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BECTHUK™

Hay4Ho-TexHWU4ecKkuin )ypHan no CTPOUTENbCTBY U apXUTeKType

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

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

MIPUSATHN CTPOUTEILHON OTPAciy, PEEH3MH Ha aKTyabHbIC ITyOIMKAIIIH

TemaTtu4yeckne pyopuku

* ApPXHTEKTypa U rpaJloCTPOUTEIBCTBO. PEKOHCTPYKINS M pecTaBpanus

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

* CTpouTenpHOE MaTepuanoBeIeHIE

* be30macHOCTb CTPOUTENBCTBA U TOPOJICKOTO XO35HCTBA

* 'unpasnuka. ['eorexuuka. [MapoTeXHUUECKOE CTPOUTEIHCTBO

* lHKeHepHBIE CUCTEMBI B CTPOUTENILCTBE

* TeXHOIOTHS 1 OpraHu3anys CTPOUTENILCTBA. DKOHOMHKA M YIIPABICHHE B CTPOUTEIILCTBE
*» Kparkue coobmenns. luckyccnn u penensznu. Mudopmarys
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Mo yxa3aHHBIM CHELUATBLHOCTSIM XKypHaI BKIIIoYeH B [lepeueHb pelieH3upyeMbIX HayuHbIX U3/IaHUil, B KOTOPBIX JOJKHBI OBITH
0Iy0OIMKOBaHbI OCHOBHBIE PE3YJIBTaThl JUCCEPTALUIA HA COUCKAHUE YUEHO CTeNeH! KaHMaTa HayK, Ha COMCKaHUE YYEHOW CTEeIIeH!
JOKTOpa HayK. K PacCMOTPECHUIO U ny6n141<au1/11/1 B OCHOBHBIX TEMAaTUYCCKUX pasaeiiax XypHaljla IPUHUMAIOTCSA aHAJIUTUYCCKHUE Ma-
TepHUaIbl, HAyYHbIE CTaThbH, 0030PbI, PEIICH3NH ¥ OT3bIBBI HA HAyYHbIC ITyOIMKALMHY 110 (QyHAaMEHTAIBHBIM U IPHUKJIaHBIM BOIIPOCAM
CTPOUTEINILCTBA M APXUTEKTYPBI.

Bce noctynaronye Marepuabl IpoXo/sIT HayYHOE PelieH3UpoBaHue (OJHOCTOPOHHEE CIIENOE) ¢ yHaCTHEM PEICOBETA U MPHBIICUE-
HHUEM BHEIIHUX KCIIEPTOB — aKTHBHO ITyOJIMKYIOIINXCS] aBTOPUTETHBIX CIEIMAIUCTOB 110 COOTBETCTBYIOIIUM IIPEAMETHBIM 00JIacTsIM.

Kormu peneH3nii Wi MOTHBUPOBAHHBIHN OTKa3 B ITyOIMKAINK TIPEIOCTABIISIOTCS aBTopaM 1 B MuHOOpHaykn Poccuu (110 3ampocy).
PernieH3uu XpaHsTCs B pSIaKIMU B TCUCHHUE 5 JIET.

PenakionHasi nmonuTuka jxypHaia 0asupyeTcss Ha OCHOBHBIX IMOJOXKEHMSX JEHCTBYIOLIEIO0 POCCHICKOTO 3aKOHOAATENIbCTBA
B OTHOILICHUU aBTOPCKOTO IpaBa, IIaruaTa U KJICBEThl, U THYCCKUX IPHHIHIAX, TOJJICPKUBACMBIX MEXIYHAPOIHBIM COOOIIECTBOM
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AHaJIU3 NPUMEHEHHS] HOBBIX TEXHOJIOIMHA U MATEPHAJIOB
Ha CKOPOCTHOM MarucTpaau M-12

Caetriiana BsauecsiaposHa IlpuBe3enuneBa, Asekcanap ®egoposuy HBanos
Hayuonanenuiii uccnedosamenvexuii Mocko8cKutl 20Cy0apcmeertbitl CImpoumebHbill YHUepcumen
(HUY MI'CY); e. Mockea, Poccus

AHHOTALUMA

BBeneHwue. NMpoaHanusmpoBaHa 3HAYMMOCTb CTPOSILLENCS CKOPOCTHOM Marnctpanu M-12 B kayecTBe MexayHapOAHOro
TpaHCMoOpTHOro mapLupyta. OTMedeHa LenecoobpasHOCTb peanuaaummn NpoekTa UCXoAa U3 uHTepecos Poccun.
MaTtepuanbl U metoabl. PaccMOTpeHbl KOHCTPYKTUBHbIE peLUeHus mnpoesxen vactum Ha Tpacce M-12. lNpuBeaeHbl
maTtepuanbl AN KaXOoro KOHCTPYKTUBHOTO M (PYHKLMOHANbHOrO Crosi AOPOXHOW OAeXAbl; KpaTkuii o630p onbiTa
npuMeHeHus acganbTobeToHa, 3anpoekTupoBaHHoro no metogy Cynepneris 3a pybexxom n B Poccun. MNoctasneH Bonpoc
0 Hea(P(EKTVBHOM PaCMONOXKEHUN AOPOrMX MO COCTaBY U CIOXHbIX MO TEXHOMOMMU MPOEKTUPOBAHUS CIIOEB U3 HOBOMO
acanbTo6eToOHa BHYTPU, @ HE B MOKPLITUM KOHCTPYKLMWN JOPOXKHOW 04eXabl Ha CKOPOCTHOW Maructpanu M-12.
Pe3ynbTaTbl. [lokasaHbl npeumyliectBa M HegocTatkm TexHonorum CynepneriB. [MpoaHanuavpoBaHbl O0COGEHHOCTU
nopbopa 6utymHoro BskyLero. MNpeacraBneHbl OpraHM3auUyoHHble, KOHCTPYKTUBHbIE, MaTepuarnbHble U TEXHONOrm4eckue
MeponpuATUS ANA  peanu3aumy NPOEKTHOro rpaHyroMeTPpUYecKoro cocTtaBa MWHEparibHOW YacTu B TEeXHOMoruv
accanbTobeToHa no metoany CynepnenB. MNprBeaeHa apryMeHTUpPOBaHHas KpUTUKa NPUMEHEHUS HOBOTO Buaa GUTyMHOro
BSIKYLLLErO 1 rpaHynioMeTpmnyeckoro coctaBa accanstobetoHa no metoay Cynepnens.

BbiBogbl. OTMeuYeHa HeOOXOOUMOCTb AarnbHENLEero U3ydYeHust 1 pasBuTUa TexHomnorum acdanbtobeToHa no metody
CynepneiB n matepuanoB c fdobaBkamu cBepxabcopbupyrollero nonuMepa Ans UX 3HEKTUBHOTO MNMPUMEHEHNS.
O603Ha4eHbl Bonpockl obecneveHunst yaoboyknaabiBaeMoCcTu MaTepraros C NONMMMEpPHbIMU Job6aBKkamu U perynmpoBaHums
UX NPUMEHEHUSI CTaHdapTaMu.

KNOYEBBIE CIIOBA: ckopocTHast maructpanb M-12, gopoxHas ogexaa, acdanbtobeTtoH no metopy Cynepnens,
cBepxabcopbupytowmini nonumep, BUTyMHoe BsiXkyLllee, rpaHynoMeTpUYeckuii coctas, 3pdeKTUBHOCTb

bnazodapHocmu. ABTOpbI BbipaxatoT brarogapHOCTb aHOHUMHBIM peLieH3eHTam, kadeape rpagoctpoutenscrea u HAY MICY.

ONA UMTUPOBAHWUA: MNpuseseHyesa C.B., leaHos A.®. AHanu3 npuMeHeHUst HOBbIX TEXHOSOTUN 1 MaTepranoB Ha CKOPOCTHOM
maructpanu M-12 // BectHuk MICY. 2023. T. 18. Bein. 8. C. 1179-1185. DOI: 10.22227/1997-0935.2023.8.1179-1185

Aemop, omeemcmeeHHbIl 3a nepenucky: CBeTnaHa BsuecnaeosHa MpuBeseHueBa, PrivezentsevaSV@mgsu.ru.

Application of new technologies and materials on the M-12
motorway

Svetlana V. Privezentseva, Alexandr F. Ivanov

Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. The significance of the M-12 motorway under construction as an international transport route is analyzed.
The expediency of the project implementation based on the interests of Russia is noted.

Materials and methods. Structural solutions for the roadway on the M-12 motorway were considered. Materials for each
structural and functional layer of the roadway are given. A brief review of the experience of using asphalt concrete designed
using the Superpave method abroad and in Russia is provided. The question of inefficient arrangement of expensive by
composition and complicated by design technology layers of new asphalt concrete inside rather than in the cover of the
pavement structure on the M-12 motorway is raised.

Results. Advantages and disadvantages of the Superpave technology are shown. The peculiarities of bituminous bind-
er selection are analyzed. Organizational, constructive, material and technological measures for the implementation of
the design granulometric composition of the mineral part in the technology of asphalt concrete by the Superpave method
are presented. The reasoned criticism of application of a new type of bituminous binder and granulometric composition
of asphalt concrete according to the Superpave method is given.

Conclusions. The necessity of further study and development of the technology of asphalt concrete by the Superpave
method and materials with superabsorbent polymer additives for their effective application is noted. The issues of ensuring
workability of materials with polymer additives and regulation of their application by standards are outlined.
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BBEJEHUE

YpOBeHb pa3BUTHS TPAHCIOPTHOW MH(DPACTPYK-
TypBl ompeaenseT >PQGEeKTHBHOCTh pPEIICHUS 3a1ad
YCTOWYMBOTO 3KOHOMHYECKOTO POCTa, MOBBIMICHUS
KOHKYPEHTOCIOCOOHOCTH OTE€UECTBEHHON MPOTYKIIUH,
YKpeTUIeHNs HAIMOHAIBHON 0€3011aCHOCTH TOCYJapCTBa.

B Hacrosmiee Bpemst B Poccun HabOmonaeTcst TeH-
JICHITUSL POCTAa HECOOTBETCTBHS MEXJY COCTOSHHEM
U Pa3BUTHEM JIOPOKHOW MHPPACTPYKTYPHI U CIIPOCOM
Ha aBTOMOOMIIbHBIE TTepeBo3KH. [1o olieHkam crienuam-
CTOB, CErOJHsI O0JIee MOJIOBHHBI CETH (eIepaTIbHBIX J0-
pOr CTpaHbl HE COOTBETCTBYIOT HOPMAaTHBHBIM TPe0O-
BaHUSM U JKCIUTyaTUPYIOTCS Ha MpeJelie MPOmyCKHON
BO3MOXXHOCTH JIN0O B pexxume neperpysku. [1o atum
MpUYMHAM CyMMAapHbIE JOMOJIHUTENIbHbIE U3IEPKKU
nocturaior B Poccun 1,5-2 % BBII B rox.

[ToBplIeHHE AONTOBEYHOCTH ac(hanbTOOCTOHHBIX
MOKPBITUH B Pa3IUYHBIX YCIOBHUSAX IKCIUTyaTallud —
OJlHA U3 CIIOKHEHIINX MPOoOJieM JOPONKHOTO CTPOH-
TenbcTBa. [103TOMYy HCciaenoBaHUs B HaIlpaBICHUU
JIAIbHEHIIIET0 COBEPLICHCTBOBAHUS ac(aibToOeToHa
1 pa3paboTKa HOBBIX METOIOB MPOESKTUPOBAHHUS ITPOBO-
JIATCST BO MHOTHX CTpaHax.

AXTyaJIbHBIM BOIIPOCOM IPH CTPOUTENBCTBE 10POT
SIBIISICTCS] HA3HAUCHUE KOHCTPYKIMHU JIOPOKHON OZIEKIbI
HEOOXOMMOH MPOYHOCTH U I0JATOBEYHOCTH C TIPHMEHE-
HHMEM COBPEMEHHBIX MaTE€PUaJIOB U TEXHOJIOTHH.

e HacTosMICH PabOTHI — aHAIH3 IIeTIeco00pas-
HOCTH ¥ 3 (PEKTHBHOCTH PHUMEHEHHUSI HOBBIX MaTepH-
AJIOB U TEXHOJIOTHH Ha CKOPOCTHOM Maructpami M-12.

Crposasicss ckopoctHasi Marucrpaib M-12 Mo-
ckBa — Hmwxuuit Horoposn — Kazanb, BBOJ KOTOpO# B 3KC-
IIyaTalMio 3amianuposad Ha 2024 1., cTaHET 4acThbio
MEKTyHapOTHOTO TpaHCHOPTHOTO MapuipyTa EBpoma —
3ananueii Kurail. Ee npotskeHHOCTB cocTaBUT 810 KM.

JopoxHas onexna, paspaboTaHHast aKIIMOHEPHBIM
obmectBoM «MHCTUTYT “CTPOHUIIPOEKT», COTEPIKUT
CIEAYIOIHNE KOHCTPYKTUBHBIE CIIOU:

* JONOJHUTEIbHBIN CII0OM OCHOBAHUS M3 YKpe-
IJIEHHOTO TPyHTa 3€MJISIHOTO MOJIOTHA KOMITJIEKCHBIM
BSDKYIIIM Ha OCHOBE M3BeCTH Ha 1yOuny 30 cMm;

* HIDKHMI CJII0M OCHOBaHMSI U3 ONITUMAJIbHOW CMe-
cu u3 nutakoB C1 ¢ MakcUMalnbHOM KPYIMTHOCTHIO 3€pPEeH
110 70 mMm 1o I'OCT 3344-83 tonmuuoi 22 cM;

* CpEeAHUi CIIOM OCHOBAHUS U3 ONITUMAJILHON CMECH
W3 aKTHBHBIX NUTakoB C4 ¢ MaKCHMalIbHON KPYITHOCTBIO
3epeH 110 40 mm o ['OCT 3344-83 TomuuHon 18 cMm;

* BEPXHMH CIIOM OCHOBaHWMS U3 Topstieii acaasrode-
TorHOH cMecu SP-323 mo 'OCT P 58401.1-2019 na 6u-
TymMHOM BspKyiieM PG 64-28 o 'OCT P 58400.1-2019
tonuHOU 10 cm;

° HIKHHH CITOM MOKPBITHSI M3 Topstyeii achansrode-
ToHHOU cMecu SP-229 o OCT P 58401.1-2019 na 6u-
TymMHOM BspkymieM PG 64-28 mo 'OCT P 58400.1-2019
TOJIILMHOMN 8§ CM;

* BEPXHHH CJION MMOKPHITHS U3 TOPSIETo MIeOeHOY-
HO-MacTHyHOTO acdanproderona SMA-16 mo TOCT P
58401.2-2019 ma 6utymHOM BsikymeMm PG70-28
no I'OCT P 58400.1-2019 toammHO¥M 5 cMm.

MATEPUAJIBI U METO/bI

OOBeKT uccneIoBaHns — J0POKHAS OJIEkK/1a U Ma-
TepHaJIbl JUI HOKPHITHI U BEPXHHX CII0EB OCHOBAHHA.

Jist penieHus TOCTaBICHHON €N TPUMEHWIH
METOJl aHaJIM3a U 0000IEHUS TaHHBIX CHEIHalIbHON
JIUTEPATyPHI.

YuuThIBast 0OJBLIYIO MPOTSHKEHHOCTD M CTPATETH-
YeCKOEe 3HAYCHUE CTPOSILIEHCS] CKOPOCTHOW MarucTpaiu
M-12, paccMOTpHM KOHCTPYKIIHIO HauOoJee BaKHOTO
U JIOPOTOTO JIEMEHTA JOPOTH — JIOPOKHOM OFEHKIBI,
OIpeneAoNlell B 3HAYUTEIbHON CTENEHU JOJITOBpPE-
MEHHYIO IIPOBO3HYIO CHOCOOHOCTbH JOPOTH.

[TonpoOHEe OCTaHOBUMCS Ha CIOSAX AOPOKHOU
OJICXK/IbI, YCTPOCHHBIX 1O TexHojornn Cyrnepneis.
CymnepmeiiB (Superpave miu Superior Performance
Pavements) siBasieTcsl NPUHIMIUAIBHO OTIUYHBIM
OT TPaJIMIIMOHHBIX CIIOCOOOB METOJIOM MPOEKTUPOBA-
HHSI COCTABOB ac(asbTOOCTOHHBIX CMECeit IS J0pOXK-
HBIX HOKpI)ITI/Iﬁ C NOBBINICHHBIMU TPAaHCHOPTHO-OKC-
IUTyaTalMoOHHBIME XapaktepucTukamu' [1].

Jannas texHonorusi Obita papaborana B CIIA
0 pe3yJbTaTaM MHOTOJIETHUX MCCIIEIOBAaHHM, HAllpaB-
JICHHBIX Ha YBCJIHMYCHUEC MPOAOJIKUTCIIBHOCTU CIIYXK-
051 ac(hanbTOOETOHHBIX TTOKPBITHH. AKIIEHT AelaeTcs
Ha 0oJiee MOJHBIM y4eT KIMMaTHYeCKUX YCIOBHH IKC-
IUTyaTaluy aBTOMOOHMIIBHOM JOPOTH, a TAKKe IePCHeK-
TUBHOW MHTEHCHUBHOCTH M COCTaBa JABIKEHUSI. MeTot
CynepreifB mo3BOISIET MOTYUUTh MTOKPHITHE, YCTOM-

! Topsiume achanbTOBBIE CMECH, MATEPHAITBI, TOAOOP COCTABOB CMECEH U CTPOMTENBCTBO ABTOMOOHIIBHBIX JIOPOT B CEBEPHOIT

Awmepuxke. [lepenosoit 3apy0Oexuslil onbiT. HanmmoHansHbIi 1IeHTp 0 acdanbToBoii TexHonorun (NAPA), TpeTse u3nanue,

«Pocasromop», 2009. 411 c.
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4HBOE K 00pa30BaHMIO KOJIEH, HU3KOTEMIIEpaTypHOU
CETKU TPEIIMH U MOCIEAYIOIEMY YCTaIOCTHOMY pa3-
pymreruto [2, 3].

Cucrema CynepreiiB 0osiee 20 JeT IpUMEHSIETCS
C MOJIOXKUTENbHBIMU pesynabratamu B CIIIA u mHOrHX
crpanax EBpomsr [4]. C HemaBHEro BpeMeHH TaHHAs
TEXHOJIOTHS Haualla BHEIPAThCS u B Poccum [5, 6].
B nameii crpane k rexHosnoruu CynepneiB cpenu cre-
IIUAJIFCTOB 110 TEXHOJIOTUH CTPONUTEIBHBIX MaTEpHaiOB
OTHOILIEHHE HEOIHO3HAYHOE, €CTh CTOPOHHHUKH H IPO-
TUBHUKH [6, 7].

IIpencraBnsieTcsi KOHCTPYKTUBHBIM H II€J1€CO00-
Pa3HBIM PacCMOTPETH JTOBOABI CIIEIUATHCTOB, OTHOCS-
HIUXCA ¢ OCTOPOXKHOCTBIO K HOBOH TEXHOJIOTHH.

Ilo mpuBeaeHHOM BbIlIE KOHCTPYKLUHU JOPOKHOMN
OJISK/IBI HA CKOPOCTHOM aBTOMOOMIBHON gopore M-12
Mocxksa — Huwxnauit Hosropon — Kazanb Bo3HuKaeT BOII-
poc: modyemy aBa ciosi acarbToOeTOHA IO METOIY
CynepneiB pacronoXeHbl BHYTPU JOPOKHOM OFex-
Jbl. C y4eTOM yIydIIEHHBIX CBOWCTB, 3adBIISIEMBIX
CTOPOHHHKAMH HOBOW TEXHOJIOTHH, JIOTHYHEE OBIIO
OBl Pa3MECTUTh ATH CIIOM Ha MIOBEPXHOCTH IPOE3Ken
yactu. Kosnes mimactuaHocTH (TemneparypHast) oopasy-
eTCsl, MPEX/Ie BCETO M IIaBHBIM 00pa3oM, Ha MOKPHI-
THH, @ HE B OCHOBaHMU. Kpome 3Toro, mpeiokeHHOoe
AO «MucTuTYyT “CTpOHIPOEKT» KOHCTPYKTUBHOE pe-
IIEHNE HE CONIACYETCsI C YCTAHOBUBILIMMCS MPUHIIUIIOM
KOHCTPYHPOBAHUS JOPOKHON OJIEK/BI: C yUETOM 3aTy-
Xalolero XapakTepa AMIopbl HANPsDKeHUH 10 TTyOuHe
CIIeyeT MPUMEHSTh B HIKEIECKAIINX CIIOSIX MaTepH-
aJbl MeHee Je(DUIUTHBIC, IPOYHbIE U MEHEE IOPOrHe,
9YeM B CIIOSX HaJl HUMH.

Ilo HamemMy MHEHHIO, Ha CKOPOCTHOM MarucTpaiu
M-12 nms yMEHBIIEHUS pa3pyLICHUH TOPOXKHOM OIeXK-
JIBI 11e51ec000pa3Ho OBIIO OBl BKIIOYHUTH B €€ KOHCTPYK-
IIUI0 MaTepHaibl, CoeprKaIIne cBepxadbcopoupyromnime
noinumepbl (SAP). SAP — HOBBIN, EPCIIEKTUBHBIN
KJIaCcC XUMHYECKHX 100aBOK, OTKPBIBAIOIINI HHBIC BO3-
MOXHOCTH B IUTaHE BIMSHUS HA CBOHCTBA MAaTEpPHAIIOB
Ha OCHOBE LIEMEHTa B CBEXEM, TBEPJCIOLIEM 1 OTBEp-
JKJAEHHOM COCTOSIHMAX. 32 TIOCJIEHHE /1BA IECATUICTUS
OpIna mpozenana OobInas ucciaenoBaTenbekas pado-
Ta, YTOOBI MMOJTOTOBUTH MOYBY U BHEJPEHUS ITOTO
JIEHCTBUTENIBHO MHOTOLIEIEBOIO areHTa B MPaKTUKY
CTPOWTENHCTBA. B 9aCTHOCTH, TPU TEXHMUECKHX KOMH-
teta RILEM: 196-ICC, 225-SAP u 260-RSC BHecnu
3HAYUTEIbHBIN BKJIaJ B COOTBETCTBYIOIIUI Mporpecc,
KOOPAMHUPYSI U O0OBEIUHSS YCUIINAS MEXTyHApPOIHBIX
9KCIEPTOB B 3TOH o6sacT. OCHOBHBIM UTOrOM pado-
161 RILEM TC 225-SAP ctan oT4er 0 BO3MOXKHOCTSIX
U TIEPCIIEKTHBAX MPAKTHIEeCKOoTo mpuMeHeHns SAP,
ony6nrkoBaHHbIi B 2012 1. DTOT BceoOBeMITIONIHIA 10-
KyMEHT OXBaTbIBaJl BCE TEMbI, OTHOCSILUECS K IPUMeE-
HeHmio SAP B kagectBe mobaBku k 6eToHy. C Tex mop
JOCTUTHYT JaJbHEMIINI Ba)KHbIM IIporpecc B IOHU-
MaHUU MEXaHU3MOB paboTsl SAP B OeToHE M BINSHUN
nmobasienus SAP Ha pa3nnunble cBoiicTBa OeToHa. Ha-
CTOSIILIASI CTAThsl IPE/ICTABIISIET OOHOBJICHHYIO HHPOP-

Manuio. SAP paccmarpuBaercs ¢ aklLIEHTOM IpUMeEHe-
HUS B TOPO)KHOM CTPOHTEIHCTBE.

PE3YJIBTATHI HCCJIEJOBAHHUA

AnHanm3 myOnukaruii o texaonoruu Cyrmepneis
MOKa3aJl, 4TO JUIs €€ pean3anii HeoOX0AUM TOYHBIN
noadop 6utymHoro Bshkyuiero no mkaie PG Grade.
Metonnka Ha3HaYEHHUS] MapKu OUTYMHOTO BSIKYIIIE-
TO OCHOBaHa Ha YCTAHOBJICHHH €r0 PEOJOTHYECKUX
CBOMCTB B KOHKPETHOM TEeMIIEpaTypHOM JHana3oHe,
OIIpe/IeIIIEMOM YCIOBUSIMH KCIUTyaTanuu. Tak Hasbl-
BaeMble (PyHIaMEHTalIbHbIE XapaKTePUCTUKU OUTYMHO-
TO BSDKYIIEro (MOIYJNb CABHTaA, (DyHKIHMS pelaKcaru,
JUHAMHUYECKast BSI3KOCTb U JIp.) PETYIUPYIOTCS CIIEIH-
AJIbHBIMU J100aBKaMU U ONPEACISIOTCS Ha CHelHalb-
HOM obopynosanuu [7]. Ilogbop GUTYMHOTO BSIXKYyIIE-
ro o mkane PG Grade, mo MHEHHIO aBTOPOB HOBOM
TEXHOJIOTHH, ITO3BOJIIET MAaKCUMAJIBHO MTPOJUINTH CPOK
CITy>KOBI TIOpOT.

Cienyer OTMETUTb, YTO TaKUe OUTYMbI IepUIUT-
HBI U CYIIECTBEHHO JI0pOXe oObIYHbIX. Kpome Toro,
CJIOXKHO TIPOKOHTPOJIMPOBATH NOAPSTYNKOB, KaKOH OH-
TyM ObUT (PaKTHYECKU MCIIOIB30BaH.

OcTaHOBHMMCS Ha KPUTEPHSIX MOAOOPA U UCIIBITA-
HHUM KaMEHHOTO MaTepHaa.

BobIIMHCTBO XapaKTepUCTHK EOHS, OIpe/IesieMbIX
o merony Cymeprneiis, ananoruunsl [OCT 8269.0-97
n 'OCT 32703-2014. 3T0 N3HOCOCTOWKOCTh; MOPO30-
CTOHKOCTB; COJEpXKaHNe JPOOICHBIX 3€PEH, MbIIEBATHIX
Y TIMHUCTBIX YaCTHLI, JICIAAHBIX U UIJIOBATBIX 3€PEH.
Ipu ucnpitanusx no merony CymnepneiiB CTOUT 00paTuTh
BHUMAaHHE Ha UCIOJIB30BaHKe Oonee y3KUX (pakuuid rpa-
HYJIOMETPHUUYECKOTO COCTaBa KAMEHHOTO Marepuaa 1 Ipu-
MEHEHHE CHUT C KBaJpaTHbIMH sueiikamu. Pazpaborunku
CyrmieprnieliB CYUTAIOT, YTO ITO JAET BO3MOXXHOCTH JIOCTHT -
HyTb OOJIee IIOTHON YITAaKOBKM MUHEPAIbHBIX MaTepPUAIIOB
B COCTaBe ac(habTOOCTOHHOW CMECH, KOTOPBI CMOXKET
OIMHAKOBO A(D(PEKTUBHO COMPOTHBIISITHCS TIIACTHYECKIM
JehopMalHsiM 1 YCTaJIOCTHBIM paspyiieHusim [8—11].

OnHako OONBIIMHCTBO MPEINPUATHH 10 MPOU3-
BOJICTBY II€OHS B HACTOsIIEE BPEMs HE pacIoyiaraior
KOMIUIEKTOM CHT M TPOXOTOB ISl TPOM3BOACTBA HYX-
HBIX (ppaKkimii KAMEHHBIX MaTepHaJIoOB JJIsl HOBOU TeX-
Hojoruu acdanproderona. I[locime mepeocHameHust
U TIepeHaa ki IPOU3BOJCTBEHHOTO MPOIIECcCa CTOH-
MOCTb TOBAapHOTO KaMHs HEM30€XXHO BO3pacTeT, 0e3
CYIIECTBEHHOI'0 IPUPOCTa Ka4eCTBa.

Tenepp mnepeitneM Ha Apyroe mnpeanpustTue
IO TIPOU3BOACTBY moryadpukara — acanbToOeTOH-
Hbli 3aBozt (AB3). [IpuBezenHble ¢ IPOOMIEHO-COPTH-
POBOYHOTO MPEAIPUATHS y3KUe (HpaKMi KaMEHHOTO
Marepuana CKIaJUpyIOTCs, a 3aTeM IePEMEIINBAOTCS
B CymmibHOM Oapabane. s pa3meneHus cMecH Ka-
MEHHBIX MaTeprajIoB Ha (GPaKIUU HEOOXOAMMBIX pa3-
MEpOB CHOBA HY)KHbI CUTA C OIPEACICHHBIM Pa3MepoM
SYEHKH, KOTOPhIE OTCYTCTBYIOT ceiiyac Ha OOJIBIINH-
ctBe AB3. K Tomy ke mpenBapuTenbHOE 00bEMHOE,
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JIOCTaTOYHO Irpy0oe A03UPOBaHUE y3KUX (HpaKIuil Ka-
MEHHOTO MaTepualia IpH Mojade B CyIIMIBHBIN Oapa-
6aH HEpeAKO MPUBOAUT K MEPEHNOTHEHHIO OJHOTO WIIN
HECKOJIbKMX PacXOAHBIX OYHKEPOB M HEJJOHAIIOIHEHHIO
JIPYTUX IOCJE «TOpsiueil» pa3srpoOXOTKH MUHEPAIbHOMI
cMmecH. B Takoil cutyaunun TouHOE COOIIOICHHE TIPO-
€KTHOW PEleNTyphI 110 IPaHyJIOMETPUIECKOMY COCTaBY
BeCbMa MpoOJIeMaTHIHO.

OcranoBumcs roipoOHee Ha 000CHOBaHUY TIPUMeE-
HeHust SAP. B obnacti xumun SAP MHOTOUMCIICHHBIE
HCCIIeIOBAHMS, CBSI3aHHBIE CO CTPOUTEIBHBIMU MaTepH-
aJlaM{ Ha OCHOBE IIEMEHTA, OBUTH OITyOJIMKOBAHBI TTOCTE
aHaJIN3a COOTBETCTBYIOIIEH TJIaBbl OTYETA O COCTOSHUU
nen B 2012 . [12], Brirouast weTsipe o630pa [13, 14].

Kak u mob6as xumudeckas nodaBka x 0etony, SAP
MMeeT OrpaHIYeHHbIH cpok XpaHeHus. TpeOyercst cTpo-
TO cOOMIOAaTh PEKOMEH/IAINH TIPOU3BOANTEINEH U T10-
CTaBILMKOB I10 YCIOBHSIM XpaHEHUs, HAIPIMEpP TEMHOE,
CyXoe IOMEIIeHNEe, KOMHATHAasl TeMIIeparypa U CpoK
TOMHOCTH. XUMHYECKHEe N3MEHEHHUS MOTYT CO BpeMe-
HEM IOBJIHMATH Ha COPOIIMOHHBIE CBOWCTBA U, CIIEI0Ba-
TEIBHO, Ha Ka4eCTBO OETOHOB, MOAH(PHUITNPOBAHHBIX
takuMm MarepuanoMm SAP [12, 13]. B oxHolt HayuHOI
CTaThe COOOIIAETCS O CPOKE TOJHOCTH HE MEHEE BOCH-
MU JIET JJISI HEKOTOPBIX cIIUThIX SAP Ha akpunaTHOM
OCHOBE, HCIONB3YEMBIX B BSDKYIIUX Marepuanax [14].

Heckonpko Hcclie0OBaHUN CBS3aNu OTACIIBbHbBIE
cunre3bl SAP 1 QyHIaMeHTaIbHbIE XUMUYECKHE aHa-
JU3bl C OPUEHTHPOBAHHBIMM Ha HKCILTyaTaI[HOHHBIC
XapaKTEepPUCTUKU TECTaMU MOIMMEpPaMHt, BKIIOYEHHBIMU
B Marepualibl Ha OCHOBE LIeMEeHTa. MHOTrOYNCICHHBIE
MyOTUKAINH PAaCKPBIBAIOT MOJIUMEPHO-XUMHUECKHE
JIeTalld, KOTOPbIE MO3BOJISIIOT MPOJBUHYTh OTHOLIECHHUS
CTPYKTypa/3(h(heKTHBHOCTh M MOJICKYJISIPHBIC MEXaHM3-
MBI pabOThI Pa3IUYHBIX MOTUMEPHBIX KOMIO3UIMH [15].

Takne moaxos! ¥ ITyOWHA IPEIOCTABICHHON MH-
(hopmarnu JarT BO3MOXKHOCTD MOHATh XMMHUYECKHE
n Gpu3nYecKkue MexaHu3Mbl padoTsl SAP u nx BiansHHIE
Ha MaKpOCKOIHMYECKHE CBOWCTBA CTPOUTEIBHBIX MaTe-
puanoB. K coxxaneHuto, B 3HAYUTEIbHOM KOJIHYECTBE
myonukanuii mo SAP B CTPOWUTENBHBIX MaTepHanax
HE COJEPIKUTCSI IOCTATOYHOH MH(OPMALINU O XUMHYE-
CKOM COCTaBE HCIIOIb3YEMBIX MOJINMEPOB.

Bo mHOrux Tpyaax QgyHaaMeHTalbHas XUMHUYe-
cKkas mpupoja ucnonszyemoro SAP onpeznensercs kak
CIIUTAasl CeTh HA OCHOBE aKpWiIaTa, MPUYEM aKpHIIOBas
KHCJIOTa M aKpHJIAaMHJI SIBJISIOTCS] HanboJiee BaKHBIMU
MOHOMEPaMH BJIOJTb OCHOBHEIX Tierieit [15].

OObIYHbIE CIIMBATENH BKIIOYAIOT OU(PYHKIIHO-
HaJIbHBIE MOHOMEPBHI, COMOINMEPU3YIOIHUECS BIOJIb
nepBUYHBIX mened [16]. dus addexTuBHOrO camo-
BOCCTAHOBJICHUS pacTpecKaBlierocsi berona Haubo-
Jee MOIXOAANMMH OKaszannuch pH-dyBcTBHTENBHEIC
SAP, koTopble MeHbIlIe HA0yXaloT MpH 1ea04HOM pH,
HO Ooupie HAOyXarT mpu Ooxee HU3KOM pH, korma
BOJIa TPOHHKAET B TpeumHsI [17]. Bakrepun Taxxe mMo-
T'YT OBITH BKIIIOYEHBI B cTPYKTYpy SAP [18].
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IIponenypa cunTesa onpenenser GopMy JaCTHII.
B pesynbrare 00paTHON CyCHEH3MOHHON MOINMEpHU3a-
UK 00pasyroTcst ceprueckue yactuusl [15, 17]. V3-
KHUI TpPaHyJIOMETPUUECKUN COCTAB peryaupyercs napa-
MeTpaMH CHHTE3a, IMYJIbraTOpaMHu M COMYTCTBYIOIINM
npoceuBanueM. C Ipyroil CTOPOHBI, TOIMMEPH3ALINS
B Macce pacTBopa JaeT reib-0mok. IIpogykr cunTesa
3aTeM U3MENBUAlOT WIN U3MENIBYAIOT U IPOCEUBALOT JUIs
MOJTy4YeHHs Hanbonee MOAXOSIIEr0 ITpaHyIoMeTprude-
CKOTo cocTaBa. TakuM 00pa3oM OrpaHNYMBAIOT COAEP-
JKaHWe HempaBIIbHBIX dacTur] SAP [13, 15].

Oransl MocToOpabOTKH, TaKhue Kak MOBEPXHOCT-
HOE CIIMBaHUE, MOTYT ITPHUAABATh 0COObIE CBOMCTBA Ya-
crunam SAP. Harpumep, cBoiicTBa HaOyXxaHUsI MOTYT
OBITH TOYHO HACTPOEHBI JUUIsI ONITUMHU3ALUH [TPOU3BO-
JUTEIBHOCTH B ONPE/IEIICHHBIX YCIOBHIX HOHHOW MIN
MeXaHU4YeCKoi Harpy3ku [19-22].

Kpatkuii 0630p HHCTPpYMEHTAIBHON aHANIUTUKU
JUis Xapaktepuctuku SAP Obu1 npenocTaBieH Tpems
wieHamu TC 260-RSC. I[ToMmumo aHaNUTHYECKUX Me-
TOZOB, OPHEHTHPOBAHHBIX HA XMMUIO, 37€Ch COOPAHBI
MHOTOYHCIIEHHBIE IKCIIEPUMEHTAIbHbBIE MTOIXOAbI JJIs
KOJINYECTBEHHO! OIIEHKH XapaKTEepHOTO MOBEACHUS
SAP npu abcopOumu 1 1ecopOLUnU pH BO3AEHCTBUN
TUTTUYHBIX COJIEBBIX pacTBopoB [12]. J[Ba U3 MeTOmIOB,
OIICHEHHBIX B padore [13], okazamuck Hambomee -
(h)eKTUBHBIMH TIPU TECTHPOBAHHH COPOIMOHHBIX Xa-
pakTepuctuk SAP nepen npuMeHeHHEM B MaTepHaiax
Ha OCHOBe IleMeHTa. [1o HauMeHOBaHHIO TaK Ha3bIBa-
€MBIE «METOJ YaiHBIX MAaKETHKOB» U «METOJ (UIIb-
Tpauuu» crnenuansHo pexkoMmengosansl TC. Kpyrosoi
TECT, OpraHU30BaHHbIN U oneHeHHbI TC, moaTBepIUI
xopoliee GyHKIIMOHUPOBAHUE U CTATHCTHUECKYIO 3Ha-
YUMOCTH 3THX JABYX mpouexayp [12].

JloGaBneHne SAP Take OKa3bIBaeT BIUSHUE
Ha cBoiicTBa OeToHa, Jenast ero Oosee J0ITOBECUYHBIM
n usHococtoiikum [12, 14]. [Tockonbky MHOTHE CBOM-
CTBa, TAaKHE KaK CaMOTe€pPMETH3alUs U CAMOBOCCTAHOB-
neHue ¢ moMoImpio SAP, H3ydeHbl HEaBHO, BCE €IIIe
HEOOXOANMBI JOTIOTHUTEIILHBIE HCCIIEIOBAHMS ISt 00-
Jiee MoAAPOOHOTO M3YYEHHS U TOJTydeHNs] HH(QOpMaIH
0 CBOICTBax B JIOJTOCPOUHON mepcrekTuse. JonoaHu-
TENbHBIE YCHIINS 110 MOACTHPOBAHUIO HEOOXOAUMBI [T
MOBBIIECHUS TPUMEHUMOCTH SAP mms mpunoxeHnid,
CBSI3aHHBIX C JIOJTOBEYHOCTHIO, ISl ONTHUMHU3AINN KaK
cMmecH, Tak u gooaenenus SAP. Dtu cBoiicTBa ciiemyer
U3y4YUTh, OTHOBPEMEHHO UCCIEAYs] H3MEHEHUE MUKPO-
CTPYKTYPBI U, BO3MOYKHO, CBSI3aHHOE C 3TUM CHIDKCHHE
MEXaHHYECKNX XapakTepucThK. [lomyueHHble pe3ynbTa-
TBI ¥ HH(OPMAIHS MOTYT OBITh HCIOJIB30BAHBI 1T MO-
JICTMPOBAHHMS CPOKA CITY>KObI OETOHHBIX KOHCTPYKILIUH.

3AKJTIOYEHHUE U OBCYXIAEHHUE

BI)IHOHHGHHI)Iﬁ aHaJIN3 OYCBUIHBIX HPEI/IMyHIeCTB
1 HEIOCTATKOB ac(hansToO0eTOHHOM TexHonornu Cymep-
MIEHB IMOKa3ax HEOOXOMUMOCTh €€ JalTbHEHIIeTo u3yde-
HUS U Pa3BUTHA 1 9(H(HEKTHBHOTO TPUMCHCHHS.-
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[Tocrarnen Bonpoc 0 HEAPHEKTUBHOM PACIIOIIO-
JKEHNHU JIOPOTHX IO COCTABY M CJIOKHBIX 110 TEXHOJIO-
THH IPOEKTUPOBAHUS CJIOEB U3 HOBOTO acanbrodeTo-
Ha BHYTPH, @ HE B OKPBITUH KOHCTPYKIIUH JIOPOXKHOU
OJSK/IBI Ha CKOPOCTHOM Maructpanu M-12.

HecMmoTps Ha Gonpmoit 00beM HcClIeTOBaHUN
1 00bEeTMHEHNE IKCIEPTOB M3 MHOTHX CTPaH, JI0 CHX
MIOp OCTAIOTCSl OTKPBITHIMH BOIPOCHI 110 IIPUMEHEHHUIO
SAP B cTpoutensHOit orpacnu. [IpuMeps! Hemoap30Ba-
HUS SAP B TIOIEBBIX YCIIOBHSIX IMOKA3bIBAIOT MHOTOO0E-
IIAIOIINE Pe3yJIbTaThl, HO Ha JaHHOM JTalle MX BCE elle

Mato. Perienue 3aad, CBA3aHHBIX ¢ XapaKTePUCTUKaAMU
6etoHOB ¢ SAP, nMeeT nepBocTeneHHOE 3HAYEHUE JUIsI
coziefcTBus OoJee MHUPOKOMY TIPUMEHEHHUIO 3TOH Tep-
CHEKTHBHOM 100aBKM Ha mpakTtuke. OTHUM U3 TaKUX
BOIIPOCOB SABISIETCS TO, KaK OOPOTHCS CO CHIKCHHEM
yaoOCTBa yKIaaKku 6e3 CYIECTBEHHOTO YBEIMYESHHUS CO-
JIeprKaHus BOAOPEIYLIMPYIOLIHX J100aBOK HITH COJIEprKa-
HUst Bozibl B Oetone [20]. pyras npobieMa — OTCyT-
CTBUE CTaHAAPTOB, PETYIUPYIOIUX NpuMeHeHne SAP
MIPOMU3BOJUTEIISIMH OETOHA.
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AHHOTALUMNA

BseneHue. B coBpemeHHOM rpagocTpouTensctee Poccuiickon Pepepaumun nnaHMpoBaHWe pasBUTUSE MyHULMNAMbHBIX
06pa3oBaHni B CMOXMBLUMXCH CUCTEMAX pacceneHns He cTano NpMopuTETHOW CTpaTernyeckon 3agaden. [lo HacTosLero
BPEMEHU B [OKYMEHTaUuW TEPPUTOPUANbHOrO MIaHMPOBaHUSA MOCENEHYECKOTO YPOBHSI 3HAYMMOCTb 3TMX KOMMOHEHTOB
CUCTEM pacceneHusi He[ooLLeHMBAETCH, 3aBNCMMOCTb AMHAMUKN OTMEYaeMbIX M3MEHEHWI OT PYHKLMOHaNbHOro npoduns
TEPpPUTOPUIA He BbISBISIETCS, @ B OLEHKax 06bEKTOB NpeobriagaeT KOHCTATUPYIOLWUIA, @ He NMPOrHo3HbI noaxon. OaHako
nnaHMpoBaHWe TEPPUTOPUM [AHHOTO YPOBHS CMOCOOHO CHWKaTb OCTPOTY MPOTMBOPEYMIA MeXAy KpaTKOCPOYHbIMU U
[0NrOCPOYHbBIMM NEpCneKkTBamy pasBUTHA PErMoHOB, a Takke obecneunBaTb TOYHOCTb MPUBA3KN (POPMUPYEMbIX OOBEKTOB
pa3HOW BEMUYMHBI C HETUMOBBIMU (PYHKLMOHAMNbHBIMW NPOrpaMmamu.

Matepuanbl n meToabl. MeTogonorM4yeckon 0CHOBOW NOCIYXWn obLleHayYHble MeToAbl (CUCTEMHBIV MOAXOA, CUCTEMHO-
CTPYKTYPHbIN aHanu3, KOMNapaTUBHbIA aHanua, TeopeTuyeckoe MOAennpoBaHne) 1 crneumnarnbHble MeXANCUUMIVHAPHbIe
(MeToabl rpadoaHanUTUYEecKoro MOAENUPOBAHMWS); HayyHas nuTepaTtypa; AaHHble C oduuMarnbHbIX CalToB OpraHoB
CTaTUCTUKN U MyHMLMNAMbHbIX 06pa3oBaHWii; OTKPbITble KapTorpaduyeckne NCTOYHUKN; rPpafoCTPOUTENbHbIE JOKYMEHTbI
TEeppPUTOPUANBHOIO NIaHNPOBaHWS.

Pe3ynbTaTtbl. Bniepsble ocyLlecTBNeHa cucteMatnsaums NnaHMpPoOBOYHbIX CUTYaLMIn NOCENEHUI, KOTOpble OTNNYalTCs OT
M3BECTHbIX NPUMEPOB peanusauueit NPOEKTOB OCBOEHWS TEPPUTOPUIA OCODbLIX IKOHOMUYECKUX 30H NMPOW3BOACTBEHHOMO
Tuna defepanbHOro Y pervoHanbHOro 3HadeHns. PaspabotaHa n npMMeHeHa cucTema OLIeHKU TEPPUTOPUIA NMOCENeHNH,
OCHOBAHHas Ha MpPUHUMNAX CTPYKTYPUPOBAHWS, W BblAENEeHUs] MNaHWPOBOYHBIX €AWMHUL, MYHULMNanbHbIX CUCTEM
paccerneHusi, — HaceneHHbIX MyHKToB. OLieHKa No3BoNsieT onpeaensiTe B COBOKYMHOCTW Ka4E€CTBEHHbIE U KONNYECTBEHHbIE
XapaKTepuUCTVKMN NOCENEHWI, YTO NoBbIllaeT 060CHOBaHHOCTb PasMeLLeHNs 1 NoceayoLwero hopMrMpoBaHns 06 bEKTOB.
BeiBoabl. lNpupalleHne HayyHbIX pe3ynbTaToB 3akMoYaeTcs B COBEPLUEHCTBOBAHWUM METOAOMNOrMN TeppuTopranbHOro
NNaHMpPoBaHUS MyHULMNAaNbHOrO ypoBHS. OHO OBYCMOBMIEHO YCWUMEHWEM CEeMaHTUYECKOro 3Ha4YeHUsi NoceneH4eckoro
3BEHa B pervoHarbHbIX CUCTEMax paccenenuns. B cBsA3n € 3TUM KOpPEeKTUPYIOTCS UCMOrb3yeMble TEXHOMOMMM pa3paboTkm
rpagoCcTpouUTENbHbIE PELLEHNI Y PacLLUMPSAETCS CMEKTP peLlaeMbix MMu 3agadq. OHn 060CHOBaHbI pe3ynbTaTtaMu NPUMEHEHUs
CUCTEMbI OLEHKM MOCENeHYECKNX CTPYKTYpP C BblAeNeHneM NnaHNpOBOYHbIX SNIEMEHTOB HU30BOIO 3BEHA pPacceneHuns, YTo
obecneyvBaeT CPaBHMMOCTb U TUMONOMMYECKOe PaHXMpOBaHWe UCCrenyeMblX MNaHMPOBOYHbBIX CUTYaLIUIA.

KIMKOYEBBIE CITOBA: rpagocTpovTenbHble peLleHunsl, NiaHMpoBaHue, permoHanbHble CUCTEMbI PacCeneHnst, MoceneHuns,
NPOV3BOACTBEHHbIE TEPPUTOPUN, CTPYKTYPMPOBaHME, OLIeHKa B3anMoaencTBums
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Interaction of production areas of settlements with regional
settlement systems at the municipal level of territorial planning

Natalia G. Yushkova'?
" Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation;
2 Volgograd State Technical University (VSTU), Volgograd, Russian Federation

Introduction. In modern urban planning of the Russian Federation, planning of development of municipalities in
the established settlement systems has not become a priority strategic task. To date, the importance of these components
of settlement systems is underestimated in the documentation of territorial planning of the settlement level, the dependence

BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 8, 2023
Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 8, 2023

1186 © H.I. OwkoBa, 2023
PacnpoctpaHsietcs Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



Crieunoumka yueta B3aMMOAEHCTBHUS MPOU3BOACTBEHHbLIX TEPPUTOPMI MOCEAEHMI C PErMOHAAbHBIMM
cUcTEMaMM PACCEAEHUS Ha MYHULIMTAAbHOM YPOBHE TEPPUTOPUAALHOMO NMAGHUPOBAHUS
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of the dynamics of the observed changes on the functional profile of the territories is not revealed, and the assessment of
objects is dominated by the ascertaining rather than predictive approach. However, the planning of the territory of this level
is able to reduce the acuteness of contradictions between short-term and long-term prospects of regional development, as
well as to ensure the accuracy of linking the formed objects of different sizes with non-typical functional programs.
Materials and methods. The methodological basis was provided by general scientific methods (system approach, system-
structural analysis, comparative analysis, theoretical modelling) and special interdisciplinary methods (methods of graph-
analytical modelling), scientific literature, data from official sites of statistical bodies and municipalities, open cartographic
sources, urban planning documents of territorial planning.

Results. For the first time the systematization of planning situations of settlements, which differ from the known examples by
implementation of projects of development of territories of special economic zones of industrial type of federal and regional
importance was carried out. The system of assessment of settlement territories based on the principles of structuring
and allocation of planning units of municipal settlement systems, i.e. settlements, has been developed and applied.
The assessment allows determining qualitative and quantitative characteristics of settlements in the aggregate, which
increases the validity of location and subsequent formation of objects.

Conclusions. The increment of scientific results consists in the improvement of the methodology of territorial planning of
the municipal level. It is conditioned by the strengthening of the semantic importance of the settlement link in regional
settlement systems. In this connection the technologies used for the development of urban planning solutions are being
adjusted and the range of tasks solved by them is expanding. They are substantiated by the results of application of the
system of settlement structures assessment with allocation of planning elements of the lower level of settlement, which
provides comparability and typological ranking of the studied planning situations.

KEYWORDS: urban planning decisions, planning, regional settlement systems, settlements, industrial territories, structuring,
interaction assessment
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BBEJIEHUE

B npodeccronanbHOl rpagocTpOUTEIbHOM Hesi-
TenbHOCTH Poccuiickoit denepanun cTpaTernueckuii
MOJXOA K TUITAHUPOBAHMIO PA3BUTHS TEPPUTOPHUI My-
HUIUTIAIBHBIX 00pa30BaHUN MPUMEHSETCS TIPeaeIbHO
orpaHn4eHo. TpaJNIMOHHO yBA3aHbI yPOBHH pa3palboT-
KM TPaJIOCTPOUTEIBHBIX PEIICHUH U UX 3HAYUMOCTb,
BBIPA)KAIOIIAsCs B IIOJHOTE pa3padaTblBaeMbIX TeOpe-
THYECKUX U METOJOJIOTHYECKUX 000CHOBaHUU. My-
HUINTIAIBHBINH YPOBEHD I'PaJI0CTPOUTEILHOMN esATeIb-
HOCTH alpUOpH MOJYMHEH PErHOHAIBHOMY YPOBHIO.
[TpenmonokuTensHO, pernoHalbHast CHCTEMa paccelie-
HUSI IMEET OOJIBIIYIO CTETIeHb 3aIIUTHI OT BCEBO3MOXK-
HBIX pUCKOB [1-5]. COOTBETCTBEHHO, pETHOHAIBHOE
TUTAaHUPOBaHUE 00JIa1aeT OOJIBIINM MTOTEHIINAIOM Opra-
HU3AIMUA U KOOpAUHUpOBaHus [6, 7]. Ha MyHHUIIUTIATB-
HOM YPOBHE PacCeJIeHHs, HAIPOTUB, OIINOKH IIIaHUPO-
BaHUs CIIOCOOHBI HAKaIrUIMBaThes 8, 9].

Craryc MyHUIIMIIAIILHBIX 00pa30BaHUA MO3BOJISIET
UM B JIy4IlIeM cIIydae pacCIUTHIBATh HA Pa3pabOTKy TaK-
TUKH Pa3BUTHS TEPPUTOPHHA. 3HAUEHHE TTOCEIEHIECKOTO
YPOBHSI MyHUIMIIAIBEHBIX 00pa30BaHMi B MTOCTPOCHUN
CBsI3ell ¢ MPOCTPAHCTBECHHBIMU 3JIEMEHTAMU U CTPYK-
TypaMHU PErHOHAIBHOTO PACCEICHUsSI pacCMaTpPUBAETCs
YOPOILEHHO WK BoBce urHopupyercs [10]. Croxus-
IasCsl CUTYallsi UMEET OIIpeIeIeHHbIC ONpaBIaHMs.
[TpenMyIiecTBEHHO arpoNpPOMBIIUICHHBIH TPoduIIb s1e-
ATELHOCTH Ha TEPPUTOPUSIX MyHHIUIIAIBLHBIX 00pa3o-
BaHMI M 0COOCHHO CEIILCKUX MOCEIECHHH /10 HETaBHETO
BPEMEHH OIIPEEIISUT HAlPABJICHUS Pa3BUTHS, M C 3THUX
TIO3UITHI OCYIIECTBIBIOCH UX TUIaHupoBanue [11-14].

Co1nanbHO-9KOHOMUYECKHE MPOLECChl MOCIe-
HETO ACCATHUIICTUA NPUBOIAAT K HCO6XOI[I/IMOCTI/I pac-
IIMPHUTH HAyYHBIE MIPEACTABICHUS O IPaJOCTPOUTEIb-

HBIX TIPOIIECCcaX, Peai3yeMbIX B TPAHUIAX TePPUTOPHIA
MYHUIOHUTIATBHEIX oOpa3oBaHui. Pearmpys Ha HUHX,
CEJIBCKHE ITOCEIICHUS TOCTENICHHO OCIIA0IISFOT CBOH I10-
3ULIMH B BOIPOCAX, CBA3AHHBIX C Pa3MEILEHUEM TpaIu-
LMOHHBIX BUOB JI€ATEIbHOCTH, BOCIPOU3BOJICTBA MIPH-
POIHOTO KOMILJIEKCa, pEKpeariu.

Kpome Toro, cucrema TeppUTOPHAIBHOTO IMJIaHU-
POBaHUS, MPOIOIDKAIONIAS CBOe (HOPMHUPOBAHKE HA MPO-
TshKeHUH nocieaaux 20 et peopM rpagocTpoUTeIb-
HOTO MpaBa, He ocTaeTcs crarnuHod. OHa mpu3BaHa
OTpakaTh MPOIECCHl B3AUMOJICHCTBUSI XO3SICTBYIOIINX
CYOBCKTOB B IUIAHHPOBOYHOM aCIIEKTE TAKUM 00pa3oM,
YTOOBI CHI)KATh OCTPOTY BO3MOKHBIX MTPOTHBOPEUUIA
MEXTy OTHOCUTENLHBIM MTOCTOSTHCTBOM MTPU3HAKOB Cpe-
JIbI OOUTaHKSI U OOHOBIIIEMbIMH (POPMAMHU JKU3HEICS-
TEJIHHOCTH HACEIICHHUS.

B psze HayuHBIX pabOT HEABHETO BPEMEHU OCBE-
IIAIOTCS BOTIPOCHI COBEPIIICHCTBOBAHMS IIJIAHUPOBAHUS
TEPPUTOPUH, OMPEACTIEMOTO ICHCTBHEM BBIIBICHHBIX
HOBBIX (hakTOpoB BIHsTHUA. Cpen HUX: H3MEHEHHE Ha-
POIHOXO3SICTBEHHOTO MPOGMIT MYHHUITUITATBHBIX 00-
pa3oBaHUi, AMHAMUKA YHCICHHOCTH HACEICHHS, HeTpe-
PBIBHOCTH ITPOU3BOICTBEHHOH IESTETHFHOCTH — BCE TO,
YTO OKa3bIBACT BIMSTHUC HA ITOBHIIICHHIE KAYeCTBA CPEIIBI
JKU3HEACATSIIHHOCTH HACENICHNUS TeppuTtopuii [15-21].

HenmocraTtouyHOCTh pa3pabOTKH HAyYHBIX OCHOB
TepPUTOPHUAIBHOTO TUTAHUPOBAHUS MYHHIIUIIATHHO-
TO YPOBHS OOBSICHSCT IMOBBIIICHUE HHTEPECA YICHBIX
U ucciegoBarenel K ykazaHHbIM BompocaM. Crox-
HOCTb B IPUHSTUU OJJHO3HAUHBIX PAJIOCTPOUTEIBHBIX
pEIICHUH CBs3aHA C HEOOXOMUMOCTHIO STUHOBPEMCH-
HOTO y4YeTa pa3HOXapaKTePHBIX (PaKTOPOB, CITOCOOHBIX
OKa3bIBaTh CYIIECTBEHHOE BIUSHUE HA MIPOLECCHI MPO-
CTPAHCTBCHHOM OpraHM3allid MYHHUIUMAIBHBIX 00-
paszoBanuii [22, 23]. B oT0# cBs3M 3HAYEHUE CUCTEM-
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HBIX TPUHIUIIOB OpraHU3ali TEPPUTOPHUIl U ydera
TpeOOBaHUIT MEKIMCIUIITHHAPHOTO MOAXO0/IA CIIOKHO
nepeoueHuTs [24, 25]. JlanbHelee paccMOTpEHUE
0003Ha4YEHHBIX MPOOJIEMHBIX Cep CIIOCOOHO Pa3BUTh
CYIIECTBYIOIIME HAYYHBIE OCHOBAHMUS HOBBIX CIIOCOOOB
COBEPIICHCTBOBAHMS CUCTEMBI Pa3pabOTKH M ONTHMHU-
3aIM TPAJOCTPOUTEIBHBIX PEIICHHUH, IPEXkKAE BCETo,
B YACTH TEPPUTOPHAIBEHOTO TUIAHUPOBAHUSI.

[orpeGHOCTB B M3y4eHNH BOIIPOCOB IIeICHAIPaBIICH-
HOIi pa3pabOTKH rpaoCTPOUTENBHBIX PEILICHHI HA YPOBHE
MYHHLUIATBHBIX CHCTEM PACCENICHHS TTO3BOISET CHOopMy-
JIMPOBATh CIEIYIOIIHE 3a/1a4d UCCIIEA0BAHUS:

* 000CHOBATh MECTO U POJIb MyHHIIUIIAIBHBIX 00-
pa30BaHMI HU30BOTO 3BEHA B PETMOHAIBHBIX CHCTEMaX
pacceneHus;

* PaCIIMPHUThH HAYYHOE I10JIE AMU30INYHBIX U (par-
MEHTAPHBIX TPaJI0CTPOUTENFHBIX HCCIEOBAHIN COBpE-
MEHHBIX 0COOEHHOCTEH Pa3BUTHS CEIbCKUX MOCEICHUN
MOCPEACTBOM CHCTEMAaTH3ALUH PA3PO3HEHHOM TPAaKTUKN
Pa3MEIEeHNs B NX TPAHHIAX 0COOBIX SKOHOMHYIECKHX 30H
MPOMBIIIIEHHO-NIpor3BoicTBeHHOTO THMa (023 II1T);

* BBIJCJIUTh YCTOHYMBBIC TEHACHIUH (HOPMUPO-
BaHUS B CEJIBCKUX ITOCEICHUSIX MPOM3BOICTBEHHBIX
TEPPUTOPUI HOBOTO THIA, CHOPMYINPOBATH Hanbosee
’KM3HECIIOCOOHBIC HANPABICHUS UX PA3BUTHS U TPO-
THO3UPOBAHUS TOTEHIIMAIBHO BO3MOXKHBIX TIOCIE/-
CTBHI 9TUX MPOLECCOB;

* ONIpeNeNUTh CHeHU(UKY TIIAHUPOBAHMUS [TOCEIIe-
HUH C pa3BUTOHN MPOM3BOACTBEHHON (PYHKIIHEH B CHCTE-
M€ PEernOHaIbHOIO PacCeIeHusl.

MATEPHWAJIBI U METO/JAbI

Pemenne moCTaBIeHHBIX B HCCIEAOBAaHUU 3a-
Jlad TOTpeOOBajo MPOBEICHUS aHATH3a COBPEMEHHOM
rPajJ0CTPOUTEIILHON JJOKYMCHTAIIUH MYHHIIMIIATBHOTO
YPOBHSI B CTaTyCe CXeM TePPUTOPHUATHHOTO INIAHUPOBA-
HUSI MYHHUIIATIATBHBIX PAifOHOB M TIPOCKTOB TeHEPaIb-
HBIX TJIAHOB CEJIbCKHUX MOCEICHUH, 00pa3yIOIINX HC-
ciexyeMble paiioHbl. it mpoBepkr 000CHOBAaHHOCTH
pa3pabOTaHHBIX TTOJIOKEHUN 3THX JOKYMEHTOB B YACTH
TUTAHUPYEMBIX Ha HCCIICAYEMbIX TCPPUTOPHSIX MEPCIICK-
THUBHBIX MEPONPHUIATHN HCIOIB30BAINCH OOIIEIOCTY-
HBIC TeoMH(pOpMaInOHHBIe MaTepuayisl. OHU, KpoMe
TOTO, COMOCTABJSUTUCH C TAHHBIMHA O COBPEMCHHOM CO-
CTOSIHUU TEPPUTOPHH, TOTYICHHBIMH ITyTEM oOparie-
HUS K CEpBUCAM U MPOAYKTAM Pa3IHIHBIX O(HUIIHATH-
HBIX WH(OPMAITMOHHBIX PECYPCOB. B3sThIN 3a OCHOBY
MPUHIAI JEHCTBUSA METOAAa CHCTEMHO-CTPYKTYPHOTO
aHaNWM3a B UCCIICOBAHUU TIONYYHI PA3BUTHE B METO-
JIe CTPYKTYPHUPOBAHUS TCPPUTOPUATBHBIX CUCTEM, I10-
3BOJISIIONINN paccMaTpuBaTh 0OBEKTHI 00JIee BHICOKOTO
MOpsiZIKa B BUJIE COBOKYITHOCTH TIPOCTPAHCTBEHHO Op-
TaHU30BaHHBIX CAMHMI[ OOJIee HU3KOro mopsiaka. s
MOBBIIICHUS] HAMISIIHOCTH OTIpeAeeH s criennupuku
mporeccoB (pOpMUPOBAHUS HUCCIEAYEMBIX 00BEKTOB
U MOCIEAYIOIIET0 YCTAHOBICHUS UX HICHTUYHOCTHU
OCYIIECTBISUINCH HATypHBIE 00ciieqoBaHms. MeToabI
rpadoaHaTUTHIECKOTO ¥ TEOPETUIECCKOTO MOIEITHPO-
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BaHUs, a TAKXKE METOJl KOMIIApaTUBHOI'O aHaIM3a JaJIl
BO3MOKHOCTB BBIIIOJHUTh aHAIIUTUYECKUE MOJIETIbHBIE
CXEMBI ITOCENICHUH, yUUTHIBAIOIINE TOTEHIINAI H3MEHE-
HUSI UX COCTOSIHHSI B CBSI3U C ()OPMUPOBAHUEM TIPOU3-
BOJICTBEHHBIX TEPPUTOPHIA.

PE3VYJIBTATHBI UHCCJIEJOBAHUA

B mocneanne ronpl cuTyanus ¢ OIEHKOW MecTa
U POJIM TIOCEJICHYECKOTO 3BEHA B MEPAPXUUECKON KOH-
CTPYKIHUH PETHOHAIBFHOTO PACCEIICHUS HAYWHACT Me-
HATBCA K JTy4niemy. OTMedaeMble U3MCHEHHSI CBSI3aHBI,
MPEKIe BCETro, C TeM, YTO JUIS CEbCKUX MOCEICHUN
XapakTepeH OOIBIION YIeTbHBIN Bec YCIOBHO He ypOa-
HU3HPOBAHHBIX WM C1ab0 ypOaHW3UPOBAaHHBIX TEPPH-
TOpHii, IO CPABHEHUIO C OCBOCHHBIMH TEPPUTOPHSIMHU
B HX TUIAHMPOBOYHBIX TpaHUIaX. Hanmndme B cebCKUX
MOCEJIEHUSIX TePPUTOPHUATIBHOTO pecypca JAeNaeT ak-
[IEHT 3a/1a4 TUTAHUPOBAHUS Ha COXPAHEHUH ¥ MHUHUMHU-
3alliU BO3MOXKHOTO yIiep0a. ITo 0OBSICHSIET cTpemIe-
HHUE K KOHCEPBAIMH UX HCXOJHOTO, IPEUMYIICCTBEHHO
CeNbCKOXO3SUCTBEHHOTO, TIPOQHIIS XO3IHCTBEHHOTO HC-
MOJIb30BaHMs. B TO jke BpeMs pa3paboTka KOMILIEKca
Mep M0 Pa3MENICHUIO WHBIX BHIOB MPOW3BOJCTB MU
OpTaHM3alNH TOATOCPOTHOH IeSTETHHOCTH HE MIPEATIO-
naraetcs. OTHAKO TPaTUIIMOHHBIC CXEMBI Pa3MEIICHHS
MPOU3BOJICTBA B TUIAHUPOBOYHBIX TPAHUIIAX CEIBCKUX
MOCEJICHUH TpeTeprieBatoT u3MeHeHus. B yactHocTy,
npeobiafaHue B paifoHaX OMPENEICHHOTO, HAPUMEp
JIECHOTO, BH/Ia TPUPOIHOTO pecypca JenaeT ero ¢armMa-
HOM Pa3BHUTHS SKOHOMHUKH, YTO COIPSDKEHO C ITEPEeCMO-
TPOM TOAXOJOB K Pa3MEIICHUIO TIPEAPHATHI JeCOTPO-
MBIIIJICHHOTO KOMILICKCA ¥ B3aUMOCBSI3aHHBIMU C HUMU
CeNbCKUMH TToceNieHusIME [26]. B cBsi3u ¢ 3TUM Bo3pac-
TaeT MOTPEOHOCTh B MIOMCKE HOBBIX I'PaIOCTPOUTEIh-
HbIX perteHni. COBpeMEHHOE Pa3BUTHE MTOCEIICHYECKUX
CTPYKTYP TaKKe CBA3aHO C IEPCIICKTUBAMH Pa3MEIICHUS
B UX TPaHUIIAX MPOU3BOJCTBEHHBIX MOITHOCTEH «HOBOU
9KOHOMHKH» U TIJIAHUPOBOYHOM OpraHn3anuy 00beKTOB
Wunyctpun 4.0 [5, 27-30]. Mcueprnianue MpUTOAHBIX IS
XO3SIIICTBEHHOTO OCBOCHUS TEPPUTOPHUAITBHBIX PECYPCOB
MOBCEMECTHO HEN30EKHO, 0COOEHHO, €CIIU pedub HAET
00 ypOaHU3UPOBAHHBIX IPOCTPAHCTBAX.

[To mepe HapacTaHWs TEMIIOB 3TOTO Ipolecca
HE clieyeT OKUAaTh TOTO, YTO MOKA3aTelH yAeIbHO-
TO Beca TEPPUTOPHUI CENbCKUX TOCENICHUH I BeICHUs
arpoIPOMBIIUICHHON ESTeTbHOCTH MOTYT OCTaBaThCs
HEeU3MeHHbBIMU. B cBOrO oueperib, Cpean MoCeICTBHIHI Ho-
BBIIICHHS IPOU3BOIUTEIIHHOCTH TPYZIa B CEITBCKOM X035~
CTBE OYEBU/IHO CHIKEHHE €T0 TIOTPEOHOCTH B OTIYXKIIC-
HHUHU TEPPUTOPHI CENBCKHX MOCENICHUH ISl pean3aiin
COOTBETCTBYIOUTUX (DYHKITHIA. DTO O3HAYAET, YTO BHICBO-
OOKITaeMbIe TEPPUTOPUU MOTYT PEajI30BaTh HE TOIBKO
CMEKHBIC C arpapHBIMH TIPOM3BOICTBCHHBIC (DYHKITHH,
HO ¥ QJIFTEPHATUBHBIC TT0 OTHOIICHHUIO K HUM. Takum 00-
pa3oM, BOSHUKAIOT OOBEKTHBHBIC TPEAITOCHIIKH TIPH TDTa-
HHUPOBAaHUU TEPPUTOPHUH CEITLCKUX TTOCEIECHNH, KOTOphIe
00eCIIeYnBaIOT PAIMOHAIBHOE PAa3MEIICHIE B UX TPAaHH-
[ax, HapsiIy C arpONpPOMBIIUICHHBIMU TIPEIPUSTHIMHE,
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MPOU3BOJICTBEHHBIX O0BEKTOB (pefepaIbHOrO U PErHo-
HaJIGHOTO 3HAYECHHUS C MHBIMH (DYHKIHSIMHL.

He MeHee BbICOKA BEPOSITHOCTB MPOSIBICHUS U IPY-
TUX, CJ1a00 MCCIIEIOBAHHBIX JI0 HACTOSIIIIETO BPEMEHH (haK-
TOPOB, BBI3BIBAIOIINX TIOSIBIICHIE MTO3UTUBHBIX N3MECHEHNH
B MEPCIEKTUBHON IUIAHUPOBOYHOM OpraHU3aluy Teppu-
Topuii oceneHnid. Cpenyl Taknx (akTopoB MOKET OBITH,
B YaCTHOCTH, BBIZIEJICHO TTOCTOSTHCTBO COBEPIIIEHCTBOBAHHS
HMHCTUTYLIMOHAJIBHBIX OCHOB IIPUHSATHS IPaJJOCTPOUTEIb-
HBIX permenui [6, 25]. Orn GpopManm3yroTCs B 3aKOHOIA-
TEJIbHBIX U HOPMATHBHO-TIPABOBBIX aKTaX C PA3IMYHBIM
CTaTycoM, a TAKKe B CTPaTErMUECKUX JIOKYMEHTaX HOBO-
TO THIIA: MHOTOOOPa3HBIX JOKTPUHAX, KOHLIEMIHAX, CTpa-
Terusix, MeMopanymax. [lonoxeHus 3TUX TOKyMEHTOB
B COBPEMEHHBIX YCIIOBHUAX MPETEHIYIOT HA MAKCUMAIIBHO
TIOJTHOE OTPAKEHHE BO BCEX cepax JesTeNIbHOCTH U CTa-
HOBSITCSL 00S13aTeITFHBIME YCIIOBISIMH Pa3padOTKU TPajio-
CTPOUTEIIBHBIX peleHui. IMCHHO MHCTUTYLIMOHAJIbHBIH
TIOCBUT 3TOW HAZICTPOMKM M TPeOOBAHMS TOAYMHEHHOCTH
el TpaIoCTPOUTENBHON AESTENFHOCTH HE JIOMYCKAIOT e
M30JISILMIO OT IPOUHX Chep XO3IHCTBEHHOH e TEIEHOCTH,
U TIPY 3TOM CTaHOBSITCSI TAPAHTAMH MX PEASTH3aLHHL.

Bbrnarogaps sToMy rpagocTpouTenbHas 1edaTelb-
HOCTh HE MOXET 3aMbIKAaThCsl B Y3KUX PaMKaXx CIICIH-
AJIIM3UPOBAHHBIX PELICHHI 1 00s13bIBaET pa3padarbiBaTh
UX KOMIUIEKCHO, YTO CBOAUT K MUHUMYMY OTpacieBbIe
u TeppuTopHanbHbie KOHGIUKTEL. K aToMy n mpsimo,
1 KOCBEHHO MPU3BIBAIOT HOBeHIINe nonoxenus ['pa-
JIOCTPOUTEIHHOTO Komekca PD, Tpebyromnrie TOUHOTO
OTpaXeHHUS B TPAJOCTPOUTENBHOI JOKYMEHTALUU CO-
JIep’KaHusl CTpaTerMuecKux A0KyMeHToB [6, 7, 30].

B npencrasnenHoi pabote, B YaCTHOCTH, UCCIIETY-
€TCs BIUSIHUE Ha TPaJlOCTPOUTENIBHYIO JEATEIbHOCTD,
MPEe BCETO HAa TEPPUTOPHAIBHOE MIAHUPOBAHUE,
TpeboBaHUI UCTOIHEHHS TosokeHui denepanbHo-
ro 3akoHa «O0 0CcOOBIX IKOHOMHUYECKUX 30HaxX B Poc-
cuiickoit depeparum» ot 22.07.2005 Ne 116-P3. Ero
MPUHSATHE TOJIOKUIIO HAdajlo Mpoleccy pa3paboTKu
U peann3alyy MPOEKTOB Pa3BUTHS Ipe(epeHIINaIbHBIX
TEPPUTOPHI C PA3TMYHBIMU (HYHKIIMOHAIEHBIMHU TPO-
rpammamu (O33) BO MHOTHX POCCHHCKHX pErHOHAX.
Hawubonee mmpokoe pactipocTpaHeHUe B Halllel CTpaHe
npuobpenn O3 [I1T. B nomy4eHHBIX paHee pe3ysbTa-
Tax UCCIEI0BaHUs MPOOJIEMbI OTPaKEHbI 0COOCHHOCTH
UX pa3MeIlEeHNs B MAKPOPErHOHAIBLHOM U B PErOHAb-
HOM acnekTax. B wacTHocTH, HanbobIasi aKTHBHOCTD
Ipaj0CTPOUTENBHBIX MPOLECCOB, CBSI3aHHBIX C peaju-
3anueit mpoexros O3 II1T, 3adurcupoBana B peruno-
Hax LlenrpansHoro ¢enepanpaoro okpyra (L{DO).

IIpoBeneHHBIN aHANNU3 pa3pO3HEHHON IPagoCTPo-
UTENBbHON TMPAKTHKHU Pa3pabOTKN M peau3aluy Ipo-
extoB GpopmupoBanus O3 [T mo3BOIHIT BBIICITUTH
B pernonax [{®PO cremyromnme MyHAIINTIATEHBIE 00pa-
3oBanus (Tabn. 1, puc. 1):

* B Jluneukoit obmactu KasuHckoe cenpckoe 1mo-
cenenue [ ps3uHcKoro paiioHa — ['ps3uHCKas TUIOHIaI-
Ka U CEIbCKOE MOCeIeHNe APXAHTEeIbCKUN CEIbCOBET

Eneuxoro paitona — Exenxas mromaznka (033 TIIIT
«JIunenx»);

B Tynbckoit obnactun Kamererkoe cenbckoe mo-
cenerne Y3nmosckoro paitona (033 IIIT «Y3nosas»);

* B Kamyxckoii o0nacTu cesnbckoe nocesneHue . 3a-
6omnotbe JltonnHOBCKOTO paiiona — JltoarHOBCKas 10-
majaka u cenbckoe nocenenne 1. CoBbsikn boposckoro
paitona — boposckast momaska (033 T T «Kamyray);

* BO Bimagmmupckoii o6mactu HoBocenbckoe celb-
ckoe nocenenne KoBposckoro paiiona (023 TIIIT «/lo-
Oporpan-1»);

* B Boponexckoii obmactn Hukonbckoe cemb-
ckoe mocenerne HoBoycmanckoro paitona (033 IIIIT
«entp»);

* B OpiroBckoii obmactu IToqMOKpHHCKOE celtbeKoe
nocernenre Muenckoro paitona (033 IIIT «Opemn»).

B pamkax perenusi copmMyIMpoBaHHBIX B HCCIIe-
JIOBAaHWHM 337124 TIPOBEJICH aHAJIM3 Pa3MEIIeHUs BblJie-
nernsrx OD3 TIIT B moceneHYeckoil cUCTeMe PEernoHa
" cucTeéMarusaius rpaioCTPOUTECIbHBIX CI/ITyaIlI/II‘/II.

Juis atux 1eneit ObUT pa3paboTaH W NMPUMEHEH
METOJ CTPYKTYPHPOBAHUS HCCIEIYEMbIX 0OBEKTOB, OC-
HOBAHHBIM Ha UCIOJIb30BAHUU CUCTEMHO-CTPYKTYPHBIX
MPHUHIUIIOB OPTaHU3alUN TEPPUTOPHATBHBIX CHCTEM
paccenenus [5, 25, 30]. OH m03BONSAET BHIACIUTH ABA
OCHOBHBIX THUIIA BJICMCHTOB PErMOHAJIbHBIX CUCTEM pac-
CEJIEHMsI: DJIEMEHTBI MEPBOro MOPsIIKa — TOPOJCKUE
OKpyTa M MyHHIUTIAJIbHbBIE PAHOHBI U SJIEMEHTHI BTOPO-
TO MOpsiIKa — TOPOJCKHE TIOCENICHUS U CEIbCKUE TOCce-
nenust. VX BbIeNIeHNEe KOPPECTIOHANPYET HCTOPHUYECKA
CJIOXKHBIIEMYCSI PACCENICHNIO HACENICHNS, aIMUHHUCTPa-
TUBHO-TEPPUTOPUATIBHOMY JIEJICHHUIO COOTBETCTBYIOIINX
TEePPUTOPUAIBHBIX CUCTEM M YUUTBHIBAET OCOOCHHOCTH
CYLLECTBYIOILEH MJIAHUPOBOYHON MMOJUYMHEHHOCTH Pa3-
HOYpPOBHEBBIX 00bEKTOB. [IpOBe/ICHHBII B HCCIIEI0BAaHUH
aHaJIN3 [T0Ka3aJl €IMHCTBO PHEMOB IPH BBIOOpPE MECTO-
nonoxxeHust Tepputopuit O3 IIIT B pernonax LDO,
a UMEHHO MYHHIIMIAJIbHBIX 00pa30BaHU MEPBOTO I10-
psiIKa — MYHHIUIAIBHBIX PaiiOHOB M MyHUIIMIAIBHBIX
00pa3oBaHMIT BTOPOTO MOPSIIKA — CEITBCKUX ITOCETICHHUIM.
DJIeMEHTBI BTOPOTO MOPsIIKa MOT'YT OBITH HampsiMylo
BBIWICHEHBI TOJBKO M3 DIEMEHTOB MEPBOTO MOPSIKA.
[TosToMy CTpyKTypHpOBaHHE TEPPUTOPHUATIBHBIX CHCTEM
MOCEJIEHYECKOTO YPOBHS BO3MOXKHO OCYIIIECTBHUTH TOJb-
KO TI0 pe3yJibTaraM aHaJIi3a IPOCTPAHCTBEHHON OpraHu-
3alUU TEPPUTOPUNA MYHULUIIATIBHBIX PAHOHOB.

bazoBeiMu ycrnoBusiMH (DOPMHUPOBAHHSI UCCIIEY-
EMBIX TTOCEJIEHHH B COCTaBe MyHHMIMNAIBHBIX palio-
HOB SIBJIIIOTCS TIOKA3aTeNH: YUCIEHHOCTh HaceneHus N
U TJIOINAAb TEPPUTOPHUHN B UX TPAHUIIAX .S, TPOU3BOAHON
OT KOTOPBIX SIBIISIETCSI TTIOTHOCTD HaceneHus P (Tao. 1).
ITocpencrBom omnpeneneHus: 3Ha4eHUI 1okaszareneit N
u S U1 MyHHIMIIATBHBIX pallOHOB pacCUMTaHbI MTOKa-
3aTenu P I KaXKI0To M3 HHX, a 3aTe€M BBIJEIICHBI UX
HanOOJbIINE N HAaNMEHbIINE 3HaueHUsI. CyIIeCTBEHHbIE
pas3iimyus 1moJ1y4YCHHBIX 3HaueHui P B MYHHUIUIIAJIbHBIX
paiioHax nenaroT HeoOXOJUMBIM aHAJIM3 ITOJO00HBIX
3HAUEHUH UL BCEX OCTAIBHBIX, IOMUMO BBIICICHHBIX,

1189

£Z0Z ‘g 9Nss| "gL 2wnjo/ . 8In}08}IYdJy PUB UOI}ONJISUOD UO [BuInOf AJYIUOI « NSSIN MIUISOA
€20z ‘g ¥ohuiag gL woL . (8UluO) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN dMHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 8, 2023
Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 8, 2023

H.l. Kwkoea

Ta6a. 1. Pe3ynbraTel ompeseneHnus 3aBHCHMOCTH TNIOTHOCTH HACENEHHUS HCCIeAyEeMbIX MYHUIUMAIbHBIX PailoHOB

OT TIOKa3aTeJel YHCICHHOCTH HACENeH)s 1 TUIONIAIi TEPPUTOPHH (110 cocTosHMIO Ha 2022 1)

Table. 1. The results of determining the dependence of population density of the studied municipal districts on the indicators

of population size and the area of the territory (as of 2022)
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Puc. 1. Onpenenenne cOOTHOICHUH MOKa3arteneit Teppuropuii ropoackux (I) u censckux (1) mocenennii B cocraBe MyHHUITH-

MaJbHBIX PAlOHOB MO Pe3yIbTaTaM aHAIHN3a UX CTPYKTYyPHPOBAHHS

Fig. 1. Determining the ratios of indicators of urban (I) and rural (II) settlements within municipal districts based on the results

of the analysis of their structuring

AQHAJIOTHYHBIX JIEMEHTOB PETHMOHAIBHBIX CHCTEM. DTO
HO3BOJIIET KIaCCU(PUIINPOBATH UCCIIEAyeMbIe CUTyalluH
Ha TUTIOBBIE U CTICIM(UIHBIE OOBEKTHI.

Takum 00pazoM, UCIOB3Yysl HAOOP MONYUYEHHBIX
JITaHHBIX, — MapaMeTpbl TEPPUTOPUAIIBHBIX CHCTEM MY-
HUIUNAIBHBIX PalOHOB, BO3MOXHO OCYIIECTBICHUE
aHAJIOTOBOTO aHAJIN3a UX MPOCTPAHCTBEHHON OpraHu-
3anuu. s 3TOTO BBINONHSAETCS CTPYKTYPHUPOBAHUE
MYHULMIAJIBHBIX PAOHOB, B PE3yJIbTaTe KOTOPOTO BbI-
JIEJISIOTCS] TOPOJCKUE U CENBbCKUE TOCENEHHs, COIPOBO-
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JKIAeMble NTPOBEJIEHUEM COOTBETCTBYIOIINX PACUETOB
(puc. 1). Ananu3 Ha UX OCHOBE JaJl BO3MOKHOCTD YCTa-
HOBUTH HAJIMYHUE JIBYX BAPHAHTOB KOMOWHANINN MyHH-
LUMAJIbHBIX 00Pa30BaHUII B COCTaBE MyHHLUIIAIBHbBIX
palioHOB, KOTOPbIE MO3BOJISIOT MOIYUYUTh KapAUHAIBHO
pasnuyaronirecs GOpMbI POCTPAHCTBEHHON OpTraHu-
3auuu Teppuropuil. [leppomy BapuaHTy COOTBETCTBYET
HaJU4Me B COCTaBE MYHMIMIIAIBHBIX PalilOHOB €IMH-
CTBEHHOTO BH/Ia MyHHIINTIAIbHBIX 00pa30BaHUH BTOPO-
TO TopsiAKa — cebecKux nocenenuit (HoBoycmanckuii
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paiion Boponesxckoii odnactu, Eneuknit paiton Jlunen-
Kol obnmactu, MueHckuit paiion OprioBckoid o0sacTn).
BTopoil BapuaHT ONUCHIBAET CUTyallUd CMEIIAHHOTO
I€He3a, IIPU KOTOPBIX B COCTABE MYHUIIUIIAJIbHBIX pa171-
OHOB HapAJy C CENbCKUMU MOCEICHUSIMU BBIIEISIOTCA
Tak)Ke TOpONICKUe ToceneHus (Y31oBckuii paiton Tyimb-
ckoil obmactu, bopoBckuii u JltonMHOBCKUIT paiioHBI
Kamyxckoit obnactu, I'pssunckuii paiion Jlnmenkon
obmactu, KoBpoBckuii paiton Biagumupckoii oomactn).

CrnenoBaTenbHO, BBISBICHHE B COCTaBE MYHH-
UNATbHBIX PAalOHOB TOPOJACKUX MOCENECHUHN, HapsAay
C CeTbCKMMH MOCEIEHUSIMH, 1aeT OCHOBaHNE CUUTATh,
YTO MOKa3aTeNu ypOaHU3UPOBAHHOCTU 3TUX TEPPUTO-
puil BhlllIe, 10 CpaBHEHUIO ¢ npounmu. Cenabckue mno-
CEJIeHUs], KaK JIEMEHTHI BTOPOTO MOPSIKA, BBIICIAIOTCS
Ha CJIEYIOIIEM YPOBHE CTPYKTYPUPOBaHUS TEPPUTOPH-
aJbHBIX CHCTEM IepBoro nopsiaka. Mccnenosanue no-
Ka3aJI0 MPUMEHUMOCTD JUISl HUX METOANYECKOH mmocie-
JIOBaTEJIbHOCTU EHCTBUM, UCIIONB3YEMbIX paHee IIpU
aHaJTI3¢ DJICMCHTOB BBIIICIICKAIICTO YPOBHS (Ta0I. 2).

[Ipexxne Bcero, nmeeTcs B BUAY, YTO IEPBOHAYAITB-
HO CIIe[IyeT OIpe/ielisiTh 0a30BbIe yciaoBHs (POPMUPOBa-
HUS TIOCENICHUH, PACKPBIBAEMBIX COBOKYMHOCTBIO MO-
kazareneit S, N, P. Tak kKak Ui TIONyYSHHBIX 3HAYCHIHA
JIaHHBIX II0Ka3aTelIe XapaKTepHbl LIUPOKUE JUANIa30HbI
3HAYECHUH, TO ISl TIOBBIICHHUSI OOBbEKTHBHOCTH OLICHU-
BaHUS TPaJlOCTPOUTEIBHBIX CUTYallMi W pa3padoTKn
COOTBETCTBYIOILEH THIIOJNIOTHH 1[€JIecCO00pa3HO Orpe-
JIENSITh SKCTPEMYMBI YKa3aHHBIX KOJIMYECTBEHHBIX I10-
Kas3arenel CeIbCKUX MOCENEHNI B CHCTEME HCCIIENye-
MBIX MyHHIIUIIANBHBIX pailoHoB. TakuM oGpaszom, ecnu
MEXIy 00BEKTaMH, TEPPUTOPHAIBHO TPHHAIICIKAIIH-
MH pa3HBIM MYHHUIIUIIAIBHBIM paifoHaM, HaOIogaeTcs
CYIIECTBEHHOE PACXOXKACHHUE TONYYCHHBIX 3HAYCHHH,
TO 0OecreYeHre UX COIOCTaBUMOCTH BO3MOXKHO ITyTEM
TIO3UITHOHUPOBAHUS KaXJI0TO, OT/IEJIEHO B3STOTO TTOCe-
JICHUS B COOTBETCTBYIOIIEM eMy paiioHe.

[Ipu ucnonb30BaHUM METOAA CTPYKTYPHUPOBAHUS
TEPPUTOPHATBHBIX CHCTEM ITPUMEHHUTEBHO K MYHHIIN-
TTaJIbHBIM 06paSOBaHI/I$[M BTOPOI0 nNopAJKa, B 4aCTHOCTH
K CEeJIbCKUM IOCENIEHUSIM, OTMEUAIOTCA XapaKTepHbIE
ocobenHoCTH. VX M3ydeHne 1aeT BO3SMOKHOCTD CPOpMY-
JIMPOBATb OCHOBHBLIC IMOJIOKECHHUA METOAMKHN I'paJ0CTPOH-
TEJIbHOM OLIEHKH TEPPUTOPHATIBHBIX CUCTEM MOCENEHUI,
KOTOpast TO3BOJISIET ICTAITM3UPOBATH M KOHKPETH3UPOBATh
MOJIy4YeHHBIE paHee pe3yasTaTsl. B pamkax mpencras-
JICHHON METO/INKHU OLICHKH ILIEIeCO00pa3Ho BhIJEICHHUC
OCHOBHBIX 3TamnoB. Kax/oMy U3 BBIAEICHHBIX ITAIOB
COOTBETCTBYIOT OCOOBIE CIIOCOOBI CTPYKTYPHUPOBAHMUS
TEPPUTOPUAIBEHBIX 0OBEKTOB, KOTOPhIE 00ECIEYHBAIOT
TIOCTIE/IOBATENIBHOE BBIBIICHNE NX CTPYKTYPHO-TIPOCTPAH-
CTBEHHOM, (pyHKIIMOHAILHO-IIPOCTPAHCTBEHHOM U (PyHK-
LHOHAJIBHO-CTPYKTYPHOI OpraHu3aluH.

Ha mepBoMm 3Tamne cTpyKTypHpOBaHHS TEPPUTOPH-
aJIbHOW CHCTEMBI BBIIIOJIHSETCS CTPYKTYPHO-IIPOCTPaH-
CTBEHHBIN aHanmu3. [Ipu aTOM 1enocTHast (Hexenumast)
MoceJIeHYecKasi CTPYKTypa B €e TpaHHuIax npruolpe-
TAaCT HOBBIC XapaAKTCPUCTUKHU 3a CUCT BBIABIICHHA CO-

BOKYITHOCTH TEPPUTOPHI BCEX HACEJCHHBIX MYHKTOB,
HE MMEIOIINX CTaTyca MyHHUIIUITaJbHBIX 00pa3oBaHHUN
U PACTIONOKEHHBIX 3a MpeAeslaMUd UX TPaHHIl TeppH-
Topuii. HaceleHHbIE TTYHKTHI TIOCEJICHUH TaKuM 00pa-
30M TIPEICTABISIOT COO0H OCHOBHBIE U €TWHCTBEHHO
BO3MOJXKHBIC 3JIEMEHTHI paccejeHUs] HU30BOTO 3BEHA,
B TPaHUIAX KOTOPBIX OCYIIECTBIISIIOTCS CTaHAAPTHBIE
MPOIECCHl KXU3HEenesTenpHoCcTH. Ha Tepputopusx
MOCEJICHUNM BHE HACEJEHHBIX IMYHKTOB BBIACIAIOTCA
XapaKTepHbIE JIEMEHTHI NMPUPOIHO-TaHAIAGTHON
CHCTEMBI, TEPPUTOPHH CEITHCKOX03IHCTBEHHOTO U TIPO-
HU3BOACTBCHHOI'O Ha3HAYCHUA. IIJ'I}I BBIIIOJIHECHUS KOJIU-
YECTBEHHOW COCTAaBIISIONIEH OLIEHKH CYIECTBYIOLIETO
COCTOSIHUS TIOCEIICHUH OTIPEeII0OTCS 3HAUSHISI UX 00-
el mwiomanu S, Kak CyMMBI TIIONIaIed TEpPUTOPUI
HACEJICHHBIX ITHKTOB S M TEPPUTOPHH 3a NIPEEIaMu
ux rpanuit S . [IOCKOJNBKY CENbCKOE HACETIEHUE CO-
CPEIOTOYCHO MCKITIOYUTEIHHO B HACCIICHHBIX ITyHKTaX
1 OTCYTCTBYET 3a IIpeAeTIaMy X I'PaHMII, TO TIOKa3aTeNb
€r0 YHCIIEHHOCTU N TIPH MEPEXOJIE K OLICHKE Ha YPOB-
HE ITOCEIICHUS 0CTACTCS HeM3MECHHBIM.

B pamMkax mpoBoIuMOro UCCIeI0BaHUS OBLIH IPO-
AQHAJIN3UPOBAHBI IPAIOCTPOUTENBHBIE CUTYAIHH, COOT-
BETCTBYIOIIUE BBIJICIICHHBIM PaHEe CEIbCKUM ITOCeIe-
HUSAM, B COBOKYITHOCTH C ITOJIYYCHHBIMH 3HAYCHUSIMHU
KOJTMYEeCTBEHHBIX Moka3ateneid. Ha aToit ocHoBe ormpe-
JICJICHBI pa3INYHbIC BapUAHTHl (DYHKIIMOHAIBEHO-TIPO-
CTPAHCTBEHHOW OpraHU3alluy I10CEJIEHUYECKON CTPYK-
Typbl, KOTOPBIM TIPE/IJIOKEHO MPUCBANBATH UHIEKCHI K .
OHM OTpa)xaroT CTEICHb BIMSIHUS HACEICHHBIX ITyH-
KTOB Ha IIPOIECC TPAJTOCTPOUTEITHHOTO UCTIONB30BAHNUS
TEPPUTOPHIl BCEro noceneHus B 1eiaoM. OnpeaeseHsl
MHTEpBasIbl 3Ha4YeHuH mis k: > 0; k: > 0,05; k: > 0,1.
‘Yka3aHHBIE HHIEKCH COOTBETCTBYIOT TPEM Pa3HOBH/-
HOCTSIM TPaloCTPOUTENbHBIX cuTyaruil. Hanbomnpree
pacrpocTpaHeHne TOIYyYWIN CUTYalluH, TPH KOTOPBIX
k nmeer cpennee sHauenne. Hanmmenee pacnpocTpa-
HCHHBIMU SABJIAIOTCA CUTYyalluH C BBICIIMMHA U HU3SIIHUMHA
3HAYEHUAMH MHJIEKCA K, TIPH KOTOPBIX YIENbHBIA BEC
TUTOIAACH TePPUTOPHIA HACETICHHBIX ITYHKTOB B O0IIEeH
CyMMe ILTONIa/Ie TEPPUTOPHUI TOCENEHUN COCTABISAET
oxoJ10 20 % (Kamenernxoe u [TogrmMoKpHHCKOE CENTbCKHE
MTOCEJICHUS ), M CUTYaIliH, B KOTOPBIX YACTbHEIH BeC
TUIOIIaie TeppUTOPUil HACEICHHBIX ITyHKTOB OIpe/e-
nsietes B paiione 3 % (cenbckoe nocenenue HoBocens-
ckoe u 3a00y0The). BhIsBIIeHa Takke OONTHOCTH JISI
BCEX HCCIIEyeMBIX NMOCEJICHUH 3HAUCHUH MoKa3aTes
YIEIBHOTO Beca IUIoNael B MX IpaHuIax 3a mpeze-
JIaMH HaCeJICHHBIX MYHKTOB: OHM, KaK MPaBUIIO, 3HAUH-
TeNbHO npeBbImaioT 90 %.

ConepxaHue aHAJUTUUYECKUX JIEHUCTBUU 3TOrO
JTarna He OrPaHMYNBACTCS TMPHUCBOCHUEM HACEICHHBIM
ITYHKTaM B COCTaB€ noceJeHui COOTBETCTBYIOIINUX WH-
JIEKCOB, TaK KaK UX HAJIMYUE HE JIAeT MOJIHYIO KapTHHY
UX IJIaHUPOBOYHON Opranuzauuu. [ns ee nomayuyeHus
HEO0OX0IMMO MOCTPOSHUE KapTOTPaMM IIOCEJICHHI,
KOTOpBIE TPEJICTABIIAIOT COOOW pe3yibTaT CpaBHUTEIb-
HOTO aHallN3a MCCIEAYEMBIX 00BEKTOB, OTPaXKATOIINN
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Tabu1. 2. DKCTpeMyMbl KOJMYECTBEHHBIX IOKa3aTeIei UCCIEIYEeMBbIX CEeIbCKUX MOCEJICHUN B MOCEIEHYECKOH CTPYKTYpe

MYHHUIIUTAIBHBIX PAHOHOB, B CPABHUTEIIBHBIX XapaKTEPHCTUKAX

Table. 2. Extremes of quantitative indicators of the studied rural settlements in the settlement structure of municipal districts,

in comparative characteristics
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c(hOpMHUPOBAHHBIN NPOCTPAHCTBEHHBII MOPSIIOK pac-
TpesieJICHUs] HACEJICHUS! B CEIUTEOHBIX TEPPUTOPH-
aJIbHBIX 00Pa30BaHUIX C BBIPAKCHHBIMH dPdeKrTamu
ITyCTOTHOCTH WJIM, HA00OPOT, 3aMIOJHEHHOCTH MyCTOT
TeppuTopuu (pHc. 2).

WX cooTHOIIEHNE OTpakaeT CTEIeHb YPOaHU3HPO-
BaHHOCTHU TEPPUTOPUI NIOCEJICHUH, a TAKXKE TOTCHLIUAI
MIepCHeKTUBHBIX TpaHchopmarmit. [Tpu oboromHOM yuere
rpaduyecknx u arpuOyTHBHBIX JTAHHBIX BO3MOYKHO I10-
CIELYIOLIEE PAHKUPOBAHUE I'PAJOCTPOUTEIILHBIX CUTY-
alyii yepes3 pacro3HaBaHUE MOCEIEHYECKOM CTPYKTYPBI.

Ha BTrOopoMm sTamne cTpyKTypHpOBaHHUS CEIbCKHUX
MOCENICHUH aHAIN3UPYIOTCS MPOLECChl UX (QYHKIINO-
HaJIbHO-TIPOCTPAHCTBEHHOH M (DYHKIIMOHAIBHO-CTPYK-
TypHOW OpraHU3alluy B pa3BUTHE IOJIYUYEHHBIX paHee
PE3yJbTaTOB aHAIU3a UX CTPYKTYPHO-IIPOCTPAHCTBEH-
HOH opranuzauuy. BaxHo NoOHUMAaTh, YTO «BHYTPEH-
HEE» CTPOCHHE CETH HACEIECHHBIX IIYHKTOB MOCEIECHHUN
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OTIpEAEIACTCS HEOAHOPOIHOCTHIO PAa3MEIIEHHS TIPOKH-
BAIOIIETO B HUX HaceleHus. Tak kKak HaceJICHHbIE MyH-
KTBI ABJISIFOTCSL CTPYKTYpOOOPa3yIOMUMH 3JI€MEHTaMU
TEPPUTOPUAIIBHBIX CUCTEM HHU30BOTO 3BEHa, TO MU OY-
JyT OTPaHUYEHBI BUJIbI PACCMATPHBAEMbIX TEPPUTOPH-
aJbHBIX 00beKTOB. COOTBETCTBEHHO, XapaKTEPUCTUKN
CBOOOZIHBIX OT UX Pa3MEIICHUs YIaCTKOB TEPPUTOPHUI
He MoTpeOyIOT JaTbHEHIeH neTann3any.

ITocnenyrouee CTpyKTypUpOBaHUE TEPPUTOPUI
HaceJICHHBIX ITyHKTOB B TPaHUIIAX ITOCEICHUH obecre-
yuBaeT ux auddepeHnuaniio, Kotopas 00ycioBIeHa
CIIeTyIonMu (hakTopamu:

* BBIPAKCHHOCTBIO XapPAKTEPUCTHK HCTOPHUECKHU
CJIOXKMBILEHNCS CUCTEMBl HACEJIEHHBIX ITyHKTOB U CBS-
3€il MEKIy HUMU;

* TEHETUYECKOU MPepacnoI0KEeHHOCTBIO TePPU-
TOPHI TIOCETICHNH BOCTIPOU3BOANTE CTaHIAPTHEIC (Tpa-
JUILMOHHBIE) JIEMEHTHI OCEIEHYECKOH ceTH;
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Puc. 2. Pe3ynsTarsl ANarHOCTUKH HCCIETYEMBIX MTOCENEHIECKIX CTPYKTYP HU30BOTO 3BEHA PACCENIEHNS OCPECTBOM BBISBIIC-

HHS UX CTPYKTYPHO-IPOCTPAHCTBEHHOM, (DYHKIIMOHAIBHO-NPOCTPAHCTBEHHOM M (PyHKIIMOHAILHO-CTPYKTYPHOH OpraHu3aiuu

Fig. 2. The results of diagnostics of the investigated settlement structures of the lower level of settlement by identifying their
structural-spatial, functional-spatial and functional-structural organization
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* BBIOOPOYHOCTBIO U CUTYaTHBHOCTBIO 3aKpeILie-
HUS QYyHKIUH a]MUHUCTPATUBHBIX [IEHTPOB ITOCEICHUN
3a OTJCTBHBIMI HACEICHHBIMH ITyHKTaMHU;

® (I)I/I3I/I‘-ICCKI/IM OTCYTCTBUEM OIIPEACIICHHBIX Ka-
TErOpHUi HACENICHHBIX IIYHKTOB B COCTABE TIOCEIJICHNUH;

* TCHJICHIIMO3HOCTHIO K M3MEHEHHIO MPUHSITHIX
KaTCFOpI/Iﬁ HACCJICHHBIX ITYHKTOB;

* TOAYMHEHHOCTBHIO I'PAJOCTPOUTEIBHBIX (HOPM
HAaCEJICHHBIX ITYHKTOB BHJaM (DyHKIHOHAIBHBIX TPO-
LIECCOB B MIOCEJICHHSIX;

* COXpaHEHHMEM IPUHATBHIX KaTeropuii HaceleH-
HBIX ITyHKTOB B PETPOCIIEKTHBHOM BPEMEHHOM CpE3e;

* THPaXUPOBAHUEM (MaKCUMAJILHOM OBTOPSIEMO-
CTBIO) OIPEIEIICHHBIX KaTeropHii HaCEJICHHBIX yHKTOB
B MYHHIIMTIAJIBHBIX CHCTEMAaX PACCENICHUs Ooee BBICO-
KOT'0, TI0 OTHOLICHHIO K IIOCEJICHYECKOM CeTH, PaHra.

Vcxonst 13 COBOKYITHOCTH JIeHCTBUSI 0003HAYCH-
HBIX ()aKTOPOB M PE3YNIBTATOB aHAIN3a IIPUMEHUTEIb-
HO K TCPPUTOPHUAM HACCIICHHBIX ITYHKTOB, ABJIAIOUINXCA
0a30BBIMH €IMHNIIAMHU PACCEIICHHS BCEX UCCIIETYEMbIX
CEIIbCKHX TTOCENICHNH, BBIJICNICHBI UX KaTeTOPHH, TOJIO-
JKeHHBIC B 0CHOBY Auddepenmuaruu: g0 100; 101-500;
501-1000; 6omnee 1000 uemoBek. Poiab Kax 0¥ U3 BbI-
JICJICHHBIX KaTeropuili HaCeIeHHbBIX ITYHKTOB B CTPYK-
TYpPHO-(QYHKIIMOHAJIILHOW OpraHU3alyy HCCIEAYyeMbIX
nocesneHuid HeouHakoBa. OYEeBUIHO, YTO HACCICHHBIC
ITyHKTBI, YACJICHHOCTRIO HaceneHnss meHee 100 gemoBek
(F), HaXOATCSA B KPUTUYECKOM COCTOSIHAM: TTPH TAKHX
HCXOJHBIX MTOKA3aTEJIsIX BBICOKA BEPOATHOCTD JaJIbHCU-
IIETO CHMIKCHHMS, a TaK)Ke BBHICOKOW AMHAMHUKHU 3TOTO
npornecca. HaceaeHHbIE MyHKTHI ¢ YUCIEHHOCTBIO Ha-
cesnenus 10 500 gyenosek (£,) 0OpasyioT KaTeropuio,
COCTABIISIIONIYIO TPYMNITy pHcKa. [ HacelxeHHBIX
ITyHKTOB C YHCICHHOCTHIO HACEJICHUs, HE MPEBBIIIa-
tomed 1000 uenorek (F), XapakTepHO MOTPAHUYHOE
COCTOSIHHE, 3aKJIIOYAIoIIeecs] B MOTCHINATIbHON BO3-
MOXHOCTH TIEpexo/ia X B 00JIee HU3KYIO KaTeTOPHIO.
Taxum 00pa3oM, HaCeJICHHbIE MyHKTHI, B KOTOPBIX Mpe-
OJI0JIEH TTOPOT YHCIEHHOCTH MOCTOSIHHOTO HaceJIeHUs
B 1000 9enoBek, 00pa3yroT KaTeropuio £, CTaHOBAILY-
10Csl OTIOPHBIM 2JIEMEHTOM MOCEJIEHYECKOI CHCTEMBI
paccelieHHs] HU30BOTO YPOBHSL.

bnaropapst HamTUUMIO B TOCENICHHUSIX HACEICHHBIX
ITYHKTOB, OTHOCAIINXCA K KaTETOPUHN F4, IOBBIIAKOTCA
rapaHTH{ 00eCTIeUeHNS UX OTHOCUTEIBHO YCTOHYHUBOTO
(DYHKIMOHUPOBAHMS, A TAKXKE CO3/TAIOTCS ONIPECIICH-
HbIC IEPCTICKTUBBI MOTCHIIUAJIBHOT'O PA3BUTHUA. I/ICXOI[S[
U3 3TOTO, JaHHAasl KaTeropHsi HaCEJICHHBIX YHKTOB BbI-
JIeJIeHa ¥ IPOMapKUpoBaHa 0cOOBIM 0Opa3om. B ciry-
qae, €CJIU B MMOCCJICHUAX HE BBIABJIAIOTCA KaTCTOPHUU HA-
CEJICHHBIX ITYHKTOB, B KOTOPBIX JIOCTUTAETCsl TpeOyemast
YUCICHHOCTh HACEJIECHUS, TO KaTETOPUH HACEICHHBIX
IIYHKTOB, UMCIOIINE MEHBIITYIO YUCICHHOCTDb, IPUHUMA-
0T Ha ce0sl yKa3aHHbIC (DYHKINH.

BrlneneHHbIC KaTeropuy HACEJICHHBIX ITyHKTOB
MMEIOT HEOJAMHAKOBBIN YJENBHBIM BeC B 00pa3yeMbIX
UMM CeNbCKUX MoceNeHusx. B nenom fuist Oonplreit va-
CTH MOCEJICHUH XapaKTepeH BBICOKUN yAEIbHbIN BeC Ha-
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CENEHHBIX MyHKTOB U3 Kareropuu F,: 100 % (Kasunckoe
cenbcKoe mocerenue), bonee 90 % (Hukonbckoe cenbekoe
nocenenue), 6onee 80 % (cembckoe moceneHne ApxaH-
TebCKui cenbcoBeT), 6omee 70 % (Kamenerkoe cebckoe
HoceJieHue U cenbekoe nocenenve 1. Cobsakn). Kak mpa-
BUWJIO, C TIOBBIIICHNEM OOIIEH YMCICHHOCTH HACEIeHHs
B }Z[aHHOf/'I KaTC€ropun HaCCJICHHBIX ITYHKTOB ITPOUCXOIUT
CHIDKEHHE 3aHUMaeMbIX UMH TIONIAIeH TepPUTOPHH.

IIpu oTcyTCcTBHM B COCTaBE MOCEIEHUM HacEIeH-
HBIX ITYHKTOB U3 KaT€ropuu ¢ MaKCUMaJIbHOU YHCIICHHO-
CTBIO HACEIIeHNUSI CTPYKTYPOOOPa3yIONMMH 2IeMEHTaMU
MOTYT CTAaHOBUTHCSI HACEJICHHBIE ITYHKTHI C MEHbBLICH
YHCICHHOCTHIO HACEJICHNUS, HAIPUMEP CENIbCKUE MoCce-
nenust: [Togmokpunckoe, HoBocensckoe u 1. 3a00moTbe.

Pesynbrarsl ananm3a (GpyHKINOHAIBHO-TIPOCTPAH-
CTBEHHOW ¥ (DyHKIMOHAIBLHO-CTPYKTYPHOI OpraHu3aiiu
MOCEJIEHYECKOH CTPYKTYPBI CBEJEHBI B KapTOTPaMMBbI
HCCIIEAYEMBIX TOCEIICHHUH, TOCTPOCHHBIE M0 aHAJIIOTHN
C TpeBIIYIIUMHU KapTorpaMmmamu (puc. 2). B Hux mo-
Ka3aHbl HTOTH AU(QepeHIanny 3aCTPOSHHBIX B IPaHU-
I[aX HACEJIEHHBIX ITyHKTOB TEPPUTOPHH B COOTBETCTBHU
C yCTaHOBJIEHHbIMU Kareropusimu. [Ipu ycnosuw, uro rpa-
(bryecKy BBIIEISIOTCS B KXKIOM U3 TIOCEJICHUH HaceleH-
HBIX ITyHKTOB MMEIOIINXCSI KATETOPUi{, BO3MOKHO YCTaHO-
BUTBH CXEMbI UX PACIPEACIICHU KaK N30JIMPOBAaHHOTO, TAK
W B3aMMHOTO, a TaK)Ke pacCYUTaTh COOTHOIICHHE (par-
MEHTOB OCBOCHHBIX B PE3YJIBTaTe rPagoCTPOUTEILHON e-
SITEJIBHOCTH TEPPUTOPUN U TEPPUTOPUIL, HE 3aCTPOCHHBIX
Ha MOMEHT OLIEHKH, IMEOLINX Pa3iIMIHOE rpajoopMu-
pyIoLIee 3HaUEHNE JUIs [IOCENEHUH.

Ha 3aBepmraroriiem stare paboThl pernraeTrcs 3a1ada
000CHOBaHUS aKTYaJIbHBIX CIIOCOOOB B3aMMOJICHCTBHS
TIPOM3BOACTBEHHBIX TEPPHUTOPHIA MmocesneHnit Ha 6aze 023
CO CIIOKUBIIAMUCS TIEMEHTaMH TIOCEJICHUECKUX CTPYKTYP.

Hauarno npemaraeMoMy HccieIoBaTeIbCKOMY MO
X0y TIOJIO’KEHO B TIPOBEACHHBIX paHee pa3padoTKax [5—7,
25, 30]. B HEX apryMEeHTHPOBaHBI 3aKOHOMEPHOCTH pa3-
BUTHS TEPPUTOPHAITBHBIX CHCTEM PErHOHAIBLHOTO YPOBHS,
OIIpezeNsAeMble Pa3IMUHbBIMI BapHAHTAMHU B3aMMOACH-
CTBUSI 00pa3yONINX MX JIEMEHTOB, a TaKkKe 000CHOBA-
Ha TIPUMEHUMOCTb JUTS TTOCTIEAYIOIIEr0 HCIIOIb30BaHMs
B PETHOHAJIBHOM IUIAHUPOBAHUN TEPPUTOPHAIBHBIX CH-
CTeM, MPEXKJIC BCEro, MPH pa3paboTKe KOHIIEMIHMI U CXeM
TEPPUTOPUATHFHOTO TUTAHUPOBaHUs CyObekToB PD, ropos-
CKHX OKpYTOB. [loimydeHHbIe pe3ylbTaThl IPeCTaBIseTCs
1EJIECO00PA3HBIM PACIIPOCTPAHUTH HA CUCTEMY MYHHIIU-
MaJIBHOTO TIAHWPOBAHUSI YPOBHSI CEILCKHX TTOCEIICHUH.
B ee pamkax BaskHO 000COOHUTH Pa3pabOTKH TPaoCTPOU-
TCJIBHBIX TOKYMECHTOB, COOTBETCTBYIOIINC HCCIIETYEMBIM
TEPPUTOPHAITBHBIM 00BEKTaM, — MPOEKTHI TeHEPAIBHBIX
IUTAHOB MOCENEHUI.

Jaist pa3paboTKK reHepalibHbIX IUIaHOB MTOCETCHUN
MPUHIMITHAIBHOE 3HAYEHNE UMEET COBMEIIIEHHE TPH-
eMOB (hopMaM3allyi OMUCAHUSA U 0COOEHHOCTEH MX
TIJTAaHUPOBOYHBIX OpFaHI/ISaHI/Iﬁ KaK HHU30BbIX 3JICMCH-
TOB pacceyeHHs, IPUYEM, B aCIIeKTe UX MEPCIEKTHBHO-
TO Pa3BUTHSA, a HE TEKYIIETO (PYHKIIMOHUPOBAHUS. DTO
03HaYaeT, 4YTO 0OOCHOBBIBAIOIINE U PE3YIBTHPYIOLINE
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ITOJIOKCHU A FpaI[OCTpOPITeHBHOﬁ JOKYMEHTallUH IOCE-
JICHYECKOTO YPOBHS 3aBHCHUMBI OT TIOJIOKECHUH, Chop-
MHUPOBAHHBIX Ha BBIIIEIECKAIINX YPOBHAX TEPPUTOPH-
AJIbHOTO TUIAHUPOBAHUSL.

BrlsBieHHBIC HA YPOBHE PETHOHAIBHBIX CHCTEM
pacceneHns 3aKOHOMEPHOCTH UX (POPMHUPOBAHUS TIOA
neiictBueM peanuzanuu npoekros O33 IIIIT moryt
MIPUMEHSTHCS ONOCPEI0BAHO, YEPE3 Pean3aliio Tpe-
0OBaHMI WX aJPECHON afanTanud K CIeIH(HUKe Tep-
puTopuii moceaeHyeckoro ypoBHs. Ha pernonaibHoM
ypoBHe B orieHke 033 B cocTaBe MPOU3BOICTBEHHBIX
TEPPUTOPHI TPEBATUPYIOT TAKHE UX XaPaKTEPUCTHKH,
KaK CIIOCOOHOCTB BBICTYMATh JjpaiiBepaMu yCKOPEHHOTO
Pa3BUTHUS TEPPUTOPHH 3a CUET aKTHBHU3AIMH €€ ITOTEH-
IMaga ¥ akKyMYJINPOBAHUS, TPEXKIE BCETO, TPYIOBBIX
PECYPCOB KaK B OCHOBHBIX, TaK 1 B BCIIOMOTI'aTCJIbHbIX
npou3BojicTBaxX. [log4MHSSACH 9TOMY, IPaloCTPOUTEIb-
HBIN acTIeKT OIEHKH NMPHOOPETAET JIATEHTHYIO (hOpMY.

Ha nocenen4yeckoM ypoBHE IJIAHUPOBOYHOM Opra-
HU3AIMU UCCIIEyeMbIX 00bEKTOB I'PaloCTPOUTEIbHAS
COCTABIISIOIIAs OLIEHKN CIIOCOOHA aKIIEHTHPOBATHCS:
BBIJICJICHHBIC pPAaHCC XapaKTCPUCTUKNU CTAHOBATCA J€-
TaJbHBIMH U KOHKPETHBIMHU. Takum oOpa3om, Tpebo-
BaHUS a/laNTall¥ PETHOHAIBHBIX TOAXO0N0B K ypPOB-
HIO MYHUIIUITAJIbHBIX O6pa3OBaHHﬁ JOCTHUXKHUMBI. Oun
CHOCOOHBI pean30BaThCs MOCPEICTBOM O0bEANHCHHUS
M30JINPOBAHHO CYIIECTBYIONINX OJOKOB 000CHOBaHUS
I'PaJOCTPOUTENBHBIX PEIICHUN O IePCIIEKTUBHOM (TII1a-
HUPYEMOM) pa3MEICHUU TPOU3BOJICTBEHHBIX TEPPUTO-
puit Ha 6aze OD3 IIIT:

* B BEpTUKAJIbHOM MPOEKLUHU ISl OCYIIECTBICHUS
nepexo/ia K OLCHKE Mpoliecca B3anMOJICHCTBHS DJIEMEH-
TOB B COCTABE€ TEPPUTOPHATBHBIX CHCTEM OT OJJHOTO He-
PapXuUueCcKoro ypoBHs K JIPyTromy;

* B TOPH30HTAJIBHON NMPOEKIINH, BEIPAKAIOIUECS
B TIPUHATHHA METOAOJIOTHYECKON 3aBUCUMOCTH B3aUMO-
JIEHCTBHUS 2JIEMEHTOB Kak 2 PEKTOB UX pa3MelieHus,
MO3BOJISIONIME 00Pa30BEIBATH MX HOBBIEC TNIAHUPOBOY-
HBIE KOHPHUTYpaIHH.

B uccienoBanuu B OCHOBY aHalk3a KOHKPETHBIX
TpaloCTPOUTEIBHBIX CUTYAINH, XapaKTepHU3yIOIINX Ba-
puanTsl pazmerernst O3 [I1T, monoker mpuHIAIT TTO-
JIOOHsI TEPPUTOPUAIBLHBIX CUCTEM MOCEJIEHHN B LIEIIOM
1 00pa3yIoINX UX KOMIIOHEHTOB. [{aHHBIN PUHINI TPU
aHaJIM3€ TPEUI0KEHO TPUMEHATh OTHOBPEMEHHO K T10-
CeNeHYECKUM CTPYKTypaM B MX IpaHuiax (o0bekTam
B 1I€JIOM) U K ONPE/EICHHBIM HX TePPUTOPHAIBHBIM CO-
CTaBJISIIONINM B CYIIECTBYIOIIUX OCETICHIECKUX CTPYK-
Typax B IpaHHIaX MJIaHUPOBOYHBIX apeasioB, yCTaHABIIHU-
BaeMbIX 0T rpanull pazmenienuss OO3 IIIT.

Jns ananuza B3aumogericteus 023 TIIIT u cu-
CTEM paccelieHHs] HCII0JIb3YIOTCSI COBMELICHHbIE KapTo-
TpaMMBbl, TOCTPOCHHBIE MOCPECTBOM CTPYKTYPHPOBa-
HUSI TUTAHWPOBOYHOM OpTaHM3aIMH TEPPUTOPHATIBHBIX
00BeKTOB (CM. pHC. 2). Pe3ynpraThl aHamu3a B KOHIEH-
TPUPOBAHHOM BHJIC MTO3BOJISIIOT YCTAHOBUTH HAJIMYHE
s dexroB pasmemenns 033 IIIIT. Ux mpeamoxeHo
PaHXHPOBATh CIACTYIOUIMM 00pa3oM:

* TIOJIHOE TMO000ne YyCTaHABIMBAEMBIX MTPU3HAKOB
B muianupoBoyHoM apeasne O3 IIIT u B noceneHusx;

* IIPEUMYILIECTBEHHOE COBIIAJCHHE IIPU3HAKOB;

* HE3HAUUTEIbHbIE OTKIOHEHUS IPU3HAKOB, OTMe-
JaeMbIX B ITaHupoBoyHOM apeaine O3 IIIIT, ot mpu-
3HAKOB ITOCCJICHUI;

* BBIABICHHUE B INTAaHUPOBOUHOM apeane OO3
[IIT cnieunduueckux xapakTepUCTHK, CYIIECTBEHHO
OTIINYAIOIIUXCS OT MPU3HAKOB MOCEICHUI.

Takxe ompenensrorcs 3p(eKTs pazmMenieHus
OD33 IIIIT, xak cTeneHb BOCIPOU3BEICHUS IPU3HAKOB
tepputopuanbHeXx cucteM B OD3 I1IIT, uro sBuser-
Cs1 OCHOBHON KOMIIOHEHTOM AMArHOCTUKH COCTOSHUS
00BbeKTOB HccneaoBanus (puc. 3).

PesynbraTel qIUarHOCTHYECKUX HMCCIENOBAHHUI
MIPEUIOKEHO NCIOIb30BaTh JJIsi 000CHOBAHUS TPajio-
CTPOUTCIIbHBIX pemeHMﬁ Ha YPOBHC MYHUIIUTIAJIBHOTO
mnanupoBaHusa. K pa3paboTke onTHManbHOW CXEMBI
MJIAaHUPYEMBIX K pa3MelIeHUI0 0OBEKTOB B ITOCEICH-
YECKHUX CTPYKTypax IPUMEHSETCS CLEHApHBIN MOA-
X0A. DTO TO3BONIHIIO CHOPMHUPOBATH CIEAYIOUINI TH-
TTOJIOTHUYECKUI PSJT MOTEHIIMATIBHO BO3MOXKHBIX (hOPM
B3aMMOJICHCTBUS IEMEHTOB B CUCTEMAaX pacCeleHUs:
CIHSIHHE, NTOITIOLICHHE, 3aMEIEHUE, TPUCOEANHEHHUE,
ABTOHOMM3AIHsL.

CueHapuu pa3BUTHSA TEPPUTOPUIl MOCEICHUH
pa3nuyaroTCs BUAAMU U UHTEHCUBHOCTBIO TPaloCTPO-
WUTENBHOTO BMEIIATENIbCTBA B CIIOKUBIIMECS TEPPUTO-
puanbHbie CTPYKTYpbl. OOOCHOBAaHUE TOW MU WHOM
CTPaTETuy NPEAJIOKEHO 3aKIIaIbIBaTh B OCHOBY pa3pa-
OOTKH COOTBETCTBYIOMINX JOKYMEHTOB TEPPUTOPHAIb-
HOTO IIJIAaHUPOBAHUA.

JAKJIIOYEHUE U OBCYXJIEHHUE

[ToBbllIeHNE 3HAUUMOCTH MYHULIUIIATBHOTO YPOB-
HSI PacCelIeHUsI B CHCTEME YIPABICHUS TEPPUTOPHUEH 00-
YCIIOBJIGHO aKTHBHOCTBIO COITHAIBHO-IKOHOMHUYECKUX
MIPOIIECCOB MOCIIENHETO AecaTmieTHs. OHH BBI3BIBAIOT
nepepacipeesieHle «IeHTPOB TSHKECTH» rPagoCTpou-
TENIBHOM IESTENbHOCTH MEX/Ty MyHHUITUITIATBHBIMU 00pa-
30BAHUSIMH, BBIAENAS ACIIEKThl PETMOHAIBHON HICHTHY-
HOCTH. Hay4HO-TeXHNYECKNI MpOorpecc CrocoOCTByeT
MHHOBATH3AIIMU BCEX BUJIOB JCATEIFHOCTH, OpraHU3ye-
MOH Ha TEPPUTOPHU. DTO — OJIHA U3 NPUYUH HapacTa-
HUS TEMIIOB POCTA JIEMEHTOB MOCEICHYECKOH CUCTEMBI
HOBOTO THMA. VX XapakTepHble 0COOEHHOCTH CBS3aHBI
C peajm3anuel B X rpaHUIAX IMPOEKTOB (HhOpMHUPOBa-
HUSI IPOM3BOJICTBEHHBIX TeppUTOpHii Ha 6aze O3, nme-
IOIIUX MTpe(epeHInaTbHBIC PEXKUMBI Pa3BUTHSL.

TepputopuanbHble 0OBEKTHI, SABIAIONUECS Pe-
3ylbTaTaMHU UX peajau3alli, CTAHOBITCS CPEJCTBA-
MU IJIaHUPOBOYHON PeabIINTAIMK CYIIECTBYIOMINX
CTPYKTYp, 00pa3yeMbIX CETbI0 HACEICHHBIX MTYHKTOB,
WHTErpaTopaMy HOBBIX CBSI3€H MPOIECCOB U OOBEKTOB.
B cBA3u ¢ NposABIIEHUEM yKa3aHHBIX CBOMCTB B IOCE-
JEHUSAX MPEeIOTBPAAETCS AalIbHENNINI MUTPAlHOH-
HBII OTTOK HACEJIEHUs C CEIbCKUX TEPPUTOPUIL 3a cUET
oOecreueHus B3aUMOCBSI3aHHOTO Pa3BUTHA MIPOCTPaH-
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Puc. 3. Pe3ynbraThl rpalocTpOUTEIbHON OLEHKH BAPUAHTOB PAa3MEIIEHHS HCCIIELyEMbIX IPOM3BOJCTBCHHBIX TEPPUTOPUIL
B CJIOJKMBIINXCS IOCEICHYECKUX CTPYKTYpax HU30BOIO YPOBHS

Fig. 3. The results of the urban planning assessment of the options for the location of the studied industrial territories in the es-
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tablished settlement structures of the grassroots level
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CTBEHHO-PACCPEIOTOYCHHBIX (PYHKIIMOHAIBHBIX TIPO-
L[ECCOB M YMOPSAJOUEHHUsI CYLIECTBYIONIEH MIaHUPO-
BOYHOM OpraHu3aliy HaceJIeHHbIX MYHKTOB. Bce 310
B COBOKYMHOCTH MOBBIIIAET FAPAHTUU YCTONYUBOCTH
MYHULUNAIBHBIX CUCTEM PAacCCEIeHUs, B TOM 4YHCIIE
U B aCIIEKTE LEJICHANPAaBIEHHOTO TOBBIIIEHHS Ka4eCTBa
Cpelbl )KU3HEAEATENBHOCTH JIIOAEH.

Jlnst obecrieuennst 60mbIel 0ObEKTUBHOCTH TIEp-
CIEKTHBHOTO BbIOOpa W IMOCIEAYIONIEr0 pa3BUTHS
TEPPUTOPHIl, 001a1aI0NINX BBISBICHHBIMU TPEUMY-
LIeCTBAMU, IpeJylaraeTcs creluaibHas cCucTeMa ux rpa-
JIOCTpOHTEIbHOM oneHKn. OHa (hopMupyeTcs B pa3BUTHE
MPUHIAIOB CUCTEMHO-CTPYKTYpPHOTO aHAJIN3a, Ha OCHO-
BE KOTOPBIX Pa3padOTaHbl M ONPECICHBI HAIIPABICHUS
UCTIONIb30BaHMS METOA CTPYKTYPHPOBAHUS TEPPUTOPH-
AJIbHBIX CHCTEM.

B acmexre pemaemMbIxX B HCCIEOBAHUY 3a7a4 ak-
LEHT CJieJIaH Ha MyHHLIUIIaJIbHOM ypoBHE (popMHpoOBa-
HUSL CUCTEM PACCENICHMsI, 1 B YaCTHOCTHU Ha IJIaHUPO-
BOYHOM OpraHu3allu NOCENEHYECKHX CTPYKTYP.

CTpyKTypHUpOBaHHE COIPSIKEHO C MOCIEI0BATENb-
HOCTBIO IIPOLECCA PACIIO3HABAHHSI CBOMCTB 2IEMEHTOB
CUCTEM U UX IIPU3HAKOB M OCYLIECTBISETCS ITOATAITHO.
Ha niepBoM sTare oLeHKH BBIIEISIOTCS XapaKTePUCTH-
KM OCBOCHHOCTU TEPPUTOPUMN NOCEIEHUH, OT KOTOPbIX
3aBHCHUT MOTEHIMAT UX pa3BUTUA. B pamkax Broporo
9Tana OLEHKHU BBIJEIEHHbIE XapaKTePUCTUKH MOTyda-
10T JanbHEHIIYI0 JeTalu3alui0 U KOHKPETU3UPYIOT-
csi. B pamkax o6oux 3TamnoB, TakuM 00pa3om, mocie-
J0BaTeIbHO AUQPepeHIupyeTcs Bce MOTCHIHAILHO
BO3MO)KHOE€ MHOT000pa3ne 3JIeMEHTOB MOCEICHUN —
HACEJICHHBIX IyHKTOB, C ONIPEACICHIEM Hanbosee 3Ha-
YUMBIX JJIS1 TPAJJOCTPOUTEIBHOMN e TeTbHOCTH.

YcTaHOBIEHUE COMEpKAHUS BBIIEIAEMBIX HTANOB
rpaJloCTPOUTENILHOM OLEHKH ITOCEICHUH SBIIsieTCst 00s1-
3aTEJIBHON COCTABIISAIONIEH TUAarHOCTUKH CIIOKHUBIINX-
Csl CUCTEM pacceleHus uccaeryeMmoro yposnsa. Kpome
9TOr0, PACCMOTPEHHBIE TUATHOCTHYECKUE ITPHEMBI MO-

TYT OBITh MCITOIB30BaHbI TAKXKE IS OLEHKH CIOCO0O0B
B3aMMOJICHCTBUS MOCEJIEHNH (KaK HU30BBIX 3BEHHEB
PErHOHANBHOW CUCTEMBI PacCeICHNUs) U JIOKaTU3alui
IIPOU3BOJACTBEHHBIX TeppuTOpuil. B uccienoBanuu
o0ocHOBaHa U anpoONpoBaHa METOJIUKA OIICHKH Pa3-
JMYHBIX BApUAHTOB MX B3auMoJeiicTBus. B ee cocra-
BE€ MPEUIOKEHO OnpeaessiTh d3PGeKThl pa3MelieHus
UCCIEAYEMbIX OOBEKTOB B KaueCTBE MHCTPYMEHTA
rpagoCTPOUTENILHOTO aHainu3a. OH yYUTHIBAET CIICIH-
(uKy MIaHUPOBOYHOI OpTraHU3aIMK TEPPUTOPHUH, SIB-
JSIOIIEHCS Pe3yabTaTOM HAJOKEHHS TTOCEIEHIECKUX
CTPYKTYp ¥ uX parmMeHToB. Takum 0Opa3oM, ycTaHaB-
JIMBaeMbIe COOTBETCTBHUS PACCMaTPHUBAIOTCS KaK O0BEK-
THBHAsI OCHOBA Pa3padaTbIBAEMbIX I'PAJOCTPOUTEIBHBIX
penIeHni 10 TUIAHMPOBAHHIO UX PA3BUTHS U CPEACTBO
TIOBBILIEHUS UX apIyMEHTHPOBAHHOCTH.

HonyquHHe PEIYIbTATBl AMATHOCTUKU UCIIOJIB3Y-
I0TCS JUISl Pa3pabOTKK I'PaloCTPOUTENBHBIX CIIEHAPHEB
MIPYA COCTaBJICHNUHU TPOTHO30B PAa3BUTHUSI TEPPUTOPHH,
BBI3bIBAEMBIX (DOPMUPOBAHUEM IIPOU3BOICTBEHHBIX TEP-
putopuii Ha 6aze OD3. [IpoBeneHHOE HCcIe0BaHUE TTI0-
Ka3bpIBAaeT HAIMYNE PA3INYHBIX (POPM B3aMMOJCHCTBHS
JJIEMEHTOB B cHcTeMax pacceneHus. LlenecoodbpasHo
BBIJICJICHHE CJIETYIOIETO TUIIOIOTMYECKOTO Psijia MOTEH-
IIMATBHO BO3MOKHBIX IJIAHMPOBOYHBIX (hOPM: CIMSHHE,
MOIVIONIEHHUE, 3aMEelIeHHe, IPHCOEANHEHNE, ABTOHOMH-
3aIus.

Pa3BuTHe NpUHIMIIOB TPAJIOCTPOUTENHLHOTO CIie-
HapUpOBaHUS COIPSDKEHO C JaJbHEHIINM H3ydeHH-
€M 3aKOHOMEPHOCTEH MYHUIUITAIBHBIX 00pa30BaHUN
Ha BBICHIEM IO OTHOHMICHHUIO K IMOCCICHHUAM YPOBHE
(hopmMHpOBaHUs cUCTEM paccerneHus. B HoBoM 1ukie
HAy4HBIX pa0bOT IUIAHUPYETCS NMPOBEJICHUE HCCIE0-
BaHMM, TOKA3bIBAIOIINX CTENICHb U3MEHIEMOCTH 0a30-
BOTO COZCP)KAHUS CLIEHAPHUEB PAa3BUTUS TEPPUTOPHIA,
00yCIIOBIIEHHOH NeficTBHEM (aKTOPOB PErHOHAIBHON
WJICHTUYHOCTH.
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ABSTRACT

Introduction. The subject of this study is volumetric and spatial elements of a building and their locations. Practical
significance of the study is to accelerate decision making in the selection of properties for further practical work of
arrangement. The purpose of the study is to find the possibility of comprehensive evaluation of architectural solutions for
hypothetical changes, such as functional purpose. Scientific novelty: the possibility of simplifying prospective changes at
the design stage is considered.

Materials and methods. The spectrum of changes to buildings over time is described — from operational needs, through
renovations to major renovations. The basis of the work is rich in frequent changes material on buildings for research and
risky innovation. A range of changes, statistically frequently occurring in civil engineering buildings, is presented. Empirical
and theoretical research methods have been used in an integrated way.

Results. A list of the techniques is given which the architect can use to facilitate possible future changes in a building
or premises, related to a change of activity, a change of tenant or owner. The characteristics of the parties involved in
considering each of the features of the property are described. Two simplified examples are used to assess the architectural
solutions affecting the possibility of future changes. An assessment package for determining a building’s readiness for
prospective change, using office-type ordinal diagrams, is given.

Conclusions. The appraisal apparatus can be used to compare properties that are to be converted (due to sale or rent).
The application of the presented appraisal apparatus will require the creation of a mathematical formula that takes into
account the significant database for each of the properties. The result of the appraisal is a summary in numerical form and
a diagram reflecting the architectural solution, showing the building’s readiness for future changes.

KEYWORDS: building life cycle, change, redundancy, architectural and spatial technique, architectural evaluation, change
of activity, perspective, property rental and sale, spatial readiness
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HN3meHeHus1 u INPUHIOHUII OHCHKHA I'OTOBHOCTH K U3MCHCHUAM
B ’KUBHCHHOM IIUKJIC 3IlaHl/Iﬁ

JAMuTpnii AjlekcanapoBn4 XpycTaJies
Mockosckuii apxumexmyprwiil uHcmumym (2cocyoapcmeennas akademus) (MAPXHU), e. Mockea, Poccus

AHHOTALUMA

BsegeHue. MpeameT nccnegoBaHns — 06bEMHO-NPOCTPAHCTBEHHbIE ANEMEHThI 34aHust U X MecTa pasmelleHns. MNpak-
TUYecKasi 3Ha4MMOCTb UCCNeoBaHUs — YCKOPEHWUE MPUHATUS peLleHus npu Bblbope 06bEeKTOB HeABWXMMOCTY ANS Aanb-
Hellen npakTnyeckon paboTel No obycTponcTay. Lienb nccnegoBaHms — HaWTU BO3MOXHOCTb KOMMMEKCHOW OLEeHKU ap-
XWUTEKTYPHBIX PELUeHW ANA MMNOTETUYECKMX M3MEHEHWN, Taknx Kak (PyHKLMOHaNbHOE HasHadeHue. HayyHas HoBu3Ha:
paccmMaTprBaeTCst BO3MOXHOCTb YNPOCTUTb NEPCNEKTUBHbBIE M3MEHEHMSA Ha 3Tane NpoeKTUPOBaHUS.

MaTepuanbl u metoabl. OnncaH cNekTp M3MEHEeHWUN B 3AaHUSIX C TEYEHUMEM BPEMEHN — OT JKCMNIlyaTauMOHHbIX HEOOXO-
OVMOCTEW, NepennaHnpoBoK A0 KanuTanbHoro pemoHta. OcHoBaHneM paboTbl ABnseTcs GoraTbil Ha YacTble U3MEHEHUS!
martepuan no 34aHusaM AN Hay4YHO-UCCneaoBaTeNnbCKOM U PUCKOBOW MHHOBALMOHHOW AedTenbHocTH. [puBeaeHsl pasHble
no mMacwTtaby M3MeHeHWsl, CPaBHUTENbHO YacTO BCTPeYaloLMecs B 34aHNAX rPaXAaHCKoro HasHaveHus. Vcnonb3osaHsl
KOMMIIEKCHO 3MNUpUYECKMe N TEOPETUYECKE METOAbI UCCMNEA0BaHUS.

PesynbraThl. [Nepeuvicnenbl Npuembl, NCNOSb3yst KOTOPbIe apXMTEKTOP MOXET YNPOCTUTL BO3MOXHbIE B OyayLeM n3meHe-
HUSI B 30@HUV UNWN NOMELLEHNN, CBSI3aHHOM C nepenpodunpoBaHneM AeATeNbLHOCT, CO CMEHON apeHaaTopa unu Bna-
Aenbua. OnucaHbl XapakTePUCTMKN CTOPOH PACCMOTPEHUS Kaxaol M3 ocobeHHocTel obbekTa HeaBMXUMOCTU. Ha aByx
YNPOLLEHHbIX NpuMepax npoBedeHa OLeHKa apXUTEKTYPHbIX PELUEHWUN, BAUSIIOLLMX HAa BO3MOXHOCTb MEPCNEKTUBHBLIX U3-
MeHeHWiA. MNprBoaNTCA OLIEHOYHBI KOMMIIEKC NO onpeaerieHnto roTOBHOCTM 34aHWs K NepCneKTVBHBIM M3MEHEHUSIM C Npu-
MeHeHVeM OpAMHAPHbLIX AnarpamMmmM ogMCHOro Tuna.

BbiBoabl. OLEeHOYHBIN annapat MOXeT ObiTb MCMONb30BaH ANst CPaBHEHNS 0ObEKTOB HEABWKMMOCTYU, KOTOPbLIM NPeaCcToUT
nepenpodunnpoBaHue (B CBA3W C NPOAaXewn unv caaden B apeHay). [ns npuMeHeHus npeacTaBneHHOro annapara OLeHK1
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I'IOTpe6yeTCﬂ co3gaHne mateMaTuyeckomn CbOpMy.l'IbI, y‘-WITbIBalOLLleVI 3Ha4YUTENbHYIO Mo o61=emy 6a3y AaHHbIX ONA KaXXaoro
13 0OLEKTOB. Pe3yanaT OLEHKN — KpaTkas 3anucb B YMCIIOBOWN chopMe 1 AnarpaMmma, oTpaxaroLas APXUTEKTYPHOE peLle-
HUe, Harma4Ho AeMOHCTpUpyrLas cCteneHb roTOBHOCTU 34aHNA K UBMEHEHUAM.

KINOYEBBIE CINOBA: X13HEHHbIN LWKN 30aHNS, U3MEHEHWS, pe3epBMPOBaHNE, apXUTEKTYPHO-NPOCTPAHCTBEHHbIV NPUEM,
CMeHa JedATenbHOCTH, NepcnekTBa, apeHaa v npofaxa HeABMXMMOCTH, NPOCTPaHCTBEHHAsi TOTOBHOCTb
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Aemop, omeemcmeeHHbIl 3a nepenucky: Qmutpuin AnekcaHaposuy XpycTanes, promgettista@yandex.ru.

INTRODUCTION

Buildings undergo changes depending on their
functional profile. It is an unfeasible task to foresee
the possibility of any change. Statistically, it isn’t even
necessary [1]. Still, it is very desirable to be able to
carry out alterations as easily as possible. Moreover, it
is a resource-saving undertaking to understand the com-
plexities of the possibility of making any changes be-
fore construction work starts and even before renting /
buying a property.

MATERIALS AND METHODS

Scale of change over the life cycle of buildings
According to a sustainable architecture paradigm,
buildings in every phase of their life cycle have to be ef-
ficient and environmentally friendly. New construction
has the advantage in this respect over renovation since
all modern spatial and structural design possibilities are
open. There is also the possibility of choosing almost
any material both in the finish and within any structure.
The conditions of reconstruction have their solutions
on all these points, but they are naturally limited due to
the existing spatial dimensions and structural solutions.
On the whole, the presence of a building limits a crea-
tivity scope [2]. At this stage the idea arises — “it’d be
easier and better if there were no this, or that...”. Think-
ing about it, in terms of the life cycle of a building, eve-

ry alteration after commissioning is a resconstruction to
a greater or lesser extent [3].

The number of such changes may be small. This
is typical for buildings with a single, unchanging activ-
ity profile, such as apartment buildings, kindergartens,
or public bathing facilities. There is no reason to change
much there, if everything is working as it should. And
yet, virtually every building element has a lifetime [4].
For example, wooden structures require regular mainte-
nance, such as impregnation or painting. Glazing needs
to be cleaned fairly often and replaced frequently, espe-
cially when there is a mechanical impact. These small
actions little by little extend the life of a building. These
little measures make small, nevertheless positive, im-
pacts on the life cycle (Fig. 1).

Significant changes to the building are other —
extensions, additions, replacement of worn-out struc-
tural elements. These tasks require structural strength
surveys. The structural fatigue parameter is calculated'
and the degree of building deterioration is determined?.
At some point, the combination of these values can
lead to a hard decision to overhaul or even to a demoli-
tion. Obviously, these tasks have a very serious impact
on the life of a building. They are a Milestone in the life
cycle of a building.

Considering that sustainability and efficiency
must be a constant priority in a building [5], whatever
the stage of its lifecycle, the following tasks are worth

BUILDING LIFE CYCLE
Analisys Design Construction Building usage Demolition Utilisation
[ inivinivinivioivioiuiotr B E— r—/] NI | —
Time Time

Regular building’s check and maintenance

Functional profile A

Reconstruction AB

Significant change

Reconstruction BC

Functional
profile C

Functional

profile B

Fig. 1. Full building life cycle scheme (upper part) and usage detailing (lower part). Black zones expose the main building’s
functionality periods. Milestones abstractly show rare significant changes made within building in correspondence to profile
changes (A to B and D to C). The waves at the top of the ordinal use phases reflect the need for operation and periodic
maintenance

' GOST 31937-2011. Buildings and constructions. Rules for inspection and monitoring of technical condition. Interstate stan-
dard. Appendix C. Moscow, 2014; 59.

2 VSN 53-86 (r). Rules for estimation of physical wear of residential buildings. Part. 1.1. Moscow, Preiskurantizdat publ.,
1988; 54.

1202



Changes and the principle of assessment of readiness for changes in the life cycle of buildings

P. 1201-1211

noting. Both at the design and operating phase it is de-
sirable to:

+ simplify and minimize small changes, if it is not
possible to eliminate them altogether;

* to postpone major changes by lengthening
the effective operating phase;

* have solutions that will make it as easy as possi-
ble to correct problem areas, wherever they may be, and
to carry out the update as quickly as possible.

So, regardless of the type of building, its location,
its size and the time characteristics of the building’s life
cycle Milestones, the challenge for the designers arises:
to simplify the operation of the building services and
to allow the possibilities for future building’s changes.

An analogy, in crude terms, is possible with man
and his education. If one expects a person will have
to work only in one profile, then it is enough to take
a course and adhere to the healthy lifestyle. The em-
ployee will be able to cope quite well, with only oc-
casional use of hairdressers and dentists. But this cal-
culation has its limits — job profile and health [6]. If
one imagines in advance that both are impermanent
quantities, the concept of education must be changed.
A person has to prepare for more universal tasks than
those described in the profile. And at the moment when
the situation changes, man will quite easily be able to
slightly change his usual circle of duties (to become not
a baker, but a cook, to switch from a locksmith’s posi-
tion to a carpenter’s one). It is certainly not a question
of going from being a turner to being a surgeon. But
the idea of a hypothetical change in a job profile, as
time passes, is intrinsic to people. And it is naturally
enriched by thinking about it holistically, taking age
and health into account. The principle of greater job
certainty with a more versatile education is reflected
in people’s willingness to get the higher education.
The analogy with human education is shown to illus-
trate a basic idea about the building. This thought is as
follows (again, paired with the example-analogue):

* at the design stage: to lay down the possibility
of changing the functional profile (in childhood, assume
a spectrum of professions, not just one position);

« at the construction stage: to use solutions with
more advanced characteristics than minimally neces-
sary [7] (study at a university that is slightly more ex-
pensive than taking cheap courses in the same profile);

* in the functioning phase: regular monitoring
the condition of the main and secondary structural ele-
ments [8] (keep your health up to date and have regular
medical check-ups);

« at the stage of necessity (a Milestone in the life
cycle) to react to any change in the functional profile:
to be able to make changes without significant impact
on the environment [9] (to move from one position to

another without retraining and without sessions with
a psychotherapist).

Considering these tasks, the building will be in
demand longer, the life cycle will not be with a sin-
gle sine wave period (according to Fig. 1), but with
several ones. And overall, the building will be closer
to the principles of sustainable development [10] (and
the person in this example will work longer and have
a more interesting life).

Obviously, it is unlikely to raise a universal worker
who would be good at both medical profile and lock-
smithing. There may be exceptions, but one can’t count
on it. This means that the building cannot be expected to
be radically changed in the shortest possible time and at
the lowest possible cost. However, it is still possible to
talk about feasible measures to change the operating pro-
file. The simpler these changes are, the more economical
they are and the better for the life of the building.

It is impossible to use eternal materials and perfect
spatial solutions at building construction though there
are some techniques for life span calculation of basic
constructions’. Although the stone is more durable than
wood, it is ridiculous to advocate its use everywhere.
It should be more expensive, more complicated and in
some cases simply absurd, such as the use of a stone
door. Almost any material has a limited resource, and
yet there is a chemical and physical possibility to ex-
tend this resource (impregnating of timber surfaces,
replacing glass). Here comes the point of possibility,
the accessibility of this maintenance operation. The best
solution would be to have access to everything: from
outside of the building to the place, within the build-
ing and to any of the structure plies. Is it possible? Ob-
viously not. Moreover, a number of processes taking
place in the building may block the possibility of carry-
ing out maintenance operations, e.g. an hours-long sur-
gery or a gala reception will not allow for simultaneous
inspection and impregnation of the structure. It should
also be stated that not all solutions are suitable in build-
ings of historical and cultural value [11].

And at a time (the Milestone for a building) when
some changes need to be made, some of them are
relatively simple, others are economically unafford-
able [12]. Simple changes, such as replacing a door
and process equipment, or removing a partition, are
feasible and do not require much. For this example —
a passageway, a lift or a ladder, the ability to secure
the dismantling area is necessary. If the complexity
of the change grows, the number of requirements in-
creases. An example to that, the need for a drainage
ladder entails, in addition to protecting the work area,
a change in the floor structure and possibly in the struc-
tural design of the building (if the slab must be lowered
locally), and an obligatory connection to the drainage
piping system. If the task is more difficult, such as wid-

3 Methodical guide for assigning the service life of concrete and reinforced concrete structures taking into account the impact
of the operating environment on their life cycle. Moscow, 2019; 122.
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ening a flight of stairs wedged between walls, a large
part of the building will have to be demolished and
rebuilt. This is a very serious operation, akin to organ
transplantation in the case of a human being. Such
a Milestone is remembered for a lifetime, and it is un-
likely that any of us would dream of encountering it
intentionally. Nevertheless, if it is required for build-
ing work processes, it has to be done. Computer pro-
grammes undoubtedly help to optimize decision-mak-
ing processes [13], but in general, they are extremely
costly operations. The considerations described above
lead us to think about the economic feasibility of cer-
tain changes. Replacing a door and extending a flight
of stairs by moving a wall are changes of the different
scales. The only thing they have in common is that they
need to be justified by the certainty of continued suit-
ability. These tactical measures, whatever their scale,
should be consistent with the strategic plans for the ef-
ficient operation of the building as a whole. In Slova-
kia, the mill building has undergone a very significant
renovation and is now a residential one. The positive
effect of this change on the life of the building has been
calculated [14]. It is undoubtedly one of the few Mile-
stones in the life of the building.

The scale of changes varies. Already at the begin-
ning of the 20th century, technology emerged to move
buildings entirely*, since these buildings were needed
as volumes and functional units, although, not in their
original places. Expensive relocations are also Mile-
stones, and very large ones, indeed. But they are still
unique. Far more often we have to deal with ordinary
changes, such as a leaky pipe, a broken part, a replace-
ment of a piece of equipment with a more suitable one,

The longer last functional profiles — the better!

Example

the installation of a new engineering system (for ex-
ample, a “smart home™ or central vacuum system®).
Fifty years ago, such systems were not invented, but
now, some users think about their installation even in
old buildings. Occasionally, economic calculations
show that the tactical costs of change are outweighed
by the strategic benefits. That’s when changes are made
to the building (Fig. 2).

So, it’s impossible to foresee everything in ad-
vance, and we have to live with it. But how can we
simplify or at least predict problems, reduce time and
economic costs, and lengthen time intervals between
milestones? In the digital world this is dealt with by
detailed risk and accidental loss prevention [15], in real
construction this problem is still relevant.

To answer this question, the author has used a set
of empirical and theoretical research methods over sev-
eral years. Numerous sources of information have been
studied, mainly for buildings with a frequently chang-
ing functional profile (R&D buildings for innovations).
Their analysis and comparison of the information is
presented in a monograph back in 20127-8. The observa-
tion of public and residential buildings shows similar
problems, the frequency and scale of change differs in
their case. Analogy and abstraction, also as working
methods, have already been presented in the article.

RESULTS OF A RESEARCH

Architectural techniques

There are few of techniques in the architect’s scope
to help with this task.

Technique 1. Understanding that not everything
is going to work the way it is supposed to work now.

The less often happen the complicated
Milestones — the easier!

Functional
profile C

Functional
profile B

are justified by the building
usage named B and C

Example

Fig. 2. Examples of the scale of changes in buildings are shown. The feasibility in Milestones, as well as in small changes,
depends on the subsequent use phases, their duration and usefulness

4 Ostrovsky 1.S. Method of buildings moving. USSR Patent No. 54365, class 37¢.12 on application No. 184967 of January 20,
1936. URL: https://patentdb.ru/image/101359 (accessed April 12, 2023). (rus.).

5 O’Brien J. Top 10 Smart home appliances in 2022. URL: https://houseintegrals.com/top-10-smart-home-appliances-in-2022
(accessed January 9, 2023).

¢ Salvatore Buda. Built-in vacuum system. Patent WO 1998032363 A2 dated July 30, 1998 in the class A47L5/38. URL: https://
patentimages.storage.googleapis.com/5a/63/a4/85913¢89291¢c3/W01998032363 A2.pdf (accessed April 16, 2023).

7 Dianova-Klokova V., Metanyev D.A., Khrustalev D.A. Innovative research and production complexes. Issues of architec-
tural design. Moscow, Published by URSS (Lenand LLC), 2012; 186.

8 Dianova-Klokova I.V., Metanyev D.A., Khrustalev D.A. Architectural design of innovative R&D complexes. Global practice
review. Moscow, Published by URSS (Lenand LLC), 2012; 367.
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This approach leads to the idea of designing for pos-
sible changes.

Always at the design stage the architect and client
service draw up an adequate design brief. It is intended to
reflect the demands of the day, the objectives of the first
sine waves (Functional profile A, according to Fig. 1
and 2). The architect has to assume that there will also be
next phase — Functional profile B, and a Milestone AB.
For example, such a change with space transformation in
the Athens apartment is described in 2017 [16]. Or an-
other example, from the author’s experience: making it
possible to install a drainage ladder at the design stage is
much easier than carrying out a major renovation when
forced to do so by numerous leaks and the associated has-
sles from the insurance companies. Installing a revision
hatch, and arranging a small margin of space to allow re-
pairs to the equipment being installed, is a lot easier than
breaking in neatly finished surfaces. A good example
of this Technique 1 — pipes embedded within the walls
of mid-20th century USSR’s residential buildings. They
were deteriorated over time (clogged or rusted over
50 years of operation) and during the repair of buildings,
renovation designers had to exclude these pipes from
work and make duplicates, already in the space of prem-
ises. As a result, we see both overspending of steel and
multiple repairs. In general, the conclusion was a return
to a simpler, more utilitarian solution of placing pipes
with the possibility of replacing them’.

The Technique 1 actively operates with the fea-
tures: Repairability and Accessibility, passively used
the feature: Aesthetics.

Technique 2. The use of redundant solutions in
areas where further changes are impossible or difficult.

This includes the use of stronger structural solu-
tions [17], from the quality of the materials used and
the spatial design of the building to taking into account
seismic stability requirements [18]. Also, redundant
spaces are very suitable for the possibility of new util-
ity ducts and pipelines. Geometric redundancy would
show benefits if the stairwells were large enough to ac-
commodate a lift within their boundaries — such a so-
lution would greatly simplify the elevator placement.
An external lift in originally lift-free residential build-
ings is a good solution, but its use by people in wheel-
chairs is not feasible. Space saving on common areas
is still relevant today. Though, caring for people with
mobility impairments'® has become much more impor-
tant in Russia'' and abroad in the last 25-30 years [19]
and were adopted at legislative level.

This Technique 2 actively operates with the fea-
tures: Reliability and Redundancy.

Technique 3. Use of repairable solutions with ac-
cessibility.

Numerous wiring accidents when trying to hang
a shelf on the wall unequivocally show that concealed
solutions are only good as long as there are no other
problems. Repairing an electrical installation which is
embedded in the floor structure is considerably more
difficult than if it is wired in a duct in the baseboard area.
There are intermediate solutions — running the wiring
under the ceiling and only running it down to the points
of use as required. If we’ll switch away from structural
engineering and concentrate solely on architectural so-
lutions — the use of modular furniture, mobile parti-
tions, localization of technical services in corridors and
dedicated floors — these architectural solutions maxi-
mize maintenance and repair capabilities [20].

This Technique 3 actively operates with the fea-
tures: Repairability and Accessibility, passively used
the feature: Reliability.

Technique 4. Identify critical areas where changes
are undesirable and keep them unchanged where possible.

The example of an inspection hatch is the simplest
possible. It is placed in the equipment area precisely
to enable inspections and work specified in the techni-
cal regulations to be carried out. If this manhole does
not exist, the problem would have been noted in Tech-
nique 1. But if there is one, the following peculiarity
is observed: the presence of a hatch implies that there
is also a work area by this hatch. And the less interfer-
ence there is with this work area, the easier it is. So, if
there is an access hatch in the office floor, the option
of placing a partition over it is the most unreasonable
solution; the option of placing furniture obstructing it is
also a problem (the minor one), as an employee needs
to move furniture and slow down some office processes;
also in the passage area, the presence of the hatch can
prevent people from doing their job. The best option is
to provide a hatch with a working area in an uncluttered
area that is rarely used; this might be a dead-end part
or an extension of the aisle between workstations [21].

This Technique 4 actively operates with the fea-
tures: Redundancy and Usability, passively used the fea-
ture: Aesthetics.

Each of these examples shows that there are solu-
tions. And these solutions vary in terms of convenience,
efficiency, economics, and complexity. If considered
holistically, any of these problems can be evaluated ac-
cording to the following indicators.

Decision evaluation

Consider the main categories for proposed evaluat-
ing solutions in the Table 1.

% Code of Regulations 510.1325800.2022. Heat Supply Stations and Internal Heat Supply Systems, Ministry of Construction

of Russia. Part. 16.5. 2022.

10 Code of Regulations 59.13330.2020. Accessibility of Buildings and Structures for Low Mobility Groups of Population. Re-
vised edition of SNiP 35-01-2001. Moscow, Ministry of Construction of Russia, 2020; 69.
" Federal Law No. 52-FZ. About sanitary and epidemiological well-being of population. Issued March 30, 1999.
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Table 1. Main categories for evaluation

Category Description Comment
Reliability Durability of the solution

Redundancy The ability to accommodate an additional task in perspective The decision itself

Repairability The ability to be recovered from failure or damage

Accessibility The possibility of unhindered use Considering
Usability Livability of the solution the decision and
Aesthetics The organicity of the solution the surroundings

For a rough estimate, it is sufficient to use figures
corresponding to these likely (or already implemented)
solutions:

1. Extremely difficult or unique solution.

2.Problematic solution.

3. A difficult but possible solution.

4.The solution is not difficult.

5.Excellent solution, with no difficulties.

Unrealistic solutions are out of the field. Since this
text deals with relatively frequent changes and their so-
lutions, so unreal (and even unique) ones, as moving
the whole building, are left out of the brackets. It is most
convenient to use the estimator in the format of a Radar-
type diagram (Fig. 3) combined with a Line Chart [22].
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Fig. 3. Main evaluation diagram
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The smaller the figure, the greater the complexity
of the corresponding vector of consideration. As the re-
sult, the bigger and more correct the star (or figure) is,
the better or easier is the solution in general.

Case study 1

A hatch in the floor of an office building. The dia-
gram in Fig. 4 represent abstract options for the loca-
tion of the hatch in the room (as a continuation of Tech-
nique 4).

1. Category A “Reliability”. The reliability of the so-
lution does not depend on the manhole location in gen-
eral, but there is no engineering preference data — all
options get the same score (“Ared”=“Ablu”="“Amag”=
=“Agre”=4).

2.Category B “Redundancy”. The explanation is
identical, with the description in category A, (“Bred”=
=“Bblu”="Bmag”="Bgre”=4).

3.Category C “Repairability”. With the presence
of a wall, repairability is poor (“Cred”=2), if the hatch
is obstructed by furniture, the solution is not too dif-
ficult (“Cblu”=4). The best options are Magenta and
Green, they are the most repairable and get the highest
rating of 5.

4.Category D “Accessibility”. Under a wall acces-
sibility is poor (“Dred”=2), if the hatch is obstructed by
furniture — the solution is not too difficult (“Dblu”=3).
The best options are again Magenta and Green. They
have direct access for repairs, their grade is 5.

5. Category E “Convenience”. Ease of use of the part
of the hatch out of the wall is questionable, or difficult,
the index “Ered” take equal to 2. If the hatch is obstruct-

Fig. 4. Evaluation diagram for the solution with a hatch in the office space. The red line shows the variant with the hatch

under the partition. The blue line is the solution in the furniture area. Magenta line — hatch in the free access, but on the pas-

sageway. Green line — hatch in a dead end
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ed by furniture — the solution is not very convenient,
because one has to move the furniture (“Eblu”=3), and in
the Magenta option a worker will block the passage for
office employees (“Emag”=4). The best option is Green,
it is the most comfortable to renovate, since it does not
disturb anyone, it gets the highest grade (“Egre”=5).

6.Category F “Aesthetics”. Without the hatch
or with its part showing from under the wall, the aes-
thetics are perfect until the wall and floor are opened,
at that time the score surely drops dramatically
(“Fred”=2). If the hatch is obstructed by furniture,
the solution is almost aesthetically perfect (“Fblu”=5).
Both options, Magenta and Green, are also optimal
(“Fmag”="“Fgre”=5), if the hatch design is chosen ap-
propriately.

Result: In the Fig. 4 diagram it is shown a notice-
able difference between the shapes of different colours.
The Green figure is clearly larger and more harmoni-
ous than the others. Each of the solutions gain a score:
Red — 2, Blue — 3, Magenta — 4, Green — 5. It is
obvious from the numbers and the line diagrams that
the Green option is preferable.

Case study 2

The presence of a technical shaft in the laboratory
room is taken, as it is in an example — in University
of Newcastle (Australia) [23]. The diagram in Fig. 5
represents the Red option with no shaft; with a shaft ar-
ranged for the current technological task (Blue option)
and a slightly larger one, with a reserved space “just in
case” (Green option).

1.Category A “Reliability”. Reliability of solu-
tions for all options is generally close, there is no evi-
dence of a preference in terms of engineering. And
yet, the compact Blue option is more complex in
terms of design, and this reduces its reliability score
(“Ared”="Agre”=4; “Ablu”=3).

2.Category B “Redundancy”. The stockpile in
the absence of a shaft is colossal (“Bred”=5). By
convention, the Blue option’s shaft has no stockpile
(“Bblu”=2). The shaft of the Green option is more spa-
cious (“Bgre”=4).

3.Category C “Repairability”. Repairing some-
thing in the absence of a shaft is very easy (“Cred”=5).
In the presence of a tight shaft, on the contrary, difficult
(“Cblu”=2). The Green option with a dense shaft is re-
pairable and gets the highest rating — 5.

4.Category D “Accessibility”. Without the shaft,
accessibility is ideal, as is the category Repairabil-
ity (“Dred”=5). The Blue option has everything ar-
ranged tightly inside the shaft. Its accessibility is low
(“Dblu”=2). The Green task, though limitations within
the shaft, has a potential, its accessibility rate is medium
(“Dgre”=4).

5.Category E “Convenience”. The convenience
of using the laboratory, with various communications
interfering everywhere, is not at a high level. Thus, we
take the “Ered” indicator to be 2. The compact shaft is
the most convenient, but only at the moment of ordi-
nal work, and in the maintenance mode it loses slightly
(“Eblu”=4). The best option is Green, it is the most con-
venient to repair and gets the highest rating (“Egre”=5).

Possibility to widen the exhaust

Additional pipe space
Redudant shaft

Minimal necessary dimensions shaft

Aesthetics '\ o
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Usability
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Fig. 5. Diagram of evaluation of the solution with a mine in the lab. The red line shows the variant with no sump, all com-

munications being freely placed. The blue line is solution with compact shaft. The green line is with a shaft, calculated with

reserve for changes
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6.Category F “Aesthetics”. Without the shaft,
the aesthetics with free-standing engineering are more
than questionable (“Fred”=2). Both options with shafts
are almost identical in terms of aesthetics, and receive
the highest score (“Fblu”="“Fgre”=5).

The result is in the Diagram (see Fig. 5). The dif-
ference between the shapes is noticeable and the green
figure is again bigger than the others. It is also better
balanced. Results calculation is as follows:

* Green variant: (4+4+5+4+5+5)/6 = 27/6

=4.5 points;

e Blue variant: (3+2+2+2+4+5)/6 = 18/6 =
= 3.0 points;

* Red variant: (4+5+5+5+242)/6 = 23/6 =
= ~3.8 points.

From the figures and the line diagrams in this ex-
ample we can see that the Green option is preferable in
terms of operation and future changes.

The way shown is very clear. Here it represents
one of the many points of the room only, but it gets
the point across. What is it good for? An example of its
usage can be applied for analyzing real estate for rent-
ing or buying purposes. Not every person working in
these fields can easily read drawings, much less find
vulnerabilities in the layout of the premises [24]. It is
clearer to see a figure and a diagram defining the sim-
plicity of possible changes.

CONCLUSION AND DISCUSSION

Sooner or later, buildings (or parts of a building)
need changes to better suit the tasks relevant at the time.
An architect can’t predict all of these changes. But it is

quite possible to realize that just now accepted solu-
tions will have to be modified in a future. Moreover,
it is possible to evaluate the already made decisions in
order to inform people who are not very familiar with
the drawings and the essence of architectural and plan-
ning decisions. The presented article shows the princi-
ple of evaluation using simplified examples. For a more
detailed estimation apparatus, some mathematical for-
mulas with data sets should be used.

The continuation of the work so far can be seen
as a comprehensive consideration of the problems
from the perspective of each of the parties involved
in the building’s changes. These parties are at least as
follows: the building owner, the user of the space (e.g.
office tenant), the maintenance employee and the con-
tractor. The compilation of classification signs of im-
plementation problems in the respective points, main-
tainability of materials and the measures of solution
versatility are also important. All in all, the evaluation
apparatus, produces a very simple output — a figure
or a digit. That is the goal. But for the transparency
of the solution and the fairness of the evaluation, the for-
mulas for working with this data set must be carefully
and worked out in details. An analogy is appropriate
here with the television set that almost everyone has at
home: the user only needs to watch a movie (a reference
to the digital building score), no matter how sophisti-
cated the unit itself and its media player are (a reference
to mathematical formulas involving a number of param-
eters on building attributes). The television has become
a familiar part of our everyday life, and it is possible
that the readiness assessment will be used in the not-
too-distant future for buying or renting property.
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HccaenoBanue nmporudoB M 4acTOT COOCTBEHHBIX KOJIeOaHU I
KPYIVIBIX M30TPONHBIX MJIACTHH MEPEMEHHOM TOJUIMHBI 10 3AKOHY
KBAJIPATHOM MapadoJibl ¢ YTOJIIEHUEM HA ONope

Anapeii BuxtopoBuu Typkos, Cepreii UBanosuu Ilosemko
Opnoscruil eocydapcmeennniil ynusepcumem umenu U.C. Typeenesa (OI'Y um. U.C. Typeenesa),
2. Open, Poccus

AHHOTALUMNA

BeepeHue. B HacTosilLee BpeMsi B 34aHUSIX B KAYECTBE HECYLLMX SNIEMEHTOB NPUMEHSIIOTCS B TOM YMCIIE KPYrTble NracTu-
Hbl NEPEMEHHOW TOSLLMHBI, YTO BbI3blBAET HEOOXOAMMOCTbL B UX AMArHOCTUKE U OLeHKe kavecTBa. lNpodeccop B.N. Kopobko
BbISIBUIT B3aMMOCBSA3b MEX/y 4acToTamMu COBCTBEHHbIX MonepeqHbIX konebaHuin o 1 makcumarnbHbiMy npornbamu W, ot
pPaBHOMEPHO pacrnpeernieHHOW Harpy3ku Aris U30TPOMHbIX MAACTUHOK NMOCTOSIHHOWM TOMLUHBI MPU OAHOPOAHOM OMNUpaHun
no KoHTypy. Llenb nccnegoBaHust — yCTaHOBUTL B3aMMOCBSA3b MEXAY MaKCMMarbHbIM NPOrnboM 1 4actoTor CO6CTBEHHbIX
nonepeYHbIxX kornebaHui AN NNacTMH NepeMeHHON Mo 3aKOHY KBagpaTHOW napabornbl TONWMHBI MPU YTOMLLEHUN K OMOpe.
MaTtepuanbl U MeToabl. PacyeTHas KOHCTPYKUUS — cCTarnbHas Kpyrnasi MU30TpOmnHas nnactuHa NepeMeHHON Mo 3aKoHy
KBagpaTHOV napabonbl TONLMHbI NPU YTOMLLEHWM K onope. MccrnenoBaHusi MPOBOAUIIMCH METOAOM KOHEYHbIX 3IEMEHTOB,
onvpaHue No KOHTYpPY — LUApHUPHOE U XKECTKOE 3alleMIeHue.

Pesynbrartbl. OnpeaeneHbl MakcumanbHble Npornbbl 1 4acToTbl COBCTBEHHbIX KOnebaHuii Kpyrnow N30TPOMNHON NNaCTUHKK
NPy PasnMYHOM COOTHOLLIEHUM TOMLLMHbI MIACTUHBLI Ha OMope t, K TonLiMHe B LeHTpe t,. PaccMoTpeHa B3auMOoCBA3b Makcy-
MaribHbIX MPOrMGOB paBHOMEPHO pacnpefenieHHon Harpyakn W, 1 0CHOBHOM 4acToTbl COGCTBEHHBIX KoneGaHuii o Kpyrnown
nnacTuHbl. [MocTpoeHbl rpacrkyn 3aBUCMMOCTU MaKCMMaribHbIX MPOrMOOB 1 YacTOT COOCTBEHHBLIX MOMepeYHbIX KornebaHui
NAacTVHbI OT COOTHOLIEHNA t/t,.

BbiBoAbl. YCTaHOBMNEHO, UTO k0achduumeHT K nogumHsieTcs B npegenax 5 % 3aBucumoctu npodeccopa B.A. Kopobko
TOMbBKO MPU COOTHOLUEHWW TOMLMHBI Ha OMope K TonwmHe B UeHTpe t/t, = 55/50 < 1,1 anga obenx cxem onupaxus. Mpu
COOTHOLWEHMM TonwmH t,/t, = 100/50 = 2 pacxoxaeHune koathduumeHta K ¢ aHanutuieckum coctasnset okono 30 % ans
LapHUpHoro onupanus Ao 43,8 % npu XecTkoM onupaHum Nno KOHTypy. Bee 3HaveHns koadbduumeHTa K Ans KpyribiX U30-
TPOMHbIX NNACTVH NEPEMEHHOW N0 3aKOHY KBafpaTHOW napabonbl TOMNLWMHbI NPU YTOMLLEHWN Ha OMope AaloT 3aBbILLEHHbIE
3HaveHus KoadbduLmeHTa K No CpaBHEHNIO C TEOPETUHECKUMI 3HAYEHUAMY ANS LUAPHUPHOTO U XKECTKOTo ONMpaHus.

KIMKOYEBBIE CITOBA: kpyrnas nnactuHa, ToMnwyHa nracTuHbl, LUaPHUPHOE ONMMpaHne, XXeCTKoe onnpaHne, paBHOMEPHO pac-
npeneneHHas Harpyska, CocpeoTOMEHHbIE MACChl, YacTOTa COOCTBEHHbIX MONEPEYHbIX KonebaHuii, MakcMmarnbHbIi npornt
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Investigation of deflections and natural vibration frequencies
of circular isotropic plates of variable thickness according
to the law of square parabola with thickening to the support

Andrey V. Turkov, Sergey 1. Poleshko
Orel State University named after L.S. Turgenev (OSU named after 1.S. Turgenev), Orel, Russian Federation

ABSTRACT

Introduction. At the present time, round plates of variable thickness are used as load-bearing elements in buildings, which
causes the necessity of their diagnostics and quality assessment. Such structures can be used as roofs of vertical cylindrical
tanks, round silos and bunkers, hatches in the ceilings of buildings and structures. Professor V.I. Korobko revealed
the relationship between the frequencies of their own transverse vibrations o and maximum deflections W, from uniformly
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distributed load for isotropic plates of constant thickness at homogeneous support along the contour. The aim of the study is
to establish the relationship between the maximum deflection and the frequency of their own transverse vibrations for plates
of variable thickness according to the law of square parabola with thickening to the support. Based on the theoretical data
obtained, it is possible to diagnose defects (change in the design scheme, destruction, reduction in the thickness of the plate
as a result of corrosion, etc.) based on the results of comparison and analysis of theoretical and experimentally measured
natural vibration frequencies and (or) maximum deflections in the center of the plate.

Materials and methods. The design structure is a steel round isotropic plate of variable thickness according to the law of
square parabola with thickening to the support. The studies were carried out by the finite element method, hinged and rigid
pinching.

Results. Maximum deflections and frequencies of natural vibrations of a circular isotropic plate with different ratio of
the plate thickness on the support ¢, to the thickness in the center ¢, were determined. The relationship between the maximum
deflections of uniformly distributed load W, and the fundamental frequency of natural vibrations o of the circular plate is
considered. Based on the results of the study, graphs of dependence of maximum deflections and frequencies of natural
transverse vibrations of the plate on the ratio t,/t, are plotted.

Conclusions. As a result of numerical studies, the maximum deflections and the main vibration frequencies for circular
isotropic plates of variable thickness according to the square parabola law with thickening to the support were determined.
It was established that the K coefficient obeys within 5 % of the dependence of Professor V.I. Korobko only when the ratio of
the thickness on the support to the thickness in the center t,/t, = 55/50 < 1.1 for both support schemes. This is explained by
the fact that the dependence (1) is derived for isotropic plates of constant thickness and the distribution of mass unevenly
over the entire area of the plate leads to a significant error already at the stage of small difference between the thicknesses
to the support and in the center. With the thickness ratio ¢,/t, = 100/50 = 2, the discrepancy between the K coefficient and
the analytical one is about 30 % for hinged support and 43.8 % for rigid support along the contour. This means a more
significant influence of the uneven mass distribution for such homogeneous boundary conditions. It is also revealed that all
values of the K coefficient for circular isotropic plates of variable thickness according to the law of the square parabola with
thickening to the support give overestimated values of the K coefficient in comparison with theoretical values for hinged and
rigid support.

KEYWORDS: round plate, plate thickness, hinged support, rigid support, uniformly distributed load, concentrated masses,
transverse natural frequency, maximum deflection
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moe KoIu4ecTBo pabot yueHsix [1-3]. B3zammocss3s

MaKCUMaJIbHBIX HpOFI/IGOB M 9aCTOT COOCTBEHHBIX TOIIE-
IImacTuHBI 1OCTATOYHO IHUPOKO NPUMECHAIOTCA

B CTPOMTEIBCTBE, & TAK)KE B TAKMX OOJACTSIX MAIIH-
HOCTPOEHHUA, KaK CyJ0CTpPOCHHUE, CTAHKOCTPOECHHUE
aBHAllMOHHAs OTpacyb U T.0. Ilmactursel padborator
Ha pa3JIn4YHbIC BUABI HAI'PY30K — CTATUYCCKUE U IU-
HaMHYECKHE, a YCIOBHS 3aKPEIUICHUS 110 BHEIIHEMY
KOHTYPY MOT'YT OBITh pa3jM4HbIe, B TOM YUCIIE U HEO/-
HOpOozHbIE. B CBsI3M ¢ 3THM BO3HMKAaeT HEOOXOIMMOCTD
B UX JUAarHOCTHUKEC U OLICHKC KauCCTBaA.

Ipodeccop B.U. Kopobko ycTtaHOBHI B3am-
MOCBA3b MCKY YaCcTOTaMUu CO6CTB€HH])IX normnepe4-
HBIX KOJIEOaHUH () ¥ MAKCHMaIbHBIMU TTporubamu W,
OT PaBHOMEPHO paclpefiesIeHHON Harpy3Kku JUIs U30-
TPOTHBIX TUIACTUHOK ITOCTOSTHHOM TOJIIIMHBI IPH OJJHO-
POZHOM OIIMPAHUU MO KOHTYPY [1], cormacHO koTOpOit
BHE 3aBHCHMOCTH OT T'PAaHUYHBIX YCIOBHH IIACTHHBI
M0 KOHTYpY IPOU3BEACHUE KBaApaTa OCHOBHON 4acTo-
TBI KOJICOaHUH B HEHATPY>KEHHOM COCTOSIHUH () HA MaK-
CHMaJIbHBIH porud W, oT nefcTBHs paBHOMEPHO pac-
TIPE/IeIEHHON HArpy3KH ¢ ¢ TOYHOCTBIO /IO MHOXKHTEIS
q/m SBISIETCS TIOCTOSTHHOM BEJIMYNHOI:

W, o' =K<,
m

(1

I m — Macca MJ1aCTUHbI, pPaABHOMEPHO paclpeAC/ICH-

Hasl 110 €€ IUIOIIAIN.
Or1ieHKe KeCTKOCTH M30TPOMHBIX ITACTHH MPH CTa-
THYECKHUX U IMHAMHUYECKUX HArpy3Kax MOCBSIICHO O0JTb-

PEYHBIX KOIEeOAHH COCTaBHBIX U CIUTONTHBIX ITACTHHOK
m3ydanu B.W. Kopo6ko n O.B. Bosipkuna (Kanammmnko-
Ba) [4-6], A.B. Typxos, K.A. Xynuxosa (MBanymku-
Ha) [7], K.B. Mapdwun [8], H.C. Abammna [9], K. Pisaci¢
u coasT. [10] u np. Bonpocs! ycToiuMBOCTH MIaCTHH
paccmarpusanu M.P. Caguros [11], P.B. Tonpamreitn
u coabT. [12]. luHaMuyecKuMu pacyeTaMy IIACTHH
B nocieHee BpeMs 3aHuManuch M. A. CynakoBa 1 COaBT.
[13], Ix.I. AramapoB u I"A. MamenoBa [14], pacuera-
MU IIACTHH B HENMHEWHOH nocTaHoBke — P.d. ['a60a-
coB, H.b. ¥YBapona [15, 16], uccnenoBanusMu MmiacTHH
YUCIIeHHBIMH MeTofamMu — [1.A. AKUMOB u coaBT. [17],
B. K&vesdi [18], V. Nadolski u coasr. [19] u npyrue aB-
TopsbI [20]. YToOBI MOATBEPANUTH 3aKOHOMEPHOCTS (1) 171
TUTACTHH TIEPEMEHHON TOIIIWHBI TI0 3aKOHY KBaJIpaTHOU
napabobl ¢ YTOJIIEHHEM Ha Orope ObLIN MPOBEACHBI
WX YWCJICHHBIC MCCIECIOBAHUS TPU PA3THMIHOM COOT-
HOIIEHUH TOJIIIUHBI HA OTIOPE #, K TONIHMHE TIACTUHB
B IICHTPE #,, IPU 3TOM 1, = 1,.

MATEPHUAJIBI U METO/JbI

PacueTHas KOHCTPYKINST — KpyTJiasi H30TPOIIHAS
TUTACTHHA NEPEMEHHOW TOJIIMHBI 110 3aKOHY KBaJpaT-
HOW TapaboITel ¢ yTOoNImeHneM Ha orope (puc. 1).

TonmyHa MIaCTHHBI OIMCHIBACTCS BEIPAKCHUEM:

t=5+k(R-x)> cm. )
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Taéu. 1. KoaddurmenTs k as1st onpeeneHust TOMIMHBI ITACTHHBI 10 Gopmyste (2)

Table 1. Coefficients & for determining the thickness of the plate by the formula (2)

Koa(uuuent k B BbipaxkeHnH (2) MU TOMIIMHE MIACTUHEI £, HA OTIOPE, MM

Coefficient & in terms of (2) at plate thickness 7, on the support, mm

k-107°
50 55 60 65 70

75 80 85 90 95 100

0 0,556 1,11 1,67 2,22

Koa¢duruent k B BoipakeHun (2) BHIYUCISIETCS
JUISL KQXK10M pacyeTHOM TOJILKHBI Ha ONOPE MJIaCTHHBI
{,, 3HAYEHNs IPUBENEHBI B TAOM. 1.

Lens uccnenoBanus — yCTaHOBUTh B3aUMOCBSI3b
MEXJly MaKCUMaJIbHBIM IPOTHOOM M 4acTOTOW cOO-
CTBEHHBIX TOIIEPEUHBIX KOJICOaHUil [Is TUIACTUH Tiepe-
MEHHOM 110 3aKOHY KBaJpaTHOW MapadoIbl TOIITIHBI
IIPH YTOJILEHUH Ha OIOPE.

3aauu UCClIeOBaHUs:

1.Pa3paborarh Ui pacyeTHOH IJIACTHHBI Mepe-
MEHHOH TOJILUHBI KOHEYHO-3JIEMEHTHYIO CXEMY.

2.BBUACTNTE MaKCHMaJIbHBIE MPOTHOBI B IEH-
Tpe MIACTUHBI IPU AEHCTBUU PAaBHOMEPHO pacmpese-
JICHHOH 10 TTOBEPXHOCTH KOHCTPYKLUU HArpy3Ku Mpu
Pa3JIMYHOM COOTHOIICHUU tl/t2 U PA3JIUYHBIX KPACBbIX
YCIIOBHSX.

50

Puc. 1. Kpyrnas ninacTuHKa IepeMEHHOM 110 3aKOHY KBaJpar-
HOH 11apa®oIbl TOIIMHEI IIPH YTOJIIEHHH K OIOpe: @ — KO-
HEYHO-DJIEMEHTHAsI CXeMa; b — TOJIIHHA TUIACTHHBI

Fig. 1. Circular plate of variable thickness by the law of square
parabola with thickening to the support: @ — finite element
scheme; b — plate thickness

1214

2,78 3,33 3,889 4,444 5,00 5,555
3.0mnpenenuTs KPyroBble 4aCcTOThI COOCTBEHHBIX
MIOTIEPEYHBIX KOJICOaHHH MIaCTUH MPH PA3IMIHOM CO-
OTHOIUEHHUH £ /t, U PA3INYHBIX KPAEBBIX YCIOBHUSIX.
4.TIpoBecTH aHAIN3 MTOTYYECHHBIX PE3YIbTATOB.
VccnenoBaHusl IUIACTHH BBITOJIHSINCH METOOM
KOHEUHBIX 3JIEMEHTOB. PacueTHBIC CXE€MBI MIaCTUHOK
MEepEeMEHHON TONIIUHBI NpUBeAeHbI Ha puc. 2. Ilpu
pacyeTe IIacTUH MPUHUMAIINCH CIIEITYIONIHE CXEMBI —
IIapHUPHOE OMUpaHue (puc. 2, @) M KECTKOE 3aIemIe-
HHE 10 KOHTYPY (puc. 2, b).
[Tnactuna auamerpoM 6 M pa3duta Ha 240 KoHeY-
HBIX JIEMEHTOB — 24 3JIeMEHTa B KOJIIIEBOM HaIIpaBlie-
Hun 1 10 smemMenToB B paaunansHoM (puc. 1). Tommraa
TUTAaCTHHBI B IIEHTPE MMPHHUMANach MocTossHHOH 0,05 M,
TOJIIIMHA Ha OTOPE SIBIISANACH IEPEMEHHBIM [TapaMeTPOM
u u3MeHsanach ot 0,05 M (TulacTHHAa MOCTOSHHOM TOJ-
ekl 70 0,10 M ¢ marom 0,005 M. [Tnactuna u3 cranu
OOBIYHOTO KadecTBa, 0OBEMHBIN BeC CTall IMPHHUMAT-
cst mo HopMam 78,5 kH/M?. Momyib yIpyrocTd cTaiu
taxoke B3AT mo Hopmam CIT 16.13330.2017 «CranbHbie
KoHCTpyKIwn» E = 2,06 - 105 MITa. Bee pacuets! mpoBo-
JIJIMCH B ITPEATIONIOKECHUH YIPYTOl paboThI CTalIH.
PaBHOMepHO pacrmpeneneHHast Harpy3Ka Ha Ijia-
CTHHY TIpUHHMaack paBuoi ¢ = 1 kH/m?. TIpu ompe-
JIETIeHNN COOCTBEHHBIX YaCTOT KOJEOAHWH B y3JIBI
TUIACTHHBI IPUKIIAJIBIBAIIICH COCPEJOTOUCHHBIE MACChI
0T COOCTBEHHOTO Beca IJIACTUHBI, KOTOPHIE BBIYHUCIISI-

JIMCH COITTaCHO pr30BOI7[ miIomaan COOTBETCTBYHOIIUX

g =1xH/™M*/ kN/m’

EEEEEEEEEEEXEEEEREEREEN

q=1xH/M?*/ kN/m?

EEEEEEEEEEEEEEEEREREEN

| D=6mM/m |

b
Puc. 2. PacueTHble cXeMbl IUTACTHH: g — C IIAPHUPHBIM OIHU-
paHUeM I10 KOHTYpY; b — ¢ 3aleMIIeHHeM 110 KOHTYPY

Fig. 2. Calculation schemes of plates: « — with hinge support
along the contour; b — with pinching along the contour
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y350B. OnupaHue KOHCTPYKLUHH OCYLIECTBISIOCH
B KOHTYPHBIX y3J1aX [UIACTHH. YCTAaHOBJICHUE ITPOTUO0B
M 4acTOT KoJeOaHUH BBIMOJHSIIOCH B IIPOrPAMMHOM
kxomriexkce SCAD [17].

PE3YJIBTATBI HCCIEJOBAHMUA

PesynbTarsl YMCIEHHBIX UCCIEAOBAHUU ILIa-
CTUHKH TpuBesieHbl B Ta0u. 2, 3. [lo nanHbiM Tabdm. 2
1 3 TocTpoeHbI rpaduKy U3MEHEHUSI YaCTOT KoJeOaHui
(puc. 3), MakcUMaJbHBIX TIPOruOOB (puc. 4) B Uccieny-
EMBIX IUIACTUHAX U OTKIOHEHHUs A, %, KOdpPHUIeHTa
nponopuuonanbHocT K (puc. 5). OTkioneHue GhaxTu-
4yeckoro 3HaueHus: koadduimenra K oT TeopeTHUECKOo-
ro K onpenensuioch mo hopmyrie:

TEOp

KTEO _K
A=—2—100 %.

Teop

€)

SAKJITIOYUEHUE U OBCYXJIEHUE

B pesynbrare uncieHHbIX HCCIIEIOBAaHUM OIpeIere-
HBI MaKCUMAJIbHBIC TTPOTHOBI i OCHOBHEIC YACTOTHI KOJIE-
OaHMIA U KPYTIIBIX M30TPOIHBIX TUIACTHH MICPEMEHHOM
0 3aKOHY KBaJpaTHOH mapaOoibl TONIIMHBI TIPH yTOJ-
mieHun Ha omope. Kak mokasamm wmcciiefoBaHus, Kodd-
(urment K momunHsieTcs B mpenenax S % 3aBUCHMOCTH
npodeccopa B.M. KopoOko TONBKO TIPH COOTHOIICHHUH
TOJIIMHEI Ha OMOpe K TOMIIMHE B IeHTpe ¢ /t, = 55/50 < 1,1

Lo, c!/s!
180
160 Kectkoe onupanue
140 Rigid support
120

100 [[TapuupHOe onupanue |

80 ! : - Hinged support

60 R ——— |
40

1,0 L1 12 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0 1/,

Puc. 3. 3MeHeHHe 4acTOT COOCTBEHHBIX KOJICOAHHI B 3aBH-
CHMOCTH OT COOTHOIICHHS TOIIIMHBI IIACTUHBI {, HA OTIOpE
K TOJIIHHE £, B IIEHTPE

Fig. 3. Variation of natural oscillation frequencies depending
on the ratio of the thickness of the plate ¢z, on the support to
the thickness ¢, in the center

JUISL 00EMX CXeM ONMpaHusl. ITO OOBICHACTCS TEM, YTO
3aBUCUMOCTD (1) BhIBeZieHa JJIsl M30TPOIHBIX TUIACTUH
MIOCTOSIHHOW TOJIIIIMHBI U paciipeielieHHe Macchl HepaB-
HOMEPHO T10 BCEH IMJIOMIAAN MIACTHHBI IPUBOAUT K CY-
IIECTBEHHOH TIOTPEIIHOCTH YK€ Ha CTaJNuH HEOOIbIION
Pa3HHIIBI MEKTy TOIIIMHAMU Ha OTope U B 1ieHTpe. [lpn
COOTHOIEHHH TonmiuH ¢ /t, = 100/50 = 2 pacxox/ieHue Ko-
a¢¢dumenta K ¢ anammTHIeCKHM cocTaBisieT okoio 30 %
IpY IAPHUPHOM ONHMpaHuu U 10 43,8 % mpu xecTKoM
OITUPAHMH TI0 KOHTYPY, YTO CBHJECTEIBCTBYET O 3HAUH-
TENBLHO OOJIBILIEM BIMSHUY HEPAaBHOMEPHOTO pacripejie-

Ta6u. 2. Pe3yabrarsl YMCICHHBIX MCCIIEIOBAHUI KPYIIIOH IITACTHHBI C IEPEMEHHOI 110 3aKOHY KBaPaTHOI MapaboJibl TOMIIH-

HBI IIPY YTOJILEHUH Ha ONOPE NPU IHAPHUPHOM ONUPAHUU

Table 2. Results of numerical studies of a circular plate with thickness variable according to the law of square parabola with

thickening to the support with hinged support

5 O ?jﬂ g g = < =y

S35 | Tzi ] g% B SEEg

g g 5 s To g =0 = 2 Xox 5] 3 Mzoo©

g = 8 £ 8 g 4. 2% = S S 3E 388 a v 8 e

= = TeC e RN 35 BEE-< L2 = ExE

= g 5 =% 2 = I3 E

= = g o &g 2o 2 = S CEm g3z © 0 2o o

= = £3% & 5E Sy B 88 8RS S S22 -

- K ;E.‘:g 5 8.8 I g "Jg g o8

287° 2 S EZ ~ g 2 B

M5 2L S v C RN

ok o N v

50 50 42,52237 21,8409 1,581 -0,11
55 50 44,11425 19,9741 1,633 -3,44
60 50 45,70629 18,3175 1,685 —-6,69
65 50 47,32870 16,8212 1,734 -9,84
70 50 48,96650 15,4827 1,783 -12,94
75 50 50,63780 14,2663 1,831 1,579 -15,94
80 50 52,32624 13,1725 1,877 —-18,90
85 50 54,04877 12,1744 1,923 -21,76
90 50 55,78840 11,2734 1,967 -24,59
95 50 57,56141 10,4485 2,010 -27,33
100 50 59,35058 9,7016 2,053 -30,03
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Tabu1. 3. Pesynbrarhl YMCIEHHBIX UCCIIEIOBAHUI KPYIIION ITACTHHBI C IEPEMEHHOH 110 3aKOHY KBaApaTHOU napaboIibl TOIIH-

HBI IIPY YTOJILEHUH Ha ONOPE NPHU 3aILEMIICHUH 110 KOHTYPY

Table 3. Results of numerical studies of a circular plate with thickness variable according to the square parabola law with

thickening to the support when pinching along the contour

< o ;Tw g s = 9 &
- = . 5 5252
£ g gss3 253 5 8. £ . v EE s
g g s 25 .25 £ = S8EBZ2 »o gg«m
—~ ~ TeT = SR8 E P S FE 5 x+v 8 ¢ E 3~ E
: | 2 Tk zec S SEEcEE | EEsc
=3 S2E b 0 SEER o= BEcc
- T S-S s Q.= ] 2 2 o.8 .
&g 2= S Ex e 2 @ EE > 2
M52 g s v © R x
oK © & Ml—
50 50 89,80446 5,1396 1,658 -1,81
55 50 96,00478 4,4623 1,728 —6,08
60 50 102,1698 39121 1,798 -10,36
65 50 108,3345 3,4556 1,867 —-14,60
70 50 114,4624 3,0759 1,936 —-18,84
75 50 120,5893 2,7540 2,004 1,629 -23,04
80 50 126,6794 2,4813 2,073 -27,24
85 50 132,7690 2,2461 2,140 -31,40
90 50 138,8224 2,0437 2,208 —-35,56
95 50 144,8761 1,8667 2,275 -39,68
100 50 150,8944 1,7125 2,343 —43,81
W,, mm / mm A, %
21“ [TapaupHOE onupaHue 1
\\ Hinged support =50 T 1 ]
18 N 40 KecTroe onmpanne e
15 ] Rigid support e
\ /’.
12 — —30 ‘ 2
’\0\‘ \ ;r” //
9 Kectkoe onupanue -20 e
6 Rigid support _x” \
— -10 = [[TapuupHoe onupanue |
3 . Py Hinged support
O 1 1 Il Il L

1,0 1,1 1,2 13 14 15 1,6 1,7 1,8 1,9 2,0 tl/z

Puc. 4. VI3meHeHme MporuOoB OT CTAaTUYECKON HArpy3KH B 3a-
BHCUMOCTH OT COOTHOLICHHS TOJIIMHBI IVIACTHHBI /, HA OTIOpPe
K TOJILMHE [, B LIEHTPE

Fig. 4. Variation of deflections from static load depending
on the ratio of the thickness of the plate ¢, on the support to
the thickness ¢, in the center

JICHUSI MaCChI TUTACTHHBI JUTS TAKUX TPAHUYHBIX YCIIOBHIA.
BrisiBiicHO Takke, 4TO Bce 3HaucHUs kodddurmenta K
JUISL KPYIIIBIX M30TPOIHBIX IUIACTHH NEPEMEHHOM Mo 3a-
KOHY KBaJIpaTHOH 1MapaOoIIbl TONIIWHBI TIPU YTONICHIH
Ha OTOPE TAFOT 3aBBIIICHHBIC 3HAYCHNS B CPABHCHUH C Te-
OPETUYECKUMH 3HAYCHHUSMH JUTsI 00EHMX CXEM OITHPAHHSL.
[ony4eHHbIC pe3yIbTaThl aKTyaIbHBI B YaCTH BO3-
MOYKHOCTH TUATHOCTUKHU Ie()EKTOB, XapaKTEPHBIX IS
CTaJIbHBIX KOHCTPYKIIM#, TAKMX KaK CHIYKEHHE KECTKOCTH
1 HecyIel ciocoOHOCTH BCIIEJICTBUE KOPPO3HH, OCOOCH-
HO IIPH 3aTPYIHCHUH WX HEBO3MOKHOCTH 00CIICIOBAHMS
KOHCTPYKIMH, CKPHITBIX e()EKTOB B BU/IE TPEILKH, B TOM

1216

0 !
Lo 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0 t/t,

Puc. 5. Msmenenne otknonenus A kodppunrenta K B 3aBH-
CHMOCTH OT COOTHOIICHHS TONIIMHBI TLIACTHHBI £, HA OTIOpE
K TOJIIIMHE £, B IIEHTPE

Fig. 5. Variation of the deviation A of the coefficient K de-
pending on the ratio of the thickness of the plate 7, on the sup-
port to the thickness 7, in the center

YHCJIE B CBAPHBIX IIBaX, N3MEHEHHs YCIOBUH OIMPAHUS
KOHCTPYKIIMHU U3-32 KOPPO3UH METAIIA B OMIOPHBIX y3JIax.
[IpumeHeHne TMHAMUYECKNX METOJIOB HATYPHBIX HCIbI-
TaHUH MO3BOJIUT CYIIECTBEHHO YIPOCTHUTH U YACIICBUTD
MOJTyYEeHHE YKCIIEPHIMEHTAIBHBIX IAHHBIX O TAKNX KOH-
crpykuusix. [TonoOHbIe HccienoBanys IIIACTHH ITepeMEH-
HOM TOJIIIIMHEI 110 3aKOHY 00paTHOH ITapaboJibl, B KOTOPBIX
paccMarpuBaeTCsl B3aMMOCBSI3b MaKCUMAaJIbHBIX ITPOrHO0B
OT PaBHOMEPHO paclpe/eIeHHON Harpy3Ku U cOOCTBEH-
HBIX 4acTOT TTONEPEYHBIX KOJIECOAHUH, SBIISIOTCSI OPUTH-
HaJIbHBIMH, & PE3YJILTaThl YHCICHHBIX UCCIICIOBAHMUIM T10-
JIyuYeHbI BIIEPBbIC.
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AHHOTALUUA

BBeageHue. B rpaxgaHckmx 3gaHusix B nocnegHee BpeMsi HAMEYAETCA pacnpoCcTpaHeHne cranexene3obeToHHbIX (cTane-
OETOHHbIX) KOHCTPYKUMI. B cTanexene3obeToHHbIX NEPEKPLITUSAX CerogHsi Yalle BCero NpMMEHsIIOT NMpokaTHble npodunu.
Vcnonb3oBaHue rHyTbiX Npodunein B cTanexene3obeToHHbIX n3rnbaemMbix KOHCTPYKLMSIX NMOKa HE HaLLmo LUMPOKOro pac-
npoctpaHeHus. [oaTomy vccrnenoBaHUe HanpsikeHHO-AedopMupoBaHHoro coctosiHus (HOC) ctanexene3obeToHHbIX 6a-
NOK SIBNSAETCS aKTyanbHOW 3agadent. [prvBegeHbl HOBasi MeEToAMKA U pacyeTHble (POPMYbl OLIEHKN HECYLLEN CMOCOBHOCTU
n3rnbaembix cTanebeToHHbIX 3neMeHToB. OnvcaHbl KOMMNbITEPHbIE MOAENN COCTABHOW Garnku, COCTOSALEN U3 THYThIX NPO-
cunen, 3aMoOHONMMYEHHbIX GETOHOM. Ha OCHOBe pesynbTaToB YMCIEHHbIX UCCMNEAOBaHUA U3rOTOBMEHbI U KUCTbITaHbl MO-
nenu 6anok. BeisieneHo HOC akcnepumMeHTanbHol coctaBHol Ganku. AHanu3 HOC onbiTHbIX 6anok, ux noeeaeHve nof
Harpys3kow no3sonunu paspaboTaTe HOBYO METOAMKY OLIEHKM Hecylleln cnocobHocTn Banok. ConoctaBneHbl AaHHblE Ha-
TYPHOrO 3KCNEPUMEHTa U YUCIEHHbIX UCCIe0BaHNN MO KOMMBbIOTEPHBIM MOAENSIM, @ Takke Mo aHanuTU4ecknum gopmy-
nam. MpoBegeHbl YNCNEHHbIE U rpaduyeckne cpaBHEHWS UTOMOB HaTYPHbIX UCTbITAHUIA C YACMEHHBIMWU UCCNea0BaHNSMM
1 MO aHaNUTUYECKMM hopMynam.

MaTtepuanbl 1 metoabl. KOMNblOTEpHOE MOAENMPOBAHME BLIMNOMIHEHO C MOMOLLbLIO naketa nporpaMmMbl ANSYS. Axanu-
Tnyeckne popMyrnbl AN OLEHKU NPOYHOCTU M3rmbaemMoro anemeHTa 3anvcaHbl Ha OCHOBE MpedernbHbIX OTHOCUTENbHbIX
nedopmauunii cxatns 6etoHa. [Ina HaTypHbIX 3KCNEPUMEHTOB U3rOTOBIEHBI COCTaBHbIE cTanebeToHHble barnku Ha OCHoBe
THYTbIX LUBENIEPOB.

Pesynbrartbl. OnpegeneHo HOC 6anok no nonyyYeHHbIM 3aBUCUMOCTAM U B pe3ynbraTte HaTypHbIX UCMbITaHWUA, a Takke
Ha OCHOBE KOMIMbIOTEPHOrO MoAenMpoBaHusl. PesynbraTbl YUCNOBBIX 3HAYEHWIA MO NPEASIOXKEHHBIM aHaNUTUYECKM opMy-
riam conocTaBneHbl C AaHHbIMY HaTypHbIX 3KCMEPUMEHTOB.

BbiBogbl. [peanoxeHbl aHanUTU4eckne 3aBUCUMOCTM OLIEHKM MPOYHOCTW CTanebeToHHbIX U3rmbaembix 3MEMEHTOB, 13-
y4YeHbl 0COBEHHOCTM paboThbl cTanebeToHHbIX 6anok No YMCNEHHOMY MOAENMPOBAHMIO Y aHANUTUYECKUM 3aBUCUMOCTAM,
HaTypHbIM 3KCnepuUMeHTaMm. AHanMTUYeCcKMe 3aBUCUMOCTM, 3anncaHHble Ha OCHOBEe NpeaenbHbIX OTHOCUTENbHbIX Aedop-
MaLuii cxxaTus 6eToHa, AatkoT Nyyllne pesyrbTaTbl, YeM U3BECTHbI METO/ pacyeTa, 6asvpyoLLmMics Ha MeToae NpeaenbHbIX
YCUNUIA.

KINKOYEBBIE CITOBA: ctanebetoHHas 6anka, rHyTble Npodunm, METOAbI OLEHKN MPOYHOCTM, KOMMbIOTEPHOE MOAENMPOBa-
HVe, HaTypHble SKCMepPUMEHTbI, HanpsXkKeHns, Npornbsbl

OnAa UATUPOBAHUA: 3amanuee @.C., Tampa3ssH A.l. OueHka HecyLuen cnocobHOCT cTanebeToHHbIX 6anok Ha OcHoBe
rHyTbIX npocouneit // BectHuk MI'CY. 2023. T. 18. Bein. 8. C. 1220-1229. DOI: 10.22227/1997-0935.2023.8.1220-1229
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To the evaluation of the carrying capacity of steel concrete beams
on the basis of bent profiles
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ABSTRACT

Introduction. Recently, more extensive use of steel-reinforced concrete (steel-concrete) structures is planned in civil
buildings. In steel-reinforced concrete ceilings. The use of bent profiles in steel-reinforced concrete bent structures has
not yet become widespread, probably due to the lack of simple methods. Therefore, the study of the stress-strain state of
steel-reinforced concrete beams is a very urgent task. The article presents a new methodology and calculation formulas
for assessing the bearing capacity of bent steel concrete elements reinforced with a cold-formed profile. Computer models
of a composite beam consisting of bent profiles embedded in concrete are described, where options for the location of
anchor ties are considered, which ensure the joint operation of both the profile with concrete and two bent channels into
an I-beam. On the basis of the results of numerical studies, models of beams were made and tested. Analysis of the stress-
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strain state of experimental beams, their behavior under the influence of increasing the degree of increase in the intensity of
development of the abilities of beams based on the limiting relative deformations of the personality of concrete. The results of
experimental studies are presented in the form of graphs, comparison of the results of a full-scale experiment and numerical
studies using computer models, as well as using analytical formulas. In conclusion, comparisons of the results of full-scale
tests with numerical studies and by analytical formulas are given.

Materials and methods. The ANSYS software package was used for computer simulation. Analytical formulas for assessing
the strength of a bending element are written on the basis of the limiting relative compressive strains of concrete. For full-
scale experiments, composite steel beams were made, consisting of bent channels with filling the side cavities with concrete,
self-tapping screws were used as anchor connections.

Results. The stress-strain state of the beams was revealed according to the obtained dependences and as a result of full-
scale tests, as well as on the basis of computer simulation. The results of numerical studies are used for the manufacture
of full-scale samples. The results of numerical values according to the proposed analytical formulas are compared with
the data of full-scale experiments.

Conclusions. Analytical dependences of the strength assessment of reinforced concrete bending elements by the method
based on the limiting relative deformations of concrete compression are proposed, the features of the operation of reinforced
concrete beams are studied by numerical modeling and by analytical dependences, full-scale experiments. It is shown
that numerical studies give good convergence with experimental data. Analytical dependencies recorded on the basis of
the ultimate relative compressive strains of concrete give better results than the well-known calculation method based on
the limit force method.
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BBEJIEHUE

B xonme XIX B. (1886 1.) B Poccun xene3o0eToH
CTaJl IPUMEHSTHCS U MEKAYITAKHBIX TIEPEKPBITHN
[0 CTalbHBIM OaslkaM Ha 0a3e HKCIepUMEHTAJIbHBIX
MAHHBIX [1], XOTSA K 3TOMY BpEMEHHU B OOIIUX YepTax
YIKe CIIOKHIIACh TEOPHS pacyeTa jKeJie300e TOHHBIX KOH-
crpykuii (JKBK) mo qormmryckaeMbIM HapsHKEHISIM.

B 30-e roxer XX cTonerus B €eBPONEHCKUX CTpa-
Hax (Aurns, @paHnus) NOSBUINCH MOHOJIUTHO CBSI-
3aHHBIE C METAJUINYECKOW Oankoil jkene300eTOHHBIE
TUTUTBI, YTO MOYKHO CYMTATh HA4aJIOM Pa3BUTHS CTajle-
KeJIe300€TOHHBIX KOHCTPYKIIHH.

ObecrieueHne COBMECTHOW pabOTHl OETOHHOM
IUTUTHL CO CTalbHOM Oankoi cTano IaBHOM 3agaueit
B CTaJIe)KeNe300eTOHHBIX KOHCTPYKIHsAX [2, 3]. [TepBrie
KOHCTPYKIIMY KaK OTIEIBbHBIX OaJlOK, TaK U peOPHUCTHIX
CTaJIe)KEeIe300€TOHHBIX MTePEKPBITUT OB Ha OCHOBE
MIPOKATHBIX CTAJIBHBIX 0anok [4—7].

VYnauHoe codeTaHue padOThl OETOHA MpenMyIe-
CTBEHHO Ha CXKaTHUE, a CTAJIM Ha PACTSDKEHHE B CTalle-
JKeNIe300€TOHHBIX KOHCTPYKIHUSAX MPHUBOAUT K IKOHO-
MHUH MaTe€pHajoB, COKPAIIEHUIO CPOKOB M3TOTOBIICHHS
u MOHTaxa. B Tpyze [8] mpuBoauTcs Tabnuma, rae mo-
Ka3aHo, YTO CTaJIeKeIe300€TOHHBIE KOHCTPYKIHH KO-
HOMMYHee (110 MPUBEACHHBIM 3aTpaTaMm) Ha 25-30 %
n Ha 45-50 % 110 CPaBHEHMIO CO CTATBHBIMHU KOHCTPYK-
musivu 1 JKBK cooTBeTcTBeHHO. briaronaps stum dak-
TOpaM CTaJIeXKeIe300eTOHHBIE KOHCTPYKIMH 10CTaTOU-
HO IIHUPOKO IPUMEHSIIOTCS B 37IAHUSIX M COOPYKEHUSX.

WccnenoBanust HarpaBJIeHbl Ha BBISBICHUE Ha-
npsokeHHo-Aepopmupoannoro coctosaus (HIAC)
n3rudaembrx 6amox u mwiuT. s uzyuenus H/C cra-
JIe)KEeNe300eTOHHBIX KOHCTPYKLIHN HCIONB3YIOT Kak

AQHAJTUTHYECKHUE, TaK M IKCIIEPUMEHTAIbHBIC METOIBI
[9-11].

B nocnenHee BpeMsi B cTaneOETOHHBIX KOHCTPYK-
USAX HAMETHJIaCh TCHJICHIUS NMPUMEHEHHS T'HYTBIX
npoduieil BMeCTo NMpoKaTHbIX. ['HyThle mpoduin
YCIEIIHO BBIMOIHIIOT (QYHKINN KECTKOTO IPOQUIIs
KaK B M30JIMPOBAaHHBIX CTaJIeOCTOHHBIX OaJiKax, Tak
U B IIEPEKPBITUSX, YTO IMTOATBEPXKIAIOT CTAThH B PA3HBIX
n3gaHusx [ 12—14].

OnHUM M3 ITIaBHBIX BOIMPOCOB MPU MPOEKTUPOBA-
HUU SBJSIETCS OLIEHKA HeCyIlell CHOCOOHOCTH, pacyeT
MPOYHOCTH OyAYIINX HECYIINX KOHCTPYKIUH U3 cTase-
’kene3o0eToHa. PazBuTre METO0B OLEHKH MTPOYHOCTH
CTaJIe)KEIe300€TOHHBIX KOHCTPYKIUI MPOUCXOINIIO0
no ananoruu ¢ XXKBK ¢ xectkoit apmatypoit [15-17],
n cerogus st onenkn HJIC m3rnbaemoro sieMeH-
Ta Oepercst TPeyroJibHasi MIIM MPSIMOYTOJIbHAS dII0pa
BHYTPEHHHX HalpsDKEHUH, COCTABIISIETCSl YpaBHEHHE
BHYTPEHHETO MOMEHTA U CPaBHUBACTCSA C MOMEHTOM
OT BHelIHKUX Harpy3ok'. [Tepexon Ha geopMaIiMOHHbIC
METOJbI C YYETOM CABHIa KOHTAKTa «CTaJb — OCTOH»
1 KPUBOJIUHENHON 3MIOPBI HANPSIKECHUHN JACT JIy Uil
pesymnbrat [18]. XKecTkas apmaTypa B BUIC IPOKATHO-
ro npoduIIst B keIe300eTOHHOM CEYESHUH, MPOKATHBIN
npoduib (IByTaBp, MIBEIUIEP) B CTANIekKEIe300€TOH-
HOM U B INpE/IEIbHOM COCTOSIHUM M3rH0aeMoro 3Je-
MEHTA TTO3BOJISIOT BEIPa0OTaTh MAapHUP MIIACTHIHOCTH
[19-21]. Jlerkue rayTbIe MPOQUIN YCTYNAIOT 110 HECY-
el CoCOOHOCTH MPOKATHBIM MPOQIIISM, U PacuyeThl
MPOYHOCTHU MO 3aBUCHUMOCTSIM, MPEIIOKECHHBIM IS
CTaJIeKeJIe300€TOHHBIX CEUYEHHUH C KECTKOH apmary-
poii, 3HAUUTENBHO pa3HATcs. Mcxoas U3 cKa3aHHOTO,
HEOOXOMMO HCKaTh 00JIee MpHUeMIIEeMbIe METOABI pac-
yera. B 1aHHOH cTaThe MpenIaracTcs MeTol OLECHKU

' CII 266.1325800.2016. KoncTpykuuu cranexesne3o0etonnsie. Ilpasuna npoekruposanus. M., 2017.
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Hecylel crocoOHOCTH, OCHOBAHHBIN Ha MTPEeIbHBIX
OTHOCHTENBHBIX Je(hopManusax CxKaToro OEToHa.

MATEPHWAJIBI U METO/JbI

JlJ1s1 9NCIIeHHBIX NCCIIEI0BAHUH CTaleOETOHHBIX
0aJloK IPUMEHEHBI KaK aHAJINTHYECKHE METOJIBI, TaK
Y YHCIIEHHBIE C TIOMOIIBIO MakeTa mporpamm ANSY'S.

B xauecTBe cTanbHBIX THYTHIX C-00pa3HBIX CTalb-
HBIX IPOQUICH B YHCICHHBIX U SKCIEPUMEHTAIBHBIX
MCCIIEIOBAHUSX HCIIONB30BAINCH CTAIBHBIE TPOQIIIH.

B crane6eronnoi 6anke (mateHt PO Ne 183856)
caMope3bl BBIMOJHSIOT ABOWHYIO (QYHKIUIO: CIIyXkKar
00BETMHUTEIHHBIM JIEMEHTOM A5 ABYX C-00pa3HbIX
THYTBIX TMPOPUICH U AIMEMEHTOM, 00€CIeUNBAIOIINM
COBMECTHYIO paboty npoduiist 1 6eToHa.

HccnenoBareiy ¢ LeNIbIO YNCICHHBIX SKCIIEPUMEH-
TOB IIPUMEHSIFOT PACUETHBIE ITPOTPAMMbI, OCHOBAHHBIE
Ha MeTOJe KOHEYHBbIX d1eMeHToB. Mcmonb3oBan I1K
ANSYS, KOTOpPBIif MTO3BOISIET CMOICITUPOBATE OIIBIT-
HyI0 0allKy ¢ 33JaHHBIMH MapaMeTpamMu U (GU3UKO-Me-
XaHMYECKHMHU CBOWCTBAMH MaTepHasIoB.

BainonHuum pacyer ¢ 3aJaHHBIMU BBILLIE CBOMCTBA-
MH U YCIOBUSIMH, TTOIYIHIA MO3ANKy ITPOTHOOB U U30-
TOJISL HAIPSDKEHUH cTane0eToHHOM Oankn (puc. 1-3).

Juist ananusa paboThl NPEAIOKEHHBIX KOHCTPYK-
THUBHBIX CXEM HMCCJIEIOBAHO BJIMSIHUE U3MEHEHUS I'e0-
METpUYECKUX ToKa3zaresiel (TONIUHBI Tpoduiei,
KOJIMYECTBA PAJOB CAMOPE30B, pa3Mepa IIaroB pacro-
JIO>KeHUSI CaMOPE30B, JUTMHBI BUHTA-camMope3a) Ha pado-
Ty JIByX KOHCTPYKTHBHBIX MOJIEJIell — C caMope3amH,
pacrmonoKeHHBIMU IO/ yIIIoM 45°, U camope3amu, pac-
TTOJIOKEHHBIMU BEPTHKAIBHO [13].

YucaeHHbIE UCCIEN0BAHNS CTAIE0ETOHHBIX 0aTOK
TIPOBE/ICHBI C BapHaIlel TeOMETPHUECKHUX ITapaMeTpoB
THYTOTrO npoduist (TonmuuHoi 2, 3, 4 MM), JUIMH camope-
30B, CKpEIIIOMUX THyThIe mBesieps! (30, 40, 50 mm),
n ux pasnoctu (1, 2 psaga), mara (100, 125, 150, 175,
200 mm; 150, 200, 300 mm; 200, 300, (400) Mmm). Bapeu-

poBaHME BKIIOYACT 8§ HauOoJiece 3HAYUMBIX (PaKTOPOB
BmsiHUSL. Beero paccmorpeno 16 cranebeToHHbBIX Oa-
70K, 11 KoTopsix B [TK ANSY'S momyueHs! pe3yasraTsl
IO OIIEHKE TIPOYHOCTH U KECTKOCTH, OCHOBHBIMHU M3 KO-
TOpBIX siBIsitOTCS [ 13]:

* PacCMoONIOKEHUE CAMOPE30B MO YIIIOM 45° yMeHb-
maet aeopMaruBHOCTS (TiporuOs Ha 1,43/1,38 = 3,6 %)
TI0 CPaBHEHHMIO C BEPTHKAIBHBIM PaCIIOJIOKEHUEM;

* YMEHBIIIEHUE I11ara CaMOPE30B U YBEIUUEHUE UX
KOJIMYECTBA MPHUBOJIUT K YBEIIMYCHUIO HECYIEH CcI1o-
cobHOCTH.

Ha ocHOBe 4HCIeHHBIX HCCISJOBAaHUI H3TOTOBIE-
HBI OIBITHBIC 00Pa3Ibl OAJIOK, THYThIC MPOMUIIH U3 CTa-
mu C245, xiacc 6erona B25.

B kauecTBe HCIIBITaTEIFHOM CXEMBI 00Pa3IIoB MPH-
HsiTa OaJIKa C MPUIIOKSHUEM JBYX COCPEIOTOYCHHBIX CHIT
B CpeAHel yacTu mposieta Ha pacctostHau 400 MM pyr
ot npyra. [Iponer ucneiThiBaeMbIX 6210k — 1900 MM.
BremH010 Harpy3Ky IPHIIOKUIN TOCPESICTBOM THIPAB-
JIMYECKOTO IPecca, 0T KOTOPOTO Yepe3 METATTHISCKYIO
TpaBepcy B ABYyX TOUKax MepeiaBanach Harpyska uepes
TTOJIBWYKHBIN U HETIOABMXHBIN KaTku [13].

Henp ucnerranuit — uszydenune HJC cramebe-
TOHHBIX 0anoK. B Xome sKcIepuMeHTOB M3MEPSIINChH
JaeopMaIi MaTepHajIoB ¢ OMOIIBIO JIEKTPOTEH30-
naryukoB ¢ 6asamu 20 MM (cranb) 1 50 MM (OeToH),
K KOTOPBIM Yepe3 MpoBOAa M KOMMYTaTop (Mara3uH
MepeKIToyaTesneil) MOAKIIOYIIICS 3JIEKTPOHHBINA H3Me-
putensb nedopmanuit AUI-4M. Jlepopmanuu casura
Ha KOHTAKTe «CTajb — 0ETOH» U AedopmManuu ocaaku
OTIOp ¥ TIPOTHOBI U3MEPSITUCH C TIOMOIIBIO WHAMKATO-
poB vacoBoro Tuna ¢ nexoi aenenus 0,01 mm [13].

3a npefeabHOe COCTOSTHUE MPUHUMANIOCH TOTHOE
¢usnyeckoe paspymeHre o0pas3oB crajexene3ode-
TOHHBIX 0aJIOK, COTIPOBOX/IABIICECS 3HAYUTEIHEHBIMH
TUIACTUYECKUMH JIe(OpMALIUSIMHU U3rH0aeMOT0 AIeMEH-
ta. OnbITHBIE 00pPa3IBl pa3pyHIATUCh IO HOPMAJIBHOMY
CCUCHUIO B 30HE YHCTOro n3ruda (puc. 4) B pesynprare
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Puc. 1. U3onomns nporu6os 1-it (a) u 2-it (b) KOHCTPYKTHBHOIT CXeMBI Ha MOJIOBHHE OAJIKN

Fig. 1. Deflection isofields of the st (a) and 2nd (b) structural scheme on half of the beam
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Fig. 2. Isofields of concrete and steel stresses of a reinforced
concrete beam of the 1st structural scheme
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Puc. 3. Mo3auka nporu6oB cranebeToHHO# Oanku 1-it KoH-
CTPYKTUBHOH CXEMBI

Fig. 3. Mosaic of deflections of a reinforced concrete beam
of the 1st structural scheme

Puc. 4. Bajka nocie ucnbITaHui

Fig. 4. Beam after testing

Pa3BUTHA B CpeIHEH 4acTH OaJK¥ MIaCTHYECKOH Ie-
(dhopmaruu B 6etoHe u cranu [13].

Paspymienue B 6ankax mpou30IuIo OT 00pa3oBaHus
B CepeIMHE MpoJieTa CHavYasla HOPMaJIbHBIX TPELMH B Oe-
TOHE B PacTAHYTOH 30HE CEUCHUsI U pa3pyIlleHHs OETOH-
HOM CKaTOH 4acTu, HOTEPHU YCTOWIMBOCTH CKATOM CTallb-
HOH TIOJIKK B 30HE MAKCHMAJIbHBIX MOMEHTOB (pHC. 5).

PE3YJIIBTATBI HCCJIEJOBAHMUA

I'paduxy pa3BUTHS IPOrHOOB B HKCIICPUMEHTAIb-
HBIX OaJlkaX ¢ HAKJIOHHBIM M BEPTHKAIBHBIM PACIOIIO-

Puc. 5. OOuuii BUJ UCIBITAHHON OaIKK

Fig. 5. General view of the tested beam

JKEHHEM CaMOpe30B MPHUBEIEHbI Ha pHc. 6. Pacipenene-
HUE HaNpsDKEHUH B cepeinHe Oallkd B CKaTOM OETOHE
U B PaCTAHYTOH MOJIKE CTalIbHOTO Mpodmiis (ToXXe Ipu
HaKJIOHHOM M BEPTHKAJIbHOM PACIIOJIOKEHUH BUHTOB-
caMope30B) TMOKa3aHO Ha PUC. 7.

DKCIIepUMEHTAJIbHBIE UCCIIEA0BAHMS T0KA3bIBAIOT,
4YTO J0 HArpy3Ku O,75Ppas HAOJTIOACTCS MPSIMOTHMHEH-
HBI XapakTep pa3BUTHs MporudoB. [Ipu Harpyskax,
OonpIIMX YeM 0,75Ppa3, 3ITI0pa MPOTHOOB MPHHUMAET
KpUBOJIMHEHHBINH BUJ, B JalbHeWIeM HaOmogaeTcs
poct pazBuTHs nporndos [13].

CraneOeToHHBIE OaJIK MOTYT OBITH KaK ¢ 3a0eTo-
HHUPOBAHUEM OOKOBBIX MOJIOCTEH THYTHIX Mpoduiei,
TaK ¥ C pa3MeIeHNeM THYThIX Npoduieil BHyTpH cede-
HUSI, KaK TIPHHSTO B CTAJICKEIE300€TOHHBIX CEUCHHSX
¢ skecTKUM rpodunem. Haymo monarare, 4to pa3mMere-
HHE THYTOTO IPOQHIISA B 00ETOHHPOBAHHOM 3aMKHYTOM
CEUeHHHU NPHUBEJET K PabOTe BEPXHUX TOJIOK FHYTOTO
npoduins 0e3 MoTepH MX YCTOWYUBOCTH B OTINYHE
oT OaJIKH, y KOTOpOH 3a0eTOHUPOBAHBI TOJIILKO OTKPHI-
ThIe TIOsTOCTH. OIHAKO Pa3MENIeHNEe aHKEPOB B MOJIKaX
¢ oOpalieHneM BHYTpPb 3Ty HpoOJieMy MOXET CHSATH,
YTO OTMEYAJIOCh B AKCIIEPUMEHTAIIBHBIX OasKax.

PaccmoTpuM pacuer craneOeToHHOH Oallku, apMu-
POBaHHOH THYTBIMH ITPOMUIISIMH TT0 METOJLY ITPEIETbHBIX
YCWINH, KOT/1a IPUHUMAETCS B CEUCHUH SJIEMEHT C Tps-
MOYTOJILHOM 3IIOPOH, TSt KOTOPOI MMeeTcs nHpopMa-
L[Us1 IO HATyPHBIM UCIBITAHUSM B HCTOUHHKE [13].

[TonoxxeHHWe TpaHWUIBI CXKATOW 30HBI (TpaHUIIA
CKaToM 30HBI NepeceKaeT CTEHKY ABYTaBpa) olpejie-
nsierest o popmysie (1) B COOTBETCTBHHM C YKa3aHUSIMHU
CIT' asst aKCHIEpUMEHTANTBHO# Oanku x = 4,2 cM:

Rprhtm
r= ; (@)
Rb+R,1,
£ = 0,8 _ 0,8 —0,5971, @)
€, 1,189
ot s
€p2 ’

e g, = R/E =245/(2,06 - 10°) = 1,189 - 107 ¢, =
=3,5-107.

Hns pacemarpusaemoro ciyyas & = x/h, = 4,2/20 =
=0,21 <&, =0,5971.
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Puc. 6. I'paduku pazButus nporuOOB B 3KCIEPUMEHTAIBHBIX Oankax u cpaBHeHUs ¢ faHHBIMA ANSY'S

Fig. 6. Graphs of the development of deflections in experimental beams and comparisons with ANSY'S data

Cormnacho CIT 266.1325800.2016, Br4ucIeHHbIH IpH
WCIIOJIb30BaHUU METO/IA NIPENIENIbHBIX YCHUIINI pacyeTHBII
M3rHOAIOIINI MOMEHT, KOTOPBIH BBIICP)KUBACT CEUCHHE:

2 2
M=Rbb%+Rpr Wm+(§—xj t|=

3)
+2450[ 75,17 +(10-42)" 0.4 | =
=229703 k['cm = 22,97 xHwm.

ITo nanHBIM HaTypHBIX dKCHiepuMeHTOB [21], pac-
YETHBIM M3THOAIONIMM MOMEHTOM MOXET OBITh MO-
MEHT B HHTepBaje ot 26,25 1o 29,25 kHwm, uto 6omnbIre
22,97 xHwm B 1,14-1,27 paza. Takum oOpa3zom, METOX
MpeeNIbHBIX YCUIIMK JJIsl TIPOCKTHPOBAHUs cTanede-
TOHHBIX 0aJIOK C KECTKOH apMaTypol He IaeT )KeJae-
MBI PE3YJIBTATHI.

PaccMOTpUM METOIMKY MMPOEKTUPOBaHHMS cTalieOe-
TOHHBIX 0AJIOK C KECTKOW apMaTypoil ¢ MpuMEHEHHEM
JMHEHHOTO pacyera, OCHOBAaHHOTO Ha Ipe/IesIbHOM OT-
HOCHTEIBHOU JeopMarin cxxatus 6eTona (puc. 8).

[Ipu pemeHny 3a1a4n MPUHSTHI CIETYIONINE J10-
IIyLICHUSA:

* HCIIOJIb3YETCS TUIIOTE3a IJIOCKUX ceueHuit bep-
HYIUIH;

* COMPOTHUBJICHHE OCTOHA PACTSHKEHHUIO PaBHO HYIIO;

* JByXJIMHEHHAsI IUarpaMma COCTOSIHHS CHKaToi
30HBI OETOHA;

* nuarpamma IIpanaris paboTsr cTamnmy;
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* OTHOCHTENbHas Ae(hopMaIys Havyana TeKy4ecTH
6erona B cxaroii 3oHe £, = R /E ;

* OTHOCHTEINIbHAs e(OpMaLs CXKATHUS B BEPXHEH
KPOMKe OasIki He TIPEBBILIAET MPEAETbHYIO €, ;

* CTaJIb JKECTKOH apMaTypbl — MaJOyIJIepOiCTast
C BBIPAKEHHOH IUIOIIAKON TEKYUECTH;

* OTHOCHUTEJbHAs JieopMarys Hayaja oA KK
TEKY4ECTH CTaJlM KECTKOM apmarypel = 0,002 + Ry/E.

[TonoxxeHue rpaHUNbI CXKATON 30HBI OIPEACIIIM,
BBIYHCIIAS BHYTPEHHUE YCHIINS [UIsl KaXK10H 30HBI.

Jist cxatoit 30HbI OETOHA:

%sble2b+[x—ish]ij2b =

b2 8b2
) “)
=x|1-
-

8b2

ablij2b.

JLitst cyxaToit 30HBI CTATBHOTO MPOQHIIS:

X

&,R,20+(2b, +21)R +

8b2

+(x —LSHTJZtRy =
€2

e _|21R =
sz H‘rj v

1
€. ||
2g,,

)

=2(b, + IR, + x(l -

=2R | (b, +t)+x(1—
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Puc. 7. I'paduku pa3BUTHs HANPSDKSHUH B 9KCIIEPUMEHTANIBHBIX 0ajkax U cpaBHeHMs ¢ JaHHbIME ANSY'S

Fig. 7. Graphs of development of events in experimental beams and comparison with ANSYS data
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Fig. 8. Calculated beam section and stress-strain state
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Ilpn xomkpeTHwIX 3Ha4eHusax (¢ = 0,002 +
+2450/2 100 000 = 0,003167) o dopmyae (14):

M, =02-2450%

« 15112 144 1
30,0035

+2(4,92+0,2)0,2-2450(19,6 +0,2) +0,2

x 450{(19,6 -0,2)* —[

2
0,003 167] } +

2
1,51 15 0,003167j } +

1 2
0,0015} +l} =

>

0,0035

=1895,365 +99 348,48 +183 500,422 +2603,91 =
+286 785,17 xrcm = 28,67 xkHwm.

+1,5117-4,72 185,0 E(

[To maHHBIM HATYPHBIX HCTUBITaHHUHA [21] OGanku
paspyumnncs npu Harpyskax 70 u 78 kH, BHyTpeHHUI
M3ruOAOIINI MOMEHT /ISl KOTOPBIX MOXKET OBITH 26,25
u 29,25 kHm. Teopertndeckuii M3rubOarOIINl MOMCHT,
BBIUMCIICHHBIH 110 Gopmyne (14), paBen 28,67 kHwm,
T.€. PACXOXKJICHUS COCTABIISIIOT: 9 1 2 % COOTBETCTBEHHO.

3AKJIIOYEHUE U OBCYXJIEHHUE

Cranexene300eTOHHbIE U3THOAEMbIE TEMEHTHI
B HECYIINX KOHCTPYKIMAX HCIIOIB3YIOT Ha CETOHSII-
HU JIeHb HE TaK NIMPOKO M3-3a TOTO, YTO TAKHE CHCTE-
MBI HEJIOCTaTOYHO U3YYEHBI M HET ONbITa X MPUMEHE-
HUSI B CTPOUTEIBHON MPAKTHUKE.

YucieHHbIE UCCIICIOBAHUS U HATypHBIE UCTIBITA-
HUSI CTaJIeKENIe300€TOHHBIX 0AJIOK CO CTallbHBIM THY-
ThIM npo@mneM MOATBEPANIN NECPCIEKTUBHOCTD I10-
JTIOOHOH KOHCTPYKIINH.

Ha ocnose nsyuenus ocobennocteit HIC crame-
JKeNe300eTOHHBIX 0AJIOK CO CTANbHBIMU COCTABHBIMH
JIByTaBpaMH, 00pa30BaHHBIMH M3 JIByX THYTHIX IIBEJ-
JIEpOB, MOTY4EHBI YHCICHHBIE PE3YJIbTATHI.

CpaBHeHHE PE3yJIbTATOB YUCICHHOTO IKCIEPH-
MCHTA C JaHHBIMU HAaTyPHbBIX HUCIBITAHUN IIOKa3bIBACT,
YTO paCXOXACHHUA PE3YJIbTATOB YUCICHHBIX OKCIICpU-
MEHTOB OT HATYPHBIX (NIPH HAKIOHHOM U BEPTHUKAJb-
HOM pacIiojIOKEHIH aHKEPHBIX cBs3ei) HaxomaTes [13]:

* 110 HanpspkeHusM 10 9 u 11 %;

* 110 iporu6am 10 5 u 8 %;

* 110 Hecyuleit cnocobnocT 10 7 n 10 % coor-
BETCTBEHHO.

AHaJn3 pe3yNbTaToB YMCICHHBIX UCCIICIOBAHMM,
noiy4eHHsIX ¢ momonisio [IK ANSYS, nponemonctpu-
pOBaJl, 9TO KOHEYHBIE PE3YIIbTAThl IPOTHOOB MO HATPY3-
KaM He TIPEBBIMIAIOT 8 %, OHAKO XapakTep rpadukos
CHJIBHO PacXoANTCs. B UMCIEHHBIX SKCIIEpUMEHTaX OHU
NPSIMOJIMHEIHBIE, @ B HATYPHBIX HCTIBITAHUSIX — KPHBO-
JIMHEHHBIE, YNCIICHHBIC 3HAYCHUS IPOTHO0B OTIINYAI0T-
cs B 5—7 pasz, pacXOXKJCHUs HAIPSHKEHUH 110 Harpy3KkaM
He npeBbimaroT 11 %, a 1o cOOCTBEHHBIM 3HAYCHUSIM
pacxoasaTcst B 2—4 pa3a COOTBETCTBEHHO.
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IlosmyueHHbIe pe3yabTaThl YUCIEHHBIX U HATYPHBIX
HCIBITAaHHUIA TO3BOJMIIN Pa3padoTaTh HOBYHO METOIUKY
OIICHKH HeCyIIel CIIOCOOHOCTH cTaleOeTOHHBIX 0aJloK,
OCHOBaHHYIO Ha MpeebHON Ie)opMalliK CIKATOro Oe-
TOHA.

CpaBHEHHE pe3yJbTaTOB UCTIBITAHUI M YUCICHHBIX
pacdeToB 6aJIoK MO MpeIaraeMoMy METO/ly OKa3biBa-

€T, YTO PACXOXKIACHHUS 10 HECYIICH CITIOCOOHOCTH HaX0-
JIATCS B Tipenenax ot 2 10 9 %.

Jyiss yMEHBIICHUST KOJMYECTBEHHOTO PACXOXKIe-
HUSI aHATUTUYECKUX M OKCIIEPUMEHTAIILHBIX Pe3yJIbTa-
TOB MU3rH0AEMBbIX CTAICOETOHHBIX JIEMEHTOB C FHYTHIM
npoduieM HEOOXOAMMBI JalbHEUITHE HCCIETOBAHUS
TaKUX BHJIOB KOHCTPYKIIHH.
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Pe3yabTarbl MeKJIA00PATOPHBIX CJAMYNTENbHBIX HCTIBITAHUM
re0CHHTETHYECKOr0 MaTepuasa

Amnpapeii Bragumuposuu Kozinos
Aemodop-HUnowcunupune; 2. Mockea, Poccus

AHHOTAUMUA

BBeneHue. AkTyanbHOCTb WcCnefoBaHust 00ycnoBnuBaeTcs HeoOXOAMMOCTbIO COBEpLUEHCTBOBAHWSA MpoLieaypsbl
CTPOMTENbHOIO KOHTPOIS OPOXHO-CTPOUTENBHbLIX MaTepUarnos B 4acT 1abopaTopHbIX UCTbITaHUA. OAHUM 13 4eNCTBEHHbIX
MeTOAOB MPOBEPKN KOMMNETEHTHOCTU nabopaTopun SIBMSIOTCH MexnabopaTopHble CpaBHUTEMbHblE WCMbITaHWA. Llenb
WX npoBefeHusi — OOHapyXeHVe HefoCTaTKOB M HEeCOOTBETCTBWMA, aHanmu3 MPUYMH WX MOSIBNEHUS, OCYLLEeCTBReHne
KOPPEKTMPYHOLLMX MEPONPUATUI U, TaKUM 0Opa3oM, COBEPLUEHCTBOBaHNE nabopaTopHON CUCTEMbI KavecTBa.

Matepuanbl u MeToabl. B kauecTBe 06bekTa uccneqoBaHusi NpuMHaTa reopelleTka. [1na mexnabopaTopHOro ConocTaBrneHuns
BblOpaHbl pesynbTaTbl OMPeAeneHns MPOYHOCTU MPU PaCTSXKEHUWM, OTHOCUTEMBHOMO YASIMHEHWS MpU MaKCUManbHOW
Harpyske, a Takke MokasaTenyM MOPO3OCTOMKOCTU MaTepvana U yCTOWYMBOCTM K BO3AENCTBUIO YNbTPaduoneToBoro
nsny4eHns. Bce nenbiTanysa BbINOMHEHbI B NPOAONBHOM HanpasBneHun o6pa3LoB reopeLleTki. YCTaHoBMeHbI Hanbonee 1
HanuMeHee CTaTUCTUYECKN OQHOPOAHbIE PU3NKO-MEeXaHNYeCcKke NokasaTeny reopeLleTkv B YCroBUsX BOCNPON3BOANMOCTH
pe3ynbTaToB N3MEPEHMWIN MO KaxAoMy 13 nokasaTenew, NnomyyYyeHHbIX B pa3Hbix TabopaTopusax U pa3nuyHbiMU CpeacTBamm
N3MepeHUiA, C CNoNb30BaHNEM anropuTMa Ha OCHOBE Z-WHAEKCOB.

Pe3ynbTathl. [10 COBOKYMHOCTN pe3ynbTaToB UCMbITAHWI Ka4ecTBO paboTkl BOMNbLIMHCTBA UcnbITaTeNbHbIX Nabopatopuii
MOXeT ObITb NPU3HAHO YAOBMETBOPUTENbHBLIM. [peAcTaBneHHble AaHHble NonyyeHbl No GONbLUMHCTBY NokasaTenew.
B paspese napameTpoB Hey[oBMeTBOPUTENbHbIE CBEAEHWS HE BbISBMEHbl; [ONS YAOBNETBOPUTENbHbLIX Pe3ynbTaToB
coctaensiet 87,5-100 %.

BbiBogbl. O6paboTaHHble AaHHble MPOTOKOMOB WCMbITAHUA CBUAETENbCTBYIOT O BbICOKOM YPOBHE KOMMETEHTHOCTM
YYaCTHVKOB MexabopaTopHbIX CMUYEHWI. YyacTue B nporpammax MexnabopaTopHbIX CpaBHEHWIA HECOMHEHHO
ABNSieTCS AeCTBEHHBIM CMOCOGOM NPOBEPKU U NOBbLILLEHNS Ka4ecTBa UCMbITaHUI; MHAVBUAYalbHbIA aHanu3 pesynbTaToB
no3BOMseT ynyywnTb NnabopaTopHyto cuctemy kadectsa. MNpeacrasnsieTcst uenecoobpasHbiM HOPMUPOBATL TPeOOBaHMS K
KO3 PMLUMEHTY BapraLum, CXOAMMOCTI 1 BOCMPOU3BOANMOCTM KOHTPONMPYEMbIX NoKasaTeneun.

KIMKOYEBBIE CJIOBA: reopelueTka, reoCMHTETUYECKME MaTepuaribl, KOHTPOSb Ka4ecTBa, UCTblTaTeNbHble nabopaTtopuu,
MexrabopaTopHble CIMYUTENbHbIE UCTbITAHUS, MEXIIabopaTopHble CPaBHUTENbHbIE UCTIbITAHUS, CTaTUCTUYECKUIA aHanu3
OaHHbIX

Ona UATUPOBAHUA: Kosnos A.B. PesynbTaTtbl MexnabopaToOpHbIX CIMYUTENbHbBIX WCMbITAHUIA FEOCUHTETUYECKOrO
maTepuana // BectHuk MICY. 2023. T. 18. Bein. 8. C. 1230-1240. DOI: 10.22227/1997-0935.2023.8.1230-1240
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Results of interlaboratory comparison tests of geosynthetic
material

Andrey V. Kozlov

Avtodor-Engineering; Moscow, Russian Federation

ABSTRACT

Introduction. The relevance of the study is determined by the need to improve the procedure of construction control of road-
building materials in terms of laboratory tests. One of the effective methods of checking the competence of the laboratory is
interlaboratory comparative tests. The purpose of their implementation is to detect deficiencies and inconsistencies, analyze
the causes of their occurrence, carry out corrective measures and, thus, improve the laboratory quality system.

Materials and methods. Geogrid was taken as the object of research. The results of tensile strength, relative elongation at
maximum load, as well as indicators of frost resistance of the material and resistance to ultraviolet radiation were selected
for interlaboratory comparison. All tests were performed in the longitudinal direction of geogrid samples. The most and
least statistically homogeneous physical and mechanical parameters of geogrids were determined under the conditions of
reproducibility of measurement results for each of the indices obtained in different laboratories and by various measuring
instruments using an algorithm based on Z-scores.

Results. According to the totality of the test results, the quality of the work of the majority of testing laboratories can be
considered as satisfactory. Representative data were obtained for the majority of parameters. No unsatisfactory data were
found in the context of parameters; the share of satisfactory results is 87.5-100 %.

Conclusions. The permormance-test data indicate a high level of competence of the participants in the interlaboratory
comparisons. Participation in interlaboratory comparison programmes is undoubtedly an effective way to verify and improve
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the quality of tests; individual analysis of the results makes it possible to improve the laboratory quality system. It seems
reasonable to normalize the requirements for the coefficient of variation, convergence and reproducibility of controlled

parameters.

KEYWORDS: geogrid, geosynthetic materials, quality control, testing laboratories, interlaboratory comparison tests,

statistical data analysis
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BBEJAEHUE

B nacrosmiee BpeMs peannzaius JOpOKHBIX IIPO-
€KTOB IpeanojiaraeT paclMipeHHOE HCIOJIb30BaHUE
3¢ ($EKTUBHBIX TEOCHHTETHYCCKUX MaTepuaioB (I'M).
B sToM HampaBieHHHN Ha OTPACIECBOM YPOBHE BEAETCA
aKTHBHas pabora: 3a mocnenuue 10 et co3aHbl ¥ BBe-
JICHBI B IEHCTBIEC HAIMOHAIBHBIC CTAHAAPTHI, PETyiIH-
pytoriue TpeboBanus kK 'M U MeToaM UX HCIBITAHUI.
Pa3paboTans! 1 oTpacieBbie TOKYMEHTHI, PEKOMEHIO-
BaHHbIC K NpUMeHEHHIO DejepabHbIM JOPOKHBIM
arenTctBoM (PocaBromop).

B coBpeMeHHBIX peausix CTPOUTEIECTBA aBTOMO-
OMJIBHBIX JIOPOT aKTyajbHa 3aj1a4a, CBSI3aHHasl C OLICH-
KOI COOTBETCTBHSI ITOCTABISICMbIX Ha 00bekT I'M. Jls
MOBBIICHUS 9PPEKTUBHOCTH CHCTEMbI CTPOUTEILHOTO
KOHTPOJIS TEXHHYCCKAs MOJIUTHKA TOCYIapCTBCHHOM
komnanun «Astrogop» (I'K «ABTomop») B wactu op-
TaHU3AIMH BXOMHOTO KOHTPOJISI KauecTBa MOCTaBIIS-
€MBIX Ha ITOJIBEJOMCTBEHHBIC OOBEKTHl TOCKOMITAHUH
I'M npenycmarpuBaer co3aHUe €IMHOW CUCTEMBI UX
ucneiTanuii. OroBapuBaeTcs 00ecIedeHIe HETUCKPH-
MHHAIMOHHOTO J0CTYyIa BCEX MPOM3BOJIUTENICH Ma-
TEPUAJIOB K YYaCTHIO B MCIBITAHUSAX M TEXHHYCCKUX
otbopax, mudpdepeHInaIis TPOBOJUMBIX UCTIHITAHHHA
B 3aBUCHMOCTH OT MX II€JI€BOr0 Ha3HaueHMs (JUIs Ipo-
eKTHPOBaHUA U Pa3pabOTKH MPOEKTHHIX TPEeOOBAHMIA,
JUISL KOHTPOJISl Ka4eCTBA U OL[EHKH COOTBETCTBUS MPH
MTOCTABKE Ha YYACTKH CTPOUTEIBCTBA). HemamoBaxkHOE
3HAYCHHUE MPH ITOM UMEIOT OCHAIICHHOCTH J1abopaTo-
pUil OAPSTHBIX OPraHU3AIMA ¥ KBaTU(PUKAITUOHHBIH
YPOBEHb COTPYIHUKOB, YTO MPSAMBIM 00pa3oM oTpaka-
€TCs Ha JJOCTOBEPHOCTH PE3YJIbTATOB UCIIBITAHUH.

OnuH 13 YPPEKTHBHBIX CITIOCOOOB TOATBEPKICHHS
JIOCTOBEPHOCTH PE3YJIbTATOB, BbIJABAEMbIX J1a00PaTO-
puell, — TpoBepKa ee KOMIIETEHTHOCTH ITOCPEICTBOM
MEKITab0paTOPHBIX CPaBHUTENBHBIX HenbITanmid (MCH)
[1-4]. HeoOXomuMOCTh MOHHTOPUHTA JICSITCIILHOCTH J1a-
OopaTopu IMyTeM CPaBHEHUS C pe3ybTaTaMu IPYTHX Jia-
6oparopuit npeanuceBaet TOCT ISO/IEC 17025-2019',
m. 7.7.2. Yaactre B MEXJIa00OPaTOPHBIX CIMYCHHUAX —
OJTHO M3 MEPOIPHUATHI, KOTOPhIC 00CCIICUNBAIOT TAKOU
MOHHUTOPHHT, paBHO KaK W ITOATBEP>KACHUEC KOMITCTCHT-
HOCTH J1a00paTOpUH C TOYKHU 3PEHHS COOMIONCHNUS TIPABUIT
MIPOBEICHUSI U3MEPEHUH (MCIIBITAHMI), HCCIIeIOBAHUN
1 TIPOLISIYP CUCTEMbI MEHEPKMEHTA KadeCTBa.

MexnabopaTopHble CpaBHEHHS, KaK BayKHas 4acTb
oOecreueHusT Ka4ecTBa, HanboJIee IMPOKO HUCIIOIb3Y-
IOTCSI B aHAJTUTUYECKON XUMUU U PAAHOXUMUH [5, 6],
a TaKKe B CMEXHBIX HAIIPABJICHUSIX HAYKH U TEXHHUKH,
IJle XUMHUYECKHE M CIEKTPaJbHbIC METOJbl aHAIN3a
ABIISIIOTCSI HE3aMEHUMBIMH, HAIIPUMED NPH U3YyUCHUN
COCTaBa M CBOHCTB MHHEPAIBHOTO CHIPHs [7-9], B Me-
tamurypruu [10], arpoxumun [11], HedTexumun [4, 12]
n ap. CymecrBeHHas pabora B yacTu MexiIadoparop-
HBIX HMCCJICIOBAaHUI BBITIOJIHCHA B I'PYHTOBEICHHH.
DTO MO3BOJMIIO MOJYYHUTH JJISi MHOTHX TOKa3arenen
CBOWCTB NECUaHBIX U TIIMHUCTBIX TPYHTOB MexXia0o-
paTropHylo M BHYTpHIa00paTOpHYIO0 OMIMOKH BOCIPO-
H3BOAMMOCTH, XapaKTEePHU3YIOIHUE CUCTEMATHYECKYIO
U CIy4alHyI0 MOTpenHocTy u3Mepenns [13, 14].

Hecmotps Ha 310, MCH B HOpOKHO-TPAHCTIOPT-
HOM CTPOHUTEIBCTBE U CTPOUTEILCTBE B LIEJIOM HOCAT
orpaHudeHHbIN xapakrep [15]. U3Becten omsir MAIN
M0 OpraHM3alNN MEXIa00PAaTOPHBIX MCIIBITAHUN ac-
(hamprobeTonHBIX cMeceit mo TOCT 12801-98 u 6utym-
HbIX Bsokyiux o FOCT 22245-90 [16, 17]. Exxeroanble
MeX1a00paTopHbIE UCTIBITAHNS OMTYMHBIX BSDKYIIHX
¢ 2018 r. mposonut Pocasrogop. Ilo conocraBurens-
HbIM HcnbITaHusIM I'M unTepecen onbsIT I'K «ABTogop»,
3a/IeiCTBOBABIICH TPU HE3aBUCUMBIX JabOpaTopuH.
ITo Bcem mokasarensM M MEeTOJaM COMOCTaBUTEIbHBIX
UCIIBITAHUI TTOJyYeHBI OTpe/IeJIeHHbIe pa30poCkl 3Haue-
HHM, YTO CBUJICTEIILCTBYET O HEOIHOPOIHOCTH CBOWCTB
MaTepHaoB Kak B IIPOJIONEHOM U TTOTIEPEUHOM HaIpaB-
JICHUAX, TaK ¥ B Pa3HBIX NAPTHAX. DTH PE3yNbTaThl O/-
TBEPIK/IAI0T HEOOXOMMOCTD BBEICHNS TAPAMETPOB BOC-
MPON3BOANMOCTH B ICHCTBYIOIIYI0 HOPMAaTHBHYO 0a3y
10 METO/aM HCITBITAHUH T€OCHHTETHKH.

00O «Apronop-Uuxunrupunr» ¢ 2019 r. Ha pery-
JISIPHOM OCHOBE NMPOBOAUT KoMruiekcHbie MCH nopoxHO-
CTPOUTENBHBIX MaTepPHAIOB: OMTYMHBIX BSDKYILUX, ac-
(hanpTOOCTOHHBIX cMeceil 1 ac(anbrodeToHa, IEMEHTHO-
ro OeToHa, 1medeHoYHO-TIecyanbIx cmeceit u I'M [18-21].
[Mpenpinyye payHabl MexIa00paTOPHBIX CIAMYSHUN
I'M OOO «ABTonop-MHXUHUPUHTY OCYIIECTBISAIO
B 2019-2021 rr. CoBOKyIIHBIC JaHHBIE M0 YCTOWINBOCTH
I'M k ymerpaduonery (IpOTOKOIIBI HCTIBITAHHIHN TIPEIoCTa-
B 42 % ygactaHrkoB, 2019-2020 1), a TaroKe 1o Terio-
crotikoctH (45 % ywactHukoB, 2020-2021 rT.) OKa3ammch
HEZI0CTaTOYHO MH()OPMATHBHBIMU.

'TOCT ISO/IEC 17025-2019. O6uue TpeGoBaHus K KOMIIETEHTHOCTH HCIIBITATEIBHBIX U KaTMOPOBOUHBIX Jab0paTopuii. M. :

Crannmapraadopm, 2019. 25 c.
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MexabopaTopHbIe UCIIBITAHHS CBHIETEIBCTBYIOT
0 TOM, YTO JUISl HA/ISKHOTO M3MEpEHUsI oKa3aTeseil He-
JTIOCTaTOYHO AaHHBIX OHOH Jadopatopu [20]. Yyactue
B MEKJ1a00PATOPHBIX CIIMYCHUSIX MO3BOISCT YOCIUTHCS
B OTCYTCTBHUH ITPOOJIEM C pean3alyeii OTAEIbHBIX Me-
TomuK uctbliTanuid. [Tpu aToM, B coorBercTBUM ¢ [OCT
ISO/IEC 17043-20132, mpeamonaraetcsi KOHGHICH-
UATLHOCTh MH()OPMALIUN — PE3yIbTaThl HCIIBITAHUN
MPEIOCTABIISIFOTCS B 3aKOIMPOBaHHOM BHJIE. TakuM 00-
pasom, Jr00ast 1aboparopust CriocoOHa 0ObEKTHBHO OLie-
HHUTH Ka9€CTBO CBOMX PE3YIIBTATOB 110 CPABHEHHIO C HTO-
raMu aHaJIOTMYHBIX M3MEPEHHUH IPYruX OpraHu3alunii,
UCKITIOYasi BEPOSITHOCTh UX HAcHTH(puKarmu [§, 18-20].
CormocTaBieHHe pes3yIbTaTOB COOCTBEHHBIX M3MEPEHHNA
C JJaHHBIMH JIPYTUX J1a00paTopHii 1aeT BO3SMOXKHOCTB 00-
HapyXNTh HECOOTBETCTBUS M HEJJOCTATKH, BBHITIOIIHUTH
aHaJIM3 IPUYMH MOSBICHUSI OTKJIOHEHHH U OCYIIECTBUTD
KOPPEKTHPYIOIIE MEpONpHsATHs. [1aBHast 3a1a4a Mex-
71a00paTOPHBIX CIMYCHUH — OMPEAEICHNE BOCIPON3BO-
JIMMOCTH PE3YJIBTATOB MCIIBITAHUI, TIOJyYEHHBIX B pa3-
JIMYHBIX JJAOOPATOPHSIX, @ B CITydae BBIXO/A PE3yIIETAaTOB
3a MpeAeIbl HOPMATHBOB KOHTPOJISI — YCTaHOBIICHHE
W yCTPaHEHHE MPUYMH UX BOZHUKHOBEHUSL.

OuepenHON UK MEXIA00pPaTOPHBIX HCIBITA-
Huit 6b6u1 anoHCcHpoBaH OO0 «ABTONOP-UHKUHUPUHT
7 okt0pst 2021 1., OCHOBHBIE PE3yJIbTAThI OITyOIMKOBa-
HBI 16 Masg 2022 . Ha opUIMaTEHOM caliTe KOMITaHHH.
K yuacrtrio B nporenype MexiadopaTtopHbIX CIMYSHUN
Ha JIOOPOBOJILHOM OCHOBE TMPHIIAIIAIKICE JIAOOPATOpHH
MPOU3BOIUTEINEH JOPOKHO-CTPOUTEIIBHBIX MAaTEpHATIOB,
Hay4HO-HCCIIEIOBATENBCKUX U OJPSITHBIX OpraHu3alii.

MATEPHWAJIBI U METO/JbI

OOBEKT uccne0BaHus] — Fe0CHHTETHYECKUN Ma-
tepuan, onpenensiemsiii mo FOCT P 55029-2020 kax
reoperieTka. J{Jsi BBITOTHEHNUS MapajlIeIbHBIX UCTIbI-
TaHWW U3TOTOBJICHBI JIBE CEPUU 00Pa3IOB U3 JIBYX pa3-
JUYHBIX PYIIOHOB T€OPEIIETKH OHON MapTHH, OTHOTO
M3roTOBHUTENsI. BepxHue /iBa ciosi pyJoHa HE MCIOJb-
30BaJIMCh JUIst 0TOOpa 1mpob. OToOpaHHbIe MPOOHI 3a-
BOPAYMBAJINCh B YIAKOBOYHYIO TUICHKY M XPaHUINChH
B OJIHOM MECTE B COOTBETCTBHH C TPEOOBAHUSIMH 3a-
BOJIa-M3TOTOBUTEIIS B YCIOBHSIX, NCKITIOYAIOIINX BO3-
JIEWCTBHE MPSMBIX COJIHEYHBIX JTyueil, HarpeBaTeIbHBIX
IpuOOPOB U OCAJIKOB.

IIporpamMoii UCHIBITAHUI IIEpe] HayajaoM Ipo-
BEZICHUS TECTOB MPEIYyCMOTPEHa BhIIEP)KKa 00pa3iioB
I'M B Teduenue 24 4 B HOPMAJIBHBIX KIMMAaTHYECKUX
YCIIOBUSIX: IIPH OTHOCUTENILHOW BJIaXKHOCTH BO3/yXa
65 £5 % u Temneparype 20 £ 2 °C. JIns kaxa0i cepun
00pas3I0B KOHTPOIUPOBAIUCH TIOKA3ATENN: TPOYHOCTH
IpH PACTSIKEHUH, OTHOCUTEIBHOTO YIJIUHEHHS NPH
MaKCUMaJIbHOI Harpyske, MOpPO30CTOHKOCTH Marepua-
na (30 UKIOB) U YCTOWYHUBOCTU K BO3JIEHCTBHIO Yib-
tpaduoneroBoro uznyyenus (YO-uzinyuenns). Bee no-
Ka3aTelu ONpeAeIsUTUCH B IPOIOIHLHOM HAIPaBICHUH.

[IpoBepka pe3ynbTaroB Ha HAJIMYWE CTATUCTHYE-
CKUX BBIOPOCOB OCYIIECTBIISUIACH HA OCHOBE KPUTEPHs
I'pab6ca mo F'OCT P UCO 5725-2-20023. Konuue-
CTBEHHAsI OIICHKA Ka4eCTBA PE3YJIbTATOB MCIBITAHUN
OTAETBHOI JIabOpaTOPUH MPOBOIMIIACH HA OCHOBE ajl-
roputMa pacdera Z-mHAeKCcoB B cooTBeTcTBHU ¢ [OCT
ISO/IEC 17043-2013% T'OCT P 50779.60-2017 (LCO
13528:2015)* u PMI" 103-2010° o popmyrre:

(XX,
i Gpt 4

V4

e X, — pesylbTaT UCIIbITAHH; Xp , — TPUIHCAHHOE
3HAYCHNE; G, — CTAHJAPTHOE OTKIOHCHHE JIS OLICHKH
KBaJH(PHUKALINH.

3aKII0YEHUE O Ka9eCTBE PE3y/IbTaTOB MCIIBITAHUN
KOHTPOJIMPYEMOTO MaTepHaa Mo Kax/10My Onpesiense-
MOMY ITOKa3aTeIio0 ETAI0T Ha OCHOBE CPaBHEHUS 3Ha-
4YeHus |Z| ¢ yCTaHOBIEHHBIMH HOPMAaTHBAMH KOHTPOJISL:
2,0 u 3,0. Ilpwm |Z] < 2,0 xa4ecTBO pe3yIbTaTOB UCTIHITA-
HUH CYUTAIOT YAOBIETBOPUTENBHBIM, TipH 2,0 < |Z] < 3,0
KaueCTBO PE3yIbTaTOB MCIIBITAHNI MPU3HAIOT COMHH-
TEJIHBIM W MTOJIEKAIINM JOTIOTHUTEIBHON MPOBEPKE;
npu |Z| > 3,0 ka4ecTBO pe3yIbTaTOB HCIIBITAHUH pac-
LIEHNBAIOT KaK HEYJAOBICTBOPUTEIBHOE.

OreHka xauecTBa pabOTHl OTACNBHOHN Taboparo-
WM BBIMTOTHAECTCS] HA OCHOBE Z-NHJIEKCOB, MOTyYEHHBIX
9TON MabopaTopue Mo COBOKYITHOCTH BCEX Pe3yibTa-
toB MCH. JI7n1s1 Ka)X10TO Y9aCTHUKA BEIYUCIISAIOT 3HAUC-
HHue Z, 1o popmye:

Z, :Z”:Z,z.
i=1

2TOCT ISO/IEC 17043-2013. Onenka cootBercTBus. OCHOBHEIE TPEOOBAHMUS K MPOBEACHHIO NPOBEPKH KBATH(HKAIIA. M. :

Crannmaptaadopm, 2014. 33 c.

3TOCT P MICO 5725-2-2002. TouHOCTH (HPaBIILHOCT U HPEIU3HOHHOCTE) METONOB U Pe3y/IbTaToB H3MepeHuit. YacTs 2.

OCHOBHOW METOJl OTIPECNICHNUS IMOBTOPSAEMOCTH M BOCIPOU3BOAMMOCTH CTaHIApTHOTO MeToxa m3mepeHuil. M. : UIIK

W3zn-Bo crangapros, 2002. 42 c.

4TOCT P 50779.60-2017 (MCO 13528:2015). CTaTucTHdeckne MeTOIbl. IIpuMeHeHHe mpH MpoBepKe KBaTH(UKAIINN

MOCPEZICTBOM MEKIIa00paTOpHBIX uctbITanmit. M. : Cranmaptuadopm, 2017. 82 c.

SPMI 103-2010. TocynapcTBeHHas cucTeMa 00ecredeH s eAMHCTBA n3MepenHii. IIpoBepka KBanu(pUKaLMH HCTIBITATEIBHBIX

(M3MEpHUTENBHBIX) Ta00PATOPUH, OCYIIECTBISIONINX UCIBITAHUS BEHIECTB, MATEPHAIOB U OOBEKTOB OKPYKAIOUICH CPeIIbl

(110 cocTaBy M (PU3UKO-XUMHUECKIM CBOMCTBAM) ITOCPEICTBOM MEXKJIA00PATOPHBIX CPAaBHUTENBHBIX HcTbITaHuid. M. : CTaH-

nmaptaapopm, 2011. 38 c.
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BbIBoz 0 KauecTBe pabOThl KOHKPETHOI Jjabopa-
TOPUH MPUMEHHTEIBHO K UCIIBITHIBAEMOMY MaTepHaITy
U KOHTPOJIMPYEMBIM MOKa3aTelsiM JIeNIaloT Ha OCHOBE
CPaBHEHHs TapamMeTpa Z, ¢ HOpMaTMBaMH KOHTPOJIA A,
¥ h,, ipuauMaempiva o PMIT 103-2010, B 3aBucumo-
CTH OT KOJIMYECTBA 71 pACCUUTAHHBIX Z-UHAEKCOB. [Ipu
Z, < h, xa4ecTBO pabOThI HCTIBITATENBHOH TabopaTopun
CUMTAIOT YIOBJIETBOPUTENBHBIM, IpH /1, < Z, < h, Kaue-
CTBO padOTHI JTa0OPATOPHH PH3HAIOT COMHHTEIBHBIM,
4TO TpeOyeT JONOJIHUTENbHOI npoBepku. Eciu napa-
METp Z, NPEBBIIIAET KOHTPOJIBHOE 3HAYEHHE /,, TO pa-
00Ta 1abopaTopuu MPU3HACTCS HEYIOBICTBOPUTEIILHOIA.

PE3YJIBTATHBI HCCJIEJOBAHMUA

PaccunTaHHbIe CTATUCTHYECKHE XapaKTePUCTH-
KU JJ11 COOTBETCTBYIOUIMX MO3ULIMN IPEICTaBIEHbI
B Tabn. |. [lpunucanHoe 3HaYeHHE X, ompenensnock
Kak po0dacTHOE cpelHee M0 pe3yJbraTaM y4aCTHHUKOB.
Kax npunucanuele 3HaueHUs Xp » TaK ¥ CTaHJlapTHbIE
OTKJIOHCHHS G, TI0 COOTBETCTBYIOLINM H3MEPEHHBIM I10-
KazaTesiM, OKa3ajIich OJIM3KH MEXITy CO00# st oopas-
1I0B, N3TOTOBJIEHHBIX W3 Pa3HbIX PYJIOHOB I'€OpEIIETKN
(cm. Tadm. 1). Pe3ymbrarhl, OTKIOHSIONIMECS OT MPHUITH-
CaHHOTO 3HAYCHMS Ha + 30 , HE BBIABICHBI HH IO Of-
HOMY roka3zaresro. CTaTucTHYeCKUil BRIOPOC Ha OCHOBE
TecTa [ pabbca HaOMOMACS TOIBKO Y OHOTO YUIaCTHUKA
IIpH McnbITaHusIX 00pasia Ne 2 Ha OTHOCHTEIIBHOE YIUTH-
HEHHE, YTO CBUJICTENILCTBYET O HEOOXOMMOCTH aHaIN3a

MPUYUH €r0 TIOSBJICHHS U LIeJIECO00Pa3HOCTH BHECECHHS
KOPPEKTUB B UCTBITATEIbHBIN TIporiecc. KBa3uBbIOpo-
ChI 3a()MKCUPOBAHBI MIPU UCIIBITAHMSAX HA MOPO30CTOM-
KocTh 00enx nmpod I'M y ofHOTO ¥ TOTO K€ yJacTHHKA
(Tabm. 2). D10 ABNSETCS CUTHAJIOM VISl TIPOBEICHUS J0-
[IOJIHUTENBHOM [TPOBEPKHU.

o taxry pacuera Z-KpuTepust: HEYIOBICTBOPHTEIb-
HBIE PEe3yNIBTaThl UCTIBITAHUH HE BBIBICHBI, 00OIIEe KO-
YECTBO COMHUTEJILHBIX 3HaUCHHUI — 5. 1ITOrOBbIE pesyinb-
Tarbhl MEXJIa00PATOPHBIX CIMYEHHH 110 BCEH Iporpamme
HCIIBITAHUI TPEICTaBICHBI B TA0M. 2. [ padhuueckoe npe-
CTaBIICHUE Z-KPUTEPUsI, PACCUMTAHHOTO TI0 Pe3yJibTaTaM
Ka)XKJJOTO YYaCTHHKA, JUIA KaXJIOH MO3UIMH MOKa3aHO
Ha puc. 1—6; 00nacTh yJOBIECTBOPUTEIBHBIX 3HAYCHHUN
(2,0 £ Z<2,0) orpanuueHa KpacHbIMU JINHUSMHU.

CpaBHeHue nokasarens Z,, pacCUMTaHHOIO s
KaXXa0Tro ydyaCTHHKa IO COBOKYIHOCTH Z—I/IH}IGKCOB,
C HOPMATHUBaMH KOHTPOJIS /i, U /1, TIO3BOJIMIIO CIENATh
BBIBOJI O KauecTBe pabOTHI COOTBETCTBYIOMIEH 1a0o0-
paropuy. BOTbIINHCTBO YYaCTHHKOB ITOKA3aJI0 YIIOB-
JIETBOPHUTEIIBHOE KayecTBO paboTel — 9 ylaboparopwuii
n3 13. 3axi09eHrne 0 COMHUTEIBHOM U HEYIOBJIETBO-
PUTETHHOM KadecTBE paOOThI MONYYHIN YIaCTHUKH 07T
mmdpamu 12 u 9 coorBercTBeHHO. KadecTBO paboTHI
YYacTHHKOB 11of] mudpamu 7 1 13 okazanoch OLEHUTH
3aTPYAHUTEIIBHO BBUAY HECTIPCACTABUTCIIbHOCTH UX NaH-
HbIX. PaKTHUECKNE PE3yNbTaThl OLEHKN KauecTBa pabo-
THI UCITBITATENIFHBIX JIAOOPATOPHIA IPUBEICHHI B TA0I. 3.

Taba. 1. Cratuctudeckue XApaKTCPUCTUKHU UL pacu€Ta KPUTCPUCB OLICHKU Ka4u€CTBa PE3YyJIbTaTOB HCTIBITAHUN

Table 1. Statistical characteristics for calculating criteria for evaluating the quality of test results

O6pazery Ne 1 | O6pazer Ne 2
HanmenoBanne moxasaress Sample No. 1 | Sample No. 2
Parameter name
X c X c
pt pt pt pt

ITpounocTs Mpy pacTsiKeHuH B MposobHoM Hanpasienuu T, kH/m, o TOCT P 55030—
2012 91,5 | 898 | 90,9 | 6,69
Tensile strength in the longitudinal direction 7, kN/m, according to GOST R 550302012
OTHOCUTENBHOE YATNHEHNE TIPY MAKCUMAIBHOH Harpy3Ke B IPO0JILHOM HAIpaBIeHUH, %o,
o 'OCT P 550302012

13,7 | 2,67 | 134 | 2,36
Relative elongation at maximum load in the longitudinal direction, %, according to GOST R
550302012
ITokazarens Moposocroiikocti MaTepuana (30 UKIOB) B IPOJOILHOM HAIPABICHUH, Yo,
no 'OCT P 55032-2012

98,8 | 583 | 99.2 | 596
Frost resistance index of the material (30 cycles) in the longitudinal direction, %, according
to GOST R 55032-2012
Iloxa3zarens ycTOMUMBOCTH K BO3/eHCTBUIO Y D-H3TydeHHsl B IPOJOIBHOM HAIIPABIIEHUH,
%, mo 'OCT P 550312012

96,2 | 569 | 97,6 | 5,02
Index of resistance to UV radiation in the longitudinal direction, %, according to GOST R
55031-2012
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Tabu. 2. Utorn MexxnabopaTopHbIX CIUYSHU

Table 2. Results of interlaboratory comparisons

Homep nokasaresnst B COOTBETCTBUHM C TadI. |
Parameter number according to Table 1

Howmep ob6pasua
Sample number

MakcumansHoe 3HaueHue |Z|
Maximum value of |Z]

1,73 | 2,17 | 2,11 | 2,63 | 2,28 | 2,16 | 1,14 | 0,71

KonnuecTBo y4aCTHUKOB, TTOTyYHBIIHX
YJIOBJIETBOPUTEIBHBIE pe3ynbTathl: |Z] < 2,0

Number of participants who received satisfactory results: 13 9 1 ? 8 7 3 2
1Z1<2.0
Komu4ecTBo y4acTHUKOB, MOIYYHUBIINX COMHUTEIbHbIC
: <
pesynbrathr: 2,0 <1Z1<3,0 0 | | | | | 0 0

Number of participants who received questionable results:
2.0<121<3.0

KonmuecTBo yuacTHHKOB, MOTyYUBIIHX
HEY/IOBIETBOPUTEIIBHEIE pe3ynbTaThl: |Z] > 3,0
Number of participants who received unsatisfactory
results: [Z1 > 3.0

BriOpoc Ha ocHoBe Tecta ['padbcea, 1 %
Statistical outlier based on the Grubbs test, 1 %

Bri6poc Ha ocHoBe TecTa I'pabbca, 5 %
Outlier based on the Grubbs test, 5 %

JloIsl y9acTHHKOB, ITOKA3aBIIHX yIOBICTBOPUTEIIHHEIC
pe3ynbTathl, %
Percentage of participants who showed satisfactory results, %

100 | 90,0 | 91,7 | 90,0 | 88,9 | 87,5 | 100 | 100

3,0 kH/m
kN/m
2,0
109,5
10 OO6acTb y/10BICTBOPUTEIBHBIX 3HAUCHHIT
= ’ The area of satisfactory results H
= o
[ =
€ 300 _ﬁvjl:!'j’j___
5 2 J 91,5
2N 13 9 1 L6 5 4 2 8 11 10 3 12 7
N
-1,0
73,6
-2,0
-3,0
udp ygactanka

Participant’s code

Puc. 1. I'paduk Z-kputepus 1yist IPOYHOCTH MPHU PACTSHKEHUH B MPOIOIBLHOM HANIPABIeHUH | TEOCHHTETHYECKOTO MaTEpHUaa.

Oopazer Ne 1

Fig. 1. Graph of Z-score for tensile strength in the longitudinal direction of geosynthetic material. Sample No. 1

SAKJIIOYUEHUE U OBCYXAEHUE

B mexmnaboparoprsix ucnsitanusix 2021-2022 rr
TI0 HAaNPaBJICHUIO TEOCHHTETHYIECKHIE MaTeprabl IPUHS-
mm yuyactue 13 naboparopwmii, uto B cpeqiHeM B 1,52 pasa
HIDKE, YEM KOJIMYECTBO YYACTHUKOB B UCTIBITAHUSX JPY-

1234

TUX JIOPOXKHO-CTpouTeNnbHbIX MaTepuanon [20]. 1o co-
BOKYITHOCTH PE3YJIBTATOB MCIBITAHUI KaueCTBO PabOThI
UCTIBITATEIbHBIX J1a00PaTOPHi MOKET OBITH TPU3HAHO
YAOBJIETBOPUTENBHBIM y 9 ydqacTHHKOB (69 % oT 0b11ero
yrcna). COMHUTENIBHOE KauecTBO PabOThI J1abopaTopun
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3,0 kH/m
kN/m
2,0
104,3
10 O06nacTh yZ0BIETBOPUTEIBHBIX 3HAYCHUH
’ The area of satisfactory results
o
! o= m i
2= 00 —
S Lo 90,9
&N 9 1 6 5 4 2 8 12 10 3
N
-1,0
77,5
-2,0
-3,0

u¢p ygacTHuKa
Participant’s code

Puc. 2. Tpadux Z-xpurepust 1is (POYHOCTH MPH PACTSIKEHHUH B IPOJIOJILHOM HATIPABICHUN | TEOCHHTETHYECKOTO MATEPHAIA.

Oopaszerr Ne 2

Fig. 2. Graph of Z-score for tensile strength in the longitudinal direction of geosynthetic material. Sample No. 2

3,0 %
2,0 19,0
10 O6acThb y10BICTBOPUTEIBHBIX 3HAYCHHI
> The area of satisfactory results
o=
B2
= o 0 5
2N 5 M u M |i| ¥ 2 11 12 13 9
N
-1,0
-2,0 8,3
-3,0

HIudp yyactHrka
Participant’s code

Puc. 3. Fpaq)m( Z—KpI/ITepI/IH JJI1 OTHOCUTECJIIBHOI'O YJIMHCHUS TCOCUHTETUYCCKOIr0O MaTepualjia mpu MaKCUMaTbHOMN Harpyske

B TIPOI0NbHOM HanpasieHnn. Obpazer Ne 1

Fig. 3. Graph of Z-score for the relative elongation of geosynthetic material at maximum load in the longitudinal direction.

Sample No. 1

TIOKa3aJl OAMH YYaCTHUK, YTO CBHCTENILCTBYET O HEOOXO-
JIIMOCTH JTOTIOJTHUTEIIFHON TIPOBEPKH €ro paboTsl. Y of-
HOH J1abopaTopuy KauecTBO padOThl MIPU3HAHO HEY/O0B-
JIETBOPUTEINIBHBIM, UTO TPEOYET MPOBEACHHUST HEOTIIOKHBIX
KOPPEKTUPYIOMUX Meporpustuil. OLeHuTs padoTy ere
JIBYX J1Ta00paTopuii HE MPEACTaBIIOCH BO3MOXKHBIM, I10-
CKOJIBKY 3TH YYaCTHUKU BBINNOJIHWUIN HE3HAUYUTC/IbHYTO
4acTh NMPOTPaMMBbl MEKJIA00PATOPHBIX McHbITaHuN. Ta-
KUM 00pa3oM, B OYEPEIHON pa3 MOATBEPIKIACTCS TE3HC
0 TOM, YTO Ka4eCTBEHHAs OLIEHKA JOPOKHO-CTPOUTEIb-
HBIX MaTepUajoB HE MOXKET OCYIIECTBIATHCS HA OCHOBE
CBEJICHUI OJTHOH OT/IEJIBHO B3STOH JIaO0PaTOpHH.

B paspese onpenenenust (HU3NKO-MEXaHHUECKUX
XapaKTEPUCTUK TPEJCTaBUTEIbHBIC JTAHHBIC MOIYYECHBI
1o OOJILIIMHCTBY Mokaszareneit — 75 %. Kak u oxwua-
JIOCh, HAMMEHEE PENPE3EHTATUBHBIMY OKA3aJIHCh CBEICHHS
1o ycroituuBoctu I'M k BosneiictBuro Y®O-u3nyueHus:
TIPOTOKOJIBI UCTIBITaHNH 110 00pasiry Ne 1 mpemocrasum 3,
a 1o obpasiry Ne 2 — 2 jabopaTopuu, 4TO COOTBETCTBEHHO
cocrasister 23 1 15 % ot 00111ero uncia y4acTHHKOB.

Jlons yaoBIETBOPUTENBHBIX PE3yabTaTOB B pa3-
pese mapaMeTpoB IO TEKyLIeMy HUKIY Mexiadopa-
TopHbIX cnudenuid I'M cocrasisier 87,5-100 %. He-
YIOBIETBOPUTENBHBIE JaHHBIE B Pa3pe3e NapaMeTpoB
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3,0 %
2,0 18,1
O0macTh yIOBIETBOPUTEIBHBIX 3HAUCHUI
1,0 2
= The area of satisfactory results
S
&2
S 200 — = 134
a L J [E— 5
Ntﬁ N 1 8 10 5 6 4 3 2 12 9
-1,0
-2,0 8,7
-3,0

u¢p yuactHuka
Participant’s code

Puc. 4. I'paduk Z-kpurepus 11 OTHOCUTEIBHOTO YAJIHHCHHUS T€OCHHTETUUSCKOTO MaTepraa IIpH MaKCUMalbHON Harpy3ke

B IIPO0JILHOM HarmpasieHuu. O6pazen Ne 2

Fig. 4. Graph of Z-score for the relative elongation of geosynthetic material at maximum load in the longitudinal direction. Sample No. 2

3,0 %
2,0 110,5
10 OG6acTh y1OBICTBOPUTEIBHBIX 3HAUCHHIT
B ’ The area of satisfactory results
o, o
o 5
E 3
§£ 0,0 — 98,8
0 |_ J >
N 4 10 2 6 1 5 11 8 12
-1,0
-2,0 87,2
-3,0

Indp yyactHrka
Participant’s code

Puc. 5. I'pauk Z-kpurepust [uis moka3areisi MOPO30CTORKOCTH T'€0CHHTETHIECKOro Marepuana (30 MUKIOB) B IIPOIOIEHOM

Harnpasiernn. O6pazer; Ne 1

Fig. 5. Graph of Z-score for the frost resistance index of geosynthetic material (30 cycles) in the longitudinal direction. Sample No. 1

HE BBISBJICHBI. Hannune COMHUTEIBHBIX PE3yIbTaTOB
HE MPEBBIIIAET OJHOTO MO OTAEIBHO B3ATHIM IIOKa3aTe-
JI5IM; 00111ee NX KOJIMYECTBO 110 BCEM MOKA3aTeIsIM — 5.
OTH NPOSIBIEHUSI MOT'YT OBITH 00YCIIOBJIEHBI COCTOSIHU-
€M MPUMEHSIEMOro 000PYIOBAHMUS M HATUIUEM €TO Ka-
JTMOPOBKH, apaMeTpaMH OKpYKaloIei cpesib (Temrie-
parypa, BIa)KHOCTb), YCIIOBUAMH XpaHEHHUs 00pa3LoB
1 cOOITIOZICHUEM TTOPs KA TIPOOOIIOITOTOBKY B HCITBITA-
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TEJILHOH J1a00paTOpHH, HEYETKUM BBITIOJIHEHUEM YCIIO-
BUIl N3MEPEHNHi, YeI0BeYeCcKuM (DaKTOPOM H JIp.

B uensx noseimenust kayectsa I'M u cosepiien-
CTBOBAHUS METOJIOB HCIIBITAHUS MIPE/ICTABIISIETCS 1Ielie-
C000pa3HBIM HOPMHUPOBATh TPEOOBAHUSA K KOI(PPUIIH-
SHTY BapHalllM, CXOANMOCTH U BOCIIPOM3BOIUMOCTH

KOHTPOJIUPYEMBIX MOKa3aTelIeH.



PesyAbTatbl Me)KAaéOpaTOprIX CAMYUTEABHbIX UCTIbITAHUKM r€0CUHTETUYECKOrO marepunara

C. 1230-1240

Taou. 3. Pe3yasrarhl OLIEHKH KauecTBa pabOThl yYaCTHUKOB

Table 3. Results of the evaluation of the quality of the participants’ work

Mudp Yucno Hopmatussl koHTpOIIS
e 3aKiII0YeHHe 0 Ka4ecTBe pabOoTHl yJacTHHUKA
Y4acTHHKA Z-WHJICKCOB Acceptability constants . . e ,
o , Z Conclusion on the quality of the participant’s
Participant’s k Number of work
code Z-scores h, h,
1 495 6 12,6 225 YzLOBneT.BopnTenLHoe
Satisfactory
5 0.49 6 12,6 25 YnOBHeTqunTenLHoe
Satisfactory
3 2,63 4 9.5 18.5 Y,ZLOBJlel?BOpI/ITeJIBHOC
Satisfactory
4 5.4 7 14,1 243 yZ[OBHeljBopI/ITeJIBHOC
Satisfactory
5 112 6 126 25 YAOBneTBQpHTenLHoe
Satisfactory
6 2,05 8 15.5 26.1 y,Z[OBJ'Iel?BOpPITeJ‘IBHOC
Satisfactory
Het BO3MOXHOCTH ITPON3BECTH OLICHKY
7 2,21 1 — — .
There is no way to make an assessment
] 4,60 8 15.5 26.1 YnOBHeTBQpHTenLHoe
Satisfactory
9 19.92 4 9.5 18.5 HeyZ[OBJ'IeT.BOpPITeJ'ILHOB
Unsatisfactory
10 2.14 6 12,6 225 Y;[osneT.BopnTenLHoe
Satisfactory
1 0.17 3 78 16.3 YnosneTqunTenLHoe
Satisfactory
12 13,12 6 12,6 22,5 Comtiresnbiioe
Questionable
Het BO3MOXXHOCTH ITPONU3BECTH OLCHKY
13 7,35 2 — — .
There is no way to make an assessment
3,0 %
2,0 111,1
10 O0nacTb yI0BIETBOPUTEIIBHBIX 3HAYCHHIT
’ The area of satisfactory results
E =
22 0,0 —_— — — 99,2
[5) - B >
€3 o el 2 “1o” 5 8 12
B
N 1,0
-2,0 87,3
-3,0

u¢p yuacTHHKA
Participant’s code

Puc. 6. I'paduk Z-kpurepust 1uis Hokasareisi MOPO30CTOHKOCTH T€0CHHTETHYecKoro Marepraia (30 [UKIOB) B MPOIOIEHOM
HarnpaBiennn. O6pazer; Ne 2

Fig. 6. Graph of Z-score for the frost resistance index of geosynthetic material (30 cycles) in the longitudinal direction. Sample No. 1
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AHHOTALUMA

BeepeHue. PaspaboTka peLentyp MHOFOKOMMOHEHTHbIX BSXKYLLMX KOMMO3ULIMIA C UCMONIb30BaHWEM MUHEpParbHbIX 406aBOK
pasnu4Hoi Npupoabl SIBRsSIeTCst akTyanbHoW 3adaqeil. MHOrOKOMMOHEHTHbIE BSKYLUME CBA3KWU «MNOPTNAHALEMEHT — Mu-
HepanbHasi Jo6aBka», «NOpTNaHOUEMEHT — MUHepanbHasa gobaBka — nnacTudmkaTop» MO3BOMAT PacLUMpUTb accopTu-
MEHT TNMHENKN BSKYLLUX, HaNTW 3KOHOMHOE MpaKTUYecKoe MPUMEHEHWE PECYpPCOEMKOMY MaTtepuarny, CHU3UTb pacxon
3Hepro3aTpar Ha BblICOKOTEMMNEpaTypHyt0 06paboTKy, 1 BCe 3TO He B yulepb SKCnryaTauMoHHbIM nokasaTensMm 6eToHa
n xenesobeToHa.

Matepuansl u metoabl. CornacHo HopMaTuUBHO-TexHUYecknM aokymeHTam FTOCT 31108, TOCT 20515 pekomeHayeTcs
MCMNOMb30BaThb B KAYECTBE KOMMOHEHTA BSXKYLLMX CUCTEM TOHKOAMCMEPCHble [0OaBKM Kak NPUPOOHOro, Tak TEXHOreHHOro
NPOUCXOXAEHUSI, HE OKa3blBalOLLME BPEAHOMO BIMAHNA Ha CBOMCTBA LIEMEHTHOMO TECTa U KaMHS.

PesynbTtatbl. [lpefctaBneHbl Tomomnormyeckne MOAENM MHOTOKOMMOHEHTHOW BSKYLLEW CUCTEMbI, OTnM4YatoLmecs
B 3aBMCVMMOCTU OT MpUpOAbl U rpaHyrnoMeTpUU MUHEpanbHOro MopollKka HanonHuTens. Ha ocHoBaHWW NpoBeAeHHbIX
ucernegoBaHMn  npusBedeHbl  Mogenu  Audy3MoHHOM  Mexda3oBOM  30HblI  LIEMEHTHOrO  KaMHsl, CocTosiLen
13 npopearmpoBaBLLeii KNMMHKEPHON 1 MUHEpParbHbIX COCTaBISIOLLMX; MOrPaHNYHbIE CIIOM KOTOPbIX OTNNYAKTCS NPUCYTCTBMEM
B COCTaBe HOBOOOPa30BaHWUI rMapaTHbIX CUMMKATOB KarbLivsi U MUKPOTMOP pa3nuyHol koHdurypaumm. KayectBeHHbIN cocTaB
norpaHn4YHON Mexda3oBol 30HbI ONPeAENnseTCcsl NPUPOAON U PEaKLMOHHOW CMIOCOBHOCTBI0 HAMOMNHUTENS.

BbiBogbl. AHanu3 pesynbTaToB rokasan, YTO COOTBETCTBYHOLUMN XMMUKO-MUHEPANOrM4yeckui CocTaB, Hanuyue
MOHOOOMEHHbBIX LIEHTPOB U BbICOKMN KO3IMMULNEHT aKTUBHOCTU CMOCOOCTBYIOT MOBbILIEHNIO PEAKLMOHHOW CNOCOBHOCTU
MUHeparnbHbIX 4OOaBOK, YTO BaXXHO AN CO34aHNS MPOYHOM BSXKYLLIEN HANOMHEHHOW CBA3KM, HEOOX0AMMOM ANs OpraHn3aumnm
MOHOJSTUTHOTO BbICOTHOTO CTPOUTENBCTBA C KOHCTPYKTUBHBLIMW 31IEMEHTaMU CIIOXKHOW repMETUYECKON KOHUTYpaLUK.

KNKOYEBBIE CINOBA: MuHeparnbHbIi NMOPOLUOK, GETOHHbI Gpak, MHOTOKOMMOHEHTHOE BsiXyllee, Tomnonornveckasi
Mozienb, MexdasoBasi 30Ha, NOrpaHNYHbIN CroW, akTuBHasi JobaBka

OnA UWMTUPOBAHUA: CanamaHosa M.LU., Haxaese M.P. BnvusiHue MuHepanbHbIX MOPOLUKOB Ha CBOWCTBA BSHKYLLMX
cuctem // BectHuk MITCY. 2023. T. 18. Bobin. 8. C. 1241-1250. DOI: 10.22227/1997-0935.2023.8.1241-1250
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Influence of mineral powders on the properties of binding systems
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ABSTRACT

Introduction. Development of formulations of multicomponent binder compositions with the use of mineral additives of
different nature is an urgent task. Multicomponent binders, “Portland cement — mineral additive”, “Portland cement — mineral
additive — plasticizer” allow to expand the range of binders, to find economical practical application of resource-intensive
material, to reduce energy consumption for high-temperature processing, and all this not to the detriment of the operational
indicators of concrete and reinforced concrete.

Materials and methods. According to the regulatory and technical documents GOST 31108, GOST 20515, itis recommended
to use finely dispersed additives of both natural and anthropogenic origin as a component of binding systems, which do not
have a harmful effect on the properties of cement paste and stone.

Results. Topological models of multicomponent binder system, which differ depending on the nature and granulometry
of mineral powder. On the basis of the conducted researches, the models of the diffusion interphase zone of cement

© M.LL. CanamaHoBa, M.P. HaxaeB, 2023 1241
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stone, consisting of reacted clinker and mineral components, are presented; the boundary layers of which are characterized
by the presence of calcium hydrate silicates and micropores of different configuration in the composition of neoplasms.
The qualitative composition of the boundary interphase zone is determined by the nature and reactivity of the filler.
Conclusions. The analysis of the results showed that the appropriate chemical and mineralogical composition, the presence
of ion-exchange centers and high activity coefficient contribute to an increase in the reactivity of mineral additives, which is
important for the creation of strong binder, necessary for the organization of monolithic high-rise construction with structural
elements of complex hermetic configuration.

KEYWORDS: mineral powder, defective concrete, multicomponent binder, topological model, interphase zone, boundary
layer, active additive
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BBEJAEHUE

[TpousBoacTBO camMoro BOCTpeOOBAaHHOTO U He3a-
MEHHMOTO B CTPOHUTEIHCTBE MaTepHaia — MOPTIAHA-
nemenTa (1) cBsA3aHO ¢ OTPOMHBIM MOTpEOIICHHEM
HIPUPOAHOIO U HHEPTETUUECKOTO pecypca, Hemompa-
BHMBIM HETaTHBHBIM BO3/IEHCTBHEM Ha OKPY’KAIOIIYIO
cpeny [1, 2]. Hayunoe coobmecTBO paccMaTpuBaeT
3aMeHy KapOOHATHOH TEeXHOJOTUHU U Pa3paboTKy ajb-
TEPHATUBHOTO BSIKYIIETO, MTO3BOJIAIONIEr0 OTKA3aThCs
MOJTHOCTHIO MJIM YAaCTHYHO OT JOPOTOTO M IKOJIOTHYE-
CKH BpEIHOTO MpoaykTa. [loaToMy co3manue penentyp
MHOTOKOMIIOHEHTHBIX BSDKYIIUX KOMIO3ULMH C HC-
M0JIb30BaHMEM MUHepabHbIX j100aBok (M]1) pasnny-
HOM IpUpOABI SBISETCS aKTyaJbHOM U MEPCHEKTUBHOM
3ajadeil. Pa3zpaboTka MHOTOKOMIOHEHTHBIX BSDKYIIHX
COCTaBOB «IIOPTIAH/IIIEMEHT — MUHEpaJibHast 100aBKay,
TOPTIAHAIEMEHT — MUHEpaIbHast 100aBKa — TIACTH-
(UKaTOPY MO3BONUT PACIIMPUTH ACCOPTUMEHT, HAUTH
HKOHOMHOE MPAKTHUECKOE MPUMEHEHUE PECypPCOEMKO-
My MaTepuaiy, CHU3UTh PACXOJ YHEPro3aTpar Ha BBI-
COKOTEMIIepaTypHyI0 00padOTKy, ¥ BCE 3TO HE B yIIepd
HKCILTyaTallMOHHBIM [TOKa3aTessIM OeToHa 1 Kkene300e-
ToHa. CHHTE30M MHOTOKOMIIOHEHTHBIX BSKYIIUX 3a-
HUMAaJIICh MHOTHE MU3BECTHBIC yUCHBIE, MOTYUCHHBIC
Pe3yIBTaThl MOATBEPKAAT 3PPEKTUBHOCTh U YHU-
KaJbHOCTb JAHHOTO MaTepHaa, BeJb MOITy4eHHbIE KOM-
MO3UIMH OTIMYAIUCh MOBBILIEHHOW BOJOCTOMKOCTBIO,
HU3KOH IK30TEPMHYHOCTHIO, BRICOKON MPOYHOCTHIO
U JIOJITOBEYHOCTBIO, U BCE OTO Oyarojaps akTHBHBIM
cocTaBisitoliuM M/I, CBSA3bIBaIOLIMM MMAPOIU3HYIO U3-
BECTh B THAPATHBIC COCAMHEHUS TPYIHOPACTBOPHMBIX
CUJIMKATOB KaJbLMsl pa3Iu4HOil OCHOBHOCTH [ 1-8].

AKTUBHBIMH MHUHEpaJbHbIMU no0aBkamu (AMJI)
MOJIF30BAJINCh CTPOUTENH €IIe B APEBHHE BpeMeHa
3a 26003000 neT 10 H. 3., TOHKOU3MEIBYEHHBIE TOP-
HBIE ITOPOJIbI NBITAIMCH 00XKHUIaTh U 10OABISITH B CTPO-
UTENBbHYIO BO3AYLIHYIO W3BECTh U rurmc. [Ipumepamn
MOTYT CIYXXHUTh OCTOHHAs Tayiepes JeTeHIapHOTO Ja-
o6upunra B JIpesnem Erunre, ¢pyHmnameHTsI coopyxe-
Huii B Mekcuke, Benukas Kuralickas crena, pumckuii
[TaHTEOH, U ATO TONBKO HEKOTOPHIC YHUKAIBHBIC TMO-
CTPOHKH, COXpaHUBIIHECS 0 HAIIKUX AHEU. JloOaBiss
B U3BECTKOBBIC PACTBOPBI 000MCKEHHYIO MOJIOTYIO TITH-
HY, ByJIKAHHUECKHIA TIeTieN U Ty, IIIMEXH U OTOKY, 110-
BBIIIAJIM BOJOCTOMKOCTD U IIPOYHOCTh U3/AETUH.
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Hopmarususiii nokyment 'OCT 31108 pexomenay-
€T UCIOJIb30BaTh B KAUECTBE KOMIIOHEHTA BSKYIIUX Clle-
JYIOIHE TOHKOANCIIEPCHBIE JOOABKHU: TOMEHHBIN MITaK
YEpPHOW METAJUTypIuH, 301y YHOCA, BYJKAHHYECKHE T10-
POIIbI, MUKPOKPEMHE3EM, IINEKH U 000IKEHHBIE CIIaH-
I1bl, N3BECTHSK, KBAPLEBbIC MIECKH, 0JTOMUT, HE OKa3bl-
BAIOIIIME BPEAHOTO BIMSHUS Ha CBOMCTBA LIEMEHTHOTO
tecta u KamHs. [OCT 20515 naet pa3bsicHeHUs! TepMU-
Honoru AMJI 1o peakIimoHHOM aKTHBHOCTH:

* IYLI0JaHOBBIE, CIOCOOHBIE B TOHKOJIUCIIEPC-
HOM COCTOSIHUM B MPUCYTCTBUM OKUCH KaJbIIHs MPOSIB-
JISITh TU/IPABINYIECKHE CBOWCTBA;

* TUApaBINYECKHUE, CIOCOOHBIC B TOHKOHCIIEPC-
HOM COCTOSIHUM TIPH 3aTBOPEHUHU BOJIOH TMOCHE Mpe/Ba-
PUTEJIBHOTO TBEP/JCHUS HA BO3JLyXe MM 0€3 HEeTo Mmpo-
JIOJDKATh TBEP/ETH B BOJIC U HA BO3MYyXeE.

MATEPUAJIBI U METO/bI

Kiaccudukanust MJ] TeXHOreHHONH TPUPOIBI,
npemnoxenHas komureroM 73—SBC RILEM, Beiensier
CJIC/TYIOIIME BH/Ibl HATIOMTHUTEIICH:

* JIOMEHHBIC IPaHyJIMPOBAHHbIC IILUIAKH, 00Ia1a10-
[IHe BSOKYIIUME CBOMCTBAMH, COACPIKAT 3HAUNTEIFHOE
KOJIMYECTBO CTCKIOBUIAHON (a3l (10 90-95 %), mme-
IOLEH B CBOEH CTPYKTYypE MOHBI KPEMHUs, KaJbLUs,
MarHus ¥ aTIOMUAHUS,

° BBICOKOKAJIbIIMEBAs 30JIa YHOCA XapaKTepU3yeT-
CA BAXKYUIMMU U TYHIOJTAHOBBIMUA CBOﬁCTBaMI/I, coaep-
KUT B cBoeM coctaBe 70—80 % cTeximoBHIHOW (a3kbl,
UMCIOIICH B CTPYKTYPE MOHBI KAJBIIHSI, MATHUS U AJTFO-
MUHHUS]; @ TAKXKE COJIEPKUT CBOOOHYIO M3BECTh, MEPH-
KJ1a3, KBap1l u yriepon < 2 %;

* MUKPOKpEMHEe3eM, 001aJaroui BEICOKUMHU
MYLI[0JaHOBBIMU CBOMCTBAMM, HEKPUCTAJIMNYECKON
CTPYKTYpOH, C IPUCYTCTBUEM aMOpP(hHON CyOCTaHIIHNN;

° HU3KOKAJIBIIMEBas 30j1a YHOCA C MPUCYTCTBUEM
okcuaa kanpiust < 10 % oOmamaer myIioJaHOBBIMU
CBOMCTBAMM, XUMUKO-MUHEPAIOTMUECKUI COCTaB Xa-
pakTepusyeTcsi CTEKIOBHAHON (a3oi, comepkamieit
MOHBI aJIIOMHHUS U XKeJle3a, KPUCTAIIbl KBaplia, MyJl-
JWTa, MarHe3ura, yriaepoaa 10 5—10 %.

[IpuBencHHas KIacCHpUKANUS XapaKTCPU3YET
MMyHIOJJaHOBYHO aKTUBHOCTb MUHEPAJIBHBIX KOMIIOHCH-
TOB, €€ BIIMSHHE Ha CBOICTBA U CTPYKTYpy chopMupo-
BanHoro nementHoro kamus (LIK). [Ipupoansie AMJ]
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(000X KEHHBIC KAOIMHUTOBBIC [JIUHBI, OTIOKA, TIIUCKH,
BYJIKAHUYIECKUH TIeTieN, Ty(, TUAaTOMHUTHI) Takxke 00a-
JIAIOT BBICOKOM ITyIIII0JaHOBOI aKTUBHOCTBIO, KOTOPAs
OIIpEAEIIACTCS TEPMOANHAMUYECKON HECTAOMITBHOCTBIO
peakuoHHOCTIOCOOHBIX aMopdHBIX (a3 [5, 6]. Uc-
MOJIb30BAHNE TAKOTO TEXHOJOTHYECKOTO IpuemMa s
MIOJTyYSHNS] MHOTOKOMIIOHEHTHBIX CHCTEM, KaK MEXaHO-
AKTHBALUS WJIM MEXaHOXMMHUYECKasl aKTHBALIUS BSDKY-
IIETO ¥ TPUPOJHBIX J0OABOK, TO3BOJIUT KapANHAIBEHO
U3MEHSITh CBOHCTBA CTPOUTENBHBIX KOMIIO3UTOB, OT-
KpbIBasi HOBbIE BO3MOKHOCTH, 3TO:

* TIOBBIIIEHHE CTOWKOCTH K HCTHPAHUIO;

* camkenue pacxoma I go 200—460 kr/m?;

* mpupocT mpouHocTtu no 60-80 MIla u Oornee,
9TO KacaeTcsl U MEJIKO3EpHHUCTHIX OCTOHOB;

* II0JIyY€HUE BBICOKOM paHHEH IPOYHOCTH B yCIIO-
BHUSIX €CTECTBEHHOTO TBEP/ICHUS;

* TMOBBIIICHUE MOJBMKHOCTH OETOHHOI cMmecHu
mo 13 u I14, He yxyamasi CBA3HOCTE;

* YBEJIMUEHHE aHTUKOPPO3HMOHHOW CTOMKOCTH, He-
MPOHUIIAEMOCTH U CYIb(HaTOCTONKOCTH;

* JOCTHXKEHHE MOPO30CTOMKOCTH Mapok F200—
F600 u Gosnee co crieruanbHbIMU JOOABKAMH.

J71st mpoBeieHNsT SKCIIEPHMEHTAIIBHBIX UCCIIE/I0Ba-
HUH OBIIM PUTOTOBJIEHBI MHUHEPAJILHBIE TIOPOLIKH, T10-
Jy4EHHbIE TOHKMM H3METbYEHHUEM MPUPOAHBIX TOPHBIX
NOpoJ 1 OETOHHOTO MTPOM3BOJCTBEHHOTO Opaka. Ocrar-
KU MTPOM3BOJICTBEHHOTO OETOHHOTO JIOMa CKATTMBAIOT-
Csl Ha TEPPUTOPUU 3aBOJIa C MTOCIETYIONIMM BBIBO30M
Ha CBAJIKH, HO, YUYUTHIBAsl BHICOKHI KJIACC MPOEKTHOTO
oetona B40, HE0OX0IMMO KaK C DKOJIOTHYECKOM, TaK
U C TEXHUYECKOH CTOPOHBI HAWTH MPUMEHEHUE HEelpo-
pearupoBaBIIeil YacTH KIMHKEPHOTO (pOHAA B 3TOM
Mmarepuaiue. B kadecTBe mpupomHBIX 100aBOK HcCie-
JIOBAJIMCH JIOCTATOYHO PACIpOCTPAHEHHbBIE B PErHMOHE
MOPO/IbI, TaKNE KaK BBHICOKOKBApIEBBIC MECKH, BYJIKa-
HUYECKHH TIeries U onoka. MexaHH4ecKyo akTHBAIHIO
OCYIIECTBILIIN Ha IPOTshKeHN: 60 MUH B TabopaTtopHon
TpyOHOI1 BuOpomenbHuiie BM—20. /s BbIsBICHNUS 3a-
BUCHMOCTH Y/I€IbHOW MOBEPXHOCTH MUHEPAIbHBIX 110-
POIIKOB OT HPOAOJKUTEILHOCTH U3MEIBUCHNUS TTPOOBI
MOJNYYEHHBIX 100aBOK U3ydanuch Ha npudope [1CX-12
(mnamason mamepenuit cocrasun 200-50 000 cm*/r).
W3mensuenne B TpyOHOH BHOpOMEIBHUIIE TIPHBEIO
K MTOJIyYEeHUI0 MUHEPAJIbHBIX TIOPOIIKOB BBICOKOW CTe-
MIEHHU JUCTIEPCHOCTHU, O YEM CBUJETEIbCTBYIOT YUCIIO-
BbIe 3HAUYEHUsI Y/ICJIbHBIX TIOBEPXHOCTEH Ha BCEX MPO-
MEKyTKax oTdopa mpoo.

PE3VIBTATBI HCCIEJOBAHUA

MexaHOaKTUBHPOBaHHbIE JI00ABKH, 00naaaomme
oIpezieIeHHOM foiieit amopdHO#t (ha3bl IpH TUAPATHOM
KOHTAKTE C MPOYHBIMHU U TBEPABIMU MHUHEpaIaMH Iie-
MEHTHOTO KIIMHKepa, B auddy3nonnoii mexdazonoii
30HE PACHONaraoT CBOMCTBAMH, CXO)KHMH CO CBOIMCTBA-
MU BSDKYILETO MaTepuana, o0pasys B HTOTEe HAJSKHBINA
1 rapaHTUPOBAHHBIM CTPYKTYPHBINM KapKac 3aTBEpACB-
mero K [7-9]. Pesynbraramu uiccnenoBanuii [10—14]
YCTAHOBJIEHO, YTO B MHOTOKOMIIOHEHTHOM BSIKYIIEH
CHCTEME C MCIOJIb30BaHUEM TOHKOAHMCTIEPCHBIX AM/]
B IIpollecce THApaTAIlMi MeJIpdailine YacTUYKHY, aj-
copOupyst BOALy, 3aIOJIHSIOT IPOCIOHKN MEXIy Oojee
kpynHbiMu yactunamu I111, coznaBas Tem campiM 00-
Jiee BSI3KOIUIACTHYHYIO CPEIy, B CPAaBHEHHH CO CBSA3KOM
«IOPTIIAHALIEMEHT — BOJ[a», CIOCOOHYIO0 K 00pa3zoBa-
HUIO PAaBHOBECHS «yMEHbIIEHHE o0beMa CBOOOTHON
BOJIbI B CpEJIC — YBEJIMUYEHHE KOJIMYECTBA CIA0bIX KO-
aryJasAIHMOHHBIX KOHTAKTOB». B HauanbHBIA mepuon
0Cc000r0 BIMAHUSA XMMUKO-MUHEPAIOTHYECKUIT COCTaB
MHUKPOHAMOJHUTENA HE CKa3bIBAaeTCs Ha Ipolecce
CTPYKTYpOOOpa30BaHMs U3-32 HE3HAYUTEIILHOCTU 00b-
eMa HOBOOOPAa30BaHUH, HO B MOCIEAYIOIEM ITPOUCXO-
JIUT HapyIIeHUE PaBHOBECHS B CTOPOHY (hOPMHUPOBAHUS
Oonee cTaOMIBHBIX MEJTKOKPUCTATMIECKUX KPUCTAJI-
JIOTH/IPATOB HU3KOOCHOBHBIX THPOCHUIIMKATOB KaJbIIH
C-S-H (D.

W3ydennro mporeccoB ruapaTaiiii B HAOJIHEH-
HBIX [IEMEHTHBIX CHCTEMaX MOCBSIICHO MHOTO paboT
[13—18], pe3yasTaThl HCCIEAOBAHUN MOATBEPKAAIOT,
YTO TOHKOJIUCTIEPCHBIC MUHEPAJIbHBIC TOPOIIKH B 00JTh-
el Mepe B3auMOACHCTBYIOT ¢ MUHEpaJIaMH BSDKYIITUX
U B 30HaX JU(PPY3MOHHOTO KOHTAKTa 00Pa3yIOTCs T'H-
JpaTHbIE HOBOOOpPAa30BaHHUS CMEIIAHHOTO COCTaBa.
MexaHu3M B3aUMOJECUCTBUSI KOMIIOHEHTOB BSIKYIIEH
CHUCTEMBI MOKHO OXapaKTepH30BaTh B BUJEC MOJIEICH,
MIpPE/ICTAaBICHHBIX Ha puC. 1.

PaccmaTpuBast Bce BO3MOXKHBIC BapHAHTHI BSIKY-
IIUX, CIEAYEeT BBIICIUTHh KOMIIO3UIIMOHHBIC TUIICOBBIC
CHCTEMBI, B KOTOPBIX KJIIOUEBYIO POJIb BBIITOTHSIOT
KPUCTAJITIOTUAPATHI ABYBOJHOTO Cylb(ara Kajablusd,
a MHKpO3epHa MHHEPAIFHOTO MOPOIIIKA 3aTOIHSIOT M0-
POBOE MPOCTPAHCTBO, YIyUIllast CTPYKTypy KamHs, Jie-
nast ee Oostee MIOTHOM 1 pouHoit [19, 20].

Ha mopdonorudecknii coctaB U CTPyKTypy HO-
BooOpa3oBaHuii B 1u(h(Qy3nOHHON 30HE M MMOTPAHUY-
HOM CJIO€ HAIOJIHUTEIIS BIUSIOT pa3indHblie (aKTopsbl,

Kiunkep + Bona
Clinker + water

 —

Crystal hydrates of clinker minerals

Kpucramnoruaparst
MUHEpAoB KIMHKEpa

Knunkep + Boga +
+ MHHEpaJbHBIN OPOIIOK
Clinker + water + mineral powder

—

KpucranmoruapaTsl MuHepanoB KIHHKepa +
+ MHHEpaIbHBII MOPOIIOK
Crystal hydrates of clinker minerals +
+ mineral powder

Puc. 1. MexanusMm B3auMoJIeiCTBUSI KOMIIOHEHTOB BSKYIIEH CUCTEMBI

Fig. 1. The mechanism of interaction between the components of the binding system
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HO CTPYKTOPOOIPENSISIOIIMMHA MOXHO CUYUTATh MPH-
POy OCHOBHOTO BSDKYIIIETO, CTETIEHb €T0 IUCIEPCHO-
CTU U COOTBETCTBEHHO MUHEPAJIBHOIO Nopoluka. Eciau
paccMOTpeTh MOJEb CTPYKTYPhI B IOTPAaHUYHOM 30HE
anre3un LIK Ha ocHOBE M3BECTKOBO-KPEMHE3EMUCTO-
ro BSDKYILEro, TO CIEAYET OTMETUTh U3MEHUMBOCTH
B cocTaBe HOBooOpa3oBauwmii (puc. 2). M cBsi3aHO 3TO
¢ GoJee CII0KHBIM IPOLIECCOM CTPYKTYpOOoOpa3oBaHusl,
3aBUCSILIKUM B 3HAUUTEIBHON CTENIEHH OT YCJIOBUHM MPO-
TeKaHHUsI XUMUUYECKOTO B3aUMOJEUCTBUS, K TOMY KeE
HaJI0 paccMaTpuBarh Takue GpakTopbl, Kak TBEPJOCTh
MUHepaja MOopoIlKa, yAeabHas HOBEPXHOCTb, MPOAOI-
JKUTEJIBHOCTh TEIJIOBOTO BO3JEHCTBUS U 1p. B n3Bect-
KOBO-KPEMHE3EMHUCTOM BSIKYIIIEM, €CITH HCIIOIb30BaTh
B KaU€CTBE KPEMHE3EMUCTOIO KOMIIOHEHTA IJIOTHBIE
KBapLEBbIE OPOAbI BBICOKOW CTEIIEHH IUCIIEPCHOCTH,
TO 3TO CIIOCOOCTBYET MOBBLIMICHHIO PACTBOPUMOCTH
KpEMHE3eMa B YCIOBUSX BO3/IECHCTBUSL BHICOKUX TEM-
nepaTyp U AaBJi€HUs, HACBILIEHHOTO BOJISIHOIO IMapa.
Hmenno ruaporepmanibHast (aBTOKJIaBHast) 00paboTka
CO3/1acT COOTBETCTBYIOILYIO aTMOC(epy JUlsl yBenue-
HUSI KOHTAKTHOM MeK(a30BOi 30HBI M CHHTE3a B ITOIpa-
HUYHOM cioe coeaunenuit Tuna C—S—H (I) runpocunu-
KaToB KaJIbIIUsl HU3KOW OCHOBHOCTH. Eciu B kauecTBe
KPEMHE3eMHUCTOTO KOMIIOHEHTA MPUMEHSITh MOPOJIbI
IIOPUCTON OPraHOTE€HHOM CTPYKTYPBI C OIIPENEIECHHON
JtoJieit aMop(HOM COCTABIISIONIEH, TAKNE KaK TUATOMUT,
OTIOKa, TPETIeN, TO COCTaB HOBOOOPA30BaHUI B mOTpa-
HUYHOHM Mex(hazoBoil 30He OyneT mpeacTaBiIeH Tooep-
MOPHUTIOAOOHBEIMU COSAMHECHUSIMHU, 00pa30BaHHBIMH
XUMUYECKUM B3aUMOJEHCTBUEM aKTUBHOI'O KpEMHE3e-
Ma ¥ TUJpoKcuaa Kanpuus [14].

Puc. 2. Mozenb Mex}azoBoii MOrpaHIYHOM 30HBI B H3BECTKO-
BO-KPEMHE3EMHCTBIX KOMITO3UIMAX: / — YaCTUIIBI KBapIEBON
MyKH; 2 — TOTpaHu4HbId cioi B Buge renst SH + CSH; 3 —
obbemuas Qasa nssectu Ca(OH),

Fig. 2. Model of interphase boundary zone in lime-silica
compositions: / — particles of quartz flour; 2 — boundary
layer in the form of SH + CSH gel; 3 — bulk phase of lime
Ca(OH),

Takum 006pa3zoM, BaXHOCTh NpuMeHeHHs M/ —
MOPOLIKOB HE BBI3bIBAE€T COMHEHHI, B 3aBUCUMOCTHU
OT MPOUCXOXK/IEHUST OCHOBOIIOJIArAOIINX MUHEPAJIOB
HAIOJHUTEIISI MOJKHO BBIJICIIUTH Clieyroniue QyHKIHN
9TOTO0 KOMIIOHEHTA:

1244

* 3aronauTens LK mo B.H. KOury — mukpoGeton;

* XUMHYECKH KOHTaKTUPYET C MUHEPAJIAMH BSIKY-
IIEr0 B IPUCYTCTBHUHU BOABI C 00pa30BaHHEM KpHCTaII-
JIOTHAPATOB;

* KpHCTaJUIM4ecKas 3aTpaBKa Il YaCTHI[ BSXKY-
IIET0, UCTIOJNIb3yeMasi IPU COBMECTHOM TOHKOM H3MEIb-
YEHUH C IEMEHTOM, aKTUBU3HUPYsSI OOMEHHBIE LIEHTPBI.

Jnst BU3yanbHOTO BOCIIPUSTHS TIPEUIAraeTcs Mo-
JIeNTb HAaIllOJTHEHHOH cucTteMsl (puc. 3), B KOTOpOi 4a-
CTHIIBI MMHEPAJIHHOTO TTOPOIIKa HE BCTYMAIOT BO B3a-
umozeiicteue ¢ 3epHamu 111, sBHO HaOIrOMaeTCS 3HA-
YHUTENbHAs Pa3HUIA B pa3Mepax YacTHIl HATIOJIHHUTEIS
U 1ieMenTa [4].

Tononorudeckass MOZENb BSIKYIIEH CHCTEMBI,
HAIOJHEHHONH aKTHBHBIM MUHEPAJIBHBIM MOPOIIKOM
MOJMMCIIEPCHON TpanynoMeTpuu (puc. 4), mpencTas-
nena nupdy3noHHON Mek(pa3z0BOH 30HOH, coCTOSIIEH
U3 MpOpearnpoBaBiIell KIMHKEPHOW U MUHEPAIbHBIX
COCTABJISIONINX; TOTPAHUYHBIE CIIOM OTJIHYAIOTCS
MPHUCYTCTBHEM B COCTaBe HOBOOOpa30BaHMU THApAT-
HBIX CHJIMKATOB KaJIbLIHSI M MHKPOIIOP Pa3IUIHON
KoH(urypanun. KauecTBeHHBIH cocTaB MOrpaHUYHON
Mex(dazoBOH 30HBI OMpenessieTcs NPUPOIoH U pe-
AKIIMOHHOI crocOOHOCTHIO HanoiHUTENs. Hanmomxe-
HUE IIEMEHTHOW CHUCTEeMbl MHHEPAJIBLHBIM MTOPOIIKOM
U3 0Ca/I0OYHBIX KapOOHATHBIX MOPOJI, TAKMX KaK N3BECT-
HSIK, MeJI, IOJIOMUT, PaKyIIeYHNK, MarHE3UT, B TIPOIIEC-
ce THJpaTalnnuy CrocOOCTBYET CHHTE3y COCAMHEHHUU
THIIa THAPOKapOOHaThl Kanbuus u Maraus Ca(HCO,),
1 Mg(HCO,), cooTBeTcTBEHHO. BBEEHNE B CHCTEMY
TOHKOZINCTIEPCHBIX ATIOMOCHIMKATHBIX MOPOIIKOB T10-
3BOJIAT MTOIYYaTh THIpOoKapOoamoMocuaikarsl 4Ca0 X
x AL O, - Si0, - mCO, - 11H,0 n rugpokapboanroMuna-
o1 4Ca0 - ALO, - mCO, - 11H,0 xanbums [14].

Puc. 3. Monenb HallOIHEHHOW CHCTEMBI: / — 3epHa KIWHKe-
pa; 2 — mpopearupoBasiuas Mexx¢asHas 30Ha; 3 — Hempope-
arMpoBaBIIIas 4acTh KIMHKEPa; 4 — YaCTHYKA MUHEPAILHOTO
MOPOILIKA

Fig. 3. Model of the filled system: / — clinker grains; 2 —
reacted interfacial zone; 3 — unreacted part of clinker; 4 —
mineral powder particles

Tononoruueckass MoJieib BSXKYILEH CUCTEMBbI, Ha-
MTOJTHEHHON TOHKOAWCIIEPCHBIM aKTHBHBIM ITOPOIIKOM
C pa3MepHOCTHIO MUKpodacTHuek ot 1 - 10 mo 1 - 10° M
(puc. 5), xapaKTepusyeTcst TeM, YT0 MUKPOYACTHIIBI IT0-
IJIOMIAIOTCS B MIPOIIeCcCe THAPATAIMOHHOTO B3aUMO/ICH-
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Puc. 4. Mozenp HamomTHEHHON TONMUAMCIEPCHBIM ITOPOLTKOM
BSDKYIIEH cuCTeMBI: /, 2 — HENMpopearupoBaBIINe YaCTH 3€-
PEH KIMHKepa U MOPOIIKa; 3 — MpOpearnpoBaBIIas 4acTb
3epHa KIMHKepa; 4 — Mek(a30Basi 30Ha BHKYIIETO U HAMOM-
HUTEIS

Fig. 4. Model of binder system filled with polydisperse
powder: /, 2 — unreacted parts of clinker grains and powder;
3 — reacted part of clinker grains; 4 — interphase zone
of binder and filler

crBusa yactuuamu [111, moBsimas TeM caMbIM cojiep-
JKaHUE W OUCTIEePCHOCTHh KpucTtamroruapatos C—S—H
HA TeMEBOM M KPHCTAJTMIECKOM YPOBHSX. TOHKOIH-
CIIEPCHBIC AKTHBHBIC YACTHIIBI, OJlarogaps BBICOKOU
MMOBEPXHOCTHOW YHEPTUU, BIUBAIOTCS B MEKKPHCTA-
JIN3AIIUOHHBIC U BHyTpI/IKpI/ICTaJ'[J'[I/ISaHI/IOHHI)IC HOpBI,
YTO TIPUBOJUT K BO3PACTAHUIO a/IT€3MOHHON TIPOYHOCTH
MEKTy YaCTHIIAMH, TUIOTHOCTH TeJIs, CHIDKAS yCaJI0IHbIe
neopMaIie i CKIIOHHOCTh K MUKpoae(eKTaM 1 TPeIr-
HaM. MUKpPOYACTHIIHI aKTHBHOTO MOPOIIKA MPAKTHICCKU

Puc. 5. Monens mexdaszosoro renss C—S—H ¢ ncnonp3osa-
HHEM TOHKOAMCIIEPCHBIX aKTHBHBIX ITOPOIIKOB: / — y4acToOK
(obnacth) renst; 2, 4 — MIOTHBIA KOHTAKT; 3 — MOPBI MEXKIY
YaCTHYKaMH; 5 — BHYTPUKPHCTAIUIN3ALNOHHbIE OPBL; 6 —
BOJIHAsI IIPOCIIONKA; 7 —— MEXIYKPHCTAIM3AL[MOHHAS [10Pa;
8—10 — aKkTHUBHbIE YaCTHUIIbl TOHKOJUCIIEPHOIO MOPOIIA pa3-
mepamu (2-200) - 10° m

Fig. 5. Model of C—S—H interphase gel using fine dispersed

active powders: / — gel phase; 2, 4 — tight contact; 3

pores between particles; 5 — intracrystallization pores; 6

water layer; 7 — intercrystallization pore; §—10 — active par-

ticles of fine powder with dimensions (2-200) - 10° m

IIOJTHOCTBIO XMMUUYECKH PEArupyroT ¢ KIUHKEPHBIMU
MHHepajlaMi ¢ 00pa30BaHHEM TPYJAHOPACTBOPUMBIX CO-
emuuennit Tuma C—S—H (1), C-A-H, C-F-H.

IIpoBeneHHbIN aHaIU3 PEe3yIbTATOB UCCIIECAOBAHUI
0 pa3pabOTKEe MHOTOKOMIIOHEHTHBIX BSDKYIIIHX CHCTEM
TOPTIAaHIAIEMEHT — MUHEPAIBHBIN MOPOIIOKY IOJ-
TBEpIUI YPPEKTUBHOCTH JJAHHOTO HAIPABJICHUS, CY-
IIECTBYIOIIME TEOPETHUECKHE U IPAKTHUECKHE OCHOBBI
(hopMHpOBaHUS CTPYKTYPHI M CBOMCTB HAIIOJHEHHBIX
KOMHOSI/IHI/Iﬁ IO3BOJIAT C YCIIEXOM OCYIICCTBUTH UX
MPOMBIIIJICHHOE BHE/IPEHHE.

J71s1 SKCTIepUMEHTAIbHOTO 3aKPeTUICHHS TPUBEICH-
HOT'0 aHaJM3a MPEJIaraloTcsl Pe3yNbTaThl HCCICSI0BAHMS
BSDKYIIIMX CBSI30K C Mcoyib30BanueM M/1, mpurotoBieH-
HBIX MEXaHOAKTHUBAIIMEH TOPHBIX MOPOI M OETOHHOTO
MPOU3BOACTBEHHOI0 Opaka. YCTaHOBIICHA 3aBUCUMOCTh
W3MEHECHHUS y/IeJIbHOM MOBEPXHOCTH MUHEPAIBHBIX I10-
pomkoB (mpu oMoty npudopa [ICX-12) ot mpomon-
KHUTEILHOCTH aKTuBanuu (Tadm. 1).

HawuGosbieit pa3zMosocriocoOHOCTBIO0 XapaKTepH-
3yeTcsl 0cafogHas MOpojia — OIIOKa, yIeNIbHas TOBEPX-
HOCTh KOTOpO#t cocraBmna 10 500 cm?/r gepes 60 mMun
M3MeNBIeHNs. XUMUUECKHI COCTaB OTIOKH B % 1O Mac-
ce: MgO = 1,10; ALO, = 5,47; SiO, = 28,7, Na,O = 1,09;
Ca0 = 61,53; Fe,0, = 2,12. CpaBHUTENBHO HEBBICOKOE
CcoJIepyKaHHe KBapIa COIEHCTBOBAIIO ITPOLIECCY M3MEbIe-
HUsL. HeMHOTO MeHbIIe MoKa3aTelii YIeIbHOH TOBEpX-
HOCTH 3a()MKCHPOBAHBI y TIOPOIIIKOB U3 OETOHHOTO Opaka,
00BSICHEHHE 3TOMY COIIOCTaBUMOE yBennueHue Ha 18 %
KBapIla B COICPKaHUH T00aBKU. XUMHICCKHIA cocTaB Oe-
ToHHOTO Opaka B % 1o macce: MgO = 0,11; AL O, = 4,21;
SiO, =40,5; Na,0 = 0,19; CaO = 52,6; Fe,O, = 2,39.

Bynkanuueckuii nieres U KBapleBble MECKH TPY-
Hee MOBEP>KEHBI Pa3MOITy, 9T0 000CHOBAHO COOTBET-
CTBYIOIINM XHMMHUKO-MHHEPAJILHBIM COCTABOM, C IPe00-
JIaJaHueM KBapra. XMMHYECKUH COCTaB BYJIKAHUYECKOTO
nemta B % mo macce: MgO = 0,20; ALO, = 13,57,
SiO, = 73,67; K,O = 6,00; CaO = 1,79; Fe,0, = 1,52;
TiO, = 2,85; nmn = 0,40. XuMuueckuii cocras 3e-
peH KBapIeBoro necka B % mo macce: MgO = 6,32;
AlLO, =14,99; SiO, = 73,83; K,0 = 1,83; CaO = 0,60;
Fe,0, = 0,97; SO, = 0,14; TiO, = 1,32. VuenbHas no-
BEPXHOCTH TOTyYCHHBIX TIOPOIIKOB M3MEHSIIACh B THA-
masone 65007700 cm*/r yepe3 1 1 momomna B BHOPOMEITb-
Hune. HaGonpmuii nHTEpEC MpeACTaBIsIOT TOPOIIKU
W3 TIPON3BOJICTBEHHOTO OSTOHHOTO Opaka, 3TO CBA3aHO
C peajyuzaluell KIMHKEPHOro (poH/a, 3aKOHCEPBUPOBAH-
HOTO B IUIOTHOH 000JI0YKe ¥ TPEOYIOIIEro MEXaHNIHOTO
BMEIIIATEIbCTBA.

[lanee u3 NpUroTOBJIEHHBIX MUHEPAIBHBIX [IOPOLLIKOB
OBLTH U3TOTORJICHBI M FICCIICIOBAHBI HA 28 CYTKH 00pa3Ib 11e-
MEHTHO-TIECYAHOTO COCTaBa (BsDKYIIIee:3aroHUTeNb = 1:3)
C MCTIOJI30BAHHEM CTaH/IapTHOrO Bonbckoro MoHOgpakiy-
OHHOTO TecKa. Perientypa BsoKyIeit CBSI3KH «IIOpTIaH/LIe-
MEHT — MUHEpaJIGHBIN MOPOIIOKY W3MEHSIIACH B 3aBICHMO-
CTH OT BH/Ia HAIIOJIHUTEJISI, CTETICHb HAIOJIHEHHUSI OCTaBAJIACh
MOCTOSIHHOM 25 %, yJieibHast MOBEPXHOCTb TOHKOJUCIIEPC-
HOHM T0OaBKH COOTBETCTBOBaTAa 60-MUHYTHOMY TOHKOMY
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Tabu. 1. YienbHasi OBEpXHOCTh MUHEPATIbHOMN 100aBKH

Table 1. Specific surface area of mineral additive

HaumernoBanue VY 1enbHas MOBEPXHOCTh MOPOIIKOB, CM%/T, OT MPOJOKUTENLHOCTH MEXaHOAKTHBALIMH, MUH
n06aBKK Specific surface area of powders, cm?/gr, From duration of mechanoactivation, min
Name additives
20 40 60

gii‘r’gef;;ﬁ frecox 3300 4200 5300 7400
EZTC’;*:ZI‘:;K”H nerexn 3550 4250 5400 7900
BeTOHI-'ILII/I 6pax 4300 6300 8000 9800
Defective concrete
gzglfa 4800 6000 8300 10 500

M3MEITBUCHHIO. AHAIN3 TIOJyYCHHBIX PE3YIIBTATOB, MPE/l-
CTaBJICHHBIX B TA0I. 2, MoKa3ai, uto M/] 13 MeXaHOaKTUBHU-
POBaHHOTO OETOHHOIO OpaKa CIIOCOOCTBOBAIIA YBEIIMUCHHUIO
npounocTu LIK Ha 20-24 % B cpaBHeHNN ¢ 6€3100aBOYHON
CHCTEMOM, U BCE 3TO Onarojapsi MPUCYTCTBHIO JOTOHHU-
TEJILHOM aKTUBHOW COCTABIISIOIICH B MAcCHBE 100ABKU.
A Hanuuue 1011 U3BECTKOBOTO 3aIOJIHUTENS B AUCIIEPC-
HOM COCTOSIHHH CIIOCOOCTBYET 00Opa30BAHMIO TAKUX TPY/Il-
HOPACTBOPUMBIX COEIMHEHHUMN, KaK THAPOKAPOOCHITUKATHI
4Ca0 - SiO, - mCO, - 11H,0 u runpoxap6oamoMUHaThI
4Ca0 - ALO, - mCO, - 11H,0 xambums [14, 15, 17].

MuHepasbHbIE TOHKOANCIICPCHBIE TOOABKH U3 BYJI-
KaHWYECKOTO MerlIa, OTIOKH M KBapIeBOTO ITeCKa TakkKe
IIPOSBUIIN 06651 TIOJIOKHUTEIIbHO, TaK KaK IMPpHU 9KOHOMUH
25 % nopororo u pecypcoemkoro 111 morepu mo npod-
HOCTH HE HaOITFOaI0Ch.

Juist Gosee neTanbHOTO MCCIECIOBAHUS IPUPOIBI
MHHEPAIBHBIX MOPOIIKOB J0OaBKy U3 OETOHHOTO OpaKa,
Kak camyto 3(h(heKTUBHYIO, HCCIEIOBAIN Ha TU(PAKTO-
MmeTtpe ARL X TRA, ucnomnb3yromnieM KHHEMaTHIECKYIO
cxeMy ©-0 ¢ TOpPU3OHTAIBHBIM PACIIONOKEHUEM IIIO-

cKoro obpasia. [IpuMeHeHo XapaKTepHCTHYECKOE H3ITY-

Taou. 2. CBoHiCTBa MHOTOKOMITOHEHTHBIX BSDKYIIMX MaTepraioB

Table 2. Properties of multicomponent binders

= -
° E =
X Eg{) E
g ° I s NI <
5 52 5 % g go = EE
HamvenoBaHue 5 = g v 2~ g2 .
N vt T > 55 =
pobasKn = 3 & g% 5 - g 2
Name g - 22 E 5 = ? 2z
additives § g =2 5 g 5 =5
:2 -k K 52 £ <
8z 32 = m = <
es G 5
=
= =
Keapuenbili recox 26,0 3600 2970 18,0 53.4
Quartz sand
Bynkarraeckui nenen 27,5 4100 2980 16,7 54,7
Volcanic ash
Beronnslit Opax
N 27,6 5900 3010 15,0 62,6
Defective concrete
Ornoka
28,5 6200 2965 17,6 52,1
Flask
— 25,0 3370 3100 18,0 52,0
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Puc. 6. Tudpakrorpamma odpasma 6eToHHOT0O Opaka B cornocrasieHun ¢ JanasMu 0a3sl PDF-2. [IpuBenennsie ¢assl cpaBHe-

Husi: @ — KBapii; . — XJIOPUTHU3UPOBAHHBIEC TEMHOIIBETHBIC CUJIUKATBI; [ — oenmuT Czs; +— T1aruokJiias (aJ'IBGI/IT — OJIn-

rokias); © — MUKpOKIHH; | — Kanbiut; ¥ — ampubo

Fig. 6. X-ray diffraction pattern of defective concrete sample according to PDF-2 database data. Given comparison phases:

® — quartz; L
¥ — calcite; *

chloritized dark-colored silicates; ®
amphibole

geHue MenHoro anoaa (mmHb BosiH CuKal 1,5406 A,
CuKa2 1,5444 A) (puc. 6).

@Da30BbIi aHAIN3 BBITTOIHEH C TOMOIIBIO 0a3bl 1M0-
POLIKOBBIX JTU(GPAKIMOHHBIX AaHHBIX PDF-2, BbImyck
2006. [To pesymbraram peHTreHO(A30BOTO aHAIH3a
B 00pasie 6eTOHHOTO Opaka yCTaHOBJIEHO MPHUCYT-
CTBME KaybllMTa, KBapua, oemmra C,S, XIOpUTH3HPO-
BaHHBIX TEMHOI[BETHBIX CIJINKATOB KaJbIUs, aJIbOUTA.
Hawubonee sipkue peduiekchbl MpUHAIIekKAT OKPHCTAI-
JIM30BaHHBIM KPHCTAJUIaM JIByXKaJIBIIHEBOTO CHIIMKATA,
MUKpPOKJINHA U TIJIaruokiasa. IlpucyrcTBue cuinka-
TOB KaJIbIUS MOATBEPXKIaeT d3PPEKTUBHOCTh JOOABKH
13 OETOHHBIX OCTATKOB, SIBIISIFOIUXCS JOTIOJTHUTENb-
HBIM HCTOYHHUKOM 00pa3oBaHUS TMIPAaTHPOBAHHBIX
CHJIMKATOB KaJbLUs. 3a CUET HAINYHS ONPEICICHHON
J0JIM HETIpOpCarupoBaBUIINX KIMHKEPHBIX MUHEPATIOB
MPOUCXOANUT yCUJIIEHHE KOHTAKTHOI 30HBI B CUCTEME
«TOPTIAAHALEMEHT — MUHEPAIbHBIH MOPOIIOK», YTO
CHOCOOCTBYET MOBBIIICHNIO TPOYHOCTH U JOJITOBEY-
voctu LK.

Tomonoruyeckass MO KOHTAKTHOM 30HBI Bs-
JKYIIEH CHCTEMBl «IIOPTIAHIEMEHT — IOPOIIOK Oe-
TOHHOTO Opakay», HANMOJHEHHOW TOHKOAMCIEPCHBIM
AKTUBHBIM MaTepHalioM C yJeJIbHOW MOBEPXHOCTHIO
800010 000 cm*/t, COOTBETCTBYET TUITY MEX(a30BO-
TO TeJsl U3 HU3KOOCHOBHBIX THAPOCUIINKATOB KaJIbIIHS
C—S—H (puc. 5), rapaHTHpyYIOIIETro 3HAYUTEIbHBIH 3amac
(hn3MKO-MEeXaHNIeCKHX ToKazaTenei. K Tomy ke, yuu-
ThIBasi MPUPOTY STOH MUHEPATbHON 100AaBKH, MOXKHO
YTBEPIK/IATh, YTO PEIIAIOTCS TPOOTIEMBI SKOHOMUYECKOTO
1 9KOJIOTHUECKOTO XapaKTepa.

belite C,S; +

plagioclase (albite-oligoclase); microcline;

3AKJTIOYEHHUE

Pa3paboTka pernenTyp MHOTOKOMITIOHCHTHBIX BSIKY-
IMIMX KOMITO3UIINH C HCTIOIb30BaHNEM TOHKOAMCIIEPCHBIX
M/ pa3nuyHOi NPUPOIBI KKIMHKEP — MUHEPAJIbHASL 10-
6aBKa», «MOPTIAHALEMEHT — MUHEpAIbHAS J0OABKay,
«KITMHKEp — MUHEpalibHasi 100aBKa — IIaCTU(HUKATOP)
MO3BOJIUT PACIIUPUTH ACCOPTUMEHT JIMHEHKH BSKY-
IIUX, HAWTH SKOHOMHOE MpaKTU4YeCKOe MPUMEHEHUe
pecypcoeMKoMy MaTepHaty, CHU3UTh pacxo]] SHeprosa-
TPAaT Ha BBICOKOTEMIIEPATYPHYIO 00pabOTKY, M BCE 3TO
HE B yIep0 SKCIUTyaTallMOHHBIM ITOKA3aTeIIsIM.

B pabote npeacTaBiaeHbl TOMOIOTHIECKHE MOJIE-
mm muddy3nonHoN Mexkpa3zoBoii 30HbI LK, cocTosmeit
U3 IpOpearupoBaBIIel KINHKEPHON M MUHEPAJIbHBIX
COCTABIISIIOIINX; MOIPAHUYHBIX CIOEB, OTIMYAIOLIUX-
Csl COCTaBOM HOBOOOPA30BaHUH I'MJIPATHBIX CHIIMKATOB
Kajblus. KaueCcTBeHHBIN COCTAB MOrPaHUYHON Mex(a-
30BOM 30HBI OIIPENEIAETC IPUPOLOM U PEAaKIIMOHHON
CIOCOOHOCTBIO HamoJHUTENS. Vcrnonb30Banne MuHe-
paJIbHBIX MOPOIIKOB B BSKYIIEH CBA3KE B KOMIUIEKCE
MPUBOIUT K yBenndeHnto aktuBHocTH LK Ha 12-20 %
B 3aBHCUMOCTH OT ITPHUPOJIBI TOOABKH.

Taxum oOpazom, aHANM3UPYs MOJTyUYEHHBIE pe-
3yJIBTaThl, MOXXHO KOHCTaTUPOBATh, UTO COOTBETCTRY-
IOLUHA XMMUKO-MUHEPAJIOTMYECKUI COCTaB, HAJIMUUE
MOHOOOMEHHBIX IIEHTPOB M BHICOKUH KOd(duImeHT ak-
TUBHOCTHU CITIOCOOCTBYIOT TOBBIIICHNUIO PEAKIIHOHHON
CIIOCOOHOCTH MUHEPATBHBIX 100aBOK, YTO BAYKHO IS
CO3JIaHMS IPOYHOM BSKYIIEH HAIOJIHEHHOW CBS3KH,
HEOOXOAMMOH JJIS1 OpraHNu3aIil MOHOJIMTHOTO BBICOT-
HOTO CTPOUTENILCTBA ¢ KOHCTPYKTUBHBIMU 2IEMEHTaMU
CJIOHOM TePMETHYECKOI KOH(PHUTYPAIHH.
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AHHOTALUMA

BBepeHue. XonoaunbHble MalUWHbI MPUMEHSIOTCS BO MHOTMX O6MacTsX MPOMBILINEHHOCTM C LEeNblo NosyveHnst
MCKYCCTBEHHOro Xxomnoda. [ina noaaep)aHusi onTuManbHbIX pabounx TemnepaTyp, NoBbILLEHNUS SHeProadeKTUBHOCTM 1
YMEHBLLEHWSI 3HepronoTepb Npu paboTe XOonoAunbHbLIX MalUWMH UCMONb3yeTcs Tennousonsuus. Tennonsonsuus — 310
3MNeMeHTbl KOHCTPYKLMM XONOANBbHOWM Kamepbl, KOTOpble YMEHbLUIAIOT NPOLECC Tennonepeaayun u UrpatoT posib OCHOBHOIO
TEPMUYECKOTO COMPOTUBIIEHNUST B KOHCTPYKUMU. KrOUeBbIE XapaKTEPUCTUKM TEMMOU3OMSALMOHHLIX MaTepuanos —
TEMNMOMNPOBOAHOCTb, MMOTHOCTb, BRArOMorfoweHne, MapodoBHOCTb, MOPO30CTOMKOCTb, MPOYHOCTb W FOPHYECTb.
B 3aBMCMMOCTM OT yCrnoBWiA, B KOTOPbIX ByAeT HaxoAMTbCA XONOAUNbHAsA Kamepa, MOXHO ONpeaenuTb, Kako maTepuan
NpeanoyTUTENbHEN B KayecTBe TENNOM3onsiumMu. Ha [aHHbIi MOMEHT CyLIEeCTBYET MHOXECTBO TEMMOM3OMSLMOHHBIX
maTepuanoB, 4TO MOXET MOCTaBWUTb NOTPebUTEns B TynuK, Befb B GOMbLIMHCTBE CryYyaeB B OMUCAHWUU XapaKTepUCTUK
[aHHOro MaTtepuana npegocTaBnsieTcss MHGOpMaums NUlb O ero MoSIoKUTENbHbIX KavecTBax. [pyrne ocobeHHocTw,
KOTOpbIE AENatoT Ero NPUMEHEHNe HeJOCTaTOuHO 3PMEKTUBHBIM, HE YKa3bIBaOTCS.

MaTtepuanbl 1 MeTtoAbl. [poBeaeH aHanu3 pasHbiX BUAOB TEMOM3ONSLMOHHBIX MaTepuarioB, KOTOpble SBMSIOTCS
NPYOPUTETHLIMU MPU KOHCTPYMPOBAHUM XOMNOAMIbHbIX kamep. YToObl MOHATb, Kakoi maTepuan obnagaeT HyXHbIMK
XapaKkTepucTkamu, criefyeT BOocco3aaThb YCOBUS, NPU KOTOPbIX OH ByAeT akcnnyaTnpoBaTbes. [Ins 9TOro MCnosb3yTes
HeCKOmNMbKO OCHOBHbIX J1TabopaToOpHbIX BO3AENCTBUIA AN CO3aaHWs HebnaronpusTHLIX YCNOBUWIA ANs MaTepuaros.
Pe3ynbTathl. ViccnenoBaHbl MaTepuarnbl, KOTOpble NPOAEMOHCTPUPOBANN CUMbHBIE U Criabble CTOPOHbI MPU pasHbIX du-
31YECKUX YCIOBUSIX.

BbiBoAbl. Ha ocHOBe NpuBedeHHbIX pe3ynbTaToB NOHATHO, KakMe MaTepuarbl MPUOPUTETHLI B KA4YECTBE TEMOU30MSALMM
XONOAMMBHON Kamepsbl, a Kakve Hy>aarTcs B JOMNOMHUTENbHON oGpaboTke.

KNIOYEBBLIE CJIOBA: Tennou3onsuMOHHbI MaTepuarn, MeHOoNonuypeTaH, MuHepanbHas BaTa, MeHonnact,
neHononucTupon, gedopmauus, XonoauneHas MallvHa

bnazodapHocmu. ViccnepoBaHue BbIMONIHEHO B paMKax KOMMMEKCHOW Hay4HO-TEXHUYECKOW MporpamMmbl MOSHOMO
MHHOBALMOHHOrO Lukna «Pa3paboTka u BHeApeHWe KOMMMeKkca TeXHoNmornn B obnactax passefkv u Aobblun TBEpAbIX
nonesHbIX NcKonaemblx, obecneyeHns NpombiLLneHHon 6e3onacHocTn, Gruopemeamaummn, Co3[aHNS HOBbIX MPOJYKTOB FMy-
6oKoin nepepaboTkn U3 YronbHOrO Cbipbs MPY NOCIEeA0BATENbHOM CHUXEHWW 3KOMOrMYECKOW Harpyaku Ha OKpyatoLlyto
cpedy v PUCKOB ANS XU3HW HaceneHnusi», yTBepxaeHHow PacnopsbkeHvem [MNpaeuTtensctBa Poccuiickon ®epepauun ot
11.05.2022 Ne 1144-p, Ne cornawwenmnsa 075-15-2022-1201 ot 30.09.2022.

OnA UMTUPOBAHWUA: Hesepos E.H., Kopomkuti U.A., Kopomkux I1.C., PacwenkuH A.H., Camap C.A. Iay4yeHune npoLecca
Aedopmaunmn pasnuyHbIX BUAOB TEMMOMN3O0NALMOHHBIX MaTeprarnos Npu BO3AENCTBUN HU3KNX TemnepaTyp v Bnaru // Bect-
HUk MI'CY. 2023. T. 18. Bein. 8. C. 1251-1261. DOI: 10.22227/1997-0935.2023.8.1251-1261
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Study of the deformation process of various types of thermal
insulation materials under the influence of low temperatures
and moisture

Evgeniy N. Neverov, Igor A. Korotkiy, Pavel S. Korotkih,
Alexander N. Rasshchepkin, Sail A. Samar

Kemerovo State University (KemSU); Kemerovo, Russian Federation

ABSTRACT

Introduction. Refrigerating machines are used in many areas of industry to produce artificial cold. To maintain optimal
operating temperatures, increase energy efficiency and reduce energy loss, thermal insulation is used during the operation
of refrigerating machines. Thermal insulation is the structural elements of the refrigerator, which reduce the heat transfer
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process, and plays the role of the main thermal resistance in the structure. The main characteristics of thermal insulation
materials are: heat conductivity, density, moisture absorption, hydrophobicity, frost resistance, strength and flammability.
Depending on the conditions in which the refrigerator will be located, it is possible to determine which material will be
preferable as thermal insulation. At the moment, there are many thermal insulation materials, which in turn puts the consumer
at a dead end, because in most cases, the description of the characteristics of this material provides information only about
its positive qualities. At the same time, its other features, which make its use insufficiently effective, are kept silent.
Materials and methods. In this article, the analysis of different types of thermal insulation materials, which are priority in
the design of cold storage chambers, is carried out. In order to understand which material has the characteristics we need, it
is necessary to recreate the conditions under which this material will be used. To do this, several basic laboratory influences
are used to create unfavorable conditions for materials.

Results. As a result of these interactions, tests were performed on materials that demonstrated the strengths and weak-
nesses of materials under different physical conditions.

Conclusions. Based on the above results, it will become clear which materials are priority as thermal insulation of
the refrigerator, and which need additional processing.

KEYWORDS: thermal insulation material, polyurethane foam, mineral wool, foam, polystyrene foam, deformation,
refrigeration machine
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BBEJAEHUE

XOJ'IO]II/IJ'II)HI)IC CHUCTEMbBI ITPUMEHAIOTCSA BO MHOT'UX
OTpacisIX NPpOMBINIJICHHOCTU U pa6OTaIOT, KakK 1mpaBu-
JI0, B IIUPOKOM JMaNa3oHe PeKUMOB, B CBSI3U C ITHM
B XOJIOJMIIBHBIX KaMepax M 3JIEMEHTaX CHCTEMBI Tpe-
OyeTcs MCTIONB30BAHNE TEIUTOM30JISIIIMOHHBIX MaTepHa-
JIOB, KOTOPBIE TaK)KE MO3BOJISAIOT IIOBBICHTH YHEPTOd3d-
(EKTHBHOCTH U YMEHBIIIUTH YHEPTONOTEpH. B KadecTBe
TETIIOU30JIAIIMOHHBIX MaTePUANIOB /IS XOJIOIMIIBHBIX
MPEINPUATHI B HACTOSIIIICE BPEMs TIOYYMIH OOITBIIOE
pacrpocTpaHeHHe TaKHe MaTepualbl, Kak: IEHOIUIACT,
MICHOTIOJIMCTUPOJI, MUHEpaJIbHAasl BaTa, MEHOMOINYpe-
TaH u ap. [1-4].

IIpu ux npuMeHEeHNH BO3HUKAIOT POOIEMBI, CBS-
3aHHBIE C yBJI@XXHEHHEM U JedopMarueil Teron3o-
JIAOHUUA. HOCKOHBKy BJjiara ABJIACTCSA XOpPOIIHWM ITPOBO-
JTHUKOM TETIjIa, €€ MPUCYTCTBUE B CHCTEME H3OJISIIHH
HETaTHBHO, TaK KaK MPUBOAUT K CHIDKEHHIO Y EKTHB-
HOCTH TEIUIOU3OJISIIIMH U BIIOCIEACTBUH K TIOBBITICH-
HBIM 3aTpaTaM JIEKTPOdHeprun [5—7].

OCHOBHBIC XapaKTEPUCTHKH TETUTOU30IIITHOHHBIX
MaTepualioB — KO3(P(GUIHCHT TEIUIOMPOBOTHOCTH,
IUIOTHOCTH, IIPOYHOCTD, NAPOIPOHHUIIAEMOCTb, BOJIO-
MOTJIONIEHUE, OTHECTOHKOCTh, OMOCTOMKOCTh M MOPO-
30cTONKOCTh. [TpH monbope TEIION30IIAIUOHHOTO T10-
KPBITHS HaJI0 YACJIUTh IPUCTAIIBHOE BHUMAHUE KaK10U
n3 xapaxkrepuctuk [8—10].

Ha peiHKe nMeeTcst 3HaUnTeNIbHOE pa3HooOpasue
TEIUIOM3O0JIIMOHHBIX MaTepranoB. Kaxxaprii marepuan
OTINYAETCS Ka9eCTBOM, TEIUIOBBIM COTIPOTHUBIICHUEM H,
YTO OYEHB BaXKHO, LIEHOH. Takke B COBPEMEHHOM MHpPE
BaXHYIO POJIb HTPAET IKOJIOTUIHOCTD TETIJIOU30JISIIH-
oHHOro Marepuaina [11-14].
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CerozHsi CyIIECTBYET OTPOMHBIH CIIPOC Ha TEIUIO-
M30JLIMOHHbIe MaTtepralibl. OH chOPMHUPOBaH HE TONb-
KO B OTpPAaCIIsiX, CHEIHAIU3UPYIOIINXCS Ha MTPOU3BO/-
CTBE ¥ MCIIOJIB30BAHUH XOJIOAMIBHOTO 000pY/IOBaHMS,
HO ¥ TPOMBIIUICHHBIMH NPEANPUATHAMY, YaCTHBIMH
JMLAMH, TPeIPUHUMATEISIMH, 3aHUMAIOIIUMUCS CTPO-
UTENBCTBOM HEXHMJIBIX TIOMEIICHUH.

DTOT CHpPOC YCIEUHO YIOBJIETBOPSETCS, TaK KaK
HPOU3BOIAMTCS OONBIIOE KOIUYECTBO TEIIOU3OISLIMOH-
HBIX MaTepHaJIOB PA3IMYHBIX BHI0B. KaXk/Iplil N3 HUX 00-
JlaJjaeT HabopoM CBOMX XapaKTEPUCTHK M CBOWCTB, 4TO
TIO3BOJISICT BEIOPATh HEOOXOANMBIN MaTepHal, OAXO-
M 17151 UICTIONIb30BaHUsI B KOHKPETHOM ciydae [15, 16].

Lenp uccinenoBaHusi — aHAIN3 COBPEMEHHBIX Te-
TUIOM30JISIIUOHHBIX MaTepUalioB, ONpeeeHue Haubo-
nee 3(GEKTUBHBIX MU TPEOYIOIIHNX JOTOIHUTEIBHON
00paboOTKN MPHU HCIIONB30BAHNU B HU3KOTEMIIEpATyp-
HBIX YCTaHOBKaX.

MATEPHWAJIBI U METO/JbI

Ipouecc neopmaryv pasHbIX BUIOB TETUIOU30JISLIY-
OHHBIX MAaTEPHAJIOB [IPU HU3KUX TEMIIEPATypax U3y4dHIN
C MOMOIIIBIO TIpecca MastoradaputHoro [IM-MI4. JlanHast
UCIIBITATENbHAS MAILIMHA [TPeTHa3HAYEHA JUIS UCTIBITaHUH
00pa3LoB TEMION30ALHMOHHBIX MaTePHANIOB HAa CHKaTHE
npu 10%-Ho#t muneliHol nedopmarin. VcnbirarensHas
MallHa n300pa’keHa Ha puc. 1.

Jlisg uccnenoBaHus CBOMCTB MaTeprasoB MPHU BO3-
JIEHICTBUY HU3KUX TEMIIEPATypP MPUMEHSIIN:

* MOPO3UJILHBIN JIAPh, CIOCOOHBINA TTOHU3UTH TEM-
neparypy OXJaxkJIaeMoro 00beKTa /10 TeMIepaTyphl
—20 °C Liebherr LGT 2325 Index 40A/001;

* BECHI C MPEJEIOM JOMYyCTUMON MOTPEIIHOCTH
ue Oonee =1 r Irit IR-7122;
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npu BO3AEHMCTBUMN HUZKUX TeMrneparyp u Braru

Puc. 1. O6muii Bux nunesoit yactu npecca [IIM-MI'4 ¢ anekrpudyeckuM NpUBOIOM MEXaHU3Ma Harpy>keHusi: / — OCHOBaHHUE;

2 — croliku; 3 — TpaBepca; 4 — MEXaHU3M Harpy)KeHMs; 5 — HIDKHSIA IJIMTA; 6 — TEH30IIpeo0pa3oBareiib; 7 — BEpXHsISI IUIH-

Ta; § — PYKOSITKAa IOBOPOTA BepXHEH IIHUThL; 9 — cBeroanon; /() — Kpbliika 6aTapeiHOro 0TCeKa CUIHAJIbHOTO YCTPONCTBA;

11 — xuorka «Crom; /2 — GIOK AMeKTPOHHBIH; /3 — kHOMKa «Bo3Bpar; /4 — TyMOnep BKIIOUSHUsI TUTaHUsT; /5 — KHOITKA

«Ilyck»; 16 — perynsaTop CKOpOCTHU MepeMEICHNUs HUKHEH MIUTHI

Fig. 1. General view of the front part of the PM-MG4 press with an electric drive of the loading mechanism: / — base; 2 —

racks; 3 — traverse; 4 — loading mechanism; 5 — lower plate; 6 — strain gauge; 7 — upper plate; § — handle for turning

the upper plate; 9 — Led; /0 — battery cover of the alarm device; /7 — Stop button; /2 — electronic unit; /3 — Return button;

14 — power on toggle switch; /5 — Start button; /6 — speed control of the lower plate movement

e wranreHupkyap I ¢ orcuerom no HoHUYCY
I'OCT 166-89, TV 26.51.33-001-04567838-2018;

* 3JIEKTpOIIKa] CyMIMIBHBIN;

* BaHHA U3 HEPKABEIOIIETO MaTepHaa;

* TIO[UTOH JUI B3BEIMBAHKS pazmepoM 120 x 120 mm,
BbIcoTa O0pTOB 10 MM.

Ha puc. 2 npencTaBieHbl TEMIOU30ISIMOHHbIC
MarepHasbl, UCIIOJIb3yeMble B KaUeCTBE OIMBITHBIX 00-
Pa3loB B IPOBEACHHBIX HCIBITAHUIX.

[Ipu mpoBeneHNN UCCIIEAOBAHUH HCIIOIB30BAIN
4yeThIpe 00pasia, KOTOpPhIE PACIONaraluch B pa3jind-
HBIX yclioBHsX. /il EpBOro U BTOPOro MeToja odpa-
3€1l HaXOJUJICSI B CTaHIAPTHOM, CyXOM COCTOSIHUH, Ja-
Jiee JUIsl TPEThEero U3MEPEHHUs] OH BbIMadMBajcs, IOCIe
Yero BBICYIIMBAJICS JJIsI TOCIEAHET0 U3MEPEHUSL.

[pumensm 06pa3nbl KyOudeckoi (OpMEI CO CTO-
pornamu 100 + 1 mm. O6pas3ITs! BEITOTHEHBI U3 pa3iind-
HBIX BHJIOB TETUIOM30JISIIIMOHHBIX MATEPHAIIOB, KOTOPhIC
MIPUBE/ICHBI B TA0JHLIE.

Vcnonp3oBany 4eTsipe METO/1a OIPEAEIeHUs pas-
JUYHBIX CBOWCTB TEIUIOM3OJSIIMOHHBIX MaTEpHAaJIOB,
KOTOpBIE TpencTaBieHsl Hmke [ 17-20].

HccnenoBanne TEMIOM30IAMOHHBIX MATEPHATIOB
Ha yCTaHOBJICHHE MMPOYHOCTH Ha cxkatue mpu 10%-Hoii
nuHeitHon nedopmanuu (1-it meton). B kaduectBe uc-

CJIEyeMOr0o MaTepuaja NCHOIb30BAIN: BCIICHEHHBIN
MEHOMOIUCTUPOII, TICHOTIACT, IEHOOINYPETAaH, MH-
HEpaJbHYIO BaTY.

Meton onpeneneHus MPOYHOCTH Ha CXKATUE MPHU
10%-Hoi1 nuHeitHO# nedopMaly pacpocTpaHsIeTcs
Ha HEOpraHMYECKHe BOJOKHUCTBIC W OpraHUYecKue
SYEHUCTHIC TEIION30JIAMOHHbIE MaTepuanbl. Kax bl
U3 TEIUIOM3OJIALHOHHBIX MAaTepHAJIOB H3yYalcs B ye-
TBIPEX COCTOSHHSIX: MOJTHOCTBIO BRICYIICHHBII 00paserl,
TeMIeparypa KOTOporo Ha MOMEHT HCIBITaHUs ObLia
paBHa KOMHATHOH; TIOJTHOCTBIO BBICYIIIEHHBIH oOpaserl,
TeMIieparypa Koroporo Obiia mormxena 10 —20 °C; 06-
paszell, BBIMOUEHHBIN 10 3TOrO SB BAaHHE C BOAOW B Te-
yenue 24 4 u temreparypoit —20 °C; obpaszer Taxxe
BBIMOUYEHHBIM B BaHHE C BOJOM B TeueHue 24 4, rmocie
Yero 3aMOpOXKeHHBIH 710 Temneparypsl —20 °C, Ho Tocie
9TOTO BBICYIICHHBIH M UCCIIEyeMBbIi TIPH KOMHATHON
TeMIIeparype.

CymHocTh MeTO/1a 3aKITII0YaeTCs B M3MEPEHUH 3Ha-
YEeHUs COKUMAIOIINX YCHIINH, BBI3BIBAIOIINX Je(popma-
1uio oOpasima mo ToimuHe Ha 10 % mpu cOOTBETCTBY-
IOIINX YCIIOBHSX UCTIBITAHHS.

Ha mmxntoro muty npecca [IM-MI'4 nomemniaer-
Csl UCTIBITYeMBIi 0Opaser. [yt mpoBeieHns NCTIBITaHHS
oOpaszel yCTaHaBIWBAIOT B MAIIMHY TaKUM 00pPa3oM,
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Puc. 2. OnpbITHBIE 00pa3bl TEMIOU30IAHOHHBIX MATEPHAJIOB: / — TEHOMOIUCTUPOIT; 2 — TEHOIIIACT; 3 — MHHEpaIbHas

BaTa; 4 — MEHONOJINypeTaH

Fig. 2. Prototypes of thermal insulation materials: / — expanded polystyrene; 2 — styrofoam; 3 — mineral wool; 4 —

polyurethane foam

BI/IZ[I:I OIIBITHBIX 06pa3u013 TECIIOU30JIANUOHHBIX MAaT€PpHUaioB

Types of prototypes of thermal insulation materials

Koa(uuueHT TenonpoBoIHOCTH, ITaponpoHHUIIaeMOCTb,
HazBanue marepuana TInotHOCTH, KI/M? Bt/(m:C) mr/(m-u-Ila)
Material name Density, kg/m? Thermal conductivity coefficient, Vapor permeability,
W/(m-C) mg/(m-h-Pa)

TTeHOnOANCTHPOI ” 0,041 0.05
Polystyrene foam
HMenonuract 9 0,039 0,23
Styrofoam
Ilenononuyperan
Polyurethane foam 3 0,041 0,05
MgHepaana;I Bara 30 0.056 0.56
Mineral wool

YTOOBI CKUMAIOIee YCHIINE ACHCTBOBANIO 110 BEPTH-
KalIbHOM ocW 00pasua, ¥ U3MEpSIIOT HarpyskKy, Ipu
KOTOpO# OH ymoTHseTcs (aedopmupyercs) Ha 10 %.
Wsmepenne nedopmaruu odpasia mpoOU3BOIAT MITaH-
TCHIUPKYJIEM.

IIpounocts Ha cxxarue npu 10%-Hoi TuHEHHOMN
nedopmannu 610, MIa, Beraucsror o ¢popmyae [1]:

cl0 = £,
b

rne P — narpyska npu 10%-Hoit nuHeiHO#H nedopma-

un, H; / — mmnHa obpasua, MM; b — mmpuHa o0pas-
11a, MM.

HccnenoBanne TEITOU3OISAIIMOHHBIX MaTepHa-

JIOB Ha OTIpe/ieIeHne Ipeesia IPOYHOCTH PU CHKaTHH

(2-it meTox). VcIBITBIBATN TICHOTIOIUCTUPON, TICHO-

IUTAaCT U TIEHONOMUypeTaH. MeTos onpeneneHus mpesie-

J1a IPOYHOCTH TPU CKATUU PACTIPOCTPAHSICTCS Ha BCe

BUJIBI TETUIOM3OJISIIIMY B BU/I€ BOJOKHUCTBIX HEOPTaHH-

YECKUX yTEIIUTENeN U OPraHUYECKUX SIUEUCTBIX, KPOo-

(1
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Me SYeHCTOro OeToHa. B JaHHOM MCHBITAHUM TaKkKe
WCCIIEAYIOTCS pa3nyHble TEIUIOU30JS[MOHHbIE MaTe-
pHAITBI B TAKUX XK€ COCTOSHUSAX, YTO U B MPEIBIAYIIEM
MeToJIe.

CyImHOCTh METOZAa COCTOUT B M3MEPEHUH 3HaYe-
HUSI COKUMAIOIIMX YCUJIMHI, BBI3BIBAIOIIUX pa3pylIeHUE
00pa3ia mpyu COOTBETCTBYIOIINX YCIOBHSIX UCIIBITAHHS.

Pasmerienue oopasia na npecce [IM-MI'4 anano-
TUYHO TPEAbIIYIIEMY METOIY.

Paspymiaronieil cCYuTaroT HanOOIBIIYIO HATPY3KY,
OTMCUCHHYIO TIPU HCIBITAaHHH 00pa3ia B MOMEHT €ro
pa3pyIeHus.

[penen mpounoctu npu cxatuu R, Mlla, BbI-
YHCISIIOT 0 (hopmyiie [2]:

P

Rc>|< = i’ (2)

e Pp — paspyuuaroias Harpyska, H.
HccnenoBanue TEMIOU3OISALUOHHBIX MaTepHa-
JIOB Ha yCTaHOBIeHHE yrpyroctu (3-if meron). MeTon
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OIIpeZieNIeHHs YIIPYTOCTH PACIPOCTPAHAETCS Ha HEOp-
TraHUYECKIE BOJOKHHUCTHIE H OPTaHUYECKUE SUCHCThIC
TETION30JIILIUOHHbBIE MaTepHaJIbl.

CyTb MeTOza 3aKIIF0YAETCsl B U3MEPEHHUH TOJLINHEI
o0pas3ma u3/1ernus Mpu BO3ACHCTBUN CKUMAIOIIEH y/IelTb-
HOH Harpy3KH B ONPEEICHHOMN M0CIIe10BaTeIbHOCTH.

Ha mmxnioro oty npecca [IM-MI'4 momemaet-
sl McTbITyeMbli oOpasen. ITocie aToro BepxHsis mia-
CTHHA MPKUMaET 00pasel] CBEPXy Tak, YTOObI HE ObLIO
3a30poB. [lanee nomaercs Harpy3ka Ha oOpaser B pas-
Mepe 500 ITa. Tlpu ganHO# Harpy3ke oOpaserl BbLIEp-
JKMBAETCs B TSUEHUE 5 MUH. 3aTeM IIPOUCXOIUT 3aMep
TOJIIMHBI 00pa3na mraHnreHuupkyiaem. ITocie atoro
OCyIIEeCTBIseTCs yBenuueHue Harpysku no 2000 ITa.
OO6paszer BBLACPKUBACTCS MIPH ITOW HATPYy3Ke 5 MHH,
IocJIe Yero Harpyska youpaeTcst ¥ MpOBOAMTCS 3aMep
W3MEHEHHS TOJIINHEL.

Ynpyrocts Y, %, pacCUUTHIBAIOT CJIETYIOLUINM 00-
pasom [3]:

h
vV =-1100, 3
: )
rje h, — TomuHa oOpasua 1ocie CHATUS Harpy3KH,

MM; /1 — TepBOHaYaIbHAs TONIIUHA 00pa3Ia, MM.

W3ydyeHne TEIIOU3OISIIUOHHBIX MaTEpUaIOB
Ha OTIpe/esIeHIEe BIArOMOTIOMEHHS 110 Macce (4-i Me-
Tox). Mertox ompeeneHHsT BOIOIOIIONICHHS IPH
MOJIHOM MOTPY)KEHHH 00pasiia B BOAY 3aKIH0YaeTCs
B M3MEPEHUHU MACChl BOJIbI, KOTOPYIO MOITIOTHII 0Opasert
CYXOT'0 MaTepHaia Py MOJIHOM ITOTPYKCHUH B TCUCHHE
HEKOTOPOT'0 BPEMEHHU.

0,2
0,18
0,16
§ 0,14
— 0,12
=
S 01
5
0,08
0,06
0,04
0,02
0 Brnaronormnomenne BoicymuBanue
=_22°C t=-22°C
Wet 1 =-22 °C Dryt=-22°C

Brnaromnoriormienue W, %, yctaHaBIuBaroT 10 (Gop-
myne [4]:

m,— m, —m
w=-! 23100, 4)
m,
rae I’i’l1 — Macca o6pa3ua IIOCJIC HACBILIICHUS BOZ[OI7[

¥ TIOJUIOHA JUTsl B3BEIIMBAHMS, T; 7, — Macca obpasla,
MIPEBAPUTEIBHO BBICYIIEHHOTO 10 TIOCTOSIHHOM Mac-
CBI, T; 1, — Macca CyXOoro MOJTIOHa [Tl B3BENIMBAHKS, T.

PE3YJBTATBI HCCJEJOBAHUA

ITonyueHsl naHHBIE, KOTOPBIE MPEACTABICHBI
Ha TuarpaMme puc. 3.

Kak BunHO Ha JauarpaMmMe, NEHOIUIACT U MHUHE-
paibHas BaTa UIMEIOT HanOoJee HU3KKE MOKa3aTelH py
Harpyske, B OTJIMYUE OT TIEHOMOIUCTHPOIIA U TICHOTIO-
auyperaHa. Tak e y IeHoruiacTa 6osiee cTaOuiIbHbIE
MOKa3aTeIN COCTOSHUS BHE 3aBUCHMOCTH OT BHEIIHUX
ycnoBuit ucnieiTanust. Hanbosee HecTaOMIbHBIE TTOKa-
3aTeNid 3aMETHBI Y MUHEpabHOIl Barbl. CBsi3aHO 1TO,
B IIEPBYIO OYEPE/lb, CO CTPYKTYPOM MUHEPAIbHOMU BaThI,
KOTOpasi XapaKTEePU3yeTCsl BBICOKOW BOJIOKHUCTOCTBIO.
Ot0T Marepuall 001aaeT HU3KUM [IPEAEIOM IIPOYHO-
CTH 110 CPABHEHUIO C JIPYTUMHU TEILIOU30ISIIMOHHBIMU
MmarepraigaMu. Ho Tak kak omIm4aeTcsi BBICOKMM BJIaro-
MOIVIOIEHUEM, TO MPH 3aTBEPJCBAHUH BJIarH YBEIUUH-
BAETCs MPEJET €€ MPOUYHOCTH.

AHanu3upys MONy4YEeHHBIC JaHHBIC, MOXKHO CIe-
JIaTh BBIBOJ YTO 00pasIibl, OABEPKEHHBIE 3aMOPO3KE
Y BBIMa4MBaHUIO, a TIOCJIE IPUBE/ICHHbBIE B HOPMAJIbHbIE
yCIIoBUS, 001a1al0T MEHBIIEH MTPOYHOCTHIO Ha CXKAaTHE

m/
m2
K]

4

Bunaronornomenue BricymmBanue
=_20°C t=-20°C
Wet t=-20 °C Dry t=-20°C

VYenosust / Conditions

Puc. 3. 3aBucumocTs npouHocTH Ha cxatue npu 10%-Hoi nuHelHoi nedopmanun 00pasnoB: / — MEHOMOIUCTHPOT; 2 —

MeHOIUIAcT; 3 — MEHONOINypeTaH; 4 —MHHepabHas BaTa

Fig. 3. Dependence of compressive strength at 10% linear deformation of samples: / — expanded polystyrene; 2 — styrofoam;

3 — polyurethane foam; 4 — mineral wool
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npu 10%-Ho¥ nuHeHHON nedopMaiuu, Takxke oopas-
Ibl, HAXO/ISIIIUECS] B YCIIOBUSX MMOHMKEHHON TeMIepa-
TYPBI U BI&XKHOCTH, UMCIOT MOBBIIICHHYIO MPOYHOCTH,
TaK Kak IpH MOMIOICHUH U 3aTBEP/ICBAHNU BIIArd MPH
HU3KHX TeMIIepaTypax yBeITHIUBACTCS MPEIesT MPOYHO-
CTH MaTepHasa.

Ha puc. 4 npuBe/ieHbI pe3yIIbTaThl HCIIBITAHHS POY-
HOCTH TETUIOM30JIAIIMOHHBIX MaTepHalioB Ha cxkarue. Mc-
MBITAHKS TIPOBOIIIUCH HAJl CIICAYIOIIMMHI MaTepUaIaMH:
TMICHOTOJIMCTHPOJ, IEHOIIACT U IIEHOIIOINYPETaH.

B oTiHune OT UCTIBITAHUS IPOYHOCTU HA CXKATHE
npu 10%-Hoii nnHeitHON Jedopmannu, Tae y MeHo-
HOJIMCTHPOJIAa OBUTH HaUOOJbIIKME [TOKA3aTeH, 31eCh
HAMITYYIIHE XapaKTePUCTHKU TTOKA3bIBACT MEHOMOIHY-
peran. Hanbonee HU3KKHE Pe3ybTaThl IPOJASMOHCTPH-
pOBaJ MEHOIUIACT, KOTOPBIH 1O CPABHEHHUIO C MIEHOMO-
JIMCTUPOJIOM U MICHOIIONMYPETAHOM UMEET HU3KHUiT 3ariac
NPOYHOCTU. M3 quarpamMMbl BUIHO, YTO TOJBEPKEH-
HbIE 3aMOPKUBAHUIO U BHIMAYUBAHUIO, & MOCIE TIPH-
BEJICHHBIC B HOPMAJIbHBIC YCIIOBHSI 00pa3Ibl 00IaqaroT
MEHBIIIUM TPEIETIOM NPOYHOCTH Ha CKATHE, TAKXKE 00-
pasLbl, HAXOSIIKECS B YCIOBUSIX MOHKECHHOH TeMIie-
paTypbl ¥ BIOKHOCTH, UMEIOT MOBBIIIEHHYIO IPOYHOCTb,
MOCKOJIbKY MPH MOTJIOIIEHUH ¥ 3aTBEPACBAHUU Bia-
I'H TIPH HU3KHUX TeMIlepaTypax yBEeJIHMYUBACTCS Tpelielt
MPOYHOCTH MaTepHana.

Ha puc. 5 moka3aHbl pe3yssTaThl HCTIBITAHKS TEIIIO-
M30JBIIOHHBIX MATEPHAIIOB Ha OTPE/IETICHNUE YIPYTOCTH.

[pu ucnbITaHUSIX HA YIPYTOCTh HAaUOOJIEe CTa0NITh-
HbIE ITOKA3aTeN OTHOCUTEILHO OCTAIbHBIX TEILTION30IIsI-
[IMOHHBIX MaTEPHAIIOB MTOKa3aJ MEHOMoInypeTaH. B pe-

3yNbTaTe BCEX MPOBEICHHBIX MCTIBITAaHN €0 YIPyrocTh
HaxoAuaack B auanasoHe oT 93 no 97 %. Oto roBopur
0 TIOBBIIIEHHOH CTa0MIIBHOCTH JAHHOTO MaTepuara.

Cawmble HecTaOMIIbHBIE PE3YJAbTaThl y MUHEpaIIb-
HOH BaTbl, IMANa30H U3MEHEHHUsI €€ YIIPYyTrOCTH Ha Mpo-
TSDKCHUH BCEX MCTIBITAaHUN BapbupyeTcs oT 68 10 95 %.
Camble BBICOKHE [TOKa3aTeH yIPyrocTH MUHEpalbHast
Bara mposiBisIa pu Temneparype ¢ = —20 °C u BbIco-
KOW BIIQXKHOCTH.

HawuBsIcine mokasareian ynpyrocTH IEHOIIacTa
ObuTM ToCTUTHYTHI NTpu Temneparype ¢ = —20 °C u BbI-
COKOM BIT2KHOCTH, @ HANMEHBIIHE y 00pa3iia, KOTOPBINA
MIpEBApUTENFHO BBIACP)KAIN B BOJIEC HA MPOTSHKEHUH
24 4, a mocye 3TOro 3aMOPO3UIIN 10 TeMIIepaTypsl
—20 °C, 3aTeM BBICYLIWIN U UCCIEI0BAIU IPU TEMIIE-
parype o0pa3iia, paBHOW KOMHATHOHM.

[locne TImaTeNTHLHOTO paccMOTpPEHHs BceX o0pas-
LJOB MOJKHO CJIeJIaTh BBIBOJ, YTO HauOojee CTaOMIbHBIM
W3 BCEX SIBIISIETCS TTeHononnypeTad. [IeHomometipon
U TIeHOToNnypeTaH 2(p()eKTUBHBI PU HU3KHUX TEMIIepa-
Typax, BHE 3aBHCUMOCTH OT BiaxkHocTH. Vccaenyemas
XapaKTepUCTHKa MUHEPAILHON BaThl A (eKTUBHA JIHIIIb
TIpY HA3KOM TEMIIEPAType U BBICOKOM BIaKHOCTU. BbI3Ba-
HO 3TO TEM, YTO MPH BBICOKOH BIIAYKHOCTH MHHEpaIbHAsI
BaTa MOMIOIIAET BJIAry ¥ CTAHOBHTCS OoJiee yIpyToi.

[oBblmieHHast ¥ CTa0MIIbHAS YIIPYTOCTD IEHOIIO-
JIMypeTaHa BbI3BaHA (PU3UYECKUM CTPOCHUEM JAHHOTO
BeIeCTBa. TakK Kak IpH ero 3aTBep/IeBaHNH Ha MTOBEPX-
HOCTH 00pa3syeTcsl MpoYHasi ra30HANOJHCHHAs AYCH-
cTas Macca, HOBBIIIEHHAsI IPOYHOCTh KOTOPOIl co31aeT
YCIIOBUSl YBEJIMYECHHOH YIIPYTOCTH.
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Puc. 4. 3aBucuUMOCTh IPOYHOCTH HA CXKATHE: | — MEHOMOIUCTHPOIT; 2 — MEHOIUIACT; 3 — MECHONOJINYPETaH

Fig. 4. Dependence of compressive strength: / — expanded polystyrene; 2 — styrofoam; 3 — polyurethane foam
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Venosus / Conditions

Puc. 5. 3aBUCHMOCTB XapaKTEPUCTHUK TEIUION3O0JISIIMOHHBIX MATEPUAIOB IIPHU ONPEeTICHHN YIIPYTOCTH: / — IEHOIONNUCTHPOIT;

2 — nenomnact; 3 — MEHONONINypeTaH; 4 — MHUHepalbHas BaTa

Fig. 5. Dependence of the characteristics of thermal insulation materials in determining elasticity: / — expanded polystyrene;

2 — styrofoam; 3 — polyurethane foam; 4 — mineral wool

Ha puc. 6 npeacraBiieHbl pe3ysbTaTsl HCIBITAaHUS
TEIUIOM30JISIIIMOHHBIX MaTepPHUajOB HA BIIATOMOTIIONIE-
HHE TI0 Macce.

HaubomnpImree BraromoriomeHme moxasan oopasert
13 MUHEpanbHOil BaTel 1558 %, 4TO CBHIETENBCTBYET
0 HEBO3MO)KHOCTH HCHOJIB30BAHMS IaHHOTO MaTepua-

Jla B MECTax C MOBBIIMIEHHON BIaXHOCTBIO, TaK KaK 3TO
MPUBEJET K OBICTPOMY IPHUXOJLY €r0 B HErOJHOCTh. JTO
CBSI3aHO C (PU3MYECKHUMH CBONCTBAMH MHUHEpPAIbHOU
BaThbl, TaK KaK B OTJIMYUE OT OCTAJIbHBIX MATEPUAJIOB
OHA HE UMEET SUEUCTON CTPYKTYpHI, Y HE€ CTPYKTypa
BaThl, KOTOpasi 00JI1aJaeT BEICOKUM BJIArONOIIOIIECHUEM.
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Puc. 6. Pe3yJ'II>TaTI>I UCIBITAHUS TCIUIOU3OJIALMOHHBIX MAaTEPUAJIOB Ha BJIATOIIOIVIOIEHUE 10 Macce

Fig. 6. Results of testing of thermal insulation materials for moisture absorption by weight
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Hawnyurime XapakTepUCTHKH Y TICHOIOIUCTHPOJIA, €0
BIIaromnoryoienue cocrtabuno 13,6 %. Bnaromormonie-
HUE y neHononuyperana — 45,7 %, y neHoruiacra —
255,6 %.

SAKJITIOYUEHUE U OBCYXJIEHUE

Taknum 00pa3oM, I3MEHEHUE TEMIIEpaTyphl, a Tak-
e BIAKHOCTH TEIJIOM30JISIIMOHHBIX MaTepuaioB Ha-
MPSAMYIO BIMSET Ha UX XapaKTePUCTHUKU MPOYHOCTH,
a4 MMEHHO IPH NOCTOSHHOM BO3JEHCTBUHM HU3KHX
TEMIEPATyp U BIATU B JalbHEHIIEM IPOUCXOAUT CHU-
JKEeHNE MPOYHOCTH MaTepHana. ITo HeOOX0UMO yUH-
TBHIBaTh MPH BBIOOPE TEIUIOM30ISIIHOHHOTO MaTepHraja

M OCYIIECTBIISATH O100P B COOTBETCTBUH C YCIOBHSIMH,
B KOTOPBIX OH OyZeT 3KCITyaTHPOBAThCA.

HawuGouee moBep)KeHHBIMU U3 NPEICTABICHHBIX
TEIION3OJISIIIUOHHBIX MaTeprualioB K BO3JCHCTBUIO
HU3KHUX TEMIICPATYp U BJIATU ABJIAIOTCA U3JACIIUA U3 MU~
HepaJbHOW BaTbl, B YaCTHOCTH, HauboJee naryoHoe
BIIMSTHUE MMEET MMEHHO Bjara. DTO CBSI3aHO C TE€M, 4TO
Y MUHEPAJILHON BAaTbl OUE€Hb BBICOKOE BJIATOIIOIVIOLIE-
Hue. COOTBETCTBEHHO TPH BEIOOPE MIHEPATHHON BATHI
B KAQUECTBE TEIUION3O0JISIINHI, HEOOXOANMO 3aIIUTHTh €€
OT TOTaaHusI BJIary IIyTeM THIPOH30JISIHH.

[leHononuypeTaH U IEHONOIUCTUPOI OKA3AIUCH
HauboJjee CTONKUMH MaTepHajaMH U, Kak IpaBHIIO,
He TpeOyIOT JIOMOJIHUTEIBHON 3aIUTHI OT BJIAarH.
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ABSTRACT

Introduction. An analysis of mathematical models of two-dimensional planned flows was carried out. Such flows are char-
acterized by local depth-averaged velocities and local depths at each point of the flow. The mathematical model formation
of the water flow is based on its division into several sections. There is a section where the flow parameters (velocity, depth,
width) are kept constant at the stage of flow exit from the pipe — the inertial front. The purpose of the article and its relevance
are defined.

Materials and methods. By introducing dimensionless complexes on the basis of m-theorem, the formula for the length of
inertial front of the water flow at its spreading from a rectangular pipe into a wide diverting channel is derived. An analogy
from gas dynamics is used, namely, the transition to the plane of the velocity hodograph. Using the velocity hodograph,
the distribution of depths and velocities of the flow along its longitudinal axis of symmetry and along the extreme line of cur-
rent was obtained. The main computation tasks for the flow parameters have been formulated.

Results. Numerical calculations of the formulated main tasks for determining flow parameters are described. Comparison with
experimental data is given and the adequacy of the refined mathematical model of a two-dimensional planned flow is confirmed.
Conclusions. The resulting formula for the length of the inertial front makes it possible to achieve the desired error in cal-
culating the parameters of the water flow. With flow expansions up to 5, the relative error of the ordinates and flow velocities
does not exceed 7-10 %. Calculation formulas and implemented programs will allow HTS designers to quickly and accu-
rately determine the boundaries, speed and depth of free flow on the culvert.

KEYWORDS: mathematical model, hydrodynamics analysis, two-dimensional water flow, open-channel hydraulics,
analytical solution
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ITapameTrpbl BOAHOIO IIOTOKA HA OCH CHMMETPHUU
U KpaiiHeil JIUHUM TOKA

Ouabra Anexcanaposna bypuesa, Mapus CepreeBHa AjleKcaHIpoBa
FOsicno-Poccutickuil 2ocyoapemeennulii nonumexuuueckuil ynueepcumem (HITH) umenu M. U. [Thamosa
(FOPI'TIY (HIIH) umenu M. H. Ilnamosa), 2. Hosouepkracck, Poccus

AHHOTALUMUA

BBepneHwue. [poBeaeH aHann3 mateMaTn4yecknx Moaener ABYMepPHbIX MNaHOBbIX NMOTOKOB. Takne NOTOKV XapakTepuayloTcs
MECTHbIMW OCPEAHEHHbIMW CKOPOCTAMMW MO FNy6uHE M MECTHbIMU rMybuHamK B Kaxaon Touke noTtoka. PopmupoBaHune
mMaTemMaTV4ecKo MoAenu BOAHOro NMoToka OCHOBAHO Ha €ro pasferieHuy Ha HecKonbKO y4yacTkoB. Ha aTane BbixoAda
noToka 13 TpyObl MMEEeTCs Yy4aCTOK, IAe COXPaHSTCA NOCTOSHHBIMU NapameTpbl NOTOKa (CKOPOCTb, rMy6uHa, WprHa) —
WHEPLIMOHHBIN ppoHT. OnpeaeneHa Lernb CTaTbh 1 ee aKTyanbHOCTb.

Martepuansi u meToabl. BBeaeHnem 6e3pasmepHbix KOMMIIEKCOB U HA OCHOBE TT-TeOpeMbl BbiBeAeHa hopMyna ANvHbI UHep-
LIMOHHOTO hpOHTa BOAHOTO NMOTOKA NPW €ro pacTekaHum M3 NpsiMOYroNbHOM TpyObl B LUMPOKOE OTBOASILLIEE pyCro. Vicnonb3oBaHa
aHanorvs U3 ra3oBov AMHaMUKKM, a UMEHHO nepexop B NOCKOCTk rogorpada ckopocTy notoka. C ucnonb3oBaHneM rogorpada
CKOPOCTMN MOMyYeHbl 3aKOHbI pacnpeneneHns rmybyH 1 CKOpocTel NoToKa BAOMNb €ro NPoAosbHON OCK CUMMETPUN U BAOMb
KpanHeu nmHun Toka. ChopMynmpoBaHbl OCHOBHbIE 3a4a4m pacyeTa napameTpoB MOTOKa.

PesynbTatbl. OnuncaHbl 4ucrnoBble pacyeTbl CEOPMYNMPOBAHHbIX OCHOBHbIX 3aJady OnpefereHns napameTpoB MOTOKa.
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MpPYBOAUTCS CpPaBHEHME C SKCMEPUMEHTaNbHBIMI AaHHBIMU 1 MOATBEPKAAETCS afeKBaTHOCTb YTOYHEHHON MaTeMaTUYecKoi
MOZEsI ABYMEPHOTO MaHOBOrO MOTOKa.

BbiBoabl. [MonyyeHHas gopmyna AnvHbI MHEPLIMOHHOMO (hpOoHTa NO3BOMSET 4OGUTLCS XKenaeMoin NorpeLLHoCTM pacyeTta
napameTpoB BOAHOrO MoToka. [Mpn pacluMpeHmnsix noToka 4o 5 oTHOCUTeNbHas MOrpeLlHOCTL OPAMHAT U CKOPOCTEN NoToKa
He npesbiwaeT 7-10 %. PacyeTHble (DOpMyribl 1 peanim3oBaHHble NPorpamMMbl MO3BOMSAT NpoekTuposLkam MTC BbicTpee
1 TOYHee OMpedenuTb rpaHuLibl, CKOPOCTb U rMy6uHy Ge3HanopHOro NoToka Hag BOAOMPONYCKHOM TpyGOoiA.

KIMKOYEBDLIE CJIOBA: matematnyeckasi Modenb, rMOPOAMHAMUYECKUA aHanu3, ABYMEPHbIA MOTOK BOAbI, rMApaBrvka
OTKPbITOrO KaHana, aHanMTU4eckoe pelleHne

BrnazodapHocmu. ABTOPbI BblpaxatoT bnarogapHocTb A.T.H., npodeccopy KOxHO-Poccuiickoro rocygapCTBEHHOrO NonmTex-
Huyeckoro yHusepcuteta (HIMA) nmenn M.N. MnatoBa Buktopy Hukonaesndy KoxaHeHko 3a psig 3aMeyaHun, KoTopble
B AanbHeiiwem 6binn ycTpaHeHbl. ABTOpbI OyAyT NpusHaTenbHbl peLeH3eHTaMm 3a 3aMedaHunsi U COBETbI, KOTOpble NMOMOryT
YNYYLWWTb CTaTblo, TEM CaMbIM MOBbLICUTb €€ YPOBEHb.

onAa UMTUPOBAHUA: Bypuesa O.A., AnekcaHOposa M.C. Water flow parameters on the symmetry axis and extreme

current line // BectHuk MI'CY. 2023. T. 18. Bbin. 8. C. 1262—1271. DOI: 10.22227/1997-0935.2023.8.1262-1271

Aesmop, omeemcmeeHHbIl 3a nepenucky: Onbra AnekcaHgposHa bypuesa, kuzinaolga@yandex.ru.

INTRODUCTION

The subject of research is open stationary water
flows behind an unpressurised opening of rectangular
cross-section, with a small vertical velocity component,
namely, two-dimensional planar flows. The theory and
methods for solving problems of planar hydraulics are
most fully described in monographs by G.I. Sukhomel,
LI Levi and I.A. Sherenkov [1], B.T. Emtsev [2] and
V.N. Kokhanenko [3].

Often, when designing hydraulic structures, it is
necessary to know the characteristics of open water
flows, for which the Froude criterion is greater than one.
These streams are: with free spreading of the flow from
open channels or free-flow pipes into a wide channel;
during the flow of flows in the connections of channels
of different widths; in open spillways behind hydroelec-
tric power plants; in case of river floods behind culvert
road structures; behind small bridges. According to
the nature of the flow of a turbulent water flow through
a non-pressure pipe, non-pressure and semi-pressure
flow regimes are considered.

Open water flow in a suddenly opening channel
can have velocities substantially exceeding the permis-
sible velocities for the unstrengthened part of the channel.
As shown by field surveys conducted by the authors [1, 4],
the main cause of destruction of hydraulic structures is
dangerous erosion of the downstream. Therefore, to cal-
culate the anchorage of the outlet channel, hydraulic engi-
neering structures designers need information on the flow
parameters in the vicinity of the outlet edge of the pipe.
Therefore, the relevance of this work is confirmed.

A water flow model behind an unconfined outlet
has several sections [3—8]. In works [3-21] the parame-
ters and shape of free-diffusion region of turbulent flow
at its outflow from unpressurized pipe into wide diver-
sionary channel is determined experimentally and ana-
lytically. In [22, 23] a formula for inertial front length
of flow at the tube outlet is given. However, there is no
sufficient justification for this formula.

The purpose of this paper is to derive the formula
for the inertial front length on the basis of dimension

theory and m-theorem, as well as testing its appropriate-
ness in calculating the parameters of water flows.

MATERIALS AND METHODS

There are basic units of measurement in any sys-
tem of units. They are introduced from experience with
the help of standards. In the SI, for example, the basic
units are the meter, the second, and the kilogramme.
The expression of an arbitrary unit of measurement in
the basic units is called the dimensionality. For each ba-
sic unit, a notation is introduced: L is length, 7 is time,
M is mass, etc. The theory of dimensionality proves
[24, 25], that the dimension of any quantity is a degree
monomial of the form [N]=L'- T" - M™ ... and is called
the dimension formula. The statement sought follows
from the fact that the ratio of two numerical values
of a physical quantity should not depend on the choice
of scales for the basic units of measurement.

n-theorem. A relation, independent of the choice
of units, between n dimensional quantities, k& of which
have independent dimensions, can be represented as
a relation between (n—k) quantities which are dimen-
sionless combinations of n dimensional quantities.

Formula for the length of the inertial front as it flows
from a rectangular pipe into a wide diversion channel. Let
us consider the problem of deriving a formula for the length
of the inertial front X, . The need to derive the formula
is justified by the fact that along the inertial front all flow
parameters retain their values. Hence, the formulas [3, 5] for
calculating the flow parameters will change.

The process of free flowing of supercritical uncon-
fined potential flow into a wide diversionary channel is
determined by four parameters with:

 culvert width b, cm;

* depth of flow in the pipe 4, cm;

* initial velocity of the flow ¥, cm/s;

* free fall acceleration g =981, cm/s?.

We introduce dimensionless complexes characte-

rizing the spreading process:
Xp h_O; ﬂ) F, = V_02
b H, gh,

> Ymax ?

where
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()

the constant in D. Bernoulli’s integral, 6 (radian) is
an angle characterizing the slope of the velocity vector to
the longitudinal axis of flow symmetry; F, =21, /(1-1, ).

Froude’s criterion and the square of the velocity coefficient
1, =V, [2gH,, 0__is the maximum flow angle.

Thus, the number of independent units is k£ = 2,
the dimensional quantities » = 4. The number of inde-
pendent dimensionless complexes is n — k= 2, and there
is a single equation linking these complexes.

To derive the structure of the formula X, we use
formula (1) in the form:

vy H, F
Hy=h|—"+1|=>—"="+1>
2gh, ho 2

hy 2
H, F,+2

Assume that X, is proportional to X*. From
Figure shows that:

b/2
AR
where we get
X' b/2 ’
tga,

where o, is the wave angle [3] defined by the expression:

a, = arcsin

1
N

A
\ 4
N

b/2

To determine the initial abscissa of the flow

Next, we will prove that X oc 4, /b and X[ oc X" 1.
It’s obvious that:

1
sinf ..

I
X oc

! The sign « denotes the proportionality of the quantities.

1264

Consider the fall time of the water and the time
of its inertial motion. Let ;= 10 cm, ¥/, = 100 cm/s,
X! =4 cm, then the free fall time of a liquid particle
from a height of 4, will take the form:

Ly :\/2—7": f&:\/I:O.MS S,
g 1,000 50
and the time of inertia travel 7, = X, /V, = 4/100 = 0.04 s.
The inertia time of a water particle is 4 times shorter
than its fall time. Thus, the water, before it has time
to fly away, comes out of the pipe as a jet. Therefore,
the greater the depth of the flow, the greater the length
of the inertial front, i.e. X; oc iy/b,and X[ oc by /H,.
From the triangle ABC can be written (see Figure):

* . 1 1
Xl oc X' = , sino, =—, tgo, = ,
? 2tgay, ' \/Fo s £y -1
then [3]:
X byF,-1
2

Let the initial abscissa of the flow X* be directly
proportional to the length of the inertial front X, and
also directly proportional to the flow depth /, and in-
versely proportional to sin0__ :

byJF, -1
X N ol
2 H,
h 1
X oo 2L, X] o ,
PUp TP sind,

we get the structure of the formula:

. bJF -1 1
Xh~rN 0

2 sin@,

ok N1 2
bH, " 2 sing, (F+2)

Whence can be written:

D

h,  F,+2sinf,

X, JR-1 1
—C

As aresult of regression analysis applied to the experi-
mental data, the authors obtained a formula for the length
of the inertial front of the flow when it spreads from a rectan-
gular tube into a wide diversionary channel in the form of:

JF, -1
Xé:trun{ 0 ! h0}+1,

F,+2 sinf
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which is verified by experiment. Here “1” is taken in
length units: for the experiment, it is a centimeter, for
nature calculations it is a meter.

Determination the distribution law of the depth
and velocity along its longitudinal symmetry axis.
The dynamic equations of motion of a two-dimensional
open flow are obtained from the equations of L.
Euler, supplementing them with terms that take into
account the resistance forces. Complications also
arise when taking into account the slope of the bottom
of the conduit, i.e. the need to take into account
the influence of gravity. As a result, the system
of equations of motion and continuity of the flow form
a system of essentially non-linear partial differential
equations, the analytical solution of which has not been
found so far.

The study of the flow equations begins with
the simplest case.

Where in:

* resistance forces are neglected (it is true for
supercritical flows passing through a narrowing, or
an expansion, or a bend in the channel, since in these cas-
es, inertial forces have a predominant effect on the flow);

* movement is considered potential;

* the bottom of the flow is assumed to be
horizontal.

In this case, the equations of motion of a two-di-
mensional supercritical flow turn out to be similar to
the equations of plane gas motion at supersonic speeds.
Therefore, many known results of gas dynamics can be
applied to supercritical flows [2]. Let’s use the known
method of S.A. Chaplygin to move to the velocity hodo-
graph plane, that is, we pass from the coordinates in
the plane to the variables of the velocity vector and its
angle of inclination to the axis of symmetry of the flow.
In this case, the nonlinear system of equations is re-
duced to a linear system of equations in partial deriva-
tives, which greatly facilitates its study.

Using the velocity hodograph plane [2, 3], a dif-
ferential complex relation between the flow plan and
the velocity hodograph plane can be established in
the form of a generalizing relationship between the con-
jugate velocity and the derivative of the complex poten-
tial along the coordinate [3]:

dz = dx +idy = (d@ + i%‘)dwj%e"e, Q)

where 0 is the angle characterizing the direction
of the velocity vector to the axis Ox; V is the modulus
of the liquid particle velocity vector.

The main system of planned equations of motion
for stationary, potential water flows without taking into

account the internal friction of the flow and its friction
against the channel has the form*3 [2, 3, 22]:

9 _  h 1-3t y
o 2H, t(1-1)’ 00’
3
d0_2h 1 oy ®
80 H,l-tor

One of the solutions to system (3) are the stream
functions and the potential function of the form:

A

=——sinb;

v " .
hy  cosb )

(P:A_W—
H,tv"(1-7)

Assuming along the streamline dy = 0, and taking
into account that on the axis of symmetry of the flow
6 = 0 taking into account (2) and (4), we obtain an ordi-
nary differential equation relating dx, dt:

Ah, (3t-1)
dx = 2 2
2H\2gH, T (1-1)

# (5)

where indicated 4= Vob/Z sinf _ — constant for
the entire flow; 1 is the parameter of the flow kinetics.

Integration of equation (5) taking into account
the initial conditions x = X, + X, 1= 7, allows you to
get a dependency of the form:

. Ah,
X=X 4+ X +———x
2H,\J2gH,
(6)
I+1 -1 1+1, -1,
X —In - +In
1(1-1) T 1, (1-1) 1,

The values of the flow velocity and its depth are
found by the formulas [6]:

= fTfiye;

h,=H,(1-1).

(N

The following problems [22, 23] can be solved
using the formula (6).

Problem 1. By setting the kinetics parameter
on the flow symmetry axis, the abscissa of this point
on the symmetry axis, counting from the edge of the pipe,
can be determined, then the depth at this point and
the flow velocity can be found.

Problem 2. By setting the abscissa of a point
on the longitudinal axis of flow symmetry, the kinetic

2 Certificate of state registration of computer programs No. 2022618552. Determination of Parameters of a Freely Spreading

Flow. Burtseva O.A. et al. 05.12.2022.

3 Certificate of state registration of computer programs No. 2022666655. Determination of Flow Parameters Along the Extreme

Current Line. Aleksandrova M.S. 08.29.2022.
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parameter can be found from equation (5), and further,
the flow velocity and depth at that point can be deter-
mined.

Problem 3. By setting the flow depth, it is possible
to determine the flow velocity, the kinetics parameter,
and then from equation (5) the abscissa of this point
on the symmetry axis, counting from the pipe edge.

The set tasks are implemented as separate blocks
in MathCad environment®.

Specifying the distribution law of the flow param-
eters along the outermost current line. To determine
the coordinates of the outermost current line, the cou-
pling equation between the physical flow plane and
the velocity hodograph plane (2) is used.

For the current and potential functions from equa-
tion (2), taking into account solution (4), we obtain
a system of differential equations that is valid along
the outermost flow line [3]:

doe— Ah,cos® N
2H 1" \2¢H,
“ (1—31:)2 col/szG der T 51229 @,
2t1(l-1)° 1 1-11
o Amsind ®)
g 2H 1" \2gH,
o (1—31)2 C()l/szedt+ T 812260’9 .
21(1-1)° 1 -1t

A long the outermost flow line the dependence is
valid [3, 12]:

sinf .
=sinf

1/2 max * (9)

Since along the outermost flow line dy = 0, then

from the first equation of the system (4) we obtain
the connection between the parameters:

cos 0d0 :1/2sin9ﬂ. (10)
T

Equation (10), taking into account dependence (9),
is reduced to the form:

cos 00 = 1/2£sin 0,
T

1/2

Taking into account the transformations made above,
we transform the system of equations (7) to the form:

Ah, 3t-1  2sin’0,,,
X = 2 2 2 T
2H,\J2gH, [T (1-1) (1-1)

Ah 0 (1
dy = - d|: 1/‘2305 :|
Hy\J2gH, [T (1-7)
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Integration of system (11) allows one to obtain
the parametric equations of the outermost flow line in
the form [3]:

x4 Ah, I+t 2sin’f
21, oy | 1-1)

max

1-1

l+1,  2sin’0 1
—In—-— + 2% +1n
ot (l-t) -1, T,
b Ah,sin’0,

=—+

2 Hy\2gH,

-1,

}dr, (12)

cosb  cosf,
21— -t |

y

System of equations (12) at known parameters 0,
and t, [3] at the corner point of the outlet edge pipe
of the outermost flow line allows to determine the co-
ordinates of the very point X, Y of an arbitrary point
of the outermost flow line.

Using the system of equations (12) the following
problems can be solved.

Problem 4. On the equipotentiality, the kinetic flow
parameters and the angle of inclination of the flow ve-
locity vector to the longitudinal axis of symmetry have
the same value. By setting the parameter T at the point
W on the flow symmetry axis, it is possible to determine
the parameters 1., 0. of the point C at the outermost
flow line and then the coordinates x,., y,. of this point.
And further changing the parameter 7, we obtain a set
of points outermost flow line.

Problem 5. Assuming in the first equation
of the system (12) x = x_, we determine the kinetic pa-
rameter 1. at the point C of the flow at the outermost
flow line and then the angle of the velocity vector to
the longitudinal axis of symmetry of the flow 0, at this
point. Substituting the found flux kineticity into the sec-
ond equation of the system (12), we determine the ordi-
nate of the outermost flow line y .

Thus, given a flow extension B, = V /b, it is pos-
sible to estimate the distance mismatch for a selected
flow cross-section.

The authors of this study are actively pursuing re-
search in this area, improving and refining the proposed
algorithms.

RESULTS

Let us consider the tasks. Experimental data
on the free spreading of the flow behind a rectangular
culvert are borrowed from [3], where the experimental
setup, flow measuring instruments, other details of the ex-
periment are described in detail, see Table 1. The article
presents only the results of a numerical calculation using
the developed programs? >,

The flow has the following characteristics:

* initial flow velocity ¥ = 147.654 cm/s;

* initial flow depth relative to the bottom /2, = 9.27 cm;

* acceleration of gravity g =981 cm/s?,

* pipe width b =16 cm.
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Table 1. Point characteristics of free spreading of the plan
flow

X, cm 4 24 44 64 71

Y,, cm 9.5 38 59 76 80

h, cm 8.5 2.66 1.54 1.12 1.09

V,cm/s | 151.928 | 186.461 | 191.243 | 192.714 | 191.49
Next we find:

* Froude’s number F = 2.397;

* hydrodynamic pressure /7, = 20.382 cm;

* initial flow kinetics t, = 0.545;

« inertial front length X, =3 cm;

* wave angle at a point M, a,,= 0.702 r or o, = 40°23".

1. Let us set a kinetic parameter on flow symmetry
axis, dividing segment [, 1] into equal parts in incre-
ments At =4.548 - 107. Then we calculate the abscissa
on the symmetry axis corresponding to the value of ki-
netic flow according to formula (6). Then we determine
flow velocities and depths at the corresponding point.
The results are given in Table 2. For the sake of conve-
nience, the data for points where abscissa are close to
experimental values are given.

Table 2. Determination of the abscissa on the longitudinal axis
of the flow according to a given value of the kinetic parameter

nusrtrf‘ti)er T, X, cm V, cm/s h, cm
70 0.8364 24.477 185.831 2.772
83 0.923 43.493 192.087 1.569
89 0.95 66.978 194.907 1.121
90 0.955 73.612 195.373 1.019

2. In order to determine the kinetic parameter
of the flow, let us set an abscissa on its longitudinal axis
with the least deviation with experimental data, for in-
stance 4 cm step. Solving equation (6), we find the only
root corresponding to the kinetic parameter at the point
on the longitudinal axis of the stream with given abscis-
sa. Then we find the velocity and the depth of the flow
at the given point. The results of the problem solution
are given in Table 3.

3. The depth of flow 4 we set, using the calculations
in problem 2. The kinetic parameter is determined from
formula (7). Then we find abscissa on flow symmetry axis
corresponding to this kinetic parameter from equation (6),

Table 3. Determination of the kinetic parameter for a given

abscissa
nl?rtrfger T, X, cm V, cm/s h, cm
6 0.861 24 185.548 2.834
11 0.924 44 192.179 1.558
16 0.948 64 194.664 1.068
18 0.953 72 195.267 0.948

then find flow velocity. The results of the problem solu-
tion are given in Table 4. For the convenience of analysis,
the data at the same points as in Table 3 are given.

It should be noted that there is no discrepancy
between the calculated data in Table 3 and Table 4. This
is due to the fact that the calculation is performed using
analytical relationships.

Table 4. Definitions of the kinetic parameter, point abscissa
and flow velocity on the axis of symmetry for a given flow
depth

nfrflﬁ))er T, X, cm V, cm/s h, cm
6 0.861 24 185.548 2.834
11 0.924 44 192.179 1.558
16 0.948 64 194.664 1.068
18 0.953 72 195.267 0.948

4. Now let us consider the determination of flow
parameters along the outermost flow line. From the sec-
ond equation of system (4) it is seen that an equipotential
can be singled out by a specific value of the parameter
T on the flow symmetry axis. By setting the parameter
1, for the point M (Figure) on the flow symmetry axis,
we determine the parameters 7, 0, followed by the co-
ordinates x ., y.. of the point C on the outermost flow line
corresponding to this equipotentiality. Then by chang-
ing the kinetic parameter (e.g. with a constant step) we
obtain the set of points of the outermost flow line.

5. Assuming in the first equation of the system (12)
x = x_, we determine the kinetic parameter 7. at the point
C of the flow at the outermost flow line and then the an-
gle of the velocity vector to the longitudinal axis of sym-
metry of the flow 0, at this point. Substituting the found
flux kineticity into the second equation of the system
(12), let us determine the ordinate of the outermost flow
line y... The results coincide with the numerical experi-
ment described in the previous paragraph.

The numerical experiment consisted in calculating
the values of the kinetic parameter, the angle of inclina-
tion of the flow velocity vector to the symmetry axis
and the coordinates of the points on the outermost flow
line. The results are given in Table 5. In order to de-
termine the adequacy of the parameter calculation al-
gorithm, a relative error of the flow ordinate has been
calculated in comparison with experimental data.

CONCLUSIONS

The formation of a mathematical model of water
flow is based on its division into several sections. At
the stage of flow exit from the pipe there is a section
where flow parameters (velocity, depth, width) are kept
constant — inertial front. The formula of the inertial
front length of the water stream has been derived at
its spread from a rectangular pipe into a wide outlet
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Table 5. Definitions of the kinetic parameter, the angle of inclination of the flow velocity vector to the axis of symmetry, and
the ordinate of points on the extreme streamline according to the given kinetic parameters on the axis of symmetry of the flow

0 0 0.545 0.545 0.661 8 0
4 0.545 0.731 0.791 8.97 5914
6 24 0.861 0.952 0.946 34.926 9.854
11 44 0.924 0.975 0.963 63.3 6.241
16 64 0.948 0.983 0.969 92.257 17.275
18 72 0.953 0.985 0.97 103.922 22.729

channel by introducing dimensionless complexes and
on the base of n-theorem.

Obtained formula for the length of the inertial
front, allows us to achieve the desired error. At flow
extensions up to 5, relative errors of ordinates and flow
velocities do not exceed 7-10 %. At steps 16 and 18
the error is more than 10 %. This can be explained by
the fact that these points are close to the transition zone.
This area should be investigated further.

Using analogies from gas dynamics, namely
the transition to the flow velocity hodograph plane, it
is possible to obtain the depth and velocity distribu-
tion laws along the longitudinal axis of symmetry and
along the outermost flow line. With the help of sys-
tem of equations (12) set tasks have been successfully
solved. Software has been developed for realization
of these algorithms. On the basis of experimental data,
the adequacy of the refined mathematical model of two-
dimensional planar flow has been proved.
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OuIbLTPAMOHHAA MPOYHOCTH I'PYHTA IJIOTHHBI B 00JIACTH
TPY04aToro Boaocopoca Kpyriaou popmsi
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AHHOTAUMUA

BBepeHue. B mupe npovcxoauMT MHOrO paspylleHUd FPYyHTOBBIX MIOTWH M3-3a NoTepu UNbTPaLMOHHON MPOYHOCTM
FPYHTOB Tena NOTWHbI UM OCHOBaHUS. PUNbTPaLMOHHAA YCTONYMBOCTL FPYHTOB CBA3aHa C SBIEHEM rMapaBnMyeckoro
paspbiBa (['P), noatomy npegoTspalleHne ycrnoBuii, BbisbiBaowmx [P, aBnseTca BaxHOM 3agadent npu nNpoeKTupoBaHum
1 aKcnnyartauum rpyHToBbIX NAOTUH. MMApaBNnYecknin paspbiB TECHO CBA3AH Takke C HepaBHOMEPHOW 0CaAKoN rpPyHTOB
NAOTUHbI ¥ CTPOUTESbHBIX KOHCTPYKLMIA. B rpyHTOBBIX MNOTUHAX SiBNEHe HepaBHOMEPHOW 0CaJKu YacTO BO3HUKAET B 30HaX
MeXAy FPYHTOM MOTUHBI U BOPTOBBIMU MaccuBaMu CTBOPA NIOTWHbI, FPYHTOM MAOTUHbLI Y GETOHHBIMW KOHCTPYKLMUSMU,
TaKVMW Kak BOJOMPOMYCKHble TPybbl U BOAOCOPOCHI, PyHOAAMEHTHbIE 3NIEMEHTbI KOHCTPYKUUIA; BOAOHENPOHULI@EeMbIM
SAPOM NIOTVHBI U MPUMBIKAIOWMMU K HEMY 30Hamu rpyHTa. PaccmoTpeHa cunbTpaumoHHas yCTOMYMBOCTb FPYHTOBBIX
NMoTUH B 0bnactu TpybyaThix BOAOCOPOCHBIX COOPYXEHWIA.

Matepuanbl n metoAbl. lVccnegoBaHne nNpoBOAMIIOCH C MOMOLLb YUCIIEHHOTO MOAENUPOBAHUS C MPUMEHEeHUeM
nporpaMmmMHoro komnnekca Plaxis. B kauecTBe ob6bekTa nccrnenoBaHus NpuHaTa rpyHToBas nnotuHa byHr ByHr (BbeTHam).
Pe3ynbTaTtbl. Pe3ynbtathl UccrnegoBaHvs nokasanu, YTo HopMasibHOe HanpsbkeHue BOKPYr BOAOMPOMYCKHOW Tpy6bl GbIno
CHVDKEHO [10 YPOBHSI HAMHOTO HIKE, YeM AaBreHne BoAbl B (UnbTPaLIMOHHOM MOTOKE C BbICOKON BEPOSITHOCTLIO [P B 06beme
rpyHTa, HaxopsLerocsi nod BogocopocHom Tpyboit. B atux obnactsix MoxeT npousoiitv I'P. MNpeanoxeHbl ABa KOHCTPYKTUBHbBIX
noaxoAa K npepotspalleHuto P nsmeHnTb hopmy ceyeHnst BOAONPOMYCKHOW TPyObl, YCTPOUTb MMUHSAHYO pybalLlKy BOKpYr
BofocOpocHo Tpybbl. O6a noaxopa Gblnn NPoBEPeHbl YUCHEHHBIM METOAO0M. PacyeTbl NpoAeMOHCTPUpoBani, YTo npuMe-
HeHne 0boMX MEeTOA0B CHUXAET YCroBMS BO3HVMKHOBEHMS TP B6nn3n BogonponyckHow Tpyobl.

BeiBoabl. PaspylieHve nnotuHel n3-3a [P MoXeT npvBecTu K cepbe3HOMy noBpexaeHuio. BHegpenne metonoB
npegoTtBpalleHus ['P BaxHo ans obecneveHns 6e3onacHbiX yCroBun paboTbl MOTUHBbI.

KINMOYEBBIE CJIOBA: cunbTpauus, rpyHToBas NoTMHa, rmapasnvyecknii paspbis, BOAONPONyCckHas Tpyba, HopmanbHoe
HanpseHue, HepaBHOMepHas ocajka, paspyLueHue

ana UMTUPOBAHWUA: Opexos IB., YaH MaHb KbloHe. ®unbTpaumMoHHasi MPOYHOCTb PyHTa MNMOTWHBI B obnacTu
TpybyaToro Bogocbpoca kpyrnon dopmbl // BectHuk MICY. 2023. T. 18. Buin. 8. C. 1272-1282. DOI: 10.22227/1997-
0935.2023.8.1272-1282
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Seepage strength of the dam soil in the area of a round-shaped
culvert spillway

Genrikh V. Orekhov, Tran Manh Cuong
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. There are many destructions of earth dams in the world due to the loss of seepage strength of soils of
the dam body or foundation. The seepage stability of soils is directly related to the phenomenon of hydraulic fracturing
(HF), so prevention of conditions causing hydraulic fracturing is a very important task in the design and operation of earth
dams. Hydraulic fracturing is closely related to uneven settlement of the dam soils and building structures. In earth dams,
the phenomenon of uneven settlement often occurs in the areas between the dam soil and the side masses of the dam site,
the dam soil and concrete structures, such as culverts and spillways, foundation structural elements, the impervious core
of the dam and adjacent soil zones. The article is devoted to the study of the seepage stability of soil dams in the area of
round-shaped culvert spillway.

Materials and methods. The study was carried out with the help of numerical modelling using Plaxis software package.
The Bung Bung earth dam (Vietnam) was taken as an object of study.

Results. The results of the studies showed that the normal stress around the culvert was reduced to a level much lower
than the water pressure in the seepage flow with a high probability of hydraulic fracturing in the volume of soil below
the spillway. Thus, hydraulic fracturing can occur in these areas. The article proposes two structural approaches to prevent
hydraulic fracturing: to change the cross-sectional shape of the culvert and to install a clay jacket around the spillway.
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Both approaches were tested numerically. The calculations demostrated that the application of both methods reduces the
conditions for the occurrence of hydraulic fracturing near the culvert.

Conclusions. Dam failure due to hydraulic fracturing can cause serious damage. The implementation of methods to prevent
hydraulic fracturing is important to ensure the safe dam conditions.

KEYWORDS: seepage, earth dam, hydraulic fracturing, culvert, normal stress, uneven settlement, failure
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BBEJIEHUE

[T1oTHHBI 1 BOIOXPaHWIINILA — 3TO HCKYCCTBEHHbIE
COOPYKEHUsI, IOCTPOEHHBIE JUI AKCIUTyaTallud U yIpaB-
JieHUsI BOMHBIMU pecypcami [1]. OHu uMeroT 0ombInoe
3HAYEHHE JUIS COLNAIbHO-9KOHOMHUYECKOTO PAa3BHUTHS,
MOTOMY YTO HE TOJIKO NPEIOTBPAIAlOT HABOJHEHMUS,
HO ¥ 00eCHEeUnBAOT BOAY [UISl PA3IMYHBIX IIEJIeH, TaKuX
KaK MppuUranys, IuTbeBas Boja, ruaposxepreruxa. Ce-
TOJIHSI U3MEHEHHE KIIMMara Cepbe3HO yrpokaeT Oesorac-
HOCTH TIJIOTHH, CHJIBHO BIIMSISL HA 9KCIUTYaTaIMIo U YIIpaB-
JIHWE BOJHBIMH PECypcaMu, IO3TOMY 0€30IacHOCTb
TUTOTHH W BOIOXPAHUITUII — aKTyaJibHas 3aa4a [2—06].

B Mupe nporcxoanuT MHOTO pa3pyIIeHUH TPYHTOBBIX
IUIOTHH W3-32 ITOTePU (PHIIBTPALIMIOHHON IPOYHOCTH IPYH-
TOB TeJIa MFIOTHHBI MIIM OCHOBAHMS, YTO IIPUBOANT K 3HA-
YUTEIEHOMY MarepranbHoMy ymepOy [7—11]. Cunraer-
cs1, uTo ruapasianueckuil paspeiB (I'P) sBnsercs oxgHoi
13 OCHOBHBIX NMPUYMH COCPENOTOUYCHHON (PHUIBTPALIN
BO MHOTUX I'PYHTOBBIX IUIOTHHaX. [Ipuyem 3ameueHo,
YTO WHIUAEHTBI X aBApUU MOLOOHOTO POJA BO3HUKAIOT
[IpU NIEPBOM 3aIOJIHEHUU BoAoxpaHuimiia (8, 9, 12—-14].
I'mapaBinyeckuii paspbiB MPEACTaBIsiET COO0H mpoliece
pacnpoCTpaHEHHs U Pa3BUTHS TPEIIMH B TPyHTaX Tela
IUIOTHUHBI 1O, JIeiicTBUEeM NaBiieHus Boawl [15, 16]. Tpe-
JBLOYIINE UCCIIEI0BAaHUS TI0Ka3au, 4To I'P TecHo cBsi3aH
C BO3HMKHOBEHHEM HEPaBHOMEPHOH OCaJIKU B TEJIE III0-
TuHs! [17]. HepaBHOMEpHBIE OCA KU YAaCTO MPOUCXOST
Ha IPaHuUIe MEXy Pa3InYHBIMU MaTepuaiaMy, Hallpu-
Mep MEXIy BOJIOHETPOHNIIAEMBIMI NTPOTHBOQHIIBTPALIU-
OHHBIMH SIZIPaMH 1 000YMHAMH, BOJIOIIPOITYCKHBIMHU U BO-
JIOCOPOCHBIME TpyOamMH U 3aChINKON TpyHTA. SIBIeHHS
I'P MoryT BO3HUKATh TaKyKe MeXIy IPYHTOBOH 3aCBIITKON
1 BJIEMEHTaMH pasiinuHbIx GyHaamenTos [12, 18]. ITox
Harpy3Koi MaTepHaibl ¢ pa3sHbIMH MOIYIISIMH YIPYTO-
CTU MOTYT NPUBOAUTH K PA3IMYHBIM OCaIKaM, YTO BEJIET
K JIOKQJIbHOMY TOHMKEHHIO C)KMMAIOIINX HAINpPSKSHUH
B IPYHTaX HACBHIITHBIX IIOTHH.

B naceinubix miotunax I'P moxer npoucxonuts
yepe3 Aapo MIOTHHEL. HepaBHOMEpHas ocajika B siApe
BBI3bIBAET CHIDKEHUE HAMPSDKEHUS IO YPOBHEH HAMHOIO
HUXKe, 4eM JaBieHue Boasl [9, 15]. B Takoli curyamnmu
(bUIIBTPALIMOHHBIN OTOK CIIOCOOEH NPOHUKHYTH Yepe3
CYILIECTBYIOIINE TPEIIUHBI B IJIOTUHE U BBI3BATh KOH-
LIEHTpAaLMIO HanpspKeHuil B TpetuHe. [lockonbky mpou-
HOCTh TPYHTA Ha PACTSDKEHHE OYEHb Majla, TPEIIWHBI
MOTYT JIETKO PaclpoCTPaHAThCS B 00IACTAX TPyHTA ILIO-
THHBI, YTO MOXET IIPUBOIUTH K TTOSBICHHUIO COCPEIOTO-
4eHHOH (HIbTpayy, cyp(o3noHHBIM IporieccaM U, Kak

CJIEICTBHE, Pa3pyIICHNUIO YacTU MIOTHHBL. Heckonbko
MHLHJICHTOB, cBs3aHHBIX ¢ [P, mponsonuio Ha mioTHHax
bannepxen (Aurmust), Croxron (CIIA), Bucrep (CILA),
Bunnanceata (Hopserust) u Teton (CHIA) Bo Bpems
MIEPBOTO 3aMOJIHEeHUs Bojoxpanmiuniia [13].

OmnucaHHBIH BBIIIE MPOIIECC TOTEPH TPYHTOM ILIO-
THUHBI GUIBTPALMOHHON MTPOYHOCTH HamboJIee J9acTo
MPOUCXOIUT BOKPYT BOJOCOPOCHBIX MIIM BOAOIPOITYCK-
HBIX CHUCTEM TpyOdaToro tuna, rae HaOmromaeTcs He-
paBHOMEpHAas ocajKa U 00pa3oBaHue 30H (B OCHOBHOM
1oz TpyOOit) C TOHMKEHHBIMH 3HAYCHUSIMH CKUMAI0-
MX HanpsbkeHuil. M3-3a HepaBHOMEpHOI ocaiku HOP-
MaJIbHOE HaNpsDKEHUE B yKa3aHHBIX 30HAX TPyO4UaTon
KOHCTPYKLIUM MOXKET OBITh CHIMIKEHO JI0 3HAUCHHH, KO-
TOpbIE HAMHOTO HUXKE, YeM JaBjieHue Bojbl. CoracHo
MIPOBEACHHBIM HATypPHBIM HAOIIONECHHUAM HCCIIea0BaTe-
JIM IPULIM K BbIBOAy, 4To ['P ciyxur Hanbonee Be-
POATHOHN NPUYMHON BO3ZHUKHOBEHUS COCPEAOTOUEHHOM
(ubTpanuy BOOIB BOJOIPOITYCKHBIX TPYOUaThIX KOH-
crpyknuii [17]. Bo muorux mmornnax 11 u [V kmaccos
(BBICOTA TIOTHHEI 10 35 M) OblTa OOHApYKeHa cocpe-
JIOTOYEHHAs (GUIBTPAINS BJOJIb TPYOUaThIX BOAOIPO-
ITyCKHBIX CoopykeHui [19].

Lens nccnenoBanust — yCTaHOBUTH MEXaHHU3M CO-
CPEIOTOYCHHOHN (DPUIBTPAIIH BIOJIb BOAOIPOITYCKHON
TpyOBI ¢ Touku 3perus ['P.

B paborax pa3au4yHBIX aBTOPOB YacTO BBIMOJ-
HSUICS YMCIICHHBIA aHAJIN3 C MCIOJIb30BAHHEM METO/A
KOHEYHBIX 37eMeHTOB (MKD) ansg mporHo3upoBaHus
I'P macwmubIX miotuH wmn pyanamentoB [20]. Pac-
YEeTHBIC PE3yJbTaThl TUX aHAJH30B 3aTEM CPaBHUBA-
JUCh C pe3yabTaTaMu IOJIEBBIX HJIM JTaOOPATOPHBIX
ucnsitanuii. Hr u Cmomn npumensuin MKD, aTo0b1
O6’b$ICHI/ITI) MNPpUYINHY WHOUACHTA Ha MJIOTHUHC Xurre-
IOBET M3-3a THApaBIMYecKoro paspeiBa [11]. Hrambu
U COaBTOPBI UCCIEIOBAIN MOTEHIUANbHBIA puck I'P
psAoM ¢ TpyOOIpOBOIAMHU C TIOMOIIBIO aHAIN3a KO-
HeuHbIX 31eMeHToB (KD) B couerannu ¢ HaOMONECHH-
amu Ha mecte [17]. Kpome Toro, pe3ynbrarsl Moaeme
MKD ucnonb30Banuch Ui CpaBHEHHS C Pe3yIbTaTaMy
J1a00PaTOPHBIX IKCIEPUMEHTOB ITPU N3YUYEHUN PEAKLIHH
3anTyOIIeHHBIX TPYO Ha TPaHCIIOPTHBIC HAarpy3Kku [19].
CpaBHEHHE 1TOKa3aJI0 XOPOIIee COBIAJICHHUE.

MATEPHAJIBI U METO/JAbI

Marepuaibl
Bo Brername nacuutsiBaeTcs okojio 7000 Bomo-
XPaHWIUI, 0OPa30BAHHBIX TPYHTOBBIMH IUIOTHHAMH,
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BBITTOTHEHHBIMHU M3 NIECKa WM ITIMHUCTBIX MaTepHaoB.
B 0CHOBHOM 3TO TPyHTOBBIE HU3KOHAITOPHBIE TNIOTHHBI
IV kiacca ruipOTEXHUYECKHX COOPY)KEHHH (BBICOTON
1o 15 m) u III kmacca (BbicoToit oT 15 10 25 nm 35 M
B 3aBUCHMOCTH OT MaTepHaja rpyHTa). Bogoxpanumu-
ma, 00pa3oBaHHBIE STUMH MOAIOPHBIMU COOPY>KEHH-
SIMH, OBLITM TTOCTPOEHBI IaBHO U B HACTOSIIEE BpPEeMs
CHIIBHO JICTPANPOBAIIH, TOATOMY BaKHO OLICHUTH 0e3-
OMACHOCTb BOJAOXPAHUIHII.

J1s mpoBeAeHUsl pacyeToB BRIOpaH THIPOY3el
Bynr ByHr, nmeronuii HeO0IbIIOE BOAOXPAHUIHUIIE,
pacHoIoKeHHOE B MPOBUHIMYN HreaH, neHTpanbHBbIH
Bretnam. OCHOBHBIE JaHHBIE MO THAPOY3ITY MPUBETE-
HBI B Ta0II. 1.

Taou. 1. OcHOBHBIE TaHHBIE TIO THAPOY3Ty byHr ByHr

Table 1. Basic data of the Bung Bung hydrosystem

Ilmomranp Gacceiina

. 0,85 km?/km”
Reservoir area

Hopmanbublii
MOIITOPHBIN
YPOBEHB
Normal water level

35,00/ m

DopcrpoBaHHBIN
MOJIOPHBIN
YPOBEHB
Maximum water
level

36,20 M/ m

YpoBeHb MepPTBOTO
obbema
Dead water level

28,40 M/ m

OtMmeTKa rpeGHs
TUIOTHUHBI
Dam crest mark

36,5m/ m

MaxkcumanbHas
BBICOTA TUIOTHHBI
Maximum dam
height

13,3/ m

I'pyHTOBasI, OTHOPOIHAS
U3 CYTIIMHUCTOTO MaTepHraa
Soil, homogeneous from clay soil
material

IInotuna
Dam

JlmmHa nII0THHBI 110
rpeOHI0
Dam lenght along
the crest

123,6 M/ m

3anoxeHue
BEPXOBOT'0 OTKOCA
Laying top slope

m = 3,00

3anoxeHue
HHM30BOT'0 OTKOCA
Laying down slope

m=2,75

DKCIUTyaTalMOHHbIN [ToBepXHOCTHBIN, LIMPHUHA
BOJIOCOpOC BOJOCIMUBHOM rpanu 10 m
Spillway Surface, spillway width 10 m
Kenezobetonnas Tpybda ¢
BHEIIHUM AuamerpoMm 1,2 M.
Cuctema 3aTBOp CO CTOPOHBI HUKHETO
BOJIOCITYCKa obeda
Culvert Reinforced concrete pipe with

an outer diameter of 1.2 m.
Downstream side gate
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B cocras rugpoysina byHr byHr BXoauT oqHOpOA-
Hasi TPYHTOBas! IJIOTUHA MAaKCUMaJIbHOM BBICOTOH OKOJIO
21 M 1 amuHOM 1o rpedHo 123,6 M, TOBEPXHOCTHBIN
SKCIUTyaTaIlMOHHBINA BOZOCOPOC M BOAOCITYCKHAsI TpyOa,
MpeHa3HAYEHHAs IS CIyCKa BOABI U3 BOAOXPaHUIMIIA
B IIEPHUOJ], PEMOHTHBIX MJIN PEKOHCTPYKIIMOHHBIX PAOOT.
BonocnyckHas cuctema mpoXoauT depes BCe Moneped-
Hoe cedeHne mIoTuHbl. Ha puc. 1, 2 noka3ansl noneped-
HO€ ceueHue A-A MIIOTUHBI U €€ MPOAOJIbHBINA pa3pes.
BonocnyckHas cuctema mpuBeieHa Ha puc. 3
B BUJIE NONEPEUHOro ceueHus no B-B na puc. 1. Ona
Ipe/CcTaBIsieT co00M KeIe300eTOHHYIO KPYIIOLMIINH-
JIPUYECKYI0 TPyOy, KOTOpasi IIPOXOAUT MOTIEPEK TUIOTH-
HBl HA €€ HU3KUX NMPUAOHHBIX OTMeTKax. HapyxHbii
nuametp TpyOsr 1,2 M, BuyTpernnii 0,8 m. Tpy0a yimo-
JKeHa Ha OETOHHBIN QyHIaMeHT TommuuHoi 0,5 M.
BonocmyckHast cucteMa ycTpoeHa y IpaBoro oepe-
ra IUIOTHHBI, OHA BBIMIOJIHEHA U3 CTAJILHBIX TPYO Aname-
TpoM 800 MM, TommHON 20 MM, TTOKPBITHIX JKEIE300€TO-
HoM Mapku 300; ee aimHa paBHa 55,5 M. B koHIie TpyOBI
CO CTOPOHBI HIDKHETO Obeda ycTpoeH 3arBop. CO CTOPOHBI
BEpXHETo Obeda HAXOIUTCS BOTOTIPHEMHYIK.
KoncTpykitust BOgocOpoCHOU TPyObI mpecTaBiie-
Ha Ha puc. 4, morepeynoe ceuenne C-C — Ha puc. 3.

Merton uccienoBanus

B nanHO# paboTe MCHONB30BaH MPOrPaMMHBIN
komrieke Plaxis — mporpammuoe odecniedenue (I110),
ocHOoBaHHOe Ha npuHnune KO. PacueTsl ¢ moMoIisio
Plaxis BeImomHsITUCH TS OTIeHKH pricka [ P BokpyT Bo-
JIOCITYCKHOH TpYOBI.

ABTOpPBI CTAaThU MPOBENU aHAIN3 HAMPSKCHUS
B IUIOCKOCTH ¢ mpuMmeHeHneM MKD nns momenupo-
BaHMS HaIPSHKECHHO-IE(POPMUPOBAHHOTO COCTOSHUSA
(HAC) B mnotune. bput ncnosnb3oBad NpoCcTOil KpuTe-
puil A1 IPOrHO3UPOBaHUS OTEHIMAIBHOTO pucka ['P
B JTFOOOM MeCTe Tella TUIOTUHBI C TIOMOIIBIO BBIXOHBIX
PE3yIBTAaTOB aHAIHM3a IyTEM CPaBHEHUS HOPMAILHOTO
HaIpsDKEHUs ¢ 1aBJICHUEM BOJBI B 3TOM Touke. Takoii
aHAJIN3 HapacTaHUs COKMMAIONIETO HAMpsHKEHUS TI0-
3BOJISICT JIy4IlIe MOJICIIUPOBATh BO3ICHCTBHUS BO BpEeMs
CTPOUTENBCTBA, a PE3YAbTATHI aHAIM3a MOT'YT TTOKa3aTh
pacrmpeieNicHIe HAPsDKEHUS U CMEIICHUS B IUIOTHHE,
0COOCHHO B MecTax, MPUJICTAlOIIUX K BOA00TBOaY. Kpo-
M€ TOTO, YHCICHHBIA aHaIN3 TAKKe MPUMEHSIICS IS
poBepkH 3G (HEKTUBHOCTH KOHTPMED, TPEITIOKCHHBIX
JUTS CHIDKEHHS pHCKa BOSHUKHOBeHH [ P B rutoTnHe.

HccnenoBanue n3MeHEHUs HapacTaHUsl ¢ MOMO-
mpto MKD BeImonHEeHO 171 aHamm3a AeopMaIiy 1 Ha-
MPSDKCHHST B MPOJOJIEHOM CCYCHHHU TUIOTHHBI, KOTOPOE
TaKKe BKIIIOYAET MOMEPEYHOE CEUYCHHE BOJOIPOITYCK-
HOW TpyOBI. B 3TOM aHamM3e TENO TUIOTHHBI CMOICIH-
pOBaHO ¢ ucnoyib3oBaHueM 10 mocaen0BaTebHbIX CII0-
€B HACBIITHOIO IPyHTa, KaxKAbIi cioil 130 cM TonmuHo.
Ha camomMm nene HachIHas TUIOTHHA COCTOMT W3 0OJIb-
IIIOTO KOJIMYECTBA CIOEB HACBHITHOTO Marepuaia. Cron
TIIATEIBHO YTPAMOOBBIBAFOTCS JI0 JIOCTHIKCHHS OIpe/ie-
JIEHHOH TUNIOTHOCTH. TeM He MeHee MOZIETTMPOBAaHUE Tela
TUTOTHHBI CO CIIUIIKOM OOJIBIIAM KOJIHYECTBOM CJIOCB



DUALTPALIMOHHASA MPOYHOCTb IPYHTa MAOTUHbI B 06AACTH TPyBUYATOro BoA0COpOCa KpYrAok ¢popMal

C. 1272-1282

50,0

40,0

30,0

20,0
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I'peGeHb TIOTHHEL y 10
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OcHoBaHue
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Puc. 1. IIpononbHelii pa3pe3s m1oTHHBL Pazmepsl yka3zaHbl B METpax

Fig. 1. Longitudinal section of the dam. Dimensions are given in meters

40,0

20,0

EcrectBennas NOBEPXHOCTH OCHOBAHUSA

Natural ground surface

Puc. 2. Ilonepeunslii pa3pe3 0JHOPOAHOM I'PYHTOBOM IIIOTUHBI 110 ceueHmIo A-4 Ha puc. 1. BelcoTHBIE pa3mMeps! 1aHbl B METpax

Fig. 2. Cross-sectional view of a homogeneous earth dam along the section 4-4 in Fig. 1. Height dimensions are given in meters

Puc. 3. [Tonepeunslii pa3pe3 IIOTHHEI IO BOAOCITYCKHOMY COOpY>KeHUIO (cedeHue B-B Ha puc. 1)

Fig. 3. Cross section of the dam along the culvert (section B-B in Fig. 1)
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TpyOuatsiit  BomocOpoc =
" Pipe culvert by reinforced concrete

| i - W TEN | B [ iy T - L - 5 &5 Tho b Aoy s 3 .

% v t b 3 o

Baytpennsiit muametp 0,8 M
" Hapyxusni muamerp 1,2 M
- .Inner diameter 0.8 m
“Outer diameter 1.2 m

Foundation

.__..: -\-??(-'\-. v o-

b 0

tt———] 4 M/ M———=]

Puc. 4. TTonepeunoe cedeHre BOAOCIyCKHON TpyObI 1o cedennto C-C Ha puc. 3

Fig. 4. The cross section of the culvert pipe along the section C-C in Fig. 3

HACBIITHOTO TPYHTA MOXKET MPUBECTH K TOMY, YTO MO-
JIeTIb OyZieT TpOMO3/IKOH, @ aHaJIN3 MOYKET 3aHATh MHOTO
BPEMEHH M3-32 3HAUUTEJIBHOIO KOJMUECTBA JIEMEHTOB.
TToatomy B 3TOI cTaThe KOJIMYESCTBO CIIOCB MOYBBI OBLIO
BeIOpano 10. J{ns monenmpoanust HAC Tena mioTuHsl,
0COOEHHO MPUJIEraroNIero K BOJONPOIYCKHOU TpyOe,
WCIOJB30BAIACh TEOPUs TMHEHHON YIIPYTOCTH, KOTOPas
MOXET OBITh 3alMcaHa B 0OIIEM BH/IC, KaK:

o =Es,

TJie G — CHJIa, BBI3bIBAOLIas 1eopMannio; £ — Kkodd-
(bUIMEeHT MPONOPIMOHATBHOCTH, Ha3bIBAGMBIH MOJYIIb
YIPYIOCTH; € — BEJIMYHHA JIe(hOpMaIInu.

Ha puc. 5 nzobpaxena gedopmaliys CETKU UCcclie-
ayemoii obnactu. Takum oOpazom, st 3TOW MOJEIH
OBLTH HEOOXOIUMBI TOIBKO YIIPYTHE CBOHCTBA MaTePH-
aJI0B KOHCTPYKIHUH, TAaKHUe KaK 00IIasi IIOTHOCTh, MO-
Iylb yrpyroctd u ko3¢ duument [lyaccona. Otu nan-
HbIE TIPUBEACHHEI B Ta0II. 2.

PE3VJIBTATHBI HCCIEJOBAHUA

B pesynbrare IpoBeICHHBIX PACUCTOB MOTYYEHBI
3aBUCHUMOCTH, Xapakrepusytomue HJIC rpyHra mio-
THHBI B 00JIaCTH IIPUMBIKaHUS K TPyOe BOZOCITyCKa.
Ha puc. 6 npuBeneHo HanpspkeHHE BOKPYT BOAOIPO-
IMyCKHOM TpyObI ¢ ncnonb3oBanueM [10 Plaxis. I'paduk

Puc. 5. Koneuno-sneMeHTHas TUCKPETH3AIHS pacI€THON 00nacTi

Fig. 5. Finite element discretization of the computational domain
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Taou. 2. dusnko-MexaHUYeCKHe CBOMCTBA MaTepuaa
Table 2. Physical and mechanical properties of the material

I pynm nnomunol

Dam soil
O01mas MmI0THOCTh TPYHTA 2000 xr/m?
Total soil density kg/m?
IInotHOCTB CyXOro rpyHTa 1600 kr/m?
Density of dry soil kg/m?
VYron BHYTPEHHEr0 TPeHUsI TPYHTa 310
Angle of internal friction of soil
Koappument ¢punprpannn 5,4 m/cyT
Filtration coefficient m/day
Monyns nepopmannu 20- 10° kH/m?
Deformation modulus kN/m?
Koaddunuent [lyaccona 03

Poisson’s ratio

JKenezobemon mpyodwvl 6000cnycka
Reinforced concrete culvert

OO01mast IIOTHOCTH 2450 xr/m?
Total density kg/m?
Moayib gedopmanin 24 - 10° kH/m?
Deformation modulus kN/m?
Koaddumnuent [Tyaccona 0.2

Poisson’s ratio

DyHOameHmHas nOOywKa noo mpyoy
Foundation under pipe

OO01as IIOTHOCTh 2400 xr/m?
Total density kg/m?
Mouyns nepopmanuu 21 - 10° kH/™?
Deformation modulus kN/m?
Koaddunuent [lyaccona 0.2
Poisson’s ratio ’
OcnosaHue
Foundation
Mouyns nepopmanuu 10° kH/m?
Deformation modulus kN/m?
Koapdumment Ilyaccona 0.25

Poisson’s ratio

Ha pUC. 7 TIOKa3bIBaET B3aNMOCBA3b MEKAY HOPMAb-
HBIM HaIpsDKEHHEM M HOPMAaJIbHBIM HalpsKEHHUEM
3a BBIYETOM JIABJIEHHS BOJIBI BOKPYT TPYOBI B 3aBHCHMO-
ctu ot yria 0. HyneBoe 3HaueHue yria 6 cOOTBeTCTBY-
eT HikHel Touku D Ha cxeme (puc. 8). Orcuer yria 0
MIPUHST 110 YacoBoi cTpenke. [ paduk mokaspiBaer Ha-
NpsDKEHNE ¢ 00EUX CTOPOH BOJIOCITYCKHOW TPYObI Ha-
MHOTO HHXE, YeM C)KMMAIOIIIE HAIPSHKEHHS Ha BEPX-
Heil yact TpyObl. Takoe pacnpenenenne HanpsHKEHUH
OKOITIO TpyOHO! 00JIacTH BOHUKACT M3-3a HEPaBHOMEP-
HOM IJIOTHOCTH c€/10€B rpyHTa. O4eBUJHO, YTO IPYHT
Ha/l TpyOoii cxxat Oonee CHIILHO, YeM T'PYHT O[] TPY-
6011, MOCKOJIBKY OH CKaT BEPXHUMHM CIIOSIMHU TeJa ILI0-
TUHBL. [l0o3TOMY I'pyHT 1ox TpyOOH YIUIOTHEH HE Tak
CHITBHO, KaK HaJl TPyOOH.

3aBUCHMOCTS (pUC. 7) TaKXkKe TEMOHCTPUPYET, YTO,
xorna yroi 6 mensme 70° u 6onbmie 290°, naBneHne

Puc. 6. [lnarpamma pacqeTHBIX TOYEK HOPMAJIbHBIX HaIIPsDKe-
HUI BOKPYT BOJIOCITYCKHOM TPYOBI

Fig. 6. Diagram of design points of normal stresses around
the culvert

BOJIbI MPEBBINIAET HOPMAILHOE CIKUMAIOIIee Hampsi-
’eHue. MunumansHoe 3Hadenue (G, — W) cocrapnser
—49,08 kIla, xorma yrou 0 paBen 48°.

[TpunATEI cnenyronue 0603Ha4eHus: G, — HOp-
MaJIbHOE HANpPSHKEHHUE B TOYKE BO3JIE BOAOMPOMYCKHOM
TpyOBbI ¢ yriioMm 0; W — naBnienue Bobl B (GUIIBTPAIIMOH-
HOM TIOTOKE B TOYKaX, PACIIOTIOKEHHBIX BOKPYT TPYOBI.

B »stux obmactax moxker mpowusoitu [P, mo-
3TOMY HEOOXO/IUM MOUCK TEXHUYCCKUX PEIICHUN s
npenorBpaiieHus ['P rpyHTa okosio TpyOHOU obnacTu
W OpeJOTBpAIlEeHUs] TPEUMHOOOpa30BaHUsI, KOTOPOE
SIBIIIETCS OCHOBHBIM ()aKTOPOM BO3HUKHOBEHHUS CO-
CPEIOTOUYCHHOW (UIBTPAIIMH BIOJb TPYOBl M OTEPU
(UIBTPALIMOHHOM TPOYHOCTH.

IIpenJoxkenust o KOHTpMepam

H3zmenumu ghopmy cevenus B000NPONyCcKHOU mpyovl

Hccnenosarenu CUUTAIOT, 4TO (OpMa BOJOTIPO-
MyCKHOW TPYOBI SIBJISIETCS Ba)KHBIM (haKTOPOM, CBsI-
3aHHBIM C HEPAaBHOMEPHOH OCAaAKON PSIAOM C HEI,
CHIDKEHHEM HalpsDKEHHs ¢ 00EUX CTOPOH TPYOBI U 110-
BBIIIICHHOW BEPOSTHOCTHIO P BOJIHM3H BOIOMPOITYCKHON
TpyOsI [17, 21]. IToaTomy mpeuiaraercst HoBast (hopma
BOJIOCITYCKHOU TpyOBI. B 3TOM Ccityuae gopma TpyOsI
TpaHc(hOpMHUPYETCs, B TO BPEMs KaK JIpyTUE YCIOBHS,
TaKHe KaK yCJIOBHS HAarpy3KH W IPaHUYHBIC YCIIOBHUS,
coxpansitorcsi. HoBast popMa BoJOIIPOIyCKHON TPyObI
MoKa3aHa Ha puc. 9.

Ha puc. 10 mpeacraBieHbl TOUKH HampsKCHUs
BOKPYT BOJIOTIPOITYCKHOM TPyOBI IPH H3MEHEHUH (POp-
MBI ToTiepeyHoro cedeHus ¢ nomouipto [10 Plaxis 2D.
Ha puc. 11 mpuBeneHo pacnpeneneHre HOPMAIbHOTO
HaIpsDKEHHMS 32 BEIYETOM JIaBJICHUSI BOABI BOKPYT BOJIO-
MPOITYCKHON TPYObI HOBO (pOPMBI B TECTOBOM IPHME-
pe. Ha atom rpaduke B KauecTBe TOPU30HTAIBHOI OCH
KOOPJMHAT BbIOpaHa 0Ch X, KOTOpast OTIIMYAETCs OT Io-
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Puc. 7. 3aBucumocTu HanpskeHui B rpyHTE OKoJIO TpyOHOIH obnacTu: KpacHas Kpusas Ha rpaduke — o, = f(0); cunss

kpupas — o, — W= f(0)

Fig. 7. Dependences of stresses in the soil near the culvert: red curve on the graph — o, = /(0); blue curve — 6, — W = f(0)

Puc. 8. ITopsimok orcuera yrina 0 Ha cxeme BOAOCITYCKHON
TpyOBI

Fig. 8. The order of counting the angle 0 on the culvert

PHU30HTAIBHOM OCU KOOpAUHAT Ha puc. 7. M3-3a u3mene-
HUS (POPMBI BOJIONPOITYCKHON TPYOBI 0Ch X MOXKET OBITH
Oosiee MOIXOASIIEH ISl IEMOHCTPAIIMK B3aUMOCBSI3U
HOPMAaJIbHOTO HAMPSKEHUS U JaBIEHHS BOABI BOKPYT
BOJIOTIpOIyCcKHOH TpyObl. Kak BumHO Ha puc. 11, Ha-
HPSHKEHHOE COCTOSIHUE BOKPYT BOAOIPOITYCKHON TPYOBI
IpeTepIeNno 3HaunTeNIbHbIe 3MeHeHus. C 00enx CTOPOH
BOJIOTIPOITYCKHOU TPYyOBbI HOPMAJIbHOE HAIIPSKEHHUE JICH-
CTBHUTEIILHO BBIIIE, YEM JABJICHUE BOABI; OTCIONA MOKHO
c/ienath BBIBOJ 00 OTCYTCTBHMH YCJIOBHUH ISl BOSHUKHO-
BeHust [P rpyHTa Ha OOKOBBIX TPAHAX KOHCTPYKIIHH.
CpaBHuUBas paclpejelleHie HOPMaJIbHOIO Ha-
MIPSDKEHUS 32 BHIUETOM JIABJICHUS BOABI HA puc. 7 u 11,
pe3ynbsTatsel NoATBepkAaoT, uto Ha HIC Bokpyr Bomo-
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MPOITYCKHOW TPYOBI 3HAYUTEIHHOE BINSHHE OKa3bIBACT
ee gopma. [TodTOMY IpH MPOEKTUPOBAHUH U CTPOH-
TEJILCTBE BOZIONIPOITYCKHON TPyOBI MO INIOTHHOM HE00-
XOJIMIMO YYHUTHIBATh BBIOOP COOTBETCTBYIOIIEH (OPMBI
CEUCHHS BOIOMPOITYCKHOM TPYOBI, YTOOBI CHU3UTH PUCK
I'P BOKpYyT BOONPOIYCKHOI TPYyOBI.

Yempouicmeo enunanoii pybawku 6okpye 6000-
copocHou mpyoul

Panee cunTanock, 4To yCTPONUCTBO MIMHSHOU py-
GamIKy BOKpYT BOJONPOITYCKHOM TpyOBI ITpeaHa3Hade-
HO TOJBKO JUIsl IPEAOTBPAIEHNSI BHYTPEHHEH 9PO3HH,
HO y4eHbIE IPOJIEMOHCTPHPOBAJIH, YTO 3TOT METOJ TaK-
JKE€ CHIKAeT PUCK TMApPaBINYECKOro paspbiBa [17, 21].
ABTOpBI MCTIONB3YIOT CIOW TIINHBI, YTOOBI MOKPHITH
BOJIOTIPOTYCKHYIO TpyOy, Kak MmokazaHo Ha puc. 12.
Ha puc. 13 npeacraBiieHbl TOUKM HanpsKEHUS BO-
Kpyr TpyOs! ¢ momomisto 110 Plaxis 2D. Pacmpenene-
HHE HOPMAJbHOTO JABJICHUS 32 BBIUETOM JaBICHUS
BoJIbl (G, — W) BOKpYT BOJONPOITYCKHOM TPyOBI TTOKa-
3aHO Ha puc. 14. SIcHO, 9TO HOpMaTbHOE HANPSDKEHHE
Gomnble, yeM JaBieHHE BOJBL. TakuM 00pa3oM, MOKHO
cenaTh BBIBOJI, YTO TIIMHSHASI HACBIITb BOKPYT BOJIO-
MIPOTYCKHOU TpyOB!I cHU3MIA puck [P BOIM3M Hee, oco-
OEHHO C JIByX CTOPOH BOJIOTIPOTYCKHON TPYOBI.

3AKJTIOYEHUE

Ha ocHOBaHMM NpPOBENEHHOIO HCCIENOBAHUS
MOYKHO CJIENIaTh CIELYIOLINE BEIBOMBI:

* I'P MoxeT Jierko mpou30iTH, KOTna HOpMaJlbHOE
HampspKEHUE BOKPYT BOJONPOITYCKHOM TPYObI (0COOESHHO
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Puc. 9. lsmenenne Gpopmbl BOZOCITYCKHOM TpyOBl. PasMeps! yka3aHbl B MEeTpax

Fig. 9. Changing the shape of the culvert. Dimensions are given in meters
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Puc. 10. Toukn HarpsHKEHUS] BOKPYT BOIOIIPOITYCKHOM TPpyOBI IPH H3MEHCHUH ()OPMEI TTOTIEPETHOTO CEUEHHUST B BUIE TPAICIINT

Fig. 10. Stress points around the culvert when changing the shape of the cross-section in the shape of a trapezoid
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Puc. 11. Pacnpenenenue HOpMaJIbHOTO HAIPSIKEHUS G, 38 BBIYCTOM JIABIICHUS BOJIbI W Bnonb koopauHaTHOM ocu X

Fig. 11. Distribution of normal stress 6, minus water pressure /¥ along the coordinate axis X
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Puc. 12. YerpoiicTBO MHMHIHON pybaliku BOKPYT BOA0COpoC-
HOM TpyObI B BUJIe Tpaneuu. Pazmeps! JaHbl B MeTpax

Fig. 12. Installation of a clay jacket around the culvert spill-
way in a trapezoid. Dimensions are in meters

Puc. 13. Toukn HanpspKEHHST BOKPYT TPYOBI IPH yCTPOKUCTBE
IIMHSHON pyOamIku BOKpYT BOAOCOpOCHOHU TpyOsI 2D

Fig. 13. Stress points around the pipe during the construction
of a clay jacket around the 2D culvert spillway
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Puc. 14. I'padux HanpspkeHUH BOKPYT BOAOIPOIYCKHOI TpyOBI 110 yri1y 0 B cilyyae yCTpOICTB NIMHSIHOU pyOamiKu BOKPYT
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BOJIOCOPOCHOI TPYOBI

Fig. 14. Graph of stresses around the culvert by angle 0 in the case of clay jacket around the the culvert

Ha JIByX €€ CTOPOHAX) MEHBILIE, YeM JJaBIICHHE BOJIBI, YTO
BO3MOXKHO H3-3a pactiopa. B uccienoBanuy, onmcaHHoOM
B 9TOH CTaThe, 00J1aCTh BOKPYT BOIOMPOITYCKHO# TPYOBI,
e yroi tera (1rokasas Ha puc. 7) Menbiue 70° u Oosbiie
290°, moziBeprKeHa PUCKY THAPABINYECKOTO Pa3phiBa;

* u3MeHeHue (HOPMBI CEYSHUS! BOJOIPOITYCKHOM
TPYOBI M CIIOCOO YCTPOMCTBA IIMHIHON pyOaIiKu Bo-
KPYT BOZOCOPOCHOU TPYOBI 3HAUUTEIHHO CHI3IIIN PUCK
I'P Brosmb BOmONIpONyCKHOM TPyOBI (0COOCHHO € OBYX
ee CTOPOH);
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* paspylieHue IoTHHbBI u3-3a ['P Moxer mpuBe-
CTH K CEPbE3HOMY MMOBPEIKJACHUIO TUIOTUHBI, & TAKKE
HH(PPACTPYKTYPBI, CIOKHUBIICHCS B HUKHEM TCUCHHUU
pexu. Buenpenue metonoB npenorBpaieHus ['P Bax-
HO It oOecreueHus: 0e30MacHbIX YCIOBHI padOThI
mI0THHBL. [109TOMY HMHKEHEPAM-POCKTHPOBIIUKAM
HEOOXO/IMMO TIIATENILHO U3YYUTh METO/IbI, YTOOBI BbI-
OpaTh pa3yMHBIN crioco0 obecredeHus 0e30MacHOCTH
IUIOTHUHBI ¥ B TO YK€ BPEMs MOAXO/ISIIUH [IsT HHBECTH-
[HOHHBIX 3aTpaT Ha CTPOUTEIHCTBO.
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TEXHONOIMNA W OPTAHU3ALUNA CTPOUTEJIBCTBA.
IKOHOMWKA 1N YTIPABJIEHVE B CTPOUTEJIBCTBE

HAYUYHAS CTATbS / RESEARCH PAPER
YIK 69.003.13
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Metoa nporuosupoBaHus 3QpPeKTUBHOCTH peaTu3aluu
UHBECTULMOHHO-CTPOUTEIbHBIX IPOEKTOB B 0CO00H
IKOHOMMYECKON 30HE HA PA3JIUYHBIX 3TANAX )KU3HEHHOI0 I{UKJIA

Hanep 3apudosuu Uckannapos, Ceersiana MuxaisioBHa bopo3auna
Hayuonanvnoiii uccnedosamenvcxuii Mockogckuii 20¢yoapcmeentbiil
cmpoumenvuwiii ynugepcumem (HUY MI'CY); e. Mockea, Poccus

AHHOTALUMNA

BBeaeHune. Bo3aMOXHOCTU NCNOMNb30BaHNA 0COObIX 3KOHOMMYecknx 30H (O33) B acnekTe noBbllLeHNst 06bEMOB OCYLLECT-
BINSIEMbIX CTPOUTENBHbBIX PaboT 1 KONMMYeCcTBa BO3BEAEHHbIX 0OBEKTOB HEBMKMMOCTN PasfIMiHOro T1na obycrnoeneHbl po-
cTom yupexaenns O33, Ha KoTopble BO3MaratoT 3HaUNTENbHbIE OXUAAHMSA NO PELLEHNIO psaa 3aA4ady U BbI30BOB, CYLLECTBY-
IOLLMX B CTpouTenbHou oTpacnu. MNMpobnembl gucnponopuun akTopoB NPOU3BOACTBA HA TEPPUTOPUM CTPaHbI 3aknaablBatoT
HeraTMBHbIE MOCNEACTBNS HEBEPHO NMPUHATBIX PELLEHNI N0 (DOPMUPOBaHMIO YCTONYMBOTO COLMarnbHO-3KOHOMUYECKOTO pas-
BUTWS PErMOHOB, YTO NPUBOAUT K AnddepeHumnaumm B pa3MeLleHn 06bekToB MHAPACTPYKTYPbl M BO3HUKHOBEHWIO Aucba-
naHca B TPYAOBbIX BbICOKOKBaNMMULMPOBAHHbIX Kaapax. ABTOpPbI UCCMEA0BaHUS NonaratoT, YTO He0bXoANMbBIM YCnoBUeM
peLleHnst AaHHbIX Npobnem ABNseTcs co3aaHve NPeAnockIIoK U YyCNoBUA N0 peanu3aunn MHBECTULIMOHHO-CTPOUTESNbHbBIX
npoekTtoB (LCIT), nMetoLLmx KopeHHOEe 3Ha4YeHNe A OTPaCciv, CKOHLEHTPUPOBAB CYyObEeKTbI SKOHOMUYECKOW AESTENBHOCTU
Ha eQnHOM TeppuTopuanibHOM NPOCTPaHCTBE, MpUMeHuB Ans atoro O33.

MaTepuanbl u metoabl. 3n0XeHHbIN METOA, OLIEHKN CTPOUTCS Ha NPUMEHEHUN KO3 MDULMEHTOB NMMHENHOW 1 oBpaTHOM
NPOMOPLMOHaNbHOCTH, BblpaXatoLyx 3aBUCMMOCTb NepeMeHHbIX BenuunH npu peanusaummn UCI B O33 Ha pasnuyHbix
aTanax ero XW3HeHHOro uukna. KnioyesBbiM METOAOM, MPUMEHSIEMbIM B PamMKax Hay4YHOro MCCneaoBaHWUs, SBNSeTcs no-
CTpoeHue rpadvKoB MIMHENHbIX U napabonuyecknx yHKLWA, UNMIOCTPUPYIOLLMX U3MEHEHWS BENIMYMHbI 3aTpaT U CTeneHn
BINVSIHWSA 3TanoB NpPoeKTa.

Pesynbratbl. OBHapyXeHbl U OnvcaHbl MOCPEACTBOM KO3IMMUUMEHTOB NMHENHOMW M 0BpaTHOM NPONOPLMOHANBHOCTU
nepcrnekTVBbl MO CO3AaHNI0 MHCTPYMEHTa PerynMpoBaHns NpubbiNbHOCTU U peHTabenbHOCTM NpoekTa. BeisBneHve Touku
nepeceyeHns 3aTpaTt 1 BNUSHUSA NPOeKTa OTKPbIBAET LUMPOKME NEPCMNEKTUBLI NO BHEAPEHWIO pa3paboTaHHOW MeToauKu B
[eBenonepckyto AeaTenbHOCTb NPeanpuaTUA MHBECTULIMOHHO-CTPOUTENLHON cdhepbl, NpuaaBast NPakTUYECKyo LEHHOCTb
NpoBeAEHHON Hay4YHOW paboThl.

BbiBogbl. PaspaboTaHHbIii MeToq oLeHKM 3EKTUBHOCTU NPOeKTa npeanonaraeT pas3fenbHoe NpUMeHeHNe UHCTPYMEH-
TOB pacyeTa Ha Kax/JoM U3 ero 3T1arnoB, YTO CBA3aHO C 0COBEHHOCTbLIO MCMOMNb30BaHWS BbILLEYNOMSHYTbIX KO3(h(ULIMEHTOB.
BusyanbHo-HarmsgHoe npeactaBneHve U NpocToTa MPUMEHEeHVA MeToda B 3HAYMTENbHOW CTEMEeHW ynpoLlaeT ero npu-
MEeHeHue, YTOo B OCOBEHHOCTN HeobXoaMMO MpU MPOBEeAEHUM OMepaTUBHON 3KCMPECC-OLEHKN NPUBBLINBHOCTM NMpoekTa B
0603prMoN nepcnexkTuse.

KINOYEBBIE CITOBA: npeanpusatne MHBECTULIMOHHO-CTpouTenbHou cdepbl (MCC), MHBECTULIMOHHO-CTPOUTENbHbIN NPO-
ekt (LCI), ocobas akoHomm4eckas 3oHa (O33), koadbpuLmMeHTbl MMHENHOW 1 0BpaTHOW MPONOPLMOHaNbHOCTH, KOHCTaHTbI
3aTpaTt U BpeMeHU, ypaBHEHME NPSIMON, YIII0BON KOS MULMEHT, NPOrHO3, ahdeKTUBHOCTb

ana UUTUPOBAHWUA: VickaHOapos [1.3., bopo3durHa C.M. MeTop nporHo3npoBaHus adppeKkTMBHOCTM peanv3aunm nHee-
CTULIMOHHO-CTPOUTENbHBIX MPOEKTOB B 0COOON 3KOHOMUYECKOW 30HE Ha PasnUyHbIX dTanax XXW3HEeHHOro Lukna // BecTHuk
MICY. 2023. T. 18. Bein. 8. C. 1283-1297. DOI: 10.22227/1997-0935.2023.8.1283-1297
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Method of forecasting the efficiency of investment
and construction projects realization in a special economic
zone at different stages of life cycle

Daler Z. Iskandarov, Svetlana M. Borozdina
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT
Introduction. The possibilities of using special economic zones (SEZ) in the aspect of increasing the volume of construction
work performed and the number of erected real estate objects of various types are conditioned by the growth of SEZ
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establishment, which have significant expectations for solving several tasks and challenges existing in the construction
industry. The problems of disproportion of production factors on the territory of the country lay down the negative
consequences of incorrectly made decisions on the formation of sustainable socio-economic development of regions, which
leads to differentiation in the location of infrastructure facilities and the emergence of imbalance in the labour of highly
qualified personnel. The authors of the study believe that the necessary condition for solving these problems is the creation
of prerequisites and conditions for the implementation of investment and construction projects (ICP) that have fundamental
importance for the industry, concentrating economic entities in a single territorial space, applying SEZ for this purpose.
Materials and methods. The described method of evaluation is based on application of linear and inverse proportionality
coefficients, expressing the dependence of variables in the implementation of ICP in SEZ at different stages of its life cycle.
The key method that used in framework of the scientific research is the construction of graphs of linear and parabolic
functions illustrating changes in the amount of costs and the degree of influence of the project stages.

Results. Perspectives on the creation of a tool to regulate the profitability of the project are discovered and described
through linear and inverse proportionality coefficients. Identification of the intersection point of costs and influence of the
project opens wide prospects for the implementation of the developed methodology in the development activities of the ICS
enterprises, giving practical value to the conducted scientific work.

Conclusions. The developed method of project efficiency assessment assumes separate application of calculation tools at
each of its stages, which is connected with the peculiarity of using the above-mentioned coefficients. The visual presentation
and ease application of the method greatly simplifies its application, which is especially necessary when carrying out
an operational express assessment of the profitability of the project in the foreseeable future.

KEYWORDS: investment and construction enterprise (ICE), investment and construction project (ICP), special economic
zone (SEZ), linear and inverse proportionality coefficients, cost and time constants, straight line equation, angular coefficient,
forecast, efficiency
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BBEJIEHUE

Pacrymas 3Ha4MMOCTB HCIIOJIB30BaHMS 0COOON
sKoOHOMHUYEeCKOW 30HBI (OD3) B acmekTe COBEpIICH-
CTBOBaHUsSI CTPOUTEIBFHOMN JACATEIEHOCTH U3 TOJIa B TOJ
MOJTBEPIKAACTCS KOIMYECTBOM yupexmaeMbix OD3.
C MOMCHTa CHSITHS MOpaTtopusi Ha UX 00pa3OBaHHE
B 2020-2022 rr. OBUTH IPHUHSTH TOJOKUTEIBHBIC Pe-
meHust o co3nanuu 12 HoBeix 023, npesbicuB 130 %
OT YCTAHOBJICHHBIX ITAaHOBBIX 3Ha4eHuil [1]. Coxpans-
olIasicss CTaOWIIbHAS TCHCHIIUS POCTA BBIPYYKU PE3H-
JICHTOB 1 UX YBEITMUUBAIOIICECS KOIIMIECTBO CBUACTEITb-
CTBYIOT O 3aHHTCPCCOBAHHOCTH JAHHBIM HHCTPYMEHTOM
TEPPUTOPHATHHOTO PAa3BUTHS CO CTOPOHBI CYOBEKTOB
YaCTHOTO TPEANPUHUMATEIBCTBA, OTMCUAIOIINX pe-
HMMYILIECTBA BEIECHUSI X035 HCTBEHHO-9KOHOMHUECKOH Jie-
srenpHOCTH B OO3. Hanmumne MHKeHEpHO-TEXHUYECKOH,
TPAHCIOPTHOW MH(PACTPYKTYPHI, apCHAOMPHUTOTHON
1 TOTOBOM TIOJ] 3aCTPOMKY 3€MJIM, OCHAIICHHOH HE00X0-
JTUMBIMI KOMMYHHUKAIIMSIMHU W TIPOIIEIIEH dTar mpes-
MIPOCKTHOM MOATOTOBKH, aKTYaIU3UPYET TPUMEHIUMOCTh
OD3 I COBEPIICHCTBOBAHUS PA3JIMYHBIX ACITEKTOB
0 PA3BUTHIO CTPOUTENBHON OTpaciu'.

Lenpb uccnenoBanms — pazpadOTKa KOMILUIEKCHO-
TO METO/Ia 0 O1eHKe d(h(HEKTUBHOCTH pearn3aiuy nH-
BeCTUIIMOHHO-cTpoutenbHoro npoekra (MCIT) B 023
Ha pa3UYHBIX dTarax ero ku3HeHHoro rukiaa (OKLI),
rae ocoboe 3HaYCHHE YACISIETCS ONPEICIICHHIO 3HAUH-
MOCTH TIpeepeHINATHHOTO PeKUMa XO35HCTBOBAHHUS,
CJIOKMBIIETOCS B PaMKax M3y4yaeMOro MHCTPYMEHTa
COJEHCTBUS SKOHOMUUECKON akTUBHOCTH. [Ipenmyine-

ctBa OD3, KOTOpHIC YITYUIIAIOT MPOCKTHYIO ICATEIb-
HOCTb, MOJKHO PacIpeaeIuTh CIEAYIONIM 00pa3om:

* 3eMJISl U TEPPUTOPHSL, IPOLIEIIast MPEATIPOEKT-
HYIO MO/ITOTOBKY — MEKEBaHHE U I'e0/Ie3NUeCcKre pado-
THI, HAITPABJICHHBIC HA YCTAHOBJICHUE TUIOMIA/IN, TPAHHI]
U XapakTepa paccMaTpUBaEeMOr0 3eMEJIbHOI0 y4acT-
ka [2]. [TomoOHEII TTOAX0 00YCIOBIEH CHEIUPUKON
camux 023, KOTOpHIE eIlie Ha 3Tare YUPexkKICHUS IIPOXO-
LT TIPOLIECC OLIEHKH Iieecoo0pa3HocTH [3], a MecTHbIE
OpraHbl BIACTH perioHa (GOPMHUPYIOT HHBECTHIIHOHHYIO
3asBKY, BKJIIOYAIOILYIO PACTUIAHNPOBAHHbIN MOPsIOK (u-
HaHcupoBaHust O3, KONMMYeCTBO OTEHIIMATBHBIX PE3H-
JIGHTOB U TUI co3naBaemoint 093 [4];

* HaJINYNE WHKCHEPHO-TEXHUYECKOW M TpaHC-
MOPTHOM MH(PACTPYKTYPBI, MOJBEIEHHON K TEPPUTO-
pun 033 [2, 5]. CaemyeT OTMETHTH, YTO CYIIECTBYIOT
W MCKIIIOYEHUSI, KOT/Ia Ha BBIOOp /ISl pe3uJieHTa, Ha-
MEpPEBAIOIIETOCS BO3BOANTE OOBEKT HEABMIKUMOCTH,
npeaaralTcs Kak OpayHGWIA, Tak 1 pUHHII T0-
XOJbl TEPPUTOPUANBHOTO IpoekTupoBaHus B 003
C YK€ JOCTYITHOW W/WIIM OTCYTCTBYIOIIECH WHKEHEPHO-
TEXHUYECKOH MHPPACTPYKTYpOH COOTBETCTBEHHO [6].
B Tabnuie mpencraBieHbl XapakTepHbIe 0COOEHHOCTH
Opaynuna, rpuHuI, penduin noaxonos B 093,

Kpowme toro, criermudrra O3 3akimrogaeTcs B BO3-
MO>KHOCTH CO3J/IaHH$I aIbTEPHATUBHBIX MO/IXO0B, CTPO-
AIUXCSA HA OCHOBE TOJIOKHUTEIBHBIX 4epT OpayHpHiIa
U TpUHQUI TPOSKTUPOBAHMS TEPPUTOPUI — pedb TIPO
penduna moaxox, KOTOPBIH MpencTaBIsgeT cCO00i BO3-
MOYKHOCTb JIeJIeTUPOBaHUsT GYHKIMN [UIAHUPOBAHUS
U MPOCKTUPOBAHUS JUISI CIIEHHUAIBHO YUPEKICHHON

! TIpoeKT cTpaTeruy pa3BUTHsS CTPOMTEILHON OTPACIN M KUIMIIHO-KOMMYHAJILHOrO X03siicTBa Poccuiickoit ®enepauun

1o 2030 roma ¢ mporao3om Ha nepuox a0 2035 rona / MUHHACTEPCTBO CTPOUTENHCTBA U KIITHITHO-KOMMYHAIIEHOTO X035 CTBa

Poccwuiickoii deneparun : opunmanpueiii caidT. 2021. URL: https://www.minstroyrf.gov.ru/docs/18723/
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OCO0CHHOCTH Pa3IHYHBIX [OIXO0/I0B TEPPUTOPUAIbHOTO poekTupoBanus B OO3 npu peanusarmu VCIT

Peculiarities of different approaches to territorial design in SEZ during the implementation of ICP

XapakTepHble 0COOSHHOCTH I'pundung Bbpaynouin Penduinn
Characteristic features Greenfield Brownfield Redfield
CreneHp epBOHAYATEHOTO C «HyIs» WA OcyIIecTBICHO 3apaHee CMmenraHHOE
MIPOEKTUPOBAHNUS YaCTUYHOE Implemented in advance Mixed
Degree of initial construction design From scratch or partial
OrpaHn4eHHs! B BO3MOXXHOCTH OTCcyTCTBYIOT CymiecTByioT [IpucyrcrByer
[IPUMEHEHUSI TEXHOIOT Ui Absent Absent BO3MOKHOCTb
Limitations in the possibility of using KOPPEKTUPOBAHUS
technologies Exist and can be
corrected
Heo0X0anMoCTh B CAMOCTOSITEIEHOM [IpucyrcTByeT OTtcyTcTByeT [pucyTtcTByeT
MPOBEAECHUN KOMMYHHUKALHH Exist Absent Exist

Need for independent communication

JUIMTENBHOCTD pealli3aliii IPOCKTa
Duration of project implementation

CpaBHUTETBHO BBIIIE
Comparatively higher

3aBUCHUT OT THIA
HpoeKTa
Depends on type of
project

CpaBHUTETHHO MEHBIIIE
Comparatively lower

CrerneHb pUcKa yCIEITHOCTH IIPOCKTa,
BBIPAXKAIOIAst JOCTIXKUMOCTD LIeJIeH
MIPOEKTa
The degree of risk of project success,
expressing the achievability of its goals

CpaBHHTEIBHO BBICOKAs
Comparatively high

CpaBHHUTEIBHO HU3KAs
Comparatively low

CpaBHHTEIBHO HHU3Kas
Comparatively low

YpoBeHb 3aTpar Ha pealn3aluio
npoekTa Ha Bcex dTanax ero JXKIJ
The level of project implementation
costs at all stages of its life cycle

B paMkax OO3 rpynmsl cenuaiucToB, KOTOPbIE MOJ-
OepyT onTuManbHbIH nopsiok peanusanuu VCII, yau-
ThIBas LEJIN U 33]a4M [IPOEKTa.

ITo nToram aHanm3a pa3aIU4HBIX BUIOB IPOEKTU-
POBaHMS, KOTOPbIE MPEACTABIEHBI B TAONHNIE, CIeayeT
BBIBO/I, UTO PEAQHIT MOAXO — 3TO BOBMOXKHOCTH OCY-
mecTBICHUS d(PPEKTUBHOTO HHBECTUPOBAHUS ITyTEM
nepeadn MOJTHOMOYHH 10 BBIOOPY ydacTKa M peaju-
3anuu VCII B pyku OD3 u ynpasisioneil koMnaHuy,
KOTOpast KypupyeT ee paboty. Bo3uukaer unas ¢popma
COTPYAHMYECTBA U KOONEPAIUH, JAIOIasi BO3MOKHOCTh
HNPUMEHEHUS! MPEUMYIIECTB BCEX BBIMIEYMOMSHYTHIX
MIOXOJ/I0B, YTO 00eCTeYynT (MHAHCOBO apryMEHTHPO-
BaHHOE (hopMHpOBaHME HOBOTO BH/A TOCYAapCTBEHHO-
YaCTHOrO MapTHEPCTBA, OCHOBOM KOTOPOTO SABISAETCS
BO3MOXKHOCTB JJOCTH KEHUSI U KaK IleJIed YaCTHBIX Mpe-
npuHuMarenei [7, 8], BoIpakeHHas B KeJIaHUHU MaKCH-
MU3aIMY TPUOBUIH, TaK U MOBHIIICHUE MaTepHATbHON
MIPON3BOANTEIBHOCTH JICSITEIbHOCTH COOCTBEHHBIX KO-
HOMHUYECKHX CTPYKTyp u OD3, ABIstOLIEHCs TPOEKTOM
npaBuTenbcTBa PO, KOTOPHIM HanpaBiIeH Ha yaydllle-
HUE COIMAIbHO-IKOHOMUYECKOTO Pa3BUTHUS PETHOHA
u ctpanbl B 1eiaoMm [9, 10]. ABTOpsl uccienoBaHus
MOJIATAIOT, YTO U3J0KEHHBIA BUJ COTPYIHUYECTBA I0-
3BOJIUT TIPOBECTH OOOIOHYIO ONTHMH3AINIO JICSTEIb-
HOCTH Kak OD3, KOTOpbIE B MOCIIEHEE BpEMS HE Jie-

CpaBHUTENLHO BhIIIIE
Comparatively higher

CpaBHUTEILHO HIKE
Comparatively lower

CpaBHUTEILHO HUXKE
Comparatively lower

MOHCTPHPYIOT 3HAUUTEIbHBIX TEMITIOB S KOHOMHUYECKOTO
HPUPOCTa, KOTOPBIH Ha HUX BO3JIAraloT?, H YCOBEPIICH-
CTBOBATh MEXaHH3M OpPIraHH3alMOHHO-3KOHOMHUECKIX
OTHOIICHWH B CTPOMUTEJLHOW OTPACHIH, YIyUIIUB CTe-
MIeHb KOOPAWHAIIMOHHOW aKTHBHOCTH ITPOCTPAHCTBEH-
HOTO pa3MEIIEHHs CTPATETHYECKH BaXKHBIX 0OBEKTOB
cTpourenscTBa [11-13].

BaxxHoe mpenMyIecTBO BEACHHS CTPOUTENBHON
nestenpHocTd W peanuzauuu MCII B OO3 — B03-
MOYXHOCTb MCIOJIb30BaHMS MPUHIINIIA «OJHO OKHOY,
KOTOPBIM TpeAronaraeT 3HaYNTeIbHOE COKpaIleHne
CPOKOB TOJTYYEHUS UCTIOIHUTEIbHO-Pa3peInTeIbHON
nmokymernrtanuu (MP/I), Gnaromapst HaTH4IUIO Ha TePPH-
topuu OD3 opraHoB ynpasieHus, o0Iagaronmx pac-
MIMPEHHBIMU TTOJTHOMOYHSIMH APYTHX BEAOMCTB M Y-
PEXK/IeHHH, OTBETCTBEHHBIX 33 COINIACOBAHUE U BBIIAUY
pa3penIeHuii Ha OCyIIeCTBICHNE PAOOT 110 BO3BEICHHIO
oObekTa crpouTenscTa. Ha puc. 1 cxemarndno mnpo-
WITIOCTPUPOBAH MEXaHN3M (DYHKIIMOHHPOBAHUS MIPUH-
LUIIa «OHO OKHO» B pamkax O23.

IIpencraBnenHslil puc. 1 cOCTOUT U3 ABYX 4a-
CTeHl, KOTOpPBIE JEMOHCTPUPYIOT MPOLECC HUCIOIb30BA-
Hus npeumyiects peannzanun UCII 8 023, ynenss
BHHMaHHE BBIOOPY THIIA MPOEKTUPOBaHUS U pabore
MPUHIHNIIA «OAHO OKHO». B oTinmume oT MHOXecTBa
JIPYTUX WHCTPYMEHTOB TEPPUTOPHAIBHOTO PA3BUTHUS

2 Oruer 0 pe3yNsTaTax KCMEPTHO-AHATUTHIECKOTO MEPOTIPUATHS « AHATM3 MEXAHN3Ma YCTAHOBJICHUS U ()yHKIIMOHUPOBAHHSI ITpe-

(hepeHIMATEHBIX PEKIMOB KaK HHCTPYMEHTA COIMATbHO-OKOHOMIYIECKOTO Pa3BUTHS M BHEITHEIKOHOMITIECKOH momuTrkm // Cuet-

Has nanara Poccuiickoit deneparmy : opunmaneaenii cait. 2022. URL: vdwd3gv17fv0y70801rii8bfngnisvzy.pdf (ach.gov.ru)
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Puc. 1. Mexanu3m QyHKIIMOHUPOBAHUS MPUHIHIIA «OJHO OKHO» B pamkax O3 npu peanuzanuu UCII

Fig. 1. Mechanism of functioning of the “one stop-shop” principle within SEZ during the implementation of ICP

U MHJYCTPHUAIbHBIX IIoanoK, OD3 ABISIOTCA KOM-
MJICKCHBIM U KOMOWHHUPOBAHHBIM METOAOM IPOCKTH-
POBaHMSI, MO3BOJISIIOIINM BHEAPUTH THOKYIO CHCTEMY
TUTAHUPOBAHUS TIPOCKTA, AaBasi BEIOOP: CTPOUTH C HYJIS,
MOIUDHUIIMPOBATH CHCTEMHO-IIONXO/ISINEES, JTOBCPUTH
mon0op U xapaktep HHBecTHpoBaHust OJ3 1 ee ympas-
JISIOICH KOMIaHUA. ABTOPBI HCCIIEIOBAHUS CUUTAIOT,
YTO BO3MOXKHOCTH Tepeaad GyHKIUH MO MPOCKTHPO-
BaHUi0 OD3 — HanboIIee NePCIEKTUBHBINA MPOIIECC UX
TpaHc(hOpMaIUU U MPEeoOpPa30BaHUS B TOTHOIICHHBIN
HHCTPYMEHT KOMIUIEKCHOTO TePPUTOPHAIBHOTO pa3-
BUTHUS, BKJIIOYAOIINANA BO3MOXKHOCTh MOIUMDUIIUPOBA-
HUSI JIEBEJIONEPCKUX YCUIIUN 3aCTPONIIMKOB B HY)KHOE
U CTpaTeTHYEeCKH BEpHOE C TOYKH 3pCHUs OM3Heca
1 TOCYAapCTBa HANIPABJICHNE, YIUTHIBAIOIIEE HHTEPECHI
00enx cTopoH mpoiiecca npoekTupoBanus [14, 15].
Psan uccnenosarenei, u3yyaBmux mopsiok pea-
nuzauuu VICII u ero 3tambl, 0OTMEYArOT, YTO BaXKHOCTh
MIEPBOHAYAIIFHBIX BIOKEHUH B MIPEAMPOCKTHYIO U TIPO-
€KTHYIO MOAATOTOBKY SIBJISIIOTCS CYIIE€CTBEHHBIMHU WH/TH-
KaTopaMu yCHEIIHOCTH mpoekTa [16]. [Ipyrue yuensie
yoexaeHsl, 970 OD3 — 3TO KIIOYCBOW WHCTPYMEHT
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COBEPILICHCTBOBAHUSI CTPOUTEILHON OTpaciu B pas-
pe3e Bcel cTpaHbl, KOTOPBIA CITOCOOEH aKKyMYIHPO-
BaTh (HaKTOPHI IIPOU3BOICTBA B OTHOM MECTE, CO3AaBast
MPOYHBIE PKOHOMUYECKHUE CBA3H MEXIy CyObeKTamu
oHOrO pbiHKA [17-19]. AHaTOrUYHON TOUKHU 3pEHUS
npuaepXuBaeTcss © MUHHCTEPCTBO CTPOUTEIHCTBA
1 SKAJTUIITHO-KOMMYHAJIBHOTO XO3SIfICTBa B COOCTBEH-
HBIX JIOKyMEHTaX CTPAaTerHueCcKOro pa3BUTHUS OTPACIH,
BBIICIISIS BaXKHOCTh OD3 B pelicHUH MpooIieMbl KOOP-
MUHAIMOHHOTO M MPOCTPAHCTBEHHOTO Pa3MENICHUS
CTPAaTEeTHYECKN BAXHBIX JUJIS TOCYAApCTBA M OTpacin
00BEKTOB cTpouTenbCcTBa [2]. OHAKO HEAOCTATOUHAS
3aMHTEPECOBAHHOCTD 3aCTPOUIINKOB 00YCIOBICHA HI3-
KO MMPHOBUTHHOCTEIO M CIIOKHOCTHIO TIOTOOHBIX TIPOCK-
TOB, YTO, HECOMHEHHO, BBICTYTIAE€T OJHUM H3 OCHOBHBIX
MPEeNATCTBUM I MOJIHOLEHHOTO mpuMeHeHuss 003
B COBEPIICHCTBOBAHUHM MHBECTULIMOHHO-CTPOUTEIHHOM
ctepsr (UCC).

Bonee Toro, cnenuduka OD3 u ux orpacienas
HaMpPaBJICHHOCTH MPEANOJAraT B UX S3KOHOMHUYECKOM
HAa3HAYCHUU HEOOXOMMMOCTh KJIACTCPU3AIUU U KOH-
[EHTPAINHU TPON3BOJICTBEHHBIX YCHIINI B OHOM MECTE
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[20-22], uyToOBI 0OecnieunTh (OPMUPOBAHUE KPYITHBIX
npeanpustui-uaTerparopo UCC ¢ pacmmpeHHON
TOPU30HTAJIBHON U BEPTUKAIBHON CTPYKTYpOH, cro-
COOHOM Ha peayn3anuio 00bEKTOB CTPOUTEIILCTBA T10-
BBIIIEHHON CIIO)KHOCTH W YHHKAJIbHOCTH, KOTOPBIE
Ha JIAHHBIH MOMEHT IPaKTHYECKH HEBO3MOXKHO peallu-
30BaTh 0€3 YCHJIMH rOCYIapCTBEHHOTO PErynpoBaHUsl,
KOTOpOE 3a49aCTyI0 BBICTYMAET HE TOJIHKO KIFOUEBBIM
MHBECTOPOM 3THX MPOEKTOB, HO U 3aCTPONIINKOM, HC-
MOJIB3YSI AJIS1 TOTO TOCYAAPCTBEHHbIE TIOAPSIIHBIC MTPE-
npuAThs. 3ajada 1Mo perIeHnio 3TOT0 MPOTHBOPEUNs
JISKUT B CO31aHNM MEXaHHM3Ma MJIM KOMILIEKCa METO-
JIOB SKOHOMUYECKOT'0 MPOrHO3UPOBAHUS MEPCIIEKTUB
peammzarun VICIT B 033, uto chopmupyer HEOOXOIH-
MYI0 METOAMYECKYI0 0a3y JUIsl OLEHKH WHBECTHIOH-
HO-CTPOMTENBHOM AesTenbHocTH B O3, Yuert pa3nnd-
HBIX MTOJIOKUTEIBHBIX 3(P(PEKTOB, KOTOPHIE OKA3BIBAIOT
093 Ha npouecc peanmu3anuu VUCII B oOmem Bune,
CIIEIyeT CBECTH K CHIKEHHUIO CPOKa IO CO3IaHHIO IJa-
HUPYEMOTO 0OBEKTa CTPONUTENbCTBA. PaHee B mccieno-
BaHHH, KOTOPOE MOCBSIICHO CPAaBHUTEILHOMY aHAITU3Y
peanuzanuu VCIT B OO3 u B 0OBIYHBIX NMPOEKTHBIX
YCIIOBHUAX, OBUIO YCTaHOBIICHO, UYTO BeNMWYIMHA dPPek-
Ta NPEUMYILECTB MPH BEACHUH HHBECTUIIOHHO-CTPO-
UTEIBHOM NeATenbHOCTH B OD3 — 3T0 KOppensanus
ycIiexa MpoeKTa OT BEIHMYUHBI 3aTpaT M BPEMEHH, KO-
TOpBIE OBUIO BIOXKEHBI B 00BEKT HeaBKUMocTH. Co-
BOKYITHOCTb JIBIOT, TIpe(pepeHIINH, ITOrOTOBJICHHAS ISl
3aCTPOMKH 3eMJIsl, HAINUNE MHKEHEPHO-TEXHUYECKOU
HHPPACTPYKTYpPBl — BCE 3TO CIIOCOOCTBYET yCKOPEH-
Hoit peanuzanuu MCII, cHukas 3aTparhl Ha €ro CTpo-
UTENBCTBO [23], 0COOCHHO Ha MTEPBOHAYATHHBIX dTAIaX
TUITAHUPOBAHUS 00BEKTa HEIBH)KUMOCTH.

Takum oOpa3om, 00001Ias BbIIECKa3aHHOE, aB-
TOPBI NCCIIEIOBAHNS CTPEMSATCS pa3paboTaTh HHCTPY-
MEHTBI IUTAHUPOBAHHS U IPOTHO3UPOBAHUS 110 OLICHKE
s¢dexruBHOCTH peanusanuu NCIT B OD3, koTopsie
HaIlpaBIIeHBl Ha OmpenaelieHne Kod()PHUIINEeHTOB JIH-
HelHO#M M oOpaTHOW MPOMOPHHMOHAIBLHOCTH 3aTpar
1 BpeMeHH Ha KaxaoM u3 stanos JKI[ mpoexra. Bax-
HBIM CBOHCTBOM NPOBOJMMOTO HCCIIETOBAHUS CIIYXKHUT
CTpoOrasi Hay4JHasl [T0CJIEA0BaTEIbHOCTD, Oa3upyroIasics
Ha MOCTPOSHHH TPSIMBIX M MapaboIrnyecKux QpyHKIHU,
JIEMOHCTPHPYIOMINX MPHUpPAICHNE apryMeHTa 1 (yHK-
WU, YTO ABJISETCS 000OIIEHHEM MPOIOPIUOHAIb-
HocTH. [IpakTHdeckas 3HAYMMOCTH HCCIICTOBAHUS 3a-
KITIOYAeTCsl B PEIICHUH MPOOJIEMBI MO0 ONTHMU3AIHA
nestenbHocTH OO3 U COBEPIIEHCTBOBAHUU Pa3IMUHBIX
HaIlpaBJICHUM CTPOUTENILHON OTPACIIU, HAIIPaBICHHBIX
Ha yJTy4IIeHHE MPOCTPAHCTBEHHO-TEPPUTOPHAIBEHOTO
pa3MenieHus 00bEKTOB CTPOUTENIBCTBA, N30eras Juc-
MPOTIOPIIMHU B UX PACTIPEICICHUH.

MATEPHWAJIBI U METO/JbI

CyImecTByOIIHE TTOIXOIBI MO OlleHKE 3P (HEKTHB-
HOCTH MHBECTUIIMOHHBIX MMPOEKTOB CJIEAYET pacipe/ie-
JSITh Ha T€, KOTOPbIE XapakTepu3yroT 3GeKTHBHOCTD
MIPOEKTA B II€JIOM, YTO HANpPaBJICHO Ha OTpeIeIeHue

€r0 MHBECTHUIIMOHHON MPHUBICKATEIBHOCTH, U MOUCK
MCTOYHHUKOB (PMHAHCHPOBAHUSI C TIO3UIH MHBECTOPA;
U IPYTOH TOAXO, MPENoararomuii oneHKy dhdek-
TUBHOCTH yYaCTHUS OTIEIBHBIX CYObEKTOB B IPOCKT-
HOM AESITEeTbHOCTH, XapaKTePU3YIOIUN pOJb U BKIIaJ
CTEHKXONIEPOB B MpoekT [24]. B 3aBucuMocTH OT Mac-
mTabOB PeaJTu3yeMoro MPOeKTa B PaMKax OLIEHKH €ro
a(dexTuBHOCTH ompenensercss ero KoMMepueckas
u obmecTBeHHas 3 dexTuBHOCTH [25]. Heobxommmo
OTMETHUTH, YTO MIPUMEHEHNE 000MX CIIOCOO0B OIEHKU
3a4aCTyI0 UMEET KOMIIEKCHBIN XapakTep, 3aBUCSIIUN
OT Pe3yJIbTATOB MIPEABAPUTEIBHON OLEHKH MHBECTHIIH-
OHHOH MPUBIEKATEIBHOCTH MpoekTa. OTHUM U3 KITIO-
4YeBBIX (DAKTOPOB, OKAa3bIBAIOIIMX BIUSHHE Ha BHIOOD
MIPUMEHSIEMOT0 Ha MPAKTHUKE METOAa oueHKH 3 dek-
tuBHOCTH peanu3aunu VCII, sBasercs BpeMs, 4To
HaXOJUT OTPAXKCHHE B aHAIM3UPYEMbIX MapaMerpax
yueTa, KOTOpbIe pacCMaTpPUBAIOTCS HA TEKYIIMH Wi Oy-
JTyumi nepuof npoexra. Heo6xoauMocTs onpeneneHus
TOPH30HTOB pacyeTa Mnokasareiiei GopMHUpyeT OCHOBY
MPUHATHS YIPABICHUYECKUX PEIICHUH B YCIOBUSIX CPaB-
HEHMS BIO)KCHHBIX HHBECTUIMN M OyAyIINX JCHEKHBIX
MOTOKOB. BBUly 1aHHOIT 0COOCHHOCTH, UCTIONB3YEMBIH
nipu orieHke g dexruBHocTr MCII mepeueHs mokasare-
nei OyaeT pa3nuyIHbIM TS KaXKI0TO U3 METOIOB OLICH-
KU M CTPYKTYPUPYETCSI CIIETYIOLIMM 00pa3oM.

1. Crarnyeckue MeTOIBI OIEHKH MHBECTUIIUH,
3aKJTIOYAlOINecs B MIPUMEHEHUH OTACIBHBIX U TOUYCU-
HBIX 3HAYEeHMI MOKa3aTeledl B yCIOBHUSX paBHO3HAU-
HOCTH TIOCTYIIJICHUH M 3aTpaT OT Pealn3aliy MPOoeKTa
B KOXJIOM 3 TIeproaoB [26]. [IpenmyIecTBo 1aHHOTO
MeTO/ia B IPOCTOTE €r0 MPUMEHEHHUSI U ONEPaTUBHOCTH
MOJYYEHHBIX PE3YJIbTaTOB SKCIPECC-OLIEHKH Ha paH-
HUX CTAJHSIX HHBECTHIIMOHHOTO MPOEKTa, KOTJa Heoo-
XOIUMO OCYIIECTBUTH NMPEIBAPUTENBHYIO OLIEHKY €T0
MEPCIIEKTUBHOCTH WX B CIIy4ae pacCMOTPEHHMS MaJIbIX
MHBECTHUIIMOHHBIX MPOEKTOB. 3HAYUMBIM HETOCTaTKOM
METO/Ia SBJISIETCS] OTCYTCTBHE yueTa (hakTopa BpeMeH!
1 €ro0 MPOM3BOJHBIX — CPOK SKCIUTyaTallMOHHOM >KU3HN
MIPOEKTa, BpEMEHHAsI IIEHHOCTh JICHEKHBIX CPE/ICTB, M0-
CTETICHHOE CHIDKEHUE CTOMMOCTH 00BEKTOB OCHOBHBIX
cpencTs (ycrapeBaHne o0OpYyHZOBAaHUS M NMPHUXOJ €TO
B HETOAHOCTH). K TaHHOI rpymme MeTo0B OTHOCSTCA:

* pacuer cpoka okynaemocTHn uHBectuuui (PP),
HAaIpaBJICHHBII HA YCTAHOBJICHNE BEIMYNHBI BDEMEHH,
HEOOXOAMMOro Ha BO3MEIICHUE BIOKEHHBIX HHBECTO-
POM CpeACTB B MPOEKT. IJIst OIpesieIeHus CpoKa OKyIia-
€MOCTH CJIe/lyeT UMETh JAHHbIE 110 BEMYNHE JOXOTHBIX
MOCTYIUICHUH B paMKaxX paccMaTpHBAEMOTO MEPHOAA.
Cy1ecTBeHHBII HETOCTATOK JAHHOTO METO/1a — OTCYT-
CTBHE y4eTa BCETo MepHo/ia CO3aHus MTPOeKTa (Tocie
BO3BpaTa MHBECTHUIIUIT), YTO MPUBOAUT K 3aTPYIHEHUIO
OLIEHKH €ro NPUOBLIHHOCTH;

* k03¢ unmeHT >PPEeKTUBHOCTH WHBECTHUIIUN
(ARR), xoTopblit siBiIsIeTCsI 0OPAaTHBIM O CMBICIY CPO-
Ky OKYTaeMOCTH U IEMOHCTPUPYET OOIIYI0 peHTa0eIb-
HOCTB MPOEKTA ITyTEM COOTHOIICHUS BEJIMYUHBI CPEl-
HETOI0BOM MPHUOBLIN MPOCKTA CO CPEIHEH BEITMUYUHON

1287

£Z0Z ‘g 9Nss| "gL 2wnjo/ . 8In}08}IYdJy PUB UOI}ONJISUOD UO [BuInOf AJYIUOI « NSSIN MIUISOA
€20z ‘g ¥ohuiag gL woL . (8UluO) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN dMHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 8, 2023

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 8, 2023

A.3. UckaHOapos, C.M. Bopo3duHa

MHBECTHIIMOHHBIX BIOXKeHUH [27]. CTOUT OTMETHUTB,
9TO 3/ICCh BO3MOXKHEI JIBE ()OPMEBI pacdyeTa, KOTOPBIC 3a-
BUCSIT OT HAJTMYHS OCTATOYHOIN CTOMMOCTH MHBECTHIIHIA
o 3aBepuiennu peanusanun MCII. Henoctarku ganHo-
0 METOJa 3aKJIFOYAFOTCSI B OTCYTCTBUU AU PepeHIH-
POBaHUS ICHEKHBIX TOTOKOB IS IIPOCKTOB, MMEFOTIINX
paBHBIC 3HAYCHHS CPEIHETOA0BOM MPUOBLIN, HO pac-
Mpe/ieJICHHON HEPAaBHOMEPHO IO To/IaM U IOCTUTraeMoi
3a CUET Pa3NUYHBIX BPEMEHHBIX IEPHOIOB;

* k093G QUIHCHT CPAaBHUTEIBHOH d(PPEKTUBHOCTH
KaIUTAIbHBIX BIOXKEHUH K, KOTOPBIH PaCCUMTHIBAETCS
ITyTEM COTIOCTABJICHUS Pa3HUIIBI CEOECTOMMOCTH BHIITY-
CKa MPOIYKITUH C BETMUYNHON KaIMTAIBHBIX BIOKECHUI
[0 TJIAaHUPYEMBIM U YK€ BBEICHHBIM akThBaMm. LleH-
HOCTh JAaHHOTO METO/Ia B BO3SMOXKHOCTH OTIPEIICICHUS
HanOoJIee peHTa0CIBHOTO MPOSKTa i 0OOCHOBAHHMS 3aMe-
HBI YCTAPEBILET0 000PYIOBaHHUS, KOTOPOE BBIPAKACTCS
B pacueTe KOHEYHOU Pa3HOCTH SKOHOMHYIECKOTO (P QeK-
Ta. OTHAKO 3TOT METOJl UMEET CYIIECTBEHHBINH HE0CTa-
TOK, KOTOPBII 3aKJII0YaeTCs B aOCTparupoBaHUM psiia
YCIIOBHH, XapaKTEPU3YIOIINX YPOBCHD MTPON3BOAUTEITh-
HOCTH M CPOK ITOJIE3HOTO HCIIOIB30BaHMsT 000PYIOBAHUS,
a TaKoKe BPEMEHHOM LIEHHOCTH JICHE)KHBIX CPEJICTB.

2. JluHaMUYEeCKHE METO/IbI OLIEHKU WHBECTHUIIUH,
KOTOpBIE MPEANOIaraloT MpUMEHEeHUEe CTaBKU JIUCKOH-
TUPOBAHMUS IS MPUBEJECHUSI CTOMMOCTH pPa3HOBpE-
MEHHBIX JCHEKHBIX TTOTOKOB MPOEKTa K TEKYIIEH MIH
Kakoi-11100 nHOUW KoHKpeTHOH nate [28]. [Ipenmyte-
CTBO JIaHHBIX METOJIOB 3aKJIF0YacTCs B y4eTe (pakKTo-
pa BPEeMEHH, OKa3bIBAIOIIETO 3HAYUTEIBHOEC BIIHSHHC
Ha GOpPMUPOBAHHUE HOPMBI JTIOXOIHOCTH MPOEKTa (CTaB-
KU JTUCKOHTHPOBAHUS ), KOTOPAsi BKIIFOYAET MHOXKECTBO
ACTICKTOB — WHQIIAINIO, PEMHUIO 33 PUCK PeaTu3aIii
MPOEKTa, COBOKYIMHYIO CTOUMOCTH MHBECTHUIIMOHHBIX
CPENICTB U MHbIE [T0KA3aTeIH, UMEIOIINE 3HAUCHUE ISt
yceremHo# peanusanuu WCIT [29]. K HegocTaTkam
METOJIa OTHOCHUTCS CIIO)KHOCTh €r0 IPUMEHEHUs, 00Y-
cioBIcHHas (GOPMUPOBAHUEM CTaBKU JUCKOHTHPOBA-
HUS, TPeOYIOIIeH TOYHOTO OMpPEACTICHIS HEOOXOMMBIX
napaMeTpoB, KOTOPHIE JIATYT B € 0CHOBY. Kpome Toro,
B Clly4yae aHaju3a pa3HOBPEMEHHBIX MTOTOKOB CJIEIyeT
MIPUMEHSTH Pa3IMYHBIC CTABKU JUCKOHTHPOBAHUS, YTO
YCIOXKHSIET TPOoIecc OleHKH d((HEKTUBHOCTH peann3a-
uu npoekra [26]. Takum 00pa3om, K JUHAMHYCCKUM
METO/IaM OICHKH WHBECTHIINN OTHOCSATCS CIICTYFOIITHE:

* YHCTHINA TUCKOHTHpOBaHHBIHN noxor (NPV), pac-
CUMTBHIBAEMbIN KaK pa3HULIA MEKTY JUCKOHTUPOBAHHBI-
MH TIOTOKaMH JTOXOJIOB M PACXOAOB IIPOEKTa 33 aHaJH-
3UpyeMbIi mepuox ero gyHkimonupoBanus [27]. [pu
MOJIOKUTENbHOM 3HaueHuu NPV mpoekT cuurtaercs
JIOXOTHBIM W TIpenjaraercs K peamu3anun. OgHAKO
BBUJY CHEeNMU(DUKN WHBECTUIIMOHHO-CTPOUTEITHLHOMN
JIeATEeNIbHOCTH 3a4acTyl0 CPOKH IIPOEKTa MOTYT H3Me-
HATBCSI, UTO MPUBOAHUT K HEOTPEICICHHOCTH W CHH-
YKaeT TOYHOCTh JAaHHOTO METOoJ/a OlleHKH. K Tomy xe,
B paMKax pacueTa MpearnoiaraeTcs NpUMEHsITh €IUHYIO
MIPOIEHTHYIO CTaBKY U HMHBECTHIINHA, YTO B HEKOTO-
pOil cTeTeHN HEKOPPEKTHO, TTOCKOJIBKY XapaKTePHBIM
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B MHBECTHIIMOHHOH JICSTEIBHOCTH SIBIISICTCS] IPUMEHE-
HHE CMEIIaHHOH CTPYKTYpBl (PMHAHCHPOBAHMUSL, T/E pa3-
JIMYHBIE UCTOYHUKH BJIOKEHUU UMEIOT HCOJMHAKOBBIC
MPOLICHTHBIE CTaBKH;

* mHAeKC peHTabenpHOCTH MHBecTHINH (PI), me-
MOHCTPHUPYIOUUN BEIUYUHY NMPUOBIIN HA €IUHHILY
pPacxo/ioB IIyTeM COIIOCTABIICHHSI YUCTOTO JMCKOHTHU-
POBAHHOTO JIOXOAA C TMEPBOHAYAIBHO BIIOKEHHBIMH
HHBCCTULIUAMMU, YUUTHIBAA BI)I6paHHyIO CTaBKy JUC-
KOHTHUPOBaHUS. 3Ha4E€HHUE MHCKCA JOJDKHO OBITh BBIIIE
€IMHMIIBI, B TAKOM CITydJae MPOEKT 00JaaeT MepCrek-
THUBHOCTEIO. Kak Ipasuiio, )IaHHLIﬁ METO IMTPUMECHACTCA
B YCJIOBHSIX CPAaBHEHHMSI IPOEKTOB, UTO YCIIOXKHSCT MPO-
IIeCC OTIpEeIeIeH U] HOPMBI IUCKOHTA JTst pasHbix VCIT;

* BHyTpeHHss HopMa noxoaHocTH (IRR), kotopas
BBIPAXKAET TAKyI0 CTaBKy AUCKOHTUPOBAHHUS, IIPH KOTO-
poit NPV paBeH Hymr0, 9TO 03Ha9aeT 0€3yOBITOUHOCTD
npoekta. HemocraTrok JaHHOTO METO/a OIIEHKH — Be-
POSTHOCTD HOJY4YEHUS] MHOKCCTBEHHOCTH 3HA4YCHU,
YTO CBSI3aHO C 3aBUCHMOCTBIO BHYTPEHHEH HOPMBI J10-
XOAHOCTH OT 4aCTOTHI IMOJOXKUTCJIIbHBIX NCHEXHBIX I10-
TOKOB, KOTOPbIE PEMHBECTHPYIOTCS K CTABKE;

* TUCKOHTHPOBAaHHBIN Cpok okymaemoctu (DPP),
YUHUTBIBAIOIIUHA (GAKTOP BPEMEHH JUIsSi CTOUMOCTH JICHET.
Panee ObUTO YHOMSIHYTO, YTO NMPEUMYIIIECTBOM JTaHHO-
TO METO/Ia SIBIISIETCS] BBICOKAsI TOYHOCTH 110 CPABHEHHIO
¢ ero craTuveckoil Bapuamueil. K HegocTaTrkaM OTHO-
CHUTCS YUET IIPH PACUETEe TOJIBKO T€X MOTOKOB, KOTOPBIE
YKJIQIBIBAIOTCS B IEPHOJ] OKYNTAEMOCTH, YTO OTIPEEIIs-
€T BCIIOMOTaTelIbHbIA XapakTep IPUMEHEHUS JaHHOTO
METO/Ia OLICHKH.

Kpome Toro, CyIiecTByIoT 1 albTepHAaTHBHBIEC Me-
TOABI OLICHKH, CBA3AHHBIC C TPUMCHCHUEM PA3JIMYHBIX
TEXHUK (PMHAHCOBOTO aHaJN3a WIM UMUTAIOHHOTO
MOJICTTMPOBAHMS N3MEHEHHSI Pa3JINIHBIX IEPEMEHHBIX,
BhIpaXaroIUX (akTopbl B paMKax CIIEHAPHOIO IUIa-
HUPOBAHMsI HHBECTHUIIMOHHO-CTPOUTEIIBHOM JesITEIb-
HOCTH — METOJ peaibHBIX omiuoHoB [30] m mMeTox
Mounrte-Kapno [31]. [Ipaktuueckasi IEHHOCTh TaHHBIX
croco0o0B OICHKU (PPEKTUBHOCTH WHBECTUPOBAHUS
3aKIF0YAETCs B BOSMOYKHOCTH MPHHSTHS THOKHUX YIIPaB-
JICHUYCCKUX peHleHHﬁ, Korga CymecCTBYET BbICOKasA CTE-
NIeHb HEOTPE/ICICHHOCTH, XapaKTepu3yemas oTpulia-
TEIBHBIM WU ONM3KUM K HYJIO 3HAYCHHEM YHCTOTO
JMCKOHTHPOBAHHOT'O JI0XO/IA.

[pennaraemblii aBTOpaMy METOJT IPOTHO3UPOBAHHMS
a¢dexrrBHOCTH peammsarn VICIT B OO3 Ha pa3nudHbIX
sranax XK1 npeanonaraer 0ObeIMHUTE KITIOUEBBIE 0CO-
OEHHOCTH M MPEUMYILIECTBA «KJIACCHUECKUX» METOJ0B
OLICHKH B KOMIUIEKCHBIH BHUJI, IO3BOJISIS ITPe00pa30BaTh
(akTOpbl BpeMeHH U 3arparbl B pOpMY HEPEMEHHBIX,
BBIPXKAIONIUX NPSMYIO WJIH OOpaTHYIO MPOIOPIHO-
HaJBHOCTH pesyasratuBHOCTH peanm3anuu WCII. Cy-
IECTBEHHAs 0COOCHHOCTh pa3pabOTaHHON METOAMKH
3aKJIIOUaeTCsl B ynpouleHun yciaoBuil peanusanuu NCII
B 003, mockonbky OD3 — 3T0 cpena BeeHHUS WHBE-
CTUIITMOHHO-CTPOUTENbHOU /€STEIbHOCTH, B KOTOPOH
BEJIMYMHA HEOIIPE/ICICHHOCTH HUBEINPOBAHa, YTO JIaeT
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BO3MOKHOCTbH B LIEJIAX MPOCTOTHI pacyeTa MpeHeopedb
psiioM (akToOpoB, KOTOPBIE XapaKTEPHBI JUIsl CTaHAapT-
HBIX YCIIOBHH MTPOECKTHPOBAHHS.

IIpomecc ompenesieHUs BBIIIEYNOMSHYTHIX KO-
3¢ GUIMEHTOB TPONOPLIHUOHAIBHOCTH IPEIoIaraeT
ocymecTBiIeHne mMonenupoBanus dtamos JKI[ MUCII
mpu ero peanuzanuu B 003, yuuThIBasg COBOKYIHOCTh
MIPEUMYIIECTB, KOTOPBIE CIOCOOCTBYIOT YCKOPEHHOMY
BEICHUIO WHBECTHUIIMOHHO-CTPOUTEIBHOMN AEATEIbHO-
ctu B OD3. MeToauka mTpoOBOJUMOTO UCCIAEAOBAHUS
3aKJII0YaeTCsl B MOCTPOCHUHM COBOKYIMHOCTH Ipa)uKoOB
(hyHKIIMOHATTFHBIX 3aBUCHUMOCTEH, KOTOPBIE HEOOXO M-
MO TIPOMJUTIOCTPUPOBATH, YUUTHIBAsI BAXKHOCTB KaXI0TO
13 3TAIOB NIPOEKTa HA OCHOBE U3MEHEHUS 3aTpaT U Bpe-
MEHH, SBIISIONINXCS TEPEMEHHBIMH BETHIUHAMH.

[TpumeHeHne METOJIOB MOJICITUPOBAHMS, rpaduye-
CKOTO NTOCTPOCHHUS 3aBUCMOCTEH IepeMEeHHBIX, 0000-
IIEHNs ¥ CHHTE3a TIOJTyYeHHBIX JaHHBIX B MPOIECCE HC-
CIIEZIOBAHUS MO3BOJIUT CKOHCTPYHUPOBATh KOMIUIEKCHBIN
MHCTPYMEHT 110 OIleHKe 3(p(hEeKTUBHOCTH peanu3anun
WCII B ycnoBUSAX MHTEHCHBHOM TWHAMHUKHA H3MEHCHHUS
MIepEeMEHHBIX — 3aTpaT U BPEMEHH, BIHSIONINX Ha YCTIeX
npoekra. Boccozganue pasnuuHbIX MU3MEHEHU nepe-
MEHHBIX HAIPaBJIeHO Ha JIEMOHCTPAINIO BCEBO3MOXKHBIX
CIOCOOOB PELICHU 3a/1a9H TI0 YBETUIESHUIO SKOHOMHUYE-
ckoro 3¢ dexra ot peanuzaunu MCII, uro naer HeoOXo-
JIMMBIE CPEICTBA JUIS OTPE/IeIeHHs U BBIOOpa Hanboree
palMOHAIBHOTO CIIOCO0a IOCTHKEHHUS TTOCTABICHHOM
L[E]TU, YYUTBIBAsI OTPAHMUYEHHOCTh PECYPCOB.

[lepBBIM 3TaroM B paMKax HCCIIEIOBAaHHS HEOOXO-
JIUMO BBLAETHUTH U cTpykTypuposats KL UCII, yunTsI-
Basi ocoOeHHOCTH BeneHus aesrensHoctd B 093, Tlon
*ku3HeHHBIM 1nkiIoM VICIT moHnMaeTcst MHTEpBai Bpe-
MEHH MEXIy BOZHUKHOBEHHEM HJI€U MPOEKTA, ero Io-
CIeAyIoUel peanu3anueil U 3aBepIieHueM, CBI3aHHbIM
C JINKBU/IAIIEH 00BEKTA CTPOUTEIHCTBA U IIPOEKTUPO-
BaHus. Cpenu uccienoBareiei pacpoCTPaHEHbI pas-
JIMYHBIC MHEHHSI OTHOCHUTENIFHO KJIACCU(HUIINPOBAHUS
sTanoB 1o pearm3annu VCI1. MHOTHE YdeHbIe CKIIOHS-
FOTCS K TOMY, YTO XapaKTE€PHBIM SIBIISICTCS OIIpEieTICHIE
Hauaja ¥ OKOHYAHUS MHBECTUPOBAHUS B MPOEKT [32],
B TaKOM CiIy4ae cTagu ((a3sr) HEOOXOIMMO BBIICTHTH
CIICAYIOIIUM 00pa3oM:

* IpeJbIHBECTHIMOHHAs (a3a, KoTopas Xapak-
TEPU3YETCs ONPEICIIEHNEM HIEH TPOEKTa U UCCIIENI0-
BaHUEM KOHBIOHKTYPHI pbIHKA. B pamkax 5Toi ¢assl
TpeOyeTcs TOCTUYb PAaBHOBECHS MEXK1y Ha3HaYeHUEM
peann3yemMoro o0beKTa CTPOUTENBCTBA C €r0 X03sii-
CTBEHHO-9KOHOMHYECKOW (DYHKIMEH, yUUThIBAs CIIECLH-
¢uKy (aKkTOpOB M YCIOBHUH PHIHOYHOTO CETrMEHTA.
ITo pesynbraram (hopMupyeTcs KOHLETIINS O BO3BEIe-
HUIO TJIAHUPYEMOT0 00BEKTa CTPOUTENbCTRA,;

* UHBECTUIMOHHAs CTaAUsl — COBOKYMNHOCTb
9TaNoB MPOEKTa, KOTOPBIE HANPABJICHHI Ha Pa3padboT-
Ky IMIPOEKTHO-CMETHOH 1 pabouell JOKyMEeHTaluu, Co-
CTaBJICHHOI B COOTBETCTBHH C BHIOPAHHBIMHU MOJPSII-
YHKaMH Ha OCHOBE KOHTPAKTHBIX yCIOBHH. KiroueBbIM
JIOKyMEHTOM B paMKax 3ToM (ha3bl SBISETCS KaJleHap-

HO-pecypcHbIi rpaduk BegeHus padbor. B pamkax maH-
HOM (ha3bl KITaCCU(PHUKAIINN OCYIIECTBISIIOTCS U CTPOH-
TEIbHO-MOHTAXHbIE Pa0OThI, KOTOPHIE B 3HAYUTEIBHOM
CTereHn TpeOyIoT MHBECTHIIMOHHBIX BIOKESHHH;

* TIOCTUHBECTHIIMOHHAS (a3a — 3aBEpIICHHE
MPOEKTa U JIOCTH)KEHUE HEOOXOIMMOTO YPOBHS DKC-
TUTyaTHPOBAHUS, KOTOPBII OBUT M3JI0KEH B JOKYMEHTaX
OmM3HEC-TUTAHUPOBAHMUS 110 OIICHKE dPPEKTUBHOCTH Pe-
amusanuu UCIT. BaxkHO OTMETHTB, YTO HEOOXOIUMOCTh
(mHAHCHpOBaHMS HE 3aBEpIIAcTCsS M IMPOEKT TpedyeT
WHBECTHUPOBAHMS W aMOPTHU3AIMH BIIJIOTh 0 JINKBH-
Jlaluu. ABTOPBI UCCIEAOBAHUS CYUTAIOT, YTO TIPU pac-
npeneneHuu 3tanoB peanusanuu MCII crenyer yne-
JUTH 0C000€ BHUMaHUE PAaHHUM M KOHILENTYaJlbHBIM
CTaAMsIM, KOTOPbIE TECHO CBSI3aHBI C OIpEJEICHUEM
MIPaBOBOTO CTaTyca 3¢MEIbHOT0 y4acTKa M HOPSIIKOM
MIPaBOYCTAHABIMBAIOIETO MOJIOKEHUSI 00BEKTa CTPO-
UTEIbCTBA. YCHEX MPOEKTa 3aKII0YaeTCs B BEPHOM
OTIpeJIeIeHN PHIHOYHOM KOHBIOHKTYPHI BEIOPaHHOTO
cermenTa. [lepeuncnum stamsl KL UCII, yautsiBas
BAKHOCTh MCCJIEIOBATENILCKOM U MPEANPOSKTHON cTa-
JIVY TUTAaHUPOBAHMSL:

1. Hccrnenoparenbcko-anamutuaeckas (MA):

° aHaJM3 KOHBIOHKTYPBI PbIHKA U €ro noTpeOHo-
CTelt — HcceioBaHme BceX (DaKTOpOB CPeJibl;

* OIpEeAEIECHNE UIEH U HA3HAYCHUsSI IPOEKTA;

¢ KOHICHITYAJbHOC IJIAHUPOBAHUC,

* YTBEpKJCHUE BEIOPAHHOTO CLICHAPHS 110 Peajn-
3anuu VICIL, yunTeiBast BRIOpaHHOE HaIpaBIICHUE CTPa-
TETUYCCKOTO pa3sBUTUA MTPCATIPUATUA.

2. TIpeamnpoexrnoe mannposanue (I11T):

* KOMIUJIEKCHBIN cOOp JOKYMEHTAIIMOHHBIX ITOJI0-
JKCHUH TI0 N3YyUYCHHIO ClielM(PUKN TEXHUUECKUX YCII0-
BHI IIPOEKTA;

* U3y4YCHHE PEIIAMEHTOB, PETYIHPYIOMINX TTOPS-
JIOK 3aCTPONKH BHIOPAHHON TEPPUTOPUH TOJ peaan3a-
mmro UCII;

* OCYIIECTBICHHUE IPEABAPUTEIbHBIX HHKEHEPHO-
Te0JIOTMYECKUX U3BICKAHUI 3eMENIbHOTO y4acTKa.

3. Ilpoexruposanwue (IT):

* MOWCK MCTOYHUKOB ()MHAHCHPOBAHUS U pa3pa-
00TKa KaJIeH/IapHO-PECYPCHOTO TNIAHUPOBAHHUS CETE-
BBIM METO/IOM TIAHUPOBAHUSI PadoOT;

* odopMIcHHE TEXHUYECKON U pabodeil ToKy-
MEHTAaIlH, COCTaBJIEHHE CBOAHO-CMETHOIO pacyeTra
1 TIOMCK TIOJIPSTYMKOB,;

* IPOXOXKACHHUE TOCYAAPCTBEHHOHN 3KCHEPTU3HI
Y IIOJIYYCHUM pa3pelleHnuil Ha CTPOUTEIILCTBO.

4. Crpowurensctso (C):

* IPOBEIEHHE BCEX pabOT B COOTBETCTBHU C IIPH-
HATOH paboucit TOKyMEHTAIHEH;

* COCTaBJIEHHE HTOTOBOTO BAPHAHTA CBOIHO-CMET-
HOTO pacdera pabor;

* JKCIIEPTH3a 3aBEPIICHHBIX Pa0OT U 0OBEKTOB,
KOTOPBIE TOTOBBI K SKCIUTyaTaluH.

5. 3aBeprreHne IpoeKTa 1 ero SKcryararms (33):

* OIIEHKAa PEe3yJbTAaTOB U MOJBEACHHE UTOTOB pea-
mm3anuu UCII,
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* COCTAaBJICHHE NAKeTa COMPOBOAUTEIHHOU HO-
KyMEHTaluu — OQpOpMIICHUE TIpaBa COOCTBEHHOCTH
U MOJNIMCAHNE aKTa O 3aBEpIICHUH padoT.

ABTOpBI UCCIIENOBAHMUS TT0JararoT, uto B 023 pan-
HHE CTaINH 110 Pa3padOTKe KOHLEMIINN IPOEKTa, UCCIle-
JIOBAaHHMIO KOHBIOHKTYPBI PhIHKA U CTETIEHH UHBECTHULIU-
OHHBIX BJIO)KEHHH B 3HAYUTEIILHOIN CTENEHN PAa3HATCS,
MOCKONBKY psif npenmyniecTs OO3 M03BONAET YCKOPUTD
npoxoxkaeHue 3tanoB VICII, uTo B 3HAUNTENBHOM CTeTIe-
HH COKpAIIAaeT BEJIMUYNHY COBOKYIHBIX 3aTpar Ha IIpo-
eKT. bosee TOro, MHOXKECTBO yu€HBIX-UCCIIEIOBaTENeH,
ananmsuposaBmx KL UCTI, cxomutcst BO MHEHHH, UTO
Ba)KHOCTB BEPHOTO OTIPE/IeNICHNUs] (PYHKIIMOHAIEHOTO Ha-
3HAUCHMS IIPOEKTA HAa PAaHHUX JTarax SBJISETCS BEPHBIM
WHINKATOpPOM (pHHAHCOBOH peHTaOCIEHOCTH HHBECTH-
IMOHHBIX BiokeHu#t [33, 34]. Heobxomumo 0003HAYNTh,
g10 033 cnocoOHB K MUHUMHU3AIUK PHCKa HEBEPHO
MIPUHATHIX PEIICHHUH OTHOCHTENbHO peann3arun UCII,
MOCKOJIBKY AAl0T BO3MOXHOCTb FOTOBBIX MPOEKTHBIX
peurenuii. Ha puc. 2 npencrasieH rpapuk, KOTOPBIA
JIEMOHCTpPUPYET pazHuly 3arpar no peanuzanuu MCII
B OO3 1 npu 0OBIYHBIX YCIOBHSIX.

ITo pe3ynbraram IaHHOTO TpadUUECKOTO Mpea-
CTaBJIEHHS 3aBUCUMOCTH 3aTpaT U BPEMEHHU OT 3Tara
WCII cnenyer BbIAETUTD psii QYHKIMOHAIBHBIX 3aBH-
CUMOCTEW THHEIHON W 00paTHOH MPOMOPIIHOHATBEHO-
CTeHl, yUUTHIBAIOIIUX KPUTEPHH JTMHEHHON onTUMAaIb-
HOCTH TIPU OIPAaHMUYEHHOCTH PECYPCOB MPEANPHUITHS
HUCC. Ha puc. 3 npencraBiieHbl HCKOMBIE 1€JIEBbIE
(yHKIMHU, KOTOpbIE HANpaBJIICHbl HA yCTAaHOBIICHHE
HKCTPEMYMOB, BBITTOIHSIIONNX 3a/1ady 110 BBIIBICHUIO
ONTHMAJIbHBIX 3HAYEHUH HEOOXOIMMOro KOJMYEeCTBa
PECYPCOB B YCIIOBHSIX OTPAaHHYCHHOCTH BPEMEHH.

I'padmkn UITIOCTPUPYIOT BO3ZMOXHOCTh CHHIKE-
HUS 3aTpar Ha paHHux stanax peanuzauuu WCII, no-
ckonbky OD3 00iramarT MOATOTOBICHHBIMA IS 3a-
CTPOMKHU 3€MEIbHBIMU Y4aCTKaMU C MOJKIIOUYEHHBIMU
UHXEHEPHO-TEXHUUECKUMH KOMMYHUKALUAMHU, KOTO-
pble MOJABEJEHBI B COOTBETCTBUU C MPABOYCTAaHABIU-
BAIOLUMU TOJIOKEHUSMU U JOKYMEHTaMHU Ha OCHOBE
reoJ0rMueCKUX U3bICKaHUH. BO3MOXKHOCTH KOppEKTH-
poBku ycioBuil u 3arpar peanusanuu HCII 3aknroua-
€TCsl B HAJIMYUM Pa3IMYHBIX OM3HEC-TPOCKTHBIX pelle-
HUH, KOTOpsle npeqaratorca B pamkax O93. Kpome
TOTO, YycKopeHHas peanusaiusi UCII npuBoauT K CHU-
JKeHMIO COBOKYITHBIX 3aTpart, COKpallas MpHu 3TOM Mpo-
JIOJKUTEIBHOCTh 3HAYUTEIBHOTO KOJMYECTBA ITATIOB
WCII [35, 36], koTopble HAampaBICHBl HA MOJTyYeHUE
WP/, uto 00yclIOBIEHO HATWYUEM MPHUHIIUMA KOTHO
OKHOY, KOTOpBIN (QyHKIMOHUpYeT B OD3.

IIpsamast 1 oGpaTHast MPONOPLUUOHATBHOCTD, KOTO-
past BEIpaykeHa 3TUMHU (DYHKIMSMH, MO3BOJISIET C/IENIaTh
BBIBOJ, uTO mipu peanmsanuu MCII cymecTByroT nse
KIIFOYEBBIC 3aBUCHMOCTH, BBIPAKCHHBIE MTPSIMOM 1 00-
paTHOM MPONOPIMOHATBHOCTBIO:

* 3aTparhl MPOEKTa PACTYT IMOCTEIIEHHO OT ATama
K 3Taly ¢ TEYEHHEM BPEMEHH Ha €T0 pean3aiuio —
9TO JIMHEHHast (PYHKIHS, XapaKTepU3YIOIIAsCsl MPSIMON
MIPOTIOPIIMOHATIBHOCTBIO 3aTPaT M BPEMEHH;

e pimsiaue dtanoB MCII obnamaer HanbOoJbIei
3HAUUMOCTBIO Ha paHHUX cragusax JKII npoexra, u cre-
MEHb UX BaJKHOCTU CHUXKAETCS C TEUEHUEM BPEMEHH —
9TO0 Mapabonnyeckas QYHKINS, XapaKTePHU3YIOIIasics
00paTHOM MPONOPIHOHAIFHOCTBIO BIUSIHUS C TEUCHH-
€M BPEMEHH.

A
3arparsl
Costs
A IIT I C 35
IA BP p RC CE

E & YckopeHHas CHuxeHue
== s Koppektuposka sarpar
2 g = §0 y4¢I0BH U 3aTpat peamsanui '

S s . alie .
;3 ; % 7 Adjustmen Advanced realization Rﬁdu‘cmg
< g = S of conditions anl cost the cost

S
25 CC
5= 2% |—7
& O

Koncranta 3atpat Bue 033
Constant of cqst Out of SEZ| B 033
In SEZ
a e a da a c a c
[ponomxutenbHOCTE 3TanoB peanusanuu MCIT Bpemst
Time

Duration of project implementation stages

Puc. 2. Pasuuna Bpemenu u 3arpar npu peanusanuu UCII B 023 u Bae 023

Fig. 2. The difference in time and costs when implementing ICP in SEZ and outside SEZ
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y=kx+b k>0

i y y=ke, k>0

E 2

5z

E'O VBenuueHue 3aTpat

® max > max Increasing the cost
Yy

’ <

Touxa nepeceyeHus 3aTpar U BIUSHUSL
Point of intersection of cost and impact

s
v, = kix, k>#0
» YorbIBaromiee BIUsSHIE
Reducing impact
N
y/ nA 111 II C Bpemsa X
IA BP P CE Time

Puc. 3. [Ipsimast u oOpaTHast MPOMOPIIUOHATBHOCTH 3aTpaT U BiusiHUs dtanoB VCII ¢ TeyeHnem BpeMeHH

Fig. 3. Direct and inverse proportionality of costs and the impact of ICP stages over time

ITo uToram mpuMeHEHHUsT METONIOB TpadUIeCcKoro
MOJICTMPOBaHIS U3MEHEHNs BelurH peanm3armu VCIT
B 003 u BHe OD3 yCTaHOBIEHO, YTO CYLIECTBYET BO3-
MO)KHOCTB OCYIIIECTBIICHUS IPOTHO3UPOBAHMS H3MEHEHHS
[IEPEMEHHBIX, XapaKTePU3YIOILIUX [IPOLECC BO3BEACHHS
00bEKTa HEABMIKUMOCTH. ABTOPBI CUMTAIOT HEOOXOIH-
MBIM Pa3pabOTKy METOIUKH IO HCTIOH30BAHHIO TIPEUMY-
miectB 023 [uist noBbIIeHus 3QHEKTUBHOCTH TIporiecca
WHBECTUITMOHHO-CTPOUTENILHOU JesITeTbHOCTH, CHU3HUB
Ba)XHOCTB BIUsIHUS paHHUX dTanoB UCII, u goctrxenust
MUHHUMU3AIIHH 3aTPat, YCKOPHUB MPOIIECC CTPOUTEIHCTRA.

PE3YJIBTATHI HCCIEJOBAHHUA

Ha ocHOBe IpoBeAEHHBIX MCCIIEOBAHNHN pa3pa-
OoTaHa MeToaMKa pacueTa Kod()(OUIIMEHTOB JIMHEHHON
u oOpaTHOH mpomnoprrnoHansHoCTH peanu3anuu VCII
B OD3 ¢ mpuMeHeHHeM METO/Ibl rpa)uaeckoro Moje-
JIMPOBaHUS M pacyeTa yrioBoro Kodgduimenra cTpo-
UTENBHO-MOHTAXHBIX padoT (CMP). Takum obpazom,
ornenka 3 dexruBHoctu peanuzanuu NCII B O33 cBo-
JIATCSI K OTIpe/IeNIeHNI0 KOd(DPUIIMEHTOB MPOTOPIIHO-
HAJIbHOCTH CIIEIYIOINX (DYHKIMHI:

y=kx, k>0, (1

IJie y — 3aBHCHMas IEPEeMEHHas1, OTPakarolasi BeIu-
yuHy 3arpar rnpu peanusanuu VUCIT; kK — koaddunment
TeMIIOB pocTa 3arpar Ha peanuzauuio MCII no ysenu-
YEeHUIO BPEMEHH; X — He3aBHCUMasl IepeMeHHast (apry-
MEHT), CBsI3aHHas ¢ BAXHOCTHIO BiwstHUS 3TarmoB MCIT
B YCIIOBUSIX OTPAHNYEHHOCTH BPEMEHH.

[Tepeceuenue rpaduKoB JTUHEHHON U MTapadboIn-
YeCKON (PYHKITHIA, paCKPHIBAIOIINX 3aBUCHMOCTE POCTa
3arpar Ha peanusanuio VCII ¢ nocreneHHbIM CHUXe-
HUEM BJIMSHHS €r0 3TaloB, HAOMIOAAeTCsl B TOUKE MX

CXOXACHHUS, SIBISIIOIIEHCS MOJIOKEHUEM ONTUMAJIBHO-
CTU NHHEHHOro kputepus. Touka nepeceueHus: ITUX
(yHKIMI TPUHUMAET OIMHAKOBOE 3HAUYEHHE M TTO3BO-
JISIET TIOCTPOUTD JINHEHHOE ypaBHEHHE.

Kpome Toro, monmokeHne (QyHKIIMOHAIHHON 3a-
BUCHUMOCTH BEJIMYMH B 3TOH TOYKE CIEAYyeT BBIPA3HTh
MOCPEACTBOM yTII0BOTO Ko3(dunmenta npsmoii 3aBu-
CHUMOCTH 3aTpar u BpeMeHH Ha peanuzanuto VCIT:

k== @

[Ipu sToM yrmoBo#t kod3ppUIHEHT TUHEHHON
(yHKOIMHM MOXET OBITh KaK IOJOKHUTEIbHBIM, TaK
W OTPULATEIBHBIM, U 3aBUCHT OT XapaKTepa N3MEHEHUS
oceit adbcuucc u opauHart. s HeMMHEHHBIX ()YHKIIHIA
YIJIOBBIC KOA(DGHUITMSHTBI ONPEACISIFOTCSI METOIOM Ka-
caTesbHBIX K HCKOMBIM TOYKAM 3HAUCHHUN rpaduka.

B ciryuae o6parHoOit IponopuuOHAIEHOCTH, KOTO-
past mpeicTaBiieHa napabonudeckoil GyHKuUneH, cie-
JIyeT aHAJIOTHYHBIM 00pa3oM BBIJIEIHUTH KOd(duIreHT,
CBSI3aHHBIN C ompesereHneM d(p(eKTa BIUSHIUS STaloB
NCII na ero ycnex:

k
y=k>*0; 3)
k=2 4)
X

[IpakTudeckas 3HAYUMOCTh pacyeTa JaHHBIX KO-
3(hUIIEHTOB 3aKITF0YaeTCs B CIIOCOOHOCTH MTPOTHO3H-
pOBaHUsI peHTA0CILHOCTH U MPUOBUIBHOCTH MPOEKTA.
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A.3. UckaHOapos, C.M. Bopo3duHa

Creayer OTMETHTb, YTO MEPECCUCHHUE BBIIICOMMUCAH-
HBIX (DYHKINH XapaKTepU3yeTCsl HeMPEPhIBHOCTBIO, T.C.
TIpHUpaIIeHAe apryMeHTa aHATOTUIHBIM 00pa3oM COOT-
BETCTBYET NpUpAIIeHIIO (YHKIHA. BO3MOXHOCTE BH-
3yalibHO HATJISTHOTO TPE/ICTABICHUS HHTEPBaa, KOTia
WCII cHmkaeT CTENEHb PUCKA, OCTABAICh MPU ITOM
M3JIUIIHE 3aTPAaTHBIM, PACKPBIBACT IIMPOKHUE MTEPCIICK-
THBHI IPUMEHEHHS METOAA TPahUIECKOT0 MOACTUPO-
BaHUS s onleHKH Y dexkrnBHOCTH peanm3annn VCIT
Pa3TMYHON CIOKHOCTH U YHUKAJIbHOCTH.

[pu peanuzanuu VCII B O33 pa3paboTaHHBINH
MOJIX0] MPUOOPETAET UHOU BUJI, XapaKTCPHU3YIOIIHIACS
HaM4YreM psiia npeumyiects 033, CriocoOCTBYFOIIUX
YCKOPEHHOMY OCYIIECTBICHHIO MHBECTUIIHOHHO-CTPO-
UTENBFHON AEATENbHOCTH, OPMHUPYS KOHCTAHTY 3aTpar
U BPEMEHHU MPOEKTA, MPECTaBIcHAYO0 Ha puc. 4. [Ipo-
THO3HPYEMOCTh CPEIbI MPOCKTHBIX YCIOBUIT PEATIOia-
raeT, YTO BIMSHHUE BHCNIHUX U BHYTPEHHUX (PAKTOPOB
puoOpeTaeT KOPPEKTUPYEMYIO (DOPMY, UTO OTpaaeT-
Cs1 Ha CHIDKEHUH CTETICHW BaXKHOCTH pacueTta Kodpdu-
IIUCHTOB JINHEWHOW M 00paTHON MPOMIOPIIHOHATHHOCTH.
Heo0Oxoqumo 0003HAUYNUTh, YTO MOJOO0HOE U3MEHEHUE
B CTPYKType pacdyeTa Kod(p(UIHCHTOB XapaKTCPHO
JIUIIG JIJIs IEPBOHAYANIBHBIX dTarnoB peanu3auu VUCII.

Ha HenocpencTBeHHOM dTarie CTPOUTENIbCTBA Cpe-
Jla BO3BOJUMOTO 00BhEKTa HEJIBMKUMOCTH TpaHcdop-
MHupyeTcs B 0oiee CIOKHO MPOTHO3UPYEMYIO (popmy
O] BO3/ICHCTBHEM COBEPIICHHO WHBIX IIEPEMEHHBIX,
BIUsIOIMX Ha mpouecc BeaeHuss CMP. 3nauumocts
3THX NMEPEMEHHBIX 00yCIOBIeHa LesiMH 110 dddex-
THBHOMY 3aIlyCKy M JKCIUIyaTallud 00beKTa CTPOH-
tenscTBa. Bech XK1 peanmmzanun UCIT B 023 qudde-
PEHITUpPYETCs MO BaKHOCTH pacueTa Kod(h(UIINEHTOB
MPONIOPIIMOHAIFHOCTH Ha KaXKJJOM U3 ITAIIOB IPOCKTA.
[TepBonauanbuble Tansl peanuzanuu UCIT B O3 onu-

A
y

CHIKEHHE 3HAYUUMOCTH

3arparsl
Costs

CBIBAIOTCSI CIIeAyTOIIeH (hyHKIMEH, KoTopas Ha TpaduKe
WIUTIOCTPHUPYETCS NapajuIeIbHON MPSIMON OTHOCHTEIIb-
HO ocH abcrucc:

y=b,k=0. )

Benmuunna b mproOpeTaet 3HaUCHHE, PaBHOE OCH
abcrucc mo npsmoid. Ha rpaduke b > 0 monTBepxaaeT-
sl HOJOXKEHUE HaJl OCbO, KOTOpasi AEMOHCTPUPYET Be-
JMYMHY HEOOXOMMOT0 BPEMEHHU Ha Ka)kK/IOM M3 ATAIlOB
npoexra. JlaHHOe yCTOHYMBOE MOJI0OKEHUE KOHCTaH-
THI 3aTpaT BPeMEHH U 3P PEKT yCKOPSCHHOU peasn3a-
uu VCIT orpaHndnBaeTcs W MOCTENICHHO CHUKACTCSA
Ha oTane ocyuectsieHuss CMP, koTopslii peacTasieH
JMHEHHOHN (yHKIMEH MPSIMOH 3aBUCUMOCTH, TJI€ Yol
HaKJIOHAa k — 3TO TaHTE€HC UCcKoMoro yria. J{is onpene-
JeHus yriosoro ko3ddunuenrta srana CMP npu pea-
muzanuu VICIT B O3 aBTOphI MpeiararoT MpuMEHUTh
METOJI TIOCTPOCHUS YPABHEHUS IO JABYM TOUKaM IIpsi-
MO, UCTIONB3YsI CIIEAYIONTYI0 (hopMyITy:

k:)ﬁ_yl’ 6)

X=X

THE V,, ¥, — KOOPIWHATHI MPAMON MO OCH OPJMHAT;
X,, X, — KOOPJIMHATHI MPSAMOH IO OCH aOCIIHCC.

I[Iyrem moncTaHOBKH B ypaBHCHHE 3HAYCHHS
YIJI0BOTO KO3 PUIUEHTA, MPOXOISAIIETO Yepe3 TOU-
Ky A (eAMHCTBEHHYIO) — TAHICHC YINa, MIPECTaBICH-
HBIA Ha puC. 4, B pe3yabTare MpeoOpa3oBaHusl MOTYIHUM
CIEAYIOMNN BUI ypaBHEHNUS:

Olpe/IeNeHus k-IIPONOPIHOHATEHOCTH
Reducing the significance
of the definition of A-proportionality

Vo=V _ V=N
R _BTA ™
X=X Xy =X
y=kx+b,k>0¢
¢ y=b,k=0

Y4

Y3

Y

Yy

YBenuueHue 3aTpar U BpeMEeHU
XapaKTepU3yeTcsi KOHCTAHTOH

The increase in costs and time
is characterized by the constant

A

IA

v

v

Bpemss x
Time

A-q4------=-=-=-=-=-=-=-=-=-=--+4

o3
@}

Puc. 4. Koncranra 3arpar u Bpemeru npu peanuzanuu MCIT 8 023

Fig. 4. The constant of costs and time of ICP implementation in
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CrnenoBaresbHO, 3HasA KOOPJAWHATHI ABYX TOUEK
MPSIMOM, MOXKHO OTIPENeTUTh YII0BOH Kod(dumnment
3aTpaTr PecypcoB U BPEMEHH Ha JTale OCYIIECTBICHUS
CMP, BKITIOYEHHBIX B pad04Yyr0 JOKYMEHTAIUIO MPO-
ekTa. BakHO OTMeTHTH, 4TO, €CIM KOOPAMHATHI TOUEK
napaJuIeJIbHBI OCH a0CIMCC WM OP/IMHAT, TO ypaBHEHHE
npsiMOM Ha rpaduke NpuoOpeTaeT B B COOTBETCTBHH
C YCTIOBUSAMH: ) = H X = X, 9TO CBA3aHO C OTCYTCTBH-
€M yIIIoBOro ko3 duimenra.

[Ipennaraemasi aBTopamMu METOJMKA pacCUUTaHA
Ha ONTHMM3ALUIO 3aTPaT M BPEMSCHH Ha PEAITU3AIHIO
HCII na Bcem npotskenuu ero XKL, npumenss ans
sTOro mpeumyiectsa O93 Kak HHCTPYMEHT TEPPUTO-
PHAIBHOTO Pa3BUTHSL.

JIM4HBIA BKJIaX aBTOPOB MCCIEAOBAHUS 3aKIIIO-
4yaeTcst B pa3pabOTKe TEOPETUYECKH U METOHOJIOTH-
YecKH 000CHOBAaHHOTO METOJa MO MPOTHO3UPOBAHHIO
n ouenke 3¢pdexrnBrocTn peanmuzaunu NCIT B 033
Ha pa3nuyHbIX dTanax ero JKII, rae BaxxHOE MOJIOXKe-
HHE B paMKax HMCCIIEJOBAHMUS YJCISETCS OLICHKE 3HAUH-
MOCTH BIIMSIHUSI IPOEKTHBIX YCIOBHUH, (OPMUPYEMBIX
npedepeHInaIbHBIM PEXUMOM X03sHicTBOBaHMsT OD3.
B pesynbrare nccienoBaHus yaaaoCch BBIIBUTE P 3a-
KOHOMEPHOCTEH, KOTOpPBIC BBIPAXKEHBI B (DOPMUPOBAHUN
COBOKYITHOCTH NEPEMEHHBIX, BBIPAYKAIOIINX 3aBUCH-
MOCTb 3aTparT 3TaloB MIPOEKTA U BEITUUUHY UX BIUSHUSA
Ha ycrex ero peanuzanun. [Ipeamnonaraercs, 9To mpo-
exTHbIe ycnous OD3 o0naaroT 3HaYUTENIBHOM CTere-
HBIO ONPEACICHHOCTH, KOTOPast MO3BOJISIET OCYIIECT-
BIISITh MTHBECTHIIHOHHO-CTPOUTEIBHYIO JIESTEIBHOCTh
CO 3HAYUTEJIBHBIM COKpAaIlleHHEM IMepBOHAYaIbHBIX
WHBECTUIIMOHHBIX BIOXKCHUH, CHU3UB YCHIIUS JI€BEIIO-
MIEPOB C JTAla IOJyYeHHs UCTIONHUTEIbHO-Pa3PEIIH-
TEIbHON TOKYMEHTAI[MH Ha 3Tall HEeMOCPEACTBEHHOTO
BO3BE/ICHUS MJIAHUPYEMOTO 00BEKTa HEIBUKUMOCTH,
noBellas kauectBo peanuzauuu UCII.

IIpoBeneHHbIN aHAIN3 CyHIECTBYIOLUIMX METOA0B
oneHKH 3(Pp(HEeKTHUBHOCTH WHBECTUIIMOHHBIX BIOKCHUN
BBISIBUJI HAJTMYHE PsiJia HEIOCTAaTKOB, KOTOPHIE HE JafoT
BO3MOYKHOCTH CUCTEMHOTO HCIob30Banust OD3 B pam-
KaX CTPOUTENBHOHN e TEIbHOCTH, TOCKOIBbKY TPeOyoT
Hay4YHOTO OCMBICIICHHS M ()OPMHUPOBAHUS HHOTO ITOAX0-
Jla, KOTOPbIH OyaeT oTpaxars creruduky O3 B pam-
kax peanuzarun VCII.

SAKJIIOUEHUE U OBCYXJIEHUE

Ha ocHOBaHMM NIPOBEJCHHBIX HCCIICIOBAHUN pa3-
paboTaHa aBTOpCKasi METOJUKA 0 pacueTy Kodphuiu-
SHTOB JINHEWHOH M 00paTHOI MPONOPIIHOHATHHOCTH
peanuszanuu UCII B 033, kpoMe TOro, OCyIleCTBICHA
muddepennns sranos XKL mpoekra u nposeseH aHa-
nu3 npeumymecTB O3 B aceKTe COBEPIICHCTBOBA-
HUSI CTPOUTENBHOHN orpaciu. I[IpuMeHenne mMeTonoB
rpaduuecKkoro MOAEIUPOBAHUS U pacdeTa yriIoBOTO
ko3 durmenra CMP myTem mpeoOpa3oBaHUs ypaBHE-
HUI IPSIMOM MO3BONSET MPOrHO3UPOBAThH TTOJIOKCHHE
JUHAMHUYCCKOTO MBMCHCHUA NCPEMCHHBIX — 3aTpar,
BPEMCHH W BIMSHHS HA KayKJAOM M3 9TAIllOB IPOEKTA.

ABTOpI)I HCCIEAOBaHUA MPUIITIU K BbIBOAY, YTO
MporHo3upyeMocTs cpeasl peanusanuu UCIT B 003
6IaronpusATHO BIMAET HAa YCIEX €ro peannu3anuy, 9To
BBI3BAHO HAJIUYHUEM JIbTOTHOI'O PEXKHUMaA, JOCTYIIOM
K MH)KEHEPHO-TEXHUYECKON MH(PpAaCTPYKType U MOA-
TOTOBJIEHHOM JuIsl 3acTpoiiku 3emiu. [Ipu ananuze pas-
JIMYHBIX yCHOBI/IfI B€ACHUA MHBCCTULHUOHHO-CTPOU-
TEJIBHOM JIEATEIBHOCTH CYIIECTBYIOT KapJuHaIbHbIC
OTJINYNS, BBIPAKEHHBIE B 3HAUUTEIHHOM CHUKCHHHU
HEOOXOMMOCTH pacyeTa KOd(p(PHUIMESHTOB JTHHEHHOM
1 00paTHOI MPOMOPIHMOHAIBHOCTH Ha IEPBOHAYAIb-
HBIX 3Talax MPOEKTa, KOTOPbIe B KOPEHHOW CTETIEHU
3aKJIaJ(bIBAIOT €r0 YyCIeX, OQHAKO MOR00HOe U3MEeHe-
HUE TEHACHIUH MepeMEeHHBIX HEXapaKTEepPHO Ha JTare
HETIOCPE/ICTBEHHOTO CTPOUTENBCTBA, YTO OOBICHIETCS
HEOOXOIMMOCTBIO 3HAYUTEIBHOTO BIIOKEHHSI CPEICTB
U PECypcoB, PacTyIIMX HAa BCEM MPOTSDKEHUH dTara
B HE3aBUCHMOCTH OT YCJIOBHH.

JpyruMu clioBaMH, MCIOJb30BaHHE pa3pabdo-
TaHHOH METOJHMKH TpeOyeT pasaeIbHOTO IIPUMEHCHHS
Ha Ka)KZIOM M3 TANOB NIPOEKTA OTJEIbHBIX HHCTPYMEH-
TOB pacyera, KOTOpbIE MPEINoIaraloT BO3MOXKHOCTh
COKpallleHHsI 3aTpaT M pPecypcoB B o0meM oObeme
BKJIaJIbIBAEMBIX B IIPOEKT CPEACTB. Bo3zmoxkHOCTH TI1a-
HUPOBAHMS U OLUEHKH 3P(PEKTUBHOCTH UCTIOIB30BAHMUS
pecypcoB IPOEKTa Ha Pa3IMYHbIX CTaUsIX PHOOpeTa-
eT ¢popmy rpaduuecKoro MOAETHNPOBAHNUS, HATIPABICH-
HOTO Ha U3MEPEHHE TapaMeTPOB MPOEKTA B PA3THMYHBIX
TIOJIOKEHUSIX, KOTOPBIE OTPAXKAIOT palliOHAIBHOE TIPH-
MeHeHne npenMytiecTB O3, BRIpakeHHBIX apadoi-
YECKUMH U JIMHEHHBIMU (pyHKLIHUSIMH.

BaxHO OTMETHTB, UTO, HECMOTPS Ha TO UTO HCCIIe-
JTIOBaHHUE HANpaBIeHO Ha m3ydeHue ponu O3 Kak KITro-
YEBOI'0 MHCTPYMCHTA 1O MOBBIIICHUIO 3KOHOMHYECKOM
3¢ (HEeKTUBHOCTH CTPOUTEIBHON OTpaciy, METOINKA
MMEEeT YHUBEPCAIbHBII XapaKkTep IPUMEHEHUS 1 00a-
JAaCT BO3MOXXHOCTBIO FI/I6KOFO U3MCHCHUS I OLICHKH
a¢ppexTuBHOCTH peanuzannu pasnuanbix UCIL

ABTOPBI CTaThU CYUTAIOT, YTO IIEHHOCTH pa3pado-
TaHHON METOJHMKH 3aKJII0YAeTCs B PEIICHUH MTPOOIEMBI
TI0 MOBBIMEHUIO (P ()EKTUBHOCTH AEATEILHOCTH MIPE-
npusatuii UCC, 3anHTEpeCOBaHHBIX B BEACHHH CTPO-
utenpHoi nestenpbHoctn B OD3. upokas cucrtema
aroT U npedepernnii O3 SBIAIOTCS BaKHBIMU TIpe-
nmymiectBamu peanuzanun VICII, mo3Bomsis cokpaTuTh
CPOK BO3BEJICHUSI O0BEKTa CTPOUTENIBCTBA, COKOHOMHB
3HAUYUTENIFHOE KOJINYECTBO MaTepPHAIBHBIX PECYypPCOB.
Bornee toro, psaa OD3 mpemyaraiot pa3IHdHbIE METOBI
COTpYAHMUYECTBA M KOONEpAIMU MO BEIOOPY THIIA MPO-
exTHpoBaHus — OpayHbma, rpuadm, penduit. S¢-
(heKTUBHOCTH MCTIONB30BaHUS KO3(PPUIINEHTOB TNHEH-
HOW M 00paTHOW MPONMOPLUUOHAIBHOCTH 00yCIOBICHA
MIPOCTOTOM X pacyeTa M OHO3HAYHOCTHIO B TPAKTOBA-
HHUH PE3yIIbTaToB.

[IpakTHyeckas 3HaYUUMOCTh PE3YJIbTAaTOB HCCIIe-
JIOBAHMS 3aKJIIOYACTCS B TOM, YTO METOJIMKA 00Jaaer
KOMIUIEKCHOCTBIO B OTHOIIICHUH OICHKH 3()(hEeKTUBHO-
ctu peannzanuu UCII B O3, moCKOIbKY MPUTOHA JTIst
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BCEX CTaJui MHBECTULIMOHHO-CTPOUTEILHOMN JIEeATEelb-
Hoctu B OO3. JlanbHeiine yCuIus o U3y4eHuI0 poiu
033 B pa3BUTHH CTPOUTEIHHON OTPACIH CIEAYET CO-
CPEIOTOUUTh HA ONPE/ICIICHUH BO3MOXKHOCTEH 1peod-
pa30BaHUs PE3yIBTATOB IPAPIUSCKOTO MOACTHPOBAHHS
M3MEHEHHS NMEPEMEHHBIX METOJaMH PErpPeCcCHOHHOTO
1 KOPPETSILIMOHHOTO aHAJIM30B, KOTOPBIE CIeAyeT anpo-
OMpOoBaTh HA MPHMEPE PeANU3aNN PA3THIHBIX TTPOCK-
TOB cTpouTenscTBa B O93.

[IpoBenenHoe aBTOpaMu UCCIIEAOBAaHUE CTPOUTCS
BO MHOTOM Ha pe3yJIbTaTax TEOPETHUECKOTO aHaIh3a
Hay4YHbBIX TPY/OB, HOCBSIIEHHBIX 3aTPOHYTOH Mpooie-
MaTuke. OgHAKO HEOOXOAMMO 0003HAYUTH, YTO BO3-
MOKHOCTH anpoOaIyy U MpUMeHEHUsT pa3padoTaHHON
METOJIMKH O NPOTHO3UPOBAHUIO IPPEKTUBHOCTH pe-
amm3aruu VICIT B 033 Ha pa3nuynbix dtanax ero JKI|
HMMEIOT MPaKTUIeCKoe 000CHOBAaHUE, KOTOPOE 00YCIIOB-
JICHO BO3pOCIICH aKTyaJbHOCTHIO IPUMEHEHHUS HH-
CTPYMEHTOB COIEHCTBUS SKOHOMUYECKON aKTUBHOCTH
(033, TexHOMAPKH U T.11.) Ui 00CCICUCHHUS TOTUTUKA
cOamaHCHPOBAHHOTO MPOCTPAHCTBEHHOTO Pa3BUTHUS

U pa3MELICHUs] 00bEKTOB KallMTAIBLHOTO CTPOUTEINb-
ctBa [2]. CHUHTE3UpOBAaHNE UHOTO MOAX0/A M0 OLICHKE
3¢ GEKTUBHOCTH MHBECTUIIHOHHBIX BIOXKEHUH, BKIIO-
YaIOIIEro NPEUMYIIeCTBa JUHAMUIECKUX, CTATHIECKUX
W aJIbTepPHATHBHBIX METOJIOB IO OIPEIEICHHIO BBITOJIBI
OT pealu3alny MPOEKTa, UMEIONINX 3HAYUTEIBHYIO
U JUTMTEIBHYIO IPAKTUKY IPUMEHEHUS, JIEITI0 B OCHOBY
000CHOBaHMUS aKTYaJIbHOCTH M IPAKTHYECKOI IpuMe-
HHUMOCTH TIpeIaraeMbIX KOA((HUIIMEHTOB MPOTIOPIIHO-
HaJIbHOCTH.

OcMBICiIeHE U peopraHu3anus CTPYKTYPBI U dJIe-
MEHTOB ympasieHus npu peanuszanuu UCIT B 033
MPEJCTAaBICHHBIM METOJIOM OIICHKH C MCIOJIb30BaHH-
€M COBPEMEHHBIX HHCTPYMEHTOB HMHUTAIIHIOHHOTO MO-
JIETUPOBAHMS U CIIEHAPHOTO IUIAHHPOBAHUA TPEOyIOT
MIPOBECHNS 3HAYMTEIBHOTO KOIWYECTBA IPUKIIATHBIX
UCCIIEN0BAHUN, KOTOPBIE TIO3BOJISIOT BBIIBUTH IIPOTHBO-
peurs 1 HECTHIKOBKHU B pa3paboTaHHBIX KOA(PPHUINEH-
Tax, CKOPPEKTHPOBaB Hanboee ysI3BUMBIC CTOPOHBI
MPUMEHEHHUS YTHIIMTaPHOTO HCIONb30BaHUsI IIPU Orpa-
HUYEHHOCTH PECYPCOB.
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AHHOTALUNA

BBepeHune. Bo3amMoXHO nmnv HeT aBTOMaTU3NPOBAHHOE FEeHepUpOBaHWE TEXHONOrNYecknx n3obpeTteHnin? [ins nposepku
3TOW runoTesbl npeanaraeTcs onpoboBaTb MHTErpPaLul MalUMHHOMO U KMBOTO WHTENNEKTa YeroBeka C MOMOLLbIO
UCKyccTBEHHOro uHTennekta (M) Ha npumepe paspabotaHHoin Microsoft u OpenAl HepoceTn GPT.

Matepuanbl u meToabl. Vicnonb3oBaHne VIV B kpeaTUBHOM CUHTE3€ 3KONIOTMYECKM OPUEHTMPOBAHHbBIX NMPOrPECCHBHbIX
UM NepCneKkTUBHBIX CMOBECHLIX U rpaduyecknx obpasoB NPOPbIBHLIX TEXHOMOMMI C Y4eTOM MaLUMHHON CTaTUCTUYECKOM
06paboTkn naTeHTHOW MHOPMaLMK 1 (HOHAOB TEXHUYECKMX PETNaMEHTOB NPeACTaBnseTcs OAHOM U3 3aay KpeaTUBHOIO
NMPOrHo3npoBaHUsi 0OGBEKTOB TeXHOCMDEPDI.

PesynbTatbl. HameyeHbl nmoaxoapl K paspaboTke MeToAMKM aBTOMAaTM3MPOBAHHOrO MPOrHO3MPOBAHWUS MPOPbLIBHBIX
TEXHOOMIA CTPOUTENbHOrO MPOM3BOACTBA. PelleHbl 3agayn nccnefoBaHus: NOUCK METOAOB UccreaoBaHus Oyayuiero
CTPOUTENBHOW OTpacnu; MOUCK KOPPEKTHOW TEPMMHOMOrMU AN cuHTe3a obpasoB OyayLIMX MPOPbIBHbIX TEXHOMOrUiA
1 BapuaHToB ncnonb3osaHus VI, cnocobHoro kpeaTMBHO reHepnpoBaTh CrOBECHbIE U rpadhuyeckne obpasbl TEXHOMOMNIA.
PaccMoTpeHbl acnekTbl aBTOMaTU3MPOBaHHOIO NPOrHO3MPOBaHMWS NMEPCMNEKTUBHBIX CTPOUTENbHBIX TEXHOIOIMIA, CIIOBECHbIE
1 rpadpmyeckmne obpasbl OyayLLMX NPOPbIBHBLIX TEXHOMOMMIA 3KOMOrMYECKN OPUEHTUPOBAHHOIO CTPOUTENBHOMO NPOU3BOACTBA.
BbiBoabl. O630p 06pa3oB NPOPbIBHLIX TEXHOMOMMIA CTPOUTENBHOTO NPOM3BOACTBA MoKa3an BO3MOXHOCTb UHTErpaLim XXMBOro
N UCKYCCTBEHHOIO MHTENneKTa npu COOTBETCTBYIOLLEN TEPMUHOMNONMYECKOM 1 METOAOMNOrMYeckon npopaboTke 6a3 AaHHbIX U
anropMTMoB UHPOPMALIMOHHOW NIOTUCTUKM A5t aBTOMaTU3NPOBAHHOIO rEeHEPVPOBAHNS HOBbLIX TEXHONOTUYECKMX N30OPETEHWIA.

KIMKOYEBLIE CJIOBA: XVBOW WHTEMNEKT, WUCKYCCTBEHHbI WHTEMMEeKT, NPOrHo3upoBaHWE MPOPbLIBHOW TEeXHOMOrnu,
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Analysis and synthesis of images of environmentally oriented
innovative technologies of construction production

Valeriy I. Telichenko, Azariy A. Lapidus, Mikhail Yu. Slesarev
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. Is automated generation of technological inventions possible or not? To test this hypothesis, the authors
propose to test the integration of human machine and living intelligence using artificial intelligence, using the example of
the GPT neural network developed by Microsoft and OpenAl.

Materials and methods. The use of artificial intelligence in the creative synthesis of environmentally oriented progressive or
perspective verbal and graphic images of breakthrough technologies, taking into account the statistical processing of patent
information and funds of technical regulations is one of the tasks of creative forecasting of technosphere objects.

Results. The purpose of the study has been achieved — approaches to the development of methods of automated forecast-
ing of breakthrough technologies of construction production have been outlined. The following research tasks were solved:
search for methods of researching the future of the construction industry; search for correct terminology for synthesizing im-
ages of future breakthrough technologies and options for using artificial intelligence capable of creatively generating verbal
and graphic images of technologies. The object of research — aspects of automated prediction of promising construction
technologies is confirmed. The subject of the study — verbal and graphic images of future breakthrough technologies of
environmentally oriented construction production is confirmed.
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Conclusions. The review of images of breakthrough technologies of construction production showed the possibility of
integrating live and artificial intelligence with appropriate terminological and methodological elaboration of databases and
information logistics algorithms for automated generation of new technological inventions. The use of artificial intelligence
in the creative synthesis of environmentally oriented verbal and graphic images of breakthrough technologies, taking into
account the statistical processing of patent information and funds of technical regulations, is one of the tasks of creative
forecasting of technosphere objects.

Keywords: living intelligence, artificial intelligence, forecasting of breakthrough technology, methodology of environmentally
oriented forecasting, image of breakthrough technology, environmentally oriented innovation, environmentally oriented
technical solution
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BBEJEHUE

Lenv uccneoosanus — 00630p 00pa30B MPOPHIBHBIX
TEXHOJIOTHH CTPOUTEIFHOTO TIPOW3BOACTBA IIPU HHTE-
TpaIy )KABOTO U UCKYCCTBEHHOTO mHTeIuTeKkTa (MN).

3aoauu uccreoosarnus:

* TIOMCK METOJIOB HCCIICIOBaHUsI Oy/IyIero cTpou-
TENIBHOM OTpacin 1 00pa3IoB MIPOPBIBHBIX TEXHOJIOT U]

* TIOMCK KOPPEKTHOW TEPMHHOJIOTHH JUIsl CHHTE3a
00pa30B OyayIIMX MPOPBIBHBIX TEXHOJOTHH C TIOMO-
uieto MU;

* aBTOMATU3WPOBAHHBIN CKPUHUHI CYIIECTBYIO-
IMIMX TEXHOJOT'MH M HKOJOTHMYecKasi SKCIIEpTHU3a Cre-
HEPHUPOBAHHBIX 00pPA30B MPOEKTOB MPOTPECCUBHBIX
1 MCPCHECKTUBHBIX TEXHOJIOTUH.

B rpaHvnax MUCCJICAOBaHUA MOAHHUMACTCA IIPO-
OyieMa yCTOWYMBOCTH Pa3BUTHS OTPACIH U oOIIecTBa
JUISL TIPEJICTOSIIIETO PELICHUs, COCTOSIIAst U3 JABYyX BO-
MpocoB: 1) Kak ¢ MOMOIIBIO KUBOTO YEIOBEYECKOTO
1 UCKYCCTBEHHOTO WHTEJUIEKTa 00ECII€YUTh COBMECTH-
MOCTH OECKOH(INKTHOTO, T.€. YCTOWYHMBOTO PAa3BUTHSA
Ha 1aHeTe Omocdeps! u TexHochepsr; 2) Kak 3acTa-
BUTH MM KpeaTUBHO reHEPUPOBATH CAMOCTOSTENBHO,
WIN B HHTETPALNN C KUBBIM HHTEIUICKTOM JKCIIEPTa,
WHHOBAIIMOHHBIC IPOPBIBHEIC PEIICHHUS YKOIOTHIECKU
OpPUEHTHPOBAHHBIX TEXHOJOTHIA, HAIIPIMEP, B 00JIacTH
cTpoutenbeTBa. [Ipu 3TOM moCTyIupyeTcs, 9To Mpea-
cTaBHUTENEM OMOC(hEpHI BEICTYIIACT YCIIOBEK, a TIPE/ICTa-
BUTEIIEM TEXHOC(EPhl — MCKYCCTBEHHBIN MHTEIIICKT.

Bo03MO)XHOCTE HAMETHTH HOBBIC HATIPABICHUS Pa3-
BUTHS TIEPCIIEKTHBHBIX, HEU3BECTHBIX M HEPEeaIH30BaH-
HBIX paHee B TeXHOC(]epe NHHOBAIMOHHBIX TEXHOJIOT U,
OYEBHJIHO, MOXXET MH(OPMAIIMOHHAS TEXHOJOTHS Te-
HEpUPOBAHMSI TEKCTOB HA OCHOBE MCIIOIL30BaHMUs COO-
CTBEHHOTO TIOJICO3HAHUS U (QYTYPUCTHUECKUX MPOU3-
BEJICHUM, CO3JJTaHHBIX KaK uenoBekoM, Tak u WU; mutoc

QJITOPUTMBI TEOPUH PEIICHHS M300peTaTeIbCKUX 3a/1ad,
W/IC0JIOTUSI KOHCTPYMPOBAHMUS, TEXHOJIOTUSI 00paboTKN
OOINBIINX JAHHBIX M CYHIECTBYIONINE 0a3bl JTaHHBIX ITa-
TEHTHOW M Hay4YHO-TEXHWYECKOW MH(POPMALINH, a TAKKE
NpaBoBOW MH(OPMALIMHK JJIs SKCTIEPTU3BI AKOIOTMYECKON
0€3011acHOCTH MPUHUMAEMBIX TEXHUUECKHUX PEILICHUH.

Hcnons3zoBanue MU B kpeaTUBHOM CHHTE3€ JKO-
JIOTUYECKH OPUEHTHUPOBAHHBIX MEPCIEKTUBHBIX 00-
Pa30B MPOPBIBHBIX TEXHOJOTUH C YYETOM CTaTHCTHYE-
CKOM 00paboTKM MaTeHTHOW WHpopManuu u GOHIOB
TEXHHYECKHUX PETJIAMEHTOB SIBIISETCS OJHOHN M3 3a1ad
KpEaTHBHOTO ITPOTHO3UPOBAHUS 00BEKTOB TEXHOC]eE-
PBI, HHTETPUPOBAHHOTO C MOJCO3HAHUEM KBaTH(UIH-
POBaHHOTO pa3paboT4YHKa, IPAMOTHOTO B 00JIACTH HJIe-
OJIOTHH KOHCTPYHWPOBAHHs KOMIIOHEHTOB TEXHOJIOTHU
1 aJITOPUTMOB PELICHUS N300peTaTeNIbCKUX 3a/1ad.

Obvexm uccnedosaniss — TO METOJ0JIOTHSI aBTO-
MaTU3UPOBAHHOTO MPOTHO3MPOBAHUS TTEPCIIEKTHBHBIX
CTPOMTEIBHBIX TEXHOJIOTHH P WHTETPALUK )KUBOTO
U UCKYCCTBEHHOTO HHTENIeKTa. [Ipedmem ucciedo-
6aHus — 00pa3bl OyAYIIUX MPOPBIBHBIX TEXHOJIOTHMA
CTPOUTEIBHOTO MIPOU3BOACTBA.

MATEPHAJIBI U METO/JAbI

PaccmarpuBaeTcst cocTosiHuE pa3pabOTKH 1 pellie-
HHE TPOOJIEMbI aBTOMATH3ALN aHAIN3a ¥ CHHTE3a TIPo-
PBIBHBIX TEXHOJIOTHI B CTPOUTEIBHOH oTpacii. CeromHs
HanOoJee MOMyIsIpeH METO/ ITPOTHO3UPOBAHUS — ObI-
cTpelit popcaiit! [1]. Meton ynpasneHus MOACO3HAHHEM
yenoBeka u3yyaetcst B kaure . Kexo [2]; anropuTmsl
BBIPA0OTKM HOBBIX TEXHHUYECKHX PEIICHHM, MM al-
TOPUTMBI pelIeHus n3ooperarenbekux 3aaau (APU3),
npecTaBlieHbl B paboTax M0 TEOPHU PEIICHHs U30-
Operarensckux 3amad (TPU3) u mneosornn KOHCTPYH-
poBanwus [3, 4], 1 Ha cTpanHunax opranusanuit TPNU32,

! BeicTpelii gopcaiit (anri. Rapid Foresight — RF) — 5To MHCTpYMEHT ISl IPOrHO3UPOBAHHUS ¥ (OPMUPOBAHUS OyIyLIETO,

MO3BOJIAIONIMIT 38 KOPOTKHU#T IEPHOJ BPEMEHH MOTYYHUTh TOYHBIEC TPOTHO3bI M 00BEMHUTS JIFO/IEH JUIS peann3alii CBOUX TIpe/i-
crapnennit o HeM. URL: https://research.nevafilm.ru/public/research/articles/foresight manual.pdf

2 Odummansrsii Goua I'.C. Ansrorymmepa. URL: http://www.altshuller.ru; Metomomor. URL: http://www.metodolog.ru;
TRIZLAND.RU. URL: http://www.trizland.ru; OTCM-TPU3. URL: http://www.trizminsk.org; Cammur pa3paboTunkoB
TPU3. URL: http://www.triz-summit.ru; MATPU3. URL: http://www.matriz.org/o-matpu3; EBponeiickas Accoruanus TPU3
(ETRIA — European TRIZ Association). URL: http://etria.eu/portal/; Altshuller Institute for TRIZ studies. URL: http://www.
aitriz.org; TRIZ Forum. URL: http://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eTRIZforum.html; KATA (Korea Aca-

demic TRIZ Association). URL : http://www.koreatrizcon.kr
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a TaK)Ke B MHOTOYHCIICHHBIX aBTOPCKHUX ITyOIMKAILIUSIX
0 TIPOTHO3UPOBAHUIO U TIEPCIIEKTHBAM «3€JIEHOI» KO-
HOMHUKH, B TOM YHCJIE «3€JIEHOT0» CTPOUTEIHCTBA.

B HacTosimee BpeMs M3BECTHBI MPOPBIBEI TEX-
HOJIOTHH B CIENYIONINX TIAaBHBIX HANPAaBICHUAX —
nHpopMaTH3aus U MUGPOBU3ANMS, a TAKXKE HOBBIC
MPOTPECCUBHBIE® U TIEPCIIEKTUBHEIE! MaTepHabl ¥ KOH-
CTPYKIIMH TSI CTPOUTEIBCTBA, B TOM YHCIIC aBTOPCKHE
paspadorku [4-15].

Bo-nepBbIX, paccMOTPHM HEKOTOpBIE 00pa3sbl Ipo-
PBIBHBIX HH()OPMAI[MOHHBIX TEXHOJIOTHIA, KOTOPBIC MO-
I'yT COCTaBUTh IJIaBHBIA TPEH]| PA3BUTHUSI TEXHOJIOTHI
pa3paboTKK METOAMKH aBTOMATH3MPOBAHHOTO TPOTHO-
3UPOBAHUS MPOPHIBHEIX TEXHOJOTHH CTPOUTEIHHOTO
MIPOU3BOJICTRA.

GPT — neitipocems [16, 17]. GPT-3 — netipo-
ceTh-TpaHchopMep, TEHEPUPYIOIIAs OTBETHI Ha BOTIPO-
cel. HemaBaHo OpenAl BBITyCcTHIIa MOZIETTH S3BIKOBOTO
MPOTHO3UpOBaHUA 4YeTBepToro mokoneHus (GPT-4)
C OTKPBITBIM UCXOTHBIM KOZOM, YCIEITHO 3aMCHSIO-
Iast TPy MPOrPaMMHECTOB OT HAYaJIbHOTO JIO CPESTHETO
YpOBHsI KBaTH(PUKAIIUH. SI36IKOBBIC MOJICITH MTO3BOJISIFOT
KOMIIBIOTEpAM CO3/aBaTh CIydailHbIE NMPEITOKCHUS
NpUOJIN3UTEIBHO TOHM K€ JJIMHBI M IPaMMaTHYECKOU
CTPYKTYPBI, UTO U 33JJaHHBIE B Ka9eCTBE 00pasla.

Data Trusts — «0osepumensvroe xpaunerue OaH-
notxy [18]. JloBepuTenbHbIi (GOHI XPAHUT U YIIPABIISCT
JTAHHBIMH JTIOZICH TI0 UX TOPYYEHHUIO U OT UX UMCHHU.

Wi-Fi 6 u 5G — cTtaHmapThl CBSI3U U OSCIPOBO-
Horo uHTepHeTa [19]. 5G ynydmaeT MOOMITBHYTO IIHPO-
KOITOJIOCHYO CBSI3b: CKOPOCTHYIO ITEpeaady MOTOKOBOTO
BHJICO B COLICETSIX M OHJIAWH-CEpBUCAX C MUHIMAJTbHBI-
MU 3aJIep)KKaMH B Iiepenade curaana (Bcero 1-2 mc);
10 JaHHEIM Accenture, ¢ TOMOIIBI0 SG cTaHeT BO3MOXK-
Ha TOJIEPKKa 710 | MITH yCTPONCTB Ha KM,

Bupmyanvuas u 0ononnennas peaibHocmsy”.

Buiuucnenus kax cepsuc [20].

Tonocosotl nouck u eonocosvle nomowHuxu [21].

Bo-BTOpBIX, pacCCMOTPUM HEKOTOPBIE 00pasbl Mpo-
PBIBHBIX «3€JIEHBIX» TEXHOJOTHIl, KOTOPhIE MOTYT CO-
CTaBUTh IVIABHBIN TPEH PA3BUTHSI TEXHOJIOTHI B CTPO-
WTENbCTBE B ONMKaiIel mepcreKkTuBe:

3D-mo0enu®; moaxon K MCIOAb30BaHUI0 BIM-
mozenu rpoaeMoHcTpupoBana 'K «Heomanty.

3D-neuams 30anuil u coopysrcenuti [22].

Ilonyyenue 600vl u3 6030yxa — yHUKaJIbHAsI BOJO-
cOopHas cucrema, KOTopast U3BJIEKAaeT BOIY U3 CYyXOTro
BO3/IyXa, a paboTaeT Ha COMHEYHOI sHeprun [23].

Jlopoau uz nepepabomannozo niacmuxa — pas-
paboTka HuAepranackoi kommannu VolkerWessels.

TTuwesoti yemenm. Viccnenoparenu n3 ToKUICKO-
0 YHUBEPCHUTETA MPUIYMaTIH OPUTHHAIBHBIA CIIOCO0
PEIUKIIMHTA IAIIEBBIX OTXOA0B — IMPOU3BOANTH U3 HUX
CTPOUTEILHBIN Marepuall, 1o MPOYHOCTH HE YCTyIar0-
i 6etony [24].

«3enenviily 600opoo [25].

Csepxnposoonuki, pabomaiowjue npu KOMHAMHOU
memnepamype [26].

Jlumui-memaniuyeckue aKKymyaiamopvl AMEIOT
BC€ IIAHCHI U3MEHHUTh PACCTAHOBKY CHJI Ha phIHKE [27].

Camosoccmanasausarowuiicss bemon [28].

Oxcunumpuo amomunus (Npo3padHbLil AIOMUHULL) —
KepamHKa Ha OCHOBE allloMUHUs [29].

Aspoeeny — TBepAbIA U OTHOBPEMEHHO JIETKUI
M30JISIMOHHBINA MaTtepuain [30].

Ilpospaunviii 6emon — OETOH, TMPOILY CKAIONINH
cBer [31].

Anmubaxkmepuanvuas niumka [32].

Cmpoumenvhsie Oponut [33].

PE3YJbBTATbHBI HCCJEJOBAHUA

Bce BrImenpuBeneHHbIE TPUMEPHI MPOPBIBHBIX
TEXHOJIOTHH TaK WM WHa4e MPOSIBUIN ceOsl Ha PBIHKE
U MOTYT OTHOCHUTBCSI K NMIPOIPECCUBHBIM TEXHOJIOTHSIM,
KOTOpbIE OyIyT MPOJBUTATHCS HA CTPOUTEIBHBIN PBIHOK
TEXHOJIOTHH, 00ecTieunBasi KOHKYPEHTHOE ITPEHMYIIIECTBO
KOMITaHUSIM, 00JIaJaloIMM aTeHTaMH U JIMIEH3USIMA
Ha HCIIOJIb30BAHNE ITUX TEXHUIECKHX PELIeHN B (hopme
M300PETEHUIA YCTPOWCTB M CIIOCOOOB MPUMCHEHHS.

MeTtononorus CHHTE3a 3KOJIOTMYECKU OPUEHTHU-
POBAHHBIX NpPO2peccu6HbIX WHHOBALMOHHBIX TEXHO-
joruii cTpouTenbHoro mpoussoacTsa B HUY MI'CY
OpuTa ompodosaHa B 2005-2008 IT. B pyyHOM peKHME.
B T0 Bpems He ObLIO HU MTOMCKOBOW cHCTEMBI STHIEKC
HmaTeHThl, HU HeilpoceTelt Tuna GPT — HelipoceTs
Ha 0a3e aNTOpUTMOB pacmo3HaBaHHS Tekcta NLP,
a TPU3 yxe cymiecTBoBala, TakkKe Kak U UACOIOTHUS
KOHCTpyupoBaHHus [34], u B pe3ynbpTare peann3alnuu
OBUIM CHHTE3MPOBAHBI M MOJTYYCHBI MATEHTHI HA H30-
OpeTeHuUs], 3aaTEeHTOBAaHHBIE TEXHUUYECKUE PEIIEHUs

3 TIporpeccuBHBIE MaTepuabl [1Js CTPOUTENLCTBA — 3TO YCOBEPUIEHCTBOBAHHBIE yXKE MCIOJIb3yEMbIE B COBPEMEHHOM

TEXHOJOTHYECKOM YKIa1€ MaTCpUaJbl.

4 HepCHCKTI/IBHHe Marepuaibl OJid CTPOUTEIBCTBA — MaTE€pUalibl ¢ HOBBIMU CBOMCTBAaMH H €IIE HEUCTOJIB3YyEMBIC

B COBPEMCHHOM TE€XHOJIOTHYECKOM YKJIaA€ MaTCpruabl.

5 Cmonun A.A., XKoanoes JI.JI., Ilomemun U.C., Mexcenun A.B., bozamvipes B.A. CucteMbl BUPTYadbHOU, TOTIOTHEHHOMN
W CMeIIaHHOW peanbHOCTH : yueOHoe mocoome. CII6. : YuuBepcuter UTMO, 2018. 59 c. URL: https://books.ifmo.ru/file/

pdf/2321.pdf

® 06 ycranoBneHHH ciydas, TIPM KOTOPOM 3aCTPOHIIMKOM, TEXHUYECKAM 3aKA3UMKOM, JTUI[OM, OOECTIEUMBAIOIIAM N

OCYUIIECTBISIONINM MOJITOTOBKY 0OOCHOBAHWS WHBECTHIMU, M (MIJIM) JIUIIOM, OTBETCTBEHHBIM 3a DKCIUTyaTallHi0 00BEKTa

KalUTaJbHOTO CTPOUTEIBCTBA, 00ECIeYNBAIOTCS (JOPMUPOBAHKE M BE/ICHHE HH(POPMAIHOHHON MOJIEIH 00BEKTa KalUTAIBbHOTO
ctpoutenscTBa : [loctanoBnenus [IpasurensctBa PO ot 05.03.2021 Ne 331.
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MIPOTPECCUBHBIX U MEPCTIEKTUBHBIX CTPOUTENBHBIX TEX-
Hosoruit [4—-15].

S3AKJIIOYUEHHUE U OBCYXAEHUNE

OnHO U3 caMbIX MEPCIEKTUBHBIX HAINPABICHUMN
B pa3Butuu MU u, B yacTHOCTH, HEHpOCETER — ITO
KpeaTHBHAsl MHTETPalMs C YeJIOBEKOM (HccieoBaTe-
JeM WK nzo0perareneM, Uik SKCIepTOM), HallpuMep,
[0 BOMPOCAM CHHTE3a 00pa30B 3KOIOTHYECKON Oe3-
OTIACHOCTH CTPOUTENbHON TexHonornu. Ceifgac anro-
PHUTMBI YMEIOT PAcIO3HaBaTh N300paKEHUS, JIUIIA, OT-
NeYaTKH MaJbIEB, 3BYKH U rojoc. OHU TaKXe yMeIoT
TOBOPUTH ¥ TEHEPHPOBATh N300PAKEHNUS U BUIEO, UMH-
THPYSI Hallle BOCIIPUATHE Pa3HbIX OPraHoB 4yBCTB. [Ipo-
(eccrnoHanbHbIE HABBIKH, KOTOPBIE MOTYT JOTIOJIHHUTH
WJIN 3aMEeHNTH porpamMmMel MY, B mepByto ouepenp —
JIMarHOCTHKA HETIOJIQJ0K ¥ COCTOSIHUS KaK )KHUBBIX Op-
TaHHU3MOB, TaK U TCXHHUYCCKUX 06’I)eKTOB, IIOJArOTOBKA
OKCIIEPTHBIX 3aKJTI0YCHUH BCEX BHUOOB DOKCIIEPTUSEI,
BKJTIOYAsl SKOJIOTHYECKYT0, MATEHTHYIO, IOPHIHUIECKYIO
u ap. [lepen pa3zpadoruankamu MU, 1 B TOM dncie HEil-
poceTei, CTOUT 3a/1a4a Co3/1aTh MYJIETUMO/IAJIbHBIE JKC-
MEPTHBIE CUCTEMBI, KOTOPBIE MAIlTMHHOE PacTiO3HABAaHHE
BKyIIe ¢ 00pabOTKO# TeKcTa 00BETUHIIN OBl C YCIIOBE-
YECKHM JXKMBBIM aCCOI[MATHBHBIM BOCIIPUSATHEM HHDOP-
MalnuH BMECTE C TBOPYECKUM MTOMCKOM HOBBIX TEXHHUE-
CKHUX peIleHNH, 0e30TacHBIX JUIsl OKPY)KaIOIIEH Cpebl.
Bo3moxHO MPEAIOJOXKNTDb, YTO KPYIMHBIE KOMIIaHUN
U YHUBEPCUTETHI HAYHYT OOBEIUHATH yCUINS B 00Ma-
CTH TAaTCHTHOHN JKCIEPTHU3HI, O0OBEAMHEHHOH C SKOIO-
TUYECKOH JKCIEepTH30H M reHepaTHUBHBIM JAH3aiHOM,
U B OyayIieM MOXKHO OyAeT He TPaTUTh YeJIOBEUECKHE
pecypcbl, IbITasACh HATH HEOOXOAUMYIO HH(OPMALIHIO
B OTPOMHOM KaTaJIoTe MaTeHTHON MH(OPMAINH C OIH-
CaHMeM N300PETeHUH WM B HOPMATHBax ¢ TpeOOBAHU-
SIMH 9KOJIOTHYECKOH 0€3011acHOCTH, a TPOCTO HAIMCATh
B MTOMCKOBOM CTPOKE HYXHBIH 3aIpOC Ha TEXHUUYECKOE
pelleHre ¢ 3aJaHHbBIMH (YHKIUSIMH ¥ [TapaMeTpamu.
Hetipocets o6paboTaer 3ampoc dKCIepTa U BBIIACT
TIOIXOISIITYIO CXEMY € OTTMCAaHNEM HOBOTO TEXHHUYECKO-
TO pelIeHUs MTPOPHIBHON CTPOUTENHLHON TEXHOJIOTHH.
Ecnu Oyner npeanoxxeHa TEXHOJIOTHUS, HE COBCEM IO~
Xoad1as, 1o MHCHUIO OKCIIEPTa, TO MPUACTCA YTOYHUTDH
3arpoc MN. CeromHs 3TO TIOKa TOCTYITHEIE B OTKPHITOM
noctyne GPT-2, GPT-3, GPT-4.

3a/aun MHTErpaluy >KUBOTO U MCKYCCTBEHHOTO
MHTEIUIEKTa MOTYT PElIaThCsi C UCTONIBb30BaHUEM (-
(heKTUBHBIX MHCTPYMEHTOB [UIsl BOBJICUCHUS CTYJCHTOB
B 00y4yeHHe Ha 3JIEKTPOHHBIX Kypcax: MOUCK 00pa3IoB
MIPOPBIBHBIX TEXHOJIOTHH M KOPPEKTHON TEPMUHOIOTHN
JUIsl CHHTE3a 00pa30B OyAyIINX MPOPBIBHBIX TEXHOJIO-
ruil ¢ nomoiusro MU; aBToMaTu3upoBaHHbIA CKPUHUHT
CYIIECTBYOLINX TEXHOIOTHI U SKOJIOTHUECKAs KCIIEp-
TH3a CTEHEPUPOBAHHBIX 00PAa30B MPOEKTOB IPOTpEC-
CHBHBIX W TIEPCIIEKTUBHBIX TEXHOJIOTHH.

IMoxxoms! k pa3pabOTKe METOIAWKH aBTOMAaTH3U-
POBaHHOTO MPOTHO3HPOBAHUS MPOPBIBHBIX TEXHOIIO-
TUWA CTPOUTEIHHOTO TIPOU3BOJICTBA: TTOUCK HEMpoceTen
Y MAIIUHHBIX METOJIOB UCCIICIOBAHUS OyIyIIEro CTPO-
WUTETBbHON OTpACU; MOUCK KOPPEKTHOW TEPMUHOJIOTHU
JUTSL CHHTE3a 00pa30B OyIyIIUuX MPOPBIBHBIX TEXHOJIO-
TUH 1 BapuaHTOB Hcronb3oBanus U, cmocoGHOTO Kpe-
aTHBHO TCHEPUPOBATh CIIOBECHBIC U rpaduueckue 00-
pasbl TexHonoruil. OOBEKT HCCleqOBaHUS — ACTIEKThI
ABTOMATH3UPOBAHHOTO MPOTHO3UPOBAHHUSI IEPCIICKTHB-
HBIX CTPOUTEIBHBIX TeXHOIOTHH. [Ipenmer nccnemona-
HUSL — CJIOBECHBIC U Tpaduyeckue o0pa3sl OyIyIIUX
MPOPBIBHBIX TEXHOJOTHH 3KOIOTHIECKH OPUEHTHPO-
BaHHOTO CTPOUTEIHHOTO MTPOU3BOJICTBA.

TpeHibl pa3BUTHSI CTPOUTEIBLHOM OTpaCHH:

* DKOJIOTH3AIIMS BCEX BUJIOB JICSITCIBHOCTH, B TIEp-
BYIO O4epeib, 00pa3oBaHHs Ha BCEX YPOBHSIX, B TOM
YHUCJIe TOATOTOBKA KAJpPOB JIJIsl CTPOUTEIBHOM OoTpac-
JU ¥ KOMMYHAJBHOTO XO3SHCTBa C YYETOM CO3/IaHHUA
MMOBCEMECTHO «3CJICHON» CPEIbl )KU3HEICATCIbHOCTH
Ha OCHOBE «3€JICHOI» NHHOBALIMOHHOW MTPOAYKLIMH;

* ABTOMATH3aIlMs WHTCIUICKTYallbHOTO TBOpYE-
CKOTO TpyJa MH)XEHEPOB, apXUTEKTOPOB, HKCIIEPTOB,
n3o0peraTeneil, Y4CHBIX U UCCICIOBATEIICH BO BCEX OT-
pacisix, ¥ Ipek/ie BCEro B CTPOUTEIBHON U TPagoCcTpo-
UTEIBHON OTPaCIIH;

* MOBBINICHUE MPOU3BOAUTEIBHOCTH TpyAa
1 3G EKTUBHOCTHU MPOU3BOJICTBA HA OCHOBE BHEIPCHUS
MIPOPBIBHBIX MPOTPECCUBHBIX U MEPCIEKTUBHBIX TEXHO-
JIOTUH, B NIEPBYIO OYEPEh, B CTPOUTEIBHONW OTPaCIIH
1 KOMMYHaJIbHOM XO3SHCTBE;

°* PUCKH pa3pabdOTUYMKOB TEpEMEIAOTCS
B 00;1aCTH BO3MOXKHOM YTPaThl MOPAIBHBIX IIEHHOCTEH
U MOTEpHU MPaB MHTCIUICKTYalbHOH COOCTBEHHOCTHU
C BBITEKAIONTUMH TIOCICACTBUSIMI BO3MOKHOHW YTPATHI
HAYYHOTO U TEXHOJOTHMYCCKOTO CYBEPECHUTETA, TaK KaK
MaTepHaIbHBIC 3aTPaThl Ha MMPOU3BOACTBO HHHOBAIIH-
OHHOM MPOIYKIHH O00CCIICHUBAOTCS MPUMCHCHUCM
HMCKYCCTBEHHOTO MHTEJUIEKTa M JOCTYIHOCTBIO MPO-
TPaMMHBIX CPEACTB U 0a3 3HAHWI U TaHHBIX.

00630p 00pa30B MPOPHIBHBIX TEXHOJIOTHI CTPOU-
TEJIHHOTO MPOU3BOJICTBA MTOKA3aJ BO3MOKHOCTh MHTE-
TpaIfy )KUBOTO W MCKYCCTBEHHOTO MHTEJUICKTA MPH
COOTBETCTBYIOLIEH TEPMHUHOJIOTHYECKOH U METOMA0-
JIOTHYECKON TpopaboTke 0a3 JaHHBIX U aJTOPUTMOB
WH(POPMAIIMOHHOW JIOTUCTUKH ISl aBTOMATH3HPOBAH-
HOTO TEHEPUPOBAHUS HOBBIX TEXHOJOTHYECKHUX H30-
Operenuii. McnonszoBanue MU B kpeaTnBHOM crHTE3€
9KOJIOTHYECKH OPHEHTHPOBAHHBIX CIIOBECHBIX M T'pa-
(hudaeckux 00pa30B MPOPHIBHBIX TEXHOJIOTUH C YYETOM
MAaIIMHHOHN CTaTHCTUYIECKON 00paOOTKM aTeHTHOW MH-
(dhopmanuu 1 POHIOB TEXHUICCKUX PETIIAMCHTOB TIPE/I-
CTaBIIIETCS OHOW M3 3a7a94 KPEaTHBHOTO MTPOTHO3MPO-
BaHUsI 00BEKTOB TEXHOC(EPHI.
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AHHOTAUMUA

BBepeHune. B coBpeMeHHbIX yCroBMUsX Npon3BOACTBEHHOE HOPMUPOBaHWE SBMISIETCA OCHOBOW Ans paspaboTku CMeTHbIX
HOPMaTWBOB 1 NOKa3aTenen, NCNosb3yeMblX NPy pacyeTe AOCTOBEPHLIX CMETHbIX 3aTpaT Ha CTPOUTENLCTBO (PEKOHCTPYKLIMIO,
KanutanbHbIi PEMOHT) OOBEKTOB KanuTanbHOro CTpouTenbcTB. KayecTBO pa3paboTky MepBMYHbIX MPOU3BOACTBEHHbLIX
HOPM, WX COCTaB, METOAOMNOrNA paspaboTkn, NpaBuna UCMNONb30BAHWUA HANPSMY0 BAWSAIOT HA HOMEHKNaTypy W CTeneHb
Aetanu3aumn paspabaTtbiBaeMblX CMETHbIX HOPMATVMBOB W nokasateneir. OBOCHOBaHMEM CMETHbIX HOPMATVBOB CryxaT
TEXHONOrMYeckne KapTbl, cogepxXallme kapTbl HOpMATUBHBLIX HabnoaeHnn, doTorpacdum anemMeHToB npouecca, MHoraa
BMAE03an1cb NpoLeccos v Ap. Bo3HukaeT He06X0AMMOCTb NPOBEAEHNS HECKOMBbKUX 3aMEPOB Ha PasnuyHbIX MroLiagkax
ONS NONyYeHUst yCpeAHEHHbIX AaHHbIX, B TOM YMCIe 3a CHET BMUSIHWSA YenoBeYeckoro hakropa B yCTaHOBIEHNM (PMKCaXKHbBIX
TOYeK 1 (POpMMPOBaHWM KapTbl paboynx onepauui, 4To Co3aaeT BO3MOXHOCTL (hanbcudukaumm agaHHeix. LienecoobpasHo
nepecMoTpeTb NOAXOAbl K CO34aHWI0 MacCoBOW CUCTEMbI NPOM3BOACTBEHHOTO HOPMUPOBAHWSI FOCYAAPCTBEHHOTO YPOBHS
npwv yCnoBMUN KOPEHHOTO N3MEHEHNsA NoaX0A0B K OpraHusaLuum npotecca cbopa, aHanmsa u xpaHeHust tHdopmMaLum, B Tom
yucne ¢ y4eToM pPa3BUTUS CTPOUTENBHOM OTPacny B YCMOBUSAX LidppoBusaLmm.

Matepuanbl 1 meToabl. [TpyuMeHeHbl cUCTEMHBIN Noaxof, oblieTeopeTVyeckme MeTOAbl MO3HaHWSA (aHanu3, CUHTES3,
aHanorusi, 0606LLUeHne, conocTaBneHune) u ap.

PesynbTathl. [peanoxeHo NCnonb3oBaTh ANEKTPOHHY0 6a3y HOpMaTUBHBLIX HAOMIOAEHWI ANS NOBbILLEHUS JOCTOBEPHOCTY
CMeTHbIX pacyeToB B cTpouTenbcTBe. OnpegeneHbl LEnu U NpUHLUMNbI CO3AAHWSA, a Takke CTPYKTypa 35eKTPOHHOW
6a3bl HopmaTuBHbIX HabmogeHUn. PekomeHgoBaHa K paspaboTke pervcTpaunoHHO-MHpopMaUMOHHasa kapTa obbekTa,
cofepallas BClo MHOopMaLMIo 0 co3faHnm, obpaboTke, peructTpaumnm, XxpaHeHnn 1 nepeaaydn B Nonb3oBaHve Ans uenem
HOPMWPOBaHUSI.

BbiBoabl. BHeopeHue npegnaraemoro noaxoda K CO34aHWMO, BEAEHWIO UM COMPOBOXAEHWUKO 3MEeKTPOHHOW 6asbl
HOpMaTWBHbIX HabnogeHui ByaeT cnocobCcTBOBaTb MOBBLILEHWIO [AOCTOBEPHOCTM CMETHbIX 3aTpaT B CTPOUTENbCTBE,
a TaKke MUHUMM3aLMK TPYAOBbLIX U BPEMEHHbIX 3aTpaT Ha pa3paboTKy CMETHbIX HOPMAaTMBOB W NokasaTenew.

KINOYEBBIE CINOBA: npon3BoACTBEHHbIE HOPMbI, HOPMaTUBHbIE HAGMNIOAEHUS, HOPMUPOBaHWE, CMETHbIE HOPMAaTMBbI,
MOHMWTOPWHT, 3NeKTPoHHas 6a3a HopMaTUBHBIX HabnoaeHNN, LdpoBr3aumns
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HabntogeHun B ycrnoBusx uudposusauum B ctpoutensctse // BectHuk MICY. 2023. T. 18. Buin. 8. C. 1306-1317. DOI:
10.22227/1997-0935.2023.8.1306-1317
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Electronic database of regulatory observations as a tool of public
administration in the context of digitalization in construction
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ABSTRACT
Introduction. In modern conditions, production rationing is the basis for the development of estimated standards and
indicators, used respectively in the calculation of reliable estimated costs of construction (reconstruction, overhaul) of
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CospaaHue INEKTPOHHOM 6a3bl HOPMaTUBHbIX HabAOAEHUH

C. 1306-1317
B YCAOBMSIX LUMGPOBU3aLIMI B CTPOUTEALCTBE

capital construction objects. The quality of development of primary production standards, their composition, development
methodology, rules of use directly affect the nomenclature and the degree of detail of the developed estimated standards
and indicators. Justification of the estimated standards are technological maps containing maps of standard observations,
photographs of process elements, sometimes video recording of processes, etc. There is a necessity to carry out several
measurements at different sites to obtain averaged data, including due to the influence of the human factor in establishing
fix points and forming a map of work operations, which creates the possibility of data falsification. It is expedient to revise
approaches to the creation of a mass system of state-level production regulation, subject to a radical change in approaches
to the organization of the process of collection, analysis and storage of information, including taking into account the
development of the construction industry in the context of digitalization.

Materials and methods. System approach, general theoretical methods of cognition (analysis, synthesis, analogy,
generalization, comparison and others) and others.

Results. It is proposed to use the electronic database of regulatory observations to improve the reliability of estimates
in construction. The purposes and principles of creation, as well as the structure of the electronic base of normative
observations, are determined. The registration and information map of the object is proposed for development, containing all
information about the creation, processing, registration, storage and transfer for use for the purposes of regulation.
Conclusions. The introduction of the proposed approach to the creation, maintenance and maintenance of an electronic
database of regulatory observations will help increase the reliability of estimated costs in construction, as well as minimize
labour and time costs for the development of estimated standards and indicators.

KEYWORDS: production standards, regulatory observations, rationing, estimated standards, monitoring, electronic
database of regulatory observations, digitalization
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BBEJAEHUE

KiroueBoit 3amaueil rocygapcTBEHHOW CHCTEMBbI
[IEHOOOPa30BaHUS B CTPOUTEIBCTBE SBISICTCS 00CITy-
JKUBaHHE MACCOBBIX CTPOUTEIBHEIX IIPOrpamMM. Pe3yis-
TaThl MPOU3BOJICTBEHHOTO HOPMHPOBAHUSA pabodmx
OTIepaIMii ¥ MPOIIECCOB 000CHOBAHHO OBIITU MPUHSTHI
B KQUECTBE OCHOBBI CHCTEMBI CMETHOTO HOPMHUPOBAHHUS
KaK eIMHCTBEHHO JOCTYIMHasi HHPOPMALHUS ISl TPOEK-
TUPOBAHMS CMETHBIX HOPM U PACLIEHOK.

HopmupoBanue 3akiito4aeTcss B XpOHOMETPUPO-
BaHHH Pa0OYMX OIMEpauil ¥ MPOLEcCcOB B pa30OUBKE
Mo (pUKCaKHBIM TOYKaM. TpeOyeTcs mpoBeAeHHE psia
COTIOCTABUMBIX TI0 PE3YABTUPYIOMIEH MPOIYKINH H CO-
cTaBy OpHUTraj 3aMepoB IS PA3TUIHBIX CTPOUTEIBHBIX
IJIOIA0K U opraHu3auuil. PaznenpHo ycraHaBiuBa-
IOTCS PacXo/Ibl MaTePHAJIOB U U3CIIHH, 3aTpaThl BpeMe-
HY Ha 9KCIUTyaTalMio MallKH, 3aTpaThl Tpyia pabodnXx.
TexHn4eckoe HOPMUPOBAHUE COCTOUT B cOOpe CTaTH-
CTHYCCKHX JaHHBIX 110 HOPMAJISIM CTPOUTEIBHBIX TIPO-
I[ECCOB U UX YCPETHCHUM.

[ BeITTOTHEHHST paboOT M0 HOPMHUPOBAHUIO CIIe-
UaTbHO OPTaHU30BHIBATUCH HMCCIIEIOBATEIHCKUE
IJIOMIAAKH, HAa KOTOPBIX CO3/aBaUCh yCIOBUSA, MPH-
OnKEeHHBIE K peasIbHBIM, M IIPOBOAMINCH 3aMePBI MO
TOTOBJICHHBIX HpolieccoB. PaboTa 1o TeXxHUYeCKOMY
HOPMUPOBAHUIO MOAJAEPKUBANACH PSIIOM UHCTUTYTOB
Y OpraHu3anuii.

B macrosmee BpeMs 00OCHOBaHHEM CMETHBIX
HOPM W PacCIEHOK CIYXKaT TEXHOJIOTHYECKHE KapThl,
conepKaIire KapThl HOPMAaTHBHBIX HAONIONEHUH, o-
Torpadum 37IEMEHTOB Mpollecca, MHOTJA e€ro BHUJEO-
sanuck. [Ipu 3TOM KpaiiHe 3aTpyqHEHa OpraHu3alus
BBIE3/I0B CHEIMANINCTOB HA MPOU3BOJCTBEHHBIC IJIO-
IIaIKK [0 MPUYMHE HE3aUHTEPECOBAHHOCTU OPraHU-
3aIuif, KOTOPBIM MPUHAJIC)KAT MPOU3BOACTBCHHBIC

IUIOIIAKH, ¥ HECOINIACOBAHHOCTU ACUCTBUIN MCIIOJIHH-
TeJIeH 0 POPMHUPOBAHMIO ICJICHAIPABICHHO OpPraHu-
30BaHHBIX TPYJOBBIX MpoieccoB. Tpedyercss HEeCKOb-
KO 3aMEpOB Ha Pa3/IMYHBIX IUIOIIAAKaX JJIs TOJTyYeHUs
YCpPeIHCHHBIX JaHHbBIX. [IpobieMa 3akiroyaercs B He-
BO3MO)KHOCTH MacCOBOU (PMKCAIIUU MPOIECCOB U aKTY-
anu3auuu HOpM. JlaHHbBIE 3aMEPOB BPEMEHH Olepaluil
1 MIPOLECCOB HE NOAJAI0TC BOCCTAHOBJIEHUIO 110 MPHU-
YUHE BJIIMSHUS YEIOBEYCCKOTO (pakTOopa B yCTaHOB-
JEHUH (UKCAKHBIX TOUYCK W (POPMHPOBAHHH KAPTHI
pabounx oreparyii, 9T0 cCO3qaeT BO3SMOXKHOCTH (hajb-
CHU(pUKAINN CBEICHUH.

AKTyaJTbHOCTB TEMBI HICCIICIOBaHUS 00YCIIOBICHA
HAJIMYHEM OT/CNIBHBIX TPOOIeM B CO3TaHUU MacCOBOU
CHUCTEMBI IPOU3BOJICTBEHHOTO HOPMHUPOBAHMS TOCYAAP-
CTBEHHOI'O YPOBHS IIPU YCIIOBUU KOPEHHOTO U3MEHEHMSI
OpraHU3alMu IMpouecca cObopa, aHaTU3a U XpaHEHHUs
WHPOPMAITUH.

MATEPHAJIBI U METO/JAbI

Bonpocamu mpruMeHeHHS NPOU3BOJACTBEHHBIX
HOPM B CTPOUTEILCTBE C LENbIO IUIAHUPOBAHUS, (Op-
MHUpPOBaHHs CTOUMOCTH, 000CHOBaHUS BHIOOPA METO-
JIOB pacueTa IPOU3BOJICTBEHHBIX HOPM, co3JlaHus 0a3
JTAaHHBIX, UCTIOJIb30BaHMs IN(POBBIX TEXHOIOTUH ISt
MH(POPMAIIMOHHBIX CHCTEM UHTEPECOBAINCH KaK yde-
Hble, TaK U HauMHawooImue ucciaeponarenu: M. A. Jlu-
oepman [1], K.B. Anrtonos [2], B.E. bazanos [3],
A.H. Cagenkos [4], O.H. Ky3una [5], A.C. I1aBnos [6],
H.B. Jlazapesa [7], A.B. Tonuuii [8] u ap.

[Ipu pazpaboTke HOBBIX M IIEPECMOTpPE JIEHCTBY-
IOIHUX CMETHBIX HOPM M PACLEHOK paHee MCIOJIb30-
Balll equHbIe HOpMEI U pacieHku (EHuP) Ha cTpo-
UTETbHBIC, MOHTAXHBIC M PEMOHTHO-CTPOUTEIIHHBIC
paboTtsl, yrBep)kaeHHBIe [locTanoBIeHneM [occTpos
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CCCP or 05.12.1986 Ne 43/512/29-50", enunbie HOp-
MBI BPEMEHH Ha TEPEBO3KY I'Py30B aBTOMOOMIBLHBIM
TPAHCIIOPTOM U CAETBbHBIE PACLEHKH JJIsl OIUIAThI TpyAa
BonuTelel, yreepaxaeHHble Ilocranosnenuem [ocynap-
ctBeHHOro xomutera CCCP mo Tpyay U colManbHBIM
BonpocaMm u Cekperapuara BcecorozHOro ieHTpanbHO-
TO coBeTa PO eCCHOHATBHBIX COI030B OT 13.03.1987
Ne 153/6-1422.

EHuP na ctpourtenbHble, MOHTaXKHBIE U PEMOHT-
HO-CTPOUTEINIbHBIE paboThl pa3pabaThIBaIUCh CIEIH-
AJbHBIMU HOPMATHBHBIMH OPTaHU3ALUSAMH U YTBEPXK-
nanuck ['occrpoem CCCP u I'ockomurerom CoBera
Munnctpos CCCP o Bonpocam Tpyaa u 3apaboTHOH
taThl 1o conmacoBanuio ¢ BIICTIC mist obs3aTenbHOTO
npumenenus. EHuP oxBarsiBanu okono 65 % BBITOTHS-
€MBIX CTPOUTENBHO-MOHTaXHBIX padot (CMP). Okomno
20 %, MpenMyIIeCTBEHHO CIIEIHAIbLHBIX BUIOB paboT,
HOPMHPOBAIUCH ¥ OIJIAYUBAINCH MO BEAOMCTBCH-
HBIM HOpMaM u pacueHkam (BHuP), yrBepxnaembim
COOTBETCTBYIOIIMMH MHUHUCTEPCTBAMHU (BEIOMCTBA-
MH) IO coracoBaHuio ¢ orpaciessiM LK mpodcoro-
3a. [Ipumepno 15 % paboT, U3 yrcia He OXBAYCHHBIX
EHuP u BHuP, HopMupoBanuch 1o MeECTHBIM HOpMaM
(MHwuP), xoTopsie yTBEepKIadlCh PYKOBOAUTEIIMHU
CTPOUTEIBHBIX OPTraHU3aINH MO COITIACOBAHUIO C MECT-
HBIMH KOMHUTETaMH 1po¢coro3oB. Takum 00pa3zoM, BbI-
CTpanBaach Uepapxust HOPM U PACLEHOK B 3aBHCUMO-
CTH OT UX Ha3HA4YCHHUs, yPOBHs NPUMEHEHHUS U ydeTa
creuu(HKN BHITIOIHEHNUS OT/CIBHBIX BUAOB paloT.

Ha puc. 1 mpusenen ¢pparment EHuP na mpumepe
tabmuibl E7-9 «Coopka 1 HaBecka BOIOCTOYHBIX TPYO»
cbopruka E7 «KposesbHbie paboThD»®, HCXOIST M3 KOTO-

§ E7-9. Chopka B HaBeCKa BOJOCTOYHBIX TPV

POt MOYKHO MOJTyYHTh MPEICTABICHNE O COCTABE U MOJI-
HoTe nH(opManuu, npuBonumMort B EHuP.
dopmupoBanne HOMEHKIATypbl coOopHrKoB EHUP,
HCTIONB3YEeMBIX MPAKTHYECKH JI0 HACTOAIIECTO BPEMEHH,
IpoBeeHO B KoHIEe 80-X IT. mpouutoro crosnetus. Cpok
nevictBus yreepxkaeHHbix EHUP cocrtapnsn nars Jer,
MOCJIE YEeTO MX CIIEIOBAJIO TIepeCcMaTPHUBATh U MIPH HE-
00XOAMMOCTH 3aMEHSITh Ha HOBBIE C IEJIBI0 OTPAKECHUS
MCTIOTH30BaHNS COBPEMEHHOM TEXHUKH, OPTaHU3AINN
U TEXHOJIOTUU CTPOUTEIBHOIO MPOU3BOJACTBA U AP.
O4eBHIHBI HECOCTOATEIFHOCTD TAKOTO PEIICHHS | I10-
cnenyrouiee ucnonb3zosanue EHuP npu Hopmuposanuu
B CTPOMTENIBCTBE MPAKTHUYECKH 110 HACTOSIIEE BPEMSI.
OcHOBOW HOPMHPOBAHHSA pacxoia PecypcoB
B cTpouTenbeTBe B eproa 1950-1990 rr. sBnsnace ue-
papxuyeckasi CHCTeMa HOPMAaTHBOB, KOTOpasi BKITIOUaIa
YETBIPE YPOBHS, UX MOCIEN0BATEIBLHOCTD U COAEpXKa-
HUe npuBeaeHs! B Tadn. 1 [1, 9, 10].
[Ipu BBIITyCKE CTPOUTEIHFHON MPOXYKITUH CO3ACT-
Cs1 CTIOKHAsl CUCTEMa OpPTaHU3aIMK YIIPABICHUS IPOU3-
BOJICTBOM, B COCTaBe KOTOPOH MMEIOT MECTO TaKUE MOA-
CUCTEMBI, KaK IIPOU3BOJCTBEHHAs, OPTaHU3aI[IOHHAs
u ympasisionas nadopmaruonaas. COOTBETCTBEHHO
3a cOop, XpaHeHHe 1 00pabOTKy AaHHBIX, TOTYIaeMbIX
B IIpOLIeCCE CTPOUTETHHOTO MPOU3BOJACTBA, OTBEYAET
yhpaBieH9IecKass HHPOPMAIMOHHAS MTOJICHCTEMA.
OpHako mpoOeMa 3aKIr4aeTcs B TOM, 4T0 Gop-
MHpPOBaHHEM HEKOH MH()OPMAIMOHHON 0a3bl JaHHBIX
(BM) o cpokax, pecypcax, TEXHOJIOTUSIX U Jp., MOITY-
YaeMBIX B MPOIIECCE CTPOHUTENHHOTO MPOM3BOJICTBA
U WCTIONB3YEMBIX B JaJbHEHIIeM IPH TUTAHUPOBAHHUH
U aHaJM3€ 3aTpart, CTPOUTENbHbIE OpraHU3aIluu JTUO0

Coctae paorm |

1. ¥ VXRITOR 0O €

oTRapeTul e

n 2 mex npobox. 2 Chopra u mazecxano |

| VCTZHOETEHHBIM YXEJTaM BOJOCTOMHEIX TPYD (B TOM ¥HCHe NpEMaIx IEeHBeE TPYD, NOJ8H, OTMETOE, BODOHOE C |

o). 3. Kpermesnee rpy6 x yxearan

Kposemumme: 4 pasp.
Hopust Epesenn B pacnensn ma 1 u 1pyfsr

Hamuvenogasone pasor

" Copia  KXBSCX2 BOTOCTONIATE TPVE 10 roTORANL
yxzaTaM

"VCT2HORER YXETOE D0 CTREIM K3 KEPOINE I SER00

BeToER <

£ FOTERRIX €

TNpzuenazxe. Ilpn pebore ¢ DOTEECHAN DOTES HOPMING YTeR2

Caocob ssnoTsesms pasot

| manex mopamioe me yness & BopaorpyeTcs o o6 E5-1 "Orzenceonss pasora” |

Puc. 1. ®parment tabnuust EHUP Ha npumepe E7-9 «C6opka 1 HaBecka BOJIOCTOYHBIX TPYO»

Fig. 1. Fragment of the ENiR table using the example of E7-9 “Assembly and attachment of downpipes”

' O6 yTBepsKIE€HUH EMHBIX HOPM U PACIIEHOK Ha CTPOUTEJIbHBIE, MOHTAKHBIE M PEMOHTHO-CTPOMTENbHEIE paboTsl (EHuP) :

[Mocranosnenue ['ocymapcrBenHoro crpoutensHoro komurera CCCP, I'ocymapcrBennoro komutera CCCP mo Tpyny

U conuanbHEIM BompocaM, CekpeTapuara Bececoro3HOro neHTpatbHOTO coBeTa MpodecCHOoHANBHBIX cor030B oT 05.12.1986

Ne 43/512/29-50.

2 06 yTBepkK/ICHUN €IMHBIX HOPM BPEMEHH Ha MEPEBO3KY IPy30B aBTOMOOUJILHBIM TPAHCHOPTOM M C/ENBHBIX PACIEHOK

IUTSL OTUTATHI Tpyaa Boxuteneit : [locranosnenue ['ocynapcrBenHoro komutera CCCP mo Tpyay U connanbHBIM BOIIPOCaM
u CexpeTapuarta Bcecoro3HOT0 IEHTPaIbHOTO coBeTa MpohecCrOHANbHBIX c0t030B OT 13.03.1987 Ne 153/6-142.
3 EHuP C6opuux E7 «KposembHbie paboTsl» : yTB. IlocTanoBierneM I'ocynapcTBeHHOTO cTpouTtensHoro komurera CCCP,

lNocynapcreernoro komutera CCCP mo Tpyay u conmansHbeIM BonipocaM, Cekperapuara Bececoro3HOro eHTpatbHOTO COBETa

npodeccHoHambHBIX cor030B 0T 05.12.1986 Ne 43/512/29-50.
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Co3aaHHe aNEKTPOHHOH 6a3bl HOPMATUBHbIX HAOAIOAEHM I

C. 1306-1317

B YCAOBUAX LlVId)pOBM3aLlMM B CTODOUTEABCTBE

Ta6Ju. 1. YpoBHU HOPMHUPOBAHUS PacXoaa PECYypCcoB B CTPOUTEILCTBE

Table 1. Levels of rationing of resource consumption in construction

YpoBenb N
CocraB HOPM U ITOKa3aTeNeH Meroznonorus Hasnauenne
HOPMHPOBaHUS . L
. Composition of norms and indicators Methodology Purpose
Normalization level
IIponssoacTBeHHbIE OO0mue mponu3BOACTBEHHBIE HOPMBI
HOPMBI pacxoja pacxojia MaTepHanoB B CTPOUTEIHCTBE
pecypcos (OITHPMC).
Production rates of EHuP. .
. MeToabl TEXHUYECKOTO BuyTtpudupmenHbIii
resource consumption | BHuP u np.

General production norms for

the consumption of materials in
construction (OPNRMS).
Uniform norms and prices (ENiR).
Departmental norms and prices
(VNIiR), etc.

HOPMHUPOBAHUS
Methods of technical
regulation

KOHTPOJIb U y4eT
Intracompany
control and accounting

DJIeMEHTHBIC
CMETHBIC HOPMBI

Y pacIICHKH,
MOKAa3aTelld pacxojia
pecypcos

Elemental estimated
norms and prices,
indicators of resource
consumption

HopmartuBHbIe okasaTeian pacxonia
Mmarepuaios (HITPM).

[Toka3zarenyn Ha OTAENBHBIC BUJIBI
pa6ot (IIBP).

DJIEMEHTHBIC CMETHBIE HOPMBI
(OCH, I'oCH).

EnuHnYHBIE pPaCeHKH HA OT/IEIbHBIE
Buzpl padot (EPEP, CHuP, ®EP,
TEP u np.)

Normative indicators of consumption of
materials (NPRM).

Indicators for certain types of work
(PWR).

Elemental estimated norms

(ESN, GESN).

Unit rates for certain types of work
(ERER, SNIiR, FER, TER, etc.)

MeTobI CMETHOTO
HOPMHUPOBAHUS,
KaJIbKyJIHPOBAaHHE
MIPON3BOJICTBEHHBIX HOPM
Estimated rationing
methods, costing
production standards

PazpaboTka cMeTHO
JIOKYMCHTAIIUU
Estimate
documentation
development

VKpyIHEHHBIC HOPMBI

VKpyIHEHHbIE NOKa3aTen 0a3UCHON

pacxojia pecypcoB CTOMMOCTH CTPOUTENBCTBA 3/1aHUH 1 o
N ArperupoBaHue Pa3paborka cmeTHOM
U TOKa3aTeu coopyxenuit (YIIBC) u BunoB pabot
SJIEMEHTHBIX CMETHBIX JTOKyMEHTalluu
CTOMMOCTH (YIIBC BP) u gp. .
S . HOPM Estimate
Aggregated resource | Aggregated indicators of the basic . .
. . o Aggregation of elemental | documentation
consumption rates and | cost of construction of buildings and .
oo estimated standards development
cost indicators structures (UPBS) and types of work
(UPBS VP), etc.
CBopnsble okaszatenn | HopMbI mOTpeOHOCTH B CTPOUTENBHBIX
MoTpeOHOCTH B mammHax (CH 494-77).
pecypcax Hopwmel pacxonia matepuanos, u3aenui
Summary indicators 1 TpyO Ha 1 MITH py0. CMETHOH
of resource CTOMMOCTH CTPOUTETHHO-MOHTAXHBIX
requirements padot (CHull 5.01.01-82).
IIpelickypaHTbl HA BHJIBI
P yp Yepennenue [TnanupoBanue
CTPOUTENBCTBA. .
(axTnueckux (cMmert- WHBECTUIMI 110 00BEKTaM,
VY nenbHBIE TOKA3aTENN CTONMOCTH .
HBIX) [TOKa3arenen OpraHu3anysM,
CTPOUTENBCTBA.
10 00BEKTaM- peruoHam u Jp.
OOBEKTHI-AHAIIOTH U JIP. .
MIPEICTABUTEINISIM Planning

Standards for the need for construction
vehicles (SN 494-77);

Consumption rates of materials,
products and pipes per 1 million rubles.
estimated cost of construction and
installation works SNiP 5.01.01-82);
Price lists for types of construction;
Specific cost indicators

construction.

Objects-analogues, etc.

Averaging actual
(estimated) indicators for
representative objects

investments by objects,
organizations,
regions, etc.
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HE 3aHUMAIOTCS, TUO0 3aHUMAIOTCS TOJIBKO B paMKax
¢uHaHcoBOrO yuera. Takoe rmojokeHHUe /1€ CKa3bIBa-
eTCSl U Ha KayecTBE OPTaHM3allMOHHO-TEXHOJIOTHYe-
ckoit nokymenraru [8]. Kpome Toro, cets cnenmani-
3UPOBAHHBIX OpPraHU3alNi, B KOMIIETCHIUIO KOTOPBIX
BXO/ISIT BOTIPOCHI cOopa, 00pabOTKM U aHa/IW3a WH-
(hopmanuu s neneld HOPMUPOBAHUSI B CTPOUTEIb-
CTBE, B HACTOSAIIEE BPEMsI OTCYTCTBYET, UMEIOT MECTO
OTZAETbHBIE KOMIIAHUH C OTIBITOM pabOTHI B yKa3aHHOU
ob6nactu. I[Ipu sTom B Pecniyonuke benapyce, Hanmpu-
Mep, OAO «HUU CtpoidkOHOMHUKA» OCYIIECTBISET
MIOCTOSTHHBIM MOHMTOPHHT (PAKTUYECKUX 3aTpaT Tpyna
B KPYITHBIX CTPOUTEIBHBIX OPTaHU3alHNAX, YTO T03BO-
JSIET coziepKaTh COOPHUKH HOPM 3aTpar TPy/a B aKTy-
aTbHOM COCTOSTHUH [3].

B cBsa3u ¢ BctymineHuem B cuny Ilocranosie-
uust [pasurenscrea PO ot 13.06.2020 Ne 8574 EHuP
u BHuP nmomnexar otmene u 6osiee He IMEIOT I0PHIH-
YEeCKOM CHIIBI ISl IPUMEHEHHS MIPH pa3pabOoTKe HOBBIX
U MepecMoTpe ACHCTBYIOMIMX CMETHBIX HOPM U pac-
LIEHOK TePPUTOPUAIILHONH CMETHO-HOPMAaTHUBHOM 0a3bl
s T. Mockeet TCH-2001. Takum o6pa3om, mepecraet
CYILECTBOBATH JICTHTUMHAsI OCHOBA JIJIsl IPUMEHEHNS 3a-
paHee MMOATrOTOBJICHHBIX MTPOU3BOJACTBEHHBIX HOPM IS
(hopMUPOBaHMSI CMETHBIX HOPM, YTO KPUTHYECKUM 00-
Pa3oM MOJKET CKa3aThCsl Ha ONIEPATUBHOCTH BBITTOIHEHUS
paboT 1Mo pa3paboTKe ¥ MePECMOTPE CMETHBIX HOPM.

B oreuecTBeHHOM mpakTHKE pa3paboTaHa yHHU-
KaJbHasl CHCTeMa MPOSKTUPOBAHUS ITPOU3BOJCTBEHHBIX
HOpPM, UX aHaju3a U ontuMusanuu. OCHOBOH JuIs pas-
pabOTKM TEXHWYECKH 000CHOBAHHBIX IIPON3BOJICTBEH-
HBIX HOPM B CTPOMTEIBCTBE SIBJISIOTCS CTICIIHAJIbHBIC
HOPMAaTUBHbIE HAOIIOICHUSI.

s mpoBeneHUss HOPMATUBHBIX HAOJIIOICHUI
(xpoHOMETpax) HEOOXOIUM OOBEKT, Te B Ipolecce
HaOJoIeHns ¥ (puKcanuy MPOM3BOICTBEHHBIX JaHHBIX
pa3pabaTbIBacTCsl TEXHOIOTHYECKas KapTa, NCTIOb3Ye-
Masi BIIOCJICACTBHH B KauecTBE 0a3bl JJIs pa3paboTKu
KaJbKYJISAILUN CMETHBIX pecypcos [11, 12]. Texnomoru-
YyecKasl KapTa BKIIIOYaeT BCE BUJIBI paboT U Oneparyi,
a TaK)Ke MCIOJb3yeMble MaTepHaIbHO-TEXHUIECKUE
pecypchl. B Hell Taxke MPUBOAXUTCS MOACYET 0OBEMOB
paboT Ha U3MEPHUTEIIb CMETHOW HOPMBI, TPA(UK ITPOH3-
BOJICTBA Pa0OT M yKa3aHUs 110 TEXHUKE OE30IaCHOCTH.

C xonna 1980-x rr. npousonuia yrepst KOMILIEKC-
HOTO MOHHTOPHHTA NPON3BOJICTBEHHON MH(OpMannn
U TIOYTH HEBO3MOXKEH COOp SKOHOMHUYECKUX U (hUHAH-
COBBIX TOKa3aTeneil NesITeIbHOCTH CTPOUTEIBHBIX Op-
ranu3anui. Camast GombIas MoTeps — 3TO JIHIICHUE
CETH OpraHM3alMi U KOJUICKTHBOB, OCYIIECTBISIBIINX
MIPOU3BOJICTBCHHbIC HAONIOACHNUS W TOMXYMHIBIINXCS
ennHOMY 1eHTpy. I[Iporecc pa3paboTku HOPM BecbMa
TPYIOEMOK, OPTaHU3AI[IOHHO CIIOKEH U 3aTATHBacTCA
3a cyeT OIOPOKPATUUECKUX MPOLEAYP COIIACOBaHMs. DTO

OJTHA M3 TVIABHBIX MPOOIEM HAChIIEHHUs 6a3bl HOPMATH-
BOB U aKTYaJIM3aINHU CYIIECTBYIOMUX HOpM. TpeOyroTcs
OpraHu3aLys ¥ yIpaBlieHHe HCTOYHUKAMH ITEPBUYHON
MIPOM3BOJICTBEHHOM (CTOMMOCTHOM) HH(pOPMALIHH.

B macrosimee Bpemsi pa3paboTka HOBBIX HOp-
MaTHBOB NPOU3BOACTBEHHOIO XapakTepa METOAaMU
TEXHHYECKOTO HOPMHUPOBAHUSA, OTPAKAOIINX YPO-
BEHb HAyYHO-TEXHUYECKOTO Iporpecca u NpuMeHEHHE
B CTPOMUTEIHCTBE HOBBIX TEXHOJIOT'Ml, MaTepHaioB
1 MEXaHU3MOB, MOXET BBITIONHATHCS TOIBKO IS hup-
MEHHOT'O (KOPIIOPaTUBHOTO) YIPABICHUS B TIOAPSIHOM
cTpouTenbCcTBe. MMeromuics neUuIuT mpou3BoI-
CTBCHHBIX HOPM Ha COBPEMEHHBIC CTPOUTEIHHBIC TIPO-
L[ECChI, OIPaHUYEHHBINA JOCTYI K MH()OPMAMOHHBIM
pecypcaM MOAPSIHBIX OpTaHU3alNH, a CIeI0BaTEIbHO,
MpaKTHYeCKasi HEBO3MOXKHOCTh MAaCCOBOI [IEHTPaJIN30-
BaHHOM Pa3pabOTKK MPOM3BOJICTBEHHBIX HOPM TPEOYIOT
MOWCKA W BHEPEHUS B MPAKTUKY HOBBIX OpTaHHU3AIIH-
OHHO-TEXHMYECKUX M HAyYHO-METOJMYECKUX PEIICHUH,
(hopMHPOBaHHSI COBPEMEHHBIX TIPaBIII, METOUK U TIPH-
€MOB HOPMHUPOBAHUS ITPOU3BOACTBCHHBIX IIPOIIECCOB.
CornacHo tpyay [3] «iuxeudayus yeHmpaiuzo8aniozo
8030elicmaus Ha 0esimelbHOCb NPeONnpUsMUs No Hop-
MUPOBAHUIO MPYOad NPUBENd K USHOPUPOBAHUIO HOPMU-
posanust mpyoa Ha nPeOnpusimusix u axmuieckomy
npexpauwjenuto paspabomru HoOpmMamueos mpyoo3d-
mpam, coomeemcmeylouux Co8pemMeHHoOM) pa3eumuio
CMPOUMENbHBIX MEXHOI0SUY.

Cpoxu pa3paboTKH HOBBIX HOPMAaTHBOB 0e3 WC-
M0JIb30BaHMsI 0a3bl HOPMATHBHBIX HaOuoAeHUH [4]
MOTYT 3HAYUTENHHO YBEIUIHBATHCS, UTO HETATHBHO
CKa)KeTCsl B 1I€JIOM Ha ITpoliecce HOPMHUPOBAHUS M BHE-
JIPEHHS] HOBBIX TEXHOJIOTHH.

HWrax, nerxecooOpa3HO cO3MATh €IUHYIO JICKTPOH-
HyI0 0a3y HOPMaTHBHBIX HAOIIONEHHUH, HCIIOIB3yEMYIO
Ha Bcex ypoBHsX ((eaepaibHOM, TEPPUTOPHUATBHOM,
OTPACIICBOM).

PE3YJIBTATHBI HCCIEJOBAHMUA

IIpon3BoACTBEHHBIE HOPMBI PAacxoja Pecypcos,
CO3/1aHHBIE METO/IaMU TEXHHYECKOTO0 HOPMHUPOBAHUS
U MPEJACTABJICHHBIC B paHEe NEHCTBYIOIINX COOPHH-
kax EHuP, BHuP, pa3zpaboTansl cTpOUTETFHBIMA MH-
nHucrepcrsamu u BeroMmctBamu CCCP B 1982-1990 rr.
Ot JAaHHBIC ABJISAIOTCS MOCICAHUMU paSpaGOTaHHBIMI/I
U OMyOJIMKOBAHHBIMHU ITPOM3BOJCTBEHHBIMU HOPMaMHU
AIMUHUCTPATUBHO-KOMAaHJHOW CHUCTEMBI YIIPaBJICHUS
SKOHOMHUKOW. B cymiecTBytomemM oObeme, cocTaBe
U CTPYKTYpe MPOM3BOACTBEHHBIE HOPMBI HE pa3pada-
ThIBaJIHCH ¢ 1990 1.

IIpu pa3paboTke KOMIIIEKCAa HOPMATHUBHBIX IO-
Ka3aTenell OLEHKU CTOMMOCTHU PAa3IUYHOTO YPOBHS
YKpyIHeHHs: (PaKTHYESCKH UCTIOJIb3YIOTCSI MOJISIN JIaH-
HBIX, COZIeprKalie NHPOPMALHIO MO apamMeTpaM TeX-

4 O mpusHAHMH He JeHCTBYIONIIME Ha TeppuTopun Poccuiickoit Meepalun akToB U OTACTBHBIX HONOKEHHI aKTOB, H3IaHHBIX

LEHTPAIFHBIMH OpraHaMu rocyaapctseHHoro ympasieHus PCOCP u CCCP, a taxke 00 oTMeHe akTa (enepalbHOTO OpraHa

HCTIONHUTENBHOI BiacT Poccniickoii @eneparmn : [locranosnenue [IpasurensctBa Poceniickoit @eneparmu ot 13.06.2020 Ne 857.
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HOJIOTHUYECKOTO Tpoiecca (cocTaB padoT, pacxo] pe-
CYPCOB, BpeMsi pabOTHI ¥ TIPOY. ), B PE3YIIbTaTe KOTOPOTO
dhopmupyeTCsi CTpOUTENbHAs MPOoAyKuus. B tadm. 2
MPUBEACHBI TPyNIBl (PAaKTOPOB W UX KPaTKOE OIHCa-
HUE, OKa3bIBAIOIINE BIMSIHIE HA OpPraHU3aLUI0 paboT
IO TIPOBEICHUIO HOPMATUBHBIX HAOIIOICHHN.

Takum 00pa3oM, MPEACTABISCTCS TPYAOCMKOM
pa3paboTKa CMETHBIX HOPM M PaclEHOK KaKOTr0-JIHOO
YPOBHs yKPYIIHCHHsI 0€3 HaJIU4Ms 1MOKaszareyeil bosee

Baxunelnm 351eMEHTOM CO3/1aHUSI COBPEMEHHOM
rocyJapCTBEHHOM CHCTEMBI IPOU3BOACTBEHHOIO HOP-
MUPOBaHUs SABJISIETCS YCTAHOBJICHUE U HAKOIUIEHUE
HNEPBUYHBIX IPOU3BOACTBEHHBIX HOPM.

[Tony4uTh B IOCTaTOYHOM Il aHainM3a 00b-
eMe UCXOIHYI0 HH(pOpMAIHIO 0 (PaKTHIECKNX 3aTparax
1 Pacxozie pecypcoB IIPU BBIIOJIHEHUU CTPOUTENbHBIX,
PEMOHTHBIX M IPYTUX PabOT BO3MOXKHO TOJBKO B ITOJI-
PANHBIX OpraHu3auusax. B 3THX ycClOBUSAX KIHOYEBOM

HU3KOI'O0 YpPOBH:I.

OpFaHI/ISaHI/IOHHO-MCTO,I[I/I‘{CCKOI7[ 3a/:[aqel”4 CTaAaHOBHUTCA

Tab.1. 2. [Tpuunnsl 1 HaKTOphl, CO3AAROIME TPYAHOCTH B OPraHU3aLMK PaboT MO MPOBEICHHIO HAOIOACHHIT U YCTAHOBJICHUIO HOPM

Table 2. Causes and factors creating difficulties in the organization of work on conducting observations and setting standards

I'pynmsl pakTopos
Group of factors

Onucanue
Description

OpraHu3aioHHbIe
Organizational

ITotepst ceTn crnenManu3MPOBAHHBIX OPraHU3ALMM, 3aHUMAIOIIUXCS BONPOCAMH TEXHHYECKOTO
HOpMHUpOBaHUs. B Hacrosimiee BpeMsi MalbiM ¥ CPEIHUM CTPOUTENBHBIM OpraHU3alUsIM
JOCTaTOYHO CJIOKHO 3aHUMAThCS TEXHHYECKUM HOPMHPOBAHHEM MPH OTCYTCTBHH HAayYHOTO
PYKOBOJICTBA 3TOT'O HAIIPABJICHHUS ACSTEILHOCTH, KOOPMHALUH pabOT ¥ TECHOTO B3aUMOICHCTBUSI
MEXIy CO00i

Loss of the network of specialized organizations dealing with issues of technical regulation. At
present, it is rather difficult for small and medium-sized construction organizations to engage in
technical regulation in the absence of scientific guidance in this area of activity, coordination of
work and close interaction with each other

DKOHOMHYECKHE
Economic

[Ipon3BoacTBEHHOE HOPMUPOBAHHUE SIBISIETCS BECbMa PECYPCOEMKHM M HAYKOEMKHM HPOIECCOM,
B CBSI3U C 4eM TpeOyeTcs 3HaYUTeNbHOE (PMHAHCHPOBAHHE PadoT Mo pa3paboTke HOPM Tpyla W
pacxo/ia UCTOJIb3YEMBIX MaTePHAIbHO-TEXHUYECKHUX PECYPCOB

Production rationing is a very resource-intensive and knowledge-intensive process, and therefore
requires significant funding for the development of labour standards and the consumption of
material and technical resources used

CoruaiabHEIC
Social

B HacTosiIiee BpeMs OTCYTCTBYET MaccoBasi IOJrOTOBKA CIICIUAINCTOB, 3HAKOMBIX C HAyYHBIMU
METOaMU TEXHUYECKOI'O HOPMUPOBAHUS TPy Ja. Kak IIpaBUJIO, TaKUX CHEHUAIIMCTOB I'OTOBAT YK€
Ha MeCTax, T.€. B CHEMAIN3UPOBAHHBIX OPIaHU3AIIIX B IIPOIIECCE TPYIOBOH JIESITETLHOCTH

At present, there is no mass training of specialists familiar with the scientific methods of technical
labour regulation. As a rule, such specialists are already trained on the spot, i.e. in specialized
organizations in the course of employment.

Wneonornyeckue
Ideological

Buenpenne 3apy0eXHON HJICOJIOTMH MEHEDKMEHTa W YIPABJICHUS MPOSKTaMH HE YYHUTHIBACT
cnenuduueckue  OCOOGHHOCTH  OTEUSCTBEHHOTO  ONbITa  HOPMHPOBAHHS,  YCTOSBIIHECS
TIOJIOXKUTEIbHBIE TIPAKTUKH PaOOThI, MEHTAIUTET U CBSI3U MPO(ECCHOHANBHOTO COO0IIeCTBa

The introduction of foreign ideology of management and project management does not take into
account the specific features of the domestic experience of standardization, well-established
positive work practices, the mentality and connections of the professional community

TexHosornueckue
Technological

TpeOyercsi BHEOPEHHWE COBPEMEHHBIX TEXHHYECKHX CpEICTB (DUKCAMM U KOHTPOJ
MIPOM3BOJCTBEHHBIX MPOLIECCOB, pa3paboTKa MPOrpaMMHOTO obecreyeHus sl IpUMEHeHus 0a3
JIAHHBIX C [IEJIBI0 XPaHeHHUs U repeady HHGopMaIuu

It requires the introduction and development of modern technical means of fixing and controlling
production processes, the development of software for the use of databases for the purpose of
storing and transmitting information

3aKOHOAATEIbHBIC
Legislative

Jlns onpeneneHus Ha4albHON MakCHMMAaJIbHOM LIEHbI KOHTPAKTA MCIOIB3YIOTCS HCKIIOUUTENIBHO
CMETHbIe HOPMBI M paclieHKH. B Hacrosimee BpeMmsi 3aKOHOJATENBbHO HE 3aKperuieH IMOpsIOK
pacdeTa 3a BBINOJHEHHBIE PA0OTHI, a TaKXKe TPeOOBAHMS 10 HOPMHUPOBAHHIO TPyJa M pacxoja
PECYpCoB Ha YPOBHE MOAPSIHBIX OpraHU3aLui

To determine the initial maximum price of the contract, only estimated norms and prices are used.
At present, the procedure for calculating for the work performed, as well as the requirements for
the rationing of labour and resource consumption at the level of contractors, are not fixed by law

Merononorndaeckue
Methodological

B GonbImMHCTBE TOKyMEHTOB B 00JIaCTH HOPMHUPOBAHUS HE OIPEIEIeHb METOUIECKUE MTOIXOMBI
K pacyeTy HOPM pacxola pecypcoB. 3HAUMTEIbHAs 4acTh JOKYMEHTOB OPMEHTHPOBaHA Ha CO3-
JlaHWe OOILIMX NMPaBWJI WM CONEPXKUT IPEUIOKEHHS TI0 HCIOIB30BAHUIO paHee pa3pabOoTaHHBIX
IIPONU3BOACTBEHHBIX HOPMAaTHBOB

In most documents in the field of rationing, methodological approaches to the calculation of
resource consumption rates are not defined. A significant part of the documents is focused on
the creation of general rules or contains proposals for the use of previously developed production
standards
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COXpaHEeHHEe UMEIOLICHCs] HHPOPMALIUK U CO3JJaHUE CH-
CTEMBI €€ aKTyalIU3alUui U HATIOJIHEHHsI HOBBIMH CBEJIE-
Husmi [ 13-18].

AHaJn3 MopsiJIKa BHIIOJIHEHUS] HOPMAaTUBHBIX Ha-
OmoneHnid, POPMHUPOBAHUS HOPM, CTPYKTYPHI M COCTa-
Ba OT/IEJILHBIX IV1aB/COOPHUKOB B JICHCTBYIOIINX CMET-
HBIX HOPMaTHBaxX, 3apy0eKHOTO OIbITa, MOJXOI0B
K CO3JIaHUIO U UCTIOIBb30BAHHIO CUCTEM KilacCU(UKAIIN
1 KOJMPOBAaHUS BUIOB paboT MOKazaji oTcyTcTBHe [ 1, 5,
6,9, 19-24]:

* eIUHBIX TPeOOBAHMUH K JOCTATOYHOCTH MEPBUY-
HOM MPOM3BOJICTBEHHOI HH(pOpMAIINY;

* eIMHOTO IMOAX0/1a K KIacCU(PHUKALUKN U KOAUPO-
BaHUIO MMEPBUYHON MPOU3BOJCTBEHHON MH(pOpMaIUN
Ha roCcyAapCTBEHHOM M TEPPUTOPHAIIEHOM YPOBHSIX;

* Ha (henepaIbHOM U TEPPUTOPHAIIBHOM YPOBHAX
AKTyaJIbHBIX CIICIIMAIN3UPOBAHHBIX COOPHUKOB MTPOH3-
BOZICTBEHHBIX HOPM;

* MeToAuK (hopMHUpOBaHUs 0a3bl IPOU3BOJICTBEH-
HOW MH(OPMAITIH.

Jnst opranusaiyu pa3padoTKH COBPEMEHHOM CHCTe-
MBI CMETHBIX HOPMATHBOB pacxojia TPYAOBBIX M MaTepH-
AIBHO-TEXHUUYECKUX PECYpPCOB, HAIIpUMep, TpeOyroTcs:

* IIpUMEHEHHEe KOMOWHAIIMM METOJI0B TeXHHYe-
CKOTO HOPMHPOBAHUA B 3aBUCUMOCTH OT CHUTyalluH
1 JIOCTYITHOCTH MH()OPMAIIMOHHBIX PECYPCOB;

* CO3/IaHUE CHCTEM KJIACCU(PHUKALUYU Pa3THIHOTO
Ha3HAYCHMS;

* pa3zpaboTKa cucTeMbI POpPM 3aITUCH U XPAHEHUS
HNEPBUYHON MHPOPMAIMK I OPTaHU3ALNN JOKYMEH-
TaJIbHOTO 3aKPEIUICHHs] OMUCAHUN TEXHOJIOTHUECKUX
TIPOIIECCOB;

e ¢opmupoBaHue apxuBa (HOTO- U BHJICOCHEMKHU
TEXHOJIOTHUYECKHX ITPOIIECCOB;

* CO3JaHUE apXMBa paHee JIeHCTBOBABIINX MPOU3-
BozacTBeHHBIX HOpM (EHUP), TexHONmornaecknx kapt, mpo-
ekToB mpousBozacTa padot, TY, OCT, kapt HOpMaTHB-
HBIX HaOJIONICHNH, TaONHI] BBIBOJIA HOPM, KAJIBKYIISIIINH;

* OpraHu3aIys apxXuBa MPOEKTHOH TOKyMEHTa-
11U, B TOM YHCII€ OTAENIBHOIO pa3zena, COAEepKaIero
CMETHYIO TOKYMEHTAIIHIO, TT0 00BEKTaM, MPOIIE UM
rOCYIapCTBEHHYIO IKCIIEPTU3Y.

IIpoekT cTpyKTypsbl, OpeajgaracMoil K Co3qaHuto
ANIEKTPOHHOM 0a3bI HOPMATHBHBIX HAOIIONEHHH B CTPO-
UTEIBbCTBE, IPUBEICH HA pHC. 2.

Lenb co3manus Takod O6a3bl 3akitouaercs: B Gop-
MHPOBaHUH CTPYKTYPHPOBAHHBIX JITAHHBIX, HCTIONIb3Ye-
MBIX [P HOPMUPOBAHHU B CTPOUTENILCTBE, B TOM YHCIIE
B IIpoLIecce pa3paboTKH CMETHBIX HOPMAaTHBOB TS (hop-
MUPOBaHHUs JOCTOBEPHON CMETHOM CTOMMOCTU CTPOU-
TEIbCTBA OOBEKTOB KalTUTAILHOTO CTPOUTEIIBCTRA.

K npuHImnaM cosiaHus leKTpOHHOI 0a3bl HOpMa-
THBHBIX HAOJTIOIEHHUH B CTPOUTEINIBCTBE CIIE/LyeT OTHECTH
Hay4YHOCTb, CHCTEMHBIN TOJXO0[], HEIIPEPBIBHOCTD, AKTY-
AJIBHOCTB, JIOCTOBEPHOCTD, ITPOTPECCUBHOCTD, HHPOP-
MaTHBHOCTb, HAINIAJHOCTH, MIPO3PAauHOCTh TPOLECCOB

KoHnenuus cTpyKTypbl 37I€KTPOHHON 6a3bl HOPMATUBHBIX HAOIIOACHUH B CTPOUTENILCTBE
The concept of the structure of the electronic database of regulatory observations in construction

=)
>

OpraHu3alMOHHBIH OJI0K — OpraHU3alMOHHBIE JIOKYMEHTBI, COIEpIKAIIIE MOJI0KEHHUS 0 CO3/IaHHUIO, BEICHHIO 1
COINPOBOXKJICHUIO 0a3bl HOPMATHBHBIX HAONIONEHMH B SJICKTPOHHOM BHJE; MapamMeTpbl HOPMHUPOBaHHS
(HOMEHKIIaTypa pecypcoB, pacxoll peCypcoB 1 JIp.), Ha3Ha4YeHUe HOPMUPOBAHUS (YIPaBJICHNE IIPOU3BOICTBEHHBIM
HPOLIECCOM, OLICHKA 3aTpaT U JIp.), YPOBEHb JACTAIU3ALMH [IPY HOPMUPOBAHNH (IEMEHTHOE, YKPYITHEHHOE) U Ip.

Organizational block — organizational documents containing provisions for the creation, maintenance and
maintenance of a database of regulatory observations in electronic form; rationing parameters (nomenclature
of resources, resource consumption, etc.), the purpose of rationing (production process management, cost
estimation, etc.), the level of detail in rationing (elementary, enlarged), etc.

TexXHONIOrHYEeCKHUil 010K — KapThl TPYIOBBIX MPOLIECCOB; TUIIOBBIC TEXHOJIOTHYECKHE KAapThl; apXUB (OTO- U
BUJICOCHEMOK TEXHOJIOTHYECKUX MPOIIECCOB; 1 JIP.

Technological block — maps of labor processes; standard technological maps; archive of photo and video
recordings of technological processes; etc.

HopmaruBHbINH OJIOK — JOKYMEHTBI, COZICpKalllie HOPMAaTHBbBI BPEMEHH, YHCICHHOCTH U JI.; PACYCTHBIC
000cHOBaHUS (TaOMUIIBI BEIBOI HOPM, KaJbKYISIHUU U Ap.) U Jp.

Normative block — documents containing standards of time, number, etc.; calculation justifications (tables
of output norms, calculations, etc.), etc.

CrpaBouHbIi 610K — Ki1acCH()HKALMOHHbBIE CHCTEMBI, COJIEPIKAILIE PECYPChI, IPOLECCHI, PA0OThI, 0OBEKTHI,
€JIMHHLBI U3MEPEHHS U J.; CI0BapH; (GOPMBI JOKYMEHTOB U JIp.

Reference block — classification systems containing resources, processes, works, objects, units of
measurement, etc.; dictionaries; forms of documents, etc.

Puc. 2. IIpoeKkT cTpyKTypHI JICKTPOHHOH 0a3b6I HOPMATHBHBIX HAOIIOCHHH B CTPOUTEIBCTBE

Fig. 2. Draft structure of the electronic database of regulatory observations in construction
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cOopa u 00paboTKK HHPOPMALINH, HEIIPOTHBOPEUHUBOCTD
1 OOBEKTUBHOCTD ITPUBOIMMBIX JJAHHBIX, MUHUMH3ALHIO
BJIMSIHUS YeTIOBEYECKOTo (hakTopa Ha obecIieueHue 10-
CTOBEPHOCTH TIOTy4aeMBIX PE3yIbTaTOB.

Hrorom Takoro cozmanus Oynet GopmupoBaHUe
0a30BOIf HOPMATUBHON OCHOBBI JJIS IICJIEH HOPMHPO-
BaHUs, a TaKke ynoOHOe XpaHEHHe, HCII0JIb30BaHHE,
aKTyaJM3alus U yJaJeHue nMerouiencst nHPpopMalum.

st opranusanuu npoiecca cbopa, o0paboTKu
U XpaHEeHMs pe3y/IbTaTOB HOPMATHBHBIX HAOIIOJEHUN
B HACTOSIIIEE BpeMs TOTpedyeTcsi B3aNMOICHCTBHE CIie-
IYFOIINX YYaCTHUKOB:

* OpPraHOB HUCIOJHHUTEIHHOHN BIACTH, B MTOTHOMO-
YUl KOTOPBIX BXOJSIT BOIIPOCH HOPMUPOBAHHUS U IICHO-
00pa3oBaHMs B CTPOHUTEIILCTBE;

¢ CrieuuaJnu3upoOBaHHBIX OpFaHHSaL{Hﬁ, OAHUM
N3 OCHOBHBIX BHJOB ACATCIBHOCTU KOTOPBIX ABJIACTCA
pa3paboTKa HOPMATHBOB M TOKa3aTeieil A CTPOH-
TEJIbHOW OTpaciy;

* CTPOWTENBHBIX OPTaHU3AIMA, HEIIOCPEICTBEHHO
YYaCTBYIOIINX B POBEICHIH HOPMATUBHBIX HAOIIOIE-
HUM, IOCKOJIBKY OHH MPEIOCTABIIOT 00BEKTHI JIJIS UX
MIPOBEICHUSL.

B nporiecce BeeHus 1 CONPOBOXKICHUS 0a3bl HOP-
MaTUBHbBIX HAOIIOACHUH 11€71eCO00Pa3HO JUIsl KaXKI0TO
o0bekra B/l, o OTHOIIEHUIO K KOTOPOMY XPaHATCS CBE-
JeHus (TOKyMEHT, IPOIECcC U Ip.), CO3IaTh perucTpa-
IUOHHO-UH(POPMAIIOHHYIO KapTy, CTPYKTYpa U Cofep-
JKaHHE KOTOPOI MOXKET BKITIOUATh:

* HOMEp M JaTy COCTaBJICHHS PErHCTPalMOHHO-
UH(POPMAIUOHHON KapThI;

* TOJIHOE U COKPAIIEHHOE HAMMEHOBaHUE 00BbEKTa
(moKyMeHT, KapTa, KaJIbKYJIALU U 1p.);

* ATy perucTpanvu (aKTyadu3alluu, yIaIeHHs)
00BEKTA;

* KOJ TeMaTHu4eckoil pyOpuku (yKa3bIBalOTCA
KOJIBI, pa3pabaThIBacMble B COOTBETCTBUU C MIPHUHSATON

HOMEHKJIATypoil ipu (POPMUPOBAHUU 0a3bl HOPMATHB-
HBIX HaOJIOCHHN );

¢ 00beM 00BEKTA;

* PHGOPMAIUIO O 3aKa34YHKe (IPH HATUYHH);

* cBesIeHUs 00 NCTONMHUTENE (MIPH HAIWYHN);

* UCTOYHHUK (UHAHCHUpPOBaHUS (NPU HAJTUYUH
1 HEOOXOIUMOCTH);

* KIIFOUCBBIC CJIOBA;

* KpaTKoe ommcaHue 00BheKTa (B 3aBUCHMOCTH
0T 00bEKTa BO3BMOXKHO BKJIFOUHTH TaKHC JaHHBIC, KaK
nara pa3paboTKu/yTBEPIKICHHS, MHPOPMAITHS O BBEIIC-
HUU B JieiicTBHE, 001aCTh MPUMEHEHHUS, YCIOBHS TPH-
MEHEHUsI U JIp.);

* 0COOBIC YCIIOBHSI HCIIOTB30BAaHISI O0BEKTa U 1Ip.

OIHOBPEMEHHO C Pa3pabdOTKON PEerucTpaIliMOHHO-
nH(popMaoHHON KapThl 00bekTa B/l cmexyert paspa-
0orath TpeOOBAHUS MO €€ BCICHUIO B COOTBETCTBUU
C IIETSIMH CO3IaHMs 0a3hl HOPMATHBHBIX HAOIOICHHH.

Ha puc. 3 noka3aH npuMepHbIi )KU3HEHHBIH LUK
obowekra BJI, Brirouatonuii co3manne 00BEKTa, MPo-
ecc coopa, 00pabOTKH, PErUCTPALIUH U XPAaHSHHUS 00b-
€KTa, a TAKXKE MMOCIIEAYIOIIee ero UCIIOIB30BaHUE IS
11eJIeld HOPMUPOBAHHUSI B CTPOUTEIBCTBE.

OCHOBHBIE TIeNTH (POPMUPOBAHHS TAKOH 0a3bl HOP-
MaTHBHBIX HAOIIONCHI HAIIPaBICHBI HA:

* MOBBIMICHHE CKOPOCTH M Ka4eCcTBa pa3padOTKH
CMETHBIX HOPMAaTHUBOB ¥ TTOKa3aTelNeil 3a CYeT CO3MaHus
Oosnbinoit crarucrnueckoit bJI;

* TOBBIIICHHE YPOBHS aBTOMATH3AIlMHU pPa3padboT-
KM CMCTHBIX HOPMATHUBOB M TIOKa3aTelieH;

* MPOBEACHHE aHANH3a CYIIECTBYIOIINX U pa3pa-
6aTI)IBaeMI:IX CMETHBIX HOPMATHBOB 1 HOKa3aTeﬂeI>i;

* CO3IaHWE OCHOBBI IS TIOATOTOBKHU JaHHBIX MTPH
MMPOBEACHUN HOBBIX HOPMATHUBHBIX Ha6J'IIO}IeHHﬁ;

* CO3IaHHE OCHOBBI JJIs1 (POPMHUPOBAHSI Oa3bI TH-
TTOBBIX HOPM.

Pazpaborunk o6vexTa bJ|
The developer of the
object

A 4

Jlepxatenb o0ObekTa
BI
Object Holder

\4

ITonb3oBaresnn o0bekTa B/]
Object User

A

Cosnanue 00beKTa
Creating an object

=)

[Momy4enue u 06paboTKa 0OBEKTa, HANTPABIICH-
Hasl Ha HI3MEHEHHE ero ()OpMBI IIPEICTABICHUS
(xomMpoBaHKE, CTPYKTYpPHPOBAHHE H JIP.)
Receiving and processing an object aimed at
changing its presentation form (coding,
structuring, etc.)

[lepenaua odbekTa
Object Transfer

s

Perucrpauus oobexra
Object registration

¥

XpaHeHHne 00beKTa
Object Storage

Puc. 3. Lluxn oO6beKTa OT €ro Co3qaHus 10 XpaHEHHS U MIePEAadu B M10JIb30BaHNE

Fig. 3. The cycle of an object from its creation to storage and transfer to use
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Takum ob6pa3om, co3maHue IEKTPOHHOU Oa3bl
HOPMAaTHBHBIX HAOMIONCHHUH IO3BOJIUT CIeNaTh Ipo-
1ecc pa3paboTKU CMETHBIX HOPMAaTHBOB M IIOKa3aTeeH
YIOOHBIM JIJIS BCEX TOJIb30BaTeliel 6a3bl, a TAKXKE yIOB-
JIETBOPSIFOLLMM CITPOC MOJB30BaTeNeii Ha HEOOXOAUMYIO
nH(OpMaIHIO, HCTIOIBL3YEMYIO B IIpoLiecce pa3paboTKH.

S3AKJIIOYEHHUE U OBCYXJAEHUE

B pamMkax HacTosIIero MCCel0BaHus MO JIEK-
TPOHHOI 0a30i HOPMaTUBHBIX HAOIIOICHNUI, ITpeIara-
eMOii K pa3paboTke, ClielyeT HOHUMATh COBOKYITHOCTb
JaHHBIX, HCIIOJIb3yEMYIO IPO(PECcCHOHAIBLHBIM CO001Ie-
CTBOM JJIsl HOPMUPOBAHUS B CTpOUTENbCTBE. OCHOBHAS

3a/1a49a TaKoi 0a3bl 3aKITFOUAETCS B XpaHEHWHU BCEH MH-
dhopMaruu, MpeacTaBIsAONCH HHTEPEC B 0003HAYCH-
HoW oOnactu. [Ipu aToM Oa3a He OKHA COIePIKATH U3-
OBITOYHYFO M ITPOTHBOPEYUBYIO HH()OPMAIIUIO, JTOJIKHA
CIocoOCTBOBATH OBICTPOMY MTOUCKY HEOOXOTUMBIX CBE-
JIeHHH, OBITH JOCTYITHOH U COIep KaTeIbHOM.

Kpome Toro, mpon3BoACTBEHHOE HOPMHPOBAHHE
SIBIISIETCS. OCHOBOM [IJIs1 pa3pabOTKU CMETHBIX HOpMa-
THUBOB U IOKa3aTeNiel, COOTBETCTBEHHO KaueCTBO pa3-
pabOTKH MMEPBUYHBIX MPOU3BOJICTBCHHBIX HOPM HAIIpsi-
MYIO BIIASET Ha PacueT JOCTOBEPHBIX CMETHBIX 3aTpar
Ha CTPOUTEIBCTBO (PEKOHCTPYKITHIO, KATUTATIBHBIHN pe-
MOHT) 00BEKTOB KaIUTaILHOTO CTPOUTEIHCTBA.
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TPEBEOBAHUA K O®OPMNEHUIO HAYYHOWU CTATbM

Texcr crarbu HabupaeTcs B dainax B popmare .docx.

CTPYKTYPA HAYUHOU CTATHU

Hayunast craTbst 10JDKHA COCTOSITH M3 CIEAYIONIMX CTPYKTYPHBIX DJIEMEHTOB: 3aroJIOBOK, CIIHCOK aBTOPOB,
AQHHOTALMSA, KIIFOYEBBIC CIIOBA, OCHOBHOW TEKCT, CBEACHHS 00 aBTOpaX, CIIUCOK HCTOYHHKOB.

3aroJyioBOK, CIIMCOK aBTOPOB, aHHOTALMS, KIIOYEBBIE CJIOBA, CIIMCOK MCTOYHUKOB YKa3bIBAIOTCS MOCIIEIOBA-
TEIBHO Ha PYCCKOM M QHIVIMICKOM SI3BIKAX.

3aro0BOK K CTaThe JOJDKEH COOTBETCTBOBATH OCHOBHOMY COAEPIKAHMIO CTAThH. 3ar0JIOBOK CTAThU JOKEH
Kkparko (He 6osiee 10 c/IOB) M TOUHO OTpaXaTh OOBEKT, IeJb U HOBU3HY, PE3YJIbTaThl IIPOBEICHHOTO HAY4YHOI'O HC-
cietoBanust. OH 10JDKeH ObITh MH(OPMATUBHBIM U OTPaXKaTh YHUKAIBHOCTh HAyYHOTO TBOPYECTBA aBTOPA.

Crcok aBTOpOB B KpaTkoi popMe OTpakaeT BCEX aBTOPOB CTAThH M YKa3bIBACTCS B CleAyIomIeM (opmare:

Hmsa Oruecrso ®avuians', Umsa OruecrBo ®amuins’

! Mecmo pabomul nepeozo asmopa, 20poo, Cmpana

2 Mecmo pabomel 6mopo2o agmopa, 20pood, Cmpana

*ecau agmopoe me Gonee wemuipex, mo HeooOxooumo ykasvieamv noanvle OHO, om nsmu asmopos
u bonee — ONyCmuMo UCNONb308AINb UHUYUAL

AHHOTALUS

OCHOBHO NPHUHIIMIT CO3]AHUS aHHOTAIIMN — HHPOopMaTUBHOCTh. O0beM anHoTarmu — ot 200 10 250 cios.

CrTpyKTypa U cofiepaHue aHHOTAlUU JOKHBI COOTBETCTBOBATh CTPYKTYPE U COACPKAHUIO OCHOBHOTO TEK-
CTa CTaThH.

AHHOTaIMs K CTarbe JOJDKHA MPEACTABIATh KPAaTKYI0 XapaKTepUCTHKY HAydyHOW CTaThu. 3ajada aHHOTa-
IIUN — JaTh BO3MOYKHOCTH YUTATEIIO YCTAHOBUTH €€ OCHOBHOE COIICPKAHNUE, OTIPEICITUTh €€ PEICBAaHTHOCTH U Pe-
IIUTh, CIEYET JIU 00paIiaThCs K MOJTHOMY TEKCTY CTaThH.

YeTkoe CTPYKTYpHPOBAaHHE aHHOTAIIMHM TIO3BOJIICT HE YIYCTUTh OCHOBHBIC AJIEMEHTHI cTaThi. CTpyKTypa
AHHOTAINY aHAJIOTHYHA CTPYKTYPE HAyYHON CTAThH U COACPKUT CIEAYIOUINE OCHOBHBIC Pa3Iebl:

* BBeneHnune — coOlEpPKUT OMHUCAHKE MTPEIMETA, LIeNIEH U 3a/1a4 UCCIIEIOBAHUS, AKTyalIbHOCTbD.

* Marepuajabl 1 MeTObI (FITH METOIOTIOTHS TIPOBECHUS paOOTHI) — OITMCAHHE UCIIOIh30BAHHBIX B HCCIIEIO-
BaHUM WHPOPMAIMOHHBIX MAaTCPHAJIOB, HAYYHBIX METOIOB MJIM METOIUKHU MPOBEICHUS UCCIICIOBAHMUS

* Pe3yabTaThl — TPUBOIATCS OCHOBHBIC TEOPETHUCCKUE U IKCIICPUMEHTAIBHBIC PE3YIIbTaThl, (PAKTUICCKIE
JlaHHBIe, O0OHApY>KEHHBIC B3aUMOCBSI3H U 3aKOHOMEpHOCTH. [IpeamnouTeHue oTaaeTcsi HOBBIM PE3yJIbTaTaM U BBIBO-
JlaM, KOTOpbI€, 10 MHEHUIO aBTOPa, UMEIOT MPAKTUYECKOE 3HAYCHUE.

* BbIBOABI — YETKOE M3IOKEHHE BBIBOJIOB, KOTOPBIE MOTYT COIMPOBOXKIATHECS PEKOMEHIAIMIMH, OI[CHKAMH,
MPeJIOKEHUSIMH, OTTMCAHHBIMU B CTAThE.

e KurroueBble €j10Ba — NEPEUUCISIIOTCS YEPE3 3aIATYI0, KOIMUecTBO — OT 7 10 10 cioB.

BaaromapHocT. Kparkoe BeIpakeHHE 01aronapHOCTH MEPCOHAM H/WJIM OPTaHU3aIMsIM, KOTOPhIC OKa3aiu
TTOMOIITH B BHITIOJTHEHUH UCCIICIOBAHUS WIIH BRICKA3bIBAIH KPUTHICCKHE 3aMCUaHUS B a[[pec BallleH cTaThl. Takke
B paszieliec yKa3bIBAeTCsI UCTOYHUKH (PMHAHCHPOBAHMS MICCICIOBAHUS OT OpraHM3aluil u (OHIOB OpPTraHU3AINIM
1 QoHIaM, T.c. 32 CYET KAKMX IPAHTOB, KOHTPAKTOB, CTHIICHINHN YIaI0Ch IPOBECTH HCCiIeq0BaHue. Pa3ien npuso-
JTUTCSI TIPA HEOOXOMMOCTH.

AHHOTAIMI HE JIOJDKHA COJIEPIKaTh:

* M30BITOYHBIX BBOAHBIX (pa3 («ABTOpP CTaThU pacCMaTpPUBACT...», «B IMaHHOI cTaThe...» U T.1.);

* a0CTPaKTHOTO yKa3aHUWs HA BpeMs HamucaHus ctarbu («B HacTosiee Bpems...», «Ha naHHbIiI MOMEHT...»,
«Ha cerogHsmHu A€Hb...» U T.11.);

e OOIIET0O ONMCAHNS;

* [UTaT, Ta0IUII, JUarpamMm, abOpeBHUaTyp;

* CCBUIOK Ha HCTOYHHKH JINTEPATYPHI;

* uHGOPMALINIO, KOTOPO HET B CTATheE.

AHTITOSI3BIYHAS aHHOTAIIWS THIIETCS IO TeM ke TpaBmiiaM. OTMETHM, YTO aHTIIHMICKast aHHOTAIHs He 00s13a-
TEJBHO JOJDKHA OBITH TOYHBIM TIEPEBOIOM PYCCKOIA.
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TpeboBaH1sI K OPOPMAEHMIO HAYHYHOM CTaTb

Crnenyet obOpaiarb 0cod00¢ BHUMaHHE Ha KOPPEKTHOCThH YHOTpeOacHUs TepMHUHOB. M30eraiite ymorpebie-
HUSI TEPMHUHOB, SIBJISFOIIMXCS TIPSIMOM KaJbKOM PYCCKOS3BIYHBIX. Heo0X0MuMo coOIoNaTh eNHCTBO TEPMUHOIIO-
MU B IIPEJIEiaX aHHOTAIHH.

KiroueBble cjioBa — 1poo0Opa3 cTaThbMl B MOMCKOBBIX CHCTEMaX, T€ TOYKH, O KOTOPHIM YHUTATEb MOXKET
HaWTH Ballly CTaThIO U OIPEACIUTH PEIMETHYI0 00J1acTh TeKcTa. UTOOBI ONpeeuTh OCHOBHBIE KIIIOYEBBIE CJIOBA
JUISL CTaThH, PEKOMEHIYETCS IPEICTABUTD, 110 KAKMM MOMCKOBBIM 3aIIpOCaM YUTATEIN MOTYT HCKaTh Ballly CTAThIO.
Kak nmpaBuio, KiItoueBbI€ C10Ba TAKXKE MOT'YT BKIIFOUaTh OCHOBHYIO TEPMHUHOJIOTHUIO.

OCHOBHOM TEKCT

OCHOBHOIi TEKCT HAYYHOM CTATbH, ITPEACTABISIEMON B XKYPHaJI, TOIDKEH ObITh OOPMIICH B COOTBETCTBHH
co cranaaprom IMRaD u Bxmrouats cienyronue pasienst:
* BBenenme;
* Marepuaibl 1 METOJIBI;
* PesynbraThl HCCIEA0BAHUS;
* 3axiovueHue U 00CyKICHHE.

PUCYHKHU U TABJINIbBI

PucyHku v TaONHIIBI CIIEAYET BCTABIATH B TEKCT CTAThH CPa3y MOCIIE TOro ad3aiia, B KOTOPOM PHCYHOK BIIEp-
BbI€ yNIOMHHAETCA. PHCYHKH M TaOMHIBI JOIDKHBI OBITH OPUTHHAIBHBIMU (JIUOO ¢ yKa3aHHEM HCTOYHHKA), XO-
porrero kadectBa (He menee 300 dpi). OpuruHaabl PUCYHKOB NPENOCTaBIsIOTCS B (aiiinax ¢opmara .jpg, .tff
(na3Banue (aiiaa JOJHKHBI COOTBETCTBOBATH ITOPSIIKOBOMY HOMEPY pHCYHKa B TekcTe) Pasmep mpudra nomkeH
COOTBETCTBOBATh pa3Mepy HIpH(Ta OCHOBHOTO TeKCTa cTaThy. JInHMM 00s13aTenbHO He ToHbIe 0,25 MyHKTOB.

3arojoBKM TaOJHIl U PUCYHKOB BBIPABHMBAIOTCS 110 JIEBOMY Kparo. 3aroJioBOK TaOJMIIBI pacriojaraercs
HaJl HEI0, HAYMHAsICh C COKpaIleHus « Tabi.» 1 MopsiIKOBOTO HoMepa TaOJIUIIbl, TOAMKCH K PUCYHKY pacrojiaract-
sl TI0J1 HUM, Ha4MHAasACh C COKpamieHus «Puc.» u nopsakoBoro Homepa. PUCYHKH M TaONUIbI TO3UIIMOHUPYIOTCS
I10 LEHTPY CTPAHULIBIL.

[TonpucyHO4HBIE TOANNCH ¥ Ha3BAHHS TAOJINI] Pa3MEIAOTCs Ha PyCCKOM M aHIJIMHCKOM SI3bIKaX, KaX(bIi Ha
HOBOW CTPOKE C BHIPAaBHHBAHHEM I10 JIEBOMY Kpalo.

Oopa3zey:

Puc. 1. [Ipumep pucyHka B cTaTbe

Figure 1. Example of article image

Taoa. 1. [Ipumep TabnHIBI B CTaThE

Table 1. Example of table for article

OOPMYJbI

®DopMyBl TOJHKHEI OBITH Ha0paHB! B penaktope popmyn MathType Bepcun 6 i BeIIIe.

Hudpsl, rpedeckue, roTH4ecKUe U KUpWLIHYECKHe OyKBbI HAOMPAIOTCS MPSMBIM HIPH(TOM; JTaTHHCKHE OYK-
BBI [l 0003HAYCHUS PA3THYHBIX (GU3NIECKUX BeIWYHH (4, F, b ¥ T.1I.) — KypCHUBOM; HAUMEHOBAHUS TPUTOHO-
METPHUYECKUX (PYyHKILHMH, COKpaIlleHHbIe HAaNMEHOBAHUS MaTeMaTHYeCKUX MOHATHH Ha jartuHuie (max, div, log
U T.II.) — OPSMBIM; BEKTOPHI (@, b 1 T.11.) — KUPHBIM KyPCHUBOM; CUMBOJIBI XUMUYECKUX 3JIEMEHTOB Ha JIATHHUIIE
(Cl, Mg) — mpsiMBIM.

3anuck (HOpMyIIBI BBITIOIHSAETCS aBTOPOM C HCIIONIB30BAaHUEM BCEX BO3MOXKHBIX CIIOCOOOB YIIPOLICHHUS U HE
JIOJDKHA COJIepIKaTh IIPOMEKYTOUHbBIE ITPE0OPaA30BaAHMSI.

CIIMCOK HCTOYHHUKOB

CHHCOK HCTOYHHUKOB COCTABIISICTCS B TOPSI/IKE YIIOMUHAHUS B TeKCTe. [1opsSIKOBBIN HOMEp HCTOYHHKA B TEK-
cTe (CChUIKA) 3aKIII0YaeTCsl B KBaJpaTrHble CKOOKU. TeKCT CTaThH JIOJKEH COJEpKaTh CChUIKM Ha BCE UCTOYHUKH
13 CTIMCKA UCTOYHHUKOB. IIpH HANMYMM CCBUIKM TOJDKHBI coiepikarh uaeHTH(Gukaropsr DOIL.

CHICOK UCTOYHUKOB Ha pycckom sizvike oopmirsiercs: B coorBeTcTBuH ¢ Tpebosanusmu 'OCT P 7.0.5-2008.

CrHcoK MCTOYHHMKOB Ha aHIIMHCKOM si3bike (reference) oopMIIsieTcst B COOTBETCTBHU C MEXKAYHAPOIHBIM
CTaHAAPTOM LIUTHPOBAHUS Vancouver — IOCIIeI0BATEeIbHBIN YHCICHHBIN CTUIIb: CCBIIIKM HYMEPYIOTCS 110 X0y
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TpeboBaH1sI K 0QOPMAEHMIO Hay4YHOM CTaTbu

UX LUTHPOBAHUS B TeKCTe, Tabnuuax u pucynkax. @O aBropoB, Ha3BaHHE CTAThbHU HA AHIIMHCKOM sI3bIKE, HaH-
MEHOBAHHE KypHaJlla, T BbITYCKa; ToM (BBIITYCK): CTPAHMIBI.

CrHHcoK MCTOYHUKOB M CBEIEHHS 00 aBTOPAX YKa3bIBAIOTCS MOCIIEAOBATEIBHO HA PYCCKOM M aHIIMHCKOM
S3BIKAX.

HopmaruBHbIe TOKyMEHTHI (TIOCTaHOBIIEHHS, pacriopsbkenus, ycrassl), [OCTsI, cripaBouHas mureparypa He
YKa3bIBAIOTCS B CIIMCKaX HCTOYHHKOB, O(OPMIISIIOTCS B BHJIE CHOCOK.

CBEJEHHUS Ob ABTOPAX

B Ceenennsix 06 aBTopax (Bionotes) npencrasisiercss OCHOBHast HHPOPMAIUs 00 aBTOPCKOM KOJIJICKTHUBE B
cieayromnieM popmare.

Hms, OtuecTBo, @amMuiius (IIOJHOCTBIO) — Y4eHas CTEIEHb, YUSHOE 3BaHUE, JOJDKHOCTb, Opa3/ielIeHHe;
Ha3BaHHe opraHu3anum (00sS3aTeTHHO MPUBOIUTH B MOJTHON M KPaTKOW OQHIMAIBHO YCTAaHOBIEHHOU (opme,
B HIMEHHUTEIILHOM HaJIeXke), B KOTOPOH padoraeT (YUIUTCs) aBTOP; IIOYTOBBIN aIpec OPraHU3aliy; aapec AEKTPOH-
Ho#t mouter; ORCID, ResearcherID u ap. (nmpu Hamu4mn).

Caenienrst 00 aBTOpax MpeACTaBISIOTCS Ha PYCCKOM M QHITIMHCKOM SI3bIKaX.

Caenienust 00 aBTOpax Ha aHIIMICKOM SI3bIKE JJAIOTCS B MTOJHOM BHJIE, O3 cokpaiieHuit cios. [TpuBopsTes
o(HIIHATBHO YCTAaHOBJICHHBIC aHIJIOSI3bIYHBIC HA3BAHUS OPraHU3aALUHI U UX MoIpa3aesieHui. OmyCcKarTCs JIEMEH-
ThI, XapaKTEePU3YIOIINE TPABOBYIO (OPMY yUpeKAeHUs (OpraHu3alri) B Ha3BaHHUSX BY30B.

ABTOp JOJDKEH MPUACPIKUBATHCS €IMHO00Pa3HOro HanmucaHus (paMHINK, IMEHH, OTYECTBA BO BCEX CTATHAX.
Ota nHpOpMAaLMs Ul KOPPEKTHOM MHAEKCAMU NOJDKHA OBITh yKa3aHa B JPYIHX CTaThsiX, NPOQHMISLX aBTOpa B
MesxayHaponHbx 6a3ax JaHHBIX Scopus/WoS u T.1.

CBEJAEHMUSA O BKJIAILE KAXKJIOI'O ABTOPA

CBeicHHsIM TIpeAnecTBYIOT cioBa «Bkiaam aBropos:» (Contribution of the authors:). [Tocne damumin
Y MHHIIAAIOB aBTOpPa B KpaTkod (hOpMe OMUCHIBACTCS €0 JIMYHBINA BKJIAJ B HAITUCAHUE CTAThU (UIesl, COOp mMaTe-
puaia, 00paboTKa Marepuaia, HallMCaHUE CTAaThU, HAyYHOE PEAAKTUPOBAHHE TEKCTA H T.JI.).

CBezicHUs1 00 OTCYTCTBUH HJIM HAJIMYUK KOH(DIMKTAa HHTEPECOB M JCTATM3AIMIO TAKOrO KOH(IMKTA B Cliydyae
€ro HaJMYHs YKa3bIBAIOT ITOCIIE BCEX TAHHBIX O BKJIAAE KaKI0TO aBTOpa.

KAK MOJTOTOBUTHh OCHOBHOM TEKCT CTATHH,
YTOBBI EE TIPUHAJN K HYBJIUKALIUN?

3ATOJIOBOK

3arooBOK CTAaThH TOJHKEH KPAaTKO M TOUHO (He 6oree 10 clIoB) OTpakaTh 0OBEKT, IIeNTb U HOBH3HY, pe3yiIbTa-
TBI IPOBEJICHHOIO HAYYHOT'O HCCIICA0BaHMs. B Hero HeoOXoqMMO Kak BIOKUTh HH)OPMATHBHOCTD, TAK M OTPA3UTh
MIPUBIICKATEILHOCTD, YHUKAJIBHOCTh HAYYHOTO TBOPYECTBA aBTOPA.

OCHOBHOM TEKCT CTATbH

OCHOBHO TEKCT HayYHOH CTaThH, MIPECTABIIIEMO B )KypHAJI U pACCMOTPEHHMS BOIIPOCa O ee MyOInKaluy,
JIOJDKEH OBbITh 0(POPMIIEH B COOTBETCTBUM CcO cTanjaproM IMRaD u Bkitouars cieayromue pasaeibl: BBEICHUE
(Introduction), marepuansl 1 metoabl (Materials and methods), pe3ynsrars! uccienoBanus (Result), 3akmroucHme
u obcyxnenne (Conclusion and discussion).

BBenenne (Introduction). OtpaxkaeT T0, Kakoi MpodIeMe MOCBSAMEHO nccienoBanne. OCymecTBIIeTCs Mo-
CTaHOBKA HAy4HOH MPOOJIEMBI, €€ aKTyalbHOCTh, CBSI3b C BAKHEUIINMHU 3a/1a4aMH, KOTOPbIE HEOOXOAUMO PEIUTh,
3HAUCHUE JUIS Pa3BUTHUS OMPEACICHHON OTPACIi HayK! WU MPAKTHYCCKOH IS TEITFHOCTH.

Bo BBeficHUU JOMKHA CONEPKATHCS HHPOPMAITHS, KOTOPAsi TO3BOJIUT YUTATEIIO MOHATh U OLCHUTH PE3YIlb-
TaThl MCCIJICIOBAHMS, MPE/ICTABICHHOIO B CTaThe O€3 JOMOJHHUTEIHLHOTO 0OpalleH s K APYTUM JINTEPaTyPHBIM
HCTOYHHKAM. BO BBEICHUHU aBTOP OCYIIECCTBISIET 0030p MPOoOIeMHOM 00aacTu (JIuTeparypHbIi 0030p), B paMKax
KOTOPOM OCYIIECTBICHO UCCIIEA0BaHUE, 0003HAYAET MPOOJIEMbI, HE PELICHHbBIE B MPEABIYIIMX UCCICIOBAHMUIX,
KOTOpbIE MTPU3BaHa PEIINTh JaHHas cTaThs. Kpome 3Toro, B HEM BbIpa)KaeTcsl INIaBHAsI Ues MyOIHKaIliK, KOTO-
past CyHIeCTBEHHO OTJIIMYAETCS OT COBPEMEHHBIX IPEJCTABICHHN O MpoOieMe, MOMONHAST WK yIIyOlseT yxe
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NU3BCCTHBIC ITOAXOAbI K Heﬁ; 06pa1uaeTcs1 BHHUMaHHUC Ha BBCACHUC B HAYYHOC 06pameHHe HOBBIX Q)aKTOB, BBIBOJIOB,
peKOMeH,I[aL[PIﬁ, SaKOHOMepHOCTCﬁ. HGJ'IL CTaTbH BBITCKACT U3 IIOCTAHOBKH HaquOﬁ HpO6HGMBI.

PEKOMEHJAAIINHU MO COCTABJIEHHNIO
JUTEPATYPHOTI' O OB30PA

B Cnucok ucTouHMKOB pekoMeHayercs: BKIodaTh oT 20 10 40 UCTOYHMKOB, HE YUUTHIBAsl CCBUIKU HA HOP-
MaTHBHBIE JJOKYMEHTHI, HHTEPHET-PEeCypChl (CaliThl ceTr VIHTEepHET, He SBIAIOIINECS MEePUOIHYCCKUMH H3IaHHs-
MH), OTYETHI, @ TAK)KE HCTOYHUKH, OTCYTCTBYIOIME B KaTaJ0rax BeAyIINX POCCHICKNX ONOINOTEK-TIeTIO3UTapHeB
(I'TIHTB, PHB, PI'B), apxuBax u T.1. [Togo0HbIE HCTOYHUKN TIPUBOJISIT B CHOCKAX BHHU3Y CTPAaHHIIbI CBEPX MUHH-
MaJIbHO PEKOMEHYEMOro 1opora.

He pexoMeHryeTcst cChuIaThesl HA MHTEPHET-PECYPChI, HE CollepiKalline HayYHYI0 HHPOPMAIIUIO, YIeOHHKH,
yueOHbIE M MeToAnYecKre ocoOus. B uncie ncToyHnKoB 10IKHO ObITh He MeHee 10 MHOCTpaHHBIX HCTOYHHUKOB
(mms cTareil Ha aHIIMICKOM SI3bIKE HE MEHee TpeX poccuiickux). He MeHee 1mecTd U3 HHOCTPAHHBIX U HE MEHEe
IIECTH U3 POCCHHCKUX MCTOYHHUKOB JIOJKHBI OBITH BKIIFOUCHBI B OJMH M3 BEAYIIUX HHIEKCOB IUTHpOBaHuUs: Web
of Science/Scopus wiu Snpo PUHII. CoctaB MCTOUHMKOB JOIKEH OBITh aKTyajbHBIM U COIEpPKaTh HE MEHee
BOCBMH CTaTel U3 HAay4HBIX XKYpHAJIOB He cTapuie 10 neT, U3 HUX 4eThlpe — He cTaplie Tpex JeT. B crnucke uc-
TOYHHUKOB JIOJKHO OBITH He Oosiee 10 % paboT, aBTOpOM JIMOO COABTOPOM KOTOPBIX SBIISIETCS aBTOP CTAThU.

Marepuanst u metoabl (Materials and methods). Otpaxaer To, kak u3yuyanach npoodiaema. ONUChIBaIOTCS
HPOLIECC OpraHU3aLUK YKCIIEPUMEHTA, IPHMEHEHHBIE METOIMKH, 000CHOBBIBAaeTCS UX BBIOOD. [leTanu3anus omnu-
CaHMsl J0JDKHA OBITh HACTOJILKO TOIPOOHOM, YTOOBI JIFO00W KOMIIETEHTHBIH CHEUATUCT MOT BOCIIPOU3BECTH HX,
HOJIB3YSICh JIMIIb TSKCTOM CTaThH.

Pesyabratel (Result). B pasaene npeacrasisercs CHCTeMaTn3uPOBaHHbBII aBTOPCKUIN aHAIMTHYCCKUHN U CTa-
THUCTHYECKUI MaTepuall. Pe3yisrarsl IPOBEJCHHOIO MCCIISOBAHMUS HEOOXOMMO OITMCHIBAThH JOCTATOYHO MOJHO,
LITO6I:.I YUTaTCJIb MOT' IIPOCJIICAUTE €TI0 3Tallbl U OLCHUTH O6OCHOBaHHOCTB CIACJIaHHBIX aBTOPOM BBIBOIOB. 9t10
OCHOBHOI1 pasJen, ek ero — IpH IIOMOIIM aHaIn3a, 0000IIECHNs 1 Pa3bsiCHeHUs JaHHBIX J0Ka3aTh pabodyro
rurnote3y (runoTesbl). Pe3yabrarsl Ipy HEOOXOANMOCTH MOATBEPIKIAIOTCS WILTIOCTpalMsIMu (Tabnuiamu, rpadu-
KaMH, pUCYHKaMH ), KOTOPBIE IIPEACTABIAIOT HCXOJHBIH MaTeprall W I0Ka3aTelbCTBa B CBEPHYTOM Bujie. BaxHo,
9T0OBI MPOWUTIOCTPUPOBAHHAST MHPOPMAIHsI HE AyOiIMpoBaja yxkKe MPUBCICHHYIO B Tekcte. IIpencraBieHHbIC
B CTaThe PE3YNbTAThl COMOCTABISIOTCS C MPEABIAYIMMHI paboTaMu B 9TOM 00JIaCTH Kak aBTOpa, TaK U IPYruX Hc-
cienoBaresei.

3axumiouenue (Conclusion and discussion) conep HT KpaTKyto (pOPMYIUPOBKY PE3YJIBTaTOB HCCIICIOBAHMSI.
B HeM B ckaTtoM BHEC MOBTOPSIFOTCS TIIABHBIC MBICJIH OCHOBHOM YacTu paboThl. [I0BTOPHI H3j1aracMoro mMarepuasa
Jyudie oGopMIIATh HOBBIMH (hpa3zaMu, OTIIMYAIOLIMMHUCS OT BHICKa3aHHBIX B OCHOBHOM 4acTH CTaThu. B 9TOM paz-
Jiesie He0OXOAMMO COMIOCTABHTH TOJIy4EHHbIE PE3YJIbTaThl ¢ 0003HAYEHHOM B Havase paboThl Lelblo. B 3akirode-
HHUU CYMMHUPYIOTCS pE3YJIBTaThl OCMBICTICHHS TEMBI, INIA0TCS BHIBOIbI, 000OIICHUS U PEKOMEHIALIH, BBITCKAIO-
e us3 pa6OTI)I, MOAYCPKUBACTCA UX MPAKTUYIECKAA 3BHAYMMOCTD, 4 TAKIKE ONPCACTIAIOTCA OCHOBHBIC HAITPABJICHUA
JUISL TANTbHEHIIIEro UCCIIeIOBaHusl B 9TOW 00NacTi. B 3aKIIIOYUTENIBHYIO YaCTh CTAThU JKENATEeIbHO BKIIOUHUTH 110~
MBITKH IPOTHO32 Pa3BUTHUS PACCMOTPEHHBIX BOIIPOCOB.

KAK O®OPMUTDH CITUCOK UCTOYHUKOB

Cnucoxk HCTOYHHKOB Ha PYCCKOM si3bIKe oopmisiercs: B coorBeTcTBHU ¢ TpeboBanusimu 'OCT P 7.0.5—
2008.

Oopazey:
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URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2019.2.4

CrnHCcOK HCTOYHMKOB HAa aHIIMIICKOM si3bIKe (reference) oopmisieTcs B COOTBETCTBUH C MEKAYHAPOIHBIM
CTaHAAPTOM LUTHUPOBAHUS Vancouver — IOCIIeI0BATEIbHBIN YHCICHHBIH CTIIIb: CCBIIKM HYMEPYIOTCS ITO0 X0y
UX LUTHPOBAHUS B TEKCTe, Tabnuuax u pucynkax. @O aBropoB, Ha3BaHHWE CTAThbH HA AHIIMHCKOM sI3bIKE, HAH-
MEHOBAHHE )KypHalla, TOA BBITYCKa; ToM (BBITYCK): CTPAHHIIBI.
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TpeboBaH1sI K 0QOPMAEHMIO Hay4YHOM CTaTbu

Obpasey:

Reference

Hazpanus myOnuKannii, W3MaHMi W JPYTUX AIEMEHTOB ONOIHOTpadHaecKOro OMUCAHUS TS He aHTIIOS3bIU-
HBIX MaTepualioB JOJDKHBI IPUBOANTHCS B OPHIMAIHLHOM BapHaHTe repeBoja (T.e. TOM, KOTOPBIH pa3MelleH B
CaMOM H3/IaHWW; IPH HAJTHYNH).

Ilpumepsl ohopmnenusn pacnpocmpanennvix Munoe OUOIUOPAPUUECKUX CCHLIOK:

Kunuru no tpex aBropoB: @amvums (Pamumnn ) Manmmans: apropos. 3aronoBok. [opox n3nanns, M3narens*,
l'on n3nanmst; OO1Iee KOIMYECTBO CTPAHUIL.

Obpasey:

Todinov M. Reliability and risk models. 2nd ed. Wiley, 2015; 80.

Kuuru 6osee Tpex aBropoB: ®ammmmu Manmmans aBTopoB (nepBbIx mecTn) et al. 3aromoBok. ['opon m3-
nmanwust, U3natens, [ox uzganus; OOIIee KOJINIeCTBO CTPAHUIIL.

Crarps B neyaTHoM ;kypHaJje: ®avumms (Oammnrm) Maummans aBTopoB. 3aronoBok. Ha3Banune xypHama.
T'ox my6nukarm; Tom™ (Beimyck): Crpanuisl. DOI (ipy Hanmmunn — 00s13aTebHO).

Obpaszey:

Pupyrev E. Integrated solutions in storm sewer system. Vestnik MGSU. 2018; 13(5):651-659. DOI:
10.22227/1997-0935.2018.5.651-659

Cratbs B 21eKTpoHHOM :kypHaje: Oamunus (Gamunnn) Manimans: aBropos. 3aronoBok. Ha3sanue xyp-
Hama. Jlara myonukanuu [nara murupoBanus|; Tom™ (Bemyck): Ctpanwmsr. URL.

Oopaszey:

Chertes K., Tupitsyna O., Martynenko E., Pystin V. Disposal of solid waste into soil-like remediation and
building. Stroitel stvo nauka i obrazovanie [Internet]. 2017 [cited 24 July 2018]; 7(3):3-3. URL: http://www.nso-
journal.ru/public/journals/1/issues/2017/03/03 03 2017.pdf DOI: 10.22227/2305-5502.2017.3.3

Crarbsi, pa3MenieHHasi Ha wWHTepHeT-caiiTe: Pamumnus (Pammnmn) WMannmansr aBropa (aBTOpoB)™.
Haspanwue [Internet]. [opon, U3zgarens™®, Tog m3ganus [lata mocnemnero ooHoBneHus *; nara mutupoBanns|. URL

Oopaszeu: How to make a robot [Internet]. Design Academy. 2018 [cited 24 July 2018]. URL: https://academy.
autodesk.com/how-make-robot

* yKa3bIBAIOTCS TIPH HAJIMYHH.

Bce marsr ykaseiBarotes B popmare [1J1-Mecsir (Texctom)-Tox

s ghopmuposanusn anznoa3bluno2o CHUCKA UCTOYHUKOS PeOaKyis PeKOMeHOYem UCHONb308aMb pPecypc
Citethisforme.com.
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LHIABJIOH CTATbH

Tun Crateu
TI/IH CTaTrbHu - Haquaﬂ cTarb4, 0630pHa51 CTaThbH, pe}laKL[I/IOHHa}I cTarbs, ]II/ICKyCCI/IOHHaH cTarbs, HepCOHaHHI/I,
penaKTopCKa;{ 3aM€TKa, pCL[eH3I/I$I Ha KHI/IFy, pCHeHBI/IH Ha CTaTblO, CIICKTAKJIb U T. II., KpaTKOG COO6H.[€HI/IC.

VK 11111
DOI 11111

3ATOJTOBOK CTATbH

JOJIZKEH KpaTKoO (He 6omee 10 CJ'IOB) 1 TOYHO OTpaXaTb 06T>CKT, 1CJIb U HOBU3HY, PE3YJIbTAThI IPOBCACHHOTI'O HAy4-
HOIro uCCJICaOBaHUs. B mero HCO6XO,I[I/IMO KaK BJIOXKHUTH I/IH(’I)OpMaTI/IBHOCTL, TaK U OTPasuTh NPUBJIEKATEIIBHOCTD,
YHUKAJIBHOCTb HAYYHOT'O TBOPUYECTBA aBTOPA.

Hmsa OruecrBo ®amuims’', Umsa OruecrBo Pamusiust’

! Mecmo pa6omwi nepeo2o agmopa, 20pood, Cmpana

2 Mecmo pabomul nepeoco asmopa,; 20poo, cmpana

*ecnu agmopos ne b6onee yuemovipex, mo HeoOXoOuUMo ykaswvisams noauvie PHUO, om namu asmopos u
bonee — 0onycmumo UCnoab308aAmMb UHUYUALbL

AnHotanust (nomwkHa comepskars ot 200 1o 250 c0B), B KOTOPYIO BXOJUT HH(OPMAIS 110]] 3ar0JIOBKAMHU:
Beenenne, Marepuasbl 1 MmeToabl, Pe3ynbrarsl, BoiBoabl.

BBenenne: mpuBoAATCS XapaKTEPUCTHKH padOTHI — €CIIM HE SICHO U3 Ha3BaHUs CTaTbu, TO KpaTko (opmy-
JMPYIOTCS TIPEMET NUCCIIEOBaHMS, €r0 aKTyalbHOCTh W HaydHas HOBH3HA, a TAKXKE MPAKTHUECKast 3HAYMMOCTh
(oOmmecTBeHHAs U Hay4Has), IeJb U 3aJlauil uccienoBanus. JIakoHH4YHOE yKa3aHue MpobseM, Ha pelIeHue KOTo-
PBIX HAIPABJICHO UCCIIEIOBAHNE, MIIM HAayYHAas TUIIOTE3a UCCIEAOBAHUS.

MarepHajbl M METOIbI: ONUCAHKE IPUMEHIEMbIX HH()OPMAMOHHBIX MAaTePUAIOB U HAyYHbIX METO/OB.

Pe3yabTaThl: pa3BepHYTOE IPE/CTABICHHE PE3YJBTaTOB MCCieA0BaHus. [IpUBOISTCS OCHOBHBIC TEOPETH-
YECKHE WM 3KCIEPUMEHTAIbHBIE PE3y/IbTaThl, (JaKTHIECKNE JaHHbIE, OOHAPYKEHHbBIE B3aUMOCBS3H M 3aKOHOMEp-
HocTH. [Ipy 9TOM OTHaeTcst MpearnoYTeHre HOBBIM pe3ylbTaraM M JIaHHBIM JOJITOCPOYHOTO 3HAYECHUS], BaYKHBIM
OTKpBITHSIM, BBIBOJIaM, KOTOPBIE OITPOBEPTAIOT CYIIECTBYIOIINE TEOPHH, a TAKXKE JaHHBIM, KOTOPBIE, TI0 MHEHHIO
aBTOpa, UIMEIOT PAKTHYECKOE 3HAYCHHE.

BbIBoabI: apryMeHTHpOBaHHOE 0OOCHOBAHHE [IEHHOCTH ITOJYYEHHBIX PE3yJIbTaToOB, PEKOMEHIANH 110 HX
UCTIONIb30BAHUIO U BHEIPEHUIO. BBIBO/IBI MOTYT CONPOBOXKIATHCSA PEKOMEH IAIUSIMHE, OLICHKaAMH, MPETOKECHUSIMH,
HOBBIMH T'MITOTE3aMH, OIIMCAHHBIMU B CTAThE.

HpI/IBe,HeHHLIe YaCTU aHHOTAUU CJICAYCT BBIACIATH COOTBETCTBYIOIIMMHU MOA3aroJOBKaAMU M U3JIaraTh B JaHHBIX pa3aciiax peiaeBaHT-
Hy10 uHpOopManuio. CM. peKOMeH/IAIMH 110 COCTABJIEHHIO AHHOTAIMH.

KiroueBbie cioBa: 7—10 KITFOUEBBIX CIIOB.

KiroueBble c10Ba SIBISIFOTCS TTIOMCKOBBIM 06pa30M Hay‘IHOﬁ crathu. Bo Bcex 6M6HI/IOFpa¢)I/I‘IeCKIfIX 6aszax JTAHHBIX BO3MOKEH MOUCK
craTell o KIIFOYEBBIM CJI0BaM. B CBs3M ¢ 3THM OHU JOJDKHBI OTpaKaTb OCHOBHYIO TEPMUHOJIOIUIO HAYYHOT'O UCCIEN0BAaHUSA U HE IIOBTOPATH
Ha3BaHHWE CTaTbH.

bnazooaprnocmu (ecmm HyXHO).

B aTOM pazzerne ciaemyeT yIOMSIHYTh JIFOCH, TOMOTaBLINX aBTOPY ITOJArOTOBUTE HACTOSIIYIO CTAThIO, OPraHH3aliK, OKa3aBLIne GUHAH-
COBYIO HOJICPKKY. XOPOIIUM TOHOM CUMTAETCS BRIpAXKEHHE 0J1arolapHOCTH aHOHUMHBIM PELICH3CHTAM.

Aemop, omeemcmeennwiti 3a nepenucky: Ums Otuectso GamMuius, agpec 3AEKTPOHHON MOYTHI JUIs CBSI3U.

3ATOJTOBOK CTAThbU HA AHTJIUMCKOM S3BbIKE

N.0. ®Pamuius', U.0. ®amMuiaus’ * Ha aHIIIUHACKOM SI3bIKE
' Mecmo pabomul nepeozo asmopa; 20pod, cmpana — Ha aHITTHICKOM SI3bIKE
2 Mecmo pabomel nepeozo asmopa, 20pod, cmparnd — Ha aHTIIAHCKOM S3BIKe
*ecau asmopos He Oollee uemvipex, mo Heobxo0uUMo ykasvieams noanvie OO, om namu aemopos u
60]16@ — ()onycmuMo UCnob306antb UHUYUAIIbL

Abstract (200-250 cios)
Introduction: text, text, text.

Materials and methods: text, text, text.
Results: text, text, text.
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Conclusions: text, text, text.
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SI3BIKE

BBEAEHUE

3amada BBEJCHMSI — 0030p COBPEMEHHOTO COCTOSHHSI pacCCMAaTPUBAEMOM B CTAaThe MPOOIEMaTHKH, 0003HAYe-
HHE HayYHOW NPOOJIEMBI U €€ aKTyaJIbHOCTH.

BaezneHne 101KHO BKITIOUaTh 0030p COBPEMEHHBIX OPUTHHAIBHBIX POCCUICKUX U 3apyOeKHbBIX HayUHBIX J10-
CTIKEHHUH B paccMarpuBaeMoOl IPEAMETHOW 00JIacTh, MCCIICOBaHUN 1 PE3yJIbTaToB, Ha KOTOPBIX Oa3upyercs
npencrasisiemMas pabora (Jlurepatypusiii 0630p). JlureparypHbiii 0030p M0KEH MOAYEPKHUBATH aKTyalbHOCTh
1 HOBHM3HY PacCMaTpPHBAEMbIX B HCCIICJOBAHUU BOIIPOCOB.

Bo BBeneHnu 1omKHA coepKaTbess HHGOpMALUst, KOTOpask IO3BOJINT YUTATEIIIO IIOHATH U OLICHUTD Pe3yJibTa-
TBI MCCIICI0BAHUSL, TIPEJICTABIIEHHOTO B CTaThE.

JIutepatypHblii 0030p. Criicok MCTOYHHUKOB BKII04aeT oT 20 10 50 MCTOYHMKOB, HE YUHUTHIBAS CCBHIIKU
Ha HopmatuBHbIe okyMeHTHl (TOCT, CHull, CII), uarepuer-pecypcsl (caiiTol cetd MIHTepHET, HE SBISIOMINeCs
MEPUOINUECKUMU U3AaHUAMH), OTUETHI, & TAK)KE MCTOYHUKH, OTCYTCTBYIOLIME B KaTaJOrax BEAYIIUX POCCHM-
ckux 6ubmamnorex-nenosurapues (ITIHTB, PHB, PI'B), apxusax u T.1. ITonoOHbIE HCTOYHNKH CIIEYeT YKa3bIBATH
B CIIUCKE JINTEPATYPBI CBEPX MUHUMAJILHO YCTaHOBJIEHHOTO ropora. He pexoMenryeTcs ceblaTbes Ha HHTEPHET-
pecypchl, He cozieprKalie HayuHyto HH()OpMaIHio, y4eOHUKH, yuyeOHbIe 1 METOIMUECKHIE TTOCOOHSI.

YpoBeHb MyONUKauy ONPEEIISIOT OJIHOTA U IPEICTABUTEIbHOCTh HCTOUHNKOB. He MeHee mecTu u3 uHo-
CTPaHHBIX ¥ HE MEHEE IIECTH U3 POCCUHCKMX UCTOYHUKOB JI0JKHBI OBITH BKIIFOYEHBI B OJTMH U3 BEAYINX HHJICKCOB
LUTUPOBAHMSL:

* Web of Science http://webofknowledge.com
 Scopus http://www.scopus.com/home.url
* sapo Poccuiickoro nniekca nayynoro nutuposanus (PUHLI) http://elibrary.ru

AHMIOA3BIYHBIX HCTOYHUKOB BKIIIOYAIOT B CIMCOK He MeHee 50 %, 3a mocieHne Tpy roja — HE MEHEe I10-
JIOBUHBI. PeKOMEH/yeTcst HCIOJIb30BaTh OPUIHMHAIBHBIE HCTOYHUKH He crapiie 10 ser.

CchIIKM Ha MCTOYHHUKH MIPUBOAATCS B CTAaThE B KBAJPATHBIX CKOOKaX. VICTOUHMKH HyMEpyOTCs 110 MOPSIAKY
YIIOMUHaHUS B CTATheE.

3aBepIaroT BBEICHNUE K CTaThe TOCTAHOBKA U OIMCAHME LIENIN U 3334 [IPUBEICHHON pabOTHI.

MATEPHUAJIBI U METObI

Paznen onuceiBaeT METOAMKY MpoBeaeHHs ucciienosanus. O00CHOBaHME BEIOOpa TeMbl (Ha3BaHMsI) CTATHH.
CaezieHHsl 0 METOZIE, IPUBEJCHHBIC B Pa3Zeie, JOJKHBI OBITh JOCTATOYHBIMU TSI BOCIIPOM3BEACHUS €TO KBaJIU-
(bUIMPOBaHHBIM HCCIIEJOBATEIIEM.

PE3YJBTATBI HCCIIEJOBAHUS

B 5T0if yacTH cTaThM AOMHKEH OBITH MPE/ICTABICH CHCTEMAaTH3NPOBAHHBIM aBTOPCKUIN aHAIMTHIECKUN U CTa-
TUCTHYECKUI MaTepuai. Pe3ynpraTsl MpOBEAEHHOTO HCCIIEA0BAaHU HEOOXOIMMO ONUCHIBATh TaK, YTOOBI YUTATENb
MOT TIPOCJICIUTH €ro 3Talbl ¥ OEHUTh 0OOCHOBAHHOCTH C/ICIAaHHBIX aBTOPOM BBIBOZIOB. JTO OCHOBHOMW pasiel,
I[eJTb KOTOPOTO — TPY MTOMOIIY aHaJIM3a, 0000IICHNS U Pa3bICHEHNS JTAaHHBIX JJOKa3aTh Pabodyro TUIOTE3y (TH-
note3sl). Pe3ynmbrarel mpu HEOOXOMMMOCTH TONTBEPKAAIOTCS WILTIOCTpAMAMHU (TaOnumamMu, rpagukamu, pu-
CYHKaMH ), KOTOPBIC TIPEICTABIIAIOT UCXOIHBIA MaTepuai WiIH J0Ka3aTelbCcTBA B CBEPHYTOM BHe. BakHO, 4TOOBI
MIPOMJUTIOCTPUPOBaHHast MH(OPMAIHs He TyOnnpoBaia y)Ke MPUBEICHHYIO B TeKcTe. [IpescTaBieHHbIe B cTaThe
PE3yNBTaThI CIAEAYeT COMOCTAaBUTh C MPEABIIYIIMMH paboTaMu B 3TOI 00JacTh Kak aBTOpa, Tak U APYTHX HCCIe-
noBaresieil. Takoe cpaBHEHHE JOTOIHUTENIBLHO PACKPOET HOBU3HY ITPOBEACHHON PabOTHI, MPUAACT el 00bEKTHB-
HOCTb. Pe3ysbTarsl ccieJOBaHUs JOIKHBI ObITh N3JI0XKEHBI KPATKO, HO TIPH 3TOM COZIEPXKAaTh JTI0CTaTOYHO HH(Op-
MalUH JUIsl OLEHKHU CAEIaHHBIX BBIBOMOB. He NMpUHATO B JaHHOM paszesne NPUBOAUTE CCHIIKU Ha JIUTEPATypHBIE
HCTOYHHKH.

3AKJIIOYEHHUE U OBCYXKJAEHUE

3aKIoucHIe COACPIKUT KPATKYIO (l)OpMyJ'IPIpOBKy PE3YIbTATOB UCCIICAOBAHUSA (BI)IBOHI)I). B sTom pazaeiie no-
Ka3bIBAIOT, KaK IMOJTYYCHHBIC PE3YJIbTAaThl 00eCreYrBalOT BHIIOJHEHNE TTOCTABICHHOM 1EIN UCCIICAOBAHMSA, YKa3bI-
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BalOT, YTO IMMOCTABJICHHBLIC 3a/la4l aBTOpaMu ObLUIH PCUICHBI. HpI/IBOJISITC}I O606H1€HI/I${ n JaroTCda peKOMCHIAINH,
BBITCKAOIIHEC 13 pa60TI)I, TOAYCPKUBACTCA UX NPAKTUYCCKasd 3HAYUMOCTD, 4 TAKXKC OIMPCACTIAOTCA OCHOBHLIC Ha-
MpaBJICHUS JJId ,HaJ'II:HeﬁIHeFO HUCCICAOBAaHUs B 910 oOmactu. B paMKax O6CY)K,H€HI/IH JKCJIATCIIBHO PACKPBITH IEP-
CIICKTUBBI pa3BUTHUSA TCMBbI.

B JaHHOM pas3feiie HE MPUBOAAT CChUUIKM HA UCTOYHUKH.

CIINCOK UCTOYHHUKOB (REFERENCES)

OdopmasieTcss Ha pyCCKOM U AHIVIMIICKOM fI3bIKaX.

PacnonoxxeHre NCTOUHUKOB B CITUCKE — B CTPOT'OM COOTBETCTBHH C MOPSAIKOM YIIOMHHAHUS B TEKCTE CTAaThU.

bubnnorpaduueckoe onrcaHue JOKyMEHTOB (B TOM YHCIIE M 3JIEKTPOHHBIX) Ha PyCCKOM SI3bIKe ohopmirsieTcst
B cootBeTcTBHH ¢ TpeboBarusamu 'OCTa P 7.0.5-2008.

bubnuorpaduyeckoe onucaHue J0KyMEHTOB (B TOM YHMCIIE M 3JIEKTPOHHBIX) HA aHIIMHCKOM SI3bIKE O0(OpM-
JseTcs B cTuiie «BaHKyBep».

Pycckosi3pruHbIe HCTOYHUKN HEOOXOIMMO IIPUBOUTH B OPUIMAIBHOM BapUaHTE IIepeBoa (T.€. TOM, KOTOPBIH
pa3MelleH B caMOM M3IaHUK; pU Hann4uu). Ha3BaHue roposa u31aHus IPUBOUTCS TIOTHOCTHIO, B aHIINHCKOM
Hanucanuy. Ha3BaHWs )KypHAIOB M M34aTENbCTB MPUBOATCS MO0 O(UIMANTBHBIC aHIIIMHCKUE (€CIH €CTh), JIN00
TPaHCIUTEPUPOBAHHBIEC. B KOHIIE ONMCaHNs NCTOUYHNKA B CKOOKAX yKa3bIBA€TCS S3bIK HCTOYHHUKA (TUS.).

Jig m3manuii cuenyeT ykaszaTh (haMMIIMK aBTOPOB, JKypHAN (3JEKTPOHHBIN afipec), TOA W3JaHUs, TOM (BBI-
MycK), HoMep, cTpanuiibl, DOI unu anpec noctyna B cetu MaTepHeT. MHTEpecyromuiicss untaTenb J10JKEH UMETh
BO3MOXKHOCTb HalTH yKa3aHHBIN JIUTEpaTypHBI HICTOYHUK B MAKCUMAJIbHO CXKaTble CPOKU.

Ecmu y crarsn (m3ganust) ects DOI, ero o6s3aTenbHO yKa3bIBalOT B OMOIMOrpadguiaeckoM OMMCaHUN UCTOY-
HUKA.

BaxHo nmpaBuiIbHO 0OOPMHUTE CCHIIKY HAa HCTOYHHK.

IIpumep opopmireHus :

CIIMCOK UCTOYHHUKOB

1. Camapun O.[]. O pacuere OXJIQKACHUS HAPYXKHBIX CTCH B aBAPHITHBIX peXXHUMax TertocHaOxeHus // V3me-
CTUs BBICIIUX y4eOHBIX 3aBefeHuil. CtpoutensctBo. 2007. Ne 2. C. 46-50. URL: http://izvuzstr.sibstrin.ru/uploads/
publication/fulltext/2-2007.pdf (nara obpamenus: 04.12.18).

2. Mycopuna T.A., [lempuuenxo M.P. Matematudeckasi MOJIeIb TEIUIOMAcCONepeHoca B opuctoM teie // CTpou-
TEeJILCTBO: Hayka U oOpazosanue. 2018. T. 8. Ne 3. C. 35-53. DOI: 10.22227/2305-5502.2018.3.3

REFERENCES

1. Samarin O.D. On calculation of external walls coling in emergency condition of heat supply. Proceedings
of Higher Educational Institutions. Construction. 2007; 2:46-50. URL: http://izvuzstr.sibstrin.ru/uploads/publication/
fulltext/2-2007.pdf (Accessed 19th June 2015). (rus.).

2. Musorina T.A., Petrichenko M.R. Mathematical model of heat and mass transfer in porous body. Construction:
science and education. 2018; 8(3):35-53. DOI: 10.22227/2305-5502.2018.3.3 (rus.).

CBEJAEHUA Ob ABTOPAX

OdopMsIIOTCS HA PYCCKOM M AHIVIMIICKOM SI3bIKAX.

OO0 aBTopax: Mms, oruectBo, pamuius (IOJHOCTHIO) — YUCHAst CTEIIEHb, YYCHOE 3BaHHE, JOJDKHOCTD, TIOJPA3/ICIICHHE;
Ha3BaHHe OPraHu3anuu (0053aTeIbHO IPUBOAUTH B OIHOMN 1 KPAaTKOit O)HIIHAIBHO YCTAaHOBICHHOH ()opMe, B HUMEHUTEILHOM
najexe), B KOTOpoi paboTaer (yUuTcs) aBTOp; IMOYTOBBIH aJpec OpraHu3aliy; apec IEKTPOHHON ITOUTHI;

Hwms, oTuecTBo, pamMuiius (OJHOCTBIO) — y4YeHasl CTENCHb, y4EHOE 3BaHUE, JIOJDKHOCTb, IOJpa3/ielicHe, Ha3BaHUe
opraHu3anuu (00s3aTebHO MPUBOANUTH B IMTOTHON M KPATKOW O(PHUIIHATFHO YCTAHOBICHHOH (JOopMe, B IMEHUTEIEHOM Ma/IeKe),
B KOTOpO# paboTaeT (Y4uTCs) aBTOP, TOYTOBBIH aipec OpraHU3aliy, a{pec AEKTPOHHOHN MOYTHL

Csedenus 06 asmopax Ha aHITTMHCKOM SI3bIKE TPUBOISITCS B ITOJTHOM BHJIE, O€3 COKpateHui cios. IIpusonsares
o(uIHMaIbHO YCTaHOBJICHHBIC AHIJIOS3bIYHbBIC HA3BAHUSI OPraHU3aLUid M UX mojpa3eneHuid. OmmycKarTcs dJIeMeH-
TBI, XapaKTEepU3YIOIINE MTPaBOBYIO (GOPMY yUpEeKACHUs (OpraHn3alri) B Ha3BaHHUSX BY30B.

ABTOp JIOJKEH TIPUJICPKUBATHCS €IMHOOOPA3HOTo HarMcaHus (haMHUIINN, HMEHHU, OTYECTBA BO BCEX CTaThsIX.
Ora nHpOpManus Uil KOPPEKTHOM MHIEKCAIX JIOJDKHA OBITh yKa3zaHa B JIPYTHX CTaThsX, MPOQHISIX aBTOpa B

1325

£Z0Z ‘g 9Nss| "gL 2wnjo/ . 8In}08}IYdJy PUB UOI}ONJISUOD UO [BuInOf AJYIUOI « NSSIN MIUISOA
€20z ‘g ¥ohuiag gL woL . (8UluO) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN dMHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 8, 2023

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 8, 2023

LLlabaoH cTaTbyn

MextyHapoaHbIX 0a3ax qaHHbIX Scopus / WoS u T.j.

Bionotes: Hms, oTuyecTBO, aMuius (IOJHOCTHIO) — Yy4Y€HAsl CTENEHb, YUYCHOE 3BaHHE, JOJDKHOCTD, MOAPA3/eiICHHE;
Ha3BaHMe OpraHm3anuy (00s3aTeIbHO NPUBOAUTE B MOJHOW M KPAaTKOW O(MIHMAIbHO YCTaHOBICHHOH (opme), B KOTOPO
pabotaet (y4uTCs) aBTOP; OYTOBBIH apec OpraHu3aiyy (B OCIEI0BaTEILHOCTH: O(HC, 10M, YIHLA, TOPOJI, HHACKC, CTPaHa);
aJ|pec AIEKTPOHHOMU TOYTHI;

Hmsi, oTuecTBO, haMuius (TIOJTHOCTHIO) — Y4YE€Hasl CTEIEHb, YUCHOE 3BaHUE, JIOJKHOCTD, NOApa3/e/ieHIe; Ha3BaHue
opraHu3zanuu (00s3aTe/IbHO MPUBOIUTH B MOJHON M KPaTKOW O(QHUIMATBHO YCTaHOBICHHOU (opme), B KOTOpOil paboraeT
(y4uTcs) aBTOp; MOUYTOBBIN aapec opraHu3alyy (B MOCISA0BATENLHOCTH: O(UC, I0M, YU, TOPOJ, HHICKC, CTPaHa); aipec
3JIEKTPOHHOM MOYTHI.

BHUMAHMUE! Bce Ha3BaHus, MOANUCH U CTPYKTYPHBIE 3JIEMEHThI PUCYHKOB, IPa(uKOB, cXeM, TA0 U1
0OpMIISIOTCSI HA PYCCKOM M AHIVINHCKOM fI3BIKAX.

Bxrao asmopos:

Damunus 1. O. - onucanue 1uuno2o 6K1a0a 6 Hanucanue cmamoi 8 Kpamioul popme (uoes, coop mamepuana, obpabomxa
Mamepuana, HanuUCanue Cmamoi, Hay4YHoe peOaKmuposanue mekcma u m. 0.).

IIpumep:

Apmemvesa C. C. — nayunoe pykooocmeo, KOHYenyus Ucciedo8anus; paseumiue Memooonouu; yiacmue 8 paspadbomxe
VUEOHbIX NPOSPAMM U UX Peanu3ayuil; Hanucanue UCXOOH020 MeKCma, umozosule 8vieo0ul. Mumpoxun B. B. — yuacmue 6 pas-
pabomke yueOHbIX NPOSPAMM U UX peanu3ayuu; 00pabomKa mekcmad,; Umo2osule 6bl600bI.

Tocne «MHpopmannu 06 aBTOpax» MPUBOAAT CBEACHUS 00 OTCYTCTBHM WIIM HaJUYMU KOH(IMKTA HMHTEPECOB
U JICTAIN3AIHUI0 TAKOTO KOHMINKTA B clydae ero Hanu4us. ECiiu B cTaThe MPUBOIAT JaHHBIC O BKJIAJC KaXOr0 aBTopa,
TO CBEJCHHUS 00 OTCYTCTBUH WJIM HAJTMYUU KOH()INKTa HHTEPECOB YKa3bIBAIOT [10CIIC HHX.

IIpumep:

Brrao asmopos: éce agmopul coenanu IKGUBALEHMHbIL 6KAAO 8 NOO20MOBKY NYONUKAYUU.

Asmopui 3as61510m 06 OMCymcmeuy KOHGIUKMA UHMePecos
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| I 6am<a, O3HAKOMJICH U COTJIaCCH. I
| TMoanucy |
| miare/jiblHKa 1
| .
L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ——— - -

| bBraHk 17151 OTIaThI OTYTOIOBO MOMUCKHU Yepe3 pelakiuio (orara B 0aHKe).

BHUMAHHUE!

| Ecnau Bbl orutaruinn noanucky no gopme I1/1-4 B 6aHke, TO [U1sl CBOEBPEMEHHOI OTIIPABKU BaM HOMEPOB JKypHaa
0e30TaraTe’IbHO IPUINIATE KOMHUIO TUIATEKHOTO JOKYMEHTa M COOOIINTE Balll aJjpec ¢ mouToBbIM HHAekcoM, O.1.0. Ha

| e-mail: podpiska@mgsu.ru.

Moanucunku — padorauku HUY MI'CY Moryt 3anonHuTh OJaHK Ha CBOE UMsI U OOPaTUTHCS B OTEI] PAcIpo-
cTpanenus u pa3surus Mznarenscrsa MUCU — MI'CVY miist oopMIteHUST HOATTUCKH.
| Tenedon: (495)287-49-14 (BH. 22-47), podpiska@mgsu.ru.
[MoapoGHyo nHGOpMaNHIO 0 BapuaHTax noanucku Ha «Bectaunk MI'CY» aist GU3nUeCKuX U IOPUANICSCKHUX JINL]
| CMOTpUTE Ha caiiTe xypHaia http://vestnikmgsu.ru/
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(HaMMEHOBAHHE TOJTyyaTesIs IIaTeKa)

[7]7]1]e[1]0]3]3]9]1] [o]3]2]1]4]6]4]3]o]o]o]o]o]o]o]1]7]3]0]0]
(MTHH nonyuaresns niareska) (HOMep cuera mojyyaTens rmiaTexa)
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OKIMO |4[5[3[6[s[o[o]o]
N3BemeHHue Bectanxk MI'CVY - 573.34 py6. x 12 5x3.
MOJMKCKA HA SIHBAPb, (peBpab, MapT, arpeib, Mai, HIOHb,
HIOJb, aBT'YCT, CCHTAOPb, OKTSIOPb, HOSIOPD, 1ekadps 2023 1.
Becrank MI'CY
(HaMMEHOBAHME TLIATEkKA) (HOMEp JTHIEBOTO cueTa (KOJT) IIaTe/bIHKa)
Kaccup ®.N.0
TUIaTeIIbIIMKA
Anpec
ILIATEIbIINKA
Cymma
UTATHI
Cymma 3a
miaTexa 6 880 pyo. 00 xom. ycayru pyo. KOTI.
Hroro pyo. KOTII. « » 20 T.

C ycnoBusIMU IIpHeMa yKa3aHHO} B IUIATEKHOM JOKYMEHTE CyMMbI, B T.4. C CyMMOIl B3UMAeMOIi ILIaThI 33 yCIyru
6aHKa, 03HAKOMJICH H COTJIACEH.

Hoanuce

IvIaTeJibIHKa
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(HaMMEHOBAHME NOJIydaTess IUIaTeKa)

[7]7]1]e[1]o]3]3]o][4] ofs2]1]4]e]4]3]o[o]o]o]oo]o[1]7]3]0]o
(MHH nonyuarens niareska) (HOMep cyeTa IoJTydaTes MIaTexa)
B Y Banka Poccum no LIGO sux[0]0[4][5]2]5]9]8]8]
(HauMeHoBaHHe GaHKa MOJIyyaTess IaTexKa)
KBK [o]o[ofo]o[o]oolo[o[o 0]o[0[o 0 0]1]3]0]

OKTMO |4]5]3]6[s[o[o]o

Bectank MI'CV - 573.34 py6. x 12 5K3.
MOJINKCKA HA AHBAPb, (heBPallb, MAPT, anpesib, Maid, HIOHb,
HIOIb, aBTYCT, CCHTAOPb, OKTSIOPB, HOSIOPD, nekadps 2023 T

Becrank MI'CY
(HaHMMEHOBAHHUE IUIATEIKA) (HOMEp JIHLEBOTO cueTa (KOJI) IUIATe/IbIIHKA)
D.N.0
naaTeabIIuKa
Anpec
MJaTeabIIuKa
Cymma
ILIaThL
Kputanmus Cymma 3a
naTexa 6 880 py6. 00 KOIL._YCIIyTH pyo. KOIL.
Kaccnp Hroro pyo. KOII. « » 20 r.

C yCIIOBHSMHU IIpHEMa YKa3aHHOW B IUIATE)KHOM JOKYMEHTE CYMMBI, B T.4. C CyMMO# B3UMaeMOM IUIaThl 33 YCIYTH
0aHKa, 03HAKOMIICH H COTJIACEH.

Toanucs

ILIaTeJIbIHKA

Brank [u1st omIaThl MOJIYro0BO MOMIMCKY Yepe3 peaknuuio (oriara B OaHke).

BHUMAHHUE!

Ecnu BbI orutatwiin noanucky 1o ¢popme [1J]-4 B Ganke, To 115l CBOSBPEMEHHON OTIPABKH BAM HOMEPOB JKypHaa
6e3omIaraTeJIbHO MPUILIATE KOMHIO IUIATEKHOTO JJOKYMEHTa M COOOIIUTE Ball agpec ¢ IMoYToBbIM uHAekcom, O.1.0.
Ha e-mail: podpiska@mgsu.ru.

[Mopmucunku — paboraukn HAY MI'CY moryT 3anoiHuTh 6JaHK HA CBOE UMsI U 00paTUTHCS B OTJEI pacipo-
crpaneHus u pa3sutus UznarenbctBa MUCU — MI'CY is opopMIIeHHS TOAITHCKH.

Tenedon: (495)287-49-14 (BH. 22-47), podpiska@mgsu.ru.

[Toppobuyto nHpOpMaIHIO 0 BapuaHTax noanucku Ha «Bectaunk MI'CY» s ¢pu3nuecknx U IOPHINUECKUX
JIUI CMOTPHUTE Ha caiite )xypHana http://vestnikmgsu.ru/



