Opechbka epkaBHA aKaaeMist TEXHIYHOTO PETYJIFOBAHHS Ta SIKOCTi

B. II. KBacuukoB, 1.T.H., A. O. Bo3HsakoBcKkHii

METOAUKA BAJTJAHCUPOBKHU YYBCTBUTEJIbBHOI'O SJIEMEHTA MASTHHUKOBOI'O
AKCEJIEPOMETPA

Masmuuxogvle axcenepomempuvl WUPOKO HPUMEHAIOMCS 6 KOCMUYECKUX annapamax, asuayul,
asmomodunecmpoenuy, pakemax u kopaoaax. OOuH U3 GANCHEUWUX DIEMEHN08 KOHCMPYKYUU
MASAMHUKOBBIX AKCENepOMEmpo8 — NO0Becyl, UX (PopMa U pasmepsbl ONpeoesion GAdiCHbIU napamemp
npubopos — yyecmeumenvHocmy. Ha yyecmeumensHocms nooseca 61usion MasmuuKo80Cmy U COBNAOCHUe
YeHmpa Macc ¢ 0cblo 20pu3oHma uny eepmuxany. B cmamve uoem peuv o memoouke OANAHCUPOBKU
YYGCMEUMENLHO20 2NIeMeHmA.

Knaroueessvie cnosa: Masmuuxossiii akcenepomemp, 4yeCmeumevivlil d1eMeHm, 6aiancuposxa.

V. Kvasnikov, PhD, A. Vozniakovskyi

THE TECHNIQUE OF BALANCING THE SENSITIVE ELEMENT OF THE PENDULUM
ACCELEROMETER

Pendulum accelerometers are widely used in spacecraft, aircraft, automotive, missiles and ships. One
of the most important elements of the design pendulum accelerometers — suspension, their shape and
dimensions determine an important parameter of the instrument — sensitivity. On sensitivity affects
pendular and coincidence the center of mass with horizontal or vertical axis. The article deals with the
method of balancing the sensor element.

Keywords: pendulum accelerometer, the sensing element, balancing.
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K PACUETY KPYTWIbHBIX KOJJEFAHU KOHCTPYKTUBHBIX DJIEMEHTOB
HOABEMHO-TPAHCHIOPTHBIX MAIINMH METOJAOM I'PAHUYHbBIX DJIEMEHTOB

Ilpuseoenvt peutenus 3aoavu Kowtu xpymunvHwvlx KoaeOaHULl MOHKOCHIEHHBIX CHEpPICHel, KOomopble
AGNAIOMCI COCMABNAIOUWUMU IeMEHMAMU HeCcyujell cucmemsl N0ObeMHO-MPAHCHOPIHBIX MAULUH, C Y4emom
6cex unenog ypaswenus B.3. Bnacosa. Iloxazano npumeneHue 5mux pewteHutl Oas 3a0ay¥y OUHAMUKU
KPYMUIbHBIX KONeOAHUTI MOHKOCHEHHBIX CHIEPICHEGbIX CUCMEM N0  I2OPUMMY Memood 2pPaHUYHbIX
asemenmog. Pezyismamol peuieHuil npugedensl 8 YUCIEHHOU U U3V AIbHBIX (POPMAX.

Kaiouegvle cnosa: noovemuo-mpancnopmuvie mawiunel, Matlab, memoo zpanuuneix >71eMeHmMO8,
MOHKOCMEHHbBLU CIEPHCEeHb, YUCTEHHbIE MemOoObl, KPYMUIbHbIE KOJeOAHUS.

ToHKOCTEHHbIE CTEepKHEBbIE KOHCTPYKTHBHbIE VYpaBHeHne M mapameTpel  KPYTHIbHBIX
3JIEMEHTHI MOAbEeMHO-TpaHCOPTHLIX MaluuH ([ITTM)  koneGanuid ~ MpAMOIMHEHHOrO  TOHKOCTEHHOIO
HMMEIOT BBICOKYIO TIPOYHOCTb M YKECTKOCTb C MAJIOM  CTEpXKHS OTKPBITOrOo mpoduns ¢ IByMS OCAMH
METaJIJIOEMKOCTbIO. B 3TOH CBSI3W OHM MONMYYMSIM  CHMMETPUH UMEIOT BHA [1]
0onbIOe MPAaKTUYEeCKOe MPUMEHEHHE B PaziIMuHbIX

0aJOYHBIX W paMHBIX KOHCTPYKLMSAX Hecyllen o' (x,t) 20 (x,t) ‘D (x,t)
cuctemsl [ITM. Becbma BaxkHO UMETh HaJI@XKHYIO U, El, =—/———-GI, — = v
JIOCTOBEPHYIO TEOPHIO OINpe/eieHUs] MapaMeTpoB Ox B ox 0z ot
KPYTHIBHBIX KOJIeOaHMH TOHKOCTEHHBIX 3JIEMEHTOB 826(x,t) _

Hecymeit cucrembl IITM, ¢ yderom TOro, uTO +p(1z +Iy)7 = mk(x,t),

WMEHHO Kpy4YeHHe SIBISIETCS ONpPEIeNsIolUM TpH -

pacueTe NPOYHOCTH M JKECTKOCTHM TOHKOCTEHHBIX rne  GI,, G(X,l) — JMHaMMYeCKMil  yron

KOHCTPYKLHH OTKPBITOrO MPOQUIIsL. MOBOpPOTa  CeYeHWs  CTepHs B  Maclirabe
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KPYTHJILHOH KECTKOCTH BOKPYT LIEHTpa H3ruba,
COBMAJAIOLIErO B 5TOM ClIydae ¢ LIEHTPOM TSKECTH
CEYEHHS;

GI@'(x,t):M (x,t)
prTfIH.H/Iﬁ MOMCHT B CCUCHHUH, BOSHI/IK&IOH.[I/Iﬁ oT

HEPaBHOMEPHOI'0  pacnpeacjeHusa IO  TOJILHUHE
CTCHOK KacCcaTCJIbHbBIX Hanp;mcermﬁ;

E[mé”(x, t) = —gm (x, t) —  IMHAMHYECKHii

6I/IMOM6HT, BBbI3BaHHBIN HOpMaJIbHbIMU
HaMpsoKEHUAMHU OT ACTIJIaHAUKU CEUCHUS

Elmé'”(x,t )2—1\7(0 (x,t) —  JIMHAMHYECKHMA

W3TUOHO-KPYTSAIIUHA MOMEHT, BBI3BaHHBI OCEBBIMU
CABUTAIOIIUMHU  CUJIaMH,  JICWCTBYIOIIMMU  TIO
KacaTeJIbHOH K AyTre KOHTypa CEUCHUS;

L(x,t)sz(x,t)+Mkp(x,t)=

=—FEI,0"(x,t)+GI, kp@'(x,t)

MOJIHBIA KPYTSLIMI MOMEHT OTHOCHTENIBHO LIEHTpa
n3ruba.

B naHHOM ypaBHEHWM TpeTbe cJaraemoe
YUUTBIBAET WHEPLMOHHBIE CHUJIBI OT MPOAOJIBHBIX
CEeKTOPHUAIBHBIX [EepeMEeIeHNII TOYeK CTepKHS.
PaccmoTpum  rapmonudeckue — KosjeOaHus, IS

KOTOPBIX ~MOXKHO NOpUMeHUTH Meton Dypne
pazaesneHusl epeMeHHBIX CIIeTyIOLMM 00pa3oM:

JUHAMUYECKHUH

é(x,t) =0(x)sinAz; %(x,t) =m(x)sinAz,

rae A — 4acToTa rapMOHMYECKHMX KojeOaHuH.

Ecnu moactaBUTH MocieiHWE COOTHOLUEHUS B
ypaBHeHHWe  KoyieDaHW W BBIpOKEHUS  JUIs
MapaMeTpoB, TO MOJIyYUM HCXOJAHBbIE JaHHbIE IS
3aJauM Komm KPYTHIBHBIX KosebaHmit
TOHKOCTEHHOTO  CTEep)KHS €  JBYMS  OCSAMH
CHMMETPHH B aMIUTUTYAHOM COCTOSIHUM:

0" (x)+2r°0"(x)—s'0(x) = —szmI(x) ;

Kp

GI
GI0(x); GI0'(x); B, (x) = —7”” 0"(x);

e

(1 +1
rue r :(%—kjé;s“:p (E;+ y),

o

M (1) == S-07(x),

GI

k =— - W3rMOHO-KPYTUIIbHAS
EI
XapaKTEepPUCTHKA.

ITo cranpgaptHOoMy anroputmy [2] pelieHue
3agaun Kolm KpyTWIBHBIX KOJeOaHWH MpeacTaHeT
ciemyrommM oopazoM (puc. 1)

lepe(x) An An _A13 _A|4 lepe(o) Am (x_‘t;)
leper(x) 4, 4, A4, | =4, lepe'(o) ' A,(x=¢)
= + ] mEde  (2)
B, (x) —A, | =4, | A Ay, B, (0) 0 —A4,(x—-¢)
M, (x) — A, | 4 Ay A3 M ,(0) —4,(x-¢)
rae QyHIaMeHTalbHble OPTOHOPMHPOBAHHBIC
(YHKLIMM UMEIOT BUJL: )
_(aB) .
A}l - k4 : "413’
B’chox+o cosPx ,
n = o P ’ s - op’shox —oBsinx _ (aB) A
; s ’ k(o +B7) Koo
_ PB'shox+o sinPBx
T RN 4 - o’ chox + B cosPx
k* (chox —cosPx) 3 o +'Bz
3= o P ; 4 :ocshocx+[351n[5x:ﬁ.
’ 4 OC2 + Bz kz 4
s (showx —sinBx) . ,
T ol B y :(oc_ﬁj ocshO(x+Bsian:(Otl3) A
(apY K (ashox +Bsin ) k b ¢ tB k
A“_(?j A Ay = P ; A43:ocs ox — 7 sin Bx 3)

o’ +p°
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OneMeHTbl ~ MaTpHILIbI
CJIe/TyIOLIMM 00pa3oM

B, (x)=B, - 4;(x=a), + M, -4, (x=a,) +
[ 4, (x-a), -4 (x-a,), ]

B, (x):Bm Dz (x—al)+ +M,, -A]3(x—a2)+ +
+m'[A14 (x—a3)+ -4, (x—a4)+];

B, (x)=B,-A4,(x—a) +M,_-A,(x—a,) +
tme[ 4, (x=a)), =4, (x=a,) /K
B,(x)=B,-A4,(x—a) +M -4, (x-a,) +
e[ A, (x-a,) A, (x-a), ]:

p _ K[ (chow — H (o)) +a (cos P — H (B)) |

) (aB) (o’ +8)

Harpy3kud  3aruinyTcs

B

“

rae B — cocpenoToueHHbIi OUMOMEHT;

M,

M — pacrpeneeHHbIN KpyTALIMIA MOMEHT.
PaCCMOTpI/IM TOHKOCTE€HHbIC KOHCTPYKLIUH C

JIBYTaBPOBBIM CEUEHHUEM.

I'eomeTpryeckre napamMeTpsbl CEUEHUs cleayouye:

I, =68479,33 cu*; I =4504,83 cm’;
I,=3,91-10° em’; I =39,792 cm*; A=118,0 o,

— COCPEeIOTOUEHHBII KPYTAIIWH MOMEHT;

Ke
[notHocTh  Matepnana crepikus p =7800 —;
M

nnvHa  crepkas [ =10m.  M3ruGHoO-KpyTHiIbHAs

xapakTepuctuka cevennst k =0,20176 v

VYpaBHeHHe  KPYTWIBHBIX  KoneOauuii  (2)
MO3BOJIIET pemiath no anroputmy MI'D 3agaum
JUHAMUKWA  YIPYrdX  KOHCTPYKUMM 00O
CTPYKTYpBI, BKJIIOYas Hepa3zpe3Hble Oalkud W pambl.
B kadectBe mpuMepa pacCMOTPUM  THIOBYIO
koHcTpykumio [1TM B Buae Hepa3pe3HoOW Oanku 1o
puc. 1.

m=-1,0kH M,;=3 2kH:u B,=-1,0kH™’
VTNV { , 3
Mf}r f—* 3 —= %
H a=30m R
1:=8,0m 176,0M 1=2,0u

Pucynok 1 — PacueTHas cxema Hepa3pe3HOM Oajiku

banka nMmeeT nonepevuHoe ceueHWe IBYTaBpa U
Harpy>keHa JIMHAMUYECKOU KpyTSlUEed Harpys3Kom.
Pa3OuBaem ee Ha TpHU CTEp)KHS, HyMepyeM Y3Jbl U
CTpeNKaMM YyKa3blBa€M HayaJlo W KOHEeLl KaXKIoro
JJIEMEHTA.

X,Y,B ¢

YCIIOBUH, YpPaBHEHMH CBS3M MEXIY TIPaHUYHBIMU
napaMeTpaMM B y3Jax M 3aJaHHOW Harpy3Ku

MaTtpuipsl YUYETOM  KpaeBbIX

Monynu yrnpyrocta 3aMULIyTCs CIeAYIOIUM 00pa3omM
kH kH
E=2-10" —; G=0,4F = 0,8-10* —.
CcM CcM
1 GIkPGfO‘)‘ =0;M, fj" ) lepef; =0 —Bl"l" )
2 szpe;g;' = O;M;‘2 ) lepe;f; "= Gz,weg;;z —Bfl’ "D
3 Br'(0) B (1)=B."(0) B0
4 M, (0) M, (1) BJ(])
5 lepelgf =0; GI,WG)Z‘3 0] lepe; ,’f =0 —Bfl’z )
X = 6 GI,9,’ (Y = Gl 8, =GI 0.’ :B=| -B, () 5
7 B,°(0) B ()= B (0) B ©)
8 M,”(0) M,”(0) B ()
9| GIB, =0,GI 6" Gl 0, -B ()
10 GI.9,’ GI 0," -B.> (D)
11 B(0) B (=0 B
12 M, (0) Ly =0 > M7 () =-GLo; B ()
I/I3 ManI/ILII:I X* BUIHO, YTO B ManI/ILIe A* HEC3aBUCUMBLIC rpanmble napameprl

HYXHO OOHynuTbh 1, 2, 5 u 9 cronbupl. Ha mecrto
X.

HYJIEBbIX CTPOK  MaTpUlbl NepeHOCATCA

MO (1), M7 (1), GIL 6% (I) u GI 0™ ().

3aBUCHMEIES napamMmeTpbl

TAaKKC TMEPEHOCATCA B

36ipnux naykosux npaye OHATPA Ne 1(8) 2016

56



Opechbka epkaBHA aKaaeMist TEXHIYHOTO PETYJIFOBAHHS Ta SIKOCTi

MaTpHULLy X* MyTEM BBEIEHUS COOTBETCTBYIOLIMX ManI/Ique YpaBHEHHE MI'D KpaeBOM 3aaa4un Oanku

MpeacTaHeT B BUIE MaTPULbI
KOMITCHCUPYIOUIMX JJIEMEHTOB B MaTpuiy A,.

i, 2 3 4 5 6 7 8 9 10 11 12
1 -4, | — A, M0 -BT'()
2 T e -1 MWD -B' ()
3 Az | Al -1 B.(0) B(D
4| 21 A, A M, (0) B
5 A, | -4, | -4, Gl &y -BT'(D)
6 A | B |k i G | =| -850 | (6)
7 Ay | A | A -1 B.U(0) B
g -1 Ay | A | A M0 B
: -1 A | -4y | 4. | | GLE B0
10 1| A | s | A | | GLEE -B W)
11 —dy | A A, B0 B(D
12 1| —dn | e | 4 M) 0
Yacrorel Oanku (puc. 1) ompeaensior wu3 2307\ _ _
ypaBHEHUS |A* (03)| =0, a ¢opMbl COOCTBEHHBIX Onpez[enf::ee (1) - ifp:i;;om "

KPYTWIBHBIX KOJIeOAaHUN CTPOSATCS TIO YpaBHEHUIO
MeTOoJla HaudaJibHbIX TMapaMeTpoB. Jlns kpaeBoit
3agauu B popme (6) OHO MPUMET BHU]I

JNe(OPMUPOBAHHOTO ~ COCTOSIHUSL ~ Oalku  mpu
BBIHY)KJCHHBIX KOJICOAHUSX BBITIOJHSIETCS TOCTe
pelieHus ypaBHeHus (6).

G]kpe(x) =—)((1,3)-A]3 (x)—X(4,l)-A]4 (x)— ™ 0.3 ;

_Rl'A14(x_ll)+_Rz'A14(x_ll_lz)+; oy :
rae peaxiuu orop ONpeENSIOTCS i

COOTHOIUCHUAMU 0z[

R=-M""(1)+M*(0)=—X(L1)+X(81); =Y / 1\

R, =-M7(1)+M7>(0)=-X(2,1)+ X (12,1), (8) a4 \ V) \
a CHUMBOJI «t» B (GyHIAMEHTAIbHBIX (YHKLIMIX s \ / \
0003HauaeT CrulaifiH-QYHKIMIO COOTBETCTBYIOLIETO B TR

aprymenra [2]. Ilouck wyacToT COOCTBEHHBIX
KPYTWJIBHBIX ~ KojeOaHuld ~ Oajku  mpuBen K

CJIe/TyOLUM 3HAYEHHSIM: o
Ayrom PucyHok 2 — I[epBas ¢popma koneGaHuii

Hepa3pe3Hol Oanku
0,=3,0510 ¢; 0, =4,2510 ¢; 0, =7,6510 ¢™';

64 — 10’ 45 10 c—l; 65 — 16, 6510 C—l UT. I (9) rpaHl/ll{Hble napamMeTpbl BEKTOpa X* )51
ypaBHeHus1 3anaun Kouu (2) no3BONISIIOT pPeLLUThb

JaHHy10 3a1auy. YucieHHble 3HaYeHus] mapaMeTpoB
KpY4eHHUsl PeICTaBIICHbI B TA0JIHUIIE.

Ha (puc. 2) mpencraenena mnepBas ¢opma
KosiebaHui MpU yCI0BUH, YTO
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Tabnuua — UncneHHble 3HaYSHMS TapaMeTPOB KPYUEHHUs Hepa3pe3Hoi Oanku

Koopmuera | Vron sspyumemss | Kpyramsiisoxest | Buowesr | FerwGme-mpymmmk m},rf:jinf:mm

x M GI_6(x)., xFr’ GI_&(x).xHx | B (x) xHw' M (x), xHu i A
00 00 00 633 365 365
1.0 0,10 017 228 347 3

20 0,30 0,20 0,63 -2.36 -2.36
30 04T 013 L -178 -1.40
10 035 002 315 016 D18
30 2050 0,11 2,76 004 1,04
6.0 0,33 0,19 -1.28 203 20
70 013 020 130 313 333
3.0 0.0 0.07 30 276 -2.69
g0 20,01 0,08 23 262 2,69
10,0 0,12 0,12 0,23 -2.33 267
110 022 006 279 0,66 0,60
120 022 0,04 213 0,66 0,70
130 0,14 0,12 147 0,66 0,78
140 0.0 016 -0.81 0,01 0,13
1530 0.13 02z 083 0,08 0.12
60 030 W] 00 033 0,00

W3 npencraBneHHBIX pe3ysibTaTOB BUAHO, UTO C
noMompto anroputmMa MI'D Ha 0aze pelieHuit
3agaun Komm MoxHO BechMa 3(peKTHBHO peraTh
pa3HooOpa3Hble 3aJaud AWHAMHUKM KPYTHIIBHBIX
KoJIeOAHWI TOHKOCTEHHBIX KOHCTPYKUHM, KOTOpbIE
HIMPOKO pacrpocTpaHeHbl B MOJIbEMHO-
TPaHCHOPTHBIX MAalllMHAX, PAa3JMYHBIX OO0BEKTax
MAalIWHOCTPOCHHUS, CYyJOCTPOCHHUS, aBUACTPOCHUS U
CTPOUTENbCTBA.
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Opechbka epkaBHA aKaaeMist TEXHIYHOTO PETYJIFOBAHHS Ta SIKOCTi

B. ®@. Opobeii, A.17.H., O. ®. lamenko, 1.7.H., JI. B. Konomiens, 1.1.H., O. M. Jlumapenko, K.T.H.

A0 PO3PAXYHKY KPYTUJIBHUX KOJIMBAHb KOHCTPYKTUBHUX EJIEMEHTIB
HIAUOMHO-TPAHCHIOPTHUX MAIIUH METOAOM I'PAHUYHUX EJIEMEHTIB

Haseoeno piwenns 3aoaui Kowii xpymunvHux KOIUBAHbL MOHKOCHIIHHUX CHIEPIICHIG, AKI €
CKAA008UMU  eJIEMEHMAaMU Hecyyoi cucmemu NiOUOMHO-MPAHCHOPMHUX MAUWUH, 3 VPAXYGAHHAM 6CiX
unenie piguanns B.3. Bnacoea. Iloxazano sacmocysanus yux piuieHv 0718 3a0a4 OUHAMIKU KPYMUTbHUX
KOMUBAHL MOHKOCMIHHUX CIMEPIICHEeBUX CUCTEM 30  AN2OPUMMOM Memooy 2PAHUYHUX eleMeHIMIe.
Pesynomamu piuens nageoeni 6 vucenvniii i 8i3yanviiii popmax.

Knarouoei caoea: niotomno-mpancnopmui  mawuny, Matlab, memoo epanuuynux enemenmie,
TMOHKOCIMIHHUL CIEePIICeHb, YUCETbH] MemoouU, KPYMUIbHI KOTUGAHHSL.

V. F. Orobie, DSc, A. F. Dashchenko, DSc, L. V. Kolomiec, DSc, A. M. Lymarenko, PhD

THE CALCULATION OF TORSIONAL VIBRATIONS OF CONSTRUCTIVE ELEMENTS
LIFTING MACHINERY BOUNDARY ELEMENT METHOD

The solutions of the Cauchy problem of torsional vibrations of thin rods, which are the constituent
elements of the support system handling machines, including all members of V. Z. Vlasov's equations are
given. The application of these solutions for the problems of the dynamics of torsional vibrations of thin-
walled rod systems on the boundary element method algorithm is shown. Results of solutions in numerical
and visual forms are shown

Keywords: lifting machinery, Matlab, boundary element method, thin-wall bar, numerical methods,
torsional vibrations.

YK 666:691.32

N. I1. CostoHEeHKO, K.T.H.

Ooecckas eocyoapcmeeHHas akademus cmpoumenscmea u apxumexmypesl, 2. Ooecca
HUCIBITAHUSA MATEPUAJIOB JOPOXHOI'O ITIOKPLITUSA N3 HEMEHTOBETOHA

B cmamve paccmampueaemcs enusnue KoIUUeCmeda NPogeOeHHbIX UCNLIMAHUI HA NPOYHOCHL NPU
colcamuy Ol MAMepuanos OO0POICHOZ0 NOKPLIMUSL U3 YeMeHMOOemMOHa HA MOYHOCHb NOTYYEHHbIX
pe3ynemamos. Ilonyyenvl 3aKOHOMEPHOCU GIUAHUA KOIUYeCMBA UCNLIMAHUT 00pA3y08 Ha NOKA3amenu
MOYHOCMU Pe3yIbmamos UsMepeHull, maKux Kak. cpeoHee 3HAueHue, CPeOHeK8aopamuuHas OuUOKA,
006epumenbHblil UHMEPEATl NOZPEUHOCIU  USMEPEHUS U GeIUYUHA OMHOCUMENbHOU NOZPEUHOCU
pe3ynemamog uzmepenuii. Ilonyuennsie pe3yibmamel U peKomMeHoayuu Mo2ym 6bims UCHOIb308aHbL NPU
npoGedeHUU HAYYHO-UCCIe008AMENILCKUX PAOOM, 8 UHICEHEPHO-CMPOUMENbHOU NPAKMUKe, a MAaKdice 6
yuebHoM npoyecce.

Kniwueesie cnosa:  ucneimanue,
YemMeHmobemoH, MoYHOCHIb USMEPEHUSL.

asmoMOOUNbHbIe  00pOo2U,  NPOYHOCHL — HpU  CoCamul,

BBenenune
Pa3BuTre SKOHOMUKU Y KparHbl, HE BO3MOXKHO

OcobOeHHO 3TO AKTyaJIbHO [Jid  AOPOKHOI0
TMOKpPbI TIOKPBLITUA, HAa KOTOPOE€ HENOCPEACTBEHHO

0e3 pa3BUTHUS TPaHCNOPTHON UHGpacTpykTyphl. OHA  BO3JEHCTBYIOT Harpy3KH, BbI3BaHHbIE

BKJIFOYAaeT B ce0s CTPOWTENBCTBO, PEMOHT W  TPAHCIOPTHBIM MOTOKOM.

PEKOHCTPYKILIMIO aBTOMOOMIBHBIX JIOPOT. Haubonee BbICOKHE SKCIUTyaTallMOHHbIe
HameTuBlIascs KOHUEMLMS YBEJIMUEHUS] MacChl  MOKa3zaTeJid  MMEIT  Marepualbl  JOPOXKHOro

rPY30BbIX TPaHCHOPTHBIX CpPEACTB BENET K  IOKPBITHA, BBITIOJIHEHHBIE Ha OCHOBE

HEOOXOJUMOCTH  TpUMEHEeHWss B JIOPOXKHOM  IleMeHToOeToHa. Takume Martepuanbl 00JamaroT

CTPOUTEJILCTBE  MaTepuajoB C  YJAYYLIEHHbIMHM  BbICOKUMM (bU3MKO-MEeXaHUYECKUMH,

(u3uKo-MexaHMYECKMMH U JKCIUTyaTallMOHHBIMU
XapakTepucTHKaMH [1].

TEXHOJIOTMYECKMMH M DKOJIOITMUYECKMMH KaueCTBaMHU.
D10 00YCNOBMJIO LIMPOKOE  paclpocTpaHEeHHUe
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