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Cexkunus 1. SMART SITY.

«CAMBHO3» MHOT'ODTAKHBIX 3JAHUN 1 3EJEHBIX HACAXKJIEHUI

M.M. ApTaMOHOBl, B.E. MameﬂcaﬁTeZ, AL Cysz[a.neBa3

cmyoenm, mark.artamonov@mail.ru

cmyodenmra martinkayte _vesta@mail.ru

HAY4Hblll KOHCYIbMAanm, npogh., 0-p ouon. nayk, npog., SuzdalevaAL@yandex.ru

L23pre0y  BO «Hayuonanvnoiti  uccnedosamenvcxuti  Mockosckuil  20cy0apcmeeHHbll
cmpoumenvubill ynusepcumemy, Mockea, Apocnasckoe wiocce, 0.26

1
2
3

AHHOTAIUA

TexHUYecKuit TpPOrpecc W POCT HACCIICHUS HETaTHBHO BIHMSIOT HA COCTOSHHUE
OKpY’Karolen cpepl. bolblyto 0macHOCTh MPEACTaBIsAET 3arpsi3HeHne aTMOC(HEpPHOTro
BO3/ayxa MeramnoyumcoB. Kiaccuueckuii croco0 0J1aroycTpoiicTBa KpYITHBIX TOPOJOB —
3TO CO3/]aHKe MAapKOB, aljieil u cagoB. Ho co BpeMeHeM Takoe pelieHre CTaHOBUTCS BCE
MEHEE aKTyaJlbHbIM H3-3a POCTa IICH Ha 3€MJIF0 M HEOOXOAMMOCTH BO3BEICHHS HOBBIX
KYJIbTYPHO-OBITOBBIX M MPOMBIIIJICHHBIX 00BbEKTOB. BO3HUKAIOT MPOTUBOPEUUS MEKITY
IKOJIOTHYECKUMHU TOTPEOHOCTSMU JIFOJCH MW TEXHUKO-dDKOHOMHUYECKUMHU Pa3BUTHUEM.
OpHuM U3 pelleHud TakuX MPOTUBOPEUUN SBISIETCS «CHMMOMO03» MHOTO3TaKHBIX
3MaHUH W 3€JCHBIX HACAXKICHWHA, TO €CTh CO3JaHHE YIPABISEMBIX MPHUPOIHO-
TEXHUYECKUX CHUCTEM «3JaHME - 3€lieHble HacaxkIeHus». Bo Bcem Mupe
pa3pabaThIBalOTCS ¥ BHEAPSIOTCS NPOEKTHl BEPTUKAIBHOTO O3CJCHEHHS 3IaHHM,
O3EJICHEHUS KPBIII U 3eJICHONW pPEeHOBAIMH CTapbIX cTpoeHuil. B Poccun u3-3a cioxHbIX
MIPUPOTHO-KITMMATHYECKUX YCIOBU 3TO HAIMIPABJICHUE 3€JICHOTO CTPOUTEIHCTBA TOIHKO
HAaYMHAET pa3BUBAThCS. AHANU3 MPOEKTHBIX PEIIEHUN MO CO3/JaHUIO0 YIPABIISIEMBIX
MIPUPOJTHO-TEXHUIECKUX CHUCTEM «3IaHHME - 3€JICHBIC HACAKICHUS» TO3BOJISICT HANUTH
CrocoObl MX TPUMEHEHHS B Halled OTeYeCTBEHHON apxurTektype. «CHMOno3»
MHOTOATQKHBIX 3JaHUIA U 3€JICHBIX HACAKJCHUH HE TOJIHKO O0SCIEUUT IKOJIOTHIECCKOE
«BIOPOBbE» MEramojrca, HO U CTaHET KOMIPOMHUCCHBIM pEIIEHUEM MEXIy
obecrieueHneM IKOJIOTHYECKU OJIAarOMPHATHBIX YCIOBUH M TEXHUKO-3KOHOMHYCCKHMH
TpeOOBaHUSIMU.

KaioueBbie cioma: ((CI/IM6H03)), MHOTO3TAXXHBIC 3JaHHA, 3CJICHBIC HACaAXICHMHA,
OTCUCCTBCHHAA apXUTCKTYpa, IPUPOAHO-TCXHUYICCKUC CUCTCMBI.

BBE/IEHUE

TexHUYEeCKUH MpOorpecc yKe HE OCTAaHOBHTH: C KaXKIbIM TOJOM pOXAacTcs BcE OOJbIIe
HOBBIX MHXEHEPHO-TEXHUYECKUX PEHIeHUN W TexHonorui. HaceneHune pacter B reoMeTpu4ecKoi
MPOTPECCUU: JIIOAMN TIepee3kaloT B KPYIHBIE TOPO/a, YBEIUUUBACTCS pokaaeMocTh. PacTeT crpoc
Ha JJICKTPOIHEPTHI0 W TPAHCHOPT. B COBOKYMHOCTH, BCE ITO CO3MACT KOJIOCCATBHBIE OOBEMBI
BpEIHBIX BBIOPOCOB B aTtMocdepy. Ha ceromusmiHuii JeHb 3arps3HeHHe atMochepbl SBISETCS
OJTHOM W3 TJIABHEUIIINX IKOJIOTHYECKUX TIPpoOsieM Ha 3emiie. DTO HE TOJIBKO BPEAUT HAIIeH TUIaHeTe,
HO W BIHMSET Ha 3J0pOBbE BCEX JKMBBIX OPraHU3MOB, OOWTAIOIIMX Ha HeW. Maes o3eneHeHHsS
ropojJioB BoBce He HoOBa. [Ipexne oHa peanm3oBajach KiaccmueckuM criocobom. Co3maaBanch
MapKu, CKBephl U ajuied. Ho B cuty nedunura cBOOOIHOM 3eMIIM B TOPOJAaX U €€ LEHBI, TPEeKHUE
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pelIeHrs ¢ KaXIbIM TOJIOM BCE TpyAHEE JUIsl OCYIIECTBIEHHS, YTO W TPUBEIO K pa3paboTKe
MHHOBALIMOHHBIX ~ PEHIEHUH—  CO3JaHUI0  YOPABISIEMBIX  NPUPOAHO-TEXHUYECKUX  CUCTEM
«37aHue - 3eJieHble HacaxaeHus». «CUMOMO03)» MHOTOITAXKHBIX 3[JaHUN U 3€JICHBIX HACaKICHUN —
3TO OTJIMYHBIA BAPUAHT, KAK ¢ KOMMEPUYECKOU TOYKH 3PEHHUS, TaK U C SKOJIOTUYECKOM.

OB30P JIUTEPATYPBI

[TpupogHO-TEXHIUYECKAs! CUCTEMA — 3TO COBOKYITHOCTh MPUPOAHBIX, IPUPOTHO-TEXHOT€HHBIX
U TEXHOI'€HHBIX OOBEKTOB, YCIOBMS  CYIIECTBOBAHMS KOTOPBIX  B3aUMO3aBUCUMBI U
B3auMooOycioBiieHbl[ 1]. CymecTByloT aBa cnocoba o00pa3oBaHHsS HPUPOAHO-TEXHHUECKON
CHUCTEMBl: B IIEPBOM Cllydae 4YeJIOBEK INpeoOpa3yeT OKPYXKAWLIyI0 cpely Uil ynoOcTBa H
BO3MOYKHOCTH CBOETO CYIIECTBOBAaHUS, CO3/1aBas TEXHOTECHHBIE OOBEKTHI; BO BTOPOM -B YK€
CO3/IaHHBIX YEJIOBEKOM TEXHOTE€HHBIX O0BEKTaX MOSIBIIAIOTCS KUBbIE OpraHU3MbI (puc. 1).

«CHUMOMO03» MHOTO3TaXHBIX 3MaHUN W 3€JIEHBIX HACAXKAEHUH — 3TO NPUPOJHO-TEXHUYECKas
cucrema (IITC), koropas oOpasyercss mo (opMyie: «TEeXHOTCHHBIH OOBEKT (MHOTO3TaXXHOE
COOpYKEHHE)» + <OKMBBIE OpraHU3MBbl (3eJeHble HacaxaeHus)» = ynpanisemas [ITC «3eneHsle
3JaHUs». OIIHaKO MPUPOAHO-TCXHHUYCCKAA CUCTEMAa MOXKET OBLITH HeynpaBﬂ;{eMoﬁ U NMPHUBOJUTH K
Aerpajiallid  OKpyxarmomed  cpeapl.  Hampumep,  3a0pomieHHoe — CTpoeHHME — 3apocliee
pacTuTenbHOCTBIO. Hariel ke 1enbro SBIAETCS CO3/1aHHUE YIPABISIEMBIX IPUPOJHO-TEXHHUECKHUX
CHUCTEM C YCIIOBUSAMU, 6HaFOHpI/I$ITHBIMI/I JJIA JKU3HU YCJIOBCKA.

7
MpupoaHo-
TEXHUYEeCKan —
cucrema

L

NpupoaHan cpeaa

TexHOreHHsle 0BBLeKTLH

L R R R R R R R L "
: Obpasosanue NTC B Nnpouecce TEXHOTEHESA NPUPOAHON Cpeabl :
P TIPS

Husbie opraHusmbl .
1y

.
. (pesssssssssssanssnnnnnnnnnn® o, MpupoaHo-
TexHoreHHbIA \ : Ob6pazonanme MNTC 8 pesyabTaTe UHBIIUN ': TEXHUYCCKAA
obbekr |assnsnsnsnnnnnunnnnnnnnnnnng
) - cuctema .

/

Puc. 1. O6pa3zoBaHue NPUPOTHO-TEXHUYECCKON cucTeMbl (WWW.NESYSt.ru)

MATEPHUAJIBI U METO/bI

VYnopasisgeMass NPUPOJHO-TEXHUYECKAsT CUCTEMA «3EJIEHBIE 3[JaHUS» pellacT CIEAYIOLUe
3ajaun: 1)moanepKUBalOT B MEramojice 4YHCTOTY BO3JlyXa B armocdepe, 3aHHMas ykKe
3aCTPOCHHYIO TEPPUTOPHIO; 2)00ecreynBarOT OJIarONpUsATHBIE COLMAIbHBIE YCIOBHS, CHHMas
03a004YEHHOCTh JIIOJIeH, MMEHYEMYIO <«OKOJOTHYECKHI cTpax»; 3) MOBBILAIOT HSKOJIOTMYECKUN
UMUK ropoJa, aAcjiad MEraroJinC MHBECTUIIMOHHO IIPHUBJICKATCIIbHBIM.
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IPUPOJHO-TEXHUYECKAS CUCTEMA «BEPTUKAJIBHBIN JIEC»

MunaH B pedTHHTe €BPOIEUCKUX TOPOJOB IO CTETICHHU 3arps3HEHUs aTMoc(epbl 3aHMMAeT
nepBoe MecTo. Tak Kak BeCh rOpOJ YK€ 3aCTPOCH JKWJIBIMH U TPOMBIIUICHHBIMH 3IaHHUSIMH, TO
MecTa HJsl TPaJUuIMOHHOTO o3eiieHeHus HeT. [losTomy pemieHMeM AaHHON MNPoOIEMBI CTANIO
BO3BE/ICHUE JXKWJIOro Komiuiekca BeptukanbHbiii Jiec (BoscoVerticale) B paiioHe COBpEeMEHHBIX
BBICOTHBIX 3/1aHui (puc. 2). Ha 6ankonax »xunoro komiiekca BoscoVerticale, cocTosiimero u3 asyx
OameH BeicoTor 110 u 76 MeTpoB, CBOOOIHO PacTyT JAEPEBbS W KYCTAPHUKHU, KOTOPHIC MEHSIOT
CBOM BHEIIHWW BHJ B 3aBUCUMOCTH OT BpeMeHH roja. [lnomanp 3en€HbIX HacakIeHUN Ha
Hebockpebax cocraisier 40 M2.C MOMOILBIO IEPEBbEB [ONYIACTCS CO3ATH B 3AHUSX YHHKAIbHbIHA
MUKPOKJIMMAT, 3alIUTUTh MOMELIEHUS OT MbUIM, KOHTPOJIUPOBATh BIAKHOCTh M OOECIEUEHHOCTh
KUCIOpOoJOoM. Tak Kak JIepeBbsi MEHSIOT CBOWM BHEIIHHUI BHUJI B 3aBUCHMOCTH OT BPEMEHM I0Jid, TO
JIETOM OHHU 3alIMINAIOT IMOMEIIEHHS OT COJHEYHOro CBETa, a 3UMOW, HAoOOpOT, MPOMYCKAIOT
JIOCTaTOYHOE KOJIMYECTBO CBETa B KBAPTUPBL. ODTOT MPOEKT YKPAMIAIOT OOJBIINE THICIIU
BUJOBpacTeHUI. 3enéHble HacaXIeHUs PacTyT B CHEIUAIBHBIX KaJKaX, KOTOpPBIE 3aKperyIeHbI
TpocamMu. Bce mepeBbs M KYCTapHUKH TNPOILIM TECTHPOBAHHE B adPOJUHAMHUYECKONH TpyOe W
YCTOWYMBBI K CHJIBHBIM MTOpPBIBAM BeTpa. Takke MpeaycMOTpeHa OCBEIIEHHOCTh PACTEHHM, YTOMI X
pocTa U COBMECTUMOCTh CAKEHIIEB JPYT ¢ JApyrom. Jljisi moyiMBa pacTeHHil co3jaHa ClielHralibHas
opocuTeJbHas CHCTeMa, BOJAa KOTOPOHYXE HCHOIb30BaNach JKUTEISIMHU KBapTUpP M MpOIIa
¢bupTpanuio. CTOMMOCTh PACTCHUN U UX OOCITY’)KHUBAHHUE YBEIIMYUBAIOT 3aTPAThl HA CTPOUTEIIHCTBO
BCEro JUIIb Ha 5%, YTO MO3BOJSET CYUTAThH, YTO ITO HE TOJBKO OTIMYHOE PelieHUe i1 OOpbObI C
3arpsA3HCHUEM BO3/yXa, HO M XOPOIIMH KoMMepueckuii BapuaHT. bamuuBoscoVerticale npusHaHbl
nyuamuMu  Hebockpebamu 2014 romam momyursm npemuto InternationalHighriseAward. bsino
OTMEYECHO, YTO KOMIUICKC BepTUKambHBIN JieC SBISETCS BBIPAKCHHEM IMOTPEOHOCTH YEIOBEKa B
KOHTaKTe ¢ MPUPOJI0il. DTO HOBATOpPCKas Haes IJi1 TOPOJOB 3aBTPAIIHETO IHS,IPEICTABIISAIONIAs
MOJIETIb ISl Pa3BUTHS TOPOJICKUX PAiOHOB, KOTOPYIO HYXHO MIPUMEHHUTH BO BCEX CTpaHax [2].

V

Puc. 2. XXwunoii kommreke Beprukansusrii mec (BoscoVerticale) 8 Munane

B Cunranype ympapiseMOil MPUPOIHO-TEXHUUECKON CHCTEMOM «3eJIEHOE 3TaHUe» SBISIETCS
orenbp OasiaHotel Downtown (puc.3). ApxuTekTypHOU CTyauu, paboraBiieit Hag mpoekTom 190
METPOBOTO OTEJIsA, YAaI0Ch HHTErPUpoBaTh 21 BH JHAaH W BUHOTPaJa B KPACHYIO aFOMHHUEBYIO
ob6omnouky ortens. Ha ¢dacame m OTKPBITBIX Teppacax OTeNsl pa3MelieHsl emnie 33 Buaa pacTeHHH,
KOTOpbIe mpuBiekatoT ntuil. Ob0Tekaemas hopma 00beKTa HEe HapyIIaeT adpOJANHAMHUKY TOpOJa, a
TEPPUTOPHS BOKPYT 3[aHHS MPEACTABISCT COOOM MapKOBYIO 30HY, JTOCTYIHYIO JIJISl TOCTEH U BCEX
uTenei. B orene pacmookeHsl YeThIpe TEPPAChl MO OTKPHITHIM HEOOM, BKITIOUAIOIIHE OACCEeiH 1
camel. OTkpeiTas crpykrypa Oasia Hotel Downtown cmocoOGCTByeT MpeKpacHON BEHTUIISIIHN
3MaHusA, Onaromapss 4Yemy OOJBIIMHCTBO 30H OTABIXa HE HYKIAIOTCS B JIOMOJHUTEILHOM

13



KOHJIMUUOHUpOBaHUU [3]. A 3TO TOXE HEMAJIOBAXXHO, TaK KaK TIO3BOJIIET 3KOHOMHUTH Ha
AIEKTPOIHEPTUU.

PE3YJBbTATHBI UCCIIEJOBAHUSA

«CumOn03» apXUTEKTYpBl U IPUPOBI — ITO HOBEHIIee HAIIPAaBICHUE B CTPOUTEIBCTBE, I1IE
3eJIeHbIe HACAXK/CHUS CTAHOBSATCS HE TOJBKO YKpalIeHHEeM, HO U (DyHKIMOHAIBHOW YacThio. Jliis
peanu3alu 3TOM HJAEH KaXJ0e 3JaHHe TMPOCKTUPYIOT C aKIEHTOM Ha O03€JeHEHHe, YTOOBI
pa3MeCTHTh B HEM KaK MOXHO OOJbIIe pacTeHHi, HW30aBUTh TOPOKaH OT IOTPEOHOCTH B
HEBO300HOBJISIEMbIX HCTOYHHKAX SHEPTHH M YMEHBIIUTH BHIOPOCH YITIEKUCIIOTO Ta3a B aTMochepy
[4-6].

Coueranue cTekJa M 3eleHH. B Bek HCIONB30BaHUS CTEKIAa B apXUTEKType 3/1aHUi, rne
aKTHBHO TNPHUMEHSIOTCS CTEKJITHHBIC KYIOJla, BUTPAKH M CTEHBI, BO3MOXKHO COYETaHUE CTEKIa U
3eJeHd.  VMcmonb30BaHME — CBETONPO3PAYHBIX  KOHCTPYKIMK — TO3BOJIIET  MPOHUKHOBEHUIO
€CTECTBEHHOTO OCBEILCHHS, KOTOPBIH Tak He0OX0auM pacTeHusM (puc. 4). IIpy MOKpBITHN KPBIIN
CBETONPO3PAYHBIM KYIIOJIOM M3 3aKaJIEHHOTO CTEKJIa MOXHO HMCIIOJB30BaTh aJIbTEPHATHBHBIC BUIBI
9HEpruu (MHUHH-BETPOBYIO, COJHEUYHYI), I€OTEpMajbHYI0). BO3MOXKHO Takke HCIOJIb30BaHHE
TEXHOJIOTUM C XOpOIIMM MOTEHIMajoM »HeprocOepexenns, Hanpumep «Freechillingy»,nmm
KOHJIMIIMOHUPOBAHUE 32 CUYET XOJOJHOTO BO3AyXa M3BHE, OCHOBAaHHOTO Ha Iepejade Teruia uepes
Bo/y. PaccMarprBaeMbie pelieHus BO3MOXKHBI JUIsl IPUMEHEHHUSI B TEUEHUE TOfla B OOIIECTBEHHBIX
3IaHMSIX ¢ MUHUMAJIBHBIMU 3aTpaTaMu U SKoHOMueH sHepruu oT 20 10 60 %.

Puc. 3. Oasia Hotel Downtown Puc. 4. Asponopt Jewel Changis Cunramype
(www.oasiahotels.com) (www.internationalairportreview.com)

ITomMrMO 3TOTO, IPOU3BOJCTBO X002 MOKET OBITh OPraHU30BAHO C MIOMOIIbIO TEPMHUUYECKUX
COJTHEUHBIX MaHeJiell Ha KpOBJe, KOTOPbIE MOJIKIIOYAIOTCS K aJCOpPOIMOHHBIM MamuHaM. [laHHas
cXeMa Ha3bIBAaeTCsl CHCTEMOW COJIHEYHOTO0 KOHJIUIIMOHUpoBaHus. [IpuMeneHre OnorazoBbIX KOTIOB
(Ha opraHMYecKHX OTX0JlaX), TEIIOBbIX HacocoB COy MM KOTE€HEPallMOHHBIX YCTAHOBOK TaKKe
ABIISICTCS allbTepHATHUBAMHU TPAJUIIMOHHON BBIPAOOTKU TEIUIOBOM 3Hepruu. [Tomrmo mpousBoacTBa
SHEPruM, HEMaJOBa)KHAs 3ajJaya — CO3JaHUE M COOJIIOJIEHUE TEXHOJOTMi ee XpaHEHUd
(aKKyMyJsTOpBI, BOJOpPOAHBIE HakonuTenu u ap.).Ilox KymoiaoMm co3maércss MUKpOKIMMAT u
3eNn€Hble HACAXKACHUS MOKHO BBIpALUMBATh B JII000E BpeMs roja. 3/1eCb MOTYT OBbITh PacTEeHHUs C
pa3sHBIMU CpPOKaMM LIBETEHMs, JH00 BeYHO3EIEHbIE XBOMHbIE MOPOoibl. CTEKISTHHBIN KYMOJI MOXET
ITOKPBIBAaTh BCHKO KPBIINIYy WJIM €€ 4YacTh, BO3MOYKHO CO3[JaHME BBICTYNAIOIIUX MACCHUBHBIX 4acTeu
dacaga c pacmoJoXKeHHEeM B HUX 3el€HBIX mpocTpaHcTB. Co3gaHuMe Takoro Kymoja aaér
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BO3MOKHOCTb YCTPOWMCTBA IIPOTYJOYHBIX 30H Ha KpBILAX M 3€IEHBIX CanoB. Bo3MOXkHO
HCIIOJIb30BAaHUE BHYTPEHHEIO0 BOJOCTOKA C KPBILI ISl KaIleJIbHOTO I10JIMBA 3€JIEHBIX HACAKICHUN.

Co31aHue NPOryJIOYHbIX 30H U 3€JEHBIX CaJ0B Ha Kpbllle 0e3 MOKPBITUSl CTEKJISIHHOM
KOHCTpYKUHMei. Takoli HOBAaTOPCKUI MOJXOJ MPUMEHUM ISl CUIIBbHO3ArPSI3HEHHBIX METaroJICcOB
(puc. 5). Tak, B ropoae YensiOuHCKe Takas WS CTAHOBUTCS YK€ PealbHOCThIO. BhIycKaroTcs
HoBble ['OCThI u crangaptel. PazpaboTaHHble CTaHIAPTHI «3€JIEHOTO CTPOUTENHCTBAY» MO3BOJISIOT
MUHHMH3HPOBATH YIIEpO OKpYKAIOLIEH cpelie, 00eCeunTh SKOJIOTHYECKYI0 0e30MacHOCTh IS TEX,
KTO OylIeT >XUTh B HOBBIX JOMax, COXPaHUTb M cOepedb pecypchl, KOTOpbIE TpaTATCs Ha
AKCIUTyaTaIlio 00BEKTA.

O3eJjieHeHNe CYHIECTBYIOIIMX MHOIO03TAa:KHBIX 31aHuM. 3ejiéHas peHoBalUsl CTapbIX
CTPOEHUIl, X KPOBeJb, 0AJKOHOB. be3pamMHoe OCTEKJIeHHE MOAXOAUT MHOTUM JU3aHHEPCKUM
pEIICHUsIM, TIO3BOJISASL YBEJIMYUThH IUIOMIA[L JIOKAW WIH OalKOHA, W CHENATh OTPAXKICHHE
MIOJIHOCTBIO MTPO3PauHbIM. DTO PELICHUE MO3BOJIAET IIPU PEHOBALIMHU CTAPBIX 3AaHUI OCYLIECTBIATh
ux os3eneHeHue. [ yBeIMYEeHHS IUIOIIAAM, BO3MOXXHO BBIMOJHEHHWE BBIHOCA IO BCEH JUIMHE
OCTEKJIEHUSI OT OCHOBaHHUA. JIJig y3KOro OalikoHa 3TO pelIeHHe HEMAJIOBAaXXHO, TaK KAaK MOBBIIIAET
ypoBeHb KOM(OPTHOCTH. BO3MOXKHO CO3/1aHHE NTUYBUX «IIPUIOTOB» C HABEIIMBAHUEM CETOK JUIS
TITHIIL.

Pactrenusi nox 6;10kamMu 37aHUil. B BBICOTHBIX 31aHUAX BO3MOXHO HCIOJIB30BAaHUE POCTA
pactenuii oy 6yi0kamu 3qaHui (puc. 6). [Ipu 3TOM yacTh 3Taxa J0Ma MOKET CTOSITh Ha KOJIOHHAX.
Onopel 3aHUMAIOT MEHBIIE MecTa, Onaromapsi 4emy JepeBbsi U KYCThl CBOOOJHO PAacTyT MO
6mokamu 31aHus. Bo3MoxHa paccaika 1epeBbeB Ha OTKPBITHIX JODKUSIX U OaTKOHAX.

Puc. 5. Iporynounbie 30HbI Ha Kpbimiax Jlongona (Www.trasyy.livejournal.com)

Bucsiuue cagbl ¢ co3naHueM IBOWHOro BeHTHIHpyeMoro gacamxa. C moMoOmIblO TaKUX
APXUTEKTYPHBIX PEIICHUN YHEPreTHUECKUE 3aTPaThl 31aHUsI MOTYT ObITh COKPAICHBI U JJOTIOJHEHBI
ATHTEPHATUBHBIMH SKOJIOTUYHBIMU CIIOCOOAMU BBIPAOOTKH dHEpTun (puc. 7). XpaHEeHHE TEIIOBOU
SHEPTHH MO3BOJIIET YMEHBIITUTh €€ CTOMMOCTb.
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P M
Puc. 6. Pacterus B 6;0kax 3maHus Puc. 7. Crtoco0 pacriorokeHus BUCSINX CaT0B
(www.elima.ru) (www.tectonica.archi)
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pelieHus: KOH(INKTa WHTEPECOB MEXIy IKOHOMHKOW u skonorueil. Hageemes, 4to ¢ TeueHnem
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AHHOTANUA

IIpenmer uccaenoBanusi: J[anHOE MCCIEA0BAHNE MTOCBSIIEHO U3YUYEHUIO BOZMOXHOCTH
MpUMEHEHUsI HerpoceTn oObekTHoro aerektupoBanus Faster R-CNN B orpaciu
MIPOM3BOJICTBA MMKPOAJIEKTPOHHBIX IUIAaT cHCTeM YMHoOro poma. CyiiecTByromiee
mporpaMMHOe oOecliedeHre U MPOrpaMMHO-aNMapaTHble KOMIUIEKCH TPeOyroT
OOJIBIIINX 3aTPAT PECYpCOB: HAUMHAsS C TPYJOBBIX U 3aKaH4YHMBast (PMHAHCOBBIMHU; aBTOPBI
HCCIEAOBaHUS MPEAJIaraloT pPacCMOTPETb CHUCTEMY JIETEKTUPOBAHUS Ha OCHOBE
KOMITIBIOTEPHOI'O 3PEHMSI C BO3MOXHOCTBIO MAIIMHHOTO OOY4EHHUs, KOTOPOE MO3BOJIUT
COKpPATUTh KOJIMYECTBO OpPAaKOBAHHBIX U3JENHMA, a 3HAUYUT IPGEKTUBHO HCIOIH30BAThH
BCE BMJIbI PECYPCOB MPEANPUSATUI: YMEHBIIUTH 3aTpaThl Tpyda IpU IPOBEACHUU
omnepalnuii KOHTPOJIS NEYATHBIX IUIaT, MHHUMH3UPOBATH KOJUYECTBO 3aKYIa€MbIX
JOPOrOCTOSIIIMX ~ CTAaHUMW  AaBTOMATU3UPOBAHHOIO  ONTUYECKOTO  KOHTPOJ,
BCTPAMBAEMBIX B IPOU3BOACTBEHHYIO JIMHUIO.

Hean: OCHOBHOM 1I€JIbIO UCCIIEIOBAHUS SBISIETCS pa3pab0oTKa KOHLENIMU Pa3BUTUS U
IPOTOTHIA CHUCTEM OOBEKTHOIO JETEKTHPOBaHUS B cdepe oOHapyx eHHs e(deKTOB
MHUKPO3JIEKTPOHHBIX U3JEJIUN B TOTOYHOM IIPOU3BOICTBE.

Marepuansl u Meroabl: [Ipu mpoBeieHHH wuccienoBaHus ucnoibzoBaics Dataset,
npenocrasieHHbli Weibo Huang, Peng Wei, HeoOxouMblii a1t 00y4eHUs] HEHPOCeTH.
Heiipocets-nerextop- Faster R-CNN.

PesyabTaTel: B xo1€e nccienoBaHus Mojyd4eH NPOTOTUI MPOrPaMMHOI0 oOecreyeHus,
KOTOPBIN NPUHUMAET BXOAHOH MOTOK JIaHHBIX, MPeICTaBIAOUINA U3 ceds dpoTorpaduro
WM BUJIE0, COZIepIKalllee TpecTaBIeHne neyaTHo miatsl. [1o 3aBepiiennto o6paboTku
MOJIb30BATENII0 TPEAOCTABIAETCS M300pa)keHHE C HAPUCOBAaHHBIMH TpAaHULAMH, B
pamMKax KOTOPbIX UMeeTCs 1e(PEeKT U yKa3bIBAETCsl €r0 HAMMEHOBAHHUE.

BeiBoasl: Ilo npoBeneHnIo uccie0BaHNs aBTOPAMU JI€TAETCs BBIBOJL O MEPCIEKTUBAX
MPUMEHEHHUS U MOTEHIIMAILHOTO MacIlITaOMpOBaHUs pa3padaTbIBa€MOro IpOrpaMMHOTO
obecrieyeHus: B paMKax cepbl MPOU3BOACTBA MUKPOUIEKTPOHHBIX IUIAT U1 «YMHOTOY
JoMa.

BBEJIEHUE

[lepBble NPOMBINUIEHHBIE CHUCTEMbl MAIIMHHOTO 3peHHss B cdepe NpoU3BOJICTBA
MHKPOIJIEKTPOHUKN NOSBUINCH B Hadasie 80-x rogoB XX Beka. C TOro BpPEMEHHM, aIrOPUTMBI
KapAVHAJIBHO HE M3MEHSJIUCh B CBOEM KAa4eCTBEHHOM IOKa3zarene. CHcTeMbl MAIIMHHOTO 3PEHUS
MPEJCTABIAIOT U3 ce0 MHOXECTBO JAaTUYUKOB, KOTOPbIE (POPMUPYIOT HEKOTOPHIII HAOOP JAHHBIX O
paccMaTrpuBaeMoM 00beKTe (MPOM3BOAMMOM H37AeNuu). Takue CHCTeMbl MOTYT 3alHiChiBaTh B
backlog mpoaykTa mapameTpsl, KOTOpbIE SBISIOTCSA MPEIMETOM YETKOH JIOTMKH. B cBs3u ¢ 3THM,
o0beM HMHGpOpPMAIUU, KOTOPHIH HEBO3MOXKHO MOJYYUTh OOBIUHBIM JIMHEHHBIM aJTOPUTMOM, 10
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HACTOAILET0 BpPEMEHU HE YUMThIBaICA. TakkKe MallMHHOE 3pEHHE MJIs1 MCIOJNb30BaHUS Ha
MPOMBIIIICHHBIX IPEANPUATHSX, KaK IPaBUIIO, pa3padaThIBaeTCs Ul PELICHHs] KOHKPETHON 3ajauu
— OrpaHMYEHHOTO Oo0beMa HOMEHKJIATypHO-crpaBouyHoW wuHpopmauuu (HCH), To ecth mox
OTrPAaHUYEHHBIN 3apaHee U3BECTHBIN NPOM3BOACTBEHHBIN P U3lenuil. B cBA3M ¢ 3TUM, pa3BUTHE
YHHUBEPCAJIBHBIX pEHICeHWH B 00JaCTH MAIIMHHOTO 3pPEHHS ISl MPOMBINUICHHBIX HPEANPUATHN
orpaHu4yeHHo. ITpu 3TOM CTOUT OTMETUTBH, UTO Ka)K10€ MPEANPUATHE HECET CYIIECTBEHHBIE 3aTPaThl
Ha pa3pabOTKy TAKUX aJTOPUTMOB U 3aKyNKy 00opyaoBanusL.|1]

CerogHsAuHAsA CHUTyalMs TaKOBa, YTO IPOMU3BOJACTBO MHKDPOIEKTPOHHBIX IIIAT CUCTEM
«yMHOTO» ioMa B Poccun oOpeMeHeHO TpeMsi OCHOBHBIMU IpoOIeMaMu:

1. OtcyrcTBHE AOCTATOUHON IPOU3BOACTBEHHON MOIIHOCTHU CYIIECTBYIOIUX NPEANPUATHIA;

2. Jloporas cebecTOMMOCTb POCCHIMCKOTO JIOKAIBHOTO IPOU3BOJCTBA IO CPAaBHEHHIO C

peinkom KHP;

3. OrcyrcTBHE KBaTM(HUIMPOBAHHBIX KaJIpOB B OTpAciu JUIsi pabOThl HA KOHKPETHOM THUIIE

000pyIOBaHUSI.

Ba)xHO OTMETHUTB, UTO pelIeHHE NIEPBON U TPEThEe MpoOIEM BO MHOI'OM 3aBUCHUT OT PELICHUS
BTOPOH — €CIIM SKOHOMHYECKH OyAeT BBIFOAHO IPOU3BOAMTH MHKPOIJIEKTPOHHYIO 0a3y Ha
TEPPUTOPUU  CTpaHbl, Torga Haiayrcs (Oyayr oOydeHbl) M HEOOXOJHWMBbIE Kaiapbl, U
IIPOU3BO/ICTBEHHbIE 0a3bl OYAYT pacTu.

bonee ToOro, cokpaiieHue CceOECTOMMOCTH MPOM3BOAMMOM  MPOAYKIMH  IO3BOJIUT
OCYILIECTBUTh IIOTEHLUMAIbHBIA pOCT NPOAAXK CHCTEM «YMHOro» Joma HaceleHuio[4], a B
JambHEeHIeM, ¢ pa3BUTHEM CeTel MmAToro mokojeHus (5G) MokHO OyJaeT TOBOPUTH O pealu3ainuu
KOHIIETILIMU «YMHOT'0» ropojia/peruosa.|5]

ABTOpbI BUJAT HEMAJOBO)XHBIM aCIEKTOM B PAa3sBUTUU HANPABIEHUS BO3MOXKHOCTh
CTUMYJIUPOBaHMs Pa3pabOTUMKOB PaJMO3JIEKTPOHHOM ammaparypbl, KOTOPYHO OHHU MpeagararoT
o0ecreynTh 3a CYET CHWKCHHUS H3JIEPXKEK MpearpuHUMATesIed, aBTOMAaTU3alul KOHKPETHBIX
IIPOU3BOJICTBEHHBIX MPOLIECCOB, HAIPUMED, TPOBEIEHUE BU3YAIbHOTO KOHTPOJIS.

BusyanbHblii KOHTPOJb Ha MNPEANPUATUSAX MPOU3BOACTBA MUKPOAJIEKTPOHUKH HAa3bIBAIOT
MIPOBEPKOI aBTOMATU3UPOBAHHON OMTHYECKOM MHCTekIue (nanee AOW). ABTOpsI HAXOIAT OJHOMN
U3 3a/ad CBOEro McCCleoBaHMs (POPMHPOBAHUE MPOTOTHIA KOMILJIEKCHOTO PELIeHMs, KOTOPBIH
CMOXKET aBTOMATH3UPOBATh JaHHBIA 3Tall IPOU3BOJICTBA ITPH MOMOIIX IPOTPAMMHOTO 00eCTIeueHHsI
- HelpoceTu 00BEKTHOTO IETEKTUPOBAHUS.[7]

AOU Ha cymecTBYIOMMX NPEANPHUATUAX MPOBOAMUTCS NpU OONBIIMX 00bEMax 3aKa3aHHOU
MapTUH, 9TO OOYCIIOBJIEHO JOJITMM CPOKOM HamucaHusi mporpammbl s AOW mporpamMmmucTom-
texHosoroMm. Kpome Ttoro, crneumanuct, paGoTarommii ¢ KOHKpeTHOM Mapkoit AOMU, nomxeH
MpOUTH OO0yd4aromMe Kypchbl MO paboTe ¢ 000pYAOBAHMEM, YTO CYIIECTBEHHO YBEIMYMBAET
(buHaHCOBBIE U3AEPKKU NpeAnpusaTHs.[1]

KitoueBbiMu sTanamu anropurma padotsl AOU MOKHO OTMETHUTD:

1. MWsroroBneHue uaearbHOr0 0Opaslia MUKpOIUIATHI, KOTOPBIA MpoBepsieTcs BpyuHyto. [lpu

sToM AOU Oyzaer cunTarh 3Ty IUIaTy 3TaJOHHOM.

2. [Ilepenoc »srtamonHoro obpasua B AOWU, rae mpoucxoaut ero ¢ororpadupoBaHue c

pa3IMYHbIX PAKypCOB.

3. ®opmupoBaHHE MPOTPAMMHUCTOM Ha OCHOBE (oTorpaduii pasHbIX PaKypcoB STaTOHHOM
IUIaThl OCHOBHBIX (pENepHBbIX) TOUeK — MokaszaTenedt mapamerpoB ans 110, koropseie
OJIHO3HAYHO OINMCHIBAIOT TPAHUIIBI U3JENINS U BUBI €0 KOMIIOHEHTOB.

BHecenue «BXOIHBIX» 3TaTOHHBIX JAHHBIX 00 YCTaHOBJICHHBIX ITapaMeTpax.
[IpoBenenne  aHanM3a  JAPYIMX  BBINYCKaeMbIX  00pas3loB  MPOAYKUMH IO
IpeloNpeeNIeHHBIM MTapaMeTpaM 3TaJOHHOM MJIaThl, BRISIBICHHE Opaka.

ok~
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Ucxons w3 sramHoctu pabotel AOW, MOXHO OmHMCaTh MPOIECC HAMMCAHUS HEMOCPEIACTBEHHO
MPOrPaMMHOTO 00ECHeUeHUs] UIsl OCYIIECTBICHUS NPOIEIYpPhl BU3YalbHOTO KOHTPOJI,
KOTOPBIA COCTOUT M3 CICAYIONIUX TAIOB:

1. dopmupoBaHWe TMyla KIIOYEBBIX [apaMETPOB JUIS TOCIEAYIONIEr0 CpPaBHEHUS C

ATAJIOHHBIM 00PA3LIOM H3JICNIHUS;

dopmupoBaHue peepeHTHBIX 3HAUCHUH KaKIOTO IMapaMeTpa;

3. ®opmupoBaHHE METOMOJIOTUA TPOBEJACHHUS Ipolecca (QUKCAIUU BHEIIHETO BHJA

ouepeaHoro uznenus (pororpagupoBaHus);

4. Coznanmne nHenocpencteHHoro 1O mo cpaBHeHuto ¢otorpaduii odepemHoro odpasma c

9TaJOHOM H3/enus (MalTMHHOE O0yUYeHue).

N

OB30P JIMTEPATYPHBI

ITo cocrosHnto Ha Havaino 2020 roga B Poccum He cyliecTBYeT HCCIENOBAaHUM, KOTOPbIE
MOCBSIIIEHBl MPUMEHEHUIO HehpoceTel O0OBEKTHOTO JETEKTHUPOBAHUS ISl  MPOU3BOJICTB
MUKPOJJIEKTPOHHBIX IUIaT. JlaHHas TemMa oOJjagaeT Hay4HOW HOBU3HOW, TaK KaK MPUMEHEHHE
pa3pabaTbiBaeMON TEXHOJIOTMHM MO3BOJIUT CYIIECTBEHHO H3MEHUTh Ha MPEANpHUATHIX OTpaciu
MPOIIECC BU3YAIbHOTO KOHTPOJIA. TeKylue 3apyOekHbIe UCCIEA0BaHUS ONTUPAIOTCS B OCHOBHOM Ha
COCTaBHbIE 4YacTU pa3pabaThlBa€MOro IMpOJyKTa, Takue kak Dataset wim sxe TpebOoBaHuS K
00y4YeHHIO HEHpOCeTH.

B nmannoii pabore ucnonbp3oBaincs Dataset, koTopsiii Obul npeaocTtaBieH yueHbiMu u3 KHP
Weibo Huang, Peng Wei u onucan B cOOTBEeTCTBYIOIICH cTarhe.[3] B Helt moapoOHO pa3zdoupaercs
npouecc coopa, GopMUPOBaHUS MOTEHIIUANBHBIX JAHHBIX U KPUTEPUH BAKHOCTH OMPECIICHHBIX
BHJIOB J1e(heKTOB MICTKOrpaduu OTPACIIH MUKPOIJICKTPOHHBIX TIIAT.

B cratee [1] moapoOHBIM 00pa3oM OMHCaH MPOIECC MPOBEACHUS ONTHYECKOrO KOHTPOJISL
MHUKPOIJIEKTPOHHBIX TUIAT.

B pamkax wuccnemoBanusi [2] chopmynrpoBaHbl OCHOBHBIE TpeOOBaHUS K HEHpOCETIM
00BEKTHOTO IETEKTUPOBAHMUSI C 1I€JIbI0 OOHAPYKEHHS 1€(PEKTOB MEeYaTHBIX TUIAT.

bonbmmHcTBO HccnenoBaHuii B 3TOoM oOmactu mpoxoast B KHP, Ho pasButne oOmieit
KOHIICTIIINHM BU3YAJIbHOTO KOHTPOJISI B CYIIECTBYIOIIMX CTAThIX KUTAWCKUX HCCIEAOBaTeNIed HUKAK
HE OTPaXKEHO.

MATEPHUAJIBI U METO/IbI

Vcnonp3oBaHne MamMHHOTO OOy4YeHHsI KOMITBIOTEPHOTO 3pPEHHS TIIPH  TPOU3BOICTBE
MHUKPOJIEKTPOHUKH J1a€T BO3MOXKHOCTb IPOBEACHUS KOHTPOJS, KJIACCHU(PUKALMU TOIydaeMbIX
ne(eKToB Ha KaKJIOM dTare W3TOTOBIICHHS MPOAYKIWU. Takas cuctema He TpeOyeT MOCTOSTHHOTO
IPUCYTCTBUS COTPYJHHKA, OTBETCTBEHHOTO 3a BU3YallbHBIH KOHTpOJb. [Ipemiaraemas TexHonorus
MMeeT TOTEHIMAI MacIITabuPyeMOCTH Ha MHPOBOM YPOBHE, YHUBEPCATHHOCTH (MCIIOJIb30BaHHUE C
mo00i mpoAykuuei), HHU3KYI0 Cce0eCTOMMOCTh BHEIPEHHS M MOCIEAYIOIIeH SKCIUTyaTaluu
norpedurenem, npoctory padoTsl coTpyanuka ¢ 1O (He Tpebyercss ATUTENbHOE JOPOrOCTOsIIee
oOyueHue).

[Tpornecc oOHapykeHUs 1e(EKTOB MEYATHBIX TUIAT MOYKHO pa3/IelIUTh Ha TPU OCHOBHBIX dTara
[2]:

1. OGnapyxeHue neeKToB MeIKorpapuu;

2. OO6HapyxeHue 1e(heKTOB KOMIIOHEHTOB, YCTAHOBJIEHHBIX Ha IIATY;

3. OOHapyxenue 1e(heKTOB YCTAHOBKH KOMITOHCHTOB Ha TUIATY.

Ha Ttexyumii MOMEHT, aBTOpHI B JaHHOW paboTe morpoboBanu pa3paboTaTh MPOTOTUN IS

0oOHapyXeHHS TePEKTOB TOJBKO MIETKOrpaduu.
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AJNTOpuUTM CO3JaHMS MPOTOTHUIIA ABTOPHI MCCIECIOBAHUS Pa3fCiIN Ha CIEAYIOIIUE ATaIlbl
paboTHI:

1. TlpoBeneHKe CpaBHHTEIHLHOIO aHANIM3a OMOJIMOTEK s3bIKa MporpaMMmupoBaHusi python u

METOJIOB KOMITbIOTEPHOTO 3PEHUS;
2. Bribop HelipoceTn-aeTeKTOpa U MOUCK CYIIECTBYIOIIMX HAOOPOB NAHHBIX IS OOyUCHHS
MO/JIeNH;
DopMHUPOBaHUE U CTPYKTYPUPOBAHUE 0a3bl JAHHBIX;
Hanucanue MetooB asist 00ydeHus MOJIENH;
[TpoBeneHne 00y4YeHMs MOJIEITN Ha cepBepax (00JIagHbIe CEPBUCHI);
[IpoBepka JOCTOBEpHOCTH OOY4YEHHON MOJENIM W JajibHEilllee W3MEHEHHUE BECOB
HEHUPOCETH;
7. OxoHuaTellbHas MPOBEPKa MOJEIHU Ha M300paKEHUSX, KOTOPbIE HE SBISIIOTCS OOBEKTOM
CYIIECTBYIOIIEH 0a3bl JaHHBIX.

[Ipn co3maHuu TPOTOTHUIIA HCIONB3YIOTCA CIEAYIOUINEe Hay4dHble METOJNbl: CHUCTEMHBIN
aHaJN3, HAyYHOE CpPAaBHEHHE, TECTUPOBAHUE U MaTEMAaTUIECKOE MOJICIMPOBAHUE.

B Hacrosimee Bpemsi CYIIECTBYIOIIHME CHUCTEMbI KOMIIBIOTEPHOTO 3pEHHsSI HM3BJICKAIOT HE
TONBKO rpaduyeckyro HH(POpPMAIMIO, HO W HEKOTOPHIE KAYECTBEHHBIE U KOJHMYECTBEHHBIC
XapaKTePUCTHKU UCCIEIYyeMbIX OOBEKTOB. Tak MccielnoBaTeNld HAMpPaBICHUS aKUIEHTUPYIOT CBOE
BHUMaHHE Ha CICAYIOIIMX 3a7adax: HIeHTH(UKAIUs OOBEKTOB, paclo3HABAaHHE TEKCTa,
oOHapyxkeHne o0beKTOB, BoccTaHoBleHHe 3D gopmbl o 2D n3o6pakeHUsIM, TPOBEICHUE OLICHKU
JBYDKEHUS, BOCCTAHOBIICHHE W300paKCHUH, BOCCTAHOBIICHHE CLEHBI (CHTyallMu), BbIIEICHUE
KJIaCCU(UIUPOBAHHBIX CTPYKTYp Ha M300paxKeHHX, MPOBEICHUE aHAlU3a ONTHYECKOro MOTOKa,
pacro3HaBaHUE Pa3IMYHBIX 0OBEKTOB MO 3aJaHHBIM 3apaHee nmapaMmeTpam.[6]

Jlisa cozmaHusi MPOTOTUIIA MPOTPAMMHOTO MOJYJS OOHApPYKEHHUs IIENKOrpaduu MeuyaTHBIX
iat Obuta BeIOpaHa cBéprounas Herpocerh Faster R-CNN. MiMeHHO ee aBTOpBI HCCIIEIOBaHUS
IUTAHUPYIOT 00y4aTh 10 JOCTHXKEHUSI HEOOXOAUMBIX PE3yIbTaTOB TOYHOCTH.

Mogens Faster R-CNN o6Gmagaer cnemyromeld crpykrypoit: 1. Moxayne riryOokoi
CBEPTOYHOM CETH, KOTOpas MpeularaeT MOTEHIHMAIbHbIE PETHOHBI OOHAPYXKEHHUS KOHKPETHOTO
o0beKkTa Ha wu300pakeHWH. 2. beicTpeiii oObekTHBIM netekTop Faster R-CNN, xkoropsriid
UCMOJb3YyeTCsl Ul ONpe/IeeHNs] HATMUKs dJIEMEHTa B pernoHe n3oopaxenus [1].

classifier

pmp\vy 7
Region Proposal Network,

©o ok w

Puc. 1. Ctpykrypa Heliponnoii cetu Faster R-CNN

JUisi  HaAcTOSIIErO HCCIEJOBAaHUS XapaKTepHbl 3a/Jaud Kak oOHapykeHHe OO0beKTa
uccneoBanus (1edexkra MUKPOAJIEKTPOHHOH IIJIAThl), TaK U €r0 MOCIeAYIONas UACHTHPHKAINS U
KJaccuukanus.
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Jnst oOyueHHsT MOAETH HCIIONIb30BaiCsA Yyke roToBbiii Dataset cocrosmmit uz 10000
M300pakKeHUI TeYaTHBIX TIaT, pa3padoraHHbii yuyeHbiMu u3 KHP Weibo Huang, Peng Wei. B
HENAX pa3paboTKU NPOTOTHIA ObUTH B3ATHI 693 doTorpaduu ¢ paznuussiMu Aedexramu.[3]

[TapameTpsl u3obOpaxenuii (pororpaduii) B Dataset:

—  paszpemieHue UCXoaHbIX (oTtorpaduii cocrapisieT 4608 x 3456 mukceneu.

—  Ha KaxJ0M M300pakeHUU MPUCYTCTBYET 10 6 TUIIOB J1e(hEeKTOB.

— Kaxnoe wu3oOpaxkeHue B Habope HaHHBIX uUMeeT OT 3 1o 5 naedexTos
OJIMHAKOBOI KaTeroOpuu B Pa3IMYHBIX MECTaxX IMeYaTHOMN IJIaThI.

—  TPEAOCTaBISETCA OTPAaHUYECHHBIA KOHTYP U KOOpIMHATHAs MH(OpMAIHS IS
mo0oro nedekTa B KaKIOM U300paKeHHUH, YTO HEOOXOAMMO it 00yUEHUS MOJICIH.

B pamkax wccrienoBaHusi M CYIIECTBYIOIIETO Ha0oOpa HaHHBIX OBUIO YCTAHOBJEHO, YTO
KJIIFOUYEBbIMHU JiepekTaMu mmenkorpadun spistorcs: (cm.puc.2)[3]:
oTBepcTHe 0e3 menkorpadumu,
nedexT “ykyc Mblm” (BBIEMKa BHYTPb Ha JOPOXKKE IIEIKOrpadun),
pa3oMKHYTas 1elb,

JIMIIHSS TIePEMBIUKa,
BHEIIHSS BhIEMKa Ha JOPOXKKE IIenKorpaduu,
JIMIIHSS TOPO’KKA M/HITK 3JIEMEHT IIEJIKOTpapuu

oakrwdE

OtBepcTHe 0e3
meaKorpagun

"VKyc Mpima"

PasoMKHyTas
nenb

JIHmHAs
nepeMbI9Ka

Buemusis
BbIEMKA HA
J0pOXKe
nmeIKorpaguu

JIHmHesAs
JI0POKKA H/HIH
3J1eMeHT
meJKorpabun

il lee o O

Puc. 2. Busapl oOHapyKuBaeMbIX 1e(EKTOB

ABTOpBI 171 pabOTBI C TMOTOKOM H300pakeHHi (pororpaduii) MpUMEHsIIH CIEAYIOIINE
METOJIbI PabOTHI:

o CueTynk THUKCENIeH - HEOOXOaUM JIJIsi TTIOHMMaHHUSI pa3MEpoOB M300paKeHUs,
CHUCTEMBI KOOPAMHAT MIEYaTHOMN TIJIAThI, JATBHEHIIINX aITOPUTMOB MOCTOOPaOOTKH

ebuHapu3aus - mpeoOpazyeT H300paKEHHUE B CEpPhIX TOHAX B OMHApHOE
(Oenple 1 yepHbIe MUKCENN). 3HAYSHUS KaXXI0T0 MUKCEIsl YCIOBHO KOJIUPYIOTCS, KaK
«0» 1 «1». 3nauenue «0» yCIIOBHO HA3bIBAIOT 33 JHUM TUTAaHOM A (OHOM a «1» —
neperHuM TIaHoM. YacTo mpu XpaHeHHH HU(POBBIX OMHAPHBIX H300paKEHHIA
MpUMEHSETCS OWTOBask KapTa, TIJI€ HCIONB3YIOT OJMH OWT WH(OpMAIUU AJis
MPEACTABJICHUS OJTHOTO TUKCEIA.

e OOHapy)eHNe KpaeB - MOHUMaHWEe HAJIMYUsI Kpasi TUIaTHI.
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basa 3nanwuii, co3nannas Weibo Huang, Peng Wei BBIMIIuT cienyromum o0pa3om:

Habop maHHBIX COCTOMT M3 YETHIPEX OCHOBHBIX YacTel, KOTOPHIE PACIOJIOKEHBI B YETHIPEX
pa3HbIX mankax. B mamke Images xpaHsrcs nmanku ¢ HAaMMEHOBaHUEM THMA Je(eKTa, B KOTOPBIX B
CBOIO o4epelb HaxoaaTces GoTorpaduu, COOTBETCTBYIOIINE THITY Ae(eKTa.

Wudopmanus o pamkax nedexrta xpanurcs B XML-daiine, KOTOpbIii cOXpaHseTcss B Marke
Annotations. PCB_USED coaepxut mpuMepbl H300paKCHHH, KOTOPHIC MBI HCIIOJB30BAIA B
Habope nanHbIX. Kpome Toro, B mamke rotation ectb n300pakeHuUs MEYaTHBIX TUIAT ¢ OPHEHTALUCH
u yriaamu noBopota.[3] CTpykTypa Habopa JaHHBIX IMOKa3aHa Ha PUCYHKE 3.

DATASET

Mizsing_hobe_angles.txt |

Puc. 3. Ctpykrypa 0a3bl 3HaHUN
Jl51s Toro, 4TOOBI OONETYUTH HCIOIb30BaHHe Ha0opa JaHHbBIX, ObLT Hanmucan API nis nerkoro
JOCTyIIa K KOOPJMHATAM KOHTYPOB € Je()eKTaMH HalTMCAHHOM Ha SI3bIKEe BHICOKOTO ypoBHst Python.

PE3YJBbTATHBI UCCIEJOBAHUS

B pesynbrare paboThl HaJ HCCIEAOBAHMEM, OBbLI MOJY4e€H MPOTOTUI IEpBOro 3Tama
COINIacHO C(OPMUPOBAHHOM KOHLENUUHU pa3BUTHUS. JlaHHBI MONYJIb aBTOMAaTU3UPYET KOHTPOJb
KayecTBa IeNKorpaduu MeyaTHbIX I1aT.

C uenpr0 MOATBEPXKACHHUS pabOTOCTIOCOOHOCTH MOAYJsS, OBLJIO MPOBEIECHO TECTUPOBAHHE C
necaTbio GoTorpadusMu MevaTHBIX IUIAT CUCTEM YMHOI'O JIOMa, KOTOpble 00Ja/laloT Je(eKTaMu.
[TIo uToram TecTupoBaHus, HelpoceTh obecreunsia 95 % TOYHOCTH omnpeaeneHus: NeeKToB I0
OTHOILIEHMIO K UX OOIIEMYy KOJIHUYECTBY.

Ha pucynke 4 n3o0pakeHa neyaTHas Iuiata CHCTEMBI YMHOTO JJOMa, B KOTOPOH MPHCYTCTBYET
nedexT JTUIIHEeH MepeMbluKu. B COOTBETCTBHM € pe3yibTaTaMu OOpaOOTKH BXOJHBIX JaHHBIX,
0o0yueHHOI HelpoceTbio ObUIM OOHApPYKEHBI BCE JETEKTHPYEMBIE AJIEMEHTHI, COTJIACHO CHUCTEME
Kinaccuukanuu J1eeKToB, TMpEACTaBICHHOW Ha pHCyHKe 2. B BbIXOAHOH uHbopmanuu
CoJZiepyKaTcsi: BU3yallbHBIE TpaHHIbBl jaedekra, HauMeHOBaHWE aedeKTa, TOoKa3aTelnb TOYHOCTH
OOHapyXEeHHUS.
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Puc. 4. Ilpumep BXxogHOHU (PUCYHOK CIIeBa) M BEIXOAHOW WH(MOpMaIuu (PICYHOK CITpaBa)
OTHOCHUTEIFHO pabOTHI MOILYJIS

B pamkax pabotel Tak ke Obul pazpaboran WEB-monyns, B koTopom mocne 3arpy3ku
M300pakeHNs ¢ MEYaTHOW IUIATOW MPOMCXOAUT 00pabOTKa HEHpPOCEThI0 Ha cepBepe, MO0 UTOram
MOJIH30BATENIIO BBIAAETCS N300pakeHHE ¢ AedeKTamMu. (CM.puc.S)

3arpy3ka u300pakeHHsd

0630p... Dailnbl He BbIGPaHbI. 3arpysutb
daun c umeneMm ccef8afa033467fbc42a2¢7b736bd06f ycnelrHo 3arpyxeH

Puc. 5. Unarepoeiic padotst WEB-moxyns

BbIBO/IbI

®opmupoBaHue YHUPUIMPOBAHHBIX IOJIXOJOB TPHUMEHEHUS HEHpoceTH OOBEKTHOrO
nerektupoBanus Faster R-CNN B oTpacinu nmpou3BoaCTBa MUKpPO3JIEKTPOHHBIX IUIAT BO3MOXKHO U
MMeEEeT IIUPOKHE MEePCIEKTUBBI ISl Pa3BUTHUS.

ABTOpamMH B paMKax HCCIIE0BaHUS ObUT pa3paboTaH MPOTOTUI MIPOIPAMMHOTO OOecIeueHus,
BBIABJISIIONIETO J1eeKThl B 00JacTH IeaKorpaduu MHUKPOIJIEKTPOHHBIX IUIAT: OTBEpcTHE 0Oe3
menkorpaduu, nedext “ykyc Mplmn” (BbleMKa BHYTPb Ha JOPOXKE MIEIKOrpaduu), pa3oMKHYTas
LeNb, JUIIHAS epeMbluKa, BHEIIHSAS BhIEMKa Ha JIOPOXKKE HIeNKorpaduu, JUIIHAS JOPOXKKa U/UIH
3JIEMEHT HIeTKorpadun

TectupoBaHue npeasaraeMoro NpoTOTUIIA Ha OTKPBITHIX JAHHBIX ITO3BOJISIET TOBOPUTH O TOM,
YTO TPOLECC MAIIMHHOTO OOy4YeHMs JUIsl 3a/JaHHBIX B HCCIEIOBAaHMM LeNed JOCTHKUM B
JIOCTaTOYHO CKaThleé CPOKU, MPH ATOM 3()PEKTUBHOCTH HCIIOIB30BAHUS AITOPUTMa IO3BOJISIET
BBIABIATH 10 100% nedexToB menkorpaduu.

23



C TOYKM 3peHHs HanbHEeHIed pa3paboTKu, HEOOXOAMMO OOYYUTH HEHpOCETh Ha MOJIHOMN
BbIOOpKE JaHHBIX, YTO 3HAYMTEIBHO YBEIUYUT TOYHOCTh AECTEKTUPYEMBIX OOBEKTOB M HCKIFOUUT
BO3MOYKHOCTh TOSIBIICHHS apTe(akTHOTO OOHapyxeHus. B pesynprare BHEOPEHUS HPOTPaMMHO-
anmnapaTHoro KOMIUIEKCa HPEANPUATHS HPOU3BOJACTBA CHCTEM YMHOI'O JOMa COKpaTAT CBOM
pacxo/Ipl Ha CJIEIYIOIIUE KaTeTOPHH:

1. Bpemennsle pecypchl. Tenepb IpoBepKy KauecTBa MOXKHO OyJIEeT OCYILECTBIIATh HAa BCEX

JTamnax Mpou3BO/ICTBA.
2. ®unaHcoBble pecypchl. Her HeEoOX0oIMMOCTH 3aKynaTh JOPOrOCTOSIIME CTaHLMU
ABTOMATU3UPOBAHHOI'O ONTUYECKOTO KOHTpoJis (cTaHiuu AON).

IIpousBosncTBa cucreM yMmMHOro Jjoma B P® cMOryr CymecTBEHHO YBEJIWYMUTh
MIPOU3BOJICTBEHHYIO MOIIIHOCTb, YMEHBIIUTh U3JICPKKH Ha MPOBEICHUE KOHTPOJIS MEYATHBIX ILIAT,
KaK CJIeJICTBHE, MOSBICHNE BO3MOXKHOCTH KOHKYPEHILIUU C PIHKOM MUKpouiekTpoHukyu KHP.

CToUT OTMETUTB, YTO XOTS W JE(PEKTHl MIENKOTpaguHu aJropuTM JOCTATOYHO YCIIEIIHO
HaXO/JUT, OJHAKO 3TOr0 B HACTOSAIIMA MOMEHT HEJOCTAaTOYHO JJIsi BHEJPEHHUS B OIBITHO-
MPOMBIIUICHHYIO SKCIUTyaTallMi0 pa3pabOTaHHOTO B PaMKax HCCIEIOBaHHS MPOTOTHUIIA. ABTOPHI
IpOAOIDKAT pa3BUTHE HalpaBlIeHUs, pa3BuBas (0Oydas) MPOTOTUN OOHAPYXKEHUIO Ae(eKTOB
KOMIIOHEHTOB, YCTAHOBJICHHBIX Ha IUIaTy M Je(PEKTOB HEMOCPEICTBEHHOH YCTAaHOBKM ATHX
KOMIIOHEHTOB Ha IUIaTy, YTO MO3BOJUT IMPUMEHHUTh PE3yJbTaThl HCCIEIOBAHUS HEMOCPEICTBEHHO
Ha TIPOM3BOJCTBEHHOM OOBEKTE, IIOCYUTAB IPH OSTOM HKOHOMHUYECKYIO 3((HEKTUBHOCTH
pa3pabaTbIBa€MOil TEXHOJIOTUH.
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OIIEHKA 3KOJIOrMYECKOM Y®®EKTUBHOCTHU OFLEKTA ITIPU HOBOM
CTPOUTEJIBCTBE U PEKOHCTPYKIIUH

B.A. Saﬁuesal, A.B. Asekcanun’

Lemyoenmra , lersan1998@mail.ru

ZHayunwiii pykosodumens, kand. mexu. nayk, ooy., AleksaninAV@mgsu.ru

Y2®uruan ®IBOY BO «Hayuonanvnoiti uccnedosamenvckuii Mockosckuil 20cyo0apcmeerHblll
cmpoumenvHblll yHusepcumem» 8 2. Muimuwu, Mockosckas obnacms, 2. Muimuwu, Onumnutickui
npocnekm, 0.50

AHHOTaNUA

B nocnennue roapl Bce 0oJiblile BHUMaHUS YAEIAETCS UCCIEI0BAHUAM, HAIIPABJIEHHBIM
Ha TMOBBIIICHUE OHKOJOTMYHOCTH U 3HeproddpdexktuBHOCTH. Oco3HaHHE BaKHOCTH
3a00THI 00 YpOBHE KM3HH JIFOJICH CEroHs M UX OyAyIIHMX MOKOJCHUSAX MOBIUSIO M Ha
CTPOUTENBHYIO JIEATEIBHOCTh. B CBSA3M ¢ 3TUM ObUIM pa3pabOTaHbl MHOTOYHCIICHHBIC
HOPMAaTUBHBIE JOKYMEHTHI, HAIIPaBJICHHbIE HA CHI)KECHUE OTPULIATEIIbHOTO BO3IEHCTBUS
CTPOUTENBCTBA HAa OKpYyXXawomyro cpeny. [losBMIOCh Takoe MOHATHE KAaK 3€JIEHOE
CTPOUTEIBCTBO.

IIpenmer wucciaenoBanus: I[lpencraBieHHas paboTa BKIIOYAET M3y4YCHHE U aHAIM3
CYWIECTBYIOIIUX HAa JAHHBIM MOMEHT METOJOB OLIEHKHM JSKOJOTMYHOCTH 3JaHUU U
COOPYKEHHI C TOMOIIBIO PEUTUHTOBOI cepTHUhUKALIUY.

Henu: VccnemoBanne ©W aHAIM3 BEIYIIUX CHCTEM CEPTH(PHUKAIUN 3EJCHOTO”
CTPOUTEBCTBA, & TAKIKE CPABHEHUE C OTEUECTBEHHBIMH AHAJIOTAMH.

Pesyabrarel: Ha ceroqHsAmHui 1eHb CyIIECTBYET PA3BUTAs CUCTEMA MEXKIYHAPOIHBIX
CTaHJIapTOB B c(hepe SIKOJOTHIECKOr0 CTPOUTENIBCTBA.

BoiBoa: [IpumeHeHne NPUHIUIOB “3€J€HOr0”  CTPOUTENBCTBA YXKE OKA3bIBACT
MIOJIOKUTEIIbHOE BIUSHHUE HA CTPOUTEIBHYIO JCATEIBHOCTH B MHOTUX Pa3BUTBIX
CTpaHax U B HEKOTOPBIX ropojaax Poccuu. OTMeuaeTcss HEIOCTATOK BHUMaHUS JaHHOM
npobeMbl B Halllell cTpaHe U HEOOXOJUMOCTh CEPbEe3HOM J0pabOTKU CYIIECTBYIOLIMX
HOPMAaTUBHBIX JJOKYMEHTOB.

KiroueBble  cjoBa:  ‘“3emeHoe”  CTPOUTENBCTBO,  CHUCTEMa  CepTU(UKALNU,
9KOJIOTUYHOCTh, 3HEPro3((HeKTUBHOCTh, BO3/IEHCTBUE HA HKOJIOTHIO.

BBEJIEHUE

B Hacrosmee Bpems 3eneHblEe CTaHAAPTHl BBICTYNAOT B POJM HMHCTPYMEHTA OLIEHKH
9KOJIOTMYHOCTU U 3HEProd(PEeKTUBHOCTH CTPOUTENIbHBIX OOBEKTOB. BHEIPEHNIO IKOIOTHYECKUX
CTaHJapTOB crOcoOCTBYET OOphOa 3a MpeaoTBpallleHHe KIMMAaTUYeCKHX U3MEHEHUH U COKpallleHHe
BBIOpOCOB yriekucioro raza. OmHON W3 3afaud «3eJIEHOr0» CTPOUTENIbCTBA SIBISIETCS CHMXKEHUE
YPOBHS MOTPEOICHUS PECYPCOB (PHEPTETUUECKUX M MaTepuaibHBIX). JlaHHBIA Mpoliecc aKTyaleH
Ha TPOTSHKEHHWH BCEro >KM3HEHHOIO IMKJIAa 3JaHWs, HauWHas C MOMEHTa BbIOOpa ydacTka JUIs
CTPOUTENIbCTBA, MPOU3BOJCTBA MPOEKTHBIX PAa0OT, CTPOUTENbHO-MOHTAXHBIX paboT, B Mpolecce
SKCIUTyaTalluy 3JaHUl M COOpPY)KEHMI, 3aKaH4YMBas CHOCOM M JIEMOHTakeM 00BbeKTOB. Takke B
3aJ]aul  «3EJICHOT0» CTPOMUTENbCTBA BXOAUT CO3[JaHME HOBBIX HKOOE30MACHBIX IPOIYKTOB
MIPOMBIIIJICHHOCTH, CHH)KEHHE DHEPreTUYECKUX 3aTpaT U IOBBIIIEHUE HAJEKHOCTH pPadOThI
SHeprocerei, BBEJEHHE HOBBIX pPabOYMX MECT B HMHTEIEKTYalbHOH cpele CTpOMTENbCTBA,
CHIDKEHHE OOLIMX SKOHOMUYECKHUX 3aTpaT U OTPULIATEIbHOTO BO3AEMCTBUS Ha 3J0POBBE UEIOBEKA.
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PE3YJBbTATbBI UCCJIIEAOBAHUA

JledaTrenbHOCTh, CBSiI3aHHAsg C PEUTUHTOBOM CHUCTEMOW OIIEHKM 3JaHus, HampaBlieHa Ha
MOBBIIIEHUE YHEPT0d()PEKTUBHOCTA M IKOJOTHYHOCTU 3JaHUA U cOopykeHuH. Ha ceromHsimiHwmii
JIeHb B MUpe BblAEsA0TCA TpU Beayuue cuctembl - BREEAM, LEED u DGNB.

JIumupyromue no3uuuy B 1aHHON oTtpacnu 3anumaer cucteMa BREEAM (Building Research
Establishment Environmental Assessment Methodology). ITonoXuTeIbHBIMH CTOPOHAMHU CHCTEMBI
ABJIAIOTCS. €€ MHAMBHUIYAJIbHBIM METOJ OLEHKHM Il KaXIAoro OOBEKTa, YNOp Ha pPa3BUTUE U
BHEJPEHUE CUCTEM BO30OHOBIISIEMOM SHEPreTUKY U MHHOBALIMOHHAS cUCTeMa yTUiu3auu. [ 1]

Ha ceronnsamnuil 1eHp cepbe3HbIM KOHKYpeHTOM 111 BREEAM B cuiy cBoeil M3BECTHOCTH
U TONMYJIIPHOCTH CTAHOBHTCS PEHTHHrOBas cucTema 3eieHoro crpoutensctBa LEED - The
Leadership & Environmental Design, paspaborannas B Coenunennsix llltarax Amepuku. JlanHas
CHUCTeMa OTJIMYAeTCS YEThIPEX YPOBHEBBIM CIOCOOOM OLIEHKH B IIECTH OO0JIACTSAX: TEPPUTOpHS,
3¢ (EKTUBHOCTH B UCHOJIB30BAHUN BOJHBIX PECYPCOB, SHEPTHUs U aTMoc(epa 3/1aHus, MaTepHalbl U
pecypchl, Ka4eCTBO BHYTPEHHET0 BO3/yXa, MHHOBAIMH.

Cucrema ceprudukanmu padoTaeT TakuM 00pa3oM, YTO HE BBINOJHHUB XOTS OBl OJHO
TpeboBaHuE, 0OBEKT CTPOUTENHCTBA HE MOXET MONYy4UTh cepTudukar. OneHKa BBITOIHAETCS MO
ruOKoN cepTU(UKALMOHHON IIKaJle U UMEET HECKOJIBKO I'paJalluii B 3aBUCUMOCTH OT YHUKAJIBHBIX
0COOEHHOCTEH Ka)kJIOr0 KOHKPETHOTO CIyyvasl.

B Poccuu 6onee 65 06bexToB nponutn cucremy ouenku LEED, BeimonHuB Bce HeoOXoanMbie
TpeboBanus. Baxuno monumarts, yto LEED He 3ameHsieT, a nuIIb TOMONHSET CYIIECTBYIOIIME B
ctpane ['OCTs1 u CHullsbr.

Hemenkas cucrema DGNB - Deutsche Gesellschaft fuer nachhaltiges Bauen sBnsercs camoit
MOJIOJOW M3 BEAYIIMX MHPOBBIX cucteM ceprudukanmu. OOs3arenbHoe TpeOoBaHME,
MIPEABSIBIAEMOE CUCTEMOM K COMCKaTeNsiM cepTudukaTa, B ommune ot cucreM LEED u BREEAM,
ABIISIETCSA SKOHOMUYecKast 3 (ekTuBHOCTh. Ha 0011yt0 OIIeHKY KU3HEHHOTO IMKJIA 3/IaHHs BIUSIOT
3aTpaTbl Ha CTPOMUTENBCTBO M JKCIUTYaTallUI0 C YYE€TOM JHEPreTHUYECKUX H3JEPKEK M PacXojbl
9KOJIOTUYECKOTO yIiepoa.

AHAlOTOM B OTEUECTBEHHBIX pealusaX sBisercs peiitmrrosas onenka CTO HOCTPOM
2.35.4-2011, BBenennas B neiicteue 14 mapta 2011 roma. Hacrosimuii ctaHaapT BBOAUT MOHATHE
«yCTOMUYUBOCTB CpeJibl OOUTAHUA», TOXKIECTBEHHOE 110 CBOEMY 3HAYEHHUIO MOHATHIO «sustainability
in building», npunsTOMy MexnyHapoaHbiMu craHaaptamu  (ISO) u  moapaszymeBaromias
“MaKCHUMalbHOE YJIOBJIETBOPEHHE TOTPEOHOCTEH ueloBeKa B 3JIaHUM, Kak Cpele ero
KHU3HEICITENbHOCTH, TIPH MHUHUMAJIBHOM BO3JEHCTBUM HA OJKOJOTHIO U  MOTpeOJIeHuu
HEBO300HOBJISIEMBIX PECYpPCOB Ha MPOTSHKEHUH BCETO IHUKIIA KU3HU 00BbeKTa HelBIKUMocTH .[2][3]

Bonpoc pernoHanbHBIX OCOOEHHOCTEM, CTOJIb BaXKHBIM B Hallledl cTpaHe, YYWUTHIBA€TCS B
craumapre CTO HOCTPOM 2.35.68-2012. “3emeHoe CTpOMTENHCTBO”. J[OKYMEHT OTpaaeT
KJIIMMAaTHYECKHUE, SJHEPTETUUECKUE, IKOHOMHYECKHE U COLUATIbHBIE 0OCOOEHHOCTH PETHOHOB.[4]

Hapsiny c BeilenepedrcieHHbIME cTaHAapTaMu B Poccun Ol pa3paboTaH nepBbId U, CKOpee
SKCIIepUMeHTaIbHbINA, HarronansHblil poccuiickuit crangapt B obnactu crpoutenscrsa “T'OCT P
54954-2012 “OrneHka cCOOTBETCTBUA. DKOJIOTHMUECKHUE TPEOOBaHUS K 00bEKTaM HEIBHKUMOCTH .
['maBHOM npuymHOM ero co3maanus ctaya nmpoBoaumas B 2014 r. Onumnuana B Coun. [5][6].

[Tonnmanue BaKHOCTU YHEProd(HPEeKTUBHOCTU HA TOCYJAPCTBEHHOM YPOBHE KpaifHe Ba)kKHO.
Pa3paboTka KOMIUIEKCHOTO MOAX0/a K PEHICHUIO JaHHBIX 33a]a4 B Halllel CTpaHe crocoOCTBYET He
TONBKO YIYYIIEHHIO SKOJOTHHM, HO TaKXe OKaXET CYIIECTBEHHOE BIMSHUE Ha JKOHOMHKY
(HeKOTOpbIE MPENIPUSTHS, CBSI3aHHBIE C MEXIYHApOJHON AESITENbHOCTBIO, YK€ CTPaJaloT H3-3a
HECOOTBETCTBHUSl E€BPOIMEWCKUM CTaHAapTaM 3alllUThl SKOJOTHH), Pa3BUTHE TEXHOJIOTHYECKHX
MHHOBAIIMM U KaYECTBO KU3HU YEJIOBEKA B IIEJIOM.
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IIpu paccMOTpPEHUH METOJOB MOBBIMICHUS 3HEProd((HEKTUBHOCTH 3MAHUH U COOPYKEHUH
HYXKHO YYUTBIBaTh, YTO HOBBIE 3[JaHHUS COCTABJISIOT JUIIb 1-2% OT BCEro pbIHKA HEIBUKHUMOCTH.
[TosTOMy BHE 3aBHCUMOCTH OT YPOBHA 3((HEKTUBHOCTH OOBEKTOB C TOUKU 3PEHUS SJHEPTEeTHKH, OHU
HE CMOTYT OKa3aThb CYIIECTBEHHOE BIMSIHME HAa COCTOSHUE SKOJIOTMM B IEJIOM, a IOTOMY
HE00X0MMO 00paTUTh 0c000e BHUMAHHME HA YXKe IKCIUTyaTUpyeMble OOBEKTHl M Ha BO3MOXKHBIE
peLIeHHS IO UX COBEPIICHCTBOBAHUIO.[7]

MopepHu3zaiyst yxe CymecTByromux 3aanui mo cucreme “BREEAM in-use” HanpasieHa Ha
yiydlieHue 3SHeprodp@GeKTUBHBIX CBOWCTB 3aaHus. Jlig yXe OHKCIUIyaTUPYeMbIX OOBEKTOB,
KOJINYEeCTBO TpeOOBaHUM, HEOOXOAMMBIX IS POXOXKACHUS cepTu(ukanuu, ropasio OompIie.

B Poccun He Tak MHOro OOBEKTOB, yJOCTOMBIIMXCS JaHHOro cepTudukara. [lepBbiM crai
OousHec-ieHTp <«SImoHckMit gom». IlpuMeHeHHe HOBBIX WHHOBAI[MOHHBIX HHXKEHEPHBIX U
YIPaBIEHYECKUX PELICHUH, TAKMX KaK CUCTEMa yNpPaBJIEHUS] MUKPOKIMMATOM BHYTPH IOMELLECHHH,
000pOTHOE BOJOCHAOXKEHHUE /1T MOWKM MAIllMH M 3aMEHa YWIIJIEPOB Ha COBPEMEHHBIE CHUCTEMBI C
XJIQJIAreHTOM, He COoJiepaKallie BpeaIHbIX ()PEOHOB U T.J., CTAU MPUUUHON JTOCTUIKEHUS BBICOKOI'O
YpOBHSI KauecTBa. [§]

BbIBO/IbI

K coxanenuro, Ha JaHHBIII MOMEHT, COXPaHSAETCs OTCTaBaHUE HAlleW CTPaHbl OT JHUAEPOB B
00JIaCTH JKOJOrMYecKoW oueHKH 3n1aHuii. HeoOxommma cepre3Has A0pabOTKa W KOPPEKTHUPOBKA
CYLIECTBYIOIUX HOPMATUBHO-IIPABOBBIX TOKYMEHTOB, a TAK)KE KECTKUI KOHTPOJIb UX UCIIOJIHEHUS.
Y Hame#d cTpaHbl €CTh OTPOMHBINA, (PAKTHUECKH HEHCIIOIb30BAHHBIM PECYpC «O3EICHEHHS
HSKOHOMHMKHU M TOBBIIIEHHUS] 3HEProd(eKTUBHOCTH, YTO, B Clydyae IMporpecca, MOXET cO37aTb
XOpOIIUE MEepPCHEKTUBBI JJIs YIAYULIEHHs] COCTOSIHMSI OKpY’KAaIoLIEH cpeibl U HKOJIOIMYECKOro
pazBurus. [9]

HeobxomuMo  moapoOHOE  WM3ydeHHE  CepTU(DHUIMPOBAHHBIX  OOBEKTOB M CHUCTEM
HKOCEPTU(DUIIMPOBAHMST U 3aMMCTBOBAHUS TOJOXKMUTENbHBIX pe3ynbTaToB s Poccuu. OnHaxo,
HY)KHO TIOMHHMTb, YTO TOYHOE KONUPOBAaHHME U HCIOJb30BaHUE 3apyOekKHBIX CHCTEM B
OTEYECTBEHHBIX peausiX HE MOXET OBbITh YCHEHIHbIM 0e3 ydeTa KyJIbTYPHBIX, MPHUPOJHO-
KJIIMMaTHYECKHUX, COLMANbHBIX U 3KOHOMHYECKHX OCOOCHHOCTEM Hamiei cTpanbl. [l pemeHus
npobieM cepTu(GUIMPOBAHUS «3eNeHbIX» 3aHnil B Poccun He0OX0MM HOBBIH MOAX0/ B 00y4eHUU
CHEIMAIMCTOB U CO3JaHKe JOCTYITHON CUCTEMbI 3KOOLEHKHU 3JJaHU 1151 apXUTEKTOPOB.
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E.M. Macm)Bl, C.1. Heqyunmﬂz, I1.1O. BopoﬁbeB3

1cmydeHm, em.maslov@gmail.com

Zemyoenm, Hikasamora@gmail.com

Sunacenep, vorobpavel@gmail.com

L2350y BO  «Hayuonanwhoiii  uccredosamensckuii  Mockosckuii 20Cy0apCcmeeHHblil
cmpoumenvHulil yHugepcumemy 2. Mockea, Apocrasckoe wocce, 0.26

AHHOTALUA

B coBpemeHHBIX Meramonucax Bce 0oiee akTyaJbHBIMH CTAHOBATCSI HMCCIEIOBAHUS
KJIUMaTa TOpPOACKON TEeppUTOpHM, TaK KaK 4YeloBEeYeCKas MAEATeNbHOCTh HPUBOIUT K
3HAYUTENILHBIM TEMIIEPATYPHBIM U MOTOJHBIM H3MEHEHHsIM B 4epTe ropoaa. OanH u3 Hanbojee
CYIIECTBCHHBIX MNOJOOHBIX 3(P(PEKTOB — «TEIUIOBBIE OCTPOBa» HAaJA TOPOAAMH, KOTOPBIE
MPEACTABISIIOT cOO0M 3HAYMTENIBHOE MTOBBIIEHHE TEMIIEPATyphl B UEPTE TOPOa U3-3a BEICOKOH
MOTJIONIAIOIIEH CITOCOOHOCTH MaTepHalOB, UCTIONIB3YEMBIX AJISi CTPOUTENLCTBA 3[JaHUH, a TaKKe
JOPOKHBIX MOKpBITHH. OnHuM 3 Hambojee 3()(EKTUBHBIX M MPOCTHIX METONOB OOpPHOBI C
noJ00HBIM 3((EKTOM SBISETCS YBEIMUCHHE IUIOLIANM 3€NIeHBbIX HacaxiaeHud. [Ipu stom
KOJIMYECTBEHHAs! olleHKa 3(p(PEeKTHBHOCTH NTaHHOTO METOJa 3a4acTyl0 CTAHOBHUTCS BO3MOXKHOW
YK€ JIMIB TI0CNIe €ro IPUMEHEHUs], TaK KaK HaJu4ue pacTUTEIHHOCTH SIBJIETCS JIMIIb OHUM U3
(akTOPOB, BAUSIOIMX HA N3MEHEHUE TEMIIEPATypHI.

VIMeHHO TO3TOMY aBTOPBI CTaThH IOCTABUIIM LIEJIBIO CBOETO HCCIICAOBAHUS ONpENEICHUE
B3aMMOCBS3M KOJIMYECTBA PACTUTENIFHOCTH Ha €AMHHUITY IUIOIIATU CO CpelHEeH TeMIepaTypoi
JAaHHOW IUIOIAZM B BECEHHHME MecALlbl Ha TeppuUTOpuUM ropoga MockBel. B pamkax
HCCIICIOBAHNS C HCIIOJIb30BAaHMEM METOJOB CTATUCTUYECKOTO M KOPPEALMOHHOIO aHaNM3a
Obula TOKa3aHa W ONpe/eieHa KadeCTBEHHAas M KOJIMYECTBEHHAs B3aMMOCBSI3b CPEIHEro
snauenusi NDVI B uccnemyemoii 00:1acTico cpefHIM 3HaY€HHEM OTHOCUTEIILHOM TeMITepaTyphl
B HCCIelyeMol o0yiacTH, mpeaiokeHa (GopmMyina [y pacueTa JaHHOTO 3HAYEHHUsI HAa OCHOBE
nauHbix oONDVI, omydaeMbIx MeTojaMu CIIyTHUKOBOM Chb€MKH WM ChEMKH C HCIIOJIb30BaHHEM
OECIUIIOTHBIX JIeTATENBHBIX ariapaToB.

PesynpTaTtel  uccrnemoBaHust MOTYT OBITh  MCHOJNB30BAaHBl  JJIsl  MOCJEIYIOLIETO
MPOTHO3UPOBaHU 3P (PEKTa «TEIIOBOI0 OCTPOBa» JUISl BO3BOJUMBIX PaiOHOB MOCKBBI, a TaKKe
JUIE BHIpaOOTKH pEKOMEHJAuid 10 00beMaM HEOOXOAMMBIX 3€JIEHBIX HACAXKACHUH JUIs
paiioHOB, HanOoJIee MOIBEPIKEHHBIX TaHHOMY 3D deKTy.

BBEJIEHUE

Bbicokasi MIIOTHOCTh 3aCTPOWKHM COBPEMEHHBIX T'OPOJIOB BKYIIE C TE€M, YTO HCIIOJIb3yeMbIe B
CTPOMUTENBCTBE 3/IaHUM U JOPOXKHBIX MOKPBITHI MaTepralibl O4€Hb XOPOLIO MOTJIOIAI0T U3JIy4YEeHHE
U aKKyMYJUPYIOT TEIJIO, TPUBOJUT K TOMY, UYTO BCE Yalle TOpoAa HCHBITHIBAIOT 3(p(deKT
«TETJIOBOTO OCTPOBAY - MOBBIIIEHHON TemnepaTypsl B uepte ropoja. K npumepy, B Jlonnone 6su1o
3a()UKCHPOBAHO OTKJIOHEHHE TEMIIEpaTyphl B JETHHUE MECSIBl B LEHTpe ropojaa Ha 8.9 rpamycos
enscus ot TemmepaTypbl Ha okpauHe ropoxaall]. Jms 6opsObl ¢ gaHHBIM 3 (HEKTOM roposaCcKas
aJIMUHUCTpAIMs UCIOJIB3YET JOPOTOCTOSIINE IKCIIEPUMEHTAIbHBIE METOABI TI0 U3MEHEHHUIO 1IBETa
TOPOKHBIX MMOKPBITHIA, & TAKXKe KPBIII 3aHUH. B HEKOTOPBIX BO3BOJAMMBIX TOPOAAX UCIIOIB3YIOTCS
CIeLMANIbHBIE MTOJIX0/bI B IPOEKTUPOBAHUM U TPEOOBAHUSA K PACIIONIOKEHHIO 3/1aHUI U COOPYKEHHH
C LIeTIbI0 00€CTIeYeHHs €CTECTBEHHOTO BEHTUIIMPOBAHUS U OXJIaXAEHUS ropoJa.

ITpu TOM MOKa3aHO, YTO OAHUM U3 Hanbojee FP(PEKTUBHBIX METOI0B OOPHOBI ¢ AP heKToM
«TETJIOBOTO OCTPOBa» SIBIIETCS O3€JIEHEHHWE TOPOJCKUX TEPPUTOPHM, a TakKe HCIOJIb30BaHUE
«3EJICHBIX KPBILI» U «3eJIeHbIX (pacanoBy [2, 3].
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Opnako caboil CTOPOHOW WCIOJNB30BAHMS 3€IEHBIX HACAKACHUW SBISICTCS Maas
MPEACKa3yeMOCTh KOJIMYECTBEHHOro A(d@QeKxra MTaHHOrO MeToAa 10 €ro HEMOCPEICTBEHHOTO
MPUMECHEHHUS Ha KOHKPETHOW TeppUTOpHH. B TO ke BpemMs BO3MOXKHOCTHh MpEACKa3aTh
KOJIMYECTBEHHO BJIUSHUEC IUIAHUPYEMOW BBICAJIKM PACTCHHH Ha TEMIEpaTypy Ha TEPPUTOPHUH
BBICQJIKHM, JTal0 OBl BO3MOXXHOCTh MPOEKTHPOBIIMKAM YYHUTHIBATH JaHHOE BIHMSHHEC HA JTare
MIPOCKTUPOBAHUS U JIeJIaTh TEPPUTOPUIO TOpoa0oB Oosee koMpopTHOH. Takke, ropoACKHEe BIACTH
MOJIydnIl Obl HamOoJiee TOYHYIO OIEHKY OOBEMOB 3€JICHBIX HACAXICHUN, KOTOpBIE TpeOyeTcs
Pa3MECTHTh Ha TEPPUTOPUHU PAliOHOB, HaUOOJIEE MOABEPIKEHHBIX IP(DHEKTY «TETIOBOTO OCTPOBAY.

NMeHHO T03TOMY TENBbI0 JIAHHOTO HCCJICOBAHUS SBJSIETCS OMpeieiieHue (PYyHKINH
B3auMocBsi3u naHHbIX NDVIhna tepputopunm MoOCKBBI ¢ JaHHBIMH 00 OTHOCHUTEIHHOM
TEMIIEPATYPHOM paCIpPEICTICHIH Ha TEPPUTOPUH CTOJIHIIBI.

MATEPHUAJIBI U METO/1bI

B Mupe yxe HakoIJIEH OIBIT OINpPENE]IEHUS B3aMMOCBSI3U MEXAY KOJIMYECTBOM 3€JICHBIX
HacaXJICHUN U TeMmIiiepaTypoil obdnactu [4,5,6], HO Bce MPEAIOKEHHbIE METOIUKH UMEIOT B CBOEH
OCHOBE OOIIMPHBII HMHCTpYMEHTAapuil BbICIICH MaTeMaTHKH, YTO [eJIaeT UX HCIOJIb30BaHUE
3aTpyJHEHHBIM.

Kak cnenyer u3 mnpenBapUTeNbHO MPOBEICHHOIO 0030pa aKTYyalbHBIX HCCIEIO0BAaHUN I10
JAHHOW TEMAaTHKe, a TAK)KE YYUTHIBAsl JOCTYMHOCTh JAHHBIX IO Pa3HbIM METOJUKaM OIpeaeICHUs
IUIOTHOCTH 3€JIEHBIX HACaXJECHUH Ha TEpPUTOPUH, a TaKXKe paclpesieieHus TeMIepaTypbl Ha
TEPPUTOPUH, ONTUMAIBHBIMU UCXOJIHBIMU JAHHBIMHU JUISl ONPENEICHUsI B3aMMOCBSA3H KOJUYECTBA
3€JIeHbIX HACAKACHUH CO CpeAHel OTHOCHUTENIbHOW TeMIepaTypoll Ha TEppUTOPUH SBIISIOTCA
nanuasie 0 NDVI(NormalizedDifferenceVegetationIindex - HopMmanu30BaHHBIH OTHOCHTEIBHBIH
MH/IEKC PACTUTEIBHOCTH - IPOCTOM KOJMUYECTBEHHBIN MOKa3aTeab KOJIMYECTBAa (POTOCUHTETHUECKU
aKTUBHOM OMOMAacchl), OTpa)karolle KOJIMYECTBO 3€JIEHBIX HACAKICHWM, U JaHHBIE CIYTHUKOBOMN
WK a3po(OTOCHEMKH B HHPPAKPACHOM JMAIa30HE, OTPAXKAIOLINE OTHOCUTEILHOE TEMIIEpPAaTypHOe
pacnpezeneHue Ha Teppuropun|4].

B nanHOM nccriegoBaHUM Ui aHaM3a ObUTH BBIOpAHBI JaHHBIE:

e CnyrHukoBoe nzobpaxenue ¢ JTaHHBIMUNDVIMockBbl 1o cocrosiHuto Ha 26 mas 2003
roja;

e CrnyTtHuKOBOe M300pa’keHHe B MH(paKpacHOM AMaIla30HE MO COCTOSHHIO Ha 26 Mas
2003 rona.

JlaHHbIe TpeAcTaBieHbl B (hopmaTe rpadUuecKuX pacTpOBBIX M300paXKeHUH C pa3pelieHueM
2173 x 2532 mnukcenedt (mpocTpaHCTBEHHOE paszpemieHne 17 wm/mukcens). OGan3zoOpakeHus
IpeJCcTaBJIeHbl Ha puc. 1:
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Puc. 1. VicxonHble CITyTHUKOBBIE CHUMKH C MIPEACTABICHHBIMHU JaHHBIMU O PAaCHpeAeICHUI
temneparypsl (a) 1 NDVI (6).

BrocnenctBun 00e mkanbl A8 u300pakeHMM M 00a M300pakeHHs TMPUBENEHBI K
OTHOCUTEIIHBIM CTYIICHYaTbIM MOHOXPOMHBIM IIKajJaM C YYE€TOM JIMHEHHOW HMHTEPIIOJISALIUN
3HaYeHUI 0ToOpakaeMbIX (HaKTOPOB.

[TockOIBKY MPOCTPAHCTBEHHOE pa3pelIeHne W300paKeHH, HA OCHOBE KOTOPBIX MPOBOIUTCS
aHaJIN3, JOCTaTOYHO BBICOKO, aBTOPAMHU UCCIIE0OBAHUS ObLJIO PEIIEHO HCIOJIb30BaTh YCPEIHEHHbIE
JaHHBIE TI0 paiioHaM MOCKBBI, pa3/ieluB UCXOIHbIE n300pakeHus: Ha 100 paBHBIX YacTel Tak, Kak
MOKa3aHO Ha puc. 3.

3arem ¢ UCMOIb30BaHHEM MHCTpyMeHTa aHanm3a «[ ucrorpammay 10 AdobePhotoshop 6butn
MOJTy4YeHbl JaHHbIE O CPEJAHEM 3HAU€HHM SPKOCTH NHUKCeNedl W MEeIMaHHOM 3HAYeHUHU SPKOCTHU
MUKCENIeH IS Kaxaoro (parMeHTa M300pakeHHs. DTH JaHHBIC MPEACTaBICHBI B Tadmuie 1 B
dopmare «3: X. XX T: V.YV», rie X.XX — npuBeIcHHOE 3HaU€HUE CPEIHEH IPKOCTH MUKCeel Ha
BbIOpaHHOM (parmeHTe m3o0paxenus ¢ nanHbiMA o NDVI, a V.YV — mpuBenenHoe 3HaueHHe
CpeAHel SpKOCTM TNHUKcelel Ha BbIOpaHHOM (parMeHTe M300pakeHUuss C JaHHBIMH O
TeMIIepaTypHOM paclpeleleHUH.

Ta6auna 1. Cpennue 3Ha4enus sprocreil nukceneil pparmenros nzodpaxennit NDVI u remneparypsr

Hosnums 1 2 3 4 5 6 7 8 9 10
¢pparmenra

. 3:0.15 | 3:0.41 | 3:025 | 3:039 | 3:0.28 | 3:0.28 | 3:0.36 | 3:0.39 | 3:0.32 | 3:0.27

T:0.33 | T:0.59 | T:0.41 | T:0.54 | T: 039 | T:042 | T:0.46 | T:0.5 | T: 0.45 | T: 0.42

) 3:0.19 | 3:0.28 | 3:033 | 3:0.54 | 3:0.58 | 3:0.45 | 3:0.33 | 3:0.07 | 3:0.05 | 3:0.08

T:0.35 | T:042 | T:0.54 | T:0.59 | T: 0.65 | T:0.53 | T: 0.44 | T: 0.28 | T: 0.28 | T: 0.25

3 3:041 | 3:04 [3:036|3:042(3:039|3:048 | 3:0.17 | 3:022 | 3:02 | 3:0.07

T:0.6 | T:0.53 | T:0.55 | T: 0.54 | T: 0.51 | T:0.56 | T:029 | T: 032 | T:03 | T:023

s 3:028 | 3:029 | 3:039 | 3:0.57 | 3:0.59 | 3:0.52 | 3:047 | 3:036 | 3: 031 | 3:0.25

T:0.55 | T:0.59 | T:0.56 | T: 0.68 | T: 0.75 | T:0.66 | T:0.59 | T:0.5 | T: 0.42 | T:0.42
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5 3:0.14 | 3:0.36 | 3:0.35 | 3:0.58 | 3:049 | 3:0.52 | 3:0.63 | 3:043 | 3:04 | 3:0.41
T:031 | T:049 | T:0.52 | T:0.77 | T:0.84 | T:0.82 | T:0.71 | T:0.5 | T:048 | T:0.5
6 3:034 | 3:045 | 3:036 | 3:04 | 3:048 | 3:06 | 3:0.76 | 3:0.49 | 3:0.5 3:04
T:047 | T:0.56 | T:046 | T:0.56 | T:0.7 | T:0.79 | T:0.78 | T: 0.52 | T: 0.52 | T: 0.42
7 3:025 | 3:043 | 3:045 | 3:045 | 3:048 | 3:0.53 | 3:0.47 | 3:0.54 | 3:0.38 | 3: 0.62
T:04 | T:056 | T:056 | T:06 | T:0.56 | T:0.6 | T:0.65 | T:0.58 | T:0.44 | T:0.57
8 3:034 | 3:031 | 3:03 |3:032|3:043 | 3:056 | 3:054 | 3:0.58 | 3:0.59 | 3:0.38
T:047 | T:041 | T:047 | T:043 | T:0.51 | T:0.6 | T:0.63 | T: 0.66 | T: 0.67 | T: 0.48
9 3:0.16 | 3:0.21 | 3:0.28 | 3:0.29 | 3: 045 | 3: 045 | 3: 044 | 3: 043 | 3:0.45 | 3:0.33
T:034 | T: 032 | T:042 | T: 038 | T: 0.52 | T: 0.51 | T: 049 | T:0.5 | T:0.48 | T:0.43
10 3:021 | 3:035|3:035|3:031| 3:04 3:04 3:04 | 3:042 | 3: 043 | 3:0.49
T:033 | T:045 | T:041 | T: 043 | T:05 | T:047 | T: 046 | T: 045 | T:0.44 | T: 0.55

[TonydeHHble 1aHHBIE TO3BOJIAIOT MPEACTaBUTH TpaduyecKl B3aMMOCBSA3b 3HAYEHUH SPKOCTU
MUKCEJIE Ha BCEX YacTsIX 00OMX H300paKEHMM, YTO B CBOIO OYEpeIb HHTEPIPETUPYETCS Kak
B3anMocBs3b 3HaueHuil NDVIu oTHOcuTENbHBIX 3HAUYeHMI TemiepaTypbl. Vcronb3ys B KauecTBe
KOOPJAMHAT TOPU30HTAIHHOM OCH YCpPEIHEHHBIC 3HAUEHHUS SPKOCTEH MUKCENIeH H300pakeHus,
otpaxaromero pacnpenenenue NDVI, a B kauecTBe KOOpIWHAT BEPTUKAIBHON OCH — YCpEIHEHHbBIE
3HAYEHUs SPKOCTEN NHUKCcened H300pakeHUs, OTPaXKAIOILIEro paclpeiesieHue TeMIIepaTyphl,
MOJIy4aeM CIIEYIOLUI XapaKTep B3aUMOCBS3H, IPEICTABICHHBIN Ha PUC. 2:
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0.5

3HauyeHWe ApKOCTKW nNuKcenen kaptel NDVI, []
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Puc. 2. M300paxeHue 3aBUCUMOCTH CPEAHUX sIpKocTel ¢pparmeHToB n3o0pakeHuss NDVlu remneparypsl, a
TaKXKe HAIOKEHHAS alIPOKCUMHPYIOIIAst KPUBas.

C ucnons3zoBanuem uHcTpyMeHtoB [10 Microsoft Excel mony4yaem koaddurmenT koppensiun
IBYX paccMaTpHBaeMbIX HaO0OpOB NaHHBIX, K = 0.875, 0:1M30CTh KOTOPOTO K €IUHHIIE TOBOPUT HAM

0 BBICOKOM CTEMEHHU JTUHEHHON 3aBUCUMOCTH MEXy JTaHHBIMU HaOOpaMHu.

Takkxe, ucmonb3yst BCTpoeHHBIe cpeacTBa aHanmmza [1O MicrosoftExcelmoxxem momyuntsb
(GYHKIUIO annpoKCUMHPYIOIIEH KpUBOM sl paccMarpuBaeMoil 3aBucuMocTH. HaunOonbiumit
KO3 QUIHMEHT AeTepMUHAINU R? = 0.8] mMeeT JKCIIOHEHIHATBHAS 3aBHCHMOCTD, BbIpa’Kaemast
cnenyromen QyHKIHe:
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T =0.2568-exp (1.6806- N ) 1)

I'ne, T — oTHOCUTENBHAS CPETHSS SIPKOCTD MTUKCENIEH Ha KapTe paclpeleieHUs] TeMIIEpaTyp JUIst
3anmanHoi obnactu, N — cpennss sspkocth nukceneit Ha kapre NDV s 3anannoit obnacru.

[To npemnoxenHoit ynkuun(l) «BOCCTAaHOBUMY» CpEeIHHME 3HAYCHUsS SPKOCTEH MUKCENeH Mo
o0nacTsM Ha KapTe pachpelelieHHs TeMIepaTypbl HA OCHOBE HMMEIOIIUXCS ITAaHHBIX O CPEIHUX
3HAYCHMIX SPKOCTHU IMHUKCENeH 1Mo obyactsaMm Ha kapte pacrnpeaencHus NDVI, a 3arem BbIpazum
OTHOIIICHHUE BOCCTAHOBIICHHBIX 3HAYCHHI K PEATbHBIM M BBIPA3UM PA3HUILY C PEATbHBIMU JAHHBIMU
B TIPOIIEHTaX. Pe3ynbraThl JaHHOW Omepanyy MpeCcTaBICHbl HA PUC. 3 U MO3BOJISIOT KaYE€CTBEHHO
OLICHUTH 30HBI, I/I€ ONpEAeIICHHAast 3aBUCUMOCTb (1) maeT siydiee coBnaieHue:

v Aad 3 " ; i AR 3

e~ e, S
QB iE
9 \ -~ -
3

Puc. 3. JlanHbIe 0 pa3HUIlE CpeIHEN SIPKOCTH MUKCcenen peanbHol cbeMkH B MK-auamnasone ¢
«BOCCTaHOBJICHHBIMH 3HAUECHUSMI», HajokeHHbIe Ha KapTy NDVIMockBbI.

PE3YJIBTATBI UCCJIEJOBAHUS

Kak BuauMm, Hawitydliee COBMAJICHUE PACCUMTAHHBIX W HKCIEPUMEHTAIBHBIX PE3YJIbTATOB
HaOmo1aeTcs B 00JIACTSAX CO CpPEAHEH MIIOTHOCTBIO 3acCTpOMKH. B MecTax HalW4us MPOTOYHBIX
BOJIOEMOB M BBICOKOW TUIOTHOCTH 3aCTPOMKM MOXHO OTMETUTh HEJOOILIEHKY peaJbHOU
Temreparypsl B cpeagHeM Ha 21%. Ilpu stom mns oOmactedd, ONMM3KUX K OKpawHE Topoja —
MOTEHIMATBHBIX HAMPABJICHUIX PACUIMPEHUS MMOCEJIEHUS] — COBNAJEHUE JOCTATOYHO BBICOKOE U HE
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MpEeBBIIIAET B cpenHeM 5%, 9To BKyIe ¢ OJM3KUM K eIUHUIe KO (DUIIMEHTOM NeTepMHUHALIUN JIJIS
¢byuknun (1) mo3BosILeT YTBEPXKAaTh, YTO MMOJO0OpaHHAs HAMH 3aBHCHMOCTh C JIOCTATOYHOMN
CTCTICHbI0 TOYHOCTU OMHCHIBACT IOJIYYCHHBIC JaHHBIC W TO3BOJIACT JENIaTh MPOTHO3BI O BIUSHUU
s deKTa «TEeII0BOr0 OCTPOBa» Ha BO3BOIMMbBIC pallOHBI FOPO/Ia, a TAKXKE 1aBaTh PEKOMEHIAINUN 00
YBEJIMUEHUU TUIOIIAN 3€JICHBIX HACAKICHHUHA ISl pallOHOB, HaMbOoOJee MOJBEPKCHHBIX BIIUSHUIO
naHHOTO Y deKTa.

BbBIBO/IbI

Takum oOpa3oM, B pe3ynbTaTe HPOBEICHHOTO HCCIEIOBAaHMS KOJUICKTUBOM aBTOPOB ObLIa
ONpEIEeIICHAaB3aUMOCB3b KOJIMYECTBA PACTUTEIBHOCTH HA €IWHUIYY IUIOLAAM CO CpeaHe
TeMIepaTypod  JaHHOM  IUIOMIAAM B  BECEHHUMM  IMEpUOJ HA  TEPPUTOPUU  TOpojd
MockBel.PaspaboranHas UCHOJIB30BaHHAs METOAMKA MOXET ObITh yiydiieHa (B 4YacTu
aBTOMATHU3AIIMH TOBTOPSIONINXCS ACHCTBUN) U MPUMEHEHA JJIS ONPEIeICHUS JTaHHON 3aBUCUMOCTh
Ha Jpyrux tepputopusix. llokazaHo, yTO (YHKIHS OMHUCHIBAEMOM 3aBUCHMOCTH C MEHbIIEH
TOYHOCTBIO ONMUCBHIBAET PAWOHBI TOPOJa C MAJOW IUIOTHOCTBIO 3€JICHBIX HACAXKJICHHM, a TaKkKe
palioHbl C HAJIMYKMEM MPOTOUYHBIX BOJOEMOB. [Ipu 3TOM ompeneneHKauyeCTBEHHbI XapakTep 3TOro
OTJIMYHSL.

JlanpHele ucciaenoBaHusl B JaHHONW 00JacTU MOTYT OBITh HallpaBJeHBI HA aBTOMATHU3AIIUIO
JeCTBUH, CBI3aHHBIX C 00pPa0OTKOM JaHHBIX BXOAHBIX H300paKECHUH, a TAKKE C UCCIECTOBAHUIMU
B 00IIacTH ompezeNeHus] B3aMMOCBSA3M KOJIMYECTBA PACTUTENBHOCTH Ha €IUHUILY IUIOLIAJAd CO
CpEeIHEH TeMIepaTypou JAHHOW IUIOLIAJAH B Pa3JIMYHbIE BPEMEHA IroJla U Ha TEPPUTOPUH MEHBLIEH,
4yeM OblIa CClieZloOBaHa B JaHHOU paboTe.
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HNUPPOBU3ALMA YCIYI T'OCYJAPCTBEHHBIX OPT'TAHOB U151 OPTAHU3ALIUN
CTPOUTEJIBCTBA

n.M. CaBnnl, C.A. CuHeHKo?

Lemyoenm, savin.vanya2013@gmail.com

ZHayunwlil pyKoBoOUmen, O-p MmexH. HayK, npog.

Y2@oreoy  BO «Hayuonanvnoiti  uccnedosamenvckuii  Mockosckuti  20cyoapcmeerHblil
cmpoumenvHulil yHusepcumemy, Mocksa, fApociasckoe wocce, 0.26

AHHOTaNUA

[IpenmeroM wucciieqOBaHUS SIBISETCS Mpolece HU(BPOBU3ALUN B CTPOHUTEIHCTBE.
HccnenoBanue  HampaBl€HO Ha  BbIIBIEHHE  CYIIECTBYIOIIMX MpoOiieM  IpU
HCII0JIb30BAHNN aBTOMATU3UPOBAHHOW CUCTEMBI BEJICHUSI CTPOUTEIbHONW JOKYMEHTAI[UU
U BO3MOXHOCTEH KOHTpOJII BCEro CTPOMTENBHOIO IMPOU3BOJCTBA Ul OOECHedeHUs
Jy4IIero B3aMMOACHCTBHE €O BceMH paOoTHMKaMu. Lleapio paboThl  sABISETCS
BBISIBIIEHHE MPEUMYILECTB HCII0JIb30BAaHHSI KOMIUIEKCHBIX MH(MOPMALMOHHBIX CHCTEM B
CTPOUTENbCTBE. ABTOpaMH CTaThbu ObUI IPOAHAIU3UPOBAH COBPEMEHHBIH OIBIT
UCIOJIb30BaHUS aBTOMATH3alMM U IU(POBU3ALMU B CTPOUTEIBLHOM IPOU3BOJACTBE U
BBISIBIICHBI YCJIOBHUS YCIICITHOTO MPUMEHEHHUS! KOMIUIEKCHBIX CHCTEM 3apyOeHBIMH U
OTEYECTBECHHBIMH CTPOMUTEIbHBIMU OpraHU3alUsMU. ABTOPBI IMPUILUIA K BBIBOAY, YTO
aBTOMATHU3UPOBAaHHBIE  CHCTEMbl  KOHTPOJISI  IO3BOJIAIOT  OOECHEYUTh  JIydllee
B3aMMOJICHCTBHE PA3HBIX MOJAPA3JCICHUH CTPOUTENbCTBA, HMEETCSd BO3MOYKHOCTh
YCTpaHEHUs! JTONTHUX O0CYXJAeHUH MpoOsieMHBIX BompocoB. CoxpaHeHHE TaOIMYHOTO
¢dbopmara, KIIOUEBBIX COOBITUH MPOEKTa, YCTpPAaHEHHWE HEJOUYETOB IPU CTPOUTEILCTBE,
HCTOPUU KOHKPETHOTO MOMEIIEHHs MOMOTal0T MEHEKEPY MpPU MPUHATUH PA3ITUYHBIX
pelleHuii, a Takke B JaJbHEeHIeM JUIsl MperocTaBieHus MH()OPMaIUM KIMEHTCKON
CIy’)kObl ~ TNOTEHIMAJbHBIM  MOKymarensiM.  bonbpmolr  o0beM  HHpOpMaIuH,
JOKYMEHTO000pOTa MUHUMU3HUPYETCSl IPU HCIIOJIb30BAHUHM CTPOUTEIBHOTO KOHTPOJIS,
YTO TMO3BOJSIET B 3HAYUTENBHOM CTEMEHM YBEJIWYUTh KAaueCTBO CTPOMUTENIbCTBA U
CHM3HTb CPOKH I10 cJlaue 0ObEKTOB.

BBEJIEHUE

B coBpemeHHOM Mupe BCE dallle W Yallle UCIOJIb3YIOTCS KOMITbIOTEpHbIE TexHoJoruu 3-d u
Bim-moenupoBanue, 3a4acTyi0 PHCYIONIUX OT PYKH apXHUTEKTOPOB He BeTpeTHiib. [{udpoBusarius
CTPOUTENLHOM OTpaciyd pa3BUBAIOTCA CTPEMHUTEIBHO U [0 pPa3jMYHBIM HalpaBICHUSM.
CoBpeMeHHbIE CTPOUTENIbHBIE OPraHM3aLMU aKTHBHEE BHEAPSAIOT B CBOM NpoQecCHOHaTbHbIE
aKTUBbI MH(QOPMAIIMOHHBIE TEXHOJOTHH, KOTOpPbIE, B CBOIO OUepe/lb BKJIIOUAaT B ceOs CleAyrolue
OM3HEC-TIpOLIeCCHl: HAuMHAs OT MOoJa0Opa KaapoB, OyXrajaTepcKkoro ydera, BHYTPEHHETO
JOKYMEHTOOOOpOTa, IJIaHUPOBaHUS, pa3pabOTKM M  pa3MEIIeHUs peKJIaMbl, TIOUCKa U
COIIPOBOKACHHUSI KIIMEHTOB, 3aKYIKH, MPOM3BOJCTBO MPOJYKIIMU, BBIMOJIHEHUS PaldOT, OKa3aHUs
YCIIyT, 3aKaH4MBasi KOHTPOJIEM 3a UCIOJIHEHHEM JIOTOBOPOB, U MHOTHE apyrue. Ocoboe 3HaueHUE
NpUOOPETalOT TEXHOJOTMU JIOMOJHEHHOW peallbHOCTH, WHTEepHeT Bemied, 3D-mpuHTHHT,
TeHEepaTUBHBIA JM3aifH, MalluHHOEe OO0y4YeHHe, TEXHOJIOTHH, BKIIOYAIOIIUE TPEXMEpPHOe
IIPEJICTAaBICHUE 31aHUM U COOPY)KEHUH, MOMEUIEHHMM M MHOTME IPYrMe€ TEXHOJOTMH, KOTOpbIE
MIOMOTal0T MPUHUMATh Pa3INYHbIE PEIICHHUS.
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MATEPHUAJIBI U METO/bI

ABTOpaMH  cTaThbM ObUI  NPOAHATU3UPOBAH COBPEMEHHBIN  OMNBIT  HCIOJIb30BaHUS
aBTOMATH3alMK U TU(GPOBH3AIMK B CTPOUTEIHLHOM IPOU3BOJICTBE M YCIOBHUS YCICIIHOTO
MPUMEHEHHUS KOMIUIEKCHBIX CHUCTEM 3apyOeKHBIMM W OTEYECTBEHHBIMH CTPOUTEIbHBIMU
opraam3anusiMu. CiieyeT OTMETUTh, YTO Ha TOCYAapCTBEHHOM YpOBHE Tpoliecc nudpoBu3aiuu B
CTPOUTENLCTBE HANpaBJICH Ha: OCYIIECTBIECHUE TPaJlOCTPOUTENBHBIX Mpoleayp B IUPPOBOM
dbopMmate (B 2IIEKTPOHHOU (opme, B IJIEKTPOHHOM BHJIC); HAAJEKAIEe COACPKAHUE U XPAHCHUE
JOKYMEHTOB T'PaJIOCTPOUTENLHON NEATENIbHOCTH B SJEKTPOHHOU (opme; cOop M myOaukanus
CTaTHCTUKH, COOMpPAaeMOl aBTOMATHUYECKHM ITyTEM H3BJICUCHUS JAHHBIX M3 WH()OPMAIMOHHBIX
cCUCTeM; Tpouecchl (POPMHUPOBAHUS IMOMCKOBO-CIIPABOYHBIX IIATGOPM; BHEIPEHHUE TEXHOJOTUU
MH(OPMAIIMOHHOTO MOJICTTUPOBAHUS 00BEKTOB KamuTalIbHOTO cTpouTtenbcTBa (OKC).

bricTpoe pa3BUTHE HOBEWIIMX TEXHOJOTHMH TpeOyeT OT TexHuueckoro 3akazunmka (T3)
aJanTUPOBAHMS K COBpEMEHHbIM peanusiM. Llensimu u 3amavamu T3 sBIAIOTCS HEOOXOAUMOCTH
HAy4YUTHCS OECIIPEPHIBHO PAa3BUBATHCS U TPAHCPOPMHUPOBATH ONpesesieHHbIe (DYHKIIUU, pa3BUBATh
TPAEKTOPUHU aJanTallid K COBPEMEHHBIM YCIOBUSAM Mpou3BojAcTBa. JlaHHas mpoliema TecHO
CBS3aHa C pa3BUTHEM COBPEMEHHON OSKOHOMHUKU. ECTb ompefeneHHbIe pa3iuuus MEXIy
KPaTKOCPOYHBIM U JOJITOCPOYHBIM POCTOM, TaK Kak TO, YTO HEOOXOIMMO I JOJITOCPOYHOTO
SKOHOMHMYECKOTO POCTa, HENb3sl pacCMaTpPUBaTh B CTATHCTUKE CIENYIOMIEro rojaa. OTIMYnuTeNbHON
YepTOM TEXHOJOTMYECKOr0 IMPOIEcca CTPOUTEIHLHOTO MPOU3BOACTBA, MOMHUMO OOJIBIIOTO YHCIIA
MapaMeTpoB, BIHUAIOMIMX Ha KOHEYHYIO €ro CTOMMOCTh, SIBISETCS HMCIOJIb30BaHUE OOJBIIOTO
KOJIMYECTBA PA3JIMYHOrO BUAA PECYPCOB M BO3MOXKHOCTH CO3JAHUS PA3IMYHBIX KOMOMHAIIUN ATHX
PECYPCOB B BH/JIE )KECTKUX CBA30K MOCIEI0BATEILHOCTEH.

PE3YJbTATbBI UCCJIEAOBAHUA

Cerognss paboTa TEXHHMYECKOrO 3aKa3udMKa SBJISETCS MHOTOIUIAHOBOM M 3aBUCHUT OT
HCXOJHOTO COCTOSIHUS MPOEKTa U MOTPeOHOCTEH 3acCTpOMIIMKA, KOTOPHIMH MOTYT OBITH OpTaHbl
roCy/lapCTBEHHON BIIACTH, JI€BEJIONEPCKUE KOMIAHUM, CTPOUTENbHBbIE (UPMBI, MPOMBIIIICHHbIE
npennpusaTus. Bo3HukHOBeHUEe oOHNaiH-xpanwnuml, Hampumep Google Drive, Yandex Disk u
IpYTUX, CHOCOOCTBOBAJIO TOMY, YTO BpEMs, 3aTpayeHHOE JJisi TMEpPEeChbUIKM U Mepeaadu
HeoOXomuMoOe i MepeAadd IOOBIX BHAOB JIOKYMEHTAllUW, CUJIBHO yMEHbIIaeTcs. bombmmm
IUTIOCOM SIBJISIETCA TO, YTO BC€ A3TO 3HAYUTEIBHO COKPATHIO O0BEM OyMakKHBIX HOCUTENEH,
YepHOBUKOB U MaKyJIaTypbl, KOTOPbIE HEU30€KHO MOSBISETCS MPHU BEACHUU 000 TOKYMEHTAINH
C HayaJa Ji0 3aBepILICHHs IPOEKTOB CTPOUTEIHCTBA.

CrpoutrenbHass WHAYCTpusl Bce Oonblie U dPQeKkTuBHEe HCMonb3yeT obnaka. Kommanus
Autodesk, nmpuHMMas BO BHUMAaHHE pa3IMYHblE BO3MOKHOCTH OOJIaKOB, CKOMIIOHOBaja TIJIaBHbIE
UCIONIb3YeMbIe TPUIIOKEHUS, YHHUUTOXKHUB BCE IIMIIHEE, J00aBWIa HOBOE, YTO B JalbHEHIIEM
CHOCOOCTBOBAJIO MOSIBICHUIO OOJIayHBIX cepBUCOB, Takux kak BIM 360. Autodesk BIM 360 —
SIBIIIETCS. COBOKYITHOCTBIO OOJIAYHBIX CEPBUCOB, KOTOPHIE BO3MOXHO MCIOIB30BaTh Ha PA3TUYHBIX
JTanax oT Hayajla MPOEKTUPOBAHUS CTPOUTENIbHBIX 00BEKTOB, JOCTYIA K KOTOPHIM OCYIIECTBIISIETCS
KaK C HACTOJIbHBIX MPWIOKEHUN, TaK U C MOOWIBHBIX ycTpoiicTB. [lanHbI cepsuc BIM 360
MO3BOJIMJI CO37aTh OOBEIMHEHNE BCEX YUYAaCTHUKOB CTPOUTEIBHOIO MPOEKTA, IPU 3TOM YBEINYUB
CKOPOCTH 3aBEpIICHHS MMPOCKTa U YMEHBIIIMB BO3MOXHBIE pucku. O0naunsie pemenust Autodesk u
JIPYTUX KOMIIAHUM CHOCOOCTBYIOT OpraHM3alli COBMECTHOM paboThl, BEIEHUIO PYKOBOJICTBA,
YIPABICHUIO CTPOUTENIbHBIMU MPOEKTAMH, CPEJICTBAMH U CTPOUTENILHBIM IPOU3BOJICTBOM B LIETIOM,
IUTAHUPOBAHUIO CTPOUTENHCTBA, MOJEIUPOBAHMS CTPOUTEIHHON IJIONIAKU U MTPOBEIECHUS aHAIIN3A,
Ha 3aBEpIIAIOIIEM ATANe — BO3MOXHOCTH IMPOTHO3a M0 TEXHUYECKOM IKCIUTyaTallii U Ha3HAuYEeHHE
OTBETCTBEHHBIX JIMII, CIEAANINX 32 TEXHUYECKOU MOAIEPKKOH 00BEKTOB.
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[udpoBuzamust yciIyr 3TO YHUKaIbHAs BO3MOXXHOCTh WCIOJIB30BAaHUS Pa3HOOOPA3HBIX
MPUHILIMIIOB TPEJCTABJICHUs, 3allOMHUHAs M Iepenadyd HWH(OPMALMOHHOIO XapakTepa, BKIIOYas
BO3MOXXHOCTH IIM(pOBaHUS COOOIICHUH, Tepeiadnl B ONpeIeIeHHON (opMe, a TaKKe BOZMOKHOCTh
nocneayromei nemmppoBKH, BO3MOKHOCTD Mepeadur HHGOPMaIUU C UCIIOJIb30BAHUEM Pa3IMUHbIX
MaTepUaIbHBIX HOCUTENCH; KONMUPOBAaHWE M pacmpocTpaHeHue wuHopmanuu 0e3 morepu ee
TOYHOCTH; MHOTOKPATHOE YBEJIWYEHUE IUJIOTHOCTH 3alMCH M CKOPOCTU IMepefadyd, a TaKxKe
«HEYMECHBIIICHUE» U «HCHCUE3HOBEHUE» €€ MPHU NMOTPEOICHUN; e alredpandecKkue CBOWCTBA - BCE
3TO OMPEIENIEHHO YIy4YIllaeT caM Ipolecc nudpoBu3aluu, aenaet ero Oonee 3PpGEeKTUBHBIM IO
CPaBHECHUIO C aHANOroBbIMU. OTIWYHTENHHBIE OCOOCHHOCTH Mepenadn udpoBol MHPOpMAIUN
MOBJIMSUTA Ha TMOSIBJICHHE LIEJI0r0 HayyHOoro HarpaBieHus «digital economicsy», KOTOpoe BKIIIOYAET
KaK MaTeMaTH4eCKHEe METOJbl W MOJICIH, OCHOBaHHbIC Ha mU(PpPOBOM (opmare mpencTaBICHUS
uH(popMalnY, TaK U Ha €e CBOICTBaX, BBITEKAIONIMX U3 HEro. B aToM ciydae, MOXKHO B KauecTBE
MpUMEpPA yKa3aTh TEXHOJIOTMU, HCIOJIb3YEMBIE B JIOTHCTUKE, T'€OTEXHOJIOTMH, COBPEMEHHBIE
TEXHOJIOTUU TPEAOCTaBICHUs] OAHKOBCKUX YCIYT, TEXHOJOTHUH BHEAPEHHS HH(POPMAIIMOHHOM
0€30MacHOCTH U T.J.

DKOHOMMYECKOE CTUMYJIMPOBAHHUE IEPEX0Jla YYACTHUKOB CTPOUTEIBHOIO PbIHKA HAa HOBBIC
u(poBbIe TEXHOJIIOTHH, B ToM 4yuciie BIM, 3T0 U 0CBOeHUS B By3axX M KOJUIE/KAaX CIEIHAITIBHOTO
Kypca MOATOTOBKH HOBBIX CIIELIMAIIMCTOB JJIsi CTPOUTEIBHOW UHAYCTPHH, a TAK)KE MEPENnOArOTOBKH
cymectByromux. BIM TexXHOMOruu HyXHBI JJIs1 HCKITIOUEHUS W30BITOYHOCTH, ITOBTOPHOTO BBOJA U
MOTepU JaHHBIX, OMIMOOK MpU MX Hepenade U mnpeoOpasoBanuu. Co3manue moaxoma IDA u
HHCTPYMEHTApUS BIM MPEANOIaracT OpPraHU3allMOHHO-CTPYKTYPHBIE HA3MEHEHU,
3a/IeHCTBOBaHHBIE B MPOEKTHO-CTPOUTEIBHOM TMpolecce mnpeanpuatuil. OMNbIT 3apyOeKHBIX
KOMITAaHUHM TIOKAa3bIBaeT, MpeoOpa3oBaHUs B 3TOM HANPABICHUU MOTYT OKYITUTHCS YBEIHUYCHUEM
MIPOU3BOIUTEIILHOCTH M KayecTBa BBIMOJIHEHHON paboThl, a B MOCIEAYIOMIEM U POCTOM MPUOBUIH
KOMIIaHUH. {7151 ”HBECTOPOB OOBEKTOB CTPOUTEIIBCTBA PE3YJIbTATOM IMPUMEHEHHSI TexHOoJorui BIM
n noaxona IDA sBisercss 3HAYUTEIBHOE COKpAIlEHHME WHBECTULHUOHHBIX PHUCKOB B CHILY
MPEICKa3yeMOCTH XOJla peaju3alyd MpPOEeKTa W  ONPEIACICHHbIE TapaHTUH COOTBETCTBUSA
IIOCTPOEHHOIO 3aHUs LIEJISIM, XKETAEMBIM TEXHUUYECKUM U D3KOHOMUYECKUM XapaKTEPUCTUKAM.

HemnocpencrBeHHOE  UCIMONB30BaHUE  KOMIUIEKCHBIX — WH()OPMAIMOHHBIX  CHCTEM B
CTPOUTENBCTBE MPOUCXOAUT KpalHE MENJIEHHO, IPUMEPHOE OTCTABAHUE OT TAaKUX OTPACIECU Kak
CYyJIOCTPOCHHE WIIM TSDKEIOE€ MAIIMHOCTPOCHHE COCTABIISIET IOJTOpA-IBa JAecATwiIeTHd. Ecinu B
TSDKEJIOW MPOMBILIJICHHOCTH B Pa3HBIX PETMOHAX HAILIEW CTpaHbl IIMPOKO BHEAPSIOTCS CUCTEMBI
yOpaBiICHUS MPEANPUATHIMUA ¢ KOHIA 90-X TromoB, TO ISl CTPOUTEITHHOTO IMPOHU3BOJICTBA 3TO
OCTaeTcs HOBOM M COBPEMEHHOM 3amadeil. Ham mnpencrasisercs, 4To Hayajao HKCIUTyaTaluu
MOAOOHBIX CHCTEM JTO CaMO€ CIIOKHOE, MOATOMY Ha PBIHKAX IMOSBIISIETCS CHEIHATM3UPOBAHHBIC
KOPIOpaIyu, KOTOpble 3aHUMAIOTCs podeccnoHanbHOM pa3paboTKoi U BHECEHUEM MPEATIOKEHUN
B 0a30ByI0 cHCTEMY, IpenjaraloT CBOM YCIYTd 3aKa3udKy JUIsl MOCTENEHHOTO W IOATAIHOIo
3aIycKa, HalaJKd, KOPPEKTHUPOBKU PA3NUYHBIX cUCTeM. OYEeBHIHO, YTO B 3TOM ciydyae ObIcTpas
ONTUMU3AINS CTPOUTEITHLHOTO TMPOM3BOJCTBA HE BO3MOXHA, HO B JajdbHEUIIEM OCOOCHHO
3G (HEeKTHBHBIM  OKaXXETCS CEKTOpP MAacCOBOTO JKWJIOTO  CTPOUTEIhCTBA, TJI€  BO3MOXHO
HCTOJIb30BAHUE TUITOBBIX ITPOCKTOB.

Crnenunguka CTpOUTENLHOTO MPOU3BOJCTBA HAIMPSIMYIO 3aBHCUT OT PaOOTHI CO MHOXKECTBOM
pasIMYHBIX CyOomoapsaunkoB. B 3amagHbix crpaHax, Takux kak [lIBenms wim OuamsHINUS
MOI00HBIE CHUCTEMBI YIIPABICHUS U KOHTPOJIS CBSI3BIBAIOT C €IMHBIM CTaHAAPTU3UPOBaHHBIM BIM-
pereHueM, T.€. ONpEAeNeHHBIM [HU(PPOBBIM MPEACTAaBICHUEM KakK (U3UYECKUX, TaK |
(YHKIIMOHATBHBIX OCOOEHHOCTEH MPOEKTOB, YTO BKJIIOYAET B c€0s1 HEOOXOIUMBIE XapaKTePUCTHKU
00 CTpOUTETHPHOM OOBEKTE, UTO SBIBICTCS MOJHOLCHHON «OMMU(UKaIei» BCEro CTPOUTEIBHOTO
MPOU3BOJICTBA, BKJIOUas JETAJbHOE NapaMeTpUuecKoe mpoekTupoBanue B 3D u co3naHue
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CUMYJISIIMOHHBIX HH(pOMOIENe u 3akaHuyuBas yOpaBIEHUEM pelieHUuH, 3PPEKTUBHOCTHIO
Ipolecca CTPOUTENBHOIO IPOU3BOACTBA M KOHTPOJIA, a TAKXKE HKCILTyaTalluu IpoekTa. Takas
B3aUMOCBSI3b MEXKJIYy YIPaBICHUEM CaMOr0 CTPOUTEIBHO-TIPOEKTHOrO MPOU3BOJACTBA U
HEIMOCPEICTBEHHO CHCTEMa KOHTpoJsii KadectBa ¢ BIM sBisercs Ha CEroaHsAIIHUNA JI€Hb
3¢ (HeKTHBHON U NIEPCIIEKTUBHOM /ISl TFOOBIX CTPOUTENBHBIX Kopropaiuii. Hanmpumep, yHUKaIIbHBII
JUISL CTPOUTENBHOIO phiHKA |T MpOMYKT A KOHTPOJSI CTPOUTEILCTBA CETO/IHS MCIONb3yeTcs Setl
Group. DTO HE TOJBKO TPUBICYCHHE HWHBECTOPOB, HO M HEOOXOJMMOE YCIOBHE JUISI BCEX
YYACTHUKOB CTPOMUTEIBHOIO MPOU3BOJCTBA OT 3aKAa3YMKOB, MOAPATYMKOB JI0 IOKyHaTeleu
CTPOUTEIBHBIX 0OBEKTOB.

[lomobHast cucremMa BKJIIOYA€T HACKOJIBKO MOJYJIEH, KOTOpbIE OIpeAesioT rpaduxku
pa3IMYHBIX paboT, cOOp, aBTOMATH3AIUI0 OTYETHOCTH IO 3TAllaM CTPOHMTEILCTBA, TUIAHUPOBAHHE
pabodero AHS W OIpeleJeHHe CTENeHH T'OTOBHOCTHM 00beKTa K craade. TeXHUYecKud Haa3o0p B
CTPOUTEILCTBE JOJKCH OOECIeuMBaTh HE TOJBKO TMPHUEM CTPOUTEITHHO-MOHTXHBIX pPaboT, HO
CIIEUTh 32 KaYeCTBOM BBIMOJIHEHHS Pa3IMYHBIX paboT. B 3TOoM cnyuyae uenoBeueckuit Qaxtop
MOXET HEBEPHO ONPENENATh COCTOSHUE OOBEKTOB CTpOUTENbCTBA. Hampumep, mpu 3amepkke B
paboTe camMM CTPOUTENM MBITAIOTCS YCTPAHUTh 3Ty MpoOsieMy mepenaBas 3Ty HHGOpPMAIUIO B
BBIIIECTOSIINE OPTaHbl, YTO MOXKET MPUBECTH K CPhIBAM CPOKa CIAa4M OMPENEICHHBIX padoT. ITO
SIBJISIETCS] IOTEepel pecypcoB. BHeipeHrne aBTOMAaTU3MPOBAaHHOM CUCTEMbBI CTPOUTEIIBHOIO KOHTPOJIS
MIPEIOTBPAIIACT PA3BUTHE MOJOOHBIX CHTYAIlMH, T.K. Y BCEX BHEIITATHBIX CHTYAIHSIX 3HAIOT CPaszy
BCE 3aMHTEPECOBAHHBIC JUIA. JTO BO3MOXKHO Oyarojiapsi TOMY, YTO CYIIECTBYET CIeLUaTbHBIN
OTJIe7T KOHTPOJII COTPYAHUKH, KOTOPOTO PETYISPHO MOCEUIAIOT CTPOUTEIbHBIE OOBEKTHI U BHOCST
JaHHBIE B 00myr0 0a3y, KoTopas (QOpMHUpPYET OTYETHOCTh BbINONHEHUS pabotTel. [lonnas
aBTOMATHU3AlMsl CTPOUTEIHLHOTO IPOM3BOJCTBA OOECHEUYMBACT OCECHPUCTPACTHBIA KOHTPOJIb
KauecTBa BBIMOJHEHHUS BCEX BHUAOB padOT CTPOUTENHHOrO MpousBojcTBa. IlepemereHue
COTPYJHHUKOB MO O0BEKTaM OCYIIECTBISETCS MOCPEICTBOM MAPUIPYTHOM KapThl, B KOTOPOM yKa3aH
aTax, Kopmyc u T.1. [lomobHas cxema ompeaensieT AN KaKIOTO KOHTPOJEpa Ha KaKIbIA JEHb
HOBBIM YYaCTOK MPOEKTa, YTO CHIKAET BEPOSITHOCTh UYTO-TMOO MPOIMYCTUTh, HE YYECTh, T.K.
MPOMCXOAUT TMEpenpoBepKa KOHTPOJIEPOB JApyr ApyroM. @DUKCHpOBaHHE KOHTpPOJS 3a
CTPOUTETHHBIM TMPOU3BOJCTBOM Ha Pa3HBIX MECTaX MPOUCXOAUT TOCPEICTBOM YBEIOMIICHHS Ha
TUTAHILIETE KOHTPOJIEpa O TOM, YTO OH JIOJDKEH MPOBEPSITh M KaKWe MOKa3aTelnd OH JOJDKEeH OyneT
3aHecTM B cucrtemy. Hampumep, doTorpadupoBaHue yCTaHOBKHM CHCTEMBI OTOILICHUS,
BOJIOOTBE/ICHUSI, U3MEPEHUS TIJIOIIAeH MoMelIeHusl. BO3MOKHO MpUMEHEHHUE JIa3€PHOTO CKaHepa,
KOTOPBIA CHUMAET 00JIaKO TOYEK, MEePEAArOIINE PeaIbHbIC pa3Mephl 3/1aHHs, 3aTeM HX O0BEAUHSIOT
¢ 3D-mMoienbl0 U BCE HEAOYETHI BBLACNSIOT 0COObIM 1BeToM. Jlonee HaunHaeT paboTy Apyroi
KOHTpOJIEp, KOTOPBIM MOTy4yaeT Takoe e 3ajjaHue Mo (UKcaluy MapaMeTpoB U yXkKe caMa cucrema
HAaYMHAET AaHAJIM3UPOBAThb HACKOJIBKO YCTpaHEHbl HeaoueTbl. [Ipu CTpOUTENbCTBE KpPYHHBIX
00BEKTOB C OOJIBIIMM KOJUYECTBOM OdYepeNel - MPUMEHEHUE TaKWX CHCTEM SIBJISIETCS OCOOCHHO
aKTyallbHBIM, T.K. TIO3BOJISIET YCTPAHUTD 33JIEP>KKY paOOT pa3IHuHbIX BUIOB.

BbIBO/IbI

Hcnonb3oBaHWe aBTOMATU3MPOBAHHOM CHUCTEMBl HHBECTOPCKOIO KOHTPOJS MO3BOJIST
obecrieynTh JIydllee B3aMMOACHUCTBUE 3aka3umka ¢ noapsauukamu. Ha oOwektax Setl Group
BO3MOXXHO YCTPaHHUTh JOJATHE 00CYKIEHUS MPOOJIEMHBIX BOIPOCOB, T.K. BO3MOXKHO MPEJOCTABUTH
OOBEKTUBHYIO KapTHUHY BBIIOJIHEHHBIX PabOT, CUMYISIUIO TPAaQUKOB CTPOUTENHCTBA, PACCUUTATh
o0BbEMHBIE TOKa3aTeNM IUIONIAJ el U BpeMs BBINOJHEHHBIX paboT. [lonoOHas cucrema BKItOYaeT
HECKOJIBKO BAapUaHTOB YCTPAHEHHUS OT HEBBIIIOJHEHUS CPOKOB CTPOUTEIBCTBA, KaKUX Kak
MpenynpexaeHue, npeoKeHne MOMOIIM Mepeaada 4acTu paboT APYrUM KOMIIaHUAM U T.1. B
CJIy4ae HEBBIITOJIHEHUS YCIIOBUM 3aKa3uMKa MHOTJA BBITOJIHEE MOMEHSITh KOMIIAHUIO Ye€M TPATUTh
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pecypchl Ha MOJIEPHHM3AIMI0 U YCTPAHCHHE HEAOCTATKOB B CTPOUTEIBHOM IPOU3BOJICTBE.
PykoBomuTeNnb CTPOUTEIBHBIX MPOEKTOB JOHKEH OBICTPO M YETKO MPUHUMAThH PEIIEeHUs sl TOro
yTOOBI HE OBUIO CPBIBOB CPOKOB 00BEKTOB. IloaTOMY uem ObIcTpee oOHapykKeHa Ipodiiema, TeM
ObIcTpee OHa MOXET OBITh pelleHa C IOMOIIbI0 aBTOMATH3UPOBAHHOM CHCTEMBI, KOTOpas
COXpaHSIE€T BCE JaHHBIE O OOBEKTY, KOTOpbIE OBUIM BBIMOTHEHBI, B 00BekTax Setl Group.
Coxpanenne Tabmu4yHoro Qopmara, KOMMEHTApUM, KIIOYEBBIX COOBITHI MPOEKTa, YCTpaHEHHUE
HEJ0YETOB MPHU CTPOUTEIBCTBE, UCTOPUU KOHKPETHOTO TOMEIICHHS MOMOTAIT MEHEKEPY IMpHU
NPUHATUHA PA3JIMYHBIX DPELICHUI, a Takke B JalibHEHIIeM i MpeAocTaBieHHs HWHGOpMaluu
KIIMEHTCKOW  CIyXObl MOTEHIMAIBHBIM MOKymarensM. bonbpmioid  o0beM  uHOpMALNH,
JOKYMEHTOO0OpOTa MUHUMH3UPYETCS TIPU HCIIOJIB30BAaHUK CTPOUTENBHOr0 KOHTpousa Setl Group.
CerojHst 3Ta CUCTEMa MOJTHOCTHIO BHEJPEHA, YTO MO3BOJSET B 3HAUUTEIHHOW CTETICHH YBEIMYUTH
KaueCTBO CTPOUTENILCTBA U CHU3UTH CPOKHU IO c/jaue 00BEKTOB.

«TexHONOTUM aBTOMATU3AlMA MOTYT CHSATh HEOOXOJUMOCTh BBHITIOJTHEHHSI PYTUHHOMN
aJIMMHHUCTPATUBHONW pabOThl U TMO3BOJUTH COTPYAHHKAM COCPEIOTOUYMUTHCS Ha peElIeHuu Oolee
CJIOKHBIX BOIIPOCOB — TIPH OJTHOBPEMECHHOM CHW)KCHHH PUCKA OMIMOOK», — OOBSICHSIOT IKCIIEPTHI
Bcemupnoro skonomuueckoro ¢popyma (BOD) BOOD.

JIUTEPATYPA
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AHHOTaNUA

IIpenmer wuccienoBaHusi: B cTaThe paccMaTpHBAIOTCS TEXHHYECKHUE BO3MOKHOCTH
MIPOrpaMMHOTO  00ecIeueHUusT JOTMOJHEHHOH peanbHOCTH (AR), OICHMBAIOTCSI W
CPaBHHBAIOTCSI TPOTPaMMBbI, HCIOJB3YIONIME 3Ty TEXHOJOTHIO MPUMEHUTEIHFHO K
cTpoutenbHOM cdepe. HeoOX0AUMOCTh B HCCIICIOBAaHUH BbI3BaHA OBICTPHIM POCTOM
U(POBHU3AIUN CTPOUTEILHON OTPAciii M HOBBIMH TEXHUYCCKHUMH BO3MOXKHOCTSIMH
texHoiorun AR.

Hemn: Ilens uccnenoBaHusi - aHaiu3 nporpammHoro obecrneuenuss AR st BeiOopa
MPUKIIAJHBIX MIPOTPaMM, TOJXOAAIIMX K KOHKPETHOW 3a/1a4e CTPOUTENBCTBA, C YUETOM
HMMEIOIIETOCS almapaTHOro 00eCIeYeHHsI 1 BO3MOKHOCTSIMU MOOMITBHBIX YCTPOMCTB.
Matepuanabl u MeToabl: [Jis1 UCCleIoBaHHUs MPUMEHSUIOCh HanOoJee aKkTyaabHOE M
pacrpoCcTpaHEHHOE TEXHUYECKoe cpeacTtBo: cmaprdon Ha miathopme ARKIt,
ucnons3ytouuii Texunonorun SLAM u Environment Mapping. bbuin ucnonb3oBaHb
nporpammel Augment, SketchUp, Kubity GO, Augin.

Pesyasrareli: B xome anamm3a ObUIM  COPMYNHMPOBAHBI KPUTEPUH  OIEHKH
MpOrpaMMHOTO oOecTieueHus. B pe3ynbrare cpaBHUTEIBHOTO aHAIH3a ObLIO BEIOPAHO
npunoxenue Kubity GO, pe3ynbTaToM paboThl KOTOPOTO OBIIO YCTOHYHBOE U YETKOE
HajoxxeHne 3D-monenu 371aHUS Ha OOBEKTHI PEATBHOTO MHpA B PEKUME pPEaTbHOTO
BpEMEHU.

BoiBoabl: lcciienoBanwe IMOKa3bIBaeT IMOTCHIMAT WCIOIB30BAHUS TPOTPAMMHOTO
obecnieuenrs AR TeXHOJIOTUH, BBISBISIET TOCTOMHCTBA M HEIOCTATKH KJlacca MporpaMm
JUTSE MOOWUTBHBIX YCTPOWCTB. [Ipe/ioskeHbl 3a1auu MPOSKTHPOBAHUS  CTPOUTEIIHCTBA,
JUTSL KOTOPBIX aKTyallbHO MCIIOJIb30BAaHUE TEXHOJIOTHH JIOTIOTHEHHON peaibHOCTH.

BBEJEHUE

B cdepe crpoutenscTBa pazBuBaroTCs HIU(PPOBBIE TEXHOIOTMH, OJTHOM M3 KOTOPBIX SBISETCS
WH(pOpPMAIIMOHHOE MOJIETUPOBaHHE OOBEKTOB CTPOUTENLCTBA. [locienHei TeHACHIIMEH pa3BUTHSA
MH(POPMALIMOHHOTO MOJICIMPOBAHUS  SIBJIIETCSL  JIONOJHHUTEIBHOE HCIOJIb30BaHUE CKBO3HBIX
U(PPOBBIX TEXHOJIOTHH, CPEAN KOTOPBIX HAXOUTCS TEXHOJIOTHS JOTOJIHEHHOW peabHOCTH (AR).

[lepcneKTHBBI HUCMONB30BAHUS JIOMOJIHEHHOW pPEaJbHOCTH BBI3BIBAIOT HEOOXOAMMOCTH
orpezeneHuss HamOojee MOAXOSIIET0 CHEeNHaTU3UPOBAHHOIO IMPOTPAMMHOIO OOECledeHUus] U
UpPOBBIX CpeACTB ee peanusanud. Haubonee NepPCEKTUBHBIM CUYUTAETCS HCIOJIb30BAHUE
MOOUIIBHBIX ycTpolcTB. CylecTByeT HIMPOKUN psif IPOrpaMMHOr0 oOecreueHus: TOMOTHEHHON
peaTbHOCTH Ul MCIOJIb30BaHUS HAa MOOWJIBHBIX IulaTdopmax. OJHAKO, KaxkI0e NMPUIIOKEHHUE
HMMEET CBOU TeXHUYECKHE 0COOCHHOCTH, MPUHIUIBI UCTIOIB30BaHUS U MOXKET ObITh OPUEHTHPOBAHO
Ha PEILEHUE ONPEACIICHHBIX 3a1a4.

Ilenp naHHOTO MCCIEAOBAHUS — MPOAHAIU3UPOBATH JOCTYITHOE MPOTrpaMMHOE oOecreueHue
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AR, moaxopsiiee K KOHKPETHOM 3ajade CTPOUTENBCTBA, C yYETOM HMEIOIIETOCs amnmapaTHOTO
obecrieueHrst MOOMJIBHBIX YCTPOMCTB.

OB30P JIUTEPATYPbI

Jlia noBeiieHUst 3PGEKTUBHOCTH MH(DOPMALIMOHHOTO MOJAEIUPOBAHUS B CTPOUTEIBCTBE, a
TAaK)K€ COBEPIICHCTBOBAHUS I0JIb30BATEILCKOTO HMHTEpdeiica BU3yamu3alMu TPEXMEPHBIX
O0BEKTOB YCHEIIHO MPUMEHSIETCS TEeXHOJIOTHs JAOMOJIHEHHOW peanbHocTH (AR). DTa TexHomorus
MO3BOJISICT ONTHMHU3HUPOBATh PA3UYHBIE IPOLECCHl JKU3HEHHOTO LUKIa OOBEKTa, MOBBICUTH
KauecTBO IMPOEKTHUPOBAHUS M CTPOUTENBCTBA, a TAaKKE 3HAYUTEIBHO COKPAaTUTh CPOKHU
cTpoutenbcTBa [1]. JlononHeHHas peaabHOCTh MOKET IPUMEHATHCA MPU PELIEHUH 33/1a4 Ha BCEM
KU3HEHHOM LIMKJIE CTPOMUTENbHOro oO0bekTra [2]. Pa3paboTaHbl TEXHOJOTUH CTPOHUTENHCTBA
TE€OMETPHUCCKH CIIOKHBIX KOHCTPYKIMHM C HCIOJIb30BaHHMEM HX BHpPTyalbHOro obpaza m AR
obopynoBanus [3]. Ilpumenenue TtexHonorun AR ycmemHo wucnoib3yercss B JOuU3aiiHE W
apXUTEKType NPpU HAI0KEHUH BUPTYaIbHOIO0 00BEKTa Ha pealbHOE N300pakeHne nHTepbepa [4].

Onaum u3 3((PEKTUBHBIX YCTPOUCTB CO3[aHUS JOTOJTHEHHON PealbHOCTU U JIEMOHCTpAIUN
pe3ylibTata B peaJbHOM BPEMEHH sIBIsieTCsl cMapTdoH [5]. Pa3BuTHe mporpaMMHOro odecredeHus
U alapaTHbIX CPEJCTB JeNaeT MOOUIIbHBIE YCTPONCTBA Haubosee MPOCThIM U YAOOHBIM CIIOCOOOM
peanimzauuu AR TexHomorum Ha JaHHBIE MOMEHT. JlomojiHEHHas pealbHOCTh paclIupseT
BO3MOXXHOCTH TEPCOHAIBHBIX MOOWJIBHBIX YCTPOHCTB B 00paboTke rpaduyeckoil uHpOpMauu
IOCpeACTBOM HHTepdelica ¢ B3aUMOACHCTBUEM Ha HOBOM HHTEpaKTUBHOM YpoBHe [6]. C ee
MOMOIIBI0 CTAHOBUTCS BO3MOXKHBIM OBICTpeE€ M JOCTYMHEE IMOJY4YUTh JOCTYN K BHU3YyalbHO-
MH(POPMALMOHHBIM JAHHBIM 00BEKTOB CTPOUTENIBCTBA H APXUTEKTYPHI.

MATEPHUAJIBI U METO/IbI

B uccnenoBanum ucrosib3oBanuch 4 Haubosiee UCHOIb3yEMbIE MPUIOKEHHUS C OJIMHAKOBOI
¢byHkuuel - npocMoTpa roroBoi 3D-monenu B pexxume AR:

- Augment;

- SketchUp;

- Kubity GO;

- Augin.

B kauecTtBe MeTosa uccieq0BaHUs ObLI BHIOpAH CPAaBHUTENBHBIN aHAU3 pe3ysbTaTa paboTh
IpOrpaMM C MCII0JIb30BaHHEM T0TOBOM 3D-Monenu 31aHus.

Jia  cozmanust 6a3oBoMl Mojenu Obula HCIONBb30BaHA MporpamMma s CO3JaHUS
uHpopMalMoOHHOM Mojenu 3n1aHuss  Autodesk Revit u  BcrmomorartenbHOe —NPOrpaMMHOE
obecrieuenue (I10), mo3BoMstONIEe KOHBEPTHPOBATH 0a30BYI0 MOJENb B TMOJJAEPKUBAEMBIC
a"Hanmu3upyeMbiM AR-coprom dopmatsr daitnos: Autodesk 3ds Max (konBepraius B ¢popmar .obj)
u pacumpenue A Autodesk Revit R2SKP (konBepranus B hopmar .skp).

Jns uccrienoBaHus ObUIM TNPUMEHEHBl HauOolee aKTyaJlbHOE TEXHHYECKOE CPENICTBO:
cmaprdon Ha iathopme ARKIt, ucnionb3yromuit rexnoioruu SLAM u Environment Mapping.

Jns cpaBHEHUS OBUIM MCIIOJIB30BaHBl CJEIYIOIIUE KPUTEPHM: CTaOMIBHOCTh TPEKMHTa,
CMEIICHHE MOJETH TpH JABIKEHHUH, IOAJEPKUBaeMble (OpMaThl WMIOPTHPYEMBIX MOJIENEH,
HKCHOPT MOJAETH, HaJHuuue cOOCTBEHHON OMOIMOTEKH MOjelneil, BO3MOXKHOCTb 3arpy3Ku Mojenen
yepe3 00J1ayHOe XPpaHWIUIIE TaHHBIX, HATMYUE PEKUMA «IIPOTYIKH» 110 MOJETH, HAIUYHE PeKuMa
VR, Hanuuue pexuma OTOOpaKeHHs TEHEH, BO3MOKHOCTh OTKIIIOYEHHS BUIMMOCTH OTJIEIbHBIX
AJIEMEHTOB MOJIENIN, BO3MOKHOCTH MPUBSA3KU MOJIENH K MapKepy, A0CTynHOCTbH [10.

JUist IOHUMAaHUS CyTH HEKOTOPBIX U3 UCIIOJIb3YEMbIX KPUTEPUEB 1AM UM ONPEICICHUS:

- CTaOWIBHOCTh TPEKWHTa — 3TO YCTOWYHBOCTh B HAYAJILHOM TIOJOKEHUU O€3 JBHKCHUS
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MOJIL30BaTEIS.

- CMEILEHUE MOJEIM MPHU IBUKEHUU MOJIH30BATENS] — 3TO CMEIIEHHE MOJEIN OTHOCUTEIHLHO
0a30BOM TOYKH, KOTOPOE OMPEILISLIOCh MYyTEM pa3MEIICHHUsT MOJIEIH B Pa3MEUCHHBIM KBaapaT co
cropoHamu 500 MM M TEpEIBHKEHUS OTHOCHUTEIIBHO MOJENH, JUIsl CMEIIECHUS KpalWHeW TOYKH
MCIOJIb30BaJIach cleayromas GopMya:

K=x/(aN2)*100% ,

riae K — OTHOCHUTEIBLHOE CMEIICHUE MOJICIIH,

X — IEHCTBUTEIILHOE CMEIIEHNE OTHOCUTEIFHO HAYaILHOTO OJI0KECHHUS,

a — CTOpOHAa KBaJipara 30HbI UBMCPCHHUS.

- PEKUM «IIPOTYJIKHW» IO MOJEIH — BO3MOKHOCTH HAXOXKIEHHS I0Jb30BaTeNsl BHYTPH
Mozenu. Pexxum «aporynku» 0e3 (QU3NYecKoro MepeMENICHHs] MCTOIb3YeT TOJIBKO IMOKa3aHUs
ceacopoB (IMU) ycrpoiicTBa, mnepememias IOJIb30BaTeNls IO MOJCIH IOCPEICTBOM €ro
B3aUMOJICHCTBUS C SKPAHOM YCTPOMCTBA.

PE3YJBbTATbBI UCCJIIEAJOBAHUA

Ha ocHoBe mpeanokeHHbIX KpUTepueB ObLI MPOBEIEH aHAIU3 BHIOPAHHOTO MPOTrPaMMHOIO
obecniedeHus cMapTdoHa, TEXHOJIIOTUN U PE3YJIbTATOB €r0 IIPUMEHEHUs. Pe3ybTaThl HCCIIeIOBaHUS
MIPE/ICTaBJICHBI B BUJEC CPABHUTEIBHOMN TaOIHIIbI.

Ta6auna 1. Pe3ynbraTsl cpaBHEHHS IPOrPaMMHOT0 00eCIIeUeHHS

HaszaHue nporpaMMHOro ooecne4eHus
Ha3panue kpurepus
Augment SketchUP KubityGo Augin
1. CrabunbHOCTH KpaiiHe
HecTaOuIeH cTabuineH cTaOuseH
TPEKUHTa HecTabueH
2. CmenieHue
e 12 3 1 4
moxaenu, %o
3. IlognepxuBaemble
OpMaThbI .0bj .stl .kmz i
bop J .Skp Skp Jifc .fbx
UMIIOPTUPYEMBIX .dae .zae
MOZEIIEeH
pacupeHue pacimpeHnue UMeEETCs B
4. Ilepenoc moaenei c morepei R2SKP ¢ R2SKP ¢ dopmate
u3 nporpamm CAIIP apaMeTpoB B COXpaHEHHEM COXpaHEHHEM | IPOrPaMMHOIO
(Autodesk Revit) Bujie 3D-object CTPYKTYpbI CTPYKTYPbI JKCIIOpTA
AJIEMEHTOB JJIEMEHTOB MOJIENH
5. CobcTBeHHAs
. UMeEETCs NMeeTCs OTCYTCTBYET OTCYTCTBYET
6ubnuoTeka Moenei
6. 3arpy3ka mojenei
yepe3 00J1auHoe UMeEETCs NMeeTCs UMeEETCs UMEETCS
XPpaHWIUIIE TaHHBIX
umeercs, 0e3
7. Pexxum ?
«TIPOTYIKU TIO OTCYTCTBYET uMeeTcst (usurecioro OTCYTCTBYET
pory. YICTBY NIepeMEIECHUS YTeTBY
MOJIETHN
10JIb30BATENS
8. VR OTCYTCTBYET OTCYTCTBYET UMEETCS OTCYTCTBYET
9. Pexxnm TeHe MMEETCs MMEETCs MMEETCS OTCYTCTBYET
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Ha3zBanue kpurepus

HaszBaHue nporpaMMHOro ooecne4eHus

Augment SketchUP KubityGo Augin
10. OtxnroueHune
BHIMMOCTH OTCYTCTBYET UMeeTCst OTCYTCTBYET OTCYTCTBYET
OTJENbHBIX YICTBY YICTBy YICTBY
2JIEMEHTOB MOJIENIN
umeercs,
11. IlpuBsska 3aTPYAHUTEIBHOE HET
UMeeTCst OTCYTCTBYET
MOJIENIN K MapKepy oOHapyKeHHe HE00X0AUMOCTH
Mapkepa
690 py0uieii B
roJ AJs
MIOJNKCKA HE MOJINCKA HE MOJNMCKA HE
12. JoctynHocts [10 HCIIOIb30BaHUS
TpeOyercs . TpeOyercs TpeOyercs
Moenei
110JIb30BaTEIs

B xone ananmza mporpamMMm OBUIM pPaccMOTpeHbl HMX HHTEpdeichl, (YHKIIMOHAIbHBIC
BO3MOXXHOCTH | pe3yJbTaThl paboTsl (Puc.1).

AUGMENT

SKETCHUP

KUBITYGO

Puc. 1. Uurepdeiicsl nccneqyemMpIx nporpamMmm

B pesynpTare cpaBHHTENbHOrO aHanmu3a Haubonee dJPQPEKTUBHBIM OBLJIO TPU3HAHO
npunoxenne Kubity GO, pe3ynbpratoM paboThl KOTOPOTo OBUIO YCTOWYUBOE M YETKOE HAJIOKEHUE
3D-Momenn Ha OOBEKTHI peaTbHOTO MHpPa B PEXKHUME peaJbHOr0 BpeMEeHH. TeXHUYeCKH
YCTOWYMBOCTh JIOCTHTAETCS 3a CUET ONTHYECKOTO TPEKWHTA YCTPOMCTBA C pacro3HaBaHUEM B
MOCTYMAIOIIEM C KaMephbl M300paKEHUH KIIFOUEBBIX TOUeK. YETKOCTh BU3YAIU3AIMH U300paKEHUS —
3a CYET UTPOBBIX JIBMKKOB YCTPOMCTBA.
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BbBIBO/bI

HccnenoBanue moka3biBaeT TOTEHIMAJ B PAa3BUTHHM IporpamMMHOro obOecreuenus AR
TEXHOJIOTUH, BBIABISAET JOCTOMHCTBA M HEAOCTaTKM JAHHOIO Kjacca IporpaMM, I1O3BOJISIET
nmoo0paTh MporpaMmy C TEXHOJOTHEH [OMOJHEHHON pealbHOCTH Il MOOWIIBHBIX YCTPOMCTB,
HEOO0X0/MMYI0 B KOHKPETHOM 3ajgaue, a Takxke ompejaessieT Hanboliee aKTyallbHble TEXHUYECKHE
METO/bI TOAIEPKKHU TEXHOJIOTMH JIONIOJIHEHHON PEAIbHOCTH.

Ha naHHBII MOMEHT €CTh HECKOJBKO BEKTOPOB PAa3BUTUA TEXHOJOTMHU JONOJHEHHOU
pEIbHOCTH B CTPOMUTENBbHON cdepe: IeMOHCTpanusi apXUTEKTYPHO-CTPOUTEIBHOTO IPOEKTa
3aKa34MKy, MOJEIMPOBAaHUE  KOHCTPYKUMH 18  NPOBEAECHUS  CTPOMTENBHBIX  padoT
HEMOCPEJACTBEHHO Ha IUIOIIAJKEe, JOCTYN K IMOJHONW WHGOpManuu O 3/[aHWU, BKIOYas 3alucu
IpoLecca CTPOUTEIbCTBA, MPOLIECCA €r0 IKCILTyaTallld, a TaKkKe CO3JaHUE BUPTYaJIbHBIX KOIMM
namMsATHUKOB. bonee HecranmapTHoe HampaBieHue AR - aHanu3 peakiuu >KUTeeil B mporecce
IJJAHUPOBAHUS KWIOrO IHpocTpaHcTBAa. DPakTOp B3aMMOJIEHUCTBUS B CHCTEME JIONIOJIHECHHOU
peanbHOCTH SIBJISIETCS OJHMM M3 €€ TJIaBHbIX npeumyuniectB. Kpome TOro, sta KoOHIENUus
MO3BOJISIET BCEM YYaCTHHKAM IIPOIIECCa MPOSKTHPOBAHUS M CTPOHUTENBCTBA pabOTaTh B €AMHOM
BHU3yaJbHOM HH(pOpMAIMOHHOM Tonie. Bea HeoOxoaumas mHbopMaius JOCTYIIHA B PEAIbHOM
BpPEMEHHU B JIIOOOM MecTe.
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Cexkuus 2. MODERN BUILDING MATERIALS
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AHHOTALUA.

B naHHOIl cTatbe pacCMOTPEHBI OCHOBHBIE XMMHYECKHE IPOLIECCHI, MPOTEKAIOIINE B
pe3ynbraTte KOppo3uHM OETOHHBIX H3JAETUil B MOPCKOH BOJE, U MX OCOOCHHOCTH ,
CTIOCOOBI M METOJIBl X HMCCIIEAOBAaHUS U 00pbOBI ¢ HUMH. OHUM U3 ciocoOd OOpHOBI C
KOppo3uel sBiseTcs J00aBlIeHHE B Ka4yeCTBE JOOABKU B IIEMEHTHOE TECTO 30JIbI-YHOCA,
KOTOpast 001a1aeT MyHI0JaHOBEIMHA CBOMCTBAMH.

Cratps BKIIOYaeT B ce0s pe3ysbTaThl MCCIEIOBAHUMN IO BBISABICHUIO OINPENEICHHOIO
COCTaBa 30JIbI-YHOC, COJIEp’KaHHE OKCHUIOB B KOTOPOM OBUIO OBl ONTHUMAIBHO IS
WCIIOJIb30BAaHUS €€ B KauecTBE J00aBKH, IMOBBIIIAIONICH KOPPO3MOHHYIO CTOHKOCTH
KOHCTPYKIIMA U3 Tsbkenoro OeroHa. B manHol pabore mpoaeMOHCTpUpPOBaHA
3aBHUCHUMOCTH CYJIb(aTOCTOMKOCTH 30JIbI-yHOCA OT €€ OKCHUHOTO COCTaBa.

Henps manHOW paboOTHl 3aKilO4ajiach B TOM, YTOOBI HAWTH CIOCOOBI TOBBIIICHUS
KOPPO3MOHHON CTOMKOCTHU TSKEJIOr0 OETOHA B arpecCUBHOM Cpejie, MyTeM HaxXOXKICHHS
MOJIXOJIALIET0 COCTaBa UCMOIb3yeMOM 100aBKH — 30JIbI-yHOCA.

Jns monydeHuss oOpa3loB HcHodb3oBaiuch mnoprianainemenT PCsr40, Boaa,
3aIOTHATEN W 30Jia-yHoca. OOpasmbl HCHBITHIBATUCH M0 Meroauke ASTM C-1012
(CranmapTHbIii crmoco0 oOmpeneacHHuss W3MCHEHHs [UIMHBI I[EMEHTHBIX pPAcTBOPOB,
MOJABEPTHYTHIX BO3JEHCTBUIO CYNb(PATHOTO pacTBopa). JlaHHBIM METON  HMCHBITAHUM
o0ecrnedrnBaeT BO3MOXKHOCTh OLIEHKH CYIb(aTOCTOMKOCTH PAaCTBOPOB, U3TOTOBJICHHBIX
C MCIIOJIb30BAaHUEM CMecell MOPTIIaHIEMEHTA C MYLIIOJIAHOM.

[TonyuyeHHble pe3ynbTaThl, CBUACTEIBCTBYIOT O TOM, YTO MCIIOJIb30BaHUE 30JIbI-YHOCA B
OETOHHBIX M3/IEJIMAX MOBBIIIAET €0 YCTOWYMBOCTh K MPOHUKHOBEHHUIO XJIOPUI-HOHOB,
YBEJIIMYUBAET CYIb(AaTOCTONKOCTh, TO €CTh 3HAYMTENHLHO BO3pacTaeT KOPPO3UOHHAS
CTOMKOCTb TOTOBOM KOHCTPYKLIHH.

[Ipumenenne 305bl-yHOCa B KauecTBE M00aBKU YBEIMYMBAET CPOK OHKCILTyaTalluu
TUIPOTEXHUYECKOTO COOPYKEHHUS, Jieiasi ero 601ee SKOHOMUYECKU BBITOIHBIM.

Koppo3uss OeToHHBIX U KeIe300€TOHHBIX KOHCTPYKLUMH TOJ JEeHCTBUEM MOPCKOW BOJBI
ABIISICTCA OJHOW M3 BaXXHEUIIMX MPOOJIeM, CBA3aHHBIX CO CTPOUTENIHCTBOM THAPOTEXHUYECKHX U
MTOA3EMHBIX COOPYKEHUW. DBBIIO NPOBEIEHO MHOXECTBO HCCIENOBAHMM W MPHUHATO MeEp A
MOBBIIIEHUS] CTOMKOCTH OETOHA MO JIeMCTBUEM arpecCUBHBIX cpea. Ho akTyanbHOCTH MpoOiIeMbl
CYLIECTBYET M IMPOJOJIKAIOTCS BECTHCHh pabOTHI AJIsi HaXOXKJeHusi Oosiee NEHCTBEHHBIX CIIOCOOOB
Uit GOPBOBI C KOPPO3HUEH.

beToH — HMCKyCCTBEHHBIM KaMEHHBIM CTPOMTENBHBIA Marepual, MOJYyYEeHHBIH MOCPEICTBOM
(dbopMHpOBaHHUS U 3aTBEPIEBAHHSI CMECH, B COCTaB KOTOPOIl BXOAUT BSKYIIIEE BEIIECTBO, KPYITHBIH
U MeJKUW 3anoiaHuTenu W Boga. OnumH u3 HauOosiee pacnpOCTpAaHEHHBIX BUIOB JAHHOTO
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CTPOUTEJILHOTO MaTepHaja sBIseTcs Tsokenblii 6eToH. Tspkénple 6eTOHBI — Tpymnmna OETOHOB €
00BEMHOIT Maccor ot 1800 mo 2500 kr/M°. OHU OTJIMYAIOTCS BHICOKOI YAEIbHON MPOYHOCTHIO Ha
C)KaTue, BBICOKOW IUIOTHOCTHIO, KOTOpasi 0OYCIIOBICHA KaK MCIOIb3YeMbIM HAIOJIHUTENEM, TaK U
3HAUYUTEJIbHBIM MEXaHUYECKUM YILNIOTHEHUEM.

«Mopckas Boma - 3TO BoAa OKeaHOB U Mopeu. Konunenrtpauus coseldi B MUpoBOM OkeaHe
cocraBisieT B cpenHeM 3,47 % (34,7 %o). DTO 03HAYaET, YTO B KAXKIOM JIUTPE MOPCKOH BOJbI
pacTBopeHO 35 rpaMMOB CoJIel (IIPEUMYILIECTBEHHO XJI0puaa HaTpusi)» [4].

Mopckast Boja siBisieTcs ciiabomienoynor, ee pH konebnercs B mpenenax ot 7,5 mo 8.4.
Takas Bojga obnagaer kapOoHaTHOM Oy(hepHOU CHCTEMOH, 3TO OOBSICHSIET OTHOCUTEIBHO BBICOKYIO
crabunbHocTh pH. HaumbGonbiiee 3nauenne pH y moBepxHOCTH MOpsi, ¢ TJIyOWHOI 3TO 3HaueHUE
HECKOJIbKO CHUYKAETCHI.

Tadauua 1. XuMudeckuit CocTaB MOPCKOM BOJIBI

XuMu4yeckne 3j1eMeHThI (110 Macce)

JJjIeMeHT IIpouent JJIeMeHT ICIOIZI(:;Z]:;:;:
Kucnopon 85,7 Cepa 0,0885
Bonopon 10,8 Kanpnuii 0,04
Xiop 19 Kamnuii 0,0380
Harpwii 1,05 Bbpom 0,0065
Maruwmii 0,1350 VYrmepon 0,0026

Koppo3sust 6eToHa B MOPCKOI BOZIE MPOUCXOAUT O] ACHCTBUEM HEKOTOPBIX (PU3MUECKUX U
XUMHAYECKHX MPOIECCOB, KOTOPHIE OKa3bIBAIOT HEOTHO3HAYHOE BIIMSHHUE Ha CBOMCTBA OeToHa. Tak,
OJTHU U3 HUX MOTYT SIBISITHCS KOHCTPYKTUBHBIMH M MPUBOJASAT K MOBBHIIIEHUIO KauecTBa OETOHa, a
JpyTH€ K€ CTaHOBATCS NMPUYMHON JECTPYKTUBHBIX MpoleccoB. To, kak moBener ceOs OeTOH B
MOPCKO# BOJIe , TPYIHO Mpeayraaarh, Tak Kak MHOTHE PEaKIMH MPU STOM MPOIlecce MPOTEKAIOT HE
B OAMHAKOBBIX YCJIOBUAX U NOJTYUCHHBIC TCPMOAUMHAMUYCCKUEC PE3YJIbTAThl MOT'YT BBICTYIIATh JIMIIb
KaK OLIEHOYHBIE JaHHBIE.

OcobeHHocTH mpoIiecca KOppo3un 0eToHa Mo AEUCTBUEM MOPCKOM BOJIBI:

— cpena o0nanaeT BBICOKOW arpecCMBHOCTBIO (Kak caMa BOJAA, TaK M OKpYKaroas
aTMocdepa);

— KOHTaKTHast KOPPO3HsI METAJUIOB OKA3bIBAET OOJIBIIIOE BIIHSHHE;

— JIOMOJIHUTENBHO BIHSET MEXaHUUYECKUH (akTop (3po3usi, KaBUTAIH);

— TPOUCXOAUT OMOJOTHYECKAsi KOPPO3Hsl, HEMAJIOE BIUSHUE OMOJIOTHYECKOTro (haKTopa.

XUMHUYECKOE B3aMMOJICHCTBUE aTIOMHUHATHBIX MUHEPAIOB W CyIb()aTOB SIBISETCS OYEHBb
HETaTUBHBIM TporieccoM. B pesynbraTe 3TOH peakmuu 00pa3yercss HECKOJIBKO MOIU(pHUKAIHNA
ruapocynbdoantomuHata.  CaMbpIM  OMACHBIM W3 KOTOPBIX,  SBISAETCS  ITTPUHTHT
(3Ca0°Al,03°3CaS04°32H,0). [lanHas coJib XapaKTepH3yeTcss TeM, 4YTO II0 Mepe ee pocTa
(YBenmMUYEHHUsT KPHUCTAJUIOB) OOpa3ylOTCs BBICOKHE HAMNpPSHKEHUS BHYTPU IIEMEHTHOTO KaMHS,
KOTOPBIC B CBOKO OYCPEAb HAMHOT'O ITPEBBIIIAIOT IMTPOYHOCTHBIC XapaKTCPUCTUKHU OeToHa.

B apMupoBaHHBIX OETOHHBIX COOPYXEHHUSX MPOMCXOAUT BO3JCHCTBHE BOJBI (arpecCHBHOM
Cpezbl) He TOJIBKO Ha OETOH, HO M Ha XKEJIE3HYI0 apMaTypy. JTO BIUSHHUE MPUBOINUT K 00pa30BaHHIO
pPKaBUMHBI Ha jkene3e. JlaHHbIN TmpoIlece COMPOBOXKIAETCS yBEIMYCHHEM ero 00beMa, B pe3yabTaTe
qero SaIHHTHBIﬁ clion OTXOOUT M OTKAJIbIBACTCsA, OTKPbIBAA HOBBIC YYAaCTKH OeToHA U Keies3a,
KOTOpBIE MOABEPTatOTCsI IEHCTBUIO MOPCKOM BOJIBI.
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Mopcras soga

>z

Puc. 1. [TocnenoBarenbHOCTh pa3BUTHA KOPPO3UHU OETOHA TP IEHCTBUU MOPCKOW BOJIBL:
1- 30Ha GeToHa, HE 3aTPOHYTasi KOPPO3UEHi; 2 - 30Ha BhIleNaunBaHus (Koppo3uu [ Buaa);
3 - 30Ha cynbdarHoii kopposuu (kopposus I11 Buna);
4 - 30Ha Marae3nanbpHON Koppo3un (kopposwus Il -.Buma);
5 - kapOOHU3UPOBAHHEIH CIOHA.

Tsokenple OETOHBI PACHPOCTPAHEHHBIM CTPOMTENBHBIM MaTepuan B THIPOTEXHUYECKOM
cTpouTesbeTBE. JlJIs MOBBILIEHUS €r0 KOPPO3HMOHHOM CTOMKOCTH HMPUMEHSETCS MYLIIOJIaHOBBIA U
Cynb(aTocTOMKMI 1eMeHT. B kadecTBe akTHBHOM JOOABKM HCIOIB30BAIM 30J1y-YHOC. B moxmamax
MMEEeTCs MHOKECTBO Pe3yJIbTaTOB UCCIIEOBAHUI Ha TEMYy HCIOJIb30BaHUS 30JIbI-yHOC B O€TOHE, B
OONBIIMHCTBE M3 KOTOPBIX HCCIENOBAaTEeIM COOOIIAIOT, YTO 30Ja-yHOC MOXET OKa3bIBaTh
MIOJIOKUTETIbHOE BIIMSIHHUE HA CBOMCTBA OETOHHBIX cMeceil. OHa MOBBIIAET YCTOMUMBOCTh OETOHA K
IIPOHUKHOBEHUIO XJIOPUJ-MOHOB, IOBBIIIAET CYJIb(PATOCTOUKOCTh, YBEIMUMBAET KOJIUYECTBO
LIUKJIOB IIONIEPEMEHHOI0 3aMep3aHusl U OTTaUBaHUA U T.1.

Bbuto mpeanpuHATO HECKONBKO MOMBITOK IMPENCcKa3aTh CYIb()OTOCTOHKOCTh 30JIbI-yHOCA,
OCHOBBIBAsICh Ha ee XUMHUYeckoM cocTaBe. Cpenu ydeHbIx nepBbiM ObuT JlyHcTan (1980-e roas) .
OH §Ope;IoXKWI  HCIOJB30BaTh  TaKyld BEIUMYMHY KaK  IIOKa3aTellb  OTHOCUTEIbHOMN
Cynb(aTocTOMKOCTH 307bI-yHOCa, Ha3BaHHbIM "R". 3nadenune "R" — 3TO OTHOIIEHHE OKcHIA
KaJIbLUsl K OKCUAY JKeJe3a.

_ %Ca0—5 0.68—5
T %Fe,0;  6.06

=0.73< 15

IIpu R < 1,5 cynbdarocroiikocTs yBenuuuBaercs, npu R > 3 cynabdaTocToHKOCTh
YMEHbBIIIAETCS.

HccnenoBanus NMpOBOAWINCE C MCNOJIb30BaHMEM cTaHmapTHoi Meronukn ASTM Cl1012.
JlaHHOe WUCHBITAaHWE JaeT BO3MOXKHOCTb OLEHUTh BJIMSHHME arpeccCMBHOM  cpeabl Ha
HKCIUTyaTallMOHHBIE XapaKTEPUCTUKN OETOHHBIX U3/1eNuii [6].

Takum oOpa3om, cojepkaHue 30JbI-yHOCA B IE€MEHTE 3HAYUTEIbHO IIOBBIIIAET
KOPPO3HOHHYIO CTOMKOCTb TOTOBOT'O OETOHHOTO M3EHs , TEM CaMbIM YBEIMUYMBAs JOJITOBEYHOCTh
THJIPOTEXHUUECKOr0 coopykeHus. Takxke qaHHas 100aBKa CHUXKAET pacxo]l KIMHKEPA, YTO J1€J1aeT
TaKON LIEMEHT SKOHOMHMUYECKHU BBITOIHBIM.
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BBEJIEHUE

[Tpobnema yTWIM3aLMU CTPOUTEIBHBIX OTXOJOB OCTPO CTOMT BO BCEM LMBUIM30BAHHOM
mupe. C KakJIbIM FOJJIOM H3-3a CTPOUTEIHCTBA UHPPACTPYKTYPHBIX OOBEKTOB B KPYIHBIX TOpoAax
YBEIIMYUBACTCS KOJMYECTBO CTPOUTENBHBIX OTXOMOB. B maHHOM nokmane ObLT 3aTPOHYT BOIMPOC O
BO3MOXXHOCTH HCIIOJIb30BaHHMSI B COBPEMEHHOM CTPOUTEIBCTBE OTXOJOB CTPOUTENIBLCTBA,
MOJTyYEHHOTO TIOCJIe CHOCA KHJIBIX JJOMOB, BOIICAIINX B IPOTPaAMMy PEHOBALIMU TOpoaa MOCKBBI U
W3YYCHHUE BIIMSHUA BTOPUYHBIX 3alOJHUTENEH Ha CaMOYIUIOTHSIOIIUICS W OOBIYHBIA OETOH.
[TpumMeHenne 3amonHuTENe U3 OSTOHHOTO JIOMa IO3BOJIIIOT SKOHOMHTH COJIEp)KaHHEe B OETOHE
MPUPOJIHBIX 3alOJHUTENCH, COXpaHss Te >K€ OJKCIUIyaTallUOHHBIE CBOMCTBA, U 3HAYUTEIBHO
COKpaTHTh KOJHMYECTBO OTXOJOB, 3arps3HSAIONIMNX OKPYXKAWIIyl0 cpexy. B nanHoil pabore
MIPEJICTaBJICH KPaTKUil 0030p mepepaboTKU OETOHHBIX U KEJIe300€TOHHBIX U3JEIUA U Pe3yabTaThl
WCTIBITAHUN TI0 ONPEICNICHUIO BOJOTMOIJIONICHNS IEeOHS M KOMIIOHEHTHBIH cOCTaB (KOJIMYECTBO
pPacTBOPHOM COCTaBIAIONIEH M TpPaHYJIOMETPHUYECKH COCTaB), B TOM 4HCIE YJICNIbHBIN Bec,
MIPEIIOI0KEHUS O BIUSHUY JTaHHBIX CBOMCTB HA Pacxo/l IIacTU(UIHPYIOMUX 100aBoK. McTHHHAS
ILUIOTHOCTb KONeGIeTcs B mpeaenax 2,6 - 2,77 r/cM°, cpeisis IIOTHOCTh B TAKHX - TO MPEACIax
1353-1401 xr/m°, Bogonornomenue 3,8%, pacTBOpHAasi COCTaBIIAIONIAS B 3aBUCUMOCTH OT pa3Mepa
BTOPUYHOTO 3anoiaHuTens 8,52%.

OB30P JIMTEPATYPbBI

B 2017 rony B ropoae MockBa Oblila BBE/IEHa IporpaMMa PeHOBALIMU JKUJIbs, HAallpaBJICHHAs
Ha pacceleHrne U CHOC BETXOr0 MaJIOATaKHOTO KUIoro (poHaa, mocTpoeHHoro B 1957—1968 ronax,
¥ HOBOE CTPOUTEIHCTBO HA OCBOOOIUBIIICHUCS TEPPUTOPHH.

[Tocne cHOCa OHOTO MATUATAXKHOTO KHUJIOTO JIOMA U3 YEThIPEX MOABE3A0B MOJIY4aeTCs OKOJIO
10000 ToHH 0TX0M0B. B cOOTBETCTBUM C 3TUM BO3HHKAET NpoliemMa YTHIM3ALUK U nepepaboTKu
OTXOJIOB OT cHOca J0MOB.[1] OmHUM U3 CIMOCOOOB YMEHBIIEHHUS ASTOW MPOOIEMBI SBISETCS
WCIIO0JIb30BaHUE MepepaboTaHHbIX OETOHHBIX 3aMOTHUTENECH B MPOU3BOJICTBE OeTOHA.[2]

[TepepaboTaHHbIe 3aMOTHUTENU SBISIOTCS OCHOBHBIM KOMIIOHEHTOM CTaporo OeToHa, U
ofepaluu Mo mepepadoTKe UMEIOT JOMOIHUTEIBHOE MPEUMYIIIECTBO - COKPAIICHUS 3aXOPOHEHUS
0Tx0110B.[4,5,7] Wcmonb3oBaHue OTXOAOB [UIsI TPOM3BOACTBA OETOHA BKJIIOYAaeT B ceOs:
paspylieHue, yjaajeHue M JpoOJieHHe CYIIECTBYIOIIEro OeTOHa, NpeBpallasch B MaTepHal ¢
3a/IaHHBIMU Pa3MEpPaMU U Ka4€CTBOM.

st Toro, yTOOBI OBITH CHOBA MCIOJIb30BAaHHBIM B TIPOU3BOACTBE O€TOHA, MEepepadOTaHHBIC
arperarbl JOJKHBI OBITh MPAKTUYECKH CBOOOTHBI OT 3arps3HeHuid. TexHomorus pasaencHus
MaTepHaIOB 3HAYUTEIHHO DBOJIIOIMOHUPOBAJIA B TEUCHUE TOCIEIHUX HECKOJIBKUX JIET, U TETEpPh
MOKET aBTOMATHUECKH Pa3JeNiaTh BCE 3arps3HSIONIME BElIeCTBA — B OCHOBHOM W3 Oymaru u
KapTOHA, CTEKJIa, TUIICA, YEPHBIX U I[BETHHIX METAJUIOB, APEBECHHBI U TIACTMACC - OT KPYITHOTO
samonuuTens.[1] Hekoropeie MeTonbl, Takhe KaK BO3AYIIHOEC MPOCCUBAHUE, BUXPETOKOBOE
MarHuTHOE pa3JeieHue, pa3/elieHne IO CYXOW IUIOTHOCTH M CHOHpPald, B HACTOAIIECE BpeMs
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OPUMEHUMBI K TepepaboTke OETOHHBIX OTXOJO0B, YTO IMO3BOJSET MPEBPATUTh TPAJAULIUOHHO
CMELIaHHbIE MaTepUalIbl B IEHHbBIE TPOAYKThI, IPUHOCAIINE BaXKHbIE SKOJIOTUYECKHE BBITOBI.[3 ]

Jnst mepepaboTKH OTXOJI0B OETOHA M JKEeJIe300€TOHA HCIONB3YIOT APOOMIbHBIE YCTAaHOBKH,
OPUHLUI JEHCTBUA KOTOpPbIM JocTtaToyHo mnpocT. OTXonpl, MOCTyHas B JIpOOMIIKY dYepe3
NPUEMOYHBI OyHKEp, IUIACTUHYATBIA TPAHCHOPTEp, TIOCT MPEIBAPUTEIBHON COPTUPOBKH,
M3MENbYAOTCs, a 3aTeM IIOCTYNalT B MarHUTHBIN cemaparop Ais OTAEICHUS METAUIMYECKHX
BtoueHui.[9] IlonmyueHHas Macca MOCTyHaeT Ha TPOXOT U JICNUTCA Ha OIpeACIICHHbIS
dbpakmum.[3]

BropuuHblii IeOCHb COACPKUT 3HAYUTEIILHOE KOJIMYECTBO PAacTBOpHOM coctasJsromieid.[10]
Kpome Toro, xoHTakTHas 30Ha MEXIy HCXOJIHBIM 3€pHOM INEOHS U PACTBOPOM, SIBISIOLIAsICS
HaMMEHee NPOYHBIM U HamboJiee MOPUCTHIM 3€PHOM B OETOHE, 3HAYMTEIBHO CHIDKAET (PU3UKO-
MEXaHMYeCKHe ToKa3aTenu Takoro mieOHsa. HecMoTpss Ha [daHHbIe HEJOCTAaTKU M HU3KYIO
MOpO30CTOWKOCTh, Ha BTOPUYHOM INEOHE BO3MOXKHO TIOJIYYHUTh MAaTepHall C BBICOKUMU
MPOYHOCTHBIMU TOKa3zarensimu. [6,8] IlepepaboTka OeToHa BakHA, MOTOMY YTO 3TO TOMOTAeT
COJICHICTBOBATh YCTOMYMBOMY Pa3BUTHIO, IIyTEM OXpaHbl MPUPOJIHBIX PECYPCOB U COKPALICHHUIO
MacIITabOB YHUUTOXEHUS OTXOAO0B OT cTaporo 6eroHa.[7]

MATEPHUAJIBI U METO/bI

1. BETOHHBIM JIOM

B uccnenoBaHuu wucrosb3oBaics OETOHHBIN JIOM, IMOJIYYEHHBIM B pe3yJbTaTe JEMOHTa)a
BHyTpeHHel creHoBoi manenu 9BC1 mockoBckoro xwuioro aoma cepun 1605-AM-5 1961 r.
[Tanens BIycKanach rabapuTHBIX pazmepos : 5600x2700x140 mm.

Wcxonuplii Matepuan mpeacTaBisul co0oi ¢pakuuio medHs 5-10 MM, ¢ IPUIHMIIIINM Ha ee
MIOBEPXHOCTHU PAaCTBOPOM.

2. ONPEJEJIEHUME BOAOITOTJIOLIEHMA 3ATIOJIHUTEJIA
Boponornomenne mnoxydenHoro meoHs onpeaensuiocs mo ['OCT 8269.0-97
Bonomnornonienne onpezaensercs MyTeM CpPaBHEHHS Macchl 00pa3IoB TOPHON MOPOJIBI MU
npo6 11eGHs (rpaBusi) B HACHIIIIEHHOM BOJIOM COCTOSIHUHU U 11OCJIE BHICYIIMBAHUS.

JUia mnpoBeleHHS MCHBITAaHMS Mbl MCIOJNB30BAIM  cleAyiollee OoO0OpylIOBaHUE: BECHI
HacTtosbHble 1Mdeponatapie o 'OCT 29329, mkad cymmiabHBINA, EMKOCTH IJs HACHIIIEHUS
00pa3LoB BOJOH, IETKA METAJUIMYECKasl.

Jlis ompeneneHus BOJOMOIVIONIEHUs II€OHS OeToHOnOMa ObUIO OTOOpaHO MATh 00pa3LoB
pou3BOJIbLHON (opMmbl pazmepoM oT 5 1o 10 mMm. OO6pa3upbl ObLIM OYMIIEHBI METAJUTMYECKOU
HIeTKOI\/’I OT PBIXJIBIX YaCTHII 1 IBIJIM U BBICYIICHBI 10 MMOCTOSTHHOM MAacCHI.
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Puc. 1. [IpoOs1 mebHs nocne oTéopa U CYLIKH

OOpa3nupl meOHS YIOXKHIN B €eMKOCTh C BOJOH KOMHATHOW TeMIIEpaTyphl TakK, YTO yPOBEHb
BOJIbl B €MKOCTH HaXOJUTCs BbIlIe Bepxa MpoOsl meOHs 6osee yem Ha 20 MmMm. B Takom nosjoxeHun
00pa31iel UK MpoOy BEIIEPKUBAIN B TeueHUe 48 9, Mociie 4ero ux BBIHYJIM U3 €MKOCTH, yJaliIN
BJIary ¢ MOBEPXHOCTH OT/KATON BIaXXHOM MSTKOM TKaHBIO U KaXKyI0 IpoOy B3BECHIIH.

Puc. 2. Macca npoObl B CyXOM COCTOSTHUH Puc. 3. Macca npoObl B HACBIIIIEHHOM BOJIOM COCTOSTHUH.

3. OIIPEAEJIEHNS KOMIIOHEHTOB JIPOBJIEHOI'O BETOHA
[Ipn mpoBeAeHHUH HKCIEPUMEHTa MO OMPEISICHHI0 KOMIIOHEHTOB B 3€PHAX pa3IUYHBIX
dpakuit 1poOiieHoro O0EeTOHA MCTOIB30BAICS KOJHMUYSCTBEHHBIA aHAN3 OCTOHA C OMpe/e/ICHUEM
[[EMEHTA 110 Pa3HOCTHU (CUTOBOM METON).

[IpoGa, coxepikamias Kycku ApoOieHoro OeToHa ompeneieHHOW (pakuuii, moaBepraiach
o0xury nmo 400° B TeueHWH 4 4. 3areM TpPH MEXAHWUYECKOM pa3pylmICHUH OTACISIN TPAHYIIBI
HCXOJHOTO KPYIMHOTO 3amoiHuTeNs. KpYMHBIMA 3amoidHUTENh TIIATEIhHO NPOCMATPUBAIU U
3aMEUYEHHbIE MPU 3TOM KYCOUKH IPUIIUIIIET0 PACTBOPA OCTOPOKHO YAAJSIN BPYYHYIO LINATENEM.
beron pacniagaercs Ha COCTaBHBIE YaCTH, YeEMY CIIOCOOCTBYET JIETKO€ MOCTYKUBAHHUE U Pa3MUHAHUE
KYCKOB B YallIKe PE3NHOBBIM WJIM JEPEBSIHHBIM MIeCTUKOM. Jlasee MaTepua MpoIyckaeM 4epe3 CUTo
¢ otBepctusimu 5; 2,5; 1,25; 0,63; 0,315; 0,16 mm. OcTaToK Ha CUTE B3BEMIMBAIM U MOJTy4YaaIud Maccy
KpPYIHOTO 3amojHuTens. Macca marepuala, MpOLIEANIEro Yepe3 CUTO, U NMPUCOECTUHEHHAs K Hel

CONSTRUCTION

THE FORMATION OF LIVING ENVIROMMENT




YacTh HAJIMWIIIIETO pacTBOpa, NPEICTaBisia Cco0OW pacTBOpHYIO dacTh Oerona. Martepuan,
npowmeamuii cuto @ 0,16 MM MOXHO CUMTaTh KOMIIOHEHTOM PACTBOPHOM YacTH — BSDKYIIMM
BEILIECTBOM.

Puc. 5. Macca matepuana 10 ¥ 1ociie MpoKaJInBaHHs

PE3YJIBTATBI HCCJIEJOBAHUA
1. BOAOIIOTJIOIIEHUE

Bogomnornomenue W, , % mo macce onpenenunu no gopmyine B coorBerctBuu ¢ ['OCT
8269.0-97:

mq—m
Waors = " % 100%; (1)
rage mq, m — mMacca HpO6LI B HACBILLIEHHOM BOJIOM U CYXOM COCTOSIHUU ,T .
4,61—-4,44
VVHOM = 242 * 100% = 3,8%. (2)

Boicoknii ypoBEeHb BOJOMOIIIOUIEHUS KPYIMHOIO 3alOJHUTENS B JalbHEHIIeM BIUsAET Ha
COXPaHSIEMOCTh OETOHHON CMECH, CHUXKAETCs BOJOIIEMEHTHOE OTHOIIeHUE. TepsieTcst MoABUKHOCTh
BO BpeMsl HACHIIIEHUsS OETOHHOTO JioMa BHYTPH OETOHHONH CMECH, B COOTBETCTBUU C JTHUM,
MEHSIETCs I03UPOBKa IU1acTU(UKaTOpa.

2. KOMIIOHEHTbBI APOBJIEHOI'O BETOHA
Macca ucxoaHoro marepuana A0 npokanuBaHus coctaBwia 434 r. Ilocie npokamuBaHus
Macca marepuaiia coctapuiia 411 r. B npounecce npoxkanuBanus medeHb notepsi 2% BIaKHOCTH.

S
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I'panynomerpuueckuii cocras mebHs onpeaensuicsa B coorsercTBun ¢ 'OCT 8269.0-97

Ta6auna 1. 'panynomerpudeckuii COCTaB MOIY4YEHHOTO meOHs 13 6eToHHOTrO JoMa ¢p. 5-10 MM

Pa3mep siueiiku cuta, | YacTHbIE OCTATKH, T YacTHble ocTaTKH, % IMoanbIe ocTaTkH, %
MM
5 247 60.10 60.10
2.5 37 9.00 69.10
1.25 23 5.60 74.70
0.63 19 4.62 79.32
0.315 23 5.60 84.91
0.16 27 6.57 91.48
>0.16 35 8.52 100.00
411 100
4,00
Jlnarpamma npocevBaHus
< MonHble ocTaTkn, %
Eh 0,00% 20,00% 40,00% 60,00% 80,00%  100,00%  120,00%
% 5 I 60,10%
£ 25 I 69,10%
E’ 1,25 I /4,70%
S 0,63 I 79,32%
§ 0,315 I 84,91%
0,16 I 01,48%
<0,16 I 100,009

Puc.6. [lnarpamma npocevBanus meOHs u3 0eToHHOTO JoMa ¢p. 5-10 MM

B pe3ynbTaTe mpoBEIEHHOTO HCTBITAHHS OBLTO YCTAHOBIEHO, YTO PACTBOpPHAS 4acTh OETOHA
cocraBisier 8,52 %. B OGeroHHOoM snoMe cTemneHb ruaparanuu gocturaetT 90%. AKTHBHAsS 4acTh
PacTBOPHOTO KOMIIOHEHTA MU MOMOJIE MOKET MOBIUATH HA pacxoj 100aBOK, & UMEHHO YBEITUYUTh
pacxon mmiactudukaTopa. TakuM 0O0pa3oM, MOXHO CJENIaTh BBIBOJ O TOM, YTO IOHIKEHHOE
COJIEp’)KaHUE BSDKYILETO BEIIECTBA BO BTOPUYHOM OETOHE HE BIHMSET HAa XOJ pEaKIUH TpU
N3IrOTOBJICHUU HOBBIX HSHCHHﬁ.

BbBIBO/bI

3anosHUTEeNN U3 OETOHHOTO JOMa OTJIMYAIOTCS OT UCXOAHBIX 3aMOJHUTENEH U YyCTYNAIOT UM
10 KaueCTBY: y HUX OTMeuaroTcs 0oJiee HU3Kas INIOTHOCTh U 0oJiee BbICOKOE Bojonoriomenue. Ho
M0 JTAaHHBIM SIMOHCKUX UCCIIE0BaHUN HCIOIb30BAHNE BTOPUYHOTO 3aMIOJHUTENSI U3 O€TOHA B CMECH
C IPHUPOJHBIM 3aIOJIHUTENEM B KonuuecTBe 70 30% He CHUXaeT mokaszaTesiell CBOMCTB OETOHOB.
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HccnenoBanus panrioHATBHOTO MPUMEHEHHS IeOHs 3 OeToHa, MpoBeaeHHbIe B Poccnu mokazanu,
YTO BBEJICHUE 1MIeOHs M3 0€TOHA B CMECh 3amoJiHuTeNel B KoaudecTBe 0 30% OT Macchl KPYIMHOTO
3aIOTHUTENS U3 U3BECTHSAKOBBIX MOPOJI MMO3BOJISIET MOJIY4aTh OETOHBI ¢ MPOYHOCTHIO 110 35-38 MIla
MPAKTUYECKH MPU OJIMHAKOBOM pacxojie memMeHTa Ha 1 m® Gerona 1o CpaBHEHHUIO ¢ OCTOHOM Ha
KapOOHATHOM 3aIOJIHUTEIIE.

AHanM3 3KCNEePUMEHTANIBHBIX JaHHBIX, TTOKA3bIBAaCT, YTO NMPUMEHEHHE JIPOOJIECHOr0 OEToHA B
KaueCTBE KPYITHOTO 3alIOJHUTENS 04€Hb d3PPEKTUBHO, 110 CPABHEHUIO C MEJIKMM 3aTIOJTHUTEIIEM.
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3
4

AHHOTAIUA

IIpeamMer mMccaenOoBaHMsA: COCTaBbl KOMIO3MIMM M TEIUIOTEXHUYECKUE  CBOICTBA
TOHKOCJIOMHBIX OKPACOYHBIX TEIION30JIAIIMOHHBIX TTOKPHITUH.

Ienn: mOMCK allbTEPHATUBHBIX BAapPHAHTOB TEIUIOU3OJSIIIMOHHBIX MaTepHalOB, a HMEHHO,
BapHaHTOB OKPACOYHOW TETUTOM3OJISAINH, U aHaTu3 ee d((HEeKTUBHOCTH.

Martepuajibl U METOAbI: AHAIMTUYCCKHUI 0030p COBPEMEHHOUN HAay4HO-HCCIIEI0BATEILCKOM
nH(pOpMAIIUU; CTaTUCTHUECKas o00paboTka ¥ 00OOIIEHUE SKCICPUMEHTAIBHBIX JAHHBIX,
MIPEICTaBICHHBIX B IIUTHPYEMOM JTUTEpATypE.

PesyabTaTsl: B psaje uccieqoBaHuil TEMIIOTEXHUUYECKUX CBOMCTB OKPACOYHOM TETUIOU3O0JISIIIUN
CTAaBUTCA TMOJ COMHeHHEe ¢¢ d(P(EeKTHBHOCTb, B OOJbIICH UYacTH MCCICHOBAHHH -
00OCHOBBIBAETCA  IEIECOOOPA3HOCTh MPUMEHEHUS TaKOW TEIUIOM3OJSIHUH, C  PSAOM
OTpaHWYECHHHA. YCIIOBHOE YCpeIHEHHOE 3HaueHHe Ko3(pQuImeHTa TeIIonpoOBOAHOCTH IO
SKCIEPUMEHTATBHBIM JaHHBIM BCEX MPOIHUTUPOBAHHBIX paboT coctasisieT 0,055 Bt/(M°C), uro
HaxOJWTCSd Ha YPOBHE HE HW)KE TaKOBOIO JUIS TPAIUIMOHHBIX TEIIONU30JISAIIUOHHBIX
MaTepHasoB.

BeiBoabl: OueBHIHA HEKOPPEKTHOCTh TMPEIOCTABICHUS TEXHHUYSCKOH HWHGOpPMAIUK O
KO3 (QUIIMEHTE TEIUIONPOBOJAHOCTH OKPACOYHOW TEIJIOM3OJISIUM  MPOJBUTAOIIUMU €&
koMmaHusamMu. Takas w3onsamus >h@ekTHBHa B TeX ClydasxX, KOTJa BelMKa Jy4HcTas
CoCTaBJIsIONIas Teruonepenayn. Ecnu mpeoOmagaer mepenada Terja TEIUIONPOBOTHOCTHIO,
TpeOyeTcsT MHOTOCJIOMHOE HaHeCeHHWe JUIs O00ecreueHus: HEOOXOJUMOro TEePMHYECKOTO
conporuBienus. [lepcriekTnBHa pa3paboTKa OKPACOYHBIX COCTaBOB JIEKOPATUBHO-3AIIATHOTO
Ha3HA4YCHHS, C BBEJCHHEM B COCTAaB MEJIKOIMCIIEPCHBIX TOJBIX 3allOJIHUTENEH, YTO MO3BOJIUT
nony4ats  (akTypHble TIOKPBITHS W TMOAJIEPKUBATh  TEIUIOM3OJISIMOHHBIN 3 dekT
TPaJIULIMOHHON TETIOU30JIALINH.

BBEJIEHHUE

Teppuropus Poccun xapakrepusyercs CypoBbIM KJIMMAaTOM. 3aTpaThl Ha oToruieHue B Poccun
B 5-7 Oonblie, yeM B EBpore, T.K. OTOMUTENbHBIN ce30H Anutcs 6oaee 200 cyTok, a cpeiHerooBas
teMmneparypa — orpunarenbHas (-5 °C). DTo NPUBOAMT K KOJOCCAJIBHBIM 3arpaTaM Ha
TeruiocHa0xenue. [Ipuuem notepu Terma npu nojaade TEIUVIOHOCUTENS, a TAKXKe U3 JIOMOB U APYTHX
MOMeIleHu o4YeHb Oombiime - cBbime 60%. B cBs3u ¢ MOCTOSHHO pacTyUIMMH TapudamHu Ha
sHeproHocutenu B nocieanue 20-25 yer pe3ko Bo3pocia MOTPEOHOCTh B TEIIOM3OJISIIMOHHBIX
MaTtepuanax. Kiaccudeckas TEriom3ossiivs Ha OCHOBE MUHEPAJbHOM WIIM CTEKJISIHHOM BaThl, a
TaKKe Ha OCHOBE INEHOMONUCTHPOJAa dP(PEKTUBHA C TEMJIOTEXHUUYECKOH TOYKU 3pEHHS, HO UMEET
CBOM HEJIOCTATKH.

Wznenust U3 MUHEpaJbHOW BaThl 3aHUMAIOT OOJBIIYIO JIOJIIO PHIHKA TETIOM30JSIIMOHHBIX
MaTepHuaioB. MUHepalibHasi BaTa COCTOHUT U3 CTEKJIOBUIHBIX BOJIOKOH, HEBOJIOKHUCTHIX BKITFOUCHUH
B BHJE Kalejdb 3aTBEPJCBILErO pacrjaBa M MHUKPOCKONMMYECKHX OOJOMKOB BOJOKOH. K
MpEeUMyIeCTBaM MHHEPAJIBLHOW BaThl CJEIyeT OTHECTH HHM3KYH TerutonpoBoaHocth (0,036-0,038
B1/(M°C) mo T'OCT 4640), orHecToiKOCTh, CTOWKOCTh K OuomoBpexaeHusM. K HemocTaTkam
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W31 U3 MUHEPATbHON BaThl OTHOCUTCS Majasi MPOYHOCTh Ha cxkaTue mpu 10%-oit gedopmarmm
(mo 0,03 MIla mo I'OCT 4640), cHWwKeHHE TETUION30JUPYIOINUX CBOWCTB MPHU TIOMAJaHUHA B
Marepuai Bjard, HEOOXOJUMOCTh YCTPOMCTBA TUAPOU3OJSIMOHHON TUICHKU NMpU MOHTaxe. [lpu
SKCIUTyaTallid MUHEPAJIOBATHBIX ILUTUT B CUCTEMaX BEHTHJIMPYEMBIX (pacagoB MOTEPH MacCchl MOTYT
nmocturath 19% mjis INT NJ0THOCTBIO 74 KF/M3, u 6osiee 3% — I IUIAT TWIOTHOCTBIO 156 Kr/m®
[1]. Jns 3amuThl TEMIOM3OJIALMOHHOTO CJIOS OT aTMOC(EpHBIX M BHEUIHHMX MEXaHUYECKUX
BO3JICHCTBUI MCIIONB3YIOT 3AIUTHBIC TOKPBITHUS, YTO YBEIMYUBAET HTOTOBYIO CTOUMOCTb.
[IpenmymiecTBaMu  TEIUIOM3OJIALIMM HAa OCHOBE IIEHOMOJUCTUPOJA SBISIOTCA HHU3KUE
mwiorHoets (10-35 kr/mM® mo TOCT 15588), temwronposogsocts (0,03-0,35 Br/(mM°C) mo TOCT
15588), Bomomornomenue (1o 4% mo I'OCT 15588, mo 3% mo I'OCT 32310). OcHOBHBIM
HEJIOCTATKOM MEHOMOIUCTUPOIA SIBIISIETCS €0 TOPIOYECTh C BBIJICJICHUEM TOKCUYHBIX BEIIECTB.
Taxke Ha pbIHKE CTPOUTENIBHBIX MAaTEPUAJIOB CYIIECTBYET NEHOIOJINYPETaHOBAs U30JISIHS B
BHUJIE CKOpPJIyn JuOO0 Hampuisiemas. MHUHycaMHu TakOW TEIUIOM3OJSIUN SIBISETCS €€ BbICOKas
CTOMMOCTh M HHM3Kasl TeMIlepaTypa npuMeHenus [2,3].
MoHTaX OOJBIIMHCTBA TPATUIIMOHHBIX TEIIOW3O0JSIIUOHHBIX W3ACIUNH BO3MOXKCH JIHIIH
MHOTOCTYIIEHYATO, C IPUMEHEHUEM CUCTEM Kperexa, mpoduiiei, KIieeB U OTIEIOYHBIX CIIOEB.
[ToaTomy mens Hacrosimeld pabOThI 3aKIIOYAIaCh B TIOWCKE AIbTEPHATHBHBIX BapHAHTOB
TETUIOU30JISIIUY U aHau3e ee AP(EeKTUBHOCTH.

OB30P JIUTEPATYPbI

V3BecTeH TMOJIOKUTENBHBIA OINBIT TPUMEHEHUSI CYXHX CTPOUTENBHBIX CMEce Juis
OTJENOYHBIX PabOT - 3TO AOCTATOYHO yJO0OHBIE B MPUMEHEHUH COCTaBbl. HO Temmou3o0suoHHbIE
PacTBOPHI HA OCHOBE CYXHX CMECEH HAaHOCATCS OYCHBb TOJCTHIMU clIosiMH, oT 5-10 cMm [4,5] u Gonee,
MOBBIIIAS TPYIOEMKOCTh IPOBEIEHUS PadOT.

B mnocnennme pgecsTwieTwst HaOpajia TMOMYNISPHOCTh HW3BECTHAsl IKHIKas OKpACOYHas
TEIUIOM30JISIIMST Ha OCHOBE PA3MYHBIX BHJAOB TMOJMMEPHBIX CBS3YIOIIMX, CO3JaBaeMasl C
WCTIOJIb30BAHNEM CTEKJISTHHBIX WM KEePaMHUYECKHX TIOJBIX MHKpocdep, CoIepKaHWe KOTOPBIX
nocruraer 80% ot obmero obbema [6,7,8,9]. Pa3paboTku MO CO3MaHUIO TaKHX TMPOIAYKTOB
Hayammch eme B 1970 x romax B CIHA u CCCP B pamkax mporpaMmbl OCBOEHHS KOCMOCA.
[Ipenmonaranock, 4To pazpaboTaHHBIE MaTEPUABI OYAYT SIBIATHCS allbTEPHATHUBON KEPAMUYECKUM
IUTACTUHAM W OyIyT WCIONB30BATHCS ISl TOKPBITHS TOBEPXHOCTH KOCMHYECKHUX KopaOien
MHOTOpPa30BOT0 HcIonb3oBaHud. [locie mpoxoxnaenus mpouenypsl ceprudukamuu B 2000 romy
MePBBIN KUAKUN Teruton3osairoHnbli Marepual (Thermal-Coat) cran 3aBoéBbiBath priaku [10].

B Hactosimee Bpemst B PoccuM pBIHOK OKpacOYHON TEMIOM3OJISIIMU IPEJCTAaBICH TaKUMHU
npou3BoAMTENsIMH, Kak: Actparek [6], Re-Therm [7], U3omnar [8], Kopyun [9], Anbdatex [11],
Marnutepm [12]. CpaBHeHuEe CBOWCTB OKPAaCOYHOM TEMJIOM3OJIALMHU O JaHHBIM MPOU3BOJUTENEH
npecTaBieHo B Ta0. 1.

Tab6auna 1. ColicTBa OKpacouHOM TEMIOU30ISIMH Pa3HBIX IPOU3BOIUTENEH

Ha3panue Openga 0Kpaco4HOI TeNI0M30IAINH

3asBisieMble CBOIiCTBA
Re-Therm Kopynn AcTtparek H3osnar Aabpartex Maruunrtepm

Anresus kK 06 TOHHOH

noBepxHoctu, Mlla, 1 - 0,8 1 1,24 -
HE MECHEe

Koadpdpumment 0.0020-

TEIJIONPOBOJIHOCTH 0,0011 0,0010 0,032 0’,0050 - 0,001

marepuaia, Bt/(m°C)
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To xe, MOKPBITHUS, ) i i 0,0011- )
Br/(v°C) 0,0012 0,0015

I110THOCTB, KI/M° 509 - 571 500-600 | 500-600 500-800
Croumocts, py0. 3a 413 500 415 420 360 350
qutp (Ha 2019 rox)

B paborax, MOCBSIIEHHBIX pPa3padOTKE M M3YYCHUIO TEIUIOM30JSIMOHHBIX CBOWCTB
OKPAaCOYHOHN TEIUIOU30JIALINY, HCCIIeIOBaTeNId HE MNPUXOAAT K OJHO3HAYHOMY MHeHuio. EcThb
paboTBl OT SBHO KPUTHYECKUX, Hampumep, [13], roe craBurcs monx coMHeHUE 3(PPEKTUBHOCTH
OKPAaCOYHOH TEeIJIOU30JSIUU Pa3HbIX MPOU3BOAUTENEH, 10 paboT, B KOTOPHIX OOOCHOBBIBAETCS
3¢ GEKTUBHOCTD U 11eJIECO00Pa3HOCTh MPUMEHEHHs Takoi Teruton3ossinuu [14,15,16,17,18 u mp.].

B psge wuccnenoBaHuil NpPUBOASTCA HKCIEPUMEHTAlIbHbIE JAHHBIE 110 OIpPEAEICHHUIO
kod(dunmenta TerionpoBoaHoctd  (dddexkTuBHON TemmonpoBogHocty 1o [OCT  7079)
TOHKOCIIOMHBIX TEIJIOU30JSIUOHHBIN MOKpeITUd. Tak, mo manHeiM [19], cpenHee 3HayeHwHe
KO3 GHIHMEHTa TEIUIONPOBOJHOCTH IOKPHITHS, MOJYYEHHOTr0 M3 TepMoKpacku «M3ommar-02,
cocrasuio 0,057 Br/(M°C), a u3 kpacku Mascoat - 0,069 Bt/(m°C). HMccnenoBanus IpoBOAMIKCH Ha
oOpa3iax TOJIHHON 7,5 MM.

B [20] mony4yensr K03hOHUIMEHTHI TETUIONPOBOIHOCTH IBYX OOpa3lloB TETUIOM30JISIIMOHHOM
Kkpacku, koropsle coctapuin 0,1269 Br/(M°C) u 0,0781 Br/(M°C). HccnenoBanus MpoBOAMINCH Ha
oOpa3max TOJIIHUHON 5 MM.

KomrekruBom Capanckux wuccienoBareneii B [17] momydensl 3HaueHus kodddummenrta
TEIUIONPOBOIHOCTH JUISl MOKPBITUS H3 Teriousoisinuu «KopyHn», kortopsiii coctaBun 0,0546
B1/(M°C), w3 rtemnomsomsiuu  «M3omiar» - 0,0713 Br/(M°C). B [21] uMu [pemioxkeHo
aJIaliTUPOBaTh CTAHJAPTHYI0 METOAUKY OmpeneieHus KOod(PQUIMEHTa TEmIONPOBOJHOCTH IS
WCIBITAHUS TOHKOCJIOWHBIX TEIUIOM3OJSAIMOHHBIX TMOKPBITHH. [loka3aHa dYyBCTBUTEIBHOCTH
METOJIMKH K TOJNIIMHE HCIBITYEMOTO TMOKPBITUS, TONy4YeHbl 3HA4YeHUA Kod(PQuImenTa
TeIUIONpPOBOHOCTH B HHTEpBaie oT 0,0358 1o 0,0739 Br/(M°C), mist 06pasmoB ¢ ToNmuHOi ot 1
no 6 MMm. B [16] mpuBeneHbl pe3yabTaThl X COOCTBEHHBIX pa3pabOTOK - KOMIO3UIIMH IS
TEIUIOM3O0JISIIIMOHHOTO TIOKPBITUS Ha OCHOBE AaKPWUJIOBOHM IUCIIEPCHH, MHUKpocdep, IUATOMHUTA,
Oenoit caxu, 3arycTurens, ¢ ko3dduuuentom rermnonpoBogHocTi MeHee 0,07 Bt/(m°C).

B [15] onpenensincst KoapUIUEHT TEIUIONPOBOJAHOCTH MO aJaNTHPOBAHHONM METONMKE, B
KOTOpOi1 3a ocHOBY B3dTa MeToauka o 'OCT 7076, ¢ 3ameHOl TelioMepa Ha CIOW MaTepuaia ¢
M3BECTHOM TEIUIONPOBOJHOCTHIO. KodpHIMeHTs TeruionpoBOJHOCTH Ui ABYX 00pasioB
TETUIOU30JISIIIHOHHOTO TOKPBITUSL HM3BeCTHBIX OpeHnoB coctaBwiu 0,086 Bt/(M°C) u 0,091
B1/(M°C). UccnenoBanust npoBOAMIUCH Ha 00pasliax TodImuHOMN 0,5 MM.

B paGore [22] mpeanokeHO CHEHAlbHOE YCTPOWCTBO MJii KOHTPOMNS TEIIO3AIIUTHBIX
CBOWCTB TOHKMX MAaTE€pHajOB M ONHCaHA €r0 KOHCTPYKIUS W MPUHIMI JACUCTBUSA. B pesymbraTe
aBTOpaMHU TIONy4eHBl 3Ha4eHHs] KOIPQPUIMEHTa TEIJIOMPOBOJHOCTH 00pa3loB U3 KPacKu
«Superthermo» B mumamazone 0,05...0,09 Bt/(M°C). MccnenoBanus MpOBOIMINCH, Ha 00pasiax
TOJIIHUHON 2 MM.

B pa6ore [18] cranmapTHass METOIUKA W3MEPEHHS TEIUTOMPOBOAHOCTH TEILTOM30ISIIIMOHHBIX
MaTepuajoB TakKe AaJanTUPOBaHA IO  HWCCIEJOBAaHUS TOHKOCIOWHOW  TEIUIOM3OJISIIHH.
HccnenoBanusi MPOBOAWINCH Ha YCTaHOBKAX METOJOM YIOPSAOYEHHOTO TEIUIOBOTO PEXHMa U
METOJIOM Hepaszpymiawmero. [lomydeHsl 3HaueHHS KOIPOUIMEHTA TEIUIOMPOBOIHOCTH IS
MOKPBITHSL U3 Terom3onsanuu «Actporek» B uHTepBasie 0,024...0,061 Bt/(M°C). UccnenoBanus
MIPOBOIMITUCH Ha 00pa3Iiax TOJIIUHON 6-8 MM, MyTeM TOCIE0BATEIHHOTO HAHECEHHSI HECKOJIBKUX
CJIOEB M3OJIALIMU JAPYT HA ApYTa.
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MATEPHUAJIBI U METO/bI

[IpousBenena craructuyueckas oOpaboTka W 00O0OIIEHHE SKCIEPUMEHTAIBHBIX JTaHHBIX,
NPEJCTaBICHHBIX B  LUTHPYEMOW  JMTeparype, IO  ompeaeicHuo  kKoddduumenra
TEIIONPOBOIHOCTH.

PE3YJbTATBI UCCJEJOBAHUN

AHanu3 pe3ynbTaToB, MOJTYYCHHBIX B BBIIIC MPOIUTHPOBAHHBIX PabOTax, MOKa3bIBAET, YTO
KO3 (ULHUEHT TETIONPOBOIHOCTH TOHKOCIONHBIX TEIUIOM30JIALIMOHHBIX MOKPBITHI HAXOJIUTCS Ha
YpPOBHE HE HUXKE TaKOBOTO I TPAJAUIMOHHBIX TEIMJIOU3OJIAIIMOHHBIX MAaTE€pUaOB. ¥YCJIOBHOE
YCPEIHEHHOE 3HAYEHHE IO SKCIEPUMEHTAIbHBIM JaHHBIM BCEX MPOLUTUPOBAHHBIX padoT
cocrasiuser 0,055 Br/(m°C).

Takum 00pa3zom, oueBHUHA HEKOPPEKTHOCTh MPEIOCTABICHUS TEXHUYECKOW MHGPOpMAIUU O
KO3 (UIIMEHTE  TEIUIONPOBOJHOCTA  OKPACOYHOW  TEIUIOM3OJIAIMKA  MPOJBUTAOIIMMU €€
KOMIaHUSAMU (CM. Tabu. 1). YUuThIBas BHICOKYIO OTPa)Karollyl0 CIIOCOOHOCTh MUKpOCHEp, KaK 3TO
MO3UIIMOHUPYIOT MPOU3BOJIUTEIN OKPACOYHOM TEIUIOU3OJISAIIUM, BIIOJIHE BO3MOXKHO, YTO B pacuer
OepeTcst pe3yabTUPYIONINI TermoBoi nmoTok (mo aHanoruu ¢ meroaukamu I'OCT 56734). Ho u B
TOM CJIy4ae 3asBIIICMBIC OYCHb BBICOKHE TEIUIOTEXHUYECKUE XapaKTCPUCTUKUA HEOOXOIMMO
MOATBEPK/IaTh pacyeTaMU U IKCIIEPUMEHTAMHU.

BbIBO/IbI

ToHKkocHOWHAs OKpacodHas TeruIon3oisus d(G(GEeKTHBHA B TeX CIIy4asX, KOTJa BeIMKa
Jy4HCTasi COCTaBIIAOLIAs TeIUIONepeaayn, Kak N30 OT IIeperpeBa Ha COJIHIe 000py10BaHUs U
anmapaTypbl CO CHH)KEHMEM SHEpro3aTparT Ha HUX OXJIAXACHHE; H30JSALUS CHWIBHO HarpeTbixX
MIOBEPXHOCTEH € MpeJ0TBPAIEHUEM 0KOTOB IIEpCoHaNa U T.I. B Tex ciyuyasx, koraa npeodsagaer
nepejraya Teria TEIIONPOBOJHOCTBIO (HAIPUMEpP, CTEHOBBIE OTPAXKIAECHMS 3/1aHUM), OKpacouHas
TeIUION30JsMA HedPPeKTUBHA, T.K. MOTpeOyeTcsl MHOTOCIOHHOE HAaHECeHHE A oOecredyeHus
HE00XO0IMMOT0 TEPMUYECKOTO COMPOTHUBIIECHUS.

CaMy uzero Nosty4eHns: OKpaCOYHON TEIUION30JIALIMN, Ha HAIIl B3IV, MOJKHO CIIPOELIMPOBATh
B pa3pabOTKy OKPaCOYHBIX COCTABOB JEKOPATUBHO-3AIIUTHOIO HA3HAYEHMsI, C BBEJIEHUEM B COCTaB
MOPHUCTHIX 3aMOJHMUTENEH, aHAIOTWYHBIX MHUKpocdepam, HO Oojee HOCTYNHBIX (Hampumep,
AIOMOCWJIMKATHBIX ~MUKpocdep, o00pa3yroumxcs MOpH BbICOKOTEMIEPATypHOM  (haKeIbHOM
C)KUTAaHUU Yriis). BBeneHue Takoro 3amojHUTENS B KPAcKd IO3BOJIUT TMOJNy4aTh (akTypHbIE
MOKPBITUSL M B OINPEACIEHHOM cTeneHu OyneT MNOoAAepKUBaTh TEIUIOM3OJIALUOHHBIA 3PQeKT
TPaIULIMOHHOMN TEIIOM30JSIUH (HapruMep, B MHOTOCIIONHBIX CUCTEMaX «MOKpPBIX» (acasios).
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Y2@oreoy  BO «Hayuonanvnoiti  uccnedosamenvckuii  Mockosckuti  20cyoapcmeerHblil
cmpoumenvublll yHusepcumemy, Mockea, Apociasckoe wiocce, 0. 26

AHHOTaNUA

B Hacrosiiiee BpeMsi HauMHAeT pa3BUBATbCS BBICOTHOE JAECPEBSHHOE JIOMOCTPOCHUE.
PazButuio 5Toif oOTpaciM TpensATCTBYeT HOpPMAaTHUBHAs 0a3a, HE MO3BOJISIONIAS
UCMOJb30BaTh  Oojbiine OOBEMBI JAPEBECHHBbI, TaK Kak JpeBeCMHa — 93TO
[o’KapoonacHslii Matepuain. [ pemeHust 3Tol npoOsieMbl UCCIEYIOTCS pa3IudHbIe
METOABl ~ OrHe3alluThl JpeBecuHbl. Haubonee pacmpocTpaHEHHBIM — CcIIOCOOOM
OTHE3alIUThl SBJISETCS HAHECEHUE AHTUIIMPEHOB HA IIOBEPXHOCTh KOHCTPYKIIUH.
JlanHas ~ MmeroauMka  Oojbllle  MOIXOAMT A OOeCHeYeHHMs  OTHEe3alIUTOM
KPYITHOMACIITaOHBIX KOHCTpyKmmid. Jlisg Mamnblx KOHCTpYKIMi 1enecooOpasHee
UCIOJb30BAaTh MEXaHMUYECKOEe MOJU(PHUIMPOBAHUE JIPEBECHUHBI, TaK KaK 3Ta METOAMKA
MO3BOJISIET HE TOJBKO O0OECHedYuTh OTHECTOMKOCTh MaTepuana, HO U HU3MEHUTH
¢u3nyeckue cBOICTBA, YTO MO3BOJISIET UCIOJIB30BaTh B CTPOUTENLCTBE OoJiee NeléBble
opoAbl  JpeBecHHbl. Tak K€  HEMaJOBaXHbIM  IUIIOCOM  MEXaHUYECKOTrO
MOJUGUIMPOBAHNUS SBIISIETCS U3MEHEHUE IEKOPAaTUBHBIX CBOMCTB MaTepHasa, 8 MUMEHHO
BBIOOPOYHOE OKpAIIMBAaHUE COCY/IOB M KAIMJIISPOB.

BBEJIEHUE

JlpeBecrHa SBJISIETCS YHUKAIbHBIM CTPOMTEIbHBIM MaTepHalloM, KOTOPbIM 00Janarommm
pPAIOM TPEUMYILECTB TMeped ApYyTMMH MaTepuaiamMHd, a MMEHHO BO3MOXXHOCTBIO CO3/aHMS W3
JPeBECUHbI KOHCTPYKIUN pa3ianyHON (OpMbI, BO30OHOBISAEMOCTbIO, HU3KOW TETJIONPOBOIHOCTHIO,
YCTOMYMBOCTBIO K KHUCJIOTaM I[P HOPMalbHOM TeMmIiieparype. OTH IOKa3aTeld IO3BOJISIOT
YBEIMYNBATh 00BEMBI IEPEBIHHOTO JOMOCTpOeHUs. OJJHAKO HECMOTPSI MOJIOKHUTEIbHbIE KauecTBa,
y JaHHOrO0 MaTepuaja €CTh HEJOCTaTKU: IMOJBEPKEHHOCTh TI'PUOKOBBIM MOPAKEHHSAM, BBICOKA
MOKapOONacHOCTh. [ MX yCTpaHEHUs HCHOJIb3YIOTCS Pa3IMYHbIE METOAbl MOJU(PHUIIMPOBAHUS
JPEBECHHBI, B YaCTHOCTH MEXaHUYECKOE MOIU(ULIPOBAHHUE.

OB30P JIMTEPATYPbBI

Haubonee rmy0okuM U3yuyeHHEM M3MEHEHHUS CBOWCTB JIPEBECHHBI B PE3YyJIbTaTe IPECCOBAHUS
3anumaercs B.A. [llamae. B ero tpyaax [1] moapoOHO ONMUCHIBAET MPOLECCHI, MPOUCXOAIUE B
Marepuale py pa3HOW CTENEHU MTPECCOBAHUS U MOCIIE CHATHUS Harpy3ku. Takxke OH paccMaTpUBaeT
XMUMUKO-MEXaHU4YeCKoe MOAU(DUIMPOBAHUE HE TOJBKO JUISI U3MEHEHHs (PHU3MUECKUX, HO U
JIEKOPAaTUBHBIX CBOMCTB Matepuana. OpHako B cBoux pabortax IllamaeB orpaHuumMBaeTr Kpyr
HCIIOJIb30BAaHUs IIPECCOBAHHOW JPEBECHHBI MU HE PACCMATPUBAECT €€ IIPU BO3BEICHUU BBICOTHBIX
JIOMOB.

MATEPHAJIBI U METO/bI

Jlst uccemoBaHusi HEOOXOIUMBI 00pa3Ilbl IPEBECHUHBI, KBaJIpaTHOW (POPMBI, CO CTOPOHOH 3
MM u TommuHoi 0,03mm. IlpeccoBaHue MpOUCXOAWT B MUKpompechopme, cocTosmiel U3 ABYX
crekosl TommuHOM 0,1 MM M cranbHON mpokmaaku ToamuHor 0,03 MM, OHa NPUKIEHBAETCA K
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omqHoMy U3 crekos. [Ipecc-¢hopmy ycTaHaBmuBalOT B ammapar. VM3MeHEHHe CTpPYKTYpBI
UCIBITHIBAEMOT0 00pa3siia u3y4aeTcsi Ipy MOMOIIN MUKPOCKOTIA.

PE3YJbTATBI UCCJIEANOBAHUA

[Ipu pagmambHOM NPECCOBAHUM JIPEBECHMHBI KPYIHBIE COCYIbl TEPSIOT YCTOWYMBOCTH U
nepopmupyrorcss Ha 20% 0T nepBOHayalbHOro cocTtosiHus. Ilpu 3TomM HeOosblIME COCYIBI
MPAaKTUYECKH HE IMOJBEPXKEHBI JeopMaln, CepILUEBUHHBIC Y4l MEHSIOT CBOIO (hopMy BOIU3U
neopMHPOBAaHHBIX COCY/IOB.

IIpu pagmanbHOM cxxatun oOpasua 10 30% KpyIHBIE COCYIbl CKHUMAKOTCS, HAYMHAIOT
nedopmupoBathcs Menkue cocyabl. Ilpu cxarun okono 35% ot ucxogHoro odpasua HabIOgaeTCs
SIBHO BBIPQKEHHBIH CKAa4OK JAedopMalnu, B pe3ylbTaTe KOTOPOTO CMHMHAIOTCS CTEHKH COCYIOB.
ITocne cxarusa matepuana ao creneHu 50% KpynHble COCYAbl 3HAUUTENIBHO NE(POPMHUPYIOTCS U
HAIlOMMHAIOT y3Kkue mienu. [locie pacmpeccoBku Ha cpes3ax oOpasia HaOMIOJaroTCs Pa3phbIBbI B
MecTax, TIe CKaluMBaroTcsi cocynabl. Ilpm mpeccoBaHmyM B TaHTCHIMAIHHOM HAIPABICHHH HET
BBIPR)KEHHOTO CKavKa Je()OPMALIUU B HET CMATHS KJIETOK JrOpudopma.

[Tpu mpeccoBaHMM aHATOTMYHOTO 00paslia, B TAaHTCHIMAIBLHOM HalpaBJICHUH HAOIIOAaeTCs
MEHbIIIE KOJMYECTBO Pa3pbIBOB, YeM B paauaibHOM. CepAleBUHHBIE JTY4YH CIIerka U3rHOaroTcs C
u3MeHeHueM Gopmbl cocynoB. Het xapakrepHoro ckauka aepopmanuu (Puc. 1.).

Puc. 1. Cpes npormapeHHO# [peBecHHbI Oepe3bl paAraIbHOTO CXKATHS CTETIEHb IPECCOBAHUS: a —
20%, 6 — 40%, B — 50%, T - mOCJIe pacCIPeCcCOBKHU.

Jnia 6onee 3¢ HeKTHBHOTO MOAU(DUITMPOBAHUS TPEIBAPUTEIHHO APEBECUHY MPOMAPUBAIOT 110
cnocoby Xyxpstackoro. [Ipu c:xatuu B painaibHOM HaNpaBlIEHUU TIPU CTENEHH MpeccoBanus oT 10
10 20% pacmeruisiFoTesl cpe3 Ha OTACIbHBIC AJIEMEHTHI, KOTOPhIE 10 Mepe YBEIMYCHUS CTCIICHH
MpPEeCCOBaHUsl YIUIOTHSIOTCA. B Hawanme paspymiaioTcs CTEHKH HaumOoJee KPYMHBIX COCYAOB, B
MecTax UX HanOOoJIBIIETO CKOTUICHHS (puc. 2.).

[Ipu TaHTeHIMAaTBLHOM TIpeccoBaHUM JpeBecHHbl 10 40% nedhopMUPYIOTCS COCYIBI U KIETKH
nubpudopma U ToppHpoBKa cepAlneBUHHBIX Jydei. [lpm mpeccoBanmu 10 50% TMOTHOCTHIO
MCYE3al0T MOJOCTU KPYIHBIX cocynoB. [locne cHsTHs Harpy3kud Ha obOpasiie HaOIIOJAroTCs SIPKO
BBIp@OKCHHBIC Ppa3pbIBbl. [Ipy TaHTCHIIMATHLHOM TPECCOBAHWM OOPAOOTAHHOH 1O METOMIY
XyXpsSHCKOTO JAPEBECHHBI HE HaONIOMAIOTCS pa3pylIeHHs, KOTOPbIE TMPUCYTCTBYIOT TIpH
paguanbHOM CkaTuu. CTEHKH COCYJIOB YCTOWUYMBEE K pa3pylIeHUIo, a 1e)OPMUPOBAHUS CXOXKE C
nedopMUPOBaHUEM HE MPOTAPEHHON TPEBECHHBI.
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Puc. 2. Cpe3 HaTypanbHO# PEeBECHHBI Oepe3bl TAHTCHIIMAIBHOTO CIKATHS CTeeHb npeccoBanus: a — 20%,
6 — 40%, B — 50%, T - IOCTIE paCIPECCOBKH.

[Ipu paguanrbHOM MPECCOBAHWMU OO0paA3LOB, IIACTU(GUIIMPOBAHHBIX KapOaMHIOM MpHU
npeccoBanuu Ha 20%, mpakTHYeCKH HE HaOmromaroTcs usMeHeHus, Ho npu 40% yMmeHbIIalTCs
IUIOCKOCTH COCYZIOB TPH COXPAaHEHHHM HWMH OBaJbHOW Qopmbl. llocie cHATUS Harpy3ku
IIPUCYTCTBYET HE3HAYUTEIBHOE KOJMUECTBO Pa3pbIBOB B MECTaX CKOIJICHUS COCYJIOB.

[Ipu TaHreHIHMATHHOM MPECCOBAHUM MPOMCXOIUT YMEHBIICHUE TOJIOCTEH COCYIOB U KIIETOK
muOpudopma, yMeHbIIEHUEM CEYEeHUs OJ0CTeH mpu coxpaneHuu Gpopmsl. [locne cHATUS Harpy3ku
JpEeBECHHA BO3BPAILAETCS K UCXOJHOMY COCTOSIHUIO, TPELLIMH U pa3pbhlBOB HE HAOII0JaeTCs.

HccnenoBanust B.A. IllamaeBa moka3plBaloT, YTO IOCIE MOJU(PHUIMPOBAHUS 0Opa3LOB U3
Oepe3bl B 2 pa3a CHW)KAETCsl BOAONOIJIANICHWE, a NpPU BBEACHWU J00ABOK 3TOT IOKAa3aTelb
camkaercs 10 10 pas. [Ipu cxxatum mMarepuana npejen NpoyHOCTH yBeauunuBaeTcs 10 2 pa3. Takum
oGpazam Tpu woTHOCTH apeeckusl 1000 kr/m® ona mMeer mpuBeHHYI0 mpounocts 100-106
Mna. DT 1aHHBIE T03BOJIIIOT TOBOPUTH O TOM, YTO MEXaHMUYECKOE MOAU(DULIMPOBAHHE TO3BOJISIET
PUMEHATH OoJiee emI€Bble OPOBl IPEBECHHBI, YTO MOMHUMO CHHIKCHHUS PUCKAa BO3HUKHOBEHUS
1o’kapa MO3BOJIUT COKPATUTh PACXO/IbI.

BBIBO/IbI

Mexannueckoe MOIU(MUIMPOBAHNUE TO3BOJSET CO3/1aTh YHUKAIBHBIA MO XapaKTepUCTHUKAM
Marepuai, KOTOPbIA MOXKHO HCIOJIb30BaTh MPU BO3BEJACHUHM BBICOTHBIX JEPEBSIHHBIX JOMOB, TIPH
ATOM HE HapylIaTh CYIIECTBYIOIIYI0 HOpMaTUBHYO 0a3y. HeoOXoaumMo mpoBOAUTH UCCIEIOBAaHUS B
3TOM 00JIaCTH W JOTMOJHATH YK€ CYIIECTBYIOIIME TaHHBIC, TAK KaK Ha JIAHHBIH MOMEHT B HaIlei
CTpaHe 3alpeIleHO BO3BEACHHUE IEPEBIHHBIX JOMOB 3TaXHOCTBIO CBBIIIE TPEX ITAKEU.
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NPUMEHEHUE 'EOTYBOB JIJISI OBE3BOKUBAHUS JOHHBLIX OTJIOKEHUM TP
OYUCTKE O3EP

E.A. H_[eBeneBal, C.E. AsekceeBa’

Yemyoenmra 1iza0111@list.ru
ZHaqubzﬁ PYKOB0OOUmMeNb, KAHO. MeXH. HAYK, O0Y.

12 . - . .
OI'bOY BO  «Hayuonanouvii  ucciredogamenvckuti  Mockosckuil — 20Cy0apcmeeHH bl
cmpoumenvHulil yHusepcumemy, Mocksa, Apociasckoe wocce, 0. 26

AHHOTALUA

[IpencraBnsieTcs X0 MPOBEACHUs PadOT M TEXHOJIOTHYECKHUE PElIeHus: B HeM. B xoxe
palboThI pacCMATPUBAIIUCH PA3IMUHbIE METObI 00E3BOKMBAHUS MJ1a, ObLIN BBISBICHBI U
[IPOAHAIU3UPOBAHBI OCHOBHBIE HEJOCTATKM M JOCTOMHCTBA KaXKJI0r0 M3 HUX. B xozxe
CTPOUTENIbCTBA TNPUMEHSIINCh TI'COTEKCTHJIbHbIE KOHTeHHepsl ['€oTyObl, KOTOphIE
SIBJSIOTCSA IIPEAIIOYTUTENIBHBIMA B PalilOHAX B IUIOTHOM TOPOJCKOM 3aCTPOMKON M NpH
YKECTOUEHHBIX YCIOBUSAX PaOOThI, CBSI3aHHBIX C PACMOJIOKEHHEM O0OBEKTa B PErMOHE
KOHTHHEHTAJILHOIO Kiumarta. I[IpeacTaBistorcs IpPOU3BENECHHBIE IPOEKTBI U JIpyrue
BO3MO>XHOCTHU IIPUMEHEHUS] KOHTEHHEPOB B Pa3IMYHbIX IPUMEHEHHUSX.

BBEJIEHUE

3amachl BOJIBI K&KYTCS OECKOHEYHBIMH, BEJIb OHA TIOpBIBAaeT 2/3 3eMHOI noBepxHOCcTH. O Hee
3aBUCHUT >KM3Hb JKUBBIX CYIIECTB, HAYMHAS OT MHUKPOOPTaHU3MOB U 3aKaHUYMBAs KPYMHEUITUMU
miekonuTaomuMu. OfHa U3 3HAYMMBIX MPOOJIEM 3KOJOTUU 3TO YHUUTOKEHHE U 3arps3HEHHE
Bozi0eMOB. Oco0yI0 pPojb HOCAT BOJOEMBI HAXOJSAIIHUECS B Mpeaenax ropoJcKoil 4yepTsl. MHOTUM
MOJKET Ka3aTbCsl, YTO OUYUCTKA 03€p OT 3arpsi3HEHUI HE HY)KHA. JTO CBSI3aHO C PaCTBOPEHHBIMU.U
CKPBITBIMHM 3arps3HeHusiMu. [lepuonndeckoe momajgaHue B BOJHBbIE OOBEKThl TEXHOT'€HHBIX
MPOAYKTOB JKM3HEAEATEIbHOCTH M JPYTHX 3arpsA3HEHHH MOXET CKas3aTbCsl MaryOHbIMU
MOCTEJCTBUAMM JJIi  OKpYXalollel cpeabl, pocT OOJE3HETBOPHBIX OakTepui, HEIOCTaTOK
KHMCIIOpO/ia B BOJIE, 1 KaK UTOT THOENb PhIObl, HEOTHEMIIEMOTO JKUTENS BOJOEMA.
B ycnoBusix mpoekTa Mpou3BOJAMIICS aHAJIU3 MPOBEIEHHBIX pa0OT MO OUYUCTKE M YAAJICHUIO TOHHBIX
oTIoKeHUN u3 o3epa KomcoMonbCckoe B LENAX HCKIKYEHUS €ro JaJbHEWUIIEH IOTEpH,
BO3MOKHOCTh MCIIOJIb30BaHUS MOJYYEHHOTO OCajKa B LENAX O00JIaropaXUBaHUsS TEPPUTOPUH U
CO3/1aHUS MTAPKOBOW 30HBI BO3JIE BOJOEMA.

MATEPHUAJIBI U METO/JbI
PaccmaTpuBaroTCcsi pasnuyHBIE CHOCOOBI OYMCTKA BOJOEMOB CBSI3M C pa3HOOOpasuem
3arpsiHuTenel. Kak nmpaBuiio HCTIONb3yIOTCS -
o MexaHunueckuii (OYUCTKA MPU MTOMOIIIH 3eMCHApsIA)
o XuMmuyecKuil (IMyTeM MNPUMEHEHUS PEareHTOB, YTO JAeT BO3MOXKHOCTh BEPHYTH
XUMHYECKHUI COCTaB BOBI K HOPMAaTbHBIM MTOKA3ATEISIM )
e buonoruueckuii (mocpeacTBOM IpUBEIEHUEM K HOpME OMOTEHHBIX BEUIECTB)

Eciu Gonee moapoOGHO paccMaTpuBaTh MEXAHWYECKUH CHOC00, TO MOXHO IPHUBECTH B
npumep. [IpoekT no ouncrke o3epa KomcoMonbckoe pacnosnoxkeHHoro B ropoge HuxneBapToBCK,
XMAO. OuncTtka o3epa sSBIISIACh BAXKHOU 3a7a4eil A1 TOPOJIa, ISl UCKITIOUEHHUS €0 JaIbHEHIIeH
MOTepU H OTOT TPOEKT MO odvrcTke Hadan passute B 2009 romy. PuHaHCHpOBaHUE
OCYIIECTBIISIIIOCH 3a cUeT (penepanbHOTo OrOKeTa.
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Cnenyer OTMETUTh, YTO TOPOJ HAXOIUTCS B 30HE KOHTMHEHTAJIBHOIO KiIMMaTa, C
XapaKTEPHBIMU €MY JUTMHHON 3UMOM M KOPOTKUM JIETOM. DTO YCIOXKHSIIO MPOEKT.

Bogoem rimybuHoit 10 2,4 MeTpa pacnolioskeH B IieHTpe ropoaa. O3epo BepxoBoe OECCTOUHOE.
Panee, Oosiee 20 seT Ha3al, OHO HAXOQWJIOCh B 3a00JIOUEHHOW HHM3MHE, NMPUTOK BOJBI ObLI
OZHOBPEMEHHO CO BCEX CTOPOH M ILIOMAmh BogocGopa cocrapisima 9,0 km?. IIpn CTpOMTENBCTBE
ropoaa HukHeBapTOBCKa y4acTKU BOKPYT 03€pa MOBBIMLIAINCH M MOCTENIEHHO 3aCTPauBaIUCh, YTO
MIPUBEJIO K YMEHBIICHUIO BOJI0cOOpa. MecTHOCTh 1oJiorasi paBHHHA ¢ 3a00JI0Y€HHOI MECTHOCTBIO.
Oxoii0 03epa MMeeTCsl HEBBICOKHI Jiec, CyXOCTOM COCHbI M mecuyaHble Oepera. CTpOUTENBCTBO
Benoch 17 mecsimes [1].

Pacuncrka o3epa IIPOU3BOINIACH MaJIorabapuTHBIM JpeaKepom c
BBICOKOCTICIIUATM3UPOBAHHON paboyeil OCHACTKOM M MOOWJIBHBIM IYJBHONPOBOJOM, KOTOPBIN
OTHOCHUTCSI K COBPEMEHHBIM BHJIaM CaHALUU BOAHBIX O0BEKTOB OT HEKOHCOIMIUPOBAHHBIX JOHHBIX
omnoxxkenud  (apemxkepom LWT MudCad727). OCHOBHBIMH TNPEHMYIIECTBAMH COBPEMEHHBIX
JPeKEPOB SIBIAIOTCS:

® BEICOKAsi TOYHOCTH PadoT;

® peHTa0EIbHOCTh KalUTAJIOBIOKEHHH B 000py10BaHUE;

e MaJiasi TPYJIOEMKOCTb U BBICOKOE Ka4eCTBO pa3pabOTKU JOHHBIX UJIOB U IPYHTOB;

® BO3MOXKHOCTh aBTOMAaTHM3allUM BCEro Ipolecca pa3pabOTKM W MOJauyd IyJbIbl Ha
00€3BOKMBaHHUE C YCTOWYMBON KOHLIEHTpALel TBepAoi (a3bl U 00bEMHBIM PacX0/10M;

e MaJjible 3aTPaThl BPEMEHU Ha MPOBEIECHNE MOHTAXXHBIX PadOT U JAPYTUX MOATOTOBUTEIBHBIX
onepauuii;

® HU3KOE SHEPronoTpedIeHne OTHOCUTEIbHO 36MCHAPSI0B TUITOBONH KOHCTPYKIIUH.

Hen30exHpIM HETOCTATKOM TEXHOJIOTHH € MCIIOJIb30BAaHUEM TPAaHCTIOPTUPYIOMIEH (QyHKINN

BOJBbI ABJIACTCA CC30HHOCTD IIPUMCHCHMU, 0COOEHHO B paﬁOHaX C CYPOBbBIM KIIMMATOM.

@

Gl sioR i

Puc.1. [Ipunnmnuanbras KoHCTpYKIus apepkepa LWT MudCad727

Hcxons w3 AaHHBIX WHKEHEPHBIX H3BICKAHUM CyMMapHBI 00bEeM JOHHBIX OTIIOKEHUH,
MOVICKAINUX YAAUICHHI0O W 00€3BOXKHBAHWIO, COCTaBsul 121,6 ThIC.M® CO CpeaHEB3BEIICHHOU
BIaXHOCThIO 84%. Bce 100% pa3paboTaHHBIX JIOHHBIX OTJOXKEHUH JIOJDKHBI  OBUIH
YTHJIH3UPOBATHCS MTPU TEXHUUECKOW PEKYIHTHUBAIIUNA TEPPUTOPHH.

[MpuHnunuansHas cxema oOpabOTKH OTKaUYMBAaEMBIX JOHHBIX OTIIOKEHUH MpecTaBleHa Ha
puc. 1.
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Paspabotka Mepekayxa OGeseoxuBaHNe » HcnonbsoBanue

Puc.2. [IpuannnuansHas cxemMa 00pabOTKH OTKAUMBACMBIX JTOHHBIX OTJIOKCHHH

PaccmaTpuBanuce pa3inyHble BApUAHTHI 17151 00€3BOKUBAHUS ITYJIbIIbL:

1) BBIBO3UTH KUIKUHN WII, BIKHOCTBIO He HIKE 90% (T.e. mepeBo3uth 90% BobI);

2) TPUMEHSITh MHTCHCUBHBIC METOJBI O0OE3BOKWBAHUS I MOJYYEHUS TPYHTOB IUIOTHOM
KOHCHUCTEHIIMH C BIAXHOCTBIO0 60% - 65%.

CpaBHeHHE BO3MOXXHBIX HMHTCHCHUBHBIX METOJIOB OOE3BOKMBAHUS MYJBIBI  METOJOM
SKCIIEPTHBIX OILIEHOK MpuBeAeHo B Tabn.l. B kauecTBe MeTom0B 00€3BOKMBAHMS Hapsy C
000pyZIOBaHUEM JUII MEXaHHYECKOro 00€3BOKMBAHUS OCAJKOB PACCMATPUBAIOCH U MPUMEHEHHUE
reoTy0o0B. ['e0TyObI — 3TO KOHTEHHEpHI [isi 00€3BOKUBAHUS PA3IMUHBIX BOAHBIX cycreH3uil. OHu
M3rOTABIIMBAIOTCA U3 (DPUIBTPYIOIIETO I€OTEKCTUIIS MO YHHUKAJIbHOM TEXHOJIOrHH, pazpaboTaHHON
TOJUTaHCKO# KoMIaHuel. MaTepuas KOHTESHHEPOB HE pearupyeT Co IeIouaMH U KHCIoTaMu [2].

[Tpunnun padboTel reoTyoa.

Hanosinenue:

* Hanonnenue B3Bechio 11ama

* Tpy0Oa momkHa OBITh JOCTATOYHO MPOYHOM, YTOOBI BEIICP)KATh JABICHUC

O06e3BOKHBaHHKE:

» QunpTpanus cBOOOIHOM BOIBI YepEe3 CTCHKU KOHTEHHEpa

* 3HauMTENbHOE YMEHBIIEHHE 00beMa

Konconunpanms:

* Brixoa nopoBoii BOJIbl Uepe3 CTEHKHU

* Cylika yJIep:KaHHOTO OCajIKa

Jlo OKOHYATEIbHON KOHCOJUIALMU MOXKET MPOBOAUTHCS HECKOJIBKO CECCUM «HAIMOIHEHMS -
00€3BOKHBAHUS.

Ta6smua 1. CpaBHEeHUE pa3IUUHBIX METOOB JJisi 00€3BOKMBAHUS 0CAJIKA

CpaBHHBaeMble OKA3aTeJIH Henrpudyru Jlenrounpie PuanTp I'eoTy0n1
npecchl npecchl

[ToTpebnenue sHeprun - - - + -
Kontpouns oneparopa - - - +
EmkocTh - - - -
[TponoKUTENBHOCTH + + N )
00€3BOKMBaHUS
Pa3smep yuacTka + + + -
DKCIUTyaTallHOHHBIE 3aTPaThI - - - +
VY nepxaHue 4acTHI - - - -
Bpewms ipocTost - - - +
HemnocpencTBeHHBIM KOHTAKT C
0CaIKOM ) ) ) l
3amax - - - -
CII0KHOCTH CUCTEMEI - - - +
lym - - - +
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DddexTuBHOCTE  3a7epIKAHUS - - -
TBEPIOro OcajKa

OMnbIT NpUMEHEHUS + + + -
B ) + 3 3 3 8
Pmot - 11 11 11 7

Ipumeuanus: + - TONOXKUTENbHBINA dPPEKT; - - OTpULATEIbHBIN 3 deKT

C yd4eToM COBOKYIHOCTH [MOJOXHTCIbHBIX M  OTPUIATENbHBIX  3PPEKTOB s
paccMaTpuBaeMoOro MpoeKTa MeIecO00pa3HBIM PEIICHHEM ObLIIO UCIIOJIb30BAHUE T€OTYOOB.

X0/ BBIIOJTHEHUS paboT HAa 0OBbEKTE BKIIOYAI B ceOs:

1. VnaneHue pacTUTENBHOTO CJ10S M IJIAaHUPOBKA INIOCKOTO OCHOBaHUs Iuiomanxku 3,48 ra, 1o
KOTOPOMY YKJIJIbIBA€TCS MOHOCJION KOHTEWHEPOB, 3aIllOJIHEHHBIX OO0E3BOKEHHBIMU JIOHHBIMU
OTJIOKEHUSIMHU;

2. VYKiIaaky JApeHaKHOM CHUCTeMbl AJI BOJOOTBEACHUS Ha MEPHOJ] MPOM3BOACTBA paboOT U
MOJJICP)KaHUE PEKYIBTHBUPYEMOH TEPPUTOPHUH CPOKOM 1O 3 JIET ¢ MOMEHTa OKOHYAHUS
PEKYIBTUBALIMOHHBIX PabOT 10 JOCTHXKEHUS T€OKOHCOMUAAINH C(HOPMUPOBAHHOTO CJIOSI.

3. ®opmupoBaHWEC MOHOCIOS M3 KOHTEHHEPOB, 3allOJIHEHHBIX O0E3BOKECHHBIMU JTOHHBIMHU
OTJIOKeHUsIMHU, BeicoTOM 1,1 - 1,2 M Ha 3aBepliaromieil CTaiuyd KOHCOMUAALMU TPYHTA C LENbIO
MOBBIIICHUS TUIAHUPOBOYHON OTMETKH, CO3/1aBaeMOil B OyIyIIeM MapKOBOW 30HBI.

4. Ortceinky Topha B TexHoJorudeckue 3a3opbl. TopdorpyHT HapabGaThIBaeTCs B pe3ylbTaTe
PaCUMCTKH U JHOYTITYOJICHUS TPHOPEIKHOM MOJIOCHI.

5.  ®opMupoBaHHE MMOBEPX MOHOCIOS W3 IPyHTa B KOHTEHHEpPHBIX 000JI0YKaX, MOYBEHHOTO
cliosi W3 OOE3BOKCHHBIX JIOHHBIX OTJOXKEHUWH (campomens u Topda pasIuvIHON CTENeHU
pasnoxkeHusi) ¢ JoOaBJICHHEM IIeCKa, CYyNeCH W/WIW CYIrJIMHKa ¢ Ielbl0  ONTUMHU3ALNUU
MEXaHHYECKOTO M arpOXUMHYECKOTO COCTaBa TIOJOPOTHOTO CIIOSI IIOYBHL;

6. OseneHeHue yyacTKa TPaBSHUCTOM, KYCTapHUKOBOW U JPEBECHOW paCTUTEIbHOCTHIO
[Tocamka nOpeBECHOW pPACTUTEIHLHOCTH OCYIIECTBISETCS B IOCAJOYHBIE SMBI CO BCKPBITHEM
KOHTEHHEPHBIX 000JI0UEK M0 AUAMETPY MOCATOYHBIX SIM.

PE3YJbTATbBI UCCJIEAOBAHUSA

['eotyOnl mpenacraBisito cobod TPOAYKT ¢ xopomied 3¢hHEeKTUBHOCTRIO padboThl. OHHU
MO3BOJISIIOT MPOU3BECTH OYMCTKY B KpoTyaiiine cpoku. [Ipoekt nokaszan, yTo HOBbIE TEXHOJOTUH
MOT'YT INPUTEMHATBCS C ycnexoM M B Poccnm s permieHus: BaKHEWINIMX 3a4ad JKOJOTHH. A
TEXHOJIOTHUS T€0TYO MOXKET OBITh MPUMEHEHA IS PEIICHUS B PA3IMYHBIX MPOEKTAX.

BbIBO/IbI

B pesynpraTe palboT o03€po OUMIEHHO, JHO BOJOeMa cTajo TiayOxe mnoutu Ha 70
cCaHTUMETpoB. bbul0 moTpaueHo 128 reoTyO0OB, B TOM 4HCIE€ HEKOTOpBIE MOCTpaJalid OT
MHTEPECYIOIIUXCS Tpa)KAaH. DbBBIJIO yCTAaHOBIEHO OrpakACHHWE BO3JIE IUIOIIAAKH M BEJIOCH
BuieoHaOmonenue. Ilocne oTcTaMBaHus KOHTEHHEpPHl BCKPBUIM M paCHpeieiuid TPYHT 110
TeppuTopun miomanku. O3enenenue npoussenu B 2018 rony, ceiiuac Ha JOHHON TEPPUTOPHH 30HA
OTIbIXa TOPOXKaH.

Tak e reoTyObl NIPUMEHSTUCh Ha TaKuX Npoekrax kak: Pacumcrka pexu Ilexopka B MO.
Ocanok U3 reoTy0OB MOC/IE OTCTAaMBAHUSA OTBO3MJICS Ha MOJIMIOH. C LENbI0 SKOHOMHUM MeCTa JUIsl
pasmerieHust ['eoTy00B U yCKOpeHUs MPOU3BOJCTBA padoT ObLIa MpUMEHEeHAa 2X-CIIoHAs yKIIaJKa 1
[I00YEPETHOE 3aII0JHEHUE JIBYX IUIOMIAA0K 11 00€3BOKUBAHMSL.
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PacuncTka yvactka pycna peku B T. banammxa - ¢ 00béMoM oTkaunBaemoro mia 50000 M.
PaboThl, Kak W B HameM ciay4ae, ObUIM OCJIOKHEHBI OOJBIINM KOJMYECTBOM XO3SIHICTBEHHO-
OBITOBOTO MYCOpa, yAaJCHHE KOTOPOro TpeOOBAIO OMOJHUTENBHBIX AeicTBui. Tak jxe Obutn
IPOEKThl C PACUUCTKONW IIITAMOHAKONMUTENCH W OuYMCTKa Jpyrux BoJgoeMoB. Tak ke OHHu
MPUMEHSIOTCS €lIe B KAaueCTBE OOE3BOXKHMBAHUSA CEIbCKOXO3SHCTBEHHBIX CTOKOB, HJIA, OYUCTKH
WIOBBIX KapT, OTXOAOB OypeHUs M OYMCTKAa YrojbHBIX NUIAMOB. B0O3MOXHO NpuMEeHEHue B
OeperoyKkperjieHue M CTPOUTEILCTBE THUAPOTEXHUYECKUX COOPYKEHUH: CTPOUTENBCTBO OyH M
IJIOTHH, SKCTPEHHAs 3al[uTa OT ABOJKOBBIX SIBJICHUM [3].
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3. Muponos B.B. Vicrionb3oBaHHWEe MSITKHX TOECHHTEHTHUYECKMX OOOJNIOYHBIX KOHCTPYKIMH B

ctpoutenscTBe. M.: M3parenscTtBo Acconuanuu CTpoUTENbHBIX By30B, 2005.
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Cexkuust 3. ENGINEERING INFRASTRUCTURE

OBPAIIEHME OTXOJ0B CTPOUTEJIBCTBA U CHOCA

B.IL. I'opb6ayeBckuii
cmyoenm, vgline@mail.ru
@I'BOY BO «Hayuonanvhwiii ucciedosamenvckuilt Mockosckuti 20cy0apcmeeHHblil CImpoumeibHbulll
yuueepcumemy, Mockesa, Apocnasckoe wocce, 0. 26

AHHOTaNUA

IIpeaMeT ucclien0oBaHUsA: OPTaHU3als OOPAIICHHUs] OTXOI0B CTPOUTEIBCTBA U CHOCA B
YCIOBUSIX ~ peaju3allii  MacIITa0HbIX PETHOHAIBHBIX MPOrpaMM IO  HOBOMY
CTPOUTETHCTBY ¥ PEHOBAIMH KIJIUITHOTO (OHA.

Hean: aHanm3 JKOJOTHYECKOHM, COIMATBHO-PKOHOMUYECKOW II€JIeCO00pa3sHOCTH
peopranuzanuu  GyHKIIHOHATBHO-TUIAHUPOBOYHBIX CXE€M OOpalleHusi C OTXO0JaMu
CTPOUTENBCTBA M CHOCA, a TAaKXE TPAHCIOPTHO-DPKOHOMHUYECKON XapaKTEPUCTHKHU
LIEHTpa TEHEepalluh WU OOpalleHUs OTXOJOB B YCIOBHUSX peaIM3alldd MacIITaOHBIX
TOPOJICKUX MPOrPaMM 110 HOBOMY CTPOUTENILCTBY U PEHOBAIIUH.

Marepuanbl M MeTOAbI: HOPMATHUBHO-TEXHUYECKAs JAOKYMEHTALMs, MPOEKThI
OpraHu3aIlK CTPOUTEIHCTBA, IEPEUCHb MEPOIIPUATUN 110 OXPaHE OKPYKAIOMIICH CPEeIbl,
pa3pabOTaHHBIM B COCTAaBE NPOSKTHOW JOKYMEHTAIIMM PEaIM30BAaHHBIX OOBEKTOB
KalmuTaIbHOTO CTPOUTENHCTBA; aIUTUBHBIN HAYKOMETPUUYECKUN aHaIn3, 0000IIeHUE U
MIPE/ICTAaBJICHUE COBOKYITHBIX JAHHBIX 00 aCMeKTax TEXHOJIOTUU «YMHOT'O CHOCAY.
Pe3yabTaThl: BBINIOJHEH aHAIW3 COIUMAIBHO-DKOHOMUYECKOW IIeJIECO00Pa3HOCTH
peopraHu3aiyl  CXeM OOpallleHHs CTPOUTEIbHBIX OTXOMOB. IIpemmoskeHbl B
(b YHKIIMOHATEHO-TUTAHUPOBOYHBIE CXEMBI 00paIlleH!s OTXO0/I0B CTPOUTENIHCTBA U CHOCA.
BrinonHeH aHanu3 TPaHCHOPTHO-KOHOMHMUYECKOW XapaKTEPUCTUKHU LIEHTpa FeHepanuu
1 o0palleHust 0TXO/0B B YCJIOBHIX pean3allii MacITaOHBIX TOPOACKUX MPOTPaMM I10
HOBOMY CTPOMTENHCTBY U PEHOBALIUU KHUIIOTO (POHIA.

BeiBoabl: Oyyliee UCIOJIb30BAHUE MPEIOKEHHBIX (YHKIIMOHATBHO-TIIIAHUPOBOYHBIX
CXEM OpPHUEHTHPOBAHO HA MPHUHITHE MPABUJIBHBIX OPraHU3aMOHHO-TEXHOJOTUYECKHUX
pelieHuit TpPU  COCTaBJICHUHM OPTaHU3AIMOHHO-TEXHOJIOTHYECKOW JTOKYMEHTallUuU
O00BEKTOB KAaMHUTAIBLHOTO CTPOUTENbCTBA. PazpaboTka u peanusanusi SKOHOMHUYECKUA U
TEXHOJIOTHYECKH OOOCHOBAaHHBIX CXEM OOpalleHUsI CTPOUTEIBHBIX OTXOJIOB HWIPAET
PEJIEBAaHTHYIO POJIb B JAOCTH)KEHHHM OTBETCTBEHHOTO MOTPEOJCHUS W MPOM3BOJACTBA, a
TaKKe B 00ECIEYEHUH TIepexoia K PariOHAIbHBIM MOJIEIISIM O0OpaIlieHus.

BBEJIEHUE

Peanuzanus nosblmeHust pecypcodhHEeKTUBHOCTH 1 MUHUMM3ALIUN OTXO0B MOTPEOICHUS U
MIPOU3BOJICTBA SIBIISICTCSl PEIEBAHTHBHIM B JIOCTHKEHHH COBOKYITHOCTH Ba)XKHBIX COIIMO-3KOJIOTO-
HKOHOMHYECKUX ACTMEKTOB YCTOWYMBOIO Pa3BUTHSI.

Hacrosimast paboTta HampaBlieHa Ha aHaIHM3 COIMAIHHO-DPKOHOMHYECKOW IIeNIeCO00pa3HOCTH
peopranu3zanuy GyHKINOHAIHHO-TNIAHUPOBOYHBIX CXEM OOpPAIIeHUs C OTXOJaMH CTPOUTENbCTBA U
CHOCa, a TaKKe TPAHCHOPTHO-3KOHOMUYECKON XapaKTePUCTHKH IIEHTPA T€HEepaIlud U OOpaIIeHus
OTXOJIOB B YCIIOBHSIX pealM3aliy MaclITaOHBIX TOPOJICKUX MPOrPaMM IO HOBOMY CTPOUTENLCTBY U
PECHOBAIIHH.

68


mailto:vgline@mail.ru

OB30P JINTEPATYPHI

N3ydeHpl MmyOMUKamdK [0 TEMAaTHKe OOpAIICHUS OTXOJO0B CTPOMTENLCTBA M  CHOCA,
HUMEIOIIHMECS B OTKPBITOM JOCTyIle B ceTH WHTEpHET, a Takke B CIEAYIOIIMX 0a3ax JaHHBIX: €-
library, Scopus (u3marennctBa «Elsevier»), GoogleScholar, Sci-hub.JIutepaTypubiii 0630p
JEMOHCTPUPYET 3HAYMMOCTh M aKTyaJbHOCTh PAaCCMaTPHUBAEMOW TEMATHKH JUIS OTEYECTBEHHOI'O
CTPOMTEIBLHOTO KOMILIEKCa. B psijie TuTepaTypHBIX HCTOYHUKOB OMMCHIBAIOTCS M PACCMATPUBAFOTCSI
ACIIEKTHl OPTaHM3AIIMK M YIIPABICHUS 00pAIleHHsI ¢ OTXOJaMH CTPOUTEILCTBA U cHOca. [1-12] Tak,
Harpumep, B [8-11] omucaHbl METOMOJIOTHYECKHE TOIXO/AbI K IUIAHUPOBAHHUIO MEPONPHATHH TI0
Pa3BUTHIO MPOMBIIIIEHHOCTH 110 OOPAIIEHUIO ¢ OTXOJaMH, aCIICKThI IU(PPOBHU3AIIUKE OOpAIIEHHS C
orxogamu. IIpu 3TOM, ONHUCHIBAEMbIE M PETaracMbIEyOIMIIMCTAMH PEOPTaHM3aIMOHHBIE MEPHI,
KacaeMble pPacCMaTpPUBAacMOl TeMaTWkd, He OepyT B pacder psaa  (GakTopoB, HHTErPAILHO
BIMSIONIMX Ha OTBETCTBEHHOE OOpAlICHHE C OTXOJaMH CTPOMTENLCTBA M CHOCA, WM HE
aKIEHTHPYIOT BHHUMaHHE Ha acleKTaX OOpalllcHHs, HWMEIOMMX BBICOKYIO MPAKTHUYCCKYIO
3HAYMMOCTh, OCOOEHHO 7151 MOCKOBCKOTO PErMoHa.

MATEPHUAJIBI U METO/IbI

Pabora mpoBoamiace ¢ MCHOJIB30BAHWEM HOPMATHBHO-TEXHHUYECKOH JIUTEPATYphI, a TaKKe
Hay4yHbIX 0a3 naHHbIX. OOOOLIEHBI M MPEICTABICHbBl OCHOBHBIE NMPHUHLMIBI OOpaleHUs OTXOJ0B
CTPOUTEJBCTBA U CHOCA (B TOM YHCIIC MX PEKYIEpallHu),3aJI0)KECHHbIC B OPraHU3alMOHHBIC CXEMBbI
oOpalleHuss OTXOJOB pPEaIM30BAHHBIX OOBEKTOB KAaMMTAJIbHOTO CTPOMTENbCTBA, a TaKXKe
COBOKYIIHBIE JJaHHbIE 00 acleKTaX TEXHOJIOIMH «YMHOT'O CHOCA.

PE3YJBbTATbBI UCCJIIEAJOBAHUSA

CrpoutenbHble OTXOJbI 00pa3yloTCs MPAKTUYECKH Ha BCEX HTamax >KU3HEHHOTO IHUKIA
31aHUI B COOPYKEHUM.

Kak mpaBuio, 10 Hauyama paboT MO HYJIEBOMY LMKy Ha y4acTKe HOBOTO CTPOUTEIHCTBA
OCYILIECTBIISIETCS IOJATOTOBKA TEPPUTOPHUH, BKIIOUAIOIIAsl B CE0sI IEMOHTAX (CHOC) CYLIECTBYIOIIUX
3naHuil ¥ coopykeHuil. [IpoBeneHrne TpPAKTHUECKH IIOOBIX BHUAOB CTPOUTENBHBIX pPadoOT
CONPOBOXAAeTCs  00pa3oBaHWEM TOHH  OTXOJOB, KOTOpbIE 3auyacTyl0  BBIBO3STCS  Ha
HECaHKIMOHUPOBAHHBIC CBAJIKH, a TIPH OTBETCTBEHHOW OpPraHU3allii OOpalIeHHs ¢ OTXOJaMH — Ha
CHelMaIbHbIE  KOMIUIEKCHI, OCYUIECTBIAIOIIME MEepepadOTKy OTXOJOB NOTpedJeHHus U
MIPOM3BOICTBA, U MOJUTOHBL. [1-7]

Opranuzanuu oOpalieHus ¢ 0TX0JaMU CTPOUTEILCTBA U CHOCA PEATU3YETCsl B CIAEAYIOLIUX
OCHOBHBIX TMpHUHIMIAX: TepepaboTka OTXOJOB Ha MecTe uX o0pa3oBaHHUs, TO €cCTh
HENOCPEACTBEHHO Ha CTPOMTENBHOM IUIONIaJIKe M IepepadoTKa OTXOJ0B Ha CHEHUAIbHBIX
KOMILIEKCaX (KOMIUIEKCHI IO PEKyIepalud OTXO0JO0B, APOOMIBHO-COPTUPOBOYHBIE KOMILIEKCHI,
MYHKTBl IIpHeMa MeTajiosiomMa W Jip.). B tabmuue 1 mpeacraBieHa rpynmnupoBKa OTXOJOB IO
KaTeropusiM 00bEKTOB, Ha KOTOPBIE OCYIIECTBIISETCS BHIBO3 OTXO/IOB.
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Ta6auuna 1. 'pynmupoBKa 0TXO0B MO KaTeropHsIM 00bEKTOB, Ha KOTOPBIE OCYIIECTBIISIETCS X BHIBO3

Kareropusi 00bexkTa, Ha KOTOPBIi

Bun 06pa3yeMblx 0TXO010B CTPOMTEJIBCTBA U CHOCA
OCYHICCTBJIAECTCH BbIB0O3 0TX0/10B

Komrnekc no pekynepauuu 0Txoa0B OTXO0/1bI CTPOUTENHHOTO 1IEOHS He3arpsi3HEHHbIE

JloM KUPIIUYHOM KJIAJIKK OT CHOCA U Pa300pKH 3IaHUM
JloM CTpOUTENHHOTO KUPIUYA HE3ATrPSA3HEHHBIHN

Jlom OETOHHBIX W3JIENTUH, OTXOJbl OETOHA B KYCKOBOM
dbopme

[Ipoaykius U3 HATypadbHOM JPEBECHUHBI, YTpaTHBIIAS
MOTPEOUTENHLCKHUE CBOMCTBA, He3arpsi3HEHHAS

OTX0abl TEIUIOM3ONISILIMOHHBIX MAaTEpHUajoB Ha OCHOBE
MUHEPAIBLHOTO BOJIOKHA

OTxo0abl MITYKAaTypKU 3aTBEPACBILIEH MaTOONacHbIE
OTxombl  KPOBEJNBHBIX M THUIPOU3OJIALIMOHHBIX
MaTepHasoB

JpoOMIIbHO-COPTUPOBOYHBIH KOMIUIEKC | JIom achanbToBBIX U achambTOOSTOHHBIX TOKPHITHI
JloMm x/6 u3menuii, OTX0/bI /0 B KycKOBOU (hopme
JloM OGETOHHBIX M3AENUM, OTXOAbl OETOHA B KYCKOBOM
dhopme (0T TeMOHTaXKa)

HYHKT ImpueMa MeTajljiojioMa Jlom n OTXOJbl, COACPKAIINEC HC3AI'PASHCHHBIC YCPHBIC
MCTalJIbl B BUJC HSﬂeHHﬁ, KYCKOB HCCOPTUPOBAHHBIC

Opranusanus nepepaOOTKM  HEMOCPEACTBEHHO Ha CTPOMIUIONIAJKE  CONPOBOXKIAETCS
CIICAYIOIIMMHU ACTIEKTaMHU: OTPAaHWYECHHE MOIIHOCTEH 000OpyIOBaHWs, MOBBIIICHHBIE TPEOOBAHHUS K
HKOJIOTUYECKOM 3aliuTe OJu3iIexalluX >KWIbIX 3JaHuil M coopyxkeHuil. B cBowo ouepens,
nepepaboTKa OTXOJOB Ha CHEIUAJIbHBIX KOMIUIEKCaXx BJe4eT 3a €000l JOIMOJHUTENbHbIE
TPaHCIIOPTHBIE PACXOJbl, a TaKXKE€ pPACXOAbl HAa pEAIN3ALUI COBPEMEHHBIX TEXHOJIOIMH
nepepaboTKU CTPOUTENBHBIX OTXOAOB JUIsl CO3/IaHUSl MaTepHalioB M U3JeNuil 171 HOBOIO
CTPOMUTENHCTBA U PEHOBAIIHH.

Ilo pe3ynpTaTam aHalu3a MPOEKTHOM JOKYMEHTAIlMM  peaM30BaHHBIX  OOBEKTOB
KaluTaJbHOrO CTPOMUTEILCTBA BBISBJICHO, YTO IJIEUO MEPEBO3KU OTXO/0B CTPOUTENHCTBA M CHOCA
Ha peKylepalnoOHHbIE KOMILIEKCH B CpeHEM Bappupyetcs B npenenax 50-70 km. JlaHHBIN aclekT
HampsIMyl0 BIMSE€T Ha Ce0EeCTOMMOCTh CTPOUTENBbCTBA, B3aHMOCBSI3AHHYIO CO CTOMMOCTBIO
KBaJgpaTHOro MeTpa kuibs. OpraHuzanus MnepepaboTKH OTXOAO0B HEMOCPEACTBEHHO Ha
CTPOMIUIONIAKE 3a4acTyl0 OTPaHUYMBAETCS IJIOLIAAbI0 CTPOUTENbHOHN Iuiouiaaku. CokpaleHue
TPAHCIIOPTHBIX PACXOJOB IYTEM apeHIbl JONOJHUTENIBHBIX IUIOIIANEH Uil pa3MEIleHus
IpOOUIIEHO-COPTUPOBOYHBIX M JIPYIMX YCTAaHOBOK BOJIM3M IIEHTpa I'€HEpald OTXOJO0B SBISIETCS
HepeHTa0enbHbIM. Pa3BUTHE CTPOUTENBHOTO KOMIUIEKCAa HEM30€KHO CIIOCOOCTBYET 3HAUUTEIbHOMY
YBEJIMUEHUIO BBIMYCKAEMbIX OOBEMOB CTPOMTEIBHBIX MaTepuanoB. B Hacrosmiee Bpems
MIPABUTEIILCTBOM  pa3palaThIBAIOTCS  NPOTpaMMbl  MOBCEMECTHOM  pEHOBallMM M HOBOTO
CTPOUTENbCTBA B OOJBIIOM KOJMYECTBE TOPOJOB U HACEJIEHHBIX MYHKTOB. PocT 00beMoB
MaTEpUaIbHBIX CTPOUTENIBHBIX PECYpCOB BJIEUET K YBEIMYEHHUIO CIpOCa Ha CTPOUTEIBHYIO
npoaykuuo. [Iporao3upyemMblii TOBCEMECTHBIN pOCT 0O0HEMOB OTXOA0B CTPOUTENHCTBA M CHOCA B
peruoHax ¢ Maiod(pGEeKTUBHBIMU CX€MaMM OOpalleHHs] OTXOJ0B CTPOMUTENbCTBA U CHOCAa TpeOyer
0c000T0 MOIX0/Ia B peaTr3aliy 3K0J0r0-3KOHOMUYECKHMX aclIeKTOB oOparieHust 0Tx0,10B. [8-10]

Heo6xoaumelii 3pdext oT peopraHuzaniy CXeMbl OOpalleHUs OTXOJI0B CTPOMUTENHCTBA U
CHOCa 3aKJIIOYaeTcsl JecTaOuiIM3alii MPOTHO3UPYEMOrO0 pOCTa CTOMMOCTH KBaJApaTHOIO MeTpa
KWIbsl BBUAY BIMSHUS PACCMOTPEHHBIX BBIIIE AaCHEKTOB. Peanns3auus  MOBBIIEHUS
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pecypco3((peKTUBHOCTH OTXOJOB HEBO3MOXHA 03 MHTErpali B CXeMy OOpalleHus OTXOJ0B
AJIEMEHTOB TEXHOJIOTUH «YMHOTO CHOCa». TeXHOJOIWsl «yMHOTO CHoca» Oa3upyercs Ha
CIIEAYIOIIMX MPHUHLMIIAX: MaKCUMalbHas IepepadoTKa, NOBTOPHOE HCIOJb30BAHHUE OTXOJ0B,
0€30MacHOCTb, JIKOJIOTUYHOCTh. KOIM4ecTBO OTXOJOB CTPOMTENBCTBA M CHOCA B peE3yJbTaTe
peaiu3allMM IMPOrpaMMbl PEHOBALMM M HOBOTO CTPOUTENLCTBA Ha TeppUTOpUH MOCKOBCKOTO
peruona 3a 2019 rox cocraBuio mopsiaka 8 MUJUIMOHOB TOHH. IIporHosmpyemoe KOJIMYECTBO
OTXOJI0B CTpouTeNbCTBA U cHoca Ha 2020 rox cocraBiseT8,5 MuIIMoHOB ToHH. Peanuzanus 100%-
il mepepaboOTKU OTXOA0B CTPOUTENIHCTBA U CHOCA MO3BOJIUT CHU3UTH CEOECTOMMOCTh CTPOUTEIHCTBA
3a CYeT UX BTOPUYHOTO BOBJIEeUYeHHUs B 00oport.[11, 12]

JlemoHTax (CHOC) 3JaHMM B YCIOBHUSX pealMu3all TEXHOJIOTUHU «YMHOTO CHOCa»
OCYILECTBISETCS C MCIIOJIb30BAaHHEM THIPOIYIICK, PACHBUISIOIINX BOY MOJ OOJIBIINM JaBICHHUEM,
YMEHBIIAIOMINX  KOJUYECTBO BBIJCNIAEMONl B Ipolecce JIeMOHTaxka (CHOca) TBUIM H
MUHUMU3UPYIOIIMX HEraTMBHOE BIMSHME HA OKpykawouywo cpeay. CHUXKEHHE IIyMOBBIX
BO3JICHCTBUI JOCTUTAETCS YCTAHOBKOH CO CTOPOHBI MPHJIETAIONIEH 3aCTPONKH CHEIHaTbHBIX
3aLUTHBIX KOHCTPYKIIMM, OJIABISIOUINX YKa3aHHbIE BO3/IEHCTBUS.

[Ipennaraercst ABe CXeMbl OpraHu3aluy 0OpalleHus 0TX0A0B CTPOUTENIBLCTBA U CHOCA: TIepBast
[10/Ipa3yMeBaeT OPraHU3alluI0 CTALMOHAPHBIX Y3JI0B N1€PEpadOTKHU OTXOJI0B CTPOUTEILCTBA U CHOCA
U co3maHus (BbIMYCKAa) TOTOBOW MPOAYKIMH C HWHTETpaleil CTPOUTEIbHBIX OTXOIOB C
pa3MelIeHUEeM B 4epTe CHOCHMBIX, B TOM 4YMCJIE€ B paMKax IpPOrpaMMbl PEHOBALMM, 3JaHUN U
COOpPYKEHHI1, BTOpasi — OpraHu3alus CTallMOHAPHBIX Y3JIOB CHUX pa3MeEIIeHHEM Ha MecTe Oyaydyu
CHOCHMBIX IPEINPUITUN, PACIOIOKEHHBIX Ha TEPPUTOPUAX TOPOACKUX IMPOM3OH, HaXOALIUXCS B
HEMOCPEACTBEHHON OJIM30CTH K TEPPUTOPHUSM HOBOT'O CTPOUTENHCTBA U PEHOBALIUU, TPEOBIBAIOIINX
B HE3KCIUIYyaTUPYEMOM COCTOSIHUU U HYXIAIOIIUXCS B PEIAEBEIONMEHTE. DKOHOMUUECKUNA MPOTHO3
M3MEHEHHUs CeOECTOMMOCTH CTPOMUTEIBCTBA M CTOMMOCTH JKWJIOW €IWHUIBI MPH OpraHU3aluu
MOSTATHON peain3alui TPEAJIOKEHHBIX CXeM OOpamieHus OTXOJOB M IPH €€ OTCYTCTBUHU
MOSICHSIETCS] PUCYHKOM 1.
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peanmzanus TIOMO KA TETEHELH
PeOPraHH3aMOHHEIX SKOHOMHUYE CKHI peanHzaIg

CXeM  CaMOOKYIAeMOCTh  3(eKT HPABHTENbCTBEHHBIX
obpameHns peaTHH3aAMHH TpOTPabM
OTXOJIOB
pealH3alms
IPABHTENECTBEHHEIX
TIPOTPAMM

Puc. 1. DxoHOMHYECKHUI MPOTHO3 N3MEHEHUS C€0ECTONMOCTH CTPOUTENBCTBA (UepHAs BETBb Ha rpaduKax)u
CTOMMOCTH XHJIOHN equHHUIBI (ProneToBas BeTBb Ha TpaduKax) Ipy OpraHu3alluy MOSTAITHONW peann3aium
NPE/NIOKEHHBIX CXeM 00palleHus 0TX0JI0B (rpad UK clieBa) U IPH ee 0TCYTCTBHH (Tpaduk cripaBa)
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BapuaTuBHOCTh TMPAKTHYECKOH BO3MOKHOCTH BTOPUYHOTO HCIIOJIb30BAHUS  OTXOJIOB
CTPOMTENILCTBA M CHOCA TIOPOXKIAET HEOOXOUMOCTh Pa3padOTKH KOMIUICKCHBIX PEKOMEHIAIHK TI0
OpraHM3alfy CTAIMOHAPHBIX Y3JI0B MEpPepadOTKH ATHUX OTXOJOB M CO3JaHHs (BBITYCKa) TOTOBOM
MPOJAYKIIMK C WX HHTETpalMei, a TakKe IO BBIOOPY TEXHOJOTHMH NepepabOTKH CTPOHMTEIBHBIX
OTXOJIOB JJIsSI CO3JAHMSI MAaTEPHAIIOB U U3JICIHIA JIsl HOBOTO CTPOUTEIILCTBA U PEHOBAIIUU KHUJIOTO
dbonma.
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Abstract

The purpose of the article is to determine the range of thermal disturbances that occur at
the boundary of solid and porous media. Range is the distance at which the excess
temperature on the wall axis decreases to 5% of its initial value (for x=0).

INTRODUCTION

The use of air-permeable inserts in enclosing structures is related to the temperature and
humidity conditions of the walls. The study of some issues in this area is still ongoing, which causes
the underdevelopment of the technology under consideration. Nevertheless, the issue of "breathing”
walls is devoted to many scientific papers, both domestic and foreign, published around the world.
When thermal inhomogeneities are introduced into enclosing structures, boundary effects occur that
violate their thermal and humidity conditions, which degrades the thermal characteristics of the
materials that make up the structure and reduces the durability of the walls. Determining the
distribution area of the edge effect will allow you to take measures to compensate for its negative
impact.

MATERIALS AND METHODS

In general, the temperature fields of the insert and enclosure are complex, so it is rational to
start the study with a simpler model. In general, this problem is three-dimensional, but for
simplicity, this paper considers its two-dimensional counterpart. The wall thickness is assumed to
be dy, and the width (along the axis perpendicular to the drawing plane) is 1 m. (fig. 1). To obtain
reliable results, the influence of outside and inside air on temperature fields is taken into account by
heat sinks entered into the corresponding equations.
The construction in question consists of two parts: an impenetrable (solid) part of the wall (x>0)
and a porous part (x<0). The point at which the media border each other will be called the
"crosslinking area" (x=0). The porous part, in turn, consists of a structure (a solid skeleton of a
porous medium) and a fluid (a liquid moving in the pores).
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Fig. 1. Calculation scheme for drawing up a mathematical model

In the most general case, the equations describing the temperature fields of a fluid, a porous
skeleton, and a wall have the form

4 o7 —_W(Wpr)"‘Qfs’
op,C.T

{r = =y V(AT ,
S 6r 7/5 (s s)+st
9T _ aaT.

or

As -heat conductivity coefficient of the structure, W/(m-K),

y - porosity,

C; - specific heat capacity of the fluid, J/(kg-K),

p - fluid density, kg/m®,

w- velocity of the fluid in the cross-section (without porosity accounting), m/s.
H; —fluid enthalpy, J/kg

ps — density of the structure, kg/m®

C; — specific heat capacity of the structure, J/(kg-K)
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ys— proportion occupied by the structure in the general volume of porous medium,
Vs = 1- 4
Qrs—heat flow from the fluid to the structure, W
Qfs = _st = aAfs(Ts _Tf )
a— heat transmission coefficient from the structure to the fluid, W/(m*K)

Ass— surface density of the heat exchange,m™
Ts, T —the structure and the fluid temperatures, K

A- contact area of the fluid and the structure, m?
V —general volume of porous filling (with pores), m®,

For a conditionally one-dimensional problem with the addition of thermal effluents the
system can be converted to the following form

T +aT =0,

out in'in

AT +T, (m — Qyy — &, ) +mT, +a
T/ +T,1+n)-T,n-T,, =0,

out

—AT"-T (aout + G, ) + aoutTout + ainTin = 0’
a A a A
m= , =
Vs JpPCwW

To find an analytical solution, it is necessary to introduce boundary conditions. 5 boundary
conditions are introduced due to the presence of five integration constants that arise when solving
this system.

Next, only the solid part of the wall is considered. It is believed that the porous insert creates a
fixed temperature on the interface (x=0), which affects the formation of the temperature field of the
impenetrable part of the wall. In our case, due to the conditional one-dimensionality of the problem,
the partial derivative can be replaced by the full one

AT "= G (Tin _T) — oyt (T _Tout) (1)

To simplify the mathematical formulation of the problem, we introduce the concepts of
average ambient temperature, average heat transfer coefficient, and excessive wall temperature
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= T —ag, T,

inin out " out
o ain + aout
a = ain + aout
2
4=T-T,,

After substitution in (1), the equation becomes homogeneous, which makes it easier to find a
solution

"—a-9=0,

a=

N R

RESEARCH RESULT
With boundary conditions 9(10)=0(assuming that the edge effect is insignificant at a

distance of 10 m from the crosslinking area)and $(0)=-1 (and also $(0)=-5, $0)=-10,
3(0):—20 for additionally calculated cases) we get graphs of the dependence of the range of the
edge effect ( X, ) ON the excess temperature at zero.
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Fig. 2. The dependence of X from excessive temperature

Fora, =8,7W /(m*-K), &,

=23W/(mZ-K),/1=L5W/(m2-K),T

out

=253 K,T,, =293 K getting

the value a =10,57 and x

critical

=0,951m
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CONCLUSIONS

Calculations of the temperature field at different values 9 (0) show that the range does not depend
on the excess temperature in the crosslinking area, but is determined only by the thermal properties
of the construction material and the conditions of heat exchange on the surface.
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Abstract

Study object: The article presents the vector method of radiation factors for the face of
buildings with kinetic sun shading devices. The method is detailed as the reason for the
absence of an alternative way to use irregularly shaped sun shading devices.

Objective: The central objective is to find the definition of radiation factor for the faces
(of buildings), with mobile sun shading devices by working with 3D-models of
irregularly shaped devices and other work within CAD.

Materials and methods: The article references the analytic (trigonometric) method
based on multi-year data of meteoric records.

Results: The receiving of calculational algorithms for the suns position, sun shading
devices’ status, the shadow's surface coverage of the lamella and, on the face of the
building formed by the lamella

Conclusion: The method offers the possibility to improve the results and accuracy of
external temperature readings, predict the coefficient of natural lumination factors, and
improve the construction of sun shading devices.

INTRODUCTION

The question of dissipating excess heat by solar radiation through the work of sun shading
devices is still an open question, though the sun shading devices used widely all over the world give
architects more opportunities for personal expression

LITERATURE REVIEW

The design regulations demand the construction of sun shading devices [1-7]. Figure [8]
demonstrates partial information for radiation factors that are not conforming to standards of
modern sun shading devices. In the article of a foreign colleague [9] it is described that the previous
method of design was simplified because of difficulty and high cost of implementation. Also, article
[10] describes a graphic method for a definition of the insolation coefficient.

MATERIALS AND METHODS

It's important to introduce the external heat in real-time because the power of the internal
climate control system depends on its value. Nowadays the calculation of external heat is using the
modeling of surrounding buildings, that increases in cost the creation of shading systems. At first,
it's necessary to define the coefficient of solar radiation for the mobile sun shading devices:

T :(1—%)-100, %, (1)

L

where F, - the area of shadow, m?; F, - the area of sun shading device's element, m?;
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Thanks to the process of photoelectric detection, devices can be defined where the sun is
situated in grad, analogic to reference data [11]. Depending on the position of the sun and the
calculation of the optimal opening angle of the shading device. The calculation is fulfilled with the
following assumptions: 1 The Radius from the origin point to the sun position equals 10m 2 The
sun shading device is thin and has no variation 3 The rays from the sun place keeps in with the law
of light's rectilinear propagation 4 The rays are quasi-parallel 5 The method describes the shadow
casting without the influence of refraction. The definition of sun's position keeps in the law with the
following rule in the spherical coordinate system:

X=r-cosA, -cosh,
y=r-sinA,-cosh,, (2)
z=r-sinh,

where A is the sun azimuth, grad; h, - angle of altitude, grad.

It's important to calculate the angles, which are presented in [11] relative to the origin point, to
function in CAD-systems. The calculations data was imported into the CAD-system, to model the
crossing-referencing of the sun shading device and rays.

AN

A e e T
];S

Fig. 1. The scheme of sun light's falling. Top view

Figure [1] shows where point E is situated. For the y-, and z-coordinate calculations are
necessary to know the distance between points A and A' and the current hour. As a result,

y=H+L-sin(A, +180)-cos A,, (3)
where L - the distance between points A and A, m; A - the angle of sun azimuth;
z=A -L-ctgA,, (4)

where A, - z-coordinate of point A, m.
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Fig. 2. The scheme of sun light's falling. Side view

The researched point E on figure [3], forms a border of geometric shadow, which forms a
trapeze A'E'EB'. Point E is situated on the shaded surface, formed by points A'C'D'B', the missing
coordinate can be figured out of the surface canonical equation.

A(x—x0)+B(y—y0)+C(z—zo)+D=O, )

where A,B,C,D - simplified coefficients, received out of matrix, equation 6; X - researched
coordinate of point E; y,z - coordinates from equations 3 and 4. D- the distance between sun
shading device and the face of building; Xo , Yo , Zo - points on the shaded surface, equal the
coordinates of A’ point.

x-x, B,A DA,
y-Y, B,A, D,A =0, (6)
z-z, B,A, DA
Therefore,

A=B,A, -D,A -DA -B,A,, (7)
Analogic, for the simplified coefficients B and C. As the result,

_ B(y—y0)+C(z—zo)+ D
A
For the calculation of the shadow area A'E'EB' use the next equation (9)

X _Axo’ (8)

Fs=ﬁ{%PKp—aXp—bXp—a—cXp—a—dxmzAw

where a, b, ¢, d - trapece sides, m; p -half-perimeter, m.

The trapece sides are calculated of the coordinates of points:

a=,(B,—A) +(B,—-A) +(B,—A)*, m.

The calculated area Fs belongs to the area of shading element of the sun shading device F., m

(1)

2
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Fig. 3. The shaded area on the surface of lamella
The shadow created by the sun shading device keeps within the parameters for the next
x=A —(H —%cosoz)sin(AC +90)
dependence: A''= y=0
z=0

x=B —(H —%cosw)sin(A: +90)
B'= y=0
z=B,-(H —%cosoz)ctghc

x=C, —(H —%cos(a +180))sin(A, +90)
C'= y=0
z=0

x=D, —(H —gcos(a +180))sin(A, +90)
D”: y :0
z=D,-(H —%cos(a +180))ctgh,
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Fig. 4. The shaded area on face of the building

The sumary coefficient of solar radiation is calculated by the next equation:

Tsum :1_[

(-DFy  (1-DFyy

nk,

RESULTS OF RESEARCH

Table 1. The coefficient of summary solar radiation in depending of time and the lammella's angle of

w

J-lOO, %, (11)

opening

hour 8-9 9-10 10-11 11-12
agrad | 20 | 45 | 80 30 | 45 | 80 40 | 45 | 80 45 | 80
Ac,
grad 348 335 315 288
hc,
grad 40 50 59 65
n 4 4 4 4
Fw, M* 19.8 19.8 19.8 19.8
F,,m 1.32 1.32 1.32 1.32
Fs,m® | 015 | 0.35| 042] 015 | 0.24| 0.33] 0.16 | 0.19] 0.28| 0.20| 0.27
Fsw,m” | 026| 0.89| 1.17| 028| 091| 1.19| 0.27| 0.79| 1.02| 047 | 0.57
T.,% 11.36 | 26.21 | 31.82 | 11.36 | 18.18 | 25.00 | 12.12 | 14.39 | 21.21 | 15.15 | 20.45
T w, % 131| 449| 591 | 141| 460| 6.01| 136| 3.99| 515| 237 | 2.88
Tsum,% | 0.88| 0.67| 058| 0.87| 0.73| 0.63| 0.87| 0.77| 0.69| 0.82| 0.76

where: n - number of lammellas; F,- the area of window,m?; F,- the area of lamella, m? Fs.-
the area of shadow on the lamella's surface, m? Fsw- the area of shadow on the window's surface,
m?; 1 | -coefficient of radiation factor for lamella, % t .- coefficient of radiation factor for window,
%; 1 sum - sumary coefficient of solar radiation, %.

CONCLUSION

The offered method helps to value the efficiency of the sun shading device's. In the table 1
presented, that the most effective angle of openning changes his value during the day. This
information is very important , because improve the results and accuracy of external temperature
readings, predict the coefficient of natural lumination factors, and improve the construction of sun

shading devices.
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AHHOTAIUSA

IIpeameTr wuccjieq0BaHMsI: HCCICAOBAINCH PEKUMBI (UIBTPOBAHHUSA W TMPOMBIBKH
MEMOpPaHHOTO MOJYJISI C MeMOpaHaMHd B BHJIE IIOJIOTO BOJOKHA MPH Pa3IAYHBIX
KOHIICHTPAllUSX AaKTUBHOTO WJa, pabdouuMx JaBJICHHUSIX, YacTOTax IPOBEACHUS
MIPOMBIBOK.

esn: SKCIEpUMEHTAIBHO OINPEACIUTh ONTHMAIBHBIC PEKUMBI paOOThI MEMOPAHHBIX
OMOpPEaKTOPOB C MUHUMAJIbHBIMH SKCIUTyaTallUOHHBIMU 3aTpaTaMHu.

Martepuajbl U MeTOAbI: MCCIICIOBAHUS TPOBOIWINCH B JJAOOPATOPHBIX YCIOBHUSAX C
WCIIONB30BAaHUEM  YJIBTPAPUIBTPAIIMOHHOTO  ammapara C  MOJOBOJIOKOHHBIMU
MeMOpaHamu. B kauecTBe nccaeayeMon )KUIKOCTH Oblila HCITOIh30BaHa CHHTETHYSCKAs
CTOYHAs BOJIa, KOTOpas MO CBOEMY COCTaBy COOTBETCTBOBaja TOPOJCKHUM CTOUYHBIM
BOJIaM, C pPa3JIMYHBIMU KOHIIGHTPAIIUSMH B3BEIICHHBIX BEIIECTB (/1032 WJjIa).
Pe3yabTaThl: B XOJ€ TMPOBEACHHBIX SKCIEPUMEHTOB MbI BBIIBUIN 3aBUCHMOCTH
YIEIBHOIO pacxoja 3JEKTPOIHEPTruy OT JABJCHUS U OT KOHIEHTpanuu. Tak ke ObuI
MPOBEACH aHAIN3 TOJAOBBIX SKCIUTYaTAIlMOHHBIX U MPUBEACHHBIX 3aTPaT IJisi YCTAHOBKHU
npousBoauTeabHocTh0 1000 11 B yac.

BbiBoabI: TIOJTy4eHHBIEC pPE3yIbTaThl TOKA3aJId, YTO BBITOJIHEE UCIIOIh30BaTh HATIOPHBIE
MeMOpaHBbI, IO CPAaBHEHUIO C MOTPY>KHBIMHU.

KiroueBble ciioBa: MeMOpaHHbIE OMOpPEAKTOPHI, YIbTpapHIbTPALMOHHBIE MEMOpPaHBI,
MOTPYXHblE MeMOpaHHbIE OJIOKHM, OOpaTHble MPOMBIBKH, YJECJIbHBIA  pacxo
3JIEKTPOIHEPI U, OMOJIOTHYECKasi OYMCTKA CTOUYHBIX BOJI.

BBEJEHUE

MemOpaHHbBIE OMOPEAKTOPhl HAUMHAIOT IIMPOKO MPUMEHSATHCS B CXEMaxX OYHMCTKH CTOYHBIX
Box [1]. OxHako, uH(popMaMst MO UX MPUMEHEHHIO COJACPKHUT MHOTO MPOTHBOPEUMBBIX JIAHHBIX
KaK 10 BEJIMYMHAM MOBEPXHOCTH M CTOMMOCTH MEMOpaH, TaK U 110 3aTparam dJIeKTpodHepruu [2-5].
W3BecTHO, 4TO YeM BbIIIE BeIMYMHA pabOYero AaBieHus Npu GUIbTPOBAHUM Yepe3 MEMOpaHy, TEM
Oosbllle BEJIMYMHA YAEIbHOW NMPOU3BOAMTEIBHOCTH MEMOpaH, U T€M, COOTBETCTBEHHO, MEHBbIIIE
TpeOyemast TUIoIIa (b TOBEPXHOCTH MEMOpaH U TeM HHKE CTOMMOCTh MIPUMEHSIEMOI0 MEMOPAHHOT O
obopynoBanusi. C apyroil CTOpOHBI, YeM BBIIIE BEIMYMHA pabouero JaBjieHUs, TeM OoJbIle
BEJIMYMHA YAETbHBIX 3aTpaT 3JEeKTPodHEepruu Ha ¢puiabTpoBanue 1 ky6. meTpa Boasl. Kpome Toro, ¢
pPOCTOM  KOHIIEHTPAllMM B3BEIIEHHBIX BEHIECTB (J03bl MJa) 0OojJee WHTEHCUBHO pacTeT
COIMPOTHBIIEHUE OCaJIKa B3BELICHHBIX BEIECTB HA MEMOpaHe M, COOTBETCTBEHHO, ObICTpEe MajaeT
BEJIMYMHA €€ Y/IeTIbHON MPOU3BOJUTENBHOCTH B Tipoliecce (uiabTpouukia [6].

MATEPUAJIBI U METO/bI

B HnacTosmeit pabore Ha OCHOBAaHWU IKCHEPUMEHTOB C (UIBTPOBAHHUEM CTOYHOM BOJBI C
paznmuuHbiME 103amMu wia (ot 1000 mo 8000 Mr/m) mpu pa3inM4HBIX JABICHHUSIX MPOBEJICHBI
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UCCIICIOBAHHUSI [0  OMPEJACICHUIO  ONTUMAIBHBIX  PEKUMOB  JKCIUTyaTaluu  MemOpaH,
COOTBETCTBYIOIIUX MHUHHMAaJIbHBIM 3HAYEHUSIM IKCIUTYaTallMOHHBIX 3aTPaT (Ha 3JIEKTPOIHEPTHUIO U
3aMeHy MeMOpaH). DKCIEePHUMEHTHI MMPOBOAMINCH HA JIA0OPATOPHOM YCTAaHOBKE C IMPUMEHEHHEM
yIbTpadUIbTPAIMOHHOTO MEMOPAHHOTO anmnapaTa ¢ KanwuispHbIMU MeMOpanamu (pasmep mop 0,1
MKM) ¥ IUIOINAAbI0 TOBEpXHOCTH MeMOpaH 1 kB. MeTp. Cxema npoBeieHHs SKCIIEPIMEHTa U CXeMa
1abopaTopHOl YCTAaHOBKH TOKa3aHa Ha puc. 1.

T 0 /

W‘ 1<

==l | gl s
L7l

Puc. 1. Cxema sKkcriepuMeHTaIbHON YCTaHOBKH: 1 — 6aK MCXOHOM BOABL; 2 — IecTepeHYaThl HAcoC;
3 — yabpTpaduiIbTPaIMOHHBIN anapar ¢ KanWUIIPHBIME MeMOpaHamu; 4 — 0ak-TUAPOAKKYMYJISTOP
MCXOIHOW BOBI; 5 — pere naBiieHns; 6 — KiiarnaH cOpoca MpOMBIBHO# BoJbI; 7 — Oak cOopa (uibTpara;
8 — 6ak MPOMBIBHOM BOJIBI; 9 — KiamaHbl TIOAa4YH BOJBI B Hacoc 2; 10 —0ak cOopa MPOMBIBHOM BOJIBL;
11 — kpaHbBI IEPEKITIOYCHUS peKUMa ¢ pabodero pexuma Ha pesKuM MPOMBIBKY; 12 — KpaH cOpoca pacTBopa
ocyie MPOMBIBKY; 13 — Gak-rTHAPOaKKyMyJISITOP IPOMBIBHOM BOABI; 14 — MaHOMETp

ITo pe3ymnbTaTam SKCIIEPUMEHTOB MOCTPOCHBI IpauKK 3aBUCUMOCTEH 00BbemMa (puiIbTpara oT
BPEMEHHU ISl pa3IMYHbIX JaBJICHUN U KOHLEHTpaIMii uia (puc.2).

o C=1600 (p=2)
|
Bpews dunsTpoLmca (p=0.5) s
20 +
i
15 + ; !
L I
; :  C=1600 (p=05
10 + i '

C=2500 (p=0,5)
| C=7000 (p=2)

05

|
|
|
| C=7000 (p=0,5)
|
|
|

|
1
1 + + + +

0 2 4 6 8 10 12 14 T, mmM

Puc. 2. CHWKeHNe IPOU3BOAUTEIEHOCTH MEMOpPaHbI C TeYEHUEM BPEMEHH
JUTSL pa3IMYHBIX 3HAUEHUH pabovero JaBJICHUS U J103 Wil
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[IpoBonst kacarenbHble K KPUBBIM B pa3HbIX TOYKAX M ONpenensss 3HAYCHHS
TaHT€HCOB HAKJIOHA KacaTeJbHBIX OIpeesieM 3HAYCHHUSI CKOPOCTEH (PHIBTpOBAaHUS C TEUCHUEM
BpemeHu. Ha pucyHnke 3 mokasanbl 3aBUCUMOCTH U3MEHEHUS CKOPOCTEH (PMIIBTPOBAHUS JUTSI PA3HBIX
KOHIICHTpAIlU{ WJjla B UCXOHOM Boje Juisl naBiieHus 2 bapa B TedeHue GuabTPOIUKIIA.

q, Nfyac

nnowaab 3alWwTpUXoBaHHON Urypbl: 06BEM unbTpaTa B TeYeHne
PvnbTpoLVKNa

30
20 |7000 mr/n
10
R
0 9 4 6 8 10 12 14 muH

Puc. 3. 3aBucumoctr 06beMOB IPOPHUILTPOBABIICHCS Yepe3 MEMOpPaHbI BOABI OT BPEMEHH SKCIIEPUMEHTA
Juis 1aBJieHus 2 bapa v pa3nuuHbIX 703 Wiia

Temmnbl CHUKEHUS TPOU3BOJUTENBHOCTH OKa3bIBAIOTCS MEHBIIIE C TOHUKEHUEM BEJIMYMHBI
pa0ouero aBjieHUs: IPY MEHbIIEM JaBJICHUH M1aJaeT BEIMYUHA YACIbHOI'O COIPOTHBIICHUS
ocajka. [losToMy, mpeacTaBiseTcss OUeHb BAXKHBIM M MHTEPECHBIM UCCIIE0BATH BOZMOKHOCTh
ONITUMM3AIIMY TPOIIECCca: ONPEAETUTh, IPU KAaKUX MPOAODKUTEILHOCTIX (PHIIBTPOLMKIIA U
BEJIMYMHAX pad0oyero JaBjieHUsI MOKHO 00ecTieYnTh MUHUMaJIbHBIE 3aTpaThl HA OYUCTKY BOJBI.

IIpn ananm3e 3arpar Ha MPOBEAEHUE IPOMBIBOYHBIX MPOLELYP MBI UCXOAWIA U3 TOTO, 4TO
JUId yAalleHusT C TOBEPXHOCTH MeMOpaH o0cajka, MOJy4YeHHOro Mpu (UIBTPOBAHUU BOABI C
cogep:kanueM B3Becu 1600 u 2500 Mr/n npogoKUTENbHOCTh MPOMBIBKM cocTaBisiia 120 u 180
CEKYH]I.

VY aenpHbI pacxo] 3JIEKTPOIHEPIUU JOJDKEH YYMTHIBATh BCE PACXOIBI JIEKTPOIHEPIUU Ha
MIOJIyYE€HHUE TOJBKO «IIOJIE3HOTO» pacxoja BOJbI (32 BBIUETOM pacxoja Ha IMPOMBIBKY), UAYIIETO K
OTpeOUTEIIO.

3HavYeHHUs YACIBHBIX PACXOJIOB IMOJY4YEHBI, UCXOJ1 M3 pPaCcyeTOB, YTO YJIEIBHBIM pacxoj
ANEKTPOIHEPTHH, MOTPEOIIEMOro LEHTPOOESKHBIM HACOCOM I MOAAYd OJHOTO KyOHYeCKOro
MeTpa BoJIbI o1 naBieHueM 2 bapa cocrasnser 0,4 KBt, a mox naBnenuem 0,5 6apa - 0,15 KBT.

[Tnomaau MeMOpaH (KonnyecTBa MEMOpaHHBIX alapaToB) pPacCYUTAHBI A 4acToT 6,10 u
20 nna P=0,5 bap u gactot 10,20 u 30 nnst P=2 bap.

PE3YJIbTATBI DKCIIEPEMEHTAJIbHBIX UCCJIEJIOBAHUM

Ha puc. 4 nokasansl pe3ysbTaThl ONpPENEICHUs YIEIbHOIO pacxoia 3JIEKTPOIHEPIUU IMpHU
pa3HbIX JaBIEHUSX M PEKHMMax MPOMBIBKU MpU (QUIBTPOBAHUU BOJIbI, COJEpIKallel B3BEILIEHHBIE
BemecTBa B koimuectBe 1600, 2500 u 7000 mr/n. Kak Bugno, miss C=1690 Mr/a BenudyuHa
JIABJICHHUsS Majio BIIMAET Ha pacxo] ayeKkTposHepruu, a npu C=7000 mr/nm mpu yBelUuEeHUU
nasieHud ¢ 9,5 no 2 bap pactyr Ha 25%. Ha puc.5(a) npeacraBieHbl pe3yibTaThl ONPEAEIECHUS
TOJIOBBIX JKCIUTyaTallMOHHBIX 3aTpaT (3aTpaT Ha 3JEKTPOIHEPTHI0 M Ha 3aMeHy MeMOpaH) Ui
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yCTaHOBKH mpou3BoauTenbHOCThIO 1000 mutpoB B uac. CTOMMOCTH 3aMeHBl MeMOpaH
omnpenensIach U3 pacuera CTOMMOCTH MeMOpaHHBIX anmaparoB (yAelIbHash CTOMMOCTH arlapaTos,
coJepXKalX OAMH KBaJIpaTHBIA MeTp MeMOpan, cocraBisuia 1200 py0.) u ux 3amens! 1 pa3 B 5
net. Ha puc. 5(06) mpexacraBieH mnpuMep ONTUMM3AIMK TPHUBEACHHBIX 3aTpaT - ONpeIeicHue
ONTUMAJIBHOTO 3HAYEHHUS JI03bl WJIa B BOJE, I[OJaBa€MON Ha OYHCTKY C HpPUMEHEHUEM
yIbTpadUIbTPAIMOHHBIX MeMOpaH, MpU KOTOPOW CyMMa TOJIOBBIX MPUBEJIEHHBIX 3aTpar (CymMMma
KalUTaIbHBIX U SKCILTyaTAllMOHHBIX 3aTPAaT) SBIISIETCS MUHUMAIbHON ONTUMHU3AIMOHHEBIE PACUETHI
MIPOBEJICHBI JIJIsl YCTAaHOBKU MPOU3BOAUTENBHOCThIO 1000 Ky06.M B CyTKH, Il , B 3aBUCUMOCTH OT
BEJIMYUHBI JI03bl WJIA, YUTCHBI KallUTaJIbHBIC 3aTpaThl HA CTPOUTEIHCTBO adPOTEHKA M 3aTpaThl Ha
MeMOpaHbI.

0)

YA. pacxopn 3neKTpo3Hepritm, 7000 mr/n
a) KBT/M euac
vacrota 10
Ya. pacxoq an.
aHepruu, KBT/Meuac

v s

2
18

vacrora 10

16
14
12 %
1 sactora / 2500 mr/n
/j / Mo noneaxomy
pacxopy Boas!
08 1 /0 uacrora 6 1
o _____/
1600 mr/n
/0 Qi —} /
04 7 v
02
0 1000 2000 3000 4000 5000 6000 7000  C,mrin

0 1000 1 P, Bap

Puc. 4. Pe3ynbTaThl ONpeie/ieHUs] BEJIMYUH YACIbHBIX 3aTpaT SHEPTUH OT JI03bI Hiia (a)
7 OT BEJIMYMHBI pabodero naBieHus (0) B 3aBUCUMOCTH OT YaCTOTHI MMPOBEICHUSI IIPOMBIBOK

l"oposbie akenn. 3atparel, 3 lopoBble 3aTpathl, MAH. py6.

ThIC. PY6./rOR AN YCTAHOBKM a)
1000 n/yac
000 weir KanuTanbHbie 3aTpars!
24 (Ker)
60 000 3=Ker+(M+ala)
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3aTpartsl
(M+ala)
onTUManbHoe 3HaYeHue

v V]
1 2 3 P, Bap

0 1000 2000 3000 4000 5000 6000 7000 C,mr/n

Puc. 5. OnpezeneHue onTUMaIbHBIX 3HAYCHUIH Pa0OYEro JaBACHUS U J03bI Hia:
a) 3aBUCHMOCTb Y/ICTTbHOTO 3HAYCHHS IKCIUTyaTallMOHHbBIX 3aTpat (py0. 3a 1 ky0.M B 4ac)
OT BBIOpAaHHOMW BEJIMYUHBI pa0OYEro JaBICHUS;
0) 3aBHCHMOCTD ITPHUBEICHHBIX 3aTpaT OT [103bI HJIa B MEMOpPaHHOM OHOpEaKTope.

BbIBO/IbI

1. KomnyecTBO  B3BENMIEHHBIX  BEMIECTB B BOJAE, TOCTyMaromed B YCTaHOBKH
yIbTpadUIbTPAIIUH, OKA3bIBAET BIUSHUE HA MTPOU3BOJUTEIILHOCTh YCTAHOBKH U yJI€IbHBIC 3aTPaThl
AJIEKTPOIHEPTHH.

2. C pocToM BeNMYUHBI padOYero JaBJICHUS MANAl0T YAENbHBIE 3aTPAThl JIEKTPOIHEPTUU HA
00paboTKy BOJIBI.
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CIIOCOBBI ONPEJEJEHUA THAPABJINYECKHU HAUBBITOJHEHWIIETO CEYEHUS
KAHAJIA

A. KypceutoB
cmyoenm, ahtem.kurseitov@mail.ru
Tawxkenmcexuii UHCmMuUnmym uHMICeHepos uppucayuu U Mexanusayuu cejlbCKoco xozanucmea

Pecnyonuxa Y36exucman, e. Tawxenm, yn. Kapot Husasu, 0.39

AHHOTaNUA

B nmanHO#i paboTe paccMOTpPEeHO TpamenenJaibHOe W KPYroBO€ CEYEHHUs KaHaua U
BBISIBJICHBI MPOOJIEMbI B IIpoliecce OHKCIUTyaTallid, a TaK e MX YCTpaHEHHe C
IIPEUMYIIECTBAMU U HEAOCTATKAMHU.

IIpenmer uccienoBanus: J[BrxeHue KUAKOCTU B KaHaje. J{Jis cTpouTenbcTBa KaHaia
HEOOXOAMMO OTPEACIUTh CeueHHe, TPaccy KaHalla, ONpPEICTUTh YCIOBHS palboTHI,
CTOMMOCTh ~ MOCTPOWMKH, OOCIYy)XMBaHHE€ M PEMOHT, KOJHYECTBO MaTepuaia
3aTPavyeHHOro MpU CTPOUTENLCTBE. B 3TOM ciyuyae HEOOXOAMMO HE TOJIBKO MOCTPOUTH
KaueCTBEHHBIN KaHANl, HO U HAWTU MYyTH PelIeHUuH, KOTOPbIE CAETAIOT CTPOUTEIHCTBO U
HKCILTyaTauio 00siee SKOHOMUYHBIM U Y PEKTHBHBIM.

Heab: B cratbe paccMaTpuBarOTCS CIOCOOBI  OMpEAeNeHuss TUIPaBINYECKU
HAMBBITOAHEUIIETO TPOHIIS TPaNeenJaTbHOTO CeUSHHsI KaHaa.

Martepuanbl u Meroabl: Crioco® ompeseneHus THAPABINYECKU HaWBBITOJHEUIIETO
CeUCHHUs TpaleneuaabHoro KaHama npu Q — max (to ® = const) 3amanuem
mapamMeTpoB M, N, i = CONSt, Aas KOTOPOro CpemHsisi CKOPOCTh OKa3bIBACTCSI
MaKCUMaIbHOW. BhIsiBlIeHHE 3HaUECHUH TTapaMETPOB 10 TTOITYYEHHOU opMyIie.

BBEJIEHUE

Kananbl UMe0T MMPOKOe MPUMEHEHHE B PEeryJMpOBaHUM BOJ JJS BOJOMUCIIONB30BaHUS U
BojonoTpedeHus. s cTpouTenbCTBAa KaHAJIOB CHaydajga HEOOXOAMMO 3alpOeKTHpOBaTh €ro,
OIpEJNIeNINTh CEeUeHHEe, TPacCy KaHaya, OINpPeNeNNUTh YCIOBUS pPabOThl, CTOMMOCTb IOCTPOWKH,
o0CiTy’)kKMBaHHUE U PEMOHT, KOJMYECTBO MarepHalia 3aTpaye€HHOTO IpPH CTPOUTENbCTBE, YCIOBHS
CTPOUTENILCTBA (TO €CTh MPOYHOCTh, BOJAOCTOMKOCTh TPYHTOB, PACIIOIOKEHHBIX MO Tpacce KaHaia,
OTJAJIEHHOCTh OT MECTOHAXO0XKJIEHUSI PECYPCOB ISl CTPOUTENIbCTBA, TPAHCIIOPTHUPOBKA PECYPCOB),
rofIoBOi rpaduk pacxoja BOJbl B KaHaje, roJl0Bble KonebaHUsa TeMIepaTypsl U T. 1. Ha tpaccy
KaHaJla MOTYT TIOBJIMSITh: PACIIONOXKEHUS OOBEKTOB (ropoja, celeHus), peiabed MECTHOCTH U Jp.
OT0 BCe BIUAET HA BBITOJY DKCIUTyaTaluy KaHaia. [1]

Ceuenne KkaHana, IpUd KOTOPOM Oosbllias TMPOMYCKHAs CIHOCOOHOCTh HAa3bIBAETCS
reOMETPUUECKH HauBbITOAHEHIIMM. [Ipu cTpOUTENbCTBE 3TO CEYEHHME HE BCEria MOXKET ObITh
MPUMEHEHO, 3TO CBS3aHO C YCJOBHSIMH CTPOUTENBCTBA, MPU 3TOM YCTAHOBJIEHHOE CEYEHHUE
Ha3bIBACTCS MMPAKTUYECKU HaUBBITOAHEHIM. [2, 3]

PaccMoTpuM criocoObl ompenenieH sl THAPABINYECKA HAWBBITOJAHEHIIET0 CEUeHHs KaHaa.
Bribepem TpanenenanpHoe ceueHne kaHana (puc. 1).
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Puc. 1. TpaneueunaibHOE CEUCHUE KaHAA

JInst Toro 4TtoOBl ONMPEAETUTH CIIOCOOBI ONPEENCHHs THUAPABINYECKH HAMBBITOJIHEHUIIETO
CCUCHHUA KaHajla HY>KHO CHadalia pa306paTBC$I C TUAPABIIMYCCKUMHU 3JICMCHTAMH KHUBOI'O CCUCHUSA
HOTOKA. DTHMHU 3JIEMCHTaMH CIykar: D — mupuHa KaHana no aHy; h — riyOuHa kanama; m -
K03 GHIMEHT 0TKOca paBeH M = Clg @ ,rae yroa @ 3aJar0T He 0 COOOPaKEHUSIM THAPABINIECKOTO

pacdera, a yYUTBIBas YCTOMYMBOCTh TPYHTA OTKOCA; B — ImmmpuHa MOTOKA MO BEpXY, | — YKIIOH, N -
K03 unueHT mepoxoBaTocTr. OT STUX MapaMeTPOB OMPENEISIETCS BEIMYUHA )KUBOTO CEUSHHS ©,
CMOYECHHBIN TEPUMETP Y, TUAPABINYECKHUI paguyc R, oTHOCUTeNnbHas MIMpPHHA KaHala 1Mo JHY f3,
pacxox Q, CKopocTh OTOKA BOAKI V. [2, 4]

[luprHa KaHama Kak 1o JIHY, TaK U M0 BEPXY 3aBHUCAT OT TIIyOHHBI, KOA(PUIIMEHTa O0TKOCA,
penbeda MECTHOCTH, YCTOWYMBOCTU TPYHTOB U T. 1. Uem Oonbie KOIPOUIUEHT YKIOHA, TEM
0oJIbIIIe pacueTHasi CKOPOCTh, @ 3HAYMT,TOTpeOyeTCsl OOJbIe MaTepralia U MPOU3BOJICTBA paboT. A
MIPHU YBENTMYECHHBIX 3aJJaHHBIX XapaKTEePUCTUKaX 00beMa MPOMyCKaHHs BOJBI CTOMMOCTH ele Oosee
yBenuuuBaercs. [loaTomMy  pekoMmeHayeTcs — ompeieNeHue U MHoJ00p  IeoMEeTpPUUYEcKU
HaWBBITOJIHEUILIETO CEYEHUs KaHaa.

OgauM U3 crnocoOOB  ONpENENEeHUs TUIPABINYECKHM  HAWBBITOAHEWIIEro  CEYeHHS
TpamnenenIalbHOrO KaHaia SBISIETCS 3aJaHueM CIISIYIONMX mapaMeTpoB: M, N, i = CONSt, U HYXHO
HaWTH TaKWe mapaMeTphl CeueHus, mpu KoTopoM Q — max (to @ = const) wmum mpu V — max (to Q
= const). [2]

Mo’kHO HaWTH psii pa3IMYHBIX MONEpeUHbIX Npoduiel kaHana. Ha pucyHke 2 mpuBeaeHb
BapHaHThI ceueHui. /{151 aToro ueprexka umeem

m, =m, =m, =...=m, = const

i, =1, =1, =...=1, = const

1 2 3 0 (1)
n,=n, =n; =...=n, =const

Ql :Qz :Qg :---:QO = const

rJe UHJEKCH 1,2,... 03Ha4aroT, BapuaHTa KaHaja. M3 HUX mepBblid XapaKTepHU3yeTcs BeCbMa
Majoi TIyOuHOM (TPOMYCKHAsE CIIOCOOHOCTh OOECTIeUnMBAETCS MpUIAHUEM OOJNBIION MIUPUHBI), a
MOCJIEIHUA — BEChMa MaJlOM MIUPUHOM (TIPOMYCKHAsE CIOCOOHOCTh OOECTIEYMBACTCS MPUIAHUEM
OombIoi rmyounsl). Ha puc. 2.a mis mpumepa npecTaBiIeHbl 3 BapHaHTa.
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Puc. 2. V3amepenue 31eMEeHTOB )KUBOTO ceueHus (¥, ®, v; Q) ¢ "3MEHEeHHeM OTHOCUTEIHbHOMN ITMPHHEL
TparenenJjaabHOro KaHana

[Tpumem
P# By # P #
N F X2 F X3 *
OueBHIHO, YTO MIPU TIEPBOM BapHaHTe, y OymeT paBeH b, a mpu mocneanem y OyaeT paseH 2h,

IMO3TOMY CKOPOCTH IJId 3THUX BAPHAHTOB JOJI’KHA OBITH OTHOCUTENILHO MayioH. M3 3Toro BBITCKACT,

YTO CpPEIM psAlla BApUAHTOB MMEETCS TAKOM MPOMEKYTOUYHBIN, Il KOTOPOIO CPEAHss CKOPOCTh V
OKa3bIBAETCS MAaKCUMAIbHOU

v=v_. (3
a CJICa0BaTCIIbHO, INIOMIAaAb JKUBOT'O CCUCHUA (paBHas[ Qo/V) — MPIHI/IMEU'ILHOf/iZ
w=w . .(4)

[Tonepeunsplii npoduIb, MOAXOMSIIMIMA K OSTAM YCJIOBHSAM, W SBISIETCS THAPABINYECKH
HaWBBITOTHEUIIINM.

(2)

Wrak, ruapaBinyecku HAUBBITOJHEHIINM pOodUIeM TparnelneuJalbHOro KaHaiaa Ha3blBaeTCs

npoduib, KOTOPBIA (Mpu 3amaHHBIX M, N, I, Q) Xapakrepusyercs MaKCHMalbHO BO3MOXHOM
CpeIHell CKOPOCThIOV, a, CeI0BaTENIbHO, IIOMIAbI0 YKMBOTO CEUECHHUS.
Tenepp onpenenum napaMeTpbl CEUEHUS.

O0603HaYUM OTHOCUTENBbHYIO IIMPHUHY MO JHY THIPaBIMYECKH HAMBBITOJHEHIIEro mpoduis
gepes B

b
B :(ﬁlﬁ' ()

Bce Bblllle CKa3zaHHOE MPEACTaBUM B BHJIE KPHBBIX } = fl(ﬂ); W= fz(ﬂ)n V= fg(ﬂ),
MOKa3aHHBIX HA PUCYHKE 2.0, a pH ycIoBHU ® = CONSt, kpusbie y = f, (,B), Q=1 (ﬁ)n v=fg (ﬁ)
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Beprukans I-llna pucynke 2.6 yka3plBaeT Ha MaKCUMaJbHYIO CKOPOCTh U PacXojl, MPH KOTOPBIX
CMOYEHHBIH EPUMETP U IUIOIIAb TONEPEUHOI0 CEUEHUS] MUHUMAJIbHBI.

PaccmoTpuMm crutomHble KpuBble Trpaduka, UIs ONpEAesIeHUS BEIHYUHBI Pry  MOXKEM
HanucaTh CJIEAYIOILYIO CUCTEMY JIBYX YpaBHEHUH

dw _
dg
(6)
d dy _o:
dg
[ToxacraBisisi B 3TO BbIpaXXE€HUE BBIPAKECHUS W = h ﬂ+m h(ﬂ+2\/1+m )I/I BBIIIOIHSA

muddepeHnrpoBanue, mMoryqacm

dw dh dh _
T 2hp, (@j +h? Zm( dﬂL - 0; (7

dr _,p (40 Nl Il
dﬁ_z 2‘”'[dﬂ) +h+2v1l+m (d ) 0. (8

Pemas, nonyuum
po (1) —diemom) @

[locnenHee Belpak€HUE yKa3bIBAET HA 3aBUCUMOCTh OT OTKOCA U OTHOCUTEIBHOM IHUPHUHBI IO
IHY KaHaJla ISl TUAPABIMYECKH HAMBBITOHEHIIIEro MpoQuiisi. ITO ke BRIpAKCHUE MOXKXHO HANTH U
U3 paccMOTpeHHs kpuBoi y = f, (,8), MOKa3aHHOW Ha rpaduKe MTPUXOBOH JIMHUEH HIbKe ocu [.[2]

2.H. 2.H

VcranoBuM, uTo h paBeH IBYM MeTpaMm, TOT/ia 3aBUCHUMOCTH MPUMYT CJICAYIOIIHE 3HAYCHHS,
yKa3aHHbIE B Ta0I. 1.

Tadauua 1. 3aBUCHMOCTD IIUPUHBI KaHaa b 0T OTHOCUTENBbHOM HIMPUHBI 110 JAHY B ipu h = 2

m B b w X

eAMHULBI rpaaycol eMHULbI M M’ M
5,671282 10 0,174977 0,349955 23,38504 23,38504
2,7T47477 20 0,35265 0,705308 12,40053 12,40053
1,732051 30 0,535898 1,071797 9,071797 9,071797
1,191754 40 0,727940 1,455881 7,678776 7,678776
1 45 0,828427 1,656854 7,313709 7,313708
0,8391 50 0,932615 1,865231 7,08686 7,08686
0,57735 60 1,154701 2,309401 6,928203 6,928203
0,36397 70 1,40041 2,80083 7,057541 7,057541
0,176327 80 1,678199 3,356399 7,418105 7,418105

OnpenenuM HaUTy4YIIMM YKJIOH M pa3Mepbl KaHala MpHU ero riiyouHe paBHou 2 merpa. s
3TOro MocTponM rpaduk 3aBucumocth ¥=f() oT oTKOCa M 11 THAPABINYECKH HAUBBITOIHEHIIIETO
npoduis n300paskeHHbI Ha puc. 3.
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x=f(m)
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Puc. 3. I'paduk 3aBucumoctn y = f() oT oTkOCA M /7S THAPABIMYECKU HAUBBITOHEHIIIETO PO

Jlns omnpenesieHus: HanOoJbILEH MPOIYCKHON CIIOCOOHOCTH HEOOXOAUMO YTOOBI CMOYEHHBIN
nepuMeTp ObUT MHHMMaNbHBIM Ha rpaduke, cMOueHHBIH NepUMETp MUHHMAJCH, TOJBKO MpPH
otkoce paBHbIM 60°. [Ipu 3TOM 1mIKMpHUHA KaHaJa 110 JIHY, 10 MOJIY4YE€HHBIM JaHHBIM U3 Tal. 1, paBHa
2,31 metpa, a ero O0KOBbIE CTOPOHBI PABHBI

a=(y-b)2=(6,93-231)2=231m (10)

N3 (10) cnenyer, yTo mIMpHHA KaHaJa 10 AHY U OOKOBBIE CTOPOHBI PaBHBI MEXAY co00il U
IIPU 3TOM YIJIbl MeXAYy HUMHU paBHbI 180° - 60° = 120°. A sta opma ceueHus KaHana OoJbliIe
BCEr0 HalIOMHMHAET O MPABUWJIBHOM IIECTUYTOJBHUKE Pa3pe3aHHOro BJI0JIb JUArOHAIH.

Bblme Mbl MCKay T'MJIPaBIMYECKU HAMBBITOAHEHIIME pa3Mephl TpaneneuJalbHOW (OpMBI.
Tenepb MOACTaBUM 3/I€Ch HWHYIO 3aJlady: CpeAM BCEX BO3MOXKHBIX (POPM IMOMEPEYHOIO CEYEHUS
pyciia HalTH THAPaBIMYECKH HauBBITOIHEHITYIO (hopMy.

KpyroBoe cedenne onpenensiercs paauycoM I, a riryonna h. OTHocHuTenbHas riTyOnHapaBHa

h_ 2sin? 2 (11)
r 4
I7ie ¢ — HEeHTPaJIbHBIN Yroy cermeHTa (puc.4).

Puc. 4. Kpyrosoe (cerMeHTHOE) cedeHHe KaHaa
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JI71s1 CerME@HTHOT O CEUCHUSI
(pz.H. = ﬂ.’ Wz.u. = (W/ Rz)e.l-t. = 272. = 6’28 (12)

\/ — XapaKTepUCTUKA KUBOTO CEUCHUS.

['unpaBnuuecky HaUBBITOAHEUIIEH (POPMOIL JKUBOTO CEUEHUS SBISETCS MOTYKPYT (TOCKOIBKY
B OTOM cCllydya€ Mbl HMMEEM MHUHUMAIbHYIO BEJIMYMUHY ), @, CIEJ0BATEIbHO, MHUHUMAIbHYIO
MMOBEPXHOCTh TpeHUs).[3]

PE3YJIBTATBI

[lonyyennble 3HaueHuss Bbile B Tabia.l BbIpaXarOT MNapaMeTpbl TUIPABINYECKU
HAUBBITOIHEUIIIETO Tpalelen1aIbHOro KUBOTO CEYeHHs KaHaia INIyOWHOI BOJBI paBHOW 2 MeTpa,
IPU Pa3HbIX 3HAYEHUSIX OTKOCA, HO IMPU JATBHEWUIIUX BBIYMCIEHUSAX, CaMbli HAWBBITOJAHEHUIINN
OTKOC MMEET pa3MepHOCTh 60°, HAIMOMHUHAOIINN (OpPMY MPABEIBHOTO MIECTUYTOIBHUKA. A camMoi
HAWBBITOTHEUIIICH POPMON SBISETCS MOTYKPYT.

BbIBO/IbI

IIpu 5TOM MOXHO CAENATh CIEAYIOIUE BBIBOBI:

1) mpu cTpoUTENIbCTBE KaHAIOB Yallle BCEro MPUMEHSIOT TpalelenJaibHOe CEUeHHE KaHaa,
MIOTOMY UYTO 3TO CEYeHHE OoJiee BBITOAHO U IIPOCTO B CTPOUTEINILCTBE.

2) npu NpOEKTUPOBAHUM KAaHAJIOB, HY’KHO YUYUTBIBATH U IPOLIECC 3aWJICHUS, BEb MIPU STOM
CCUEHHUE KaHaja YMEHBUIAETCS, TO IPEMATCTBYET CAMOTEKY BOJBL. OTY 3aJady MOKHO PELIUTb
HECKOJIbKUMH CII0CO0aMH.

3) mpu 3TOM OYMIIEHHE BOJBI OT KPYIHBIX IpUMEcedl SBISETCS OCHOBHBIM, HO 3TH
COOPYKEHMSI 3aliMyT MHOT'O MECTa, a TaKK€ UX HEOOXOJIUMO 0OCITyKUBAaTh U PEMOHTHPOBATh, YTO
JIEJIaeT 3TO HEBBITOIHBIM.

4) HeoO0XOOUMO YMEHBIIUTh ILIEPOXOBATOCTH (COMPOTUBIIEHHUS) CMOUYEHHOIO IEpUMETpa
KaHauna, JIIsl yBeJIMUEHUs IPOITYCKHON CIIOCOOHOCTH B KaHaJE.

JlanpbHENMM pa3BUTHEM HAXOXKICHHS TUIPABIMYECKH HaWBBITOJIHEWIEH (HOpPMOM KMBOTO
CEUCHMsI MOXKET MOCIYXUTh HaxXOXJeHUEe (OpMbI CeueHHs, KOTOpoe BbIOMpaeT ceOe BOASHOI
noTOK. Ecny kaHasn BBINOMHUTH B 3TON (popMe ceueHus, TO 3aujieHUE U pa3MbIBa KaHajia He OyJerT,
YTO U pelIaeT HKCIUTyaTal[HOHHbIE POOIEMBI.

JIUTEPATYPA

1. https://studfiles.net

2. Yyeaeg P.P. Tunpasiuka //Iueprousmat Ned1982.C 246-251.

3. UlImepennuxm [J.B.«'mapaBnuka» Mocksa «Qneproatomuzaar 1984. C 337-339.

4 https://studme.org/148820/matematika_himiya_fizik/vidy kanalov_geometricheskie _elementy seche
niya_kanala
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3KOJOI'MYECKHUE ACHHEKTBI CTPOUTEJIbCTBA YHUKAJIBHBIX 3IAHUNA U
COOPYXEHHMH (KEJIE3HOJIOPOXHBINA BOK3AJI I'. TBEPbH)

C.K. Xae6unxos’, A.JI. Cy3nanesa’
Lemyoenm, s.xlebnikov@mail.ru
ZHayunwiii Koncytomanm, npog., 0-p 6uon. nayk, npod., SuzdalevaAL@yandex.ru
Y2@oreoy  BO «Hayuonanvnoiti  uccnedosamenvckuii  Mockosckuti  20cyo0apcmeerHblil
cmpoumenvublll ynusepcumemy, Mockea, Apocnasckoe wiocce, 0. 26

AHHOTaNUA

[TouTn nr06ast AeATEIBHOCTD YEJIOBEKa BIMACT HAa OKpYXkKarolyto cpeny. MckmoueHnem
HE SIBJISIIOTCA U JKEJIE3HOJIOPOKHBIE KOMMYHHKaIMu. B craTthbe moapoOHO pa3oOpaHo
BO3JCUCTBUE IKEJIE3HOJOPOXKHOIO TPAHCIOPTa U  OOBEKTOB JKEIE3HOAOPOKHOM
MHOPACTPYKTYPHl Ha SKOJOTHIO BO BpEMs JKCIUTyaTalMd. PaccMOTpeHBl OCHOBHBIC
THUIIBl 3arpA3HEHUIN OKpY’Karolled cpellbl, UX UCTOYHUKHM M Hauboiee 3¢ eKkTuBHbIE
coco0bl 00oprObI ¢ HUMHU. [IpoaHaTM3UPOBAHBI HKOJIOTUYECKAE OTUYETHl KOMIAHHU
OAO «PX]/l» 3a mocnegHue rojapl U €€ CTpaTerus Pa3BUTUSA HPUPOAOOXPAHHOU
nesitenbHOocTH 10 2030 roga. B nensx BeisiBIEHUS NPOOIEMbI COXPaHEHUSI KYJIbTYPHOTO
Haclieus pa3o0paHo BIMSHUE OKPY)KAIOLIEH cpelbl Ha YHHUKaJbHBIE COOPYXKEHHUs Ha
pUMepe 3/1aHMsI HOBOTO BOK3aia B T. TBepb. PaccMOTpeHbI OMOKH IPOSKTHPOBAHUS
IPUPOJHBIE (PAKTOPBI, KOTOPbIE IPUBEIHN K MOBPEXICHUIO OOIMIIOBKU (acaja 3/1aHus,
SBIISTIOIIETOCS. 00Pa3IoM COBETCKOTO MOAECPHHU3MA.

KnwoueBble ciioBa: oxpaHa OKpPYKArOIICH Cpelbl; KEJE3HOIOPOKHBIA TPAHCIIOPT;
9KOJIOTUYECKAsi CTPATETHsl; 3arpsi3HeHNE aTMoc(depsl; IITyMOBOE 3arpsi3HEHUE; BOK3aJl.

BBEJIEHUE

B Hacrosimee Bpems, MHOrue JIOAM JIOOAT myremiecTBoBath. OIUMH M3 caMbIX
pacrpoCTpaHEHHbIX U YAO0OHBIX COCOOOB MepeABMKEHMsSI 10 Halllell OTPOMHOM CTpaHe - Moe3fa.
[Ipuesxast B Apyroit roposi, uto Bbl yBuaAuTE NepBbiM? KoHeuHO ke, BOK3asl. MOXHO CKa3arh, 4TO
MMEHHO 3TO MECTO CO3JAacT IEPBOE BIEYATIEHHE O Topoje y Typucra. VIMeHHO mo3Tomy B
OOJIBIIMHCTBE TOPOAOB BOK3aJIbI — 3TO COOPYKEHHUS C YHUKAJIBbHOM apXUTEKTYypOH, HE3aBUCHUMO OT
neproja MoCTpONKU.

Kaxnoe coopykeHue, Tak WM MHa4e, BIMSIET Ha OKPYXKAIOILYIO Cpely, TakK K€ U Mpupoja
OKa3bIBaeT HETaTHBHOE BO3/eicTBUE Ha 00BEKT. Takue B3auMOJEHCTBUS HEOOXOIUMO YYUTHIBAThH
Ha JTane mnpoekTupoBaHus. OHM BBIHYXJAIOT BBOJUTH IONPABKH B TE€HEPAIbHBIM MPOEKT H
COBEpIIATh y4YeT SKOJOTMYECKHX BO3AECHCTBUI Npu cTpouTenbcTBe. [Ipennmaraem paccMoTpeTh
no00HbBIE B3aMMOJCHCTBHS Ha NpUMEpEe 3JaHUs HOBOTO BOK3aja TI. TBepb, CTPOUTEIHCTBO
kKoToporo Benoch B 1984—1990 romer.

OB30P JIUTEPATYPbI

[Tpu m060M BO3AECUCTBUHM TEXHUUYECKOW JESTEIBHOCTH YEJIOBEKAa Ha OKPYXKAIOIIYI0 Cpemy
BOo3HHMKaeT npupoaHo-rexuudeckas cuctema (IITC) [1]. 3amaya demoBeka COCTOMT B TOM, YTOOBI
caenats 3Ty IITC ympaBnsemoii, T.k. pazButue ctuxuiHbix [ITC wame Bcero uaer no myTu
Jerpajaluy OKpyXKarmollen cpeasl. B paccMarpuBaeMod NPUPOJHO-TEXHUUYECKOW CHUCTEME BCS
KEJIe3HOJOPOXKHAsT UHPPACTPYKTypa UrpaeT poiib SKOJIOTHYECKoro peryistopa [2]. OT kadecTBa
paboOTHI ATOTO PETYyJATOPa 3aBUCUT, YTO OYJET MPOUCXOIUTH C OKPYKAIOIIEH CPEeIoi: Aerpaaaims,
coxpaHeHMe WM pa3Butue. Hambornee moapoOHBIN aHATU3 MPUPOJOOXPAHHOM JEATEILHOCTH
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O00BEKTOB KEIE3HOJOPOKHON MH(PPACTPYKTYPHI MOKHO MTPOBECTH HA OCHOBE T'OJIOBBIX OTYETOB U
DKOJIOTUYECKOM CTpaTeruu oXpaHbl Okpyxatroiieit cpeasl komnanu OAO «PXKI».

OIEHKA BO3JEMACTBUSA KEJE3HOJIOPOXKHOW WH®PACTPYKTYPHI HA
OKPYXXAIOIYIO CPENQY

Box3aabHubiii komiiekc. Oco0oe BHUMaHHE CTOUT YICIUTh apXHTEKType BOK3aja. IJTO
3MaHUE SBJSIETCS OO0pa3lloM BTOPOM BOJIHBI aBaHTapia B COBETCKOW apxurekrype. Ero
apXUTEKTYpPHBIN CTUJIb MOKHO OTHECTH K COBETCKOMY MOJIEPHU3MY, O YEM I'OBOPAT OKHa (acaja,
BBIIIOJTHEHHBIE BUJE IEPEBEPHYTHIX CTEKISHHBIX apok (puc. 1). OrpomHble OKHa IO3BOJIMIN
BHYTPH 3aj1a OXKUJaHUs Pa30UTh OpaHKepero, TIe ObUT0 coOpaHo 0oJiee IBYXCOT BUIOB PACTCHHH.

Puc. 1. ®acag HoBOro Bok3aia

PaccmaTpuBasi BAMSIHHE 3TOrO COOPYXKEHUS Ha SKOJOTHIO, CTOUT aKIIEHTUPOBATh BHUMaHHUE
HE Ha BO3JEHCTBUM CaMOr0 3/aHUS BOK3alla HAa OKPYXKAIOUIYI0 Cpeay, a Ha BO3JCHCTBUSA
BOK3QJIBHOTO KOMILJIEKCA B L[EJIOM, KaK KPYIHEUILIEro TPaHCIOPTHO-NIEPECATOUHOr0 y3ia TBepCcKon
obmnactu. KomIuiekc COCTOMT M3 MacCaKUPCKOTO TEPMHUHANA, €KECYTOUYHBIN IMacca)kupornoTOK
KOTOpPOro cocTaBisieT mopsiaka 11 Teicau denmoBek, YeTbpex IUIaTGOpM M MATH IyTeH, uepes
KOTOpble mpoxoauT Oozee 130 maccaXMpCKUX MOE3J0B JajlbHEro cjeloBaHus B CyTKu. Eme
0osbIIME pa3Mepbl UMEET 4YacTh y3ia, IpeJHa3HadeHHas Ui TPy30BBIX NepeBo30K. B ee cocras
BXOJAT 7 minatdopm ¢ 82 myTsaMu, peMOHTHOE JIOKOMOTHBHOE JI€NIO, BATOHHOE JIETO, CKJIaj] TOIIMBA
1 MHOTO€ JIpyroe.

CToUT OTMETHUTD, YTO, HECMOTPS Ha IOCTATOYHO OOJBIIOE BIMSHUE Ha OKPYXKAIOIIYIO CPELy,
KEJIe3HOJOPOKHBIM TPaHCTIOPT SABJIsIETCS HanOoJiee IKOJIOTUYECKU YUCTHIM (pHC. 2).
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Puc. 2. HeratuBHoE BO3ACICTBUE TPAHCIIOPTA HA OKPYXKAIOLIYyI0 cpeny B Poccun

Jdus  nosydeHuss Ooinee OOBEKTUBHOW OLEHKM OKOJOTMYHOCTH  KEJIE3HOJOPOKHOIO
TpPaHCHOpPTa CIEAYyeT pacCMOTPETh BIMSHME HA OKPYXKAIOLIYH0  Cpeldy KakK TpaHCIOpPTa,
MEPEABUTAIONIETOCs 10 MYyTSAM COOOWIEHHs, TaK W HEMOCPEJACTBEHHO CaMHUX BOK3aJIbHBIX
KOMILJIEKCOB U IIyHKTOB PEMOHTA U 00CIIy>KUBAHUSI ITOIBUKHBIX COCTABOB.

Tunsl 3arpsasHednii. OCHOBHBIMU THUIIAMM 3arpsi3HEHUH, BBI3BIBAEMBIX JKEJIE3HOJOPOKHBIM
TPAHCHOPTOM, SBJISIOTCS MHIPEAMEHTHBIE U 3HEPreTHMUYECKUE 3arps3HeHus. Bropble BKIIOYAIOT B
ce0si AIIEKTPOMArHUTHBIE W LIYMOBBIE 3arpsi3HeHus. OCHOBHBIM WX OTJIMYHEM SBIISICTCS TO, YTO
MHIPEIMEHTHbIE 3arpsi3HEHUsT MOTYT HAKaIUIMBATBCS M OCTAIOTCS IOC]E YCTPaHEHHUs] MCTOYHUKA
3arpsi3HeHU. K 3TOMy THUIy OTHOCSTCS BBIOPOCHI BPEOHBIX BEIIECTB B aTMOc(epy, a Takke
3arpsi3HEHUE MOYBHI U BOJJOEMOB B pe3yJbTaTe AESTeIbHOCTH 00BEKTOB HH(PPACTPYKTYPhl U CaMHUX
MOJIBJKHBIX COCTABOB. DHEPreTUUECKHUE 3arpsi3HEHUs], HAlPOTUB, CYLIECTBYIOT TOJIBKO COBMECTHO
C MCTOYHHMKOM M MCUE3al0T IIPU €ro ycTpaHeHHH. K HUM OTHOCATCA HIyM WM 3JIEKTPOMarHUTHBIE
I10JI51, BBI3bIBAIOIINE MOSIBIIEHNE OJTYKJAOIINX TOKOB B ITOYBE.

3arpsizHenue armocepsl. HanbonpIas yacTb MHIPEIUEHTHBIX 3arps3HEHUI BbIJIENAETCS B
aTMocepy B BHJE BbIOPOCOB BPEIHBIX BEILECTB, HAIPUMEpP CaXM, OKCHJIOB YIJIepoja, a3oTa U
CEpbl, YIVIEBOAOPOJAOB M CBUHIA. JTH BEUIECTBA OKA3bIBAIOT HETaTMBHOE BO3AECHCTBHE, KAK Ha
pacTeHus U KUBOTHBIX, TaK M Ha 4yesnoBeka. OCHOBHBIMU MCTOYHHKAMHU TAKOTO POJa 3arps3HEHUM
ABJISIIOTCSL  JIBUTaTeldM TEIUIOBO30B U CTAllMOHAPHBIE MCTOYHUKM, TaKMe KaK TeIUIOBbIE
AJIEKTPOCTAHIINY, BhIpaOaThIBAIOIIME YHEPTHIO NIl 3JIEKTPUUECKOTO TPAHCHOPTa, U MPEANpPUSTUSL
I10 POU3BOJICTBY U PEMOHTY BCEX BUIOB ITOABUKHOIO cocTasa [3].

Ananusupys rogobie ot4eTbl OAO «PX/I» MOXHO 3aMETHUTh, YTO B MOCJIEIHUE HECKOJIBKO
JIeT KOJIMYECTBO BHIOPOCOB B arMocepy CHIIBHO yMeHbIIaercst (puc. 3). DTo ocyliecTBIseTcs
Onarofiaps MOCTENIEHHOMY MEepeXoy C TOIUIMBHOM TATH Ha AJIEKTPUYECKYIO, T.K. DJIEKTPOBO3BI
HAaMHOT'O JKOJIOTHMYHEe, a BBIOPOCHI AJIEKTPOCTAHIMK JIOKAJIM30BAaHBl W MPOILE YCTPAHSIOTCS C
noMmouipio punpTpanuu. Takxke CyHIECTBEHHBIH BKJIAJ BHOCHUT PEKOHCTPYKIUS AEHCTBYIOLIETO
MBIJIETa30YJIaBIMBAIOIIEr0 000pYI0BAHNUS, BHEIPEHUE HOBBIX TEXHOJOTUI OUUCTKU U yJIaBIMBAaHUS
BPE/IHBIX BELECTB U UCIIOJIb30BAHNE BO30OHOBISIEMBIX HCTOUHUKOB SHEPTHH.
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Puc. 3. J/Ilunamuka CHIKEHHS BEIOPOCOB BPEIHBIX BEIIECTB B aTMOC(EPHBIN BO3IYX
OT CTaI[MOHAPHBIX UCTOYHHUKOB, THIC. T

B nepcnexruse kommnanus OAO «PX/», cornacHo sxonorudeckoit crpareruu 10 2030 roaa,
IUTAHUPYET CHHU3UTH MOKa3aTelu BBIOpOCAa BPEOHBIX BEIIECTB B arMocdepy OT MOABIKHBIX U
CTallMOHAPHBIX UCTOYHUKOB Ha 45 — 55% B ciyyae peanuzauuu "ONTUMUCTUYHOTO" CLIEHApHs U Ha
10% B caywyae peanu3ainuu "TIECCHMUCTUYHOTO" CIIEHApUs PAa3BUTUS MPHUPOJIOOXPAHHOM
nesitenbHOCTH (puc. 4) [4].
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Puc. 4. [Iporao3 u3MeHeHNsT BELIOPOCOB 3arpsI3HSIONINX BEIIECTB CTAIIMOHAPHBIMHU U TIEPEIBIKHBIMU
ucrounukamu Ha nepuoa 10 2030 roma B OAO "PXK/", ThIC. T

3arpsi3HeHHe BOIHBIX pecypcoB. Hapsay c¢ ymeHblieHHeM BBIOPOCOB B arMocdepy
YMCHbBIIACTCA H C6p00 CTOYHBIX BO/Jl, KaK OYMIICHHBIX, TaK W 3arpsA3HCHHBbIX. OCHOBHYIO qacCTb
BOJIONOTPEOICHHS 3aHUMAIOT XO35HCTBEHHO MUTHEBbIE M MPOM3BOJICTBEHHBIE HYX/Ibl. B mepuon c
2007 roaa, cornmacHo rogoBbiM oTtueThl OAO «PXK]I», noTpebienne Boasl U cOPOC CTOYHBIX BOJ
3HAYUTENBHO YMEHbIIAOTCS (puc. 5). DTO AOCTHraercs MyTeM COKpAIIeHHs HepalroHaIbHOTO
pacxoIOBaHUsI BOJABI, BHEAPCHHS BOJOCOEPETAIONINX TEXHOJIOTHH, CHCTEM O0OOpPOTHOTO
BOJIOCHA0)KEHUSI M IOBTOPHOTO MHCIIOJIb30BaHMS BOJBI, a TaK e 3a CYET PEKOHCTPYKIHMH U
CTPOUTECIIBCTBA KaHAJIN3AIIUOHHBIX OUYMCTHBIX COOPY)KGHHI;'I N BHCAPCHUA MAJIOBOJHBIX TEXHOJIOTHI
OTMBIBKH ITOJIBUKHBIX COCTaBOB.
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Puc. 5. lunamuka cHI>KeHUs1 cOpoca 3arpsA3HEHHbBIX CTOYHBIX BOJI B IIOBEPXHOCTHBIE OOBEKTHI M Ha Pebed
MmectHOCTH pumanamu OAO «PX/», mmH. M3

B nmepcnexktuBe kommanus OAO «PX» mnmanupyer CcHU3MTH TMOKa3zaTenu cOpoca
HEJIOCTAaTOYHO OYMILIECHHBIX CTOYHBIX BOJ Ha 75 % B ciy4ae peanu3anuud '"ONTHUMUCTUYHOTO"
cueHapus M Ha 25% B ciyyae peanu3aluu 'TMECCUMHCTHUYHOIO'" CIeHapus pa3BUTHUSA
IIPUPOIOOXPAHHOM JIEATENBHOCTH, COIIACHO 3KoIoruueckon crpareruu Ao 2030 roga (puc. 6).
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Puc. 6. [Iporno3 n3meHeHus cOpoca 3arps3HEHHBIX CTOYHBIX BOJ B TIOBEPXHOCTHBIE BOJHBIE OOBHEKTHI
1 Ha penbed MecTHOCTH Ha iepuon 10 2030 roma 8 OAO «PXK/», mH. M3

IllymoBoe 3arpsizHeHue. /3 »HepreTMuecKux 3arps3HEHU HauOosblliee HEraTuBHOE
BO3/JCHCTBUE HA OKPYXKAIOILIYIO Cpelly OKa3bIBaeT WyM [5]. Ero ncrtouHnkaMy MOTyT SIBIATBCS Kak
CTaMOHAPHBIC TMPCANPUATHA, TaK W IIOABWIKXHBIC COCTAaBBI. OquI/I)IHO, 4TO0 CTAalMOHAPHBIC
VCTOYHUKHU, TAKHUE KaK PEMOHTHBIE JIENO, BOK3aJlbl U COPTUPOBOYHBIE CTaHIMM, CO3/JAIOT LIYyM B
PE3YIBTATC TCXHOJIOTHICCKHUX onepaunﬁ, BBITTIOJTHACMBIX pa3JINYHbIM 060py)1013aH1/1eM.

WuTepecHee neno OOCTOMT ¢ TMOABMKHBIMU cocTaBamMu. OHHM CO3JarOT IIyM Kak 3a CYeT
paboTHI IBUTATENCH U HHOTO 00OPYIOBaHUS, TaK 1 3a CYET CBOETO JIBIKEHHS 0 penbcaM. [Ipuyuem
STOT MEXaHMYECKHH IIyM SBISETCS OCHOBHBIM (hakTopoMm 3arpsisHeHus. OH BO3ZHUKAeT U3-3a
Cnenn(UYeckoro CTPOEHUS  JKEIEe3HOAOPOXKHOro MmosioTHa. B Poccum  mcnonb3oBaiuch
CTaHJAPTHBIE PEIBbCHl JJIMHHON 25 METPOB, YTO YBEIMYMBAJIO YACTOTY IOMAJAaHUs KOJIEC COCTaBa
Ha WX CTBIKH. /{7151 CHM)KEHUS YpOBHS IIYMOBOTI'O 3arpsi3HEHUSI CTapOe JKEJIEe3HOIOPOKHOE MOJIOTHO
MOCTENIEHHO 3aMEHSIeTCs Ha COBPEMEHHOE OECCTBIKOBOE, PACCTOSIHME MEXAY CTBIKAMHU PENIbCOB B
KOTOPOM IpeBOCXO0UT 350 METPOB.
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Taxxe BONMHM3U HACEICHHBIX MTYHKTOB U 0CO00 OXpaHSEMBIX MPUPOIHBIX 30H YCTAHABIUBAIOT
IIYMO3AIIUTHBIE JKPaHBI, YTO TOXE MO3BOJSET yMEHBIIATh CTENCHb IIYMOBOTO 3arps3HEHUSI.
UtoObl HE MOPTUTH BHEIIHUN BHUJI TOPOAA BHICOKMMHU 3KPaHAMU BO3MOYKHO HCIIOIH30BAHUE HUZKHX
IIYMO3AIIUTHBIX YKPaHOB B COYETaHHMHU ¢ (apTyKamMH Ha MOJBMXKHBIX cocTaBax (puc. 7). Taxxke B
nemsix 6oppObI ¢ myMoBbIM 3arpsisHeHHeM kommnanuss OAO «PXK]I» ocymectBusier paboTsl 1Mo
penbconun(OBaHNIO, 3aMEHY YyT'YHHBIX TOPMO3HBIX KOJIOJIOK KOMIIO3UTHBIMH, JIECOHACAKICHUE U
MHOT0€ JIpyToe.

Puc. 7. Hu3kuii IryMO3amuTHEIN 9KpaH B COYETAaHUH C ITyMO3AIIUTHBIM ()apTyKOM Ha TIOJBUKHOM COCTaBE:
1 — skpaH; 2 — GapTyk

JJIEKTPOMATrHUTHOE 3arpsi3HeHue. BiusHue 31eKTpOMarHUTHBIX 3arps3HEHUN Ha >KUBBIC
OpraHu3Mbl /10 CHUX MOp €lle 10 KOHIIA He u3y4yeHo. EcTh mpeamosiokeHus, 4To OHH MOTYT
BO3JICHICTBOBATh Ha HEPBHYIO CHCTEMY YelIOBEKa M U3MEHATh KPOBAHOE AaBiieHue. VcTouHuKaMu
9JIEKTPOMArHUTHOTO  3arpsi3HCHUS  SIBJISIIOTCA  TOJABWXKHBIE  COCTaBbl  HA  DJIEKTPOTHTE,
BBICOKOBOJIBTHBIE JIMHUM aBTOOJOKUPOBKH TPU ABTOHOMHOM TsSre W KOHTAaKTHas CeTh IpHU
ANEKTPUYECKON Tsre (puc. 8). DIEKTPOMArHUTHBIC TOJS, BBI3BIBAEMBIE 3THUMH HCTOYHHUKAMH,
HAHOCAT O0COOEHHBIN ymepd B TOpoackoil cpene. OHU co37ar0T ONyKIarolue TOKU [6] B mouyBe
MO/ KEJIE3HOJAOPOKHBIM IIOJIOTHOM, KOTOpbIE B CBOIO OYEPEIb YCKOPSIOT KOPPO3HIO
TpyOONpPOBOJOB, MPOJOKEHHBIX TOJ 3eMieil. B pe3ympraTte YCKOpeHHs KOPpPO3MH B IOYBE
TTOBBIIIACTCS] KOHIIEHTPAIIUS OKCUIOB METAILJIOB.

Puc. 8. KonrakrHas CCTh, KaK UCTOYHHUK IJICKTPOMATrHUTHOT'O 3arpA3HCHUSA

B Omwxkaiiimem OyaymieM Bps JM CTaHET BO3MOXHBIM COKpAIICHHE KOJIMYECTBA
SJICKTPOMArdHuTHBIX 3arp${3HeHI/II>'I. HaHpOTI/IB, B YCIIOBHUAX aKTUBHOM BHCKTpI/I(l)I/IKaHI/II/I ITOABUXHBIX
COCTaBOB O3TO KOJHMYECTBO OyAeT TOJAbKO BO3pactaTh. HoO, 3TOT Mmar ompaBjaaH, Belb
HHI'PEAUCHTHBIC 3arpA3HCHHS, BBI3bIBACMbIC ITOABHIKHBIMU COCTaBaMU Ha TOILIUBHOM TATC, HAHOCAT
ropaszio OoJblle yiepoa oKpyKaromen cpese.

Bce NEPCUUCIICHHBIC BBIIIC 3arpsA3HCHUA XapaKTCPHBI KaK IJId KCJIC3HOJOPOKHBIX
neperoHoB [7], Tak W A BOK3aJIbHBIX KOMIUIEKCOB. OTiMuYME B TOM, YTO Ha BOK3ajlax H3-3a
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YCUJIGHHOTO CKOHIICHTPHUPOBAHHOTO [IBIKEHHS TOE3/I0B, a Takke pPadOTHI KEIE3HOMAOPONKHOU
UHQPACTPYKTYphl KOJIMYECTBO 3arpsi3HEHUN YBEIMYMBAETCS B HECKOJIBKO pa3, YTO HAaHOCHT
CepbE3HBIN yIIepO IKOJIOTUY MPUIIETAIOIIEH YacTH TOpoa.

HETATUBHOE BO3JIEHCTBUE ITPUPOJTHOM CPEJIbI HA 3JIAHUE BOK3AJIA

Kak Opl10 cKa3aHO B Hayalle, HE TOJbKO COOPYKEHHE OKa3bIBAE€T HEraTUBHOE BO3/IEHCTBHE HA
HKOJIOTUYECKYI0 OOCTAaHOBKY B NpWJIETarollell MECTHOCTH, HO M caMa OKpyKaiomas cpena
OKa3bIBaeT CBOE BIUSHME HA 00BEKT. B OOJBIINHCTBE CilydaeB 3TO BIUSHUE HETaTUBHOE.

Bok3an, B34ThIN a1 McclieoBaHUsA, OTKPBITBIA B 1991 romy 3HauuTeNbHO MOCTpajan OT
BO3CHCTBUS aTMOC(EPHBIX OCAJIKOB. 3JJaHHE HOBOI'O BOK3aJla UMEET MHTEPECHOE ApXUTEKTYypHOE
pelleHne, HO He MPOyMaHo ¢ TEXHUYECKOM CTOPOHBI. IIpy MpOEeKTUPOBKE HE YUTEHO MOBBIILIEHHOE
KOJIMYECTBO OCAJKOB B Halleil mosnoce. B pe3ynbraTe n01eil U TasHUS CHErOB BOJA CTEKaeT IO
apkam, B pe3yJbTaTe 4ero B MX HI)KHUX YacTSIX BBIMBIBAETCS LIEMEHTHBIM PacTBOP U pa3pylIacTCs
KaMeHHass kiaaka (puc. 9). DTO MNPOUCXOAUT M3-32 OTCYTCTBHS BOJOCTOKOB, HaJU4Us
MUHEpAJIbHBIX IPHUMECEH B JOXKACBOM BOAE W CHEre, HU3KOM KOPPO3MOHHOM CTOWKOCTH
M3BECTHSKA, KOTOPBIM HCHOJIb3yeTcsl B KauecTBe OOIMIIOBOYHOrO Marepuaia Ha (acane 31aHUs
BOK3aJa, CBS3aHHOW C €ro OOJBIIOW MOPHCTOCTBIO, a TaKkKe H3-3a 00pa3oBaHUS
CKOHLIGHTPUPOBAHHbBIX IOTOKOB JI0X/I€BOM BO/bI B HUXKHHMX TOYKAxX AYyr apok. Takum oOpazom, 3a
30 ner (YHKIMOHUPOBAHUS 3/aHUS BOK3ama, ero ¢acal CHIBHO TOCTpafal W yTpaTui ObUTYIO
KpacorTy.

.ﬂ‘q

Puc. 9. Koppo3us kameHHO# knajku dacaga

BbIBO/IbI

HecomHEeHHO, Bce OOBEKTBI, CBSI3aHHBIC C IKEIE3HOJOPOXKHOW HHPPACTPYKTYpOH, Kak
MIOJIBIKHBIE COCTABBI, TaK U CTAIlIMOHAPHBIE OOBEKTHI, PEMOHTHBIE JIETIO, JIEKTPOCTAHIINH U MHOTOE
Ipyroe, HaHOCAT OouybInoN ymiepd oxpykawmier cpeae. Ho He crouT 3a0biBaTh, YTO OHHU
OKa3bIBAIOT CaMO€ HE3HAUUTENbHOE BIUSHUE HA DJKOJOTHUIO IO CPaBHEHUIO C OCTAIbHBIMHU
TPAHCIIOPTHBIMU CTPYKTypamHu. [Ipu 3TOM €XeroJHO YCHENIHO BEAYTCS pabOThl MO YMEHBIIEHUIO
KOJMYECTBAa BHIOpOCA pa3NUYHBIX BPEIHBIX BEHIECTB W MOHIDKEHUIO YPOBHS IIYMOBOTO
3arps;3HEHUSI.

B Hacrosiiee BpeMsi 4eIOBEYECTBO €Il HE TOTOBO MPEANIOKUTh KAapAWMHAIBLHO HOBOE U
a0COJTFOTHO SKOJIOTHYHOE PEIICHHE MPOOJIEMBI TPAHCIOPTHPOBKH TMACCAXKUPOB U TPy30B. Takum
obOpa3om, cambiM 3(PGHEKTUBHBIM CIIOCOOOM 3aIlUTHI OKPYXKAIOIICH Cpelbl SBISETCS BHEAPEHHUE
HOBBIX TEXHOJIOTUWA B YK€ CYIIECTBYIOIIHE TPAHCIOPTHBIE CTPYKTYphl. [IpuMepamu momoOHOTO
BHEJPEHUS W SIBISIFOTCS TIOJIBHIKHBIE COCTaBbl Ha DIEKTPOTATE, OECCTHIKOBBIE MYyTH M MHOTOE
Ipyroe, paCCMOTPEHHOE BBIIIE.
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B cBoro ouepenp, 4ToObB MUHUMHU3UPOBATh BO3JEHCTBHE OKPY)KAIOLIEH Cpeibl Ha 37aHUS U
COOpYKEHMsI HY’HO Ha 3Tare MPOEKTHUPOBKHM YUYUTHIBaTh KIMMAaTHYECKHE OCOOEHHOCTH PETHOHA,
rpaMOTHO MOAOWpPATh MaTepuas, KOTOPBIA OyneT MOIXOAMTH JUIS JKCIUTyaTallid B JaHHBIX
KIIMMaTU4YECKUX  YCJIOBHAX 10  BOJOCTOMKOCTH, MOPO30CTOMKOCTH, CTOMKOCTH IIPOTHB
BBIBETPUBAHMS U IIPOYUM IapameTpaM. Takol OCHOBATEIbHBIN MOAX0 K IPOCKTUPOBAHUIO MOKET
o0ecrneynTh HaJeKHOCTh U JIOJTOBEYHOCTb COOPY)KEHHUS, IpPH HKCIUIyaTallMM B 3aJaHHBIX
YCIIOBUSX.
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Cexnus 4. RELIABILITY OF BUILDINGS AND
CONSTRUCTIONS

AHAJIN3 OIITUMAJIBHBIX ITAPAMETPOB CEYHEHUA ITPAMOYT'OJIBHBIX
KEJIE3OBETOHHBIX BAJIOK HA OCHOBE PACYHETA ITPOYHOCTH

A3. Aﬁnszl, A.A. HHI{I/ICBZ, I0.A. lllanomuukoBa®

1cmydeHm, abidov.ru@mail.ru

2cmyaenm, yand.akromat@gmail.com

Skano. mexn. nayx, doy. kag. ’)KbK UCA

L239pr50y  BO «Hayuonanvnoiti  uccnedosamenvcxuti  Mockosckuil  20cy0apcmeeHHbll
cmpoumenvhwlil ynusepcumemy, 129337, Mockea, Apociasckoe wocce, 0.26

AHHOTAUA

IIpeamer wucciaenopanmsa: CraTbs NOCBAIIEHA MpobieMe BbIOOpa ONTUMAIIBHBIX
apaMeTpoOB KeNe300€TOHHBIX MPSAMOYToJbHBIX Oanok. [Tpu BeIOOpe pa3zmepa ceueHHid
0aJOK HEOOXOIUMO YYHUTBHIBaTh KAaK HKOHOMMYECKYIO COCTABIAIOLIYIO, TaK U
(GYHKIMOHATBHYIO 11€J1ec000pa3HOCTh KOHCTPYKIMHU. [IpuBeneH aHanus 3aBUCHMOCTH
CTOMMOCTH  OJHOIPOJIETHOM  INIAPHUPHO-ONEPTOH  Kene300eTOHHOW  Oainku  OT
BBIODAHHBIX TMApPaMETPOB €€ CEYCHHS NpPU JCHCTBUU PABHOMEPHO pacrpeneIéHHON
BHEIIHEN HAarpy3KH.

Henun: Onpenennuts ONTUMAIBHBIM JUana3oH [apaMETPOB CEUEHUS HKEIe300€TOHHBIX
LIAPHUPHO-ONEPThIX OajoK (BBICOTHI, IIMPHHBI, APMHUPOBAHHUA, Kjacca OeTOHa H
apMaTrypbl) B 3aBUCUMOCTH OT PABHOMEPHO-PACIIPEIEICHHON BHEIITHEN HArpy3KHU.
Matepuabl 1 MeTOAbI: TpaTuIIMOHHBIN METO pacdyéra MPOYHOCTHU JKEJIe300€TOHHOM
O0anku, npuBeneHHsli B CI1.63.13330.2018 «beToHHble U Kene300€TOHHbBIE
KOHCTPYKLIUI.

Pesyabrarsl: IlpencraBieHa 3aBHCUMOCTh CTOMMOCTH OJHOIIPOJIETHOM INApHUPHO
OIepTOi kKene300eTOHHOW OaJKU MPSMOYTOJBHOIO CEYEHHsI OT JEeMCTBUS pa3IMuHON
PaBHOMEPHO pacIpeIeIEHHON Harpy3KH.

BoiBoabl: IlonydyeHa 3aBUCHMOCTH CTOMMOCTH JKE€JI€300€TOHHOHM OalKku OT BBICOTHI
CeueHus, MpoJsieTa M 3HAYeHUs BHeIIHed Harpy3ku. [lo pesynbraTtam uccienoBaHus
ClleNaH BBIBOJ 00 ONTHUMAIBHOM JMana3oHe MapaMeTPOB CEUYEHHUs >KEIe300€TOHHBIX
HIapHUPHO-ONEepThIX Oanok. IlomyuyeHHble TaHHBIE MOTYT OBITH PacHpOCTPaHEHBl U Ha
JpyTH€ AUara3oHbl HArpy30K U IIPOJIETOB.

BBEJIEHUE

CyTbl0 TPOEKTHPOBAHUS KOHCTPYKLHUH SBISETCS HE TOJNBKO obecreueHne Oe30MmacHoi
JKCIUTyaTalliM, HO M MHUHUMH3auMs (uHaHCOBBIX 3aTpar. llpomecc mpoekTHpoBaHUS
KeNne300€TOHHBIX KOHCTPYKIMI BKIO4aeT B cebs JBa OCHOBHBIX JTama: Ha3HaYeHHE
MpeNIoJiaraéMbIX T'€OMETPUUECKUX IapaMeTpoB IONEPEYHOro cedeHus M mnoadop TpedyeMoro
apmupoBaHus. CocCTaBIAIOIME KOHCTPYKLMH, OETOH M CTallb, CYLIECTBEHHO DPAa3JIMYaIOTCS TI0
CTOMMOCTH. B CBfI3M ¢ OrpaHMYEHHOCTHIO COpTaMEHTa IMPOKAaTHONW apMaTypbl HEBO3MOXKHO C
JOCTaTOYHOM TOYHOCTBIO COOJIOCTH TpeOdyeMylo IUIoHmIaJb AapMHPOBAHUS, 4YTO CO3/AAeT
JIOTIOJIHUTENbHBIE OTPAaHMYEHUS TpPU MpoeKTHpoBaHHU. I[lo3ToMy dYacTo HSKOHOMHYECKas
3G EKTUBHOCTh KETE300€TOHHBIX DJIEMEHTOB 3HAUMUTENBHO CHMXKAeTCs [UId  oOecredeHus
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TpeOOBaHUI TEXHOJIOTMYHOCTH W Oe3omacHocTH. llpeaBapuTenbHOe Ha3HAYEHHE IapaMeTPOB
KeJIe300€TOHHBIX KOHCTPYKIIMI BajkHas 3ajjadya, KOTopasl JOJKHA PelIaThCsi HE TOJBKO MCXOMS U3
MPOYHOCTHBIX XapaKTEPUCTHK MaTepuasia, HO TaKke M U3 coolOpaxeHuid 3¢(QeKTuBHOCTH,
HAaJIeKHOCTH U HAUMEHbIIIEH MaTeprUaIOeMKOCTH.

OB30P JIMTEPATYPHBI

Bonpocom onTuManbHOTO MPOSKTHPOBAHUS JKENE300€TOHHBIX 0aloK 3aHUMAIOTCS MHOTHE
poccuiickue u 3apybexHbie yuensie [1-5].
Bonpiioit Bkiag B pa3BUTHE METOJOB pacdeTa Keine300€TOHHBIX KOHCTPYKIMKA BHecin KaprieHko
H. W. baiixoB B. H. [1, 4]. B pa6ote Kapnienko H. 1. moctpoena o6miast Teopusi 1ehOpMUPOBAHHS
U paspymeHus OeToHa U Kele300eToHa MpU pa3InYHbIX BUAaxX Harpyxenus. baiikoB B. H. BHec
CYUICCTBEHHBIH BKJaJ B pa3BUTHE pacueTa CTPOUTEIbHBIX KOHCTPYKIHMI u3 cOOpHOro
KeJle300€ToHa.

MATEPHAJIBI U METO/IbI

OOBekT  pacyera:  OJHOIPOJETHAs, I[IAPHUPHO-ONEpPTAas  JKEIe300eTOHHAas  OaJika
IPSIMOYTOJIBHOTO CedeHus, u3 6erona kiacca B20 (Rp=11500 xkH/M% Rp=900 xH/M?), apmarypa
knaccoB A500 (Re=435000 kH/m?, Rs~400000 xH/M?, £z=0,493, az=0,372) u A240 (Rs=210000
kH/M?, R,=170000 KH/MZ) (puc. 1). Pacuernsrii nposer 6anku lop=5m. llupuna 6anku b=h/3, rae h
— BbIcOTa Oanku. 3ammuTHbId ciaod OeroHa a=0,03m. IlosHas paBHOMEpPHO pacmpeaciIcHHAs
Harpyska npuaumanacs =7, 10, 12 kH/m.

YT TIT Ty
_8- /() &_
M
M = ql3/8
TTITIM O
Q =qly/2

Puc. 1. PacueTHas cxema H 3MIOpPHI YCHIIMH B Oajke

Bueumanit MOMEHT

v
8

ITonepeunas cuila B HOPMAJIBHOM CEYEHUU OT BHEIIHEW HATPY3KH

Koaddunment oy

a —
m 2
R,bh;
ITpoBepsieM BhINIOTHEHHE YCI0BUs (TpeOyeTcs Jin cikaTast apMarypa)
a, <ag
Tpebyemas miomane pacTsIHyTOW apMaTyphbl B CEUEHUN
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A = R,bh,1-v1-2¢,)

RS
BribpaB pa3mepbl cedeHus OalkM M MOJYYHMB TpeOyemMyro IUIOMIA[b CEYEHHUS apMaTyphl, IO
COPTaMEHTY ropsiueKaTaHol apMaTypbl IPHHUMAJICS JUAMETP MPOIOJIBHBIX CTEpXKHEH [6-7].
B xauecTBe momepedHol apMaryphl HCIOJb30Bajlack apMarypa kiacca A240 nuamerpom 8 mw,
omaas crepxus 0,503 CMZ, B TIOTIEPEYHOM CEUCHHUH PACIONIaratoTCs JBa TUIOCKUX Kapkaca N=2,
Aw=2%0,503=1,06 cM”,

YcioBre NpOYHOCTH HAKIIOHHOTO CEYCHHUS

Q S Qb + st
rie Q — momepeuHasi pacueTHas cujia B paccMaTpuBaeMoM ceueHuu; Qp — momepevHas cuia,
BocnpuHUMaeMast 6eToHOM; Qs — MoTepeyuHas cuiia, BOCIpHHIUMaeMas xomytamu [1, 4, 6].

Brrancasem IMOIICPCUYHYIO CHUIIY, BOCIIPHHHUMACMYIO OETOHOM Qb, opeamojaras, 4To IMPOCKI U
HAKJIOHHOI'O CCYCHHA ITPUHHUMACT MAKCUMAJIbHOC 3HAYCHUEC IIPU C:3h0

M, =1,5R, bh’

W3 KOHCTPYKTHUBHBIX COOOpaXKeHHMI Ha3HAUMM IIar MONEpeyHol apmarypbel Sy. B Tabmuue 1
MPUBEJICH AT TONEPEYHON apMaTyphl B 3aBUCHMOCTH OT BBICOTHI CEUYEHUS OAalKW U OT 30HBI €€
PacoIOKEHHsI: Sy1 — IIAr MOMEPEYHON apMaTyphl B IPHOMOPHON YacTH Oanku, paBHOM lo/4, Sy —
[1ar MoNepevHol apMaTypsl B CpeIHEl yacT Oaiku (MPUHAT KOHCTPYKTHUBHO).

Ta6aumna 1. [llar monepeynoit apmMaTypbl

bxh. MM 100x | 120x | 140x | 150x | 170x | 190x | 200x | 220x | 240x | 250 x | 270X
' 300 350 400 450 500 550 600 650 700 750 800
Swi, MM 100 | 100 | 200 | 200 | 250 | 250 | 300 | 300 | 300 | 300 | 300
SW21 MM
200 | 250 | 300 | 300 | 350 | 400 | 450 | 450 | 500 | 500 | 500

s.<

] [0

I —

Puc. 2. Cxema apMHpOBaHUs OaJIKy MONEPEYHON apMaTypoi

Q=Qmax _qlc
9, =0q-0,5q,

rze gy — pacueTHas BpeMEHHas Harpyska, KH.

@dakTHUYecKas NOTOHHAs Harpy3Ka Ha XOMYTHI IIPH 11are NONEPEYHbIX CTEPKHEHN Sy
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qsw -
Swl
Hespirogueiiiiee 3HaueHUE ¢ paBHO
M
c=|—2
G

[Tonepeunast cuna, BocmpuHUMaemas xomyramu Qg TpH Cp — AIUHE MPOCKIUU HAKIOHHOM
TPELINHBI, IPHHAMAIIACh PaBHOU ¢, HO He bonee cp=2hg

st = O’ 75qSWCO
3aTeM MMPOBEPAIOCH BBIITOJIHCHUC YCIIOBUA Q < Qb + st . HpI/I HCBBITIOJIHCHUH 3TOTO YCJIOBHUA

YMEHBIIAJCS 1Iar IONEPEYHON apMaTyphl Sy1.

Ha ocHOBaHMM TMOJyYEeHHBIX JAaHHBIX, PACCUUTHIBATACH CTOMMOCTh Oanku ©Oe3 yuera
TPAHCIIOPTUPOBKH MarepuaioB. B Tabnume 2 mnpuBeAeHbl CpPeIHHE CTOMMOCTH MAaTE€pHUasoB,
MpeACTaBlIeHHBIX Ha pblHKE B 2020 rony.

Ta6auna 2. CTONMOCTh MaTepUAIOB

Marepua CroumocThb
beron xiacca B20 3400 py6. 3a 1 M°
Apmarypa kinacca A240 quamerpa 8 MM 15 py6.3a 1 m.m.
Apmarypa kiacca A500 quamerpa 6 MM 9 py0.3a 1 m.11.
Apwmarypa kiracca A500 muamerpa 10 mm 24 py6.3a 1 M.
Apwmarypa kiacca A500 nuamerpa 12 mm 33 py6.3a 1 m.1m.
Apwmarypa kiacca A500 nuamerpa 14 mm 44 py6. 3a 1 m.1.
Apwmarypa kiacca A500 quamerpa 16 mm 59 py0.3a 1 m.1m.

JlnrHa nonepevynoit apmMatypsl lgy (01HOTO XOMyTa)
I, =2(b+h,+1,5d, +0,5d,-0,07)+0,1

CroumocTh 6€TOHA B KOHCTPYKIIMH
Cb = (bhlo B mA%wlsw B ZASIO)Xb

r7ie Xp — CTOUMOCTh 0€TOHA; M — KOJIMYECTBO XOMYTOB B Oajke
L, 1 1
m==2(—+-—)
2's, S

w2
CTouMOCTh IOTIEPEYHOI apMaTypbl

CA240 = mlszA24o
T€ Xp2400 — CTOMMOCTB MTONIEPEYHON apMaTypBhl.
CroumocTh IPOAOIBHON paboueit apMaTypsl

CA500 = 2IOXA500

/1€ XA500 — CTOMMOCTD MTOTIEPEUHOM pabodeit apMaTypshl.
CtouMOoCTh TPOJI0JIBHOM KOHCTPYKTUBHOW apMaTyphl

C A500 — 2|0X A500
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/1€ X 'A500 — CTOMMOCTh MOTIEPEYHON KOHCTPYKTUBHOM apMaTyphl.
CtouMoOCTh Beel Kene300eTOHHOM Oallku paBHa

C= Cb +CA24O + CASOO +C A500

PE3YJbTATbBI UCCJIIEAJOBAHUSA
Pe3ynbrarhl pacuera mpoJoJabHOM apMaTyphl IpUBEIEHBI B Ta0uLe 3.

Tabéauua 3. [nametpsl mpoAo0IpHON apMaTypsl B 3aBUCUMOCTH OT Harpy3KH U BHICOTBI CEUCHUS

bxh| 100x3 | 120x | 140x | 150x | 170x | 190x | 200x | 220x
00 350 400 450 500 550 600 650

kH/
7 2d14 | 2d12 | 2d12 | 2d10 | 2d10 | 2d10 | 2d10 | 2d10
10 2d14 | 2d14 | 2d12 | 2d12 | 2d12 | 2d12 | 2d10
12 2d16 | 2d14 | 2d14 | 2d12 | 2d12 | 2d12 | 2d12

[Ipumeuanue k Tabaune 3:

: — HE BBINOJIHAETCS YCIOBHE &, < Oy ;

— HE BBINOJIHACTCS YCIOBHE IO MUHUMAIbHOMY KO3(ppULIMEeHTY apMUpPOBaHUS.

OueBunHO, 6asku ¢ ceueHueM 120x350 sBiAIOTCS HaUMEHEE MAaTEPUAIOEMKUMU M0 KOJINYECTBY
OeToHa, ciefoBaTeNbHO, 00JanaloT MeHbled maccoll. Taxke 3TH Oalku, B COOTBETCTBHU CO
CTaTUCTHYECKOW Teopueil, OCHOBAaHHOW Ha pacrpeneneHun BeliOymina, B MEHbIIEH CTENEHH
IIOJIBEPKEHBI MOSIBJIEHUIO ONAacHbIX TpeuwH [1]. B Oankax ¢ GonblIMM ceyeHHeM, B CHIIy CBOEH
OoJbIIIel MacCHBHOCTH, B CIy4ae BO3TOPAHMS BO3HUKHET OOJBIIUI TeMIIepaTypHBIA T'PaHEHT,
BBI3BIBAIOLIMI OoJblIME TeMIepaTypHble HanpsbkeHus [2]. B ciaydae skcmyaTauuu 3Tux 0ajok Ha
OTKPBITOM BO3[yX€ WM B OTAIUIMBAEMOM TPAXKAAHCKOM 3[aHWM, B HHUX BO3HHMKAIOT OOJBIINE
BIIQ)KHOCTHBIE HanpspkeHUs [3]. MOKHO 3aMETUTh, YTO JJIsl Pa3JIUYHBIX CEUEHUH IIPU OJHON U TON
K€ BHEIIHEH Harpys3ke TpeOyeTcs yCTaHOBKa apMaTypbl C OJMHAKOBBIM IONEPEYHBIM CEUYEHUEM
(manpumep, cedeHus 150x450, 170x500, 190x550 u T.n. mpu BHEIIHEH pPABHOMEPHO
pacnpenenenHor Harpyske 7 kH/m). CrnenoBatenbHO, Hanbojaee ONTUMAIbHBIM (U3 yKa3aHHBIX)
OyzeT Takoe ceyeHue, B KOTOpoM KO3 PHUIMEHT apMUPOBAaHUS HAUOOIbIIUI.

W3 Tabnuuel 4 BUJHO, UTO MPU YBEIMUEHUU BBICOTHI CEUYEHUSI CTOUMOCTD JKeJIe300€TOHHOU
0anku ¢ HEOOJBIIUM IPOJIETOM (B JAAHHOM cllyyae 5 M) B OCHOBHOM 3aBHUCUT OT KOJHYECTBa
6erona. [loaTomy Ganku ¢ GoJblIel BEICOTOM CEUEHUSs SIBISAIOTCS MEHEe NPEAIOYTUTENbHBIMU, TaK
KaK OHU 00JalaloT MeHbIIeH AKOHOMHUYECKON 3((HEKTUBHOCTBIO U MPH 3TOM, KaK OBbLIO CKa3aHO
BBIIIIE, SIBJISIFOTCSI MEHEE HAJEKHBIMU. Takyke MOXKHO 3aMETUTh U3 TaOJIUIBI 5, YTO C YBEIUYEHUEM
BBICOTBI CEUEHHUs] CTOMMOCTb OaJIKM OTJIMYAeTCs] HE3HAYMTEIbHO NpPU H3MEHEHMM BHEIIHEH
Harpy3ku. [loaToMy B TOM cilydae, Korja HEOOXOOUMO HUX KOHCTPYKTHBHBIX COOOpa>kKeHUM
Ha3HAUUTh OalKky ¢ OoyblIed BBICOTON CeYEHHUs, € MOXKHO 3alpOeKTUPOBATh C OOJBIIUM
K03 dULIMEHTOM 3amaca IPOYHOCTH, YeM TpeOyeTcsl W3 yCIOBHSI IPOYHOCTH, O€3 yBEIWYEHHS ee
CTOUMOCTH.
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Tabauna 4. CToMMOCTb COCTaBIISTFOIIMX OQJTKH JTMHOU 5 M B pyOJIsax
bxh | 100x | 120x | 140x | 150x | 170x | 190x |200x |220x | 240x | 250x | 270X
W] 300 [350 [400 [450 [500 [550 [600 [650 |700 |750 | 800
Cy 500 705 945 1141 | 1438 | 1770 | 2034 | 2424 | 2850 | 3180 | 3665
L _cAs00 440 330 330 240 240 240 240 240 240 240 240
Ca2o | 430 465 323 358 326 340 323 352 355 378 405
C'aso0 | 90 90 90 90 90 90 90 90 90 90 90
Co - 703 943 1140 | 1437 | 1769 | 2033 | 2424 | 2850 | 3181 | 3665
ol casw | - 440 440 [330 [330 |330 [330 |240 |240 |240 |240
| Caao | - 467 | 325 |361 [328 342 [324 |352 |355 |378 |405
Casoo_| - 90 90 90 90 90 90 90 90 90 90
Cp - 702 | 943 | 1138 | 1438 | 1769 | 2033 | 2423 | 2848 | 3179 | 3664
| CAS500 - 590 440 440 330 330 330 330 330 330 330
| Cazao | - 471 | 324 |363 |308 |342 [324 |354 |35 |380 |406
C’aso0 | - 90 90 90 90 90 90 90 90 90 90
Ta6auna 5. O0m1ast CTOMMOCTh OAJIKH [UTMHOW 5 M B pyOIIsIX
xh | 100x | 120x | 140x | 150x | 170x | 190x | 200x | 220x | 240x | 250x | 270x
kH 300 350 400 450 500 550 600 650 700 750 800
7 1460 | 1590 | 1688 | 1829 | 2094 | 2440 | 2687 | 3106 | 3535 | 3888 | 4400
10 - 1700 | 1798 | 1921 | 2185 | 2531 | 2777 | 3106 | 3535 | 3889 | 4400
12 - 1853 | 1797 | 2031 | 2166 | 2531 | 2777 | 3197 | 3624 | 3979 | 4490

BbIBO/IbI

1. [Tpu mpoeKkTUpOBaHHUH KeNe300eTOHHBIX 0aT0K MAJOro MpoJieTa MPU BBICOKUX CEYEHMSIX (OT
450...500 MM) ocHOBHAsI JTOJISI €€ CTOMMOCTH MPUXOIUTCS HA OCTOH, MOATOMY, YeM OOJIbIIe
K03 (HULIHEHT apMUPOBAHUS, TEM HUKE CTOUMOCTb.

2. Bbaniku BRICOKOTO ceueHrs HauMeHee BBITOJIHBIN BapUaHT, HO MPU HEOOXOIMMOCTH BO3MOKHO
3HAYUTENbHOE yBeNW4YeHHe KOd(PQUIMEeHTa 3amaca MPOYHOCTH Oanku, 0e3 CyIIeCTBEHHOTO
TOBBIIIEHHUS €€ LIEHBI.

3. HeoOxonuMel ganbHelIe UCCIEAOBAHUS C LIEbI0 omnpeneneHus Haubonee 3QGEeKTUBHOTO
COOTHOIIICHUS MEXIY BHICOTAMH CEUCHHS M PAa3JIMYHBIMU TIPOJIETaMU OaJIoK.
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Abstract

Subject: research of stress strain behavior for hinged and rigidly fixed composite-
strengthened reinforced T-beams with distributed load.

Purpose: the analysis of the changes of cracks inclination angle along the span of
element. It has been made an investigation of influence of the amount of composite
materials, of the support conditions and of the coefficient A on the crack inclination
angle.

Materials and methods: the composite shear-strengthened contribution is calculated
according to SP 63.13330.2012, SP 164.1325800.2014 and then the determination of
inclination crack angle according to theoretical method of determination of field of
crack directions has been carried out.

Results: the dependences between crack inclination angle and the linear area of
composite materials to transverse steel have been obtained.

Conclusions: if the proportion of composite material in shear-strengthened T-beams
increases, then the crack inclination angle increases. More intensive increment of crack
inclination angle is observed for rigid fixed beams, when fq,/ fry <2.

INTRODUCTION

When some reconstruction work is carried out a need in strengthening of structure without
any significant defects occurs. It often takes place if it is necessary to change the functions of the
building and to increase the load. Today one of the most perspective technology is shear and span
composite strengthening.

LITERATURE REVIEW

There are many progressive investigations concerning strengthening with composite materials
conducted by as indigenous as foreign scientists. But the question of determining the angle of
inclination of cracks along the span of the reinforced element has not yet been studied sufficiently
According to experiments, scientists agree with position that real number of crack angle to vertical
often more than 45 degrees, but there is no any definitive theory for this observation, due to many
difficulties with finding any relationship with different parameters and the crack inclination angle.
[1-5]

V.1. Garnitcky has suggested the method which makes it possible to determine the theoretical
value of the crack inclination angle to vertical o from equation of energy balance and with regard to
the stress-strain state of concrete above the inclined crack. [6,7] It has assumed that the process of
the crack formation ends before the beginning of the plastic deformation of compressive zone of
concrete, the longitudinal and shear reinforcement. Then the equation of energy balance taking into
account deformation of elements has the following view:

Wy +Wse +Wy,, +Wgp, +Wt + W, = Ay (1)
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W, W, are the potential energy of the stretched and compressed longitudinal reinforcement
deformation respectively. W, — the potential energy of the shear reinforcement deformation. Wy, is
the potential energy of deformation of the compressed concrete above the crack, Wy is the potential
energy of destruction of stretched concrete, Wg, is the potential energy of shift of concrete above
the crack, A, — the work of the external loads.

In order to obtain the strains in inclined section the hypothesis of bilinear sections has been
used. In bilinear section, the strains in each fiber can be calculated by the formula:

{‘C"X(y):‘S‘X(hb)+A'(y_hb)'7(f (Ogyghb)
& (y)=(y-h) x. (h, <y<h) @

A is an empirical coefficient, y is a curvature. If A = 1 the hypothesis of bilinear sections
turns to the well-known hypothesis of flat sections. In a case of polyline section in a point y = hy

there is a jump of stress and, in compliance, and correspondingly there is jump of a strain gx(hb)
(fig. 1).

€°(0)

Fig. 1. The hypothesis of bilinear sections

MATERIALS AND METHODS

For determination of inclination angles of cracks in beams reinforced with composite
materials the method of V.I. Garnitsky, including the hypothesis of bilinear sections, has been used.
The equation of energy balance has been supplemented by two terms, which take into account the
deformation energy of FRP strengthening:

W, +Ws +Wg. +Wg, + Wi, +Wgp, +Wy + W, = Aq (3)

The energy of deformation FRP materials in longitudinal direction can be expressed by this
formula:

2
1 2 1 h—hb 2
W :*’E A -g :*E A . .g 4
f2fff2ff[h0_hbs (4)

The energy of deformation FRP materials in longitudinal direction can be obtained from this
formula:
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WfW: ffW'O-fW(X)'SfW(X).dX:EEfW'fSW'ng:
(h—hy Mo 5)
1 h—h. )2 heo” 192 heg>tg’a
=_.ffW.EfW.tgza.( bJ . hfw.tga_ .52
2 ho —hy (h=hy)  3.(h-h,)?

RESULTS OF RESEARCHING

In order to analyze the influence of different parameters on of shear crack inclination angle n
the calculations of hinged and rigidly fixed U-shaped configuration carbon and glass strengthened
reinforced T-beams. (table 1,fig 2-5) It has used B25 grade of concrete and A500C grade of
reinforcement under distributed load have been made. The modulus of elasticity of glass
strengthening is E=7,6- 107 kN/m? of carbon strengthening is E=2,26- 108 kN/m>. The influence of
coefficient A has been analyzed for reinforced T-beams with transverse reinforcement (fs,=7,55
cm?/m), with linear area of carbon strengthening (frv=2,75 cm?m) and with linear area of glass
strengthening (f,,=8,2 cm*/m).

Table 1. Parameters for reinforced T-beams

Geometry of T-beams

b=0.2m ‘ by =0.5Mm h=05m ‘ hoy =0.2 M
Parameters for reinforcement of hinged fixed beams
Area of down reinforcement Area of upper reinforcement
As=4.02 cm’ Asc = 0.85 cM”
Parameters for reinforcement of hinged fixed beams
Area of down reinforcement Area of upper reinforcement
As. = 0.85 cm” As=4.02 cm’
q
TYYYYVYYY
—;c ASC .
ox o, £ | w
M :
% Asw

Fig. 2. Scheme of force in trapezoidal element above

the crack for hinged beam Fig. 3. Section for hinged beam
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[, 5

Fig. 4. Scheme of force in trapezoidal element above the

crack for rigidly fixed beam

1.0

T T T T
=] = Q‘ = f /f
o~ ~ ~ Tru” Tsw

Fig. 6. Hinged fixed beam. The dependence of crack

inclination angle on of transverse to FRP
reinforcement linear area ratio: carbon (solid line),
glass (dashed line)

T T -
Q‘ = f /f
~ Trp/ Tsw

T T
S S
o~ Y

1.0

Fig. 8. Rigidly fixed beam. The dependence of crack

inclination angle on of transverse to FRP
reinforcement linear area ratio: carbon (solid line),
glass (dashed line)

o
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=
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™)
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Fig. 5. Section for rigidly fixed beam

A £=0,05L(C
6o e i
50 F=0.1(G =
_ F=0,1L(C
40 fete—=
30 £=0.2(5) f=0.2(C)
20 =
0 F=03L(6) __ f=03L(C)
0 F=0.4L(G) F=0.4L(0)
| | | | | | | | =
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Fig. 7. Hinged fixed beam. The dependence of
crack inclination angle on the value of coefficient
A for strenthening with carbon (U-solid line), with

glass (G-dashed line), where f — the ratio of
coordinate of the beginning of possible crack to the
whole length (L) of a beam

o
60

55

—

0 = " f=0,3L(C,
f=0.3L(G] /

Fig. 9. Rigidly fixed beam The dependence of
crack inclination angle on the value of coefficient
A for strenthening with carbon (U-solid line), with

glass (G-dashed line), where f the ratio of
coordinate of the beginning of possible crack to the
whole length (L) of a beam) of beam)
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The dependence of crack inclination angle on the ratio of the linear area of conventional
transverse reinforcement to composite for hinged beam is represented in fig.6. The same
dependence for rigidly fixed beam is presented in fig.8. The value of A=1.9 has been accepted for
this calculation.[6] To build these graphics the transverse to FRP reinforcement linear area ratio
value has been used providing the e total distributed force to remain constant [8].

In order to evaluate the influence of geometrical hypothesis on results obtained the
dependences of angle o from coefficient A have been built. This graphic for hinged beam is
represented if fig. 7, and for rigidly fixed beam is represented in fig. 9

CONCLUSIONS

According to calculation, we can make some conclusions:

1. If the FRP to transverse reinforcement ration increases, then the crack inclination angle a
increases. The most significant changes of angle o take place for fi,/fsy < 2

2. Under a distributed load, gradual increase of angle a with increase of coefficient A takes
place.

3. Obtained results validate the significant influence of geometrical hypothesis, which
demonstrate the necessity of further investigation of stress-strain behavior of bended FRP-
strengthened reinforced structures.
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AHHOTaNUA

B naHHOM cTarbe  HCCIIEAYIOTCS  MEXaHUYECKHe OCOOEHHOCTH  IOBEIECHHUS
XKeNe300€TOHHOTO COOPYXKEHHsSI, OINUPAIOLIErocsi Ha JehOPMHUPYEMbI TPyHT, NpHU
MATKOM yzaape 1o coopyxeHuto. IlocraBneHa HavaiabHO-KpaeBas 3ajada Juls
KOHCTPYKIIMU: TPYHT - XKeyne300eToH. Omnpeaensroniie COOTHOIICHHUS  YYUTHIBAIOT
YIIPYro-BsA3KOIUIACTUUECKOE IOBeeHUe Marepuana. s omucaHus CBOMCTB I'pyHTa
ucnosb3yercsi 0600menHas moaens Jpykepa-Ilparepa ¢ MArkoil KpuBoi yrpouyHEHUs
IO C/IBUTY M JKECTKOH KpUBOW YIpPOUHEHUs 10 00BEMHOMY CXKaTHIO. 3ajaya peraercs
YHCJICHHO C MPUMEHEHHEM KOHEYHO-3JIEMEHTHOW MPOCTPAaHCTBEHHOMW JMCKPETHU3ALINU.
Jlnis ucnonp3oBaHMs B pacueTax o0000meHHoi Monenu [pykepa-Ilparepa nanucana
coOcTBeHHass mporpamma. Ha mpumepe pemieHdss MOJENBHOW 3aJadd IpPOBENEHO
YHUCIEHHOE CPAaBHEHUE SBHOM M HESIBHOM CXEM MHTETPUPOBAHUS 110 BpPEMEHH.
OO0OCHOBaHO WHCIIOJB30BAHME HESBHOM CXEMBI B 3aJadyaXx O MSTKOM yJape.
[Ipoananu3upoBaHa pasHUIIA B PELICHUAX, I[OJYYEHHbIX C HCIOJIb30BAHUEM
CTaHIapTHOM U o00oOmeHHoi monenei [pykepa-Ilparepa. Pemienuss nomyuyeHsl Juist
3aJjaud  MATKOTO yAapa [0 COOPYXKEHHIO, MOJEIUPYIOIEMY KOHCTPYKTUBHBIE
0COOEHHOCTH CTapTOBOTO PAKETHOT'O CTOJIA.

KiroueBble cinoBa: Msrkuil ynap, siBHas W HesBHas cxeMma, 0o00OIIeHHAas MOJEb
Hpykepa-IIparepa, kpurepuit Hetomapka, kpurepuit Kypanra, sxesne3006€ToH, TpyHT.

BBEJIEHUE

Hecmotpss Ha TO, 4TO HEyNmpyroe MOBEJEHHE TPYHTOB U apMHUPOBAHHOIO Kele300eToHa
BECbMa pAa3JIMYHO, MOXKHO IOCTPOUTH OOLIYI0 MaTeMaTHYeCKyl0 MOJEIb WX COBMECTHOTO
neOpMHUpPOBAHKS HAa OCHOBE TEOPHH YINpyro-Bs3komnactuyHoctu [1]. Ilpumensis paznuunbie
napameTpsl o0I1el MOJIeNT, MOKHO IOJTy4aTh ONucaHue 00 rpyHTa, TM00 *Kelle300eToHa.

Heymnpyroe nedopmupoBanue TpyHTOB UMEET HEKOTOPbIE SKCIEPUMEHTAIbHO HAOII0JaeMble
0COOEHHOCTH [2,3] B CpaBHEHUU C HEYNPYTUM JAe(POPMUPOBAHUEM KIIACCUYECKUX CPEl, TAaKUX, KaK
METaJUIbI.

Bo-nepBbIX, 1715 TPYHTOB, BCIEICTBUE UX OOJIBIION MOPUCTOCTH, XapaKTEPHO CYIIECTBEHHOE
BIMSIHUE CpEJHEro HampsbkeHHs Ha JedopManuio. ['pyHTBI SBISIOTCS CpelaMu C JABOMHOMN
IJIACTUYHOCTBIO — 10 CHIBUTY U 1O O0BEMHOMY CXKaTHIO. BO-BTOPBIX, HAa HANPSKEHHOE COCTOSIHHE
IpYHTa BIHSAET CKOPOCTh OOBEeMHOro nedopmupoBaHus. IlodToMy OOJBIIMHCTBO Mojenei
YUUTBIBAET BS3KOCTh M0 00bEMHOMY CKaTuio [4]. HakoHel, HecKallbHbIE TPYHTHI MMPAKTUIECKHA HE
BBIJICP)KUBAIOT PACTATUBAIOUINX JepOopMalliif, 4TO TaKXe JOJDKHO OTpakaThCsl B YpPaBHEHHSIX
COCTOSTHHS MOJEIIEH.

115



MATEPHUAJIBI U METO/bI

PaccmarpuBaemass 31ech MOJeNb TIpyHTa SBIseTcs OOOOLIEHMEM TEOpPUM MJICaIbHOU
mnactuyHoctu Jpykkepa — Ilparepa [5,6]. Dta Mojens Hamuia MIMPOKOE NPUMEHEHHUE MPHU
pELICHNN IWHAMUYECKMX 3aJad O PACIpOCTPAaHEHUM B TI'PYHTaxX BOJH pPa3jIMYHOM IPUPOIBI —
CeiCMUYECKHX, B3PBIBHBIX W Tp. B manHOi paboTe MOJens HCIONb3YeTCS Ui OIMHMCAHUS
nepopManuii B IpyHTE€ IpU PpELIEHWH 33Ja4yd O TaK Ha3blBAEMOM «MATKOM» YyAape IO
KEJIe300€TOHHOM KOHCTPYKLIMHU, OTPY)KEHHOM B IpyHT. [lox MArKMM ynapoM HNPHUHSTO IMOHUMATh
TaKoe B3aUMOJICHCTBUE YAAPHUKA C NPErpajiod, MpU KOTOPOM JKECTKOCTh yIapHUKA HA MOPSAIKA
MEHBIIIE )KECTKOCTU IMperpajpl. 3ajada CTaBUTCS B MPEAINOIOKEHHNA O MajocTu Aedopmaruii 1 B
rpyHTe, U B 6etoHe. Hacrosimas pabora OpMeHTUpOBaHA Ha pELICHUE 3a/1a4 TEOPUHU YIPYrocTu U
IUTACTUYHOCTH TPUMEHHUTENIBHO K KEJIe300€TOHHBIM KOHCTPYKIUSAM, ITOTPYKEHHBIM B TpyHT. OHa
BKJIIOYAET B ce€0s1 CIENYIOIINE 3TAIbL:

> HOCTpOGHI/Ie MaTeMaTH4eCKOM MOACIN UX COBMECTHOI'O I[e(i)OpMI/IpOBaHI/IH.

»  IlpoBeneHue CpaBHHUTEIBHOTO aHalM3a SIBHOW W HESBHOW PAa3HOCTHBIX CXEM pacyera Ha
IpUMEpEe 3a/1a4d O MSATKOM YIPYrOM yaape 1Mo MOJEIBbHOW KeIe300€TOHHOW KOHCTPYKIIHH,
MOTPY>KEHHOU B TPYHT.

»  CpaBHeHHE COOCTBEHHOM MPOrpaMMHON pealu3alliil YUCICHHOTO METOJIa PEIICHUS 3aauu O
«MSITKOMY TIUTACTHYECKOM YJIape ¢ aHAJOTUYHBIM PacyeToM, MPOU3BOJMMOM B IIPOrPAMMHOM
CUCTeMEe KOHEYHO-31IeMeHTHOoro ananu3a ANSY'S Ha npumepe MoenbHOM 001acTH.

>  Pemenue 3amaun 0 MSATKOM yaape MO CTAPTOBOMY PAKETHOMY CTOJy C HCIOJIb30BaHHEM
COOCTBEHHOW MIPOTPAMMBI.

Mopenb ana 6etoHa [7] Takyke MOCTPOCHA HA OCHOBE Teopuu TeueHwus. Jjis 6eToHa Mbl HE
YYUTHIBAEM BIIMSHUE CPETHETO TUAPOCTATHUECKOTO JIABJICHUS U BSI3KOCTU IO 0OBEMHOMY CHKATHIO,
HO YYHTHIBACM BIIMSHAE CKOPOCTH Je(OPMHUPOBAHUS HA CIBUTOBBIC CBOWMCTBA. Bs3KOCTH OeTOHA
IpU CABHIE YYUTHIBAEM 3aBUCHMOCTBIO pajguyca TOBEPXHOCTH TEKYYeCTH OT CKOPOCTH
miacTuyeckoi nedopmanmu. Kpome 3T0Or0, MOJENb YYHTHIBACT HATWYHE apMaTypbl. [ToCKOIBKY
KOHIIEHTPAIUs apMaTyphl Majia, TO 3PPEKTUBHBIE OMPEICIIIONINE COOTHOIICHHUS B HAIIPABJICHUN
OCH apMHUpPOBaHUs  MOJYYarOTCS MO TMPaBUIy CMECH, a B OPTOTOHAJHbHOM K apMHPOBAHHIO
HaIpaBJIEHUHU IO OOpaTHOMY IIpaBUITy cMecH [§].

Takum 00pa3oM, ypaBHEHHUs ABMXKEHHs CIUIOIIHOM Cpelbl ¢ MEXaHMYECKMMH CBONCTBAaMH,
3a/1aBa€MbIMHM TEH30POM MOJYJEHN yIPYro-Bs3KOIUIACTUYHOCTH Cl-*jkl(l_i), 3allMCaHHbIe B CKOPOCTAX
IIepEMENICHU I, BMECTE ¢ TPAHUYHBIMH YCIOBHSIMU IEPBOrO POJIa HA YaCTH IPaHULBl X, U BTOPOTO
poJla Ha YaCTH IPAHULIBI X, COCTABIAIOT CIEIYIOIIYIO KPAaeBYIO 3a7auy:

(Clig @iy, j + 07 ;@) + poFi = pod; (i)
Wy, =1

(Cindt @ty + 075, @Iy ls, = S0, = 1,23

UucneHHbId aNrOpUTM pENIEHUs JaHHOM KpaeBOM 3aJauM MCIOJIb3YEeT HESBHYIO CXEMY
Heromapka [9] mo BpeMeHM U mpouenypy HIpOCTpaHCTBEHHOW auckperuszaumun MKDO. Jlns
000CHOBaHHS BBIOOpAa HESBHOM CXeMbl Oblla IMPOBEIEHA CEpHsl YHUCIEHHBIX OSKCIIEPUMEHTOB,
MOJTBEPKIAIOUINX €€ BBIYMCIUTEIbHYIO 3(P(GEKTUBHOBHOCTh B CPaBHEHUU C SIBHOW CXEMOH B
3amavax o MATKOM yaape. Pacuer mpoBomwmics mo cobctBerHoi mporpamme [10]. Bepudukanmm
nporpaMMbl Oblla MpPOBEAEHA HA OCHOBAaHMM CEPUM TECTOBBIX pAacueToB IS MOJEIbHON
KOHCTPYKIIUHU B mporpaMMHoM Komruiekce ANSYS.
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Puc. 1. Bua KOHEUHORIEMEHTHOM CETKH JIJIsl pacueTa B COOCTBEHHON IIPOrpaMme

Bug KOHEYHO-3JIEMEHTHOM CETKHW Il pacuera MATKOro yjaapa MO CTApTOBOMY PAKETHOMY
CTOJIy B COOCTBEHHOH mporpamme npuBejieH Ha puc. 1. s pacueToB B COOCTBEHHOI mporpamme
UCIIOJIb30Bajach MOJIHAs Bsi3KomjgacTuueckas mojenb. llockoiabky B mporpamme ANSYS He
pean30BaHa BO3MOKHOCTbD 33jaBaTh YCJIOBHE IUIACTUYECKOTO TEUEHHUS OJHOBPEMEHHO 110 CABUTY U
0 OOBEMHOMY C)KaTHIO C HUCIOJIb30BAHUEM HEACCOLMUPOBAHHOIO 3aKOHA, TO Ul pacueTra B
ANSYS wucnonp3oBaack yNpoLIEHHas IUIacTUYECKass MoJenb. A uMeHHOo, Monens Jlpykepa-
Hparepa A YCIIOBHA IIACTHUYCCKOro TCYCHHUS II0 CABUTY JId T'PpyHTa W AJId OJHOOCHOTO
HaIpPsHKEHHOTO COCTOSIHMSA B apMarype.

PE3YJBbTATHBI NCCIEJOBAHUS

CpaBHUBas pe3yJbTaThl, MOJy4YEHHbIE pacueToM B cobcTBeHHOU mporpamme U B ANSYS,
MOYKHO CJ/IeJIaTh CIIEAYIONIHE 3aKITIOYCHUS:

> IIpu wucnonb3oBaHUM OOLIEH MOJAENM IUIACTUYECKOTO TEYEHHUS TPYHTOBOTO
OCHOBAHUSI C OJJMHAKOBBIMU BXOHBIMH JTAHHBIMH Pa3HUIIA B PEIICHUH MO0 COOCTBEHHOI Mporpamme
u B ANSYS He mpeBbimaer 5 %, YTO JOCTaTOYHO XOPOIIO BEePUPHUIUPYET COOCTBEHHYIO
pOTpaMMmy.

> VYder XapakTepHOIo JUIsl TPYHTOB IOBEIEHUS B IUIACTUYECKOM 007acTH, a UMEHHO -
HAJIMYHE JKECTKOW KPUBOW B qUarpaMMme MpH OObEMHOM CKATHH M YY€T BSI3KUX CBOWCTB T'PYHTa
npu OOBEMHOM C)KaTUM MPUBOAMUT K 3aMETHBIM pa3IMuYUsM B PELICHUH I0 CPaBHEHUIO C
KJIACCUYECKOM MoJIelbo TmacTuaHocTH Jpykepa-IIparepa.
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Hcnonp3oBaHnue B MPAKTUYECKUX pacdyeTax COOCTBEHHOIO MPOTPaMMHOIO KOJa IO3BOJISET

YUUTHIBaTh (U3HUECKHEe OCOOEHHOCTH MOJENH, HEIOCTYIHbIE B CTaHAAPTHBIX MPOrPaMMHBIX

KOMIUIEKCax.
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AHHOTaNUA

C KaxapIM TOJIOM Bce OOJIbIIE PacTyT OOBEMBI IMOA3EMHOTO CTPOMTEIIBCTBA, YTO
HEINIOCPEACTBEHHO CBA3aHO C YCIOBUSAMM IUIOTHOM TOPOJCKOM 3aCTpOMKH U
HEOOXOIMMOCTHIO BO3BEACHHUS MOA3EMHBIX uacTed 3manmid. [Ipenmer wmcciemoBaHus
JTAHHOUM PaOOTHI - Pa3IMYHBIC THUIBI OTPAXKIAIONMUX KOHCTPYKIIMM, UCIIOJIb3yeMble TTPU
CTPOUTEILCTBE MOJ3EMHBIX YaCTEH 3/1aHUI, BO3BOAUMBIX OTKPBITBIM criocoOoM. Llenbro
SBJIICTCS TOA00P HamboJee PalMOHAIILHOTO OTPaKJICHUs KOTIOBaHA 0OBEKTa HOBOTO
CTPOUTENHCTBA B  YCIOBHUSIX CYIIECTBOBAHMSIBONM3M 3JaHUM M COOPYXKEHHIL.
CpaBHHUTENBHBIA aHAJIW3 BIUSHHUS Pa3padOTKH KOTJIOBAaHA Ha CYIIECTBYIOUIYIO
3aCTPOUKY MPH PA3IMYHBIX CIIOCO0AX Orpa)ICHHUs OCYIIECTBISIETCA B JaHHOK paboTe ¢
MOMOIIBIO MpoBeneHus reorexHudecknx pacueroB B [IBK Plaxis 2D. B pesynbrate
MOJICTUPOBAHMS 3a/lad MPU MCIOJIb30BAHUU TPEX PA3JIUYHBIX THUIIOB OTPAXKIAIOIINX
KOHCTPYKIMKA OBUIM TIONyYeHBI 3HAYCHHS OCAJO0K (yHIaMEHTa CYIIECTBYIOIICH
3aCTPOUKH, Ha OCHOBE KOTOPBIX OBLJIO YCTaHOBJIEHO Hambosee MpearnovYTUTEIbHBIATUIT
orpakaenus. OpHakKo HUCCIEAOBaHME TIOKA3aJlo, YTO BO3MOXKHOE  BIIUSIHHE
CTPOUTENLCTBA HOBBIX OOBEKTOB Ha CYIIECTBYIOIIME BOJM3M 3[0aHUS 3aBUCUT OT
MHOXECTBa (PaKTOpOB, UTO TMOATBEPKIAET HEOOXOIUMOCTH MPOBEACHHUS IMOAOOHOTO
CPaBHHUTEIBHOTO aHAJIM3a MPU PEUICHUH 000N Ipyroi 3aadd B YCIOBUSX TIOTHOM
TOPOJCKOM 3aCTPOMKH.

BBEJEHUE

Ha cerogusmnuii neHs OoJsblIOe pacHpOCTpaHEHUE MOIYYMIIO TMOA3EMHOE CTPOMTENbCTBO,
CBSI3aHO OTO C YCJIOBUSMM IUIOTHOW TOPOACKOW 3aCTpPOMKH U, CIIEIOBATEIIBHO, BBICOKOM
HE0OXOIMMOCTHIO BO3BEJICHUS MTO/I3EMHBIX COOPYKEHUU U YacTell 3nanuil. Bee yaiie BcTpevaroTcs
MO/I3EMHBIE ABTOCTOSIHKH, CTPOUTEIBCTBO KOTOPBIX CIIOCOOCTBYET pas3rpy3ke ropoja oOT
aBTOMOOMIIEH, TaKKe HIDKE YPOBHS 3€MJIU PACIIONIAraloTCs CKIaJICKHe TIOMEIICHHUSI, XOIOAUIbHUKH,
COOPYKEHMsI TPakJaHCKOH OOOpOHBI, MH)XKEHEPHbIE KOMMYHMKAIMM M MHOIO€ Jpyroe, 4ro
COXPAaHsIET KaK TEPPUTOPHUIO FOPOJIa, TAK U €T0 HCTOPUUECKYIO 3aCTPOUKY.

AKTyallbHOCTh  MCCJIEIOBaHUS O0OCHOBaHAa HEOOXOJUMOCTBIO MPENOTBPALIEHUS IpHU
BO3BEICHUU MOA3EMHOI YaCTH Ype3MEPHOTr0 BO3ACHCTBUS HA CYIIECTBYIOIINE BOJIU3U COOPYKEHHUS.
JlaHHBIN BUJA CTPOUTENHCTBA BEIETCS B OCHOBHOM OTKPBITBIM CIIOCOOOM B KOTJIOBaHax Ipu
WCIIONBb30BAaHUM PA3NMYHBIX BUIOB oOrpaxjacHus. B MockBe mpu OJMHAKOBBIX YCIOBUSXMOTYT
MPUMEHATCS PA3JTMYHBIC THUIIBI OTPAXKIAIONIUX KOHCTPYKIIMH, a HUX CTOMMOCTh B HEKOTOPBIX
ciy4asix oTiau4aercs B 2-3 pasa.

OB30P JIUTEPATYPbI

O)IHI/IM 13 HauOoJjee IMPOrpeCCUBHBIX U YHUBCPCAJIbHBIX croco0oB OrpaxacHus KOTJIOBAaHa,
BO3BOJAUMOTI'O OTKPBITBIM CHOCO6OM, SABJIACTCA «CTCHA B T'PYHTEC). [I]HOCTOI/IHCTBaMI/I JaHHOT'O THUIIA
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OTpaXJIEHHUs SABISETCA BO3MOXHOCTH HCIOJNB30BaHUS IPH  HEMOCPEACTBEHHON  OJIM30CTH
CYIIECTBYIOIICH 3aCTpPOWKH, TpH OOJBIION TIyOMHE COOPYKEHHs, TPH BBICOKOM YypPOBHE
IPYHTOBBIX BOJ, IPX OOJBIINX pa3Mepax U CIOXKHON KoH(puUrypauuu coopyxenus B iane. CBI™ ne
TOJIBKO BBIIIOJIHAET POJIb OTPaKJAIOLIEH KOHCTPYKLMH, HO U SIBJISIETCA HECYILEH MM CaMOHECYILEn
KoHCTpyKuueil. CyIiecTByeT /1Ba THIA «CTEH B TPYHTE»: TPaHIIEHHbIE — 00pa30BaHHBIC CILUIOIIHON
CTEHOM M3 MOHOJMTHOIO WJIM COOPHOIO Kejie300€TOHA, U CcBaliHble — 00pa30BaHHbIC CIUIOIIHBIM
PSIOM CEeKYIIMXCS WM KacaroIuxcst 0ypOoHaOUBHBIX (MJIM IPYHTOLIEMEHTHBIX) CBAH.

Taxxke mMpokoe pacrpocTpaHEHHE NP pa3paboTKe KOTIOBAHOB IOJIYYMIIO MCIOJIb30BaHUE
OTAENBHBIX CcTOEK. Yarie Bcero B MOCKBE MOXHO BCTPETHTb CTOWKH U3 METAUIMYECKUX TPYO, HO
CYIIECTBYET U MHOXKECTBO QJIbTEPHATHBHBIX BAPHAHTOB: OypOHAOMBHBIE WJIM I'DYHTOLIEMEHTHBIE
CBaW, METAJUIMYECKUE [BYTaBpbl WJIM IIBEJLIEpbl. bilaromaps MeTonaM NOTPYKEHUs CTOEK —
BJIABJIMBAaHUEM WJIM 3aBUHYMBAHHMEM — JAHHBIA CIOCOO TaKKe 4acTO NMPUMEHSETCS B YCIOBHSIX
IJIOTHOM FOPOJACKOM 3aCTpOUKU. IIpuMeHeHne CTOEK BO3MOXKHO U IIPU BBICOKOM YPOBHE I'DYHTOBBIX
BOJI IIPH JIOTIOJIHUTEIILHOM YCTPOICTBE 3a0MPOK B BHJE METAUNIMYECKOIO JINCTA WU JACPEBSHHBIX
JOCOK.

MATEPHUAJIBI U METO/bI
B pamkax maHHOW paOOThI MPUBEIEH CPABHUTENBHBIN aHAIN3 BBIIICTICPEUUCICHHBIX THUIIOB
OTpaKJEHUs KOTJIIOBaHA — «CTEHbI B TPYHTE» TpaHIlueiiHoro tumna, OypokacarenbHbix cBail (BKC) u
OTJENbHBIX CTOEK B BHUJE METAIUYECKUX TPYO, Ha MpUMEpPE peanbHO CYIIECTBYIOIIET0 OOBEKTA.
OneHuBaeTCsl BIMSHUE W CPAaBHHUBAIOTCS BO3MOXKHBIE OCAJKHM CYILECTBYIOIIETO 3JaHUS IPU
MPUMEHEHUH Pa3UYHbIX TUIIOB OTpaxkJaeHusi KorioBaHa. [locraBneHHas 3amada pemiaercs B
wiockoi mocranoBke B IIBK Plaxis ¢ momoripio MeToga KOHEYHBIX 3JCMEHTOB. YUYHTHIBACTCS
ATAHOCTh CTPOUTENHCTBA U (PU3MKO-MEXaHUYECKHE XapaKTEPUCTUKU IPYHTOB (MOJENb TPyHTa —
Mop-Kynon). B 3aBucumMocTd OT BapuaHTa OTPaKIEHUs ObUIA MPOBEACHBI TPH N€OTEXHUUECKHUX
pacueTa W 1O 3HAYEHUSM BEPTUKAIBHBIX TEPEMEIICHUI HaiJIeHbl ocaaku (QyHIaMeHTa
CYIIIECTBYIOIIETO BOJIM3H 3JJaHUS.
PacyeTHas cxema BKJIIOYAET B ceOs:
e [lIpoexTtupyemsliii crapToBbiii koTioBaH Ui npoxonaku TIIK (amuna - 645,7 M, mupuHa —
26,6 m , rmyouna — 20,4 M );
e CymecTByroliee BOJIM3M NPOSKTUPYEMOro KOTJIOBaHA 37jaHKe (CO CBalfHBIM (yHIaMEHTOM,
x0 cBau ¢ JyHOM 5-7 M , mar — 0,75-2 M ), pacniosioskeHHOe 110 ajipecy KiteHoBbIi OyabBap
n.25, xopn. 1. — 12-tu sTaxkHoe xwunoe 31anue (Boicota - 37,4 M, pa3Mepsl B maHe — 56,4 m
x 14m);
e Harpy3ku ot crpourenbHoit TexHuku (CormacHo CII 20.13330 — 2016. Harpy3ku wu
BO3JICHCTBUSL.);
e Orpaxpaaronue KOHCTPYKIUH (3ariy0sieHne — 8 m):
1. CBI TpanmeitHoro tuma: Tonmuaa — 1000mm;
2. BKC: d=800 mm;
3. Mertammyeckue TpyOsI: TommuHa — 280 MM.
BapuaHTbl orpaxgarommx KOHCTPYKIMA W HX TEOMETPUYECKHE XapaKTePUCTHUKU ObLIN
MIPEJIOKEHBI HA CTaIUU POEKTUPOBAHUS.
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Puc. 1. Pacuyernas cxema B [1BK Plaxis 2D

PE3YJIbTATBI HCCJIEJOBAHUA

Ta6auuna 1. Pe3yabTaThl YUCIICHHBIX PACUETOB

Orpaxiaomasi KOHCTPYKIHUS MaxkcumaabHasi ocajaka QyHIaMeHTa, MM

CBI' 27,92

BKC 33,28

MerTandeckue TpyObl 37,07
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Puc. 2. Bapuant 1: CBT'

CONSTRUCTION

THE FORMATION OF LIVING ENVIRONMENT




Oaprvamen 01810

210 m (Element 182 at Node 5238)
alus = -0,03328 m (Elemant 23+ at Hods 126301

Maximum value = 0,05881 m (Element 3431 at Node 15713)
Minimunm value = -0,03813 m (Element 588 at Node 16670)

l Total displacements u, (scaled up 50,0 times)

Puc. 3. Bapuanr 2: BKC
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incements u, |scaled up 200 times)

01 3430 ul Hode 15724) 1585103 m (Element 153 al Nose 5338)

11 850 ul o 16883; 03707 m (Elamant 254 at Iods 128361

Puc. 4. Bapuant 3: (Meraindeckue TpyObl)

BbIBO/IbI

B xonme mpoBeneHusi pacueToB ObUIO BBISIBICHO, YTO HCIOJIb30BAHUE «CTEHBI B TPYHTE» B
KayecTBE OTpaXJarollell KOHCTPYKIIMM KOTJOBaHAa OKa3blBA€T HAaWMEHbIIEEe BIMSHUE Ha
paccMmatpuBaeMyro 3acTpoiiky. B mannoil 3amaue npumenenne CBIT Haubosee mpeamnoyTHUTENBHO.
OpHako clieayeT MOMHHTH, YTO B 3aBHCHMOCTH OT YCJIOBHU CTPOMTEIHCTBA THIT OTPAKIAFOIICH
KOHCTPYKIIMU KOTJIOBaHA BCErja JOJDKEH MOJ0MpaThCS WHIUBUAYATbHO M €ro moadop AOKEH
OCHOBBIBAThCSI HA pacyeTe M CPABHUTEIILHOM aHAIIN3€ HECKOJIBKUX THIIOB OTPaXKICHHSL.

JIUTEPATYPA

1. Tonuapos A.A. MeTopl BO3BEACHUS MIOJI3EMHOM YacTH 3aHUM U COOPY KEHHUH.
2. CII 20.13330.2016 Harpy3ku u BO3AeiCTBHSL.

3. CI122.13330.2016 OcHoBaHus 37]aHUH U COOPYIKCHUH.
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OBECIEYEHUE MMOKAPHOM BE30OINACHOCTH BBICOTHBIX KHAJIBIX
KOMIIVIEKCOB

A.B. I[oapl, M.B. Meusmmcz

Lemyoenmra, dangelina21@mail.ru

Zem. npenodasamens kagedpur KEC, agentmmv@yandex.ru

Y2@oreoy  BO «Hayuonanvnoiti  uccnedosamenvckuii  Mockosckuti  20cyoapcmeerHblil
cmpoumenvubill ynusepcumemy, Mockea, Apocnasckoe wiocce, 0. 26

AHHOTaNUA

BrisBIIeHBI OCHOBHBIE MpPOOJIEMBl HOPMAaTUBHOW 0a3bl B cdepe apXUTEKTYpHO-
CTPOUTEIBLHOTO MPOEKTUPOBAHUS BBICOTHBIX 3/IaHUM JKUJIOTO HA3HAYEHUS] B YacTH
obecrieueHns mo)kapHoW Oe3omacHocTH. Ha mpumepe aHanmm3a NPOEKTHBIX pEHICHUMN
KOHKPETHOTO0 00BEKTa KalUTaAJIbHOTO CTPOUTENILCTBA PACCMOTPEHBI OCHOBHBIE aCIIEKThI
CUCTEMBbI OOCCICYCHHMS TOXKAapHOW OE30MAaCHOCTH BBICOTHBIX 3JaHHH  JKUJIOTO
Ha3HA4YCHHS, B TOM YHUCJI€ OOBEMHO-TUIAHUPOBOYHBICE U KOHCTPYKTUBHBIC PEIICHUS,
CHUCTEMa TPEAOTBPAIEHUS IMOXapa W CHUCTEMbI IMPOTHUBOMOXKAPHON 3aIlIUTHI, a TAKXKE
KOMIUIEKC WHXEHEPHBIX U OPraHU3aIllMOHHO-TEXHUYECKUX Mepornpustuid. Kpome toro,
o pe3yiabTaTaM MPOBEJCHHOIO aHalu3a C Y4eTOM TpeOOBaHUNW HOPMATHBHBIX
JIOKYMEHTOB, HOPMAaTHUBHO-TIPABOBBIX AaKTOB, CHEIUAIBHBIX TEXHUUYECKHX YCIOBUH,
chOopMyIUPOBaHbBI MPEATIOKEHUS, HAlpPaBICHHbIE Ha TOBBILIICHHE YPOBHS MOXapHOM
0€30MacCHOCTH BBICOTHBIX JKHJIBIX KOMIUIEKCOB. [IpuBeneHbl 00OCHOBAaHHS W
MIPEIIOKEHUST B 00JIaCTH TTPOOJIEMHO-OPUEHTUPOBAHHOTO MTPOCKTUPOBAHUS BBICOTHBIX
3IaHHUH B IEJISIX ONTUMU3ALUH U MTOBBIIICHUS Ka4€CTBa HOPMATHBHO-TIPABOBOM 0a3bl.

BBEJIEHUE.

CornacHo CTaTUCTUYECKUM JaHHBIM [1], eXKeroqHo Ha JKHIOH CEeKTOp MPHXOAUTCS 0Koio 70%
0T O0IIero 4yuciaa MOXKapoB, NMPU TOM B XKWIbIX Jomax rudHer Oonee 90% ot oOuiero umcna
norubmux B Poccuiickoit denepanuu.

JIyig 31aHUi MOBBIIIEHHON 3TaXKHOCTH XapaKTEPHO OBICTPOE pa3BUTHE MOXKapa M0 BEPTUKAIU U
Oonblasi CIOXKHOCTh MPOBEACHHS IMOXKapHO-cracarenbHbiX pabot [2]. [ns omacHbIX (akTopoB
Mo’kapa XapaKkTepHa MOBBIILIEHHAs AMHAMUKA UX Pa3BUTHUS U PacpOCTPAHEHMsI MO IBAKyal[MOHHBIM
HYTSIM, a TAK)XKe 110 BEPTHKAIbHBIM KOMMYHHKAIHSM (1axTtam nudros) [3-5].

OCHOBHASA YACTbD.

JUia KWIbIX 30aHUM BbICOTOM Oosiee 75 M, Kpome coOtofieHHs] TpeOOBaHUMN AEHWCTBYIOIMIMX
HOPMATHUBHBIX JOKYMEHTOB, JOJDKHBI pa3padaTbiBaTbCs CIHEIHAIbHbIE TEXHUUECKUE YCIOBUS
(mamee — CTY), oTpaxaromniue crenupuKy UX TPOTHUBOIMOKAPHOW 3aIIUTHI, BKIIOUYAs KOMILIEKC
KOMIIEHCUPYIOIINX NWHXEHEPHO-TEXHUUECKUX U OpraHU3allMOHHBIX MEPOIIPUATHH [6].

B xauectBe mpumepa peanuzanuu TpeOOBaHUHN MOXKAPHOW 0€30MACHOCTH PaCCMOTPUM OOBEKT:
JKunoii KOMIUIEKC, pacoI0KEHHBIN 10 agpecy: I. MockBa, DJIEKTPOJINTHBIN MTpoe3 1, Bi.7a.

PaccmaTtpuBaembiii  xwmiioit  komruiekc (puc.l) MpesicTaBiIsieT co0oiM eauHbII O00BEKT
KaIllUTaJIbHOT'O CTPOUTENBCTBA, COCTOSIIIUI U3 6-TH KHUIIBIX KOPITYCOB, 00bETMHEHHBIX CTUI00aTHON
4acTbl0,  BCTPOEHHO-TIPUCTPOEHHBIM  (PU3KYJIbTYPHO-O3/0POBUTEIBHBIM  KOMIUIEKCOM U
JIBYXYPOBHEBOH MOJA3EMHON aBTOCTOSHKOM.
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Puc. 1. IIpoexTrpyeMblil )KUII0H KOMITIIEKC

[ToxxapHast 6€30MaCHOCTh YKa3aHHOTO OO0BEKTa oOecrednBacTcss 00bEMHO-TUIAHUPOBOYHBIMHU U
KOHCTPYKTUBHBIMH PELICHUSAMH, CHCTEMaMH MpPEIOTBPAICHUS IOXKapa M POTHUBOMOKAPHON
3al0UTEI, B TOM YHCJIC OPTraHU3alUMOHHO-TCXHUYCCKUMHU MCPOIIPUATHUSAMMU.

OOBEMHO-TIIAHUPOBOYHBIE PEIICHUSI MPOEKTHPYEMOTo >KMJIOro KOMIUIEKca oOmiero kKiacca
dbyHKIIMOHATBHONW moOXapHOH omacHoctd @ 1.3 mpemycmaTpuBalOT pasMmelieHne B o0beme
KOPIIYCOB IIOMEILEHUN OCHOBHOI'O Ha3HAUY€HHWs, a TaKKe IIOMEIIEHUH pa3IuYHbIX KJIacCOB
(GYHKIIMOHATBHOW MOXKAPHOM OMAaCHOCTHU, CBSI3aHHBIX C 00ECMEUYEHUEM BBIMIOIHEHUS TEXHUYECKUX
GyHKIMH ¥ pa3MenieHHeM HHKEHEPHBIX CUCTEM, @ UMEHHO:

Ta6auna 1. Knaccudukanus noMemeHuii no ¢yHKIMOHAIEHON ITOKapHOH OMACHOCTH.

Ne . Kaace pynkuuonaibHoi
HaumeHoBaHHEe MOMeLIeHU .
n/n MOKAPHOM ONIACHOCTH
1. ITomemenuss opraHu3anuii TOproBin d3.1
2. ITomemenus opranu3anuii MUTaHUS D32
3 [Tomemenus: GuU3KyIbTYPHO-03OPOBUTEIHLHOTO 3.6
" | kommIekca '
4 [Tomenienust opraHu3alyil 10MOJIHUTEIBHOTO ® 4
' poeCCHOHAIBHOTO 00pa30BaHUs ’
5 [TomemeHust 6€3 KOHKPETHOM TEXHOJIOTHH, 43
' aJIMUHUCTPATUBHBIE U O(DHCHBIC TTOMEIICHUS ’
ABTOCTOsIHKa, 0€3 TEXHUYECKOT0 00CITyKUBAaHUS U
6. pPEMOHTa aBTOMOOMIIEH, KJIaJJ0BbIE U TOJCOOHbIE D52
TTOMEIIICHUS

Crenenp oruecToikocTu kKoprycoB Nel-5 3ampoektupoBana | ¢ MOBBIICHHBIMH MpeAEIaMu
OTHECTOMKOCTH OCHOBHBIX HeCyInux KoHCTpyKiwmii 1o He meHee R(EI) 150 cornmacHo TpeGoBanusM
CTY [6]. Crenenp orHectoiikoctu kopiryca Ne6 - Il. CterneHp OrHECTOWKOCTH MOYKapHOTO OTCEKa
M0/I36MHOM aBTOCTOSIHKU NpuHUMaeTcs |. Kiacc KOHCTpYKTUBHOM MOKapHOW OMacHOCTH OOBbEKTa —

CO0.
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B npenenax aBTOCTOSHKH CIIPOEKTUPOBAHBI OJOKU KJIaJOBBIX, KOTOpPBIEC MPEIHA3HAYCHBI IS
XPaHEHHUs JINYHBIX BEIEH JKWIbLIOB, BbIIEIAEMbIE OT 00beMa aBTOCTOSIHKH IPOTHBOIOKAPHBIMU
neperopojkamu ¢ npezaeiom oruecroiikoctu REI 90 cornacuo tpedoBanusm CTY [6].

IIpenensl OrHECTOMKOCTH CTPOUTENIBHBIX KOHCTPYKLUMH M IPOTHBOIOXKAPHBIX IpErpaj, He
yKa3aHHBIX B TaOJHIIe 2, IPeAyCMaTPUBAIOTCSA B COOTBETCTBUH ¢ TpeboBaHmsiMu Nel23-D3 [7].

Ta6aumna 2. [Ipenensl OrHECTOWKOCTH CTPOUTEIBHBIX KOHCTPYKIIUH.

Ne

n/m HaunmeHoBaHue CTpOHTeJIbHOﬁ KOHCTPYKIUHA Hpeue.ﬂ OFHeCTOﬁKOCTH, MHH

Kopmyca Nel-5 I ctenenn orHecTOMKOCTH € TIOBBIILIEHHBIMU MIPE/IeSIaMU OTHECTOMKOCTH
OCHOBHBIX HeCcyInux KoHcTpykumii 10 R(REI) 150

1 Hecymmue cTenbl, KOJIOHHBI U APyTHE R 150
' BEPTUKAJILHBIC HECYIIIUE HIIEMEHTHI
BHyTpeHHME CTEHBI IECTHUYHBIX KIETOK
2. YTPEHEE REI 150
HaJI3eMHOH 4acTH 3/1aHHs
3. [lepexpbITHs MEXKTyITaXKHbIE REI 90
4, JIudroBBIE MAXTHI REI 150

Obecrnieyenrie 6e30MacHON 3BaKyallMH JIIOJIEH B clyyae MOKapa, OCYILECTBISETCS 3a CYeT
OTpaHWYEHUS  BO3JMCHCTBUS  OMAcHBIX  (AKTOPOB  TOXKapa,  pas3lelcHHs  MOMEIICHUI
MIPOTUBOMOXKAPHBIMU  MPETrpajiaMy, CHIDKEHUS OMACHOCTH CTPOMUTEIBHBIX U OTIEIOYHBIX
MaTepuajoB, TPUMEHSEMbIX Ha TMYTAX OSBaKyalldd, HAJIWYUA JOCTATOYHOTO KOJMYECTBa
9BAKYallMOHHBIX IYyT€ M BBIXOJOB, HCIIOJIb30BAHUSI CHUCTEM MPOTHUBOINOXKAPHOW 3alUTHl B
COOTBETCTBUH C TpeboBanusamu Nel23-D3 [7].

[ToxxapHasi TeXHHMKA, COCTOSIINIAs HA BOOPYKEHUH T.MOCKBBI 3a4acTyI0 HE MOKET 00€CIIeYnTh
CBOEBPEMEHHOE MPUOBITUE U JEHCTBUE MO CMACEHUIO JIOICH, HAXOAIINXCS HA BEPXHUX dTaxkax.
[lo »TOlf mnpuuMHE, B paMKax CHEHHAIBHBIX TEXHUYECKUX YCJIOBUH MNpeaycMaTpHUBAIOTCA
OpraHU3AIMOHHO-TEXHUYECKUE MEPOIPHUATHS, @ UMEHHO 00ECTIeUeHHe KBAPTUP, HAXOAIIUXCS Ha
OTMETKE CBHIIIIE 75 METPOB UHANBUAYAIBHBIMHU camMmocrnacarensimu (puc.2) [8].

Puc. 2. UnnuBrayaipHBIN caMociacaTeb
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C yyeroM TMOXapHOH OMACHOCTH, OCOOCHHOCTEH OOBEMHO-TUIAHUPOBOYHBIX PEIICHHIA,
TpeboBaHui HOpMATUBHBIX NoKyMeHTOB U CTY, 3manne o00pyaoBaHO CIEAYIOMIMMHA CHCTEMaMH
IIPOTUBOINOXKAPHOM 3alIUThl: aBTOMaTUUYECKUMH YCTAaHOBKaMH IOKapHOM CUTHAJIM3aLUU aJpECHO-
aHAJIOTOBOTO THIMA, MPOTHBOJABIMHOM 3alllUTON, aBapUIIHBIM M SBAaKYyallMOHHBIM OCBEILECHUEM,
CUCTEMOM OIOBELEHUS U YIPABICHUS IBaKyallel JItoIel NIpyU MoKape, HApy>KHbIM U BHYTPEHHUM
MIPOTUBOMNOXKAPHBIM BOJIOIPOBOIOM, MOXKapoOE30MacHBIMU 30HAaMH B JIM(PTOBBIX XOJuIax JHU(TOB
U1 IEPEBO3KHU MOKAPHBIX M1OAPA3EICHUH .

BbBIBO/bI

KoMIuiekc MmpoTHBOMOMKAPHBIX MEPONPHUATHI Ha PACCMOTPEHHOM OOBEKTE KamuTaJIbHOTO
CTPOUTENIBCTBA 00ECIICUNBALT:

- BO3MOXKHOCTb 3BaKyalluH JIOJe HapyKy, 9BaKyallud MaJOMOOWIbHBIX IPYII HACEICHUS B
nokapoOe30nacHble 30HbI, /0 HACTYIUIGHUS YIPO3bl WX JKU3HU U 3J0POBBIO BCIEICTBHUE
BO3JICHCTBUS OMACHBIX (JaKTOPOB MOXKAPA;

- HQJIG)KHYIO IIPOTUBOIIOKAPHYIO 3AIIUTY UMYLIECTBA I'PAKJAH U OpraHU3alui, U 31aHus, B
LEJIOM;

- BO3MO’KHOCTH JIOCTYIa JIMYHOT'O COCTaBa IMOXAPHBIX MOAPA3ACICHUNA M TOJA4Yd CPEIICTB
MOKapOTYILIEHUS K OYary moskapa, a Take MpoBeJICHUS MEPOIIPHUATHIA 110 CIIACEHUIO JTIO/ICH;

[IpoekTHBIE pemieHWs 1O MPOTUBONOXKAPHOK 3alIUTe paccMaTpUBAEMOro OOBEKTa
BBITIOJTHEHBl B TIOJHOM COOTBETCTBUU C TpPeOOBaHUSMU HOPMATHBHO-TIPABOBBIX  AaKTOB,
HOPMAaTHBHBIX JOKYMEHTOB MO TokapHOoil 6e3onacHocty u CTY, a, cnegoBaTesibHO, 00€CTIeUeHbI
Oe3omacHoe npedbIBaHuUE JIIO/IeH U 3aIUTa MaTepUaTbHBIX IIEHHOCTEH.
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AHHOTALUA

IIpenmer uccaenoBanus:

W3yuenne n pa3paboTka METOJMKH ONTUMAIBLHOIO MPOSKTHUPOBAHUS KeEJIe300€TOHHBIX
KOHCTPYKLUH Ha IUCKPETHBIX MHOXKECTBAX ITapaMeTpPOB.

Hesn: AHanu3 NPUHIMIIOB COBEPLICHCTBOBAHMS IMPOEKTUPOBAHHMS  METOJIOM
FEHETUYECKUX AJITOPUTMOB M BO3MOXKHOCTEM €ro NPUMEHEHHS B pPELICHUU
IIOCTaBJIEHHOTO Bompoca. PazpaboTka alropuTMoB ONTUMM3ALMU OJ00pa MPOEKTHBIX
MapaMeTPOB MOHOJHMTHBIX JKEI€300€TOHHBIX PEOPUCTHIX IUIMT MEPEKPBITHS, OIEPTHIX
110 KOHTYPY METOJIOM I'€HETUYECKUX aIrOPUTMOB.

Marepuanbl U MerToAbl: [IpMHIMINBI AHAIMTUYECKOTO pacyera IIPOCKTUPYEMOH
KOHCTPYKLIMM OCHOBBIBAJIIUCh HAa METOZAE IPEJeNbHOIrO0 pPABHOBECHs, YCTaHOBKA
OrpaHMYEHUN K MOAOMpaeMbIM IapaMeTpaM IPOU3BOJIMIACH B COOTBETCTBUU C
CI163.13330-2012. AnroputM 1o TOAOOPY ONTHMAIbHOTO BapUaHTa IUIUTHI
nepekpbiTusi co3nana B cucreme MATLAB ¢ ucnone3oBanuem nakera Optimization
Tools.

PesyabraTel: V3yueHa u cocraBiieHa MTEpalMOHHAs CXeMa JJIs peaju3alud MeToja
reHeTuueckux anroputmoB. CozgaHa mporpamma  (IropuTM) 1o 1oadopy
ONTUMAJIbHBIX MAapaMETPOB MOHOJMTHBIX IKEJIE300€TOHHBIX PEOPUCTHIX  IUIUT
NEepeKpbITUil, onepThix Mo KoHTYpy B cucteme MATLAB. IlpoBepka KOppeKTHOCTH
paboOThl CO3/1aHHOTO AJIrOpUTMa IPOU3BOJAMIACH IIYTEM CPABHEHUS IOJYYEHHOTO
BapHaHTa IUIMTHI C pe3yJabTaTaMH €ro YUCIEHHOTO pacueTa B HETMHEWHOM MOCTaHOBKE
¢ wucnoiszoBanuem IIK JIMPA-CAIIP 2016 RS (Hexkommepueckas Bepcus).
VY CTaHOBIIEHO COOTBETCTBHE MOIYYEHHOTO B X0Ji¢ pabOThl aIrOPUTMa BapuaHTa ITUTHI
BCEM 3asBICHHBIM TpeOOBaHMSIM, [OKa3aHa BO3MOXXHOCTb U PALMOHAIBHOCTb
OPUMEHEHHMs JaHHOTO MeTojAa Ui ONTHUMHU3AIMH IPOLECCOB MPOSKTHUPOBAHUS
KEJIe300€TOHHBIX KOHCTPYKIUH.

BeiBoabI: BrIsABIEHO, YTO IPUMEHEHHE METO/1a TEHETUYECKUX aJITOPUTMOB BO3MOXKHO
1 aKTyaJIbHO B BOIIPOCE ONTHMHU3ALNU TPOEKTUPOBAHUS CTPOUTENBHBIX KOHCTPYKLIHH.

BBE/IEHUE

JIOBOIBHO aKTyaJbHOW W BaXXHOW 3a/1auy€il CTPOUTEIBHOW OTPACIH SBJISETCS CHHXKEHUE
ce0eCTOMMOCTH KOHCTPYKIUN 3/1aHUN U COOPYXEHHH NHpU YCIOBUU oOecredeHus: TpedyeMbIX
XapaKTePUCTHK MPOYHOCTU U AedopmaruBHOCTH. OAHUM U3 MyTeH pelIeHUs TaHHOW MPOOIEMBI
SIBJISIETCS] ONITUMAJILHOE MMPOEKTUPOBAHUE.

Ha cerogusimiauii J1eHb B YCIOBHSIX PHIHOYHOW SKOHOMHKH BO3pACTalOT TpeOOBaHHs HE
TOJIKO K ()YHKIIMOHATHHBIM KaueCTBEHHBIM MTOKA3aTENISIM KHIIBIX U OOIIECTBEHHBIX 3/IaHUH, HO U K
ACTETUYCCKUM. Y CTECIIHOMY PEIISHUI0 ITOW 3aJa4il CIIOCOOCTBYET MPUMEHEHUE KOHCTPYKIIUN U3
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MOHOJIUTHOTO JKeJIe300€TOHA, B YACTHOCTU PEOPHUCTBHIX IIUT MEPEKPHITHA, OMEPTHIX MO KOHTYPY,
MO3BOJISIOIIMX IOJIy4aTb IIPOCKTHBIE PEIIECHUS, MEHEE OIPaHUYEHHBIC YCIOBUSAMHU IKECTKOU
yHU(UKAIKMY ¥ TUITU3ALHH.

OB30P JIMTEPATYPHI

Kak mnoka3plBalOT HCCIEAOBAHMS, ONTUMU3ALMOHHBIE METOJbl HA CETOAHSIIHMA JEHb
JOCTAaTOYHO aKTyaJdbHbl W AKTUBHO pPa3BUBAIOTCA B OOJACTH NPOEKTHUPOBAHUSI CTPOUTEIbHBIX
KOHCTpYKIMi [1-3]. Tak kak mpu HMCHOJB30BAaHUM ONTHUMHU3AIMOHHBIX METOJOB pPEaTU3yeTCs
MUHUMU3ALUS MAcChl 1ePOPMUPYEMBIX 0OBEKTOB, aKTyaJIbHO WX MPUMEHEHHE IS IPUBEACHUS K
ONTUMAaJIbHOMY 3HAUEHUIO OJHOTO U3 HanboJjiee BaKHBIX MapaMeTPOB 0OBbEKTOB MPOESKTUPOBAHUS —
ctouMocTH. CTOUT OTMETUThH, YTO JO HACTOSIIEr0 BPEMEHM €ILIE HE pa3padOTaHO METOJUK,
00ecrneurBaIIUX BO3MOKHOCTh pealli3aliy MOI00HBIX aJrOPUTMOB JJIsi ONITUMU3AIMU PeabHBIX
KEIIe300€TOHHBIX KOHCTPYKIMH (B YaCTHOCTH, IJII MOHOJHUTHBIX >KEI€300€TOHHBIX PEOPHCTHIX
IUTUT TEPEKPBITUS, OMEPTHIX MO KOHTYPY) C Yy4eTOM TpeOOBaHHI HOPMATUBHOHN JHUTEpaTypBhI.
CrnemoBaTelbHO, TEMa UCCIICOBAHMS, CBSI3aHHAS C ONTUMAIBHBIM MPOSKTHPOBAHUEM PEOPUCTHIX
IUTUT, ONEPTHhIX MO KOHTYPY, Ha OCHOBE 3BOJIIOLMOHHOIO MOJEIMPOBAHUs, NPEICTaBIACTCA
aKTyaJbHOM.

MATEPHUAJIBI U METO/1bI

B obwmem Buzae 3ajmava cienyroomias: ONTHUMU3UPOBATh HPOLECC MPOCKTUPOBAHUS ILIIUT
MEPEKPBITUS TPH 33JaHHOHM IUIOMIAJN C YYeTOM MAaKCHMAaJbHO BO3MOXKHOTO KO3 QUIMEHTa ee
UCMOJb30BAaHUA, BKIIOYas MOAOOp KJIAcCOB apMarypbl, OETOHA, TOJIIMHBI IUIMTHI U €€
reOMEeTPUUYECKUX MapaMeTPOB (U, KaK CIEACTBHUE, CETKU KOJIOHH).

Tak kak oNnTUMH3ALMIO @polecca IMPOEKTUPOBAHMS JAaHHBIX KOHCTPYKLUUH TpeOyercs
BBIMIOJIHATE HA  JUCKPETHBIX  MHOXKECTBAaX IapaMeTpoB, LEJIECOO0pa3HO  NpPUMEHEHHE
HBPUCTHUECKUX METOJI0B oNTHMMM3auuu. Hanbornee mNepcrneKTUBHBIM Ha CETOJHSIIHUI J1€Hb
MPU3HAH METOJI TEHETHUYECKHX alrOPUTMOB. ['€HEeTHYeCKHil alroputM -— O3TO alfOPUTM,
MO3BOJIAIOMIMN HAWTH YAOBJIETBOPUTENIBHOE pELICHHE K AaHaJIUTUYECKH Hepa3peliuMbIM WU
CIIO)KHOPEIIaeMBbIM 3a/ladyaM uepe3 IOCJeI0BaTeNbHbIM MOJ00p M KOMOMHUPOBAHUE HCKOMBIX
[apaMeTPOB € UCIOJIb30BAHUEM MEXaHN3MOB, HATOMUHAIOIIUX OMOJIOTHYECKYIO IBOJIOLUIO.

B xoxe uccnenoBaHusi pacCMOTPEHO MOCTPOEHUE T'€HETUYECKOro alropuTMa Jjis mojadopa
MPOEKTHBIX IMapaMeTpoOB PEOPUCTON IUIMTHI MEPEKpPbITHSA, ONepTod mo KOHTYypy. KoHcTpykius
MMeEeT B IIJIaHe IPSIMOYToJibHYI0 hopmy ¢ pazmepamu 48Mm x 60M. Lllar ceTku KOJIOHH BapbUpyeTcs
B mpenenax 5,8 M...8,4 M u oOyciaBiuBaeT MpojeTbl MIUTHl U Oanok. CedeHus Oanok B JIBYX
B3alMHO NEPNEHIUKYISIPHBIX HAMpaBICHUSIX OJMHAKOBBI, IUIMTA PacCMaTPUBAETCS ONEPTOM IO
KOHTYPY BBH/J1y BBITIOJIHEHUS YCIIOBUSL:

I—lz&ﬂzl,45<2 1)
I, 58u

Bricora Oanok mpuHumaercs B mpenenax 1/8...1/15 ot mposera miauThl; mupuHa 0aJoK He
BapbupyeTcs. KOJIOHHBI MOHOJIUTHBIE keNe300€TOHHBIE C pa3MepaMu nonepeyHoro cedenus 0,4m x
0,4m. Harpyska mnpunsTa cormacHo [5] paBHoMepHO pacmpeaenénnon 2,0 klla. YcmoBus
HKCIUTyaTalliil HOpMaJbHBIE.

Matepuasl 411 KOHCTPYHUPOBaHUS:

— beron knaccos no npounoctu B15...B35;

— Apmarypa kiaccoB o npouHoctu A400, AS00.
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[Ipunsteie cornacHo [4] orpaHuyYeHUs CIAEAYIOLINE:

1. ITpoBepka BHITIOIHEHHS TPEOOBAHUM 110 IPOYHOCTH;

2. [TpoBepka BeInoiHeHUs TpeOoBaHU 10 Ae(POPMAaTHBHOCTH;

3. Orpann4yeHre MUHUMAJIBHOM TOJIIMHBI IPOEKTUPYEMOTO JIEMEHTA;

4. Cobmonenue TpeOoBaHM IO MUHUMAIbHOMY IPOLIEHTY apMUPOBAHUS [, Y.

Hixe MMpeaACTAaBJICHO IIOCTPOCHUC HTepaLII/IOHHOﬁ CXEMblI I ONTHUMU3AlMU IIpoLecca
IMPOCKTUPOBaHUA paCCMAaTPUBACMBIX IIJIINUT ICPEKPBITHUA.

Cocmabaenue 3asbl dakHbIX 0 nepeMeHHbX napaMempax
U Yematolka ozpoHUYeHUL

|3ad‘aHUe HOIYIALHOZ0 NOKOACHUA ‘

‘Qﬁapnupaﬂa.uue nonyaayuu 11 |

Hem

(poBepka ocoded 11 Ha coomBemembBue
YemaHoBACHHLM 0apaHUYEHUAM,
ceAeKyUs

PedakmupoBanue cBodcm8 ocoded IM1, Mymayus Buiducaedue cmouMocmy ocoded [T1

u gopMupoBanue nonyasyuy 12

yifsd

lpoBepra tydoBaemBopetus BbinoaHerts caobud
OKOHYaHUA Umepallt aszopumMa

| /puMetenue zeHemuyeckux onepamopoB, Mymayus|

KoHey

Puc. 1. I/ITepaLII/IOHHaH CXEMa peajin3anuu ME€ToJa reHETUICCKUX aAJITOPUTMOB

Jns  naHHOW TMPOEKTHPYEeMOW KOHCTPYKIMU oOmmas ¢yHKIUS IeNd TpeacTaBiIeHa
CJIETYIOIM 00pa3oM:

P={P;+P,+P} >P,, @)
rae P— mnaHoBas ce0ecTOMMOCTh NMPOEKTUpyeMoil koHcTpykuuu; Pg;P,;P-— cronmoctn

MCIOJIb3YEMBIX JJISl IPOEKTUPYEMOM KOHCTPYKIIMU OETOHA, apMaTyphl COOTBETCTBEHHO
B cinydae ajanTanuu JaHHOTO yCIOBHUS K BEIOPaHHOM TeMe, a MMEHHO, TIPU ITapaMeTpHYECKOn

ONITHUMU3AIMN TTPOEKTUPYEMOH KOHCTPYKINH, 3HaueHns QyHKmi Pg; P, MOXHO 3anmcaTsh B BUzE:
Py =f{BiLiHh, };P = f{ AA LHER = f{ LHh, } 3)

Stp ?
rac B,A— AUCKPCTHBIC MHOKECTBA NOMMYCTHUMBIX IJISA BBI60pa mapaMeTpOB OeroHa U apMaTyphbl

COOTBETCTBEHHO; Ag  — TIUIOIAJh CEYCHUS apMarypbl ONTHMAIbHOTO BapHaHTa  IUIATEHL
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L;H;h_— reomerpruyeckue mapamMeTpbl IPOSKTUPYEMOH KOHCTPYKILUH: JJIMHA, IIMPHHA U BBICOTA
TUTUTBI COOTBETCTBEHHO.

Jns cozmaHus HBOJIOLMOHHOM MOJENTHM IMOJ00Opa ONTHMANBHBIX IPOCKTHBIX MHapaMeTpoOB
MPOEKTHPYEeMO# TUIMTHI ObLT BbIOpaH maker «Optimization Tool. Genetic algorithm» cucremsr
MATLAB, BBuIy Halnuuusi HHCTPYMEHTOB [UIs MHIMBUAYAJIBHOIO MOAXOJa K PpEIICHUI0
MOCTABJICHHOMW 33J]a4M, @ UMCHHO: BO3MOXXHOCTH KOHTPOJISI TIPOLIECCOB aJITOPUTMa, KOPPEKTHPOBKU
HCXOJHOTO KOJa, 3a/aHusd (YHKIMHA MyTalMyd U cKpeuiuBaHus. llporecc co3maHust anroputMma u
rpaduk pacmpeneneHus ocodeil B mporecce ero padoThl peacTaBieHbl Ha Pucynke 2.

[ipestrap

Problem Setup and Results Options >
. § Es =
Solver: ga - Genetic Algorthm > = T‘
e || Populstiontype  Double vector .
Ftness function: @) weber_oby(x| centers, weights) Pguabion s hn i 2 |
Number of variables: © Specify: L
- Creation functon: Consraint dependent -
Linear inequalities: & & | |
Linear equalities: Aeg | | beg Initial population: @ Use default: []
Bounds. Lower Upper | © specity:
Nonlimear constramt function: ||| wisiscores: @ use defour )
Integer variable indices: J ) Specify:
Run solver and view results Initial range: ® Use defult: [0:1]
Use random states from previous run © Specity:
[cstm ] [ pase | [ stop T
F
Y - 5 Selection
I Selection functior: Stochastic undorm
} ] i i i i

Puc. 2. OxHO nocTpoenus u rpaduk paboThl TEHETUIECKOTO aIrOPUTMA

[TonydeHHbIN B X0Je paOOTHI aIrOPUTMa BapUAHT IITUTHI MIEPEKPHITHS, ONpeaesieMblid Kak
ONTUMAJIBHBIN, TIpejicTaBIeH Ha Pucynke 3.

CONSTRUCTION

THE FORMATION OF LIVING ENVIROMMENT
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Puc. 3. OnTuManbHbBIN BapuaHT IITUTHI TEPEKPBITHS

v

" PacucT B HEIUHEHHOMN ITOCTAaHOBKE C

v

[5] n uncrneHHsI

ucnonb3oBanueM [1K JIMPA CAIIP 2016 RS (Hekommepueckas Bepcusi) Haubosiee HarpyXeHHOM

v

C HOCJIIbKO TPOBEPKHU KOPPEKTHOCTU PEC3YJIbTATOB pa6OTI>I CO3IaHHOTO aJIrOpUTMa OBLI
IMPOBCACH aHAIUTUYCCKHUU PACUCT COTJIIaCHO

B-I" / 7-8. Pe3ynbraTsl cBefeHsl B Tabmuiy 1.
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YucneHHblid pacyer
3 s JIUPA CAIIP 105 o oL
Wroro pacxoxaeHune 1,9% 8,7% 4,52%
pe3yJIbTaToB
BbIBO/IbI

VY cTaHoOBIEHO COOTBETCTBUE IMOJIYYCHHOTI'O B XO/I€ pa6OTBI aJIropuTMa BaprvaHTa ILIUThI BCEM

3asBJICHHBIM TpeOoBaHuAM. Takum 00pa3oM, MOKHO c/elaTh BBIBOJ, YTO IPUMEHEHHE METOa
TEHETUYECKUX AJITOPUTMOB BO3MOXKHO M AKTyaJbHO B BOIIPOCE ONTHMMM3ALUM IPOECKTUPOBAHHUSA
CTPOUTENIbHBIX KOHCTPYKLIUN. ATaNTHPOBAaHUE JTAHHOTO METO/a K OAJOYHBIM IUIMTaM TEPEKPHITHS
MO3BOJISIET HAWTH MX ONTHMAJIbHBIE MAapaMeTpbl, W, KaK CIEJICTBHE, CHU3UTh Ce0ECTOMMOCTb
KOHCTPYKUUN (B YacCTHOCTH, MOHOJUTHBIX JK€I€300€TOHHBIX PEOPUCTHIX IUIMT NEPEKPBITHS,
OIEPTHIX IO KOHTYPY).
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AHAJIN3 TPOT'PAMMHO-BBIYNCJIUTEJIBHBIX KOMILIEKCOB DBAKYAIIUN
JIOJIEN

FO.A. Kyp6atosa®, A.II. Iapdenenxo °

Lemyoenmra julia.julio8@mail.ru

Zkand. mexn. nayk, parfol@inbox.ru

Y2@oreoy  BO «Hayuonanvnoiti  uccnedosamenvckuii  Mockosckuti  20cyoapcmeerHblil
cmpoumenvuulil ynusepcumem, Mockea, Apocnasckoe wiocce, 26

AHHOTaNUA

IIpenmer wucciegoBaHMsA: IIPOLECC IBIKEHHUS JIOJACKUX ITOTOKOB YEpe3 IPOEMBbI
Pa3IMYHOM IHUPUHBI, MOJAEIMPOBAHUE DBAKYALIMH JIFOACH U3 3JaHUN U COOPYKEHUM.
Henun: onpeneneHne NJOCTOBEPHOCTH IOJIYYAaE€MBIX PE3YJIbTaTOB BPEMEHHM HBaKyallUH
JIOAEH NpU  MOJCIMPOBAHWM JBWKEHUS JIIOACKHX IOTOKOB B IIPOrPAMMHO-
BBIYHCIIUTEIBHBIX KOMIUIEKCAX.

Marepuanbl M METOAbI: JABUXXECHUE JIOJACKOIO II0TOKA, METOIAMKA OIPEACIICHHUE
pacUeTHBIX BEJIMYMH IIOKaPHOI'O pPUCKA B 3JaHUAX U COOPYXKEHHSIX, MPOrpaMMHO-
BBIYMCIIMTENIBHBIE KOMILJIEKCHI DBAKYyallUH JIIOICH.

PesynbraThl: 1POBENCHO MOJAEIMPOBAHUE JBWXKEHUS JIIOACKUX IIOTOKOB B
IIPOTPAaMMHO-BBIUYHCIUTENBHBIX ~ KOMIUIEKCAX, BBIYUCIEHO  3HAYEHHE  BPEMEHU
9BaKyallUd IIpH pa3jIU4YHBIX IapamMeTpax JBEPHOIO IIpoeMa B COOTBETCTBUU C
METOAMKOHN OIPENEICHUS PACUETHBIX BEJIWYMH IOKAPHOTO PUCKA, ITPOAHAIU3UPOBAHBI
IIOJIyYEHHBIE PE3YyJbTaThl U CIENaHa OLICHKa BO3MOXHOCTU MCIIOJIb30BaHMS JAHHBIX
IIPOrpaMM JUIsl pacyeTa pUCKOB B 3/IaHUSIX U COOPYKECHHUSIX.

BbiBOABI: TOJIyYEHHBIE OTKJIOHEHMS BPEMEHM OJBaKyallud IIpU MOJEIMPOBAaHUU
JBUKEHHUS JIIOJICKOrO IOTOKA 4Yepe3 IMPOEeMbl PA3IMYHONW IIMPHHBI B MPOrPaMMHO-
BBIYMCIIUTEIBHBIX KOMIUIEKCAX MMEIOT NPAKTUYECKOr0 3HAYEHHUE, TaK KaK MOKa3bIBAKOT
HE00X0IMMOCTb JOPAOOTKU MPOrPaMM JJIsi BBIUKUCIEHUS TOKAPHBIX PUCKOB.

BBEJEHUE

B o0mactu wuccnenoBaHus [BMDKEHHUS JIOJCKUX TOTOKOB TMOSBISIIOTCS TMPOTPAMMBI,
pa3pabOTUMKU KOTOPBIX, HE 00Jagat0T HEOOXOAMMBIM 3HAHHMSIMHU O TOXKApHOW OE€30MacCHOCTH U
MapaMeTpoB JIBMXKEHMS JIIOACKHMX TIOTOKOB. AJITOPUTMBI, 3aJ0KEHHBIE B IPOrPaMMHO-
BBIYUCIIUTENIbHBIE KOMILJIEKCHI, Jal0T HEaJIeKBaTHBIE pe3yJabTaThl, YTO CHIDKAET TOKa3aTellb
0e30MacHOCTH JIOJEH B 3JaHUSIX U COOpYXKEeHHsX. B ngaHHOW paboTe omucaHbl OCOOCHHOCTH
WCIIOIB30BaHUS MHANBUIYATbHO-TIOTOYHOTO MOJCIUPOBAHUS DBaKyalldd JIIOJCH B 3JaHUIX H
COOPY>KEHMSIX MPU W3MEHEHUH IIUPHUHBI JBEPHOTO MPOEMa U PACCMOTPEHBI OCHOBHBIE IMapaMETPhI
JIFOJICKOTO MOTOKA, XapaKTEPHbIE ISl UHAUBUAYATbHO-TIOTOYHOTO MOJIEIUPOBAHMSL.

OB30P JIMTEPATYPHBI

OreHKa TUTAHUPOBOYHBIX PEIICHUH C TOYKH 3pEHUsT 0€30MaCHOCTH KU3HU Jojeh [1] mpu
Mokape B 3[JaHUSIX U COOPYKEHUSX HEOTHEMIIEMO BKIIOYAeT B ce0s pacueT dBakyaluu Jitojaeid. B
JTAHHOM CTaThe pacCMaTPHUBAETCS MOACIMPOBAHUE dBAKYAIIUH JTIOJIEH B Pa3IMUYHBIX KOMIBIOTEPHBIX
MPOrPaMMHO-BBIYUCIUTENBHBIX KOMIUIEKCax. B o0iacTu uccinenoBaHUsS ABUKEHHS JIFOJICKHX
MTOTOKOB TIOSIBIISTFOTCSI TIPOTPaMMBbI MOJISTTUPOBAHUS dBAKyaI[lu JIFOJIEH, KOTOpPhIE, KaK MOKa3bIBACT
nmpakTuka [2-4], 71aroT HeaJeKBaTHBIE pe3yIbTaThl H3-32 HEMOHUMAaHHS pa3paboTUYMKaMu
3aKOHOMEPHOCTEH JIBIDKCHHSI JIIOJICKMX TOTOKOB. [lo3TOMYy anropuTmbl, 3aJl0KEHHBIE B
MporpaMMax, HeoOXOMMO MPOBEPSATH Ha KOPPEKTHOCTH MOTYYaeMbIX JIAHHBIX, & CAMU MPOTPaAMMBbI
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- Ha COOTBETCTBUE HCIIOJIb3YEMBIX 3aKOHOMEPHOCTEH MEXIy MapaMeTpaMy JIIOACKAX MOTOKOB U
pEaNbHBIX  MPOLECCOB  IBWKeHHMA Joped. CrenoBaTenbHO, aHanmM3  pa3padaThIBaeMbIX
KOMITBIOTEPHBIX MTPOTPAMMHO-BBIYUCIUTEIBHBIX KOMIUIEKCOB, KOTOPBIC UCIIOJIB3YIOTCS JIJIsl OLICHKH
BPEMEHH OHBaKyallud, SBIISETCA aKTYaJIbHOM 3a/aued, W CYIIECTBYET OCTpas HEOOXOIMMOCTh
TECTUPOBATh MNPOTPAMMHBIC KOMILUICKCHI M IOJY4aTh COOTBETCTBYIOLIME 3aKIIOYCHHS OT
KOMITETCHTHBIX CIICIHAIMCTOB IIE€pel] BBIXOJOM Ha OOLIEJOCTYHHBIH pPHIHOK. MozeanpoBaHue
JBIDKCHUS JIFOJICKUX TIOTOKOB OBUIO paccMoTpeHo B paborax Parfyonenko A «Metomonorus
MOJICTTMPOBAHMS JIIOJICKMX IIOTOKOB M TIPaKTHKa INPOTPAaMMHUPOBAHUS WX JABWXKCHUS MpU
sBakyauun» [5] u Kholshchevnikova «Eme pa3 o MmogenpoBanuu Jit0JJICKMX MOTOKOB IPH OICHKE
MOYXKapHOTo puckay [6].

MATEPHUAJIBI U METO/1bI

B Meroauke omnpezeneHuss pacueTHBIX BEJIUWYMH [OXApHOTO pucka [7] B 3AaHUAX
IIPEJCTAaBIICHbI TPU PACUETHBIE MOJIEIH JIBUKECHUS JTHOICKUX IIOTOKOB: YIPOIEHHO-aHAIUTHYECKas],
MMUTALMOHHO-CTOXAaCTUYECKasi U NHIUBUIYaIbHO-IIOTOYHAS. MOJIEIIH.

VYHpoleHHO-aHaIUTHYECKas MOJIENb [103BOJIICT YCTAHOBUTD PACUETHBIE 3aBUCUMOCTU MEXTY
rnapamMeTpamMu JABHXKEHHUS JIOJICKMX mMOTOKOB [8,9]. JlanHas wMopenbs Haubojee mpocras Hu
orpaboranHas. [loxpasymeBaercs, 4TO JIIOJM MPU  3BaKyallMM CO3[Aal0T  PaBHOMEPHO
pacnpe/ielieHHble TOTOKH, HE YYMTHIBAETCSI CMEIIAHHOCTh IIOTOKOB 3BaKyHpYIOIIMXCS (rpymma
MOOMJIBHOCTH, IUIOIIAJ b IPOEKLUUH, CKOpocTh). IloaTOoMy npaHHas Mojenb JaeT aJeKBaTHbIE
pe3yJIbTaThl TOJBKO IPU pacyeTe 3BAKYalUU U3 FEOMETPUUYECKU IPOCTHIX MOMEIIEHUH.

HIMUTalMOHHO-CTOXaCTUYECKass MOJEIb IBUKEHUS JIFOJCKUX IMOTOKOB MO3BOJIAET C XOPOLIEH
TOYHOCTBIO OLIEHUBATh KAUYECTBEHHYIO U KOJMYECTBEHHYIO KapTUHY IPOLECCa ABMXKEHUS JIFOICKUX
IIOTOKOB IpH 3Bakyauuu. [Ipu pacyere 3qaHKe AeIUTCA HA JIEMEHTAPHbBIE YUACTKH, Ul KaX10TO0
U3 KOTOPBIX IPOU3BOJUTCS MHOYKECTBO PACUETHBIX oOIlepanuil B cekyHay. B nanHoil monenu
IPUCYTCTBYIOT  SBJICHHS, CBOMCTBEHHblE  JroAckoMy moroky  [10,11]:  pacrekanue,
nepeopMupoBaHue, ClIUsHUE, pasyluioTHeHHe. O0e MOAENnu ONepUupyIOT MOHSATHEM JIIOJICKOIO
IIOTOKA, YYBCTBUTENIbHBI K HW3MEHEHHIO I€OMETPUM 3[aHMsI, HO HE IPEACTABISAIOT BO3MO>KHBIM
paccMmaTpuBaTh ABM)KEHUE OTJEIBHOIO YEJIOBEKA B IIOTOKE.

WHauBuayanbHO-TIOTOYHAs  MOJEIb  NPEANOoJaraeT  MOJECIUPOBAHHME  IEPEIBUKEHUN
OTJENBHOTO YEJIOBEKa C YYETOM €ro HWHAUBUAYAIbHBIX MapaMeTpoB (CKOPOCTh, IUIOIIAIb
MPOEKIUK, MOOMIBHOCTH). JlaHHAs MOJenp MCHONB3yeTcs JUIsl pacyeTa 3BaKyallud W3 3[aHHs CO
CII0)KHOW BHYTpEeHHeH miuanupoBkoi [12,13].

MaremaTHueckasi MoOJeNb BBIOMpAETCsA, HUCXOAS M3 OCOOEHHOCTEH IUIAHMUPOBKHU 3JaHMS,
IUIOUIA/IM TOPU3OHTAJIBHBIX MPOEKIUH JIIOJIeH, a TaKKe MapaMeTPOB JABMXKEHUS JTIOAEH pa3IMuHbIX
IpyII MOOMIIBHOCTH.

JUia aHanu3a MpPOrpaMMHO-BBIYHUCIUTENBHBIX KOMIUIEKCOB OBLIM MPEIOKEHBl pacyeTHbHIE
CXEMBbI JIBHKEHUS JII0/IeH U3 noMelieHus pazmepamu 20x2 M ¢ npoemamu mupuHoit 0,8, 1,2, 1,6 m
U JABW)KEHUS U3 MOMENIeHUs 0e3 MpoeMa, T.€. 0 TOPU30HTAIBHOMY Y4acTKy IMyTH HIMPUHOMN 2 M.
Jns pacdyera ObUIO HEOOXOOMMO pACHOJOXKUTH 360 YenoBeK B MOMEIICHWH C IUIOLIA/BIO
rOPM30HTANILHON MPOEKIUH Kaxjaoro 4enoseka f = 0,1 M2/4esl ¥ NIOTHOCTBIO MOTOKA JHOJEH
D = 0,9 m?/M?. CormacHO pAacUeTHBIM CXeMaM ObLIM TONYYeHbl pe3yldbTaThl pacueTa B
COOTBETCTBUM ¢ METOAMKON ONpeneseHns pacyeTHBIX BEJIMYMH IOKapHOro pucka [7]. Pacuer
BPEMEHH OCYIIECTBIISIICS MO 3aKOHOMEPHOCTSM JABHKEHUS JTIOACKUX MOTOKOB:

N-f
tCK =

qnpu D=0,9 ° b

(1)

rae N — KOJIUYECTBO JIOJCH, Yel;
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f — nmnomaapk rOpU30HTAIBHON MPOESKITUU YET0BEKa, M? /4ern,
Qnpu D=0,0 — MHTEHCUBHOCTD JIBUKEHHUS YEPE3 yIACTOK NpH ioTHOCTH 0,9 1 Gonee, M/MuH;
b — mmpuHa yJacTka, IpH BXOXKIECHIUH Ha KOTOPHIA, 00pa30BaJIOCh CKOILICHUE, M.

VHTEHCUBHOCTD JBMKEHMsI 4Yepe3 JIBEpHOM INpoeM HIMpUHOM MeHee 1,6 M ompexaensercs
COIJIaCHO 3aBUCHMOCTH:

q=25+375x (2)
I7ie X — IIAPUHA JBEPHOrO MPOEMa, M.

Janee HeoOXxoauMo OBUIO CMOJENIMPOBATH JABIKEHUE JIOACH uepe3 pa3inyHble MPOEMbI B
MIPOTrPaMMHO-BBIUMCITUTENBHBIX KOMIUJIEKCAX M CpPaBHUTH pe3yibTaThl PYYHOTO CYETa Ha
coorBercTBUe ¢ Meroaukoit [7]. Ilpeamosiaramoch, 4TO €CIM MPOTPAMMHO-BBIYMCINUTEIbHBIC
KOMIUIEKCHI YYHUTBIBAIOT 3aKOHOMEPHOCTH JBHXKCHUS JIKOJEA B COOTBETCTBUM C METOIMKOH, TO
PE3yNbTaThl TOJKHBI OBITH MPUOIMKEHBI K 3HAUEHUSAM, I0JIy4aeMbIM IIPU pacyeTe Mo YIpOIeHHO-
aHaMUTH4YeCKo Mojenu. Ecnau ke OTKJIOHEHHs pe3yibTaToB OyAeT 3HA4YUTENIbHBIM, TO
HCII0JIb30BAHUE MTEPEUUCIIEHHBIX IPOIPAMM HEIOMYCTUMO.

PE3YJBTATHI UCCJIIEJOBAHUSA

ITo pe3ynbraTam MoJenupoBaHus Oblila COCTABIECHA CpPaBHUTENbHAs Tabauma 1, rae ykazaHo
BpeMs SBaKyallud JIOAEH IpU MOJAEIMPOBAHUU B PA3JIMYHBIX HPOrPAMMHO-BBIYHUCIUTENBHBIX
KOMILJIEKCaX.

Ta6auna 1. Bpems sBakyanuu Jirojiel U3 TOMEIICHUS.

Mupuna HIupuna Mupuna TI'opuszoHTaIbLHBIH
Ne ABEPHOIO ABEPHOIO JABEPHOIO nyTh
npoema 0,8 m npoema 1,2 m npoema 1,6 m INMPUHON 2 M

1 Pyunoit | -B cekynmax | 490,90 cex 257,14 cex 158,82 cex 79,99 cex
cueT -B MUHYTax 8,18 MuH 4,29 myuH 2,65 muH 1,33 mun
2 | Pathfinder | -B cexynnax | 503,77 cex 258,50 cex 159,50 cex 80,50 cex
-B MUHYTax 8,39 mun 4,31 muna 2,66 MuH 1,34 Mun
3 Curma -B cekyHaax | 114,25 cex 68,50 cex 58,75 cex 57,25 cex
I1b -B MUHYTax 1,90 mun 1,14 mun 0,98 muH 0,95 mun
4 Urban -B CEKyHAax 76,00 cex 74,00 cex 76,00 cex 63,00 cex
-B MUHYTax 1,26 MmuH 1,23 muH 1,26 MuH 1,05 mun
5 Fenix+ | -B cekynmax | 467,00 cex 243,00 cex 148,60 cex 45,40 cex
-B MUHYTax 7,78 MuH 4,05 muH 2,47 muH 0,75 muH
6 | ®orapn | -BcekyHuax | 150,20 cex 99,90 cex 74,30 cex 59,50 cex
Ps -B MUHYTax 2,50 muH 1,66 MmuH 1,24 muH 0,99 mun

PyudHoOll cueT sBiseTCS 3TAaJOHOM, TaK KaK ObLJI pacCuuTaH B COOTBETCTBUU C MeETOIUKOM.

I'maBHBIM HENOCTaTKOM MHOTIMX IIPOrpaMM SIBJISIETCS OTKJIOHEHMS BpPEMEHHM DBaKyallud oOT
STAJIOHHOTO 3HAYEHMs, TO €CTb MOXKHO CJeNaThb BBIBOJ, YTO MPOrpaMMbl HE YUHUTHIBAIOT
3aKOHOMEPHOCTH JBM)KEHUs MOTOKa jojeil. [Ipy paccMOTpeHHH TOpU30HTAIBHOTO ydacTka 0e3
IBepU HauOousblliee OTKIOHEHHE OT 3TajOHAa IOKa3all MPOTrPaMMHO-BBIUMCIUTEIbHBIH KOMILIEKC
Fenix+ (43,24%), npu mmpuHe qepHOro npoema 1,6 M u 1,2 M HanOobIIee OTKIOHEHUE MTOKa3ala
nporpamma Curma I1b (63,01% u 73,36% COOTBETCTBEHHO), pU MIUPHHE JABEpHOTO Mpoema 0,8 M -
VYpb6an (84,52%). JlomycTuMBIM sBISI€TCS OTKJIOHEHHE, KOTOopoe He mpeBbimaer 5%. Jlumb
pOrpaMMHO-BBIYMCIUTENbHBIA  KoMIuleke Pathfinder coorBercTByeT maHHOMY 3HAYEHHIO.
OcranbHble TPOrpaMMBbl JaI0T Cephe3HbIE OTKIOHEHHUS, KOTOPBIE MPEACTABICHBI B TAOIHUIE 2, U UX
MCIIOJIb30BaHUE JJISl PACUETOB HEXKENATENIbHO.
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Ta6auna 2. OTKIOHEHUs] BpEMEHH 3BaKyallHH JIFOJICH, pACCYUTAHHOTO B ITPOTpaMMax.

NQ Hp0FpaMMHO-BLI‘IHCJIHTeJ]BHLIe KOMIIJICKCHI OTKHOHeHHﬂ BpeMeH" 3Ba1cyaunn or BpeMeHlj,l’
paccanaﬂﬂoro B COOTBETCTBHHU C MeTOlII/IKOI/I

1 | pathfinder 0,42-2,62%

2 | Curma I1B 28 43-76,73%

3 | Urban 21,24-84,52%

4 | Fenix+ 4,87-43,24%

5 | ®orapx Ps 25,61-69,40%

[Ipn ™MopenupoBaHHUM MABMXKEHUS JIFOJACKOTO IOTOKA OBUTM BBISIBICHBI OIpPEICITHHbIC
HEJOCTaTKU MPOTrPAMMHO-BBIYUCIUTEIBHBIX KOMIUIEKCOB. B mporpamme Pathfinder neo6xomumo
BPYUYHYIO 33[1aBaThb MCXOJHbIE JAHHBIE MO 3aKOHOMEPHOCTSM ABUKEHUS JIFOJICKUX MOTOKOB IIPH
mupuHe poema MeHee 1,6 M. MHade mporpamma Oyaer cuutarh «dPQPEKT JOKHOTO MPOoeMay, TO
€CTh YMEHBILIEHUE IEUCTBUTEIBHONW IIMPUHBI IIPOEMA HA KOPOTKOE BpeMs M3-3a TOTrO, UTO JIHOIH,
uaynye ¢ OOKOB rOPU30HTAIBHOIO IMYTH, OTTAJIKMBAIOTCS OT YIJIOB K LEHTPY JBEPHOrO Ipoema
IpU MPOXOJIe Yepe3 HEero, MOCKOIBKY JIIOJIU CTpeMATCs u30exarh ObITh MPHKATBIMH K Yrilam
IBEpHOro mnpoema. B mporpamMMHo-BeluMciuTeNbHOM KoMmiuiekce Curma IIb Obi1 oTMeueH
TPYJOEMKHIl MpolLecC MOATOTOBKH 3/IaHUSl U CO3JIaHUs CIIEHApHUs SBaKkyallud W HEYIOOHBIN
untepodeiic. Ilpu paccranoBke moael B Curma I1b mporpamma He AaeT BBICTABHTH HEOOXOIUMYIO
IJIOTHOCTB JIFOJICKOTO MOTOKA, TAK)KE HE MPEACTABISAETCS BO3MOKHBIM 33]]aBaTh UCXOJHbIE JaHHBIC
0 3aKOHOMEPHOCTSIM JIBMKeHHs Jiroaed. Urban coenunsier B cebe HeqocTatku mporpamMmbl Curma
[1b, a Takke Ipy aBTOMAaTHUYECKOM PAaCIOJIOKEHUU JIFOAEH M0 33JaHHOMY KOJMYECTBY B 3aJaHHOU
00JIacTH TporpamMMa pacCTaBIIseT JIIOJICH HE TOJIBKO B TIOMEIIEHUE, HO M «BHYTPH» OIPaKTAIOIINX
KoHCTpyKuui. KauecTBeHHass KkapTuHa JBW)KEHUS JIIOJEeH OTOOpaskaeTcsl HeaJeKBaTHO, Y
IIPOrpaMMbl OTCYTCTBYIOT OHATHS CKOIUICHHUS, CIIMSIHUSL, Pa3yIUIOTHEHUS U JIp., JIFOAU JBUTAIOTCS C
OJIMHAKOBOM CKOPOCTBIO, IIaras IO TOJIOBaM BIEPEIUUAYIIMX JIFOJEH, B IBEPHOM IIPOEME MOTOK
JrOfIel CclMBaeTCs B eauHoe Iienoe. [Iporpamma Fenix+ He gaeT BO3MOXKHOCTH BBICTABIIATH
rnapamMeTpbl JABWKEHUS JIOACH Npu IMMpUHE ABEpHOro mnpoeme meHee 1,6 m. ®orapn PB He
MTOKAa3bIBACTCSl HAIJISAHO PACIOIOXKEHHE JABEped W JIoJeH, JHIIb WX KOOPAMHATHI B TaOJIUYHOM
BHJE, HET BHU3yaJM3allMy pacyera, CJIEIO0BATEJIbHO, HENb3s MOJIHO OLEHUTh MPOLECC IBUKCHHS
JIFOJICKOTO TIOTOKA.

Takxe HepemieHHbIMU MpoOIEMaMH SIBISIOTCA OTCYTCTBHE OOIICTPU3HAHHBIX KPHUTEPUEB
JIONYCTUMOI'0 KayecTBa MporpaMMm JUisi MOJAEIUPOBAaHHUS 3BaKyallMd, OTCYTCTBHE TpeOOBaHUHN K
KBaM(UKAIMKU Pa3pabOTUYUKOB MPOTPaMM, OTCYTCTBHE DPa3BUTHS PHIHKA IMOXKAPHBIX MOJENEH,
ITOCKOJIbKY BCE HOBBIE Pa3pabOTKHU SBIISIOTCS KIOHUPOBAHUEM IPEIBIIYIINX, HE 100aBISIIOT HOBBIX
MIOJIXOJI0B, MOZIEJIEN, HCXOIHBIX JAHHBIX.

BBIBO/IbI

[Ipoananu3upoBaHsl pe3yabTaTbl MOACIUPOBAHUS JBUKEHUS JIOACKHAX IIOTOKOB, MOJTYyYEHbI
OTKJIOHEHMs, JOKa3bIBAIOIIME HEKOPPEKTHOCTh QJITOPUTMOB, 3aJI0KEHHBIX B IIPOrPAMMHO-
BBIYMCIIUTENIBHBIX KOMIUIEKCAX, MPEIHA3HAYECHHBIX JUIsI pacdyeTa BPEMEHU 5SBaKyalUd JIFOJEH.
[Tonmy4yeHHble AaHHBIE AAIOT MEPCHEKTHBY JOPAOOTKU CYIIECTBYIOUIMX MPOTPaMM M MOKa3bIBAIOT
HEO0OXOIMMOCTh TOJATBEPKIACHHUS KBaIU(HUKAIMK pa3paObOTUYMKOB MPOrpaMMHO-BBIYHCIUTENbHBIX
komruiekcoB. Ilpeamomaraercs, yTo ecnu OyayT JAOBEAEHBI CYLIECTBYIOIIHME IPOTPaMMBI J10
COOTBETCTBUSI ¢ MeTOAUKOM, eclii BeAyllHe Hay4yHble T'OCYIapCTBEHHbIE OpraHu3aluu OyayT
BBIITYCKaTh METOAMYECKHE PYKOBOJCTBA JJIsI Pa3pabOTUMKOB, PACUETUYUKOB U NMPOEKTHPOBIIHMKOB,
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ecnmu Oynyr pa3paboTaHbl HaOOpBI TECTOBBIX NPUMEPOB [UIA MOATBEPKACHUS KBaIU(pUKaLuu
pPa3pabOTUNKOB TMPOTPAMMHO-BBIYMCIUTEIBHBIX KOMIUIEKCOB, CTaHET BO3MOXKHBIM BBINYCK Ha
OOIIEIOCTYIHBIA PHIHOK MPOTpamMM, KOTOPBIC NAIOT aJIeKBATHBIE PE3yJIbTaThl B COOTBETCTBUH C
MeTtonuko#, yduThiBasi BCE TOHKOCTH 3aBUCUMOCTEN JBHXKCHUS JIIO/ICH.

JIUTEPATYPA

1.

2.

10.

11.

12.

13.

Texauveckuit peramaMeHT 0 TpeOOBaHUAX MOXKapHOH Oe3omacHocTH: DemepabHbIN 3aK0H OT 22 HUIOJIA
2008 r. Ne 123-03-2008.

Xomwyesnuxos B.B., Iapgenenxo A.Il. ComocTaBieHUE Pa3IUYHBIX MOJCICH IBUKCHHS JIFOJICKHX
MOTOKOB U Pe3yJIbTaTOB MPOrPAMMHO-BBIYHCIUTENBHBIX KOMILIEKCOB// [ToxkapoB3ppiBOOE30MaCHOCTD. -
2015.-C. 68-75.

Aiibyes 3.C.-A., Hcaeesuu H.HU., Meosnux M.B. CBobonHOE NBMKEHHE JIIOACH B MOTOKE U MPOOIEMBI
WHAWBUAYaITBHO-TIOTOUHOTO Moaenuposanus// [loxxapoB3peiBoOe3onacuocTth.- 2015. -C. 66-73.
Konooxun B.M., I'anuynnun M.D. IlporpaMMHBIE alTOPUTMBI, PEaTH3yIOIMIAE MOAETH BHKCHHS
JIOJCKMX  [MOTOKOB B  CHCTEME  yIOpaBieHUs  dBaKyauued  yoged w3 3manus//
[Mosxapo3peiBobe3onacHocTh.- 2016. -C. 75-85.

Hapghenenxo A.11. MeTomonorusi MOAEIHPOBAHUS JIFOJACKUX MIOTOKOB U MPAKTHKA MPOTPaMMHPOBaAHUS
WX IBWXeHHs mpu sBakyarmu// [loskapoB3pbeiBoOe3omacHOCTh.- 2014,

Xomyesnuxos B.B. Enie pa3 0 MOJCTHPOBAHUH JIIOJCKUX IMOTOKOB MPH OIEHKE TOXKAPHOTO puckal/
[Moxxapos3peiBobe3onacHocTh.- 2012. -C. 46-55.

MeTonuka OIpeNeNeHns PacYeTHBIX BENIWYMH IMOKAPHOTO pHUCKAa B 3MAHUAX, COOPYKCHHAX H
CTPOCHHSX PA3IUYHBIX KIACCOB (DYHKIIMOHATBHON TOXKapHOH OMACHOCTH: MPHJIOXKEHHE K IMPHKa3y
MUYC Poccuu ot 30 urons 2009 r. Ne 382-2009.

Lanuenxo A.M., Tapaxanos B.C., IlImepn B.B. IlpumeHeHUE WHAMBUAYATbHO-OTOYHOM MOJENH
9BaKyallid TPH OICHKE PHCKOB IMOKaPHOW OMACHOCTH B OOINECTBEHHBIX 37AaHusx// JIOKiIambl
ToMmckoro rocy1apcTBEHHOTO YHUBEPCUTETA CHCTEM YIIPABICHHS U painodIeKTpoHuku.- 2014,
bapaxosckas O.B., [lepesanos A.C. K Bonpocy o pacueTe (haKTUUECKOrO BPEMEHH 3BaKyalluH JII0IeH
n3 nometenust// [Toxapos3preiBodezonacHocTs.- 2010. -C. 41-47.

XonwesHuxos B.B. Mogaenu IRIE: pacuera 3BaKyallluu moIen ycrapeBaiot//
[Moxapos3peiBobe3onacHocTh.- 2017. -C. 39-55.

Xonwyesnuxoe B.B., I'unemuu A.H., Ywaxoe /.B., Illapgenenxo A.Il. ObOmasi 3aKOHOMEPHOCTh
M3MEHEHUS TTapaMeTPOB IBMKCHHUS JTIOACKUX ITOTOKOB Pa3IMYHOr0 (PYyHKIIMOHATHHOTO KOHTHHIEHTA B
3naHusX U coopyxxkenusx// [Toxxapor3peiBode3onacHocTb.- 2011. -C. 32-41.

baxupoe UK., @atizyruna M.M. NaauBuTyanbHO-TIOTOYHAS MOJIENb 3BaKyalluH, Kak 3((EKTUBHBIH
METO]I BEPOSTHOCTHOTO MOAXO/a MPH OLEHKE PUCKOB TMOKAPHOW omacHOCTH B 3maHusx// TIpoGieMsr
oOecriedeHus: 0€30MacHOCTH TP JTMKBUIAIMH TIOCIECTBUI Upe3BbIuaiiHbIX cuTyaruii.- 2016.
FOpmaes E.A., Boimosmos A.B., Pycckux J{.B. OcoO€HHOCTH OTE€YECTBEHHOW METOIUKH pacyera
dBaKyalllH JIFOJIell WHAWBHIYaTbHO-TIOTOYHBIM METOJIOM, Peajr3yeMOil NpU MOMOIIN 3apyOeKHBIX
mporpamm// HayuHo-ananutuueckuit kypHan «Bectauk Cankt-IleTepOyprckoro yHHBEpCHTETA
locynmapcTBeHHOM poTUBONOKapHOU ciryx061 MUC Poccum».- 2018.

137



OPTIMIZATION OF EXISTING GAS DISTRIBUTION NETWORKS USING
"ABSOLUTELY" RELIABLE CAMERAS

AA. Lokteva® , V.A. Dubovenko? , A.K. Klochko®

Ystudent, solnce1607@mail.ru

Zstudent, dubovenko.work@gmail.com

%scientific director, PhD, ,associate professor

L23Moscow State University of Civil Engineering (National Research University), Moscow,
Yaroslavskoye Shosse, 26

Abstract

When designing gas distribution networks, the main requirement is to determining a
reliability value. One of the ways to increase the reliability of the system is to use
“absolutely” reliable cameras (hereinafter referred to as ARC). After calculating the
reliability value for an arbitrary gas distribution network, we obtained a value equal to
0.81. Using ARC, we get the value of the reliability value always equal to 1. The use of
“absolutely reliable cameras” for distribution networks allows us to ensure reliable
supply of subscribers with a transported gas. Also, such a scheme is convenient in that
there is no need to build a bypass for the network elements for the duration of the repair
work, it is enough to consistently replace the pipelines on the dead ends.

INTRODUCTION

One of the main requirements for gas distribution networks is high reliability.

The concept of reliability distribution gas systems is the ability to transport gas in the required
quantity in compliance with the specified parameters under normal operating conditions for a
certain period of time. [1-10]

There are several ways to increase the reliability of gas distribution systems: increase the
reliability of system elements, reservation, use absolutely reliable cameras (hereinafter referred to as
ARC).

LITERATURE REVIEW

The effectiveness of ARC applications has been proven by many studies, some of which are
[3,9]. There are also a number of methods for numerically determining the reliability value. The
calculation will be carried out according to the methodology [5], since this work provides an
optimized method for determining the reliability value.

MATERIALS AND METHODS

The reliability of the gas distribution system can be characterized by a reliability value of the
gas distribution system [2]. The probability of failure of system element or the whole system is
random and can be described using elements of probability theory. It is necessary to consider that
the occurrence of an accident on various elements of the system causes various relative damage to
the entire system.

Reliability value of the gas distribution system can be found by using a simplified equation

[5]:

i1 ZAQa)
Rsyst =1 (1 et~2@) QOZC!), (1)
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where o; — value of flow failures for system element, 1/year; t — estimated time period for
determining system’s reliability value, year; AQ; — lost volumes of gas by consumers, v/hr; Qg —
total gas consumption in the network, m>/hr.

Let’s calculate the reliability value for the case shown in Fig. 1
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Fig.1. High-pressure gas distribution system of the city district

Figure 1 shows a ring network of high pressure with branches to consumers. The numbers of
sections and shutoff valves are also shown.

RESEARCH RESULT
The calculations are shown in table 1.

Table 2. Network calculations

SJ:;"_ IeSne;ttrI](,)r:n |e§3fﬁ,°£m sy 1/(km-year) oy, Liyear AQu MY | @AQ; o ar-yean
1 2 3 4 5 6 7
1 600 0,6 0,0025 0,0015 29894,59 44094520
2 995 0,995 0,0025 0,0024875 2989459 74,362793
3 275 0,275 0,0025 0,0006875 29894,59 20,552531
4 370 0,37 0,0025 0,000925 29894,59 27,652496
5 400 0,4 0,0025 0,001 2989459 29,894590
6 1320 1,32 0,0025 0,0033 29894,59 98,652147
7 850 0,85 0,0025 0,002125 2989459 63,526004
8 1125 1,125 0,0025 0,0028125 29894,59 84,078534
9 395 0,395 0,0025 0,0009875 2989459 29,520908
10 550 0,55 0,0025 0,001375 29894,59 41,105061
11 405 0,405 0,0025 0,0010125 29894,59 30,268272
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12 435 0,435 0,0025 0,0010875 29894,59 32,510367
13 515 0,515 0,0025 0,0012875 29894,59 38,489285
14 150 0,15 0,0025 0,000375 29894,59 11,210471
15 150 0,15 0,0025 0,000375 29894,59 11,210471
16 150 0,15 0,0025 0,000375 1921,16 0,720435
17 320 0,32 0,0025 0,0008 102,54 0,082032
18 350 0,35 0,0025 0,000875 646,48 0,565670
19 320 0,32 0,0025 0,0008 1932,01 1,545608
20 585 0,585 0,0025 0,0014625 1081,69 1,581972
21 195 0,195 0,0025 0,0004875 3150,66 1,535947
22 245 0,245 0,0025 0,0006125 7018,6 4,298893
23 320 0,32 0,0025 0,0008 41,35 0,033080
24 700 0,7 0,0025 0,00175 4353,21 7,618118
25 320 0,32 0,0025 0,0008 142,59 0,114072
26 320 0,32 0,0025 0,0008 1307,7 1,046160
27 320 0,32 0,0025 0,0008 8196,6 6,557280
1 - - - 0,0005 1921,16 0,960580
2 - - - 0,0005 102,54 0,051270
3 - - - 0,0005 646,48 0,323240
4 - - - 0,0005 1932,01 0,966005
5 - - - 0,0005 1081,69 0,540845
6 - - - 0,0005 3150,66 1,575330
7 - - - 0,0005 7018,6 3,509300
8 - - - 0,0005 41,35 0,020675
9 - - - 0,0005 4353,21 2,176605
10 - - - 0,0005 142,59 0,071295
11 - - - 0,0005 1307,7 0,653850
12 - - - 0,0005 8196,6 4,098300
> 0,036525 y 671,400181
The reliability value for this network will be equal to:
1 671,400181
Row =101 e<1°‘°v°36525>) 29894,59-0,036525

Increasing of the reliability value of a gas distribution network can be reached by using ARC.
Applying a ring-type network (single-ring or more) and duplicating dead-end branches, the failure
of any element does not entail volume loss of the transported gas in the system.

For the gas supply system using the ARC, shown in Fig. 2, based on equation (1), can be
determining the reliability value.
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Fig. 2. High-pressure gas distribution system of the city district using ARC.
In our case, in accordance with equation (1), since there is ho damage to the system during an accident (AQj
= 0 m*/hr), the reliability value does not depend on the ratio of the length of the dead ends to its annular part
and Ry is always equal to 1. Network calculations using ARCs are shown in table 2.

Table 2. Network calculations using ARCs

No sec. Section length, Section O, ;, A3Q,—, , ®AQ;,
m length, km 1/(km-year) llyear m°/hr m°/(hr-year)
1 2 3 4 5 6 7
1 600 0,6 0,0025 0,0015 0,00 0,000000
2 995 0,995 0,0025 0,0024875 0,00 0,000000
3 275 0,275 0,0025 0,0006875 0,00 0,000000
4 370 0,37 0,0025 0,000925 0,00 0,000000
5 400 0,4 0,0025 0,001 0,00 0,000000
6 1320 1,32 0,0025 0,0033 0,00 0,000000
7 850 0,85 0,0025 0,002125 0,00 0,000000
8 1125 1,125 0,0025 0,0028125 0,00 0,000000
9 395 0,395 0,0025 0,0009875 0,00 0,000000
10 550 0,55 0,0025 0,001375 0,00 0,000000
11 405 0,405 0,0025 0,0010125 0,00 0,000000
12 435 0,435 0,0025 0,0010875 0,00 0,000000
13 515 0,515 0,0025 0,0012875 0,00 0,000000
14 150 0,15 0,0025 0,000375 0,00 0,000000
15 150 0,15 0,0025 0,000375 0,00 0,000000
16 150 0,15 0,0025 0,000375 0,00 0,000000
17 150 0,15 0,0025 0,000375 0,00 0,000000
18 320 0,32 0,0025 0,0008 0,00 0,000000
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19 320 0,32 0,0025 0,0008 0,00 0,000000
20 350 0,35 0,0025 0,000875 0,00 0,000000
21 350 0,35 0,0025 0,000875 0,00 0,000000
22 320 0,32 0,0025 0,0008 0,00 0,000000
23 320 0,32 0,0025 0,0008 0,00 0,000000
24 585 0,585 0,0025 0,0014625 0,00 0,000000
25 590 0,59 0,0025 0,001475 0,00 0,000000
26 195 0,195 0,0025 0,0004875 0,00 0,000000
27 195 0,195 0,0025 0,0004875 0,00 0,000000
28 245 0,245 0,0025 0,0006125 0,00 0,000000
29 245 0,245 0,0025 0,0006125 0,00 0,000000
30 320 0,32 0,0025 0,0008 0,00 0,000000
31 320 0,32 0,0025 0,0008 0,00 0,000000
32 700 0,7 0,0025 0,00175 0,00 0,000000
33 700 0,7 0,0025 0,00175 0,00 0,000000
34 320 0,32 0,0025 0,0008 0,00 0,000000
35 320 0,32 0,0025 0,0008 0,00 0,000000
36 320 0,32 0,0025 0,0008 0,00 0,000000
37 320 0,32 0,0025 0,0008 0,00 0,000000
38 320 0,32 0,0025 0,0008 0,00 0,000000
39 320 0,32 0,0025 0,0008 0,00 0,000000
1 - - - 0,0005 0,00 0,000000
2 - - - 0,0005 0,00 0,000000
49 - - - 0,0005 0,00 0,000000
50 - - - 0,0005 0,00 0,000000
51 - - - 0,0005 0,00 0,000000
52 - - - 0,0005 0,00 0,000000

¥ 0,0659 ¥ 0,000000

The reliability value for this network will be equal to:
1 0,00
Ry =1-0 e<1°'°v°659>) 29894,59-0,0659

CONCLUSIONS

In conclusion, using "absolutely reliable cameras” for distribution networks allows us to
ensure reliable supply of consumers with a transported gas. Also, this solution is convenient in that
there is no need to build a bypass for the network elements for the duration of the repair work, it is
enough to consistently replace the pipelines on the dead ends of the network.
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HNCCJIEJOBAHUE HO!’MATHBHOPI JOKYMEHTAILIUU HA TEMY
JE'KOCBPACBIBAEMOUM KOHCTPYKIIMU U ITPEJJIOKEHHUE 110 ET'O
N3MEHEHMUIO

A.B. MakcakoBa

cmyoenmka, maks-nyuta@ya.ru
DI'BOY BO «Hayuonanvhwiii ucciedosamenvckuilt Mockosckuti 20cy0apcmeeHHblil CIMpoumeibHbulll
yuugeepcumemy, Mockesa, Apocnaeckoe wocce, 0. 26

AHHOTaNUA

BosbIIMHCTBO YpE3BBIYANHBIX CUTYyalUMi, mpoucxoasmux B Poccuiickoin ®denepannu,
BO3HHMKAIOT HM3-32 B3PBIBOB B JKWIbIX 3JaHHUSIX, @ HWMEHHO BIIOCJICJICTBUH YTEUKHU
owiToBOTO Ta3za. [lo crarucTMdeckuM gaHHBIM 3a TocienHue 30 JleT u3-3a B3PHIBOB
OBITOBOIO Ta3a B JKUJIBIX 3MaHUIX MaKCHMAaJIbHOE KOJIMYECTBO HMOTrHOIMX ObUIO B 2016
roxy u cocraBuiio 29 yenosek (Puc. 1).

B cBsi3u ¢ Bo3HMKHOBEHUEM JlaHHOM npoOiemoit [IpaBurensctBo PO npunsiio pemenue
O CO3JaHHM KOHCTPYKLHHU, KOTOpas OyIeT MpPOM3BOAWTH aBTOMATHUYECKUU BBIOpOC
anemMeHTOB. TpeboBaHUST K JIETKOCOpPAaChIBAEMBIM KOHCTPYKIIMSIM M METOIYy HX
ucneiTanui, congepxxkat ['OCT P 56288-2014 u I'OCT P 56289-2014. Ho B nmaHHBIX
JOKYMEHTaX MPUCYTCTBYIOT HETOYHOCTH, KOTOPBIE MPEICTOUT PACCMOTPETh.

CMepTHOCTS JIt0JIel P B3pbIBE OBITOBOTO rasa
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Puc.1. KonuuectBo norudmmux B CJCACTBUU B3pbIBa I'a3a B KHUJIbIX 3JaHUAX

BBEJEHUE

[lenp Hay4yHOM CTaThbM ONPENEAUTh NPOTUBOPEYMS B  HOPMATHBHO-TEXHUYECKOMU
JOKYMEHTAIMH U MPEAJIOKUTD PELIEHHUE 110 UX YCTPAaHEHMUIO.

JU1sl TOCTHXKEHUS TOCTaBJIEHHOM 1esu chopMyIupyeM 3aJauu:

1) mpoBectn aHamm3 obOmactm npuMmeHenns u TepmuHOB Kk [OCT P 56288-2014
«KOHCTpYKIIMM OKOHHBIE CO CTEKJIOMAaKeTaMH JerkocOpachlBaeMble ISl 3MaHMi. TeXHuueckue
YCIIOBUS» U MPENJIOKUTH TonoaHeH s [1];

2) paccMOTpeTh TpeOOBaHUs, MIPEABSIBISIEMbIC K MPEAOXPAHUTEIHHO 3aIIOPHBIM YCTPOHCTBAM
(mamee — I13Y).
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OB30P JIMTEPATYPHBI

B xoxe paboThl MpoaHATM3UPOBAIN OMpPENEIEHHOE KOJIMYECTBO HAydHBIX padot [1-5], rme
PaccMOTPEHHIO I10JIBEPTIIUCH BCECTOPOHHUE BOIIPOCHI 6€30macHoTOo ycTpoiicTBa
MPEAOXPAHUTEIIBHBIX KOHCTPYKIIUN I 00ecrieueHns B3PhIBOYCTOMYMBOCTH 3aHHi [2], a Takxke
MOAHUMAIOTCS BOMPOCHI O 3aIMTE 3IaHUM OT BO3JIEUCTBUS BHYTpEeHHUX B3pbIBOB [1]. Hacrosmue
TPYJbl paCCMATPUBAIOT MPUHIIMUIT PaOOTHI JIETKOCOpackiBaeMON KOHCTPYKIIUHU, HO MIPSIMOE OMKHCAHUE
KOHCTPYKIIMM KapJHHAIBHO pa3JIM4acTcss OT OCHOBHBIX HOPMATHBHBIX JIOKYMEHTOB [6-7].
OcHOBHOH 3ajadeil SBIACTCA YTOYHEHUE ONpeAcieHHnH W (GopMyIHpoBOK. B 3Tom Bompoce
OCHOBHYIO POJIb UTPAIOT OINpPEeNCHHs], KOTOpPbIE MPUBEACHBI B HAyYHBIX pab0oTax U B HACTOSIICH
CTaThe IJIaBHOM 3aJjauell ABJISIETCA BHECEHHE YTOUHEHMH B yxke cymecTBytomuii 'OCT.

MATEPHUAJIBI U METO/bI

I'OCT P 56288-2014 «KOHCTpYKIIUN OKOHHBIE CO CTEKJIONMAKETaMH JIETKOCOPaChIBAEMBIC JIJIS
3naHuid. TeXHu4YecKue yclIoBHs» paclpoCTpaHseTcs Ha JierkocopachiBaeMble KOHCTPYKLIUU (asee-
JICK) oxoHHBIE CO CTEKJIONAaKeTaMU. B JaHHOM 1OKYMEHTE OTCYTCTBYET IOHATUE «CTEKJIOMAKET», a
TAaKXKe pacCMOTpPEHHUs TpeOyeT TEpPMHUH «OCTEKJICHHME», TaK KaK JaHHble pPa3sHOBUIHOCTH
CBETONPO3PAYHOTO 3aIOIHEHUS UMEKT OAVHAKOBOE IMPEIHAa3HA4YCHHE, HO pa3Hble TEXHUYECKUE
XapaKTEPUCTHUKH.

OcTtexinenne — OHO WM HECKOJIBbKO M3AENIUN U3 CTEKJIA, 3aKPEIUVIEHHBIX B €JUHYIO CUCTEMY
[2].

CrekyionakeT — CBETONpO3payHasi KOHCTPYKLMSI CTPOUTENIBHOIO HA3HAUEHUS HECKOJIbKUX
CTEKOJ, CKPEIUIEHHBIX MEXIy cO00i IO KOHTYpy C IIOMOIIbIO JUCTAHLMOHHBIX pPaMOK H
IFE€PMETHUKOB.

Crangapr pacnpoctpansercs Ha JICK mo Tumy BCKpBITHSA CMEIIAeMble M IOBOPOTHBIE, a
pexomennauuun BHUUIIO natot ompenenenue paspymaemomy tuiy. [Ipy BHECEHUM H3MEHEHMM
Heo0xo0anMo yka3zaTh kinaccupukanuto JICK no tumy BCKphITHS.

— CwMmenaemast - KOHCTPYKLIHS COEPKUT CMEIIAEMbIH 3JIEMEHT, CTEKJIONAaKeT UM paMa
CO CTEKJIONAKETOM, BBINAJAOIINI HapyXKy P BO3IEHCTBUU Ha HETO N30BITOYHOTO AABJICHUS.

— IloBOpOoTHAasA — KOHCTPYKLHSI COJEPKHUT IOBOPOTHYIO CTBOPKY, OTKPBIBAIOIIAsCS
HapyxKy, Bpallasch BOKPYI OCH KPEIUICHHUS.

— Paspymiaemass - KOHCTpYKLHUS, B KOTOPBIX IPOUCXOAUT MAaKpPOCKOINYECKOE
paspylLieHre MaTepHaia.

Ecnu xoHcTpykumsi OyzneT cMenaeMoro Wil MOBOPOTHOTO THMA, a MEXAaHU3M BCKPBITHS
cOpPOCHOTO MpoeMa B HE3aBUCUMOCTH OT MaTepuaia OKHa OyJeT UIEHTHUYEH JJIS KaXA0ro THIMa, TO
JENCTBHE CTaHJAPTa MOXKHO PaCIpOCTPAHUTh Ha OKHO CO CTEKJIOIIAKETAMHU M C OCTEKJIEHHEM. Tak
K€ TPU BO3JEHCTBUY BHYTPEHHETO B3pbIBAa FOPIOYMX CMECEN Ha CBETOIPO3PAYHYIO0 KOHCTPYKILIHMIO B
3/IaHUSAX U COOPYKEHHUSX MEXaHM3M IPOTEKaHUs B3pbIBa OyJI€T OAMHAKOBBIM, B HE3aBUCUMOCTHU OT
CBETOIIPO3PAYHOTO 3aroiIHEeHus [4].

W3-3a  yTouHeHuss o0nacTd TOPUMEHEHHs CTaHAapTa HEOOXOAMMO JONOJHUTh U
CKOPPEKTHPOBATh JOKYMEHT TEPMUHAMH M oIpenesieHusIMH. JlerkocOpacbiBaeMass KOHCTPYKLUS -
orpakJaroIias CTPOUTENIbHAsg KOHCTPYKIUS, MO3BOJISIONIAas OCBOOOIUTH COPOCHOW MpoeM MpHu
BO3/ICHICTBUY Ha HEe HArpy30K OT BHYTPEHHETO JedIarpaliiOHHOTO B3phIBa.

B nonstumn JICK nomymieHa HETOYHOCTh, BEAb OTPaXJAOIIME KOHCTPYKIIMU BBITTOTHSIOT
GyHKIMU OTpaXKAeHUs WM pasaeneHus o6beMoB 31aHus. Co CTOPOHBI KOHCTPYKTHBHOM
ocobenHocty JICK oTHOcuTCS K 37€MEHTaM 3aloJIHEHHsS IMPOEMOB, TO €CTh YCTaHAaBJIMBAE€MbIE B
IIPOEMBI OTPaKAOLIEN KOHCTPYKIIUI B 34aHUAX U COOPYKEHUSAX.
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Takum o6pazom JICK - 3amoiHEHHE OKOHHBIX MPOEMOB B OTPAXAAIOUIEH KOHCTPYKIHH,
MO3BOJISIIONIAsE OCBOOOAUTH COPOCHOM MpoeM Mpu BO3AEHCTBUU HA HEe HArpy30K OT BHYTPEHHETO
nedurarpaliiOHHOTO B3PHIBA.

B coorBerctBun ¢ 'OCT 21519-2003 «Bi1oku OKOHHBIE U3 AIFOMUHUEBBIX CIIaBOB. OOIume
TEXHUYECKUE YCJIOBUS» TMOSBISIOTCS ONPENEICHUS KOHCTPYKLHUSM, KOTOPbIE TaKXe MOTryT
oTHOCcUThCS K JICK, a MMEHHO BUTPUHHBIC U BUTPAKHBIE KOHCTPYKLIMH [3].

ButpunHbie O6J0KU - KOHCTPYKIIUH, MPEAHAZHAYCHHBIC JUIS 3aII0OJTHCHHUS] CTEHOBBIX MTPOEMOB,
0071a/1a10T MOBBILIEHHBIM CONPOTUBIIEHUEM K YAPHBIM U IPYTUM BO3JICHCTBUSM.

Butpaxnple CBETONMpPO3payHble KOHCTPYKIIMM — KPYIMHOTa0ApUTHBIE MHOTOSYCHCTHIE
KOHCTPYKLHUHU U3 PaMOYHBIX 3JIEMEHTOB CO CBETOINPO3PAaYHBbIM 3allOJHEHHEM, YCTaHABIMBAaEMbIE B
CTCHOBBIC MPOEMBI 3[aHHI ITyTeM KperuieHus Mpodriiell KOpoOKHU K OTKOCY MpoeMa.

ITocne anamm3a oOmactu npumeHeHuss U tepmuHoB ['OCT P 56288-2014 paccMmoTpum
MPUCYILKE JIETKOCOpAChIBAEMOM KOHCTPYKIIMU TEXHUUYECKHE XapaKTEPUCTUKU. B cooTBeTCTBUU C 1T
5.1.2. mannoro cranmapta JICK umeer mpenoxpaHuTenbHbIE 3amopHble ycTpoicTBa. JlaHHbBIE
AJIEMEHTHl KPEIUIEHUs SBJSETCS HEOTHEMJIEMOM COCTaBISAIOIIEH [ BCEH KOHCTPYKLIMH, HO
M3BECTHO JIUIIb N30BITOYHOE JaBJICHUE ISl yCIoBHi cpabaTeiBanus [13Y u nuana3on temmneparyp
Ui 0e30TKa3HOTO cpabarbiBaHusl KperuieHud [5]. CeromHss MOKyMEHTAIus, OOCCIIeUUBaroas
KoHTposb [I3Y, OTCYTCTBYET U B 1IeNAX MOBBIIMICHUS HAJACKHOCTH KOHCTPYKIIMU U HOPMHUPOBAHUSA
TpeOOBaHUI HEOOXOAUMO pa3paboTaTh METOJUKY MCIBITAHUN Ha Oe30TKa3Hoe cpabareiBanue [13Y

[6].

PE3YJIbTATBI UCCJIEJOBAHUA

[lo wToram mpoBemeHHOro aHanmu3a Moxem caenatb BbiBog, uro ['OCT P 56288-2014
pacnpoCTpaHsAETCs Ha KOHCTPYKLHMM CMELIAEMOr0 M IOBOPOTHOIO THUIIA, TO HET pa3lelICHHs Ha
BHJIBI CBETOIPO3PAYHOTO 3aIIOTHEHUS.

Butpaxuble 1 BUTPUHHBIE KOHCTPYKLMH TaKXE OTHOCSTCS K 3aIlOJIHEHUSAM IPOEMOB, KaK U
OKOHHBIE KOHCTPYKIIHH.

JloroslHEHNE TEPMUHOB M onpeneneHuid B cranaapre: «OctekneHue», «CTEKIONaKkeT»,
«Paspymiaembie», «ButpuHHble Onokn», «BuTpaxkHble CcBeTONpPO3pauHble KOHCTPYKIUI.
KoppekTrpoBke noanexxut onpezaeneHue «JlerkocoOpacbiBaemas KOHCTPYKLIUS.

BbIBO/IbI

[To pe3ynbraTam HcciaenoBaHus ObUIM MPOAHATU3UPOBAHBI U U3YUEHBI aKTyaJlbHbIE Hay4HbIE
pa0oThl, a Takke HOpMaTHBHas juTeparypa no Teme JlerkocOpacbiBaemoil kKoHcTpykuuu. Ilo
UTOraM IpeJularal0 BHECTH KOPPEKTHUPOBKU B YyXK€ CYLIECTBYIOIIME HOPMATHUBHBIE JIOKYMEHTHI,
KOTOpbIE KOCHYTCS pacIIUpeHUs oOJacTH NPUMEHEHHUs CTaHJapToB M (opmupoBaHue Ooiee
TOYHBIX ONPEIECICHUM.
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BIEN DANG TiNH PONG CUA BE TONG VOI SU GIA CUONG COT THEP GIAN TIEP
Nguyén Thi Trang’, Phan Pinh Qudc’
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Chu dan:

Két qua ciia cac nghién ctru thue nghiém vé su bién dang cua cac mau bé tong hinh ling
kinh dugc gia ¢b bang cbt thép gian tiép trong qua trinh chiu tai tinh — dong. Theo dir
lidu thuc nghiém, cac biéu dd vé mdi quan hé ng suit — bién dang duoc xiy dung theo
tai trong duoc xem xét. Bai bao mo ta chudi cac nghién ctru thye nghiém. Cac két qua
thu duge cho phép danh gia tai trong dong trong cac cau kién bé téng co sy gia cuong
cbt thép gian tlep theo ting cép do gia tai. Bang cach so sanh cac thong sd cuia biéu do
quan hé tmg sudt — blen dang thu dugc tir thue nghiém cho cac mau bé tong dugc gia cb
bang cot thép glan tlep va mau bé tong khong co cdt thép gian tlep, cho thiy viéc sir
dung cot thép gian tiép, ngoai cot thép thanh thong thudng, co thé co tac dong dang ké
dén hé thong két cau bé tong cbt thép dudi nhing tai trong ddc biét va co the duogc coi la
mot trong nhitng cach dé bao vé cac phan tir két cdu khoi su sup d6 liy tién.

LOI NOI PAU:

Su lién quan cua nghién ciru nham phat trién cac phuong phap danh gia trang thai ing sudt —
bién dang ctia cdu kién bé tong cot thép trong cac hé két cau siéu tinh voi truong hop tai ciu tric
dién ra mot cach dot ngdt, vi vay no6 dugc xac dinh boi su can thiét phai tao ra cac cach dé bao vé
cac cong trinh khoi sy sup a6 lay tién [1-10]. Mot cach dé bao vé cac yéu t cau trac khoi sy sup dd
lity tién 14 b tri cbt thép gian tiép bén trong céu triic clia cdc hé két clu ciia cic toa nha hay cac
cong trinh xay dung.

Céc nghién ctiu vé phuong phap danh gia trang thai img sudt — bién dang cua cau kién bé tong
cdt thép tron cac hé két cau siéu tinh voi trudng hop tai cau trac dién ra mot cach dot ngdt da duoc
thuc hién trong nhimg nam gan day boi mot sé truong khoa hoc trong va ngoai nuéc [1-4]. Mot
phan tich céc tai liéu quy dinh cua Nga thuoc thé hé méi nhat [5,6], cling nhu cac tai liéu quy dinh
Cua cac qUOc gia khac [7-8], cho thay van dé xac dinh tai trong dong trong céac cau kién cua hé
thong két Cau c6 thé duoc giai quyét du nghi€ém ngdt ma khong can lay dir liéu thuc nghiém can
thiét, bao gom ca dix lieu thur nghiém can thiét cling nhu ca viéc nghién ctru cac thong s bién dang
cua vat liéu két cau bé tong cdt thép.

Céc nghién ctiu vé ung xir cia két ciu khi loai bo dot ngot cac phan tir chiu tai khoi cong
trinh, di cho thay réng, trong qua trinh tao ra tac dong dac biét nhu vay dbi voi hé théng két cau
chiu luc cua cong trinh dudi tai trong tinh thi ban chat tinh chat caa vat liéu, két cau da thay doi. Vi
du, néu trong mot cu tric bé tong cdt thép dugc gia tai véi tai trong tinh ( tai trong van hanh), hd
trg theo phuong thang ding bi d& bo ngay 1ap tirc, cac cau Kién con lai khong bi pha huy cua hé
thdng két ciu s& nhan duoc tai trong dong trong nira chu ky dau tién cua dao dong [9,10]. Mot tac
dong nhu vay tao ra mot loai tai trong tinh — dong trong cac cau kién cua hé théng két cau chiu luc
cong trinh, dé c6 thé tim hiéu sdu hon vé van dé nay doi hoi phai c6 mot nghién ciru chuyén sau va
riéng biét. Hién tai, Khoa két ciu da va bé tong, Truong Pai hoc xdy dung nghién ctu quéc gia
Moscow, d tién hanh mot s6 nghién ctiu tap trung vao loai tai tinh - dong cua cau kién bé tong va
bé tong cot thép.
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Mot trong nhitng cach dé bao vé cac hé thong két cau chiu lyc cua cong trinh khoi sy sup db
lay tién d6 1a b tri cdt thép gian tiép bén trong céu tric cua cac cau klen Hon nira, viéc phan tich
bién dang va su pha hoai cua bé tong véi su gia cuong cdt thép gian tiép 1a mot nhiém vu méi, bat
budc phai thuc hién nhirg nghién ciru doc 1ap, bao gdm ca nghién ctru thuc nghiém.

Thir nghiém duoc tién hanh trén miu bé tong ling kinh (Hinh 1.a) dugc gia cudng cdt thép
gian tiép va mau bé tong ling kinh khong duoc ¢t thép gian tiép (Hinh 1.b) dudi su gia tai tinh —
dong.

a) b)
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Hinh 1 - a) Mau bé tong co su gia cuong cot thép gian tlep,
b) Méu bé tong khong co su gia cuong cbt thép gian tiép

TAI LIEU VA PHUONG PHAP NGHIEN CU'U:

Trong khu6n kho cua bai bao nay, chang téi str dung phuong phap da dwoc ung dung trudc day
dé kiém tra cdc miu bé tong lang kinh co6 cot thép gian tiép khi gia tai, dir liéu thu duoc vé bién
dang va su pha hoai cua cac mau cua lang kinh ¢6 cot thép gian tiép. Tac gia da thir nghiém cac
mau lang kinh c6 va khong c6 cdt thép gian tiép (Hinh 2) theo trinh ty sau: thuc hién gia tai lén cac
mau bé tong lang kinh co tai trong tinh den muc duoc xac dinh trudc, tiép theo 1a gia tai vai tai
trong dong dudi dang tac dong cua tai co toc d6 cao. Pic diém cua cac thir nghiém 1a thanh phan
dong cua tai (tdc dong) duge ap dung cho mau bé tong duogc gia tai dudi tai trong tinh truse do, tiac
1a dén mau bé tong co ung suat ¢6 dinh tir tai trong ban dau dugc gia tai dudi tai trong tinh. Ul tién
cta quy trinh kiém tra nhu vy di dwoc cong nhan bai bang sang ché RF [11].

a) b)

C—

280

140 U140

Hinh 2 —a, b- Tong quan vé thi nghiém
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Phuong phap nghién ciru thyc nghiém, nhu da néu trén, lién quan dén viéc sur dung mot thiét
1ap dédc biét khong chi cho phép khac phuc murc tai trong tinh duoc gia tai cho mau, ma con thuc
hién gia tai dong sau khi chuyén mau vao gia tai dong ma khong phai loai bo tai trong tinh. Dé xac
dinh cudng d6 mau hinh lang kinh, mé dun dan hoi va cap phdi bé tong cua Poisson khi gia tai dudi
tai trong tinh, ngudi ta di s dung may thi nghiém thay luc bdn cira sé Instron 1000HDX. Phuong
phap va cac tham s cua tai trong dong va tai trong tinh - dong dd duoc thir nghiém trén Instron
8802 va LabTest 6H (Hinh 3). Dé thu thap cac dic tinh bién dang va sy diéu chinh dung tim cia
cac mau bé tong ling kinh trong qua trinh gia tai dudi tai trong tinh, cac thiét bi do bién dang dugc
su dung dugc lép dat trén cac bé mat bén cta cac miu lang kinh. Trén céc truc doc cua cac bé mat
bén cua chung - dé do cac bién dang doc va ¢ giita chiéu cao ciia miu - dé do cac bién dang ngang
(Hinh 2a). Viéc thu thap chi s6 do bién dang duoc thuc hién béng dung cu do bién dang National
Instruments

Hinh 3 — May thuy luc Instron 1000HDX

Dua trén két qua do bién dang cua tai trong tinh va tai trong dong, cudi cing, cac biéu do tng
sudt - bién dang clia mau bé tong (o-€)) duoc xay dung. Trong trudng hop ndy, bang cach twong tu
voi cac biéu dd6 mo6 men - do cong cling dugc hinh thanh [9], dudi tai trong tinh — dong, co thé chi
ra hai phan bién dang trén biéu do: phéan tinh va phan dong.

KET QUA CUA NGHIEN CU'U:

Két qua xt Iy s6 liéu thu dugc tir thuc nghiém caa cac mau bé tong lang kinh cua loat mau dau
tién cho phép chiing toi thuc hién mot sé phan tich so bo. Viéc lap dat cot thép gian tiép lam ting
17% cuong do va trong cung maot gia tri caa ng suat co thé lam giam 38% gia tri bién dang cua bé
tong (Hinh 4, 5). Cip do tai cua tai trong tinh trudc khi thyuc hién gia tai dot ngot anh huang dén
cuong do tinh - dong caa vat liéu bé tong cdt thép. B tri cét thép gian tiép co thé lam tang dang ké
gia tri cuong do cua mau bé tong lang kinh trong cac diéu kién tai khac nhau. Dong thoi, cac chi s
vé kha nang blen dang cu0| cung cua bé tong cot thép ciing thay doi. Vi vay, néu mau bé téng lang
kinh dugc gia cb bang cot thép gian tiép voi tai c6 gia tri tai trong tinh tur 0,4 dén 0,7 omax, thi mirc
giam bién dang dang ké, c6 thé quan sat khi cap do tai cua thanh phan tinh khi tai trong tang.
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Hinh 4 — Nghién ctru thuc nghiém ddi v6i mau bé tong lang kinh dudi sy gia tai tinh; -
duong cong «ng suat — bién dang» cua mau bé tong véi gia tai tinh nhu sau:
1- khong c6 cot thép gidn tiep, 2- €6 cot thép gidn tiep.
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Hinh 5 — Nghién ciru thyc nghiém d6i véi mau bé tong lang kinh dudi sy gia tai dong; - duong cong «img
suat — bién dangy» ctia mau bé tong vai gia tai dong nhu sau:
1- khéng cé cot thép gidn tiép, 2- ¢o cot thép gian tiep.

KET LUAN:

Cac nghién ctru thuc nghi¢m vé bién dang, vét nirt va su pha hoai ctia cac mau bé tong hinh
lang kinh d4 cho thiy su hiéu qué ctia viéc lip dat cbt thép gian tiép trong cac ciu kién chiu tai dé
tang kha niang song soét va theo d6, bao vé cac cong trinh xay dung, chong sup do iy tién dudi cac
tac dong dac biét va khén cép.
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Nghién ciru sau hon vé dic tinh tinh — dong cua bé tong cbt thép voi cbt thép gian tlep s& gitp
c6 duoc danh gia dinh luong chat ché hon vé dac tinh cuong d6 va bién dang cua cic ciu kién bé
tong duoc nghién ciru bang cdt thép gian tiép theo cap do tai duoc xem xét.
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YCWJIEHUE KOHCTPYKIM NEPEKPBITUI CIOPTUBHOI'O KOMILIEKCA B
HEPUOJA PEKOHCTPYKHUU

I1.C. Tpyuros’, B.H. Pumummn’

Yviazucmpanm, pavel_truntov@mail.ru

Znpogp., 0-p mexu. nayk, npog., kagedpe KKK, RimshinVi@mgsu.ru

Y2oreoy  BO «Hayuonanvnoiti  uccnedosamenvckuii  Mockosckuti  20cyoapcmeerHblil
cmpoumenvHulll yHugepcumemy, Mockea, HApocnasckoe wiocce, 0.26

AHHOTaNUA

IIpenmer wucciaenoBaHusi: YCWICHUE KOHCTPYKIUMH IEPEKPBHITH C MPUMEHECHHEM
KOMITO3UTHBIX U METANTMYECKUX MATEPUAIIOB.

Henu: Lenpro nanHOro uccieqoBaHus ObUIO M3yYeHHE MPEUMYIIECTB M HEJAOCTAaTKOB
JIBYX BHUJIOB YCHUJICHHUW IUIMUT TEPEKPBHITUS HaA MpPUMEpPE CIOPTUBHOTIO KOMILIEKCA,
KOTOPBIE BHITIOJIHSUIUCH B IEPHO]] PEKOHCTPYKIIUU OOBHEKTA.

Marepuanbl 1 Metroabl: [lo pesynpraram aHanm3a MMEIOLIErOCS ONBITA YCHJICHHI
KEJIe300€TOHHBIX KOHCTPYKIMN OBLJIO BBIACNEHO [1Ba BapuaHTa ycuieHus. [lepBblii
BapUaHT — YCUJICHHE C MPUMEHEHHEM KoMITo3uTHOro Marepuana FibArm Tape 530/300,
BTOPOM — YCWJIEHHE C MPUMEHEHUEM TPAJULMOHHOIO METOJAA B BUJIE METALNIMYECKUX
JIByTaBPOBBIX OAJIOK.

Pe3yabraTbl: PesynbraraMu NpOBEIEHHOIO HCCIEAOBAHMS SIBJISIOTCS BbISIBIICHHBIE
JIOCTOMHCTBA U HEAOCTaTKU KaXKJI0T0 M3 pPacCMaTpUBAEMbIX BAPUAHTOB YCHJICHUH.
[TocunTana cToUMOCTb MPOU3BOICTBA PAOOT HA OCHOBAHMHU MPOEKTA YCHIICHUS, a TAKXKE
BBISIBJICHA SKOHOMHUYECKas 3(P(EKTHBHOCTh NMPUMEHEHHUS KOMIIO3UTHBIX MAaTEPHAJIOB
P YCUIJIEHUU JKeTIe300€TOHHBIX KOHCTPYKIIHIA.

BeiBoabi: CromMOCTh MpOW3BOJCTBA PadOT MO YCWJIEHUIO IUIUT HEPEKPBITUS C
MPUMEHEHUEM KOMIO3UTHBIX MaTepuasioB Ha 31% Huke, 4yeM B TpPaJAULMOHHOM
BapuaHTe ycuseHus. [Tomelienus, B KOTOPBIX BBIIOJIHAIOCH YCUJIEHHE KOMIIO3UTHBIMU
MaTepuaigamu, ObUIM Tepefansl B dKcIutyatanuio B 1,4 pasza Owvictpee. [lpu ycunenun
KOMITO3UTaMH HE MOTPEOOBAJIOCh N3MEHEHHE CYIECTBYIOIINX HHKEHEPHBIX CUCTEM.

BBEJIEHUE

B mpakTHke pEeKOHCTPYKIMHM 3JaHUN M COOPYKEHUH YacTO BO3HMKAeT HEO0OXOAMMOCTb
YCWJIEHUSI KOHCTPYKIMM M HMX OTAEJIBHBIX JJIEMEHTOB. B 1MaHHOM cTarbe MHOI0 PACCMOTPEHO
YCUJICHHE IUINTHI MEPeKphITUs ABYMs crocoOamu. IlepBwlif croco0 3akitouyaercs B YCHJICHHM C
IIpUMEHEHHEM KoMno3uTHOro marepuana FibArm Tape 530/300, BTopoii BapuaHT ¢ IpUMEHEHUEM
TPaJMLIMOHHOTO METO/Ia B BUJIE METAJUIMYECKUX JIBYTaBPOBBIX OaJIOK CEYEHHEM, COOTBETCTBYIOILIEM
1551 no CTO ACUM 20-93.

VYcuneHne TAUT TEPeKphITUS  METAUIMYECKUMHU  JIBYTaBPOBBIMHM  OajJKkaMu  IIUPOKO
IIPUMEHSAETCS Ha IIPAKTUKE YK€ MHOro Jier. MMeercs A0CTaTOYHOE KOIUYECTBO METOAMK IIO
MPOEKTUPOBAHUIO YCUJICHUHM M3 METaUIMYECKUX KOHCTPYKIMH U MpH BhIOOpE BapHaHTa yCUJICHUE
IIPOCKTUPOBILUK, KAaK IIPABUIIO, CKIIOHSAETCA B CTOPOHY TPAJUIMOHHBIX BAapUAHTOB ycuieHus. B
CBOIO  OYepeIb YyCUJEHHE  JKEJIEe300€TOHHBIX  KOHCTPYKUMN  BHEIIHUM apMHpPOBaHUEM
KOMIIO3UTHBIMM MaTe€pHajlaMy €lle He 10 KOHIIA M3YyYEHbl Ha IIPAaKTUKE M METOJMKH pacuera
IIPOJOJDKAOT COBEPILIEHCTBOBATHCS.
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OB30P JIUTEPATYPBI

B pa6otax [1-10] TOoBOpUTHCS, YTO METOIUKH MPOSKTHPOBAHUS YCUIICHUS JKEIE300ETOHHBIX
KOHCTPYKLIMH KOMITO3UTHBIMH MaTe€pHajlaMH HE YYUTHIBAIOT JAe()OpMaIlH CABHra B KOHTAKTHOM
IIBe, a CIIeIJIEHUE KOMIIO3UTHOTO MaTepuaja ¢ OETOHOM KOCBEHHO OIICHHBAETCS BBEJICHUEM
Kod(QuIreHTa YCIOBUI pabdOThl KOMIIO3UTHOTO MarepHaja MpU HA3HAYEHUH €ro pacdyeTHOro
COIPOTUBIICHUSI.

B paGote [11-18] mpoBoauTCS HCCIEOBaHUE 1O YCHUIICHUIO KeNe300€TOHHBIX peOpPUCTHIX
IUTUT MOKPBITUS YTIIEPOJHBIMUA KOMIIO3UTHBIMH MaTtepuasiaMu. Ha MOMEHT ucciiejoBaHue 31aHue —
SKCIUTyaTUpyeMoe. YCuieHHe ObUIO BBIOJHEHO B BHJE NPHUKICCHHBIX TOJOC M3 YIIIEPOIHBIX
TKaHEeW WM JJaMUHATOB. YCHJIEHHE BBIMOJHSIOCH 1O HIDKHEW MOBEPXHOCTU IPOAOJBHBIX pedep
wnT. [ToBeIIeHne Hecymel crnocoOHOCTH TUIUTHI TOKPBITHS cocTaBuio 40%.

B pesynbTaTe sKCHEepUMEHTAIbHBIX HccienoBaHui [19-23] ycTaHOBJIEHO, YTO OCHOBHOM
CXEMOW pa3pylieHHus U3rH0aeMbpIX Kene300€TOHHBIX JJIEMEHTOB BHEIIHUM apMHPOBAHUEM
SIBJIAIOTCS OTCIIOCHHE KOMITO3UTHOM apMaTyphl.

MATEPHUAJIBI U METO/IbI
OOBeKT HcclieIoOBaHUs PacIioiokeH B ropoae Mockse. HaznaueHnue 31aHusi — CIIOPTUBHBIN
koMmIuiekc. KoOHCTpykTuMBHas cucrema 34aHUS — CTEHOBAas C MPOJOJBHBIM U IOMNEPEUYHBIM

pPaclojOKEHUEM HECYIIMX CTEH. KOMIUIEKC JIBYXdTaXKHbIH. BepTUKalbHBIMH HECYILIUMU
KOHCTPYKLUSAMH SBJISIOTCS. MOHOJIMTHBIE JKeJIe300€TOHHBIE CTeHbI, ToamuHoM 160 mMm. B xone
TEXHUYECKOTO OOCIIEZIOBaHUSI BEPTUKAIBHBIX KOHCTPYKIMH JEPEKTOB H  TOBPEKIACHUH,
CBHJIETEJILCTBYIOLINX O NOTEpE HEeCyIlel CIoCOOHOCTH, He 3a(pUKCHPOBAHO.

['Opu30HTAaNbHBIMU HECYILMMHU KOHCTPYKLHUSMHU SIBJISIOTCSI MOHOJIUTHBIE >K€1€300€TOHHbIE
IUIUTHl MEPEKPBITUS M TMOKpbITHSA. MakcumanbHas JuiMHa nposeta — 9 M. TommmHa naur
nepekpbITis coctaisier 200 MM, ToImKHA IUTH HOKpbITHS — 160 MM. [locne ananu3a npoeKTHOM
JOKYMEHTAI[MM YCTaHOBJIEHO, YTO MPHUHAT Kiacc O€ToOHa MO MPOYHOCTH Ha cxarue B25.
ApMUpOBaHHE IUIMT BBIOJHEHO CTEPKHEBOM TOPSAYEKATaHOM apMaTypoll C NEpPHOIUYECKUM
npoduieM kinacco AS00C u A240.

HeoOxonuMocTh ycuneHus: BbI3BaHa BBISBIEHHOM MOCIE BBOJA B DKCIUTyaTallMi0 OUIMOKON B
IIPOEKTE 3AaHHA. APMHUPOBAHUE IMEPEKPHITHI BBINOJIHEHO HEAOCTAaTOYHBIM JUIsl BOCIIPHUATHUS
necTByronux Harpy3ok. [Ipu sKkcIuTyaTalMi y4yacTOK MEpPEKpBITHS MOTYYHSI CBEPXHOPMATHUBHBIN
nporu6. Ha HuKHel NOBEPXHOCTH OOHAPYXKEHbl TPEIIMHBI C IIUPUHOM PACKphITHA 1O 3 MM.
Cocrosinue oobekTa B cootBeTcTBHM ¢ ['OCT 31937-2011 orieHuBanoch Kak aBapuitHoOE.

Jlns mpuBefeHUs HeCyled CHocOOHOCTH IUIUT MEPEeKPBITUS K HOPMAaTHUBHOM B paMmKax
PEKOHCTPYKIIMU 3AaHUs ObLI pa3paboTaH MPOEKT YCWIECHUS. YCHUJIEHHE IUIUThl MEePEeKPBITUS
MIPOU3BOINIIOCH HA IIOKOJIBHOM 3Ta)ke, U ObUIO pa3zielIeHO Ha JiBa y4acTKa:

1-i1 ywactok mepekphITHs Iomaabio 197 Ve YCHWJIMBAJICSI C NMPUMEHEHHEM KOMIIO3UTHOU
chUcTeMbl Ha OCHOBe yriepojnHoro BosiokHa FibArm Tape 530/300 (cm. puc. 1). OcHOBHBIE
XapaKTepUCTHKU MaTepualia IpecTaBieHbl B Ta0nuie 1.
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Puc. 1. BrinonnenHoe ycuieHue Ha 1-oM yyacTke

Ta6auna 1. XapakTepucTHKH KOMIIO3UTHOTO MaTepHaia

HaumeHnoBanue TL10THOCTS, /M IIpoynocTs Ha Mopayab ynpyroctu npu
MarTepuaJjia pacrskenue, MIla pacrsikenuu, MIla
FibArm Tape
530 4300 245000
530/300

2-ii y4acTOK TepeKphITHs Tuiomaaso 109 e YCWJIMBAJICSI TIyTEM TOJIBEICHHS CTaJbHBIX
JBYTaBPOBBIX Oanok ceueHueM, coorserctBytomiem 15561 mo CTO ACUM 20-93 (cm. puc. 2).

Puc. 2. BeimonHeHHOe ycHIeHHE Ha 2-OM y4acTKe

[lepen BbImosHEHHMEM pPA0OT Ha OOOMX Yy4YacTKax MPEIyCMOTPEH JIEMOHTaX OTJIENKH,
KOHCTPYKLIMU TIOTOJIKOB, MH)KEHEPHBIX ceTeil u cucteM. [leQeKkTsl M TpeUuIMHbl B NEPEKPHITUU
PEMOHTHUPYIOTCS CHEUAIBHBIMYA MAaTEpUaIaMU.

Ha ocHoBaHuM NpoeKkTa yCUJICHHS BBINOJIHEHA cMeTa B (pefiepanbHbIX paciieHkax OEP.

PE3YJIBTATBI UCCJIEJOBAHUA

Pesynbrathl nccnenoBaHusl CBEACHBI B TaOIUIE 2, T MPUBEIEHA CTOUMOCTh MO pa3ieiiaM
CMETHI C MEPECYETOM B TEKYILUE LIEHBI.
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Taéauna 2. CTOUMOCTb ITPOU3BOACTBA PadOT B PyOIIsIX

HaumenoBanue pador Yuacrok 1 Yuacrok 2
Y CTpOUCTBO CHIIOBBIX He Tpe6yeres 223 146
JIECOB
Tpff’“" 11O YCHIICHHIO, B 2 491 562 1629 763
CToMMOCTh MaTepHaioB 1 858 604 554 110
Croumoctb pabor 632 959 1075653
Pabots!l o orgesamnmre 321 232 282 659
3aMeHa BeHTWISIIUN He tpebyercs 125 620
HUroro: 2812 795 2261188
TInomams yaacTka, M 197 109
CrommocTb 3a 1 M° 14 278 20 744
DKOHOMUS 31% 0%

BbIBO/IbI

AHanu3upys NOJy4eHHBIC TaHHBIC MOKHO OTMETUTh, YTO CTOMMOCThH IPOU3BOJICTBA PaboT Ha
1-om y4acTke, TJie¢ IPUMEHSJINCh KOMIIO3UTHBIE MaTepuaibl, Ha 31% HuKe, 4eM B TPaJUIIUOHHOM
BapuanTe ucnoyinenusi. Cpok mpous3BOACTBa paboT HA 1-O0M yyacTke cocTaBui 35 qHEH, HA 2-OM —
60 nHel, crenoBaTenbHO, MOMEIICHHUS OBLIM MepelaHbl JUisi KOMMepUecKol skcrutyarauuu B 1,4
pa3za Osvictpee. [lpw ycuieHHH KOMITO3UTAaMU HE TOTPEOOBAIOCH W3MEHEHHWE CYIIECTBYIOIICH
CUCTEMBbI BEHTHJISALIUY, HE U3MEHHUIIACh OTMETKA YHCTOBBIX MOTOJIKOB.

Takke CTOMTH OTMETHTh, YTO PE3YJIbTAThl YCHJICHHWS Ha OOOWX YYacTKax OJUHAKOBO
ycnenrHbl. Ho 1o pe3ynbTataM mpoBeeHHOTO UCCIIEeI0OBAaHUS MOYKHO CJIeNIaTh BBIBOJI, UTO YCHIICHUE
KOMITO3UTHBIMU MaTepHaJlaMH SIBIIIETCSI 00Jiee BBITOHBIM KaK ¢ SKOHOMHYECKOW CTOPOHBI, TaK U C
TEXHUYECKOM.
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BJIUAHUE YCYIIKHU IPEBECHUHBI HA KOHCTPYKTUBHBIE PEIHNIEHUSA
JAEPEBAHHOI'O JOMOCTPOEHMUA

JI.A. lllagaesa’, .M. Baxun®

Lemyoenmia dshabv@gmail.com

Hayunwiii pykosodumens, cm. npenodasamens, bazhingm@mgsu.ru

Y2@re0y  BO  «Hayuonansmwiii  ucciedosamensckuti  Mockosckuil 20Cy0apCcmeeHHblil
cmpoumenvHulil yHusepcumemy, Mocksa, Apociasckoe wocce, 0. 26

AHHOTAIUA

B nanHOl crathe paccMaTpuBaeTcss TpoOiieMa BIMSHUS YCYIIKH JIPEBECHHBI Ha
KOHCTPYKTUBHBIE pEUICHUS IEPEeBIHHOIO JOoMOcCTpoeHHs. Llenbio craThu sBIsiETCS
packpbITHE 0COOEHHOCTEH U pa3pelieHre 3Toi nmpobiaeMbl HanboJiee COBPEMEHHBIMU U
neiicTBeHHbIMU MeTojgamMu. OCHOBHOE BHUMAaHHE YAENSETCS PACKPBITHIO MPOIECCOB
YCYIIKHA JPEBECHHBI M WX TIOCJICICTBUS B JIEPEBSIHHOM JIOMOCTPOCHHH, METOIBI HUX
pelieHrs, COOpaHHBIX W3 HAyYHOM JIUTEpaTypbl U OIbITa MPEIIIeCTBEHHUKOB. B
pe3yJibTaTe UCCIICIOBAHUS ObLUTH BBIICIICHBI TPH OCHOBHBIX PEIICHUS JJIsI 00CCIICUCHUS
paboToCOCOOHOCTH  AEPEBSHHBIX KOHCTPYKIMU TPU  YCYIIKE JPEBECHHBI B
JIOMOCTPOCHHH.

BBE/IEHUE

Hcnons3oBaHue ApeBeCHHbl B JOMOCTPOCHHMH MMEET MHOIOBEKOBYIO HCTOPHUIO M OCTAETCS
MOMYJISIPHBIM B Hacrtosllee Bpems. JlpeBecrHa SBIAETCS JOCTYIHBIM, MPOYHBIM M 3KOJIOTHYECKHU
YHCTBHIM MaTE€pUAJIOM JJIsi CTpOUTENbCTBA. [Ipobraema obecrieueHUsT HaJIEKHOCTH KOHCTPYKTHUBHBIX
pelIeHN TPU BIMSHUM TaKuX (aKTOPOB, KaK YCYIIKA JPEBECHUHBI JICPEBIHHOTO JIOMOCTPOCHHS
SIBISETCS OJHOM U3 BaXKHEUIIIHX.

MATEPHUAJIBI U METO/IbI

B nanHOI cTaThe MCMONB30BAINCH CIEAYIONINE METOABI MCCIENOBAHUSA: COOp M H3ydeHHE
uHpopManuu Ha 0a3e HAy4YHOH JUTepaTyphl, aHaIU3 (U3UUYECKUX U MEXAaHWYECKHX CBOMCTB
JPEBECHHBI, CPaBHEHHWE XapaKTEPUCTHK pa3IMYHBIX COPTOB JIPEBECHHBI BO BpeMsS YCYIIKH,
KJaccu(UKalus COBPEMEHHBIX METOJOB pelIeHHUs JaHHOW MpobiemMbl, 0O0O0OIIeHHe OIbITa
JEPEBSHHOTO JOMOCTPOEHHSI TI0J] BIMSHUEM YCYIIKU JPEBECHHBI U CHCTEMATH3AIHs TOJTydeHHON
uHpOpMalnu.

PE3YJIBTATBI UCCJIIEJOBAHUS

VYceyiika — 93T0 yMEHBIICHUE pa3MEPOB CEUEHHUS NMPU YMEHBIIICHUU BIAKHOCTU JPEBECUHBI. [ 1]
PaccMoTpuM mMONHYIO YCYIIKY Ha MPUMEpPE IPEBECHHBI XBOWHBIX MOPOJA. YCYIIKAa MPOSBISETCS
Bnoib BoiokoH = 0,1-0,3% wu momepexk BOJOKOH: B pagualbHOM HampaBieHnn ~ 3-7%,B
TaHTeHIMaTbHOM ~ §8-17%.BenuunHa yCymiku MOKET MEHSThCS, B 3aBHUCTH OT MHOXECTBa
(haKkTOpOB, TAKUX KaK BO3PACT JIPEBECHUHBI, TUIOTHOCTH JIPEBECUHBI U T.II.

Bennunna YCYHIKHU paCCYUTBIBACTCA 10 (I)OpMyJ'ICZ

(Amax—Amin) .

Bmax = 100,
Amax

'ne Amax — MakCUMaJbHBIH pa3Mep MpPU MCXOAHOW BIXKHOCTH, AMIN-MUHUMAIBHBIA pa3mep,
KOTOPBII OCTAJICS MTOCIIE YCYILIKH.
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Bnara B npeBecuHe nenuTcs Ha JABa BUJA: CBA3HAA 6]a2d, HAXOAUTCS B KJIETOYHBIX CTEHKAX
JIPEBECUHBI; c80000HAs 61ded, HAXOMUTCA B MEXKKJICTOYHOM MPOCTPAHCTBE U B IMOJOCTAX KJIETOK
JIPEBECUHBI.

Wnn =30% -mpenen HaChIIIEHHUS BOJOKOH. DTO CPEIHsS BEIMYMHA, KOTOpas MOXET MCHSTHCS B
3aBHUCHMOCTH OT IUIOTHOCTH JPEBECHHBI: C yBeJIMYeHUEM IUIOTHOCTH WIH CHIDKaeTcs; ¢
yMeHbIlIeHneM MI0THOCTH WIH yBenu4HuBaeTcs; OTKIOHEHHE OT cpefHero 3HaueHus 30% Moryt
npocrurath 0 10-15% .

JUis monydeHHs HYXKHBIX pa3MepoB MHJIOMATEPUAIIOB IOCIE UX BBICYIIMBAHUSA MPHU
pacnuiIoOBKE YCTaHaBJIMBAIOTCS NPUILYCKH Ha Yycymky, pernameHtupyemble ['OCT 67.82.1
«[Iunonponykuust U3 ApeBECHHbl XBOWHBIX mopoi. Bemmumna ycymkwm». 'OCT ycranaBiauBaer
BEJIMYMHY YCYIIKA TIO TOJIIMHE W IIUPUHE JJs OO0CCIeueHUs HOMHUHAIBHBIX Pa3MEpoB
MUIONPOAYKIHH; (haKTUYECKUE pa3Mepbl TOJNUIMHBI U MIUPUHBI MUJIOMPOIYKIIUN MPHU BIAKHOCTH,
MPEBBIIIAIOIICH YCTAHOBICHHYIO IIJII HOMHHAJIBHBIX Pa3MEpPOB, JOKHBI OBITH OONbIe, a TpU
MEHbILIEH BIJIAXKHOCTH - MEHbIIE HOMHUHAJIBHBIX pPa3MEPOB HAa COOTBETCTBYIOLIYIO BEIUYUHY
YCYIIKH.

PaBHOBecHasi BIQKHOCTh —3TO YCTONMYMBAs BJIaXKHOCTb, KOTOPYIO JIpeBECHHa mpuoOpeTaer,
KOTJIa JIOJITO€ BpEMs HAXOJIUTCS B CTA0WIBHBIX TEMIIEPATYPHO-BIQKHOCTHBIX YCIIOBHSX.
PaBHOBecHas BnakHOCTH omnpenensercs no rpaduxy (Puc.1).

10 i
. LI e
IR %
49 — 3 /4 g | @dracms nolsiwen-
= TAAAAA A = | Hoeo dabrenun
= =10~ S
- o] X /“1 /,/ ©

s P IA Y AL NAS
UW T A i 3
5 p > //7’9 A / N\%
&4 B A L K
3 - 1 1 S
g 7 o // 6 ojo \3:
3 A A ut »Jgrr F”é
§.(.Z(/ = / aep)’(aﬂ - ,// %
X b~ c? U =
S a?f / <
x4 = o 71T\
& 08 / e v -
9 e 3 o
gaz,ﬁ Ho - * ol '/’\ %
3 e i) = ol l’/ ;b
X
§47 L | 3~ -
. :%—// A'// /__!’i,".

00 W0 30 4o 50 60 70 80 90 100 110 120 130 M9 7 %0 170 787
Temnepamypa t°C

Puc. 1. PaBHOBECHAS BIAaKHOCTH

B HaubGonee 3ameTHOU (hopme ycanka IpeBECHHBI MPOSBISETCS B yCaake NEPEBSIHHBIX CTEH.
VYcanka NepeBSHHBIX CTEH - 9TO YacTOe SIBJICHHWE B JICPEBSIHHOM JOMOCTPOCHHH. YcCaJKa CTEH U3
OpeBHa MOXeT AOCTUTaTh 17%; OUUIMHIPOBAHHOE OPEBHO €CTECTBEHHOM BIAXKHOCTH JAeT yCaaKy
10 10% oT BBICOTBI CTEHBI; Opyc CTpOraHHbIi cbipodt - 1o 12%; mpodunupoBaHHBIA Opyc

159



€CTECTBEHHOH BIaKHOCTH - 110 8%; nmpoduanpoBaHHbIA Opyc KaMEpHOM CyIIKH - 10 5%; KiIeeHbIl
opyc - 10 2%. Ycaaka 1epeBSIHHBIX CTEH COCTOUT U3 YCYIIKH (TJIaBHBII KOMIIOHEHT), YIULIOTHEHUS U
OOMSITHSI JPEBECUHBI.

BenuunHa yrioTHEHHUS ApEeBECHHBI 3aBUCUT OT KayecTBa BBIMOJIHEHMSI CTEH. YIJIOTHEHUE
BBITIOJIHACTCS: HAEAAMU 6 UIBAX, CIANCKAMU 8 YellaX, CIMANCKAMU MUNA « NPYHCUHHBLUL Y3el «CULA»

s obGecrieyeHus: pabOTOCIOCOOHOCTH JAEPEBSHHBIX KOHCTPYKLIIMU TIIPU ycaJKe CTeH
YCTaHABJIMBAIOTCS KOMIIEHCATOPHI YCAIKU. DTO MPUCIIOCOOTICHUS, KOTOPbIE KOMIIEHCUPYIOT YCAalIKy
JIEPEBSIHHOTO JIOMa, MPEACTaBisAsl cO0O0i YCTPONCTBO B BUJAE PEryJIMPOBOYHOTO BUHTA, BKIIOYAS
aHKephl C TalkaMd M HECKOJIbKO IUIACTHH, OJHA M3 KOTOPBIX sABIsieTcsl omnopoil. Kommencarop
pa3MenialoT MEXy OMOPHBIMU CTOJI0AMH M AETalsiMU cpyOa, yTOObI BEHIIBI NPU YCAJIKE CTEH HE
nposucanu (Puc.2,a). B nepBoe BpeMs railku NOATATUBAIOT KaXKIbIi I€Hb, 3aTEM PEXKE.

Taxxke, ¢ TOMOLIBIO KOMIIEHCATOPOB YCTaHABJIMBAIOT HA  CKOJB3AILIUE  OIMOPHI
crpormmi(Puc.2,0) [2]. Jnst mpoémoB (OKHA M JIBEpH) OCTABJISIOT KOMIIEHCAIIMOHHBIM 3a30p MO
ycaJKy, BEJIMYMHA KOTOPOIO 3aBUCHT OT BBICOTHI CpyOa M 3amoiHsercs nakiedl u T.1. Takxe,
BBITIOJIHSICTCS] yCUIICHNE OpPEBEHYATHIX CTEH BEPTUKAIBHBIMH C)KUMAMH, B KOTOPBIX OTBEPCTHS MO
CTSDKHBIE OOJITHI BBINOJIHAIOTCA B BUJAE NA30B, JUIMHA KOTOPBIX COOTBETCTBYET ycajke cTeH [3].
(Puc.3)

Puc. 2. KomnieHcaTOpsI yCaaKu CTEH:
a) BunroBoii kommneHcarop
6) KomrieHcaTop CKOJIB3AIIMX ONIOP CTPOIINI

Puc. 3. Ycuenue OpeBeHUATHIX CTEH BEPTHUKATBHBIME COKUMaMHU

BbBIBOBO/IbI
VYcanka aepeBsSHHBIX CTEH 3aBUCHUT OT MHOXKECTBa (DaKTOPOB (MaTepuasbl, KauecTBa padoT,
BIIQXKHOCTH JIPEBECHHBI, PEXKUM IKCIUTyaTalluu U T.11.).
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FOTOBBIX, CTaHJAPTHBIX Ta6JII/H_[ yCaaKu ACPCBAHHBLIX CTCH HCT. Ecth cTeHnl u MaTcpuralibl,

JaroIIe MUHUMAJIbHYIO YCaJIKy — OpPEBHO €CTECTBEHHOM BJIaXKHOCTHU B CpyoOe.

BbIxo — uCnonp30BaTh MPAKTHYECKUIN OIBIT KOMITICHCAIIUU YCAIKH Cpyoa.
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Cexnusa 5. MANAGEMENT IN
CONSTRUCTION

MEXAHW3M ®OPMHUPOBAHHUA YKPYITHEHHOM IIEHBI PEMOHTA U
PEKOHCTPYKIHMU OBFBEKTOB KAIIMTAJIBHOT'O CTPOUTEJIbBCTBA

JI.A. AHTOHOB

mazucmpanm, AntonovDmAn@yandex.ru
DI'BOY BO «Hayuonanvhwiii ucciedosamenvckuilt Mockosckuti 20cy0apcmeeHHblil CmpoumeibHbulll
yHugeepcumemy, Mockea, HApocnasckoe wocce, 0. 26,

AHHOTaNUA

WHBeCTUIITMOHHO-CTPOUTETBHBIA MPOLECC MOJUICKUT CTPOrol yHHU(PHUKAIUU C LEIbIO
JOCTUKEHUSI O€30IaCHOCTH JIIOJEH, OompeaeneHus] TOYHBIX 3aTpar A pealu3aluu
CTPOUTENbCTBA U TMOJYYCHHs] MaKCUMalbHOW MpuObUIH. Bompochl eamHOro meroaa
OIpe/Ie/ICHUs] TOYHOW LIEHbI Y€ MOJHUMAJIUCh psaoM aBTopoB [4, 8], HO ux cdepa
WCCIIEIOBaHMM 3aTparuBajia ONpe/esieHne YKPYMTHEHHON LIEeHbl HOBOTO CTPOUTEIHCTBA.
3agaun yHU(UKAIMM PEMOHTHBIX paldOT Takke TMOJHUMANIUCh [7], HO METox
onpeieNieHUs] YKPYNHEHHOW II€Hbl PEMOHTAa M PEKOHCTPYKIMU TaK U He Obll
MIPEITIOKEH.

[IpenMer wuccrnenoBaHus: NpeqIaraeMblii COOPHUK YKPYMHEHHBIX IieH. OOBEeKTOM
WCCIIC/IOBAHMSI B JIAaHHOW CTaThe CIY)KUT MPOILECC IIEHOOOpa3OBaHMs JUIsI PEMOHTA H
PEKOHCTPYKIIUH.

Lenp wuccnenoBaHus: SABISETCS NPEUIOKEHHE BO3MOXHBIX pPEKOMEHJAMM 10
YTBEP)KICHUIO U IPUMEHEHNIO COOPHHUKA YKPYIMHEHHBIX 1IEH PEMOHTA U CTPOUTENILCTBA.
JInuHBI BKIAA aBTOpa 3aKJIIOYAETCS B MPEAJIOKEHWHM METOAMKH pPa3pabOTKH U
MPUMEHEHMS JAHHOTO COOPHHUKA.

Matepuaisl 1 METOJIbl: U3y4yeHHE U 00001IeHHE IEHCTBYIOIUX METOAUK YCTAaHOBICHHUS
¢u3nyeckoro M3HOCa 3/aHUM, MPOLECCOB II€HOOOPa30BaHUS HMHBECTHIIMOHHO-
CTPOMTENBLHOTO Mpoliecca, aHalu3 paboT IPYruxX aBTOPOB Ha 3Ty TEMY.

Pe3ynbrarel: pe3ynbTaToM MCCIEAOBAaHUS SIBIAIOTCA NPEIJIOKEHUE I10 COCTABJICHHUIO
cOOpHMKA YKPYITHEHHBIX 1IEH U METO/1 €r0 UCIOJIb30BaHUSI.

BbIBOZIBI: IEHHOCTH MOJYYEHHOI'O pE3yJIbTaTa B TOM, YTO IOSBISETCS BO3MOKHOCTh
chopMUpOBaTH OOOCHOBAHHYIO IIEHY MPOEKTa PEMOHTA UM PEKOHCTPYKIMH Ha CTaJUU
000CHOBaHHUSI UHBECTUIUH.

BBE/IEHUE

B nactosimee Bpemss B I. MOCKBa aKTMBHO BEIETCS JESATEIBHOCTH IO NEPEYyCTPOUCTBY
OBIBIINX TIPOMBINUICHHBIX OOBEKTOB WM TPEANPHUATHNA B OOIIECTBEHHBIE MecTa. TeppuTopus
obiBIIero 3aBojaa 3UJI pekoHCTpyHpyeTcsl B KUY M OOIIECTBEHHYIO 30HBI, BOCCTAHOBJICHBI U
nepeo0oPyI0BaHBI KEJIE3HOOPOKHBIE MTYTH, TIPOXOIAIINE HETIOCPEACTBEHHO B TOPOACKOM YepTe U
HbiHe u3BecTHble kak MUK u MIJ], pemonT ®unéBckoil JUHUA MOCKOBCKOTO METPOIOIUTEHA,
pekoHcTpykuus 3nanuil [lomutexa m TOI[ Ne2 B mentpe MockBbel. OgHakKo He Bce 37aHUA
MOJJIEkKAT BOCCTAHOBJIEHHUIO CO CTOPOHBI FOCYAapCTBa, U MPAaBUTENLCTBA MOCKBBI B yacTHOCTH. He
MMess Ha pyKaxX TOYHOM M OOOCHOBAHHOW II€HBI, PEMOHT M PEKOHCTPYKIHS MOTYT OBITh HE
MPUBJIEKATENIbHBl C HJKOHOMMYECKOW TOYKM 3pEHMS i1 TOCYyAapCTBa, B PE3YJIbTATE YETO
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I/ICTOpI/I‘IeCKI/Ie 3JaHUs HCKIIHOYAKOTCI M3 IMaMATHHUKOB apXI/ITCKTypBI nu HepeI[aIOTCSI B I*IElCTH}’IO
COOCTBEHHOCTb.

B craTthe npeanaraercs MmexaHu3M (GOPMHUPOBAHUS YKPYTHEHHOTO HOPMATHBA LIEHBI PEMOHTA
U PEKOHCTPYKIHH, KOTOPBIA NpH JajJbHEHIIEM IPUMEHEHHUU IO3BOJUT TOYHO M OOOCHOBAHO
ONpPEACISATh LIEHY PEMOHTAa YKPYNHEHHBIM METOAOM HA HAYaJIbHOM JTale€ WHBECTULHMOHHO-
CTPOMUTEIILHOTO MpoIiecca.

MATEPHAJIBI U METO/bI

[IpoBenenue ananusza OTHOCUTCS K TEOPETUYECKOMY YPOBHIO MCCJIEAOBAHUS M BKJIIOYACT B
ce0st u3ydeHue u 0000IIeHIE ACHCTBYIOIMX METOJIMK YCTAHOBIIEHUS (PU3NUYECKOT0 H3HOCA 3/IaHUH,
MIPOLIECCOB IIEHOOOPAa30BaHMsI MHBECTULIMOHHO-CTPOUTEIILHOTO TpoIlecca, aHalu3 paboT Apyrux
aBTOPOB Ha ATy TEMY, Ha OCHOBE KOTOPBIX JIEJIACTCS 3aKIIIOUYCHHE O HEOOXOAMMOCTH Pa3paboTKH
HOBOT'O JJOKYMEHTA U aKTyaJlM3alluu y>Ke JCHCTBYIOIIUX.

OB30P JIUTEPATYPbI

ABTOp B CBOEM HCCIEIOBAaHMM ONUpaeTcss Ha uccienoBaHus u nyonukanuu JKypasnéra
[TaBna AnatonseBuya, KiroeBa Bukropa [ImutpueBuua u [lanteneeBoit Mapraputel CepreeBHsl,
CBSI3aHHBIX C TEMaTHUKOW METOJIOB OINPENEICHHS YKPYIIHEHHBIX LIEH CTPOUTEIBCTBA U KalIUTAJIbHOTO
pEMOHTA.

PE3YJIBTATBI UCCJIEJOBAHUSA

OTIIMYUTENBHON YEpTOM PEMOHTA WM PEKOHCTPYKLUU OT HOBOI'O CTPOUTENIBCTBA SIBISIETCA
TO, YTO OOBEKT KaUTAJIbHOTO CTPOUTENBCTBA YK€ CYIIECTBYET. B TO e Bpems, pEMOHT SIBIISIETCS
TaKMM K€ MHBECTULIMOHHO-CTPOUTEIIBHBIM IIPOEKTOM C TEMHM K€ 3TallaMU )KM3HEHHOTO LIUKJIA U TEM
KE TOpAIKOM ompezeneHuss LeHbl [1]. B oOmenpuHATON METOIMKE YIpaBJIEHUS >KU3HEHHBIM
IIUKJIOM JIFOOOT0 MHBECTUIIMOHHO-CTPOUTEJIBHOTO MPOEKTa MPUHATO BBIAEIATH 4 OCHOBHBIX dTara:
1) UWHBECTUIMOHHBIM, KOHUENTyalbHBIH WJIM TPEANPOEKTHBINM, 2) NPOEKTUpOBaHUE, 3)
CTPOUTENIbCTBO WM peain3anus, 4) sKcIyaTaus.

[IpuHnmn neHooOpazoBaHus [2], yTBEpXKAEHHBIM JUIsi PEMOHTHBIX M PEKOHCTPYKIIMOHHBIX
paloT, HE OTJINYAETCS OT CTPOUTENHCTBA BHOBb. COOTBETCTBEHHO, CTa/IUU OIPEEIEHHUs] CTOUMOCTH
JIOJKHBI OBITh TAKHE XKe.

JUJ11 HOBOTO CTPOUTENBCTBA UCIOJIB3YIOTCS CIEYIOIINE BUBI LIEH:

1) mpelickypaHTHbBIC, WHBECTUIIMOHHBIC [3] IeHbI— TBEPIbIC IEHBI, JCHCTBYIOIINEC B BHIC
NPEHCKYpaHTOB Ha THUIIOBbIE, NMOBTOPHO MpPUMEHsEMble, SKOHOMUYECKH 3()()EeKTUBHBIE OOBEKTHI.
[IpenHazHaueHsl Ui TPEABAPUTENIBHON OLIEHKH ONpPENENeHHUs CTOMMOCTH Ha MPEeANpOeKTHON
CTaJuM IIpU TIPHUHATUU DPELIEHUS O CTPOUTENbCTBE. s ompenesieHus NPEHCKypaHTHOW LIEHBI
ctpoutenscTBa ucnoiabzytores coopauku YHIIC u YHIIKP [4], uaBecTuiimonHas onpeaensieTcs mo
00bEeKTaM-aHaJIoraMm;

2) mpenenbHas [[eHa — TMMUTHAS [IeHa MPOBEICHHS OTACIbHBIX BHIOB PabOT, CTPOUTEIHCTBA,
PEKOHCTPYKIMH, KaIUTaIbHOTO PEMOHTA, TEXHUYECKOTO MEPEBOOPYKEHUSI 31aHUN U COOPYKEHHM.
E€ ypoBenb ompenensiercs Ha OCHOBAaHUM TMPEUCKYPAaHTHOW WM WHBECTULIMOHHOW IIEHBI
pacropsauTeas Ml OIO/DKETHBIX ~ CPEACTB WJIM HWHBECTOpPAaMH, BBIIAIOUIMX  33/JaHUE Ha
MPOEKTUpPOBaHKUE [5], YTO MO3BOJISET NPUHATH pelieHHe 00 HHBecTHpoBaHHHM [6]. B cmyuae
HIMYMS ~ pa3pabdOTaHHOM IMPOEKTHO-CMETHOM JOKYMEHTAllMM IpefesibHas IIeHa  MOXET
NPUMEHAThCSI Ha €€ OCHOBAaHMU TIpU YTBEPXKACHUU OIODKETOB B  KayecTBE JIMMHUTA
(buHaHCHPOBAHMS,

3) HavanbHas (MakCHUMalbHas) IIeHa — I[eHa KOHTPaKTa, B TOM 4YHCII€ NMPEAYCMOTPEHHBIX
@enepanbHbM - 3aKkOHOM  Ned4  ciydasix, Korjga KOHTPAakKT 3aKIIOYaeTcd € €AMHCTBEHHBIM
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MOCTABIIMKOM, TOAPSAAYUKOM WM HCroiHuTeneM. B crpoutensHOi cdepe Hambonee
pacnpocTpaHEHHBIM METOAOM OIpPENEIeHHs] ITON LIEHbI SBISETCS MPOEKTHO-CMETHBIH. CMmeTHas
CTOMMOCTb HE€ JOJDKHA IPEBBIIATh MPENEIbHYI0 LieHy [7]. B xone mpoBeneHus TeHaepa MOXKET
CHIDKaThbCA. Ero y4acTHHKM OTOpAchIBAIOT JUIIHME CTAaThU 3aTpaT, YTOObI MOHU3UTH HUTOTOBYIO
1eHy pa0oT M BBIMIPaTh TEHAEP, TAKMM O0pa3oM TEHIEP paccMarpuBaeTcsi Kak 3((eKTUBHBIN
MHCTPYMEHT COKpauieHus 3arpar [8];

4) noroBopHasi (KOHTpaKTHas) LEHa — OIpPEACISIETCS Ha CTaJul COCTaBJICHHS JIOTOBOPA.
[IpencraBisier coboit TBEPAYIO CTOMMOCTh CTPOUTENIBHON MPOIYKIUU B TEUEHHE BCEro MepHoja
CTPOMTENBCTBA, YCTAHOBJICHHYIO 3aKa3UYMKOM I10 JOIOBOPEHHOCTH € MOAPSAYUKOM. OCHOBOW IS
YCTaHOBJICHUSI JIOTOBOPHOW IIEHBI SABISIOTCA CMETHbIE pPAcU€Thl WU pacuéTHas CTOMMOCTD
CTPOMUTENBCTBA (IPEABI YU JTal), OIPEAEIIIEMbIE B COCTABE POEKTHO-CMETHOM TOKYMEHTALIUH,
TO €CTh II€Ha BBIMOJIHEHUS paboT U, KpOMe 3TOro, e psi GakTOpOB: pacxXoAbl Ha SKCILTyaTaIUIo,
XapaKTePUCTHKH UCTIOIb3yEMBIX MaTEpUAIIOB, KBaMpuKaus padounx [9];

5) dakrtudeckas 1eHa [3] — e€ 3HaYEHHWE IMOJYYAIOT IO 3aBEPIICHUU BCEX CTPOUTEIBHBIX
paboT Ha OCHOBE YUETHOU TOKyMEHTAIIMU (PaKTUICCKUX 3aTpart.

Y peMOHTHBIX PalOT CTaJWU OINpEAeTCHHS LIEHBI, KaK MPaBHJIO, HAUMHAIOTCA C HayallbHOMI
(MakcumanbHOM) 11eHbl. CTOMMOCTh PEMOHTA OIPEAEIAETCs MO pe3yjbTaTaM U3MEpeHus: 00bEMOB
paboT U cocTaBleHUS CMETHOW JOKYMEHTallMd, YTO B CBOIO OdYepelb JaeT BO3MOXHOCTH
HEZ00POCOBECTHBIM MOAPATYMKAM HCIONb30BaTh HETOUHbIE JaHHBbIE JJIs HEOIpaBAaHHOIO
3aBbIIIeHHs cTOUMOCTH padoT [10]. Bo3amMokHO omnpenensTh eHy no o0beKTaM-aHaioram, Ho TOria
He OyleT y4MThIBaThCS (PU3NUYECKOW M3HOC KOHCTPYKIUI, KOTOPBIH MOTPEOyeT JONOJHUTEIbHbBIE
CpeICTBa Ha BOCCTaHOBIIEHUE. BCE 3TO MPUBOIUT K TOMY, UTO CTPaJaeT TOYHOCTh U JOCTOBEPHOCTh
ONpEACIICHUSI YKPYITHEHHOM [IEHBI PEMOHTA Ha MEPBOM CTA/INH.

[Ipu cTpouUTENHCTBE HCMONB3YIOTCS OMNEPALUU, KOTOPhIE MOKHO OOBEIWHUTH B TPYIIHI H,
Hals cpelHee 3HAU€HHWE MaTepUajbHBIX, TPYAOBBIX U, KaK CIEACTBHE, CTOMMOCTHBIX 3aTpar,
CO3/1aTh YCPENHEHHYIO IIEHY 3a | €IuWHUIy HU3MEpPEHHs] MOIIHOCTH BHOBb CO3/1aBa€MOM
CTPOUTENBLHOM MPOAYKIUHU. 3Has BUJbI pabOT M IUIOIIAJb MOMEUIEHUH MOXHO MPHOIU3UTEIHHO
OIIPEAEIUTD CIPABEUINBOCTD BBICTABJICHMSI TEX WM UHBIX pacueHok [11].

OCHOBHBIM apTYMEHTOM TIPOTHB COCTAaBJIICHUS TaKWX COOpPHUKOB [UII pPEMOHTa U
PEKOHCTPYKIMH SABISIETCA TO, YTO HaOOp omeparuii OyJAeT YHUKaJIbHBIM, UX COCTaB ONpeAesseTcs
WH/IUBUYAITBHO JUIS KaX/IO0TO CITyJasl.

OnHako, CylecTBYIOT COOPHUKH YKPYIMHEHHBIX MOKa3aTenel BOCCTAaHOBUTEIBHON CTOMMOCTH
VIIBC 11 0OBEKTOB KamMTAIbHOIO CTpouTenbcTBa. [lokasarenu B ATHMX COOpHHKax
IpeJHa3HaueHbl IS ONpPEeeNeHHsI MOJIHOW BOCCTAHOBUTENIBHOW CTOMMOCTH 3JaHUN M YUYUTHIBAIOT
npsIMbIE 3aTpaThl, HAKJIAJHBIE PACcXObl, 3UMHEE YAOpOKaHWE, 3aTpaTbl HAa HENpeIBHICHHBIC
pacxoipl U BCE ITO C Y4ETOM BO3BpaTHBIX CyMM. Kpome 3TOro, ydreHbl BOCCTAaHOBUTEIIbHBIE
CTOMMOCTH /ISl CAHUTAPHO-TEXHHYECKMX W DIJIEKTPOTEXHUYECKHX YCTPOUCTB. YKpPYIMHEHHBIE
MoKa3aTeIu COCTaBleHbl B ypoBHe lLieH | sHBapsa 1969 roga. IlpemycmoTpeHa BO3MOKHOCTh
KOPPEKTUPOBKM TIOKa3aTelled C HCIoib3oBaHHeM Kod(dduuueHTtoB nnas ydé€ra ocoOeHHocTeil
KOHCTPYKTUBHBIX perieHuil. Takum obpa3omM, HeoOXoauMasi METOIMKA ONPEIETICHUsT YKPYITHEHHBIX
MoKaszaTeJiel I[eHbl PEeMOHTa yXe CO3/1aHa, HEOOXOAWMO JIMIIb €€ aKTyalu3upoBaTh, C Y4ETOM
TEKYIIEr0 Pa3BUTUSl CTPOUTENBHBIX TEXHOJOTMM M TEXHUKH, MOTOMY 4YTO JaHHas Oa3a yxe
MOpaJIbHO ycTapena [12].

Ecnu ucnonb3oBath 3T COOPHUKY (BCero X 37 s 3MaHUM U cOOpyXeHuid u 13 nms 3manuit
U COOPYKEHHMH YUpeKJIeHUH, COCTOAIIUMX Ha TOCYJapCTBEHHOM Oo/KeTe), TO MoTpedyercs
CIIOKHAsI CUCTeMa KOA(PPUITUEHTOB AJIs Mepecuéra B TEKYIIYI0 CTOMMOCTh, YTO OJHO3HAYHO OyIeT
CO3/1aBaTh MOTPENTHOCTH MPHU MEPECUETE U CHU3UT TOCTOBEPHOCTH OMPEIEIICHUS CTOUMOCTH.
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JUnist MUHMMU3aIluH YKa3aHHBIX BBIIIE MPOOJIEM aBTOp CTaThU MpeJJIaraer:

e axtyasnnsupoath cOopHuku YIIBC mnum pa3paboTats COOPHUKH YKPYTTHEHHBIX 1I€H BHOBb.
Bo3moxkHO, crout B3sTh 32 ocHOBY U cOopHUKH HLIIKP nnst yuéra oTaenbHBIX KOHCTPYKTHBHBIX
pELICHHUI;

® Ha OCHOBE CTATHCTMYECKUX JAHHBIX ONPEIEIUTh YaCTO IOBTOPSIOIIMECS ONEpaluu IpH
OCYIIECTBICHMH PEMOHTHBIX padOT, BBIACTUTh MX H3MEPHUTEIH, HAUTH CPEAHIOD CYMMAapHYIO
CTOMMOCTb 3TUX BUJOB pabOT U MIPUHATH €€ 32 YKPYNHEHHBIH HOPMATHB,;

® [IPUBECTU CTOMMOCTHBIE IOKa3aTeau K ypoBHIO LieH 1 sHBaps 2001 rona u paccuuThIBaTh
CTOMMOCTb PEMOHTA 0a3UCHO-UHEKCHBIM METOJIOM C UCII0JIb30BAHUEM UH/IEKCOB-TIEPECUETA;

® TaK KaKk CTOMMOCTb PEMOHTa Oy/€T OCHOBBIBATHCS HA TEKYIIEM COCTOSHUM KOHCTPYKLIHUH,
JUI TOBBIIIEHUS] TOYHOCTU pacyera HYXXHO aKTyalIM3MpOBATh METOAMKY OLEHKU (U3NYECKOTrO
u3Hoca, npennoxeHHyro B BCH 53-86, nononHuTh nepedyeHb KOHCTPYKTHBHBIX 3JIEMEHTOB,
npencrabieHHbix B BCH 58-88, akTyanusupoBaTh 3HaY€HUSI CPOKA MU3HOCA KOHCTPYKIUM C YU4ETOM
TEXHOJIOTMYECKOT0 IIporpecca;

® B KOMMEPYECKUX HPEANPUATHIX MOT'YT ObITh COOCTBEHHBIE PACLEHKU PEMOHTHBIX paloT.
JU1s HUX HOPMATUB LIEHbl PEMOHTAa U PEKOHCTPYKIUH Oy/eT HOCUTh PEKOMEHAATENbHBIM XapakTep
U MOXET CHYXUThb O0a30il ans pa3paOOTKuM COOCTBEHHBIX YKPYHNHEHHBIX HOpPMAaTHBOB. Jlis
Or0/KeTHOro (hruHaAaHCUPOBaHUS OyJIeT HOCUTh 00s3aTeNbHBIN XapaKTep;

® QPUHLMII 1€HOOOpa3oBaHUS B TakUX COOpHMKaxX OyJeT OCHOBaH Ha Y4€Te BcexX
HOopMaTuBHBIX BUJIOB 3atpart: 113, HP, 3V, BO3MOXHBIX y0pOKaHUl, TO €CTh TEM Ke 00pa3oM, YTO
u B YIIBC. Ilo pesynbraram pacuéra Oyaer ¢hopMUpOBATbCS BOCCTAHOBUTENBbHBIN (QOHI, 0oOmIas
CyMMa KOTOPOI'O HPHUHUMAETCS 3a HPEIENbHYI0 CTOMMOCTb M BBICTYIIATh Kak OOOCHOBaHHE
WHBECTHIIMNH;

e JUIsi IIPOLIECCOB, IOBTOPSIOIIMX TEXHOJIOTHIO HOBOIO CTPOUTEIBCTBA, HAIpUMED,
IPUCTPOIiKa 3Taxka WM OOKOBOTO MOMEILEHUs, NpeagaraeTcs KOMOMHUPOBAHHOE HUCIOJIb30BaHUE
YKpynHEHHOro HopMmaTuBa LieHbl pemoHTa u HIIC ¢ 4€rkum pasgeneHueM JOKyMEHTalUU Ui
MPEIOTBPALLEHUS MyTaHUI[BI U BO3MOKHBIX AEHCTBUI KOPPYNIIMOHHOTO XapaKTepa;

e COOpPHHMKHM JOJDKHBI OBITh pa3/ieleHbl Ha JiBa BHMJA: PEMOHTHBIE IMOKa3aTenu (TEeKyIIUH,
KanuTaJdbHBIA M T.A.) U PEKOHCTPYKIMOHHBIE TOKa3aTenu. VIMeHoBaTh COOpPHMKHM ISl PEMOHTA
moxkHO kak HIIP, a nna pexoncrpykuuun kak HI[Pc. MIMeHoBaTh COOpPHMK JJIsl pEKOHCTPYKLIUHU
HIIPx He pekoMeHayeTcs, Tak Kak yxe cymecTByoT coopHuku HIIKP u 310 MOXXeT BBOIUTH B
3a0I1y’KIeHue.

Pa3paboTka nmaHHOrO HOpMaTHBa TaKXe IO3BOJUT pPELIUTh NpoOJieMy CMETHOTO
HOPMHMPOBAHUSA U 1I€HOOOpa30BaHUs, CBSA3aHHOIO C HEJAOCTATOYHBIM YYE€TOM MHOroo0pasus
COBPEMEHHBIX OTEYECTBEHHBIX U 3apyOeXHBIX CTpPOUTENbHbIX TexHonoruit [13]. Pacuer
YKPYIHEHHOM IIeHbI OyJeT MPUMEHATHCS Ha CTaJUM IUIAaHUPOBAHUsI HHBeCTULIUH [14]

B psne pernonoB P® yxe CylecTBYIOT YKPYITHEHHBIE TTOKA3aTeId KAUTAILHOTO PEMOHTA
OTJENbHBIX BUIIOB padort [15].

[Topsnox popmupoBanus camoil 1eHs! (puc.l) OyaeT 3aBUCETh OT KOHEYHOW Ieu padboT —
KallUTaJIbHBIA PEMOHT, C HOBBIM KOHCTPYKTHUBHBIM PELICHHEM, WIIM 3TO OYyAeT BOCCTaHOBIJIEHHE K
ucxogHoMy coctosiHuio. llena Oynmer cocTtaBHasi, MO3BOJISASI KOMOMHHUPOBATH pPa3IMYHbIE BHJIbI
palboT U KOHCTPYKTHUBHBIE PEILICHHS], C IIETbI0 TOTy4YeHHUsI Hanbojee JOCTOBEPHOTO 3HAUCHHSL.

Ha nepBom miare, He3aBUCUMO OT KOHEYHOM LEJIH, ONIpeAesieTcs] PU3nYecKuil H3HOC U 00BEM
paboT (1Mo MOIIHOCTH 3JaHHs WM COpYKEHHs). Meroauka ompeaeneHus (U3NYECKOr0 H3HOCA
Oynet ocHoBaHa Ha aktyanu3zauuu BCH 56-83. Cpok ucnonb30BaHUs KOHCTPYKIMHM U TOTPEOHOCTh
B CJICJIYIOIIIEM PEMOHTE OYAYT ONpPeAeAThCS Mo akTyanmsupoBanHomy BCH 58-88.
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Bropoii mar yxe noapasymMeBaeT pa3iesieHue Mo eI MPOEKTa.

B mo0om ciiydae, 3aMeHe OyayT MojuiekaTh Te€ KOHCTPYKIIMH, KOTOPbIe BO3MOKHO 3aMEHHUTb.
Te, KOTOpBIE 3aMEHUTh HE MPEJICTABISAECTCS BO3MOXXHBIM — BOCCTAHABIIUBAIOTCS 10 HOPMAaTUBHOTO
coctosiHus [16].

1 Bapuant — BoccTaHOBjieHME. Ha oOCHOBe CTaTUCTHYECKHUX MJAHHBIX, a TaKXkKe
aKTyanu3upoBaHHbIX HaHHbIX U3 YIIBC, Oyner ompenenatbcs CTOMMOCTb BOCCTAHOBJICHHS
KOHCTPYKIIMU HAa €JIMHUIY MOLIHOCTH 3aanus (1 M, 1 MalMHO-MecTo T.J.). 32 OCHOBY MOTYT
Opatbcsi COOpPHMKM HOPMATHMBHBIX II€H KOHCTPYKTHMBHBIX pemenuid HIIKP. Okcneprom
OIIpEe/EIAETCs, KAKOE KOHCTPYKTUBHOE PELICHUE Cefuac CyIIECTBYET M €ro KayecTBO (HampuMmep,
OTJIeNIKA - IPOCTas, yIy4llleHHas WM BbICOKOKauecTBeHHas1. J[Jis kax a0l u3 HuX B cOOpHUKE OyneT
CpelHee 3HAuYe€HHE JUISl EIUHMUIBI  MOIMHOCTH 37aHus). Cymmupys cpeaHue 3Ha4YeHUs
BOCCTAHOBJICHHSI KOHCTPYKIIMM W KOHCTPYKTHUBHOTO PEIICHHS IOJIy4aeTcsl YKpYNHEHHAs IeHa
BOCCTAHOBJICHUSI.

2 BapuaHT — KallUTaJbHbII PEMOHT C HOBBIM KOHCTPYKTHUBHBIM PEIIEHUEM HA OCHOBE
npoekrta. Criepsa, eciii Heo0X0 1Mo, OyJIeT yIAISIThCS CYIIECTBYIOLEE KOHCTPYKTUBHOE pPEIIECHNUE.
Cpennsis CTOMMOCTb CHATHUSI ONpPENEseTCSs Ha OCHOBE CTaTHCTHKU. Jlanmee, BOCCTaHOBIIEHUE
KOHCTPYKLMU M YCTPOICTBO HOBOIO KOHCTPYKTHBHOI'O PELICHHS B COOTBETCTBUU C IPOEKTOM.
Cymma Bcex paboT HaéT YKpYMHEHHYIO LIEHY KAaMUTAIBHOTO PEMOHTA C HOBBIM KOHCTPYKTHBHBIM
pELIEHUEM.

HopmartueHas 6asa:
aktyanuavposaHHble BCH 53-86 n BCH 58-88

OueHka hunanyeckoro n3Hoca n
namepeHve ob6bémos pabor

A A\
/|
v N
BoccraHoBneHne MCXoAHOTO KOHCTPYKTUBHOTO pellerms YCTPOHCTBO HOBOTO KOHCTPYKTMBHOTO peLeHns
HopmatveHas 6a3a: akryanvaaums YMNBC, cratuctudeckas HopmartueHas 6asa: cratncrnyeckas obpaborka
o6paboTka NPOEKTOB MO PEMOHTY U PEKOHCTPYKLIMK NPOEKTOB MO PEMOHTY N PeKoHCTPyKLMK, HLIKP
CTOVMOCTb BOCCTAHOBNEHWS KOHCTPYKLMN CTOMMOCTb yaaneHus CylecTByolero
A0 HOPpMaTUBHOIO COCTOAHUA KOHCTPYKTVMBHOIO pelieHns
CTOMMOCTb BOCCTAHOBIIEHNS KOHCTPYKTUBHOMO CTOUMOCTL BOCCTAHOBIEHNS KOHCTPYKLMN
peweHnsa 40 UCXOAHOro COCTOSAHUA A0 HOPMATVBHOIO COCTCAHNA
CTOMMOCTL HOBOO KOHCTPYKTUBHOTO
Llena BocctaHoBnEHMs
peLeHmns no npoeKkTy
<

LleHa kanMTansHOro pemoHTa

Puc. 1. [Topsiok GopMupoBaHus yKpyIHEHHOH IIEHBI

COopHUK OyneT BKJIIOYATh B ce0sl BCe CpelHME 3HAUYEHUS IIEH JJIs BbIIICHa3BaHHBIX paloT.
OcHoBa mepeyHs KOHCTPYKTHUBHBIX pelIeHnid MokeT ObiThb B3sTa u3 cObopHukoB HIIKP.
BapuaTtuBHOCTP HMX HCIIOJIB30BAaHUS TO3BOJIUT YUYECTh CHEHU(PHUKY U TMOTPEOHOCTh BO BCEX
BO3MOXXHBIX CIy4dasiX, YTO pa3peliuT BONPOC OO0 YHUKAJIbHOCTH KaXXKJOTO PEMOHTHOTO U
PEKOHCTPYKIIMOHHOT'O IIPOEKTA.

[To muenuro A. K. OpmoBa u A. 5. 3anmna [17], ocCHOBHOW 3amaueli HOPMHPOBAHHS
MaTepHabHBIX M JIEHEKHBIX PECYpPCOB SBISETCS YCTaHOBJIEHHE OOOCHOBAHHBIX 3aTpaT Tpylda U
pacxona MaTepuaibHBIX U (UHAHCOBBIX PECYpPCOB Ha BbINOJIHEHHE pabor u ycuyr. llpu
UCIOJIb30BAaHUN YKPYINHEHHBIX HOPMAaTHBOB ILIEHBI PEMOHTa M PEKOHCTPYKLUU MOKHO DPELIUTh
JaHHYIO0 3a/Jayy, JHUIIMB HEJZ0OPOCOBECTHBIX MOAPSAAYUKOB BO3MOXKHOCTH HEOOOCHOBAHHO
3aBBICUTH LICHY 34 CBOU YCIYTH.
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OcHoBo# s pa3pabOTKU YKPYMHEHHBIX CMETHBIX HOPMATHUBOB SBISIETCS (HDOpMHUpPOBaHUE
PECYPCHO-TEXHOJOTUYECKON MOJIENN MO KaKJIOMY BUAY KOHCTPYKTHUBHBIX PEIICHUN U B IIEJIOM IO
oOBeKTaM KamutanbHOro crpoutenberBa [18]. Cxema paspaborku HIIP m HIIPc wmoxer
OCHOBBIBAThCS Ha MPEUIOKEHUAX IO PECYPCHO-TEXHOJOTUYECKOMY MOJCIUPOBAHUIO COOPHUKOB
HIIC, xoropsie cpopmupoanu C. b. Coopurukos u I1. A. XKypasnes B cBoeii cTarbe (puc. 2). [19]

BbIBO/IbI

[IpuMeHeHne TaHHON METOAMKHU 1O Pa3pabOoTKe YKPYINHEHHBIX HOPMATUBOB IIEHbI PEMOHTA U
PEKOHCTPYKIIMU MO3BOJIUT HA MEPBOM 3TAlle MHBECTULIHOHHO-CTPOUTEIBHOIO MPOEKTA IPO3PavuHO
copMHpOBaTE OOOCHOBAHHYIO LIEHY, KOTOpas OyIeT SIBJIATHCS IMPENebHOM 1IEHOH peMOHTa WM
PEKOHCTPYKIMH, YTO IPEIOTBPATUT HELEIEBOE HCIIOJIb30BAHUE OIOJDKETHBIX CpeACTB. Pa3zBurtue
IPE/UIOKEHHOW MOJIEIM IO03BOJIMT TOYHO M OOOCHOBAHHO ONPEAEIATh ILIEHy PEMOHTa U
PEKOHCTPYKIUN YKPYIHEHHBIM METOJOM, OJaroiaps 4eMy peMOHT U PEKOHCTPYKIUS MOXKET CTaTh
Oosiee MPUBJIEKATENbHON NEATEIBHOCTHIO JUISI IOCYJapCTBa C SKOHOMHYECKOM TOUKM 3peHus,
YMEHBIIUTh KOJMYECTBO HAPYILIEHWH, CBSA3aHHBIX C 3aBblllieHHEeM LeHbl [20] ¥ 103BOIUT
YMEHBIINUThH KOJUYECTBO NEPEAAHHBIX B YACTHYIO COOCTBEHHOCTh UCTOPUUECKUX 3TaHHM.

Cratuctuyeckan obpabotka
NPOEKTHO-CMETHOW JOKYMEHTaLWM Ha PEMOHT
1 PEKOHCTPYKLMIIO OIHOTUMHBIX O6HLEKTOB

CocTaBneHne nNepeyHs MoBTOPSIOLMXCS
onepauuii, xapakTepHbIX ANsi PEMOHTa U
PEKOHCTPYKLMM

Onpeneneune OonTUMaribHOro n3mepurens
HOpMaTtuBa LeHbl peMOHTa N PeKOHCTPYKUA
Ans NOBTOPSAOLMXCA onepaunﬁ

®opmM1poBaHUE NokasaTenen HopMaTMBoB
LIEH Ha PEMOHT U PEKOHCTPYKLWIO

dopmM1poBaHne CEOPHUKOB Ha PEMOHT 1
PEKOHCTPYKLWIO

Puc. 2. Cxema pa3paboTKu YKPYIHEHHBIX HOPMAaTHBOB LIEH PEMOHTA M PEKOHCTPYKLIUH

ABTop Onaromaput npenoaasateneit Meitumunackoro ¢punuana HUY MI'CVY: XKypasnesa
IT.A., Mymeitko H.M., Co6opmukoBa C.b. 3a mnpemocTaBieHHbIII HaydyHBIH MaTepuan Ha
Jekuax no ueHooOpasoBanuto u Ilanteneey M.C. 3a HacTaBHMYECTBO M IIOMOIIb B
IIOJArOTOBKE NaHHOW CTaTbU.
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Abstract

In the transition to a market economy system, by changes in economic and social
development of the country varies considerably policies in the pay field, social support
and protection of workers. Many functions of the state to carry out this policy
transferred directly to companies who independently establish forms, systems and
amount of payment, material incentives for its results.

Organization of an effective system of wage in the enterprise, may be one of the main
factors of increase of its competitiveness.

Prevailing as one of the most important and most massive forms of income, wages are
the basis for the growth of labor productivity, since it is aimed at rewarding employees
for their labor.

In modern management, the issue of staff motivation is becoming most relevant. Any
manager who wants to achieve high labor productivity through the effective activities of
his subordinates should take care of the incentives for them to work, so the main task of
modern management is to create such working conditions under which the potential of
employees will be used in the best way.

In this article we look at the existing system of wage in the water construction
management  Uzsuvqurilishtaminot and developed recommendations for its
improvement.

Keywords: management, staff, salaries, incentives, labor, personnel efficiency, water
management, budget, social security.

INTRODUCTION

Wage - the main source of income of workers and employees, with the help of monitored
measure of labor and consumption, it is used as an important economic lever of economic
management. In the process of studying the nature and content of wages we have seen that various
options for its determination.

For example, Bezrukikh P.S., labor costs, determines as expressed in the form of money
employees a share in the social product, which comes in personal consumption. Wage of each
employee depends on his personal labor contribution and quality of work. [1]

Professor Gorfinkel V.J., says: "Wage for employees represents compensation by the
employer for the labor of the employee at the enterprise (organization), corresponding to the
measure and quality of work performed." [2]

Slezinger G.E. believes that: "Wage - is that some form of compensation for a certain amount
and quality of work." [3]

According to the Russian scientist Doctor of Economics, Professor Shumakov Y.U.: "Wage -
the main source of maintaining a certain standard of living, means of maintenance and reproduction
of the labor force." [4]

Similarly said M. Antonova: "Wages as the price of labor in a market economy must fulfill
three basic functions [5]

170


mailto:gulmirzev@gmail.com

- offer employees with the consumption of material goods and services, adequate for the
expanded reproduction of the labor force; to give the employer a certain economic result from the
use of hired labor, allowing him to develop the production and profit; be the regulator of demand
for products and services to the last consumer, as well as in the labor market. "

By studying the literature reviews, we came to the conclusion that at present one of these
functions is not fulfilled, there is a need to reform the accounting of pay. The aim of this reform will
be the establishment of such a system of payment, which will be performed at all three functions,
the modern wage system does not give the population with high solvency. Particularly, it relates to
employees of budget organizations. On the issue of compensation increase and the process of
reform of the wage system, there are different opinions in recent years.

For example, Bobkov, said: "Increasing the wage should be carried out in several stages, from
the social to the economic least, which corresponds to the level in countries with developed
economies." [6]

In our opinion, it is advisable to increase the tariff part of the payment, gradually bringing the
average tariff to the level of a living wage, the minimum consumer budget, and finally to the level
of a budget of high income.

METHODS

In our country, a new water management system, characterized by a rejection of the
excessively centralized management system, decentralization and adaptation of state influence on
the development of agricultural production to the needs of market relations.

Resolution of the President of the Republic of Uzbekistan has also determined that the wages
of all workers are set not below the tariff rate of the first level on the single tariff scale. This means
that none of the enterprises, institutions and organizations on the territory of the Republic of
Uzbekistan the size of the labor worker for fully worked monthly time rate of pay and work
commitments cannot be lower than the tariff rate of the first level on the single tariff scale, which is
now 679,330 soums (71,5 USD). This requirement applies to organizations of all forms of
ownership and types of economic activity. [7]

In the studied water management construction department Uzsuvqurilishtaminot used time-
based pay system.

Table 1. Monthly wage and the national management wage rank of workers Uzsuvqurilishtaminot (1

February 2020)
Job title? Rank Monthly Wage (usd®)
Chief 15 183
Deputy chief 15 - 5% 174
Head of Department 13 163
Chief Legal Advisor 12 154
Chief Specialist 11 144
Leading Specialist 10 135
Specialist of 1st category 9 125
Specialist of 2nd category 8 117

b1 usd = 9500 soum, CB rate for March 2020
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The budget also provides for a 15% fund for labor incentives, bonuses for high-quality and
timely work. The main form of wage in the organization is time-based wage.

Our analysis of staff composition by various criteria and the existing system of wage in the
"Uzsuvqurilishtaminot™ allowed us to find the advantages and disadvantages of this system of
payment. These figures we give in Table 2.

The disadvantages of the existing system of wage are dependent on the state budget, limiting
incentives and etc.

Table 2. Advantages and disadvantages of the applicable wage system Uzsuvqurilishtaminot

Disadvantages Advantages
Dependence on the state budget Stability
Restricting incentives Guaranty
Strict regulation by the state Social protection

No profit for experience
Not provided for overtime work

The main advantages are stability, guaranteed wage, social security. We believe that the
organization should use internal reserves of improving the wage system. If we strengthen efforts to
improve education and qualifications of employees of the organization, then it increases according
to their level, which will increase the fund of wage board. Improving the staffing table and
management of the system would save wage fund. The saved fund of wage board at the end of the
year can be used to distribute in the form of cash reward among employees of the organization.

In order to check the effectiveness of the wage system in Uzsuvqurilishtaminot, was
conducted a survey of employees of the organization.

Table 3. The results of a questionnaire survey of employees Uzsuvqurilishtaminot

Answers in percentage of the total number

Questions of employees
Yes No
Does the wage that you pay on your merits? 40% 60%
Are you doing your best at work? 70% 30%
Do you _have at work the people who get a 50 % 50 %
disproportionate high amount wage?
Is it necessary to raise qualifications and knowledge to 80% 20 %

get a good position and high wage?

As research shows, more than half of employees are confident that in the group there are those
who receive a wage which does not correspond to their skills and diligence.

Approximately the same number of respondents in this survey notice that they do not deserve
to be paid their wage.

However, many employees apparently are not going to change their style of work in line with
their wage. First, in their view, the employer must fulfill its obligations: to increase the salaries,
bonuses, or give career growth.
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Most of the respondents are sure that they give all the best to work. Surprisingly, a higher
percentage of honest workers who give their work a most effort - just among those who are
dissatisfied with their wage.

Perhaps with their hard work they want to meet a wage rise. The remaining 30%
"dissatisfied", apparently, do not try out of principle that there are no decent salaries - is not worth a
try.

Most of the respondents do not want to work at full strength due to the employer's failure to
fulfill their promises: bonus payments, wage increases, promotions, etc. The rest due to lack of
interest in the job.

Thus, the majority is sure that there are people in the team who receive too much. It is not
surprising that those who consider their own wage undeserved more often answered in the
affirmative to the question: “Do you have people at work who receive unreasonably much?” Most
likely, they referred to these people as well.

The most (70%) believes that a good place and high wage must be earned honestly, and are
ready to wait to gain the necessary knowledge and skills.

RESULT

According to the results of the conducted analysis of labor and wage system, as well as on the
results of a questionnaire survey of employees of the organization, revealed the following
shortcomings of the existing wage system in the Uzsuvqurilishtaminot:

1. The existing system of wage in the organization is not incentive-based, which significantly
affects the competitiveness of the organization.

2. The qualification level employees of the organization are very low: 25% - Bachelors of
Science, 0.5% - Masters. This fact also negatively affects the competitiveness of the organization.

3. Low wages and untimely payments. Low pay, also paid with a delay of 3-4 months, and
sometimes more, almost minimizes employee interest in production efficiency, which definitely
reduces their competitiveness.

In this regard, there is need to make sure that the rise of the economy and especially in the field
of material incentives. Guidelines Uzsuvqurilishtaminot should start with creating an effective wage
system and wage in the general system of stimulation of labor activity.

DISCUSSION

Based on the material worked out, experience in building the wage system of foreign
companies, scientific achievements of domestic specialists, we propose introducing a contractual
wage system in Uzsuvqurilishtaminot, systematically improving the qualifications of employees,
and providing for extra wage in by their qualifications.

Table 4. Problems and solutions of effective payment system formation

The problem in the formation of an effective

system of payment Uzsuvqurilishtaminot The proposed solution

The existing system of wage in the
organization is not incentive-based.

The qualification level employees of the
organization are very low: 25% - Bachelors Organization of staff development events
of science, 0.5% - Masters.

Introduce a contract pay system

The application of bonuses in accordance

Low wages. with the qualifications of employees
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Such a proposal is directly related to the problems identified in the analysis resulted in wage
system and the qualification level of workers' organizations. These include: the existing system of
wage in the organization is not incentive-based; low wages and lack of timeliness of its payment;
low wages, also paid with a delay of 3-4 months, and sometimes more, virtually minimizes
employee interest in production efficiency.

Contract - a special type of labor agreement. It makes possible to set up personal working
conditions, figure added responsibility for non-fulfillment of obligations by the parties, ensures the
effective use of the labor potential of workers, their professional abilities and skills. A characteristic
feature of the contract is its urgent nature. Its minimum period is not regulated by law, and the
maximum period cannot exceed 5 years.

To verify the qualifications of the hired employee, a trial period of up to 6 months may be
agreed. The contract is only in writing form of document: general provisions (who concludes a
contract with whom, its validity period, conditions for a trial period); the duties of the employee
(profession, specialty, qualification, labor functions, long-term tasks, etc.); the obligations of the
enterprise to create working conditions; salary, pay, compensation; working hours; rest time; social
services; social security benefits; liability of the parties for failure to fulfill obligations under the
contract.

It is possible to include in the contract such sections as ensuring confidentiality of
information, observance of trade secrets, extra incentives, conditions for retirement, conditions for
reviewing salary, etc.

Termination of the contract is allowed for when of its end or ahead of schedule in certain
circumstances (agreement of the parties, violation of the code of labor laws, liquidation of an
enterprise or unit, violation by the administration of the terms of the contract, illness or disability).

The contract salary is formed by the existing tariff system of pay and includes new provisions
for encouraging workers to high-performance, high-quality, professional labor activities. Its essence
lies in the employees of the enterprise are set a specific salary, which includes the base salary and
allowances to workers, specialists, managers.

CONCLUSIONS

In the new economic conditions, the role of allowances and bonuses to specialists for high
achievements in work, as well as for the performance of especially important and responsible work,
is increasing. The use of such allowances is advisable for the following reasons:

- At first, there is an opportunity to objectively evaluate the labor efforts of specific specialists
and to stimulate them to do complex and crucial work.

- Secondly, for specialists whose contribution to the results of work will be revealed by the
greatest, a higher payment is also provided.

- Thirdly, allowances are that element of specialists' salaries that allows them to
systematically adjust their pay, similar to an increase in the salaries of contractor workers in case of
fulfillment and overfulfillment of established production standards.

In addition, single payments may be made to an individual employee: for training; for work
on weekends and holidays in double size; for the performance of duties of an absent employee up to
30% of the salary of an absent employee; for anniversary dates related to work at the enterprise of a
particular employee - from half of salary and above.

Currently, the importance of work experience is increasing. The establishment of a
supplement for the length of service at the enterprise is aimed at making the employee interested in
working at the enterprise, reducing staff turnover and providing the company with people with
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extensive experience. Surcharge for work experience is set at 2% for each year of work at the
enterprise. It should be noted that recently recruited employees, incl. transferred to another
profession, within three months a salary is paid 15% lower than specified by the tariff agreement. If
for an employee a probationary set up period of more than three months, a reduced salary is
established for the entire period of the probationary period.

Also, 30% of the fixed salary is a variable part. It may be reduced or not paid in full,
depending on the results of the work as a whole, a separate structural unit, or directly a specific
employee. If the employee fails to fulfill his obligations stipulated by the individual labor contract
and job description or if the employee’s qualifications do not match, his contract salary may be
changed.

The proposed approach to improving the wage system is able to stimulate workers to highly
productive work. It is aimed at individualization of wages, which involves the payment of labor
directly for the results of the activities of a particular employee. Individualization of the employee’s
wages will allow to take into account both personal labor results and personal business qualities,
including qualifications, responsibility, creative initiative, speed and accuracy of decisions, and
certainly the quality of work.
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PA3ZBUTHUE CUCTEMbI GREEN BUILDING INFORMATION MODELING B
CTPOUTEJIBCTBE
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2Hayqun? PYKOBOOUmeNb, O0Y., KAHO. MeXH. HAYK, 0oy. kagedpst TOYC

Y2®uruan ®IBOY BO «Hayuonanvnoiti uccnedosamenvckuii Mockosckuil 20cyo0apcmeerHblll
cmpoumenvHblll yHusepcumemy 8 2. Muimuwu, Mockosckas obnacmo, 2. Muimuwu, Onumnutickuil
npocnekm, 0. 50

AHHOTaNUA

Ipeamer wuccaenoBanmsa: BHeapenue Green BIM B ctpourtensctBo U
pacrpocTpaHEeHHE JaHHOW TEXHOJOIMHM Ha TOJHBIM KM3HEHHBIH IMKJI OOBEKTa,
paccMOTpeHHe Npo0JIeMbl CO3JaHMsI CHUCTEMHOW HOPMATHUBHO-TIPABOBOWM 0a3bl s
nepexoa K «3ejIeHbIM» CTaH1apTaM.

Hean: BeisiBinenue npeumyniects Green BIM, akTyaabHOCTH TaHHOW TEXHOJIOTHH IS
Poccun, ananu3 HOpMaTUBHOW 0a3bl, MPUHATON AJs €€ BHEAPEHUs, a TaKXKe aHaJIu3
ONTUMHU3ALMU PECYpPCONIOTPEOICHUS U MUHUMHU3ALUU BO3JACHCTBUS HA OKPYXKAIOIIYIO
cpeny 0OObEKTOB CTPOUTENILCTBA.

Marepuanbl U1 MeToAbl: B craThbe BBINOJHEH aHAINW3 3KCHEPTHBIX TOUEK 3PEHUS U
HOpPMaTUBHOM 0a3bl, MpUHATOMN 11 BHeApenus Green BIM

PesyabTaThl: BbIABICHBI INpenMyliecTBa IpuMeHeHus BIM texHonmormid mis
MUHMMM3ALMU BO3ACHCTBUS Ha OKPYKAIOLIYIO Cpely OObEKTOB CTPOUTENBCTBA. 3AaHUS
WIN COOPYXKEHHUS C SKOJIOr0-d)KOHOMHUYECKOM TOUKM 3pEHUS MOIYT YK€ Ha JTale
IIPOEKTUPOBAHUS PACCMATPUBATHCS B KaueCTBE OOBEKTOB, SBJISIOIINXCS TOCTABLIIMKAMU
HEZ0POroro CTPOUTENBLHOIO CHIPbS MU MaTepUaloB, KOTOPbIE MOTYT UCIOJb30BaThCS B
U3TrOTOBJIEHUH HOBOM CTPOUTEIBHOM MPOAYKLNH, @ TAK)KE KaK NOTEHLIUAIbHBIE JJOHOPHI
BBIPAOOTKH TETIJIOBOW SHEPIHH.

BbiBoAbI: OCHOBHBIM HampaBjieHHeM B paboTe mo BHeapenuto Green BIM cnenyer
CUMTaTh COOTBETCTBYIOIIEE pa3BUTHE HOPMATUBHO-TEXHUYECKOW 0a3bl, a TaKxke
BHECEHUE U3MEHEHUH B IEHCTBYIOIIEE 3aKOHOAATEILCTBO.

BBEJIEHUE

B coBpeMeHHOM MHpe B CBSI3M C YXYIIICHHEM JKOJOTUYSCKOW CHUTYaIllMd W HCTOIICHUEM
MPUPOJHBIX PECYpPCOB C Ka)XAbIM IHEM pacTeT UHTepec K Oe30MacHbIM TEXHOJOTHsM. Takum
obpasom, B Poccun HabupaeT 000pOThl BHEPEHUE B CTPOUTEILCTBO TexHomoruu Green BIM [1].

Hecmotps Ha akTuBHOE Mcnonb3oBanue BIM texHomoruii, B Haleil cTpaHe HEIOOLEHEHA UX
3HAYUMOCTb, B JAHHOHN CTaThe pacCMaTPUBAIOTCS MEPCIIEKTUBBI BHeApeHus Texnonoruu Green BIM
B ITOBCEMECTHOE TI0JIb30BaHUE.

Ha pasnpIx sTanax mporecca MpoeKTUPOBAHUS MpeaaraeTcsi 00beIMHeHNE U MOAU(PUKAIUS
Pa3TMIHBIX (hakTopoB, 3aMKHYTBIH KT pecypcornoTpeOIeHus, WCIIOJIb30BAaHNE
9HEProcOeperaronx TEXHOJOTHH U CBEACHHE K MHHUMYMY BPEIHOTO BO3JEHCTBUS Ha
OKPYKAIOIIYIO CPEAY, UTO SBIISIETCS] aKTyaJIbHBIM BOIIPOCOM B HacTosiee Bpems [2].

C nomomsto BIM TexHonoruit ocymecTBisieTcss He TOJIbKO paboTa Hajg OOBEKTOM Ha JTare
MPOCKTHPOBAHMS, HO W B TEUYCHHE BCETO €ro JKU3HEHHOTO IMKJIa. OTO 3HAYUT, YTO
nH(OpMaIMOHHAST MOJIENb BKIIIOYAET B ce0sl CBEJICHUS IO IKCIUTyaTallud U JEMOHTAXYy 3/1aHUS WU
COOPYKCHHSI, & TAKXKE YIPABICHUIO YTHIIN3AIUEH OTXOIOB CTPOUTEILCTRA.

Opnolt m3 mpobiieM, KOTopas TpeOyeT ONepaTHBHOTO PEUICHHS, SBISETCS OOpa3oBaHHE
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OOJBIIOTO KOJMYECTBA OTXOJOB CTPOUTEIHCTBA M CHOCA, KOTOPHIE OKAa3bIBAIOT OTPUIIATEIHHOE
BO3JeiicTBHE Ha mpuponmy. st ee pemieHuss HEOOXOAWMO CO3JIaHUE CHCTEMBI, CIOCOOHOM
00eCreunTh MaKCUMAIIBHBI yPOBEHb PECYPCOCOCPEKECHHSI W BTOPUYHOTO HCIOIH30BAHUS
CTPOUTENLHOTO ChIPbsl U MATEPUAJIOB.

VY Hac B cTpaHe HET YETKHX 3aKPEIUICHHBIX HOPM, PEryJIUPYIONINX JaHHYIO cepy, U, XOTS B
MocJieJHee BpeMsl Hauajia BECTHCh aKTHBHasl JIeATEIbHOCTD, ITOKa3aTesIeM KOTOPOM CIYKUT U3AaHHe
HOBBIX 3aKOHOB U HOPM, IMOCJIEIHUE HECKOJIBKO JIET, BCE KE HE CYIIECTBYET YETKON CHUCTEeMaTHUKU
JIEHCTBUI U B3aUMOCBSI3H MEXTY CyOBbeKTamMu oTpaciu [3].

OB30P JIUTEPATYPbI

PazButne  TexHomoruii = WMHGOPMAIMOHHOTO  MOJEIMPOBAHUS  3[aHUU  SBIAETCS
BOCTpeOOBAHHOM cepoil NesTeNbHOCTH B HACTOsIIEE BPEMs, TaKXKe, BCE Yallle pacCMaTPUBACTCS
BJIMSIHUE BO3JAEHUCTBUSA 3JAHUN U COOPYKEHHI HA OKPYKAIOLILYIO CPENLY.

Hcxons u3 pabor B.B. TamamoBa [4] m napyrux aBTOpoB [5], MOXKHO CKaszaTh, YTO
akTyanusupoBaHHass BIM-monens, co3gaBaemas Ha 3Tare IMPOEKTUPOBAHMSI OOBEKTa HE TepsieT
CBOM ()yHKLIMOHAJ Ha BCEM MPOTSHKEHUU CTPOUTEIHLHOIO IpoLiecca U AKCIUTyaTal[|H.

Taxoke, oOparum BHUMaHue Ha uccienoBanus J. C. L[xoBpeboBa u aBTOpOB, HAa KOTOPHIX OH
ccbulaeTcst B cBoel crathe [6]. IIpobGnema sHepro- u pecypcocOepexxeHuss Haubosee akTyaabHON
npencrasisiercs B JKKX u crpourensHoM komiuiekce. B Poccun oHa m3ydeHa meHnee riay0oko u
pasHOCTOpOHHE 10 cpaBHeHUIo co crpaHamu EC, CHIA, SInonuu, a Takxe, pecypcocoeperaromme
Mepbl KpailHe MEJUIEHHO BHEAPSIOTCA B 0003HaYEHHBIX OTPACISAX SKOHOMUKH.

Ecnu oneHnBaTh COBpEMEHHBIN 3Tall pa3BUTHs CTPOUTENBHON oTpaciu PD, orMevaercs, 4To
B HACTOAIIEE BpeMs UCIONIb30BaHHEe BIM-TeXHONIOrMM OrpaHWyY€HO, OHO HE BBIXOJMT 3a PaMKH
CUCTEM aBTOMAaTU3MPOBAHHOIO NMPOEKTHUpOBaHusA. Hanpumep, HEKOTOpBIE HCCIEA0BATENN CUATAIOT,
yto B Poccuiickoit @enepanuu cucreMa ynpapieHusl KU3HEHHBIM LIMKJIOM CTPOUTEIBHOTO 00BEKTa
SIBJISICTCS COBOKYITHOCTBIO HE CBSI3aHHBIX MEXy COOON MoJCHCTEM

Tak, A.B. T'mH30ypr ykasplBaeT, «4YTO CHCTE€Ma YIPABICHUS >KU3HEHHBIM LHUKIOM
CTpouTesbHOro 0oobvekTa B P® npezacraiser coOoi pa3po3HEHHYIO COBOKYIHOCTH MOJICUCTEM, HE
CBSI3aHHBIX MEX]ly c000i1», U Ha TaHHBII MOMEHT UH()OPMAIIMOHHOE MOJEINPOBaHHE O0OBEKTOB HE
B CHJIax 00BEIMHUTD 3TH MOJCHCTEMBI. B pe3ynpTare He0OX0AMMO 00ECTIEUUTh UX MOJCPHHU3AIUIO
Y B3aUMHOE CyIIleCTBOBaHHUeE [7].

B nocnennee Bpemst B Poccumn otmedaercst noBellieHre uHTepeca k BIM-texHomorusm [8].
Bo3moxxHa opraHuzanus CHCTEMBbI YIPABIEHUS PECypcocOepeKeHUEM BO BpPEMs KU3HEHHOI'O
IUKJIa 00BEKTa HA OCHOBE MH(POPMALIMOHHOTO MOJIeIUpOoBaHus [9].

JLA. TpodumoBa u B.B. TpodumoB, mpUBOIAT CTAaTUCTUKY CYIIECTBEHHBIX 3((EKTOB,
JOCTUraeMbIX MpH nmomolnu ucnonb3oBanus BIM: «ua 10 % cokpaiiaercs CTOMMOCTh MPOEKTA 32
CYeT OOHapyXeHUs OMIMOOK M TMPOEKTHBIX CTOJIKHOBEHMI; Ha 7—15 % cokpamaroTcs Ccpoku
pean3anuy NMPOEKTOB; Ha 3 % MOBBIIIAETCA TOYHOCTH MPU pacuere cMmeT; Ha 80 % cokpaiaercs
BpeMs Ha UX pa3paboTky; Ha 30 % yMeHBIIAIOTCS OTXOABI M CTPOUTENbHBIN Opak» [10].

[IpoananusupoBaB JHUTEpaTypy HENb3sl CKa3aTb, 4YTO IPOLIECC BHEAPEHUS «3EIEHOTO»
MH(OPMALIMOHHOTO MOJIETMPOBAHUS HCCIEAOBAH U JaHHAs TEXHOJIOTHS HCIOJB3YETCsl B IOJTHON
Mmepe. IloaTomy HeoOXxomumo pa3paboTaThb CHUCTEMHBIM MOJIXOA B JTOH cdepe, 3aKpenuB
HE0OXO0/IMMBbIE aCIIEKThI Ha 3aKOHOAATEIbHOM YPOBHE.

MATEPHUAJIBI U METO/IbI

[Ipu moaroroBke CTaThu ObUI MPOBEJEH cOOp, aHAIM3 M CHCTEMAaTH3allds MaTepUalIoB U3
MHOKECTBA OMYOJIMKOBAHHBIX JIUTEPATypHBIX HCTOYHUKOB. lIpoananusupoBaHbl 3apyOexHbIE U
OTEYECTBEHHbIE TEKCTbI, HOPMAaTUBHbIE MPABOBBIE AKTbI, JOKYMEHTHl B 00JacTH (hOPMHPOBAHHUS
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MEPCIEKTUBHBIX HAMpABICHUH pa3BUTHS PecypcocOepeKeHUs, pPAlMOHAIBHOTO HCIIOIb30BaHUS
IPUPOJHBIX PECYPCOB, BOBJICUEHUSI BTOPUUHBIX PECYPCOB B XO3SICTBEHHBIN 000POT.

PE3YJIBTATBI UCCJIEJOBAHUS

Uro mpexacraBnsier u3 cebs Green BIM? JlaHHash TEXHOJOTHS TMO3BOJISIET COBMECTUTH
nH(OPMALIMOHHOE MOJICTUPOBAHUE COOPYKEHUH U SKOJOTHYECKH paIllMOHATbHOE IPOEKTHPOBAHKE.

B mnacrosiiiee Bpemsi BO3MOXKHO IMOYTH TOJHOCTBIO HMCKJIIOYUTh HETAaTUBHOE BIUSHUE HA
OKpPYKaIOIYI0 Cpeay IMpH CTPOUTEIHCTBE, MPH STOM B JalbHEWIIEM 3HAUYUTEIHHO YMEHbBIIUTH
pacxojibl, CBsI3aHHBIE C OOCIyXUBaHMEeM 31aHuUN. Eciam 4eTko W NpaBWIBHO HCHOJIB30BaTh
ctpareruto Green BIM, To BO3MOKHO BBIOPATh M3 Pa3IWYHBIX BApUAHTOB Hanbosiee 3 PEeKTUBHBIM.
Bompoc obecnieuenust KoMGOPTHOCTH CPE/Ibl TPEObIBAaHUS YEIOBEKA MOKHO TONMPOOOBATH PEUIUTh
Ha CTaJIMM pa3paObO0TKH MPOCKTHON JTOKYMEHTAIlUU 3a CUYET MUCIONIb30BaHus cTtparerun Geeen BIM.
OTO TO3BOJUT CHU3HTH CTOMMOCTh M COKPAaTUTh CPOKH CTPOHMTEIhCTBA O00OBEKTOB. Takxke, Ha
MPOTSHKEHUH JKU3HEHHOTO IUKIA 3JaHUS C TMOMOIIbI0 HWH(OPMALMOHHOW MOJAETU BO3MOXKHO
MOJIy4aTh JIOCTOBEPHYIO WH(MOPMAIIUIO O TIPOUCXOISIINX ¢ 00BEKTOM Tporieccax. Takum oOpazom,
Green BIM no3BoJsieT olieHUTh OOBEKT Ha JTF000M 3Tare rianupoBanus [11].

Hcnonbs3oBanue 3eMeHbIX TEXHOJIOTUHN MPU BO3BEJACHUU 3[aHUS WU COOPYKEHHS 3a4acTyIO
JIopoxke, 4eM ux orcyrctBue. OJHAKO, 3TO aMOPTU3HUPYETCSs B XOJA€ OJKCIUTyaTallud W, B
OOJIBIIMHCTBE CITYy4aeB, KOMIICHCUPYETCS B KPATKOCPOYHBIN TEPUOJ 32 CUST CHIDKCHHUS 3aTrpaT Ha
AKCIUTYaTaIUIO0, YTO MOJHOCTHIO OKYIAET PACXO/IbI 0 CPABHEHUIO C OOBIYHBIM CTPOUTEILCTBOM [6].
B mepcniekTBe MX NMPUMEHEHHE MOXKET CTaTh OYCHb I(P(EKTUBHBIM CPEICTBOM IS CHUKCHHS
ce0ecTOMMOCTH CTPOUTEIHLHOTO MPOU3BOJICTBA (puc. 1).

CroumocTb -“3eneHoe” 3naHune

A
@ - o6biuHOe 3naHKe

HayanbHas PocT cToMmMocTu ¢ yyeTom
CTOMMOCTb 3KCMyaTauuoHHbIX PacxoaoB
3naHus

>
=

Bpems

Puc. 1. 3aBUCMMOCTD CTOMMOCTH OOBEKTa C yYETOM JKCIUTyaTallul C UCIIOJIb30BAHUEM «3EJICHBIX)»

TEXHOJIOTHI CTPOUTENhCTBA U 0e3 Hux [11]

Hcnonb3ys maHHBIA MNOIXOA, MOXHO MNPETEHAOBaTh Ha TOJYYEHHE TaK Ha3bIBAEMOro
«3enenoro» ceptudukara: LEED, BREEAM, DGNB u T.11., B 3aBUCHMOCTH OT CTPaHbI, B KOTOPOit
MPOUCXOJUT BO3BEACHUE 3/ITaHUS WM COOPYKEHHS, UTO TA€T KOHKYPEHTHOE MPEUMYIIECTBO MEepeT
JPYTUMU OpraHU3alMsIMH, HE UCIIOJIb3YIOIIMMH JTaHHBIA MOJIX0/1 B cTpouTenbCcTBe. [1o cratuctuke
B MHpE CepTU(DUIIMPOBAHO, COTIACHO CYIIECTBYIOMMM cTaHaapTam, npuMmepHo 300000 3emeHbIX
3aHu#, B TO BpeMs Kak B Poccuu ceprudummponano Bcero okoso 200 u3 HuX.

[Ipoananm3upoBaB 3apyO€KHBIH OMBIT YIPABICHUS JHEPro- M PECypcocOEpeKeHHEM B
CTPOUTEILHOM KOMIUIEKCE, MOXKHO CYUTaTh ero 0a3oi [ans JajdbHEWIIuX pa3paboTok U
uccienoBanuii [12].
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Hama crpana B mocieHue rosl IpOsiBISET aKTHBHOCTD B ¢(epe «3eJI€HOI0 CTPOUTEIIHCTBAY.
BHueapstorcss  MexayHaponaHble  cTaHAapThl, NpuHATE  DexepanbHble  3aKkoHBI  «OO0
SHEProcOEpeeHUH M O TMOBBIIIEHUH OJHepreTuueckoi s3¢ddexruBHoctn» u  «TexHuueckuit
perinaMeHT 0e30MacHOCTH 3/1aHUM U coopyKeHui». Pa3paboTaHbl U UCIONB3YIOTCS HAllMOHAJIbHBIE
cucrembl ceprudukanmu: ['OCT P 54964-2012 «OueHka COOTBETCTBHUS. OKOJIOTHYECKUE
TpeOOBaHUS K OOBEKTaM HEABWKMMOCTH» KaK HAalMOHAJIbHBIA  CTaHJApT  «3€JIEHOI'0
crpourenscteay 1 CTO HOCTPOM 2.35.4-2011 «3eneHoe CTPOMTEILCTBO». 3aHHS JKUIbIE H
oOuiecTBeHHble. PeliTuHroBas cucreMa OLIEHKM YCTOWYMBOCTH cpeibl oOuTaHus». IlepBbiM
OTEYECTBCHHBIM <«BEJICHBIM» CTaHJIAPTOM CTPOUTENBCTBA SIBIISICTCS CHCTEMa cepTU(dUKaLuu
00BEKTOB HEIBIDKMMOCTH «3€JIEHbIC CTAaHAAPTHI» [6].

PazpaboTunku mporpaMMHOTO 00ECTIeYeHUsI aKTUBHO BHEIPSIIOT B MPAKTUKY MPHIIOKEHUS IO
pacuery PHepreTHYecKux napameTpoB o0bexToB. Hanbosee nomymnspaeiMu siBisitorest Navisworks,
Revit, TEKLA wu gpyrue. Taxxke co3man wuHTepHEeT pecype Green Building Studio,
OCYILIECTBISIONIMNA TOMOIIb MPOEKTUPOBLIMKAM B IOJy4YEeHHUM HH(POPMALUHU, HEOOXOAUMOW s
«3€JIEHOr0» CTPOUTEINILCTBA.

OnHuM U3 raBHBIX npeumyniecTB npuMmenenus Green BIM sBnsercst cHukeHue BIUSHUS Ha
OKPY>KAIOILYIO Cpelly, B TOM YHCIIE, 33 CUET CO3JaHMsI CHCTEMHOI'0O MOAX0Aa K YTUIM3AlUU OTX0/I0B
IIPU CTPOUTENIBCTBE, SKCIUTYaTalluu U CHOCE 3[aHUs WM COOPYKEHHUS.

CozaHue 4YeTKMX HOPMAaTUBHBIX MHHOBALMOHHBIX 0a3, perylMpymroliux JIaHHyo cdepy,
ABIISICTCA OJHOM W3 aKkTyalbHbIX Mpobisem. HeoOxoaumo pa3zpaboTaTh CHCTEMHBIH MOAXO],
KOTOPBIM IO3BOJIUT COKPAaTUTh OOBEMBI OTXOJOB NPU CTPOUTEILCTBE, NPU 3TOM MaKCUMAIbHO
obecrieunB pecypcocOepexeHre 1 MUHUMU3UPOBAB BO3/ICHCTBHE Ha OKPYKAIOLIYIO CPELy.

AKTyallbHbIE B HACTOSILIEE BPEMsl 3aJaud OINpezesieHbl B MPaBOBbIX akTax lIpaBurenbcTBa
P®, 3akperuieHbl B 3aKOHOAATENbCTBE MO OOPAIIEHUIO C OTXOJaMH, HOPMATHUBHBIX JOKYMEHTaX,
craggaprax, Hanpumep, MJIC 13-8.2000 «Konuemnuus oOpaiieHus ¢ TBEPAbIMU OBITOBBIMU
orxogamu», ['OCT P 54964-2012 «OneHka COOTBETCTBHUS. OKOJIOTHYECKHE TpeOOBaHUA K
oowekTam HeasuxuMocTuy, ['OCT 30772-2001 «PecypcocOepexenune. ObOpaiieHue ¢ 0TX0aaMu».
Tak, B pernoHax M KpyNHbIX MYHHLMOAIbHBIX 00pazoBaHMsX P® CymiecTBYIOT U MOCTOSHHO
OOHOBIISIFOTCSL  0a3bl JAaHHBIX NAcCHOPTOB HHEProd(p(HEeKTUBHOCTH OOBEKTOB, CO3/IaHHBIE B
COOTBETCTBUM ¢ TpeboBanueM PenepanbHoro 3akoHa Ne 261-d3 «OO0 sHeprocOepexeHUH U O
MOBBIIIEHUN  SHEPreTHueckord 3(PQPeKTUBHOCTH»; 0a3bl JAHHBIX TEXHUKO-IKOHOMHUYECKUX
NacTopTOB 3/1aHUI U COOPYKEHUH U Ipyrue HHPOpPMaLMOHHbIE pecypchl [9].

[lepcrieKTUBHBIMU SBIIAIOTCS pa3pabaThIBalOIIMECs KOMIUIEKCHl YIPaBJICHUS CHCTEMaMHU
oOpalleHnuss €O CTPOUTEIbHBIMH OTXOJaMH, BKIIOYAIOIIME KaK SKOJIOTHYECKYI OLIEHKY
BO3JICHCTBUSI OOBEKTOB Ha OKPYXKAIOIIYI0 Cpely, TaK M IKOHOMUYECKYI0. Takke HeoOXOAMMBbI
COBpEMEHHBbIE HayuyHble uieu, 4yeM u sasuserca Green BIM, kotopble MO3BOJAT AaTh TOTYOK
NepecTpoike M MOJEPHHM3ALMN HHAYCTPUU IEepepabOTKU OTXOJOB M ONTHMHU3ALMU IPOLECCOB
00E3BpEe)KUBAHUSI  OTXOJOB C  y4e€TOM TpeOOBaHUIM  SKOJOrMYecKod Oe30macHOCTH U
5HEProd(hPEeKTUBHOCTH, a TAK)KE IKOHOMUYECKOH 0OOCHOBAHHOCTH [6].

BbBIBO/IbI

Pestomupys nanHyro paboty, HEOOXOIUMO OTMETHTh, uTo BHeApeHue Green BIM, yunteiBas
CKJIQJIBIBAIONIYIOCS SKOJIOTHYECKYIO CUTYAIUI0 B MUPE, HEOOXOIUMO ITOBCEMECTHO.

Ha cerogusiminuii nens BHenpenue BIM, kak u Green BIM HaxoauTcst Ha Ha4aJlbHOM JTare,
JI0 TIOJTHOIICHHOTO OCBOEHHS JAHHBIX TEXHOJIOTHHA, MPEJIOJarafollero MCIoJIb30BaHUE BCEX €€
acTeKToB, MOXkeT mpoitu 5-10 et u Gonee. Takoil BBIBOJ MOXHO CIENaTh UCXOJS U3 OICHKU
pa3paboOTKKM M 3amycka HOBBIX MPOTPAMMHBIX KOMILUIEKCOB. J[0 HAcTOSIIEro MOMEHTa TOKa He
CYIIECTBYET MPOTPAMMBI TTO3BOJISIOIICH MOTHOCTBHIO OCYIIECTBIATh co3nanue Building Information
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Model, HecMOTpsi Ha aKTUBHOE MMO3UIIMOHUPOBAHNE HEKOTOPBIX U3 HUX KakK «true BIM», Ha TaHHBIH
MOMEHT 9TO CKOPEE MOKHO OLICHUBATH KAK XOPOIIYI0 MAPKETHHIOBYIO KaMIIAHMIO.

Eciu rosoputs 0 BIM B skcrulyatanuu, CHOCE M YTHUIM3ALMU OTXOJOB CTPOMUTENILCTBA, TO
HE00X0AUMO MOHHMMAaTh, YTO 3TO B OOJbIIEH CTENEHH IOKa TEOpHsl, KOTOpas HE BOIUIOTUIACH B
TEXHOJIOTUH U TPeOYEeT CUCTEMHOTO MOIX0a, MHBECTUIINH, NCCIEIOBAaHUN 1 TPOPAOOTKH.

B Poccunm B 5TOM HampaBlICHMHM CYIIECTBYET MHOXKECTBO IIEPCIEKTHBHBIX KOMIIAHHM,
paboTtaromx ¢ pa3pabOTKOW KOMIUIEKCOB MpOTrpaMM JJsi OTpaciud. Y  OTCYECTBEHHBIX
pa3pabOTYMKOB CYILECTBYET OIPOMHBIM IOTEHLMAN, Ul pealn3alud KOTOpPOro HeoO0Xoauma
MOJIEP>)KKa CO CTOPOHBI TOCYJapCTBa, W B JIAHHOM BOIPOCE pedb HE TOJBKO O (PMHAHCOBOU
CTOPOHE, HO ¥ CO3JIaHMM OpPraHU30BaHHOW HOPMATUBHOM 0a3bl YETKO PErylaMeHTUPYIOIIEH JaHHbIHI
BUJI JIEATEIILHOCTH, YTO MO3BOJUT HanOosee 3(P(PEKTUBHO PEaTU30BBIBATh MPOEKTHI MO CO3/IaHUI0
COBPEMEHHBIX 3[aHUI, OTBEUAIOIIUX BEIYIIIMM MUPOBBIM CTaHAapTam [6].
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Abstract

The analysis of the current state of the Russian economy proved, that there were
prerequisites for syndicated lending to become an instrument of project financing in
Russia, including the need for the considerable resources excessive for one bank, the
rule of the large credit (limit on one borrower or a group of borrowers, high credit
scratches when crediting the real sector of economy). Nowadays the syndicated lending
is developed in Russia insufficiently, there are some problems, constraining its
development, but the analysis proves, that these problems are solvable. The authors of
this article offered considered the matters of the development of Russian market of
syndicated loans.

The article is devoted to the prospects of using syndicated lending in Russia as a new
tool for project financing. Syndicated lending is widely used in foreign countries and it
is very successful. Unfortunately, it is still not developed enough in Russia, and as a
result, it is an important direction for studying and analyzing its implementation in the
system of project financing of our country.

The purpose of this study is to consider some possible ways to implement the
syndicated lending tool and its application in public-and-private partnership (PPP)
projects in the current system of project financing in the Russian Federation.

The authors carry out their analysis based on the application of general scientific
methods and techniques: scientific abstraction, modeling, analysis and synthesis,
comparison, system-structural approach to the analysis of the subject of research, etc.
The analysis was based on the statistical and other data from the Bank of Russia and
Russian commercial banks, analytical companies, and publications in foreign
periodicals.

Analysis of the Russian syndicated lending market proves that most loans are provided
in foreign currency, and foreign banks hold the leading positions. The syndicated
lending seems to solve the key tasks, that the PPP project sets for its participants,
successfully.

The analysis of the current state of the Russian economy has proved that the country has
the prerequisites for establishing it as the project financing tool, including: the need for
significant resources that are beyond the capacity of a single Bank, the rules for large
loans (the limit on one borrower or a group of borrowers, high credit risks when lending
to the real economy). Nowadays syndicated lending is not developed enough in Russia,
there are some problems on the way to its development, but the analysis proves that
these problems are solvable. The authors of this article propose the main tasks that are
to be solved for the development of the Russian syndicated loan market.
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INTRODUCTION
Syndicated credit as the main tool for financing project transactions, its competitiveness, and
the potential for using the project financing factory mechanism are the issues of active discussion.
Syndication is the basis for project financing (Figure 1) and in this regard can be a driver of
support and development of the key sectors of the Russian economy.

From business idea
Businessidea to business plan [ Structuring ] Financing

Projectinitiator Competence centre Structuring centre Monitoring centre

Search for projects: | - |ndustry expertise, | -Asingle - Project monitoring,
- Russian State - Marketing analysis, information field - Monitoring
Development ~ Business plan with projectdata, markets,
Corporation, - Technological and - Optimal funding - Achieving targets,
- Certified price audit, structure, - Updating the
managers, Financial model, - Support measure, financial model and
- Commercial bank | _  Risks evaluation - Documentation for business plan,
transactions - Operational

control,

- Providing investors
with the access to
information
resources with data
on project
implementation

Making a decision to Structuring of Project management
include the projectin | financing, decision- at all the stages of
the "financing making on the its lifecycle
factory" together project pool of
with potential investors
investors

Fig. 1. The factory model of project financing

Syndicated lending is the form of leveraged financing that is actively used by developed
financial markets. Its main feature is the ability to combine the investment opportunities of several
lenders, mainly banks, in order to meet the needs of a single borrower. Syndicated lending can be
used to finance the current activities of an organization, but it is primarily intended to solve the
problems of large-scale and long-term investment projects. However, despite many positive
features, syndicated lending is developed and widespread nonuniformly in the world; that is
presented in figure 2.

9%

19% "W

26%

= North America = Europe Asia = Rest of the world

Fig. 2. Structure of syndicated lending widespread in the world

It has not yet found widespread use in Russia.

The relevance, but insufficient scientific and practical development of the issues of syndicated
lending in Russia determined the choice, purpose and objectives of the work carried out by the
authors.

LITERATURE REVIEW

The study of syndicated lending, identifying the reasons for its weak development and
obstacles to this type of lending in Russia is considered in the works by Gromkovsky V. V.,
Zhemchugov A., Matovnikov M., Mehryakova V. D., Pivkova R. V., Sukhushina G. V., Titov D.
A., Dovgyallo M. V. and others, but in fact there are not enough works that would give
recommendations on the organization of syndicated loans that meet the conditions prevailing in
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Russia, and would give forecasts for the development of this instrument of project financing.

MATERIALS AND METHODS

While preparing the work, the authors used general scientific methods and techniques:
scientific abstraction, modeling, analysis and synthesis, comparison, system-and-structural approach
to the analysis of the subject of research, etc. The analysis was based on statistical and other data of
the Bank of Russia and Russian commercial banks; and analytical companies, publications in
foreign periodicals, including analytical reviews of independent research companies; materials of
reports made at banking seminars and conferences on lending, including syndicated lending.

RESULTS

We will try to evaluate the advantages of using syndicated lending in public-and-private
partnership (PPP) projects. The topic is particularly relevant in the light of consideration of the draft
law on syndicated lending, which should regulate the interaction of all the participants in this
transaction.

Certainly, combining the capital of syndicate member banks is the main advantage of this
form: equity participation in the loan allows to share credit risks. Taking into account, that the level
of risk is one of the main factors affecting the amount of funding provided, risk sharing will allow
to finance a project jointly thogh that would be difficult for one bank. Therefore, syndicated lending
is also interesting for small banks that do not have the experience or ability to finance large projects
independently [1].

In addition to the risks, syndicate members can share the costs associated with providing
financing (checking the applicant for a loan, preparing documents, etc.), as well as facilitate
interaction with the borrower regarding the procedure for repayment of debt and the possibilities of
its restructuring.

Syndicated lending is also beneficial to the borrower. The range of potential creditors is
expanding significantly: a small number of the largest banks can finance expensive projects alone,
and any banks, even small ones, can participate in the syndicate in various shares. A syndicated
loan makes it possible to attract a significant amount of funds at one time for a long period of time/
That allows, for example, to implement investment measures quickly. In some cases, syndicated
lending can also help reduce the cost of credit by reducing the credit risks and costs of banks [2].

Participation in syndicated lending is also a good move from the marketing point of view.
Financing a large project has a positive impact on any bank's rating, syndicate participants get a
unique experience, and attracting a significant amount of funds can be a good advertisement for the
project for the borrower.

Syndicated lending is well developed abroad. Traditionally, the US is the leader in this field.
For Russia, the participation of banks in syndicates is not a regular practice, by the end of 2016, the
volume of transactions on the Russian market was less than 0.3% of the global syndicated lending
market [3].

In contrast to the foreign market, Russia is characterized by the so-called club nature of
syndicated lending; a small number of banks, usually major players in the market, participate in the
syndicate. For example, ASK LLC was granted a loan by a syndicate of Gazprombank, Sberbank
and the Eurasian Development Bank to finance the concession for the third launch complex of the
central ring road. The relatively short loan term of 5-10 years is also a significant difference from
foreign practice [4, 5].

Syndicated credit is usually provided to exporting companies, with the primary purpose of
providing refinancing. Examples are loans raised in 2017 by Metallinvest» company, RUSAL PIs
and JSC SUEK. Financing of specific projects, especially those implemented in the field of PPP, by
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attracting syndicated loans is quite rare, especially after the global economic crisis of 2008; the case
of ACK LLC is rather an exception than a rule [3, 6].

Nowadays, the largest volumes of syndicated loans in Russia are attracted to the oil and gas
industry, chemical and petrochemical industry, mining and non-ferrous metallurgy (Fig. 3). This
fact is not surprising due to the raw material orientation of the domestic economy [1].

Chemical and petrochemical industry 9296
Mining industry
Non-ferrous metallurgy

Energy
Banks

Communications and telecommunications

Transport [N 2617+

Pulp and paper industry JE—1308———— |
Ferrous metallurgy

Financial institutions
Construction and development

Information and high technologies

Engineering ] |

0 5000 10000

Fig. 3. Syndicated lending to domestic borrowers in 2016-2019, USD million

The need for investment in the PPP market currently exceeds their supply. Many initiatives
still exist "on paper" due to the lack of interested investors, who are concerned about the risks
inherent in long-term infrastructure projects.

Analysis of the Russian syndicated lending market proves that most loans are provided in
foreign currency, and foreign banks hold the leading positions. This situation has developed due to
a number of objective factors:

- foreign financial institutions have a high capitalization, ten times higher than the
capitalization of Russian banks;

- they have many years of experience in conducting syndicated lending operations by foreign
banks;

- foreign organizers have an excellent reputation that attracts first-class borrowers [7].

The reason for the low popularity of syndicated lending in Russia is the lack of regulatory
regulation. This means that the participants in the transaction lack legal certainty on many important
issues, for example: how to build relationships within the syndicate; in what order to make
decisions and interact with the borrower, public authorities, and security providers; how to make the
assignment of claims and transfer of debt in accordance with the interests of both the borrower and
other syndicate participants, and so on. Changes in the legislation also create risks for the borrower,
who receives less protection in the event of any change of syndicate members, as well as in other
matters of interaction with creditors. The legal status of other persons involved in legal relations for
the provision of syndicated credit (agent, organizer, collateral manager, etc.) is not also defined
sufficiently. [8]

The lack of regulation hinders, among other things, the development of standardized
documentation for syndicated lending: the Loan Market Association (LMA) documentation
standard used in world practice cannot be applied directly, and its adaptation to each individual
transaction increases the level of uncertainty [9].

It is also important to develop common approaches and rules for syndicated lending in the
banking community. This can be facilitated by holding conferences under the auspices of the
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Association of Russian banks, where participants would share their experience in organizing
consortium financing. This would be similar to how the Loan Market Association plays an
important role in supporting the syndicated lending market abroad. The Association collects and
distributes information among its members about newly concluded syndicated loans, interest rates
on all loans in the primary and secondary markets, which are members of the Association banks.
Analytical works on the market situation, its trends, a list of existing loans and their description are
published. We can also find a standard package of documentation for syndicated loans prepared in
accordance with English law, which is most commonly used in the syndicated loan market in
Europe, on the Association's website [7].

The system for working with syndicated loans can be implemented according to the scheme
presented in figure 4.
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Fig. 4. Syndicate management model

Through the active use of various market instruments, including syndicated lending
mechanisms, funds flow into the country's economy, which contributes to the implementation of
large-scale projects.

It is assumed that the main participants in syndicated lending will be credit organizations, the
Bank of Russia, Vnesheconombank, foreign banks and other foreign credit organizations, and
international financial organizations.

The contractual relations of the participants in the syndicated loan transaction are confirmed
by the set of documents: the agreement among the syndicate participants on credit consolidation,
the agreement on syndicated loan organization, the agreement on syndicated loan rights
management, and the agreement on collateral management. All these agreements can also be
combined (except for the syndicated loan agreement) [10].

It seems that syndicated lending can successfully solve the key tasks that the PPP project sets
for its participants:

* combining the capital of several banks allows to attract a significant amount of funds
sufficient for the creation or reconstruction of infrastructure simultaneously, without delays;

* risks associated with the delayed emergence of stable cash flow or possible default of the
private partner are distributed among the syndicate participants, which mitigates their impact on the
ability to issue a loan;
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* the prospect of attracting serious investors has a positive impact on the level of project
preparation: the quality of documentation, financial modeling is improved, all the necessary
procedures are followed, which ultimately benefits infrastructure consumers;

* there is an opportunity to participate in PPP projects of small banks, which get a chance to
learn from other participants of the transaction the experience of investing in PPP, the lack of which
prevented them from entering this market segment earlier [11, 12, 13, 14].

CONCLUSIONS

The syndicated loan mechanism has huge potential for both lenders and borrowers. Project
financing is provided by the syndicate as a whole, which allows you to find investors even for
projects with a long payback period. Activation of syndicated lending could contribute to the
modernization of infrastructure. The basic principles of this instrument to put the level of risk
dependent on the amount of funding and the flexibility of interaction of participants make real
participation in major PPP projects of credit institutions which the market was previously closed.

The analysis of the current state of the Russian economy has proved that our country has the
prerequisites for establishing it as a project financing tool: the need for significant resources that are
beyond the capacity of a single Bank, the rules for large loans (a limit on one borrower or a group
of borrowers, high credit risks when lending to the real economy).

Nowadays syndicated lending is not developed enough in Russia, there are some problems on
the way of its development, but the analysis shows that the problems experienced by it are solvable.
The following main tasks should be solved for the development of the Russian syndicated loan
market:

1) ensuring the regulatory framework in the field of syndicated lending, which will have a
positive impact on the practice of using the tool, including in the implementation of infrastructure
projects;

2) promoting effective transformation of savings into investments and creating investment
market infrastructure;

3) provision of state guarantees for syndicated projects as an innovative component of the
banking services market;

4) development of technology for active support of the market.
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PA3BUTHUE T'OCYJAPCTBEHHO-YACTHOI'O TAPTHEPCTBA B ABTOJOPOXKHOM
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AHHOTAIMSA: HACTOsILEE HCCIEeI0BaHUE MOCBSIIEHO TaKUM BOIIPOCaM, KakK Iepexoj K
roCy/lapCTBEHHO-4aCTHOMY IIapTHEPCTBY B  aBTOJOPOKHOM CTpOUTENbCTBE. B
HACTOsIIlee BpeMsl rOCy1apCTBEHHO-YaCTHBIE APTHEPCTBA SIBJIAIOTCS TAKUM pEIICHUEM
CHCTEMHBIX MPOOJIEM B pPa3BUTHHU JOPOXKHOTO CEKTOpa, B KOTOPOM POCCHICKas
PKOHOMHMKA JaBHO HyJaercs. Tak, MOXHO cKa3aTb, YTO IPOEKTHl Pa3BUTHS
UHOPACTPYKTYPHI TPEOYIOT OTPOMHBIX MHBECTHIIMN H, B PE3yJbTaTe Yero, 3TO BEJET K
TOMY, YTO OJHHUMH TOJBKO OIOJUKETHBIMU CPEICTBAMU 3Ty MpOOJIeMy HE PEIUTh.
Heobxoaumo Oojiee aKTMBHO HCIOJB30BaTh MOTEHLIUAI TOCYAApPCTBEHHO-YACTHOTO
NapTHEPCTBA, CO3/1aBaTh YCJIOBMS Il MPUBJICUEHUS 3a€MHBIX CPEICTB Ha JUIUTENIbHBIE
CPOKH.

B HacTosmmii neproa BpeMeHH, B a0COIIOTHO BCEM OOIIECTBE POJIb FOCYIapCTBEHHBIX,
MYHMLIMIAJIBHBIX W OpPraHOB MECTHOIO CaMOYNpaBJI€HUS B XOJA€ IPOLECCOB
IUTAHUPOBAHMS, IPOEKTUPOBAHUA, (buHaHCUPOBAHUS U obecrieyeHus
(YHKIMOHUPOBAHUSL TPAHCIIOPTHON CETH M MH(MPACTPYKTYPHI MMEET MEPBOCTEIIEHHOE
3HayeHue. OHOM M3 OCHOBHBIX IMPOOJIEM Ipolecca YIpaBieHHUsl aBTOTPAHCIOPTHOM
MHPPACTPYKTYPOH B HACTOSIIIUI IEPUO]] BPEMEHH SBIISICTCS HEXBATKa MyHHIIUTTIAIBHBIX
CPEACTB Ha CTPOUTENILCTBO, MOJIEPHU3ALIMIO U COXPAHEHUE WM PEMOHT TPAHCHOPTHBIX
cereil. B ciydae, eciau morpy3utbcs B MUPOBYIO MPAKTUKY, TO MOKHO OTMETUTb, YTO
IIPaBUTENIBCTBA KPYIHBIX JIE€P/KAaB CKOHIIEHTPUPOBAIM CBOK 3aMHTEPECOBAHHOCTH B
MEeXaHu3Me, KOTOpbIi  oOecreyuBaeT  3aMHTEPECOBAHHOCTh B IOJJIEPIKKE
BCIIOMOTATEJIbHBIX HMHBECTULUN KOMMEPYECKOIO CEKTOpa, I'OCYJapCTBEHHO-YACTHOTO
naptaepctsa (I'1IT).

KiroueBblie cj10Ba: rocyapCTBEHHO-YaCTHOE APTHEPCTBO, MEXaHU3M, OU3HEC-CEKTOP,
aBTOZOPOT'H, TPAHCIIOPTHAsI UH(PACTPYKTYpa.

BBEJIEHUE

AHanu3 COBPEMEHHBIX TEHJCHIMH M HpoOsieM, CBSI3aHHBIX C Pa3BUTHEM TPAHCIIOPTHOMN
MHPACTPYKTYPHI aBTO0POXKHOTO KOMIUIEKCa, OCBellleH B paboTax ['acunosa B.B., 'arapuna I1.A.,
I'pebennuxoBa B.A., I'puniko E.B., lensmon /l. [1, 2, 3, 4, 7] u moKa3bIBaeT, YTO OHU CTAHOBSTCS
YCTOMYMBBIMH W TpeOYyIOT KOMIUJIEKCHOTO MojaXoAa K pemeHuto. CeromHs MpOTSKEHHOCTh
aBTOMOOWIIbHBIX JTopor B Poccuiickoit Deaepannu coctasisieT 1 666 369,1 kM.

W3 HUX aBTOMOOMIIBHBIE JOPOTH OOILIETro Mojb30BaHUs cocTaBsAOT 90,5%. IIpakTudyecku BO
Bcex cyObekTax PD momst aBTOMOOMIIBHBIX JOPOT OOIIETO TOJIb30BAHUS HAXOAUTCS B JUANa3oHe 75
— 98%. HckmoueHneM sBusieTcss XaHTbI-MaHCHNWCKMM aBTOHOMHBIN OKpYTr (NIPOTSKEHHOCTH
aBTOJOPOT 00IIero mob30BaHus - 23,9% OT MPOTSHKEHHOCTH BCEX aBTOAOpOr), SMano-Henerkmii
aBTOHOMHBIN OKPYT (23,9%), Pecnyonuka Komu (63,1%), 4To CBSI3aHO C TMPHHAJICKHOCTHIO
MacITaOHBIX CETEH aBTOJOPOT PETHOHOB HE(PTEAOOBIBAIOIIUM KOMIAHUSAM, O00€CIIeUHBAIOIINX
nepeBIKEHNE aBTOTPAHCIIOPTa MEXTy HEPTETIPOMBICIOBBIMU 00BbekTamu [9, 11].
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Jnsa aHanmu3a kadecTBa  aBTOJOPOKHOrO cexkropa P®  HCHoNb3yroT — IOKa3aTelb
MPOTSHKEHHOCTH  JIOPOT, MMEIOLIMX TBEpJoe MNOKpeITHE. B Hacrosmee Bpemsi B Poccuiickoi
®denepanuu TaHHBIN oka3zaTenb 0koso 70% ot oliel mpoTsKeHHOCTH aBToAopor B Poccun.

CraTucTuka J0Ka3bIBa€T, YTO CETOJHSA COCTOSIHHME MOKPBHITHS OeCIUIaTHBIX aBTOAOPOr B
Poccun HEe cooTBEeTCTBYeT HEOOXOAMMBIM TpeOoBaHusM. Tak ecnmu B MOCKBE MPOTSKEHHOCTH
aBTOJIOPOT C TBEPABIM MOKpBITHEM cocTaBisieT 99,8% or olmiell NMpoTsHKEHHOCTH aBTOIOPOT B
peruone, To, Harpumep, Pecriydnuka Caxa obecniedena umu numb Ha 32%, a Uykorckuit AO — Ha
42%. menHo nostomy, nocneanue rojasl B Ctpateruto pazsutusi PO perynsipHO BXOIUT pase 1o
YIIYYIICHUIO TPAHCIIOPTHBIX ITyTEH U MarucTpasiei.

MATEPHUAJIBI U METO/bI

Jns peanuzanuu pazaena «PeKOHCTpYKIMS TpaHCHOPTHBIX NyTei» Ctpareruu pa3Butus PO
10 2030 rozxa TpeOyIOTCS JONOIHUTENbHbIC 3HAYUTEIbHBIC (PMHAHCOBHIE BIIOKEHUS, HE TOBOPS yiKe
0 TOM, YTO 00BEM OFOJKETHBIX PECYPCOB, BBIIEJICHHBIX Ha Pacxojbl B chepe TPaHCHOPTHOTO U
JIOPOKHOTO XO3SIMCTBA, COCTaBISIET Oosiee 2,5 TpaH pyOsieit mo pesynbTaTaM aHaIUTHKOB Ha 2018
roZ. CamMbIM TOCTYIHBIM CIIOCOOOM MOKPBITh HEOOXOUMbBIE PACXO/Ibl CETOHS SBISETCS aKTUBHOE
ucnons3zoBanue ['YII.

Hampumep, ucnonbp3oBaHue Tpacc OOIIEro MOJIb30BAHUA MOXKET HEraTMBHO CKa3aThCs Ha
TEXHUYECKOM COCTOSIHUM MAIllMH, KaK OOBIYHBIX OOBIBAaTENeH, TaK M BOJUTENICH HAIbHOOOMHBIX
¢byp. B pesynabTate BTOPHIM MPUXOIUTCS, BO M30€KaHHE MOTEPU BPEMEHU U YBEITUYEHHUS CPOKa
JIOCTaBKH, MpUOEraTh K MCIOJIb30BAaHUIO IUIATHBIX JOPOT, co3AaHHbIX Ha ocHoBe I'UIl, n3-3a yero y
JalbHOOOMIIIMKOB MOTYT TOSBUTHCS He3allJIaHMpOBaHHBIE pacxonabl. [IponoxuB peiic udepes
IUIATHYK0 JOpOry, a He MO0 OOBE3JHOMY MAapLIpyTy, MOXHO COKpPaTUTb BpeMs B IYTH
NpUOIM3UTENBHO B 2 pa3a, YTO HEMOCPEICTBEHHO IMOJIOKUTEIBHO OTPAa3UTCs Ha JKOHOMUU
JIOPOTOCTOSIIIIETO TOIUIMBA. XOTSA B 3TOM Ciiydae M30€KaTh JIOMOJIHUTEIBHBIX H3JEPKEeK OyaeT
CII0)KHO, TaK KaK B JIaHHOW CUTyallMd He M30eXaTh MPOCTOEB TPAHCIOPTHOTO CPEACTBA B CBSI3U C
€ro TMOCHENIHBIM MPUOBITHEM K MYHKTY Ha3zHaueHus. Ho, Be3e ecTh CBOM IUTIOCHI M MHUHYCHI U
KOKIbIA OyIeT caM HUCXOIWTh W3 CBOMX COOCTBEHHBIX PAacu€TOB M ONTUMANBHBIX ISl HETO
pemienuii [10, 12].

Bbecniepeboitnoe (yHKIIMOHHpOBAHHE TPAHCIOPTHONW OTpacid U JOPONKHOTO KOMILJIEKCa
SIBJISIETCSL OJJHUM M3 OCHOBHBIX YCJIOBUHM TpaHC(OpMaIMd pOCCUHUCKONW PKOHOMHKH M TTOBBIIICHUS
KauecTBa KU3HU HaceneHus. Ho roBoputh 00 sToM moka emé ciaumkoMm pano. Pazsutue ['UII
TOJIBKO HAUWHAETCS, U MEPBbI€ KPYIHBIE, NEHCTBUTENBHO JTOCTOMHBIE M KOTOphIE OyAyT BCEM IO
HpaBy MPOEKTH BO3MOKHO Oy/ET YBUAETh TONbKO B Ommkaiiiue 5 net. K mpumepy, ouH U3 Takux
poekToB — 3T0 CeBepHbIil 1y0nép KyryzoBckoro mpocnekta B MockBe, KOTOPBIN CTaHET MEPBOM B
ropo/ie TIIaTHOM Tpaccol, MpoTsKeHHOCThIO 11 kumomeTpoB u OyaeT cnad B koHIe 2021 roaa.

CoBpemeHHbIE peanuu BHenpeHHs U ucnonb3oBanus [UIl B mpakTtuke B3aumMoIeicTBHS
TOCY/IapCTBEHHBIX M YAaCTHBIX KOMIAHHWA TpH pealu3allid MPOEKTOB B TPAHCIOPTHOW cdepe
ocoboe BHUMaHHE OOpaIlaloT Ha SKOHOMHUYECKHH (DaKTOp OCYIIECTBIIEHHS JAHHOTO allbsSHCA.
CronmocTh TOJOOHBIX MPOEKTOB CTOJIb BBHICOKA, YTO peaTu3alis MX MPaKTHYECKH HEBO3MOXKHA.
EnuncTBEeHHBIN €cTOCO0 yIOBIETBOPUTH MOTPEOHOCTH MPOTPAMMBI Pa3BUTHSI HHPPACTPYKTYPHOTO
CEeKTOpa B YaCTH CO3JAaHMUS HOBBIX M PEKOHCTPYKLHU CTapbIX JOPOXKHBIX OOBEKTOB CBS3aH C
MCIOJIb30BaHUEM CHUCTEMHOro nojxoaa. C 3Toil 1enpio Bce MPOEKThI TOJKHBI pacCMaTpUBAThHCS B
paMkax mopTdens IPOEKTOB, peaTH3yeMbIX COTJIACHO IENSIM U 3aJa4aM TPAHCTIOPTHOW OTpaciu Ha
JIOJITOCPOYHYIO TEepCIeKTHBY [4].
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PE3YJBbTATbBI UCCJIIEAOBAHUA

BrickazaHHOe TPENNoNIOKeHHEe MOXXHO C(hOpMYyIHMpPOBAaTh Kak THUIOTE3Yy: pelIeHue
CTpaTerMyecKux 3aj7iad cTpaHbl ¢ nmoMolibto ['UII mo3BOJIMT TOCYyIapCTBY YCKOPUTH peaiu3alluio
MHBECTUIIMOHHBIX U CTPOUTEIIBHBIX IPOEKTOB B TPAHCIIOPTHOM CEKTOPE, TOCTUYD MTOJIOKUTEIBHOTO
OFO/PKETHOTO PA3BUTHUSI PETUOHOB M JOOUTHCS BBICOKOTO COIMATBHO-IKOHOMHYECKOTO 3 (deKTa,
nuBepcU(PUKAIIN PUCKOB, MPUBICUYECHUS WHTEIUICKTYaJbHOTO M YIPaBIECHYECKOrO KamuTajga W3
OW3HEC-CeKTOpa ISl YIPABJICHUS MPOSKTAMU, a TAaKKe JJIsi SKOHOMHH OIOJKeTa MO pe3ylibTaTaM
CHeIMaIu3UPOBAaHHBIX SKCIIEPTHHIX padoT [1, 7, 8].

[ToaroMy, s paBWIBHOM peanu3aluy MPOEKTOB TOCYJAPCTBEHHBIE U YAaCTHBIE KOMITAHUU
JOJKHBI PEUIUTh TaKhe MPOOJIEMBbI, KaK:

e nmpoOenbl B CYIIECTBYIONIEM 3aKOHOJATEIBCTBE - HEAOCTATOK IPAaBONMPUMEHHUTEIHHOU
MPAKTHUKU;

® HErOTOBHOCTb I'OCCEKTOPA K NapTHEPCKUM OTHOILLEHUSAM U peanu3auuu npoexkros I'UII;

o eUIUT KBATU(PUITUPOBAHHBIX KaJPOB;

® HEMOJIHAs TOTOBHOCTh YAaCTHOI'O MapTHEpPa K peaIu3aluy NPOEKTOB, BOCIIPUITUE TPOEKTOB
['YII xak kpaiiHE pUCKOBAHHBIX C HU3KOM JOXOAHOCTHIO;

® TOCYAapCTBO JOJDKHO peluTh mpobnembl, Bo3HuKatomue npu pacuere HJIC. Ecmm
mnepenaya JOpPOrH TrocynapcTBy mnpusHaerca, u Bo3Bpar HJIC mo cyOcuaum Ha
CTPOUTENTHLCTBO  HEBO3MOXEH, Tpedyemass CcyMma TOCYIapCTBEHHOW  cyOcuauu
yBesnuuBaeTcs no4tu Ha 20%.

Kpome Toro, mnst passutuss [UIl B Poccuiickoii @enepanyii MoKHO ObulOo OBl CO311aTh
€IMHBIN TrocyaapcTBeHHbIH opran mo Bompocam ['UIl, uroObr pa3pabotarh 0OuIyIO0 (€IHMHYIO)
koHuenuuwo paszsutug [YII B Poccum, a Takxke c€0O31aThb «UEHTPbl KOMIICTCHIIUWY. -
OpraHU3allMOHHbIE CTPYKTYpbl 10 HWHULIMHPOBAHMIO M yopasieHuto npoektamu [UYII B
aBTOZIOPOKHOM CEKTOPE, B TOM YHCJIC B PETHOHAX, TJIC 3TO 0COOCHHO aKTyaabHO [2, 6].

BbIBO/IbI

B 3akmroueHuMM OTMETHM, YTO JOPOKHOE CTPOUTENBCTBO MOXHO OTHECTHM K MEXAHU3MY
B3aMMOBBITOJHOIO YaCTHO-TOCY/IaPCTBEHHOI'O MapTHEPCTBA, HO JUIsl TOTO, YTOOBI C €r0 MOMOILBIO
IIPUBECTH Bce Oporu Poccum B COOTBETCTBHE TPAHCIIOPTHO-IKCILUIYaTALIMOHHBIM IIOKAa3aTEIsAM,
yrBepxkaeHHbiM ['OCT [5], 3TOT MeXaHHW3M HEOOXOJUMO OCHACTUTh WHCTPYMEHTOM TIO
YPETYIMPOBAaHUIO CIIOPOB MEXKIYy BCEMHU CTOPOHAMH YYaCTHUKOB M HOAJEPKUBAOLIEH
HOPMaTUBHO-3aKOHOATENbHOM 0a301i.

OnbIT pa3BUTHS aBTOMOOMIIBHOT'O CEKTOPA 3apyOeKHBIX CTpaH MoKa3all, YyTo, Kak MpaBuilo, B
JAaHHOM IIpoliecce HaOMIoAaeTcs MOCIeI0BaTeIbHOCTh CIIEAYIOIIUX 3TaloB: HAUMHAIOTCS HOBbBIE
IIPOEKTHI; K yYacCTHIO NPUBJIEKAIOTCA KAaK YacTHBIE, TAK M MHOCTPAHHBIE MHBECTOPHI (HANpUMED,
¢bpaniy3ckas Vinci, MClIaHCKasi TpyIa KOMIaHUN Sacyr, aBcTpaiuiickuii ¢pona Macquarie u 1.71.);
COBEPILICHCTBYETCS, a TaKXe YIydlllaeTcs HOpMaTHBHO-TpaBoBas Oaza. Hamuume sTHX 3TamnoB
SIBJIIETCS BXKHBIM ycJIOBHEM Oynyiiero 3¢ (GeKTUBHOTO pa3BUTHUS TPACTIOPTHOM OTpaciu.
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Abstract

Accounts receivable and accounts payable are an inevitable consequence of the current
system of monetary settlements with organizations, in which there is always a gap
between the time of payment and the moment of transfer of ownership of the goods,
between the presentation of payment documents for payment and the time of their actual
payment.

Selling products on credit causes differences between accounting (accounting) and real -
money indicators of product sales. Until the moment of payment, the implementation
process, from the point of view of the movement of money, is still ongoing, which leads
to the emergence of receivables and payables. Before the payment deadline, accounts
receivable must be financed, while there is a constant risk that payment will be made by
the buyer (customer) late or will not be made at all. As a result, the organization in its
sales policy should not only take into account the positive results of lending to
customers (increase in sales and profits), but also take into account that this process is
usually accompanied by an increase in costs (interest paid by the supplier on loans taken
to cover cash gaps) and risks. However, it is clear that an acceptable level of accounts
receivable is one in which the benefits received exceed all costs and risks, since only in
this case will the organization be able to function in the future. The effectiveness of
managing an organization's obligations depends largely on the knowledge of the
analysis methodology and the ability to use it. In this regard, this article presents the
results of studying this problem.

Keywords: organization, management, debt, debtors, creditors, efficiency, analysis,
payment, financing, risk.

RELEVANCE

The value of business activity analysis is to form an economically justified assessment of the
effectiveness, as well as the intensity of the use of resources of a commercial organization and to
identify reserves for their increase. The analysis solves the following tasks:

studying and evaluating trends in business activity indicators;

study of the influence of the main factors that caused changes in business activity indicators
and calculation of their specific impact;

summarizing the results of the analysis, developing specific measures to involve the identified
reserves in the turnover.

Business activity is manifested in the dynamic development of the organization, in achieving
its goals, which reflect the absolute cost and relative indicators.

METHOD
Business activity indicators and calculation methods are shown in table 1.
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Table 1. The coefficiets of business activity and the method of their calculation.

Indicator

Economic content

Calculation of the indicator

Total capital
turnover ratio

Working  capital
turnover ratio
Intangible  assets
turnover ratio

Equity capital
turnover ratio

Inventory  items

turnover ratio

Accounts payable
turnover ratio
Accounts
receivable turnover
ratio

Shows the efficiency of using the organization's
property

Shows the turnover rate of all working capital
of the organization

It is necessary to determine the level,
dynamics, and total return of intangible assets

Determines the rate of turnover of equity,
which reflects the activity of using cash

Shows the level of efficiency with which the
organization manages the material and
production reserves

Shows the speed of the organization's debt
turnover

Shows the number of revolutions for the period
of commercial credit provided to the
organization

The ratio of sales revenue to the
average annual value of assets

The ratio of sales revenue to the
average annual value of current
assets

The ratio of sales revenue to the
average annual value of intangible
assets (ITA)

The ratio of sales revenue to the
average annual cost of equity

The ratio of the cost of sales to the
average value of inventory

The ratio of revenue to the average
amount of accounts payable.

The ratio of revenue to the average
annual  value of  short-term
receivables

Business activity ratios allow you to analyze how effectively an organization uses its funds.
Coefficients can be expressed in days, as well as in the number of turns of a particular resource of
the organization for the analyzed period.

RESULT

Applying the methodology for analyzing business activity that we have studied, in the first
chapter of this work, we will analyze the business activity of the reinforced concrete products plant
LLC “RCP - 74”. For this, it is necessary to calculate the following coefficients:

Total capital turnover ratio, which is calculated as the ratio of sales proceeds to the average
annual value of assets.

TCTR=

283331
210970

= 1,3 (2018 year)

TCTR=

306 374
218820

= 1,4 (2019 year)

The value of this coefficient shows the efficiency of using the organization's property.
Calculations show that the plant of LLC " RCP -74" receives revenue from the sale of goods 1,3-1,4
times more than its assets.

Working capital turnover ratio is calculated as the ratio of sales proceeds to the average
annual value of current assets and shows the efficiency of using the organization’s property.

WCTR =

283331
136874

= 2,1 (2018 year)

WCTR. =

306 374
178495

= 1,7 (2019 year)

Based on the calculations of the working capital turnover ratio, it can be concluded that in

2018 this coefficient was higher than in 2015. Because the growth of the working capital of the
plant was more than the revenue from sales. Despite this, the working capital of the plant is used
effectively, i.e. revenue is 1.7-2 times higher than the cost of working capital. In accordance with
the methodology, it is recommended to calculate the coefficient of return of intangible assets.
However, the LLC "RCP — 74" analyzed by US does not have intangible assets.

Therefore, we proceed to the calculation of the equity capital turnover ratio, which
characterizes the rate of turnover of equity, which reflects the activity of using the plant's funds.
The coefficient is calculated as the ratio of sales revenue to the average annual cost of equity.
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ECTR= 223 _ 1 6 (2018 year) ECTR= 3X37* _ 17 (2019 year)
180010 179420

So, the value of this coefficient in 2018 was 1.6 and increased to 1.7 by 2019, which indicates
the effective use of the plant's own capital. That is, the revenue is 1.6-1.7 times more than the
plant's own capital.

The next indicator of business activity of LLC "RCP — 74" is inventory items turnover ratio
which characterizes the level of efficiency with which the organization manages material and

production stocks. It is calculated as the ratio of the cost of sales to the average value of inventory.
IITR= f:‘z‘zs = 68 (2018 year) ITR= % = 102 (2019 year)
Accounts payable turnover ratio shows the rate of turnover of the organization's debt and is
calculated as the ratio of revenue to the average amount of accounts payable.
283331 306374

APTR= = 9,2 (2018 year) APTR= = 7,8 (2019 year)

30960 39400
This ratio shows how many times during the year LLC "RCP -74" repaid the average amount

of its accounts payable. In 2018, 9 times and 2019 about 8 times.
We also calculate the accounts receivable turnover ratio, which shows the number of turns for
the period of commercial credit provided to the organization and is calculated as the ratio of

revenue to the average annual value of short-term accounts receivable.
283331 306374

ARTR= = 7,8 (2018 year) ARTR= = 8,4 (2019 year)

36460 36390
The calculation shows that the organization received payment from customers about 8 (7.8)

times during 2018, and 8.4 times in 2019.

There are no clear standards for the turnover of accounts receivable, as well as for other
indicators of turnover, since they strongly depend on the industry characteristics and technology of
the enterprise.

For clarity, the coefficients calculated by us are summarized in table 2.

Table 2. Indicators of business activity of LLC " RCP-74» for 2018 and 2019

Ne n/mm Name of the indicator For the year 2018 For the year 2019
1. Total capital turnover ratio 1,3 1,4
2. Working capital turnover ratio 2,1 1,7
3. Equity capital turnover ratio 1,6 1,7
4. Inventory items turnover ratio 68 102
5. Accounts payable turnover ratio 9,2 7,8
6. Accounts receivable turnover ratio 7.8 8,4

Source: financial statements of the organization

It is also common to calculate the indicator not in the form of a coefficient, but in the form of
the number of days during which accounts receivable or accounts payable remain unpaid:

Accounts payable turnover ratio in days = 365 / accounts payable turnover Ratio

Substituting the numbers we have for the formula, we get:

365/9.2 = 40 days (2018) 365/ 7.8 = 47 days (2019)

As a result, we received the average number of days during which supplier invoices remain
unpaid. For LLC "RCP-74" in 2018, for 40 days, supplier accounts remained unpaid, and in 2019
for 47 days. In delivery contracts, the payment period is usually set at 90 days, so we can assume
that the plant has no overdue accounts payable. Accordingly, the coefficient of overdue accounts
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payable will be zero.

The analysis of accounts payable must be supplemented with an analysis of accounts
receivable using the above methodology.

Accounts receivable turnover ratio in days = 365 / accounts receivable turnover Ratio

Substituting the numbers we have for the formula, we get:

365/ 7,8 =43 days (2018) 365/ 8,4 = 40 days (2019)

According to calculations, it can be concluded that the plant of LLC " RCP -74" does not have
overdue accounts receivable.

Our analysis of the business activity of the plant LLC " RCP -74" helped us identify
weaknesses. First of all, these are indicators of the turnover coefficient of inventory items, which in
2018 amounted to 68, and in 2019 102.

Despite the fact that generally accepted standards for this indicator do not exist, high turnover
IS not always a positive indicator. It can characterize the depletion of stocks, which lead to
interruptions in the production process. Therefore, it is necessary to develop measures to improve
the management of inventory of the plant LLC "RCP - 74", as a factor in optimizing the financial
cycle of the company.

DISCUSSION
As a result of the introduction of one of the above inventory management systems at the
factory of RCP-74 LLC, the following results can be achieved:
the duration of the production cycle will be reduced by 40%, which will make it possible to
increase the volume of products and revenue from its sale;
production costs will decrease by 15%, which will lead to an increase in net profit,
respectively, and profitability of production;
production flexibility will increase significantly;
product sales time will be reduced by 2 times;
Based on these indicators, we will make a forecast of financial and economic activity for 2020
in table 12.
Table 3. Forecast of financial and economic activity of LLC "RCP-74" for 2020 (thousand rubles)

Name of indicator 2019 year Forecast for 2020. e Deviations;/o
Net revenues from sales of products 306374 490198 +183824 160
Production cost 166160 141236 -24924 85
Administrative expenses 23922 24130 +208 101
Profit (loss) from operating activities 116292 324832 +208540 2,7 times more
Income from financial activities 3 3 - 100
Income from foreign exchange differences 3 3 - 100
Other income from financial activities - - - -
Expenses for financial activities 31618 31618 - 100
Expenses in the form of interest 2118 2118 - 100
Other expenses related to financial activities 29500 29500 - 100
Profit (loss) from General economic activities 53056 261602 +208546 5 times
Profit (loss) before income tax (profit) 53056 261602 +208546 5 times
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Income tax (profit) 7958 9136 +1178 115

Net profit (loss) of the reporting period 45098 222362 +177264 5 times
Source: financial statements of the organization

Table 3, shows that revenue from sales can increase up to 160 % and reach 490198 thousand.
As a result, the profit from core activities will increase by 2.7 times. If other indicators remain the
same as last year, net profit may increase by 5 times.

Using the forecast indicators, we will calculate the coefficients of business activity of the
plant LLC " RCP -74" for 2020.

490198 _

Total capital turnover ratio: TCTR= ———- =22

Working capital turnover ratio: WCTR= ;*jgizg =27
Equity capital turnover ratio: ECTR= :3212? =27

Inventory items turnover ratio: ITR= 1‘;;23 =88
Accounts payable turnover ratio: APTR= 2220 = 12,4

Accounts receivable turnover ratio: ARTR= 2228 _ 135

36390
The results of the calculations are summarized in table 4 and compared with the indicators of

business activity in 2018-20109.

Table 4. Changes in business activity indicators of LLC "RCP — 74" in 2020

aln Name of the indicator e yeara0lo - (forsasy
1. Total capital turnover ratio 1,3 1,4 2,2
2. Working capital turnover ratio 2,1 1,7 2,7
3. The turnover ratio of equity capital 1,6 1,7 2,7
4. Turnover ratio of inventory items 68 102 88
5. Turnover ratio of accounts payable 9,2 7,8 12,4
6. Turnover ratio of accounts receivable 7,8 8,4 13,5

Source: financial statements of the organization

So we see that the introduction of a cost management system in LLC "RCP-74" will lead to a
significant increase in their business activity. All business activity ratios will increase in 2020. The
inventory turnover coefficient is optimized.

Next, we will calculate the economic effect of the implemented measures. To calculate the
economic efficiency of implementing the inventory management system, we will determine the
annual budget allocated for their implementation. In total, the program for development,
implementation, training of company employees, certification is designed for 36 academic hours.

The cost of the training course, taking into account the cost of lunch and guidelines, is 8450
rubles. the Calculated data is entered in table 5.
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Table 5. Amount of expenses for training the personnel of LLC "RCP-74" in the inventory management

system
Staff Numbe;ecc))fpslzudents, C;rlfgze Cost amount, USD

Senior officials 7 8450 817
Specialists 18

- service of quality 8 8450 936
- documentation developers 6 8450 700
- internal audit experts 4 8450 467
Workers 17 8450 1984
Total: 42 4901

The table shows that the cost of training staff will amount to 354,900 rubles. Given the
positive financial condition of the plant, we can say that the organization will be able to recoup
these costs in a short time.

CONCLUSIONS

Taking into account that the plant has a shortage of inventory, we proposed the introduction
of modern inventory management systems. Currently, the only available system from the SCM
class in Uzbekistan is the AMM galaxy (AdvancedManufacturingManagement). One of the classic
ones is the just-in-time (JIT) inventory management system.

As a result of the introduction of one of the above inventory management systems at the
factory of RCP-74 LLC, the following results can be achieved:

the duration of the production cycle will be reduced by 40 %, which will make it possible to
increase the volume of output and revenue from its sale;

production costs will be reduced by 15 %, which will lead to an increase in net profit,
respectively, and profitability of production;

production flexibility will increase significantly;

product sales time will be reduced by 2 times;

As a result, sales revenue may increase up to 160 % and reach 490198 thousand. as a result,
the profit from the main activity will increase by 2.7 times.

So we see that the introduction of a cost management system in LLC "RCP-74" will lead to a
significant increase in their business activity. All business activity ratios will increase in 2020. The
inventory turnover coefficient is optimized.

The cost of implementing this system will amount to 4901 USD. Given the positive financial
condition of the plant, we can say that the organization will be able to recoup these costs in a short
time.
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Abstract

The role of financial risk management in increasing the financial stability of a
construction company and reducing the likelihood of losses related with non-core risks
is very large.

Any company is exposed to business risks. Its incomes may rise or fall depending on
changes in the environment, competition, production function, due to the emergence of
new technologies, or changes in factors affecting consumer preferences. It should be
noted that in Uzbekistan, unfortunately, financial risk management has not yet begun to
play that significant role in the field of developing management decisions that it plays in
the West. Due to historical circumstances, the development of financial risk
management began in our country later than in the West, in fact, like the Uzbek
business itself.

An important role is played by the fact that the risk management system cannot simply
be copied from a Western standard and imposed on Uzbek companies. There is no
doubt that risk management in our country is not just different, but also must be
different from risk management in Western companies due to the Uzbek specificity.
And this is not only about the liquidity of foreign exchange markets, but also about the
needs to design an Uzbek risk management model with the possible use of existing tools
and taking into account the experience of Western companies.

The purpose of this article is to develop recommendations on risk management in times
of crisis for construction companies.

The scientific novelty of this study is: consideration of risk management as a factor in
the development of small businesses specializing in construction.

The practical significance is that the results obtained from the study can be introduced
into the activities of construction companies, and used in the educational methodology.

Key words: management, construction, risk - management, finances, crisis, liquidity,
market, analysis, efficiency, competition.

INTRODUCTION

For a more complete understanding of the specifics of this procedure, it is necessary to
analyze various approaches to the content of the risk management process.
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Table 1. The approaches of various authors to the content of the risk management process

The content of the risk management process Source

1. Risk analysis (identification and risk assessment)

2. The choice of risk exposure methods when comparing their
effectiveness

3. Decision-making

4. Impact on risk (reduction, conservation, transfer)

5. Monitoring Results

Tsapkin A.S. [1]

. Identification and risk analysis

. Analysis of alternative risk management techniques

. Choice of risk management methods Kudryavtsev A.A. [2]
. Execution of the selected risk management method

. Monitoring results and improving the risk management system

. Establishment of a risk context;

. Analysis (identification and risk assessment);

. Risk ranking and selection;

. Impact on risk (choice of methods and strategies)

Doba N.M. [3]

A OWDNE OO WDNPEF

. Formation of the enterprise risk management concept;

. Diagnosis of risks;

. Risk assessment (qualitative and quantitative methods); Medvedeva A. M. [4]
4. Development of risk management measures (response to risk);

5.Monitoring and analysis of the results of risk management measures;

6. Development of risky symptoms (i.e., identification of events

(phenomena) that inevitably entail the implementation of risk-events).

WN -

1. Risk identification

2. Analysis (assessment) of risk

3. Choice of risk management methods Polyak G. B. [5]
4. Applying the selected method

5. Evaluation of the results

1. Risk analysis

2.The choice of risk exposure methods in assessing their comparative
effectiveness

. Decision-making

. Direct impact on risk

. Control and adjustment of the results of the management process

Khokhlov N.V. [6]

. Identification of risk situations

. Identification (establishment) of the type of risk

. Risk analysis

. Risk assessment

. The choice of method (method) to reduce risk

. Evaluation of the cost-effectiveness of risk reduction

Ershov V. F. [7]

OO WNE Ol W
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1. Identification and analysis of risk;

2.Analysis of alternative risk management methods;

3.The choice of risk management methods; Chernova G.V. [8]
4. Execution of the selected risk management method,

5. Monitoring results and improving the risk management system

Presented in table 1 is a modern approaches to the content of the risk management process
contribute to an understanding of the general trend in the development of the risk management
mechanism, but do not provide an unambiguous answer to questions about the goals and objectives
of the risk management functions.

METHODOLOGY

To understand the current strategic position of PE “Sulamita” we will conduct a SWOT
analysis of the current state of the enterprise. The first stage of the analysis will be the identification
of a specific system of factors that determines the strategic position of PE “Sulamita.” In table 2. the
environmental factors of PE “Sulamita” were evaluated using a 10-point rating system, in the
future.

Table 2. Analysis of environmental factors PE "Sulamita” on a 10-point scale

Expert review

Environmental factors 2019 year After 5
years
1. Political factors
WTO Accession 3 7
The influence of political factors (country, party, etc.): work as
: : - 8 8
directed by the president, minister, etc.
Protectionism 7 7
Opaque tenders structure 8 6
Corruption 5 5
Subject to decisions of enterprise managers in the opinion of higher 3 6
management
2. Economic factors

Economic downturn, rising unemployment and declining overall
purchasing power

Rising prices for energy, raw materials and supplies 9 8
Lack of clear prospects for economic development.

The danger of economic instability 8 6
Opaque, corrupt market for enterprise products 7 5
High customs duties and tariffs 8

High total tax burden on the enterprise and the possibility of 5 4
strengthening it

3. Social factors

Social trends: rising unemployment, declining living standards, etc. 7 4
Change core values 4 6
Outflow of qualified specialists from Uzbekistan 8 6
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Growth in the value of the consumer basket, requiring adequate

7 6

wage growth
4. Technological factors
The possibility of the emergence of innovative technologies that can 9 9
radically turn production
Rapid technology development and innovation 9 9
Globalization 8 9
State priorities for the development of energy efficiency and 3 3
innovation
The absence in the country of domestic technological equipment of

: . - 4 4
the required class of quality and productivity
Poor compatibility of expensive imported equipment with the Uzbek 5 5
infrastructure and operating conditions
The rapid aging of imported equipment and its short life 5 5

The next step in the SWOT analysis will be the separation of the identified factors into
strengths and weaknesses, opportunities and threats.

Table 3. SWOT- analysis of PE “Sulamita”

STRENGTHS WEAKNESSES
Professionalism of personnel. Staff turnover.
Fulfillment of orders on time. Inadequate market and competitor research.
A wide range of equipment Weak financial opportunities

Well-known market leader.

Good geographical location

The presence of innovative abilities

The presence of purchasing power in the

population
OPPORTUNITIES THREATS
Lower inflation Adverse shifts in exchange rates.
Stability of customs legislation. Accelerating rising energy prices.
Favorable shifts in exchange rates. Entering the market of new strong competitors.
The growth of population income. Changing customer needs and tastes

Expansion of product sales
Market growth acceleration

Based on this, we see that strengths are more significant than weaknesses and minor threats.
This suggests that the organization has reserves to increase competitiveness.

To assess the competitiveness of the Sulamita PE company, we will take two more
participants specializing in providing services to consumers in construction and installation works:
CJSC Firm “UMIRS” and Company “Setko”. We will use for analysis a standard system of expert
assessments - a jackal from 1 to 5, provided “5” - the highest score, high level of development of
the parameter, “1” - minimum score, low level of development of the parameter.

We will use the methodology for calculating a comprehensive quality indicator. The results of
expert evaluations, weights of all parameters and the calculation of quality indicators in table 4.
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Table 4. Evaluation of competitiveness PE "Sulamita”
_ _ Enterpl_fises Weight
Evaluation Options PE_ CJSC Firm Company coefficient
«Sulamita» «UMIRS» «Setko»

Quality 5 (0,75) 5 (0,75) 4 (0,6) 0,15
Assortment 5 (0,6) 4 (0,48) 4 (0,48) 0,12
Service level 4 (0,2) 5 (0,25) 4 (0,2) 0,05
Price level 4 (0,44) 3 (0,33) 5 (0,55) 0,11
Terms of payment 4 (0,2) 4 (0,2) 4 (0,2) 0,05
Discount percentage 5 (0,3) 5 (0,3) 5 (0,3) 0,06
Market coverage 4 (0,4) 4 (0,4) 4 (0,4) 0,10
Sales Regions 5 (0,5) 5 (0,5) 5 (0,5) 0,10
Channel intensity 4 (0,32) 4 (0,32) 3 (0,24) 0,08
Advertising channels 4 (0,12) 5 (0,15) 3 (0,09) 0,03
Trade Marketing Budget 3 (0,15) 4 (0,2) 4 (0,2) 0,05
Advertising budget 4 (0,4) 4 (0,4) 3 (0,3 0,10
Sum of Rating Values 51 52 48 1
Comprehensive  Quality 4,38 4,28 4,06
Score
A\_/erage product selling 93 89 95
price

Thus, the results of the competitiveness assessment showed an almost equal advantage in the
quality of two manufacturers - PE “Sulamita” and CJSC “Firm UMIRS” and over the company
“Setko”.

RESULT

The analysis and assessment of the competitiveness of the construction organization carried
out in this section allowed us to obtain the following results:

- analysis of the external environment showed that in order to increase its competitiveness,
Sulamita PE must maintain information, raw materials, and transport links with the external
environment;

- studying the activities of competitors, we were convinced that the state of emergency
“Sulamita” has serious competition in this market. This suggests the need for continuous
improvement of the quality management system;

- our SWOT analysis showed that the strengths of Sulamita PE are more significant than
weaknesses and minor threats. This suggests that the organization has reserves to increase
competitiveness;

- the competitiveness assessment results for the 5-point system showed an almost equal
advantage in the quality of two companies - PE “Sulamita” and CJSC “Firm UMIRS” and over
“Setko”.

Using the available reserves, the organization can improve all the factors affecting the level of
risk.

DISCUSSION

In the current economic situation, when both the external and internal environment of the
company are faced with risks of a wide range, the role of internal audit is becoming more important
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than ever. The functions of internal audit today are rethought and more actively used as a means of
reducing costs, eliminating inefficient business practices and reducing risk.

Until now, the main focus in the field of corporate governance has been on compliance with
legal requirements, i.e. the orientation toward external control prevailed. Recently, however, many
large companies have realized the benefits of their own initiatives in this area. One of the most
important steps towards the establishment of a high-quality corporate governance system is the
organization of an effective system of internal control in the framework of groups of interconnected
organizations.

Thus, internal audit is a tool that provides support for the company and the constant growth of
its effectiveness. Let us dwell on the feasible core work through internal audit.

CONCLUSION

It is proposed to create an internal audit team of highly qualified company employees. This
requires advanced training of four employees of the enterprise in the field of audit. We will
calculate the economic effect of the proposed event.

The source data are shown in table 5.

Table 5. The source data for calculating the annual economic efficiency for the training and
professional development of marketing specialists

: Conventional Units of The value of
Indicators . . o
Designation measurement indicators
1. The number of employees
covered by the event N People 4
2. Planned real fund of working Wd days 180
days per employee
3. The cost of working time -
before the |mplt_ementat|on qf the WL / Wi2 hour / hour 12/11
event - after the implementation of
the event
4. Reducing the cost of working Rwh minutes 30
hours after the event
5. The average annual fund salary
per worker before and after the Afs $ 3000
event
6. The annual fund of working Wh hour 2093
hour per employee
7. Costs for the implementation of Eic $ 1500
the event
8. The normative coefficient of
comparative economic efficiency Ce % 0,15
of measures
The calculation was made as follows:

1. Saving time, an hour. St=N * Rwh * Wd /60

OBp=4*30*180 / 60 = 360

2. Conditional release of numbers, people. Cr = St/ Wh

Cr=360/2093 =0,17

3. Increasing labor productivity, %. Lp = [Cr *100] / [A/a Ne — Cr]
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Lp=[0,17*100] / [60 - 0,17] =0,28

4. Economy of salary, in $. Es = Cr * Afs (9)

Es =0,17*3000 = 510

5. Saving social needs, in $. Sn = Es *44 /100 (10)

Sn =510 *44 /100 =224

6. Economy of net cost, in $. N/c = Es + Sn

N/c=510 + 224 = 734

7. Annual economic effect, in $. AeE = N/c — Ce * Eic (12)

AeE =734 — 0,15*1500 = 509
Ala Ne - average annual number of employees;

Thus, the annual economic effect of this event will be $ 509.
Such an introduction will strengthen the state of emergency PE “Sulamita” in the market of
audit services. The effectiveness of this program is expected at least in a year.
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AHHOTaNUA

B nmanHO# cTatbe paccMOTpeHbl IpOOJIeMbl MOCTOSHHO YBEJIWYHMBAIOIIUXCA OOBEMOB
uHbOpMallUd TpU pPEANTHU3aLUU CTPOUTENIBHBIX IPOEKTOB B HACTOSIEE BpeMs MU
HEOOXOMMOCTH €€ OIEPaTUBHOTO U Ka4yeCTBEHHOro cOopa, aHanu3a U XpaHeHus. s
HUBEJIMPOBAHUS JaHHOW MpoOjeMbl B JpYyrux cdepax Xo3sIiCTBOBaHMS CErOIHS
I0CTaTo4HO 3(pPEKTUBHO MPUMEHSIOTCS pa3InYHbIe O0JIAYHbIE TEXHOJIOTUU. B craTbe
npuBeJeHa ofmas Ki1accupukanus OoONayHbIX TEXHOJOIMH Ipu  peanu3aluu
MHBECTULIMOHHO-CTPOUTEIbHBIX IPOEKTOB IO Pa3jIMYHbIM 3TalaM €ro MU3HEHHOTrOo
LUKJIa C Y4YeTOM BO3MOXHBIX PHUCKOB HUX INpuMeHeHus. Kpome Toro, aBTopom
NpeaNpUHATa TONBITKa cHOpMUPOBATH PadOUYyl0 IU(PPOBYIO MOJETH CTPOUTEIHHOTO
MIPOEKTa HAa OCHOBE HamOojiee aKTyaJbHBIX OOJAYHBIX TEXHOJOTHH, MCIIOIB3YeMbIX B
CBOEH INpaKTHKE M3BECTHBIMM CTPOUTENBHBIMU KoMmmaHusMu. Ha mocnenneit craguu
MIPETIOKEHHOW MOJENN CTPOUTENIBHOTO IpoeKkTa (opMHUpyeTcs SKCILTyaTallhOHHAast
MOJieNIb  O0BEKTa  HEIBM)KMMOCTH,  KOTOpPYIO  IpeAroyiaraercss — IrepelaBaTh
YIOPABISAIOLMM KOMIIAHUSM JUIsl TOBBILIEHMSI KadecTBa OSKCIULyaTalluM 3JaHUM U
COOpPYKEHHM M CHIDKEHHMs] OOLIMX SKCIUTyaTallMOHHBIX 3arpar. Kpome Toro, omnucaHsl
BO3MOXXHbIE€ ONTUMHUCTHUYHBIE HCXOJbl PA3BUTHS HMHBECTULIHOHHO-CTPOUTEIHHOIO
CEeKTOpa SKOHOMHUKHM IpU MacUITaOHOM M BceoObemitonieM (opMaTe HCHOIb30BaHUS
00JIauHBIX IPOrPaMM.

IIpeamer mcciaenoBaHusi: o0JayHOE MpPOrpaMMHOE oOOecreueHue, NPUMEHSIEMOe B
CTpouTeNnbHOM oTpaciu. OOBEKTOM HCCIIEeI0OBAaHUS B JAHHOW CTAaThe CIYKUT MpOIEece
YIIPaBJIEHUS pealn3aliel CTPOUTENBHOIO IPOEKTA.

Leap nccienoBanus: sBiseTcs pa3paboTKa KOHIENTYalbHON MOJENHU CTPOUTEIHHOTO
IIPOEKTa Ha OCHOBE OOJAaYHBIX TeXHOJOTMH. JIMUHBINA BKIAJ aBTOpa 3aKIOYAETCs B
MPEIIOKEHNN KOHIENTYaIbHOM MOJENH JUIsl pealu3aldd BCEro CHeKTpa padoT Mo
CO3JIaHHIO CTPOUTENILHOTO 00BEKTa Ha OCHOBE BHEJPEHUS B JEATEIBHOCTh NMPOEKTHOU
KOMaH/bl OOJauHBbIX TEXHOJIOTUH MPOEKTHPOBAaHUSA, 00pabOTKHM, aHANU3a U XPaHEHUs
MH(pOpMAIINU TI0 IPOEKTY.

Marepuanbl M MeTOAbI: H3ydyeHHE U OOOOILIEHHE HCIOJIb3yEMbIX COBPEMEHHBIX
O0JIaYyHBIX TEXHOJOTMH B cdepe CTPOUTEIbCTBA, aHAIM3 HAYYHO-TIPUKIIATIHBIX
HCCIIEIOBaHMM IPYruX aBTOPOB Ha 3Ty TEMY.

Pe3yabTaThl: pe3yabTaToM MCCIIEOBAHUS SBISIETCS MakeT paboueil nudpoBoit Moxenu
CTPOMUTENLHOTO MPOEKTa, UHTErpUpyIoInil B cebe Hambonee 3¢ dekTuBHOE 00IayHOe
porpaMMHoOe obecrieueHue Ui CTPOUTENBbHOM chepbl.

BbiBOABI: IEHHOCTH MOJYYEHHOTO pe3yibTaTa B TOM, YTO MOSBIAETCS BO3MOXKHOCTb
cOpMHpOBATh HATJISAHYIO MOJENb YIPABJICHUS CTPOUTEIBHBIM IPOEKTOM eIlle Ha
CTa/INU TUTAHUPOBAHMUS.
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BBEJIEHUE

OO6mauHoe mnporpaMMHOE oOeclieueHne B BEK MacCoBOM mu(poBU3alUM Bcex cdep
KHU3HENEATSIPHOCTH HACeICHUsl SBISAIOTCS HauOoJiee aKTyalbHOM M TpeOyromel [eTaabHOTro
paccMoTpeHus TexHoJorued. [y Havana qaauM onpezeneHne 00JIaqHbIX TeXHOIOTuid. O0navHbIe
TEXHOJIOTUH - MOJIeNb o0ecrieueHust yJ0OHOro CEeTeBOro JOCTYIa MO TPEOOBAHHIO K HEKOTOPOMY
obmeMy (GOHIY KOH(PHUIYPHPYEMBIX BBIYHUCIHUTEIBHBIX PECYpPCOB (HAmpuUMep, CETsIM Mepeaadu
JaHHBIX, CEpBEpaM, YCTPOMCTBaM XpaHEHUs JaHHBIX, MPHJIOKEHHUSIM M CEpPBHCAM — KaK BMECTE,
TaK U MO OTACIBHOCTH), KOTOPbIE MOTYT OBITH ONEPATHBHO MPEJOCTABJICHBI U OCBOOOXICHBI C
MUHUMAaJIbHBIMH SKCIUTYaTallMOHHBIMU 3aTpaTaMy WM OOpalleHHsIMH K TpoBaiijepy. XOJIIWHTH,
MPUCYTCTBYIONIME HA CTPOUTEIHHOM PBIHKE JTOCTATOYHO JABHO M BBIMOJIHSIONINE MAacIITaOHBIC
paboThbI, OCBEIOMJICHBI 00 OOJAYHBIX TEXHOJIOTUSAX M HUCIONB3YIOT MX TOpa3fo 4amle, HEeXelu
KOMITaHUW MaJIOTO U CPEHEro Ou3Heca. ITO CBA3aHO C TEM, YTO OOJIBIINE KOMIAHHU HYXIAIOTCS B
YMEHBIICHUN U3JEPKEK U OCpeKIMBOM pacdyéTe BPEMEHHBIX pPaMOK HAMHOTO OOJbIIe, YeM,
JOMyCTUM, Majble TMOAPSIHBIC OpPraHW3allMd, TaK KaK KOJMYECTBO PEATU3yeMbIX UMHU IPOCKTOB
BBIHY)KJJa€T B KOPOTKHE CPOKH BBINOJHATH 3HAYUTEIBHBI 00bEM 3a7ad W KOHTPOJIUPOBATH
JESTEeIhHOCTh OIPOMHOTO KOJIMYECTBA COTPYAHHKOB Ha TMPOTSHKCHUU OUYCHb JITUTEIBHOTO
MIPOMEKYTKa BPEMEHHU.

METO/bI

C nomompio aHanu3a (AKTUYECKOM U 3HAYUTENbHOH, a He aOCTPaKTHOM M YaCTHUYHOM,
3HAYUMOCTU OOJIAYHBIX TEXHOJIOTUHA BO BPEMs OCYIIECTBICHMS] MHBECTHUIIMOHHO-CTPOUTEIbHBIX
MPOEKTOB Oblia copMmHupoBaHa TeopeTHYecKas 0a3a HCHOJb3YEMBIX OOJAYHBIX MPOrPAMMHBIX
npoaykToB. COPTHPOBKA M3BECTHBIX HA CETOIHSIIHUI JEHb B CTPOUTEIBHOW O0JIACTH OOJIAYHBIX
TEXHOJIOTMI BBICTPOCHA IO YETBIPEM 3TalaM >KW3HEHHOI'O IHMKJIA IMPOEKTa B COOTBETCTBUU C
MEpaMHU UX HANpPaBICHHOCTH U BO3MOXHBIX PUCKOB.

Ha nayansHOM 3Tare uccienoBaHUi ObUTH BBIJIEICHBI HEKOTOPBIE Hanbosee pe3ynbTaTUBHbBIE
oOnaunbie 110, mo3BossOIIME aBTOMATHU3MPOBATH CTPOUTEIBHBIA Mpolecc, sl KaXAOro W3
KOTOPBIX MPEUIOKEHO OTpeieNieHue, PeICTaBIeHHOe B Tabmulle 1.

Ta6.1mua 1. HepequL COBPCMCHHBIX 00JIaYHBIX TeXHOJ’IOFHﬁ, HCIIOJIb3YCMbIX B CTPOUTCIILCTBEC

Ne Oobs1auHas mporpaMmma Onpenenenne

- 3TO UHCTPYMEHT JUIsi COBMECTHOM PaboTHI,
MPEJOCTABIISIONINI HHXEHEpaM U TIPOSKTUPOBIIUKAM
HEHTPAIM30BAaHHOE TIPOCTPAHCTBO ISl IPOCMOTPA,
NPOBEPKH, IOUCKA U COBMECTHOT'O UCIIONIB30BaHHUS (ailiioB
2D- u 3D-nipoekTtoB. e Obl BbI HU HAXOAUIKCh — B ouce
WM Ha pabodel TioniaKe, — y Bac OyAeT J0CTYI K
¢GyHKIUAM, 00€CTIEYNBAIOIINM aKTYaJIbHOCTh ITPOEKTOB,
(haiiyioB U COBMECTHO HcToNb3yeMoi nadopmarmm.|1]

- 3T0 00JIaYHOE pelIeHNe, MPEAOCTABIIAIONIEE SIUHYTO

2 Procore 1aThopMy JUIA yIIpaBiIeHNs TPOEeKTaMK, PMHAHCAMU U
pecypcamu.[2]

- 3TO pelIeHue JJIsl YIPaBICHUS IPOSKTaAMH U MOPTQEIMH
MPOEKTOB. DTO HHCTPYMEHTHI JIsi KOHTPOJISl IIPOEKTOB,
paboT U 3aTpat C BO3MOXKHOCTSAMHU COBMECTHON paboThI,
YIAJIEHHOTO BeJIeHHs MPOEKTOB M HAIJISITHON OTYETHOCTHIO

1 AutoCAD A360

3 MSProject Proffecional Cloud
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- 9TO rmachopMa IIOJICBBIX JaHHBIX, ITO3BOJIAIOIIAA
CTpOHTCJ'ILHOfI KOMaHZAC JICTKO 3aXBaTbIBATh U IIOJAKJIIOYATh
KHU3HCHHO Ba’XHBIC ITOJICBBIC JJAHHBIC, YTOOBI IMOJIYYUTDb
bosee YETKYIO BUIUMOCTL Ha YPOBHC ITPOCKTA.

4| Rhumbix

OO6nayHble TEXHOJIOTHU, KOTOpPBIE OBLIN OINpe/eseHbl Kak Hanbosee NeiiCTBEHHbIE B MEPUOT
peali3aui CTPOUTENBHBIX MPOEKTOB, MOTYT OBITh KJIACCH()UIIMPOBAHBI MO 3TaraM >KU3HEHHOTO
LMKJIA IPOEKTA.

Ha npenuHBeCTUIIMOHHOW (a3ze MpoeKTa MOXKET COKOHOMHUTH BpeMs Takoe Oobmaunoe
obecrieuenue kak, AUtOCAD c nonosnenueM B Busie A360, Mo3BoJIrONIas B IBYX U TPEX MEPHOM
dbopMaTe TpencTaBuTh pazpadaThIBaeMbli OOBEKT W OTKPBITH ISl pedopManuu MpOBEACHHBIC
paboThI Ha JIF0OOM APYroM yCTPOMCTBE, Tae nmeeTcs 0a3oBas nporpamma AutoCAD. [1]

Ha ¢a3ze nmmanupoBaHus MOKHO BOCIIOJIB30BaThCS MMPOTPAMMHBEIM OOJIAYHBIM OOECTICUeHUEM
Procore, mo3BONSIIOMIMM XPaHUTh YEPTEKHBIE HAKIAIKU, MPOTOKOJBI 3aceaHUil M MaTepuabl,
CBSA3aHHBIE C IUIAHUPOBAHHMEM IPOCKTA, CIIOCOOCTBYET OOMEHY JOKyMEHTaMd W WHOMN
uHpopManvedn Mexay MOApsAYMKaMU, KOMaHAaMU 3aCTPOMKH, MEHeIKepamu MpoekToB [2]. Ha
3TOH (pa3e MPUCYTCTBYET BHICOKUI PUCK YTEUKH HHPOPMALIUH.

Oran peanu3alnuu IpoekTta Hambosnee 3()pPEeKTUBHO Ha CErOAHSIIHUN J€Hb BBINOJHATH B
nporpamme MSProject Proffecional Cloud, kortopas momoraer omnepatuBHO CHOPMHUPOBATH
KaJleHJAapHOE IIJIAaHUPOBAaHUE C YYETOM IMPOEKTHOM creun(uky, ONTUMHU3UPOBATh TpaduK M0
CpOKaM M pecypcam, YIpaBisiTh CBSI3bIO MPOEKTa ¢ ATanamu gorosopa [3].

O6naynoe [IO Rhumbix ucnons3yercs mnpu 3aBepiieHU npoekTa. C TOMOIIbIO IPOHOB OHO
MO3BOJISIET MOHHMTOPUTH pPEaH3alUi0 padOT MO OOBEKTY C J0O0Oro 3JIEKTPOHHOTO YCTPOMCTBA.
OnHako, MCMONB30BAHUE HTOTO CEPBUCA HE MOMKET TapaHTHPOBATH YETKOE H300paKeHHE HM3-32a
HEMOCTOSIHCTBA UHTEPHET-CETH [4].

[IpencraBinennple 1Mo (a3zaM IKU3HEHHOTO IMKIA OOJIAYHBIE TEXHOJOTHUU ITO3BOJISIOT
chopMUPOBaTh HATTATHYIO MOJENIb CTPOUTENBHOTO MPOEKTa B BHUPTYaJbHOM IPOCTPAHCTBE CO
CBOOO/IHBIM JIOCTYIIOM K JIFOOBIM €r0 JaHHBIM (CM. puc.) [5,6,7].
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[NMpeamHBECTHUIHOHHAA Dasa naaHHpoOBaHHA haza peanHIaumH hasa sapeplieHns

[IJ‘ETEH HF'H'FL‘I\:T:I. NnpoOcKETa |1p‘.“.‘.'l¢li'l. ['II'I['M.‘K]'EI
W W w E‘y
AutoCAD MSProject

Procore Proffecional Rhumbix

A360 Cloud

{ Info

Info

TOTAL CLOUD = Hughopuayuonnas Gaza npoesma

HHEecTHUMOHHAR MOOSTL NPOSKTA Unicizncatat SPOIMOCTE NPOCETS

Moaens NpoekTa CTPOALLETOCA OOLeKTA [pcanaprre LM% CTONMOCTE NPOEKTA

Pabovas Mogent CTposWerccd obbLeKTa YIOUNCHIAL CIOHAOCTE NPOSKTa
Drcnnyataumonsas BIM — Moaens OOBEKTA HENBHAHMOCTH ..;-_-_'_': _/
Vnpasnawowme komnanus ynpaengior KKK ¢ novoweo BIM -moaenn obwexra
HEABHMHMOCTH ¢ PETPOCNEKTHBOM

Puc. 1. Mozenbs CTpOUTEIBHOTO IPOEKTa Ha OCHOBE 00JIAUHBIX TEXHOJIOT U [COCTaBICHO aBTOPOM]

Mopenp BU3yaTu3MpyeT IMpoIecc cOopa MaHHBIX [0 HMHBECTHUIIMOHHO-CTPOUTEIHLHOMY
MPOEKTY Ha KaKJOW CTaJANH €ro KU3HEHHOTO LIHKJIA.

OB30P JIUTEPATYPbI

ABTOp B CBOEH cTaTbe oOmMpaeTcs Ha HccieqoBaHus W nyOnukanuu Xaramosa 1O.b.,
PynprueBoit H., JIeickoBa A. B u XKyuxoBa O.A., 3aHMMarOmMXcs BONPOCAMH CO3/aHUSA U
BHEPEHMsI 00TaYHBIX MPOTPAMMHBIX TEXHOJIOTUH B JESITEIbHOCTh NPEANPUATHIH MHBECTUIIMOHHO-
CTPOUTENBHOM cephl.

PE3YJIbTATBI

st co3nanus MUQPOBOro IBOMHHUKA MPOEKTa CHavala BCE JAaHHBIE MO pPeaH3aliy MPOeKTa
o0benuHsIOTCs Mo (ha3am B 6a3bl qaHHBIX (Ha puc. 1 ato BJ[1, BJ12, B/13, b/14). [lanee nonyueHHas
uHpOpMaNHs, OMATh YETKO MO (a3aM NPOEKTHOTO IUKIA, HAMpaBisieTcs Ha OMUPPOBKY U
nepepaboTKy ¢ MOMOIIbI0 HMHIMBUAYAIbHBIX oOONayHbIX TexHojorui: AutoCAD, Procore,
MSProject Proffecional Cloud, Rhumbix. B wutore mis kaxmaoi cTaguu CTPOUTEIBHOTO MPOSKTA
YIpaBISOUMA  (HOPMUPYET COOTBETCTBYIOLIET0 LU(GPOBOrO JABOWHUKA M €ro CTOMMOCTHOU
SKBUBAICHT. Tak Ha MPEAMHBECTUIIMOHHOH (ha3e MOTydaeTcsi KMHBECTUIIMOHHBIN MPOEKT» 00bEKTa
C €ro «OXKuaaeMoW CToMMOCThIO». Ha cramum niaHupoBaHus (GOpMHPYETCS «MOJAETb INPOEKTa
CTposmerocsi O0BEKTa» C <«IIPEIBApUTENFHOW CTOMMOCTBIO». Ha cragum  peanmzanuu
YIpaBISOUMA  OyJeT HMEThb BO3MOKHOCTH PYKOBOAMTH C TIIOMOIIBIO «pabodeid Mojenu
CTposilierocss OOBEKTa» U «yTOYHEHHOH cToumocTw». CaMoil BakHOM B co3JaBaeMO Mojenu
sBiseTcs aza 3aBepIICHUS, TaK Kak OHAa (DOPMUPYET «OKCILTyaTAlMOHHYIO MOJIEIh MPOCKTa» HIIN
BIM-monens roTOBOrO OOBEKTa HEIBMXKMMOCTH C TIOJHOM PETPOCHEKTHBOM pabOT MO €ro
coznanuto. Ecnu Bce oOnayHble TEXHOJOTMU YAACTCS CBECTHM K €IUHOM (OpMe OTUETHOCTH H
OJTHOPOJHOCTH JAaHHBIX, TO Yy YIPAaBISIOMIAX KOMIIAHHHA, KOTOPBIM IEpeaaeTcsi B SKCILTyaTaIHIo
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KaX/IbIii HOBBIN BO3BEJICHHBIN OOBEKT, MOSIBUTCS (PPEKTUBHBI HHCTPYMEHT yIpaBJiIeHUs UMH [8,

9, 10].

Koneuno, noka crnekTp 00Ja4HbIX TEXHOJOTHH, UCIIONB3YIOIIUXCS B CTPOUTENBbHOI cdepe, He
CTOJIb IIIUPOK, a MPEACTABICHHBIC BHINIC PEIICHUS ISl OTACIBHBIX (Da3 )KU3HEHHOTO ITUKJIa MPOCKTa
HOCST eAVMHMYHBIM Xapakrep. Ho mH(pOpMannoHHBIE TEXHOJOTUU IMOCTOSHHO Pa3BUBAIOTCS U B
MEPUO/I YETBEPTOM MPOMBILIICHHON PEBOJIIOIIMU MOKHO C YBEPEHHOCTBIO 3asiBUTh, UTO 3Ta MOJECIIb
Oyaer Moau(UIMPOBATHCS B HAIMPABICHUU MX BUIOBOIO DPACHIMPEHHUS, YTO IO3BOJHUT MPHUIAThH
MOJIETT HEOOXOAUMYIO JIJISI CIIOKHBIX CTPOUTEIBHBIX MPOSKTOB THOKOCTH [11].

JUCKYCCHUH

I[HSI YIYUHICHUSA Ka4eCTBa U 3KOHOMHU BPEMCHU OoJpIlIas 4acTh CTPOUTCIIBHBIX KOMITaHUU
UCTIOJIB3yeT 00JauHble TEXHOJOIWU, KaK WHCTPYMEHT JUIs PACIIMPEHUs] CBOMX (YHKIIMOHAIBHBIX
BO3MOXXHOCTEH. CyliecTByIoIIas MpakTUKa 3aKIF0YaeTcsi B APOOJICHUN UCXOTHBIX 0a3 JaHHBIX U
pacTBOPEHUM TPAaHUI] ACATEIBHOCTH KOMIIAHWHW, YTO MPEIIoJaract IeTalbHOe U MOOHIBHOE
HCCIICAOBAHUEC IIOTOKOB JAJAaHHBIX, BO3HUKAIOIIHMX KaK H3 KOHCCPBATHBHBLIX [MPOrpaMMHBIX
MPOIIECCOB, TaK ¥ MPHUOOPETEHHBIX B YCIOBHSIX HETIOJIHOM a/IalTallii aKTyalbHBIX T'aJDKETOB.

"B Onmxaiimue mATh J€T ¢ HOBBIMU MH(GOPMAIMOHHBIMU TEXHOJOTHSMH OTPACiIb OKUIAET
noyiHas Tpancopmanms. Pedr ua€r o mepexome K cpele yNanEHHBIX BBIYMCICHHMA, OOJBIICH
MOOUIIBHOCTH, HOBBIM YCTPOWCTBAM M Mporpammam Juis coopa, oOpabOTKU U XpaHEHUS JaHHBIX.
[IpounzoiayT U3MeHEeHus, 0 KOTOPBIX €lI¢ HEJJaBHO MBI Jake HE MOTJM MeuTaTh'", — ToBOpHUT [IoT
Kunu, nupexrop no kopnoparuHbiM npoaykram BIM 360 Enterprise Products u3 Autodesk [12].

IIponaranna crtpoutensHoro IO u ycnyr uyepe3 MHTepHeT wWiaM BBOJ TEXHOJOTMH
"mporpamMmMHOro obecneyeHusi kak ycnayru" (SaaS) mo3BOMSET HCIONIB30BaTh MacCy HOBBIX
BO3MOKHOCTEH. [Ipon3BoaUTENN BBICKA3bIBAIOTCS O BBIXOEC MHHOBAIL[MOHHBIX OOPA3lOB JIaHHBIX,
MTOMOTaOIIMX OBITh 11€JIECO00Pa3HBIMU B MOBBIIIEHUN 3PPEKTUBHOCTH MPOrPAMMHBIX MPOTYKTOB,
aJIMUHUCTPUPOBAHUU CTPOMUTEIBHBIMU NPOEKTAMH, 00E€CIICUeHUHN pecypcaMu U HaaexHocTH. [Ipu
3TOM, OyAy4H JIUIIb HAa IEPBOHAYAILHOM 3Talle.

JlocTOMHCTBAa TEXHOJOTUM, KOTOPhIE HAXOJATCSA JaXKe Ha dTare Co3AaHus, OyayT BKIIOYATh
OTKJIUK B HACTOSIIEM BPEMEHH, COCTABICHHBIM Ha OCHOBE JAHHBIX C CEHCOPOB M MPHUMEHSIEMbII
JKCIIEPTaMH IS PE3YJIbTATUBHOCTH TPOM3BOJICTBEHHBIX TIPOIECCOB; CIICHAPHBIA  aHAIH3
MpeJInoyiaraeMbIX OMAcHOCTEH mepea HadamoMm pabodero JHS s nujepa paboT Ha CTPOUTETHFHOM
00BbeKTe; OOHapyXeHHEe COOEB MPHU BBHIMOJHEHWH PadOT HA CTPOUTENIBHOW TUIOMIAJKE U OIICHKHU
puropusMa TEXHUYECKOW 3allUIICHHOCTH, (JOPMUPOBAHUE MIKAIBI YSI3BUMOCTH IMOCTABIIMKOB Ha
0a3ze mnpuoOpereHHOW HHGOPMAIMU, YTO B JCHUCTBUTEIBHOCTH OCYIIECTBUMO C TOJIACPKKOM
BU3YyaJbHBIX CBEICHUMN, MPEJOCTABISEMBIX OHJIAH-KaMepaMu, MOOHWIIBHBIMH YCTpONCTBaMH, a
TakKe OCCIUIOTHBIMHY JICTAIOIIIMMH aIllapaTaMu.

COop, omeHka M cuUCTeMaTH3alUs [OJIYYEHHBIX MAaTEpHUaJOB [0 OCYLIECTBIEHHBIM
MHBECTULIMOHHO-CTPOUTEIBHBIM IIPOEKTaM JACT BO3MOXKHOCTb UHXKEHEpPAM IPUHATh BO BHUMAHHUE
oOHapyKeHHbIE HEJOCTaTKU M YCTPAaHUThb AaHAJOTUYHbIE MOTPEIIHOCTH B IEPCHEKTHUBE.
[TpOeKTHUPOBIIMKNA MPHOOPETYT IIAHC OCYIIECTBIATh THIATENbHbIE BBIYUCICHHS Ha 0asze
MacIITaOHOM COBOKYITHOCTH JJIEMEHTOB KOOPJIMHUPOBAHHBIX YCIOBUM U aKKyMYJIMPOBaHHBIX
MHTerpanueil komnereHIMi. Maes momoOHBIX pa3pabOTOK MHOTOKpaTHO 0OCYyKAajach B CIOAX
Mpe/ICTaBUTeNIed BJIACTH M HAa JAHHBIA MOMEHT Y)K€ 3HEPIMYHO NMpUOOpeTaeT pacnpocTpaHEeHUe
peecTp HUTEpaTHUBHO HCHOJIb3yeMbIX OOBEKTOB, pa3pa0dOTaHHBII Ha OCHOBE KOHTEHT-CEpBepa
MuHucTepcTBa CTpOUTENbCTBA. JlaHHBIM peecTp TNPEIACTAaBIAETCS CYIIECTBEHHBIM (HaKTOM
aKTyaJlbHbIX HHPOPMALMOHHBIX TEXHOJIOTUHN C YIaUHBIM CJIECTBHEM YKOPEHEHUS B MPAKTHKE.
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Ha cerogusamHui neHp elle KpalHE Majlo JEHCTBUTEIBHBIX IIPUMEPOB IPUMEHEHMUS
O0JIaYHbIX TEXHOJOIMH B CTpOUTENbHOM jene. OIHUM K3 HEMHOTUX, HO JIEHCTBUTEIBHO
ONPEACIAIOIMM JaJbHENIINN TOTEHIUAJI TaKoro poJa HWHCTPYMEHTOB, SIBISETCA IpPUMEP
peanu3anuu KpymHoro ctpouteabHoro npoekra [TAO «Cubyp Xonaunry — kpynHeimei B Poccun
MHTETPUPOBAHHON Ta3omnepepadarbiBaromieil 1 Heprexumuueckoi komnanuu. Ilepen xommaHuen
CTOsIa 3ajjaya MOKPBITh IMOTPEOHOCTH MAaTepUabHO-TEXHUYECKOTO O00ECHeueHUs] KPYIMHOI'o
MHBECTUIIMOHHO-CTPOUTEIBHOIO MPOEKTa U OPraHU30BaTh KOHTPOJb CHAOKEHUS TEPPUTOPUAIBHO
pacnpeesIeHHON Ha COTHU KMJIOMETPOB CTPOMKH CO MHOKECTBOM CKJIaJ0B. IoCKoIbKY KOMITaHusA
pacrosiarajga OrpOMHBIM KOJIMYECTBOM MaTEPHANIOB, UCIIOJIb3YEMBIX B CTPOMTENIBCTBE, BO3HMKIIA
HEOO0XOAUMOCTb BEJCHMS CIIPaBOYHMKA HOMEHKJIATYphl, KOTOPBIH COJEp’Kall HECKOJIBKO COTEH
ThICAY HauMeHoBaHWH. TpeOoBajock JeTanbHOE XpaHEeHHWE WH(OPMAIMK, OTCISKUBAHUE
IIPUCBUIAEMON ITPOEKTUPOBIIMKAMH JTOKYMEHTALMHM, KOHTPOJb HCIOJIB30BaHUSA MAaTE€pHAIOB
COOCTBEHHBIMU CIYKOaMU WM CYONOJAPSAHBIMA OPTraHU3AIMsIMH, OTCICKHBAHUE CTaIui
KOMIUIEKTOBAHHUSI, JOCTABKH, CKJIAAUPOBAHMS U IIPOYEE.

YroObl CHpaBUTHCS C OMMCAHHBIMU 33/a4aMi, pa3zpaloTaiu pelleHHe, aHAJIOrOB KOTOPOMY
HeT Ha pbiHKe. CepBuC pazMecTwiid B obsake poccuiickoro nposaiaepa «UT-I'PAl» no moaenu
SaaS, 4To Mo3BONMIO 00ECHEeYUTh KOHTPOJIb BCEro >KU3HEHHOro LUKJIa MaTepuayioB. [Ipu stom
YUUTBIBAIUCH OCOOCHHOCTH, CBSI3aHHbIE C IIOCTOSHHBIMM W3MEHEHMSIMH [O3ULUH U
IIPOEKTUPOBOYHON JTOKYMEHTALMU. B pesynpTaTe AOCTUINIM OAHOM W3 ITIABHBIX LIEJEH IIpPOEKTa —
JETAIM3UPOBAHHOTO KOHTPOJSl CHAOKEHUs, KOTOpBIM TIO3BOJMJI 3aKOHYMUTH IPOEKT Oe3
MHOTOMWIJIMAPJHBIX OCTaTKOB CTPOUTEIILCTBA.

3AK/IIOYEHUE

B 3aBepuienun, tpeOyercs 3a0CTpUTh BHUMAHWE HA TOM, YTO TNPUMEHEHHUE OOJAYHBIX
TEXHOJIOTUI MPHU peanu3alfy CTPOUTEIBHOTO MPOEKTa AT BO3MOXHOCTh YINPOCTUTH TPYAOBYIO
JeSATEILHOCTh a0CONIOTHO BCEX €ro yYaCTHHKOB, COKpAaIlaeT WHBECTHIIMOHHBIC BIIOXKCHHS U
MO3BOJISIET 32 TPAaHUIIAMHU CTAIMOHAPHOTO PabOYero MecTa OCYIIECTBISATh KOHTPOJIb BCEX ATAlOB
ctpoutenscTBa [8]. Ha Tekymuii mepuo, He pazpaboTaHa HU OJHA MporpamMma, KOTopas CHCTEMHO
MOKET MHTETPUPOBATh BECh MPOTPAMMHBIN MaKeT UCHONb3yeMbIX oOmauHbix 10, uTo 3aTpymnHseT
JeSITeTHbHOCTD YIPABIISIONIETO 3BEHA U 3aCTABIISIET HEPALMOHAIBHO pacTIpeiessiTh pabouee Bpemsl.

CTtpoutenu U apXUTEKTOPHI, KOTOPBIE IPUMEHSIOT B paboTe 00JIaYHbIE TEXHOJIIOTUH, HMEIOT
BO3MOYKHOCTh HAKaIUIMBaTh U CTPYKTYpUpPOBaTh HPOEKTHYIO HH(OpPMAIMIO B COOTBETCTBHU C
HEOOXOJMMBIMU TEXHOJIOTUYECKUMH YCIOBHSMH, YTOOBI YCTaHOBHTH M BBICTPOWTH JAHHBIE IS
MH(GOPMALMOHHOTO MOJIEIMPOBAHUS 00BEKTa ellle Ha MPEAUMHBECTUIIMOHHOM 3Tare CTPOUTEIbHBIX
pabot. brmaromapst 3ToMy y BCEX yYaCTHHKOB IMPOEKTa TOSBISIETCS BO3MOXKHOCTh OpPraHWU30BaTh
s dexTuBHOE MH(OPMAIIMOHHOE B3aMMOJEHCTBHE U CYLIECTBEHHO COKpPAaTHUTh PUCK Iepepacxoja
Oro/KeTa WM HecoOuIroieHns rpadyKa BHIITOJIHEHUS! CTPOUTEIBHBIX padoT.

OO6nayHble TEXHOJOTUHW — A3TO HWHCTPYMEHT JUIsl TPYNIOBOM paboThl M €ro akTUBHOE
BHEJIPEHUE ITO3BOJIUT CO3/1aTh HENPEPBIBHBIN IOTOK JaHHBIX CO CTPOUTENBHBIX IIIOLIA0K 110 BCEMY
MHPY Ha €IUHBIA cepBep. OTO MO3BOJIMT CO3/1aBaThb KPYIHBIE MEXIAYHAPOJHBIE INPOEKTHl H
HaKaIuIMBaTh OECIIEHHBIM ONBIT pealn3aluu MPOEKTOB, HApaOOTKH M TepenoBbie MeTonasl. Ecnu
HAay4YUThCS MPABWIBHO MCIOJIB30BaTh ATH OOIIMPHBIE MACCUBBI JIaHHBIX, TO 53KOHOMHKA
CTPOUTENIbCTBA U3MEHUTCS KapJAMHAIBHO U HU(POBBIE MO 3aiiMyT B HEll BECOMOE MECTO.
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L23pr50y  BO «Hayuonanvnoiti  uccnedosamenvcxkuti  Mockosckuti  20Cy0apcmeeH bl
cmpoumenvHulil yHugepcumemy, Mockea, HApocnasckoe wocce, 0. 26,

AHHOTaNUA

B nanHoO#l cTaThe paccMOTpeHbI MpoOieMbl sHeprocOepekenuss B Poccun. Ilepexon k
PHIHOYHBIM ~ OTHOLICHHWSM CO3/ajl CIIOKHOE IIOJIOKEHHEe B cdepe KUIMITHO-
KOMMYHaJIbHOTO X03s1tcTBa (Hanee-KKX). Beixogom U3 ClIoXUBIIEHCS CUTYaIMH CTAJIO
HE TOJbKO COXPAHEHHUE OCHOBHBIX CTPYKTYpPHBIX 3BEHbEB OTpACId, HO U AKTUBHOE
M3Y4YeHHE U BHEJpEHHE 3apyO0eKHOr0 OMbITa CTPaH, AOOMBIIMXCS 3HAUYUTEIHHBIX
YCIIEXOB KakK B YIPABICHUH JKWIBIM (DOHIOM B YCIIOBUSAX PHIHOYHON SKOHOMHKH, TaK U
sHeprodddexTuBHOCTH OTpaciu. [lo MHEHUIO aBTOPOB, OCHOBHBIMH MpoOjeMaMH Ha
CETO/HSILIHUMN I€Hb SBJSIOTCSA YCTapEBIINE WHKEHEPHBIE CETH, KOTOPbIE HE MO3BOJIAIOT
3G(}HEeKTUBHO  HCMONB30BaTh  UMEIOUIMECS  TEXHOJOTMH  J3KOHOMHUH  SHEPruw,
HenopuHaHCUpOBaHue, Hed(pdekTuBHas paboTa sHeproayauta,. IlomMumo 3ToOTO,
OTMEYAeTCsl YTO CYIIECTBEHHOE 3HAYEHHE B COXPAaHEHUHU MpolsieM AaHHOU chepsl
UMEeT W HEJOCTAaTOYHOE NMOHWMAaHHE MJCH YCTOWYMBOTO Pa3BUTHSA, CIIOCOOCTBYIOIIUX
M3MEHEHHUIO OBITOBOTO MOBEJCHHS YEIOBEKa, ero EHHOCTEH.

IIpenmer uccienoBaHus: MCCIEIOBAaHNE OCHOBAHO Ha aHAJIU3€ PHEProcOEperarommx
MEpPOIPHUATHIA B cdepe KUIUIIHO-KOMMYHAIBHOTO X03siiicTBa Poccun, mpoBOAMMBIX B
paMKax KOHIEMUHMH YCTOWYMBOTO pa3BUTHUA. Llenpr0 JaHHOW CTAaThbu  SBJISIETCA
BBISIBJIEHHE OCHOBHBIX IPOOJIEM CBSI3aHHBIX C HHEProcOEpekeHHEeM B POCCHICKOMN
cucreme KKX u mnpemiokeHue pelieHUd MO BBISBICHHBIM IpoOJeMaM Ha OCHOBE
MOJIOKUTEIBHOTO OTIBITA.

Martepuanbl M MeTOABI: B OCHOBY HCCIEIOBaHUS MpoOjeM  peanusaluu
sHeprocOepekeHns MoI0KeHbl HAOII0IEHUS 3a BHIIIOJHEHUEM 33a/1a4, TOCTABJICHHBIX Ha
3aKOHOJATEIbHOM YpPOBHE, a TAK)K€ aHaJM3 IOJyYEHHBIX Ha IMPAKTHKE, B TOM YHCIE,
HCCIEAOBATENI MU  PE3YJbTAaTOB JEATENBHOCTH pa3inuuHblx opranuzauuid KKX no
MPETBOPEHUIO B KHU3Hb HAy4HO OOOCHOBaHHBIX MeToAuK. Ilpu XxapakrepucTtuxe
mpoOyieM, CBSI3aHHBIX C COLMAIbHO-TYMaHUTApHBIMU (PakTOpamMH HCIOJIB30BAJICS
UCTOPUYECKUI M JIOTMYECKUH METOJbl, TMO3BOJUBIIME OOpaTUTh BHHUMaHUE Ha
CJI0)KHOCTh pean3alii IPUHUMAEMbIX PEIICHUN.

PesyabTaTtel: B xone uccnenoBanuii ObU10 BBIACHEHO, 4TO poccuiickas chepa KKX,
OKa3aBIIUCh B YCJIOBHUSX PBHIHOYHOM SKOHOMMKH, CTajla aKTHBHEE pealn30BBIBATH
3ajaud  SHEProcOepeKeHMs, CBS3aHHbIE C MOTPEOHOCTBIO CJIENOBAHUSA MJESIM
YCTOMYMBOTO pa3BUTHSA. TeM He MeHee, JaHHBIM IpPOLECC CTaJIKUBACTCA C
Pa3HOPOAHBIMU 00CTOSTENBCTBAMHU TEXHUUYECKOTO, 9KOHOMHYECKOTO,
YIPaBIE€HYECKOr0, KaJpOBOrO XapakTepa, 3aBHUCSIIMX Kak OT OO0IIepoCcCUiCKOro
3aKOHOJATENIbCTBA, AedaTenbHOCTH opranu3zanuii XKKX, a Takke cOOCTBEHHUKOB KUIIBIX
TTOMEIIEHNH.

BbiBoabl: B COBpeMEHHBIX YCIOBUSAX YEJIOBEYECKHM (DaKTOpP CTAHOBUTCS OJHUM W3
BaKHEHIIINX 3JIEMEHTOB NMOTEHIIMAILHOTO Pa3BUTHSI SHEPTrocOeperarux MEponpusTUil
B Poccuu. be3 coBepiieHCTBOBaHMS 3aKOHOAATENIBbHOM 0a3bl, 0€3 B3aMMHOI'0 COy4YacTUs
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opranuzanuii JKKX u coOCTBEHHHKOB B PELICHUU JAHHOW MPOOJEMbI HE IMOIYyYUTCS
chopMupoBaTh TI00aTFHOE JKOHOMHYECKOE MBIIIJICHUE W COXPAaHUTh OYyIyIIHM
IIOKOJIEHUSIM JOCTaBIIMECS HaM PECYPCHI.

B coBpemeHHOM 0011eCTBE BONPOC IHEPrOCOEPEHKEHUS SABISACTCA OJHUM BAXKHBIX, TaK Kak
CTOMMOCTb HHEPreTHUYECKUX PECYPCOB MOCTOSHHO PACTET, a YEJIOBEYECTBO C KaXKJbIM T'OJJOM BCE
Oosplie BO3ACHUCTBYET Ha SKONOTHI0. CTOMT OTMETHTh, YTO BOIIPOC HHEProcOEpekeHHss Ha
CETrO/IHSIIHUHN J€Hb — ATO HE HOBBIA TPEHJ, a TpeOOBaHHE OCTPON HEOOXOIMMOCTH B COXPAHEHUU
pecypcoB (TEIUIOBOW SHEPrHM, JJIEKTPUYECTBA, YyINIA, HEPTH U JAPYTHX PECYpCOB) JUIA
MOJIHOIICHHOTO ~ Pa3BUTHUSI 4YeJIOBEYEeCTBA B paMKax KOHIEMIUU YCTOWYMBOTO pa3BUTHA,
AKTYaJIM3UPOBABILEICS B MOCIIEIHUE AeCATAIICTHS XX B..

KKX - ogHa u3 cambIX 3aTpaTHBIX OTpaciied POCCUUCKONM SKOHOMHMKH, B paMKax KOTOPOH
IIOBCEMECTHO HAXOJUT CBOE MECTO HEpalMOHAJIBHOE MCIOJIb30BaHUE 3HepropecypcoB. Ha
CETOHSIIHUIN IEHb HY>KHO MPHU3HATh TO, UTO Poccus 3HAYUTENHHO OTCTAET OT €BPOMNEHCKUX CTpaH
10 CTPOMTENBCTBY dHEProcOeperaromux 00beKTOB M B PEATH3aLUU ITPOEKTOB MO0 UX BHEIPEHHUIO B
uMeroleMcs KuiioM Qonae. 3apyOeKHbI OMBIT dHEProcOepekeHus MOKa3bIBaeT, 4To Hauboee
ycnemrHo peanusyercss mnporpamma B fAnonun, BenukoOpurtanuu, @Opanuuu, [epmanum,
Ounnauaun, Hopserun, Kanage u CIIA. be3 BbIsiBiIeHHS OCHOBHBIX MpobieM U 0e3 M3ydeHHs
3apy0eKHOTO OIBITa B 3TOH chepe MbI JOITo OyaeM JoOMBAaThCA ycIexa.

Pa3paboTtka mporpamm 1o sHeprodPpGeKTUBHOCTH 37eCh Havdanack eme B 1970-x rr., koraa B
ycinoBusX Kpuzuca 1973 1. 3apokIaiuCh OCHOBHBIE TIIOJIOKEHMSI KOHIICTIIMH YCTOWYHMBOTO
pa3BUTHA, TpENoaramieid HeoOXOJUMOCTh PALMOHAIBHOTO BEACHUS XO3SHCTBA HBIHEIIHUMU
MoKkoJeHusIMA 0e3 ymepba st Oymymux. [lepexon K MOCTUHIYCTpUATBHOMY OOIIECTBY
COIPOBOXKAAJCS CHAayalda OTXOJAOM OT KEHHCHAHCKOW MapaJurMbl SKOHOMHUYECKOTO Pa3BUTHUS B
CTOpOHY JHOEpaTu3allii PHIHKOB DHEPTUH, a B YCIOBHUSAX YCyryOiieHusi mpoOiieM riio0aibHOro
W3MEHEHUs KIMMaTta M KpU3UCHBIX sBleHUil 2008 r. omsaTh B YCIOBUSAX poOcTa MpodiieM
HAIlMOHAJILHOW 2HEpPreTHyeckoil Oe30MacHOCTH CTajla BO3pacTaTh posib rocynapcrsa. Ilpu stom
HE00XO/MMO YYHUTHIBATh, YTO 3aBUCHUMOCTb 3THUX TOCYIApCTB OT MMIIOPTa SHEPrOPECypcoB OUEHb
BBICOKA, YTO CTUMYJIHPYET pa3paboTKy Bce 0oiiee 3p(EeKTUBHBIX CUCTEM 3HEPTrocOEepeKEeHNUS.

Cpenu Hambonee YCHELIHBIX HPOTpaMM IO 3HEProcOEpeKEHUIO0 CUUTAETCS  BBEACHHE
CTaH/IapTOB HEProd(P(PEKTUBHOCTU B KUIUIIHOM CEKTOPE Yepe3 BBIJCIIEHUE CTPOUTEIbHBIX HOPM
U CTaHAApTOB HHEProd(P(eKTUBHOCTH 3JaHMH, CTPOUTENBHYIO CepTU(UKALUIO, IPOBEJICHHE
SHEPreTUUECKON CaHalluM MOMEIEHUH, pa3pabOTKy M BHEJIPEHHE ONBITHBIX 00pa3lLOB «3EJIEHBIX
3nanuit». [ToMrMo 3TOrO B 3apyOeXkHBIX CTpaHaX BaXHBIMHU MEpPONPHUATHIMHU B 3TOH cdepe cTamu
MIPOrpaMMbl TOCYAAPCTBEHHOTO KPEIUTOBAHMS W TapaHTHM, a TakXKe BapUaHThl AOTAlUil U
cyOcuauil, MO3BOJISAIONIME KUIIBLIAM MHOTOKBAPTUPHBIX JIOMOB C HEBBICOKMM YPOBHEM JIOXOJIOB
MOBBICUTh  YPOBEHb 3HEProd(P(EeKTUBHOCTH CBOMX JIOMOB. BaXHBIMH 3SKOHOMHYECKHMU
CTUMYJIAaMH CTaHOBSITCS HAJIOTOBBIE JILIOTHl COOCTBEHHUKAM M MOKYHATeJsIM SHEProd3(pdeKTHBHOTO
KWIbsi M BBEJACHHE TMOKMX Tapu(poB B COYETAHMH C KOHTPOJEM 3a HCIOJIb30BaHUEM
sHepropecypcos.[ 1] LlemeHTUpYIOIIYIO POb B TOCTHXKEHUU 11eNel S3HeprodeKTUBHOCTH JTOKEH
WUTPaTh COBPEMEHHBIM UYEJIOBEK, OOOTAIICHHBIM 3HAHUSAMH OCOOCHHOCTEHW pPa3BUTHS TEXHOTCHHOU
nuBmIn3anuu. OJHAKO pealn3alusi TaKOro MPOEKTa, Ha3bIBAEMOTO «HOOC(EPHBIM UYEIOBEKOM»
MOKET JOCTHUTaThbCi TOJBKO JOJITMMU M HAaydHO OOOCHOBAaHHBIMM METOJAaMU B COYETAHUU C
rOCY/IapCTBEHHOW MOJIUTHKON (POPMUPOBAHUS III0OATBHOTO CO3HAHMSL.[2].

Bonpocs! s3HeprocoepexeHnst B COBETCKHUil epro/l He ObLUTH IPUOPUTETHBIMU, XOTS C BpEMEH
Benukoit OredecTBEHHON BOWHBI HEOJHOKPAaTHO IPUHHMAINCh 3aKOHOAATEIbHBIE — AKTHI,
MOBOJIMJIACH aruTalus 10 SKOHOMHUH 3HEPIHH Ha YPOBHE MpeanpusaTHil u opranuzanuii. OgHako, B
cTpase, rae, kak yreepxxkaain CMU B 1970-1980-e rr., 3TOT pecypc BbIpaOaThIBAICS B OIPOMHBIX
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o0beMax C HHU3KOH ceOeCTOMMOCTBIO, KYJIbTypa SKOHOMHHM OCTaBaJlach, MPEXJAE BCEro, Kak
BOCIIOMHHAHHE O TPYAHOM BOCHHOM M BOCCTAHOBHUTEIBHOM IIEPHUOJE, KOTOPBIA NPEOIOJICH.
Opnako, yxxe B Havane 1980-x IT. B yCIIOBUSX HapacTarOLIMX SKOHOMMUYECKHX IpoOiieM, cTaia
aKTHUBU3UPOBAThCA COLMAlbHAs pekiiama, OOpalleHHas K HaceIeHUI0 B PAaMKax BbIJIBUHYTOTO
JLN.BpexxueBbiM  TpeHaa  «OKOHOMHKA  JIOJDKHa  ObITh  9KOHOMHOW».  [loBcemecTHO
pacpOCTPAaHEHHBIA MPHU3BIB «YXOJs, TacuTe CBET!» KOCBEHHO OTpaXkayl INEpPEXOod K TEM XKe
BapuaHTaM BIMSHUSA Ha MOTPEOUTENs, KOTOpbIE IPAKTUKOBAIMCH Ha 3amajge M NPUHOCHUIIN
3ameTHbIN dpdekt ¢ 1970-x.

CrienHbli nepexo/1 K ppIHOYHOM 3KOHOMUKE nlocTaBui Poccuto nepen cutyanueil OTcyTCTBUS
3(pGEKTUBHBIX CXEM PHEProcOepeKeHHs B PaMKax HALMOHAIbHOM SKOHOMHKH, yHaclel0BaBIIEH
JIMIIB OIBIT TUIAHOBOT'O COBETCKOTO X03sicTBa. [103TOMy MBI MOkeM HabII0AaTh, KaK 3a MOCIEeIHUE
roJpl, OCHOBBIBAACh HA ONBITE CTpaH 3amaja, M[PUHUMAIOTCA IIOXOXKHE MEpbl s
SHEeprocOepeeHus M MOBBIMIEHUIO dHeprodpdextuBHOCTH. ONHAKO, B CHIIy MHOTHX NPUYMH, €€
ypoBeHb B cdepe XKXKX ocraBnsger sxenars syumiero. ITostomy, Mbel cuuTaeMm, 4yTo B HEPBYIO
ouepelb, pocCUsiHaM HEOOXOAMMO pa3BHUBaTh KYJIbTYPY PallMOHAIbHOI'O MOTPEOIEHUS] SHEPTUU Y
Bcex moTpeOuTeneit (pusMueckwx NHMII M KaJApOB OpraHu3anmii), 0e3 KOTOpOH HEBO3MOXHO
peasn3oBath 3P (HEKTHBHYIO MTOJUTHKY SHEPTOCOCPEIKCHHUS.

CeromHss pOCCHHCKHN 3aKOHOJATENb IPUHMMAET 3HAYUTEIbHBIE MEpbl 10 CO3IAHUIO
HOPMAaTUBHOM 0a3bl /Uil CTUMYJIMpPOBaHMS BceX ydacTHUKOB oTHomleHud B JKKX k noswimieHH:o
SHeprodPpPeKTUBHOCTU 3JaHUM MpH 3KciryaTauud. Yka3zoMm [Ipesunenta npunsta Konnenuwms
YCTOMYMBOTO pa3BUTHsL, BBeAEH B AelicTBue denepanbHblii 3aKkoH Ne261 «O0 sHeprocOepekeHnu u
O TOBBIIIEHUHM 3HEpreTuyeckod 3(P(HEKTUBHOCTH U O BHECEHMHM M3MEHEHUIl B OT/AEJIbHbIC
3aKoHoAarenbHble akThl Poccuiickoit ®denepauuny», yTBepxkaeHa «JHEpPreTudyeckass CTpaTerys
Poccun no 2030 roma», mnepepacnpefesieHbl IMOJIHOMOYMS MMHUCTEPCTB B BOINPOCAX
sHeprocOepexeHns, Ternepb oHn MuHIKOHOMpa3BuTus, B 2018 r. pazpaboTaH KOMIUIEKCHBIH TUTaH
no »sHeprodddexruBHocTH sSKOHOMUKHM Poccum u T [3] B cooTBeTcTBHUHM € 3TUMH
KOHUENTYalbHbIMU  IOJIOKEHUSMU  JaHHBIA  BONPOC  OOBSABISAETCS  NPUOPUTETHBIM IS
PETMOHANIBHOM HSKOHOMHMKH KaxXAoro cyoOwbekta P®, He3aBUCMMO OT YpOBHS pa3BUTHS UX
SHEPreTUYECKOro KOMIUIeKca. Beap ecim MOCMOTpeTb Ha CTAaTUCTUKY, TO P  IUIOIMIAIU
SKCIUTyaTUpyeMoro >kujoro ¢onHma okono 5 wigp. kB. M Ha Hero Ttpatutcas 1o 40%
sHepropecypcoB ctpanbl win 30% snexktpudeckoit u 45% TETIIOBON PHEPTUHU, KOTOPYIO CO3/1aeT
poccuiickast 5KOHOMHUKa.[4]

Hpmemwnuit sxunuiHeld GOHJ MHOTOKBApTHpHBIX JoMmoB (manee - MKJ/I) Poccuiickoit
denepanii COCTOUT M3 JBYX THIIOB JOMOB BBICOKO3aTpaTHBIX (B CMBICIE IHEProcOepexeHus)
JIOMOB cTaporo (oHaa W HOBOCTpoeK. OrpoMHOE MOTpPeOJICHHE SHEPreTUYECKHX PECYpCOB, a
MMEHHO TEIUIOBOW PHEPruU COXpaHSAETCs 3a *KUibeM cTaporo (onHjpa. @opcUpoBaHHOE Pa3BUTHE
KWINIIHOTO CTPOMUTENbCTBA BO BTOpoM moioBuHe XX B. HE ObUIO HaleIeHO Ha
sHeprodPpPekTUBHOCTb. B pe3ynpTare dYero, aomMa, NOCTpoeHHble 10 1999 roma, wumeror
3HAYUTENIbHbIE TEIJIONOTEPU W BBIHYXAAIOT COOCTBEHHHMKOB IIOMELIEHHH OIllauuBaTh HX B
YCJIOBHUSX MOCTOSHHO PacTyIIuX Tapudon

Jloma BTOpOTrO THIIA, OTBEUAIOT COBPEMEHHBIM TPeOOBaHMSIM B ropa3fo OObIlel CTENEeHN U
NOTPeOISIOT 3HAYUTENFHO MEHbBILIE PECYPCOB. DTO CBSI3HO 3TO C TE€M, YTO 37jaHHE HE BBOJIUTCS B
AKCIUTyaTaIIo, €CIIU Kiacc 3HEPro3(pPeKTUBHOCTH HOBOTO CTPOEHUs HIKE «Cy.

[MonnepxuBaTh 3TO SHEProdpEKTUBHOE COCTOSHHUE, YAyd4lllaTh €ro MpHU3BaHbl Kak
opranmzaiu JKKX, tak um cobctBeHHMKH. B naHHOe Bpems, TNIaBHOM LENBIO YIPABISIOMINUX
KOMITaHUH SBJISETCS YIydlleHue sHepreTudeckoit a¢pexruBHoctd B MK/I ¢ yuerom ocobeHHOCTEH
KaXXJ0ro TeppuTopuanbHoro odpasosanust u tuna MKJI. B crnucok TpeGoBaHMil K comepixaHHUIO
o011ero UMymecTBa coOCTBeHHUKOB nomeniennit B MK/ BkirodatoTcsi TpeOOBaHUs O MPOBEICHUN
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paboT 1o YHEProcOEPEIKEHUIO U MOBBIICHUIO SHEPTETHUECKON FPPEKTUBHOCTH MHOTOKBApTUPHOTO
noma. [l peanu3aniu TaHHOW CTPAaTETrMy CO3[aH CBOAHBIN IUIAH, TaK HAa3bIBAEMBbIU, «JIOPOKHAS
KapTa» MEpPONPHUSATHI TOCYIapCTBEHHON SHEPTeTUUECKOMN MOIUTHKH. [ 5]

B TO Xe Bpewms, CylmEecTBYeT OTpAciIEBbIe aKThl, HAMpPABICHHbIC Ha IOBBIIICHUE
9HEprod(pPEeKTUBHOCTH ¥ HHEProcOSpeKEHUI0 3MaHui Ha Tepputopu PD® u Ha ocHOBaHHE
KOTOpBIX pa3pabaThIBarOTCs Mepbl Mo 3Heprocoepexenuto: I[Ipukas Munskonompassutus Poccun
Ne 61 or 17.02.2010 r. «O0 yTBepKIEHUH IPHUMEPHOTO IEPEUHs MEPONpUATHIl B 00OIacTu
sHEeprocOepeKeHNs U MOBBILIEHUS YHepreTrueckoit addexkruBHocTu» u [Ipukas Muncrpost Poccun
ot 15 ¢epainst 2017 r. Ne 98/mp. «OO6 yTBEep:KICHUH MEPEUHS MEPOTIPUSATHIA, TPOBEACHNE KOTOPBIX
B OOJbIIEH CTEMEHH CIOCOOCTBYET JHEProcOCPEIKEHUIO U TOBBIMICHUIO A(PPEKTUBHOCTH
HCII0JIb30BaHUsl SHEPIETUUECKUX PECYPCOB B MHOIOKBapTUPHOM AoMe» [3].

Bo-niepBbIX, IpOBOAUTCS OpraHU3alysl MEJIKO3aTPATHBIX MEPONPUATHI: YTEIJICHUE JABEPHBIX
IIPOEMOB B TOIbE3/IaX M OKOH Ha JIECTHUYHOW KIJIETKE, OaJaHCHMPOBKA OTOMMTENBHON CHCTEMBI U
CTOSIKOB, OOCIIeJJOBaHHE HWH>KEHEPHBIX CETel, MPOMBIBKA OTOMUTEIHHOW CHUCTEMBbI BHYTPH J0MA,
IIPOBEJICHUE HHEProayAuTa, YCTAHOBKA TEIUIOOTPAXKAIOIIMX HKPAHOB 32 OTONUTEIbHBIMU
pudopamu.

Bo-BTOpBIX, IPOBEAEHHUE «IKCILTYyaTallMOHHBIX» MEP, B KOTOPbIE BXOJIUT: OCHAILLECHUE 3JaHUI
o0mie1oMOBbIMU  TIpuOOpaMu  yueTa  Teria,  BOJABI,  JJEKTPOIHEPTUH,  yCTAaHOBKA
aBTOMATHU3UPOBAHHBIX CHUCTEM JUISl OTCIIEKUBAHUS MOKa3aHUI MpUOOPOB B pealbHOM BPEMEHU U
coop mHbOpMallMKM ¢ HUX AUCTAHIIMOHHO, a TaK)Ke pecTaBpalus, PEMOHT U BOCCTAaHOBIICHUE
nupKyassuuoHHbIX cucteM ['BC, ocymiecTBieHne TEIIOCHA0KEHUsI JIECTHUYHBIX IUIOLIAMOK,
repMeTH3alrs U YTEIUICHHE MEXIAaHENIbHBIX CTHIKOB, TPEUIUH, YTEIUICHUE YEPJIaKOB U I10JBaJIOB,
CTEH.

W, nakoHern, MH)XEHEPHO-TEXHUYECKUE MEPOIPHUATHS, BKIIOYAIOIINE B ce0sl MOJIECPHHU3AIUIO
CHCTEM OTOIUICHHS M YCTAaHOBKY HOBBIX paJMaTOpPOB, YCTAaHOBKY JHEProd(pQeKTHBHBIX
OTOINMUTENIbHBIX KOTJIOB, MOJEPHU3ALMIO MHIUBHIYaJbHOIO TemjaoBoro myHkra (mamee - WTII),
BHEJPEHHUE CHCTEM aBTOMATH3allMM pPAa0OThl M 3arpy3KM KOTJIOB, aBTOMATH3alMIO OTIYCKa
TEIUIOBOM  DHEPruM  MOTpeOMTeNsM, 3aMeHy TeIJIOBBIX CeTell ¢  HCIOJIb30BaHHEM
sHeproddpexTuBHOrO  00OPYIOBaHHWSA, 3aMEHY yCTapeBIIed  TEIUIOBOM  HM3OJSAIMUM  HaA
TpyOONpoOBOJaX, MOJCPHU3ALMIO KOTEJIbHBIX C  HCIOJb30BAaHUEM  3HEprod((HeKTUBHOIO
000pyIOBaHUA.

KoHeuHo, 3T0 He Bce CrocoObl MO IHEProcOepeeHNI0, MPONUCAHHBIE B OTPACIEBbIX aKTaX,
HO BaXHO IOHMMATh, YTO KaXKAas VIpPaBJISAOLIAs KOMIIAHWS HMMEET IPaBO CaMOCTOSATEIbHO
BBIOMPATh METOABI IO PHEProcOEpe EeHHI0 U MOBBIIMIEHUIO SHEpreTudeckoil 3¢hdekTuBHOCTH B
COTPYJHUYECTBE C COOCTBEHHMKAMH >KWJIbIX IOMELIEHUH, JUIsl 4ero, B YCJIOBHSIX HEAOCTaTKa
(UHAHCOBBIX PECYpPCOB, HEOOXOAMMO Pa3BUBATh CTUMYJIUPYIOIINE MEPbl KPEAUTHBIX OpraHU3aINi
U TOCyJIapCTBa.

Coepexxenue sueprun B chepe KKX H0BOIBHO CHIIBHO OTCTa&éT OT KOMMEpPYECKHX U
npoMbliieHHOH cdep. UTo nexutr B ocHoBe 3THX pasznuuuid? [Ipexxne Bcero, 3To MacmtaOHas
npobnema HexBaTku cpeacTB ¢uHancupoBanus B JKKK. IIpy HBIHEIIHMX TOMUHUPYIOIIUX IS
COOCTBEHHUKOB IMPOOJIEMax CTapbIX JOMOB: HEBBINOJIHEHHOI'O BOBPEMS KalUTaJIbHOIO PEMOHTA,
HEOOXO/JMMOCTH 3aMEHbl CHUCTEMBI TOPSAYEr0o M XOJOAHOTO BOJOCHAOXKEHHS M OTOIUICHHS,
poOJIeMbl PEryJIupoBaHUs U ydyeTa pacxojia 3HEPropecypcoB yXOIAT Ha BTOpoil miaH. Jlaxe B
KPYIIHBIX ~ TOpOJax COCTOSSHUE  KOMMYHQJIBHOM  JHEPreTMKM  MOXHO  OLIEHUTh,  Kak
HEYJIOBJIETBOpUTENIbHOE. B perronax Bce elle Xyxe — TeIIOCHa0KeHHe HAXOAUTCS B aBapUITHOM
COCTOSIHUM M paboTaer ¢ OOJbIIMMHU HOTepsAMHU dHepruu. CHenuanucTbl CYUTAIOT, YTO TOpPa3Jio
OoJiee aKTyaJdbHOM M KPYIMHEHIIeH Yrpo30d SBISIETCS HAACKHOE U YCTOMYMBOE YHEPrOCHAOKEHNE
KKX, T.K. Halmuuo HEyAOBJIETBOPUTEIBHOE COCTOSHUE WCTOYHUKOB BBIPAOOTKM 3JHEPrUH,
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MarucTpalbHbBIX M paclpeaeuTeNIbHBIX TEIUIOBBIX ceTeid. B mocnennee BpeMs yd4acTHIMCh cOOU B
pa0boTe TenaocHaOXKEHHUS U DJIEKTPOCHAOKEHUS, KOTOPbIE MPHUBOIAT TOIUIMBHO-’HEPreTHUECKUI
KOMILIEKC K KPYITHBIM (DMHAHCOBBIM IOTEPSIM, a HHOT/A JaXe K YEIOBEUSCKUM jKepTBam [6].

Eme ogna npoGiema s3HeprocOepexeHus CBsA3aHa C yCTapeBIIUMHI HHKEHEPHBIMU CHCTEMaMHU
B BETXOM XuJoM ¢onae. OHa MPUBOAUT HE TOJNBKO K 3HAYUTEIHHBIM IOTEPSM TeIljia, HO TAKXKE U K
HU3KOH MOTHBAIMM MOTpeOUTENeld K SKOHOMHUM 3Hepruu. Tak, Hampumep, laxke BETXUE ABEPU U
OKHA TIPUBOJAT K OXJAXACHHUIO MOIBE3I0B, YTO HETATHBHO OTPAKACTCS HAa SHEProcOepekeHUH
nomMa B 1enoM. OJHaKo COOCTBEHHUKH, KOTOPBIM HMYIIECTBO Iepeuuio 0e3 MpOoBeIeHUs
KalMUTaJIbHOIO PEMOHTA, a TAKXKE T€, KTO OCTAETCS )KUTh B MyHULIMIIAJIbHOM HUJIbE, YACTO CUUTAIOT,
YTO 3TO 30Ha OTBETCTBEHHOCTH I'OCYJapCTBa U OHA HE TpeOyeT UX BMEIIATeIbCTBA.

[TprunHaMu GBICTPOTO «yCTapEeBaHUS» MHOTOKBAPTHPHBIX JOMOB MOKHO CUATATh HE TOJIBKO
CTPEMJICHMIO K DKOHOMHUU B IIEPUOIBI €r0 BO3BEIEHHUS, a TAK)KE KIMMATUYECKHE YCIOBHUS, HO U
OTCYTCTBHE ILJIAHOBOI'O KaIUTAJIbHOTO PEMOHTA, a TAK)KE€ HEHAJJIeXkalllee KauyecTBO COACpIKaHUS
KHWIBIX TIOMELIEHUII 0COOEHHO B Kpu3ucHbIe mepuonabl pyoexa XX-XXI BB. BenenctBue stux
(dakTOpoB MOTEpH TeIula Bce Ooblie yBenumuuBaroTcs. [loaTomy B Hacrosimee BpeMs ocoboe
BHUMAaHHUE YJAEIACTCS KalUTAIBbHOMY PEMOHTY, PEKOHCTPYKLMH BETXOrO >KWJIbs, MHKEHEPHBIX
KOMMYHHUKAIIM{ ¥ TPUOOIICHUI0 COOCTBEHHHKOB K PEIICHHIO ITHX MPOOJIeM dYepe3 CO3JAaHue
CoBeToB 10MOB U UHBIX (hOpM yIpaBiieHUs] OOIIMM HMYILECTBOM. J[JIsl MpoBEIeHMsI TaKUX Mep
IIPUBJIEKAIOT IEHBI'M U3 FOCYAAPCTBEHHOTO OI0JKETA U UCHOJIB3YIOT PETMOHAIIBHBIE PECYPCHI.

OtmeueHHas MaciiTabHas npoOseMa, CBA3aHHas ¢ M3HOCOM MH)KEHEPHBIX CeTel, MOpOKIaeT
HEBO3MOXKHOCTh HCIIOJIb30BaHUSI COBPEMEHHBIX TEXHOJOTUMN »Heprocoepexenus. llpoBenenue
CPaBHUTEIBHOI'O aHailu3a ypoBHeH sHepro3ddexruBHocTH 31aHMi B Poccum M Apyrux crpaHax
MOKa3bIBAIOT, YTO PEaJbHBIN Pacxo]l TOIUIMBA HAa OTOIJICHHE COCTaBIsAET |M? KWJIOW TUIOMIAIN B
Poccun, uro B Tpu pas3a BbIIIE, YeM B CTPAHAX CO CXOKUMU KIMMAaTHYECKUMU YCIIOBUSMH,
HanpuMmep, B Kanane wim Hopserun. 1o nannsiM Poccrara, KOIM4eCcTBO KOTEIBHBIX CTApOro TUIIA
B Poccum cocrasinser 55,5%, temnorpace - 62,8%, BogonpoBooB - 65,3%. [ToTepu Bojb! U TerIa B
TpyOOIIpOBOJaX U OTOMMUTENBHBIX cucTeMax cocTaBisAoT oT 20% 1o 40%. KonnuectBo aBapuii Ha
100 km mH¥’eHepHBIX cered B cepennHe 1990-x romos yBenmuuwmiochk ¢ 15-20 no 90 nns cucrem
BOJIOCHAOXKEHUS U KaHanmu3auuu, U A0 190 1 TemnoBbIX, TEIUIOBbIE MOTEPU MEXKIY CTaHIUEH U
NOTPeOUTENAMH COCTaBIAIOT Okono 30%. VcromeHne NpoJoKaeT pacTd € KaKIbIM TOJIOM,
yBEJIMUYMBas BEPOSTHOCTb TOrO, YTO, B KOHIIE KOHIIOB, 3TO MpPHUBEAET K TEXHOJOTUYECKUM,
HKOJIOTUYECKUM U cOlMalbHbIM KatacTpodam. ITo mopcueraMm crenuanucToB, Ha CETrOMHAIIHUN
nenb 6osee 500 mapa. pyOseit HeoOXOAMMO TOJIBKO Ha PEKOHCTPYKIIMIO, MOJIEPHUBAIUIO CETeH U
MOBBIIIIEHUE MOITHOCTH TEIJIOCHAOXKEHHs (B TOM 4MCie MOJ3eMHBIX coopykeHuit). [ 7] M3-3a aToi
MacIITaOHOW MpOOJIEMbI, CBA3aHHOW C M3HOCOM CHUCTEM OTOIUIEHUS M WMHKEHEpPHBIX CeTel cTala
HEBO3MOXKHA pEAIN3alUi YCTAaHOBKM BHYTPHKBAapTUPHBIX M OOIIEJOMOBBIX HPUOOPOB Yydera
pacxoja Temnia.

[Ipobnemoit Takxke SBISETCA M KAaueCTBO MPOBOJUMOIO SHEProayauTa >KUJIBIX JIOMOB.
OTCyTCTBUE KECTKOI'O IPABOBOI'0 PETYIMPOBAHUS B 3TOU c(hepe BIIeUEeT XalaTHOCTh CIIELUAINCTOB,
MPOBOJAIINX dHEproayaut. Tak, mpu MpOBEACHUU TAaKUX PadOT, OTMEYAIOT CHELHATUCTHI, YacTO
uMeeTcsl Mmpo0iieMa MHCTPYMEHTAJIbHOTO XapakTepa: OTCYTCTBHE Y MHOTHMX KOMITAaHUN IOJHOTO
KOMILJIEKTa 00OpYyIOBaHMSA s KOHTPOJS KauecTBa M KOJIMYECTBA 3JIEKTPUYECKOH 3Hepruu,
OCBEILEHHOCTH U COCTOSIHUSI CHCTEM TEIUIOCHAOKEHUS, TETNIOBU3MOHHOTO OCMOTpPa, MOHUTOPUHTA
TEMIIEPATYPHO-BIAKHOCTHOTO peXuMa U T.I. B pe3ynbprare, HEKOTOpPBIE MTOKA3aTENN «PUCYIOTCS C
notosikay. I[loMuMo 3TOro, camu ymnpasisioUife KOMIIAHWK BOCHPUHUMAIOT 3HEProayauT HE Kak
HE00X0AUMYI0 Mepy st 3Heprod((HEeKTUBHOCTH, a KaK HaBsA3aHHOE 3aKOHOJaTelleM TpeOoBaHUE O
Hanuuuu 3Hepromnacnopta. [Ipoctoil pacdyer mokasbIBaeT, YTO 3aKa3aTh SHEProayaAUT JJi1 KOMIIAHUU
Oyner popoxxke mrTpadgoB 3a ero orcyrctBue. Ho Beap OT TOro KkadecrBa, NPOBEIECHHOTO
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SHEProayanuTa, 3aBUCHUT OyAyIIasi SKCIUTyaTalus JoMa U pa3Mep c4eToB notpeduteneii[8]. B To xe
BpeMs, 3a HEKAYECTBEHHYIO OJKCIUIyaTAllMI0 OTBETCTBEHHOCTh HECET YIPABIIAIOIIAs KOMIIAHMS.
CooTBeTCTBEHHO, HEOOX0UMO O0JIee YeTKO Ha 3aKOHOJATEIbHOM YPOBHE 3aKPENUTh TPeOOBaHUS K
Ka4yecTBY padOT U OTBETCTBEHHOCTh SHEProayJUTOPOB U YIPABJSIOMUX KOMIAHUH. J[aHHbBIE Mepbl
MOBJICKIM Obl CHMXKEHHME PHCKOB, CBA3aHHBIX ¢ omuOkamu. [lyis mpoBeneHHst 100pOCOBECTHOTO
JHeproayauTra  HEoOXOAMMO  MOTMBMpPOBATH M pa3BUBAaTh  CO3JaHHME  KOHKYPEHTHBIX
MYJIbTH()YHKIIMOHAIBHBIX KOMITAHUH, BBIMOJHSIONIMX TIOJHBIA M JOOPOCOBECTHBIM KOMILIEKC
paboT, a TaKxe NMpeIbsIBIATh Oosee NeHCTBEHHbIE Mephbl K HAPYLIMTEISIM 3aKOHOAATENbCTBA 3a
OTCYTCTBHE Kau€CTBEHHO ITPOBEJIEHHOIO ayANTA.

CTtoUT OTMETUTb, YTO MPOOJEMBl C 3HEProcOEpex EeHHEM CBA3aHbBI M C OTrPOMHBIM
noTpeOIeHneM KOJIMYECTBO SHEPTUH M TOIUIMBA B KPYIHBIX ropoaax Poccuu m3-3a OTCyTCTBUS B
CO3HAaHUM TOTpeOHUTENeH YCTOMUMBOrO IOHMUMAHUSA HEOOXOAMMOCTH SKOHOMHUHM pECYpCOB,
c(OpMHpOBAHHBIC €Illeé B COBETCKUH MEPHO, B YCIOBUAX HMX JCHICBU3HBI, a TaKXe B YCIOBHAX
CeJIbCKOM MECTHOCTH BBUAY JIbIOTHBIX Tapu(oB. IToBblIeHNEe rOPOACKUX Tapu(POB B COUETAHUH C
HU3KHUM YpPOBHEM JIOXOJIOB [I€JIaeT IIEHCUOHEPOB U Majloo0eclieueHHble CEeMbU HaumboJee
BOCIIPUMMYMBBIMHM K U3MEHEHHUIO CBOUX IPUBBIYEK M NOBEACHHUA. J[pyrve Kareropuu HaceleHus,
Oyaydn couuanbHO 0oJjiee aKTHMBHBIMH, B TEOPHH, AOJDKHBI Obl aKTUBHEE NMPOBOAUTH MOHUTOPHHT
cBoux Tpar. O1HaKo, Halll COOCTBEHHBIN OIBIT OKA3BIBAET, YTO JOOUTHCS OT PECYPCOCHAOKAIOLINX
OpraHu3alfii MOMOINM B BBICTPAMBAaHWM WHAWBUAYAIBHBIX Tpa(UKOB M OTAEIHHBIX JOMOB
IIPAKTUYECKU OYEHb CJIOKHO. DTO CBSA3aHO M € CYLIECTBYIOIIMMH HAa MYHHMIMIIAJIBHOM YpPOBHE
HOpMaTUBaMU U ¢ HeXxellaHueM nojacrpauBarh 1omoBod UTII nox nHAMBUAYaNbHBIN IU1aH paOOTHL.
ITosTomy ObUTIO OBI LI€TECOO0PAa3HO AKTUBHEE PA3bACHATH HACENCHHIO MOPSAAOK (OPMHPOBAHUS
oraTtel M METOAbl AKOHOMMM Tpar s MKJl, pa3BuBarh COUHUAIBHYK) pEKIaMy
3Hepro’PpPeKTUBHOCTH, Yallle OCBeIaTh 3TH npodiemsl B CMIU, B 00pazoBaTenabHbIX porpaMmax,
BOCIIUTATEIBHBIX MEPONPUATHSIX (KaK, HAIPUMEpP, C OTXOJaMH), 4TOOBI mporecc (GOpMHUPOBAHUS
«HOOC(EPHOTO YEJIOBEKa» Pa3BUBAJICS aKTUBHEE U IPUHOCUI CBOM PE3yJIbTATHI.

Kpome Toro, mHuImMaTuBHbIE NOTPEOUTENH MOITYYUIM BO3MOXKHOCTH depe3 COBEThI J10MOB
BJIMATH Ha SHEProdpGeKTUBHBIE MEPONPHUATHS, HEOOXOAUMBIE JUIsl TIOHMKEHUS 3aTpaT Ha YCIyTH
KKX: ycraHOBKY TEMJIOCUETYMKOB, PErYJISTOPOB MOJAa4YM TEMJa, YCTAHOBKY CTEKJIOIAKETOB B
MOJIbE3/1e, YTEIUIEHUE MOJBAOB M 4YEp/IaKOB, BBEACHHUS OIUIATHI MO (PAKTHUYECKUM IOKa3aTessiM
npuOOpOB pacxoda SHEPTUU, KOHTPOJIb 3a OPraHU3alUSMHU, OCYLIECTBISIIOIIMMH YIIpaBICHUEM
obmmmm umytectsom MKJI [9].

[TonBoas UTOTH HYXHO OTMETHUTh, YTO MpoOJIeMa 3HEProcOepeKeHusl SBISETCS CIOKHOU U
MHoOrorpaHHoi. OHa OXBaThIBA€T pa3Hble AacleKTbl OOILIECTBEHHON JXKHU3HU OT (PMHAHCOBBIX,
HAy4YHBIX U MOJUTHYECKHUX JO OpPraHU3alMOHHBIX, TEXHOJOTHYECKUX M TeXHHUYEeCKuX. be3ycioBHO
cutyauus B cepe sHeprocOepekeHHs B MOBCEAHEBHOM KM3HM C KaKIBIM T'OJJOM MEHSETCS B
JYYIIYI0O CTOPOHY, pa3palbaThIBalOTCS M BHEIPSIOTCS HOBBIE TEXHOJOIMHM 3HEProcOepexXeHus,
pa3pabaTbIBatOTCA HANPABICHUS MOJUTUKHU B LENSAX JIMKBUIALUH MPOOJIeM MIPU SHEProcOepekeHNH
MKJI[10]. Oqnako onricaHHBIE BBIIIE TPOOIEMBI IO CHX MTOP OCTAIOTCS aKTyaJbHBIMHU.

Tak pemenuem mnpobnem ¢uHaHcupoBanuss B Poccum MoOXeT CTaTh  CO3AaHUE
rOCy/IapCTBEHHOTO M PErMoHaNbHBIX (DOHAOB, a Tak)Ke MPOBEACHHUE DPA3bSICHUTEIbHBIX Oecen ¢
HaceJIeHHWeM Ha TeMy HeOOXOAMMOCTH MAaTepUAIbHBIX BIIOKEHUH, KOTOpBIE BIOCIEICTBUU
OKYIIATCS, TO3BOJIAT SKOHOMMTD U B OJIbKaiemM OyaylieM U co3/1aTh B JOME U Ha €ro TEpPUTOPUU
3I0pPOBYI0 M OnarompusiTHyro arMmocepy nanst kompopTHoro mnpoxuBanus. IlpoOGremy c
SHEProayUTOM HEOOXOJAMMO pellaTh Ha HOPMAaTUBHOM YpOBHE, a MMEHHO 3a(UKCHUpPOBaTh B
0053aHHOCTh CIIEIMANIICTa TI0 HEProayIuTy CHayala y4UTHIBAaTh B pacdyeTax U PEeKOMEHIAIMIX
CTaHJAapThl U KauyecTBa MPEAOCTABISIEMBIX YCIYT, U TOJBKO MOCJIE 3TOr0 MPUHUMATHCS 3a pacuer
s dexTa oT IHEprocoOeperaroux MEpOIPUITHI.
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OcHoBy »oHeprocOepexenuss B cekrope JKKX mgomkHa coCTaBUTh OOHOBIECHHAsS
OpraHU3aIMOHHO-YyIPaBJIEHYECKasi CUCTeMa, cucTeMa dHeprodddektuBHOro MeHemxmenTa JKKX, B
KOTOPOW HYXKHO 3aJI0KUTh METOJIbl AKOHOMUYECKOIO CTHUMYJHUPOBAHUSA, 3aKIIIOYAIOIINECS B
CO3/1aHUU KOM(OPTHBIX YCIOBHM 7Sl pa3BUTHUSL PHIHOYHBIX OTHOIIEHUH B chepe IHEProcepBUCHBIX
yCiyr, B IO4ABJICHHM YCJIYI MW TOBApOB, IMO3BOJIAIOIIHUX II0JYYaTb BBIIOAbBI OT 3KOHOMHUH
sHepropecypcoB. ToIbKO cO3/laHUE YCIOBUN AJISl MOJTYYSHUs MPUOBUIH OT SHEProcOepeKeHUs s
BCEX YYAaCTHUKOB TPOIECCAa TO3BOJUT KAUYECTBEHHO HW3MEHUTh CHTYalWio0 ¢ 3(PPEKTUBHOCTHIO
pacxoJ0BaHUs SHEPTOPECYPCOB.
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Abstract

Research subject: in this research paper the authors consider the technology of
modular construction. The technology of modular construction is a progressive method
in building buildings in many foreign countries. However, despite its relevance and
prospects, this technology has not been widely used in the Russian Federation. There
are several factors that prevent the introduction of modular construction in mass
production. An integrated approach is needed to address the problem.

Goal: the purpose of this paper is to form production and technological modules that
affect the adoption of organizational and technological decisions in modular
construction.

Materials and methods: the potential of efficiency of organizational and technological
solutions of the construction facility uses in the article. The tool that allows quickly
manage construction production.

Results an organizational and technological model of potential was developed as a
result of article. The factors influencing the adoption of organizational and
technological decisions are identified.

Conclusion for the rational choice of organizational and technological solutions for
building construction using a modular design, factors for further conducting an expert
survey were identified.

INTRODUCTION

Today in the implementation of the construction project, necessary attention is dedicated to the
selection of rational organizational, technical, technological and management solutions with the
purpose of increasing the efficiency of the creation of final products. One of the most relevant
topics for research in the field of preparation and performance of construction works is the
development of an integrated model of organizational, technological and management solutions,
which allows to choose the optimal criteria for creation of the final product and subsequent
monitoring of their implementation [1]. Based on the potential of efficiency, an organizational and
technological model is developed, which allows to select the optimal solutions in the
implementation of the construction project, as well as to monitor their implementation [2].

LITERATURE REVIEW

On the basis of literary analysis concerning the issue of modular construction, the works of
the authors [1-14] over the last 10-15 years were studied.
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Many studies are being carried out to study single organizational and technological potentials:

- Construction and installation works modelling in the integrated assessment of industrial
facilities reprofiling performance [3];

- Work is under way on a comprehensive study of the methodology of evaluating the
efficiency of repair of engineering communications in the organization of construction production

[4];
- The dependencies of the potential of the construction site on the adopted organizational and
technological solutions have been investigated [5];
- Methods are developed on selection of methods of nondestructive testing at organization of
monolithic construction and selection of methods of winter concreting [6].
- The potential for unscheduled repair [7], potential for erection of enclosing structures [8] and
others [9-10] have been studied.

MATIRIALS AND METHODS

The object of this study are technological solutions during construction of buildings by
modular method.

The subject of the study are processes of increasing the efficiency of selection of optimal
organizational and technological solutions during organization of works by methods method.

The adoption of organizational and technological solutions in the building of buildings by
modular method depends on many factors, such as: the need for large industrial closed areas for the
production and storage of modular blocks, imperfect, expensive and complex equipment at that
time, difficulties in molding, difficulties in the transportation of oversized cargo, absence or
shortage of powerful mechanisms with high load capacity, absence of mass production.

For creation an integrated potential model, factors influencing the adoption of organizational
and technological decisions were identified, having previously divided them into 3 levels of
variation: the lower level, which is represented by the worst value (-1), the central level - by the
middle value (0), and the upper level - by the best value (1) [10].

The optimal approach to solve the problem is seen in the application of the factor system
simulation methodology [5].

In the future, the factors identified will influence the final value of the finished product
obtained. As an indicator of efficiency, we will use the integrated organizational and technological
potential of the object, realizing that management factors are also taken into account in its
formation. The main feature that distinguishes the integral potential from the existing modern
means of analysis of the discrete indicator is the integral approach to the causes of its
generalizations.

A model of integral organizational and technological potential was used to investigate factors
affecting the adoption of organizational technological solutions. In this work the following concept
is introduced: Pyc. - integral potential of building buildings by modular method, which is a
combined parameter, characterizing the result of necessary discrete indicators.

Schematically, the system of properties affecting potential (Pmc) can be depicted in the format
of the target tree (Fig.1). In the top of the tree, on the top of it there is more the main property - the
potential of construction of buildings by volume-block method (Pwmc), at the middle levels -
complex - Production-technological modules (PPM), which influence the adoption of organizational
technological decisions, and on the bottom - the simplest property - organizational-technological
parameters, previously decomposed into 3 levels of variation. The structure and number of levels of
the target tree can vary from many factors. [6].
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Fig. 1. Structure of potential building buildings by modular method

Let us present the function y = f (xi), which can be considered as:

y =f(x1,x2, ...,xn), (1)

Where {x1, x2,..., xn} is the system of combining organizational and technological factors, in
the specific case of Production and technological modules (PPM).

Assuming that the relation between PPM is linear, then it can be represented in the equation

Pmc =1ni=pn, (2)

Where Py - potential of building buildings by modular method.

A similar mechanism is used when considering organizational-process PPM separately,
whereas for each PPM, which is a formal description of the organizational-process module, there
are a large number of factors {x1, x2,..., xn} affecting this module.

This constraint becomes:

pi = f(x1, x2, ..., xn). (3)

In the same order as in the case of the integral Py potential, we enter a relative expression of
the PPM index, assuming that the dependence is linear. From here we receive:

PPM=1ni=Zxi=x1+x2+... +xn, (4)

Where PPM - production and technological modules that influence the adoption of
organizational technological solutions during the construction of the building.

And {x1, x2,..., xn} is a discrete set of factors that affect the integral potential of Pyc.

It is necessary to consider the complexity of the construction site, at which different factors
will have different influence on the making of organizational and management decisions. In order to
take this feature into account, it is necessary to enter in the formula a weight factor expressing the
influence of a factor on the integral decision potential. Such a phenomenon is called "potential
weight" and "factor weight,” accordingly the expressions will take the form:

Pmc. = 1 ni=X Wivi=Wlvl + W2v2 + ... + Wnvn, (5)

Where Wi is the weight factor corresponding to i-y potential.

I ni =% wixi =wlxl + w2x2 + ... + wnxn, (6)

Where wi is the weight factor corresponding to i-i influencing factor.

Considering that vi = PPMi = wixi, using the substitution method, we will obtain a formula
for assessing the impact of organizational and technological solutions in carrying out the work
process on the integral potential of Pyc.

Rmc. =1ni =X Wi x PTMI = W1 x wixl W2 x w2x2... Wn x wnxn. (7)

The method of evaluation based on integral potential enables to implement a comprehensive
approach for evaluation of factors affecting making organizational and technological decisions. Its
feature is the ability to take into account many factors that influence the work processes. The
integrated potential allows quality management and adoption of organizational and technological
decisions, meets the need for quality control throughout the construction period, which to date
cannot be provided by the mechanisms that are currently being changed.

For the rational selection of an organizational and technological solution during the
construction of buildings by a volume-block method, it is necessary to first compare the factors that
influence the organization of construction.
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RESULTS

After the development of the organizational and technological model of the potential for
building construction by a modular method, directions were identified for further research of the
issue under consideration. In order to form the potential of organizational and technological
solutions of construction of buildings by modular method, it is necessary to carry out expert survey
of the following factors in the future

» Absence of technical rationing, in particular for production of modular units ("Factory
documentation™), absence of standards for quality control of construction and installation works (X1);

» Complexity of urban transportation (X2);

» Qualification of engineering staff (X3);

* Quality of organizational and technological documentation (level of development of design
documentation) (X4);

« Qualification of working staff (X5);

« Availability of mechanized machinery and equipment (X6).

» The need for large industrial closed areas for the production and storage of bulk blocks (X7);

» No mass production (X8);

« Expensive and sophisticated equipment to produce bulk units (X9)

The method of evaluation based on integral potential will allow to implement a
comprehensive approach for evaluation of factors affecting the adoption of organizational and
technological decisions. The integrated potential will make it possible to manage and make
organizational and technological decisions of quality, to meet the need for quality control
throughout the construction period, which to date cannot be provided by the mechanisms that are
currently being changed.

CONCLUSION
1. The study revealed factors affecting organizational and technological decisions.
2. In order to rationalize the selection of an organizational and technological solution during the
construction of buildings by a volume-block method, it is necessary to first compare the
factors that influence the organization of construction.
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Abstract

Subject of research: This article deals with the history of development of additive
technologies andparticular features of their application in construction, and reviews3D-
printers and innovative 3D printing techniques.

Objectives: This research is focused on studying these technologies in general and
determining their advantages anddisadvantages.

Materials and techniques: This article illustrates housing techniques based on 3D
printers and reviews materials used in such construction projects.

Deliverables: The authors of this research have revealed advantages and disadvantages
of additive technologies, studied a graph showing the growth of application of these
technologies in construction projects in various countries, and analyzed possible reasons
of scarce use of 3D printers in the construction industry in Russia.

Conclusions: The authors have assessed the significance of 3D technologies in
construction in various countries and the prospects of their development in Russia.

INTRODUCTION

Construction is a labor-intensive process of erecting buildings and structures. There are
various technologies under development aimed at simplifying this process. Special mention among
all construction technologies is deserved by innovative additive technologies.

Additive technologies mean layer-by-layer manufacturing and synthesis of a project with the
aid of computer technologies and 3D printers. This automated production process has found
practical application in many fields of the industry. These technologies have a number of significant
strong points enabling the improvement of traditional construction techniques while reducing
requirements for labor, major investment and additional casing. There has been a prominent growth
of research interest in the application of 3D printing in the construction of buildings and structures
in the recent years [1].

Research in digital technologies has led to an idea of additive creation of projects based on a
preprogrammed mathematical model using a 3D printer. The stereolithography technology (layer-
by-layer growing of three-dimensional objects from a photopolymer composition) was developed
by US scientist Chuck Hull in 1984. In 1986, hefiled a patent for his invention and established a
company named 3D Systems. Concurrently, he started developing 3D printing device that was
released in 1987. This device was named a “stereolithography unit”. The unit created computer-
simulated three-dimensional objects from liquid photopolymer compositionlayer by layer (0.1-0.2
mm thick) by applying it on a mobile platform [1].

In 1988, US scientist Scott Crump patented a 3D printing technology named the fused
deposition modeling. Theprinter’sheadis preheated up to the melting temperature. The head
extrudes melted material (plastic) in the form of afilament, which is deposited on the working
surface. After that, the platform moves down by thet hickness of one layer, and the process is then
repeated.

Early in the 21* century, several groups of scientists from various countries started research in
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3D printing technologies in the field of construction. In 2012, the first consumer 3D construction
printers were released, and as early as two years later the first single-storeyhouse was built by the
Chinese company Shanghai WinSun [2].

REFERENCE REVIEW
This research has included review of Russian and international scientific articles published in
various journals and online public sources, as well as other works [1-12].

MATERIALS AND METHODS

The 3D printing technologyis basically used in the construction industry to “print” houses by
layer-by-layer application of concrete mixture or the additive technique. The 3D equipment has an
ozzle that extrudes concrete mixture. Products are manufactured gradually layer by layer (Figure 1).

The mixture used by this technology can be based on such materials as Portland cement,
plaster, binders with various additives, fiber cement, etc. It must be arapid-curing, high-strength
mixture with thixotropic and adhesive properties. The mixture hardens by 95% in three minutes,
thus ensuring fast rates of construction operations [3].

Each 3D printer developer offers its own mixture. Many of them keep their mixture
composition in secret. Some mixtures are composed of cement, fiberglass, sand, special hardening
compounds and fiberglass acting as reinforcement [4]. Some other mixtures include various rocks
ground to sand and the material is glued by a special solution. However, in most cases such
mixtures are produced from construction and industrial wastes, while fiberglass and basalt are used
to make the structure stronger [5].

The printed structure of a wall consists of internal and external layers with an internal part
printed between them in the form of a triangular acting as stiffening ribs [6]. The structure can be
reinforced by fiber in the concrete mixture or by rods installed in voids that are subsequently filled
with mixture (Figure 1). These voids are also used for laying various utility systems.

Fig. 1. “Printing” of a wall by additive techniques

RESEARCH DELIVERABLES
The deliverables of this research [7] emphasize the advantages and disadvantages of the
technology under review. The main strong points of 3D printers include:
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Low cost of the end products.

Rapid construction of buildings due to continuity of the construction process.
Erection of buildings with one-of-a-kind architectural and planning solutions.
Low labor costs.

Reduced number of contractors in construction operations.

Nevertheless despite all its advantages, this technology has a number of disadvantages that are
worth noting [8]. The disadvantages of 3D printers include:

NogakowhE

Limited dimensions of the manufactured product.
Dimensions of 3D printers.

Imperfections of materials used as fast-hardening mixtures.
Complicated installation of utility systems.

Printer servicing.

In sufficient skills of workers.

Limited number of specialized organizations.

However these weakpoints are not incurable, as they are characteristic of any breakthrough
technology just staring up in various countries [9]. The diagram below shows growing requirements
for 3D printing construction projects in various countries exemplified by construction companies

(Figure 2).
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Fig. 2. Growing requirements for building houses using the additive technique

Highly populated Asian and South American countries make active use of this technology
[10] enabling housing construction within short time (Figure 3).
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Fig. 3. A printed house in Mexico

The 3D printing construction technology is not much indemand in Russia [11]. The reasons
may be the country’s harsh climate that deteriorates concrete mixture’s properties and the high cost
of mixture materials. Customers are often unwilling to acquires sential structures manufactured
mechanically. However, in 2017, the Russian company ApisCor printed the first residential house
on a 3D printer. It may be the start of a breakthrough in the development of the additive technology
in Russia’s construction industry [12,13].

Fig. 4. A house printed by the additive technique in Russia

CONCLUSIONS

The additive technology is currently used in low- and middle-storey construction projects;
however, it may be adapted for construction of multi-storey and high rising buildings in the future.
It will make it possible to bring down the costs, reduce the duration, and improve the quality and
safety of construction operations. Acombinationofrobotic systems and traditional construction
technologies seems to open the greatest prospects.
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AHHOTAIUSA

B Hacrosiiee BpeMst 0Tpacib CTPOUTEIBCTBA MOXKET MPEITIOKUTh MHOKECTBO CIIOCOO0OB
U METOJOB JEMOHTa)ka KOHCTPYKIMH, 3MaHW M CcoopyXeHuil. BwiOop cmocoba
JEMOHTaXKa CTPOCHHSI HAIIPSIMYIO BIIHMSIET HA MPOJIOJDKUTEIBHOCTD TPOU3BOJICTBA padoT,
OJTHAKO, BHIOOP HE CBOJMTCS MCKIFOYUTEIIBHO K TPOIOJIKUTEIBHOCTH, HO U BKIIIOYAET B
ce0s MHOXKECTBO IMapaMeTpoB. B HacTosIel cTatbe paccMaTpuBacTCs aHaIU3 METOOB
JEMOHTaKa Ha MPHUMEPE MAaHEIbHOIO JKUJIOr0 3[aHHs C YYETOM pacxoja YCJIOBHOIO
TOILTUBA.

MATEPHUAJIbBI U UCCJIEJOBAHUA

B Hacrosiiiee Bpemsl CyHIECTBYET HECKOJIBKO CIOCOOOB JE€MOHTa)a, KOTOpPbIE NPUMEHSIOTCS B
CTPOMTENBHOM OoTpaciu. B ctaThe paccMaTpuBaeTCs MEXaHU3UPOBAHHBIN METOJ] C UCIIOJIb30BAaHUEM
MaJIBIX ¥ OOJIBIIMX CPEJCTB MEXaHU3AIUH U JEMOHTaX C UCIIOIb30BaHUEM CTPOUTEIHHOTO po0oTa.
JIeMOHTaX CTPOCHMSI MEXaHU3UPOBAHHBIM HaWOOJE€e YacTO BCTPEYAIOLIMMCS BHUOM JIEMOHTAXA.
JIaHHBII METOJ TO3BOJSIET JEMOHTHPOBATH OOBEKT M W30aBUTHCA OT CTPOUTEIHHOIO MYycCOopa,
00pa3oBaBIIErocss B MpoLecce pa3pylLIeHus, 3a 0O4eHb KOpoTkue cpoku[l]. IlpousBoauTenbHOCTH
TaKOro MeTo/la OOBACHSAETCS UIMPOKON JMHEWKOW clenuanbHOM TEXHWKM M MEXaHU3MOB, IpH
IIOMOILIY KOTOPBIX MOYKHO 3a KOPOTKHH CPOK IOJHOCTBIO JEMOHTHUPOBATH 3/IaHUE BBICOTOH 10 60
metpoB[2], [3].

Puc. 1. Mexann3upoBaHHBIA METO/I CHOCA C MPUMEHEHHEM dKCKaBaTopa
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Vcrnonb30BaHuEe CTPOUTENLHOTO po0OTa SBISETCS CaMbIM JKOJOTMYHBIM M 0€30MacHbIM ISt
MIPOM3BOUTENECH PpabOT MeTonOM jaeMoHTaxka. OauH poOOT CIOCOOEH EMOHTHPOBATh OETOH C
gacroroil 10 1400 yn./mMuH. u co3naBas nasieHue ruapocuctemsl g0 20 Mlla, mis obecnieuenus
ero (yHKIMOHHPOBAHUS HEOOXOoauM | ormeparop yCTaHOBKH, IIPU 3TOM caM poOOT paccUUTaH Ha
KpYIJIocyTOYHOE (pyHKIIMOHUpOBaHuEe[4].

Puc. 2. JlemonTax 6eToHa cTpouTebHBIM poboToM ATinant 4000

CrpouTtenbHblit poOOT pa3pyliaeT OETOH co3/aBas yacTble BUOpALMU, KOTOPBIE pa3pyIlaloT
OeroH. brnaromaps ero BRICOKOH TOYHOCTH JJAaHHBIHM arperat MpUMEHSETCs] He TOJBKO Ui pa30opKu
3IaHUH, HO M JUI1 TOYEYHOW pa30OpKU 3JIEMEHTOB, BKIIOYas pa3pylIeHHE OrOJOBKOB CBail mpu
YCTPOHUCTBE(YHAAMEHTOB 110 HHBEKIIMOHHBIM TEXHOJOTHSAM. VICronp30BaHWE KBHK-KaIJIEPOB
MO3BOJISIET UCIOJIb30BaTh CTPOUTEIBLHOIO poOOTa HE TOJNBKO JJIs IEMOHTaXa, HO U KaK MEXaHHU3M
MaJIOi MEXaHW3allu1, HAaIIPUMEDP, MEHsISI MOJIOT Ha KOBII.

= E"*‘ " 1 6

~

-1 0 1 2 3 4 5 6

Puc. 3. Panguyc neiictBus podora Ataant 4000
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Jlnst mpoBeieHUsl CpaBHEHUS METOAOB JIEMOHTaXa M0 PAcXOAy YAETbHOIO TOIIMBA PACXOIbI
TOIUIMBA TIEPEBOMATCS K YICIbHBIM IOKa3aTeIsM. YCIOBHOE TOIUIMBO — 3TO EAMHHUIA Yy4ETa
TEIJIOBOM 1IEHHOCTH TOIUIMBA, MPUMEHsSEeMas JUIsl CONOCTABJICHHUS Pa3JIMYHBIX BUIOB TOIUIMBA.
VY C10BHBIM TOIUIMBOM HA3bIBAETCA TOIUIMBO, TEIUIOTA cropanus 1 kr kotoporo paBHa 7000 kkan. Ha
CTaJUSIX CHOCA, CTPOMUTENICTBA U IKCIUTyaTAllMK KUJIOW 3aCTPOMKH yjeNibHAsl BEJIMYMHA Pacxoja
TOIUTMBO-3HEPreTHIeCKuX pecypcoB (TOP) onpenensercst B HAaTypalbHBIX U YCIOBHBIX €IMHUIIAX:

- KOTEJIbHO-TIEYHOE TOIUIMBO - B KHJIOIPaMMax, 'paMMax yCJIIOBHOTO TOIUIMBA (KT Y.T.; T Y.T.);

- TeIUIOBast YHEPTUsI — B Turakanopusx (I'kai);

- BJIEKTPUYECKas SHEPIus — B KujoBarT-yacax (kBt-u);

- aBTOTPAHCIOPTHOE TOIUIMBO W APYrHe HEPTEHPOAYKTHI - B KWJIOIpaMMax M TIpamMmax
HaTypaJbHOTO (HAIpUMEP, TU3EJIbHOIO0) (KT, I') WK YCIOBHOTO (KT Y.T., T' Y.T.) TOILJIUBA.

CpaBHEHHE MPOBOAMTCS HA MIPUMEPE MAHEITBHOTO MATUATAXKHOTO YETHIPEXCEKIIMOHHOTO JI0Ma
tina [-510/5 o6ueit kybarypoit 10 508,4 M°[5].
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Puc. 4. Cepus nmanensroro 3aanus tumna [-510/5

Jlanee paccuuTaeM pacxo]l YCIOBHOTO TOIUIMBA MM KaXKIOTO W3 MPHUBEIEHHOTO METOa
JTEMOHTaXa:
1. Jlns moacuera pacxolia YCIOBHOTO TOIUIMBA PAcCMOTPUM CIOCOO Pa3zOOpPKHM METO/I0OM
OOpYIICHHSI: KHPITMYHBIX oTarumBaeMbix coriaacHo ['DCH 46-06-009-01:
Tpyno3arpaTtsel Tpyaa pabouux-ctpouteneit (paspsn 3) coctaBar— 32,84 den.-d, 3aTpaThl Tpyda
MaIIMHUCTOB (CIIPaBOYHO, BXOJIUT B CTOMMOCTh OM) — 27,74 yen.-4, UCXOAS U3 MOJCYUTAHHBIX
TpyAo3aTpaT GOopMHpYEM OOIIYIO BEIOMOCTb TPY103aTpaT U MAalTMHOCMEH.
2. Jlns mopcueTa pacxoja YCIOBHOTO TOIIMBA C TOMOIINBIO CTPOUTEIBHOTO POOOTa ero
MOIITHOCTH OepeM M3 macrnopTa 000pyI0BaHUS U TIPOBOJAUM CIICAYIOIIHNA Pacyer:
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Metoa

-q
Th, AHEH

HaumeHoBanune
pabor u 3aTpaTt

Oo0Bem padot, 100
m3
Hopma pacxona,
Malil.
3arpartsl Tpyaa Ha
00beM, MaII-Y
3aTpaTsl Tpyaa Ha
00beM, MalI-CM.
Koua-Bo cmen
Kos-Bo Matun
IIpogokuTEIBLHOC
Yacosoii pacxona
TIP norpedures,
KI.y.T./cMeHa
Pacxox N
norpeduresass TIP,
KI.y.T

MexaHU3MPOBaHHBII CIOCO0

Kpans! Ha KoslecCHOM
X0y IIpH paboTe Ha
JIPYTUX BHJAX
ctpoutenscTBa 20 T

105,08

N
[EEN

220,67 27,58

[N
-
)
@
o)
©
iy
@

2476,56

OKCKaBaTOPbI
OJTHOKOBILIOBBIE
JM3eNbHBIe Ha
TYCEHHIHOM X0y
npu paboTe Ha
JPYTHX BHIAX
cTpoutenscTBa 1,25
M3

105,08 12,54 1317,7 164,71 1 4 41 289,7 47717,83

JdemMoHTaKHBIH

podot

Pobot
Y 1apHOBOJIHOBOIA 105,08 7.8 819,624 102,45 1 6 32 282,68 48960,566
Arnanr-4000

Kpansl Ha koslecHOM
X0y MpH paboTe Ha
JIPYTUX BHOAX
cTpoutenscTBa 20 T

105,08 2,1 220,67 27,58 1 1 28 89,78 2476,56

BbIBO/bI

Kax cJIeayer Hn3 IPOBCACHHOI'O aHali3a, HCECMOTps Ha 60J'IBI_I_IYIO YAApHYIO CHIIY

JIEMOHTaXXHBIA POOOT TIPOU3BOAUT PAOOTHI C OOJNBIIUM TOTPEOICHUEM YHEPTETUICCKIX PECYPCOB,
YTO HE MOXET YJOBIIETBOPSATH YCIOBHUSM DHEProcOEpe:KeHUsi Ha CTPOUTENbHON miomaake. Takoit
METOJ] JIEMOHTa)Ka MPUTOJIEH ISl JOKAJIBHOTO MPUMEHEHHS, TPEOYIONIEro BBICOKOW TOYHOCTU U

MaHEBPEHHOCTH.

JIUTEPATYPA

1. Konockoe B.H., Oneunux I11I, Tuxonoe A.®D. Pazbopka >XHUIBIX 3IaHUH W mepepadoTKa uX
KOHCTPYKITUITK MaTepHajoB AJis TOBTOPHOTO Hcmoib3oBanus. M., M3narensctBo ACB, 2004.

2.  Kopomw E.A. AHanu3 cOCTOSHUS U TEHACHIUHI TPaJOCTPOMTEIHHON JESTEIBHOCTH B pealn3aluu
MIPOEKTOB PEKOHCTPYKIHMM W PEHOBAllMM IPOMBIIIICHHBIX 30H MockBel // HenBmxumocTs:
9KOHOMMKa, ynpasienue. 2014 ISSN: 2073-8412.

3. Korol, E., Pleshivcev, A.Multiple-criteria decision analysis of the transformable low-rise building
technological construction process. MATEC Web Conf. Volume 251, 2018 VI International Scientific
Conference “Integration, Partnership and Innovation in Construction Science and Education”
(IPICSE-2018).

4.  Onetinux ILI1., Oneiinux C.II. OpraHn3anOHHBIE PEUIEHHS TO pa30opke (CHOCY) JKWJIBIX 3MaHHHA
TunoBsIx cepuil. M., MI'CY, 2008.

5. HaumonanbHoe o0benuHeHue ctpouteneii. Opranuzanus CTpOUTENBHOrO Iponu3BoacTBa. CHOC

(meMoHTaXx) 31aHUH 1 COOPYKEHUH.
http://nostroy.ru/department/metodolog/otdel_tehniceskogo_regulir/sto/%D0%A1%D0%A2%D0%9E
%20%D0%9D%D0%9E%D0%A1%D0%A2%D0%A0%D0%9E%D0%99%202.33.53-2011.pdf
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MOBBIIIEHUE dY®PEKTUBHOCTHA MOHOJIUTHOI'O CTPOUTEJILCTBA IIPA
HCIOJIb30BAHUM UHTEJUIEKTYAJIBHBIX CUCTEM IMOUIEPKKHU ITPUHSITUS
PEIIEHU

B.C. EBcTpaTos

acnupanm, evstratovwvs@mgsu.ru
@I'BOY BO «Hayuonanwvhwiii ucciedosamenvckuil Mockosckuil 20cy0apcmeenHulll CmpoumenbHblil
yuugeepcumemy, Mockea, Apocnaeckoe wocce, 0.26

BBE/IEHUE

MOHOIUTHOE CTPOUTEIBCTBO Ha TEKYLIMH MOMEHT SIBIISCTCS HauOoJee IPHOPUTETHBIM
CII0COOOM BO3BEIICHHMS KUJIBIX 3]IaHUI, O YeM CBHJCTEIBCTBYIOT craTucTHyeckue naHubie [1]. ITo
HpeBapUTeNIbHOM OlleHKe AaHHbIX 3a 2020 roj joisl KBapTHP B KWIBIX JOMax, BO3BEICHHBIX C
UCIIOJIb30BAHUEM MOHOJIMTHBIX TEXHOJOTWH CTPOMTENHCTBA (MOHOJHMT, MOHOJHMT + KHpIIUY),
cocrasisier Oonee 60%. JluHaMuKy W3MEHEHHUs JI0JICH MaTepPHAIIOB, HCIIOJIb3YEMBIX B YKUJIUIIHOM
CTPOUTEIBCTBE MOYKHO IIOCMOTPETh Ha PUCYHKE 1.

OMHaMMWKa WIMEHEHHA AONEH MaTEPHanoE CTEH, Npeobnajalouux g
WHUAHLLHOM CTPOWTENBCTEE B POCCHIiCKONH Defepauuu (Ha m?)
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e MAOHONWT-KMDNAY et EA DY MOHONKT

Puc.1. Tunamuka usmenenus [Mcrounuk: https://erzrf.ru/]
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OB30P JIUTEPATYPbI

PaznuuHpIM  BOIIpOCaM  COBEPIIICHCTBOBAHUS OPTaHM3AIlMA CTPOUTEIHLCTBA IOCBSIICHBI
Hay4HbIE CTaThbU, aBTOPCKME MATEHThl U HCCIENOBaHUs psga Takux yu€Hbix, kak Atae C.C.,
AdanacreB A.A., ['ua30ypr A.B., lleaucos I'.A., 3aBaackac O.K., [Ipeikun b.B., aii T. H., [upux
SL.U., Slposenko C.M., Skosnes B.®., u op. [2-7].

MATEPHUAJIBI U METO/bI

OpuuM u3 KputepreB OLeHKH 3((HEKTUBHOCTH OpraHU3aIMHU IPOU3BOJICTBA B CTPOUTEIHCTBE
SIBIIICTCSL BBIMTOJIHEHWE COBOKYITHOCTH BCETO KOMIUIEKCA CTPOUTENBHBIX pa0OT B MHUHHUMAJbHBIC
CPOKHU ¢ cOOJII0/IeHHeM HOpM 0e30IacHOCTH, TPeOOBaHUN K KayeCTBY BBIIYCKaeMON MPOAYKLUU U
crangaptos (CHull, TOCT, TY, CTY, ISO).

HaubGonee 5>¢¢exkTuBHO OpraHu30BaHHbIE IPOM3BOACTBA CMOTYT BBINYCKATh KAaueCTBEHHYIO
NPOAYKIMIO B OoJiee KOPOTKUH CPOK, YTO JacT UM 3HAYMMOE MPEHMYILIECTBO Ha CTPOUTEIHHOM
PBIHKE.
B coBpeMeHHOM MOHOJUTHOM CTPOMTEIHCTBE OPraHU3ALUs CTPOUTEIBHOTO MPOU3BOJICTBA COCTOHT
U3 CIEAYIOIINX ATAIOB!

® OpraHU3alMOHHO-TEXHOJIOTUYECKOE MPOECKTUPOBAHUE CTPOUTEIBHBIX IPOLIECCOB;

e pazpaboTka mpoekrta opranuzanuu crpoutenbersa (II0C);

e pa3paboTka npoekra nmpousBozacTa padot (I1I1P);

e pealu3alus CTPOUTEITHHO-MOHTaXHBIX padoT (CMP) cornacHo npoeKTHON JOKYMEHTAIIHH.

Ecnu yuyecTh, 4YTO CTpOUTENbHOE TMPOU3BOJACTBO — Oonbllas M CIOXKHAs CHCTEMA,
BKJTIOYAIOIIEH MHOYKECTBO TMPOLECCOB, 3aBHCALIMX OT 4YeJIOBEYECKOro (hpakTopa, BHEIITHHX
BO3JICHCTBUI, a Tak)Ke, YTO JF000M MPOEKT — ATO MACATU3UPOBAHHOE MPHUOIMKEHNE K PEAIbHOCTH,
TO MO’KHO CJI€JaTh BBIBOJ O HEBO3MOYKHOCTHU IPOU3BOJICTBA pabOT B MOJIHOM cooTBeTcTBUM ¢ [IOC
u IIIIP. B ToXe BpeMs Hu3-3a MPOSIBICHUS MHOXXECTBAa HEOJIArONmpUATHBIX YCIOBHI Mpoiiecc
CTPOUTENIBCTBA MOXKET OBITh HAPYIIEH U OCTAHOBJICH Ha TMPOJIOJKUTEIEHOE BPEMS.

[To cocrosuuto Ha 1 sHBaps 2019 roga nmo nanubiM CuetHoi nanatel PO B Poccum 62,6
ThICSIYM OOBEKTOB HE3aBEPIIEHHOTO CTPOUTENIHCTBA (OHC)l. Cpenu HUX — JIETCKUE CaJibl, LIKOJIbI,
YHUBEPCUTETCKUE KaMITYChl, OOBEKThl TPAHCHOPTHOM M KOMMYHaIbHOW WHGpacTpyKTyphl. K
Havyany 2019 roma B st OHC Bnoxeno 4,048 tpnH pyOneil OIOJKETHBIX CPEICTB (C Y4ETOM
TEKYIIEero CTpouTenbcTBa). [Ipu »TOM Ha rocymapcTBEHHBIE CTPOMKHU, KOTOPBIE MPUOCTAHOBICHBI
OoJiee yeM Ha TOJIT0/Ia WJTM 3aKOHCEPBHPOBaHHI (Oosiee 4 ThIC. 00BEKTOB) HarmpaBuiau 260 mipa
pyoueii [8].

Pemarormum daxktopoM i opraHu3ani BO30OHOBIIEHUS CTPOMTENBLHOTO IPOU3BOJICTBA
OOBEKTOB HE3aBEpPIICHHOTO MOHOJIUTHOTO CTPOUTENbCTBA CTAHOBUTCS TMPOLIECC TMPUHATHS
opranuzanroHHo-TexHojornyecknx pemennii (OTP) B ykxe 3amaHHBIX YCIOBHSX CTPOMTENHCTBA
(cTeCHEHHOCTh MPOU3BOICTBEHHOM IUIOIIAIKH, TEXHUYECKOE COCTOSHUS 00BEKTa, €ro BO3MOXKHOE
nepenpodrMpoBanne), CrocoOCTBYIOMMA JOCTIKCHHUIO TJIABHBIX TOKa3aTeleld CTPOUTEIHLHOTO
npoekTa (IPOJI0JKUTEIBHOCTh, CTOMMOCTbD, Ka4eCTBO, O€30M1aCHOCTD).

! OHC: 06BeKT KanMTaIbHOTO CTPOUTEILCTBA - 3[aHHE, CTPOSHHE, COOPYKEHHE, 0OBEKTHI, CTPOMTENHECTBO KOTOPBIX
HE 3aBepIICHO (Janee - 00BEKTHl HE3aBEPIICHHOTO CTPOUTENBCTBA), 32 UCKIFOYCHHEM HEKATUTAIBHBIX CTPOCHHIA,
COOPYXKCHHUI U HEOTJEIUMBIX yIYUNICHHNA 3eMEIIbHOTO Y9acTKa (3aMOIICHUE, TIOKPBITHE U IPYTHE) -
"I"'pamoctpoutensHblii kogeke Poccuiickoit @eneparuun” ot 29.12.2004 N 190-D3 (pen. ot 25.12.2018)
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PE3YJBbTATbBI UCCJIIEAOBAHUA
B pesynbrare uccnenoBanus BeieneHo S rpymnim gakropos, Biusitonue Ha OTP B Bo3oOHOBIsIEMOM
MOHOJIUTHOM CTpOI/ITeJIbCTBe:
® TEeppUTOpPUATHHOE PACIIOIOKEHHE O0BEKTA;
TEXHOJIOTUYECKAs CIIOKHOCTh O0BEKTa,
YPOBCHb MCXaHHU3allUN CTpOI/ITeJIBCTBa;
yYPOBEHBb MPOPAOOTKH IOKYMEHTAIUH;
YPOBEHb UCIIOJIB30BaHUSA TPYAOBEIX PECYPCOB.
Jis omnpeneneHus: (GaxTOPOB, OKA3BIBAIOIIUX HAWOOJBIIETO BIUSHUS, HWCIOJIB3YETCS METOJ
9KCIIEPTHBIX OI[EHOK. Pe3ynbTaThl OLIEHKH 9KCIIEPTOB CBEJIEHBI B Tabule 1.

Taoauna 1. HaubGonee 3Haunmbie HakTOpbI

dakTop O0o3HaueHnune Enununa usmepenusi

Jlonst 3aBepiieHHBIX paboT A %
Hucno 3raxkel B COOPYKEHUU N Ir.
Oco0ble KOHCTPYKTHBHEIE C %
peLeHusl
CreneHpb CTECHEHHOCTH I %
CTPOUTEJIHOM IO IKU
BiisiHue noroaHsIx yciaoBun W %
VYpoBeHb MEXaHU3ALUU M %
CTPOMTEJLHBIX IPOIIECCOB
OObecneueHHOCTh TPYAOBBIMU E Yo
pecypcamu
Crenenp cienuanu3anuu p %
CTPOMTEJIBLHBIX IPOLIECCOB
Hannuue npoextHoON
JOKYMEHTAIH, B TOM YHCIIE B En.
BIM-monenun
TexHnuyeckoe cocTosiHuE

T %
COOPY>KEHHUSI
Kommnekramus
onasy0OUYHBIMH CHCTEMAMU F Py6'/M3

B kadectBe ocHOBHOro Kputepus 3()(PEeKTUBHOCTU MpH BbIOOpE panuoHanbHOoro Bapuanta OTP
MOKHO HPUHATH CTOMMOCTb BBINOJIHEHHS MOHOJIUTHBIX paboT, Kak 00OOINAOLIMI IMoKa3aTeb,
BKJTIOYAIONTUH B ce0s Bce, HanboJiee BIUSAIOMINE (PaKTOPHI.

B Takom ciydae, MHOTO(akTOpHast perpecCHOHHAst MOJIENb, MOXKET UMETh CIIETYIOLINI BUI:

So =S — X1*A+X2*N+X3*C+X4*|+X5*W-X6*M+X7*E+X8*P-Xg*B-Xlo*T+X11*F,

r7ie Sp - CTOUMOCTD BBHIMOTHEHUS PabOT ¢ y4eToM Hauboliee 3HAaUUMBIX (aKTOPOB, a S; CTOUMOCTD
paboT 10 TUTAHOBOM CMETE, X ... Xp — IMOKa3aTeNIH, Han0oIee 3HAYMMBIX (DaKTOPOB.

[lonobuble Monenw, XapakTepHbl W Ui OCTalbHBIX MoOKa3aTened  3(PpPeKTUBHOCTHU:
MPOJOIKUTEIBLHOCTD, Ka4eCTBO, O€30MTaCHOCTbD.
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HHEPCIIEKTUBHBIE HAITPABJIEHUA UCCJIIEJOBAHUA

Jlns  oOecriedeHuss HEOOXOIUMOMU

CTETIEHH JOCTOBEPHOCTH PACCUYMTHIBAEMOTO pe3yJbTara

HE00XO0IMMO TPOU3BECTU cOOp U aHATU3 MH()OPMAIIMOHHBIX JTaHHBIX JEATEIBHOCTH CTPOUTEIBHBIX
HOJPSIHBIX OpPraHU3alMi MPU BO3BEJCHUHM OOBEKTOB MOHOJIMTHOIO CTpoUTeNbCTBA. UeM OoJblue
COOpaHHBIX JaHHBIX, TEM TOYHEEe OYyAyT MOKa3aTeiH, HO OTPOMHBIH 00BEM JAaHHBIX HEBO3MOXKHO
[IPOAHATIU3UPOBATh 0€3 MOMOIIM HMHTEJIEKTYaJbHOW CHUCTEMBl MOJAEP)KKH MPUHATHA pPELIeHUH
(MCIIIIP).

Takum oOpa3zom,

(YHKIIMOHATIOM:

e [lognepxka

CTaTUCTMYECKUX MOJAENeH ¥ MAIIMHHOTO OOydeHUs
MHOTOKPHTEPHATBLHOH 33/1a4n).
e Opranu3anus NOTOKa JAHHBIX (I yrpaBlieHUs (paKTOpamu).

e [loanepkka sKCEpTHBIX MHEHUH (1J1s1 onpeeseHus: Haubosiee 3HaYUMBbIX (aKTOpPOB).
e BusyanbHoe npeacraBiaeHue (sl IPUHATHUS PEILICHUS).

Ucxons u3 tpedyemoro ¢ynknuonana, UCIITIP moxHo pa3outs Ha 3 cnost (Tabnuna 2).

Ta6auna 2. Apxurexrypa UCIITTP

cnenuanibHo noxarorosiennas WCIIIP, nmomkxa o007a1aTh ClEIYIOIIHM

(s pemeHus

Caon DOyHKIHOHAJ NucrpymenTapui
Hutepdeiic Buszyanu3anus Power Bl
Cratuctudeckue MOJEIH U
MonenupoBanue A Python
MalIMHHOE 00yUYeHre
Opranusanus rmoToxa
AHHBIX .
COop u aHaIM3 TaHHBIX 2 Redis

Pabora ¢ 0a30i1 JaHHBIX

9KCHepTHHe MHCHUA

BbIBO/IbI
1. OpHuM U3 BO3MOXKHBIX MyTel MOBBIMIEHUS Y3PPEKTUBHOCTH CTPOUTEIBHOTO MPOU3BOJICTBA
sBIIgeTCS BbIOOp Hambosee panuoHanbHbIx BapuanToB OTP cTponTenbHBIX MPoOLIEccoB.

2. Bpibop paunonambHbix BapuaHtoB OTP  MoHOmMTHOTrO

aBTOMATHU3HPOBATh ¢ omolibio BHeApenus UCIITIP.

JUTEPATYPA
[Dnexrponnsiii pecype] Pexxum mocrtyma: https://erzrf.ru/images/repfle/14870876001REPFLE.pdf [lara

1.

2.

obpamenus: 23.03.2020.

CTPOUTCIIbCTBA BO3MOXKHO

Baiinmwmenin M.C., JKaoanosckuii b.B., Cunenxo C.A., Agpanacves A.A., Ilasnos A.C., E¢pumenxo A.3.,
Honeanoe A.M. Ouenka 3PPEKTUBHOCTH OpPraHU3aIlMOHHO-TEXHOJOTHYECKMX PEIIeHUH IpH BbIOOpE
CPEACTB MEXaHM3allMH MPOU3BOACTBA CTPOUTEIBHO-MOHTaXHBIX padoT / Hayunoe o0o3penue. 2015. Ne

13. C. 123-127.

. 3asadckac 3.K., Kaknayckac A. Ananu3 mporecca )KU3HEHHOTO [TUKJIa 3aCTPOSHHOM Cpeibl KaK CI0KHOMN

U TIOCTOSHHO M3MeHSsoeiicst cucteMsl // HeaBrmkuMocTb: sKkoHOMUKa, ynpasinenue. 2015. Ne 3. C. 82-

87.
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. Ilpvixuna JLB., [pvixun 5.B. VIHHOBaIIMOHHAS COCTABIISIONIAS MPOU3BOJICTBA CTPOUTEIBHBIX CHUCTEM //
OKOHOMHKA 1 TIpeanpuHUMaTenseTBO. 2015. Ne 5-1 (58). C. 467-472.

. Aposenxo C.M., Ilasmoyyx B.JO. Ontumuzanus HUCIONb30BAHUS MPOU3BOJICTBEHHBIX PECYPCOB
CTPOUTENILHOW OpraHW3allid B MPOIECCE CO3/aHus OOBEKTOB HEIBWXHMOCTH // HemBmKUMOCTH:
9KOHOMHKa, ynpasnernue. 2007. Ne 1-2. C. 86-89.

. 3asaockac O.K., Kaxnayckac A., Anopywxasuuioc A., Bumeiikuene M. VIHTepHeTHas cucrema
MOJACPKKH TMPUHATHUS PELICHUH NMPH OLIEHKE WHHOBAIIMOHHBIX MPOEKTOB B CTPOMTENHCTBE // BecTHHK
Hanmonansaoro AnanmonHoro Yausepcureta. 2005. T. 3. Ne 25. C. 144-150.

. Tycakos A.A., T'unzdoype A.B., Bepemeenko C.A., Mougpeo IO.b., Ilpvikun B.B., fAposenxo C.M.
Oprasn3aluoHHO-TEXHOJIOTHYECKas HAJIeKHOCTb CTPOUTEIHCTBA

. [Dnexrtponnsiit pecypc] Pexum mocryma: http://audit.gov.ru/press_center/news/37752 Jlata oOpareHust:
22.02.2020.
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AHAJIN3 OBCJEJOBAHUS BETOHHBIX KOHCTPYKIUI BLICOKOTOYHBIMHA
ITPUBOPAMMU

A.C. 3ynoBa

cmyoenmka, zudovaa98@gmail.com
OI'bOY BO «Hayuonanvhsiii uccieoosamenvckuii Mockosckuti 20cyo0apcmeeH bl CImpoumeibHbulll

yuueepcumemy, Mockesa, Apocnasckoe wiocce, 0. 26

AHHOTaNUA

B Tekyimeii cratbe mpoBOAUTCS aHATU3 TPUOOPOB MO 0OCICTOBAHUIO BETXOTO JKUJIbS B
Poccun u npyrux crpanax. Ha ocHOBe CTaTHCTHKYU MPUBEACHBI IAHHBIC TI0 COCTOSHUIO
poccuiickoro xuiaumHoro ¢onaa. PaccMorpen meron Haubolsiee MAASIIETO U3yYSHHS
KOHCTPYKIUU C JATbHEHIIUM COXPAHCHHEM €€ HCTOPHYECKON IEHHOCTH, U B IIEIAX
SKOHOMHHU pecypcoB. llpencraBienbl mpuOOPHI, ONPEALCNSIONINE CKPBITHIE JIIEMEHTHI
CTPOUTEILHBIX KOHCTPYKIMA HEpPa3pyMIAIONIMM METOJOM. B 9acTHOCTH, TEXHOJIOTHS
paspaborana kommanueit Hilti ams momorm HHXEHEpaM-CTPOUTEISIM B KOHTPOJIE U
oOciemoBaHMM  OCTOHHBIX  KOHCTpyKuui. lLlenmpro  cratbu  SBISETCS  aHATU3
HEOOXOMMOCTH TMPUMEHEHHUSI COBPEMEHHBIX HEpa3pylalolMX METOAOB IpHU
oOciemoBaHMM OCTOHA HA BBIABICHUE PACIOJIOKEHUS apMATYPHBIX CTEpPXKHEH,
Pa3IMYHBIX Pa3MEpOB MYCTOT U MOJOCTEH, IEKTPUUECKON MPOBOIKU, METAJUTMUECKUX
Y TUTACTUKOBBIX TPYOOTIPOBOJIOB M CBEJICHUE K MHHIMYMY BO3MOYXHOCTH TIOTIAJ[AHWS B
yKa3zaHHble 00beKThl. BrisiBieHue Hanbosnee 3p(HeKTUBHOTO CKaHUPYIOIIEro mpubopa ¢
KOPPEKTHBIM U JETAbHBIM OTOOpPaKEHWEM BHYTPEHHHX IC(PEKTOB KOHCTPYKIIUU.YTO
MO3BOJISIET 00JIEe TOYHO OLEHUTh MPUTOJHOCTB3/IaHuUs K JaIbHEHIIIeH SKCILTyaTaluu.

BBEJIEHUE

B coBpeMeHHOM MuHpE CTAaHOBHUTCS aKTyaJlbHOM MpoOjemMa pEeKOHCTPYKUUHU 3haHuil. B
CTPOMTENBHOM WHAYCTPUM BCE 4Yalle IPOUCXOAAT aBapuu B CIEICTBUU IMPEJOCTABICHUS
MHXEHEepaM-KOHCTPYKTOpaM HENOJHOM MH(POpMAIMH O COCTOSTHUM O0OBEKTa, K MpUMEpPY, KIacc U
KOJINYECTBO apMaTyphl, BEIMUYMHA 3alIUTHBIX CIIOEB OETOHA, OTCYTCTBHME 3asBJICHHBIX B IPOEKTE
apMaTypHBIX cTepkHell. Bce nmepeuncieHHble mapaMeTpbl BIMAIOT HA PELIEHUE 10 YCUJICHUIO WU
peMOHTY KOHCTpykIuH. K TomMy e He Bcerga e€cTb BO3MOXKHOCTH BOCIIOJIB30BAaTbCSl METOAOM
JIOKQJIBHOTO pa3pylleHus, TaK KaK 4acTO HET JIOCTYIa K TaKUM 3JeMEeHTaM, KaK (pyHIaMeHThl WK
BEepXHee apMmupoBaHue purened u Oanok. CregoBaTeNnbHO, M3-32 OTCYTCTBHS IOJIOOHOM
nH(pOpMallMM BO3HUKAIOT OMIMOKM TIpU COCTaBJIEHMM OTYETOB O HECYyIIeH CHOCOOHOCTH
obobekTa.lloaToMy HEOOXOOMMBI Mephl, YMEHBIIAIOUIME WM HCKIIOYAIOIME PUCK IOTyYEHHS
HEKOPPEKTHOTO 00cie[oBaHNEe OETOHHON KOHCTPYKITUH. [2]

MATEPUAJIBI U METO/bI

AHanu3upysi CTaTUCTUKY JAaHHBIX, NpuBeAeHHbIX Poccratom ¢ 1996 roma, B Poccum
3HAYUTENIbHBIMU TEMIIAMU TMPOTPECCUPOBAIO YXY/IIEHHE TEXHUYECKOTO COCTOSHUSA (oHAa
HeaBwxkuMocTH. B nepuon ¢ 1996 mo 2001 roxsl 3aguKCHpOBaHO yBeIWYEHHE 00BEMOB BETXOTO,
aBapUNHOTO KWIbs. DTO OOBSICHSIETCS TeM, uTO B 90-e TOIbl AKCIUTyaTallus 3JaHWi ObLTa Yarie
OECKOHTPOJILHOM: MEHbILE YIEeNAJIOCh BHUMAHHUS KOHTPOJIO BO3BOJAUMBIX OOBEKTOB, PEMOHTHI
MIPOBOAMIINCH TOJIBKO B KPUTUUYECKUX CIy4asiX, JOKYMEHTalus psjia o0beKToB Obuia yrepsiHa. [ 1]
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Puc. 1. Berxuii u aBapuiiHbIii >xuuiiHbid Goua Poccuu, MITH.KB.M

OCHOBHBIMU TIPUYMHAMH aBAPUUHOCTH JKUJIbSI SABIISIIOTCS JePOPMALIUU B TTOBPEXKICHHUS,
noTepsi He00XO0IUMOH MTPOYHOCTH HECYIINX KOHCTPYKIHA, (YHIaMEHTOB, CTCH, IIEPEKPHITHIA. B
CJIICACTBHHN YE€T'O CTAHOBUTCA OIIaCHBIM Hpe6BIBaHI/Ie B JAHHOM IMOMCIICHHWHU B BUY BO3MOKHOCTHU
ero oOpyuIeHus.

Puc. 2. He cobirogeHue 3auTHOrO ¢Jiost OeToHa.

Jlns ycTpaHeHHs HEKOTOPBIX NPUYUH, BIUSIONIMX HA YCTOWYMBOCTH U JIOJITOBEYHOCTH
KOHCTPYKIIMW, a Takke sl yaoOcTBa 0OCJeIOBaHHS 3/1aHUM, MPHUMEHSIOTCS CIIeIUaIbHBIC
npuOOphI, MpeAHa3HauYeHHbIE [UIsi OO0cCleqoBaHMs OETOHHBIX KOHCTpyKuui. CpaBHUM Tpu
Pa3IMYHBIX MOJICITH, OCHOBHBIE XapaKTEPUCTUKK MPUOOPOB MPEACTaBUM B BHIe TaOmuIs! 1. [5]
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Taoauna 1.

Proceq GPR Live — . .
Tpu6op HOPTATHBHEII YasTpa3zBykoBoiinedexkTockon Cucrema Hilti
reopagap A1220 MOHOJIAT PS 1000 X-SCAN
yIBTPa3BYKOBOE
MeTton reopauoJIOKAIIHS U3JIYYCHHUE PATHOBOJIH
M3ITyYCHUE
TOJIIIMHA
3aIIUTHOTO CJI0S, | MPOYHOCTH OETOHa, JJIs PacIoJIOKEHUE BEPXHETO U
IuameTp u Ne(EKTOCKONHH, KOHTPOJIS | HUKHETO CIIOEB apMaTyphl,
ITo3Bonser MOJIOYKEHHE KadecTBa OCTOHUPOBAHUS, | METALIMYCCKUX U
OTIPEICTTUTh apMaTypHBIX orpeaeNeHUs TTyOUHBIN IJIACTHUKOBBIX
CTEp)KHEH MOMCKA apMaTyphl B TpyOOIIPOBO/IOB,
OceToHe CTEKJIOBOJIOKOHHBIX Kabesei
JlnamnasoH Jlo 70 mm Ot 100 102150 10 400 MM
WU3MEPECHUS CIIOS
Tounocts - + 30 MM +10 MM
3D Tonpko Ha MecTe HET na
BH3YaJIH3aIus

[To mpencraBieHHBIM NapamMeTpaM BBIICIUM JIHJCpPA 1O TOJIIUHE H3MEPSIEMOro Cios,
TOYHOCTH, U H3MEPEHHUIO, HAKOIUICHUIO U 00paboTke TaHHBIX.PaccMoTpuM mopodHee cucTeMy
PS 1000 X-SCAN, paspaborannyro kommnanueit Hilti. ®yHknponupyetnpubop ¢ MOMOIIBIO
U3JIy4dCHUs PaJuoOBOJIH. BCTpedas mpensTcTBUE HA CBOEM ITyTH, BOJHBI OTPAXKAIOTCS U IEPEAaroT
curHan odpatHo npubopy. Takas TEXHOJOTHS MO3BOJSET OIPEACIATH PACIIOIOKEHHE HE TOJBKO
BEPXHEr0, HO M HIDKHETO CJIOEB apMaTypbl, METAUTMYECKHX M IIIACTHKOBBIX TPYOOIPOBOJIOB,
CTEKJIOBOJIOKOHHBIX KaOelel, MycTOT W JCPEBSHHBIX KOMIIOHCHTOB B KOHCTPYKIHSIX W3 CYXOTO

OeToHa.

I”‘l‘
Puc. 2. Cucrema PS 1000 X-SCAN npu ckaHIpOBaHUN KOHCTPYKITHH
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ITomumo pabouero 610ka €CTh YCTPOMCTBO JUIsl MPOCMOTpA HCCIETyEMOro 00ObEKTa Ha MeCTe,
YTO COKpamaeT BpeMs isg 00paOoTKM WH(OpPMAIMM W TPHHATHS DPEIICHWH IO YCTPaHEHHUIO
KpUTHYEeCKHX cuTyauuid. OToOpaskeHue pe3yabTaToB 00CIEAOBAaHMU MOXKHO IpocMaTpuBaTh B 2D u
3D¢dopmatax, a Takxke cedeHue oObekToB. KauecTBeHHas BU3yasn3alus MO3BOJSET CKaHUPOBATh
COTHM KB3JpaTHbIX METPOB OE€TOHAa HAa OJAWH JIeHb, YTO OE3yCIOBHO TIOBBIIIAET TOYHOCTb
oOclieIoBaHMsI M COKpallaeT BpeMs O00cieloBaHMs, NPOBOAMMOE JAPYIrMMU IpHOOpaMu C
TEXHOJIOTUEH yIbTPA3BYKOBOI'O M3JTyYCHHUS M HAa OCHOBE PAJHOBOJIH, HO 6€3 BO3MOXKHOCTH BBIBOJA
00bEKTa B peaJbHOM BpeMeHHU. Takke ecTb NporpaMMHOE oOecreueHue A JalbHeHIero
UCCJICIOBAaHMSI, OLICHKH U 3aIlUCH JaHHbIX.[4]

A8 3 4 ,“" ol
Puc. 3. Cucrema PS 1000 X-SCAN. Otobpakenue pe3ynbraToB oocnenosans B 2D u 3D dopmarax

PE3YJIBTATBI UCCJIIEAOBAHUS

[IpumeHenust ckanepa Juisi OCTOHHBIX KOHCTPYKIIMH ITO3BOJIIET OOHAPYXHTh KOPPEKTHOE
pacrioyio)keHNe apMaTypbl M JIPYTUX CKPBITBIX OOBEKTOB, a CJEIOBATEIbHO, MPOBECTH OoJjee
TOYHBIA aHaJIW3 KOHCTPYKIMWA M BBIIBUTh NPUYMHY aBaPHMHOCTU 3[aHUS NPU PEMOHTE WU
HETNPUTOAHOCTh KOHCTPYKLMHU TPUHETIOCPEACTBEHHOM €€ Bo3BeAcHuu. [Ipubop mo3BossieT
pacro3HaTh B TOM YHCIIE PACIOJI0KEHNE apMATypHBIX CTEpKHEH C YacThIM LIaroM, K nmpumepy, 50
MM, B TO BpeMsl Kak JApPYyrHe CHCTEMBI PACIO3HAIOT OIHO ILEIhHOE MATHO. TOYHOCTH TITyOWMHBI
m3Mepenuss PS 1000 X-SCAN3aBUCHT OT JUAIEKTPUYECKOH NPOHMIIAEMOCTH O€TOHa, KOTOopas
HACTPaUBACTCs B 3aBUCHMOCTH OT BJIAXXHOCTH KOHCTPYKIHH. [6]

PaccMoTpuM cuTyanuio, mpu KOTOpOW HEOOXOIUMO OIPENeNIUTh apMUPOBAHUE KOJOHH M
pureneil. B aTom ciyudae oOciemoBarend OOBIYHO UCIHOJIB3YIOT mepdopaTop, 4TOObI CHATH YacTh
OETOHHOM KOHCTPYKLIMHU, U CMOTPST apMaTypHbIE CTEpKHM Ha ee Toplax. Tak ke U B CiIydae C
pureseM. 3aTeM 3TO MECTO BOccTaHaBiuBaroT. CiieioBaTelbHO, Ha TIEPHOJ] TPOBEACHHS PabOT 1O
00CIIeZIOBaHUIO HEKOTOpbI€ IOMEUICHUsI JOJDKHBI OBITh 3aKpBITBl, YTO HE OYEHb HPAaBUTCA
apeH/aTopy WiM coOCTBeHHUKY. Kpome TOoro, cTouT ydecTh TOT (hakTop, YTO HE BCE KOJIOHHBI U
purens MO>KHO Tak 0OCIJIeZloBaTh, KaK CJIEJICTBHE OrpaHHMYEHHbIE OOBbEMbI M3BICKaHUH, MHXKEHEPHI
HE TONYYaloT TOJHYI0 KAapTHHY IO BCEMYy 3JaHHI0. B CBOIO ouepenp, NMpH CKAaHUPOBAHWUU
MOSIBJISICTCSI JTOCTYI KO BCEM KOHCTPYKIUAM 0€3 UX pa3pylLIeHHUs.

Jauubrii Mmeton oOciaeaoBaHus TO3BOJISIET MOMYyYUTh OoJblie wHGOpMauu 00 00BEKTE U
MOBBICUTh TOYHOCTh OOCIJIE€JIOBaHUS, TP ATOM OKa3bIBas MEHbILIE HETaTUBHOI'O BIMSHHUS Ha camy
KOHCTPYKIIUIO.
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Puc. 4. PaboTs1, mpoBomMbIe ¢ iomMorpio cuctembl PS 1000 X-SCAN

BbIBO/IbI

W3ydnB CTaTHCTUKY €XKETOJHOTOyBEIHYEHUsI O0BEMOB aBapHHOTO >XKWibsi B Poccum,
MOJKHO CJIeNaTh BBIBOJ, YTO IIOMCK COBPEMEHHBIX METOJOB OLIEHKH COCTOSHUS HECYIIHMX
KOHCTPYKIIMH SABIISIETCS HanOojee akTyallbHOU 3a/1auell COBpPEMEHHOTO CTPOUTEILCTBA. B KauecTBe
HSKOHOMHMH CPEJICTB U PECYPCOB, COXPAHEHMsS HCTOPUYECKOM IIEHHOCTU OOBEKTOB NMPUMEHSIOTCS
Hepa3pyLIaoe METOAbl 00CIeI0BaHNs 3JaHuid. ABTOPOM OBLT MPOBEJCH aHAN3 TPeX Hanboee
HOMYJSAPHBIX NPUOOPOB Ul M3Y4YEHUs KOHCTPYKLMHM 37aHMsS Hepa3pyllAoUMMU METOJaMH U
BBISIBJICH HawOoyiee TOYHBIA M YHAOOHBIA B IiaHe oOpaboTku mHpopmammu mpudop PS 1000 X-
SCAN.[laHHO€ YCTpPOHCTBO YK€ HpPUMEHSETCS MPHOLEHKE COCTOSHHS IUITUT TEPEeKPhITUH, CTEH,
0aJKOHOB 3/aHUI, B TaKUX COOPYKEHHUSX KaK MOCTBI, TYHHENIH, JIIOOBIE IPYrHe IOA3EMHEIC
KOHCTPYKLUU.
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Abstract

Subject of research: the article deals with the issues of water exchange in semi-closed
port waters. Mathematical modeling of water exchange processes inside the projected
construction object is considered on the example of the water area of the Gelendzhik
Bay. We accept the most unfavorable conditions of water exchange in the area of the
construction site. We consider two design configurations for the Gelendzhik Bay. The
first is the distribution of depths in the absence of port facilities; the second is in the
presence of the projected construction object. The model is adapted for calculating flow
fields, temperature, and salinity.

Objective: to assess water exchange processes within the planned construction sites and
the impact of the construction site on water exchange.

Research method: systematization of materials and information, mathematical
modeling, analysis.

The result of the work: the construction Object in the semi-closed port water area
affects the area adjacent to the port facilities. The size of the perturbation area from the
circulation is assumed to be equal to half the size of the object. Water exchange in semi-
closed port waters is three-dimensional and depends on the wind direction. The
deterioration of the water quality inside the semi-closed water area may be insignificant.

INTRODUCTION

During the construction and operation of hydraulic structures, environmental safety
requirements must be met. The desire to improve the reliability of existing and under construction
structures should not have a negative impact on the environment. It is necessary to strive to achieve
economic efficiency by reducing costs as a result of minimizing repair work.

Information about water exchange processes provides a choice of rational planning and design
of hydraulic structures in the water area of the infrastructure complex.

A significant number of works are devoted to the study of water exchange in semi-enclosed
water areas and ensuring the necessary water quality in them. Natural coastal areas with limited
water exchange are bays and bays. [1]

Let's consider the water exchange of a semi-closed water area on the example of a complex of
coastal and marine infrastructure in the seaport of Gelendzhik (objects of Federal property). To do
this, we will assess the water exchange processes within the planned construction site and the
impact of the construction object on the water exchange of the Gelendzhik Bay.

MATERIALS AND METHODS

Technology for mathematical modeling of water exchange processes

Water exchange in most cases practical tasks are essentially three dimensional in nature so for
an accurate forecast of changes in water quality in a semi closed environment water areas need to
model a three- dimensional field of currents.
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The SELFE hydrodynamic model (Semi-implicit Eulerian—Lagrangian Finite Element)is
intended for modeling coastal processesand calculating hydrodynamic fields in coastal zones of seas,
lakes and estuaries. The model was developed by an international team with the participation of
authors [6-8] and has been widely used in engineering and environmental problems [2-4] the
Documentation of the model, examples of model applications and a list of publications using the
model is publicly available on the site [10].

The model calculates three components of velocity, temperature, salinity, and free surface
fluctuations. The model uses a generalized turbulence model that can be used in k-¢, k~w, k-kl
variants. The model can work both in the sigma system of vertical coordinates to accurately
describe the bottom relief, and in the z-system, when the Sigma system cannot be used because of
the large slopes of the bottom. The model can use a mixed coordinate system: the z-system in deep
layers, and the Sigma system in the shallow part of the area (Figure 1).

Pure Szone
AL

VT- o=0 -~
T T

—t— 11

h, . SHevels

~N—zr zone|— Szone = SZ zone
z |

7~ Z-levels

Fig. 1. A mixed system of vertical coordinates

The main variables of hydrodynamics are the three components of velocity (u,v,w),
temperature T, salinity S and fluctuations of the free surface n. The assumption of hydrostatic
pressure P and incompressibility of the liquid is used.

The model uses the finite element method on unstructured triangular grids to solve a system
of equations. This allows you to accurately set the boundaries of the calculation area and increase or
decrease the resolution of the calculation grid in places where more or less detail is required. The
model uses a semi-implicit numerical scheme over time and a mixed Euler-Lagrangian approach in
calculating the inertial terms of equations.

Mathematical modeling of water exchange processes inside the projected construction object

Mathematical modeling is used to assess the impact of the projected object of a given
structure configuration on the flow and study of water exchange processes in semi-enclosed water
areas. As a semi-closed water area, we consider The Gelendzhik Bay. Area of projected port
facilities — 115205m°. Volume of water inside the port is VV=567821m°. Calculations are performed
for the selected summer period July-August 2010 based on the specified values of meteorological
parameters.

We define modeling parameters and input data for the calculation. To model the flow fields,
select the area that covers The Gelendzhik Bay. The calculated grid consists of 6259 nodes. The
grid includes 12022 elements. The dimensions of the sides of the elements vary from 9 m at the
entrance to the port to 90 m at the entrance to the Bay. Vertically, a Sigma coordinate system is
used, including 11 levels. Calculations are performed using a hydrostatic version of the SELFE
model with a time step of 10C.the turbulence model is used in the calculations. At the entrance to
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The Gelendzhik Bay, we set the radiation conditions for the velocity, level, temperature, and
salinity fields.

We consider two calculated configurations of depth distribution: before construction
(Scenario 1) and if there is a projected construction object (Scenario 2).

Figure 2 shows the modeling area and depth distribution for the port complex being designed,

based on digital maps.
Depth, m
17.0
16.0
15.0
140
13.0
12.0
1.0
100

TTI

Fig.2. Calculation grid and depth map in Gelendzhik Bay in the presence of the projected
construction object (Scenario 2).

For modeling and calculation based on the analysis of the archive of meteorological data for
1991 — 2011 from the ERA-interim database of the European center for medium-term weather
forecasts [9] for July-August, the extremely warm year 2010 was selected (Figure 3.2). It is
assumed that the most unfavorable weather conditions for water exchange in the construction site
during this period. During this period, the wind rose for July-August 1991-2011 is dominated by
northerly winds (Figure 3.3). Graphs of the time course of the zonal and meridional components of
wind speed at an altitude of 10 m are presented (Figures 3.4-3.5). The time course of humidity and
cloud cover used to calculate the thermal balance in the simulation is shown in figures 3.6-3.7.
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Fig. 3.1 The average temperature for the period July-August 1991-2011, and the air temperature for this
period in 2010
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Fig. 3.2 Deviation from the average temperature for July-August 1991-2011 according to ERA-interim data

Fig. 3.3 Wind rose for July-August 1991-2011
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Fig. 3.4 Meridional W, wind speed components for the period July-August 2010
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Fig. 3.5 Meridional W, wind speed components for the period July-August 2010
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Fig. 3.6 Relative humidity for the period July-August 2010
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Fig. 3.7 Cloud cover for the period July-August 2010

Water exchange is calculated for the vertical section of the port gate shown by the red line in
Fig. 4. The cross-section length is 57 meters, the maximum depth is 5.7 meters.
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Fig. 4. Position of the vertical sectio alculating ater exchange with the port

In figure 4.1 examples of circulation at the entrance section to the port are given for two
typical wind directions in the Gelendzhik Bay. The arrows indicate the circulation along the flow
plane, and the color indicates the normal velocity component to the cross- section. Positive values
indicate the flow of water from the port.
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Normal velocity, mis
0.1

010 mis —=
0.00 m/s -
a). The flow in the upper layer is directed to the port, in the lower-in the opposite direction
Normal velocity, m/s
01

010 m/s —=
0.00 m/s -

b) The flow in the lower layer is directed to the port, in the upper layer-in the opposite direction
Fig. 4.1. Vertical cross- sections of the velocity field at different times

'8 — 1 ' T T I * 1 7™ T ' ]
1-Jul 11-Jul 21-Jul 31-Jul 10-Aug 20-Aug 30-Aug
Fig. 4.2. Water exchange through the section at the entrance to the port. The red curve is the flow directed
from the port, and the blue curve is the flow directed to the port

The flow (inflow and outflow) of water through the vertical section at the entrance to the port
is shown in figure 4.2. Average water exchange rate Q, = 2.21 mc™. Average water exchange time
T, (water updates in the port area) is determined by the rate of water exchange Q, and the volume of
water in the port basin V:

r.Q
v (4.1)
T, =2.97 days in summer conditions characterized by relatively weak wind circulation.
Calculations have shown that water exchange is essentially three-dimensional: depending on
the wind direction, water flows in, or flows out in the upper layer and flows out or flows in the
lower layer. The construction of the port will lead to changes in circulation both inside the
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construction site and in the Gelendzhik Bay. This will change the three-dimensional structure of
currents, temperature, and salinity.

RESEARCH RESULT

This section presents the results of evaluating the impact of the construction object of a given
configuration of structures on the water exchange of the Gelendzhik Bay using mathematical
modeling. for rice. 5.1 the distribution of the vector of the average speed difference between
Scenario 1 (without projected port facilities) and scenario 2 (if there are port facilities)

N:ZTN‘ (5.1)

n - the number of calculated nodes in Scenario 2.

As can be seen from Fig. 5.1-5.2, the impact of the construction object on the circulation in the
Gelendzhik Bay is limited to a relatively small area adjacent to the port facilities. In summer wind
conditions, the area of influence of structures is relatively smaller to the North of the projected
object and more to the South. At a distance of 0.1 km to the North, the speed difference fades 5
times, while to the South, the speed difference fades 5 times at a distance of 0.2 km. This means
that changes in circulation and lithodynamics will be limited to the area adjacent to the construction
site (Fig. 5.2). These changes may have the character of local cycles in the vicinity of the
construction site (Fig. 5.1-5.2), although their intensity will be small (about several cm s™).

The estimate (5.1) describes changes in the average circulation characteristics (modulus and
direction) and does not take into account the variability of the wind circulation, which can be taken
into account by estimating the mean square values of the velocity difference field between Scenario
1 (without projected port facilities) and Scenario 2 (if there are port facilities)

Ny = N/@ (5.2)

Figures 5.3-5.4 show the field of standard values of the speed difference field between
Scenario 1 (without projected port facilities) and Scenario 2 (if there are port facilities). As can be
seen from figure 5.3-5.4, the impact of the construction object on the circulation in the Gelendzhik
Bay, as well as in Fig. 5.1-5.2, limited to a relatively small area adjacent to the port facilities. The
distance at which the construction object will affect the currents in the Gelendzhik Bay can be
estimated approximately as half the size of the object itself.

Fig. 5.1 The field of the vector of the average speed difference on the surface between Scenario 1 (without
projected port facilities) and Scenario 2 (if there are port facilities)
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Fig. 5.2 The field of the vector of the average speed difference at the bottom between Scenario 1 (without
projected port facilities) and Scenario 2 (if there are port facilities)

m/s
0.05

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005
0.0

100 200 300 400

Metpul

Fig. 5.3 The field of standard values of the speed difference field on the surface between 617;,”5 Scenario 1
(without projected port facilities) and Scenario 2 (if there are port facilities)
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Fig. 5.4 The field of mean square values of the field of speed difference at the bottom & 17;ms between
Scenario 1 (without projected port facilities) and Scenario 2 (if there are port facilities)
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A characteristic indicator of possible changes in the ecological state of the Gelendzhik Bay is
the temperature changes after the construction of the construction object. Figure 5.5 the field of the
average surface temperature difference between Scenario 1 (without projected port facilities) and
Scenario 2 (if there are port facilities) is given. It shows that the temperature changes do not exceed
0.05 °C except for a small area inside the construction site where the average temperature increase
reaches 0.15 °C.

Cc

Fig. 5.5 Field of average surface temperature difference between Scenario 1 (without projected port
facilities) and Scenario 2 (if there are port facilities)

CONCLUSIONS

Mathematical modeling methods are used to evaluate water exchange processes within the
projected construction object and to investigate the effects of the construction object on water
exchange in semi-enclosed water areas. The open-source hydrodynamic model SELFE, which is a
finite-element three-dimensional hydrostatic baroclinic model designed for modeling coastal
processes, is used for simulation. The model is adapted for calculating the flow fields, temperature,
and salinity for two design configurations: the depth distribution before construction (Scenario 1)
and if there is a projected construction object (Scenario 2). Modeling and calculations were carried
out under the most unfavorable weather conditions for water exchange in the area of the
construction site. According to [9] for 1991-2011, the ERA-interim database selected the period of
July-August of extremely warm 2010.

General conclusions on the processes of water exchange in semi-closed water areas are made
on the basis of consideration of water exchange processes in the water area of the Gelendzhik Bay.

The results of calculating the distribution of the average velocity difference vector between
Scenario 1 (without projected port facilities) and Scenario 2 (if there are port facilities) showed that
the impact of the construction object on water circulation is limited to a small area adjacent to the
port facilities. In summer wind conditions, the area of influence of structures is relatively smaller to
the North of the projected object and more to the South. Calculations of the mean square field of the
velocity difference field between Scenario 1 and Scenario 2 also demonstrate that the impact of a
construction object on circulation in a semi-enclosed water area is limited to a relatively small area
adjacent to port facilities. The distance at which the construction object will affect the flow of semi-
enclosed water areas can be estimated approximately as half the size of the object itself.

The projected construction object introduces disturbances in the circulation of the semi-closed
water area for about half the size of the object itself. At the same time, an acceptable rate of water
exchange with the water area is maintained. A slight change in temperature is observed in a small
area inside the construction site. The water exchange in semi-enclosed waters, three-dimensional:
depending on the wind direction the water flows in or flows out in the upper layer and flows out or
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flows in the lower layer. The average time of water exchange (renewal of water in the port area) is
determined by the speed of water exchange and the volume of water in the port basin. The time of
water exchange indicates the nature of wind circulation, and therefore the ventilation of water inside
the port. When constructing facilities in semi-enclosed water areas, only a slight deterioration in the
water quality inside the construction site is possible.
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NPUMEHEHHUE BIM — TEXHOJIOTWH JJIsI TIPOEKTUPOBAHHUSA CUCTEM
MPOTUBOIIOXXAPHOM 3AIIIUTHI

C.B. Ca0oenuna

cmyoenmka, Svetlana8296@mail.ru
@OI'bOY  BO  «Hayuouanouwiii  ucciedosamenvckuii — Mockosckuii  20cyoapcmeenHblil
cmpoumenvHulil yHusepcumemy, Mockea, Apociascrkoe wocce, 0.26

AHHOTaNUA

IIpenmer uccnenoBanusi: npumenenue BIM — monenupoBanus A NpoeKTUPOBAHUS
Pa3IMYHBIX CUCTEM MPOTUBOIOKAPHON 3aIUTHI.

Henun: wuccnenoBaHue mpolecca CO3/JaHUA IPOEKTAa CHCTEMBbI ITPOTUBOIOYXKAPHON
3aluUThl B BUAe MH(DOPMALMOHHOW MOJENH, aHAIMU3 OMNbITa B HCHOJb30BaHuu BIM —
TEXHOJIOTHIA.

Marepuanbl M MeTOAbI: aHAIM3 TEOPETHUECKUX HCTOYHHKOB, OIMHUCHIBAIOIINX
ucnosbs3oBanue BIM — TexHonoruii 1y co3ganust poeKTa.

Pe3yabTaThl: paccCMOTPEHBI OCHOBHBIE BHJIBI CUCTEM, Ui MPOEKTUPOBAHUS KOTOPBIX
BO3MOXHO mpumeHeHue BIM — TtexHonoruii, omucaHo Haubojee TMOMYISIPHOE
MporpaMMHOE OOecreueHne, MPUBEIeHbI MIOCH U MUHYCHI HCIOJb30BAaHUS JAHHOTO
coco0a MPOEKTUPOBAHMSA, HCCIENIOBAaHA BO3MOXXHOCTh BHEAPCHHS HW3YYCHHS B
oOpa3zoBaTenbHbIX yupexaeHusx paznuunoro [10 mis BIM — mogenupoBanus.
BbiBoabI: MONTy4YEeHHBIE pE3yJIbTAaThl HCCIEIOBAHMS I10Ka3bIBAalOT, YTO MPUMEHEHUE
MH(OPMALIMOHHOTO MOJIEIUPOBAHMS Ui TPOSKTUPOBAHUS CHUCTEM MPOTHUBOIOKAPHOM
3alUTHl  Pa3BUTO HEJOCTATOYHO IIMPOKO, HO Habupaer o0opoThl. JlaHHOE
UCCIIEIOBAaHHE MOYKET MOJTOJIKHYTh CHEI[HAIIMCTOB K OCBOCHHIO HOBOT'O MPOTPaMMHOIO
olOecnieyeHus Uil YCKOPEHHs IIpollecca MPOEKTHPOBAHMS M YBEIMYEHUS CBOEH
BOCTPeOOBAaHHOCTH Ha phIHKE paboTOaTENeH.

BBEJIEHUE

CornacHo nopyuenuto Ilpesunenta Poccuiickoit denepannn Brnagumupa BrnagumupoBuda
[Tytuna ot 19 urons 2018 rona Heobxonumo B cpok 1o 1 uronst 2019 rona B 1eNIx MOAEpHU3ALUU
CTPOMUTENBLHOM OTpaciau 00ecneuynTh BHEAPEHUE CUCTEM MH(YOPMAIIMIOHHOTO MOJEINPOBAHUS, T. €.
BIM — TexHomnoruii.

Building Information Modeling (BIM) — nanHOe cilioBocOYeTaHHE MEPEBOAUTCS HA PYCCKHIA
A3BIK KaK MH(POPMAIMOHHOE MOJienupoBaHue 31aHus. OHO 0003Ha4YaeT COBOKYITHOCTh JIEHCTBHH U
paboT MO YHpaBIEHUIO XU3HEHHBIM LUKIOM 3/1aHUs, C HadaJlbHOTO J3Tama — IMpPOeKTa MU
3aKJIIOUUTENBHOIO — JIeMOHTaxka. BIM TexHojoruM BKIHOYAOT B ce€0sl CTaJuU NMPOEKTUPOBAHMUS,
CTPOMTENBCTBA, OJKCIUTyaTalluM, PEMOHTA 3JaHus WIM HHOro coopyxenus. BIM saBngercs
TEXHOJIOTHYECKOH Tu1aThopMoil, Mo3BoJIsIONIeH 00BEAMHUTD pa3Hble IPOrpaMMbl U UHCTPYMEHTHI,
YTO TIO3BOJIIET YACWIEBUTH IPOLECC MOJIEINPOBAHUS, YIPOCTUTH NPOLECCH BU3yaIN3alUH
Oyayuiero ooOwekta. BIM wucnonbs3yercs BceMH Y4YacTHHKaMH CTPOMTENIBHOTO —Ipoliecca:
BJIa/I€TIbIIAMH, IIPOEKTUPOBILHUKAMH, CTPOMTEISIMH, MOJAPSAHBIMU KOMITIaHUSIMH,
AKCILTyaTallMOHHBIMU KOMITaHUSMHU.

OTnenbHOM M OYeHb BAKHOM OTIMYMUTENBHOM OCOOCHHOCTBIO JTAHHOM TEXHOJIOTMU SIBISETCS
eIMHOe HMH(POPMAIIMOHHOE TMPOCTPAHCTBO, 0a3a JaHHBIX, KOTOpas COAEPKHUT BECh IaKeT
uHpOpMAaIIUU O XapaKTepUCTUKAX 31aHus. biarogaps TouHoi mpopaboTKe MOAEIH, OIMCAHUIO BCEX
neranei, JaHHas TEXHOJOTHs JaeT BO3MOXXKHOCTh NPOBOJAUTH pPAa3IMYHbIE pacueThl, aHAJIU3BI,
CUMYJIALUH (TP OOBIYHOM MPOEKTHUPOBAHUU JJISI KQXKJIOTO pacueTa HY>KHO BBIITOJHUTH OTAEIbHYIO
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paboty). SIcHO, uTO mMpuMeHeHue TexHonoruu BIM, HAMHOTO ympoInaeT MpoBeIeHHE CUMYJISIIUN
BCEr0 XM3HEHHOTO IHMKIJIAa 3/1aHus, a MOJyYEHHBIE Pe3yJbTaThl MOXXHO 3aT€M HCIOJIb30BATh IS
KOPPEKTUPOBKHU IIPOEKTA, MOIy4asi B UTOTe 00JIE€ KAUECTBEHHOE pPELICHHUE.

OcHoBubIMU NpuHLMTIaMU BIM — npoexkTupoBanus sBIsSIOTCA:

e co3nanue 3D moneny,

® AaBTOMAaTHYECKOE MOTyYCHHE YepTexKell;

e HTEJUIEKTyaJlbHAs TapaMeTpHu3anusi 00bEKTOB;

® HaOOPBI TPOEKTHBIX JAHHBIX, COOTBETCTBYIOIINE O0BEKTAM;

e pacrpeziesieHue Mpoliecca CTPOUTENIBCTBA IO BPEMEHHBIM dTaraM.

C KaXIbpIM TOJAOM BO BCEM MHUPE PacTET KOJIUYECTBO CIICLMAIHCTOB BCEX CIELUAIbHOCTEH,
KOTOpBIE YXOJAT OT CTaHAAPTHBIX MHCTPYMEHTOB MPOEKTUPOBAHUS, HANPUMEDP MPOrPaMMHOIO
obecrieuennss AutoCad kommanmu Autodesk, u oTmaer mpeanouTeHHE MPOEKTUPOBAHHIO C
nomotipio BlIM-texHonoruii. IlosToMy BOmpoc BO3MOXHOCTH TPHUMEHEHHUS WH(POPMAIMOHHOTO
MOJIETTUPOBAHUSl HE TOJBKO JJISl CO3/IaHUSl apXUTEKTYPHOW YaCTH MPOEKTUPOBAHUS 3[aHUS, HO H
JUIS IPOEKTUPOBAHMS CUCTEM 3aIMTHI, SIBJISETCS JOCTaTOYHOM aKTyaJlbHbIM.

OB30P JIUTEPATYPbI

C nenplo Ucciae0BaHNus JaHHOTO BOIpOca ObIIM M3y4eHbl HOPMATHBHO — 3aKOHO/ATENIbHBIE
aKThl, TOCYJAapCTBEHHbIE CTaHAAPThl, OOJNBIIMHCTBO W3 KOTOPBIX SBJISIIOTCS aHajloraMu
MEXIyHApOIHBIX CTaHAAPTOB B 00IacTH HHGOPMAILIMOHHOTO MojieupoBanust [1 — 5].

[Inrocel ¥ MUHYCBI, 3Tambl CO3/aHUA TPOEKTa, a Takke mnomyispHocts BIM  —
NPOEKTUPOBaHUS paccMoTpeHa B cratbe Jlyctunoit O. B., bukbaesa H. A., Kynuexkos A. M. [6].
CoBpeMEHHbIE NIPUHLMIBI W METOJAbl MOJEIUPOBAHMS, IMPOEKTUPOBAHUS U  YIPABICHUS
peanu3anyell CTPOUTENBHBIX TEXHOJOTHM, BKIIOUYas OOJbIIYIO TIpyINIy OHM3HEC — IPOLIECCOB
npeAcTaBieHsl B MoHorpaduu aptopoB Tenmuenko B.T, Jlammmyca A.A., Moposzenko A.A.,
Koponst E.A., CoopuikoBa C.Bb., JImutpueBa A.H. [7]. Pucku, cBs3aHHBIC C MEPEXOAOM K
UH(POPMAIIMOHHOMY MOJICTMPOBaHMi0 onucanbl B cratbe 3yeBoit C.B. u Kpusonorosa C. B.[8].
Onucanue pa3zpabOTKU METOAMKH Ui MOArOTOBKHM MH(POPMALMOHHOM MOJIeNn AJis Tmeperadn e€ B
CITyx)0y SKCIUTyaTalliu MoKa3aHo B ctathe aBTOopoB Pribuna E.H., Amb6apsuna C.K., AnocoBa B.B.,
lFameiieBa JI.B. u ®axparoBa M.A.[9]. HoBble MeToaMku BHEApEHHs HWHHOPMAIIMOHHOTO
MOJIETMPOBAaHUS B UHBECTULIMOHHO—CTPOUTEILHOM KOMIUIEKCE MpeIokKeHb! aBTopamu ['puimHon
H. M. u Muiko /. 1. [10]. Cnetuduka oteuectBeHHOTO npuMeHenus: BIM — texHonoruii onucana
B ctatbe [lanueBa A. B. [11]. OcHoBHBIE PUHIHIIBI K 0cOOeHHOCTH BIM — TexHOMOTHiT OnKcaHbl B
cratbe CaBuenko P. H. [12]. B crarbe Anaxuna H. 1O., I'pomeBa H. I'., Onompuituyka [I. A.
pacCMOTPEHBI MPEUMYILIECTBA U HEAOCTATKH MPUMEHEHHS COBpeMEeHHBIX BIM TexHooruii, a Takxe
ONHMCaHbl COBPEMEHHBIE IMPOIPAMMHBIE KOMIUIEKCHI, HCIOJIb3YEMbIE B COBPEMEHHOM MHUpPE IS
MIPOEKTUPOBAHUS BIM mopeneii[ 13]. [IepcnexkTuBHBIE HaIlpaBJICHUA IIPUMEHEHUS
MH(POPMAIIMOHHOTO MOJETHPOBAHUS B OSKCIUIyaTallud 3aHUNA M COOPYXEHHMH MpPEeJCTaBICHbI B
cratbe [InotaukoBa A. JI. u Kycrtukosoii 10. O. [14]. Bonpoc BHenpenus BIM — texHonoruii B
IIPOMBIIIJIEHHOE U TPaklaHCKOE CTPOMUTENLCTBO B Poccun paccMmotpeH B crathe PaBenkosa E. 1.
[15]. O6 ypoBHe mpuMeHeHHUS HWH()OPMAIMOHHOTO MOJCIUPOBaHHS B Poccuu pacckasbIiBacTcs B
cratbe AkumoBoit E.M. u Kucens T. H. [16]. AcniekTsl pa3paboTku 00pa3oBaTebHBIX IPOrPaMM B
obmactu BIM — texHonoruii ¢ ydetom paboTomarened moka3zaHel B ctathe Mumienko E. T,
Momnacteipesa I1. B. u EBnokumiieBa O. B. [17]

MATEPHUAJIBI U METO/bI

HJ'ISI HU3YUCHUA BOIIpPOCa OBUT UCIOJIL30BaH MCTO/] aHAJIM3a JIMTCPATYyPHbIX UCTOYHUKOB, 3aTEM
C60p OIIbITAa B IPUMCHCHUHN COBPEMCHHOT'O IPOTPaMMHOTO obecneucHUs Ha PA3JINIHBIX (bopyMax, a
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Takke Ha caiTe opraHu3anui, OCYIICCTBISIONMIUX IPOU3BOJICTBO  MPOTHUBOMOKAPHOTO
00opyI0BaHUA.

PE3YJIbTATBI UCCJIEJOBAHUSA

CymectByeT Heckonbko mporpamm it BIM — mopenupoBaHus, KOTOpbIE MOTYT OBITh
NPUMEHEHBI [UIs IPOSKTUPOBAHKS CHCTEM POTUBOIOXapHO# 3amuThl. K HuM oTHOCsTes Allplan,
ArchiCAD, Rengau Revit.

[Mporpamma Applan u3Ha4anbHO CO37aBaiach i Pa3pabOTKU MPOSKTOB CTPOUTEIbHBIX
KOHCTpYKUUH. 3aTeM Obla 100aBiIeHa BO3MOXXHOCTh BBIITOJHEHHS B 3TOW MPOTPaMMe OCTaJbHBIX
pazneinos. [Iporpamma otinyaercst yaoOHbIM HHTEP(ECcOM U MPOCTOTOH OCBOCHHUS.

IMporpamma ArchiCAD wusnauanbHO ObUTa pa3paboTaHa JJIsi apXUTEKTOPOB, MOITOMY €¢
¢dbyHKIIMOHAN criocoOcTByeT 3(h(HEKTUBHON paboTe MPHU CO3/IAaHUU APXUTEKTYPHOM YacTH IMPOEKTa,
MOJlydYeHWE KaueCTBEHHOW BU3yaiu3alMu. JlaHHAas mporpaMma 3HAYMTENBHO YCTYyNaeT B
3¢ (HEeKTUBHOCTH MPHU CO3/IaHUU MOJIETH UHKEHEPHBIX CUCTEM.

Renga siBisieTcst pOCCHHCKMM aHAJIOrOM MPOTPaMMBbI ISl POSKTUPOBAHMS MO0 TEXHOJIOTHH
BIM. IIporpammy Obliia co3aHa B CBSI3H C MOJUTUKON UMIIOpTO3amelieHus. JlaHHoe mporpaMMHOe
o0ecriedeHrne M3HAYAIbHO CO37aBajioCh ISl MOZenupoBaHus. HecMOTpsi Ha ycrenrHoe pa3BHTHE
JAaHHOW TpPOrpaMMbl, HA JAaHHBII MOMEHT OHa HEJOCTATOYHO [opaboTaHa, HO TOCTEHNEHHO
COBEPILIEHCTBYETCH.

Hawubonee wucmoab3yeMbIM MpOrpaMMHBIM obecrieucHueM sBisieTcsiRevit, paspaboranHoe
kommnanuer Autodesk.Revit mo3BosisieT co3aTh COrIaCOBAaHHYIO, MOTHOCTHIO CKOOPIMHUPOBAHHYIO
MOJIeTIb 3[aHHUS U BBITYCTUTH COOTBETCTBYIONIYIO JOKYMEHTAIMIO. DTO IO3BOJSET COKPATHUTh
KOJIMYECTBO OMIMOOK, IPOCTOEB HA CTPOWKE, YIy4YIIUTh IOHUMAHHE MEXIY 3aKa34HKOM,
MPOEKTUPOBIIUKOM, CTPOUTEIIEM.

Revit obnamaeT HEKOTOPHIMH OCOOCHHOCTSMH, BBIFOJHO OoTinvaronumu ero ot AutoCad,
3THM OCOOEHHOCTSIM OTHOCSITCS:

® HAIMYHE CPebl pa3pabOTKH KOHIICTIIIUH ITPOEKTA;

® BO3MOXKHOCTh COBMECTHOTO HCTOJb30BaHusi Revit m Insight, mo3Bossitomias paccuuTarh
SHEpPronoTpedieHue 31aHus;

® CO3/IaHUE OTHOIICHUH MapaMeTPUIECKOTO MO/ICITHPOBAHNUS;

® BO3MOYKHOCTh COBMECTHOM PabOThI HECKOJIBKUX MPOSKTUPOBIIUKOB HAJl OJTHIM MTPOEKTOM;

e co3/1aHue CrIeU(pUKAIHIA, KOJINIECTBEHHBIX XapaKTEPUCTHK M BEIOMOCTEH MaTEPHAIIOB IS
OTIpeJIeJIEHUs] KOJTMYECTBEHHBIX XapaKTEPUCTUK U aHAIN3a KOMIIOHEHTOB i MaTEpPHAJIOB.

B o0mmem cityuae, mporece co3iaHus mpoekTa B Revit COCTOUT U3 CleAyIOIINX TaoB:

® CO3/IaHHE U MTOATOTOBKA MOJEJIEW KOMIIOHEHTOB 31aHUI, CUCTEM U KOHCTPYKLIHH;

® CaMO MOJICJIMPOBAHNUE 3/1aHUN, KOHCTPYKIUI U Pa3JIM4YHBIX CUCTEM;

e ohopmiieHHe crienpUKaINi 1 YCIOBHBIX 0003HAUCHUI;

® 3aKJIIOYUTEIbHOE 0OPMIICHHE YePTEKEH.

C npumenenuneM RevVit MOXXHO MPOEKTHPOBATh TAaKHE CUCTEMbBI IPOTHUBOMOXKAPHOM 3aIUTHI,
KaKk BHYTPCHHHH TIPOTHUBOIIOKAPHBIA BOJOMPOBOJ|, CHUCTEMa aBTOMATHYECKOTO BOJSHOTO,
MOPOIIKOBOTO M Ta30BOT0 TMOXKAPOTYLIEHHs, CUCTEMa JbIMOYAAJEHUS, CUCTEMa OXPAaHHO —
MOYKapHOW CUTHAIM3AIMU M CUCTEMA OMOBEUICHUS U YIPABJICHHUS IBaKyaIluel JII0JIeH o mokape.

[Ipy mpoeKTUPOBAaHUM CHUCTEM MPOTHUBOMOMNKAPHOM 3ALIUTHl OCHOBHBIMH ITOJIOKUTEIbHBIMU
yepramu Revit sBistores:

® ABTOMATHUYECKOE CO3/laHUe cHenuduKalnuy, a TaKke OToOpaKeHHe B Hel W3MEHEHHH,
BHECEHHBIX Ha IUIAHUPOBKE;

¢ 0TOOpakeHNE N3MEHEHHI B TIPOCKTE, BHECEHHBIX CIIEIIUAMCTAMU CMEXHBIX Pa3/IesIoB;
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® aBTOMAaTHUYECKOE U3MEHEHHUE IKCIUTMKALUU TTIOMELICHMI;

® BO3MOYKHOCTh O0TOOpa)keHus Bcell cucteMsl B 3D, JU1sl HaX0K€HHUS BO3MOXKHBIX CTBIKOB CO
CMEXHBIMU CUCTEMAMHU U YCTPAHEHUE IaHHBIX OIINOOK.

OcHOBHBIMU IUTIOCAMHU HcT0Jb30BaHus BIM — TexHomnoruil sBisitoTcst:

e CHIDKEHUE YPOBHSI HE3aIUIAaHUPOBAHHBIX 3aTpar;

e YBEIMYEHNE TOYHOCTH PAcyeTa CTOMMOCTH IPOEKTa;

¢ 3HaYUTEIbHOE COKPALICHUE BPEMEHU (POPMUPOBAHUS CMETHON TOKYMEHTALUH;

e OxoHOMUsA 10 10% OT cTOMMOCTM KOHTpAKTa 3a CYET IOBBIIIECHUS KadyecTBa IPOEKTa U
yCTpaHEHUs OUIMOOK U HETOYHOCTEH.

[ToMmumo mItOCOB, TpOEKTHUpOBaHHE ¢ moMomlblo BlM-TexHomoruii umeer Ttakxe
CYLIECTBCHHBIE MUHYCBI, K HUM OTHOCSTCS:

® CIIO)KHOCTDb Pa0OTHI B €IMHOM MH(POPMALIMOHHON CUCTEME;

® BEICOKAsi CTOMMOCTb ITPOrPaMMHOT0 0OecieueHus;

®BpeMs, 3aTpauyeHHOE Ha MEpPEenoAroTOBKY KaJpoB (Yallle BCEro WH)KEHEPHBIH IMEepCcOoHal
o0yuen padore B AutoCad).

BecombIM HEOCTATKOM Il MPOEKTUPOBAHUS CUCTEM IIPOTUBONOKAPHOM 3alUTHI SBISETCS
OTCYTCTBHE IOJIHOM 0a3bl CeMEMCTB Ui MPOEKTUpOBaHUs. M3—3a 3TOro BO3HUKAaeT HEOOX0AUMOCTh
UCIOJIb30BaTh CTOPOHHUE HCTOYHHMKM uHPopMmanuu. Ha nanHblii MomeHT B Poccuiickoit
®enepanuu 6MOIMOTEKa CEMENUCTB MMEETCs y M3BECTHBIX KOoMmaHui, Takux kak T «PybOex» u
3A0 HBII «boauny. /lanAbIe KOMIIAHUHM IIOMUMO CO3JIaHUS OMOJIMOTEK CEMEHCTB, TaK)KE aKTUBHO
COTPYIHHUYAIOT C IOJIb30BATEISIMU, OTBEYAIOT HA BOIPOCH! U IIOCTOSIHHO COBEPIIEHCTBYIOT MOJEIN
U omnmcaHue mpuoopoB. Tak At MPOCTOTHI OCBOCHUS MTPOSKTUPOBAHUS C TIOMOIIBI0 000pyIOBaHUS
Tl «Py6ex», koMnaHuen ObllI CO3/1aH UHTEPHET YPOK, OMUCHIBAIOIIUI MTPOLIECC CO3AAHUS MTPOEKTa
aBTOMATUYECKOM MOXApHON CUTHAIM3ALMM, CUCTEMbl OIOBELIEHUS W YIPABJIEHUS 3BaKyaluei
JIOJEH NpU TOXKape, aBTOMATHUYECKOM YCTAHOBKH IIOPOLIKOBOTO IOXKAPOTYIICHHsS, CUCTEMBI
KOHTPOJISI M YIpaBJI€HUS JOCTYNOM. Takke B YPOKE OIHCHIBAETCSI aBTOMATUYECKOE CO3JaHUE
TaOIUIIBl YCIOBHBIX 0003HaUEHUH, crieln(UKaluU 1 AIEKTPOTEXHUYECKOTO pacyeTa.

B 3A0 «HBII» Bomun mpu co3maHud MOJAENW HMCHOJB3YIOT TPU YPOBHS JICTAU3AIUU.
[Tpumep monenu it Revit mynpTa KOHTPOJIS W yIpaBieHHs OXpaHHO — moxkapHoro «C2000M»
npousBojicTBa komnanuu 3A0 HBII «bonuay npu pa3nuyHbIX YpPOBHSX A€TaIU3alUU [IPEICTaBICH
Ha pUCYHKeE 1.

B

a §) B

Puc. 1. BIM — moznens nns Revit [IKuY «C2000M» B 3D:a) ycnoBHOe 0003HaUEHUE,
0) cpeaHuil ypOBEHb JI€TAJIM3AllNH, B) BRICOKHH YPOBEHD JCTaTHU3aI[HH

Henocrarok wunpopmanuu, monenel, cemeiicts npu BIM — MonenupoBaHuM mno3BOJSET
KOMIIAaHUSIM — TPOU3BOAUTENSIM  OOOPYAOBAaHMS, a TaKXKe MPOEKTHBIM OpraHu3alusiM,
KOHKYpHpOBaTb JIpyI C JpyroM Ha pPBIHKE IIOCPEICTBOM  CO3JaHUSl HOBBIX WU
JIOTIOJTHEHH ST/ COBEPIIICHCTBOBAHUS YK€ CYIIECTBYIOIMMX 0a3 JaHHBIX. DTO BeJET K pa3BuTuio BIM —
TEXHOJIOTUH.

OTnenpHBIM BOIPOCOM HEOOXOAMMO OTMETUTh HEOOXOIMMOCTh BHeApeHus uzyueHus BIM —
MPOEKTUPOBAHUS B 00pa30BaTENbHBIX yupexaeHusx. Ha naHHbIif MOMEHT CyliecTByeT HeOObIIoe
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KOJIMYECTBO BY30B, KOTOpBIE MPAKTUKYIOT npenonaBanue BIM — monenupoBanus uist CTyAEHTOB
OTIEIBHBIX crienuanbHocTel. Ho oueBnaHoO, 4TO BBEACHHE IpeAMETa IIPOEKTHPOBAHUS C IIOMOIIIBIO
MH(POPMALIMOHHOTO MOJEIMPOBAHUS HEOOXOIUMO Il BCEX CHENMAIbHOCTEH, ISl TOTO YTOOBI
POCIIO KOJIHMYECTBO HHIKEHEPOB, CIOCOOHBIX CIPOEKTHPOBAThH HH()OPMAIMOHHYIO MOJEIbh BCEX
CUCTEM 3aHUsl. Ha JAHHOM DJTalic CTy,[[eHTbI BbIHy)KI[eHBI camMu I/I3y‘-IaTB HCO6XOI[I/IMOG HO C
[IOMOIIBIO JOMOJHHUTENBHBIX KYpPCOB, JHOO HHTEPHET — YPOKOB OT CIEHHAIMCTOB B JIaHHOMU
oOJactu.

BbIBO/1bI

Hcxons w3 BBIIIEHM3IOKEHHOTO, MOXHO CIeiaTh BBIBOJ, 4YTO HCHoib3oBanue BIM-
TEXHOJIOTHH MMEET MHOKECTBO MOJI0KUTEIBHBIX OCOGGHHOCTGP'I, KOTOPBIC MEPCBCUINBAIOT MUHYCBI
JaHHOTO METo/a co3/aHus mpoekra. Ho, HECMOTps Ha 3TO Ha JAHHBI MOMEHT €Ile HEeT TaKoro
IIpOrpaMMHOT0  oOecliedeHusi, KOoTopoe  Obl  oOecreunmBajo  IOJHOLIEHHYIO  paloTy
NPOEKTHUPOBILUKOB Ui BCeX pasaenoB. Bexyrces moneiTku nepexona k BIM —rexnonorusm, HO 310
o cujiaM B OCHOBHOM KPYIIHBIM KOMIIAHHSM, pa3pa6aTI)IBaIOH_II/IM 00JIbIlIME O0BEKTHI U TOTOBBIM
BKJIaJbIBaTh (DMHAHCOBBIC M BPEMEHHBIC PECYpChl Ha MEPENOATOTOBKY KaJpOB U IEPEOCHAICHNE
oucHoii Texuuku. Cremayer OXKUAaTh, YTO B OYyIyIIEeM 3TH OPraHU3AIUU CMOTYT IOJIHOCTHIO
nepeiitn Ha TexHosormto BIM, a 3atemM mepenasyT HAaKONMBIIHMIKCS ONBIT BCEM IMPOCKTHBIM
OpraHu3aLusM.
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AHHOTaNUA

B nanHONl crarbe paccMaTpUBAIOTCS METOJbI OECTPaHIIEMHOro MPOM3BOACTBA
CTPOUTENIBHBIX pabOT MpH YCTPOHCTBE HOBBIX MHKEHEPHBIX CeTel, NpoOIeMsl,
BO3HHUKAIOIIKE IIPY UCIIOJIB30BAHUN OTKPBITOIO METOA MPOKJIAKH HHKEHEPHBIX CETEH,
a TaKKe COBPEMEHHBIE CIIOCOOBI PEMOHTA CYLIECTBYIOIMX TPYOOIPOBOJOB M HX
3aM€Ha, IPEUIOKEHHBIE HWHOCTPAaHHBIMHU crnenuaiucramu. [IpuBomsATcs HEKOTOpbIE
napaMeTpbl yCTpauBaeMbIX TpPYOOIPOBOJOB IIPU HCIIOJIB30BAaHMU COBPEMEHHBIX
OecTpaHIIEHHBIX TEXHOJOTHIA MPOU3BOACTBA paboT, Takue KaK BO3MOXKHAs AIbHOCTD
IIPOKJIAJIKA M BO3MOKHBIN MCIIOJIb3YEMbI JuaMeTp TpyO, BBIABISAIOTCS MPEUMYIIECTBA
nepes TPaHIIEHHBIM CIIOCOOOM MTPOKJIIAIKH.

IIpeamer wuccaeq0BaHMsI: CTPOMTEIbHbIE pabOThl IO TNPOKJIAAKE M PEMOHTY
MHXEHEPHBIX ceTel. X ocyliecTBiIeHre TpaHIIEHHBIM U OeCTpaHIIEHHBIMU CIIOCOOaMHU
IIPOU3BO/ICTBA paboT.

Hesn: cpaBHUTH 3(P(HEKTUBHOCTH M SKOHOMUYECKHE 3aTPaThl MPOU3BOACTBA PadOT MO
NPOKJIAaJKe UM PEMOHTY HMH)KEHEpHBIX CeTell  OTKPBITHIM  (TpaHIIEHHBIM) U
OecTpaHIIEHBIMM METO/AaMU. BBISBIEHHE HEIOCTaTKOB OTKPBITOrO crnocoda B
YCIIOBUSAX T'OPOACKOMN 3aCTPOUKHU.

Marepuaabl M MeTOAbI: AHAJINW3 CYLIECTBYIOIIMX CTAT€d IO JTaHHOM TEMaTHKe,
0000111eHUE U CPaBHEHHE MOJTYYEHHBIX JaHHBIX.

PesyabTaTsel: B pe3ynabTaTe IPOBEJECHHOIO MCCIEA0OBAHNS YCTAaHOBIIEHO, YTO HanboJsee
NEPCHEKTUBHBIM METOJIOM IPOU3BOACTBA pabOT TNpU YCTPOHCTBE U PEMOHTE
MHKEHEPHBIX KOMMYHHUKALIMII B 4epTe ropoja sBISETCS NPUMEHEHUE COBPEMEHHBIX
OecTpaHIIEHHBIX TEXHOIOTUH. B nepByto ouepeb 3T0 CBA3aHO C BHICOKOI CKOPOCTBIO U
KauyecTBOM IPOU3BOJICTBA CTPOUTEIbHBIX U PEMOHTHBIX padoT.

BbiBoabl: OecTpaHIIeliHbIE TEXHOJOTHMM  pPa3BHUBAIOTCS, COBEPLICHCTBYIOTCA U
JTIOKa3bIBAKOT CBOE MPEUMYIIECTBO HaJ OTKPBITBIMH METOJAMH, 3TO MPABUIIbHAS BETBb
Pa3BUTHs METOJIOB IPOU3BOJICTBA CTPOUTENILHBIX Pa0bOT MO MPOKJIAJAKE CTPOUTEIBHBIX
KOMMYHHUKAITUH B 4epTe TOpPO/Ia, 3a KOTOPOH ecTh Oyaymiee. TpaHiielHble TEXHOJIOTHH
BBHUJY CBOEH HECOBEPLICHHOCTH YXOIAT B IIPOLUIOE, HO, TEM HE MEHEE, OHU U cerlyac
AKTyaJIbHBI B YCIOBHUSAX OTKPBITOM MECTHOCTH.

BBE/IEHUE

XXI Bek xapakTepu3yeTrcsi BBICOKOM HHTEHCHUBHOCTBIO 3aCTPOMKH TOpPOJOB JKWIIBIMH U
NPOMBIIIUIEHHBIMU ~ 3[JaHUSIMA M COOPYKEHHSIMH, TIPU CTPOUTEIBCTBE M  MOCIEAYIOUIEH
AKCIUTyaTallii KOTOPBIX HEOOXOIMMBI BPEMEHHBIE U MOCTOSIHHBIE WHXKEHEpHbIe ceTH. Marucrpanu
ra3o-u BOJIOCHAOXXCHHS, a TaK)K€ BOJOOTBEICHHS SIBIISIIOTCS OJHHUMH M3 OCHOBHBIX HH)KCHEPHBIX
ceTeil s KOMGOPTHOHN >KU3HENEATEIbHOCTH dYenloBeKa. [Ipu CTpOWTENnsCTBE HOBBIX OOBEKTOB
paccMaTpUBAIOT BAPUAHTHI MPUCOCIUHEHUS K YK€ CYIIECTBYIOIIMM MarucTpaisiM HHKEHEPHBIX
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CeTeH, a TaKKe MPOEKTUPOBAHUE U IIPOKIAIKY HOBBIX. B yCIOBUAX IJIOTHOM IOPOACKOMN 3aCTPONKH
NPOKJIAJKy  HMH)KEHEPHBIX  CETeHd  BBINOJHATH  OTKPBITBIM  (TpaHIIEHHBIM)  CIOCOOOM
HellenecooOpasHo, a B psJe CIydyaeB HEBO3MOXHO WM JKOHOMUYECKH HEBBITOJHO. Taroke
CyllecTByeT MpoOieMa CyYIIECTBEHHOIO M3HOCA W HEHUCHPABHOCTH YK€ CYILECTBYIOLIMX
TpyOOIPOBOJOB U MarucTpajieil B cuiry OOJIBIIOrO CPpOKa UX IKCILUTyaTalluy.

Puc. 1. KanutansHbIi peMOHT TPpyOOTIPOBO/Ia OTKPBITHIM CITocoboM B ropoae FOxHo-CaxamuHcke

OB30P JIUTEPATYPbI

B nanHOl cTathe coaepiKarcs CChUIKM HA MCTOYHHUKH, B KOTOPBIX paccMaTpUBAaOTCS
OCHOBHBIE METOJIbl IPOM3BOJCTBA PabOT Ha JaHHBII MOMEHT BpeMeHH. Bce aBTOpBI M3ydeHHBIX
MHOK0 MAaTE€pHaJIOB CKJIOHHBl K IPUOPUTETY HCIOJIb30BAaHUS HOBBIX TEXHOJOTUH, TO €CTh
OecTpaHIIEHHBIX METOM0B. Takke OJHMM W3 MCTOYHHKOB SIBJISI€TCS aKTyaJlM3UpPOBaHHAas BepCHs
MPEeNCKypaHTOB Ha Hapy>KHbIE CETH BOAOIPOBO/A U KaHAJIU3ALUH.

MATEPHUAJIBI U METO/IbI

ITpu moaroToBKe CTaThu OBUTM M3Y4YE€HBl COBPEMEHHbIE HCTOYHUKHM MHGOPMALIUU 1O JTaHHON
TeMaTUKe, POBEJICH aHAIU3 MATEPUAJIOB IOCIEIHUX JIET, COOTBETCTBYIOIIUX TEME UCCIIEN0BaHU,
OLIEHEHA UX aKTyaJbHOCTb, BbJIeJIeHA U 0000111eHa TI1aBHas HHPOpMaLUs.

PE3YJBTATHBI UCCIIEJOBAHUSA

[Ipy TpoBeneHWH WCCIECNOBAaHHUS YCTAHOBJIEHO, YTO TIPH PEMOHTE CYIIECTBYIOIINX
TpyOOIIPOBOJIOB IIMPOKO IMPUMEHSIOTCS COBpPEMEHHbIE OecTpaHLIeWHbIE METO/bl MPOU3BOJCTBA
paboT. OMHUMH U3 CAMBIX TOIYJISIPHBIX METOIOB SIBIISTFOTCS:

- TexHonorus «Bert Liningy;

- Texnoyorus «CIPP»;

- TexHonorus «Grouting sleevey;

- rexHosorust «SANFLEX».

Hemenkass Ttexnomorusi «Bert-Lining» 3akimodaeTcs B paspylIeHUH CYIIECTBYIOILIETO
HEHCIPAaBHOTO TPyOONpPOBOAA MPU TOMOIIH ITHEBMOMPOOOWHUKOB W PACIIUPUTENS], KOTOPHIA TPH
PacKpBITHH 4 JIETIECTKOB Pa3pbIBaeT U BJIABJIMBACT B IPYHT OCKOJIKH TPYOOIIPOBOA MO XOJY CBOETO
nerkeHns. CeoM 3a pacimpuTenieM TsHeTcst HoBas TpyOa. [locie mponsBoacTBa paboT JienecTku
CBOPAYMBAIOTCS M PACHIMPHUTENIb, YMEHBIIUBIIUCH B JUAMETpPE, BBITATHUBACTCA M3 TPyOOIPOBOAA.
[ToMHUMO pPaCKPHIBAFOIINXCS JICIECTKOB XapaKTEPHO HCIONB30BAaHUE Pa3pe3aloNInX HAKOHEUYHHKOB
(TpyOa pexeTcs momnosaaM BAOJIb TUCKOBBIMU pe3liaMn) [2; 4].
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PemonT marucrpaneir no texunosnorun CIPP npou3BoauTcs ¢ MCHOMB30BAHUEM CIELIMATBHBIX
po00TOB (TTapKep-poOOTHI HEMTOCPEIACTBEHHO MPOU3BOIAT padOTy, a BCIIOMOTaTelbHbIC TElIe POOOTHI
nepenalnT BHUIACOM300pakeHHEe Ha MOHHUTOD OIEpaTopa), KOTOphIe BHEIPAIOTCS BO BHYTPEHHIOIO
MOJIOCTh HeucIpaBHOH ceTu. [Ipouecc yrpaBieHUs 1 MOHUTOPUHIA IMpoLecca MPOU3BOICTBA PadoT
OCYUIECTBIIICTCA M3 OCHAILICHHOTO OJIOKOM ympamieHus (yprona. PoOGoT mpoaBuraercs 10 mecra
PEMOHTA U HarHETaeT I0J1 JaBJICHHUEM CIEIHaIbHYIO MMOJIMMepU3Upyrolytocsa cmoiy «JaGoPury (Tak
Ha3bIBaeMbIil Janssen-miporiecc), KOTopas B 3aBUCUMOCTH OT HAa3HAYEHUS! COACPKUT pa3INuHbIC
N00aBKH U BKIIFOUEHHS. B paMKax 3Toii TEXHOIOTUH pa3IMyaroT TOUEUHBIH (OCYIECTBIEHHE PEMOHTA
Ha MPSIMOJIMHEHHBIX yJacTKax TpyO) U OOKOBOI PEeMOHT (HampUMep, B MECTaX CTHIKOBKU MarucTpaiu
C moaBOAAIMMH BeTkaMu). CTOUT OTMETUTh, YTO TOYEYHBIH PEMOHT IO JaHHOW TEXHOJIOIHU
SBJISIETCS €AMHCTBEHHBIM, ITPY KOTOPOM HE OCTAaHABJIMBAETCS IOTOK BOJbI B KOJUIEKTOpax [3].

[IpouzBoacTtBo pabor mo TexHosoruu «Grouting sleeve» mnpuMeHseTcss A pPEMOHTA
IIPSIMOJIMHEMHBIX YYaCTKOB, B YACTHOCTH B MECTaX CTHIKOBKM TpyO. M1iest MeTo/1a COCTOUT B TOM, UTO
K TOBPEXKIECHHOMY Yy4YacTKy MPOTATHBAIOT CHENMAIbHYI0 MHOTOCIOMHYIO THIIB3Y, KOTOpas MpH
IIOMOILIM TIONEPEYHBIX JOMKpATOB paclIUpseTcss 1O BHYTpEHHEro aumamerpa TpyObl. IlmoTtHocTh
oOecrieynBaeTcsi KJIEEBbIM COCTaBOM, KOTOPBIM YBEIMYMBAETCS B O00beMe B HECKOJBKO pa3 mpu
TBEPJICHUM 32 JIOBOJBHO KOpoTkoe Bpems (mopsinka 18-20 muH.). KonmdecTBo Kiest 3aBUCUT OT
ra0apuTOB T'MIIB3bI (JTMHBI M JUAMETPa) U CTPOTr0 HOPMUPYETCS P MpoBeieHHH padoT [3].

Eme omHuM croco0OM CaHaIMy CTapbIX HMHXCHEPHBIX CETeH BOJONMPOBOAA SIBISIETCS METOJ
SANFLEX (CAH®JIEKC). CymHocTh 3aK/II04aeTcs B HCIOJIB30BAaHUM CIEHUAIBHOTO TKAaHEBOT'O
pykaBa. PykaB, nmponuTaHHbIN CHEIMAIBHBIM COCTaBOM (HAa OCHOBE JMOKCHJIHON CMOJIBI) CHAPYXKH,
MPOTACKUBAETCS IO BCEM JUIMHE PEMOHTHPYEMOTo TpyOOINpoBOJa, IO JaBICHHEM pPYKaB
pa3nyBaeTcs M IUIOTHO NPUKIEHUBACTCS K CTEHKAM CYIIECTBYIOUIETO TPyOOmpoBoja (CTEHKH
MIPEIBAPUTENILHO OUMIIAIOTCA CpeOKaMH M MPOMBIBAIOTCS), 00pa3ys TE€PMETUYHYIO OOOJIOUKY.
BHyTpeHHsIsI TOBEPXHOCTh pyKaBa COCTOMT W3 IOJUAITUICHOBOW IJIEHKH, YTO JA€T BO3MOXKHOCTb
PEMOHTHPOBATh TAaKUM OOpa3oM BOJOINPOBOBI C IMUTHEBOW BOAOW. Pa3HOBUAHOCTBIO JTaHHOTO
MeTofa SBJISETCS METOJ| «UyJIKa» KOTOPbIM HMCHojb3yercs 1 TpyO nuamerpoMm cBeimie 400MM u
Y4acTKOB TpyOONpoBoAa ¢ OOJBIIMM YHUCIOM KOJEH, a Takke Mero] «DEeHHMKC», ¢ MOMOILBI0
KOTOPOT'O BHYTPEHHSIS IOBEPXHOCTH OOJIMIIOBBIBAETCS MOIMBUHIIXIOpUIHON TuieHKo (IIBX). [9]

Ha ceromnsmHmMii 1eHp NpH MPOU3BOJCTBE CTPOMTENBHBIX pabOT NpH OecTpaHIIEHHOM
MIPOKJIaJIKE MHKEHEPHBIX CETeH TakKe 3apEKOMEH 10BN ce0sl M aKTUBHO MPUMEHSIOTCS CIIEAYIOIIHE
TEXHOJIOTUU:

-METO/l POJIaBINBAHUS;

-METOJI IPOKOJIa;

-ME€TOJl MUKPOTOHHEJIMPOBAHMUS,;

-METOJ] TOpU30HTalIbHO-HampaBineHHoro 60ypenus (I'HB).

Jlnst cpaBHEeHUs1 OeCTpaHILIEHHBIX METO/IOB MPOKJIAIKU TPYOOIPOBOJIa PACCMOTPUM CPEIAHIOK
LIEHY MIPOM3BOACTBA pabOT OecTpaHIIEHHBIMI METOAAMHU IS TPOKIAIKH TpYObl 600 MM.

Ha muarpamme (puc. 1) Bumno, uto meroasl ' Hb u mpokona sBisitoTcs Hanbosee IeneBbIMU,
HO TpH y4yeTe TOro, 4YTo JUIi METOAa MpoKoyia TpeOyeTcs OTphIBaTh HPUSMKH, OH Oyzaer Oojee
3arpatHeIM. [Ipu mpousBoacTBE pabOT METOAOM TOPU3OHTAIBHO HANpPAaBIEHHOTO OypeHus He
TpeOyeTcsi JOMOJHUTENBHBIX 3aTpaT Ha 3eMIITHbIE paloThl, MO3TOMY OH SIBISeTCs Haubolee
aKTyaJbHBIM U 5KOHOMUYHBIM. CaMbIM IOPOTHUM OKa3aJcsi METOJ MUKPOTOHHETUPOBAHUS [5].
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Puc. 1. /luarpammMa cpaBHEHHUS] CTOUMOCTH O€CTpaHIICHHBIX CIIOCO00B MPOKIIAJAKK TPYOOIIPOBOIOB

Ha mnepBbiit B3rIsq TpaHIICWHBI METOA TPOKIAJAKH M PEMOHTa TPyOONMpoOBOJAa MOMKET
MOKa3aThCs B Pasbl JEIIEBIe, TaK KaKk HEe TpeOyeTcs CreUaTu3upOBaHHBIX YCTAHOBOK U IOMKPATOB,
HO Ba)XHO YUUTBIBATh, YTO ITO 3aBUCUT OT KOHKPETHOM CUTyalluy, K IPUMEPY, €CJIM pacCMaTPUBATh
paboThI B YyepTe ropojia, TO UX MOPSAAO0K YKPYITHEHHO OYAET MPUMEPHO TAKUM:

1. Pa3pymienue CyImecTByIOMIETO MOKPHITUS U JIEMEHTOB 0J1aroyCTpONCTBa.

2. 3emutsiHble paboThI (pa3paboTKa TPaHILEH WM PEMOHTHOTO KOTJIOBAHA).

3. IlpoBeneHnue paboOT MO NPOKIAIKE WJIM PEMOHTY TpyOompoBona (cpenHss LeHa Ui
TpydonpoBoaa nuamerpoM 600 mm coctapmnsier okoio 3000 3a moronssIit M) [8].

4. ObpaTHas 3achlllKa IPYyHTA.

5. YIUIOTHEHME TPyHTA.

6. Cozmanue HOBOTO TOKPBHITHS (achaabTOBOTO WM IUIUTOYHOTO C TIOJATOTOBKON) W
BOCCTAHOBJICHHE ITOBPEXICHHBIX JIEMEHTOB OJIaroycTpoiicTaa.

Hcxonsa u3 3TuX (akTOpOB HYKHO OTTAJIKUBAThCS MPU BHIOOPE METO/Ia MPOU3BOICTBA padboT 10
YCTPOMCTBY M PEMOHTY HH)KEHEpHbIX ceTed. OueBHIHO, YTO B TOpPOAE, B YCIOBHSIX IUIOTHOM
3aCTPOMKHU, OTKPBITHIA METOJA MPOKJIAAKKM M PEMOHTa TpPyOOmpoBOAOB OyIeT co3faBaTh psij
JOTIOJTHUTEIIBHBIX 3aTPAT, YTO SKOHOMHUYECKH HEBBITOHO.

BbIBO/IbI

B Ommkaiimem OyayiiemM Npou3BOACTBO pabOT MO YCTPOMCTBY MHKEHEPHBIX ceTel JOKHO
MOJTHOCThIO TepeiiTu Ha OecTpaHIelHble MeToAbl. [Ipy MOMOILIM COBPEMEHHBIX TEXHOJIOTUH
oOseryaercsd JUMAarHOCTUKAa W IPOBEIEHUE PEMOHTA CYLIECTBYIOIIUX TpyOoonmpoBoaoB. PaboTsl
BBITIOJHAIOTCS KAueCTBEHHEE 3a CYET KOHTPOJA IIpolecca AATYMKaMU U BCIIOMOTaTEJIbHBIMU
ANEKTPOHHBIMU CUCTEMaMU. Takoil COBpeMEHHBIH MOJIXO0J K OpraHu3aluu padoT MO3BOJIUT
COJZIEPKaTh MOA3EMHBIE KOMMYHUKALIUA B UCIIPAaBHOM COCTOSIHMM, OIIEPAaTHMBHO OCYLIECTBIISITH UX
PEMOHT, CHHM3UTh AHTPONOI€HHOE BO3JACWCTBUE HA MNPUPOTY, H30eKaTh HENPEIBUICHHBIX U
W3JIMIIHUX Y9KOHOMUYECKHUX 3aTpar.
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