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JKypHan BK/I0UeH 1 nHAeKcupyetcs B 6ase ganubsix PVHI]
(Poccuitckmit MHAIEKC HAyYHOTO LIMTYPOBAHMA,
www.elibrary.ru)) Ha yc/10BMAX IIOTHOTEKCTOBOTO pasMelle-
HM, apXMBMPOBAHNA U IEIO3UTHOTO XPaHEHNUA.

Directory of Open Access Journals — DOA]
(http://www.doaj. org).

Hayunast 6ubmmnorexa oTkpbitoro gocrymna «Kubep-
JTeannka». HY MI'CY mpepocTaBui MUIIEH3MIO HA pas-
Mell[eHVIe MaTepuajoB )XypHana « CTpOUTEIbCTBO: HayKa

u o6pasoBanne» EBSCO Information Services
(http://www.ebsco.com/) — KpyIHeiflleMy B MIpe arpera-
TOPY IOTHOTEKCTOBBIX )KYPHA/IOB 1 IPYTYX MCTOYHUKOB
Hay4yHOU MHGopMaru. [TolHbIe TEKCTHI BBITYCKOB XYP-
HaJIa MO>KHO OyfieT HaiiTy B 0OHOBJIEHHOJ 6a3e JaHHBIX
EBSCO Applied Sciences («IIpuxagHble Haykm»), KaK
TOJIbKO KOJIEKIHsI O6yAeT YKOMIUIEKTOBAHa I pa3MellieHa
Ha cajiTe arperaropa. PacnpocTpanseTcs yepes s1eKTpOH-
Hble 616mnoTexu «JIanb», «PykoHT», «IPRbooks», BxoguT
B Karasor komnaunu East View Information Services, Inc.
ITo pannbiv PVIHII, cpeny 756 ypHaIOB B 0671aCTH
cTpouTenbcTBa «CTPOUTENBCTBO: HayKa M 00pa3oBaHye»
BXOZIUT B 8 BeyLIMX XYPHAIOB OTPACIIN.

Cratbsam npucBanBaetcs 1y posoit ugeHtudukarop DOL.

PEAKONNETHA

Tycaun Anexcanpp PomaHOBUY, I71. pPefakToOp, A-P TEXH.
HayK, JIOII., 1.0. 3aB. Kad). MeTa//IN4eCKMX U IePeBAHHBIX KOHCTPYK-
unit, HIY MTI'CY, Mocksa, Poccus

Kopones Eprennit BaneppeBuy, 3aM. ITTaBHOTO PeaKTOPA,
I-p TexH. HaykK, npod., mpopekrop, Cankr-IleTepbyprckuit rocy-
JIAPCTBEHHbIN APXUTEKTYPHO-CTPOUTENbHDIN YHUBEPCUTET, CaHKT-
ITetep6ypr, Poccus

Cupopos Bragumup Huxonmaesmd, sam. I71. peflakTopa, A-p
TeXH. Hayk, mpod., @wi.-kopp. PAACH, 3aB. kad. nadopmaTku u
npuktagHoit MmaTematuky, HY MI'CY, Mocksa, Poccns

Anexcees HOpuit Bragumuposud, i-p apXuteKTypsl, 1pod.,
mpod. kad. rpagoctpoutenscrsa, HNY MI'CY, Mocksa, Poccus

Anppees Bmapumup Uropesmu, axkagemux PAACH, f-p
TeXH. HayK, Ipod., npod. kad. conpornsnenns Marepuanos, HUY
MI'CY, Mocksa, Poccus

Anucknn Huxonait AmexceeBud, [-p TeXH. HayK, mpod.,
pupexTop MHCTUTyTa IMAPOTEXHMYECKOTO ¥ IHEPTeTNIeCKOro
crpourenbcrsa, HNY MI'CY, Mocksa, Poccus

Tarapun Bnapumup Iennapgbesuy, uwi.-xopp. PAACH, g-p
TEXH. HayK, Ipod., I/TaBHbIl HAYYHBI cOTPYRHMK, HayuHo-mccre-
JOBATE/IbCKUIT MHCTUTYT CTPOUTeNbHOI ¢pusnku Poccniickoil aka-
aeMun ava{TeKTypr " CTPOUTENbHBIX HayK, MOCKBa, Poccus

Eprymrenko Cepreit VIBaHOBUY, A-p TexH. HayK, mpod.,
pod. kad. MHGOPMAIMOHHBIX CUCTEM, TEXHOJIOTHIA ¥ aBTOMATU3a-
1yuu B crpoutensctse HUY MI'CY, Mocksa, Poccus

Kantapyxn Vsmann IpuropbeBmd, i-p TexH. HaykK, mpod.,
npod. Kad. TMAPABIUKM ¥ TUAPOTEXHUYECKOTO CTPOUTENBCTBA,
HIWY MI'CY, Mocksa, Poccust

Mannsu JleBon Pagasnosny, akagemuk PAACH, n-p TexH.
HayK, Ipod., mpod. kad. aBTOMOOMIBHBIX JOPOT, JJOHCKOIT rocyaap-
CTBEHHDbIII TeXHIYEeCKNIT yHuBepcutet, Pocros-Ha-Jlony, Poccna

OpnoB Bragumup AnekcaHAPOBMY, [I-p TeXH. Hayk, Ipod.,
npo¢. BogocHabxenus un Bogoorsegernsa, HNY MI'CY, Mocksa,
Poccua

Ilycrorap Amppeii IlerpoBud, KaHJ. TeXH. HayK, JOI.,
HayuHbIl pykoBogutenb HVV cTponTenbHbpIX MaTepuanoB U TeX-
nonoruit, HNY MI'CY, Mocksa, Poccus

ConosbeB Anekceit Kupumnosuy, f-p TexH. Hayk, mpod.,
npod. Kad. MPOeKTUPOBAHNA 3[jaHuil n coopyxenuit, HUY MI'CY,
Mocksa, Poccnsa

2

The journal is included (digital archiving, deposit and delivery
to users on an agreement for a MGSU) in the database

of Russian Science Citation Index (RSCI), supported by

the Scientific Electronic Library www.elibrary.ru on terms

of full text placement.

Indexed by Directory of Open Access Journals — DOAJ
(http://www.doaj.org).

Russian open access scientific library CyberLeninka.

Moscow State University of Civil Engineering has entered into
an electronic licensing relationship with EBSCO Information
Services (http://www.ebsco.com/), the world’s most prolific
aggregator of full text journals, magazines and other sources.
The full text of Construction: Science and Education will be
found on EBSCO’s upgraded Applied Sciences database once
the collection is complete.

Distributed through electronic libraries “Lan”, “Rukont”,

“IP Rbooks”, journal is included to the catalog of company
East View Information Services, Inc.

According to the RSCI, “Construction: Science and Education”
is one of the eight leading industry journals among 756 journals
in the field of construction.

The articles are assigned a digital identifier DOL
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PEAAKLMOHHDIA COBET

Teanyenko Banepuii UBaHoBHMY, mperncenarenb, aka-
nemuk PAACH, mepssiii Bune-npesunear PAACH, n-p TexH.
HayK, npod., mpod. kad. cTPOUTENBCTBA OOBEKTOB TEIJIOBOM
U aTOMHOW JHEPreTHKH, MmoveTHeld mpesugent, HUY MI'CY,
Mocksa, Poccus

AkuHTOJa AKuUHTOe, 1-p, npod., aekan Llkonsr crpou-
TEJILCTBA M OKPY)KAIOILEH MPUPOAHON Cpefibl, pod. Kad. 3KOHO-
MHKH M YNpaBIeHUs] CTPOUTENbCTBOM; wieH LleHTpa mo ycroii-
YUBOMY Pa3BUTHIO CTPOUTENBCTBA, YHHMBEpcUTET LleHTpanabHOro
Jlankammpa, IIpecton, Coenunennoe KoponesctBo BemukoOpu-
tanuu u CeBepHoit Mpnanauu

BeaukoB Buranuii BacuibeBuy, 1-p TexH. HayK, [JIABHBIN
HAy4YHBIH COTPYIHHUK JIAOOPATOPUM THIPOJIOTHU PEUHBbIX Oaccei-
HOB, MHCTHTYT BOmHBIX IpoOneM Poccmiickoil akageMuu Hayk,
Mocksa, Poccust

Beaocrouknii Anexcanap MuxaiiioBu4, J1-p TEXH. HayK,
npod., akagemux PAACH, HayuHbli pyxoBoxmutens HaydHo-
00pa30BaTEIbHOTO LEHTPA KOMIBIOTEPHOTO MOJIEIUPOBAHUS
YHUKaJIbHBIX 371aHUH, COOpYKEHHH U KOMILIeKcoB UM. A.B. 3oi0-
toBa, HUY MI'CY, Mockga, Poccust

Barun Huxoaaii UBanoBuY, 1-p TeXH. HayK, Ipod., mpod.
kad). cTpouTeNbCTBA YHUKAIBHBIX 31aHUH U coopykeHuH, CaHKT-
IMerepOyprexuil monurexHuueckuit yHusepcurer Ilerpa Benu-
koro, Cankr-Iletep6ypr, Poccus

Bepuep Urops M., 1-p, Ph.D., Texunon — M3paunbsckuii
UHCTUTYT TexHonorui, Xaiida, Mzpanns

BaacoB [lenuc HukonaeBuu, 1-p TeXH. HayK, Ha9aJIbHUK
MacTepcKOl TPaHCIOPTHOro odciyxuBanus HayuHo-npoekTHOro
o0beMHeHHs TpaHcnopTa U gopor, HayuHno-uccnenobarenbekui
Y TPOEKTHBIN MHCTUTYT [eHepanbHOro miiaHa ropoma MOCKBEI,
Mockaa, Poccus

I'padpxknna Mapuna BiaaguMHupoBHA, 1-p TeXH. Hayk,
mpod., 3aB. Kad. IKOIOrHYECKON OE30MaCHOCTH TEXHUYECKUX
cucteM, MOCKOBCKHMH MOTUTEXHUUYECKUI YHUBEpCUTET, MOCKBa,
Poccusa

Epodees Baanumup TpodumoBuu, akagemuk PAACH,
JI-p TeXH. HayK, mpo¢., IeKaH apXUTEKTYpPHO-CTPOUTEIHHOIO
(haxynbrera, 3aB. Kad. CTPOUTENBHBIX MaTE€pUATIOB M TEXHOIO-
ruil, HanmonansHbIH nccenoBarenbckuii MOpIoBCKHiA rocyaap-
cTBeHHbIi yHuBepcuteT uM. H.I1. Orapesa, Capanck, Poccust

3aBaackac Iamanaac Kazemupac, HHOCTpaHHBIH wieH
PAACH, n-p texH. HayK, mpod., 3aB. Ka). CTPOUTEIBHBIX TEX-
HOJIOTUH M ympaBiieHus, BUIbHIOCCKUN TEeXHUYECKUI YHUBEp-
curet uM. ['enemunaca, BunbHroc, JIutsa

HUnbuyeB BsiuecnaB AjiekcanapoBuy, akagemuk PAACH,
Bune-nipe3unienT PAACH, akanemuk PUA, n-p TexH. Hayk, npod.,
HayuHblii pykoBouTelsb, OO0 «llonzemnpoexr», Mocksa, Poccust

Kapnenko Hukonaii UBanoBuy, akanemuk PAACH, n-p
TeXH. HayK, Mpod., 3aB. Jaboparopueil MpodIeM MPOYHOCTH H
Ka4yecTBa B CTPOUTENLCTBE, HayuHo-nccnenoBarenbCKkuii MHCTH-

TYT CTpouTenbHOHN (u3uku Poccuiickoil akageMun apXuTeKTyphbl
¥ CTPOHUTENBHBIX HayK, MockBa, Poccus

Kossiep KoncTaHTuH, 1-p TexH. HayK, AOL., TeXHHOH —
W3paunbckuit MHCTUTYT TexHonorui, Xaiida, M3pamnb

Konruynos Burtanmii UBanosuy, akanemnk PAACH, n-p
TEXH. HayK, mpod., 3aB. Kad. YHUKAIbHBIX 3IaHUH U COOpYXKe-
Hui, FOro-3anannslil rocynapcTBeHHbl yHUBepcuteT, Kypck,
Poccus

Kocuupin Cepreii BopucoBuy4, a-p TexH. Hayk, npod.,
3aB. Ka. TeopeTnueckoil MexaHuku, Poccuiickuil yHuBepcuteT
TpaHcmopTa, Mocksa, Poccust

KynpusinoB Banepuii HukomnaeBuu, ui.-kopp. PAACH,
I-p TEXH. HayK, npod., npod. kad. MpoeKTUPOBAHUS 3IAHUH,
Kazanckmii rocymapCTBEHHBIH —apXHTEKTypHO-CTPOHUTEIbHBINA
yHuBepcuret, Kazans, Poccus

JlecoBuk Banepuii Cranuciaposuy, wi.-xkopp. PAACH, n-p
TEXH. HayK, mpod., 3aB. Kad. CTPOMTEIHHOTO MaTepHAJIOBSICHUS,
W3/IeNUi U KOHCTPYKIMH, beraroponckuii rocynapcTBeHHBII TeXHO-
norndeckuit yausepeutet nm. B.I' Ilyxosa, benropoxn, Poccus

Meutepun Buxrop, nokrop-umxenep, mpod., npod. xad.
CTPOHUTENIBHBIX MaTepHaloB CTPOUTEIBHOIO MHCTHTYTa, TexHu-
uyeckuil yHuBepcuret Jlpesnena, ['epmanus

Opeabckast Oabra BaaaumupoBna, un.-xkopp. PAACH,
I-p apX., npod., npod. kad. apXUTEKTypHOTO IPOCKTHPOBAHUS,
Hmxeropoackuit rocyapcTBeHHBIH apXUTEKTYPHO-CTPOUTEINb-
HbIii yHUBepcuteT, Hikuanit Hosropon, Poccust

IepBoB Anekceii [epMaHOBHY, A-p TeXH. HayK, npog.,
npo¢. xad. BogocHaOxeHns U BopoorBenenuss, HUY MI'CY,
Mocksa, Poccus

IlonomapeB Anapeii BynumMupoBHMY, A-p TeXH. Hayk,
mpod., 3aB. Kad. CTPOUTENLHOTO MPOU3BOJACTBA U F€OTEXHUKH,
IlepMmckuii HAMOHAJIBHBIN UCCIIEOBATEIHCKUH MOTUTEXHUIEC
kuil yausepcuret, [lepmb, Poccus

CxkounyooBuy FOpuii Jleonnaosuy, ui.-kopp. PAACH, n-p
TeXH. Hayk, npod., pekrop, HoBocubupckuii TocynapcTBeHHBbIIH
ApXUTEKTYPHO-CTpouTeNbHbIN yHuBepcuter (Cudbcrpun), Hoso-
cubupck, Poccust

TkaueB Banenrun HuxkuroBud, 1-p apx., mpod., npod.
kad. apxutextypsl, HIY MI'CY, Mocksa, Poccust

Tpapym Baagumup Habnu, axagemux PAACH, n-p
TeXH. HayK, Npod., 3aMECTUTEIb IeHEePALHOTO AUPEKTOpa 110
Hay4yHOW pabote, MIaBHBIH KOHCTPYKTOp, 3AO «loprnpoekT»,
Mocksa, Poccus

®apauc Muxadaw H., 1-p, npod., npod. u aupexrop
11a00paTOPUH KOHCTPYKIIMI CTPOUTENBHOTO (pakynbTeTa, YHU-
Bepcurer Ilarpaca, Ilarpac, I'penns

Yepublii PodepT, 1-p, npod., npod. kad. cTpouTenbHbIX
MarepuajgoB U XUMHHU, YeUICKHH TeXHHYECKUH YHMBEPCHTET
B IIpare, Yenickas PecmyOnuka
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AHHOTALNA

BBepeHue. B HacTosLLee BpeMsl TEMMbI poCcTa PasBUTUSE NPOLIECCOB ypbaHU3aLmm B KPYMHbIX ropoAax C KaxKabliM rofoM CTpe-
MUTENbHO YBbICTPsOTCS. Ha cTagum npeaBapuTeribHOrO NPOEKTUPOBaHUSA CBalHbIX (DYHAAMEHTOB BaXKHOWM YacTbio SIBMSIETCS
onpefereHve Hecylleln cnocobHocTu cBan. bapeTTbl — athhekTUBHbIE KOHCTPYKLMM OyHAAMEHTOB, B TOM YuChe U ANs Bbl-
COTHbIX 30aHUI Ha crabbix rpyHTax. B Takmx ycnoBusix npoekTupyroTcs 6apeTTbl 6onbLuoi AnuHbl. Mpn aToM ncnonb3yemblie
HOpMaTMBHbIE METOAbI pacyeTa HECYLLEN CMOCOBHOCTY U OCafOK HE YYUTLIBAOT 0COBEHHOCTEW HanpsikeHHO-AeddOpPMUPOBaH-
HOTO COCTOSIHWS OCHOBaHUs! 1 B3auMoAeNcTeus ¢ bapettamm B yHAAMEHTaX BbICOTHbIX 34aHWIA C Pa3BUTOM NOA3EMHON YacTbio.
MaTtepumanb! 1 MeToAbl. 3a4a4ya paccMOTpeHa No pesynsraTtaM MofeBbiX UCNbITaHUI CBasiMK (METOA CTaTUYECKUX Harpy-
30K) C pac4eToM aHanMTUYeCKMmM METOAOM MO MNPOYHOCTHLIM XapaKTEPUCTUKAM FPYHTOBOIO OCHOBaHWS!, ONMUCAHHBLIM B HOp-
MaTuBHbIX fokyMeHTax Cl 24.13330.2011 «CanHbiii pyHaameHT». MNpeanoxeHa HoBasi MeToAMKa pacyeTa, U3noXeHHast
B MpunoxeHumn [] ykazaHHoro Ceoga npaBui ¢ y4ETOM COOTBETCTBYHOLUMX (DAKTOPOB, TAKMX KaK B3aUMHOE pacrofioXeHne
CBall B rpyHTe, UX ANWHA, War 1 T.4.

Pesynbrathbl. [TonyyeH rpadvk 3aBUCMMOCTU OCafKW OT Harpy3ku No pesynsratam HaTypHbIX UCNbITaHWi GapeTT npu orpa-
HUYeHUK npegensHon ocagaku 40 mm. MpoBeaeHO cpaBHEHUE aHANUTUYECKUX Pe3yrbTaToB C MOMEBbIM UCMbITAHMEM CBauv
B CMOXHbIX MH)XEHEPHO-reoIorM4ecknx ycnoBusx r. XaHon, BoetHam.

BbiBoabl. BbiBOAbI, NONyYeHHbIE aHANUTUYECKUM METOAOM pacyeTa HecyLle crnocobHOCTU oagMHOYHON BapeTThl Mo Npoy-
HOCTHbIM XapakTepUcTMKam C yY4ETOM pasrpy3ku Ha cnabbix rpyHTax npu pa3paboTtke rmy6okoro KOTnoBaHa, AOCTaTOYHO
6rnn3ku K pesyrnsratam CTaTUYECKMX MOMEeBbIX UCMbITaHUA. [laHHbIe pelleHns MoryT ObiTb NPUMEHEHbI AN onpeaeneHus
HecylLlel cnocobHoCTM cBal 1 6apeTT Ha cnabbix rpyHTax.

KNOYEBBIE CITOBA: aHanuTuyeckue pacyeTbl, Hecyllasi cnocobHOCTb CBal, oAMHOYHas BapeTTa, pe3ynsTaThl NoNeBbIX
ucnbITaHUi, cnabble rpyHTbI, CPaBHUTENBHBIN aHanM3, CTPOUTENLCTBO MMYBOKMX KOTNOBAHOB, I. XaHown

Ona UWMTUPOBAHUA: Hukumuna H.C., YyHe Xuey fle. MeToauka oueHku Hecyllein crnocobHoctn GapetThl riybokoro
KOTNOBaHa B CIIOXHbIX MHXEHEPHO-TEONOrMYECKMX YCroBusix I. XaHon // CTpontenbCcTBo: Hayka u obpasoBaHue. 2023. T. 13.
Bein. 1. Ct. 1. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2023.1.1

Asmop, omeemcmeeHHbIl 3a nepenucky: YyHr Xuey Jle, letrunghieu531996@gmail.com.

Methodology for evaluating the bearing capacity of a deep
excavation barrette in complex geotechnical conditions in Hanoi

Nadezhda S. Nikitina', Trung Hieu Le?
! Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation;
? Russian University of Transport (RUT),; Moscow, Russian Federation

ABSTRACT
Introduction. At present, the rate of growth in the development of urbanisation processes in large cities is increasing rapidly
every year. At the stage of preliminary design of pile foundations, an important part is to determine the bearing capacity of
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the pile. Barrettes are effective foundation structures, also for high-rise buildings on soft soils. In such conditions, long bar-
rettes are designed. At the same time the used normative methods used of calculating the bearing capacity and settlement
do not take into account the features of the stress-strain state of the foundation and the interaction with barrettes in the foun-
dations of high-rise buildings with a developed underground part.

Materials and methods. The task has been considered on the basis of the results of field testing with piles (static load
method) with the calculation by the analytical method according to the strength characteristics of the soil foundation, de-
scribed in the regulatory documents SP 24.13330.2011 “Pile Foundations”. A new calculation method is proposed, which is
set out in Appendix D of the specified set o.rules, taking into account relevant factors, such as the relative position of piles
in the ground, their length, pitch, etc.

Results. A graph of the dependence of settlement on load was obtained based on the results of full-scale tests of barrettes
with a limiting settlement of 40 mm. Analytical results are compared with field testing of a pile in difficult engineering and
geological conditions in Hanoi, Vietnam.

Conclusions. The conclusions obtained by the analytical method of calculating the bearing capacity of a single barrette in
terms of strength characteristics, taking into account unloading on soft soils during the development of a deep pit, are quite
close to the results of static field tests. These solutions can be applied to determine the bearing capacity of piles and bar-
rettes on soft soils.

KEYWORDS: analytical calculations, pile bearing capacity, single barrette, field test results, weak soils, comparative analy-
sis, deep excavation construction, Hanoi

FOR CITATION: Nikitina N.S., Le T.H. Methodology for evaluating the bearing capacity of a deep excavation barrette in
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BBEJAEHHUE

B nHacrosimiee Bpemsl TEMIIBI pocTa pa3BUTHSA MPO-
1eccoB ypOaHHM3aluu B KPYITHBIX TOPOJax C KaxJbIM
TOJIOM CTPEMHTEIBHO YOBICTPsIIOTCS. B KpynHBIX TOpos-
CKHX palloHaX MUpa BEAETCS aKTUBHOE CTPOUTEIBCTBO
BBICOTHBIX YHHKaJbHBIX 31aHuit'. [Ipu pa3BuTHu coBpe-
MEHHOTO IJIOTHOTO TOPOJICKOTO ITPOCTPaHCTBA TpeOoBa-
HHE MEXaHW4eCKol 0e30MacHOCTH 3THX PadOT MOXKET
OBITH 0OECTICYEHO TOJBKO Ha IPOYHOM OCHOBAHHH, OCO-
OCHHO MPH CTPOUTENBCTBE Ha CNA0BIX IPYHTAX’.

BaperTsr — BBICOKOA((EKTHBHBIE KOHCTPYKINU
(hyHIaMeHTOB JUIsl BBICOTHBIX 3/IaHUH Ha cla0ObIX IPyH-
Tax. TexHonoruueckas MOCIEAOBATENBHOCTD BBINON-

HEHUSI OJMHOYHBIX OapeTT aHaJIOrMYHa YCTPOMHCTBY
TpaHIIEHHOH «cTeHsI B TpyHTe» (puc. 1) [1]. [Ipumene-
HHE 0apeTT 3aCTaBIsIET UCKAaTh HOBBIE CIIOCOOBI MOBBI-
IIEHHs KadecTBa PacueToOB M MPOECKTUPOBAHUS (QyH/Ia-
MEHTOB, B YaCTHOCTH TpeOyeTcs pa3padaTriBaTh HOBEIC
MeTONBI pacdera. MHOTHE pOCCHICKHE U 3apyOesKHBIC
Y4eHbIe H3y9alll IPUMEHUMOCTb OapeTTHOro (GyHIa-
MEHTa Ha MPAaKTHKE, 0COOEHHOCTH B3aMMOACHCTBUS
OapeTT MexIry coboif M TPYHTOM, B TOM YHCIIE B YCIIO-
BUSIX claObix rpyHTOB® [2—8]. [Ipn 9TOM HCTONB3yeMble
HOPMAaTHBHBIE METOJIBI PacyeTa HeCyIIel criocoOHOCTH
M 0CaJOK HE YYUTHIBAIOT OCOOCHHOCTEH HAIPSKEHHO-
JeOpMHUPOBAHHOTO COCTOSTHUSI OCHOBAHMS B (DyHIaMeH-
Tax BBICOTHBIX 3[aHUH C Pa3BUTOM NOA3EMHOM YaCThIO.

= 7 AT Z
5 & A 2
E;‘ AN o
®dopmraxra ¥
1 B :-
r ] Beprukaibao | [f]
MmogHUMaeMasi | 4
Tpyba
P Py
1N ApmMarypHbIit
ImunucThIi I KapKac
-—
pacTBop
Bblemka Tpanuen ApMHpOBaHHE beronuposanue
metonom BIIT

Puc. 1. Cxema ycTpoiicTBa OAMHOYHBIX OapetT [1]

' ynamoes O.A. OcHoBaHus U (yHIAMEHTBI BBICOTHBIX 3IaHHUIA. 2-¢ M311., lepepab. u aom. M. : M3a-so ACB, 2020. 442 c.

2 Manzywes PA., 3uamenckuii B.B., Tomman A.JI., I[Tonomapes A.5. Cau u cBaiiHbIe (yHIaMEHTE. KOHCTPYKIUH, IPOEKTH-

pOBaHHe U TEXHOJIOTHH : y4e0. u3a. / mox pexn. P.A. Manrymesa. 3-e u3n., crep. M. : Uza-so ACB, 2021. 320 c.

3 Manzywes P.A., Huxugoposa H.C., Koniowros B.B., Ocoxun A.H., Canun J].A. TIpoeKTHPOBAHHE U yCTPOHCTBO MON3EMHBIX
COOpYXEHHI B OTKPHITHIX KOTJIOBaHaX : yue0. mocodue. M. ; CII6 : Uzn-Bo ACB, 2013. 256 c.
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B npoextupoBaHiu cBaiiHOTO (pyHIAMEHTa Bax-
HOM 4acThIO SIBJISIETCS OMpEJeeHHe Hecylei cro-
COOHOCTH CBaW MO TPyHTY. MeTojaM KOTUYeCTBEHHOM
1 KaueCTBEHHOW OIIEHKH Hecymel crmocoOHoCTH 6a-
peTT OONBIION JIUHBI TOCBSIICH Pl UCCIAEAOBAHUN
yuenbix-reorexaukoB: O.A. Hlynarsesa, 3.I. Tep-
Maprupocsua, B.B. Cunoposa, P.A. Manrymesa,
H.C. Huxutnna, Jle Uynr Xuey, Minh Cu Le, Phu
Huan Vo Nguyen, T.D. Nguyen, V.Q. Lai, D.L. Phung,
T.P. Duong [9-13] u np. MHoTHEe aBTOPHI H3ydasIH
OCOOCHHOCTH H CIIOKHBIC XapaKTepbl HHXKCHEPHO-TE0-
JIOTUYECKUX YCIOBUH I. XaHOH, BIUSIOLIUX HA YCTPOU-
CTBO CBaWHBIX (PYHIAMEHTOB IPH PA3ITHIHBIX YCIIO-
BHSX CTPOMTEIBCTBA BBICOTHBIX 3[aHWUU, HAIPUMED
JLA. Crpoxora, X.T. ®u, 2013; Do Quang Thien,
2014; A.1O. Ilpokomnosa, B.H. Hryen, JI.Y. Yan, 2016;
S.D. Dao, V.H. Dao, 2017; B.X. Hryen, H.C. Hu-
kudoposa, 2017; 0. Xapuna, 2020; T.T.D. Pham,
2021 [14-20].

B HacTosIee Bpemsi CTPOUTEIBCTBO BBICOT-
HBIX 3JJaHUH ¥ MHOTO()YHKIIMOHATBHBIX KOMILICKCOB
He 00XonuTcs 0e3 pa3BUTOW MOA3EMHON YacTU Kak

B IUIaHe, Tak u 1o ruyoune (puc. 2) [21]. Bmemato-
HHi T1yOOKHEe KOTIOBaHbl MACCHB TPYHTA HAXOIUTCS
B CJIOKHOM HAIpPsKEHHO-Ie()OPMHPOBAHHOM COCTOSI-
HUH, Ha KOTOPOE OKAa3bIBAIOT BIUSHUE MHOTHE (AKTO-
PBI: HH)KEHEPHO-TE0JIOTMUECKHE YCIOBHS, pa3rpyska
1 pa3yIUIOTHEHHE TPYHTA MPH IKCKABAIIMH, JKECTKOCTh
OTpaXIAIOIIMX KOHCTPYKIIUHA, METOJ] OCBOCHHSI MO/~
3€MHOTO MPOCTPAHCTBA U JAPyTrHUe. YIPOIICHHBIC HH-
JKCHEPHBIC U SMIIUPUUICCKUE METOIUKH OTPEACIICHUS
Hecyllei ciocoOOHOCTH CBail ¢ Y4ETOM BIIMSIOIIMX
(haKTOPOB HY)KAAIOTCS B JATBHEHIIINX UCCIICIOBAHUSMX.

MATEPHAJIBI U METO/JbI

CornacHo pocCUICKUM CTaHAapTaM IO NPOEKTHU-
POBaHHIO CBallHBIX (yHIaMEHTOB*, HecymIas CIoco6-
HOCTb BHCSYHX CBal IO TPYHTY CKJIaJIbIBAETCS U3 CO-
MPOTHUBIEHUN TOA HIDKHUM KOHIIOM U 1O OOKOBOH
MOBEPXHOCTHU CBaH, KOTOPBIE 3aBUCAT OT (PU3NIECKHUX
U IPOYHOCTHBIX XapaKTEPUCTHK rpyHTa®> ¢ [22]:

F,=v, (VCRRA+UZY¢ﬁhi)’ (1)

CyuiecTByomiee
31aHHE

AOOOOND  ARNOOS | ARG

DOMIAN SO0

OO MMM | SO
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C OO | SO

— Ei% % % %ié
] 7 7 K d
Bapertsl
600 x 2400

Puc. 2. TexHonoruueckas cxemMa METOJIOM «CBepXy—BHU3» [20]

4 CI124.13330.2011. Cox mpasut. Craiinble (hyHAaMeHTH. AKTyannsupoBadHas pegakius CHull 2.02.03-85. M. : Cranmapt-

uHpOpM, 2011. 152 c.

STOCT 20276-2012. I'pyHTBI. MeTO/BI HOJIEBOTO ONpEEIEHHUs XapaKTEPUCTHK IIPOYHOCTH U 1€()OPMHUPYEMOCTH.

¢ Yxos C.B., Cemenos B.B., 3uamenckuii B.B., Tep-Mapmupocsan 3.I, Yepuviues C.H. Mexanuka TpyHTOB, OCHOBAHHUSA U (yH-

IaMeHTHI : yued. mocooue / mox pexn. C.b. YxoBa. 4-e uzz., crep. M. : Beicimas mkoma, 2007. 566 c.
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UH)XEHEPHO-TEOAOrMYEeCKUX YCAOBUAX I. XaHovi

rae Y, — Kod(GQuiment ycnosuii paboTel CBau B IPyH-
Te, MPUHUMAaEMBbIil paBHBIM 1; S k03 uru-
€HTBI YCJIOBHI pabOTHI IPyHTa COOTBETCTBEHHO IMOJ
HIKHUM KOHIIOM U Ha OOKOBOW MOBEPXHOCTU CBaW;
R — pacueTHOe CONPOTUBIEHUE IPYHTA M0 HUXKHUM
KOHITOM cBau, klla; 4 — miomans onupanus Ha TPYHT
CBaW, M?, U — HApPYKHBIA MEPUMETP MOMEPEUHOTO
cedyeHMs CBaH, M; f, — pacueTHOE COMpPOTHBJIEHHE
1o 6oxoBoil mosepxHoctu i-ro cios, klla; & — Toi-
IIMHA i-TO CJI0s TpyHTa, M (puc. 3).

Ocajka OMMHOYHBIX CBall 0OPaTHO MPOTOPIHO-
HaJlbHa MOIYJIO ciBura G TpyHTa, KOTOPBIA 3aBHCHUT
OoT MOy obmiel Aedopmariuu E, u onpeaesieTcs
COMTaCHO METOMHKE* IO hopmyIe:

N

s=p—,
BGll

()

rae B — pa3MepHsblid koaddunuent; N — BepTHKaIb-
Has Harpyska, nepegaBaeMas Ha cBaro, MH; G — yc-
penHeHHBIH MOaynb caBura, Mlla; / — miuHa cBan, M.
Jis cBail, mpope3arIux TONIY CIa0bIX TPYH-
TOB, ONPEACISIONINM KPUTEpUEM HecyIed crmocoo-
HOCTH TIO TPYHTY, SBJISCTCS JOCTHKCHHE MPEICTHHON
ocanku mox Harpyskoi. [losTomy momonHUTETbHAS
mpoBepka mo Gopmyie (2) ABiaseTcs: 00sS3aTeIbHBIM
ycnoBueM. OTHAKO CpaBHEHUS PE3YIBTATOB MOJIEBBIX
HCIBITAHUH C PACUYCTHBIMH METOJaMH MOKa3bIBAIOT
3HaYUTEIbHbIE PACXOXKACHUS 3HaUeHU [4, 9].
OTMeueHo, YTO pa3rpy3Ka IpyHTa HHUXKE JTHA TITy-
OOKHX KOTJIOBAaHOB MIPH 3KCKABAIIUH SIBIISIETCS BAXKHBIM
(hakTOpOM, KOTOPHIA CIENYyET YUUTHIBATH IPH TIPO-
SeKTHUPOBAHUHU U pacyeTax (GyHIaAMEHTOB. B mepuon
paboT HYIEBOTrO IUKJIA MPU pa3padoTKe KOTIOBaHA
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| NI
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Puc. 3. PacuetHast cxema K ONpECICHUIO HECYIIIeH Croco0-
HOCTH CBaH MPAKTHYECKUM METOJIOM

HayallbHOE HANPSHKEHHOE COCTOSIHHE BMEIIAIOIIEro
MacCHBa IpyHTa BUJOU3MCHACTCA U B TaKOM BHIAC
B3aHMOI[eI>’ICTByCT C JOIMOJHUTCIbHBIMU HAPAXKCHU-
SIMHU OT 31aHus’. ECITH OCHOBaHHE CIIOKEHO CIabbIMU
IPYHTaMH C HU3KUM MojyneM nedopmanuu, Gaxkrop
pas3rpy3Kku npu IIyOMHAX KOTJIOBaHA CBBIIIE 5 M Oy-
JCT OKa3bIBATh 3HAYHUTCIIBHOC BJIMAHUC HA B3aHMOHCﬁ-
CTBHE OKOJIOCBAiHOTO MaccuBa ¢ OapeTTamu.

Ha ocHOBaHMH ONMCAHHBIX NPEANONOKEHUN
B HacTosuiedl pabore mpejsaraeTcs onpenelsiTh
HECYIIYI0O CHOCOOHOCTh OaperTT B clIalbIX TPyHTaX
10 KPUTEPHUIO OFPAHUUYEHHUS NPEAEIbHON BepTUKAIb-
HOM nedopManuu, OCHOBAHHON Ha MOJOKEHHUAX?,
Jlns yuera s dexra pa3rpy3ku KOTJIOBaHA B mpeje-
Jax pas3rpy3o04Hoii Tonuu H = pekoMeHIyeTcs B pac-
4€TC€ OCaAKH NMPUMEHATH MOAYJb CABHUIA IIpU pas3-
rpy3ske 1mo dopmyie:

1

G, =——E,_,
ur 2(1+Vw) ur (3)

rae v, — Kkod(puunent nonepeynoit pegopmanuu
IpYHTa TPU pasrpy3Ke/IOBTOPHOM Harpyx eHuu (J0-
nyckaercs npunumars 0,2); £ — momyis gepopma-
I[UH IPYHTA 110 BTOPUYHOW BETBU HArPYyKESHUSI.

Monyne nepopmaunn pasrpysku H, npubnusu-
TENbHO B 2...7 pa3 Gonbie Moayist obmen nedgopma-
I[UH, OIPEJIEIICHHOTO B MPUOOPE TPEXOCHOTO CXKATHUS
(puc. 4). I[ToaToMy B KauecTBE IPEABAPUTEIHHOTO 3HA-
YEHUS I0IyCKAaeTCA OTPaHMYNBATHCS YCIOBHEM:

H, =S5E. @)

Pasrpy3ounas Toxma ompenensercs NIyOMHON
H_, Ipn KOTOpOH BEPTHKAILHBIE HANPSKEHHS OT COO-
CTBEHHOTO BECa BBIHYTOTO IPYHTA G PABHSAIOTCS IO~
JIOBUHE TPUPOHOTO BEPTHKAILHOTO fasnenns 0,56,
a Jis clabbIX TPYHTOB C MoayieM nedopMaiuu
E <7 Mlla rny6buna H  onpenenseTcs u3 yCIoBHSL:

o, = O,Zng. (®)]

[ToneBsle ucnbiTanus cBai-0apeTT OOJBIION
JUIMHBI CTATHYECKON BAaBIHBAMONIEeH Harpy3koi® [21]
SABJISIIOTCS TPSIMBIM M Han0oJiee TOYHBIM METOIOM
OTIpeJIeJICHHs HECYIeH CIIOCOOHOCTH CBaid 10 TPYHTY.
Jlatunky, ycTaHOBJICHHBIE HA OTOJIOBKAX CBa, (prukcu-
PYIOT nedopMaliy cBai 1moJ Harpy3KoH.

Ha mnomanke Oymymero cTpouTeascTBa roposa
XaHos1, XapaKTepHU3YIOLIEHCS CI0XKHBIMU HHKEHEPHO-
TE0JIOTHUYECKUMHU YCIOBUSMH, OBUIM H3TOTOBJICHBI
W TIPOBEJICHBI HAaTypHBIC NCIBITAHUS ONMHOYHBIX Oa-
perT ceuenuem 800 x 2800 MM 10 MaKCUMaJlbHOM Ha-
rpy3ku 30 MH ¢ momomibio rufipaBIM4ecKux JOMKpa-
TOB.

7 Tep-Mapmupocsn 3.1 Mexanuka rpyntoB. M. : Uzn-so ACB, 2009. 256 c.
8 TOCT 5686-2012. I'pyHTsI. MeTOIBI HONEBHIX UCIBITAHKH CBASMH MO MEXIYHAPOJHON CTaHAapTH3aluu B Poccuiickoit

Oenepannu. M. : Crangaptuadopm, 2014. 43 c.
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Puc. 4. 3aBucumocts nedopMai OT HANPSDKEHUS K OTIpe-
JIeNICHUIO Moaysiell ne)opMaluy B yCIOBHUAX TPEXOCHOTO
CKaTHA

Touniy ocHOBaHHUS B IIpeAeax pa3BeJaHHOM ITy-
6unbI 60 M cnararT ciiadble TPYHTHI C HU3KUMH Je-
(hopMaMOHHBIMU U IPOYHOCTHBIMH XapAKTEPHCTHKA-
MU (Tabm. 1).

TabJ. 1. dusznuko-MexaHn4ecKue CBONCTBAa IPYHTOB

PE3YJUBTATBI HCCJEJOBAHNUA

Hpu nocrmkenun Harpysku F, . = 27 500 xH
OcajKa OroJIOBKa 0apeTThI 110 pe3yabTaTaM UCTIBITaHUN
cocraBmia 40 MM (cMm. puc. 5). JlaHHOE 3HAUYEHHE TIPH-
HATO 32 HECYLIYIO CIIOCOOHOCTh OAPETTHI 110 TPYHTY .

Ha puc. 6 nokazaHa pacueTHas cxema K onpee-
JICHUIO Hecyled cnocoOHocTu. B cBonHOM Tabmn. 4
MpeJCTaBIeHbl PE3YJbTaThl pacyeTa Mo pa3inyHbIM
METOJIUKAM.

Pe3ynbrarel onpeneneHus Hecymen crocoOHO-
CTH OIWHOYHOH 0apeTThl JIUHOHW 37 M B 3aBHCHMOCTH
OT TIIYOHWHBI 3aJ0KEeHHA ee ocTpus 1o 51,90 M mpexn-
CTaBJICHBI B Ta0OM. 2.

Hecymiast cnocoOHOCTH 6apeTThl, onpeaeaeHHas
o popmyne (1), cocrapuna I, = 27 285 xH. ITo ¢op-
MyJe (2) U3 yCIIOBUS OTpaHUYCHUS PEACTbHOM 0CaAKHI
F,, = 18 450 kH, 9TO 3HaYMTENBHO OTINIAETCS OT MO-
JTyYCHHBIX 3HAUYEHUH OMBITHBIM ITyTEM MPH CTaTHde-
CKUX MCIBITAHUSIX.

[To nmpemnoxenHoit B HacTosIel pabore Moan¢u-
IIMPOBAaHHON METOJIMKE C Y4ETOM pabOoThI OKOIIOCBAHHOTO

I{C?:gzp HanmenoBanwue rpyHra hom |y, kH/M I, e ¢, Tpag K;a Mbi',la

1 HacsinHoii crnexaBmuiics 1.6 16,00 _ B _ B _
TPYHT

2 I'muna texyuast 16,1 17,00 1,408 1,246 6,30 7,00 1,50
3 IMecox menkwmit 5,1 19,00 0,350 0,771 30,00 - 13,5
4 I'muna TexyyennactTuyHas 10,2 17,20 0,811 1,171 18,00 9,10 15,0
5 IMecox menxuit 3,0 19,20 0,350 0,746 30,00 - 13,5
6 CyIIIMHOK MSATKOTIIACTHYHBIH 34 17,80 0,695 1,002 7,40 9,60 5,00
7 IMecox menxwuit 1,0 19,10 0,035 0,755 30,00 - 13,5
8 CyIIMHOK TEeKy4eIIaCTUYHbIN 4.8 17,50 0,930 1,082 8,00 9,50 3,00
9 I'paBuitHO-TaJICYHBIN TPYHT >15,8 20,10 0,300 0,524 38,00 2,00 50,0
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MeToamnka oLeHKU HecyLLeH CrnocobHOCTH 6apeTThbl yBOKOro KOTAOBaHa B CAOXKHbIX

Harpysxka Ha roixoBky 6apertsr, MH
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Puc. 6. Cxema pacuera Hecymei CioCOOHOCTH OAMHOYHON OapeTThI
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Tabu. 2. Pacuer Hecylwei cmocoGHOCTH OapeTThI IO IPYHTY

}II/;’P‘;P how | 1, | v, | Zym | fo.xla | Zowm | Rxlla | F,xH | F,xH F,xH
2,00 | 1,05 | 0,60 4,00 5,00 5,00 350,00 43,20 784,00 827,20
’ 1,40 | 1,05 | 0,60 5,70 6,00 6,40 420,00 79,49 940,80 1020,29
2,00 | 0,30 | 0,60 7,40 43,40 8,40 843,33 454,46 1889,07 2343,53
3 2,00 | 0,30 | 0,60 9,40 45,40 10,40 980,00 846,72 2195,20 3041,92
1,10 | 0,30 | 0,60 | 10,95 46,95 11,50 | 1062,50 | 1069,83 2380,00 3449,83
2,00 | 0,80 | 0,60 | 12,50 7,89 13,50 750,00 1138,00 1680,00 2818,00
2,00 | 0,80 | 0,60 | 14,50 7,89 15,50 825,00 1206,17 1848,00 3054,17
2,00 | 0,80 | 0,60 | 16,50 7,89 17,50 925,00 1274,34 2072,00 3346,34
! 2,00 | 0,80 | 0,60 | 18,50 7,89 19,50 | 1025,00 | 1342,50 2296,00 3638,50
2,00 | 0,80 | 0,60 | 20,50 7,89 21,50 | 1050,00 | 1410,67 2352,00 3762,67
0,20 | 0,98 | 0,60 | 21,60 7,89 21,70 | 1050,00 | 1417,49 2352,00 3769,49
2,00 | 0,30 | 0,60 | 22,70 58,70 23,70 | 1890,50 | 1924,66 4234,72 6159,38
’ 1,00 | 0,30 | 0,60 | 24,20 60,20 24,70 | 1955,50 | 2184,72 4380,32 6565,04
2,00 | 0,70 | 0,60 | 25,70 16,13 26,70 | 1050,00 | 2324,08 2352,00 4676,08
° 1,40 | 0,70 | 0,60 | 27,40 16,15 28,10 | 1050,00 | 2421,76 2352,00 4773,76
7 1,00 | 0,20 | 0,60 | 28,60 64,60 29,10 | 2537,00 | 2700,83 5682,88 8383,71
2,00 | 0,93 | 0,60 | 30,10 7,70 31,10 | 1050,00 | 2767,36 2352,00 5119,36
8 2,00 | 0,93 | 0,60 | 32,10 7,70 33,10 | 1050,00 | 2833,89 2352,00 5185,89
0,80 | 0,93 | 0,60 | 33,50 7,70 33,90 | 1050,00 | 2860,50 2352,00 5212,50
2,00 | 0,20 | 0,60 | 34,90 129,82 3590 | 3131,00 | 3982,13 7013,44 10 995,57
2,00 | 0,20 | 0,60 | 36,90 130,00 37,90 | 3311,00 | 5105,33 7416,64 12 521,97
’ 2,00 | 0,20 | 0,60 | 38,90 130,00 39,90 | 3491,00 | 6228,53 7819,84 14 048,37
0,10 | 0,20 | 0,60 | 39,95 130,00 40,00 | 9375,00 | 6284,69 | 21000,00 | 27 284,69
* HHKEHEPHO-TCOJIOTHYECKHIl HJIEMEHT.
Taba. 3. Pacuer Mmonyns u kosddunrenrta nonepedHoi nedopmannu
Howmep UT'D E, xlla E, xlla v \z
2 1500 7500 0,40 0,3
3 13 500 67 500 0,30 0,2
4 15 000 75 000 0,40 0,3
(wan H,= 10 m) ’ ’
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Puc. 7. CoBMemeHHbIH I‘paq)I/IK 3aBUCUMOCTH OCAJKU OT HArpy3ku II0 pE€3yJjibTaTaM aHAJIUTUYCCKUX paCH€TOB U HATYPHBIX

HCHIBITAaHUN

IpyHTa 10 BTOPUYHOI BETBU MOCIIE Pa3rpy3KH KOT-
JI0BaHa HeCyIIasi COCOOHOCTh 0apeTThl COoCTaBMIIA
F, =24 600 xH npu 3a1aHHbIX paCYETHBIX IIAPAMETPAX
(tabn. 3): myOuna komoBaHa 15 M, mmpuHa 61 M, riny-
OuHa pasrpy304HOH Tosy HasHadena = 10 m.
JlaHHO€ 3HaueHue ¢ JOCTaTOYHOH TOYHOCTBIO CO-
IVIACYeTCsI C pe3yNIBTaTaMH MOJICBBIX HCTIBITaHuH (pHc. 7).

SAK/JIIOYUEHHUE U OBCYXIAEHUE

Ha nHanpspkeHHO-1€OpMHUPOBaHHOE COCTOSIHHE
TPYHTOBOTO MAacCHBa, BMEIIAIOIIETO MOA3EMHYIO 4acThb
BBICOTHBIX 3/IaHUM, OKAa3bIBalOT BIMSHHE MHOXECTBO
(haKkTOpOB, CpeIN KOTOPHIX U3MEHEHNE YCIOBUI pabOoTHI
TPyHTa IPU pa3rpy3Ke Hocie pa3pabOTKH KOTIOBaHA.
3Ha4YNTENbHOE BIUSIHIE Pa3rpy3Ka OKa3bIBAaeT MPH OCHO-
BaHMH, CJIO)KEHHOM TOJIIEH Ca0bIX IPYHTOB, JTAHHBIN

(haxTop creyeT yUUThIBaTh MPHU pacyeTe CBaHHbIX (yH-
JTAMEHTOB I10 HECYIIeH CIIOCOOHOCTH U Ie(hOpMAaIIHsIM.

BBonutcst HoHsATHE «TITyOMHBI Pa3rpy304HOI TOJI-
W» OCHOBaHMs /TP OTKOIKE KOTJIOBaHa, B MpeJie-
Jax KOTOpoH je)opMalMOHHbIE TTapaMeTpbl v, | E
OKPY’KalOIIETO CBal0 TPyHTa CleAyeT HMPUHUMATh
10 BTOPUYHOH BETBH.

[penioxxeHHOE U3MEHEHUE K METOJMKE OIpe/ie-
JICHUS! OCa/IKW OIMHOYHOI CBau MO3BOJISIET B YCIIOBUSX
0O0JIBIIOrO 3arTyONeHusl U C1a0bIX IPYHTOB PACCUUTHI-
BaTh HECYUIYIO CITIOCOOHOCTH CBaM MO TPYHTY C YUETOM
pasrpy3ku KOTJIIOBaHA. 3HAYEHUS, MOTYUYEHHbIE TAKUM
00pa3oM, XOpOIIIO OIMMCHIBAIOT MTOBECHUE OapETTHI Ha-
rpy3Ko#, OIM3KOH K MPeAeIbHOMY COCTOSIHUIO, C pa3-
HUIIeH Hecytel crrocodHocTH 0koI0 10 %, 9To MOXKeT
NPUMEHSETCs TSl TPEABapUTENbHBIX pacyeTOB Ha CTa-
JIMH KOHLIETIIINH MTPOCKTA.
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Methodology for evaluating the bearing capacity of a deep excavation barrette in complex geotechnical

conditions in Hanoi P. 6-21

INTRODUCTION

The rate of urbanisation in large cities is increas-
ing rapidly every year. The construction of high-rise,
unique buildings in large urban areas of the world is
increasing'. With the development of today’s dense
urban space the requirement for mechanical safety
of these works can only be ensured on solid founda-
tions, especially when building on soft soils?.

Barrettes are highly efficient foundation struc-
tures for high-rise buildings on soft soils. The techno-
logical sequence of making single barrettes is similar
to the trench “wall-in-soil” construction (Fig. 1) [1].
The usage of barrettes makes us search for new ways
of improving the quality of calculations and design
of foundations, in particular, new methods of calcu-
lation need to be developed. Many Russian and for-
eign scientists studied the applicability of the barrette
foundation in practice, the peculiarities of interac-
tion of barrettes with each other and the soil, includ-
ing those in the conditions of soft soils® [2—8]. At
the same time, the used normative methods for calcu-
lation of bearing capacity and settlement do not take
into account the peculiarities of the stress-strain state
of the foundation in foundations of high-rise buildings
with a developed underground part.

In the design of a pile foundation, an important
part is to determine the bearing capacity of the pile

on the ground. Methods for quantitative and qualita-
tive assessment of the bearing capacity of long bar-
rettes have been devoted to a number of studies by
geotechnical scientists: O.A. Shulyatyev, Z.G. Ter-
Martirosyan, V.V. Sidorov, R.A. Mangushev, N.S. Ni-
kitin, Trung Hieu Le, Minh Cu Le, Phu Huan Vo Nguy-
en, T.D. Nguyen, V.Q. Lai, D.L. Phung, T.P. Duong
[9-13], etc. Many authors have studied the features
and complex nature of engineering and geological
conditions in Hanoi affecting the construction of pile
foundations under different conditions of high-rise
buildings, e.g. L.A. Strokova, H.T. Phi, 2013; Do
Quang Thien, 2014; A.Yu. Prokopova, V.N. Nguy-
en, D.Ch. Chan, 2016; S.D. Dao, V.H. Dao, 2017;
V.H. Nguyen, N.S. Nikiforova, 2017; Y. Harina, 2020;
T.T.D. Pham, 2021 [14-20].

At present, the construction of high-rise build-
ings and multifunctional complexes does not do with-
out a developed underground part both in plan and in
depth (Fig. 2) [21]. The soil mass containing deep ex-
cavations is in a complex stress-strain state, which is
influenced by many factors: engineering and geologi-
cal conditions, unloading and softening of soil during
excavation, rigidity of envelop structures, the method
of development of underground space and others.
Simplified engineering and empirical methods for de-
termining the bearing capacity of piles with regard to
influencing factors need further research.

AR il2 2 2%
i . . o
Guide Wall ] Vertically lifted | ][] L
pipe HEctm
1 | 'y
i i L7 h
1
A
, p
¢ = 5 Reinforcement
Clay cage
mortar
Trench excavation Reinforcement VPT concreting

Fig. 1. Scheme devices of single barrettes [1]

! Shulyatyev O.A. Foundations and foundations of high-rise buildings : scientific edition. 2nd ed., rev. and ext. Moscow, ASV

Publ., 2020; 442.

2 Mangushev R.A., Znamenskii V.V., Gotman A.L., Ponomarev A.B. Piles and pile foundations. Structures, design and
technologies : textbook; R.A. Mangushev (ed.). 3th ed., ster. Moscow, ASV Publ., 2021; 320.

3 Mangushev R.A., Nikiforova N.S., Konyushkov V.V., Osokin A L, Sapin D.A. Design and arrangement of underground
structures in open basins : textbook. Moscow, Saint Petersburg, ASV Publ., 2013; 256.
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MATERIALS AND METHODS

According to the Russian design standards for
pile foundations®, the bearing capacity of suspension
piles on the ground is composed of the resistances un-
der the bottom end and on the side of the pile, which
depend on the physical and strength characteristics
of the ground™® [22]:

Fdl =Y. (YcRRA+uZyc/”ﬁhi)= )]

where y, — coefficient of ground conditions of the pile,
taken as 1; YoVoy — coefficients of ground conditions
respectively under the bottom end and on the lateral
surface of the pile; R — design resistance of the ground
under the bottom end of the pile, kPa; 4 — the area
of the pile resting on the ground, m?; u — external pe-
rimeter of the pile cross section, m; f, — design resis-
tance on the lateral surface of the i-th layer, kPa; 7, —
thickness of the i-th soil layer, m (Fig. 3).

The settlement of single piles is inversely propor-
tional to the shear modulus G of the soil, which depends
on the general deformation modulus E, and is deter-
mined according to the method* using the formula:

N

s=p—,
BGll

@

where 8 — dimensional factor; N — vertical load applied
to the pile, MN; G — average shear modulus, MPa; / —
pile length, m.

For piles cutting through soft soils, the decisive crite-
rion for the load-bearing capacity in the soil is the achieve-
ment of ultimate subsidence under load. An additional
test according to formula (2) is therefore a prerequisite.
However, comparisons of the results of field tests with
the calculation methods show considerable discrepancies
in the values [4, 9].

It is noted that the discharge of soil below the bot-
tom of deep excavations during excavation is an impor-
tant factor to be considered in the design and calcula-
tion of foundations. During the zero phase of excavation,
the initial stress state of the surrounding soil mass is
modified and as such interacts with the additional stresses
from the building’. If the foundation is composed of soft
soils with a low deformation modulus, the unloading
factor at excavation depths of more than 5 m will have
a significant influence on the interaction of the near-pile
massif with the barrettes.

Based on the described assumptions, this paper
proposes to determine the bearing capacity of a barn in
soft soils by the criterion of limiting the ultimate vertical
deformation based on the provisions of*. In order to take
into account the effect of unloading the excavation within
the unloading thickness H it is recommended to apply
the unloading shear modulus in the calculation of settle-
ment using the formula:

G, = 1

- FE
ur 2(1+Vw) ur > (3)
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Fig. 2. Technological scheme by the “top-down” method [20]

4CP 24.13330.2011. Code of Practice. Piled foundations. Revised edition of SNiP 2.02.03—85. Moscow, Standardinform, 2011; 152.
5 GOST 20276-2012. Soils. Methods of field determination of strength and deformability characteristics.

¢ Ukhov S.B., Semenov V.V., Znamensky V.V., Ter-Martirosya

n Z.G., Chernyshev S.N. Mechanics of soils, foundations and

foundations : textbook. S.B. Ukhov (ed.). 4th ed., stern. Moscow, 4th ed. Moscow, Higher school Publ., 2007; 566.
7 Ter-Martirosyan Z.G. Soil Mechanics. Moscow, ASV Publ., 2009; 256.
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Fig. 3. Calculation scheme for determining the bearing
capacity of a pile by a practical meth od

where v — is the coefficient of transverse strain
of the ground under unloading/reloading (it is allowed to
take 0.2); £ — the strain modulus of the ground along
the secondary branch of loading.

The unloading strain modulus / is approximately
2...7 times greater than the total strain modulus deter-
mined in the triaxial compression device (Fig. 4). There
for it is allowed to be limited to the condition as a provi-
sional value:

H =5E. 4)

The unloading thickness is determined by the depth
H , at which the vertical stresses from the excavated
soil’s own weight o_ are equal to half the natural verti-
cal pressure of 0.5 O and for weak soils with deforma-

Table 1. Physical and mechanical properties of soils

Fig. 4. Stress-strain relation to the determination of strain
moduli under triaxial compression

tion modulus £ < 7 MPa the depth /{is determined from
the condition:

o,= O.Zng. %)

Field testing of long-length barrette piles with a stat-
ic indentation load® [21] is the direct and most precise
method for determining the load-bearing capacity of piles
on the ground. Sensors mounted on the pile heads record
the deformation of the piles under load.

At the future construction site in Hanoi, charac-
terised by difficult geotechnical conditions, field tests
were carried out on single barrettes with a cross section
of 800 x 2,800 mm to a maximum load of 30 MN using
hydraulic jacks.

The basement is composed of weak soils with low
deformation and strength characteristics within an ex-
plored depth of 60 m (Table 1).

n];i}l]s;r Ground name h, m ¥, kKN/m? I, e @, hail c,kPa | E, MPa

1 Bulk compacted soil 1.6 16.00 — - - - -

2 Flowing clay 16.1 17.00 1.408 1.246 6.30 7.00 1.50
3 Fine sand 5.1 19.00 0.350 0.771 30.00 - 13.5
4 Fluid clay 10.2 17.20 0.811 1.171 18.00 9.10 15.0
5 Fine sand 3.0 19.20 0.350 0.746 30.00 - 13.5
6 High-plastic clay loam 34 17.80 0.695 1.002 7.40 9.60 5.00
7 Fine sand 1.0 19.10 0.035 0.755 30.00 - 13.5
8 Fluid plastic clay loam 4.8 17.50 0.930 1.082 8.00 9.50 3.00
9 Gravel and pebble soil >15.8 | 20.10 0.300 0.524 38.00 2.00 50.0

8 GOST 5686-2012. Soils. International Standardisation Field Test Methods for Piles in the Russian Federation. Moscow,

Standartinform Publ., 2014; 43.
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RESEARCH RESULTS

When the load F dsite = 27,500 kN is reached,
the settlement of the barrette head was tested to 40 mm
(see Fig. 5). This value is taken as the ground load-bear-
ing capacity of the barrette’.

Fig. 6 shows the calculation scheme for deter-
mining the load-bearing capacity Table 4 summarises
the results of the various calculation methods.

The results of determining the load-bearing capaci-
ty of a single 37 m long barrette, depending on the depth
of its tip to 51.90 m, are presented in Table 2.

The load-bearing capacity of the barrette, de-
termined by formula (1), was F, = 27,285 kN. Us-
ing formula (2) to limit the ultimate settlement,
F, = 18,450 kN, which is considerably different from
the values obtained experimentally in the static tests.

Barrette head load, MN

0

15

20 25 30 35

5.0
10.0
15.0 &
20.0 |
250 f
300 F
35.0
40.0
450
50.0

Displacement, mm

Fig. 5. Results of full-scale static tests of barrette piles

Ground water level

Excavation bottom

Absolute evaluation z, m

7 m

8x08x3

=9

Barrette pile L x B x H

Fig. 6. Scheme for calculating the bearing capacity of a single barrette
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Table 2. Calculation of the load-bearing capacity of the barrette on the ground
Number of
the GTE* hi, m I Yy Zi/, m ﬁ_m, kPa Z,m | R, kPa F P kN F, kN F, kN
2.00 1.05 | 0.60 | 4.00 5.00 5.00 350.00 43.20 784.00 827.20
2
1.40 1.05 | 0.60 | 5.70 6.00 6.40 420.00 79.49 940.80 1,020.29
2.00 0.30 | 0.60 | 7.40 43.40 8.40 843.33 454.46 1,889.07 2,343.53
3 2.00 0.30 | 0.60 | 9.40 45.40 10.40 | 980.00 846.72 2,195.20 3,041.92
1.10 0.30 | 0.60 | 10.95 46.95 11.50 | 1,062.50 | 1,069.83 | 2,380.00 3,449.83
2.00 0.80 | 0.60 | 12.50 7.89 13.50 | 750.00 | 1,138.00 | 1,680.00 2,818.00
2.00 0.80 | 0.60 | 14.50 7.89 1550 | 825.00 | 1,206.17 | 1,848.00 3,054.17
2.00 0.80 | 0.60 | 16.50 7.89 17.50 | 925.00 | 1,274.34 | 2,072.00 3,346.34
4
2.00 0.80 | 0.60 | 18.50 7.89 19.50 | 1,025.00 | 1,342.50 | 2,296.00 3,638.50
2.00 0.80 | 0.60 | 20.50 7.89 21.50 | 1,050.00 | 1,410.67 | 2,352.00 3,762.67
0.20 0.98 | 0.60 | 21.60 7.89 21.70 | 1,050.00 | 1,417.49 | 2,352.00 3,769.49
2.00 0.30 | 0.60 | 22.70 58.70 23.70 | 1,890.50 | 1,924.66 | 4,234.72 6,159.38
5
1.00 0.30 | 0.60 | 24.20 60.20 2470 | 1,955.50 | 2,184.72 | 4,380.32 6,565.04
2.00 0.70 | 0.60 | 25.70 16.13 26.70 | 1,050.00 | 2,324.08 | 2,352.00 4,676.08
6
1.40 0.70 | 0.60 | 27.40 16.15 28.10 | 1,050.00 | 2,421.76 | 2,352.00 4,773.76
7 1.00 0.20 | 0.60 | 28.60 64.60 29.10 | 2,537.00 | 2,700.83 | 5,682.88 8,383.71
2.00 0.93 | 0.60 | 30.10 7.70 31.10 | 1,050.00 | 2,767.36 | 2,352.00 5,119.36
8 2.00 0.93 | 0.60 | 32.10 7.70 33.10 | 1,050.00 | 2,833.89 | 2,352.00 5,185.89
0.80 0.93 | 0.60 | 33.50 7.70 33.90 | 1,050.00 | 2,860.50 | 2,352.00 5,212.50
2.00 0.20 | 0.60 | 34.90 129.82 3590 | 3,131.00 | 3,982.13 | 7,013.44 10,995.57
2.00 0.20 | 0.60 | 36.90 130.00 37.90 | 3,311.00 | 5,105.33 | 7,416.64 12,521.97
9
2.00 0.20 | 0.60 | 38.90 130.00 39.90 | 3,491.00 | 6,228.53 | 7,819.84 14,048.37
0.10 0.20 | 0.60 | 39.95 130.00 40.00 | 9,375.00 | 6,284.69 | 21,000.00 | 27,284.69
*geotechnical element.
Table 3. Calculation of the modulus and coefficient of transverse deformation
Number of the GTE E, kPa E, kPa v v,
2 1,500 7,500 0.40 0.3
3 13,500 67,500 0.30 0.2
4 15,000 75,000 0.40 0.3
(over H =10 m) ’ ’ ’ ’

According to the modified method proposed in this pa-  design parameters (Table 3): excavation depth 15 m, width
per, taking into account the work of near-pile soil on the sec- 61 m, depth of unloading thickness is set // = 10 m.
ondary branch after the excavation unloading, the bearing This value agrees reasonably well with the results
capacity of the barrette was F,, = 24,600 kN with the given  of the field tests (Fig. 7).
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Fig. 7. Combined graph of dependence on load based on the results of analytical calculations and full-scale tests

CONCLUSION AND DISCUSSION

The stress-strain state of the soil mass contain-
ing the underground part of high-rise buildings is
influenced by many factors, including the change
of soil conditions during unloading after excavation.
The unloading has a significant effect in the case
of a foundation composed of soft soils and this fac-
tor should be taken into account when calculating
the bearing capacity and deformations of pile foun-
dations.

The concept of the “unloading depth” of
the foundation /A  is introduced when excavating

the excavation, within which the deformation param-
eters v and E  of the soil surrounding the pile are to
be assumed according to the secondary branch.

The proposed modification to the method for deter-
mining the settlement of a single pile makes it possible
to calculate the ground-load-bearing capacity of the pile
with regard to excavation unloading under high-depth
and weak soils. The values obtained in this way de-
scribe well the behaviour of the barrette with a load
close to the limit state with a bearing capacity differ-
ence of approx 10 %, which can be used for preliminary
calculations in the conception phase of the project.
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PaboTa cBsi3eBbIX CTAJBHBIX KapKacoB € YY€TOM HOFpemHOCTeﬁ

MOHTAaXKa U U3Ir0TOBJICHUSA
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AHHOTALNA

BBepeHue. B kayectBe MaTepuana CTPOUTENbHBIX KOHCTPYKLUMIA CTanb HAXoAMT LUMPOKOE NPUMEHEHUE U3-3a CBOUX Bbl-
COKMX MEXaHW4ecKux XxapakTepucTuk. CTanbHble Hecylme KOHCTPYKLUMM MHOFO3TaXHbIX 34aHui npepctaBnsitoT coboi
cucTemy, 06pa3oBaHHy0 KONOHHaMK, 6ankamu, Auckamu nNepekpbiTUn U cBsi3siMU. Kapkac MHOroaTakHoro 3gaHusi uMeet
6onbLIOE YNCMO ANEMEHTOB U MX coeanHeHUi. OLLMGKM NPy U3rOTOBMEHUM, MOHTaXe W 3KCMyaTauun cTarnbHbIX KapKkacoB
MHOTOSTaXHbIX 34aHUIA MOTYT NMPUBECTU K CHMKEHMIO HECYLLIEN CMOCOBHOCTU KOHCTPYKLMI MO CPABHEHMIO C NPOeKTHON. OT-
KIMOHEHNS OT MPOEKTHOrO MOMOXEHNS NPOUCXOAAT B pe3yrnbraTe HapyLUeHWI NpaBui TEXHUYECKOW aKchnyaTauuv 3gaHui
CBepX AornycKkaeMbIxX Npeaeros, oMG0oK NPOEKTUPOBaHWSA, HECOBEPLLEHCTBA HOPM U HM3KOTO KayecTBa paboT npu N3roTos-
TNIEHVMN N MOHTaxe KOHCTPYKLUMIA. B AefCTBYOLMX POCCUIACKMX HOPMaXx He YYMTbIBAeTCS BMUSHWE NOrPeLUHOCTEN M3roToB-
NeHNA N MOHTaXa Ha paboTy MHOTO3TaXHbIX kKapkacoB. HavanbHble reomeTpuyeckne AedeKkTbl KOHCTPYKTUBHOW CUCTEMBI
1 ee OTAENbHbIX 3NEeMEHTOB CNOCOBCTBYIOT OTNNYMIO paboThbl peanbHON KOHCTPYKLMKU OT naeanv3vpoBaHHOW.

MaTepuansi u meToabl. /3ydeHre BNUsIHUSE Ha4anbHbIX HECOBEPLUEHCTB Ha HaNPsKEHHO-AE(POPMUPOBAHHOE COCTOSIHUE
CTanbHOro kapkaca sIBMsieTcsl akTyanbHbIM. HauanbHble HECOBEPLLEHCTBA YUMTHIBAKOT UMK 3@ CHET NPUIOXEHUS K aeanu-
3MPOBAHHON pPac4ETHOWN CXeMe 3KBMBANEHTHOW Harpysku, Unn oopMmpoBaHNS reOMETPUYECKN NCKaXKEHHON HECOBEPLLIEH-
CTBaMu pac4eTHON cxeMbl. PacyeT MOXET BbINONMHATLCS NIMHENHBIV UMW C Yy4ETOM FrEOMETPUYECKON HENMNHENHOCTH.
Pesynbrathbl. [pyBoasTCs pesynbraThl UccnefoBaHusa paboTbl CTanbHOrO CBA3EBOrO Kapkaca Npy HanMymMmn HavarnbHbIX He-
coBepLUeHCTB. PaccMOTpeHO BMsSIHWE HavanbHbIX HECOBEPLLEHCTB B BUAE OTKIIOHEHWSI KONIOHH OT BepTMKanu. BennuunHbl
HavanbHOro HECOBEPLLEHCTBA OnpeeneHbl B COOTBETCTBUN C AENCTBYOLLUMMNU HopMmamu PO.

BbiBoAbl. [Nony4yeHHble pesynbTaTbl NO3BOMNUNM NPEANoXUTL NS pacdeTa KapkacoB C HECOBEPLUEHCTBaMU MOMPaBOYHbIV
KO3 PULMEHT K pesynbTataMm pacyeta naeanusnpoBaHHOro kapkaca.

KNOYEBDBIE CITOBA: norpeLlHOCTb MOHTaXa 1 U3roTOBMNEHWs], CBS3EBOW KapKac, CTarnbHble KOHCTPYKLWW, NIMHENHBI pac-
YeT, HeMNMHENHbIN pacyeT, reOMETPUYECKNE HECOBEPLLEHCTBA, MHOTO3TaXHbIE 3[aHus
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ABSTRACT

Introduction. As a building construction material, steel is widely used because of its high mechanical characteristics. Steel
load-bearing structures of multi-storey buildings are a system formed by columns, beams, floor slabs and braces. The frame
of a multi-storey building has a large number of elements and their connections. Errors in the fabrication, installation and
operation of steel frames of multi-storey buildings can lead to a reduction in the load-bearing capacity of structures compared
to the design. Deviations from the design position occur because of violations of the technical operatin.rules of the buildings
beyond the permissible limits, design errors, imperfect standards and poor quality of work during the fabrication and installa-
tion of structures. The current Russian standards do not take into account the impact of fabrication and installation errors on
the work of multi-storey frames. The initial geometric defects in the structural system and its individual elements contribute
to the difference in performance between the real construction and an idealized one.

Materials and methods. The study of the effect of initial imperfections on the stress-strain state of the steel frame is important
and relevant. Initial imperfections are taken into account either by applying an equivalent load to the idealized design scheme
or by forming a geometrically distorted by imperfections design scheme. The analysis can be linear or geometrically non-linear.
Results. The results of the study of braced steel framework performance in the presence of initial imperfections are pre-
sented. The effect of initial imperfections in the form of deflection of columns from the vertical is considered. The values of
the initial imperfections are determined in accordance with the current RF standards.
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Conclusions. The results obtained have made it possible to propose a correction factor to the results of the calculation of
frames with imperfections to the results of the calculation of an idealized frame.

KEYWORDS: assembly and fabrication errors, braced framework, steel structures, linear calculation, nonlinear calculation,

geometric imperfections, multi-storey buildings
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BBEJAEHHUE

Kapkac MHOTOATa>KHOTO 3/1aHHsI BBIIOJIHAET HECY-
IIyI0 (GYHKITHIO, 3aKITIOYAIOIIYIOCS B BOCTIPHSITHH H Tie-
penade Ha OCHOBaHHE BCEX CHIIOBHIX (DaKTOpPOB, NEH-
cTByromux Ha 3nanue [1]. Kapkac mpencrasnseT coboit
MPOCTPAHCTBEHHYIO CUCTEMY HECYIIMX KOHCTPYKTHB-
HBIX 3JIEMEHTOB CTEPKHEBOTO THIA, 00€CIeUNBAIOIINX
€ro HeoOXOIMMYIO KECTKOCTh, YCTOHYMBOCTh U IPOY-
HoCThb. KpoMme KoJIOHH, 0asloK MepeKphITHH U BEPTH-
KaJIbHBIX CBA3EH, QOPMUPYIOTCS KECTKHE TUCKH TIepe-
KPBITHH, KOTOpPBIE CO3IaI0T 3(PPEKTUBHYIO Iepeaady
Harpy3KH Ha BepTHKaJIbHbIE CBA3H [2, 3].

Kapkacbl MHOTO3Ta)XHBIX 3AaHUIl MOXHO TIpen-
CTaBHUTbH KaK CTEP>KHEBBIC MPOCTPAHCTBEHHBIE CHCTE-
MBI. BEIOOp KOHCTPYKTHBHOM CXeMBI KapKaca BIIHSET
Ha pacxoj MaTepHajioB U CTOUMOCTH 3[aHUs, IKCILTY-
aTallMOHHBIE PACXOMbI M TPYAOEMKOCTh MOHTaxa. [1o-
MHMO o0ecIiedeHIs Hecymel crnocoOHOCTH KapKaca
HE00X0MMO MCKJIIOUUTh CBEPXHOPMATHBHBIE T'OPH-
30HTAJbHBIC U BEPTUKAJIBHBIC MIEPEMEILCHUS, a TaKXKe
HeIOMyCTHMBIe KoseObanus [4, 5]. B HacTosmee BpeMs
BHE/IPEHUE CTAJIbHBIX KaPKAaCOB B MaCCOBOE CTPOUTEIb-
CTBO CIIEP>KUBACTCSI OTCYTCTBUEM THIIOBBIX IIPOEKTOB.
[IpuMeHeHne THIIOBBIX MPOEKTOB MO3BOJIHT JOCTHYb
HAJIeKHOCTH U BBICOKOTO Ka9eCTBa BO3BEACHUS KapKa-
COB, COKPaTUTb CPOKHU U TPYI0EMKOCTb CTPOUTENIBCTBA.

MoHTaX MHOTO3Ta)KHOTO CTaJBHOTO KapKaca ocy-
IIECTBISIETCS] CTPOUTENSIMUA BBICOKOH KBaNU(UKALIAN
C MOMOILBIO ATIEMEHTOB 3aBOAICKOrO n3rotoBneHus. Kaue-
CTBEHHOE MIPOCKTUPOBAHNE U U3TOTOBJIEHHE AIEMEHTOB
KapKaca CIIy>KUT 3aJI0TOM TOYHOU COOPKU KOHCTPYKIHA
Ha MOHTaxX [6]. OcoOble TpeOOBaHUS MPEIBABIAIOTCS
K TOYHOCTH cOOpKH (0OecrieueHne JOMyCTHMBIX 3a30-
POB B y3/ax, OTKJIOHEHHS OT IPOEKTHOTO IMTOJIOKECHUS
IO TOPU30HTANN ¥ BEPTHKAIH). JlOIMyCcTHMast TOYHOCTD
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COOpPKHM /71 CTAJIbHBIX KapKacoB JI0CTaTOYHA BHICOKA.
Ha TouHOCTh MOHTaXa OKa3bIBAET BIHUSHUE U TEXHOJIO-
TSI YCTPOWCTBA CBAapHBIX M OONTOBBIX y3i10B [7]. Pa3-
paboTKa CTaHIAPTHBIX HIAPHUPHBIX U KECTKUX MOH-
TQXKHBIX COCAMHEHHUI yNpoIlaeT MOHTaX CTaJbHOTO
kapkaca [8]. OnbIT U IpaKkTUKa CTPOUTENHECTBA MHOIO-
JTa)KHBIX CTAJIbHBIX KApKacOB B XKUJBIX 3AaHUIX B Poc-
cuiickoii denepanun Bce ellie OrpaHUYEHbl, YTO IpUBE-
JI0 K IpOBeJIeHHI0 paboT 1o ero paspadotke [9]. OnHaxo
KapKac, CMOHTHPOBAHHBIN JJaxke U3 UAEeaIbHO U3rOTOB-
JIEHHBIX KOHCTPYKIMI, 4aCTO UMEET OTKIOHEHHS KOJIOHH
OT BEPTHKAJIBHOIO MOJIOXKEHHSI, YTO BEAET K CHIKEHUIO
HecyIel cnocoOHoCcTr KoHCTpyKiwmH [10].

Heo0xonumo moHNMaTh OTIIMYKME HauyalbHBIX He-
COBEPIICHCTB OT Ne()EeKTOB U MOBpexKIeHUI. Hauanb-
HbI€ HECOBEPIIEHCTBA — 3TO OTKJIOHEHUE PeanbHOU
KOHCTPYKIIMU OT IPOEKTHOU B Mpefeax, JOMyCKaeMbIX
HOPMaMH U KOHTPOJIUPYIOIIUMHU opranaMu. Otnudue
peanbHON KOHCTPYKIMU OT IPOEKTHOTO PEIIEHUs MO-
JKET TMPHUBECTH K CHIKCHMIO HECYyIeH CIIOCOOHOCTH,
YTO CJIEAYET YUUTHIBATh pHU pacyere. JedekTsr — 310
HECOOTBETCTBUS KOHCTPYKIUH ¢ KaKUM-TTH00 mapame-
TPOM, YCTAHOBIEHHBIM HOPMAaTUBHBIM JOKYMEHTOM
WM IPOEKTOM, MOIY4YEHHbIE KOHCTPYKIMEN Ha CTaquU
W3TOTOBJICHUS M MOHTaxa. JleeKThl cTaparoTcs BbI-
SIBUTh Ha 3Talle U3rOTOBJICHUS U BO3BEICHUS KOHCTPYK-
LU ¥ yCTPaHUTH 10 BBOJIa 00BEKTa B IKCILTYaTaLHIO.
He BoIsiBieHHBIE 1e(hEeKTHI MOTYT MPOSIBUTHCS B TPO-
1ecce dKCILTyaTaluu, 4YTo noTpedyeT peMoHTa N
ycuileHUs! KOHCTpyKuuil. IloBpexxaeHnss — Heucnpas-
HOCTH, MOJIly4eHHbIE KOHCTPYKIUEH IPU U3rOTOBIIE-
HUH, TPAaHCIIOPTUPOBAHUM, MOHTAXKE U IKCILTyaTallUH.
JleeKThl 1 MOBPEKACHHS TAKXKE CKa3bIBAIOTCS Ha He-
Cyliel CriocOOHOCTH KOHCTPYKIUH, HO HE pacCcMaTpH-
BaloTcA B JaHHOM cTatbe [11, 12].

FLEEE

Puc. 1. MHOTO3Ta)XHOE 37]aHNE HA HECYIIEM CBA3€BOM Kapkace [7]
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AKTyapHOCTh pabOTHI 3aK/II04aeTCa B y4eTe He-
COBEPILEHCTB, BO3HUKAIOIINX B PE3y/IbTaTe U3TOTOBIIE-
HUSI 1 MOHTa)Xa CTAJIBHBIX KOHCTPYKIMH U BIUSIOIINX
Ha paboTy CTaJIBHOIO KapKaca MHOTO3TA)KHOTO 3JaHUsL.
HN3ydenne 3Toro Bompoca Mo3BOJIUT PACIIUPHTh UCHIOIb-
30BaHNE CTATLHBIX KOHCTPYKIMH B TPAKIAHCKOM CTPOH-
TENbCTBE, B TOM YHCIIC MHOTOATaKHBIX 37aHUH (puc. 1).

MATEPHUAJIBI U METO/bI

PacueT cTajpHBIX KapKacOB MOXKET BBITTOIHITHCS
HECKOJIBKHMHU MeTonamu (puc. 2):

1. Pacuer B ynpyroii nocraHoBke 0e3 yuera reo-
METPUUECKON HETMHEHHOCTU KOHCTPYKIIUU — YIPYTUi
aHaJIN3 IIEPBOTO TOPSIIKA.

2. B ynpyroii nocTaHOBKE € y4€TOM reoMeTpruye-
CKOM HEJIMHEMHOCTH KOHCTPYKLMM — YIIPYTUil aHaJIN3
BTOPOTO MOPSIIKA.

3. C yueroM pm3HUIECKO HEMMHEHHOCTH MaTepu-
ana (IOITyCcKaeTCs pa3BUTHE IDTACTUICCKUX e(POpMAaITiid
CTaim), HO 0e3 yJeTa TeOMEeTPUIECKOl HeMMHEHHOCTH
KOHCTPYKIIMH — IUTACTHYECKHI aHAIIN3 IIEPBOI0 NOPsIIKA.

4. C yueroM (pU3HYECKON U TEOMETPUUCCKON He-
JIMHEHHOCTH — IJIaCTUYECKUIl aHAIN3 BTOPOTO TOPSAKA.

IIpoBeneHHBIEe paHee UCCIIEIOBaHUS NTOKA3bIBAIOT,
YTO aHaJIM3, OCHOBAHHBIM Ha pacdyeTe UaeaTu3upOBaH-
HOM MHOTO3Ta>KHOH CTaJbHON KAPKACHOW KOHCTPYKLUH
0e3 yueTa HeCOBEPIIIEHCTB, YaCTo He 00ecreunBaeT He-
CYLIYIO CHOCOOHOCTB 3[JaHHS U HE OTBEYAET HKCILIya-
TAI[MOHHBIM TPEOOBaHMAM ITO JIOITYCTHUMBIM MIEpEMeIIie-
HUSM Kapkacos [14].

OueHka BIMSHHS HA9JIbHBIX HECOBEPIICHCTB ObIIa
BBINOJTHEHA Ha IPUMEpE CBsI3eBOro kKapkaca 10-sTax-
HOTO KMJIOTO 3/1aHUsl, pacroyokeHHoro B IV cHerosom
u IV BeTpoBoM palioHe. 31aHue UMEET NPSMOYTOIbHbIN
J1aH, pa3meps! B miane 54,4 x 12,3 m. BeicoTa sTaxa
paBHa 2,95 m. 3nanue 6e3 nmoxsana. lllar monepeuHbIx
pam mepeMeHHBIN B IPOIOJILHOM Hampasienuu 3,0; 3,3;
3,6; 3,8 u 3,9 M. B monepeuHoM HampaBJIeHUH HIar Ko-
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1. Yipyruii aHaJiu3 nepBoro nopsiaxa x x
2. Ynpyruii aHanu3 BTOPOro HOopsiIKa x | x
3. [Inactuyeckuii aHaIM3 NEPBOTO MOPsIKA x x
4. Inactudeckuii aHaIU3 BTOPOToO HOPSIKa x x

a

sonH 4,3; 3,3 u 4,7 m. Ha puc. 3 nokasan ¢pparMeHT ruia-
Ha 37]aHus, Ha puc. 4 — paspes.

[epexpbITHs 30aHUS BHITIOMHSAIOTCS B BHJIE MOHO-
JIUTHOM >KeJIe300€ TOHHOM TUTUTHI 110 TPOGHIMPOBAHHOMY
Hactuy. [TInnta nmeer Tommuuy 130 MM, IO KoTOpOH
YCTpauBaIOTCS IIEMEHTHO-TIECYaHast CTSDKKa TOJIIMHON
45 MM U CJI0¥ 3BYKOM3OJISILIMY U3 TIEHOTIOJIMCTHAPOIIA TOJI-
IMHOW 23 MM, THHONEYyM. B oTnudne oT mepexphITuii
Ha IUTUTY MTOKPBITHS YKIIA/IBIBACTCS YTEIUINTEINb 13 MUHE-
paJIbHOM BaTkl TOMMMHON 210 MM, LIEMEHTHO-TIeCUaHast
CTSDKKA TOMIIMHON 30 MM, THIIPOU3OIISIIMOHHBINA KOBEP.

CreHbl 31aHUs — KapKacHO-oOMmMBHEIE. B mpo-
€KTe pacdeTa KapKaca Bec CTeH Y4TEH NpHOINKEHHO
U IpuHAT paBHbIM | kIla.

Juis obecrieueHUs] yCTOMYMBOCTU U IKECTKOCTH
CBSI36BOTO KapKaca yCTPamBalOTCS BEPTHUKAJIbHBIC
cBs3U. BepTukanbHble HEeCcylHe KOHCTPYKIMH Kap-
Kaca — KOJIOHHBI PaclojararoTcs Ha IMepecedeHmsIX
oceii. KooHHBI 11 6aIKu IEepEeKPHITHS H3TOTaBINBAIOT-
cs1 U3 mpoKaTHbIX aByTaBpos mo [OCT P 57837-2017".
Cranp xonoHH U 6amok — C345. YcToiumBOCTh
1 J)KECTKOCTb CBS3€BOTO KapKaca 00ecreunBaeTCst Bep-
TUKAJIBHBIMU CBSI3SIMHU MEXIY KOJTOHHAMH.

Bec cranpHOro kapkaca y4yuTBIBa€TCSl IO ceve-
HUSM 3JIEMEHTOB IIPH PacdeTe BBIYUCIUTCIBHBIMU
koMIuiekcamu. [Ipu onpezneneHun Harpy3Ku oT coO-
CTBEHHOTO Beca KapKaca NPUHUMAETCsI B pacyeT KO-
3G GUIHEHT HAJCKHOCTH M0 HArpyske, paBHbii 1,05,
U CTPOUTENBHBIN K0 duuneHT 1,2% yIUTHIBAIOIIHUHA
Haynnmuue pebep, HaKIaI0K, (PacCOHOK U OMTOPHBIX IljIa-
ctuH. Harpy3ka Ha cTajabHBIE pUreNnHu MEPEKPBITUSA
YCTaHOBIICHA C YYETOM IMIMPHHBI TPY30BOH IIJIOIIAIH,
PaBHOM IIary NONEepPEeYHbIX paM.

Hnsa IV cHeroBoro palioHa HOpMaTUBHAsI CHETO-
Bas Harpy3ka — 2,0 klla, pacuernas — 2,8 klla. dus
IV BerpoBoro paiioHa HOpMaTHBHOE BETPOBOE JABIIE-
uue — 0,48 klla.

IIpu mpoBeneHUN pacdyera y4TEHO CIEAYyIOIIee.
KoneuHo-anemeHTHast MOIENb KapKaca CTEpIKHEBAs.

1.Vupyruii aHanu3 nepBoro

TopsiIKa
/
l/ VYrpyras Harpy3ka Ha U3rHO
/
/
/ 2. Ynpyruii aHaJIu3 BTOPOro
/ nopsiKa
/
/ S e R P .
/ 3. [nactrueckuii ananus
17 TIEPBOTO MOPSIKA
[/ 4. [Inactuyeckuii aHaau3
/ BTOPOTO MOPSAKA
Hedopmarus

b

Puc. 2. O6mas xapakTeprUCTHKa METOZOB pacyeTa CTAIBHBIX KapkacoB [13]: @ — metonsl pacdyera; b — KpuBas Harpy3Ka-

nedopmarys Ui pa3HbIX THIIOB pacueTa

'TOCT P 57837-2017. [IByTaBpsl CTalbHbIE TOPSYCKATAHBIC C MAPAIUICIIBHBIMU TPAHSMH TOJOK. TeXHUIEeCKUEe YCIOBHSL.
2 CIT1 16.13330.2017. CranpHbIe KOHCTPYKIHU. AKTyanuzupoanHasa pegakuus CHull 11-23-81*.
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]

Puc. 3. [linan TUIIOBOTO 3Ta)a

+29,500
b

+26,510
=

+24,500

420,610

A

+17,660

+14,710
-

+12,700

T

42,910

_—
—0,200+

4300

3300

4700

12 300

)

Puc. 4. Pa3pes xapkaca

3CII 20.13330.2016. Harpy3ku u Bo3zielicTBus. AKTyannsupoBanHas peaakims CHull 2.01.07-85%*.

®)

©

@

PaccmoTpena paboTa OTAENbHON MIIOCKOH paMBbl, 9TO
YYNUTBIBAET 0COOEHHOCTH KOHCTPYKIMHU Kapkaca. [is
pacyeTa UCNOAb30BaH BBIUMCIUTENbHBIM KOMIIIEKC
JINPA-CATIP 2021. KomoHHBI Kapkaca KpemsTcs
K (GyHOaMEHTY mIapHUPHO. Taroke MIapHUPHO K KOJIOH-
HaM KpersiTcs 0aKu mepeKprITHi. JKeCTKoCTh Kapkaca
B TOPU30HTAIEHOM HalpaBJIeHHH 00eCIeYnBaeTCs Bep-
TUKaJIbHBIMU CBSI3sIMH. B Tabiu1e npencraBieHbl THITI
JKECTKOCTEH U CeueHus IeMeHTOB Kapkaca [15].

Harpyska® npukiajpiBanach K pacueTHONW cxeme
B BHJIE IIITH 3aTrpy>KeHUIL:

1) Bec HecymuX KOHCTPYKIIH;

2) MOCTOSIHHAsL Harpy3Ka — BEC OI'pa)</IalolInx
KOHCTPYKLUH;

3) mone3Has Harpy3Ka;

4) cHeroBas Harpy3Ka;

5) BeTpoBas HarpysKa.

HauanbHble HecOBepIIEHCTBA KapKaca MPHHSTHI
B COOTBETCTBUU C JICHCTBYIOIIMMH POCCUMCKMMHU HOpMa-
MI/IA. Konouus! B 3JIaHUU NIPUHATHI ABYX3TAXXHBIMH, JJIN-
Holt 5900 MM, OTKJIOHEHHE BepXa KOJIOHHBI COCTaBISET
oT BepTHKaI 15 Mm. KpoMe OTKIIOHEHUS OT BEpTUKAIIY,
y4TeHa ¥ HayaJIbHasi HOTrHOb KOJIOHHKI co cTpenoit 0,0015
JUIMHBL. YKa3aHHbIE OTKJIOHEHMs OT IPOEKTHOM reoMe-
TpuM OBUIH YYTEHBI B TEOMETPUH MOJICNH, B 9TOM Cllydae
KOJIOHHA pa3/eieHa Ha JeCsTh PaBHBIX JacTeil M Koopau-

TuIbBI )KEeCTKOCTEH PIIEMEHTOB TIOKPBITUA

Tun HaumenoBanue
Ceuenne
JKECTKOCTH JJIEMEHTa
1 Konouust 25K2
2 Bbanku 30b1
3 Chsisn «MonoaeuHo»
100 x 100 x 3 MM

4 CIT70.13330.2012. Hecyuue 1 orpaxkaaronye KOHCTpyKIun. AKryanusupoBanHas penakiuus CHull 3.03.01-87.
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Puc. 5. Crioco0bl yueTa HayaJIbHBIX HECOBEPLICHCTB IPH MPOBEJCHUU PAcueTOB: ¢ — MPSIMOIl y4eT reoMeTpUUSCKUX Heco-
BEPLICHCTB B PACUETHOM cxeMe; b — croco0 3KBUBAJIIEHTHOU 3arpy3Ku

HAThI OMPEICIICHBI I KaXKI0T0 y371a, YTOObI IIOTyYHUTh
cTpeny mpornba Ha 8,85 MM IpPOM3BENCHO CMEIICHHE
B OJJHOM HAallpaBJICHUX Ha 15 MM BBepX KOJIOHHBI, H 9TH
OTKJIOHEHHS HaKaIUTHBAIKCH IO Bepxa 3nanus. Cymmap-
HOE OTKJIOHEHHE Bepxa 3aHusi paBHO 75 M [16].
IToMuMO TIPSIMOTO y4YeTa UCKAKCHHOM T€OMETPHH,
BBITIOJIHSITUCH PACUETHI C IOMOJHUTEILHBIMHU pacipe-
JICIICHHBIMH TOPU30HTAIBHBIMH Harpy3KaMH, IpUKIIa-
JIBIBAEMBIMH Ha KaXI0M dTaxe o EBpokoxy 1993-1-1°
[17-20]. B aToM cnocobe nedext mpeobpasyercs
B JIOTIOJTHUTENBHYIO OOKOBYIO HArpy3Ky, KOTOpas MpH-
KJIaJbIBacTCsA K HeNe(hOPMUPOBAHHON KOHCTPYKIIHH.
[IpencraBieHHbIE S5KBUBAJICHTHBIE HATPY3KH PacCuuTa-
HBI Ha TO, YTOOBI 1aTh TOT YK€ MOMEHT, KOTOPHII AacT

npsMas peaau3anus HadalbHBIX JedekToB. PacueTs
1o Meroauke EBpokoaa BHITIOIHEHBI BEIYUCINTEIBHBIM
komriekcom JIMPA-CATIP 2021. K pacueTHO# cxeme
C UCKaKCHHOM reoMeTpHel MPHUKIIaJAbIBAIINCH YKa3aH-
HBIE BBIIIE HArpy3KH U OCYIIECTBIISUICS pacueT YCHINH
u nnepemMerenuil. Ha puc. 5 noxasansl ucxonHas cxema,
CXeMa C HECOBEPIIEHCTBAMH, a TAK)KE PacueTHas cXema
C JOIOJHUTENIBHON TrOPU30HTAIBHOMN HArpy3KOil.
Kpome pacdeToB o nepBoMy U BTOPOMyY CIOCO0y
ydeTa HECOBEPIIEHCTB, IIPOBEIEH pacueT KOHTPOIbHO-
TO Kapkaca 0e3 UCKaKCHUI TeOMETPHH U 0e3 yJera Jio-
MOJTHUTENBHBIX TOPU30HTANIBHBIX Bo3eicTBuil. [Toiy-
YEeHHbIE Pa3HbIMHU CIIOCO0AMU IIePEMELICHNS U YCHIIHA
XapaKTEPHBIX TOUEK M CEYCHUI KapKaca CPaBHUBAIICH

SEN 1993-1-1:2005. IIpoeKkTupOBaHHE CTANBHBIX KOHCTPYKIHMil. OOIIHe npaBuia.
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IpyT ¢ aApyrom. M3ydanoch BIUSHUE HECOBEPIICHCTB
Ha pe3yJIbTaThl pacdeTa OT OTJACNBHBIX 3arpyKeHUH.

Bce pacdeTs! BRITOTHAINCH TIPH YIIPYTO# paboTe
craim. PaccMoTpeHo 1Ba BapraHTa pacyera:

* B TGOMETPUYCCKH JTHHEHHOU TIOCTAaHOBKE;

* B F€OMETPUUYECKU HEJIMHENHOMN IIOCTAaHOBKE.

CedeHs AIIEMEHTOB PaMbl TIEPBOHAYAIIHLHO MTOI00pa-
HBI TaK, YTOOBI ObITa 0OecIIeueHa HeCyIasi ClIoCOOHOCTD
MpY JCWCTBUM COYETAHUI PaCUCTHBIX HAarpy3ok. B pac-
YETHOE COYETaHME BKIIIOUEHBI MOCTOSIHHAS, CHETOBas,

10

W
Homep ataxa

0
5 10 15 20 25 30 35 40 45 50 55 60 65 70
Ilepemenienust o x, MM

W pneanpHblii kKapkac

VckaskeHHBII kapkac — criocob Ne 1
HckaxeHHbIH Kapkac — criocol Ne 2

a

W
Howmep staxa

—-1400 -1200 -1000 800 600 —400 —200 0

IIpononbueie ycunus, kH
= leaybHblii KapKac
HckaxkeHHbIH kapkac — criocod Ne 1
W ckakeHHbli kKapkac — crocod Ne 2

4

nonie3Hasi, BerpoBasi. [locTosiHHAs ¥ TONIe3Has! HArpy3KU
B3SITHI C KOO(h(HUIMEHTOM codeTaHusi 1, BeTpoBas — C KO-
a¢dunmentom coyeranus 0,9, cHeropass — ¢ ko3 duuu-
eHtoM couetanus 0,7.

PE3YJIBbBTATHBI HCCIIEJOBAHMUA

Ha puc. 6 u 7 npuBeneHsl pe3yabTaThl pacueTa
JUISL CpeTHEH KOJIOHHBI, BXOMSINEH B CBA3EBOI OJIOK,
a TaKXe MpeACTaBlIeHbl TOPU30HTAJIbHbBIE ITepeMellie-
HUS KapKaca M YCWJIHS B KOJIOHHaX, ONpe/eIeHHbIE

\ 10
\ 5
8
I 7
<
o
8
1€ 5 o)
5]
4 B
jan
V£ - 3
<Zg 2
\> 1
0

-12-11-1098-7-6-543-2-1012345
Wzrubarommii MomeHT My, kH - M

——— W neanbHsblii kKapkac

HckaxeHHbIi kapkac — crocod Ne 1
HckaxeHHbIH Kapkac — criocod Ne 2

b

7 10
/ 9

Wi
Homep sTaxa

—220 —200 —180 —160 —140 —120 —-100 80 —60 —40 20 O

IIpononsuele ycunus, kH

= lneaynbHblil KapKac
HckaxeHHbIH Kapkac — criocob Ne 1
HckaxeHHbIN Kapkac — crocob Ne 2

d

Puc. 6. Pe3ynbrars! IHHEWHOTO pacdeTa KOJOHH CPEIHETO psijia B CBA3EBOM OJIOKE: @ — MepeMeIIeH s 10 X, MM; b — u3ruda-

formit MoMeHT My, kH - M; ¢ — mipononbHbie yeunus N, kH; d — ycumms B cBsa3sax, kH
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w
Howmep staxa

0

5 10 15 20 25 30 35 40 45 50 55 60 65 70
[lepememenus no x, MM

—— W neanpHblil Kapkac

HckaxeHHbIH Kapkac — criocob Ne 1
HckaxeHHBIH kKapkac — crocob Ne 2

a

10

W
Homep sraxa

—1400 -1200 -1000 —800 —600 —400

[Ipononbublie yeunus, kH

—200 0

—— M neanpHblit Kapkac
HckaxeHHbIi kKapkac — criocod Ne 1
—— UckaxeHHbIH Kapkac — crocod Ne 2

Ny
B

-
~
Wi
Howmep staxa

-2 -10 8 6 4 2 0 2 4

[=))

Wzrubarommii MomeHT My, kH - M

—— HneanbHblit kKapkac
= HckaxeHHblil Kapkac — croco0 Ne 1

VckaxeHHBI Kapkac — criocod Ne 2

b

/ 10

W
Homep araxa

—240-220 200 180 -160 140 -120-100 80 —60 —40 20 0

IIpononsusle ycunust, kH

W neanbHblii kKapkac
HckaxeHHbIl Kapkac — crocob Ne 1

HckaxeHHbIH Kapkac — crocob Ne 2

d

Puc. 7. Pe3ynbraTel HENMHEHHOTO pacdeTa KOJIOHH CPEIHETo psilia B CBSI3€BOM OJIOKE: @ — MEpeMEeIeHHs 110 X, MM; b — H3-

rudarontuii MoMeHT My, kH - M; ¢ — npomonsHble yeunus N, kH; d — ycunus B cBsazsax, kH

COOTBETCTBEHHO JIMHEHHBIM U HEJIHMHEHHBIM pacue-
TOM.

Ha puc. 8 npeacraBiensl pe3yabTarbl CpaBHEHUS
JUHEHHOTO U HETMHENHOI0 PacyeToB MPHU MPSIMOM yue-
T€ UCKAXECHUM B FTEOMETPUH PACUETHON CXEMBIL.

[Ipu aHanu3e pe3yabTaTOB HEOOXOAMMO NPUHHU-
MaTbh BO BHUMAHUE, YTO MPSIMON Y4YET NOTPEIHOCTEN

28

C60pKI/I 1 U3TOTOBJICHUA B TCOMETPUUN KapKaca sABJIACTCA
Ooee paBMIIBHBIM, HO TpedyeT popMupoBaHus Ooiee
CJIOXHBIX PACYETHBIX CXEM, YYHTBHIBAIOIIUX ITOTIPELI-
HOCTH reoMeTpHuH Kapkaca. [lepememienus 1 ycuius,
TIOJIy4eHHBIE JINHEHHBIM PacueToM CBA3€BOr0 KapKaca,
Mallo OTIIMYAIOTCS OT PEe3yJIBTATOB HEJIMHEWHOTO pac-
YeTa, YTO MO3BOJISIET AJISl CBI3€BOI0 KapKaca peKOMEH-
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JIuneiinslit pacuet Henuneiinsnii pacaer
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Homep sTaxa
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IIpononsuele ycunus, kH

JIunelinslit pacuet Henuneiinslii pacuer

d

Puc. 8. Pe3ynsrarsl cpaBHEHUs JIMHEHHOTO ¥ HETMHEHHOTO pacyeToB: g — MEPEMELICHHUS MO0 X, MM; b — M3rnOarouii MOMEHT

My, xH - m; ¢ — yeunus N, kH; d — ycunus B cBsazax, kH

JI0OBaTh JIMHEHHBIN MeToa pacuera. Mcxoas u3 sroro,
MIPU aHAJN3€ BIMSHHUS MOTPEITHOCTEH Kapkaca pac-
CMaTpUBAJIUCH PE3YJIbTaThl JIMHEHHOro pacuera ujaea-
JU3UPOBAHHOTO KapKaca U Kapkaca ¢ IpSIMbIM YIETOM
HOTPEIHOCTEN.

TopuzoHTaNBHBIE IEPEMEIIIEHHS CBSI3€BOTO KapKaca
TIPU yYeTe IMOTPEIIHOCTH U3TOTOBIICHHS M MOHTaKa OKa-

3anuch Ha 3,5 % Oosblle 10 CPaBHEHHUIO C HJICaIbHBIM
kapkacoM. Ha mponosisHbIE yCHITHs B KOJIOHHAX CBS3€BO-
TO KapKaca NCKaKeHHs TeOMETPHH KapKaca IPaKTHIeCKA
He BIUsIoT. M3rubarommue MOMEHTHI B KOJIOHHAX CBSA3e-
BOTO KapKaca HEBEJIMKH U MaJIo BIMSIOT Ha HECYIIYIO
CIOCOOHOCTH Kapkaca. Tak, OT MaKCUMaJIbHOTO H3rHOa-
IOIIEr0 MOMEHTA HOPMaJIbHBIC HAINPSDKEHUS COCTABIIS-
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10T 8,50 MIla, B TO BpemsI Kak CyMMapHbIe HalIPSHKEHUS
B 9TOM ceueHuH paBHbl 139,50 MIla. s paccMoTpen-
HOTO KapKaca XapakTepHO, YTO Ha YPOBHE MEPEKPBITHHA
HEYETHBIX dTaXeW HaOIogaeTcss HEOOIBIIOE OTINYHE
MOMEHTOB, ONPEETIECHHBIX B KapKace ¢ y4eTOM IOrpeml-
HOCTEl TeOMETPHH, Ha YPOBHE HEPEKPHITHI HEUETHBIX
staxedt 10 11 % u GosbIIoe oTIMYMe HA YPOBHE Iiepe-
KPBITUI YETHBIX ATaxel 110 3,2 pas.

[IpononeHBIE yeHnus B 3IEMEHTaX BEPTUKAIBHBIX
CBsi3el B KapKace ¢ MPsIMbIM yYETOM IOTPELIHOCTH I'eo-
METPHH OKa3aJInCh OOJIbIIe, YEM B HIEATIBHOM KapKace
Ha 9 %. MakcuManbHOE OTIMYKE YCHIMH B JJIEMEH-
Tax CBsI3el KapKaca ¢ MOTPEIIHOCTIMU [0 CPAaBHEHHIO
C UACANBHBIM KapKacOM MMEET MECTO B JIEMECHTAX CBSI-
3el IepBOro 3Taxa.

JAKJIIOYEHUE U OBCYXJIEHHUE

Ha ocHoBaHMM pacueToB HapsKEHHO-AE)OPMHU-
posanHoro coctostHus (H/IC) kapkaca MHOr03TaxHOTO
37IaHUs YCTAHOBIICHO CIIEAYIOIIEE:

* UCHONb30BaHUE METOAUKH EBpokoja ¢ go-
MOTHUTEJIBHBIMU TOPU30HTAIBHBIMU HAarpy3Kamu
Ha YpOBHE Ka)KJOr'0 3Ta)ka BEAET K MOJIYYCHHUIO 3aBbI-
HICHHBIX 110 CPAaBHEHHIO ¢ (PaKTUUECKUMH IepeMele-
HUU U yCUIIH;

* NPSIMOM Y4YeT HMOrPEIIHOCTEN HU3TOTOBICHUS
1 cOOPKH B TEOMETPHH KapKaca I03BOJIseT OoJiee TOTHO
OLIEHHUTH PabOTy KapKaca;

* IOTPEHIHOCTH M3TOTOBJIEHUS M MOHTa)Ka CBS-
3€BOT0 KapKaca MaJIo BIHSAIOT Ha TOPU30HTAJbHBIC
nepeMenieHns, KoTopsle yBenuuuBaorces a0 3,5 %,

Y TPAaKTHYECKH HE BIUSIOT Ha MPOJOJbHBIC YCHIINS
B KOJIOHHAX;

* HOpMAJIbHBIC HAIPSAXKEHUA OT 1/13r1/16a}om1/1x
MOMEHTOB B HanOoJsee 3arpy>K€HHbIX KOJIOHHAX MEPBO-
ro dTa)ka cocTaBisiioT He 0osee 8,50 MIla, uro cocras-
mstet 6,10 % oT cyMMapHBIX HaNpsDKEHUH B KOJTOHHAX;

* MPOAOIBHBIC YCUIIHS B DIIEMEHTaX BEPTHUKAIb-
HBIX CBS3€H MCKOKEHHOTO KapKaca IMpH MPsIMOM y4eTe
MOTPEIIHOCTEH U3TOTOBICHHU U MOHTaxa Ha 9 % 00J1b-
11e, YeM B KapKace ¢ HJeallbHOi reoMeTpHeH;

* JUISL IPAKTHYECKOTO y4eTa BIUSHHUS OTKIOHE-
HHH KapKaca OT IIPOEKTHOM I'eOMETPHN PEKOMEHTYeTCs
MPOBEJICHNE pacyeTa HaeaJn3upoOBaHHON pacdyeTHOU
CXEMbI C YMHOXCHUEM PE3YJIbTATOB Ha IMOIMPABOYHBIC
koo duunentsr: ais nepememenui vy, = 1,05, nns
M3TUOAIONX MOMEHTOB B KOJIOHHaX Ha YPOBHE Tepe-
KPBITHH HEYETHBIX OTaxeH v, = 1,11, st mepekpeITHii
YETHBIX dTaxXeH v, = 3,2, U NPONONBHBIX YCHINH
B KOJIOHHaX ¥, = 1, B cBazsax vy . = 1,09;

* IS yMEHBIIICHUS OTKJIOHEHHHA KapKaca OT po-
EKTHOW TeOMEeTPHH HEOOXOIUMO COOIOATh TEXHOIO-
THYCCKHE MEPOTPHUATHS, KOMICHCHPYOIIHE TOTPeI-
HOCTH M3TOTOBJICHHS U MOHTaXKa;

* TpeOYIOTCS JIOMOJHUTEIbHBIE HCCIEAOBAHUS
BJIMSHUS HECOBEpIIEHCTB Kapkaca Ha ero HJIC.

Pe3ynbTarhl, MoMy4YeHHbIE 7151 OCHOBHOTO HCCIIEO-
BaHUA, MOXXHO CUHTATh ):[efICTBI/ITCHI)HLIMH TOJIBKO JIA
PacCMOTPEHHOM KOHCTPYKIMHU Kapkaca. s pa3paboTku
HOPMAaTHUBHBIX PEKOMEHIAINH CIIeyeT IIPOBECTH TeOpe-
THYECKHUE, IKCIICPUMEHTAIBHBIC U YHUCIICHHBIE UCCIE0-
BaHMS IIUPOKON TPYIIITBI MHOTOATAXKHBIX KapKacoB.
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INTRODUCTION

The frame of a multi-storey building has the load-
bearing function of absorbing and transmitting to
the foundation all the forces acting on the building [1].
The frame is a spatial system of load-bearing structur-
al elements of the rod type that provides the necessary
rigidity, stability and strength. In addition to the col-
umns, slab beams and vertical braces, rigid floor slabs
are formed which create an effective load transfer to
the vertical braces [2, 3].

Frames of multi-storey buildings can be repre-
sented as core spatial systems. The choice of frame
design influences the material consumption and cost
of the building, the operating costs and the labour
required for installation. In addition to ensuring
the load-bearing capacity of the frame, excessive hor-

izontal and vertical movements as well as unaccep-
table vibrations must be excluded [4, 5]. At present,
the introduction of steel frames in mass construction
is constrained by the lack of standard designs. The use
of standard designs will make it possible to achieve
reliability and high quality of frame erection, reduce
the time and labour intensity of construction.

The assembly of a multi-storey steel frame is
carried out by highly qualified builders using prefab-
ricated elements. High-quality design and fabrica-
tion of the framing elements is the key to accurate
assembly of the structure on installation [6]. Special
requirements are imposed on the accuracy of assem-
bly (ensuring the allowable gaps in nodes, deviations
from the design position horizontally and vertically).
The permissible assembly accuracy for steel frame-
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works is quite high. The assembly accuracy is also
influenced by the technology of welded and bolted
assemblies [7]. The development of standard hinged
and rigid mounting joints simplifies the installa-
tion of steel frame [8]. The experience and practice
of constructing multi-storey steel frames in residen-
tial buildings in the Russian Federation is still lim-
ited, which has led to work on its development [9].
However, the frame assembled even from perfectly
manufactured structures often has column deflections
from the vertical position, which leads to a reduction
in the load-bearing capacity of the structure [10].
The distinction between initial imperfections
and defects and damage must be understood. Initial
imperfections — are deviations of the real structure
from the design within the limits permitted by stand-
ards and inspection authorities. Differences between
the real structure and the design solution can lead to
a reduction in the load-bearing capacity which must
be taken into account in the calculation. Defects are
non-compliances of the structure with any param-
eter specified in the normative document or the de-
sign, obtained by the structure during the fabrication
and installation phase. Defects shall be detected at
the stage of fabrication and erection of structures and
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4. Plastic analysis of the second order x x
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eliminated before the object is put into operation.
Unidentified defects may appear during operation,
which will require repair or reinforcement of struc-
tures. Defects — are faults caused to the structure
during manufacture, transport, installation and opera-
tion. Defects and damage also affect the load-bearing
capacity of structures but are not discussed in this
article [11, 12].

The relevance of the work lies in the considera-
tion of imperfections arising from the manufacture and
installation of steel structures and affecting the perfor-
mance of the steel frame of a multi-storey building.
The study of this issue will enable the wider use of steel
structures in civil engineering, including multi-storey
buildings (Fig. 1).

MATERIALS AND METHODS

The calculation of steel frames can be carried
out using several methods (Fig. 2):

1. Calculation in the elastic approach without re-
gard to the geometric nonlinearity of the structure —
first order elastic analysis.

2. In the elastic approach, taking into account
geometric nonlinearity of the structure — second
order elastic analysis.

1. First order elastic analysis
/
......... oo, Flasti bending load
/
// 2. Second order elastic
/ analysis
/
| T T T T T T T T T T I .
/ 3. Plastic analysis
17, of the first order
[/ 4. Plastic analysis
/ of the second order
Deformation
b

Fig. 2. General characteristics of steel frame calculation methods [13]: @ — calculation methods; b — load-deformation curve

for different types of calculation
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Fig. 3. Floor plan of a typical storey

3. Considering the physical non-linearity of
the material (plastic deformation of steel is allowed
to develop), but without considering the geometric
non-linearity of the structure — first order plastic
analysis.

4. Taking physical and geometric nonlinearity
into account — second order plastic analysis.

Previous research shows that analyses based
on the calculation of an idealised multi-storey steel
frame structure without regard to imperfections often
fail to ensure the load-bearing capacity of the build-
ing and do not meet the operational requirements for
permissible frame movements [14].

The impact of the initial imperfections was
assessed using the example of the bonded frame
of a 10-storey residential building located in snow
and wind district IV. The building has a rectangu-
lar plan, with plan dimensions of 54.4 x 12.3 m.
The floor height is 2.95 m. The building has no base-
ment. The pitch of the transverse frames is variable,
in the longitudinal direction, 3.0; 3.3; 3.6; 3.8 and
3.9 m. In transverse direction, the column spac-
ing is 4.3; 3.3 and 4.7 m. Fig. 3 shows a fragment
of the building plan, Fig. 4 is a sectional view.

The floor of the building is a monolithic rein-
forced concrete slab on profiled flooring. The slab
is 130 mm thick, on which a 45 mm cement-sand
screed and a 23 mm thick soundproofing layer of pol-
ystyrene foam and linoleum are laid. In contrast to
the floor slab, a 210 mm mineral wool insulation,
a 30 mm cement-sand screed and a waterproofing
carpet are laid on the floor slab.

The walls of the building are frame cladding.
The weight of the walls is approximated in the frame
design and taken as 1 kPa.

To ensure the stability and stiffness of the lattice
frame, the vertical braces are arranged. The vertical
Fig. 4. Frame section load-bearing structures of the frame — the columns —
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are located at the intersections of the axes. Columns
and slab beams are made of rolled I-beams according
to GOST R 57837-2017'. The steel of columns and
beams is C345. The stability and stiffness of the liga-
ment frame is ensured by the vertical ties between
the columns.

The weight of the steel frame is factored into
the element cross-sections in the calculation by
means of calculation tools. In determining the load
from the frame’s own weight, a load factor of 1.05
and a construction factor of 1.2? are taken into ac-
count for the ribs, linings, chamfers and support
plates. The load capacity of the steel floor girders is
determined by taking the width of the load area equal
to the spacing of the transverse frames into account.

For snow district IV the normative snow load is
2.0 kPa, the design is 2.8 kPa. For area IV the norma-
tive wind pressure is 0.48 kPa.

The following has been taken into account in
the calculation. The finite element model of the frame
is a core model. The operation of a separate flat frame
is considered, which takes into account the features
of the frame design. The LIRA-SAPR 2021 comput-
er system is used for the calculation. The columns
of the frame are hinged to the foundation. The floor
girders are also hinged to the columns. The horizon-
tal stiffness of the frame is ensured by vertical braces.
The table shows the types of stiffnesses and cross-
sections of the frame elements [15].

The load® was applied to the design scheme as
five loads:

1) the weight of the supporting structures;

2) constant load — the weight of the building
envelope;

3) payload;

4) snow load;

5) wind load.

The initial imperfections of the frame have been
assumed in accordance with current Russian stand-
ards*. The columns in the building are assumed to
be two-storey, 5,900 mm long, and the deviation
of the column tops is 15 mm from vertical. In addi-
tion to the vertical deflection, an initial column col-

Types of cover element stiffnesses

Rigidity Name of item Section
type
1 Columns 25K2
2 Beams 30b1
. “Molodechno”
3 Links 100 x 100 x 3 mm

lapse of 0.0015 in length is also taken into account.
These deviations from the design geometry have
been accounted for in the model geometry, in this
case the column is divided into ten equal parts and
the coordinates are determined for each node, to ob-
tain a deflection boom of 8.85 mm an offset of 15 mm
in one direction is made up the column and these
deviations have accumulated to the top of the build-
ing. The total deflection at the top of the building is
75 mm [16].

In addition to direct consideration of the distort-
ed geometry, calculations were performed with ad-
ditional distributed horizontal loads applied at each
floor according to Eurocode 1993-1-15 [17-20]. In
this method, the defect is converted into an addition-
al lateral load, which is applied to the non-deformed
structure. The presented equivalent loads are de-
signed to give the same moment that a direct realisa-
tion of the initial defects would give. Calculations ac-
cording to the Eurocode method are performed with
the LIRA-SAPR 2021 calculation system. The above
loads were applied to the design scheme with distort-
ed geometry and forces and displacements were cal-
culated. Fig. 5 shows the original scheme, the scheme
with imperfections as well as the calculation scheme
with additional horizontal load.

In addition to the first and second imperfection
calculations, a control frame without geometric dis-
tortions and without additional horizontal forces was
calculated. The displacements and forces of the char-
acteristic points and cross-sections of the frame were
compared with each other using different methods.
The influence of imperfections on the calculation re-
sults from individual loads was studied.

All calculations have been carried out with elas-
tic steel. Two calculations have been considered:

* in a geometrically linear formulation;

* in a geometrically nonlinear formulation.

The cross-sections of the frame elements were
originally selected so that its load-carrying capacity
is ensured under the action of combinations of design
loads. The design combination includes permanent,
snow load, useful load and wind load. The permanent
and usable loads are taken with a combination factor
of 1, the wind loads with a combination factor of 0.9
and the snow loads with a combination factor of 0.7.

RESEARCH RESULTS

Fig. 6 and 7 show the calculation results for
the middle column included in the bonding block, and
present the horizontal displacements of the framework

'GOST R 57837-2017. Hot-rolled steel T-beams with parallel edges of flanges. Technical specifications.
2CP 16.13330.2017. Steel structures. Revised edition of SNiP I1-23—-81*.

3CP 20.13330.2016. Loads and impacts. Revised edition of SNiP 2.01.07-85%*.

4SP 70.13330.2012. Bearing and Enclosing Structures. Revised edition of SNiP 3.03.01-87.

SEN 1993-1-1:2005. Design of steel structures. General rules.
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Fig. 6. Results of linear calculation of mid-row columns in a bonded block: @ — displacement along x, mm; b — bending mo-
ment My, kN - m; ¢ — longitudinal forces N, kN; d — forces in bonds, kN

and the forces in the columns determined by linear and
non-linear calculation, respectively.

Fig. 8 shows the results of a comparison between
the linear and non-linear calculations when distortions
in the geometry of the calculation scheme are directly
accounted for.

When analysing the results, it should be taken into
account that the direct consideration of assembly and
manufacturing errors in the frame geometry is more
correct, but requires the formation of more complex
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calculation schemes that take into account the errors
in the frame geometry. The displacements and forces
obtained by the linear calculation of the braced
framework do not differ much from the results
of the non-linear calculation, which makes it possible to
recommend the linear calculation method for the braced
framework. Therefore, the results of the linear
calculation of the idealized frame and the frame with
direct consideration of errors were considered in
the analysis of the influence of frame errors.
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Fig. 7. Results of nonlinear calculation of mid-row columns in a bonded block: a — displacement along x, mm; b — bending
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The horizontal displacement of the braced frame-
work was 3.5 % greater than that of the ideal frame when
the manufacturing and assembly errors were taken into
account. The longitudinal forces in the braced frame-
work columns are practically unaffected by the distortion
of the frame geometry. The bending moments in the col-
umns of the braced framework are small and have little

effect on the load-bearing capacity of the frame. Thus,
from the maximum bending moment the normal stresses
are 8.50 MPa, while the total stresses in this section are
139.50 MPa. For the considered frame it is characteris-
tic that at the level of odd-floor slabs a small difference
of moments determined in the frame taking into account
geometry errors is observed at the level of odd-floor slabs
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up to 11 % and a big difference at the level of even-floor
slabs up to 3.2 times.

The longitudinal forces in the vertical connection
elements of the frame with direct consideration
of geometric errors are 9 % higher than in the ideal
frame. The maximum difference in the forces in
the connection elements of the frame with errors
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compared to the ideal frame occurs in the connection
elements of the ground floor.

CONCLUSION AND DISCUSSION

Based on the calculations of the stress-strain state
(SSS) of the frame of a multi-storey building, the fol-
lowing has been established:
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* the use of the Eurocode methodology with ad-
ditional horizontal loads at each storey level leads to
overestimated displacements and forces compared to
the actual ones;

* the direct incorporation of manufacturing and
assembly errors into the frame geometry allows for
a more accurate assessment of frame performance;

* the horizontal movements, which increase by up
to 3.5 %, are little affected by fabrication and installa-
tion errors in the lattice frame and have almost no effect
on the longitudinal forces in the columns;

+ the normal bending moment stresses in the most
loaded columns of the ground floor do not exceed
8.50 MPa, which is 6.10 % of the total stresses in
the columns;

+ the longitudinal forces in the vertical connection
elements of the distorted frame are 9 % higher than in
a frame with perfect geometry when direct considera-
tion of manufacturing and assembly errors is taken into
account;

» for the practical consideration of the influence
of frame deviations from the design geometry, we rec-
ommend the calculation of an idealised design scheme
multiplying the results by the correction factors: for dis-
placements y = 1.05, for bending moments in columns
at odd-floor ceilings v, = 1.11, for even-floor ceilings
Y., = 3.2, for longitudinal forces in columns y = 1, in
bonds y,.= 1.09;

* to reduce frame deviations from the design ge-
ometry, technological measures must be taken to com-
pensate for manufacturing and installation errors;

 further research is required on the effects
of frame imperfections on the frame’s SSS.

The results obtained for the main study can only
be considered valid for the considered frame design.
Theoretical, experimental and numerical studies should
be carried out on a wide group of multi-storey frames in
order to develop normative recommendations.
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AHHOTALUNA

BBepeHue. C aBneHnem ruapaenm4eckoro paspbiBa CBA3bIBaOT aBapuM HEKOTOPbIX KAMEHHO-3eMITAHbBIX NIOTWH, NMPU KOTO-
pbix 6biNa HapyLeHa LenoCTHOCTb SApa, BbINOMHEHHOrO U3 MMMHUCTOrO rpyHTa. CunTaeTcs, YTo rmapaBnnyeckuin paspbis
BO3HMWKaeT, Koraa AaBrieHne BOAbl, HaxoAsLencs B nopax U MUKPOTPELLMHaX, NPeoaosieBaeT CXUMaloLLMe HanpskeHus
B rpyHTe. K HacTosiLeMy BpeMeHn NpeanoXeHbl HECKONbKO METOAVK PaCHETHOrO MPOrHo3a rmapasnmM4eckoro paspbisa. OHu
HanpaBsneHbl Ha onpeaerneHne yCrnoBui BO3HUKHOBEHUS TMAPaBIIMYECKOro pa3pbliBa U onpefeneHne BeNUYMHbI KpUTUHECKO-
ro faBneHus BoAbl, BbI3bIBAIOLLErO POCT TPELUMHDI.

MaTtepunansl u metoabl. [nsi cuctematusauum nHdopMaLmm 0 MeTofax u MeToamKkax onpeaeneHust KpUTMYeckoro Aaene-
HKS ObIN BbINOMHEH 0630p 3apybeXHbIX Hay4HbIX MyGnmKaumn.

Pe3ynktathl. [MprBefeHa knaccudmukaums METOA0B NPOrHo3a rmapaBnnyeckoro paspbiBa. TeopeTnyeckne MeTofbl OCHO-
BaHbl Ha VMCMOMNb30BaHUM TEOPUW YNPYrocTW, TEOPWUWU NNACTUHHOCTU MMM MeXaHWK1 paspylleHus. Camasi npocTtasi MeTo-
AMKa OCHOBaHa Ha aHanu3e HanpsbKeHHOro COCTOSIHUA MaccuBa rpyHTa. OnmcaHbl METOAMKM, OCHOBaHHble Ha aHanuse
HanpsXXeHHO-AedOPMMPOBAHHOIO COCTOAHUS FPYHTa BOKPYT MOMOCTM, UCTbITbIBalOLLEV BHYTPEHHee AaBneHne. B Hux pac-
CMaTpUBAOTCA HECKOMNBbKO MEXaHU3MOB NPOABMXKEHUS TPELLMHbI, B TOM YMCIe 3a CHET NOTepu NMPOYHOCTU Ha pacTsHKeHne
1 casur. Takke NpMBeAeHbl AMNUpuYeckne opmyrnbl, OCHOBaHHbIE Ha pe3ynbTaTtax nabopaTopHbIX 9KCNepuMeHToB. B pam-
Kax aHanuTnyeckoro o63opa 6Gbifio BBINOMHEHO CPaABHEHME HEKOTOPbIX METOAMK. BONbLUMHCTBO METOAMK CXOAATCSH B TOM,
4TO KPUTUYECKOE AABMEHNE B MEPBYI0 O4epPeab 3aBUCUT OT MUHMMAIIBHOTO MaBHOMO HaNPsHKeHNA 6, B rpyHTe. CpaBHeHne
nokasano, 4To KpUTuyeckoe AaBneHue, pacCinTaHHOe No TEOPETUHECKON METOAMKE aHanmsa TPEXOCHOro HamnpsKeHHOro
COCTOSIHUS, 3aMETHO HUXE, YeM MO IMNUPUYECKUM MeToamKaMm. Mpu Hannumm nonocTn Gonee BEPOATHOW NPUYNHON MMAPO-
pa3pbiBa ABMNSETCS NOTEPS NPOYHOCTU IPyHTa Ha COBUI, @ He Ha pacTsXKeHuve.

BbiBoabl. HecMoTps Ha 06unme MeToauk NPorHo3a rMapaBIMYeckoro paspbiBa, B HACTOSILLEE BPeMS He CO3[aHO TeopeTu-
Yecku BbIBEPEHHOW U TOUHOW METOAMKN.

KIMKOYEBBIE CJTOBA: nnotuHa, rvapaBnnyeckuin paspbiB, TpelumHooGpasoBaHme, KpUuTuyeckoe noposoe AasneHne, Ha-
NpsiXeHHOE COCTOsIHME
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Review of methods for predicting the hydraulic failure
of a rockfill core dam

Mikhail P. Sainov!, Alexander A. Boldin?

! National Research University “Moscow Power Engineering Institute” (MPEI); Moscow, Russian Federation;
’Moscow State University of Civil Engineering (National Research University) (MGSU),; Moscow, Russian Federation

ABSTRACT

Introduction. The phenomenon of hydraulic fracture is associated with the failure of some earth-rock dams, in which the in-
tegrity of the core made of clay soil has been compromised. It is believed that hydraulic fracture occurs when the pressure
of water contained in pores and microcracks overcomes the compressive stresses in the soil. At this point, several methods
have been proposed for the computational prediction of hydraulic fracture. They are aimed at determining the conditions
under which hydraulic fracture occurs and at determining the critical water pressure that causes fracture growth.

Materials and methods. A review of foreign scientific publications was carried out to systematise information on methods
and techniques for critical pressure determination.

Results. The review gives a classification of methods for predicting hydraulic fracture. Theoretical methods are based on
the usage of elasticity theory, plasticity theory or fracture mechanics. The simplest method is based on the analysis of the stress
state of the soil mass. This review describes methods based on the analysis of the stress-strain state of soil around a cavity with
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internal pressure. They consider several mechanisms of crack propagation, including the loss of tensile and shear strength.
Empirical formulas based on the results of laboratory experiments are also given. In the framework of the analytical review,
a comparison of some methodologies has been carried out. Most of the methodologies agree that the critical pressure primar-
ily depends on the minimum principal stress g, in the ground. The comparison showed that the critical pressure calculated
by the theoretical triaxial stress analysis technique is noticeably lower than that calculated by the empirical techniques. In
the presence of a cavity, the more likely cause of fracturing is the loss of shear strength of the soil rather than tensile strength.
Conclusions. Despite the abundance of techniques for predicting hydraulic fracturing, no theoretically verified and accurate
methodology has been established at the present time.

KEYWORDS: dam, hydraulic fracture, cracking, critical pore pressure, stress state
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BBEJAEHHUE

B ruapoTrexHHMYECKOM CTPOUTEIBCTBE OJHOU
U3 yrpo3 Juist 0€30MacHOCTH KaMEHHO-3EMJISIHBIX TUIO0-
TUH SIBJIAETCA ONACHOCTh HAPYLICHMS IEIOCTHOCTH
IPOTUBO(MIBTPAIIIOHHOTO 3JIEMEHTA, BBHIIIOJIHEHHOTO
13 TIIMHUCTOT'O I'pyHTA. B IPAKTUKE SKCIITyaTallu Ka-
MEHHO-3EeMJISTHBIX TUIOTHH MMEIOTCS CiIydan oOpa3oBa-
HUA TpeluH B siapax. [IpumepaMu MOTryT CIIyKUTb IUIO-
tuHbl Balderhead (Anrmus, H =48 M, 1965 1), Hyttjuvet
(Hopgerusi, H =93 m), Kypetickas mnorunsl [1-3]. O6-
pa30BaHKE TPEIINH BJIEYET 32 COOOH MOBBIICHHBIC yTEU-
KU, BHyTPEHHIOIO BOJIHYIO 9PO3HUIO TpyHTa, 00pa3oBaHue
[IPOBAJIOB M IPYTUX HapylleHUi. BeyaBuranuce u npen-
TIOJIOXKEHHMS, YTO THIPABIMYECKHI pa3pbIB CTAT MPUYIH-
HoH pa3pymienus B 1976 r. turotunst Teton [4] B CLLIA.

[NosiBiieHMe TPELyH B sIpaX KaMEHHO-3eMJIISTHBIX
IUIOTUH MOXXET OBITh BBI3BAHO Pa3HBIMU NMPUYUHAMH.
Yarre BCero nx CBSA3BIBAIOT C HEPABHOMEPHBIMU Ae(op-
ManousIMH (Oca}]KaMI/I) IIJIOTUHBI U C TUAPABINYCCKUM
Pa3psIBOM (TMAPOPA3PHIBOM) TpyHTA. | HapaBIndecKui
pa3pbiB — 3TO mpolecc 00pa3oBaHUs WIN PACKPBITHS
B I'PYHTE CKBO3HOIl TPEIIMHBI BCIEACTBUE ACHCTBUSA
CHJI TaBJICHUS! BOJIbI, JCHCTBYIONIMX Ha TPYHT HU3HYTPH,
B [MOpax WIIM MUKPOTPEIIHHAX .

Teopust ruApaBIMYECKOTO pa3phiBa TPYHTA B IUIO-
TuHe pasBuBaercs ¢ 1970-x rr. Cuuraercs, 4ro obpaso-
BaHME (PAaCKpPBITHE) TPELIMHBI TPOMCXOANT, KOTAA pa3-
PpBIBaOIICE JABJICHNUC BOJAbI MPEBLIMNIACT COMMPOTHUBIICHUEC
TpyHTa pa3pbiBy. Pa3pbiBy MPOTHBOCTONT HANPSKEHHE
B IPYHTE, COKUMAIOIIEE MOTEHIMAIBHYTO TPELIHHY.

[Ipobneme ruapopaspeiBa B TPYHTOBBIX IUIOTHHAX
YAEISIIOT OOJTbIIIOE BHUMAaHHE MHOTHE UCCIIEI0BATENHN KaK
B MHXKCHEPHOM, TaK U B aKaleMU4ecKol cpeze. Mzyuenue
nporiecca THPOpa3phiBa BEAETCS B HECKOJIBKUX HAIPaB-
nenusx. IlepBoe HampaBneHne — 3TO 3KCIEPUMEHTaIIb-
HbIE (II0JIEBBIE, MOJIETIBHBIE) UCTIBITAHUSI THAPOPa3phiBa
IPYHTOBOIO MaccuBa. Bropoe HarpaBieHie — pacyeTHbIe
HCCIIEZIOBAHNSL, TIPU 3TOM HCIIONB3YIOTCS KaK aHaJIUTHYe-
CKHUE METOAbI, TAK METOAbI YUCIICHHOTI'O MOACIIMPOBAHMAA.

Kax npaBmito, ncenetoBanus HalpaBIeHbI Ha OIpe-
JIeJICHHE YCIIOBHIA, PH KOTOPBIX BO3MOXKEH TUIpaBIIAye-
CKuif pa3pbiB. OOpa3oBaHMe TPEIIIH MOKET IIPOUCXOAUTD

TI0 JIByM OCHOBHBIM MEXaHM3MaM: H3-32 PACTSTHBAOIINX
HOpMaJIbHBIX HanpspkeHuH (I pexxim), 13-3a HanpspKeHUH
ciBura (kacarenbHbIX HarpspkeHunit) (11 pexxum).

Hanpspkenue, npyu KOTOPOM IPOUCXOAUT 00pa3o-
BaHME (TIPOABIDKEHNE) TPEIINHBI, IIPUHATO HA3HIBATH
KpuTHueckuM. OOBIYHO ONPEACIAIOT HE KPUTHUECKHE
HAaIpsDKEHUs, @ KpUTHYECKOE IABICHHUE BOJBI. JTO J1aB-
JIEHUE, KOTOPOE NMPUBOIMT K JJOCTHKECHHUIO HANIPSKECHU-
SIMH KPUTHYECKUX 3HAYCHHH.

Pa3HpIMK aBTOpaMu Ha OCHOBE J1a0OPAaTOPHBIX
U TIOJIEBBIX UCTIBITAHUN MPEIJIOAKEHBI HECKOIBKO METO-
JK JUIS pacueTa KPUTUIECKOTO JaBJIEeHUsS BOIbl. Bee
OHHM OCHOBAaHBI Ha pe3yJbTaTaxX IKCHEPUMEHTAJIBHBIX
UCTIBITaHUH, OTHAKO OTIINYAIOTCSA TEOPETHIECKUMH CO-
OTHOIIEHHUSMH, KOTOPBIE UCIOIB3YIOTCS JUIs aHaJIn3a
YCIIOBUI 00pa30BaHMSA/PACKPHITHS TPEIIHH.

J.J. Wang u J.G. Zhu [5] npeanoxunu cieny-
IOLIYI0 KJIACCU(UKAIIUIO METOAOB UISI ONPECIICHNUS
KPUTHUYECKOTO JaBJICHUS BOIBI WM TEOPUI THAPABIH-
4ecKoro paspbiBa. OHH pa3[esIeHbl Ha YEThIPE IPYIIbL:

1. Metozbl, OCHOBaHHBIE Ha aHAJIN3E TPEXOCHOTO
HaNpsKEHHOTO COCTOSIHUSA MacCUBa IPyHTA.

2. Metonpl, OCHOBaHHBIE HA aHAIIM3€E HANIPSHKEHHO-
Je(OPMHUPOBAHHOTO COCTOSIHHUS TPYHTA BOKPYT I10JIO-
CTH 33/1aHHOHW (POPMBI METOAAMH TEOPHH YIPYTOCTH
U TJIAaCTUYHOCTH.

3. MeTonbl, OCHOBaHHBIC HA MOJIEBBIX HCIIBITAaHH-
X WJIN JTaOOpATOPHBIX UCHBITAHUSX U BBIPAKECHHBIC
B BHJIE IMIUPUIECKUX (HOPMYIL.

4. Metoapl, OCHOBaHHbIE HA MEXaHHUKE pa3pyIe-
HUS ¥ pe3y/bTaTax MCIIBITAHUH MMOBECHHUS «KOHBEPT-
HBIX» TPEILIUH B 00pasie IpyHTa.

JU1s 1OCTOBEPHBIX MIPOTHO30B TPEIIUHOCTOMKOCTU
Anep KAMEHHO-3EMJITHBIX TUIOTUH TPEOYEeTCs CHCTEMaTH-
3arust MTH(QOPMALMK O METOAMKaX pacdyeTa IMpaBiInye-
CKOTO pa3pbIBa. ITO U SBISETCS IENBI0 3TOH ITyOIMKAIINH.

MATEPHUAJIBI U METO/bI

Jnst cucremaTu3auy MHGOPMAUU O METOIUKAX
OIpe/ieNIeHHs] KPUTUYECKOTO aBJICHHS TUIPaBINYECKO-
TO pa3pbIBa aBTOpaMH OBLIT BEITIOIIHEH 0030p 3apyOex-
HBIX HayYHBIX ITyOJIHKAIUH.

' TumpaBnuuecKuii pa3peiB onpenensiercss He3aBucuMoii TpyIIoii o paccieJOBAaHUIO TIPHYHH pa3pylleHus mwioTHHb! Teton

B CIIIA kak ¢u3nudeckoe sBICHHE, TP KOTOPOM TPEIIHHA 00pa3yeTcsl U pacIINpsIeTCst MO/ JAaBICHHEM BOMEL.
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IIpu cocTaBieHNH aHATUTHYECKOTO 0030pa OBLIH
UCIIONIb30BaHbl pabOThl, B KOTOPBIX BBIOJHEH aHAIIN3
METOZIOB pacyeTa THAPABIMYECKOTO pa3pbiBa, HAIIPH-
Mep [5], a Tarxoke mMyONUKaIuy, TOCBAICHHBIE Pe3yib-
Taram 3KCIEPUMEHTANbHBIX HccleqoBaHul. IlepBbie
9KCIIEPUMEHTHI OTHOCATCS K 1970-M 1T B coBpeMeHHBIH
NepHOJl UMEIOTCS MyOIMKaIMH, TIOCBSIICHHBIE CPaBHE-
HHIO METOIMK T'MIPaBIMYECKOTO Pa3phiBa, a TAKKE METO-
JIMKaM, OCHOBAaHHBIM Ha TEOPUH MEXaHUKH Pa3pyLICHHUS.

Kpome Toro, B pamkax JaHHOU IMyOIHKaLUU CpaB-
HUBAIOTCSA METOIMKH pacdyeTa I'MApopa3phiBa Ha MPH-
Mepe YCJIOBUM, XapaKTEPHbIX JISI BBICOKOW KaMEHHO-
3EMJISIHOM TUIOTHHBI.

PE3YJIBbTATBI

Merton aHa/1M32 TPEXOCHOI'0 HANIPSHKEHHOI0 CO-
CTOSIHHMSI MAaCCHBa IPyHTa

Ecnu cunrare, 4To 00pa3oBaHUe TPELIMHBI IPOKC-
XOJIUT B BUJE Pa3pblBa IIPU IOTEPE NPOUYHOCTU I'PYHTA
Ha pacTsDKEHHEe, TO KPUTHYECKOe JlaBlieHHe OyneT Ha-
OPSIMYI0 C MUHUMAJIbHBIM CKUMAIOIUM [NIaBHBIM Ha-
OPSDKEHUEM G .

BeIpaskenue 11 olpeneacHust KpUTUIECKOro AaB-
JICHUS BOJbl UMEET BUJL:

Pf=G3+Gt, €))

rac G, — IMMPOYHOCTH Marcpurajia Ha pacTsSXKCHUE.

MeTtoabl aHAJIM3a HANPSKEHHO-TeopMUPO-
BAHHOI'0 COCTOSTHUSI TPYHTAa BOKPYT MOJIOCTH

B TCOPUAX OMPCACTICHUA KPUTUUCCKOI'O JaBJICHUA
BOJIbI BTOPOH I'PYIIIbI pACCMAaTPUBACTCS HAIPSKEHHO-
nedopmupoBannoe cocrostuue (HJIC) rpynra Bokpyr
WIMHIpUYEeCKOr nin cdepudeckoi nonoctu. Cunta-
€TC$, UTO 3Ta MOJOCTh CYHIECTBYET U3HAYAIbHO U IIPHU
THJIPABIMYECKOM pa3pbIBe pacTeT.

s ananuza HJIC ucnonbs3yroT Teopun yupyroctu
U IUIaCTUYHOCTH. PaccMmarpuBaeTcs ocecUMMeETpUYHAs
o0nacTh, ee pacueTHas cxema MokaszaHa Ha puc. 1. Ilpu
LMJIMHIPHUYECKOM MOTOCTH 00J1acTh Mpe/ICTaBIseT COO0M
TOJICTYIO TPYOy, 3arpyKEHHYIO U3HYTPH PaBHOMEPHO
pacnpenesieHHON Harpy3Kou Pf. CHapyxu Ha pacuer-
HyI0 00J7acTh JeHCTBYEeT paBHOMEPHO pacIpesesieHHas
HarpysKa G,, HalPaBJICHHAs B IIEHTP MOJOCTH. JTa Ha-
rpy3Ka co3/1aeTcsl JaBjeHueM TPyHTa.

ITon nelicTBuEM yKa3aHHBIX Harpy3oK B pacdeT-
HOI 00J1acTH BO3HMKAIOT HOPMaJIbHBIE HAMPSKEHUs,
Cpe/ii KOTOPBIX BBIACISIOT pailalIbHOE G, U OKPYXKHOE
G,, @ TAKXKE KacarenbHOe Hanpsukenue T, (puc. 1).

MeTonoM TeopHuH yIpyrocTu MOJIy4EHbI BhIpaKe-
HUS JJ1s1 ONIpe/iesIeHUsl 3Ha4eHU HalpsH>KeHUH Ha Tpa-
HUIIE MOJIOCTH:

c, =P,
2b%ch— (g% + p2)P
Gp = 2(0 jb ) f? 2
b” —a
t,=0,

Puc. 1. PacuerHas cxema HanpspKeHHO-1e(hOPMUPOBAHHOTO
COCTOSIHHS LIMUIMHAPUIECKOW MM chepHYecKOi IOIOCTH:
a — BHYTPEHHUI paanyc obnactu (paguyc mojaocTu); b —
BHEIIHUH pasinyc 00IacTy; P ,— nasnenue BOZbI, IPHIIOKEH-
HOE K BHYTPEHHEH [IOBEPXHOCTH;  — paJUaibHOE paccTosi-
HHUE OT LUEHTPA; G, — PAJMAbHOE HOPMAILHOE HANPSHKEHHUE,
JEUCTBYIOIIEE Ha BHEIIHIOIO IOBEPXHOCTh; G, — PAJHAILHOE
HANPSDKEHUE; G, — OKPY)KHOE HANPSHKEHUE

Te ¢ — BHYTPEHHHI panuyc obnacTtu (paauyc moJo-
CTH); b — BHEUTHHUH pajuyc 00IacTu.

AHau3 MOKa3bIBAET, YTO B OECKOHEUHOH 001acTH
(b—0) TIpH HATMYHMHU TOJIBKO BHYTPEHHETO paciuparo-
LEro J1aBIeHus P, OKPYXKHOE pacTArMBaloLIee Hanpsi-
JKEHUE Ha MOBEPXHOCTHU LIWIIMHPUIECKO MOIOCTH CO-
orBeTcTBYeT . OHO HE 3aBHCHT OT Pa3Mepa MOIOCTH.
W3 ypaBHeHus (2) ¢ onpeeneHHoi CTeneHb0 IpuoiH-
JKEHUSI MOXKHO 3aKJIFOYHTh, YTO KPUTHUYECKOE JAaBICHHE
BOZIbI PABHO:

P, =2c,+0,. 3)

OmnucaHHOE BBIIIE PEUICHUE O HAPSDKEHHOM CO-
CTOSHMM TPYHTa BOKPYT HOJIOCTH SIBISIETCS MpHUOIH-
KCHHBIM, OHO COOTBETCTBYET CITy4al0 MaJbIX yIPYTHX
nedopmanuii. Pamom aBTOpoB OBLIN MPEATIOKEHBI pe-
IICHUS C YYETOM IJIAaCTHYECKOTO IMOBEIEHUS I'PyHTa
U yYBeIWYeHUs 00beMa (PacIIMPEeHHs) MOJIOCTH.

AHanu3 pacIupeHus IIIHHAPUIECKON TTOJIOCTH
OB BBITIOJIHEH JUJIS PEIICHHS MPaKTUYECKHX 3aiad.
Hampumep, M.F. Randolph, J.P. Carter u C.P. Wroth [6]
(1979 r.) BEIOJIHUITN @HATTU3 HATIPSHKEHHOTO COCTOSHUS
TpyHTa B Ipolecce 3a0uBKH cBail. ['eomerpus 3amaun
OblTa ympoIneHa 3a CYeT NMPEANONIOKECHUS YCIOBUN
TUIOCKOM Jle(hopMalivK B IOTIOJTHEHHE K OCEBOIl CUMMe-
TpHUH. YCTaHOBKA CBail MOJeNIHpoBaiach Kak HEAPEHHU-
pyeMoe pacInpeHue IIHHAprIeckoi mojgoctu. [Ipen-
MOJIarajioch, YTO BO3HUKAlOIEe H30BITOYHOE TIOPOBOE
JTABJIIGHUE PAaCcCEUBAETCS ITOCPEACTBOM HAIPABICHHOTO
Hapy>Xy paZilajgbHOro IO0TOKA IOPOBOM BOJBL. YIIJIOTHE-
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HHE 'PYHTa W3y4aJioCh C MCIOJIb30BaHHEM YITPYyroIuia-
CTHYECKOIl MOIENHN TPYHTA C YIIPOYHEHHEM, YUUTHIBA-
JaCh BO3MOXKHOCTh M3MEHEHUSI IPOYHOCTH TPYHTA IPH
W3MEHEHHH COJICPKaHMUs BOJIBI.

Psmom aBropos (P. Chadwick, A.S. Vesic, B. La-
danyi) mpemoKeHbI peleHus 3a4a9 O PACIIUPEHUN
chepHUIeCcKOi MTOJIOCTH B PA3IMYHBIX THIIAX CPEI.

B 1959 r. P. Chadwick B cBoeit pabore [7] npen-
CTaBWJI BBIBO/] 3aBUCUMOCTH PACIIUPECHUA ITOJIOCTH IO
JaBJIeHHEM JUIS UIealbHOro IIACTHYHOTO MaTepuaa.
PereHune mosy4eHo Ui Ciiydas CBSI3HOIO TPYHTa, T.e.
rpyHTa, 00/NaJalonIero TOJIbKO CUeIuleHneM. Metoa
peUICHNA OCHOBAH Ha TCOPUHN INIACTUYCCKOTO TCUCHUA
U HCIIoNIb30BaHuM Kputepus Mopa — Kyiona B kauecTse
yCIIOBHS IUIACTUYHOCTH. PenreHue 3agauu norpedosa-
JIO AOMYIIEHHUH AJIsl OMUCaHUs OONBIINX JedopManuii,
BO3HHUKAIOIIMX IIPU PACILIUPEHUN.

B 1972 . A.S. Vesic [8] noxyunn npubarmkeHHOS
peLIeHue Ui ONpeNeNiCHHs KPUTHYSCKOTO JaBICHHS
JUISL paclIMpeHust cepuIecKol MOJOCTH B CBSI3HOM
IPYHTE M MPUMEHUII 3TO pEIIeHUE Ui ONpeNeICHNUs
K03((PHUIIMEHTOB HECyIel CIOoCOOHOCTH TIIyOOKHX
(hyHIaMEHTOB.

B 1967 r. B. Ladanyi [9] BeimonHMI aHaIU3 pac-
LIMPEHUS NOJIOCTH B XPYIIKUX FOpHBIX nopoxaax. Vm
HOJTyYeHbI PEILeHUs JUTA CITy4as KaK LIMIHHAPHYECKHX,
TaK U CHEPUUYECKHX IOJOCTEH B MICATIBHBIX CBA3HBIX
rpyHTax. B ero crarbe npeacTaBieHbl IPUOIIKEHHbIE
pemieHusd i1 ONPCACIICHUA KPUTHYECKOTO JaBJICHUSA
BOJIBL.

MeToabl aHAJM32 TPEXOCHOTO HANPSKEHHOTO
COCTOSIHMSI BOKPYT MOJIOCTH

Teopun TuApopa3peiBa, OCHOBAaHHBIC Ha aHa-
JU3€ TPEXOCHOTO HAMPSHKEHHOTO COCTOSHUS TPYHTA,
OKpY’Karollero MnoyiocTh, paccMaTpuBajuCh B pabo-
Tax [10, 11]. AHanu3 oCyecTBISIETCS ¢ MPUMEHEHUEM
TEOPHUH IUTACTUIHOCTH.

Ha puc. 2 mokazaHa cxema HalpsHKEHHOTO COCTO-
stHAs o0pasiia rpyHTa ¢ IMIIMHAPUICCKON TTONTOCTHIO.
B o6mem cirygae 0HO — TPEXOCHOE U XapaKTepH3yeTcs
MaKCHMaJIbHBIM IJIABHBIM HANPSKEHUEM G, TPOMEXKY-

-0,

Puc. 2. Cxema TpEeXOCHOTO HANPS)KEHHOTO COCTOSTHHS 00pa3-
2 ¢ UWIMHIPHYECKOH MOTIOCTBIO: G, — [IABHOE MAKCUMAIb-
HO€ HANPHKEHUE; G, — MPOMEKYTOUHOE [IABHOE HAIPSIKe-
HHUE; G, — MUHUMAJILHOE IIABHOE HATIPSDKEHUE

TOYHBIM INIaBHBIM HAINPs)KCHUEM 02 1 MUHHUMAJIbHBIM
TJIABHBIM HATIPSDKEHHEM O,

IIpu 3TOM pacnonoxeHue oce IIaBHBIX HaIpsKe-
HHli (G,, G, ¥ G,) O OTHOLIEHHIO K OCH MOJOCTH MOXET
OBITH Pa3IMIHBIM.

[Ipu OGonblIOW NPOTSIKEHHOCTH MOJOCTH Ha-
MPsHKEHHOE COCTOSHHUE MOXKET pacCMaTPHBATHCS Kak
IUIOCKOE, B YCJIOBHSX IUIOCKOH nedopmanuu. B atom
clydae BIHMSHHE OJHOTO M3 IJaBHBIX HANpPSKEHUN
(B HaIIpaBIICHUHU BIOJb OCH TOJOCTH) MOXKET HE YUH-
TBIBAaThCH.

PaccmoTpuM citydaid, Korja riaBHbIM HalpsyKEHU-
€M BIIOJTb IEHTPAIEHON OCH KPYIIIOH TOIOCTH SIBISCTCS
IIIaBHOE MaKCHMallbHOE Hanpsikenue 6,. Ceuenue 00-
pasma 3arpy’eHo M0 TOPIaM HaNpPsSKEHUSIMH G, H O,
U BHYTPEHHHM JaBIECHUEM p B onoctu. HanpskeHnHoe
COCTOSIHHE B JIIO00H TOYKE MOXKET OBITh MMOTYyUYCHO ITy-
TEeM CYIIEPHO3UIINH HANPSIKEHHBIX COCTOSIHUH OT Ha-
TPY3KH KakJ0T0 BUja (cM. puc. 3).

Ecnu Ha 0mHOM U3 TOPIIOB MPHIIOKEHA CKUMAIO-
1as Harpy3ka 6,, HalpsHKEHHOE COCTOSHUE MACCUBA
XapaKTEPU3yETCs KOHIIEHTPAMEN HAIIPSHKEHUH BOKPYT

R

L)) °

—>( 0, Ty le— —slo, Ty G
% XCX 0
) x! -
c, —> I e = — 7
— le— —
—> le— —>

LIy

+ |7 +

Frrny

1T

Frrra

Puc. 3. Cxema cynepno3uiuy HalpsHKEHHOTO COCTOSTHIS 00pasiia ¢ KpyIiIol MOJIOCTHIO: @ — BHYTPEHHHUH paamyc; Pf— JlaB-

JIEHWE BOJIBI, IEACTBYIOMIEE HA BHYTPEHHIOIO MOBEPXHOCTD; 7 — PAJNANbHOE PACCTOSHHE OT IIEHTPA; G, — MPOMEKYTOUHOE

TJIABHOC HAIIPAKEHUE, 6, — MUHHUMAJIBHOE TTIaBHOC HAMIPSHKCHUE, 6, — paanajibHOC HANIPSHKCHUEC, Ge — OKPY>XHO€ HaIpsxKe-

HHC, ’I.'r9 — Harps)KE€HUE CABUTa
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noioctu. B HaIlpaBJIC€HUN BAOJb HeﬁCTBHH BHCIHIHHUX
Harpy30K BO3HUKAIOT CKMMAIOUIUEC HAIIPSAXKCHUA, KO-
TOpBIE IPUMEPHO B 3 pa3a MpeBHIIAOT Harpy3ky. [Ipu
9TOM B IIOINIEPEYHOM HaIlpaBJICHHUHW BO3HUKAIOT pacCTid-
TUBAIOLIYE HAIPSKEHUSI, KOTOPbIE IPUMEPHO PABHBI
BEJIMYMHE HATPY3KU.

CyMMapHO€e HampsHKEHHOE COCTOSHUE Ha TTOBEPX-
HOCTH TOJIOCTH (T.€. TIPH 7 = @) OTPEeAeIIsIeTCs BBIpaXke-
HUAMMU:

o, =P,
0, =0;(1-2c0820)+0,(1+200s20)-P,,  (4)

Tro :0’

e 6 — yron, onpeemnomui MOI0XKeHHEe paccMaTpu-
BacMOM ITOMIATKH.

Ha ocHoBe aHanu3a HampsKEHHOTO COCTOSHUSA
MOJKHO OIpPEENIUTh KPUTHUYECKOE JaBICHUE, BbI3bIBA-
Iol1ee OTePI0 MPOYHOCTH. BBIAETAIOT TpU MexaHu3Ma,
KOTOpBIE BJIEKYT 3a cOO0M pa3BUTHE TPEIUHBI (paciIy-
pEHHE TIOIOCTH).

MexanusMm Ne 1. Ecnu npuunHON pacuIupeHus
TPELUHBI SBISETCS MOTEPs IPOUHOCTU HA PACTSHKEHUE
IO OKPYXHBIM HaNpsKEHUSM, TO KPUTHUECKOE J1aBie-
HHE BOJIBI MOKET OBITH PACCYUTAHO IO (hopMyIIe:

P =o,(1-2c0820)+0,(1+2c820)+0,. (5)

W3 ypaBHeHus (5) BUIHO, YTO MUHUMAJILHOE JIaB-
JICHHE BOJIbI P MOXKET OBITH TOJTy4eHO NpH c0s20 = —1,
T.€. KDUTUUECKOE JABJICHUE BOJIbI ONIPENEIISACTCS BbIpa-
JKeHHEM:!

P, =30,-0, +0,. (6)

Jannyto hopMyTy B HHOCTPaHHOU JIUTepaType Ha-
3BIBAIOT 1—S KpUTEpHUEM.

MexauusMm Ne 2. Ecnu nmpuuMHON pacuInpeHus
TPEIIMHBI SBIASETCS MOTEPsS NMPOYHOCTH HA CJIBUI,
TO KPUTHUYECKOE JaBICHUE OINpPEIEIIAeTCs Yepe3 pac-
CMOTpEHUE KacaTelbHbIX HanpsbkeHuid. Ecinu B ka-
YeCTBE KPUTEPHS pa3pyLICHHUs NPUMEHUTh KPUTEPUH
Mopa — KysnoHa, To KpuTHYECKOE 1aBJICHUE BOJBI MOXK-
HO paccuuTarh 1o Gopmyne:

1
P, :5[03 (1-2c0s26)+0, x

(7
x (1+2c0s26)(1+ Sin(p)+CCOS([):|,

i€ @ — YroJl BHyTPEHHETO TPECHHUSL.

W3 ypaBuenus (7) cieayer, 4T0 MUHUMAJIbHOE JaB-
JIEHHUE BOIBI P/ MOXeET OBITh MOITy4eHO mpu cos20 =—1,
u TOTJa Pfonpenen;leTcx BBIPOKCHHEM:

P, =(1,56;-0,50, )(1 +sing)+ccosg.  (8)

Jannyro ¢popMyTy B HHOCTPaHHOM JINTepaType Ha-
3p1BatoT M—C KpuTepuem.

Mexanusm Ne 3. D10 cirydail pacimpeHus mojo-
CTH 3a CYET IUIACTHUYECKUX AehopMannil ymIoTHEHUS

HEKOTOpOH 007aCTH BOKpYT mojocTu. Eciaum ycrnoBue
IUTACTUYHOCTH (TEKY4YECTH) COOTBETCTBYET KPUTECPHIO
Mopa — Kynona, kputudeckoe TaBICHHE BOIBI MOXKET
OBITH paccYuTaHo Mo hopmyIie:

2 .
| o5(1-2c0s26)+o,(1 + 200S2)+taT (1+ sm(p)_

b= 2si -
2 sing
a' 1 +sine
b' ©)
¢
tan(p’
e d@' — paauyc NoaocTy Nocie pacmupenus; b’ —

paJyc TpaHHIIBI MEX/y 30HaMH YIPYTOro U IIacTHYe-
CKOro Je(OpMUPOBAHUSI.

N3 ypaBHeHus (9) Takxke siCHO, YTO MUHUMAJIb-
HOC JaBICHHE BOIBI P, MOXKET OBITH MONY4YCHO MpH
c0s20 =—1, u Torma Pf OTIPEICNIACTCS BEIPAKEHUEM:

1,56, -0,50, +—— |(1+sin
3 o2 tano ( (p) c (10)
tang

P =

f 2sing
a' 1 +sine

bt

AHAJOTUYHO MOXXHO TOJYYHUTH BBIPAXKECHUS JJIsI
ompezeNeHns KPUTUUECKOTO JIaBieHUs IJi JAPYroro
PaCIOJIOKEHHUSI TIOJIOCTH IO OTHOIICHUIO K HampaBiie-
HUIO TJIaBHBIX HAMpPSKESHUH.

Ecnu monocTs HampaBiieHa BIIOJb HalpaBIEHUS
TPOMEKyTOYHOTO TJIABHOTO HAMPSKEHHUS G, TO hopmy-
JIbI IPUHUMAIOT CJIETYIONINIA BU/I.

Mexanusm Ne 1:

P =306;-0, +0,.

(11)

Mexannsm No 2:

P, =(1,56,-0,5c,)(1 +sing)+ccosp. (12)
Mexanunsm Ne 3:
c .
1,56,-0,56, + —— |(1+sing)
P, = ane SRN(E)

a' 1 +sing tan(P
bl

Ecnu ock monoctu HamnpapieHa BJOJb HalpaBJe-
HHs MEHUMAJILHOTO TJIABHOTO HANPSKEHHS G,, TO Pop-
MYJIbl IPUHUMAIOT CIIEAYIOIUN BUJL.

Mexanusm Ne 1:

P =30,-0,+0,. (14)
Mexannsm Ne 2:

P, =(1,50,-0,5c,)(1+sing)+ccosp. (15)
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Mexaunsm Ne 3:

1,56, -0,50, +® (1+sing)

€ . 16

P =
4 tano

2sing
a' 1 + sing
b

IIpennoxennsie popmyinsl npeacrasieHs B [10, 11].
OHH NI03BOJIAIOT MIPOAHATU3NPOBATH YCIIOBHSL, IIPH KOTO-
PBIX BEPOSITHO pa3pylIeHHe TPyHTa BOKPYT HOJIOCTH, Ha-
TPY’KEeHHOH BHYTPEHHHM aBIICHHEM.

Ecin BRITOTHUTH pacdeThl KPUTHIECKOTO JaBiie-
HUS JUISL psla BAPHAHTOB HANPSXKEHHOTO COCTOSHUS
TpyHTa, MOXKHO CJIENaTh psf BEIBOJOB O €TO BIMSHHH
Ha OMACHOCTH Pa3BUTHA TPELIUHEI.

Haubonee BeposTHO pa3BUTHE TPEIIMHBI B Ha-
HPAaBJIECHUH BIOJb OCH C,.

OnacHOCTh MIPENCTABISAET CIIydai O0NBIIOTO pa3-
JMYMA MEXKY BENUYUHAMHE G, U ©,. [Ipubnusurensno
MOKHO CKa3aTh, YTO IPH G, > G, BOKPYT TOJIOCTH BO3-
HUKAIOT PacTATHUBAIOIINE HAPsDKeHHUA. B aToM ciydae,
BO3MOXHO, 4T0 P <0, T.¢. paspbiB [OIOCTH MOXKET BO3-
HUKaTh JaXKe IIPHU OTCYTCTBUH BHYTPEHHETO aBICHUS.

IMomumo Teoperudeckux GopMys B HHKEHEPHOM
MPAKTHUKE UCTIONB3YFOTCS U PSAJ] OMITUPHYECKHUX (HOPMYIT
JUTS OTIPEICIICHUS] KPUTHIECKOTO JaBJICHHS BOJIBL.

IMnupuYecKue TEOPUU rupopa3pbiBa

B [12]J. Enyue u ap. 66110 MPOBEIEHO CPaBHEHHE
TEOPETUIECKH IOTyYCHHBIX KPUTEPHEB C Pe3yIbTaTaMH
9KCMIEPUMEHTOB. VICIIbITaHHSI TPOBOAUIUCH [Tl TPyHTA
¢ KpyImHOOOJIOMOYHBIMU KPUTEPUSIMHU. DKCTIEPUMEHTHI
MOATBEPANIIHN, YTO TPELINHA MEePIEeHANKYIIpPHA IJI0-
CKOCTHU G, — G,, & KDUTHYECKOE JIaBJICHHE Pf JIMHEWHO
3aBUCHUT OT MHHMMAIILHOTO ITIABHOTO HAMPSDKEHHUS G

CpaBHeHHeE TOKAa3aJ10, YTO JJIS UICTIBITAHHOTO TPYHTA
KPHUTHYECKOE JIaBIICHUE, TIOy4eHHOE 10 7—S KPUTEPHIO,
OosbIe, YeM 10 SKCIIEPUMEHTAIBHBIM JaHHBIM, a MOTy-
geHHoe 10 M—C KpUTEPHIO — MEHBIIIE, YeM T10 IKCTIEpH-
MEHTATLHBIM JTAHHBIM. DTH OTJIMYHS OOBSCHSIOT IIHUPOKOE
pacipoCcTpaHeHHE IMITUPHUUECKIX TEOPUI THIPOPA3pPhIBa.

G.W. Jaworski, J.M. Duncan, H.B. Seed u H. Cam-
befort B 1981, 1982 . [13, 14] Ha OCHOBaHUH KCIIEPH-
MEHTAJIbHBIX MCCIICIOBAaHUI THAPOPA3PhIBA C HCIIOb-
30BaHHEM KyOMYecKoro oOpasna ¢ MMIHHAPHIECCKON
MOJIOCTHIO MPEIJIOKIIIN CIEAYIONIYI0 SMIIMPHIECKYIO

dopmymy

Pf:m6h+6ta’ (17)

e m — K03 GHUUMEHT NPONOPUMOHANBHOCTH; G, —
Ka)KyI[asiCsl IPOYHOCTh IPYHTA Ha PACTSIKEHHE.

Bennunna c,, 3HAYMTENBHO NPEBBIIAET MPEEN
MPOYHOCTH IPYHTA Ha PACTSHKEHHUE, IOy YEHHBIN U3 3KC-
MepUMEHTAIBHBIX UCTIBITaHuH, n gocturaer 20-265 xI1a.

[oka3arenb «m» ONPENEINSIOT IKCIIEPUMEHTAIb-
Ho. B [15] S. Fukushima npeanoxun 3Ha4eHUE m MPH-
HUMAaTh paBHbIM 1,3—1,6.

46

ITo pesyabraraM 3KCIEPUMEHTAIbHBIX HCCIIE-
moeanuii A.K. Panah u E. Yanagisawa B 1989 1. [16]
OBITM ONpeneleHbl HapaMeTpbl m 1,085
uc, = 0,80 klla. A B uccnenoanmnu L.Y. Liu, Y.H. Cui
u G.W. Zhang [17], npoBenennom B 1988 1. mist pas-
HO3EPHHUCTOTO I'PAaBUIHOTO I'PpyHTA, OBUIHM MONTYyYEeHBI
snagenust m = 0,86 n o, = 210 klla.

A. Mori u M. Tamura B 1987 r. [18] Ha ocHOBe
9KCIIEPUMEHTAJIBHBIX UCCIENOBAaHUN TMIPOpa3phIBA
B IIECTU ITIMHAX MPCIJIOKUIIN YPABHCHHUE!

(18)

rac 03 — MHWHHUMAJIbHOC TJIaBHOC HAIIPSAXKCHUC, qu —_—
MIPOYHOCTH TPYHTA Ha CHKAaTHeE.

K.H. Zengn Z.Z. Yin 8 2000 1. [ 11] a7mst mecyanoro
TpyHTa NMPEITIOKUIN YpaBHEHHUE:

P, =05+4,,

P/ =moc’ +o,+R,

(19)

rae P/ — sddexTiBHOE KpUTHUECKOE 1aBICHHE BOJBL,
m — K03 QULMEHT MPONOPIHOHAILHOCTH; O3 — 3(-
(heKTHBHOE MHHHMAIILHOE TIIABHOE HATPSIKCHHE; G, —
TIpeJIes MPOYHOCTH IPYHTA Ha PacTshKeHHeE; R — compo-
THBJICHHE PACIIPOCTPAHCHHIO TPEIIUHBL, 6, + R=0, .

DMIMPHYECKOE 3HAYEHUE MAPAMETPA /My PABHO
1,0-2,0.

Benuunner P/ u 63 B ypaBsenuu (19) onpenensi-
I0TCSI C YYETOM [OPOBOTO JIABJICHHUSL:

Pl =P -, (20)

21

L —_
O3 =03 ~ U,

TJIe U, — Ha49aJbHOE MOPOBOE JABIECHHE BOJIBI.

R.A. Decker u S.P. Clemence B 1981 1. [19], oc-
HOBBIBASICh Ha JIADOPATOPHBIX MCIBITAHUSIX U TEOPETH-
YECKHMX aHaJHM3aX THUAPOPa3phIBa, MPEATOKUIN CIIETy-
011YyI0 (GOpMYITy JUTS pacueTa KPUTHYECKOTO JIaBICHUS
BOJIBI:

p (1=v)(o, +2-a+B)(kp) -
5= S . (22)
rae v — koa¢pduuuent [lyaccona rpyHra; o u B — Ko-
5(QQUIMEHTDI, OTHOCAIIMECS K CIKATUIO IPyHTa; k| —
KO3 PUIHEHT CTaTUYECKOTO0 OOKOBOTO IaBJICHHUS;
Py — TIpUpAILEHHE IEHCTBYIOIIETO HATIPSKEHHUS; S —
KO3 PUIIHEHT, CBSI3aHHBIH C TUaAMETPOM UIJIbI, BBE/ICH-
HOW B 0Opa3elr.
OTaenbHO cleayeT pacCMOTPETh METOJUKY OLeH-
KM TPEIIMHOCTOWKOCTH IPYHTOBOTO MacCHBa, Mpej-
noxeHHywo B 1994 r. K.H. Andersen u np. [20]. Ona
YUYUTBHIBACT HETMHEWHOCTD TOBEACHHS TpyHTa. [IpnHu-
MaeTcsi, YTo 00pa30BaHUE TPEUIMHBI MPOUCXOAUT B pe-
3yJbTaTe MOTEPU NPOYHOCTH IPYyHTA HA PACTSHKEHUE.
COOTBETCTBEHHO, YCIOBUE BO3HUKHOBEHUS THAPOPA3-

pbIBa IPUHUMAET BUJL:
6, -Uu<-c,, (23)

1€ U — IMOPOBOE AaBJICHUE BO/bI B I'PYHTaXx.
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[TopoBoe maBieHue OMpeAeNseTcs mo Gopmysie:

u=u, +Au, (24)

TI€ U, — HaYaNbHOE MOPOBOE NABJIEHHE BOABL, Au —
[IpUpALICHUE TOPOBOIO JaBJICHUS BOJBI.

B npennoxeHHON METOIMKE MCIIOJIb3YyEeTCs He-
JTUHEIHas 3aBUCUMOCTD HANpPsDKEHUHN U aedopMaliiii
IpyHTa OT IIOPOBOTO JABJICHUS BOJBI.

DopMyna A oNpeaesIeHHs IPUPAIIEHUs TOPOBO-
IO JaBJICHUS BOJbI IPUHUMAETCS B BUJE!

Au = AG0L‘t + amATucr (25)

nim

Au=Ac,, - D(At, —Aty), (26)

e Acsm " Atm — COOTBETCTBEHHO, NMPUPALIEHUS
HOPMaJIBHBIX M KacaTeNIbHBIX HANpsSIKCHWH Ha OKTa-
3IPHYECKOH TUIOMIANKE; O — KOI(QPUIMEHT TOPOBOTO
nmasienus Boasl Henkel [21]; D — ko3ddunment mo-
POBOTO NaBJIECHHS BOABI; AT M AT, — TIpHpamIeHus Ka-
caTeJIbHBIX HANPSDKCHNH B paJllalbHOM M KacaTeIbHOM
HAaIPaBJIEHHUSIX COOTBETCTBEHHO.

Koaddumment noposoro nasierust D BrIpakaeT
M3MEHEHHUE TIOPOBOTO IABIICHHUS BOJBI B 3aBUCHMOCTH
OT N3MEHECHNS KacaTeIbHOTO HAMIPSDKEHNS B BEPTHUKAIIb-
HOW TUIOCKOCTH.

MeTozyKa yINUTBIBACT, 4TO THAPOPA3PHIB MOXKET 3a-
POXIATBCS KaK B TOPU30HTAIIBHOM, TaK ¥ B BEPTHKAJIBHOM
HanpasieHnH. HanpasieHne paciiipeHns TPEIyHbI MOz
JEWCTBUEM JIaBICHUS BOIBI ONPENENISETCA BETMIYNHON
PaCTATUBAIOIINX HANPSHKCHAH MKy Oeperamu MoTeH-
LUaNbHOHN TpeluHbl. TpeuHa pa3BuBaeTcs B TOM Ha-
TIPaBIICHNH, TI€ MaKCHMAaJIbHBI HAIPSDKEHHS B HAIIpaBIIe-
HUW, IEPIICHANKY/IIPHOM K IZIOCKOCTH TPEIINHBL

BeposiTHOE HanpasiIeHNE TPELMHBI OIPEENAETCS
B 3aBUCHMOCTH OT BEJIMYMHBI KPUTHIECKOTO aBICHHS
BOJIbI Pf. [pemnosxxeHs! GopMyIBI U ONpeeTeHIs Pf
IUTSL CITydasi BEPTHKAIBHOTO ¥ TOPU30HTAIBHOTO PACIIO-
JIOKCHUS TPEIMHBL.

1. 1511 rOpU30HTAIbHOIO HANPABICHUS TPELIMHBI
KPUTHYECKOE JABJICHHE BOJIBI ONIPEAEIISIETCS TI0 (hopMyIe:

Po=u + o, +AD,, 27
rIe Apm — IpupalleHue JaBIEHUs BOIbI B MOJIOCTH

B Havaje rHApopa3pbiBa B TOPH30HTAIBHOM HaIpaBlic-
HUH.

2. Jlnst BEpTUKAIBHOTO HAIPABICHUS TPELIHMHBI
KPUTHYECKOE aBJICHUE BOIBI OMpEAeIsieTcs mo Gop-
MyJIe:

P

_ ’
= U +kyo, +AD,,

(28)

TIe k0 — k03 ureHT 6GOKOBOTO aBICHIUS; oy —
3¢ ¢deKTHBHOE HANpPSIKCHUE B BEPTUKAIBFHOM HaIpaB-
JeHUM; Ap — TIPUPAILEHHE NABICHHUS BO/bI B IIMIIMH-
JPUYECKOI MOJIOCTH MIPU MPOBEACHUH THAPOPA3PHIBA
B BEPTHKAJILHOM HAIIPABJICHUH.

PesysbraTel SKCIIepUMEHTANBHBIX UCIBITAaHUH 00-
Pa3LOB IPYHTA ¢ HWIMHAPUYECKOH MOJIOCTHIO IPUBEICHEI

takke B ctatbe D. Djarwadia u mp. [22]. Ouu mokasaiy,
YTO Ha BO3MOXXHOCTD I'MIPaBINYCCKOTO pa3pbiBa INTMHU-
CTOTO SIIpa BIMSIEOT TAKXKE TPACKTOPUH HArpykeHHst. buio
TMOJIYY€HO, YTO Pa3pyLLIEHHE OT PACTSHKEHUS IPOUCXOINIIO
TOJILKO TOT[IA, KOTJIa HAYaIbHOE HAMPSHKEHHOE COCTOSIHUE
XapaKkTepU30BaNOCH cooTHomeHkeM 0,5 - (o, —o,) <c.

MeToauku NPOrHo3a ruipopa3pbiBa, OCHOBAaH-
Hble HA MeXaHUKe pa3pylleHust

MexaHu3M pacripoCTpaHEHHs TPEIUHBI OTHOCHUT-
csl K ipoOJieMe paclIMpeHusl TPELMHbBI B PEXKUMeE Ha-
rpy3kH | (HopManbHBIN OTPHIB).

Pa3paboTke Teopuu THIpaBINYECKOr0 pa3pbiBa
Ha OCHOBE MEXaHUKHU pa3pyLICHHs MOCBSIIEHB pabo-
o1 L.C. Murdoch [23-26], a takxe J.J. Wang [27].
L.C. Murdoch B 1993 1. [23] Ha OCHOBE 3KCIIEPUMECH-
TaJbHBIX MCCIEAOBAaHUH pa3paboTai aHATUTHYECKYIO
MOJIeNTb THAPOPA3PhIBA.

PacuerHas cxema moka3aHa Ha puc. 4. Tpemu-
Ha pacroiaraeTcsl B INIOCKOCTH XZ, OCh Z HallpaBJIeHa
BIOJIb CPE/IHEH JIMHUY TPEIINHEL, a OCh X PACIIOJIOKEeHA
B HAIIPaBJICHUH pOCcTa TpeIluHHI (puc. 4). [llupuna Tpe-
IIMHBI 71 U3MEPSAETCS BIOJb OCU Z U SIBISETCA IMOCTO-
sIHHOM. Tak Kak IpearonaracTcss CHMMETPHsl TPELIMHbL
OTHOCHUTENIFHO OCH Z, PACCMATPUBAETCS TOIBKO IOIOBH-
Ha TPELINHbI, NOIYATHHON b.

PacknunuBaromee TpelmuHy AaBiaeHne P HarHe-
TaeMo# XUJIKOCTH IMPUHUMAETCS] paBHOMEPHO pac-
MpeJeeHHBIM BAOJIb YacTH TpeumuHbl. [laBneHue,
co3aaBaeMoe (UIBTPYIOLICH KUAKOCTHIO P ip> TAKIKE
MPUHUMAETCS MMOCTOSHHBIM M PAaBHOMEPHO pacmpese-
JICHHBIM TI0 BCEH AuHe TpemuHsl b (puc. 5). B pesyins-
Tare CyMMUPOBaHMs JIIOp pacnpeneinenus P, u P dtip
TIOJTyYaeTCsl dMI0pa PACKINHUBAIOIIETO NaBneHus P,
C03/1aBa€MOTO 3aKa4NBACMOH JKUAKOCTBIO.

Bennuuna P, orpaHH4MBaeTCst MPOYHOCTHIO MaTe-
puana. B MmexaHuke pa3pyIieHus yCIOBHEM IPOYHOCTH
HOPMAaJIBHOTO OTPHIBA SIBIISETCS:

K, =K, 29)

riae K, — kodpdUIHMEeHT HHTEHCUBHOCTH HAaNpPsKeHUH
B pexume | (HOpManbHbIH OTPBIB TPEMHUHEI); K| . — KO-
3¢} HULHEHT THTEHCMBHOCTH HAPSDKEHHH 151 pexxuma 1.

o+ b K >

Puc. 4. 'eomeTpus uaeanu3upoBaHHON TPEIUHBL, UCIIOIb30-
BaHHAas B MOJIECIM FMJPOPa3phIBa: X, Y U Z — OCU KOOPAUHAT;
M — TIOTYIINPHHA TPEIHHBI; b — MONyINHA TPEIIUHEI

a7
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Puc. 5. YcnoBus HarpyXeHHs, HCIIONB30BaHHBIC [T pa3paObOTKH aHATUTUUECKON Mozieru [16]: b — moaoBUHA AJTHHBI TPEIIH-

HbI; ¢ — TNOJYQJIMHA YaCTH TPCUIUHBI, 3aM0JTHEHHOW 3aKa4yeHHOU KHUJKOCTBIO, Pd — PaCKIIMHUBAOMICE NaBJICHUE, CO3JaBa€MOC

3aKa4MBaEMOM XKUIKOCTbIO; P i —— AABIICHHE, CO3MaBaeMOe (GUIBTPYIOIIEeH HarHETAeMON JKHIKOCTBIO

OCHOBBIBasICh Ha TEOPHUHU TPEIIMHBI HOPMATBHOTO
OTpBIBA B MEXaHUKE JINHEHHOTO YNPYroro paspyuie-
HUs [25], OBUTO TOTYYEHO BEIpaXCHHE IS OTIpeIee-
HUSI KPUTHYECKOTO /IaBJICHUS BOBI, BHI3BIBAIOIICE T'H-
JIpaBIMYECKUNA pa3pbIB:

K

P, =——=+o0,,

b (30)

e b — NomyuIMHa TPEIIUHEL, G, — HOPMaJbHOE Ha-
MpsDKCHHE, ISHCTBYIOMIEE HA TNIOCKOCTh TPEIIHHEL.

Koa¢puunenT HHTEHCHBHOCTH HampsukeHus K,
MOXET OBITh MOJYYCH W3 MPHUHIHIA CYIEpIIO3HU-
WU BYX BHUJOB NIaBIICHUH, MOKAa3aHHBIX HAa PHC. 5.
OH omnpenenseTcs Kak:

K, =K, +K,=\m[Po+P, (1-0)], G

re 0 3aBHCUT TOJIBKO OT COOTHOIIEHHS ¢/b, reoMeTpun
Harpy3KH Ha KOHIIE TPEIIMHBI, U ONpeesseTcs o ¢hop-
MyJIe:

(32)

L.C. Murdoch u W.W. Slack B 2002 r. npoBenn
aHaJIN3 TEOPUH THPOpa3phiBa IIacTa Ha OCHOBE I10-
JIeBBIX MCIBITAHUN ruapopaspeiBa [26]. McnbiTanus
MIPOBOJIMIINCH B MEJIKO3EPHHUCTHIX TPYHTaxX Ha NTyOuHE
2—-10 m. L.C. Murdoch [28] npenioxuin MeTo, 0CHO-
BaHHBII Ha TEOPUHU YNPYTOCTH M MEXaHUKE pa3pylie-
HUSI, KOTOPBIH MTO3BOJISIET CHPOTHO3MPOBATH XapaKTe-
pUCTHKH HermyOokoro ruapopaspeiBa. PaccMoTpum
OCHOBHBIE TTOJIO)KEHHS 3TOTO METOIA.

B xoxme ncnbiTaHui OBIIO BBISBIEHO, YTO TH-
NMUYHAs TPEUIMHA THAPOpa3phiBa B MEJIKO3EPHHUCTHIX
TpyHTax MpeACTaBIseT co00i c1aboHaKIOHHYIO MO-
BEPXHOCTB, CJIETKa aCHMMETPUYHYIO OTHOCUTEIHHO
UCXOAHOM CKBaxxHHBI (puc. 6). [Ipu co3manum Teope-
TUYECKOW MOJIeH ObIIO peAIoKeHa IPUHUMATh Tpe-
IIMHY THAPOPa3phIBa B BUJE TOPH3OHTAIBHOMN KPyIIIOH
JIMCKOOOpa3HOM MOJIOCTH PayCcoM a, Harpy>KeHHOH
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BHYTPEHHUM JIaBICHUEM XHJIKOCTH U MOTPYKCHHON
B yHIpyTyIo cpeny (puc. 6, b).

Jis ompeneneHns NaBICHHUS HarHeTaHUs Obuia
MIPEAIOXKEHA pacueTHas CXeMa, II0Ka3aHHast Ha puc. 7.
I'pyHT Hang HerTyOOKOW TPEMIMHOW THApPOpa3phIBa
paccmaTpuBalicsd KaK TOHKas 3JIaCTUYHAs IUIACTHHA
MaKCHMAaJIbHOH TONIIUHON d, 006Iagaromas MoaylieM
Oura E n xo3ppunuentom Ilyaccona v. TommmHa
TPEUINHBI COOTBETCTBYET INIYOMHE PacIONOXEHUS
TPEIINHBl OTHOCHUTEIBHO HEBHOH IOBEPXHOCTH.
[InacTuHa HarpyXeHa pPaBHOMEPHBIM JaBICHUEM
P, o Kpyrmiio# miomanu paauycom a. Jlasnenue P,

b

Puc. 6. ®opma MOBEPXHOCTH TUAPABINYECKOTO pa3phiBa
Ha OCHOBE ITOJIEBBIX MCHBITAHUH: ¢ — THUNMUYHAs (Gopma Io-
BEPXHOCTH THAPABINYECKOTO pa3pbiBa, MONyYEHHAS MPH
MOJICBBIX HCHBITAHUSX; b — WAeamn3upoBaHHAs Kpyrias
JHCKOO0Opa3Hasi MOBEPXHOCTh, HCHONb3yeMasi B MOZIEIH TH-
JPaBIMIECKOTO pa3phIBa
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Puc. 7. PacuetHas cxema TPCUIUHBI B MOACIN MEXAaHUKHN PAa3pYUICHUA: @ — paauycC prl"J'[Oﬁ II0JIOCTH, d— TOJIIIHWHA IJ1aCTH-

HBI; Pd — Haru€TtacMoc€ IaBJICHUC U3HYTPHU TPECIIUHBI, 0 — MaKcHMaJjbHas TOJIIIMHA TPEUIUHBI

npeAcTaBiseT co0oH pa3HUILy IaBJICHHs HarHeTaeMon
JKUJIKOCTH U JIaBJIEHUsI TPyHTOBOTO MaccuBa. [lnactu-
Ha CYMTAJIach 3aleMJICHHOH 10 BHELIIHEMY Kpalo, T.€.
IIpU ¥ = q TEPEMELIEHUE U YIrOJl MOBOPOTA ILIACTUHBI
paBHbI HYTIO (pHcC. 7).

Hcxons u3 nanHoi pacuetHoi cxemsl L.C. Mur-
doch mpemnoxkun popmyiy 11t OnpeneeHus JaBICHUS
JKHJIKOCTH, BBI3BIBAIOLIETO I'MPOPa3phIB IJIacTa Ha He-
OomnpIoi TIyOuHE:

3/2 73/4
Kl°d

P =
[E' (Ve V)]

f

327
(63/2j +dy, (33)

rie d — riyOuHa 3aJ10/€eHHs TPEWHUHEL, V), — 00beM,
NPOCOYMBIIMICS YEPEe3 CTCHKH TPCIUMHBL, V, — 00b-
€M I0JI0CTH (TPELIMHBI); Y — YAEIbHBIH BEC IPyHTa;
E' — npusenenssiit Moayns FOHra, onpenenseMsril

o hopmyiie:

7 (34)

rne £ uv— moxyns FOura u koadduument Ilyacco-
Ha TPYHTa COOTBETCTBEHHO.

Merton, npennoxennbii L.C. Murdoch, o6xa-
JlaeT pSAJAOM HEJIOCTAaTKOB, OIPaHUYMBAIOIIHUX €I0
MpUMEHEHNE K pacdeTy TMJIPaBIN4YEeCKOTO pa3phiBa
B TPYHTOBBIX IUIOTHHaX. Bo-mepBEIX, OH pacmpo-
CTpaHsIeTCs TOJIHKO HAa HENTyOOKO pacrooXeHHbIe
TpelmHbl. Bo-BTOpBIX, B TPYHTOBBIX IJIOTHHAX T'H-
JIPaBINYECKHH pa3pblB MOKET UMETh MHOH MeXa-
HusM. [1o muenuto L.E. Vallejo [29], oH MoxkeT OBITh
BBI3BaH HE TOJBKO HANPSDKEHUSMH, MEPICHIUKYISP-
HBIMH K TUTOCKOCTH TPEUINHBI, HO ¥ HaNpsOIKCHUSIMH,
napajuleIbHBIMU eii. Bo3MOXHO, B paMKax MEXaHUKH
paspylieHus ClIelyeT paccMaTpHUBaTh I'HAPOPA3PHIB
Kak 3aja4y 00 oOpa30BaHUM TPEIIMH CMEIIaHHOTO
tuna (tumna I-II).

[IpennoxkeHo HECKOJIBKO METOJIOB JIJISl IPOTHO3a
TUJPaBINYECKOTO Pa3pbiBa, OHH OTIMYAIOTCS APYT
OT Jipyra. OTO MOKHO IPOUJUIIOCTPUPOBATH MyTEM
COIIOCTABIICHUS PE3YJbTaTOB pacueTa KPUTHYECKOTO
JIaBJICHUS 10 Pa3HBIM GopMyam.

Pesynprarel pacuera i TIMHUCTOrO TPYH-
Tta ¢ @ = 20° u ¢ = 20 kIla noxassIBatoT, 4TO OoOJICE

BEPOSITHOW MPUYUHOU TMAPOpA3pbIBA ABJISETCS I10-
Tepsl CABUTOBON MPOYHOCTHU T'PYyHTa (MEXaHU3M 2),
a He T0Tepsl MPOYHOCTH Ha pacTskenne. OHa Tpedyer
CYIIECTBEHHO MCHBUICTO 3HAYCHUs P/ Jus paspyie-
HUA TPYHTA BOKPYT HadaJbHOH TOTTOCTH. DTO TAKKE
MOATBEPKAAIOT SKCIEPUMEHTHI, ONMCaHHbIE B [12].

OnHako MOXHO IOKa3aTh, YTO PE3yJIbTaThI
pacueTa KPUTHYECKOTO MABJICHHS C YUYSTOM HaIH-
YUs TOJIOCTH 3aMETHO HHUIXKE, 4eM IO pe3yibTaTaM
JKCIEepUMEHTa. DTO MOJYEPKHUBAET, YTO HAJIMYHUE
HavYaIbHOH MOJOCTH (TPEIMHEI) co3aaeT Ooiee He-
GylaronpusATHOE HANpPSIKEHHOE COCTOSIHHE I'PYHTA
U CYUIECTBEHHO YBEJIUYHBACT PUCK I'UAPABINIECKOTO
paspsiBa. OgHAKO, BUANMO, B PEaIbHOM NIMHICTOM
TPYHTE HaJUYHE MOJIOCTEH (a MOpsl B HEM €CTh BCET-
Jla) UMeeT He CTOJb CUIIbHOE BIUsHUE Ha Gpopmupo-
BaHHE HANPSIKEHHOTO COCTOSHUSA.

bnnke Bcero kK SMIUPUYECKUM JAHHBIM OKa3bl-
BaeTCcsd CaMbli MPOCTOW METOJ pacueTa, B KOTOPOM
KPUTHYECKOE JaBICHHE BBIPAXKACTCS TOJBKO depe3
MUHHMAaJIFHOE TIIABHOE HANPSHKCHHE B TpyHTE. MOXKHO
OTMETHUTH, YTO MHOTHE METOABI CXOASATCA B TOM, YTO
KPHTHYECKOE JIABIIEHUE TIPEKIIE BCETO 3aBHCHT OT G,

3AKJIIOYEHHUE U OBCYXIEHUE

Bornpoc 0 mporsose rupaBiInvyeckoro pa3pbisa
B INIMHUCTOM NMPOTHUBO(GMIBTPALUOHHOM SJIPE MIOTH-
HBI B HACTOAIIEE BPEMsI HE HMEET CTPOTOro PeIlCHHUS.
HccnenoBaTesisMu MPEINIOKEHO OONbIIOE KOJIUYE-
CTBO (hOpPMYIJI pacueTa KPUTHUECKOTO AaBJICHHS BOJIBI,
OCHOBaHHBIX Ha pa3HBIX MOAX0JaX (TEOPEeTHYEeCKUX
u sMnupudeckux). OHM JalOT pa3HbIe Pe3yJabTaThl.

Tem He MeHee Bce MCTOJbI IMOKAa3bIBAKOT, UTO
PUCK THIPABINYECKOTO pa3pbiBa PEe3KO BO3pacTaeT
B YCIOBUAX Ae(ULUTA CKUMAOIUX HANPSKCHHH
XOTs1 OBl B OJTHOM U3 HaNpaBICHUH.

B 3THX yci10BHSAX OKa3bIBaeTCs BIIOJIHE MPHMe-
HUM CaMBIii IPOCTOH METOA PacdyeTHOTO MPOTHO3a
ruipaBiIndecKkoro paspsiBa. Ho npu stom cnenyer
UMETh B BHAY, YTO TPEIIMHOCTOWKOCTH IPyHTA Cy-
IIECTBEHHO CHU)KACTCSI IPH HAJIMYUH PA3JINYHBIX Jie-
(heKTOB CILIOMHOCTH (TPELIUH, ITOJIOCTEN).
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INTRODUCTION

In hydraulic engineering, one of the hazards to
the safety of rockfill dams is the danger of the integrity
of the impervious element made of clay soil being com-
promised. There are cases of core cracking in the op-
eration of rockfill dams. Examples are Balderhead
dam (England, H = 48 m, 1965), Hyttjuvet (Norway,
H =93 m), Kurey dam [1-3]. The formation of cracks
entails increased leakage, internal water erosion of soil,
formation of dips and other disturbances. It has also
been suggested that hydraulic fracture was the cause
of the 1976 collapse of the Teton dam [4] in the USA.

Cracks in the cores of earth-rocked dams can be
caused by various reasons. The most common causes
are irregular deformation (settlement) of the dam and
hydraulic fracture (hydrofracture) of the soil. Hydrau-
lic fracture — is the process of formation or opening
of a through crack in the ground due to water pressure
forces acting on the ground from within, in pores or mi-
crocracksl.

The theory of hydraulic fracture in a dam has been
developed since the 1970s. It is believed that the for-
mation (opening) of a fracture occurs when the rup-
turing pressure of the water exceeds the resistance
of the ground to rupture. The fracture is counteracted
by a stress in the ground which compresses the potential
fracture.

The problem of hydraulic fracturing in earth dams
has received a great deal of attention from many re-
searchers, both in engineering and in academia. There
are several areas of research on hydraulic fracturing.
The first is experimental (field, model) testing of hy-
draulic fracturing of soil mass. The second is compu-
tational research, using both analytical and numerical
modelling methods.

Generally, studies are aimed at determining
the conditions under which hydraulic fracture is pos-
sible. Crack formation can occur by two main mecha-
nisms: due to tensile normal stresses (Mode I), due to
shear stresses (tangential stresses) (Mode II).

The stress at which crack formation (propagation)
occurs is commonly referred to as the critical stress. It
is not usually the critical stresses that are defined, but
the critical water pressure. This is the pressure that
causes the stresses to reach critical values.

Several methodologies for calculating the critical
water pressure have been proposed by different authors
on the basis of laboratory and field tests. All of them are
based on experimental test results but differ in the theo-
retical ratio which is used to analyse crack formation/
opening conditions.

J.J. Wang and J.G. Zhu [5] have proposed the fol-
lowing classification of methods for determining criti-
cal water pressure or hydraulic fracture theories. They
are divided into four groups:

1. Methods based on analysis of the triaxial stress
state of the soil mass.

2. Methods based on the analysis of the stress-
strain state of the ground around a cavity of a given
shape using the methods of elasticity and plasticity
theory.

3. Methods based on field tests or laboratory tests
and expressed as empirical formulas.

4. Methods based on fracture mechanics and test
results for the behaviour of ‘envelope’ cracks in a soil
sample.

Reliable predictions of the fracture resistance
of rockfill dam cores require a systematisation of infor-
mation on hydraulic fracture calculation methodologies.
This is the purpose of this publication.

"Hydraulic fracture is defined by the Teton Dam Failure Independent Investigation Team in the USA as a physical phenomenon

in which a crack forms and expands under water pressure.
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MATERIALS AND METHODS

In order to systematise information on methods
for determining the critical hydraulic fracture pressure,
the authors have reviewed foreign scientific publica-
tions.

The analytical review was based on papers ana-
lysing hydraulic fracture calculation methods, e.g. [5],
as well as publications dealing with the results of ex-
perimental studies. The first experiments date back to
the 1970s. In the modern period, there are publications
devoted to the comparison of hydraulic fracture meth-
ods as well as methods based on fracture mechanics
theory.

In addition, this publication compares hydraulic
fracturing calculation methodologies using conditions
typical of a high earth-rock dam as an example.

RESULTS

Method for triaxial analysis stress state soil mass

If we assume that crack formation occurs as a rup-
ture with loss of tensile strength of the ground, then
the critical pressure will be directly with the minimum
compressive principal stress o..

The expression for the critical water pressure is as
follows:

Pf:G3+Gz! (1)

where 6, — is the tensile strength of the material.

Methods for analysing the stress-strain state
of the soil around the cavity

The critical water pressure theories of the sec-
ond group consider the stress-strain state (SSS)
of the ground around a cylindrical or spherical cavity.
This cavity is assumed to exist initially and grow with
hydraulic rupture.

The theories of elasticity and plasticity are used
for the analysis of the stresses. An axisymmetric re-
gion is considered and its calculation diagram is shown
in Fig. 1. For a cylindrical cavity, the region is a thick
tube loaded from the inside by a uniformly distributed
load P, From the outside, a uniformly distributed load o,
acts on the calculation domain pointing towards the cen-
tre of the cavity. This load is created by ground pressure.

Under the influence of the above-mentioned loads,
normal stresses occur in the calculated area, among
which there are radial o, and circumferential o, as well
as tangential stress T, (Fig. 1).

The expressions for determining the stress values
at the cavity boundary were derived using the method
of elasticity theory:

c, =P

f’

2b*ch—(a* +b* )Pf
Gy = PEREpS > ()
t,=0,
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Fig. 1. Calculation scheme of the stress-strain state
of a cylindrical or spherical cavity: @ — inner radius
of the area (cavity radius); b — outer radius of the area; P, —
water pressure applied to the inner surface; » — radial distance
from the centre; 6, — radial normal stress acting on the outer
surface; 6 — radial stress; o, — circumferential stress

where a — is the inner radius of the area (cavity radius);
b is the outer radius of the area.

The analysis shows that in the infinite region
(b — o) with only the internal expansion pressure P
the circumferential tensile stress on the surface
of the cylindrical cavity corresponds to P. It is inde-
pendent of the size of the cavity. From equation (2) it
can be deduced, with a certain degree of approximation,
that the critical water pressure:

P, =20, +0,. )

The solution described above for the stress state
of the soil around the cavity is an approximation and
corresponds to the case of small elastic deformations.
A number of authors have proposed solutions taking
into account the plastic response of the ground and
the increasing volume (expansion) of the cavity.

Cylindrical cavity expansion analysis has been
performed to solve practical problems. For example,
M.F. Randolph, J.P. Carter and C.P. Wroth [6] (1979)
performed stress analysis of soil during pile driving.
The geometry of the problem was simplified by assum-
ing plane deformation conditions in addition to axial
symmetry. The installation of the piles was modelled as
an undrained expansion of a cylindrical cavity. It was
assumed that the resulting excess pore pressure was dis-
sipated by an outwardly directed radial flow of pore wa-
ter. Soil compaction was studied using an elastic-plastic
ground consolidation model and account was taken
of the possibility of changes in ground strength due to
changes in water content.
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A number of authors (P. Chadwick, A.S. Vesic,
B. Ladanyi) have proposed solutions to the problem
of spherical cavity expansion in different types of media.

In 1959, P. Chadwick in his paper [7] presented
a derivation of the pressure-cavity expansion relation
for an ideal plastic material. The solution was obtained
for the case of a cohesive ground, i.e. a ground with only
cohesion. The solution method is based on plastic flow
theory and the use of the Mohr — Coulomb criterion
as a plasticity condition. The solution of the problem
required assumptions to describe the large deformations
occurring during expansion.

In 1972, A.S. Vesic [8] obtained an approximate
solution for determining the critical pressure for the ex-
pansion of a spherical cavity in a cohesive soil and ap-
plied this solution to determine the bearing capacity
coefficients of deep foundations.

In 1967, B. Ladanyi [9] carried out an analysis
of cavity expansion in brittle rocks. He obtained solu-
tions for both cylindrical and spherical cavities in perfect
cohesive soils. In his paper, approximate solutions for de-
termining the critical water pressure are presented.

Methods for analysing the triaxial stress state
around a cavity

Theories of hydraulic fracturing, based on the anal-
ysis of the triaxial stress state of the soil surrounding
the cavity, have been considered in [10, 11]. The analy-
sis is carried out using plasticity theory.

Fig. 2 shows a diagram of a stressed soil sample
with a cylindrical cavity. It is generally triaxial and char-
acterised by maximum principal stress c,, intermediate
principal stress 6, and minimum principal stress o,.

In this case the arrangement of the principal stress
axes (o,, 6, and o) in relation to the cavity axis may be
different.

If the cavity is very long, the stress state can be
considered as flat, under flat deformation conditions. In
this case the influence of one of the principal stresses (in
the direction along the cavity axis) can be disregarded.

Consider the case where the principal stress along
the central axis of a circular cavity is the principal max-
imum stress 6,. The cross-section of the specimen is
loaded along the ends with stresses o, and o, and inter-
nal pressure p in the cavity. The stress state at any point

Fig. 2. Schematic of triaxial stress state of a sample with a cy-
lindrical cavity: 6, — main maximum stress; 6, — intermedi-
ate main stress; 6, — minimum main stress

can be obtained by superposing the stress states from
each type of loading (see Fig. 3).

If a compressive load o, is applied at one end,
the stress state of the massif is characterised by a con-
centration of stresses around the cavity. In the direc-
tion along the external load, compressive stresses oc-
cur, which are about 3 times higher than the load. In
the transverse direction, tensile stresses occur which are
approximately equal to the magnitude of the load.

The total stress state at the surface of the cavity
(i.e. at r = a) is determined by the expressions:

c, =k,
o, =0;(1-2c0820)+0,(1+2c0820)-P,, 4)

Tr() :0’

where 8 — is the angle defining the position of the site
in question.

Based on the analysis of the stress state, the criti-
cal pressure that causes the loss of strength can be de-
termined. There are three mechanisms that cause crack
development (cavity expansion).

Mechanism No. 1. If the cause of crack widening
is loss of tensile strength by circumferential stresses,

0,

L)

Ll .

" i O, le— —>(0, XT’%( o,
—> >§. le— — >&O
c, —> I e— = — T
— m le—» —>
—> le— —>

o, L o,

r +

Frrny

17T

Frrra

Fig. 3. Scheme of superposition of stress state of a specimen with a circular cavity: @ — inner radius; P,— water pressure

acting on inner surface;  — radial distance from centre; 6, — intermediate principal stress; 6, — minimum principal stress;

o, — radial stress; 6, — circular stress; T, — shear stress
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the critical water pressure can be calculated using
the formula:

P, =c,(1-2c0820)+0,(1+200820)+5,. (5)

Equation (5) shows that minimum water pressure
Pt. can be obtained at cos20 = —1, i.e. the critical water
pressure is determined by the expression:

P =306,-0,+0,. (6)

This formula is referred to the 7S criterion, as it is
said in the foreign literature.

Mechanism No. 2. If the cause of crack widening is
loss of shear strength, the critical pressure is determined
by considering tangential stresses. If the Mohr — Cou-
lomb criterion is used as the fracture criterion, the critical
water pressure can be calculated by the formula:

1
P, :5[03(1—200529)“52 x R

x (1+2¢0s26)(1 +sing)+ccosgl,

where ¢ — is the angle of internal friction.

From equation (7) it follows that the minimum wa-
ter pressure P, can be obtained at cos26 = —1, and then
Pfis defined by the expression:

P, =(1.56,-0.5c, )(1 +sing) + ccos¢. (8)

This formula is referred to the M—C criterion, as it
is said in the foreign literature.

Mechanism No. 3. This is the case of cavity ex-
pansion due to plastic deformation of some area around
the cavity. If the plasticity (fluidity) condition meets
the Mohr-Coulomb criterion, the critical water pressure
can be calculated by the formula:

2 .
{03(1 —2¢0526)+0,(1 +2cos2) +tamj(1 + Sln(p)_

B_:

1

5 , 2sing
i 1 +sing
" 0

¢
tan(p’

where @' — is the radius of the cavity after expansion;
b" — is the radius of the boundary between the elastic
and plastic zones.

From equation (9) it is also clear that the minimum
water pressure P, can be obtained at cos20 = —1, and
then P, is defined by the expression:

(1.503 -0.50, +ta;qJ(1 +sing)

2sing
a' 1 +sing
b

Similarly, expressions for determining the critical
pressure for a different location of the cavity in relation
to the direction of the principal stresses can be obtained.

P -

(10)

tang ’
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If the cavity is directed along the direction
of the intermediate principal stress 6, the formulas take
the following form.

Mechanism No. 1:

P =306,-0, +0,. (11)
Mechanism No. 2:
P, =(1.50,-0.50,)(1 +sing)+ccosp. (12)
Mechanism No. 3:
(1.503 -0.5c, +c)(1+sin(p)
P, - ane c_ (13
(a'jhsimp tan([)
bV

If the cavity axis is directed along the direction
of the minimum principal stress 63, the formulas take
the following form.

Mechanism No. 1:

P, =30, -0, +0,. (14)
Mechanism No. 2:
P, =(1.56,-0.5c,)(1 +sing)+ccosep. (15)
Mechanism No. 3:
(1.562 ~0.50, +"’j(1 +sing)
P, = 22?:([) : . (16)

a' 1 +sing tanq)
bl

The proposed formulas are presented in [10, 11].
They make it possible to analyse the conditions under
which failure of soil around a cavity loaded with inter-
nal pressure is likely to occur.

If the critical pressure is calculated for a range
of ground stress variants, a number of conclusions can
be drawn about its effect on the cracking hazard.

The crack is most likely to develop in the direction
along the o axis,.

The danger is the case of a large difference be-
tween the values 6, and o,. Roughly we can say that
when o, > o, tensile stresses occur around the cavity. In
this case it is possible that P <0, i. e. a cavit.rupture can
occur even in the absence of internal pressure.

In addition to theoretical formulas, engineering
practice uses a number of empirical formulas to deter-
mine the critical water pressure.

Empirical theories of fracking

In [12] J. Enyue et al. compared the theoretically
derived criteria with experimental results. The tests
were carried out for soil with coarse-clastic criteria. Ex-
periments confirmed that the crack is perpendicular to
the plane o, — 6, and the critical pressure P, depends
linearly on the minimum principal stress o,
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The comparison showed that, for the tested soil,
the critical pressure derived from the 7S criterion was
greater than that derived from the experimental data, while
the one derived from the M—C criterion was less than that
derived from the experimental data. These differences ex-
plain the widespread use of empirical fracture theories.

G.W. Jaworski, J.M. Duncan, H.B. Seed and
H. Cambefort in 1981, 1982. [13, 14] on the basis
of experimental investigations of fracturing using a cu-
bic specimen with a cylindrical cavity proposed the fol-
lowing empirical formula:

P, =mo,+o,,, (17)

where m — is the proportionality factor; 6, is the appar-
ent tensile strength of the soil.

The value of 6, significantly exceeds the ultimate
tensile strength of the ground obtained from experimen-
tal tests and reaches 20 to 265 kPa.

The “m” value is determined experimentally. In
[15] S. Fukushima suggested that the value of m should
be taken as 1.3-1.6.

According to the results of an experimental study by
A.K. Panah and E. Yanagisawa in 1989 [16] the parame-
ters m = 1.085 and 6, = 0.80 kPa were determined. And in
the study of L.Y. Liu, Y.H. Cui and G.W. Zhang [17] car-
ried out in 1988 for a coarse gravelly soil, the values
m = 0.86 and 6, = 210 kPa were obtained.

A. Mori and M. Tamura in 1987 [18] on the basis
of experimental studies of hydraulic fracturing in six
clays proposed an equation:

P, =0;+q,,

(18)

where o, — is the minimum principal stress; ¢, is
the compressive strength of the soil.

K.H. Zeng and Z.Z. Yin in 2000 [11] for sandy soil
proposed the equation:

P/ =mc’ +0, +R,

(19)

where P/ — is the effective critical water pres-
sure; m — is the proportionality factor; o} — is the ef-
fective minimum main voltage; o, — is ultimate ten-
sile strength of the ground; R — is resistance to crack
propagation, 6, * R=0,.

The empirical value of the “m " parameter is 1.0-2.0.

The values P/ and o} in equation (19) are deter-
mined taking pore pressure into account:

Pl =P, —u, (20)
0y =05 — Uy, (21

where 1 — is the initial pore water pressure.

R.A. Decker and S.P. Clemence in 1981 [19],
based on laboratory tests and theoretical analyses
of fracturing, proposed the following formula for cal-
culating the critical water pressure:

P, :(l—v)(ct +2—0L+B)(k0p(;)
S

; (22)

where v — is the Poisson's ratio of the ground; o.and f —
are coefficients relating to ground compression; k, — is
static side pressure coefficient; p; — is increment of ef-
fective voltage; S — is a coefficient related to the diam-
eter of the needle inserted into the sample.

A separate consideration should be given to the meth-
od of evaluating the fracture resistance of a soil mass pro-
posed in 1994 by K.H. Andersen et al. Andersen et al. [20].
It takes into account the non-linear response of the soil. It
is assumed that the formation of a fracture occurs as a re-
sult of loss of tensile strength of the soil. Accordingly,
the condition of fracturing takes the form of:

6, —u<-c,, (23)

where u — is the pore water pressure in the soils.
The pore pressure is determined by the formula:

u=u,+Au, (24)

where u,— is the initial pore water pressure; A is the in-
cremental pore water pressure.

The proposed methodology uses a non-linear re-
lationship between stresses and strains in the soil and
pore water pressure.

The formula for determining the incremental pore
water pressure is taken as:

Au = AGUCT + amATDCI (25)

or

Au=Ac,, —D(At, - A1), (26)

where Ao, and At are, respectively, the normal and
tangential stress increments at the octahedral site; o, —
Henkel water pore pressure coefficient [21]; D — is
the pore water pressure coefficient; At and At are tan-
gential stress increments in the radial and tangential di-
rections respectively.

The pore pressure coefficient D expresses
the change in pore water pressure as a function
of the change in tangential stress in the vertical plane.

The methodology takes into account that frac-
turing can originate both horizontally and vertically.
The direction of fracture expansion under water pres-
sure is determined by the amount of tensile stress be-
tween the banks of the potential fracture. The crack
develops in the direction where the stresses in the di-
rection perpendicular to the plane of the crack are
maximum.

The probable direction of the crack is determined
according to the value of the critical water pressure P,.
Formulas for determining P are proposed for the case
of vertical and horizontal fracture location.

1. For a horizontal fracture direction, the critical
water pressure is determined according to the formula:

Pf =uy+0.,+Ap,, 27)

where Ap — is the incremental water pressure in the cav-
ity at the start of fracturing in the horizontal direction.
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2. For the vertical direction of the crack, the criti-
cal water pressure is determined by the formula:

P =u, + ko) +Ap,, (28)
where k, — is the side pressure coefficient; o, —is

the effective stress in the vertical direction; Ap —
the incremental water pressure in the cylindrical cavity
when fracturing in the vertical direction.

Experimental results for soil samples with a cylin-
drical cavity are also given in the article by D. Djarwa-
dia et al. [22]. They showed that the hydraulic fracture
of the clay core is also affected by the loading trajecto-
ries. It was obtained that tensile fracture occurred only
when the initial stress state was characterised by the ratio
0.5-(c, -0y <c.

Fracture mechanics based fracture prediction
techniques

The mechanism of crack propagation refers to
the problem of crack expansion in load regime I (nor-
mal tearing).

The development of a hydraulic fracture theory
based on fracture mechanics is the work of L.C. Mur-
doch [23-26], and J.J. Wang [27]. L.C. Murdoch in
1993 [23] developed an analytical model of fracturing
based on experimental studies.

The calculation diagram is shown in Fig. 4.
The crack is located in the xz plane, with the z-axis point-

o+ bk 5

Fig. 4. Geometry of the idealised fracture used in the fracture
model: x, y and z — coordinate axes; m — fracture half-width;
b — fracture half-length

ing along the midline of the crack and the x-axis pointing
in the direction of crack growth (Fig. 4). The crack width
m is measured along the z axis and is constant. Since it
is assumed that the crack is symmetrical about the z-axis,
only half of the crack, half-length b, is considered.

The crack opening pressure P, of the injected
fluid is assumed to be uniformly distributed along part
of the crack. The pressure created by the filtering fluid
P is also assumed constant and uniformly distributed
along the entire length of the fracture b (Fig. 5). Summing
up the distributio.eps of P, and P i results in an epure
of the wedging pressure P, created by the injected fluid.

The value of P, is limited by the strength
of the material. In fracture mechanics, the condition for
the strength of a normal tear-off is:

K, =K, 29

where K, — is the stress intensity factor for mode I
(normal crack separation); K. is the stress intensity
factor for mode I.

(30)

where b — is the half-length of the crack; o, is the nor-
mal stress acting on the crack plane.

The stress intensity factor K, can be derived from
the superposition principle of the two pressure types
shown in Fig. 5. It is defined as:

K, =K, +K,=\nb[PO+P, (1-0)], G

where 8 depends only on the ¢/b ratio, the load geometry
at the end of the crack, and is determined by the formula:

(32)

L.C. Murdoch and W.W. Slack in 2002 analysed
the theory of hydraulic fracturing based on field testing
of hydraulic fracturing [26]. The tests were carried out
in fine-grained soils at a depth of 2—-10 m. L.C. Mur-
doch [28] proposed a method based on elasticity theory
and fracture mechanics which allows predicting shal-

Fig. 5. Loading conditions used to develop the analytical model [16]: b — half-length of fracture; ¢ — half-length of fracture
part filled with injected fluid; P,— wedging pressure created by injected fluid; P iy~ Pressure created by filtered injected fluid
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low fracture characteristics. Let us consider the main
provisions of this method.

The tests revealed that a typical fracture in fine-
grained soils is a slightly inclined surface, slightly asym-
metrical with respect to the original borehole (Fig. 6). In
creating the theoretical model, it was proposed to take
the fracture as a horizontal circular disc-shaped cavity
of radius a, loaded with internal fluid pressure and im-
mersed in an elastic medium (Fig. 6, b).

To determine the discharge pressure, a calculation
scheme has been proposed, shown in Fig. 7. The soil
above a shallow fracture was treated as a thin elastic
plate of maximum thickness d, having Young's modulus
E and Poisson's coefficient v. The thickness of the frac-
ture corresponds to the depth of the fracture location
relative to the day surface. The plate is loaded with
uniform pressure P, over a circular area of radius a.

b

Fig. 6. Hydraulic fracture surface shape based on field tests:
a — typical hydraulic fracture surface shape obtained from
field tests; b — idealised circular disc-shaped surface used in
the hydraulic fracture model

The pressure P, is the difference between the pres-
sure of the injected fluid and that of the ground mass.
The plate was assumed to be pinched at the outer
edge, i.e. at r = a the displacement and rotation angle
of the plate is zero (Fig. 7).

Based on this calculation scheme, L.C. Murdoch
proposed a formula for determining the fluid pressure
that causes fracturing at shallow depths:

K3/2d3/4 0 1/2
sz : IC e [63/2j +dy, (33)
':E (I/[euk +Vfrx )j|

where d — is the depth of the crack; V, , — is the vol-
ume that has seeped through the crack walls; Vie — is
volume of the cavity (crack); y — is the specific weight
of the ground; £’ — is the reduced Young's modulus de-
termined by the formula:

5 (34)

where E and v are Young's modulus and Poisson's ratio
of the ground, respectively.

The method proposed by L.C. Murdoch has
a number of disadvantages that limit its application to
the calculation of hydraulic fractures in earth dams.
Firstly, it only applies to shallow fractures. Secondly,
hydraulic fracture may have a different mechanism in
ground based dams. According to L.E. Vallejo [29],
it can be caused not only by stresses perpendicular
to the crack plane, but also by stresses parallel to it.
Perhaps fracture mechanics should consider fractur-
ing as a mixed type (type I-1I) cracking problem.

Several methods have been proposed for predict-
ing hydraulic fracture, and they differ from each other.
This can be illustrated by comparing the results of crit-
ical pressure calculations using different formulas.

The calculation results for a clayey soil with
¢ = 20° and ¢ = 20 kPa show that the more likely
cause of fracturing is loss of shear strength of the soil
(mechanism 2) rather than loss of tensile strength. It
requires a significantly lower value of P to fracture
the soil around the initial cavity. This is also support-
ed by the experiments described in [12].

Fig. 7. Fracture mechanics model crack calculation diagram: a — circular cavity radius; d — plate thickness; P, — injection

pressure from inside the crack; 6 — maximum crack thickness
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However, it can be shown that the results
of the critical pressure calculation considering
the presence of a cavity are noticeably lower than
the experimental results. This emphasises that
the presence of an initial cavity (fracture) creates
a more unfavourable stress state and significantly
increases the risk of hydraulic fracture. However, it
seems that in real clay soil the presence of cavities
(and there are always pores in it) has less influence
on the stress state formation.

The closest to empirical data is the simplest cal-
culation method, in which the critical pressure is ex-
pressed only through the minimum principal stress in
the ground. It may be noted that many methods agree
that the critical pressure primarily depends on o,.

CONCLUSION AND DISCUSSION

The issue of predicting hydraulic fracture in
the clay core of a dam does not have a rigorous so-
lution at present. Researchers have proposed a large
number of formulas for calculating critical water
pressure based on different approaches (theoretical
and empirical). They give different results.

Nevertheless, all methods show that the risk of hy-
draulic fracture increases dramatically when there is
a deficit of compressive stress in at least one direction.

Under these conditions the simplest method
of calculating hydraulic fracture prediction is quite
applicable. However, it should be kept in mind that
the fracture strength of the ground is considerably
reduced in the presence of various continuity defects
(cracks, cavities).
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AHHOTALNA

BBepeHune. PaccmaTtpmBatoTcs KOHCTPYKLMKM TPEXTPaHHbIX (depM, KOTOpble MOTYT NMPUMEHATLCS ANs MOKPbITUIA N NepeKpbl-
TUIA NPOM3BOACTBEHHBIX N OOLLECTBEHHBIX 3AaHWA, Pa3nnyHbIX KOMOMHMPOBAHHBLIX CUCTEM, @ TaKKe B KayecTBe KOHCTPYK-
LM 3cTakaj NMUHenHbIX 0OGbEeKTOB B Pa3nuyHbIX panoHax cTpouTenbcTea. MNpeacraBneHa KOHCTPYKUMS NPOCTPaHCTBEHHON
depmbl B paMKkax MNaTteHTHOW pa3paboTku MOKPbLITUS U3 TPEeXrpaHHbIX hepM C Hepa3pesHbIMU NoACamMmn 3aMKHYTOrO ceve-
HUs. Llenb YnMcneHHbIX uccnegoBaHni — oueHKa HanpshkeHHo-gedopmMupoBaHHoro coctosiHus (HOC) nponetHow Tpex-
rpaHHoOV chepMbl NPU NPUIIOXEHUN CTAaTUHECKOW Y3MOBOW Harpy3ku 1 pasnuyHOM NpUMbIKaHUM 3NEMEHTOB PacKOCHOW pe-
LIETKM, a Takke cosgaHune 6asbl BepMPUKaALMOHHBIX AaHHbIX AN MPOBeAEHNS NOCNeayoLWmnX YUCTEHHbIX NCCrefoBaHni
6ecdacoHOYHbIX Y3OB COMPSKEHNS.

MaTtepunanbl 1 meToabl. MeTOAMKOM YNCAEHHBIX UCCNEeA0BaHNI YUNTLIBAETCS NPUMOXEHNE Y3MOBbIX CTaTUYECKUX Harpy-
30K, MOZAenNvpytoLLiee pasmelLLieHVe orpaxaaroLen KOHCTPYKLMM NMOKPLITUS C NPUMEHEHNEM NPOroHoB. Vcnonb3oBaHne me-
TOAA@ €AVHUYHBIX Harpy3oK HanpasneHo Ha onpedeneHne peakuum HecyLei CUCTeMbl B paMKax NPOBEAEHNS CPaBHUTENb-
HOW OLIEHKMN 1 COMOCTABNEHNSA C MOMyYeHHbIMU AaHHBIMW APYrMX CCNefoBaTenbCkux 3aaay.

Pesynbratbl. B xo4e yicneHHbIx nccnegoBaHuin monyyeHbl AaHHble, xapakTepuaytolwme HOC mopenun TpexrpaHHon dep-
Mbl MO pacnpeneneHnto YCUnuidi B CTEPXHSIX M BEPTUKambHbIX NepeMeLLeHnii y3noB.

BbiBOoAbI. AHanu3 Nony4yeHHbIX pesynsTaToB CBMAETENLCTBYET O TOM, YTO NPUHATAsA pacyeTHast MOAenb TpexrpaHHon dep-
Mbl agekBaTHO oTpaxaeT ee HC. MNpakTnyeckoe npyMeHeHne METOAUKN YNCTIEHHBIX NCCNEeA0BaHMI Ha OCHOBE MPUITOXe-
HWS1 €AMHUYHBIX Y3I10BbIX HAarpy30K COCTOUT B BO3MOXHOCTU UCMOSb30BaHUsi pe3ynsTaToB pacyeTa B BUAE CTPYKTYPUPOBaH-
HOro mMaccyviBa AaHHbIX, HeobXoAMMBIX MPY pacyeTax Mo MeToay npeaenbHbIX COCTOSIHWIA. [MonyveHHble pesynbTaTel MOryT
MCMOMb30BaTbCA B Ka4eCTBE OCHOBbI ANA BepuduKaumm AaHHbIX NOCNEeAyoLWMX YUCTIEHHbIX NCCNeA0BaHNN KOHCTPYKLMA
6ecdacoHOYHbIX Y3M0B B paMKax nnacTuHYaTon matemaTtudeckon mogenu. MNpeacraBneHHble YUCTIeHHble NCCNenoBaHus
BXOASAT B KOMMNEKC Hay4YHbIX UCCNEeA0BaHNN N3yYeHUs OeACTBUTENbHON paboTbl MPONETHbLIX TPEXTPaHHbIX hepm.

KIMKOYEBBIE CJIOBA: TpexrpaHHasi depMa, YMCIEHHble MCCreaoBaHUsl, METOL KOHEYHbIX 3NIEMEHTOB, HarnpsPKEeHHO-
AedopmMmpoBaHHOe cocTosiHWe, 6ecdacoHOYHbIN y3en
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Stress-strain state of a triangular truss with uncut chords
of a five-sided composite profile
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ABSTRACT

Introduction. The author considers designs of triangular trusses that can be used to design roofs of industrial and public
buildings, various combined systems, and also as overpass structures of linear facilities. The design of a spatial truss as part
of a patent pending development of a triangular truss cover with non-cutting closed-section chords is presented. The pur-
pose of numerical studies is to estimate the stress-strain state (SSS) of a spanning triangular truss subjected to static nodal
load and different arrangement of strut elements as well as to create a verification database for further numerical studies of
non-faceted interface nodes.

Materials and methods. The numerical research methodology takes into account the application of nodal static loads,
modelling the placement of the enclosing structure of the pavement using purlins. The use of the unit load method is aimed
at determining the response of the load-bearing system as part of a comparative evaluation and comparison with the data
obtained from other research tasks.

Results. In the course of numerical studies, data were obtained, characterising the deflected mode of the triangular truss
model in terms of force distribution in the rods and vertical displacements of the nodes.

© E.A. MenéxuH, 2023
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Conclusions. Analysis of the obtained results shows that the accepted design model of a triangular truss adequately re-
flects its deflected mode. Practical application of the numerical research technique on the basis of application of unit nodal
loads consists in the possibility of using calculation results in the form of a structured data set required in calculations by
the limit states method. The results obtained can be used as a basis for verification of data obtained in further numerical
studies of non-faceted node constructions within the framework of the lamellar mathematical model. The presented numeri-
cal studies are part of the complex of scientific research into the actual performance of spanning triangular trusses.

KEYWORDS: triangular truss, numerical studies, finite element method, stress-strain state, non-faceted node
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BBEJEHUWE

[pocTpaHCcTBeHHBIE TPEXTPAHHbIE (hePMBI SIBIISIFOTCS
WHIyCTPHAJIBHBIMU HECYIIMMH KOHCTPYKIUSIMH C BBICO-
KAMH DKCIUTYyaTallMOHHBIMH XapakTepucTukamu. [Ipu-
MEHEHHE B OCHOBE KOMITOHOBKH CTEP)KHEBOH CHCTEMBI
MPOKATHBIX MPO(UIIeH 3HAYNTETHFHO PACIITUPSET BO3MOXK-
HOCTH HCTIONB30BaHUS KOHCTpYKImii [ 1-3]. TpexrpaHubie
(hepMBl paccMarpUBalOTCS B KaYeCTBE HECYHIMX KOH-
CTPYKLMH TIOKPBITUI U NIEPEKPBITUNA POU3BOICTBEHHBIX
1 OOIIIECTBEHHBIX 31aHUH, HIEMEHTOB KOMOMHUPOBAaHHBIX
CHCTEM C BO3MO)KHOCTBIO ITOJIBECKH TEXHOJOTHYECKUX
YCTPOMCTB, IPY30IIOABEMHBIX MEXaHN3MOB, a TAKKe KaK
MOJIYJIbHbIE KOHCTPYKIIMHU 3CTAKa/l JIMHEHHBIX 00BEKTOB
B Pa3IMYHBIX paiiOHaX CTPOUTENbCTBA. Hi3kas ynenpHas
MAaTepPHAIIOEMKOCTh U TPYIOEMKOCTh H3TOTOBIICHHUS TPEX-
rpaHHbIX (epM 00YCIOBICHBI PAL[MOHATIBHBIM pacpe-
JISIIEHHEeM MaTepualia KOHCTPYKTHBHOM (OpPMEI B IIpO-
CTPAHCTBE U BO3MO)KHOCTHIO KOMIIOHOBKH CTEPKHEBOU
cucTeMbl OecdacoHoUHbIMU y3iaMu. CIieyeT OTMETHUTB,
YTO KOHCTPYKTUBHAs (hopMa TPEXTPaHHO (epMbl HMeeT
XOPOIIMKA NOTEHLIMAI IPUMEHEHHS, CBA3aHHBIN C TUITU3a-
1uei 1 yHu(HKalueil B COBOKYITHOCTH C BHICOKHM YPOB-
HEM 3aBOJICKO TOTOBHOCTH, 0€30IACHOCTBIO TPAHCIIOPTH-
POBaHHMS ¥ CKOPOCTBHIO MOHTaXa [4].

O6pa3oBaHue KOHCTPYKTHBHOHM (DOPMBI TIOCKOTO
MOKPBITHS PEeATH3yeTCs IyTEM PETYIAPHON yCTaHOBKU
MPOJIETHBIX TPEXTPAHHBIX (hePM C MEPEMEHHBIM HIIN OfIU-
HAKOBBIM IIarOM B MPOJIOIIEHOM HarpasiieHuu (puc. 1).

[Iponernas TpexrpanHas gepMa COCTOUT U3 ABYX
HaKJIOHHBIX TNIOCKUX (hepM ¢ OOLIMM HI)KHUM IOSICOM.
Y4uteiBas 0COOEHHOCTH €€ CTaTH4ecKod paboTHl,
1[eJIECO00PAa3HO B TOPU30HTANIBHOM MIOCKOCTH BEPXHUX
MOSICOB UCIIOIb30BaTh PACHIOPKH MIIH HECYINE DIIEMEH-
TBI OrpaXKJAIO0IIEi KOHCTPYKIMH KpoBin. OcoOeHHOCTH
KOHCTPYKTHBHOTO HCIIOJIHEHHsI TIPOJIETHOW TpeXIpaH-
HOI (epMBbl 00YCIOBICHBI OIEHKON HampsKEHHO-
nedopmupoBanHoro cocrostaus (HIAC) TpexrpanHbIX
(hepM ¢ pazTHYHBIMHU TTapaMeTPaMH U TadapuUTaMy TpU
OTHOCHTEJIbHO HE3HAYNTEIHHOM BIIMSHUN BO3/IEHCTBIN
B FTOPU30HTAIBHOM HAIIPaBICHUH U3 IUNIOCKOCTH U3rH0a.

B cBoto ouepesnb, BO3MOKHOCTh HCIIOJIb30BAHUS
HECYIIMX JIEMEHTOB OTrPaKJalouieil KOHCTPYKLHH
KpPOBJIM MO3BOJIMJIA UCKIIOYUTh YacTh PaclOpPHBIX
3JIEMEHTOB M3 COCTaBa OTIPaBOYHON MapKy IPOCTPaH-
CTBEHHOI (hepMBI M UCTIONB30BaTh MPOCTPAHCTBO MEXK-
Iy HaKJIOHHBIMHU (hepMaMu 7151 KOMIIAKTHOW YKIIaIKA
«B €JI0YKY» U TPAaHCIIOPTUPOBAHUSA [4].

ITarenTHast pa3paboTKa KOHCTPYKLIUU TPEXTPaH-
HOU (hepMbI ¢ HEpa3pe3HbIMHU MOSCAMHU IISATUTPAHHOTO
(meHTaroHaJIbHOTO) COCTABHOTO CEYEHHS M3 IPOKATHBIX
npoduieil mBeuiepa W yrojika rnpeaHasHaueHa s
TUTOCKUX MOKPHITUH 3nanuii [5]. 300peTrenue cocTout
B TOM, YTO ITOKpPHITHE (JOPMHUPYETCS U3 TPEXIPaHHBIX
(hepM, 00bEeTMHEHHBIX TPO(PHACTUIOM, KOTOPBIH SBIISI-
€TCs HECYLIEN KOHCTPYKLMEN OTpa)kIaroIlEero MoKphl-
Tus (puc. 2).

Puc. 1. KorctpykTuBHas ¢popma IIOCKOTO MOKPHITHS U3 TPEXTPAHHEIX (hepM

Puc. 2. TpexrpanHsie (epMbl INTOCKOTO TOKPBITHS (IPONOIBHBIN pa3pes)
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Kaxcnas ¢epma BKIIrOYaeT BEPXHHE HEPa3pe3HbIe
nosica MATUTPAHHOTO KOPOOUATOTO CEUCHUS U3 KECT-
KO COCAMHEHHBIX MKy COOOM MIBEIIIEPOB U YTOJIKOB,
a TaK)Ke HWKHUH TO0SIC MATUTPAHHOTO COCTABHOIO Ce-
yeHHst. PackocHas pelreTka NpUKpeIvIeHa K MoJKaM
TIOSICHBIX YTOJIKOB BCTHIK.

i JaHHOTO MOKPBITHS U3 TPEXTPaHHbBIX (epm
MOXXET HCIIOJB30BaThCSI MPOTOHHAS KOHCTPYKIIUS
OTpakJaromie KOHCTPYKIHH (puc. 3).

Crenku MBEJJIEPOB BEPXHUX ITOSICOB B IMPOCTPaH-
CTBE MPOEKTHOTO TTOJIOKEHUSI COPUEHTHPOBAHBI BEPTH-
KaJIbHO, a CTEHKA HIKHETO IIBeJUIepa — TOPU30HTAIBHO.

Jns TpaHCTIOPTUPOBAHUS UMEETCS BOZMOXHOCTh
KOMIIOHOBKH OTIIPAaBOYHBIX MapoK TpeXIpaHHbIX pepm
YKIIAAKOH «B eJ109Ky» (puc. 4).

STV
\ |

<

Puc. 3. Konctpykuust TpexrpanHoil ¢gpepmbl (OTIepedHbIit
paspes)

4

Puc. 4. KoMImoHOBKa OTIPaBOYHBIX MAapOK TPEXI'PAHHBIX
dhepM T TPAaHCTIOPTUPOBKU

[IsaTurpanHblii TpoduIL MOSICHBIX HEPA3PE3HBIX
CTepXKHEH TpeXTrpaHHBIX (hepM GOopMHUpYETCs B KO-
poOuaroe 3aMKHYTOE CEYEHHE W3 PaBHOIOJIOYHOTO
yronka u mBemiepa [6]. laHHas KOMIIOHOBKA COCTaB-
HOTO CEYEHUS UCHOJb3YeTCs] B KOHCTPYKIUSAX IPYTUX
MaTeHTHBIX Pa3pabOTOK ¢ Pa3IUYHOW OpHEHTAIUCH
3aMKHYTOTO MpO(QHIIsS B IMPOCTPAaHCTBE MPOEKTHOTO
nonoxenwus [7—-10].

ConpspkeHue 1Mo Bcel JIMHE WX MIPOKAaTOB 00e-
CIICYUBACTCH MOJTHOTEIBIMHU WX MPEPBIBUCTBIMU CBAp-
HBIMH IIBAaMH T10 TIEPHSIM ITOJIOK, YTO COOTBETCTBEHHO
MO3BOJISIET PacCMaTpPUBaTh COCTABHOE CEUEHHE B BHJIE
MOHOJHUTHOH QopMmsI (puc. 5).

PackocHast penieTka HaKJIOHHBIX TUIOCKHX (epM
TpeXTpaHHOH GepMbI 00pa3yeTcs U3 ONUHOYHBIX TPO-
KaTHBIX YTOJIKOB.

ITogpeska MoI0OK PaCKOCHBIX YTOJIKOB OCYIIECT-
BIIeTCs 17151 POpPMHUPOBAHUS I TAMIIA U IIFIOTHOTO TIPH-
MBIKaHUA K IMOJIKaM IMOSACHBIX YT'OJIKOB IMATUTPAHHOTO
COCTaBHOTO CTEPKHS ¢ 00pa30BaHHEM CTHIKOBBIX Oec-
(hacOHOUYHBIX Y3JIOB, UMEIOIIMX OCOOCHHOCTH KOMIIO-
HoBKH [11, 12].

enp uncnenubIx ucciaenoBanuii — ouenka HJC
MPOJIETHOW TpEeXTpaHHON (hepMBI NMPU MPUIOKEHUH
CTaTMUYECKHUX Harpy30K, CHCTeMaTH3alusl JaHHBIX AJIs
MPAKTUIECKOTO MPOECKTHPOBAHUS M KOMIIOHOBKH 3JI€-
MEHTHOT'O COCTaBa, a TaKXKe co3JaHue 0a3bl Bepudu-
KaI[MOHHBIX JAHHBIX Ul IPOBEICHUS MOCIEIYIONIIX
YUCJICHHBIX HMCClIeOBaHUN OecacOHOYHBIX Y3JIOB
COIPSHKEHHUS B paMKaxX pacyeTHOW IIaCTUHYATOW Ma-
TemaTudeckou mojaenu [13, 14].

B kauecTBe 3a/1a4 YHCIIEHHBIX UCCIICAOBAaHHIM pac-
CMaTpHUBAJIOCh CO3/1aHUE PACUETHON MaTreMaTHIeCKOn
MOJIEIIH MPOJIETHON TPeXI'PaHHON (epMBbI CpeICTBAMHU
CTaHJIapPTHOTO PacYETHOTO KOMIIJIEKCA Ha OCHOBE ICH-
TPUPOBAaHHON reoMeTpudeckoit cxembl. Komnonosou-
Hasg 0COOCHHOCTH IIEHTPUPOBAHHON T€OMETPHUIECKON
CXEMBI COCTOHT B TOM, YTO €€ ()OPMHUPOBAHHUE ITPOU3-
BOJUTCS CTEPIKHAMH, CXOSIIUMHUCS B y3/1ax, SIBIISIO-
MIAXCS IIEHTPaMH JTaHHON CXEMBL.

Bo3Benenue B pa3IM4YHbIX pallOHAX CTPOUTEIIb-
CTBa HECYIIMX NMOKPBITHH M3 TpEeXIpaHHBIX (epMm
nmpeamnojgaracTt HCO6XOZII/IMOCTI) YYUTBIBATH U3MEHYH-
BOCTD BJIMSIOIINX ApaMETPOB, B TOM YHCJIC 3HAUYCHUN
u Gopm npuiiokeHus: Harpy3ok [15]. Ctpykrypupo-
BAaHHBIH MAaCCHB JaHHBIX, 00YCIIOBIEHHBIX N3MEHUH-
BOCTBIO BHEIIHUX (PaKTOPOB, UMEET MPAKTHUYECKOE
3HA4YEHHUE I IPOCKTUPOBAHUSL.

Puc. 5. Cxema KOMIIOHOBKH MIATHTPAHHOTO COCTABHOTO CEYCHUS U3 MPOKATHBIX MPOoduIIeit
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MATEPHAJIBI U METO/JAbI

Hnsa onenku HJIC ucmons3oBanack pacdeTHas
MaTeMaTH4YeCKas MOJCIb TPEXTPAHHOM GepMbl, CreHe-
pUpOBaHHAsI CPEACTBAMH NMPOrPAMMHOIO KOMILJIEKCa,
pean3yOLET0 pacueTHhIEC 334341 110 METOLY KOHEU-
HBIX 2JIeMeHTOB [16]. BapuatuBHas pacueTHas MOJENb
MOJIEJIUPYET IPOCTPAHCTBEHHO-CTEPKHEBYIO TPEXTPaH-
HyI0 depMy mponeTroM 24 M, IMUPUHOH 3 M M BBICOTOM
1,5 M (puc. 6). MoxynbsHBIE pa3Mepsl TaHeNeH HIDKHETO
1 BEPXHHX IOSICOB COCTABIISIOT 3 M.

MeTtoankoil YMCIEHHBIX HUCCIEIOBAHUN YUUTHI-
BaeTcs NMPHUIIOKEHHE Y3JIOBBIX CTATHYECKUX HAarpy3oK,
MOJleNUpyIollee pa3MelleHne OTpa)xaalonieil KoH-
CTPYKUUU MOKPBITUS C IPUMEHEHHUEM IPOroHoB [17].
[Tpunoxkenne cocpeOTOYEHHBIX CHII B Y37aX BEPXHHUX
MOSICOB CTEPXKHEBOM MOJAENN TpeXrpaHHOW (epMBbl
10 METOly €TMHUYHBIX Harpy30K HalpaBJiIeHO Ha OIpe-
JIeJIEHNE Peakly HeCyIlel CUCTEMBI B BUIE paclipe-
JIENICHNs] YCUIIMH B DJIEMEHTaxX W TIepeMEIleHNH y3II0B.

[IpumeHeHne MeTO/Ia Y3JI0BBIX HArpy30K 00yCIIOB-
JICHO HEOOXOIMMOCTBIO MTPOBEICHUSI CPAaBHUTEILHOM
OIICHKH, COITOCTABJICHHS C MOJIyYeHHBIMH JTaHHBIMU
JIPYTUX UCCIIEIOBATEIbCKHUX 3a/1a4, a TAKKe BO3MOXK-
HOCTBIO TIPAKTUYECKOTO MCIONIB30BaHUS TP pacuyerax
110 METOTy NPEEIbHBIX COCTOSTHUM.

PacuerHast MoJienb MPOCTPAHCTBEHHOW TPEXIpaH-
HOU (hepMBbl ONUCHIBANIACH CTEPIKHEBBIMU DIIEMEHTaMU
ITPOM3BOJIBHOI'O BHU/JIa CO CBA3SIMU 110 JIMHEHHBIM 1 yrio-
BBIM HampanieHusM [ 18]. B kauecTBe HUKHETO U BEpX-
HUX MOSICOB HCIIOJIb30BAIINCh HEPA3PE3HBIE CTEPIKHU
MSATUTPAHHOTO COCTABHOTO CEYEHMSI MOHOJIUTHOM (op-
MbI KOMIIOHOBKHY C OpUEHTALUEN [TOJIOKEHHUS, IPUHATON
B KOHCTPYKTHBHOM PEIICHUH TTATEHTHOTO M300pETEHUS.
Packocsl 13 OJMHOYHBIX MTPOKATHBIX YTOJKOB SIBIISIOT-
s JIEeMEHTaMH MaJIo W3ruOHOMU skecTKocTH. [TosTomy
JUIS OLICHKH WX BIMSIHHSA Ha Je(opMaTHBHBIEC CBOMCTBA

Puc. 6. PacueTHast Mozienb POJIETHON TPEXTpaHHO (hepMEI

—9,43

MOJIENIM TPEXT'PAHHON (epMBI pacCMaTpUBAINCH Ba-
PHUAHTHI C )KECTKUM MIIU MAPHUPHBIM IPUMBIKAHHEM
2JIEMEHTOB PACKOCHOH pEelIeTKU K Hepa3pe3HbIM IO-
sicaM. [IpuMbIkaHue pacOpoK K Hepa3pe3HbIM MosicaM
OIMMCBIBAJIOCH INAPHUPHBIM IPUMBIKaAHHUEM.

I'paHnyHBIE yCIOBUSA PACUETHON CXEMBI IPOJIET-
HOW (pepMBI YUUTHIBAIH OTPAHUYCHHS 110 OMOPHBIM
y371aM BEpXHHUX HOSACOB, @ UMEHHO, YCTaHOBJIEHBI 3a-
KpEIUJIeHHs 10 JIMHEWHBIM CMEILEHUsM, KPOME OCBO-
OOXXIEHUS] CMEXHOW OIMOPHOI Maphl Y3JI0B B IPOIOIb-
HOM HaIlpaBJICHUN MOJCIH.

PE3YJIBTATHBI HCCJIEJOBAHHUA

B xozne nmpoBeneHUs: YUCIEHHBIX UCCIEJOBAHUM
MOJIy4YeHBl JaHHble, xapakTepusytomue HIC monenun
TpexrpaHHoi GpepMbl. OrpeieneHbl pacueTHbIE YCHIIHS
OT EeHCTBUSA y3TOBBIX €IUHUYHBIX HArpy30K U 3Hade-
HHUsI IIEPEMELICHUN y3]I0B BApUAaTUBHOM CTEPKHEBOM
MOJIEJIN TPEXI'PaHHOH (epMBI ¢ HIAPHUPHBIM U XKECT-
KHM NIPUMBIKaHHEM PACKOCOB K HEPA3PE3HBIM MOSICAM.

DJeMeHTHl paCKOCHOW PEeIIeTKH MMEIOT NMPaKTH-
YECKHU MOJHYI0 CUMMETPUIO B PaCIpEENeHUN yCUIUN
B Ipejernax MaHeled BEPXHUX MOSICOB MO CEpelUHe
nponera (puc. 7, 8). B kauecTBe yTOUHEHUS CIeIyeT OT-
METUTD, YTO CTEP)KEHb WIIN YaCTh CTEP)KHS HEPAa3pPE3HO-
ro nosica pepMbl, OTPaHNIECHHOTO Y3JIaMH TPHMBIKAHUS
packocoB, 0003Ha49aeTCs KaK MaHedb.

HawnGouspmne nponosibHbIEe YCUIIUS B BEPXHHUX
MOsICaxX CPEIMHHBIX MaHeJeH OTIINYAI0TCA OT MPOJOIb-
HBIX yCI/IHI/Iﬁ B BEPXHUX IMOACaX NPUOMNMOPHBIX IMAaHEC-
neit npaktuyecku B 4,43 pasa. Ilpu sToM yBenndyeHue
3HAYEHUH YCHJIMH B CTEPKHIX CMEXKHBIX MaHEJEH,
paccMarpuBast OT IPHONOPHBIX MaHeIeH, TPOUCXOJUT
HEMPONOPLHUOHAIBHO, a TAKIKE C Pa3HOI KPaTHOCTBIO
YBEJIUYEHHS JUIsl HUXKHEro U BepXHUX nosico. Kpar-
HOCTb YBCJIHNYCHUMA 3HaUYCHUH MPOJAOJIbHBIX yCI/IHI/Iﬁ

Puc. 7. PacueTHble TPOAOIBHBIE YCHIIHS MOZIEIH (MOIy(epMBbl) ¢ IIAPHAUPHBIM IIPUMBIKAHIEM PaCKOCOB
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-3,48 9,42

~15,42 ~15,42

Puc. 8. PacueTHbIe TpoIoIbHEIE yCHIUs MOZeIH (TT0ITy(epMbl) ¢ )KECTKAM MPUMBIKAaHHEM PAacCKOCOB

B CTEPKHAX CHUIKAETCS OT NPUOMOPHBIX MaHeIeH
K CepeInHe IIPOoJIeTa.

HanGonpmme npogoabHble YCHIIHS B Packocax
IIPUONIOPHBIX MAaHENEH OTINYAOTCA OT 3HAYEHUHN yCU-
JUH B packocax CpeIUHHBIX IaHenel B 7 pa3. CMex-
HBIE CXKATbIe U PAaCTAHYThbIE PACKOCHI B MpeJenax na-
HeJel BEPXHUX MOSICOB UMEIOT OJMHAKOBBIE 3HAYCHHUS.
CHIDKeHHE 3HAYCHUW yCHIMHA B CTEPXKHAX PAacKOCOB
CMEXHBIX IaHeNeH, paccMaTpuBas OT IPUONOPHBIX
naHesel, TPOUCXOUT HemponopuruoHaibHo. Kpart-
HOCTb yBEIUYECHUS 3HAUCHUN B CTEPIXKHSIX PACKOCOB
MOBBINIAETCA OT NMPUONOPHBIX MaHENeH K cepeluHe
IpoNeTa.

0,06 0,07

0,09

OO6pa3oBanne M3rudAONINX MOMEHTOB B CTEPX-
HAX HECyIell CHUCTEeMBI 00YyCIOBIEHO BKIIOYCHHUEM
B paboTy Hepa3pe3HbIX NosCOoB (puc. 9).

Onenka n1epopMaTHBHOCTH MOJIEIH MPOJETHOMN
TpEeXTpaHHOi (hepMbl OCHOBBIBAETCS Ha MOJTyUEHHBIX
3HAUCHUSIX BEPTUKAIBHBIX MEPEMEIICHUH y3II0B.

HawnGonpimme 3HaueHUST BEPTHKAIBHBIX IIEpeMe-
IICHUH OTHOCSTCS K y37IaM HM)KHETO M BEepXHUX He-
pPa3pe3HbIX MOSICOB B CPEAVMHHOM YacTH MpoJieTa TpeX-
rpanHoit Gpepmer (puc. 10, 11). Heobxonumo ykazarb
Ha HaJIM4ue MOJHOW CHMMETPHH OTHOCHTEIBHO Cepe-
JTUHEI TIPOJIETa B pacIipeielICHIH 3HAYCHUH BEPTHKAIb-
HBIX IEPEMEILEHUH Y3II0B.

0,09 0,09

0,07

L

0,06

N

0,09 0,09

Puc. 9. PacuetHple n3rubaroniie MOMEHTHI MOZIENH (MTOTyQepMbl) IapHIPHOTO MPUMBIKAHHS PACKOCOB

-36,19

—38,98

-36,19

N

3N

-36 -3

-3

Puc. 10. MakcumabHbIe BECPTHUKAJIBHBIC IIEPEMEIICHUA Y3JI0B MOJACIIA IAPHUPHOT'O MPUMBIKAHUA PACKOCOB

—36,18

—38,97

—36,18

—32.73 —37.9:

\ e

—36.1 =389

-3

Puc. 11. MakcumanbHble BEpTUKAIBHBIC IEPEMEIIEHUS y3JI0B MOAENH KECTKOTO MIPUMBIKaHHs PACKOCOB
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HanpsxeHHo-AeOpMUPOBaHHOE COCTOSHUE TPEXTPaHHOK GepMbl C HEPA3PE3HLIMM MOsSICaMu

C. 60-71
NATUIPAHHOIro COCTaBHOIo MPOPUAS

Pacnpenenenue BepTUKAIbHBIX MEpEMEIICHUMN
y3JI0B TPEXTPaHHON (hepMbI OMMCHIBACTCS TOIOTOM Ia-
paboJIoii ¢ BEpPIIMHOW B IICHTPAILHBIX Y371aX CMEXHBIX
BEPXHUX MOsACaX MOJEIIH.

3AKJIIOYEHUE

HanpsoxenHo-nepopMIpoBaHHOE COCTOSIHHE pac-
YETHOW MOIENN TPOJIETHON TpeXTpaHHOH (epMbl Xa-
pakTepu3yeTCsl paclpeneIcHIEeM OCHOBHBIX YCHUIHH
JUISL TUTOCKHX (epM TP Y3JIOBBIX Harpy3kax U MpH
3TOM MMEET CBOM OCOOEHHOCTH.

AHanu3 MOTy4eHHBIX PE3yJIbTAaTOB CBUICTEIb-
CTBYET O TOM, UTO NPHUHSATAs pacdeTHas MOJENb TPeX-
rpanHoi (epmsl asexBarHo oTpaxaetr HJIC npocrpan-
CTBEHHO-CTEP)KHEBON KOHCTPYKLUU C HEPAa3pPEe3HbIMU
nosicamu. IIperycMoTpeHHOE METOAMKON YMCIEHHBIX
UCCIIeIOBAaHUI HCIIOJIb30BAHUE METOAa €IMHHYHBIX
Harpy30K MO3BOJISIET MPOU3BECTH OLEHKY peakluu
Hecylleld CHCTEMBl B BHJE pacHpeeICHHs yCHINH
B CTEP)KHAX M IepeMeleHui y3noB. IIpaktudeckoe
MPUMEHEHUE METOIMKH YHCICHHBIX HCCICIOBAHUN
Ha OCHOBE IPHJIOKCHUS €IMHUYHBIX Y3JIOBBIX HArPy30K
COCTOUT B BO3MOJKHOCTH HCIIOJIb30BaHUSI PE3YNIBTaTOB
pacdera B BU/I€ CTPYKTYPHUPOBAHHOTO MAaCCHBA JAHHBIX,
HEOOXOIUMBIX TPH pacdeTax 110 METONy HpeAeIbHbBIX
COCTOSIHUH.

ITonmyueHHbIE pe3ynbTaThl MOTYT UCTIONB30BAThHCS
B KayecTBE OCHOBBI JUIs BepH(HUKAIMKU NaHHBIX IO-
CIIEAYIOIINX YUCICHHBIX MCCIEIOBAHUNA KOHCTPYKIIMH

06ec(hacoHOYHBIX Y3JI0B B paMKax IJIaCTHHYATONW MaTe-
MaTH4YECKOM MOZEIH.

[Nomy4eHHble pe3ynbTaThl BapUaTUBHBIX MOAEIIeH
TpEeXTrpaHHO# (hepMBbI OKA3BIBAIOT OTCYTCTBHUE ITPAK-
TUYECKOTO BIHMSHUS Ha UX 1e(OPMATHBHBIE CBOHCTBA
YCJIOBUI NIPUMBIKAHUN PACKOCOB U3 OJUHOYHBIX IIPO-
KaTHBIX YTOJIKOB K HEpa3pe3HBIM MOsICaM.

Mautast ©3ruOHas )KECTKOCTh OJJMHOYHBIX MPOKaT-
HBIX YTOJIKOB HE MIMEET 3HAUMTEIFHOTO BIMSHUS B pac-
MPEAEICHNN BO3HUKAIONINX yCUINN HAa KOHCTPYKIIHIO
6ec(hacoHOUHBIX y3JIOB TPEXTPaHHOM ()epMbI, OCHOBaH-
HOMW Ha LIEHTPUPOBAHHOM reOMeTPUUYECKOI cxeMe.

Bo3HuKHOBEHHUE YyCHWIINH B pacliopkax TpexrpaH-
HOH (pepMBI CBHAETENBCTBYET O BKIIIOYEHUH UX B pado-
Ty ¥ TpEAIoIaraeT HeoOX0JUMOCTb TPUMEHEHHS pac-
YETHBIX COEJAMHEHUI MPUKPEIUICHUsI K Hepa3pe3HbIM
nosicaM TPEXTrpaHHoil hepmbl.

O6pasoBanne U3rHOAIONINX MOMEHTOB B JIEMEH-
Tax HEPa3pe3HbIX IOSICOB HECYNIEH CHUCTEMBI 00y-
CJIOBJICHO BKJIFOUEHHEM B CTaTHYECKYyIO paboTy B BUAE
0aJloK Ha MOJATIMBBIX OMOpax B cocTaBe Gepmbl. W3-
MEHEHHUs U3TUOAIOIINX MOMEHTOB B y3JaX, HECMOTPS
Ha UX MaJible OTHOCHUTENIbHbBIC 3HAUCHHsI, BCIEICTBHE
WCIIOJIB30BAHUS METOJa CAMHUIHOM HAarpy3KH B HEKO-
TOPBIX CIy4asx HOTPEOyIOT yuera.

IIpencraBieHHbIC YUCICHHBIE UCCIIEAOBAaHNS BXO-
JIIT B HAYYHBIH KOMIUIEKC UCCIIEAOBAHUH MO M3YUIEHHIO
JICHCTBUTEIHHON PAaOOTHI MPOJIETHBIX TPEXTPaHHBIX
dhepm, B TOM Yrclie KOHCTPYKIUH TPEeXTpaHHBIX (epM
C HIDKHHUM TIOSICOM M3 OJMHOYHOTO yroyka [19, 20].
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INTRODUCTION

Spatial triangular trusses are industrial load-bearing
structures with high performance characteristics.
The use of rolled sections in the basis of the rod system
layout considerably extends the possibilities of using
the structures [1-3]. Triangular trusses are considered as
supporting structures of roofs and overlaps of industrial
and public buildings, elements of combined systems
with the possibility of suspension of technological
devices, lifting mechanisms, as well as modular
structures of overpasses of linear objects in various areas
of construction. Low specific material and labour input
of a tricity truss is stipulated by rational distribution
of a material of the constructive form in space and
an opportunity of alignment of a core system by
trussless knots. It should be noted that the structural

form of a triangular truss has a good application
potential associated with typing and unification in
conjunction with a high level of factory readiness,
transportation safety and speed of installation [4].

The formation of the structural shape
of a flat pavement is realised by the regular installation
of spanning triangular trusses with variable or equal
spacing in longitudinal direction (Fig. 1).

A spanning triangular truss consists of two inclined
plane trusses with a common bottom chord. Considering
the peculiarities of its static operation, it is advisable to
use struts or load-bearing elements of the roof enclosing
structure in the horizontal plane of the upper chords.
The peculiarities of structural design of a span triangular
truss are conditioned by estimation of the stress-strain
state of triangular trusses with different parameters and

Fig. 1. Structural shape of a flat roof made of triangular trusses
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Stress-strain state of a triangular truss with uncut chords of a five-sided composite profile

P. 60-71

Fig. 2. Flat roof triangular trusses (longitudinal section)

dimensions with relatively small influence of influences
in horizontal direction from the bending plane.

In turn, the possibility of using the load-bearing
members of the roof cladding structure made it possible
to exclude some of the struts from the spatial truss gauge
and to use the space between the sloping trusses for
compact herringbone stacking and transportation [4].

The patent design of a triangular truss construction
with uncut chords of five-sided (pentagonal) composite
section made of rolled profiles of channel and angle is
intended for flat building envelopes [5]. The invention

consists in the fact that the covering is formed
of triangular trusses combined by corrugated sheeting,
which is a load-bearing structure of the envelope
covering (Fig. 2).

Each truss consists of the upper continuous chords
of a box-section pentagonal bracket and angles rigidly
connected to each other, and the lower chord of a com-
posite pentagonal bracket. The stringer is butt-attached
to the flanges of the angles.

For this triangular truss cover, a purlin enclosure
structure can be used (Fig. 3).

The walls of the upper chord channels are ori-

J_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_L ented vertically in the space of the design position and

<

Fig. 3. Construction of a triangular truss (cross-section)

>>

Fig. 4. Layout of triangular truss dispatch marks for transport

// g
%

the bottom channel wall is horizontal.

The triangular trusses can be stacked herringbone
for transport (Fig. 4).

The pentagonal profile of the continuous belt bars
of triangular trusses is formed into a box-shaped closed
cross-section of equal angles and channels [6]. This ar-
rangement of the composite section is used in the struc-
tures of other patent developments with different orien-
tation of the closed section in the space of the design
position [7-10].

Joints along the entire length of their bars are provid-
ed by full-body or discontinuous welds along the flange
feathers, which respectively allows the composite section
to be considered as a monolithic form (Fig. 5).

The sloping lattice of the inclined plane trusses
of the triangular truss is formed from single rolled angles.

The flanges of the strut angles are trimmed to form
a die and a tight connection to the flanges of the belt an-
gles of the pentagonal composite member to form butt
joints with no faceted joints, which have specific layout
features [11, 12].

The purpose of the numerical studies is to esti-
mate the deflection of a spanning triangular truss under
the application of static loads, to systematise the data
for practical design and layout of the element composi-
tion, and to create a verification database for subsequent
numerical studies of the non-faceted interface nodes in

Fig. 5. Layout of a pentagonal composite section made of rolled sections
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the framework of the calculated lamellar mathematical
model [13, 14].

As a task of numerical research, we considered
creating a computational mathematical model of a span-
ning triangular truss by means of a standard computa-
tional complex based on a centred geometrical scheme.
The layout feature of the centred geometric scheme is
that it is formed by rods converging at the nodes which
are the centres of this scheme.

The erection of triangular truss load-bearing roofs
in different construction areas implies the need to con-
sider the variability of the influencing parameters, in-
cluding the values and forms of load application [15].
A structured data set due to the variability of external
factors is of practical importance for design.

MATERIALS AND METHODS

In order to estimate stress-strain state, the design
model of the triangular truss, the computational math-
ematical model generated by means of the software
package implementing computational problems using
the finite element method was used [16]. Variative cal-
culation model simulates spatial-rod triangular truss
with 24 m span, 3 m width and 1.5 m height (Fig. 6).
The modular dimensions of the lower and upper chord
panels are 3 m.

The numerical research methodology takes into
account the application of nodal static loads simulating
the placement of the enclosing structure of the roof us-
ing purlins [17]. The application of concentrated forc-
es in the nodes of the upper chords of the rod model
of a triangular truss by the unit load method is aimed
at determining the response of the supporting system in
the form of force distribution in the elements and dis-
placements of the nodes.

The application of the nodal load method is driven
by the need for comparative assessment, comparison

with the data obtained from other research tasks, and
the possibility of practical use in calculations according
to the limit state method.

The computational model of the spatial triangular
truss was described by the rod elements of arbitrary form
with connections along linear and angular directions [18].
As the lower and upper chords, continuous bars of pen-
tagonal composite monolithic cross-section with orienta-
tion of position adopted in the design solution of the pat-
ent invention were used. The struts made of single rolled
angles are elements of low bending stiffness. Therefore,
to assess their influence on the deformation properties
of the triangular truss model, variants with rigid or hinged
adjacency of strut elements to the continuous chords were
considered. The connection of the struts to the fixed chords
is described by the articulated connection.

The boundary conditions of the design scheme
of the spanning truss took into account the constraints
of the upper chord support nodes, namely, set anchor-
ages for linear displacements, except for the release
of an adjacent support pair of nodes in the longitudinal
direction of the model.

RESEARCH RESULTS

In the course of numerical studies, data character-
izing the deflected mode of a triangular truss model are
obtained. Computational forces from the action of nod-
al unit loads and values of displacements of nodes
of a variant rod model of a triangular truss with articu-
lated and rigid adjacency of struts to continuous chords
are determined.

The strut elements have almost complete symmetry
in the distribution of forces within the upper chord panels
in the middle of the span (Fig. 7, 8). As a clarification, it
should be noted that the rod or part of the rod of the con-
tinuous chord of the truss bounded by the abutment nodes
of the struts is referred to as a panel.

Fig. 6. Calculation model of a triangular spanning truss

—3.48 —9.43

Fig. 7. Calculated longitudinal forces of the model (half-beam) with articulated strut connection
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—3.48 -9.42

-13.42

-15.42 -15.42

Fig. 8. Calculated longitudinal forces of the model (half-beam) with rigid butted struts

The greatest longitudinal forces in the upper
chords of the midmost panels differ from the longitudi-
nal forces in the upper chords of the adjacent panels by
a factor of 4.43. The increase in the values of the forces
in the adjacent panel rods, considered from the suspen-
sion panels, is disproportionate and also has different
multiplicity of increase for the lower and upper chords.
The multiplicity of increase in the values of longitu-
dinal forces in the rods decreases from the supporting
panels towards the middle of the span.

The greatest longitudinal forces in the struts
of the supporting panels differ by a factor of 7 from
the forces in the struts of the midmost panels. The ad-
jacent compressed and stretched struts within the top

0.06 0.07

0.09

chord panels have the same values. The reduction in
force values in the struts of the adjacent panel struts,
viewed from the supporting panels, occurs dispropor-
tionately. The multiplicity of the increase in the values
in the strut rods increases from the suspension panels
towards the middle of the span.

The bending moments in the bars of the load-bear-
ing system are due to the incorporation of the continu-
ous chords (Fig. 9).

The assessment of the deformability of the triangu-
lar spanning truss model is based on the values obtained
for the vertical displacements of the nodes.

The highest values of vertical displacements re-
late to the nodes of lower and upper continuous chords

0.09 0.09

0.07

0.06

0.09 0.09

Fig. 9. Calculated bending moments of the model (half-frame) of the hinged strut connection

-36.19

—38.98

—36.19

N

36 -3

36

Fig. 10. Maximum vertical displacements of the frame hinge model nodes

—36.18

—38.97

—32.73 —37.9:

-36.1 =3

g

Fig. 11. Maximum vertical displacements of the rigid strut model nodes
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in the median part of the span of triangular truss
(Fig. 10, 11). It is necessary to point out the presence
of complete symmetry relative to the centre of the span
in distribution of values of vertical displacements
of nodes.

The distribution of the vertical displacements
of the triangular truss nodes is described by a hollow
parabola with its vertex at the central nodes of the adja-
cent upper chords of the model.

CONCLUSION

The stress-strain state of the design model
of a spanning triangular truss is characterised by the dis-
tribution of the main forces for flat trusses under nodal
loads and has its own characteristics.

The analysis of the results obtained testifies
to the fact that the accepted design model of a tri-
angular truss adequately reflects the deflected mode
of a spatial-trunk structure with continuous chords.
The use of the method of numerical studies fore-
seen by the method of unit loadings makes it pos-
sible to estimate the reaction of a load-carrying
system in the form of force distribution in the rods
and displacement of knots. The practical application
of the numerical research method based on the ap-
plication of unit node loads consists in the possi-
bility of using the results of calculation in the form
of a structured data set required for calculations by
the limit states method.

The results obtained can be used as a basis for
verification of data from subsequent numerical stud-
ies of lamellar-less unit designs within the framework
of the lamellar mathematical model.

The results obtained from the variative trian-
gular truss models show that there is no practical ef-
fect on their deformation properties of the conditions
of joining the struts made of single rolled angles to
the unbroken chords.

The low bending stiffness of single rolled angles
has no significant influence on the distribution of the oc-
curring forces in the design of the faceless triangular
truss components based on a centred geometric scheme.

The occurrence of forces in the struts of the trian-
gular truss indicates their incorporation into the work
and suggests the need for design connections to the con-
tinuous chords of the triangular truss.

The formation of bending moments in the ele-
ments of the uncut chords of the load carrying system is
due to the inclusion of beams on compliant supports as
part of the truss in the static work. Changes in bending
moments at the nodes, despite their small relative val-
ues, due to the use of the unit load method, will in some
cases need to be taken into account.

The presented numerical studies are part of a sci-
entific complex of studies on the actual performance
of spanning trihedral trusses, including structures of tri-
angular trusses with a single angle bottom chord [19, 20].
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TexHosornueckKas KapTa Kak OMH U3 HHCTPYMECHTOB IOBbIINICHUA

Ka4eCTBA PEMOHTHO-CTPOMTEIbHBIX padoT
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AHHOTALUMNA

BBepeHue. B HacTosiLLee BpeMs NOBbILIEHNE Ka4eCcTBa PEMOHTHO-CTPOUTENbHBIX paboT SIBNSETCA BaXKHOW KOMMIEKCHOM
npobnemMoii, HeJOCTaTOYHOE BHUMaHME K KOTOPOW HEU3BEXHO BedeT K UX YAOPOXaHWI, YBENMYEHMWIO 3KCMyaTauMoHHbIX
pPacxofoB, YBENUYEHNIO KONMUYECTBA TEKYLLUX U KANUTarbHbIX PEMOHTOB, @ TAKKE YMEHbBLUEHUIO MEXPEMOHTHbBIX CPOKOB,
YXYALLEHUIO KaYecTBa XW3HW noTpebutenen. B xyawmx cnyvasx HU3Kui ypoBeHb Ka4ecTBa PEMOHTHO-CTPOUTENbHbIX paboT
MOXET MPUBECTM K aBapusiM, CTaTb UCTOMHUKOM Yrpo3bl XU3HW 1 300POBbIO, NPUBOAS K HECHACTHbIM cryyasm. KavecTBo
paboT — 3TO OCHOBHas Liefb MCMOMb30BaHNS TEXHOMOIMYECKOW KapTbl; B 3TOM CTaHOapTU3MPOBaHHOM OpraHM3aLMOHHO-
TEXHOMOIMYECKOM JOKYMEHTE COOEPXUTCSt NOAPOOHas MHCTPYKUMS Ans paboyero nepcoHana, no3sonstoLlas NoHATbL BCe
npoLuecchl, KOTOpble NPEeACTOUT BbINOMHUTL B XO4E peanu3auun npoekTa, a Takke OueHUTb Heobxoanmble Ans 3Toro pe-
cypcbl. TexHonornyeckas kKapta COAEpPXUT KOMMIEKC MepOonpusATUA No opraHu3auuu Tpyaa c Hanbonee apdeKTUBHbIM
MCMONb30BaHMEM COBPEMEHHbIX CPeACTB MexaHW3auuu, TEXHONOIMMYECKON OCHACTKW, UHCTPYMEHTa M MPUCNOCOONEHUA.
B aTOT AOKYMEHT BkntovaloTcst Havboree NpPorpeccuBHbIE Y pauoHanbHble MeTofdbl N0 TEXHOMNOMMWU CTPOUTENBHOMO Npo-
W3BOACTBA, CNOCOOCTBYIOLLME COKPALLEHMIO CPOKOB U YNYULLEHUIO Ka4ecTBa paboT, CHKEHUO ux cebectonmMocTu. TexHo-
noruyeckasi kapta o6ecne4ymBaeT He TOSIbKO 3KOHOMHOE W BbICOKOKa4eCTBEHHOE, HO U Ge3onacHoe BbINONHeHUe pabor,
MOCKOIbKY COAEPXUT HOpMaTUBHbIE TpeboBaHus 1 npasuna 6esonacHocTu.

Martepuanb! u metoabl. 3aga4a — NPOBECTU aHANM3 TEXHONOMMYECKMX KapT Ha pasHble BuAbl paboT npu kanuTanbHOM
PEMOHTE C BbISIBIIEHNEM NEPEYHS] HEAOCTATKOB, OLUMGOK 1 HETOYHOCTEN NPY COCTaBIIEHUN TEXHOMNOMMYECKUX KapT.
Pe3ynbrartbl. PazpaboTtaHbl NpeanoxeHns no KOPPEKTUPOBKE OCHOBHbIX AaHHbIX Y NapamMeTpoB B TEXHOMOMMYECKMX Kap-
Tax, Heobxoaumble Ansi onepaLMoOHHOTO KOHTPOSSI TEXHOMOMMYECKoro npoLecca.

BbiBoAbl. [TpoaHann3npoBaH nepeyeHb TEXHOMOMMYECKUX KapT Ha pasHble BUAbl paboT npu kanutanbHOM PEMOHTE; BbisiB-
NeH nepeyveHb HeOCTaTKOB, OLUMOOK M HETOYHOCTEW NPU COCTaBIEHUMN TEXHONOMMYECKMX KapT, TPEBYHOLLMIA KOPPEKTUPOBKM.

KIKOYEBBIE CITOBA: KOHTpOnb KayecTBa, TEXHONMOrMYeckas kKapta, PEMOHTHO-CTPOUTENbHbIE PabOThl, OpraHM3aLMOHHO-
TEXHOMorn4yeckas 4OKyMeHTauums, TEXHONOrMYeCKUiA npouece, cTaHaapTusaums, 3ekTMBHOCTb

ansa UMUTUPOBAHUA: Kycmukosa FO. 0., NaHkosa E.B. TexHonornyeckas kaprta Kak OAuH U3 MHCTPYMEHTOB MOBbILLEHUS]

KayeCcTBa PEMOHTHO-CTPOUTENbHbIX paboT // CTponTenbCcTBO: Hayka u obpasoBaHue. 2023. T. 13. Bein. 1. C1. 5. URL: http://
nso-journal.ru. DOI: 10.22227/2305-5502.2023.1.5
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ABSTRACT

Introduction. Nowadays, improving the quality of repair-construction works is an important complex problem, insufficient
attention to which inevitably leads to their increasing cost, increasing operational costs, increasing the number of current and
overhaul repairs, as well as reducing the time between repairs, worsening the quality of life of consumers. In the worst cases,
poor quality of repair and construction works can lead to the accidents, become a source of threat to life and health, leading
to accidents. The quality of work — is the main purpose of using the technological card; this standardized organizational and
technological document contains detailed instructions for the working staff, allowing to understand all the processes to be
carried out during the project as well as to evaluate the resources necessary for this. The process map contains a set of mea-
sures for the organisation of work with the most efficient use of modern means of mechanisation, technological equipment,
tools and fixtures. This document includes the most progressive and rational methods of construction works technology
facilitating reduction of time and improvement of work quality and reduction of their cost. The technological card ensures not
only economical and high quality, but also safe execution of works, as it contains regulatory requirements and safety rules.
Materials and methods. The task is to analyse flow charts for different types of work in major repairs with the identification
of a list of shortcomings, errors and inaccuracies in drawing up flow charts.
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Results. Proposals for correcting basic data and parameters in the flow charts required for operational control of the tech-

nological process have been developed.

Conclusions. A list of flow charts for different types of work during major repairs has been analysed; a list of shortcomings,
errors and inaccuracies in drawing up flow charts that require adjustments has been identified.

KEYWORDS: quality control, flow chart, repair and construction work, organisational and technological documentation,

technological process, standardisation, efficiency
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BBEJEHUE

KonTpons kauecTBa — 3TO mpomuecc obecrede-
HHS TOTO, YTOOBI PEMOHTHO-CTPOUTENbHBIE PabOThI
ObUTM BBINIOJIHEHBI HA CAMOM BBICOKOM YPOBHE M COOT-
BETCTBOBAJIM HEOOXOIUMBIM CHICHHPHUKAIIUAM U TpPe-
O6oBannaM. KoHTpob KadecTBa BKIIOYAET B CeOsI Psiz
STANoOB, B TOM 4YHCIIEe TUIAHHPOBAHUE, BBHIIIOJHEHUE
1 MOHUTOPHHT. D(PPEeKTUBHBIA KOHTPOJIb KauecTBa He-
00XOZMM JUISI TOTO, YTOOBI PEMOHTHO-CTPOUTEIILHBIE
paboThl OBUIM 3aBEPILEHBI B CPOK, B paMKax Oro/pKeTa
1 Ha CaMOM BBICOKOM YPOBHE.

Ha xa4ecTBO peMOHTHO-CTPOUTEINILHBIX Pa0OT BITH-
SI€T COBEPILICHCTBO M [UIAHUPOBAHUE TEXHOIOTHIECKUX
MPOIIECCOB; COOITIOICHNE TPABUIILHON TEXHOIOTHYECKON
MOCJIE0BATENbHOCTH BBITIOJIHEHNUS pabOT; pUTMUYHOCTD
MIPON3BOACTBA; YPOBEHb KBAIN(HKAIMN KaJpOB; COIlIa-
COBaHHBIE JCHCTBYS BCEX IIOAPA3ECIICHUN CTPOUTEIBHOM
OpTaHM3aINY U €€ CyOOAPSAHBIX OpraHU3aINA; Kade-
CTBO IPUMEHSIEMBIX CTPOUTEIIBHBIX MaTepPHUAIIOB, CHIPbS
1 000pynoBaHuUs; opraHm3anus 3(p(HeKTHBHOTO KOHTPO-
7151 KadecTBa. Bee atu (hakTopbl QyHKIMOHUPYIOT B TEC-
HOM B3aMMOCBSI3H, [I03TOMY X CIIEAYET pacCMaTpUBaTh
B paMKax oOrmel cucteMsl. O4eBUIHO, YTO IS pELICHHS
MOCTaBJIEHHOW TpoOJIeMbl HEOOXOAMMO 000CHOBaHHE
U TIPUHSTHE OPTaHU3AIMOHHO-TEXHOIOTHIECKUX pPellie-
HUH ¢ yyeToM 3Toro acrekra [1-3].

[Ipu BbIIOTHEHHH PAabOT MO KaNUTAJIbHOMY pe-
MoHTy MKl IMEIOT MEeCTO OTKIIOHEHHUSI OT TPeOyeMBIX
napaMeTpoB MaTepHaJOB M TEXHOJIOTMYECKHX J0-
ITyCKOB B NPOIIECCE MTPOU3BOACTBA PadOT, UTO BIECUET
3a coO00H yXyAllIeHHE KaueCcTBa U 0€30MaCHOCTH PEMOH-
THPYEMBIX 00BEKTOB; A€(PEKTHI PE3yIbTaTOB PEMOHT-
HBIX paboT HEOOXOIMMO KOJIMYECTBEHHO OICHHBATH
B [IPOLIECCE TEXHOJIOTMYECKOro (OIMepaluoHHOr0) KOH-
TPOJIS, ¥ TIO PE3yNIbTaTaM OLEHKH 3THX J1e()eKTOB Oopra-
HHU3aLMOHHO-TEXHOJIOTHUECKUMHU PEIICHUSIMHU CBOTUTH
K MHHIMYMY MX HETaTUBHOE BIIMSIHHAE Ha HKCILTyaTaIH-
OHHBIE CBOMCTBA 00BEKTOB [4—7].

UT0OBI MUHUMHU3UPOBATHh ONTHOKU U OTKJIOHEHHUS,
paboTta JOoIKHA MTPOBOJUTHCS TOJIBKO KBAJIN(UIIUPO-
BaHHBIMHU CIICHUAJIMCTaAMMU. O[[HaKO JaxKe CaMBIH OIBIT-
HBI U 00pa30BaHHBIA CTPOUTENH AOIDKEH PETYISIPHO
npuberarb K OMOIIY HOPMAaTUBHBIX JJOKYMEHTOB, PEKO-
MeHJanui, HHCTPYKIUHA. OTHUMHU U3 TaKUX JOKyMEH-
TOB SIBJISIIOTCSI TEXHOJOTHYecKue kapTel. Ha ocHoBe
aHajn3a CYmECTBYIOIINX THUIIOBBIX TCXHOJOTHYCCKUX

KapT MOJKHO BBISIBUTh HEIOCTATKU M OMIMOKH, ycTpa-
HEHHME KOTOPBIX BIIOCIIEIICTBHH IIOMOXKET CTPOUTEISIM
OBICTPO MPOBOAUTH KOHTPOJIb KaYeCTBa TOTOBOTO MPO-
IyKTa, YCTPaHATh Opak acmekra [8].

TexHonmornueckne KapTol OTHOCATCS K rpaduye-
CKMM HM300pakKeHHSM TEXHOJOTHYECKHX IMPOLECCOB
U CHCTEM, 33CHCTBOBAaHHBIX B CTPOUTEIHHO-PEMOHT-
HBIX paborax. FIX MOXHO paccMaTpuBaTh KaK BHU3Y-
aJbHOE MPEACTaBICHHUE 3TANOB MPOCKTUPOBAHUA,
IUIAHUPOBAHMSA U BBIIIOIHEHHS 3THX NMPOEKTOB. TexXHO-
JIOTHYECKHE KapThl OOBIYHO CO3AIOTCS C MCIOIb30Ba-
HUEM KOMIBIOTEPHOTO MPOTPaMMHOI0 o0ecreyeHus
¥ MOTYT OBITh IalITUPOBAHbI AJISI OTPAXKCHUS YHUKAIb-
HBIX TPeOOBaHMH Ka’KI0TO OTJEIBHOTO IIPOEKTa.

TexHonoruueckas Kapra, Tak ke Kak MPOeKT op-
TraHU3alii CTPOMUTEIHCTBA U IPOCKT IMPOU3BOACTBA
palorT, sABIsSETCS OJHUM M3 OpPraHW3al[HOHHO-TEXHOIIO-
TMYECKUX JJOKYMEHTOB B CTPOUTENBCTBE [9].

Hannuue opraHM3anMmOHHO-TEXHOJIOTHYECKHUX
JIOKyMEHTOB, B TOM 4YHCJIE TEXHOJOTHYECKHX KapT,
U UX HCIOJb30BaHUE B CTPOUTEIHHOM IPOU3BOJICTBE
BO MHOTOM HPEIONPEAEIIIOT KOHKYPEHTOCIIOCOOHOCTh
CTpouTenbHON oprann3anui [10, 11].

MATEPHUAJIBI © METO/bI

MeronaMu UccleI0BaHUS TOCTYKIIN U3YUYEHHE,
aHAIIN3 ¥ CHHTE3 CYIIECTBYIOIINX THITOBBIX TEXHOJIOTH-
YECKHUX KapT Ha Pa3HbIC CTPOUTEILHBIC PaOOTHI, POBO-
JIUMBIE B TIPOIECCe KaUTAIBHOTO peMoHTa. OCHOBHOM
[ETBI0 UCCIEeOBaHUS ObUTa OIeHKa 3(P(EKTHBHOCTH
TEXHOJOTUYCCKHUX KapT B MOBBIINICHHH KOHTPOJISI Ka-
YeCTBA PEMOHTHO-CTPOUTEIHHBIX paboT.

TexHonornyeckasi Kapra — BaKHEHIINH JOKYMEHT
JUTSL OpPTaHU3AIMK CTPOUTEIIEHBIX MPOIIECCOB, TOCKOIb-
Ky B HEl yKa3aHbl OPUEHTHUPHI ISl paboumX, MOPSII0K
pa3MeleHrs HHCTPYMEHTOB M 000PYIOBaHHUSI, CKIIa I~
pOBaHUs MaTepPHANIOB, CHAOKEHMSI, TPSOOBAHMS K Kaue-
CTBY, MEphI 0€30MIaCHOCTH U MHOTrO€ aApyroe. Bece 3to
CIOCOOCTBYET CBOEBPEMEHHOMY 3aBEPIICHUIO KaXXI0TO
sTana paboT, ONepaTUBHON CHa4e MPOCKTa, CHUKCHUIO
KOJIMYEeCTBA OITUOOK M HapylieHUi. TeXHOoIoTnIecKue
KapThI MIPU3BaHBI CTAHIAPTU3UPOBATH IEATCIBHOCTD
paboYrx Ha CTPOUTEIBHOW IUIOINAIKE, TPEIOCTABIISS
HauOosee 3PPEKTUBHBIC METOIBI BHITIOTHEHHUS Pa3Iny-
HBIX BHJIOB pa0oOT U o0ecrednBas cOONACHIE pado-
YUMU MIPOU3BOJICTBEHHOTO Tpoliecca AJis 3aBEPIICHUS
paboT 6e3 MpoIycKa KaKuX-JIn00 IUKIIOB.
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D¢ (heKTHBHOCTh TEXHOJOTMUECKUX KapT 3aKII0-
4aeTcs B UX CIIOCOOHOCTH OOECIEYHTh LEMOYKY -
CTBHIA, KOTOPbI€ paboYMii JOJKEH BBIMOJIHSITH B OMpeE-
JIEJICHHON TMOCJIeI0BaTeIbHOCTU. DTO TapaHTHPYET,
41O pabouuii HE MPOMYCTUT HU OJHOTO IHKJIIA HPOH3-
BOJICTBEHHOTO IPOIIECCa, MOCKOJIBKY JTHO0bIC OMIMOKH
WIH YOYIIEHUS MOTYT UMETh 3HAUYUTENbHBIC MMOCIIE-
CTBUS JIJIs1 OOIIIETO KauyecTBa MPOEKTa U CPOKOB €To 3a-
BepH_IeHI/Iﬂ. B IICJIOM TCXHOJIOTHYCCKHUC KapTBI I/IFpa}OT
BaXXHYIO POJIb B [IPOLIECCE CTPOUTENHCTRA, CIIOCOOCTBYS
CTaHAapTH3anuy, o0ecreunBas CoONOICHUE CTaHIap-
TOB KauecTBa U 0E30MMaCHOCTH, a TaK)Ke COKpaIas Ko-
JUYECTBO OIMHUOOK U JE(PEKTOB.

TexHoNOrMYecKas KapTa MOXKET CTaTh MOJE3HBIM
WHCTPYMEHTOM JUIsl TOBBIIICHHUS Ka4eCTBa PEMOHTHO-
CTPOUTENBHBIX PaboT O1aroaps YeTKOMY BH3yaTbHOMY
MPEICTABICHHUIO 3TANIOB MPOEKTa U PECYPCOB, HEOOXO-
JIUMBIX JIJIsl €T0 3aBepiieHus. Pa30uBasi MpOEKT Ha OT-
JICIIbHbIE KOMITOHEHTBI, TEXHOJIOTHYECKAsT KapTa MOKET
[TOMOYb BBISIBUTH MMOTCHIIUAIBHBIC POOIEMbI H Hed (-
(heKTUBHOCTb, @ TAKXKE MPEAOCTABUTH «IOPOXKHYIO Kap-
Ty» JUIsl ONTHMHU3AIKMH paboyero nporecca.

s mpoBeneHus UCCleAOBaHU OBIIIO 0TOOpaHO
HECKOJIBKO THITOBBIX TEXHOJIOIMYECKUX KapT Ha CIeIy-
omue CTpOI/ITeJ'IBHBIe pa6OTLI, HpOBO}II/IMBIC B HpOI_ICC-
Ce€ KalMTaJbHOTO PEMOHTA: PEMOHT TUAPOU3O0JIALIH,
KUPITUYHOHN KIIaJKH, KPOBEJb U MEPEKPHITHH, JIECTHUII,
OKOH, OKPACKH, JKEJI€300€TOHHBIX ITaHeIICH, ITOJIOB, 1M0-
TOJIKOB, TEILTOU30JISAIUH, (YHJAMEHTOB U IITYKATYPKH.
B xone aHanu3a mpeamnonaraeTcsl yCTaHOBUTH OJHOTY
1 nHPOPMATHBHOCTD pa3/enoB « KOHTpOIb KauecTBay.
BbLIO IPHHATO pellieHne MPOBEPHUTH, HACKOIBKO MOJHO
0Tpa>1<eHa B TCXHOJOTI'MYECCKUX KapTax cnez[y}omaﬂ HH-
(hopmanust: Ha3BaHKUE pabOThI, TOISKAIIECH KOHTPOIIO;
pabOoTHI, MOIEKAIIUE KOHTPOJIIO; TIPSIMET, COCTaB, 00b-
€M IPOBOIUMOIO KOHTPOJIS, B TOM YHUCIIe HH(pOpMAIHs
0 JIONMYCTUMBIX OTKIIOHEHHUSIX OT HOPMBI;, 00bEM MTPOBO-
JTUMOTO KOHTPOJIS, @ TAKXKE YKa3aHUE JIUIA, OTBETCTBEH-
HOTO 3a TIpoBoAnMBIe paboTel. Takke OBUIO ymelIeHo
BHUMaHKE HH(POPMAIUK O HOPMATHBHBIX JTOKYMEHTAX,
Ha KOTOPbIe HEOOXOIUMO CChIIATHCS CTPOUTEIISAM B ITPO-
necce pabor. MccnenoBanne TEXHOIOTHYECKUX KapT
MOJYCPKHET BYKHOCTh TOTO, YTOOBI CTAHIAPTHEIC TEX-
HOJIOTHYCCKHUE KapThl, HCIIOIb3YEMbIC B CTPOUTEIIHLHOM
MIPOM3BOJICTBE, OBUIN MOJHBIMU U MH()OPMATUBHBIMH,
0COOCHHO B YaCTH KOHTPOJIS KauecTBa.

PE3YJIBTATHBI HCCIEJOBAHHUA

B xone ananu3za 0TOOpaHHBIX TEXHOJIOTHYECKHX
KapT, pykoBoactBysch MJIC 12-29.2006 «Metonuye-
CKHE pEeKOMEHIAlNU MO0 pa3paboTke u 0(hOPMIICHUIO
TEXHOJIOTHUECKOH KapThDy (IyHKT 5.4), OblH chopmy-
JIMPOBAHBI CIIEAYIOLIME BHIBOIBI' .

B pasnene «TpeboBaHus K Ka4ecTBY padbOT» IpH-
BOJISITCSL HE B ITOJTHOM 00bEeMe KOHTPOJIHpYyEMbIE Ta-
paMeTpbl TEXHOJIOTUYIECKOTO MpoLecca U Olepanui

(omeparnuu koHTpOIs). Kpome Toro, Bo Bcex kaprax ya-
CTHYHO OTCYTCTBYET HH(pOpMALHUS O Pa3MELICHUN MECT
KOHTPOJIS, UCIIOJTHUTEINAX, 00beMax U COJIEPKAHUU
orepanuii KOHTPOJIS, HE Pa3bsICHEHA METOANKA U CXEMBI
MU3MEpEeHUi, IpaBuila JOKYMEHTUPOBAHUS PE3YJIbTaTOB
KOHTPOJIS. ¥ IPUHATHS PELICHNH 00 MCKIIIOYEHUH Jie-
(heKTHOW NPOAYKIINU U3 TEXHOJIOTHYECKOTO ITPoIecca.

IIpuMeHsieMble METOIUKU U CPEACTBA U3MEPEHUI
JIOJDKHBI 00€CIIeYMBATh JIOCTOBEPHOCTh PE3YIIBTATOB,
YTO rapaHTHPYETCsl BHIIIOJHEHUEM IPaBUII U COOIIO-
JICHHEM HOpPM cTaHAapToB [ ocynapcTBEHHOI CHCTEMBI
m3mepenuit (I'CH).

KOHTpOJ'II) Ka4yeCTBa SIBJISIETCSI BAXKHENIIIUM acIiek-
TOM CTPOUTEJIBHBIX NPOLECCOB, MOCKOJIBKY TOMOTaeT
rapaHTHPOBAaTh COOTBETCTBHE KOHEYHOTO IPOAYKTA
HEO0OXOIWMBIM CTaHAapTaM, CIenu(UKAINIM U Tpe-
6oBanusaM [12]. HeynoBineTBOpUTEIbHBIN KOHTPOJIb
KauecTBa MOXET MPUBECTHU K Je(eKTaM KOHCTPYKIUH,
YBEIMYEHHIO 3aTpar U yrpo3e 6e301acHOCTH, YTO MO-
JKET HETaTHBHO CKa3aThCs HA JJONTOBEYHOCTH U (PyHK-
LIHOHAJIbHOCTH TOTOBOTO IPOEKTA.

KoHTponb kayecTBa, nperycMaTpruBaeMblil B TEX-
HOJIOTHYECKOW KapTe, COCTOUT M3 BXOJHOTO KOHTPOJIS
IIPOEKTHOM U TEXHOJIOIMYECKON JOKYMEHTALUU; BXO-
HOI'0 KOHTPOJIA NPUMCHACMBIX CTPOUTECIIBHBIX MaTe-
pHAIOB, U3JENUA U KOHCTPYKLHH; OIepaluoHHOTO
KOHTPOJISI TEXHOJIOTHYECKOTO MTPOIIecca; MPHEMOYHOTO
KOHTPOJISl KadecTBa pabOT, CMOHTHPOBAHHBIX KOHCTPYK-
UK 1 000pYyAOBaHUS, TOCTPOEHHBIX 3aHUN U COOPY-
JKEHU; 0(hOPMIICHHS PE3YJIbTATOB KOHTPOJIS KauecTBa
U TIPUEMKH PadoT.

OnHUM M3 KJIIOYEBBIX CIIOCOOOB, C TIOMOIIBIO KO-
TOPBIX TEXHOJOTHYECKUEC KapThl MOTYT ITIOMOYb YJIy4d-
IMIMUTH KOHTPOJIb Ka4eCcTBa PEMOHTHO-CTPOUTENBHBIX
paboT, ABiIsIEeTCS MPEAOCTaBIEHHE YETKOTO M BCECTO-
POHHEro 0030pa Bcex IMPOIECCOB, 3aAeHCTBOBAaHHBIX
B OTUX ITPOCKTax. DTO MOXKET IMOMOYb rapaHTHUpoOBaThb,
YTO BCE HEOOXOIUMBIE IIard MpeANpUHATHI JJIS T0ITy-
YEHUS JKeJIaeMBIX PE3YJIBTaTOB U YTO Ka4e€CTBO paboThI
MOCTOSTHHO TOAJEPKUBAETCS HA MPOTSKEHWU BCETO
mpoekTa [13, 14].

Kpome Toro, TeXHOJIOTHYECKUE KapThl TAKIKE MO-
TYT IOMOYb MUHUMH3UPOBATH PUCK OMINOOK U Hemoue-
TOB, TaK KaK 00€CIEeYNBAIOT HAMIAHOE IPEICTABICHHE
BCEX B3aMMOCBSI3aHHBIX CHCTEM U MPOIIECCOB, 3aAeH-
CTBOBaHHBIX B CTPOMTEIHHO-PEMOHTHBIX MPOEKTaX.
OTO0 MOXET NOMOYb yOeANTHCS, YTO BCE yUaCTHUKHU
MPOEKTa OCBEIOMIICHBI O TpeOOBaHUAX M 00sS3aHHO-
CTSIX KaXJI0T0 dTarna, YT0 MUHUMHU3HUPYET PUCK OIHUOO0K
Y HEJI0YETOB.

PexoMeHmanuy roBopAT, 4YTO OCHOBHBIE JaHHBIE
U TIapaMeTpbl, HEOOXOIUMBIE UIT KOHTPOJIS, TIPUBO-
JATCA B Ta6J'II/II_[aX; IIPpUMEP COCTABJICHUA Ta6HI/IIII)I JIIA
OIEPAIIIOHHOTO KOHTPOJISI TEXHOJIOTMYECKOTO TPOIIEC-
ca mpezcTasiieH B Ta0u. 1, a B Tabi1. 2 IpuBeNeH NpH-
Mep popMHpOBaHUS TaOIHIHOH (PopMBI TIepedHs pabdo-

'MJIC 12-29.2006. Metoaudeckre peKOMEHIAIHH 110 pa3paboTke 1 0(hOPMIICHHIO TEXHOIOTHYecKoi KapTel. M., 2007. 12 c.

74



TexHoAOrMYECKas KapTa Kak OAMH U3 MHCTPYMEHTOB MOBbLILLIEHUS] Ka4eCTBa PEMOHTHO-CTPOUTEABHbIX pa60T

C. 72-83

Taoda. 1. OnepanioHHbIH KOHTPOJIb TEXHOIOTHYECKOTO IpoLecca

Haumenosanue
TEXHOJIOTHIECKOTO
rpoluecca 1 ero onepauui

Kontponupyemslii napameTp
(10 KaKOMy HOPMAaTHBHOMY

JIOKyMEHTY)

Jonyckaemble 3Ha4EHUS
napameTpa, TpeOoBaHUS
KadecTBa

Cnoco6 (MeTom) KOHTPOJIs,
cpexnctsa (mpudOpHI)
KOHTPOJIS

Ta6u. 2. [lepeueHs pabodmX MPOLECCOB U ONEPALUiA, MOATIEKAMNX KOHTPOIIO, CPEICTBA U METOIBI KOHTPOJIS

Haumenosanue npoueccos, | Ilpenmer HuctpymeHT Bpemsa OTBETCTBEHHBIN Texuuueckuit
U3eTIHUH, TOUIeKAIIUX KOHTPOJIS 1 c1oco0 KOHTPOJIS KOHTpOJIEp KpUTEpUH OLICHKU
KOHTPOIIIO KOHTPOJISL KauecTBa

BxonHoi KOHTpOJIBL

OnepannoHHBIN KOHTPOIb

IIpuemouHbIi KOHTPOIH

YHX TPOLECCOB U ONepanuii, MOoJISKAINX KOHTPOIIIO,
C YKa3aHUEM CPEJICTB M METOJOB KOHTPOJIS.

B TexHOnornueckon Kapre ciuenyer npegycmar-
pHUBaTh METOIBI KOHTPOISI, CPEACTBA, CXEMBI, TPABUIIA
BEITIOJTHEHHS U3MEPEHN M UCUBITaHUH, MpaBuia 00-
paboTKH pe3yNbTaToB U3MEPEHUN W UCTIBITAHUN U UX

OLICHKH, YCTAaHOBJICHHbIE CTaHAAPTAMH, TEXHUUSCKUMH
ycnoBusimu [15].

B pazzene onepanioHHOTO KOHTPOJIS TEXHOJIOTH-
YECKOTO IpoIecca CiIeayeT MPUBECTH CXeMBI, B TabI. 3
NpeNCTaBIICH IPUMep Takoi cxeMbl. OCHOBHOE HX Ha-
3HaYeHHEe — I0Ka3aThk npopaly u pabounM MecTa KOH-

Taoda. 3. Cxema onepaniioOHHOTO KOHTPOJIS Ka4eCTBa

Cxema oneparioHHOTO KOHTPOJIS PeMoHT mITyKaTypHBIX (hacaioB 31aHAIT JIncr 1
CocTas onepanuii ¥ cpeacTBa KOHTPOJISL
Orarsl paboT KonTponmpyemsie oneparin KonTpons (MeTon, 00bem) JlokymeHTanus
ITonroroBuTensHbIC [IpoBeputsb: [Tacnopr,
paboTeI * 3aM0JIHEHUE OKOHHBIX M ABEPHBIX Texuudeckuit ocMOTp 06IJ.II/II/I6)KypHaJ'I
MPOEMOB; paoor
* HAJINYHE JIOKyMEeHTa O KadecTBe Busyanbasrit
Ha NOCTYNUBIIHNN PacTBOp;
* OYHCTKY ITOBEPXHOCTH CTEH To xe
OT OTCJIOMBILEHCS MITYKAaTypPKH,
BBICTYIMBILUX COJIEH;
* YCTAHOBKY CHEMHBIX MapOK M MasiKOB; -
* BJI@XHOCTb CTEH U TEMIIepaTypy BO3IyXa WsmeputenbHbIi
(B 3UMHee BpeMs)
TykarypHbie KonTponupoBars: OO0umit )xypHaI
paboter * Ka4eCTBO IITYKaTypHOI'O PacTBOpa; JlaGopaTopHsIit pabor
* CpeIHIOI0 TOJIIINHY 00pBI3ra, IPyHTa, Busyanbhslii,
HaMeTa; HU3MEPUTEIbHBIN
* OTKJIOHEHHMS OTKOCOB, IIJIICTP, CTOJI00B W3mepurensHbIit
U T.JI. OT BepPTHKAIH;
* KaueCTBO MMOBEPXHOCTH ILUTYKATYPKHU BusyanbHbiit
[Ipuemxa [IpoBeputsb: AKT ipueMKu
BHIIOMHERERIX pabor * IPOYHOCTH CIIETUICHUS IITYKaTyPHBIX Texuudeckuit ocMoTp BHIQNHERHLX pabor
CJIOEB C OCHOBAHHEM;
* COOTBETCTBHE KaueCTBa OMITYKaTypeHHON W3mepurensHbIi
MIOBEPXHOCTH TPEOOBAHHSM ITPOEKTa
u CHull
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KoHTponbHO-U3MepUTENbHBINH HHCTPYMEHT: OTBEC CTPOUTEIBHBIH, JIMHEeHKa MeTaJIMdecKasi, peiika-npaBuIlo, JeKao

OmnepaunoHHBII KOHTPOJb OCYIIECTBISIOT: MacTep (mpopad), 1adopaHT (MHKEHEp) — B mporecce paboThL.
IIpuemMouHEBIi KOHTPOJIB OCYLIECTBISIOT: paOOTHHUKH CITyKOBI KadecTBa, MacTep (mpopad), MpeaCcTaBUTEIH TEXHAA30Pa
3aKa34yuKa

Texauueckue Tpe60BaHI/I$I

Jonyckaemble OTKIOHEHUS

HepoBHOCTH ITOBEPXHOCTH HOBOH IITYKAaTypKH MPH
HaKJIaJAbIBAaHUU 2-METPOBOM PEHKHU:

* IpH MIPOCTOM MITYKaTypke — He Ooree 3-X HepOBHOCTEH
TTyOWHOH MIIH BBICOTOHU 10 5 MM;

* MIOBEPXHOCTH OT BEPTHUKAIN MPH MPOCTOH MTyKaTypke — 3 MM,

HO He Oonee 15 MM Ha 3Tax;

. J'[y3F, yCeHKOB, OKOHHBIX U ﬂBeprIX OTKOCOB, l'lPlJ'[ﬂCTp,
cT0J100B — 10 MM Ha BeCh JIEMEHT

5 MM
10 Mmm

—

>5MM

VkazaHus 110 IPOU3BOJICTBY PabOT

IMoxroroBka MOBEpXHOCTH (hacamgoB 3AAHUN COCTOUT U3 CIISIYIOIINX OIeparuii:
* OYHCTHUTH MOBEPXHOCTHU OT CTAPBIX U3BECTKOBBIX, CHIIMKATHBIX U JIP. OKPACOYHBIX TIOKPBITHIA;
* OTOHUTH HENIPOYHYIO ITYKATYPKY;
* 00paboTaTh HEOCTATOYHO MIEPOXOBATHIC TOBEPXHOCTH;
* IOKPBITh METAIIIMYECKON CEeTKOM ¢ ssueiikamu pazmepoM 10 x 10 MM WK TUIETEHHEM U3 IPOBOJIOKH C sTUeHKaMu
pasmepom He 6onee 40 x 40 MM HEOOXOMMbIE apXUTEKTYPHBIE JCTaH

ITpu omTykaTyprBaHUM ITOBEPXHOCTH (hacaoB HAHECCHHE KaXI0T0 MOCIIEAYIOIIETO CII0s ITyKaTypHOro HaMmeTa
JIOITyCKAeTCs TOJIBKO IOCIIE CXBAThIBAHUSA

ITpu peMoHTe (hacagoB TOJIIMHA JEKOPATHBHOTO CJIOS ISl pacTBOpA:
* C MEJIKO3EPHUCTHIM HAIOJHHTENEM (TIpH C1aboM pelbede MTyKaTypKu) — 4—6 MMm;
* CO CPEIHE3EPHUCTHIM — 6—8 MM;
* C KPYIHO3EpHUCTHIM — 8—10 MM

JlexopaTHBHBIH CII0I HAHOCAT B /1Ba preMa. [Ipu ciiibHO penbeHBIX MTyKaTypkax ¢ HAKPBIBOYHBIM citoeM 15—18 Mm
pacTBOp HAHOCAT B TPU NpHeMa

TpoJis KauecTBa. Hu B 0HOM U3 IPpOaHAIM3UPOBAaHHBIX
TEXHOJIOTMYECKUX KapT TAKUX CXEM HET.
Meronuueckue pekomenaauun MJC 12-29.2006
coJiepIKaT TpeOOBaHUS K TEXHOJIOTHYECKOM KapTe, K CO-
CTaBy M COAEPIKAaHHIO ee Pa3/elioB, a TAK)Ke PEeKOMEeH1a-
U K U3JI0KEHUIO U 0(OPMIICHHIO pa3lesioB U TEXHO-
JIOTUYECKOM KapThl B 1IesioM. B ocHoBy Pekomennanuit
MOJIOKEHBl HOPMAaTHUBHBIE U 3aKOHOAATEIbHBIE aKThI
Poccutickoit @enepannu B 00IaCTH CTPOUTEIHCTBA,
pesynsrarsl pabotr ITHUMOMTII u npyrux nmpoexTHo-
TEXHOJIOTUYECKUX YUPEXKICHUN B CTpoUTeNbCcTBE. B 10-
KYMEHTE YUYTEHBbI N10J10XKeHUs «PyKkoBoacTBa no pas-
paboTKe TEXHOJOTHYCCKUX KApT B CTPOUTEIHCTBEY
(x CHuII 12-01-2004 «Opranu3anusi CTpOUTEIHCTBAY )
[MHWUMO? 1 onbIT mpuMeHeHUs1 PyKOBOACTBa CTPOH-
TEJIbHBIMU U MPOEKTHBIMUA OpraHu3auusMu. JJOKyMeHT
PEKOMEHAYETCS UCTIOIB30BaATh CTPOUTEIbHO-MOHTAXK-
HBIMH OPTaHU3ALMSIMHU U IPOEKTHO-TEXHOJOTHUECKIUMH
WHCTUTYTaMH IS pa3pabOTKN TEXHOIOTHICCKUX KapT,
T.€.Th OH HE HOCHT 00s3aTeIbHEIA XapaKkTep.
Hecmotpst Ha MHOXKECTBO MPEUMYIIIECTB HCTIOb-
30BaHUS TEXHOJIOTMUECKUX KapT B CTPOUTENbHBIX IIPO-

€KTax, CYIIECTBYET TaKXke psJ MpolieM U orpaHude-
HUH, KOTOpble HEOOXOAMMO YYUTHIBaTh. HekoToprie
13 Hamboyee pacrmpoCTPaHCHHBIX MPOOIIeM BKITIOYA-
I0T OTCYTCTBUE CTaHJapTU3allMU B MCIOJIb30BAaHUU
TEXHOJIOTHYECKUX KapT, TPYIHOCTH C MHTETpanuei
TEXHOJIOTHYECKHAX KapT B CYMIECTBYIOIINE CHCTEMBI
U TIPOLIECCHI, a TAKXKE OTCYTCTBUE MOHUMAHUS U OIBITA
B MCIIOJL30BAaHUM 3TUX KapT [16, 17].
TexHoMOTN4YeCcKHEe KapThl MOTYT CHITPATh BAXKHYIO
pOJIb B YIYUYHIEHUU KOHTPOJIS Ka4eCTBa PEMOHTHO-
CTPOUTENBHBIX paboT, PeIoCTaBIss YETKYIO U Opra-
HU30BaHHYI0 MH(OPMALIKIO O Mpoleccax, 3aeicTBO-
BaHHBIX B MPOEKTE. JTa HHPOPMALIHSI MOXKET BKITFOUATh
HeoOXomMble MaTepHaibl 1 000pyIoBaHUE, IPeIIoia-
raeMble CpPOKH BBIIIOJIHEHHS paboT U APYIYIO BAKHYIO
HHPOPMAITHIO, HAIIpUMep PEKOMEHIAINH 1 TIPOTOKOJIBI
1o TexHuke Oe3zonacHocTH. brnaroxaps Haau4wo 3TN
MH(pOPMaIMK B OJHOM MECTE, TEXHOJIOTHUECKUE Kap-
TBI TIOMOTAIOT O0ECIEUNTh YeTKOC TOHUMAaHNUE BCEMHU
YYaCTHUKAaMU MPOEKTA, YTO OT HUX OXKHIACTCS, U CO-
BMECTHBIMH YCHJIMSIMU JJOOUTBHCS, YTOOBI MMPOEKT ObLI
BBITIOJTHEH HAa CAaMOM BBICOKOM ypoBHe [18-20].

2CIT148.13330.2011. Opranuzanust CTpOUTENbCTBA // DIEKTPOHHBIN (OH/] IPABOBOI ¥ HOPMATUBHO-TEXHUYECKON JTOKYMEHTa-

mun. URL: http://docs.cntd.ru/document/1200084098
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3AKJTIOYEHHUE U OBCYXJEHHUE

B xoz1e BBIIOIHEHNS UCCIIETOBAHMI OBLIO CIEIAHO
3aKJTIOYEHHE, YTO CYIIECTBYIOIINE THIOBBIC TEXHOIOTH-
YyecKue KapThl 04eHb CHIIbHO ycrapenu. He cymiectByer
e/IMHO# 0a3bl JaHHBIX, I7ie ObLIM ObI COOPaHbI THIIOBBIE
TexHoJIorn4Yeckre KapTel. He cymecTByer Takxke u 00si-
3aTeNbHBIX TPEOOBAHMH ISl X COCTABIICHHS, @ METOHU-
YecKre peKOMEH IallNH 3a49acTyI0 IPOCTO HE MCIIONb3Y-
IOTCA TPU COCTABJICHUU CTpOHTeHLHOﬁ JOKYMCHTalHU.
B xone paGoTsl OBITO MTPOAHATU3UPOBAHO HECKOIBKO
JIECSITKOB THUTIOBBIX TEXHOJOTHYECKUX KapT Ha Pa3HbIE
BUJIBI CTPOUTENBHBIX paboT, M HU OJ{HAa U3 HUX MOJIHO-
CTBIO HE COOTBETCTBYET pEKOMEHAIMsM. Takne KapThl
HE COZIepIKaT MOTHON WH(POPMAITUN ¥ HHCTPYKITHHA IS
paboTHI, Be3[ie OTCYTCTBOBAJIN HAINSIHBIE TEXHUYE-
ckre cxeMbl. Bo MHOTHX KapTax He NMpOMUCHIBAIHNCH
JIONTYCTHMBIE OTKJIOHEHUSI, DJIEMEHTaPHO OTCYTCTBOBAI
MepedeHb He0OXOAMMBIX HHCTPYMEHTOB. TakuMm o0Opa-

30M, MOJKHO CJEJIaTh BBIBOI, YTO CTPOUTEILHOMY pa-
OodeMy OyleT TPYIHO MOHATH TEXHOJOTHUYECKYO KapTy
B Clly4ae BO3HMKHOBEHHS KaKOr0-TO BOMpoca. XoTe-
J0ch Obl 00paTUTh BHUMaHHUE, YTO HA CTPOUTENILHON
TUTOIIAKE MOT'YT OBITh HE TOJBKO MPOPAOBI C OONBIITHM
OMBITOM PabOThI, HO M MOJIOJbIE CIIEIIHATHCThI, KOTO-
PBIM TEXHOJOTMYECKHE KapThl ObUIM ObI HEOOXOAUMBI
JUISL YCIICUIHOTO BBIMOIHEHUS Pa0OTHI.

OTaenpHO XOTeNOCh OBl OTMETHTh, YTO BO MHO-
TUX MPOaHATU3UPOBAHHBIX TEXHOJOTHYCCKUX KapTax
JIaKe HET CChUIOK Ha HOPMAaTHBHBIC JOKyMeHThI. [1o/-
BOJISL UTOT MPOBEICHHOIO UCCICIOBAHMS, MOXKHO CIC-
JIaTh BBIBOJI, UYTO HMCIIOJIb30BaHHE TEXHOJOTHYECKOH
KapThl MOXET [IOMOYb MOBBICUTh Ka4€CTBO PEMOHTHO-
CTPOMTENIBHBIX PabOT 3a CUET YETKOTO PYKOBOJCTBA
U CTPYKTYpPHPOBAHHOTO MOJX0/Ia K BBITOIHEHHUIO CTPO-
UTEIBHOTO MpoIiecca. DTO MPUBEACT K YMEHBIICHUIO
KOJIMYECTBAa OIIMOOK, MOBBIMICHUIO 3(PHEKTUBHOCTU
U pe3yJbTaTUBHOCTH CTPOUTEIBHOTO MTPOIIECcca.
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INTRODUCTION

Quality control is the process of ensuring that re-
pair and construction work is carried out to the highest
standard and in accordance with the necessary speci-
fications and requirements. Quality control comprises
a number of steps, including planning, execution and
monitoring. Effective quality control is essential to
ensure that the renovation work is completed on time,
within the budget and to the highest standard.

The quality of repair and construction works is in-
fluenced by the perfection and planning of technologi-
cal processes; compliance with the correct technological
sequence of works; rhythm of production; qualification
level of personnel; coordinated actions of all depart-
ments of the construction organisation and its subcon-
tracting organisations; quality of used construction
materials, raw materials and equipment; organisation
of effective quality control. All these factors function in
close interrelation; therefore, they should be considered
within the framework of the general system. It is obvi-
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ous that in order to solve the problem it is necessary to
justify and make organizational and technological deci-
sions taking into account this aspect [1-3].

When carrying out works on overhaul of MDU,
there are deviations from the required parameters
of materials and technological tolerances in the course
of works, which entails deterioration of quality and
safety of repaired facilities; defects of repair work
results should be quantified in the process of techno-
logical (operational) control, and by the results of as-
sessment of these defects by organizational and tech-
nological solutions to minimize their negative impact
on the operational properties of facilities [4-7].

To minimise errors and deviations, the work should
only be carried out by qualified professionals. However,
even the most experienced and educated builder should
regularly have recourse to regulations, recommenda-
tions and instructions. One of these documents is flow
charts. By analysing existing standard flow charts, it is
possible to identify deficiencies and errors, the elimina-
tion of which will subsequently help builders to quickly
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control the quality of the finished product and eliminate
the defect aspect [8].

Process maps are graphic representations of
the processes and systems involved in the construction
and renovation work. They can be seen as a visual rep-
resentation of the design, planning and execution phas-
es of these projects. The flow charts are usually created
using computer software and can be adapted to reflect
the unique requirements of each individual project.

The process map is one of the organisational and
technological documents in construction [9], as is
the construction organisation project and the work ex-
ecution project.

The availability of organisational and technological
documents, including flow charts, and their usage in con-
struction production largely predetermine the competi-
tiveness of a construction organisation [10, 11].

MATERIALS AND METHODS

The research methods were the study, analysis and
synthesis of existing standard flow charts for various
construction works carried out in the process of major
repairs. The main purpose of the study was to assess
the effectiveness of flow charts in improving the quality
control of repair and construction works.

The process map is the most important document
for the organisation of construction processes, as it in-
dicates guidelines for workers, placement of tools and
equipment, storage of materials, supplies, quality re-
quirements, safety measures and much more. It helps to
complete each stage of work in due time, deliver pro-
jects promptly and reduce the number of mistakes and
irregularities. The process charts are designed to stand-
ardise the activities of workers on the construction site,
providing the most efficient methods of carrying out
various types of work and ensuring that workers follow
the production process to complete the work without
missing any cycles.

The effectiveness of flow charts lies in their ability
to provide a chain of actions that a worker must perform
in a specific sequence. This ensures that the worker
does not miss any cycle of the production process, as
any errors or omissions could have a significant impact
on the overall quality of the project and its comple-
tion date. Overall, flow charts play an important role in
the construction process by promoting standardisation,
ensuring quality and safety standards are met, and re-
ducing errors and defects.

A process map can be a useful tool for improv-
ing the quality of renovation and construction work by
providing a clear visual representation of the project
steps and the resources required to complete the project.
By breaking the project down into its individual com-
ponents, a process map can help to identify potential
problems and inefficiencies and provide a roadmap for
optimising the workflow.

Several typical flow charts for the following
construction works carried out during major repairs
were selected for research: repairs of waterproofing,
brick masonry, roofs and floor decks, stairs, windows,
painting, reinforced concrete panels, floors, ceilings,
thermal insulation, foundations and plastering.
The analysis is intended to establish the completeness
and informativeness of the “Quality Control” sections.
It was decided to check how completely the following
information is reflected in the flow charts: the name
of the work to be controlled; the work to be controlled;
the subject, composition, scope of the control performed,
including information about permissible deviations from
the norm; the scope of the control performed as well as
indication of the person responsible for the performed
work. Attention was also paid to the information
on the normative documents to be referred to by
the builders during the works. The study of the flow
charts will highlight the importance of ensuring that
the standard flow charts used in construction work are
complete and informative, especially in terms of quality
control.

RESEARCH RESULTS

During the analysis of the selected flow charts, guid-
ed by GDC 12-29.2006 “Methodological recommenda-
tions for the development and design of flow charts”
(point 5.4), the following conclusions were drawn'.

The section “Work quality requirements” does not
fully specify the parameters of the technological pro-
cess and operations (control operations) to be moni-
tored. In addition, all cards partially lack information
on the location of control locations, performers, scope
and content of control operations, methods and schemes
of measurements, rules of documenting control results
and decision-making on the exclusion of defective prod-
ucts from the technological process are not explained.

The methods and measuring instruments used
must ensure the reliability of the results, which must be
guaranteed by compliance with the rules and standards
of the State Measurement System (SMS).

Quality control is a crucial aspect of construction
processes as it helps to ensure that the final product
meets the required standards, specifications and re-
quirements [12]. Unsatisfactory quality control can lead
to design defects, increased costs and safety hazards,
which can adversely affect the durability and function-
ality of the finished project.

The quality control provided in the technologi-
cal card consists of the incoming inspection of design
and technological documentation; incoming inspection
of used construction materials, products and structures;
operational control of the technological process; ac-
ceptance quality control of works, installed structures
and equipment, constructed buildings and structures;

'GDC 12-29.2006. Methodological recommendations for the development and design of a flow chart. Moscow, 2007; 12.

79

(L6) L NSSI'EL IO agponisieg



Science :ﬁlt:lngtll::glii':::l: Vol. 13.Issue 1(47)

Yulia O. Kustikova, Elena V. Pankova

registration of quality control results and acceptance
of works.

One of the key ways in which flow charts can help
to improve the quality control of repair and construction
work is to provide a clear and comprehensive overview
of all the processes involved in these projects. This can
help to ensure that all necessary steps are taken to pro-
duce the desired results and that the quality of work is
maintained at all times throughout the project [13, 14].

In addition, flow charts can also help minimise
the risk of errors and omissions, as they provide a visual
representation of all the interrelated systems and pro-
cesses involved in construction and renovation projects.
This can help ensure that everyone involved in the pro-
ject is aware of the requirements and responsibilities
of each stage, which minimises the risk of errors and
shortcomings.

The recommendations say that the basic data and
parameters required for control are given in tables;
an example of drawing up a table for the operation-
al control of a process is given in Table 1, and Ta-
ble 2 gives an example of forming a tabular form
of the list of work processes and operations to be con-
trolled, indicating the means and methods of control.

The flow chart shall provide methods of control,
means, diagrams, rules for carrying out measurements
and tests, rules for processing the results of measure-
ments and tests and their evaluation as established in
the standards, technical specifications [15].

In the operational control section of the process
flow diagrams should be given, the Table 3 shows an
example of such a diagram. Their main purpose is to
show the foreman and workers the quality control lo-

Table 1. Operational process control

cations. None of the analysed flow charts contain such
diagrams.

Methodical Recommendations GDC 12-29.2006
contain requirements to the technological map, to
the composition and contents of its sections, as well
as recommendations for presentation and design
of the sections and the technological map in general.
The Recommendations are based on normative and
statutory acts of the Russian Federation in the area
of construction, on the results of the work of the Central
Research Institute of Building and Civil Engineering
and other design and technological institutions in con-
struction. The document takes into account the provi-
sions of “Guidelines for the development of flow charts
in construction” (for SNiP 12-01-2004 “Organization
of construction”) of the Central Research Institute for
the Organization of construction? and the experience
of application of the Guidelines by construction and de-
sign organizations. The document is recommended to
be used by construction and installation companies and
design and engineering institutes to develop flow charts,
i.e. it is not mandatory.

While there are many benefits of using flow
charts in construction projects, there are also a num-
ber of problems and limitations that need to be con-
sidered. Some of the most common problems include
lack of standardisation in the use of flow charts, difficul-
ties in integrating flow charts into existing systems and
processes, and lack of understanding and experience in
the use of flow charts [16, 17].

Process charts can play an important role in im-
proving the quality control of repair and construction
work by providing clear and organised information
on the processes involved in the project. This informa-

Parameter to be monitored
(according to which
normative document)

Name of the technological
process and its operations

Method of control, means
(devices) of control

Permissible parameter
values, quality requirements

Table 2. List of work processes and operations to be controlled, means and methods of control

Name of processes,
products to be
controlled

Tool and method

Object of control of control

Technical criterion for
assessing quality

Monitoring
time

Responsible
controller

Input control

Operational controls

Acceptance inspection

2SP 48.13330.2011. Organisation of construction : Electronic fund of legal and regulatory and technical documentation. URL:

http://docs.cntd.ru/document/1200084098

80



A flow chart as one of tools improving the quality of repair and construction work P. 72-83
Table 3. Operational quality control scheme
Operational control scheme Renovation of plastered facades of buildings Sheet 1
Composition of operations and controls
Stages of work Controlled operations Control (method, scope) Documentation
Preparatory work Check: Passport,

« filling in window and door openings;

« the availability of a quality document
for the mortar received;

* clean the wall surface of loose plaster

Technical inspection

Visual

Same

general work log

and salts;

* installation of removable stamps and -
beacons;

» wall humidity and air temperature
(in winter)

Measuring

Plastering work Control:

General work log
« the quality of the plaster mortar; Laboratory monitoring

« average thickness of spray, soil, swath; Visual, measuring

« deviations of slopes, pilasters, pillars, Measuring
etc. from the vertical,
* plaster surface quality Visual

Acceptance of Check:

completed works

Certificate of
acceptance of work

* the adhesion strength of the plaster
performed

layers to the substrate;

Technical inspection

« the quality of the plastered surface
complies with the requirements of
the project and the regulations

Measuring

Measuring and controlling tools: plumb bob, metal ruler, straight edge, moulding

Operational controls are carried out: foreman (foreman), laboratory technician (engineer) — in progress.
The acceptance inspection shall be carried out: quality officers, foreman (foreman), client’s supervisors

Technical requirements

Admissible deviations

Unevenness of the surface of the new plaster when applying
a 2-metre long batten:
« for simple plastering, no more than 3 unevennesses with
a depth or height of up to 5 mm;
« of the surface from the vertical for simple plastering —
3 mm, but no more than 15 mm per floor;
« internal corner, external corner, window and door jambs,
pilasters, pillars — 10 mm for the entire element

Instructions for carrying out the work

The surface preparation of building facades consists of the following operations:
* clean the surface of old lime, silicate and other paint coatings;
* to beat away weak plaster;
* to treat insufficiently roughened surfaces;
* covered with metal mesh with mesh size 10 x 10 mm or woven wire mesh with mesh size max. 40 x 40 mm (architectural
details required)

When plastering facade surfaces, each subsequent layer of plaster screed may only be applied after it has set

When renovating facades, the thickness of the decorative layer for fine-grained mortar:
« if the plaster relief is weak — 4—-6 mm;
 with medium grit — 6-8 mm;
* with coarse grit — 8—10 mm

The decorative layer is applied in two passes. For highly embossed plasters with a covering layer of 15—-18 mm, the mortar
is applied in three passes
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tion can include the materials and equipment needed,
estimated timescales for the work and other important
information such as safety recommendations and pro-
tocols. By having this information in one place, flow
charts help to ensure that everyone involved in the pro-
ject clearly understands what is expected of them and
works together to ensure that the project is completed to
the highest standard [18-20].

CONCLUSION AND DISCUSSION

In the course of the research it was concluded that
the existing flow charts are very outdated. There is no
unified database of standard flow charts. There are also
no mandatory requirements for their preparation and
the methodological guidelines are often simply not
used in the preparation of construction documents.
Several dozens of standard flow charts for various
types of construction works have been analysed and
none of them fully conforms to the recommendations.
Such maps do not contain complete information and

instructions for work and they all lacked illustrative
technical schemes. Many of the maps did not specify
permissible deviations and the list of necessary tools
was simply missing. Thus, we can conclude that it
would be difficult for a construction worker to under-
stand the technical card in case of any questions. We
would like to draw attention to the fact that on the con-
struction site there may be not only foremen with ex-
tensive experience but also young specialists who
would need the flow charts to successfully perform
the work.

In addition, many of the analysed flow charts do
not even have references to normative documents. To
summarise the findings of this study, it can be concluded
that the use of flow charts can help to improve the qual-
ity of repair and construction work by providing clear
guidance and a structured approach to the construc-
tion process. This will lead to a reduction of errors and
an increase in the efficiency and effectiveness
of the construction process.
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AHHOTALNUA

BBepneHue. CoBpeMeHHble cnocobbl MpoM3BoAcTBa paboT Mo KanuTanbHOMY PEMOHTY 34aHWUA OCHOBaHbI Ha NPUHLUMNax no-
TOYHOCTM U HaY4HbIX METOAAax opraHusauuy Tpyaa, paspaboTaHHbIX C yH4ETOM Cneumduky OTAENbHbIX BUAOB TEXHOMOMUIA pe-
MOHTHO-CTPOUTENbHbIX paboT. B kayecTBe OCHOBHbIX NOKa3aTerie TeXHONOrMYHOCTI NPoM3BoACTBa paboT Npu KanuTanbHOM
PEMOHTE PacCMOTPEHbI: TPYAOEMKOCTb U NMPOAOIKUTENBHOCTL PAaboT, MaTepUanoemMKocTb, CTOMMOCTb U 3aTpaThl Ha U3roTOB-
neHne KOHCTPYKUM. Kaxxabin u3 3Tux nokasarenen MMeeT COOTBETCTBYHOLLME pe3epBbl, KOTOPble MAEHTU(ULMPYIOTCS U UC-
Nonb3yTCs ANs MOBbILIEHNS TEXHONMOMMYHOCTU NMPOM3BOACTBA KaK KaXaoro Buaa paboT, Tak U No 34aHUI0 B LIENOM.
MaTtepuanbl u meToabl. B 0CHOBY cTaTby NONOXeH MeTon OueHKM 3hEKTUBHOCTM Pa3nMYHbIX BapuaHTOB COKpaLLEeHNUst
NPOAOIKUTENBHOCTU NPOBeAeHUs paboT, YTO HemnocpedCTBEHHO BMUSIET HA M3MEHEHVEe TEXHOINOrMYeckux napameTpoB.
[MpoBeneHo pelTUHroBaHUe cpeay NOAPSOHbLIX OpraHU3auuMii, NO3BOMsLLEE BbISIBUTb pe3epBbl MOBbLILLIEHUS NPOU3BOAM-
TENbHOCTU TPYyAA, a Takke onpeaenuTe 406POCOBECTHbIE NOAPSAHBIE OpPraHU3aLmm Ans 3aKa34ynkos.

PesynbraTtbl. PaspaboTtaHHasi MeToaMKa OLEHKM TEXHOMNOMMYHOCTM NPOM3BOACTBa paboT No KanuTanbHOMY PEMOHTY Mo-
3BONSIET NOAPSAHBIM OpraHn3aLmMsiM 060CHOBbLIBaTb AJ1si 3aKa34MKOB NPeAnoXeHNs MO COKPALLEHNIO CPOKOB M CTOMMOCTHU
paboT no kanuTanbHOMYy PeMOHTY. Mcnonb3oBaHne pa3paboTaHHOro OpraHWM3aLMOHHO-TEXHOMOMMYECKOro MexaHu3ma
B MpaKTUKe B3aUMOLENCTBUSI BCEX YH4ACTHUKOB MPOLIECCa KanuTanbHOro peMOoHTa MO3BOMUT HE TONMbKO AOCTUrHYTb HaMbo-
nee BbICOKMX MokasaTtenen, Ho 1 ByaeT CnyXuUTb OCHOBOM Afsl akTyanusaumym HOpMaTUBHbIX OKYMEHTOB MO KanuTarbHOMY
PEMOHTY 34aHUI.

BbiBoabl. Vcnonb3oBaHHbIN MeToA OUEeHKM 3PEKTUBHOCTM Pas3nUYHbIX BapuaHTOB COKpaLLEHWs! MPOOOIKUTENBHOCTU
paboT U CBA3AHHbLIX C 3TUM U3MEHEHUI TEXHOMOMMYECKMX NapaMeTpoB Mo kputeputo Banbaa, Casuaxa u MNypeuua noseo-
NN ycTaHoBUTb Hanbornee nNpeanovTUTENbHOE KOHCTPYKTUBHO-TEXHOMOMMYECKoe pelueHue. PaspaboTaHHasi peiTuHroBas
oLeHKa NoApsSAHbIX OpraHn3aunii NO3BOMNUT HA OCHOBE AOCTUMHYTbIX PE3YNbTAaTOB BbISIBUTb UMEIOLLMECS pe3epBbl NoBbILLe-
HWUSI MPOM3BOAMUTENBHOCTU TpyAa NpU NPOM3BOACTBE PEMOHTHO-CTPOUTENbLHBLIX PAboT N CTUMYNMPOBATb 3TU OpraHn3aumnm
B NPeanoyTUTENbHOCTU MPU OCYLLECTBMNEHUM KOHKYPCHbLIX Mpoleayp no BblOOpy UcCnonHuTenen pabot 3akaszvymkoM. Bbi-
SIBNEHHbIE pe3epBbl COKpaLLEHUS NPOAOIKUTENBHOCTM paboT No KanuTanbHOMY PEMOHTY MCMOMNb30BaHbl Kak OCHOBa Ans
hOPMVPOBaHMSA MEPONPUATUI MO NOBBILLEHWNIO TEXHOMOMMYHOCTY NPON3BOACTBA paboT.

KIKOYEBBIE CITOBA: kanuTanbHbI pEMOHT, pe3epBbl, TEXHONOMMYHOCTL, MPOAOIMKUTENBHOCTbL, 3aKa3uuk, nogpsaHas op-
raHusaums, cuctemaTmsaums nNpoLeccoB
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ABSTRACT

Introduction. Modern methods of executing total building renovation are based on the principles of flow and scientific meth-
ods of labour organisation, developed with due regard for the specific features of certain types of repair and construction
works technologies. The following labour-intensiveness and duration of work, material-intensiveness, cost and production
cost of constructions are considered as the main indicators of work production technology in the course of overhaul repair.
Each of these indicators has corresponding reserves, which are identified and used to improve the manufacturability of
production of each type of work, as well as on the building as a whole.
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DopmnpoBaHne opraHM3aLmMOHHO-TEXHOAOrMYECKOIo MeEXaHU3Ma oBbILLEHNST TEXHOAOTMYHOCTH

. C. 84-97
MPOU3BOACTBA PaboT Npu KanuTaAbHOM PEMOHTE 3AaHUI

Materials and methods. The article is based on the method of assessing the effectiveness of various options to reduce the du-
ration of work, which directly affects the change in technological parameters. A ranking among contractors has been carried out
to identify the reserves for increasing labour productivity, as well as to identify bona fide contractors for customers.

Results. The developed methodology of evaluation of manufacturability of overhaul works allows contractors to justify for
customers the proposals on reduction of terms and cost of overhaul works. The use of the developed organizational and
technological mechanism in practice of interaction of all participants of capital repair process will allow not only to achieve
the highest indicators, but also will serve as a basis for actualization of normative documents on total building renovation.
Conclusions. The method of efficiency estimation of different variants of work time reduction and related changes of technologi-
cal parameters according to Wald, Savage and Hurwitz criteria allowed to establish the most preferable construction-technological
solution. The developed rating assessment of contractors will, on the basis of achieved results, enable to reveal reserves of in-
creasing labour productivity in the course of repair-construction works and to encourage these organizations to be more preferable
in carrying out competitive procedures of selecting contractors by the customer. The identified reserves of reducing the duration of
overhaul works are used as a basis for the formation of measures to improve the manufacturability of works.

KEYWORDS: total building renovation, overhaul repair, reserves, manufacturability, duration, customer, contractor, process
systematisation
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BBEJIEHHUE

KamuranbHbI peMOHT 3MaHUN TPEACTaBISIET CO-
0011 KOMIUTEKCHBIN TEXHOJIOTUIECKUH TPOoIiece, OpraHu-
30BaHHBIN B 3KCILTyaTHPyEMOM 3/IaHUH, OTIIMYAOIINiCs
PSIIOM OCOOEHHOCTEH, BIMSIOIINX Ha IPUHSATHE OPTraHu-
3aIIMOHHO-TEXHOJIOTHYECKIX PeIIeHHH. TH 0COOEeHHO-
CTH pETIaMEHTHPOBAaHbI HOPMAaTUBHBIMHU TPEOOBaHUSIMU
1 METOIMYECKIMH PEKOMEHIAIMSAMH KaK B 00JIaCTH TIpo-
BeJIeHUs! padoT MO KalMTaIbHOMY PEMOHTY, TaK U B3au-
MOJICHCTBUS MEXAY YIaCTHUKaMHU Tporiecca (3aka3uu-
KOM, TIOIPSITINKOM, JKUTEIISIMH) U T.IL [1].

[Tockonbky paGoOTHl MO KATUTAJIEHOMY PEMOHTY
B MHOTOKBapTHPHBIX KHJIBIX AOMax MPOBOIATCS, KaK
MIpaBUJIO0, 6€3 OTCENICHHS KUTEIEH, BXKHOH 3a/1aueii sSB-
JsIETCS COKpAIIEHHUE NX NMPOJOIDKUTEIFHOCTH 03 yIep-
0a KayecTBa M yBEJINYEHHSI CTONMOCTH padot. [1pomon-
JKUTEJIBHOCTD SIBJISETCS OHUM M3 0a30BBIX MTApaMeTPOB,
XapaKTepU3YIONINX TEXHOIOTHYECKHUH Iporece, U, co-
OTBETCTBEHHO, BIMAIOMINX HAa TEXHOIOTHYHOCTH. VHTe-
rpanbHasi OLEHKAa KOMIUIEKCA ITapaMeTpOB, BIMSIOMINX
Ha TEXHOJIOTUYHOCTb, YIYYIIEHHE X 3HaUCHUH 3a CUeT
BBISIBJICHHBIX PE3EPBOB M peaii3aluyl pa3padoTaHHbIX
MEpOTIPUATHH, ABIICTCS 0a30BOH muaThopMoit ais
(hopMupOBaHHS OPraHU3ALOHHO-TEXHOJIOTHYECKOTO
MeXaHN3Ma TOBBIIICHHUS TEXHOJIOTMYHOCTH paboT mpu
MPOBEICHUH KalTUTAILHOTO PEMOHTA 3MaHui [2—4].

OnHoIf 13 0COOEHHOCTEH pean3annuy MporpaMMbl
KamUTaJbHOTO PEMOHTa B MHOTOKBAPTHUPHBIX JKHIIBIX
JIOMax SIBIISIETCS UIUTENbHBIN 30-eTHHIA Iepron ee pe-
aIM3alnH, B TeUEHHE KOTOPOTO MMPOUCXOAUT COBEPILECH-
CTBOBaHHE M OOHOBJICHUE CTPOUTENBHBIX TEXHOIOTHH,
MaTrepHaoB, TEXHUUECKUX CPEJICTB U T.II., @ TAKXKE CO-
OTBETCTBYIOIEH UM HOPMaTUBHO-TEXHHYECKOW Oa3bl.

OCHOBHBIM HOPMAaTUBHO-TEXHUYCCKUM OTOKYMCH-
TOM, PETIAMEHTHPYIOIINM ITPOESKTUPOBAHKE PAadOT 110 Ka-

HUTATEHOMY peMoHTY, sBisiercst CIT 368.1325800.2017"
2, KOTOPBIN yCTAHABIMBAET TPEOOBAHHSA Ha IPOEKTHPO-
BaHUE KalUTAJIBbHOTO PEMOHTa MHOTOKBAPTUPHBIX KU-
JIBIX 3[@HUH BBICOTOM 0 75 M, B TOM YHCIIE OOIIEKUTHI
KBapTUPHOTO THMA, ¢ yueToM M3menenmit Ne 1, yt-
BEPIKICHHBIX MTPUKa30M MHUHHCTEPCTBA CTPOUTEIHCTBA
1 KIJTAITHO-KOMMYHAJTBHOTO X03s1iicTBa OT 30 nexadps
2020 . Ne 924/mp.

BrisiBieHUE pe3epBOB MOBBIIIEHUS TEXHOJIOTHY-
HOCTH TIPOM3BOICTBA padOT MPHU KaUTATLHOM PEMOH-
T€ 3MaHUN JaeT BOSMOXXHOCTH YIIyUIICHHS UCIIOIB30-
BaHH PECYpCOB B pe3yiIbTaTe COBEPIICHCTBOBAHUS
opraHu3aluu Tpyda, NPOU3BOACTBEHHOTO Mpoliecca
W YNpaBJICHUS, MHTCHCU(DUKAIIMH TEXHOJIOTHYICCKOrO
nporecca. [lo MeTogam peanu3anuu pa3audaroT Mpo-
€KTHO-KOHCTPYKTHUBHBIC, TEXHOJIOTHUECKHE U OpTaHH-
3a[MOHHO-TEXHOJIOTHIECKHE pe3epBhl. Vcmonp30Banme
BCEX BHUJIOB PE3CPBOB 03HAYACT HAMOOJICE PAI[HOHAIb-
HO€ MCIMOJIb30BaHUE MaTEepPUANIbHBIX U TPYIOBBIX pe-
CypCOB H, B KOHEYHOM CUETE, ONPEaesIeT OCHOBHBIC
HaIlpaBJICHUS MOBBIIICHUS TEXHOJIOTHYHOCTH padoT
10 CPABHEHUIO C YCTAHOBIIEHHBIM PAHEE YPOBHEM.

MATEPHUAJIBI U METO/bI

OHCHKa TEXHOJIOTUYHOCTH IPOU3BOJACTBA PEMOHT-
HO-CTPOUTEIbHBIX PabOT BBIIOJIHIETCS C HOMOIIBIO
YKPYIHEHHBIX MMOKa3aTeNel 3aTpar Tpy/aa, MAIInHHOTO
BPEMEHHU U TPOJODKUTCIFHOCTH BBITOTHCHUS COCTAB-
JISOIUX WX TEXHOJIOTHUECKUX IponeccoB [5—8].

BBI6paB JUIST OLICHKU TEXHOJIOTUYHOCTU HECKOJIBKO
KOHCTPYKTUBHO-TEXHOJIOTHUYESCKUX PEILICHHUI JIIs KaXK [0~
rO PEMOHTHUPYEMOTO KOHCTPYKTUBHOT'O JJIEMEHTA U pa3-
JICJINB KOMILICKCHBIN MPOIECC KAMUTAIFHOTO PEMOHTA
Ha COCTABJIAIONINE €r0 TEXHOJIOIMYECKUE IPOLECCHI,
OTIPEIeNIAIOT 3aTpaThl TPYHAa, MAIIMHHOTO BPEMEHU
Y IPOAODKUTENIBHOCTD O K&KIOMY TPOIIECCY.

' CII 368.1325800.2017. 3manus sxunble. [IpaBuia mpoeKTHPOBAHMS KaMUTaIbHOrO pemonTa. Beem. 2018-05-26. M. :

AO «IIHC», 2018. 32 c.

2 CIT 37 2.1325800.2018. 3nanus *uiisle MHOTOKBapTHpPHBIE. [IpaBuia skcmutyaranuu. Beea. 2018-07-19. M. : AO «IIHC»,

2018. 24 c.
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1. Onpenenenne 3aTpar pyyHOTo Tpyaa MPOU3BO-
JUTCSI IO CIIEAYIONIeH dhopmyie:

tpi:tpi'Vi’ (1)

IJe {, — 3aTpaThl TPy, YeI.-4; t;. — 3arparsl Tpyaa
Ha BBIIOJHEHHE i-T0 COCTABIISIIOIIETO MPOLeCca, YeI.-1;
V,— 00bem paboT i-To COCTABIAIOIIETO TIPOIIECCa B Ha-
TYpaJbHOM H3MEpHTETIC.

2. OnpepesieHue 3aTpaT MAIIMHHOTO TPYAa [IPOU3-
BOJUTCS 110 CIeAyIomIeit hopmye:

i Vz s 2

rje {  — 3aTpaThl MAllMHHOIO BPEMEHH, Malll.-4;
t,:, — 3aTparbl MAIIHHHOTO BPEMEHH Ha BBIOJHEHUE
i-ro 00beKTa, MalllL.-4.

3. OnpenesneHne MPOTOIKUTEIBHOCTH PadoT:

a=a-V, 3)

T/IE &, — MPOJIOUKUTENBHOCTD BHITOTHEHHS JTHU/9acChl;
@, — TPOJOIKUTENBHOCTD BBIIIOJIHEHHS €IUHHILIEI
o0BeMa i-ro COCTaBIIAIOIIETO IpoLecca.

4. Pacyer cyMMapHBIX 3aTpaT TPyAa, MAIHHHOTO
BPEMEHH U NPONIOJDKUTEIBHOCTH PAbOT IO KaltUTaIbHO-
MY PEMOHTY i-TO 00BEKTa MPOU3BOANTCA IO (popMyIIam:

T,=21Vs 4)
i=1
Ty =21tw, Vs (5)
i=1
A,=a’ V. (6)
i=1

KonmdecTBeHHbIe 3HAaYCHUS BETMYUH I:_ i t:ﬁ IS
Ka)KJIOTO COCTABJISFOIIETO MPOIIecca OMPEIEIITIOTCS ITy-
TEM OCpEIHEHHS ITaHHBIX XPOHOMETPAKHBIX HaOItome-
HUIA, IPOEKTOB ITPOU3BOCTBA PabOT U IO ICHCTBYFOIIIM
HopmaruaM CHull u EHuP 1o BeIosHEHUIO JAHHOTO
MPOIIECca B COOTBETCTBHUH C YCIOBUSMU BHIOPAaHHOM TEX-
HOJIOTHYEeCKON HOopMmanu. KonndecTBeHHBIC 3HAUCHUS
BEIIUYHMH aiO OTIPEIEIISIFOTCS IO CETEBOMY TpaduKy B co-
OTBETCTBHUH C BRIOPAaHHOW TEXHOJIIOTHYECCKOW HOPMAITBIO
U C yYCTOM CTCTICHH BISHUS Ha OOIIYFO IPOIOIDKATEITh-
HOCTb BO3BEICHHUS 3IaHU.

KonuuecTBeHHbIE 3HAYEHUS BENMYUH d; Opee-
JISFOTCS ITyTEM OCPETHEHUS TaHHBIX CETEBBIX IPa(HKOB
1 (DaKTUYECKUX JAHHBIX TI0 TPOIODKUTEIIHHOCTH BBITION-
HEHUS TAHHOTO TIPOIIecca B COOTBETCTBHH C BEIOPAHHON
TEXHOJIOTHIECKON HOPMAITBIO M C YIETOM CTEIICHH BIIHS-
HUS HA OOIIYIO MTPOAOJDKUTEIIBHOCTS BO3BEICHUS 3AHUS.

[Ipu 5TOM MOTYT UMETh MECTO TPH CIyJas:

* BBIMOJTHCHHUE I-TO MPOIIECCa HE JIC)KUT Ha KPUTH-
YECKOM ITyTH; B 3TOM CITydae: a;) =0;

* BBINOJIHEHHE PACCMaTPUBAEMOTO i-T0 TIpoIiecca
MTOJTHOCTBIO JIKHUT Ha KPUTHUECKOM IIyTH; B 3TOM CITy-
Yae MPOJOJDKUTEIHFHOCTh BBHITONHEHUS €IUHUIIB pa-
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60T i-ro mpolecca MOKHO OMPEAEINUTb B 3aBUCUMOCTH
OT TOTO, SIBISETCS JIU i-i MPOLIECC MEXaHU3UPOBAHHBIM
WM PYYHBIM Kak:

o Iy
a =—-,
) (N
00 Kak:
tO
o p
“ T8 )

* BBITIOJTHEHHE i-TO Mpoliecca JISKUT Ha KPUTHIE-
CKOM ITyTH YaCTUYHO, B 3TOM CIIy4ae MPOJOJIKUTETh-
HOCTB oIperenseTcs GopMyIamMu:

o

t
¥ =55 ©)
nJIn
o to
“py82° (10

rae p — OTHOLICHUE NMPONOKUTEIFHOCTH Ipoliecca,
JeXKamero Ha KPUTHIECKOM IyTH CeTeBOro rpaduka,
K 00116 IPOJOIKUTETFHOCTH padoT.

5. Onpenenenne 00eMOB padoOT.

O0beMbI paboT OONBITMHCTBA COCTABIISIONINX TIPO-
LIECCOB V, M3MEPSIOTCS B TEX €IMHULIAX, KOTOPBIE TIPH-
HSTBI JUI COCTaBIECHUs cMeT. Ecin cMeTHbIe H3MepeHus
pacxomsTcs ¢ eqMHULAMU U3MEPEHHsI B HOPMaTHBHBIX
MIOKYMEHTAaX, 32 €AWHHIYy WU3MEPEHUs o0beMa padoT
ClieAyeT IPHHUMATh OJJMH Malll.-4 paboThI BeAyIIeH Ma-
IIMHBI, 3 KOJIMYECTBO Malll.-4 ONPEIENATh I KaXI0ro
TEXHOJIOTUYECKOT0 IPOoLIecca OTACIBHO.

OTH 3aTpaTsl MOTYT OBITH ONPEAETICHBI 10 HOPMa-
THBHBIM JJOKyMeHTaM. OTHaKO 1151 KaKI0TO KOHKPETHOTO
TEXHOJIOTYECKOTO TIPOoIIecca CYLIECTBYIOT OIPE/IeIICHHBIE
3aBUCHMOCTH MEX]IY YCTaHOBJICHHBIMH JWANa30HAMH
pa3IMYHBIX ITapaMeTpoB. DTH 3aBHUCHMOCTH B 00IIeM
BHUJIE MOTYT OBITH OIperieIeHBI (hOpMyIIaMu:

T=a-b;
n

(11)

t=a, b

(12)

O6nactp npuMeHeHus 3aBucuMoctH (14) orpanu-
4€Ha ONPEICTEHHBIMU 3HAYEHUAMH 7, TIO JTOCTHHKE-
HHUH KOTOPBIX OHA TPUHUMAET B

t=p-n, (13)

/i€ p — MOCTOSTHHBINA KO3()(DULINEHT.

[Monw3ysicy 3aBucUMOCTbIO (12), st Kax o co-
BOKYITHOCTH TEXHOJOTHMYECKUX IPOLECCOB MOXKHO
OIpeNIeNIATh PACXO/ KPAaHOBOTO BPEMEHH.

6. CyMMapHBbIii TOKa3aTeNlb TEXHOIOTUYHOCTH.

CpaBHeHMe NoKa3aTeie TeXHOIOIMYHOCTH Mpo-
W3BOZCTBA paloT I10 KalUTaJIbHOMY PEMOHTY OCYIIECT-
BJISIETCA 10 TI0KA3aTeI0 TEXHOJIOTHUECKOH CTOUMOCTHU
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npoBeJieHHs paboT MO KalMTaJIbHOMY PEMOHTY, OIIpe-
JIESIEMOM € YYETOM MX IIPOIOJIKUTEIILHOCTH.

CTouMOCTh MPOBEACHUS PpabOT MO KAMUTAIBHO-
MY PEMOHTY, OIIPEEICHHAsl IPYU OJUHAKOBOM IS BCEX
CPAaBHMBAEMbIX KOHCTPYKLIMH TEXHOJIOITHYECKON HOpMa-
JIY, Ha3bIBAETCA B laJbHENILIEM PACYETHON TEXHOJIOTU-
4ECKON CTOMMOCTBIO paboT M0 KalIUTAIEHOMY PEMOHTY.

Ecnu u3MeHeHUs] NPOEKTHBIX PELIEHUM BileYeT
3a co00il CylecTBEeHHbIE N3MEHEHHSI TEXHOJIOTUH, Tpe-
OyeT npUMEeHEHHs WHBIX THIIOB MAIIUH U MEXaHH3MOB,
4eM IIPELYCMOTPEHO B HOPMAJH U T.II., TO ONPENEIUTH
pacyeTHyIO TEXHOJIOTMYECKYI0 CTOUMOCTh paboT 1o Ka-
[IUTAJIBHOMY PEMOHTY HE IIPEACTaBIISIETCS BO3MOXKHBIM.
B atoMm cnydae onpezessiercsi o0mias IKOHOMHUYECKast
3¢ PEKTUBHOCTD MIPOSKTHOTO PEILICHUS B COOTBETCTBHU
C ICHCTBYIOIIMMHU HOPMaTUBHBIMU JOKYMEHTaMH.

IlonaTHe pacyeTHONU TEXHOIOTMUECKONH CTOUMOCTH
paboT N0 KaluTAILHOMY PEMOHTY SIBJISIETCSI YCIIOBHBIM.
OHO BKIJIIOYAET 3aTparbl HA MEXaHU3alHuIo, 3apadoT-
HYIO IIaTy U JIOJII0 HaKJIaJHbIX PACXOAOB, 3aBUCALLUX
OT BO3MOXHOTO YBEJIMYEHUS WA YMEHBIIECHUS IIPO-
JOJDKUTEIBHOCTH paboT. [TockosbKy yBeIHUSHHE WK
YMEHBILICHHE TPOJIOJDKUTENBHOCTH padoT onpenessi-
€TCsl TI0 OTHOLICHHUIO 0a30BOr0 MPOEKTHOTO PeIleHHs,
TO U BEJINYMHA PACUETHON TEXHOJOTHYECKOM CTOUMO-
CTU HOCUT OTHOCHUTEIIbHBIN XapakTep. PacueTHas tex-
HOJIOTUYECKAsl CTOUMOCTb JaeT BO3MOXXHOCTb OLICHUTH
KOHCTPYKTHBHBIE PELLIEHUS JIMILb ¢ TOYKU 3PEHUS IIPO-
M3BOJICTBA paloT, TaK KaK MPH €€ UCUUCIICHUH HE y4U-
THIBAETCS KAlIMUTAJOEMKOCTh NPUMEHSAEMBIX MAIlIUH
1 MexaHu3MoB [9—11].

PacuetHas crommMocTh paboT 10 KamUTaIbHOMY
PEMOHTY SIBJIIETCS CyMMapHOU KOJIMYECTBEHHOMN OLIEH-
KOH U mpezcTaBisier co00l CyMMy CTOMMOCTEH BBIIOJI-
HEHUS OTACIIBbHBIX COCTABIIIOLIUX IIPOLIECCOB:

e
S, =8 +8,+..+8,=>S. (14)
i=1

PacueTHast cToMMOCTb BBITIOTHEHUS COCTABISIO-
IIEro Mpoliecca MOXKeT OBITh BEIpayKeHA KaK MPOU3Beie-
HHe 00beMa paboT IaHHOTO BU/Ia V, Ha pacyeTHyIo CTo-
MMOCTD BBITIOJIHEHHS €JMHUIIBI Pa0OT JaHHOTO BUA!

C/S,=V,-C...; (15)
(16)

PacyeTHple CTOMMOCTH €AMHHIBI KXKA0TO U3 OC-
HOBHEIX BHJIOB pabOT OTIPENeNIroTcs 0 hopMyIe:

C =M +d’ +5; +b, (17

e M; — 3aTparbl Ha MEXaHM3AIHIO TIPH BHITONHEHHH
/IMHAIBI paGoT i-ro Buja B py6.; d; — 3apaGoTHas
nara pabounx Ha eIMHUILY PaboThl B py6.; §; — U3Me-
HEHHe HaKJIaJHBIX PaCXOIO0B, CBI3aHHOE C H3MEHEHHEM
3arpar Tpyna c 3apaboTHOH IUIaTH B pyo.; b,,O — H3Me-
HEHHe HAKJIaJHBIX PACXOIO0B, CBI3aHHOE C H3MEHEHHEM
o0IIei MPOJOIKUTENLHOCTH KallUTaJIbHOTO PEMOHTA

MIpU yBEJIHMYCHUH 00beMOB paboT TAaHHOTO BHUAA HA OHY
SIMHHMITY B pyO.

BenuunHa 3aTpar Ha MEXaHM3alMI0 M, MOXET
OBITH NPECTABIICHA KaK:

o o
M =t,-C,, (18)
rae toA — 3aTparbl MAIIMHHOTO BPEMECHU Ha BBINOJI-
mi

HEHHE EIMHMIBI paboT naHHoro Buja, MauL-4; C —
IIeHa Marll.-4 paboThl TaHHOW MaITHBI.
Bennuuny 3apaboTHON miaThl MOXKHO IIpeCcTa-
BUThH KaK:
d’ =t -K

i pi i’

(19)
rae t; — TPYAOEMKOCTb €JMHHULbI paboT, yen.-u; K, —
cpenHeuacoBas Tapu(Has cTaBka B pyo0.

Benuuunet §; u b ONpEeNENAIOTCS CIEYONIM
obpazom:

%+K.-0,15 ,
82

bl

5° =1 (20)

rae 0,4 u 0,15 — pa3mep 3KOHOMHUH HAKJIaJHBIX PacXOl0B
TIPU COKPAIIICHNN 3aTpar Tpyaa U 3apaboTHOM TIIaThI,
b =a’-H,

1

21

e 4, — pasHUIA B IPOTOKHTEIBHOCTH PadoT, T.c.
YBEJIMYCHHE WM YMEHbLICHHE 00IIeil IPOIOIIKUTEINb-
HOCTH KallUTAIBHOTO PEMOHTA 3MaHHs WIH COCTaBIIS-
IOIIETO €T0 TEXHOJIOTHIECKOTo Iporecca (B cMeHax)
NP YBEIMYCHUH(UIN YMEHBIICHNN) 00BEMOB paboT
JaHHOTO BUJIa HA OJHY €AMHHLY; H — 1ois nepeMeH-
HOH 9acCTH HAKJIAIHBIX PACXOIOB, PyO., MIPUXOASIIANCS
Ha OJMH JIeHb NPOIOJDKUTEIBHOCTH padoT.

IMoxcraBuss mosydeHHble 3Ha4eHUs B (op-
myy (17), momydmm:

C =12 -Cp +15 - (LISK, + 0487) + o’ H. (22)

TeXHOJOTrHYHOCTh [-T0 BapHaHTa MPOEKTa KaIlu-
TaJHHOTO PEMOHTA MOXET OBITh OIICHEHA KO3 GHUIIHECH-
TOM TEXHOJIOTMYHOCTH K, BEJIMYMHA KOTOPOTO OIIpesIe-
JIUTCS BBIPOKCHHEM:

K, =1+A—S",
S

2

(23)

rae AS, — yBenudYeHne WM yMEHBINEHHE PACIECTHON
CTOMMOCTH i-TO BapHaHTa MPOEKTa KAMUTAIBHOTO pe-
MOHTA II0 CPAaBHEHHUIO C PAaCYETHOW CTOMMOCTEIO 0a30-
BOTO BapHaHTA.

Ilpu 3navennsx K, > 1,03 cpaBHuBaeMbIi Bapu-
AHT CUNTACTCS MEHEe TEXHOJIOTHYHBIM, YeM 0a30BBIi,
Y K JaJbHEHNIIeH pa3paboTke HE PEKOMEHTYyeTCsl.

Ilpw 3navennsx K, < 0,97 cpaBHUBAEMBIi BAPUAHT
cunTaercs O6onee TEXHOJOTUIHBIM U PEKOMEHAYETCS
K JalbHEHIen pa3paboTke.

Ilpwu 3navennsx 0,97 < K, < 1,03 cpapHnBacMbIi
U 3TAJIOHHBIN BapHaHTHl CYUTAIOTCS PAaBHOLIGHHBIMU
10 TEXHOJIOTUYHOCTH M pemIeHHe O Iejaecoodpas-
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HOCTHU JajibHelmeld pa3paboTKu NMPUHUMAETCS HC-

S, =T,

9 M3

XOJIsl M3 COMOCTABIICHUS YaCTHBIX MoKa3areneil (pac-

XOJ1 MATCPUAJIOB, CTCIICHh YHU(GUKAIIMK U THITU3ALUH
U T.1L.).

BOI'0 MPOCKTHOI'O pCIICHUA PEMOHTA KOHCTPYKTUBHBIX
3JIEMCHTOB MPH KallUTaJIbHOM PEMOHTE BHaHHﬁ Impouns-

Onpez[eﬂeHI/Ie TEXHOJIOTHYECKOH CTOUMOCTH 0a30-

BOIUTCS 10 hopmyIie:

~(C

M4

),+T,-q+H,.

24)

Paznuna B pvaeTHOﬁ CTOUMOCTH OIIPEACIIACTCA

o opmyie:

AS,=AT, (C,,), +AT,-q+

0,4

+AT, 8—’2+q~0,15 +AA; - H;

9

Wcxonabie manHbIC
HapaMeTpLI TEXHOJIOTMYHOCTH IIponecca t, a, n...

l

Br160p 0a3zoBoro napameTpa MOBBILIEHHS TEXHOJIOTHYHOCTH

}

A 4

q)OpMI/IpoBaHI/Ie OaHka PE3EPBOB C JICKOMITO3HUITUEH 110 mapamMeTpam

OpraHu3alMOHHBINH TexHonornueckui IIpO€KTHO-KOHCTPYKTUBHBIN
[ i ]
Be160p, yTOUHEHHE HCIONB3YEMBIX PE3EPBOB
I

* ANBTEpHATUBHBIA BHIOOP CTPOUTEIH-
HBIX MEXaHU3MOB H CPEIHIX MaJIBIX Me-
XaHU3MOB, HHCTPYMEHTOB U IIPOLIECCOB;

* CMEHHOCTb pador;

» KBanmu¢ukanus pabodnx, NCIIOIHH-
TeJeil 1 BapbUPOBaHHE UX KOJIMYECTBA;

» ®opmHpoBaHUE PAIOHATIBHOTO CO-
cTaBa 3BEHBEB U OpuUTar;

* Ce30HHOCTh IPOU3BOJICTBA padoT;

* TTocenoBaTenbHOCT BBITOJHEHHUS
pabor;

» becniepeboiinoe pecypcHoe obecre-
YeHUE;

* Oprasu3arys pauoHaJIbHON HKCILTY-
aTaluy TeXHUKHY;

* Bei6op ontuManbHEIX 00nacTel npu-
MEHEHHMS TEXHUKU

* CHIDKEHHE YIEIbHOTO
BeCa KOHCTPYKTHUBHBIX
aneMeHToB (>50 Kr —
2 ven.), (<50 krc —
1 yen.);

* CokpallleHu€e TPyIOBBIX
JEeHCTBUN W omnepauui
IIPY BBIIOJIHEHUU TEXHO-
JIOTHYECKHX MPOIECCOB;

* VYMeHbIIEHHE YHCIIa
MOHTA)KHBIX 3JIEMEHTOB;

* VYMEHBIICHHE YHCIIa
MOHTaHBIX CTBIKOB;

* [ToBeimieHue kBanugu-
KaluK pabounx, 3aHITHIX
Ha TEXHOJOTHYECKUX
mporeccax

* AnBTepHaTHBHO-BapH-
aHTHOE IIPOEKTHPOBa-
HUE KOHCTPYKTHBHBIX
3IIEMEHTOB;

* VKkpynHeHHE KOH-
CTPYKTHBHBIX 3JI€MEH-
TOB;

* YopouieHue reome-
TpUUECKHX (OPM KOH-
CTPYKIHU;

» CokpaieHnue Marepu-
AJIOEMKOCTH KOHCTPYK-
THUBHBIX SJIEMEHTOB

v

C Y4ETOM pe3epBOB

Pacuer nmapaMeTpoB TEXHOIOIHYHOCTH IPOU3BOJICTBA paboT

COOTBETCTBYIOT
pe3ynpraraM pacdyeTa ¢ yueToM
HCIOJIb30BaHHBIX PE3EPBOB IOBBIICHUS
TEXHOJIOTUYHOCTH

v A

OmnpeneneHre HOBBIX APAMETPOB TEXHOIOTHIHOCTH

v

OOecriedeHUE MOBBIIICHUS TEXHOJIOTMYHOCTH
MPOIIECCOB

Puc. 1. Anroput™ GpopMupoBaHHs OpraHU3AIMOHHO-TEXHOIOTHIECKOTO MEXaHU3Ma OBBIIICHHUS TEXHOTOTHIYHOCTH
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AT, =T, -T,,, (26)
e
AT;_TJ‘ 32 @7
AM.=A. - A

PE3VYJIBTATHBI UCCJIEJOBAHUA

OcHoBaHUEM ISl IPUHATHS 000CHOBAaHHOTO pe-
mIeHus! ¥ (POPMHUPOBAHUS NIPOTPAMMBI paboT MPH IPO-
BEJICHUU KallMUTaJIbHOTO PEMOHTa KOHCTPYKTHBHBIX
9JIEMEHTOB U UHXXEHEPHBIX CUCTEM 31aHUMN ABIAIOTCS
Marepuabl UX 00CIe0BaHUs C OLEHKOW (H3HMYECKOTO
U MOpaJbHOTO U3HOca. Pa3paboTan anroput™ hopmu-
pOBaHUs OPraHU3ALMOHHO-TEXHOJIOTHYECKOTO MeXa-
HU3Ma IOBBIIIEHNUS TEXHOJIOTHYHOCTH (puc. 1) mius

3aka3umnk
(pernoHaNBHBIH omepaTop)

v

CoracoBaHue C >KUTSIISIMU
JKCILTYaTHPyeMOro 10Ma
TIPEATIOKEHHI B COOTBETCTBHU
C pErMOHAJIHOM IPOrpaMMOi
(cpoxw, iepedeHs 1 00beM

NPUHSTHS PEIICHNUs, BKIIOYAIOIINN DSl B3aUMOYBSI-
3aHHBIX IOCJIEJOBATEIBLHO BHIONHACMBIX ISHCTBUI.
[ToBpImIeHNE TEXHOIOTUYHOCTH PEMOHTHO-CTPOUTEIh-
HBIX paboT TpeOyeT yHnopsiioYeHnsl KaK TeXHOJIOrHYe-
CKHX OIepaLii, COCTABIIAIOIINX OTJEJIbHbIE TEXHOIO-
THYECKHE MPOIeCChl KAITMTAIBHOTO PEMOHTA 3IaHHH,
TaK ¥ caMuXx paboT MexIy co0oi, yCTpaHEHHs He-
000CHOBAaHHBIX TEXHOJIOTMYECKH ¥ OPraHU3allMOHHO
IepEePHIBOB, UCIIOJIE30BAHMS IPOIPECCUBHBIX MOTOY-
HBIX METOJIOB NPOM3BOACTBA PabOT, BHICTpanBaHUs
palMOHAJIBHBIX TOCIIEI0BATENbHBIX U MapaUIeIbHBIX
cBsI3eil Mexay paboramu. B GonpmmHCTBE ciiydacs
NPOM3BOJCTBEHHBIC PE3EPBBI SABISIOTCS CICICTBHEM
BIIMSIHUS OPraHU3aIl[MOHHO-TEXHOJOTHYECKHNX (haKTo-
poB [12-14].

[onpsinnas opranuzanus

'

MOHHUTOPHHT ayKIIHOHHBIX
MpeIOKEHU I

'

ot 27.02.2015 Ne 86-I1T1
v
TIpoBeneHue ayKunoHa

Ha ocHoBanu [1I1T PO
ot 01.07.2016 Ne 615 (pen.

YCIIyT, CTOUMOCTb, HCTOYHUK TMoaroToBKa Ydactue B ayKimone
(hHHAHCHPOBAHHMS) AyKIMOHHOIH
110 KanuTansHoMy peMoHTy MK/] JOKYMEHTALHH U151 Monpsan
y — ydacTus B Ipyrux OpraHu3alys BbIUIpana
ITonroroBka ayKIMOHHOM ayKIMOHAX ayKIMOH?
noxymeHnTaruu [T MockBbl

Ilonnucanue norosopa
Ha BBITIOJTHEHHE paboT

ot 05.05.2022)

A4

0 KanuTajibHoMy peMoHTy MKJ{

l_l

Brimonaenne pa60T I10 KalluTaJIbHOMY

AHaIm3 ¥ OIleHKa pemonty MKJ]
q)OpMI/IpOBaHI/Ie BBITNIOJIHCHUS pa60T
PEHTHHIOBOM TIO/IPSTIMKOM JITIsSl BHECCHUS | -
CHUCTEMBI B PEUTUHIOBYIO CUCTEMY
HOZPSAHBIX Y
OopraHu3anui Crava BBIIIOJTHEHHBIX paboT
J 0 KanuTajbHOMY peMoHTy MK/I
VYcrpanenue
3aMedqaHuH/ v
HEJI0CTaTKOB V-
I"apanTuiinelii nepuos
A 4
VYposens 1. [Toka3arenu cHIKeHbI B cpenHeM Ha 20-25 %
Axryanuzanus
PpEeNTHHTOBOM
CUCTEMBI » VYposens 2. [Tokasarenu cHIKEHBI B cpeaneM Ha 15-20 %
TIOAPSITHBIX
opraHu3anun
Yposens 3. [lokazarenu cHIkeHBI B cpexHeM Ha 10-15 %

Puc. 2. briok-cxema GOpMUPOBaHUS PEUTHHTOBON CHCTEMBI IOAPSITHBIX OPraHU3aLUI
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OCo0eHHOCTHIO PadoT MO KaluTaIbHOMY PEMOH-
Ty SIBJISIETCS TO, YTO OTJCIbHBIC TEXHOJOTUYECKUE
MPOIECCHI BRIMTOTHSIOTCS KaK CHAPYKH, TAK U BHYTPU
JKCIIYaTUPYEMOro 3/aHus. B 3TOl CBs3H, MOCKOIb-
Ky 3JaHH€ MOJHOCTHIO MOCTPOCHO, U B MpoIecce
KaluTaJlIbHOTO PEMOHTA TOJBEPTAOTCS 3aMEHE HIIH
BOCCTAHOBJICHHUIO TOJBKO OTACJIBHBIC €r0 KOHCTPYK-
THBHBIC DJIEMCHTHI M UHKCHEPHBIC CUCTEMBI, TTOCJIC-
JIOBAaTCIBHOCTh TEXHOJIOTUYECKUX IPOIECCOB, HX
COBMEII[EHUE CYIECTBEHHO OTIMYAIOTCS OT MPOLec-
ca BO3BeJCHHUS HOBBIX 34aHMN. OTCIOZA BBITEKAIOT,
B MEPBYIO OYepe/lb, PE3ePBbl COKPAIICHHS MPOIOI-
JKUTEJIBHOCTH KOMILIEKCA padOT MO KamUTaJIbHOMY
PEMOHTY 10 CPABHEHHUIO C AaHAJIOTUYHBIMU PabOTaMu
B HOBOM cTpouTeansctse [15, 16].

B3anMmHas yBsIi3Ka TEXHOJIOTHYECKHUX U Opra-
HU3AMHOHHBIX (PAKTOPOB, MO3BOJSIONINX COKPATUTH
CPOKH MPOM3BOJCTBA PabOT, MOJIOKHUTEIBHO BIHSET
U Ha CHIDKCHHE CTOMMOCTHU paboT 3a CYET yMEHbIIIE-
HUS HAaKJIaJIHBIX PACXOMIOB, CBSI3aHHBIX C HEOOXOMIH-
MOCTBIO 00ECIECUCHHUS CAMOTO MPOU3BOJCTBEHHOIO
mpoiiecca MpoU3BOJACTBA PaboT MO KAMUTAILHOMY pe-
MOHTY 3/1aHHM.

Pazpaborana Gok-cxema peUTHHTOBOM CUCTEMBI
U OLICHKM IOAPSAHBIX OpraHU3alui, 103BOJSOLIAs
Ha OCHOBE JIOCTUTHYTHIX PE3yJIbTaTOB BBISBUTH MMeE-
IOIUECS PE3CPBBI MOBHIICHHS TPOU3BOIUTECIIEHOCTH
Tpy/a [pH MPOU3BOACTBE PEMOHTHO-CTPOUTEIIBHBIX
paboT U CTUMYIIUPOBATh 3TH OPTaHU3AIMH B TPEAIO-
YTUTEIBHOCTH NP OCYIIECTBICHHH KOHKYPCHBIX MPO-
HEAyp MO BIOOPY HUCIOJHUTEICH paboT 3aKa3dIMKOM

(puc. 2).

3AKJTIOYEHHUE U OBCYXJIEHHUE

CoBepuIeHCTBOBAaHHE TEXHOJIOTHH PEMOHTHO-
CTPOUTEIHHOTO POU3BOJICTBA CBIA3aHO C PA3BUTHEM
METOAMYECKOH 0a3bl U MX OLCHOYHBIX ITOKa3aTelel.
B nokyMeHTaxXx TEXHOJIOTHYECKOTO HOPMHUPOBAHUS
MPUBOAATCS 0a30BBIE MAPAMETPHI, 10 KOTOPBIM PO-
M3BOJIUTCS TPOCKTUPOBAHUE TEXHOJIOTHUECKUX MPO-
I[EeCCOB, TaKHWe KaK yAeIbHBIE 3aTparsl Tpyda pabdo-
YUX, MUHUMAJbHOC KOJHUYECTBO UCHOJIHHUTEIEH,
coctaB paboOT B CTPYKTYpPE TEXHOJIOTHYECKUX IIPO-
I[ECCOB H T.II.

JIyist OlIEHKH COOTBETCTBHUS MPOCKTHBIX PEIICHUI
WIH OTACTHHBIX KOHCTPYKTUBHBIX SJIEMEHTOB TpeOOBa-
HUSIM TIPOM3BOJCTBEHHBIX WJIA TEXHOJOTHUECKUX TIPO-
I[ECCOB UCIIONB3YIOT MTOHATHE TEXHOJIOTHYHOCTH.

OTcyTCcTBME HOPMATUBHOW 0a3bl IJIs HUICHTH-
(hUKanuy KaKk caMOTO TMOHSITHS TEXHOJOTHYHOCTH,
TaK M €r0 XapaKTCPHUCTUK 3aTPYAHSICT BepUPUKAIIHUIO
B CTPOUTEIHFHOM IPOU3BOACTBE PEATUIYEMBIX OpPTraHH-
3alMOHHBIX U TEXHOJIOTUICCKUX PE3CPBOB YIYUIICHHUS
mapaMeTpOoB MPOU3BOJCTBEHHBIX MporieccoB. s op-
MHUpPOBaHUS SAMHOOOpAa3usl B MOHATHWHOM ammapare
B 00JIaCTH TEXHOJIOTHYHOCTH MPUMEHUTENHHO K pabo-
TaM 0 KaMTaIEHOMY PEMOHTY MOXKET OBITh HCITOJTB30-
BaHa MeTojojiorndeckas 0asa, chopMupoBaHHas Hayd-
HBIMH TPYAaMH BEIYIIUX POCCHUCKHX U 3apyOeKHBIX
YYCHBIX, ¥ COOTBETCTBYIONUN MEKAUCIIUITHHAPHBIH
OTIBIT HOPMHUPOBAHUS B APYTHUX OTpaciisix (Hampumep,
B MamuHocTpoenuu) [17-19].
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INTRODUCTION

The total building renovation is a complex techno-
logical process organised in the operated building, char-
acterised by a number of peculiarities affecting the adop-
tion of organisational and technological solutions. These
features are regulated by regulatory requirements and
methodological recommendations both in the field of capi-
tal repair works and interaction between the participants
of the process (customer, contractor, residents), etc. [1].

Since renovation works in apartment buildings are
usually carried out without the eviction of residents, an
important task is to shorten their duration without com-
promising the quality and increasing the cost of the work.
Duration is one of the basic parameters characterising
the technological process and, accordingly, influencing

the manufacturability. Integral assessment of the set of pa-
rameters affecting manufacturability, improvement of their
values due to the identified reserves and implementation
of developed measures is the basic platform for the for-
mation of organizational and technological mechanism to
improve manufacturability of works during major repairs
of buildings [2—4].

One of the peculiarities of the capital repair pro-
gramme in apartment buildings is its long 30-year imple-
mentation period, during which construction technologies,
materials, technical means, etc., as well as their respective
regulatory and technical bases are improved and updated.

The main normative and technical document
regulating the design of capital repair works is
CP 368.1325800.2017%2, which establishes require-

'CP 368.1325800.2017. Residential buildings. Design rules for major repairs. Introduced 2018-05-26. Moscow, TSNS Publ., 2018; 32.
2CP 37 2.1325800.2018. Multifamily residential buildings. Rules of operation. Introduced. 2018-07-19. Moscow, JSSC Publ.,

2018; 24.
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ments for the design of major repairs of apartment
buildings up to 75 m height, including apartment-type
dormitories, taking into account Amendments No. 1, ap-
proved by Order No. 924/order of the Ministry of Con-
struction, Housing and Utilities of December 30, 2020.

Identification of reserves to improve the manu-
facturability of works during the overhaul of buildings
provides an opportunity to improve the use of resourc-
es as a result of improving the organization of labour,
production process and management, intensification
of the technological process. According to the methods
of implementation there are design, technological and
organizational-technological reserves. The use of all
types of reserves means the most rational use of ma-
terial and labor resources and, ultimately, determines
the main directions for increasing the manufacturability
of works compared to the previously established level.

MATERIALS AND METHODS

The assessment of manufacturability of repair and
construction works is carried out with the help of aggre-
gated indicators of labour input, machine time and dura-
tion of their constituent technological processes [5-8].

By selecting several design-technological solutions
for each repaired component and dividing the complex
process of overhaul into its component technological
processes, the labour input, machine time and duration
for each process are determined.

1. Determine the manual labour cost using the fol-
lowing formula:

b=tV (1)
where L — labour input, man-hour; t;,. — labour input
for the i-th component of the process, man-hour; V, —
the amount of work of the i-th component of the process
in physical terms.

2. The machine labour costs are determined using
the following formula:

ta=tV, )

. . o .
where ¢  — machine time, mach.-hour; 7, — machine

time for the execution of the i-th object, machine-hour.
3. Determining the duration of the work:

a,=a "V, 3)

where a, — duration days/hours; af — duration per
unit of volume of the i-th process component.

4. Calculation of total labour costs, machine time
and duration of overhaul of the i-th object is carried out
according to the formulas:

T,=21, Vs (4)
i=1

Ty =2 1w Vi )
i=1
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A, =Ya’ -V, (6)

Quantitative values of the values t; and t;, for
each process component are determined by averaging
the data from timekeeping observations, work projects
and the applicable SNiP and UNaP standards for the ex-
ecution of this process in accordance with the condi-
tions of the selected process standard. Quantitative
values of the values @, are calculated in accordance
with the selected technology standard and the degree
of influence on the total time of the building erection.

The quantitative values of the @, are determined
by averaging the data from the network diagrams and
actual data on the duration of a given process in accord-
ance with the selected process standard and taking into
account the degree of influence on the total duration
of the building erection.

There are three cases that can occur:

* the execution of the i-th process does not lie
on the critical path; in this case a,.o =0;

* the execution of the i-th process in question lies
entirely on the critical path; in this case, the duration
of the unit of work of the i-th process can be determined
depending on whether the i-th process is mechanised
or manual as:

o T,
4 =32 )
or as:
Z‘0
.0 — b; ’ 8
K t-8.2 ®)

* the execution of the i-th process lies partly
on the critical path, in which case the duration is deter-
mined by the formulas:

tO
f=B§2, ©)
or
o 1
a,- :B-t.’i,82’ (10)

where B — the ratio of the duration of the process lying
on the critical path of the network diagram to the total
duration of the work.

5. Determining the scope of work.

The workloads of most of the constituent processes
V. are measured in the units used in the cost estimates.
If the estimated measurements deviate from the units
of measurement in the regulations, the unit of measure
for the scope of work should be 1 mac.-hour of the lead
machine and the number of mach.-hour should be deter-
mined for each process separately.
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These costs can be determined from the regula-
tions. However, for each specific process, there are
certain dependencies between the defined ranges
of the various parameters. These dependencies can be
defined in general terms by formulas:

(1m)
(12)

The scope of dependence (14) is limited to certain
values n__, upon reaching which it takes the form of:

(13)

T=a-b;
n

t=a,-b.

t=p-n,

where p — is a constant factor.

Using dependence (12), the crane time consump-
tion can be determined for each set of processes.

6. Total manufacturability index.

A comparison of the technology performance
of overhaul work is made using the technology cost
of overhaul work, which is determined by taking into
account the duration of the overhaul.

The cost of overhaul work determined with
the same technological standard for all comparable
structures is hereafter referred to as the estimated tech-
nological cost of overhaul work.

If changes in design solutions entail significant
changes in technology, require the use of other types
of machines and mechanisms than those provided for in
the standard, etc., it is not possible to determine the esti-
mated technological cost of overhaul work. In this case,
the overall cost-effectiveness of the design solution is
determined in accordance with current regulations.

The notion of the estimated technological cost
of overhaul work is notional. It includes the costs
of mechanisation, wages and a proportion of overheads
depending on possible increases or decreases in the du-
ration of the work. Since the increase or decrease in
the duration of the work is determined in relation to
the basic design solution, the value of the estimated
technological cost is relative. The estimated technologi-
cal cost makes it possible to evaluate the design solu-
tions only from the point of view of work production,
as its calculation does not take into account the capital
intensity of the machines and mechanisms used [9—-11].

The estimated cost of major repair work is a total
quantification and is the sum of the costs of carrying out
the individual component processes:

S, =8 +8,+..+85,=>S,.

i=1

(14)

The estimated cost of carrying out a component
process can be expressed as the product of the amount
of work of that type V, by the estimated unit cost of this
type of work:

Ci/Si:Vi'Ci“'; (15)

sziI/i~Cl....

i=l1

(16)

The estimated unit costs for each of the main types
of work are determined by the formula:

C =M +d’ +8; +b, (17)

where M; — the cost of mechanisation per unit
of work of the i-th type in roubles; d; — wages
of workers per unit of work in roubles; §; — the change
in overheads due to the change in labour costs from
wages and salaries in RR; b’ — the change in over-
heads associated with the change in the total duration
of the overhaul with an increase in the scope of this type
of work by 1 unit in roubles.

The magnitude of the cost of mechanization M, ;
can be represented as:

Mio = t:i ’ Cm.h ’ (18)
where #,, — the machine time required to complete

a unit of a given type of work, man-hour; C , —
the price per mach.-hour of this machine.
The value of wages can be represented as:

di :tpi'Ki’ (19)
where t; — labour input per unit of work, man-hour;
K, — the average hourly tariff rate in roubles.

Values 8; and b, are defined as follows:
0.4
8 =t ——+K,-0.15|, (20)
o[t

where 0.4 and 0.15 are overhead cost savings from re-
duced labour and wage costs;

b’ =a’ H, @1
where a:) — the difference in duration, i.e. the increase
or decrease in the total duration of a major repair of a build-
ing or its component process (in shifts) with an increase
(or decrease) in the amount of work of the given type by
1 unit; H — the share of the variable part of the overhead,
roubles, per day of the duration of the work.

By substituting these values into formula (17), we
obtain:

C=t,-C,,+t, (115K +0.487)+a’-H. (22)

The manufacturability of the i-th option

of the overhaul project can be evaluated by the manu-

facturability factor K , the value of which is determined
by the expression:

K,=1+—,

e

(23)

where AS, — the increase or decrease in the estimated
cost of the i-th option of the capital improvement pro-
ject compared to the estimated cost of the base option.
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With values of K, > 1.03, the compared variant is con-
sidered to be less technologically advanced than the base
variant and is not recommended for further development.

With values of K, < 0.97, the compared variant is
considered to be more technologically advanced and is
recommended for further development.

With values of 0.97 < K, < 1.03, the compared and
reference variants are considered to be of equal process-
ability and the decision on the expediency of further

development is based on a comparison of specific indi-

cators (material consumption, degree of unification and

typification, etc.).

Determine the technological cost of the basic de-

sign solution for the repair of structural elements in ma-

jor building renovations by using the formula:

S, =T,

e me

(Cop), +T,-q+H,. (24)

Source data
The process technology parameters ¢, a, n...

v

Selecting the basic parameter for improving processability

v

»  Formation of a reserve bank with decomposition by parameters

v v v
Organisational Technological Design and constructive
[ | ]
v
Selecting, refining the reserves to be used
|
v v v

* Alternative selection of construction
machinery and medium-sized small
machinery, tools and processes;

« Shift work;

* Qualification of workers, performers
and variation in their numbers;

* Forming a rational composition
of units and brigades;

* Seasonal production variability;
* The sequence of work;

* Uninterrupted availability of re-
sources;

* Organising the rational operation
of machinery;

* Selecting the best applications for
the technology

» Lower specific weight
of structural elements
(>50 kg — 2 persons),
(<50 kgs — 1 person);
* Reducing labour ac-
tions and operations in

technological processes;

« Lower number

of mounting elements;
* Reducing the number
of assembly joints;

« Reinforce the skills
of workers involved in
technological processes

* Alternative design
of structural elements;

* Enlargement of struc-
tural elements;

« Simplification

of the geometric shapes
of structures;

* Reducing the materi-

al intensity of structural
elements

v

Calculation of processability of work with allowance for reserves

improving

Consistent with the results
of the calculation, taking into account used reserves

manufacturability

+7 Yes

Defining new processability parameters

v

Defining improved manufacturability
processes

Fig. 1. Algorithm of formation of organisational and technological mechanism to improve manufacturability
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The difference in estimated value is determined by
the formula:

AS; =AT,-(C,,), +AT,-q+

0.4 (25)
+ATJ('—+q-O.15)+AA “H;
8.2 /
AT/‘ :TMj _TMe’ (26)
where
AT, =T,-T;
2
AM;=A4,-A,. @D

RESEARCH RESULTS

The basis for making a justified decision and form-
ing the programme of works when carrying out over-

Customer (regional operator)

v

Agree with the residents
of the building in use
on proposals in accordance with
the regional programme (tim-
ing, list and scope of services,

haul of structural elements and engineering systems
of buildings are the materials of their inspection with
the assessment of physical and moral deterioration.
The algorithm of formation of organizational and tech-
nological mechanism of enhancement of manufactur-
ability (Fig. 1) for decision-making, which includes
a number of interrelated sequentially performed actions,
has been developed. The enhancement of manufactur-
ability of repair-construction works requires streamlin-
ing both technological operations, which compose sepa-
rate technological processes of buildings’ overhaul, and
the works themselves, the removal of unfounded tech-
nological and organisational breaks, the use of progres-
sive flow methods of works, building rational sequen-
tial and parallel links between the works. In most cases,
production reserves are a consequence of the influence
of organizational and technological factors [12—14].

Contracting organisation

'

Monitoring of auction bids

'

Participation in the auction

cost, source of funding) for
the capital repairs of the AB

Preparation of auc-
tion documents for
other auctions

v
Preparation of auction docu-
mentation GD Moscow

Did the contractor
win the auction?

No. 86-PP of February 27, 2015
v
Conducting an auction
based on GD RF from
June 1, 2016 No. 615 (ed.

Signing a contract for the execu-

from May 5, 2022)

Analysis and evaluation

of contractor performance |

tion of work on the capital repairs
of the AB

l_l

Work to overhaul the ABs

A4

Creating a rank-

for inclusion in the rating

ing system for system
contractors
Addressing
remarks/
deficiencies

i ¢

A

Handing over the completed work
on the AB’s overhaul

Warranty period

Updating

Level 1. Indicators are reduced by an average of 2025 %

the contractor

rating system

A,

» Level 2. Indicators are reduced by an average of 15-20 %

Level 3. Indicators are reduced by an average of 10-15 %

Fig. 2. Block diagram of the formation of the contractor rating system
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The peculiarity of capital repair works is that in-
dividual technological processes are carried out both
outside and inside the operated building. In this regard,
since the building is completely constructed and only
some of its structural elements and engineering sys-
tems are replaced or restored in the process of overhaul,
the sequence of technological processes and their com-
bination differ significantly from the process of con-
structing new buildings. Hence, there are, first of all,
the reserves for reducing the duration of the complex
of works on overhaul as compared to similar works in
new construction [15, 16].

The mutual alignment of technological and organ-
isational factors that allow for shorter working times
also has a positive effect on reducing the cost of work
by reducing the overheads associated with the need to
ensure the production process itself for the renovation
of the buildings.

A flow chart of contractor rating and evaluation
system has been developed to reveal the available re-
serves for increasing labour productivity in the course
of repair and construction works on the basis of the re-
sults achieved and to encourage these organisations to
be preferred when carrying out tender procedures to se-
lect work contractors by the customer (Fig. 2).

CONCLUSION AND DISCUSSION

The improvement of repair-construction technolo-
gies is connected with the development of methodologi-
cal base and their evaluation indicators. Technological
standardisation documents provide basic parameters,
according to which technological processes are de-
signed, such as specific labour input of workers, mini-
mum number of performers, composition of works in
the structure of technological processes, etc.

The concept of manufacturability is used to as-
sess the conformity of design solutions or individual
structural elements with the requirements of production
or technological processes.

The lack of normative base to identify both the con-
cept of manufacturability and its characteristics makes it
difficult to verify in the construction industry the imple-
mented organizational and technological reserves to im-
prove the parameters of production processes. The meth-
odological basis formed by the scientific works of leading
Russian and foreign scientists and relevant interdiscipli-
nary experience of rationing in other industries (for ex-
ample, in mechanical engineering) can be used to form
a uniform conceptual framework in the field of manufac-
turability as applied to overhaul works [17—19].
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AHHOTAUMNUA

BBeaeHue. B HacTosLwee Bpems Npu BO3BEAEHUN COOPYXEHWUI aTOMHbIX aneKkTpocTaHumn (ganee ASC) NpMMeHSIoT He-
CbeMHYH0 onany6Ky 13 BbICOKONPOYHOro ctanegunbpobetoHa (nanee COB). 3a cueT ynyylleHHbIX hU3NKO-MEXaHNYECKNX
XapaKTePUCTUK 1 BbICOKOW aare3un K MOHonmnTHomy 6eToHy onanybka us COb aensieTca Hecylmnm aneMeHToM. B pesynb-
TaTe NomnyyatT KOHCTPYKLMIO C KOMOMHUPOBAHHBIM apMUPOBAHMEM B BUAE CTEPXXHEBOW apMaTypbl U CIIOEB U3 BbICOKO-
npoyHoro C®b. MNpu pacueTe NOAOGHBIX KOHCTPYKLMIA HEOBXOAMMO 3HaTb pacyeTHble XapakTEPUCTUKU MPUMEHSEeMbIX
martepuvanoB Ans onpefeneHust 4eNCTBUMTENbHOrO HanpsXeHHo-A4edopMUPOBaAHHOMO COCTOSIHUS. BbicokonpoyHbii COb
ABNSIETCS ManousyyYyeHHbIM MaTepuarnom, 1 nccriegoBaHne ero CBocTB, 0COBEHHO Npu ANUTENbHOM AEACTBMU Harpy3ok,
ABMNSAETCH aKTyanbHOW 3agadven.

MaTepuanbl 1 MeToAbl. BbinonHeHbl 3KCnepMMeHTarnbHble UCCNeAoBaHUst BNUSIHUS NapameTpoB AWCMNEPCHOrO apMu-
poBaHusi (BUA cTanbHou pubpbl 1 ee KonmyecTBo No obbemy) Ha BenuyuHy nonsydectn CPB, M3roTOBMNEHHOIO Ha Bbl-
COKOMPOYHOW LieMEHTHO-Nec4aHon MaTpuue. MiccnenoBaHus BbINONMHEHbI HA OQHOM COCTaBe MaTpulbl At TpexX BUAOB
cTanbHon ubpbl, NOAXOAALLMX AN U3FOTOBIEHUS NUCTOB onany6ku TonwmHon 30 MM, Hanbornee YacTo BCTpevatLen-
¢ Ha pbiHke P®. PaccmoTtpeHo o6bemHoe cogepxanne dunbpbl Ao 6 %. YpoBeHb Harpysku coctaenset 0,3 oT pa3pylia-
owen (NprsMeHHas NPOYHOCTb).

PesynbraTthbl. MonyyeHbl haktuueckme BennymHbl napameTpos nonsyyectn CPb, Heobxoanmble ANst BbINOMHEHUS pac-
YETOB KOHCTPYKLUIN C KOMOMHUPOBAHHLIM apMUPOBaHNEM.

BbiBoAbl. YCTAHOBNEHO, YTO BBEAEHUE CTanbHOM hmnbpbl 40 6 % obGecnevnBaeT CHXKEHWE NpeaenbHOM Mepbl Non3ayye-
ct1 8o 20 % no cpaBHEHUIO C MeNKo3epHUCTON MaTpuuen. OgHako npyu o6beMHOM cogepxaHum oubpsbl go 1,5 % B pe-
3ynbraTe pa3ynioTHEHUs1 MaTpULbl MOXET NPOMCXOAUTL U NoBbieHne Mepbl nonayyectn Ao 10 %. C yyetom 6onbLioro
yncna cpakTopoB, BNusLWMX Ha cBoricTBa CPB, pacyeTHble xapakTepucTuKu cneayeTt onpeaensiTe 3KCNepuMeHTanbHo.

KIMKOYEBbBIE CITOBA: BbICOKONPOYHbIV cTanedmbpobeToH, nonsyyectb, ANCNEPCHOE apMUPOBaHMEe, MENKo3epHUcTast
MaTpuLa, SKCnepMMeHTanbHOe UCCNeaoBaHne, ANUTENbHbIE UCMbITAHUS

brnazodapHocmu. ABTOp CTaTbU BblpaxaeT OrpoMHyto bnarogapHocTb nHxeHepy HUY MICY Besrogosy Uropto Muxaii-
nosuyy, 6bnarogapsi KOTOPOMY yAanoch BbINOMHUTL KOMMIEKCHbIE MCCIe0BaHUS PEONIOrMYECKNX XapaKTePUCTUK BbICOKO-
npo4Horo ctanedunbpobeToHa.

Ona UWTUPOBAHUA: Kanycmun [.E. BnusiHne napameTpoB AUCNEPCHOTO apMMpOBaHUS Ha NON3y4ecTb BbICOKOMPOY-
Horo ctanegubpobeToHa // CTpouTenbcTBO: Hayka u obpasosaHue. 2023. T. 13. Bein. 1. Ct. 7. URL: http://nso-journal.ru.
DOI: 10.22227/2305-5502.2023.1.7

Asmop, omeemcmeeHHbIl 3a nepenucky: Omutpuin Eroposuy KanyctuH, kde90@bk.ru.
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ABSTRACT

Introduction. At the present time, in the construction of nuclear power plants (NPP), non-removable formwork made of
high-strength steel fibre concrete (SFRC) is used. Due to improved physical and mechanical properties and high adhesion
to monolithic concrete, the SFRC formwork is a load-bearing element. The result is a structure with combined reinforce-
ment in the form of bar reinforcement and high-strength SRFC layers. The calculation of the actual stress-strain state of
such structures requires knowing the design characteristics of used materials. High-strength SFRC is understudied mate-
rial, and research of its properties, especially under long-term loads, is a crucial task.

Materials and methods. Experimental studies of the effect of dispersion reinforcement parameters (type of steel fibre
and its volume) on the creep value of SFRC made on a high-strength cement-sand matrix have been carried out. The re-
search was carried out on the same matrix composition for three types of steel fibres suitable for the manufacture of
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30 mm formwork sheets with a thickness of 30 mm, and most commonly found the in Russian market. A volumetric fibre
content of up to 6 % was considered in the study. The load level is 0.3 of the breaking strength (prism strength).
Results. The actual values of the SFRC creep parameters required to carry out the calculations of structures with com-
bined reinforcement.

Conclusions. It is found that the introduction of steel fiber up to 6 % provides a reduction of ultimate creep measure up
to 20 % as compared to a fine-grained matrix. However, with up to 1.5 % volumetric content of fibre, an increase of up
to 10 % in creep may also occur as a result of matrix decompaction. In the view of the large number of factors affecting
the properties of SFRC, the calculated characteristics should be determined experimentally.

KEYWORDS: high-strength steel fibre concrete, creep, dispersed reinforcement, fine-grained matrix, experimental study,
long-term tests
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BBEJEHHUE

Hnsa coopyxenuit ADC, HOpPMaTHUBHBIN CpPOK
ciy 0Bl KOTOpBIX cocTanisieT 100 jet, BOMpOCkI, CBsi-
3aHHBIE C MOJ3YyYECThIO U JJIUTENIBHON MPOYHOCTHIO
MaTepHasoB, HCHOIb3YEMBIX IPH BO3BEIEHHH OCHOB-
HBIX COOPY’KEHUH, ABISAIOTCA KpaliHe BaKHbIMHU. [Ipn
BHEIPEHNN COOPHO-MOHOJIMTHOW TEXHOJOTHH CTPO-
UTEIbCTBA C HCIOJIB30BAaHHEM HPOCTPAHCTBEHHBIX
apMoonany0odHbIX 0mokoB ¢ HecheMHOH CDb oma-
myOko# [1, 2] mosiBuIach HEOOXOAMMOCTD TTONYYCHUS
€€ pacueTHBIX XapaKTEePHCTUK, B TOM YHUCIIE TIOKa3a-
Tenel nonszydectu. CoriacHO TpeOOBaHUAM MPOEKTA,
omnayyOKy M3rOoTaBIMBaIOT U3 BhICOKOompouHoro COb
(mpouHocTh Ha cxarue He MeHee 100 MIla) Ha men-
KO3EpHHUCTON caMoyIIoTHstomelcs MaTpuue. [locne
YKJIaJIKA B apMOOJIOKH MOHOJUTHOTO OETOHA 3a cyeT
BBICOKOW BEIMUYUHBI afre3uu [3] noaydyaroT KOHCTPYK-
MO C KOMOMHUPOBAHHBIM ApPMUPOBAHUEM, T7I€ TOMUMO
apMaTypHBIX CTEp)KHEH MPUCYTCTBYET JINCTOBOE apMHU-
poanue u3 COb (puc. 1). CooTBeTCTBEHHO, I TOTY-
YEHUS pealbHON KapTUHBI IIepepaclpeneacH s yCuIni
B HECYIIUX JIEMEHTaX C yUYE€TOM PEOJIOTHUH UCIIONb3Ye-
MBIX MarepuaiioB [4—6] TpeOyercst 3HaTh haKkTHYECKHE
xapakTepucTuku nonszydectu COBb, T.e. macTUIecKux
nedopmanuii, BOSHUKAIOUIUX B Marepualie BO BpeMeHH
IIPU IIOCTOSTHHOM YPOBHE HArpYy>KEHUs.

B Poccuu pacuer xoncrpykuuit uz COb perna-
mentupyercst CIT 360.1325800.2017', B koTopoMm mpu
Ha3HAYCHUH KOA(P(UIIMEHTA MON3YIECTH IMapaMeTphl
JIUCIIEPCHOrO apMupoBanus (BHI GUOPHI U ee 00beM-
HOE cofepKaHue) He IPUHUMaIOTCS Bo BHUMaHue. Co-
[JIACHO ATOMY JNOKYMEHTY, KO3()(UIIMEHT MoN3y4ecTr
IMPUHUMAIOT KaK IJIs1 MaTpulbl, HCHOHb3yCMOﬁ JJIs1 U3-
rotoBneHusi COB. [IpencraBiaeHHbIN MOAXOM SBISIETCS
JorryctuMbIM [7, 8]. Ho B MaTpuIly U3 caMOYILIOTHSIIO-
IIErocs MEJIKO3EPHUCTOTO OETOHA, UCIIONb3yEMOTro JUIs
M3TOTOBJICHHS BBICOKONIPOYHOTO cranepudpobdeToHa
HECHEMHOM OTATyOKH C IIENBI0 CHIDKEHHS BOJIOIIEMEHT-
HOT'O OTHOILICHNUS M ONTUMHU3AINH €€ CTPYKTYPBI, BBOIST

Puc. 1. ®parmeHT noMeneHust n3 apMoOIOKOB C HECHEMHON

COBb onamy0koit

PpazinYHbIe HAHOMOIU(UKATOPEI M MUHEpaJIbHBIE 100aB-
ku. B pesynsrare nonydaror COb ¢ KOMIMaKTHOMH CTPyK-
TypoH, apMUPOBaHHBIN IUCIIEPCHO PACIPENEICHHBIMU
10 BceMy 00bEMY CTaIbHBIMH BOJIOKHAMHU. MeXaHHu3M
JneGopMHUPOBaHUS U paspylIeHHs MoA00HOro Marepua-
Jla 3HAYUTEIHHO OTIMYAETCS] OT UMEIOIIEr0 MECTO JUIs
OOBIYHOTO TSKEJIOr0 OETOHA, YTO CHHIKAET JIOCTOBEP-
HOCTb PEOJIOTMYECKUX XapaKTEPHUCTHUK, MOIYyUCHHBIX
aHanuTH4YeCcKu [9], m TpeOyeT mpoBeAEHUS TOTIOTHH-
TEJBHBIX SKCIIEPUMEHTAITLHBIX UccnenoBanuii [10].

Amnamu3 nutepatypsl [11-20] moka3eiBaet, 4To
BBEJICHUE CTAJIBHON (DUOpPHI BIMSET HAa PeosOrHyYe-
CKHE XapaKTepUCTHKH cTanepubpoderona. OTMedeHo,
YTO OMHMO MapaMeTPOB JUCIIEPCHOTO APMHUPOBAHHSA
Ha BEJIMYUHY MOJ3yYeCTH OKa3bIBAIOT BIMSHUE U APY-
THE YCIIOBHS, a UMEHHO Bo3pacT COb Ha MOMEHT pH-
JIO>KeHUSI Harpy3KH, ee YPOBeHb (MHTEHCHBHOCTB ), ITPO-
JIOJKATEIIBHOCTD JEHCTBUS U YCJIOBHS OKpY>Karouiei
cpensl (TeMIrepaTypa W BIaXXHOCTB), BUA U COepiKa-
Hue komrnoneHntoB CObB (tun 3amonuuTens, cBoicTBa
I[IEMEHTa, CoJepKaHHe IIEMEHTHOTO TECTa M BOJOIIE-
MEHTHOE OTHOIIICHHE).

'CIT 360.1325800.2017. Kouctpykimu cranedudpoberonnsie. [IpaBuina mpoeKTHPOBAHUSL.
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B pa6ore [13] ormeuaercsi, uto BBeneHHE HUOPHI
HE M3MEHseT XapakTepa U3MeHeHus aedopmanuii moi-
3y4€eCTH, OIHAKO CKa3bIBacTCs HA MX 3HAaYeHWH. B nccre-
nmoBaumsx [14, 18, 19] nedopmarun nomsyuectu CDb
B JTFOOOM BO3pacTe OBUTM MEHBIIE, €M Y MaTpHIIBL. Tak,
Koa(uIeHT ToNM3y4ecTr 0c000 BRICOKOTIPOUHBIX CDb
¢ cozeprkanneM ¢puopsr 3 % (1o 00bemy) 0611 Ha 15-24 %
MEHBIIIE, YEM Y 0OBIYHOTO TSDKEJIOT0 OETOHA, U COCTABIISIT
0,8-1,0 [19]. CornnacHo uccnenoBanusM [ 18], BBeneHue
(ubpsI cHIKAIO fedopmaniy nonsydectr 10 30 %o.

B [20] ormeuaercsi, 4TO BBeIeHUE CTAIbHOM (U-
O6pel B oO6beme 0,8 % HE3HAUUTETHbHO CKa3bIBAETCS
Ha yMeHblleHnH aedopmanuii monsydyectu (He Oosee
12 %), HO B 3THX HCCIENOBAHMUAX COAep kaHue puOPHI
(o 06vemy) He mpesbimano 0,8 %. B [21] momyueno,
4TO BBeIeHHE QPHOPHI MOXKET [aXke MOBBICUTH Aedop-
Manuy MoJI3y9ecTH, YTO, O-BHIMMOMY, CBS3aHO C pa3-
PBIXJICHHEM CTPYKTYPHI MaTpHIbl BOJIOKHAMHU (hrOpHI
B IIpoliecce NepeMEIINBAHUs U YKIaaKku [3].

Pesynbrarel anannsa uMcclleJOBaHUM 110 OLEH-
Ke BIHsHUS (pUOpPOBOro apMUpPOBAaHUS HA MOJI3YYECTh
C®b nokazanu, yto kodpunreHT nonzyuectn COB,
Kak NpaBHIIO, MEHbIE, yeM y OeToHa maTpuibl. OnHa-
KO CHCTEMHBIX MCCIIEIOBaHUI HEOCTATOUHO H, COOT-
BCTCTBCHHO, peKOMeHlIaHHﬁ 10 HOPMHUPOBAHUIO OTHUX
XapaKTEPUCTUK B 3aBUCUMOCTHU OT BHJA U COACP)KaHUS
(hubpsr HeT. K ToMy ke OombIast 4acTh UCCIIEIOBAHHNA
npoBeneHa Ha ¢pubpe Oompmmx guamerpoB (0,6 MM
U BBIIIE), KOTOpas HE MPUMEHUMA I TOHKOCTECHHBIX
KOHCTPYKIHH, K KOTOPBIM OTHOCHUTCA HecbeMHass COb
oraiyoka. Ha ocHOBaHMM 3TOTO OBIJIO IPUHSTO pere-
HHE 0 HEOOXOMMOCTH MPOBEACHUSI KOMIUIEKCHOTO HC-
CII€ZIOBaHUSI PEOJIOTHYecKUX xapakTepucTuk CDb.

MATEPHAJIBI 1 METO/bI

Bce uccnenyemsie coctaBel COb Obumn u3ro-
TOBJIEHBl HA OCHOBE OJHOW W TOH XK€ CaMOyMJOT-
HSIOIIEHCS] MAaTPHUIIBI U3 MEJIKO3EPHUCTOTO OETOHA.

Cocras marpuiibl ist usrorosienus COB, kr/m?

Hcnonb3yemseiii coctaB MaTpuiibl (Tabdl.) MO3BOJIHII
MOJYyYUTh MEJIKO3EPHHUCTHIH OETOH MPOYHOCTHIO
110 MIIa (o pe3ynpraTaM UCIBITAaHUSA 00pPA3IOB Ky-
608 ¢ pedpom 70 Mm).

[Ipn nmpoBeneHnu uccleOBaHUN IPUMEHUIN
BUIBl GUOPH C ONTHMAJIBHBIMH I'€OMETPHYECKH-
MU IapamMeTpaMHu JJis U3TOTOBJICHUS NaHeled He-
CBEMHOW omaxyOKoH (JJaTyHHPOBaHHBIE THAMETPOM
0,3 MM u mnuuo# 15 u 30 Mm). Oty Buabl GuUOPHI
MOKa3aJH CBOIO APPEKTUBHOCTD U TEXHOJIOTUIHOCTD
NpH U3TOTOBIEHUU omanyOku [2, 3]. Takxke mmus
CpPaBHEHUs IPUHSAIU IIUPOKO UCIONB3yeMYyI0 B PD
U 3a pyoexom ¢ubpy amamerpom 0,7 MM U JITHHOU
30 mM. ®ubpa nauHOM 15 MM HMeTa BOJHOBOH TIpo-
¢bwib, a mmHOM 30 MM OBLIa TIAJKOH C aHKEpaMu
no koHnaM. OOmiuii BuJ MCHOJB3yEeMBIX CTaJTbHBIX
BOJIOKOH TPEJCTaBIEH Ha pHC. 2.

B uccnenopanusix COb ¢ BomHOBOW pubdpoit
(®CIIB 0,3 x 15) ee comepxkanue (mo obvemy)
610 mpuHATO paBHbiM 0,5, 1,0, 1,5, 3,0 u 6,0 %.
Copnepxanue ¢pubpsl ¢ ankepamu (PCIIA 0,3 x 30
u O®CITIA 0,7 x 30) B cBA3M C TEXHOJOTHIECKUMH
OTpaHMYEHHUSIMU He npesbinano 1,5 % (npu 60ib-
mem conep:kanuu BonokoH @CITA 0,3 x 30 mpu me-
peMelMBaHuN 00pa30BbIBAINCH KOMKH U3 (GHOPHI).

C yderoM aHanu3a JHTEPAaTyYpPHBIX TaHHBIX
[11, 14, 16] ucubrTanus Ha monsydects misi COb
npooaunu no ananoruu ¢ FOCT 24544-20202,
HECMOTpS Ha TO, YTO OH PaCIpPOCTPAHIETCS TOIBKO
Ha OetoHsl. [locne pacmanyOku oOpa3ubl XpaHUIN
B KaMepe HOPMaJIbHOTO TBEPJICHUS B TeUeHHE 28 CYT.
3aTteM 28 cyT 00pa3Lbl XPAaHWINCh B YCIOBHSX Ja-
Goparopuu s cTabuaM3anuy BIaxHocTu. Bospact
00pa3noB K Hayady UCIBITAHUS Ha MOJ3y4ECTh CO-
cTaBasa okojo 56 cyT. HemocpencTtBeHHO mepen
MPUIOKEHHEM JUINTEIbHON HArpy3Kd IIPOBOIUIHN
KpaTKOBPEMEHHBIE HCIIBITAHUS, IPU KOTOPBIX OMpe-
JISJISITA KyOMKOBYIO U IpU3MEHHYI0 podyHocTs CDB.

Ilement LIEM I knacca M3BecTHsIKOBas [Mnactudukarop
5.5 ITecok Bona MuxkpokpeMHe3eM Myka Homumaact TIK
666 1005 208 67 344 13,32

OCIIB 0,3 x 15

Puc. 2. Buns! cranbHOl Guopsl

OCIIA 0,3 x 30

OCIIA 0,7 x 30

2TOCT 24544-2020. Beronsl. MeTozs! onpeeeHus epopMariiii yCagaki U MOI3yYeCTH.
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a b

Puc. 3. [IpoBencHre UCTIBITAaHUIA: @ — YCTaHOBKA JUIS MPO-
BEJICHHS UCTIBITAaHUH; b — o0pa3en Ipy NPOBEACHUN UCIIBI-
TaHUH Ha CKaTHe

[Ipu ucnbiTaHuH 00Pa3MOB-IPU3M H3MEPSITH TAKXKE
MPOJIOJBHEIC U TIOTIEPEYHBIC Je(hOpMAaIIHH.

Jls McmbITaHus Ha MOJI3yYECTh MCIOJIB30BAIU
MTHEeBMOTHIpaBIndYeckre ycTtaHoBku. Kaxnas ycra-
HOBKa COCTOsUIa M3 CTaJbHON paMbl C THIApaBIHYE-
cKUM JoMKparoM (puc. 3, a). IlocTostHCTBO naBneHUs
B IOMKpare 00ecIieurnBa BO3AYIIHO-MACIISHbIN O0aJioH
(aKKyMyIsITOp), MPEABAPUTEIHHO 3aKaYCHHBIH 10 MPO-
€KTHOTO JaBJICHHS, YTO MO3BOJIUIO KOMIICHCHPOBATH
MmajicHUE JaBJICHUS pH AcPOPMUPOBAHUU OOPAa3IIOB.
3HaueHUs MPOAOIBHBIX U MOMEPEUHBIX JehopMaruii
Ha MOBEPXHOCTH OETOHA OINpENeNsIu C UCIOIb30Ba-
HHEM HHIUKATOPOB YacOBOTo THma (IeHa AeCHUS
0,001 mm), ycranoBneHHBIX Ha 6a3e 140 mm (puc. 3, b).

PE3VJIBbTATBI UCCJIEJOBAHUA

Js onpeneneHus YpOBHS HarpyXeHHS ISl UC-
TBITAaHUS Ha MOJI3YYECTh IPeIBapUTEIHFHO OBUIH MPO-
BEJICHBI CTAaTHYECKHE UCIBITAHMS Ha CXKaThHe 00pas-
LIOB NMpU3M. Pe3ynbTaTsl HCIIBITAHUHN IIpECTaBICHBI
Ha puc. 4.

BBenenue cranbHOW (GHUOPH NMpakKTHYECKHU
HE BIWSIO Ha MpU3MEHHYI0 mpouyHocTh CDb (pas-
nuuyue He mpesbimano 8 %). Ilpu 3Tom xapakrtep
n3MeHeHns OblT ogmHakoBEIM 11 COb ¢ aHKepHOH
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Puc. 5. 3aBucuMOCTb NpeAeIbHOH NehopMaIiy MOA3y4eCTH
C®b ot 06peMHOTO copepskanus GUOPbI

¢udpoit TommuHo# 0,3 u 0,7 MM u nnuHOH 30 MM
(DCIIA 0,3 x 30 u ©CIIA 0,7 x 30).

XapakTep paspyuieHuss o0pa3oB-TIPU3M H3
C®b pa3HbIX cepuil Mano OTIHYancs APYr OT ApYy-
ra. Pa3pymenue, Kak MpaBmiIo, OBIIO CBSI3aHO C 00-
pa3oBaHUEM BEPTHKAJIbHONH MarucTpalbHOM Tpemu-
HEL. [Ipy 5TOM paspymieHne MaTpuIbl IPOUCXOIUIO0
B3pBIBOOOpa3Ho, a npu ucnsitannun CO®b o6pa3msl
COXpaHsIu cBOlo (hopMy. 3HaYEHUS MOIYJs YIpy-
TOCTH MaJIo 3aBHCEININ OT cojepxaHus GuoOpsl u n3-
MeHsutiuch B auama3oHe ot 38 000 mo 43 000 MIla,
ko3¢ duuunent Ilyaccona cocrasmsn 0,20-0,23.

Hampsokenne B oOpa3uax nmpu IpoBEJSHUHN HC-
IBITAHKS Ha Moa3ydecTh cocTasisano 30 % ot mpus-
MeHHoI npounoctu CPB, ycTaHOBIEHHON NpH Hc-
IBITAaHUSX KPaTKOBPEMEHHOM Harpyskoil. B mpouecce
UCHBITAHUS B 3alaHHOE BPEMsI OIIPEIEIISAIN 3HAYCHUS
a0CoOMIOTHBIX nedopMaluiil Juist KaKI0ro 3arpyKeH-
HOTO W He3arpy>XeHHoro obOpasra.

W3mepenns nedopmanuii IpoOU3BOAUIN B Tede-
nue 180 cyrt. Ilpu o6paboTke pe3yabTaTOB U3MEpe-
HUSI OTPE/ICISUTN CpeTHIE 3HAUCHHS e OpMaIii JJ1st
Ka)10T0 00pasla U 10 HUM CTPOMIIN JIMHUIO perpec-
cuu B cooTBeTcTBHM ¢ MeTtoaukoit 'OCT 24544-2020.
3areM 1o JTMHUN PETPECCUH OTPEASISIIHN Mpe/IesIbHbIC
nehopMaIuy Mmo3y4ecTH, T.e. JehopMaIii, COOTBET-
CTBYIOIIIME OECKOHEYHO JUINTEILHOMY BPEMEHH Harpy-
JKSHHS.

JuarpamMma BIHSHHUS TapaMETPOB JUCIIEPCHOTO
apMHpOBaHUs Ha MpeAeNbHYI0 fedopMannio oi3y-
yecTH (pHc. 5) MOKa3bIBAET, YTO BBEACHNUE CTAIBHOM
¢ubper no 1,5 % He MO3BOJAAECT MONYIUTh YETKUH
Tpen]. OYeBUAHO, ITO CBA3AHO C Pa3yIUIOTHEHUEM
CTPYKTYpBl MaTepuaia, SBISIOMHUMCS CIEJCTBHU-
€M JIOMOJHUTEIBHOTO BO3yXOBOBJICUCHUS, KaK 3TO
OBLIIO OTMEYEHO IO pe3ysIbTaTaM UCIBITAHUS Ha Kpa-
TKOBPEMEHHYIO Harpy3Ky | IpHU ONPEACICHUH TUIOT-
HOCTH. OCOOEHHO 3TO MPOSBISIETCS JIsI TOHKUX BO-
noxoH (quamerp 0,3 MM) pu BBEIEHUH BOJIHOBOM
¢udpsr (PCIIB 0,3 x 15), npoucxoauT yBenuue-
Hue aedopmanuii monsydectu 6onee uem Ha 10 %.
IIpu conepxanuu pudper 6osee 1,5 % mpoucxoaut
ymeHbuieHne aedopmanuii nonsydectu Ha 10-20 %,
10 CPAaBHEHUIO C MaTpULEH.
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Puc. 6. 3aBucumocts Mepsl nonszyuectu COB ot 00b-
eMHOTro coaepxanus ¢udbper: a — DPCIIB 0,3 x 15; b —
OCTIA 0,3 x 30; ¢ — DCIIA 0,7 x 30

JwnarpamMmbl ©3MEHEHUs MEpPbI MOI3y4eCTH BO Bpe-
MEHH IIpeZICTaBIeHbI Ha puc. 6. Mepa nonsydecTH xa-
pakTepusyeT AedopMalrIo MON3y4eCcTH Ha ANHHILY Ha-
npsbxenus (pasmeprocts MIIa™) u siisieTcs Haubosee
MOKa3aTeIbHON XapakTepucTukoi. [Ipu3Mennas npod-
HOCTh y HuccienyeMbix coctaBoB CDb pasznuuaercs,
COOTBETCTBEHHO, Pa3IIMYHBI ¥ 3HAYCHUS HAPKCHUH,
IIPU KOTOPBIX U3MEPSUIH iehOopMalvu.

Pacuers! npenenbHOM MephI IONI3yYecTH (puc. 7) To-
Ka3aJx, 4To BBEICHUE (hHOPHI CHIDKACT apaMeTphI TOJI-
3y4ECTH, YTO CBSI3aHO CO CIEp>KMBaHHEM Jedopmanuii
B OETOHHOI MaTpHIle CTaJHHBIMHU BOJIOKHaMH. [Ipu aToM
YETKUH TPEH]| CHIKEHHS KO3 (HUINCHTA TOJI3YyYeCTH
MPOCIICKUBAIICS ITPU 00BEMHOM COZCPKAHUH BOJIOKOH 00-
nee 1,5 % (camxenne 1o 20 %). [Ipu MeHbIIEM COnEpKa-
HHH BOJIOKOH Mepa IOJI3y4ecTH He u3Mensiercst (Juist pu-
6pst @CIIA 0,7 x 30), mubdo yBemuuuBaercs Ha 10-15 %
(s pudper @CIIA 0,3 x 30 m @CIIB 0,3 x 15).
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Puc. 7. 3aBucumocts Meps! nonmsydectd COB or o6pemMHOTO
conepxaHus GUOPbI

3AKJIIOYEHHUE U OBCYXJIEHHUE

B pesynbraTe 3KCIEpUMEHTANbHBIX HCCIEN0-
BaHUII npu yposHe Harpysku 0,3 oT paspymaromei
Y HOPMAJIBHBIX YCJIOBHSAX OKpY>KalOIIel Cpebl ycTa-
HOBJICHO, YTO IpeJesibHas Mepa MOJI3y4ecTH IJis
COb naxonurcs B auanaszone 1,5-2,3 MIla™.

BBenenne ¢ubOpsl BOTHOBOrO Hpoduis
(@CIIB 0,3 x 15) u ¢ ankepamu (PCIIA 0,3 x 30)
1o 1,5 % 1mo o0beMy He IO3BOJISET MOJNYYNUTh YETKUN
TPeHIl U3MEHeHHsI Mephl nonzydectu. st Gpudpsl
OCIIA 0,7 x 30 ¢ yBenuueHueM ee 00bEMHOI0O CO-
JIep>KaHUs BBISIBICHO YBEJINYCHHE MEPHI MOJI3YYECTH
Ha 10 %. Beenenne pudpser ot 1,5 10 6 % mo o0bemy
obecreynBaeT CHIKEHUE MPeNeIbHON MEpHI MON3y-
yecTH cranepudpoderona no 20 %.

Brenenue cranbHO# GUOPHI CIOCOOCTBYET JO-
MOJTHUTEIHHOMY BO3JIyXOBOBJIEUEHUIO IIPU TPUTOTOB-
JIEHUH cMecH (OTMEUEHO I10 pe3yJbTaTaM U3MEpeHuUs
¢uzuko-mexannueckux xapakrepuctuk COB). B sB-
HOM BHUJE IIPU UCIBITAHWH Ha TOJ3Y4YeCTh JaHHas
0COOEHHOCTH MPOSBIAETCS MPH MaJbIX MPOIEHTaX
apmupoBanus (1o 1,5 %), korna xonuuecta GuOpHI
HEJ0CTATOYHO ISl KOMIIEHCUPOBAaHHUSI PE3yIbTaToB
Pa3yIUIOTHEHUS! MEJIKO3EPHUCTONH MaTpHIsl. B aToM
ciIy4yae HaOJofaeTcsi CHUKEHHE (PU3NKO-MEeXaHUde-
ckux xapakrepuctuk COb (puc. 4) u nossimeHne
npenenbHbIX aedopmanuii monsydectu (puc. 5). IMo-
Jy4eHHbIE 3HaYE€HUS KOPPETUPYIOTCS C pe3yIbTaTaMU
0030pa JTUTepaTypHBIX JaHHBIX, IJIe OTMEYEHBI IPO-
THUBOPEYHS BO BIMSIHUH BBEACHHS CTAIBHBIX BOJOKOH
Ha nokasarenu nonsydectu COB.

[TomydeHHBIE pe3yNbTaThl MOKa3bIBAIOT, YTO IO-
MHMO I1apaMeTPOB AUCIIEPCHOTO apPMUPOBAHUS Ha Xa-
paktepuctuku nonsydectn COb oka3piBaoT BIUsSHIE
u apyrue GpakTopsl. B MpoBeneHHBIX HCCIeT0BaHUIX
OTMEYEHO BIMSHUE TEXHOJIOTHYECKUX 0COOEHHOCTEN
IIPH TIPUTOTOBIICHUN CMECU — JIOTIOTHUTEIBLHOE BO-
BJICUCHHE BO3yXa MPHU MEpEeMEIINBAHUH TIPU 00b-
eMHOM conepxanuu Guopsr no 1,5 %. BoBieuenune
JIOTIOJTHATEIHHOTO BO3JyXa MPH MalloM COAEPKaHUH
(uOPBI MOATBEPKICHO ONPEIEICHIEM MOI3YUECTH.
COOTBETCTBEHHO, NPU OTPEIEICHNUN AeHCTBUTEINb-
HBIX pacueTHBIX xapakrtepuctuk COb ciaeayer mpo-
BOJUTH NPSIMBIE HCIIBITAHNUS, YIYUTHIBAIOIINE HE TOJb-
KO COCTaB, HO U TEXHOJIOTHIO U3TOTOBJICHHUS.
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INTRODUCTION

For NPP structures, the normative lifetime
of 100 years, the issues related to creep and long-
term strength of materials used in the construction
of the main structures are of utmost importance. With
the adaptation of prefabricated monolithic construc-
tion technology using spatial reinforced formwork
units with non-removable SFRC formwork [1, 2], it
became necessary to obtain its mechanical charac-
teristics, including creep indicators. According to
the project requirements — the formwork is made
of high-strength SFB (compressive strength of not
less than 100 MPa) on a fine-grained self-sealing
matrix. After embedding the monolithic concrete in
the reinforcement blocks, due to high adhesion val-
ue [3], a structure with combined reinforcement is
obtained, where, in addition to reinforcement bars,
there is SFRC sheet reinforcement (Fig. 1). Accord-
ingly, to obtain a real picture of the redistribution
of forces in the load-bearing elements, taking into
account the rheology of the materials used [4-6], it
is necessary to know the actual creep characteris-
tics of SFRC, i.e. plastic deformations occurring in
the material over time at a constant level of loading.

In Russia, the calculation of SFRC structures is
regulated by SP 360.1325800.2017!, in which the pa-
rameters of dispersed reinforcement (type of fibre and
its volume) are not taken into account when deter-
mining the creep factor. According to this document,
the creep coefficient is taken as for the matrix used for
the production of SFRC. The presented approach is
acceptable [7, 8]. But various nano-modifiers and min-
eral additives are introduced into the matrix of self-
compacting fine-grained concrete used for making
high-strength steel-fibre concrete of permanent form-
work, in order to reduce the water-cement ratio and
optimize its structure. The result is SFRC with a com-
pact structure reinforced by dispersed steel fibre dis-
tributed throughout the entire volume. The mechanism
of deformation and fracture of such a material differs
significantly from that of conventional heavy concrete,
which reduces the reliability of the rheological char-
acteristics obtained analytically [9] and requires ad-
ditional experimental studies [10].

Analysis of the publications [11-20] shows that
the introduction of steel fibre has an effect on the rhe-
ological characteristics of steel fibre concrete. It is
noted that in addition to the dispersed reinforcement
parameters, the creep value is influenced by other con-

Fig. 1. A fragment of a room made of reinforced concrete

blocks with non-removable SFRC formwork

ditions, specifically the age of the SFRC at the time
of load application, its level (intensity), duration and
environmental conditions (temperature and humidity),
the type and content of the SFRC components (aggre-
gate type, cement properties, cement dough content
and water-cement ratio).

It is noted in [13] that the introduction of fiber
does not change the nature of creep deformation,
however, it affects their value. In studies [14, 18, 19],
the creep deformations of the SFRC at any age were
lower than those of matrix. Thus, the creep coefficient
of especially high—strength SFRCs with a fiber con-
tent of 3 % (by volume) was 15-24 % less than that
of conventional heavy concrete, and was 0.8—1.0 [19].
According to studies [ 18], the introduction of fibre re-
duced creep deformation by up to 30 %.

In [20] it is noted that the introduction of steel
fibre in the volume of 0.8 % has an insignificant ef-
fect on the reduction of creep strain (not more than
12 %), but in these studies the content of fibre (by
volume) did not exceed 0.8 %. In [21] it was found
that the introduction of fibre may even increase creep
deformation, which seems to be due to the loosening
of the matrix structure by fibres of fibre during mixing
and laying [3].

The results of the analysis of studies to as-
sess the effect of fibre reinforcement on the creep
of SFRC showed that the creep coefficient of SFRC is
generally lower than that the one of matrix concrete.
However, there are not enough systemic studies
and consequently there are no recommendations for
the standardization of these characteristics depend-

'SP 360.1325800.2017. Steel-fiber concrete structures. Design rules.
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ing on the type and content of fibre. In addition, most
of the research has been carried out on large fibre di-
ameters (0.6 mm and higher), which is not applicable
for thin-walled structures to which non-removable
SFRC formwork belongs. Based on this, it was de-
cided that a comprehensive study of the rheological
characteristics of the SFRC should be carried out.

MATERIALS AND METHODS

All the studied SFRC compositions were made
on the basis of the same self-consolidating matrix
of fine-grained concrete. The matrix composition
used (Table) resulted in a fine-grained concrete
with a strength of 110 MPa (according to the results
of testing samples of cubes with an edge of 70 mm).

During the research, types of fibre with optimal
geometric parameters were used for the manufacture
of panels with non-removable formwork (brass-
plated with a diameter of 0.3 mm and a length of 15
and 30 mm). These types of fibre have shown their
efficiency and manufacturability in the manufacture
of formwork [2, 3]. Also, for comparison, fibre with
diameter of 0.7 mm and length of 30 mm, which are
widely used in the Russian Federation and abroad,
was adopted. The fibre 15 mm long had a wave
profile, and 30 mm long was smooth with anchors at
the ends. The general view of the steel fibres used is
shown in Fig. 2.

In studies of SFRC with wave fibre (FSPW
0.3 x 15), its content (by volume) was assumed to
be 0.5, 1.0, 1.5, 3.0 and 6.0 %. The content of fibre
with anchors (FSPA 0.3 x 30 and FSPA 0.7 x 30) due
to technological limitations did not exceed 1.5 %
(with a higher content of 0.3 x 30 FSPA fibres, lumps
of fibres were formed during mixing).

Considering the analysis of the publications [11,
14, 16], creep tests for SFBC were carried out by anal-
ogy with GOST 24544-20202, despite the fact that it

a b

Fig. 3. Test operation: @ — testing equipment; b — a sample

during compression testing

applies only to concrete. After stripping, the samples
were stored in a normal outcast chamber for 28 days.
Then the samples were stored in a laboratory for
28 days to stabilize humidity. The age of the samples
at the beginning of the creep test was about 56 days.
Immediately before applying a long-term load, short-
term tests were carried out, during which the cubic and
prism strength of the SFBC was determined. Longitu-
dinal and transverse deformations were also measured
in the prism samples.

Pneumohydraulic installations were used for
creep testing. Each installation consisted of a steel
frame with a hydraulic jack (Fig. 3, ). The con-
stant pressure in the jack was provided by an air-oil
cylinder (battery) pre-pumped to the design pres-
sure, which made it possible to compensate pressure
drop during deformation of the samples. The values
of longitudinal and transverse strains on the concrete
surface were determined using an indicating gage

The composition of the matrix for the manufacture of SFRC, kg/m?

Cement CEM Type | Sand Water Microsilicasuspension Limestone powder Pthlde.t PK
52.5 plastisizer
666 1,005 208 67 344 13.32

FSPV 0.3 x 15

Fig. 2. Steel fibre types

FSPA 0.3 x 30

FSPA 0.7 x 30

2GOST 24544-2020. Concrete. Methods for determining shrinkage and creep deformations.
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(division value 0.001 mm) installed on a 140 mm
base (Fig. 3, b).

RESAERCH RESULTS

To determine the loading level for the creep test,
static compression tests were previously carried out
on the prism specimens. The test results are shown in
Fig. 4.

The introduction of steel fibre practically did not
affect the prismatic strength of the SFB (the differ-
ence did not exceed 8 %). At the same time, the nature
of the change was the same for SFBC with an anchor
fibre with a thickness of 0.3 and 0.7 mm and a length
of 30 mm (FSPA 0.3 x 30 and FSPA 0.7 x 30).

The fracture pattern of the SFBC prism specimens
from the different series did not differ much from each
other. The destruction was generally associated with
the formation of a vertical crack. At the same time,
the destruction of the matrix occurred explosively,
and during the SFBC test, the samples retained their
shape. The values of the elastic modulus did not de-
pend much on the fibre content and varied in the range
from 38,000 to 43,000 MPa, the Poisson’s ratio was
0.20-0.23.

The stress in the samples during the creep test
was 30 % of the prismatic strength of the SFRC, es-
tablished during short-term load tests. During the test,
the values of total strain for each loaded and unloaded
sample were determined at the specified time.

The deformations were measured over
a period of 180 days. Processing the measurement
results, the average values of deformations for
each sample were determined and a regression
line was built according to them in accordance
with the GOST 24544-2020 methodology. Then,
the marginal creep deformations, i.e. deformations
corresponding to an infinitely long loading time, were
determined along the regression line.

The diagram of the effect of the parameters
of dispersed reinforcement on the ultimate creep de-
formation (Fig. 5) shows that the introduction of steel
fibre up to 1.5 % does not produce a clear trend. Obvi-
ously, this is due to the decompression of the struc-
ture of the material, which is a consequence of ad-
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Fig. 4. Dependence of the prism strength of the SFBC
on the volume content of the fiber
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ditional air entrainment, as it was noted by the results
of the short-term load test and density determination.
This is especially evident for thin fibres (diameter
0.3 mm) with the introduction of wave fibre (FSPW
0.3 x 15), creep deformations increase by more than
10 %. With a fibre content of more than 1.5 %, creep
deformations decrease by 10-20 % compared to
the matrix.

Diagrams of changes in the creep measure over
time are shown in Fig. 6. The creep measure charac-
terizes creep strain per unit stress (dimension MPa™)
and is the most indicative characteristic. The prismatic
strength of the studied SFB compositions differs, re-
spectively, the stress values at which the deformations
were measured are also different.

Calculations of the ultimate creep measure (Fig. 7)
showed that the introduction of fibre reduces the creep
parameters, which is associated with the containment
of deformations in the concrete matrix by steel fibres.
At the same time, a clear trend of a decrease in the creep
coefficient was observed with a volumetric fibre content
of more than 1.5 % (a decrease to 20 %). With a lower
fibre content, the creep measure does not change (for
VSP 0.7 x 30 fiber), or increases by 10—15 % (for FSPA
0.3 x 30 and FSPV 0.3 x 15 fibre).

CONCLUSION AND DISCUSSION

As a result of experimental studies at a load lev-
el of 0.3 of the destructive and normal environmen-
tal conditions, it was found that the maximum creep
measure for SFRC is in the range of 1.5-2.3 MPa™'.

The introduction of wave profile fibre (FSPW
0.3 x 15) and with anchors (SPA 0.3 x 30) up to 1.5 %
by volume does not give a clear trend of change in
the creep measure. For FSPA fibre 0.7 x 30 with an
increase in its volume content, an increase in the creep
measure by 10 % was revealed. The introduction of fi-
bre from 1.5 to 6 % by volume reduces the creep limit
of steel fibre concrete to 20 %.

The introduction of steel fibre contributes
to additional air entrainment during the prepara-
tion of the mixture (noted by the results of meas-
uring the physical and mechanical characteristics
of the SFBC). In the creep test, this feature is evident
at low percentages of reinforcement (up to 1.5 %),
when the amount of fibre is not enough to compensate
for the results of decompression of the fine-grained
matrix. In this case, there is a decrease in the physi-
cal and mechanical characteristics of the SFRC
(Fig. 4) and an increase in the creep strain limits
(Fig. 5). The obtained values correlate with the results
of the literature review, where contradictions in the ef-
fect of the introduction of steel fibres on the creep
properties of the SFRC are noted.

The obtained results show that in addition to
the parameters of dispersed reinforcement, other fac-
tors also influence the creep characteristics of SFBC.
In the conducted researhes, the influence of techno-
logical features in the mixture preparation — addi-
tional air entrainment during mixing with a volumetric
fiber content of up to 1.5 % was noted. The additional
air entrainment with a low fibre content is confirmed
by creep determination. Accordingly, in determining
the actual mechanical characteristics of SFRC, di-
rect tests should be carried out, taking into account
not only the composition, but also the manufacturing
technology.
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PacuerHbie mapaMerpbl (PYHKIHUOHAJIBLHOTO 30HMPOBAHUS
03€¢JICHCHHOM TEPPUTOPHM LEHTPAJIbHON YacTu ropoaa Peyrosa
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AHHOTALUMNA

BBeaeHune. CtaTbsl NOCBSILLEHA PELLEHNIO aKTyarbHOW NpobnemMbl Mo ONTMMMU3aLMKU NPUPOAHOIO Kapkaca ropoa Ha OCHOBE
paLMoHanbLHOrO UCMOMNb30BaHNUA TEPPUTOPUM HACENEHHOro NyHKTa B KayecTBe O3efleHeHHOW TeppuTopun obLuero nornb3o-
BaHusi. Vcnonb3oBaH Noaxof, OCHOBaHHbIVM HA COBPEMEHHbIX TeHAEHUMSAX ypbaHnsaLuum, 3Konormyeckon nonesHocTu, coum-
arnbHOW BbIroAbl U paLMOHanbHOro UCMoNb3oBaHUs TeppuTopuid. OfHUM U3 BaXKHbIX 3NIEMEHTOB ONTUMU3ALIMM IKONOMMYECKO
cpenbl ABNSETCs 03eNeHeHne NpPocTpaHcTBa ropoda. B HacTosiee BpeMs coxpaHeHe paBHOBECHS YpGaHU3MPOBaHHBIX Tep-
pUTOPUIA ABNSIETCA NPUOPUTETHLIM HaMpaBneHWeM, NOCKOMNbKY C POCTOM U pa3BUTMEM rOPOLOB cpeaa CTaHOBUTCH Bce bonee
arpeccuBHoOW. Takke C yBeNMMYEHNEM KONMYECTBA XUTENeN Bo3pacTaeT pekpeaLMoHHasi Harpyska, a U3-3a BbICOKOW KOHLIEHT-
pauuu BbIGPOCOB aBTOTPaHCMNOPTa U NPOMBILLNEHHBIX NPEANpPUATUA COCTOSIHUE FOPOACKUX NPUPOAHBLIX CUCTEM MEHSIETCS, YTO
BEJET K YXYALUEHUIO Ka4eCTBa XM3HU HaceneHusi. Cuctema 3eneHblx HacaxaeHU CoBpeMEHHOIO ropoaa opMupyeTcst Ansi
03[0POBIEHUS OKpYXKatoLLen cpepbl, oboralleHns BHelHero obnuka ropoga, co3gaHus YCroBU s MacCoBOro OTAbIXa Ha-
ceneHnst B NpUpoOaHOM OKpyXeHun. [nsi opMmMpoBaHmsa 3KOMOrMYecKor 0BCTaHOBKU B ropofe, Hapsiay C KapAvHanbHbIMU
MeponpUATUSIMU, HEOOXOAUMO COXpaHEHUE 1 pa3BUTME NPUPOLHBLIX MacCHBOB U O3efleHeHne TeppuTopun ropoaa.
[MpoaHanunaupoBaHbl COOTBETCTBYIOLLME NIAaHNPOBOYHbIE BO3MOXHOCTU M OrpaHuyeHus, obecneyvBaioLlme rpagocTpou-
TenbHoe npeobpa3oBaHWe ropoda, a Takke BbibpaHa onTUMarbHasi cTpaTerns NpoCTPaHCTBEHHO-TEPPUTOPUATBHOMO pas-
BUTUS peopraHu3aLMm NpMpoaHOro kapkaca.

Martepumanbi 1 MeToAbl. Vicnonb3oBaHa cobpaHHasi aTpubyTBHas MHGOPMaLUsi, NPaBoOBble LOKYMEHThI, KapTorpadguye-
ckue maTtepuansl. PacyeT noteHUumManbHbIX NnoceTUTenen NpoBeaeH C Y4€TOM HOPMaTUBHOMO 3HAYEHUs MO pekpeaLoHHOW
Harpyske, a pacyeT nocetutenei NpPMPOOHO-aHTPOMNOreHHOro TeppuTopuansHoro komnrekca (nanee — lMATK) npousso-
AWncst nyTem HaTypHoro HabntoaeHusi. Peaynsratel HabnoaeHus 6binv obpaboTaHbl ¢ MOMOLLBIO MPOrpaMMHOro NpoayKTa
Microsoft Office Excel, ¢ nocnegyiowimm MogenupoBaHMeM MPOEKTHOrO NPEAsIOKEHUsI MO UCMOMNb30BaHUIO O3EMNEeHEHHON
TeppuTopun r. PeytoBa B nporpaMMHOM komnnekce Qgis.

PesynbraTtbl. Ha ocHoBe NpoBeAeHHOro nccnegoBaHns Gbino BbISIBNIEHO MPEBbILLEHNE HOPMATUBHOTO 3HAYEHUS pekpeaLim-
OHHoW Harpy3ku MNATK «A6noHeBbIn cagy I. PeyToBa 1 NpeanoxeH NpoekT pyHKUMOHaNbHOIr0 30HMPOBaHUS, BKITHOYAIOLLWIA
B cebs1 NPOEKTMPOBaHME TPEX 30H PA3NMYHOIO PYHKLMOHANBHOIO Ha3HaYeHus!.

BbiBOAbI. YBENUYEHHbIA TEMN NPUTOKA HACENEHMWS 1 KOMOTMMYECKOrO 3arpsi3HEHUS! MPUBOAUT K BbIHYXAEHHOW peopraHu-
3auum 3eneHbIX siaep roponos.

KINMOYEBBIE CITOBA: 3eneHoe sapo, peopraHusaums TepputopuansHOro NpocTpaHcTea, TepputopuanbHoe nnaHMposa-
HVe, NPUPOAHbIN Kapkac, yCToN4YnBoe passuTue, bnaroycTporicTBo TeppuTopmn
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ABSTRACT

Introduction. The article devoted to the relevant problem of optimizing the natural framework of the city on the basis of rational
use of the territory of the settlement as a public green area. The approach, based on the modern tendencies of urbanization,
ecological utility, social benefits and rational use of territories. One of the important elements of the optimization of the ecological
environment is the greening of the city space. At present, maintaining the balance of urbanized areas is a priority because with
the growth and development of cities, the environment is becoming more and more aggressive. Also, with the increase in the num-
ber of residents, the recreational load increases, and due to the high concentration of emissions from motor vehicles and industrial
enterprises, the state of urban natural systems is changing, which leads to a deterioration in the quality of life of the population.
The system of green spaces of a modern city is being formed to improve the environment, enrich the appearance of the city, create
conditions for mass recreation of the population in the natural environment. For the formation of the ecological situation in the city,
along with cardinal measures, it is necessary to preserve and develop natural massifs and landscaping of the city territory. The ar-
ticle analyzes the relevant planning opportunities and constraints for urban transformation of the city, and also selects the optimal
strategy for spatial development of the reorganization of the natural framework.

Materials and methods. The collected attributive information, legal documents and cartographic materials are used in
the work. The calculation of potential visitors was carried out on the basis of the normative value for recreational load, and
the calculation of visitors to the natural-anthropogenic territorial complex (hereafter — NATC) was carried out by means of
field observation. The observation results were processed using the Microsoft Office Excel software, followed by modelling
of the project proposal for the use of the Reutov green space in the Qgis software package.

Results. On the basis of the conducted research, the excess of the normative value of recreational load of the NATC “Apple
Orchard” in Reutov was identified and a functional zoning project, including the design of three functional zones, was proposed.
Conclusions. The increased rate of population influx and environmental pollution is forcing a reorganization of the green
cores of cities.

KEYWORDS: green core, spatial reorganization, urban planning, natural framework, sustainable development, landscaping
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BBEJAEHUE

OnHUM U3 KITIOUEBBIX ITOAXO/I0B Pa3BUTHS HAaCEJICH-
HBIX MECT SIBIISICTCS HAIpaBICHUE YCTOHYNBOTO Pa3BH-
tus [1]. CniemoBatenbHO, CO3MaHNe KOM(POPTHOH ropo-
CKOM cpefibl, OKa3bIBarollell MUHUMAJIbHOE BO3/IEHCTBHE
Ha KOJIOTHYECKYIO COCTABIAIONIYIO U JKU3HEACATEIb-
HOCTh 4€JIOBEKa, SBJISIETCS] IPUOPUTETHBIM HaNPABICHU-
€M TPaJI0CTPOUTENHHOTO IUTAHMPOBAHMS IO BCEMY MHUDY.

O¢ddexTBHOCTH TUIAHUPOBOYHOM OpraHMU3annn
03€JICHEHHBIX CHCTEM ropojia 00ecneynBaeTcst 3a CYeT
ONTHMAJIEHOTO COOTHOIICHHS 3aCTPOCHHBIX U 03eJIe-
HEHHBIX HIPOCTPAHCTB, CO3/IaHUs YIOOHBIX MEIIEXO-
HBIX CBSI3€M MEXIy 03eJCHECHHBIMH TEPPUTOPHUAMHU
W )KHJIBIMH PaifOHaMHU, COBMEIICHUS peKpearnnoOHHON
U apXHUTEKTYPHO-TLUIAHUPOBOYHOH (YHKIIMU B Mpee-
JIaxX OHOM TEPPUTOPHH, CO3TAHUS KPYITHBIX, IIPOCTPaH-
CTBEHHO-IIEJIOCTHBIX BHYTPUTOPOJACKHUX M MPUTOPOA-
HBIX 03€JICHEHHBIX TeppuTOpHii [2, 3].

OTcyTcTBHE NWHAMHUKH Pa3BUTHSA U JOIKHOTO
KOJMYECTBA PEKPEALMOHHBIX TEPPUTOPHI HapaBHE SIB-
JIseTCA MPUOPUTETHON 3a7a4ueil, CTosIIel nepes creru-
aJrCcTaMH, 3aHUMAIOIIIMHUCS (OPMIPOBAHUEM TOPOJ-
CKHX IPUPOAHBIX TeppHuTopuil. IlnoTHOCTE HaceneHus
B T. PeyToBe cocramsier 12 278 wen/km?. D10 BHIIIIE, 4eM
B Cankr-IlerepOypre m Mockse. Bricokast IIIOTHOCTB
HaceJIeHUs] Ha CPaBHUTEIBHO HEOOJBIION TEPPUTOPHU
HEM30€KHO CKa3bIBACTCS HA KOJIWYESCTBE M COCTOSHHUU
3eneHbIX HacaxaeHui [4]. Hopma o3enenenus, ycra-
HoBJeHHas BecemupHoit Opranu3zanueit 3npaBooxpaHe-
aust (BO3), mpunsttast B 50 M? 171st TOPOICKAX 3€IICHBIX
HaCaX/ICHUI Ha OJTHOT'O KUTeNs, He BeinonHsAercs. [1no-
XHMMH TI0 YCJIOBUSIM O3€JICHEHUS CUUTAIOTCS TOPOJa, TIe
pacTHTeNIbHOCTH 3aHMMaeT MeHee 10 % mmomntaam ropo-
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na, xopormmu — 40—60 %. K HopMupyeMbIM Moka3a-
TEJSM OIICHKH O3€JICHCHHS TOpozia B LIEIOM OTHOCSTCS
MOKAa3aTeNb YPOBHS O3€JICHEHUS TEPPUTOPHUH 3aCTPOUKA
W YIEJTbHBII BEC 03eJICHEHHBIX TEPPUTOPHH B ITpesiesiax
3acTpoiiku ropoza [5, 6]. YpoBeHb 03eleHeHUs] TeppH-
TOPHUH 3aCTPOUKH TOIDKEH COCTaBIATh He MeHee 40 %.
Obecrne4eHHOCTh 03€eJICHEHHBIMU TEPPUTOPHSIMU 001IIe-
TO TTOJB30BAHUS IS KIIBIX TePpUTOpPHA MOCKOBCKOM
obnacT — B pacuere Ha | yesoBeKa — JOJDKHA COCTaB-
na7h He MeHee 14,5 m*/uen. JIoist KpYTHBIX TTapKOB | Jie-
COIApKOB B CTPYKTYPE 03eJICHEHHBIX TEPPUTOPHIA 0O1IIe-
TO ITOJIF30BAHMUS JOJDKHA COCTaBIATh He MeHee 10 % [7].

CoracHO MaHHBEIM PETHCTPAlHOHHOTO ydeTa
rpaxzaH B I. PeyToBe, KOIMYECTBO KUTENEH COCTaBIIs-
et 6onee 92 Thic. uen. [Ipu Hopme BO3 obecneueHHO-
CTH O3€JICHBIMH TEPPUTOPHUAMH Ha | 4eroBeka B roposie
MPOIIEHT O3€JIEeHEHHsI paBeH 26,7 %, 4TO HE COOTBET-
ctByeT TpeboBanusm BO3.

[TosTomy ObLITa OnpernesieHa 1 pelieHa 3a1ada, Ha-
IMpaBJICHHAas Ha MOBBINICHUE MMOKA3aTCJId O3CJICHCHHBIX
TeppuTopuii I. PeyToBa.

MATEPHWAJIBI U METO/JbI

Paccmarpusaemast teppuropust IIATK naxoautcs
B CEBepHOI yacTu I. PeyToBa 1 conpsbkeHa ¢ TeppuTopuei
ropojckoro mapka «somonessiii cany. [TATK rpanuuut
c yi. [To6exmpr, Coserckoii n CanoBemv nipoe3nom. Io qan-
HBIM Pocpeectpa, KaTeropus 3eMellb paccMaTpHBaeMOTO
00BEeKTa OIpe/iesieHa KaK 3eMJI HACENICHHBIX ITyHKTOB,
Ppa3pereHHBIN BUJ] MCTIONIb30BaHUsI HAITPaBJIeH Ha 00CITy-
YKUBaHUe kuioi 3actpoiiku. [nomans Tepputopuu B pac-
CMaTpHUBaeMBIX TpaHUIaX cocTasiser 115,8 ra.

Brim mpoBeneH aHann3 HOPMATHBHO-TIPaBOBO-
ro obecriedeHus1, periaMeHTHPYIOIIEro AEITeNbHOCTD
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ITATK, a Taxxe mpoaHaJIW3UPOBAHBI Pa3IHYHbIE Kap-
Torpaduieckue MaTepruabl, HaXOIAIINeCs B OTKPHITOM
noctyne. IIpuMeHeH cucTeMHBINA MOAX0N AUCTaHIIMOH-
HOTO 30HJUPOBAaHUS C IPUMEHEHHEM MPOTrPaMMHOIO
obecrieuerns QGis.

Metoaunka ucciaeqoBaHMUS BKJOYaja JBa 3Ta-
na [8—10]. [lepBsIii 3Tanm HampaBiieH Ha cOOp, aHATN3
JTAHHBIX, BTOPOH — 00paboTKa MOTyYEHHBIX JaHHBIX
u reorpaduyeckas npussizka Teppuropun [TIATK. Pac-
yet nocerureneid teppuropun IIATK nposonuics
MeToJIoM TipocToro nozacueta [11, 12]. ®uxcarus npo-
XO/IOB TIOCETHUTENCH Yepe3 OpraHM30BaHHBIC BXOJBI
ObL1a mpoBeJieHa B BBIXOAHOM aeHb ¢ 15:00 xo 16:00
(nueBHOM yac nuk). HeopranusoBaHHbIE BXOABI B 1O~
CueTe KOJIMUYECTBA MOCETUTEIEH HE YUUTBIBAINCH, [UIS
MOCTPOEHUSI TPa(MKOB 3aBUCHMOCTH KOJIMYECTBA IOCe-
MICHUH 110 BPEMEHH OBLT HCIIOIb30BaH MPOTPaMMHBIN
komiieke Microsoft Office Excel.

PE3VYJIBTATHBI HCCJIEJOBAHUA

IIpu npoBeneHUH UCCIEOBAHUS PEKPEallMOHHON
Harpy3Kd aBTOpaM¥ OBUT MPOBEICH aHallU3 KOJH4Ye-
CTBa MOTEHIMAIBHBIX U ACUCTBUTEIHHBIX IIOCETUTEICH
I[MATK «SlononeBsIii cag» B I. PeyroBe. Pacuer Obun
MIPOU3BEICH Ha OCHOBE PACUCTHOTO 3HAYCHUS YHCIICH-
HOCTH HaceJIeHUs, IPOKUBAOIIET0 B 30HE TOCTYITHO-
CTH, KOTOpasi B paboTe OblIa OMpeecHa PaJlnyCcoM,
paBHbIM 500 M OT opranu3oBaHHBIX BX0/10B [13]. Yucio
MOTEHUUANBHBIX NOoceTuTeNeH napka npunsro 10-15 %
OT YHCIICHHOCTH HAaCEJICHHS, IPOXUBAIOIIETO B 30HE
nmoctrynHoctd [TATK [14]. Takum 0oO6pa3om, YUCITO MO-
TEHIMABHBIX TIOCETUTENEH N, (4e1.) ObLIO pacCuHTaHO
o opmyrte (1) u cocraBmio 1791 moceTurens.

N =N,/100 % - d,

500 (1)
rae N, — YUCIEHHOCTh HACEJIECHHUs, TIPOKHUBAIOIIE-
ro B 30He nocrymHoctH [TATK, wen.; d = 10-15 % —
MIPOLICHT OT YUCJIIEHHOCTH HACEJICHHUS, TPOKUBAIOIIETO

B 30He poctynHocTtu [TATK.

N =17919/100 % - 10 % = 1791 uen.

n

PekpearnonHas Harpy3ka Ha TEpPUTOPUH paccMa-
TpHBaeMOro o0bekTa R (4en./ra) Oblia paccunTana co-
macHo popmye (2):

rae N — 4uCII0 OTeHIManbHbIX nocetutenei ITATK,
ven.; S — momans [TATK, ra.

PacuetHOo€ 3HaUeHUE peKpealMOHHON Harpy3Ku
cocraBuio 778 4en./ra, 4To, B CBOIO OYEpeb, IPEBbI-
IaeT HOPMaTHBHOE 3Ha4YeHHE OoJiee YeM B CEMb pa3
B cootBercTBUU ¢ CII 42.13330.2016 «I'pagocTpou-
TenbeTBO. [ImaHnpoBKa 1 3acTpoiika FOPOJACKUX U CEllb-
CKHX ITOCENICHUID.

JIJ'IH YCTAaHOBJIECHHUA TOYHOI'O 3HAYCHUA IO PC-
KpeanMoOHHOMY BO3JEHCTBHIO aBTOpaMH ObLia Mpo-
BeZicHa paboTa 1Mo MoJCUeTy AEHCTBUTEIbHBIX TOCE-
tutenei [15, 16], koTopsle 0CyIIeCTBIAIN POXOBI
yepe3 HEeHTPaJIbHbIE OPTraHU30BaHHBIE BXOABI, I10-
Ka3aHHbIC Ha puc. 1. PaccmaTpuBaemast Tepputopus
HaxOAUTCS B IPaHUIAX KPACHBIX JTUHUN YIMYHO-J0-
POXHOH CETH, MPEACTaBICHHBIX JOPOraMH MECTHOTO
3HAaYeHHS, IPUJIETaloNUX CO CTOPOHBI COBETCKOM
ynuusl (BXons! 1, 2), co croporsr CagoBoro mpoesna
(BxompI 3, 4).

B Tabn. 1 npeacTaBiieHbl pe3yiIbTaThl HATYPHOTO
HaOJTIONICHUSI TT0 KOJIMYECTBY JICHCTBUTEIHHBIX MOCEIIe-
HHUH paccMaTpUBaeMOro 0ObEKTa.

IIpoananu3upoBaB NOTyUCHHBIE PE3YIIBETAThI, MOX-
HO CJIeNIaTh BBIBOJI, YTO MaKCUMAJIbHOE KOJIMYECTBO I10-
cerutenei [IATK HabmonaeTcs yepe3 BTOpoil opraHu-
30BaHHBIN BXOJ, YTO O0YCIIOBJICHO HETIOCPEICTBEHHOM
OIMHM30CTHIO K JKIJIOW 30HE M OCTAHOBKaM T'OPOJCKOTO
Ha3eMHOTO0 NacCaXXMPCKOro TpaHcnopTa. ABTopamu ObuT
MOCTPOEH rpadviK 3aBUCHMOCTH KOJIMUECTBA ITOCETHTE-
JIel MO OpPraHW30BaHHBIMU BXO/aM, IIPEACTABICHHBIN
Ha puc. 2 [17, 18].

Ha ocHoOBe mosry4eHHBIX pacYeTHBIX 3HAYCHHU
OBIT MPOM3BEACH pacueT peKpearnoHHON Harpys3ku
Ha tepputopuro ITATK. Yposens pekpeanioHHON Ha-
Tpy3KH, KOTOPBIM OTpa)kaeT MPUPOAHO-PECYPCHBIN
MOTEHIIMAaJl TEPPUTOPHUH B 3aBUCUMOCTH OT 3HAUCHUH
IpeAeIbHBIX aHTPOIOTEHHBIX HATPY30K, OIpEAeHsIeTCs

o ¢opmyne (3):

R=NJS, 3)

rae R — ypoBeHb PEKpealMoHHON Harpysku; N, —
KOJIMYECTBO MOCETHTENEH 00BEKTOB pekpeanuu; S, —
IUIOIaAb pekpeanuoHHoi tepputopun ITATK.
PacueTHoe 3HaueHne coctaBmiIo 55 denr./ra. Janee
B pabotre ObUT NPEIUIOKEH TOIX0M, KOTOPBIH BKIIOYAI

R =NJS, (2) B ceOst yBeNMUCHHUE TUIOLIAAN PAcCCMaTPUBAEMOH TeppH-
Taoa. 1. KonmuectBo nmocerureneit [IATK «51610HeBbIH camy». OpraHn30BaHHBIE BXOABI
KonuuectBo
Homepa Konuuectso
TIpomexyTKH BpeMEHH JUIs O[CUeTa KOJIMYeCTBa BBIXOJISILIINX
OpraHUu30BaHHBIX o BXOJAIIHNX o
BXOJUAILIMX M BBIXOASIIHUX TIOCETUTENCH, IEHb — BpeMsi . oceTuTenei,
BXOZIOB IIOCETHUTENCH, Yel.
Yel.
1 25 23
2 22.07.2022, BocKkpeceHbe 16 10
Bpewms:
3 15:00-16:00 7 3
4 21 19
Bcero 69 57
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I:)(::)d;: X (umpora) Y (monrora)
1 37,8523 557656
2 37,8532 55,7662
3 37,8507 55,7668
4 37,8502 557666

YesioBHbBIE 0003HAYEHHS

®1 — Bxomw B IIATK
B  — OcCTaHOBKH HA3eMHOTO TOPOACKOTO

: MACCaKHPCKOrO TPAHCIIOPTa
77/ — I'panuup [IATK

O — Paanyc nocrynsoctn
ot Bxoz0B [TATK

EmmN  — [paHMILBI pacCMaTPUBAEMOTO
paiioHa

Puc. 1. Kapra-cxema opranusoBanubix Bxoz0B [TIATK «SI610HeBbl# cany u Tabauna aTpuOyToOB KOOPAWHATHOMN HNPUBSI3KU

Bx070B B [TATK

TOPHH 3a CUET PEOpraHU3alK 30HbI 3aCTPOMKH MHOTO-
KBapTUPHBIMH KHUJIBIMH JIOMaMH B 30HY O3€JICHEHHOU
TEppUTOPUH 00I11eTo MoNb30Banust [19], a Takxke parpo-
HaJIbHOE MCIIOIBb30BaHIE CMEKHOM TEPPUTOPHH OBIBIIICH
ITATK «JIK Mup». IIpoektom 3ariannpoBaHo (HopMH-
poBaHue Tpex QYHKIMOHATIBHBIX 30H: R, — OydepHa,
R, —pekpeanronHnas, R, — Clel1aabHOro Ha3HaYeHus .

PexpeaninoHHble HArpy3Ky Ha BhILICTIEPEUNCIICH-
Hble (DyHKIOHAJIbHbIE 30HbI YCTAHOBJICHBI B IIpeesax
HOPMATHBHBIX 3HAYEHNH, a IMEHHO: 1o R, = 100 yes./ra,
R,=504en./ra, R, = 10 9en./ra.

Yen.
6

5
4
3
0 J

[\

—_

B cooTBETCTBHY C MPOCKTHBIMH IUIOIIAISAMHE U yCTa-
HOBJICHHOW PEKPEAIOHHON HATPY3KOU Ha KaXKIytO 30HY
1o opmyre (4) OBLT IPOBENICH pacdeT MOCETUTENCH:

N=R-S, “)

rae R — Ha3HaueHHas PeKpeallMoOHHAs Harpys3Ka Ui
JIAaHHOM 30HBI, Yes/ra; S, — IIIOIIa/b 30HbI, Ta.
Htorossle pacueTHBIe mapaMeTphbl MPOSKTHPY-
eMBbIX (YHKIHMOHAIBHBIX 30H Ha Tepputopun [TATK
«S16moneBbIi camy» MpUBENEHBI B Ta0M. 2.
KonmuecTBo eqMHOBPEMEHHBIX TOCETUTENEN B CO-
OTBETCTBHU C MPOEKTHBIM (DYHKIIHOHAIHHBIM 30HUPO-

Bxon 1 Bxon 2

Puc. 2. KonmnyecrBo nocerureneii [ITATK «SI6moHeBbI# cany

Bxon 3 Bxon 4

! TpamoctpouTtensHblii koneke Poceuiickoit @enepanun ot 29.12.2004 Ne 190-®3 (pen. ot 30.12.2020). URL: http://www.

consultant.ru/document/cons_doc LAW 51040/
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Tabu. 2. UncneHHble napaMmeTpbl NPOSKTUPYEMbIX (PYHKIIMOHAIBHBIX 30H
Hopmarunas IIpoexrHas KomangectBo IInomanp
OyHKIIMOHATbHAS 30HA peKpeanoHHast peKpeanoHHast MMOCETUTETICH, (YHKIIMOHAIBHO 30HEI,
Harpyska, Jen./ra Harpyska, gen./ra Yell. ra
Bybepnas 6onee 100 100 800 8
Pexpearrionnas ot 50 1o 100 50 275 5,5
CrneuunanbHas 10 50 10 20 2
Hroro 1o 100 1o 100 1095 15,5

BaHueM ITATK cocrasur 1095 yen.

Ha ocHoBe monyueHHBIX UYHCIEHHBIX Mapa-
METPOB NPOEKTHPYEMbIX (DYHKIMOHAJIBHBIX 30H
OBUT0 pa3paboTaHO MPOEKTHOE (PYHKIIMOHAIBHOE 30-
Huposanue tepputopun ITATK «S16moHeBbIl cany,
IpeAcTaBIeHHOE Ha puc. 3.

a

__.yni/lua Hexpacos

ez

[IpoexTHOEC QYHKOMOHANBHOC 30HUPOBAHHE
ITATK «516noHeBBIH cajy» B paMKaX JaHHOW pabOThI
OBLIO HAIPaBJICHO HA COXpaHEHUE OJIATOIPHUATHOIO
(hyHKIHOHUPOBAHHS B CHCTEME €IUHOTO KapKaca ro-
pona, a Takxe pOpMHUpPOBAHHE YCTONYMBOTO Pa3BH-
THSI TEPPUTOPUH TOPOJIA B IIETOM.

YesoBHBIE 0603HAYEHHST
I'paHMIa TEPPUTOPUY *+sssssss
Bydepnas 3ona —
PexpeannonHnas 30Ha |
CreunanbHas 30Ha [

Puc. 3. IIpoektHoe npemnoxenne ynkiponansuoro 3ounposanus [TIATK «S6monessiii caa». M 1:5000

SAKJIIOYEHHUE U OBCYXAEHUE

CeronHsi CTAaHOBUTCS MOHSATHO, YTO (PyHKIHO-
HaJlbHasg TpaHC(HOPMaLHs NIPUPOJHO-aHTPOIIOTEHHBIX
TEPPUTOPUAIBHBIX KOMIIJIEKCOB, PACIOJIOKEHHBIX
B TOPOJICKOI1 UepTe, Hen30eKHa, YTO MIPUBOJNT K U3MeE-
HEHUIO IPUPOJHOrO Kapkaca ropoja. Beicokuit temn
pOCTa YUCIEHHOCTH HACEJIECHUS U yBEIUUYEHHUE YPOB-
Hs1 aBTOMOOWJIN3AIIUH B TOPOJIE BHI3BIBAET YXYyALICHHUE
KadyecTBa rOPOJICKOM Cpelbl U BBI3BIBAET OCTPYIO IO-
TPEOHOCTH B YBEINYCHUN PEKPEALNOHHBIX PECYPCOB
B ropoze. MccnenoBanne ObUTIO HampaBlIeHO HA OTIpe-
neneHue pexpeannoHHoi Harpysku ITATK «S6mo-

HEBBIN cal» U OLIEHKY PEeKpeallMOHHON eMKOCTH s
HOCETUTENEH, MPOXKUBAIOIINX B IPAHULAX JOCTYII-
HocTH. Ilo pe3ynbTaTamM NpPOBEIEHHOTO NMPOEKTHOTO
9KCIIEpUMEHTA aBTOpaMu ObLIO BhIsABIEHO, yTo [TATK
«S1670HEBEIH caf» NCHBITHIBAET MOTCHINATBHBIC PeE-
KpealMOHHbIe Harpy3KH, MPEBBIIIAIONINEe HOPMATHB-
HOE 3HAYEHHE, a PEKUM HCIONb30BAHUS TEPPUTOPUU
CYLIECTBYIOIUX (DyHKIIMOHAIBHBIX 30H HE COOTBET-
CTBYET 3adBJICHHOMY. [l pelieHus faHHOM 3agauu
aBTOPHI B paboTe paccCMOTPENIH OJHO M3 MPOEKTHBIX
IpeAnoXKeHuil QyHKINOHATIBHOTO 30HUPOBAHU, Ha-
npaBiieHHOE Ha (hopMUpOBaHUE KOM(OPTHOH ropoa-
CKOH cpellbl AJisl XKUTeJIel ropoaa.

113

(Lb) L HORLIGY ‘SL INOJ faitencenn s ke



rariTenCTse: Ty 13. Bhinyck 1(47)

M.A. Cnenres, H.B. Mo32yHoea

CIIMCOK UCTOYHHUKOB

1. Kpacrowexosa H.C. ®opMupoBaHUE TIPUPOI-
HOTO KapKaca B T€HEpaJIbHBIX IDIaHaX TOpojoB. M. :
Apxurekrypa-C, 2010. 183 c.

2. Kypbamosa A.C. JlanamadTHO-3KOIOTHYSCKHI
aHann3 (POPMUPOBAHMS TPATOCTPOUTEIBHBIX CTPYKTYP.
M. ; Cmonenck : Manmxkenra, 2004. 400 c.

3. Tonyb A.A., Cmpykosa E.b. JxoHOMHUKA IPUPOJIO-
nonb3oBanus. M. : Acnekt [Ipecc, 2005. 345 c.

4. Kouypos b.U., Heawxuna U.B. Ypoonaummad-
ThI MOCKBBI M X IIPOCTPAaHCTBEHHAs TpaHchopmartust //
Okomnorus ypOaHW3MpoBaHHEIX Tepputopuii. 2015. Ne 2.
C. 48-54.

5. Cokonog JLH., Il[epbuna E.B. YpOaHucTrka u ap-
XHUTEKTypa TOPOJICKOH cpezbl : yaeOHUK Uit cTyd. M. :
Axanemus, 2014. 272 c.

6. Tpymneg J.K. O npaBoBOM rpaoperyinpoBa-
Huu // YnpasneHnue paputreM Tepputopuit. 2007. Ne 1.

7. l]epbuna E.B. PazBuTue cucTEMBI TPaJ0CTPO-
UTEJBHBIX PErJIaMEHTOB JIJIsl 00ECIIEYCHUS YCTONYMBO-
ro pa3BuTHs TeppuTopuii / EBpa3uiickuii cor3 ydeHbIX
(ECY). 2015. Ne 5. C. 166-168. URL: https://elibrary.ru/
item.asp?id=27326881

8. Unvuues B.A., Emenvanos C.I., Konuynoe B.U.,
bakaesa H.B. IHHOBallMOHHAs NpakTHKa B TOpoOJax
U JIOKTpHHA TpajioycTporicTBa // buocdepHas copmecTu-
MOCTb: YeJIOBEK, perHoH, TexHoioruu. 2014. Ne 3. C. 4-5.
URL: https://www elibrary.ru/item.asp?id=22294104

9. Unvuna M .H. KauecTBO TOpOJICKOM Cpeabl Kak
(haxTOp YCTOWYMBOIO Pa3BUTHSI MyHHUIMIIAJIBHBIX 00pa-
30BaHui // IMyIiecTBeHHBIC OTHOIICHUS B Poccuiickoit
Oeneparmu. 2015. Ne 5. C. 69-82.

10. ]epouna E.B., I'opbenkosa E.B. CoBpeMeH-
HBIC TIOJIXOBI TPAOCTPOUTEIHHOTO IPOCKTHPOBAHUS
CEITECKUX TOCENCHUH W MANBIX TopooB // bruocdepHas
COBMECTHUMOCTB: YEJIOBEK, PETUOH, TexHoJoruu. 2018.
Ne 4 (24). C. 105-116. URL: https://www.elibrary.ru/item.
asp?id=37214226

11. Hanyw I1.C., Mapwankosuy A.C. ObecrieueHue
9KOJIOTHYECKON 0E30MaCHOCTH TEPPUTOPHHU B IIPOLIECCe
CTPOUTEINHCTBA M AKCIUTYaTallX BOIHBIX CIOPTUBHBIX CO-

Tlocmynuna 6 pedaxyuro 13 sineaps 2023 e.
Tpunsma ¢ oopabomannom eude 1 mapma 2023 2.
Ooobpena onsa nyoruxayuu 13 mapma 2023 2.

opy>xeHuit // Dxomorust ypOaHU3MPOBAHHBIX TEPPUTOPHIL.
2017. B 1. C. 62-68.

12. Kpawenunnuros A.B. T'pagoctpoutrensHoe pas-
BHUTHE JKHJION 3aCTPOUKH, HCCIIEIOBAHHE OIIBITA 3aIla JHBIX
cTpaH : yue0. mocobue. M. : Apxurekrypa, 2005. 112 c.

13. Eeoposa C.I1., Kpomoea HU.D., Mapwanio-
suy A.C. I'palocTpOUTEIBHOE PEryIMPOBaHUE TEPPUTO-
PHii ¢ y4eToM 3KoIoruueckux (aktopos // CTpoutein-
CTBO: HayKa U oopasosanwue. 2015. Ne 3. Cr. 1. URL: http://
www.nso-journal.ru/public/journals/1/issues/2015/03/1
Egorova.pdf

14. TIpaBoBOe 30HHpOBaHWE ropona. BremgeHue
B IIPOOJIEMBI TPaIOPETyIUPOBAHNUS B PHIHOYHBIX YCIIOBHU-
ax / mox pen. D.K. TpytHesa. 2-¢ u3n., nor. M. : doun
«MHCTUTYT S5KOHOMUKU ropoza», 2002. 106 c.

15. ]epbuna E.B., Januruna H.B., Mapwanko-
suy A.C. HayuHo-meToanueckue OCHOBBI IOCTPOSHHUS MO-
nyns «[IpoexkTupoBaHue yCTONUNBONM TOPOACKOM Cpeabh»
B mpoliecce 00y4yeHus 0akajJaBpoB U MarucTpoB IO Ha-
npasnennto «["pagoctpouTenbcTBo» // DKonorus ypoa-
HIBUPOBaHHBIX TeppuTopuit. 2015. Ne 1. C. 70-74.

16. Tapacosa H.Il., Feonosa O.B., Kysmue-
406 B.A. CuctemMa ropoACKHX OXPaHsIeMbIX TPHPOJHBIX
TEPPUTOPHUIA U YCTOWYMBOE pa3BUTUE Merarouca //
Okojorus ypoaHU3UpoBaHHBIX Tepputopuid. 2011. Ne 3.
C. 12-17.

17. Lepbuna E.B., Benanr A.A. OcoOeHHOCTH aTpu-
OyTHpOBaHUs 00BEKTOB HCTOPHICCKHUX TEPPUTOPUI TOPO-
JIOB, pa3pyLIEHHBIX BOWHOM // JKUIUIITHOE CTPOUTENHCTBO.
2020. Ne 4-5. C. 12-18. DOLI: 10.31659/0044-4472-2020-
4-5-12-18

18. Iepbuna E.B., Cnennes M.A. Dxomormaeckoe
KapTorpa(upoBaHue PH IPaJOCTPOUTEIILHOM HPOCKTH-
POBaHUH NPHPOIHO-aHTPOIIOTCHHBIX TEPPUTOPUATBHBIX
KOMIUIEKCOB // DKOIOTHs ypOaHU3UPOBAHHBIX TEPPUTO-
puii. 2016. Ne 2. C. 92-97.

19. Sherbina E., Danilina N., Vlasov D. City planning
issues for sustainable development // International Journal
of Applied Engineering Research. 2015. Vol. 10. Issue 22.
Pp. 43131-43138. URL: http://www.ripublication.com

Op ABTOPAX: Muxania AnexceeBny ClienHeB — KaHAWIAT TEXHUYCCKUX HAyK, JOICHT, TOLEHT Kadenphl rpa-

nocTtpoutenbeTBa; HanmmonaabHblil necienoBarebckuii MoCKOBCKHI rOCY1apCTBEHHBIN CTPOUTE/IbHbBIN YHH-
Bepcuter (HUY MI'CY); 129997, r. Mockaa, fApocnasckoe mocce, 1. 26; PUHIL ID: 710075, Scopus: 57194451734,

ORCID: 0000-0001-5375-9940; SlepnevMA @mgsu.ru;

Hapnexxna BacuiabeBna Mo3rynoBa — crynent; HanuonaasHblii ucciieqoparenbckuii MockoBckuii ro-

cylapcTBeHHblii cTpouTebHblil yHuBepcuter (HUY MI'CY); 129997, r. MockBa, fpocnaBckoe mocce, 1. 26;

mozgynovaS5@icloud.com.

Bxrao asmopos:

Cnennesé M.A. — nayunoe pykogoocmeo, KOHyenyus uccie0o8anus, pasgumue Memoooiocuu.

Moseynoea H.B. — nanucanue ucxoornoz2o mexcma, 0opabomka mekcma, umozoebie 6b1800bl.

Aemopbl 3a:a61510m 06 OMCYMCMBUU KOHGIUKIMA UHINEPECOs.

114



Calculated parameters for the functional zoning of green space

in the central part of Reutov P. 109-119

INTRODUCTION

One of the key approaches to the development
of populated areas is the direction of sustainable devel-
opment [1]. Consequently, creating a comfortable urban
environment with minimal impact on the environment
and human livelihood is a priority for urban planning
around the world.

The efficiency of the space planning organisation
of the city’s green systems is ensured through the op-
timal ratio of built-up and green spaces, the creation
of convenient pedestrian connections between green
spaces and residential areas, the combination of recrea-
tional and architectural and planning functions within
one area, the creation of large, spatially coherent intrac-
ity and suburban green spaces [2, 3].

The lack of development dynamics and proper
amount of recreational areas on par is a priority for
specialists involved in the formation of urban natu-
ral areas. The population density in Reutov is 12,278
people/km?. This level is higher than in St. Petersburg
and Moscow. The high population density in a rela-
tively small area inevitably affects the amount and
condition of green spaces [4]. The green space stand-
ard set by the World Health Organization (WHO)
of 50 m? for urban green spaces per inhabitant is not
fulfilled. According to the greening conditions, cities
where vegetation occupies less than 10 % of the city
area are considered to be bad, while cities with good
vegetation occupy 40-60 %. Normalized indices of as-
sessment of greenery in the city as a whole include
the indicator of greenery level of the development ter-
ritory and the share of green areas within the limits
of the city development [5, 6]. The level of greening
of the built-up area should be at least 40 %. The provi-
sion of public landscaped areas for residential areas
of the Moscow region — per 1 person — should be at
least 14.5 m?*/person. The share of large parks and for-
est parks in the structure of public green areas should
be at least 10 % [7].

According to the registration of citizens in Reu-
tov, the number of residents is more than 92 thousand
people. Under the WHO norm of green areas avail-
ability per 1 person in the city the percentage of green
areas is 26.7 %, which does not fullfil the WHO re-
quirements.

Therefore, a task aimed at increasing the green
area indicator of Reutov has been identified and solved.

MATERIALS AND METHODS

The NATC area under consideration is locat-
ed in the northern part of Reutov and is contiguous
with the city’s “Apple Orchard” Park. The NATC is
on the border of Pobeda Street, Sovetskaya Street and
Sadovoy proezd. According to Rosreestr, the land
category of the facility in question is defined as resi-
dential land, the permitted use is aimed at servicing

residential development. The area of the land within
the boundaries under consideration is 115.8 hectares.

An analysis was made of the legal and regulatory
framework governing the NATC, and various publicly
available cartographic materials were analysed. A sys-
tematic approach to remote sensing was applied, using
QGis software.

The research methodology included two stages
[8—10]. The first stage aimed at collecting, analysing
data, and the second stage involved processing the data
obtained and georeferencing the NATC area. The cal-
culation of visitors to the NATC territory was carried
out by the simple counting method [11, 12]. The fixing
of visitors’ passages through organized entrances was
conducted on a weekend from 3 p.m. to 4 p.m. (daytime
rush hour). Unorganised entrances were not considered
in the calculation of the number of visitors, Microsoft
Office Excel software package was used to plot the de-
pendence of the number of visits on time.

RESEARCH RESULTS

When conducting the study of recreational load,
the authors analyzed the number of potential and ac-
tual visitors to the NATC “Apple Orchard” in Reu-
tov. The calculation was based on the estimated value
of the population living in the aviability zone, which
in the work was defined by a radius equal to 500 m
from the organized entrances [13]. The number of po-
tential visitors to the park was assumed to be 10-15 %
of the population living in the NATC aviability
zone [14]. Thus, the number of potential visitors N
(people) was calculated according to the formula (1)
and amounted to 1,791 visitors.

N,=N,,/100 % - d, (1)

500

where N, is the number of people living in the NATC’s
aviability zone, people; d = 10—15 % — percentage

of the population living in the NATC accessibility area.
N,=17,919/100 % - 10 % = 1,791 people.

The recreational load in the area under consideration
R, (people/ha) was calculated according to formula (2):

R =NJS, )

where N is the number of potential visitors to
the NATC, people; S — NATC area, ha.

The calculated recreational load was 778 people/ha,
which in turn exceeds the normative value by more than
seven times in accordance with SP 42.13330.2016 “Ur-
ban Planning. Planning and Development of Urban and
Rural Settlements”.

In order to establish the exact value for recrea-
tional impact, the authors carried out a count of actual
visitors [15, 16], who passed through the central organ-
ized entrances shown in Fig. 1. The area under consid-
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eration is located within the boundaries of the red lines
of the street and road network, represented by local
roads, adjacent to Sovetskaya Street (entrances 1, 2), to
Sadovoy proezd (entrances 3, 4).

Table 1 presents the results of field studies
on the number of actual visits to the site under
consideration.

Having analysed the results obtained, it can be
concluded that the maximum number of visitors to
the NATC is observed through the second organ-
ised entrance, which is due to the direct proximity to
the residential area and the stops of urban ground pas-
senger transport. The authors have plotted the depend-
ence of the number of visitors by organised entrances,
shown in Fig. 2 [17, 18].

On the basis of the obtained calculated know-
ledge, the recreational load on the territory of the
NATC was calculated. The level of recreational

load, which reflects the natural resource potential
of the territory, depending on the values of the limit-
ing anthropogenic loads, is determined by the for-
mula (3):

R=N/S, 3)

where R is the level of recreational load; N, is the num-
ber of visitors to recreational facilities; S, is the area
of the NATC recreational area.

The calculated value was 55 people/ha. Further,
the work proposed an approach that included increas-
ing the area of the territory under consideration by re-
organising the development zone of apartment build-
ings into a zone of public greenery [19], as well as
the rational use of the adjacent territory of the former
NATC “DK Mir”. The project is planned to form three

Table 1. Number of visitors to the NATC “Apple Orchard”. Organised entrances

Number
Numbers of L . . . Number of ..
. Time intervals for counting the number of incoming and | . . . of visitors
organised . . . incoming visitors, .
outgoing visitors, day — time coming out,
entrances people
people
1 25 23
) 22.07.2022, Sunday 16 10
Time:
3 15:00-16:00 7 5
4 21 19
Total 69 57
==L PR
I i Entrance . .
: AN Number X (latitude) | Y (longitude)
1 37.8523 55.7656
2 37.8532 55.7662
3 37.8507 55.7668
4 37.8502 55.7666
Symbols
®1 — NATC entrances
B  — Stops of ground urban passenger
] transport
77/, — NATC borders
O — Accessibility radius from NATC
entrances
Emm= Boundaries of the area under
considerarion

Fig. 1. Map-scheme of the organised entrances of the NATC “Apple Orchard” and the table of coordinate attributes

of the entrances to the NATC
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functional zones: R, — buffer zone, R, — recreational,
R, — special .purpose-zonel. .

Recreational loads on the above functional
zones are set within the normative values, namely
R, =100 people/ha, R,= SQ people/ha, R, =10 peop!e/ha.

According to the design areas and the established
recreational load for each zone, a calculation of visitors
was carried out using formula (4):

N=R-S, 4)

where R — is the assigned recreational load for the area,
people/ha; S, — is the area of the zone, ha.

The final design parameters of the projected func-
tional zones on the territory of the NATC “Apple Or-
chard” are shown in Table 2.

The number of one-time visitors according to
the project functional zoning of the NATC will be 1,095.

Based on the obtained numerical parameters
of the designed functional zones, the design functional
zoning of the NATC “Apple Orchard” territory was
developed, shown in Fig. 3.

Table 2. Numerical parameters of the projected functional zones

The design functional zoning of the NATC “Apple
Orchard” as part of this work was aimed at maintain-
ing a favourable functioning in the city’s unified frame-
work as well as shaping the sustainable development
of the city area as a whole.

CONCLUSION AND DISCUSSION

Today it is becoming clear that the functional trans-
formation of natural-anthropogenic territorial complexes
located within the city limits is inevitable, which leads
to changes in the natural framework of the city. The high
rate of population growth and the increasing level of mo-
torization in the city causes the deterioration of the qual-
ity of the urban environment and causes an urgent need to
increase recreational resources in the city. The study was
aimed at determining the recreational load of the NATC
“Apple Orcard” and assessing the recreational capacity
for visitors living within the boundaries of aviability. Ac-
cording to the results of the design experiment, the au-
thors revealed that NATC “Apple Orchard” is experienc-
ing potential recreational loads exceeding the normative

. Normative recreational | Design recreational Number of .
Functional area - Functional area, ha
load, people/hectare load, people/ha visitors, people
Buffer Over 100 100 800 8
Recreational 50 to 100 50 275 55
Special Up to 50 10 20 2
Total Up to 100 Up to 100 1,095 15.5
The man
6
5
4
3
2
1
0
Entrance 1 Entrance 2 Entrance 3 Entrance 4

Fig. 2. Number of visitors to the NATC “Apple Orchard”

'Town Planning Code of the Russian Federation of December 29, 2004 No. 190-FZ (ed. December 30, 2020). URL: http://

www.consultant.ru/document/cons_doc LAW 51040/
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sova Street

Symbols
Territory boundary
Buffer zone
Recreation area
Special zone

oooooooooo

Fig. 3. Design proposal for the functional zoning of the NATC “Apple Orchard”. M 1:5,000

value, and the mode of use of the territory of the existing
functional zones does not correspond to the declared one.
To solve this problem, the authors in their work consid-

ered one of the functional zoning design proposals aimed
at the formation of a comfortable urban environment for
city residents.
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AHHOTALNA

BBeneHune. CerogHsi MHOTME YHUBEPCUTETCKME MYy3EM MO BCEMY MUPY CTOAT Nepes HeOGX0AMMOCTbI0 NepecMoTpa NpUHLIM-
MOB CBOEW AEATENbHOCTY A4S NOIHOLEHHOTO BKITYEHS! B MOBCEAHEBHYIO XU3Hb CBOMX YHEGHbIX YUpEXaeHWA. MaBHbIMU
ANS TaKMX My3eeB SBIAOTCS naTpuoTuyeckas, MUaKeBsasi, obpasoBaternibHasi, BocnuTaTtenbHasi 1 npoopreHTaLmMoHHas
hyHKUMK. K cOBpEMEHHBIM BbI3OBaM OTHOCUTCS MPUBIIEYEHNE HE TOMNbKO CTYAEHTOB U aBUTYPUEHTOB, HO 1 Boree WMpPoKoi
ayaouTopuu. 3agaun BHeOPEHUs1 HOBbIX TEXHOMOWIA NO3BONAT cAenaTth Ux Gornee BOCTPEGOBAHHLIMU Yy MOMOAOMO MOKOMe-
Hus. Ho 6e3 onpepeneHns rmaBHoO Lienu CyLLeCcTBOBaHNS My3esi HEBO3MOXKHO BbICTpavBaTb NMocneaoBaTenbHbli MyTb €ro
pasBuTUSI.

Llenb. Onpenenuts OCHOBHbIE MPUHLMMbLI OPraHU3aLnM 3KCMO3WLMKM U ee pa3MELLEHNSI B CTPYKTYPE YHUBEPCUTETCKOMO
Kamnyca B 3aBMCMMOCTM OT xapakTepa My3es U UMnaxa o6pasoBaTenbHOTO YUpexaeHUs!.

PesynkraTthl. Ha npvmepe My3eeB KpynHeWmLMX YHUBEPCUTETOB MMUpa onpeaeneHbl 0CO6eHHOCTM MX pa3MeLleHnst B 3a-
BMCMMOCTM OT crneuuanmsaumm, COOTHECEHWE OpraHM3auun NPoCTPaHCTBa C TEMATMKON 3KCNO3ULMK, OCOBEHHOCTM 3KCMO-
3MLIMOHHOTO 06OPYAOBaHUS, MPUHLMMBI Pa3MeLLEHUSI Pa3HOTO Pofa KCMO3NLMIA B CTPYKTYpe KammnycoB.

BbiBOAbI. YCTaHOBNEHO, YTO NPY UMUIKEBOW OPUEHTALMM YHUBEPCUTETA HA UCTOPUIO U TPAAMLIMK My3en pasMeLLatoTcsi B
NCTOPUYECKMX 30AHUSIX U UMEIOT Goriee NPUBBLIYHYHO MPOCTPAHCTBEHHYIO CTPYKTYPY U MPUHLMMBI OpraHn3aLmm 3KCno3uLmm.
Mpu cTpemneHnn NpoAeMOHCTPMPOBaTL MHHOBALMOHHBI XapakTep yHUBEpcUTETa B NpuopuTeTe pasmelleHne B Hanbonee
[OCTYMHbIX M TEXHONOMMYECKU Pa3BUTLIX COBPEMEHHbIX Koprycax. BbiCTaBku, CBA3aHHbIE C TEKYLLEN XU3HbIO YHUBEpCUTE-
Ta, pa3melLaroTcs B 6onee cBeTIbIX, YyHUBEPCATlbHbIX M AEMOKpPATUYHbBIX MPOCcTpaHcTBax. [ocneaHei TeHaeHUmMeh sBnsieT-
CSl aKTUBHOE WCMONb30BaHWe MyNsTUMEANA U UHTEPaKTUBA.

KNOYEBBIE CITOBA: yH1BEpPCUTETCKUIA My3€eil, MPOCTPAHCTBO, 3KCNO3nNLUst, PyHKLMOHarNbHas opraHu3auusi
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Modern principles of organisation of university
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ABSTRACT

Introduction. Today, many university museums around the world are facing the need to revise the principles of their activities
in order to fully integrate into the daily life of their educational institutions. The main functions for such museums are patriotic,
image-building, educational, educational and career guidance. Modern challenges include attracting not only students and
applicants, but also a wider audience. Challenges of introducing new technologies will make them more relevant to younger
generation. However, without defining the main purpose of the museum’s existence, it is impossible to build a coherent path
for its development.

Purpose. To determine the basic principles of exhibition organisation and its placement in the structure of a university
campus, depending on the nature of the museum and the image of the educational institution.

Results. Using the example of museums of the world’s largest universities, the specifics of their location depending on
specialisation, the correlation between the organization of space and the theme of the exhibition, the characteristics of
exhibition equipment, the principles of placement of different types of expositions in the structure of campuses are determined.
Conclusions. It has been found that when the university is image oriented towards history and traditions, the museums are
located in historical buildings and have a more familiar spatial structure and principles exhibition organization. In the case of
striving to demonstrate the innovative nature of the university, the priority is given to the placement in the most accessible
and technologically advanced modern buildings. Exhibitions related to the current life of the university are housed in more
light, versatile and democratic spaces. The latest trend is the active use of multimedia and interactivity.
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BBEJAEHHUE

CeromHs 6OJIBIIMHCTBO KPYyMHEUIIUX YHUBEPCH-
TETOB BO BCEM MHpPE UMEIOT CBOM My3eu. B Hanbonee
MPECTIDKHBIX By3aX Ha Pa3HbIX KOHTHHEHTAX My3en
MPEICTABISIOT COOOM TOUKH MPUTSIKEHHSI HE TOJIBKO
JUTSL CTYZIEHTOB M UCCJIeZIOBaTeNel, HO U ISl IIIMPOKOTO
Kpyra noceruteneil. « Beiankue yHUBEpCUTETH HMEIOT
BeJNMKHE My3en», — orMmeTui eme B 2000 r. ITurep
Tuppein, KOTOpBIH B TO BpeMs SBIISICSA 3aMECTUTE-
neM nupektopa OKIaXOMCKOTO My3es €CTeCTBEHHOU
ucropun Yauepcurera Oxiraxomsl [1]. [maBHBIMHE
JUISL My3€eB 00pa30BaTeNbHBIX YUPEKACHNH SBISAIOT-
Csl maTpuOTHYECKas, UMUJPKeBast, 00pazoBaTelibHas,
BOCHUTATEIbHAs U NMPOPOPHUEHTALNOHHAS (YHKIIHH.
VIMEeHHO MONHOTa peannu3anuu 3THX KOMIUIEKCHBIX
3a/1a4 OIpeselsieT YCIEeIHOCTh By30BCKOTO My3es
U IIEPCIEKTUBHI €r0 CyIE€CTBOBaHMUS.

IIpeBpalnenne yHUBEPCUTETCKUX MY3€€B KpyI-
HEHINX y49eOHbIX 3aBEICHUN B COBPEMEHHBIE HAyJIHO-
oOpa3oBarenbHble IPOCTPAHCTBA MOXHO paccMaTpH-
BaTh KaK CJIEJCTBUE OTMEUABIIETOCs 110 BCEMY MUPY
UX KpU3HCa B IocienHue JBa necatunerus XX B.
B 1980-1990-x rT. 00meMupoBoii TeHACHITNEH OBII0
COKpalleHHe TOCYAapCTBEHHBIX pacxoioB B cdepe
BBICIIEr0 00pa30BaHMs, YTO MPHUBENIO K KaJAPOBOMY
Jne(UIUTY B My3€sX U MONBITKAM COKPATUTh 0ObEMBI
MY3€HHBIX KOJUIEKIUI ITyTeM MX MPOAAXHU WUIH yTH-
nu3anuu. VMcmonb3yeMble, B TOM 4ncie U B o0pa3o-
BaTEeNbHOM Ipoliecce, KOJUIEKIIMY OKa3aduch B OYEHb
IIaTKOM IOJIOKEHUHU. AJlaH YOpXepcT Oomucaln Cio-
JKUBLIYIOCS CUTYaIllMI0 KaK «KPU3UC UACHTHUYHOCTH,
LEeNN U NIPU3HAaHUSA, yCYTI'yOICHHBIH KPU3HCOM pecyp-
coB» [2].

IIpeononenne 3TOro KpU3uca U BBIXOA MY3€€B
Ha KaueCTBEHHO HOBBII YPOBEHb OTHIONb HE N30aBUII
My3€H OT Bcex mnpolieM. B oreuecTBEeHHBIX U MHPO-
BBIX peallusiX Cpein YIPaBICHYECKUX MPOOIIEM MOXK-
HO Ha3BaTb OTCYTCTBUE BBICTPOCHHOW BBICTABOYHOU
MOJUTUKH, YYNUTHIBAIOIIEH ITTaBHBIM 00pa3oM HHTE-
pechl CTYAEHTOB, HEJOCTATOYHOCTh HPOCTPAHCTBA
U HECOOTBETCTBHE 00OpPYJOBaHUS, €r0 MOPaIbHBIN
u GU3NYECKUI U3HOC, HEPa3AeIEHHOCTh MPOCTPaH-
CTBa B COOTBETCTBUHU C TEMATUKOW BBICTABOK H CIIO-
co0aMu IeMOHCTPALUH SKCIIOHATOB, HEAOCTATOYHOCTh
TEXHUYECKOH 0a3bl Ui OpraHu3alnuu OBICTPOCMEH-
HBIX BBICTABOK M HKCIIO3MIINH, pearupyoNnuX Ha aKkTy-
aJbHBIE COOBITHS B KM3HN YHUBEPCUTETA, OTCYTCTBHE
HHUIIAATHBHBIX TPyNn # 3QQPEeKTUBHEIX CIOCOOO0B
B3aUMOJECHCTBUS MEXIy HUMHU Ha Pa3HbIX YPOBHSIX
yHUBepCUTETCKON cTpyKTypHl [3]. K coBpeMeHHBIM
BBI30BaM MO-TIPEKHEMY OTHOCATCS MPOOIEMBI MPH-
BJICYCHUS TIOCETUTEIEH, 0COOCHHO CTYIEHTOB.

B pesymnpraTe moBopora K 6ojee MHUPOKOH aynu-
TOPUHU B IOUCKAX YBEJIMYECHUS IIOTOKA IIOCETUTENIECH
CEroJHs My3€H CTAHOBSITCS MEHBIIE «YHUBEPCHUTET-
CKHMH MYy3esIMH» U OOJIbIIEe «MY3€sIMH IpU YHUBEP-
curerax». [Io3TOMy nMeHHO MMHKeBass QYHKIUA
YHHUBEPCUTETCKOT'O MYy3€sl UTpaeT MEepBOCTEHEHHYIO
POJIb B OTIpe/ieIeHUH Iy TeH ero pa3BuTHs. B moBopoT-
HbI MOMEHT uX pa3BuTHus bepnapn Ban nen dpuiie
OTMETHII, YTO «MY3€H CTAHOBUTCS HHCTPYMEHTOM, Jie-
MOHCTPHUPYIOIMIUM OTKPBITOCTH YHUBCPCUTETA BHEI-
Hemy mupy» [4]. Pa3BuBas sty unerw, C. Mypasckast
n U. Craciox yKasbIBalOT, YTO TOJIBKO yUpEXKICHHE
C YETKOW CTpaTerueu pa3BUTHUS U 3HAYUTEIbHBIMU J10-
CTHXKEHHUSIMHU pacCMaTpPHUBAaET My3€il Kak TPaHCIATOP
CBOMX IIEHHOCTEH, B KOTOPBIA HEOOXOAMMO UHBECTH-
poBatk pecypcel. My3seii By3a hopMupyeT ocoOEbIii pe-
KIIaMHBIN ITPOYKT, KOTOPBI IPUHOCUT 3HAYUTEIHLHYIO
BBITOZlY B JIOJITOCPOYHOM IIEPCIEKTUBE. YHUBEPCUTET-
CKO€ Haclle[lue MOJIOKUTEIBHO BIMIET Ha €ro peimy-
TaIuIo, B TOM YHCJIe HA OTHOIICHHE ITOTEHINATbHBIX
CTYyIEHTOB W HaMepeHHUe IUIaTUTh 3a oO0ydeHue [5].
Kak ormeuator A.A. u M.A. Pomaiienko, npejcTanie-
HUE UCTOPUHU YUSOHOTO 3aBEJICHHS Yepe3 My3eHHYIO
KOJUIEKIIMIO, Pa3MEIIEHHYI0 B CHENHaIbHOM IIPO-
CTPAaHCTBE, CBUJIETEIbCTBYIOLIYI0O 00 NCTOPHUIECKON
u KyHI)TypHOﬁ naMsaTH, BAXKHBIX BC€XaX CTAHOBJICHUA
y4eOHOr0 3aBeJJeHNUs], CHTHAJIM3UPYET B KaKOI-TO Mepe
u 0 KadecTBe yueOHoro npouecca [6]. CoBpeMeHHBIN
YHUBEPCUTETCKUM My3€H JOJKEH HAIVIAHO U IMOIYy-
JISIPHO IEMOHCTPUPOBATH CBOIO POJIb B (POPMUPOBAHUH
TOUM WJIM MHOU OTpaciii HaykH [7].

BocrnurarensHast poib My3est IO-TIpeXXHEMY HE Te-
PSIET CBOEH aKTyaJIbHOCTU. PeTpocneKkTUBHAS CYLITHOCTh
My3esl JOJDKHA TIOPOXKIaTh YyBCTBO CBI3aHHOCTH BPEMEH
4yepe3 3pUMble 0OBEKTHI. YCHIIEHHIO SMOIMOHAILHOTO
BOCTIPHATHS JJOJDKEH CIIOCOOCTBOBATh M COOTBETCTBY-
FOLUI XYI0’KECTBEHHO-IIPOCTPAHCTBEHHBIA U apXUTEK-
TYPHBINA KOHTEKCT [8].

Hepenko Beiciee yueOHOE 3aBEJCHUE SIBISICTCS
TJIaBHBIM OOIIECTBEHHBIM M MPOCBETHTEILCKUM IICH-
TpOM B OKpyTe [9], U co3maHnue OTKPBITOTO KyIBTYp-
HOTO LIEHTPa MOXET CIIOCOOCTBOBATh PeaIu3alny eiie
U KyJIbTYpHO-10CYyroBOH (YHKIMHM My3es, OJHOBpE-
MEHHO ITOBBIIIASl €T0 KOMMEPUYECKYIO IPUBIIEKATEb-
HOCTh [10]. Kak ormeuator C.I1. Kanmura u W.H. FOp-
KHH, IIeJIbI0 COBPEMEHHOTO BY30BCKOTO MYy3€s MOXKET
OJJHOBPEMEHHO SIBJISITHCSI PACHIPOCTPAHEHHE HAYYHBIX
3HAHUH M YCTAaHOBJICHHE KOHTAKTOB C MECTHBIM I'OpPO/I-
ckuM cooOmrectBoM [11]. [y OBBIIEHUS CTETICHH
BOBJICYCHHOCTH MECTHOTO COOOIIECTBA B )KHU3Hb MY-
3ess MECTHOI 00pa30BaTeJIbHOM OpraHu3aluy CHelH-
AJIACTHI MTPEJIaraoT paclIipeHne MPOCTPaHCTBEHHBIX

121

(Lb) L HORUIGY "SL NOJ Sisavesiae wexnen



rariTenCTse: Ty 13. Bhinyck 1(47)

A.B. Bacunbeea

TPaHUI] My3esl, TPUBJICICHNUE CTYIEHTOB, MTPEToiaBaTe-
JIeH, BEITYCKHUKOB U JIFONEH, Ubs KI3Hb ObllIa CBsI3aHa
C By30M B KQU€CTBE YYACTHUKOB (JOPMUPOBAHHS IKCIIO-
surun [12, 13].

Ha coBpemenHoMm 3Tame ocoboe BHIMaHUE HC-
clefoBaTeNieil mpUBJIeKaeT MpobieMa MPUBICUCHUS
TaK Ha3bIBAEMOTO «IIOKOJICHHA Z» B YHUBEPCUTETCKHE
my3eu [14, 15].

Tak kak cpeau HamboJjee MOMYIIPHBIX HAIpPaB-
JIEHUH PO eCCHOHATHHON NeSTSIIEHOCTH MOJIOACKH,
OTHOCsIIEHCS K HOBOW (opMaIluu, BUIAATCS HHXKE-
HEpPHO-TEXHUYECKHUE CIEUAIBHOCTH, OMOMEINIINHA,
pOOOTOTEXHHKA, COBPEMEHHOE HCKYCCTBO, TO BEICTpA-
HMBaHME UCTOPUH 3TUX HOBEUILINX OTpaciied HayKH U Jie-
MOHCTpAIHS BKJIaga yaeOHOTO 3aBEIEHIS B X CTAHOB-
JICHHE W Pa3BUTHE MOXET ChICPaTh KIIOYEBYIO POJIb
B JAIbHEHIIIEM Pa3BUTHH BY3a.

Bormpocsl BocTpeOOBaHHOCTH YHUBEPCUTETCKHUX
My3€eB Ha COBPEMEHHOM 3Tarle TEXHOJIOTMUeCKOTo pas-
BHUTHS OOIIECTBA CTABAT MepPe]] HUIMH U 3a][a4d TIOWC-
Ka HOBBIX CLIOCOOOB JIEMOHCTPAIIUN CBOMX KOJUICKITHH,
a Taroke uX nudpoBu3anun. AKTUBHas paboTa ¢ caiToM
My3es, HAIIOJTHEHHBIM TUHAMUYHBIM U COIEpKaTeIb-
HBIM KOHTEHTOM, B3aUMOJEHCTBHE Yepe3 pa3IuyHbIe
COIMalIbHbIE CETH, PA3BUTHE OHJIAITH-KAaTaJIoroB U MOp-
TaJIOB SIBJISIOTCS HEOOXOUMBIMU YaCTSIMH ITOBCEIHEB-
HOM XKM3HU BCEX COBPEMEHHBIX My3eeB. BHenpeHue
B 3Kcno3uruio QR-KOMOB, 3IEMEHTOB JOTOJHEHHOM
pPeaTbHOCTH TO3BOJUT HE TOIBKO IMPUBIEKATh HOBYIO
nyOJIMKY, HO CO3/laBaTh Ooyiee TUHAMUYHYIO U TIIy0o-
KyI0 MYJIBTHCEHCOPHYIO SKcTio3uIuio [16—18].

N3ydenue oOpaTHOU CBI3WM 4Yepe3 pa3audyHEIC
OHJTAHH-TUTATGOPMBI U TIPUIIOKEHHUS C MOCETUTCIIIMU
SIBIISIETCSL BAXKHOM COBPEMEHHOM TEHJIEHLUEN B ylyy-
IICHUU PabOThI My3€€B U MOJICPKAHUU UX BOCTPeOO-
BaHHOCTH [19].

Ho y akTuBHOTO BHEIpEHUS HOBHIX ITU(PPOBBIX
TEXHOJIOTUH €CTh U TE€HEBbIE CTOPOHBI. [lonnnHHbBIE
MPEeIMETHl HEN30eKHO 3aMEHSIOTCS MX KOMUSIMH H MO-
JIeJSIMH, HE HECYILIMMHU UCTOPUYECKON U MaTepUaIbHON
nenHoctu [20]. JlomuHUpOBaHUE pa3BiIeKaTEIbHOM
COCTAaBJIAIONICH TakKKe MEHSET dMOLMOHAIBHOE BO3-
JIEHCTBUE MY3€HHON SKCIIO3UIIMH HA TTOCETUTENEH, YTO
MOXET 0CJIaOUTh BOCIIUTATENFHYIO U TATPHOTUIECKYIO
(hyHKIHN.

Takum 00pa3oM, Ha COBPEMEHHOM 3Tare YHUBEP-
CUTETCKUE MY3€U AOJKHBI BOUTU B HOBBIM 3Tall CBO-
ero pa3putus. Pa3BuTre My3esl €CTECTBEHHO TpeOyer
HE TOJIBKO IJIOIIAJIel KaK TaKOBbIX, HO U COBPEMEHHOM
MIPOCTPAaHCTBEHHOW OPTaHU3AINH, KOTOPas MOTHOCTHIO
COOTBETCTBOBAJIA OBl OCOOCHHOCTSIM OpPTraHU3aIUN KaX-
JIOM DKCITO3MIIMH M M0JIb30BaHHUS CHO.

L EJb

Hecmotps Ha moapoOHOe onucaHue 3a/1a4, CTOsI-
IINX MepeJ COBPEMEHHBIMH YHHBEPCUTETCKUMHU MY-

3€IMHU U MPETSTCTBYIOLIMX Pa3PELICHUIO UX TpodIieM,
aHaJIN3y MPOCTPAHCTB U MPUHIUIIOB Pa3MELICHUS, UM
yIelleHO He0CTaTo4HO BHUMaHuUs. Ha BocmonHeHue
9TOIl TaKyHBI HalpaBiieHa JaHHAS CTaThsl.

MATEPHUAJIBI U METO/bI

Ha npumMepe My3eeB KpynHENIINX YHUBEPCUTETOB
MHpa aBTOPHI ONPEIEISIOT 0COOEHHOCTH MX pa3Mele-
HUS B 3aBUCUMOCTH OT CHEIMAIN3alUU, COOTHECEHHE
OpTaHM3aIMH IPOCTPAHCTBA C TEMATUKOM HKCIIO3HIINH,
0COOEHHOCTH SKCIIO3UIIMOHHOTO 000pYI0BaHus, IPUH-
IIUITBI Pa3MEIEHHUS PA3HOTO POJIa FKCIIO3HUIUH B CTPYK-
Type KaMITyCOB.

PE3YJIBTATHBI NCCJIEJOBAHUA

OmauM u3 Hamboiee CTapbIX M aBTOPUTETHBIX
y4eOHBIX 3aBeieHHi EBpOIBI, HE TEPSAIONUIUM CBOETO
cTaTyca W B Hallu AHU, aBistercs Oxcdopa. Ha texy-
UK MOMEHT B €r0 CTPYKTYpPY BXOAAT YEThIpe 000CO-
O6meHHBIX My3es: My3eit Dumorna (crnenuanu3upyercs
Ha UCKYCCTBE U apxeoyiornu), My3eil ecTecTBeHHON
UCTOPUH (KOJUIEKLIUH 110 300JI0THH, YJHTOMOJIOTHH, T'€0-
norun), My3eii [lutta PuBepca (apxeonorus u aHTpo-
nonorust) 1 My3eit uctTopun Hayku (3KCIIOHATHI U3 00I1a-
CTH UCTOPHH HAyKH U TEXHUKH). My3el ecTecTBeHHOU
uctopuu u My3eii [Iurra Pusepca (puc. 1) Haxonarcs
B O/IHOM BHKTOPHUAHCKOM 3[JaHUH.

BricoTa OCHOBHBIX 3aJI0B MTO3BOJISIET PACTIONIOKHUTE
no0ble KpynHOTabapuTHBIE IKCIIOHATHI, a TaKkKe 00e-
CHEYNTh HEOOXOAMMYIO KyOaTypy Bo3myXa s mpe-
ObIBaHMS OONBIIOTO KOJMWYeCTBa moceTutenei. s
6oJree MEJIKHMX SKCIIOHATOB IPEyCMOTPEHBI 3aKPhITHIE
mKadbl, KOTOpEIE 00pa3yroT o000l BHYTPEHHUI JTa0H-
puHT. TpaAuIIMOHHOE U €CTECTBEHHO-HAYIHBIX MY-
3eeB BBICOKOE TIPOCTPAHCTBO, OCBEIIEHHOE JIBIOIIUMCS
yepes3 aXXypHYI0 OCTEKICHHYIO KPBIITY €CTECTBEHHBIM
CBETOM, MTO3BOJISIET IOCTATOYHO YAOOHO PACIIONIOKHUTH
0ONBIIIOE KOJMYECTBO Pa3HOOOPa3HBIX IKCIIOHATOB.
Jns ymoGcTBa paboThI HCCIenoBaTeNei ¢ KOJUEKITSIMHA
MPEIYCMOTPEHBI OTAEIbHBIE IPOCTPAHCTBA MEHBIIIECH
IUTOLIAIH, PACIIOJIOKEHHBIE SIPYCaMHU BOKPYT LIEHTPAIIb-
HOro 00beMa.

Myseit Dmmona — crape#muii 06ea0CcTyn-
HBII My3e#l B BenukoOpuTaHuu U mepBBI YHUBEP-
CUTETCKUH My3eld — OTKpHIT B 1683 1. B Hem Orina
ImpeJIcTaBleHa KaK JUYHAs KOJUIEKIHS O. DuMo-
7a, Tak U MPEJIMEThl YHUBEPCUTETCKOTO COOpaHus'.
OH pacnosiaraeTcss B OTACIBHOM 3JaHUHU, TOCTPO-
eHHoM B 1841-1845 rr. mo mpoekTy apXxuTekropa
UY.P. Kokepemn. Hecmotpst Ha To uto B 2009 1. 3nanue
MOJIBEPITIOCh MACIITAOHOW PEKOHCTPYKIIUH, OCHOB-
HBI€ HKCIIO3MIMOHHBIE IIOMAAN OBUIM COXPAHEHBI
B NMPUBBIYHOM BHJe. BpicTaBOUHas 30Ha OpPraHHU30-
BaHa Mo aH(uIagHOMY MPUHIUIY U3 CPABHUTEIHHO
HEOOJIBIINX MPOCTPAHCTB, COMACIITAOHBIX BBHICTABIIS-

!History of the Ashmolean. Ashmolean. URL: www.ashmolean.org/history-ashmolean
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Puc. 1. Unareprep My3es [lurta Pusepca

eMbIM TpousBeieHusIM (puc. 2). [TommHHas apXuTek-
Typa 3/aHHs U COXPaHEHHUE TPaJULUOHHON yMepeH-
HOH OTIEeJKM MHTEPHEpPOB CIIOCOOCTByeT Hamboiee
OIaronpUATHOMY BOCIIPUSTHIO IPOU3BEACHUN Kiac-
CHYECKOH KMBOIHUCHU U CKYJIbNOTYpHI. JlemMoHcTpanus
MEJIKOPa3MEpHBIX 3KCIIOHATOB OPTaHNW30BaHa B OCTE-

KJICHHBIX BUTPHUHAX, KOTOpbIe UMEIOT PaBHOMEPHYIO
paccTaHOBKY 110 OTBEIEHHBIM 3aJIaM.

My3eii UCTOpHUH HAayKH TakKe paclojaraercs
B 000COONCHHOM 3/1aHHH, KOTOPOE OBLJIO BBICTPOCHO
B 1683 r. 1 DmMonoBckoro My3est. HeGompmas Ky-
0aTypa, YIOTHBIE XOPOLIO OCBEIICHHBIE IPOCTPAHCTBA

B — T
—

Puc. 2. Uareprep My3ses 3. Dmmona
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MTO3BOJISAIOT MTOCETUTENSAM YIOOHO 3HAKOMHUTHCS C IKC-
MOHAaTaMH, pa3MELIEHHBIMU B OCTCKJICHHBIX BUTPUHAX.
ComacmTabHOCTh KOJIIEKITUH IIPOCTPAHCTBAM, pa3Me-
IIEHHE B CTAPMHHOM 3/1aHUH YCHIIMBAET OLIYIIEHUE €€
HCTOPHYECKON IIEHHOCTH U OHOBPEMEHHO CBSI3H C Ha-
crosiM. Takum 0Opa3oM, BCe OCHOBHBIE YETHIPE MY-
3est Okcopa IMEIOT CBOH 37[aHMUS, COOTBETCTBYIOIIHE
0Cco0eHHOCTSAM dKCHO3UIMH. OHU UMEIOT HE TOJBKO
aIMUHUCTpPATHBHOE, HO U (u3ndeckoe obocobneHne,
YTO TO3BOJISET J€JaTh 3TH MY3€H JOCTYHHBIMHU IS
MIMPOKOH MyONMKH. BoraTtcTBoO KOJIeKnid, IX HCTOPH-
YecKasl IEHHOCTb U TIOCTOSTHHOE TOTIOJTHEHUE CIIOC0o0-
CTBYIOT Pa3BUTHIO HAyKH U OCYIIECTBIICHUIO HE TOIHKO
MMHJDKEBOH, HO M 00pa30BaTeNIbHOM M HAay4YHOH (QyHK-
un. [IpumedaTenbHO, YTO SKCIO3UIIHS, TOCBSAIICHHAS
uctopun Okchopaa Kak KOHIJIOMEpaTy YIeOHBIX 3aBe-
JICHWUH, pacrioyioxkeHa B roposickoit paryie. Cozxepika-
TEJIBHO U aJIMUHHUCTPAaTHBHO OHA MPEACTaBIIsIET cOOOH
4acTh UCTOPHUM ropoja, ycwiusas craryc Oxcdopna
KaK COBPEMEHHOTO MIEPEJOBOTO HAYYHOTO [IEHTPA, cama
CYILIHOCTBh KOTOPOTO U €CTh XKHUBOMH My3el, He HyKaro-
muiics B IOMONMHUTEILHOM SKCTIOHUPOBaHUH. Tpaauiu-
OHHasl BCTPOCHHAsI B KAMITYC apXUTEKTypa MOI4epKHBa-
€T BBICOKHH CTaTyC, IEMOHCTPHUPYS HETIOCPEICTBCHHYIO
CBs3b C Oorareiineii HCTOpHEH.

WnHo¥i mMmumx y MaccadyceTcKOro TEXHO-
nmorugeckoro uHCTUTYTAa (MTH). OprenTupoBaHHBIN

Ha pa3BUTHE NePEeJOBBIX TEXHOIOTHI BO BCEX COBPEMEH-
HBIX Hay4HBIX OTPACHAX, HHCTUTYT MOCPEACTBOM pa3-
HOOOPAa3HOW SKCHO3UIMH IEMOHCTPHPYET CBOM BKJIAI
B pa3BUTHE KaXI0i u3 HuX (puc. 3). Myseii ¢ myonmy-
HBIM JIOCTYTIOM, COCTOSILLIMI U3 TOCTOSHHON 3KCIIO3ULIUHI
U BBICTaBOK, 3aHMMAET TPU YPOBHS B HOBOM CEMHa A~
THUATAKHOM 3JaHWH, CIPOCKTHPOBAHHOM KOMITAaHHEH
Baiic/Mandpenu®. OTKpbITHE HOBOTO My3€sl COCTOSIIOCH
B oKTA0pe 2022 1. My3eii pactonoxeH B IEHTPE HHHOBA-
IIMOHHOTO paiioHa KeHgai-ckBep B HEMOCPEICTBEHHOM
omm3octa k crannuu metpo Kendal/MIT MBTA Kpac-
HOI nuHMM. Takoe pacroiokeHue JOKHO, BO-TIEPBBIX,
YBEJIMYUTh MOTOK MOCETUTENEN, a BO-BTOPBIX, IpoJie-
MOHCTPHPOBATh COBPEMEHHBIH XapaKTep MHCTHUTYTA,
€ro OpHEHTUPOBAaHHOCTH Ha Oyny1iee. BHyTpenHee mpo-
CTPAHCTBO CIPOEKTHPOBaHO 6ropo Xesemnep + FOw’.
My3eii couetaeT B cBOEH CTPYKType HMOCTOSH-
HYIO 3KCIIO3ULHMIO, paccKa3biBatonyto o Bkiaae MTU
B Pa3BUTUE COBPEMEHHON HMH)KEHEPHO-TEXHUYECKOU
MBICIH, PSIA MOCTOSTHHBIX BBICTaBOK, IIPOCTPAHCTBA
JUTSI TROPYECTBA U JEKTOPHH. JISKTOPUH U TBOPUECKHE
MJIOMIAAKH PACIOJI0XKEHBI TaK, YTO MPOUCXOIALIEE
B HUX BHIHO C YJHI[BI, YTO €Ille pa3 MOAYEepKHBAET
OTKPBITBIM XapaKTep HHCTUTYTa U CTPEMIIEHUE K BO-
BJIEYEHUIO MAaKCHMaJIbHOTO KOJIMYECTBA JIIOAEH B CBOIO
*ku3Hb. Dole ¢ MUPOKON TECTHULIEH NMpEeCTaBIIeT
€000 cBETJIOE NBYXCBETHOE MPOCTPAHCTBO, KOH-

Puc. 3. Uuarepboep My3est MaccauyceTckoro TeXHOJIOIMYECKOr0 HHCTUTYTa

2 Lamster M. Howeler + Yoon’s redesigned MIT museum pays homage to the Institution’s 50-year history // Architectural
Record. URL: https://www.architecturalrecord.com/articles/15977-howeler-yoons-redesigned-mit-museum-pays-homage-to-
the-institutions-50-year history? ga=2.248801025.766538842.1673600565-1679942455.1673339975

3 Klein K. Howeler + Yoon “turn MIT inside out” in newly reopened and relocated MIT Museum // The Architects Newspaper.
2022. URL: https://www.archpaper.com/2022/10/howeler-yoon-reopened-relocated-mit-museum
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TPACTHOE K CPAaBHUTEIIFHO HEOOIBIINM 3aT€MHEHHBIM
9KCIO3UIMOHHBIM 3ajaM. TeMaTHKa MOCTOSHHBIX BbI-
CTaBOK OXBAaTHIBACT TAKHE aKTyaJIbHbIC HAIIPaBICHHUS,
KaK TeHHasl MHXXCHEPUs], UCKYCCTBEHHBIH MHTEJUICKT,
(hoTorpaduio 1 COBpEMEHHOE HCKYCCTBO, COITHAIEHBIC
u nemorpaduueckue mporuecchl. [loMmuMo Tpagunnon-
HBIX IyTeW SKCIIOHMPOBAHHS MaTepHaIOB, OPUEHTUPO-
BaHHBIX Ha 3pUTeNbHOE Bocnpusarue, MTH ucnons3o-
BaJ MHTEPAKTHBHBIC, ayAHO- M CEHCOPHbIE ()OPMATHI.
OKCHO3UIMOHHBIE KOHCTPYKIIUH MPEACTABIISIOT COOOH
COBpEMEHHbBIE MTOJUTOHANbHBIE POPMBI, @ TPUHIUIIBI
BCTPANBaHUS OCBETUTEIHHOTO 000PYIOBAHUS CO3JAI0T
Hauboinee ynoOHoe 1 BocpusTHs ocBemenne. OT-
JIeJIbHO Ha TEPPUTOPUH KaMITyca B CTY/JIEHYECKOM LIeH-
Tpe pacroyiaraeTcsi XyJ0:xecTBeHHas ranepes [xepo-
Ma b. BusHepa nns pa3smenieHus: HIUPOKOro CHEKTpa
aKaJICMHYECKHUX M BHEYYEOHBIX paboT cTyaeHToB. OHa
mpeacTaBiaseT coboi HeUTpanbHOE MPSMOYTOJIBHOE
MTOMEIIEHHE C XOPOIINM €CTECTBEHHBIM OCBEIICHUEM.
B 3aBucMMOCTH OT MIeW TEKyLIeH SKCIIO3ULIHUH HPH
MOMOIIY MOOMJIBHBIX KOHCTPYKLHH 3TO MPOCTpPaH-
CTBO MOXeET ObITh Jierko Tpanchopmupoano. MTU
pacrioyaraet ¥ ClieuagIu3upOBaHHBIMH KOJIIICKIUAMH,
JIOCTYII K KOTOPBIM UMEIOT TOJIBKO CTYAECHTHI U COTPY-
HUK{ MHCTUTYTa. DTH KOJUICKIIUU PACIION0KEHBI HE-
MOCPEICTBEHHO HAa (haKyNbTeTax M (PaKTUIECKH BIIJIE-
TEHBI B IMMOBCEIHEBHBIN 00pa30BaTEIbHBINA MPOIIECC.

Tak, skcrmoHaTsl rajepen KoMmToHa, BKIIOYaromei
Oorarednryio KOJJICKIIHIO apXUTEKTYpHOH Tpaduku,
pa3MelieHsl B TOM YUCIie ¥ Ha CTeHaX ayIuTOpHH, pe-
Kpeauui ¥ MpounuX MPOCTPaHCTB, KOTOPBIE PETYJISIPHO
TTOCEMIAI0T CTYACHTHI (pHC. 4).

HamuonaneHslit yauepcurer CHHramypa Taxke
UMEET CIIOKHYIO CTPYKTYPY MY3€HHO-BBICTaBOYHBIX
npoctpancTs*. Myseit CHHraImypcKoro HalHOHaIbHOTO
YHHUBEPCHUTETA, BKIIIOYAIOIINH OOTaTeHITy 0 KOJUICKIHIO
MCKYyCCTBa a3uaTCKUX CTpaH, U My3el ecTecTBeHHOM
uctopuu Jlu Kon Yanr pacrnonararorcs B 00LeM co-
BPEMEHHOM 3IaHHH B CAMOM LIEHTPE YHUBEPCUTETCKO-
ro kamiryca. [Ipu 5ToM 3abl Xy[J0)KECTBEHHOTO My3es
UMEIOT TPAJULUOHHYIO Ul MOJOOHBIX CTPYKTYp aH-
(hunamHyIo MIAHHPOBKY C HEOOIBIIMMHU H30IHPOBAH-
HBIMH IPOCTpaHCTBaMH. Terioe MArKoe OCBELICHHE
co3zaer arMoc(epy yrTa U MO3BOJSET HAUIYYIIUM
00pa3zoM 03HAKOMHUTHCS € TIPOU3BEIICHUSIMH UCKYCCTBA.
Mys3eil eCTeCTBEHHON UCTOPHH, HAIIPOTHUB, UMEET BbI-
COKHE 3aJIbl, 03BOJISIOIINE Pa3MECTUTh KpyITHOTrada-
PHUTHBIE 3KCTIOHATHEL. ToueuHOE OCBELICHUE TTOMOTaeT
aKLEHTHPOBATh BHUMAHHUE 3pUTEICH HCKIIOUNTEIHHO
Ha oObekTax. B aToM ke 31aHuM pacriosaraeTcs yHH-
BEPCUTETCKUN LEHTP UCKYCCTB U KYJIbTYPHBIN LIEHTP,
Kade U KHIDKHBIN Mara3uH. CHHTaIypcKoMy YHUBEp-
CHUTETY NPHHAIIECKHUT U OTACITHHO CTOSIINIA COXPAHUB-
mmiicst uctopuueckuid jom Baba House, conepikarimii

Puc. 4. Oxcrionars! ranepen Komnrona B nHTEphepax yueOHBIX HOMEIICHUIT

4The Museum. URL: https://museum.nus.edu.sg/
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[OJUIMHHBIE DKCIIOHATHI ObITA F0KHO-KUTANCKONH CEMbU
Havana XX B. u Apyrue apredakrel. J{us opranuza-
MM CMEHHOM 3KCHO3UIIMHU, OTpakarmoueh TekyIlue
cOOBITHSI CTYIIEHYECKOH JKU3HHU, B y4eOHOM Kopmyce
SDE 4 npenycMOTpeHO crenuaibHOe OTKPHITOE MPo-
CTpaHCTBO (puUC. 5). DTOT KOPIYC CaM SIBIISETCS CBOETO
pofa 3KCIIOHATOM B WH)KEHEPHO-CTPOUTENEHON OTpac-
JIM KakK 3JaHue HYJIEBOTO YHEPreTHYECKOro OaaHca.
B cBOOOAHOM OCBEILICHHOM uepe3 MaHOpaMHbIE OKHA
MPOCTPAHCTBE PACCTaBIEHBl HEBBICOKHE SKCIIO3HIIH-
OHHBIE KOHCTPYKIHMH U MYJIbTHMeINa 3KpaHbl. Takas
HENTPanbHOCTh IPOCTPAHCTBA U €T0 OTKPBITOCTH COOT-
BETCTBYIOT JIEMOKPATHUYHOMY XapaKTepy MOBCETHEBHOM
CTY[CHUECKOH JKU3HU YHUBEPCUTETA.

Crapeiilliee 0TeUeCTBEHHOE BbICLIee yuyeOHOE
3aBelieHue — MOCKOBCKHMI rocyaapCTBEHHbIM yHU-
BepcUTeT UM. JIOMOHOCOBA B CBOEH CTPYKType TaKkKe
HUMeeT HECKOJIbKO My3eeB ¢ 0OraTeiIuMy KOJIJIeKIIH-
SIMU. 300JIOTHYECKUN My3eil — OJIMH W3 KPYMHEUIINX
My3eeB 3Toro HampaniieHus B Poccuu. Pacnonoxen-
HBIH B UICTOPUUYECKOM 3[aHUU B IIleHTpe MOCKBHI (ap-
xutektop K.M. beikoBckuii, 1901-1902 rr.), oH numeeT
B CBOEU CTPYKType MPOCTOPHBIE 3aJIbl PA3HOM BHICO-
THI, OPUEHTHPOBAHHBIE HAa HaWJydIllee pa3MeIleHHE
9KCIOHATOB. VcTOpHueckas apXUTEeKTypa U HHTEpbe-
PBI IOJYEPKUBAIOT BO3PACT KOJUIEKLIUM U €€ 3Hade-
uue [21]. Kak u B My3ee Okcdopaa, 3aiisl pa3aeicHbl
Ja0UPUHTOM OCTEKJCHHBIX BUTPHH C pa3HOOOpas-
HBIMH SKCIIOHaTaMH. ATITEKapCKUI Oropo sBIseTCA
JEeUCTBYIOIUM OOTaHHYECKUM CaJiOM, HO HUCTODPH-
YecKasi TepPUTOPHUS U 3[aHUA, B KOTOPBIX pa3Melna-
IOTCSI OpaH)Kepeu, Tak K€ MO3BOJIAIOT A0 HEKOTOPOH

CTENEeHU OTHECTH ero K My3esiM. My3eil 3eMiieBeieHus
pacrojaraercs B aBHoMm 3ganuu MI'Y Ha BopoOnbe-
BBIX ropax Ha 24-31-Mm sTaxax. Pacnonoxxenue my3ses
ornpeneisieT pa3MeleHHe SKCIO3UIMN B CPABHUTEb-
HO HEOOJIBIINX ayJUTOPHBIX MOMEIICHUSX, COSJANHEH-
HBIX B IPOCTPaHCTBeHHYIO aH(uiIany. MaccuBHbie
JIEpeBsSIHHbIE MIKa(bl C IKCIIOHATAMU COOTBETCTBYIOT
obmreit armocdepe Mecra. HemmocpenctBeHHast CB3b
My3es ¢ ayJuTOPHBIM (OHIOM IO3BOJSAET YIAOOHO
1 3 (HEeKTUBHO MHTETPUPOBATH PAbOTY ¢ KOJICKIIHEH
B MMOBCEIHEBHBIN 00pa3oBarenbHbId mponecc. MI'Y
MMEET U OTAENbHBIN My3€l, MOCBAIIEHHBIM UCTOPUU
3TOro yueOHOro 3aBeJieHHs. B HECKOJIbKUX MPOCTOP-
HBIX 3aJlaX B 3[JaHUM HAY4HOW OMOJHMOTEKH MPEIACTaB-
JICHBI YKCIIOHATHI, CBA3aHHbIC Oorareuieii ncTopue
Y 3aciIyraMu YHHUBEpPCHUTETA. 37eCh BBIOpaH TpaauIlH-
OHHBIN CITOCO0 pa3sMENICHHs B OCTEKICHHBIX IIKadax
W BUTPUHAX Ha pa3HOl BhICOTE, HE BCEraa KoMQpOopT-
HOW /1151 BOCIIPUSITHSI TIOCETUTENSIMHU.

OTaenbHOTO BHUMAHHUA 3aciyxuBaeT My3sei
MOoCKOBCKOTO apXHTEeKTypHOTO HHCTUTYTa (MAPXI).
Jonroe Bpemsi OH 3aHUMaJl CPABHUTENILHO HEOOJIBILIOE
MOMeIlIeHHe Ha BTOPOM 3Taxke B BOpOHIIOBCKOM KOp-
myce. 3mech OblIa coOpaHa Gorareiiasi KOJUICKIUs
APXUTEKTYPHOU rpauKu, CTYICHYCCKUX pabOT U Me-
Toandeckux marepuainoB [22]. Heckonbko neT Ha3af
My3eil nepeexan Ha mwiomanu raaepen BXYTEMAC,
rJe pa3Menainch BpeMeHHbIe BhicTaBKU. Ha pyOexe
2000-x 1 2010-x rr. B kKopuaopax Ky3HernoBckoro kop-
myca MOCTEIEeHHO Hayvajia pa3pactarbes nuddysHas
HKCTO3ULMS JIYULIHX CTYAEHUECKUX paboT, IpeMHUpO-
BaHHBIX HAa BHYTPEHHHX KOHKYpPCax, TUIICOBBIX OTJIH-

| ===

Puc. 5. HTephep BHICTABOYHOTO MPOCTPAHCTBA apXUTEKTypHOTO (hakymbrera CHHraIrypckoro HaI[MOHAIBHOTO YHUBEPCUTETA
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Puc. 7. Pa3merienne skcrioHaroB B npoctpancTsax MAPXU

BOK apXUTEKTYPHBIX AeTalleil i aJIeMeHTOB (puc. 6, 7).
Taxkast tu¢dysHast IKCIIO3UIHUsA, HECMOTPS Ha TO 4TO,
MOXeET OBITh, M HE MPEJCTaBISIET 0COO0I MaTepHab-
HOH IIEHHOCTH, B OTJIMYHE OT IKCIIOHATOB rajiepen
Kommrona 8 MUT, MOKeT OBITH MOJHOCTBIO JTOCTYITHA
BCEM JKEJIAIOLIUM U CO3AAET ONpPEEIICHHBIN BU3yallb-
HBIH yPOBEHb, CTUMYJIHMPYSI CTyZACHTOB K MOBBIIICHHIO
KadecTBa COOCTBEHHBIX paboT.

3AKJTIOYEHHUE U OBCYXIAEHHUE

Htak, OCHOBHOM IEJTbI0 YHUBEPCUTETCKIX My3€eB
SIBIISICTCS XpaHCHHE, U3YUCHUE, IEMOHCTPAUSI U 00Y-
yernwne. [Ipu 3ToM mocnenHsst pyHKINS UMEHHO IS BY-
30BCKUX MY3€eB JOIDKHA UMETh 0c000¢e 3HadeHue. Pac-
CMOTPEB NPUHLMIIBI Pa3MELIEHNUS My3E€HHBIX KOJIEKLUI
U pacrnpeAcacHus SKCIO3ULUN B KPyTHEUIINX YHUBEP-
CHUTETaX 10 BCEMY MHPY, MO)KHO BBISIBHTH CIEYIOIIHE
0COOCHHOCTH OPTaHU3alMH MY3eHHO-BBICTABOYHBIX
MIPOCTPAHCTB.

1. IlpocTpaHCcTBO My3€st JOIKHO COOTBETCTBOBATH
HE TOJBKO HanOosee ynoOHOMY pa3MelleHHIO U Xpa-
HCHUIO 3KCIIOHATOB, HO U 3HAKOMCTBY ITOCETHUTEIICH
¢ uumu. [locneaHelt TeHAeHUUEN SBISETCS UMEHHO
KIIMEHTOOPHEHTUPOBAHHOCTH IIPH 0E3yCIOBHOM 00e-
CIICYCHUU COXPAHHOCTH IKCIIOHATOB.

2. TIpoCTpaHCTBO KCIO3ULUH, €T0 Pa3MEIEHUE
B CTPYKType YHHUBEPCHUTETA, JTU3allH COOTBETCTBYIOT
HMHIDKY caMoro ydeOHoro 3aBenenus. [Tpn mMumxeBoi
OpHEHTAIN YHUBEPCHUTETA Ha WCTOPHUIO M TPAIHIIHH
My3€H pa3MEeIaoTCs B HICTOPHYCCKUX 3MAHMUIX U UMe-
10T Oo0Jiee MPUBBIYHYIO MPOCTPAHCTBEHHYIO CTPYKTYPY
U IPUHLIMIBI OpraHu3anuy 3xcnozutmn. [lpu crpemie-
HUH [IPOJECMOHCTPHUPOBATh HHHOBAIMOHHBIN XapaKTep
YHHUBEPCHUTETA B MPHOPUTETE pa3MEIlCHHE B Hanboee
JIOCTYITHBIX W TEXHOJIOTUYCCKHU PA3BUTHIX COBPEMEHHBIX
KOpITyCax.

3. 1 paBHOIIGHHOTO OXBaTa KaK UCTOPHH y4eO-
HOTO 3aBEJICHUS, TAK U COBPEMEHHOTO €r0 COCTOSHUSA,
JIEMOHCTPALINH KEJAeMBIX ITyTeH Pa3BUTHS UCIIONb3Y-
FOTCSI pa3HbIE DKCIO3HUINH B Pa3HBIX MecTax. Myzen
pacmonaraioTcs B 0oJiee TpaJUIIOHHBIX H30JUPOBaH-
HBIX NIPOCTPAHCTBAaX. BBICTaBKH, CBSI3aHHBIE C TEKY-
el KU3HbIO YHUBEPCUTETA, pa3MeIIaloTcs B Oonee
CBETJIBIX, YHUBEPCATBHBIX U JAEMOKPATUYHBIX IPO-
CTPaHCTBaX. 37eCh MPUMEHSCTCS 00Jiee COBPEMEHHBIM
JTU3aiiH BHICTABOYHBIX KOHCTPYKITHI ¢ BO3MOXKHOCTBIO
ux ObICTpOil Tpanchopmaruu. [TocnenHel TeHICHIIN-
el SIBJIeTCS AKTUBHOC HCIIOJIE30BAHHUE MYJIBTUMEINA
U UHTEPAKTHBA, KOTOPHIE TAKXKEe MOTYT MOTpeOOBATh
BBIJICJICHHBIX IPOCTPAHCTB C OCOOBIMH PEKIMaMHU OC-
BEIIICHUS U aKyCTHUKU.

4. BaxxHO 0COOCHHOCTBIO SIBIIIETCA BKIIOUCHHE
KOJUIEKIIMH B TTOBCEIHEBHYIO 00pPa30BaTENBHYIO H HC-
CJIEIOBATEIBCKYI0 PabOTy B YHHBEPCUTETE HE TOIBKO
MOCPEACTBOM O0ECIeYeH sl TOCTyNa K YHUKAIbHBIM
KOJUIEKITUSIM, HO M Yepe3 BU3yalIbHOE HACHIILIEHHE Cpe-
JIbI IPUMEPAMH BBICOKOTO YPOBHSI.
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INTRODUCTION

Today, the majority of universities around
the world have their own museums. In the most pres-
tigious universities on different continents, museums
are points of attraction not only for students and re-
searchers, but also for a wide range of visitors. “Great
universities have great museums”, remarked Peter
Tyrrell, who, as far back as 2000 year, was the deputy
director of the Oklahoma Natural History Museum at
the University of Oklahoma [1]. The main functions
for museums of educational institutions are patriotic,
image-building, educational, educational and career
guidance. It is the completeness of the implementa-
tion of these complex tasks that determines the success
of a university museum and its prospects for existence.

The transformation of university museums of ma-
jor educational institutions into modern research and
educational spaces can be seen as a consequence
of their worldwide crisis during the last two decades
of the 20th century. In the 1980s and 1990s, the global
trend was to reduce public expenditure on higher edu-
cation, which led to staff shortages in museums and
attempts to reduce the volume of museum collections
by selling or disposing of them. Collections in use,
including for educational purposes, were in a very pre-
carious position. Alan Warhurst has described the situ-
ation as a “crisis of identity, purpose and recognition,
compounded by a crisis of resources” [2].

Overcoming this crisis and bringing museums to
a qualitatively new level has by no means rid muse-
ums of all problems. Domestic and global realities in-
clude the lack of a well-constructed exhibition policy
that primarily takes into account the interests of stu-
dents, insufficient space and inadequate equipment,
its obsolescence and physical deterioration, the lack
of separation of space in accordance with the subjects
of exhibitions and the way exhibits are displayed, in-
sufficient technical facilities for organising fast-chang-
ing exhibitions and displays that respond to current
events in university life, lack of initiative groups and
effective [3]. Current challenges continue to include
the problems of attracting visitors, especially students.

As a result of the turn towards a wider audience
in search of increased visitor flow, museums today are
becoming less “university museums” and more “muse-
ums at universities”. It is therefore the image function
of the university museum that plays a paramount role in
determining the path of its development. At the turning
point of their development, Bernard van den Driessche
noted that “the museum becomes a tool to demonstrate
the openness of the university to the outside world” [4].

Developing this idea, S. Muravskaya and 1. Stasiuk
point out that only an institution with a clear devel-
opment strategy and significant achievements consid-
ers a museum as a transmitter of its values, in which
resources should be invested. The university museum
forms a special promotional product, which brings sig-
nificant benefits in the long-term perspective. The uni-
versity heritage has a positive impact on its reputation,
including the attitude of potential students and their
intention to pay tuition fees [5]. As A.A. and M.A. Ro-
maschenko point out, presenting the history of an edu-
cational institution through a museum collection, placed
in a special space, testifying to the historical and cul-
tural memory, important milestones of the formation
of an educational institution, signals to some extent
the quality of the educational process [6]. A modern
university museum should clearly and popularly dem-
onstrate its role in the formation of a particular branch
of science [7].

The educational role of the museum remains as
relevant as ever. The retrospective essence of a muse-
um should generate a sense of connectedness of times
through visible objects. An appropriate artistic-spatial
and architectural context should also enhance the emo-
tional perception [8].

Often, a higher education institution is the main
social and educational centre in the district [9], and
the creation of an open cultural centre can also con-
tribute to the implementation of the cultural and lei-
sure function of a museum, while increasing its com-
mercial attractiveness [10]. As noted by S.P. Kalita
and L.N. Yurkin, the purpose of a modern university
museum can simultaneously be to disseminate scien-
tific knowledge and establish contacts with the local
urban community [11]. To increase the degree of lo-
cal community involvement in the life of a museum
of a local educational organization, experts suggest ex-
panding the spatial boundaries of the museum, attract-
ing students, teachers, graduates and people whose
lives have been associated with the university as par-
ticipants of the exhibition formation [12, 13].

At the present stage, the problem of attracting the so-
called “Generation Z” to university museums has attracted
particular attention from the researchers [14, 15].

Since engineering, biomedicine, robotics and
contemporary art are seen as the most popular fields
of professional activity among the new generation
of young people, building up the history of these latest
branches of science and demonstrating the institution’s
contribution to their formation and development can
play a key role in the further development of the uni-
versity.
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The demand for university museums at the cur-
rent stage of technological development of society
also challenges them to find new ways of displaying
their collections, as well as their digitalisation. Active
work with the museum website filled with dynamic
and meaningful content, interaction through various
social networks, development of online catalogues
and portals are necessary parts of the daily life of all
modern museums. The introduction of QR-codes and
augmented reality elements into the exhibition will not
only attract a new audience, but also create a more dy-
namic and deep multisensory exhibition [16—18].

Exploring feedback through various online plat-
forms and applications with visitors is an important
modern trend in improving museums and keeping them
relevant [19].

But the active introduction of new digital tech-
nologies also has a shadow side. Genuine objects are
inevitably replaced by their copies and models that have
no historical and material value [20]. The dominance
of the entertainment component also changes the emo-
tional impact of the museum exhibition on visitors,
which can weaken the educational and patriotic func-
tions.

Thus, at the present stage, university museums
must enter a new stage of their development. Museum
development naturally requires not only space as such,
but also modern spatial organisation, which would fully
correspond to the peculiarities of organising and using
each exhibit.

A
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Fig. 1. Interior of the Pitt Rivers Museum
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PURPOSE

Despite the detailed description of the challenges
facing contemporary university museums and the ob-
stacles to solving their problems, the analysis of spaces
and principles of accommodation has not paid enough
attention to them. This article aims to fill this gap.

MATERIALS AND METHODS

Using the examples of the world’s largest uni-
versity museums, the authors define the special fea-
tures of their location depending on the specialisation,
the correlation between the organisation of space and
the theme of the exhibition, the particularities of the ex-
hibition equipment, and the principles of placing differ-
ent kinds of expositions in the structure of campuses.

RESEARCH RESULTS

One of Europe’s oldest and most respected edu-
cational institutions, still in existence today, is Oxford.
There are now four separate museums: the Ashmole
Museum (specialising in art and archaeology), the Nat-
ural History Museum (zoology, entomology and geol-
ogy collections), the Pitt Rivers Museum (archaeology
and anthropology) and the History of Science Museum
(exhibits from the history of science and technology).
The Natural History Museum and the Pitt Rivers Mu-
seum (Fig. 1) are in the same Victorian building.

The height of the main halls makes it possible to
accommodate any large exhibits, as well as providing
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the necessary cubic volume of air to accommodate
large numbers of visitors. For smaller exhibits, there
are enclosed cabinets that form an internal labyrinth.
The traditional high space in science museums, which
is illuminated by natural light pouring in through a sky-
light, allows a wide range of exhibits to be displayed in
a comfortable environment. For the convenience of re-
searchers to work with the collections, there are sepa-
rate smaller spaces arranged in tiers around the central
volume.

The Ashmole Museum is the oldest public mu-
seum in Britain and the first university museum —
opened in 1683. It housed both Ashmole’s personal
collection and items from the university collection!. It
is housed in a separate building designed by architect
C.R. Cockerell and built between 1841 and 1845. Al-
though the building underwent extensive renovation in
2009, the main exhibition areas have been kept as they
used to be. The exhibition area is organised according
to the enfilade principle of relatively small spaces in
proportion to the works on display (Fig. 2). The au-
thentic architecture of the building and the preserva-
tion of the traditional moderate decoration of the in-
teriors contribute to the most favourable perception
of works of classical painting and sculpture. The dis-
play of small-scale exhibits is organised in glazed
showcases, which are evenly spaced throughout the al-
lotted halls.

The Museum of the History of Science is also
housed in a separate building that was built in 1683

for the Eschmolov Museum. Its small-sized and cosy,
well-lit spaces allow visitors to comfortably explore
the exhibits in the glazed showcases. The proportion-
ality of the collection to the spaces and its location in
an old building reinforces the sense of its historical
value while at the same time providing a connection to
the present. In this way, all four of Oxford’s main muse-
ums have their own buildings to match the characteris-
tics of the exhibition. They have not only administrative
but also physical separation, making these museums ac-
cessible to the general public. The richness of the col-
lections, their historical value and their constant replen-
ishment contribute to the development of science and
realization not only an image-building but also an edu-
cational and scientific function. It is worth to note that
the exhibition on the history of Oxford as an educational
conglomerate is located in the City Hall. Substantively
and administratively, it is part of the city’s history, rein-
forcing Oxford’s status as a modern, cutting-edge aca-
demic centre, whose very essence is a living museum
that needs no further exposure. The traditional architec-
ture built into the campus underscores the high status,
demonstrating a direct connection to a rich history.
Massachusetts Institute of Technology (MIT)
has a different image. Focused on the development
of cutting-edge technology in all modern scientific
fields, the institute showcases its contribution to
the development of each of them through a diverse
exhibition (Fig. 3). The public access museum,
consisting of a permanent exhibition and exhibitions,

Fig. 2. Interior of the E. Ashmole Museum

'History of the Ashmolean. Ashmolean. URL: www.ashmolean.org/history-ashmolean
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Fig. 3. Interior of the Massachusetts Institute of Technology Museum

occupies three levels in a new seventeen-storey building
designed by Weiss/Manfredi’>. The new museum
opens in October 2022. The museum is located in
the heart of the Kendall Square Innovation District, in
the immediate vicinity of the Kendall/MIT MBTA Red
Line underground station. This location should firstly
increase the flow of visitors and secondly demonstrate
the modern, future-oriented nature of the institute.
The interior space was designed by Heveler + Yoon®.
The museum combines a permanent exhibition
on MIT’s contribution to the development of modern
engineering and technology, a number of permanent
exhibitions, creative spaces and lecture halls.
The lecture and creative spaces are located so that they
are visible from the street, emphasising the open nature
of the Institute and its commitment to involving as
many people as possible in its life. The foyer, with its
broad staircase, is a bright two-light space that contrasts
with the comparatively small, darkened exhibition
rooms. The topics of the permanent exhibitions cover
current trends such as genetic engineering, artificial
intelligence, photography and contemporary art, social
and demographic processes. In addition to traditional
ways of displaying visually oriented materials, MIT
has used interactive, audio and sensory formats.

The exhibit structures are modern polygonal forms,
and the principles of embedded lighting equipment
create the most sensory-friendly lighting. Separately
on campus, the Jerome B. Wiesner Art Gallery is located
in the Student Centre to house a wide range of academic
and extra-curricular student work. It is a neutral
rectangular space with good natural light. Depending
on the idea of the current exhibition, the space can
be easily reconfigured with the help of mobile units.
The MIT also has specialised collections which are
only accessible to students and staff of the Institute.
These collections are located directly in faculties and
are actually woven into the daily educational process.
For example, the Compton Gallery, which includes
a rich collection of architectural drawings, is displayed
on the walls of classrooms, recreational areas, and other
spaces that are regularly visited by students (Fig. 4).
The National University of Singapore also has
a complex structure of museum and exhibition spaces®.
The museum of the National University of Singapore,
with its rich collection of Asian art, and the Lee Con
Chang Museum of Natural History share a modern
building in the heart of the university campus. The rooms
of the art museum, however, have the traditional enfilade
plan with small, secluded spaces. The warm and soft

2Mark Lamster. Howeler + Yoon’s Redesigned MIT Museum Pays Homage to the Institution’s 50-Year History. Architectural
Record. URL: https://www.architecturalrecord.com/articles/15977-howeler-yoons-redesigned-mit-museum-pays-homage-to-
the-institutions-50-year history? ga=2.248801025.766538842.1673600565-1679942455.1673339975

3 Kristine Klein. Howeler + Yoon ‘turn MIT inside out’ in newly reopened and relocated MIT Museum. The Architects
Newspaper. 2022. URL: https://translated.turbopages.org/proxy_u/en-ru.ru.60701443-63c11f37-37b6b5cf-74722d776562/
https/www.archpaper.com/2022/10/howeler-yoon-reopened-relocated-mit-museum/

4The Museum. URL: https://museum.nus.edu.sg/
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Fig. 4. Compton Gallery exhibits in the interiors of classrooms

lighting creates a cosy atmosphere and allows you to
get to know the works of art in the best possible way.
The Natural History Museum, on the other hand, has tall
halls to accommodate large exhibits. Spot lighting helps
to focus the viewer’s attention solely on the objects.
The same building houses the university’s arts and

cultural centre, a café and bookstore. The University
of Singapore also owns the freestanding historic Baba
House, containing authentic displays of South Chinese
family life in the early 20th century and other artefacts.
In SDE Building 4, a special open space is provided
for a changing exhibition reflecting current events

Fig. 5. Interior of the exhibition space of the Faculty of Architecture, National University of Singapore
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Fig. 7. Placement of exhibits in MARKHI spaces

in student life (Fig. 5). The building itself is a kind
of exhibit in the civil engineering industry as a zero-
energy building. In the open space, illuminated by
panoramic windows, low structures and multimedia
screens are placed. This neutrality of the space and its
openness are in keeping with the democratic nature
of the daily student life of the university.

The oldest national institution of higher education,
Lomonosov Moscow State University, also has
several museums with rich collections. Lomonosov
Moscow State University also has several museums
with rich collections in its structure. The Zoological
Museum is one of the largest museums of its kind in
Russia. Located in a historic building in the centre
of Moscow (architect K.M. Bykovsky, 1901-1902),
it has spacious halls of different heights, oriented to
the best placement of exhibits. The historic architecture
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and interiors emphasise the age of the collection
and its importance [21]. As in the Oxford Museum,
the halls are divided by a maze of glazed showcases
with a variety of exhibits. The Apothecary Orchard is
an active botanical garden, but the historic grounds
and buildings housing greenhouses also allow it to be
classified as a museum to some extent. The Museum
of Earth Sciences is located in the main building
of Moscow State University on Vorobjovy gory,
24-31 floors. The location of the museum determines
the location of the exhibition in relatively small
classrooms, connected in a spatial enfilade. Massive
wooden cabinets with exhibits match the general
atmosphere of the place. The direct connection between
the museum and the classroom collection allows for
a convenient and effective integration of work with
the collection into the daily educational process. MSU
also has a separate museum dedicated to the history
of the institution. Several spacious halls in the Scientific
Library building display exhibits related to the rich
history and merits of the University. The traditional
method of displaying them in glazed cabinets and
showcases at different heights is not always comfortable
for visitors.

The Museum of the Moscow Architectural Institute
(MARKHI) deserves special attention. For a long time
it occupied a relatively small room on the first floor
of the Vorontsov Building. It had a rich collection
of architectural drawings, student works and teaching
materials [22]. A few years ago, the museum moved
to the space of the VKHUTEMAS gallery, where
temporary exhibitions were held. At the turn of the 2000s
and 2010s, a diffuse exhibition of the best student
works awarded at internal competitions, plaster casts
of architectural details and elements gradually began to
proliferate in the corridors of the Kuznetsovsky building.
This diffuse display, while perhaps of little material
value, unlike the Compton Gallery exhibits at MIT, can
be fully accessible to all and creates a certain visual level,
encouraging students to improve the quality of their own
work.

CONCLUSION AND DISCUSSION

Thus, the main purpose of university museums
is to preserve, study, display and educate. The latter
function should be of particular importance to university
museums. Having looked at the principles of museum
collections location and exhibition distribution in
major universities around the world, we can identify
the following features of museum and exhibition spaces
organisation.

1. The space of a museum should be appropriate
not only for the most convenient placement and storage
of exhibits, but also for the familiarity of visitors with
them. The latter trend is precisely client-oriented with
unconditional preservation of the exhibits.

2. The exposition space, its placement in
the structure of the university, and the design corre-
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spond to the image of the educational institution itself.
In the image orientation of the university towards his-
tory and tradition, museums are located in historical
buildings and have a more familiar spatial structure
and principles of exhibition organization. When striv-
ing to demonstrate the innovative nature of the univer-
sity, the priority is to locate it in the most accessible
and technologically advanced modern buildings.

3. Different exhibitions in different locations are
used to equally cover both the history of the institu-
tion and its current state, demonstrating the desired
pathways of development. Museums are located in
more traditional isolated spaces. Exhibitions related

to the current life of the university are located in more
light, more universal and democratic spaces. A more
modern design of exhibition structures with the possi-
bility of rapid transformation is applied here. The latest
trend is the active use of multimedia and interactivity,
which may also require dedicated spaces with special
lighting and acoustic modes.

4. An important feature is the incorporation of col-
lections into the daily educational and research work at
the university, not only by providing access to unique
collections, but also by visually saturating the environ-
ment with high-level examples.
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AHHOTAUMA

BBegeHue. Mpu ncnonb3oBaHnM BETOHHBIX M Xene300eTOHHbIX KOHCTPYKLMA Heobxoaumo npeogoneHme npobnem, cBa3aH-
HbIX C KayecTBOM GeTOHa Npv 3aTBepAEBaHUM 1 BbICbIXaHUN YMEHbLLATLCSA B pa3Mepe U UCMbITbIBaTb ycadky. [Ans pelueHus
npobnem c ycagkon ocoboe BHUMaHue yaensietcss matepvanam, Kotopble npu gobasneHun K 06bI4HOMY NOPTNaHALEMEHTY
[AaloT BO3MOXHOCTb Mony4nTb 6esycafoyHble, paclumpsiowmecs LeMmeHTsl. Lnpoko n3sectHbIM cnocobom nonyyeHus pac-
LUMPSIFOLLMXCS LIEMEHTOB SIBMSIETCSI COBMECTHBIN MOMOI LLEMEHTHOTO KINMHKEpPa, runca u cneyuansHoi obasku. Kpome Toro,
BBEZIEHNE aKTUBHbIX MUHepasibHbIX 400aBOK, 06nagaroLLmMx NyLLonaHoOBbIMU CBOMCTBAMMU, NMO3BOSISIET YNNOTHUTL CTPYKTYPY
LEMEHTHOTO KaMHsl, CHU3UTb MOPUCTOCTb, MOBLICUTb MPOYHOCTb U YMEHbLUNTL ycaaky. OHU Takke 3KOHOMAT KIUHKEP Ansi
NPOU3BOACTBA LLIEMEHTA, CMOCOOCTBYIOT CHUXKEHNIO Ce6ECTOMMOCTU 1 NMOMOTatoT CHU3WTb Harpy3Ky Ha OKpYXXaloLLyto cpeay.
OpHoW U3 TakMx MUHeparnbHbIX 4o6aBoK ABNSETCs Tpenen.

Martepuanbl u metoabl. bbino nsyyeHo BnusiHne copepxaHusi o6aBoK Ha AedOopMaLMOHHOE CBOMCTBO KOMMO3ULIMOH-
HOrO BSKYLLEMO C MCMOMb30BaHMEM MeToAa MraHMpoBaHUsSI AKcrnepuMeHTa. Jedopmauun LuemeHTa B Bo3pacTe 2, 3, 7,
14 n 28 cyT onpenenanncek B COOTBETCTBMU C MeETOAOM 0bpaboTku pesynbratoB B cootBeTcTBUM ¢ FTOCT P 56727-2015,
[OCT 11052-74. NccnepoBaHust npoBoaununce B nabopatopumn kadenpbl CTpouTenbHoro matepuanosegenns HAY MICY.
Pe3ynbrathl. [TonyyeHHble pe3ynbTaThl NpeacTaBneHbl B BUAE NOBEPXHOCTU YPaBHEHNUSI perpeccun BTOPOro ypOBHS, Onu-
CbIBaIOLLENO 3aBMCUMOCTb AedopMaun BSXKYLLEro OT COAepXXaHUs KOMMIEKCHON pacLuMpsitoLlle 1 nyuLonaHoBow Jo-
6aBkn. B pesynsrate npoBeAEeHHbIX IKCMEPUMEHTOB ObInM MOMyYeHbl COCTAB C MakCUMarnbHbIM pacLUMpPEHMEM U COCTaB
C MaKCuMarbHOW yCafKon C Cnonb3oBaHMEM KOMMIEKCHbIX AobaBok. MNonyyeHHble pesynbrathbl OyayT B AanbHENLWeM 1c-
Nosib30BaHbl 4115 MPOrHO3NPOBaHNS AedPOPMaLIMOHHbBIX CBOMCTB BSKYLLETO.

BbiBoabl. OcHOBbLIBasiCb Ha pesyrnbraTtax 3TOro UccrefoBaHns, B Gyayliem aBTopbl NpodomkaT nsyvyeHne CBOMCTB BSKY-
LMX MaTepuaroB Ha OCHOBE KOMMIIEKCHOM pacLumnpsitoLLei U nyLLonaHoBoii Jo6aBku.

KINMKYEBBIE CITOBA: komno3uuuoHHas gobaska, AedopMauns LeMeHTa, runc, Tpenen, MuHO3eMUCTbIN LEMEHT, NnaHu-
pOBaHWe 3KCNepMMEHTOB, YpaBHEHNE perpeccum

ona WMTUPOBAHUA: Camuenko C.B., 3opuH 4.A., Jllam H.3.T., Jlam T.B. BnusiHne coaep)xaHusi KOMMeKCHbIX 4o6aBok
Ha AeopMaLIMOHHbIE XapaKkTepUCTUKM LiemeHTa // CTponTenbCcTBO: Hayka n obpasosaHue. 2023. T. 13. Buin. 1. Ct. 10. URL:
http://nso-journal.ru. DOI: 10.22227/2305-5502.2023.1.10
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Influence of the content of complex additives
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ABSTRACT

Introduction. When using concrete and reinforced concrete structures, it is necessary to overcome problems associated
with the quality of concrete to shrink in size and experience shrinkage during hardening and drying. To solve problems
with shrinkage, special attention is paid to the materials that, when added to ordinary portland cement, make it possible to
obtain non-shrinkable, expanding types of cements. A well-known way of producing expanding cements is to grind cement
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clinker, gypsum and a special additive together. In addition, the introduction of active mineral additives with pozzolanic
properties allows to compact the structure of the cement stone, reduce porosity, increase strength and reduce shrinkage.
They also save the clinker for the cement production, help to reduce the cost of production and help to reduce the burden
on the environment. One of these mineral additives is tripoli.

Materials and methods. The effect of additives content on the deformation property of the composite binger was studied
using the experiment planning method. Deformation of cement at the age of 2, 3, 7, 14 and 28 days were determined in
accordance with the method of results processing in accordance with GOST R 56727-2015, GOST 11052—74. The research
was carried out in the laboratory of the Department of Construction Materials Science of the Moscow State University of
Civil Engineering.

Results. The results obtained are presented as the surface of a second level regression equation describing the dependence
of the blinder deformation on the content of complex expanding and pozzolanic additives. As a result of the experiments
conducted, the composition with the maximum expansion and the composition with maximum shrinkage using complex
additives were obtained. The results will be further used to predict the deformation properties of the binder.

Conclusions. Based on the results of this study, the authors will continue to study the properties of binders based on
a complex expanding and pozzolanic additive in the future.

KEYWORDS: composite additive, cement deformation, gypsum, tripoli, alumina cement, experiment planning, regression
equation
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BBEJAEHHUE

IIpu ncronk30BaHUU OCTOHHBIX U JKEIE300ETOH-
HBIX KOHCTPYKIHI HEOOXOIUMO MPEOI0ICHUE IPOOIIEM,
CBsI3aHHBIX C KAQY€CTBOM 6eTOHa IIpu 3aTBEpACBAHUU
1 BBICBIXaHUH YMCHBIIATHCA B pasMEPEe U UCIBIThIBATH
ycaaky. Ycaaka MOXKeT ObITh TaKOW CHIIbHOM, YTO KaXK-
Joe TPEmsATCTBUE yMEHBIICHHUS pa3Mepa, TaKkoe Kak
pacTopHbBIe YCTPOHUCTBA, apMarypa 00 3alOTHUTENb
OeTOHa, BHI3BIBACT MOSIBICHUE B I[EMEHTHOM KaMHE
OeToHA OONBIIMX PACTITHBAIOIIMX HAIPSDKCHUU, KO-
TOpBIE TPU MPOJOKUTESIEHOM BO3JICHCTBUH YCaKH
MOTYT HPUBOAMTH K pa3pylieHuto 6erona. OcobeHHO-
CTHU UCIOJIB30BaHUA HEMCHTOB B Pa3IMYHbIX O6J'IaCT${X
CTPOHTENHCTBA BRIABUTAIOT 0COObIE TPEOOBAHUS K HIM,
B YaCTHOCTH K CITOCOOHOCTH pacuInpsAThCs. Pacmmpsi-
IOIIUICS IEMEHT IPH TBEPIECHUU 00eCIeunBaeT yBe-
JTUYeHne 00beMa IIEeMEHTHOTO KaMHs, er0 YIDIOTHEHHE,
pacupeHue u camoHamnpspkenue [1-3].

B Hacrosiiee Bpems oco0oe BHUMaHKE Y/elsieT-
Csl MaTepuajam, KOTopbie, Py J00aBICHUH K 0OBIYHO-
MY HOPTIAHALEMEHTY, JAIOT BO3MOXKHOCTb IIOJIYy4YUTh
OGe3ycamouHble, PacHIUPAIOIINECS U HampsTalonue
neMeHTHl [4—6]. Hanbomee mmpoko U3BECTHBIM CIIO-
co0OM TOJIy4eHHs PaCUIUPSIONUXCS IIEMEHTOB SIB-
JSIeTCSI COBMECTHBIA IMOMOJI IEMEHTHOTO KIWHKEpa,
TUIICA U CIICIHATBHON N00aBKH. YUYCHBIMU B PA3HOE
BpeMsI MpeJIaraiuch Pa3InIHbIE CIIOCOOBI OTYYCHHUS
pacIIupsIoIIerocs IIeMEeHTa Ha OCHOBE MOPTIIaH/IIIe-
MEHTa, LUIAKOBOTO WJIU TIMHO3EMHUCTOTO II€MEHTa
[7-10]. bein pa3paboTaH HampsTarOUIUK IIEMEHT, KO-
TOPBIH IPUTOTOBIISITA COBMECTHBIM ITOMOJIOM B IIIapo-
BOH MEJILHUIIE CMECH, cocTosmel u3 rumca (8—10 %),
rmuHO3eMHuCcTOro IeMeHTa (15-20 %) u mopTiaHe-
menTa (70-80 %) [11, 12].

AKTUBHBIC MUHEpalbHBIC N00aBKHU, 00J1anaro-
muyue mynuoJiaHOBBIMU CBOﬁCTBaMH, HCIIOJIB3YIOT-
Cs YXKE€ Ha NPOTAXKCHUN MHOTUX JICT IJId YITYy4YHICHUA
(U3MKO-MEXaHUYECKUX CBOWCTB IOJy4aeMbIX Mare-
pHAIOB Ha OCHOBE IIEMEHTOB. VICIIOIb30BaHIE aKTHB-
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HBIX MHHEPAJIbHBIX J100aBOK MMPUBOIUT K MOBBIIICHUIO
UX JIOJITOBEYHOCTH, a TAaK)K€ XMMUYECKOM CTOMKOCTH.
OmHO¥ U3 TAKUX MUHEPATBHBIX T00ABOK SBISETCS Tpe-
nenr. [IpuMeHeHne mynIoJaHoBEIX J00aBOK MO3BOISET
HE TOJIBKO 3HAYUTEILHO CHU3UTh KOJTMYECTBO IIEMEHTA,
pacxoayeMoro Ha TOHHY OCTOHHOW CMeCH, HO U Yayd-
LIUTh €r0 CTPOUTEIbHO-TEXHUUECKUE XapaKTEPUCTUKH.
DKOHOMHYECKOE 3HaUuCHHE MCIOJIB30BaHUS Tperela
JUTS 3aMEIIIeHHs YaCTH [IEeMEHTa UMEeT CYIIeCTBEHHOE
3HadeHue. [loaTBepKaeHUEM SBISIOTCS Pa3INIHbIE
JIaHHBIC, CPAaBHUBAIONINE UCIOJIB30BAaHUE OOBIYHOTO
[EeMEHTa U 1ieMeHTa ¢ nobaBkamu [13]. Ha cerommsmi-
HUH JIeHb J0JIsI HCIIONB30BaHMS IEMEHTA ¢ T00aBKaMu
CTPEMUTENBHO PACTET.

Tpenen o cBoeil mpupoae u 3PpPEeKTUBHOCTH
BIIUSIHUSL Ha MOPTJIAHALIEMEHT OY€Hb CUJIBHO MOX0XK
Ha nuatomut. CommacHo uccienoBanusM |14, 15], nua-
TOMUTHI ¥ TPEMe B €CTECTBEHHOM COCTOSIHUH 00Ja1a-
0T TIJIOXOH a7cOPOIMOHHON CIIOCOOHOCTHIO, OOIBIION
MOPUCTOCTHIO, YTO HETATUBHO BIUSAET HA MPOYHOCTHBIE
CBOICTBA I[ECMEHTA IPU UX JOOABICHUU K KIUHKEPY.
CoriracHO M3BECTHBIM JAaHHEIM [16], 000X>KeHHBIN
mpu 900 °C 1raTOMHT B COCTaBE MOPTIAHALIEMEHTHOTO
KIIMHKEPA TT03BOJISIET YIUIOTHUTH CTPYKTYPY TaKUX KOM-
MO3UIIMOHHBIX [IEMEHTOB 32 CUET U3MEHEHHUS MIOPOBBIX
cTpykTyp. Tpenen cogepxxkut 10 75-96 % axkTUBHOTO
KpeMHe3eMa, I03TOMY OH SIBIISICTCSI OMHOM M3 JIYYIINX
AKTUBHBIX MUHEPAIBHBIX 100aBOK K BOKymnM. Kpome
TOTO, OHU UCTIONB3YIOTCS TIPU TIPOU3BOJICTBE TEIIIION30-
JISIIMOHHBIX MaTepuaios [17].

Cdepa nmpuMeHeHHS TIIMHO3EMHUCTOTO IEMEHTA
XapaKTEPHU3yeTCs ero YHUKATBHBIMU TEXHHYECKAMH
XapaKTepUCTUKaMU. | UIICOITIMHO3EMUCTBIM HEMEHT UC-
MOJIB3YETCSI ISl U3TOTOBJICHUS 0€3yCaI0UHBIX BOIOHE-
MPOHUIIACMBIX PACHIUPSIONUXCS OETOHOB, PACTBOPOB
Y THJIPOU3O0JSIIIMOHHBIX 00Ma30K. B MeTpocTpoennn —
JUTS 3a]ICJTKH IIIBOB MEXKAY OCTOHHBIMU KOHCTPYKITHS-
MU, THAPOU3OIISAINN, PEMOHTAa U YCHJIEHHS CTaphIX
KOHCTPYKIMH. B rpak1aHCKOM M IPOMBILUIEHHOM
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CTPOUTEIBCTBE — ISl TUAPOHU3OISALUU pyHAaMEH-
TOB, BO3BEACHUSI OETOHHBIX €MKOCTEH, 3aJJeJIKH [ITIBOB
KaHaJU3alMOHHBIX U BOJOIPOBOAHBIX KOJUIEKTOPOB,
TUAPOU30JISLIMN OYUCTHBIX COOPY>KEHUH, TNKBU ALY
aBapUHHBIX CUTYAIMH, PEMOHTHBIX PA0OT KOHCTPYKIHIA
1 MIOMEIIECHUH, pabOTAIONINX B YCIOBUSX MTOBBIIICHHON
Brnaxknoctu [18, 19].

B nanno#t paboTte OBLIO MPOBEACHO HCCIENOBA-
HUE BJIMSHUS COCTAaBAa KOMIIO3MLMOHHOIO BSIXKYILETO
C HEOPraHWYECKHUMH 100aBKaMU MPUPOTHOTO MPOHC-
XOXIeHHs Ha Je(hopMaluK IEMEHTa IPU TIOMOILHU Op-
TOTOHAJIBHOTO LIEHTPAJIbHOIO MIIAHUPOBAHUS BTOPOTO
nopsnka bokca — Yuncona.

MATEPHUAJIBI U METO/bI

Marepuaasl. I[loptnannunement (II1[) —
LHEM I 42,5H (M500 J10) ¢ MCTHHHO# TIJIOTHOCTBIO
3,208 r/cm?, coorBercTByomuit Tpeboanusm 'OCT
30515-2013. I'munozemuctseiii nemedt 'Ll 40 ¢ uc-
TUHHOH TUIOTHOCTBIO 3,196 T/cM?, COOTBETCTBYIOMITHIA
tpeboBarmsim 'OCT 969-913. Ipuponusrii runc (1))
BTOoporo copra B coorBercTBrr ¢ [OCT 4013-2019 (co-
nepxxanane CaSO,-2H,0 pasnsercs 93,20 %) ¢ uctun-
HOM I0THOCTHIO 2,316 r/cM?. Tpernen (Tp) XoThIHEIKO-
TO MECTOPOXKACHUS C HICTUHHON IIIOTHOCTHIO 2,395 1/
cm’. Boza i U3roToBJIeHHS 00Pa3IoB COOTBETCTBYET
HopMaTuBHBIM Tpebosanusm ['OCT 23732-2011.

MeTonpl. McTrHHAS MIIOTHOCTH ObLIa ONpeiesieHa
B cootBeTcTBHH ¢ OCT 30744-2001. dns onpenene-
HUs pedopManny eMeHTa B TeueHue 28 cyTok Obun
MPUTOTOBIIEHH 00pa3iel — Oamouku 4 x 4 x 16 cm
IPU BOJOIIEMEHTHOM OTHOIIEHHH, paBHOM 0,5, ¢
MOMOIIBI0 aBTOMAaTHYECKOTO PacCTBOPOCMECHUTENS
Automix CONTROLS u ¢opm anst onpeneneHus Je-
dhopmanuu nementHoro pactsopa CONTROLS 62-
L0009. Jedopmanuu 0Opa3oB OBLIU OMPEICICHBI
C MCIIOIB30BaHUEM YCTPONCTBA I CPABHEHUS JJIH-
Hbl Mogienmn CONTROLS 62-L0035/A B maboparopun
Kadeapsl CTpOUTENbHOTO MarepuaimoBenenns HUY
MI'CY. Pacuer nedopmanmu 1ieMeHTa MPOU3BOIUIICS
o 'OCT P 56727-2015, TOCT 11052—74. B atom nc-
CJIEZIOBaHUH JUTSL pa3pabOTKH Pe3yJIbTaTOB HCIBITAHUN
UCTIONIB3YETCS] OPTOTOHAJIBHBIN [IEHTPATbHO-KOMITO3H-
IIMOHHBIN T1aH BTOporo nopsizka (meron bokca — Yui-

Taou. 1. /lnana3zoH nepeMeHHbIX BIUSIOMINX (pakTopoB

CoHa). YpaBHEHHE PErpecCHH BTOPOTO YPOBHS, BHIYNC-
nenHoe 1o ¢opmyse (1), npencrasneHo ke [20-23]:

y=d”+zn:djxj+zn:dﬂxf+Z":Zn:djuxjxu, (1)
=1 71

u=1 j=1
J#u

e d, dj " dju — K02 PHUIMEHTHI PETPECCHU; /I — JHC-
710 (haKTOpPOB; X, — (axTopsr; XX, — B3aUMoOJIelicTBHE
MeXIy (hakTopamu.

PE3YJIBTATHBI HCCIEJOBAHMUA

JList vicciteioBaHuUs BIVSIHUS COJCPIKaHUS JOOABOK
B KOMITO3UIIMOHHOM BSDKYIIEM OBLIT IPUMEHEH OPTOTO-
HAJBHBIN [IEHTPAIEHO-KOMITO3UITUOHHBIN IIJIaH BTOPO-
TO MOpsAIKa MpH TpeX pakTopax. B aTom uccnenoBannu
M3y4asioch BIUSHHE COJCpKaHuUs J00aBOK Ha Aedopma-
LMY LIEMEHTHOT'O PacTBOpa B TeUeHHe 28 CyTOK TBEp/e-
Hus. BxognbIe (hakTOphl, BIHsIONINE Ha eopMaIinoH-
HBIE CBOMCTBA IIEMEHTHOTO pacTBopa (Tadm. 1):

* X, — colepxaHue I'l] or 10 mo 14 % ot maccel
BSDKYILIETO;

* x, — conepxanue I' ot 7,5 no 12,50 % ot mac-
ChI BSDKYILIETO;

* X, — COjepKaHue Tp ot 12 10 20 % oT macchl
BSDKYILETO.

Macca spxymero: %IIL + %I+ %I+ %Tp=
=100 %.

KonmuectBo ucnbitTanuii N onpeaensiock no ¢op-
myne (2):

N=2+2-n+m=2+2-3+1=15, ©)

rae n = 3 — KOJIMYECTBO BXOJOB; m = 1 — Konuye-
CTBO DKCIIEPUMEHTOB B LIEHTPE (VIS OLEHKU (YHKIMN
OTKJIMKA JIeJIaJIH JIBE AOTIOJHUTEbHBIE ITONBITKY B IIEH-
Tpe IUIaHa, He YYTeHHbIe B 00umx Qopmynax (1) u (2),
k=3).

[Nocne xonupoBaHuUs IEPEMEHHBIX OBLIM MPOBEIE-
HBI COOTBETCTBYIOIINE SKCIIEPUMEHTHI.

PesynpTarsl 3KCIEPUMEHTOB MPEACTAaBICHBI
B TaO. 2.

Koa¢ppunuenT ypaBHeHUs! perpeccUy pacCUUThI-
Basics o ¢opmyie (3) [20-23]:

DakTopbl VYpoBHH BapbupoBaHUs (aKTOpoB

B KaueCTBE MEPEMEHHBIX B HaTypaJbHOM BHUJIE -1 0 +1
X, %I 10 12 14
x, %I’ 7,5 10 12,5

X, %Tp 12 16 20
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Ta6u. 2. CooTHoleHUst 100aBOK B BSUKYILEM, KOIMPOBAHHBIC 3HAYCHNS U IIOTyYEHHbIE PE3YJIBTaThl 110 METOLYy OPTOTOHAIBHOTO
HEHTPAIN30BaHHOTO MJIAHUPOBAHHS BTOPOTO MOPSIIKA

Ipumeuanue: y, — byHKIHSA OTKIMKA, TIPEACTABIAIOMAS TUHEHHYIO Te(hOPMAIMIO IEMEHTa Ha 2-€ CYTKH, MM/M;

140

¥, — (QYHKIHS OTKIMKA, MPEACTaBAIONIAs THHEHHYIO e opMaIlhio IIEMEHTa Ha 3-H CyTKH, MM/M;

¥, — (GYHKIHS OTKINKA, MPECTaBAIONAs THHEHHYIO e OpMAIIHIO [IEMEHTA Ha 7-€ CYTKH, MM/M;

¥,,— yHKIMS OTKJIHKa, MPEICTABIONIAs TMHEHHYIO IehopMaluio IleMeHTa Ha 14-e CYyTKH, MM/M;

¥,e— yHKIMS OTK/IMKa, Mpe/CTaBAIONIAs TMHEHHYI0 TehopMaluIo IeMEeHTa Ha 28-€ CYTKH, MM/M.

(1 mm/M = 0,1 % nuneiiHoe paciiupenue (ycaaka)).

N
2 XY, _
d, =% v, =1l.n;
S
i1
N
ijixuiyi
d/u :':;V—v/,u
2 XX
o1
N
2
d, =L—d“x12

3)

B HarypasibHOM BH/IE B kauecTBe nepeMeHHBIX DyHKINH OTKJINKA U PE3yJbTaThl HCHBITAHUH
s 2
é %I’ %I’ %Tp X, x, X, v, Vs v, Vi Vg
10 7,5 12 -1 -1 -1 0,777 0,815 0,829 0,840 0,913
14 7,5 12 +1 -1 -1 0,138 0,190 0,265 0,269 0,346
§ 10 12,5 12 -1 +1 -1 0,677 1,194 1,960 2,656 3,423
E 14 12,5 12 +1 +1 -1 1,038 1,590 2,869 3,623 4,367
E 10 7,5 20 -1 -1 +1 1,389 1,405 1,493 1,556 1,710
E 14 7,5 20 +1 -1 +1 0,469 0,492 0,554 0,638 0,810
10 12,5 20 -1 +1 +1 1,200 1,919 3,221 3,963 4,346
14 12,5 20 +1 +1 +1 3,523 4,671 6,444 7,194 7,427
9,57 10 16 -1,215 0 0 1,029 1,452 1,892 2,179 2,288
5 14,43 10 16 1,215 0 0 1,721 2,004 2,065 2,088 2,096
% 12 6,96 16 0 -1,215 0 0,269 0,044 | —0,008 | —0,050 | —0,046
§ 12 13,04 16 0 1215 0 1,071 | 1,523 | 2,821 | 3,771 | 5,119
f% 12 10 11,14 0 0 -1,215 | 0,798 1,263 1,690 1,688 1,696
12 10 20,86 0 0 1,215 1,094 2,077 3,350 3,623 3,758
% 12 10 16 0 0 0 1,171 1,877 2,358 2,367 2,371
E E 12 10 16 0 0 0 1,095 1,765 2,165 2,181 2,221
£t
E 12 10 16 0 0 0 1,257 1,957 2,445 2,495 2,471

B pe3synbrare ObLIH MOMTy4YEHBI CIEAYIONINE YpaB-

HEHUSI PErPECCUHL:

»,=0,986 + 0,179x, + 0,424 x, +

+0,394x, + 0,530x,x, + 0,210x,x; +

4)

+0,258x,x; + 0,280 x,x,x; + 0,304x7 —

~0,174x2 +0,013x2;

py=1,524 + 0,208, + 0,755x, +

+0,519x, + 0,586x,x, + 0,259, x; +

)

+0,364x,x; + 0,331x,x,x, + 0,216 x] —
- 0,424x; + 0,176 x7;
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¥, =2,005+ 0,259x, + 1,350x, + S2
_Ba .
+0,713x, + 0,704x,x, + 0,242, x, + © me =g (13)
+0,485x,x, + 0,336 x,x,x; + 0,059x] — N .
-0,328x; + 0,426x: ; 5 Z(y,-—yi)
Sp == N > (14)
Vi = 2,072 + 0,237 x, + 1714x, + &
+0,759x, + 0,711x,x, + 0,240 x, x, + (7) e S? — 3nauenme aucmepcun; S, — OCTAaTOYHas
+0,474x,x, + 0,326 x,x,x, + 0,106 x> — JWCIIEPCHs Ha OJHY CTEIIeHb CBOOOJBI; Y, — 3HAYCHHE
—0.079x2 + 0.459x2 : i-TO DKCIIEPUMEHTA; V; — 3HaueHue (QyHKIUH, MOJTy-
’ S P YEHHOE B COOTBETCTBUM C DKCIIEPUMEHTOM [; g — KO-
Yos = 2,195+ 0,212, +2,014x, + JUYECTBO KOA(PPUIIMEHTOB PErPECCHH.
CooTBeTcTBYyIOIIEE TAOIMYHOE 3HAUYCHUE KpHUTe-
+0,708x; + 0,687 x,x, + 0,226x, x; + (8) pust Quwepa F, (v, v,) Obu10 Halineno no Tabu. 3.5

+0,340x,x; + 0,309x,x,x; +
+0,036x] + 0,269x; + 0,398 x;.

3HaYMMOCTh KOA(p(HUIMEHTOB YpaBHEHHUS perpeccui
ObLTa IpOBEepeHa IpH oMo Kputeprs CThIoneHTa.

Koadpumment ¢ j CAMTACTCS CYIIECTBCHHBIM, CCITH
|tdj|2tp(v2)‘

Cormacuo [24], B Tabn. 3.2 — , (v,) = 4,30
(»p=0,05v,=k—-1=3—1=2 uncro crenenen cgo-
601151).

3mauenue f, ObuI0 Onpeneneno mo dopmyie (9)
[18-21]:

=5 ©)

3HavYeHHe JUCIIePCHH KOI((PHUIIMEHTOB perpecCcuu
Sy 0BUT0 paccuntano 1o Gopmyre (10) [20-23]:

(10)
rne S,f — OCTaTO4YHas JUCIEPCUs HA ONHY CTEIECHb
cBoOoBI [20-23].

K — 2
s zl(yoc Yo )
Sy == 11
1/ k _ 1 ( )
-1 &
m=;2%” (12)
c=1

e k — KonuuecTBO TIOBTOPHBIX DKCTICPUMEHTOB B IICH-

TpE; Yy — CpeaHee 3HaAYCHUC k OKCIICPUMCHTOB B LICH-
TpE; yOc — MMOJYYCHHOC 3HAUYCHHUC C-TO IKCIICPUMCHTA
B LICHTPC.

IIpoBepka ageKBaTHOCTH MOJETH

[IpoBepka ageKBaTHOCTH MOAETH ObLIA BBITION-
HEeHa Ipyu noMoInyu kputepus Pumepa no Gopmynam
F,.(3)nS,, (14) [22]:

[24] (nmpoueHTHBIE TOUKM F-pacrpeneieHus), Ipu
ypoBHe 3HaunuMocTu p = 0,05. [TomyueHHOE coOTHOILIE-
Hue F/ < F . T03BONACT NPHHATE THIIOTE3Y 00 ajek-
BaTHOCTH PETPECCUOHHON MOAETH.

ITocne npoBepku BhIIIEyKa3aHHBIX KPUTEPHUEB IO-
JY4YUIIM YPaBHEHUsSI PEIPECCUU, IPEICTABICHHbIE HUXKE:

¥, =0,986 +0,179x, + 0,424x, + 0,394 x; +
+ 0,530, x, + 0,210x,x; + 0,258 x,x; +
+ 0,280, x,x; + 0,304 x} — 0,174 x; ;

(15)

y; =1,524+0,208x, + 0,755x, + 0,519x; +
+ 0,586 x,x, + 0,259, x; + 0,364x,x, +
+ 0,331x,x,x; + 0,216x7 — 0,424 x; ;

(16)

¥, = 2,005+ 0,259x, + 1,350x, + 0,713x, +
+0,704x,x, + 0,242 x,x; + 0,485x,x; +
+0,336x,x,x;, — 0,328 x2 + 0,426x7;

(17)

Yy =2,072+0,237 x, + 1,714x, +
+ 0,759x; +0,711x,x, + 0,474 x,x; +
+ 0,326 x,x,x; +0,459x; ;

(18)

Vo = 2,195+ 0,212x, + 2,014x, + 0,708 x, +
+0,687 x,x, + 0,226 x, x, + 0,340 x, x, +
+0,309x,x,x, + 0,269x; + 0,398x; .

(19)

[MomyyeHo n3o0paxkeHHe OBEPXHOCTEHl BBIpaxe-
HUS 1eneBoil QyHKInu 11 ypaBHeHH perpeccun (19)
(puc. 1, a, b) c MOMOIIBI0 KOMITEIOTEPHOM MPOTPAMMBI
Origin. Onenka nedopMaioHHON XapaKTePUCTHKH Lie-
MEHTa B OCHOBHOM OCHOBaHa Ha ypaBHeHHH (19) mpu
u3MepeHnu aehopManiy B Bo3pacTe 28 CyToK, IOTOMY
YTO TOra OOJIBLINHCTBO KOMIIO3ULIMOHHOTO BSKYILIETO
Y4YacTBOBAJIO B IIPOLIECCE TUIPATALNY [IEMEHTA.

OO0mue koMMeHTapud K (QYHKLHUSIM, OINHMCHIBAIO-
UM TIpoLece Ae(pOPMUPOBAHHS LIEMEHTA B Pa3IMYHOM
BO3pAaCTe, CICAYIOLINE: COOTBETCTBYIOIINE KOA(dULIM-
SHTBI PErPeCcCHH YPaBHEHHH, B TOM YUCIIE U CBOOOTHbIC
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X, MM/M
9,15
7.93
6.70
548
125
303
1,80
0,58
0,65

S N A O ®

Mpux, = 1215w T =143 % 1215  © = & =
a

Puc. 1. IloBepxHOCTh ypaBHEeHHUS perpeccui (19)

YWICHbI YPaBHEHUH, YBEINUMBAIOTCS HA BCEM IPOTSDKE-
HHH NPOBEJICHUSI 3KCTIEpUMEHTA. DTO HaOJIIoAeHHE U TOT
(hakT, 9TO OONBITIMHCTBO KOA(PPHUIIHEHTOB UMEIOT TIOJIO-
JKUTEIbHBIA 3HAK, CBUAETEIBCTBYIOT, YTO MPEUMYIIE-
CTBEHHO NPOUCXOUT PACUIMPEHUE [IEMEHTHOTO KaMHSL.

Ananu3upys ypaBHeHue perpeccuu (19), Mox-
HO OTMETHTb, YTO NEPEMEHHAs X, (KONMIECTBO THIICA
B CMECH BSDKYIIETO) UMeeT HanOOIbIHi K03 uituent
ypaBHEHHUs perpeccud, paBHseTcs +2,014 u, cnemosa-
TEJIbHO, OKa3bIBACT HAMOOJBIICE BIUSIHUE HA PACIIH-
penue neMeHTHOro kamHsi. Cynbdar Kaiblys BCTyNaeT
B PEaKIHI0 C MUHEpaJIaM1 MOPTIaH/IIEMEHTHOTO U IJIH-
HO3EMHCTOTO KJIIMHKEPa U MPOITYyKTaMH UX THIpaTaliy
¢ obpazoBaHueM >TTpuHTHUTA [3, 18, 19, 25]:

C,A+3CaSO0, - 2H,0 + 25H,0 — C,A(CS) H, ;

3Ca(OH)2 (TIpu TEIpaTalUK TOPTIAHAIIEMEHTa) +
2A1(OH), (mpy rumpaTanyiy NIHHO3EMUCTOTO
nementa) +3CaSO, - 2H,0 + 19H,0 —
3Ca0 - ALQ, - 3CaSO, - 31H,0;

C,AF +3CaS0, - 29H,0 + 2Ca(OH), —
C,A(CS),H, + C,FH,

Q
o o0

A e Saadrmer
N

(3]

WHW
o

3CA+ CaSO, - 2H,0 + 31H,0 — C,A(CS),H,, +
+2AI(OH),.

[Ipu HamuuuyM Tpemnena MPOUCXOIUT MyIIOIAHO-
Bas peaKuus:

28i0, (amopdmbiit) + 3Ca(OH), (npu rujparanuu
noptiaHanemenTa) — 3Ca0 - ZSiO2 *3H,0.

Koo duuments! mpu TMHEHHBIX 4ileHax X, 1 X, (Ko-
JIMYECTBO TIIMHO3EMHCTOTO IIEMEHTA 1 TPETENa COOTBET-
CTBEHHO) UMEIOT HOJIOKUTEIIBHBIN 3HAK, CIIEJIOBATENBHO,
MIPY YBEJIMYEHUN KOJIMYECTBA 3TUX KOMIIOHEHTOB B CO-
CTaBe BSDKYIIETo pacliMpeHne [IeMEHTHOTO KaMHs pac-
teT. OmHaxo kodpduuuent mpu x, = +0,212 apasercs
HaMMEHBIINM cpeln Kod(QPHUINEHTOB ypaBHEHHsS pe-
rpeccun (19), 4To TOBOPHUT 00 OrpaHHYCHHON POJIH TITH-
HO3EMHCTOTO [IEMEHTA B IIPOLIECCE PACIIUPEHHS LIEMEHT-
HOT'O KaMH4 110 CPAaBHECHHUIO C IPYTUMHU KOMIIOHCHTaMH
BsDKyTIeTo. JIMHSHHBIH 1 KBaIpaTHIHBIN KO3 OUIIHEHTHI
IPU X, PaBHbI, COOTBETCTBEHHO, +0,708 u +0,398. D10
OOBSCHSIETCS IOPHICTOM CTPYKTYPOil M pa3BUTON ITOBEPX-
HOCTBIO TOOABKH, OJlaromapsi KOTOPBIM Tperer o0anact
BBICOKUMH a0COpOHPYIONTMMH CBOHCTBaMHU. B pesyib-
Tare HaJM4YKe TPEreia B COCTaBe BSHKYILETO HPUBOIUT
K YBEIMYCHUIO Ha0yXaHNUsI IIEMEHTHOTO KaMHs. Bo3mMoxk-

Taéu. 3. [Ipenensuble 3HaueHUs AehOpPMALIUii IEMEHTHOTO KaMHS B 3aBUCHMOCTH OT COZICp)KaHMs KOMITOHEHTOB Ha 2, 3, 7, 14

U 28-e cyT TBEpACHUS

KonupoBaHHOE 3HaYCHHE
Jedopmariyu nemeHTa, MM/M
Cocras %I | %l | %Tp ¢axropa
X, x, X, 2cyr | 3cyr | 7cyr | ld4cyr | 28 cyT
y28mcu<c = 9’15 MM/M
(Cocras 1) — 14,43 | 13,04 | 20,86 | +1,215 | +1,215 | +1,215 | 4,37 | 5,40 7,69 8,38 9,15
pacmmpenue
Vo = —0,62 MM/M
(CocraB 2) — 14,43 | 6,96 | 15432 | +1,215 | -1,215 | -0,142 | 0,11 | 0,30 | -0,82 | —-0,72 | —0,62
ycazka
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HO, aOCOpOMpPOBaHHAS TPEIEIOM BOJIA yYaCTBYET B peak-
IIUSIX 00Pa30BaHUS STTPUHIUTA.

[IpucyTcTBUE MONOKUTENBHBIX KO3(D(DHUIIMEHTOB
JIBOMHOTO U TPOMHOTO B3aMOJIEHCTBYUS, UNCIICHHbBIE 3HA-
YEHMSI KOTOPBIX 3HAYMTEIBHO MPEBOCXOAAT KO3 PUIIUESHTHI
NPH JIMHEHHBIX WICHAX YPAaBHEHUS, CBUICTEIBCTBYET, YTO
OoubIII0e 3HAUYEHHE Ha UCCIIElyeMble CBOICTBA HIMEET COOT-
HOIIICHHS MeX Ty (hakTopamu BapbupoBanus. Hanbosbiee
3HAYCHUE MMEET COOTHOIICHNE «IJIMHO3EMHCTBIN [IEMEHT—
THIICY, TAaK KaK B PEe3yJIbTaTe UX B3aUMOJCHCTBUS 00pasy-
©TCs1 TTPUHIHUT, YTO ¥ OBLIO TOKA3aHo BhIiIe. Tpernes Toke
Y4acTBOBAJ B IyIoNanoBoH peakimu ¢ Ca(OH),, nosro-
MY MOYKHO OOBSICHUTB TTOSIBJICHHE CYIIIECTBEHHBIX KO3 dH-
IMEHTOB B3aMMOJICHCTBUI MKy (haKTOPaMH.

O4eBHIHO, YTO PACHINPEHNE IEMEHTHOTO KaMHS
(bynkums 19) qocturaer MakCUMajabHOTO 3HAYCHHMS,
pasHoro 9,15 mm/M unu 0,9 % npu x, = x,= x,=+1,215
(puc. 1). IIpu 3TOM 3HaUE€HUN TTEPEMEHHBIX COAEP)KaHNE
TJIMHO3EMHUCTOTO LieMeHTa paBHO 14,43 %, runca —
13,04 %, Tpenena — 20,86 %. brna ncmonb3oBaHa
nporpamma MatLab 1 HaXOXXICHUS COCTaBa ¢ MUHH-
MaJIbHbIMH JiehopManusMu (¢ MAKCUMaJIbHOM YCaJIKOM,
paBHoit —0,620 MM/M) npu 3HaUeHUH KO3 UIHEHTOB
x, = +1,215; x, = -1,215; x, = -0,142 u, cooTBETCTBEH-
HO, COZep>KaHUU TTTMHO3EMHUCTOTO IIEMEHTa, PABHOM
14,43 %; runca — 6,96 %; Tpenemna — 15,432 %.

[lomydeHHbIe pe3yasTaThl MPEACTaBICHHI B Ta0MI. 3
U Ha puc. 2.

10 9,15
8,38 —
. 7,69 -
=
) 6
=
Eﬂ
= 4
<
=
&
=9 2
]
= 0,72 0,62
0.7 _
0 , ,
4 %
-2
0 5 10 15 20 25 cyT
=— Cocras 1 =@~ Cocras 2

Puc. 2. Kunernka pa3sutus qedopmannii HEMEHTHOTO KaMHsI B 3aBUCHMOCTH OT COCTaBa KOMIO3UIIMOHHOTO BSOKYIIETO

3AKJTIOYEHHUE

Ha ocHoBannm aHanm3a AaHHBIX, MOTYyYCHHBIX
B XOJI¢ HPKCIIEPUMEHTA, MOXHO CHENaTh CIeAYIOIINe
BBIBOJIBL.

1. Wcnonp3ysi alropuTM SKCIEPUMEHTATBLHOTO
TUTAHWPOBAHUS, HAWJCHBI YPaBHEHUSI PErPECCHH, OIIH-
CBHIBAIOIINE B3aMMOCBSI3b MEKIY HEICBBIMA (DYHKIIH-
smu: nedopManuu IIEeMEHTHOTO KaMHs Ha 2, 3, 7, 14
u 28-e CyT TBEepIACHHUS.

2. Bein mpoBeneH aHalM3 BIHWSHHUS COCTaBOB
Ha nedopManunio IIEeMEHTHOTO KaMHs Ha 0a3e IMorydeH-

HBIX pe3ynasTaroB. COCTaBHI BXKYIIEH CMECH C Mak-
CHMaJIbHOM yCcaJkoil M MaKCUMaJIbHbIM PacCIIMpPEHU-
eM mpencTaBieHsl B Ta0u. 3. [lomyueHHble 3HAYCHUS
nepopmManuii m3MeHs0Tcs B uHTEepBaie ot —0,620
110 +9,150 Mmm/M.

3. C nmoMoImIpi0 KOMIBIOTEPHBIX MPOrpaMM OBLITO
MOTy4eHO N300paKeHne MMOBEPXHOCTH ypaBHeHH (19),
MIpeACTaBIeHHOE Ha pucC. 1.

4. ITomy4yeHHBIe pe3yabTarsl OyayT B AajbHEHIIIEM
UCIIOJIb30BaHBI JUIsl TIPOTHO3UPOBAHUS Je(OpMaIOH-
HBIX CBOWCTB BSKYIIIETO ITPH IMPOBEICHNUHN JaTbHEHIIINX
HCCIIEIOBAHUMN.
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INTRODUCTION

Concrete and reinforced concrete structures have
to overcome problems associated with the quality
of concrete to shrink in size and experience shrink-
age during hardening and drying. Shrinkage may be
so high that every obstacle in the way of shrinkage,
such as spacers, reinforcement or concrete aggregate,
causes high tensile stresses in the concrete, which
may cause the concrete to collapse under prolonged
exposure to shrinkage. The special use of cements in
the various construction sectors imposes special re-
quirements on them, particularly on their ability to
expand. Expanding cement during hardening provides
an increase in the volume of cement stone, its compac-
tion, expansion and self-stressing [1-3].

At present special attention is paid to materi-
als, which, when added to ordinary portland cement,
make it possible to obtain non-shrinking, expanding
and stressing cements [4—6]. The most widely known
method of expanding cements is the combined grinding
of cement clinker, gypsum and a special additive. At
various times scientists suggested various ways of pro-
duction of expanding cement based on portland cement,
slag cement or alumina cement [7-10]. Expanding ce-
ment was developed by grinding a mixture consisting
of gypsum (8-10 %), alumina cement (15-20 %) and
portland cement (70-80 %) in a ball mill [11, 12].

Active mineral additives with pozzolanic prop-
erties have been used for many years to improve
the physical and mechanical properties of cement-
based materials. The use of active mineral additives
leads to an increase in their durability as well as chem-
ical resistance. One such mineral additive is tripoli.
The usage of pozzolanic additives can not only sig-
nificantly reduce the amount of cement consumed per
ton of concrete mix, but also improve its construction
and technical characteristics. The economic impor-
tance of using tripoli to replace part of the cement is
significant. This is evidenced by various data compar-
ing the use of conventional cement and cement with

additives [13]. Today the usage of blended cement is
increasing rapidly.

Tripoli is very similar to diatomite in its nature
and effectiveness on portland cement. According to
studies [14, 15], diatomite and tripoli in their natu-
ral state have poor adsorption capacity, high poros-
ity, which negatively affects the strength properties
of cement when they are added to clinker. According
to the known data [16], diatomite burnt at 900 °C in
the composition of portland cement clinker allows to
compact the structure of such composite cements by
changing the pore structure. Diatomite contains up
to 75-96 % active silica, so it is one of the best ac-
tive mineral additives in binders. They are also used
in the production of thermal insulation materials [17].

The scope of application of alumina cement is
characterised by its unique technical characteristics.
It is used to make waterproof, watertight, expand-
able concrete, mortars and waterproofing coatings.
In underground construction — for sealing joints be-
tween concrete structures, waterproofing, repair and
reinforcement of old structures. In civil and industrial
construction — for waterproofing of foundations, con-
struction of concrete tanks, sealing joints of sewage
and water supply reservoirs, waterproofing of treat-
ment facilities, elimination of emergency situations,
repair work of structures and premises operating in
conditions of high humidity [18, 19].

In this paper, the effect of the composition of a com-
posite binder with inorganic additives of natural origin
on cement deformation was studied using a Box-Wilson
second-order orthogonal central planning.

MATERIALS AND METHODS

Materials. Portland cement (PC) — CEM I 42,5H
(M500 DO0) with true density 3.208 g/cm’, correspond-
ing to the requirements of GOST 30515-2013. Alumina
cement GTs 40 with true density 3.196 g/cm?, corre-
sponding to the requirements of GOST 969-913. Natu-
ral gypsum (G) second grade in accordance with GOST
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4013-2019 (CaSO, - 2H,O equals 93.20 %) with true
density 2.316 g/cm®. Tripoli (Tr) from Khotynetskiy
field with a true density of 2.395 g/cm?. Water for mak-
ing samples complies with the normative requirements
of GOST 23732-2011.

Methods. The true density was determined in
accordance with GOST 30744-2001. To determine
the deformation of cement for 28 days samples
were prepared — beams 4 x 4 X 16 cm at a water-
cement ratio of 0.5, using an automatic mortar mixer
Automix CONTROLS and molds to determine
the deformation of cement mortar CONTROLS
62-L0009. The deformations of the samples were
determined using a CONTROLS 62-L0035/A length
comparison device in the laboratory of the Department
of Construction Materials Science at the Moscow State
University of Civil Engineering. Cement deformation
was calculated according to GOST R 567272015,
GOST 11052-74. In this study, a second-order
orthogonal centre-component plan (Box — Wilson
method) is used to develop test results. The second
level regression equation calculated by formula (1) is
presented below [20-23]:

y:da+z x/+Zdﬂxj +22dﬂxlx”, (1)
=

u=1 j=1
J#u

where d , dj and dju — regression coefficients; #n — num-
ber of factors; X, — factors; XX, — interaction between
factors.

RESEARCH RESULTS

A second-order orthogonal centre-component plan
with three factors was applied to investigate the ef-
fect of additive content in the composite binder. In this
study, the effect of the additive content on the defor-
mation of the cement mortar during 28 days of curing
was studied. The input factors affecting the deformation
properties of the cement mortar (Table 1):

* x, — GC content of 10 to 14 % of the binder
weight;

* x,— G content of 7.5 to 12.50 % of the binder
mass;

* x, — Tr content of 12 to 20 % of the binder
weight.

Table 1. Range of influencing variables

Binder weight: %PC + %GC + %G + %Tr =
=100 %.
The number of tests N was determined by

formula (2):
N=2"+2-n+m=23+2-3+1=15, 2)

where m = 1 is the number of experiments in the centre
(to estimate the response function, 2 additional attempts
were made in the centre of the plan, not accounted for in
general formulas (1) and (2), k= 3); n =3 is the number
of inputs.

After coding the variables, appropriate experi-
ments were carried out.

The results of the experiments are presented in Ta-
ble 2.

The regression equation coefficient was calculated
according to formula (3) [20-23]:

N

Zx/‘iyf
i v

=l.n;

NG JFEU 3)

The following regression equations were obtained
as a result:

»,=0.986+ 0.179x, + 0.424x, +
+0.394x, + 0.530x,x, + 0.210x,x; +

“4)
+0.258x,x, + 0.280x,x,x, + 0.304x] —
—0.174x; + 0.013x7;
y;=1.524+ 0.208x, + 0.755x, +
+0.519x, + 0.586x,x, + 0.259x,x; + 5)

+0.364x,x, + 0.331x,x,x, + 0.216x] —
—0.424x2 + 0.176x2;

Factors Levels of variation in factors
As variables In kind -1 0 +1
x, %GC 10 12 14
x, %G 7.5 10 12.5
X, %Tr 12 16 20

146




Influence of the content of complex additives on the deformation properties of cement P. 137-151

Table 2. Binder additive ratios, coded values and results obtained using the orthogonal second-order centralised planning
method

= In kind As variables Response functions and test results
gg
a Q%
G— O =
-l
£ § § | WGC| %G | %Tr X, x, X Y Vs ¥; Yia Vs
£ s
G
o]
10 7.5 12 -1 -1 -1 0.777 0.815 0.829 0.840 0.913
14 7.5 12 +1 -1 -1 0.138 0.190 0.265 0.269 0.346
=
) 10 12.5 12 -1 +1 -1 0.677 1.194 1.960 2.656 3.423
~
E 14 12.5 12 +1 +1 -1 1.038 1.590 2.869 3.623 4.367
o
g 10 7.5 20 -1 -1 +1 1.389 1.405 1.493 1.556 1.710
.g 14 7.5 20 +1 -1 +1 0.469 0.492 0.554 0.638 0.810
(=¥
10 12.5 20 -1 +1 +1 1.200 1.919 3.221 3.963 4.346
14 12.5 20 +1 +1 +1 3.523 4.671 6.444 7.194 7.427
9.57 10 16 -1.215 0 0 1.029 1.452 1.892 2.179 2.288
14.43 10 16 1.215 0 0 1.721 2.004 2.065 2.088 2.096
.g 12 6.96 16 0 -1.215 0 0.269 0.044 | —0.008 | —0.050 | —0.046
=%
g 12 13.04 16 0 1.215 0 1.071 1.523 2.821 3.771 5.119
12 10 11.14 0 0 -1.215 | 0.798 1.263 1.690 1.688 1.696
12 10 20.86 0 0 1.215 1.094 2.077 3.350 3.623 3.758
=
= 12 10 16 0 0 0 1.171 1.877 2.358 2.367 2.371
o
g 12 10 16 0 0 0 1.095 1.765 2.165 2.181 2.221
g
=
3
£
= 12 10 16 0 0 0 1.257 1.957 2.445 2.495 2.471
£
o
(=¥

Note: y, is the response function representing the linear deformation of the cement on the 2nd day (mm/m);
v, is a response function representing the linear deformation of the cement on the 3rd day, mm/m;
v, is a response function representing the linear deformation of the cement on the 7th day, mm/m;
»,, 1s a response function representing the linear deformation of the cement on the 14th day, mm/m;
¥, 1s a response function representing the linear deformation of the cement on the 28th day, mm/m.
(1 mm/m = 0.1 % linear expansion (shrinkage)).

¥, =2.005 + 0.259x, + 1.350x, + Vs =2.072+ 0.237 x, + 1.714x, +

+0.713x, + 0.704x,x, + 0.242x,x; + ©) +0.759x, + 0.711x,x, + 0.240x, x; + ™
+0.485x,x; + 0.336x,x,x, + 0.059x] — +0.474x,x; + 0.326x,x,x; + 0.106x; —
-0.328x; + 0.426x; ; -0.079x; + 0.459x; ;
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Fig. 1. Surface of the regression equation (19)

Yoy =2.195+0.212x, +2,014x, +

+0.708 x, +0.687 x,x, +0.226 x, x; +
+0.340.x,x, +0.309x,x,x, + ®
+0.036x7 +0.269x +0.398x2.

The significance of the regression equation coef-
ficients was tested using Student’s test.

The coefficient 7, is considered significant if
Ity 21, (1)

According to [24], in Table 3.2 — (v)) = 4.30
(p=0.05,v,=k—1=3—1=2 number of degrees
of freedom).

The value of ¢ 4 Was determined by formula (9)
[18-21]: "

d
t =%. )

The value of the variance of the regression
coefficients Sb/. was calculated according to formula (10)
[20-23]:

(10)

where S, ,f is the residual variance per degree of freedom
[20-23].

k

Z(yoc _;’0 )2

S/? = = k—l ;

— 1&
Yo :E;yOU

(11)

(12)

where k is the number of repeated experiments in
the centre; J_/O is the average value of k experiments
in the centre; y  is the resulting value of the c-th
experiment in the centre.
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Checking the adequacy of the model
The adequacy of the model was checked using
Fisher’s criterion using _ (13) and S, (14) [22]:

2
=S—‘§; (13)
Sll
N - \2
Z(y, _yi)
Sy =4t , (14)

where S; is the value of the variance; S, is the re-
sidual variance per degree of freedom; y, is the value

of the i-th experiment; J; is the value of the function
obtained according to experiment #; g is the number
of regression coefficients.

The appropriate table value of the Fisher criterion
F, (v, v,) was found from Table 3.5 [24] (percentage
points of the F-distribution), at a significance level
of p = 0.05. The resulting correlation F/ < F, , allows
us to accept the hypothesis that the regression model is
adequate.

After testing the above criteria, we obtained the re-
gression equations presented below:

¥, =0.986 + 0.179x, + 0.424x, + 0.394x, +
+0.530x,x, + 0.210x,x; + 0.258x,x; +
+0.280x,x,x, + 0.304x7 — 0.174x; ;

(15)

v, =1.524 + 0.208 x, + 0.755x, + 0.519x, +
+0.586x,x, + 0.259x,x, + 0.364x,x, +
+0.331x,x,x; + 0.216x] — 0.424x ;

(16)

¥, =2.005 + 0.259x, + 1.350x, + 0.713x, +
+0.704x,x, + 0.242x,x; + 0.485x,x, +
+0.336x,x,x, — 0.328x7 + 0.426x; ;

(17)
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Table 3. Limit values for cementitious stone deformation as a function of component contents on days 2, 3, 7, 14 and 28

The iﬁ:efjc\;ziue of Cement deformation, mm/m
Composition %GC | %G %Tr
X, X X, 2days | 3days | 7days | 14 days | 28 days
Vg = 9-15 mm/m
(Composition 1) — | 14.43 | 13.04 | 20.86 | +1.215 | +1.215 | +1.215 | 4.37 5.40 7.69 8.38 9.15
expansion
Vogmin = —0.62 mm/m
(Composition2) — | 14.43 | 6.96 | 15432 | +1.215 | —-1.215 | -0.142 | 0.11 -0.30 | -0.82 | -0.72 —0.62
shrinkage
V1 =2.072+0.237x, + 1.714x, + 3CA+CaSO, - 2H,0 + 31H,0 — C,A(CS),H,, +
+0.759x; + 0.711x,x, + 0.474x,x, + (18) +2Al(OH),.

+0.326x,x,x; + 0.459x7;

Yy =2.195+ 0.212x, + 2.014x, + 0.708 x; +
+0.687 x,x, + 0.226 x,x, + 0.340x,x; +
+0.309x,x,x; + 0.269x7 + 0.398x2.

(19)

The expression surfaces of the target function for
the regression equations (19) (Fig. 1, a, b) were ob-
tained using Origin computer program. The estimation
of the strain response of the cement is mainly based
on equation (19) when measuring strain at 28 days
of age, because then most of the composite binder was
involved in the cement hydration process.

General comments on the functions describing
the deformation process of cement at different ages
are as follows: the relevant regression coefficients
of the equations, including the free terms of the equa-
tions, increase throughout the experiment. This obser-
vation and the fact that most of the coefficients have
a positive sign indicates that expansion of cement stone
predominantly occurs.

By analysing the regression equation (19) it can be
noted that the variable x, (amount of gypsum in the bind-
er mixture) has the highest coefficient of the regression
equation, equal to +2.014 and therefore has the greatest
influence on the expansion of the cement stone. Calcium
sulphate reacts with minerals of portland cement and
alumina clinker and products of their hydration to form
ettringite [3, 18, 19, 25]:

C,A+3CaSO, - 2H,0 + 25H,0 — C,A(CS),H, ;
3Ca(OH), (in Portland cement hydration) + 2A1(OH),
(in alumina cement hydration) + 3CaSO, - 2H,0 +
+19H,0 — 3CaO - Al O, - 3CaSO, - 31H,0;

C,AF +3CaS0, - 29H,0 + 2Ca(OH), —
C,A(CS)H, +CFH,

37731

In the presence of tripoli, a pozzolanic reaction
takes place:

2810, (amorphous) + 3Ca(OH), (during hydration
of Portland cement) — 3CaO - 28i0, - 3H,0.

The coefficients at the linear terms x, and x,
(the amount of alumina cement and tripoli, respectively)
have a positive sign, hence, when the amount of these
components in the binder increases, the expansion
of the cement stone increases. However, the coefficient at
x, =+0.212 is the lowest among the coefficients of the re-
gression equation (19), which indicates a limited role
of alumina cement in the expansion of the cement stone
in comparison with other binder components. The linear
and quadratic coefficients at x, are +0.708 and +0.398,
respectively. This is explained by the porous structure
and the developed surface of the additive, due to which
the tripoli has high absorption properties. As a result
the presence of tripoli in the composition of the binder
leads to an increase in the swelling of the cement stone.
It is possible that the water absorbed by the tripoli is in-
volved in the formation of ettringite.

The presence of positive coefficients of double and
triple interaction whose numerical values greatly exceed
the coefficients in the linear terms of the equation
indicates that of great importance to the studied
properties is the relationship between the variation
factors. The alumina cement-gypsum ratio has
the greatest importance, as a result of their interaction
ettringite is formed, which has been shown above. Trip-
oli was also involved in the pozzolanic reaction with
Ca(OH),, so the appearance of significant ratios of in-
teractions between the factors can be explained.

It is evident that the expansion of the cement stone
(function 19) reaches a maximum value of 9.15 mm/m
or 0.9 % at x, = x,= x, = +1.215 (Fig. 1). At this value
of the variables the alumina cement content is 14.43 %,
gypsum 13.04 % and tripoli 20.86 %. The MatLab
software was used to find the composition with mini-
mum deformation (with maximum shrinkage equal to
—0.620 mm/m) at the coefficients value x, =+1.215; x, =
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Fig. 2. Kinetics of deformation development of the cement stone depending on the composition of the composite binder

—1.215; x, = —0.142 and the alumina cement content
equal to 14.43 %; gypsum, 6.96 %; tripoli, 15.432 %
respectively.

The results are presented in Table 3 and Fig. 2.

CONCLUSION

The following conclusions can be drawn from
the analysis of the data obtained during the experiment.

1. Regression equations describing the relationship
between the target functions cement stone deformation
on days 2, 3, 7, 14 and 28 were found using an experi-
mental planning algorithm.

2. An analysis of the effect of the composi-
tions on the deformation of the cement stone was
carried out on the basis of the results obtained.
The binder compositions with maximum shrink-
age and maximum expansion are shown in Table 3.
The resulting strain values vary between —0.620 and
+9.150 mm/m.

3. Using computer programmes, the surface image
of equation (19) was obtained, shown in Fig. 1.

4. The results will be used to predict the deforma-
tion properties of the binder in future studies.
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AHHOTALKA

BeeaeHue. [py KOMNNEKCHOM counarnbHOM, S3KOHOMUYECKOM U 3KOMOrMYECKOM MCCrneaoBaHUU YCIOBUIA XU3Heaes-
TeNbHOCTM YernoBeka B ropoAe AN aHanu3a CyLLeCTBYHLEro ypoBHs 6e30nacHOCT 1 KOMAOPTHOCTU MECT NpOXuBa-
HUSA MPUMEHSIIOTCS Pa3NIMYHOIO pofa COLMONOrMyYeckne Onpockl HaceneHusl, NPoBoasATCst POPCaNT-Ceccun ¢ IKcnepTa-
MU NpeaMeTHbIX obnacten. OfHaKo B YCNOBUSIX pacTyLimMx ypbaHU3MpoBaHHbIX CUCTEM HabngaeTcs ocTpasi HexBaTka
HOBbIX METOA0B, CNOCOBGOB Y UHCTPYMEHTOB MX MO3HaHWSA B Lensx apdeKkTUBHOrO ynpaBneHns u cbanaHcnpoBaHHOIO
pasBuUTUS.

MaTtepuansi u metoabl. [pvBOAATCA acnekTbl MeToAoNornn N3BNEYEHUS U CTPYKTYPUPOBAHUS 3HAHUI B cucTeme nna-
HUPOBaHWS U yNpaBrieHUs TOPOACKUMM O3ENEHEHHbIMU TeppuTopusMmn obLero nonb3oBaHus. Pabota ocHoBaHa Ha na-
paaurmax OHTONOMMYECKOrO MHXUHUPKWHIA U YNPaBEeHUsT 3HAHUSIMUA.

Pe3ynbratbl. OHTONOMMYECKUIA MHXUHUPUHT Kak Teopusl 1 MeTogonorust paspaboTku OHTOMNOrMn akTUBHO pa3BUBaETCS.
OpfHako OCHOBHbIE yCMexu nexat B obnacTtu texHonornn doopmanusaumm 3HaHuin, a METOAOMNOIMs U3BNEYEHNS U CTPYK-
TYPUPOBaHUS 3HAHWUI MO-NPEXHEMY HaXOAMTCS Ha dTane pa3suTus. OTKPLITON ocTaeTcs npobnema copepxaTenbHOro
aHanu3a npegMeTHON obnacTu, akTyanbHOCTb UCCNeAoBaHUst KOTOpoK noaTeepxaaet uenb 11, 3agaya 11.7 MoBecTkn
OHs B obnactu yctonumnsoro passutusa. OnuceiBaeTcs npouecc paspabdoTku TaKCOHOMUM 3HAHWI 3KCnepTa O ropoACKMX
03€erNeHeHHbIX TEpPUTOPUAX 0BLLEro NONb30BaHUS.

BbiBoabl. MNpeacraBneHHble pedynbTaThl MO KOHUENTyanuaauum 3HaHui npeaMeTHon obnactn MoryT Ucrnonb3oBaTbCst
KaK 9MeMeHTbl NpU NOCTPOEHMM Kapkaca rpadpa 3HaHui. pu cooTBeTCTBYHOWEN JOpaboTKe TaKCOHOMUSA MOXET ObiTb
BOCTpeboBaHa Ans NPOBEAEHNS HayYHbIX UCCIefoBaHUI, MPOEKTUPOBaAHNS MHHOBALMOHHBLIX CEPBUCOB, @ TaKXe UHTen-
NeKTyanbHbIX CUCTEM, MPUMEHSAEMbIX B FPafOCTPOUTENBHON AEATENBHOCTU Y TOPOACKOM XO3SIMCTBE.
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ABSTRACT

Introduction. People want effective management and balanced development of urbanised systems. In a comprehensive
social, economic and environmental research of human living conditions in the city, various kinds of sociological surveys
of the population are applied and foresight sessions are held with subject matter experts to analyse the existing level
of safety and comfort of residence. However, in the context of growing urbanized systems, there is an acute shortage
of new methods, ways and tools of knowing them for the purpose of effective management and balanced development.
Materials and methods. The article presents aspects of the methodology for extracting and structuring knowledge of
urban public green spaces in cities. The work is based on the paradigms of ontological engineering and knowledge
management.
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Results. Ontological engineering as a theory and methodology for developing ontologies is actively developing.
However, the main success lies in the field of knowledge formalization technology, while the methodology for extracting
and structuring knowledge is still under development. The problem of meaningful analysis of the subject area remains
open, the relevance of research of which is confirmed by sustainable development goal 11, target 11.7: “by 2030 provide
universal access to safe, available and inclusive green spaces and public spaces, especially for women amd children,
older and disabled people”. The article describes the process of developing a taxonomy of expert knowledge about
urban public green spaces in city. The taxonomy includes classes, subclasses, properties for subclasses and options
for properties.

Conclusions. The results of the conceptualisation of knowledge of the subject can be used as elements in the construction
of the knowledge graph framework. With appropriate refinement, the taxonomy can be in demand for scientific research,
design of innovative services and intelligent systems used in urban planning and urban economy.

KEYWORDS: urbanisation, city, urban planning, urban economy, green spaces, knowledge management, ontology,
taxonomy, expert
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BBEJEHHUE

I'panocrpouTenvHas AeITENBHOCTh NPU3BaHA pe-
IaTh B KOMILIEKCE COLMAIbHO-3KOJIOT0-3KOHOMHUYE-
CKHe 3a1a4u o0ecredeHus OJIaronpusITHBIX YCIOBHU
JKU3HEeNesITeNbHOCTH venoBeka [1]. CrnenoBarensHo,
npeobpa3oBaHuEe TPUPOAHBIX H ypOaHU3UPOBAHHBIX
naHAmadToB Ha BCEX YPOBHAX MOJATOTOBKH INIAHUPO-
BOYHOH, apXUTEKTYPHO-CTPOUTEIEHOW U HHKEHEPHO-
TEXHUYECKOH JOKYMEHTAINH AOJIKHO SIBISATHCS MPE-
METOM Hay4YHO-METOJO0JIOTHYECKUX HCCIEIOBAHNM,
yunthiBas 1ens 11, 3agauy 11.7 [ToBecTku nHs B 00-
JacT ycroitunBoro passutus: «kx 2030 rogy obecne-
YUTH BCEOOIMI NOCTyn K 0€30MacHBIM, TOCTYITHBIM
U OTKPBITBHIM JIJISl BCEX 3€JIEHBIM 30HaM U OOIIECTBEH-
HBIM MECTaM, 0COOEHHO AJIS )KEHIUH U AeTeH, MOXKH-
JBIX JTrofed u uHBanumoB»! [1, 2]. OgHako B yCIOBHU-
SX PaCUIMPSIOMINXCS TOPOACKUX CUCTEM HAOIIOaeTCs
OCTpasd HEXBATKa HOBBIX CHOCO6OB U UHCTPYMCHTOB
WX TIO3HAHWS U yIpaBieHus [3].

Ha coBpemenHoM 3Tame pa3BuTHS o0miecTBa
K NPOTPECCUBHBIM HAYy4YHBIM ITOAXOAAM B MCCIENO-
BAaHHAX TOPOICKOW Cpeabl OTHOCATCS METOAOIOTUHU
ypOO3IKOIUATHOCTUKH?, GHOCHEepOCOBMECTUMOCTH®,
MPHUPOIONOTOOHBIX U OHOMO3UTHBHBIX TEXHOJIOTHIA?,
CYTb KOTOPBIX COCTOHT B IIOMCKE U 000CHOBAHNUH KO-
JIOTO-TPalOCTPOUTEIHHOTO Oananca ypOaHU3UPOBaH-
HBIX TEPPUTOPUH, COXPAHAIOUIUX IPUPOAY U Pa3BUBa-
IOIIKX YernoBeka [4, 5].

[TockonbKy OZHMM U3 MHCTPYMEHTOB Pa3BUTHS
YeJIOBEYECKOI0 MHTEJIEKTA SBISIETCS acCOLUAaTHB-
HOE MBIIIJICHNE, OPHEHTHPOBAHHOE Ha YENIOBEKA,
a KOHIEMIWSI aHTPOITOIIEHTPU3Ma, KaK HOpMa KHU3He-

oOecrieueHHs, BBIpa)kaeT HHTEPECH] YeJOBeKa B pas-
HBIX PaKypcax €ro CpaBHEHHUs C BHEIIHUM MHUPOM,
MOCTOJIBKY 3CTETHYECKH BBIPA3UTEIbHYIO CUCTEMY
KOM(pOPTHHIX U 0JaroyCTPOEHHBIX TOPOJCKUX IPO-
CTPAaHCTB C 3aJlaHHBIMH KadeCcTBaMU HEO0OXOIMMO
(hopMHupOBaTh HA OCHOBE 3aKOHOMEPHOCTEH U MCHUXO-
(u3nonornyecknx 0coOEHHOCTEH BU3yalbHOTO BOC-
NPUATHS U OPUEHTAIMK YeJIOBeKa B ypOaHU3UPOBaH-
HoM cpeze [1, 2, 6].

[Ipu xoMIIIEeKCHOW OIeHKe KOM(pOPTHOCTH MECT
MPOXXUBAHUSI HACEIICHHUS MOXXHO IMPUMEHUTh METOJ
onpeeneHusl ppakTanbHOW pa3MepHOCTH U pacyer
k03¢ HUIHEHTA YKOJOTHUECKON CTaOMIBHOCTH TIPHU-
POAHO-aHTPOMOTCHHBIX J'IaH]lI_Ha(bTOB, y4yuThIBaid,
YTO KaueCTBO JKU3HHU TOPOACKUX KHUTEJIEH 3aBUCHUT
OT MHOTOYHCIICHHBIX YCIIOBUH, KOTOPBIE JOIKHBI BbI-
MOJTHATHCS OMHOBpeMeHHO [7, 8]. ABrop [8] oTMeuaer,
YTO «KOM(OPTHBIE YCIOBHUS MPOXKNBAHUS HACEICHUS
JOCTYKUMBI TIPA OXHOBPEMEHHOM (DyHKITMOHHPOBa-
HUU JIByX TJIIABHBIX COCTABIISIONINX >KHUIJION Cpebl:
Hannu4yus KoMQopTabeabHOro XHJIOTO MOMEIICHUS
1 HeoOxonnMoi HHGPacTPYKTYph! (MH)KEHEPHOMH, CO-
L[UAJBHOU U TPAHCIIOPTHOM)».

[Ipu BeICOKOI1 NMHaMKKe ypOaHHM3alMU yIpaB-
JIEeHWE pa3BUTHEM OHOCONIHMAIbHONH WHPPACTPYKTYPHI
TOPOACKUX U CCJIILCKUX HACCJICHHBIX MECT IO3BOJIACT
COXPaHUTh NMPUPOJHBIE TEPPUTOPHUH U CO3AATH yC-
JIOBUS IS 3I0POBOM ku3HU HaceneHus [9, 10]. Hns
YCTOMYMBOTO pa3BUTHSI TOPOJOB PEKOMEHIyeTCs hop-
MHUPOBAaHHME €IUHOTO JIAHAMAa(PTHO-3KOJIOTHIECKOTO
KapKaca IMOCPEICTBOM BBIJEPKUBAHUS periIaMeHTa
3aCTPONKH M NaHAMA(THO-PEKPEAMOHHBIX TEPPH-

! Cucrema m1o6anbHbIX NOKa3aTesIel JOCTUKEHHs Leel B 061acTH yCTOMYMBOIO Pa3BUTHS U BBINOJIHEHUS 3a1a4 I1oBeCTKH

IHA B 0011acTH ycToi4nBoro pa3sutus Ha nepuox 1o 2030 roma. URL: dgs/indicators/Global%20Indicator%20Framework%20

after%202020%20review_Rus.pdf

2 Heawikuna U.B., Kouypos 5.H. Yp60o3KoquarHocTuKa 1 c6araHCHPOBAaHHOE pa3BuTHE MockBEL. M. : Hayunas Mpicis, 2018.

3 Unvuues B.A., Emenvsanos C.T, Konuynoe B.1., bakaesa H.B. VIHHOBallMOHHBIE TEXHOJIOTUH B CTPOUTEILCTBE TOPOOB. bro-

cthepHast COBMECTHMOCTH H YeJIOBEYECKHI TOTEHIHAN : y4ueb. mocodue. M. : M3n-o ACB, 2019. 208 c.

4 Cnecapee M.IO., Tenuuenko B.H. Dxonormdeckas 6€30IaCHOCTh CTPOUTENHCTBA U TOPOICKOTO XO3AIHCTBA : y4e6.-METOzI. TIo-

cobue. M. : Mzg-8o MUCHU-MI'CY, 2020. 103 c.
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topuit’ [11-13]. IlnaHupoBaHUE TOPOICKHX 3€JIEHBIX
HacaXJACHUM Urpaet oJHy U3 BeIyIUX poJieH B ylIyd-
HIEHUH Ka4eCTBA TOPOJICKOM cpe/ibl HACEIIEHHBIX TyH-
KTOB U YPOBHS )XKH3HU TopoxkaH [14-16].

Pa3Butnio «3eneHoi» HHOPACTPYKTYpHl HaCcEICH-
HBIX MECT yJessercsi Bce Oonbie BHuManus [17, 18].
CornacHo yTtBepxkjaeHHoW Pacmopsxkenuem Ilpa-
ButenbcTBa PO ot 23.03.2019 Ne 510-p Mertonuku
(hopMHpOBaHNS NHAEKCA KAY€CTBA TOPOICKON CPEbl,
KOTOpas MPUMEHSAETCA IPU Pealu3alnuy ON0KEHNN
Vkaza IIpesunenta P® ot 21.07.2020 Ne 474 «O Ha-
LUOHANBHBIX LeNAX pa3Butus Poccuiickoit denepa-
uuu Ha nepuoa a0 2030 roxa», HAIMOHAIBHOTO MIPO-
exta «Xunbe 1 ropoackasi cpeay, ONHAM U3 IECTH
THUTIOB OIICHUBAEMBIX IIPOCTPAHCTB ropojia yCTaHOB-
neH TN «O3elIeHeHHbIe TPOCTPAHCTBAY.

HayuHbIli KOJNEKTUB NOJ PYKOBOACTBOM
O.A. KnumanoBoii [19] npoBes KOMIUIEKCHYIO OLIEH-
KY 3€JI€HBIX 30H ropooB Poccuu no aBTopckoil Me-
TOJIMKE, BKIIOYANOMEH 13 MHIAUKATOPOB, KOTOPHIE
00BbeAMHEHBI B TPH I'PYIIIBL: TOCTYIHOCTh, (hopMHu-
poBaHHE KOM(POPTHOH TrOPOACKOH Cpebl U yCTOWYH-
BOCTh. YUCHBIE MOJIATAIOT, YTO pa3paboTaHHBIN UMHU
MOJXOJ K OI[EHKE 03EJIEHEHHBIX TEPPUTOPHUNA TO3BO-
JUT B JaJbHEHWIIEeM ONTHUMH3UPOBATH MEPONPHUATHUS
o 01aroycTpoicTBY, a Tak)Ke Ha 3Tale MPOCTpaH-
CTBEHHOTO NMIAHUPOBAHUS NEPEHANPABUT BHUMAHUE
T, TPUHUMAIOLINX PEIIeHHs, C OOIINX MmoKa3arenen
Ha MUHHUMaJbHBIC.

Jns poccUCKUX TOPOJOB HAIPABJIEHUS pa3BU-
THS1 03€JICHEHHBIX TEPPUTOPHUIT OOIIEro MOJIb30BaAHUS
C y4E€TOM HETaTHBHBIX ()aKTOPOB, KOTOPHIE BO3HHKA-
10T Ha dTanax UX XU3HEHHOTO IIMKJIA, ONMCaHbI B Py-
KOBOJICTBE IO ONPEJEICHUIO NMEPBOOYEPEIHBIX Ha-
[IpaBJICHUN Pa3BUTHUS FOPOACKOHN CPElbl C IOMOULIBIO
MHJIEKCa KaueCTBa TOPOACKON cpenbl®.

B PykoBoacTBe K MpUYMHAM HEONTHMAaJIbHOTO
WCIIOJIB30BAHUS TOPOJCKHUX 3€JICHBIX 30H M HU3KHX
MokasaTejel mpu oneHke uxX 3PHEeKTUBHOCTH B CH-
CTeMe pacdeTa MHJEKCa KauecTBa TOPOJCKOIl cpersl
OTHECEHBI:

* BBIpyOKa 3€JICHBIX HACAXKJCHUH M 3aCTpOHKa
3€JICHBIX 30H;

* OTCYTCTBHE KOMIIEHCAIIHOHHOTO O3€JICHEHNS;

* OTCYTCTBHME B COBPEMEHHBIX YCJIOBHSIX I'pajo-
CTPOUTENBHOMN NEATEIbHOCTH NPAKTUKH CO3AAHUS HO-
BBIX 03€JICHEHHBIX TEPPUTOPHUIL OOIIETO ITOJIB30BAHHS;

* HHU3Kasl MEIIeX0JHas CBSI3aHHOCTh O3EJCHEH-
HBIX TEPPUTOPHUHA C OKPY)KAIOIIKUMH XKUIBIMU KBapTa-
JaMu;

* OTCYTCTBHUE Y O3€JI€HEHHBIX IPOCTPAHCTB €1-
HOM KOHIETINH Pa3BUTH, CTUISA M 00pas3a, HU3Kas
COOBITHHHOCTD;

* Hebe30MmacHOCTh 3€JIEHBIX 30H;

* CJIIOXKHOCTB MENICXOIHOTO IEPEIBUKCHUS BHY-
TPH 3€JICHBIX 30H, OTCYTCTBUC HABUTAIINH;

* OTCYTCTBHE WM HHU3KOE KauecTBO MH{pa-
CTPYKTYpHI Ha TEPPUTOPHUH U HEYIOBICTBOPUTEIHHOE
Ka4eCTBO JICMEHTOB 0JIar0yCTPOWCTBA;

* OoTCyTCTBUE (DYHKIIMOHAILHOTO OCBCICHUS,

* HEKAUYEeCTBCHHOC COCTOSHHE AJIIEMCHTOB 03e-
JICHCHHS ¥ HEYIOBJIETBOPUTEIBFHOE Ka9eCTBO yXo/a
3a PACTEHHSMH, HU3KUH yPOBEHBb KOHTPOISA 32 HX
pOCTOM, a Tak)Ke MCIOJIb30BaHUE BUIAOB PACTEHHUIA,
HE MPHUCIOCOOJICHHBIX K KIIMMATy, H UCIOJIb30BaHUE
XBOMHBIX pacTEHUH Ha 3ara30BaHHBIX YUACTKaX;

* WCIIONB30BaHNE PACTCHUH, SABISIOMMUXCS a-
JepreHamus;

* OTCYTCTBHE BHJOBOTO pa3sHOOOpa3us pacte-
1307040

* mpeoOrajaHue OJHOJICTHUX BHIIOB PACTCHU;

* 3aCOJICHHE TTOYBHI.

PexomeHnnyeMblii B PykoBoACTBE KOMILIEKC Me-
POTIPUATHI MO YIYUIICHUIO TOPOJCKUX 03CJICHEHHBIX
TePPUTOPHIA 0OIIETO NOJB30BaHUS BKIIFOUACT:

1) 6maroycTpoiCTBO CYIMECTBYIOMUX 3EICHBIX
30H U BEISBJICHHE MMOTEHIHAIA CO3JaHUS HOBBIX;

2) obecneyeHne JOCTYITHOCTH U CBA3HOCTHU I0-
POJIICKHX O3CJICHCHHBIX MPOCTPAHCTB;

3) co3maHne MUKPOKJIMMATHIECKOTO KoMpopTa
Ha 03€JICHCHHBIX TEPPUTOPHIX;

4) coBepIICHCTBOBAHNE JESATEIBHOCTH, OCY-
MIECTBIIsIEMON Ha dTamax KU3HEHHOTO ITUKJIa 3eJIeHbIX
30H,;

5) obecreueHre OE30MACHOCTH MCIOJIB30BAHUS
TEpPUTOPHIL;

6) co3maHue BO3MOXKHOCTEH ISl pa3INYHbBIX BH-
JIOB peKpealliu, BKIOYast MOBBIIICHUE COOBITUHHOCTH
HCIIOJIB30BAHMSI 03€JICHEHHBIX TPOCTPAHCTB;

7) yBenu4YeHUE IIUTEIHFHOCTHU IPeObIBAaHUS TI0-
CETUTEJICH Ha TEPPUTOPHUIX 3€IEHBIX 30H;

8) moBBIIIEHHE Y3HABAEMOCTH TOPOJCKHUX O3€eJIe-
HEHHBIX IIPOCTPAHCTB.

Takum oOpa3oM, Ha BCeX 3Tamax >KU3HCHHOTO
[UKJIA TOPOACKUX O3CICHCHHBIX TEPPUTOPUN H 3e-
JICHBIX HACAXXACHHUH BaXHBIM (AKTOPOM SBIACTCS
MOJTOTOBKA BHICOKOKBATH(HUIIUPOBAHHBIX TPYIOBBIX
KaJpOB KakK JJIsl TpaJoCTPOUTEIbHOMN NeaTeNbHOCTH,
TaK ¥ IS )KWJIHIHO-KOMMYHaJIbHOTO X03stiicTBa [20].

K ropomckuM 03eneHEHHBIM TePPUTOPHUSAM 00-
IIETO MOJTh30BAaHUA OTHOCSTCS JIeC, JIECOMapK, Mmapk,
CKBep, caa, OyneBap. U ecnu mpu aHanu3e ypoOBHSA
KOM(OPTHOCTH TOPOJCKON CPE/Ibl B OTHONICHUH TPH-
JIOMOBBIX TE€PPUTOPHIl, KOTOPHIC HAXOMATCS B HEMO-
CPEICTBEHHON OIIM30CTH OT MECTa MPOKUBAHUS, OIIe-
HUBAIOTCS MX HAJIMYHE, MJIaHOBas 00eCIeYeHHOCTh

acrnowexosa H.C. MHPOBaHUE TIPUPOJAHOTO KapKaca B FeHepabHbIX [IaHaX TOPOJOB : y4ed. I . I BY30B. M. :
3 K H.C. ®o OBaHUE OIHOT'O KapKaca B F'eHepa. aHax TOpoJoB : y4ed. mocod 30B. M. :

Apxurekrypa-C, 2010. 184 c.

% PyKOBOZICTBO MO OTIPENIENEHHIO TIEPBOOYEPETHBIX HAPABIEHHIT PA3BUTHS TOPOICKON CPEIBI € MOMOIIBIO HHEKCA KAYeCTBA
ropozckoii cpeasl. URL: https://minstroyrf.gov.ru/upload/iblock/133/rukovodstvo_index compressed.pdf
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HCXOJS U3 pacyeTa Ha OJHOTO XKHUTENS, KaueCTBEHHBIN
1 KOJIMYECTBEHHBIH COCTaB AJIEMEHTOB OJIarOyCTpOii-
CTBa, BKIII0Yas 3eJeHbIe HacaxaeHus [21, 22], To B OT-
HOILIEHUU Oosiee yJaJeHHBIX OT MECTa NMPOKUBAHUS
03EJICHEHHBIX TePPUTOPUH JUIsl TPOTYJIOK Ha OTKPHI-
TOM BO3JIyX€ /ISl CCIIe0BaTeleii MpeICTaBIseT HHTe-
pec uxX AOCTYMHOCTh, KOM(MOPT U JUIUTEIBHOCTD Iy TH,
(hopmMupyemasi KUTENISIMU U TOCTSIMHU TOpojia peKpea-
LIMOHHAsI HAarpy3Ka u apyrue ¢daxropsl [23, 24].

B kadecTBe MHCTpyMEHTa NPHU MJIAHUPOBAHUU
TOPOJCKHUX O3CJICHEHHBIX TEPPUTOPHI MOTYT OBITh
aZlaTHPOBAHBI T€ WJIM MHBIE METO/bI OLIEHKH MX J10-
CcTynHOCTH [25]. XOTs CBSI3HOCTbH O3€JIE€HEHHBIX TEP-
pUTOpHUi 00IIETO MOIB30BAHUSA B TOPOACKON cpene
aHaJM3UPYETCS BO MHOTUX HCCIEIOBAaHUAX, TOCTYTI-
HOCTB 3€JICHBIX HACAKJCHUH JKUTEISIM BCE elle He-
IOCTAaTOYHO U3ydeHa [26]. DddexTuBHOCTD MeTOmA
3a4aCTy0 3aBHCHUT OT MIPUHSATOTIO CIIOCO0a MOMyUYeHHS
JAaHHBIX, HAIPUMEP, HOIYYUTh HHPOPMALIUIO MOKHO
HETIOCPEICTBEHHO OT JKUTEJIEH C TOMOIIIBIO COIIHOIIO-
THYECKOT0 ONPOCa MM OMOCPEN0BAHO, aHATU3UPYS
JlaHHbIe MOOMIIBHOM cetu [27, 28]. lnsa ananu3za Mo-
TYT UCIOIB30BaTHCS PA3IMYHBIE MOJIEIN TOPOJCKON
MOOMIBHOCTH, YYUTHIBAIOIIHE TOT WJIM WHONH BHI
TPaHCIOPTHBIX CPEACTB, B TOM YHCIIE CaMOKaT U Be-
nocurnen [29].

Amnanoramu nis c6opa u obpadotku wHPOP-
Maluu 00 OTHOCUTEIbHOCTH JIOKAIIMU TEPPUTOPUN
neca, Jiecomnapka, napka, CKBepa, cajga u OyibBapa
MOTYT SIBISTHCS pabOTHI, B KOTOPBIX aHAIU3UPYETCS
JOCTYITHOCTh, HAIIPUMEP, 0OBEKTOB TPAHCIIOPTHOH
MHPACTPYKTYpHI B uepte ropona. ABropst [30] onen-
Ky B3aUMOCBSI3H MACCAXHPOIOTOKAa METPOIIOIIMTEHA
1 KOJINYECTBA )KUTEJICH B pafinycax IaroBoi JOCTYI-
HOCTH CTaHIIMI METPO BBIIOJIHSIIA PETPOCIIEKTHBHO
C MOMOIIBI0 METOAA PETPECCHOHHOTO aHalIu3a, Mpu-
HSB B KauyeCTBE 3aBUCUMOI NEpEMEHHOM rogoBoil
[1acCaXUPOIIOTOK, HE3aBUCUMOM IEPEMEHHON — KU-
Jy10 IIomaab 3AaHuN. IlepcreKTHBHBIM METOOM IS
BBISIBIICHHS 30H BHE PaJUyCOB MEIIEXOAHON AOCTYII-
HOCTH SIBJISIETCSI HCTIOIb30BaHKUE aHAJIN3a MPOCTPaH-
CTBEHHBIX JIaHHBIX, pEeajJu30BaHHOTO B reorpaduue-
CKHX MH(OpMaAIMOHHBIX cucTeMax [31].

[IposiBneHne nMpoueccoB caMOOpPTraHU3auHu yp-
bGoreocHucTeM TECHO CBSA3aHO CO CTPYKTypu3anuen
nnpopmanuu [3]. PazBurne nHPOPMALIMOHHOTO 00-
IIeCTBA JIeJIaeT 3HaHUS yYaCTHUKOB PHIHOYHON SKOHO-
MHKH KIIFOYEBBIM (haKTOPOM HOTPEOICHHUS, TIOCKOIBKY
UX 3HaHUS SBJISIOTCS OCHOBOMW mpolecca MPUHATHS
pemennii [32]. Poct 006beM0OB MH(pOpMAIIUN 1EMOH-
CTPHUPYET aKTyaJIbHOCTh YIPAaBICHHS 3HAHUAMU [32].
OcHoBHBIE TpeOOBaHUS K OHTOJOTHH, HEKOTOPHIE
CYIIECTBYIOIINE OHTOJIOTUH, a TaKXke IePBUYHBIE pe-
3yAbTaThl KOHIENTYaJIN3alliN OHTOJIOTHH 3HAHUH I10-
Tpebureneit onmucansl B [32].

[IpuMeHeHue MpPOrpeccUBHBIX HUGPOBBIX I0-
CTHKCHHH, B TOM YHCJIe HEHPOHHBIE CETH U MCKYC-
CTBEHHBIH MHTEJUIEKT, TEXHOJOTHH OEeCIpOBOIHON
CBsI3M, IU(POBBIE ABOHHUKH, TEXHOJIOTHH BHUPTYalb-
HOM U JOTIOJIHEHHOM PealbHOCTH, OTKPBIBAET HOBBIE
BO3MOXKHOCTH B I'paloCTPOUTEILHON JEesATENBHOCTH
U B YIPAaBICHUH FOPOACKUM X03siiicTBOM. D dexTom
UG POBU3ALUH ABISCTCS BKIIIOYEHNE TOPOACKHX TEp-
PUTOpHUH, B TOM YHCJIe IPUPOAHO-PEKPEAUNOHHOTO
Kapkaca, B Iu(ppoBoe HHPOPMAIIMOHHOE NPOCTPaH-
CTBO ropoja, 4To0bl 00ecneynTh ero Npo3payHoCTh
JUTS BCeX cTerkxonaepoB [33].

LenTpanpHO#l 4acThio JII000M MHTEINEKTyalb-
HOWM cHCTeMBbI CITYUT 0a3a 3uanuii’. [loatomy mpen-
CTaBISIETCS aKTyaJbHBIM PacCMOTPETh ACTIEKTHI Me-
TOJI0JIOTHH U3BIICUCHUS U CTPYKTYPHUPOBAHUS 3HAHUN
B CUCTEMCE YIIPABJICHUA TOPOJACKUMU O3CJICHCHHBIMU
TeppUTOpHUAMHU 00lIeTo nonb3oBanus. basa 3HaHwMi
JIOJDKHA COAEpIKaTh B cebe HeoOxoanmMyro nHpopma-
nuto o npeametHou obnactu (IIpO) u cmocobax pe-
HICHUS XapakTepHBIX s Hee 3a7ad [34]. OCHOBHBI-
MU Ipo0OJeMaMH CHCTEMBbl, OCHOBAHHOM Ha 3HAHUSX,
sBsiroTes [34]:

» Kak 100bITh Hy)KHBIC 3HAHUS?

» Kak cpopmuposats moaens [IpO?

* Kak nmogaepxxuBars mogens [IpO B mpouecce
(DYHKIMOHMPOBAHUS CHCTEMBI?

Jns ycTOM4MBOro pa3BUTHUSI COBPEMEHHBIX I'O-
POOOB aKTYaJIbHBIM ABJIACTCA PCIICHUC HpO6J’[eMI:I
obecrieueHnst KOM(POPTHBIX YCIOBHH JKU3HEEATENb-
HOCTH ¥ HOBBIIICHHSI KaUeCTBa XHU3HHU ropoXkaH. B ka-
YECTBE CUCTEMBI B IaHHOW paboTe paccMaTpHUBaeTCs
CJIOKHBHIAACA IpagOCTPOUTEIIbHAA CUTyallMs B 4Ya-
CTH 00ECIIEYEHHOCTH XUTEJIeH ropojia 03eJIeHEHHBI-
MU TEPPUTOPHUSIMHU OOIIEro IOJIb30BaHUs, a TAKXKE
BOCTPEOOBAHHOCTH 3THX TEPPUTOPUN TOPOKAHAMH.
Ha To#l wiiu HHOU TEppPUTOPUU rOPOJa UCCIeLyeEMas
CUTyalusi MOXKET MEHSTHCS C TEUCHHEM BPEMEHHU,
M3MEHEHHSI MOTYT OBITh CBA3aHBI KaK C COBEPIICH-
CTBOBAaHHMEM TPaJ0CTPOUTEIbHBIX TPEOOBAHMH, HOP-
MAaTHUBOB, TaK U C OPTaHN30BaHHLIM I/I/I/I.]'[I/I caMoopra-
HU30BaHHBIM Pa3BUTHEM MECTHOCTH.

HampaBnenue nccnenoBaHusi — pa3BUTHE Ha-
YYIHBIX OCHOB MH(OPMAaIIMOHHOTO 00ecIedeHus rpa-
HOCTpOHTeJ’IBHOfI ACATCIBbHOCT U MOHUTOPHUHTA
KayecTBa TOPOJCKOW CpElbl, BBHISBICHHE U aHAIHU3
Pa3IMYHBIX TEHACHLIUH, TPOTHO3UPOBAHNE BO3MOXK-
HOTO Pa3BUTHAL.

Henpro nccinenoBaHus sABIsAETCS pa3paboTka
TaKCOHOMHUH TOPOACKUX O3EJICHEHHBIX TEPPUTOPUI
0011ero 1MoNb30BaHUS JUIS OTYUYCHHS 3HAHUH y 3KC-
MEepPTOB MPEIMETHON 00JIaCTH MOCPENCTBOM B3aM-
MOJICHCTBUS C aHAIMTUKOM, a Takke cOopa, OlEeHKH
W aHaJM3a MapaMeTpOB U CBOMCTB 3JIEMEHTOB CUCTE-
MBI. 3a1a4M MCCIEOBaHNS B OOIEM BHIE IPEACTaB-
JIeHbI Ha puc. 1.

7 Iocnenos JI.A. CuryanoHHOE yIpaBieHHe: Teopys U mpakTka. M. : Hayka, 1986. 288 c.
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3amaun uccaeaoBaHUs

®a3bl pabOTHI CO 3HAHUSAMHU

3HaHusg

* [Ipoananu3upoBaTh NPaBOBYIO
1 HOPMAaTUBHYIO I'PaJloCTPOUTENb-
HYI JOKYMEHTAllU0, CTaTUCTHU-
YECKUE U aHAIUTUYECKHE OTYETHI
Mo OIaroycTpoicTBY pOCCHIICKHX
TOPOJIOB, HAYYHBIE ITyONIKALIIN.

[Ipoananu3upoBaTh CylIECTBYIO-
1IMe METOAMKU OLEHKH peKpealu-
OHHOI Harpy3KU Ha 03€JICHCHHbIC
TEPPUTOPUH OOIIIETO MOJIB30BAHMS.
[Ipoananu3upoBarh CyIIeCTBYIO-
mye MOJAETH M CIOCOOBI MoTyye-

Ilome 3HaHMIA

* ChopmupoBarh 00IIHEe OCHOBBI
IIO/IX0/1a K OCTPOCHHIO MOJIEIIN
(YHKIIMOHUPOBAHUS 03€JICHEH-
HBIX TEPPUTOPHUII OOIIETO MONIb-
30BaHMH.

» Ommcarb 371eMEHTHI MOZIENH, KOTO-
Ppble XapaKTepH3yIOT 03eJICHEHHbIE
TEPPUTOPHUU OOILIETO MOJIH30Ba-
HUSI, MOJUIeXKAT MOHHTOPUHTY,
MIO3BOJISIIOT OTCJIEKHBATh MO3H-
THUBHbIE 1 HETATHBHBIC H3MEHEHHS
Ha FOPOJICKOM TEPPUTOPUU

baza 3nanuii

* BeIOpath s13bIK MpOrpaMMHpOBa-
HUS

>

HUSI 3HAYSHUH UX MapaMeTpoB

H3Bneuenne

CTpyKTypupOBaHUe

Dopmanuzanus

ITocnenoBarenbHOCTH ﬂeﬁCTBHﬁ, peain3yEeMBIX B ITPOLIECCE pa6OTBI CO 3HAHUSAMHU

Puc. 1. OcHoBHbIe (a3bl 00pabOTKH 3HAHUH NIPU MOZEINPOBAHUH I'PAJOCTPOUTENIFHON CUTYalluH (PUCYHOK aBTOPOB)

MATEPHUAJIBI U METO/IbI

AHan3UpYyIOTCS MPaBOBask 1 HOPMATUBHAS TPAIO0-
CTPOUTENBHASA JOKYMEHTAIHST; CTATUCTUIECKNE 1 aHa-
JUTHYECKUE OTIETHI IO OIaroyCTporCTBY POCCHHCKUX
ropoaoB, NPE€ACTABJICHHBIC B CETH I/IHTepHeT; Hay4YHBIC
myonukanuy. [IpuMeHs0TCsS TEKCTOIOTHIECKUE METO-
JbI U3BJICYCHUS 3HAHUM.

WmxeHepusi 3HAHHIT® — HayKa 0 METOAaX U TEXHO-
JIOTHSIX MOJIYYEHUsI, CTPYKTYPUPOBaHHUS U GopMan3a-
UM 3HaHUH U1 () HEKTUBHOTO yNpaBieHUs U pa3pa-
OOTKM MHTEIJIEKTYalIbHBIX cucTeM. MHxeHeprs 3HaHUH
poaunack Kak Hayka B 1976 . AKTyaJqbHOCTb CETOIHS
o0ycioBiIeHa OecIpeneeHTHBIM POCTOM 00bEMOB MH-
¢dopmanny 1 HEOOXOOMMOCTBIO €€ KOMIIPECCHH, a TaK-
xe TpeOyeT perreHus mpobiemMa COXpaHeHHSI HHTEIICK-
TyaJIbHOTO KaluTaa.

Wudopmanus cocTouT u3:

* JaHHBIX — ()aKThl, XapaKTePHU3YIOIIUE OT/IEIb-
HBIE CBOWCTBa OOBEKTOB, IIPOIIECCOB, SIBJICHUIL;

* JIOKyMEHTOB (KOHTEHT) — HECTPYKTYypPHPOBaH-
Hast nH(opManus (0TYEThI, CXeMBbl, (oTo);

* 3HaHWI — 3aKOHOMEPHOCTH, TTOJIydEeHHBIE B pe-
3yNbTaTe NPAKTUKU U CBSI3BIBAIOLINE TaHHBIE.

3HaHus’ — COBOKYITHOCThH CBEJICHHI, 00pa3yro-
IIHUX [EJTOCTHOE ONMHCAHUE, COOTBETCTBYIOIIEE HEKO-

TOPOMY YPOBHIO OCBEIOMJICHHOCTH 00 OIHCHIBAEMOM
BOIIpOCE, TIpeIMeTe, NpodiieMe | T.1I.

3uanus o npeamernoi obmactu (3.11.0.)° — co-
BOKYITHOCTh CBEJCHUH O MpEeIMETHOH 001acTH, Xpa-
HAIIMXCS B 0a3e 3HAHWI UHTEIICKTYaIbHON CUCTEMBI.
B 3.I1.0. BXomAT ¢aKThl, OTHOCSAIINECS K MIPEIMETHON
001acTH, 3aKOHOMEPHOCTH, XapaKTepHbIE IS Hee,
TUIIOTE3bI O BO3MOXXHBIX CBA3AX MCKAY SABJICHUAMU,
MPOTEKAIOIMK B HEH IpoleccaMy, HaKOIUICHHON
(akrosornueckoit 6azoi, mpouexypsl JUIsl pelIeHUs
TUIOBBIX 3aJa4 B JaHHOW MpoOieMHON obmacTw.
3.I1.O. BBoUT B 0a3y 3HaAHWI MHXCHEP IO 3HAHUSM.
B npouecce GpyHKIMOHNPOBAaHUS UHTEIUIEKTYalbHOM
cuctemsl 3.I1.0. moryT nononasATheA. 3.11.0. rcmons-
3YIOT IpH MOUCKE PEIIeHHWH 3ahad, BO3HUKAIOUINX
B DKCIIEPTHBIX U APYTIUX UHTCIUICKTYaJIbHBIX CUCTC-
Max.

PE3YJIBTATBI UCCJIIEJOBAHUA

T'opoackue o3elneHeHHbIE TEPPUTOPUH OOIIIE-
TO TIOJB30BAHUS SBISIOTCS CIOKHBIMHU HEITWHEHHEI-
MH CHCTEMaMH, DJIEMEHTHl KOTOPhIX UMEIOT CBOW-
CTBa HE TOJBKO C yCTAHOBJIEHHBIMHU HapaMeTpaMu,
HO ¥ 3MEpPKECHTHEIE.

8 I'nspunoea T.A., Kyopseyes JI.B., Mypomyes J]. M. Nmxerepus 3Hanmit. Mozgenu 1 MeTons! : yuebnuk. CII6. : Ms3n-so «JIauby,

2016.324 c.

% Ageprun A.H., I'aaze-Panonopm M.I, ITocnenos JJ.A. O6mepoccuiickas o6uIecTBeHHAs opragmsamus «Poccuiickas acco-

[Uanys UCKYCCTBEHHOTO WHTEJUIEKTa» : TONKOBBIN CIOBaph IO MCKyccTBeHHOMY mHTelutekTy. URL: https://raai.space/pages/

UGFnZVR5¢cGUOMTAWMwW==#L183
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HHbIMU TEPPUTOPHUAMM OBLLEro NOAL30BaHUS C.152-173

Ha puc. 2 BbIJeNIeHbI OCHOBHBIE KOHIIETITHI — 0a-
30BBIC TMOHATHS H3y4aeMOl IPEeIMETHON 00acTH, mo-
CTPOEHBI CBSI3M MEX/Ty KOHIIENTaMH — POJIO-BUIOBEIE,
¢byHKIMOHANbHBIE U aTpuOyTHBHBIE. [l0CKONBKY aBTO-
peI mpoBogmim uccinenoanne B Cankr-IletepOypre,
MIOCTOJIBKY CXeMa, TpeACTaBICHHas Ha pHC. 2, OTpa-
JKaeT XapaKTEepHYIo JuIsd ropoja cutyauuo. OTHome-
HUS B cepe afMUHUCTPATUBHO-TEPPUTOPUATIHLHOTO
ycrporictBa CankT-IlerepOypra u TeppuTOpHATHHON
OpraHU3al¥ MECTHOTO CaMOYIIPABIICHHS B TOPOJIE pe-
rynupyert 3akoH Cankt-IletepOypra Ne 411-68 «O tep-
putopuanbHOM ycTpoiicTBe Cankrt-IlerepOypray,
COIVIACHO KOTOPOMY TEPPUTOPHS TOPOAA pa3rpaHUIHBa-
eTcsl Ha palloHbl, @ TEPPUTOPHS MyHUIIUTIATIBHOTO 00pa-
30BaHUS JIOJDKHA MIOJHOCTBIO BXOJUThH B COCTAB TEPPH-
Topuu paiioHa. OTMETHM, YTO Ul HHOTO HACEIEHHOTO
IIyHKTa MOTPeOyeTCsl YTOYHUTH TEPMUHOJIOTHIO, TaK
KaK MECTHasl 3aKOHOJIaTelIbHasi 0a3a B pernoHaxX MOXET
pas3nuyaThCs.

TopokanuH B HamieM ciiydae M3ydaercsi Kak I10-
CETUTENb 03€JIEHEHHON TepPUTOPUH OOIIETO TOJIb30Ba-

Aejsemces
qacmosro

HUSl, TPEATOUUTAIONINIA TO UM HHOE MECTO (JIOKAITHIO)
Ha TEPPUTOPHH TOPOna IS MPEeOBIBAaHIS HA OTKPHITOM
Bo3myxe. [lo MHEHHIO aBTOPOB, IIPH TIOCTPOCHUH MOJIE-
JIM BXKHO Pas3iiMyaTh JOKAIMU 03eJICHEHHOH TepPUTOPUH
0OIIIEeTOo MOJIB30BAHUS 1 MECTA )KUTENIBCTBA TIOCETUTEIISL.

PekpeanmonHyro Harpy3ky Ha O3eJICHCHHYIO Tep-
PHUTOPHIO OOIIEro IMOJIb30BaHUs MOTYT CO3/1aBaTh XKH-
Tenu O6IM3Nexalux paifoHoB (OHOTO MIIH HECKOJIBKUX
MYHHUIIUTIATBHBIX 00pa3zoBaHmii). O3eJIeHeHHAs Tep-
PHUTOpHS OOIIEro MOJNB30BaHHUS MOXKET PacIioyiaraTbes
Ha TEPPUTOPUH OJTHOTO MIIM HECKOJIBKUX PaHOHOB (My-
HUIUTIATBHBIX 00pa30BaHUI).

MOXHO TIPEATIONIOKUTE, YTO PEKPeaIioHHas Ha-
rpy3Ka Ha TEPPUTOPHH 3€JICHBIX HacCaKAEHUH 001ero
M0JIb30BaHUS, PACIIONOKEHHBIE B TPAaHHUIIAX TOTO WM
WHOTO TOPOJICKOTO paifoHa M MyHHIIUTIAIIEHOTO 00pa3o-
BaHMS, JAJIEKO HE BCEI/Ia KOPPEINPYETCs C YUCICHHO-
CTBIO HACEJIEHUS 3THX aJIMHHHUCTPATUBHO-TEPPUTOPH-
anpHBIX equHUIl [23]. Ilenecoobpa3Ho paccMaTpuBaTh
CUTYAIIMIO TOTEHITNAIEHON peKpearliOHHOW HATPy3KH
Ha Ty WU MHYIO O3€JICHEHHYIO TEPPUTOPHIO TOJIBKO

MyHununaisHoe
obpazoBaHue

Aensemcs
yacmosio

N 7
~ -
T A T
HAX00Umcsi6
Jlec
Jlangmagt
S N 4 N Jleconapx
o ~ umeem umeem
/ N amo c60ticmeo 3HaueHue .
l\\ Jlokanus /}(- — O3elIeHeHHAs > Tapx —_— bnaroycTporicTso
AN 7 TEPPUTOPHUS
T 0611ero
0JIb30BAHUS I'pagocTpouTenbHas
Cksep paxoctp
CHUTyarus
nocewjaem
BynbBap
Bospacr
///’ \\\\
7/ N\
/ \] 32 umeem Tlon
[ Hocerurens |«— —| Topoxanun >
. ; CB0UCMB0
\\ //
T - MecTo KHTEIbCTBA
Ilens mocenienus
HAX00UMcs6

Puc. 2. IlpyHnunuanbHas cxemMa pacipenesieHus 3HaHui (PUCYHOK aBTOPOB)
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3HaHus

Knacc A

IMonknace Al A2

CBOMCTBO

IMapametp

B1 B2

Puc. 3. TakcoHOMMUS 3HAHUH O TOPOJACKHUX O3€JIEHEHHBIX TEPPUTOPUAX OOIIETO MOIB30BaHUS (PUCYHOK aBTOPOB)

OT >KHTENEH TopoJa U OTAEIAbHO YUUTHIBATh HArPy3Ky
oT rocreit Topona [24].

IIpoexTupyemas TAKCOHOMHS 3HAHUH O TOPOJCKHIX
03€JICHCHHBIX TEPPUTOPHAX OOIIETO MOIB30BAHUS C I10-
3ULUU aHalu3a NOTEHUHAIbHON pPEKpealuOHHON Ha-
TPY3KH OT HaceJIeHUs OKPY KAIOIINX >KHIIBIX KBAapTaJoB
COCTOHT M3 JIBYyX KJIACCOB, KAXKJIBIA U3 KOTOPHIX UMEET
O JIBa MOJKJIACCA C XapaKTePU3YIOUIMMH CBONCTBAMHU
(puc. 3): A. Tepputopus: A1. LleHHOCTs TEPPUTOPHH,
A2. Ctunb noceuienust; B. [Toceturens: Bl. Xapakre-
puctuka nocerutens, B2. KompoprHOCTh MOcemenns
TEPPUTOPUH.

ITockonbKy KJ1acchl caMy 1o cebe He MPeaoCcTaB-
JSIFOT JOCTATOYHOM MH(OpMAIMH U1 OTBETA HA BOIIPO-
CBI TIPOBEPKHU KOMIIETEHTHOCTH, NIOCJIE ONPENEIEHUS UX
KOJINYECTBA ONHUILIEM BHYTPEHHIOIO CTPYKTYPY TOHATHHA
(tabm. 1).

Yposens 41 npeacraBum Habopom u3 10-tu mepe-
MenHwx (OR. , LC ., HC LN , WO, ., GT, , AV

1.1° 1.2° 1.3° 1.4 1.5° 1.6° 1.7°

o LG, o EX| ), KaXk/as U3 KOTOPBIX MOXET TPH-

HUMAaTh OJTHO N3 BO3MOKHBIX 3HAUCHUH, HAIPUMED, UL
nepeMeHnoi OR | BO3MOXHBI 3Ha4enus NT, | |, NA

1.1.1° 1.1.2°
AN1.1,3’ JUISL IEPEMEHHOMN LCL2 — GRLZ.I’ BSLZ2 M T.J.

YpoBeHb A2 npeacTaBuM HaboOpoM U3 4-X mepe-

MeHHbIX (ND, |, I4,,, TM, , TA, ), Kax1as U3 KOTOPBIX

MOXKET IPUHUMATh OIHO M3 BO3MOXKHBIX 3HAUEHHH, Ha-
npuMep, IS epeMeHHON ND, | BO3MOXHBI 3HAUEHUS]
RC TR, . WU T.I.

2.1.1° 2.12
Yporens Bl npeacrtaBum HaOOpOM U3 6-TH Tepe-

mennbx (RV, |, GD, ,, AG, ,, CT, ,, MB, , PR, ), kaxnas

> , ) )
U3 KOTOPBIX MO)KG%ZHpI/I:IIIiIMaT? OI[HS.SI/IS BO3MOKHBIX
3HAYEHUH, HATIPUMED, VIS IEPEMEHHOM RV, | BO3MOXK-
HBI 3HAUYEHUSI PRM_I, ST3‘1‘2, PT“3 " T.1.

YpoBeHb B2 npeacTaBuM HabOpPOM U3 7-MH Iiepe-

MennbIx (SS, , DW, ., T1,,, WR, ,, WV, , WT, , SC, ),

4.1° 42’ 4.3° 4.4 4.5° 4.6
Ka)</1as U3 KOTOPBIX MOXKET IPUHUMATh OZHO U3 BO3-
MOXHBIX 3HAYEHUH, HATTPUMED, JUIS IEPEMEHHON SS, |

BO3MO>KHBI 3HaUeHus1 W1 SP SU f AU w1a 1T

4.1.1° 4.1.2° 1.3

158

Omnucanne TpeOOBaHUN K TAKCOHOMHH BKJIFOUACT
BBISIBIICHNE TIOTEHIIMAJIBHBIX €€ TI0Ib30BaTelNel U cIie-
HApUEB UCIIONB30BaHus [35] (Tabm. 2).

B 3aBHCUMOCTH OT TOJB30BATENS U PEIIAEMBIX
MM 3a/ia4 aJITOPUTM IIPUMEHEHUA TAKCOHOMUU MOXKCT
pasnmuatbesi. B Hanbonee o0meM BUe MOIh30BATENb
MOXET MPOBECTH ayJAUT 3HAHUH O TOPOJCKUX O3eJje-
HEHHBIX TEPPUTOPHIX OOIIEro MOJIb30BaHUs, OTBETUB
Ha BOTIPOCHI, KOTOPBIE TPH HEOOXOAUMOCTH MOTYT (op-
MYJIUPOBAThCS C ITO3ULUH KaK HACTOSILETO, TaK U Oymy-
miero BpeMeHu. [lepedeHs BOpOCoB OIpenernsieTcs 3a-
Ja4yaMU IOJIb30BaTC/IA U MOXKET YTOUHATHCA, YUUThIBasA
CTETICHb aKTyallbHOCTH.

IIpumepHsbIii IepedeHb BOMPOCOB VIS ay/IUTa 3HA-
HUH:

1. BiiusiHue Ha ropoJCKUe 03€JI€HEHHbIE TEPPUTO-
pHH OOLIETO MMOJIH30BAHUSL.

3HaHUs, KOTOPBIMH JOJDKHBI 00Ta1aTh PeCTaBH-
TEJIN TOCYIApPCTBEHHOM BIACTH/MECTHOTO CaMOYIpaB-
JICHUS/TIOCETUTEIH JUIS COXPAHEHHS U PalliOHAIILHOTO
Pa3BUTHS TOPOACKHX 03CIIEHEHHBIX TPOCTPAHCTB (B Ha-
cTosiIee BpeMs/B Oymyiem)?

BapuaHTHI 0OTBETOB: HOcTaTOYHBIE (+), HEIOCTa-
To4HBIE (—), OTCYTCTBYIOT (0).

2. BiusHue Ha MOCETUTENS 03€JIECHEHHON TeppH-
TOpUHU OOIIETO MOJIb30BaHUSI.

3HaHI/I§I, KOTOPBIMU JOJIKHBI O6J'Ia£[aTb MpeaAcTaBUTeC-
JIF TOCYIAPCTBEHHOH BIACTH/MECTHOTO CaMOYTIPABICHUS/
MOCETUTENH Il 00ECTIEYeHHOCTH TOPOJICKOM Cperbl -
(heKTHBHBIMHU TOPOJICKUMH 03€ICHEHHBIMH TEPPUTOPHSIMA
001IIeTO0 TIOIF30BaHM (B HACTOSIIIIEE BpeMs1/B Oyyem)?

BapuanTbl 0TBETOB: HOoCcTaTO4YHBIE (+), HEITOCTA-
TOYHBIE (—), OTCYTCTBYIOT (0).

3. CymecTtBytomue 3HaHUs 00 03eIEHeHHON Tep-
pHUTOpPUHN OOIIEro MOIb30BaHUS.

YTo 3HAIT NPEACTABUTENIHN T'OCYNapCTBEHHOMN
BJIACTHU/MECTHOTO CaMOYIIPaBIICHHSI/TIOCETUTEIH O TO-
POICKUX O3€IICHEHHBIX TEPPUTOPHUAX OOIIEro MOIb30-
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Taodu. 1. YpoBHH TaKCOHOMUU

CaoiicTBO ITapametp
Al. Llennocmos meppumopuu
NT,,, | Upupoxnoe
OR | IIpoucxoxnenue NA,,, | [lpuposHO-aHTpOIOreHHOe
AN, ,, | AHTpOmOTeHHOE
GR,,, | Hasemne
LC,, Pacnonoxenune =
’ BS,,, | Ha xoncrpykumsx
NW, ., | CoBpemennas
HC, , | Ucropus cosnanus AR ,, | Ilocne pexoHCTpyKUKM
AR ,, | Ilocne pecraBpannn
FL,,, PaBuuHHBIH
LN, , | Janmgmadpr MO, ,, | Topusbrii
FD,,, | lloiMennbii
RI Bonorox
WO, | Bonuslit 00beKT RE, ., | Bomoem
WF, ., | be3 BomHbIX 00BEKTOB
AR ., | [lnomans
LN, Jmaa
GT,, | l'eomerpus Lo
WD, ., | Ulupuna
CF ., | ®opma B mane
1C, BuytpenHss cBI3HOCTb
AV, JocrynHocTh =
‘ EC,,, | BHemHss cOBMECTUMOCT
A Tun npocTpaHCTBEHHOM CTPYKTYpbI
GS, 3eseHble HACAXKICHHUS = -
’ CG,, | Cocras 3eneHbIX HACAKICHHH
EP, O06opynoBaHHBIE TUIOIIAIKH
wcC, ., | Tyaner
LG, , | braroycrpoiictBo BS|,, | Jlonounas cranuus
EN,,, | ATTpakuuoHbI
OT,,, | Wnoe
GS, .. | 3enensie nacaxnenus
EX, , | Oxcruryaramus EI ., | OmemeHTBI HHQPaCTPYKTYphI
WS, o5 | TBepable KOMMyHAIBHBIE OTXOMBI
A2. Cmunv nocewenus
RC,,, | Pexpeanus
ND ToTpebHOCTH =
> TR Tpanzur
212 p
AR2 " AKTUBHBIN OTIBIX
I4,, HHTeHcHBHOCTH floCyTa = =
: PRZIZ.2 TTacCUBHEBIN OTIBIX
OF,,, | lemxom
™, , Buj MmobunsHOCTH =
' WE,,, | C ucrionb3oBaHieM CHOPTHBHOTO HHBEHTAPS
S4,,, | CnopTuBHBIE 3aHATHS
OR,,, | Tuxnit OTABIX B3POCIBIX
CG,,, | Urpsl pereii
T4,, Bup pexpeanun MP,,, | Maccooe Meponpustie
WP,,, | BbITyl JOMalIHuX )XMBOTHBIX
CE,,, | KymsrypHO-npoCBeTHTENLCKHI
TH. MNuas

247
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Oxonuanue maon. 1

CBoiicTBO

[Tapamerp

B1. Xapaxmepucmuxa nocemumerns

PR, , | HocrosuHast
RV PerynsapHOCTS Mocemmennit ST Curyamonnas
31| TeppuTopHn 312
PTS.LS IlorenuanbHas
MN,,, | Myxuuna
GD,, | Tlon
WN,,, | Kenumna
CH,,, | MHem
T Rm.2 Mononexb
AG,, | BospactHas cTpyKTypa
GM,,, | Bapocusie
AP,,, | Hoxunbie
LN3‘ " OIUHOKHUH MTPOXOXKUI
CT,, | Kareropus GP,,, | Kommanus
PC,,, | Pomurenu ¢ netomu
LT, bes orpanuuenuit
MB,, | MobunbHOCTD LM,, | ManomoOwibHbIH
IN,,, | NuBanun
LA, 3aKOHOIOCITYIIHAS
PR, JInunocts
CR,., | Kpumunanenas
B2. Komgpopmnocmo nocewjenusi meppumopuu
WI,,, |3uma
SP,,, | Becna
SS, | Ceson
SU,,, | Jlero
AU, , | Ocenp
EY,,, | bynuu
DW,, | deus Henenu —
’ WD 22 BrixoaHeie
MG,,, | VYrpo
DY,,, | Heub
11, Yactb cyTOK =
’ EG,,, | Beuep
NT,,, | Hous
AT, ,, Temneparypa Bo3ayxa
RH,,, | OTHOCHTENbHAS BIAXKHOCTH BO3TyXa
WR,, | KompoprHOCTS MOrosist
WS,,, | Crxopocts BeTpa
PR,,, | AtMochepnbie ocanku
Wy Bpewms npebbiBanus MY, | KpatkospemenHoe
45 | Ha TeppUTOpUU LT,,, | TlpomomxurensrHoe
RE,,, | Mapupyt
WT,, | Ilyte no teppuropun TT,,, | Bpewms Bnyru
TC,,, | Komdopr nepensusxenus
wY,,, |Bnyru
SC,, | besomacrocTs —
’ TY, Ha Teppuropuu
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BaHUs (MCTOPUS CO3MAHUSA/ITAIBI Pa3BUTHUS B HACTOS-
mee Bpems)?

BapuaHTHl 0TBETOB: 3HAWOT (+), HE 3HAIOT (—),
3HaHUS IPUCYTCTBYIOT HEOIHOPOAHO (+/—).

Taou. 2. [Toas30BaTe TAKCOHOMHH K peuracMbI€ MU 3a1a91

OTBeTH Ha 3THU BOMNPOCHI MOXHO MOJY4YaTh
C MpHBIICYCHUEM IKCIIEpTOB. HekoTOpbie H3MEHEHUs
B 3HAHUSAX SBISIOTCS MPOTHO3UPYEMBIMH U CBSI3aHBI
C pa3BUTHEM ropojackoi cpensi [1, 2, 36].

ITonb3oBarens 3agaun
1. IIpoussoocmeennas oesamenbHOCMb
CoxpaHeHHe/co3jaHie TOPOJCKUX O3CJICHEHHBIX TEPPUTOPHUIA OOIIETO MOIb30BaHUS
1.1. Opran
TOCYIAPCTBEHHOI ITpoeKkThI Gi1aroycTpoiicTBa FOPOJCKHX O3EJICHCHHBIX TEPPUTOPHIA OOIIETO MOIb30BaAHHUS
BJIACTH/MECTHOTO BsauMozeiicTBHE C TTOCETHTEAMH TOPOICKHX 03€IEHEHHBIX TEPPUTOPHii 06IIero
CaMOyIpaBIeHHs OTB30BAHMS
cyobekra PO

O6paSOBaTeHLHaSI 1 IIPOCBETUTEIIbCKAs ACATCIbHOCTL CPCAN HACCIICHUSL

Pa3paboTka OHTONOTUM JUIsl CO3/1aHMsI HHTENIEKTyalbHOW CUCTEMbI YIIPABIEHUS TOPOACKUMHU
03€JICHEHHBIMU TePPUTOPHSIMH OOIIEro MOJIb30BAHUS

1.2. Pa3paboTunk

N 00111ero MMOJIb30BaHMS
IT-permenuii

Pa3paborka cuctembl HOpMAITU3ALMKU 3HAHUIT O TOPOIICKUX 03€ICHEHHBIX TEPPUTOPHAX

XO3SHCTBOM

Pa3pa60TKa CHUCTEMBI YIIPABJICHUSA 3HAHUAMU O TOPOACKUX O3CIICHCHHBIX TEPPUTOPUAX
06HI€F0 IIOJIb30BaHUA U BHCAPCHHUE €€ KaK IMOJCUCTEMbI B CUCTEMY YIIPABJICHUSA TOPOACKUM

2. Hayuno-uccrnedosamenvbckas 0esimenbHOChb

CucteMaru3anys CyIlecTBYIOIUX HCCIEA0BaHUI O TOPOJCKON cpeie B YaCTH COLUAIbHO-
JKOJIOTHYECKOH KOM(pOPTHOCTH MPOKUBAHHS HACEICHUS

2.1. UccaenoBarennb
XO3SHCTBOM

WaTerpanys 3HaHAH 0 TOPOJICKHUX O3EIEHEHHBIX TEPPUTOPHAX OOIIETO MOIb30BAHUS
B PEIICHNE 3a/[a9X IPOSKTUPOBAHMUS HHTEIUICKTYaIbHBIX CHCTEM YIPABICHHUS TOPOICKUM

CucremHas OIICHKAa U CpaBHHTeJ’[LHBIfI aHaJu3 00eCIeYeHHOCTH TOpoACKOTO HaceJeHus/
TeppI/ITOPI/Iﬁ ropoJa 3€JICHbIMU HAaCaXKXKACHUAMU 06mero IOJIb30BaHUS

3. Yuebno-memoouueckasn oesmenvHocme

3.1. IlpenonaBarens

3AKJIIOYEHUE U OBCYXKJIEHUE

O0nacThIO UCCIICJIOBAHUS SIBISJIOCH MPEICTABIIC-
HHE 3HAaHUI O FOPOACKOM O3€JIE€HEHHON TEPPUTOPUHU
obmero moxb30BaHus (Jiec, IECOMapK, mapkK, CKBep,
caj, OyapBap) v O MOCETUTENIC, KOTOPBIA MPEAMOYH-
TaeT ee I MPOTYJIOK Ha OTKPHITOM Bo3ayxe. B xaue-
CTBE KCIIEPTOB K YYACTHIO B OTIPOCE MOTYT OBITH MPH-
TJIAIICHBI l'[pe]lCTaBI/ITeJ'II/I FOCy}]apCTBeHHOﬁ BJIACTH,
MECTHOTO CaMOYTIPaBIICHHsI, HAyIHOTO COOOIIECTBA,
JKUTEIU ¥ TOCTU TOPOJa, TOCETUTEIU 03CJICHCHHBIX
TEPPUTOPHUI 0OIIETO MOTH30BaAHMUS.

[MocnenoBarenbHOCTh pa3pabOTKH TaKCOHO-
MU B OOJNBIIMHCTBE CYIIECTBYIOIIMX METOMOJIOTUN
BKJIFOYAET ATANbl: crienuduKanus TpeOOBaHUN K Tak-
COHOMUU; aHAJIN3 BAPUAHTOB MOBTOPHOTO HCIIOJIB30-
BaHUs 3HAHMIT; KOHIIETITya u3auus 1 Gopmanuzanus;
MpOorpaMMHas peann3alus; TeCTUPOBaHUE U anpobda-
1us. B maHHO cTaThe MPUBEACHBI MOSCHCHUS YaCcTU
AJIEMEHTOB KOHIICTIIINH YIIPABICHUS TOPOJACKIMH 03€-
JICHCHHBIMH TEPPUTOPUSIMH OOIIETO MOb30BaHU: 1-i

PazpaboTka yueOHBIX AUCIHUITIHH

9Taln — KOHIETNTYaJIM3alns paclpeeleHus 3HaHui,
2-it sTan — pa3paboTka TaKCOHOMHUH 3HaHWH, 3-U
3Tan — ONMCaHUE NMOTEHUHANbHBIX MOIb30BaTENEH
TaKCOHOMUH M CIICHAPHEB €€ MCII0Ib30BAHUS.

[Tonp30BaTeny TAKCOHOMHM CMOT'YT pelIaTh 3a/1a-
YM KaK aHaJIN3a TeKyIleH IpajloCTPOUTEILHON CUTYya-
I[UH, TaK ¥ IPOrHO3a €€ Pa3BUTHUS.

ABTOpBI IIOJIAraloT, YTO OTBETHI Ha BOIIPOCHI, 3a-
JaHHBIC U pealn3yeMble B MIPEATIOKEHHON KOMIOHOB-
K€, MOTYT CBUJIETEIILCTBOBATH 00 yPOBHE CaMOOPIaHH-
3a1Mu 00IIeCTBa.

Pesynbrar Habopa ¥ CTPYKTypH3alMU JaHHBIX
IUTAHUPYETCs K UCIOIb30BaHUIO ITpH cOope nHpopMa-
IIUH AJIS pacdeTa MHIEKCca IPUBIEKATEIbHOCTH TOPOI-
CKUX 03€JICHEHHBIX TEPPUTOPHI OOIIETO IT0JIb30BaHUS
U pEeKpealMoOHHON Harpy3ku Ha Hux. [lo MHeHUIO aB-
TOpPOB, CBOMCTBA M MapaMeTphl B MPEATIOKEHHOM KOM-
IUIEKCE MOAJIEKAT PACCMOTPEHUIO B X OTCIIC)KUBA-
HUSI pa3BUTHA O3UTUBHBIX U HETaTUBHBIX U3MEHEHUH
TOPOJICKON TEPPUTOPHH.
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INTRODUCTION

Urban planning activity is designed to solve socio-
ecological and economic tasks of providing favourable
human life conditions [1]. Consequently, the transfor-
mation of natural and urbanized landscapes at all levels
of planning, architectural, construction and engineering
documentation preparation should be a subject of sci-
entific and methodological research' [1, 2]. However,
in the context of expanding urban systems there is an
acute shortage of new ways and tools for their cognition
and management [3].

At the present stage of society development,
progressive scientific approaches in studies of
urban environment include methodologies of urban
ecodiagnostics?, biosphere compatibility®, nature-like
and biopositive technologies*, the essence of which is to
find and substantiate the ecological and urban balance
of urbanized territories, preserving nature and develop-
ing man [4, 5].

Since one of the tools for the development of hu-
man intellect is human-oriented associative thinking and
the concept of anthropocentrism as a norm of life support
expresses human interests in different angles of compari-
son with the outside world, so an aesthetically expressive
system of comfortable and well-appointed urban spac-
es with specified qualities must be formed on the basis
of regularities and psychophysiological features of hu-
man visual perception and orientation in the urban envi-
ronment [1, 2, 6].

The method of determining the fractal dimension
and calculation of the coefficient of ecological stability
of natural-anthropogenic landscapes can be applied in
a comprehensive assessment of the comfort of places
where people live, given that the quality of urban resi-
dents depends on numerous conditions that must be met
simultaneously [7, 8]. The author [8] notes that “com-
fortable living conditions of the population are achiev-
able with the simultaneous functioning of the two main
components of the living environment: the availability
of comfortable living space and the necessary infra-
structure (engineering, social and transport).

With the high dynamics of urbanization, managing
the development of the biosocial infrastructure of ur-
ban an.rural settlements makes it possible to preserve
natural areas and create conditions for a healthy life
of the population [9, 10]. For the sustainable develop-
ment of cities, it is recommended to form a unified land-
scape-ecological framework through the maintenance
of building regulations and landscape and recreational
areas [11-13]5. Urban green space planning plays one
of the leading roles in improving the quality of urban
environment of settlements and living standards of citi-
zens [14-16].

The development of “green” infrastructure in human
settlements is receiving more and more attention [17,
18]. According to the Methodology of forming an index
of the urban environment quality, approved by the Rus-
sian Federation Government Decree No. 510-r dated
March 23, 2019, which is used in the implementation
of the provisions of the RF President’s Decree No. 474
dated July 21, 2020 “On National Development Goals
of the Russian Federation for the period until 20307,
the national project “Housing and Urban Environment”,
one of six types of evaluated spaces of the city is the type
“QGreenspaces”.

The research team led by O.A. Klimanova [19]
conducted a comprehensive assessment of green ar-
eas in Russian cities using the author’s methodology,
which includes 13 indicators that are grouped into three
groups: accessibility, formation of a comfortable urban
environment and sustainability. The scientists believe
that the approach developed by them to assess the green
areas will further optimize the measures for improve-
ment, and at the stage of spatial planning will redirect
the attention of decision makers from the general indi-
cators to the minimum ones.

For Russian cities, directions for the development
of public green spaces, taking into account the negative
factors that arise during the stages of their life cycle,
are described in the Guide to identifying priority areas
for urban environmental development using the urban
environmental quality indexS.

The Guide identifies the reasons for the sub-opti-
mal use of urban green spaces and the poor performance

"' A system of global indicators for achieving the Sustainable Development Goals and meeting the targets of the 2030 Agenda
for Sustainable Development. URL: https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%?20after%20
2020%20review_Rus.pdf

2 Ivashkina I.V., Kochurov B.1. Urban ecodiagnostics and balanced development of Moscow. Moscow, Scientific Thought, 2018.
3 Ilyichev V.A., Emelyanov S.G., Kolchunov V.I., Bakaeva N.V. Innovative technologies in urban construction. Biosphere
compatibility and human potential : textbook. Moscow, Publishing house ASV, 2019; 208.

4 Slesarev M.Y., Telichenko V.I. Environmental safety of construction and urban economy : textbook. Moscow, MISI-MGSU
Publishing House, 2020; 103.

5 Krasnoschekova N.S. Formation of natural framework in general plans of cities : textbook for universities, specialty
“Architecture”’. Moscow, Editor-in-Chief Architectura-S Publisher, 2010; 184.

¢ Guide to identifying priority areas for urban development using the urban environmental quality index. URL: https:/
minstroyrf.gov.ru/upload/iblock/133/rukovodstvo_index compressed.pdf

164



Management of urban public green spaces P. 152-173

in assessing their effectiveness in the urban environ-
mental quality index system:

* cutting down green spaces and developing green
areas;

* lack of compensatory landscaping;

» the lack of practice in current urban planning con-
ditions for the creation of new public green spaces;

* low pedestrian connectivity of green areas with
surrounding residential areas;

* lack of a unified concept of development, style
and image in green spaces, low eventfulness;

* unsafe green spaces;

« difficulty of walking within green areas, lack
of navigation;

* lack of or poor quality of infrastructure in the area
and inadequate quality of amenities;

* the lack of functional lighting;

 the poor condition of landscaping elements
and poor maintenance of plants, poor growth control,
and the use of plant species not adapted to the climate
and the use of coniferous plants in polluted areas;

« the use of plants that are allergens;

* lack of plant species diversity;

* the predominance of annual plant species;

* soil salinisation.

The set of measures recommended in the Guide to
improve urban public green spaces include:

1) improvement of existing green spaces and identifi-
cation of the potential for the creation of new ones;

2) ensuring the aviability and connectivity of urban
green spaces;

3) creating microclimatic comfort in green areas;

4) improving the activities carried out in the life-
cycle stages of green spaces;

5) ensuring safe use of the areas;

6) creating opportunities for various types
of recreation, including increasing the eventuality
of the use of green spaces;

7) increasing the length of time visitors spend in
green areas;

8) increasing the visibility of urban green spaces.

Thus, in all phases of the life cycle of urban green
spaces and green spaces, the training of highly qualified
workforce for both urban planning and housing and
communal services is an important factor [20].

Urban public green areas include forest, forest
park, park, square, garden, boulevard. While analyzing
the comfort level of the urban environment in relation
to the adjacent areas that are in close proximity to
the place of residence, their availability, planned
provision based on the calculation per resident,
qualitative and quantitative composition of landscaping
elements, including green spaces are assessed [21, 22],
then in relation to more remote green areas for outdoor
recreation, the researchers are interested in their availability,
comfort and travel time formed by the residents [23, 24].

Some methods of aviability evaluation can be
adapted as a tool for planning urban green spaces [25].
Although the connectivity of public green spaces in urban
environments has been analysed in numerous researches,
the aviability of green spaces to residents is still poorly
understood [26]. The effectiveness of the method often
depends on the method used to obtain the data, e.g.,
whether information can be obtained directly from
residents through sociological surveys, or indirectly
through mobile phone data analysis [27, 28]. Various
urban mobility models can be used for the analysis,
taking into account a particular mode of transport,
including the scooter and the bicycle [29].

Analogues for collecting and processing informa-
tion on the relativity of the location of forest, forest park,
park, square, garden and boulevard areas can be works
that analyze the aviability, for example, of transport in-
frastructure facilities within the city. The authors [30]
assessed the relationship between the passenger flow
of the metro and the number of residents in the walking
distance radius of metro stations retrospectively using
the regression analysis method, taking as the dependent
variable the annual passenger flow, the independent var-
iable — the residential area of buildings. A promising
method to identify areas outside the walking distance
radius is the usage of spatial data analysis implemented
in geographic information systems [31].

The manifestation of self-organization processes
of urban geosystems is closely related to the structuring
of information [3]. The development of the information
society makes the knowledge of market economy
participants a key factor of consumption, as their
knowledge is the basis for decision-making [32].
The growing amount of information demonstrates
the relevance of knowledge management [32]. The basic
requirements for ontology, some existing ontologies, as
well as primary results of conceptualization of consumer
knowledge ontology are described in [32].

The application of advanced digital advances,
including neural networks and artificial intelligence,
wireless communication technologies, digital twins,
virtual and augmented reality technologies, opens
up new possibilities in urban planning and urban
management. The effect of digitalisation is the inclusion
of urban areas, including the natural and recreational
framework, in the digital information space of the city
to ensure its transparency for all stakeholders [33].

The central part of any intelligent system is
the knowledge base’. Therefore, it seems relevant
to consider aspects of knowledge extraction and
structuring methodology in an urban public green
space management system. The knowledge base should
contain the necessary information about the subject area
(SA) and how to solve its specific tasks [34]. The main
problems of a knowledge-based system are [34]:

» How do you get the knowledge you need?

" D.A. Pospelov. Situational management: theory and practice. Moscow, Nauka, 1986; 288.

165

(L6) L NSSI'EL IO agponisieg



Science :ﬁlt:lnftll::glii':::l: Vol. 13.Issue 1(47)

Olga N. D’yachkova, Alexander E. Mikhailov

» How to shape the subiect area model?

* How to maintain the subject area model while
the system is operating?

For the sustainable development of modern cities
it is urgent to solve the problem of providing com-
fortable living conditions and improving the quality
of life of citizens. As a system in this paper we consid-
er the current urban situation in terms of the provision
of urban residents with public green areas, as well as
the demand for these areas of the citizens. On a par-
ticular territory of the city the situation under study
may change over time, the changes may be associated
with both the improvement of urban planning require-

ments, regulations and organised and/or self-organised
development of the area.

The direction of the research is to develop
a scientific basis for information support of urban
planning and monitoring of the quality of the urban
environment, identifying and analysing various trends
and forecasting possible developments.

The aim of the study is to develop a taxonomy
of urban public green spaces to generate knowledge
from subject matter experts through interaction
with an analyst, and to collect, evaluate and analyse
the parameters and properties of system elements.
The objectives of the study are summarised in Fig. 1.

Research objectives

Phases of working with knowledge

Knowledge

* To analyze legal and regulatory
urban planning documentation,
statistical and analytical reports
on the improvement of Russian
cities, scientific publications.

* To analyze the existing methods
for assessing the recreational
load on urban public green
spaces.

* To analyze the existing models

Knowledge framework

* To form the general foundations
of the approach to design
a model for the functioning
of urban public green spaces.

*Describe the elements of
the model that characterize
the urban public green spaces,
are subject to monitoring,
allow you to track positive and
negative changes in the urban

>

Knowledge base

* Select a programming language

and methods for obtaining
the values of their parameters

arca

Extraction

%

Structuring

Formalization I‘

The sequence of actions implemented in the process of working with knowledge

Fig. 1. The basic steps of knowledge processing when modelling an urban situation (authors’ scheme)

MATERIALS AND METHODS

Legal and regulatory urban planning documentation,
statistical and analytical reports on the improvement
of Russian cities, available on the Internet; scientific
publications are analysed. Textual methods of knowledge
extraction are applied.

Knowledge Engineering?® is the science of methods
and technologies for obtaining, structuring and
formalizing knowledge for effective management
and development of intelligent systems. Knowledge
Engineering was born as a science in 1976.
The relevance today is due to the unprecedented

growth of information volumes and the need for its
compression, as well as the need to solve the problem
of preservation of intellectual capital.

The information consists of:

» data — facts describing individual properties
of objects, processes, phenomena;

* documents (content) — unstructured information
(reports, charts, photos);

» knowledge — patterns derived from practice and
linking data.

Knowledge’ is a body of information that forms
a coherent description that corresponds to some level

8 Gavrilova T.A., Kudryavtsev D.V., Muromtsev D.I. Knowledge engineering. Models and Methods : a textbook. Saint

Petersburg, Lan’ Publishing House, 2016; 324.

® Averkin A.N., Gaase-Rapoport M.G., Pospelov D.A. All-Russian Public Organization “Russian Association of Artificial
Intelligence” : Dictionary of Artificial Intelligence. URL: https://raai.space/pages/UGFnZVR5cGU6MTAwWMw==#L183
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of awareness of the issue, subject, problem being
described, etc.

Subject knowledge’ — a set of information
about the subject field stored in the knowledge base
of the intelligent system. Subject knowledge includes
facts related to the subject area, regularities which are
specific to it, hypotheses about the possible relationships
between the phenomena, processes occurring in it,
the accumulated factual base, procedures for solving
typical problems in this problem area. Subject knowledge
is introduced into the knowledge base by a knowledge
engineer. During the functioning of the intelligent
system subject knowledge can be supplemented. Subject
knowledge is used in search of solutions of problems
arising in expert and other intelligent systems.

RESEARCH RESULTS

Urban public green spaces are complex non-
linear systems whose elements not only have
properties with defined parameters, but also emergent
ones.

// . \\\ a kind of
( Territory /I(_

is a part

Fig. 2 highlights the main concepts — the basic
concepts of the subject area under study and draws
connections between the concepts — generic, functional
and attributive. Since the authors carried out their research
in St. Petersburg, the scheme presented in Fig. 2 reflects
the situation typical for the city. Relations in the sphere
of administrative-territorial structure of St. Petersburg
and territorial organization of local government in
the city are regulated by St. Petersburg Law No. 411-
68 “On the Territorial Structure of St. Petersburg”,
according to which the city territory is delimited into
districts, and the territory of a municipal entity must be
fully included in the district territory. It should be noted
that for a different locality, terminology will need to be
clarified as the local legislative framework may differ in
the regions.

The urban dweller in our case is studied as
a visitor to a public green space, who prefers
one or another place (location) in the city to
stay outdoors. According to the authors, when
constructing the model, it is important to distinguish

is a part

District Municipality

|

located in
Forest
f \ Forest park Landscape
//// \\\\ )
/ \ a kind of has .
[ Location J<— has the > Park e e Landscaping
AN 4 Accessible property ¢ meaning
T - public green
Space Square Urban situation
Q Garden
visits Boulevard
Age
//// \\\\ .
/ . \ a kind of
( Visitor l— Ufban has the N Gender
. S resident property

located in

Place of residence

Visit purpose

Fig. 2. Concept map of allocation for knowledge (authors’ scheme)
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between the locations of the public green space and
the visitor’s place of residence.

The recreational load on a public green space
can be created by residents of nearby districts (one
or more municipalities). A public green space can be
located in one or more districts (municipalities).

It can be assumed that the recreational load
on public green spaces located within the boundaries
of an urban district and municipality does not
always correlate with the population size of these
administrative-territorial units [23]. It is advisable to
consider the situation with the potential recreational
load on a particular green area only from the city
residents and separately take into account the load
from the city guests [24].

The projected taxonomy of knowledge about
urban public green spaces from the perspective
of analysing the potential recreational load from
the population of the surrounding residential areas
consists of two classes, each with two subclasses
with characteristic properties (Fig. 3): A. Territory:
Al. The value of the area, 42. Attendance style;
B. Visitor: B1. Characteristics of the visitor, B2.
Comfort of visiting the area.

Since the classes themselves do not provide
enough information to answer the competence test
questions, after defining their number, let us describe
the internal structure of the concepts (Table 1).

Level A1 is represented by a set of 10 variables
(ORH’ LCl.z’ Hcl.s’ LN1A4’ WOLS’ GTI.G’ AV1.7’
GS, ., LG, ,, EX, ), each of which can take one
of the possible values, for example, for variable OR |

the values NT, | , N4, | ,, AN, | ,, for variable LC , —
GR].Z.I’ BS].Z.Z’ ete.

Level A2 is represented by a set of 4 variables
(ND, , I4,,, TM, ,, T4, ), each of which can take
Knowledge
Class

A
Subclass Al A2
Property
Option

one of the possible values, e.g. for variable ND,
the possible values are RC, | |, TR, |, etc.

Level Bl is represented by a set of 6 variables
(RV,,,GD,,,AG,,, CT, ,, MB, ,, PR, ), each of which
can take one of the possible values, for example for
variable RV, | possible values are PR ST, ., PT, 5
etc.

Level B2 is represented by a set of 7 variables
(ss,,,.Dw,,, Tl ., WR,,, WV, , WT, ., SC, ), each
of which can take one of the possible values, for
example, for variable SS, | possible values are W1, , |,
SP441.2’ SU4.1.3’ AU4.1.4’ ete.

The description of the requirements for a taxo-
nomy includes the identification of its potential users
and usage scenarios [35] (Table 2).

Depending on the user and the tasks to be
performed, the algorithm for applying the taxonomy
may vary. In its most general form, the user can
conduct a knowledge audit of urban public green
spaces by answering questions that can be formulated
both in the present and future, if necessary. The list
of questions is determined by the user’s objectives
and can be refined, taking into account the degree
of relevance.

A sample list of questions for a knowledge audit:

1. Impact on urban public green spaces.

Knowledge that government/local government/
visitors should have in order to preserve and
sustainably develop urban green spaces (current/
future)?

Response options: sufficient (+), insufficient (-),
none (0).

2. Impact on the visitor of the public green space.

Knowledge that public authorities/local
government/visitors should have in order to provide
an effective urban environment with public urban
green spaces (now/in the future)?

3.1.17

U

B1 B2

Fig. 3. Taxonomy of knowledge about accessible public green spaces in city (authors’ scheme)
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Table 1. Taxonomy levels

Property Option
Al. Value of territory
NT, |, Natural
OR,, | Origin N4, ,, | Natural-anthropogenic
AN, |, Anthropogenic
. GR,,, | On the ground
LC,, | Location = —
' BS ,, On building structures
NW, ., | New
HC, , | History of creation AR ,, | After reconstruction
AR, After restoration
FL ,, Flat
LN,, | Landscape MO, ,, | Mountain
FD,,, | Floodplain
RI River
WO, , | Water object RE ., | Reservoir
WF, ., | Without water features
AR Area
LN, Length
GT,, | Geometry — - £
' WD, ,, | Width
CF .., Configuration
L IC, Internal connectivity
AV, | Availability m —
EC,,, | External compatibility
TS, ., Type of format structure
GS,, | Green spaces = —
CG,,, | Composition of green spaces
EP Equipped playgrounds
WCI 9.2 WC
LG,, | Landscaping BS,, Boat station
EN,,, | Entertainment
OT,,, | Other
GS, .. | Green spaces
EX, ,, | Exploitation El s Elements of infrastructure
WS, | Waste
A2. Attendance style
RC, | Recreation
ND,, | Need = .
: TR, , Transit
. ) o AR, | Active recreation
4,, Intensity of leisure activities = - -
: PR,,, Passive recreation
. OF,,, | On foot
T™,, | Type of mobility = - -
WE,,, | With sports equipment
SA4,,, Sports activities
OR,,, | Quietrest for adults
CG,,, | Children games
I4,, Type of leisure activities MP,,, | For many people
WP, | Walking pets
CE,,, | Cultural and educational
TH,,, Other
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End of the Table 1
Property Option
BI. Characteristic of visitor
PR, | Permanence
Regularity of visits to = .
RV, the territory ST, Situational
PT, | Potential
MN,, Man
GD,, | Gender =
’ WN,,, | Woman
CH,,, | Children
TR Teenagers
AG,, | Age 32 £
' GM,,, | Adults
AP, Older people
LN, ,, Lonely man
CT,, | Category GP,,, | A group of people
PC,,, Parents with children
LT,,, No limits
MB, ; | Mobility LM, ,, | Low mobility
IN, Disabled people
LA Law-abidin
PR, | Person - . 2
’ CR,,, Criminal
B2. Comfort of visiting the territory
/4 Winter
SP Sprin,
SS, | Season 112 pe
: SU, Summer
AU, , Autumn
EY, Everyda
DW,, | Day of the week 2 ey
' WD,,, | Weekend
MG,,, | Morning
DY, Da
TI,, | Time 432 Y .
: EG,,, Evening
NT,,, | Night
AT, , Air temperature
RH,,, | Relative humidity
WR,, | Weather comfort = -
i WS, ., Wind speed
PR,,, Precipitation
. o . MY, Momentary
WV, | Time of visit to the territory = -
: LT,,, Long time
RE, | Route
WT,, | Way to territory 17,,, Travel time
c,,, Travel comfort
WY, Wa
SC,, | Security — y
i TY,,, Territory

Response options: sufficient (+), insufficient (-),

none (0).

3. Existing knowledge about public green space.

What do government officials/local authorities/
visitors know about urban public green spaces
(history of creation/stages of development/current)?

170

Response options: know (+), do not know (-),
knowledge is mixed (+/-).

Answers to these questions can be obtained
by involving experts. Some changes in knowledge
are predictable and related to the development
of the urban environment [1, 2, 36].
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Table 2. Taxonomy users and tasks they solve

Users

Tasks

1. Production activities

1.1. State authority/

Safety/Creating urban public green spaces

local self-government of

Projects for the landscaping of urban public green spaces

the constituent entity of

Interaction with visitors to urban public green spaces

the Russian Federation

Educational and outreach activities among the population

green spaces

Development of an ontology to create an intelligent management system for urban public

1.2. Developer of IT
solutions

Development of a system for formalizing knowledge about urban public green spaces

Development of a knowledge management system for urban public green spaces and
implementation in the urban management system

2. Research activities

Systematization of existing researches on the urban environment in part of social and
environmental comfort of the population

2.1. Explorer

Integration of knowledge about urban public green spaces in solving the problem of designing
intelligent urban management systems

Systematic assessment and comparative analysis of the provision of the urban population/city
territories of urban public green spaces

3. Educational and methodological activities

3.1. Teacher

CONCLUSION AND DISCUSSION

The scope of the survey was the perception
of knowledge about the urban public green space
(forest, forest park, park, square, garden, boulevard)
and the visitor who prefers it for outdoor walks.
Representatives of state authorities, local government,
academia, residents and visitors to the city, and
visitors to public green spaces can be invited to
participate in the survey as experts.

The sequence of taxonomy development in most
existing methodologies includes the following stages:
specification of taxonomy requirements, analysis
of knowledge reuse options, conceptualization and
formalization, software implementation, testing and
validation. This article explains part of the elements
of the urban public green space management
concept: 1st stage — conceptualization of knowledge

Development of academic disciplines

distribution, 2nd stage — development of knowledge
taxonomy, 3rd stage — description of potential users
of the taxonomy and scenarios of its use.

Users of the taxonomy will be able to analyse
the current urban situation as well as forecast its
development.

The authors believe that the answers to
the questions posed and implemented in the proposed
layout may be indicative of the level of self-
organisation of society.

The result of the data set and structuring is planned
for usage in the collection of information for calculating
the index of attraction of urban public green spaces and
the recreational load on them. According to the authors,
the properties and parameters in the proposed set are
to be considered in order to track the development
of positive and negative changes in urban areas.
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