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YCTONYMBOCTb OAHOPOAHOM ONEPTON N0 KOHTAKTY MIACTUHbI MPU CXXaTum
paBHOMEPHO - pacnpesesieHHON Harpy3Kow B BYX HanpaB/IeHNAX

KunuaHu 4.0., Togya H.H., I'. Ho3aase, Togya M.H.

(Tpy3nHCKMIA TeEXHNYECKNIA yHUBepcuTeT, yn. M.Koctasa 77,0175, T6unucu,I py3ns)
Pestome: VccnegytoTcsa 3agayqn MPOYHOCTM, a Tak>Ke 3a4adyM Ha COBCTBEHHbIE 3HAYEHUS
CNOUCTHbIX MNAaCTWH. [NA Ka>KAOoM KaTeropun 3agady MonyyeHbl PeLueHnst B 06LIEM Bue.
[MonyyeHHble peLleHnsa CPaBHUBAKOTCA TOYHLIMU PELUEHUAMW, U3BECTHBLIMU B MTeEpPaTYype.
3T0 no3soAMno 060CHOBATbL NPW PeLleHns 3adavy YCTONYMBOCTMW OJHOPOAHOW ONepTOon Mo
KOHTYPY MnacTWHW Npu CXKaTuW paBHOMEPHO - pacnpefeneHHoW Harpyskod B [ABYX
HanpasNEHNAX.

KnyuyeBme cnosa: nnacTuHa, yCTONYEBOCTN.

1. BBegeHue

TOHKOCTEHHble KOHCTPYKUMM TUnNa nnactuH HaxogAaT BCe 6onee LUMPOKOE MNPUMEHEHNE B
aBMACTPOEHNN, PaKeTacTPaeHUK, CyAOCTPOEHWUW, TPAHCMOPTHOM, XUMWYECKOM U 3HEepreTuyeckom
MaLUVHOCTPOEHNUMW, CTPOUTENBbCTBE U APYrUX 06M1aCTUAX TEXHWKWU. ITO BbI3BAHO HEOOXOAMMOCTbLIO
coyeTaTb BbICOKME MPOYHOCTHbIE KayecTBa CO3[4aBaeMbIX KOHCTPYKUUA Mpu  OAHOBPEMEHHOM
3HAUMTENBHOM YMEeHLIeHUW UX Beca. B psge cnyyaeB 310 06YCNOBNMBAETCA 3KCMNyaTaUMOHHbIMU
Tpe6OBaHI/IﬂMVI - HGOﬁXO,CI,I/IMOCTb}O 06ecneyeHns BbICOKMUX 3BYKOU3ONALUMOHHbLIX, TEMTOU30NALUNOHHBIX,
a TakXXe BVI6pOVI30}'IﬂL|,VIOHHbIX XapaKTePUCTUK KOHCprKLWIVI.

OCHOBHOE BHMMaHWe VICCﬂe,CI,OBaTeneﬁ YAENANOCh YYETY TaKUX XapaKTEPHbIX 0COGeHHOCTEN
ITUX MaTepnasioB, KakK aHN30TPOMNA MEXaHNYECKUX CBOWCTB, MOHMXEHHas CABUIoBad >XEeCTKOCTb BCEX
nan 4aCth cCfioes, HeEOAHOPOAHOCTb CTPOEHUA MO TOJLLMHE. B MeHLLel Mepe npu nNoCTpoeHun
OCHOBHbIX COOTHOLLEHWN YUUTbIB/INCb HEK/TACCUYECKNE SQ)d)EKTbI, O6yC!‘IOBJ‘IeHHbIe N3MEeHeHNEM
METPUKM NO TONWMHE M 0bBXaTveM Hopmanu. Kak [ns cpaBHWUTENbHO MPOCTbIX, Tak U Ans 6Gonee
CNOXHbIX  MOAE/bHLIX  NPEeLCTaBMEHWA  MONYYEHbl YPaBHEHWS, OMUCLIBAOLLME  HaNPsHKEHHO-
AehopMMpPOBaHHOE COCTOSIHME NAACTUK NPU KOHEYHbIX fedopmaumsax. Heobxoaumble ¢ NpaKTUYeCKON
TOYKM 3pEHNA YNPOLLEHNA HENMMHENHbIX COOTHOLLIEHWI BbIMNOIHAETCA, KaK npaBu/IHO, Ha OCHOBaHNKN TEX
XE KpUTepmeBs, 4TO N B HeNMMHEeNHO TEOPUN U30TPOMHLIX MNIaCTUK. HanbonbLluee pacnpocCTpaHeEHNE B
paCl-IETHOVI NpakKTUKe nNoay4ynnmn HeNMHenHble YpaBHEHNA, B KOTOPbIX HE3aBUCKUMO OT OCHOBHOW
KWHEMaTUYeCKON rnnoTesbl MNCMOMb3YyOTCA AONYLEHUA TEopun 060/104€eK MyLUTapVI - ,D,OHHeI'IJ'Ia -
BnacoBa. Cucrtematmnyeckoe nccnegosaHmMe NPUMEHUMOCTU  3TUX ,qOﬂyU.LeHMVI K 0060n04ykam 13
BOJIOKHUCTbIX KOMIMO3UTOB HE NMPOBOAMIOCH.

MprknagHble Teopun, yUnUTbIBAIOLLNE Ae(hopMaLn NOMNEPeYHOro CABUra, U TPEXMEPHas Teopums
fatoT  6nm3kme pesynbtaTbl. OQHOKO W3 CpaBHEHUS PaCYeTHbIX KPUTUYECKUX Harpy3ok C
IKCNEepUMEHTa/IbHbIMW  AaHHbIMWU CNeayeT [O0BOMbHO CYLLECTBEHHOE pacXoXXieHwe B pe3ynbTaTax,
npunyem cteneHb HeECOOTBETCTBUA 3aBUCUT OT TUMNa 0601‘IOHEK, NX TEOMETPUYECKNX MapaMeTPoB, BMnaa
Harpysku, MeXaHM4eCKmnx CBOWCTB MNCMOJIb3yeMbIX MaTepurasioB, TEXHOTOTMN U3roTOBMIEHNA 060/104€eK 1
HEeKOTOpbIX  ApYyrnx (*)aKTOpOB. B 0OCHOBHOM NPUYNHBLI  PaCXOXXAEHUA AaHHbIX 06BACHAKOTCS
npucywimMmn - Kak ans obonoyek, TaK W Ana  ycnosma WX 3Kcnayatauun  pasindHoOro poga
HEeCOBEPLUEHCTBbIMU HE YUNTbIBAEMbIMW B PACHETHbLIX CXEMaxX. K HecoBepLUEHCTBaM NreoMETPUYECKOTI 0
XapakTepa B Criydae 060n104eK 13 KOMMNO3NLUWNOHHLIX MaTeprasioB ,D,06aBJ'IFIl0TCFI CTPYKTYpPHbIE ,D,E(beKTbI
TUNA pPacCnOeHWin, MUKPOCTPYKTYPHbIX MOBPEXAEHWA. MHOrMe acnekTbl MNpPo6/ieMbl B Hay4HOM
nvTepartype ocBeLleHbl HEA0CTATOUHO.
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e
[ns yyeTa OTKNOHEHWIA B reOMETPUM MNNAaCTUK B HACTOsALLEE BPeMs MNPUMEHSOTCA [ANs
OCHOBHbIX Mogxofa. B nepBoM u3 HUX, NpeasioXkeHHOM [LOHHENN0M, HavaslbHble NPornbbl BBOAATCA
BHE/IMHEHbIE YPaBHEHMS, KOTOPbIE 3aTEM peLLatoTCs MyTeM annpoKCMMaL M paspeLuatowmx QyHKLMWA.
BTopoli meton npeanoxeH KoWTepoM M W3BECTEH KaK TEOPWS BbIMyYMBAHMS W Ha4ya/bHOMO
3aKPUTMYECKOro noBeAeHUs. BoMbLUMHCTBO peLleHnin 3a4ay YCTOMYMBOCTN 060/104EK Ha OCHOBaHWM
Teopun KoiTepa nonyyeHbl B paMKax HeIMHENHOW Teopun o6onoyek MyluTapa - [loHHenna - Bnacosa.
MpeacTaBNAOT MHTEPEC OLeHKa TOYHOCTM HaM[eHHbIX PELUEHWUA W pelleHMe HOBbIX 3aday Ha
OCHOBaHWM ypaBHEHWIA, 60/1ee MONHO YUUTLIBAKOLLMX CMEUUpUKY AedhopMMPOBaHUA KOMMO3ULMOHHBIX
maTepuaos.
2. OCHOBHasA 4acTb
MycTb NNacTMHa Co CTOpOHaMu @, = a, @, = b.
NCNbITHIBAET CXKUMAOLLME YCUINA
Ny = —fBN,Ny; = —yYN,N; =dN =0 (1)
Torzga corsiacHo
q=qw 2)
c yueroMm (1) u
i Ay=BC Jaat¥( )z T 200 )z
R:1= T_Z[E[: .)__1111 + (E'I' }’)( )_.112?. 5 y( )_.2322 + 255( J.l:] (3)

OyzeM MMeTH
¥ L h ’ L L 1
qg-=N {—ﬁW_u —YWa +; [BWy111 + (B +¥) W2z +¥Woy, :]} 4)
YpaBHeHUe yCTOHYMBOCTU
Du'ﬁ:H" =(1-2x4)qg"(5)
ITocne mopcraHOBKY (4) IPUHUMAET CAeAYIOIIUN BUT,

roe
@=N. gp= g Etv At
K= Bii 2w 12 1=v &0 ©6)
Pa3BepHYB moy4eHHOe U CTPyIHPOBaB II0 COOTBETCTBYIOUIVM ITPOU3BOLHBIM, OyZeM HMeTh
OKOH4YAaTEeJIbHO
(1—-2BwK®)W,qqq + KW 4, +2[1— (B + V)oK |Wyya, +YK*W,, +

+(1 — 2ywK* )W,,,, =0 (7)
IIpumenum pna pemenus Mmeron M. Jlesu. [Ing OZHOPOAHBIX ILJIACTUH 3TOT MeTOZ, B
COYETaHHUU C METOZOM CEeTOK OBLI MCIIOI30BaH aBTOPOM IIPU MCCJIeOBAaHUN YCTOMYUBOCTH Oe3 ydera
IIOIIEPEYHOTO CABUTA B paboTe [1].
[IpuarMaHMS penleHNs B BUuze

W =V¥(x,)sinax; a=mna ! (8)
II0CJIe TOACTaHOBKY OT (8) B (7) monyuum
Y222 = 2T4Y 50 + T)¥ =0 9)
rze
— 1 , 22 o2
T, = m{[l— (8 +y)wK*]a® — 0,5¥K*}

= —

£ 1-ZywK?

[(1—2BwK*)a* — BK*a®](10)
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IlonyyeHHOMY ypaBHEHHUIO COOTBETCTBYeT XapaKTepUCTHIeCKOe YypaBHeHHe

r*—2T,r*+T,=0 (11)
BBopnasa o6o3HaueHue
réi=Z (12)
npeactaBuM (11) B BU/ie KBaApaTHOTO ypaBHEHUs], pellIeHUE KOTOPOTo OyAeT
Zl{_:_{ = T1 i N'IPT1: o Tz (13)

C yyetem (10) HaxoauM
[ [

1 | -~ J }ﬂ—
Tz = (Tt VT =Ty 1y = (Ti— VT — T2 (14)
[OKaXKeM, UTO KOPHU T35, KOMMN/EKCHBIE, T.€.
VT =Ty > Ty (15)
[lna 3TOro NpesnoXunM, YTo MMeeM OIHOOCHOe CxKaTune no ocn Ox,.
Torga 5 = 1, ¥ = 0 n ycnosue (15) ¢ yuetom (10) npumeT BUf,

Vw?Kia* + K2a? > (1 — wK*)a® (16)
Bocnonb3yeMcsi peLLeHreM s NacTHbI CO CBOGOAHLIMU Kpasmm [2]
. mirtD,,
g’ = —==
2*h

3 KOTOPOTrO C Y4eToM (8) nveem
N* = a’D,, (17)
ConocTasnsst Mosy4eHHOe PaBeHCTBO ¢ (6) Haxogum K* = a®. Ho ans wapHUpHO onepToii no
MPOAO/bHBIM CTOPOHAM MACTUHBI 3HAYEHUE KPUTUYECKONA HarpysKu BYeT 3HaUMTENbHO 60/bLLE, Yem
B (17) cnefosatensHo K = a®. Toraa HepaseHCTBO (16) MOXHO 3aniucaTh Tak

VlKia* +a* > (1 - wK)a? (18)
[106aB/1519 1 BbIUMTAA K MOAKOPEHHOMY BbIPOKEHMIO BeNnunHy 2ewK?a®, nonyumm
V(@? — wKZ2a?)? + 2wK?a* > (1 — wK?)a? (19)

BblpaXeHne B NpYrnbiX CKOOKax MO4 KOPHEM paBHO MpaBO 4acTM HepaBEeHCTBa.
CnepoBate/ibHO, HEPaBEHCTBO CNpaBes/vBo.

Ecnm nonoxute =0, » =1, T0 Byaem WMeTb OfHOOCHOe cxaTue no ocn Ox,. 370
COCTOsiHME OyfeT WAEHTUYHbIM paHee PaCcCMOTPEHHOMY, BBWUAY CUMETPUU TPaHWYHBLIX YCMOBUNA.
IMOCKONKY KpaiiHWe COCTOSIHUA MOAYMHEHbI OAHUM W TEM XK€ COOTHOLLEHMAM, TO BCE MPOMEXYTOUHbIE

COCTOSIHWS BYAET NOAUNHEHbI 3TUM COOTHOLLIEHMSIM. TaK1UM 06p030M
]

e o
T3 = YV T3~ Ty (20)
PelleHnemM ypoBHeH s (9) 6yLeT BbipaXkeHue
V = C,chryx, + C,shry x, + Cycosryx, + Cysinryx, (22)

BBuay cMMMeTpUn OTHOCUTENbHO ocK QX 4, KOHCTaHTbl €5 = €, = 0.
Y [0BNeTBOPASA rPaHNYHbIM yCnoBuam ¥ = ¥ ., = 0 Ha Kpasx x5 = £0,5b,
nosyynm
b, b
Cichr ;t Ceosry =0
> b = b
Cyrychry — — Cyry cosry - =0,
OTKyfa byaem NveTb
COSTy==0; 7, ==
5 L
MoacTasnaa nonyyeHHbIn pesynbTar B (20) 1 yumntbiBas (10), NpUX0O4MM K paBEHCTBY
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e ———
K [2n*yw + 2n2ba’ (B + }f)cu—rr by + 2b* a*Bw+ b*a’B] =
=a*+2n'b%a? + biat. (23)
OTcy/a ¢ y4eToMm (6) HaxXo4uUM BbipaKeHue A KPUTUYECKOI HarpysKu
l_'i'“ r Dy
INTH —_

‘m} (24)

~

a J _
E{B 7 m} [EI (B+y)+d® B'rb4 =y

YTOUHEHVe KPUTUYECKOI Harpy3Kun NPOUCXOAMT 3a CHET yyeTa @i
MoacTasum croga w 1 e no (6) v (8), B pesynbTate NPUXOLUM K BbIPXKEHUIO

{'# M)\ 2Dy
N*= o e T
.d- m* l'r” T B-h 1 ] (25)
+ r—s |
e

[na KBagpaTHOW nnacTuHbl i = 1 nNpu okatum B HanpaeneHun Ox,; HEOOXOAMMO MPUHATH
m = 1, Torga

v = n Dy, 1
NT T A= (R*  g+v h*) (26)
1+:—|— ——
be\a1z  1-vap)

Mpn okatum BHanpaeneHun Ox, (f =0,y = 1) 4N9 KPUTUYECKOM Harpysky Monyynm
BblpaXKeHwue, coBnagatoLLee ¢ (26), 4To 1 cnefoBasio 0XKMaaTh.

PaccmMOTpUM 4YacCTeblii CcAyyald, Korja nnacTMHa o©kaTta Cp BCEX CTOPOH pPaBHOMEPHO
(f =¥ = 1), nHTepecHbIii TeM, YTO A1 HETO UMEETCS PeLLeHne B TPEXMEPHOIA nocTaHoBke [3 - 4]. Mo
(25) Haxooum

Fi My 2meDy
B wm_pl B
N* = -
p B ‘l'T'" 17—E 51'“ i‘ﬂ, (27)
1i +II-|’- | " r
m ut "m) B0[a-V) B

CpaBHeHMe pe3ynbTaTos, MONYYEHHBIX MO dpopmyne (27) c pesynbTatamMu TPEXMEPHOW Teopuwu
MOKa3MBaeT MX XOPOLLUYH COrnacyemocTb: [0 2% npy OTHOCWUTENbHOM TonwmHe h/b < 0,15 n 1o 7%
npu h/b = 0,2.

PelueHre, nony4veHHble No 6onee o6uei gopmyne (25) Ans NPSMOYroAbHOM MAACTUHBI,
npeAcTaBneHbl Ha pUcyHKe 1 KpuBoii 1.

LS
5
43y 3
| o= 39
3 1
352
el 313
505 h
005 0 015 P

puc.1l. CpaBHeHMe NapameTpoB KPUTUYECKUX HArpy30K, MNOYYEHHbIX aHa/IMTUYECKUMU 1
YMCNEHHbIMU METOAAMU
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3. 3aK/1toUeHune

3afjaun yCTOMYMBOCTY OAHOPOAHBIX NAACTWH MOMyYeHbl MeToaoM M. JleBM aHaMTMUYeCKue
peLLeHns, KOTopble MOHAfo6ATCS 41 060CHOBaHUA METOAMKM YMCMEHHOrO pacuyeta. Ha mx ocHoBe
MO/YyYeHbl 06LLYME BbIPOXKEHMSA AN KPUTUYECKMNX HArpy30K NNacTUHW.

NuTtepaTypa

1. bBuaepmaH B.J1. MNacTUHKM M 060M104YKMN U3 CTEKNONNACTUKOB // MPOYHOCTb, YCTONYMBOCTD,
KonebaHus. - M.: MawmHocTpoeHue, 1969. - T. 2. C. 211-242.
Bonbmup A.C. YCTONYMBOCTb ApYyrnx cuctem. - M.: ®dusmarrus. 1963. -984 c.
INy3b A.H. ¥CTONUMBOCTb TPEXMEPHBIX Aethopmupyembix Ten. - Kues: HaykoBa gymka, 1973. -
270 c.

4. Muxainnos bB.K.,, Kunnann T[.0. [dehopMMpOBaHHOCTb U  YCTOWYMBOCTb
NPOCTPAHCTBEHHbIX NIACTMHYATLIX CUCTEM C paspbiBHbIMK NapaMeTpamu. CaHKT-IeTepbypr
Cr1B. 1996. - 442 c.

W
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YCTPONCTBO (PyHAAMEHTOB BO/IM3U CYLLECTBYHOLLMX COOPYIXKEHWIA
P. MaxBunagse, A. UukoBaHu, A. Moréepawlsuim

(TPY3NHCKNIA TEXHUYECKUIA yHMBepcuTeT, yn. M.KocTaga 77,0175, T6unucu, I py3ns)

Pestome: [Mpn  PEeKOHCTPYKUMM MPEANpPUATUA, CBA3AHHOW C WX  TEXHUYECKUM
MepeBoOpPY>KEHNEM, NpPU  KanWTanbHOM PEMOHTE 34aHuii, NpoKnagke MOA3EMHbIX
KOMYHWKaLWiA, BO3BEAEHW HOBbIX (DYHAAMEHTOB OKOMO CYLLELTBYHLMX COOPY>KEHWIA, a
TakkKe MpW pasBMBAIOLLECS BO BPEMEHNM HeAOMyCTUMOWA OCafKe BO3HMKAeT
HEO06X0AMMOCTb B OLIEHKE CTEeNeHn obecneyeHns pyHaaMmeHTaMmn fanbHenLleiiHopMasbHOM
aKcnayaTauuin  COOPY>KEeHM, a B COOTBECTBYWLMX LjyyasdX — B YCUNEHUM W
nepeycTponcTBe hyHaaMeHTOB.

KntoueBble cnoBa: ®yHAAMeHTb, T[PYyHT, VYNNOTHEHHOCb, [aBNeHWe, MO/OLLBA,
AechopMmauysi, BbIMOP FPYHTA, BbIThIBAHWE FPYHTA, YCUNEHUE TpyHTa.

1. BBegeHue

OnpefeneHrie BO3MOXHOCTY YBEIMUYEHNA HArpy3kn Ha CyLLecTByrOLMe PyHAaMeHTbl 6e3 mx
YCUNEHNS,

OueHKa BO3MOXHbIX 0Caf0K CYLUECTBYHOLWMX (PYHAAMEHTOB, K KOTOPbIM MO MNPOEKTY
MPUMbIKAIOT HOBblE COOPYXKEHUS,

B03MOXXHOCTb OTPUBKM KOT/IOBaHa OKO/0 3arPy>XXeHHbIX CYLLECTBYIOLLMX (DYHAAMEHTOB,

OueHKa YyNNOTHEHHOCTM FPYHTOB B OCHOBaHWM CYLLIECTBYHOLLMX (PYHAAMEHTOB.

WHorga npuxoguTcs ycTaHaBnMBaTb BOSMOXHOCTb MPOXOAKWU TyHesei OKOMO CyLLeCTBYHOLLMX
COOPY)XEHUIA, U3MEHEHUA TUAPOreoNIorMUYeCKUX YCM0BUMA, BANSAHUA AMHAMUYECKMX BO3LEACTBUIA Npu
CTPOMTENbCTBE HA TPYHTbl OCHOBAHWUSA CYLLECTBIOLLErO COOPYXKEHUA W Ap. PelleHne 3TUX CROXHbIX
BOMPOCOB B psje C/yyaeB [LO/DKHO NPOM3BOAUTLCA MO CMeLManbHOM MporpaMme, COCTaBiseMON
VH)XEHEPOM- Fe0/I0rOM 1 UHXMHEPOM-CTPOUTENEM.

2. OCHOBHAA UACTb

MpaBunbHas OLEHKa YNIOTHEHHOCTU FPYHTOB B OCHOBAHWM CYLLECBYIOLLMX COOPYXKEHWIA BO
MHOTMX C/lyyasx NO3BOJISIET CYLLECTBEHHO YBE/IMUMBATL HArpy3ku Ha Y)XKe 3arpy>keHHble Mo pacuyety
(yHaaMeHTbl.  OnpefennTb  YNAOTHEHHOCTb  FPYHTOB  MOXHO — HaKIOHHbIM  30HAMPOBAHWEM U
reon3nyYecKMMN METOLaMU.

YCTOMUYMBOCTb  CYLLECTBAIOWMX (YHAAMEHTOB OCOOGEHHO Ha MecyaHblX rpyHTax npu
AVHAMUbYeCKNX BO3LENCTBUAX MOXET ObITb YCTaHOB/EHA AUHAMUYECKMM 30HAMPOBaHMEM.

B cO0TBECTBMM CO CKa3aHHbIM BblLLe KOHCTPYKLM COOPYXXEHWUIA 3aBUCAT TakXKe OT OXMAAeMbIX
HepaBHOMEPHOCTEe 0cafok, crnocoba Npov3BoACcTBa paboT No YCTPOMCTBY (DYyHAAMEHTOB, ¥ HA060pOT,
B 3aMUCMMOCTU OT YYCTBUTENbHOCTM KOHCTPYKLMA COOPYXXEHUS MPUXOAWUTCA MNPOEKTUPOBaTb
(yHAaMeHTbl M cnocobbl MX YycTponcTBa. K COXefeHuto, 4acTo B MPOEKTax OrpaHUYMBarOTCS
yKa3zaHVem Heob6XOAMMOCTN COXpaHeHUs MPUPOLHON CTPYKTYPbl FPYHTOB B OCHOBaHWM, AaXe B TeX
CNy4yasx, Korfga 370 BbIMO/IHUTb HEBO3MOXHO BCNEACTBME 3HAUMTE/IbHOW Pasrpysku OCHOBaHUA Npu
OTPbIBKE OTHOCWUTENBHO T/ly60KUX KOT/I0BAHOB W HEU3GEXXHOM BO3AENCTBUM METEOPOsIOrMYECKUX
(haKTOpPOB 1 MOL3EMHbIX BOL.

KOpOTKO 3TO MOXHO C(HOpMy/NIMpPOBaT Tak: NpU NPOEKTUPOBaHUM U YCTPOMCTBe (hyHLAMEHTOB
HeabXxoAMMO KOMMIEKCHO paccmaTpuBaTtbh TpU (DaKTopa: YTO CTPOMTCH (HACKOMBbKO YYCTBUTE/NbHbI
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KOHCTPYKUMM K HepaBHOMEPHMM OCafKkam), Ha YeM BO3BOAMTCSH COOPYXXeHMe (KaKOBbl WHXWHEPHO-
reosIorMyecKme YCnoBms CTPOMTEIbHON NIOWaaKKN) U Kak CTpouTcs ( Kakue Mepbl NPUHMMAtOTCS A/1s
COXpaHeHWs MNPUPOAHON CTPYKTYPbl TPYHTOB OCHOBaHMS). B HEKOTOpbIX Ciy4vasx MNpUXoauTes
[ONOHUTENBHO YUYMUTbIBATb BO3MOXHOCTb Pa3BUTUA OCALOK BO BpeMs 3KCM/lyaTauum COOpPYXKeHWs
(HanpumMep, Npy BO3BEAEHUN 34aHMIA Ha NogpabaTbiBaeMbIX TEPPUTOPUAX U T. N.)

Mpy PeKOHCTPYKUMM NPeanpusTUiA, CBSA3AHHOW C WX TEXHWUYECKUM MEePeBOOPYXXEHWEM, Mpu
KarnuTa/lbHOM PEMOHTE 34aHWuiA, MPOKagKe MNOA3EMHbIX KOMMYHUKAUWA, BO3BELEHWM HOBbIX
(hyHZAMEHTOB OKO/I0 CYLLECTBYIOLUMX COOPYXKEHWI, a Takke Mpy pa3BMBAlOLLENCH BO BPEMEHU
HeZOMyCTMMOIN OCafike BO3HWKAeT HeoOXOAMMOCTb B OLEHKe CTereHu obecrieyHems (pyHAameHTamu
AanbHeNLWen HopMasibHOM 3KCnyaTalummn COOPYXXEHWI, a B COOTBETCTBYIOLLMX CAyYasaX — B YCUIEHWUN U
nepeycTporcTee (PyHAaMeHTOB. OCHOBHbIMW MPUYMHAMK, MNPUBOAALLMMK K 3TOMY, SABAAKTCH:
yBe/IMYeHMe Harpyskbl Ha (yHAaMeHTbl, pa3pylleHue Knagku (yHAaMeHTa WM CHUDKEHME ero
TMAPOM30NMPYLLUMX KAYecTB, YXYALUEHWE YCNOBUWA YCTOMYMBOCTA OCHOBaHUA W yBeNUYeHue
feopMaTMBHOCTM FPYHTOB, HENPEPbIBHOE Pa3BUTME HEAOMYCTUMBIX MePeMELLEHWIA.

8)

VO T TP HET AT PR TTETT> ﬂ
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gL I

Puc 1 Cxembl yLLIMpeHWs NOABOLLBbLI (PyHAAMEHTA (C anopamu AaBneHus B NI0CKOCTH
MOLBOLLBbI)

I

CyLecTBioLME 34aHMA NPY BO3BEAEHNM OKOJIO0 HUX (PYHAAMEHTOB YacTo NoslyyatoT

HegonycTumble geopmanun. MpUUnH 3TOMY HECKOJIKO:

BbINOP rpyHTa B CTOPOHBI KOTNOBaHa (pucl a)

BbIMblBaHWe FPyHTa FPYHTOBOW BOLHOM M3-NOJ CYLWECTBYHOLWMX (DYHAAMEHTOB MpY OTKPUTOM
BOAOOT/IMBE M3 KOT/I0BaHa (puc 1 6)

CMeLLeHMe TpyHTa B CHOPOHY KOT/I0BaHa MPOMCXOAUT [OBOMIbHO 4acTo.CTPOMUTENN NPUBLIKAN
paccMaTpuBaTh LUMYHTOBbIE OFPaXKAEHUA KaK KOHCTPYKLMUW, UCKNOYatoLLmMe TONbKO 06pyLLEeHMe FpyHTa
B KOT/I0BaH, 1 NPOEKTUPYIOT UX, UCXOAS U3 YCOBWIA MPOYHOCTN MU YCTOMYMBOCTU, HE CUMTasACh C KX
rOpPU30OHTaIbHNUMK fedopmaumamn. Hanmume yHAaMeHTa CyLLEeCTBYHOLLEro 34aHns OKOMO FPYHTOBOM
CTEHKM 3aCTaBNsiaeT He TOKbKO 06ecneynBaTb ee NPOYHOCTb, HO M UCK/IOYAET He e FOpPU30OHTa/bHble
nepemMeLLeHns. TO AOCTMraeTCs MOCTAHOBKOWM pacropoK Un aHKepos (CM. 2).

LLlecTas 1 cegmas NMPUYMHBI CBMA3aHbI C AeopMaunsaMy FPYHTOB B OCHOBaHMMW. Yem Tsxenee
BO3BOMMOE COOpPY)XXeHWe, YeM 6/IKe OHO PacrofiokeHO K CyLLeCTBYHOLLEMY 3[aHMI0 U YeM 60/bLue
CKUMaeMoCTb TPYHTOB B npefenax 60nblioi rNyOuHbl, TeM 3HauWTeNbHEN OcajKa BO3BOAMMOIO
COOpYXXeHUs 1 60/bLUe BOPOHKA ocefaHns (puc 1) T. e. ocafika NMOBEPXHOCTU FPyHTa OKO/0 NoLwanm
3arpy>xeHus. @yHAaMeHTbI CYLLECTBYHOLWMNX 34aHNIA, N0A3eMHbIE KOMMYHUKaLU U ApYyrine YCTPOUCTBa,
Haxogslmecs BO6/M3N BO3BOAVMMOINO COOPYXXEHWS, MOMaB B BOPOHKY OCeraHusi, Mony4arT K
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AedopMaummn KOHCTPYKUMiA. Ha puc. 1 nokasaHa gecopmauus KUPNMYHOro 34aHns nocne Bo3BeAeHNs
0KO/10 Hero 11-3TaxkHoro goma.

1% o L
] = = =)
et = - ZL

puc 1 a) ehopmauns KMPrnMYHOro 34aHna Nocie BO3BeAEHWSA OKOM0 Hero 34aHns Ha
€CTECTBEHHOM OCHOBaHuW. 6) MoBpeXaeHWe CTeH 4-e 3TAKHOr0 34aHNA Noc/e BO3BeAeHNe 0KOJIO0
Hero 11 aTaxHoro goma

BO3HMKHOBEHMe OTpeLaTeNnbHOro Teopusi Habnk4anoch KOrja OKOMo 3f4aHus Ha 12-MeTpoBbIX
CBasK MOCTPOMNN 3[aHNEe Ha eCTECTBEHHOM OCHOBaHUW. [IOM Ha cBafx Hayan mosiyyatb OCafKu, U B
CTEHax ero rnosiBUMINUCH 3HaUUTeNbHbIE TPewuHbI (puc 2).

WccnepnoBaHus Mokas3asn,uTo  pacrnosioKeHUe HOBbIX 00/1ee  BbICOKUX 3A4aHWiA  BMIOTHYHO
CYLLECTBYIOLMM NPV Ha/IMYMN OTHOCWUTE/IbHO CXMMaEMbIX FPYHTOB B OCHOBaHWW MPUBOAUT
[OMONHUTENbHOM Ocafike nocnefHuX. JlononHWTeNbHas ocajka HabnoraeTcs pexe, ecnu
CYLLECTBYIOLLMM 3[aHUAM NPUCTpamBatoTcs 60/ee nerkue 34aHna ¢ MEHbLLMM YUC/IOM 3TaXeN.

3agaya pacuéTta Bcex ()yHAaMeHTOB C OMNpejeneHnem 0cafok 1 UX HepaBHOMEPHOCTEN, B T. Y. €
YUYEeTOM 3arpy>XeHusi cocefjHUX (hyHLAMEHTOB, LOCTATOYHO TPyAoeMKa. TakoW pacyeT >enaTeslbHO
BbINONHATbHA OBM. OfHaKO 4acTO MOXHO OrpaHWYMTCA YNPOLLEHHbIM pPacyeToM MO pacyeTHOMY
COMPOTUB/IEHNIO TPYHTA OCHOBHadA. B Takom cnydae 3ajaya 3/1leMEHTapHO NPOCTa M WUCMO/b30BaHWe
3BM MOXET TO/IbKO OCNOXHUTL paboTy. MNpumeHeHne SBM okaxeTca nonesHbIM, e Nnocsne pacyerta
yepTeXun PyHAAMeHTOB (MnaH 1 pa3pesbl) OyAyT BbINONHEHbI Ha rpaonocTponTene.

Oc06eHHO BaXKHO MMon3oBaTb OBM npu NPOeKTUPOBAHWUMN COXHbBIX CUCTEM (PYHAAMEHTOB MO
BTOPOW rpynne npefenbHbIX COCTOAHWIA (NO AedopMauusmM) C YHETOM 3arpy>XeHuUs BCeX COCEeLHUX
(hyHL,AMEHTOB, a TakXe NpW pacyeTe COBMECTHOW paboTbl CUCTEMbl OCHOBaHWE — (hYHLAMEHTbI -
CoopyXeHue. Takas cucTeMa MOXET ObITb paccuuTaHa C MoMoLblo OBM, B 4acHOCTU MeTOA0M
KOHEYHbIX 3/1EMEHTOB. JTOT METOZ, NMO3BOMSET YUUTHIBATL Pas/iMume CBOMCTBA FPYHTOB MpPaKTUYECK
npwv I1060M KX HaniacToBaHUM.

X X R

3. 3akno4eHmne
Mpy  PEKOHCTPYKUMKU, MNPU  KanuTa/lbHOM PeMOHTe 34aHuii. [py  BO3BEAEHWMM HOBbIX
(hyH4AMEHTOB OKOJ/0 CYLLECTOYHOLLMX COOPYXXEHWIA, BOSHUKAET HEO6XOAMMOCTb B OLEHKE CTeneHu
obecneveHnss (yHAaMeHTaMU [a/lbHEULLEA HOPMaIbHOW 3KCMyaTauum COOMYXXeHWW, a B
COOTBECTBYHOLLMX CyYasxX — B YCUNEHUW 1 NepeyCcTponcTBe PyHAAMEHTOB.

JlutepaTtypa
1. b. . JanvaTtoB. MexaHuKa rpyHTOB, OCHOBaHWA 1 (hyHaameHTU. Mockea 2013
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AKYCTNYecKKe BOJTHbI B MU30TPOHHbLIX TBEPAbIX Tesax
M. Basarawusunu, b. Uypuenaypu, 3. Hypuenaypwu

(Tpy3MHCKMIA TeXHUYECKNIA yHUBepcuTeT, yn. M.KoctaBa 77,0175, Tounucn, Mpy3ns)
Pestome: B pa60Te ocyulecTB/ieHa NOACTaHOBKa 3ajayn aKyuTO3NEKTPOHUKN CBA3aHbl C
BO30Y>KEHVEM, pacnpoCTPaHEHUEM W NMPYEMOM BbICOKOYACTOTHbBIX BOMHY B TBEPAbIX Tenax,
B3aVIMOp,EVICTBl/IeM 3TUX BOMH. Ba>KHbIMW XapaKTepucTukamu MeXaHU4ecKux BOSIHOBOZOB
SBNATCA TaK>Ke AUCNepcust 1 «3aMefieHne» CKOPOCTU PacnpoCcTPaHeHUs OCHOBHOW MOApbI
MO OTHOLLEHNKO K CKOPOCTM NMOBEPXHOCTO BOMHbI penes Ans nonynpocTpaHcTBa. MocneaHee
CBOWLTBO OLOGEHHO CyllecT6eHHO MNpK WUCMOMb30BaHUM BOMHOBOAOB B JIMHUAX 3a[ep>KKW,
KOTOrMble cny>KaT OCHOBOM yCTp0I7ICTB XPaHeHNA AaHHbIX B Ll,l/l(*)pOBOI‘/JI WA aHaNoroBOW
hopme.
KntoueBble cnosa: KpOMOLIHbIe BO/IHbI, aKyCTW4eCKadA BO/Ha, n3rnbHas Moja, KonebaHus,
COOKaTuAa-pacTa>KEHNA, TPagneHT.

1. BBeaeHwue

BracrosmeM paGoTe pacCMaTpUBAIOTCA aKyCTHYECKUE BOJIHBI B YIPYTUX U30TPOIHBIX TeJax,
KOTOpBIE€ PACIPOCTPAHAIOTCA II0 KPOMKe, OOIA30BaHHOM IlepeceyeHMEM [BYX OPTOTOHAIBHOM
rpaHeil U JOKaJIU3yeMOI B HeIOCpeAUTOeHHOM OJIM30CTH OT 3TOM KPOMKHU. MIHTepec K KpOMOYHBIM
BOJIHAM BO3HHK B CBA3HU C HCCJI€JOBAHHEM TO]'[OI‘Pa(i)I/I‘IECKI/IX BOJTHOBOZ OB ITIOBEPXHOCTHBIX BOJIH, 1
IIpU 5TOM BOCHOBHOM pacCMaTpuBajach OCHOBHAas W3rMOHAas MOZA, TaK KaK CKOPOCTH ee
PacIpoCTpaHeHUs MOXKeT OBITh CYIIeCTBEHHO HIDKE CKOPOCTH P2JIeeBCKUX BOJMH. Bobule pasiuyaior
ABa BHJd KPOMOYHBIX BOJHH: aHTUIUMMETPUIHBIE U3TUOHBIE MOABI M CHMMETPHYHYIO MOZY
P2JIeeBCKOTO THUIIA, MU KaK eé MHO/ATra Ha3uBaloT, Moxy Tamma-Betica.

2. OCHOBHAA HACTb

Kak B m3rubHBIX MOZaxX, TaK U B P3JI€€BCKOM AepOpMaIiy CIaAaioT SKCIIOHEHIINAIBHO IPHU
yAAJIeHUU OT IIBOOOJHBIX I'PAHMUIL, HO IIPH M3THOHBIX KOJIeOaHUAX BOJHA «3MEUTCI» IT0 KPOMKE, B TO
BpeMs KaK MOJia P3JIeeBCKOTO THUIIA IIPEeAIITaBysieT COO00i BOIHY CXaTHi-pauTsxkeHus. Kpome toro,
MOZa payeeBCKOro Tuma B OTMyYue OT USTMOHBIX, He o6iazaer pucmepceir. VIMEHHO MO3TOMI B

Aa/IbHEULLEM PacCMaTpmnBarOTCA TO/IbKO 3TWU BOJHbI, KOTOPbIE /14 KPaTHOCTU 6y,u,e|v| Ha3bIBaTb MPOCTO
KMOMOYHbIMW.

g pelieHus 5TOM 3aZja4yl OTPAHUYMUTCSA PACCMOTPeHHeM YIIPYTOro U30TPOIIHOTO TBEPAOTO

Tejla, OTPAHUYEHHOTO IUIOLKOCTAMU X=‘O, y:|0. Ocp z coBmecTHs C KPOMKO#, 00pa3oBaHHOI

IlepeceyeHreM STUX IJIOCKOCTel, a HallpaBIeHHe oceil X U y BbIOepeM TaKuM 00pasoM 4TOOBI It

TBEPJOrO Teja BBINOJIHAINC COOTHOLIEHUSA: X<‘O, y<|0. YpaBHeHUsA [ABIKEHUA, B KOTOIIBIX

BEKTOP CMelleHHs IPe/CTaBIgeTCA B BHZE CyMMBI POTOpa HeKOTOporo BekTopa U: M TpajfueHTa
HEKOTOpOro ckangpa U;3amuiuieM B BUJe
U, -C2AU, =0 (1)

3mech uHAEKC 0. 0603HAYAET KOMIIOHEHTY CMeLIEHUs IPOJOJIBHYIO O={ WM MOmepevHyio
0=t, ¥ C;, COOTBECTBIOIIME CKOPOCTH PACIIPOCTPOHEHUS.

J1J11 MOHOXIIOMAaTHYeCKO BOIHBI IlelleHre OyfeM UCKAT B BUZE

U = const expli(kz—wt))f (x, y) )

IIO/ICTABJIAA OTO pelleHUe B ypoBHeHuUe (1), momyuns
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a%(my)+a”(my)=(k_w;Juky) 3)

ox? oy?

3amuureM yacTHUe ypaBHeHHA (3) B BUze

f(xy)=X(x)Y(y)

IToxcTaBKa 3TOrO BEIpR)XXEHU B ypoBHeHUe (3) 1aCT ABa OJHOPOAHBIX YpaBHEHUA

a

X"(x)=12X(x)=0 (4a)
Y'(y)-mY(y)=0 (46)
T7e Ao ¥ |y - IOCTOSTHHBIE, CBSI3aHHbBIE COOTHOIIEHUEM
2
w
1240 =K*—— (5)
C

a
U3 nuddepeHnuanpHbIX ypaBHeHUH (4) HeTPYAHO MONXYYUTH BBIpaXeHUA 411 X(x) u Y(y)
YZAOBJIETBOPAIONE YCIOBHIO HEOOXOAMMOCTH OTpaHUYEHUs IOJIel. (MIM CTpeMJIeHUS UX K HYJIIO),
KOTJja X — 0, ¥ — 00, DTH BBIPOXKEHHI UMEeIOT BUT,
X (x) = const exp(| a,x)}
Y (y) = const exp(m, , y)
,Z[JI}I TOro, yToObl BOMHbI C aMmnnnTygamMmun, OnnucbliBaeMbiIMU pPaBEHCTBAMU (6), 3aTyXanm
LLOOTBECTOEHHO MO OCAM X Uy, HeOGXOANMO BBIIIOTHEHYE HepaBeHCTs | | > |0, m > |O.

(6)

CremyeT OTMETHT, 4TO KaXKZOe U3 IOJIYdYeHHBIX BBIpOXeHUIl (6) MMeeT BUZ pelleHU,
OIIMCHIBAIOUIETO TTOBEPXHOCTUYIO BOJHY HAa COOTBETCTBEHHOM TpaHM. TaK Kak IIOJBHOE pelleHue
ypaBHeHus (1) onepenensercs Ipon3BeZeHNEM YaCTHBIX pelreHuii (6), umeem

U, = constexpli(kz—wt)+1 ,x+my) 7)

rie Aq U [ - CKOPOCTH OCIabJIeHus, onpegendoomye 30Hy 3(p(GeKTHBHO pacIpoCTpaHeHUs
aKyCTHYeCKHX KPOMOYHBIX BOJIM. DKCIIOHEHIIMAJIbHBIN XapaKTep 3aTyXaHUS BOJH BIOJb KOKION U3
rpaHeif, OOpa3ylONUX KpPOMKy, oO0OecllebMBaeT JIOKAJIM3ALMIO ODHEPrHM KPOMOYHBIX BOJH B
HeIIOCpeATBeHHOM GIM30CTH OT KPOMKH.

VcTrHHBIN BEKTOP CMelleHUsS JOJDKeH OBITh ompenenéHHON KoMOuHaiHeil BeKTOpoB Ue u
Ut [lna HaxoXAeHUI 5TOM KOMOHMHAIIMK OTPaHUYMMCA PAaCCMOTPEHHEM Cllefydas OTCYCTBHU
MeXaHWYeCKUX HaIPsDKeHUI Ha KPOMKe, TTOI0XKUB

T, +T,; =0mnpu x=0, y=0 i,j=1,2,3.
HesaBrucumoe BBINOTHEHWE OTOrO TPeGOBaHWS, a TAKXKe FMCIIOJb30BAHHE M3BECTHBIE

coorHomeHu# oty :|0, divU, :|0Hocne HeCJIOXKHBIX aNreOpUYeCKUX OIlepaluii IPUBOJUT K

JI 171 HNCHUMOCTH M IIOCTAMM 3aTYXdHUA MIIOHEHT T M HUA UeH Ut
cjenyroinen 3aBHC ocC ex CKOIIOC 34 d KO OHe BEKTOPOB CMeEIIe U U

1 2
u:m:z{w_%J (8)

a
M HaXOJUM JUCIIEPCUOHHOE YpaBHEHHE
2 _ 2,12
K2, =1, =(05k?+1?) 9)
TBuUBMAZBPHOE pellleHHe IIOCJeJHOTO YypaBHeHUA IPOBOAUT K (a3oBoil cKopocTu
aKyCTUYeCKOY KPOMOYHOU BOJIHEI, OIIpeJie/IIeMOM paBeCTBOM
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ck_ct{ Ce+z{(03+zjz4} } (10)
2C? 2C?

Kax Bugno u3 (10) akycTrueckuie KpOMOYHBIE BOJIHBI SABIAIOTCI O€34MCIIEPCUOHHBIMU.

KommnonenTsr CMEmEeHNA KPOMOYHBIX BOJH, PaCIIPOCTPAHAIOIIMXCA II0O OPTOTOHAJIBHBIX
TpaHAM, OIIeAeIAIOTC CIeAYIOIHMY COOTHOIIEHAMMN

Ckz W Ckz 1/2 Ckz -1/2
17? X exp Tac 17F (x+y)r - 1—F x
W e k e e

, an
Uy=U, =-la X( Czjexp{ . ( Czjl/Z(Xer)} exp{iw(ck—t]}

1k 1k
C? Jac, U oc?

e

R e = R B = R = =S R D

oo e

IZie a IIPOy3BOJIbHAS ITOCTASHHAL.
Takum o006pasoM, aKyCTHYecKHe KIIOMOYHbIE BOJIHBI, PacIIPOCTpPAaHAIOWMECS II0 KIIOMKe,
06pasoBaHHOM IlepecedyeHNM OPTOTOHAJIBHBIX TpPaHENl M30TPOIIHOTO TBEPAOTO TejlIa, CO CKOPOCTHIO,

omnpenenamoii BeipaxkxeHHUEeM (10) 1 CKOPOCTAME 3aTyXaHUS Ha TPAHAX
2

1/2 2 1/2
S o I Eaor
e ae
MMOJMHOCTBIO ompegenaiorcs BoipaxeHumsamu (11) u (12) ¢ TOYHOCTBIO [O TIOCTOSHHOTO
MHOXUTEJIS.
3amMeTHM, 4YTO KaXZoe U3 ypaBHeHWH (4), paccMaTpuBaeMoe I COOTBECTBEHHOTO
IIOJlyIIPOCTPAHCTBA JAéT pellleHHe B BUIEe YNUCTOH peJeeBCKOH BOJHEBI. II03TOMy MOXXHO OXHIATh
TIOJIyYeHUs aKyCTHYeCKUX KPOMOYHBIX BOJIH KaK pe3ysIbTaTa KOMOMHAIIUK IBYX IIOBEPXHOCTHBIX BOJH,
PaIIONTPAHAIONUXCA II0 OPTOTOHAJBHBIM IIJIOCKOCTHS B HEIOCPeACTBEHHOI OJM30CTH OT JIUHUU
IepecedeHUs STUX IUIOCKOCTeH. BrosHe ecTeCTBEHHO OXHUZATH CyLIeCTBOBAHME KPOMOYHBIX BOJH B
IIbE302JIEKTPUYECKUX KPUCTAIIAX C OIpeJieIeHHON OIlleHeHTaleil IlepeceKaloUuXxCsi TIpaHUIleit.
CrnemoBaTenbHO, WMeeTCA peaJHas BO3MOXHOCTB, BO3OYXZEHHI U IIpUeMa TaKUX BOJH
mpeoOpa3oBaTeIIMH CO  BCTPEYHO-IITHIPEBOM  CTPYKTYpOH  3JIEKTPOJOB, HAHECEHHBIMH  Ha
IIbE303JIEKTPUYECKUMHU MaTepUaIH.

3. 3aknyeHue
B zaximiouenue MOXKHO OTMETHTH, YTO TAKOE€ AOCTOHNCTBA KPOMOYHBIX BOJH, KaK OTCYCTBHE
JUCIepCud ¥ Au(pakuuy, CPaBHUTEJIBHO HU3Kasg CKOPOCTh pacIpOCTpaHeHUs, BO3MOXXHOCTb
1CNoN30BaHNs nNpebpasosartesnieli ¢ MasbIMU anepTypamu, MOryT BbITb NOME3HbI NPY Pa3paboTKe IMHWIA
3a/1ePXXKMW, YCTPOMCTB CBEPTKU 1 APYTUX PaguoTEXHUYECKNX YCTPOCTB.

JlutepaTtypa
1 C. IN. TomoweHko. Kypc Teopum ynpyroctu. Kves. «Haykosa fyMka», 1972
2 0. K. KoHemkoB. O6 y3rn6Hoi Bo/He paneeBcKoro Tuna. — AKycT X T. Y. Bbin. 1, 1960
3 B. C. boHgapeHko, B. . Ay6osuukuii, A. M. KpyToB. AKYCTWYECKME KMNOMOYHble BOJSIHbI B
N30TPOMHbLIX TBEPAbIX Tenax. Pusmka TBépLoro Tena, 1975, 17.
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Lb3oRb3d BI6TIFGIIRNRMBOL V3®ORISHB3R(M3560 3IBM60L
dMGIKRM3000 BMGB35XKMB3OL d0®M3Jd0L ROR3I6S
o>. Loggs®geody, b. @yydsydo, b. bs®odsbody
(Logodmgganml Ggdbogndo 96oggdLoGgdo, 9. gobEsgst 77, 0175 mdogmolbo
LoJotmggenem.)

@9bozdy: gmddeolbs s gagbsby boBGo@gdaemos  Lbgowslbbgs (596 dgdiggermdol
fra@oards@migarmgsbo  395mbols  dgfsbogm@o  dobsbosmydargdol  (bodpd0¢;9:
©IRGI5(30950, T o0l @5 dgdol dm@yargdo, (3055080 35Gd9EG930)
wsbswggbs I bozogd0l  yaddgolbsl s g@mbgobsl  gobbs bwgd o
GOGGOPMS0L  ©9RIGIS(;093 b wsYELbMdom, dobogrgdol (3030550030l Tmdols
Jo8 do@molb 99 dog96 a0 200G I 900 BTN G000 bbgowsbbgos
B96 93359030 39650601 deaz pao 3000 GOGISRMB0b 30Gmg980.
wsggboaros, Gmd  395mbol  Jmiyarmdomo  migoemdol  dommggdo  0bHwyds
J0330b05 930 H96 d9d389e0 0L doBgdol 3HmIM@Hz0maS.
boggobder  bodgggdodgydmbo,  FaGoardsdgarmgsbo, a@gbs, paddes,  0Ggo0m8s,
306030, B9 9359035, 3559950, REIGIgavs.
1335300

3M33mboizoy®d  dobogngddo  ULbgoolbgs  @o@godmggdolsl,  dodggdlbs o
©gx8mOIS30gdl  dm@ol  3ogdodol  @gogy@do  Ly@smols  obspygbo  9dmsogdglos
dobogngdols (3m3go0Mbol dodmggdol goblsbwgms [1,2]

ho@odgdyemo 3odmM 330 9300 o 9600 bbgowolibge ®96d9933980mdols
(g00@dodgenmgsbo dg9@mbols dgdobogydo dsbosbosmgdangdo 3yddgolols s gdgbolsl:
L0dB 303, ©IRMAOIS309d0, AOIOEMIL s Jdg@mols dmEyegdo; 3yddge-gododgol s
dg@ols 3m@Emgepmbdols dodmggdo [1,2,3,4,5].

94139003963 960 aodmLomo0s:

1) 399935%g — 3@0bdgdo — 4X4X16 LI o 7X7X28 Ld (bobdmgarg 2odm3gdo) s

TXTX28 13 (30(33580Md5bg a0dm09d0),

2) atgboby - b0dydgdo-gomobp®gdo d=7 s £=65 13 (bobdmiemmyg EMEgoPMdsDY

2odM(3009060).

aodm3gaggols o0 doboboo: Lbbgopolibgs ®96dgd339e0mdols
FOgomdo@igermgobo  dg@mbols  dm@Eygamdomo  m@Egosemdol  do®mgol oy gbo;
JOEYEMoomo  3m@3Egeemdol dodmgols dsbsgnols Bgbdgdggemdeby wsdmowgdyegdols
2oblobwg@s.

2. I0@00)SR0O 65V0K0
boBo®gdygemos =28 ol osbsgol  [gdodo®igermigebo  dg@mbol  bodydgdols
bobdmgeng  aodm@igdo  39ddgels o adgboby  [134.5]  wowygboano  dgdsbogy@o
300539 Mgb0:  LodBgo3g, ©IRMOIS309b0,  dg@ol s O oMbl dmeyegbols

boowggdo dmzgdyemos 3bGoando 1. gbGogno 1
Fg00@mds®igenmgabo d9@Bmbol LoddzoEobs s ©grm@dsiogdbols
doblosmgdangdo

©o@g0dmgol Laby | bodydol L0303y Sp, Ol ©0gBMAOS30S A gzo0m60L  dmeyeo
96999339 mdo, — 330! £;-10° E- 104830, dg@ols
W% domgeo G-10%93s

39ddgs 4,7 c11=31,2 £11=1390 E=2,92

3Mgbo 4,7 c1=4,55 2¢,,=373 G=1,22
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3M™Egoeméols  gdb3g@modgb@gddo  asdmELgomes mmbo  mbols  {96dgdgegmdols
6039dgd0 WmacWn=4,7%; W=2,2%, W=1,0% (dsLol dobgogom), mommgye ©mbybgd
AYgy30biomo  bodydo, ygggms mbol Ggbdgdiggmmdolsl  godmogogdmes =28 wols
sbsgol bodydgdo, 180(t-1p=180) wwol as6dsgemdsdo.

6039 dgdols B gdbmmmyoygdo 3oMsdgBMgdo; 9Jl3g@odgbBol ho@omgdols dgmmeoys;
2odmygbgdyemo S335M SR YA 3 s g@oamgdom do9dyg@o0s [1,3.4]. Lbbgowolibgs
®96d99339e0mdol  dgBmbol  39ddge-pod0dgzol s dg@ol  m@Egombol  dodmggdo
2obolobrgMgomes gJlisdg@modgbBomyg®o dmbs(39390bg WoyMPbMmdom RmA@IYw gdom:

Hp(t!tO’W): ells(t(;W); H(t'to’w): 2e1;((§’W)
11 12 (1)

bogos: Tp—39ddgo-aok0dgzolmEgsemdols do®mgos;

g1~ 3999308 3m3gomdols ©gnem®dszos;

611.°=0,4— d0©393005b bob®damogom dmegdymo s@go®mgol wmbyg 34ddgobsls;
612°=0,5 — dO©393005b bob®damogoe dmegdygmo s@go®Mmgol wmby a®gbgolsl;

IT - dgdol 3m@Egomdols dodmgos;
Ep —(3M(33>oMd0L ©gBMMIs30s a@gbolisl.

bbgowolbgs 3g6d9d;39e0mdol d9@mbols 39ddgo-aok0dgol s dg@ols mEgopmbols
d0Mmggd0l bowowggdo dmisgdyeos bGoado 2.

gb®ogo 2-0l dmbodgdol obsgnobo a30hg9bg0L Lbgoolbgs Bgbdgdggemdbols
399dg0-20%0d30L s dg@mols 3m3Egoemdol dodmggdo TI(H,R0,Y) o TI3(3,H0,() 0bdwgds
dobognols Bgbdgdggemdbols OOl 3OM3IMAOGoYms, F9bdgdEggemdbols godm gen gy
©0035bmbdo 1,0%=<{<4,7% (dsbols dobgogom).

Lbbgowolbgs Bgbdgdggemdbols [g®omds®igermgobo d9@mbols 39ddge-gododgols ©o

dg@ol 3m3Egoemdol doMmggdol sdmjoegdgmgds wAOmMbg (L) ey

dowgdgeo | (36399339 (IT, Tp)- 1043357 @og3003950b @G (L) ey
dodgs 6;%8351 | @mmds W% 10 20 30 40 60 90 120 180
Iy 399d3>
47 65,0 730 | 780 | 820 | 870 | 920 | 969 | 1018
27 523 57,1 | 606 | 627 | 650 | 680 | 700 | 725
on’=124 22 46,2 50,0 | 515 | 530 | 573 | 592 | 600 | 610
1,0 39,6 406 | 428 | 43,1 | 439 | 458 | 46,7 | 475
IT aégbs
47 80,0 900 | 950 | 990 | 1050 | 1110 | 1150 | 1200
61,’=2.28 2,7 65,0 700 | 740 | 760 | 790 | 80 | 88 | 890
22 57,0 610 | 630 | 650 | 670 | 700 | 720 | 745
1,0 48,0 500 | 515 | 525 | 535 55 56 57,5
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g00@do®i3gammgsbo  6gBmbol  dmEymmmdomo  3M(3Ego0Mb0L  ©gRm@Ads30gbols
2obLabegmols  9Jl3gMmodgb@goo  o@  hoGodgdyms. slgm  dgdmbgggsdo  ImEyeombdbomo

GM™EgomMbols  dodmgl  goagbe  mgm@ogmse,  3md3mbo@gddo  dodggdls o
©gx8MOIS30gdL  Jo@ol  gogdodol  Igdydoggdoygmo  9bogg@logydo  godmbsbymgdom,
399dgo-g040d30L s dgdol 3m@Egemdols dodmggdol gJl3gmodgb@smydaw sy gboeno
booggdoby  oydebmdom  {Oxog  s@gdo  (hggbl  dgdmbggodo)  3ogdo®o o
©g8MOI>3090L Jn@ol bmase dgdmbgggsdo godmobsbgds gm@Igeom [1.2]:

5,0 Tt 8K €)+5, | 211,0.9)- 1162 o)

bowos: TI(H, &) — dg@ols 3mEgesemdols do®mgos;

IT1(®, &) — ImEyEmdono (3m(3350Md0l boMmgos;

G — ©OM, S0mgegds bodydgdol @odbowgbol dmdsb@owsb ({=0);

§ - w@mol bgdoldog@o dmdgbBo 0b@gmgoemdo 0<ELE;

Gox, — do63900 o £0X, — ©IRMAIS30900

dm3dgb@ ‘doE=F0(@oRgodmgols sofggds) cox s eox Yodol byl

do@md B0 oMol sbsgo woBgodmgols dmwgdols dmdgb@do, hggb dgdmbgggsdo @0=28.
=00m@s X <ty;,  [=00m@s X <ty

2

ij

#0606 X2t F06mEs X 21 15 5

_SutSp+tSgy

- 3

G -bodygoem JoambEs@dosg®o (bggs;

dox- gOmgymmgsbo Hgbbmmo — 30mbyzg9@ols Loddmenem;
=L omEs i =];

S

=0,0m@s 1#]
ho@omgdye 9Jl3gMmodgb@gddo do@Bogo (gOm ®g@ads) 39ddge-gododgolols ggodgl:
s, %0, (s

.

ij ij¢1l:
(e,6,,65)%0 s =21; d =1
111 ©221C33 'S Ty N T

od 5mbodgbgdols dg@obom (2)-do, ge@Iygas dJoowgdls Lobgl:

ey == [T )+, [ ) 40

3
: 1
I, (t,x) = Z M, (t.x ) - T(t,x )
bogoes: 3 “4)
TI(tX)+ 21T, (t.x ) = T, (t,x)
53060dbogm: 3 ®)
4) o (5)-ob Ig@obom (3)-do dogowgdm, A®I doMFogo 39ddgo-aok0dgzol O™
€y = jH p(trx)'ds 11(X)
0 (6)
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booi: TI3 — 393 dgo-gokodgol do@mgos.

4) ©o (5)-obs dgpobom (3)-do dogowgdm dg@mbols  33ddge-gododgol, dg@ol o
JoEg@emboomno 3m335md0l dodmnggdl (ITLIH, TI3)dm@ol 3ogdodol gm@dyasl [1]

I11=911-6I13 ()

gb®ogoo  2-0b  (I13,  TI)3mbo3gd9ddy ©ogMbmdom RoOIgas  (7)-©sb
2oblobwgd o Lbgopolbgs  §96d9di3g9ermdol  Fg®omds®igermgobo  dg@mbols
JOEYEMbomo 303350md0l dodmggdol Lowowggdo dmgdgaos 3bGogndo 3.

agb®ogro 3-0l dmbogdms sbogobo ggohggbgdl, @™ olggg Gmam®E Jdg@ols ©s
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SUMMARIES

T.Melkadze. Construction safety and moder nization of technical regulationsin Georgia. Scientific-technical
journal “BUILDING” #2(41), 2016.

The paper discusses the analysis of the recommendations and guidelines of construction safety and risk
management normative-technical regulations in Civil Security field that aim to harmonize to EU legidation in
relevant field. Specific normative acts are analyzed in order to review implemented reforms for modernization of
Civil Security. In addition, paper discusses future aspects of legidative improvement of construction safety and
risk management normative-technical regulationsin Civil Security.

|.Kvaraia. Arrangement of the concrete communications tunnel. Scientific-technical journal “BUILDING”
#2(41), 2016.

The article discusses features and importance of the concrete communications tunnel in the basement of a church.
N. Mskhiladze. LIGHTWEIGNT STEEL THIN-WALLED STRUCTURES. Scientific-technical journal
“BUILDING” #2(41), 2016.

The basis of lightweight steel thin-walled structures makes different thickness and configuration cold rolled
profiles. A distinctive feature is the use of thermal profiles in filling structures (walls, ceilings, etc.). The thermal
profile is a galvanized steel profile with longitudinal cutters. As a result, significantly increases the effective
thermal insulation properties of heat flow by increasing the passage path, in other words eliminated the so-called
"cold bridges". The connection of supporting and non-supporting elements of structure are made by high quality
SCrews.

D. Gotsadzee MANUFACTURING OF PREFABRICATED REINFORCED CONCRETE ITEMS IN
PLANT CONDITIONS. Scientific-technical journal “BUILDING” #2(41), 2016.

The concrete and reinforced concrete are the main building material in modern construction, a construction
engineer technologist due different technological methods in each specific case makes them necessary physica
and mechanical properties.

In this direction by us in the 2013-2015 on "Tskalmsheni- Lilo" and "Migsor" LTD are manufactured and studied
reinforced concrete irrigation products and concrete sleepers for the transport construction.

STABILITY OF HOMOGENEOUS SUPPORTED ON THE CONTACT PLATE AT COMPRESSION BY
Kipiani D., Todua N., Nozadze G, Todua M. UNIFORMLY - DISTRIBUTED LOAD IN TWO
DIRECTIONS. cientific-technical journal “BUILDING” #2(41), 2016.

Are studied the problems of strength, as well as tasks for own values in laminated plates. For each category of
problems are obtained solutions in a general form. These solutions are compared exact solutions known in the
literature. It is allowed to prove at solving of stability problems of supported on contour plates at compression by
uniformly - distributed load in two directions.

Makhviladze R., A. Chikovani, A. Gogberashvili. Device foundations near existing facilities. Scientific-
technical journal “BUILDING” #2(41), 2016.

During the reconstruction of enterprises related to their technical re-equipment at major overhaul of buildings,
laying of underground communications, construction of new bases around suschetstvuyuschih facilities, as well as
unacceptable precipitate developing in time there is a need to assess the extent to ensure the foundations
dalneysheynormalnoy operation of facilities, and the appropriate tsluchayah - strengthening and reorganization of
the foundation.

N. Kochladze. The forth dimension: realization of the futuristic fantasies. Scientific-technical journal
“BUILDING” #2(41), 2016.

The article discusses examples of kinetic architecture, also kinetic sculptures and facades beginning from the
forties of the 20-the century to the present day. There is described how the influence of mechanics, electronics and
robotics transforms the static, solid architectural objects into adaptable, changeable objects and therefore the forth
dimension —-time - is added to the architecture. Through the described examples we define the direction in which
the kinetic architecture might develop.

U. Verulashili, L. Balanchivadze, N. Nakvetauri. BUILT FROM TIMBER STRUCTURES CAMPINGS
FOR DEVELOPMENT OF TOURISM. Scientific-technical journal “BUILDING” #2(41), 2016.

In the article are stated the original timber structures of buildings, which can be implemented in the territory of
Georgia, convenient operation, easy to construct, does not require a huge amount of costs. The wood is widely
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used in the manufacture of household goods, from it is manufactured different purposes furniture: for residential
and office purposes.

M. Vazagashvili, B. Churchdauri, Z. Churchelauri. ACOUSTIC WAVES IN ISOTROPIC SOLIDS.
Scientific-technical journal “BUILDING™ #2(41), 2016.

In the work is carried out statement of acoustic-electronic problems associated with excitation, propagation and
reception of high-frequency waves in solids, interaction of these waves. Important characteristics of mechanical
waveguides are also dispersion and "sowing down" the velocity of the fundamental mode propagation with respect to
the velocity of Rayleigh surface wave for half space. Last property is extremely significant at using waveguidesin delay
lines that serve asthe basis of data storage devicesin digital or analog form.

A. Sakvarelidze. Influence of moisture containment on volume creep nuclel of fine concrete. Scientific-
technical journal “BUILDING” #2(41), 2016.

The issues of creep of fine concrete with different moisture containment are investigated. In experiments on stress and
torsion the specimens were tested. The spccimens before testing had humidity 4,7; 2,7; 2,2 and 1,0% (by mass).
Volume creep nucleis are determined by theoretical treetment of the results of experiments.

It is determined that volume creep nucleis of concrete isincreeased in proportion to mousture contai nment.

M. Tsikarishvili, N. Rodonaia. INVOLVEMENT OF CONSTRUCTION AND TECHNICAL EXPERTISE
IN SAFETY OF CONSTRUCTION AND QUALITY MANAGEMENT. Scientific-technical journal
“BUILDING” #2(41), 2016.

In the paper are considered and analyzed involvement in Georgia of construction and technical expertise in safety of
construction and quality management. It is clear that the involvement of the expertise is necessary to I, II, 1l and IV
class buildings subject to the design and construction stages of the production control.

G. Chokhonelidze, N. Areshidze, G. Areshidze. LANDSLIDE IN PANASKERTELI STREET IN TBILISI.
Scientific-technical journal “BUILDING” #2(41), 2016.

In the paper are considered landslide processes in Panaskerteli street, which are found only on the rocks and
argillites and sandstone sequence. These rocks belong to the rocks, so the landslide processes in them, asin hard
rocks rarely are occured, exclude the case when slope inclination coincides with the direction of the falling rocks.
T.Melkadze T.Kapanadze. Construction and Disaster Risk Management. Scientific-technical journal
“BUILDING” #2(41), 2016.

The paper discusses themethodology of construction safety and risk management in Civil Security. Basic Components
and their determination of the subject is also discussed in the paper. Specifically it deals with, gravity and probability of
the threat, complexity of impact (anthropological, economic, environmental, political and socia), endurance,
determination and criteria of physical and social vulnerability.

I.Kvaraia, A. Pirosmanishvili. Using drilling equipment in the bored pile installation process. Scientific-
technical journal “BUILDING” #2(41), 2016.

The article evauates effectiveness of the modern, mobile drilling equipment in the installation process of concrete
bored piles.

R. Makhviladze, I. Joglidze. WAYS OF ENSURING HIGH CHARACTERISTICS OF HEAT AND
SOUND INSULATION IN BUILDINGS FILLER STRUCTURES AND THEIR SOCIO-ECONOMIC
EFFICIENCY. Scientific-technical journal “BUILDING” #2(41), 2016.

In the article are considered issues of application within the buildings of having high heat and sound insulation,
manufactured from low volume weight materials of filler wall blocks, thereby improving housing, as well as
employment service environment; is analyzed their socio-economic efficiency of their use with appropriate conclusions
and recommendations.

I. Gogoladze. Mortgage as a developing tool for construction business. Scientific-technical journal
“BUILDING” #2(41), 2016.

Successful countries use mortgage as a minimally risky and available product for constructional, economical and social
development of state, exploiting its every beneficial aspect. Study analyzes existing stance of usage of mortgage asa
tool and proposes ways of its further activation.

M. Javakhishvili, J. Sakmharadze, L. Bogver adze. Construction Project Management and itsimportance.
Scientific-technical journal “BUILDING” #2(41), 2016.

Georgian construction sector is reviewed in this article, which is characterized by the increasing pace of industrial
buildings, where the subjects are construction companies, developers, investors, customers, contractors or other
construction subjects, which are trying actively to use innovative building materials and technical solutions and that will
enable them to create a different, attractive.
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