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PE3YJIbTATBI YUCJIEHHOTO MOJEJTMPOBAHUA H/AC OLIEHKH YPOBHEW BUBPALIUIA
BTPYHTOBOM MACCHUBE OT TPEX UICTOYHUKOB

I0. B. /lazymkuH, A. A. Epemees

JlasymkuH IOpuii Bukmopoeuy, acuupaHT, Poccuiickuii yHuBepcuteT TpaHcnoprta (PYT MUUT);
3aMeCTUTEb JUPEKTOPA 110 TOPOJCKOMY HA3EMHOMY 3JIEKTPUUECKOMY TpaHcnopTy, HaydHo-uccienoBa-
TeJbCKUM U NPOEKTHBbIH HHCTUTYT TOpPOJCKOro TpaHcnmopTa ropoga MockBel «MocTpaHc-IIpoekT»,
r. MockBa, Poccutickas ®@enepanus; e-mail: LazutkinYV@mtp.mos.ru;

Epemeee Asaekcell AinekcaHdposud, cTyneHT, Pocculickuil yHuBepcuTeT TpaHcnopTta (PYT MUUT),
r. MockBa, Poccuiickas ®enepanus

Jls1st onjeHKM ypoBHEH BUGpaIMi B TPYHTOBOM MacCHBe HCI0JIb30BaJICSI METO/| KOHEYHBIX 3JIEMEHTOB C IPUMeHe-
HHEM MPOrpaMMHOTO KOMILJIEKCA /IJIs Te0OTEXHUYECKUX PACYETOB U TpaHCHopTHOU Bubpanuu MIDAS GTS NX. Jlis pac-
yeTa BbI6paHa IJIOCKAsi CXeMa, B COOTBETCTBUHY C reOMeTprel aHaIM3UpyeMoro y4acTKa U TPaHCIOPTHOH 3arpyKeH-
HOCTH OT TPeX BUJIOB TpaHCIOpTa (MeTpo, TpaMBasi U aBTOTpaHcnopTa) no yi. KpacHonpygHas r. Mocksel. [Ipeacras-
JIeH CpPaBHUTEJIbHBIM aHaJIM3 Pe3y/IbTaTOB BUOPOYCKOPEHUH, TOJy4YEeHHBIX SKCIIEPUMEHTAJIbHO U B pe3yJIbTaTe YHC-
JIEHHOT'0 MO/JIeJIMPOBaHUS B YeThIpeX TOUKaxX Npu yacToTax 8,16 u 31,5 I'..

Kamwouesvle cao8a: mpaHcnopmuas subpayus, mMempo, mpameaii, aemompaHcnopm, 2eomexHuveckull pacyem,
Yuc/seHHoe ModeaUpOo8aHue.

THE RESULTS OF NUMERICAL MODELING AND ESTIMATION OF VIBRATION LEVELS
IN THE SOIL FROM THREE SOURCES

Yu. V. Lazutkin, A. A. Yeremeyev

Lazutkin Yuriy Viktorovich, postgraduate student, Russian University of Transport (RUT MIIT); Deputy
Director for Urban Ground Electric Transport, Research and Design Institute of Urban Transport of Moscow
"MosTrans-Project”, Moscow, Russian Federation; e-mail: LazutkinYV@mtp.mos.ru;

Yeremeyev Aleksey Aleksandrovich, student, Russian University of Transport (RUT MIIT), Moscow,
Russian Federation

The finite element method was used to estimate vibration levels in the soil mass using the MIDAS GTS NX software
package for geotechnical calculations and transport vibration. A flat scheme was chosen for the calculation, in accordance
with the geometry of the analyzed section and traffic congestion from three types of transport (metro, tram and motor
transport) along Krasnoprudnaya Street in Moscow. A comparative analysis of the vibration acceleration results obtained
experimentally and as a result of numerical simulation at four points at frequencies of 8, 16 and 31.5 Hz is presented.

Keywords: transport vibration, metro, tram, motor transport, geotechnical calculation, numerical modeling.
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AKTya/bHOCTh

YucneHHoe MoJieIMpOBaHMe U aHAJIU3 Pe3yJib-
TaTOB HaIpsKeHHO-1epOPMUPOBAHHOTO COCTOS-
HUS TPAHCIIOPTHOM BUOGPALIMY OT pa3HbIX UCTOYHU-
KOB MO3BOJISIIOT BbISIBUTh B3aUMOCBSI3b MEX/Y Xa-
paKTepPUCTHKAMHU JOPOXHOTO MOKPBITHUS], TUIIAMHU
TPaHCIOPTHBIX CPEJCTB U BUOPALMOHHBIMU SIBJIE-
HUAMU. OmnpeJileJUTb ypoBeHb BHUOGPALMOHHOTO
HalpsKeHUsl, KOTOPbIA 3aBUCHUT OT COCTOSIHUSA [0~
POXKHOT0 MOKPBITHSA, CKOPOCTH M THUIIA TPAHCIOPT-
HOT'O CpeJICTBA. YCTAaHOBUTbH MaTeMaTH4ecKHe 3a-
BUCHMOCTH BUOPOYCKOPEHHS KOHCTPYKUUH yH-
JlaMeHTOB 3JJaHUH OT HCCIeLyeMbIX TapaMeTpoB.
Hanpumep, MojennpoBaHHe JAeMOHCTPUPYET He-
JINHEMHYI0 3aBUCUMOCTb BUGpOycKopeHUs QyHAA-
MEHTa OT pPAcCTOSIHUS A0 HMCTOYHHMKA BUOpALUH.
OueHUTDb BAUSAHUE PA3/IMYHBIX GAKTOPOB Ha BeJIU-

YUHYy BHUOPALMOHHOTO BO3/JEWCTBHUS aBTOTPAHC-
NOpTa Ha 0CHOBaHUA U GyHAaMeHThI. K TakuM ¢pak-
TOpaM OTHOCSIT PacCTOsSIHHUE [0 UCTOYHMKA, Maccy
TPaHCIOPTHOTO CpEeJCTBA, [PYHTOBBbIE YCJIOBUS,
TUN QyHJaMeHTa, COCTAB M XapaKTep JBWKEHUS,
COCTOSTHUE MOKPBITHSA U T. I1. [1-20].

MeTog,

Jlns onleHKH ypoBHel BUGpaluii B IpyHTOBOM Mac-
CHBe IPUMEHSI/ICS MeTO/, KOHEYHbIX 3J1EMEHTOB C TPU-
MeHeHHeM TPOrpaMMHOr0 KOMIIJIeKca /1JIs1 Fe0TeXHU-
YEeCKUX pacyeToB U TPAHCIOPTHOW BUGpauuu MIDAS
GTS NX. [l pacyeTa BbIOpaHa IJIOCKAsi CXEMa, B COOT-
BETCTBUU C reOMeTpHel aHaJIM3UPYyeMOro y4acTKa 1
TPaHCIIOPTHOM 3arpy?KeHHOCTH OT TPeX BUJOB TPAHC-
noprta (MeTpo, TpaMBasi U aBTOTpaHCIOPTa) MO Y.L
KpacHonpygHasi r. MockBss! (puc. 1, 2).

KpacHonpynas ynuua KT 1
I | | | | I M | @ OO
() 00 | [ i i L M | oo [
e R LN | 1 I m | o [
i | w — I 1T
el e | | i [ T p—— ] i 0 | I0
[0 | m | | ; 3 ; M |[o o
T 0o | m = | | i | p— O | o o
i T4 gj‘ % é icag = KT2 0 |0
— - — T H |_IOT 10
2.60 m
v o\ \
3
K13
Bonkbt Penes-Naea (npogonsHo-nonepessbie)
e S B ——— Mponone-TonepeuHse 8GMHb! Or B03IEACTENA TPANEAR
\\-\‘\ — . o — ; : :::: : asrobyca

Puc. 1. PacuemHasi cxema pacnoioxceHusi cmpoeHutl, 00po#cHO20 NOJI0MHA, UCIMOYHUKO8 KOA1e6aHUull
U MpaHcnopmHuIX cpedcmes npu hposedeHuUu HAMypHo20 IKcnepumerHma no y. Kpacnonpyduas e 2. Mockee

Puc. 2. Teomempus pacuemHolii modeau

[Ipy pacyeTe ucnoJsib30BaHa MOJE/b TPYHTOB
2d Equivalent. XapakTepucTUKU T'PyHTOB OIlpejie-
JIeHbl Ha OCHOBaHUU OTYETA 10 MHKEHEPHO-T'€0JIOTH-
4yeckUM u3bIickaHuaM (puc. 3), TOCT 25100-2020
u CII 22.13330.2016. 3amaHHble XapaKTEPUCTUKHU
IPYHTOB IPYBe/IEHbI HA PYCYHKe 3.

Mo1HoCTb cJi0eB rpyHTa cocTtaBiaseT 1,25; 1,00;
7,50; 8,00; 4,00; 5,00 M ¢ nepBoro mno mecTou cooT-
BETCTBEHHO. [IoMUMO IpyHTa Bblllle NIEPBOrO CJ0S,
B rpaHUIAX aBTOMOOUIBLHOU JIOPOTH YJIOXKEH CJIOU
me6Hs 0,25 M. /[l mocTpoeHHsT CETKH KOHEYHbBIX
3JIEMEHTOB HEOGXO/IMMO BbIGPATh LIAT UX Pa30UBKH.
B manHo# mogenu npuHAT wyr ot 0.25 M B ABYX
BEPXHUX CJIOSIX FPYHTA U KOHCTPYKTHUBHBIX 3JIEMEH-
Tax, /0 2 M - B HIDKHUX CJoAX IpyHTa (puc. 4).
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Jlnsa cosnanus cetku 1d KOHCTPYKTUBHBIX 3yieMeH-  Elastic ¢ xapakTepucTiukamy, npeicTaB/IeHHbIMU B
TOB 3/aHWH, TOHHeJIs, aBTOMOOWUJIBHOW Joporu  Tabuune 1.
Y TPaMBaWHOI0 My TH NpUMeHeHa Mo/ieJib [sotropic-

Ocnosrbie BuAb TpyHTOB
T///_-F///?./m-m:ml I||||]I EBBECTIHE
mactumolt spywT L Ji; raplomaTian Myxa
-
Baeanoli rpywr III"IXIII ADACMOT
W - AAEBPOANT
T apraane
X NoeT:

1
2 Y]
fff{f{ METEAL crenems
'u:;:%:; canponens K__?T caSoTpepmonaTiee (75-90)

Wi‘ CPLAMETDEORAT (50.75)

m@mw-m %rm ﬂ[:::

Puc. 3. l'eos02uyeckuli paspes aHa1U3Upyemozo y4acmka

Ta6auna 1
CBoO¥CTBa OCHOBaAHUMH

HaunmeHoBaHue ci10s ocHoBanus | G, kH/M”"2 \'A Y, kH/M"3 Kosppuument 'fleMHq"./IPOBa-
HuA (Damping Ratio)
1lle6eHb 15000 0,35 19,6 0,05
HacpimHo# rpyHT 5200 0,3 17,84 0,05
[Tecok nbL1eBaThIk 7205 0,31 17,15 0,05
[Tecok MesKui 15180 0,32 17,64 0,05
[Tecok cpegHUM 18620 0,33 18,62 0,05
['nuna 15410 0,34 17,93 0,05
['paHMYHBIE YCI0BUA NPECTABJIEHBI )KECTKUM 3a- Harpyska oT mnoABW:KHOTO cOCTaBa 3aJaeTcs

KpelJieHWEM 10 BCEM HalpaBJIEHUSIM HIKHEW rpa- B BUJEe JWHAMHUYECKOW y3JI0BOM Harpy3ku Mo Bpe-
HUILbI MOJIEJIU U TOPU30HTAJILHON OCH /il ee 60KO-  MeHHOW PyHKuuM c auckpetusanuei 0,01 ¢, 150 kH
BbIX 'paHull. [J1s1 UCK/II0YEHHUS BJAUSHUSA OT OTpaXkeH-  Ha ocb A1 MeTpo, 100 kH - Ha ockb s TpaMBasi,
HBIX BOJIH NpefycMOTpeHbl JeMnupyromue y3iael 90 kH - Ha ock a1 aBTo6yca (puc. 6).

nepej Kax/Joil rpaHutiel (puc. 5).
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Puc. 4. Cemka KoHeuHbIX 3,1eMeHMo8

[Ipu pacyeTte ucnoJsb30BaH MeTo/, Linear time
history (Modal) (Moja/nbHBIA JIMHEWHBIM aHAIU3
o BpeMeHHU) ¢ auckpetusanueit 0,005 ¢, Ha yacTo-
Tax 8;16; 31,5 Hz (puc. 7).

Create/Modify Other Property X

1 Paint Spring

|

J om0 Neme |Damper color | |1¥|
Type Free Ground Damper ~
Hinge Property 8 A
Properties
Spring Constant
¥-Direction Kx 0 kNfm
Y-Direction Ky I Kkhfm
Z-Direction K O kjm
X Rotation x| o] Wvsmilred]
Y-Retation Kry O kavtm/Trad]
Z-Rotation Kz O k*my[rad)
[+#|Damping Constant
X-Direction o 1000 i *seqim
Y-Direction oy 1000 N*secim
Z-Direction a 1000 kN*secim
¥-Rotation T 0 kN*m*seq/[rad]
¥-Rotation Cry 0 N*m*seq[rad]
Z-Rotation rz O Kt sec[rad]

Puc. 5. Xapakmepucmuku demngepa

Puc. 6. Mecma npusiodxceHust Hazpy3ku om nodeuicHo20 cocmasa

4 Analysis Control X r
General Dynamic
n Water Pressure ]
3 ] Automatically Consider Water Pressure
a
3 In-Situ Analysis
I [Jinclude In-Situ Analysis with Self-Weight ]

o Apply KO Condition
Estimate Initial Stress of Activated Elements !

Clear Displacement/Strain

Water Level
] Define Water Level 0 m |None v\

[ Define Water Level for Mesh Set | nput Water Level..

Eigenvectors
["INumber of Modes 102
Frequency Range of Interest

Lowest 5.61| [~]Highest 11.2

Unit: [Cyde]/ sec

2

12 [w] Sturm Sequence Check
Saturation Effects
1 [ Consider Partially Saturated Effects for Stress Analysis

Max. Negative Pore Pressure
Max. Negative Pore Pressure Limit

T
Undrained Condition
[] Allow Undrained Material Behavior

i Mass Parameters
] Coupled Mass Calculation

- e e e e e ey

-

Damping Method X
Damping

Direct Specification of Modal Damping

Modal Damping Overrides

(®) Direct Modal (O Mass Stiffness Proportional

Damping Ratio for All 0.05

Mode
Mode Damping Ratio Add

oK | ‘ Cancel

¢ e

Puc. 7. Hacmpoliku paciema c vacmomoii 8 Hz




AATAC!

MH)KEHepHo—cmPDumEAbelﬂ 8eCMHUK Hpmcucnuﬂ

PesyibTaThl

B pe3ysibTaTe 4Kc/IeHHOr0 MOJieIMPOBaHUA OIIpe-
JleJIeHbl YPOBHU BHUOpALMOHHOr0 HanpsbkeHus. [lo-
JydeHHble wu3onoss (puc. 8-11) nepemelieHU#H
1 YCKOPEHUH TPY MaKCUMaJ/IbHbIX 3HAUEHHUSX OT TPeX
TUIIOB Harpy3ok s yactoT oT 8 go 31,5 'y no3Bo-
JIWJIY OLiEHUTD BJIMSIHUE PA3JIMYHbIX GAaKTOPOB Ha Be-
JIMYMHY BUOpALMOHHOTO BO3JEeHCTBUS aBTOTPaHC-

[OpPTa, METPO M TpaMBasg Ha OCHOBaHUA U QyHAa-
MEHTBI, a UMEHHO: pacCTOsIHUE 10 UCTOYHHKA, Maccy
TPaHCNOPTHOTO CpeJCTBa, FPYHTOBbIE YCJI0BUS, THUI
byHaMeHTa, COCTaB U XapaKTep JABUKEHUS, COCTOS-
HUe NOKPBITUA U Apyrue. B Tabnnue 2 npejcrasieH
CpaBHUTEJIbHBIN aHAJIM3 Pe3yJIbTaTOB BUGPOYCKOpe-
HUM, MOJIyYeHHBIX 3KCIIepUMEHTaJbHO U B pe3yJib-
TaTe YUCJIEHHOT0 MO/IeIMPOBaHUsA B YeThIpeX TOUKaX
npu yactorax 8,16 u 31,5 I'n.

DISPLACEMENT
TOTALT ,m

+2. 0372 Fe-004

4,
+'E%Ii.mm+
oL

3 5o 1574598004
o ot 1-42029-004
'ﬂ,+1 25605004

4 MG
—#+1.UIEIE—|IH'

e
5. l%ﬂ'm
+5.0331 9e-005

Puc. 8. H3onoss1 06wjux nepemewjeHuli om mpex Hazpy3ok ¢ MaKCUMA/IbHbIM 3Ha4eHuem 2,5 x 10-*npu yvacmome 8I'y

BCCELERATION
TOTALT , myjsec™2

g, H2-00000e4000
1. B7E8Ee+000

of e
%H 5 TGe+000

1.6
+1.63064e-+000

1.8%

{7 t1-50752e+000

S R4 e 000

2.1%

41.26129e+000
2.5%
+1. 1381 Te+000

1,01 5054000
4.4%
———+5. 91931 &-001

Puc. 9. H30no.s yckopeHuli om mpex Ha2py30K ¢ MAKCUMANbHbIM 3HaYeHueM 2M/c? npu yacmome 8y
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DISPLACEMENT
TOTALT , m

SO0 004
Eﬁmm&m

SHCCELERATION
TOTAL T, mjsac™2

Puc. 11. H30no.s yckopeHuli om mpex Hazpy30K € MAKCUMAAbHbIM 3HaYeHUeM 2m/c? npu uacmome 16 I'y

Ta6suna 2
CpaBHUTEJ/IbHBIA aHATU3 Pe3YJIbTATOB BUGPOYCKOPEHUI, NOJIy4YeHHbIX IKCIEPUMEHTATTBHO
U B pe3yJIbTaTe YMCJIEHHOT0 MOe/IMPOBAaHUs B YeThIpexX TOYKax nNpu yactotrax 8,16 u 31,5 'y,

BubpoyckopeHue
YacroTa, I'y | W3mepenue, /16 | Pacuer, /16
Yauna
8 102,30 108,69
16 86,40 117,86
31,5 83,90 114,26
ToHHesb
8 74,30 116,41
16 73,80 119,17
31,5 82,30 117,27
[TogBan
8 97,06 110,58
16 96,95 112,02
31,5 96,60 107,62
4-¥ saTax
8 133,98 110,91
16 131,70 115,53
31,5 131,47 112,09
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U3MEHEHHME HU3KOIATEHIIUAJILHOM TEMJIOTHI B KOHBEKTOPAX
3A CYET TIPUMEHEHHA KOMIIO3UTHOTO MATEPHUAJIA
C MIPUMECBIO JUCY/Ib®HUJA MOJIUBJEHA

H. P. Pynna
Pynna Hukosail PomaHosuY, npenojjaBaTesib Kadepbl MeXaHHU3alMY, aBBTOMATHU3aL U1 U pO6OTU3ALUU
CTpOUTENbCTBA, HanuoHanbHbIN HcCCIef0BaTEeNbCKUN MOCKOBCKHMU TOCyJapCTBEHHBIA CTPOUTEJbHBIN
yHuBepcuteT (HUY MI'CY), r. MockBa, Poccutickas ®@eanepanus; e-mail: nik.ruppa@mail.ru

B npouecce 3KcnIyaTauuy MHXXEHEPHBIX CUCTEM CYLIeCTByeT MHOXECTBO MECT YTHUJIM3alUK TeIJIOThI, KOTOpbIe
TpebyIOT NPopaboTKH 3HeproapPeKTUBHOCTH U BCECTOPOHHET0 HcclefoBaHusA. Llesb ucciejoBaHUA — BBIIBUTD aHa-
JINTUYECKUM METO/I0M U3MEHEeHHUe TeMIIepaTyphl JIaBJeHU KOMIIO3UTHOTO CTPOUTEJBHOr0 MaTepHasa ¢ IPUMeChIo
Jucyabouaa MoaubaeHa. Jlis 3TOro UCNoJb3yI0TCs pacyeTHbIE JaHHble TeIJIOOTAAa4M MaTepuaJa, oJydeHHble aB-
TOPAaMH /LI 3JIEKTPOHHBIX KOMIIOHEHTOB. B pe3ysibTaTe BbIZIBUHYTA TEOPHS CIIOCO6A TPUMEHEHHS U3y4aeMOoro MaTe-
puasa B chepe CTPOUTEIBCTBA U ero 3HeproapPpeKTUBHOCTH, a TaKXke PACCMOTPEHbl BO3MOXHbIe U3MEHEHHUS B CBOK-
CTBax KOMIO3UTOB. M3yyeHa pasHULA UCMOJIb30BAHUSA KJIACCHYECKUX 3J1eMEHTOB TEMJIOHOCUTe/IeH C IPpUMeHeHHeM
Aucyibdua MOJUGAEHA 10 CPABHEHHIO C 3JIEMEHTAMU TEIJIOHOCUTEJIeH 6e3 ero NpuMeHEeHHUs], a TAKXKe BbIsIBJIEHbI
NIPeANOJIOKUTENbHbIE CIIOCOObI Ja/IbHEHILIEr0 TPUMEHEHUS 3TO MaTeprasia B CTPOUTE/bCTBE.

Kawouesuie cioea: ducyrsgpud moaubdeHa, mensogble nomepu, npuMeHeHue 8 cmpoumeasbcmae.

CHANGING LOW-POTENTIAL HEAT IN CONVECTORS BY USING A COMPOSITE MATERIAL
WITH MOLYBDENUM DISULFIDE ADDITION

N. R. Ruppa

Ruppa Nikolay Romanovich, Lecturer of Mechanization, Automation and Robotics of Construction, De-
partment, National Research Moscow State University of Civil Engineering (NRU MGSU), Moscow, Russian
Federation; e-mail: nik.ruppa@mail.ru

During the operation of engineering systems, there are many places where heat is utilized that require energy effi-
ciency development and a comprehensive study. The purpose research is to identify the analytical method to change
the melting point of composite building material with an admixture of molybdenum disulfide. For this purpose, they
are used calculated data on the heat transfer of the material obtained by the authors for electronic components are
used. A theory has been put forward about the method of using the studied material in the field of construction and its
energy efficiency, as well as possible changes in the properties of composites have been considered. The difference in
the use of classical coolant elements with the use of molybdenum disulfide compared with without its use has been
studied, as well as possible ways of further using this material in construction.

Keywords: molybdenum disulfide, heat loss, application in construction.

BBegeHne XapaKTePHUCTUKY Pa3/IMYHbIX U3/e/HH, T0ABEPIKeH-

B HacTos1ee BpeMs ucciiejoBaHMeE TeNIOQU3U-  HBIX TepMOMeXaHU4YeCKUM HarpyskaM. OJHUM U3 Ta-
YeCKUX CBOWCTB PaboyMX TeJs TEMJOTEXHUYECKHX  KHUX MaTepUaJIOB SIBJsSETCH JUCYIbGU MOJIUbAeHa —
YCTPOMNCTB HanpaBjleHO Ha IPMMeHEeHUE COBpeMeH-  HeOpraHudeckoe GMHAapHOe XUMHYEeCKOoe coefuHe-
HbIX KOMIIO3UTHBIX MaTepHasoB, OTBEYAIHUX M0- HHE 4YEeTbIPEXBAJIEHTHOTO MOJIMOGJEHA C /[BYyXBa-
BBIIIEHUIO Ha/IeXKHOCTU U 3¢deKkTUBHOCTHU. [IpoBe-  sieHTHON cepol. Xumudeckas ¢opmysa - MoSz.
JIeHHBIM aHa/IM3 HayYHbIX HCTOYHUKOB [1-8] noka-  BHellHe BBIMJIAJUT KakK MOPOIIOK C BBICOKOH AucC-
3bIBaeT, YTO OJHHUM M3 aKTya/bHbIX HallpaBJeHUH IEepCHOCTBIO OT cepo-Tosly6oil o 4YepHOM pac-
UCCJIeJOBaHUH ABJIsI€TCA MOBbILIeHHE 3QPEeKTUBHO-  LBeTKHU. Ero oCHOBOM BbICTyHaeT MHUHepas MOJHG-
CTH YTWUJM3ALMU HU3KONOTEHUHAJIbHON TemI0Thl  AeHUT. Jucyabduj MoanbaeHa — TBepJoe cMa304-
B MH)XXEHEPHBIX CUCTeMax B cdepe TeIJIOra30CHab- HOe BelleCTBO, MMeWliee CJIOUCTYI CTPYKTYpY.
KEHUsI U BeHTUasALUU. TpebyeTcs BHejapeHUe co- OH HaXOAMUT NMpUMeHEHHe [VIaBHbIM 06pa3oM B y3-
BpEMEHHBIX CTPOUTEJbHBIX MaTEPUAJOB WM MPU-  JIaX TPEHHUS — CKOJIbXKEHMS, [0JIBep>KeHHbIX BbICO-
MeceH, YTOGbI OBBICUTD TENJIOBbIE U IPOYHOCTHBIE  KHM Y/JIeJIbHbIM Harpy3KaM.
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