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6Cd5. aCOE. aqmdo0l6{); J6Fl€3Ct C060 t,rl.qDEBDS,)

trDDStbCrlama0cT0l ASO6DaCaOb bDACSOOqJOOCTI
dD6UbJq36(nbmCaOb tSDqO%0

0,:ory0o$o776o 0ogXgot623ot ?Xongoo 6t6b-
o4.Zg.or dqoXt6o g,t drpt2 dgogho tt6d6ol

6169X6o toog$efie,Joget 6jot6o323ot lt,:jX6$o-

g.l,Oollt tot$20X3$2 0ron Sogtgbot qog6o0ol
J2t6oogot gog6X6oL 3ot6oa. AotgXgXdo 8gtt67gX-

lg43o,t 66dogo botg7ilobooqot !|qgVt6o jX6$o-
go$eft7Lot go0aryX6Xlo@ 4'.t 6obgj6og 6o6ogo

6o0feryo togn6$ogo6oor tot$XSotntgot, 6efl-
g.CSoA tgoJgot6X37goo tllu6orynger&o. fl-q1pe-
Ita bo6dt6ot gn0J26o$7t6o ogggXEetq,t
300-l000C-ot, bogo bofiihot to0dgogt62 30-tl0
06gg-ot got66gX'63o. -l0000C g28Jn6t$7t6ot2,
6lbXjt6oq 6o6o6o 6o0faryo tq26gog,t6oet tot$nilo-
tooryoi Sergogtot gog6eflot Jnt6ootgo o66gXlo
0,5-2,5 forot g*66gXl8o E$il6tot bo0dgqt6olt

ilobXgjoot. qoobgerytroot o0oj2 to4,o4'otoo t46o8-

679o Jnt6oergo g6dogo tot$nilobooryots1. to6o6-

A7b bo$Vo6o23ot 0t6oryot oryogbott6oloa o66-

Xt6ao tobgXilo oG brtoootgXlo 7gnil$7t4oloot
dgo26o go dogtX dgoXho Eo6ilt6ot EXSorbgngl-

3o. $ ry6ert to3oryEgoto gt o6gt4ot$t6Vil$96-

of 6rgol6En6ot X6a-26on dot6oaogo 6too 6go-
6olob e$Xt6r$o7go ql,g"l,g,r 06ot6X to66dob fler

dqgXoryltry 0ei6ogo tqgqt6Xloot $ 0t6qto
Setf gc'JogorlX}oor, 6efigX6o6 82lg268X326 oE

tt4Ago* rq,r,t7orf goiftogVho o&Atroluo go }rtIo
boalert V6e$gt6otgo 6q66XgXlot 0ofolifu2?t
bogt66n?o.

t.rg$3X8o to$X.r6o3}olr 316o13o1r or3.rqL.rt6otoor o116-

.r03q6o3X t.r$6.r5LJo6$o 6o6slX}1r 3.rq.rqo 3r'robo36Xlo

$r265Xl.lo. ,1X6doq, 2007 $XqL q.rLr62q3EXq .rqJSEolr

34,6 33 lro36dob 1ra63o6o3to 63o6slL .rj3t q.rg3ot ln0o

qco63: t.rX3.r,1X.13oer 3.r$l6a&lqn, LJX6o.rq26o 3o5or3$o-

EXlrXlo q.r tqXq.rt6Xlo 33o6$oL UrnACq 300 3 8.r6doqtX.

Jot63Xqo cn6o Sboqcnq rq.r8o.r5Xlolr Lo6o6bqolr.r g.r

g.r636orXqc'rEolr 3X5.r6BX5XlsL 33LrbX63l.r, borycn Eerqo

0sog.r6L togo6bqot gsqct6BX6.rlror.r6 36orsq tsX2dqo.r 1r.r-

6c5g33o to$XqSoot rq3d36Xqo SotXtoL (bs6dt6o1u, tsC-,jC-

b.ryo, $oflo3X6o, 3r35X .ro6Xlol-r qs lrb3.ror.r) qo3.rqo%3}s

Oor3qo g3o6rlolr ofu6sL$t6Xj$X6ot SSgob6oq.r6 g.:8erL-

3qot rt.13oqdq"q. ofu6.rtg6Xj$X6rtso sj o3XqoLbOXJ.r

16ogo66 trcaXS$oqq3oc'r, qs33o63Xlotr, 3X$golo6Xlolr, g.16-

100 bJaan ttu6al4n. M 1e4,. 2010

bOtrOCACAOb bD6-

rorXlolr Loli$X33bo, olrX 1rb3s CRCj66maCj,r6o3X6o 3o$gr.r-

loqcnlXlo qs 63o6.rlo11 3rn5t$6Xjgo$o.
Jq3oqo 3o1i.r63Xq6or, 6o0 %q2q.t6gdo 3md6r3o 26q.r

ogolr, 6.lolc lnlo6c,rgdoL tsX3orb3X3rEo roJX6.r$oXq.q Sosb-

qo6o6 g3o6cloL qcgegr 36or6X to36doL 3o6.r33Xor3brq,

6oo.6 hbqX6.r ltg.r6gXlrn lm$Xs6oot .rq3d363qo Sot2tolr

0s35X 3.r3qX5o1i 3X68oqXl.r.

X3r6ro3s33o6o gsSts.lXofiXloo .r0.rb3oqXlL gX6qgXd.rL

g6.r6t6t6oJXq jlraqta GEN), t6e€qoL gs65q36tso "16-

lodtq qc cL.rts35Xd3qo g3ot6sbS8ot X1i.rg6orboX6.r 3ot63X-

qo Jt6oo6o$X$oc. 6tXlot o5g6.rU$62j$X6.r?o g3o6l-

lX}lr g.rOc,r6BC?Ro Jqaoqo ?dJAoJol. oto6o 6sg3.r5oqo.r

$CRJtC 6-?R SoGa;porXJtS q.r Xt6353Xqgog36 8or3qo

$p"t 5.r53.r3qo3.r0o 333gX6bXI3q g.rq.r.rqgoqSdst.

t$.r$oli$o3Xt6o 3o6r6X33dot SobXq3oor, 63ot4$3b?o 3X-

qu433oor o?3o,roro.r s3.r6oXbo, berqo 3m3bqs6 .r3.r6oXlli

Xgt6o 3do3X €Xq36bo sj3L qo.r $t6.rt.rLor.r6 tsXq.r63door.

g.r36ot 66rnJXqo 3oSotoolr 0o36 Sel8t.rqCltq q"
2001 $3qt 3s3c.r633Xq ,,aXa6 $o56tso" [1] bstg.rL0Xqo.r

6o6;I3bo1r 3jtJq2.r$.6oot Slr.g6orberXl.rLouS gcar33o6X-

lXqo g6o36Xqo ir$.r6q6$Xlot 3.r6&r6ot.r6oot blo6oX}r
8.rq,rqo qo6ot L.roSXqrnmbot Xt6X63Xq1r.rgegsq. 1r$.16-

q.rt6$XloL.r q.r lr.rorcSsqo 5o36XEot J.r63o5o%.r6ooli,rX13o-

qXEqobsb olro6 6r6rJo6olXlt, 16o0 6ot6.$28?o 3o3bq.r6o

.r3s6oXlob ql rqd62qo t.r3s6gXlr.r Lo$Xc6oXlot L$.r$oL-

$o3ot or$.rb8.rq, Ssqsqo 6otSolr 8s$.l6XEqXlo .16o.16

,,B.r0o1r2qo" 8dgoq3Eo. o3.r3X $6.r6t66r'rJXqo jtSqoL

500 3-%X Xg6o 66d3qo g3or6.rbXlotrcn3ot 2004 $3qL

X36oJot JGq.r3X6g3.r qr X36oJo1r t.rllel8 6.r&nl13.r q"6C,j-

go3s EC 2004/54 2L.g6obo3lo1r rX6oq3bXqo 3o6o-

3sqX6o qcoSot tsXt.rbX}. 66c.r3.r3tsoc6ot j33g5XlBo .r1r3oro

g3o6.rl3bo1r g.r3X6o Logt6dX 1000 33-tX 8X$or, 6rnSXqor.r

qoqo 6.r$oqo TEN-ot g.r63qXltsos. X3r6o3.r33o6ol, ,jaaC-

53dt 3o313.ror 66o8X6q.r6ou, t6o3 qo63j$o3ot &norber353bo

3ss36g3qc.r6 oLXo 53o6rl1ltC0, t6o8qXlo6 16 33qos6

TEN-ot gsr6gqXEtso. 3o6o3.rqX6o qo63 gsj$odt6o3sq

6o6.rb3bt3 $.rgX53b3qo t.ro6gr5ot.r6oo qr $Xj6o;X6o
3oorbrn35XEo.r.

Xltg6orbrnXlot 2t6X63XqUmBr d3or6rqqo6Xd2qo

qc.rSolrdoX8.r.r, boqr.r bsr6SXloL lr$6Xj$X6s 3o tsX3qX3o.r:

1r.r3jtJqX.r$s6oo, 6X3co61r$62jgoot, $XJ6o3X6o 3.rqsor6-
,-rq3}ot.r qr 3r'rd6,roloL EXg36bXloor g.r0o$3XXqo. .r3.rorgc6

ffiCRJtC a.rJog.rqg6.rqor 33o6$Xlot 6X3o5L$6Xjgos



qo63j$o3o1r Soorber3SXlolr ts3tr$o8oLoq. q.rbqo3}oo 2,6-

6,3 3q6q 66ot gr63qg83o.r Sooroo3}Xqo qot6Xj$o3ot

ts3t63qXlotwr3ob 6rlr.r$6o b.r6363do X36o3.r30o6ol,,jafC-
E3lolr.wr3olr l2]. 2,6 3q6q-oL tsXt$.r8oto.r Xbq6obo38ot
qoSot $.rqqX}.r p5$oq.r6oolrs q.r g.r6roXlot lrot$X0Xlolr

3oq365ot.13ooor,,r36Xor33 3erd6.rcolo1r .lbqXlX6o o6316o-

tXdoor g.r toSoX6oro lisb3eilot $3o6oot 3.rq.rtoq3ot
63tqXg3oor. XjtJqXrg.r6oo6o rq63 SoqXlXqo g3o6$Xb-

otcor3olr, 6co3qXl3o6 SoorooXl2qo 3od6r3o tq2qu638ot

Ac',VS.,Ar $afna3e q.r x.3o6<n3o3X6 1to6o[R11ao]s5.s q.r3.r3-

3o63|2qo, ?Xo.r3rt38Xqo off.r gr6r51go63o6X\o tot$X-

33lot 6.r3og353a.r [3]. .rt3oo tot$X8XEo tsorS.rqoq q"-
SXtsrplot ?a&qaa, t.rlo6ogEot EX0orb3X3.r?o, rnJX6r$o2-

qq tsXdq38g6 S3otiolot 8.JRC 2I5$q qrgog.rt.

rq5o362qo 6Xo.r3.rtXlo gl5rJo6ol.r st6s o3q35.rq o3

grjg8c, 6oB g6dXq g3o6.rlX83o .rSgolXS 3od6,r3 tgX-
q"61a1r, 

",6.0aq 
pg6o o3c5, 6o0 dqo36o b$d6oltlr lr.:3X6-

goqq;oo totgXS.r 3Xq$ Jr6XqX81r ors3ot gXSjgoXlt [4,

5, 6l q.r lr.rlo6os lo335goq,rgoo totgXdXlot bXq.rbrgo

gr.r6.rqotXl.r Ssoro b.rSd.r6Xtsg6otboSEot q.:tXL$Xlot

0ot6oor.

rq5o36Xqor,r5 qr3.:3€ot6Xloo, 25o3X6bqX6 dqo32t6

o5g66sgo6t3 3soX3,rgo336o SoqXqo6Sbot gtoo ts3t-

$"ARaR" oj6.: b.r6d6ot to8dqr36o1r.r qs g33J3t6.r$2t6ot

gr3qX5.r Lrp6goqr6oo tolrgXS2dtX. 3.r6boq3go ojSc

3t6do3o t.r3X6goq.6oo toLgSSc $J3ql26o 3X6$oq.r$o6-

Slot g$ogX53loo q.r 6rbX36sq g.16o3o SsOSo3o totg3O.r.

SoqXqo6SEolr 33ooqo3o q.r 3o5.433Xlolr .rq28ob $Xj5o3.r

q.r$36oqXloor,r.r .rqS36oqo [7]. bsSdr6ot o]oX536329o32-

qo to0dq.r36C rqCa?q ojSc 30-100 8g3g-ot g.l63qXb-

3o. 30 369 66o3X6qXllgloc a.r36ot 33o6o3o;X6o q.r

Lo6o,rqX6o Lcllolr, 336oJot 33o5o3o3Xt6o 3o8oloot Xjt-
3Xr6go.r lrJ13osqX6o SaABolt TRANSAC 7109 6yetlS-
qrgoXloo [8]. .r0rtoc6, $3o6on 35qr ogolr d6Xq.rq$3sqo,

6erq3lry3 16Xryo to3dq.r36X 3oo.r6gXb.r 10 $or-ot AfAeCA,

gJkrgogoqo }oqoL b.r<63go,r 80 A3lSa, boSd6oL b.r5g6-

fuo3eil.r - 60 $o,, tioqo b$d6ot $33336.r$26.r Sooroo3-

bXqo .rt6.r.r. rSslrorc6 q.r3ca6ot63loo 6.rj3t 3X5ots36s.

b.r5d6ot g33JX6.rgX6.r, .rq6o662qo 66o3X5q.r6o3lol,r

&nE4X8XltX qqldSgloo, Jo633qo SoobqoXloo SXt.rdqX-

ESqos goo56r6o33l2qo oj6Xt 633gX6o go6SXqoor

ot- o (1)

Qpc p

1r"C"0 Q v6ot bc6d6ot 0naa"q rqd6Xqo olX6o 5.r3.rgo,

30 000 3g/Sa (30 aaa$); q, P,cp- 8Xt$.r8otq 33s3qolr

br6go, Soto to36t6o3X qr otolr6Xqo oilo$6oqod.r. g:
80 A3lS3; p = 1,2 6133; c,:1,0 3g/(6.g6cq). $ go6&3q-

oq$ 3ooqX6.r, 6e$ t=300)C. oSrp 66o3X6q4o3lt aAo,JAJ-

tolL gX63o5Xqo tg.r5g.r6go RABT b$d6ot or8erX6Xt6p-

&mq tc€dRr363torr6 qr3.r3tso63&ror, dxr33qo6 
"fuaqd-a-

q.rq r6ot 8326t fuXg.r6.r8o Soj0Xqo 5o63c.

rqLs5ots5r3o.r, 6o3 br6d6ot .rg5o363qo $33J26c$X6s
3r"r3bqr6o b$d636oli tg.rgotgo326 3cT6ogX33bb .rt6 3X3L.:-

bOX&.r [9]. Srsrqooroq, 1979 SXqb 6obod.r3.rLr 33o6.rltso
(1ro6t6dX qsobqoXloo 2 33), 6o33qo6 X6o3.r5Xon.r6 s3.r3-

€o6Xlt $o3oo1r.r qr 6c6ero.rlr, Jo6$rqoqo6 400 3-3o

8c'rbq.r b$d.x6o, 6erSqot $XdJXr6.r$X6.r 1000"C aJA6OCq-

qs ll22 3 3.r6doqtX. gXSJ3drsgXt6r ,r36Xo33 10000C

JRVmqr 3o66Xsqot 33g6o3o So8bq.rt6o b$i6oL q6ot.
1984 $;qlr tc8ogot 33ot6r8tso (qoqo br6o$.r5Xoo) 0o0b-

qs6o b$d6oL qr6oL gX0JX6.rgXr6.r q$6q.r 1500, lioqr'r

sgy6ot lr.18rg6o 10-15 Aa bLjolr 3q6o6o Srtoor q.rog.r6r.

3o6dqr6ot t.r.r3goSodoqo 33o6.$3o 1999 VAql,
So8bqr6o b$d6ot.rL 1 $o-olr SAaCfa g3o6$3o rRJ6 ogrr

tpgo.r 3sX6o, bsSdt6ot lro3dq.r363 og<n q.ubqoSboo 19 0

333g, berqo gXSJSdugX6.r rq$taq" 10000C, 39 ,rq$o$o,

3ro Eo6oLr I 3Xb.r5dr63, q,roqXJ.r. .:q5o363q,o bc5d,r6o

a-Ofefq 6o6$3o ogm g3XqctX 0dqs36o, boqo 3.:6;3q3,

g3o6,rbot 6obt5oqa5 (1965 $'.), tlq Sobqc €Xq.r63boo

39o63 AoLAg$ot 17 b$do6o. 33.r6rt363qo 1r$d6o1r 8ot3to

ogm JcrqoSoroqg6oor 6oq.r$3ot6orXqo $6roq36o, 6efi-

qot d.r6rt3 lr.iX6caot b.rbX6o1r tsaqaa"q Sobqs .raq3bc.

OAObRo rq3oRrq aJqr3oqr JoqoXooqX6tX, boqo 333-

q6 bc6d.x6o &rDRo tsJSoqootr qJ fu6gct6o6oo qr$3ot6oXq

tb3.r qoq 3r5j.r5Xlt.r6.

1982 V. e,3qX5q3o (.r?ts), 3sqq6o$oL g3o6odtso

8<nbq.r o56oqX6$o 3or36rqo Sdqoqot 8ot3too. oAo ar-
qr3oqr tsJo6ouor6o 3br6XtX, tsCC!(,rb.r }X6to63toqt, g.q.r-

$t6X6,r qs 8obq.r dqo36o b.r5dr6o, 6o3Xq3.r6 q.rrqSo

.rq13o6ob d,r6.r, brngro 7 rqrSoobo q.rog$.r [9].
b.r6dr6ot $33JX6.$Xt6rtor$ qr3.r33o6Xloor sqtc5ots5.:-

Aor, 6rna d63qqS3.:qo $3o6oo, 6.113 66o8X6qo6oXltso.r

3oonor382qo, Jo6q$o6 .116 5o36s3t CrE"q 6AA:fr$X6.rt3

S3ct. Ssg.rqooq, d6Xq.rq$3.rqo.r $o$$o, 6o0qo1r S3ob

6x&)t'"Sfe- 3000'C, h"R"' JR3cR"e$a"R." .I'RoAC6dn,

6oSXqor .uq3l.r oSglr 1500C-t3. B3X61r Ja$oSrtso 3o;l3X-

qo Lb3.r (6oq3t6q.r5q3lot RWS) tg,r6qu6$oo b.rQd6ot

g3AJX6"rgXt6o 53o6$3o .16 X6q.r .rqX8og3}eqXL 3800C-t

63$o5olr r$3XBot rt.r6oq38q.q, boqer .r63.r$26rto.r5

rbsgot gXOJXr6ogSr6r .16 Xbqs .rqX8.rgXboq31r 2500G11,

1113og6o11 3oqrglrot oto6oqXJq.:q [9].
8ctsstsq.r0X, 1r$.r6qu6$Xdot &nobo3533o 1g6o 6",lqd

gXaJg6rgX6.r%Xr co6o35go63d3qo 6Xlq26og 3o8bq.r6

b;6d638o.r5 ts3qs6Xloo.

SoqSqXEtX t$rtoLoq .rqSdXqo oj5.r bo6dt6ot 933-
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JX6.r$36.r 1000oC, boqo 6.rq3XXqo 3oqXq38o rgXlXqo
oj6.r 300//C $X3J36.r$Xr4ot.ror3otsg.

bs6dr6ot t636rt4o q"rgXd6X82qo ogo J6cn3j$ ,,X36o3.r-

3o" SoqXbXq 3Xq36XI%X U0l. ,JC6derR: l. srqXloq.rS

Jo63Xqo 10-20 So-oL 3$Scaqrnd,rBo r6oL odX6o to8-

dq.r36oli Jo3o. r6s6 Xgr6o 33$o.r 1io3dqs363, l5X t6.r6

296o qoqo s5 8X$o t.r$6s6tJot6$o l-uts2.rqXd.r oS3oLr,

Soor Xg6er 33o.16 qg2ds Jo326o 3rn326$o, 3.136.13 oao r(6

rq38rg3br 20 $o-t; 2. Jo3olr 3oq$6s3qX b.r6d6ot to8-

dq.r36ot 3s$3b.r bqX}.r $6go3o ,16 3rtor.r6 3o.rbqoX}2qo

3$oStcnSoXr6Xboo; 3. Jo32r6o 3o336$oL b$g6dqo3od.r 30

06$ b.r6d6ot.ror3olr tsX.rqp5L q.rrbqoXloor 4-5 Sor-t,
t6Xqo to3dqr36olr rtr36Xlcq 10 So-o.r 1-r.rlo6o, bcnqo

b.r5d6ot to8dqr3t6X Af0SCa S6go3.rq 06o6q3d.r.

3X6$oq.r$ot6X3ot g.r.r63.r6o8XEot, q.rStrqXboL, g.13o6-

got ql XjtJq2.r$.r6oolr Jo6olXbtso g.ror3.rqotSo6Xb2qo.r

JsX6oL 1-r$$qc6$2qo.1m36r6o33 p= I,2 3gl33, 6o03qo1j

o.r56s6o32}.r go633qoor, 16.13 .rg63o3X r3o(Col L$stolnq
$ 5sts6o33o

P
o --. (2).RT

1ry0 P.r6ot .gAobX63q,'o V5Of" tRaot qrr5Ch, =l0l325
Js (=0,1 36Js); .R - JrXr6ot 3-Sa6o 32q3o3.r, k287 Kl
(aa.K); T - .r}toqXgX6o g33JXt6rg2r6s, T:293K. r3
Jot6r.r}2dolrsor3olr p : 1,2 66133.

sq5ots53qo go631qr 3oqX62qo.r oqXlq26o .ro6ot

3q$3o6o6o1r 3.r5$cnqXboq.r6, 6o3Xqt.i6 sfuL li.rb3

PV=RT, (3)

t.rq.rg g.r50r66alAqn lroqoqXX8oL 6sr6qr V r6olr ro6ob

3aa6o 3o62qrnlr (V --U p), 33 I Sg.

dq,$Co6c,6ol, g$$oqXAoor 6ot6$Xb3o b.r6dt6oL 0X8orb-

0

6t6. l. bt6d6ol 0o26
g28J2c6og76olt

2

3X3ol-rccn3ot ts3tsdq3lXqo.r 1r.r6$3X6o ts3qX6XloL SoqXI.r

"0&rlrga6fqo$ So"rbqoXJXqo t$s$o32dro S663botcor3ot.
gbsqo,r, 6<n3 g3o6$Eo t$.r$o336o $66ot 35o?36Xqo3.r5o

t6q.r b.r5d6o1r g$o .16 8obqX}.r, 6rq3,r5 63o6.rloL o6o33

Jr.rt6$.rqo qorr qr 3Xt.rb.r0otrq, $.r6bo $56.r L.r36oo

S66ot qo5.r3o3X6 3q6363qlr 6.r%6qot q.r 8cnb8.rr4q;E.r

J.rX6ot Lo6j.r6ot 8o8rg3}.rt.

X56o3o g;63o orr3ot 5"136o33o [l] .rq6ots5.r31, ,jq"-
J3o6o6oli 3.r5$erq3Eoli Srq.rqo Lot2t$olr ts3L.rb3d q.rd.r-

qo S6Xplot.r q.r S.rqrqo $XBJX6.r$X6oL Jo6c.rd3}tso.

.rqt.r5oB6r3o.r, 6c.r8 Solro 6.rdergX638r Lcc6$oq36orn os6-

.rqot ;.r3o6.rts q.r qXq,.r8o gr63oor.r63bXqo S56ot g.r.16-

3r6o?XdotsL, t.rq.r6 S56r oOAqSr 200-450 3X3J.r qo.rJ.r-

tco58o, odq33.r l2,5Yo gqetloqXbrlr [2].
0.r3.rU.rqs3X, .rJ6olo6Xl2qo $3j6oqo3ooor tsXgcl-rgl2-

qo.r ;q.rJ3o6o6o1-r 6.r6$oqXl.r q.r X3oqlr6XL 3X3ob36rtso

(.rg3c,tgXt62q%C 2000-45003316 Xg6r'r $.168o V5aa"-
t.rlr) Sotsqoq6Xqo.r l2,5oh gqosoqXlot q.rts3Xl.r.

go6SXqoq.r6 (3) SooqXb.r b.r5d6oL 3oX6 rqd6Xqo

S56ot tr.r.r63,r6otso gco63Xq.r, r6efXqo6 6e4et6g.rqo6o-

ts6s, qo6.r3o3X6o 3qp63qoU 3.r$38rt 0ob0.r6qXls

P:p R7'.

6b.rqo.r, 6o0 b$d6ot 0o36 sqd62qo S6o1r toqoqC,

aoto 6dJA6,r$l6ot a6q.r, q.l&raoq$aq* t Va"fpl, tulstX,

6o33qo6 g.r6632qo .1.r5o5tr.r3oX6Xloo q.r.1.r3tso6263qo.r

5.r0$3o .ro6gLo'lt m 3.rlr.rto.r5. (3) g.r6$oqX8oL o6o3X

3b.r6ot 6.r3r6r3qXloor .rq5o36Xq toqoqXtX Oooq3b.r

(4)

PW=mRT,

\
1-

510t520?.530
qd*,F'*

t4dt6Ago fXgob 66og2d.rq,oEo& Erbotao b$dt6ot boiilgqt6ott
0oEnqgoot: I - boSdgr6t6X 30 A6gg, gg0Jgt6tggt6t 10000C;

- bo0ilgqt6g 100 3669, g20J2t6rg7t6o 10000C

(5)

4
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lr.rq.g W.r6o1r J.rX6ot 3o6Xqo8.r, 6o33qog 3o5l$oq;-

ollr S3olr Jt6o631rtso, 33; rn - 613$3o .ro63bo1r 8st.r, 33.

Xlr 23$.r1r36Xqo Jo633qo SosbqoXloor .rq3l3qo oj6s

66o8X6q.r6o3aoo, [8] 3.ror3.rqotSo6C]?qn 33$qot 3o62-

qrololr $c'lqJq, 6$qot Jt6og6XLo6XdoL S6go3o b.rlr-

o.roro q6c'r3o Jr6o3j$ ,,336o;olr" 8ob3q3oor [0] oj6.r

q.rSoq2qXlXqo, JrX6oL b.r63oli .rlrsq3b.rq CO-t qclr.lEp-

bo qoSo$o rqSdXqo oj6.r 100 J6o0oqo, 6.rlr.19 oor3rq-

otr$o5X8t tgsSqst6go RABT.

SrnqXqot6SEot 6.rt.r32.rq3lXqo tsXq36Xlo 3er6332qo,r

5.rb.rttg 1, 1rmqc6q3 B$t, 16r.13 b$dt6olr qJSgCEoq.rS Jo63X-

qo3X SXorXdSo .rO X3c6sL353qo1r 0oX6 3.r63oor.r6X}2qo

$61 3o5oOX0 X6or,o 6o6oot 8.ro69 .rq38.r$Xls 326$oq.r-

$o6X3ot 3oX6 6.r53oor.x6d2q SU"lr.AC1IsIJAoLIR, $ qt6rnoL

Sdqm JrX6ot b,rr6y,oL.r q.r 0od6rolotr 3o3.r6oXq3dolr

gs53trtq363qo oj63ls b.r5dr6oL SX3.r. ts3lr.rE.r0ot,rq, s3 Jg-

6ornqoq.r6 o$g1lc L.)3X5$oRJ(Joo Lot$X8olr 3oqsglm, t6.r6

go33qor3olr 6ots6.r3l g3o6s3tso tr1r26oj.:q 3c6goto 3.rX6ot

X33.r6eiat, bc,rqrn tr.r33X6 - tcaX6$oqcAoo J,r36olr

bs6got t6q.rt q.r 0olro Sod6.rcqlot 3o3.r6o2q3dot 3363-

RJtt.
5.rb66.rq 6.16o3o totr$X3oli EX3ob3X3r3o 3oq.rglrot

q.ry3o3ot JX6oerqolr b$36dqo3o8.r 10000C-ot Jor6o833tso,

o63qdr 0,5-2,5 Sor-ot g,r65q36tso bsSd6oL to8dq.r36ot

SotXq3oor, boq<n or3oor tot$X8.r 36do3o.r6 3o.lbqrn383qo

bqXl.r b.:6dt6olr gcaqXSoor. od Jo6$rqol, $Aqt qoo8og.rS,

tcoqc6.r6 3o3c6or3qo.r dX5Xb6o3o $6.r, tca35$oqr(Joo

5r;rqo o0od6caSElr 0Xo6X Jo6$.rqots3X5. 66do3o lrot$X-

8ot tsX3orb36stso ;oqrgtolr q.rqgoSotr JX6ooqo J6rj-

6n.J?R"q o0r33 lroqoqXXloor b,r1ro.rorq3l.r. aqlr.r6o06.r3oc,

6co3 0brnqcoq 36o6X to3dq.r36ot b$dr6ot.ror3ot.r.r 2g6o
ffiCC0f6n 5.rb336rq g.16o3o tol$38.r 66do3 lrot$X8slror.r5

0Xqrr6Xloor, boqo dqoX6o b.r6d6o1r.rl-r rt6636oro 3.ro316o

cq.r6.r.r am,j6f6n.
rq6o?6Xqoqr6 g.r3o3qo5s63, dqoXt6o b.r6d6ot ts33orb-

36.rtso 53o6rb3loL edX6c$o?qo qrgoql.r 06o63 Lo36dot

3o5.r33XorX3.ry to6o6bqolr ql o6g6st$6Xj$36olr gq.r-
66X6olr X6otX6ol,o do6oor.rqo gt.r.r.

3er6bq$ot 6or6$tso 1999 SSqlr 3e€bqs6o b$dr6o,

r6co33qo6 .rq$X6oqor [9] qogX6.rgXt6c6o, $ 5.136o33o

3oq383q tsAqaal, q.rlr$X6XEL, r6cogco6g .rq$36oo, ot2

grjgod6o3ry. Lr326goq.r13oo liotgXSoL 3oqqtt Ja6C.AC

grjgod6o3.rq q.rtgX6$L 1rX6-6og.r6qot 6ortul3o 2001

SSqb So8bq.l6o b.r6d.r6o6, o1236.r Soto qSX6oqa6 .rq6o3-

SXqo .16 6$o3qo6r63oll, [3], 6sg b3s6r3ryoq 36qa6o

r6.rqotoL 8otXto.r. ;X6doq, SooroorXlXqo $gs6ot 3X-9

J26j$Ao .rq5o36Xqo.r oSoL ts3LsbXb, 6o0 ,,b.r6d6olr 3X6o-

q.r6 1-2 33 3.r6doq%3 sq8rn6SSoqo oj6r ll q.rq2JXqo

.rq$o.r6o. r663t6or 3.rorg.r6t .16 3jo5q.r goto.1X6o $6.r33ot
6o€63do. g3Xql 3ro13.16o g.r6qso63cq,r $ojbo3X6o 33.13-

qoor 8e,Sr83qolr ts3q6.rq". 3X-8 JXGj$tso ;o .rq5oE6Xqo.r,

6o3 3X6$oq.rgooli tolr$3O.r g25jgor.r5or638qs 3s3.r6orX-

Rrq qJ C3xC0t6Jq.

6.rt.ror3sqolrSo6Xl;qo.r, 16o0 b.r6d6ot 3oX6 Ss63oj36o-
qo $56s q.r 3XSgoq.rgrn6oL 3o36 3Xj06oqo qXJ6XtoXlo

.rq5Xlt62q.rq .ro3.r3X3.r. b.r5d6ot $6.1 3erj33q3bt dX6X-

b6o3o $got .r6.rqo3oXt6.rq: 0o0r6orXqglot or$b3Xq6oblr

SoSoqXl.r ott6q3}r; t.rJo6olrJor6o SoSc6orXq3botrlr 36o6-

qXlr, beoqer 6o9.r b$d6ot $6.r J66.rqo6Xlt, 3.r3o5

3X5$oq.r$o6oL,,8oSoqXEs" Xr6gc'rgooro bq3ds. 0.rB.rlr.r-

qc33, 3X6$oq.r$c'r6ot 3X3.r or3.rqo dt6X5.r3lr, 0rg613 Ls3X5-

$oqr6oo jlrXqlr JcXt6lr 3Xq.r6 .r$3qot. 6ro6o66 X$gced.r,

clrXor EX3ob36.r'bor5 XSqs 6jo5oq.r LrjdX t351er$.r6qo1r

33o6r}3oq.r6, t6rq3.r6 r6rqotot go633Xq.r6 6b.rqo,r, 6er3

3X5$oq"r6o.r 63o6.rltso Ot1j0a6n .16 ogo, 6rq3s5 Srobq.r

.rq.13o.1628olr AJa?qAJ.
ACL6IRCa?Ro $,rqotot ?nm"e &qdAqn qrL6638o

ts33q33o.r:

5o63XB?o SooooX8lqo b.r6d6otr $XOJX6.r$36.:

q.r to3dq.r36X S.rgoqXloor 6.r3qXlo.r 63sqX6rq 3e€bq.r6

b$d6Xlor.r6 SXqs6Xdoor ;

b.r5d6ot tc$got tgrqo.rt3 336goq.rgot63do b-
gr6orbot J6X3X66oo1rm3ot 33.r8qot Sert.rgoqSlqrq 186-
g3j$2t6oc lroor8olr sr6o6Xlrtorc6 3Xqs638oo;

30 a6g Lo0dq.r3r6ot b"r5dr6o6 ln33r6oto.r b3X5-

$oq.rgocn Lot$38ot ;oqrgtoLwr3olr Jor433qoAC VA.C}-
3o b,r6d6ot q.r$'gXboq.r6;

3oq.rglrolr .r6oqXboL X6a-X6ao gt.r.r g3o6rlot
oJ36.r$o2q.rR qJUcltJ 36o6X tog6doL 3o6.r33Xor3d.rq.
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IAHTIABA O.A.

AHAJIII3 NOXAPOEE3 OIIACHO CTI{
CII CTEM BEHTIIJI'II\KIV
ABTOAOPO)rCHbD( TOHHEIETI

Mero4ou MareMarlrr{ecKoro MoAenupoBaHz.a
uPoaHanr{3llpoBaHo BItvflI{Ide cutrlHoro v olreHb
clrnbHoro no?Kapa Ha BeHTlrr.aqnoHHbre cucTeMbr
aBToAopoxrHbrx roHHelreri c qelrrc ycraHoBneHllt
nepzoAa rtx KorrJ'ranca. Mo4eru BbrnoJ'rHeHbr A.rrff
npo4oarnofr crrcreMbr BeHT?rr.aqnu c npnMeHeHLreM
crpyrinrrx BeHTnnrropoB n Anfr uonynouepeqHor;
orcacblBaroulei czcrelrsr npoBerpvBaHr,rfl, Koropbre
alanrnpoBanrr e lpyrurz. Ha vo4elax reMneparypa
norKapa MeHrrracb B npeAenax 300-1000'C a ero
TerrnoBa.s Morr{Hocrb - 30-100 MBr. IIpu reMneparype
10000 C pta no,rryflolepe'{Hori orcacrrBaroqeri cncreMbr
nePHoA HacTynneHhfl, Kolrrafica r{3MeH-ffeTc.E B
npeAenax 0,5-2,5 MuH B 3aBrrcrrMocrra or renaosofr
MoulHocru norKapa. flpnlrepno ranori ;re eeanquHofr
xapaKTepr,r3yercA v npoAonbHajr crrcTeMa BeHTunflr\uu
c npvMeHeHuena crpyliHbrx BeHTrrJ'r.ffTopoB. C ro.rnu
3peHn.s ynpaBneHlrs qpe3Bbrqafi Hrrruz cvryuJnfrMv fipn
cutJIbHoM L oqeHF, cI4.rIbHoM no)Kape Hu oA}Ia u3
paccMoTpeHHbrx crrcTeM He xaPaKTePr43yeTc.a
aQQercrzeuocrsro. B eroM cnf{ae NtA cilaceavr fr<vrsHkr

u znQpacrpyKTypbr oAHr4M u3 ocHoBHbrx MeroAoB
flBJrfleTCfl OnepaTr4BHOe Pa3AeneHAe TOHHeI.E Ha

KOPOTKI,Ie yqaCTKV C IIOMOUIbTO pa3ABVrarcUInXCfl
nepeMbrqeK, Koropbre 6ylyr npenflTcrBoBarb
6ecronrponbHoMy pacnpeAeneHrrro roKct4 qecKrax

ra3oB vt rag6r,rroqnoro renra B uon3eMHoM
npocTpaHcTBe,

104 bJaun 7tu66J1n. M tl24t. 2010

I-ANCHAVA O.

FIRE SAFETY ANALYSIS
OF VENTIIATING SYSTEMS
OF ROAD TUNNELS

The method of mathematical modeling analyses

influence of strong and very strong fire on ventilating
systems of road tunnels with the purpose of an
establishment of the period of their collapse and
managementof extreme situations. Models are executed
for longitudinal ventilation system with using jet fans
and for semi- cross-section sucking away system of airing
which are adapted in Georgia On models the
temperature of a fire varied within the limits of 300-

1000, and its thermal capacity - 30-100 MW. At
temperature 1000 for semi-transverse exhaust
ventilation system the period of approach of a collapse
changes within the limits of 0.5-2.5 mines depending
on thermal capacity of a fire. About the same size the
longitudinal system of ventilation with application of
jet fans is characterized also. From the point of view of
management of emergency situations at strong and very
strong fire any of the considered systems is not
characterized by efficiency. In this case for rescue ofa
life and an infrastructure one of the basic methods is

operative division of a tunnel into short sites by means
of moved apart crosspieces who will interfere with
uncontrolled distribution of toxic gases and superfluous
heat in underground space.


