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YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

ITocpedcmeom HamypHuX UCHBIMAHUL KAPKACHO-NAHEAbHLLX CMeH ¢ pPA3AULHBIMU
ymenAumenamMu, 6bLNOAHEHHBLX 6 IMeueHle mMpex OMONUMEAbHbX Nepuodos,
06HapyHeHO Mpexkpamuoe ygeiuderHle 8AAHCHOCMU OeCnpecco8020 NeHONOAUCTIUPOLA
U pocm ezo0 menaonpogodHocmu Ha 23%. DppexmusHocmb npumeHeHus O0aHHOZO
mamepuand 8 maxkux ozpaxcdenHusx Ha 20% HUdNe NO CPABHEHUI0 ¢ MUHEPANL0BATNHLIMU
UL NEHONOAUCTMUPOALHUIMU IKCMPYZUOHHBIMU NAUMAMU.

Kamo4deBbie cjaoBa: BJIIaXHOCTD, HNCIIBITAHUA HaTypHBIE, CTE€HBI KapKaCHO-

naHeJIbHbIe, TeMIlepaTypa, TeNJONPOBOJHOCTDb, YTENIUTENb, 9HEPro3aTpaTH
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YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

By means of full-scale tests of frame-panel walls with a various insulation materials,
performed during three heating periods, a 3-fold increase in the humidity of expanded
polystyrene foam and an increase in its thermal conductivity by 23% was found. Its
using efficiency in such panels is 20% lower compared to mineral wool slabs and
extruded polystyrene slabs.

Key words: humidity, full-scale tests, frame-panel walls, temperature, thermal
conductivity, insulation, energy consumption

For citation:
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and heat engineering indicators of frame-panel walls with a three-year period of operation,
Smart  Composite  in  Construction, 3(3), pp. 7-15 [online].  Available at:
http://comincon.ru/index.php/tor/issue/view/V3N3_2022 (in Russian).
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BBEAEHUNE

CrpoutenbcTBO 3HeprosaddeKTUBHBIX HHAWBHUAYAJIbHBIX JOMOB C KapKacHO-TIaHEJbHBIMU
OI'paXKAA0IMMMY KOHCTPYKLIMSAMY B HACTOSIee BpeMs IIOJIy4YaeT BCE OoJiblilee paclpoOCTPaHEHUE
He TOJbKO 3a pyOexoM, HO M Ha TeppUTOpHUM Hamlell cTpaHbl [1]. DTOMy CIIOCOOCTBYIOT Majas
IIPOZOJIKUTENBHOCTh, OTHOCUTEIbHAS IIPOCTOTA U JellleBU3HA CTPOUTENbHO-MOHTKHBIX PaboT,
00yCJIOBJIEHHBIE BBICOKOHM CTEIIEHBIO 3aBO/ACKON T'OTOBHOCTU KOHCTPYKIUU. IIpOM3BOJCTBEHHBIH
KOHTPOJIb KauecTBa M PEMOHTOIPUTOJHOCTh IIaHeJIel 3HAYUTEJIbHO YBEJWIUBAIOT CPOK CIYXKOBI
COCTOIIEer0o U3 HUX [joMa. B cpaBHeHUU ¢ TPaAULIMOHHBIMU OTPaXKAEeHUSAMHU KapKacHO-IIaHeJIbHbIe
CTeHBl, XapaKTepHU3yIolrecs BBICOKMMH TeIJIOU30JALUOHHBIMY KadeCcTBaMM, MMEIOT MEeHbIIYIO
TOJIIIUHY, YTO 1P OJWHAKOBOM IIITHe 3aCTPOMKH yBeJIN4NBaeT [10JIe3HYIO0 II0MIaAb IIOMeIIeHUH.

B oTedyecTBeHHOU IIpaKTHKE CTPOUTENbCTBA JOMOB HauboOjbllee INpUMeHEHHWe HaIlIN
KapKacHble IIaHeJIU C TeIIOM3OJALMOHHBIMU IUINTAaM{ M3 MHHEPaJbHON BaThl, 0OeCIIpeccoBOro
WY SKCTPY3HUOHHOTO II€HONOJIUCTHpPOa. KaxAblli M3 yKa3aHHBIX MaTepHUaJoB HMeeT CBOU
ZOCTOMHCTBA M HEAOCTATKM, KOTOPBIE IIPOSIBIAIOTCS B TOW WJIM WHOM CTeNeHH B 3aBUCHMOCTU
oT MHOXecTBa (akTOpoB [2-4]. B cBA3M C 3THM CyllecTByeT IIpobjeMa BHIOOpa YTEeIIUTENd,
obecrieynBaoIlero HaWOOJBIIYIO TEIVIOTEXHUYECKYI0 3(D(PEeKTUBHOCTh M 9KCILIyaTAlOHHYIO
HaJeXXHOCTb KapKaCHO-TIaHeJbHBIX OI'PaKJAIOIINX KOHCTPYKLIH.

CiesyeT mojaraTb, YTO INPUHATHE BEPHOIO pelleHUs JOJKHO OCHOBBIBATHCA He TOJBKO
Ha OCHOBAaHHMM VCTAHOBJEHHBIX B JIabOpPaTOPHBIX YCJIOBHAX 3HAYEHUIX IIOKasaTeslell KadecTBa
MaTepuajoB, HO U C Yy4eTOM KOHCTPYKTHBHBIX peIIeHUH OrpaxkJeHuil U IPOTeKaloUIux

IIPY UX 9KCILIyaTaliH [IPOLIeCCOB.
DKCIIEPUMEHTAJIBHAA YACTD

B 2013 rozy Ha TeppUTOPUU MCCIAEAOBATENbCKOro MOAUroHa «VCHIBITaHUA CTPOUTENbHBIX
MaTepUajJoB U OTPAKIAONINX KOHCTPYKIMY B HATYPHBIX YCIOBUSX SKCILIyaTalum» Kadezapsl
«KoHcTpykium 3zaHuBl M coopyKeHuI» TaMOGOBCKOIO TOCYZapCTBEHHOTO TEXHUYECKOTO
VHUBEpPCUTETa ObLIO BO3BEJEHO OSKCIEPHMEHTAJIbHOE CTPOEHHMe C KapKacHO-IIaHeJIbHBIMU
OrpaXKAAOIINMN KOHCTPYKUUAMU (puc. 1). CTeHbl 00BEKTa COCTOAT U3 [ePeBSHHOIO KapKaca,
OOIINTOTO JIMCTAMU THIICOKAPTOHA C BHYTPEHHEN M [JeKOPATUBHBIMU I|€MEHTHO-CTPYKEUHBIMU
IJINTAMU C BHEIIHelH CTOPOHBI. B kayecTBe yTerinTesell B CTeHaX YCTAHOBIEHBI MUHEPAJIOBaTHEIE,
MIEHOIOJIMCTUPOIbHbIE OECIIPECCOBble U IKCTPY3UOHHBIE IINTHL. TOMNMHA TEIIOU30JALNOHHbIX
CJIOeB OIlpeJiessiaCh Ha OCHOBAaHUM TEILIOTEXHHYECKOI'O pacueTa OrpPaXAeHU, BBIIIOJTHEHHOTO
Cy4eTOM 3asBJIEHHBIX IMPOU3BOJAUTENAMU XapaKTEePUCTUK MaTepuajoB, U cocTaBmja 150 MM
JUIL MAUHepaJoBaTHOro 1 100 MM /11 IIEHOIIOJNCTHUPOJIbHOrO YTEILINTEe .

B TeueHUMe TpEX OTOIMUTEIbHBIX II€PUOJOB BHYTPU OOBEKTA IIOCPEJACTBOM MAaCHSHOTO
pazuaTopa ¢ TEpMOCTATOM M JATYMKOM TeMIIepaTyphl, a TakkKe aBTOMAaTUYECKOI'O YBIXKHUTEJA
BO3/lyxa MOJJEepXUBAICS 3aJaHHBIN TeMIlepaTypHO-BIQXHOCTHBIM pexuM. 3a TeMIepaTypoil
Y BIQXXHOCTBIO BO3/lyXa BHYTPHU U CHAPY)XM CTPOEHUS HaOJII0aIu II0OCPEACTBOM ITIOTOAHOM CTaHIIUY
C AUCTAaHIVOHHBIM JATYNKOM, pasMel]eHHBIM Ha TeHEBOH CTOpoHe 00beKTa. B puKcupoBaHHBIX
TOYKAaX CTEHOBBIX OTPaXJEHUH Ha IIyOuHe 2 CM OT BHYTPEHHEH M BHEIIHEH IOBepXHOCTEeH
TEeILJION30JIALIIOHHOTO ciios ObLTI YCTaHOBJIEHBI TepPMOIIaphbl OTKPBITOTO TUIIA
ZJI CUCTEeMAaTHU4YeCKOro U3MepeHus TeMIIlepaTypHl. OTHocuUTenbHAA BJIQXXHOCTH
U TEIJIONIPOBOAHOCTD YTEIINTENEN OIIpesessINCh Ha OTOMpaeMbIX 00pasnax, yCTaHaBIWBAEMBbIX

Ha IIpeXHee MeCTO IIOCJi€ HCIIbITaHWAd. Pacxon 3ana‘II/IBaeMOﬁ Ha OTOILIEHNE 3JIEKTPO3IHEPIrun

11



Mamontov A.A., Yartsev V.P., Monastyrev P.V. YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

DOI: 10.52957/27821919 2022 3 7 SMART COMPOSITE IN CONSTRUCTION

pacCuUuThIBAJICA IIO IIOKa3aHUAM CYETUYMKaA. Ha ocHoBe IIONy4Y€eHHbIX [JaHHBIX IIPOBOJAWJICA
CpaBHI/ITeJIbeIﬁ aHaJINn3 SHepFeTH‘{eCKOﬁ Sq)(l)eKTI/IBHOCTI/I IIPUMEHEHUA PAa3JIUIHbIX YTeHJII/ITeJ'Ieﬁ

B KapKaCHO-IIaHeJIbHBIX CTEHOBBIX OI'PAXAEHUSX [5].

Puc. 1. O6uuii BUA 9KCIIEPUMEHTAIBHOTO CTPOEHUS

Fig. 1. General view of the experimental structure

B TeueHUe YeTBePTOr0 OTOIMTEIBHOrO IEPHUOZA IIPOBOJUINCh aHAJIOTUYHBIE HCIIBITAHUS, B
X0Zle KOTOPBIX JOIOJHUTENbHO IUIAHUPOBAIOCH ONPEEeNUTh XapaKTep M3MeHeHUH IIoKasaTesed
TEIUION30JASIMOHHBIX MaTepHUaJOB U OrPaXJEeHMH B IIeJOM, BBI3BAaHHBIX TpeXJeTHeH
9KCILIyaTaluel o6 beKTa.

PE3VJIBTATBI 1 UX OBCYIKXKIEHUE

HabrosieHus ITOKa3aly, YTO IIPH OTHOCHUTEJNBHO IIOCTOSTHHOH BIQKHOCTH Hapy)KHOTO BO3JyXa
(65%) BIaXXHOCTb BHYTPEHHEro YMeHBIIMJIAch Ha 45% B TedueHUe IepPBbIX 5 HeJleslb HCIBITAHUN U
ocTasach TaKOH ZI0 KOHIJA OTOIIUTEIBHOTO Ieproza. CHIKEHNe BJIAKHOCTH BHYTPEHHETO BO3JyXa
BBI3BAHO MHTEHCHBHOH PabOTOM OTOIUTEJBHOTO IMPHOOPAa M OTCYTCTBHUEM B CTPOEHHUM OKOHHBIX
IIPOEMOB U IPUHYAUTENbHON BEeHTUIALINHU.

VccnenoBaHre BIQXXHOCTY YyTEILINTeNEH B CTeHAX BBHIABIIIO Haubosblee eé 3HaueHue (10%) B
cjoe u3 HeCIpecCOBBIX TEHOMOIUCTUPOIbHBIX IIIUT IICB-C-15. 9To B Tpu pasa OoJblile BIAKHOCTH,
3aUKCUPOBAHHON B IEPBBIM TOJ SKCILIyaTaluu obbekTa. PoCT BIaKHOCTU, BEPOSTHO, BBHI3BAH
yBeJndeHeM 00beMa OTKPHITOM ITOPHCTOCTH, YTO OOYCIOBIEHO AeCTPYKIMell IIeHOMOINCTHPOIIA,
IIPOUCXOJAIIEN B TedeHNEe HECKOJbKUX JIeT [6]. BIaXKHOCTh MUHEPATOBATHBIX U 3KCTPY3MOHHBIX
IIEHOIIOJUCTUPOJbHBIX IUIUT B IE€PBbIe BOCEMb HeJe/lb He MpeBblmana 3%, a 3aTeM YMEHbUIUIACh
70 1% (puc. 2).

IIpn nccnesoBaHUM TEMIIEPATYPHOTO peXMMa U3MepPAIUCh TeMIlepaTyphl BO3AyXa BHYTPU U
CHapyX{ CTPOEHMS, 4 TAKKe TeMIIepPaTyphl IIOBEPXHOCTEN TEIJION30JAIMOHHBIX CI0EeB B CTeHaX
(puc. 3). B mepuo/ ¢ yCTaHOBUBIIMMUCS OTPUIIATENbHBIMU TEMIIEPATyPaMU CPeAHsIs TeMIlepaTypa
BHYTPEHHEro Bo3Ayxa cocrasiasana 19 °C, a HapyxHoro - MuHyc 6 °C. CpeaHad TeMIlepaTypa
TEeNJIONU30JAIMOHHBIX CJI0€B HaxoAmujaach B npegenax orT 10 go 18 °C. MUHMMaJIbHOE 3HAa4YeHUE
HabJII0AaI0Ch B MUHEPAJIOBATHEIX IUINTAaX C TUPO-BETPO3AUUTHON MeMOpaHOoH, a MaKCHMaJbHOE —
B IIEHOIIOJUCTUPOJIbHBIX SKCTPY3MOHHBIX IJINTAX.

ITo pesyapTaTaM n3MepeHUs TeMIlepaTyp Ha IPOTUBOIOJIOKHBIX TPAHAX TEeIlJIOU30IANUOHHbBIX
CI0eB oIpejessinach BeJMYMHA WX yAeabHoro nepenaza (°C/M), cpeiHee 3HadeHUEe KOTOPOH
COCTaBUJIO: B CJIO€ M3 MUHEPAJIOBATHBIX IUIUT C TMAPO-BETPO3AIUTHON MeMOpaHoH - 101; B ci10e u3
MHHEPaJIOBAaTHBIX IUIAT - 97; B Cl0€ M3 3KCTPY3MOHHOTO IIEHOIIOJMCTHPOJa - 123; B cioe u3
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OecripeccoBOro IMEHOMOJIUCTUPOaA - 67. MUHMMAaNbHBIM I€penaZoM OTJUYanach H30JALUSI U3
GecmipeccoBoro  meHomosuctuposna  IICB-C-15, 49Tro  OOyCIOBJIEHO €ro  IIOBBIIIEHHOH
9KCILIYaTAIlMOHHOM BIOKHOCTHIO ¥ HAaNOOIBIINM 3HAUeHHEM K03(h(UIEeHTa TeNI0IPOBOSHOCTH.
MaxkcuManpHOe 3HaYeHMe JJIs1 9KCTPY3HOHHOTO IIEHOIIOIHNCTHPOJIA SIBISETCS BeChbMa XapaKTePHbIM,

y49uTbiBad €ro HAMMEHbIIYIO 13 paCCMaTPHUBa€MbIX YTeHJII/ITeJIeI;'I BJIQKHOCTD U TEIlJIOIIPOBOAHOCTbD.
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Puc. 2. I3MeHeHUEe OTHOCUTEIbHON BIOKHOCTH Puc. 3. VI3MeHeHUe TeMIIEePaTyphl BO3AyXa BHYTPU U
yTeILIUTeNel B TeueHIe OTOIIUTEIbHOTO IIeproja CHapY>XH CTPOeHUs, TeMIIepaTypHl yTeIlIUTe el B
Fig. 2. Change in relative humidity of insulation during the TeyeHVe OTOIINTEIBbHOr0 ITeproa
heating period Fig. 3. Change in air temperature inside and outside the

building, insulation temperature during the heating period

IIpuBeseHHOE CONPOTHMBJICHME TeIUIONEepeJade KapKACHO-IIAHEJbHBIX CTe€H IIPU HX
OJVIHAKOBOM KOHCTPYKIMM M PasHBIX YTEILIUTeNAX OIIpeJessieTcsi B OOJbIIell CTeleHU
TePMUYECKNM COIIPOTUBJIEHNEM IIOCHeLHUX. TepMUUecKoe COIIPOTUBIIEHME TEIION30IAINOHHOTO
closg TpsIMO NPONOPIIMOHATbHO Ilepenafy TeMIepaTryp o ero ToimuHe [7]. Ha ocHoBaHuu
MIOJIyYEHHBIX Pe3yJIbTAaTOB MOXHO 3aKJIOYHUTb, UTO? II0 CPaBHEHUIO CO CTEHOH, yTeIIeHHOM
OecrpecCOBBIM IIEHOIIOIUCTUPOJIOM, COIIPOTHBIEHNE TeIIonepejade CTEHB C MUHEPAJIOBATHBIMU
nnuTaMu Oosblie B 1.5 pasa, a CTEHEI C 9KCTPY3HMOHHBIM II€HOTIOJINCTHPOJIOM - B 1.8 pasa.

ExxeMecsauHble M3MepeHHI K03(h(DUIMEHTa TeIJONPOBOZHOCTH O0paslioB, M3BIEKAEMBIX U3
TEeIUION30JMSLMOHHBIX ~ CJIOEB  CTEHOBBIX  OIpPaXKJEHWH, I[OKasalu  CTabWIBHOCTh  UX
TeIIopU3NIEeCKUX XapaKTEPUCTUK B TeYeHME OTOIINTeJbHOro neproza. Hanbosblee 3HaueHUe,
cocrasnsiomiee B cpeguem 0.054 Br/(Mm'K), oTmeuanoch y G6GecrmpeccoBOTO MEHOMOJIUCTUPOIA
IICB-C-15. /1 U30JAAIUM M3 MHUHEePAaIOBaTHBIX INIUT KO3(@PUINEHT TelIONPOBOSHOCTU COCTABMI
0.037 Bt/(M'K). MuHuManpHO¥N TemnonpoBogHocThio (0.034 Br/(M°'K)) oTimyanach M30JASIUSA U3
3KCTPY3UOHHOI'0 IIEHOIIOJUCTUPOIA.

Pe3ysbTaTEl HATYPHBIX UCIIBITAHUH, BBIIIOJHEHHBIX CIIYCTS TPHU I'OZia, BBIABUJIN yBeIUYEHNE Ha
23% TerJIONPOBOAHOCTY OECIPEecCOBOTO MEHOIOJIUCTUPOIA. 32 TAKOU Ke MepUo/, SKCILIyaTaliuu
TEeIIONIPOBOAHOCTh MHHEPAJIOBATHHIX IIJIUT M 3KCTPY3MOHHOIO II€HOIIOJIHCTHUPOJA yBeJINYUIACh
Bcero Ha 3%. [Tofo6HOe HeraTUBHOE U3MeHeHVe XapaKTePUCTHUK OecIpeccoBOTO MEHOIIOINCTHPOIIA
0GyCJIOBJIEHO €ro HMSKOU IUIOTHOCTBIO (7.2 Kr/M°) M OCOGEHHOCTAMM MaKPOCTPOEHHS, 4YTO
HeOoOX0ZMMO YYUTHIBATD IIPU IIPOEKTUPOBAHUY KapKACHO-IIaHEIbHBIX CTEH C €ro IpuMeHeHueM [8].
JaHHBIN MaTepuasl XapaKTepusyeTcsl HeCTabUIbHOCTHIO CBOMCTB BO BpEMEHHU, YTO 00yCIOBIEHO, B
IIEPBYIO OuYepesb, OCOOEHHOCTSIMHU €ero MaKpOCTPOEeHHs, KOTOpOe OKas3blBaeT IIpeBaJupylollee
BINUSHME Ha CcBoiicTBa u3zenuil [9]. B 3ToM mnIaHe NpuUMeHEHHe IUIUT U3 3KCTPY3MOHHBIX
MaTepHajoB, OTJUYAIOIINXCS BBICOKON CTaOMJIBHOCTBIO CBOHCTB BO BpeMeHM [10], sBisgercs
IIPeAIIOYTUTEIbHBIM.
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B TeueHUe OTONHUTEJBHOTO Iepuoja (PUKCHPOBAINCh IIOKAa3aHUSI CYeTYHWKA IOTpebIeHus
3JIeKTPO3HEPTUH C LIeJIbI0 ONIpeZie/IeHNs e€ pacxo/ia Ha OTOIIeHHe S9KCIIePIMeHTaIbHOIO CTPOeHU
¢ wiomazapio 9 M°. CpeAHee 3HAYEHUE CYTOYHOIO PACXOZa JIEKTPOIHEPTUU COCTABUIO 14 KBT'4, a

IIOJIHOE 3HAYeHUe YHePro3aTpaT 3a IOCAeIHUN OTOIUTEIbHBIN epuos - 2243 kBT u.

BBIBO/IbI

VuuThIBas IIOJy4eHHOE JKCIEePUMEHTAJIbHO COOTHOIIEHUE BeJUYUH IpUBeJEeHHBIX
COIIPOTUBJIEHUH TeIIONIEepe/ladyll CTEH, a TakKe COOTBETCTBYIOIlee paclipe/ieieHHEe MeXJy HUMU
TEIJIOBBIX IOTEPb, MOMKHO KOHCTAaTHPOBAaTh, YTO yTEIJIeHWEe KapKAaCHO-TAHEAbHBIX CTEH
OecrpeccoBBIM IIEHOIOJUCTHUPOJIOM HU3KOI IJIOTHOCTU COIPOBOXK/JAETCS yBeJUYeHHBIM Ha 20%
noTpebIeHEM 9HEPTrMU Ha OTOILIEHHE OOBbeKTa II0 CPAaBHEHUI0 C MUHEPaJOBATHBIMU U
9KCTPY3HOHHBIMU IIINTaMU. B KapKacHBIX OIPAKIAIOIINX KOHCTPYKLUSIX PEKOMEHAYeTCS
IIPUMEHATh IUIATHl GECIIPecCOBOTO IEHOMOJIUCTAPOIA C IUIOTHOCTBIO He MeHee 35 Kr/m® nu6o
WCIIONIb30BaTh IUIUTHl SKCTPY3MOHHOTO II€HOMOJUCTUPOJA, OTJIUYAIOIINEecs pPaBHOMEPHON
MEeJIKOSTIYENCTON U 3aKPBITOIIOPUCTON CTPYKTYPOI, CTaOMIBHOCTHIO CBOMICTB BO BpEMEHHU.
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Air is one of the most promising sources of extraction of scattered thermal energy from
the surrounding space. An energy-saving and environmentally effi cient technology for
obtaining dissipated thermal energy from the ambient air and converting it into a form
of energy convenient for use is an air heat pump (AHP), which can extract heat even
at -30 °C. The heat pump does not create thermal energy, but pumps it from the
environment for heating buildings, water or air. This process takes place only with the
supply of external energy (usually electricity) to the heat pump. The electricity
consumed by the AHP compressor is only used to move the freon in a closed circuit
consisting of copper tubes with different cross sections. Determination of the volume
of incoming air to the evaporator of the air heat pump is a particularly important
parameter for controlling the processes of heat and mass transfer and improving the
performance of the air heat pump system (AHPS). This knowledge allows us to
substantiate the establishment of computational mathematical models for predicting the
required thermal power (performance) of a heat pump.

Key words: air heat pump, heat energy transfer, air consumption
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O0Hum u3 Haubosee NepcneKMUBHBLX UCTMOUHUKOS U3BAEUEHUS PACCEIHHOL Menaosotl
dHepeUU U3 OKpYXHcalowezo npocmpancmea sneasemcs 030yx. Duepezocbepezaioweil u
Ikonozudecku IpPexmusHoll mexHoa02Uell NOAYHYEHUS PACCEAHHOIL Menaogoll IHepeUl
u3 okpyxaiouezo 6030yxa u npeobpasosanus ee 8 y0oOHnyio 041 ucnoavioganus dopmy
IHepeuu fae6asemcs 8030ywHbLl menaogoli Hacoc (AHP), kxomopulil moxcem u3esekamo
menao Odaxce npu memnepamype -30 °C. Tenaosoil Hacoc He cozdaem menaosyio
dHepeulo, a4 nepekauusaem ee U3 Okpyxawueil cpedv. 8¢ nomewenue 041 obozpesa u
Haepegsa 600bL UAU 8030yXa. Dmom npouecc npoucxooum moAabko npu nodave gHellHel
anepeuu  (06blMHO  INekMpOIHepeUlU) HA  MeENA080L  HACOC. DaekmpodHepezus,
nompebasemas komnpeccopom AHP, pacxodyemcs moaAbKO HA nepemeljeHlue ¢peoHa no
3AMKHYMOMY KOHMYpY, cocmoaujemy u3 MedHux mpyOoK pa3AuuHO0z0 TNONepeuH020
ceyenus Onpedenenue obsema nocmynaiouezo 6030yxa 8 ucnapumenv 6030YULHO020
Mmena080z0 HaAcoca 8A51emCs O0COOeHHO BAMHLIM napamempom 041 YnpasaeHus
npouyeccami menao- U MAaccoobMeHa U NOBLLILEHUL NPOU3BO0UMEAbHOCMU CLCTeMbl
8030ywHo20 menaogozo Hacoca (AHPS). Dmu 3HAHUSL N03604si0m HAM 000CHO8AMb
co3danue BHIMUCAUMEALHBIX Mmamemamuyueckux mMmodeseil 045 NpPoeHO3UPOBAHUS
mpebyemoil menaogoil mouwHocmu (npou3sodumensvHOCMU) MeNA08020 HACOCA.

KnaodyeBble CJ0Ba: BO3AVIIHBIM TeNJOBONM Hacoc, Iepejadya TeIJOBONH 3Hepruu,

pacxoj Bo3jyxa

J11 DUTUPOBAHUA:

®enocos C.B., 3aiinesa U.A., PegoceeB B.H., Emesnun B.A. TIoTeHIIIAT OKPYKAIOIIETro BO3AyXa
1 (QYHKIIMOHAIbHbIE BO3MOXXHOCTU TEIIOMAaccooOMeHa (DPEOHOBOTO KOHTYypa BO3AYIIHOTO
TEIJIOBOr'0 Hacoca // YmHuwvle komnosumul 6 cmpoumenwvcmee. 2022. T.3, Ne 3. C.16-28. URL:
http://comincon.ru/index.php/tor/issue/view/V3N3_2022.

DOI: 10.52957/27821919_2022_3_16

19



Fedosov S.V., Zaitseva I.A., Fedoseev V.N., Emelin V.A. YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

DOI: 10.52957/27821919.2022 3 16 SMART COMPOSITE IN CONSTRUCTION

INTRODUCTION

Improving the energy efficiency of heat pump technologies using alternative types of energy is
now becoming the main task of implementing the strategy of energy, resource conservation and
environmental safety. On the one hand, the development and application of innovative structural
materials and devices allows to expand the range of power and scope of application of air heat
pumps, on the other hand, to ensure their higher comprehensiveness design and increase
operational productivity [1-4].

THE EXPERIMENTAL PART

The potential of the ambient air, which can be effectively used by an air heat pump into useful
heat (heating, hot water supply), is inexhaustible.

It is known that the heat transfer coefficient in calm air ranges from 4 to 5 W/(m*K), and with
intensive air blowing of heat transfer surfaces, it can reach up to 30-40 W/(m*K) [5].

The question arises: how this amount of thermal energy from the surrounding air could be
achieved?

The authors formulated a scientific and practical task: to calculate the volume (flow rate) of air
that comes from the surrounding space to determine the required amount of thermal energy at the
outlet of an air heat pump.

However, the idea of the necessity of engineering calculations of the ambient air potential arose
on the basis of the idea of energy conversion put forward by P.K. Oshchepkov, whose hypothetical
method of obtaining energy based on the movement and concentration of heat energy scattered in
the surrounding space’.

The electricity consumed by the compressor of the air heat pump is not spent directly on
heating, but is spent on "concentration" and "transfer" of scattered energy from a low-potential heat
source. These physical phenomena are formed in the air heat pump, on the one hand, by a retracting
fan, and using low-potential energy from the combination of electromagnetic waves of the
surrounding air arising in this process and when the aggregate state of the working fluid (freon) of
the freon circuit changes, which the compressor provides, giving some of its thermal energy [6-9].

As a rule, it is rather difficult to estimate how much the heat pump transfers "scattered" heat
from the air.

Firstly, because of the inconstancy of the parameters of air itself, e.g. change of its heat capacity
when the temperature changes, etc. Air, as a low-temperature heat source, has the following
properties: high heat capacity; maximum high and constant temperature; easy availability of heat
without disturbing the natural state of the source; absence of impurities that can damage the pump
elements [10-12].

Secondly, the operation of the air-source heat pump is based on the thermodynamic cycle of the
freon circuit, the efficiency of which is largely determined by a rational choice of working fluid
(refrigerant) and the ratio of the thermal properties of the refrigerant, both in the liquid and in the
vapour phase [13].

Thirdly, the hydromechanical characteristics of the flows of the liquid and gas (steam) phases,
and the process of two-phase nonequilibrium flows in which the evaporation and condensation of the
refrigerant occurs, are very important. Naturally, in order to realize the effective operation of the
freon circuit, it is necessary to establish working conditions for its phase transition from a liquid state

1  Energy conversion [online]. Available at: https://ru.wikipedia.org/wiki

20



®egocoB C.B., 3aiyeBa U.A., egoceeB B.H., EmennH B.A. YMHbBIE KOMMO3WUTbl B CTPOUTE/IbCTBE
DOI: 10.52957/27821919.2022 3 16 SMART COMPOSITE IN CONSTRUCTION

to a vapor state through the heat exchange process of the two-phase system of the working fluid
"liquid - steam" located inside the evaporative pipes of the heat exchanger interacting with the
ambient air enveloping the bundle of pipes of the evaporator of the air heat pump [14].

Heat pumps with an air source by "air-air" and "air-water" systems can be used to extract the
dissipated heat energy of the ambient air, depending on which working medium is used to distribute
heat in the building's communications - air or water (Table 1).

Table 1. Characteristics of VIN system types

Type of air heat pump system "air-air" "air-water"

Appointment Heating (cooling) of indoor air, .

. . . Heating, hot water supply
air purification
Coolant temperature (water) +20 ... +35°C +40 ... - 65°C

Coefficient of Performance(COP) 3.5 and more 2 and more

Considering the process of transferring the scattered thermal energy from the ambient air into
the system of the air heat pump circuit, we found it technologically consisting of two circuits: the first
circuit is the "ambient air - evaporator", the second circuit is the freon circuit - "ambient air - freon
(working fluid)"(Fig. 1).
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Fig. 1. The system of pumping (transferring) heat energy from the ambient air
in the contour of the evaporative-condensing unit air heat pump

As an example, the passport characteristics and operating conditions of the Meeting MD20D
monoblock air heat pump, with a power of 7 kW, with an operating mode of A10/W30 (Fig. 2) were
taken, where A - atmospheric - ambient air with a temperature of +10 °C, W - the temperature of the
coolant (water) +30 °C (for underfloor heating) [15].

In accordance with the graph in Fig. 2, we assume that the structure of the ambient heat energy
flow affecting the evaporator will correspond to the following configuration shown in Fig. 3.

The heat pump has two energy sources - the energy of the electric motor of the compressor of
the air heat pump (Qeimotor) and the scattered thermal energy of the ambient air (Q,;,)-

Table 2 shows the technical characteristics and design parameters of the air heat pump and
compressor.

The first contour

For the primary circuit, the calculation of the volume (V') of air drawn in by the fan and

supplied to the evaporator of the freon circuit in air-source heat pump operating mode can be
represented as follows:
1. The capacity or heat output of the air-source heat pump (Qcop) is determined on the basis of a
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given conversion efficiency (COP) corresponding to the operating conditions of the A10/W30 air-
source heat pump and the electricity consumption of the air-source heat pump (Q.) according to the

formula:

QCOP = Qel - COP.

2. The difference between the required heat energy received by the air-source heat pump and its
electrical power consumption will indicate how much energy needs to be taken from the dissipated
air (Q.;;) by the traction fan, feeding it to the evaporator:

Qair = QCOP - Qel'

3. The temperature pressure (At) as the difference between the freon boiling point (t,.:)
determined by the thermodynamic tables [16] and the operating temperature at the evaporator (t..),

calculated experimentally, is
At= tev - tboil-

4. It is known [5] that when air with a volume (V,;) of 1 m® is heated by 1 °C, it gives off energy
(Q.ir) of 1kJ or 0.278 W/h. Then at a given temperature pressure (Af), the heat flux energy density (g),
W/h per 1 m®, can be obtained from the air volume:

q=Qu.’ At.
Table 2. Technical characteristics of the air heat pump and compressor and calculation of their performance
Indicator Meaning
1. Operating mode of the air heat pump A10/W30
2. Thermal power of the air heat pump according to the technical 7
characteristics, kW
3. Electric power consumption of the air heat pump (Q.), kW/h 1.84
4. Conversion factor (COP) 3.5
5. Evaporator temperature (t,,,), °C +10
6. Compressor Lanhai QXR - 44
7. The rotation speed of the compressor electric motor (1), tur/min 2480
8. The volume described by the compressor piston in one revolution (V,;) 44.2cm’=44.2:10*m®
9. Performance of the air heat pump (Qcop), kW/h (=1.3x1.4) 1.84-3.5=6.44
10. The energy of the scattered air, (Q.;), W/h (=1.9-1.3) 6.44 — 1.84= 4.6kW/h=4600W/h
11. Hourly compressor capacity (Pc), 1/h (=1.8x1.7x60) 44.2:10°-2480:60=0.109616 m*/min=
=109616 cm®/min =109.616 1/min-60 min=
=6577 1/h
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Fig. 2. Dependence of the efficiency coefficient (COP) of the air heat pump - 7 kW
on the ambient temperature according to the technical characteristics
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Compressor, electric motor

[
Qo =1,84kW - from the power grid !

Q.ir=06,44-1,84=4.6 kW
(heat dissipated from thé—>] Air heat pump —— Qcop = 6,44kW
surrounding air) COP 3,5, t=+10°C

Fig. 3. Configuration of energy flows affecting the thermodynamic process of an air heat pump

5. At a given ambient temperature of +10 °C, the amount of ambient air required to produce
(pumping) the heat output (Q,;,) of the air-source heat pump (in our example 4.6 kKW (see Table 2)
through the air-evaporator circuit will be (V',;,), m°/h:

Vlair = Qair/q'

The second contour

The system of influence of the energy of the freon contour under considering consist of
evaporator, compressor, condenser, thermostat. Here is an algorithm for calculating the volume
(flow rate) of air in the operating mode of a freon circuit, with the compressor as the main energy
carrier. On the basis of the initial data (area, volume of the building, heat loss value and heat output
of the air-source heat pump) we select the tabulated acceptable compressor with a capacity of 7 kW.

1. Within one hour, the compressor capacity (P.), capable of pumping the refrigerant circuit
from the evaporator to the condenser through the mains at the given compressor nameplate
parameters, motor speed (n, rpm) and volume described by the piston per revolution (V,;), will be
the actual volume of gaseous freon drawn in per compressor motor revolution:

Hourly compressor capacity (the actual volume of the sucked-in gaseous freon per revolution of
the compressor motor (V,) per hour, 1/h (=1.8xL.7)

P.= Vs -n- 60 min.

2. The volume of vaporous freon (V'), m, with a mass (m) of 1 kg, with a vapor saturation density
(), kg/m?, is taken according to thermodynamic tables [16] at its boiling point and can be determined
by the formula:

Ve=m/p.

3. The mass of freon (my, kg/h) can be represented as the ratio of the hourly capacity of the
compressor (Vy;) and the volume of vaporous freon (Vy):

me= Pc/‘/}'

4, Based on the values of the latent heat of vaporization (r) of freon, taken according to
thermodynamic tables [16] at the boiling point, the mass of freon (m,), we determine the amount of
heat (Q;, W/h) released by the freon main on the superheated steam line, according to the formula:

Qf =T1emge 0.278.
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5. The volume (flow rate) of air in the second circuit, m*/h, is:
Vi = Qi/q-
6. The total volume (flow) of air, m*/h, is equal to:
Vit = Viair + Vi

The scheme for calculating the indicators of the volume of air in the I and II contours is shown
in Fig. 4.

The results of air volume calculations for various refrigerants used in an air source heat pump
are presented in Table 3.

Table 3. Air flow rates for various refrigerants

Indicators R22 R32 R143a R404a R407c R410a R507a R290
1. i, °C -40.8 -51.7 -47.6 -46.5 -43.6 -51.6 -46.7 -42.2
2. At, °c 50.8 61.7 57.6 56.5 53.6 61.6 56.7 52.2

3. ¢, W/m®

14.12 17.15 16.01 15.71 14.90 17.12 15.76 14.51

(=0.278*1.2)

4'Vlair) m3
325.72 268.18 287.27 292.86 308.71 268.62 291.83 316.99

(=4600 W/h / L. 3)

5.p, kg/m3 4.704 2.988 4.769 5.415 4.574 4.526 5.586 3.000
6. Vg m® (=1kg/.5) 212.59 334.67 209.69 184.67 218.63 220.95 179.02 250.00
7. myg, kg/h
30.94 19.65 31.37 35.61 30.08 29.77 36.74 26.31
(6577 1/h /1.6)
8.1, kJ/kg 234 391.60 233.1 204 252.9 264.3 199.8 406.0
9. Q, W/h
2012.59 2139.42 2032.55 2019.77 2115.04 2187.18 2040.65 2227.00
(= ¢.7%c.8%0,278)
10. V%, m*/h
(L 9L 3) 142.53 124.75 127.14 128.57 141.95 127.76 129.48 153.48
11. Vi, m*/h
468.25 392.93 414.41 421.43 450.66 396.38 421.31 470.47
(=(I. 4+ 1. 10)
12. Q,kW/h
6.61 6.74 6.63 6.62 6.71 6.79 6.64 6.83

(=1.3*1.8/1000)

The diagram of indicators of air volume by refrigerants is shown in Fig. 5.
RESULTS AND DISCUSSION

Table 3 shows that, according to contour I (see Fig. 1), the volume of ambient air flow (V',;,, m°)
drawn in by the fan and supplied to the evaporator lines varies depending on the brand of freon in
the range from 268 m®/h for freon R32 to 317 m’/h for freon R290, which corresponds to a thermal
energy of 4.6 kW, as shown in Fig. 3.

According to contour II (see Fig. 1), the volume of ambient air flow (V%,,, m®), taking into account
the density of saturated freon vapor, ranges from 124.75 m®/h for R32 freon to 153.48 m®/h for R290
freon, which corresponds to thermal energy of 2.2 kW, and gives a thermal output of 6.4 kW, as
shown in Fig. 3.
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Thermal output of an air -
source heat pump Passport data of the air
according to operating heat pump and
conditions compressor
Qcor=QuxCOP

The amount of dissipated thermal energy
of the surrounding air

Quir=Qcor+Qu

I Contour IT Contour

Hourly compressor performance

P.=Vyisxn x60 min

Temperature pressure on

the evaporator
P Freon volume

At=tev-thail Vi=m/p

Freon mass

m=P./ V¢
Energy density of the
air heat flow The amount of heat
Q=QunxAt Qr=rxmrx0,278
Aidr volume Air volume
V'air=Quir/q VZa=Qi/q

Total air volume

Qro=V it Vi

Fig. 4. Air volume calculation scheme of the I and II contours
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Fig. 5. Diagram of air volume indicators for various refrigerants
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The value of the volume index is significantly affected by the thermophysical properties of the
working fluid, for example, in the first circuit, the value of the latent heat of vaporization has an
advantage, and in the second circuit, the density of the refrigerant. A comparative analysis of the
calculation results for selected brands of freons shows the R32 and R410 are preferred; their
thermophysical indicators have higher boiling points and latent heat of vaporization; this affects the
mass of pumped freon, the price of which is relatively low in compare with other brands. Also, the
advantage of these freons is the low values of their environmental safety indicators: ozone depletion
potential and global warming potential [17-19].

Thus, the value of the ambient air potential (see Table 3) is largely determined by the
performance of the intake fan, which supplies the required air volume to the evaporator, which
provides the required heat output of the air source heat pump.

DISCUSSION QUESTIONS

In general, the amount of dissipated thermal energy received from the surrounding space (air)
depends on many related parameters, such as: the power of the compressor and exhaust fan, the
characteristics of the freon contour of the heat pump connecting pipelines [20-26]. Therefore, when
calculating, it is desirable to take into account the influence of external forces, which allowed the
authors to make a number of assumptions.

Firstly, a hypothesis was put forward about the existence of the phenomenon of induced
induction of mutually withdrawn energy from the air and some electromagnetic radiation of the
freon contour. Their joint vortex magnetic field contributes to the formation of mechanical
(ponderomotive) forces, the magnitude of which is not large, but always depending on the pressure
force and the operating mode of the devices of the evaporation-condensation unit (evaporator,
condenser, thermostatic valve). These flows, acting (enveloping) on the lines and the compressor,
add their share of energy when pumping the working fluid (freon) along the circuit, helping to
overcome the hydraulic resistance of the refrigerant vapor in the lines. The value of this share of
thermal energy in such conditions depends on the very nature of the working fluid (freon) and the
physical state of its "radiation".

The energy-mechanical effect of the pressure force on the way from the evaporator to the
compressor corresponds to:

Pix= (Pr; = Ppy) [3(Se + Sc.l)}

where (Pg, — Pp,)- pressure difference after evaporator and compressor.

Preliminary calculations of this force are from 0.20 to 0.25 W of energy. With further research
and description of changes in pressure drop (Pr, and Py), it becomes possible to determine the
geometric characteristics of the freon circuit line (diameter).

Secondly, there are irreversible losses in the operation of an air source heat pump, which
include:

- losses of thermal energy in the connecting pipeline,

- losses to overcome friction in the compressor,

- losses associated with non-ideality of thermal processes occurring in the evaporator and
condenser, as well as with non-ideality of thermophysical characteristics of refrigerants obtained
experimentally,

- mechanical and electrical losses in the compressor motor, etc,

- air humidity, resistance in lines, heat losses in lines, losses in the electrical network during
on/off, roughness in pipelines inside and outside, natural bypass [27, 28].
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The authors believe that it is approximately 10% of the volume of air flow. The total volume of

air consumption (V,,), m®/h, is:

Vvtot = (Vlair + VZair)'l-l'

CONCLUSIONS

The generation and conversion of the energy of the air surrounding the exhaust fan of the air

heat pump of the “compressor-freon circuit” system extracts low-potential energy, which generates

thermal energy in the freon circuit, heats the working fluid and then transfers thermal power to the

coolant through the condenser.

Thus, on the basis of preliminary calculations, the process of extracting thermal energy from the

ambient air and with the appropriate modeling of air exchange is shown. In addition, at the inlet to

the air heat pump, an analysis of the operation of joint contours I and II and a reflection of thermal

and energy-physical phenomena occurring in the compression-freon circuit and the surrounding air

space are shown, which makes it possible to calculate and refine the characteristics of heat transfer

by modeling this process in order to predict the allowable design parameters of thermal air heat

pump performance [29, 30].
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The article considers the use of profiled membranes in construction as a substitute
of concrete preparation for foundation systems, floors on grade and drainage systems
(e.g. multipurpose flat roofing, wall drainage). The article discusses the main
properties of profiled membranes in terms of their ability to be used in such systems.
The article gives examples of sites and construction site conditions. According to them
the paper recommends the use of profiled membranes in various systems. The article
describes the laboratory tests performed to determine the root-proof of PLANTER
profiled membranes. According to the tests of CEN/TS 14416-2014, we placed the
profiled membrane samples in special test clay pots with lupine (Lupinus albus) seeds
for a period of 8 weeks. It is an ordinary time of roof-proof assessment of the material.
In order to assess the chemical resistance, we placed PLANTER profiled membrane
samples into 15% solutions of H,SO,, Na,SO,, NaOH.

We found that PLANTER polymer profiled membranes are root-proof (do not allow plant
roots to germinate) as well as chemically resistant. This allows us to recommend their
using for drainage systems, as waterproofing protection, to replace concrete preparation
in foundation systems (or floors on grade).

Key words: concrete, reinforced concrete, corrosion, chlorides, concrete
preparation, floors on grade, drainage, polyethylene, profiled membranes,
reagents
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Cmamuva paccmampuseaem npumeHenue NpoPuUAUPOBAHHBLX MeMOpaH 8 cmpoumensvcmae
8 Kauecmee 3ameHbl OemoHHOI mnodeomosku 6 cucmemax ¢GyHdamenmos, noa08
no epynmy u 8 OpeHadMHbX cucmemax (Hanpumep, OpenHax: 8 IKCNAYAMUPYEMbLX
Kpoeasax, npucmenuulil dpenasx). Paccmompenvl 0CHOBHbBLE c80llcmea NpoOPUAUPOBAHHBLY
membpan, KOmopvle XApaKmMepus3ywom B03MONHOCME UX UCNOAL30BAHUSL 6 MAKUX
cucmemax. IIpugedensv. npumepsv. 00BeKmM0O8 U YCA0BUIL CMPOUMEAbHLIX NAOUWAOJOK,
Ha KOMOpulX peKoMeHIYemcss UCnoav3068anlle NPoQPUAUPOBAHHBLX MeMOPAH 8 PA3AULHBLY
cucmemax. IIposedenul nabopamopHule uccnedoganus no onpedeneHuUI0
KopHecmolkocmu npoduaupogannvx membpan PLANTER, no pe3yabmamam KOMOPbLX
noayueHo 3akaiodeHnue. B dannux ucnvumanuax coeaacio CEN/TS 14416-2014 obpa3ybl
npopuAupoBanHOl MeMOPAHBL NOMEWAAUCH 8 CeYUAAbHBLE UCTLBLMAMeAbHble 2AUHSHbLE
eopwouku ¢ cemeHamu aonuna (Lupinus albus) Ha nepuod 8 Hedeav, & meueHUe
KOMOpblX OUeHUBAAACL KOopHecmolkocmb wmamepuasda. Jaa ouyenku Xumuueckoi
cmotikocmu obpasyvl npodpuaupogarnnoii membpansvt PLANTER nomewaru 6 15%-Hbvle
pacmeopul xumuueckux geujecme (H,SO,, Na,SO,, NaOH).

Ilo pesyavmamam  nposedeHHbLLX  UCNBIMAHUL  BbIA6AEHO, UMO NOAUMEPHbBLE
npoguauposarntnvie membpans. PLANTER ob6aadaiom kopHecmoiikocmbvio (He N0380ALI0M
npopacmambv KOPpHAM PACTMeEHUIL), a MaK#e XUMUUECKOL cmollkocmbio. Dmo no3gonnem
pexomendogamv ux 045 UCTOAL30BAHUSA 8 OPEHAMHBLLX CUCMeMAX, 8 Kauecmee 3auumbl
eudpousonayuu, 0as 3amensv. OemoHHOU mnodzomosku 6 cucmemax ¢yHdamenmos
(uau nosaax no epynmy).

KnaouyeBbie ciaoBa: 6eToH, Kene300eTOH, KOppoO3us, XJIOPUAB, OeTOHHasd
MOJATOTOBKA, TMOJbB IO TPYHTY, /JpPeHax, IMOJUITUIEeH, NPOobUIUPOBAHHBIE

MeMOpaHBl, peaTreHTEI
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INTRODUCTION

The selection of quality materials at the design stage is an important aspect of any construction
project. Construction of ordinary buildings and buildings for special purposes (e.g. construction class
KS-3, according to GOST 27751-2014) [1, 2] requires the use of modern waterproofing materials such
as polymeric membranes (PVC or Thermoplastic Polyolefin Reinforced Membrane (TPRM) [3, 4],
BRM (Bitumen Roll Materials) [5], mastic, etc. The backfill soil often contains various rubbish,
including sharp objects (broken bricks, concrete scrap, etc., Fig. 1, a), which can damage
the aterproofing during backfilling. In order to avoid these consequences, according
to SP 45.13330.2017 [8], item 11.30, the waterproofing must be protected with sheet or roll-fed
materials, such as profiled membranes (Fig. 1, b) [6, 7]. If protection is not provided, there is a high
probability of damaging the waterproofing layer [8] with further penetration of moisture into the
structure, which can initiate the process of corrosion of concrete and reinforcement [9-11].

P T Lo
e'e’

Is 1; Iy

Fig. 1: a - building rubbish in the backfill soil at various construction sites; b - waterproofing protection

with profiled membrane

We strongly recommend against allowing moisture to penetrate, as groundwater contains
various salts (e.g. chlorides) which can lead to corrosion of the steel reinforcement inside
the concrete body and cause the failure of the concrete protective layer [9-11]. According
to GOST 31937-2011, Appendix E, Table E.1, item 6, such a defect (as well as preceding defects in item
2, item 5, Table E.1) reduces the bearing capacity and durability of reinforced concrete structures
[11, 12]. Repair of reinforced concrete structures in case of such defects is difficult and expensive one
[12-15], because it is necessary to completely remove the corroded protective layer of concrete,
perform mechanical cleaning and treatment (with corrosion converters) of steel reinforcement
surface and restore the protective layer with special repair compositions [12-15]. Large construction
projects require the extra Scientific and Technical Construction Support Activities (STSS) [16], which
can be performed in order to monitor the quality of work in progress and prevent concrete
corrosion/damage of the waterproofing.

In addition to protecting waterproofing, profiled membranes can be used in drainage systems
(e.g., double-layer profiled membranes with a layer of filtering geotextile (Fig. 2, a, 3, b), and as
a replacement for concrete floors on grade (see Fig. 2, b, 3, a), in landscaping, etc.

The profiled membranes based on High-Density Polyethylene (HDPE, PVP, LPP) are the most
common ones. Polyethylene is produced on a large-scale; the polymer is chemically resistant and has
great physical and mechanical properties allowing it implementation in many areas
of construction [17, 18].
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Fig. 2. Example of using profiled membranes «PLANTER» manufactured by TECHNONICOL Corp: a - at the wall drainage
system in combination with waterproofing of PVC-polymer membranes; b - as a capillary cutoff for floors on grade

When used as a capillary moisture barrier in ground-supported floor structures and as
a substitute for concrete preparation, profiled membranes can be classified as secondary concrete
protection in terms of their characteristics (Fig. 2, b, 3, a). 3.6 GOST 31384-2017, item 4.4
of SP 229.1325800.2014, item 5.1.2 and item 5.3.4 of SP 28.13330.2017), to a subset of facing insulation
coatings (item 9.3 GOST 31384-2017, item 5.1.2 and item 5.3.4 of SP 28.13330.2017), which make
the contact of concrete with aggressive mediums difficult. These materials must be highly resistant
to aggressive media (item 9.14 GOST 31384-2017) [19]. Flooring regulations, e.g. in
SP 29.13330.2011 [20], item 10.4, recommend the use of capillary-retaining layers of geosynthetic
materials in the construction of floors on grade.

a
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Fig. 3. Example of using profiled membranes: a - as a replacement for concrete preparation in a slab foundation;
b —in a wall drainage system in combination with a drainage pipe, according to SP 250.1325800.2016

Design and construction of drains normative documents are one of the special protection
measures, according to item 4.5 of GOST 31384-2017), in particular, SP 250.1325800.2016 item 4.2.5,
item 7.6.2.8, provide for drainage membranes, which can be used in various systems (see Fig. 2, q,
3, b), for example for a wall drain [21]. Materials used in various types of soils should demonstrate
high rates of physical and mechanical properties, in particular, for root - proof. (item 5.2 and item
5.3.5 of SP 28.13330.2017, item 6.4 of GOST 31384-2017), durability and resistance to various
aggressive factors.

We examine these properties using as an example PLANTER profiled membranes (Table 1).
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Table 1. Physical and mechanical characteristics of PLANTER profiled membranes
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Value
Unit of
Name of parameter Criterion (for the brand) Test method
measure
Standard Eco Extra
Thickness of sheet mm - 0.55 0.5 0.8 GOST EN 1849-2-2011
Protrusion height mm - 8.5 8.5 8.5 GOST EN 1849-2-2011
Weight g/m? at least 550 450 800 GOST EN 1849-2-2011
Compressive strength (at deformation STO 72746455-3.4.2-
kPa (kN/m?) - 280 200 550 .
>75%) 2014 (item 7.3)
Compressive strength (determined at
o q q STO 72746455-3.4.2-
maximum load in the deformation zone | kPa (kN/m?) - 130 80 310 .
2014 (item 7.3)
of the sample up to 50 %)
Maximum tensile force, method A:
de the roll N/50 mm GOST  31899-2-2011
alongside the ro 280 200 450 (EN 12311-2:2000)
at least
across the roll 270 190 430
Relative elongation at maximum tensile GOST  31899-2-2011
9 I 2 2| 1
force & at least 0 0 8 | (BN 12311-2:2000)
. . . GOST
Static crushing resistance, method B kg at least 20
EN 12730-2011
Flexibility on a 5 mm radius bar at low .
°C maximum -45 GOST 2678-94
temperature
Water absorption by mass % maximum 1 GOST 2678-94
Water resistance at a pressure of at . .
- at least no sign of water penetration | GOST 2678-94
least 0.001 MPa for 24 hours
Dimensional changes at 80 °C
alongside the roll % 2.0 GOST EN 1107-2-2011
maximum
across the roll 2.0

Depending on the brand, the strength tests of PLANTER profiled membranes (see Table 1, Fig. 4)
show that, they can withstand loads (in terms of tensile strength) from 200 to 550 kPa (Fig. 5). Due to

this, the use of profiled membranes as a waterproofing protection and substitute for concrete under-

floor cavity preparation (floors on grade) is reasonable and recommended in various normative
documents (e.g. in SP 29.13330.2011).
Application for profiled membranes

The main objects for the application of profiled membranes are: large residential complexes

(replacement of concrete preparation, drainage on stylobates/roofs (Fig. 6,

a) and wall

drainage/waterproofing protection in foundation structures (see Fig. 2, a)), transport tunnels

(waterproofing protection and drainage), large industrial and agricultural facilities (ground-

supported floors, Fig. 6, b). Various fasteners and accessories are used to fix the profiled membranes

(Fig. 7).

It is important to remember that, although profiled membranes are similar to waterproofing

coatings, they are not a completely waterproofing membranes, but can only protect against capillary

moisture penetration.
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Fig. 4. Example of testing a sample of a profiled membrane with a size of 10x10 cm for compression
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Fig. 5. Example of a graph for determining the compressive strength when testing various samples
of PLANTER profiled membranes

Fig. 6. Application of profiled membranes at real construction objects: a - the green roof of the museum complex;

b - installation of floors on grade for a large agricultural complex

It is the result of the membrane are usually joined by using bitumen-polymer tapes (see Fig. 7),
which cannot fully replace a polymer membrane welder. Thus, the main condition for using
a profiled membrane as a substitute for concrete preparation is a low groundwater level
at the construction site. If there is a high level of groundwater, the use of profiled membranes is
not recommended and it is necessary to arrange concrete preparation.

The use of drainage membranes as part of the drainage system is recommended for facilities
located in the area with high groundwater level (see SP 250.1325800.2016 item 4.2.5 and
SP 104.13330.2016 item 4.9), floodplains, etc. [22]. Drainage membranes enable the drainage

of groundwater and surface water on construction sites, landscaping elements (e.g. soft screeds
or pavements), multipurpose flat roofing, etc.
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: PLANTER Fixing
PLANTER Profile An element for the mechanical
A bar to protect the upper edges of fastening of PLANTER membranes on
profiled membranes. a vertical wall above the waterproofing

level. Consumption of 5 pcs. per 1 m2.

PLANTER Krep Screws R16
Temporary fixation of membranes For attaching membranes to extruded
and bitumen or bitumen polymer polystyrene foam (XPS). Consumption

waterproofing. Consumption of 5 of 5 pcs. per 1 m2.

pcs. per 1 m2.
PLANTERBAND
u PLANTERBAND DUO PLANTER Ba.se
e Sealing and fastening of longitudinal Armature retainers 35mm.
and transverse seams of
membranes.

Fig. 7. Accessories for profiled membranes «<PLANTER»

As drainage systems, concrete preparations and ground-supported floors are used
in groundwater and soil conditions, they should have root - proof and chemical/biological stability
in order to ensure an extended effective operation life for the structures. The experimental part
of the article deals with tests of PLANTER profiled membranes for chemical resistance and to root -
proof, which are of high relevance and directly relate to the durability of buildings and structures.

EXPERIMENTAL PART AND RESULTS

PART 1. Selected samples of PLANTER profiled membranes with a pre-fixed weight were
immersed for chemical resistance tests (according to GOST R 56910-2016/EN 1847:2009) in a test liquid
and incubated for a defined period (28 days) at a given temperature. Membrane characteristics were
determined before immersing the samples into chemical reagents and the same parameters were
subsequently measured after exposure to the corrosive medium.

In the laboratory conditions, we complied with the requirements for standard test:

+ temperature - 23 °C;

« atmosphere pressure - 740 mm Hg;

+ relative humidity - 65%.

Samples of the profiled PLANTER membrane were placed into solutions of aggressive
substances:

+ 15% sulphuric acid solution (H,SO,);

+  15% sodium hydroxide (NaOH) solution;

+ 15% sodium sulphate solution (Na,SO,).

Depending on site conditions, the list of reagents can be modified according to EN ISO 175:2000,
e.g. instead of sodium hydroxide (NaOH) a calcium hydroxide (Ca(OH),) solution can be used to
simulate curing concrete conditions.

After removing the samples (Fig. 8, a) from the test fluids, we recorded the presence of visual
defects on the samples:

+ change of colour;

+ appearance of spots;

+ appearance of gloss or mattness;

+ occurrence of cracks/microcracks;

« appearance of bubbles/deepening/flatting etc.

The change of weight in compare with their original weight and the change in strain and
strength characteristics (e.g. tensile/compression strength, Fig. 8, b) are also recorded.
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Fig. 8: a - selected sample of profiled membrane for testing; b - determination of tensile strength for

profiled membrane sample (200x50 mm)

According to the tests, the physical and mechanical properties of the profiled membrane
samples before and after the tests (tensile/compressive strength of the samples) did not change by
more than 5%. The change in weight was not more than +3.5%. This suggests the high chemical
resistance of PLANTER profiled membranes when exposed to aggressive chemicals over a given
period.

PART 2. We placed selected samples of PLANTER profiled membranes @200 mm into special
clay test pots for root - proof tests according to CEN/TS 14416-2014. We piled soil with white lupine
(Lupinus albus) seeds on top for a period of 8 weeks. Both conventional and enriched soil mixes can
be used to speed up flowering of seeds (the substrate is premixed with nodules, grinded roots of old
plants, etc.). Early sprouts can appear as early as 7-19 days with the enriched potting soil mixture, so
a period of 8 weeks is sufficient to evaluate the root - proof of the materials.

At the time of completion of the tests, we dug up the samples and assessed the extent of root
damage (whether the roots had germinated through the material). Root - proof materials can prevent
roots germinating completely (Fig. 9, a, b).

Fig. 9. Testing of profiled membranes for resistance to root - proof: a, b - the sample of the profiled membrane

did not allow the roots to germinate

Based on the results of the tests, Table 2 shows the root germination through the test material
and its chemical resistance values.
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Table 2. Test results of PLANTER profiled membranes for root resistance and resistance to aggressive chemicals

. Root - proof according . . .
Material/polymer Chemical resistance according to 28-day test results
to 8-week results
Solutions
15% H,SO0, 15% Na,S0, 15% NaOH
PLANTER profiled The roots have NOT Withstands the Withstands the Withstands the
membrane (HDPE) penetrated the material effects of effects of effects of

CONCLUSIONS

Thus, by the experimental results, we can conclude the synthetic materials, in particular of
PLANTER profiled membranes, are root - proof and chemical resistant. On the basis of the results
named above the test reports were issued.
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Cea3v Mmexucdy Ccmpykmypoll UYemeHMH020 KAMHA U MEXAHUKOU e20 pas3pyulenHus
ycmawuasaugaemcsa nocpedcmeom U3YHeHUL CMPYKMYpHO-Aa308blX U3MeHEeHUl 8
YyeMeHMHOM KamHe nod go3deiicmeuem CuAbHOAzpecCU8HOL xaopudcodeprcaueil cpedul.
Jns obecnewenus 06semHuoll eudpogobusayuu yemenmnozo kKamus bemona npedaoxero
gsodumbv 6 UeMeHMHYI CcMecb HA cmaduu U320MO6AeHUs Ccmeapam KAAbUUuLl 6
koauuecmee 0.5 u 0.7 % mac. M3meHeHUe QUIUKO-MEXAHULECKUX XAPAKMeEPUCMUK
06pa3y06 yemeHmHo20 KAMHA Pukcuposasu nocae 6 Mmeciyes go3deiicmeus HA HUX
dsyxnpoyenmnoeo pacmeopa MgCl,. 3 cmpyKmypHbuX COCMABALIOUUX UCCA008AHHOL
mapku nopmaandyemenma I[EM I 42,5 H HU3KOOCHOB8Hble eudpocuaukamusl Kaabyus,
nopmaandum u ammpureum Ovicmpee noddawmcs pa3noieHulo npu Koppo3uu bemona
6 owudkux xaopudcodepxmauwux cpedax, w4moO O0Ka3vléaem OCHOBHOe BAUAHUE HA
U3MeHeHUe NPOUHOCMHBLLX Xapakmepucmuk Oemond. B pesyavmame 8030eiicmeus
mudkux xaopudcodepiauux cped npoucxodum CcHUMeHUe HA 35% mnpouyHocmu HaA
cocamue yemeHmHozo kKamus bemona. Beedenue 8 yemenmnyio cmecv eudpogobusamopa
cmeapama  kKaabvyus npugodum K QPOpMUPOBAHUI0  BbLCOKO  KPUCTAAAUHECKOU
cmpykmypel. npu  meepleHUU  YyeMeHMmHO0z0 KamHa bOemona. B cmpyxmype
eudpoobu3upo8anH020 YeMeHMHO020 KAMHS TNO06blULeHO codepicaHue 2UOpOCUAUKAMOB
Kaabyus U ImmpuHeuma, ecaedcmeue uez0 ego3pacmaem ee20 npourHocms. Ilpu
go3deiicmeuu aepeccusHnoll xaopudcodeprcaueti cpedvl npoucxodum He3HAUUMEAbHOE
CHUMeHUEe UHMEHCUBHOCMU Kaabyulicodepxauyux ¢as3, Koauvecmeo nopmaanouma @
cmpykmype UemMeHMHO20 KAMHS O0Cmaemca npexuum. B pesysvmame xaopuduoil
Koppo3uu npouHocmsv eudpodobusuoposannozo bemona nonuxcaemcs Ha 8%.

KnaodeBbie ciaoBa: ob0bemHas ruzpodobusanusa, rugpopobusnpoBaHHBN 6eTOH,
XJIOpUAHAsA KOPPO3UI, PEHTreHOCTPYKTYPHBIH aHaim3, MHIPOYHOCTb 0OeTOHA,

CTPYKTypHO-(}a30BbIli cocTaB, KOppo3usa beToHa
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

The relationship between the structure of cement stone and the mechanics of its
destruction is established by studying the structural and phase changes occurring in
cement stone under the influence of a highly aggressive chloride-containing medium. To
ensure volumetric hydrophobization of concrete cement stone, it is proposed to
introduce calcium stearate in the amount of 0.5 and 0.7 wt. % into the cement mixture
at the manufacturing stage. Studies of changes in the physical and mechanical
characteristics of cement stone samples were carried out after 6 months of exposure to a
environment of a 2% MgCl, solution. Of the structural components of the studied brand
of Portland cement CEM I 42.5N, low-base calcium hydrosilicates, portlandite and
ettringite are more quickly decomposable during concrete corrosion in liquid chloride-
containing media, which has a major effect on the change in the strength characteristics
of concrete. As a result of exposure to liquid chloride-containing media, the compressive
strength of concrete cement stone decreases by 35%. When the calcium stearate
hydrophobizer is introduced into the cement mixture, a highly crystalline structure is
formed during the hardening of concrete cement stone. In the structure of
hydrophobized cement stone, the content of calcium hydrosilicates and ettringite is
increased, resulting in an increase in strength. After exposure to an aggressive chloride-
containing medium, there is a slight decrease in the intensity of calcium-containing
phases, the amount of portlandite in the cement stone structure does not decrease. As a
result of chloride corrosion, the strength of hydrophobized concrete decreases by 8%.

Key words: volumetric hydrophobization, hydrophobized concrete, chloride
corrosion, X-ray structural analysis, concrete strength, structural and phase

composition, concrete corrosion
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BBEAEHUNE

B ycnoBusix, korga Ha OeTOHHOe U37ejare OKasblBaeT [elCTBHe arpecCUBHas Ccpeja,
WHTEHCUBHOCTh PAa3BUTUS MPOIECCOB KOPPO3UU 3aBHCUT OT CKOPOCTHU ITPOHUKHOBEHUS B
IIeMEHTHBI KaMeHb AarpecCUBHBIX BeIecTB [1-4]. DTa CKOPOCTh B 3HAYUTENbHOHU CTeleHU
OIIpe/iesIAeTCs CTPYKTYPHBIMU 0CODEHHOCTSIMY IEMEHTHOTO KaMHs [5-8].

Haubosiee arpecCUBHBIMU BOJOPACTBOPHMMBIMU BeL[eCTBAMH [Js JKeje300eTOHa SBJSIOTCS
XJIOPUA-UOHH [9-13], TakKe 3HAUYUTENbHOE BIMAHUE Ha OETOH OKaspiBaeT KapOoHusarus [14-19].
[TOCKOJIPKY B3aUMO/IEHCTBIE KOMIIOHEHTOB 0OETOHA C arpeCCHBHBIMH BeI[eCTBAMU IPOUCXOJUT B
JKUJKOM Cpefie, BOJOIPOHUIIAEMOCTh 6OETOHA HIpPaeT BAXKHYIO POJb B Pa3sBUTHUU IPOIECCOB
KOPPO3UOHHOH AecTpyKiuu [20-23].

Beron o06sasaeT BBICOKOII BOZOIPOHUIIAEMOCTBIO JJIs rasa U JKUAKOCTeH Oiarogaps
COYETAHUIO MOPUCTOH MUKPOCTPYKTYPH U TUAPODUIBHON IPUPOABI KOMIIOHEHTOB, IIeMeHTHOH
MAaCCH ¥ MUHEpPaJbHBIX 3alI0JHUTeNeH. IIDPOHMKHOBEHYE U IIEPEHOC BOJBI BBI3BIBAIOT paspylleHLe
€ro CTPYKTYpPBl, YTO MPUBOAUT K CHIDKEHUIO (DYHKIIMOHAJBHOCTU U HAJEKHOCTU OEeTOHHBIX
usgenuii (2, 11, 24, 25].

CHIKeHUe T[POHUIIAEMOCTH 0eTOHA SABJIAETCI BAKHOU /JOIMOJHUTEJbHON Mepou s
NIpeZOTBPAIleHUsT Pa3BUTHUS MIPOIeCCOB Koppos3uu. O6paboTKa C 1eJIbI0 YMEHbUIIEHUS IIOPUCTOCTH
MMOBEPXHOCTU IyTEM BBEJEHUS CIEIUAJbHBIX A0DABOK BO BpeMsl CMEIIHWBAHUS KOMIIOHEHTOB
OeToHa MPUBOAUT K YACTUYHOMY MAMA IIOJHOMY 3aIllOJHEHUIO I[IOP HEPACTBOPUMBIMU
COeJUHEHUSIMY, O00pasyloIIMMUCS I[P  B3aUMOJEHMCTBUM J00OaBOK C  OIpeJeleHHBIMHU
KOMIIOHeHTaMH OeToHa [26-31]. B aToM ciydae Bcsg OeTOHHas Macca IPUOOpeTaeT OIpesieIeHHYIO
YCTONYIMBOCTD K BO3J€HCTBUIO BOJHI.

Haubosee pacmpoCcTpaHeHHBIMU CpEACTBAMHU, OJOKUPYIOIIMMU IOPH OETOHA, SIBIAIOTCS
(pTopcuaMKaTEl W CHJIMKAThl, CHJIaHBl M CHJIOKCaHBL, cTeapaThl [32-37], a Takxe
MoAuUIMPOBaHHBIE IIOPOIIKY MUKPOKpeMHe3eMa U 308 [38, 39].

YCTaHOBJIEHO, YTO IIPX BBEJEHHM B KadecTBe TIuzpodobusupyoomux A06aBoK B 6eTOH
CTeapaToB IIEeJOYHBIX U IIeJI0YHO3eMEeJbHBIX METAJIOB B Ha4aJIbHbIE CPOKU ITPOYHOCTh Ha OCEBOE
CXKaTHe CHIDKAeTCs B 2-5 pas, 1o cpaBHeHUIo ¢ HerugpodobusupoBaHHeIMU 06pasuamu 6eToHa [35,
40, 41]. B pganpHeilieM Ipu 3aTBEPAEBAHUM IPOYHOCTb OETOHOB HA CXKATHE 3HAYUTENbHO
yBesmuuBaetcs (B 20-40 pas), ofHaKo 000CHOBaHME TAKOMY ZeHCTBUIO J06aBOK Ha JAaHHBI MOMEHT
OTCYTCTBYeT [26, 42-44].

IToCKONBPKY MeXIy MEeXaHUKOU U CTPYKTYPOU paspylleHUs I[eMEeHTHOIO KaMHS CYIIeCTBYeT
TecHas CBSI3b, I[eJbI0 MCCJIEJOBAHUI SBJSETCS W3y4YeHUe CTPYKTYPHO-(Ga30BBIX WH3MEHEeHUM,

IIPOUCXOASALINX B [IEMEHTHOM KaMHe IIPU BO3/EeHCTBUY arpeCCUBHBIX CPeZ.
SKCIIEPUMEHTAJIBHAA YACTD

UccnenoBaHus mpoBOAMIN Ha obpasiax pasMmepaMu 10x10x10 cM 13 MOPTIAHAIIEMEHTA MapKU
IEM I 42,5H c BojoueMeHTHBIM cooTHomeHrneM B/Il = 0.3, U3roTOBJEHHBIX U3 PACTBOPOB
HOPMAaJIbHOM T'yCTOTHI. PasMmepsl 00paslioB M YCJIOBUS UX TBepAeHUs — Temieparypa (20+2) °C u
OTHOCUTEJIbHAsA BIWKHOCTb Bo3Ayxa 50-70% - coorBercTByroT I'OCT 5802-86 «PacTBOpHI
cTpouTenbHble. MeTOABI MCHIBITAaHUN». Ilepes TpoBeleHUEM UCIIBITAHNE 00pasIibl BEIAEPKUBAIH B
TedeHUe 28 CYTOK AJIS OTBEPXAEHNS B HOPMAJIbHBIX YCIOBUAX.

Mapka 1jemMeHTa 110 BogoHenpoHunaeMoctT W6 u W8 perynupoanach ruzpodobusupyoeit

L[O6aBKOﬁ — CTeapaTOM KajJbl¥d UM IIepeJ, Ha4daJOM 3KCIIEpMMEHTa oIlpeaeadsaCb COIJIAaCHO
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MeTO/IKe, OIMMCAaHHON B IaTeHTe Ha usobpereHne PP No 2187804 «Crocob ompegeneHUs
BOZIOHEIIPOHMIIA€MOCTA LIeMEeHTHBIX MaTepHuaaoB». Mapke II0 BOZOHeIpoHUIlaeMocTH W6
COOTBETCTBYeT COZepKaHUe CTeapaTa Kaablud B KoaudecTBe 0.5% OT MacChl IEMEHTa, MapKe II0
BoZoHenpoHunaeMoct W8 - 0.7%.

Konmuenrparnuio pactsopa MgCl, 20 r-1" nmpunsaiu B coorsercTBuu ¢ CIT 28.13330.2012 «3amura
CTPOUTENBHBIX KOHCTPYKIMH OT KOppo3uw» mo Tabmuie B3 mpunoxkenus B kak
CUJIPHOAIPECCUBHYIO II0 OTHOIIEHWHIO K 0eToHy. OOpasiibl IIeMeHTHOTO KaMHs IIOMeLanu B
€MKOCTH, 3alloJTHeHHble VKa3aHHON Xijopujcofepxaieii cpezgoil. UVsmeHeHus ¢usuKo-
MeXaHUYeCKUX XapaKTepUCTUK o00paslioB IIeMEeHTHOIO KaMHsS (UKCHUPOBaJU IIOCJIe 6 MecC.
BO3/ZI€ICTBUS Ha HUX KUJKOU arpeCCUBHOM CPessl.

IIpouHocTh OeToHHBIX 06pasuoB omnpegensau o I['OCT 10180-2012 «BeToHbl. MeTozbI
oIlpeZieJIeHNS IIPOYHOCTH 110 KOHTPOJIBHBIM 00pasIjaM».

PeHnTreHorpaduyeckuii aHanaM3 II03BOJIIET KadeCTBEHHO OIpeZenuTh (a3oBhIE COCTaB
I[EMEHTHOr0 KaMHA. [ NpOBeJEeHUs HCCIeJOBAaHHUSA C IIOBEPXHOCTEH 00pasIoB LIeMEeHTHOTO
KaMHSI IIOCJIe WX BBICYIIMBAaHUS CKaJbIBAJNd KyCOK, KOTOPBIH 3aTeM wu3MeJab4daad o
MeJIKOZUCIIEPCHOTO ITOPOIIKOOOPAa3HOro COCTOSHUA. PEeHTreHOrpaMMEl CHUMAIK Ha IIOPOLUIKOBOM
zudpaxromeTpe D8 Advance mpu A = 1,5405 A.

PE3VJIBTATBI 1 UX OBCYKXKIEHUE

JonroBeyHocTh OeTOHa - OAWH M3 BaXHEHMIINX IIOKasaTeslell KauecTBa CTPOUTENbHBIX
KOHCTPYKIUH, HaIpsIMylO0 CBA3AaHHBIH C €ro IIPOYHOCTHIO. XOPOIIO KM3BECTHO, UTO IIOBBIIIEHLE
COOTHOIIIEHUS BOABI U I[eMeHTa B OeTOHe IIPUBOAUT K CHIDKEHHIO €r0 IIPOYHOCTH U YBEIUYEHUIO
CTEeIeH! MOPUCTOCTH [1, 2, 45, 46]. BeTOH ¢ HU3KOI IPOYHOCTHIO SIBJSIETCS D0Jiee IPOHUIIAEMBIM U
MeHee JJOJITOBeYHbIM [1, 3, 47, 48]. OfHAKO [JIs1 pealbHBIX Ke1e300€ TOHHBIX KOHCTPYKIIUH pelieHue
NpoO6IEMBI ZI0JITOBEYHOCTH SIBJISETCS D0JIee CI0XKHBIM, U OJHOI'0 y4eTa IPOYHOCTH HEAOCTATOYHO.

Ha puc. 1, a 1npuBeseHa peHTTeHorpaMMa obpaslia u3 I[eMEHTHOTO KaMHs, He
IIOZIBEPraBIIErocst BO3JIEICTBUIO arPeCCUBHOU Cpebl.

V3K1e NIUKM COOTBETCTBYIOT BBICOKOKPUCTAIIMYECKOU CTPYKType HCCIeAyeMbIX 00pasiioB
IleMeHTHOro kKaMmHsA. Ha peHtreHorpamme 3sabukcupoBaHo aucddysmuoHHoe rajso B objacTu
20 =29-36 rpaz., KOTOpoe XapaKTepusyeT Haaudue PeHTreHOaMOP(HBIX BellecTB, B YaCTHOCTH,
TUAPOCUINKATOB KalIbIVs 1 TOOEPMOPUTOBOTO TeIs.

B cTpykTypHO-(pa30BOM cOCTaBe IJeMEHTHBIX 00pasloB OOHApY:KeHBl HEruApPaTHUPOBAHHBIE
(asbl 1eMeHTHOro KJInHKepa — anuT C;S u benut C,S. YCTAaHOBIEHO COBMECTHOE IIPUCYTCTBLE B
I[eMEeHTHOM KaMHe aJuTa C IPOAYKTAMH €ro THApaTaluy - HU3KOOCHOBHBIMH C-S-H (I) m
BbIcOKOOCHOBHBIMU C-S-H (II) rugpocunukaTaMu Kanpnus. HerngpaTupoBaHHBIN OpayHMUJIEPUT
C.,AF npescTaBiieH COBMECTHO C T'MIPOCUINKATAMU KaJbl[UA. DTTPUHIUT U TayMAaCUT B IleMEeHTHOM
KaMHe 4acTO IPUCYTCTBYIOT B BHJeE KPUCTAIMYECKON CMecH, I03TOMY Ha PEHTTeHOrpaMMax OHHU
IIpe/iCTaBIeHbl COBMECTHBIMU IIMKaMHU. B o0pasmax fpKo BhIpaKeHBI IIMKH, OTBedamolue ¢ase
noptiaagauTta Ca (OH),. B cTpyKType 1leMeHTHOro KaMHS U3 HopTiaaHAlleMeHTa Mapku ITEM I 42 5H
COZEPXKUTCS MaJIoe KOJIMIECTBO Turica. IIMKy HU3KOM MHTEHCUBHOCTH (3-5%) Ha peHTreHorpaMMax
06pasIlOB COOTBETCTBYIOT IIPOAYKTAM IHMpaTalliy MUHepasa I0PTIaHAIleMeHTa TPEXKaTbI[eBOr0
amoMuHaTa C;A - BOCbMU, TPUHAALATH U AeBATHAJLATUBOAHBIM I'MApPOaJIOMHHATaM KaJlbliud, a
TaKXKe BBICOKOCYIbGaTHON dhopMe rugpocyibhodeppuTa KaabIius.

Ha puc. 1, 6 mnpuBeseHa peHTreHOrpaMMa IIeMEHTHOrO KaMHS II0CJIe BO3ZAEeHCTBUA
JBYXIIpolleHTHOro pactBopa MgCl, B TeueHue 6 MecsiieB. IIpu KOppo3sUM I1IeMEHTHOI'O KaMHS B

KUJKUX  XJIOPUJCOAEPKAIIUX CpeZilax IIPOUCXOJUT CHIDKEHVE UWHTEHCHUBHOCTH IIMKOB. DTO
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CBUAETENbCTByET 006 YMEHBbHIEHNN COJEpPXKaHUA q)aSOBbIX COCTAaBJJIAIOIMINX HEMEHTHOI'0O KaMHA
BCJIE€ACTBUE PA3JIOKEHN S KOMIIOHEHTOB I10 BOS,Z[eI';ICTBI/IeM XJIOPUZA-NOHOB.
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Puc. 1. PeHTreHorpaMMbl 06pasiia IeMEHTHOTO KaMHs 13 opTaaHzAneMeHTa Mapku IIEM 142.5 H z0 (a) u mocie
BO3JEICTBUS B TEUEHNE 6 MeCSIIeB ABYXIIPOIeHTHOrOo pacTBopa MgCl, (6): 1 - taymacur; 2 - arrpusrut; 3 - C-S-H (II);
4 - JKUCMOHZWH; 5 - TH66CUT; 6 - TUTIC; 7 - OpayHMUJLIEPUT; 8 - KCOHOTIUT; 9 - CUAMUMaHUT; 10 - B-kBapiy; 11 - KaJabLIUT;
12 - anut; 13 - To6epmopuT; 14 - 6enuT; 15 - C-S-H (I); 16 - nopTiaasAnT; 17 - KHAaHUT
Fig. 1. X-ray images of a sample of cement stone from Portland cement grade CEM 142.5 N before (a) and after exposure
for 6 months to a two percent MgCl, solution (b): 1 - taumacite; 2 - ettringite; 3 - C-S-H (II); 4 - gismondine; 5 - gibbsite;

6 - gypsum; 7 - brownmillerite; 8 - xonotlite; 9 - sillimanite; 10 - B-quartz; 11 - calcite; 12 - alite; 13 - tobermorite; 14 - belite;
15 - C-S-H (I); 16 - portlandite; 17 - kyanite

CHIKeHUe UHTEHCUBHOCTU U HCYe3HOBEHMNEe Ha pPeHTreHorpamMme (cM. puc. 1, 6) JUHUH,
OTBEYAIOUIUX MPOAYKTY I'UpaTalliy aJluTa U 0eanTa — HU3KOOCHOBHOMY M/ POCUINKATY KalbIIKsI
C-S-H (I), moATBepXJAlOT JAaHHBIE IIPOYHOCTHBIX MCIBITAHUM I[€MEHTHBIX O00OpasIoB IOCTe
BO3J€HCTBUS arpecCUBHBIX cpeZ (Tabn. 1). IIpu XJI0pUAHON KOPPO3UU ITOH CTPYKTYpPHOU (aswl
CTaHOBUTCA MEHBbIIIEe, YTO IPUBOAUT K CHUKEHUIO IPOYHOCTHU 1eMEeHTHOI'0 KaMH.

TaGauna 1. V3MeHeHUs MPOYHOCTH 00pasI[OB IIeMEHTHOTO KaMHsI GeToHa u3 mopriaaHaueMmeHTta LIEM I 42,5 H mog
BO3/IeHiICTBHEM CUJIbHOATPECCUBHOM XJIOPUACOEPIKaIell Cpesbl

Table 1. Changes in the strength of cement stone concrete samples from Portland cement CEM I 42.5 N under the influence
of a highly aggressive chloride-containing medium

Mapka 6eToHa 10 BOAOHEIIPOHUIIAeMOCTH

Konnenrpanus MgCl,
B PacTBOpe, I/

PacueTHOe HanpsKeHHE
paspywmenus, MIla

- 49.8
20 32.5
- 58.2

w6
20 53.8
- 63.4

w8
20 58.3

B pesynbraTe KOpPpO3UM IIEMEHTHOTO KaMHS B JKUAKUX XJIOPUZCOZEPXKAUIUX CpeAax Ha
PEHTreHOrpaMMe MPOUCXOAUT HeGOMBIION CABUT PedIEKCOB 10 3HAYEHUAM YIJIOB 20, 4TO CBA3aHO C
“3MeHeHeM aMOPGHO-KPUCTAIIUIECKOH CTPYKTypbl. OZHAKO JJIs OAHUX U Tex e (a3 MUuKu
OCTAIOTCS BHIPAYKEHHBIMU.

CHIDKeHVe WHTEHCUBHOCTU NMUKOB noptriaanguta Ca(OH), Ha peHTreHorpaMMax o0yCIOBI€HO
€ro paspylleHHeM U BBIMBIBAHKMEM IO BO3JeHCTBMEeM Ha I[€MEHTHHI KaMeHb BOJHBIX
[49].

KOPPO3HOHHBIX IIPOLIECCOB IIPUBOJUT K JecTabHiM3alluiy BBICOKOOCHOBHBIX T'HMAPATHBIX a3

arpecCuBHBIX CpeJ BreimbIiBaHUIE IIopTJaHAnUTa M3 LEeMEHTHOI'O KaMHA B pe3yjabTaTe
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I[EeMEHTHOrOo KaMHs. IIpu BO3ZENCTBUM  /JBYXIIPOIleHTHOro pactBopa MgCl, miomazau
IuhbY3MOHHBIX TajJi0 YMEHbBINAITCS; 9TO CBUAETEIBCTBYET O TOM, YTO PeHTreHoaMopdHbIX ¢das B
[[EMEHTHOM KaMHE€ CTaHOBUTCA MeHbuie. CpeJHee CHIDKEHME WHTEHCUBHOCTU JIMHUM,
XapaKTepU3yIOIIUX COBMECTHOE IPHUCYTCTBHe TobepMopuTra U TOOGEPMOPUTOIOLO0OHOTO
rugpocunrkarta kanapiusa C-S-H (I), coctaBuiio 67%.

IIpu KOPPO3UM IIEMEHTHOTO KAMHS B XJIOPUACOZEPKALINUX CPefaX MPOUCXOJUT UHTEHCUBHOE
YMEHBUIEHNE KOJNYECTBA KaK KPUCTANINYECKUX, TaK U peHTreHoamopbubix ¢as. Tak, B
pesyJIbTaTe BO3JEHCTBUS JBYXIPOIeHTHOTO pacTBopa MgCl, Ha 1leMeHTHBIH KaMeHb IIPOUCXOAUT
3HAYUTENbHOE CHIDKEHHE WHTEHCUBHOCTU BCEX KAJIBI[UHCOJAEPKANUX COCTABASIONIUX, YTO
HEraTUBHO CKa3bIBaeTCs Ha IPOYHOCTHBIX XapaKTePUCTUKAX (CM. TabI. 1).

Ananus peHTreHorpamMmMm (puc. 2) I[IOKa3blBaeT, dYTO B pe3yJbTaTe BBeJEHUS
ruApodobusupyOLIUX L00aBOK B I[EMEHTHOM KaMHe K3MEHSeTCS COOTHOLIEHWE CTPYKTYPHBIX
cocTaBasiomux. B HeruzpodobusnpoBaHHBIX 00pasuax (CM. pUC. 2, 8 U 2) SIPKO BBHIPAKEHHBIMU
SIBJISIOTCS IIMKY, OTBedamlnue (ase NOpPTIaHAUTA, a B TuApodobOHU3UPOBaHHBIX 00pasIax

(cM. puc. 2, a 1 6) - TUAPOCHIIMKATAM KaJIbIUsl, TAYMAaCUTY U STTPUHTUTY.
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Puc. 2. PeHTreHOrpaMMbl 06paswios 2o (a, 6) u mocie (6, 2) Bo3zeCTBYs Ha [IeMEHTHbIH KaMeHb JABYXIIPOLIEHTHOTO
pactBopa MgCl, (6, 2): a, 6 - rugpodobu3rpoBaHHbIE 06PasIbl, AUHAMUKA II0 MapKe BOJOHENpoHuIaeMocTt W6;

8, 2 - HeruZpodobU3NPOBaHHbIE AMHAMIKA [10 MapKe BOZOHEIIpoHuLaeMocT W8; 1 - TaymMacur; 2 - STTpuHruT; 3 - C-S-H
(II); 4 - >KUCMOHANH; 5 - THOGOCHUT; 6 - THIIC; 7 - GPAYHMUJIEPUT; 8 - KCOHOTJIUT; 9 - CU/UIMMaHUT; 10 - B-kBapii; 11 - KaablIuT;
12 - anuT; 13 - ToGepMopuT; 14 - 6enut; 15 - C-S-H (I); 16 - mopTianguT; 17 - KHAHUT
Fig. 2. X-ray images of samples before (a, ¢) and after (b, d) exposure to cement stone with a two percent MgCl, solution
(b, d): a, b - hydrophobized samples, dynamics according to the waterproof grade W6; ¢, d - non-hydrophobized dynamics
according to the waterproof grade W8; 1 - thaumacite; 2 - ettringite; 3 - C-S-H (II); 4 - gismondine; 5 - gibbsite; 6 - gypsum;
7 - brownmillerite; 8 - xonotlite; 9 - sillimanite; 10 - B-quartz; 11 - calcite; 12 - alite; 13 - tobermorite; 14 - belite; 15 - C-S-H (I);
16 - portlandite; 17 - kyanite
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VY3K1e MUKU Ha PEHTTeHOIPaMMax COOTBETCTBYIOT KPUCTAIMYECKOHN CTPYKType UCCIeyeMbIX
00pasIoB IleMeHTHOro KaMHsg. Ha peHTreHorpamMmax 3aduKcupoBaHO AuG(DY3NOHHOE Tajo B
obmactu 20 = 29-36 rpaj., KOTOpoe IOATBEPXKAAeT HaIU4YMe PeHTreHoaMOp(HBIX BeIeCTB, B
YaCTHOCTU TUJPOCUIMKATOB KajblUsd U TOOEpMOpPUTOBOrO reiisd. Y TuApodobusnpoBaHHBIX
0o0pasIloB Trajo MeHee BBIPAXKEHO, BEPOSTHO, BCJIEACTBUE BIMSHUSA CTeapaTa KaJbLMsd Ha
(opMupoBaHME  BBHICOKOKPUCTANINYIECKON CTPYKTYpPhl II€MEHTHOro KaMHs. IloBbIIeHUME
MHTEeHCHBHOCTH NIMKOB Ha PeHTTeHOorpaMMax IuApodoOu3rpoBaHHEIX 00pas3lioB CBU/ETENbCTBYET
o0 boJiee yIIOPSIZA0OYeHHON UX KPUCTAINYECKOH CTPYKTYpe.

B cTpykTypHO-(pa30BOM cOCTaBe IJEMEHTHBIX 00paslioB OOHApY:KeHBl HETHApPaTHUPOBAHHBIE
(aser iemMmeHTHOrO KIAMHKepa — anut C,S u 6enut C,S. T'ugparanysa aTux ¢has MoxkeT ObITh 3aMe/jIeHa
Ipu BBeZleHUM rugpodobusaTopa - cTeapaTa KalbUMs Ha CTaJUU U3TOTOBJIEHUS I[€MEHTHOIO
TecTa.

IIpu BO3ZENCTBUU JBYXIPOLleHTHOro pacrBopa MgCl, Ha IleMeHTHBI KaMeHb IIPOUCXOAUT
CHIDKEeHNE WHTEHCHUBHOCTU KajJbLMHcoZepKamux (a3, YTO AOLKHO HETaTHBHO OTPaXaTbCA Ha
IIPOYHOCTHBIX XapaKTepPUCTHUKaX MaTepuasa. B dYacTHOCTH, B Herupodobu3npoBaHHOM
IIeMeHTHOM KaMHe B pe3yJbTaTe KOPPO3UH IIPOUCXOAUT 3HAYUTEJbHOE YMEHbIIEHNE COlePKaHUs
ruapocunukaTta Kaiapius C-S-H (II) (cM. puc. 2, 6 u 2, ¢ cOOTBETCTBEHHO). C APyroi CTOPOHBHI, B
pe3yJbTaTe BO3/eHCTBUS arpPeCCUBHOM CpeAbl He IIPOUCXOAUT CYLIeCTBEHHOE BhIBeeHVE KalbIUs
13 CTPYKTYPHI 1]eMEeHTHOI0 KaMHsI, IIPUTOTOBJIEHHOIO C BKJIIOYeHNeM J00aBKU CTeapaTa KajlblIUsd
(cMm. puc. 2, a u 6). IIMKK NOPTIAHANUTA OCTAIOTCS BEIPAXKEHHBIMHU, KOJTMYECTBO UX He M3MEHAETC .

JaHHBle OIIpeJeseHUs IIPOYHOCTH 00OpasIjoB Ha CKaTHe IoKasanu (cM. Tabi. 1), 4To mpu
BBeJeHUN  rugpodobusaropa OHa  IOBHIIIAETCA. OTO  0OBICHAeTCS  obOpasoBaHUEM
BBICOKOKPUCTAJUIMYECKOH CTPYKTYPHI OTBEPKJEHHOI0 IleMeHTHOI'0 KaMHs. B pe3ysbraTe AelcTBUS
arpeccUBHOM cpeAbl Ha ruApodobH3NpOBaHHBIE 00OPA3IBl MX IPOYHOCTh CHIDKAETCS He CTOJb
3HAUYUTEJNbHO, KaK y UCXoAHoro obOpasma (6e3 mgobaBku). Takum ob6pasoMm, BBefeHUE
ruzpodobusaTopa cTeapara Kajablis B IIeMEHTHYIO CMeCh Ha CTAZUU ee IPUTOTOBIEHHUS YIydIlaeT
CTPYKTYpPY OeTOHA U [TOBHIIIAET €r0 IPOYHOCTHbIE XaPAKTePUCTUKHU.

Poct pacueTHOro HampsDKEHUS  paspylIeHUs CBSI3aH CO  CTPYKTYPHO-Pa30BBIMU

[IpeBpaIeHUAMY, ITPOUCXOASAILINMU B [IleMEHTHOM KaMHe [0/ efiCTBIEeM arpecCUBHOM CpeZibl.
BBIBO/IbI

IIpy BO3AEMCTBUH AarpeCcCUBHBIX XJIOPUICOJEPHKAIUX CpPeJ IPOUCXOAAT W3MEHEHUS B
CTPYKTYpHO-()A30BOM COCTaBe I[EMEHTHOTO KaMHs 0eTOHa, MPUBOAANINAE K YXYAUIEHUIO €ro
MIPOYHOCTHBIX XaPAKTEPUCTUK. Pe3yibTaThl OIEHKU BO3/IENCTBUSA JBYXIIPOIEHTHOTO PACTBOpa
MgCl, Ha 11eMeHTHBII KaMeHb C MCIOJIb30BAHMEM PEHTTEHOCTPYKTYPHOIO aHalIKM3a yKas3blBalOT Ha
CHIDKEHUWE COZEpXKaHusi BCeX Kaablubcozepxamux ¢as. 3apUKCUPOBAHO PasIOKEHUE
penTreHoaMopdHOM (Haspl TUAPOCUIUKATOB KAJBIUA U TOGEPMOPUTOBOTO TS U3 CTPYKTYPHI
beToHa.

YMeHbIlleHe MacCOBOHM ZOJU THUAPOCHIUKATOB KalbIUA U ITTPUHTUTA, A TAKKE JPYIUX
KpUCTaIndecKux (a3 B IEMEHTHOM KaMHEe MPUBOJUT K CHIDKEHUIO Ha 35% IMIPOYHOCTU €ro Mpu
CKaTUU 33 6 MeC. XJIOPUAHOM KOPPO3UH.

B pesysbTaTe BBeZeHUS CTeapaTa KaJbIUd B [[EMEHTHYIO CMECh [IPU TBEPAEHUU IIPOUCXOJUT
o6pasoBaHMe  BBICOKOKPUCTA/UIMYECKOM  CTPYKTYphl  C  TIOBBIIEHHBIM  COZEepKaHUEM
TUIPOCUIUKATOB KaJUbI[Usl, TAyMacUTa U OSTTPUHIUTA. [IPOYHOCTH TUAPOGOOUZUPOBAHHOTO
IIeMEeHTHOr0 KaMHs Ha 20% BBIIlle, 4eM Y UCXOJHOro obpasua (6e3 100aBKM).

IIpu BO3ZEUCTBUU B Te€UEHUE 6 MECSIEB KUAKON XJIOPUACOAEpKalleil cpeAbl TPOYHOCTHBIE
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XapaKTepUCTUKHN THAPo(d0oOH3NPOBAHHOTO LIEMEHTHOTO KaMHS H3MEHSIOTCS MeHee HHTEHCHBHO
(TpoYHOCTD Ha CXKaTHe CHIDKAeTCs Ha 8%).

TakuM o00pasoM, C HCIOAB30BAHMEM METOJOB PeHTreHo(a30BOTO aHalIM3a YCTaHOBIEHA
B3aVMOCBSI3b MEXJy XapaKTepPUCTHUKAMH CTPYKTYpPbl LIEMEeHTHOro KaMHS M IlapaMeTpaMU ero
IIPOYHOCTH. JOIrOBpeMeHHast IPOYHOCTb U TPEIMHOCTOMKOCTh GEeTOHA ONpeZensioTCs He TOIbKO
IIOPUCTOCTBIO M CTEINEHBIO THUpATalli{, HO U XaPaKTePUCTHUKAMU JUCIIEPCHO-KPUCTAIIUTHOHN

CTPYKTYPBHI IleMEeHTHOTO KaMH.
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The solution of national tasks in the Arctic zone of the Russian Federation involves
the use of non-destructive geo-radar methods to improve road structures during
the operation and maintenance of the highway network. The results of georadar surveys
of highways are presented and recommendations for improving the reliability of road
structures are developed. The results of determining the thickness and structure of ice
at ice crossings by georadolocation methods are presented. Constructive proposals
for the organization of monitoring work on the condition of road structures and ice
crossings are presented. Non-destructive geo-radar methods for monitoring
the condition of highways and ice crossings in the Arctic zone.
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BBEJEHWNE

HanyoHanbHBIMU 3a7la4aMU B ADKTUYECKOH 30He SBJISIOTCS:

— KCMOJIb30BaHE APKTUYECKOU 30HbI B KAYECTBE CTPATETNIECKON pecypCHOI 6a3bi;

— pasBuTue CeBepHOrO MOPCKOTO IIyTH KaK HAIIMOHAJIBHON eAWHOH TPAHCIIOPTHOH
KOMMYHUKaIVU:

— cbepexeHNe YHUKAIbHOH 9KOJOI'MIECKON CUCTEMBI B ADKTHKE;

— coxpaHeHMe APKTHUKH KaK 30Hbl MHpa U MeXAYHapOAHOIO COTPyAHNYECTBa

CorsmacHo TpancmopTHOH crparernm Poccuiickont ®Pezepanmu g0 2030 r. ¢ IIPOTHO30M
Ha nepuoZ zfo 2035 r. (yrBepxzeHa PacropsbkeHreM IpaBuUTeabcTBa PO oT 27 HosbOps 2021 r.
Ne 3363-p), A7 pellleHMs HAUMOHAJIBHBIX 3aZad NMPeAyCMOTPEHO PasBUTHE CETU aBTOMOOMIBHBIX
Jopor BApKTHU4YecKOoM 30He Poccuiickoil ®ezepanmu. IIpu 3TOM IIOBBICUTCS TPaHCIOPTHAS
JOCTYIIHOCTb HacCeJIeHHBIX ITYHKTOB U IIE€PCIEeKTHBHBIX MUHEPaJIbHO-CBIPhEBBIX I[EHTPOB — IIyTEM
CBI3U C 0OBEKTaMU Y3J0BOM TPaHCIOPTHOH WMHPPACTPYKTYphl, B TOM YHCIEe IKCIOPTHHIMU
IIOPTaMU U KIIOUYeBbIMU LIEHTPAMU IOTpebIeH .

ITepcrieKTUBHBIMU IIPOEKTaMU PasBUTUSA aBTOJOPOXHONM HMHQPPACTPYKTYPHl APKTHYECKOU
30HBI Poccuiickoli ®@ezepanuu CTaHYT aBTOMoOusibHas Jopora HapesH-Map - VcuHCK,
MeXpervuoHanbHasi aBToMoOuibHas gopora Kombima - Owmcykuad - OMOJIOH - AHajbIph,
CTPOUTEJBCTBO Y PEKOHCTPYKLIMS YIAaCTKOB aBTOMOOMIBHOM Zoporu ChIKTHIBKAp — YxTa - [Tedopa -
Vcunck - Happau-Map.

B TO e BpeMsa Ha aBTOMOOWJIBHBEIX JOPOTaX B APKTHYECKOIN 30He BO3HUKAIOT IIPODJIEMBI
CBSI3aHHBIE C IIPOCaZKaMM JOPOKHBIX KOHCTPYKIMU K pasMbIBAMM OTZAEJbHBIX Y4aCTKOB JOPOT
IIaBOJAKOBBIMH BOJAaMMU.

ITpu pemeHMYU 3aa4 110 FOCYyJAPCTBEHHOH IIporpamMMe «CoIinalbHO-9KOHOMUYECKOE PAa3BUTHE
ApkTtudeckoll 30HB Poccuiickoili ®efepanuu Ha mepuoi Ao 2020 roga», ¢ yieTOM pacUIMpeHUs
ee peaJbHBIX paMOK J0 2025 r., 0oJblloe 3HAUEHHE HMEET MPOABIDKEHNE WHHOBAI[MOHHBIX
TeXHOJIOTUH B cpepe TpaHCIOpTa.

BbicoKkas MpoOM3BOAUTENBHOCTh PabOT U Haluure HOPMATUBHO-TEXHUYECKOH JOKyMEHTAlU
00yCIaBIMBAIOT Ie]eco06pPasHOCTh IIPUMEHEHUs HepaspyllaliuX eopafroI0KalOHHBIX
MeTO/I0B IIPY MOHUTOPHUHTOBBIX 00C/IeJOBAaHUSIX aBTOMOOMIBHBIX JOPOT U JIEJOBBIX IIEPEIPaB.

Ha ceropnusamHuil eHb UMeeTCs OIBIT NPUMeHEeHNs NHHOBALIMOHHBIX re0PaZooKallIOHHBIX
MEeTOZI0OB B APKTHUYECKON 30He Ha TOPHBIX NPEANPUATHUAX, THAPOTEXHUYECKUX COOPY)KeHHUIX,
KOTJIOBAaHaX M IUIOLIAZKaX /JId CTPOUTENBCTBA, IPHU OOHApPYKEHUU IIOJ3€MHBIX HH)XeHEepPHBIX
KOMMYHUKanuii [1, 2]. B HacTosmel paboTe IPUBOAATCSI HEKOTOpble Pe3yJabTaThl 00CIe0BAHMS
ABTOMOOWMJIBHBIX JOPOT U JIeJOBBIX IIepelpaB, CBUZETeNbCTByOUIE 00 3bdeKTUBHOCTU
U 11e71eCO00pPasHOCTY BBIIOJHEHUS MOHUTOPUHIOBBIX HAaOJIOZEHUIN Ha [OPOXHBIX O0BEKTax

reopagroJIOKallMOHHbBIMU MEeTOJaMMU.

Onwvim evinoamenus pabom ®AY «POCAOPHIU I »

QAY «POCHOPHHMM» c¢ xoHma XX BeKa VCIENIHO IIpPUMEHsAeT WHHOBAIJUOHHBIE
HepaspylIaoniye reopaZapHble TEeXHOJOTUM B JOPOXKHON OTpaciy, KOTOpHle IIOKA3aJTH CBOIO
3bPeKTUBHOCTD B ADKTUYECKOH 30HeE II0 CAeYIOUUM HaIlPaBIeHUIM:

— UHXEHEPHO-Te0JIOTUYEeCKrEe U3BICKAaHUSA MPU MPOKIAZKe TPacC aBTOMOOWJIBHBIX JAOPOT,
JIeJOBBIX IIEPETIPAB U TPYOOIIPOBOJOB, B TOM YUCJIE IIPU OLIEHKE TPy30I0ABEMHOCTH JI€AOBBIX JOPOT
U JIeZIOBBIX IlepeIIpas;

— reopazapHoe obciesoBaHIEe aBTOMOOMIbHBIX ZOPOT /IS ONIpe/ie/IeHUs IPUYNH paspyuIeHuH
Y4aCTKOB aBTOMOOMJIBHBIX ZOPOT U HasHaueHUs 3(D(PEKTUBHBIX BUZOB paboT NPy PeKOHCTPYKUIUU
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Y KallUTaJbHOM PEMOHTE;

— KOHTPOJIb Ka4eCTBa BHIITOJIHEHHBIX ZOPOXKHO-CTPOUTETIBHBIX PaboT;

— pasBeJKa U OIleHKa 3aIlacOB JOPOXKHO-CTPOUTENBHBIX MaTepUaJoB B IIPUTPACCOBBIX
Kapbepax.

Ilo mepeduCIEeHHBIM HAIMpPaBIEHUSA TeOPAJUOJOKAIIMOHHBIX pabor DAY «POCIOPHUM»
paspaboTaHbl U BBeJleHB B JENCTBHE JBa MEXIOCYZapCTBEHHHBIX [3, 4] U TpU HAIMOHATBHBIX
craHzgapTa [5-7], BHeceHbl uaMeHeHus B CII 78.13330.2012 [8], a Takke IIOATOTOBJEHBI U BBeJ€HEI
B ZIEVICTBUE IISTh OTPACJIEBBIX JOPOXKHBIX METOUK.

DAY «POCIOPHUN» nmeeT 6oJiee YeM ABaAIIATUIETHUN ONBIT IPUMEHEHU NHHOBAITMOHHBIX
reopaZlapHbplX TEXHOJOTUH Ha /[JOPOXKHBIX OODBEKTaX APKTUYECKOTO perroHa B MypMaHCKOM
U ApxaHreiabcKoil obnactsax, fImano-HeHenkom okpyre, Pecnybnukax Komu u Caxa (SkyTus).
Bezenue reopaZiioIOKallIOHHBIX PaboT 0cobeHHO 3(pGHEKTUBHO B 3SUMHUI MEPUOJ — IPU KOPOTKOH
MPOAOJLKUTEIBHOCTU CBETOBOTO JHS, BBICOKOM MOIITHOCTHU JIEZSTHOTO TIOKPOBA, 4 TAK)KE B CJIOXKHBIX
IPYHTOBO-TUAPOre€0JIOTUYECKUX YCJOBUAX, HalIpuMep, IIpU HaJIWYUU MHOIOJIeTHEMEP3IbIX
I‘pyHTOB, IIoZBEPramiruxca OTTaBaHUIO B JIeTHI/Iﬁ mepuoa.

IIpeumyuiecTBa IPUMEHEHUS reopaapa B YCAOBUSIX APKTUKU OY€BUHBIL: IIPU OTHOCUTEIBHOM
AUSJIEKTPUIECKON IIPOHUIIAeMOCTH, PABHOM 2-5, COIPOTUBIEHUE [TOPOJ MHOTOJETHEH Mep3JIOTHI
O4YeHb BEJMKO. DTO OOYCIOBIMBaeT Mayble KO3(DPUIMEHTH IOIJIOMIEHUsS U BBICOKYIO CKOPOCTH
pacmpocTpaHeHUs PaANOBOJH, CJIeJOBaTeJbHO, OOJBIIYI0 IJIyOMHHOCTh pPaJUOJIOKAI[OHHBIX
HCCIeIOBAaHUH reopazapoM. OZHOBpEeMEHHO cienyeT OTMETUTD, 4qTo JaHHbBIE
BBICOKOIIPOM3BOAUTENbHbIE HEpPa3pyLUIAIOIIe MeTOJbl PEIIAoT 3aJauy cOepeskeHUs YHUKATbHOMI
9KOJIOTUYECKOU CUCTEMEI B APKTUKE.

SKCIIEPUMEHTAJIBHAA YACTDb

IIpu BBITOTHEHUUW WCCIEJOBAaHUM WCIOJb30Banu reopazapsl cepuu «OKO-2» (paspaboTuuk
000 «JIOTuC») ¢ pasIuIHON ILEHTPATbHOM YaCTOTOM aHTEHHBIX OJOKOB — OT HU3KO- (150, 250 u
400 MT'1) #o BBICOKOYACTOTHBIX (1200 m 1700 MTm). I'mybuHa 30HAUPOBaHMS NPUMEHHUTENBHO
K JOPO>KHBIM KOHCTPYKIUAM cocTaBisia oT 0.7 o 12.0 M. O6paboTKy pasaporpaMM BBIIOTHSIIN
B IIPOrpaMMHOM KoMILIekce «Geoscan 32». McciezoBaHus NPOBOAMIM HA PasIMYHBIX y4acTKax
aBTOMOOWJIBHBIX JIOPOT U JIefIOBBIX IlepelpaB B mepuof ¢ 2003 mo 2021 r. OTJIUYUTETHHOUN
0COOEHHOCTBIO TeopajapHBIX paboT sBAfETCS HeNpephlBHAS 3aIMCh pajaporpaMM IO JJNHE

npoduis.
PE3VJIBTATBHI U UX OBCYIKIEHUE

O6cefoBaHUS aBTOMOOWMJIBHBIX JAOpPOT reopazapamu cepun «OKO» c Ieipio BBISIBIEHHS
IPUYVH IPOCaZOK Hachilell BRIIOMHANNUCh DAY «POCAOPHU» 110 rocyZapCcTBEHHOMY KOHTPAKTY
¢ QezsepasbHBIM [IOPOKHBIM areHTCTBOM, B TOM YKCJe Ha y9aCTKe aBTOMOOWJIBHOM JOPOru
«KanpiMa», rze ompezenssii reojorudeckoe crpoeHue (puc. 1) u rIyOMHY 3aT0KeHUsS
MHOT'OJIETHEMEP3JIBIX TPYHTOB, YCTAHABJMBAJIN MECTOIIOJIOXKEeHNEe OCJabJeHHBIX 30H - YYacTKU
IlepeyBJIaKHEHHBIX U PA3yIUIOTHEHHBIX TIPYHTOB  (puc. 2), OII€HHMBAJIM TIPYHTOBO-
THPOTe0IOTNYeCKe YCJIOBUS U OIpeJes sl IPUYMHBl HAPYIIEHUS YCTOMYMBOCTU 3€MJISHOIO
mosoTHa [9]. [Jlng mpeAcTaBieHUs B HMUQPPOBOM BUAE pajaporpamMMa MOKeT ObITh onmdpoBaHa
B CCTeMe KOOPJAWHAT «BpeMs IIPOXOXKJEHUS CUTHAIA, aMIUIUTYa U 9acTOTa 3JIeKTPOMarHUTHBIX

KOJIeOaHUN».
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Puc. 1. [eopa ro0KaIOHHEIH IPOOIbHEIH Ipoduis (a) 1 GparMeHTH re0paArosIOKalIOHHOTO IIPOJOIBHOTO paspesa
(6) Ha yaacTKe aBTOMOGMIIBbHOM foporu «Kosmbima»
Fig. 1. The geo-radar longitudinal profile (a) and fragments of the geo-radar longitudinal section
(b) on the section of the Kolyma highway

ITomyyeHHBIE pazaporpaMMBbl TIoAJIeXaau aHajIu3y 1o aMIJIUTYAHO-9aCTOTHBIM
XapaKTepUCTUKaM /JI BBIJEJIEHUs OCHableHHbIX 30H (pasylIOTHEHHble U IepeyBIaKHEHHbBIE
I'PYHTHI, HEOZHOPOAHBIe BKIIoUeHMs). CorsacHo O/JIM 218.3.075-2016 [10], n3MeHeHVEe aMILINTYbI
OTPa)XeHHOTO CUTHAajla Ha I[JIybMHe KOHTPOJIMPYEMOrO CJOs, II0 CPaBHEHUIO CO CpeAZHUM
3Ha4YeHUeM, fBJAeTCA KpUTepueM BbleNIeHUs Y4aCTKOB CJI0€B OCHOBAaHMA U I'PYHTOB 3€MJISHOTO
II0JIOTHA, HEOJHOPOAHBIX 110 CBOMCTBAM.

Vicriosib30BaHMe AaHHOTO aTpulyTa GBIBAET OJE3HO JJIs BblIeJeHUA 061acTell pasiaporpaMMel
C XapaKTEpPHBIM TUIOM 3aIUCH, OTINYAIOIIUMCS OT COCEAHUX 06acTeil YYacTKU MOBBIIIEHHON
BJIQXKHOCTH, He HMeIolUe YeTKUX OTPAKAIOUIUX TIpaHul], OyAyT HMeTb BBICOKKME 3HAYEHUS,
MpeBBIIIAIOIINE CpeAHUEe B 2-4 pasa (B 3aBUCUMOCTM OT YacTOThl AHTEHHOTO O0JIOKa, THIIA
MECTHOCTH, THUIa 06CIe[yeMOoro TPyHTa U IIp.).
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Puc. 2. [IpooIbHBIH IPOdUIIB IT0oCIe 06paboTKH METOJOM YaCTOTHOTO aHAJIH3a C BhIZEIeHIeM OCJIabIeHHbIX 30H
(TeMHO-cHUH (HOH)
Fig. 2. Longitudinal profile after processing by frequency analysis with the allocation of weakened zones
(dark blue background)

Ilo pe3yabTaTaM IIPOBEAEHHBIX T€OPpalapHbIX pa60T CA€eJIaHbl CiaeAyronirie BbIBOJbI:

— OCHOBHBIE pa3pyLIeHUs HAa aBTOMOOMJIBHOHM JOpore - IIPOCAAKH TPYHTOB 3€MJSHOIO
II0JIOTHA, BbI3BAaHHble IIOTEpell Hecylleld CIIOCOOHOCTM TPYHTOBOIO OCHOBAaHUS  U3-32
PasMopaKMBaHUs MeP3JIbIX IPYHTOB U ITOCTYILJIEHUS TPYHTOBBIX (II0OBEepXHOCTHBIX) BOJ;

— JIOJMHHOE MIPOKJIAZIKa TPACCHI B HU3MHE MEX/Y ABYMS COITKaMH (II0 CaMOMy HU3KOMY MECTY,
KyJa CTeKaloT II0A3eMHble U ITOBEPXHOCTHbBIE BOABI C KOCOTOPOB), BHI3bIBAET GOJIBINNE CIOXHOCTU
¥ Ipo6JIe MBI IIPY SKCILIyaTall aBTOMOOMIBHBIX JOPOT;

— Ha IpPOOJIEMHBIX yY4acTKaxX (JOpPOXKHO-KIMMarudeckas 3oHa I-3) He Bcerga 3¢bGdeKTHBHO
pellleHbl BOIIPOCHI IIOBEPXHOCTHOTO BOZOOTBOZAA: He 00eCreunBaeTcsl ZOCTATOYHBIM KOJIUIECTBOM
TPyO IIPOIYyCK BOZBI Yepes3 TeJIO HACHIIM Ha KOCOTOPHBIX y9aCTKaX; He BBHIIIOTHIETCS IIONepPedHbIH
BOZIOOTBOJ, HA HU3MHHBIX yYaCTKaX OT TeJla HaChIIelt;

— Ha IpoOJeMHBIX y4YacTKax (AOPOXKHO-KJIMMAaTHYecKas 30Ha I-3) He pellleH BOIIPOC
ONITHMM3AIMY BBICOTH HACHIIM; Ha HU3KUX HACBIIAX OCAaJKM T'PYHTOB 3eMJSHOTO IIOJIOTHA
He 3a@UKCUPOBAaHBI, B TO BpeMs KaK OHHU BBIABJIEHBI IIPY BBICOKHX HACBHINAX; BBICOTY HACBHIIU
clleZyeT yBS3BbIBATh C TOJIINHOMN AeITeJIbHOTO CJI0S U XapaKTePUCTUKAMU I'PYHTOB.

Bosbiive CIOXHOCTH WU HpO6JIeMI:I IIpu 3KCIIJIyaTallM BO3HUMKAIOT C Yy49aCTKaMU
aBTOMOOMJIBHBIX A0por, IIPOXOJAIIMMUN B MHCKJIIYHUTEJIbPHBIX Clay4dadX B BbIEMKaX, I'/lé T'PYHTHBI

OCHOBaHMUSA U30OBITOYHO YBIaXXKHEHDbL (AOPOX{HO-K]II/IMaTI/I‘IeCKaH 30Ha 1-2).

Pexomendayuu no pegysvmamam 06c1edo8anus agmomobuibHbLX 00po2e

IlpeacraBnseTcss  1eecoO0pasHbIM  OPraHM30BaTh  KOMILJIEKCHble  MOHUTOPUHTOBBIE
obcienoBaHNs IPOOJEMHBIX YYaCTKOB aBTOMOOWJIBHBIX ZOPOr Ha MHOTOJETHEMEP3JBbIX I'PyHTaX
C IIOMOIIIBIO Te0PaZiapoB ¢ 0OTOOPOM IIPod IPYHTOB B pa3HbIe IIepHObI BpeMeHU (BeCHa, JIeTO, OCeHb,
3uMa). [l 3TOro HeoOXOAMMO OOOPYZOBaTH CTAIOHAPHBIE IIOCTHI HAOIIOLEHUH, MOCTPOUTH
IIOJINTOHBI, BHIOPATH OIBITHBIE VYACTKU Ha JAeHCTBYIOI[UX aBTOMOOHMJIBHEIX AOpOrax BO BCEX
I0J30HaxX I JOPOXHO-KIMMAaTHIeCKON 30HBI. MOHUTOPUHIOBBIE 06C/IE0OBAHUS MO3BOJIAT CAeNATh
BBIBOZIBI IT0 IPUUKMHAM [TIOTEPH JOPOKHBIMY KOHCTPYKLUSIMU HECYIel CIIOCOGHOCTH U pa3paboTaThb
MEPOIIPUSITHUSA 110 MOBHIIIEHUIO YCTOMINBOCTY IPYHTOB 3€MJITHOTO II0JIOTHA, a TAKXKe YBeJIHNUEeHUIO
CPOKOB CIYKObI ZOPOXKHBIX KOHCTPYKLIMI.

ITo 3aganuio PefepasbHOrO AOPOKHOTO areHTCTBA, paspaboran mpoekT OJM «MeToanyecKue
PEKOMEHJAINY 10 KOHCTPYUPOBAHUIO U PACUETy AOPOKHBIX OZEXK[ U 3eMJISHOrO IOJOTHA IMpU
IIPOEKTHPOBAHUM aBTOMOOUIBHEIX JOPOT B 30HE PACIIPOCTPaHEHN MHOTOJIeTHEMEP3JIBIX TPYHTOB»

Ha ocHoBe aHajin3a pe3yJbTaTOB IIPOBeAEHHEIX 00CiIeJOBaHMI, aHKEeTHPOBAHUSI AOPOXKHOMN

O6I]_[eCTBeHHOCTI/I U BBIABJIIEHUA IIPUYNH paBPYH_IeHI/II;'I HpO6JIeMHbIX y49aCTKOB aBTOMOOMJIbHBIX
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ZIOpOr' Ha MHOTOJIETHEMEP3JIBIX I'PYHTAX YCTAHOBJIEHO, YTO ObecliedeHre HaJeXXHOCTU JOPOXKHBIX
KOHCTPYKIIUH B YKa3aHHBIX YCIOBUSX PACCMATPHUBAIOT U YUUTHIBAIOT Ha TPEX CTALUAX:

— CTauu IPOEKTHO-U3bICKATENIbCKUX PaboT;
— CTaJUU CTPOUTENbCTBA (PEKOHCTPYKIINY, KAITUTAJIbHOTO PEMOHTA) aBTOMOOHMIBHBIX JOPOT;

— CTaANM 3KCIlJIyaTallull JOPOr.

Ha cTagmy @IpOeKTHO-U3BICKATENBCKUX paboT HaZeXHOCTh JOPOXKHBIX KOHCTPYKIIMH

obecIrieynBaeTcs 3a CYET:

— JleTaJTbHOIO aHAJIN3a MeP3J0THO-TPYHTOBBIX YCIOBUH Ha CTaANU UHXEHEePHBIX U3BICKAaHUH;

— NPOKJIAZKY  TPacChl  aBTOMOOWJIBPHOM  JOpPOrM 10  OJAronpusTHBIM  'PYHTOBO-
TUAPOTEOJIOTNYECKUM YCIOBUAM MECTHOCTH, IIPH IIPOEKTUPOBAHUHM II0 LUDPOBOH MOJeTu
MECTHOCTH C Y4eTOM IIPOCTPAHCTBEHHOT'O MOZEJUPOBAHUA MEeP3JOTHO-TPYHTOBBIX YCJIOBHH
U ABIDKEHUS 110J3eMHBIX BOJ;

— NPUHATHS pacYeTHBIX XapaKTEPHUCTUK MaTEePUaIOB JOPOKHON OZEXbl ¥ TPYHTOB C yIETOM
TEOPUH HA/IeXKHOCTU U CPOKOB UX CJIYKOBI B IOPOKHBIX KOHCTPYKITUSX;

— Ha3HAYeHUs BBICOTBHI HACBIIM WCXOJAS U3 CHEAYIOIINX VCIOBHIH: IIpeJOoTBpAllleHUs
OTTanBaHUS WX YACTUYHOTO OTPAHNUEHN OTTaNBaHUA Mep3JI0T0 OCHOBAHUS, CHETO3aHOCUMOCTH,
MOPO3HOTI'O IIy4eHNs, IPeOTBPAIleHIUS IIepeTUBAHMS Hajleell yepe3 HACHIIIb;

— NIPOEKTHPOBAaHMS  KOMILIEKCHOM  CHCTEeMBbl  OCYUIEHHsS  JOPOXKHBIX  KOHCTPYKIIUH
IIpY BO3/€HICTBUU ITI0BEPXHOCTHBIX U TAJIBIX [TOA3€MHBIX BOJ;

— IPOEKTHPOBaHUS AOPOXKHBIX KOHCTPYKLMIN C COXpaHeHHMEM Mep3lIoThl ¢ Tpebyemoi

HaZIe>KHOCTBIO U 3aZlaHHBIM K03hPUIIeHTOM IIPOYHOCTH.

Ha crazuu cTpouTesbcTBa (PEKOHCTPYKIIUHM) aBTOMOOMIBHBIX JOPOT HaZIEXXHOCTh JOCTUTAETCS

3a CUeT:

— BBINTOJIHEHUS JOPOXKHO-CTPOUTENBHBIX PaboT B peKOMeHZAyeMBIll B IIPOEKTe OpraHHU3aIlUU
CTPOUTEJIBCTBA TEMIIEPATYPHBIN BpEMEHHOH IIepHo/;

— KOHTPOJIS 32 IPUMEHSIEMbIMY I'PYHTAMHU U JOPOKHO-CTPOUTEIBHBIMU MaTepHalaMu,

— HaJW4YMS OMNbITA CTPOUTEJNBCTBA (PEKOHCTPYKI[UM) aBTOMOOHWIBHBEIX JOPOr B VCIOBUIX
MHOTOJIETHEMEP3JIbIX I'PYHTOB;

— aBTOPCKOTO HaZi30pa IIPOEKTHOH OpraHM3allNH 33 peaJn3aluell IPUHATHIX pPelIeHuH;

— KOHTPOJII KadecTBa paboT B IIpoIjecCe CTPOUTENbCTBA (PEKOHCTPYKIMU) BCEX 3JI€MEHTOB

JOPOKHON KOHCTPYKIIUH.
Ha cTaguu sKcIuryaTaniny aBTOMOOGHIIBHBIX IOPOT HaZIeXKHOCTD 0DecIiedBaeTCs 3a CUeT:

— omnepexamouieil HHGOPMaLNY ¢ METEOCTAHIIUI O COCTOSHUM YCJIOBUH JABIKEHUS (TyMaHBL,
MeTeJu, TOJI0Je]], Hajleu, CHEXKHbIE ITABUHBL U T.J.) U PEKOMEHYEeMbIX PEKMUMAaX JBIKEHUS;

— CBOEBpPeMEeHHOMU yOOpKU CHera C Ipoe3Kei 4acTu;

— CBOEBpPeMEHHOMH JHNKBUJALNY HajleZlel U rojojie/ja C IIPoeskKel] 9acTu;

— JIMKBUJALIMY HEPOBHOCTEM, BBI3BAHHBIX MOPO3HBIM IIy4eHHEM U IIPOCAZKaAMU 3€MJITHOTO
II0JIOTHA;

— PeryJspHOro BBHIIIOTHEHUS PEMOHTHBIX paboT.

VCTaHOBJIeHO, 9TO IIpU pa3pa60TKe PEKOMEHAYyEeMbIX KOHCTPYKHI/Iﬁ AOJIKHBI CO6JIIO,ZLaTbCH

cefyIolyie IoJI0XKEeHUI:

— JOPOXXHbI€ KOHCTPYKIMU AOJIKHBI IIPOEKTHPOBATBCA C Y9€TOM Ha3HAYEeHNA N KaTeropmuu

aBTOMOOMILHOM Aopory, TEIIJIOBOTO M MEXaHN4YEeCKOr'o BSaI/IMO,ZI;eﬁCTBI/IH 3€MJIAHOI'O ITIOJIOTHA,
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ZIOPOXKHBIX OZIeXK/], 1 eCTeCTBEHHBIX OCHOBaHUI;

— JOPOXHBle KOHCTPYKIIUM JOJDKHBI YIUTHIBATb UHXXKEeHEPHO-TeoJIoTMdecKre U Mep3JOTHO-
T'PYHTOBBIE YCJIOBUS paliOHa CTPOUTENIBCTBA,;

— y4eT YCJOBHH palioHa CTPOWTENIBCTBA JOJDKEH OCHOBBIBATBHCS HA B3aWMOCBSI3H JOPOKHO-
KJINMAaTUYeCKOTO pallOHMPOBaHMS, IPUHIMIIOB IIPOEKTHUPOBAHMS, TUIIAa MECTHOCTH II0 YCIOBUSIM
VBJIUKHEHNS, HAINYNS PAa3HOBUAHOCTEH I'PYHTOB U JOPOKHO-CTPOUTENbHBIX MAaTEPHUAJIOB;

— JOJIX)KHBI MICIIOJIB30BAThCA NHHOBAIITVIOHHbIE TEXHOJIOTYY U MaTepUruaJjibl.

IToHATHME TUIIOBBIX KOHCTPYKIIWH JOPOXKHBIX OZEXJ M 3€MJISTHOI'O IIOJIOTHA, IPHMeEHseMoe
kK0 II-V  ZIOpPOXXHO-KIMMATUYECKUM 30HAM, B OOIIENPUHATOM CMBICIE HE MOMXET OBITh
pacnpocTpaHeHO Ha I JOPOKHO-KIMMATUYEeCKyIo 30HY. 3[ecChb IO/, TUIIOBBIMU KOHCTPYKLMSAMU
JOPOXHBIX OZJ€XJ U 3eMJISHOTO IIOJIOTHA IIOHMMAaIOT peKOMeHAyeMble (IPHUHATHIE 3a OCHOBY)
KOHCTPYKIIUM, KOTOpPBIE€ JOJUKHBI OBITH CKOPPEKTUPOBAaHBI Ha OCHOBE BBHIIIOJHEHUS IIPOEKTHO-
M3BICKATEIbCKUX PaboT, YIMUTHIBAIOUINX CIenUbUKY MPUPOSHO-KIMMATUIECKUX, MEP3JIOTHBIX U
I'PYHTOBO-TH/IPOre0IOTHIECKUX YCIOBUH.

PaspaboTaHa Hay4YHO-TeXHHYecKas IporpamMma «llccieZoBaHVe BOJHO-TEILIOBOTO peXKMa
JOPOXHBIX KOHCTPYKIUH B pPasjWYHbIX IIPHUPOAHO-KIMMATHUYECKUX 30HAX», I[€JbI0 KOTOPOH
SIBIAETCS yBeJNYeHHEe CPOKOB CIY)XOBI aBTOMOOKJIBHBIX ZOPOr 3a CYeT CHCTEMHOIO II0AX0Za
K U3YYEHUI0 UM Yy4YeTy O0CODeHHOCTel BOJHO-TEILIOBOTO peXMMa [OPOXKHBIX KOHCTPYKIUH,
Mep3JIOTHBIX M TPYHTOBO-TUAPOre0JOTMYecKUX yciaoBuil. JlaHHas mporpamMma IpeAycMaTpUBaeT
BBITIOJIHEHVE MOHHUTOPHUHIOBBIX MCCIELOBAaHMN Ha IIOJWUIOHAX, CTAIJMOHApPHBIX IIOCTaX
HaOJIIOZEeHNA, ONBITHBIX yYacTKaX aBTOMOOMJIBHBIX JOpOr. IlpeAycMOTpeHa OpraHU3aIus
peruoHanIbHHBIX LIeHTPOB B XabapoBcke, fkyrcke, Mpkyrcke, KpacHosipcke, YnuTe, ApxaHTreIbCcKe.
Ha ceropusamHMii feHb TaKoM 1IeHTP opraHu30BaH B SIKyTCKe.

Ilo pesynpraTaM MOHHUTOPHUHIOBBIX paboOT MpeAIojaraeTcs BBIIIOJHUTh  JOPOXKHO-
KJINMaTH4ecKoe palioHMpOBaHUe, OLIeHUTh M3MEeHeHMe KJIMMaTa U Mep3JIOTHbIe YCIOBUA, HAHTHU
aJallTUPOBaHHbBIe KOHCTPYKTHUBHBIE pellleHHs Ha IOTeIIeHHe KJIMMAaTa, OIpelJeUTb pacieTHbIe
XapaKTePUCTUKU TPYHTOB, MOIIHOCTb JeATeJbHOIO CJIOS, BO3MOXHBIE IIPOCAaJKU T'PYHTOB
B pa3/IMIHBbIX I'PYHTOBO-TUJPOr€0JOTNIECKUX yCiI0BUAX, OLI€HUTD 3(1)(1)8KTI/IBHOCTI)
MHHOBAIIVOHHBIX pPeNIeHU B JOPOXKHBIX KOHCTPYKIUSIX II0 COXPaHEHWI0O MHOIOJETHEMEP3JbIX
TPYHTOB, M3MeHeHVe CTOKOB JTMBHEBbIX U TaJBIX BOJ C YY€TOM IIOTEIJIEHU KIuMaTa, paspaboTaTh
JOPOXKHBbIE KOHCTPYKLMU B Pa3HBIX I10/30HAX.

Hapsgy c TpaJuLIMOHHBIMU MeTOZaMU o00CIeZOBaHUI IIpeAycMaTpPUBAETCS ITPUMEHEeHUe
reopaZiioJIOKallIOHHBIX TEXHOJOIMI, KOTOPBIE MOTYT OBITH IIOJIE3HBI JJIS OL€HKU IJIyOMHBI
OTTauBaHUA B IIOIE€PEYHOM IPO(dUJIE MOJOCH 0TBOJA, MOUIHOCTU JedTeJbHOTO CJIO0SI B JOPOKHBIX
KOHCTPYKIUAX, OI€HKU CTPYKTYPHl (IBAMCTOCTH) MHOTOJETHEMEP3JIbIX I'PYHTOB, HW3MEHEHUS
IIOJIOKEeHUs VPOBHS IIOBEPXHOCTHBIX (IPYHTOBBIX) BOJ, aHAIM3a PEXUMa JBIDKEHUS II0J3€MHBIX
Boj. UTor mpoBeZieHHWs MOHUTOPHUHIOBBIX paboT - IIPOTHO3MPOBaHUWE U IpeAyIpexAeHIe

IpeXeBpeMeHHOT0 PaspylLIe s JOPOXKHBIX KOHCTPYKIIHH.

Pesyavmamul pabom no obcaedoganuto 1edogulx nepenpas

TeopazyionokaiioHHble paboTel 10 JoroBopy ¢ ®efepanibHBIM JOPOKHBIM areHTCTBOM
npoogunucek ®AY «POCAOPHUM» piga ompefesieHUsA TOJNIIWMHBL JIEJIHOTO IIOKPOBAa Ha CeMU
JIeZIOBBIX IepenpaBax [11]. OHu ObLIN OCYIIeCTBIEHb 3UMOL 2015 I'. Ha TePPUTOPHU APXaHTeIbCKOH
06;1. B IIpuMopckoM, X0IMOTOPCKOM ¥ BUHOTpPaZioBCKOM paiioHax (paccTosiHUe MEexAy Hambosee
yAaJeHHBIMHU JPyT OT JApyra nepemnpaBamu = 300 kM). JlnvHa JefoBbX HepernpaB 580-1700 M, ux
mupuHa 20-50 M. 3amuch paZaporpaMM BBIIOJHSIIM B IPIMOM M OOpaTHOM HaIlpaBIeHUSAX,

Ha KaXKZO0l JIeIoBOM Nepenpase Oypuiu 1-2 3aBepOUHBIX JTYHKHU.
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CTpyKTypa JibJja IPU BBIIOJHEHUU Ie0paZroIOKAIIOHHBIX U3MEpPEeHUI reopafapaMiu Cepuu
«OKO» ¢ pa3jIu4HOMN IleHTpajabHOU YacToToil (oT 150 zo 1700 MTIl B 3aBUCHMOCTU OT TOJII[UHBI
JIbJIa) OTIpe/ie/ieHa IPENMYIIECTBEHHO IPU UCIO0Jb30BAHUY HAa3e MHbBIX METO/IOB BHIITOJTHEHUS PabOT
co npza (puc. 3).

Puc. 3. [lopo:xkHas 1abopaTopus C pasINdHbIMU aHTeHHBIMU O10Kkamu (AB-1700, AB-400P, AB-1700P 11 AB-400)
Ha JIeIOBBIX IlepelpaBax
Fig. 3. Road laboratory with various antenna units (AB-1700, AB-400R, AB-1700R and AB-400) on ice crossings
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Puc. 4. ['paHUIIBI TIOCTOMHOTO HAMOPAXKUBAHUA JIb/ia (IPOCMATPHBAETCSI MUHUMYM TP TPAHUIIBI) U HIDKHUH CII0H
€CTeCTBEHHOTO JIb/ja Ha JIeJOBOH Iepenpase Yepe3 p. CeBepHasd JIBuHA
Fig. 4. The boundaries of layer-by-layer ice freezing (at least three boundaries are visible) and the lower layer of natural ice
at the ice crossing over the river. Northern Dvina

IIpy aHanu3e IOJNYYEHHBIX PAJAaporpaMM BBIJEJIEHBl JMHUM CUHGA3HOCTH, Pasfesioliye
€CTeCTBEHHBIH 1 HAMOPOXKEeHHBIN Jef, (puc. 4). Kak mpaBuio, ecTeCTBEeHHBIN Jle, UMeET IIOTHYIO
CTPYKTYPY, B TO BpeMs KaK B HAMOPO)XeHHOM JIbJle Pa3InJaio JUHUN CUH(DAZHOCTH, pasjesionye
[IOCJIONHOE HaMOpPaKMBaHUe.

ITo meTanpHOMY aHAJIN3Y PafaporpaMMBI B CJIO€ JIbJa (B YBeJIMYeHHOM MaciuTabe) ompezesiiniu
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HaJIn4Yre BePTUKAJIbHBIX TPEIINH U UX I1youHy (puc. 5). [Ipu aToM GHUKCHPOBAIN MECTOIIOIOKEHNE
BEPTUKAJbHBIX TPEIIWH: CKBO3HBIE WU JIOKAJIbHbIE (HAOJIIOZAIOTCS B THUIIE JibJiA: €CTECTBEHHBIH
WJIY HAMOPOXKEHHBIH).

Ilo pesynpTaTaMm WHCCIeJOBaHUM paspaboTaHa, yTBep:kJeHa U BBeJeHa B JelictBue OJM
218.4.030-2016 «MeToguYecKue pPEKOMEHJAlUU [0 OlleHKe TIPy30NOoAbeMHOCTH JIeJOBBIX
Ileperpan» [12].

AnmapaTtHas 0a3a reopaZMoJIOKALIMOHHOTO obopyzZoBaHusa B 2010-2020-x IT. pa3BUBAETCS
JOBOJIBHO aKTUBHO. Tak, B 2017 r. maptHep PAY «POCAOPHUN» - OO0 «Jloruc» paspaboTan
U OIleHUJI IpUMeHeHUe B patioHe Tukcu HoBoro jegomepa «JIJI-400» (puc. 6), 06ecreInBaIoIIero
OIlepaTUBHOE OlpeJe/ieHre TOJNIIWUHBL JibJla, MOHHUTOPHUHTA COCTOSHHSI JI€JOBBIX II€pelpas,
JIOKQIM3AIIUM HEOZHOPOJHOCTEH, 30H TPEIINHOBATOCTH, Ap. Ae(eKTOB BHYTPH JIeJTHOTO MaCCHBA.

OcHOBHBIE TexXHHYeCKHe XapaKTepUCTUkKU JezoMmepa «JI/I-400»: pguanasoH H3MepeHUs
TOMIUHEL JbAa — 0T 0.05 70 5.00 M; paspernaroiias criocobHocTs I'PJI no Toaminne - He xyxe 0.15 M;
JianasoH pabouux TeMiepaTyp oT MuHyc 50 o +50 °C.

IIpu Temmepatype Bo3zxyxa MuHyc 40 °C ¢ HCIIOIB30BaHUEM TAaKOTO JjiefjoMepa Obla u3MepeHa
TOJI[MHA MOPCKOTO COJIEHOTro Jbza (+1.7 M) u obecredyeHa MPOBOAKA TPAHCIIOPTA C TSKEIBIMU
rpysaMu.

ka0 T Ba0 %o

Puc. 5. PparMeHT pasaporpaMmsl C OIIPeseIeHneM MECTOIIOIOKEHNS TPELIH BO JIbAY
Fig. 5. A fragment of a radar image with the location of cracks in the ice

p o

Puc. 6. O6muii Buz tegomepa "J11-400"

Fig. 6. General view of the ice meter "LD-400"

Pexomendayuu no pesyasvmamam obcaedosarus 1edogulx nepenpas

OHbITHO-SKCHepI/IMeHTaJIbeIe MOHUTOPUHTOBBIE pa6OTbI IIOKa3aJu, qTo

reopaZiioJOKAlIMOHHBIMIA METOZaMKU MOKeT OBITh OIpeZesieHa TOJIIMHA JbJa M OIleHeHa
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CTPYKTYypa JIeLOBOTO ITOKPBITHSA 110 BCeH AJIMHEe U TN PUHE ITepelpaBsl.
Ilo pesyapraTaM paboT ¢ y4eToM O0OOOIIEHHOrO  OMmBITA  [JJiss  BBIIOJHEHU

reoparoJIOKallMOHHBIX I/ISMepeHI/Iﬁ BbIZIaHBI CeAYIOIe pEKOMEeHJalln:

— TOJNIUHY JbJla — OIPeeNATh C KUCIIOJb30BAaHUEM BBICOKOYACTOTHBIX M CPeJHEeYaCTOTHBIX
aHTeHHBIX 6710K0B (AB-1700, AB-400P, AB-400) ¢ 1leHTpaabHOMi YacToTOoIt 400-2000 MT'11;

— IybHMHY BOJAHOTO MOTOKA — OIPEZEJSTh C KCIOJIb30BAHUEM AHTEHHBIX 0JIOKOB HU3KOU
gacToTH 25-100 MTI'1] (Hampumep, ITuToH-3);

— CTPYKTYypy JbJZia, HaJU4due TPEIIUH — OIpPesesATh C KCIIOJIb30BAaHUEM BBICOKOYACTOTHBIX

AQHTEHHBIX OJIOKOB C IeHTPaIbHOU YacToTOoi 1000-2000 MT'1; (AB-1700, AB-1700P).

ITo pesynpTaTaM M3MepPeHWH IIOAy4eHBl IIpeJesbl W3MEHEHUS JU3JIeKTPUYECKOH
IIPOHUIIAEMOCTHU JbJa OT 2.85 A0 3.25 - B 3aBUCHMOCTHU OT TeMIIepaTyphbl JbJa, XUMUYECKOTrO
cocTaBa 3aMep3lIeld BOAB U ILEHTPAJIbHON YaCTOTHl AHTEHHBIX OJIOKOB. [ NPakTUIECKOTo
IIpUMeHeHUsl Hanbojsee NMOAXOJANMIMMY SBISIOTCS 3HAUEHUS AMIIEKTPUYECKOH IIPOHHUIIAeMOCTH
B Auamnas3oHe 3.15-3.21.

YcTaHOBJIEHO, YTO [0 paZaporpamMmam, 3allMCaHHBIM TreopasapoM, MOXKeT OBITh oIlpejeseHa
CTPYKTypa JIbZA. TOJIIMHLI €CTEeCTBEHHOIO0, HaMOPOXEHHOIO MU CHEroBOro JIbJOB, HajJIHW4dMe
HEOZHOPOAHOCTEH M TPEIIVH BO JbAYy. IlepedncieHHBIE NTOKa3aTeaN OKA3BIBAIOT CYIIECTBEHHOE
BJIMHUE Ha I'Py30I10AbeMHOCTD JIeZJOBLIX IIepellpasB.

TosmuHa JpAa OLlEHUBAETCS B 3aBUCHMOCTH OT IJIyOMHBI BOJHOI'O ITIOTOKA, CKOPOCTU TE€YEHUS

BOZBI I UMeeT HauMeHbIIre 3Ha4YeHus BOIn3u ot Gepera.
BBIBO/IbI

TeopasnoOKalIIOHHBIE TEXHOJOTHUU 11eJ1eCO00pasHO MCIIONIb30BaTh B APKTHUYECKOH 30HE

Cc pa3paboTKO HOPMATHBHO-TEXHUYIECKOH JOKyMEeHTAI[UHU 10 CAeAYIOU MM HallPaBIeHUAM:

— MOHUTOPUHI Ha IIOJWUT'OHAX, CTAIMOHAPHBIX IIOCTaX HAOJIONEHMS, OIBITHBIX YYacTKaX
ABTOMOOUJIBHBIX JOPOT 32 COCTOSIHEM TPAHCIOPTHBIX COOPYKEHUH (B TOM 4HCIIe JIeAOBHIX ZOPOT
U JIeJOBBIX IIepelpaB) C IpUMeHeHHeM TIeOpaZNOJOKAlOHHEIX MeTO/OB, JOIOJHEHHBIX
HCIIOJIb30BaHUEM CIIyTHUKOBBIX cucTeM nosunjrnoHuposanus (THCC), TerIoBU30pHbIMU ChEMKAMY,
asnekTpoToMorpaduer, nuPOBEIM MOEINPOBAHNEMY JIa3ePHBIM CKAHUPOBAHUEM;

— paspaboTKa aJalTHPOBAHHBIX U YCTOMYMBBIX AOPOXKHBIX KOHCTPYKIIUE aBTOMOOUJIbHBIX
ZIOPOr' U B3JIETHO-IIOCAJOYHBIX II0JIOC K CE30HHOMY OTTAaMBaHUIO I'PYHTOB C Yy4e€TOM HU3MEHEHU:d
KJIMMAaTa,

— oIpeJejieHWe TOJIIMHBL JbJAa, Jerpafaliuy JeJSHOIO MAacCHhBa, CTPYKTYPhl JIbJa,
MeCTOIIOJIOKeHUH HeOZHOPOAHOCTEH, 30H TPEIIMHOBATOCTH U APYTUX AePeKTOB BHYTPH JIeJIHOTO
MaccuBa 19 U3bICKaHUM, IPOeKTUPOBAHU, CTPOUTENbCTBA U SKCILIyaTalliuu JeASHbIX JOPOT;

— pa3paboTKa MepOIpPHUATHI II0 0becledeHUI0 YCTOHMYWBOCTU JEJSHBIX JOPOT U JIeJOBBIX

IepeIpas, HapalUBaHHIO JeASHOIo IIOKPOBa U IPOJJIEHUIO CPOKOB UX CJIYKOBL.
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B mpemveil uwacmu pabomb. npusedeHn  pe3yAvmam  AHAAU3A ~ NPUMEHEHUS
ungoepaduueckux modeneil, pazpabomanHnulx 6 nepgoil u amopoil wacmax. Modeau 8
JamHOll cmambve OMHeCeHb. K Npoyeccy @GOpMUPOBAHUR YCMOUUUBO2Z0 pPaA3BUMUS
Meppumopul.  COBpeMeHHbIM YHUBEPCUMEMOM 8 Npoyecce OPzaHU3AYUL peasudayuu
HAYUOHAALHBLX poekmo8 Poccuu 045 yeneill KOMNAEKCHO20 PA36UMUsL CMPOUMeAbCMEa
u  9koHomuku  Poccuiickoii Pedepayuu. CoeaacosanHHocmb Yeaell paszgumus
YHUGepcumema ¢ Npoepammoll peasudayull HAYUOHAALHLLX TPOEKMO8 MNO0360AUM
eapmoHuU3UpOBamMb g3aumolelicmeue 6Cex IKOHOMUHUECKUX A2eHTMO08 IKOHOMUKLU
Meppumopul, OpUeHmMUpoO8aAHHbLX HA ee YCMOoliuieoe passumue.
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KOMIIJIEKCOTeXHUKa, HallUOHaJlbHble IMPOEKTH, TeppPUTOpPUAJIbHOE pa3BUTHUE,
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The third part of the paper presents the result of the analysis of the use of infographic
models developed in the first and second parts. The models in this article are attributed
to the process of formation of sustainable development of the territory by a modern
university in the process of organizing the implementation of national projects of
Russia for the purposes of integrated development of construction and the economy of
the Russian Federation. The consistency of the university's development goals with the
program of implementation of national projects will allow to harmonize the interaction
of all economic agents of the territory's economy focused on its sustainable

development.
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BBEAEHUNE

KoMmiekcHOe pasBUTHE 35KOHOMUKU CBS3aHO, B IIEPBYIO O4epeAb, C COBPEMEHHBIM
oIlpe/ileJIeHEM 3KOHOMUKU KaK o0beKTa ucciefioBaHusa. B pabore [1] Takoil 00BEKT IIpejsaraioT
paccMaTpuBaTh KaK «...00beJUHEHHEe TpeX OTHOCHUTENbHO CaMOCTOSITENIbHBIX, XOTS U TEeCHO
B3aMIMOZIEMICTBYIOIINX, a4 MeCTaMU MU IIepeIlIEeTAONIUXCI IOACUCTEM - 3KOHOMMWYECKON HayKH
(Teopuu), SKOHOMUYECKOM MOJUTUKU (MIPUHATHUS SKOHOMHYECKUX peIleHUI) M X03iMCTBEHHON
MPaKTUKY (COBOKYIIHOCTU JEHCTBYIOIUX 3KOHOMUYECKUX OOBEKTOB, IIPOIIECCOB, IIPOEKTOB U UX
XO3SHCTBEHHBIX PE3YIbTATOB)». DTOT 00BEKT UCCIEZ0BAHUS MOXKET OBITH IIPeACTaBIeH Ha puc. 1,
(opMUpYyOIIUM HArIIZHOE OIMCaHWe 3KOHOMMKM KaK IIeJIOCTHOH CHCTEMBI C BKJIIOUYEHHEM
IIpe/I0KeHHBIX B3aMO/IeICTBYIOIINX ITOJCUCTEM.

SKOHOMMUKA

KOHOMHYECKAA [TOJIUTHKA

Xo3giicTBeHHAs

2 INpaKTHKa
JKOHOMHYECKas Hayka

(Teopus)

Puc. 1. DKOHOMUKA KaK 06BEKT HCCIeJ0BaHMUS
Fig. 1. Economics as an object of research

DTO OTHOCHUTCS KaK K TPAAMUIMOHHOM 3KOHOMUKeE, TaK U IU(POBOI urocTacu. PaccMoTpum

MecTO IU(POBOY SKOHOMUKY B COCTaBe SKOHOMUKU TPALZULIIOHHOM.
PE3VJIBTATBHI 1 UX OBCYXIEHUE

HarsggHoe MpeJcTaBlIeHre S5KOHOMUKK CBA3aHO C CO3JaHMeM ee Mojeau'. MogenupoBaHue
IpesACTaBIsIeT coOO0 mpolecc VIPoIieHNs 00beKTa, IPU 9TOM HCCIeA0BATEIb MOXKET PACUINPUTD
CIIEKTP pe3yJIbTAaTOB MCCAeOBaHUS 3a CIeT 0COOGEHHOCTel CpelCTB MOAeInpoBaHusi. PaccMoTpum
nHborpabudeckue ™Mozenu [2, 3] IpeicTaBIeHUs SKOHOMUYECKUX CUCTEM, IIPUBEJEHHbIE
Ha puc. 2, 3. Ha puc. 2 nokasaHa nHborpadbudeckas MoJenb, 32 OCHOBY KOTOPOM B3Ta MOJENb
9KOHOMUKHU, (UKcUpyoolas o0beJUHEHNE OCO3HAHHBIX «BO3MOXKHOCTEM» U «mOTpeGHOCTEL»

mogeit [4]. IlpuBeseHHOe M306paskeHWe BKIHOYaeT chepbl MPOM3BOACTBA° M IMOTpebIeHus

C XapaKTepPHBIMU JJIs1 HUX [esITeJbHOCTBIO U XXU3HeesITeIbHOCThIO, 0003HaY€HHBIX cpmypaMHW
DKOHOMMKA BBICTYIIAeT B POJIM OOBbeAMHAIOLIEN cpelbl, obecledyrBaollell 0OMeH pecypcaMu
MEeXAY MPeJCTAaBUTEIIMU MIPOM3BOAUTENEN U IOTpebuTesell U COorjiacyiolleil B3auMOJEHCTBUE
MPOU3BOAUTENS U TOTPebUTesNs 3a cueT cOMMDKeHUs UX BUAEHHUU B IIpollecce B3auMOOOMeHa
pecypcoMm. Ha puc. 3 nmpuBesieHa nHborpaduieckas MozeJb, 32 OCHOBy KOTOPOU B3STa MOJEJb
«KoMIeTeHIMH LHuGPOBOI 3KOHOMUKU», ONybIMKOBaHHAsd Ha caiiTe Integral-russia.ru [6]. Ilo
aBTOPCKOMY BU/IEHUIO, KOMIIETeHIINY [T POBOL 9KOHOMUKY HaXOAATCS Ha llepecedeHuH obiacTe

MHGDOPMAITMOHHBIX TEXHOJIOTUH, YIIPaBIeHUS U SKOHOMUKHU.

1 IloHATHe MOJeNU IOJPa3yMeBaeT COBOKYIIHOCTD IIPe/ICTABIeHUM, TOHATUI WIX BEIBOJOB, KOTOPBIE B HAIlIEM CO3HAHUU
CBSI3BIBAIOTCS C PACCMATPHBAEMBIM SIBJIEHUEM, U, T03BOJIIET HE TOJIbKO 06BICHUTD HabI0AaeMble GAaKTHL, HO U
IIPOTHO3UPOBATH UX.

2 3aMeTHM, YTO IIPOMBIIIEHHEIE [IPEAIPUITHS Harboree IPoABUHYTHL B udPoBoii Tpanchopmany [5]
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O6nacts «<MHOOPMAITMOHHBIE TEXHOJIOTUW» BrAlOYaeT OOJbINKE AaHHBIE, GIOKYEHH,
obyauHbIe TEXHOJIOTUH, KOTHUTHBHbBIE BBIYMCJIEHUS u T.J. Ob6acTsb
«MEHE/DKMEHT/VIIPABJIEHUE» o00befuHSIeT KOMIIETEHIIUM B VIpaBleHUN aKTUBAMU,
pyHKIIMAMY, IpoIleccaMy, JIOJbMH, PECYPCAMHU, a TAKXKe COAEPKUT IIPOEKTHBIHN II0AX0/,.

V

v IlpouzsoacTeennas

Cipepa i
\ cthepa ;

noTpebnenus

v - NPOH3BOJHUTENb, BKIIOYEHHBIH B 0OMEH pecypcoM ¢ moTpebuTtesiem

v - [OTpeOUTENh, BKIIOYEHHEIH B 0OMEH PECYPCOM C TIPOM3BOIHTEIEM

% - TIPOM3BOJAMTE/Ib, OPHCHTHPOBAHHEIH Ha CO3ZIaHHE CPEIbI

\. ¥ B3aMMOJEHCTBHA IPOM3BOAMTENS H ToTpebuTE s

Puc. 2. Inborpadudeckas MoJesb 5SKOHOMUKY, GUKCUpPYIoas GYHKIUIO 00beINHEHNS IIPOU3BOAUTEST
1 IOTpebuTes B Iporjecce oOMeHa pecypcamu

Fig. 2. An infographic model of the economy that captures the function of combining producer

and consumer in the process of resource exchange

SKOHOMMKA \

/ \
/ 4
{ |
| : |
\ MHOOPMALIMOHHBIE | /  MEHEJDKMEHT/ |
\  TEXHOJIOIWH \ i VIIPABJIEHHE  /

%\ / /!

L /

L & /

et " T =

Puc. 3. udorpadudeckas Mozenb 06beJuHeHNS TpeX cdhep AesTeaIbHOCTH
B hopMupoBaHuy 1r(POBOI SKOHOMUKH
Fig. 3. Infographic model of combining three spheres of activity in the formation
of the digital economy

O6nactp «DKOHOMUKA» cOZepKUT MaKpPOIKOHOMUKY, MUKPOIKOHOMUKY, OU3HEC-MOZenu,
MapKeTHHI. BKIloyeHre MexaHM3Ma 0OMeHa pecypcoM MeXAY ITPOM3BOJUTeNEeM U IoTpebuTeneM,
IIPHUBEIEHHOTO Ha PHC. 2, IO3BOJIAET IIOJAYIUTHh HMH(POrpadpudeckyo Mojenab 00beJUHEHUsS TpeX

chep ZesarenpHOCTH B (GOPMUPOBAHUM HNGPOBON SKOHOMUKY, ITOKasaHHyI Ha puc. 3. Takas
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MOJZIeJIb PaCKpBIBAET CYTh IIPOUCXOAAININX W3MEHEHHU B JKOHOMHKe, OTpPa)KaeT UX CBI3b C
TEXHOJIOTUSIMY, OMHCHIBAET 9KOHOMUYECKUE BJIUSHUS, TaKue KaK H3MeHeHUue I[OBeJeHUs
[I0JIb30BaTENIel, U3MEHEHNE OTHOIIEHUH MEXAY MOTPEOUTENIMU U MPOU3BOAUTENIMU U JPyrUe
aCIIEKTHhI.

IIpuBeseHHBIE [JBOMHBIE CTpeNIKY, O0003HAYAIOT KOMMYHHMKAIIUM, COIIPOBOXKZAIOIILE
B3aMMOJEHCTBUE YIACTHUKOB HOPMUPOBAHUA IKOHOMHYECKUX OTHOIIEHUI. B HacTosllee BpeMs
MOSIBUJIOCh MHOKECTBO HOBBIX HU(MPOBBIX WHCTPYMEHTOB OOINEHUs, KOTOPBIE IT03BOJIAIOT
OpraHM30BaTh B3aUMOZEUCTBUSA HA HOBBIX MPUHIMNIAX. B3auMogelicTBUe MEHSIeTCS Ha BCeX
VPOBHAX - MEXJy JIOJbMM, KOMIIAHMSMH, TOCYZapCTBOM U Ou3HecoM U T.J. HMHCTPYMEHTHI
o0IIeHUs: — COI[UaTbHBIE CETH, MECCEH/KEPHI, KOPIIOpaTHUBHbIe HUbpPOBbe M1aThOPMBI, CEPBUCHI
9JIEKTPOHHOTO IIPAaBUTEIBCTBA, CPEABI [JIsi COBMECTHOI paboThl K MHOTOE ApPyroe. ABTOPHI JaHHOMH
paboTel HPUUMCIAIOT K UHCTPYMeHTaM O0IIeHUsI Jake HHTepHeT Belneii. TakuM ob6pasoM,
uGpPoBble WHCTPYMEHTHl 3HAYUTENbHO PACIIMPSIOT HAIMKW MPEeACTaBIeHUs 00 yIpaBIeHUU
Ipolieccamu, JI0AbMU, KOMIIAHUSIMU U B3aUMO/eHCTBUSIMU BOOOIIIE.

HogBbie 6usHec-MoOZeM, ONMUpAIOIIecss Ha HOBble GOPMbI B3aUMOEHCTBUN U OpPraHU3alUU
TpyJa, HaxoAAT BCE O6ojee UIMPOKUM KPyr MOpUMeHeHUH. B Kakux-TO 006JacTsIX HOBbBIE
9KOHOMUYECKUE MOJIETN BBITECHSIOT CTapble, HO, KaK IPABUJIO, B OOJBIINHCTBE CIyIaeB UX
IOSIBJIEHUE 3aCTaBJIsIeT YIACTHUKOB YIIyOJIATh CBOIO CIIeNMaIn3alyio U, B KOHEUHOM CUETe, CTapble
U HOBble MOJIeJIM HAaXOJAAT CIIOCOD OPraHWYHOIO cocylecTBoBaHMSA. OTMeTuM, 4TO IudpoBas
9KOHOMMKA Ha CEerOAHAIIHUH JeHb ellle He CTaja OIpeessdiolnell CHJIONH PasBUTUSI MUPOBOH
sKoHOMUKHK®. [losjaraeM, 9TO 3TO CBA3aHO C CYI[ECTBEHHBIMU M3MEHEHUSAMU TPAAUIMOHHOTO
COLMATIBHO-9KOHOMUYECKOTO IIPOCTPAHCTBA, KOTOPbIE TPeOYIOT BeCOMOro 060CHOBaHMUS /IS JTIOJEH,
MIPOXKUBAIOIINX U TPYASIIUXCI HA TEPPUTOPUU CTPaHbl. Bo3zelicTBIEe TaKOTO 000CHOBAHUA J0JIKHO
OKa3aTh CTOJb IJIyOMHHOE BO3ZEMCTBUME Ha BUJEHUE CTEHUKXOJJEpPOB, YIACTBYIOUIUX B IIPOI[ecce
[IepEyCTPOICTBA, YTOOBI U3MEHUTH UX HOPMBI ZesITeIbHOCTU U JKU3HeIesATeIbHOCTHU. B ricuxomoruu
Takoe BO3ZeliCTBUE oIpeziessieTCs Kak WHTEeJUIeKTyaausanus’. B [7] TepMUH
«AHTEIEKTyaIn3alus» OpUoOpes KpPoCC-AUCHUILIMHAPHOE PpACIHIMpPEHNE U OMpefesieH Kak
«... 0TOOp, HAKOIIJIEHNE, XpaHeHNe U MOTpebIeHre TOCYAapCTBEHHbIX, OOIIeCTBEHHBIX U YaCTHBIX
nHOOPMAIIMOHHBIX JaHHBIX, OCYIIeCTBIEHNe M 3alliTa WHTEeJIEKTYaJbHBIX NpPaB (U3NIECKUX
U IOPUANYECKUX JIUI[, UHTETPUPOBaHME U KOMILJIEKCUPOBaHMEe WH(MOPMALVOHHBIX CUCTEM
[ CO3AaHus 1 00ecriede s yCayraMy OpraHu3auil U rPaKAaH».

COOTBETCTBEHHO TEePPUTOPHUs, TeXHUYEeCKoe IIepeBOOpPYKeHMe KOTOPOH COIPOBOXKAAETCS
MHTEJIEKTYaJIbHON II€PECTPOMKON BUEHUS KU3HEJEATEIbHOCTH CO CTOPOHBI IIOTpebuTeneil u
[I0JIb30BaTENeNl MPOAYKUIUU TEPPUTOPUN, MOMKET OBITh ONpe/eNeHa KaK «HUHTEJIeKTyalbHas
TeppuTtopusi».  IIpollecc  WHTEJIEKTyalTu3allUX  TEePPUTOPUAIBHOTO  COODOILIECTBA  ITHUX
S5KOHOMMWYECKAX areHTOB CBS3aH C [PUMEHEHUEM BBICOKMX COLMAJbHBIX TEXHOJOTHH’,
chOpMUpPOBAaHHBIX Ha OCHOBE KOMILJIIEKCHOTO IIOAX0JAa. A B MO3UIUU MIPOU3BOUTENS,
OPUEHTUPOBAHHOTO Ha CO3ZaHUe CpeJbl B3aMMOJENCTBUS IPOU3BOAUTENEH U NOTpebuTess

NPOAYKIIVY HHTENJIEKTYIbHON TEepPPUTOPUM MOXKET BBICTYIINTh YHUBEPCUTET, OIpeZessiouiuil

006pa3oBaTeIbHbIN YPOBEHDb €€ IKOHOMUYECKUX aI‘eHTOBﬁ
Kpome TOro, mpUBIEKATEIHHOCTh IPOEKTOB <«HHTENIEKTYaabHON TepPUTOPUN» AJIS

IIOCTPOEHUS PalOHAIBHOrO ee GYHKIIMOHHMPOBAHUS JODKHA OBITh obeclieyeHa OCHOBATEIbHBIMU

3 TIlo zanHBIM BceMupHOro 6aHKa, A0J I[UbPOBOI SKOHOMHUKU B 061eM BBII Mupa cocraBiser 5,5%.
VIHTe /IeKTyaIu3alys — 9TO ICUXO0JOIMYeCKUH IIPOoLiecc, OTHOCUMBIHN K MeXaHU3MaM IICUXO0JIOTMYeCKOH 3alUThI,
3aKJTIOYAIOIINICS B GecCO3HATEIbHOM MOMBITKE abCTParnpoBaThes OT cBoUX 4yBcTB. URL:
ru.wikipedia.org>IHTe IeKTyanu3aus (ICUXO0JIOT ).

5 Hanpumep, onucanue MexaHusMa (GOpMHUPOBAHUS U IPUMEHEHUS BBICOKUX COIIMATbHBIX TEXHOJIOTUI MOXKHO HAalTH B
pa6ore [8].
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HayYHBIMU HCCJIeZ0BAHNUSIMHU U IIOJTOTOBKON Ka/IPOB 10 COOTBETCTBYIOLUIUM CIIEIIUATbHOCTSIM.
PaccmoTpuM Ha MoZendx, NPUBEJEHHBIX Ha pHUC. 4-6, KaK CBSI3aHBI MEXZAy CO0OIi
9KOHOMHYECKHEe areHThl B COLIMAJbHO-J3KOHOMUYECKOM IIPOCTPAHCTBE TEPPUTOPUU U KAKUMU
crocobaMy MOXKHO COIJIACOBaTh IO3UIMM 9SKOHOMMYECKUX areHTOB II0 OTHOUIEHUI0 K
nubpoBU3aALUY TEPPUTOPUATBHOM SKOHOMUKU. Ha puc. 4 u 5, B3ATHIX U3 paboTH [1], mpuUBeAeHbI
M300PKEHUST COIUATHHO-9KOHOMUYECKOTO MPOCTPAHCTBA, IIOCTPOEHHOrO C TOYKU 3PEHUS
WHCTUTYIIVOHAJIBHON NapaJUrMbl, T.e. C y4€TOM IIPaBWJ, TPaJUIIULN, HOPM M T.I., KOTOPBIX
NPUAEPXKUBAIOTCI SKOHOMUYECKUe areHThl. [IprdeM, 1o cj0BaM aBTOpPa PUCYHKOB, JIMHUU HA HUX
CUMBOJIU3UPYIOT YCJIOBHBIE pa3fieIMTe/JbHBIE TPAHUIB MEXAY UHCTUTYTAMU. 3aMEeTUM, 4YTO B
puc. 4 BBeZleHHbIE aBTOPOM BHYTPEHHUE TPAHUIIbI 00J1aCTU, UMEOIIEl 0DIIYI0 BHEIIIHIOW TPAHUILY,
He II03BOJISIIOT COONIOCTM  I[€JIOCTHOCTh PacCMaTPUBAeMOro  COLMAIbHO-3KOHOMUYECKOTO
MIpoCTpaHCTBa. EcjM IpoCTpaHCTBO, IIOCTPOEHHOE C TOYKU 3PEHUA KOHLEINIIMU HEeOKJIACCUKH,
paccMaTpuBaeTcs KaK COBOKYIIHOCTh B3aMMOJEHCTBYIOUIUX areHTOB (QUSUYECKUX WJIH
IOPUANYECKUX JIMI) U IIPeJACTaBJsSeT CHCTEMHYIO IIeJOCTHOCTb, TO JJs CJIy4as HHCTUTYTOB
BBaHMOAeﬁCTBHe MeXA4y HHMU OTCYTCTByEeT B CUIY paBJII/I‘II/Iﬁ B HOpMax wHCCJIeAOBaHUd,
ONIPeeNAONINX Pa3JeaUTebHble TPAHUIIBI KAaK peajbHble U TPEOYIOIINX AOMOJHUTEIbHOTO

coryjiaCcoBaHUA HOPM.

Puc. 4. CounaabHO-3KOHOMUYECKOE IIPOCTPAHCTBO C TOYKU 3PEHUS
WHCTUTYIIMOHAIBHOM NapaAurMsi [1]
Fig. 4. Socio-economic space from the point of view
of the institutional paradigm [1]

Puc. 5 cofgepXUT NpejAloXKeHHOe aBTOpoM paboTel [1] wu300pakeHHE COLMAIBHO-
9KOHOMMYECKOTO MPOCTPAHCTBA, IIOCTPOSHHOTO C TOYKU 3PEHUS SBOJIOIMOHHON napaaurMsl. [Ipu
dbopMupoBaHun M300paKEHNs aBTOP OMUPAJCST HA AUHAMUYECKOE IMPEJCTABJIEHUE O CTPYKType
COIIaJIbHO-9KOHOMMUYECKOTO IIPOCTPaHCTBA-BpeEMEHH, IIOKa3aHHOTO C  TOYKH 3peHus
9BOJIIOIMOHHON Teopuu (BepTHUKaJIbHAasA OCh — BpeMs). IIpyM 9TOM COLMAJbHO-9KOHOMUYECKUE
obpa3oBaHUsI pPacCMAaTPUBAIUCh KaK KOMILIEKCH, HOCSL[ME YepPThl TEXHOJOTUYECKUX,
9KOHOMUYECKUX, COLMAIbHBIX, WHCTUTYI[NOHANbHBIX, OWOJOTUYECKMX U WHBIX CHCTEM.
[IpencTaBieHHble Ha PUCYHKE «TPYOKM» - SKOHOMUYECKHE CHUCTeMbl, 00beJUHSIOINNE Ha
olpeZieleHHBINI WM HeoIpeJeNeHHbI IIPOMEXYTOK BpeMeHU areHTOB, WHCTUTYTHI U Jp.
ITo HAIOJIHEHUIO 3TUX «TPYOOK» OMpeJenAioT Pa3BUTHE SKOHOMUYECKUX CHUCTEM, OCHOBaHHOe Ha
B3aMIMOZIEMICTBUY BHYTPEHHUX MIOACUCTEM M Ha BIMSHUU BHEIIHUX CUCTEM U cpeZ. B pabore [4]
(Moxoe A.U., 2016) mpuMeHeHNE KOMILIEKCHOTO ITO/IXOZa ITO3BOJIMJIO JOIOJIHUTH H300parKeHUe
COITMIbHO-9KOHOMUYECKOTO IIPOCTPAHCTBA, MIPEACTABIEHHOTO Ha pHUC. 4, HAOOPOM HHCTUTYTOB
U 9KOHOMUYECKUX areHTOB, CHSB OTPAaHUYEHUs BHEITHEH I'paHUIIbI 32 CUET BKJIIOYEHUS B COCTaB
HCCJIe[yeMOTro IIPOCTPAHCTBA MHCTUTYTOB B UX KOMILIEKCHOH I1€JI0CTHOCTH.

B pes3yabTaTe Iojay4eHa MoZejab KOMIIJIEKCHOI'O BBaHMOAeﬁCTBHH NHCTUTYTOB, KOTOPas MOXXET
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OBITH IIpeobpasoBaHa B MHPOrpaduIecKyo MoJeb AJIs PelleHNs 3aJaul KOMIIEKCHOTO PasBUTH

9KOHOMUKHU. OTa wuHporpadpudyeckas MoJeab B3aUMOAEUCTBUSI WHCTUTYTOB TePPUTOPUM
IpeZcTaBjeHa Ha puUC. 6.

i

=y

e
R AE
o g

Puc. 5. ConnaJbHO-3KOHOMHUYECKOe IIPOCTPAHCTBO-BPEMs C TOUKH 3PEHUS
CHCTEMHOU Mapagurmsi [1]
Fig. 5. Socio-economic space-time from the point of view of the system
paradigm [1]
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Puc. 6. COI_(I/IaJIbHO-BKOHOMI/I‘-IeCKOG IIPOCTPAHCTBO-BPEMSA C TOUYKHU 3PEHUA

CHCTEeMHOI apaZurmer [1]

Fig. 6. Socio-economic space-time from the point of view of the system paradigm [1]
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3aMeTHM, YTO COIMaJbHO-95KOHOMHYECKOEe IIPOCTPAHCTBO-BpeMs, IIpe/CTaBIeHHOe Ha PHC. 5
IIpU 3aMeHe CUCTeMHOU NMapaZurMbl Ha KOMIUIEKCHYIO, 3aZlaeT JOTHKY M3MeHeHUs TPaHUIl MEXAY
VHCTUTyTaMU TeppUTOpUM. IIpM KOMILIEKCHOM OOBeAVHEHWM TPaHMIBl HCUe3al0T 3a CYeT
UHTerpanuu OTAE€JbHBIX MHCTUTYTOB B I€JIOCTHOE O6'I)eZ[I/IHeHI/Ie C UHCTUTYTOM, UMEIINM C HUMU
0611yI0 cpesy obMeHa QYHKIMOHAJIBPHBIMU PECYPCAMHU AeSITeNIbHOCTU U JKU3HEeAesITeIbHOCTH. TaK,
Ha puc. 6 wuHCTUTYT 4 (chopMupoBaHHBII UMDPOBON 3SKOHOMUKOIN), HAXOJUTCI BO
B3aVMOJEHNCTBYIOIEN MO3ULINU (MMeeT IlepecedeHUs) 10 OTHOIIEHWIO K HHCTUTyTaM 2 U 3,
COOTBETCTBYIOIINM [IeITEJIbBHOCTH IIOTPeOUTeNss M IIPOU3BOAUTENS, BKIIOYEHHBIX B 00OMeH
(DyHKIMOHATBPHBIM PECYPCOM C IIPOM3BOAMTENEM UM MOTpebUTENEM COOTBETCTBEHHO. MHTEerpanus
MHCTUTYTOB IIPEJCTABJISIETCS BO3MOXKHOM Ha OCHOBE JOTOBOPEHHOCTU MEXJY IPHHAJJIeKAIlINMU
PasHBIM MHCTUTYTaM SKOHOMUYECKUMHU areHTaMu. Takasg [OrOBOPEHHOCTH B paMKax yIpaBlIeHUs

IIPOEeKTaMM HGPGYCTPOI;'ICTBB. 9KOHOMMKMU ITOKa3aHa Ha puc. 7.

HHHUHATOPEI NMPOCKTORB

UM POBOH JKOHOMHKH (MHCTHTYT 4)

ITpoekThl
nepeycTpoicTBa
TPaAMLIHOHHOM

[ KOHOMHKH B UHGPOBYIO

NPOH3BOAMTE/IH, OPUCHTHPOBaHHLIE Ha 0OMEH : :
pecypcem ¢ notpebuTenem (MHeTHTYT 3) 94— Y | Ve

e PeanusoraHHEIH
[TpoekT 30BaHHBIH

e 1 r ]
nepeycTpoHcTRa p > [POEKT
IKOHOMHKH [~ ——————=— —» NEpPEYCTPOUCTBA

v YKOHOMHKH

\/ notpe6urenn. opuenrrupopaHHLie Ha 0GMen

pecypccMm ¢ MpOH3BOIHTENEM (MHCTHTYT 2)

o [
; | RS- e
[TpoexT , S Peanu3zoBaHHbI#H
nepeycTpoicTea % & NPOEKT
OKOHOMMKM | __ _ __ __ _ > nepeycTpoHcTRa
v YKOHOMHKH

PeanuzoBaHHbIi npoekT
KOMIJIEKCHOTO pa3BHTHS
9KOHOMHKH

LAREN

Puc. 7. Mudorpadudeckas Moeb Ipoliecca IepeycTPOoHCcTBa 3KOHOMUKY B PaMKax peajn3aliy IPOeKTOB

KOMIIJIEKCHOT'O PasBUTHS 9KOHOMUKU
Fig. 7. Infographic model of the process of economic restructuring in the framework of the implementation of integrated
economic development projects

OCHOBOU TaKOIl JOTOBOPEHHOCTH MOXeT cTaTh LudpoBas mratdopma. Ilox nmdpoBoit
miatdopMoii [9] 6yAeM MOHUMATH CHCTEMY aITOPUTMU3NPOBAHHBIX B3aMOOTHOIIEHU I 3HAYNMOT0
KOJIMYeCTBa YYaCTHUKOB PBIHKA, OO0BEAMHEHHBIX €AVHONH HH(OPMAIMOHHON cpefoil. IIpuuem
cucTeMa IIPUBOJUT K CHIDKEHUIO TPAH3AKIMOHHBIX H3/IepXKEeK 3a CYeT NpUMeHEeHUs IIaKeTa
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nu(pPOBBIX TEXHOJOTMH M H3MEHEHUsS CHCTeMbl pasgeneHus Tpyza. Lludposas mrardopma
€CTeCTBEHHBIM 00pa3oM (PUKCHUpPYeT U 3allOMUHAEeT BCe TPaH3AKIUU. DKOHOMUYECKUE IIPOIIECCHI,
peann3oBaHHBIe Ha Oaze nyppoBoON MIATHOPMBI, OKA3BIBAIOTCS IIPO3PAYHBI U ITOAAAIOTCS aHAIU3Y.
IIpu 3HAYNUTENBHOM MIAT(HOPMU3AIINY €CTECTBEHHBIM 00pa3oM OIM(POBBIBAETCS U CTAHOBUTCSI
IIpO3payHOll BCSI SKOHOMUKA CTpaHb: (GopMHUpyeTcsl MHOTOypOBHeBas LudpoBas Mojeinb
SKOHOMUKU T'OCYZapCTBa, AeTaTU3NPOBAHHAS 0 KAXKA0H OTJeIbHON TPAH3aAKIUH.

IIpu aTOM Ienm MHCTUTyTa 4 (HampuMmep, 3JIeKTPOHHOE IIPABUTENBCTBO) U HMHCTUTYTOB 2
(HampuMep, HOBble IIPOU3BOJCTBEHHbIE TEXHOJIOTHMM) U 3 (Hampumep, OJOKYEIH) MOTYT OBITH
0o0'beIMHEHE! B 00IIIeCTBEHHO-TOCYJapCTBEHHO-YaCTHOE ITapTHepCTBO [10].

IlpuBesennsle nHbOrpadUdecKre MOZENM IIOKA3bIBAIOT, YTO peaTu3alus IepeycTpoHcTBa
TPaJULMOHHON S5KOHOMMKH B IIUGPOBYIO SKOHOMHUKY CBSI3aHA C peajn3alilell IPOeKTOB Pa3BUTU
TPaAUIIMOHHON 35KOHOMMKHU. OTH IIPOEKTHI, CONPOBOXJAMOIIMEe M aKTUBU3UPYIOIIMe Ipoliecc
peanusanuy IpoexTa UdPOBON IKOHOMUKHY, IPHUOOPETAIOT CTATYC «CPEJCTB» ero 000CHOBAaHUS U
BHE/IPEeHM 3a CUeT KOHKPETHOH OpUeHTAaI! IeJIel IPOeKTOB Ha IOTpebrTeIs.

JlJ1s1 ollpesiesIeHUsI CTEIIEHU BO3ZEeNCTBHUS esTeIbHOCTH YHUBEPCUTETA HA IIOBBHIIIIEHYE YPOBHS
KamUTaIn3aliy TePPUTOPUN PACCMOTPUM €0 MeCTO B CTPYKTYpe MO KOMILIEKCHOro 00beKTa
kanuranusanuu teppuropun (KOKT) [11]. Wudorpadmueckas mogens MoaepHusanuu KOKT
npuBeseHa Ha puc. 8. Mozgenr KOKT mpeacraBieHa ob0beguHeHMeM Tpex Mogeineii: COIIT -
CHUCTEeMOM opraHusanuu mepeycrpoiictBa Teppuropuy, KOIIT - KOMILIEKCHBIM OOBEKTOM
nepeycrtpoiictBa Teppuropuu, CUT - crucTeMO¥ HHBECTUIUN B IIePEeyCTPONCTBO TEPPUTOPUI.
MecTo, onpezieleHHOe [ yHUBepcUTeTa B CTPyKType MoZenn KOKT, HaxoauTCA Takke B COCTaBe
MOZleI KOMIIJIEKCHOIO oOBeKTa mepeycrpoiictBa Tepputopuii (KOIIT), B cocTaB KOTOPOro
BKJIIOUEeH 3JIeMeHT, OrpaHNYeHHBbIN INYHKTUPHOU JMHUEN U OXBATHIBAIOUIUI BCe CJIOU MOJEIU C
HAJIIVCBIO «YHUBEPCUTET». BBIOpaHHOE MeCTOIOJOXKeHUe YHUBEPCUTeTa HAeHTU(DUIMPYET ero
BBIITYCKHUKOB U COTPYAHHUKOB C IIOJHBIM HabOPOM YYaCTHHKOB II€PEyCTPOMCTBA TEPPUTOPHUH B
KKJOM U3 CJI0€B MOJEeJIH, HauWHas OT CaMOl TEPPUTOPHUU C ee reorpadUieCcKUM IIOJIOXKEHUEM,
NpUPOAHBIMU pecypcaMH, KIWMAaTOM, dYeJOBeYeCKMMM pecypcaMu U JAp. U 3aKaHUWUBad
noTpebuTesneM NpoAyKIuY Tepputopru. Kak 6pLI0 [TOKa3aHO BBILIE, JeATEIbHOCTh YHUBEPCUTETA
oIpeesieT 00pasoBaTeNbHBIN YPOBEHb 9KOHOMUYECKUX areHTOB TeppUTOPUM, GOPMUPYEMBIH 151
IIPaKTUYECKOTO 0GOCHOBAHUSA U IOATBEPKAECHMSI IPUMEHEHUS IOMyYeHHBIX 3HAaHUHN CTyJeHTaMHU.
Tem cambiM B Mozenu KOIIT yHuBepcuTeT GOpPMUPYET HOBbIE MPOEKTH KOMILIEKCHOTO Pa3sBUTHUS
TeppUTOPUM U obeclieuyrBaeT 3alloIHEeHNe pabodyux MeCT JJIs OCYLIEeCTBIEHUS COOTBETCTBYIOIINX
BUJIOB [JeATeJbHOCTH B CJIOSIX MOJeNH, KaZpaMy, IIOATOTOBIEHHBIMU UM /JI peanlusaliuu
MHHOBAIIOHHOH IesITeIbHOCTH.

KoMmiekcHOe IepeyCcTpPOMCTBO TEPPUTOPHUU ABJISIETCA MHOTOLEJeBBIM ITPOEKTOM, CBOMCTBA
KOTOPOTO OIIpeZlesISIIOTCS He TOJbKO IPOCTPAHCTBEHHBIM OCYIECTBJIEHUEM U TeppUTOPHUAIbHON
IIPUBSI3KOM, HO U 001aZaI0T BO3MOXKHOCTBIO U3MEHATD (IlepeycTpanBaTh) GyHKIMOHHUPOBAHIE BCEX
cnoeB Mogenu KOKT, HaZCTPOEHHBIX HAJ CI0EM «TeppUTOpus». C APyroil CTOPOHBI, BCEe IIPOEKTHI,
peanusyeMble B KakA0oM oTzeabHOM cioe, KOIIT, BieKyT 3a co60i M3MEHEHUsI B CMEKHBIX CJIOSIX
MO/IeI{, BBIMOJIHSIONINUX POJb «MHPPACTPYKTYPhl» 10 OTHOIIEHHUIO K 3TOMY CI010. B aToMm ciayuae
peanr30BaHHBIM IMPOEKT CTAHOBUTCS CPeJCTBOM (OPMHPOBAHUS BHENIHEH CpeAbl i CJI0s
MoJey, IOJIYIUBILIEro «BHyTpeHHee» n3MeHeHNe. CTelleHb BO3ZeHICTBUSA peali30BaHHOIO IPOEKTa
Ha BHEIIHIO cpezly OyZeT 3aBHCETh OT TOTOBHOCTH 3TOM CpeAbl K GYHKIMOHATBHBIM U3MEHEHUIM,
BHECEHHBIM IIPOEKTOM IIPpH €ro ocyllecTBleHUM. Takad AesATeIbHOCTb YHUBepPCUTeTa NpHU3BaHa
COrJIacoBaTh IeNM PA3BUTUS YHUBEPCUTETA C IeafMHU IIPOrpaMMBbl peaau3aliyd HallMOHaJIbHBIX
npoekToB Poccun. PaccmoTpuM, Kak HOBBIE ITPOEKTHl KOMIIIEKCHOTO PasBUTUS CTPOTENbCTBA U

9KOHOMUKHU Poccuiickoil ®efeparyuy, opraHU3yeMble COBPEMEHHBIM YHUBEPCUTETOM, IT03BOJISIOT
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SaﬂeﬁCTBOBaTb 9KOHOMMNYECKNX areHTOB TEPPUTOPUMN B pPealr3allii HAIlMOHAJIbHBIX IITPOEKTOB
Poccun.

Corsacuo [12], aBeHaAUATh HAIMOHATbHBIX IIPOEKTOB MOTYT OBITH IpeacTaBJIeHb B
clefyomiell mociaefoBaTenapHocTu: 1. O6pasoBanue; 2. 3apaBooxpaHeHue; 3. [Jemorpadus;
4. Kynprypa; 5. BesomacHble M KadeCTBEHHble aBTOMOOWJIBHBIE Aopory; 6. JKuiapé M ropojckas
cpezda; 7. DYkosnorud; 8. Hayka; 9. Majoe u cpefHee IpeJAlIPUHMMATEIbCTBO W MOAAEPXKKA
WHAVBUAYAJIbHON HOpeAlpUHUMATEIbCKON WHUNUATUBB, 10. IIpomM3BOAUTENBHOCTH TpPyZa U
noAJepkKa 3aHATocTH; 11. MexayHapoaHas Koollepallud U skcnopT; 12. [lndposasd skoOHOMUKA.
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Puc. 8. Undorpaduueckas MoJeIb MOAEPHU3ALIY KOMILIEKCHOTO 00'beKTa KanuTtanusanuu Teppuropun (KOKT)
Fig. 8. Infographic model of modernization of a complex object of capitalization of the territory (COCT)

3a/leliCTBOBAaHHOCTh SKOHOMUYECKHX areHTOB TEPPUTOPHUU B IIePeYHCIEeHHBIX ITPOeKTax

IpuBeZieHa B Tab. 1.
IleHHBIM A7 JalbHEUIINX PACCYXAEHUH BaXeH CTPOUTENBHBIN INPOEKT «YMHBIH TOpOZY»,
SIBJISIOIIMICSA CUCTEMHBIM pecypcoM cdepsl HHPPOBOI 5KOHOMUKHU.
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OTgespHbIE acCHEeKTHl NIPOEKTa «YMHBIN ropoi» B Poccum B cTaTyce 4YacTHBIX pa3paboTok
obCy)kzancsi Hay4HOH OOIIEeCTBEHHOCTBIO JOCTATOYHO Josiro [13] B paMKax peaqusanuu
desrepasbHOM 11€JIEBO ITPOrpaMMBl «DyIeKTpoHHas Poccus». Hanpumep, CTPOUTeNbHOH TUIbAUEH
MOCKOBCKOM TOPTOBO-IIPOMBIIIJIEHHON HanaThl B 2009 r. 6pa npuHATa KoHIlENIVs IOCTPOeHUs
WHTEJJIEKTYaTbHO-UH(POPMAIIMOHHBIX CHUCTEM U TeJeKOMMYHUKAIIMOHHON UHQPPaCTPYKTYPHI
obbekTa «VHTEIeKTyaIbHbIH patioHn UP». IIpOeKT MMOoKa He IOJY4YWUJ CTAaTyC BEJAOMCTBEHHOTO
MUJIOTHOTO IPOEKTa Ipu 3ToM 0bLI oopmieH macnoproMm [14], u cranzapTom [15]. B ctanzgapre
«YMHOTO TrOpOZia» PacCMOTPEHBI CIeAYIOlle acIeKThl: FOPOJCKOe YIIpaBjJeHue; MHHOBALUU A
TOPOACKOI CpeJbl; NHTEJJIEKTYalbHBIE CUCTEMBI OOIIeCTBEHHON 0e30I1acHOCTH; MH(MPACTPYKTypa
cereii cBasy; ymHoe JKKX; yMHBII TOpPOACKOH TPAHCIIOPT; WHTe/JIEKTyaJabHble CHCTEMBI
9KOJIOTMYeCKOI 6€30IIaCHOCTH; TYPU3M U CEPBIUC.

Ta6auna 1. PacipezieieHrie HAlMIOHAIBHBIX IIPOEKTOB 110 a1eMeHTaM KOIIT
Table 1. Distribution of national projects by COPT elements

Bauementel KOIIT
1. HorpebuTent NPoAYKLHH '
1

TE pp HTO p HH

b2

[IpoayKLHd TePPHTOPHK
(rpagHUMOHHAA U

HllllOHaLLHOlIIiaH:I

3. Obopyaopanue 3gaHuil,

COOPYIHEHHIH TepPHTOPHH

4. Texuonoruyeckas raThopmMa

TEPPUTOPHH

Lh

. 3JaHHA M COOPYIKEHHA

- | - - | -

TEPPUTOPUH

tn

6. HMueHepHble ¥ TPAHCIIOPTHBIE
CeTH M CHCTeMBl KOMMYHHKALIHH

3JaHii 1 COOPYIKEHHE Ha

+ + + + + + + +
TEPPHUTOPHH
Y.
7. Teppuropud (reorpaduueckoe
[IOJIOKEHHE, [IPHPOJAHBIE PECYPCHI,
KIIMMAT, YeloBe4YeCKHe pCC}"pCbl H
ap.) + 4+ |+ |+ |+ |+ |+ - -

Y.

HpMMeanMe: 3HAKOM «+» OTMEUYEHO HaJIn4due HWHTEPEeCOB B peajnsaliiy IIPOEKTa B CJ0€ MOJe/INn KOMIIJIEKCHOI'O o6beKTa

nepeycTporictsa Teppuropuii (KOIIT).

Ha puc. 9 npusegena nHdorpadudeckas Mojeab IIpolecca MepeycTPonCcTBa TPAAUIIMOHHON
3KOHOMUK{ B IU(POBYI0 3KOHOMUKY Ha OCHOBE peaJN3allild IIPOEKTOB «HUHTEJIEKTYaJIbHBIN
ropoj».

PaccMOTpUM 3HAYMMOCTD PeaM3aAI[UN ITPOEKTA KYMHBIN TOPO/» JJisl OCYIIECTBIEHUs TPOEKTa
«IudpoBas 3KOHOMUKa». CO3ZlaHHME «YMHOI'O TOPOZa» CBOAMUTCSI K ODeCIedeHHI0 TOPOJCKOTO
XO3SHCTBA CKBO3HBIMU TEXHOJIOTUSIMMY, COBIAZAIOIUMU C II€PEYHCIEHHBIMU BhIIIE TEXHOJIOTHUAMU
«udpoBoOii IKOHOMHUKM»: OOJblINe AaHHble, HEHPOTEXHOJOTHUM, KCKYCCTBEHHBIH WHTEJIEKT,

CHUCTEeMBl pacipefenéHHOro peecTtpa (6JI0K4YEH), HOBble IIPOU3BO/JICTBEHHBIE TEXHOJOTUH,
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MPOMBIIITIEHHBI MHTEPHET, POOOTOTEXHUKA, CEHCOPHKa, 0ecIpoBOAHAs CBsI3b, BUPTyaJbHAsd U
JOTIOJNIHEHHAsT peasbHOCTU [16]. IlepeycTpOMCTBO TropoZia B «YMHBIH TOpPOJ», JAUKTYyIOIIee
CyIIleCTBEHHBle M3MEHEHUs TPAAUIVOHHOTO COLMAJbHO-9KOHOMUYECKOTO MPOCTPAHCTBA TOPOJa,
TpebyIoT BecoMOro 060CHOBaHUS AJIs JIOZeH, IPOKUBAIONINX U TPYAALIUXCS HA eT0 TePPUTOPUH.
Bes cornacoBaHus yCIyr «yMHOTO ropoja» C HOpMaMH IOTpebjieHUS 3TUX YCIAYr CO CTOPOHBI
JKUTENeN NHTEIEKTYyaJlbHOTO ropo/ia OyJeT moTepsiHa yCTOMYUBOCTh QYHKIIMOHUPOBAHUSA TOPOJA.
COOTBETCTBEHHO «YMHBII» TOPOJ, TEXHUYECKOE I1€PEBOOPYKEHUE KOTOPOTO COIPOBOXKAAETCS
VHTEJIIEKTYaJIbHOM I1epeCTPONKOM BUAEHUS >XU3HM TopoZa CO CTOPOHBI IIOTpebuTesnell u
II0JIb30BaTeell  NPOAYKLIMU  TOPOJACKOIO  XO3SHCTBa, MOMXET OBITh  OIpeZesleH  Kak

«AHTEJIEKTYaIbHBIN» rOpo,.
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OCcobeHHOCTh HpI/IBeﬂeHHOI';I MOZECJIN 3aK/JII0YaEeTCA B O6’I)€L[I/IHEHI/II/I Heﬂeﬁ CHUCTEM YIIpaBJIEHUA
HaIlMOHAJbHBIX, (be,aepaJIbeIx U MYHUIUIIAJIPHBIX ITPOEKTOB C IIPUMEHEeHNeM KOMIIJIEKCOTEXHUKN

B paMKax peajnsaliii HallOHAJIbHOrOo poeKTa «Llubposas 9KOHOMUKa».
BBIBO/IbI

ITockoJIbKY CKBO3HBIE TEXHOJIOTUHU «YMHOT'O TOPO/ia» Ha CETOAHAINIHNN JeHb CTPYKTYPHUPOBAHbI
B Oosbinell Mepe, 00beJUHEHNE TOPOAOB HAa IPUHNOUIIAX IU(POBU3AIUM IT03BOJUT YCKOPUTH
TpaHCcHOpMAIIMIO  «aHAJOTOBOM» (OPMBI 3KOHOMHKM B  «1udpoByo» [17]. CkBO3HEBIE
MHPOPMAIIMOHHO-KOMMYHUKAIIMOHHbIe TEXHOJIOTMH IPU CO3JZAHUM THUIIOBOTO KOMILJIEKTa
TOPOJCKUX CIy:X06 B Ipollecce peanusaliyl IIPOEKTOB «yMHOTO TOPOZAa» CTAaHYT OCHOBOHM JJIs
opMupoBaHUS HOPM NPUMEHEHUs KOMIJIEKCOB TaKUX TeXHOJOrud B Poccuu. TakuMm obpasom,
00MeH OIIBITOM IIePeyCTPOMCTBA FOPOAOB HA TEPPUTOPUU CTPAHBI B UHTEJJIEKTyaJbHbIe TOPOJa»
OyZeT coelCTBOBATh peajnsalluy HaIlMOHAIBHOIO IpoekTa «IudpoBas skoHOMHKa». Kak ObLIO
IIOKazaHO B [18], OCHOBHyIO pOJb B TakOM INpeobpa3soBaHUM SKOHOMHKM IIPH3BaH ChITPaTh

COBpEeMeHHBIN YHUBEPCUTET.

83



Moxos A.W., MoxoBa /I.A. YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022 3 70 SMART COMPOSITE IN CONSTRUCTION

10.

11.

12.

13.

14.

15.

16.

CIINCOK MICTOYHUNKOB

Kneiinep I'.B. HoBast Teopust 3KOHOMUYIECKUX CUCTEM U ee IpHIokeHus // Becmuuk PAH. 2011. T. 81,
Ne 9. C. 794-811.

Yyakos B.0. Nudorpadus. Kypc reknuit. M.: MVICH, 1991. Ku.1u2. 9. 1u 2.

Yyakos B.0. adorpadus - MeToA U cpeAcTBO GOPMUPOBAHUS U HCCIefOBaHUA QYHKINOHAIBHBIX
cucreM // Becmrux MescdyHapodHoti akademuu HayK. Pycckas cexyus. 2008. Nel. C. 46-51.

MoxoB A.M. Mogenu «HOBOH TeOpHH OSKOHOMMYECKUX CHCTeM» B YCJIOBHUIX IpPUMeHEHUs
KOMILJIEKCHOTO noaxoxa // Becmuux PAEH. 2016. T. 16, Ne 2. C. 69-75.

MakcumoBa A.B., MoxoB A.M. IHHOBAaIlOHHOE pPAa3BUTHE TEXHOJIOIHMYECKON HH(PACTPYKTYPH U
KOMIIeTeHII1ii TepcoHajIa IPOMBIIIIEHHBIX IPeANPUITUI B YCI0BUAX UX IU(POBOI TpaHchopMalluu
/| Yckopenue mnpoueccos uu@posusayuL POCCUICKOL NPOMLLUAEHHOCML HA OCHO8e pa3sumusd U
apexmusHo20 UCNOAB30BAHUS UHHOBAYUOHHO20 Hen08edeckoeo kanumana / nod ped. M.A. Becenosckozo,
M.A. Uzmaiinosoii. M.: U3n-Bo «Hayunsrit koncyneTant», 2020. C. 95-125.

KemenaBa A.B., Xaer U.JI. IludpoBsie MHCTPyMEHTHl [[U(DPOBOI 9KOHOMHUKH: 6a30Bble BOIIPOCHI U
omnpezenenusa. URL: http://integral-russia.ru/2019/09/10/tsifrovye-instrumenty-tsifrovoj-ekonomiki-
bazovye-voprosy-i-opredeleniya/

Moxos A.H. Poccud Ha aTalle UHTe/IeKTyanusanuu // Lusuausayus sHanuil: UHHOBAUUOHHbLIL nepexod K
obuyecmgy svicokux mexuoaoeuti: mp. Jesamoti Mexcdynap. Hay4. kongp. (Mocksa, 25-26 anpeas, 2008 e.).
4. I. M.: PocHOYV, 2008. C.179-182.

Moxos A.H., Monoguos O.B., FopoynoB J.B. O6pasoBaTeNbHBII PECYPC [JIS AOCTYKEHUS Lieei
WHTeJIeKTyalnu3alluy IpeJlpUHUMaTeIbCKON JeaTelbHOCTH // Omxodul u pecypcel. 2017. T. 4, Ne 2.
DOI: 10.15862/10RR0O217. URL: http://resources.today/PDF/10RR0217.pdf (zocTyn cBOOOAHBIM).

CyxapeB 0.C. DKOHOMUKA TE€XHOJIOTHI: TUIbl, GYHKIUY, KOHKYPEHTOCIOCOOHOCTD // DKoHOoMUMecKas
Hayka cogpemerHotll Poccuu. 2018. Ne 2(81). C. 85-101. URL: https://cyberleninka.ru/article/n/ekonomika-
tehnologiy-tipy-funktsii-konkurentosposobnost

/KGano II.A., MoxoB A.M., MoxoBa JI.A. Pecypchl 06I[eCTBEHHO-TOCYLAPCTBEHHO-4aCTHOIO
[IAPTHEPCTBA B peaju3alyi IIPOEKTOB I3KCIUIYaTALMOHHOIO IepeycTpoiicTBa o6bekToB JKKX //
Omxodet u pecypcol. 2014. T. 1, Ne 4. URL: htpp://resources.today/ PDF/03RR0414. pdf (zocTym
CBOBOHBIH).

MoxoB A.H., CBeT1aKk0B B.1. Moziesrpb IS OIeHKH YCTOMYUBOIO Pa3sBUTHS TeppUTOpu // Cucmemuoe
MO0eAupoganue COYUANbHO-IKOHOMULECKUX Npoyeccos: mpyovl 44-20 3acedanus MexcdynapoOHoll HAY4HOL
wxoavl-cemunapa um. Akademuxa C.C. Illamanuna, 2. Bopoues, 4-9 okmsbps 2021 2. Boponex: V3a-Bo
«HcToku», 2021. C.380-386.

HamuoHaabHbIE rpoexThl_Poccun_2019—2024. URL: https://ru.wikipedia.org/wiki/
Hannonanwsusle_npoekThl_Poccun_2019—2024

BamkankoB C.M. MHeHNe 5KCIIepTa U3 «CUPBIX TIyouH» Poccum /| Unmennekmyanvhoe 3danue. 2005.
Ne 2. C. 16-17.

ITpuka3 MUHHCTEPCTBA CTPOUTEJNBCTBA U JKUJIHUIIHO-KOMMYHQJIBHOIO XO3dHCTBA PoccHHCKOH
®egepanuu ot 31 okTaOps 2018 1. Ne 695/mp «O6 yTBEpKAEHUM [ACIIOPTa BEJOMCTBEHHOIO ITPOEKTA

Ludporusanuu TOPOJZCKOTO XO3SIHCTBA «YMHBII TOpPOI». URL:
https://minstroyrf.gov.ru/trades/gorodskaya-sreda/proekt-tsifrovizatsii-gorodskogo-khozyaystva-
umnyy-gorod/

IIpoekT cTaHzapTa «YMHBIN ropoz, Poccun». URL:

https://russiasmartcity.ru/uploads/attachments/c5e83909-5a0d-41ca-85{7-
bal7461851f1/2de77b83e07d01b0ac79972a87603a58. pdf

MakcumoBa A.B., MoxoB A.HU., YeabimkoB II.JI. VHTe/UIEKTyaldbHBIH TOpoJ KaK TEXHOJOTUS
nudposoit akoHomuku [/ TI'ocydapcmeennoe ynpagaenue u passumue Poccuu: enobanvHuie yeposvl U

CMpYKmypHble U3MeHeHUs: cO. cm. mexcdyHap. kougepenyuu-ceccuu. T. 1. M.: Uzgar. gom «Hayuynas
6ubanoTeka», 2020. C. 122-132.

84


https://minstroyrf.gov.ru/trades/gorodskaya-sreda/proekt-tsifrovizatsii-gorodskogo-khozyaystva-umnyy-gorod/
https://minstroyrf.gov.ru/trades/gorodskaya-sreda/proekt-tsifrovizatsii-gorodskogo-khozyaystva-umnyy-gorod/
https://cyberleninka.ru/article/n/ekonomika-tehnologiy-tipy-funktsii-konkurentosposobnost
https://cyberleninka.ru/article/n/ekonomika-tehnologiy-tipy-funktsii-konkurentosposobnost
http://integral-russia.ru/2019/09/10/tsifrovye-instrumenty-tsifrovoj-ekonomiki-bazovye-voprosy-i-opredeleniya/
http://integral-russia.ru/2019/09/10/tsifrovye-instrumenty-tsifrovoj-ekonomiki-bazovye-voprosy-i-opredeleniya/

Mokhov, A.l., Mokhova, L.A. YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022 3 70 SMART COMPOSITE IN CONSTRUCTION

17. Yenpimkos II.Jl. Kubepdusudeckas nHTerpaius CTPOUTENbHBIX CUCTEM: aBTOped. ... [UC. A-pa TEXH.
Hayk. M., 2018. 48 c.

18. MoxoB A.H., MoxoBa JI.A. MozeIupoBaHe HalpaBIeHUH HAYYHBIX HUCCIEJOBAHUN B CTPOUTENbCTBE
COBPEeMEHHOI'0 YHUBEPCUTETA: YacThb 1 // YMHble komnozumbt 8 cmpoumenscmae. 2021. T. 2, Ne 2. C. 64-74.
URL: https://drive.google.com/file/d/135gM]j874i0FNshumFwY8HtK9f NHk4fo/view.

ITocmynuna e pedaxyuio 24.08.2022
0Odo6pera nocae peyensuposarus 05.09.2022
IIpunama x onybaukosanuio 15.09.2022

REFERENCES

1. Kleiner, G.B. (2011) The new theory of economic systems and its applications, Vestnik RAN, 81(9),
Pp. 794-811 (in Russian).

2. Chulkov, V.0. (1991) Infography. The course of lectures. M.: SENT, Book. 1 and 2. Parts 1 and 2
(in Russian).

3. Chulkov, V.0. (2008) Infography - method and tools of formation and research you need an integer,
Vestnik Mezhdunarodnoj akademii nauk. Russkaya sekciya, (1), pp. 46-51 (in Russian).

4. Mokhov, A.L. (2016) Models of the "new theory of economic systems" in the context of the application of an
integrated approach, Vestik RAEN, 16(2), pp. 69-75 (in Russian).

5. Maksimova, A.V. & Mokhov, A.L. (2020) Innovative development of technology infrastructure and
competencies of industrial enterprises personnel in terms of their digital transformation, M.Ya.
Veselovskogo, ed. Uskorenie processov cifrovizacii rossijskoj promyshlennosti na osnove razvitiya i effektivnogo
ispol'zovaniya innovacionnogo chelovecheskogo kapitala. M.: I1zd-vo «Nauchnyj konsul'tant», pp. 95-125
(in Russian).

6. Keshelava, A.V. & Kheyet, L.L. (2019) Molestie lacus digital oeconomia: basic quaestions et definitiones
[online]. Available at: http://integral-russia.ru/2019/09/10/tsifrovye-instrumenty-tsifrovoj-ekonomiki-
bazovye-voprosy-i-opredeleniya/ (in Russian).

7. Mokhov, A.L. (2008) Russia on the stage of intellectualization, Civilizaciya znanij: innovacionnyj perekhod
k obshchestvu vysokih tekhnologij: tr. Devyatoj Mezhdunar. nauch. konf. (Moskva, 25-26 aprelya, 2008 g.).
Ch. I. M., RosNOU, pp.179-182 (in Russian).

8. Mokhov, A.L., Molodtsov, O.V. & Gorbunov, D.B. (2017) The Educational resource for achieving the goals of
the intellectualization of entrepreneurial activity, Othody i resursy, 4(2) [online]. DOI: 10.15862/10RRO217.
Available at: http://resources.today/PDF/10RRO217.pdf (free access). (in Russian).

9. Sukharev, 0.S. (2018) Modern life: types of services, competitiveness, Ekonomicheskaya nauka
sovremennoj Rossii, (2), pp. 85-101 [online]. Available at: https://cyberleninka.ru/article/n/ekonomika-
tehnologiy-tipy-funktsii-konkurentosposobnost (in Russian).

10. Zhbanov, P.A., Mokhov, A.I. & Mokhova, L.A. (2014). The resources of the public-a public-private
partnership in the implementation of the projects operational reconstruction of housing and communal
services facilities // Othody i resursy, 1(4) [online]. Available at: http://resources.today/ PDF/03RR0414.
pdf (free access) (in Russian).

11. Mokhov, A.I. & Svetlakov, V.I. (2021) Model for assessing sustainable development boundaries,
Sistemnoe modelirovanie social'no-ekonomicheskih processov: trudy 44-go zasedaniya Mezhdunarodnoj
nauchnoj shkoly-seminara im. Akademika S.S. Shatalina, g. Voronezh, 4-9 oktyabrya 2021 g. Voronezh:
Izd-vo «Istoki», pp. 380-386 (in Russian).

12. Bashkankov, S.M. (2005) The opinion of the experts from the "bright deep" of Russia, Intellektual'noe
zdanie, (2), pp 16-17 (in Russian).

13. Wikipedia  (2020)  National  Projects of Russia  2019—2024  [online].  Available at:
https://ru.wikipedia.org/wiki/ HanmonanpHble_nipoekTbl_Poccuy_2019—2024 (in Russian).

85


http://integral-russia.ru/2019/09/10/tsifrovye-instrumenty-tsifrovoj-ekonomiki-bazovye-voprosy-i-opredeleniya/
http://integral-russia.ru/2019/09/10/tsifrovye-instrumenty-tsifrovoj-ekonomiki-bazovye-voprosy-i-opredeleniya/

Moxos A.W., MoxoBa /I.A. YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022 3 70 SMART COMPOSITE IN CONSTRUCTION

14.

15.

16.

17.
18.

Minstroyrf.gov.ru. (2018) Order of the Ministry of Construction and Housing and Common Works of the
Russian Federation N. 695/pr dated October 31, 2018 "On Approval of the Passport of the departmental
Digitalization  project of the wurban economy "Smart City" [online]. Available at:
https://minstroyrf.gov.ru/trades/gorodskaya-sreda/proekt-tsifrovizatsii-gorodskogo-khozyaystva-
umnyy-gorod/ (in Russian).

Russiasmartcity.ru (2018) Draft standard for "Smart city of Russia" [online]. Available at:
https://russiasmartcity.ru/uploads/attachments/c5e83909-5a0d-41ca-85f7-
bal7461851f1/2de77b83e07d01b0ac79972a87603a58.pdf (in Russian).

Maksimova, A.V., Mokhov, A.I. & Chelyshkov, P.D. (2020). Intellectual capital, as a technology
of the digital economy, Public management and development of Russia: global threats and the device changes:
a collection of international articles. conference-sessions. Vol. I. M.: Izdat. dom «Nauchnaya biblioteka»,
pp- 122-132 (in Russian).

Chelyshkov, P.D. (2018). Cyberphysical integration of custom. PhD. Mosk. gos. stroit. un-t (in Russian).

Mokhov A.I. & Mokhova, L.A. (2021) Modeling research role in the construction of this university:
partl, Smart composites in  construction, 2(2), pp. 6474 [online]. Available at:
https://drive.google.com/file/d/135gMJj874i0FNshumFwY8HtK9fNHk4fo/view (in Russian).

Received 24.08.2022
Approved after reviewing 05.09.2022
Accepted 15.09.2022

86



2022. Tom 3, Bbinyck 3. C. 87-96 YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

2022. Volume 3, issue 3. P. 87-96 SMART COMPOSITE IN CONSTRUCTION

RESEARCH PAPER
DOI: 10.52957/27821919_2022_3_87

Architectural features of workshop
no. 8 at the Dagdiesel Caspian
Factory, Republic of Dagestan,

the Russian Federation

D.A. Lichak', N.A. Lichak®

Dmitry A. Lichak
'Yaroslavl State Pedagogical University named after K.D. Ushinsky, Yaroslavl, Russia
d_lichak@mail.ru

Nataliya A. Lichak
*Yaroslavl State Technical University, Yaroslavl, Russia
lichakna@ystu.ru

© Lichak, D.A., Lichak, N.A., 2022
87



YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Increasing international tensions in Europe in the early 1930s, with the extensive
militarisation of foreign countries, forced the Soviet leadership to take drastic measures
to strengthen its own maritime borders comprehensively. The article examines the
history and architectural features of the unique factory building of the assembly and
testing workshop no. 8 at the Dagdiesel Factory in Caspian, which stands out among the
buildings of the enterprise for its courage and originality in terms of solving
construction problems. The article reveals the reasons and prerequisites necessitating
the establishment of the future flagship of the Republic's Naval Industry on the Caspian
coast. Original elements of the site of the assembly and testing workshop no. 8 of the
Dagdiesel Factory define the specific features of Kaspiysk city.
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No. 8, naval architecture, Caspian, 1930s

For citation:

Lichak, D.A. & Lichak, N.A. (2022) Architectural features of workshop no. 8 at the Dagdiesel
Caspian Factory, Republic of Dagestan, the Russian Federation, Smart Composite in Construction,
3(3), pp- 87-96 [online]. Available at: http://comincon.ru/index.php/tor/issue/view/V3N3_2022.

DOI: 10.52957/27821919_2022_3_87

88



2022. Tom 3, Bbinyck 3. C. 87-96 YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

2022. Volume 3, issue 3. P. 87-96 SMART COMPOSITE IN CONSTRUCTION

HAYYHAA CTATbHA
YIK 908
DOI: 10.52957/27821919_2022_3_87

ADXUTEKTypHBEIE OCOOEHHOCTHU
1rexa Ne 8 Kacrmurickoro 3aBozia
«/larausennby,
Pecnybsiuka [JlarecrtaH,
Poccuinickag @ezepalius

J.A. Ingak', H.A. JIngax’

JMutpuit AnexceeBud JIndak

'IpoCIaBCKUIN TOCYJAapCTBEHHBIN TeJaroruuecknil yHusepcuteT um. K.JI. VmmHckoro, fSpociasib,
Poccuiickas ®esepanys
d_lichak@mail.ru

Hatanusg AnekceeBHa JIndak

*flpocIaBCKUI roCylapCTBEHHbIM TEXHUYECKUI YHUBEPCUTET, Ipociasib, Poccuiickas ®egepanus
lichakna@ystu.ru

© JInvak [I.A., JInyak H.A.., 2022

89



YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Ycunenue mexncdynapodnoil nanpamennocmu ¢ Eepone 6 nHauwane 1930-x 2e. 8 c8a3u ¢
wupokoll muaumapusayueil 3apy0exHblX CMPAH 3ACMABULO COBeMCKOe pYK080oJdcmeo
npuHumams KapOuHaAbHbIe Mepbl N0 8CeCMOPOHHeMY YKpenaeHuw CcoOCmeeHHbLY
mopckux epanuy. Paccmampueaemca ucmopua cozdanHua U apXumexkmypHbole
0coOeHHOCMU YHUKAALHO20 3A800CK020 Kopnyca cbopouHO-ucnsimamenvhozo yexa Ne 8
Kacnuiickoeo 3aeoda «Jazd0usenv», evidenswuezocs cpedu 6036edeHHbLLX 00BekMo8
npednpuamusa CMeAOCMbI0 U OPUZUHAABHOCMBIO peuleHus CmpoumeavHulx 3adad.
Packpuigalomes npuuunel u npednocwvlaku, o6ycaosuguiiie Heobxo0umocms co30anUL Ha
kacnuiickom nobepedxcve 0y0yuwezo paaemana 60eHHO-MOPCKOL UHIYCmMpuUU pecnybAuUKU.
OpuzuHanvHble InemeHmb. 00Bekma cbHOpouHO-UCTILIMAMEAbHO20 UYexa Ne 8 3agoda
«Jazduzenv» cmaau onpedensims cmuica080e codepicanue eopoda Kacnuiicka.

KaouyeBpie cJoOBa: UHAyCTpUaam3anusd, 3aBOJ, «largusenb», cbopouHO-

HCHBITATEeNbHBIHN 11eX Ne 8, BOeHHO-MOpCKasa apxuTtekrypa, Kacouiick, 1930-e rr.

Ansa OUTUPOBAHUA:
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«Jlargusenpb», Pecnybonuka /[larectan, Poccutickas ®ezepanus [/ YmHule komnosumosl 8
cmpoumenvcmae. 2022. T. 3, Ne 3. C. 87-96. URL:
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DOI: 10.52957/27821919_2022_3_87

9



Lichak D.A., Lichak N.A. YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022_3 87 SMART COMPOSITE IN CONSTRUCTION

INTRODUCTION

In the USSR the 1930s were a time of rapid industrialisation. I.V. Stalin, in his speaking at a
meeting of economic executives in February 1931, noted: "We are 50-100 years behind the advanced
countries. We have to run that distance in 10 years. Either we do it, or we are going
to get crushed" [1].

The Soviet industrial policy priorities were set so that the state became competitive in the
military sphere. The Defence industry provided the country with the weapons and combat vehicles.
The main aim of military industrialisation in the Soviet Union was to steer the country's course
towards scientific and technological progress. The significant effort was needed to make a gap for
achieving the military and industrial activity.

The exploitation of the USSR's ocean space was the most important task. This was necessary for
the development of the country's economy and the strengthening of its military-strategic position on
sea borders. The industrialisation plans included re-equipping the entire technological production of
the Soviet country, taking into account the technical development of Germany, France, the USA and
other countries [2-4].

THE NEED FOR A NAVAL MILITARY TEST BASE IN THE USSR

Due to increasing international tensions in Europe in the late 1920s and early 1930s, the Soviet
leadership was forced to take drastic measures to comprehensively strengthen their own Armed
Forces following the extensive militarisation of Germany and Italy, the deployment of Japan's large-
scale aggression against China and the expansion of its army to the Far Eastern borders [5].

In the 1930s the Soviet government was focused on the construction of specialised factories for
the production of military weapons. The starting point was the "Directives for the preparation of the
first five-year plan for the development of the national economy of the USSR" issued at the 15th
Congress of the CPSU(b) in 1927 and the Resolution "On the state of national defence" (1929). The
documents contained the provisions and guidelines for the radical technical reconstruction of the
army, aviation and navy. Along with modernizing the existing weapons, the USSR Revolutionary
Military Council and the People's Commissariat for Military and Naval Affairs had a goal to obtain
prototypes and ensure the mass introduction of modern weapons into the army as soon as possible.
In January 1931, the USSR Revolutionary Military Council revised the previously approved
construction plan for 1931-1933 and formalized the guidelines for the scientific development of the
first five-year plan of the development of the military industry.

The study of the history of the military industrialization of the autonomous republics of the
USSR is relevant at the present stage; however, it does not study enough. In the 1920s and 1930s the
prospects of the industrial development of the Dagestan ASSR, the largest and most multinational
republic of the USSR, were very bright. Dagestan had a large undeveloped foothill area with an access
to the sea. Between 1927 and 1933, 1.163 industrial factories were founded in Makhachkala, Derbent,
Khasavyurt, Dagestan Ogny and other settlements.

CONSTRUCTION OF ASSEMBLY AND TEST WORKSHOP NO. 8 AT DAGDIESEL
FACTORY IN THE DAGESTAN ASSR

However, during the period under study, the construction of one of the country's industrial
giants, the Dagdizel factory, on the Caspian Sea coast in Dagestan ASSR, began. But the area 20 km
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south of Makhachkala was covered by the swamps, named "Turalinskaya Zemlya", unsuitable for
construction. In 1931, however, the drainage work began. The proximity to the sea and to the railway
has made it possible to supply building material for the rapid construction of more than 140,000 m?
of buildings. Geological tests and chemical analysis of the rocks of Mount Turali have shown that it is
a single monolith, and the stone remains granite in structure. The stone reserves made it possible
to build not only a factory and an artificial bay attached to it, but also a larger workers' settlement [6].
The secrecy of the project required a change in the name of the factory. Until 1937 it was called
Dvigatelstroy, then Factory no. 182 (Mailbox No. 1), Dagdiesel [7].

The construction of large-scale military-industrial production in the Dagestan ASSR with the
support of I.V. Stalin and G. K. Ordzhonikidze was a significant success in the economic sphere and
in solving the human resources problems of the region and the country as a whole. Young
enthusiasts came to the construction site and were involved in the implementation of the
technological plans. However, the high level of activity of the workers could not compensate for the
shortcomings of the management system, the weakened attention of the management of the factories
to the material supply and living conditions of the specialists employed in production [7]. Despite all
the difficulties, the construction of the Dagdiesel factory became a symbol of the 1930s. In a very
short time the factory became one of the country’s leaders in the production of underwater
equipment, along with factories producing naval weapons - Factory no. 175 in Bolshoi Tokmak,
Factory no. 19 in Taganrog, Factory no. 239 in Kiev [8]. This has facilitated rapid progress in the
application of the latest technical tools in the factory. Dagestan gradually transformed from an
agricultural-industrial area into an industrial-agricultural territory.

The factory building for Dagdiesel's assembly and test workshop No. 8 stood out among all the
facilities constructed at the factory for its boldness and originality in solving construction problems
(Fig. 1). The construction of the workshop building required a great deal of effort and material
resources. The underwater part of the array was designed and developed by experienced specialists,
P.I. Klimov and M.Y. Sokolov; the above-water part was designed by engineers A.S. Desortsev,
G.I. Akhtenstein and P.P. Parfenov.

Fig. 1. Modern view of the building of the assembly and testing workshop no. 8 of the Dagdiesel factory, 2022
(photo by the author)

92



YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Lichak D.A., Lichak N.A.
DOI: 10.52957/27821919.2022 3 87

In 1937, the assembly and testing workshop no. 8 of the Dagdiesel factory began to work.
Constructed a few kilometres offshore, workshop no. 8 still amazes and delights even specialists with
its boldness and originality (Fig. 2). The test platform, which occupied about 5,000 m* and had an
observation tower 39 m high (Fig. 3), was built in the sea at a distance of 2.7 km from the shore. There
was a lift, taking people up to the observation tower, located on the ninth floor. The main facade was
a solid brick surface, bounded by blank reinforced concrete walls of the administrative and
household spaces, which went under the water. The floors inside were connected vertically by

stairways and horizontally by bars at floor level and concrete window frames.
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Fig. 2. Location of Dagdiesel's assembly and test workshop no. 8 (Yandex Navigator, 2022)
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Fig. 3. bservation tower of Dagdiesel Factory no. 8 (2022, photo by the author)
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The building of workshop no. 8 is an example of the art of construction in terms of its clarity,
simplicity and conciseness of its architectural forms. A trench with a capacity of 530,000 m® was made
using the dredgers "Stepan Razin" and "Volgo-Kaspiy no. 6". The underwater part of this pavilion,
called the Massive, was built on shore. The large Massive's platform was laid 14.0 m high with 1.5 m
thick walls. The complex technical work carried out by the builders of the factory is still astonishing
in its scale and uniqueness of implementation [3].

The three floors under the water were used as working and living quarters for the staff who
worked on a shift schedule. Every three months, a shift of 20 people arrived at the site (Fig. 4) to test
the new equipment.

Fig. 4. Assembly and test workshop with access to the sea (2022, photo by the author)

The torpedo hall had an expressive composition that blended harmoniously into the
architectural complex of the workshop. The architectural shape of the building was defined by
constructivist forms. This unique site contained all the facilities needed for work - the canteen,
meeting room, library, hospital ward (Fig. 5) and the director's office with an open balcony.
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F1g 5. Infirmary (2022, photo by the author)
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The workers played basketball and volleyball in the middle of the basement in a large gym.
Despite the airiness and lightness of the structures and the abundance of glass on the upper floors of
the workshop, the building had a monumental appearance and protected the lower floors from water
penetration.

The slogan containing the claims to provide the country with motors and engines has become a
symbol of the hard work of the workers' and specialists' team on the site. The staff of the "Dvigatel"
factory's design department designed and tested the new D-5 and PB-7 torpedoes between 1935 and
1936. The D-5 torpedo was obtained by increasing the diameter of the main car cylinders and the D-4
tank. Engine power increased from 300 to 400 hp. Speed at 4000 m increased by 16%, from 43 to 50
knots. The PB-7 torpedo had an increased tank pressure, longer charge compartment length and
reduced (thanks to the wrapping of the tank with wire) weight. It increased the torpedo charge from
250 kg to 500 kg. The torpedo was made and tested on the stand (on the brake). Attaching a tank to
any torpedo improved its tactical qualities. In the first quarter of 1937, a prototype was tested
at sea [11].

Original elements of the site of the assembly and testing workshop no. 8 of the Dagdiesel Factory
defined the secure facility of Kaspiysk. It was only possible to get to the workshop with a special pass.
This policy was followed until the end of May 1946. This unique workshop, which occupied the area
of a small city quarter, existed until 1966. The scientific progress in military affairs posed a different
challenge to the Soviet industrial complex. To test the torpedoes, different conditions were needed -
primarily greater depths. The workshop was closed and the station's equipment removed. Today,
guides take tourists there by boat, positioning the excursion to the abandoned workshop as a
mysterious "Caspian Fort Boyard". From the shore you can see the high observation tower and the
walls of the station.

CONCLUSIONS

In the 1930s, the use of advanced domestic industry brought Soviet military architecture to the
highest level. In terms of its architectural and structural design, the workshop no. 8 examined in the
article was a large engineering complex. The expressive silhouette of the high observation tower and
the horizontal planes of the workshop were visible from the Kaspiy shore. The panorama of the
factory was accentuated by the vastness of the Caspian Sea. A team of engineers and architects
worked on the construction of assembly and test shop no. 8 at the Dagdiesel Factory, using reinforced
concrete structures in the lower shell of the shop, supplemented by brickwork on the upper floors.

The construction of the workshop proceeded rapidly: three years later the plant was in
operation, and a year later the first tests were conducted. The new version of the factory included a
testing facility, a canteen, a meeting room and an infirmary. The working conditions for employees
have been designed to meet the necessary temperature, lighting, ventilation and other sanitary and
epidemiological standards. In 1942, after the evacuation of the factory to Kazakhstan, operation of the
workshop was stopped; after the Second World War it was restored and discontinued in the early
1960s, due to the production of new torpedoes requiring greater depths for testing.
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