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pn—+—p—+—v—+L,,
dt gpoz 8x oX ay oy 0z oz

0 ’
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dg_ o 6q 0 6q 0 9,9 aq
dt  ox 8x ax oxou ou az oz
dn 0 om o6 om O om ON

ot Tyt y T a a
dCo oCo 0 oCo o0 o0Co o oCo
W — + +

& oz oxtox oyl oy e a2

(1.15) 2963 ™gd50m5 LolEYIol 0bEHYM0MYds, Gglisdsdolio Lafigolo s LolyBOIMHM 30MMdY-
00, MO 3OO, OMYMOEF F5009d5E039M0 063M0MYdOL, 0l 3gMm30BO3WOHO 39wg-
005 29bLYBOZMOL MZoWLsBOOLOM. LoLEYIS SMOL sMIHOBOZ0 s LodYsbBMIoEgdosbo. Fslbo
d900UL 3939MOMEMA0MO 39900, MMIWGd0E BMOI0MGOI0S MMYm®3 gBMAsLTESdOL, R
QOO — ©9s30fobg F0dobsdg 3wsbg@ o FslIEHsd0l  30OMIYEJMOMEMYPONOO -
39Lgdom: dBob s WIYsdofol YMMOYOHMNJIgEYdOL TJIPI© BMOT0MGIMO  3esbgB Mo
3sLdES00L  F9EIMOMEMPOOHO  39EgO0L  39ME0IIWNMH0  obsfoegds @S (0MIMEOIM0
LoLBYF900; Mm399560L s bIgargmol HBYI30MOL JJMBODBOIMMO 39¢gd0 S bbZ. sOLYIMOL FOHMd-
3ol sderg30L 99390 M0 B 3060390 - OEILFES0060 96 3sbgE o BsldEsdol
3639900l Tglsdsdolo  30MOMIGEHIMOMEMAOMEOO 39¢09d0  FobolsbEIMML  SEIMLBIOYO
36MHM 39900l BMYSO 30O IMYgOoL bydsEgdom, b dgmeq - s 9603369 MdY-
05 900gdE 0dbgl 39wgdo, HMIWdoE 2obLsHBWIGMWO s 3BMBdOES sOBYdWWwo TgEHgm-
OOMEWMYOMOO0,  99OMEMAO0NOHO o MBITYHBIZOM0 330039008  Foboergdol  bsrobol
Lodoegdom. IgMEg b MBOM FoMEH0305, 3065000 56 IMOoMBMZL FgEoE MY QoTMMZEdL
90536 1939630330993 M90BY.

1.3. 296¢mgd3505 LoLEGHYTO FoFoMEH0ZdS
1.3.1. 0s30L99535cmo 3mbggdzool dgommeo

dmgzobobmm (1.15) LobEgdol sds0GH039ds. 53 doBboom godmgzog4gbmom mszolMaswo
30639943006 29850@H03900L  dgmmo [99] s FYBgmOHmmyon®o boowgdo  p,T,p,q, M
0o00Mm3500bmm» OHMyMOE X590 BmbMMo (©odsldEsd0sbo) s Fmbmemo 9608369 md0Ib
39050 KX 5dob Loboo 9990 BMOIMWgdom:

p=P@+p'; T=T—yz+T's p=p@@)+p, (116)

Loo3 P, T-yz,p - 360300 LEsbEsOEo 3603369 mdgd0s, P, T', p’ - goswsbégdos
B&obsHEHMo 3608369 mdgd0sb. y=const T =const ;

! !

osbog P=RpT ; P=RpT ; =<1 FF)’ <<1, ?«1
p

3990303 56Mmm BsMOMB0MO LOWOEYJdO: G =

'UII'Q
o)
I
|
S
Il

90300900 LobEHYIsl (sBsOMO 1);

du_ Pog, 0 ou 0 pM, 0N
i poax ot oty e a
v  Poo 6 N o v o ov
— = U P —p—F —U—
dt  poy  ox"ox oytoy oz ez



P= RTE ; (1.17)

d—8+5w:iu@+3p@+ﬁo@+gﬁ ,

dt OX OX oy oy o0z oz

dm ©0 om O om O om OoN
—=—u_—+_—pu—+_—v_——b,—— ,

dd¢ ox ox oy oy oz oz ot

dCo oCo 0 o0oCo o0 o0Co o0 oCo

— W, —=—p—+—pu—+—v—+0(t,X,y,2),
dt 0z oOXx ox oy oy oz oz

Bossg S=(y, —7)/T;0= —ég—s =const, R s®ob 1bozgMlscrw®o dwdogzs ddMswo
p

35960LsM300.

LolE9ds (1.17), GgLsdsdolo Lafgolo s LoldBOIOHM F0OHMBIOOM, 250Mm0Ygbgds MMAMEE 90~
0bol 3m30935000560 3OMAbMBOL, oby T9HmIsLIEHdOL 3OMABMLEBH0ZMO @S J3MEMAO0IOO
36MHMd9d900L gow5HY39@0LOL. Ysdofols HMMEO MYJE0gBOLY S BobMD 3530060 M-
3969900 358mf)39990 39EJNOMELMY0YHO 3OHM3JLYdOL MY 0MHYIOLLL, HOEB30MO 0bEJMO-
6900L EOML, Fo6MIM0d390056 MHY0gz30L 3MMJEME S©FIMLMD 3538060930 FOIMdHTgdO.
LOOMMEJJOOL odg30L JoBbom F0Bobdgfimboeros (t,%,Y,2) 30M0bsEms  LobBdowsb

39093009 ,, G “ H030L 3MMMObsGMS LobEgdsdo.
1.3.2. 89BmBs8Ed0l 5@3mbiggHiemo 3GmELgdol 3sbEmemgdgdo § 3mmmobsdms Loli#)ds8o

doOHn3mobo (t,x,y,2) 30mOEO0bsEGMs LOLEBYIOL MHOEb30MO 0bEHGYMOMYds IMLobyMbgdg-

@05 090 39BMIYEJMOMMYOMOHO 53356900l SFMbLBOLMZ0L, MMELsg 3958960 Bgo30ML
96 593L G0 BMEOTs S LEZMMOPObIGHM VIMHIGOO 56 3390096 B 0IRL. HMMEo MY ogzoL
39000b3939030, bdoMs godmoygbgds 3mmeMEobs@oms LoliEgdgdo, GMIms 39MGH03OME 36~
©0b5GL FoMmBMoygbl 96 5@IMLBGMo (6935 (p LoLEGYs), 6 BsBEMdMO {6935 (Bowrodlolb o
LoLEY9s), 96 3mEHIBE30MO 3HYB3gMEHNIMS (3 — LobEHgds), 96 MYE0gRMIB s35380MgdMWO & S
LoLE9d900. 53 LoLEHYIGOOL YI30MEILMBSS O, OMT 39ME0IOIXIMO JNMOPODBES 50l gEsdofjols
B9306BHY 5OBYOMEO 39GHIMOMWMROMOO 390l 3603369 Mds 56 M300 gsdofiols Hgwogzo
[67, 75].

€ Godob bobEgdsdo {67, 58, 59, 76, 77, 78], OmamGE 3905 (OH™To godloMgdwo), sB939
D909 (O30 (3350 56 3©d030) LEBEZOIBO HoMmTMOYIBL LbO3MMOPOBsG™ LodMEHY))OL. T-
939, 59m3560L goblsbrzMol MHMMwo FmEOIoL 3OHOBINEO 6 (33WPO BYs > J39O
LobEBOZOM BYI30MYOOM Q30 50dI69gds TN IMMbo 3H0BHBIOL vMIY®, MIMIOL BYEs s J390
LodM3HYJ9d0 MMIo 3©I030 3MEODBMBEHIMOO BYI30MGd0s. 50b0TEMEO FoMsgddbs 0dwrgas
L53oegdsl Fo03H0350 S FogloToEMEMS© 3MOYJBHEs© 0969l LMD 39N GOS0 bols-
B30 3060Mm39d0.

39630bomm BHOM3MLGGOHM, GMIJo3 J3930s6 F9dmbsbn3zmIos MMIo godboMy-
0o gsdofjoll Mgwognom z=35(X,Yy), bowm H93006 — ©OMLs ©s LogMEgdo (33wsEo
GOM3m3smbBomn  z=H(t, x,y) (bsb.11). 2093009 (t, X,Y,Z) 3MmMOHobsGms  Lolgdowsb

(t', X', ¥, €) bobgdsdy 89800930 356593600
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’ ’ ’ -0 z-9%
=t X=X y=y;:¢=2"- , Gogs, 8<Z<H 118
Y=Y i Ty 00 (118)
Losg h(t, X, y) - GHOM3bEgOHML 35960H0L 53960 Lobdgs. 35306, 3938060 dz9e s sbow LobGgdg-

0do EMHMOm s LOgM300 39MIM FoMTMGdIEIdL FmMol F9dgao0s:

0_o0 lo 0_0 10 o0_0 1o 0_10 (1.19)
A o haveg’ ox o hoxeo oy oy hoyoao oz hog '

OM0m OO FoMIMGOMWO S WO3EBLOL MIGMIEGHMMYOO J58MOLEbYdS F9dgy0 boboo:

E=£+ui+v 0 +Wa Vv:w—%(ﬂ+uﬂ+vg), (1.20)
d o ox' oy oc’ ot OX oy
BodE W 390GH03560 LoBJsGOob s6sgrmaos ¢ Lob®gdsdo.

A

/ sca

/

Bob. 1.1. dmgeromgdol sGob bdgds

Bofigtol 250503039008 doBbom  Mymergdge3zymo d@GMmobgdo £ LobEGHGIol 3mOHOoBMbEs-
@6 3000065390056, 56 24530003500LF0bM obEMEIGdIMs ot sJaBOLSL 3MHOBMbEH WMo
GO I6EGHMOHO oBYbBool §93090mb [o®dmImdowro dgsmgdom I306Mg LOWOWIYJd0, yo-
9030996m» 3533060 TG0 5 BonGom 35960l 310G goH® 39930390l Mol R=Rm/(1+0,6q),
096098m35030bmm 39939650l 5b5¢0Mm0, LobmE039 s §Yw0sbMmds 0TI Ed0BO 3MM (gLl
©535b51050gdg0 LOEOOLS S BxgHBMTsLEIBOL 3OMEgLOL T9IRIP 250Mf39MeEo F9Ixzmmydols
%5906 Lsboom. 9=0+9,0=Q+q ., m=M+m’, 85306 (1.17) Lo@gds (1.18)~(1.20)-ol
2390035¢0L{0b90000 BooffgMgds 990gy0 Laboo:

du_ PO, gas 06q)8—+| JL Mo, 1o
dt pox xMax Toytey Thiec e
v _ Pa(P+g(l+06q)S——lu oV, 0, iﬁu@
&t poy y ey Wa o
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op g
“__2 _(1+0.60)%h
o RmT( D

P= RTﬁ (1.21)
oh oéuh ovh owh
—+ + + -
ot ox oy I
oY 09 09 09 K 68 o 68 10 68 00
+U—+V—+W—+Sw = — —
ot OX oy o ox ax 8y 8y h 8@ 6C

>
Il

0

8_q+u8_q+vé_q+wa_q 9 8q 9 8q 12 0 8_q +¢c—@

a Tax ey VaTaxMax Taytey Tnrac e ot

om’ om om —-om o©0 om 0O am 1 6 am ON oM
—+U—+V—+W—=—p—+—U—+—— —O,—— ——
a Vo oy Va TaxMax aytey macla ot ot
dCo w;0Co_ 0 oCo o0 dCo 1 0 aCo
T s (SRS

dt h o ox"ox oyt oy ha' e
W=%+U%+V%§+Wh z=_Ch(tx,y)+3(X,y), dt a+u§+v%+v~v@%.

(1.21)-80 Rm bea@om 35900 37900 g5%o6m0 dmdogss; 0, Q, M - gmbm®o dgmdstgm-
30l BoOHEMBOMO Gga3ges@IMOL, LobmE030L s FYwosbmdol dslmGo Fowgdos, ¥, q', M’ - 8g-
DmdolIEGHod0L 3OMEgLOL gLodsdolo  FoMPMBdOMO Hga3gesd e, Lobm@ogzobs s Hywosbmdol
3sL¥M0 Fogdos. 3mgmom, Hmd 0, Q, M @OMLs s LogMEgdo (33s@O (360MBdOO LOEOE)YDOS.

3060 gbLs3EooL LoRJsMOLS s LEESEH03MMO0 IEYMIPMIOL 3mg303096GJO0 FoBOLIBOIMYDdS
36™doo gm®IMwgdoo [78-80]:

S=(v,—)/T, 603> <0y ©@ S=(vm —1/T, OOEd> 42 Qg5
0.=0 Omgs <0y © ¢ =pCo(v, —Ym)/L Oop> 20,

B5OG3, Ve HJI3IOSGOOL Brardom 5@0505¢IM0 dco0gbGos; [, boxg®o mMomdwol dsbymo
fowos, ®MmIgeog 2o9mobobgds gm®mdnwoom [229]:

Qo =0.622(exp(17.5/(T -273.2) /(T -31.8))/P

Boangdqdol 06Egbliogmds 45bolsb®3Mgds BmMIMoo:

ON/ot=(Mm-m_, )/t Gogs m>m . ©s ON/Ot=0 Geogs m<m,,,

Losg M, Fyeol Bsdbodscrvgmo dslm®o Fowos @@Hdgwdo; Ot - Bagwgdol dmbzerol EOH®Momo
06@96m35e0s.

5860350, (1.21) FoB5a9bL 356EM@gdsms LEOwme LobEndsk, H®mBgewos sofgdl o ©s B
- 99BMAsLIESd0L  [68, 69], beenm [70, 71, 74] dobgz00m bsdwgserm FoldESd0L  5ETMbEYMHen
30006OHMm0MH3ME0b5d036M 3MMEJLYOL s F0bsMY30L Fo3M(3gEgdsl 5GIMLBIOHMP0. JoMgdIEwo
LoLGgds MBOM MNP0, 3000MY 0L 0y™ (t, X, Y, z) Lol Jdsdo. g bsgaro 3339bLoMgdIYE0s 0dom,
6md dobo 39MGH0350M0 LoBO3Mgdo FoMdmoygbgb =0 ©s =1 LodMGHYJOL, MoE Qodm-
6HoEbogl LO3MMOObsGM WIMIGdOL JogH ME0gBOL o339 S 03935 BOTNISEGdSL
603b30000 06¢93MH0Mg00L EOML 396ME0350wM0 LolEBOZOHM 30OHMBYIBO YEITofiol BgsdoM®By
5 GMM3M3599D5BY go30m35wobobMmo oo LoBMLEH .
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1.3.3. Lsfigolbo s balisbmgtm 30603900
LoLEYIoLom30L (1.21) Bsdm3z59gs0dmm Bsfgolo s LslEBOIOM 30MHMBYdO. 349350,

6Hmd OM™oL Lsfyol ImdgbGHTo 36MmdOE0s FH9d3gMo@MIMs, HYwol mmmJwols 999339wmds, (30d0L
f9yerol dmEmemdomo 999339 mds, ds306dwMH9d9wo 503m0gMgdol 30b:396GHME0s s 359MHoL
3960L bobdg. Jo@ob Lobdsmol IYgbgergdo goboloBzMgds 4gmLEMHMEMEo Js@ol bLohds®ol gm-
6900. 35906 Lofyobo s LEbEBOZMM 30MMBdYdO BsofgMgds T9dgyo Laboom:

1. Lsfgobo  3oGmdgdo:  ULsfigol dmdgbGdo Ebmdowos  dgBgmOmEmaom®  LoOEIMS
3600369md900, bmem  Jo®ol  LoBdo®ol  3mOHOBMOEEIMOO  dagbggdo  AsBbolBM3zMYdS
39MBEGOMRBME0 JoMob BnEOIMOom:

V' =y, (XY,0), h==h,(x,y), Co=Coy(x,y.C),
u(0,x,y,¢) = (—RTfi—a;p+g(1+O.65q)8f—a§)/I, Gmgs t=0, (1.22)

v(0,X,Y,8) = (Rfa—(P —g(l+ O.65q)8g) /n,
OX OX

bossg W' =y (5,0, m') 89¢906H0memp0m®0o Loow 3oL 3ssbMmss gmbmmo 8608369 md0Ib.

2. 33960000 LslsbE3OM 306MMdJB0: S30MB0M®M 0lg, HMA sd0gdgwo BY6J30900 LsbL3sMBY
Ao 0yml gmbmmo 3603369crmdol, 96 0dwgmogl Ho®dmddboo oMo d93xmmgdol
239BLsBPZMOL 5OOL goligarols .

oy _ou_ov_oCo_oh _, Gogs X=0, X, (1.23)
ox  ox ox  ox ox

oy _ou_ov_0oCo_oh Gogs y=0,Y.

oy oy oy oy oy

3. 390303500 LsbOBPIOM 30MMDYO0: ¥96936M030 306HMdJd0L:

w:z—:, Gogs C=0,1, (1.24)
¢= (P’(t’ X, y’l) OlpTeN c=1. (1.25)

(1.24) $o60mo96L 35960l Bofoes3zgdols 096 4sbmFmm3zso Bgsdomol gomlgbols
306985303796 306mdsb. 50300 bsBgg65d9w0s, ®md (1.24) C LolEgdsdo (1.18) @s (1.19) aoM©sod-
360l BmMOHINMgdol 359mygbgdom Joowgdls JotEog Labgls

w=0, Gogs £=0 s 1 (1.26)

3963LsbE3OMm (1.25)-do0 gmbJzool Lobg [67]. sdobsm30L FoMdm3z50R0bmm #Hqd39gMsdy)-
6930 456550 gds BHOHMIMLGBIOMBS s J39S LGHMOGMLGYOMIo [OHR030 Loboo.

T(z)=T(H)-(z—H)y omgs 0<z<H (1.27)
T(z) =T(H)+ AT - (z—H)y,, oy Z2H (1.28)
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boog AT $98390s¢?mol BsbO@os GHOM3m3smbsbg, H -@Om3m3snbol bodswmwmgs Lafigol

8m09bBHdo (6sb.1.1), Y - GH9I39HGHTOOL 3M9©0gbG0s J39@d LEAHOEGHMLBIOHMFo. 85306 dcaero-
GO390 5GINLBIOMLNZ0L B5(IMTGEHOI0 BMOINOol Q5dmygbgdom doz0wgdm:

[¢]
oH Rye
pao=pa4x1—;a$;;Z;fWS , Gogs ZoH,
9
P(n)ZP(H)(l—% i , Gogs Z—>H_ (1. 29)

28260056 p(H)=P(H), 8H=H(t,x y)-HO.xy), p'(n)=pm)-p(H).

(129) §o63magbols gomzseolijobgdom dogomgdom:

9 _9
p(H)(L— &) RYs (- &) RYs

ot xyp) =5 = P S - L R A (O Y
P(H)(l_ﬂ Ry i y&H o
T T(H)
oH _voH g, AT
L50sBsE, Goagbsg SH<H, — 1o 1 Y L9 AT o
50Q5bsE3, MmEILsg  dH < T(H) + AT << TH) << R(T(H)+AT) <<ye—v.

05306 953600350 25dobl, dgmeg da MBOH™  Josero Mool 3009 §930MgdoL MamEgdgE3YmBOm
90300900:

.9
~ SHAT OGS =1. 1.30
e ¢ G (1.30)
05906, (169300 565¢MmA0 BHOM3M35BIBY Bo0fgMgds 53 Lobood:
0= 0(t,%,y,C) +%A9(h(1,x, y)—-h(0,x,y)) Gmgs =1, (1.31)
bos3 $\‘56330b 565@maols mbrGo 3608369wmdss, AD- BHOMIMIsrB%g GH9d3gHoGTIGOL sBs-
@m0l 3M5096@E00.

LoboBzO™ 30MMds (1.30) o (1.31) Fomdmoygbl iBg30l sbsermyols 360d3bgwmdsl GMm-
33579D5Dg LAHOSGHMLBIOMBS S GHOHM3MLBRIOML 0b5303MMH0 MMHN0YMJTJIEIOOL Fom35eol-
fobgdom. b3 LoldBEOZOM 30M:>M0JO0 BHOM3M359bsbg sGOL:

ou _ov_ 0% oq om'
o oL oL o oL

9395 LolsBE3mM 3060M3gd0LEMZ0L  4930m35¢0LFobM®  5GHIMLBIOMLS s J39n39bow
B903306090L (fyoao, B0ssR0) ImMOL YOPOIOHMNJIgIds, LoMdIMLS s LobmEH030L Bs3oadL

IO dobLOL 5OLYdMDS. Tglsdsdolo J398960w Bra30HDBY LolEBEOIOM 30MMdgdo dgdgy0s:

=w=C0'=0 6mng (=1. (1.32)

ou ov
Vo AlV,|ulAG,, Yx " AV, |V AL,

v? = A|v0|(9—(TES ~T—y8)IT)/AG,,
5 oy £ =0, (1.33)

0] 6]
V% :A|Vo|(q —0,)/ AL, A’% :A|V0|m/AC0

oCo

v——=0,
oG
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oo T - 939896060 D306l (Hga3gGad)Hos; |V,| = Sqrt(Uu,” +V,) 5 Uo s Vo 9560l BoRdsmols

3060%mbEs®o 8agbycgdos { =0 ©mbgby. A ©s AL, d9dogo 3mg8oE0g6HIR0s; J; -
9ol mOmngaols Jslydo foros J3gx9b0w bgwadomby.
59 306MBYOOL O1S3TIYMBOEIGOS® A5TMZ0Ygbmm Bossals s fgserdo 3H9a3gMsd oLy
5 LObMEGH030L (33€0EgdOL YobGMgdgdo [81-84]:
Bossydo:

ﬁziD(c oc _E@©) , oogs 0, >2>72
ot 0z 0oz 0z

2
a;-SE” = I<soi| aaTS;)" > (134)
Z

soil ?

B30l 96 Bgsdomye (ywmqddo:

8Tsea aszea 1 al sum

=K., =+ , Gogs 0, >2>7
ot 0z cp, Oz

(1.35)

sea ?

bssg C - 6050l dmamewmdomo fyemosbmdsy; | - 93989600 Bgwed3o6bg dmzmg@ewmom@o
X5379600 5005300L b535005; T T... 6050s30Ls @5 B30l Fyaol ¢9ga3gGadynmss, D, E -

soil » sea
60505380 §yrol @oxmbools s Bow@®zool 3mgnogogbdgdos; K ., K - Boswosgols s
B30l fyerol 3H9d3gMoGIMol god@Gommdol 3m9gn030963005; C, Pg,- bBrgol Hywol 3mnommo

LoMdMGH)350Mds s 103300395, B0sEIRT0 OBMNDBOOLS WS BOWEHMHE0OL 3MgBOE0I6EHIOO
23960LsBP3MGdS 36MdOO BMOHIMgdom [84]:

3,5 3,5

, E(C)=E,_, ﬂ
C:por - Ccon

C — Ccon

D(C)=D,,| ==
(C)=Dy. C.—C.

bosg D E. . ©051%00bs 5 gom@®sgool 3m95303096¢g00L 360mdowo 8sduodserr®o 860-

max

336900 mdgd0s; C Cpor- bossado 3dmo geol dmagemdomo 999;339emds s bossyol

con?
BMO06MsS.

(1.34) o (1.35) 296@Mgdsms LolEBgdoLsmzol Lsfiyolo s  3gMHEGH0I>WMO LoloBOZMH™
3oMHmdgdo  Z =6(X,y) Bgs3060Hg s Z= Zg mbgby, 899g0s:

C=C(0,%,y,2), Teoit= Tt 0, X, ¥, ), Tsea=Tst (0, X, y, 2) Mmgs t=0, (1.36)
aTsoil T
PsoilCsoit K soil o7 PCpA(|Vo|(T —(Ts =T —v8,,))/hAL—

PC AN, \.[@—a)/hAg =1,
1

c=C Gogs [ON/otdg >0, Gags Z=0(X,Y) (1.37)
0

1
v% = AVo|(A—0o) /AL, Gemgs [ON/AE <0.
0
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oT
—gzﬁzo, Gogs  Z2=Z,
0z o0z 9

Bso@ 0bgdbo . ;7 50bodbagls ., sea “- b bugol bgwsdo®b o ,, SOil -y — B3gegmols bgs-

3000U; —J; 1, 560l Jg98960@ Bgos306Dg X 58796H0 H305300b 653500, HMBgmwog

Ig :Isum

23959003905 BMOIMO:
lym =TA=A)l  Bosogolb o |, =rl—A,)lEexp(rad xz)) Fyeol 899mbgzggsdo. (1.38)

' 560L 5@3MLBGOMT0 VOWBEL06MBO” 45dM399I0 K 5FYMO M3OS300L Bs3ool 89d30Mgdol

329803096¢0; | - 33009Es@@M©0 H5©05300L 6335005 J - ©9©s80fob 9839dGMGO gedmbbogy-
d0b B5350;  rad - %5060 Mow05300L D@30l FYseBo F0sbmddols 3mqz0EogbEo.
' 24590m3wwgds gm™IMwoo [81]:

r=1-0,08H, —0,05(L, —H,).

bosg H, s L, 560l 85050 @5 @sdswo ofdmosbmdol dswo. | 653500 gs8mbsmgmgmao
239900949bgds 5edMHGHOL BMEIMS, MHMIJo3 IHOHOWO HBgs3oMmOLsmM3z0L Rsofgmgds d90gyo
Loboo [66]:

|=a,cosa—b,~cosa
cosa. =sinh_ coso., +cos', (siny cosC —sin ¥ cos'¥, cosy) x
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uO,I,m - u1,I,m > uK—1,I,m - uK,I,m > uk,O,m - uk,l,m > uk,L—l,m - uk,L,m >

n _ N n __ N n _ N n __ RN
hO,I - hl,l ! hK—l,l - hK,l ' hk,O - hk,l ' hk,L—l - hk,L !

n n n n n n n n
uO,I,m - u1,I,m > uK—l,l,m - uK,I,m > uk,O,m - uk,l,m’ uk,L—l,m - uk,L,m >

n _\yn n N n N n Ll
VO,I,m - Vl,l,m > VK—l,I,m - VK,I,m > Vk,O,m - Vk,l,m > Vk,L—l,m - Vk,L,m .

CO(r;,l,m = COzl,m > CorI]<—1,I,m = ConK,I,m > COE,O,m = COE,l,m > COE,L—l,m = COE,L,m .
3963035060 LOELDBWIOHM 306MHMBYOO:

A —\N _ n n
Wyo =Wiim =0, Cog,yy=Cop >

n n
A ViaVie = A‘Vok,l,o

VUi =A‘Vomo
V(s —nkio) = A‘ 0k|o‘(T|?|1 sk10 _Y5k,|)/T)ACo’
V(@i - ko) = A‘Vok,l,o‘(q kizo = O k1,0) Ao

n no_ n
Vil = A‘VOk,I,O‘mk,I,lACO’
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k118G, OmEs> m=0

(10)

(11)

(12)

(13)



gAT n m m
F(hk,l - hi,|)’ Viima =Viim » Omgdsm =M

n n n n
Viciva = Vioiwm Cok,I,M—l = Cok,I,M

Wyim =0, Prim =

n _ N
uk,I,M—l - uk,I,M ’

bofiyolbo  306HMmdgd0  Boogol  Fobobosmgdgro  30OMEMPONOO S MYMIOMO
3565993MdoLsM30L C, Ty @5 Tsea 999¢00309:

-0 —
Ck,I,O - Ck,I,O’ Tsoil ko — !soil i,I,O S k1o = Teea E,I,O'
3903035090 LoboDBOIOM 30MMBYOO Bs0fgMHgds sbgmo Loboo:

psoilcsoiIKsoil(Tsr(])il,O - Tsr:)il,l) Az - pCpA(‘VO,k,I,l‘(TI:I,l - (TI:,I,O -

_ ) ) MOmgs k=0. (14)
T=v8,,))/hAC - pCpA(‘VO,k,I,l‘(qk,l,l —0i10)/ DAL =1
1
Co =Cporo Gogs [ON/otdg >0
0
D,(C; -C" n n 1
M = p_WA‘VO,O‘(qk,I,l — 0y 10) [ NAG,  Gogd [ON/atdE <0 ) (15)
Az Pq 0
C—Ks+1 =C Kg ! Tsoil Ks+1l Tsoil Kg' Teea k1 = Tsea Kg ®o@s k=— K. (16)

9y do gsdmoygbgdyero 8oHo3M@mo 356589¢M9d0L 860dzbgwmdgdos:

R= 287 8°{0”/°K; Rn=461.518202/°K; 9= 100 §d 2 - 1=10 - %0 - 0= 108 °°%; T, =270°K;

AT= 20%c; x=42°; AO=40°C; E_, =15x10°9/§3; D, =15x10°8°/§3; AL, =1072; M
M, =2x107%; K, =15x107° 8° /§8; K., =3x107 8°/wm; p., =1,13/68°; a, =1,396x10°3¢/d
?1 b, =10,2094x10° g&/d”; A, =0,15%0g0bs @s A, =0,2 Bososaol 38mbggzsdo; A, =11,
A,=16;A,=039; B,=0058; f =09;C,, =03;C,,=001; Z =2  =18; rad=0,0023
87, Az=0,0518; ¢, =3/16; ,=1008; c, =1,005x10°x/33 265©; CPy; =0,4 35058 ° 36500;
Coa = 409 %/0.3050; L =2,5x10° %/38; 8Bob sbGomds Y = 22° G 89gbsdsdgds 03600l mgzgl.

@o3 9ggbgds K, L, M, AX,AY,Ag At gymo 36093690wmdgd0 033wgds MY OMHYOYEO

306360930 58m3560L Tglsdsdobs.
506095, 53mEsbs 9ymdscmgmdlL (1), (8)-(10) s5wygdHE  2sbEGHMEWgdms  LolEgdol
5dmbLbsdo (11)—(16) 3063930l 25dmygbgdoo.

109



@OGIM3GH@S:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J.M.Samet,S.L.Zeger, F. Dominic, F. Curriero,et al. The National Morbidity, Mortality, and Air
Pollution Study. Part 1I: Morbidity and Mortality from Air Pollution in the United States; Research
Report, 94. Health Effects Institute: Cambridge, MA, USA, 2000.

C.A Pope., R.T. Burnett,M.J.Thun, E.E. Calle,D. Krewski, et al. Lung cancer, cardiopulmonary
mortality, and long-term exposure to fine particulate air pollution. J. Am. Med. Assoc, 287, 2002,
pp. 1132-1141.

K. Katsouyanni, G. Touloumi, C. Spix, J. Schwartzet, al. Short term effects of ambient sulphur

dioxide and particulate matter on mortality in 12 European cities: Results from time series data

from the APHEA project. BMJ, 314, pp.1658-1663, 1997.

0. A. Wspasnp. DOkojoruss © KOHTPOJb COCTOSIHUS TPUPOAHOW cpeanl. JleHuHrpan,

I'uppomereonsnar, 1979. 375 c.

Mortality and burden of disease from ambient air pollution-WHO.
https://www.who.int/gho/phe/outdoor air pollution/burden/en/.

3arpsasHeHMe Bo3gyxa u Ku3Hb pacreHui. Ilom pex. M. Tpemoy. Jlemunrpag,
TFocrugpomerusgar, 536 c.

. S. Ji,, C. R. Cherry, W. Zhou, R. Sawhney, et al. Environmental justice aspects of exposure to

PM:2s emissions from electric vehicle use in China. Environ. Sci. Technol., 49, 2015, pp. 13912-
13922.

. F.J. Gonzalez-Barcala, S. Pertega, L. Garnelo, T.P. Castro, M. Sampedro, J.S. Lastres, M.A.San,

Jose Gonzalez, L. Bamonde, L. Valdes, J.-M. Carreira, A.L. Silvarrey. Truck traffic related air
ollution associated with asthma symptoms in young boys: a cross-sectional study. Public
Health, 127, 2013., 10.1016/j.puhe.2012.12.028.

E.R. Svendsen, M. Gonzales, S. Mukerjee, L. Smith, M. Ross, D. Walsh, S. Rhoney, G. Andre
H. Ozaynak, L.M. NeasGIS-modeled indicators of traffic-related air pollutants and adverse
pulmonary health among children in El Paso, Texas. Am. J. Epidemiol., 176 (2012), pp. 131-
141, 10.1093/aje/kws274.

J. Cao, C. Yang, J. Li, R. Chen, B. Chen, D. Gu, H. Kan. Association between long-term
exposure to outdoor air pollution and mortality in China: a cohort study. J. Hazard. Mater., 186,
2011, pp. 1594-1600, 10.1016/j.jhazmat.2010.12.036
Y. Guo, H. Zeng, R. Zheng, S. Li, A.G. Barnett, S. Zhang, X. Zou, R. Huxley, W. Chen, G. Will
iamsThe association between lung cancer incidence and ambient air pollution in China: a
spatiotemporal analysis. Environ. Res., 144,2016, pp. 60-65, 10.1016/j.envres.2015.11.004
W. Nicole. Air pollution and diabetes risk. Environ. Health Perspect., 123 (2015),
p. 901689, 10.1289/ehp.1307823.4.

M. Jerrett, M.M. Finkelstein, J.R. Brook, M.A. Arain, P. Kanaroglou, D.M. Stieb, N.L. Gilbert,
D. Verma, N. Finkelstein, K.R. Chapman, M.R. Sears. A cohort study of traffic-related air
pollution and mortality in Toronto, Ontario, Canada. Environ. Health Perspect., 117 (2009),
pp. 772-777, 10.1289/ehp.11533
List of most polluted cities by particulate matter concentration.
https://en.wikipedia.org/wiki/List of most-
polluted cities by particulate_matter_concentration.

Environmental pollution,http://nea.gov.ge/ge/service/garemos-dabindzureba/7/biuleteni/.

L. 296009, 3. 3mb0s. 969N 35349FJ0569d0l 1sbsdgEMmM39 dYMTdMGMdS. MdOEIOLO,
d93b0ge9ds s BHgdbogzs. 1975, 93. 53-56.

I'.C. T'yausi. Bompocsl MOHUTOpWHTA 3arpsi3HEHUsT aTMOC(EpPHOTO BO3AyXa Ha TEPPUTOPHU
I'pysunckoii CCP. Jlenunrpan, I'unpomereonsmat. 1985, 84 c.

C.Y I'yaus., I'.C. I'yaus. K Bompocam uccienoBaHusi COCTOSIHUS 3arpsi3HEHUs] aTMOC(ephl Ha
teppuropun ['pysunkoit CCP. Tpynst I'py3 CXH, 101, 1977, c. 201-208.

G. Gunia, Z. Svanidze, L. Svanidze. The Determination of Metals’ Microadmixtures in
Atmospheric Air. Bull. Georg. Acad. Sci., v. 154, No. 3, 1996, pp. 165-170.

3 3600, 5GHIMLRIOML 93 Moo BMmbo@MmMobyol 393gmOmMEMA0MHo s3gdEgoo.

03000, 30MMIYEHIMOMEMA00L 0bLEHOGME0, 2005, 265 93.

110


https://www.who.int/gho/phe/outdoor_air_pollution/burden/en/
https://doi.org/10.1016/j.puhe.2012.12.028
https://doi.org/10.1093/aje/kws274
https://doi.org/10.1016/j.jhazmat.2010.12.036
https://doi.org/10.1016/j.envres.2015.11.004
https://doi.org/10.1289/ehp.1307823.4
https://doi.org/10.1289/ehp.11533
https://en.wikipedia.org/wiki/List_of_most-polluted_cities_by_particulate_matter_concentration
https://en.wikipedia.org/wiki/List_of_most-polluted_cities_by_particulate_matter_concentration
http://nea.gov.ge/ge/service/garemos-dabindzureba/7/biuleteni/

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Davitashvili T., Dikhaminjia N., Gunava G., Komurjishvili O. Pollutants Transfer in Environment
with One New Three Dimentional Numerical Scheme. Seminar of I. Vekua Institute of Applied
Mathematics REPORTS, vol. 28, 2002, pp. 25-30.

D.Gordeziani, T. Davitashvili, Z. Khvedelidze. On the One Mathematical Model of the Georgian
Transport Corridor Pollution. Bulletin of the Georgia Academy of Sciences 162 (1), 2000, pp. 73-
76.

T. Davitashvili. Mathematical modeling pollution from heavy traffic in Thilisi streets WSEAS
Trans on Environment and Development, v. 5, 2009, pp. 498-507,

T. Davitashvili. Mathematical simulation of air pollution in Thilisi streets for rush hours. Proc.,
2nd WSEAS Int. Conf. on Finite Differences, Finite Elements, Finite Volumes, Boundary
Elements, Stevens Point, Wisconsin, USA. 2009.

D. Gordeziani, T. Davitashvili. Mathematical model of the atmosphere pollution with non-classic
boundary condition. Applied Mathem. and Informatics 4 (1), 1999, pp. 75-92.

T. C. VYnanosa, M. B. Autunesa, M. B. Bonkosa, M. U. T'unesa. UccnenoBanue comepxaHust
MEJIKOIUCIIEPCHBIX 4YacTHIl B arMoc()epHOM BO3AyXe BOJHM3M aBTOMOOWIIBHBIX JOPOT.
DOI:10.21668/health.risk/2016.4.05.

B. ®. Kxyrenes, B. B. Crenmanos, B. K. Azapos. O peansHom Bri6poce TBepmpix uacTwuiy
aBTOMOOWJIBHBIM TpaHCIOpPTOM. JKosorus, Ne 4(81), 2013, c. 45-47.

M. B. I'padpxuna, A. B. Azapos, JI. P. Jo6punckuii, /. A. Hukenenxko. K Bonpocy KoHTpoIst
¥ HOPMHUPOBAHUS BBIOPOCOB MEIKOAMCIIEPCHON IIbUIM B aTMOC(HEepHOM BO3[yXe IIpH
IBYDKEHUH aBTOMOOMIBHOTO TpaHcnopra. Becrauk MI'CY. 2017, T. 12, Bern. 4(103), c. 373-
380. DOI: 10.22227/1997-0935.2017.4.373-380.

B.H. Azapos. O6 opranusauuu Mmonutoputra PM, u PM, . na npumepe r. Bonrorpana // Becrank
Bousrorpaickoro rocy1apcTBEHHOT0 apXUTEKTypHO-cTpouTesbHoro 2011, Beim. 25 (44). C. 398

401.
A. S Monin. The equation of turbulent diffusion. Dokl. Akad. Nauk.SSSR.1955, v. 105, p. 256-

259.

R. W Boubel, Donald L. F, D. B. Turner and A. C. Stern. Fundamentals of Air Pollution - (Third Edition).
Academic Press, 1994. 574 pp. www.sciencedirect.com/science/book/9780080507071
Cremanenko C. H., Bomommun B. I'. Aranu3 OyHKITUN ITIOTHOCTHU pacpeieIeHUs] KOHIICHTPpaIlul
B T'ayCCOBBIX MOJEIISIX paccesHue mpumMeck B atmochepe, 2008, Ne 3, c. 5-15.

M. E. Bepnaun. CoBpemenHble mnpoOsiembl atMmocdepHodl nuddy3unu U 3arpsa3HEHHE
atMocgepsl. Jlenunrpan 6 ['mapomereounsaar, 1975.

Schwere, S., A. Stohl and M. W. Rotach, 2002: Practical considerations to speed up Lagrangian
stochastic particle models. Computers & Geosciences Vol. 28, 143-154.

Cheng X., Ding G., Li D. Differences in MM5 and WRF Meteorological Field Simulations and
Impact on Air Quality Forecasting by CMAQ Model. Res. Environ. Sci., 2009,22, 1411-1419.
Grell G.A., Schmitz P.R., Mckeen S.A., Frost G., Skamarok W.C., Eder B. Fully coupled
“online” chemistry within the WEF model. Atmos. Environ, 2005, 39, 6957-6975.

Chuang M.T., Zhang Y., Rang D. Application of WEF/ Chem-MADRID for real-time air
quality forecasting over the Southeastern United States. Atmos. Environ., 2011, 45, 6241-
6250.

Wener M., Kryza M., Orjzunska H., Skjos C., Walaszek K., Dore A.j. Applica of WRF-Chem
to forecasting PMio concentrations over Poland. In Proceedings of the HARMO 2014-16™
International Conference on Harmonisation within Atmospheric Dispersion Modeling for
Regulatory Purposes, Varna, Bulgaria, 8-11 September, 2014.

Kochanski A.K., Beezley J. D., Mandel J., Clements C.B. Air Pollution forecasting by coupled
atmosphere-fire model WDF and SFIRE with WRF-Cem. In Proceedings of the 4" Fire
Behavior and Fuels Conference. Raleigh. NC. USA. 18-22 February 2013,1-12.

Aloyan, A.E., Egorov, V.D., Marchuk, G.I. and Piskunov, V.N. Aerosol Formation Mathematical

Modelling with Consideration for Condensation Kinetics. Russ. J. Num. Anal. Math. Model, v.7,
1993, pp. 457-472.

111


javascript:void(0)
javascript:void(0)
javascript:void(0)
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=TNgninQAAAAJ&cstart=20&pagesize=80&citation_for_view=TNgninQAAAAJ:Tyk-4Ss8FVUC
javascript:void(0)
javascript:void(0)
https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjriLPbnqLWAhWLOhQKHT9OATsQFggnMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fbook%2F9780080507071&usg=AFQjCNHGyNAE7ZH9QQn68x0K5llqRJX-1w
http://www.sciencedirect.com/science/book/9780080507071

41.

42.
43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

Aloyan, A.E., Arutyunyan, V.O. and Marchuk, G.l. Dynamics of Mesoscale Boundary
Atmospheric Layer and Impurity Spreading with the Photochemical Transformation Allowed for.
Russ. J. Num. Anal. Math. Model, v.,10, 1995, pp. 93-114.

Aloyan, A.E. (2000). Numerical Modelling of the Interaction of Gas Species and Aerosols in the
Atmospheric Dispersive Systems. Russ. J. Num. Anal. Math. Model.15, 2000, pp. 211-224.
Piskunov, V.N., Golubev, A.l., Goncharov, E.A. and Ismailova, N.A.). Kinetic Modeling of
Composite Particles Coagulation. J. Aerosol Sci. 28, 1997, pp. 1215-1231.

Long J., Cheng S., Li J., Chen D., Zhou Y., et al. (2013).A Monitoring and Modeling
Study to Investigate Regional Transport and Characteristic of PMys Pollution. Aerosol
and Air Quality Research. 13: 943-956.

A. Ebe, T. Davitashvili, D. Gordeziani, H.]. Jakobs, M. Memmesheimer and ]J. Tavkhelidze.
Numerical Modelingof air pollution on regional and local scals. AMIM, 2004, 9,1-13.

G. Djolov, G. Fourie, J. Plemaar. Modeling Long-Range Transport and Chemical

Transformation of Pollutants in  Southern Africa Region. YkpauHckwuii
ruapomereoposiornueckuit xypnai, 2009, No. 4, c.136-146.

R. Brodzinsky, B. Cantrell, R. Endlich,C. Bhumralkar . A long range air pollution
transport model for Eastertn North America-1l Nitrogen oxides. Atmopspheric
Environment, 1984, vol.2, No. 11, 2361-2366.

G. Djolov, D. Yordanov, D. Suyrakov. Modelling the long-range transport of air pollutants with
atmospheric boundary layer chemestry. Boundary-Layer Meteor., 1987, vol. 41, 407-416.
Guorui Feng, Qi Liao. Shengyong Hu. Numerical Simulation of Particulate Matter 2.5
Distribution in a Roadway. Nature. Scientific Reports, volume 8, Article number:
13220, 2018.

Shlichkov V. A., Malbakhov V. M., Leghenin A. A. Numerical modeling of atmospheric
circulation and transfer of contaminating impurities in Norilsk valley. Atmospheric and
Oceanic Optic. 18, 2005, pp. 490-496.

Novak, L. Bizjan, B. Praznikar, J. Horvat, B. Orbani¢, A. Sirok, B. Numerical Modeling
of Dust Lifting from a Complex-Geometry Industrial Stockpile. Strojniski vestnik -

Journal of Mechanical Engineering, 61, 2015, 621-631.

Y. Wang, Y. Zhou,J. Zuo,and R. Rameezdeen. A Computational Fluid Dynamic (CFD)
Simulation of PMyo Dispersion Caused by Rail Transit Construction Activity: A Real Urban Street
Canyon Model. International Journal of Environmental Research and Public Health. v.15(3);
2018. doi: 10.3390/ijerph15030482

Habilomatis G., Chaloulakou A. A CFD modeling study in anurban street canyon for ultra fine
particles and population exposure: The intake fraction approach. Sci. Total Environ. 2015,
530:227-232. doi: 10.1016/j.scitotenv.2015.03.089.

Yazid AW.M., Sidik N.A.C., Salim S.M., Sagr K.M. A review on the flow structure and pollutant
dispersion in urban street canyons for urban planning strategies. Simulation. 2014. 90:892-916.
doi: 10.1177/0037549714528046.

JinX.M., Yang L.J., Du X.Z., Yang Y.P. Sensitivity analyses of ultrafine particle dispersion inside
an isolated street canyon. Powder Technol. 2016. 304:143-156. doi:
10.1016/j.powtec.2016.07.060.

Ahmad K., Khare M., Chaudhry K.K. Wind tunnel simulation studies on dispersion at urban street
canyons and intersections—A review.J. Wind Eng. Ind. Aerod. 2005, 93:697-717. doi:
10.1016/j.jweia.2005.04.002.

Stabile L., Arpino F., Buonanno G., Russi A., Frattolillo A. A simplified benchmark of ultrafine
particle dispersion in idealized urban street canyons: A wind tunnel study. Build.
Environ. 2015,93:186-198. doi: 10.1016/j.buildenv.2015.05.045.

Surmava A. A. Numerical investigation of the modeling of transportation and deposition
of the radioactive pollution in the Caucasian Region in case of the hypothetical accident
on the Armenian Nuclear Power Plant. Journal of the Georgian Geophysical Society. 15B,
2012, pp. 32-45.

112


https://www.nature.com/articles/s41598-018-31419-0#auth-1
https://www.nature.com/articles/s41598-018-31419-0#auth-2
https://www.nature.com/articles/s41598-018-31419-0#auth-3
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29522495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29522495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29522495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rameezdeen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29522495
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5877027/
https://dx.doi.org/10.3390%2Fijerph15030482

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.
79.

Kordzadze A., Surmava A., Kukhalashvili V. Numerical investigation of the air possible
pollution in case of large hypothetical accidents at some industrial territories of the
Caucasus. Journal of the Georgian Geophysical Society. 16 B, 2013, pp.13-23.

Surmava, V. Kukhalashvili. Numerical modeling of the possible pollution of the atmosphere over
the eastern part of the Black Sea. Bulletin of. Akaki Tsereteli State University, 2013, pp. 122—
125.

A. Surmava, N. Gigauri. Spatial Distribution of Dust Concentration in Kakheti Atmosphere in
Case of Non-stationary Sources of Pollution, J. Georgian Geophysics Soc., Issue B, Physics of
Atmosphere, Ocean and Space Plasma, 2016, v. 19b, pp. 18-25.

A. Surmava, L. Gverdtsiteli, N. Gigauri, L. Intskirveli. Numerical Simulation of Dust Distribution
over the Complex Terrain Region of Georgia. Journal of the Georgian Geophysical Society, Issue
A.v.20 A, 2017, pp. 37-43.

Surmava. A. Numerical Modeling of Zestafoni City Dust Dispersion in case of Western Wind. J.
Georgian Geophysics Soc., Issue B, Physics of Atmosphere, Ocean and Space Plasma, v. 21(2),
2018, pp. 21-26.

Gigauri N. G. Gverdtsiteli L. V., Surmava A. A., Intskirveli L. N. Numerical Simulation of
Industrial Dust Distribution in the Territory of Zestafoni, Georgia. WIT Transactions on Ecology
and the Environment. V. 230. 2018. pp. 119-128

Gigauri N. G. Gverdtsiteli L. V., Surmava A. A., Intskirveli L. N. Numerical Simulation of
Industrial Dust Distribution in the Territory of Zestafoni, Georgia. WIT Transactions on Ecology
and the Environment. V. 230. 2018. pp. 119-128.

Mapuyk I'. 1. MaremaTudeckoe MofieTupoBaHUe B MpoOIIeMe OKpysKarolei cpensl. MockBa,
Hayxka, 1982, 320 c.

I'yrman JI. H. BBeaeHue B HEJIHMHEMHYI0 TEOPHUIO ME30METEOPOJIOTHMYECKUX IMPOIECCOB.
Jlenunrpan, I'ugpoMereoponorunueckoe u3naTeabcTBo, 1969,296 c.

Orlanski I. A rational sub division of scales for atmospheric processes. Bull. Amer. Meteorol.
Soc., vol. 56, 1975, pp. 527-530.

Ogura Y. A review of numerical modeling research on small-scale convection in the atmosphere.
Meteor. Monogr., Amer. Meteor. Soc., No. 27, 1963, pp. 65-76.

Gambo K. The characteristic feature of medium-scale disturbances in the atmosphere, pt. I. J.
Meteor. Soc. Japan. Seer. 11, 48, No. 3, 1970, pp. 328-341.

ITymuctos I1. 1O., [llnnukos B. A. Bausaue mianetapHoro IlorpaHn4HOrO €10 Ha pa3BUTHE
KpYITHO- ¥ cpenHeMacTabHbix O0apokiauHHBIX BOH. M3B. AH CCCP, ®usnka Atmocdepsl u
okeana, T. 13, No. 2, ¢. 115-122.

lapmuma JI. C, Jlatixtman J[. JI.,MatBeeB JI. T., IOguax M. M. OcHOBB AUHAMHUYECKOU
Meteoposoruu. Jlenunrpan, I'ugpomereonsnat. 1955, 647 c.

l'acuna @. A., Jlatixtman /1. JI., MensaukoBa U. U., ITanaruun O. I'., ITomonckas 3. JI., PagukeBuu
B. M., IOprencon JI. II. Jlunamudeckas mereoposorus. Jleannrpan, I'mappomereonsnar, 1976,
608.

HlnmnuaxoB B. A., Ilymuctos II. 1O. O B3aumogelicTBUH CpesHeMacIITAOHBIX BO3MYIIEHUH
IIOTPaHUYHOTO cy1os 1 cBoGogHO# atMocepsr. Mss. AH CCCP, Qusuka arMocdeps! 1 OKeaHa,
T. 15, No. 12, 1979, c. 1244-1252.

Mapuyk I'. Y. YucieHHOe pelreHMe 334y JUHAMUKH aTMocdepsl u okeaHa. JleHWHrpaz,
I'mppomereonspar, 1974, 304 c.

Hemerpamsunu [I. Y. Hecramonapuas 3aaya 0 Me30MacuITaGHbIX IPOIeCcax B CBOGOLHOM
atmMocdepe Haz oporpaduuecky HEOTHOPOAHOM moBepxHocThio 3emuu. Mss. AH CCCP,
®usuxa armocdeps! u okeana, T. 15, No.7, 1979, c. 699 - 709.

Demetrshvili D. A nonstationary three dimensional problem of mesoscale processes over
orographically inhomogeneous Earth’s. International workshop on limited-area and variable
resolution models, Beijng, China, 23 — 27 October, WMO/TD, No. 699, 1995, pp. 293 — 298.
Martgees JI. T. [lunamuxa o6axos. Jleuunrpaz, ['ugpomereonszar, 1981, c. 311.

Jumunkos B. I1. O6 oxHO# TocTaHOBKE 33aZja4 IIPOTHO3a IT0JIeH BIXXHOCTH B aTMocdepe. M3B.
AH CCCP, ®usuka armocdeps! u okeaHa, T. 7, No.12, 1971, c. 1311 — 1314.

113



80.

81.

82.

83.
84.
85.

86.

87.

88.
89.
90.

91.

92.

93.

94.

95.

96.
97.
98.
99.

Mapuykx I'. WM., OsimauxoB B. II., 3anecmsiit B. b., JlsikocoB B. H., l'ammua B. f.
MaremaTrueckoe MOJeIHNPOBaHME OOIIel IUPKY/IAIUU aTMOchepsl U OKeaHa. JleHUHTrpaz,
I'mppomereonspar, 1981, 329c.

MarseeB JI. T. Kypc obmeit mereoponoruu. ®Pusuxa armocdepsr. [luHamuka 0671aKOB.
Jlenunrpan, I'mapomereonspar, 1984, 752c.

Yawmngce 3. Ousnueckre ocHOBbI rumposoruu mous. Jlenunrpay, ['mapomereonszar, 1973,
329c.

Yyguosckusrit A. @. Temmodusuka mousst. Mockea, Hayxka, 1976, 352c.

Byparosckuii A. Y. BnursiBanue Bozgs! B mouBy. Mocksa, Uzn-so AH CCCP, 1955, 253c.
Shuman F. G., Hovermale L. R. An operational six-level primitive equation model. Journ.
Appl. Mech., v. 7, No.4, 1968, pp. 525-547.

IITyman ®. MHOrOypoBHeBas MOZEIb IO IOJIBHBIM ypaBHEHMAM. JIeKIUU IO YMCIEHHBIM
MeTozaM IporHosa norogsl. Jleuunrpaz, ['mapomereousgar, 1969, c. 481-498.

Y. Roustan, C. Birman, M. Bocquet, Camille Birman, P. Tran. Atmospheric dispersion of
radionuclides from the Fukushima-Daichii nuclear power plant. Map of ground deposition of
caesium-137 for the Fukushima-Daichii accident. http://cerea.enpc.fr/en/fukushima.html
UNSCEAR, 1988 REPORT. Annex D. Exposures from the Chernobyl accident.
http://www.unscear.org/docs/reports/1988annexd.pdf

Fukushima Accident 2011. http://www.unscear.org/docs/reports/2008/11-
80076_Report_2008_Annex_D.pdf

Turkey’s Energy Minister: “Metsamor Nuclear Power Plant in Armenia must be closed”
http://en.apa.az/news.

Turkey warns Armenia about 40-year old nuclear plant
http://www.trdefence.com/2011/04/18 /turkey-warns-armenia-about-40-yo-nuclear plant/.
Azerbaijan Urges UN to Halt Armenian Nuclear Plant.
http://en.rian.ru/world/20120423/172992199.html

V. Winiarek, M. Bocquet, Y. Roustan, C. Birman, P. Tran. Atmospheric dispersion of
radinuclides from the Fukushima-Daichii nuclear power plant. Map of ground deposition
of caesium-137 for the Fukushima-Daichii accident.
http://cerea.enpc.fr/en/fukushima.html

Ishikava H. Evaluation of the effect of horizontal diffusion on the long-range atmospheric
transport simulation with Chernobyl data. J. Appl. Meteor.1995, v. 34, pp. 1653-1665.
Kazakos A. JI, Jlazpues I'. I'. JI. O mapamerpuzanuy NpuU3eMHOTO CJIOs aTMOC(EpPbl U
nesitensHoro cnos moussl. M3B. AH CCCP, I'eodusuka, 1978, No. 3.

306dobos 0. BogdoMmm39gaml 35395. LogoMmM39wmL 39@Eb. 5350900l god-ds, 1964, 240 43.
90BB3M533000 9. LodsMMZI ML 3e0ToGMO MYLOLYdO. MdoEoLo, 2007, 328 3.
Knumat u xmumrudeckue pecypest I'pysun. Tpyast DaxkHUT'MU, Bein 34(50)6 Jlenunrpan,
I'magpomereonspar, 1971, 384. https://air.gov.ge/media/report files/annual/ge.

100. PyxoBozcTBO 110 KOHTpOIIIO 3arpasHenus aTmocdepst. PJI 52. 10.186-89. 615 c.1989.
101. Zilitinkevich S. S., Monin A. S. Turbulence in dynamic models of the atmosphere.

Leningrad, Nauka, 1971.

102. Marchuk G. 1., Kochergin V. P., Sarkisyan A. S., et al., Mathematical models of ocean

circulation. Nauka, Novosibirsk, 1980.

114


http://cerea.enpc.fr/en/fukushima.html
http://www.unscear.org/docs/reports/1988annexd.pdf
http://www.unscear.org/docs/reports/2008/11-80076_Report_2008_Annex_D.pdf
http://www.unscear.org/docs/reports/2008/11-80076_Report_2008_Annex_D.pdf
http://www.trdefence.com/2011/04/18%20/turkey-warns-armenia-about-40-yo-nuclear
http://en.rian.ru/world/20120423/172992199.html
http://en.rian.ru/world/20120423/172992199.html
https://air.gov.ge/media/report_files/annual/ge

NUMERICAL MODELING OF THE TRANSBORDER, REGIONAL AND
LOCAL DIFFUSION OF THE DUST IN GEORGIAN ATMOSPHERE

Aleksamdre Surmava, Liana Intskirveli,Vepkhia Kukhalashvili
Summary

Georgia acquires new functions over the last years. From agrarian and industrial republic it
gradually transforms into the state performing the cultural-recreational functions and functions of
arrangement the international events. Due to its unique relief, high mountains, glaciers, deep gorges,
canyons, caves, semi-deserts, very humid subtropical Kolkheti lowland (Colchis), Black Sea azure coast,
clear sky and monuments with several thousand year history, Georgia becomes one of the most attractive
locations at the touristic map.

Georgia gets the functions of very important transportation hub connecting Asia and Europe,
North-East Europe and Near East. Dozens of thousand tons of goods and hundreds of thousand passengers
are conveyed every year through our country by heavy trucks and light vehicles in all four directions.
Many thousands of cars move through the complex-terrain streets of Tbilisi and other cities of Georgia.

Many industrial and large administrative centers are located in the republics of the South Caucasus.
Industrial enterprises and motor transport every day emit large quantity of atmosphere polluting agents,
atmospheric propagation of which at the adjacent territories frequently makes the pollution level higher
than maximum allowable one. This circumstance causes ecological state deterioration, has a negative
effect on human health and creates problems for realization of cultural-recreational and touristic-health-
improving destination of Georgia.

All this puts forward a question of principle — how to elaborate and carry-out such air-protective
measures, which will preserve high degree of air purity at urban and touristic-recreational territories
without deterioration of economical status of Georgia. Accomplishment of the mentioned tasks is possible
using practical measurements and methods of theoretical studies.

The presented work deals propagation of dust — one of the primary atmosphere polluting ingredients
in Georgia using the methods of theoretical, mathematical and numerical modeling in its regions and
Thilisi city atmosphere. Results of researches carried out over the recent years in the Institute of
Hydrometeorology of Georgian Technical University and the M. Nodia Institute of Geophysics of 1.
Javakhishvili Tbilisi State University are described in it.

A scientific literature devoted to theoretical investigations of atmosphere pollution is analyzed in
the introduction. It is shown that the available theoretical models can be conventionally divided into
semi-empirical, Gauss, Lagrange and Euler models. The limits of their application and peculiarities are
shown.

The Chapter I is devoted to the statement of mathematical problem, receipt of main equation and
its simplification proceeding from the task specificity. A large-scale analysis of equations is conducted,
free convection method and relief-following coordinate system are used. There is derived the system of
3D non-linear non-steady-state equations, which takes into account thermal processes running in soil and
water, uses the parametrization method for surface layer of the atmosphere and describes temporal and
spatial variations of meteorological fields and substances available in the atmosphere. The algorithm of
equation system numerical integration with corresponding initial and boundary conditions is developed,
as well as computer calculation program. Schuman explicit scheme, Crank-Nicolson method, and implicit
numerical scheme of processes and coordinates splitting are used when elaborating algorithm.

The Chapter 2 is devoted to the study of dynamics of cross-border transfer of passive polluting agents
and radiation dust emitted in large quantities into atmosphere due to hypothetic accident at the territory

115



of the South Caucasus, when the pollution source is located in Poti, Baku and Metsamor cities. The
modeling will be made for more than three-day time interval. Through analysis of results obtained via
calculation, dust propagation top-priority directions in summer period were identified in case of different
background winds; effect of the Greater Caucasus, Smaller Caucasus and Likhi range orography on
regional wind field formation and polluting ingredients diffusion process. It is shown that the direction
of passive ingredients propagation emitted in the vicinity of Poti depends on background wind velocity.
Ingredients emitted during light western winds are spread in both eastern and north-western directions.
After 48 hours they are completely localized in the neighborhood of the Stavropol steppe.

Ingredients emitted into Baku atmosphere may cause the Caucasus region pollution during
background eastern or south-eastern winds. In case of light eastern wind, aerosols emitted within first 6
hours are transferred throughout Absheron peninsula. Afterwards, pollution is propagated in the western
direction to the south part of the Smaller Caucasus and for t = 24 h occupies the territories of Azerbaijan,
Armenia and eastern part of Turkey. In the subsequent period, for t = 48 h an aerosol cloud occupies a
large territory of the South Caucasus from Caspian Sea to the eastern part of Black Sea (including).
Aerosols emitted during background light south-eastern winds doesn’t cause South Caucasus pollution
and are intensely transferred in the northern direction, along the established meso-scale wind. Cloud of
polluting agents within t=24 h leaves the territory of South Caucasus.

Pollution cloud formed during south-eastern wind in case of hypothetic emission from Metsamor
atomic power station moves in the northern direction and divides into two clouds influenced by the
Caucasus Mountain Range. One of them, in the course of 48 hours, crosses over Likhi range and spreads
to the vicinity of northern part of the Western Kolkheti and eastern part of the Black Sea. The second
cloud, after passing Jvari pass spreads above the north-western slope of the Greater Caucasus range. The
zone of radiation dust settlement on the soil and relative surface density of ingredients deposited on the
underlying surface within 24 hours are determined via calculations.

Diurnal change of propagation and pollution with a dust available in the atmosphere of Kakheti
region and western part of the Eastern Georgia is modelled in the Chapter 3 in case of main meteorological
situations. Both common patterns and peculiarities characteristic for separate situations of dust transfer-
diffusion processes are investigated.

It is established that a basic mass of dust available in the atmosphere of region’s cities is spread to
small distances only and is concentrated directly in the vicinity of points of pollution, in horizontal
direction from human settlements. At 2-4 km distance from the point of pollution its concentration
decreases roughly 10 times, while at longer 20-30 km distances concentration is reduced approx. 102 -103-
times. Vertical turbulent transfer of polluting agents in the surface layer of the atmosphere is prevalent
compared to horizontal transfer. That’s why, a vertical structure of the area polluted with a dust in 100 m
thick surface layer of the atmosphere is virtually permanent. It is just slightly extended in horizontal
direction. The horizontal dimensions of polluted zone in the atmospheric boundary layer (at 600-1000 m
height from the Earth surface) substantially increase in both air flow and perpendicular directions.
Temporal variations of air flow and turbulence have an effect on spatial distribution of air entering into
the atmosphere from cities. Dust propagated in the air of the major part of the region. Despite this fact,
the concentration, higher than 0,1 average diurnal MAC is obtained in the close proximity of Tbilisi and
Rustavi cities only. At the rest territories the concentration is far less than 0,1 MAC. Vertical area of dust
propagation is confined by the atmospheric boundary layer, and in the free atmosphere above pollution
is manifested in the form of separate plumes only.

The chapter 4 is devoted to analysis of dust propagation numerical modeling originated in the
atmosphere of Tbilisi and adjacent territories resulting from motor transport traffic. Modeling is
conducted at the high-definition spatial grid. Concentration change kinematics and its diurnal patterns
in case of light, average and strong background eastern and western winds are studied. Locations of dust
accumulation and high concentration areas are identified during differently directed winds. Through
analysis of velocity and concentration fields of formed local wind there is established that a spatial
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distribution of heavy polluted areas depends on highways location, dynamic impact of relief and on local
circulation systems formed due to thermal regime diurnal change at underlying surfaces. It is established
that in the process of dust quantitative change, four stages can be separated in heavy polluted areas: 9PM-
6AM - atmosphere self-purification, 6AM-9AM - rapid growth of concentration; 9AM-3PM - slightly
reduced or constant concentration; 6PM-9PM — concentration rise.

It should be mentioned in the end that just one source of pollution — motor transport is foreseen in
the model, while other sources of pollution, such as a dust deposited on soil, roofs of the houses and other
underlying surfaces, is not taken into account. While the dust quantity caught up from these sources and
entering the atmosphere during winds of average force can be neglected due to its small quantity, in case
of strong winds their impact will be presumably substantial and will change dust spatial distribution
pattern. The mentioned problem has to be considered in the follow-up studies.
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