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dgogoeml BC {agom:
t =K+ fs, (1)
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sOLgomdl MmM0 odsdyemdshgggergdb@ogo o L3gEos@my®o - gOmo  ©s353d0MgdYE0s
3- B9 gboylols, 3. BgOEoR0L, b. 3. go@lggobmgols, b. o. o@mgohol, . b. dg@bszgol o
Lobgoms  Lobgergdmeb, @mdamgdoi 04380930096  dobogdo  wosEyg@gdols  bgosdodby
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0bOEgds xokggol dm@ol  gmbBodBgdol @oigbgo, g.0. Lodob@dg (3mdgbos). sdslmsb
aodmdoibymo s@os  Jggboswasdosb gogdodol bofogols gopslgms dslogrols dogboo.
303900l o sagbools  pomsbod@gdols  dmdgb@do  brgds  sagbogol  sdmgs@bs
J39bowasd0wsb Tfr o dg@ol ©ododyammdoby Pfr (Pfr=Pxp={gdgomds) ao@sligans
‘dglodedols Bgd3gde@dydsby.
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bob.l-ob hobl, M3 60dydol @odgds 10y ©s@godmgsby ofygds 63°C-bg (BUTPOK)
s 56°C-ze (SRMB), d9dwgy CII-bgers obdgds Tg=10°C-3pg ©s LY@oxgs@ do@ygammdls od
dmbo 3390 by Tg- Tfr=10-(-8)=18°C (EUTPIK) o 10-(-14)=24 °C (SRMB).

3odobgbols s®gogro SRMB 6°C-bg 3@ boby@daogos asdobgdols dgmedg dmbsgggmols
bodx by, -8-(-14) °C, @odoz  dgodangds  dopagobodbml  gersliBogoEodgdem  ©obsds@ by
SRMB-do. BUTPOK-do sbggg dgodhbggs ™m@o 3mbsgggmo, bLowsi dgmdg 2-(-8)°C 4i3@m
bygb@oss godmbs@ygamo gow®g SRMB-do, @owyob doldo bogangdo@ s@ols gansb@ogyco
3033mbgb@gdo.

Lbodgozol  Bgd3g@o@yy®s BUTPOK-do o@(g93L -20°C s SRMB-do -28°C, @o3 oI
935b0L3bgando  2odm(ggyemos  gansbBoy®o  3md3mbgbGgools oo  dgdggEmdboo.
sdobmob  gOmdsMdS BUTPOK-do @odpgbopdg d3odgs SRMB-Lmsb  dgoocdgdom,
‘dglodsdobop -2,8 s 3 d3o.

od@0ao0 SRMB 936m gansb@og@os ©s jOmdoeo ©aodsa  {9d3gas@y@sby gow®y
BUTPOK (95360 gobgodgogao).

0g  godbyxgemgdon  domgdygeo  dJmbsigdgdbom  Thr,  Lodgoggols  @gd3g@s@dy@ols
2obLabg@ols @gmmmgoy@o dJgmmeo  godyoe 9bos 0gml  gm@gmmodgdygmo g@sbols
d900mEmsb.  sdslmsb  9bps  o3wbodbmm, @md Txp-U  3d60dgbgenmds  derog®  os@Ob
53 30gdygeo oG ydol asdmbogegeo osz0l LobJglmsb. 5330l LobJol bO@sLmsb
gOms© 0bOEgds Txp-l 360d3bgenmdbdse. MEMbe 0bOgds AlbgMggzomdols @gmenmaoy®
#9339 YM5d©y.

sbobodbogos  bodydol  gobogydo  dpamdsdgmdol  s@Lgbomo  oblbgoggds
dbbgMggomdbols s  Lodgogol  Fgd3g@s@y®gddby.  3odgga  dgdmbgggsdo  bodydo
0b65@hbgdls  360dgbgarmgeb  3OMmdombols s Loddgo3gl, wsdsgmo  Ggd3g@s@y@gdols
0b@gdgoeTo. dgmeg  dgdmbgggsdo  bodydo  godaogl  swygbosl  Jgol  dsbsgnslbmosb,
093dgbgd0> o m@Egds @mOEL 9339 33009 EHZ0OMgol AMLSGE SbBsmBdgB™mbbyg. 9l
30mizgbo  3339mee  ohls@gds, ©olygdagemo M0G0 gmo  odseo  Bgd3g@s@ydowsb
9JL3ggo@o300l bpgH Yo olodggd (93395 YOIy N Lodgoxz0ls
®9939M oG msdg Thr.

bgdoon  aobboenyyano  ogm  dgdggdgeols  9.F.  L,J39gc" wodsgn  (bodm@ols)
(9339058 9A>DbY. oMsbogagd Ibodgbgenmgobos  dgdzgdgeols mgolgools dgboggslgdesw
bodydols 2odmM (30 dogogn (bogbyenols) G9339M5@ M >Dy. dobogools
domom®9d39@s@ @ yeno ngobgdgdols  dgo®gdomo ‘dggnobgdolomgols ‘dgodan gdo
2odmygbgd o 0bols Igmoglgdymo (YOmoghm swgdyero) dg@ols IGygdbol dgmmeo
d3009 dg@ol @s@Rg0Mmggdol bmbsdo (bob.2).

bob.2-ob  hobl, @md @odgds BHUTPOK-do ofygds Ts=63°C, SRMB-do g0 Ts=56°C.
b0dydms Jmarosbo gombggomgds begds ©gbsmdols  Ggd3g@edymsby Tf=82 s 68°C.
‘dglodsdobo, mdbmdgegamds BUTPOK-To s@lbgdomse do@sgmos SRMB-msb ‘dgos®gdom.

3@5JB0go 330hg9b90L, @MmI wgbsmdol 9d3g@s@yds T, asblobwgdymos d3ody
Foboigergdomo  @os@godmggdon 2 335,  bowsi  1-2°C-8g  Lobyb@oo  gdmbgggs
s@bdogmgdols B 9d3g@od@sl, @mdgemoi mogol Ib@og gobolobrmgdgds o@bogngdols -
9V »03m@o ©s dyam g s -l dgmmeonm.
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SRME

EEL SN S ¥ =) T t T T T T T
L 52 &8 3] 64 [it:] T2 76 &0 a4 a8

$HN39MoGHUs, "C
bob.2. BUTPOK s SRMB 393330 9e0gdols dg@ols d@gwogdo

Omam®O 3 dg-2 bobsbosb hobl dg@ol ©ofggdol o gbsmdol  Fgd3g@s@ @
BUTPOK-do  dgbodhbggo  domosgos SRMB-Lmsb  dgosdgdom  g.0. BUTPIK  ¢4a@m
0dM3Jga0s  ©s YROM  asdmbswgyos  abgdol  ddgbgdbamdolmgols  3bger  J@ods@y®
300398do (bogargdo® (303 M9a0mbgddo). yobgodgwgao SRMB ¢39mglos godmgoygbmm 0d
M9a0mbgddo,  Lopox  (30g0  gods@os,  dopa®ed  dbmame  -28°C-dwg  (ygo09@gbow
oliodggdo sdsgro Bgd3dgasdgds gjlsegs@oioolomgol). BUTPIK-mgols gl dshggbgdgeno
‘dgowagbls -20°C.

byg@omol  Legegmgol  dobbom  godmgygmgygeo  obs  3manodg@do@gdgdols
993309 gdo  dodgom alfabit-60, alfabit-90 o IIEB-40, Gmdggdoi ©sdbowgdyemo  oym
Lbgowolbgs M9393¢0m (bob. 3 ©s bob. 4).

Ogmemaoyg@o  IGgogdo  dg-3  bobobbg  dgodangds  aodmeagl  3menodg@yao
©5bsds@gools dgdzg@gaol bodolbbyg aogegboll @omegbmdmogo dgxslgdobmgol. slgmo
obodo@gool dgggobol dJobobls Fo@dmowygbls godobgdols o Lodgogol Fgd3g@sd®ols
o930 (4obgodgogamdol 2ob@Es) o woMdoangdol @9d3g@s@y@doli aobds - domom
®93390589M5bg  9JL3eys@doiool @AM dg@ol Lod@gocol ds@gds. oby dgdzgdgerols
d9domdol ¢bo@ol 0bGg@mgogol oxs@mmnmygds.

3.5+
Ancpaour90_ | Te=125 | ‘

——

k]
o
L

1
:

Lo
=]

w
1

Lodd o) dafyaqdeby/dataty, 830

|||||||||

T T
B0 Bl 70

"0d396¢w6s, °C
65b.3. dg@ols Lod@ ool G YLgdo d9d 3309 gdolsmgols
afabit-60, alfabit-90 s BH/I-60/90
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d9-3 bobobosb hobl, ™A LoFyobo s@sdmwogoiodgdyemo bodydo - do@ydo BHI-
60/90-1 goohbos dBgMggomdols ds@sgno Bgddg@od s Tfr=-2 °C ©s Lodyogol Tbr=-10°C.
d0@9dol CBC-0m  3mer0dg®omn  dmeogogsEosd dmagas dobsgrols  d@gMggomdbols s
Lbodgogol  {9d3g@s@yy@gboll  3b60dgbgamgsbo  dgdzodmgdols  Lodygomgds.  sa®gmgy
sagbogdo  Loddgoaol gobdws 2,3 83s-dog BHI-60/90-:mgol  beoem 2,8-3 335-dwg
JnoxoEodgdgmo  bodydgdobomgol. sdsbmob afabit-60-0l mdmIgogamds @sdwgbowdy
2o0bs@ s Ts=52 °C da Tf=64 °C, BH/I-60/90-m g0l Ts=51 °C s Tf=60 °C.

304

[ CA
A @™ @™
L ] 1

T B ™
L L 1

- mk A = = AR
[-]

Lod 3030 dmfyggdebnldgtatn), d3s

o W B T
PR G T I |

;i.

=
-]

| .
R - .
45 40 35 30 26 20 15 -0

30930653y, °C

bob4. dg@ol Lod@zocol dOYwgdo dgd 3@ g gdolomgols
IT5B-40, ITEB-40 Ne4 o5 ITBB-40 M7

SdM0ao0  Mgo@myoyg@o  dmbsigdgdo  230h3969d96  3modgdymo  sbsds@gools
doog 9539]@Ombdsl gdgg@gerols dg@olodo dpg@momdols s JOmbdomdols (sygbos
Jgob  dolbogngdmsb)  sdo@angdol  gyoboom, @53 Joeosbmdsdo  aobsdodmdgdls
303 93d0bs@ogy@o ba®gggools bogJldgnys@oEom gowgdol aob®wsl.

Om@Es  gops®gde  dfabit-gdoll 60 ©s 90 dg@ol Loddgoaol 3@ggdl, dgodengds
00 Jgol, ®md afabit-60 dgmsdgogamdom Jo@osbo oswgds@gos afabit-90-, o569 dobo
bs@olbbo  0dmdgogamdols  IbGog  domomos.  gobgsdgogymdol  gymboo - alfabit-90
®o0gbody  omgds@gos  AmbMabUT-60  3Bgmggomdol  Bgd3gmo@dy@ol  dshggbgdemom
(-12°C) o  gOm@domdom  (333s).  Lodgogol  Bgd3gdsdn@s  ®m@ogg  9dgg@gels
365JB0ggmor gembso®o sjgm (-28 °C).

3. R5L33bS

BUTPOK-olbs @s SRMB-ols dg@ol Lod@gozol dagogdo sboboggb bodydol dg@ols
Lod@gocol @odmgoegdygmgdols Ggdsdg@s@y@sby dg®ol wofygoowsb Ts-32 °C-dwg. dgdols
L0od@ 3oy IPMOgE 0bOEILS BJI3gOsGYaol gergdols dobgwgom 0,002 d3s-sb 2,8-3,0 d3o-
deg.

a®ox059w@o0  IOgeo Jmoeglb Ts-Tg dmbsiggml, @mIgamoi 3sLygbmdl Lodasb@ols
do@gool, Tg- Tfr dmbogggmo dgglodsdgds bodydol aod0bgdol 3@mi3gLl s Tir- Tbr
dmbs339m0 dgglodsdgds bodydol godyogggdols sygbool dzg9m@0 go@dbom.

a®ox059@o  IOyeols  doJlodoayd  [gd@oebg T dgodhbggs  gmdgboosb
o gbooby aowoligans, bmgnm dolby odsgno Bgd3g@e@dydol @Ml bodydo [ywgds
bgeedo®osb olg, M3 3gol o@ Fmggdl. Tr 3gd3gds@dydsby godobgdols 0b@gmgsaols
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dogeols bodydo bpgds Ibbgdggoo o 53 {9d3gas@y@sl gyfmwgdbon Ibg®ggomdols
®993g0o@y@sl. dg@ols dogns o3 Fg@Boambg omfggl doJlodo@udl ©s dgdpamddo >@

0330 90> B39d3gMoGdol  3339m@e  ©5(39d0dyg.  bodydol  seagboydo  dmfyzgB ol
doJLodogoy@o  dogngs o3 FgOBoebg  dgodegds  dogowmm  seagbool  Momegbmd@og

bmdog.

30d0bgdols s®goeo SRMB 6°C-bg 953dm boba@darogos ao3dobgdols dgmeg dmbsgyggmols
bodxbg 8-14 °C-by, boam Lodgogol Fgddg@s@y®s BUTPOK-Tdo om{g3l 20 °C-ze o
SRMB-do g0 28 °C-bg. oddo0pse SRMB 9@ ganslBogyg®os ©s 3Ombdoo  ©odogn
®993905905bg gowmg BUTPOK.

dobognols  domoeBgddg@s@ydygamo  mgobgdgdol  dgosdgdomo  dggslgdobsmgols
‘dgodangds 20dmygbgdyemo 0dbsls dgmoglgdyero dg@ols IGyogdols dgmmeo dzodg dg@ols
5E30MOMzgool bmbsdo.

539 dog909@0s  30@EG Yo sagbomdgddo  ©s  dob  Logydggeby  gJu3dgl
dgomeo, dgd 3309 gooll Ggmamyog®o mgolgdgdol dohggbgdangdol aoblsbwgmolsmgols,
Amdgero bodygomgdols odanggs (oboslfs@ aobolsbmgdml dgdzgdganols dydomdol gbodo
sbgoam@dg@mbols dgdowa gbanmdbsdo.

L0B3IHSB IS
1. MMumkwur IO.JI. Dxcupecc-omeHKa CIBUTOBOH IIPOYHOCTH OUTYMHHX BSXKYIIUX C
noMosio npubopa <<Tepmockan-M1>> // Asromobmisusie moporu. 2012. Ne§. C. 79-82.

2. . 33395Tg0@o0, Sbgsm@mdgBmbol Ggm@myool bmgogdmo Lsgombo. LHe-b
‘damdgdo 3(396), mdogolo, 1993.
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LJIRZIRR 0560 BORO6RXHOL 350635@0AFIdS @O)IR0
RIBM®3S>GOOL 30@(™MdIST0

. 30003md0560, 3. Lmbady
(Lododmggaoml Ggdboggdo 9boggdlodgdo, Lojo@mggenm, 0175, mdognolo,
30 LEogol 77)

@9 b0289: b IHIdo gobboeryaros @GHBsbosbo FHomaro j3900b Lo jg@aosbo
;oErobr@o, Gmdgaron @sdbspgdaamos  gyaddeoo 0 beBEmIgaro  dsboarolbogsb.
080 35600l goEm@HGds gododasl zoerobo@olb wymdol 3obfla@moy, gobog de@msb,
@0d9aroz dbmgrm  zoeobo@ol myGdsdwy dsbdogr bys wodmowydaero, a@ bsh,
@darol @G bz a8@gbol  pymby GG GogE0S  ©EIROGIS(;05F@9aP0
;orobe@ol gom-gG0  bgwssoGodwy dsbdogrobs. Jowgdaaro  godebsbremgdgdol

sodmygbgdom  dabsdargdgaros  bjgarygearosbo  zoarobe@gdol  go5bg om0 dgds
Angeo bobol ©ynem@dsool dydmbgggs do.

bogg56de bodgggdo: biaer jg@erosbo zoamobo@o, ©g3m@ds30900, 80 bs, dgms.

1. O30
L g 3geeosh oeobp®gdls Godmm godmygbgds gl Gmym@E 39gbgdermdsdo,
obg 3567]obomddgbgdemdsdo. olobo 2sdmoyggbgds d0EOMYgbgds@dMm®gdol Lado® jgen gdow,
M95JB™@gd0l sdiog9do, dobogngdols booggdom s Lbgs.
hogo@o®mm aoobaoM0dgds 939933500, 0bmEOM3 Yo dobogoliopob

sdbogdyeo  Fooygmo  33gmol  bgenggoeosbo gogmobp@obomgol,  Gmgao
©gnm@dsizool dgdmbgggolomgols.

2. I0@00SR0 65VOK0

hogmgogmm, @md OYRsbosbo F@ogmo 33gmol bjgen jg9oeosbo  ogobo®o
odbogdygemos 939393500 0bmF@OM3geo sbogologeb.  dobosgol Jigge solbobgds bod

d9d0g05b0  bo®olbmgsbo @@ gzo00 3mFgbiosmol Lsdgoggdom. ogrobedol Loy®dy
©9RmOd5305dg  ogml 2l Dogs o oMy Gooyligdo  dglodsdobow e o .
‘dgdmgo@Bobmm 9o sbbmdoamgdm gmm@obs@Ggbo a = ri /) s b= vir) bowos r? O
roo- @000 M0 gomAOE0bs@gdos gBmMds0sdeg s gxnm®dsiool  dgdwmgy.
3o0be@ol  Jops SO0 Bm@Io@gdagw  bgesdodl  dgglodsdgds  Yasbbmdoggdm

0
JOMOEobsdo a3 =1 bommm o6y bgosdodl  dgglodsdgds agzrz/r_.:,:s o] s-o
1

2obLobgAsgl o@obp®ol Godembdon bgw 3goeosbmdsl.
380JOmdm, @md  swbodbymo  Gogobp®do  asbogols  Ygdpgao  Lobols  Gmge
©ggBMOIS305b:
) 90m@gads aok0dgsl 4 Lowowom Gomobo®ols wg@dols gslifg@og
2) @omobp@ol  jgoagdols a00gcgs ob  dggof@mgds, @mIamol w@mLsi3  dobo
Lbog@dg Igedogo @hgds. boem dops s godyg Gopoygligdo o3gegdosh dgdwgy
Lowowyggodsdeyg by = Q1a; s by = Q,a;

102



153JB60IO(M-BII6N3ID0  JIG6OR(  ,,3dI6IdR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne3(42), 2016
HAYUHO-TEXHUYECKUI XXYPHAN «CTPOUTE/IbCTBO»

3) @g@dygmo  dg@s, @mdwols ambsi gmggeo  [gOGomo  gopsspomogds W
Lbooom. gl bowowg ©sdmgoegdygmos  dbmerme  omobo@ols  mg®dsdwyg
dobdognby.

4)  gobogo dg@s, @mImol WOMLsi ymggeo (go@ogo ao@oseyomogds @g@dols
002303 @ - ggnbom, OmIgmoi sa®Mgmgg IJbmerme mg@dsdpg dsbdogn by
>0l sdm o doao.

5) @ogobo@ols adgbs, GMIgol WOHMLsE woa®gbols 3ymbg W0 3OM3MGG0EO0s
©gx8MOIS305dE g 30@obE®ol gHm-gHmn bgosdo®sdwg dsbdognolss.
bgdmnnddgeoesb 2sdmdobs®y bmaswo ©grm®dsizools sbsbgs (3ogr0bo@ e

3OMO©0bsE9ddo Jmbrogds dgdogabso@sw
b = aQ(a); 8 =06°+al(a) + Yz°% z = 1z2° + W(a) (1)
boo z =x3/r; z°=x3/r0 - 9356%m3omgdm  30m6E0bs@gb0s,  bomee
Q,W,a bsdogdgmo 5396309005, 4 ©s Y Igpdoggdos.
939393500l 30Mmds goblobmgdagl gybjiEool Labgls
Q% =cia?+ 17 Yc, — const) ()
‘dgdmgo@obmm 3mdol dodgoms Ggbbm@ol gobogy®o 3md3mbgb@gdo

ij|
Oy =0 \:lg?fg?j 3)

50 2obBm@gdsdo g dgBGoggmo Hgbbm@ols 3md3mbgbEgdos ©gRm®ds305dwy.
>0bo'dbyanols yomgogrolifobgdom ¢9393dgo00 0bmG®MIYao
dobognols dgdmbgggsdo dogowgdm

g a 2 ’ ,
o1 =2 |50+ 50 (F + Q2+ 92 Q)|+ P-4 - Q%
e c
g a 7 oy 2 ,
022 = 2[F2+ 22 +A72Q 72 + Q2 W2 + ) + W2 +
|81, a1,

+P(Q %2 + A %2a*yY? + a*Q%*(Aa’ — YyWH)2);

% 122 Q24 7Q 7 + (- Q- VD) + W] +
LW ie c

0-33: 2

+P (172 +@2-w'?);

612:—2;—"]9&02 '—P-2-a-Q%Qa" — @ -W'); 4)
&

G1a=—222(- W' +-a*-Q%-a')— P-A-Q2- W'
&

G2 =—222Q%% — Plg- 17 -a+a- Q> W(p-W' - 1-a")]
&
bowog @ = @1 - ©@ggomo  3m@gbgosgmos ©s  ©odmgogdgmos 30 dols
©IBMAI>(30005 0635M056@F 9dbyg.

d9-(4)-9 aodmbobyegdgdols holsdols ‘999099 Fbobfm@dmdols 9O 35 ™M35b
3obBHMegdgddo  dogogmo M@0 Seoagd@yemo  aobGmengdol  LoliGgdsdwyg, @M gdocs
bmpow dgdmnbgggsdo s@s [@xgogo dybgbol s@osb
B9 _ nea, Be _ wes, (5)
aw! a ’ av! a ’ '
oo i - dgdol dmeyenos; €3 o ¢z 39pdoggdos.
o =2 w22+ (W-QP+y-a? - QW' - 1) E))|
&

ol 8T,

O _ 1,99 I _ . wi2%].2.02
drf—Zla dic+ﬁ(_/1a W W)anca Q
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©gOHdYeo  dogns 3'33:‘13 > dJmdgbe Méll ©g®@dol dJodo@m Dops (I =1) o oMy (i =2)
bge30095bg aodmoliobgdosb dgdogabsodse @ = 1,2

Ff"l3 = (1) -4m-c, p°-rd-1; M;lj =(—1)'-4m-cy p°-1rP -1 (6)

€2 @ €3 8‘3;{)803360 530(303’30(4)36‘3@360 5M05b OMym® (3 53 2odmbobymgdgdo@sb hobls

“

F‘ J dogn gdmsb s M’k J dm3dgb@masb.

P(_a):—ql—Zﬂ_‘(Q §I+(l+d)a +A-Q72 (P')+
+227L ] [(1—A— Q4+ a* ( T+ y? )) ()
+d[—]f(/'1‘Q + WP et W - 2a"?)] 2

o] q1- 25dmlsbogl o@obo@ol dogs bgwsdomby 8(*);936‘35@ 05b56@s© 25bs 0 gdye

(6g3ol. @g@dyeo dogns ©o dadgbogo dmdgb@o, GmIagdoi 3ogrobdol gobog 3390by
5M056 IMEgdbymo gsdmomgmgdosh dgdegao Bm@dyam gdom:

- el

F% = 2n--r2°l (a+ﬂ L. P)a da;

M = J —a da (8)
od Bmermdgddo

do 2 4 71 =2 2.
R A A R A D

9 _ , 2.p2(,08¢ CA"2.0-2 2 WIhW! — 1101 22

oy = 20°°Q {%ﬁlw A0 2 + W W — )] anc}

dJomgdyeo aodmbobyegdgdol aodmygbgdom dgbsdangdgamos sdm@Eobsms dmgeno gensbols
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Bankun 3aMKHYTOro ceyeHus

O. I'. Xa3apapgse, @. I'. Bepynawsunu, B. L. Typawisunin
(Cpy3nHCKMiIA TeXHWUYeCKKIA yHuBepcuTeT, yn. Koctasa 77, 0175, Tounwuck, IMpy3ns)

Pestome: B paboTe paccmaTpuBaeTCA NPUMEHEHUS MeTa//IMY4eCKMX COCTaBHbIX 6asoK
3aMKHYTOro ceyeHus. 3aMKHYTble, B 4aCTHOCTW KopobyaTble, CeYeHUs
MPUMEHVAIOT NPU  HEOOXOAMMUCTU  YBENEYEHUS >KEeCTOKOCTU 6anok B
rnonepeyHom HanpasneHun. bonee BbiCOKas HecyLlas Cnoco6HOCTb 3aMKHY THOMO
ceyeHus npu paboTe n3rnb B ABYX NIOCKOTAX U HA KPYUEHNE.

KntoueBble cnosa: banka, NPOYHOCTb, XKECTOKOCTb, YCTONYMBOCTDb, U3rN6, KpyyeHue,
CeyeHue, TMbKOCTb CTEHKU, NPeaebHbIin Nporuo.

1. BBepeHue
Bankun 3aMKHYTOrO CeyeHus MPUMEHUAIOT 4acTo NpuM  HeoOXOAMMOCTW  YBefleyeHUs
YKECTOKOCTM GO0JIOK B MOMEPeYHOM Harpas/ieHuK, Npy OTCYTCTBUK MOMEPEUHbIX CBA3el, 13rmbe B
[BYX NJIOCKOCTAX, HAIMYUWN KPYTALLMX MOMOEHTOB, NPW OrpaHUYeHHOM CTPOUTENIbHOW BbICOTE Y
00/bLUMX NONEePeYHbIX Cunax.

2. OcHoBHadA yacTb

MeTannnmyecknx CoCTaBHble Ganku ABYTaBPOBOIO CEYEHWUS MPUMEHAKOT B CMydasx, Korga
MpoKaTHble Ganky He YAOBNETBOPAIOT YCMOBMSIM MPOYHOCTU, XKECTOKOCTU, 0OLLEl YCTOMUMBOCTH,
T.€. NPU baNbLUMX NPOieTax 1 GONLINX N3rMBAKOLLMX MOMEHTAX, a TaKXKe €C/IN OHW 3KOHOMMUYHEe.

MeTannnMuecknx 6anku 3aMKHYTOro ceueHns 061a4atoT psaom NPeMMyLLECTB MO CPaBHEHMIO
C OTKPbITbIMU-ABYTaBPOBbIMM ceYeHUAMU. K HUM OTHOCSTCS:

Bonee BblCOKas Hecyllasi CMOCOGHOCTb KOHCTPYKLUWIA MM UX 3MEMEHTOB Mpu paboTe Ha
n3rmb B ABYX MNJIOCKOCTAX M Ha KpydeHue. Martepuman B 3aMKHYTbIX CeYeHUsX pacrnosaraeTcs B
OCHaBHOM B NepUEPUIHbIX 30HaX MO OTHOLUEHWKD K LIEHTPY TSHXKECTU, 3TO 06YC/NOBAMBaeT
yBeneyeHe MOMEHTOB WHEpLUMM W COMPOTUBNEHUSI OTHOCUTENbHOTO OCu-y (M3 MI0CKOCTU
3/1EMEHTA) ¥ MOMEHTA MHEPLMI Ha KpyuyeHue. BBUAY CyLLECTBEHHOIO HECKO/bKO pa3 YBENNYEHNS
MOMEHTA WHEpPUUM Ha Kpy4yeHWe B 3MeMeHTax C 3aMKHYTbIMM CeYeHUsIMU, KakK MpaBuo,
NCK/OYAETCS N3ro6HO-KPYTUIbHAsS (hopma MOMEPM YCTONYMBOCTM.

ANemeHTbl C 3aMKHYTbIMI CEYEHAMM 00/ee YCTOMUMBBLI MPU MOHTAaXe, MEHee NOABEePXKEHbI
METaIMYECKUM NOBPEXAEHNAM BO BPEMSI TPAHCMOPTMPOBKM 1 MOHTaXa.

3aMKHYTble, B YaCHOCTM KOpo6uaTble CeYeHMst MPUMEHSIKOT NPU HEO6XO0AMMOCTY YyBeNeYeHNs
)KECTOKOCTM 6asiloK B MOMEpPeYHOM HamnpasfieHMK, NPu OTCYTCTBUM MOMePeYHbIX CBS3eid, n3rnbe B
ABYX M/IOCKOCTSAX, HaMMYMN KPYTSALLMX MOMEHTOB, NPW OrPaHWYEHHO CTPOUTENbHON BbICOTE U
6ONbLUMX NOMEPEYHbIX CUMax.

Mogo6HbIM CMMOBbIM BO3AEACTBMAM MPU  HA3BaHHbIX KOHCTPYKTMBHbLIX OrpaHUYeHNsX
nofseratoTcs  6GanoYHble  KOHCTPYKUMW  MOCTOB, CW/OBbIX 3/1EMEHTOB  MPOMbILLIEHHbIX
COOPY)KEHWIA, KpaHOB 1 Ap. KopobyaTas 6anka npeacTasieH Ha puc. 1
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puc. 1 Kopobuatas-3amMmKHyHas baska

Hannume AByx CTEHOK [enaeT 0COGEHHO aKTya/lbHOM 3adaqyy YMEHLLEHWUS MX TOMLWMHbI NpK
06ecrneyeHnn MECHON YCTOMUYMBOCTU. KOHCTPYKTMBHO 3TO [OCTUraeTcs NMb0 WCKPUBNEHUEM
CTEHKM, U NOCTAHOBKOW Pa3NNYHOro TUMa CBA3el MeXay CTEHKaMu.

Monbop napameTpoB KOPOGYATOro CEYEeHWs aHanorMyeH Kak [Ans OTKPbITbIX MPOQUAei.
OTANUNTENbHBIE 0COBEHHOCTY (HOPMMPYEMbIX 3[ECh Pa3peLLaroLLnNX 3aBUCUMOCTE 00YCNOBNEHbI B
OCHOBHOM HE KOHCTPYKTMBHbLIMU OT/IMUMSAMK, & 60/ee CNOXKHbIM XapakTepoM CU/I0BOrO
BO3EUCTBMA Ha KOTOPOe OPWEHTMPOBaHblI GasikM KopobuyaToro ceyeHus. EcCnv paHblue Mbl
paccMaTpuBann 13rmb To/bKO B BEPTUKa/IbHOIN NIOCKOCTU, TO 34eC He06XaAMMO y4nTmBaTb NU3rmo
B [ABYX MNNOCKOCTAX. Hanmume canoBbiXx BO3AEWCTBUIA B MAOCKOCTAX, X M Yy  06YCNOBAMBaeT
nosisfieHne My 1 My [pn 3TOM YCNoBWUA MPOYHOCTU MPWU YNPYrom cTagum paboTbl CrefyeT

M
NpeACTaBUTL Korja b=—2~

puc. 2 Kopob4aToe ceyeHwue

5] 0
M, >§1+wa ZER, g, (1)
WY MY@
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W, = A xh(i- 2a) @
A1+ 2a
w, A0l 23) ®
I h _h?
| =—wl—-_~ —_ 4
"2 2t, aA )
I b b3
| =_fr_~f — f 5
2 2, (1-a)A ®
C y4oToM (2) ...(5) n3 (1) nonyumm
(6m, )
A= X f(a,b, (6)
3 (Ry )gc)le W (a g)

I
roe g :l—wl\/IVIHVIMyM MAoLaaw B BbIpaXKeHuu (6) npu 3afaHHbIX TMOKOCTSX CTEHOK MPM 3ajaHHbIX
f
rMOKOCTSAX, KaK 1 B [1BYTaBPOBbIX ceUeHusx, npu a=0.5.
JTOi1 Nnowaay cooTBECTBYET

M
hoy = 3\/15>4 WX [+ o> b) @)
y “c
MVHVMa/IbHYHO BbICOTY Ga/IKM KOPOBYaTOro CeYeHNs ONpPeaenstoT, Tak Xe Kak 1 B
_10 "Ryg. M,

o T N

BYTaBPOBOI 6asike No hopmyne =
ABYTaBp thopmy. T v

€S)
roe f, - HOpMMpyembIil NpeaenbHbIv NpornG

A o o
roe a:TW, | wi, | 1 - TMOKOCTb COOTBECBEHHO OLHOM CTEHKM U OLHOM MONKK, A, — N0LWAaLb ABYX

CTEHOK.
Po nnowaam As 1 rMbKocTM Ag MOTYT 6bITb ONpeseneHbl MO0 TOMLWMHA, M60 LWMpUHA

MOJIKMN: t, = IAif wm b, = A 4 9)
f1
Heo6xoanMblIit Habop NPOBEK /151 6a/I0K 3aMKHYTHOTO CEeYEHWsA B MPUHLIMNE COBMaJaeT C
TaKoBbIM [}/ COCTaBHbIX 6a/10K [|BYTaBHOI0 CEYEHUS.

3. BbiBoabl
B paboTe paccmartpuBaeTCA 3aMKHYTHbIE, B YaCTHOCTM KopobuaTble CeuveHusi. OTU CeveHus
NPUMEHNAIOT MNP H606XO,£I,VIMOCTVI YBENYEHNA XKECTOKOCTU B NMOMEPEHHOM Harpas/ieHUN, n3rnbe B ABYyX
MIOCKOCTUAX, Ha/M4YUN KPYyTALLMX MOMEHTOB. |_|O,q06HbIM C/N0BbIM BOS,D,GVICTBVIFIM Nnpn  Ha3BaHHbIX
KOHCTPYKTUBHbLIX OrpaHNMYeHnsax noasepraroTcA 6an0YHble KOHCTPYKUWN MOCTOB, CW/I0BbIX 3/1EMEHTOB
MPOMBILLIEHHbIX COOPYXXEHWIA, KpaHOB 1 Ap.

Jlutepatypa
Benenus E. N. «MeTannmueckmne KOHCTpYKUmMi». 1986 r. MockBa,
Bacunbes A. A. «MeTannmuyeckne KoHCTpYKUmit». 1979 r. MockBa,
MyxaHoB K. K. «MeTannnyeckue KOHCTpyKumii». 1978 r. Mocksa,
lMopeB B. B. ¥YBapoB B. KO. n gp. «MeTtannmnyeckue KOHCTpPyKumia». 2001 r. Bbicwas LwwKona,
MockBa.

Eal A
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3RRM3B560 RS 65bIBMHRKSGRRMB560 30Ol JS6350L F@ITS0LOIS6
‘dIRBIGOKRN BIGRMIBOL IRIGOR™MBO

. 35356097, K. H5335b03J, 3. FOROBSIH0
(Lododmggerml Gg9db039®0 9boggdlodg@o, Lojotmgganm, 0175 mdogrolo,
30UbEogol  77)
@9b0389:  bBoBGosdo gosboarobgdaaros jenmygsbo o bsbyghoparomgsbo doolb
Jobgdol dmg9d0bogsb dgwggbogro Rg@w@mydol JogGo@mdol bsjombo. @ogbgomo
5056350930 bogyadagar by @o@ggboaros, Gmd Rg@eml s Jobydol I@ggdol
@ob@olb m56bggeGobsl RgoEmb JogGomds @b@mabggaryonoemo 5@ s@ob.

boggobder boBdgggdo: jarwmgsbo s bobgg@mowanomgsbo Jsbgdo. dmggdo, gg@m@m,
g Gomds, sb@molb mobbggoms.
1. ‘O30

Omama i 3bmdognos,  gepmgsbo s bobggdoimomgsbo  dmol  Jobgdols
dHg900bogeb dgJdbogo ggAmgdol godog@gdol @mboldogdoms o gadgolsl @owo
db0dgbgammds  oJgl  doGomswo  Jobgdol @ob@ols Jodo@myagdols Bg@ml  a®dog
ob®obmsb Jodo@mgdsdo.

09 doGomso  Jobgdol  ob®s  o@  sMol  mobbggodomo  @gOml  a®dog
sb@obmob, gl o6  omgangds  3dgbgdemdol  bganoldgddegen  BoJBmEsw.
damdo®gmds MHnygagds 35d0b, @m@Es bgdmowbodbygmo ob®gdols Jodo@myargdgdo
nobbgg@omos. Sbgm BgOEmgdby dgbmdo-boggdmdgdol sbisggdoe Lodo®ms @o0dy
30bLA®YJgoymo  @mboldogdgdols  ao@o@gds  dom  pobodog@gdmow  (Loydogbo
39090, bodobyx gdo, a@yb@ymo 5b39@9d0, 39ddMsbgdo s 5.9.).

sbgom dgdmbgggedo  930M39egl  gmgeools, Lodo®ms @gg@Oomlb  dpa@smdols
23oobaoMm0dgds. my Sdmhbgds, MM ggOHm dpa@seos (5by RgOeml daggdols
dgds3ogdo@gdgano  dogngdo  o@gdo@gds  domo  dg@ols  dogngdl), dolbo  aodog@gdols
Loko®mgods o@ s@ol. Jobsosedogy dgdmbgggedo go - Loko®ms gg@oml godog@dgds.

2. 30@00)0R0 65VOK0

2.1. 3563563 gds>

bgdmombodbyamo  Logombo  aobbogyano  agodgl jmbi@gd e @goey@
dogomonbg: . mdognolido, do@og@sdgoemols s g9g9erodols Jyhgdols dodpgdscdgw, 6
Lodmgaosbo Logbmg®mgdgano Lobaol ddgbgdamobs (bob. 1).

39O@MA0M0  slggbol  mobobdow, 2gmdm@gm@myon®o  mgoglsb@olom,
Lboddgbgdem  dmgesbo  dpgdo®gmols  J. mdognolols  slLodg@@oygao  Jgodyganols
dod(3bgbo-obiogemgom  dbodgl.  JmOGmamyoy@se ol dpobsdg  gg@gl  bgmdols
domx 396> bofogdos o Fo®Imoagbls 3sdo@agomol Jgwols htiogrem gg@omdols dys
bofoenl, ob®ogols 20-30, bmgaob 25-35%-0m, ©obofggdgdygel ¢fgmm bgggdom o
boopg®gdom. @dgomme  Loddgbgderem dmgosbo oMol [ysmasdymgo bsfogmo m@o
sbgmo bggole.

Jo@omoo  Jobgdols godbols gymbg 25-28° mobbggo@omos gg@mbol a®dog
ob@slmsb (25-40°).

124



153JB60IO(M-BII6N3ID0  JIG6OR(  ,,3dI6IdR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne3(42), 2016
HAYUHO-TEXHUYECKUI XXYPHAN «CTPOUTE/IbCTBO»

; : g
/ z / ‘ l=l=] -
/ — -y / | ¥
=
— ?:: "-\-\_\_\_\__\_::-\:-\ <. i —
| / R e
| /| _— H8 1Y
—rt | { - .3 ' = =
h-H}’f 8 By 2
/ } /5t /
- — — — i 5 1
I s’f ~ = > v M a8
| ot R U g
f 1. B\ 8
| AR 78R\
' I'\ 2 BL&) al o
i o g
\.\ A B & =
i Aeh B A
\ \\ E Ve
\ b = o
\ L 2
\\ Nt
\ \ = >
- - ~
\ \7 \ e pt g
\ y o =
e ——— { et o o = o
\ 2| ) A=/ s £ & 2
= = e
B = P ——— G > S
\ / rt = & K K
\\ A 4 J."l . S el
>~ 5h J 5 / £ F %
: = f gy & -
- e & &~ P =
S @ : 2 £ &
. % | / = L =
| & \ g N : 3
| w ‘.‘\\ ‘l,\ -: o ."‘l g.( | ‘::
\\ \ 3 llll.l :é’ y _é:
z /.v.- \ / ,.a;E' =
! \ @ ."( \g
4 / \ | o 3 l|l.l’ ~5
= Z 28 /
Illl.flr kl'\& i = .l'III

bob. 1 Loddgbgderm dmgobols 6(”3”6‘4’0%0"{]@0“6868‘5

Loddgbgdam dmgsbby aodmygmeoaos 2 boobgob®m-ggmamyoyg®o g gdgbgdo:

I ba.g — aodmxzodygeo doGomswo Jobgdol — Jgododgggdols s s@yomo@gdols

do®opgmds (r=1,9 @/83, R=4 da/baz);

I ULag — ULygbpoe  aodmgodygmmo  doGomswo  Jobgdoli-Jgodsdggdols  wo

500960l JmGoggmds (=237 @/33, R=63 ;3/1:8?).

MoEaob dgbmdols gJldgge@doiool 3gMomdo godmdogbymo @ s@ols ggBOML
‘d®996do bgosd30®ygao Vygeogools hoobgds, RYO ML daMombdoby
2o0b25M0dgd0lol domgdyeo agodgl Jobgdoli dg@ol 3o@sdg@Mgools 360dgbgermdgdo
domo [yogboxg®o dpamds@gmdolsmngol.

2oobog®0dgdgddo  dowgdyao  agodgl meogg dOol  aslodysengdyeno
360936gemmdgdo: j =19,5°, C=0,1 @/d*

@53 dggbgds  ggOwml s B gool  wob®ol  3ymbggdl, gosbys®odgdgddo
Jomgdyao a3543L domo doJlodsgnyy@o 360dgbgermdgdo, 3g@Mdme: RgOEmL sb@ol
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39mbg - 40° o Td@Aggdol  obMol  gyobg - 28° assbpo®odgdgddo  do@ogols
30990309630 Jowgdyemos K=1,5.

bodO™3do dm@Bsbogno a35J3L aoobyomodgdgdo ggHml Jbmerme gBhmo asbogo
30mgogolsmgol (goeml ghmo a@dogo dg@@obsmgols).

22. g960mlb 35565800 d935 dvgHo@eds by.

bsfgobo dembsizgdgdo.

JEmgabo s bobggdo@ymomgabo @ yb@gdolomgols ggdmlL  dpa®omdols
306Mm0s> [1]:

S=nN- L REQ (1)

H
Lbosi: N o R dgbodsdobo, 2obbmpsmmgdygao  dg@ols dognols ©s  dg@ols
begagmo Fobso@dwgymdol Losbyos®odm dbodgbgenmdgdos.
Kh @ Ne — dglbodsdobo@, Loodgommdols ©s  @o@godmgosms  dgmsfymdols
309903096@g%0 (Nc=0,9 ws Ky=1,25);
N s R godmmgergds dgdogao gm@dya gdbom:
N =G[sina +k_ cos(a - d)]+ U, cosa - Qcos{a +b) )
R =tgj {G[cosa - k sin(a - d)] U,- U,sina +Qsinfa +b )} +cL 3)
bogo(s:
G pobloboanggano dsbogol Fmboo;
tg o C — dg@mol  306539BMgdol  Losbyo®odm  3dbodgbgenmdgdos  gg@©Ms
dodoGmyga gdom aobmoglgdygero dbs@olomgols;
a - dbodol wob@®ol gymby;
L - dbodol goblsboanggemo dmbsiggomols bmds (Logy®dy);
Ul ©o Uz — {yemol  dopdmb@o@ogygdo ws(bggol  dogngdo, dglodsdobog,
aobloboanggano dobogol Jggos ©o ggg@om [obboggdby;
Q — 3sbogby ImJdgwo ao@g doans,
Ke = Lgobdygdo 30gx03096@0;
b o d — Jgbododobop, godg s Lgobdymo dosgngdol dm@obmb@ol dods@m
ob@ols 39mbggdo.
2o5b5M0dgd96'do dowgdyaos:
@50mbols Lgoldyg@mds — 8 doano (K=0,05)
53 300mg9d0l dgmsfymdol jmgaoizogbdo: Me=0,9
Lgoldyg®o dogngdol Jods@m e gds — 3@H0bMbHs@ @0 (d=0);
boodgemmdol jmgxoiEogbdo: Ky=1,25.
U1=0, U>=0 (3&96@0bL {gegdo o@ s@ol asdmgen gbogno);
Q=0 (3>bogby o6 dmJdgEgol godg dogoos);
j =19,5° (tgj =0,351);
C=0,1 &/3%
a=28° (sin a=0,46947; cos a=0,88295)
2.3. I5L0ggdol Fmbgbdols 2obbobmg@s (bob. 2)
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bob. 2 @gg®omb aobogo 3GMBo@o

3096@0L doboggdol Fmbol gosbys®odgds.

G, = i;’?’ 2,37 = 0,36 &;

_04+07

G, R37=13;

©s 5.9, Gy = ?@,37 =9,248,
24. dgiol dsargdol gosbys@modgds.
N;=0,36(0,4697+0,05%),88295)=0,36%),5136=0,18 ¢.
N,=1,30,5136=0,67 .
N3=2,13%,5136=1,09 §.
©> .4
N;3=9,24:0,5136=4,75 &,
2.5. dgmolb bwg@aao [obss@dogsmdol dsargdolb bssbgs@moder dbodgbgarmdgdols
8565 dbwgds.
R, = 0,3540,36[0,88295- 0,05x0,46947]} + 0,14 = 0,351(0,36>0,859)+0,1=0,21 ¢,
‘dglodsdolio:
R, =0,351(1,3>0,859) +0,1=0,49 ¢ s .9.
Ry, = 0,351(19,24>0,859) + 0,1= 2,89 ).
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dowgdygeo Jmbsigdgdo dgagedgl gb®ogndo 1

390ml JoEa®omdol go5ba>M0dgds gboogo 1

deoemgols Ne | dobo (@) N(®) R(®) dodogols S(®)
3MIB0G0IbOHO | (S=N-R)
k

1 0,36 0,18 0,21 1,17 -0,03

2 1,3 0,67 0,49 0,73 0,18

3 2,13 1,09 0,74 0,68 0,35

4 2,84 1,46 0,96 0,66 0,5

5 3,32 1,71 11 0,64 0,61

6 391 2,0 1,28 0,64 0,72

7 4,62 2,37 1,49 0,63 0,88

8 5,45 2,8 1,74 0,62 1,06

9 6,28 3,23 1,99 0,62 1,24

10 6,87 3,53 2,17 0,61 1,36

11 7,58 3,89 2,39 -0,61 L5

12 8,53 4,39 2,67 0,61 1,71

13 9,24 4,75 2,89 0,61 1,86

x0do - 32,06 20,12 - 11,91

Omama 3  gbgoogm, ygggms  damgzol  dpamds@gmods  (gods I daomgobs),
5M5dAMoos. (3boos, gggms denmgobsmgols s dm@osbsw, dsbogolomgol, o@ s@ols
53go (1) 30Gmds, Mopasb hggb dgdmnbgggsdo:

S=0,9x32,06- 1 x2012=12,75>0
125

3. RdL336d

OOyM@O3  250byoM0dgded  ag0hggbs, aobbogoyge  3mbi@gR e Loddgbgdanm
Jmgosbby, gomgsbo s bobggdowamomgsbo  dmol  Jobgdols  d@ggdologsb
(Jg0dodggdols s o@pomo@gdol dmboigergmds) g gbogmo @g@ml  doa®omds
RgOEnl  ©s  Jobgdol  @ob®ol  mobbgogbolsl  §bOYbggeygmgomo  o@  s@0l s
Loko®ms  @o0dg  3mblbEodgaogeo  @mboldogdgdols  ao@osmgds  dpg@smdbols
©098030H0L s0dmbogbg®mges.

ROBIAOB IO

1. PeKoMeHAauuin No pacyeTy YCTOMUMBOCTU CKaslbHbIX OTKOCOB, M, 1986, c. 50
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MpuMeHeHWe MOJENV aBTOPErPECCMM U MPOUHTErPUPOBAHHOMO CKOMb3SILLLErO
CPeAHEero A1 KPaTKOCPOUYHOr0 NPOrHO3MPOBaHs CTOKA PEKU.

A. AxBneanaHu, A. 'oronaase, I'. AxBneanaHu.
(CpYy3MHCKMiIA TeXHMYECKKIA yHUBepcuTeT, yn. M. KocTaea 77, 0175
Tounucwn, Mpysuns.)

Pestome: MHOrve aMnmpuyeckue BpeMeHHble pafbl BefyT cebs, kak 6y4TO OHU He UMeT
(PMKCMPOBAHHOIO CPefHOro 3HauveHus. Ho ga>ke npu 3TOM OHW BbIragdT OAHOPOLHWMMU B
TOM CMbICNIE,4TO E€CNM He YUATbIBATb /0Ka/bHbIA YPOBEHb WK, BO3MOXKHO, NOKa/bHbIN
YPOBEHb U TpPeHA,Mtobas YacTb BPEMEHHOro psfa no CBOeMy MOBeAEeHU0 BO MHOIOM Mofo6Ha
no6oii  apyroil.Mogenn, onucusaroLliMe Takoe OAHOPOAHOE HecTauyoHapHOe MoBefeHue,
MO>KHO MONYYNTb, NPEANONOXKMB,UYTO HEKOe NOAXOAALLAA pasHOCTb npoLecca cTaloHapHa.
PacMOTpvM Tenepb CBOMCTBA Ba>KHEMULLEro Knacca mMogeneld, B KOTopbIxX d- pa3HOCTb eCThb
CcTauuoHapHbIiA cMewaHHbIn npouecc APCC. 3Tw MoAenu HasblBatoTCA npoLeccamu
aBTOperpeccu- MPOMHTErpMPoOBaHHOIO CcKonb3swero cpegHoro (APIMCC).CToxacTuyeckue
pAAbl HAGNIOAEHNS Haj CTOKam pekn CpefHerofoBoi AMCKpeTM3auum A1 HEKOTOPbIX Pek
MO>XHO OTHECTM K Takum npoileccam.Brnepsble  Mogenu  aBToOperpeccum U
MPONHTErpUPOBaHHOIO CKonb3sLlero cpegHero (APTICC) 6bina npefio>XkeHa aMepuKaHCKUMm
Y4YéHbIMU Bokcom 1 [>KeHKuHcom B 1976 r.(1) Kak OAuMH M3 MeTOLOB OLEHKN HEeU3BECTHbIX
napamMeTpPOB 1 NPOrHO3NPOBaHNSA BPEMEHHbIX PALOB.

Kntouesble cnosa: ABTOperpeccus,NpoMHTErpMpoBaHHOE CKONb3sLLLEee CpefHee,
MOZeN1poBaHue, HeCTaluMOHapPHOCTb, MPOrHO3MPOBaHKE, PEYHON CTOK,CPeAHEro0Boim
JAMCKpeTuM3auma.

1.B BeneHue

Mogenbto (APTCC) HasbiBaeTcs MOfAeNb, KOTOpas MPUMEHSAETCA MpY MOAENNPOBaHUM
HeCTaLMOHAPHbIX BPEMEHHbIX PALOB K TOKOBbIM Mbl MOXEM OTHECTW pafbl HabnoaeHus Hap
pacxofamy peyHoro CTtoka.HecTauuoHapHbIA BPEMEHHOW psif XapaKTepu3yeTcst HEMOCTOAHHLIMM
maTemMaTnUy4ecKnM OXXunaaHuem, AUCnepcren, aBTokoBapuaLumnelt 1 aBTOKoppensumnei.

2. OCHOBHas 4acTb

B ocHoBe mofenn aBTOperpeccumn v NpPONHTErPUPOBAHHOIO CKOJb3SLLEr0 CPeHero exar Asa

npouecca:
1. npouecc aBToOperpeccuu;

2. MpOLECC CKOMb3ALLEro CpeiHero.

B oTAenbHOCTM MpoLecc Kak aBTOPErpeccum, Tak U CKOMb3ALLEr0 CpefHero Hamu AetasibHo
Ob1IM pazobpaHbl B HALWKX Npeanaywmx padotax (1,2,3) Ha KOHKPETHbIX Npumepax.

B npeactaBneHoin pa6bote pacmoTpum npouecc (APMCC). B obuwem Buge Mogenb
aBTOperpeccuy N NPOMHTErPUPOBAHHOIO CKOJb3ALLEr0 CPeHEro OnuchIBaeTCs GOpMY/IOoN:

Q. =C+ Z?:lAPiQt—f — j?=1 CCja—;+ a, )
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roe: C —cBO6GOAHbIN YneH MOAENN, ABNSKOLWNIACA KOHCTaHTO;
a; — HEKOMMEHCUPOBaHHbIN MOAEbIO CNyYaiHbIA OCTATOK.
Mogenb aBTOperpeccuv W MPOUHTErPUPOBAHHOIO CKOJb3ALLEr0 CPeaHero  3anmcbiBaeTcs
Kak APT1CC(p,d,q) rze:
p — NapaMeTpbl NpoLecca aBToperpeccum;
d — nopsgoK pasHOCTHOrO oneparopa;
g — napameTpbl NpoLecca CKOMb3ALWEro cpeaHero.

[na psagoB ¢ Neprognyeckoli Ce30HHOM KOMMOHEHTON MPUMEHSETCS MOZLeNb aBTOperpeccumn un
NMPOVHTErPUPOBAHHOIO CKOMb3ALLEr0 CPeHero ¢ Ce30HHOCTbIO, KOTopasi B 0603HaYeHusX bokca u
xeHKunHca 3anucbiBaeTcs Kak APTICC (p,d,q) (ps,ds,qs), rae:

pS — Ce30HHas aBToperpeccus;
ds — Ce30HHbIN PasHOCTHbIN ONepaTop;
S — Ce30HHOE CKO/b3siLLEee CpefHee.

MogenupoBaHue HecTauMoHapHbIX BPEMEHHbIX PSAOB C MOMOLLbIO MOAENV aBTOPerpeccumn u

NMPOVHTErPUPOBAHHOIO CKOJIb3ALLEr0 CPEAHEr0 OCYLLECTB/IAETCA B TPU aTana:
1. npoBepka BPEMEHHOr0 psfa Ha CTalyoHapHOCTb;
2. nOeHTU(MKaLMS NopsaKa MoOAenn 1 oLeHUBaHe HEM3BECTHbIX MNapameTpoB;
3. NPOrHos.

MpumeHeHne mogenu APTICC npegnonaraeT 06s3aTeNlbHYH CTalMOHAapPHOCTb UCCeLyemMoro
psga, NO3TOMYy Ha MepBOM 3Tane AaHHOe [MPeAnosioKeHWe MNPOBEPSETCS € MOMOLGHO
aBTOKOPPENALUMOHHON W YaCTHOM aBTOKOPPENALMOHHON (YHKUMIA psiga ocTaTkoB. OcCTaTKu
NpeacTaBNAT co60M pasHOCTU HabNOAAEMOr0 BPEMEHHOIO psfa M 3HAYEHWI, BbIYMCIEHHbIX C
MOMOLLLbKO MOZENN.

YCTpaHUTb HEecTaumoHapHOCTb BPEMEHHOIO psfa MOXHO C MOMOLLbI0 MeTofa PasHOCTHbIX
0rnepaTopoB.Pa3HOCTHLIM OMepaTopoM MepBOro MopsAKa Ha3blBaeTCA 3aMeHa WCXOLHOr0 YPOBHSA
BPEMEHHOr 0 psifia Pa3HOCTAMM NepBoro nopsiaka:

V§:Qr+1‘Qr (2

Pa3HOCTHble  ornepaTopbl  MepBOr0  Mopsigka  MO3BOMSIET  WCK/KUUTb  JINHEliHble
TpeHAbl.Pa3HOCTHbIE OMepaTopbl BTOPOr0 MOpsAKa MO3BOMISIOT WCKAKUUTL  Mapabonmyeckue
TpeHAbl.Ce30HHble Pa3HOCTHbIE OMepaTopbl NpeAHa3HaueHbl A1 UCKAKYeHUs 12-Tm unm 4-x
MepUOLNYHON CE30HHOCTW:

V’i:Qle—Qr nnn V’i: Qt+a - Q¢ 3

Ecnn mogens cofepXXuT 1 TPEHA0BYHO, Y CE30HHYH KOMMOHEHTbI, TO HE06XO0AMMO MPUMEHATb
o6a onepaTopa.

Ha BTOpoM 3Tane Heo6X0AMMO pewWwnTb, CKOMbKO MapaMeTpoB aBTOPErpeccun u
CKOMb3ALWLEro CpefHero [LO/MKHO BOWTW B MoOfAeNb.B npouecce oueHWBaHUA MopsAka MoLenm
aBTOperpeccumn 7 NMPOMHTErPUPOBAHHOIO CKONb3SILLErO cpefHero NPUMeHseTCS
KBa3WHbLIOTOHOBCKMIA anropuTM MakCMMMU3aUumn npasaonofobus HabnaeHns 3HaueHuin psga no
3Ha4yeHMsaM napameTpoB. Mpyu 3TOM MUHUMM3MPYeTCA (YCNOBHas) CyMMa KBajpaTOB OCTaTKOB
mogenn. N8 OueHKW 3HA4YMMOCTM MNapameTpoB Mcnosib3yetca t-ctatuctuka CrblogeHTa. Ecnn
3HAYEHNS BbIYNCNSEMON t-CTAaTUCTUKM He 3HA4YMMbI, COOTBETCTBYHOLLME NapaMeTpbl B 6ONbLUNMHCTBE
CNyyaeB yaansatoTcsa U3 Mogenun 6es yuiepba noaroHKu.
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MonyyeHHble OUEHKW MapaMeTPOB WCMOMb3YOTCA Ha Moc/efHeM 3Tane Ans Toro,
YTO6bl BbIYMCNUTL HOBblE 3HAYeHMS psSfa M NOCTPOUTb AO0BEPUTENbHbLIA WHTepBas A/1A
NPorHo3a.

OLEHKON TOYHOCTW MNPOrHO3a, CAENaHHOr0 Ha OCHOBE MOJAENuW asToperpeccu U
NMPOMHTErPUPOBAHHOIO  CKOJ/b3ALLEr0  CPefHero  SABMSETCA  CpefHeKBafgpaTuyeckas owmbKa
(meansguare), BbluncnseMas no gopmyne:

Vi = Qt+1 - O (4)

YeM MeHbLLe AaHHbIV NoKa3aTe/b, TeM TOYHEee NPOrHo3.

Mogenb aBToperpeccmm 1 NPOMHTErPUPOBAHHOIO CKOJb3ALLEr0 CPeLHEro cuMTaeTcs afeKBaTHOW
MCXOAHbIM  @HHbIM, €CNn  OCTaTKW MOLeNn ABNATCA HEKOPPeUPOBaHHLIMA  HOPMalbHO
pacrnpegenéHHbIMU CNyYainHbIMU BEIMYMHAMMU.

OrpaHunyeHuns. Cnegyet HanoMHUTL, 4TO Mogenb APICC ABnseTca NOAXOAALLENA TONMbKO
ONA  PAAOB, KOTOpble SABMAKOTCA CTauMOHapHbIMW  (CpefHee, [AMCMEpPCUs U aBTOKOPpenaums
MPUMEPHO MOCTOAHHbI BO BPEMEHW); B C/lyyae HEeCTaumMOHapHbIX pPAfoB crefyeT 6paTtb pasHOCTU.
PekoMeHayeTCHd UMeTb, KakK MUHMMYM, 50 HabnwofeHWin B (hailie MCXOAHbIX [aHHbIX. Takke
npeanonaraeTcs, YTo napameTpbl MOLENN MOCTOAHHbI.

3. 3aK/1Ho4UeHune

B cTaTbe nokaszaHa BO3MOXHOCTb NMOA6G0Pa CTOXaCTUUECKMX MOAeNel 4/ CPpeLHOrOANYHbIX
pacxofoB CTOKa peku B Knacce mogenein APIMCC. B cnegytowmx pabotax aBTopamu 6ygyT
feTaslbHee pacMOTPeHbI BOMPOCH! Kak NMofbopa Tak 1 uaeHTUMKaumm nogobpaHHbIX Mopenei
Ha KOHKPeTHOM MaTepuarne.

JlutepaTtypa

1. Ax. bokc, . [)XeHKNHC. AHaN3 BPeMeHHbIX PAA0B NPOrHo3 1 ynpasneHue. 3aaTenscTeo”
Mwup”, Mocksa, 1974 rog.

2. A. AxsnepgmaHn. K Bonpocy coCTaB/eHNsi CTOXaCTUYECKUX MOLENen  CpeaHeroamyHbIX
pacxofloB CTOKa PeKu A5 BOAOX03AMCTBEHHbIX pacyeToB.CoobuieHne AH TCCP.
84.N1,1976 r. r.Téunmcu

3. A. AxeneaunaHu, A.loronagse, M.Axsnegunann. MpumeHeHne mogenein knacca APCC ans
MOLENMPOBAHMAN  NPOrHO3MPOBAHMA  MNPOLECCa  PeYHOro  CTOKa  CpefHerofoBoW
anckpetusaumn.  Lodo@mggermlb  Fgdbogg®o  gbogg@lLodgdo  ISSN  1512-393

Lodg36090m-3gdbog9do gudbogno ,,dd9bgoermds® 2016§. J.mdogoolo.
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S. bo@gansdgogoo

(Logodmgganml @gdbogado 96039dLoGgHo, 3. gobEsgsl Ne 77,0175,
ndogoobo, LsJs@mnggmm)

@9 bondy:

03505306 056595 bog®yaro

boBgdols

sdgsdobogaro

SG09550

dmooglh mmb  JodsGormangdsl: oo, QoG bogrmgsbo, s@ne boarmgsbo

dofggdarmds s gofGmboarmgsbo. dobamyg dods@Gmmargds, @edaaroi deoegl

JO0IBG0 7

SATCOM

bobggdgdl,

obggg

(mogw@050:350L 056583 bog@maeno bodgds) bybgolydomsé.
boggobder bodgggdo: bodbgodem bodgerodamo Lobdgds, bodgerodamo bygdabdo
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3enobgBol Fygmol @gby@lgbol dgbo@hybgdols 3@mdangds bgdolidogd Jggysbodo  gdm-
gomo  3b0odgbganrmgobo  Logombos.  sdsbmob  @ogegdodgdom  ygaol  dybgdbdogo
0609]B 900l ©oi3golL,  dmdbswgdols @  hodwobsdg  Fymgdol  aofdgbool  JIgoomo
A9dbmermaogdols dgdydoggools aoblisgymmgdbyamo db0dgbgamds gbodgds, @owasb {ysao
>o5dosbols >OLgomdolomgols aobggmgbogno Lob@gdols 9O”M-gAM0 4g9e0oby
db0dgbgermgobo  3m33mbgbBos. mgolomgols Jognsdgdols o Lod@gfggem  Lofo@dmms
Tyodmdodspqgdolbomgols Lodko®m Fyeol osbanmgdom 80% omgdyemos  bgosdo®ygao
Tgomlo@dgggoo@sb. sdobmob (yomlo@dgggdol Fyamol bo@olbbo bdod dgdmbgggsdo olbgs
©560b6d9@ gd o, A3 domasb 93390530 Tygomlowgbgdols 9od(d9bwo boggdmdgdo o
domdo  dodwobsdyg  Fgdbmemaong®o  3GmEglgdo  ggme®  gbOybggmymygb  Fyeols
3oVd9bwols  Logo®m  bo®olbl.  s@lLgdoyamo  F@spoioygamo  0b@gblog®o  LoliGgdgdols
2odmygbgds 30 o308doMgoygmos gbgMaool o bo@mxgols ©s Fo@om 3go@0B0(3094M0
I dobgemol aodmygbgdobmsb  (Shrader Frechette, K. 1994).

bgesdodygmo  Fymol  @gbyg@lbgool  s@o©sdsjdogmaomgdgmmo  dymds®gmds
LIUPRNGN 3odm{gggaos doom'do slobagdyemo S0 9b0ls bodg@bgem-
Lbogmazgobmg@gdbm  ggzomy@o Tyamgdol o@sbogdodo gofdgbwomn ob jowgg LEYmosw
2o9Vdgbogo  hodwobodyg (yemgdol hodggdom  (yomlo@dgggddo. [obpgdsdyg bod@mmddo,
Lobpgo@go®gmol godmaomgdol dobgogom, gobbogyan 0bgds Logombo  hodpobody
Fysogdols 99695030 3od(dgbwo Lo@b@9bosbo 930 LobRgdols 3odmygbgdols
‘dglodgngdenmdols dgbobyod.

2. I0@00SR0 6SVOK0
Log@om  dpamdsdgmdomn  3bmbogos, @™,  ©Egobomgol:  Logmasibmgmgdm,
Lobmgeem-bsdgy®mbgm s Lofo@dmm  hodwobodyg  [yamgdol  dmgano  dmEyemdols
ssbenmgdom 30% Fyoenlio@gggddo hodggdsdwoyg o@ 0fdobogds o dom dgdogbenmdsdo
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oG lgoymo  gangdgb@gdo (JoMomows® sbmFols s Fobygmaol bog®mo)  hodwobomy
Ty gdmob gomow (yombo@ggdo  s39dgmomegds.  osbgom Lodgsiosl, 2sbbigm®gdon
bdo@o, swyomo ozl dgodg  @olsbagdyer  396JBgddo,  Loweir  Lomsbswm
AOooogeo  od{dgbwo  Lodygomgdgdols 3dgbgdanmdols  @oMgdymgds  SA0MmdG0Z0
dogx gBobomgols  doyfgomdgmos.  odogg AL, xoModgdo s Aowslobowgdo  Sbgmo
Vyegdols hodggdol ao8m 3609gbgmmgob msbbsls dgomagbl (Cairns, J, Jr. 1996).
Logmggemome  3bmdognos  hodwobodyg  Fyangdols  gobs(dgbwom 989G 9®0
d9695M0g0 303(dgbwo Lodyogmgdgdols @s Jodoyg@o 903963 gd0l aodmygbgdol dglobgd.
5dobmob olsdymgdbymos Jomo aodmygbgdol 930Ms@glmds s g89]BNOMbds 2s3(dgbwo
Lo g®gdols ddgbgogrmdsls 5 9JL3g0gs@o305T0 (‘dgomgbdom ©O5OS@0
0@ 9oy gdgdols godm), sadgmgg, ¢3dgBgl dgdmbgggsdo, aofdgbpogno Fyosemo 9od(dgbw
Lo ®gddo dgos@mgdom domsamo ba@olbobss gow®g bgermgby®@ boggdmdgddo (3odyds,
Aom@0 s Ub.). 5dobmob gobagomo 30m3glgdol 0bFgblogmds bodmsdol 3g@omedo,
3800353 Y@ 300M69dmob 53530 gd0m, dgoMgbom F3E0MEYLS, Mo ©53530M oY@ 0S
aobo(dgbpo dgdmdogoamo  hodwobo®yg [ymgdol odosen Bgd3g@s@y@sbmsb.
odM0p00, shogo Godol 2od(dgboo bopgdmdgdols  dgdydoggds, @mIangdoi dgdengdgb
‘dgdmdogogmo  hodwobodyg  [yamgdol @sdogmo  F9d3g@s@yg@ols  dgdmbgggsdo  (bodmo®do)
boodgom  g9bj3ombo@gdsl s sp®gmgg  Loddgbgdbenmdanm  moMgdygmgds  ©
LogJLdgnmo@oEom bodxgdo GOswoiogmmsb dgosdgdom 10-20 x g6 ©sdsgno ofbgds,
B gomy®o  3Omogmgdss.  mobodg®dmgg  dJopamdgdom  osadgmygg  3Oma®glygen  ©o
390L39JBogeo Jodos@mnygagdss [gomdgbs®ggdols dy9bgddogo g3mbolEgdol godmygbgdom
hodobotyg [ymgdol gofdgbs. gl Igmmeo bsgdome  0sgos, o6 s@ols Goygmo  ©s
253m0Mhggs 25M339900 989]d9Omdomn  (Robert L. Knight, 2004).
domd0ob Fyoemlsdgggodo gmlbgm@o  gombgs@ol Lsbom dgools  m@ysbyem ©s
SOSMAYobyen  bog@mdo. Gmbgmmo sleymgdl o@s dbmmme LEHOYJGHYOYE, >Oodge
969039003980 B9bJaoobei. d9bgddog Fyse@o dolo owoemo o5b @odsano  dgd(3ggemds
0(393L  d0m@gdolmgols s@sloly®ggar  Igogal. (yselo@dggdo gmbgm@ol (P) 9@ sbs
bogds bbgowolbgs  (go@ml  bodxbg. gl dgodangds dmbegl  dwobs@ols  (yemols
hoobgdolol, gOmbooll ©OML  boswsposb  oy9bgddogo  dg@obom, s5EIMLGgOY@oO
bogngJol  dggao o  Ubg godes o3 dybgddogo  [godmgdols  os@Lgomdl  P-U
Vygomlodggdo  dg@obols  Lbgs  (yodmE,  Gmym@oiss 30dmyggobs  ©odydoggdymo
Lolmgem-bsdgy@bym do{gbogsb, Loddg{ggenm 05 Logmezo3bmg®gdem
Robymadgdaggeo  hodpobodyg  [ymgdowsb.  gobygm@o  do®@d@gbosb  spaoegddo,
Omdgeoboi 9 dgomme [gomdi3gbo®ggdo s ds30mx08 900 04gbgdgb, dgowagbls doomsw
535353000 gdge0 Aym@l @b ©s sGOMMasbygm gomlgmal dm@ols (Anderson. B.
C, 2004).

SO>M@obymo Belbgm@ol xayrol dgdoeagbamdsTo dgoosb bsbmgbow 9343 dygaro
>  (303@YM0  3moxgmlgs@dgdo.  dopomomsw,  M@ysbygmo  gmbym@o  dgools:
Bmbgmaodogddo, bygzagobols Igogols ©s dmeogmbiegsdgddo.

MOAbg@o  gmAdgdo dgodengds dgdgaboodse waxgR©gL:
- ogogns© sdgswo P;
- bggs @odgmoo m@YSbyao P.

Robym@ol ogmo bosesoydo dbodgbgermgbom aoblbgogogds sbm@ol (30300l sb.
o o@lgomol  gogngb@mdbols  s@ogomsdo  (33@oggds  sMoM@ysbyemo d0mFG0
sbodognsiooll ML, b dog@mm@ysbobdgdol dogd  m@sbyemo 5ol EAML.
bosogol, 30@g9e ®o0ydo, begds goggbBmdolol +5, Moaoh YBOM ©odogo ©ogobygs
0 g@3dmobsdoggdow dgdyggos.
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2obLs Jgm@gdomn Gmge  YOHmogmmdgdl o5Jgl saomo  3geobsl Fymol dobgols
> 209b3L dm@ol. syomo o5Jgl  oaMmggdsl adbddo 3(3gbsdgms ws 3bmggmms
bodmgdols bodx by, Sbggy s lmMdz0sl womgdoen LgBm@dby ©s Jggos bogngdgbom
dnobmnJdol bodx by mydzs Jggos bogngdo Fomdmswagbls doMomo© 533 MJBmby®
agbgagl, (yoebozagdo dodmJzggol @O™L MOgobgmo  bogOmgbdo  obsg@mdyen
3006960 2O9bGosb m0mJdol 5@ gOmMZgosh, mogolbmsgo dognosh bgas brgds dsmo
dobgo@oboizos s s@ooBoyd  damdsmgmdsdo  0dymegdosh. bogtmgdols  byliBo
9690 s@sbsgdodobow s@ol dglifogerogna.

obggg MBS @od oMol (3bmdogno sdodbgols gogdols dglobgd m@aebobdgdols
bo'dmol Lobom. s@om@sbymo gmbym@obsmgol sdsbsbosmgdgamos dobo  sbmzos3os
@3065Lmsb, e ydobmsb, o 309dmsb, FHMMoE dmsb, slggg  Sbm@dEos sbombgdols
Loboo  mobsls o  m@asbye  3md3agdlgdby.  dgogg  bogrgddo  @mdobo®gdgb
3M33e0gJlgdo  @gobsls o  s@udobmsb, GyBgls ©o bgod@egy®@do - sog309d0l
RobBsGmsb,  @o3  dggbgds  gmlbygma@ol  bbgs  gm@dgdl, dosmo  GOSbLBm@Is300
©5dM 0P gdyg@os,  30Mzge  @oado, dogOmmAasbobdgbols  LoamEbmmolybs®osbmdsby,
obggg PH, Bgd3g@s@ydsls o gobago-swagboon 3m@Agbiosmby. Jggos bogngdosb P
ao@obols  LobhJos®gbg gogangbols obwgbls  gobadowols dgdiggemds, PH, Ggdd3gasdyas,
gelbgm@ol jmbigbdmszos Fysedo (Jacques Brisson, 2006).

3536058000 dodmJigg0Lol sLOYagdgb dobodyd Lsd gybjzosl: P Fymowsb
2odmymgh s saMmg9dgb ol mogols  m@yobmgddo, dgodgmn Fyserdo gobomermaoy@o
doamdodgmdol  3geomgdolol, ©s, dmenml, dodsp@gdyamo  d3gbs@ggdo SOy gdgb
»UBoBdoog” ubd0ob-goo@9ddoggb P a@bBowsb dofolbgos m@asbmgddo. gdswengls
Tyodigbodgms  Lbgowolbgs  ggmemaoy®  Godl  dm@oll  dbmenme  dodopg @ gdeyyan
d3960Mg9ms  Lobgmdgdl dgydanos 30057 Yddgs  aO9bBowsb [ysendo, dobo glggdom
Sdm@gds S BOogbomn S Ym@mgdom  asdmygmeds  bogmiEbeoligbs®osbmdols
30m3gbdo (Lemons, J,1995).

Jbmg@onl ddsgsm  Jggysbodo domdo 9339 woo bobos s oo [os®Is@gdom
20dmM0y4gbgds YAdobyemo sbsbangdymo spaoegbols  hodwobomyg (yegdol aolofdgbos.
(3080 g20doBol oM@ gbosbo Fg®odm@ogdols 30mgd@gdo Lodmyamggdls sFywgdosh. 303
3900m©do, OEYMOE 3o doMdHgbosh FgPoRm®ogdbg hbogds gobymol ggbs, {ymols
A933905d @S 0fygdl  3bodgbgaomgeb  aoblbgoggools  dogdol  Bgd3g@so@y@ologsh.
hodwobodyg (yagbdol Bgd3g@s@y®s 1 ob 2 g@sylbodog so0fggl o wsofygds gobyaols
3960l Lobjol gobboangs 3@mgdBdo. gobyeols ggboli gm@dodgds dgodzodgdls Fyeols
Loe®dgl. 5do@dmd, (303 e0ds@oob  ko®dRgbosb FgHoRm@ogdby ©sds@gdom  Jdbosb
Tyombggomn  gowgl, @oms ‘dgd@mb  dmbogrmebgano  gobyaol  ggboli  godemygbgds.
sdobmob  gbg@agBogaeo  dognoblol goobpo®odgds  aobolobmg®gds gobyamols ¢gbols
Rm@dodgools bodolbom. gobyaol Lol Farowsb Fwosdwg dgodengds d60dgbgermgbow
dgoigosemlb  mmgobs s Hgds3gas@yaslmsb sjzogdoMgdymo  3geomgdgdols  odm
(Robert H Kadles, 2008).

oEygboaos, @md geom@owols Gos@do  33o3s@mmbols domdgddo odsgsmo
hodwobotg  (yamwgdowsb godmodgm  sbm@ol - 98% o gobymdol - 90%. obggy,
0bmgmol Jogmsd joensy@odo Log@mme 5@ s@Lgdmdl hodwobsdyg (yargdol god(dgboo
Lo@a@gdo. bsdspqog@me ofosh yggas Logmgszbmg®gdm  hoboswobs®o  dods@myganos
dmogoo@gdyge [ysm-ko®d@gbosbo dofgdols 3mddengdlolggh, @mdmgdoi aodmoygbgds
093bols dmlodgbgdbens (OmIgrols 3GOmEYJcos ymggeFwmogde dgoagbl 24 Gmbsls
39JBoM0©sb), saMgmgg 6Mobxol dobgmgdols Jmbo@Fysgsco.
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hodwobodg  Fyammgdol  20(dgbol  d9bgdbdogo  LolLEgdol  Lobodpgdbeme  dgodengds
>00bodbes:

1) o@bodbyeo dgommpols asdmygbgds  dgodan gds OmamO G oy babanol, obggg
dongemo Lo{o@3ml hodwobodyg [yamgdols aolofdgboom;

2) >0bodbyao LolEgdol olodgbgdansem ©s dgdpamd  dgbobo®bybgdersw 9dbo‘dgbgenm
bodxgbos Logo@e;

3) oggg Lobgools o6 gm@gxol hodwobodyg (ymgdols aobs(dgboow  0ygbgdgb 3d0my
BgHoBHmO0gdL.

4) 53 Lolgdol ©obdoMgdbom brgds gobydowols domemaoyg®o dmmbmgboengdols (Jomb)
> dgfmbogn bogmog@gdoms dgdio®gds 90%-0m, Log@omm sbm@Gols s gmbymaols -
60-90 %-om, -3Emeo s bbg. 96GgO™mds]Bgmogdols  99.99%-0m;

5) s@bodbyemo LolBgds dgoddbs, Goms dngamo Faol gobdsganmdsdo 0dydoml mos (30l
J39d  gobowoli 3030 J@ods@ol  300mdgddo  (omdmdols  aoggoboamdols  aomgdy),
3oV39bwols s  AFo@dmgdenmdol JmEygemdbols dgydocgdemsw;

6) o3 Jgmmeol aodmygbgdom dgodengds ao0{d0bml bgdoldog@o hodwobo®yg (yegdo
43390530  b0ogmog@gdgdol, m@gasbymo s  Igfmbogro  bogmogdgdgdols  do@ogno
‘9993398000 (Logmyzsibmgigdbm  hodwobodg  Fymgdo, g mby@-Jomsamools
R58M030l hodpobo®yg [yagdo, hoboobos®o m@sbgg®gowsb s o.9.);

7)  Lokodmgdols  dgdmbgggedo  sligmo  ao(dgbwols  dgdwgy  aoFdgbpogmo  Fyangdols
3odmygbgds  dgodangds  Lolidgan-Lsdgy@bgm s LogmasbiEmggdm  [yomdmds®aggdobs
©> bbg. dJobbgdolomgols.

ombodbyano  Jgmmwo  sp@gmgg  aodmygbgdym  0dbs ddgbgdemdols  3@m3gLdo
0o5Mo- bgm- @sbl, Kitchenmaykoosib Inninuwug, TorontowWaldorf School. slcygen gdygamos

Kortright Centre, Metro Toronto Conservation Authority.

obobodbogos,  Gmd 59T Legerol  39y@bgmdols  LodobolBEml  dybgd®ogo

AglyaLgool @ogol Lodboby®dl 50bGg®glgdl 5dgbgdyemo domdgdols dglodgngdenmdgdo
Lobmgeem-bsdgy®mbgm  hobopobo®gdol  (s@bgdol)  aobo(dgbpo (303  gods@dy®
306 mdgddo.

5dM0200, dMogoMo 3MmMdegds, MMIgalsi [oolywbgb sdg@ogzgero 333 g3o@9do,
>0l bogbymol 30@mdgddo  Bgbosbmdols bogmgdmds, @sdsi aodmofgos o g0
saools  Bgdodm@dogools  Lodddsgng, bmenm  bsdw@ol  30MMmdgddo  odmlsdggdo
bgdgengdols dmyobgs wo bgdiEogdol bgwsdomols gaogobgs dEodgmmgenosbo  bodms@ols
300mdgddo (Carns, J, Jr. 1996). Jogosddo Lofgodod Low@gbsgg ombgddo s@ol {goero,

Amdgeoi 4903538 3936 ©0d5b0bdyMgdge  bogmogMgdgdl. domo  oaMMmggds  bgds
0nmgeol bmdbol s [g0dgdols dgogasw. sligm [goendos bogmmdo, 39bEoE0Lgdo, ddody
@ommbgdo, doJBg®ogdo, godyligdo s ».9.

sdolmob bganmgby®o boggdmdgdols ddgbgogrmds Fymol mdogdBgdol dobenmdensw

(3o omomo, ©sddol), Loko@mmgdl UL3g@osmyd bgds@mgsl. boggomdgdols 3@mgddodgds
9bes dmbegl obyg, AG®I dgodEoMml [gHesbe gobopay@gds s  2oo9dxmdgboml Fyeols
bo@olbo. bgdo®mgs bgdoldog® Loddosbmdoby, @mdgebsi dggdanos aodmofgoml Fyemols
©560b6d9Mgds,  250(393>  goMgdml  oigol  m@ASbobsiools  dogd.  dgdmmogobgdiao
LoJdosbmds o@ 9bs s@®gg30gl [yeol bo®obbol LEsbos@Rgol. o33 Mm@ gdegdds
ob 3gbgxgMgods 9bps ao0mgomoliobmb, MM oM 33990 WMol dgdpgy ¥bos dmbogls
F9dmobe Lomsbopm gybjizombodmgds (Gulding Principles, 2000).

Vgemofopol Lbgoslbgs @®ml do@bmdl 53> g 03 550096900 FoJ@m@gdols
aoge0gbs. dMogogro Lobol 39390>300lL dglodagdemdsl aoblabmgmogl Fgdd3g@s@y®ols

RoJHM@0.  gggms  oabogo  m@yobobdo  Iywdogo  aoboeol  Ggd3g@s@y@dols
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b9dmJdgegdsl. bdodoe  G9d3g@edyds s®ol  Gogmols dgiagenol  Lopabsgno  (3bmggmms
3bmgtgosdo.  Bg9d3g@s@ ol goBmdo  oefom  asgagbsl  sbegbl  m@asbobdgdols
aobofoagdabyg Fyomm@o o domo goigmomo @gsdiEogdol 0bBgblogmdsby.

®9339053 a0l ©ofggol dogdmm@ysbobdgdo bggse 9zgmgboe  9dengdgb, gowmg
omdMdol. §gagBo30Ya0 XM gdol 3930 Lobgmodsl dgygdamos aovdeml g@mK g@o©
2040bgol.  9x®gegdol  omydgol Jobgbl I@sgogmo dggerggedo  bgosgl 9x®grgddo
oaMmgoe0  gobymols 3@ob@omgdols aodobyymgdgan ImJdgogdsdo. L@sgo gogobgols
dgdmbgggodo  (1-100 C), @megbsa  9x®gegddo  s3@obRsmgdols  bosggemom  0Jdbgds
doboligdy®@o ygobyaol dobs, dggosdo yYx®gegdol 3GMEgbE0 dbodgbgermgbo 03 gdls
(Joan Garcia, 2005).

Tyeol 3gd3g@e@dydol @bggol sd3emo@yges oo gdom bogengdos, goweg dsgmolb.
Tgomlo@ggol aogobgol el asdmymzomo Lomdml oo Gomegbmds byals 4danols
Vyemol Jgges 96900l 25(308905L. m@asb0bdol Ggdd3g@s@dy@oloedo ©sdmowgdymgdsby
2080 9bols sbegbli B3gd3g®o@y@ol bolosmo: MobEsmMsbmdomo ob Jmyermwbgao.

bodmo®do,  ogmgdygm  BdmAgddo  hodo@yemo  d3gbsdggdo,  @mamai  (gbo,
33090056,  Bog®sd  2odmbobodmdgdms  Hmggdgb 3300390k (By@ombgdl).  dompsb
aobogbya by hggergocog 30050 ©9dS Yeom@ R oo, dog ™59, bobgg@ow
Vyod39bo09gomab  dgoo@gdom, ™mEbsg ©oag0sbgbom. sandosm, gl odosbomsbsiz  o@ol
©5353doMgdyao, Gmd [yomdi3odg saomgdo gobogbymol 3odgge ©®ggdbdo YBO™
LY@sgo0 mdgds. H9d3g@od®moll ogmgds 15°C Jagdmm bgyerl 9fymdl bogngowsb P
2odmyggobol Lohdo®ol dgdomgdsl, Mo dgodamgds soblbsl gbE®diEool dgbyl@gdom.
Sbm@AOl  godmygobsby sSlggg ogegbol osbpgbl Bgd3g@s@y@ygmo  gojdmeo (Herman,
R,1996).

hodwobomg  [ymgdol gofdgbwols dgbodamgdamds  gds@englio  [gomdi9bo®ggdom
ox39dbgdygmos  mgompyo{dgbol d9bgdodog 3OmEgLlgddbyg, o3 0bFgblbogoio®gdyaos
d3gbodgms dmJdggbom. Lodydomgdl bogydgms® ©ogom 33 gg0l @sdmMs@m®oyeo
dgmmo. 33930l dgogagdds aodmagmobgl, MmI Loyzgmgbom Ledfdgboo mgolgdgdo o3l
Aool @geo oL, bomem yggamsdyg 989]@nM0s LadgBodosbo aofdgbos dgdwgao Lgdom:
g dodo - @g®fsdo. sLgmo  3ganggzgdol Jgogagoo Godmmpss bmdogno. gl s@ols
hodwobomyg [gagdols go(dgbpols dogomomo  gdomanglo (yoed3gbo®ggdol aodmygbgdoom.
@> »dds 9bps, mommgym o3 d3gbodgl ozl mogolo wogdomo S YoMmYMBomo
dbomggoo.  dogogoms, @gandsdo  bgeols  gdaol  Fyaol  dybgddog  B0dm 39300
Vyomlo@dggdo, @o3 0§93l dob @odomdgdsl. gggmosbomgol bmdbogro @gdbs {doboogl
Tyomlodggl  m@yobogolasb, dopa®sd  sdobmob  s@®gggl  dolo  gobpdowols  dogsbll.
d9(3609®9b0  LoMmdgb  dmdgobmb  Ii3gbodyg  dobodsgoy@o ,,bs3enmgsbo”  dbodggdom,
Amdganoi JoJlodogr s 989JB YO 207396l hodwobs® [yamgdl. sbans 333 ggo@ms
Ibgoggemdol s®gdo sedmbbos sbogno mdbdogddo - Vyeol Lyddyaro (Eichhornia crassipes).
AOM30ggo  I3gbs@ols 53 Lobgmdsl ofgl Gogo 930@s@glmdgdo sy godmygbgdyen
d39600990mob  Jgodgdom. dodggan @oydo, godm®bos [dgbol Fyoel ¢xudm ©®@ds,
g0@g ULbgs 33gbodggdo. dgm@gE, oGs dbm@me 5@ sO®gggl  gobadomols dognsbll,
5M5dge >9dxmdglgdl 3oy Tgombs@ggol obgm dohggbgdagdl, @mam@oEss gobydswols
d0m@maoy®o dnbdodgds s gobadowol Jodoyg@o dmbdo®gds. dglody, Fymol Lyddyaols
73069 Lol godmygbgds dgodemgds dMg(ggemdals s Lmgeol dgy9@bgmdsdo (Shrader
Frechette, K. 1994).

5dgbgdygmo  koMd@gbosbo  dofgbo  Godwme  asdmoygbgds  hodwobotdy  Fyargdols
obodydoggdmo (303 Jodsd® 300mbogddo. hbpgds Ji3gbsdgms dg@bggol Loko@mgds
(3030 ©ga0mbgdolomgol.  Lobsdo®m  bmbgddo  [yomlodggol dmgero  dmbsbangmdbols
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‘dgdoeagbamdsdo  Fyamols d3gbodggdo  3b0dgbgermgob  dmbofoamgmdols owgdgb  {yamols
bo@olbol  2oloydxmdglgdese s ombopygbo. dg3bog@gdo  d39b65M990L  >x351igdgb
Lgbmbols Jobgogom ©s 0®dhgzgb (3030 Gguombgdolomgol Yu®m Jpydse I3gbsdggdl.
(3080 ge0dsGolo@do gggeoby os3Bodmgdgmmos di3gbostigms  Lobgmdgdo - @gedsdo ©s
obgmo. gl d3gbodggdo  Sbyyymoggdgh  hodwobod®  Fyargdl  goblbogro  m@ysbyeo
6030009®98980Loa56  40°C E@mbsg o g Jodbs s olbgndo  dgLTogenogn ogbs
Jobgdodo  Jodoygdo dmmbmgboangds, goblboano  m@ysbyemo bobdoMbdoo s  gobyge-
sy 9b0mo 3mAgbosao.

d3965M9900 gOMAsbgmdo 2oblbgogwgdosh goblibogo bogmog@mgdol godmygsbom s
Qgbgms  bmbsdo  ogobagol  dobgwgom.  I3gbosdgms  Lodogg  Lobgmool  godmdysgl
aoblbogno  m@ysbymo bogmogmgdgdo (03 30Mmbdgddo. ddgow Ipymds®gmdsdo, t=40°C
OOML,  mOxsbygmo  bogmog®gdgbol  aodmygebs  hodwobos®yg  [ymgdowsb  gadMm
06®gbLoygdse brgds, go®g Lalmgem-Lsdgy@bgm Lygbmbols ©sfygoolsl, @mis t=24°C.
Lobmgomgdoms LGOI Hs o6 ogangbl 3b0dgbgarmgsb (33eomgdgdl  bybmbowasb
Lgbmbodwy. 33gbodigms 3o g9y Lobgmdoms 3m3gmsios 360dgbgermgbo® danog@wgds
Loo@lgdm  go®gdml  dobgogom.  bogngdol  bobosmo  sbog®modymopsb 9@ mbyen

bgesdodygam  ggbsbmob  oigagds, aopswoli  sbog@mdyando, Fyamol  Jggos  g9bgddo
Jobgdowo ofydgds, bdodo @gandsdo bgaols 9Taols Fyamol 306 39@si30sdo, bogbyando
b9g300056 0Jdbgds Fyamol godmdodo gggbs, dgobodbgods gobgydowol 3mbi3gbd®siEools dows
Lboggwgmsdobm  @bggs Low®dol dobgogom. Fgd3g@Os@y@ol  3geromgds dbodgbgermgsb
2080 gbsls  obpgbls  di3gbodoll  dogd  m@asbyeo  bogmog@gdols  aodmygebsby.
®9339058 @0l 3geomgdolmsb  ghmo  0fygds  dogOmmmeasbobdgbols  sEe3Bodgds,
033 gos  33gbsdgms  boo@lsbgmds  (Kadlec, 1997). 3d3gbotigms  ggliggdo  Lgbmbols
2obdgermdsdo sbm®d09gdgb gobydowols F@sbL3M@RHMgosL.

bm09Om0  333eg3oM0 goMoYEmdl, MMd Fobydowols BOSbL3MOE0Mgds hodwobody
Tyemgdols 0(dgbols 3b0dgbgermgobo  3md3mbgbBos (dogogomsw, hoddgaan ©s  awgb,
1999). Ubgs d33e09350900 9o@ymagb o3 #oJdlb o doohbgggh, @md  gofdgbos oG
dgodengds 0gmb 989JB9®0 Lybmbydo 3gmomgdol s Bgd3gas@mol go®wbols aodm.

4oM0@9bosbo  dofgdol  33gbsdggdo, @mam@ i (3bmdognos,  sbm@zogengdgb
Jobaoool  A@sbL3m®E0Mgdsl,  @oms  dgobodhybmb  sbog@mdymo  bybodgs o
253m0§ 3006 godm@mdbogg®o bsg@mgdols wogebygs (Fext, My +, S-) @obmliggdmdo.
bea0gOmo d39bodg gobydowol BEASEL3MMEM oSl sbm®30gmgdl ggliggdbol bmbsdo ©s
odom byl 9Fymol dogdmdyge sjogmdsl (Reddy et al, 1989;. Bodelier 1996;. Armstrong,
1990), o gl bBeaxg® Dgoagbls gobadswol  90%-U, G®Igmoi dgeol LydbE®sd do
(Reddy et al, 1989).
3. RUL336o

aobbogygaos  @olobgdyan  saomgddo  Logmasibmg®gdm-bodgy@bgm  ggzomy@o
hodwobomy FTyemgdols 599bgd®ogo  do®dBgbosbo  gzmbolBgdgdom  Ggdbmermaoydo
3oVd9bwoll  opgdomo  Lobwgadpas®@gmygmo  asdmaEomgds. smbodbymos  sSbgmo
Lol gdgdol godmygbgdol 9839dBemds, 0o, bowsi Lomsbsm @@spoioygemo 8s3(dgbwo
Lbodygomgdgdols  ddgbgoermdol o  gJld@ygs@oool  @oMgdygemgds S0 MdM0g0
09X gBobomgols 309 gemdganos.
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d0KRMG3d

TIO3JPABJISIEM

HokTopa TexHuuecKux Hayk, npodeccopa, AkaaeMuka
bapbakanze Bnagumupa [llansoeuua c o6uneem — 75 neTuem.

Axanemuk bap6akanse B.111. — aBTOp KpynHeIX Hay4YHBIX paboT B 061acTH
CTPOMTENLHBIX HAYK, K KOTOPBIM OTHOCATCA CNEAYIOLUNE Ero paspaboTku:

- TEOpH# pacueTa i NPOSKTHPOBAHHSA CTPOMTENLHBIX KOHCTPYKIUMI B AedopMHUpyeMbix
Cpejiax ¢ y4eTOM YrIoBOTO BbIpe3a (CMellaHHbIH METO/ pacueTa MpUMeHUTENBHO K
3a/1a4aM pacueTa CTPOMTENbHBIX KOHCTPYKUHIE B AeOpMUPYEMBIX cpenax);

-~TEOpHA W NPAKTHKA MOIE/IMPOBaHHS XKeNe300eTOHHBIX W apMOTIOIUMEPOEeTOHHBIX
KOHCTPYKIIHIA;

-pa3BUTHE BOTIPOCOB ONTHMH3ALHH H UCCIEI0BAHUA CTPONTENIHBIX KOHCTPYKLIHiT Ha
MOJeNAX (CTaTHKA W JIHHAMHKA);

-HOBbIE KOHCTPYKLIMH W COOPYKEHHS TOPOACKOr0 M TPAHCIIOPTHOTO HA3HAYEHHS,
MO/ITBEPIKACHHBIE ABTOPCKMMH CBUAETENLCTBAMM Ha NPEJIMET W306PETeHMs U NaTeHTaMK;

-pa3BUTHE TEOPHH PACUETA CTPOUTENBHBIX KOHCTPYKLHI HA YIIPYrOM OCHOBaHHH;
~A0JITOBEYHOCTE H HAIGHKHOCTb CTPOUTENIBHX KOCTPYKUMH M COOPYIKEHMIA;
-MaTeMaTHYECKOe MOJeTHPOBaHHE (PHIMYECKHX ABIEHHI.

Ipodeccop Bapbakanze B.111. sBisieTcs akTHBHBIM Y4aCTHHUKOM ME3K 1y HAPOAHBIX
Hay4HbIX KOH(epeHunii. Ha meskaynapoanom Konrpecce no Mexanuke FPYHTOB M
thynnamenroctpoennio, 8 1981 rony B Crokronsme umen reHepaibHbIi foknan « Teopus u
NPaKTHKA M0 J3EeMHBIX COOPYIKEHH .

Ero Tpyabl H3BECTHBI BO MHOIHX CTpaHax MUpa.

Axanemuk bapbakanse B.LLL 6e11 Hazean noGeauTenem HECKOIbKHX MEN 1Y HAPOAHBIX
HomHauuii B 2008 r. u 2010r.

Ero ums BHeceHo B kHury 6uorpadmii yuensix CILA “Great Minds of the 21 Century™
u “International Biographical Centre” Cambridge, UK ¢ HarpacaeHuem aunioMamu u
megansio «Outstanding Intellectuals of the 21 Centuryy.

Hmenem Akanemuka bapbakanse B.1L nazsana 3Be3sa B cosesauu Bobiuoii
Mensenune (URSA Minor BA 14h 37m 21.63s. D74°40°0.90™).
Ero ocHosHoil nedTMOTHB - ['py3us — CEPANC H KHIHCHHBIA MyTh.

Penaxunonnsti Coser
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SUMMARIES

J. Gigineishvili, N. Intskirveli, G. Gedevanishvii, N. Kavtaradze MODERN WAYS TO THE
PREVENTION AND MINIMIZATION OF RISKS RELATED TO PLANNING AND DESIGN
SOLUTIONS ACTIVITY OF HISTORIC AND MONUMENTAL ARCHITECTURAL
MONUMENTS DANGEROUS AND DAMAGED BUILDINGS. Scientific-technical journal
“BUILDING” #3(42), 2016

There are alot of different purposes monumental architectural monuments in Georgia, most of which arein
need of urgent reinforcement, restoration, rehabilitation and restoration works. In recent years aso are
increased dangerous and damaged residential and public buildings. As causes of accidents are usually
named: changes in the under foundation soils caused by man-made processes, malfunctions in their
maintenance, improper operating conditions and so on. In this case, the dangerous building is considered as a
complex system, which has undergone deformation and destruction, in bearing elements are originate cracks,
often are damaged and actually degraded construction materials and other components in load bearing
structures.
In the paper is reveaed ways and means of restoration and rehabilitation of historica monuments, as well as
other building technical research, based on their mode of deformation and versatile analysis by modern
materials.
D. Gurgenidze, A. Chikovani. CONCRETE MODIFIED ON GYPSUM BINDERS. Scientific-technical
journal “BUILDING” #3(42), 2016
Is obtained the gypsumcement- pozzolanic binder that has great strength and high (80...90%) water
resistance. Also is developed composite gypsum binder with Portland cement, active mineral component,
and fluidifier additives. This binder up to 1.2 ... 1.5 timesis stronger than gypsumcement- pozzolanic binder
and is more water resistant.
A. Prangishvili, Z.Tsikhelashvili, N. Chkheidhe, Y. Kadaria, P. Giorgadze. Expected results from the
installation of floating structures waves mitigation coastal strip of the Black Sea. Scientific-technical
journal “BUILDING” #3(42), 2016

It is recommended the use of floating structures waves mitigation engineering hydraulic structure (related
complex), an innovative type of protection for the coastline of the Black Sea in order to ensure
environmental safety in areas where there is intensive destruction of the shoreline. The introduction of
innovations may also be marked in the projects of reconstruction and development of an open port.
L.KLIMIASHVILI, N.NEBIERIDZE. ON THE POSSIBILITY OF A SCHEMATIC DIAGRAM OF
THE MECHANICAL AND BIOLOGICAL WASTEWATER BIT OF WATER CITIES AND
SETTLEMENTS. Scientific-technical journal “BUILDING” #3(42), 2016.
Consider the possibility printsipiaalnaya scheme of mechanica and biological treatment of waste water bit of
cities and populated areas, based on the source of contamination and kontsentratsii.v complex mechanical
treatment facilities offered ispolzovanie biological treatment and secondary clarifier biofiltr together with a
disinfectant unit which harrakterizuetsya high efficiency (89%) and minimal energy consumption.
T. Kvitsani CHANGE OF GROUND SLOPE ULTIMATE MODE OF DEFORMATION IN
MINING OPERATION PROCESS. Scientific-technical journal “BUILDING” #3(42), 2016.
In the paper is considered solution of sopes stability at mining works by the method of maximum tension,
when the slope massive contains weakened surfaces K’<K and p'<p characteristics. For the solution of tasks
is determined the conditions of necessity that in ground contact weak points simultaneoudly will be satisfied
conditions of routine and actually limit special equilibrium. In addition q=f(K'r 'K,r,s) functional
relationship is determined analytically. For solution of task are determined boundary conditions and are
obtained dependencies that are valid not only for the limit tension condition of tense, but also for limit
equilibrium conditions.
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R. Imedadze, L. Beridze, T. Magradze MINIMAL ENVIRONMENTAL POLLUTION GARBAGE
BURNT STATIONS. Scientific-technical journal “BUILDING” #3(42), 2016

The article contains the abroad experience for solution of thisissue: in particular, is considered the principle
of such stations operation and construction. Is stated the relevance of these issues solution for our country, as
well as recommendations, also are mentioned performed in the garbage burnt stations technologica
processes and their constructive peculiarities.

D. Gurgenidze, L. Kakhiani, M. Suladze Reinforced concrete frame high-rise buildings and
earthquake engineering problemsin the. . Scientific-technical journal “BUILDING” #3(42), 2016

The article set out the projects and the construction of buildings in earthquake engineering problems, the
calculation methods for the improvement of research directions and tasks.

I.Kvaraia, A.Pirosmanishvili. The numerous possibilities of using modern scaffoldings. Scientific-
technical journal “BUILDING” #3(42), 2016

The article discusses the humerous possibilites of using modern metal scaffoldings during construction,
renovation and reconstruction works. Their strength and versatility greatly simplifies the reinforcement and
installation works.

Sh. Bakanidze, L. Zambakhidze, G. Shalitauri. ON ISSUE OF WINDOWS AND DOORS BLOCK
ATTACHMENT IN BUILDINGS FACADE WALLS. Scientific-technical journal “BUILDING”
#3(42), 2016

Is considered the issue of windows and doors blocks attachment in buildings fagade walls openings. Based
on numerical example is justified that at determining wind loading on them beside taking into account the
location , type and height of building is necessary to check fasteners not only on shear, but also on bending.
A. Nadiradze, A. Kankava. New Generation Concretes on the Basis of Fine-Grained Powder Mixes.
Scientific-technical journal “BUILDING” #3(42), 2016

The paper dwells on the development stages of the common building ceme4nt concretes, and in accordance
with these stages, the issues of the improving the compositions of these concretes. There are posed the
problems of possibilities of producing the new generation high-performance concretes on the basis of hyper-
plasticizers and active mineral additives. There are studied the possibilities of producing the high-
performance concretes with complex organic-mineral additives, and especialy the high-strength powder
concretes, as well as their technical properties. There are investigated the strengthening and strength-
improving mechanism for these concretes, as well as kinetics of the action of powder-accelerators in road-
metal concretes.

A. Akhvlediani, A. Gogoladze, G. Akhvlediani. TYPES OF WIND ENGINES. Scientific-technical
journal “BUILDING” #3(42), 2016

The wind power plants due increasing in their dimensions and towers height in high wind potential areas,
makes their nominal capacity utilization ratio up to 24-25%, while for 2018-2020 is expected to reach 28%
of its value ranges. Modern wind power plants reach high-efficiency in optimal conditions their multi-
aggregate arrangement (with taking into account wind direction and topography of the place).

L. Avalishvili, Z. Kavlelashvili, M. Tavadze, Kh. Gorjoladze. CALCULATION OF REINFORCED
CONCRETE FRAME STRUCTURE ON SEISMIC RESISTANCE BY TABLES. Scientific-technical
journal “BUILDING” #3(42), 2016

The paper presents a theoretical study of the seismic resistance of reinforced concrete frame by two degrees
of freedom dynamic design scheme. For computer calculation is used special engineering program "Lira’".
Are received dynamic parameters - oscillation periods T, and T,, dynamics coefficients 3, and 3, by varying
of geometric parameters of frame elements and possible really loads. Is carried out the factor analysis of key
dynamic parameter - period; are evaluated differentiated and quantitatively (percentage) the impact of acting
on period factors. The obtained in the form of tables result accelerate the calculation and simplify designer's
work, in which is reflected the practical value of this work.
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A.Khatelashvili. Network-Centric War (NWC). Scientific-technical journal “BUILDING” #3(42), 2016
Forms, ways and means for the conduction of military actions and operations are intensively developed in
the modern world along with the technological progress. Rapid development of technology caused the
necessity of joint usage of the air-space during the military operations.

T. Batsikadze, N. Murghulia, J. Nizharadze. Non-cylindrical composite membrane defor mation Issue.
Scientific-technical journal “BUILDING” #3(42), 2016

In the paper is considered two layer cylindrical shell, the outer layer of which obeys to Hooke's law, and the
inner layer of material can not resist the shear deformation. Therefore deformations nave non-stationary
nature. Based on the Ostogradski-Hamilton principle is obtained the basic smultaneous equations, for
solution of that is applied finite differences numerical integration method.

I. Maspindzelishvili, |I. Kadaria. DETERMINATION OF LOCATION OF POINT RELATED TO
GIVEN IN SPACE CONVEX POLYGON IF THE POINT AND POLYGON ARE LOCATED ON
ONE PLANE Scientific-technical journal “BUILDING” #3(42), 2016

Are determined conditions of location of point related to given in the space convex polygon. In particular,
what conditions would be met for point location on the polygonal area, or outside it, if point and polygon are
located on one plane. The proposed method would be used to solve practica problems in geodesy,
descriptive geometry and structural mechanics.

D. Jankarashvili, D. Tabatadze, K. lashvili, L. Korganashvili, L. Kristesashvili. Gamchimavi
centrifugal forces of the impact of the drive for a corner speed and intensity of the load, constant
thickness of the inner contour with Swivel drive freely based on the calculation. Scientific-technical
journal “BUILDING” #3(42), 2016

The bending of elastic ring, rigidly fixed disk in the field of centrifugal forces is reduced to solution of
having two variable coefficients differentia equation. Instead these two differential equations are solved
their equivalent Voltaire type integral equation, by numerical methods, proposed by Sh. Mikeladze.

D. Bakradze, T. Amkoladze. CENTRIFUGE METHOD OF CONCRETE CURING. Scientific-
technical journal “BUILDING” #3(42), 2016

The method of concrete molding and centrifugation is used in arational and efficient form of tubular piles,
power lines and lighting posts as well as in other structures. Centrifugal molding of pipes and and tubular
structures are performing in centrifugal machinesin which a cylindrical mold with a concrete mixture rotates
with required speed.

As basic quality indicator of the new concrete casing is considered the quality of binder which is numerically
equal to the hardened concrete mixture with concrete "theoretical" density.

L. Klimiashvili, D. Gurgenidze, A. Chikovani. Concrete technical standards in accordance with
European codes. Scientific-technical journal “BUILDING” #3(42), 2016

In the article is stated a list of basic normative documents that are used in our country and European
countries for concrete quality control.

T. Papuashvili, V. Jgamaia, M. Sulamanidze. RHEOLOGICAL PROPERTIES OF RUBBER-
BITUMEN AND POLIMER BITUMEN. Scientific-technical journal “BUILDING” #3(42), 2016

In the present paper is considered a new method, due that is possible to defined bitumen-mineral mixture asa
complex binder rheological properties - in particular, the shear strength and its dependence on temperaturein
the range of -36°C up to +180°C; damping ability; temperature of softening start, yielding and hardening;
binder work capacity and its plasticity interval. The presented method is used to relative assessment of the
quality in polymer-bitumen binders: MBB-40, alpabit -60, apabit -90 and rubber-bitumen binders - BUTP3K
and SRMB. At the same time is studied the modification of mentioned materials according to their thermal
and frozen resistance, is carried out quantitative assessment.

D. Giorgobiani, V. Sokhadze. ANALYSIS OF THICK-WALLED CYLINDER CALCULATION AT
COMBINED DEFORMATION CONDITIONS. Scientific-technical journal “BUILDING” #3(42),
2016

In the paper is considered hollow circular cross-section thick-walled cylinder that is made from non-
compressive isotropic materia. It withstand uniaxial tension along the cylinder axis, longitudinal shift, which
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is depend only on the distance up to the axis of cylinder, torsion, at which the torque angle is proportional to
the distance of the one surface of cylinder prior deformation. By obtained expressions is possible to carry out
analysis of thick-walled cylinders in the case of combined deformation.

M. Javakhishvili, J. Samkharadze. POSSIBILITIES TO ACHIEVE DESIRED ACOUSTICS AND
SOUND QUALITY HIGH INSULATION CAPACITY. Scientific-technical journal “BUILDING”
#3(42), 2016

In this paper is considered the negative aspects of impact of noise on human and are assesses the possibilities
to create an acoustics and sound insulation high capacity.

I. Kvaraia. Technological solution of high openings arrangement on the circuit surface of reinforced
concrete. Scientific-technical journal “BUILDING” #3(42), 2016

The article discusses technological process of high openings arrangment on the circuit surface of

reinforced concrete, which can be successfully used in other similar works.

T. Kvitsani ANALYSISOF ROCKS SLOPE STABILITY BY METHOD OF MAXIMUM TENSION.
Scientific-technical journal “BUILDING” #3(42), 2016

In the paper is considered the theory of plane problems of loose environment ultimate tension. Is applied the
stressed state of elasticity theory for arbitrary linear deformable bodies of partial differential equations of
equilibrium. Are obtained along the dliding curve for ordinary simultaneous differential equations and
algebraic finite difference simultaneous equations that gives the possibility to determine the approximate
values of the unknown, aswell as areas of settling and buckling of minimum and maximum stressed state.
0.G. Khazaradze, F.G. Verulashvili, V.Sh. Turashvili. BEAMS CLOSED SECTION. Scientific-
technical journal “BUILDING” #3(42), 2016

In the work are considered the application of metal closed section composite beams. Closed, in particular,
box, cross-sections are applied at necessity of increasing the stiffness of beams in the transverse direction.
Higher load bearing ability of closed section at the work on bend in the two plane as well as at torsion.

Sh. Bakanidze, L. Zambakhidze, G. Shalitauri. STABILITY OF SLOPES COMPOUND FROM
ROCK AND HALF-ROCKS FORMATION LAYERS. Scientific-technical journal “BUILDING”
#3(42), 2016

The article analyzes issue of stahility of slopes compound from Rock and half-rocks formation layers. On the
basis of numerical calculation is determined that a coincide of slope and rock layers stability of dope will
not be provided.

A. Akhvlediani, A. Gogoladze, G. Akhvlediani. APPLICATION OF AUTOREGRESSION MODEL
AND INTEGRATED SLIDING AVERAGE FOR SHORT-TERM FORECASTING OF RIVER
FLOW. Scientific-technical journal “BUILDING” #3(42), 2016

The behavior of many empirical time series is like as they did not have a fixed average value. No even at
thisthey are as uniform in the sense that if you do not take into account the local level, or perhaps local level
and trend, any part of the time series in its behavior in many ways is like to any other part. Models,
describing such a uniform non-stationary behavior would be obtained by assuming that some suitable
difference of the process is stationary. Let’s consider the properties of most important class of models in that
the d difference is the stationary APCC mixed process These models are called as processes of
autoregression- the integrated dliding average (APIMCC). Stochastic observation series over the average
sample flow of the river for some rivers would be attributed to such processes. Model of autoregression and
integrated slidinging average (APINCC) was proposed by American scientists Box and Jenkinsin 1976 (1) as
one of the assessment methods for unknown parameters and time series forecasting.

A.Khatelashvili. Project of Military Satellite System. Scientific-technical journal “BUILDING” #3(42),
2016

Current project of defense satellite system includes four directions. Protected, wideband, wideband
broadcasting and narrowband. The fifth direction that also contains commercial SATCOMOM system is
integrated with MILSATCOM (Defense Satellite System) services aswell.
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G. Nozadze. Two pillars freely drawn from experimental research chip carvin. Scientific-technical
journal “BUILDING” #3(42), 2016

Sectional area of the composite structures for use in the construction industry is very high. They are very
important for the calculation of the load for the operation of the creep deformation. In theory, al combine
these values a component of a homogeneous element at any time and experiments to prove these calculations
justice. Saeksperimentod We made 2 meter long reinforced concrete beams tesebri carving; Ankle rib made
BB20 class, while on the shelf - BB15 class concrete. The experiment aimed to verify the accuracy of the
theoretical calculations.

T. Makharashvili, G. Khoferia. foreign experience of reconstruction of large residential areas of the
Soviet period. Scientific-technical journal “BUILDING” #3(42), 2016

this article discusses interesting examples of the architectural planning problems caused by the apartment
arrays built during 1950-1970 in the Soviet Union and its neighboring countries.

using this experience a method of reconstructing and rehabilitating similar apartment arrays in Georgia can
be created.

M. Begiashvili, N. Mumladze, T. Shubitidzee PERIMETER OF ORTHOCENTRIC TRIANGLE.
Scientific-technical journal “BUILDING” #3(42), 2016

In the article is considered property of orthocentric triangle: perimeter of inscribed in ABC acute triangle
orthocentric triangle is the smallest in comparison with perimeter of arbitrary inscribed in it triangle. The
paper presents the graphical interpretation of geometric transformations (symmetry). Transformation by axial
symmetry of ABC triangle and inscribed in it orthocentric triangle, as well as inscribed in the same acute
triangle confirms this property without proving geometric formulation. Related with orthocentric triangle
perimeter issue in the geometry is considered with theorem proving.

T. makharasashvili, G. kheladze. Thilis parks and recreational landscapes formation during XIX-XX
centuries (Soviet and postsoviet periods). Scientific-technical journal “BUILDING” #3(42), 2016

The arcicle covers retrospective development of parks and recreational culture in Thilisi during X1X-XX
centuries, their differentiation and problems derived through these years. The article covers both. Soviet and
post soviet periods and retrospective analysis of the formation of Thilisi recfeational territories.
L.Klimiashvili, N.Nebieridze. About foreign experience wastewater natural wetland ecosystems.
Scientific-technical journal “BUILDING” #3(42), 2016

We consider the positive experience of technological purification of bit-fecal wastewater populated areas to
natural wetland ecosystems. It noted the effectiveness of such systems, where local byudzhetom building and
operation of conventional treatment plants.
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