
undertook a survey on targeted personson the causes,
reasons and consequences of runoff diversion systems
in the Western Lowland and summary of the survey is
presented in Table 7. As such, three causes are identified:
structural design and construction, operation and
maintenance, and management. The first problem mainly
stems from incorrect hydrological predictions from
ungauged catchments, leading ultimately to over-design
and under-design of hydraulic structures and accumulation
of sediments. These predictions include peak floods,
rainfall volume, sediment load, etc. Practical experiences

% of Full/partial
. Area equipped A).O area upartia % of full/partial Spate Irrigation
Region S equipped for controlled o L .
for irrigation, ha . . controlled irrigation | irrigation, ha | potential, ha
irrigation irrigation, ha
Groundwater 3,960 18.3 3,960 96.6 — —
Surface water 17,630 81.7 140 34 17,490 —
Total 21,590 100 4,100 100 17,490 187,500
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from one of the earliest post-independence modern
technology-based spate irrigation systems in Shieb
(Eastern Lowland of Eritrea)also showed the following
problems [9]: uncertainty in estimating extreme flood
return period; a limited knowledge of appropriate concept
for developing improved spate irrigation system and the
technical problems dealing with destructive floods and
high sediment; the lack of ownership and adequate
provision for operation and maintenance after completion
of improved system; and adoption of new technologies

and concepts by the farming community needs more time,
personnel and budget than expected. More or less the
same problems have persisted in the spate irrigation
systems established thenceforth in the Western Lowland
plains (for example, Hashenkit, Golij-Engulit, Mogoraib,
etc.). These problems are seemingly common in arid and
semi-arid regions where spate irrigation is widely
practiced. In most cases, the main source of risk is the
extreme variability of rainfall, causing unpredictable
flows regarding volume, timing andduration [20].

i

Fig. 2. Complete and partial failure of the irrigation diversion structures in Hashenkit () and Golij-Ingulit (b)

Table 7. Causes, reasons and consequences of runoff irrigation systems in the Western Lowland

Cause Reason

Consequence

Structural design
and construction

Designs of the main diversion structures are not
based on long-term measured data of flood
discharge, rainfall volume of catchments, stream

Underestimation and overestimation leads to
economically and structurallyunviablesystems;
accumulation of sediments at the upstream of the

flow discharge, sediment load, etc.

headworks and main canal intakesthat
substantially reduce the amount of water being
diverted to the fields

Operation and

Inadequate funds for repair and maintenance of

Affects the smooth functioning of the system
ultimately leading to total abundance of a project:
deposition of excess sediments can block and
damage gates, etc.; degradation of irrigation
infrastructure; and inequity in access to water.

maintenance gates, weirs, canals, etc.; lack of awareness,
communication, coordination and leniency
Management Lack of proper planning and technical know-how,

weak organization of beneficiaries

CONCLUSION AND DISCUSSION

Runoff irrigation or spate irrigation is a type of
surface irrigation system usually practiced in arid and
semi-arid regions where evapotranspiration greatly
exceeds rainfall. This system is believed to have been
introduced more than century ago to the coastal Eastern
Lowlands of the country. The Western Lowlands of
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absence of follow up by experts and extension
services, lack of regulatory mechanisms, and

Inefficient with low economic return system; and
long-term socio-economic and environmental
impacts

Eritrea with arid and semi-arid climate also has enormous
spate irrigation development potential. As such,
commendable endeavors have been attempted to establish
projects of that kind since recently so as to enhance food
security, economy and livelihood of communities in the
immediate proximities. However, this study indicated
that these projects, which are almost developed in
hydrologically ungauged catchments, have hardly
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achieved their intended purposes so far. This is possibly
due to factors that are inextricably linked: structural
design and construction as a result of absence of and/or
insufficiency of hydrological data, operation and
maintenance, and management. Obviously, viable
solutions to these issues require multi-dimensional and
multi-disciplinary approaches. The results from the
survey on targeted persons was in-line with the
hypothetical assumption of lack of hydrological data
could be the main cause of runoff irrigation systems in
the Western Lowlands. Thus, assuming the hydrological
predictions as a highly likely plausible scenario, the
following approaches are suggested:

* to use global reanalysis datasets as forcing data
in physically-based mathematical models for continuous
event simulations of flows (e.g. SWAT and MIKE). Re-
sults from these models will help us to determine an-
nual runoff volume which is critical for determining the
irrigation command areas and its management;

 to estimate single event-based design flood
hydrographs using physiographic and geomorphologic
catchment characteristics that can be obtained from
topographic maps or remote sensing-based digital
elevation models. This will be used for designing
hydraulic components such as canals, spill-ways, water
intakes, and gates.
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OnpeneﬂeHne MOAC/IBbHBIX BCJIMNYHUH 3aTPpaT HAa KaHAJIU3aAlIIHMOHHbIX
OYMUCTHBIX COOPYKCHUAX B CJIyYac IPUMCHCHUSA PaA3/IMIHbIX
TEXHOJOI'MYECKHUX CXEM OYUCTKH

H.A. Makuma
Hayuonanvuwiii uccnedosamenvekuti Mockosckuii 2ocy0apcmeentblil CmpoumenbHulll YHugepcumen
(HUY MI'CY); e. Mocksa, Poccus

AHHOTALMUA

BBepeHue. PaccmatprBaeTcs onpefeneHme ¢ npUMeHeHWeM cneuuanvapoBaHHOro NporpaMMHOro obecneveHust Kio-
YeBbIX COCTaBMALMX IKCMyaTaLMOHHbIX 3aTPAT Ha CTAHLMSIX OYUCTKU CTOYHbLIX BOA MPOM3BOAUTENBHOCTBIO OT 1 A0
100 TbIc. M3/cyT.

Matepunans! u MeToabl. iccnenoBaHbl ABe TEXHONOIMYECKME CXEMbl O4UCTKM — cxema rnybokol 61MonorMyeckomn o4MCTKkI
B KITaCCUYECKOM KOMMOHOBKE a3pOTEHK — BTOPUYHBIA OTCTOMHUK U CXeMa riy6oKo G1onornyeckon O4MCTkM C NCnornb3oBa-
HMeM MeMbpaHHbIX Mofynen Ans unopasaenexns. Npoyne coopyxeHust ANs ABYX AaHHbLIX COOPYXXEHWIN BbINn NPUHATBI
NaeHTUYHbIMU. MoCKOoNbKY BaXHbBIM NPeACTaBnsnoch Nomny4uTb pedynsTaTbl, KOTOPble BO3MOXHO Obino 6bl Mcrnonb3oBaTh
Ha obbekTax oTpacnu, B kKa4eCcTBE UCXOAHBIX AaHHbIX AM1S1 pac4eToB NPUHATHI TUNWYHbIE AN FOPOACKUX CTOYHbIX BOA, BEMU-
YMHbI KOHLEHTPALIMA OCHOBHBbIX 3arpsi3HEHUI 10 OYUCTKM, @ Takke TEXHOMNOormyeckme napameTpbl paboTh.

Pe3ynbrathl. MonyyeHbl 1 NpoaHanu3npoBaHbl BENMYMHBI KOHLIEHTPaLMUA 3arpsi3HEHNI B CTOYHBIX BOAAX MOCMEe O4UCTKN
C NpUMeHEHNEM 06enx TEXHOMOTMYECKMX CXEM U BENMUYMHBI TpeByeMbix 06bEMOB ANt 06YCTPOMNCTBa COOPYKEeHUI Brono-
TMYECKON OYUCTKM U 3aHMMaeMas MMy nnolagb. JKCniyaTauvoHHble 3aTpaThl Obiny pacCMOTPEHbI C TOYKM 3peHust 3aTpat
3NeKTPOIHEPIUN AN1St AKCTITyaTaLmm COOPY>KEHN B1OMOrMYecko 04NCTKN 1 OYUCTHBIX COOPYXXEHWI B LIENOM, @ Takke yaenb-
HbIX 3aTpaT 3MEeKTPOIHEePrun Ha ounNcTKY 1 M® CTOUHON XMAKoCTU. PaccunTaHbl pacxoabl Ha NprobpeTeHne MeMBpaHHbIX
mMopynem, KoTopble MOryT OblTb OTHECEHbI K 9KCMITyaTaLMOHHbIM B CUITy HEOBXOAMMOCTU X 3aMeHbl kaxable 7—10 ner.
BbiBoAbl. Pe3ynbraTtel NpoBeAeHHOro nccnefoBaHus nokasanu, YTo NpuMeHeHne MemobpaHHbIX TEXHOMNOMMI Ha CTaaun
B1ONOrMYECcKONn OUNCTKN MOXKET UMETb 3HAYUTENbBHbIN MOTEHLMAN NPY PEKOHCTPYKLIMN COOPYXXEHUI B YCIOBUSAX YBENMUYEHNS
NMPON3BOAUTENBHOCTU N OFPAHNYEHHBIX BO3MOXHOCTEW ANs pacLUMpeHns nioLaau.

KNIOYEBbBIE CITOBA: ounctka CTOYHbIX BOA, Bronornyeckas o4mMcTka, MeMbpaHHbI BropeakTop, yCTOMYMBOE pasBu-
Tne, 3aTpaThbl ANEKTPOIHEPIUM, YAENbHbIE 3aTPaThl

ona UUTUPOBAHWUA: Makuwa H.A. OnpeneneHvie MoaenbHbIX BENMYNH 3aTpaT Ha KaHanNM3auMoHHbIX O4YUCTHBLIX CO-
OPY>KEHUSIX B Crly4ae NPUMEHEHMUS Pa3fUYHbIX TEXHOMOMMYECKUX cxem ouncTkm // BectHnk MICY. 2021. T. 16. Bein. 8.
C. 1077-1087. DOI: 10.22227/1997-0935.2021.8.1077-1087

Determination of modeled costs at sewage treatment plants in the case
of different sequences of treatment

Nikolay A. Makisha
Moscow State University of Civil Engineering (National Research University) (MGSU),; Moscow,
Russian Federation

ABSTRACT

Introduction. The article considers the definition of the key components of operating costs at wastewater treatment plants
with a capacity of 1 to 100 thousand cubic meters per day by modeling using specialized software.

Materials and methods. In the study, two technological cleaning schemes were investigated — the conventional line-up
with biological aeration reactor and secondary clarifier and the scheme of biological aeration reactor with submerged mem-
brane bioreactor for sludge separation. The other structures for the two facilities were identical. Since it was important to ob-
tain results that could be used at real facilities, the values of concentrations of major pollutants typical for urban wastewater
before treatment, as well as technological parameters of operation, were used as initial data for calculations.

Results. As the results of calculations, the values of concentrations of pollutants in wastewater after treatment using both
technological schemes and the values of the required volumes for the arrangement of biological treatment facilities and
the area occupied by them were obtained and analyzed. Operating costs were considered in terms of electricity costs for
the operation of biological treatment facilities and treatment facilities in General, as well as the specific cost of electricity for
treatment 1 m® of wastewater. In addition, the cost of purchasing membrane modules was calculated, which can be classified
as operational due their replacement frequency of approximately every 7—10 years.

Conclusions. The results of the study showed that application of membrane technologies at the stage of secondary treat-
ment could have a significant potential for the reconstruction of wastewater treatment plants in conditions of increased
productivity and limited opportunities for expanding the area.
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BBEJAEHUE

KoHuenyst ycToi4nBOro pa3BuTHsi — II00AIbHBINA
TPEH[I, OPHEHTHPOBAHHEIHN Ha pa3paboTKy peIIeHuH s
TOW MJIM MHOW 00J1aCTH HApOJHOTO X035 CTBA, KOTOPHIC
He TpocTo OynyT Hanbosee 3P PEKTUBHBIMUA C TOYKH
3peHHsl IPSIMOro IPUMEHEHUS, HO U MO3BOJIST CHIKATh
BO3/ICHCTBHE HA OKPY’KAIOIIYIO CPEy, a UX BHEAPEHHE
moTpeOyeT MUHUMaNBHBIX 3aTpat. C 3TOM TOUKHN 3peHHS
TEXHOJIOTMN OYMCTKH CTOYHBIX BOJ KaK HEJIb3S JTy4Ile
BITUCBIBAIOTCS B UJICOIOTUIO YCTOIUUBOIO pa3BUTHUS, 110-
CKOJILKY BBICOKOE Ka4€CTBO OYHCTKH CIIOCOOCTBYET CO3-
JIAHUIO Ka4eCTBEHHOM CpeJibl O0MTaHHs U CHU)KAET He-
raTUBHOE BJIMSHUE HAa BOAHBIE OOBEKTHI, MOYBY,
armocepy u T.4. [Ipr 5TOM TEXHOIOTHH OYMCTKH CTOY-
HBIX BOJ SIBISIIOTCS YHEPro3aTpaTHBIMU, YEM JKECTUe
TpeOOBaHMUS K KA4€CTBY OYHUCTKH, TEM BBIIIE 3aTPAThI
[1-3].

B nacrosee Bpems TpeboBaHUA IO cOpOCY OUn-
IIEHHBIX CTOYHBIX BOJ B OOJIBIIMHCTBE CIy4aeB periia-
MEHTUPYIOTCS TEPPUTOPHATBHBIMA HOPMATUBHBIMHU
aKTaMH B COOTBETCTBHH C KATETOPHEH BOJHOTO 00bEKTa,
KOTOpBIE Yallle BCEro OCHOBAHbI Ha MpHKa3e MUHHUCTEp-
CTBa ceJbCcKoro xo3siictea Poccuiickoit @enepannu
ot 13.12.2016 Ne 552, mOCKOIBKY OH COAEPKUT OOIIHP-
HBII TIepeveHb 3arpsA3HSIONNX BeIeCTB U TpeOOBaHUN
T10 TIPEJIENIBHO JIOIYCTUMOMY cOpOCy.

Ecnu paccmarpuBaTh COOPYKEHHUS OUUCTKH FOPOJI-
CKHX CTOYHBIX BOJI, TO HEOOXOAMMO TOHUMATh, YTO OOJIb-
1ast 9acTh U3 HUX BO3BEJCHA HECKOIBKO JIECSITKOB JIET
Ha3aJl ¥ UM Hy’KHa PEKOHCTPYKIHS ¢ TITyOOKOI Moznep-
HU3alUeH XOTs Obl B CHIIy CYLIECTBEHHOTO (PU3UUECKO-
TO U MOpaJIbHOTO M3HOoca [4, 5]. IIpu 3ToM Hen30exxHO
BO3HMKAET NOTPEOHOCTH B M3MEHEHUH IIPOU3BOIANUTEIb-
HOCTH ¥ 00€CTICUCHNH TPeOyeMbIX BEIMINH MPEIEITHEHO
nomycrumoro copoca. [IpenmonaraeMble K BHEAPEHNIO
TEXHOJIOTHH U PELICHHUS IPeayCMaTPUBAIOT TITyOOKHI
aHaJIN3 C TEXHOJIOTUYECKON U SKOHOMUYECKOUN TTO3UIINH,
IIPY 3TOM UMEHHO SKOHOMHYECKHH (haKTOp 3a4acTyro
CITy’KHT OTIPEJEISIONM, ITOCKOJIBKY JOCTaTOYHO pac-
MIPOCTPaHEHA CUTYALHs], KOT/Ia IIPOIecC MOJCPHN3AIIN
pa30ouUT Ha HECKOJILKO 3TANoOB B CHIIy OTPAHUYCHHOTO
(uHaHCUPOBaHUS B paMKax KaxJoro u3 Hux [6]. Eme
OZIHUM JIMMUTHPYIOIIUM [OKA3aTeNIeM SIBIISIOTCS TPO-
CTPaHCTBEHHBIC OTPAaHWYCHUS B CIydae, KOT/a Paciin-
PHUTH UMeEIOIIHeCst 00bEMBI HE ITPE/ICTABISETCS BO3MOXK-
HbIM [7]. B cBs3U ¢ 3TUM BO3HUKAET HEOOXOAMMOCTH
TIOWCKA ¥ JaJIbHEHWIIEro IPUMEHEHHUsI TAaKUX CII0COO0B
MOJIEPHHU3AINH, KOTOPbIE OBl MO3BOIUIHN PEUIUTh HIH
MaKCHMAaJIbHO MPUOIU3UTHCS K PEIICHUIO TOCTABICHHON
3a/1aud B YCJIOBUSIX OTOBOPEHHBIX OrpaHnyeHuii |8, 9].
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B crarbe npeanpuHsTa nomsitka chopmMyIupoBaTh
JIMHAMWYECKUN MPEIMTPOCKTHBIN aHATIN3 TEXHOJIOTHYe-
CKHX M HKCIUTyaTAI[MOHHBIX MOKa3aTelIei pa3mIudaHbIX
peleHni, KOTOpbIe MOTYT OBITh HCIIOJIB30BAHBI, B TOM
qHcie, IPU OCYIIECTBICHUN MOJICPHHU3AINN CTAaHIIMN
O4YUCTKH CTOYHBIX BO. B xauecTBe HWHCTpPYMEHTa MOoJAe-
JIMPOBAHMS U pacyera ObLJIO UCIIOIb30BAHO MTPOTPAMM-
Hoe obecnieuenne CapdetWorks 4.0 [10, 11]. IIpomemy-
pa pacdera nmocrpoeHa cienyoomum oopasom. Ilepen
pacdeToM OBbIIIM YCTaHOBJIEHBI HCXOIHBIC IKCILTyaTaIli-
OHHBIE [T0Ka3aTeIN — IPOU3BOAUTEIHLHOCTD M KOHIICH-
Tpaluun OCHOBHBIX 3anH3HeHHﬁ B CTOYHBIX BOJax,
MTOCTYTIAIONTNX HAa OYMCTKY. 3aTeM (hopMHUpoBacs Tex-
HOJIOTUYECKUH IIUKI PAOOTHI CTAHIINH C ONIPEAEICHUEM
HEOOXOIMMBIX XapaKTEPHCTHK OT/ICJIBHBIX MTPOIIECCOB.
PezynpraTroM MozeMpOBaHUS B paciyeTa CTajlo BhIsBIIC-
HUE BBIXOJHBIX ApaMETPOB — KOHIIEHTPAIMHU 3arpsi3-
HEHHI B OYMILEHHOW BOJE, 00HEMOB COOPYKEHUN
U IUIOIAJY, MU 3aHUMAEMOW, S3HEPronoTpedaeHus
Ha pa3IMyYHbIE TEXHOIOTUYECKHE HYXAbl. TpeOyembre
KOPPEKTHPOBKH POBOIMITHCEH C [EIIBI0 Oy YeHHs OJIN3-
KHX pe3yJIbTaToOB K MTapaMeTpaM dKCILTyaTally JeHCT-
BYIOIIMX OYMCTHBIX COOpYxeHui. Pacuer oObeMoB
€MKOCTHBIX COOPY>KEHHUH ITPOU3BOIUIICS HA OCHOBE He-
00X0IMMOTO0 BpeMeHH 00pabOTKN CTOUHBIX BOJ, pacueT
3aTpar 3MEKTPOIHEPTUHU NTPOBECH HA OCHOBE TEXHOJIO-
TMYECKHX MOTPEOHOCTEH MTPOIIecCOB OUNCTKH U TPedy-
€MO# MOIIIHOCTH 000PYI0BaHUSI.

J1ist u3yueHuns BIUSHUS OTACIBHBIX DKCILTyaTallH-
OHHBIX TIOKa3aTesieil Ha SKOHOMHYECKHUE MOoKa3aTesn
BCEH CTAHIIMM OYUCTKH B PAMKaxX MCCIEIOBAaHMS pac-
CMOTPEHBI HECKOJIBKO 3HAYEHUH MPOU3BOAUTEIBHOCTH
CTaHIMH OYMCTKU CTOYHBIX Boxa: 1, 5, 10, 20, 50
1 100 Thic. M*/cyT. BEIGpaHHbIE 3HAYEHHS COOTBETCTBY-
10T IPUMEPHOMY JHMana3oHy YMCICHHOCTH HAaCEJIeHHUs
ot 5 10 400 ThIC. YeII., K KOTOPOMY OTHOCHTCSI OOJIBIINH-
CTBO HaceJIEHHBIX MYHKTOB Pocculickoii @enepanuu.

B xoze nccrieioBaHms mpoaHaIM3upOBAHbI JIBE TEX-
HOJIOTUYECKUE CXEMBI C KJIIACCHYECKOH MOCIIEI0BATEIb-
HOCTBIO MIPOLIECCOB OYUCTKH, KOTOpasi peain3yeTcs
Ha OOJBIIMHCTBE CYIIECTBYIOIIUX COOPYKEHUMN: OIOK
MEXaHMYECKON OYNCTKH, OJIOK OMOJIOTMUECKOM OUYHUCTKH,
nesuHpexnns. B xauecTBe coopyxeHu 00paboTKH
ocaJiKa MPUHSATA TaKKe JOBOJIBHO PACIPOCTPAHCHHAS
cXeMa C YIUIOTHUTEJISIMU M30BITOYHOTO aKTUBHOTO MIla
(MAN), anaspoOubIM cOpakrBanreM cmecu MAUW u cbi-
pOTO Ocagka U ee MOCIeNYIONINM 00€3BOKHBAHHEM
Ha QUIBTp-TIpeccax.

Ecmu peus uaet o m1aBHBIX (pakTopax (B3BEIICHHBIE
BemecTBa, BITK, OnoreHHbIe 3J1eMEHTHI), TO OCHOBHASI
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Macca 3arps3HeHHi 110 HUM yAaJsieTcsl Ha CTaini OHo-
JIOTHYECKOW OYHMCTKH, T.€. (PaKTHUECKH JTaHHAs CTa M
SIBISIETCSI KITFOUEBBIM JIEMEHTOM JIF000H TeXHOIOTHYe-
CKOM CXe€MBbI OYHMCTKU CTOYHBIX BOJ. U sTa xe craausa
OYHCTKH Hanbosee 3HeproeMka. B pamkax mpoBonumo-
r0 UCCIENOBAHUSI OCHOBHOE BHUMAHUE Y/IEJIEHO CPaB-
HEHUIO 3aTpaT CTaJuN OMOJIOTHYECKOH OYMCTKH IS
Pa3IUYHBIX TEXHOJIIOTHYECKUX cxeM. Kpome Toro, mo-
JepHU3ANNS CTaJANNU ONOJIOTHYECKON O4MCTKH Ooliee
CJIOJKHAs, TTOATOMY Ba’KHO 00OCHOBaHME MPUMEHEHHUS
TeX WIN UHBIX perneHui [12].

Taknm 00pa3zoM, coctaB (MMEHHO COCTaB, a HE KO-
JIMYECTBO OT/EIBHBIX COOPYKEHHUH, X rabapyThI 1 TIp.)
0J10Ka MEXaHUUECKOW OYUCTKH, COOPYKEHHH Ae3MH(EK-
UK 1 00paboTKM 0casiKa sl 00enX N3ydaeMbIX CXeM
ObUI OMHAKOBBIM, Pa3IN4Ms HAOIIOZAINCH TOIBKO
Ha cTa/ iy ouonornyeckoit ouncTky. ClieryeT OTMETHTb,

YTO PelICHHs, IIPUHSTHIE JIsl COOPYKEHHI OHoornye-
CKOM OYHCTKH (B 3aBHCHUMOCTH OT UCIOIB3yEeMOH TeX-
HOJIOTHH), MOTYT BIMATH HA KOHCTPYKTUBHBIE U TEXHO-
JIOTHYECKHE 0COOCHHOCTH JIPYTUX COOPYIKEHUI.

B kadecTBe nepBoil ucciaeyeMoi CXeMbl IIPUHATA
KJIaccHuYecKasi cxema OMOJIOTHYECKON OYMCTKHU a3po-
TEHK — BTOPUYHBIN OTCTOWHUK (IpaBUTAIIMOHHOE MIIO-
paszenenue). AdpOTeHK OblT IPUHAT C TIIyOOKUM yjia-
neHueM azora (puc. 1).

BropbiM BapraHTOM cTalia TEXHOJIOTHsI C MeMOpaH-
HbIM OnopeakTopoM (MBP) norpysxHoro Tumna, rmpu Ko-
TOPOU a’pOTEHK (PeakTop) OMOIIOTHYCCKOW OYUCTKH
OCHAIaeTCst MeMOPaHHBIMU MOJIYJISIMU, T.€. Pa3/ieieHHe
WJIOBOHM CMECH OCYIIECTBISETCSI MEMOPaHHBIM CIIOCOO0M
(puc. 2). 1151 BTOPOro TEXHOJIIOTHYECKOTO PEILICHNUS BTO-
PHUYHBINA OTCTONHHK HE TpeOyeTcsl.

Puc. 1. TexHonornueckasi cxemMa OYUCTKH MO BapUaHTy 1

Fig. 1. Technological sequence — option 1

o

‘I:'?

Puc. 2. TexHonoruueckas cxeMa O4UCTKY 10 BApUAHTY 2

Fig. 2. Technological sequence — option 2
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DKcIuTyaTanys B yCIOBHAX HAIIEH CTPaHbI KJIaCCHU-
YEeCKOM KOMOMHAINN a3POTEHK — BTOPUYHBIN OTCTOIHUK
XOPOIIIO N3y4YeHa KaK C TEXHOIOTHUYECKOI TOUKH 3pEHUS,
TaK U ¢ 9KOHOMHUYeckoi. CoueTaHne a3pOTEHKOB C MEM-
OpaHHBIMU OnoOpeakTopamu B P® Ha mpakTuke moka
BCTPEUACTCS PENIKO, TOATOMY PacCUeTHBIC MTOKA3aTeNH,
MTOJTyYCHHBIE B XOJ1¢ HACTOSIIETO UCCIICIOBAHMUS, MOTYT
HMMETh OTPENIEICHHYIO MPAKTUYECKYIO 3HAYMMOCTh IS
JalbHenIIero 000CHOBaHMsI TPUMEHEHUsSI TAHHOW TeX-
HOJIOTHH.

Br16op st cpaBHEHHSI HMEHHO ATHX BapHaHTOB
o0ycioBieH TeM, uto MBP no3BoNsIFOT Ha OTHOM CTaANH
poliecca OYUCTKH IOOUTHCSI COMIOCTABUMBIX PE3yJIbTa-
TOB, YTO W MPH UCIIOJIB30BAHUU PEAKTOPOB IITyOOKOU
OHMOIOTHYECKON OUMCTKH C JOOYHCTKOH. [Tpn aTOM yBe-
JTUYEHHAs /1032 Wia, 00beM U IUIONAAb a9POTEHKOB —
B 2—4 pa3a, 00beM COOPYKESHHUH UIOpa3aeIeHUs] —
He MeHee yeM B 2 pasza. Takum 00pa3om, IUIonaap BCei
CHCTEMbI OMOJIOTMYECKON OYMCTKU MOXKET OBITh COKpa-
meHa B 2-3 pasa, a 00beM — B 3—4 pasa 1o CpaBHEHHIO

C UCIIOJIb30BAHUEM BTOPUYHBIX OTCTOﬁHHKOBl.

PE3YJBTATBI HCCJIEJOBAHUAA

[Tepen HadamoM pacdera ONpeeIeHbBl OCHOBHEIC
apaMeTphl, XapaKTepHBIC I paOb0THI 000X TEXHOJIO-
THYCCKUX BapuaHTOB (Tadm. 1). s kimaccuaeckoii cxe-
MBI OMOOYHCTKY KOHIICHTPAIIHS Hila B a9POTECHKE 00BIU-
HO TpUHUMAacETCs MPH pacueTax Ha ypoBHE 3 T/i.
JlocTaTo4HO pacrpocTpaHeHa TPAKTHKA UCTIOIH30BAHHS
YBEITUYCHHOM JIO3bI HIIa IS IOCTHYKEHHS O0JIee BRICOKO-
T'O Ka4eCTBa OYMCTKA WM B CIIyYae MMOBBIIICHHBIX KOH-
LEeHTpauui 3arpsA3HeHUI B UCXOIHOW CTOUYHOU BOJE.
BaxHO OTMETHTB, UTO YBEIHMUYCHHE T03BI HJIA B KIIACCH-
YECKOM adPOTCHKE MOXKET OBITh 3aTPYIHUTEIBHO, O-
CKOJIBKY 3TO HEM30EKHO MPUBOAUT K YBEIHMUCHHUIO Ha-

"YTC 10-2019. Ouncrka CTOYHBIX BOJ C HCIIOIB30BAHHEM
HEHTPATU30BAHHBIX CHCTEM BOIOOTBEICHUS TTOCEICHUH,
TOPOJICKHX OKPYTOB.

Ta6.. 1. VcxonHble TEXHOJOTMUECKHE XapaKTePUCTUKHI
Table 1. Initial technological parameters

I'py3KH Ha BTOPUYHBIA OTCTOHHUK, KomudecTBa AU,
Y COOTBETCTBEHHO 3aTpar Ha ero o0paboTKy.

Eciu roBopuTs 0 103€ Wi1a, IpPUHUMAEMOH IIPU SKC-
IUTyaTalui MeMOpaHHBIX OHOPEaKTOPOB, TO OOBIYHO OHA
HaxoNIUTCs B auama3one ot 6 g0 12 r/n. J{ng uccnenye-
MOT0 MOJICJIMPOBAaHMS MpUHsTA BeinuuuHa 7 r/a [13].
Ha ocHOBaHUM OMIBITA SKCIITyaTallil OYHCTHBIX COOPY-
JKEHHMH BO3PACT WA ISl 000OUX CIIy4aeB B3AT PaBHBIM
20 cytok. [Ipu mogbope nokaszaresneii padorst MBP ObLn
MIPUHATHI YCPEAHEHHbIC BETMYMHBI HA OCHOBAHUH CYIIIE-
CTBYIOIIETO OMBITA IKCIUTyaTaluy. BennanHa miotHocTH
YIaKOBKH MEMOpaH COOTBETCTBYET KacceTaM MeMOpaH
¢bupmbr Kubota [14].

B tabi. 2 npeacraBieHbl MPUHATHIC IS pacyeTa
HCXOHBIC KOHIICHTPAIUN 3arPA3HEHUI B CTOYHBIX BO-
J1ax, MOCTYMAIOUINX HA OYUCTKY, 4TO HAIIPSIMYIO BIHSIET
Ha BBIOOP M TEXHOJOTUYECKUE TapaMeTPhl HCTIONb3Yye-
Moii TexHonoruu. CiemayeT OTMETUTh, 9TO B paMKax UC-
CJIe/IOBaHMsI HE aHATM3UPOBAINCH rokaszarenu «Hedre-
npoaykTe», «CynabdaT-aHnon», « XIOpUI-aHUOHY,
«Keneszo obmee» u «AITABY», mockonbKy pacuers
IO HAM HE TIPOBOJIATCS B UCIIOJI30BAHHOM IIPOTPaMM-
noM komruiekce CapdetWorks 4.0.

VcxonHble 3HaYCHUS B 1I€JIOM COOTBETCTBYIOT YC-
pEIHEHHOMY Ka4eCTBY ITOCTYHAIONINX HAa OYHUCTHBIC CO-
OpY)KEHHUS TOPOJACKUX CTOUYHBIX BoJ. Kpome ToTO,
B Ta0I1. 2 Tax)ke MPUBECHBI PACCUUTAHHBIC IPH TOMOIITH
nporpammuoro komruiekca CapdetWorks 4.0 3Hauenus
KOHIEHTpalUi 3arpsA3HEHNN B OYUIIICHHOU Boje. Bax-
HBIM yCJIOBHEM pacyeTa sBISeTCS MOTyUYeHHE CXOAUMBIX
TToKazaTeseH C MoKa3aTessIMU PeaIbHBIX CTAHIHH OYHCT-
KM CTOYHBIX BOJI, TO3TOMY UTEPALIMOHHO MTPOUCXOTUI
os00p apaMeTpoB pabOThl COOPYIKEHHIT AJIsl OTyUe-
HUSI COTTOCTaBUMBIX 3HaUYCHHI. B pesynbsrare ObLin mosty-
YEeHbI 3HaYCHUSI, KOTOPHIX BO3MOYKHO JOOUTHCS MTPH UC-
TOJIb30BaHUH YKa3aHHBIX COOPY)KEHHH OHOIOrHYEeCKON
OYHUCTKH CTOYHBIX BOJI.

Kax BuaHO U3 Tabi. 2, pacueTHbIe 3HAYEHUS IS
MIPOIIECCOB OYMCTKH B IIEJIOM COOTBETCTBOBAJIH JICHCTRY-
IOIITM HOPMAaTUBHBIM TPEOOBaHMSIM, T.€. TEXHOJIOTHYE-

3HayeHue
ITokasareinnb Enunune! n3mepenus Meaning
Indicator Units Bapuanr 1 BapuanT 2
Option 1 Option 2

Jlo3a una r/n 3 7
Sludge dose g/l
Bo3spacr nna CyT
Sludpgc age dzys 20 20
WHTEeHCHBHOCTD a3parun M/’ 12 12
Aeration intensity m*/m’
VrenbHbIH pacxos yepe3 MeMOpaHy /a-m? B 20
Specific flow rate through the membrane I/hour - m?
[T10THOCTE yIIaKOBKH MeMOpaH M B 130
Membrane packing density m>/m’

1080
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Taou. 2. KonueHTpanuu 3arps3HeHUH, IPUHATHIC U1 pacyeTa
Table 2. Pollution values applied in the calculation

KonuenTpanus
Concentration
ILIK?
Iloxa3arenn Enunune! namepenus ITocne ouncTku . L
. . . . Maximum permissible
Indicator Units J10 OYHCTKH After cleaning .
) concentration
Before cleaning | Bapuant 1 | Bapuant 2
Option 1 Option 2
BIIK; MrO,/a 2,1
200 2,3 1,6
BOD; mg0,/1 ’ i
XIIK MrO,/n 153
COD mgO,/1 330 79 3,6
B don + 0,2
3BEILICHHBIE ﬁemeCTBa MI/I1 )15 10 3.0 on + 0,25
Suspended solids mg/1 Background + 0,25
/ 0,4
N-NH, M 45 0,38 033 ’
mg/l
/ 0,02
N-NO, M - 0,05 0,02
mg/1
/ 9,0
N-NO, - - 10 9,0 ’
mg/1
/ 0,2
P-PO, M 10 0,4 0,02 ’
mg/l

206 yTBepIK/IeHHH HOPMATHBOB KAYECTBA BOIBI BOJHBIX OOBEKTOB PHIGOXO3AHCTBEHHOIO 3HAYEHHS, B TOM YHCIIE HOPMATHBOB

MPEAEITHHO IOy CTUMBIX KOHIICHTPAIMI BPEIHBIX BEIIECTB B BOJIAX BOAHBIX OOBEKTOB PHIOOXO3IHCTBEHHOTO 3HAYCHHS: TPHUKA3

MuHuCcTEpCTBa cenbekoro xo3siicTBa Poccuiickoit deneparnym ot 13.12.2016 Ne 552.

3 CanlTuH 1.2.3685-21. TurueHuYecKie HOPMATHBBI U TPEGOBAHMS K 00ECIICICHHTO 6E30TACHOCTH 1 (VITH) GE3BPEIHOCTH st

yenoBeka (pakTOpPOB cpebl OOUTAHHS.

CKHM 00€ CXEMBI MOTYT CIIPABIATHCSA C OCTABICHHOM
3agaueil. [Ipu aTOM cileyeT MoHMMAaTh, YTO Ka4ECTBO
(3 dexT) ounCcTKYN HE ABISIETCS MOCTOSTHHON BETMUNHON
B CIIy4ae BO3MOXHBIX KOJIeOaHHH cocTaBa 3arpsi3HEHUN
B MIOCTYTAIONINX HAa 00pabOTKy CTOYHBIX BoAax. B ciry-
Yyae HAJINYUS TAaKUX YCIOBUH OMBIT KCIUTyaTaIli MEM-
OpaHHBIX OMOPEAKTOPOB JIEMOHCTPUPYET MAJIYIO 3aBH-
CUMOCTh KaueCTBa OYHUCTKHU OT PE3KUX KojeOaHWH
cocTaBa 3arpsi3HEHUH, YTO CBUJIETEIBCTBYET O Oosee
BBICOKOH YCTOWYHBOCTH CHCTEMBI 10 CPaBHEHHIO C JIPY-
TUMU TEXHOJIOTHYEeCKUMHU penienusmu [ 15, 16].

Kaxk Tonmpko uTorm pacuera OBIIN MPUOIIHKSHBI
K YCJIOBHSIM pealIbHOW HKCIUIyaTallii C TOYKU 3PCHUS
TEXHOJIOTHUECKUX TI0Ka3aTeNei, 4To, 6e3yCclIoBHO, IpH-
OPHUTETHO TP PACCMOTPEHHH HKCILTYaTaAUH OUHCTHBIX
COOPYKECHMI, IPOBEJICH YKPYITHEHHBIM aHAIU3 II0Ka3a-
TeJel, KOTOphIe B JaTbHEHUIIIEM MOTYT OBITh UCTIONB30-
BaHBI JJI OMPEJEJICHUS 3aTPATHBIX COCTABIISIONINX.
IlepBrIM mOKa3areneM, KOTOPbI BO3MOXXHO OLEHUTH
B JJAHHOM CITy4ae, CIIy’kaT 00beMbl COOPYKEHUH 1 He-
00X0MMast IIOIIA/h IJIS UX pacroyiokeHus (Tadi. 3),
KOTOPBIE TAaK)Ke OBUIM TOJTYYEHB! IIPH TTOMOIIH TIPO-
rpammMHoro komiuiekca CapdetWorks 4.0.

Taou. 3. [lnomans u 00beM COOpYKEHHI OMOTOTHYECKON OYMCTKU TPH Pa3INdHON MPOU3BOAUTEILHOCTH

Table 3. Area and volume of secondary treatment facilities of various capacity

Ilmomans, M2 O0beM, M
Area, m? Volume, m®
rouior | Pl [ B2 [ el [ B
Consumption, m*/day P P P 4
A BO A + MBP A BO A + MBP
Aerated | Secondary Aerated lagoon + Aerated | Secondary Aerated lagoon +
lagoon sand Membrane module lagoon sand Membrane module
1000 159 50 87 476 125 261
5000 600 288 327,5 2400 720 1310
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Oxonuanue maon. 3/ End of the Table 3

ILiowmans, M> O6bem, M°
Area, m? Volume, m’
Pacxor, /eyt B(;lpI/I'aHT 1 BapI/I'aHT 2 BapI/I'aHT 1 BapI/I'aHT 2
Consumption, m*/day ption 1 Option 2 Option 1 Option 2
A BO A + MBP A BO A + MBP
Aerated | Secondary Aerated lagoon + Aerated | Secondary | Aerated lagoon +
lagoon sand Membrane module lagoon sand Membrane module
10 000 960 498 520 4800 1494 2600
20 000 1860 995 1046 9300 2985 5230
50 000 4900 2870 2620 24 500 11 480 13 100
100 000 9600 4980 5220 48 000 19 920 26 100

Eciu ni1s BapuanTa 1 ionmydeHs! 3Ha4eHHsI 00HEMOB
U TUTOIIA ! PACTIONIOKEHHUS OTACIBHBIX COOPYKEHUH —
aspoTeHka (A) u BropuuHoro orcroituka (BO), To mst
Bapuanra 2 MemOpanubie Moayau (MBP) nnrerpuposa-
HBI B 00bEM a’pPOTEHKA, T.€. B IEPBOM Cllydae paccMa-
TPUBAIOTCS JIBa COOPYIKEHHSI, BO BTOPOM — TOJBKO OJTHO.
CoOTBETCTBEHHO, PACUEThI [TOKA3aJI1, YTO TIEPEX0]] Ha UC-
T10JIb30BaHNEe MEMOPaHHBIX OMOPEaKTOPOB, HHTETPUPO-
BaHHBIX B a83POTEHK, IT03BOJISIET COKPATUTh HOTPEOHOCTh
B 00beMax eMKOCTHBIX COOPY>KeHHIt mpuMepHo Ha 60 %
U o4TH Ha 65 % CHHU3UTH TpeOyeMbIe TUIOMIAIH IS
pa3MelieHus CoOopyKeHul (puc. 3).

B sTOM cityyae MOXHO TOBOPUTH O CHIKEHHUH I10-
TPEOHOCTH B 00bEMaX EMKOCTHBIX COOPY)KEHHUH 3a cueT
JBYX (haKTOPOB — MEHBIIIee BpeMsi IPeObIBaHMUS B a9P0-
TEHKE (peakTope OMOJOTHYECKOW OYHMCTKH) M YXOX
OT CTPOUTENILCTBA BTOPUYHBIX OTCTOHMHUKOB. [1py aTOM

HEOoOXOAMMO OTMETHUTH, YTO JaHHOE 00CTOATEIHCTBO
aKTyaJIbHO JUIS BHOBb CTPOSIIUXCS coopyxeHuid. [Tpn
OCYILECTBICHUH paboT 110 MOAEPHU3AINH CYIIECTBYIO-
IIMX COOPYKEHUH M YCIIOBUU U3MEHEHHS UMEIOLIeHcs
CXEeMBI (ITOYTH BCET/Ia 3TO — CXeMa C IPaBUTAI[HIOHHBIM
paslielieHreM MIOBOI CMECH BO BTOPUYHBIX OTCTOMHU-
Kax) Ha cXeMy C MEMOpaHHBIM HJIOpPa3/IeIEHHEM MOKHO
Oy/IeT TOBOPUTH 00 OCBOOOKICHUN UMCIOIUXCS 00be-
MOB, B TOM YHCJIE JUUISl HHBIX HYX, YTO MOXET OBITh
0COOCHHO aKTyaJbHO B CiIydae yBEJIHYCHHS TPOU3BO-
JIUTEIEHOCTH.

['oBOpSst O CHUYKEHUH OTPEOHOCTH B CTPOUTEIBHBIX
o0bemax (KaKk OHOM M3 KIIFOYEBBIX COCTABIISIIONINX Ka-
MUTAJIBHBIX 3aTpar) B ciy4dae ucnonb3oBanus MBP, crie-
JIyeT YIOMSIHYTh O BOSHUKHOBEHUH JPYTOi 3HAYUTEIb-
HOW CTaThbM pacXxoJ0B, KOTOpass U obOecrevyuBaer
COKpalieHue 00beMOB — MPHOOpEeTeHnEe MEMOPaHHBIX

68 % i

66 %

64 %

62 %

60 %
58 %
56 %
54 %

52%

50 %

1 5 10
3
[Tpou3BOANTENBHOCTD, THIC. M™/CYT
Productivity, thousand m”/day

B CokpalleHrue 00bEMOB COOPYKEHHMIT
Reducing the volume of structures

20 50 100

B CokpatileHue 3aHUMAeMOM TUIOLIALN
Reduced footprint

Puc. 3. Cokparenre TpedyemMbIx 00beMOB U IuToIIaAeii npu BHeaApennn MBP

Fig. 3. Reduction of required volume and area with implementation of membrane module
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moayaei [17, 18]. [Tpu aTom 3aTparsl Ha UX IpHOOpeETe-
HUE MOXHO yCJIOBHO OTHECTH U K KallUTaJIbHBIM, T.C.
OCYIIECTBIISIEMBbIM Ha CTaJIMU CTPOUTEIBHCTBA, U K IKC-
IUTyaTallMOHHBIM, ITOCKOJBbKY B CHIIY CPOKa CIIYKOBI
MeMmOpas (7—10 5eT) B mporecce IKCIuTyaTaluy Oyaer
BO3HHKATH HEOOXOMMOCTb B MX IEPUOMICCKOIT 3aMeHE.
Paccunraem nmpuMepHyIo cTouMocTs MeMOpan C,,, He-
00XOIMMYIO JUIsl yCTPOMCTBAa MEMOPAHHOTO OHOPEaKTOo-
pa Ha COOPYIKEHUSIX C CYTOUHOM MPOU3BOIUTEIEHOCTHIO
Ocyr = 1000 M/eyT, o popmyie:

10,1000

C,=—¢C,, pyo.,
M J 1py

M

rae (), — pacueTHbIl pacxon, M>/4, ompeienseMblit
o opmye:

Ocy:

Qp :7ngn.max’ Ms/q’

(2)
enmax — KOIQQUIIMEHT HEPABHOMEPHOCTH TIPHU-
TOKa CTOYHBIX BOJ, IPUHUMAEMbIi B COOTBETCTBHH [9].
Host Oy, = 1000 M/cyT Koy o = 2,06. Torna:

1000
0,= 72,06 =86, M>/u,

rae Kg

e C, — cronmocTh | M> MeMOPaHHBIX MOJTYJIEH MapKu
Kubota, npunsitas pasHoii mpumepso 4000 py6./m2 [107];
J— yaenpHBIN pacxof mepMeara uepes3 MeMOpaHy, npu-
HATHIA paBEBIM 20 1/(M%4).

[ToncraBuB B Gpopmyiny (1) mpuHATHIC 3HAYCHMUS,
TIOJTYYUM:

~ 86-1000
M0
=17200 000 py6.=17,2 M pys.

C -4000 =

Hcnons3ys popmyiry (1) mpr MOCTOSIHHBIX BEITHYH-
Hax C, nJu nepemMeHHOM Benmaune O, (IPUHSTOH ¢ y4e-
TOM KO PUIMEHTOB HEPABHOMEPHOCTH B COOTBETCTBUH
ctabn. 1 CI132.13330.2018 «Kananuzanus. HapyxHbie
CETH M COOPYKEHHSD»), ITOITyYHM IPHIMEPHbBIE CTOUMOCTH
MeMOpaH Ha OUYMCTHBIX COOPYKEHHSIX JJIsl PACCMOTPEH-
HBIX B CTaThe MTPOM3BOIUTENbHOCTEH. Pe3ynbTars! pac-

Taou. 4. 3arpartsl Ha TpHOOpeTEeHNEe MeMOpaH
Table 4. Cost of purchasing membranes

YETOB CTOMMOCTH MpejacTaBieHbl B Tabu. 4. Takxke
B TaO. 4 IPUBEEHBI BEIMYUHBI YCIBHBIX TOAOBBIX
3aTpar Ha MPHOOPETEHHEe MeMOpaH, OTHECEHHBIX K 1 M
CYTOYHOW MPOU3BOIUTEIBHOCTH CTaHIIMM TIPU ydeTe
cpoka ciryx0bl MeMOpaH, pasHoro 10 romam.

W3 Tabi. 4 BUIHO, YTO pacCYUTAHHBIC BEIMYNHBI
3aTpaT BeCbMa CyIIECTBEHHbI, OJTHAKO J10JIs1 CTOUMOCTH
MeMOpaH B OOIIMX 3aTparax COOpPYKEHUH Oyner CHU-
KAThCA MO0 MEpe YBEIUYCHUS TPOU3BOIUTEIBHOCTH.
Kpowme Toro, B HacTosiiiee BpeMs HaOIIONAeTCsl TeHICH-
Ul K CHIDKEHUIO CTOMMOCTH MEMOPaHHBIX MOIYJeH
B CBSI3H C PACTYIINM KOJMUECTBOM MX IIPOU3BOUTEIEH,
YTO MOXKET B MEPCIIEKTUBE CIIOCOOCTBOBATH MX Ooee
LIMPOKOMY IIPUMEHEHHIO.

Taxoke B X0/1e pacueTa pacCMOTPEHBI 3aTPaThl AEK-
TPOIHEPTUH, BOSHUKAIOIIHE MTPU IKCIUTyaTallul OYHCT-
HBIX COOPYKECHHUIA, B LIEJIOM, U COOPYKEHHU OHooruye-
CKOHM OYMCTKH, B HACTHOCTH. Pacxox 3ieKTposHepruun
JUIsl CTAHIIUHM OYUCTKU OBUI MTOTY4EH YKPYITHEHHO, Of-
HAaKO JIJISl COOPYKCHUH OMOIOTUYECKOW OYUCTKH TPO-
BEJICHA JETAIN3AIMS 110 TEXHOJIOTHICCKUM HYKIaM.
Tax, n1s BapuanTa 1 — TpagAMLIMOHHON CXEMbl — Y4H-
THIBAJIUCh PACXOJbI HA a3PALUI0 U BHYTPEHHUN PELUKIT
MJIOBOM cMecH, a Takxke Ha akcIutyaranuo BO, perykn
BO3BpaTHOro akTuBHOro mna (BAW) u orsog UAU
(tabm. 5). Jlnsa Bapuanta 2 — cxembl ¢ MBP — Obutn
YUTEHBI U PAcXOJIbl Ha adparnuio, pennki BAU u oTBOS
AW, Kk KOTOPBIM T0OaBHIINCH 3aTPaThl JHEPTUH HA OT-
KauKy BCET0 Pacxoja OYMIaeMON BOJBI BAKyyM-Haco-
caMu, a TaK)Ke 3aTpaThl Ha MoJavdy BO3aAyXa Ha o0xyB
MeMmOpaH (tabmn. 6). IMenHo nmociequuii MyHKT 1 00e-
CHEUYUBAET CYLIECTBEHHOE YBEIUUEHHUE 3aTpar MIEKTPO-
sHepruu npu ucrnonb3oBanun MBP. [1pu aTom B Tabm. 5
1 6 IPUBE/ICHBI YACTbHBIN PacXo/] 1 yAETbHasi CTOUMOCTb
3IIEKTPOIHEPTHH Ha | M POU3BOIUTEILHOCTH CTAHIIUHL.
Tapud npuaAT 111 T. MOCKBHI U cocTaBisieT 4,96 pyo.
3a 1 kBru®,

4 Hopsagox onpeenenus HeH (TapudoB) Ha MEKTPUUECKYIO
sHepruto (MomHocTh). URL: https://www.mosenergosbyt.ru/
legals/tariffs-n-prices/determining-the-prices.php

Cyrounstit pacxox Oy, M/cyT

Subsistence costs Q,,,, m*/day

Pacuernbiii pacxon O, M /a
Estimated costs Q,, m”/hour

VnenbHbIC 3aTPaTHI
Crommocts C,, TBIC. pyO. 3p ’
| TBIC. py0./M° TOT

Membrane value C,, .
Unit costs, thousand

thousand rubles 3
rubles/m” year

1000 86 17 200 1,72
5000 350 70 000 1,4
10 000 667 133 400 1,334
20 000 1308 261 600 1,308
50 000 3125 625 000 1,25
100 000 6125 1225 000 1,225
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Taou. 5. 3arpars! 37€KTPOIHEPTUH AJIS1 TEXHOIOTHYECKOH CXEMBI 110 BapuaHTty |

Table 5. Electricity consumption for the Option 1 process

Pacxon anekrposneprun, MBT u/ron,

CoopyskeHne TIPH IPOM3BOXUTENBHOCTH, THIC. M/CyT
Construction Electricity consumption, MW h/year, at productivity, thousand m*/day
1 5 10 20 50 100
Adpau b aspoterike 131 653 1300 2520 6700 | 13100
Aeration in the aerated lagoon
Buyrpertiii pewicr 12,8 65 128 250 647 1290
Internal recycling
Perpn BAK o 4 19,1 39,2 85.4 190 377
Recycle of returned active silt
duennyarauws BO 7,5 8,2 9,1 10,2 14,5 21,5
Secondary sand operation
Oreox HAN - 0,1 0,7 1,4 2,7 6,8 13,5
Removal of excess active silt
Obiuas na bnoowmeriey 1554 746 1478 2868 7558 | 14802
Total for bioremediation
Obmast s crastuiit 319,4 971,0 1758 3242 8194 | 15839
Common for the station
Y i , KBru/m®
}leJ'I.BfILII/I pacxoj 3neKTpoaHepmH 1; T9/M 0.87 0.53 0.48 0.44 0.45 0.43
Specific power consumption, kWh/m
Y 6./m°
L[GH'BHaS[ CTOMMOCTH .3J'IeKTp03HepF§/II/I, pyo6./m 433 264 239 2.19 224 214
Specific cost of electricity, rubles/m’

Taou1. 6. 3aTparsl 3ICKTPOIHEPTUM JJIs1 TEXHOIOTUUECKON CXEMBI 110 BAPUAHTY 2

Table 6. Energy costs (option 2)

Pacxon anekrposneprun, MBT u/rox,

CoopyskeHue TPH IPOM3BOIUTENHHOCTH, ThIC. M/CyT
Construction Electricity consumption, MW h/year, at productivity, thousand m*/day
1 5 10 20 50 100
Adpats b asporterke 120 444 931 1750 4370 8900
Aeration in the aerated lagoon
Petuticr BAH o 12,5 62,5 125 249 622 1240
Recycle of returned active silt
A
opatuts a 001y MenOpast 98,3 402 764 1300 2880 5480
Aeration for membrane blowing
Omatica nepueara 8,1 402 81 162 401 803
Pumping out permeate
Oreox MAI - 0.1 0,6 1,1 2,26 5,6 1
Removal of excess active silt
Obuas ia GooumeTiy 239 949 1902 3463 8279 | 16434
Total for bioremediation
Obmas s craiin 403 1174 2177 3838 8903 17419
Common for the station
Y i Bru/m>
L[eJI-BHBII/I pacxon SHGKTPOSHepFHH, 1: TY/M 1,10 0.64 0.60 0.53 0.49 0.48
Specific power consumption, kWh/m”
Y , py6./m
IICJ'I.LHaSI CTOMMOCTH .3J'.IeKTp03Hepl"fII/I pyo./m 5.48 3.19 2.99 2.64 244 239
Specific cost of electricity, rubles/m’
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B cAy4dae npuMeHeHns pa3An4vHbliX TEXHOAOTMYECKUX CXeM OYUCTKU

IIpu ananu3e rpaHUYHBIX 3HAYEHUM IPOU3BOAU-
TEJIFHOCTH OYMCTHBIX COOPYKEHHI, KOTOpbIe OBLIN pac-
CMOTpeHH! B cTatbe 1, m 100 ThiC. M>/CYT BEIMUMHBI
YAENBHOTO Pacxoia IEKTPOIHEPTHH AJIS HAX CyIIe-
CTBEHHO OTJIMYAIOTCS JUIs 00enx cxeM. B ciryuae ¢ nep-
BOH cXeMoi — B 2 pasa, co BTOpoii cxeMoii — B 2,3 pasa.
OdeBHIHO, YTO MPHU MAJIBIX pacxojax o0opyaoBaHKE
¢ 0OJIBIIMM PHEPronoTpediieHneM OyJeT CyIIeCTBEHHO
BIIMATH HA OOIIMIE SHEPro3aTpaThl, a 0 MEPE pOCTa Mpo-
W3BOAMTEIBHOCTH BIIHMSHUEC OyJeT coKpainatbes. Eciu
pPacCMOTPETh PA3IMUMS B BEIMUMHAX YACIBHBIX 3aTpaT
9NIEKTPOIHEPTHH, TO BO BCEM JMAIIa30HE HCCIIEIOBAHNS
ATOT MOKAa3aTeNIb OOJNbINE JIJIST CXeMBI 2, TIPH 3TOM TIPH
npousBoauTeIEHOCTH 1000 M°/CyT pa3HHIIA COCTaBIAET
26 %, a B nanpHeimem camxkaetcs 10 11 % npu npowus-
BoautenpHocTu 100 000 M3/cyT. B nenom, nonyueHHsle
TIPY MOJICJIMPOBAaHKUH JaHHbBIE OJIM3KHU K paHee OIMMCcaH-
HBbIM cBenieHusM [ 19, 20], ogHaKo, Kak 1 JTF0ObIe MOJIEITh-
HBIE [T0Ka3aTeNH, TPEOYIOT ITOATBEPIKACHNS HA PEaTbHBIX
00BEKTaX.

Takum 00pa3oM, COMOCTABIISS Oy YSHHbIE PE3YITh-
TaTbl IJId ABYX CXEM OYUCTKU, MOKHO CACIIATh BBIBO/
0 TOM, 4TO IO MEPE YBEIMUCHNUS IPON3BOAUTEILHOCTH
pasHMIa MEXKTy IBYMsI TEXHOJIOTHUSIMH OUYUCTKHU B SHEP-
TOMOTPEOICHNN COKPAIIAeTCs, IIPH 3TOM ISl CXeMBI |
BCe elle TpeOyIOTCs 3HAYUTEIBHO OOJIBIINE TUIOIIAAN
1 00BEMBI COOpY>KeHHH. B citydyae HOBOro CTpouTENbCTBA
9TO CBHUAETENLCTBYET O TOM, YTO IIPUMEHEHUE BTOPOTO
BapuaHTa MO3BOJUT CJENIaTh COOPYKEHHsI 00Jiee KOM-
MAKTHBIMH; B CIIydae PEKOHCTPYKIMH MPH JOJKHOM

000CHOBAHUHU ITO JACT BO3MOKHOCTE 00€CITEUYNTE 00Ib-
IIYIO MPOU3BOIUTEILHOCTh B MIMEIOIIMXCSI 00beMax co-
OpYKEHUH.

3AKJIIOYEHUE U OBCYXKJIEHHUE

I[To pe3ynbraTaM IPOBEICHHBIX PAcueTOB (B TOM
qyciie ¢ MPUMEHEHHEM IIPOrPaMMHOIO KOMILJICKCa
CapdetWorks 4.0) MOXHO c/ie1aTh CJICTY OIS BHIBO/IBL:

* B XOJIC PACUYETOB YCTAHOBIICHO, YTO IPUMEHEHUE
MeMOpaHHBIX OMOPEAKTOPOB IJIs HIIOPA3ICICHUS T10-
3BOJIUT CHU3UTH HEOOXOAMMBIE 00BbEMBI EMKOCTHBIX CO-
OpyXeHUH Ha Benn4uHy okoiso 60 %;

* Ompe/eseHo, YTO 3aTpaThl Ha IPHOOpETEeHUE 1 00-
HOBJICHHE MeMOpaH SIBIISIOTCS] 3HAUYUTEIBHOM cTaThel
PAacxo/IoB, a yAelbHas BeJIMYNHA 3aTpaT (Ha mpuodpere-
HHE PaCCMOTPEHHOTO THIIA MeMOpaH 6e3 ydyera JI0moJI-
HUTEJIBHOTO 060pyIoBanHus) cocTaBut 12—17 thic. py6./M>
OYHMIAEMBIX CTOYHBIX BOX. [Ipn 3TOM CTOMMOCTH MeM-
OpaH 3a TocieaHee BpeMs HMeeT TSHICHINIO K CHIDKe-
HHIO;

* BBISIBJICHO, YTO UCIIOJIb30BAHUE MEMOPAH yBeIH-
YHMBAET Y/ICJIbHBIE 3aTPaThl ANeKTporHeprun Ha 10-25 %
10 CPABHCHUIO C TCXHOJIOTUYCCKUMU CXEMaMH, ITO3BO-
JISIFOIIIMU JTOOMTHCS CXOXKETO Ka4eCcTBa OYUCTKH BOJIBI;

* OIpeJeseHo, YTO NPUMEHEHHE MEMOpPaHHBIX
TEXHOJIOTHH Ha CTa/JInu WIOPA3AEICHNUS MOXET UMETh
3HAUUTENBHBII MOTCHIMAJ IIPU PEKOHCTPYKIIUH COOPY-
KEHHH B YCIIOBUSIX YBEIHMYCHUS [IPOU3BOAUTEIBHOCTH
Y OrpaHMYCHHBIX BO3MOXKHOCTEH IS PACILIMPEHHS TIJI0-
IIaIu.
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AHHOTALMUA

BBepeHue. OTHOCUTENBHO HOBasi hopMa NpeobpasoBaHUs TEPPUTOPUM B CIIOKMBLLENCS FOPOACKON 3aCTpoiike, peHoBaL s
KBapTanoB TpebyeT NPUCTanbHOro Hay4HOro U3yYeHNst U MeToanyeckoro o6ocHoBaHUs. PeHoBYpyeMble KBapTansbl, Kak 1 npo-
€KTbl CTPOVTENbCTBA HOBbLIX JOMOB, MMEIOT UHAVBUAYanbHble 0COBEHHOCTU N XapaKTEPUCTUKN.

MaTtepuans! u MeToabl. [ins uccnegoBaHus pakTMHeCcKon NPOAOIMKMTENBHOCTM 3TanoB Co3AaHnst 06bEKTOB MO Nporpamme
peHoBaumu B HINL, «Pa3suTre ropoaa» cpopmmpoBaHa crieumansHas 6a3a gaHHbIX, B KOTOPYHo Mo cocTosiHuio Ha 15.05.2021 roaa
BKIto4eHO 313 06bEeKTOB, 3a4e/CTBOBAHHbIX B MporpaMmMe peHoBaumn. BeinonHeHa ckpynynesHasi BepudmkaLums ykasaHHowm
6as3bl. B pesynsrate B BepuduumpoBaHHoii 6aze coxpaHeHbl 122 obbekTa ¢ pa3bpocoM 3Ha4YeHWI NPOAOIKUTENIbHOCTU
cTpoutensbctea oT 11 fo 43,2 mec. Vicnonb3oBaHbl MaTepuarnsl MHPOPMaLIMOHHON cUCTEMbI 06ecneyeHns rpagoCcTpouTeEnb-
HoW AesitenbHoCcT MockBel. MicxoaHble maTtepuarnbsl NO3BONUIM BbIAENUTL PSA XapakTepHbIX TanoB B NporpaMmme peHoBa-
LM MO KaXKAOMY OOBbEKTY.

Pe3ynbrathl. C Lienbio aHanvaa npoekTHOM NPOA0IMKUTENBHOCTY CTPOUTENBbCTBA COBOKYMHOCTL OOBEKTOB pasadeneHa Ha ABe
Yyactu: BBog B 2021 r. u BBOZA B nocneaytowme rogbl. [ns kaxgon 4acTn NOCTPOEHbI TMCTOrpaMMbl pacnpeaeneHns npogon-
XXUTENBbHOCTU CTPOUTENbLCTBA AOMOB NPU PEHOBALIMK U JOKa3aHo, YTo cobntofaeTcs 3aKoH HOpMaribHOro pacrnpeaeneHus.
MpencTaBneHa cxemaTtyeckas Mogesb NPOLECCOB PEHOBALIMK C KpaTHbIMU NMPOAOIHKUTENBHOCTSMM NPOLIECCOB. YKPYMHEH-
HO NMPOAOIMKUTENBHOCTb NPOEKTUPOBAHNSA (CTaAUA NPOEKT) MOXET 3aHUMaTh OAWH rof, CTPOUTENLCTBO — [Ba roAa, a 0ob-
e[IMHEHHbIe CTaauu: NOAroTOBKa JOKYMEHTOB, NepecerieHne 1 CHOC OPUEHTUPOBOYHO 3aiMYT OAWH rof. ATOT YeTbIPEXIIETHUIA
LIMKN BOMHbI 3aTeM NoBTOpsieTcsl HeobxoaumMoe uncno pas. lMpeactasneH kaneHaapHbIv NnaH peHoBauuy AN Tpex 06bekToB
BOMHbI C BblAerNeHneM BeayLuero notoka.

BbiBoabl. HecmoTps Ha 3HauMTENbHOE pa3Hoobpasne peHOBNPYEMbIX KBapTarnoB U MPOEKTOB CTPOUTENbCTBA HOBbLIX [JOMOB,
TPaAWLUMOHHOE NOTOYHOE CTPOUTENLCTBO C BbIAENEHNEM XapaKTEPHbIX 3TanoB BO3MOXHO. [nst KpynHbIX NOAPAAHbBIX opra-
HM3aLmi peanbHO chOPMUPOBaTb KPAaTHOPUTMUYHBI OOBEKTHBIN MOTOK C BblAeNIeHMeM B ka4ecTBe BEAYLLEro NoToka atana
CTPOVTENbLCTBA U paccyMTaTh LIMKNOrpamMmMy peHoBaLuu.

KNIOYEBbBIE CITOBA: peHoBauuns, KpaTHOPUTMUYHBIN NOTOK, LuKorpamma, 3dhekTMBHOCTb

ona UWMWTUPOBAHWA: Kuesckul J1.B., Kuesckull 51.M. Linknorpamma peHosauum // BectHuk MI'CY. 2021. T. 16. Boin. 8.
C. 1088-1094. DOI: 10.22227/1997-0935.2021.8.1088-1094

Renovation cycle diagram
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ABSTRACT

Introduction. A relatively new form of transformation of the territory in the current urban development, the renovation
of quarters, requires close scientific study and methodological justification. Renovated neighborhoods, as well as projects
for the construction of new houses, have individual features and characteristics. The authors hypothesize that, despite
the variety of characteristics of renovated neighborhoods and projects for the construction of new houses, traditional in-line
construction with the allocation of characteristic stages is possible.

Materials and methods. To study the actual duration of the stages of creating objects under the renovation program (which
is necessary to identify objects of similar duration), a special database was formed in the Scientific and Project Center “City
Development”. As of 15.05.2021, 313 objects involved in the renovation program are included in this special database.
A thorough verification of the specified database was performed. As a result, 122 objects with a spread of construction dura-
tion values from 11 months to 43.2 months are stored in the verified database. In addition, the materials of the information
system for ensuring urban planning activities (ISOGD) of Moscow were used. The initial materials allowed us to identify
a number of characteristic stages in the renovation program for each object.

Results. To analyze the design duration of construction, the set of objects is divided into 2 parts: commissioning in 2021 and
commissioning in subsequent years. For each part, histograms of the distribution of the duration of construction of houses

1088 © A.B. Kuesckuit, A.1. Kuesckuii, 2021
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during renovation are constructed and it is proved that the law of normal distribution is observed. A schematic model of reno-
vation processes with multiple process durations is presented. The overall duration of the design (project stage) can take
1 year, construction — 2 years, and the combined stages: preparation of documents, relocation and demolition, will approxi-
mately take 1 year. This four-year wave cycle is then repeated the required number of times. The calendar plan of renovation
for three wave objects with the allocation of the leading stream is presented. The ratio of flow processes during renovation
is most clearly reflected in the constructed cyclogram of a multi-rhythmic object flow modified for renovation conditions.
Combined schedules of renovation of in-line construction are constructed.

Conclusions. Despite the considerable variety of renovated neighborhoods and projects for the construction of new houses,
the authors of the article prove that traditional in-line construction with the allocation of characteristic stages is possible. For
large contracting organizations, it is realistic to form a multi-rhythmic object flow with the allocation of the construction stage
as the leading flow and calculate the renovation cyclogram.

KEYWORDS: renovation, multi-rhythmic flow, cyclogram, efficiency

FOR CITATION: Kievskiy L.V., Kievskiy Ya.l. Renovation cycle diagram. Vestnik MGSU [Monthly Journal on Construction

and Architecture]. 2021; 16(8):1088-1094. DOI: 10.22227/1997-0935.2021.8.1088-1094 (rus.).

BBEJAEHUE

Crenuduka peHOBAIMH, KPYITHEHUIIIETO COUATh-
HOTO U WHBECTHIIMOHHO-CTPOUTEIHLHOTO MPOEKTA, aK-
TUBHO pean3yeMoro B MockBe, CBsi3aHa CO CJIeTyIOH-
mu (axTopamu [1—12]: HEOCpenCTBEHHOE yYacTHe
TOPOJICKOTO OromKeTa B Ipeo0pa30BaHUM CIIOKUBIICHCS
3aCTPOMKH; CTPOUTEIIECTBO HOBBIX JKMJIBIX JIOMOB Ha Me-
CT€ CHOCa HEKOM(OPTHOTO JKUIIbS; TOOABICHHE B KOM-
TUIEKCHBIH ITpoliecc Npeodpa3oBaHmsl, KpOME NPOCKTH-
pOBaHHUS M CTPOUTENIHCTBA, ITANOB O()OPMIICHHUS
JOKyMEHTOB JUIsl IEPECENICHNs 3aCTPOCHHBIX TEPPUTO-
puil; mepecesieHne U CHOC; NEPCOHATU3UPOBAHHOE MTPO-
EKTHPOBAHME HOBBIX JOMOB 10 KBapTHporpaduu s
Oyayuux mnepeceineHies. Ecinu paccmarpuBaTh mpo-
EeKTHPOBaHUE, NEPEeCceICHNE U CHOC B KOMIIJICKCHOM
MIPOIIECCE PEHOBAINY KaK HEOTHEMIIEMBIE OPTaHM3aIH-
OHHO-TEXHOJIOTHUECKHUE MPOLIECCHI, aHAJIOTUUHBIE CTPO-
WTEIBHBIM IPOIIeCCaM HITH OPraHU3alliOHHBIM MEpephI-
BaM, TO BO3HHKAET BOIPOC, BO3MOXKHO JI B YCIIOBHSX
PEHOBAIMY TOTOYHOE CTPOUTENILCTBO? ABTOPHI IoJ1ara-
10T OPTaHU3alNI0 OOBEKTHBIX TOTOKOB TIPH PEHOBAIINN
peasbHOM, YTO 0COOCHHO BaYKHO IJISI KPYITHBIX HOZPS/I-
HBIX OpraHu3aluii, 00beMbl paboT KOTOPBIX B palioHaX
PEHOBAIMK COCTABISIIOT HECKOJIBKO COTEH THICAY KBa-
JPaTHBIX METPOB HOBOTO KUJIbsS. BBIrobI IOTOYHOTO
CTPOMTENHCTBA IPH 3TOM YCTAaHABIUBAIOTCS JONTOBPE-
MEHHOMH 3arpy3K0il CTPOUTEIFHBIX MOIITHOCTEH, Y dek-
TaMU CHelHaIU3alui U SKOHOMHU PECYPCOB, BO3MOXK-
HOCTBIO HE HAYMHATh BCE CTPOUKHU Cpa3zy, a BBICTPOUTH
UX B OINPEJCIICHHYIO OUepe/lb 110 Mepe MepecesIeHus
U CHOCA.

MATEPHAJIBI 1 METOJbI

st uccenoBanust (aKTUIESCKOM MPOIOIKHUTEb-
HOCTH 3TaIlOB CO3AaHMsI 00BEKTOB IT0 IPOrPaMMe PEHO-
Balluu ('—ITO HeO6XO[ll/IMO JUJIs1 BBISABJICHUSL 06’])GKTOB,
OJM3KUX T10 IIPOAOIKUTENBHOCTH) B HayqHO-TIpOeKTHOM
uenrpe «Pa3utre ropona» chopmuposana [ 13, 14] crie-
nuaJibHas 68.38. JaHHBbIX. I/ICXOJIHI)IC MaTrepuabl 1Jid HEC
npexacrapieHbl @oHoM peHoauuu Mocksel, Jlenapra-
MEHTaMM CTPOUTENBCTBA U IPaJOCTPOUTENLHON MOJIH-
THKHU roposia MockBbl. Kpome Toro, Cosib30BaHbI CBe-
JneHus MHGOPMaMOHHON CUCTEMbI 0OecreyeHus

rpagoctpoutensHoi nesitenbHocTH (MCOTT) MoCKBEI.
HCXOI[HafI I/IH(i)OpMaHI/IH IIO3BOJISACT BBIACIUTH HECKOJIb-
KO 3TaloB B IMPOTrPaMMe PEHOBAIIUH 110 KaXKI0My 00b-
eKTY: IPOEKTUPOBaHUE 00bEKTa (OT HavasIa MPOCKTUPO-
BaHHUA OO MOJYUYCHUSA MOJTOKUTEIBHOIO 3aKJIIOUYCHUSA
MoOCTOPAIKCTIEPTH3HI U CIAETYIOMIETO 33 TUM PEIICHUS
3aMecTUTENs MIpa MOCKBBI IO BOITPOCAM IPagoCTPOH-
TEIBHOM MONUTHKH W CTPOUTEIBCTBY 00 YTBEPIKICHIH
MPOEKTa); CTPOUTENBCTBO (OT BBIJAYH pa3perIeHUS
Ha CTPOHUTEIHCTBO JI0 BBOJA 00BEKTA B SKCILTYaTaIHIO);
OpTraHM3aIHOHHOTO MIEPHOIa MEKIY BBOIOM U HAYaJIOM
3aceneHuns (PEruCTpaIys HOBOH HETBIDKUMOCTH, 0POpM-
JICHHE JOKyMEHTOB Ha TepecelieHIe); 3aCeIEHIE; CHOC
1 TIOATOTOBKA TIIOMIA IKH.

B cmenmanpHyto 60a3y HaHHBIX MO COCTOSHUIO
Ha 15.05.2021 r. BkimroueHo 313 00beKTOB, 3a1€lCTBO-
BaHHBIX B IIpOrpaMMe peHoBaruu. {1 000CHOBaHUS
BO3MO)KHOCTH OpPTaHU3AIMX IIOTOYHOTO CTPOUTEIHCTBA
TIPY PEHOBAIIUH BHIITOJTHEHA CKPYITyIIe3HAST BEPUPHKAIIHS
yKa3aHHO# 0a3bl. VICKITFOUEHBI CITyqaiiHble OOBEKTHI, Ha-
puUMep, KoM 1oM Ha PycakoBckoit yi., 1. 6 ¢ KoMMy-
HUKALUAMU 110 CTPOUTENbHOMY 00bekTy T, = 1,8 Mec.;
23 BBEICHHBIX 00BEKTA, IPOIOJDKUTEIBHOCTh CTPOH-
TEIBCTBA KOTOPHIX HE yKa3aHa B UCXOJHOW 0a3e, Win
HMMECIOTCSI HETIOJTHBIC CBEJICHUS. YIaJICHBI TAK)KE BBICOT-
HbIC 00BEKTHI M PA3HOATAXKHBIC KOMILICKCHI, KOTOPBIC
HE MOT'YT UCIIOJIB30BaThCA AJId IMMOTOYHOI'O CTPOUTCIIb-
crBa (JIroOnuHCcKas yia., ctp. 13 obmiell miomamgsko
138,5 thic. M2; JTroOmuHCKast yi1., BIL. 72, xopi. 4 oOrieit
mromaneio 87,9 teic. M%; JIro6muHCKas yi., BiI. 72,
Kopm. 21 ¢ aTaxkHOCTBIO 25 3Taxeil; 2-1 MHCTUTYT-
cKas yiI., BII. 6, KOpIIL. 2 ¢ dTaXHOCThIO 33 aTaxa; Hoo-
XOXJIOBCKas yi., kB. 80, r1ie mpeKpalieHo mpaBo Ha 3e-
MEIbHBIH ydacTok; yiu. Ilerpa Amekceena, Bi. 12
(pa3HOATaXHBIA KOMIIJIEKC) M HEKOTOPBIE APYTHE.
W3 aHanmuTH4EeCKON 4acTU UCKIIIOUYEHBI I0Ma 3aKa3ulKa
KIT «YT'C» (xoTopBIe UCIIONIB3YIOTCS B IIpOrpaMMe,
HO 3aIpOEKTHPOBAHBI, KaK MPaBUIIO, O€3 TOHKHON KBap-
Tuporpadum) — 26 1oMoB. B pesynerare B Bepuduun-
poBaHHOH 0a3e coxpaneHHl 122 o0BekTa ¢ pa3zdpo-
COM 3HA4CHUH MPOIOKUTEIHFHOCTHA CTPOUTEIHCTBA
ot 11 no 43,2 mec. Cpennee 3Ha4eHHE NPOJOHKUTEIb-
HOCTH CTPOWTEIBCTBA IT0 BepH(PHUIINPOBAHHOH Oa3ze co-
craBuio 23,96 mec., mennanHoe — 22,3 mec. Cpenu 122
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00BEKTOB UMEIOTCS 9 JIOMOB BTOPO#1 BOJTHBI PEHOBAIINH,
52 noma BBoza 2021 r. m 70 1OMOB 3aIJIAaHUPOBAHHOTO
BBoJa Ha 20222023 rr. [IpogomKUTEILHOCTH CTPOU-
TEILCTBA OIpeiesIeHa 10 3aKIoueHUsIM Mocropakc-
MIEPTH3Bl HA OCHOBE PELICHHUH MPOEKTOB OpraHU3aINN
cTpouTenbceTBa. g aHanM3a NPOEKTHON MPOAOIIKH-
TEJIBHOCTH CTPOUTENHCTBA COBOKYITHOCTD U3 122 00b-
€KTOB pa3ziesieHa Ha JiBe yacTh: BBOj B 2021 1. — 52 00b-
€KTa U BBOJ B rocieytomue rogsl — 70 o0bexToB. [is
KaXX/10} 9acTH BBIIIOJHEHO pacipe/iesieHie 3HaYeHUH
o ruarazoHaM (puc. 1) U goka3aHo, 9To COOMomaeTcs
3aKOH HOPMAJIbHOTO PACIIPE/ICICHHUS.

PE3YJIBTATHBI HCCJIIEJOBAHUA

I'mcTorpaMMBbl MOKa3bIBAIOT, YTO MEJHAaHHOE 3HA-
YeHHe NPOAODKUTEILHOCTH JUIs psina 1, COOTBETCTBY-
romero 2021 1., cocraBuser 23 mec. (IpakTUYECKH

25
20

—_— —
= LA

Yacrora

Frequency

1
\

ke

19 23

I
n

2 roma), s MOCHEAYIONIEro nepuoaa rucrorpaMma
HOCHT O0JIce TUIaBHBIN XapakTep, a MEMaHHOE 3HAYCHIEC
MIPOIOJDKUTEIILHOCTH CHIDKaeTes 110 22,3 mec. (Ha 3 %).
DTO CHI)KEHUE MOXKET OBITH OOBSICHEHO UCTIOIH30BAHH-
€M B Ha4aJTbHBIC TOJIBI HE CAMBIX YIOOHBIX U CTCCHEHHBIX
CTapTOBBIX ILIOIIAIOK, 8 TAK)KE AKTHUBHOM padoToit DoH-
JIa pEHOBAITUH IT0 001l opranm3anuu npoueccos. [Ipu
9TOM aCUMMECTPUYHOCTDH PACIIPCACIICHUA YBEININIIACh
¢ 0,00593 mo 0,90. B maTepBan 19-27 mec. (1,6-2,25
roja) rnomnayuy 1o AByM rpynnam 87 oowvektoB (71 %
OT OOIIIEro YUCIIa).

CxeMaTudeckas MOZICNb MPOIIECCOB PCHOBAINH
C KpPaTHBIMU TPOJODKUTEIBHOCTIMHE MPOIECCOB MPE/-
CTaBJIeHA HA PUC. 2. YKPYIMTHEHHO MPOIOJKUTEIEHOCTD
MPOCKTUPOBAHUS (CTAIUs MPOCKT) MOXKET 3aHUMATh
OJTVH T'OJ1, CTPOUTENBCTBO — JIBA T0/1a, @ 00BETNHEHHBIC
CTaJIMH: IOATOTOBKA JOKYMEHTOB, TICPECEIICHUE H CHOC,
OPUEHTHPOBOYHO 3aiIMyT OAMH TOA. DTOT YETHIPEXJICT-

m Pan l

Row |

® Pan 2

Row 2

27 3

35

9 43,2

Nuanazon NPOATEHTETRHOCTH CTPORTENRCTHA, M2C.

Construction duration ranpge, maontns

Puc. 1. TucrorpamMMbl pactpeesieHus: Ipo10JIKUTEILHOCTH CTPOUTENILCTBA AOMOB IpHU peHoBauuu: psia 1 — 2021 r. BBoaa;

psan 2 — 2022 u 2023 rr. BBOAA

Fig. 1. Histograms of the distribution of the duration of construction of houses during renovation: row 1 — 2021 year of

commissioning; row 2 — 2022 and 2023 year of commissioning

[Tpoueccn pevosaunn 4
[Tpoekr
Project

CTpoMTeILCTBO
Construction
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Paperwork and relocation

CHoc ¥ NoArToBKa

TUTOTIAIN
Demolition
and preparation
of the area

//

0,5

.

Puc. 2. Cxema peHoBauu

Fig. 2. Renovation scheme
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HUN IIUKJT BOJIHBI 3aTEM IMOBTOPACTCA HCO6XOJII/IMOC qHuc-
70 pas.

KanennapHsblii riiaH peHOBaIIUH IS TPEX 00BEKTOB
BOJIHBI C BBIJICJICHUEM BEAYIIETO IMTOTOKA — CTPOUTEIIb-
CTBO OYZIET C Y4ETOM PHC. 2 BBIIVISACTh TakK, KaK MMOKa-
3aHO Ha puC. 3.

Peanuzanus nmpencTaBieHHOTO Ha pUC. 3 0OBEKT-
HOT'O IMMOTOKAa CTAHOBUTCA MPUHIIUIINAJIBHO BOSMO)KHOﬁ,

eciu 3apaHee (BHE paccMaTpUBaeMbIX MOJIEICiH) chop-
MHUPOBaHbI a/IpECHBIC BOJHBI MEPECEICHUSI, KOTOPbIC
MIPEAONPENENSIOT MaPIIPYThI Tepee3/ia XKUTEeIeH U 3a-
JIAIOT KBapTHUporpaduio i NpoekTupoBaHus. OakTu-
YEeCKU MPOCKTUPOBAHUE, MEPBBIN MPOIIECC CO3/1aHuUs
Ka)JI0ro 00bEeKTa, He MPEKPAIAETCs C HA9aJoOM CTPOU-
TEJILCTBA, HO TPOIOJKACTCS, IEPEXO/Is OT CTAANU MPO-
eKT K pabouemy npoekrupoBanuto. [lepexon ¢ oobekra

OOBEKTHI M NPOLIECCHI 4
Objects and Processes

ObbekT No 3
An object No. 3

[]

OobexkT No 2
An object No. 2

OobekT No 1
An object No. 1

5
T >

[Ikana BpeMeHH, TOIbI
Time scale, years

T I

Puc. 3. KanengapHslii Iu1aH peHOBAIMN JUIsl TPEX 00BEKTOB

Fig. 3. Renovation schedule for three objects

Ipachuk pabornl, rojbl
Work schedule, years
m 1 2 3 4 5 6 7 8
-
Ne 3 //’ =5
/ o -~
= -
No 2 e
— =
-
No | -
-
. Ri=r R,=2r Ry(n —1) . Ry=r
l ERch ™ le |
I 1
l R:)Gm = ZR: + RI(”" = l) |
r 1
/
Puc. 4. [{uxyiorpaMma peHOBAIUK: : / — NPOEKTUPOBAHHKE; // — CTPOUTENLCTBO; /| — MEPECETIEHHUE U CHOC; /71 — KOJIMIECTBO
00BEKTOB; 1 — KOJIMYECTBO IIPOLIECCOB; 7 — PUTM MOTOKA (MUHUMAIBHBIH 110 BceM mporeccam); R — MPOIODKUTEIBHOCTD

NPOCKTUPOBAHUA 06T)eKTa; R2 — OPOAOJIKUTEIBHOCTE CTPOUTEIILCTBA 06’BeKTa; R3 — OPOAOJIKUTEIBHOCTD IMEPECEIICHUA

B HOCTpOGHHBIﬁ 00BEKT U CHOCA TNEPECEIICHHBIX JIOMOB; ZR CyMMapHas NpoAOJDKUTEIIBHOCTD IMTOTOYHOTO CTPOUTEIILCTBA

CT]

10 BCeM 00BbEKTaM; R g, — CyMMapHas npoaonmmenhﬂocnpnpoue/ccms PEHOBALUH TIPH TTOTOYHOM CTPOUTEIILCTBE

Fig. 4. Renovation cycle diagram: / — design; // — construction; / — relocation and demolition; m — number of objects;
n — number of processes; » — flow rhythm (minimum for all processes); R, — duration of the design of the facility; R, —
duration of the construction of the facility; Ry — duration of relocation to the constructed facility and demolition of relocated
houses; > R
during in-line construction

— total duration of in-line construction for all facilities; R,,, — the total duration of the renovation processes

con gen
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[paduk peHosaimn

Renovation schedule

Ipaduk nporouHoro

CTPOUTEIBCTBA
Flow-through
construction schedule
>—-— Sp
line con
T T >
T

Puc. 5. CoMmerieHHbIe Tpa(UKN pEHOBAIIUHU MOTOYHOTO CTPOUTEIIBCTBA

Fig. 5. Combined renovation schedules of flow-line construction

Ha 00BEKT MOJPSTYMK OCYILECTBIISIET TOCIIE 3aBEPILICHHS
CTPOMTENbCTBA, & MIEPECENIEHHE U CHOC — JUCKPETHO
110 Mepe BBOJIA IOMOB B 3KCILTyaranuio. Hanbonee Ha-
IJISITHO COOTHOMIEHHE TIOTOYHBIX MPOIIECCOB MTPH PEHO-
Bal[UM OTPAXkKAETCS B UKJIOTPAMMe KPaTHOPUTMUYHOTO
00BEKTHOT'O MOTOKA, MOTU(PUIIMPOBAHHOTO MOJT yCIIOBHS
penoBanmu (puc. 4)

I'paduk moTouHOTO CTPOUTETHCTBA (PHUC. 5), B CBOIO
odepenb, MPEACTABIACT COO0H KacaTenbHYIO K KpUBOH
PEHOBAIHH.

Kak cnenyer U3 MUKIOrpaMMbI PEHOBALUU, IIPO-
1[€CC IOTOYHOTO CTPOUTEIBCTBA PA3BUBAETCS BO BpeMe-
HH I10 JINHEHHOMY 3aKOHY, @ CyMMapHbIii BBOJI 00bEKTOB
paccuuThIBaeTCs 1Mo GpopmyIie

SHOT = ij ’

(1)

rae V; — obbeM CTPOMTENbCTBA OAHOrO JoMa. Bmecre
¢ TeM, cortacHo padoram crermanuctoB HITL] «Pa3pu-
e Topoaa» [15—19], nponeccol peHoBanuu (Tpadux
CYMMAapHOT0 BBOJIA 10 BpEMEHH ) Pa3BUBAIOTCS 110 TIapa-
0OIMYECKOMY 3aKOHY. DTO CBSI3aHO C TEM, YTO HA KAKIOM
miare BOJHBI (IIPH MEPEX0Ie K KaXKIOMY CICAYIOUICMY
00BEKTy IJIsl paiioHa peHOBAIUN) 00BEM BBOJIA YBEIIH-
yuBaeTcs. IIpy NOCTOSIHHBIX TapaMeTpax PEeHOBALUU
CYyMMapHBI{ BBOJ] pacCUMTHIBACTCS 1O Gopmylie:

S -(a"")

S =) 2
e @
rae
K, (1-K,
g= Pe( POH). (3)
K

nep

B ¢opmynax (2), (3) npuHATH ciexyroume 000-
3HAYCHUS: S, — CYMMapHBIif BBOA (cymma mepBBIX
{-4JIEHOB T€OMETPUYECKOH Mporpeccun); S; — cTapro-
BBIN BBOJI B IIEPBBIN IO/l peann3aluy IporpaMmbl peHO-
Banyu; K . — OTHOIIICHHE BBOAWMOMN IJIOMIAAN K CHO-

peH
cuMmoit; K, — OTHOIIEHUE NMPOAABAEMON IIOLIAN

pos
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K CHOCHMOI; K., — OTHOIICHHE IO/, IPEOCTaB-
JISIeMOM TIepecereHIIaM, K CHOCHMOM.

Ha puc. 5 npezacrapieH rpaduk peHOBAIUH, pac-
CUMTAHHBIN MO CpeHUM Aji1 MOCKBBI ITapaMeTpam
peHoBaluy (IPHHATEIM HOCTOSHHBIMU): Ko, = 2,6;
K ipon=0,2; K1, = 1,3; 4TO COOTBETCTBYET 3HAMEHATEIIIO
TeOMETPHUYECKOH mporpeccun g = 1,6.

J1o71s1 MOTOYHOTO CTPOUTENBCTBA B IPOrpaMMe pe-
HOBAIIMU MOKET XapaKTepu30BaTh 3HEKTHBHOCTE Op-
raHU3aIuu 3THX IpoleccoB. OHA pacCUUTHIBACTCS

o hopmyire:
“)

[Moncrasum B hopmyiy (4) Beipaxkenue (1) u (2),
TIOJTYYUM pacueTHYI0 (GopMyiy SPEeKTHBHOCTH

_ ij(q -1)

—_—. 5
S {a ) (6))

3JAKJIIOYEHUE U OBCYXJIEHHUE

AHanM3HUpys MONYYCHHYIO (pOpMyITy, BUIHO, YTO
3¢ deKTUBHOCTH Oy/IeT BO3pacTarh MpH: yBEINICHUN
3Ha4eHHs m (POCTa KOJIMYECTBA JIOMOB B KPAaTHOPUTMHY-
HOM II0TOKe); YBEITHYCHNUN COOTHOWEH s /S, (yBemn-
YEHUH 00beMa CTPOUTEINILCTBA JIOMOB B IIOTOKE T10 CPaB-
HEHHIO CO CTapTOBHIM BBOmOM). Kpome Toro, mis
MOBBIIICHUS (P PEKTUBHOCTH BO3MOXKHA OpTraHU3aIus
10 Mepe pocTa BOJIHBI PEHOBALIMU BTOPOTO U IOCIEY-
OIIUX [TOTOKOB CTPOHUTEIHCTBA JOMOB.

JlanmbHEHIIM IPOJI0JKEHUEM JIAHHBIX HCCIIe/I0Ba-
HUH MOXKET OBITh N3Y4EHHE U aHAJIN3 AOTIOTHUTEIIBHBIX
(aKkTOpOB OPraHU3aLIK HOTOYHOTO CTPOUTENHCTBA, I10-
3BOJISIFOLIMX COKpallaTh CPOKH BBOJIA OOBEKTOB TpHU
peanuzanuy mporpaMMbl peHoBanuu. BosmokHa jiera-
JM3anus IUKIOTpaMMbl IpH uddepeHmanum cTpou-
TEJILCTBA Ha MOJ3EMHYO0 YaCTh, HA/I3EMHYIO 4acTh U OT-
JICJIKY.
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TPEBEOBAHUA K O®POPMIEHUIO HAYYHOW CTATbU

Texcr crarbn Habupaetcs B daitnax B popmare .docx.

CTPYKTYPA HAYUHOM CTATHHU

Hayunast ctaTbsi 1OJDKHA COCTOSITH M3 CIEAYIONIMX CTPYKTYPHBIX JIEMEHTOB: 3arojIOBOK, CIIMCOK aBTOPOB,
AQHHOTAIMS, KJIIOUEBBIE CIIOBA, OCHOBHOM TEKCT, CBE/ICHHSI 00 aBTOpax, CIIMCOK JINTEPaTyphbl.

3aroyoBOK, CIIUCOK aBTOPOB, aHHOTALMs], KIIIOUEBBIE CJIOBA, CIIUCOK JIMTEPATyphl yKa3bIBAIOTCS MOCIIEN0Ba-
TEJIHO HA PYCCKOM M QHITIMHCKOM SI3bIKaX.

3aroyIoBOK K CTaThe JJOJKEH COOTBETCTBOBATH OCHOBHOMY COZIEPKAHHUIO CTAThH. 3aroJIOBOK CTAThU JOJIKEH
Kpatko (He 6osiee 10 ClIOB) M TOUHO OTpakaTb OOBEKT, IIeTIb 1 HOBU3HY, PE3Y/IbTaThl IPOBEJICHHOTO HAYYHOTO HC-
cieoBanust. OH J10JDKeH ObITh HH(OPMATUBHBIM U OTPaXKaTh YHUKAIBHOCTH HAyYHOT'O TBOPYECTBA aBTOPA.

Crcok aBTOPOB B KpaTkoil (popMe 0TpakaeT BCEX aBTOPOB CTATHH M yKa3bIBACTCS B CIeAyIoIeM (hopmare:

N.0. ®amunusa', 1.0. ®amuans?
" Mecmo pabomul nepsoeo asmopa, 2opoo, Cmpana
2 Mecmo pabomwl 6mopoeo asmopa, 2opoo, Cmpaua

AHHOTAIIUA

OCHOBHOM NMPHHIIMIT CO3aHUS aHHOTAMU — HHpopMaTuBHOCTh. O0beM anHoTaru — ot 200 10 250 cios.

CTpyKTypa U copepKaHue aHHOTAIUHU JIOJKHBI COOTBETCTBOBATH CTPYKTYPE U COAEP)KAHUIO OCHOBHOTO TEK-
CTa CTaThH.

AHHOTaIMs K CTaThe JIOJDKHA MPEACTABISATH KPaTKyl0 XapaKTEpPUCTHKY HaydyHOW CTaThH. 3ajjaya aHHOTa-
MM — JaTh BO3MOYKHOCTb YMTATENIO0 YCTAHOBUTH €€ OCHOBHOE COJIEpKaHUE, ONPEIEIUTh €€ PEICBAHTHOCTD H
PELINTB, CIIEAYET U 00PAIAThCs K MOIHOMY TEKCTY CTaThH.

YeTKkoe CTPYKTypHUpOBAaHHE AaHHOTAIMM IIO3BOJISIET HE YITYCTHTh OCHOBHBIE 3JIEMEHTHI crarbu. CTpyKTypa
AQHHOTAIMM aHAJIOTHYHA CTPYKTYpE HAyYHOH CTaThH U COJACPIKUT CIICTYIOLINE OCHOBHBIE Pa3/Iebl:

* BBenenume — conep)KuT ONMCAHUE MTPEAMETA, LIENIEH 1 3a/1a4 UCCIIeIOBAHMUS, aKTYaJIbHOCTb.

* MarepuaJjbl M MeTObI (MJIM METOJOJIOTHSI IPOBEICHHST pabOTHI) — OMHMCAHHUE NCTIOIB30BAaHHBIX B HCCIIEN0-
BaHWU MH(POPMAIMOHHBIX MaTEPHAJIOB, HAYYHBIX METOJOB HJIM METOAMKHU IPOBE/ICHNS HCCIICIOBAHHS

* Pe3ysabTarbl — MPUBOASATCS OCHOBHBIE TEOPETUUECKUE M IKCIIEPUMEHTAIILHBIC PE3yNIbTaThl, ()aKTUUECKUEe
JIaHHBIE, OOHAPYKEHHbIEC B3aMMOCBSI3U U 3aKOHOMEPHOCTH. IIpeinouTenne oT1aeTcsi HOBBIM pe3yiIbTaTaM U BBIBO-
JlaM, KOTOpbIE, TI0 MHEHHUIO aBTOPa, UMEIOT MTPAKTHYECKOE 3HAYCHHE.

* BbIBoABI — ueTKOE M3JI0KEHHE BBIBOIOB, KOTOPBIE MOTYT COIPOBOXK/IATHCSI PEKOMEHJALUSIMHU, OLIEHKaMH,
MMPCATTOKCHUAMU, ONTMCAHHBIMU B CTAThE.

e KirodeBble cJ10Ba — MEPEUUCISIOTCS YEPE3 3arsTyI0, KonnaecTBo — oT 7 10 10 ciios.

BbaaropapuocTu. Kparkoe BelpaskeHHe 071aroqapHOCTH TEPCOHAM W/HITH OPTaHM3aIMSIM, KOTOPhIE OKa3alln
TIOMOIIIb B BBIITOJTHEHUH MCCIIEIOBAHMSI MIIM BBICKA3bIBAJIM KPUTHUECKHUE 3aMEUaHMs B aJIpec Ballel cTaTbh. Takke
B pa3aecii€ YKa3bIBarOTCA NCTOYHUKH (I)I/IHaHCI/IpOBaHI/IS{ HUCCJICA0OBAHUA OT OpFaHI/ISaHI/Iﬁ u (bOH,l:[OB OopraHu3anusam
1 (DOHIAM, T.€. 32 CUET KaKUX TPAHTOB, KOHTPAKTOB, CTHIICHANH yIAJI0Ch IPOBECTH HccIeaoBanue. Pasnen nmpuso-
JIITCS TIPH HEOOXOTUMOCTH.

AHHOTaIMs HE J0JDKHA COAEPIKATh!

* U30BITOYHBIX BBOJHBIX (ppa3 («ABTOp cTaThy paccMaTpuBaeT...», «B maHHOI cTaThe...» U T.11.);

* aOCTpPaKTHOTO yKa3aHMs Ha BpeMs HanmucaHus crathi («B HacTosmee Bpems...», «Ha naHHBII MOMEHT.. . »,
«Ha cerogHsmIHMA ACHB...» U T.11.);

* 00IIEro OMMUCaHus;;

* IIUTAT, TAOIUII, AAarpamMm, abOpeBuatyp;

* CCBUIOK Ha UCTOYHUKH JIUTEPATYPBHI;

* uH(OpMaIHI0, KOTOPOH HET B CTAThHE.

AHTIIOS3pIYHAS AHHOTAIUA MAUICTCA 1O TEM KE ITpaBUJIaM. OTMeTI/IM, YTO aHIJINMCKas AHHOTalus HE 065133-
TEJILHO JIOJKHA OBITh TOYHBIM IIEPEBOIOM PYCCKOH.
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TpeboBaH1s K 0pOPMAEHUIO Hay4YHOM CTaTbm

Crnenyer obpamarh 0coboe BHUMaHNWE Ha KOPPEKTHOCTh yNOTpeOaeHusl TepMHUHOB. 30eraiiTe ynorpebie-
HUSI TEPMHUHOB, SIBIISIIOIINXCSI TIPSIMOM KaJbKON PYCCKOSI3bIUHBIX. Heo0X0quMo co0moaars eJMHCTBO TEPMUHOIIO-
THH B ITpEAEIax aHHOTAIHH.

KiroueBbie cjioBa — Hp006p33 CTaTbW B IMOMCKOBBIX CHUCTEMAX, T€ TOYKH, IO KOTOPBIM YHUTATEIIb MOKET
HalTH Bally CTAaTbIO U ONPCACIUTD MMPEAMCTHYIO 061acThk TekcTa. UToOkI OIMPCACTIUTbL OCHOBHBIC KJIFOYCBLIC CJIOBA
JJIA CTaTbH, PEKOMEHAYCTCA MPCACTABUTD, 110 KAKUM ITOUMCKOBBIM 3aIllpoCcaM YU TATCIM MOT'YT UCKaTh Ballly CTaTbIO.
Kak IMMPpaBUJIO, KIIIOYCBBIC CJIOBA TAKIKC MOT'YT BKJIIFOYaTh OCHOBHYIO TCPMUHOJIOTHIO.

OCHOBHOWM TEKCT

OCHOBHOIi TeKCT HAYYHOI CTaTbHU, IPEICTABIAEMON B KypHAJ, TOIDKEH OBITH O(OPMIICH B COOTBETCTBUHU
co cranaaprom IMRaD u Bxitouats ciaegyromnye pasienst:
* BBencHue;
* Marepuanbl U METO/IBI;
* Pe3ynbTarhl UCClIe0BaHHUS;
* 3akiroueHne u 00CyXKIeHue.

PUCYHKHU U TABJIUIbBI

PucyHku 1 TaOJIUIIBI ClleTyeT BCTABISTh B TEKCT CTaThH Cpa3y 1ociie Toro ad3aia, B KOTOPOM PUCYHOK BIep-
BBIC YIIOMUHAeTCsA. PUCYHKM M TaOMHIBI TODKHBI OBITH OPUTHHANBHBIMA (MO0 ¢ yKa3aHWEM HCTOYHHKA), XO-
pomrero kadectBa (He MeHee 300 dpi). OpuruHagbl PUCYHKOB MPEAOCTABIAIOTCS B (aiinax ¢opmara .jpg, .tiff
(nazBaHue (aiiya JTOJDKHO COOTBETCTBOBATH MOPSIIKOBOMY HOMEPY pHCYHKa B Tekcrte). Pazmep mpudra gomkeH
COOTBETCTBOBATh pa3Mepy MpHu(Ta OCHOBHOTO TEKCTa cTaThu. JImHNN 00s3aTenbHo He ToHbIe 0,25 MyHKTOB.

3arosioBKM TaOJIUI] ¥ PUCYHKOB BBIPABHUBAIOTCSI T10 JICBOMY Kparo. 3aroj0BOK TAOIHUIIBI pacrioyiaracTcsi HaJy
HEI0, HAaUMHAsICh ¢ cokpaieHns: «Tabm.» ¥ mopsKoBOro HoMepa TaOIHIIbL, MOJMUCh K PUCYHKY pacriojaraercs
IOJT HUM, HAYHWHAsCh ¢ COKpanieHus «Puc.» 1 mopsaKoBoro Homepa. PUCYHKH ¥ TaOIUIBI TO3UIUOHUPYIOTCS 10
LIEHTPY CTPAHHMIIBI.

[TonpucyHOYHBIE TOANUCH U Ha3BaHUS TaOIHI] PA3MEIIAIOTCS Ha PyCCKOM U aHITIMHCKOM S3bIKaX, KayK/IbIi Ha
HOBOM CTPOKE C BBIPAaBHHBAHHEM I10 JIEBOMY KpaIo.

Oopaszey:

Puc. 1. [Ipumep pucyHka B cTarbe

Figure 1. Example of article image

Ta6u. 1. [Ipumep TaOIUITHI B CTAThE

Table 1. Example of table for article

OOPMYJbI

DopMyIBl TOKHEI OBITE HAOpaHBI B pepakrope Gpopmyt MathType Bepcun 6 nnn BeIme.

[Tudpsl, rpedeckre, TOTHYECKUE U KHPUIITHYECKHE OyKBBI HAOMPAIOTCS IPSIMBIM MIPH(TOM; JIATHHCKHE OyK-
BBI JUIsl 0003HAYCHHS Pa3IMuHbIX PU3NYECKUX BeIH4HH (A, F, b ¥ T.II.) — KypCUBOM; HAUMEHOBAHUSI TPUTOHO-
METPUYECKUX (DYHKINH, COKpAIICHHbIE HAMMEHOBAHNS MaTeMaTHYeCKUX TOHATHH Ha JaTuHUIE (max, div, log
U T.IL.) — OPSIMBIM; BEKTOPHI (@, b ¥ T.I1.) — >KUPHBIM KypCHBOM; CUMBOJIBI XMMHUYECKUX JIEMEHTOB Ha JIATHHHIIC
(Cl, Mg) — npsaMbIM.

3anuch GopMyITEI BEITONHIETCS aBTOPOM C HCIIOIBb30BaHUEM BCEX BO3MOJKHBIX CIIOCOOOB YIPOIICHUS U HE
JOJDKHA COIEpIKaTh IPOMEXKYTOUHbIE IPe0Opa30BaHUsL.

CIIMCOK JIUTEPATYPBI

CIIHCOK JIUTEpaTyphl COCTABIISICTCS B MOPSIIKE YITIOMUHAHUSA B TeKcTe. I[10psSaKOBBIM HOMEp HCTOYHUKA B TEK-
cTe (CChUIKa) 3aKJII0YAeTCs B KBaJpaTHble CKOOKHU. TeKCT cTaThy JOJDKEH COJIepKaTh CChIJIKM HAa BCE MCTOUHHUKH M3
crucka nureparypsl. [Ipy HaaM4ny CCBIIKK JOJDKHBI cofepxkaTh uaeHTuuxaropst DOIL.

CITHCOK JIUTEepaTypbl Ha pycCKoM A3bike oopMmirsieTcs B coorBeTcTBHH ¢ TpedboBanusimu [OCT P 7.0.5-2008.

Criucok Jureparypbl Ha aHmuiickoM si3bike (reference) odopmiisieTcsi B COOTBETCTBUH € MEX/yHapPOIHBIM
CTaHAAPTOM IUTUPOBAHM Vancouver — IOCIIeI0BaTEIbHbIN YMCIEHHbBIH CTIIIb: CCBUIKH HyMEPYIOTCS 10 XOIy
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WX IUTHPOBAHUS B TeKcTe, Tabnuiax u pucynkax. @O aBropoB, Ha3BaHHE CTAThbH HA AaHIIMHCKOM SI3bIKE, Hau-
MEHOBaHHE KypHaja, T0J BBIIYCKa; ToM (BBITYCK): CTPAHHUIIBI.

Crucok nuTeparypsl U CBEJCHUSI 00 aBTOpaxX yKa3bIBAIOTCS MOCIEJOBATEILHO Ha PYCCKOM M aHDIMIICKOM
SI3BIKAX.

HopmaruBHble TOKyMEHTHI (TTOCTaHOBJICHHS, pacriopsbkeHus, ycrassl), OCTsI, cripaBouHast mureparypa He
YKa3bIBAIOTCSI B CIIUCKAX JIUTEPATYPbl, 0POPMIISIOTCS B BUIE CHOCOK.

CBEJEHHSA Ob ABTOPAX

B CBenenusix 00 aBropax (Bionotes) npencrasisercs ocHoBHast nHGopMaiys 00 aBTOPCKOM KOJIJIEKTUBE B
cleayomeM Gopmare.

HNms, OTuecTBo, ®aMuaus (IOTHOCTHIO) — yUeHasl CTEIICHb, YICHOE 3BaHUE, TOJIHDKHOCTb, TIO/IPa3IeIICHNUE;
Ha3BaHHe OpraHu3anuu (00s3aTeIFHO MPUBOIUTH B TIOTHOM M KPaTKOHM O(UIIATFHO YCTaHOBICHHOH (opme, B
UMCHHUTEJILHOM MAJIeXKe), B KOTOPOH paboTaeT (y4uTCs) aBTOP; MOYTOBBIM aipec OpraHu3aiuu; aapec MCKTPOH-
noii mouter; ORCID, ResearcherID u np. (npu Haau4uu).

Caenenns 00 aBTOpax MPEAICTABISIOTCS Ha PYCCKOM M aHTTIMHCKOM SI3BIKaX.

Caenennst 00 aBTOpax Ha aHTIIMICKOM SI3BIKE TAIOTCS B TIONHOM BHJE, Oe3 cokparieHuii cinoB. [IpuBomsarcs
o(umaIbHO YCTaHOBIICHHBIE aHIIIOA3BIYHbBIC HA3BAHUSI OPTaHU3aALUH 1 UX TToapa3saeneHuid. OmmycKalTcs SI1eMeH-
TBI, XapaKTEPU3YIOIINE MTPABOBYIO (POPMY YUPEKACHHS (OpraHU3alri) B HA3BAaHHUSIX BY30B.

ABTOp JTOJDKEH TPHJIEPIKUBATHCS €IMHOO0PA3HOro HankcaHus (haMuiIni, UMEHH, OTYECTBA BO BCEX CTAThIX.
Ora uHpOpMaHA A7 KOPPEKTHON WHAEKCAIINH JODKHA OBITh YKa3aHa B IPYTHUX CTAaThAX, MPOQIIIAX aBTOpa B
MexayHapomHbIx 6a3ax gaHHBIX Scopus/WoS u T.1.

KAK MOATOTOBUTH OCHOBHOM TEKCT CTATHH,
YTOBbI EE IIPUHAJU K IIYBJIUKAIIUN?

3ATOJIOBOK

3aroy0BOK CTaTbu JOJDKEH KPaTKO M ToUHO (He Oosee 10 ciioB) oTpakarb 00bEKT, 1eJIb 1 HOBU3HY, Pe3yJibTa-
TBI ITPOBEJICHHOTO HAYYHOTO McCcieioBanusl. B Hero HeoOX0MMO Kak BIOKHUTh HH()OPMATHBHOCTh, TaK U OTPA3UTh
MPUBJIEKATEIFHOCTh, YHUKAJIFHOCTh HAYYHOTO TBOPYECTBA aBTOPA.

OCHOBHOM TEKCT CTATHH

OCHOBHOM TEKCT HayYHOI CTaThbu, IPECTABIIEMOI! B )KypHaJI AJIsl pPACCMOTPEHHS BOIIPOCA O €€ MyOIHMKaIvy,
JIOJDKEH OBITH O(hOPMIICH B COOTBETCTBHHM co cTaniaproM IMRaD n Bkitouars cieayromiie paszienbl: BBEICHUE
(Introduction), marepuainsl 1 Metons! (Materials and methods), pesysibrars! uccnenosanus (Result), 3akinrouenue
u oocyxkaenue (Conclusion and discussion).

BBeaenne (Introduction). OTpakaer To, Kakoi mpoodieMe MOCBSAIIEHO uccienoBanne. OCymecTBIsSETCs Mo-
CTaHOBKa HAyYHOH MPOOJIEMBI, €€ aKTyaJIbHOCTb, CBA3b C BAKHEHIIMMH 3a/1a4aMH, KOTOPbIE HEOOXOANMO PETIHTH,
3HAYEHHUE [UISl pa3BUTHS ONPEEIICHHON OTpaciy HAYKN MM IPAKTUIECKOH NEesITeIbHOCTH.

Bo BBeneHuM 10IKHA COAEpIKaThCst HHPOPMAIUs, KOTOPAast O3BOJIUT YUTATEINIO MOHSITH U OLICHUTH PE3yIlb-
TaThl MCCIIEIOBAHMS, NIPEJICTABICHHOIO B CTaThe 0€3 JIOMOJHUTEILHOTrO OOpalleHHs K JAPYTUM JINTEPaTyPHbIM
WCTOYHHMKAM. Bo BBeJIeHMH aBTOp OCYIIECTBISAET 0030p MpobiaeMHON obiacTu (TUTepaTypHbIi 0030p), B paMKax
KOTOPOH OCYIIECTBICHO MCCIEI0BaHNE, 0003HAYAET MPOOIEMBI, HE PELICHHBIE B MPEABIIYIINX UCCICAOBAHUIX,
KOTOpBIE NPHU3BaHa PEIIUTh JaHHas cTaThs. Kpome 3Toro, B HEM BbIpaskacTcsl TNIaBHAS MIes ITyOlNKauy, KOTo-
past CyLIECTBEHHO OTJIIMYAETCS OT COBPEMEHHBIX NPEJICTABICHUH O IpobieMe, JIOMOIHSIST WM YIIyOssieT yxe
W3BECTHBIE MOAXO/IbI K HEel; oOpariaeTcsi BAMMaHKe Ha BBEICHHE B HAYYHOE 00paleHue HOBBIX (PaKTOB, BEIBOJIOB,
peKoMeHanui, 3akoHoMepHocTeil. Llenb cTaTthby BbITEKAaeT U3 TIOCTAHOBKH HAYYHOU TIPOOIIEMBI.

PEKOMEHJALHUHU MO COCTABJIEHHUIO
JUTEPATYPHOTI'O OB30PA

B Crucok nuteparypsl pekoMeHyercs: BkitodaTh oT 20 10 40 HCTOYHUKOB, HE YUUTHIBAS CCHIJIKM HA HOP-
MaTUBHBIEC JJOKYMEHTBI, HHTEPHET-PECypChI (CaiiThl ceTn VIHTEpHET, HE SBIMIOMHUECS EPHOINIECKUMI U31aHHs-
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MH), OTYETHI, & TAK)KE NCTOYHHUKHU, OTCYTCTBYIOIIME B KaTaJIOraX BEIYIINX POCCUICKUX ONOINOTEK-IETTO3UTApUEB
(I'TTHTB, PHB, PI'b), apxuBax u T.n. [lono0HBIe HCTOYHUKH MPUBOAAT B CHOCKAX BHHU3Y CTPAHMIIBI CBEPX MUHH-
MaJIbHO PEKOMEH/IyeMOTro opora.

He pexoMeHyeTcst cChlIaThesl HA HHTEPHET-PECYPCHI, HE COIEPXKAIINE HAYIHYI0 MH(POPMAIINIO, YICOHNKH,
yueOHbIE 1 METOIMYECKHE MOocoOus. B unciie NCTOYHNKOB JTOJDKHO OBITH He MeHee 10 MHOCTpaHHBIX HCTOYHUKOB
(Ut crareil Ha aHIIMHCKOM sI3bIKE HE MEHEe TpeX poccHiickuX). He MeHee miecT U3 MHOCTPAHHBIX U HE MEHEe
LIECTH U3 POCCHHUCKUX MCTOYHMKOB JIOJDKHBI OBITH BKIFOUCHBI B OJIMH U3 BEIYIINX WHJIEKCOB IUTHpOBaHus: Web
of Science/Scopus wmu Sxpo PUHLI. CoctaB MCTOYHMKOB JIOJKEH OBITh aKTyajbHBIM U COJEpIKaTbh HE MEHee
BOCBMH CTaTel U3 HAYYHBIX KypHAIOB He cTapiue 10 JeT, u3 HUX YeThIpe — He cTaplie Tpex JeT. B crmcke uc-
TOYHHUKOB JIOJKHO OBITH He Oornee 10 % padot, aBTopoM OO0 COABTOPOM KOTOPBIX SBIISIETCS aBTOP CTAaThH.

Marepuanast u MeTonbl (Materials and methods). Orpaxaer To, Kak u3ydanach npoodiema. OnuCHIBAOTCS
MIPOIIECC OpraHU3aluK YKCIICPUMEHTA, IIPUMEHEHHbBIE METOANKH, 000CHOBBIBaeTCsl MX BbIOOD. JleTanu3anus onu-
CaHusl JOJDKHA OBbITh HACTOJIBKO TTOIPOOHOH, YTOOBI JTF000H KOMIIETEHTHBIN CIEUATMCT MOI' BOCIIPOU3BECTH HX,
IOJIB3YSICh JIMIIb TEKCTOM CTaThH.

Pesyabratsl (Result). B pazgene npeacrasisercs cHCTeMaTH3UPOBAHHBIN aBTOPCKUN aHATNTHYECKAN 1 cTa-
THCTHYCCKHI MaTeprall. Pe3ynbraTsl IPOBEICHHOIO HCCISOBAHIS HEOOXOMMO OMMCHIBATH TOCTATOYHO IOJHO,
YTOOBI YNTATENHL MOT IIPOCIIEANTH €T0 TAllbl U OLEHUTh 00OCHOBAHHOCTD CJ/ICIIAHHBIX aBTOPOM BBIBOZOB. DTO —
OCHOBHOM pa3fe, LieJib €ro — IIPU IIOMOIIY aHalu3a, 0000LIEHNs U pa3bsCHEHUS JAaHHBIX J0Ka3aTh pabodyro
rurnore3y (rumore3sl). Pe3ynbrarel Ipu HEOOXOAMMOCTH MOATBEPIKIAOTCS MILTIOCTPALUSIMU (Tabnuiamu, rpadu-
KaMH, pUCYHKaMH ), KOTOPbIE IPECTaBIAI0T HCXOAHBIN MaTepual WK JOKa3aTelbCTBa B CBEPHYTOM Buze. BaxHo,
9TOOBI IPOMJUTIOCTPUPOBaHHAs HH(OpManus He NyOIMpoBaia yKe PUBEICHHYIO B TeKcTe. IIpeacTaBieHHbIe B
CTaTbe Pe3yabTaThl COMOCTABISIOTCS ¢ MPEIbIYIINMHA paboTaMy B 9TOH 00JacTH Kak aBTOpa, Tak U APYTHX HC-
clefoBaTenen.

3axkurouenne (Conclusion and discussion) conepXuT Kparkyro GpopMyJIHpOBKY pe3yJIbTaToOB UCCIICOBAHMSI.
B HeM B cyxaToM BHJIE IOBTOPSIIOTCS IVIABHBIE MBICJIM OCHOBHOM YacTH paboThl. [I0BTOPHI M3/1araeMoro Marepuasa
nydie opopMIIATh HOBBIMHU (hpazaMu, OTIMYAIOIIMMICS OT BHICKa3aHHBIX B OCHOBHOH 4acTH cTaThu. B 9TOM pas-
JieJIe HeOOXOIMMO COTIOCTABHUTH ITOJTYYeHHBIE PE3yJIbTaThl ¢ 0003HAUCHHOI B Havalsie padoTh! Lenbio. B 3axiode-
HHUH CyMMHUPYIOTCS Pe3YJIbTaThl OCMBICTICHHS TEMBI, JICJIAFOTCS BBIBOJIBI, 0000IICHNS 1 PEKOMEHIAIINH, BHITEKAIO-
e u3 paboThl, HOMYEPKUBACTCS UX MPAKTHUECKAst 3HAYNMOCTb, a TAKXKE OIPE/IEIISIIOTCSl OCHOBHBIE HAIPaBIICHUS
JUISL TalbHEHIIero CClleIoBaHus B 9TOM 00acTu. B 3aKkIOUMTENBbHYIO YacTh CTaThH JKEJIaTeIbHO BKIIOUUTH MO-
IBITKKU IIPOrHO3a pa3sBUTUA PACCMOTPEHHBIX BOIIPOCOB.

KAK O®OPMHUTDH CITNCOK JIUTEPATYPbI

Cnmcox JUTepaTyphbl HA PYCCKOM si3bIKke odopmisieTcss B cOoTBeTCTBUU ¢ TpeboBanusimu [[OCT P 7.0.5—
2008.

Oébpasey:

JIuteparypa

1. I'onuyein I C. TlapHukoBeiid 3p ekt u m3menenus kaumara // [pupoma. 1990. Ne 7. C. 17-24.

2. lenywunun FO.A., Maxapoe K.H. TIpoGieMbl ¥ IEPCIICKTUBBI THAPABIMYCCKOTO MOJICITUPOBAHMUS BOJITHO-
BBIX ITPOIIECCOB B MCKaXEHHBIX MaciiTabax / CTpouTenbCcTBO: Hayka u oopasoBanue. 2019. T. 9. Bem. 2. Cr. 4.
URL:http://nso-journal.ru. DOI: 10.22227/2305-5502.2019.2.4

Criicok IuTepaTyphl Ha aHIIHHCKOM si3bIKe (reference) opopMisieTcs B COOTBETCTBUHU ¢ MEKIYHAPOIHBIM
CTaHIAPTOM [UTHPOBAHUS Vancouver — TOCIe0BATeIbHBIN YHCICHHBIH CTHIIb: CCBUIKH HYMEPYIOTCS MO XOIY
UX IIUTUPOBAHUS B TeKcTe, Tabuuiax u pucyHkax. @O aBTopoB, Ha3BaHKUE CTAThH HA aHTIMHCKOM SI3bIKE, HAU-
MEHOBaHHE KypHaa, ToJl BbIMycka; ToM (BBIMYCK): CTPaHMUIIBI.

Oopaszey:
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HazBanus myOnukanuii, u3maHuid U APYTHX SIIEMEHTOB OHOIHOTpaUIeCcKOTO OMUCAHUS I HE aHTTION3bIY-
HBIX MaTePUATOB JODKHBI MIPUBOTUTHCS B O(HUIIMAIFHOM BapUaHTE IepeBona (T.e. TOM, KOTOPBIH pa3MEIlIeH B
CaMOM H3[IaHHUU; TIPU HAJTUYUH ).

Ilpumepul ogpopmnenusn pacnpocmpanenHviX MUN0E OUOTUOZPAPUUECKUX CCOIIOK:

Kunuru g0 Tpex apropos: ®amuns (Pamumun) Manmnane: aBropos. 3aronosok. ['opox n3ganus, M3narens™,
Tox m3manus; OOIIee KOMMYeCTBO CTPAHUII.
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Oopaszey:
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nanusi, U3narens, [ox n3nanns; O61iee KOJIMYECTBO CTPAHHMLL.

Crarbs B neyaTHoM :kypHaje: ®avunus (Oamunm) Maumnmans! aBTopoB. 3aroinoBok. Ha3Banue xypHana.
Ton my6muxanum; Tom* (Beimyck): Crpanunsl. DOI (mpy Hanmmuuy — 00s13aTeIbHO).

Oopaszey:

Pupyrev E. Integrated solutions in storm sewer system. Vestnik MGSU. 2018; 13(5):651-659. DOI:
10.22227/1997-0935.2018.5.651-659

CraTbs B 21eKTpoHHOM :KypHaie: Oamvunus (Pamunmn) Mannmans aBropos. 3aronosok. Hasanue xyp-
Hana. Jlata mybonukanmu [nara murupoBanus|; Tom™* (Beimyck): Ctpanumst. 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

Cratpsi, pa3MenieHHasi Ha WHTepHeT-caiiTe: Pamwmnms (Pammnmmu) Weannmansr aBropa (aBTopoB)™.
Hazsanwue [Internet]. [opoxn, U3narens*, Toq u3nanus [[lara nocneanero oOHoBIeHUS *; nara mutuposanus]|. URL

Oébpazey: 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 matsl ykaseiBarores B popmare JIJ[-Mecsi (Tekctom)-Tox

s ghopmuposanus anenoazeiuno2o0 CnUCKa aumepanypvl peoaKyis peKoMeHOYyem UCHOIb306amb pecypc
Citethisforme.com.
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LUABJIOH CTATbW

YIK 11111
3ATOJIOBOK CTATHBHA

JOJIDKCH KPAaTKO (He 6omee 10 CJ'IOB) 1 TOYHO OTpaKaTb O6’I)€KT, LeJiib 1 HOBU3HY, PE3YJIbTAaThbl HIPOBCACHHOTO HAYY-
HOI'O MCCJICIOBAHNA. B mero HeO6XO)II/IMO KaK BJIOXKWUTb I/IH(l)OpMaTI/IBHOCTI), TaK U OTPA3UThH MMPUBJIICKATCIIbHOCTD,
YHUKAJIIBHOCTH HAYYHOT'O TBOPYECTBA aBTOpA.

N.0. ®amuaus', U.0. ®amuauns’ -

' Mecmo pabomwl nepsozo asmopa; 20pod, cmpana
2 Mecmo pabombi nepgo2o aemopa, 20poo, cmpana

AnHoTanus (nomkHa comepxarsk ot 200 1o 250 cJIOB), B KOTOPYIO BXOAUT UH(POPMAIHSI IO 3arOJIOBKAMH:
Beenenne, MarepuaJjibl 1 MeToabl, Pe3yiabrarsl, BoiBoabl.

BBenenne: mpuBOAATCS XapaKTEPUCTUKN pabOThI — €CIIK He SICHO W3 Ha3BaHMA CTAaThH, TO KPAaTKO (opMy-
JIUPYIOTCS IPEAMET UCCIIEJOBAHMSI, €r0 aKTyaJIbHOCTh M HayyHasi HOBHU3HA, a TAKXKe MPaKTHYeCcKasi 3HAYMMOCTb
(oOmecTBeHHAs M HAay4Has1), IIeTh U 33a[a4l MccieqoBaHus. JIakoHUYHOE YKa3aHue mpoOiieM, Ha PerIeHue KOTo-
PBIX HapaBJIeHO UCCIIEOBaHKE, MIIM HAy4YHas TUIOTE3a UCCIIEJOBAHMUS.

Marepuajibl H METOIbI: OITUCAHKUE TIPUMCHICMbIX HH()OPMAIIMOHHBIX MaTCPUAJIOB M HAyYHBIX METOJIOB.

Pe3ysibTaThl: pa3BepHYyTOE MpEACTABICHUE PE3YIBTATOB HCcaenoBaHus. [IpUBOASITCS OCHOBHBIE TEOPETH-
YECKHE U SKCICPUMEHTAJbHBIC PE3YIbTaThl, (DaKTHUYECKHUE NaHHBIC, OOHAPYKCHHBIC B3AaUMOCBS3H M 3aKOHOMEP-
Hoctu. [Ipu 3TOM OTHaeTcs MpenrnoYTEHUE HOBBIM pe3yJbTaraM U JaHHBIM JO0JTOCPOYHOIO 3HAYEHMSI, BaXKHBIM
OTKPBITHSIM, BBIBOAAM, KOTOPbIE OMPOBEPraloT CYIIECTBYIOIINE TEOPUH, a TAKXKE TaHHBIM, KOTOPBIE, 10 MHEHUIO
aBTOpa, UMEIOT MPAKTUYECKOE 3HAYCHHUE.

BuIBOIBI: apryMEHTHPOBAHHOE 0OOCHOBAaHHE IIEHHOCTH IMOJIYYCHHBIX PE3yJIBTATOB, PEKOMECHIAIUU 0 UX
WCIIOJB30BAaHUIO M BHEAPEHUIO. BBIBOIBI MOTYT CONIPOBOXKIAATHCS PEKOMEHIAIIUSIMU, OIICHKAMU, TTPEIOKESHUSIMU,
HOBBIMU THIIOTE€3aMHM, ONTMCAHHBIMU B CTAThE.

HpHBeI[eHHI)IC YacTU aHHOTAlUU CIIEAYET BBIACIATE COOTBETCTBYIOIIUMU IIOA3ar0JIOBKaMU U U3JIaraTb B JaHHBIX pasJeiax pejIeBaHT-
HYIO l/IH(l)OpMaILI/I}O. CMm. PEKOMEHAALUH 110 COCTABJICHUI0 AHHOTALIUM.

KiroueBrble ciioBa: 7—10 KITIOUEBBIX CIIOB.

KiroueBble clioBa SIBJISIFOTCS TIOMCKOBBIM 06pa30M Hay‘{HOﬁ cratb. Bo Bcex 6H6J]MOFpa(i]PI‘{eCKI/IX 63.33.)( JaHHBIX BO3MOJKCH ITOHCK
CTaTeil 1Mo KJIIOYEBBIM CIIOBaM. B CBSI3M ¢ 3TUM OHH JIOJKHBI OTPaKaTb OCHOBHYIO TEPMUHOJIOTHUIO HAYYHOTO UCCIICAOBAHUA U HE TTOBTOPATH
Ha3BaHHUEC CTATbH.

brnazodapnocmu (ecnm HYXHO).

B aTOM paszzene ciemyeT ynoMsIHYyTh II0/ei, TOMOTaBIINX aBTOPY MOATOTOBUTH HACTOSAILYIO CTaThIO, OPraHH3AINH, OKa3aBIIne QHHAH-
COBYIO MOJICPAKKY. XOPOLIUM TOHOM CUUTACTCS BHIPAKEHNE OJIar0JaPHOCTH AaHOHUMHBIM PCLIEH3CHTaM.

3ATOJIOBOK CTATbU HA AHI'JIMUCKOM SI3bIKE

N.0. ®amuaus', U.0. @amMunus’ - Ha aHITIHHACKOM SI3BIKE

' Mecmo pabomul nepsozo asmopa; 20pod, cmpana — Ha aHIITUICKOM SI3bIKE
2 Mecmo pabomul nepeo2o asgmopa, 20pood, Cmpana — Ha aHIIHHCKOM SI3bIKE

Abstract (200-250 ciioB)

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.

BBEJAEHUE

3anaua BBeAEHUSA — 0030p COBPEMEHHOIO COCTOSHUS PACCMATPUBAEMOM B CTaThe MPOOIEeMaTHKU, 0003Haue-
HHE Hay4YHOU MPOOJIEMBI U €€ aKTyaJbHOCTH.

BBenenne 10mKHO BKITIOUATh 0030p COBPEMEHHBIX OPUTHHAIBHBIX POCCHICKUX U 3apyOeKHBIX HAyYHBIX J0-
CTIDKCHHH B pacCMaTPHUBAaeMOH IMPEIMETHOW 00JacTH, MCCIeNOBaHUI M Pe3yabTaToB, HA KOTOPHIX Oaszupyercs
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npezacTapisieMas padora (Jlureparypuslit 0630p). JluteparypHbiii 0030p TOIDKEH IMOJUEPKUBATh aKTyalbHOCTh U
HOBH3HY PacCMaTpHBAEMBIX B MCCIIEIOBAHUH BOIIPOCOB.

Bo BBCACHUM TOJDKHA COACPKATHCA I/IH(bOpMaHI/ISI, KOTOpas MO3BOJIUT YUTATCIIIO ITOHATh U OUCHUTD PE3YJIbTa-
TBI HCCJIC/IOBAHYS, TIPEICTABICHHOTO B CTaThe.

JluteparypHblii 0030p. Criucok MCTOYHUKOB BKIodaeT oT 20 10 50 MCTOYHHWKOB, HE YUHTHIBAS CCHUIKU
Ha HopMatuBHbIe 1okyMeHThI ('OCT, CHull, CII), uatepHer-pecypcsl (caiiTel cetu IHTEpHET, He sBISOLINECS
TICPUOINIECKUMH M3AaHUSIMHU), OTUYETHI, a TaKXKe MCTOYHMKH, OTCYTCTBYIOUIME B KaTalorax BEIYIINX POCCHH-
ckux oubnmmorek-genosutapues (I'TIHTH, PHB, PI'B), apxuBax u T.i. [lo100HBIC HICTOYHHUKH CIETyeT YKa3bIBaTh
B CITMCKE JINTEPATYPhl CBEPX MUHUMAJILHO YCTaHOBJIEHHOTO Topora. He pexoMeH tyeTcst cebliaTthCst Ha MHTEPHET-
pecypchl, He coaep Kallie HaydHyro HHPOPMAIINIO, YICOHUKH, y4eOHBIe 1 METOINICCKIE TOCOOHS.

YpoBeHb MyOIMKAIIMK OMPENEISIIOT MOTHOTA U PECTaBUTEIbHOCTh UCTOYHUKOB. He MeHee 1ecTu u3 nHo-
CTPaHHBIX M HE MEHEE IIECTH U3 POCCHHCKUX NCTOYHUKOB JIOJKHBI OBITH BKIIIOYEHBI B OJJH N3 BEAYIIHX HHECKCOB
LUTHPOBAHUSL:

» Web of Science http://webofknowledge.com
 Scopus http://www.scopus.com/home.url
* sapo Poccuiickoro nuaekca HayuHoro nutuposanus (PUHLI) http://elibrary.ru

AHTIIOSA3BIYHBIX MICTOYHUKOB BKJIIOUAIOT B CIIMCOK He MeHee 50 %, 3a rmocieqHue Tp roja — HE MEHeEe I10-
JIOBUHBL. PEeKOMEHyeTCsl HCIIONIB30BaTh OPUTHMHAIBHBIC HCTOYHUKN He crapire 10 ser.

CChIIKM Ha MCTOYHHUKH ITPUBOASATCS B CTAThe B KBAJIPATHBIX CKOOKax. VICTOYHMKN HYMEpYIOTCS 110 TIOPSIAKY
YIIOMUHAHUS B CTAThE.

3aBepiIaloT BBEICHHE K CTAaThe MOCTAaHOBKA U OMKMCAHKE 1M U 33/1a4i IPUBEICHHON PaboThI.

MATEPHUAJBI 1 METOJbI

Pazzen onuceiBaeT METOMKY TpoBe/ieHHs nccienoBanus. OO0CHOBaHHE BBIOOpA TeMbl (Ha3BaHMsI) CTAThH.
CaenieHHst 0 METOJIE, IPUBECHHBIC B Pa3zieie, JOJKHBI OBITh JOCTATOUYHBIMU IS BOCIIPOM3BEICHUS €r0 KBaJIU-
(bUIMPOBAHHBIM HCCIIEIOBATEIEM.

PE3YJBTATBI HCCIEJOBAHUA

B 2T10i#1 yacTu cTaTthbu JODKEH OBITH IPECTABICH CUCTEMATU3UPOBAHHBINA aBTOPCKUI aHAIMTUYECKUH U CTa-
TUCTHYCCKUI MaTrepuai. Pe3ynsraTsl MpOBEIEHHOTO UCCIICIOBAHNS HEOOXOAMMO OMUCHIBATH TaK, YTOOBI YUTATEIIb
MOT TIPOCTICTUTH €T0 ATAIBI M OIIEHUTh 00OCHOBAHHOCTD CHIETaHHBIX aBTOPOM BBIBOJIOB. DTO — OCHOBHOII pa3-
JIeIT, 11eJTb KOTOPOTO — TPH IMOMOIIY aHa/In3a, 0000IICHISI M Pa3bsICHEHUS TaHHBIX JOKa3aTh PabOUyr0 TUIIOTE3Y
(rumote3sr). Pe3ynbTrarsl mpu HEOOXOAUMOCTH TOATBEPKAAFOTCS WLTIOCTPAIUSAMHE (TaOIUIIaMu, TpapuKaMu, pH-
CYHKaMH ), KOTOPBIE MPEICTABIIAIOT MCXOIHBIN MaTepra Wil T0Ka3aTelbCTBA B CBEPHYTOM Buae. BaxHO, 9TOOBI
MPOWLIIOCTPUPOBAHHAS HH(POPMALIUS HE TyOIupoBalia y:Ke MPUBEACHHYIO B TeKCTE. [IpecTaBIeHHBIC B CTAThe
Pe3YyIBTaTHI CIeTyeT COMOCTABUTH C TPEABIIYIIUME paboTaMu B 9TOH 00JIaCTH KaK aBTOpa, TaK U JPYTUX HCCIIe-
noBatenieit. Takoe CpaBHEHHE IOMOJHUTEIBHO PACKPOET HOBU3HY MPOBEACHHON PadOThI, MPUAACT ¢ OOBEKTHB-
HOCTb. Pe3ynbraThl HCCIIeIOBaHHS TOJKHBI OBITh U3JI0KEHBI KPATKO, HO TP ATOM COICPKATh JIOCTATOYHO HH(POP-
MAITIH TSI OLIEHKHM CACTAHHBIX BBIBOAOB. He TPHHATO B JaHHOM paszielic IPHUBOIUTH CCBUTKM Ha JUTEPaTyPHBIC
HCTOYHUKH.

3AKJIIOYEHHUE U OBCYXIEHHUE

3aKIII0YeHUE COIEPKUT KPaTKy1o GOPMYIUPOBKY Pe3y/IbTaToB HCCeI0BaHUs (BBIBOBI). B aTOM paznene no-
Ka3bIBAIOT, KaK MOJyYEHHBIC PE3YIIBTAThl 00ECIIEUNBAIOT BBIIIOIHEHNE TOCTaBICHHON LIEJIN UCCIIECAO0BAHNUS, YKa3bl-
BAIOT, YTO NOCTABJICHHbBIE 33/1aul aBTOpaMu ObuIK peuieHbl. [IpuBoasiTCcst 0000ICHUS U AAI0TCSI PEKOMEH/IAlHH,
BBITEKAIOIIHE M3 padOoTHI, MOAYEPKUBACTCS MX MPAKTHUECKast 3HAYMMOCTB, a TAKXKE OIPEIEIAIOTCS OCHOBHBIE Ha-
TIPaBJICHUS JUTS JAIbHEHIIIEr0 NCCIEA0BAHMUS B 3TOM o0macTu. B paMkax oOcy K IeHNS KeTaTeIbHO PACKPBITH Mep-
CIEKTHUBBI Pa3BUTHS TEMBI.

B manHOM pazzaese He IPUBOIAT CCHUIKM HA HCTOUYHHKH.

JIUTEPATYPA (REFERENCES)

OdopmisieTcst HA PycCKOM U AHIVIMHCKOM SI3bIKaX.

Pacnonoxenre nCTOYHUKOB B CITUCKE — B CTPOTOM COOTBETCTBHUU C IMMOPAAKOM YIIOMUHAHHA B TEKCTE CTATbU.

bubnnorpaduueckoe onrcaHue JOKyMEHTOB (B TOM YHCJIE M SJIEKTPOHHBIX) Ha PYCCKOM SI3bIKE 0(hOPMIISIETCS
B cootBeTcTBUH ¢ TpeboBarnmsmu 'OCTa P 7.0.5-2008.
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bubnnorpaduueckoe onucaHue JOKyMEHTOB (B TOM YHCIIE M 3JICKTPOHHBIX) HA aHIJIMHCKOM SI3bIKE 0(OpM-
Jisercs B cTuie «BaHkyBepy.

Pycckosi3pluHbIe HCTOYHUKH HEOOXOJMMO ITPUBOJUTH B O(pUIMaIbHOM BapUaHTe epeBoja (T.€. TOM, KOTOPBIi
pa3MelleH B caMOM M3/1aHuH; TIpH Hanuuuu). Ha3saHue roposa u3gaHus IPUBOJUTCS TOJHOCTBIO, B AHNIMIICKOM
Hanrcanuu. Ha3zBaHus *KypHAJIOB M M3ATEIBCTB MIPUBOAATCS THO0 OpHUIMATIbHBIC aHTIINHCKUE (€CITH €CTh), THO00
TpaHCIUTEPUPOBAHHbBIE. B KOHIIE onMcaHns HCTOYHHMKA B CKOOKaX yKa3bIBaeTCA SI3bIK HCTOUHUKA (TUS.).

Jlis u3naHuii ciexyer ykasarh (paMHIIMK aBTOPOB, XKypHaJ (ANEKTPOHHBIA ajpec), TOA N3AaHHs, TOM (BbI-
ycK), Homep, crpanunsl, DOI wu anpec nocryna B cetn MHTepHET. VIHTEpecyomuiics ynTareib J0JKEH UMETh
BO3MOYKHOCTb HAWTH yYKa3aHHbIN JINTEPATYPHBIH HCTOYHUK B MAKCHMAJIBHO CXKATHIE CPOKH.

Ecnu y crareu (n3ganus) ects DOI, ero o6s3arensHO yKas3pIBaloT B OHOIHOrpaduieckoM OnucaHuy UCTOU-
HUKA.

BaxHO npaBMIIbHO OOPMHUTE CCHIJIKY Ha HCTOUHHK.

IIpumep odopmiteHus:
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CBEJAEHUA Ob ABTOPAX

OdopmsiIoTesl HA PYCCKOM M aHIVIHHCKOM SI3bIKAX.

O06 aBTOopax: Hms, oryecTBo, hamMuius (IIOJTHOCTHIO) — YU€HAs CTEHEHB, YUCHOE 3BaHHE, IOJDKHOCTb, O/IPA3ICIICHNE;
Ha3BaHHe OPraHu3anuu (0053aTeIbHO IPUBOAUTS B IIOJIHOM U KPATKOH 0(HIIHAIBHO YCTaHOBICHHON (opMeE, B UMEHUTEITBHOM
TaJieke), B KOTOpoi paboTaeT (YIuTcs) aBTOp; IIOYTOBBIH afipec OpraHu3alui; apec MEKTPOHHON ITOUTHI;

Hms, oTtyecTBO, hamuns (TIOTHOCTBIO) — Yy4€Hasl CTEINEHb, yUEHOE 3BaHUE, TODKHOCTD, TTOApa3/ieleHne, Ha3BaHue
opranu3amyuy (00s13aTeIbHO NPUBOJUTH B IIOJIHOM M KpaTKoH 0()MIIMAIbHO YCTAaHOBICHHOH opMe, B IMEHUTEIEHOM MaJIeKe),
B KOTOPO# paboTaeT (Y4nuTCs) aBTOP, IIOYTOBBIN afipec OPraHU3aINI, aAPEC JEKTPOHHON MOYTHL.

Ceedenus 06 agmopax Ha aHTITMHCKOM S3bIKE ITPUBOJATCS B TIOJTHOM BHE, 0€3 COKpaleHui cioB. [IpuBoasrest
o(UIMaTIBHO yCTAHOBICHHBIC AHIVIOSN3BIYHBIC HA3BaHHS OpraHNU3aLUi 1 UX noxpasneneHuid. OmycKaroTcs deMeH-
ThI, XapaKTePH3YOLIKE MPaBOBYIO (GOpMy yUpexkIieHuUs (OpraHu3alii) B HA3BaHUAX BY30B.

ABTOD JOJDKEH MPUACPIKUBATHCS SAMHOOOPA3HOIO HAIMMCAHHS (PaMHIIMHU, IMEHHU, OTYECTBA BO BCEX CTaThsIX.
Ota nHpOpManus Ui KOPPEKTHOW MHJEKCAIIMN JIOJDKHA OBITh yKa3aHa B JPYTMX CTaThsX, MPOQHISIX aBTOpa B
MexyHapoaHbIX 6a3ax qaHHbIX Scopus / WoS ¥ T.z.

Bionotes: Hms, oTuecTBO, (hamMuiusi (MOTHOCTBIO) — yUEHAs! CTEIICHb, yUEHOE 3BAHHE, JOIKHOCTD, TOAPA3/CICHHE;
Ha3BaHHe OpraHu3anuy (00s3aTeNbHO NPHUBOAUTDE B IIOJHONW M KpaTKoi o(UIMAIbHO yCTAaHOBJIEHHOW (opMme), B KOTOPOit
paboTaeT (yuuTcst) aBTOp; TOYTOBBII ajpec OpraHu3aIHH (B IOCIEI0BATEILHOCTH: O(HC, TOM, YIUIIA, TOPOJ, HHAEKC, CTPaHa);
ajipec dIEKTPOHHOH TOYTHI;

Hms, oTyecTBO, (hamMuians (IIOJTHOCTBIO) — Yy4Y€HAs! CTEIIEHb, yIEHOE 3BaHHUE, JODKHOCTD, NOApa3/ieicHre; Ha3BaHHue
opranu3amuu (00s3aTeIbHO MPUBOIUTH B MOJHON M KPAaTKOH OQUIMAIbHO YyCTaHOBICHHOH (opme), B KOTOPOil paboraer
(yautcest) aBTOp; MOYTOBBIH afpec opraHu3anyy (B MOCIE0BATEIBHOCTH: O(HC, 10M, YIHIA, TOPOJ, MHIEKC, CTpaHa); aapec
9JIEKTPOHHOM MOYTHI.

BHUMAHMUE! Bce Ha3BaHus1, MNOANKUCH H CTPYKTYPHBIE 3JIEeMEHThI PHCYHKOB, rpadukoB, cxeM, Ta0JHI1]
0(OPMIIAIIOTCSI HA PYCCKOM U AHIVIMICKOM SI3bIKAX.
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MOANNCKA Ha SHBAPhb, (heBpallb, MapT, alpelb, I
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I Becrank MI'CY I
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I [jaTesbluKa !
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Bbrank JUI OIIaThI HOIIyI‘O[IOBOfI TMOANMCKHU 4€PEe3 PCAAKIHUIO (OHJ'IaTa B 6aHKe)4

BHUMAHMUE!

Ecnu BbI orutatuim noanucky no ¢opme I[1J]-4 B 6anke, TO /151 CBOCBPEMEHHON OTIPABKH BaAM HOMEPOB ypHaa
0e30TyIaraTelIbHO MPHUILTUTE KOTIHIO TUIATEKHOTO TOKYMEHTa U COOOIIMTE Balll ajipec ¢ mo4ToBbM HHIekcoM, @.1.0. Ha

e-mail: podpiska@mgsu.ru.

Moanucunku — padotaukr HUY MI'CY MOryT 3amofgHuTh OlaHK Ha CBOE MMsI M OOPATUTHCS B OTEN pacmpo-
ctpanenus u pazsutus Msnarensctsa MUCH — MI'CVY st 0oopMIIEHUS TOATUCKH.

Tenedon: (495)287-49-14 (BuH. 14-23), podpiska@mgsu.ru.

[Monpo6uyto nHGOpManHio o BapuaHTax noanucku Ha «Bectank MI'CVY» 1iist pu3HUeCKUX U FOPUINIECKHX JINL]
CMOTpHUTE Ha caiiTe xypHaia http://vestnikmgsu.ru/
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Bectuuk MI'CY
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6&HK2., O3HAKOMJICH U COTJIaCCH.
Tloanuch
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OKTMO
|4[5[3[e[s[o[o]o]
Becrank MI'CY - 573.34 py6. x 12 9x3.
MOJINKCKA Ha SIHBAPb, (peBpajib, MapT, alpelib, Mail, HIOHb,
HIOJIb, BTYCT, CEHTAOPb, OKTSIOPb, HOAOPB, nekadbps 2021 .
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Anpec
IJ1aTeJIbIINKA
Cymma
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miaTexa 6 880 py6. 00 KOIl. _yCIyTH pyo. KOTL.
Kaccnp Hroro pyo. KOII. « » 20 T.
C YCIOBHUAMH TIpUEMa yKaSaHHOﬁ B IUIATE)KHOM JIOKYMEHTE CyMMBI, B T.4. C CyMMOﬁ B3UMaeMOMH TJIaThl 3a ycayru
GaHKa, 03HAKOMJICH U COTJIACEH.
Moanucn
IUIATebIHKA

Brrank 17151 o1IaThl MOJIYTOXOBOM MOAIMCKY Yepe3 peJaknuio (omiara B 6aHke).

BHUMAHHUE!

Ecnu BBl omutatnim noamnucky 1o ¢gopme [1/]-4 B 6aHke, TO /U1t CBOEBPEMEHHOW OTIIPABKK BAM HOMEPOB JKypHalia
0e30TaraTe’IbHO MPUILIUTE KOIMIO IUIATEKHOTO JOKYMEHTA M COOOIIHUTE Ball ajpec ¢ Mo4ToBeIM HHAekcoM, O.1.0.
Ha e-mail: podpiska@mgsu.ru.

Moanucurnku — padorauku HUY MI'CY MoryT 3amoyiHUTh OJIaHK Ha CBOE UM 1 00paTUTHCS B OT/IEN Pacipo-
cTpanenus u pa3surus Msparensctsa MUCU — MI'CVY miist oopMITeHUST HOATTUCKH.

Tenedon: (495)287-49-14 (BH. 14-23), podpiska@mgsu.ru.

[MoapobOHyro WHpOpMaIKIO 0 BapuaHTax moanucku Ha «BectHuk MI'CY» miist pU3HUUEeCKHX U FOPUIMUCCKUX
JIUII CMOTpPHUTE Ha calite xypHaiua http://vestnikmgsu.ru/
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