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Bo emopoil yvacmu cmambvu npugeden pe3yAbmam aHAAU3A NpUMeHeRUL UHPozpaduue-
ckux modeneil, pa3pabomanHbLX 8 NepeOll Hacmu IMoil cmamovl, kK npoepamme HAY4HbLX
uccaedosanuil Apocaasckoeo eocydapcmeenno2o mexuHuueckoeo yHugepcumema (AI'TY).
IIpumenennuiii nodxod k cosdanuio cmpamezuu ATTY moxHO onpedeaumdb Kak KOMNAEKC-
Hulll, NOCKOAbLKY NpU ee peaiudayul 6blad U3MeHeHAd A02UKA CUCTeMHO020 N00X00a U OCY-
wecmenen Kpocc-OUCYUNAUHAPHBLI nepexod K dAbMepHAMUBHBIM HAYUHBIM UcCAedo8a-
Husam, obecneduguum nepeycmpoiicmeo cmpameeu 044 yeneil YCMoU4u8020 pa3gumus
Yuusepcumema. Cmamovs codepicum onucanue ocobennocmell npumenenus KOMMNAEKCO-
MexXHUKU K GOpMUPOBAHUI0 Npoekmo8 Hay4uHbix uccaedosanuil AI'TY e nanpasaenuax
npousseodcmea u IkcnaAyamayuu 06sexmos uccaedo8anus 8 COOMEEMCMEYOUUX IMUM
HanpagaeHuam obaacmax mexHoAo02Uil npou3sodcmed u IKCNAYyamayuu HalldeHHbLX pe-
weHuil. B danHOIl cmambe N0OKA3aAHO, YMO KOMNAEKCHBLI 100X00 pacuiupsem 603MONHO-
cmu 6 gvlbope HanpasaeHUll UCNOAbL308AHUS UHHOBAYUOHHBLX HAYLHO-MeXHUYECKUX U
0p2aHU3AYUOHHBLX pa3pabomok, co030anHbLX U C030A8AeMbLX 68 pe3yAbmamne HAY4HO-UC-
cnedogamenvckoil desmeavHocmu YHugepcumemad.

KawoueBbie cja0Ba: MHHOBAIUM, HAYYHO-UCCJIEeJOBaTeJbCKad eATEeJIbHOCTb YHUBEP-
cuTeTa, KOMIIJIEKCOTEXHUWKA, INIPOMNI3BOACTBEHHAad KOOIlepanud 3KCIIJIyaTallMOHHAad
KooIlepanud, courvajsbHad HAIIPAaBJIE€HHOCTDb IIPOEKTaA

JJ1A IUTUPOBAHUA:

MoxoB A.U., CrenanoBa E.O., Jlykamos A.1., MoxoBa JI.A. MozenrpoBaHye HallpaBjIeHUH Hay4-
HBIX VICCJIEZIOBAaHUH B CTPOUTEIbCTBE COBPEMEHHOTO YHUBEPCUTETA: YACTD 2. YMHble KOMTO3UMbL
6 cmpoumensvcmae. 2021. T. 2. Ne. 4. C. 7-23 URL: http://comincon.ru/index.php/tor/V2N4_2021

DOI: 10.52957/27821919_2021_4_7



TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

Modeling the research direction
in the construction
of a modern university:
part 2

A.I. Mokhov, E.O. Stepanova?, A.I. Lukashov?, L.A. Mokhova3

Andrey I. Mokhov

Department of Automation and Power Supply, Moscow State University of Civil Engineering, Moscow,
Russia

E-mail: andrey.i.mokhov55@gmail.com

Elena O. Stepanova
2Rektor, Yaroslavl State Technical University, Yaroslavl, Russia
E-mail: stepanovaeo@ystu.ru

Andrey I. Lukashov

2Multidisciplinary Center of Engineering and Technology «YSTU Polygon», Yaroslavl State Technical
University, Yaroslavl, Russia

E-mail: lukashovai@ystu.ru

Larisa A. Mokhova
*Educational and Methodological Department, Russian New University, Moscow, Russia
E-mail: mokhova.larisa@gmail.com


mailto:andrey.i.mokhov55@gmail.com
mailto:stepanovaea@ystu.ru
mailto:lukashovai@ystu.ru
mailto:mokhova.larisa@gmail.com

TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

The second part of the article presents the result of the analysis of the application of
infographic models developed in the first part of this article to the research program of
the Yaroslavl State Technical University (YSTU). The applied approach to the creation of
the YSTU strategy can be defined as comprehensive, since during its implementation the
logic of the systematic approach was changed and a cross-disciplinary transition to al-
ternative scientific research was carried out, which ensured the restructuring of the strat-
egy for the sustainable development of the University. The article contains a description
of the features of the application of complex engineering to the formation of research
projects of YSTU in the areas of production and operation of research objects in the areas
of production technologies and operation of the solutions found corresponding to these
areas. This article shows that an integrated approach expands the possibilities in choos-
ing the directions of using innovative scientific, technical and organizational develop-
ments created and created as a result of the scientific and research activities of the Uni-

versity.

Key words: innovations, research activity of the university, complex engineering,
production cooperation, operational cooperation, social orientation of the project
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BBEJEHWNE

Bo BTOpO# yacTu crarpy «MozenupoBaHNe HAIpaBIeHUI HayYHBIX UCCIeLOBAHUN B CTPOU-
TeJIbCTBE COBPEMEHHOI'0 YHUBEPCUTETA» PACCMOTPEHBI BO3MOXXHOCTY IIPIMeHEHUI MoJesel, pas-
paboTaHHBIX B IIepPBOM YaCTU CTaThU [1], B IPAaKTUIECKOH JeATeTbHOCTH KOHKPETHOrO By3a — fIpo-
CJIABCKOTO IOCYZapCTBEHHOTO TEXHUYECKOTOo YHUBepcuTeTa (AT'TY)L.

OTMeTHM, YTO B PHIHOYHOMN 5KOHOMUKeE /JJI1 YHUBEPCUTETOB aKTyaJbHOMH 11esblo GOpMUPO-
BaHMU CTPATETUH Pa3BUTHUS CTAHOBUTCS ITOBHIIIIEHHE KOHKYPEHTOCIIOCOOHOCTH KaK CaMOro YHUBep-
CHUTETA, TAK U €Tr0 BHIIIYCKHUKOB. AKTyaJbHOCTDb CO3/IaHUS TAKOW CTPATETNU CBI3aHA TAKXKe C MIUC-
crell yHUBepcUTeTa — ¢ obecrieueHrEeM pocTa 00pa3oBaHUsI HaceJeHUs, C IIOBbIIIeHeM YPOBHS HH-
TeJIJIEKTYaJIbHOTO KaluTala (MHTeJJIEeKTyaarsamyel) TeppUTOPUY, Ha KOTOPOI PacIoJIOKeH YHU-
BepcuTteT (Crenanosa E.O. HTepBbio Ha OTKpbITUM popyma SMART BUILD-2020 «CTPOMKA TIOJIU-
TEXA» fIpocyaBib. 21-22 mast 2021 r.).

BrI6Op YHUBEPCUTETOM HAIIPaBIE€HUI HAyIHO-HCCIeL0BATEIbCKOH AeATeJIbHOCTHU CBA3AH C
PAOM KpUTepPHeB, OCHOBHBIMU U3 KOTOPBIX SBASIOTCS:

- CJIOXKUBIIASICS U IIJTaHUpyeMas K pasBUTUIO CHCTeMa YPOBHel 00pa30BaHys, HallpaBIeHUH
IIOATOTOBKY, HAIIPaBJIeHHOCTH (IIpodrieli), OCHOBHBIX TPO(deCCHOHANTBHBIX 00pa30BaTEIbHbIX IIPO-
IrpaMM, ONpeJeNdoUIUX CTpaTeruio obecredeHUs HAYYHBIMU KaJpaMM HACTOSIIMX U OyAyIIux
HaIlpaBJeHUHN HayYHBIX HCCIe0BaHU;

- CJIOKMBIIMIECS ¥ IIePCIIeKTUBHBIE HAYYHBIE IIKOJIbl YHUBEPCUTETOB;

- 3a/ieJI 110 HayYHBIM HCCIeI0BaHUAM, ChOPMUPOBAHHBIN K HACTOSIIEeMY BpeMeHY;

- CJIOXKUBIIVIECS U MeXJyHapoJHble HaydHbIe 1 00pa3oBaTeIbHbIE CBA3Y;

- CBS3U C IPeJCTaBUTENIMU paboToAaTesell U CBI3H C BBIIIYCKHUKAMU;

- TBOpYeCKasd ITOMCKOBasg aKTUBHOCTb COTPYAHUKOB.

ITpu popMHUpPOBaHUU CTPaATErNU HayYHO-UCCIeJ0BaTeIbCKON AesaTeJbHOCTY YHUBEPCUTETa
B KaueCTBe OCHOBHBIX OBLTH BbIOPaHHI CleAyolIe 061aCTH NCCaeL0BaHNs:

1. «MaTepuaJbl U TEXHOJOIUM»;

2. «IJudpoBele CUCTEMBI U TEXHOJIOTUL»;

3. «YpbaHuCcTHKA (apXUTEKTYPa, <YMHBIE CPEABI»)>»;

4. «/IH)XeHepHBIHN U IPOMBINIIEHHBIN AM3aNHH».

B KauecTBe HaIIpaBJIeHUI UCCAEAOBAHUH B 9TUX 00J1aCTSAX OBLIN ONIpeeeHbL:

1.1. «Pa3paboTKa HAyIHBIX OCHOB CHTE3a MOHOMEPOB Pa3JINYHOIO Ha3HauYeHUs U MogUdU-
KaIys [OJIMEPHBIX HAallOTHEHHBIX MaTepPUaIOB»;

1.2. «Pa3paboTKa TEXHOJIOTUH IIOJyYeHUsI HOBBIX OMOJIOTHMYECKH aKTHBHBIX COeJUHEHUN U
KOMITOHEHTOB JIeKapCTBEHHBIX CYOCTAHIINIA, a TAK)Ke METOJOB CHHTe3a MaTepUaioB s GoToAuHa-
MUYEeCKOM Tepamuy OHKOJIOIMYeCcKUX 3aboseBaHUN U JiedeHUs HeNUpoJereHepaTUBHBEIX pac-
CTPOHCTB»;

1.3. «Pa3paboTKa TeXHOJOTUH ITOJyYeHUsI HOBBIX OMOJIOTMYECKU aKTHUBHBIX COeJUHEHUU U
KOMITOHEHTOB JIeKapCTBEHHBIX CYOCTaHIIUII»;

1.4. «Pa3paboTka HOBBIX 3(HEKTUBHBIX XUMUYECKUX CPEJCTB 3AIIUTHI CETbCKOXO3SIHCTBEH-

HBIX pacTeHU»;

! lanee - Vuusepcurer
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1.5. «MaTepuasisl, HOJYIPOAYKTHl M KaTaau3aTOPhl OPraHUYECKOro U He(pTeXUMUYEeCKOTo
CHUHTe3a, COIIPOBOXXJAIOIINE MIPOIECCH IIPeBPaleHN MPOMU3BOJHBIX aPOMATUIECKUX U 0Je(dUHO-
BBIX YIJIEBOZOPOZOBY;

1.6. «Pa3paboTKa TEXHOJOTUI KCIIOIb30BAHUSI M KOMIUIEKCHOM YTHJIM3ALUK TeXHOTeHHBIX
OTXO0/I0B XMMUYECKUX, HepTeXUMUUYECKUX U TalbBaHUUYECKUX IIPOU3BOCTBY;

1.7. «<Mogudunupyomue 1 IIacTUGUIUPYoIe J00aBKU 411 6UTyMa U IOJIyIeHHe BCIIO-
MOTaTeJbHBIX BEIleCTB JJIs IPOU3BO/ACTBA ac(arbTOOETOHHBIX CMecei»;

1.8. «MexaHOXUMHYECKOe NOoJy4YeHle TOHKOJUCIIePCHBIX OKCUAHBIX ITIOPOILIKOB ZJII KOMIIO-
SUILIMOHHBIX U CIIeIMaJIbHBIX MaTepHUaloB»;

1.9. «<HayuHoe 060CHOBaHUe, COBEPIIEHCTBOBAHKE TEXHOJIOTUIH 1 OCBOEHUE XMMHUKO-TeXHO-
JIOTUYECKHUX IIPOLIeCCOB U aNIapaToB [JId IepepaboTKU TBePABIX U XKUAKUX CPeZ IPOMBIIITEeHHBIX
npenpusaTHi PocCUY M OXpaHBbI OT IBLIEBBIX U I'a30BBIX BEIOPOCOB».

2.1. «ludpoBusanus IPoOLeCcCOB KOHTAKTHBIX M OECKOHTAKTHBIX M3MePEHUI, BEICOKOTOY-
Horo 3D-CKaHMPOBAaHUS U IeYaTU B TEXHOJOTUSIX CTPOUTENBHOI'O IIPOMU3BOACTBA U MAIIHOCTPOE-
HUS»;

2.2. «TexHONIOTUM KOMIIbIOTePHO-UHTETPUPOBAHHBIX NH(MOPMAIIUOHHBIX CUCTEM /IS IIOBBI-
meHUs 3G PeKTIBHOCTY KOHCTPYKTOPCKO-TEXHOJIOTUIECKOH II0ATOTOBKY IIPOM3BO/ICTBAY;

2.3. «<HayuHBle OCHOBBI CO3JJaHVS U OIIBITHOTO MCCJIeZ0BAaHNS HOBBIX KOHCTPYKIIUI ABUTATE-
JIell BHyTPEHHET0 CTOpaHus, pabouyux BHYTPULIUINHAPOBEIX IIPOLIECCOB 1 KOMIIOHEHTOB CUCTEM»;

2.4. «Tpanchopmarnus OusHec-uzell Ha 6ase Digital-MapkeTHHra U HEUPOHHBIX TEXHOJIO-
TUH».

3.1. «CoBepLIeHCTBOBAHME TEXHOJIOTUH U 060PyZOBaHUSA [ VIIOTHEHUS JOPOXKHO-CTPOU-
TeJIbHbIX MaTePHaIOB 1 Pa3pylLIeHNs CTPOUTEIbHBIX KOMIIO3UTOBY;

3.2. «Pa3paboTka pobOOTOB U CHCTEM TEXHUYECKOIO 3peHUs B cepe MaIIMHOCTPOEeHUs, 00-
CIIY>KUBAHUS NH)XeHEePHBIX KOMMYHUKAIIUH, CTPOUTENIbCTBA U AM3aliHa»;

3.3. «Pa3paboTKa COBpeMeHHBIX CHCTEM IIPOM3BO/CTBA U MOTPebIeHNsI SHEPIUY U KOMILIEK-
TOB MaJorabapuTHBIX CTPOUTENbHBIX MALINH Ha 06beKTax KOMMYHaJIBHOTO X03SHCTBa»;

3.4. «MogenupoBaHle IPOLECCOB U HAYIYHO-TeXHINYECKOe COIIPOBOXKeHle Ha BCeX CTAAUIX
JKU3HEHHOTO IIMKJIa 6e30I1aCHBIX Kese300eTOHHBIX KapKaCHBIX M KPYIIHOMAHeJbHbIX 3JaHUM U CO-
OpYXeHU»;

3.5. «MeToAUYeCKHE U IPOEKTHO-3KCIIepPUMeHTaIbHble aCTIeKThl PEKOHCTPYKIIUY U pereHe-
paluy UCTOPUIECKOH Cpebl»;

3.6. «Hay4HO-IIPaKTUIECKHE OCHOBBI (GOPMUPOBAHUS XKUJIBIX 3JaHUI 1 COOPY:KeHUH Ha 0ase
NIPUHIIUIIOB «3eJIeHOTO CTPOUTENbCTBAY;

4.1. «Pa3paboTKa HOBBIX IPOTHBOKOPPO3UOHHBIX U 3aIUTHO-ZEKOPATUBHBIX MaTePHUAIOB 1
ITOKPBITUH»;

4.2. «Teopuu ¥ METOAOJOTUH B IIPOMBIIIJIEHHOM AM3aliHe C IPUMEHEeHNEeM CTPaTerny apxu-
TEeKTYPHO-XyJ0KeCTBEHHOT'O Pa3BUTUI».

B mepeunciieHHBIX HapaBIeHUIX UCCAeA0BAHUI GBI OIpezeseHbl IPUOPUTETHbIE IIPO-
€KTBl Hay4HO-MCClIeloBaTelbCKON JedaTebHOCTH YHuBepcuTeTa. [Ipu GopMyaInpoBaHUU TeM IIPO-
€KTOB aBTOPHI CTPATErMH UCXOJUIU U3 I1eJI€BBIX YCTAHOBOK CO3ZJaHUS HAYIHOTO 0OOCHOBaHUS IIPO-
M3BO/CTBA MHHOBAI[MOHHOM MPOAYKIUYM B TPaAUIMOHHON [ JaHHOH 00JacTH KCCIefO0BaHUA
cdepe npoussoacTBa. Ha puc. 1 npuBegeHa naorpaduieckas MoJeslb, XapaKTepHas [ TaKOro

(cucTeMHOrO0) OAX0/a K MIOCTPOEHHUIO UcCiaefoBaHUM. [lofxo npeanonaraeT pa3paboTKy HaydHO-
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HCCJIE0BATEIBCKOTO IIPOAYKTA «/JIs cebsI», CO3ZaHNe KOHKPETHOTO ToBapa (yCJIyru) U MONCKOM I10-
TpebuTesa Ha CO3JAaHHBIN IPOAYKT OPraHU3aTOPOM IIPOEKTAa, B JIMIle KOTOPOTO BBICTyIIaeT YHUBED-
cuTeT. [IJIs TaKoro MOAX0/ja XapaKTEPHBIM fABJAETCS CO3ZlaHKe OPraHMU3aTOPOM IIPOM3BOACTBEHHOU
Koollepaliiy. B cocTaB Takoil Koomepanuy, B IpUMeHEHUN K 00JacTH HUccaefoBaHus 3 «YpbaHu-
CTHKa (APXUTEKTYPa, <YMHBIE CPeJbI»)», OBLIN BKIIOUEHBHI CIeAYIONIe IPeANPUITHS U OPraHU3aun
(mapTHepH!): «I'JIlaBBepXHEBOJDKCKCTPOH» (fpociaBib), COBET IO 3KOJOTUYECKOMY CTPOUTEIBCTBY
(Mocksga), Coros cTpourtesneii 10, Coio3 ausatinepos PO.

Peanusanus IIporpaMMbl HayIHBIX MCCJIeA0BAaHUE YHUBepcuTeTa Obla Hayara B 2020-2021
rofiax, ¥ ee pe3yJbTaThl OBLIY IIPeACTaBIEHbI Ha IIPOBOJVMBIX Y HIBEPCUTETOM €KeTrOJHbIX HayIHO-
npaktudeckux popymax «SMART BUILD-2020» u «SMART BUILD-2021» B ceHTsi0pe 2020 roja u B Mae
2021 roga COOTBETCTBEHHO.

ITpu aToM dopyM paccMaTpUBAICSI M pacCMaTpUBAETCS OpPTaHMU3aTOPaMM KaK KOMMYHMKa-
LIMOHHOe obecIieueHye CKIaAbIBAIOIIeliCsl IIPOU3BOACTBEHHON KOOIIepally Hay4HO-UCCIe0BaTe lb-
CKUX JesATelbHOCTeN YJYaCTHHUKOB, OPUEHTHPOBAHHOe Ha (OpMHpOBaHME YCTOMYMBHIX CBs3el
BHYTPU KOOIIepalluy IpeANpUITUI, He T03BOJAIOININX CO34aHHOMY 00beAMHEHUIO PaclafaThCs, 3a

CYeT IIOCTOAHHOI'O YTOYHEHUA O6H.[€I>)I e 1 CTpaTeru ee JOCTUXEeHNA BCeMU y4aCTHUKaMU.

OBJIACTH TCCIEITOBAHITA
3. « VpOAHHCTHEA (APXHTEKTYPA,
«YMHBbIE CpeJbD))»

HAIIPABJIEHITA HATIPABJIEHITA
HCCIIETOBAHITA HCCIJIETOBAHITA
3.1-33. 34-35.

HAITPABJIEHII HCCJIEJOBAHIISA
3.6. «Hay4HO-IIpaKTHYECKHE OCHOBBI (bOpMElpc'lﬁA
HHA JKHIIBIX 3[aHHH H COOPY:KEeHHI Ha 6ase IIpHH-
ITHIIOB «3€JIEHOTO CTPOHTENIbCTBA»

\ 4

ITPOEKT HCCJIE/JOBAHHA

«Hay9HO-TIpaKTHIeCKHE OCHOBEI  (OpMH-
POBaHHA KHIBIX 30aHHI H

COOPY KEHHI Ha 0a3e MPHHLHIIOB  «3€IEH

ro CTPOHTETBCTRBA

Puc. 1. Tadorpadudeckas MoJesIb HAYyIHO-UCCIEJ0BATEIbCKOHN AesITeIbHOCTY YHHUBEPCUTETA
B obJsiacTu ucciesoBaHus 3 «<YpOaHUCTUKA (apXUTEKTYPa, <yMHBIE CPEbI»)»
Fig. 1. Infographic model of the University's research activities in the field

of research 3 «Urbanism (Architecture and «Smart environments»)»
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[TpuBezeM HaszBaHUA ceknuii popyma 2020 roza:

- CoBpeMeHHBIe IIU(DPOBBIE TEXHOJOTUU U pellleHNe 3aad I'paJOCTPOUTENBCTBA U 0OBEM-
HOTO HaIIOJIHEHHU aPXUTEKTYyPHOIO IIPOCTPAHCTBA;

- IIporpeccuBHbIE CTPOUTENbHBIE KOHCTPYKIIMY, METOABI MX MO/I€JIMPOBAHUSA, IIPOCKTHUPOBA-
HU{ U Pacdera;

- MupoBble TE€HJEHIIUM IIOBBIIIEHNS 3KOJOTMYHOCTU U 3HeProspPeKTUBHOCTU CTPOUTEIb-
HOTO IIPOU3BO/CTBA;

- KoMnosunnoHHble CTpOUTEIbHBIE MaTepUabl, PU3UKO-XMMUYeCKUe, TEXHOJOTU4ecKue 1
SKOHOMMYECKHE aClIeKThl X CO3JaHHUS;

- HoBble TexHUYeCKUe pellleHus 1 000pyJoBaHe IPY OPraHU3aIUY JOPOKHOIO CTPOUTEb-
CTBa, MALIMHOCTPOEHH I, KeJIe3HOJOPOKHOTO M aBTOMOGUIBHOT'O TPAHCIIOPTA.

Kpyrbie CTOJIBI 110 CEKIUAM MMEJIU CIeAYIOIYIO TEMAaTUKY:

- ApxuTeKTypa B COBPEMEHHOM IIPOCTPAHCTBE: TEOPETUYECKNEe BO33PEHUs, TEOPUs U IIPaK-
TUKa;

- CTpouTenbHble KOHCTPYKIIUK HACTOSIEr0 U 6yAy1IIero;

- CTPOUTENIbCTBO U SKOJIOTHA: CTPaTerus, TAKTUKA U PUCKH,

- ITHHOBaIIMOHHEBIE CTPOUTEJIbHBIE MaTePUaIbl ¥ BOIIPOCH MX CTaHAAPTU3ALNY;

- Jlopo:KHOE CTPOUTENBCTBO: NHXXeHEPHOe 0J1aroyCTpOHCTBO U 3aIUTa TEPPUTOPHLL;

- ¥ene3HOZOPOKHBIH 1 aBTOMOOUIBHBIN TPAHCIIOPT TPETHETO ThICIUENIETH.

Temsl ceknuii popyma 2021 rozia MMeIH CAeAYIONIYI0 HAlIPaBIeHHOCTS!

Cexnus 1. IIporpeccuBHbIE CTPOUTENIbHBIE KOHCTPYKIIMH, METOABI UX MOJAEINPOBAHU, IIPO-
eKTHPOBaHUSA U pacuéTa.

Cexuus 2. KoMnosunoHHble MaTepyuanbl: GU3NKO-XUMUYeCKUe, TeXHUYeCKHe, SKOHOMUYe-
CKUe€ U 9KOJIOTMYEeCKUe aCIIeKThl UX CO3JaHUA U IPAKTUYeCKOro IpUMeHeHUs.

Ceknuusa 3. IlepcieKTUBHBIE TPAHCIIOPTHBIE cpeAcTBa. HoBble TeXHUYeCKUe pellleHus IIpu
Opra”Hu3allu JOPOXKHOI'0 CTPOUTEIbCTBA.

HoBble acniekTs! B opranusanuu ¢opyma 2021 roga:

1. HasBaHue cekijuu «HoBBIe TeXHUYECKYE PeIIeHNsI 1 000pyZ0oBaHIe IPY OPraHu3alIui Jo-
POKHOTO CTPOUTENIBCTBA, MAIIMHOCTPOESHUS, JKeIe3HOJZOPOKHOTO 1 aBTOMOOMIBHOTO TPaHCIOPTa
dopyma «SMART BUILD-2020» 3ameHeHO Ha Ha3zBaHUe «[lepcrieKTHBHBIE TPAHCIIOPTHBIE CPEACTBA.
HoBbie TexHUYECKHE penreHyd IIpyu opranru3angv J0pPOXHOI'O0 CTPOUTETIbCTBa».

2. V6paHBI cCEKIMU:

- CoBpeMeHHbIe 11 POBbIe TEXHOJIOTUY U PellleHle 33/1a4 IPaZoCTPOUTENbCTBA 1 00BEM-
HOTO HaIIOJIHEHHUS aPXUTEKTYPHOI'0 IIPOCTPAHCTBA,

- MupoBble TeHJEHIIUN IOBBIIIEHUSI SKOJOIMYHOCTU U 5Heproa@@PeKTUBHOCTU CTPOU-
TeJbHOTI'0 IPOU3BO/CTBA.

3. Kpyruble CcTOJIBI IO CEKIUAM He IIPeAyCMOTPEHBI.

4. IlpeagycMOTpeHa BBICTABKA U JAEMOHCTPALUs NMPAKTUYECKOrO IIPHUMEHEHUs Pe3yJbTaTOB
paspaboTok cexnuu «[lepcrieKTHBHbBIE TPAHCIIOPTHBIE CpeCcTBa. HoBble TEXHUUECKE PeIlleH s IpU
OpraHU3aINY JOPOXKXHOTO CTPOUTEIBCTBA»%.

2 JleMOHCTpAIIMOHHbIE 3a€37[bI CIOPTHUBHBIX GOMI/OB: KOPAOBHIE MOJEIH, APIbTepPl, APATCTEPHI, MOTOIIUKIIE, PEILIMKH, HC-
TOpUYeCKHe aBTOMOOUIN, COBpeMeHHbIe Ipy30BUKH (PI] «ABTOAU3ENE»), «@OpMy Bl CTyZeHT» MOCKOBCKUX U SIPOCTaBCKUX
KOMaH/, poAacTep «KpriM» 2-ro 1 3-ro nokoseHus, Gpopmyna «JIeMaH-24».
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3aMeTUM, UTO OPraHu3aToOpPE HpopyMa, GOPMUPYS ero IOBECTKY, U3MEHUIN JOI'UKY CUCTEM-
HOT'0 ITI0JXO0/a 1 OCYIeCTBIIN KPOCC-AUCIUIIINHAPHBIN IIepexo/; K aJbTepPHATUBHBIM HAYYHBIM HC-
cef0BaHUAM, 06ECIIeINBUINM I1ePEeyCTPOMCTBO CTPATErNHU AJIS [[eJIell YCTOMYNBOro pasBUTUSA Y HU-
BepcUTeTa.

PaccMOTpHM Ha OCHOBe BHOCHMBIX U3MeHeHU ! B POpMIUPOBaHIEe IIPOEKTOB HAYIHBIX HCCIIe-
JIOBaHUY VHHBepCUTETa 0COOEHHOCTU IIPUMEHEHUs KOMILIEKCOTEeXHUKY B HAIIPaBJIEHUSIX IIPOU3-
BOZICTBA U 3KCILIyaTallMy 0O'BEKTOB UCCIE0BAHNS B COOTBETCTBYIOIINX 3TUM HaIlpaBIeHUSIM 06J1a-
CTSX MCCJIeJOBAHUS TEXHOJIOTUH IIPOU3BOJCTBA U SKCILIyaTallX HAal/IeHHBIX pPelleHNH.

ITPONU3BOACTBEHHAA KOOIIEPAIIA
HAVYHBIX UCCJIEJJOBAHUM YHUBEPCUTETA

Nudorpadudeckas MoJespb IIUKIA UCCIef0BaHUS (pUc. 2) OblIa IIepeHeceHa U3 MepBoi da-
ctu ctaThy [1]°. B oTin4ure oT M300paKeHNs HA PUC. 2 BHECEHO U3MeHeHNe, BKIIOYHBIIEe pasgere-
HUe IIUKJIa HCCIeJOBaHMUSA Ha IIPOU3BOJCTBEHHYIO M SKCILIyaTallMOHHYIO (asbl, 0603HAaYeHHbIe
HaJINCSIMHY, BBIIIOJHEHHBIMU HAaKJIOHHBIM MpudToM. Takoe N3MeHeHUe NIpe/CTaBIsSeTCs BAXXKHBIM
IS AabHeHUX paccykzeHuil. [To MHEHUIO aBTOPOB, IPOHU3BOCTBEHHYIO a3y peaqusyeT «IIpou3-
BOJICTBEHHAs KOoIlepalus» HcciesoBaTesnell, a SKCIIyaTallMoHHyo da3y mcciefoBaHMs, COOTBET-
CTBEHHO, OCYI[ECTBJIAET «IKCILIyaTallMOHHAs KOOIIepallua» UccaeoBaTesnein®.

[IpuBeseHHAas Ha puCyHKe uHborpaduieckas Mojesb I03BOISIET YTOYHUTh 0COOEHHOCTU
BbIOOpA HANpaBJIEHUN WCCAEAOBaHUI B COBpeMeHHOM yHuBepcutere (MoxoB A.M1. CoBpeMeHHbIH
VHUBEPCUTET KaK OCHOBAa HHTEJJIEKTYaJbHOIO KJacTepa JJs KOMIUIEKCHOTO pelleHUs NpobyeM
CTPOUTENbCTBA U SKOHOMUKU Poccuiickont ®egepanun. Jlokaan Ha ¢opyme SMART BUILD-2020
«CTPOMKA TTOJIUTEXA». fIpocnasib, 21-22 mMas 2021 r.; Moxos A.M. KoMILIeKCOTeXHUYeCKUH 11o-
X0/l B aKTyaJIbHBIX HAIIPaBJeHUAX PaboThl yHUBepcuTeToB. Jokaas Ha popyme SMART BUILD-2020
«CTPOMKA TTOJIUTEXA». fIpocnasib, 21-22 mas 2021 T.).

B yacTHOCTH, IpaKTUIECKAsS peaTnu3aliis IPOU3BOACTBEHHOM (ha3bl COBPeMEHHOI0 HCCIe0-
BaHUS OCYIIECTBJAETCA OObIYHO He OZHUM MCCIefoBaTeneM (pa3paboTIMKOM U IMOCTABIIUKOM pe-

3yJIbTaTOB UCCJIEOBAHN), a IPOMU3BOJCTBEHHON Koollepalliell ucciefoBaTesNel, 0603HaueHHON

Ha pUCYHKe GuUrypoi 1,2,..,k,rmel, 2, ..., k - rpynna yuacTHUKOB IIPOM3BO/ICTBEHHON
KooIeparum’.

COOTBETCTBEHHO, IOTPeOUTEIN SKCIIIyaTallOHHOH (hasbl MCCIe0BaHMM, 0003HaYEeHHBIE Ha

prcyHKe durypamu 1,2,..,k (V)6yayT oTHeCceHHI K 3KCILIyaTallMOHHOM KooIlepanuun’.

3 B pa6ore [1] puc. 1 umeeT HasBanue «MHbOrpadideckas Moeb UK UCCIeOBAHII.

4 Koonepaum{ II0 OIIPEeJeJIEHUIO — 3TO CUCTEMHOE 06'beI[I/IHeHI/Ie ¢)H31/I‘{eCKI/IX I/I/I/IJ'II/I IOPUANYECKUX JINIl, OCHOBaAaHHOE Ha 0T0-
BOPEHHOCTHU O COBMECTHOU AeATEJIbHOCTH. COBMECTHOCTDH AeATEeJIbHOCTU OIIpeAeIAeTCA JOCTUTaeMbIM O6H.II/IM pe3yjabpTaToMm,
06H.II/IM MECTOM U BpEMEHEM IIPpOBEAEeHUA pa60T.

5 HPI/I 3TOM KOJIMYECTBO YIaCTHUKOB B I'PYIIIIE€ OIIpeZeIaeTCa TIOJTHOTOU penraeMbIX 3a1ad NCCIeL0BaHNA.

6 KosmmuecTBO Y49aCTHHUKOB B /IaHHOI‘/JI KooIlepanuu HCCJIeﬂOBaTeJIeﬁ HEOTpaHNY€HHO BO BPEMEHHU, HO IIOJIHOTA 9TOM TpymnIibr
ompezendaeTca Aada C(I)OpMI/IPOBaHHOIL/‘I HOTpe6HOCTI/I KaX0Io NUKJIA NCCIIeJOBAHUA OTAEJIbHO.
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DOPMYIHPOBKA HCCISI0BAHAT

TlomcK THNOTE3El HCCIeJ0BAHAT " BBI6DP LeIH HeCAeI0EAHAT

TloaTBEpsEISHHE Bribop obBekTa
THIIOTE3E HeCIeI0BaHHT H IIpeaMeTa
HCeleJ0BaHAd

IlTapokoe | IKCRIYamayuoHHAA IlpouzgodcmeenHan
S — Qasa ucciedosania aza ucciedosanun
- IToxbop u paspaboTka
pesvyIsTaToB -

HecTe ToBAHHS Ilotpedutenn HCCJE%DBMEJB —MEeTOI0I0THIECKHX OCHOB
i pesyIbTaToB (paspaboTumk B HCCIeTOBaHHAA
HecleJ0BaHHT HOCTABITHK PE3YIBTATOR

HCCIeT0BaHHIH)
Buegpenue POpPMYIHPOBKA 33034
Pe3yIbTaTOB HeclIeJOBAHAT
HeclIeJOBAHAT

Pemerne 3agad

HCCIedJ0BaHHT
PexoMeHIAIMH K OpaKTHISCKOMY A

ODpHMEHEHHIO H EHEIPEHHIO
Pe3yVIbTATOE HCCIIE JOEAHHA

\

KoHTpoas nolyYeHHBX pelleHHH,
Pe3yIRTATOR HCCIeI0BaAHHM

Puc. 2. norpadudeckas MozesIb IUKIA UCCIeJOBAHNUS C Pa3jeleHNeM Ha IPOU3BOCTBEHHYIO
Y 9KCIUTyaTalIOHHYIO Ga3bl pe3ysIbTaTa UCCIeJOBaHMUs
Fig. 2. Infographic model of the research cycle with the division into production
and operational phases of the research result

[Ipon3BOACTBEHHAS KOOEpaIysa — 9TO He TOJIbKO 3KOHOMUYECKAas KaTeropusi. DKOHOMUYe-
CKasl COCTaBJISIONIAs CyIlleCTBeHHA JJIs 000 MPON3BOACTBEHHO! KOOIIepaluy, ITIOCKOIbKY OHA SB-
JsieTcs 6asucoM, Kak ee GOPMUPOBAHUS, TaK U €€ CYIeCTBOBAHNSI, HO OZJHOTO 9KOHOMUYECKOTI'0 KOM-
IIOHEHTA HeJ0OCTATOYHO JJIS XapaKTePUCTUKY [IesITeIbHOCTH IIPOU3BOCTBEHHOMN Kooneparuu. He-
06X0AMMO¥ TPeAIIOCHIIKON (POPMUPOBaHUS IPOU3BOACTBEHHOM KOOIepaly 110 OTHOIIEHHIO K IIPO-
KM3BOJICTBEHHOMY 3aKa3y (IIPOEKTY), SIBISeTCsS HaTudue CrenudUKYU COCTaBa yYaCTHUKOB U OpPraHU-
3alli¥, CUCTEMBbl COLMAJTbHBIX KOMMYHUKAIMH, OIIBITA COBMECTHOTO BBIIIOJHEHUS PaboT, eANHBIX
KyJIbTYPHBIX U IIeHHOCTHBIX 0COOEHHOCTEH.

OmpeziesieHrie TPOM3BOACTBEHHOI KOOIIEpALNH, XapaKTePU3yeT 9TOT BU/J, KOOIIepanuy Kak
11eJIOCTHYIO COLIMAThHYIO CUCTEMY, 06JIaIal0NyI0 BCeMU IIPU3HAKaMU COIMyMa. DTa CUCTeMa MMeeT
€[IHYIO CTPYKTYPY, OCHOBHBIM CyOBEKTOM U OOBEKTOM YIIPaBI€HUS KOTOPOU SIBISETCS 4YesOBEK,
BXOAHH.[HEI B COIM1aJIbHbIE O6L[IHOCTI/I " BCTyHa}OHIHﬁ B collMa/IbHbI€ OTHOIIEeHUA C APYIUMU JI0OJbMU.
ITpon3sBoACTBeHHAS KOOIIEpalys B I1eJI0M 001alaeT CaMOYIIPaBJISIONNMCSI MEXaHU3MOM, 3JIeMEHTHI
KOTOPOT'O B3aMMOCBSI3aHbI, B3aIMO3aBUCHUMBI U JOIOJHEHb MEeXaHM3MOM BHEIIHETO peryjIupoBa-
HUSL.

Ecnm 0606muTh Bce onpeseneHus], TO MOXKHO BBIJ€JINUTD, YTO IIPOU3BO/ICTBEHHAs KOOIepa-
LIV — 9TO [IeJIOCTHASI CUCTEMa CO CBOEH CTPYKTYPOH, PYHKIIMAMU, CBI3IMU C BHEITHEH cpeZoi, uc-
TOpHEH, KyJIbTYPOii, JOTOBOPEHHOCTAMU. ['JIaBHBIMU XapaKTePUCTUKAMU CUCTEMBI SBJISIOTCS KOJIU-
YeCTBEHHBII COCTaB; YCTOMUYUBOCTh QYHKI[MOHNPOBAaHUS; D0OIBIIOEe KOJUIECTBO B3aIMOCBI3aHHbIX
YIaCTHHKOB Pa3IUYHEIX CIIeIINaTbHOCTEH C IOKaIbHBIMU LIeIIMU.
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3aMeTuM, 4TO NPOM3BOJCTBEHHbIe KOOIepaIlll, BOSHUKAIOIIe Ha OCHOBE peaJl3allui UH-
BECTHUIIMIOHHBIX IIPOEKTOB Ha TePPUTOPUIX, CKJIAABIBAIOTCS 32 CUET 00beMHEHNS NIPeAIIPUITHIH B
TeXHOJIOTUYECKYIO I[eTI0YKY.

Ha puc. 3 npuBezena nudorpaduieckas MoJelb TAKOTO 00beJUHEHN IPEAIIPUATUH B IIPO-
H3BOJCTBEHHYIO KOOIlepaluio.

Q i 6
_ v
e I — IpeanpHATHI-TAPTHEPE

- -
- -
- -
/‘. -
Peanmsanua npoekTa
IIpoexT N IPOH3EOACTEEHHOH
- >
g q LY
OpTaHH3aTOP IpPOH3ZEOACTEEHHOH KOOIIEPALHH B HAYYHOM
KOOIIEpaLHH KOOMEPALHH B HAYIHOM HCCIed0BaHHH
HCCIeI0BaHHH ﬁ
1.2,k

Puc. 3. Undorpadrdeckas MoZeNb CUCTEMHOTO 00 beAMHEHU IPeA PUITHH
B IPOM3BOJICTBEHHYIO KOOIIEPAIIHIO
Fig. 3. Infographic model of the research cycle with the division into production

Ha npuBeZeHHOM pPUCYHKe JBOIHOI IYHKTHUPHOM CTPENKOI MOKa3aHBl KOMMYHUKAI[AL
peAnpUITUA-IAPTHEPOB, 00eCIedrBaolIie JOrOBOPEHHOCTH MEX/AY HUMU 10 COTJIACOBAHUIO 00-
WX 11eJIell COBMECTHOTO HAyYHOTO UCCIeJOBAaHUS U 06IIero BUAEHUs Pe3yabTaTa UCCAe0BaHUS .
CruroiHbIe CTPEaKU QUKCUPYIOT HAIIPaBIeHUe IepeAadn pecypca IpeAnpUusITUii (B TOM YUCIIE, IPO-
U3BE/IEHHO IPOAYKIINY) B IPAKTUIECKYIO AeSITeNbHOCTD KOOIIEPALINY IPEATIPUATHH.

OpraHU3aMOHHEIH IPOEKT KOOMepPaIinyl IO3BOJISIET KOOPAUHUPOBATD AeATETbHOCTb KaX-
JIOTO YYaCTHUKA CO34aHHOrO 00beJUHEHHSI B PaMKax OOILEero IJiaHa MPOBeJEHUs UCCIeI0BATEb-
ckux pabot. CiraxeHHOCTh paboThHI IPeJIPUITHH B KOONlepaluy onpejesieTcs yoexkJeHHOCThIO B
JOCTIKeHUM o61elt renu. MoTuBarueil 4y BceX yIaCTHUKOB IIPOEKTa KOOIIe Pal[iK B IIPOBEJEHIHN
COBMECTHOTO UCCIeJOBAHUS MOXKET CTATh PECYPC, [T0IyIaeMBblil OT BHEAPEHUS Pe3yIbTaTa NCCAe0-
BaHUSA B IPAKTUYECKYIO [I€ITETbHOCTh IPOU3BOACTBEHHOL KOOTIEePAIIH.

IpeanpusTys (M OPraHU3ANNY) YIACTBYIOIINE B HAYIHO-UCCIE0BATENBCKON eI TENIbHOCTU
VHuBepcHUTeTa MOTYT BXOAUTH B KOOIEPAIUIO C HUM HE TOJHKO B PaMKaxX peajusaliy OJHOTO
[IPOEKTA WCCIeJOBAaHUS, HO, [JaKe YYacTBOBATh B HECKOJbKMX HANPABIEHUAX U OOJIACTIAX
ncciaegopanuii. Tak, HampuMmep, AO «O0besuHeHMEe «fIpociaBCcKUe KpacKW» y4acTBYET B [IBYX
obiacTsax uccienoBanus Yuusepcurera, AO «IpaopMocT» - B [ByX HAIIPaBJEHUAX OJHOUN 06acTu
KCCJIeJOBAHUS U T.J.

IIpu 5TOM CO3/jaHHAs KOOIIepanus He OTPaHNINBAET 3a/I€HICTBOBAHHOCTU® €€ Mpe A pUITUS-

Y49aCTHHKA B JPYTI'UX KOOII€ePaTUBHBIX MCCIe0BATE/IbCKUX O6'beAI/IHeHI/IHX.

Tpa,Z[I/ILlI/IOHHO o6mee BUJIeHNE pe3yjbTaTa HCCA€JOBaHMA COBIIaZla€T C BHJAEHHEM OpraHusaTopa Koollepaluu,
COCTaBJIAIOIIEr0 TEXHOJIOTMYECKYIO IIeIIOYKY HpeAHpHHTHﬁ-COHCHOHHI/ITeﬂeﬁ IIPOEKTa KOOIlepaluu. Ha puc. 3 06Luee
BUJI€HNE IIOKa3aHO OJVHAKOBBIM IIPeJACTaBJI€HNEM BerHeIL/‘I qacTu q)I/II‘yp, 0603Haqa}0m1/1x AeATEIbHOCTh HpeﬂHpI/IHTI/Iﬁ B
COCTaBe KOOoIlepanuu.

8 Ecnu O6paTHO€ He OTOBOPEHO B COIJIallIEHNUY C OPraHN3aTOPOM KOOoIlepannuun.
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Ha puc. 4 npuBezsena uHdorpadudeckas Moziesb KOMILIEKCHOTO 00beAHEHUS IIPeAIIPHs-
THH B IPOM3BOACTBEHHYIO Koonepanuio. Tak jxe, KaK U Ha pUC. 3, CTPEIKYA Ha OCHOBE CIUIOIIHOH JIU-
HUU QUKCUPYIOT HallpaBJIeHUe Ilepe/iadyl pecypca IpeAnpusaTUH (B TOM YKCIe IPON3BeJeHHOH Ipo-
AYKIIUY) B IPAKTUYECKYIO JeATeIbHOCTD KOOIIeparuy NpeAnpuaTuil. CTpesIKM Ha OCHOBE IIyHKTHP-
HOH JMHUYU 0603HAYaI0T KOMMYHUKAIIIOHHBIE CBSA3H YYaCTHUKOB IIPOM3BOLCTBEHHOM KOOIIEPALIMH.
JBOIHOU KOHTYp OTZeJIIeT PECYPCHl IPEeAIPUATHH, OTAaHHbIE B COBMECTHYIO IIPON3BOACTBEHHYIO
ZeTeNIBHOCTD, OT PECYPCOB KKAOI0 NMPEANPUATHS, HAllPABJE€HHBIX Ha «COOCTBEeHHbIE» HYXK/JBI, B

TOM YHCJIe Ha OpPraHM3alNI0 COOCTBEHHBIX IPOEKTOB IIPOU3BOACTBEHHON KOOIepaIH.

Ilpeanpuarue 1

IIpon3EoIcTBeHHAS KOONEpaNHS
OpelOpHATHH

Ilpennpasgtae 2 TIpeanpuarae k

Puc. 4. Tudorpaduieckas Mozes b KOMIIJIEKCHOTO 00 beANHEHUS TIPEAITPUATUN
B IIPOM3BO/ICTBEHHYIO KOOIIePAIINIO UCCIeJOBAHUS
Fig. 4. Infographic model of the research cycle with the division into production

V3 puCyHKa BU/HO, YTO KOK/O0€ MPEANPUATHE HAXOJUTCS B KOMILIEKCHOM OOBeAMHEHNN,
npudeM ux o6beIMHEHNE OCYIIECTBISIETCA B TOM YaCTU, KOTOPas OTHOCUTCS K cdhepe 0bIux HHTe-
pecoB npegnpusTuii. TaKUM «OBIINM MHTEPECOM» MOMKET BBICTYIIaTh, HAIIPUMEP, yIaCTHUE B COB-
MeCTHOM Hay4HO-HCCJIef0BaTeJbCKOM ITpoeKTe. IMEHHO B 9TOM YaCTU OCYIIEeCTBISEMbIX BUJOB Je-
SATEJIBPHOCTY MPEeJIPUATUSIMU CO3/IAeTCsl IPOU3BOACTBEHHAs Koomnepanus. [Ipudem dopmupyemas
KooIlepanys IpeAroaaraeT pa3paboTKy U MpUMeHeHe COOCTBEeHHBIX IIPABUJI OCYILIECTBIEHUS COB-
MECTHOMH J1eATeIbHOCTH NPeAIPUITUH.

KoMMmyHUKaTHBHOE 06ecriedeHre MTPOU3BOACTBEHHOM KOOTepanuu cruocobcTyeT GopMupo-
BaHUIO YCTOMYMBOU MO3UTUBHOM €€ pelyTallui U YCTAaHOBJIEHUIO KPeIIKUX U JOBEPUTEIbHEIX OTHO-
IIeHUH MeX/Yy IPeAIPUATUIMU B Hee BXOAAIUMU, a TAaK:Ke MeXAY Hell U IoTpebUTeIsI MU IPOJyK-
LMY, CO3JaBaeMOH IIPOM3BOACTBEHHON Koonepanuell. YcroiunBoe QyHKIIMOHNPOBAHYE IIPEIIPUSI-
THUSI B COCTaBe MPOM3BOJCTBEHHOM Koolepaunuu OyZeT 3aBHUCETh OT HaJIaKEHHOM KOMMYHUKAIUU
«BHYTpU» KooIlepauu. IIpu aTOM KaxXAoe IpeIpusaTre, BXOAdllee B IPOMU3BOACTBEHHYIO KOOIlepa-
IIUMIO, PelllaeT CBOIO 33/[1a4y YCTOMINBOrO QYHKIIMOHUPOBAHUS HA PhIHKE BBIYCKAEMOUM UM COOCTBEH-

HoH npogyknuu. Takoe JBOHCTBEHHOE ITOJIOXKEHYe IPeAIIPUITHS Ha PBIHKe TpebyeT B IIpoliecce ero

18



TOM 2, BbINYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE
SMART COMPOSITE IN CONSTRUCTION

ZesITeJIbHOCTH Pa3IndaTh eJr U MUCCUIO QYHKIMOHUPOBAHUS, YTO OIIpeZiesisieT Coflep)KaHle BHYT-
PEHHUX U BHEIIHUX 3aJa4 er0 KOMMYHUKAaTUBHOTO obecIiedeHus.
PaccMOTpHUM 3KCIUIyaTallMOHHYIO KOOIIepaIiio UCCIe0BaHUE YHUBEPCHUTeTa, 0becriednBa-

IOIIYIO YCIIENTHOCTD peau3alii ero IPOou3BOJCTBEHHON KOOIIepalu.

SKCIINIVATAIMOHHAA KOOIIEPALIA
HAVYHBIX UCCJIEJJOBAHM VHUBEPCUTETA

Ha puc. 5 npuBezsieHa uHdorpadudeckas Mozies b KOMILIEKCHOTO 00beANHEHUS IpeAIIPHs-
THU B IPOM3BOCTBEHHYIO KOOIIePAIHIO C YUeTOM 3a/leHiCTBOBAHNS a/IbT€PHATUBHBIX «UCIIOJTHUTEb-
CKUX» BO3MOXKHOCTEH MpPeANPUATUH-IAaPTHEPOB AJIS MPEeANPUITUSI — OPraHU3aTopa KOOIeparuy.
IIlyHKTHpPHBIE CTPEIKU IIPEe/CTaBIIIOT cob0 06MeH nHbopManyell 06 aIbTepHATHBHBIX BO3MOXKHO-
CTAX YYaCTHUKOB B PA3BUTHUY OPTaHU3AIMOHHBIX BO3SMOXKHOCTEH IIPOM3BOJCTBEHHOH KOOIEPAIINH.
JBOMHBIM KOHTYpPOM IIPOM3BOJCTBEHHAsI KOOIlepalys OT/ejeHa OT 3KCILIyaTallMOHHOM Koollepa-
uny. KoHTyp Ha OCHOBe IYHKTHUPHBIH JIMHUU JIOTIOJHIET IPOU3BO/ICTBEHHYIO KOOIIepaI[lIo HayIHO-
HCCIeloBATENbCKON AesITeTbHOCTH IPeAIPUATHH-TaPpTHEPOB UX 9KCILIyaTallIOHHOH Koonepanuei.

IIppMepoM HCIIOAB30BAHUSA AJNBTEPHATUBHBIX BO3MOXXHOCTEH IIpeAIpUATHH-IIApTHEPOB
YHUBepcuUTeTa MOXET CIYXUTh CUTyallus, CIOKUBIIASACA B pealn3alliy HAaIlPaBIeHUA HMCCIe0Ba-
Hus 3.6. «Hay4HO-IIpaKTUYeCKHEe OCHOBBI (DOPMUPOBAHUS JKUJIBIX 3JaHUN U COOPYKEHUI Ha baze
IIPUHIIUIIOB «3€JIeHOT'0 CTPOHUTeJbCTBa». Tak, mokasaHHasd Ha puc. 1 uHdorpadudeckas MoJeib
Hay4YHO-UCCJIeJOBATEIbCKON JeITeIbHOCT! YHUBEpPCUTETa B 00sacTu ucciaefoBaHus 3 «YpbaHu-
CTUKa (APXUTEKTYPa, KYMHBIE CPeJbI»)», C IPOEKTOM HccaesoBaHmusa « HayIHO-IIpaKTUIeCKIe OCHOBBI
(bopMUPOBaHUS KUIBIX 3JaHUH U COOPYKEHUI Ha Oa3e IPUHIUIIOB «3€JIEHOI'0 CTPOUTEIBCTBA» MO-
JKeT ycIelHo GyHKIMOHNPOBATh 32 CUeT BOSHUKHOBEHMsI B HA3BaHHOM 00JIaCTH ellle OZHOIO Opra-
HH3aTOPAa aKTYaJIbHBIX IPOEKTOB. B KauecTBe TAKOro OpraHM3aTOpPa BRICTYIINIJI IIPY IO JePKKe IIpa-
BuTenbcTBa Poccum u MuncTpos PO uncturtyt passutusa AO «JOM.P®» B nuie ero reHepajabHOTO
pupekropa B.JI. MyTko’.

Ha dopyme «Cpega ams xusHu» B Hrxaem Hosropoge 26 asrycra 2021 roga B.JI. MyTko 3a-
sBu, 9T0 AO «/IOM.P®» pacCMOTPUT BO3MOXKHOCTD BBIJJAYU «3€JIEHBIX KPEJUTOB» JJIS CTPOUTENEH,
[IJIST 9eT0 CO3/AacT pabouyio rpyIily, KOTOpas 3afiMeTcs «3eJIeHbIMU CTaHgapramu». [Ipu HaIuIuu
npoekTa GOpPMHPOBAHUS IIPON3BOACTBEHHON KOOIIepaIlNIK ICCIeI0BAHMUS, BKIIOYAIOIell YHUBEPCH-
TeT, «['JIaBBepXHEBODKCKCTPOU» (SIpociaBib), COBET IO 9KOJIOTUIECKOMY CTPOUTENbCTBY (MOCKBA),
Coro3 crpouteneti 10, Coio3 nusatinepos PO, obecrieyeHre IpeCTaBUTEILCTBA Y HUBEPCUTETA B pa-
6oueii rpymre «JOM.PY» npezcTaBiseTcs: peajJbHbIM. Bojiee TOro, CTAaHOBUTCS BO3MOXKHBIM COOTBET-
cTByIOIee GUHAHCHUPOBAHYE BHIIIEHA3BAHHOTO IIPOEKTA MCCIeJOBAHNS YHUBEPCUTETA, AJIs CO37a-
HUS Ha OCHOBE 3TOH pa3paboTKU MeTOAUKY 9KCIIEPTU3bI «3€JIeHOI'0 MHBECTUPOBaHUsI». Ellle ogHUM
acriekToM nHTepeca «JOM.PV» K IpOU3BOACTBEHHOM KOOIIepallly UCCIeJOBaHN I, OPraH30BaHHON
YHUBepCUTETOM, MOKeT CTaTh OIIBIT MUPOBOTO IPHUMEHEHHU «3eJIeHbIX» CTaHJapTOB, JOCTYII K KO-
TOpOMY UMeeT IapTHep YHuBepcuTeTa - COBET 110 3KOJOTMYECKOMY CTpouTeabcTBY (MOCKBaA) - 3a
CYeT WIEHCTBA B MEXAYHAPOAHON OpraHn3aly «BceMUPHBIN COBET 10 9KOJIOTUIEeCKOMY CTPOUTEIb-
ctBy» (World GBS).

° BhICTyIIEHHE TeHepaIbHOTO AupekTopa AO «ZJOM.P®» B.JI. MyTko Ha hopyme «Cpe/ia s SKU3HI».

URL: https://tass.ru/nedvizhimost/12230547
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Puc. 5. KommiekcHoe 06 beinHE e IPEeJIPUATHIH B IPOU3BOACTBEHHYIO
Y 9KCIJIyaTallIOHHYIO KOOIlepanuu
Fig. 5. Infographic model of the research cycle with the division into production

ITpuBeAeHHBIH IpUMep ITO3BOJISIET ONPE/eNIUTh SKCILIYATAlIOHHYIO KOOIIePALlHI0 HAYIHBIX
HCCJIeJOBAaHUH KaK J0OpOBOJIbHOE 00 beAMHEeH e IOPUANYECKUX JIUL], OPTaHU30BaHHOE 10 ITPUHIIUITY
00 beIJHEHNS MX BO3MOKHOCTEH /IJIsI pealn3aliy pe3yIbTaTOB HayIHO-HNCCIe0BATENbCKUX paboT™.

3aMeTHM TaKXe, YTO pasfiesleHHEe KOOIEepallly HCCIeJOBAaHUSA Ha «IIPOM3BOACTBEHHYIO» U
«9KCILIYaTaIlOHHYIO» NMeEeT aHAJIOTHUIO B chepe TeXHUIECKUX CHCTEM, I/le pasZiesleHHe CBOHCTBA
«TEeXHOJIOTUYHOCTH» YCTPOUCTB Ha IPOU3BOACTBEHHYIO M SKCIIyaTAIIOHHYIO COCTABJISIOIIYIE OIIpe-
JeinseT 3¢pHeKTUBHOCTD IIPOM3BO/CTBA U SKCILIyaTallH YCTPOMCTBA COOTBETCTBEHHO.

PaccmoTpuM Ha mpuMepe paboTsl cekiuu 3 «IlepcreKTUBHBIE TPAHCIIOPTHEIE cpeAcTBa. Ho-
Bbl€ TeXHUYECKNE PellleHUs IIPY OpraHu3aIuy JOPOKHOTO CTPOUTENbCTBA» popyMa «SSMART BUILD-
2021» 21 mas 2021 roza, kKak GOPMUPYIOT SKCILIyaTAIMOHHYIO KOOIIepalyio MPeAnpUsITUN 10 OTHO-
IIIeHUIO K IIPOU3BO/ICTBEHHOH KOOIIepalliiy UCCIef0BaHMUS B Y HUBEPCUTETE.

B KauecTBe KpOCC-JUCHUIIINHAPHOH (IPUKIaZHOH) 061aCTH NCCIe0BaHNS OblIa BEIOpAHBI
06'BbEKTBI TPAHCIIOPTHO oTpaciu. OCHOBOM BRIOOpA CTaJ TOT (PAKT, YTO TPAHCIOPT SIBJASIETCS OJHUM
13 BeJyIIMX IIOJUTOHOB PasBUTHs PBIHOYHBIX MEXaHU3MOB, TaK KaK OPUEHTUPOBaH Ha (oJiblioe
YHCJIO Pa3HBIX MOTpebuTesneii. Hamudue cupoca u npeioxeHus GopMUpyeT HECKOJIbKO B3aMOCBS-
3aHHBIX TPAHCIIOPTHBIX PHIHKOB. PBIHOK «TPaHCIIOPTHON IIPOAYKIIUM» XapaKTepU3yeTCs B HACTOS-
Ilee BpeMs 3HAYNUTEIbHOM IIOTPEeOHOCTHIO B 00HOBIEHHBIX, COBPEMEHHBIX TPAHCIIOPTHAIX CPEACTBAX,
TaK JXe OOJIBIINM CIIPOCOM II0JIb3YIOTCSA IIEPEYCTPOICTBO U PEKOHCTPYKIIUS CYIIECTBYIOMIUX, ZO-
CTPOMKa 1 PEMOHT TPAHCIIOPTHBIX MarucTpanei. IIpu 5ToM Ha pbIHKE «TPAHCIIOPTHOMN IPOAYKIIHLI»

10 TepMI/IH «JKCIlIyaTallMOHHAaA KOOIlepanysa» BBOAUTCA BIIEPBbIE — 3aMevdaHNe aBTOPOB.
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3HAYUTEIbHOE BHUMAaHUE y/eseTcs IIOBBIIIEHNI0 KaueCTBa 3TOH IIPOAYKIUH. PBIHOK TPaHCIIOPT-
HBIX YCJIYT IIpe/ICTaBJIeH B HACTOsIIee BPeMs CyI[eCTBEHHBIM KOJINYeCTBOM KOHKYPUPYIOMINX MEXAY
€060 IPeJIpUATHH U OpraHU3aIlUi PasANYHbIX GOPM COOCTBEHHOCTH. IIpHrdeM OCHOBHBIM apry-
MEHTOM B 3TO 60pbbe urpaet 3pPeKTUBHOCTD UCIIOIB3yEeMOM TPAHCIIOPTHOL TEXHOIOTHH.

Ha puc. 6 npusesena uHporpadrdeckas MOZeNb CO3AAHHUSA HAIIPABJIEHUS HCCIeHOBaHUS
YHUBepcUTeTa B 9KCILIyaTAllMIOHHOK KOOIIepalny, II0Jy4eHHOTO 3a CUeT IPOeIMPOBAHUS 00JIaCTH

uccjefoBaHUud 3 HA ob6sacTh HccjaeaoBaHMA.

OBJACTE HCCIETOBAHHA 3.
«YpOaHHCTHKA (APXHTEKTYpA,
«YMHBIE CPelBD»)»

HAITPABJIEHHE
HCCIEJOBAHHA
31-33.

HAITPABJIEHHE HCCIETOBAHHSA
«HHTe11eKTY ATbHBIH TPAaHCOOPT» B «YMHOI cpege»

i '1

HAITPABJIEHHA HCCJIETJOBAHHA
«06BbeKThI TPAHCHOPTHOI OTpacIH»

Y,

OEBJIACTE HCCIETOBAHHU A
«O0BeKTEI TPAHCIOPTHOIH 0TpacaIm»

Puc. 6. lHporpadudeckas Mozeab CO3/IaHNS HAIIPABJIEHUS UCCIeJOBAHUSA Y HIBECUTETA
B 9KCILIyaTallHOHHOH KOOIIepaLNH, II0OJIyY€HHOTO 3a CYeT IIPOeLInPOBAHMUS 00JIaCTH HUCCIe0Ba-
HUAg 3
Ha 00J1aCTh HCCIeI0BAHNUS IIPUBJIEYEHHEIX B KOOIIEPALIHIO IIPEAIPUITUI-YIaCTHUKOB
Fig. 6. An infographic model of the creation of the University's research direction in operational
cooperation, obtained by projecting the research area 3 onto the research area of the participating

enterprises involved in the cooperation

Peasmsariyis sKCIIyaTallMOHHOI KOOIlepaluy Obla OCyIlecTBIeHa YHUBEPCUTETOM B IIPO-
Iecce IIPoBeJleHU 3aceaHnus ceKum 3 «IlepcrieKTUBHBIe TPAHCIIOPTHBIE cpeAcTBa. HoBble TexHU-
JecKUe pellleHUs IIPU OpraHU3aIuM JOPOXKHOIO CTPOUTeNbCcTBa» popyma «SMART BUILD-2021» 21
Mas 2021 roga, I/ie BBICTYIIMJIN IpUrIameHHble npeactasuTenu MITY (Mocksa), MI'TV um. H.D. Bay-
maHa (Mockga), UBTTIY (IBaHOBO) B COBMECTHBIX ZIOKJIaaX C IPeACTaBUTeNIMU Y HUBepcuTeTa. TemM
CaMBIM OpraHU3aTOPhI popyma, GOPMUPYS ero IIO0BECTKY, U3MEHMIN JOTUKY CUCTEMHOTO II0AX0/a U
OCYIIIECTBUIN KPOCC-AUCLHUIIMHAPHBIN IIepeXo/ K ajJbTepPHATHMBHBIM HAYYHBIM HCCJIEZOBAHHUSIM,

00eCIIeInBIINM IIePEeyCTPONCTBO CTPATErNH JIS Ilelel YCTONYMBOTO pa3BUTHs YHUBepcuTeTa'l.

11 3ameTum, uTo Hay4YHas HalpaBJeHHOCTb cekuuu 3 popyma «SMART BUILD-2021» B CHJIy CBOETO OPTaHU3AIIMOHHO-IIPOEK-
THUPOBOYHOT'O COJIEP}KAHUS, «BIIMCAJIOCh» B HOBOE HCCJIe/loBaTeIbCKOE HallpaBjieHre HOMeHKIaTypsl BAK ¢ mudpom 5.12.4
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Ha puc. 7 IIpuBeJEeHO KOMIIJIEKCHOE O6"be,ZLI/IHeHI/Ie Hpe,ZLHpI/IﬂTI/Iﬁ B OKCILIyaTallMOHHYIO KO-

ollepaluio.
- § 8
P p— IpPeINpHATHA-TIADTHEPE
=
PR
=TT
.-"44__--"
Peammzamma npoexta
IpoexT ,| KCILTYaTalHOHHOH
OPTAaHH3ATOD | 3KCINIVATAITHOHHOH KOOIICpallHH B
KOOIEPAlHH KOOIEpAllHH B HayHHOM
HAVIHOM HCCIeI0EAHHH
HCCIEI0BEAHHH
12.n
. urvpa 0D03HATAET BIIOYEHHEIX B KOONEPANHID NpPeIIpHATHH-TAPTHEPOE,

Da‘IE.,Z[E.I-Dm}IX EOIMOZEHOCTAMH B IIOJISDERS HE.Y'ID—HCC:IE,ZLDBE.TE:[LCE{DIE ACATEIIBHOCTH
Vuue EPCHTETA B KpOCC-JHCIHIITHHAPHEIX 00IaCTAX HCCISO0BAHHI.

Puc. 7. KoMmiekcHOe 00 beiHEHYe IPeJIPUATHI B 9KCILIyaTAI[OHHYIO KOOIIePaIjiio
Fig. 7. Complex integration of enterprises into operational cooperation

B 3aki09eHre OTMETHM, YTO YCKOPHBIIAACA B IIOCIefHee BpeMs JUHAMHUKA N3MEeHEHUH B
IIPUOPUTETAX HAYYHBIX UCCIEJ0BaHNH TpebyeT IOCTOSHHOTO MOHUTOPHHTA aKTYaIbHOCTH HAYYHBIX
HaIlpaBJeHUN ucciaesnoBaHuil VHEUBepcuTeTa. Tak, HanpaBieHUe UCclefoBaHUI «MIpOBEIe TEeHAEH-
IIWHW ITOBBIINIEHMA 3KOJIOTMYHOCTHU U 3HepI‘03q)(I)eKTI/IBHOCTI/I CTPOUTEJIbHOTO ITPOU3BOACTBA», NCKJIIO-
yeHHOeE U3 noBecTKu popyma «SMART BUILD-2021», B HaCTOsIIIee BpeMsi IPUOOPETo 3HAUUTENbHYIO
MeXJYHapOAHYIO IOAJEPKKY B CBA3U ¢ KypcoM EC Ha peannsanuio «3ejleHOro IIaKkTa» — cTpaTernde-
ckui GyHZaMEeHTANbHBIN HHCTPYMeHT A1 EC, ycTaHaBINBaIOIMIMI OCHOBHBIE 33Za4 IS Pa3BUTHA
9KOHOMUKU K 2050 rozy. ITaKT Ipu3BaH OCYIeCTBUTH JeKapboHusanuio GoHga 35aHUH B paMKax IIpo-
rpammbl «FIT-FOR-55». B crpanax EC HagaTa paboTa 1o nsmeHeHu0 CepTU(hUKATOB SHEPreTUIeCKoH
3 PEeKTUBHOCTH U COCTABJIEHME KAPT HEPreTUIEeCKOro KayecTna 37aHui. Ilosaraem, 4To 3TO 3a-
POXZeHVe HOBOH BOTHBI OPraHU3AIIOHHON MOAJEPIKKYU B UCCIeloBaHNU (peHOMeHA SHeproaddex-
TUBHOCTH. [IpH TaKOH MeXAyHAPOSHOM ITOAePXKKe IIPOEKTHI POCCHH IT0 IOBBIIIEHUIO SHeprosddex-
THUBHOCTH pa3paboTaHHBIE paHee, MOT'YT OBITH peaN30BaHbI B IIOJHOU Mepe.

Takoll peanuCTUYHBIN IIPOrHO3 TpebyeT npu GopMupoBaHUU moBecTKU dopyma «SMART
BUILD-2022» ripeZyCMOTPEeTH IIPOBeZieHNe CEKIIUM TAaKOM HaIPaBJIeHHOCTHU C AalbHeHmIel mpopa-
OOTKOM NPOEKTOB YHUBEPCUTETA, B TOM YHUCJIe — CO3JaHue IJeHTpa s3HepreTUIecKoH KOMIIeTeHIIUH,
CBSI3aHHBIX C IIOBBIIIIEHNEM 3HeproddPeKTUBHOCTHU 0OBEKTOB, B TOM YHCJIE - BY30B.

Kak npeacrapigeTcs aBTOpaM, 3HaUUTeNIbHYIO IIOMOILb B COCTaBAEHUU 3KCILIyaTallIOHHON
KOOIlepaliy HayYHBIX UCCJIeJOBAHUI MOIYT CHITPATh BO3MOXXHOCTH IIapTHEpa ITPOM3BOJCTBEHHON

KooIepanuu 0bJacT nccuefoBanus 3 YHuBepcuTeTa — CoBeTa 110 9KOJIOTUIECKOMY CTPOUTEIbCTBY

«KoruuTtuBHOE MOZIeJINIPOBAHUE». Bce IIpUBE€JE€HHbIE B CTAThE I/IH(I)OI‘paCI)I/I‘IeCKI/Ie Mozean MOoryr OBITH OTHECEHHI K KJaccy
«KOTHUTHUBHBIX».
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(Mockga). Vxe cetiuac B 00J1aCTSIX UCCIE0BAaHUI YHUBEPCUTETA, HATIPABJIEHHBIX HA CO3ZlaHUE 9KC-

IUIyaTallIOHHOM KOOIlepaluy, NUMeIOTCS HallpaBlIeHus uccaeoBaHusd, rae CoBeT MOXKET CTaTh J0-

CTOMHBIM IIAPTHEPOM.
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B yeaax nosviuweHus 3PPexmusHOCMU IKCNAYAMAYUUL 8030YULHO20 MENL08020 HACOCA
AKMYAAbHUM  S8AA€MCSA  AHAAU3  MepMOOUHAMUUECKUX  NApAMempos  LUKAA
NApOKOMNPecCUOHH020 dpeoHosoeo KkKoumypa. Jaa mozo umobu. oyeHums 68ce
mepmoJUHAMUYECKUE TLPOYECCbL 8 MeNnA0X0A00UAbHOL cucmeme 8030YULHO20 MeENA08020
Hacoca U npou3eecmu pacuemsl, KaK Npasuno, UCNOAL3YIOM Mmenaosvie Juazpammel,
pas3pabamuieaemule npouseodumenamu. Aemopvl npedrdezalom UCNOAb308AMbL 045
OpUEHMUPOBOUHOZ0 pacCHema NApOKOMNPECCUOHH020 PpeoH08020 KOHMYpa mabAUYbL HA
AUHUU HACLIWeHUS U AUHUL Nepezpemozo napa paboueezo xnadazenma. B pesysvmame
pacdema meopemuueck0e0 NAPOKOMNPeCCUOHH020 YUKAA OblAU NMOAYHUEeHb. 3HAYEHUS
menao6o0tll dHepeUl, U3LLMAEMOL paboium MmeaoM 8 Npoyecce e20 Henpepul8H020 Pas306020
npespawjenusn: Kunenus, ucnapenus, KOH0eHcayul, Komopule 0npedeasilcb N0 MOYKAM
COCMOAHUSA IHMAALNUL HA COOMEemMCmM8EYoWuUXx yuacmkax pabomeul semenmos BTH
(ucnapumensv, komnpeccop, koHdencamop). Pacuemwv. noxazaau, wmo npu co3danuu
menaogoli MOWHOCMU HA 8blx00e MeNnA08020 HACOCA ONpedeAfloWUM NAPAMEMPOM
sensemcs ¢pasosoe npespaujeriie CKpulmot menaomel napoobpa3osanus npu KUneHuu u
kKondencayuu pabodezo mead 8 3aMKHYMOIU cCucmeme KOMNPeCCUOHHO20 YUKAA.

KiaodeBble c10Ba: NapOKOMIIPECCHOHHBIN UK, QPEOHOBBIH KOHTYD, SHTAJIbIIUS,
BO3AYUIHBEIY TEINJOBOM Hacoc
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To improve the efficiency of using an air heat pump (AHP), it is important to analyze
the thermodynamic parameters of the vapor-compression freon loop cycle. To evaluate all
thermodynamic processes in the heat recovery system of the air heat pump and to make
calculations, experts frequently use heat charts developed by the manufacturers. The
authors propose to use tables on saturation line and superheated vapor line of working
refrigerant for approximate calculation of vapor-compression freon loop. As a result of
calculation of a theoretical vapor-compression cycle, the authors obtained heat energy
values taken by the working body during its continuous phase change: boiling,
evaporation, condensation, which were determined by the enthalpy state points at the
corresponding sections of operation of AHP elements (evaporator, compressor,
condenser). Calculations showed that at creating thermal power at the heat pump output,
its determining parameter is the phase change of latent heat of vaporization at boiling
and condensation of working body in the closed compression cycle system.

Key words: vapor-compression cycle, freon loop, enthalpy, air heat pump
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INTRODUCTION

The basis of modern research in increasing the energy efficiency of air heat pump (AHP)
operation is the analysis and improvement of heat and mass transfers occurring in the thermodynamic
cycle of the freon loop. Thermodynamic perfection of the vapor compression cycle to a large extent
determines technical, economic and ecological efficiency of AHP. This is especially important when
developing innovative environmentally friendly technologies for thermal energy generation [1].

The main advantage of compression-type heat pumps is the great efficiency among the latest
heat pumps. Their proportions of received and given energy can reach 1:7 (at feeding 1 kilowatt of
electric energy to the heat pump compressor, 7 kilowatts of heat will be extracted from cooled zone)
[2, 3]. The operating mode of an AHP changes due to the environment, which, as a consequence,
determines its thermal power output.

Heat and mass transfer within thermodynamic processes might intensify by converting
different in quality energy flows in the freon loop. Science community actually has no materials on
heat exchange that takes into account non-stationarity of processes in working zones of heat pump,
and also on non-stationary transfer of thermal energy by mass transfer [3].

To use the heat pump efficiently, both internal and external process conditions should be
considered [4]. For example, to calculate heat conversion under real non-equilibrium conditions, one
should have knowledge of properties and parameters of working substances in different states.

Freons used for heat transformation in AHP are usually studied by manufacturers at different
pressures and temperatures, and their parameters are presented in diagrams or tables [5].

A common idea is that the most common way to calculate the thermodynamic cycles of AHP is
to use diagrams of states of working substances:

- diagrams s-T (entropy-temperature);

- diagrams p-V (pressure-specific volume);

- diagrams i(h)-P (enthalpy-pressure) or i(h)-1gP.

The vapor-compression cycle of the refrigeration machine can be calculated without using
thermal diagrams [6]. Instead, the calculation may involve tables on the saturation line and
superheated vapor line of the refrigeration agent (refrigerant).

For such calculation of heat conversion and evaluation of AHP efficiency, it is required to know
the properties and parameters of refrigerants in different states [5]. The thermodynamic and
thermophysical characteristics of refrigerants are considered in three aspects: in terms of influence
on thermodynamic cycle efficiency, on AHP performance indicators, and on compressor design
characteristics.

EXPERIMENT

Calculation of the vapor-compression cycle according to the specified external conditions -
parameters of the low-temperature source (ambient air) and the level of the coolant (water) heating -
is selected taking into account environmentally safe refrigerants used in AHPs.

The method to calculate the vapor-compression cycle of the freon loop of AHP is based on the
transformation (transfer) of heat due to phase transitions of the working substance (freon): liquid -
vapor-liquid mixture - gas [7]. These processes of continuous phase change of the working body -

boiling, evaporation, condensation - can be determined by the so-called reference points of enthalpy
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state at the corresponding sections of operation of the AHP elements (evaporator, compressor,
condenser).

For example: on the circuit diagram (Fig. 1), let us represent as points all thermodynamic
processes of vapor-compression cycle of evaporation and condensation unit for heat pump A20/W30
with average heat power 7 kW and electric power 1.84 kW [8], where A - ambient air at 20 °C, W - heat
carrier in heating circuit, water temperature at 30 °C.

Next, we present the calculation of enthalpies by control points corresponding to certain
sections of the cycle.

lectric motor

Compressor

Condenser

Evaporator

Fig. 1. Circuit diagram of the vapor compression cycle and working sections of the evaporation
and condensation unit of the heat pump system

In accordance with ISO/DIS 17584, Table 1 presents thermodynamic index values, which is
enthalpy taken on liquid line and saturated vapor line on the working sections of the freon loop vapor-
compression cycle [8].

Table 1. Enthalpy values on the line of saturation and superheated vapor line, kJ/kg [8]

Freon h h, hs
R22 249.81 416.69 452.3
R32 275.9 514.3 560

R134A 265 413 445

R404A 262.7 387.2 420

R407C 272 425 465

R410A 270.4 436.2 470

R507A 260.4 383.1 420

Table 1 shows that the highest heat transfer (h,) will be observed at section 3-4. This happens
because of the processes of irreversibility inside the compressor [9]. The enthalpy increase in it is
greater than in the ideal cycle, and this, in turn, leads to an increase in temperature and pressure.

In reference tables of thermodynamic properties [5, 10], enthalpy values are given because
enthalpy as an auxiliary function in thermodynamic calculations is how heat is supplied in heat
exchangers (evaporator, condenser) at constant pressure.
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RESULTS

To study the cycle, it is convenient to start at the point where the refrigerant is in a slightly
supercooled liquid state. This is because the location of this point tends to vary little regardless of the
various modifications to the main cycle.

Control point 1 of section 0-1 (liquid phase) - the liquid refrigerant at the evaporator entrance
displaced through the throttling device (TEV - thermostatic expansion valve).

The amount of useful energy withdrawn from the environment (air) from the initial cold circuit
and required to transform into vapor the liquid obtained at the inlet to the evaporator and the freon
loop line (q1), is

g1 = hy — hy. (1)

Section 1-2. The liquid remaining in the evaporator boils at a pressure close to atmospheric
pressure with temperature t,= +5 °C. It then evaporates in a «cold» heat exchanger, absorbing heat and
therefore cooling the medium, which has a higher temperature than the boiling point for this pressure,
taking away the heat of vaporization. The design of the evaporator has a decisive influence on the freon
boiling. With most of the gas being evacuated by the compressor, the pressure does not rise.

Section 2-3. The gas refrigerant from the evaporator with temperature t, = +5 °C is sucked in
by the compressor.

Reference point at section 3-4 (gas). Then the compressor, pumping out the gas refrigerant,
compresses it adiabatically with temperature increase up t;=+40 °C and higher with much higher
pressure P,=15-17 bars [12].

The compressor exerts force over freon when compressing, which according to the first law of
thermodynamics increases thermal energy of freon flow circulating in an AHP loop.

According to the second law of thermodynamics, energy transfer in the heat pump cycle
continues under the influence of mechanical and electrical energy of the compressor drive, which uses
electrical energy to compress the gas refrigerant, resulting in increased pressure and temperature of
the refrigerant.

The heat dissipation from the compressor motor can be calculated using the formula
Qmotor = N(1 —n)/n, kW, (2)

where N - motor power, kW; n - efficiency.
During heat exchange between the working body and the compressor, the amount of energy
released by our compressor with an electric motor power of 1.84 kW is

Qmotor = 1.84-(1-0.8)/0.8 = 0.46 kW.

Heat dissipation from the compressor can be calculated according to the Bitzer
recommendations [13].

The amount of energy used for compression, received at the compressor outlet from the freon
loop (g2), is

q; = hs — h,. (3)
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Section 4-5. The compressor forces the gas into the condenser where it condenses at a high
constant pressure and a high operating temperature from t; = +40 °C to t; = +50 °C, giving the heat
energy to the heat transfer medium at the desired consumer heating temperature.

Section 5-6. The TEV regulates the flow of liquid, thereby reducing the release of vapor. The
fluid expands in the valve but does not exchange energy with the environment. The expansion takes
place at a constant enthalpy. Nothing happens during pressure reduction. The temperature is virtually
unchanged. When the fluid pressure reaches saturation, a further decrease in pressure also implies a
decrease in temperature, since otherwise the fluid overheats, which implies the formation of a
thermodynamically unstable state [14].

As a result of cooling the liquid, energy is released, which is spent on the evaporation of part
of the liquid. Consequently, liquid evaporation in this case depends on pressure: the smaller it is, the
more liquid evaporates.

Section 6-7. The fluid pressure reaches its final value. The volume of liquid evaporated is
determined by means of equal concentration lines. In this example, the refrigerant expands to a 5-bar
pressure (-5 °C) with a 50% vapor concentration.

At section 5-6-7 from condenser, thermostatic expansion valve (TEV) to evaporator inlet, we
assume that TEV in this case only creates conditions to change the state of vapor-liquid mixture at
evaporator inlet under different temperatures of working medium, environment, and pressure. Since
TEV regulation in this process is the reverse process of the compressor operation mode, the TEV does
not have any additional effect on freon, everything is done by the compressor. The TEV only separates
the pressure zones with the required freon capacity. Therefore, the connecting tubes of the TEV must
be matched to the compressor capacity [15].

When generating the heat output from a heat pump, two parameters matter the most:

- phase transformation of latent heat of vaporization at boiling and condensation of working
medium in a closed system of compression cycle,

- dynamics of influence of air flows on thermophysical and thermodynamic properties of
freon, processes occurring in it.

The heat and cooling efficiency derived from the freon loop (COP) is

COP = q,/q,. 4)

Table 2. Values of the energy received from the freon loop, at different sections of the vapor-
compression cycle of AHP and COP

Freon q1, kJ/kg qz, kKJ/kg COP
R22 166.88 35.61 4.69
R32 238.4 45.7 5.22

R134A 148 32 4.63

R404A 124.5 32.8 3.80

R407C 153 40 3.83

R410A 165.8 33.8 491

R507A 122.7 36.9 3.33
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To estimate all thermodynamic processes in the refrigeration system and to make calculations,
we use thermal diagrams or approximate calculation of the vapor-compression freon loop according
to tables on the saturation line and the superheated vapor line of the working refrigerant [16].

Due to the wide spread of vapor-compression heat pumps, all options to increase their
efficiency are being considered. The first option is to increase the efficiency of a theoretically
equilibrium ideal cycle. Another option is to reduce losses from non-equilibrium (irreversibility) of
processes.

It is important to properly select a working medium (refrigerant) and optimal parameters of
vapor-compression cycle. An important property of freons is the heat of phase transition. The higher
the value, the lower the freon consumption and therefore the lower the cost of the compressor. On the
other hand, AHP performance can also be assessed by two indicators: mechanical efficiency
(compressor drive) and volumetric efficiency (compressor chamber size) [15-17].

In a real cycle, unlike ideal cycle, the processes of expansion and compression of a working
body are considered irreversible and they do not follow an adiabatic curve, but constant enthalpy line
- polytropically, which leads to some increase in energy losses not only in compressor, but also in
evaporator and condenser. Therefore, it is important to consider the design, piping (trunking)
configuration, and location of the main elements of the air heat pump.

CONCLUSIONS

As an AHP is a complex device with advanced automation, the heat pump system requires
proper calculation of the operating mode and the selection of basic structural elements by qualified
designers and competent installers. It should be noted that the result of the calculation of an AHP will
always depend on the conditions in which it is operated.

JIUTEPATYPA

1. Tamoxkun C.[., JlobuxoBa H.B., JlooukoBa O.M., T'amoxkun A.C. Ilerecoo6pasHoCTb
KICIIOJIb30BaHUSI COBPEMEHHBIX 9Heprocheperaonux CUCTeM BEeHTUISAIIUY IPK CTPOUTENbCTBE U
PEKOHCTPYKI[UY 37aHNE. BecTHUK Hayku u oOpasoBanus CeBepo-3amaza Poccuu. 2018. T. 4. Ne 4.
C. 27-35.

2. ®emocosB C.B., Pemoceen B.H., 3aiineBa U.A., BopoHoB B.A. O6ocHOBaHIE METOAOM aHaIM3a
vepapxuil sKCIIePTHHIX CYXXJEeHUH KPUTepPHEB IOBBIIIEHNS SHePro3ad@eKTUBHOCTY BO3YIIHOTIO
TEeIIOBOTO Hacoca. YMHBIe KOMIIOSUTHI B cTpouTeabcTBe. 2021. T. 2. Ne 2. C. 38-47. DOL:
10.52957/27821919_2021_2_38.

3. Abiev R.S. Hydrodynamics and Heat Transfer of Circulating Two-Phase Taylor Flow in
Microchannel Heat Pipe: Experimental Study and Mathematical Model. Industrial and Engineering
Chemistry Research. 2019. V. 59. N 9. P. 3687-3701. DOI: 10.1021 / acs.iecr.9b04834

4. FangX., Wu Q., Yuan Y. A general correlation for saturated flow boiling heat transfer in channels
of various sizes and flow directions. International journal of heat and mass transfer. 2017. V. 107.
P.972-981. DOI: 10.1016 / j.ijheatmasstransfer.2016.10.125.

5. Masypun H.M., TepacumoB P.JI., KoponéB A.®., Yrkua E.®. O30HoGe3omacHble (GpeoHBHI.
VcTopus JlereHAB U IIPOCTOe pelreHue. IIpocTpancTBo 1 BpeMs. 2014. Ne 3(17). C. 250-255.

32



TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE
SMART COMPOSITE IN CONSTRUCTION

6. Baiimades E.D., Makapos C.C. MoJenmupoBaHre TepMOJUHAMUYECKOI'0 IJUKJIa TEIIJIOBOTO Hacoca
JJI51 pacII¥peHUs TeMIIepaTyPHOIO ala3oHa BO3AYIIHOTO peKyneparopa. BectHuk VIpKyTCKOTO
rOCyZapCTBEHHOTO TeXHIUYIECKOT0 YHUBepcuTeTa. 2014. Ne 6(89). C. 101-106.

7. BarayraunoB MNM.3., KyBmmHoB H.E. VICTOYHMKM TeNJOTHl [JJI TeIJIOBBIX HAaCOCOB.
MuHoBanoHHad HayKa. 2016. Ne 3. C. 42-44.

8. Makapos C.C. lcnosbp3oBaHMe TEIJIOBOTO Hacoca B CHUCTeMax IOAJAep:KaHUS MHKPOKJIMMAaTa
BBICOTHBIX 3ZaHUH. V3BecTus By30B. MHBecTunmu. CrpoutenbcTBo. HeapmxumocTs. 2020. T. 10.
Ne 2(33). C. 250-257. DOI: 10.21285/2227-2917-2020-2-250-257.

9. JanmiaeBckuii JI.LH. CucremMbl NPUHYAUTENIBHON BEHTWIALMU C peKyllepaluell TeIIOBOU
SHepPTUU YAAIIEeMOTro BO3yXa JJIs XKUJIBIX 34aHni. Teopus u npaktuka. MuHCK, 2014. 128 c.

10. Alo M. Problems with Using the Exhaust Air Heat Pump for Renovation of Ventilation Systems in
old Apartment Buildings. Danish Journal of Engineering and Applied Sciences. 2015. P. 44-55. DOI:
10.6084 / M9.FIGSHARE.1510922.

11.Dawidowicz B., Cieslinski J. Heat Transfer and Pressure Drop During Flow Boiling of Pure
Refrigerants and Refrigerant/Oil Mixtures in Tube With Porous Coating. International Journal of
Heat and Mass Transfer. 2012. V. 55. P. 2549-2558. DOI: 10.1016 / j.ijheatmasstransfer.2012.01.005.

12.Fedosov S.V., Fedoseev V.N., Loginova S.A. Heat transfer intensification during condensation of
refrigerant with straight pipelines for a heat pump heating system. E3S Web of Conferences. 2021.
V. 258. P. 09050. DOI: 10.1051 / e3sconf / 202125809050

13.Kim D.H., Park H.S., Kim M.S. The effect of the refrigerant charge amount on single and cascade
heat pump systems. International Journal of Refrigeration. 2014. V. 40. P. 254-268. DOI: 10.1016 /
j-ijrefrig.2013.10.002

14.3apunkmuii I'.A., Jleonos B.II., IuxadeB B.. AHanu3 u BEI6OP pabouux TeJ JJIsg ra30BOr0 KOHTypa
TEIIOBOTO Hacoca. MHXeHepHBIH JKypHa: HayKa 1 MHHOoBanuu. 2013. Ne 1(13). C. 146-148.

15.Harsem T.T., Grindheim J., Borresen B.A. Efficient Interaction Between Energy Demand Surplus
Heat, Cooling and Thermal Storage. Procedia Engineering. 2016. N 146. P. 210-217. DOI:
10.1016/j.proeng.2016.06.375.

16.OBcaHHUK A.B. MozennpoBaHe IIPOIECCOB TeIIO00MeHa IPY KUIIEHUU XUAKOCTel. ['oMenb:
ITTY nwm. I1.0. Cyxoro, 2012. 284 c.

17.Komesnes C.B., Caractuxun l0.H., Eiizeloc A.W. CpaBHUTesJbHBIE pacueTsl KoadduiyeHTa
TeIIOOTAA4Y! TPU KUIIEHU Y XJIaZlaTeHTOB B TpyDax. BecTHuK MeXAyHapOJHON aKaZle MUY X0JI0A.
2020. Ne 2. C. 65-72. DOI: 10.17586/1606-4313-2020-19-2-65-72.

ITocmynuaa 8 pedaxyuio 29.11.2021
IIpunama x onybaukoganuio 06.12.2021

REFERENCES

1. Galyuzhin S.D., Lobikova N.V., Lobikova 0.M., Galyuzhin A.S. Applicability of Using Modern
Energy Saving Ventilation Systems for Construction and Reconstruction of Buildings. Journal of
Science and Education of North-West Russia. 2018. V. 4. N 4. P. 27-35 (in Russian).

2. Fedosov S.V., Fedoseev V.N., Zaitseva I.A., Voronov V.A. The Hierarchy Analysis Method in
Backing Expert Judgments of Criteria for Increasing the Energy Efficiency of Air Heat Pump. Smart
composites in construction. 2021. T. 2. N 2. P. 38-47. DOI: 10.52957 / 27821919_2021_2_38 (in
Russian).

33



TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

3. Abiev R.S. Hydrodynamics and Heat Transfer of Circulating Two-Phase Taylor Flow in
Microchannel Heat Pipe: Experimental Study and Mathematical Model. Industrial and Engineering
Chemistry Research. 2019. V. 59. N 9. P. 3687-3701. DOI: 10.1021 / acs.iecr.9b04834.

4. FangX., Wu Q., Yuan Y. A general correlation for saturated flow boiling heat transfer in channels
of various sizes and flow directions. International Journal of Heat and Mass Transfer. 2017. V. 107.
P. 972-981. DOI: 10.1016 / j.ijheatmasstransfer.2016.10.125.

5. Mazurin I.M., Gerasimov R.L., Korolev A.F., Utkin E.F. Ozone-safe freons. The story of a legend
and a simple solution. Space and time. 2014. N 3 (17). P. 250-255 (in Russian).

6. Baimachev E.E., Makarov S.S. Thermal Pump Thermodynamic Cycle Modeling to Extend
Temperature Range of Air Recuperator Operation. The Bulletin of Irkutsk State Technical
University. 2014. N 6(89). P. 101-106 (in Russian).

7. Bagautdinov I.Z., Kuvshinov N.Ye. Heat sources for heat pumps. Innovative science. 2016. N 3. P.
42-44 (in Russian).

8. Makarov S.S. The use of a heat pump in the system for maintaining the microclimate of high-rise
buildings. Proceedings of universities. Investments. Construction. Real estate. 2020. V. 10. N 2 (33).
P. 250-257. DOI: 10.21285 / 2227-2917-2020-2-250-257 (in Russian).

9. Danilevsky L.N. Forced ventilation systems with heat recovery of exhaust air for residential
buildings. Theory and practice. Minsk, 2014. 128 p. (in Russian).

10.Alo M. Problems with Using the Exhaust Air Heat Pump for Renovation of Ventilation Systems in
old Apartment Buildings. Danish Journal of Engineering and Applied Sciences. 2015. P. 44-55. DOI:
10.6084 / M9.FIGSHARE.1510922.

11.Dawidowicz B., Cieslinski J. Heat Transfer and Pressure Drop During Flow Boiling of Pure
Refrigerants and Refrigerant/Oil Mixtures in Tube With Porous Coating. International Journal of
Heat and Mass Transfer. 2012. V. 55. P. 2549-2558. DOI: 10.1016 / j.ijheatmasstransfer.2012.01.005.

12.Fedosov S.V., Fedoseev V.N., Loginova S.A. Heat Transfer Intensification During Condensation of
Refrigerant With Straight Pipelines for a Heat Pump Heating System. E3S Web of Conferences. 2021.
V. 258. P. 09050. DOI: 10.1051 / e3sconf / 202125809050

13.Kim D.H., Park H.S., Kim M.S. The effect of the refrigerant charge amount on single and cascade
heat pump systems. International Journal of Refrigeration. 2014. V. 40. P. 254-268. DOI: 10.1016 /
j-ijrefrig.2013.10.002.

14.Zaritsky G.A., Leonov V.P., Likhachev V.I. Analysis and Selection of Working Media for Gas Circuit
of Heat Pump. Engineering Journal: Science and Innovation. 2013. N 1(13). P. 146-148 (in Russian).

15.Harsem T.T., Grindheim J., Borresen B.A. Efficient Interaction Between Energy Demand Surplus
Heat, Cooling and Thermal Storage. Procedia Engineering. 2016. N 146. P. 210-217. DOI:
10.1016/j.proeng.2016.06.375.

16.0vsyannik A.V. Modeling of Heat Exchange Processes During Boiling of Liquids. Gomel: GGTU im.
P.O. Sukhogo, 2012. 284 p. (in Russian).

17.Koshelev S.V., Slastikhin Yu.N., Eideyus A.I. Comparative calculations of the heat transfer
coefficient during refrigerant boiling in tubes. Vestnik Mezhdunarodnoi akademii kholoda. 2020. N
2. P. 65-72. DOI: 10.17586 / 1606 4313 2020 19 2-65-72 (in Russian).

Received 29.11.2021
Accepted 06.12.2021

34



TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

VK 66.018.8:624.012.45

HOBEBI IIEPCIIEKTUBHEIU METO/
BBISIBJIEHVS KapOOHM3aIIU
KeJ1e300eTOHHBIX CTPOUTENBHBIX
KOHCTPYKIIUU B IIPAKTUKE
00CIeIOBaHUI

HN.H. T'oraes
Wnba HukonaeBud I'oriies

000 «AkTuslIpoekT», IBaHOBO, Poccuiickas ®esepanus
E-mail: azidplumbumO0@mail.ru

35


mailto:azidplumbum00@mail.ru

TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

Paccmompen Hogulil memod 8viigaeHus Kapbonuszayuu Oemona, KOMOpPwLIL MOMHO
YCTMeWHO TNpumMeHsmb HA noaesol u aabopamopuoil cmaduax obcaedoganus
cmpoumenbHblX KOHCMPYKYUll u3 xenezobemona. PaccmompeHnsl cayiau npomekanus
KapboOHU3AYUU U OUeHeHbl acnekmul e€ 6AUAHUSL HA 004208e4HOCMb OEMOHHBIX U
JHene300eMOHHBLX CMPOUMEAbHUX KOHCMPYKYUL epai0anCKUuX, NpoMblUAeHHbBLX,
MPAHCTOPMHLLX U Opyeux pa3auunuix 06sekmos. IIpusedens. npumeps. 06Bekmos, Ha
KOMOopulX MONHO npogodums 06caedo8anus ¢ npumerHenuem H06020 memoda. Taxoie
npogedeHo  cpasHeHue  IpdexmusHocmu  ykazammozo Memoda ¢  Memodom
¢enongpmaneunosoii npobu.. Omauuue HO8020 memoda cocmoum @ MmMoM, UMO OH
n036045eMm OYeHUMb COCMOoLHUE 3AUUMHO020 CA05S OeMmOHA U 8bLL6UMDb 30HbL, 8 KOMOPBLX
npoyecc kKoppo3uu OemoHd, CBA3AHHLLIL ¢ MACCONEPEHOCOM Ueneso20 KOMNOHeHMA
MOAbKO  HAYUHAEmMCS UAU  NOAHOYeHHO npomekaem. Hedocmamok  memoda
Qenoapmaneunosoii npobe. (MODII) cocmoum 8 moMm, WMo OH He N0380AseM NOHAMY
NoAHYI0 KapmuHy pacnpedenenus pH 6emona no cA0am, nockoavky undukamop umeem 1
pabouuii unmepean nepexoda okpacku. Hoewlil nepcnexmueHnulii memod noszgoasem
oyeHugamsv cocmoanue obcaedyemulx dHene300eMOHHLLX KOHCMPYKYUL Ha npedmem ux
donecogewHocmu U cmeneHu nosepedxdenus, NOCkoAbKy obaadaem NOBbLULEHHOI
MOYHOCMbI0 MO Cpa8HeHUl0 ¢ memodom Qenoapmaneunosoii npobvl.. Peszysvmamel,
noAyueHHble HOBBIM MeMmMOOOM MOJNHO UCNOAL308AMb KAK 048 pasdpabomku/pacuema
Qusuko-mamemamudeckux modeseil pa3sumus npoyecca Macconeperoca npu Kopposuu
bemona, mak U nNpu OpedHU3AYUU peMOHMA JHeae3060eMOHHLLX U OeMmOHHBLX
CMpOUMenbHbLX KOHCMPYKYUTL.

KiawueBbie ca0Ba: KOppo3us, kapboHusanus, 6eToH, xeae306eToH, oOcIesf0BaHNE,

dbeHondTanenHoBas npoba, yHUBepPCAJIbHBIH UHAUKATOP, MacCOepeHocC
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The paper considers a new method of detecting the carbonization of concrete that can be
successfully applied at the field and laboratory stages of examining building structures
made of reinforced concrete. The study included cases of carbonization and evaluated its
influence on durability of civil, industrial, transport and other various building
structures made of concrete and reinforced concrete. The paper includes examples of
facilities where surveys can be conducted using the new method. This method was also
compared with that of the phenolphthalein indicator solution in terms of its effectiveness.
The new method makes it possible to assess the state of the protective layer of concrete
and identify the zones where the corrosion of concrete, which is associated with mass
transfer of the target component, has just begun or is fully running. A disadvantage of
the phenolphthalein indicator solution method (PISM) is that it does not show a complete
picture of the pH distribution of concrete over the layers, since the indicator has 1
working color transition interval. A new promising method makes it possible to assess
the condition of the examined reinforced concrete structures for their durability and the
degree of damage, since it has an increased accuracy in comparison with the
phenolphthalein indicator method. The results obtained by the new method can be used
both to organize/calculate physical and mathematical models of mass transfer process
development during concrete corrosion and to organize the repair of reinforced concrete

and concrete building structures.

Key words: corrosion, carbonization, concrete, reinforced concrete, inspection,
phenolphthalein indicator, universal indicator, mass transfer

For citation:

Goglev I.N. A new promising method for detecting carbonization of reinforced concrete building
structures during inspection. Smart Composite in Construction. 2021. Vol. 2. No 4. P. 35-45 URL:
http://comincon.ru/index.php/tor/V2N4_2021

DOI: 10.52957/27821919_2021_4_35

38



TOM 2, BbINYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

INTRODUCTION

The inspection of concrete and reinforced concrete building structures operated in conditions
of atmospheric air and moisture often includes identifying areas of concrete carbonization (other
common types of concrete corrosion may also be identified). The condition of reinforced concrete
structures of civil, industrial, transport structures, e.g. piers and slabs of bridges, overpasses, etc.,
directly depends on the degree of carbonization (Fig. 1) [1, 2].

el

SRR

Fig. 1. A road bridge in the Ivanovo region. The combined effect of carbonization and chloride

corrosion. Burning and corrosion of longitudinal reinforcement

Another name for carbonization is neutralization, since the corrosion is associated with
chemical reaction of one of the main components of cement stone - free calcium hydroxide (according
to the terminology of S.V. Fedosov, academician of the Russian Academy of Architecture and
Construction Sciences) [1-4]. The process can be roughly divided into 2 stages:

1) calcium carbonate formation

Ca(OH), + H,CO3 > CaCOsl+ 2H,0 (1)
2) calcium hydrogen carbonate formation and entrainment in the medium
CaC03\l/ + HzCOs -> Ca(HC03)2 (2)

The first stage (1) develops due to the specific aspects of the microstructure of the cement
stone, which is a porous material. When interacting with atmospheric air (including humid
environment), the pores of concrete are saturated with carbon dioxide (CO,) or carbon dioxide solution
(H,CO3), which leads to the formation of calcium carbon dioxide (CaCOs) [1-4]. Calcium carbon dioxide
(CaCO0;) is an insoluble compound so that it remains in the structure of the reinforced concrete
structure [2-4].

The second stage of the process (2) proceeds with an excess of carbon dioxide or carbonic acid.
In the case of atmospheric operation, this condition is fully met because the air contains carbon
dioxide. As a result, calcium hydrogen carbonate (Ca(HCO;),), which is a soluble compound, is formed
in solution. Further, when the structure gets wet, calcium hydrogen carbonate diffuses, and a solution
forms, which is carried away into the external environment [1-4], and the cement stone of the concrete
loses one of its most valuable components.
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The carbonization is accompanied by a decrease in the pH of the protective layer of concrete
[3-5]. According to various studies [4, 5], when the pH of concrete decreases below 10-9, it jumpstarts
the chemical and electrochemical corrosion of reinforcement, since the passivating properties of
concrete in relation to metal reinforcement may be lost [4, 5]. It should be noted that often
carbonization affects concrete and reinforced concrete structures together with chloride corrosion [1,
4, 5,10, 13] and biological corrosion [5, 7, 9]. The carbonization process directly affects the durability
of concrete and reinforced concrete structures [1-5, 7, 8, 10, 13-15].

EXPERIMENT

It is important to detect carbonization during the field or laboratory stage at corrosion screening
of concrete and reinforced concrete building structures. The phenolphthalein indicator solution
method is one of the most used methods both in the field and in the laboratory stage [4, 6, 15]. The
phenolphthalein indicator solution method (PISM) can be performed not only on-site by applying the
indicator solution to fresh splinters of concrete or to newly prepared test holes, but also in the
laboratory on pre-selected cylindrical samples (cores) (Fig. 2) [4, 6].

The phenolphthalein solution changes color depending on the pH value of the concrete. For
example, at pH = 8-10 (alkaline environment), the coloring of phenolphthalein solution changes from
colorless to pink (1 working transition interval). At a pH < 8, the phenolphthalein solution is colorless,
which shows the boundaries of carbonized concrete zones and the depth of carbonization (see Fig. 2)
[4, 6].

mﬂ”] ”g‘ﬂm’ﬂ | i ‘||1"'|'|'.|’]'|'_|'|'|'
5 c e
M

a
Fig. 2. Phenolphthalein indicator for carbonization conducted on a selected core sample (a)
and the diamond drill site selected for the core sample (b)

Due to its simplicity and accessibility, PISM has been successfully used in inspection, but it still
has drawbacks [4-6], which may contribute to losing time or insufficient accuracy of the results
obtained. Consider as an example an unprotected concrete structure (without primary and secondary
protection measures) [4, 6]. At pH > 10.5, the phenolphthalein solution is practically colourless, and
the transition of indicator can easily be missed, especially in field conditions [4, 6]. For example, the
pH of freshly made concrete is approximately 13-14 (strongly alkaline environment), while the pH of
concrete of a newly erected (1-3 years, 3-5 years) concrete or reinforced concrete structure can be 11.5-
12.5. In this range, the phenolphthalein solution is also colorless [4, 6]. If the neutralization of concrete
has already «started», and its pH decreases gradually from initial values, the alcoholic solution of
phenolphthalein will not show the dynamics of the process and the boundaries of the zones most
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vulnerable to carbonization, especially if the concrete damaged by corrosion visually does not differ
from the whole [4, 6].

That is why, apart from phenolphthalein solution, the researchers look for solutions of other
indicators, which can show indicative pH values of concrete and the boundaries of their distribution
zones [4, 6].

The alcohol solution of the universal indicator ZIV-1 has been proposed as an alternative at the
moment [6]. The indicator solution is applied to the walls of newly prepared test holes on the surface
of reinforced concrete structures, which are located at a certain distance from each other (Fig. 3). The
hole cavities are thoroughly cleaned of concrete dust and dirt, and rinsed with distilled water to remove
any contamination. The indicator solution can also be applied to fresh concrete splinters if making the
test holes is difficult (see Fig. 3) [6].

IMPORTANT! When using the method, it is necessary to have good quality lights that will
illuminate the test holes. It is also necessary to have a hammer drill with drills of required diameters
(from 16-24 mm).

Fig. 3. Example of an inspected reinforced concrete structure (a), which has been outdoors for
more than 15 years, and test holes 30-50 mm deep in the surface of the reinforced concrete
structure (b)

Since the universal indicator is a mixture of different indicators, it has several transition
intervals, unlike phenolphthalein (Fig. 4) [6]. Each transition interval corresponds to a unique solution
coloring (it contrasts significantly with the initial one), which simplifies determining pH in the

- pH=6'0+7,0 pH:H

The original color
of the indicator

pH=10+11 pH212

specified area (see Fig. 4) [6].

Fig. 4. Transition intervals of ZIV-1 universal indicator solution
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Thanks to this indicator, it is possible to get an idea of the boundaries of concrete zones with
specific pH values (Fig. 5). The same area of fresh concrete splinter is shown as an example. Alcohol
solutions of phenolphthalein and the universal indicator ZIV-1 were applied to its surface (see Fig. 5)

[6].

Fig. 5. Comparison of readings of alcoholic indicator solutions:
a - phenolphthalein; b — universal indicator ZIV-1.
In colorless areas of phenolphthalein, carbonized concrete, pH of which can be determined using
the universal indicator solution

CONCLUSIONS

We used this method to inspect more than 10 areas of a reinforced concrete structure (cover
slab of the road bridge in the Ivanovo region) which has been in use for a long time (more than 30
years) affected by atmospheric air and moisture. The structure is made without primary and secondary
concrete protection [2, 3, 14]. The comparison results are shown in Table 1.

Note that, in areas N 4 and N 9, the phenolphthalein is colorless, i.e., according to the
phenolphthalein indicator, it is assumed that the pH of the concrete in this area is less than 8 (visually,
the concrete is similar to the corroded areas). However, the ZIV-1 universal indicator solution shows
that the pH of these concrete areas is above 12. This means that the area is completely «healthy» [6] -
when repairing a reinforced concrete structure, it does not have to be removed and restored
subsequently using repair compositions [2, 3].

In areas N 2 and N 8, where the phenolphthalein solution is almost colorless (i.e., pH of
concrete = 8), the solution of the universal indicator ZIV-1 provides almost completely accurate values
(see Table 1). A similar situation is observed at areas N 5, N 6, N 10, where at pH values < 8, the new
method shows boundaries of completely neutralized concrete zones with greater accuracy [6].

The proposed method of determining concrete carbonization zones is promising and more
accurate in comparison with phenolphthalein indication method, and also shows the dynamics of the
process (boundaries of concrete zones with different pH values) [6]. Even in field conditions, taking
into account factors of operation of reinforced concrete structures, it helps estimate the distribution
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of concrete zones most vulnerable to carbonization and determine the moments of possible beginning
of chemical and electrochemical corrosion of reinforcement in these areas [6].

Table 1. Comparison of readings of the proposed method with the phenolphthalein indicator method

AreaN Phenolphtalein indicator solution Proposed method
method

Color pH Color pH
1 Pink 8-10 Light green 9-9.5
2 Pale pink ~8 Pale green 7.5-7.9
3 Pink 8-10 Light green ~9.5
4 Colorless <8 Blue ~12.5
5 Colorless <8 Yellow ~6
6 Colorless <8 Yellow-green 6.5-7.0
7 Dark pink 8-10 Dark green ~10.5
8 Pale pink ~8 Pale green 7.5-7.9
9 Colorless <8 Blue ~12.5
10 Colorless <8 Yellow ~6

The method can be used not only in assessing the durability of concrete and reinforced
concrete structures [6], but also in testing the latest acid, alkaline, and saline additives in concrete,
because it will provide insight into their influence on the pH of freshly prepared concrete. All the data
thus obtained make it possible to take into account the development of physical and mathematical
models of mass transfer process during concrete corrosion [1, 5, 7, 9, 14, 15] and, consequently, to
simplify inspection and forecasting of residual service life of building structures made of reinforced
concrete.
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B cmamve npedcmagaenuvl pesysvmamel uccaedoganus kavecmaea (koagppuyuenma Heoo-
HOpoOdHOCMU) noaydaemblx OUCNEPCHbLX cMecell mpydHopaddeaumovix mamepuanog I-I111
kaacca cuinydecmu no memoduke Keppa npu coomnoweHuu komnonenmos 1:10 u bosee.
Ha nabopamopHoll 2pagumayuonHHoll ycmanoeke pediu308aH 3aNAMeHMO8AHHbLIL Mpex-
cmaduilHblil NOPUUOHHBLL Memod cMeUwU8AH UL, N0380ALOWUL C8eCMU K MUHUMYMY 8AU-
AHUe Ha 00HOpoOHOCMYb nocaedcmeull adze3UOHHBLX U CeepedUUOHHbLX IPdexkmos. Bul-
quCAeHlle NOKA3ANMenAs KA1ecmed 8bln0AHIAAOCH KOHMAKMHLM CNOCOO0OM, MAKIie L8AR10-
Wumcs 06BekmoM UHMeAleKMYAAbHOU cobcmeennocmu. Lleaecoobpaznocms npumene-
Hus mpexcmaduiiHozo memoda 8 cmpoumenvHoll u Opyeux cpepax 060CHO8AHA NOAYUEH-
HOIMU MUHUMAAbHBIMU 3HAYeHUAMU KoIpPuyuenma HeodHopodHocmu (Vec=6.1%) npu
PAUUOHAAbHULX OUATA30HAX YNPABASLeMbLX NApAMempos Aab0pamopH0oz0 cMecumens.
IIposedeno cpasHnenue c 6onee IHepeo3amMpaAmMHbBIM YemblpexcmaduilHbvim cnocobom cme-
wueanHus komnonenmos (1:10 u gwiule).

KiawoueBbie ciaoBa: K03OPUIMEeHT HEOLZHOPOJHOCTHU, CMeUINBaHUE, CTPOUTEIbHBIE
cMecH, CHIIIy4YMe MaTepuasbl, JUCIEPCHAs cpeaa, jabopaTopHas yCTAHOBKA, Tpex-
cTaguliHbIN cr10co0, YeThHIpeXCTaAUNHBIN c110Cc0o0
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The article presents the study results of quality (coefficient of heterogeneity) of obtained
dispersed mixtures of hard-to-separate materials of I-1I1 fluidity class by the Kerr method
with components ratio 1:10 or more. On laboratory gravitational unit implements a pa-
tented three-stage mixing method that adhesion and segregation effects minimizes on
homogeneity. The quality indicator was calculated using a contactless method, which is
also an object of intellectual property. The feasibility of using the three-stage method in
construction and other areas is justified by minimal values of heterogeneity coefficient
obtained in experiment (V.=6.1%) for rational ranges of laboratory mixer controlled pa-
rameters. A comparison is made with a more energy-consuming four-stage method of
mixing components 1:10 (or more).

Key words: heterogeneity coefficient, mixing, building mixtures, bulk materials,
dispersed medium, laboratory unit, three-stage method, four-stage method
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BBEJEHWNE

B HacTosIIee BpeMs B CBA3H C JKECTKUMU TPeOOBAaHUIMU K KAUeCTBY IPOAYKINY CTPOUTEb-
HOHN MHAYCTPUM BOSHHKAET HeOOXOAUMOCTD ITIOMCKA HOBBIX WJIM COBEPIIEHCTBOBAHMUS CYIIECTBYIO-
IIIMX CITIOCOOOB ITepepaboTKU CHIPhEBBIX MaTepHaIoB. IIpOM3BOACTBO JOPOXKHBIX IOKPBITUH, JPEHaX-
HBIX CUCTEM, JUCIIEPCHO-YIIPOYHEHHBIX KOMIIO3UTOB OCJIOKHEHO HEPABHBIM COOTHOIIIEHNEM KOMIIO-
HeHTOB. KauecTBeHHBIE CBIITyYME CMECH C COOTHOIIEHNEM KOMIIOHEHTOB 1:10 U BHIIIIE MOXKHO IIOJIY-
YUTHh MEXaHUYECKUM CIIOCOOOM B LIeHTPoOeKHbIX annapaTtax [1]. IlociesHue Hanbosee pacmpocTpa-
HEeHBI B IPOMBIIIEHHOCTH, HO B OCHOBHOM IIPeJICTaBJISIOT CODO arperars! eproANIecKOro JAei-
cTBU. [IJ1 HeIIpepeIBHOTO CMeIlBaHUs AuciepcHBIX cpex I-11] kiacca colltydecTy (pa3Mephl 4acTHUI],
(0.15-0.40)"10 M) mpezasiaraeTcs UCIOIb30BATD I'PABUTALIIOHHBIH TPEXCTAAUNHBIN TIOPIUOHHBIN Me-
ToZ [2] ¢ mpuHyAUTENPHBIM pa3bpachiBaHMEM YaCTUI] CMEIINBAEMBIX BEIECTB POTALIIOHHBIM IIje-
TOYHBIM YCTPOHCTBOM. B pamKax ImpoeKTHpoBaHUs 3HEPro3(pheKTUBHOIO BBICOKOIIPON3BOAMTEb-
HOTO CMEeCHUTeJIbHOTO 060pyA0BaHMUs, peaTusyIollero yKasaHHbIH cr1ocod, ¥ BepuduKauy MaTeMa-
TUYECKUX MOJesell MpoBeJeHa CepHsl SKCIePHUMEHTANIbHbBIX UCCIef0BaHUI KadecTBa (Koabdunu-
€HTa HeOZHOPOZHOCTH [3]) mosyuaeMoli CrIIIy4el IpoAyKUMU. JOIOTHUTENIbHO PACCMOTPEHA BO3-
MOXXHOCTH IIPUMEHEHUs arperaToB ¢ OOJBIIMM YHCJIOM CTyIeHel rnepepaboTKu (YeThlpexcTaauii-

HBIH C1II0c00). AHAIM3Y ITOJyYeHHBIX Pe3yJIbTaTOB IIOCBSIleHa HacTosAmas paboTa.

OKCIIEPUMEHTAJIBHAA YACTb

JUIs vcciefoBaHUI IIOCTPOEH alllapaT, CXeMaTUYHO H300pakeHHBIN Ha puc. 1. SBigach
VIIPOIIeHHON Bepcuell TPeXCTaJUHHOro cMecuTes [2], 060pyAoBaHME MMeeT BCErO OAHY CTYIIEHb
IepepaboTKY, OZHAKO [T03BOJISIET UMUTHUPOBATh KAXKAYIO CTAAUIO B OTZEIbHOCTH 110 OYepesy C I10-
CTeIleHHbIM BHECEeHMEM MOPLU OOJIbIIEr0 B COOTHOIIEHUY KOMIIOHEHTA B IIPOMEXKYTOYHYIO CMeCh.
Takum 06pa3oM, ammapar, IPeAJIoKeHHbIHN s HEIIPEPBIBHOTO IIpoiiecca, paboTaer B mepuogude-
CKOM peXUMe, UTO JAOIIYCTUMO B 9KCIIEPUMEHTAIbHEIX YCIOBUIX, HO HE B IPON3BOJACTBEHHBIX.

Ha nuinHApudecKol HOBEPXHOCTY POTAIOHHOIO YCTPOICTBa 7 (CMecuTeIbHOro ObapabaHa)
peanr3oBaHa BUHTOBAs HaBUBKA (C I1aroM H;) PE3MHOBBIX HETOK (TMOKUX 3JIEMEHTOB) 8, CIIUPaJb KO-
TOPOI HalpaBjieHa CUMMeTPUYHO OTHOCUTEJIBHO €ro eHTpa (puc. 1, 6).

V ombITHOIN yCTaHOBKU HebOJIblINe TabapuThl, BHICOKAsT BUOPOYCTOMYMBOCTD U HU3KUI U3-
Hoc. Jlotku 9 u 11, oT6oiHUK 10, a TAaK:Ke KOPILYC JAHHOTO aIlapaTa BhIIIOJHEHbI U3 IAKUPOBAHHOM
JPEeBEeCHO-CTPYyKeyHas IIUTHL, T.K. pa3pyLIaoliee BO3ZEHCTBYE ChIIIYINX BEl[eCTB Ha APeBEeCUHY OT-
CYTCTBYET.

JlJIs BpallleH!s: pOTAallIOHHOTO YCTPOMCTBA 7 UCIOIb30BAH 3JIEKTPOIPHUBOJ, COCTOSIINN U3
JIBUTaTeJIs IePEMEHHOTO0 TOKa MOLTHOCTRIO 375 BT, IITKMBa Ha O UIMITHUKOBOM Basly bapabaHa u pe-
MeHHOH nepefadu. YIpaBieHUe YUCI0M 000pOTOB (1, MUH ) 31eKTPOABUTATE S PeaIN30BaHO C I10-
Mompio peryasropa TDA1085. MIsmepeHue 3HaUeHNs apaMeTpa 1 (MUH') IpoBoANUIOCh HM(POBEIM
JIa3epHBIM TaXOMeTPOM C IIOMOIIbIO CBETOOTPAKATEIbHOM JIeHThI, HAKJIE€eHHOM Ha IIIKIBE.

MHorocTauAHBIN CIIOCO0 IOJIy4YeHHs ChIITyYNX cMecel 1:10 1 BbIIlle OCHOBAaH Ha IIPUHIIUIIE
HaWJIy4ILIero CMeIINBaHUs PaBHBIX 00beMOB MaTepuasos. [Ipoliecc B TaKOM cxeMe JeIUTCs Ha N, 3Ta-
11oB. Ha nepBo¥i cTazny HCXOAHbIE KOMIIOHEHTBI J03UPYIOTCS U3 OYHKEpOB 1-4 B COOTHOIIEHUY 06'B-

€MHBIX JjoJIeH Py ¢ Py, pacCYMTaHHOM 11O [4], CKOJIB3AT 11O JIOTKY 9, CMELINBAIOTCS IIyTeM Pa3dpachl-
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BaHUs YaCTUI] THOKUMU 3JIeMeHTaMU 8 ABIDKYIErocs POTAllIOHHOTO YCTPOMCTBA 7 U 3a CYET OTpa-
JKeHU oT oTOoHKKa 10. IloydyeHHAs IPOMEXKYTOYHAsA CMECh Ha 3Tanax 7= 2, ..., 1, CHOBa 3aTrpy’Ka-
ercs B OyHKep 1, a B BOPOHKY 2 — ITOPIIKS TAKOTO XKe 110 06'beMy KOMIIOHeHTa 2 (P2;). Toropas cMech
1:10 u BoIIIe POPMUPYETCH ITOCIE CTAAUU T = M. Pe3yIpTaThl pacueTa 00beMHBIX JOJIeH I KOHKPET-
HOro cooTHoueHUs 1:10 mpu TPeXxCTaAMIHOM U YeTBIPEXCTAAMIHOM CIIoco0ax IIpesCTaBIeHHl B

Tabs. 1, 2.
APOC/TABCKUA
rOCYJAPCTBEHHbIV
TEXHUYECKUHA
Y YHWBEPCUTET

a(a)

6 (b) ; Ly .
B hs hss hs
I
7~
I |

b
hoj@

LA

Puc. 1. [IpuHnunuanbHas cxeMa 1abopaTopHOH CMECUTENBHOM YCTAHOBKY B IIOMIEPEIHOM (a)
U Ipo0ibHOM (0) CeueHHUIX 1 BHENTHUN BU/ anmapara (B): 1, 2 - GyHKEp U J03aTOp MePBOro
KOMITOHEHTa; 3, 4 — OyHKep U 03aTOP BTOPOTO KOMIIOHEHTA; 5, 6 — CJIOM CHIIIYYNX KOMIIOHEHTOB;
7 - POTaLIIOHHOE YCTPOICTBO (CMEeCUTeNbHBIl 6apabaH); 8 — THOKUII [IeTOYHBIH 3JIEMEHT;

9 - HAaKJIOHHBIX JIOTOK; 10 - 0OTOOMHUK; 11 — CIIyCKHOU JIOTOK
Fig. 1. Schematic diagram of a laboratory mixing plant in transverse (a) and longitudinal (b) sec-
tions and the external view of the apparatus (c): 1, 2 - hopper and dispenser of the first compo-
nent;

3, 4 - hopper and batcher of the second component; 5, 6 - layers of granular components; 7 - ro-

tary
device (mixing drum); 8 - flexible brush element; 9 - inclined tray; 10 - bump; 11 - chute

Ta6n. 1. PacueTHble 0ObEMHBIE JOJU CBHINyYMX KOMIIOHEHTOB Ha Ka)KJOU CTaJUU CMEIIVBAaHUSI

nopun.=4
Table. 1. Calculated volume fractions of bulk components at each mixing stage at n.=4
Howmep
=1 T=2 =3 Cmecw 1:10
CTaAnu
O6bemMHas Pu Py Py + Py Py, Pii+ Port Py Py P+ Pyt Pyt P
IO 1 1.75 2.75 2.75 5.50 5.50 11.00
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TaGu. 2. PacueTHble OGBEMHBIE JOJU CHIIYYUX KOMIIOHEHTOB Ha KXKAOH CTAAWK CMEIIVBAHUS
nopun,=3
Table. 2. Calculated volume fractions of bulk components at each mixing stage at n.= 3

Howmep
=1 T=2 =3 =4 Cmecv 1:10
cTaguu
P+ P+ Py +
P+ ! P+ Py + we
O6wveMHag | P Py P, + Pyt Py; Py + Poot Post
+ Py + P2+ Py
JifoYit: + Py, + Py
1 0.375 1.375 1.375 2.75 2.75 5.50 5.50 11.00

3adauu onbMmHbLX UCCA008AHUITL:

1) Jns TpexcTazuiiHoro crocoba - MoJydeHue 3aBUCHMOCTH K03aQduIleHTa HeOZHOPOSHO-
CTH CMeCH Ha KaXKAOH CTaZWHU IIpoIiecca:

- OT YIJIOBOI CKOPOCTHU BpallleH!s » POTALMOHHOrO0 YCTPocTBa 7 (cM. puc. 1): Ve = Ve (w);

- OT BEJINYUHBI OTHOCUTENbHOI Aedbopmanuu A= 1, / hy TubKux 2eMeHTOB 8: Ve = Ve (A);

- OT yIJIa HaKJIOHa Y; oTboiHuKa 10: Ve = Ve ().

2) I7151 4eTBIpeXCTaAUHHOTO criocoba — IoydeHre 3aBUCUMOCTH K03 puLirieHTa HEOJHOPO -
HOCTHU CMeCH Ha KQXKI0H CTaANH1 IIpoliecca:

- OT YIJIOBOI CKOPOCTHU BpalleHUs @ POTAI[OHHOIO yCTporcTBa 7 (cM. puc. 1): Ve = Ve (w).

3) CpaBHUTENBHBIN aHATN3 3aBUCUMOCTelN Ve = Ve (w) AN TPeXCTaJUHHOTO U YeThIpeXCTa-
JUIHOTO METOZ0B Ha KX 0M 3Talle IIpoliecca.

Jns oneHkn kosdPuuyieHTa HEOJHOPOAHOCTH KCIIOJIb30BAaH 3aIIaTE€HTOBAHHBIN KOHTAKT-
HBIU cr1ocob [5], o0CHOBaHHBII Ha IIBETOBOM aHaIM3€e MUKCeNel UdPOBhIX N300paKeHU TPOO KOM-
IIOHEHTOB U UX UTOTOBOH (IIPOMEXyTOYHOH) CMeCH.

BapbupoBaHMe KOK/0r0 U3 KOHCTPYKTUBHO-PEXUMHBIX ITapaMeTpoB (w, 4, [;) OCYIIeCTBIEHO
IIpY HECKOJIBKUX (PMKCUPOBAaHHBIX 3HAUEHUSX OCTAJIbHBIX XaPAaKTEPUCTUK, B Pe3yIbTATE YETO IIOIY-
4eH HabOp OIBITHBIX 3HaYeHUH V.

Chlnly4rie KOMITIOHEHTBI AJIsSI 9KCIIEPHUMEHTOB. B KauecTBe pabodyux cpez AJsl OCYIIeCTBIeHUS
Ipoiiecca Ha J1abopaTOpHOI CMECUTENbHON YCTaHOBKE HCIIOJIb30BaHbI IIPEABAPUTENbHO BBICYIIEH-
HBle 110 MeToAuKe [6, 7] MmanHag kpyna I'OCT 7022-2019 (KOMIIOHEHT «1», i = 1) 1 IPUPOAHBIN ITECOK
T'OCT 8736-2014 (KOMIIOHEHT «2», i = 2) — MaTepHuaJIbl I kjacca ChIITy4eCTH COIVIACHO KIacCUbUKaINU
Keppa [8] co cieayomuMy XapaKTepUCTUKAMU:

- yTOJI eCTeCTBEHHOI'0 0TKOca 25-30%;

- kK03 PrLMEeHT BUOPAIIOHHOTO YIIJIOTHEHUS 2-10%);

- yroJi obpyureHus 25-31°;

- K03h(PULNEHTOM OJHOPOAHOCTHU 1-5%.

ITocpeactBoM cuT I'OCT 4403-91 (HOMHMHaJIbHBIE pasMepsl oTBepcTuil 0.35°10%; 0.5°10°%
0.67°10° M) B cooTBeTcTBUU ¢ MeTog0oM 13 I'OCT 8735-88 ompezesieHbI HACHIITHBIE IIOTHOCTH KOMIIO-
HEHTOB py; = 0.704°10° kr/m® (MaHHast Kpyna) U ppe =1.344-10° kr/M* (IpUPOAHBIH IIECOK), a TAKKe I'pa-
HYyJIOMeTPHUYeCKUI COCTaB!

- MaHHON kpynel: 81.0% - ¢paknuu c guamerpoM d;;= (0.35-0.67)'10° M
119,0% — d;, = (0.25--0.35)-10" M;

- mpupogHoro mecka: 40.7% - d» = (0.50-0.67):10° M; 24.0% - d»» = (0.35-0.50)'10° M
1 35.3% - ds3 10 0.35°10° M.
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VaapHOe B3auMO/IeICTBYE YaCTHUI CMEIINBAEMBIX MaTepPHUaIOB C OTOOMHOM ITOBEPXHOCTHIO
10 (cMm. puc. 1) xapakTepusyeTcs: K03pdueHTaM1 BOCCTaHOBIEHUA k,; = 0.1587 (MaHHas Kpyma) u
k.2 = 0.1853 (IpUPOAHEBIN ITECOK), BBIABIEHHBIMU 9KCIIEPHUMEHTAIbHO U PACCYUTAHHBIMU II0 METO-
[IMKe, U3JIOKEHHOI B paboTe [9].

Iapamempel 1a60pamMOPHOLL CMECUMEAbHOLL YCMAHOB8KU HA IMAre ONbLMHbLX UCCAe008AHUIL.

O06BeMHBIN pacxo/ I10JaBaeMbIX KOMIIOHEHTOB CMECH 3aJjaBaJICsl OTKPBITHEM 3aCJIOHOK OyH-
KepoB 1 u 3 u 6511 3adUKCUPOBaH Ha 3HaUeHUU Qy = 8-10° m3-u?,

KoHCTpyKTUBHBIE ITapaMeTpHI ONIBITHOTO almapara:

- anuHa Ly = 1.85-10" M u paguyc 7, = 3-10% M pOTAIMOHHOTO YCTPOKCTRA 7;

- pvHa [p = 4.5-102 M rubKuUX 371eMeHTOB 8;

- I1ar HaBUBKY ;= 1.6:10% M ruOKUX 3JI€MEeHTOB 8 Ha I[UJINH/PUIECKYIO TIOBEPXHOCTDh POTa-
LIIOHHOTO YCTPOUCTBA 7;

- paccrosiHUe hy = 3.2-102 M MeXAy CPeJUHHBIMU PIAaMy THOKUX 3JIEMEHTOB 8, PaCIIOI0KeH-
HBIX CUMMETPUYHO OTHOCUTENIBHO CepeJUHBl LIMJINHAPUYECKON IIOBEPXHOCTU POTAIMOHHOIO
yCTPOUCTBA 7;

- yrosa HakJIoHa Y = 75° (1.31 paz) JIOTKa 9 OTHOCUTEIBHO BEPTUKAIU.

JlaHHBIe 0 AVaNla30HaX BAPbUPOBAHMUA KOHCTPYKTUBHO-PEXXIMHBIX IIapaMeTPOB A KOKA0N
cTaguu:

1) VrioBas cKOpocTh BpaleHus w = 45-50 paz-c? (vactora n=430-477 MUH'), pOTALIUOHHOTO
ycTporicTBa 7 (cM. puc. 1). [lna marHoH kpynel TOCT 7022-2019 u npupogHoro riecka ['OCT 8736-2014
9TOT AMATIa30H BBISBJIEH SKCIIEPUMEHTAIbHO IIPY OIIpesie/ieHUH yIia pasdpacelBaHu.

2) OtHOoCcuTenbHas gedopmanus A = ly/ho = 1.45-1.6 TUOKMX 3J1eMEHTOB 8 (AIMHOI [;) B 3a30pe
(BBICOTOTA hg) MEXKAY POTALIOHHBIM YCTPOUCTBOM 7 (CM. prC. 1) ¥ HAKJIOHHBIM JIOTKOM 9; 6apabaHHO-
JIOTKOBBIH 3a30p ho = (2.8-3.1)-102 M.

3) Yroa HakiaoHa Y; = 50-60° oT6otinuka 10 (cM. puc. 1) oTHOCUTENbHO ropusoHTatu 0.87-
-1.04 paa.

PE3VJIBTATBI 1 UX OBCYXXIEHUE

1. TpexcTaAUIHBIN CLIOCOO CMEIIBAHUS.

1.1. Pe3ysipTaThl BAPHHUPOBAHUS YIVIOBOM CKOPOCTH (W BpallleHUs POTAI[IOHHOIO YCTPOMCTBA
7 (cM. puc. 1) B Buze 3aBucumocTeii Ve = Ve (w) Ha Bcex cTagusax mpotiecca (1=1, =2, 7= 3) moxkasaHsl
Ha puc. 2. Conocrasnenue Ve (w) Ans KaKI0ro A Ha TpeTheM 3Tare rnepepabotku (T = 3) u3obpaxxeHo
Ha puc. 3.

Haubosiee KaueCcTBEHHAsI CMECh COTJIACHO OIBITHBIM JAHHBIM M PETPECCHOHHBIM KPUBBIM
dbopmupyeTcs Ha TpeTbel cTazuu (T = 3) IpU CAEAYIOUINX 3HAYEHUIX KOHCTPYKTUBHO-PEXXUMHBIX
rmapaMeTpoB:

- w=47 pag/c, A=1.45 npu Vc=7.2%;

- w=47 paa/c, A=1.50 npu Vc=6.1%;

- w=45 pazg/c, A=1.60 npu Vc=7.0%.

B nHawanme aguamasoHa w = 45-46 paz/c nydinee KadyeCTBO HPOAYKUUU obeclieunBaeTcs
HaVMMEHBIIUM 3HadYeHueM hy st 6apabaHHO-TI0TKOBOrO 3a30pa (A = 1.6). Ilpu yBeIMYeHUH YTI0OBOH
CKOPOCTHU w OT 48 paz-c’ u BeIllle — 3HaAUeHUe KO3DbUlleHTa HeOJHOPOJHOCTU Ve CHIKaeTC s Hes3a-

BHUCHMO OT 3Ha4YeHUd napaMmerpa A.
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Puc. 2. 3aBucumocTb Ve = Ve (w) Ha KaKJ0H cTagum 4j1s cMecu MaHHOI kpyrsl 'OCT 7022-2019
u mecka 'OCT 8736-2014 mpu TpexcTaguiinoM criocobe: i; = 0.96 paz; ctagus cMeuinBasus: I -
nepsad T = 1; Il - Bropasa 7 =2; III - TpeTha T = 3; NyHKTUPHbIE IUHUU — PErPECCUOHHbBIE 3aBUCHU-

MOCTH, TOYKU — SKCIIEPUMEHTAJIbHbIE JaHHbIE;

a - A =1.45; perpeccuonHsie 3aBucumMoctu (regression dependences):

I- Ve (w)=871-36w+0,38w?

II - V¢ (w) = 1040-43.3w+0.46w%; 111 - Ve (w)=1147-60.4w+0.63w?;

6 - A=1.50; perpeccroHHbIe 3aBUCUMOCTH (regression dependences):
I- Ve (w) =501-20.8w+0.22w? 11 - Ve (w) = 1261-53w+0.56w?; 11T - V¢ (w) = 1172-50w+0.53w?;
B - A = 1.60; perpeccruoHHBIe 3aBUCUMOCTH (regression dependences):
I- Ve (w) = 566-24w+0.27w? 11 - Ve (w) = 520-22.5w+0.25w? 111 - Ve (w) = 512-22.5w+0.25w?
Fig. 2. Dependence Vc = Vc (w) at each stage for semolina GOST 7022-2019 and sand GOST 8736-2014
mixture with three-stage method: y; = 0.96 rad; mixing stage: I - first t=1; II - second 7=2;
III - third 7= 1; dotted lines - regression dependences, points - experimental data;

a-A=1.45b-A=1.50;c-A=1.60

1.2. BiugHue MoKasaTessl OTHOCUTENbHOU Aedopmanuu A Ha kauecTBo cMecu Ve = Ve (A) Ha

BCeX cTaAusax npoiecca (t=1, 7=

2, = 3) ubnrogaercs Ha puc. 4. Ha TpeTbeM sTarne mepepaboTku (T

= 3, puc. 4, B) ¢ pocToM 3HaYeHU nmapamerpa A ot 1.45 10 1.60 mpociexuBaeTcs:
- cHmxkeHue Vcot 11.5 10 6.9% nipu w = 46 pag-c?;
- 9KCTpeMaJIbHOE MUHUMAaJIbHOE 3HaUeHte Ve = 6.1% B Touke A = 1.45 npu w = 47 pag-c’;

- Bo3pacTtaHue Vc ot 6.5 10 9.5% mpu w = 48 pag-c’.
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C yMeHbllIeHUEM 3HaUeHUs Ho 47151 6apabaHHO-JIOTKOBOTO 3a30pa (pocToM A) TakKe pacTeT
CKOPOCTb PaCIPSIMJIEHUS TUOKUX 9JIEMEHTOB 8, YTO IPUBOJUT:

- K 93bdeKkTuBHOMY paclIMpeHUI0 yria pasdpacklBaHUs YacTUI] B /Uala3oHe
w=46-47 pag-ct;

- K YXyZIIEHUIO KaueCTBa CMeCU U IIafeHUI0 3HAUYeHUS IIPOM3BOLAUTEIBHOCTY amiapara B

CBA3U C POCTOM COIIPOTUBJIEHUA BSaI/IMOﬂ;eﬁCTBI/IH PE3MHOBBIX MIETOK 8 c 1oTKOM 9 (CM. puc. 1).
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Puc. 3. 3aBucuMocTb Ve = Ve (w) Ha TpeTheli ctaguu (T = 3)
st cMecu MaHHOM kpynsl TOCT 7022-2019 u necka I'OCT 8736-2014
[pu TpexcraguiinoMm cuocobe: (; = 0,96 pag; 1 - A=1.45;2-A=1.50; 3- A=1.60;
YHKTUPHbIE TUHUU — PErPECCUOHHBIE 3aBUCUMOCTH, TOUKHU — IKCIEPUMEHTAIbHbBIE JaHHBIE;
Fig. 3. Dependence Vc = V¢ (w) at third stage (=3) for semolina GOST 7022-2019 and sand
GOST 8736-2014 mixture with three-stage method: y; =0.96 rad; 1 - A =1.45; 2 - A =1.50;
3 - A=1.60; dotted lines - regression dependences, points — experimental data

1.3. Ha puc. 5 mpeAcCTaBIeHbl Pe3yIbTaThl U3MEHEHU S 3HAYEHUS yIila HAKIOHA 1 OTOOMHUKA
10 (cM. puc. 1) B Buge 3aBucuMocTet Ve = Ve (1) Ha Bcex cTaamax mpouecca (1=1, =2, 7=3).

VBenuueHue 3HaueHUs L; oT 0.87 g0 1.04 paz moHmxkaeT K03bPUIEHT HEOJHOPOJHOCTU
cMecH (Kak IPOMEXYTOYHOM, TaK ¥ UTOrOBOM) HE3aBHUCHUMO OT 3HAYE€HU KOHCTPYKTUBHO-PEXUM-
HBIX ITapamMeTpoB (w, A) Ha KLUKAOM aTarie mepepabotku (=1, T=2, 7= 3), oHAKO IpHU DOJIee HUIKOUN
(bUKCUPOBaHHOU YIIOBOI CKOPOCTHU w = 46 paji-c’! KAYECTBO MPOAYKTA CTAHOBUTCS BBIIIIE.

2. CpaBHEHUE TPEXCTAAUMHOTO U YETHIPEXCTALUIHOTO CIIOCOOO0B.

CormocTaBieHre 3KCIIEPUMEHTATbHBIX JAHHBIX ABYX IOJXOJ0B OCYIECTBJIEHUSA Ipoilecca B
BUuZe 3aBUcUMOCTeH Ve = Ve (w) (OIIBITHBIE TOYKY U PErpecCUOHHbIE KPUBbIE) MIPEJCTaBIEHO Ha PUC.
6.

Ha nepBrix Tpex cragausx (t=1, T =2, T = 3) (cM. puc. 6, a-B) MUHUMaJIbHOE 3HaUYeHUe K03d-
(unmenTa HEOZHOPOZHOCTH Ve CMecH, IOTYyIeHHOH TPeXCTaAuMHBIM MeTO0M HInke: B 1.08 pas (7=
1); B 1.07 pa3 (7 = 2); B 1.05 pa3 (r = 3). OzHAKO Ha YETBEPTOM 3TaIle YeTBIPEXCTAAUNHOIO IIpoIiecca
(cM. puc. 6, T) JaHHBII IOKa3aTeJb HIDKe IPUMePHO B 1.07 pas, 4eM Ha BBIXO/le IKCIIePUMEHTA C TPeX-

9TAHBIM CIIOCOOOM.
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Puc. 4. 3aBucumocTtb V¢ = V¢ (4) anst cmecu m

2014 npu TpexcTasiuiHOM criocobe: ;= 0.96

aHHoU kpynsl 'OCT 7022-2019 u necka I'OCT 8736-
paz; 1 -w=46 pagc';2-w=47 pag-c';3-w=48

paa-c‘l; IIYHKTUPHBIE INHUY — PETPECCUOHHBIE 3aBUCMOCTH, TOYKHU — 3KCII€EPUMEHTAJIbHbIE JaH-

HBl€;

a - Ha epBo cTaguu (T = 1); perpeccCroHHbIe 3aBUCUMOCTH (regression dependences):
1-Ve(A) =19 - 44 +7-10"2A% 2 - Ve (A) = 309 — 3934 + 13042% 3 - Ve (A) = 11 - 4.16A + 3.8A%

6 - Ha BTOPOI cTazuu (T = 2); perpecCHOoHHbIe 3aBUCUMOCTH (regression dependences):

1 - Ve (A) = 536 - 6804 + 2204% 2 - Ve (4) =95

.3-116.7A +404% 3 - Vc (4) =201 - 262.2A + 904

B - Ha TpeThel cTaguu (T = 3); perpecCHOHHbIe 3aBUCUMOCTH (regression dependences):
1- Ve (A) = 1027 - 1309.4A + 4204% 2 - Vc (A) = 948.5 - 1228A + 400A%
3 - Ve (4) = 209.5 - 285A + + 10042
Fig. 4. Dependence Vc = Vc (4) for semolina GOST 7022-2019 and sand GOST 8736-2014 mixture with

three-stage method: y;=0.96 rad; 1 - w =

46 rad-s?’; 2 - w=47rad-s?; 3- w=48 rad-s’;

dotted lines - regression dependences, points - experimental data;
a - at first stage (1=1); b - at second stage (7 = 2); ¢ - at third stage (7= 3)
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Puc. 5. 3aBucumocTtb Ve = Ve (4;) ansg cMmecu MaHHOU Kpymibl T'OCT 7022-2019
u iecka 'OCT 8736-2014 mpu TpexcTafuitHoM crocobe: A = 1.50; cTafus TPexXCTaguiHOTO CIIO-
coba:

I -mnepBas t=1; II - Bropas t=2; III - TpeTbs 7= 3; 1 - w =46 paza-c’; 2 - w =49 pag-c’;
HyHKTI/IprIe JINHUU — PETPECCUOHHbIE 3aBUCUMOCTHU, TOYKU — SKCIIEPUMEHTAJIbHbIE TaHHBIE;
a - Ha nepBoO¥ cTazuu (T = 1); perpeccoHHbIe 3aBrcUMOCTH (regression dependences):

1- Ve (ur) =15-3.6u; + 1.6 ur% 2 - Ve (41) =13.5 - 0.4u; - 0.07u:%;

6 - Ha BTOPOII cTaguu (T = 2); perpecCOHHBIe 3aBUCUMOCTH (regression dependences):
1-Ve (1) =12.3 - 4.3+ 2u% 2 - Ve (ur) =11.4 = 2,47, + 1.07 %

B — Ha TpeThel cTaguu (T = 3); perpecCHOHHbIe 3aBUCUMOCTH (regression dependences):
1-Ve(u)=7.9-2.2u; + pi% 2 = Ve (() = 7.05 - 0.48u; + 0.1u,°
Fig. 5. Dependence Vc =Vc () for semolina GOST 7022-2019 and sand GOST 8736-2014 mixture
with a three-stage method: A =1.50; stage of the three-stage method:

I-first 1=1;II-second t=2; III - third t=3; 1 - w=46 rad-s; 2 - w =49 rad-s?;
dotted lines - regression dependences, points — experimental data;

a - at first stage (1=1); b - at second stage (t = 2); ¢ - at third stage (7= 3)
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Puc. 6. 3aBucumocTb Ve = Ve (w) ansa cMecu MaHHOU Kpynbsl TOCT 7022-2019
u mecka 'OCT 8736-2014: y; = 0.96 paz; A = 1.50; cTazusa TPpeXCTaJUHHOTO criocoba:
I - nepBas t=1; II - BTopas 7= 2; IIl - TpeThbs T = 3; CTAAMSA Y€THIPEXCTAJUIHOTO CII0C00a:

I’ - mepBast 1=1; I’ - Bropas t=2; II' - TpeThs 7= 3; IV’ - ueTBepTas 1=4;

IIYHKTHUPHBIE JINHUU — PEIPECCOHHBIE 3aBUCMOCTHY, TOYKHU — 3KCIIEPUMEHTA/IbHbIE JaHHbIE;

a - Ha mepBol cTaguu (T = 1); perpeccroHHbIe 3aBUCUMOCTH (regression dependences):
I- Ve (w)=501-20.8w +0.22w%* I’ - Vc (0)=739.9 - 30.7w + 0.33w?
6 - Ha BTOpPOI cTazuu (T = 2); perpeccuoHHEIe 3aBuCUMOCTH (regression dependences):
II - V¢ (w) =1261 - 53w + 0.56w?; IT’ - Ve (w)=1373.1 - 57.7w + 0.61w?
B — Ha TPeThel cTafuu (T = 3); perpecCroHHbIe 3aBUCUMOCTH (regression dependences):
III - Ve (w) =1172 - 50w + 0.53w? IIT - Ve (w)=1382.9 - 58.5w + 0.62w%
I - Ha YeTBepTOU cTaauu (T = 4); perpecCOHHAas 3aBUCUMOCTb (regression dependences):
IV’ - Ve (w) =1171.4 - 49.5w + 0.52w?

Fig. 6. Dependence Vc = Vc (w) for semolina GOST 7022-2019 and sand GOST 8736-2014 mixture:
11 =0.96 rad; A = 1.50; stage of the three-stage method: I - first t=1; II - second 7 = 2; III - third
7= 3; stage of a four-stage method: I’ - first t=1; II’ - second 7= 2; III’ - third 7= 3; IV’ - fourth t=
4; dotted lines - regression dependences, points - experimental data; a — at first stage (1=1); b - at
second stage (7= 2); ¢ — at third stage (7= 3); d - at the fourth stage (t=4)

YuuTeiBas HE3HAYNTEJbHYIO PA3HUINY B 3HAYCHUAX VC, JaHHOE 00CTOSTENBCTBO MO3BOJISAET

BbIAATh PEKOMEHAAITNU I10 CHIKEHNIO SHEPIE€TUYIECKUX 3aTPaT ITyTeM HMCII0JIb30BAHMSI MEHBIIIET'O KO-

J4ecTBa CTyneHeﬁ ponecca CMelInBaHuAg.
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Takum 006pasoM, NPOBeJeHHbIE SKCIIEPUMEHTAJIbHbIE HCCAEO0BAHUS IIPOIEcca CMeIleHUs
3epPHUCTBIX KOMIIOHEHTOB 1:10 Ha nmpuMepe MaHHOH Kpynsl 'OCT 7022-2019 u nmpupogHOro Iecka
T'OCT 8736-2014 1103BOJIMJIN BBIABUTD 1[€1€CO00Pa3HOCTH IPUMEHEHUS MTEPBhIX TPEX CTaAUN JaHHOM
TEeXHOJIOTMYEeCKOH onepanuy 6e3 moTepyu KayecTBa HTOIOBOTO IPOAYKTA. B X0/1e BHIIIOJIHEHUS OIIBIT-
HBIX HCIIBITAHUN JIabOpAaTOPHOM YCTAHOBKYU I'PaBUTALIIOHHOTO CMECHUTEJS C JONOJTHUTEIbHBIMU
CMeCHUTENbHBIMU 3JIeMEeHTaMHU (THOKUMU IleTKaMU 1 HaKJIOHHBIM OTOOMHMKOM) Ha K&K O0H CTafuu
OCyIIleCTBJIEHHS OIlepalliy CMeIleH!s YCTAaHOBJIEHBI lTapaMeTphl, OKa3blBaIOIye Hanbojee 3HAYU-
TeJIbHOe BIUsIHUe Ha 3(pPeKTUBHOCTD paboTH! annapaTa. K TakuM mapaMeTpaM OTHOCATCS: OTHOCH-
TenpHad fedopMariusi rubKUX 371eMeHTOB A, YII0Basi CKOPOCTD w BpallleHHs POTAllIOHHOIO YCTPOU-
CTBa, yroJI HAKJIOHA OTOOMHUKA 1. [l TpeTheli CTafuu CMellleHUs IIPU U3MeHeHN U YCTaHOBIEeHHBIX
HauboJiee 3HAUMMBIX QPaKTOPOB (4, w, (1) B UX BEIOPaHHBIX PallMOHAIBHBIX AUalla30HaX U3MeHeHUs
HoJydeHHble MUHUMAaJIbHBIE 3HAUEeHUS A K03d(PHLMieHTa HEeOAHOPOAHOCTH UMEIOT Iipesesl 6.0—
7.2%. JaHHBII MHTepBas AJ11 3HaYeHUN [TOKasaTessd KaueCTBa IOTOBOTO 3epPHUCTOrO IPOAYKTa He

IIpeBBINIAET perjJaMeHTHBIN YpoBeHb 7.5%.
BbIBO/IbI

ITo pesysnpTaTaM 5KCIEPUMEHTAIBHOTO MCCIe0BAaHMS KauecTBa IIPOAYKIIUY IIPU UCIIOIb30-
BaHUU J1abOPATOPHOTO IPaBUTALIMOHHOTO AIllapaTa AJsi CMeIINBaHUS ChIIIYYNX MaTePHUaIoB MOXKHO
cZienaTh caeAyiolire BEIBOABL.

1. JlokazaHa 3(pheKTUBHOCTDb HEIIPEPHIBHOT'O CMEIINBAHNS 36 PHUCTBIX KOMIIOHEHTOB C COOT-
HoOIlleHNeM 00beMHBIX JoJieii 1:10 U BhIIlle B pa3pe)XeHHBIX II0TOKaX, GOPMUPYEMBIX THOKUMHU 3JIe-
MeHTaMU 1 OTOOMHUKOM, IPU TPAHCIIOPTHUPOBAHUY YaCTHUL] I'PABUTAIIMOHHBIM CIT0cO60M. TakuM 06-
pasoM, IIOJyIeHO ITepCIIeKTUBHOE HallpaBJIeHye [ pacieTa 000pyZOBaHUs C BRICOKOU IIPOU3BOAY-
TeJBHOCTBIO ¥ HU3KVMMU SHEpProsaTpaTaMu.

2. O6aCcTh IPHUMEHEHUS Pe3yIbTaTOB PACIPOCTPaHAEeTCS KaK Ha KCII0Ib30BaHHbIE B OTIBITAX
MaTepuansl - mecok 'OCT 8736-2014 u manHy!o Kpyny I'OCT 7022-2019, Tak 1 Ha Bce BemecTsa [-111
KJIacca CBITy4ecTH 110 MeToguKe Keppa, B TOM 4nciIe MIMPOKUH CIIEKTP CTPOUTENIBHBIX MaTePHAJIOB,
HeOoOXOZMMBIX JJIs1 IIPOM3BO/ICTBA ZIOPOKHBIX IMOKPBITUH, ApPeHaXHBIX CHUCTEM, ANCIEPCHO-YIIPOU-
HEHHBIX KOMIIO3UTOB.

3. BolsiBIeHHBIE pallIOHAJbHBIE JUAlNa30Hbl U3MEHEeHUsI KOHCTPYKTUBHO-PEXXMMHBIX I1apa-
MeTpOB paboTHI OIIMCAHHON 1abopaTOpHOH ycTaHOBKY (A = 1.50, n =450 MuH" nau w = 47 paz-c?, y; =
55°==10.96 paj) crioco6CTBYIOT pa3paboTKe COOTBETCTBYIOUINX PEKOMEH AN IIPY peainu3alyy Ipo-
E€KTHUPOBaHUS HOBOI'O TPEXCTAJUHHOIO CMECUTEJBHOI'O alllapaTa HeIpPepBIBHOTO AEHCTBUSI CO-
IJIaCHO MPOMBIIIIEHHBIM HYXAaM.

4. VcTaHOBIIEHO, 4TO KO3(DPUIIMEHT HEOZHOPOAHOCTH Ve bojiee 3aBUCUM OT 3HaYE€HUH OTHO-
cuTenbHOU AedopMaliy rMOKUX 3JIEMEHTOB A U YIJIOBOM CKOPOCTU (w BpalleHUs POTalMOHHOTO
yCTPOICTBa, 4eM OT 3HaUYeHUs yIjla HaKJIOHa OTOOMHUKA (; B UCCIeAYEMBIX ITpe/iesiaX BapbUPOBaHUS
JAHHBIX TapaMeTpoB. TakuM 06pa3oM, MOXKXHO paccyruTaTh KO3(PpPUIMEHTH! YCUIeHUS BEIIIEYKa3aH-
HBIX YIIPABJISIOMINX BO3ZIeHCTBHUI 110 OTHOIIEHHUIO K [TOKa3aTeJ 0 KaueCTBa Ha 3Talle OCHAIleHUs ITPO-
eKTHPYyeMOTro CMeCUTEJIbHOI0 arperaTa CUCTEMOU aBTOMaTHUYeCKOTO YIIPaBIeHN .

5. DKCIEpPUMEHTaJbHO IOATBEPKEHA I1€1eCO00pasHOCTh IIPUMEHEHUSI TPeXCTaJUIHOTO

cnocoba cMelIMBaHU I10 CpPaBHEHUIO C LIeTbIpeXCTal[I/II‘/JIHI)IM METOJOM BCJIeACTBHE 6oJiee HU3KOI0
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3HepI‘Ol'IOTp€6JIeHI/IH (Ha 25% MeHbH_Ie) BII€EPBOM IIOAXO0Z€ 1 HESHAYUTEJIPHOTO IIPEBOCXOACTBA I10 Ka-

gecTBY Hpogykuuu (B 1.07 pas) rociegHero.
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IIoxasaHnvl npeumyujecmed UCNOALI0BAHUA CUAUKAMHBLX KPACOK KAK IKOA0ZUHUECKU HlL-
CMbLX AAKOKPACOUHBLX MAMEPUAN08 0N COBPeMEHHO020 cmpoumeabvcmea npu obpabomee
¢acados, unmepvepos 30anuil u coopyxcenuil. [Ioduepkugaemcsa akmyasvbHoCms pa3pa-
6omku 00HOYNAKOBOUHBLX COCTMABOB, 8 0COOEHHOCTMU C 8KAIOUeHUEeM HAMPUEB020 HUIKO020
cmekAaa 8 Kadecmaee C85a3y0ujez0 seujecmed. BoiseaeHa 803MOHCHOCTb 3AMeHbl Mpaduyu-
OHHBLX MUHEPAAbHBLX KOMTIOHEHMO08 8 COCMase NUzMeHMHOL 4acmu Ha moHkoducnepc-
Hole 0mx00bl — 2AAbBAHOWAAMBL. DMO N03680A5eM NPOU3BOOUMb YMUAUIAYUI WAAMOE U
CHU3UMb CMOUMOCMYb NPOU3B0ICMEa CUAUKAMHOU KPACKU.

KialoueBble cI0Ba: CHJUKATHBIE KPACKHU, MOUYeBMHA, rajJbBaHOMJIAMBl, QUIUKO-XU-
MHYeCKUe U 3KCIJyaTallHOHHBIe CBOHCTBA
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The advantages of using silicate paints as environmentally friendly paint and varnish
materials for modern construction in the processing of facades, interiors of buildings and
structures is shown. The urgency of the development of single-pack formulations, espe-
cially with the inclusion of sodium liquid glass as a binder, is emphasized. The possibility
of replacing the traditional mineral components in the composition of the pigment part
with finely dispersed waste - electroplating slams has been revealed. This allows the dis-
posal of slams and reduces the cost of production of silicate paint.

Key words: silicate paints, urea, electroplating slams, physico-chemical and oper-
ational properties
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BBEJEHWNE

[Ipumensiembie B Poccuu 1 3a pyOe:oM CUIMKATHbIe KPACKU XapaKTePU3YIOTCs HEropioye-
CTHIO, HETOKCUYHOCTBIO, I€IIIeBU3HON CHIPbSI, TEXHOJIOIMIHOCTBIO U HATUINEM PeaJbHOH IIPOMBIII-
JIEHHOI 6a3bl. VIX COCTaB U CTPOEHUE BEIECTB B OCHOBE, 00 BSICHSIOIIIE TPUINHY aKTUBHOT'O UCIIOJIb-
30BaHU JJIS OTAeNKY dhacaZioB 34aHUY, onrcaHsl B [1]. Takre KOMIIO3UIINY UMEIOT BBICOKUI ITOKa3a-
TeJb aZiTe3nU K 6eTOHY, acbo1eMeHTy, KUPTIUYy U 3 (PEKTUBHO UCIOIb3YIOTCS B CTPOUTENBCTBE IS
3aIIUTH MUHE PATbHBIX U MeTAUTNIECKUX II0OBepXHOCTel [2, 3]. OHU ITpeJoXpaHsSIIOT CTEHHI OT YBIK-
HeHUs, a IOBEPXHOCTb MOXKHO MBITh, YTO MMeeT H0JIblII0oe 3HaUeHUe [TPY OKPALINBAHUY JKUJIbIX J0-
MOB [4].

B cocTaBe CUIMKATHBIX KPACOK B KaYeCTBE I1[eJIOYHOTO PaCcTBOPa IPUMEHSIOT KaJlreBoe W
HaTPUEBOE, 4 B OTAEJIbHBIX CIyUasIxX — JUTUEBOE JKUJKOe CTeKI0. [[MrMeHTupyolas YacTh, KaK IIpa-
BUJIO, BKJIIOYAET BEl[eCTBA MUHEPAJIHHOTO HPOUCXOKAEHUSI (MeJ, TadbK, OKCU/ IIUHKA WIN 6opaT
KaJblus), KOTOPble 00pa3yioT cycreHsnoo. OpraHuvdecKre pacTBOPUTENN B COCTABE OTCYTCTBYIOT.
IIpu 3TOM MaTepraa HOBEPXHOCTHU CIEIISIETCS C IIEHKON C BBICOKOU CTEIIeHbIO HaZIeXKHOCTH, OIIpe-
JleJI1eMO poIoM MaTeprasa, CPOKOM TBEPAEHUS U YCIOBUIMU OKPYKaIollel Cpeabl.

B CCCP cunukaTHbIe KPACKU ITOIBUJINCH B 1930-X roZiax, HO U3-32 HeJOCTATKa NCXOLHOI'O ChI-
PBs AJIS TPOU3BOCTBA OHU He IIOJYINIIN TN POKOTO pacripocTpaHeHus. Bo Bropoli nmonosuHe XX cTo-
JIETUSI BHOBB OBLI IIOJHST aKTYaJIbHBIM BOIIPOC O MPUMEHEHUM CUJINKATHBIX KPACOK B CTPOUTEJIb-
ctBe. [Ipy 3TOM IIPOBeAEHHBIE UCCIEA0BaHMYS [5] MOKa3atu, 4To pu COOM0AEHUYN ONITUMATbHOU TEX-
HOJIOTUY IIPUTOTOBJIEHUS, HAHECEHUs U CYIIKU KPacKU aTMOC(epoCTONKOCTh KOMITO3UIIUH, BKIIIO-
garolel 6opaT kanbpuus (Mapka B), He ycTymaeT TaKOBOM C BKIOUEHHEM OKCHZA IIMHKA (MapKa A),
YTO [T03BOJISIET IPUMEHSITD ee /IS Hapy>KHBIX paboT.

Ha mpoTskeHUY Z0JIroro BpeMeHU JJIs1 CIMKATHBIX KPAaCcOK MPUMEHSIIN KaJIUeBOe XKUAKOe
crekno. OZHAKO, B CBSA3U C Ae(DUIIUTHOCTBIO IIOTAIA UCCAEJOBAaHUSA KPACOK, IPOBOJUIIHN, B OCHOB-
HOM, Ha OCHOBe CUJINKaTa HAaTpusd. CleAyeT yIUTHIBATH, YTO IPUMEHEeHNe ITOCTIeSHEro CAEePKUBAET
HeJ0CTATOYHAS BOJOYCTOMYUBOCTD MOAyIaeMbIX IIOKPBHITUN U HEOOXOJUMOCTh BBEJEHUS JOTIOJHU-
TeJIbHBIX KOMIIOHEHTOB. Tarkxe, B CBSI3U C 0COOEHHOCTSIMU IIPOIeCcCa TBePAEeHUS CUINKATHBIX Kpa-
COK, BOBHUKAIOT 3aTPYAHEHU IPU UX UCII0JIb30BaHUY IIOTPeGUTEIeM B CBSI3U C TEM, YTO Oe3 cIienu-
aJbHBIX 00aBOK OHU XapaKTePU3YIOTCS HEBBICOKOI JKM3HECIIOCOOHOCTDIO U BBIITYCKAIOTCS BYXyIla-
KOBOYHBIMH [6] (OTZEIBHO KUJKOE CTEKJIO U OT/EIbHO CyXas MIUTMeHTHas 4acTh). DTO CKa3bIBAETCs
Ha MOBBIIIEHUY TPYZO- U 9HEPro3aTpaT IpU CMellleHUY KOMIIOHEHTOB Ha CTPOUTEIbHOMU ILIOIIAZKe.

IIpobJieMa HOJyIEHUS JKU3HECTIOCOOHBIX U CTAOUIBHBIX IIPU IPOAODKUTEIPHOM XPaHEHUU
CHJIMKATHBIX KPACOK Oblia pemieHa B 1980-e rozibl Ha repMaHCKUX IpeAnpuaTuax [7]. Bouiu paspa6o-
TaHbI OHOYIIAaKOBOYHBIE CUIVKATHbIE KPACKU Ha OCHOBE KaIMEBOT0 XXUAKOTO CTeKJIa, MOANDULIIIPO-
BAHHOTO I10JIMaKPUIaTaMU, CO CPOKOM XPaHeHUs [0 6 MeCALIeB C JaThl U3roTOBJIeHUA. B Havane 1990-
X TOJIOB OBLIN MPOBEZEeHBbI COOTBETCTBYIOIINE UCCAeJ0BaHNs B FIBAHOBCKOM TroOCyAapCTBEeHHON XU-
MMKO-TeXHOJIOTHYecKo akasemuu (Poccuiickas ®efepaliys) ¢ IeJIbI0 OJIydeHUs 0oJiee JelieBoi
OZHOYIIaKOBOYHOU BOZOCTOMKOI KPACKU Ha OCHOBe HeZeUIIMTHOTO HATPUEBOTO KUAKOTO CTEKJIA.
3azauya ObL1a pelreHa myTeM MoAUGUKAIIMM HATPUEBOIO KUAKOTO CTeKsIa ModueBUHON [8]. Kpome
TOTO0, ObLIA MIPE/JIOKEHA BOSMOXHOCTb y/IEIIEBJIEHUS COCTABA 32 CYET MCIOIb30BAHUS B CYXOU IIUT-
MeHTHOﬁ YaCTH OTXOA0B IIPOMBIIIJIEHHBIX ITPOU3BOACTB.

B HacTos1Iee BpeMst OZHOYIIAaKOBOYHbIE CUINKATHBIE KPACKHU IIPOU3BOJAT MHOTHE 3apy0ex-
Hble KoMmaHuu, B 4yacTHOCTH, ALCRO-BECKERS AB u VIVACOLOR (IlIenus), ALLIGATOR wu
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CARAPOL (Tepmanus), JUB (Crosenus), TIKKURILA (Punngugus) u aAp. Takue KpacKu peKOMeH0-
BaHBI JIJI UCIIOJb30BAHUSA B CTPOUTENLCTBe B cTpaHax Coro3a HesaBucumeix 'ocyzapcts [9] u Poc-
curickon Pegpepanuu [10, 11].

B UucTuTyTe 061181 1 HeopraHudeckoi xumun HarjronanbHoM AkageMuu Hayk Benapycu ¢
2009 r. mpoBOAATCS paboTHI IO pa3paboTKe COCTABOB 3AIIUTHAIX U YIIPOYHAIOMINX MAaTEPHUAIOB IOJIH-
(yHKIMOHAJIPHOTO Ha3HAUYEHMs. B pesysbTaTe IpoBeieHUs UCCIeL0BaHU OblIa paspaboTaHa ofHO-
KOMIIOHEHTHAas CUJIMKaTHAas KpacKa, IpeJcTaBiasionas cob0i KOMIIOSUIIMIO HAa OCHOBE KaJINEeBOTO
skugxoro crexiaa (TOCT 18958-73). B Hee BXOZAT HeaKTUBHBIE II[€I0YE€CTONKYE HAIIOJHUTEIN U IINT-
MEeHT (ZMOKCHUJ TUTaHa), BOAOAVCIIEPCHBIN ITOJIMMEpP U BCIIOMOraTeJbHbIE BellecTBa (AUCIIepraTop,
3aryCTUTENb, [IEHOTACUTEIb), YCTOMYUBEIE B 001acTU BRICOKUX pPH, a Takke crierjuanbHble 100aBKH,
CIIOCOOCTBYyIOIIME JBOMHOMY OKPEMHEHUIO CUIMKATHBIX IOKPBITUI U IPUZJAIOIINE IOBEPXHOCTH
ruapodobHOCTD («apdekT n0TOCa»). Kpacka obecneunBaeT anddysuio BoAIHOrO mapa, BOZOOTTA-
KHBaloIlyie CBOMCTBA IOKPBITUH, ZeMOHCTPUPYET XopouIire PpU3NKOo-MeXaHU4eCKre CBOKCTBA U OIl-
THUMaJIbHO 3aIUINaeT OKPAIINBaeMYIO IOBEPXHOCTD OT BJIaru [9].

O3HaKOMJIEHUE C pe3yIbTaTaMU PaHee IPOBEAEHHbBIX paboT IT0Ka3auo0, 4To npobiema paspa-
GOTKM OJHOYIIAKOBOYHBIX CHJIMKATHBIX KPACOK IMO-IIPEKHEMY aKTyaabHa, 0COOEHHO C UCIIOJIb30Ba-
HHeM HaTPUEeBOTO XXUJKOro cTekaa. AHanu3 [8] mokasas, 94ToO Takye MaTepuaabl MOIYT OBITH IIOJY-
YeHbI B IPOM3BO/ICTBEHHBIX YCIOBUAX IIyTEM pealu3alii HeCJI0XXHOTO TEXHOJOTUYECKOIo ITUKIIA.
XapaKTepHO, YTO, IOMUMO TPaJULIMOHHBIX MUHEPaJIbHBIX KOMIIOHEHTOB, JOIIYCKAEeTCs NCII0Ib30Ba-
HYe€ TOHKOJUCIIEPCHBIX OTXO/0B IIPOMBIIIIEHHOCTH.

VI3BeCTHBIM IIPUEMOM 3aIIUTH [IOBEPXHOCTH U3JENUN OT KOPPO3UU SIBJSIETCS TaJlbBaHUYe-
CKOe HaHeCeHHe IJIEHOK OJHUX MEeTAIJIOB Ha Apyrue [3, 12]. B pesynbraTe 06pasyioTcs raibsa-
HOIIJIAMBI — TOKCUYHBIE OTXOBI MAIIMHOCTPOUTENBHON MPOMBIIIEeHHOCTH, uMeromue II-IIT kiacc
OIIACHOCTY JJ1sl 9KocucTeM. OGBIYHO OHU IIPEJCTABIISIOT COOO ITOPOIIKOBYIO JUCIIEPCUI0 Oypo-KO-
PUYHEBOTO I1BETA, COZEPIKAIILYIO TSDKeIble MeTaJlIbl — IIUHK, HUKeJb, XpPOM, Me/lb, 0JI0BO, CBUHeI] [13].

IlepepaboTaHHBIE B MOPOIIOK ralbBaHOILIAMBI, COJEpIKAll[ie HOHBI TSXKEJIbIX METaJJIOB,
MOYXHO CYMUTATh aHAJIOTAMU IOJUMETALINIECKUX Py A [14]. HakomieHHbI! 32 [o/ITHe TO/bl 06'beM Ma-
Tepuasa B YCIOBUSX UCTOIIEHUS 3al1aCOB IPUPOAHBIX MCKOIIAEMBIX SIBJISETCS NUCTOYHUKOM I[€HHOTO
CBHIPBS JJIS1 Pa3INYHBIX OTPACIel IPOMBIIIIEHHOCTHU. IIpy 9TOM pelaioTes ABe 3a1a4y — YTUIN3aIHs
0TX0/1a, IIOBHIIIAIONIET0 HATIPSDKEHHOCTD 9KOCUCTEMBI, I MaKCHUMaJIbHOE HCII0JIb30BaHNEe MaTepraa
B IIPOM3BO/ICTBEHHOM IIVIKJIe, UTO SIBJISIETCS 1[eJ1eCO00pasHbIM C SKOHOMUYECKON TOUKY 3pEHUS.

Ha cerogHsIIHMI feHb pa3paboTaHbl pasjnyHble CIIOCOOBI YTUIN3AIUY U 00€3BpeKBaHNS
rajpbBaHOULIAMOB. B 4aCTHOCTM, OHU KCIOJIB3YIOTCS B IIPOMBILIIEHHOM IIPOU3BO/JCTBE YA0OpEHUI,
abpasuBHBIX MaTepUaioB, COPOEHTOB, KAaTaaW3aTOPOB, AHTUIIMPEHOB, NUTMEHTOB, IIEMEHTa, a
TaKXe CTPOUTEJbHBIX MaTepUaIoB — KEpaMUKU, KepaM3uTa, Kupnuda, beToHa. B [13] ykassiBaeTcs
Ha BO3MOXKHOCTB IIPUMEHEHUs U3MeIb4eHHOI'0 FaIbBaHOLIIaMa B KaueCTBe IUTMeHTa B COCTaBe pas-
JIMYHBIX OKPACOYHBIX KOMHOSHL[Hﬁ.

Llenpio HaCcTOAILEH PabOTHI IBJSETCS U3ydeHNe IPUHIIUIINATPHON BO3MOXKXHOCTU IIPUMeHe-
HUS rajJbBaHOILIAMOB, IT0JIyIa€MBIX Ha MAIIMHOCTPOUTENbHBIX IPEAIPUATUIX IpociaBckol oba-
CTH, B IUTMEHTHOM COCTaBe OZHOYIIaKOBOYHBIX CHIMKATHBIX KPACOK C BKIIOYeHVeM MoguduKkaTopa

MOYEBHHBI, 4 TAKXeE (1)I/ISI/IKO-XI/IMI/I‘{€CKI/IX CBOIICTB HOKprTI/II;'I Ha OCHOBE pa3pa60TaHHb1x COCTaBOB.

67



TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMMO3WUTbI B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

OKCIIEPUMEHTAJIBHAA YACTb

J71st Bccie0BaHUsI BOSMOXKHOCTH NTPHUMEHEHNUs ITepepaboTaHHOro rajbBaHoIIIaMa B Kade-
CTBe IUIMEHTa ObLIN U3rOTOBJIEHBI 00PasIibl OJHOYIAKOBOUHBIX CUINKATHEIX KPACOK, COCTaB KOTO-
PBIX BKJIIOYAeT TPaJULMOHHEIE IUTMEHTH — TUTAHOBBIE U [[MHKOBBIE OeJIia, a TaKKe M3MeJbdeH-
Hble raJbBaHOIITAMBI POCIABCKOrO 3aBO/a AU3eJbHOM anmnapaTypsl ¥ TyTaeBCKOrO MOTOPHOTO 3a-
BoZia (B BU/e MOPOLIKA KpacHO-6yporo useta) (Tabi. 1).

Ta6u1. 1. OIBITHBIE COCTABbI CUTMKATHBIX KPACOK
Table 1. Experimental compositions of silicate paints

HanmMmeHOBaHME KOMIIOHEHTOB 2o cocrasa
1 2 3 4

MogubunypoBaHHOE MOYEBUHOKN
HaTpHUEBOE XXUAKOEe CTEKJIO 36.6 36.6 36.6 36.6
ILUIOTHOCTHIO 1.40 rcM?, T
Boga, r 14.8 14.8 14.8 14.8
Cyxas nUrMeHTHas 4acTh, T,

36.6 36.6 36.6 36.6
B TOM 4IHCIJI€E:
- MeJI IOPOIIKOBBIM, T 25.6 25.6 25.6 25.6
- TaJIbK ITIOPOIIKOBBIH, T 5.5 5.5 5.5 5.5
- TUTAHOBBIE OesuIa IOPOLIKOBLIE, T 5.5 - - -
- IIMHKOBBIE Oeaniia - 5.5 - -
- rajpBaHoIIaM fpociaBcKoro _ _ ss -

3aBOJla IV3eIbHOM anmapaTypsl

- raJbBaHoOILIaM TyTaeBCKOro ~ ~ ~ ss
MOTOPHOI'O 3aBOZa
Jlatekc 6yTagueH-CTUPOJIbHBIH, T 12 12 12 12
Bcero, r 100.0 100.0 100.0 100.0

JJ1s1 TOJIy4eHHBIX 00pasI[oB CUINKATHBIX KPACOK OBLIY IIPOBEAEHBI HCIIBITAaHUS 110 CIeAyIo-
M XapaKTePUCTUKAM, AAIOIIIM OCHOBHOE IIpeZicTaBIeHre 00 NX GU3NKO-XUMUYECKHUX 1 9KCILIya-
TAI[MOHHBIX CBOMCTBAX.

VKpPBIBUCTOCTD — CIIOCOOHOCTh MaTepuaia JelaTh HEBUAUMBIM IIBET UJIU IIBETOBBIE Pa3yu-
yus oKpammBaeMoiu roBepxHocTu (I'OCT 8784-75). VKpPBIBUCTOCTb ITOKa3bIBaeT, CKOJBKO CyXOM
IIJIEHKY UCIIBITYeMOro MaTepuasa Heo0X0AMMO, YTOOH! YKPhITh OAMH KBaJPaTHBII MeTp HEeBIIUTHIBA-
olell KOHTPACTHOM IOBEPXHOCTH, 1 XapaKTepU3yeT pacxo/ KpacKu Ha eJUHUITY ILIOUaH OKpaIIu-
BaeMOH ITOBEPXHOCTH.

VismepeHUe KPOIOIEH CIIOCOOHOCTH KPacKy IIPOBeIeHO METOAO0M OIIpe/ieIeHUs YKPBIBUCTO-
CTU Ha YepHO-6eoli moanoxke mo 'OCT 8784-75, paszern 3.

Ha cTexaaHHbIe IIaCTUHKY pa3mepoM 120x90x1.4 MM, IpeZBaprUTEIbHO IPOTEPThHIE TKAHBIO,
CMOYEHHOH aIleTOHOM, ¥ HaCyXO IIPOTePThIe YUCTOH U CYXOH TKaHbIO, B3BellIeHHbIE C TOYHOCTHIO 0
BTOPOTO [eCATUYHOrO 3HAaKa, HAHOCUJU OJUH-ABa CJI0 JaKOKPACOYHOro MaTrepuaaa. CTeKISHHYIO
IIJIACTUHKY C KPaCOYHBIM MaTepyaIoM KIaly Ha MaXMaTHYIO ZOCKY 1 HabI04any Ipy paccesHHOM

AHEBHOM CBETE€, IIPOCBEYNBAIOT I 6esnble U YepHbIE I10JIA. Ecau noas IIpoCBeYMBaJIV, HAHOCUJIN Ha
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IJIACTUHKY I10CIe0BaTEIbHO HOBBIE CJIOU MaTepuasla 10 TeX II0P, II0Ka II0JHOCTHIO He 1cue3aia pas-
HUIIA MeXAY OeJbIMU U YepHBIMU HOAsIMU. [Iocsie MOTHOTO YKPBITHS CTEKISHHYIO IIaCTUHKY B3Be-
LIMBAaJIY C TOYHOCTHIO 0 BTOPOI'O AECATUYHOIO 3HAKA, CYIIMIN 1 CHOBA B3BelluBaIu. Ilepes B3pemiu-
BaHMeM U BBICYLIMBAaHNUEM yJAJIJIU IOTEeKU KPaCOIHOIo MaTepHasa ¢ 06paTHOM CTOPOHEL U ¢ pebep
IIacTUHKU. Kbl pa3 Nepes HaHeceHMeM HOBOTO CJIOS JIAKOKPACOUHBIN MaTepuas IepeMelln-
BaJU.

PacueT moxasaTeJis YKPBIBUCTOCTHU IIPOBOJUJICS JJIsI MACHASHBIX KPAacOK MaIspHOM KOHCH-
crernuy o I'OCT 8784-75, paszes 3. YKPBIBUCTOCTD BBICYIIEHHOM IIJIEHKY BBIYUCJISIN KaK OTHOIIIE-
HMe MacChl KPaCK{, HAHECEHHOH Ha IVIACTHHKY, K IJIOIIAAH OKPaIlBaHUS.

CMBIBaeMOCTb (TPOYHOCTD IIPU CMBIBAHUHY IVIEHKU KPACKM) — BEIPAXKAETCSA B KOJIMYECTBE I10-
KPBITHS, CMBITOT'O C IOBEPXHOCTH 3aZaHHBIM KOJIMYECTBOM BOJBI IIPX TPEHUH IeTKOU. XapaKTepu-
3yeT CIIOCOOHOCTB JIAKOKPACOYHOTO IIOKPBITUS IPOTUBOCTOSATH aTMOCHEPHBIM U MeXaHUYECKIM BO3-
JeCTBUAM.

J1a ompezesieHNs CMBIBAEMOCTH Ha CTEKJISHHBIE IIACTUHKU pasMepoM 120x90x1.4 MM,
IIpeBApUTENIBHO IIPOTEPTHIE TKAHBIO, CMOYEHHOU alleTOHOM, HacyXO IIPOTePTHIE YUCTOM U CyXOH
TKaHbIO, C IIOMOIIBIO IETHMHHON KHUCTH HaHeCJU TOTOBYIO CIUIMKATHYIO KpacKy. OTBep:kzeHUe
IUIEHKW IIPOUCXOJUJIO B CTEKIAHHOM ITKady NpH KOMHATHOH TeMIlepaType B TedeHUe 24 4. CTek-
JITHHBIE IVIACTUHKY C OTBEPXXAEHHBIM IIOKPBITUEM B3BEIIMBAJIM Ha aHAJTUTUYECKUX BecaxX. 3aTeM B
TeyeHue 30 C 10 CTPYyel BOABI C TeMIIepaTypoli (293+2) K Tepsiu HOKPHITHE KPYTOBBIMHU JIBIDKEHUSIMU
3yOHOH IIeTKOM Ipy Harpyske (20+2) H. 3aTeM ITaCTUHKY C IOKPHITUSAMU BBICYIINBAIN B CTEKJISTH-
HOM ITKady IIpH KOMHATHOH TeMIlepaType B TeUeHVe CyTOK 1 B3BeIlINBaIN HAa aHAIUTUIECKIX Becax.
CMBIBaeMOCTb KPaCKU ONpeZiesIsdlN KaK OTHOIIEHNE PAa3HHUIBI B MacCe INIACTUHKYU C IOKPBITHEM 10
WCIIBITAHUA U II0CJIE K IePBOHAYAIBHON IIOIIAAN ITIOKPBITHUS.

Ajresus - oTBeuaeT 3a Ka4eCTBO CleIJIEHUsI IAKOKPACOYHO MIJIEHKY C ITIOBEPXHOCTBIO.

Ajre3nio olleHUBAJIU 110 METOJY pelleTdaToro Hazpesa. Ha ogHoCI0HOE ITOKPBITHE T10 JIN-
HellKe JIe3BHeM HaHOCHUJIM Ha PACCTOSHUU 1 MM IISITh TapajyleIbHbIX U IepPIeHAUKYIIPHBIX HaJpe-
30B (B BUZe penteTky). CBepXy HaKJIENBAIY OTPE30K M30JIEHTHI M PE3K0O OTPHIBAJIN. Pe3yIbTaT OIleHKU
CBSI3BIBAJIM C KOJIMYECTBOM OTCJIOEHHBIX KBaAPaTOB B bayuiax: 1 6asa — OTCyTCTBHUE OTCIOUBIINXCS
dbparmenToB; 2 6asia - oTcaoenue 5%; 3 6ajia - orcaoeHue 35%; 4 6anaa — orciaoenue 6osuee 35%.

Bo/0yCTONYMBOCTD — CIIOCOGHOCTD ITOKPBITHS MAaKCHUMalIbHO IIPOTUBOCTOSTH paspyllaio-
1I1eMY e ICTBUIO BOJBI ITPY JJIUTEIbHOM SKCIIyaTaluy OKPAlleHHbIX IIOBEPXHOCTEN.

s onipeziesieHUs BOZOYCTONINBOCTY I'OTOBYIO CUINKATHYIO KPACKY HAHOCHUJIY IIPY IIOMOIIY
IIIeTUHHOM KUCTU Ha CTEKJISHHbIe IUTAaCTUHKY pasMepoM 120x90x1.4 MM, IIpeZBapUTeNIbHO IIPOTEP-
Thle TKaHbIO, CMOYeHHOH alleTOHOM, 1 HaCyXO IIPOTePTHIe YHUCTON U CYXOH TKaHblo. OTBepXXJeHNe
IJIEHKY OCYLIECTBJISIA B TeYeHUe CYTOK B CTEKJITHHOM IIKady IpH KOMHATHOH TeMiepaType. Ilia-
CTHHKY C IIOKPBITHEM IIOTPYKaIU Ha 2/3 ee JJIUHBI B CTEKJISSHHBIN CTaKaH, HAIIOJTHeHHBIN AVCTUILIN-
POBaHHOM BOJIOM, M BhIIEP>XXUBAJIU B BoZe 24 4. Ilepess 0OCMOTPOM ITOKPBITHE BBHICYIINBAIN 1-2 4 IIpU
KOMHATHOU TeMIeparype. TpeHneM IajblieB PyKH O IIOBEPXHOCTh CYXOT'0 IIOKPBITUS CYAMIU O CTe-
IIeHU €T0 BhIMEeJINBaHUA.

PE3VJIBTATBI 1 UX OBCYXXJIEHUE

JUJIs1 KaXKA0ro CoCTaBa IIPOBOUIIM OT/ieIbHbIe UCIIBITAHUS. Il0y4eHHbIe Pe3yIbTaThl IpHBe-
JeHbl B Tabsuie 2.
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Ta6.1. 2. PU3UKO-XUMHUYECKUE U SKCILIyaTallIOHHbIe CBOMCTBA CUIMKATHBIX KPACOK
Table 2. Physico-chemical and operational properties of silicate paints

Ne cocTaBa
ITokasaTesb

1 2 3 4
VKPBIBUCTOCTb, [*M? 321 338 181 330
CMBIBa€MOCTb, "M 21.3 14.8 9.1 6.9
Agresusi, 6asel 1 1 2 2
CTOMKOCTD ITPU CTATUYECKOM | BBIMEIUBAET BBIMEJIBAET BBIMEJMBAET | BBHIMEJUBAET
BO3/IEHICTBUU BOJIbI cnabo

Ha npakTtuke I'OCT 18958-73 He npeAbsABIsSET ClIElMAIbHbIX TPeOOBaHNH K GU3NKO-XUMUYe-
CKHM U 3KCILIyaTallOHHBIM CBOMCTBAM CUJINKATHBIX KPacoK. FIcxos 13 TpeOoBaHUN HOPMaTHUBHBIX
ZLOKYMEHTOB K BOJHO-JHUCIIEPCUOHHBIM (pacaZHbIM KpackaM, peKOMeHAyeMas YKPBIBUCTOCTD JJI1 HUX
- 150-200 r/m?, cMBIBaEMOCTS — 2-4 1/M?%, aare3us — 1 6ast (IOKPbITHE He OTCaauBaeTcs). VisyueHHble
aHaJIOTU CUJINKATHBIX KPACOK, peKOMeH/J0OBaHHbIe A5 OKpalllnBaHu4 (acaZoB U CXOXKHUe II0 COCTaBY,
UMeIOT clefyomye GU3NKO-XUMHUYeCKHe U SKCIIIyaTalllOHHBIEe CBOMCTBA: YKPBIBUCTOCTD — 200-250
r/M% YyCTOMYMBOCTH K CTATUYECKOMY ZIeHICTBUIO BOABI — 6e3 M3MeHeHM; aare3us — 1 6a.

Kpacku ¢ BKIIOYeHNeM raTbBaHOILIAMOB B KAYeCTBe IUTMEHTOB, HAaHECEHHbIE Ha OeTOHHBbIE

06pasiibl, TOCJIe BHICHIXaHUs IPUOOPETAIOT HACHIIIEHHBIN KPACHO-KOPUYIHEBHIH 1BeT (puc. 1).

a 0

Puc. 1. CunukaTHbIe KpacCKU C BKJIIOYE€HVEM I'aJ/IbBAaHOIJIAMOB, HAaHECEHHbIE Ha I_[eMeHTO6eTOH-

Hble
06pasIpl: a - rajbBaHoOILIaM SIPOCIaBCKOro 3aBO/a JU3eIbHOM allllapaTyphl;
6 - ranpBaHoIITaM TyTaeBCKOTO MOTOPHOTO 3aBOJA
Fig. 1. Silicate paints with the inclusion of galvanic slurries applied to cement concrete samples:
a - electroplating of the Yaroslavl Diesel Equipment Plant;
b - electroplating of the Tutaevsky Motor Plant

[Tosy4eHHbIe CUIMKATHbIE KPACKU HE MMEIOT 3aIlaxa U JIETKO HAHOCSTCS KACTBIO Ha OeTOH.
Bce cocTaBbl IMEIOT OJHOPOAHYIO KOHCUCTEHIIUIO, CTAOMIBHBI IIPY XPAaHEHUH He MeHee 4 MecsILleB 1
MOTYT TPaHCIIOPTUPOBAThCA B OZHOYIIAaKOBOYHOM BH/e. Ilepes MpruMeHeHeM peKOMeHyeTcs MPo-
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K3BOJUTH KPATKOBPEMEHHOE IIepeMelINBaHNe CUCTEMBI. JIJIf IIOIy4eHNs POBHOT'O JIOTHOT'O TOKPHI-
THS AOCTATOYHO OZHOKPATHOTO HAaHeCeHUs, OJHAKO ABYKpPaTHOe HaHeCceH!e JaeT JNydLINi pe3yJib-
TaT. Kpacku GBICTPO BIIUTHIBAIOTCS B IOBEPXHOCTD U BEICHIXAIOT, 00pasys TOHKOCIOMHOE IIOKPBITHE.

AHanu3 pesyJbTaTOB KCIBITAHUE IIOKAa3bIBaeT, YTO pacCMaTpHBaeMble COCTABBI IIPH JO-
BOJIBHO GOJIBIIOM pacxoZie Ha OKpallMBaHUEe XapaKTepU3YIOTCS XOpOoIled ajreswell K CTEKITHHON
IIOZJIOXKKE, OZHAKO UMeIOT HeJJOCTATOUYHYIO0 CTOMKOCTD IIPU CTATHYECKOM BO3ZIeHiICTBUY BOZBI Ha II0-
KpbITHe. [Ipy 3TOM COCTaBHI C raTbBaHOILIAMAaMU B Ka4€CTBe MUTMeHTa 110 CBOUM (QU3UKO-XUMUYe-
CKUM U OCHOBHBIM 3KCIUIyaTallIOHHBIM CBOMCTBaM He YCTYIIal0T TAKOBBIM C BKJIIOUY€HUEeM TPaAUIU-
OHHOI MUTIMEHTHOH YacTu. COCTaB CUIMKATHOM KPacKu C 00aBKO B COCTAB CyXOH MUTMEHTHOMH Ya-
¢ty 1o 15% Mac. rajpBaHoILIaMa SpociIaBcKOro 3aBoja AM3eIbHOM anmapaTyphl PeKOMEHYeTCI K

anpobaIuy B yCIOBUAX IPOMBIIIIEHHOTO IIPOM3BOACTBA.
BBIBO/IbI

IToxasaHa BO3MOXXHOCTb IIPUMMEHEHUA rajJibBaHOLLIAMOB B KauyeCTBe IIMTMEHTa IIPU IIPOU3-
BO/ZICTBE OZHOYIIAKOBOYHBIX CHMJMKATHBIX KPACOK. BBIABIEHO, UYTO KPAaCKU C BKJIIOYEHNEM B COCTaB
IMUT'MEHTHOU YacTu 15% Mac. raJibBaHOILIAMOB, COJEPKAIINX Melb, IVHK, HUKEeJb, XPOM, OJIOBO U
CBUHeI], UM€eIOT eCTEeCTBEeHHBIH KPACHO-KOPUYHEBBIX IIBET, XapaKTEPHBIH /I KepaMUYeCKOI'o KUp-
Ir4a, 4TOo II03BOJIsIeT PEKOMEH0BATh UX JJIs1 OKpalIuBaHUs GacaoB 34aHui. [Ipu 3ToM JOCTaTOYHO
BBICOKAsI CMBIBA€MOCTb ITOJIYY€HHBIX TIOKPHITUH IPU BO3EHCTBUY HA HUX Harpy3ku 202 H Tpebyer

IIpOBeleHUs JaJbHEHIINX UCCAeJOBAHUH C [IeIbI0 ONITYMU3AI MY JAHHOTO [T0Ka3aTeJs.
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The article studies the possibility of obtaining effective polymer modifiers for asphalt
mixtures that are based on polymeric household waste. The results of laboratory tests of
polymer-asphalt concrete compositions for road coatings, as well as results of compara-
tive tests of crushed stone mastic polymer asphalt concrete with various modifiers are
provided. Test results confirm the effectiveness of the CPDA® additive and the possibility
of its use in the production of stone mastic polymer asphalt mixes.
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BBEJEHWNE

OZHUM K3 pe3yJbTAaTOB aHTPOIIOTEHHOM JeATeJbHOCTU SBISIETCI 00pasoBaHUeE OTXOJOB,
CpeAy KOTOPBIX OTXOABI IIACTMACC 3aHMMAIOT 0coboe MecTo. B cpeaHeM B Mupe 12% Bcex MyHUIU-
ITaJIBHBIX OTXOZ0B IIPUXOANTCS Ha ZOJIIO IIJIACTHKA, a IT0 AaHHBIM Ha 2016 roJ, B Mupe OBIJI0 IIPOH3Be-
ZleHO 242 MJIH. T TaKUX OTXO0/0B [1]. B HEKOTOPBIX Pa3BUTHIX CTPaHaX MUCII0JIb30BaHME IIJTACTUKA IIpe-
BbImaeT 100 Kr Ha YesoBeka B rof [2]. [Ipobiema nepepaboOTKM OTXOZOB ITOJTMMEPHBIX MaTepUaIoB
aKTyaJbHa He TOJIBKO C TIO3UINH OXPAaHBI OKPYKAIOLIe CpeAsl, HO U CBA3aHa C TEM, YTO B YCIOBHAX
AeduuuTa 0JUMEePHOTO ChIPbs IIACTMACCOBbIE OTXOABI CTAHOBATCS MOIIHBIM ChIPbeBBIM U 9HEpre-
TUYECKUM pecypcoM. IIpy 9ToM 00'beMbl yTHUIN3ALNH II0JMMePHBIX OTXOZO0B BCe ellle HeJOCTATOYHBI.
B EBporelicKux cTpaHax 1o faHHbIM Ha 2018 roJ Bcero TpeTh IIaCTUKA OblIa mepepaboTaHa BO BTO-
puUHble moauMeps! (32,5%), 42,6% OBLIO YTUIN3UPOBAHO IIyTEM CXXUTAHUS JJIsSI IPOM3BOJCTBA JJIEK-
TpPUYeCKOM MM TelyioBoH sHepruwm [3]. IIpu sTOM CXKUTaHMe IJIACTHKA IPHUBOJUT K IIOBBIIIEHHOMH
9KOJIOTUYIECKOM Harpy3Ke 13-3a 00pa3oBaHUs IapHUKOBBIX ra30B. OcTasinuecs 24,9% CKIaANPYOTCS
Ha nosuronax TEO. OTKpPBITHIE TOJUTOHBI OIIACHBI BAUSHUEM Ha Ka4eCTBO BO3/JyXa, 3ACOPEHHUEM CTO-
KOB B pe3yJIbTaTe HaBOZHEHU!, a B 0COOEHHOCTH 3arps3HeHueM OIM3Iexanux BogjoeMoB. MUKpoI-
JIACTUK (JaCTUIIBI pasMepoM < 5 MM), 06pasyoLinics B pe3yIbTaTe paciaja IJIaCTUKOBOTO Mycopa,
II0BCEMECTHO BCTPeYaeTCs B II0YBE, IPECHBIX BOJOEMAX M OKeaHaX, ObLI BBISIBJIEH B OpraHax U TKaHAX
6osiee 600 BuzoB dayHsI [2]. Co3zaBiIeecs TOJOXKEHYE CBI3aHO CO CIIenu(DUIeCKNMY 0COOEHHOCTIMU
IJIaCTMACC, 3HAYUTEAbHO 3aTPYAHAIIINMY UK JeJalMMU HEIIPUTOAHBIMU M3BECTHBIE METO/bI
YHUYTOXEHUA TBEPABIX OTXOJ0B.

B To ke BpeMs 06beM MMacCaXUPCKOIO ABIKEHUS U IPY30IIePeBO30K, OCYIIeCTBIsIEMbIX aB-
TOTPAHCIIOPTOM, €XeroJHo yBeiandusaeTcd. Ilo pesyabraTamM MOZJEJIMPOBAaHUA I'PY3OIIEPEBO30K, B
crpaHax EC npegnonaraercd ux yseandeHue k 2050 rogy Ha 57% 1o cpaBHeHuIo ¢ 2010 r. [4]. Viyu-
IIIeHNe KadyeCTBa ac(hajbTOOeTOHHBIX ITOKPHITHUH U ITOBBIIIEHME X KCIIIyaTallIOHHOIO pecypca siB-
JIIeTCs aKTyaIbHOH 3aZiadueti. OZHUM 13 MeTO[0B, KOTOPBIH MOKeT 3HAYUTEJIbHO YIY4IIUTD KA94eCTBO
IIOKPBITUH, ABIAeTCS f0obaBIeHe TOINMEPOB K achaibTo6eTOHHBIM cMecsaM [5].

B 9T0#1 CBA3U CTAHOBUTCS aKTyaIbHBIM BOIIPOC pa3paboTKU TeXHOJIOTUH UCIIOIb30BAHUS I10-
JINMEPHBIX OTXOJ0B B MaTepHUaTOeMKUX OTPACIAX, OFHON M3 KOTOPHIX SIBJISETCS AOPOKHOE CTPOU-

TeJIbCTBO.

ODKCITEPUMEHTAJIBHAA YACTb

ITpakTHYeCK! BCe MHMPOKO HUCIIOIb3yeMble HA CETOAHSIIHNUY /IeHb IT0MMepHbIe MOAU(UKa-
TOPHI OUTYMa, 33 UCKJIIOYEeHNEM IIPOJYKTOB ITlepepaboTKy pe3HOTEXHUYECKUX U3/eNUl, IIpe/CcTaB-
JIEHBI CIIEI[NaJIbHO CUHTE3UPOBAHHBIMU IIPOJAYKTAMU XMMUYECKOT0 IIPOU3BOACTBA [6]. DTO 006yCI0OB-
JINBaeT UX BBICOKYIO CTOUMOCTbD, a XUMHYecKad IpUpoJa MoAN(PUKAaTOPOB HaKIaAbIBaeT PA, [ 0M0JI-
HUTEJbHBIX TEXHOJOTUYECKUX TPeOOBAHNH 1 OTPAaHUYEHUH, YTO B I[€JI0M YBEJIUYNBAET CTOMMOCTD
MOAM(DUIITPOBAHHBIX ac()aJIbTOOETOHHBEIX CMeCel U SIBIsfeTCs (PaKTOPOM, CAEPXKMBAIOIINM UX HIC-
[10JIb30BaHIe IIPU YCTPOMCTBE MOKPHITUH. P IpOBeeHHBIX HCCIef0BaTENbCKUX PaboT MOATBED-
JVJT BOSMOYKHOCTD HCITOJIb30BAHUS PA3JIUYHBIX IOV MEPHBIX COeJUHEHNH, ITUPOKO ITPUMEHIEMBIX
JJIS1 BBIITyCKA M3/IeJINE OBITOBOTO Ha3HAUYeHUs U YIIAKOBOYHBIX MaTepranoB [7-10], a1 moauduka-
nuy 6UTyMa U nojydeHus achaabToOOeTOHHBIX CMeCeH C YAy4IIeHHBIMU 3KCILIyaTallMOHHBIMU Xa-

PaKTEPUCTHUKaAMU.
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IIpu yTpaTe NOTPeOUTENBCKUX CBOMCTB H3AENUIMU U3 IIACTMACC XUMUYECKUI COCTaB U
CBOMCTBA IIOJIIMEPOB IIPAKTUYECKN He MEHSIOTCA. YUUTEIBAS BBIIIEH3I0KEHHOE, IIPECTaBIEeTCS
11esiecoobpasHoil paspaboTka TexHoJIOrMKU MoguduKaruu achaabTOOETOHHBIX CMecel A0b0aBKaMu
Ha OCHOBe II0JIMMEePHBIX 0TX0Z0B. [IpHIMas BoO BHUMaHVe YPOBeHb PasBUTH U OCHAIIIEHHOCTH CO-
BpeMeHHBIX ac(haabT00eTOHHBIX 3aBOZOB, I[€IeCO00Pa3HO UCIIOIb30BATh JOOABKY 110 «CYXOH» TEXHO-
JIOTUMY, YTO 3HAYUTEJIBHO YIIPOLIAET TEXHOJIOIMYECKIEe IIPOLleCChl IIPOU3BO/CTBA achaIbTOOETOHHBIX
cMeceH.

JJ1s1 pellleHUs IOCTaBIeHHOH 3aa4y ABTOpaMy ObLIO HCCIeZI0BAHO BAUSHNE PA3IUIHBIX I10-
JIMMepOB Ha HOpMUPyeMble IIapaMeTpsl acharbTOOeTOHHBIX cMecel U achaipTo6eTOHOB Ha UX OC-
HoBe. [IpoBesieHHas paboTa MM0O3BOJIMJIA Pa3paboTaTh COCTAB U ONPeAeNUTh ONITUMAIbHOE KOJIMYe-
CTBO KOMILJIEKCHOM IOJUMEPHON AmcIiepcHo-apMupyioiieii gobasku (KIIJA®) aisa moaubukanmu
achanbTobeTOHHBIX cMeceli [11, 12]. lobaBka IpeAcTaBisIeT COO0I CMeCh arJIoMepHUPOBAHHBIX [T0JIH-
MepOB PasINIHOMN MIPUPOABI Y XUMUYECKOT'0 COCTABA, IT0JIyIaeMbIX 13 OBITOBBIX UJIV IIPOU3BOCTBEH-
HBIX [TOJIIMEPHBIX OTXO/I0B, B3ATHIX B OIITUMAaJbHBIX COOTHOIIIEeHUIX. TeXHOJIorYs BBeleHUs 06aBKU
3aKJII09aeTCs B ee IPeJBapUTeIbHOM JO3UPOBAHNY U BBeJIleHUY HENOCPeJCTBEHHO B CMECUTEIb ac-
(anpTOOEeTOHHOTO 3aBO/ja HA KAMEHHBIN MaTepua, pasorpeTsiii go 180-190 °C, nepex mnogaveit 6u-
TyMma. s ZOCTIDKEHUS ONTHUMAJIBHBIX pe3yabTaToB gobamiseTcsa 10-15 ¢ JOMIOJHUTEIBHOIO Bpe-
MeHU IlepeMellrBaHus J00aBKY C KAMEHHBIMU MaTepuajaMHy, 3aTeM B CMECUTEb BBOGUTCS OUTYyM
Y IPOU3BOJIUTCS OKOHYATEIbHOE IlepeMelBaHye cMec. ONTHMaIbHOE KOJIMY€eCTBO BBOAUMOH J0-
0aBKH cocTaBJseT OT 2 0 3% OT Macchl OuTyMa. BBeJeHle MEHBIIET0 MIM OOJIBIIETO KOJIUIECTBA
Z06aBKY IPHUBOAUT K CHIDKEHUIO [T0OKa3aTeell CBOMCTB noanMepacaibTobeToHa. Pe3yipTaThl Uc-

mbITaHul noJauMepachanbTobeToHa IpUBEeAeHH! B TabI. 1.

Ta6a. 1. CeoticTBa noaumepachanpbroberona*, moguduimposantoro fo6askoit KITJA®
Table 1. Properties of polymer asphalt concrete* modified with CPDA® additive

HauMeHoBaHMe TOKa3aTes TpeboBauusa mo HI** dakTUYeCKIe [TOKa3aTeIn
OcTraTo4yHag IOPUCTOCTH 2,5-5% 3,27
CpeaHsas IIOTHOCTD, (r/cM®) He HOPM. 2,36
IIpesen MpOYHOCTHU IPU CXKATUU:

-pu 50 °C He menee 1,8 MIla 2,18

-pu 20 °C He HOpM. 4,32

-npu 0 °C He 6osee 9,0 MIla 8,75
IToprcTOCTh MUHEPATBHOH YaCTH He 6011ee 19,0% 15,73
BozoHackieHuEe 110 06beMy 1,5-3,0% 3,5
KoaddumnueHT BOZOCTONKOCTH He menee 0,9 0,94
KoaddunueHT BOZOCTORKOCTH IPU He menee 0,8 0,88

AJNUTEJbHOM BOJOHACHIIIEHUU

*CMmech MenkosepHucTas (7o 20 mm) Tun B, Ha 6utyme BHJ, 60/70.
**CT PK 1223-2013 «Cmecu nonuMepacarbToOeTOHHBIE AOPOXKHBIE, a3POAPOMHBIE U ITOTHMMepac-

¢danpTO6ETOH.

[IpoBeseHbI CPAaBHUTEIbHbIE NCIIBITAHMS 00Pa3IioB U3 Ie6eHOIHO-MaCTUIHOTO [T0I1IMepac-
(anpTobeTOHA, ITOyYEHHBIX HAa OCHOBe IoanMepbuTymHoro Bsixyinero [IEB60, ¢ mpuMeHeHreM MO-
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gudukaropa BUTONAL NS198 u nonumMmepHoro mogudukaropa KIIJTA®. KonrmdyecTBo MoaudUKaTO-

POB IPMHUMAJIOCH B COOTBETCTBUY C JeHCTBYIOIINMY HOPMATUBHBIMHU JOKyMEHTaMU. Pe3yIbTaThl

HICIIBITAaHU IIpUBe/IeHE! B Ta0I. 2.

TaGu1. 2. Pe3ybTaThl UCIBITAHUH I1e6€HOYHO-MaCTUIHOTO IoIuMepacdanbTobeToHa, MoAUGULIN-

POBAHHOTO PA3JIMYHBIMU ITOJIVMEPHBIMI MOL[I/ICPI/IKaTOpaMI/I

Table 2. Tests of crushed stone mastic polymer asphalt concrete with various polymer modifiers

dakTU4YeCKUe [I0Ka3aTeau
HaumeHoBaHUe ITOKa3aTe A TpeBopanuz JJIs1 COCTaBOB*
oo HJ
Nel Ne 2 Ne 3

ITopucToCcTh MUHEPATBHOU YaCTH, % Ot 15 10 19 15,2 15,4 15,5
OcTaTo4yHasg NOPUCTOCTb, % Ot 2 710 4,5 4,02 4,12 4,14
BozoHaceiieHnue o oobemy, % Ot 1 70 4,0 2,8 2,9 3,0
IIpexen mpoyHocTu npu cxatuun, MIla:
- ipu 20 °C He menee 2,8 4,06 4,01 3,97
- ipu 50 °C He menee 1,0 1,4 1,5 1,6
TpPennHOCTONKOCTD, ITpees IPOYHOCTY IIPU He 6ouee 6,5 3,2 3,5 3,9
packoJie MIla, npu Temmnepatype 0 °C He menee 3,0
Bo0CTOMKOCTD IIpU AJINTEIBHOM BOJOHACHI- He menee 0,85 0,89 0,9 0,95
IeHNN
CrekaHue BSDKyIIEro, % He 6oiee 0,2 0,09 0,1 0,1
CpezHSs IVIOTHOCTD YIJIOTHEHHOM CMecCH, He HOpM. 2,34 2,34 2,34
r/cm3

*CoctaB Ne 1 - 1mebeHOYHO-MACTHUYHBIN TouMepachanpTrobeTon Ha IIBB 60; coctaB Ne 2 — miebe-
HOYHO-MaCTUYHBIN TonnMepacdaaprobeToH Ha butyme BH/I 60/90, MogudrIpoBaHHbIH 06aBKOM
BUTONAL NS198 B kosidecTBe 3% OT Macchl buTyma; coctaB Ne 3 — 11e6eHOYHO-MaCTUYHBIIN I10JIH1-
MmepachanpTobeToH Ha 6utyme BH/L 60/90, MmogudunupoBaHHbiii gobaBkoii KIIZJA® B KosudecTBe
2,5% oT Macchl GuTyMma.

O6pasiier fo6aBku KII/TA® GbLIM IpeAOCTaBIEHH! B IIOAPsAHbIE OpraHM3alluy, I/je B aTTEeCTO-
BaHHBIX JIabOPATOPHUAX OBLIYN NMPOBeAEHbI T0AGOPHI COCTABOB I11e6eHOYHOMACTUYHOTO [OJNMepac-
danprobeTona IIIMA20 ¢ mpuMeHeHUEM KaMeHHbIX MaTepHUaJoOB U3 Pa3JINYHbBIX KapbepoB. Pe3yb-

TaThl UCIIBITAHUH B CPAaBHEHUHU C pe3yJIbTaTaMU ABTOPOB IIpe/CTaBIeHbI B TabJI. 3.

Tab. 3. CBo¥icTBa 1[e6€HOYHO-MACTUYIHOTO noauMepachanbTobeToHa*, MOANPUIIMPOBAHHOTO J0-
6aBkoi1 KIIJIA®
Table 3. Properties of crushed stone mastic polymer asphalt concrete* modified with CPDA® additive

dakTUYeCKUe ITOKa3aTeIn
TpeboBanus
HaumMmeHOBaHUe ITIOKa3aTes TOO TOO
mo HJJ** . | TOO «<AKM» .
«KazT'epCrpou» «K-ZlopcTpou»

BozoHackIieHME 110 00BEMY 1-4% 3,5 3,7 3,02
CpeaHsas JIOTHOCTD, I/cM? He HOpM. 2,35 2,39 2,51
IIpesen MpOYHOCTHU IIPU CXKATUM:
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-pu 50 °C He menee 1,0 1,2 1,4 1,2
MIIa
-pu 20 °C He menee 2,8 3,7 3,8 3,1
MIIa

TpeImnHOCTOMKOCTD (IIpezet
npouynocTu npu packosae npu 0 |0t 3,0 5o 6,5 MIIa 3,4 4,4 3,7
oC)
BoZOCTOUKOCTD IIPU AJUTEIBHOM

He menee 0,85 0,95 0,92 0,9
BOJOHACHIILIEHUU
KoadpdunueHnt BHyTpeHHero Tpe-| He menee 0,94 0,96 0,97 -
HUS
CreneHue IIpu CABUTE He menee 0,25 0,32 0,33 -
ITopucTocTh MUHEPATBHOH Ya- 15-19% 16,2 - 16,6
cTu
OcTaTo4Hasg IOPUCTOCTD 2-4,5% 3,0 3,63 3,6
CrekaHue He 6oee 0,2 0,08 0,18 0,12
Mapxka butyma - BH/1100/110 BH/170/100 BH/170/100
Pacxoz butyma, % Mac. (CBepx ) 52 52 53
100%)

*TlonumepmogudunupopanHas cmech IIIMA-20 ua 6utyme BH/I 70/100, cTabuiansupyoiias 7o6aBka
«Xpusompo». [To pesysbraTaM noZ60pa ONTUMaIbHOE KOJUIECTBO OUTyMa COCTABUIIO 5,2%, Z00aBKU
«Xpusornpo» 0,2%.

**CT PK 2373-2013 «CMmecu 11eb6eHOUHO-MaCTUYHbBIE MTOTMMepachanbToOeTOHHbIE a9POLPOMHEBIE U

11e0eHOYHO-MaCTUYHBIN ouMepachanbTobeToH. TeXxHUYeCKUe YCI0BU».

PE3VJIBTATHI 1 X OBCYXXJIEHUE

ITonyyeHHBIe 3KCIIEPUMEHTAIbHbBIE Pe3Y/IbTATHl CBUETEIbCTBYIOT, YTO pa3paboTaHHas J0-
6aBka KIIJIA® Ha OCHOBe IIOJMMEPHBIX OBITOBBIX OTXOZO0B yiay4liaeT GU3NKO-MexaHU4IeCcKue II0Ka3a-
Tenu achasbToOETOHHBIX cMecel U achaTbTOOeTOHOB Ha X OCHOBe. TeXHOJIOr U IIPUMEHEHN pas-
paboTaHHOH 00aBKM MaKCHMaJbHO IIPOCTa, He TpebyeT MprMeHeHUs CIlelualbHOro 060pyoBa-
HUS, MOXET OBITh HMCII0/Ib30BaHa IPAKTHUUECKH Ha JMI00BIX CepUIHHBIX acPanibToOOeTOHHBIX YCTaHOB-
Kax. DdeKT OT KCII0Nb30BaHUS JOOABKU COIIOCTaBUM C 3D (DEKTUBHOCTHIO UCIIOIb30BAHUS IIOIHU-
MepOUTYMHOTO BSIXKYIIIETO 3aBOACKOIO M3TOTOBJIEHMUS, & TAKXKe C eBPOIeHCKUMHU POAyKTaMuU. Pe-
3yJIbTaThl HE3aBUCUMBIX HCIIBITAHUN IOATBepKAA0T 3pdekTnBHOCTD f0obaBky KIIJIA® u BO3MOX-
HOCTb ee IIMPOKOI0 MCIIOJIb30BaHMS IIPH IPOU3BOJCTBE BCEX BUJOB U TUIIOB NoIuMepacdanbTode-

TOHHBIX CMece.

BBIBO/IbI

1) Ha ocHOBe HOJMMEPHBIX OBITOBBIX OTXOZOB IoaydeHa 3¢ deKTUBHAS MOIUMepHas MOJHU-

dunupyrouias fo6aBKa s ropsuux achanrbToOeTOHHBIX CMecel BceX TUIIOB U MapokK.
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2) IlpuMeHeHYe MTOTHMMEPHBIX OBITOBBIX OTXOZ0B B Ka4€CTBe OCHOBHOI'O CHIPhEBOI'O KOMIIO-
HeHTa JJISl IIPOM3BOACTBA J06ABKU IIO3BOJIIET HANIALUTh ee IIPOM3BOACTBO B JIIOOBIX pernoHax, Ize
UMeIOTCS TAKHe OTXOADI.

3) IToBmIIeHMEe GH3UKO-MEXaHUYECKUX XapaKTePUCTUK achaibT06eTOHOB ITI03BOJIUT YBeJIU-
YUTH CPOK O€3PEeMOHTHOM KCIIIYaTaIlVY TIOKPBITUY aBTOMOOUIBHBIX LOPOT.

4) IIpuMeHeHMe J00aBKY B JOPO’KHOM CTPOUTEIBCTBE [T03BOJIUT YTUIN3HUPOBATD 3HAYUTEb-
Hble 00'beMBI IIJIACTKOBOTO MycOpa U 03J0POBUTH 9KOJIOTMYECKYI0 06CTAaHOBKY B MeCTaX ero oopaso-

BaHUA U XpaHEHU.
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B cmamve paccmampueaiomcs npoexmuo-memodureckue acnekms. GopmMuUpo8arnus Ho-
BLLX APXUMUNOE COBPEMEHHOU ApXUMEKMYpbl 8 UCMOopuueckoll cpede Npu ycA08UAX e€
pexoHcmpyKkyuu-pezenepayuu. Ilpusodumcs aHaau3 0CHOBHBLX UCXOOHBLX-0A3UCHBLY CU-
Mmyayuil-cocmoanHuil UCmopu4eckoil cpeds,, Komopule onpedensfiom pa3AudHble pezid-
MeHMmHble U Memoduueckue noo0xo0bl K KOMNOZUYUOHHBIM PeUuleHUAM KAK 0mJeAbHbLX HO-
8blx 30aHULl U cOOpyxrceHUTL 8 caoHUBUelica 3acmpolike, mak U K popmupoganuio epado-
CMpoOUmMeAbHOIL KOMNO3UYUL 8 Yeaom. [Ipedaaeatomea cumyamugrble memoovl peuleHus
apxumexkmypHozo 06AUKA HOB020 CMPOUMeAbLCMEA 8 UCMOpUdeckoll cpede ¢ onpedenét-
HUMU APXUMUNUYECKUMU XAPAKMEPUCTUKAMU.

Kaio4deBbie cjaoOBa: ncropn4decKada cpejga, peKOHCTPYKIOUA-pereHepagmud, apxmuTekK-

Typa, apXUTUIBI
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The paper discusses the design and methodological aspects of forming new types of modern
architecture in the historic environment when it is being reconstructed and regenerated.
The paper analyzes the main basic and initial situations and states of the historic envi-
ronment. They determine various regulatory and methodological approaches to compos-
ing both separate new buildings and structures in the existing development, and to form-
ing urban composition in general. The paper aims to propose situational solutions to
architectural appearance of new construction in the historic environment with certain
features of architecture types.

Key words: historical environment, reconstruction-regeneration, architecture, architec-
ture types
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BBEJEHWNE

B OCHOBY MeTOZ0JIOTHYIECKOTO IT0AX0/a K Pa3paboTKe HOBBIX apXUTHUIIOB 3aJ0XKeHHl PyHAa-
MeHTaJIbHbIe IIPUHIIUIIBI COXPaHeHNs eJUHCTBA CTApOro K HOBOTO, COXpaHEeHUs U PasBUTHUA I'Pajo-
CTPOUTENBHOM KOMIIO3UIINY KaK I[€JIOCTHOHN TKaHU NCTOPUYECKOHN CpeZibl C YIETOM IPUOPUTETHOM
poJiu haKTopa YBeIUYEHUS 3CTEeTUIECKON MacChl TopoJa.

CoBpeMeHHas TeOpHs BBIZEISIET TPU OCHOBHBIX MCXOAHBIX U, CJIeJ0BATEIbHO, perjaMeHTH-
PYIOLIUX CUTYAI[UU B IPOIlecce PeKOHCTPYKLIMU-pereHepaly HCTOPHUIECKOH Cpebl:

1) nprusHaHNe JOMUHUPYIOIEH I[eHHOCTHU UCTOPUIECKOH CpeJbl B IIeJIOM,

2) npu3HaHVe JOMUHUPYIOIIEH [IeHHOCTH JOKAJbHBIX (GparMeHTOB UCTOPUIECKOH Cpesbl —
JIOKaJIBHBIX TPYIIOBBIX 30H OXPaHbl IIaMSITHUKOB apXUTEKTYPHl KJIU 000COOJIEHHBIX OOBEKTOB
OXpaHBbl — MaMATHUKOB apXUTEKTYPHL,

3) mpusHaHVe JOMUHUPYIOIIEH [eHHOCTH HOBBIX OObEKTOB — HOBBIX 3/[aHUI B UCTOPUIECKOH
cpeze.

PereHepariys HCTOPUYIECKON CpeJbl KaK JBYeAMHBIH IPOLlecC COXPaHEeHUI U PasBUTHI IIpej-
mmosiaraeT Hen30eXHOCTh — HEOOXOAMMOCTb HOBOI'O CTPOUTENBCTBA — BHEAPEHUSI B UCTOPHUUECKYIO
TKaHb rOpo/ia HOBBIX 3JaHUI U COOPY)XeHUH. AJIbTepHATHUBON 3TOMY IIPOIIeCCY 0OHOBIEHUA-Pa3BU-
THSA MOTYT OBITH MJIV TOTaJbHAas KOHCepBalus — My3eedUKanus HCTOPUIECKOI Cpebl, UK IIepMa-
HeHTHas pecTaBparus eé sneMeHTOB. 0062 3THUX IIpoliecca UCKIIOYAIOT BCIKYIO BO3MOXKHOCTD I'Pafio-
CTPOUTENbHOH eI TeIbHOCTY — Pa3BUTH, IPUBOAAT K CTATHAIIUY U eTPaJaliiy COIUaJIbHO-9KOHO-
MUYeCKOH, QYHKIIMOHAIBHON U COLNaIbHO-AeMorpadudeckoi cucteM roposa. Kpome Toro, sBassach
HauboJiee 9KCTPeMaIbHO KallUTATOEMKIMU, 3TH IIPOIIECCHl pealusyoTcs B KpaliHe peJKUX, UCKIIIO-
YUTEbHBIX, 9KCKJIIO3UBHBIX CIyJasix.

METOZOJOTUA ®OPMUPOBAHN A HOBBIX APXUTUIIOB
B ICTOPMYECKOMU CPEJE

MaciTab BHeJpeHUs NN NHTEPBEHIINN HOBOM apXUTEKTYPhl B UCTOPUIECKYIO Cpesy OIIpe-
JiessieTcs He TOJIbKO KOHKPEeTHOH IpaZloCTPONTENbHON CUTyalnell MecTa, «CTaTyC-KBO» UCTOpUUe-
CKOI cpeAbl, HO U pa3iINYHOlN OCHOBOIIOJIATAIONIell cuTyareli e€ KaueCTBeHHBIX XapaKTePHUCTUK Ha
OCHOBE KpUTEepHeB LIeHHOCTU apXUTEKTYPHOIro HacjaeZANs, U3BECTHBIX CO BpeMéEH Ayomusa Purig, a
TaKXXe MepPOH 3CTeTUIEeCKON MacChl Cpeibl, OIIpesiesIsieMol B3aMOOTHOIIIeHeM QaKTopa IopsigKa 1
(akTopa CI0KHOCTH.

B mepBoM ciydae - B CUTyaIluM NPHU3HAHUSA AOMUHUPYIOIIEH IIEHHOCTH HCTOPUYECKOMN
CpeABl KaK eIHOTO I1eJI0OCTHOT'0 0O0'beKTa OXPaHBbl, BHEAPEHNE — UMILIAHTAIUS — HOBOH apXUTEKTYPhI
IIOAYMHAETCS MeToJaM JeBU3yaau3aliiy U JeMaTepruaan3aliy 34aHNH B I[eNIX YMeHbIIeHUs HeTa-
THBHOTO BO37I€HICTBUS HOBOTO CTPOUTENIBCTBA Ha BHU3yaJbHOE BOCIIPUATHE NCTOPUYECKOH CpEZBI.
37iech HOBbIE ITOCTPOMKY ODKHBI DepekHO 1 aKKYPaTHO «JIaTaTh» JIAKyHbI 00BETIIABIIEeH NCTOpUYe-
CKOI1 TKAHU ropo/ia Ha OCHOBe METOJUKU IPaZloCTPOUTENbHON pereHeparuy, Oupasich Ha UCTOPU-
YECKYIO II0JJ0CHOBY U IPUHIUIIL KOHTEKCTyaJIr3Ma IIPU COXPaHEHNY OCHOBHBIX XapaKTePUCTUK HC-
TOPUYECKOM Cpezbl: MacuITaba, MOAYJISA U pUTMa 0 GopMysie «MUHUMAKCOB», TO €CTh IlapaMeTpPhl
HOBBIX CTPOEHU JOJDKHBI OBITh B CTPOTHX HEPABEHCTBAX «He 60JIble 60IbIIET0 1 He MEHbIIle MEHb-

IIero» COOTBETCTBYIOIIMX IIapaMeTPOB HCTOPHUUECKOM cpezbl. Hanbosiee MONyISpHBIMU apXUTU-
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[1aMH HOBOM apXUTEeKTYPHI B JaHHOM CUTYalllU ABIAIOTCA: 3JaHNe-«3ePKao», 34aHNe-«KyJIuca», 34a-
HUe-«xaMeJIeOH», 3/jaHNe-«IIPU3paK» WM «HeBUAUMKa». TakuM obpasoM, GopMupyeTcs apXUTeK-
TYPHO-T'PaZIOCTPOUTEIBHBIN TAJNMIICECT KaK eJMHasA KOMIIO3UIIMOHHAS TKAHb HCTOPUYECKOH Cpebl

0e3 pa3phIBOB, JAKyH U IP0o0OeJIOB, KaK SHTPOIIMYECKOe IPOCTPAHCTBO (puc. 1).

g N ¥

Puc. 1. Myseii «COLUMBA». Apx. ITerep LlymTop / Diocezan Museum «COLUMBA». Arch. Peter
Zumthor. IIpuMep apXUTEKTYPHOTO MAJUMIICECTA IIPU COXpPaHEeHUU IreHUs MecTa (genius loci)
B KOHIIeNnuuu KoHTeKcTyanusMma (McrouHuk: dezeen.com)

Fig. 1. Diocezan Museum «COLUMBA». Arch. Peter Zumthor. An example of an architectural pal-
impsest while preserving the genius of a place (genius loci) in the concept of contextualism
(Source: dezeen.com)

Bo BTOpOM Cily4yae, KOI/ia ICTOpPUYeCKas cpeJia pacajaeTcs Ha OTAebHble pparMeHTHI — JIO-
KaJIbHBIE 30HBI 1 000CO6IeHHBIE 0OBEKTHI OXPAHbl HACAEANS, OKPYKEHHBIE COBPEMEHHOU 3aCTPOT-
KO, KOTOpast BO MHOTHX CUTYalUsIX BCTYIIAET B IUCCOHAHC C JOMUHUPYIOIIEH e HHOCTHIO TaMSITHU-
KOB apXUTEKTYPbl, HEOOXOANMOCTb rapMOHU3AI[MY KOMIIO3UIIMOHHBIX CBSI3€H CTAPOTO U HOBOTO CTa-
HOBUTCH ellje Dojiee 3HAYUMOI, YeM B IIpeABIAYyIIeM ciaydae (puc. 2). DTa 1esb JOCTUTAeTCs CPel-
CTBaMU XyZ0XeCTBEHHOTI'0 KOHTPACTa CTAPOTO ¥ HOBOTO KaK AyaiusMa AeTaau u GoHa, KOHKPETHOT O
u abcTpakTHOro. HOBas 3acTporika 0/DKHA 3aMM0MHITh MEXK30HaAbHBIE TPOCTPAHCTBA KaK SIIUTEIN-
anpHas TKaHb U GOPMUPOBATH BU3YaJIbHBIE CBSI3U MEXKAY JOKAJIbHBIMU 0ObEKTAMM OXPaHbl Hace-
[IUsI C LIeJIbI0 PereHePaIiy KOMIIO3UI[MOHHOTO e[UHCTBA UCTOPUIECKON Cpe/ibl. B apXuTunuieckom
acleKkTe HOBas 3aCTPOMKA JODKHA BOCIPOU3BOJUTH OCHOBHBIE XapaKTEPUCTUKU HCTOPUYECKOM
CpeZbl B KaHpe KOHTEKCTyaJn3Ma: MaciTab, MOAy/Ib U PUTM CYIIeCTByIolel 3acTpoiiku (puc. 3 u
4).
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Puc. 2. My3set <COLUMBA». Apx. ITeTep HYMTOp / Diocezan Museum «COLUMBA» Arch. Peter
Zumthor. ®parmenT dacaza. [IpumMep apXUTEKTyPHOTO [TATMMIICECTA ITPY COXPAHEHUU I'eHUS
MecTa (genius loci) B koHIenIUYM KOHTeKcTyanusMa (Mcrounuk: dezeen.com)
Fig. 2. COLUMBA Museum. Arches. Peter Zumthor / Fragment of facades. An example of an archi-
tectural palimpsest while preserving the genius of a place is the geniuslociv concept of contextual-
ism (Source: dezeen.com)

Puc. 3. PekoHCTpyKIIUA-pereHeparusa KsapTaia <<SPEIHERSTADT>> B parione «<HAFENCITY», l'am-

Oypr. IIpuMep KOHTEKCTyaIbHOI apXUTEKTYPHI ¢ aneMeHTaMu «adhoc» (McTounuk: dezeen.com)

Fig. 3. Reconstruction and regeneration of the SPETHERSTADT quarter in the HAFENCITY district,
Hamburg. An example of contextual architecture with «adhoc» elements (Source: dezeen.com)
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Puc. 4. KouBepcruoHHas peKoHCTpyKuus pationa «HAFENCITY», Fam6ypr. Ilpumep KOMILIEKC-
HOTO
KOHTEKCTYaJIbHOI'O pellleHUs IpaZoCTPOUTeNbHON KoMo3unuy (Mcrounuk: dezeen.com)
Fig. 4. Conversion reconstruction of the district <HAFENCITY», Hamburg. An example of a com-
plex

contextual solution of an urban composition (Source: dezeen.com)

B coBpeMeHHOI apXUTEKTYPHOH IIPaKTHKe IIPOYHO YTBEPAUIACh aPXUTHUIINIECKas CTUJIU-
CTHKa HeOBEPHAKYJIIpa KaK (OPMaTHUCTHIECKOTO BOCIIPOM3BEAeHNSI KOMIIO3UIIIOHHBIX CBOMCTB HC-
TOPUYECKOH 3aCTPOIKHU, 4aCcTO B abCTPAKTHOM, OIIOCPeLO0BaHHOM Buze. KOHTeKCTyalbHas 9CTeTHKA
HeOBepHAaKyJIsIpa OTPUIlaeT (OPMaTIbHO IIOBEPXHOCTHBIH MOCTMOZEPHUCTCKUH UCTOPU3M C €T0 CTH-
Jusanuen, TUTUpoBaHueM u danscudukanyeil ucTopuu (puc. 5).

‘ mlmmmmumluu!!m::"m!mms!

Puc. 5. Bxo#HOI IaBUJIBOH B APXE0JOTUIeCKYIo IpoMeHaZy Ha My3eliHOM ocTpoBe BepimHa.
Apx. JsBuz Yunnepduiy / Visitor Centrum, Archaeologische Promenade, Museuminsel, Berlin.
Arch. David Chipperfield. IIpumep apxuTeKTyphl HeoBepHaKyIsipa (Modern Vernacular)
(UcTounuk: dezeen.com)

Fig. 5. Entrance pavilion to the Archaeological Promenade on the Museum Island of Berlin. Arch.
David Chipperfield. An example of the architecture of a new-vernacular (Modern Vernacular)
(Source: dezeen.com)
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06a pacCMOTpPEeHHBIX BapHaHTa PEKOHCTPYKIUM KaK pereHepaluy NCTOPUYECKON Cpenbl
06BeINHAET MeTOANYECKUH IPHUHITUII BOCIIPOU3BeIeHN MECTHBEIX 0COOeHHOCTEe!H UK afXOKpaTH-
YeCKUH MoAX0k K GOpPMUPOBAHNIO APXUTUIIOB HOBOU 3aCTPONKY B UCTOPUYECKOM CpeZe. ApXUTeK-
Typa B JkaHpe «az xok» (ad hoc) popmupyercs cpegcreamu:

- APXUTEKTYPHOIO IaJINMIICECTa — HAaCJaUBAHUSA CTAPOr0 M HOBOI'O, KaK CII0co06a PaCKPHITH,
9KCIIOHMPOBATH UCTOPHIO MECTa CO CTPeMJIEHNEM BBIPA3UTh CYLIHOCTD «genius loci» — fyxa MecTa;

- TEMaTUYEeCKOT0 eUHCTBA I'PAJOCTPOUTENHHON KOMIIO3UIIUY KaK CPeZACTBa BBIABIEHUS U
aKIeHTUPOBAHUA ZyXa MECTa, BO3BPAIEHHA 1 COXPAaHEHU UCTOPUIECKON TaMATH MeCTa.

DTH ABa HAIIPaBJIEHUS pereHepanui HCTOPUIECKON Cpe/ibl YTBEPKAAIOT IPUOPHUTET JOKAIb-
HOTO HaJ abCTPaKTHO-6eCIIOUBeHHBIM, YCTAaHABIMBAIOT JOMUHUPYIOUIYI0 3HAYMMOCTb KOPEeHHOH,
KOHIIEIITYQJIPHON CBSI3M COBPEMEHHOH apXUTEKTYPHL C MECTOM €€ CO3JaHUs, CO CIOKUBILEHNCS MU
BO3pOXXAaeMOH AipaMaTypruel mpocTpaHCTBa.

Ho ecTp u TpeTuii myTh — IyTh HAa IpU3HAHKE JOMUHUPYIOIIEH [[eHHOCTY HOBON apXUTEK-
TYPBI B ICTOPUYECKOU Cpejie, BOSHUKINKI KaK IIPOTeCT NPoTUB aaxokpaTuu (adhocracy), To ecTs go-
MUHUPOBAaHMI MECTHBIX 0COOEHHOCTEH KaK IeMOHCTPATUBHBIM 0TKa3 OT ZOMUHUPYIOLeH I[eHHOCTH
HCTOPUYIECKOH CpeJbl.

dTo HanpaBieHUe (POPMUPOBAHUA HOBOU apXUTEKTYPHI OIIPABABIBAET CBOE MECTO B HCTOPHU-
4eCKOH cpeJie B ABYX PaJUKaJIbHbIX U MaMeTPAIbHO IPOTHBOIIOIOXHEIX CUTYAIHSX:

- B CJIy4ae BBICOKOM HCTOPUKO-KYJIbTYPHOU IJIOTHOCTH CYIIECTBYIOIIEH TOPOJCKOMN CpeAsl C
OOIBIINMU, YaCTO MAaKCUMaJbHBIMU 3HAYEHUSIMU €€ 3CTETHUYEeCKON MacChl;

- B cay4ae aMopdHOE U 1200 CTPYKTYPUPOBAHHOL MCTOPUIECKOH CpPebl C MUHUMAaIbHBIMU
3HAYEeHUSAMU e€ 3CTeTUYEeCKOH MacCHI.

B mepBoM ciy4ae, mpu 60JbIINX 3HaUeHUAX pakTopa mopsagka u GpaxTopa CI0KHOCTHU, CUU-
TaeTcsl, YTO MOSIBJIEHE HOBOTO 3JIeMEHTA B 3CTETUYECKU COBEPILIEHHON M KOMIIO3UIIMIOHHO 3aBep-
IIIEHHOH Cpejie yKe He CMOMKeT IIOBPeJUTD UIH Pa3pyIIUTh €€ I1eJIOCTHOCTh U €JUHCTBO, AaXKe eCIU
9TOT HOBBII OOBEKT SBJSETCS JOMUHUPYIOIINM MU IIPOBOLUPYIOUIVM JUCCOHAHC Ha OCHOBE paju-
KaJIbHOH WHBEPCUY KOMIIO3UIIOHHBIX CBOMCTB MICTOPUYECKOH CPeAbl.

Bo BTOpOM ciy4ae, B cuTyanuu amMopdHOH U c1abo CTPYKTYPUPOBAHHOH HCTOPUYECKOU
CpeABl, HOBas apxXUTEKTypa ¢ eé JOMUHUPYIOMEH POJIbIo IpU3BaHa chOPMUPOBATh KOMIIO3UIIMIOH-
HBIY LEHTP CYILIECTBYIOIIEH 3aCTPONKY 1 YBEJIUYUTD €€ 3CTETUYECKYI0 Maccy Kak o (paKkTopy Io-
PSAKA, TaK U 110 PaKTOPY CIOKHOCTH.

B coBpeMeHHON apXUTEeKTYPHOU ITpaKTHKe (pOpMUpPOBaHUE JUCTapPMOHUYHBIX 3JIEMEHTOB C
JeCTPYKTHUBHOH II€JIbI0 pPean3yeTcs B XyJOKECTBEHHBIX (GopMax JeKOHCTPYKTUBU3MA, OTPaKalo-
Imero oOpaskbl 3CTETUKU Xaoca B [IATH apXUTUNINYECKUX chepax CTUXUI IPUPOAHOro Xaoca: xaoca
CTUXUM 3€MJIM, Xa0Ca CTUXUM BOJBI, Xa0Ca CTUXUU BO3JyXa — BETPa, Xaoca CTHUXUU OTHI U Xaoca
KU3HU — 6rocdephl. BO3HNMKIO MHOXeCTBO GOPMaTbHBIX aPXUTUIIOB Xaoca: JaHA(DOPMBI, JeCTPYK-
THUBHBIE U (PaKTATbHBIE 00BEKTHI, BOJHOBBIE ATTPAKTOPHI, OMOMOP(PBHI, «3araZlouHOe O3HAYAIOLEE,
«JIOBIIBI BETpa», IuasMoubl, popmel kocMoreHesa. [Ipodeccop Yapianss JKeHKC BBIZEISI CEMb apXU-
THUIIOB 3TOM HOBOH IIapaZIuIMbl COBPEMEHHON apXUTEKTYPbl, TOBOPS O TOM, YTO «CeMb JIACTOUEK eIl
He JIeJIAIOT JIeTa», HO U 6e3 BEeCHBI, JIeTSIIel Ha KPBUIbSIX 9THUX JIACTOYEK, JIETO He HACTYIIUT HUKOT/A,
He BO3HUKHET 3TOT I1apaZloOKCAJIbHBINM MUP XaOTHUYHBIX 00pa3oB B HAIIMX rOpoJax, MUP, B KOTOPOM
BO3MOIKHO BCE, KpOMe CKyKH, BeJb «Ilepe/; CKyKOi Aaxke 60U craraioT 3HaMEHa», Kak roBoput Opu-

apux Hurne (puc. 6 u 7).
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POBaHUS HOBOU apXUTEKTYPHI B UCTOpUUIecKol cpege (McTouHuk: dezeen.com)

Fig. 6. Forum «Les Halles» in Paris. Arch. Patrick Berger & Jacques Anziutti. An example of the
dominance of new architecture in the historical environment (Source: dezeen.com)

Puc. 7. [TaHopaMa LeHTpanbHOH yacTu JIoHZ0HA. XaoTUYHOE (POPMUPOBAHUE IPaZOCTPOUTED-

HOU KOMITO3UIIUY C IPU3HAHUEM JOMUHUPYIOIIEN POJIU HOBOM apXUTEKTYPHL B UCTOPUIECKON
cpeze
B KOoHIenmu 60pbbbl ¢ agxokpartueti (adhocracy) (McTounuk: dezeen.com)
Fig. 7. Panorama of the central part of London. Chaotic formation of urban composition
with recognition of the dominant role of new architecture in the historical environment

in the concept of combating adhocracy (Source: dezeen.com)
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BBIBO/IbI

AHanu3upys pasjIudHble MeTOAUYeCKHe NMoAX0Abl K GOPMHUPOBAHUIO aPXUTHUIIOB HOBOH 3a-
CTPOMKU B UCTOPUUIECKOH Cpefie, OKOHUATEIbHBIN BEIOOD AeIaeT KKABIN apXUTEKTOP B KAXKJOM KOH-
KPEeTHOM CJIy4ae, HO HeJb3s 3a0bIBaTh U HY>KHO BCErza IOMHUTD, YTO He apXUTEKTOP BEIOMpaeT ro-
POZ, a TOpoJ BBIOMpaeT apXUTEKTOPa, YTO He aPXUTEKTOP PellaeT, KAKUM OBITh UCTOPUIECKOMY I'o-

POZY, a TOPOA pelaeT — KAKUM OBITh apXUTEKTOPY.
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Paccmompenuvl ocobennocmu Gopmuposanus neuexo0Hvix Mypucmuueckux Mapupymos
8 maavlx eopodax I1080aXMCKO20 peeuloHa Ha npumepe 2. FOpvesya Heanosckoil obracmu.
IIpoanasusuposanvl.  npuéme. 044  NOAHOYEHHOU  peadusayuu  nomeHyuanda
ucmopuueckoeo yewmpa eopoda. Jawa kaaccugukayus 00%BeKmos apXumekmypHozo
Hacaedus. OnpedeneHa poab OCHOBHBLX (Qakmopos (anandwagm meppumopuu,
Mpancnopmhuble KOMMYHUKAYUU, peKpeayuUOHHble pecypchl, COYUOKYAbMYPHbIE U
8U3YAAbHble 0COOEHHOCMU IKCNOSUYUL), BAULIOUWUX HA OpP2AHU3AYUI0 Neuexo0HblLX
mypucmuieckux Mapupymos. IIpedcmaganeno uccnedogarnue npobaemol
g3aumodeiicmeus cmapozo U HOB8020, UX COBMECHMHO020 CYU,eCMEOBAHUL 8 CMpyKmype
20p0o0ckoil cpedvl. BuiggseHbl 803MONCHOCMU UCNOALI0OBAHUSL MEPPUMOPUIL 20p0ICKUX
npocmpamcme 048 Op2aHU3AyUU  NeweX0OHBLX  NPOYAOUHLLX  MAPUWPYMOS,
peceHepupyowux yAyiulenue Kavecmea 20po0dcKoli HUIHU.

KiouyeBblie CJ0Ba: MNaMITHUKW AapPXUTEKTYpPbl; IMelIeXOZHBEe TYPUCTHYECKHUE
MapHIPyTHl; TOPOACKas HCTOPHUYECKAsA cpeZa; CTPYKTypa ropoja; MCTOPUUECKUHU
I[EHTD
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The paper illustrates how walking routes in small towns of the Volga Region are formed.
The town in question is Yuryevets, Ivanovo Region. The study analyzed the techniques
for realizing the full potential of the historical city center. Architectural heritage objects
were also classified. The paper outlines the role of the main factors (landscape, transport,
recreational resources, socio-cultural and visual characteristics) influencing the
organization of walking routes. The paper presents the study of interaction of old and
new, their co-existence in the urban environment structure. Finally, the study identified
opportunities to use urban spaces to organize walking routes, improving the quality of
urban life.

Key words: architectural monuments; walking routes; urban historical
environment; city structure; historic center
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INTRODUCTION

In the beginning of the XXI century, the appeal of Russia's small historic towns for tourism has
increased significantly. After erecting numerous architectural monuments, there was now enough
experience to preserve the historic environment of such towns, turning the towns center into a tourist
web of walking routes. This is especially clear, in particular, in Suzdal, Vladimir Region.

Russian and international experience shows that the historic and architectural heritage serves
as the basis for social and economic development of the territory. Understanding the role and function
of heritage, as well as the spatial distribution of its objects, leads to studying the state of heritage objects
themselves, increasing their preservation and degree of use [1].

This paper looks into preserving cultural heritage sites and the historic center of Yuryevets,
Ivanovo Region (Fig. 1).

Fig. 1. The historic center of Yuryevets [2]

Architectural monuments in this town are not stand-alone objects, but an integral part of the
whole structure, elements of the public space. The whole urban environment grabs interest because it
becomes these monuments make it whole. At the same time, including architectural objects in walking

routes encourages the town authorities to reconstruct and maintain them in proper condition.

RESULTS AND DISCUSSION

The analysis of Yuryevets development has shown that the social and economic situation there
has deteriorated in recent years. Despite its powerful recreational, historic, and cultural potential, the
city does not realize it to the full extent. Obviously, with a well-thought-out approach, this resource can
give a new impetus to the economic development of the town and the revival of its cultural traditions.
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Let us consider the social and cultural design of Yuryevets. The town already has experience
of its development by completing various cultural projects. However, its development needs to be
"restarted", having worked out a development strategy beforehand.

Thus, the problem lies in the objectively existing contradiction between the social and cultural
potential that tourism has as a means of preserving the region's historic and cultural heritage and
insufficient realization of this potential in the project and program activities. At the same time, the
tourism potential of Yuryevets, the identity of the still preserved integral fragments of the historic and
architectural environment of the town center is beyond doubt.

Along the Volga, the Ivanovo region includes Plyos (population: 1732), Kineshma (population:
80950), Yuryevets (population: 7945), and Puchezh (population: 6255) (Fig. 2). These small Russian
towns have rich history and unique beauty of urban landscapes, where water vastness of one of the
largest Russian rivers - the Volga, its steep banks, and residential development are in total harmony
with each other.

P L E9a MBAHOBCKAS OB fIACTb

Fig. 2. Volga towns on the map of Ivanovo Region [3]

HWKEOPOICKAR
05 l'IACT

Historically, the right-bank Volga settlements of Ivanovo Region (Fig. 3) have a number of
spatial, social, and cultural features.

Fig. 3. General views of the Volga towns - Plyos (a) [4], Kineshma (b) [5], Yuryevets (c) [6]
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These are:

- the placement on the high bank of the river with the actively expressed landscape in two
levels - coastal and upland parts.

- unique skylines and panoramic views from the water area of the Volga;

- a bell tower or a church as the spatial reference point and dominant feature;

- part of the town's territory was flooded during the construction of the Gorky Reservoir;

- valuable architectural and historic heritage (preservation of fragments of the urban
environment).

These features become a resource for attracting tourists. In particular, significant funds are
involved in forming tourism infrastructure in Plyos and Kineshma. However, Yuryevets is no less
interesting. It is also attractive because prominent figures of the Russian culture lived there - directors
Andrei Tarkovsky, Alexander Rou, and the Vesnin brothers, architects.

There is a growing threat of the disappearing architectural heritage in the town due to the
complete lack of restoration works. Architectural monuments are being destroyed, the ensemble
organization is disappearing, and the unique look of the town is being lost. The lack of a well-thought-
out preservation policy has led to a large increase in the number of dilapidated architectural structures
over the past decade. At the moment, the historic center of Yuryevets cannot provide residents and
tourists with a comfortable and safe public space for walking. This, in turn, negatively affects the
overall quality of the urban environment.

Development of tourism potential is a highly profitable industry, which has great social and
international significance for the town as a whole and for each of its inhabitants. The importance of
tourism as a source of permanent income, employment, and interpersonal contacts has been growing
steadily. By preserving unique monuments and fragments of public space, the town keeps its tourist
functions. In addition, it is necessary to develop and implement walking routes as a project to revive
the architectural and landscape system that helps preserve the town image. Proposing to create new
routes will increase interest in Yuryevets not only among the Russians but also tourists from abroad
considering the historic and cultural architectural objects and landscapes preserved in this city.

Walking zones appeared in Western Europe in the 50s of the 20th century. To organize and
improve them, narrow streets in historic cities were freed from cars. Each walking route usually
consists of entrance, path, exit, intersection, totem, main space, secondary spaces - of second and
third order [7].

This is well-known and it requires key principles of strategic planning for architectural and
landscape organization of tourist routes in the Volga towns, including Yuryevets, which should be
developed scientifically.

Types of planning for walking routes in historic towns include: linear, circular, and free.

A walking route is an established and organized route for travelers for recreation and self-
education. It is an integral part of the urban environment with limited traffic, multifunctional zoning,
and uniform design style, it is visually complete and closed, and characterized by a close relationship
between the artificial and natural elements.

Walking routes include a number of types of architectural and planning structure: pedestrian
street, boulevard, plaza, sidewalk, crosswalk, waterfront, parkway.

The architectural and spatial significance of the walking routes lies not only in the creation of
comfortable movement for tourists, but also in the harmonious unity of the unique objects of different
eras. Therefore, stylistic consistency with the environment, as well as a reasonable tracing and location

101



TOM 2, BbINYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE
SMART COMPOSITE IN CONSTRUCTION

in the city, are the most important principles for the organization of such routes [8].

The research identified the main cultural and historic centers of Yuryevets and the unique
objects included in them with brief descriptions:

- fortresses (Levoberezhnaya, Georgievskaya, Voskresenskaya, Voznesenskaya) (Fig. 4);

- buildings and constructions specific to the urban environment (74 objects);

- lost churches (11 objects).

Based on the analysis of the identified objects of cultural heritage and systematization of
materials solutions, we propose new walking routes.

They are based on the following methodology.

Stage I - Strategy formulation. Defining goals, objectives in forming a system of walking routes;
social and economic analysis; drawing up a reference plan.

Stage II - Classification for proposed routes:

- by construction date (dating of facilities and routes);

- by material type (stone, wood);

- by object type (fortresses, lost architectural objects, including flooded).

Stage III - Development of route planning principles.

The main objectives of the architectural organization of walking trails in Yuryevets are:

- ensuring route continuity;

- forming optimal conditions for visual perception of architectural objects; the inclusion of
natural components;

- creating an adapted environment for people with disabilities and a unified information and
orientation system.

Cox 2ocydap Kper i XVII-XIXee 2opoda KOpbesey-llosonbckuil

Fig. 4. Combined map-scheme of state fortresses of Yuryevets-Povolsky in the 18th-19th centuries

The research revealed the architectural monuments in the Yuryevets town center dating back
to the early 17th - early 20th centuries and belonging to different styles - classicism, art nouveau,
eclectic (Fig. 5).
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Fig. 5. Plan of the location of churches in Yuryevets, Volga Region, at the end of the 19th
and the beginning of the 20th centuries

We also grouped the monuments (wooden or stone architecture; stylistic affiliation;
construction date) in the historic center of the city. Next, we formed tourist zones, the axes of which
are Sovetskaya Street and Lenina Street with the proposed regulations of pedestrian traffic along them.

At the intersection of routes, it is proposed to form nodes of public open spaces based on
existing squares and public gardens. Dilapidated buildings should be restored along with their lost
elements. Obviously, the complete restoration of the historic appearance of the city is a problematic
task. Even if the main part of the 19th century street is preserved, it is impossible to restore its
"authenticity", as every smallest detail (kiosk, shop window, signboard, lantern) determines its
appearance. Nevertheless, despite the streets always change, the external appearance of modern
buildings can contribute to the preservation of the historic environment, the improvement of the city
center, and the recreation of the image of times long gone. Public buildings have always played a
special role in forming urban ensemble, its style [9]. The appropriate historic atmosphere is ensured
by how and where such buildings, objects, and small architectural forms are placed, made in the
appropriate stylistics, with respect to the decor and flavor of the given time. The task of neutralizing
the impact of new construction on the architectural and urban heritage objects is solved using some
methodological recommendations of the architect N.N. Kudryashov [10].

The main walking route structure is presented on the layout plan of architectural sites of

Yuryevets (Fig. 6).

103




TOM 2, BbINYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE
SMART COMPOSITE IN CONSTRUCTION

Mna-cxema apXUTEKTYPHbIX 06 LEKTOB Ha TYPUCTUYECKOM MapLupyTe B r.lOpbeBel

CywecTayuMe OBbeRTH apXHTER

1. yepKosb cowecrsun cs.flyxa wa AnocTonos
2. uacoshn 8 namaTs Lepken packosbi-ATHALKOR
3, BoronarieHcKan LiepKosb

4, Muthna 24. KameHHbiE Toproadie pa)
5. 4aCOBNA & NaAMATS BNATOBEUIENCKO LEPKIH 25. Nuredmeii fow

6. B 61

7.G i oboj 27. pom flemwposa
8. Yenewckuit xpas B 28,
9. xpam Poxecrsa Xpucrosa 29, Pewckosbit norpe6.
10. uepKosb Poxaectsa boropoauust 30. o MM Yepraccxoro
11. CpeTencxn uepkons. 31. MyxcKan rumnasun
32. i 33808
YrpauenHte OB eKTH apIMTERTYPU: 33. Kenckan rummazun
34. Kaswaueiicrao
MoHacTHpR 35, Kopnyca 7 $aby
pKo! 36. fom Epumosa
14. Boawecencran eprosh 37. pow fluuosa
15. (leTpOnaBNORCKaR LEPKOBL 38, Jemcan GonbHuua
16. BraroBeuieHCKas LepKosh 39, sopoHanopHan Gawnn
17.Npeobpaxenckan yepkosb
wero Conoseuxoro owacrupn (@) mews sopupyra

p.Bonra

Fig. 6. The plan of movement between the architectural objects in Yuryevets

The following solutions are proposed:

- information boards and building models should be installed in the place of lost and flooded
objects;

- on Pyatnitskaya, Simonovskaya, Predtechenskaya, Pushkarikha mountains with a panoramic
view of the historic town center it is a important to create the exhibition areas, allowing to view the
monuments as cognitive tourism objects;

-when accepting landscaping projects with the development of pedestrian streets and adjacent
nodes, it is necessary to consider the architectural and artistic qualities of the environment, visual
connections - view frames, the picture of a visually perceived space.

It is also important to make walking routes comfortable - continuity, connection with the
transport system (parking for cars and tourist buses) talking the nature into account. In doing so, it is
necessary to maintain an optimal balance between green and paved surfaces, architectural and green
facades, creating a vertical diversity of space while including nature components and forming an
aesthetic image.

The main feature of Yuryevets while forming walking routes is the unique landscape of its
upland part and riverside zone, as well as its distinctive vegetation potential. These recreational
resources fit logically into the concept of shaping walking trails.

Recommendations for forming a system of walking trails:

- organize independent walking routes and differentiate them thematically; Preserve unique
street images as «beds» of walking routes (e.g., Sovetskaya Street and Lenina Street), which shape up
the historic image of the town;

- restore historic and use the existing dominants, reveal the visual structure of the town; Define

«visibility zones» for properties appropriate in the historic environment; Draw up the rules for the new
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construction (such areas should be delineated, first of all, for the most significant historical
panoramas, which should be given the status of protected areas);

- install observation platforms on the mountains (with a comfortable ascent, fencing, and
lighting provided);

- include natural components, weave walking routes together with the natural and ecological
frame of the town; Assign the status of tourist attractions to natural monuments as urban landmarks;

- implement landscape tours not only along the routes within natural areas, but also along the
town streets closely connected to the monuments of architecture, archaeology, and history.

Recommendations for transforming the «fabric» of walking routes:

- demonstrate historical layers of the town development for all to see and study, the so-called
selective «retro-development» on information stands or scale models;

- create passages in different levels and interior spaces, taking into account the climate and
winds, to organize continuous walking routes; Take into account environmental factors - wind in
winter, sun rays in summer.

Recommendations for transforming the information system of walking routes:

- organize an information and communication system with different types of landmarks and
«tourist terminals» - devices that can provide tourists with information about places of interest in
different foreign languages after the main sightseeing program;

- design small architectural objects (benches, trash bins, etc. as part of the architectural
ensemble) in the same style as the objects of the walking routes;

- fix the lost monuments and historically significant places of the urban environment by
installing memorial signs and stands.

One of the mostimportant tasks of creating a comfortable environment for tourists and citizens
is to improve the coastal area of the riverside towns. In particular, most of these have already been
successfully solved, for example, in Kineshma (boulevard) and Plyos (embankment). In turn, by the
early 2020s, an embankment in Yuryevets was also improved within the historic center.

In 2025, Yuryevets, the oldest town of the Ivanovo region, will celebrate its 800th anniversary.
By this anniversary date, its people expect new landscaped areas and a comfortable environment for
living. Today there is not enough eateries and quality roads in the city center, as well as no river port,
which slows down the growth of tourist inflow. Undoubtedly, after eliminating these problems in the
coming years, Yuryevets will get a great boost to its development.

CONCLUSION

Based on the analysis of the structure of walking routes in the historically established small
Volga towns in Russia on the example of Yuryevets, Ivanovo Region, the study proposes a promising
methodology for their formation.

There is a considerable historic and cultural potential of small towns, a progressing
disappearance of remarkable places of the urban environment, combined with the growing interest in
the cultural heritage and development of the tourist movement.

Specific practical recommendations have been developed concerning:

- formation of a system of walking routes;

- transforming the «fabric» and information system of walking routes.
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The implementation of such recommendations and author's proposals is expected to

significantly increase the total volume of tourist flows to the Volga small towns, increase their

historical and cultural potential, economic and social attractiveness.
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ABSTRACTS

A.I. MOKHOV, E.O. STEPANOVA, A.I. LUKASHOV, L.A. MOKHOVA

MODELING THE RESEARCH DIRECTION IN THE CONSTRUCTION OF A MODERN
UNIVERSITY: PART 2

Key words: innovations, research activity of the university, complex engineering,
production cooperation, operational cooperation, social orientation of the project.

The second part of the article presents the result of the analysis of the application of info-
graphic models developed in the first part of this article to the research program of the Yaro-
slavl State Technical University (YSTU). The applied approach to the creation of the YSTU
strategy can be defined as comprehensive, since during its implementation the logic of the
sys-tematic approach was changed and a cross-disciplinary transition to alternative scien-
tific research was carried out, which ensured the restructuring of the strategy for the sustain-
able development of the University. The article contains a description of the features of the
appli-cation of complex engineering to the formation of research projects of YSTU in the ar-
eas of production and operation of research objects in the areas of production technologies
and oper-ation of the solutions found corresponding to these areas. This article shows that
an integrat-ed approach expands the possibilities in choosing the directions of using innova-
tive scientific, technical and organizational developments created and created as a result of
the scientific and research activities of the University.

S.V. FEDOSOV, V.N. FEDOSEEV, S.A. LOGINOVA, I.A. ZAITSEVA

APPROXIMATE CALCULATION OF A THEORETICAL CYCLE OF A VAPOR-
COMPRESSION FREON LOOP IN AN AIR HEAT PUMP

Key words: vapor-compression cycle, freon loop, enthalpy, air heat pump

To improve the efficiency of using an air heat pump (AHP), it is important to analyze the
thermodynamic parameters of the vapor-compression freon loop cycle. To evaluate all ther-
modynamic processes in the heat recovery system of the air heat pump and to make calcula-
tions, experts frequently use heat charts developed by the manufacturers. The authors pro-
pose to use tables on saturation line and superheated vapor line of working refrigerant for
approximate calculation of vapor-compression freon loop. As a result of calculation of a the-
oretical vapor-compression cycle, the authors obtained heat energy values taken by the work-
ing body during its continuous phase change: boiling, evaporation, condensation, which
were determined by the enthalpy state points at the corresponding sections of operation of
AHP elements (evaporator, compressor, condenser). Calculations showed that at creating
thermal power at the heat pump output, its determining parameter is the phase change of
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latent heat of vaporization at boiling and condensation of working body in the closed com-
pression cycle system.

I.N. GOGLEV

A NEW PROMISING METHOD FOR DETECTING CARBONIZATION
OF REINFORCED CONCRETE BUILDING STRUCTURES DURING INSPECTIONS

Key words: corrosion, carbonization, concrete, reinforced concrete, inspection, phenol-
phthalein indicator, universal indicator, mass transfer.

The paper considers a new method of detecting the carbonization of concrete that can be
successfully applied at the field and laboratory stages of examining building structures made
of reinforced concrete. The study included cases of carbonization and evaluated its influence
on durability of civil, industrial, transport and other various building structures made of
concrete and reinforced concrete. The paper includes examples of facilities where surveys can
be conducted using the new method. This method was also compared with that of the phe-
nolphthalein indicator solution in terms of its effectiveness. The new method makes it possi-
ble to assess the state of the protective layer of concrete and identify the zones where the cor-
rosion of concrete, which is associated with mass transfer of the target component, has just
begun or is fully running. A disadvantage of the phenolphthalein indicator solution method
(PISM) is that it does not show a complete picture of the pH distribution of concrete over the
layers, since the indicator has 1 working color transition interval. A new promising method
makes it possible to assess the condition of the examined reinforced concrete structures for
their durability and the degree of damage, since it has an increased accuracy in comparison
with the phenolphthalein indicator method. The results obtained by the new method can be
used both to organize/calculate physical and mathematical models of mass transfer process
development during concrete corrosion and to organize the repair of reinforced concrete and
concrete building structures.

I.I. VERLOKA, A.B. KAPRANOVA, D.V. STENKO, A.E. LEBEDEV, A.A. VATAGIN

EXPERIMENTAL STUDY PRODUCT QUALITY IN GRAVITY DEVICE FOR MIXING
BULK MATERIALS

Key words: heterogeneity coefficient, mixing, building mixtures, bulk materials, dis-
persed medium, laboratory unit, three-stage method, four-stage method.

The article presents the study results of quality (coefficient of heterogeneity) of obtained
dispersed mixtures of hard-to-separate materials of I-1II fluidity class by the Kerr method
with components ratio 1:10 or more. On laboratory gravitational unit implements a pa-
tented three-stage mixing method that adhesion and segregation effects minimizes on
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homogeneity. The quality indicator was calculated using a contactless method, which is also
an object of intellectual property. The feasibility of using the three-stage method in construc-
tion and other areas is justified by minimal values of heterogeneity coefficient obtained in
experiment (Vc=6.1%) for rational ranges of laboratory mixer controlled parameters. A
comparison is made with a more energy-consuming four-stage method of mixing compo-
nents 1:10 (or more)

A.V. KALININ, P.B. RAZGOVOROV, A.A. IGNATYEV

APPLICATION OF ELECTROPLATING SLAMS IN THE PIGMENT PART
OF A SINGLE-PACK SILICATE PAINT

Key words: silicate paints, urea, electroplating slams, physico-chemical and operational
properties.

The advantages of using silicate paints as environmentally friendly paint and varnish
materials for modern construction in the processing of facades, interiors of buildings and
structures is shown. The urgency of the development of single-pack formulations, especially
with the inclusion of sodium liquid glass as a binder, is emphasized. The possibility of re-
placing the traditional mineral components in the composition of the pigment part with
finely dispersed waste - electroplating slams has been revealed. This allows the disposal of
slams and reduces the cost of production of silicate paint.

D.V. BESSONOV, M.D. BESSONOV
EFFECTIVE ASPHALT CONCRETE MODIFIER BASED ON PLASTIC WASTE

Key words: polymer asphalt concrete, polymer modifying additive, stone mastic polymer
asphalt concrete, polymer bitumen binders, polyethylene, polypropylene, polystyrene, poly-
ethylene terephthalate.

The article studies the possibility of obtaining effective polymer modifiers for asphalt mix-
tures that are based on polymeric household waste. The results of laboratory tests of polymer-
asphalt concrete compositions for road coatings, as well as results of comparative tests of
crushed stone mastic polymer asphalt concrete with various modifiers are provided. Test re-
sults confirm the effectiveness of the CPDA® additive and the possibility of its use in the pro-
duction of stone mastic polymer asphalt mixes.
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N.N. KUDRYASHOV

MODERN ARCHITECTURE TYPES OF THE HISTORICAL ENVIRONMENT DURING
ITS RECONSTRUCTION

Key words: historical environment, reconstruction-regeneration, architecture, architec-
ture types.

The paper discusses the design and methodological aspects of forming new types of modern
architecture in the historic environment when it is being reconstructed and regenerated. The
paper analyzes the main basic and initial situations and states of the historic environment.
They determine various regulatory and methodological approaches to composing both sepa-
rate new buildings and structures in the existing development, and to forming urban com-
position in general. The paper aims to propose situational solutions to architectural appear-
ance of new construction in the historic environment with certain features of architecture

types.

N.A.ISAEVA, M.YU. POKROVSKAYA, K.S. AKSYONOVA, P.B. RAZGOVOROV

WALKING ROUTES AND THEIR ORIGINS IN HISTORIC CENTERS OF VOLGA
TOWNS (ON THE EXAMPLE OF YURYEVETS, IVANOVO REGION)

Key words: architectural monuments; walking routes; urban historical environment;
city structure; historic center.

The paper illustrates how walking routes in small towns of the Volga Region are formed.
The town in question is Yuryevets, Ivanovo Region. The study analyzed the techniques for
realizing the full potential of the historical city center. Architectural heritage objects were
also classified. The paper outlines the role of the main factors (landscape, transport, recrea-
tional resources, socio-cultural and visual characteristics) influencing the organization of
walking routes. The paper presents the study of interaction of old and new, their co-existence
in the urban environment structure. Finally, the study identified opportunities to use urban
spaces to organize walking routes, improving the quality of urban life.
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NMHOOPMALIVIA IJI51 ABTOPOB

Pedakyus cmpozo npudepycusaemcs HOpM U NPasUL MeXcIYHAPOOHOIL MyOAUKAYUOH-
HOTL IMUKU.

IIpasosyto ocHo8y obecneveHuss NYOAUKAUUOHHOLU IMUKL COCMABASIOM MexIYHAPOO-
Hble cmandapmel: noaosxcerus II BcemupHoil KoHpepeHyUL 10 8onpocam cobatodeH s 006-
POCOBECMHOCTMU HAYYHBLX UCCAe008aHULl, noaoxenus Komumema no smuke HayuHblx
nybauxkayuii (The Committee on Publication Ethics - COPE) u HopmblL pa3dena «Aemopckoe
npaeox» I'paxcdarckoeo kodexca PO.

IIpedcmasnenuie cmamull 8 d#ypHan nodpasymesaem caedyrouee:

- paboma He bvLaa onybauKo8aHA patee 8 Opy2OM HCYPHANE;

- He Haxo0umMcs Ha pacCMOMpeHul 8 OpY2OM HYPHALE;

— 8Ce C0ABMOpbL CO2AACHDBL ¢ NybauKayuell cmambl;

- noay4eHo coznacue (8 A6HOIL UAU HeA8HOL opme) opeanHu3ayul, 8 KOmopoil 6uao
nposedeHo uccaedosarue.

IIpu npedcmasaeHUL PYKONUCU 8 HCYPHAA A8MOpbL 004x4CHbL YOeOUmMbCs, Yimo 8ce YUumu-
POBAHUSL 0OOpMAEHbL KOPPEKMHO, YKA3AHbL 3AUMCTB08AHHbLE UCTIOYHUKU 8 NOONUCIX K
pucynkam u Hadnucam mabauy, Ecau maxosvie He npusedersl, npednonazaemcs, 4mo pu-
CYHKU U mabauywl npedcmasasiom coboil nao0d asmopckoil desmenvHocmu. Pedakyus ocy-
ujecmenaem npogepky cmameil Ha aHmunaazuam.

Aemopckue npasa

Aemopul, Hanpasasouie c60U pabomul 8 HCYPHAL, CO2AAULAIOMCSL CO CALOYIOUUM:

1.Aemopul coxpausiom 3a coboil asmopckue npasa Ha pabomy U npedocmagasion
HCYPHALY NPABO Nepsoll nybaukayul pabomul.

2.Aemopul coxpanaom npaso 3axai0uams omaoeivHble KOHMpakmuuvle 002080peHHO-
CMu, Kacarujuecs He-IKCKA03UBHO20 PACNPOCMpAHeHUs 8epcil pabomul 8 orybAu-
Ko8aHHOM 30ecb 8ude (Hanpumep, pasmeujeriie ee 8 UHCTMUNYMCKOM XParHUAULe,
nyoAUKAYUIO 8 KHUZe), CO CCLLAKOLL HA ee OpULUHANALHYI0 NYOAUKAYLUIO 8 ITOM HCYP-
Hase.

IIpusammnocmo

HmeHa u adpeca 31eKmMpOHHOT noumsl, 88edeHHble HA calime amoeo HypHaaa, 6ydym
UCNOAb308AHbL UCKAIOUUMEALHO 015 yeaell, 0003HAUeHHbLX HYPHAAOM; 0OCMYN K HUM
UHBLX AUY, U Opearu3ayuil 045 Opyeux uenetl He npedocmasAsiemcs.

OCHOBHGBIE ITPABUJIA OPOPMJIEHVS CTATEN

B scypHane «YmHole Komnozumel 8 cmpoumenscmee» / «Smart Composite in Construc-
tion» newamaromcs pabomul npenodasameneil U COmpyOHUKO8 8bLCULLX YUeOHbLX 3a8ede-
Huil PO, PAH, PAACH, dpysux uccredosamenvckux nodpasdeneHuil, pabomaouux 8
chepe npoMbLULAEHH020 U 2PAHCOAHCKO20 CPOUTNEALCTNEA U APXUMEKMYPbl, 8 MOM HUCAe
8 cmpanax cmpan CHI u 3a pybexcom.
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Pybpuxu sxcyprana

05.23.01 CmpoumenvHble KOHCMPYKYUL, 30AHUSL UL COOPYHCEHUS

05.23.05 CmpoumenvHole mamepuansl U u3deaus

05.23.11 IIpoekmuposatiie U CMpouUmneasbcmao dopoz, MemponoAUNeHO8

05.23.19 Dronozuueckas 6e30nacHOCmb CMpoUmMeabemea u 20podcko20 X034ticmaea

05.23.21 Apxumexkmypa 30anuii u coopyxceruil. Teopueckue KOHYenyUU ApXUmeknyp-
HOlL JessmenvHOCMU

Cmambu, Hanpasasemole 8 HYpHal, 00AHCHbL YO081emE0opsms CAedyouum mpebosa-
HUAM:

1. Paboma doaxcHa coomeemcmeaosams npoguio Hypraa, 0b6aadams akmyaivHo-
CMulo, HOBU3HOIL, UMemb NPUKAAJHOe 3HaveHUe (U/uau meopemuueckoe 060CHO8aHUE).
Bonpoc 06 onybAuko8aHul cmamvl, ee OMKAOHEHUL peuldem pedakyUOHHAS KOLAe2Us
JHCYypHana, U ee peulerue A614emcs OKOHUAMeAbHbIM.

2. Cmamuu 0044 HbL NPedCmasAimo CHcamoe, KOHKpemmoe u3AoxeHue noay4eHHblx as-
mMopom pe3yavmamos, 6e3 nosmopeHus 00HUX U MeX YHce OAHHbLX 8 meKCMe, PUCYHKAX U
mabauyax.

3. Bce npedcmasnentsle cmamoll 0044CHbL OblMb 10020M0o8AeHbL 12 Keenem, wpugm
Times New Roman, unmepean 1.1. Ilons: eepxHee U HUd¥cHee — 3 CM, /1e80e U npasoe — 2.5
cm. Ab3aynulil omemyn - 0,75 cm. Obsem crmamoll — 6-15 cmpaiuy, 8kA04As CRUCOK AU-
mepamypbl, mabauyul (He 6oaee 3, wupuHa 8 cm) U pucyHku (He 6osee 5, 045 0630pHOL
cmamowu - He 6oaee 8, WUpUHA 8 CM), 8 MOM UYUC/Le NoMedeHHble Oykeamu a, 6 u m.o. Pu-
CYHKU ogopmasiomcs 6e3 pamok U pasmewsaromes, Kax U noonucu k Hum, mabauywl u 3a-
20/108KU K HUM, NPUMe1aHU, CPO20 No mekcmy cmambll. B pasdea «0630pHble crnambu»
NPUHUMAIOMCS mamepuanvl obsemom om 25 do 30 cmparuy.

4. ITpu ogpopmaeruu cmamou pekomerdyemcs usbeeams ynompebaenus Ai06vlx COkpa-
weHuil, kpome obwenpuHamolx. IIpu nepgom YynoMUHAHUL COKPAUEHHO20 MepMUHA 0051-
3amenvHo npusodumcs e2o paciiugposka 8 noanom eude. PykonucHvle cmasku He donyc-
katomcsa. Kasviuku ogopmasgiomes enouxoil. Tekcm Habupaemcs 6e3 Hymepauuu cmpa-
HUY.

Cmpykmypa cmamosu

Ha nepeoil cmpanuye pykonucu caeea npocmasasemcs uHeKC no yHueepcanvHoll decs-
muunotl kaaccugpurayuu (VIK, wpugpm 10 nm, npamoti, Verdana, 6e3 omcmyna. Ilocae
VIIK nponyckaemcs cmpoka, aemcs HaumMeHogaHue pabomul no uyenmpy (wupugm 12 nm,
npamoil, noAyHupHulil, ece bykevl nponucHole, wpugpm Verdana). Husie no yenmpy -
uHuyuanel, pamuaus asmopos (wpugm 11 nm, kypcus, Verdana, noayxcupnutil). ITocae
gamuauil asmopos ykasvlearmcs ux mecmo pabomol: nodpasdenetue U HA38AHUE Oped-
Husayuu, noumoswlil adpec (wpugm 10 nm, kypcus, Verdana). OmadenwvHoil cmpokoil yKa-
3vleaemca 3NeKMpoHHbLIL adpec asmopos (Kypcus). Janee uepe3 unmepsan (1 cmpoxa)
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pasmewjaemcs annomayus (150-200 cnos, 8vlpagHugatie no wWupuHe, pasmep wpugpma
10 nm, kypcus, omcmyn caega 0.75 cm, wpugdm Times New Roman). Ilocae anHHomauuu u
unmepsana (1 cmpoka) NOAYHCUPHLIM Wpugmom Kypcusom Habupaemcs Kaiouesovle
cnoea u npugodam wpugdmom Times New Roman pasmepom 10 nm 5-8 crosocouemanuii
(He Kypcug), 6e3 mouku 8 KOHUe.

3amem cnedyem mekcm cmamovll, 8 KOMOPOM Uepe3 UHMep8as 8bl0eAI0MCs pa3denvl:
Beedetue, Dxcnepumenmanvhas wacmo, Pesyasmamul u ux obcyxcderue, Boieodsl (8 06-
30pHOlL cmamuve 8vldenstomcs Beedenue, Ha3gaHus nodpaidenos Kypcueom, Buigodul).
Cmamus 3akandugaemcs pazdenom Jumepamypa. Onmumanvroe KOAULECTNBO YUMUPO-
BAHHULX UCTNOYHUKO8 0 15 00 20, HcenamenvHo 8KAIOUUMDb He MeHee 3 pabom, 8X00SuyLx
8 6asvL WoS/Scopus. B 0630pHbLX pabomax NpuHUMAOMcst cCulAku Ha 50-80 UCMOYHUKO8.
ITod cnuckom aumepanmypHuLx UCMOYHUKOB Yepe3 UHMep8as C1e8a KYpPCUBOM NpUB0OSmcs
caoea: Ilocmynuaa 8 pedakyuto, Ha caedyoweil cmpoke: Ilpunama k onyb6AuKo8aHUIO.

5. B adpec pedaxyuu, Kpome 31eKmMpOHHO20 8apuanma, Hanpaeasiom 1 sxkzemnaap cma-
Mol 8 pacnevuamanHom 8ude ¢ NOONUCAMU 8ceX a8mopos nocae caoe Ilpunama k onybau-
KO8AHUIO.

dopmam

Pedaxyus npuHumaem mekcmol, cOXpaHeHHule 8 npoepamme Microsoft Word e ¢opma-
max .doc uau .docx. Mamepuanvl, He coomeemcmayloujue 8vluleyKa3aHHbLM mpebosa-
HUAM, He paccMampueaomcs.

Ogopmaerue aumepamypHblxX CCbLAOK

Bce pycckos3vluHble AUMmepanypHole UCMOYHUKU 00AHHbL ObLMb YKA3AHbL HA AH2AUL-
CKOM s3blke. VI30anus, Komopble He nepedodsmcs, Heobxo0umo ykasams mpancaumepa-
yuell 8 cOOMeemMcmeul ¢ 06WenpuHIMbLMU MeHO0YHAPOOHBLMU NPABUAAMU, 8 KOHLe KAXH(-
doz0 makozo  ucmouyHuka doaxcHa cmoame nomemka (in  Russian) (cm.
http://www.cas.org/expertise/cascontent/caplus/corejournals.html).

Jas scypHanvholl cmamsvu 00AXCHBL 6bIMb YKA3AHBL PAMUAUL U UHULUAALL 8CeX
asmopos, Ha3eaHue Cmamoll, COKpaweHHoe HA38aH e HCYPHAAA, 200, HOMEP MoMAa, HOMEP
uau  ewnycx, Juanason cmpanuy u DOI (npu wHaauwuw), Hanpumep, DOI:
10.6060/2012.01.01.

Ccvlaku Ha cmamoll U3 UHOCMPAHHBLX UCTIIOYHUKOS:

1 ®damuausa H.0. (anea.), 2 damuaua H.0. (anza.) HaszsaHue cmamovl
(anea.). Hazeanue scyprana (anea.). I'od. Tom (Vol.). Homep (No.). Juana3on cmpanuy,
(nanpumep, P. 465-472). DOI (nanpumep, DOI: 10.13655/1.6.1234567).

CcoblaKu Ha cmambl HA pYCCKOM S3blKe [nepesod Ha aHeAUTICKUTL]:

1 damuaua U.0., 2 Pamuausa U.0. Hazsanue cmamou. Hasganue scyprana. I'oo.
Tom. Homep. Juanazon cmpanuy. [1 Familia I.0., 2 Familia I.0O. Ilepeod Ha3sarus cma-
muu. OduyuanvHoe Ha3BaHUe HA AH2AULICKOM 3blke/Tpancaumepayus Ha38aHus Heyp-
Hana. I'od. Tom (Vol). Homep (No.). Juana3on cmpanuy, nHanpumep: P. 17-23 (in Rus-
sian)].
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Ccblaku Ha MOHOZpadULL HA UHOCTPAHHOM A3blKe:

1 ®amuaua H.0. (anza.), 2 damuaua U.0. (anza.) Hassanue kHueu (anen.). Homep
nepeusdanus. F'opod (anea.): U30ameavcmeo (anea.). I'od. O6wee wucao cmpanuy (Hanpu-
mep: 372 p.)

Ccvlaku Ha MOHO2paduU HA PYCCKOM A3blke [nepesod Ha aHeAUTCKUTL]:

1 ®amunus U.0., 2 @amuausa U.0. Hassanue mornozpaduu. I'opod: Hzdamenvcmeo.
T'od. Obwee uucao cmpanuy (Hanpumep: 456 ¢.) [1 Familia 1.0., 2 Familia I.0. Ilepesod
HAa38aHUs MOHOZpadulU Ha aHe. A3vbik. Gorod: Izdatelstvo. God. 456 p. (in Russian)].

Ccolaku Ha UHMepHem-pecypcol:

Haseanue mamepuana Ha catime [caiim]. Haseanue catima; 2016 [06Ho84eHO 19 0k-
msabpsa 2016; npoyumuposano 30 okmsbps 2016]. Jocmynwo: http://www.example.ru

IIpumepul 0popMAeHUSL CCOLAOK Ha AUMepaATypHble UCTMOYHUKU

Jumepamypa

1. Prokofev V.Yu., Razgovorov P.B., Gordina N.E. The adsorption of undesirable im-
purities from sunflower oil the granulated sorbents based on caolin clay. Int. J. Food Eng.
2014. Vol. 10. No. 4. P. 713-720.

2. Pa3zoeopos II.B., Cumanog C.B., Ko31086 B.A. H3yuenue 83aumodeiicmeus Heko-
MOPbLLX 3aMPABOUHLLX MAMEPUAN08 U CAOHCHOIPUPHOLL cocmasasioueil 60cKonodobHbLX
geujecme. H3s. 8y306. Xumusa u xum. mexnonoeus. 2002. T. 45. Buin. 1. C. 34-37.

3. Pa3zoeopos I1.b., Cumanoe C.B. Dkcnpecc-ananu3 60CK08 8 pacmumeabHulx Mac-
aax. Macaosxcup. npom-cmo. 2009. Ne 3. C. 21-23.

4. Paszoeopoe I1.B., T'opukoe B.K. TexHosrozuueckoe 060pydosatie ompacau: pac-
uemvl 8 MACAOHUPOBLLX NpoU3sodcmeax: yueb. nocobue. Meanoso: Heau. 20c. XUM.-
mexHoAa. yH-m. 2009. 48 c.
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