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BOMMdw@dzj § ¢ J slsj n dats dz® dz@ ugg ) C O ts Is Epffity Bfig Hf3C
&zOIls! Bt Odzdzr 2 or BBt © Hdzl Lk Isjn
cd?.

sdzj Hzj s tslsd3j Isd 20 te v gHR] didistddyg]talizfo j © dzdzts
W odzgdavj tsls j n detsdzts e d y vfigSdaw ) Is iy i € jsddgf dzj ¢ fdats 2
LOHOYJ 2. O zOdzd L f tetse j HOjlsdede d&f - dzQ@fldnAtfiatxiz HA
syjdeCj bjrddyjmMitsets MMmisswdadw h ORIsdg -
HgMMJj telsOyd cdzdztE B C O OBsIs™ Yls ts ftod f-tets G
Hi W tsted3d tetso O dzdztindity H g3 figls tcOdifdipds ®) s s P ala)lis o § d
HOyYkz M WOQjslsmudnedtsdsts dzdy Ctwjfd S tdsH
BOMMmde O

l tjSdhstczdtckzj &3" = o jtelsdSC Odzt dzr = Ml
Colsekdz M] & ¢ V € 0Olsj ¢ tstc o figigztizoimstts??) Yt tésc
sjted EfMmMlss2ydetsmisd wodw jlsmw or 9 OdzstsB 6!
Cifid, Ytsilstsdz o Omd Y Jj A ROMBEEHE] OB
sB shdzts o Odigiatzjj dzdf dedls j =~ dzd ud MSdr d I T dizs dzt
Yyos h do dzOfmisky dzj dzgdj OS S ftejHjdz dgr &
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Isd s8] CoddyimMEEs kO ¢l o dsadsk -y
s dOddazy" s B tOL ©d BB HO Is effgwgHj Ssdgis
o Oddd dff ted d3d dzd dzedJ A3 Mo tej d3d dedz’ ~ Y b G 15O tiEC
Hjdw jlsfvw dgj MStsd C$t5 fsHOBHEBY € B ddt
L HOdggMyd Isdzts 20 " fipasitaly’ dBts H jodisfL dftssjtaligsiyis ' f tej
BOMMdea O o odHj MY dzsh dzs? s dEA] dedpth)ff lcqg IsidaA
LSS, ofLHj2Misod2, SHEBd D ndRfyewy >y jOdfEs o d
MCsets dBsH,j dzdetse Odzdw sy j IsH bBsrhisj' 2 -fif Bzt &
(tedfml). 4.1

BepH{HKaIHa MoIeTH
pacHeTHOH —> —> ] —> ’
CXEMEL MOJIeIH BO3MOMKHO CPABHEHHe ¢ TPAHITTHBIX
AHATHTHIeCKHMH yCIOBHH
peIIeHHAMH)
‘J’ KammbdpoBka MozeTH:
T'eHepanna Pe3WIETaThl CPABHHBAKOTCA
xoeuHo- | (| ¢ mocTymHemi Harypebnr | | HiHTeprpeTarms
JTeMeHTHOI JAHHBIMH, IapaMeTpEL Pe3yIETaToBR
CeTEH MOJIeTH KOppeKTHPYIOTCA
IpH HeOOXOTHMOCTH

t Mz dzd€) B8fdzj His9 Olsj dz' desMils! dBOIsj BOIsd y
GjBljrdsdztedyj MEts?2 Mmdmisj d3"

Cyjlbsds tejLizdz sOlstse fftctso jH | dgdegsG s 9

L O, Hdzw toj " jdedWw f sMlsOodzj dadets?2 L OH Oyd
ftosmistcOdzmise j dadets? f sMlsOdesoa € j, O Hdzw M
dz@ Mo tcj d3gj dedz” | { tots Plax@ogddidgs FEANXZY dzj ¢ fiyr
ltedd3j dzj dzd i H Odzder & OC gl tzj YA MsC 2
Misd 5L o Sfdwygels) Misd dzp & ey e @'JSH fdg © d d3 s dgldzts
o Otlgfilz® tOMyily Mitedd oOttdOdzstse Ctcj f dzj
B siesh) LOMMEEtE ] Bzdiptldsd fis ) BY sMmis Odzse G d -
Isr 8 O8,h jQOC { totsf)shigOedndsl® @ Cdzday 6 © dzd W dzd j  dz
sjrdsdasedyd MSdr d otcj d3jdzdzg’r » WOCItstotso .
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42f1 Jurv JIorrr Vot efurotvdhcfrrovUImeSos

4211 " Bste kftokasq &zOfmls d yijisdskls j dts jiodsd
MCOd d & ftesH

vy drbkyjdedy LOCtdsdjtedshls,j 2 ndinkj d
B'o HdMM] lsOYydsdedesds dMmMmdzj Hse Odzdd d MY &
f stetsH g isdedz®s.) t§ O, |

) jtoodf®H j dzr fteddsj dzv j s Hd&w EZYyOfmisS tse
Mlsso jtodz" j] HOdzdzr | 5 tSftejHjdzjdzd® OO
dse s BOMMdo O (dzgj fHtesotsHddsmh! ¢ Jjtodatso ts)]

{Bhjfteddzils’ &3 BOIsj B3O dsdjusiteiiCdd dff e vpdhanls
[ st dzv j Isfqw o tc Oy j dzd §
=" +5 3t (4.2.11)
GHftojHjdz ftesydesmisd! @stetsH’ dzO Mmtsj L,
a1 fmyg § dzf vz@y ,
017 deste 3O dz! detsy dgOf tow y j dzd 4§ , Hj2Mlsekzs h
[10O;
Lizesdz odgzlstej dzdzj 65 Istej dzgdV, GOH.
J fteOCIdyuiMédr cjtd3j mnO0ddyj MSdnr O
o' Oy jded] M dMicdz LsoOdedj d3 6 dzOoe dz' 7 daC
2Ccosf + (§ +,9sin f2(, S+ (4.21.2)
RLO™ tcOY j4Y f(sdzR@@gsted?2 EMmists2 ydoe smls
fmdzj H &z ¥ohdjHEAs

_2Ccos + (§ + ;9)sin
(51' '%)

1 2Oy Kaedly " OtcOCIsjtedL z¥ s tsB dZzOMIsd oL C
"stcdzdteso Odzf v f f BEisd i MEdr tOMYJj sOr
sBtcOL dzts dzOL dBRYOAs' tcOo dz' o

Vitczestf dzOMisdyj MS-DOEOazd j tzd e sty € @ tod
GBI nOdzdyd MSdr tOMyJjlstse dzgj zOtclzh j dadz" -

93

K

m

(4213)



(ted 811 .4) vVyjd MccewOLds JdhNfsd Lo Ols!
Me 2 MdnEddsdrt ¢&d

3
g

Mpo4HoCcThE
TpewMHoBaToro
CKanbHOro MaccHea

O3

0) B)

t Mz d2d Qi sAtcd s j ted?2 ¢ totsiyddsOisdtO:mtsj $ O
OMeOW dCd dL Bjdej dedv ftetsydesfylsd; B) §59]

[ dzssf toj H J dgjtsdzd'w) diiizi] ¢t tod W-1 B s dz! L k28
Ud sr ey dzOyOdz! dzf = OO IstcO:

Uit f tosydetsfls! dz0@ tHdtstshdsj My Olsdj;

midzdstsdaztedy MSd2 Isdf ctokzdstsoe;

GSlidqdzhn j € 6 jBbdztcedyd MEts?2 f(tsydtsmisd,
Mde ©, dzOfted dsj te, dzj dzOtelzh j dzdz’ 2, B dzsyds :
hijdgs MdzkyoyJ ®ls 0 Hts 100) ;

Di¥OSCIsste Isjndetscj dedets?2 dzOtelzh j dzdzts s d
KOMmMmde @ dtsteds™ (g 30 da s .

stedlsjted?2 o ftsyjmMmj Motjcet twOLodIsc
CoOyd?2, MmMtotcj dzgj dedets] or Oy jdzdj HAzW jGE B

a — O, (4.2.14)

GHShdss31 G dzOo dz" | @Y itdvioiypddiyils ! dz0 s mnglas ts My «
dai Stedlsjtedd cPEHDOOHEY §ssH', Csltter j
Hizs hdR kZtOo daj dzd 2 :

& 6 QoHh— (42.15)

[ QoRr— (42.16)
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w - -Q | Q o (42.1.7)

0O 00w p - —pTmm . (42.1.8)

) Ot Odsjols S e Is j tod GOMtzP S Gy sdzdzv j s tesd
ZOtekzh j dedesfylsd dBOMMde © d Mmdedy jdedw @ ts
sBtcOL Y.

AdLdud S 2 Md3r fmde difts iflsesdeCamigdzts 6 5 dzd
sdf O ftstsH Mistsisdatsh jdzdj Htej Hi dZO fifeBladig
ftejHjdkz ftsydshisd &O toOMmlswyjddj dj dC
fj dedzts? 96 OB Bl ks HdOf OL 5 @I izE QP dzy 3
=0, 5 4240)f.

SOYHM2 dL ®fdmOdsdz = o7 hj Ylnlm, &F,n o
D) stsy j dsygddsde dz0 Ghmdesej § &OMMdW ds Oy
MEj-£EBOE®RO o LOsdMddsmisd s Ccdsts]lsd
Mk dA203ftcdo jHj &zO S ZOMMdW S Ooydw fMsiks st
sso HdzW BftejHJdjddYy dqdH]jGSHO ¢ Jj sdztsecdyd

]

aﬂ.:

\

A
I\

o

\

0437 70 40 0l ;0 OGS g

it d Mz d2d4.271 14tc j H j dz' dL d3j dzj dzd v O s€ Obp @ I g dzts
sl§dH j SO cjtsasedyuj MSs?2 §tesyc

0.5
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{ d ME4248i s ZOMMd% S Oydy flstekSskzer &OMM(
SftejHjdjddY ddHjSmMo ¢jsdsedyj e
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1 &2Oyd dedw € ts4 dydj dzls O Isj n dzetsly (Petmizts 2
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v OB dzd4g.A1 T | dzOyJ dzd v CsLl WWdydd dzlsO  Isj - dz
RO MM o O

Onucanue

D=0 Xopolwee Ka4ecTso nopoa. MMHMMaNAEHBIE HAPYLLIEHWA, MEXaHWYeCKHI cnocob
MPOXOAKH BblpaboToK

D=0,5 | Cayyau, KOraa ropHoe paBAeHHME NPUBOAMT K HAPYLLUEHHMIO NPHUKOHTYPHOIO MaccHea,
a TaKxe obpylweHWAM MaccHMBa BMEeLLALWEero BblpaboTky. BypoB3pbiBHOM cnocod
MpOXOAKH BblpaboTok

D=10,8 | BoipaboTka, NPOAAEHHEA C NPUMeHeHWeM OypoB3pLIBHOMO cnocoba NpoX0oAKH,
KOTOPbIA NPUBOAMT K HaPYLUEHWID NPHMKOHTYPHOIO MaccHEa Ha raybuHy Ao 2—3 m

RLOJMIsdz § {1 Bfdtedud mMédd L OoadMmdBBtsmlsc
hj dedesisd BOMMdea O dzO Jjets HJ WBStd3Oyd sdac
tc d #2.1.4.

0.9 + oCoon and Merritt (1970)
| » Bieniawski (1978)

0.8 a
|+ Ebisu etal. (1992) o
074 o 4
E_] | Em/Er = 100.0186RQD-1.91 A oa Ok
0.6 4 (Zhang and Einstein 2004)~8 ° 4
| A
05 | Ew/E=00231RQD-132 ¢

(Coon and merritt 1970)

| E/E =0.0231RQD - 1.32
03 4 (Gardner 1987) X

02 1 E/E=015

0 10 20 30 40 50 60 70 80 90 100
RQD (%)

{ dMz42d@T C B dedud MEdd L OadMmMddsmisd,
ZOtkzh j dzdzsis d PG B0y O dzgec 5 BABOC s j

422 ftcj Hj depUg@ gz’ detscts f sdzv  dzOf tew x j dzd 2

v ddelsj oo Oetse Motsdse, cEHj Gkl
ROY v i Waffdzd BOEBMA s Oy d tsdzdzOW BisH j 22 ©O
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dzd2, CoRBftsdzg dzlsr Clststets?2 tsfftcjH] dzve lsw
(=0 H = (=00 H (4.2.2.])
G H joi Mtej Hixad R dz'odpefi® todz@ dzj ¢ Asstddzh2d
HicdzEB ddzO L Odzj e OdedVw twWOMyYd sdesegts 2z yOo
2Ot WWdydj dzs B tsotsets tcOMf stcO® f tStot
[dzv s dMOddY ftodiosHdsEts dzOf oWy j dzdat
oo B MsstosyHjdd? GtodzjLrdr =« dMEtsf O d3r
HJ 2 Migdnd s dz! LS kssteldely “dzW ju d@sedgdsidf d3tffridsizig 4 § fpde] to d
B4 dals COHzEzR] Is d Ud M & dzeZ0 dfdz@ IS 5B 16/ frirflssetasts ¥ dg )
dzd [98,99:

Stm =2,88" " H*" ° s (42.2.2
Shmin =(O’ 60+0’ 70)‘%max ° é’ (4.2.2.3
5,° & ° (4.2.2.9

GHU, Hmkk nmibll 8 j telsd € Odzt dzr § , BOSC Md B3Odz' dz" |
IsOdz! dzr § 20 tew y j ded W ;

2 St WWdydjdzs BsCtsotsets HOoadzj dgdw, dL

3TCs1 WWdydjdzls 1 2OMMsdzO ff sStetsH ;

9 1 1 3 dtedyj M<d?2 Cest WWdydj dzls, zydls
ftosydesmisdz | Mots2Mlso O ctedeg" » ff StotsSH.

4230 ke stedlsd3 ©€OL €OBBISSd KOlj BOIsd ) M

[ v dzOdBtdj j boydkscts byjlko Isja dsdt
nOddud MSdr ftesyj Mmpedzd "te* O didly iy O figfrkdfipvd | ¢
fMw Mmdtdd MSOHd2d = tOMudbise Oid § dzdgdsd df
fts MdzjHEE N j Bk Odzestedls i3z :

1] jskjsiedui M) &sHj dtess Otz®j tDB Of
o O loMwkBPE | 1:14 Hedk®sduyj MSky W stk
L S dz' dz ° 6EEEWdpjt0dzd y' BsHj dzd o' Bt Odz
f ted dey d {f 45 3 de@OfibE, dz® Y Os " d 3 dzj ¢ Olsd o dzsj o dzd
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od?2 d&O EyoOmls¢d d&sH  dzd, GHJ 90 dzO0 Isk
z0Oe HdMSilsdL bdsd dzPptcg dey b dztf s ¢ 5 dzls g O -
Hdzw Ctdgj ydgr = {1 dzj d&3j delstse st Bddzc so 52 € toj

2.l T BBste Isdf tse ¢ t5dzjsudidrts-dzdz0OdzSdegjjdflsfts ofls o
O 2 fYtesHdzr 2 BOMMdoe dzO dftdeHsjidsdctOBindsds j
dL s Otc O d3f AStagdzy j P J 4 dzy d3il3geldzdzts 2 W st d3” .
Ctejf! dBsHjdZdJteseo OdzOM! M  s.di3gsh ' 8 Mmistej ) C

3. 0HOdzd ] CctOdedyde m EMmdzse d 2 fc O dzpq dziz
z ) dzsdyte v jfdipdH Mis O dzv 8 Isfw 56 teOded yj ded W tsdzts te
BsCtsor ds d dzdydzj?2 ctoOdz"d3 (fdzj h jdedw o
rdzv kEyjboO o©]jMO eteder =  StesH BOMMde O
@. LYJIls oadzdwdedw otsHBdsMmde » etedL tsdzlsts
sfizh j Mise dzw dzmw fteddztsy jdedj 3 & Stejfd Ml
sdud MSEsetl wo PEHWBEIstc] dag§ ] dgtiz'Hd dzd dzv f &
EyoOmlsCtse dzj ls LI G3dBRisiise j k&R Hddastindsfd j t
sOyddedz" = d Isj € Istsded W) fipStedChdzd dg@tf- to Weyts dalisdCRe
dz" = fastefcmdzdrfdetiiovd j M J MsStsets Myj f dzj ded v

4anBtedzdtotso Odzdj MISOHd?2 tOmyjbBhYy wLPre
MisOHdwY t©OMyjlO, ftoj HMIisOo 2 5 IzOW Is dAiirins Azt
mMdoe ©. | Cdzt YO Is 'S tsaldis jn Is o d@thFpinEed@ O dzd y dz' J
odw (LOHjAEZCO), MmMtsBMmilse j dadeds Q@ dzo @ gy W tsid
Mlso sdZPOHOjIsMwY iy dd3 tBdlzdzj dedw o jtelsd ¢
tcOMmMyj sO0 dOyodz! dzs?2 MlsOHdd, kOC € 0OC tsda
Yy Medr| BORtEZHES N jd3 Lt IsOf j o ¢Cdzs yoOs Isfiypw 4
MlsoesdzO M MmEh j Mmis Ol hjj 3sHY i s40.0 def 2tc jif-tc ts
Codemistegl8 ey df©. 1 tod twWOMMdItsistej didndz M fi dnfisle jzc
how CQitjjfid dzls ] ctod tetse Odzdzr 2 { tstsdsd jdalz 2 dzdizOdy
Csotc? RAjfjdgj HEZs P dr hOEOR t©LOMYjlsO disH
Cejf S ZOHC O LO&B,) § s sdzdzf b j dz' dzs Bk yd
s stedz" § 4 dz] dgPdels i3OIsj BOIsd yi MESEets BBSHJ d&z
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Yd O ftej HMisOBAz] di = dxjQeddd. 2 4". @6 § tsL o t5dzW
Hjdz2 M L OGspicdy dap@fls sd3 Mlso sdzO ftotslsw
[ 2 EZyoOmlsCseo M B lstsdzdzs?2 Ctoj ' 8 wWOMYJ IS
LO dmSCdzs yjdzedj a3 + sOf 10048 o j H j dzadwW Is® B d C

v OB dzg2y3 T 1 d&zOdz Tls OH d 2 disjelsts danGfiplg jdlsc@® j di3s &
fMils e ts dzO

1 Oyo

@B pow | wil | w2 |ukaé| wis7 | uis8 | w9 é | uls30 | ulsd2 | ulsal

[ € & ds]

flse sdzy 1 ¢ &
BOMmMmd
:jztg;sg%i Jreg 1 Sad
.
h j -
Ctoj ff !
dbdeC jteg | ¢ 1 ¢z ] € dz.
s ster
1 O- tSH ]l € dz
sspqag |7 S ICaz| Jcz| JCez| 1 caa|)cd
oats?2 G
106§t |rcg 1edf jogr| 10 jcam|1can|lcdn
BJIstsdz 4é 6 é
lteOdd] I ¢
dzr j Iz
g tsB Mis ¢
dzr 2 o It
1 5dzj
Zof ewy 1 Cd
dzd 2

lteddsj yodedj. | kOBddy' GBSGL GOY) d :
ISP Sz yO j 5 j cbffr Cdaj yde & ! dzj &B3j delstso ,
17 Cidzr C dzs YOk fijstslse jlsisakzsh j2 MisOHdd ©OMUjkO cwkffr ¢

1l dzj " dzd 2€ tsaaj-aydzsdzj dzls dzr - lsdgtdsHdgCdzj 2td CRio tc O B
i tots G tc O dzdzdzts dMidassBA MJdC Mjtcd d3j 6 o dL zOdzdL O
cOMmMyYj O f tcd 9428]. dz' ZzO0 tod fiy.
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| dzj dsgsteals jsdrj A f
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t dMz42s8Ai 1 ted d3jntstc iz Is Iz tc dz’

W e0e di3j dels a3t H jndzd ol @iy s ddn lska O 8 Q dstislsis

0)

Is &

G)

Ctojflee mddzee d bkeBddesotsets S dz! yts,

BB HJ dzd

424] jedW dcOyqw

f ts dzdzj dzOC tf dzjlsd -d

r

9

BB H J dzd

ljedWdsoydw

dets dzj o34 dzls dz

GG H JOHgOXzd ds d 1 P Etiph 3t i) fisER s Is

]
]
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] gedf ZsMC S22 L OHOY] S tsdzls QSdalssicis ot SRy
dzts fiy dzts 2 WzB R 1 ff dzts 2 dzto2) telstg Ci0dr ks OB OB o & Ed O
f sdzdz’ & dzO tots o jtedzdis® . f sfyls Odzts o €
ANcOG d3d dzls yd mdzj dzdzts2 BtsH MIDAS, o O tct®@®@aF
frd 8O YuQdgQdedidzr toj M jdeds 424 o jHJ dzr 2O

2

weaa

B )
Q)
{ d Mz42=i A tcOc &) dzls yd mdzj dzdes 2 BsH j dzd  ( O)
A j BQAT f(jBe)e I 2C P s s to 5 X tefj )R

tdLzdzf ®@BOUzdzj dz! dz'f dc j ta Dfis ©p lslag A 2.4.8 IsOB d

v OB d#24AIt JLEd sOIsT M@ dzflsgaz G Ffd " O

r O OL sdz dt
& dzqf f Otc O3] Istcts
[fdmodadj | ® 20 [snpq Avid@doojd 1sct]
L OHOYd l rJOdBi| . fOO®R) ISte| dzfyls %
tc Oy HiWBted3
fmils o tsdz (BB,
1. 2z Onlsdz ¥H dptis 9 6,0;7,0; 1,0;100; |[1. t OHJOdz' dgr 2,85
tesHdEdR @3OMMde 8,0 50,0 dzOff tew  § dzd W 9
s [ aOdzd Is
BJESU&MdZBBngst,q Zdohzisd;;dg(?dzl dz'| 2,82
C d&z i ygqoa Jev
CMTOB25 FINT
3. {OHJOd dz§ 3,43
ded i Blsdesdlsj
COodz dats? tsfd
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O OL sdz d1L
s dzq f OteOdj st
(o qmode | & [ snpd AMiddo0)d )56k
L OH Oyd 2 O f)y j r d 0dzd - f OO st defgls %
W fispsd 4 ¥ BEH
f StetsH,
2. vt B (J dpdsHzdzO W 9 6,0;7,0; 1,0; 10,0; 1. tOHdOMd d 843
o BHMGSESEH ds & 8,0 50,0 dZdv o Cwjifd
BOoMmmde .
1 wdzs?2. uveBddg 2. 1 Btod df 9,7
dets? My ddzSd 60 ydodz dz j dzOf
4 ¥30. Cteifd
2 wdzts?2. 1 ] Ilstsdz
B3dz, BdrGMsREO | 3. { OHdOdz' dztg 9,92
] Shdshdlsj
COdr dgs? ts5Md

¢ dzO dfdQtec d dz! dz' n

YJ Istso

Clss ftsHIse JyHOJIs

dzj. 2

425) OOdij ster

I coyjfmisej
Bjlstsdz § dzOlidns.o

1 o d

#4163. 13330

. 2018

GOl j td Odzts o

ts ) dzts 0 dRtOSHe j & @ & t5d BdETs SHia@

t O fi) Y jUSHES dztyf dgj§ dddz @ zs O s ts
fts ktojd McOodzdo O) dgi B € PEOWP.skEO
Cstete ] § Is datsdigls e3j dplOdzted B
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