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gx@gool  Fobbopgool  396¢®gddo. 3d5Tdob  dmigdygmo  gx@obsmgol  (2.1.2-2.13)

olig®gBobsEos agodaggl dgdogy bgdsl E ws B 3033mb9b@gd0Lmgols:  Jg9dmm
dmyggobogros Ljgds z  3md3mbgb@olmgol.

2) sbogrmaoygdom 239690  @obs®hgbo  3md3mbgb@gdolmgolsi.  Lbgoswslibgs
Lbog@geo doxol gomgsmol{obgds 3@ma@sdsdo m@ogg GHo30L,900930m3560 s
50533 07M0 dool, 83900l Lodgoagdsls odanggs. sbggg b0gmogdgdoms 35@odgB®gdo

dogdgeos  doswols  3356dgdby o sdmgogdyaos  0bpgdlgdby  0.x.3  Go3
SM5gOMA3MM3560 Mb0gd@gdol Lodyoegdsl odanggs. ©@AM0m0 boxo godmomgegds

39056G0L  306H™Mmd0IL AtS%FDTD Atﬁ% oo 0 dobodosgyg®o  Log@domo
C C

dox 0o dogby.
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H,(+1/2,j,k+1/2)
D o A
I E,(i,j,k+1/2) I
H, (. j-12.k+1/2) O H G, j+1/2,k+1/2)| hx =—01725%

! v

lemmmee —p !
Hv(l _1/2> J>k+1/2)

[
»

A

Ay, + Y,
T,
( i+ i k+d)—H, (i-1 jk+2 ))hy+( (i =L k+2) =H (i, j+4 k+1)) -hx =

F(I ) E(i,j,k+§)},h)§,hyj +q’j’k%.{‘i”“(' e E e )}hx-hy,- @17

i jk

5J9056 E' w30l gogdm

2¢& o

-0, At AL
EX (i, j,k+3) = bikty hike E7 (i, jok+3)+ .
2¢& (At Zgi’j’k% +o0 ., At

i,j.k+1 | jk+t i J.k+g

(2.18)

L(H, (44 ] oy 1 -
'{K(Hy(“ﬁJak+%)—Hy(l—%J,k+%))+h—(H (i, j+1,k+3)- HX(|,J_%,|(+%))}

i ]

Lob@gao Lbgomdgdol dgmmpo s@ol  gOmsg@mo @oibgomo dgmmeo, G®Igeoos
2odm09g4gbgds  Mmyga  Sbo@mdoy® dmwge by 9.d. olboggdol dmpgmodgdobsl. ol

335de0 g31s Lodyoagdsls 90 9JBOmIsabo@ o ©S 0 gAIE00 sdm3obgdols
JmEgeo@gbolsl asdmygbgdyge 0dbsl gHmosoq03g @olig®gdgao dowy.

Lob@geoo  Lbgomdgdol dgmmeol  gomg@mo  bogamo  s@ol o, O®M3  >5OoOLgomdl
5dmbsbliboll LobylFol dgxasbgools dgommeogs. 03 GoJil, A®I sdsEobs @0l Lfmmge
sdemblbogro doymomgdl Ibmeme 3G gdsemdols s@Lgdmds.

5353 go0m 9bs s@0bodbml, @md bogmogmgdol gargd®mdogbo@y®o s mg@Iygao
ngoligdgodo oMol ©05dM 30 oY Lobdomgby S G9339O5GMsby, ONE
d609gbganmgbo© sOM Y gdl dmwgmo®gdols 3GM3gL.
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§ 22. Lomdydo 3Gm3gbgdol Goibgomo dmpgmotgds FDTD dgmmpon

d00bomdml  aobdmengdols (1) (22.1) dmpgemodgds (222) Lobobwgdm  3o®mbdom
dodlggemols aob@mangdgdols Impgero®gdol  sbogpmpoydos (1).

oT

p-CE=W6T+p-SAR+Ab—B-(T—Tb) (22.1)
oT
KE =-n(T-T,) (222)

Lomdyg®o aob@Gmengdols (2.2.1) dmpgeno®gdolsl goygbgdbom 0p039 Logdger dowgls
@53 335J3b 3oJlggerol gobBmengdgdols dgdmbgggsdo, 3oggbgdm bogmogdgdgdls,
Omdggdoz Jmgdygmos gx@gool 396¢®9dTo. gFgom Lomdy@o dognsblol
396@GMgdsL:

T ot o-c Lav = [ atfhGas « [ ot][] p-sar=av + | at[[] A v
P ot P Y N (223)

—ZfdtﬁjB-(‘l’—TQ*dV

oo gergdgbdo@gemo yxdgeol dnaygmmoss S bgosdodo, bogom G=-KVT

‘dglodadolo Lob@geo bbgomdols Lgdsos:

At

n+1 _Tn n n
Ti+1/2,j+l/2,k+l/2 _Ti+1/2,j+1/2,k+l/2 +(Gx,i,j,k _Gx,i+1,j,k) C
i+1/2,j+1/2,k+1/2pi+1/2,j+l/2,k+l/2

+(X—> y&X— zterms)

At
n
C Bi+1/2,j+1/2,k+1/2 (Ti+1/2,j+1/2,k+1/2 =T b)
i+1/2, j+1/2.k+1/2Pi+1/2, j+1/2.k+1/2

At (224)

(pi+1/2,j+1/2,k+1/2 ) SARi+1/2,j+1/2,k+1/2

+

Ci+1/2,j+1/2,k+1/2pi+1/2,j+1/2,k+1/2

+ A)i+l/2,j+l 2,k+1/2 )

>@0l  Lomdmlb  bogoo  Imizgdymo  gYxdgool  bgosdo®bg.  bogowgdols  gboby
3obBMEgdgdol  dmwgmomgds  dgBo  dJmbgdbgdygmos  Lbgopslbbgs  Lobobwgdm
300mdgb0ls Jmgaodgdolsmgols. dog oMo 30650056 (22.0) 300mdols

aomgogolifobgds  bodbogls G bogoby  300mboll  @oEgdsl.  goboowsb  dowy
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MONOMymbsgy@os gl b0dbogl Gmd gx@geols Fobbopagdbyg ggoJ3L Ibmerme g@mo
Jmd3mbgbds  G,,G,,G, dgbododobo X, Y,Z  Fobboggdbyg. (222)  wolzdghobgds

Lodmenmeme 335d93L.

Kok T T

o i-1,j,k i, .k . i+1/2,j+1/2,k+1/2 i-1/2,j+1/2,k+1/2
k) Ah
300mdgd0l  dgdmbgggodo  dglodsdolo  bogowols gm@dyans  oiggengds  (22.1)

olig®gBobsigoom. (222) gm@dygmsdo  3mgno3obRgool  3gmomgbdon  s@gogs©
dgodangds Lbgoolbbgs Lobobwgdm 3odmmdgdol (3mbggdios, dy9wdogo B9d3g@s@yds,

oo G" 306393060 Lobsbwg®m

X,i—1

50005853 7M0 Lbobabmgdm 300mds) Jmegao@gds.

§ 23 SAR-ol IEEE L@obpsd@om dmEgmmdol 3oLsdwgoemgdols
SEP@0m 30

dmEgmmdol gobsdygsmmds FDTD dgmmpol seogm@odddo.

SAR-0l  gobodyo@mmgdols  Lakodmgds  odomss  aodm{gggmo, Gmd  @goay®
9JU39M03g63do  gobmIogno  SAR-0 5@ gdmbgggs [gOBogrmgsh SAR-UL, ®mdgeog
domagdyaos  @oibgomo  Jgmmegdom.  sdmhbps, G®MI  gobsdysmgdymo  SAR-o
b93000  9g9mgbo  gdmbgggs O gog o 9Jb39™039b@Boll  ggas  dJowgdyeo
d60dgbgamdgdl.  so@md  glog@mbmgdol  LEsbpos®@gddo  boblgbgdos  byb@ow
aobodygoa gdegao SAR-o. sbigmo YLogm@bmgdols LbEobo®@gdo sOLgdmdL
Lbgoalbbgs Jg99690do, o gl LEsbps@Bgdo gMmdsbgmolash asblbgegogds, mydis
dogbgoogo  sdobs, dom  doobi goohbosm  Log@mm  dobolosmgdengdo. dopsmmomsw
Ssbgm  bAobo®Bgddo  Gogngg  aodmymgogos  Lodmdomsdm s b3giEosgygdo
56036y gdols NEEINION X3 98900bmgols aobggmgbogno doJLodsenyy@ o
©5dggdyemo  SAR-oll  360dgbgermdgdo.  Dggyom,  sesdosbo,  Gmdgmoi  oGob
3oROmboagdymmo  5ds 09y 03 535M5GYAOSLmsb  Igdombol  Logg@mbol  dglobygd,
©0gogemdl Lm@osay®d, do@g@osmy®@ 5b Lbgs dgmogomgdl.

ol dgdgd @o3 2ogM33e @md  Loko®ms Lodol golsdygomgds wowas Lsgombo
boy3909bm ImEygamdols dmdogdol bsgombo.

>OLgdyeo bgeolofgmgdo S Sbo@mdoy®o dogagdols dognodg@®osbo
©obg@gBobsgos  o@ol  bogydggewo  odobs,  @md  gobbpgl  Logombo  dsbols
Ao badygoemgdols dgehggol  momdsby. mobodgdmgg  IEEE 9Log@mbmgdols
LEobps®m@gdol dobgogom SAR-ol dsjlbodsgnydo dbodgbgenmds Jlmgoedo @ ¢bgos
009353 gomegl  aoblobwg@ye  Lowowgl.  sbogrmpoyg®o, o0beywgds  dmerosh
bbgygenlbs o Log®Egdo aolodygogmgdygao SAR-ol dbodgbgeomdgdo. do@omswsw
Lbog@gdo  aobodygomgds bpgds dslols dobgogom, dspomomse - 39ddo, @mIaols
dobos g, 29, 5, 103 o 5.9, @bmdogros, @md dJmdbdodgdgenbg dmdogryd@o
A9 gnmbgdol o  Ubgs dmfymdogmmdgdols  slboggdolsl  doJlodogry@o  SAR-o
0dymxzgds  gy@do.  @oeash  yu®ol  ge®ds  s@ss  do®Eogo s dolPo  Igol
@5dmEgbodg  bogmogdgds  (3obo, @bodo o  5.9)  s@ds  odm@oibymo, @™
Ygdengdgeo ogml ghma®sdosbo jy9ools dmdogds dsJlodsgnydo SAR —ol {g@@oendo.
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5dobmsobogyg,  bmgo bogmogdgds Lbggdmsob dgoomgdom dg3dow 33300395, 3o35E0mo©
dgogo. 2oMEs sdobs, Pbps pogomgomolifobmm, G®md FDTD sgoam@omdol msbobdow
ool gOm x@gedo dgodangds 5@ ©og@omlb dobol 1 (sb 2, 5 10. s ».9) g@odo. oI
30mdangdols s@ogdol Jobbom, Dgodengds asdmygbgdyer 0dbsl 0bFg@3mensz0s ©
9JLBAO3m@si0s, mgdie dogbgosgsm sdobs, @Hgds 5MogOMY35MMgbgdols 3G Mdengds.
Goaob osbgom dgmey asdmdbboggdangdol ggero LFGsgs dooaggs, sdo@md [yo@ml
5dm@gdolols bodmenmm dgogaby woe gogangbsls obgbl gx®gegdol bmds s oI
Y@ 9go0l dobgdols dmEyammds.

m | 9%0gr0 dobodgdgeo 60dgbgmmdon

Z | “yo0mygbydgmo” gx@gwo

3obodgogdols LYm@o dmEyemds

aobodgoggdols ggo@yolo dmiEyemds

byg® 1.2 gobodygoengdol bbgowslbgs dgdmbggggdo

SAR-0l golodgomgds Lbgyedo

Lbggeedo dymy bogmogmgdgdolbomgol SAR-0 9bos oyml golisdygomgdbymo  39dyco
Jogemdgdbolbomngol, @mImgddoi dobol Gomgbmds ¥bs ogmlb 1y 5% LobylLEoom.
3900, Omdmols 396@¢®0 gdmbgggs F9OBogrmgsbo SAR-0ls dsJlodsg @ 3b0dgbganmdsls
0b®Egds  gggms  Jodo®mygawgdom  dobod,  Lobosd  dolo  dobs 5O Aoy m@@gds
2oblobmgdya  3b0dgbganmdsl.  bmeoem  gydol  Fobbogo o®  9gbos gdmbggmegl
Lbgygenols bgwodo®dl. 0d dgdmbgggedo, oy Lolygdggero dobs o@ss  doe(gyeo,
Lofygobo  Fg@@oemo gbps (oobsigmml  dobod, Lobod 3dm@Eglo [o@dos@gdom o

ol YmEgds.  ygges  aodmygbgdygm  asbodygoenmgdsdo  x@geo  dmobodbgds,
Omam®3  “aodmygbgoymo”. bmerm  gggms aodmyygbgdgmo Y @goo,  OMAMO3
“a0dmyygbgdgeo”.  ymggmo  aodmyygbgdgmo  Yx@goobsmgol  asdmoygbgds  Lbgo
2o bodgommgdgdols sepam@omdo. 03 dgdmbgggsdo, Gmegbsg Yx®geo dmbodbyeos
Omam®O3 “2odmygbgdyeo” s 53539 AOML 5@ ymgoms  aobodygsemgdols (396@ G0
dol gbodgds dglosdsdolo dmEyemdol dsJlodsgydo dbodgbganmds.
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YX 9o, Gmdgmoz Foddmswygbls
H| pobodgogmgdol Jmaygmmdol 964G

YN O 9o, Gmdgmbsi oJgl dobodgdyeo
SAR-0ls d5]JLodsaeg@o 360dgbgermds
3oL dgogmgdols dmiEyemdgdowsw,
Omdgngddoz Jodwobs@g Yx G0
‘dgolbs.

byg@ 13 golbsdygogrmgdols bgds bbgymol Lobrmgesdbg s dol dopbom

SAR-0b 25lsTgomgds Lobmgstby

Lbog®3gdo aobsdygommgdygeo SAR-0 Lolobwgaem §g@@ommgdolmgols asdmomgangds 10
3®53d00b0 JmEygemdologols 5%-0560 LobybEom. sbogrmgoy®e, GMam®AE ogm [obs
‘dgdmbgggzolomgol, 3900 GoOmmggds dob5d, Lobsd bogmog®gdol dobs dob'do o@

aobogds 10y, o9y gl Igyudangdgamos  dmigdgeo  Fg@Goaols  gbokgds  Lodo
Ao bsdygomgdbyao d60dgbgenmds dm39dgmo sMogOmagoMmgbgdolsmgols.

§ 24 33-2-5 mogol @sbygbs

od@o0po  dgm@g  mogdo  aobbognyan  odbs  olg®@oiosdo  godmygbgdiao
o0 gdo@ogg®@o dgmmegdo. s g@omos gangd@®mdsqodydo s Lomdy®o sdmiEsbgdols
Jopgmodgbols  dgmmeo  LobOygao  Lbgomdgdol  dgmmeomn  3gdggmdom. sa@9mgg
dmygobogros SAR-ol 2olodgogmgdol sanam@omdo. solobdbogos, O™ s g@oao
doamds Lsdgomgdosls odanggs Gmam® i Lomdydo obggg 90. odm@Eobol sdmblbols
03039 Log@yger bdogby o segomsw begds Lbgopolbbgs Lolobwgdm 3o@mdgdols
3omgoeolfobgds Lomdy® 5dmzsbsdo.
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0sgo III Lobbaols obgdol dmEgero®gds
§ 3.1 dgbogoema.

Lobbaol  ©obgdoll  dmpgeo®gds  ogmegs @  sdmEsbow:  dgos®gdom GG
Lolbando®mggdol spgos s Lolbaols ©obgdol gg9d@mdgdol syg9ds  asdmbsjgenggo
>0l mommgyamo  FgO@ogolomgol.  Lobbando@mggdols  oggds  bpgds  g9dy
Voo gdopsh  (FgoBomgdo, Losowsbsi  o®FgH0gdl  ©o 39696L  dggdemosm
aobloboanggan s@gdo dglgans), Gmdggdoi yerggo IndMomdgbh 39JBm@ Y g9endo.
9L 39dBmOYmo  ggao  gobolobwg@gds 9339  ©3gd9eo  Lobbands®mggdols s
Jumgogools s@ol Lobwg®gdols dog@. gl dgmmwo Ibodgbganmgbom aoblbgogogds DIVA
seoam@omdobogeb [4], @mdenols dobgogomsi  godogs®gdol  spagds  0fygds  dmeom
Tgo@oagdosb s Lolbado®mggdo 0b®gds dmmmgdowsb ¢9dg F9th@oggdsdwey.
dogogomobmgols ‘dga30denos dmgoygobeom Lo@goz0o, Lo bOPso
Lobberdo®eggdo gg@ 3mgemdgb absol dom g3ydg [gd@oagdsdwey, aoblsggodgdom
9L begds mbga g965To (Lowsi Lobgjg 360dgbganmgbow bogamgdos gowdg Lbgyaols
FOg0g30 bmds).

Jog@odgbolsl, Lobbands®mggdol  dBmgdol  aohgbs  bpgds  Lobbends@mgol
‘dgdmbgggom  (oboigegdolols aoblsbogggen  5®9do, Gmdgaoi  dgdmbsbogdgaos
29mdgB®ool  dmigdygmo  FTgd@omgdom. sapam@omdo  dydomdl  @sdwgbody  gydy
Vgo@omosb s dggdenos as0mgomolifobml s@bgdymmo Lolberdo@mggdo, Gmama (3
LoPgobo  3o®edg@@mgdo. dybgddogo  godogs@ygmo  Jlgaol sbsggdoe  Jodoasmgdols
‘39360l sanam@omdo 9bps szdsymgomgdbogls dgdwge Jmmnbmgbgdl  [4]:

L godogodgdo 9bps oy9d9e 0dbsl aoblsbognggan s@gdo.
2. Lolbandos®mggdo gamdsbgml @ ¢bws aows3390wbgb.

3. @obm@mgdgbo 9bes 0dbols aobsfomgdymo gOmggodmmgbow Jlmgoado ws od
Lodgg®ogom, Amdgeoi sdsboliosmgdgeros dmgdyeo Juimgogolmgol.

4. Lolbbendo®®ggdols 306539 gdo0, OMYA0(300 Lolbando®eggdols
AM59JBMO05(30w030), 2obdBmgds 0 Lobbando®mggdols bog®@dg,
©5dM30Egdoygmo  gbes  ogml  Jlmgogols  35®edgBdgdby.  JLmgoanols
355393 Mgdo  mogol dbdog gddo@Mogmo ¥bos 0dbgl dowgdymo dybgdodogo
3930050 gd005b.

§ 32 Lobbmdodmggdol Jugmol spgdols seogm@ondo.

go30godgao  Jlgeols dgddbs bpgds Lofyobo 9dg (g@Boergdols ©s dgmmgyeno
2obdBmgdgools godmygbgdom. dlgogbo Mool 2ob6dGmgdgdo 0bOEYds gHmnwOMYES.
Joy®ds  dmddsg  [goRoel  Lobbeodo®mgdo  gfmegds  @g3g@gamo  (gd@oao.
939090 FgOBomols  §@ogddmdool sbspgdow  asdmoygbgds IOywols dbgdbmogo
30M5dgBMoboios (byg®. 3.2.1).
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byg® 32.1 @g3909ao TgaGomol G@sgd@maos

OMamO3  ©0ggO b3 Mo g9mdgHHoopsbss  3bmdogno,  mommgymo  IGYO
dgodangds [o@dmagbogn 0dbsls d9bgd@ogo 3s®odg@B@oboiools Lsdygegmgdom (3.2.1),
90. 3dOygo  LbEOygmsw  smofghgds  Loddygools o adgbs  ©5dm o©gdyen gdom
AM59JBmA0L t 35@0dgBOby:

k=k() o n=n(t) (32.1)

053053003g@s©  ggby®o s  s@F Moo Jbgaol  sagbdolsl  Bobygbiosgy@o
39J@mG0  gHmegds  Lofgobo  Fobo@gmgdol  B0do@mymgdsl  (Gmdgeoi  oGob
LoFgolbo 3oMsdgB@0) s doMomswo 39JBm®gdols bbgs [ygomo: Loddyog ©s a®gbs

0®hggs dgdmbgggoms O@Agol Loa®dg oiggergds 0-bs s doxols Log@dgl dm@olb.

‘d99© 90 >0bodbyano ©05dM 0oy 9dgdo k = k(t) , n= ﬁ(t) 3o bobo
3obolobmg®gds.  odol Igdegy,  Ggoyg@o  Lobbendo®®ggdol  bAols  dybgds
‘dgdmbgggomos,  Lobberdo®eggbol bO®s bogds  @obygbiosmy®do  dods@mnyegbols
oL gM0g 35@o0s boxom (oboigmgdom. Imzgdymo doxo 9BO® bsgargdos gowey
bgesdo®ol gobermgl §goRomgdl dm@ol dsbdogro. dgdwgy bogds Bobygbiosgrygdo
39JBM@0L  bgaosbogo a0dmobyo®odgds (3.2.1)-0l dobgogom s 53 B0doG ! gdbom

Pobo@gagds.  @Ompglsi  (32.1)  podmgowgdygagdgdo  dgdmbggzomo  g9biogdos,
d9ddbogno  Lobbando®mggdol aobosfogmgds  dbasglbos dy9bgd@ogo  Lolbbends@mggdols

JLganol.
aobloboanggen  s@gdo Lobbands®mggdol Jlgarol bEOol dgbewyogobsmgol ©s
36M@Mgdgools 9O 35MMgobo aobsfogmgbols dobowgdow, (32.1)

©5dM 0oy gdgdby  @oydwbmdom,  Igdm@obogros  @sdsFgdomo g9 JBHmOY@o
3obdbosogo  ggao,  @mdgmog  Jngdgwgdl  Hobygbgooma®  gadHmeby o Ggmob
Lobbando®egols  G®sgddm@oslt (by®d. 322). ygmggeo Dbgpsdodol §[gd@oao  Jdbol
390 s dobo dmJdgegdol Rl @swoyglol dogbom bomanm ymggao Lolbaods@®gols
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Vgo@oemo - R2  @spoygbol  dopbom.  Bobpygbizosgygdo  g9J@m@ols  sbhogno
dodo@myengds  Lobbands@mgols  (obo@gmgdolsl  ©@@mol  gmggen  3mdgb@do  o@ol
byy3g@3mboizos  dobo  dgdmbgggomo  3geroagdols  ((32.1)  sdmyowgdyegdols
dobgogom) s ggmobs o3 {g@Boedo. o9 Lolbads@mgo dogs dg@oldgHow sbeomls
Lobmgo®mab, o6 bbgs Lolbgrdo@mgmsb, ogo ¥z9a©gdageo odbgds 939 ggeol doge.
bobo 9bs goglgol 0dsl, @Om3 93y ggmo gbes ogml ¥YRG® Jdewogdo gowy
‘dg3mbggzomo (3geroggds.

Y0390  sdm@mgds  dgbsdsdobo  Fo®dmdbols  dobowgol  ggeol, @mdgemo
0boogls 2obdBmgdyeo Lobbandos®mggdls nsgobio dmJdgogdols s gdo.
Lolberdo®mggdol ©0sdgB®gdo godmomgemgds 3@ gols 3obmbols dobgogoom [30].

byg@. 322. bOwspo Lobbands®mggdo dO9bgds Lobabogam Fgd@oggdol dog@.

Lomsbowme  s@hgyamo  3s@sdg@dgools  Ladysangdom  sgoym@omdl  dgygdaos  sspamb
3969900 s s@FgGoygmo  Jlgemo, bgoglo  Ly®d. 323-bg (omdmeggbogro  Jlganols
(godoemodyeo Jlgamo mgogols dmwgeolmgol) s Ly@d. 324-%g (swodosbol Ggobols
Jogmobmgol). Gmam®aE Ly, 3-psb hobl sapam@omdo jodyom LOymwgds mbgeao
dOobmgoloE. s3Mgmgg, 9bws o@gbodbmm @md saram@omdo L{®sgos Diva-lmsb
dgo®gdom: Lomsbome  s@hgyao  35M0dgd®gdomn s [obol{od aoblsbwgdyao
Lobbendo®mggbdols  Lobdo®om ol LEY@Egds O(V) ©amdo, Lowss V.  séob
Lbomgangero s@ol doEygamods. P4-ol 2.8 GHz-0obo  3md3oyg@g@obogol mgeols ©e®
04 osbgrmgdom 1 Fymo, ULy@d-3-bg [oddmwygbogro  dJmpgaobmgol. dmwgeo
dgygds wosbanmgdom 60 000 Lobbends@@gols (g@@omols s 5 000 gHmggemmgbsw
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2oblbgoggds gganol dgwf 930l Low®dggdl dm@ol, dmiEgdye Lobdo®ggdby.

Sigma by Frequency

2 Muscle

-l o |
=

0 T . :
a 1000 2000 3000 4000 5000 6000

Frequency, MHz

by, 43.5. 20330 gdammds Lobdodgbg 6000 da33-bg  30d@oGgdemds momJdols
SN 9O oos go®g 300 dad;-by

yggeos asobbogoyao d9dmbgggs o@gomobo@gdygmos: 5bGgbol 3mbozos o oigegds
dopgeol sbboggdobsl. g 5bGgbol 2odmlboggdols wosg@sds s@ols dodos®mnyeo s

doogro 3mb3gbB®soiool djmby ggero gdmbgggs Jmeganol bofoeol, Ggdd3g@s@y@ol
do@gds dmigdygee F9oRommdo ao0b@gds. gl @odBo bodbogl 0dol, @md obFgbols
5203 ds@gmdols dgahggs os@ol o3y dgbfogmol Logombo. 0d ‘dgdmbgggsdo,
09 dmdogyg@o  3ogdodol  AmL  obFgbols  3mboios  o@gmgds,  dolbodydgdo
A993905@ O 25boFoewgdsTdo 0®sdbgds s IEoM©gdo.

bygd 4.3.6-bg dmygoboanos 10y SAR-ol s Fgd3g@s@y@ols ds@gdols gobsFoagdgdo.
by, 4.3.6-ob dgodhbggs, @md dsJlodogry@o SAR-ol s Fgd3g@s@y@ols do@gdols
50 dEgdsMgmdgdo dgodagds 5@ gdmggmegl gOmdsbgml. sbGgbol ggmdgB®os s
dobo  3mboios  Aoblobmg@ogh  Lodmamem  aobofoemgdgdl, s dobo (33eoggds
3odm0(393L dggagdol d3390@ dgigensbs.
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o) d)

by, 4.3.6. spomdegdo®gmds a) 10y SAR = 6.7w/kg b) 39d3g@s@daol do@gds
AT=0.36°C of M/8 wodmeny@o sbFgbolomgol 300 d3%(3, 10 33 dobdognby.

>) 5) 3) ©)
by, 43.7. ggaool dgo§ 930l Lowmdg M2 odmaey®o sbFgbgdolbomgol. 1y SAR
Lob'domggoby:

5) 300 MHz 3) 450 MHz ) 1450 MHz ©s @) 3700 MHz
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by, 4.3.7-056 hobl, w3y Gmym® goblbgogogds gganol dgwfggol Low®dg Lbgswslibgs
Lobdo®ggdobomgol. @odsen  Lobdo®ggdolbomgol ogo  goEomgdbomn  ©owos.  dop®sd
5dogdmyme Hgddgas@yg®ol ds@goolbs s SAR-ol 360d3bgamdgdo dopbom dymy
bogmog@gdolbomgols  ao@ogwgdom  owos,  domsa  LobdoMggdmsb  dgos@mgdom.
oVygdaao 1450 dad-ob ggeol g ggol Low®dg d3390Go JoMPgds s ggerols
Jo@omseo bsfoemo dmsobmdgds yu®do. oy sbBgbol 3mboios ozgergds wslboggdol
OOmlb  Fgd3g@o@y®ol  doGgool  dolodosayy@o  360dbgenrmdgdo  IoMgds  ©
‘Igbodsdolbo aobsfogdgdo o®sdbgds.

bmgogdhom dgdmbgggedo, @mEglsi ggerol dJmpgerdo dgmfggol Low®dg dmwganols
bmdgools mobogs@dos, dgodhbggs g glodgdols g89d@o Ly®. 4.3.7.

©03m@y®o  ob@gbgdolomgols  soodbodgds oG gm@gmosizos  SAR-Ls o
G933905H Aol JoGgosl  dm@ol  (by®. 438).  sedmhbps, O®M3 oA Es300
©5dM 30gdbyYmos @odmeg@o bR gbol Loa®dgby. OmEglsE JMOgmsEos smgmomo
040  439e0s  o3m@Y@o  sbFgbgbolomgols (W2, M4, M8, M15 s5bFgbgdo)  dowgdiyao
d9©093900L dobgogom, ogo s@dmhbes R2=0.73. s3s530@myms© OmEgbsE JOOges30o
04 osmgeogo  dbmerme M2, M4, M8 wodm@y@do  sbGgbgdolsmgol, opo
Fomdmopagbos R2=0.91 (Fig. 8), boanm @ogrgg NM15 @odmenydo sbFgbolomgol oo
0ogm R2=0.93.

Dipole Antenna at 300, 450, 900, 1450, 2450, 3700 MHz
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SAR 10g, 5Smm, 10mm, 20mm

byy@. 438 10y Lo®ol s Fgd3g@s@yg@ol bob®ob jm@gansizos

MIS  odmeog@o  osbFgbgdo  momJdol  Fgd@ogmgsbos s  domo  asdmlboggdols
©0ogM5d>  5@ol Y@M  Jods@myero, o  o5bFYhgdbmsb  Igoodgdom.  sligm
‘dgdmbgggzgddo SAR-0 3mb3gbd®omogds d300g > gdo. Lobobwgdm 3o@mdgdols 2sdm
bogowo bgosdo@owsb od dgdmbgggsdo digomgs.

Lodmenme  xsddo  dgodargds  omdgol, @3 yggas  @omgmogro 0030
bR gbgdolomgol 05033003905 oM JMEOJEOS(300.
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§ 44 dImbm3mmy@o 56@gbgdo

53 30mgdBol gomyegddo gbfsgmoan obs dmbm3meny@o obFgbgdo 300 s 1450
M3g0oGoge  LobTdo®ggdbg (byg®. 44.1) yggaws 2odmmgegdols do@omosw  Logsbls
Fo®dmowygbos SAR-0 o $gd39@s@yaol bob@wo. 5bFgbs Jmmoglgdbyao ogm 10 o
20 399 (Ly®d. 442) dobdogobg oyggol  mogol  Impgeosb.  2sdmoygbgdms
dobm3mery@o obFgbol Lodo Fodo: LFm@bsbmgsbo, L3o@sgy@do s dgobpgd Fodol
bR gbgdo, MMIegdo moglegdbms @omnmby®o gymol bggom.

sbgmo  gm®dol  5bFgboll  sdmwgmodgds  Foddmopagbl o 3G5]B0 e
0639 gLL, Gowyob Ibasgbo gm@dol InFymbogrmdgdo godmoygbgds 3menozool s
Lbgs Lodloby@gdol @o3090do. 9bs 500b0dbml, MM L3gEosmygdo Godol 3ogdo®ol
Log@mbmgdols be®dgdo s@ol godmymxzommo 3oy Ylog@mbmgdol LEsbos®Edo.
Lodmognsdm  LEsobos®@olyeb aslblbsggdom, dsbdo dgodo 0beygogds yo©sdi9d
03553 MoLmob sdggd o Igdomdols @AM, Gmym®E bohggbgdo 0dbgds o3 mogdo

dobm3meag@o  sbFgbgdo 0§39396 YROM o G9d3gasd@ol  FoBgosl  @odmay®
bR gbgdmasb dgs@mgboo.

MNAAANS

40mm

byy@ 44.1 3mbm3dmey®o 5b@gbgdo.

by, 442 3obdognols 2oblsbrgms.
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sdmobsdo  godmoygbgomws 1 33 ge@dogoy@o  olg®gBobsios.  gmggeno
dobm3merols 133 9x®gedo mogbpgdmos 9Fy39H0 Lobylmowsmy®o 33960l Fyomm
Jgbodsdol  Lobdomgby. SAR-obs o  G9d3g@0o@d 9ol bob@wol  yggans dmbszgdo
beo@dodgdmws 1 go@ Loddensg®gby.

Omam®3 0gm  Jobosgmebgeo, dJomgdyeo SAR-obs ©s Fgd3g@sdyg®ols bob@wols
d6093bgenmdgdo  dEoMEgdmes  dsbdognol  gob@wom.  Jlmgogol  obgmo  Lomdydo
35M5d9BMgd0,  @mameoGss  ggEogodg®o  Lomdm,  Lomdm@ggemds, Lobbanol
390939bos s ©.7F sMos sdmgogdgeo Lobdomgby, bmem Fgddg@s@y@ols bob®wo
©5dMm3ogoygmos  dbmegrme  SAR-by.  goflbodgdya  Lobdodgbg  SAR-U >
A9939@5H @0l bobOEL 53l godgo  gm@gasizos.  Lbgswslbbgs  obHgbol  dmog®
domgdyao  dolodsgnyg@o  Bgd3g@s@y@ols bsb@egdo dgodangds ohbegl dmgaols
Lbgowslbgs bofog@o  (Jogomomsw, bmao @miseobgdygemos gyu®ols  dodognmdo,
bmpao  dgodengds  oyml  ob  gyu@ol  bgdmm, o6 dob  IyoTo). o JLodsgrydo
®993905¢ M0l bobOwo AT=2.97 °C wo d>lbodogny@o 10g SAR=10.5 W/kg dg0odhbggs
Lb3o@ogry@o Jmbmdmery@o sbGgbol dgdmbgggsdo, 10 -0l wodm@gdom 1450 dad
Lobdo®gbg. bmeoem dobodsgny@o  Ggddgas@®ol bsb@wols db0dgbgermds AT=0.14°C
300 33 Lobdomgbgs. @oi3  dggbgds 10y doflodsgnyg@o  SAR-oli  dobodsgny®
d609gbganmdsl, opo gdmbgggs 300 dadis Lobdodgol LFm@bosbmgsb dmbmdmany®
bR gbols dmwgaosb 20 33 dsbdognoby.

AT for Antennas at 10mm

3.5

3
2.5

2 m Dipole

B Streight Monopole
1.5
Helical Monopole

1 H Meander Monopole
0.5

0]

300 MHz 1450 MHz

Fig. 4.4.3 Temperature Rise for Antennas at 10mm, 300MHz and 1450 Mhz

09 dgzoomgdm ULyd. 443 o Ly®. 444-bg dowgdyamo Jgogagool SAR-obs o
G9339058 Aol bob@wols  360dgbgarmdgdl, dogowgdmn O™, gO®bsoGo  Bodol
bR gbgdolomgols 300 dad;3 LobTdomgby gl Ibodgbgermdgdo Yg®M J3z0Mgs, gowmyg 1450
dad3-bg. 03 goJBol  2obsdo@mmdgdls g ggemdols  Low®dg, @mdganoi  domogo
Lobdo®ggdobomgol yx®dm dxodgs. 1450 dadi —bg 9bgdpos dmsobmdgds bgwsdodby
> A9d3g@odgdol  bobdwol  doJlodsayy®o  db0dgbgermdgbo  doGomswsw
nogdmygdomos yy9®ddo, beeoem 300 dadi3 Lobdodgbg gLl dbodgbgeomdgdo dgodemgds
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04l dmmsglgdbymo msogol Jlmgoado. Gmam@ 3 ogem dobsgrmebgmo Ggdd3g@sd®ol
bob@Eols 360dgbganmdgdo dgg@s@ bogamgdos 20 33 dsbdognolismgols.

AT for Antennas at 20mm

0.9
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05 H Dipole

| Streight Monopole
0.4
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0.3
B Meander Monopole

0.2
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300 MHz 1450 MHz

Fig. 4.4.4 Temperature Rise for Antennas at 10mm, 300MHz and 1450 Mhz
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§ 4.5 PIFA sb@gbgdo

dOBYygeo dgd@ybgdygmo F @odol (PIFA) ob@gbgdo dgLfsgamoen odbs 1900, 3700 o
6000 dga33 LobdoMggdbg oygzol mogol dmpgmowesb 10 s 20 93 dobdoangdby
sdm@gdom. Lyd. 45.1-bg s gbdogo 45.1-do Jmygoboanos PIFA sb@gbols Lgdo@ydo
bobobo s bmdgdo.

40 mm
Metal Box

10 mmI|

\ J
! 100 mm

aodmmgan gdo ho@o@mgdygmos “PIFA® sb@gbol m@o goblbgoggdyemo - “LEsbos®@yano”
© “dgo@ybgdyeo” @09b@ o300l ‘dgdmbggggdolomgols. LEobps®@yero
Mm®0gb@o3ool dgdmbgggedo oJBoy®d g gdgb@ by dwgdo®gmdos @ommby®o yymols
bgesdodols  godgm, boam  “dgoaybgdygmo”  m@ogb@GoiEoolsl — o3 bgosdo®ols
‘dogbom.

L. 45.1 PIFA o6@gbol Lgds@ddo bobsbo

Frequency w Ws L Ls L2 s d
2450 MHz 1 3 16.5 24 8 1 3
3700 MHz 1 3 9.75 13 13.5 0.5 3
6000 MHz 2 4 8 14 13 2 3

gb®oano 4.5.1 PIFA 5b@gbols bmdgdo

= T
: : : &
gtk 10mm- R2 = 091388 ........ ................ ................ -
W : :
L S N U Y S A ]
o :
L
=
.E 3 .......................................................................................
|-
L
O
S ol |
L
— :
: : : % Conw 10mm
1F e ................. ................. ....... O Conv 20rmm
: : : 2 Flipp 10mm
= Flipp 20mm
i 1 i i I
o = 10 15 20 25

SAR 10g, 10mm, 20mm

Lbyy@. 4.52. 10y LoGol s Fgd3g@s@yg®ol bab@wol gm@gasios
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PIFA 56 gbgdo Impgemotigdmes 1900, 3700 s 6000 3333 Lobdodggdbyg. dsbdogno O
aodmomge gdmes  dg3ddgmo  gy@ol aodg  ggmbopsb PIFA  sb@gboli @ommbydo
gm0l bgosdo®sdwg. yggams sbFgbols dgdmbgggedo @@mol doxo s@gdyao oym 0.5
(odo. Lbgyaool do@omo Gg9d3g@s@ s  sogdmes 37°C. 35653 ao®gdml dog@ols
A93390odyds ogm  23°C.

doJLodosayy@o Bgdsgas@yg®ol bob®wols AT=4.68°C s 10g SAR = 8.41 W/kg SAR-
ol 360dgbgermdgdo dgodhbggs 6000 da33 Lobdo®obg 10 33 dobdogrby sTM@gbom
PIFA 6@ gbols dgod9bgdygeo m@0gbGoicoolsl. bomanm dobodsgoy®o  {gd3g@s@ycdols
bob@wo AT=0.21°C dowgdyeos 1900 a3 Lobdodgbg PIFA 5b@9bols LEsbosd@yao
Mm®0gb@oiool  dgdmbgggedo,  @mdgeoi @emgogobgdygmos  dmwgmowsb 2039
dobdognols sdm@gdom.

domgdyao dgogagdosb hobl, @™ yzgers Lobdomgbg SAR-obs o @Ggdd3g@oddol
bobOwols 360dgbgermdgdolomgols agodgl godao gm@gasios. dogbgosgsm odobs, @mI
dJomgdyamo  Bgddgas@yg®ol bob@ol-  4.68 °C  3b0dgbganmdbs Logdome  domanos,
xodg@0  §9d3g@od s o®  smgdo@gds  38°C.  ofgg  @bps  o@obodbml, @md
2odmmgan gdols  ho@odgoolisl  5b@gbols  dgdbodgmds  dgggm@om 330l dowgdoeo
doJLodsanyg@o  SAR-ols o  G9d3g@o@dy@ol bob@ol 3db0dgbgarmdgdl  ©s  obiggy
dglododols aobofoagdgols.

doJLodoayg@o AT 33030 gm@gesiosdos 1 o o 10 3 aolodygsmmgdyga SAR -msb.
byg@. 4.52-%g bohggbgdos dojlodsgnyg@o  PIFA sb@gbolbomgols dowgdyamo AT —s
db0dgbganmdgdo 1900, 3700 da 6000 dad;z Lobdodggdby, @O®Iamgdoi opgdyemos 10y
aobodygoemgdbyao SAR- ol dgbodsdolow. Ibpasglo ©sdmyowgdymgdgdo  dgodhbggs
obggg 1y dobobg golodysgrmgdagao  SAR dgdmbgggsdo.

AT for Antennas at 10mm

5
4.5

4
35

3 .
25 M Dipole

) B PIFA-Conv
15 PIFA-Flipped

1
0.5

0]

3700 6000

by, 453 3933g0o@g@ols do@gds PIFA sb@gbgdolomgol 3700 ws 6000 dad3-by.
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9B bylEo  sbogobolomgols dgodangds byd. 4.53 dobgogom. sdob  dgodengds
ohggbml, @md PIFA  56@9bgdols 7dgd@9bgdamo”  m@ogb@siool  dgdmbgggedo
®993905¢ M0l bob@ol d60dgbganmdgdo YR®M Jsogos, gow®g “LEsbps®Eyano”
M©096@o300LsL. Abgoglo slggbgdo kgdds®o@o 0dbgds slggg 20 83 dsbdognolsmgols.

AT for Antennas at 20mm
4.5
4 B
3.5 -
3 i
2.5 - mDipole
2 mPIFA
1.5 PIFA-Flipped
1
0.5 .
0
3700 6000

bygd. 454, Bgd3gas@yg®ol do@gds PIFA 563 9bgdols@gols 2033-%g, 3700 s 6000 MHz-
g

yggeos  dgdmbgggobomgol, Bgd3g@sd®ols bob@wols doJlodsgyy@o  360d3bgermdgdo
3700  3dp33  LobDodgbyg bogangdos, gop@g 6000 da33-bg. 10 33 Jobdoanby,
‘90O 9bgdymo  m@ogb@oiool dJmbg PIFA  s6@gbolomgols 3gddg@s@y®ols bsb@ols
doJLodsgy®o 360dgbgermdgdo dognosh sbenmbiss wodm@y®o 5bF9gbgdols dsJlodsg o
36093690 mdgdmsb. bmenm 20 33 dsbdognbg (Lyd. 4.54) B9d3g@s@ydols dsdlodsgoydo
bob®ol  360dgbgarmdgdo  aoblbgogogds  @odmenols s  “dgd@ybgdyao”  PIFA
bR gbgdol dgdmbggggdolbomgol. @oi godm{ggyeos @gbmbsbliygeno dsbdognom PIFA
ob@gbols o swodosbols magol dmegaels dm@ols 2033-byg. gl goBo gobsdodmdbgdls

dm 30569600 o3 LEoG0sdo @M wgRosmy® dglfogesl.
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§ 4.6 Patch 56@gbgdo

d0@ygemo  Patch  5b6@gbgdo  dglfogeoan  odbs 3700 a3 Lobdodgby, Lowsa
20dm0949bgdmes m@o 10 s 20 33 —o0sbo woliGobiogdo (Lyd. 4.6.1, 3bGoano 4.6.1)

L
’ 7y
— 7 d
EN
40 mm Feed
FR4 Substrate
Metal Box
10 mm |
» N
! 100 mm L
4.6.1 Patch 563 gbols bgds@ydo bosbsbo.
Frequency w L Ws Ls y d
2450 MHz 36.5 27.5 40 31 6.25 3
3700 MHz 24.0 175 30 24 4.0 3
6000 MHz 15.0 11.0 20 14 1.0 3

agb®ogoo 4.6.1 Patch 56@9b0ol bmdgdo

dOBygeo  patch obFgbgdo  Fo@dmowagbgb dognosb dod@og PIFA 56@9bgdL. opogg
sliggbgdo, Mo agdmbos PIFA sb@gbol dgdmbgggsdo, sdoi Lads@manosbos.

AT for Dipole and Patch Antennas at 10 and 20mm,
3700 MHz

3
2.5

2

Dipol
Ls m Dipole
H Patch - Conv

! Patch - Flipped
0.5 l -

0

10mm 20mm

by, 462 3933903 dol do@gos wodmaado o patch ob@gbgdols@gols 3700 dadi-by
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“d9oO99bgd@0” m®ogb@oiool dgdmbgggsdo SAR-ols o Ggddg@s@dyg®ol bob@wols
d609gbganmdgdo d93o© dg@Aos “LEHbEsORYE” mM0gbdoi3oslbmsb dgwsdgdom (Ly@.
4.6.2). 53s30Omms©, “dgod®ybgdyemo” m@ogb@sioolsls dowgdygero dbodgbganmdgdo
sbapmbiss  @odmemasb. 20 33 dobdognbg Ggd3g@sd®ol bab@o bogangdos, gowey
1099 dobdoanby. G933gO5GH G0l bob@ols doJLodsenyy@o dbodgbgamdgdo
@ oeobgdygmos yggdol JbmgoeTo yggens 9Jb3g@0dgbGols dgdmbgggolbsmgols.

§ 4.7 IFA 56836930

byg@. 4.7.1 PIFA 56@gbgbol L]gdo@ydo bobsbo

IFA 563 g9bolomgol domgdyero dbodgbgemdgdo dmygsbogros 1 3b@ogano.

10 39 PO 99
6000 33

SAR 1g SAR 10g AT [SAR 1g [SAR 10gAT
hggen gd®ogo 4.8 4.77 3.01 [11.21 R.56 1.45
‘dgo9bgdyeol53.1 12.66 6.37 163.88 |16.97 [1.78

gb®ogro 4.7.1. 1y, 10y SAR-0 ©s Ggd3g@s@ ol dodgos IFA 563 gbgdolomgols

Patch s  PIFA 56@gbgd0L  dbpoglow IFA (Lya. 4.7.1) obdgbol dgdmbgggsdo
‘dgodhbggs ol, OmI Fgd3gds@y®dols bobOwo “dgdb@ybgdmo” mmMogb@sioolsls dgg@ow
00> “LEAsbEs®@ymmmnsb” dgos®gdom. LEbsOFYmo m@0ogb@s3ool dgdmbgggsdo
10 33 —bg A9339O5H Aol bobOwo Jg@os, gowdg 20 I —0ob olLESbE0sDY. dog@sd
Lodooios 03geegds “dgo@9bgdaeo” sbFgbol dgdmbgggolomgol 20 33 dobdoanby.
@53 035do  Famds®Mgmdl, @md  gggmsbsmgol dmymmemebyme  BHgd3gHeGg®ols
bobOwols 3b0dgbgermdgdo 2033 dobdognbg dg@os, gowdg 10 33 —by. gL dgdmbgggs
‘dgodangds gl ogerog 0dbsl gu®m @ds.

6000 3333 LobdoMgbg Bomol Log@®dg 5 1d-os. dsbdogro Sb@Hgbosb dmgaols
9obermgl [9@@oasdwog s@ols 21d. dgdhbgygamos, @M 0gs “sbFgbs-mogol” Loliggds

@9bmbobliygemos. @s5i3 bylBow 2033 dsbdognbyg B 9d3g@s@g@ols bob@wol domsgno
db0dgbgamdols obgbl Fo@mdmaagbls.
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§ 4.8 9g4-g mogol @obygbs

‘IgbFogeromo ogm Lomdyg®o 989]Hgoo wodmerydo, dmbmdmaydo, PIFA s Patch o
Patch  ob@gbgdolomgol  gggaws  >@bodbyan  Lobdo®gby.  [o®dmwygboero  oym
doJLodsgyg@o  dmsbmnJdol gym@o Lomdm (SAR) s [o®dmdbogro Ggdd3g@sd@ol
bobBo ©oyz0l megdo. gygzgms aobbogrygeo 5bFgbs oym Ygoo@gdyero wodmer @
bR gbgdmsb.  sbBgbols  Jpgdo®gmds  @hgdbmws  PYEgmges©  2sdmmgmgdols  AML.
dglodadol  Lobdodgbg  aodmoygbgdmws  Lobylbmosgry®o  Gogeols  Logbsano.
dodolowsdy, SAR ols s Jgbodsdobow  Ggd3g@s@ydol  bsb@wols dowgdaao
doJLodsanyy@o  360dgbgermdgdo dgglodsdgdosh wOmTo Yloldyga wsliboggdsl.

Lobgbg dgdgao Lydomos [34]:

L. 39339053 99®ol bobOwols ¥diodglbo 360dg3bgammdgdo dgodhbggs 900 s 1900
dad Lobdomggdbyg. (ob. Lyd. 432, 434)

2. 43900 s>bRgbolomgols dobboangano 04 ®9339M5@ A0l bob® ol
doJLodsayy@o db0dgbganmdbs sfygoyao 0.1°C to 7.78°C —dwg. ol dgdmbggggdo,
amegbsi dowgdygmo oym  G9d3g@s@ ol bob@wols dowsao 3b0dgbgenmdgdo
dgl§ogemoa o0dbs 3ogn-goengg. 6000 dadz Lobdodgby Boermol Lopa®dg 5 Lo-
0>. o3 Lobdodgbg dobdogno 5bGgbols ©o yyu@dbl, obFgbols s moglh dm@ols
>0l @gbmbsblygano. slgm dgdmbggggddo dgogase doowgds 9d3g@s@ Yol
bobO ol bon@doby 9u@m doesgro dbodgbgamdgdo.

3. odogn  Lobdomggdby  dgofggol  Low®dg wowos, ©s sblggg dgodhbgmes
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365000 I bobbabst@ggdol sagool sdmmgmono ool 3G0b03gmo
dmbs3390gd0

43905 ga@mo s 03039 ©mMbol Lolbdos@®go 0b®gds gOMEOMY@s© dobod, Lobsd
‘dghg®gdol 30Omds o0 gl yerogds.

3Mmyodol bofomo Lowsi brgds Lobbamds@mgmns LolEdol hsdmysmodgds (bews),
dm(3999mo0s gdgao Laboo:

while(cond)

{
bool temp=false;
int 1=0;
for(int j=0;j<CGeometry::getlnstance()->
branches.size();j++)
{
1T(CGeometry: :getlnstance()->branches[j]->
halted==STOP_NONE)
{
CGeometry: :getlnstance()->
branches[j]-> growByPoint();
temp=true;
}
}
cond=temp;
}

396Jcos growByPoint()aob@eol dodwobsdyg Lobbados@mgl gomo doxom

1T(halted==STOP_NONE) /09 Lolbbando®@gol bdws o6 s®ol dghg@goygeo
{
dvector temp;
1T(iCurLength==0) // oy godgmxgdom asbd@mgdols FgoGoe Do, d5Tob gl
dodobodg [g®O@ogo  9bws ©sgdo@dml glggools Losols
points.push_back(reper.position);
temp=reper.move();

CGeometry: :getlnstance()->points.push_back(temp);
CSuperGrid: :getlnstance()->accept(temp);

points.push_back(temp);

1CurLength++;

ending=temp;

I T((iNumOfPts==(iLength-1)) | |halted==STOP_END)
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i f(halted!=STOP_END) halted=STOP_HALT;
i F(iCurLevel<=MAX_LEVELS&&iChi ldes>0)

{
for(int j=0;j < iChildes;j++)
{
CBranch* newChild=new
CBranch(ending, iCurLevel+1, reper.calcReper(),
type, this);
CGeometry: -getlnstance()->
branches.push_back(newChild);
this->children.push_back(newChild);
ks
}
else
{
CGeometry: :getlnstance()->
endings.push_back(ending);
halted=STOP_HALT;
ks
¥
INUmOFPts++;
}
return result;
¥

OmEgbsi Mmg3gagmo FgO oo [s0bsgargdl gomo doxom, domgdygeo (9@O@o0ao
059357 90> Lolbgodo®mgms §ga@oggdols Losl, ob odmenmgdgdols Losl ey dobo
bOws dghgdgdgeos.

M93909ao [ghBomol ganslbols (CReper) @gsgobsaos:
11 3eadL @300

CReper: :CReper(dvector _pos)
{
position=_pos;
initQ;
}
[13gmerg 3mbl@E®yJ@mao
CReper: :CReper(double _x,double _y, double _2z)
{
position=dvector( X, VY, 2);
initQ;
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Iloboosgmobsizool g9bjios

void CReper::init()

{
k=1.5;
kapa=1.12;
tau=dvector(0,-1,0);
niu=dvector(1,0,0);
beta=tau™niu;
halted=STOP_NONE;

}

1503 gols aodmmgaols gybjios
double CReper::calcK()

{
int minus=1;
double mrand=rand();
mrand/=RAND_MAX;
i F(RAND&&mMrand<0.5) minus=-1;
return (mrand-0.5)*k;

¥

Ila@gbol aodmmgaols 53y9biios

double CReper::calcKapa()

{
int minus=1;
double mrand=rand();
mrand/=RAND_MAX;
1 T(RAND&&mrand<0.5) minus=-1;
return minus*(mrand-0.5)*kapa;
//return kapa;

3

Tbeols 53960

dvector CReper::move(void)

{
double DSS=DS;
dvector oldTau;
dvector oldNiu;
double k_=calcK();
oldTau=tau;
oldNiu=niu;

niu=-tau*k_+beta*calcKapa()+niu;

tau=k_*oldNiu+tau;
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tau=tau/abs(tau);
niu=niu/abs(niu);
beta=tau™niu;

/1717777777777 7/77/77/77777
recalcDirections(ROT_SELF|ROT_GEO); //
/1777777777777 7//77/77/77777

position=position+DSS*tau;
//std: cout << "*';
return position;
¥
/1 3gdmbggzomo 3gmbom dJmG@osagds
CReper CReper::rotate()

{
double fi,psi,ksi;
fi=0.4*M_PI1_2*rand()/RAND_MAX;
psi=0.4*M_P1_2*rand()/RAND_MAX;
ksi=0.4*M_PI_2*rand()/RAND_MAX;
return rotate(fi,psi,ksi);

}

Iaoblbodmg@dyemo 39mnbggdom JmB@ose gds

CReper CReper::rotate(double fi, double psi, double ksi)
{

dvector tau2,niu2,beta2;

niu2=(cos(fi)*cos(psi)-sin(fi)*sin(psi)*cos(ksi))*niu+
(sin(fi)*cos(psi) + cos(fi)*sin(psi)*cos(ksi))*tau+
(sin(psi)*sin(ksi))*beta;
tau2=-(cos(fi)*sin(psi)+sin(fi)*cos(psi)*cos(ksi))*niu-
(sin(fi)*sin(psi)-cos(fi)*cos(psi)*cos(ksi))*tau+
(cos(psi)*sin(ksi))*beta;
beta2=(sin(fi)*sin(ksit))*niu - (cos(fi)*sin(ksi))*tau +
cos(ksi)*beta;

return CReper(tau2,niu2,beta2,position);

}
1 3@@osggds s sbogno dgdmbgggomo §gaRogmols @sd@9bgds
CReper CReper::calcReper()
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CReper _reper;
1T(FREE)

return rotate();
return _reper;

}
1139d&m@0l ImB@osangds dmigdygeo @gbol aob{gmog

dvector CReper::rotateVector(dvector vec,dvector axis, double
angle)
{
dvector zv=vec™axis;
if(abs(zv)==0) return vec;
return dvector(0,0,0);
¥

11 sbogno @omgeoeo d0dsGmymgdol gsdmmgens s@OLgdygmo g9]@m® o ggeols
aomgoaolfobgdom

void CReper: :recalcDirections(int rotType)
{
dvector field=calcField(position,rotType);
dvector psi=tau+field;
dvector n=tau”psi;
tau=tau+field;
double length=abs(tau);
iT(length>0)
tau=tau/length;
double alfa=acos((psi*tau)/(abs(psi)*abs(tau)));
if(alfal=alfa)
alfa=0;
CBasis: :rotateReper(this->niu, this->beta, this->tau,n,alfa);
¥
139dHoOgmo gggol ©omgans

dvector CReper::calcField(dvector point,int rotType)
{

dvector sum=dvector(0,0,0);

i1IT(rotType&ROT_SELF)
{

sum=CSuperGrid: :getinstance()->
calcField(point,ROT_SELF);
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i1 T(rotType&ROT_GEO)

{
sum=sum+CSuperGrid: :getinstance()->
calcField(point,ROT_GEO);

}

return sum;

}

I bgs@deml dog® dgddboeno ggemo
dvector CReper::calcSourceField(dvector point,dvector source,int
source_type)
{
int mult=SRC_GEO;
i1fT(source_type==SRC_GEO)
mult=MULT_GEO;
iT(source_type==SRC_SELF)
mult=MULT_SELF;
iT(source_type==SRC_ENDS)
mult=MULT_ENDS;

dvector R=point - source;
double length=abs(R);
1T(length<mult*DS&&length>0)
R=(1/abs(R))*R;
else
R=dvector(0,0,0);
return R;

}

CSuperGird gaosbols dJo®omswo 59630900l Ggo@obsios
1133999900 Bodols gganols godmmgens dmzgdygee (9@ o do
dvector CSuperGrid::calcField(dvector point, Int rot_type)
{
dvector sum;
if(rot_type&ROT_SELF&&points.size()>0)

{
for(int 1=0;i<points.size();i++)
{
double r = abs(point-points[i]);
1 F(r>0&&r<DS*MULT_SELF)
sum=sum+
calcSourceField(point,points[i],SRC_SELF);
}
}
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if(rot_type&ROT_GEO&&geometry.size()>0)
{
for(int 1=0;i1<geometry.size();i++)
{
double r = abs(point-geometry[i]);
1T(r>0&&r<DS*MULT_GEO)
sum=sum+

calcSourceField(point,geometry[i],SRC _GEO);

}

}
}

return sum;

11960l gganols godmmgans dmgdyge §gomoendo

dvector CSuperGrid::calcSourceField(dvector point,dvector
source, int source_type)

{

double mult;
double length;
switch(source_type)
{
case SRC_GEO: //lslsbogam Fgdh@oggdol dogd dgJdbogno ggemo
mult=MULT_GEO;
length=GEO_STRENGTH;
break;
case SRC_SELF: //ggemo, dg9ddbogno Lolbgodos®mgms dogd
mult=MULT_SELF;
length=VELOCITY_STRENGTH;
break;
case SRC_ENDS: // ggeoo, dg9Jdbogno @osdmamgdgdols dogd
mult=MULT_ENDS;
break;
default:
mult=SRC_GEO;
break;
¥
dvector R=point - source;
double len=abs(R);
iT(length>0)
R=R/len;
return length*R;
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©sbs®mo II Lolbeol ©obgdol ggJ@m@dygmo ggmol sg9d0L sSergym@ondols
3530mg@omo 3ol doGomspo dmbs 3 ggmgdo

(33.1) godmlbomgagens® aodmoygbgds dgdogao @oibgomo jmwo

void CNumericalGrid::Run()

{
bool stop=false;
while(!stop)
{
stop= Step();
CheckStability();
}
3

155653 LEsdoey@mbdols 3@0@gM0do s@ ©sdsddoymaomegds, bpgds ggd@megeo
39500l 0@gOs@ @0 yodmmgams.

bool CNumericalGrid::Step()
{
float cur=0;
float max=0;
float avg=0;
float n_ofPts=(float) area->nx*area->ny*area->nz;
int 1i,jj,.kk;
bool stop=false;

for(int i=minimax->start_Xx;i<minimax->end_X;i++)
for(int j=minimax->start_y;j<minimax->end_y;j++)
for(int k=minimax->start_z;k<minimax->end_z;k++)
{
1503300 (303800, @MIgendo begds ggeol omgms yggems
PO geobsmgol

if(cells[i]j1Ik]!'=0&&sources[i][J]1[k]==0)
newVelocity[i][j]1[k]=currentVelocity[i][J1[K] +
dt*Calcvelocity(i,j,.k);

gy §gdmoedo o@ s@ol Logo®ogeng, s 030 5@ dogdymgbgds
Tygodmgdls

iT(IsBoundary(i,j,k))

KilINormalComponents(i,j,k);
T5sLsbwgdm Fga@ommgdolomgols byeogds Lobo@ols bo@dsae@o
3033mbgb@s
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cur=abs(currentVelocity[i][J1Ik]D):
if(cur>max)
max=cur ;
if(cur = cur)
cur=0;
avg+=cur/n_ofPts; //Lodygomm 3b0dgbgenmdbols godmmgens
maxVelocity=max;

_time++;

1T(_time%10==0)

{
float mult=avg<average?10:-1;
stop=mult*(average-avg) < Config::StabilityCriterium*avg;
average=avg;
Ilgmggen dgomg doxdg d9dm{dogl LEsdomy@mdols 3@odgdoydo
by

swapPointers(); //Lslegeo bbgomdgdol @@mols dodwobs®y s dmdmgogo
o@emols dmdgb@ dodmomgdangdols gigers
return stop;

}

39d6™OYmo ggeol yodmmgms ggbdios

fvector CNumericalGrid: :CalcVelocity(int i, int j, int k)
{
fvector velocity;
velocity=Derive(currentVelocity,1,j,k,2);
return velocity;
}
11 Go@dmgdaeols godmmgmols g9bjios, dgbogog by 0wgdl dowols dodmomgdganls,
30MO©0bsGJOL s [omdmgdyeol @opls

float CNumericalGrid::Derive(float*** cells, Int_ijk, int level)
{
ChecklIndices(i, j, k);
float value = 0O;
switch (level)
{
case 1: //3odggemo @ogols Fomdmgdyano
value =
(cells[i + 1101IKk] + cells[i - 111IKD) /7 (2 * area->dx)+
(cells[i]J + 11Ik] + cells[ill - 11[KD) 7/ (2 * area->dy)+
(cells[i]lillk + 1] + cells[i]ljlIk - 1D /7 (2 * area->dz);
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break;
case 2: //dgmég Gogols Fo@dmgdaao
value =
(cells[i-1][11IK] + cells[i + 1][J1IKD) 7/ (area->dx * area->dx)+
(cells[i][1-11[Kk] + cells[i1]J + 1]1IKk]) 7/ (area->dy * area->dy)+
(cells[i]i1[k-1] + cells[i]JlIk + 1]) / (area->dz * area->dz)

- 2 * cells[1]J1Ik] /7 (area->dx * area->dx)

- 2 * cells[i][i1Ik] /7 (area->dy * area->dy)

- 2 * cells[i]i1Ik] /7 (area->dz * area->dz);
break;

}

return value;
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sbsmo III Lomdygdo Lmagghols as3mmgmono ool 360bGodnmo dmbsiggmgdo

3obBMagdols (3.64 o 3.6.5) 0@ gas@oygmo omgms begds gmwol bofoendo:

void CGrid::run()
{

while(simulationTime>0))

{
step(_gridArea);
by
¥
11 dox ol @96, GmIgeoi godmodobgds 0@ g@s@oymse Bgd3gasdyg®ols
o lomgm gens©
void CGrid::step(CArea *area)
{
globalConvection=0;
1T(strictDt==0) /oy wOmomno doxo 5@ >0l Jomomgdyero, begds dobo
aodmmgms 60gmogmgdgdol Lomdygdo mgolgdgdols dobgogom
dt=matsminimax.calcDt();

for (int i=area->start_x;i<=area->end_X;Ii++)
for(int j=area->start_y;j<=area->end_y;j++)

for(int k=area->start_z;k<area->end_z;k++)

{

11oggeo ao®Mdol dool yggams §ga@oels
if(cells[i]J1[k]!=0)
{
11 oy §gdmogodo s@lgdbmdls bogmog@gds

dT=calcHeat(1,]j,k);

1f(boundary[1][j]1[k]>0)
{
11 bob@gs®bg gomgeoon Lobadwg®dem 306mbdomn oblsbmg®dye F9d3g@as@9@asl
BoundaryExchange(i, j,k);

}
else
{
cellsNew[i][j1[K]=
cellsCurrent[i][j]1[k]+dT;
3
}
}
simulationTime-=dt;
time++;
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swapPointers();

}

396J3oodo calcHeat bpgds §9d3g0s@ @0l yodmmgms ©@@mol 3mdwggbm
dmdgb@olomgols

float CGrid::calcHeat(int 1, int j, int k)
{

dT=0;

TChange chage=TChange();

dConvection=0;

if(cells[i1]11[k]>1) //we are inside
{
IT(sarMult!=0) /oy s@Lgomdl Lomdml [ygotrm
RoSAR=getRo (i jk)*getSar(ijk)*sarMult;
TO=getTO(ijk);
TbNew=calcTb(ijk); //Lobbanols Bgdd3g@s@dy®ol asdmmgens
bTb=0; //Lolbgrols 30dmJi930L (9300
CRo=getCRo(1jk);
b=getB(ijk);
calcDDs(1jKk); //{o®dmgdaemgdol gy gbgengdols asdmmgas
iT(CRo!=0)
{
bTb=b*(TO-TbNew)*dt/ (CRo0) ;
dT=(dt/(CR0O))*
(calcKTsum(ijk)+getK(ijk)*calcT2sum(ijk)+RoSAR +
getAO(ijk)) - bTb ; //$gd3g@s@gdol gemomgdols asdmmgens
¥
iT(bloodFlowEnabled==1) // o9 Lolbaols dodmizgge ho@mygaos
{
matsminimax.acceptBdT(bdT);
iT(abs(bloodField->getV(ijk))==0)
{
11 oy dmzgdygero FgoO@ogo dogdymgbgds Fysdmgdl
bloodNew[i][J][Kk]=initBloodTemp;

bloodNew[1][J]1Ik]= TbNew + (CR0o/4180000)*bTb ;

}
}

return dT;
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}

Lobeygao bbgomdgdols godmmgens gggems g9bjioobomgol s dods@@yeobsmngols

void CGrid::calcDDs(int_ijk)

{

}

gxOgedo dgdmbygamo Lobbagol @gdsg@s@ycdol (4.5.6) godmmgas

dpKx=Dp(&CGrid:
dpKy=Dp(&CGrid:
dpKz=Dp(&CGrid:
dmKx=Dm(&CGrid:
dmKy=Dm(&CGrid:
dmKz=Dm(&CGrid:

dpTx=Dp(&CGrid:
dpTy=Dp(&CGrid:
dpTz=Dp(&CCGrid:
dmTx=Dm(&CGrid:
dmTy=Dm(&CGrid:
dmTz=Dm(&CGrid:

sgetK,ijk,XX);
tgetK,ijk,YY);
tgetK,1jk,Z72);
sgetK, ijk,XX);
sgetK,ijk,YY);
sgetK,ijk,Z2);

:getTO, i jk,XX);
:getTO0,i1jk,YY);
:getT0,1jk,Z27);
:getTO, 1jk,XX);
1getT0,1jk,YY);
:getT0,i1jk,Z2);

float CGrid::calcTb(int_ijk)

{

if(bloodFlowEnabled==1)

{

float newTemp=getTbO(i,j,k);
float volume=0;

float totalVolume=0;

float velocity=0;

int index=0;

BTChange btchange=BTChange();

velocity=getVi(ijk,0); /X 3md3mbgb@olomgols
volume=dt*getSi (0)*abs(velocity)*velocityMult;
if(velocity>0)

index=-1;
else

index=1;
newTemp+=(1/gridArea.v0)*(volume*(getTbO(i+index, j,k)-

getTbO(1jk)));

1/17//7777///777/777777

velocity=getVi(ijk,1); //Y 3033mbgb@olomngols
volume=dt*getSi(1)*abs(velocity)*velocityMult;

84



if(velocity>0)

index=-1;
else

index=1;
newTemp+=(1/gridArea.v0)*(volume*(getTbO(1,j+index,k)-

getTbO(ijk)));

velocity=getVi(ijk,2); //Z 3033mbgbBolomgols
volume=dt*getSi(2)*abs(velocity)*velocityMult;
iT(velocity>0)

index=-1;
else

index=1;
newTemp+=(1/gridArea.v0)*(volume*(getTbO(i, j,k+index)-
getTbO(ijk)));
return newlemp;

else
return initBloodTemp;

}

float CGrid::calcT2sum(int 1, Int j, int k)
{
float val=0;
val+=(dpTx-dmTx)/gridArea.dx2;
val+=(dpTy-dmTy)/gridArea.dy2;
val+=(dpTz-dmTz)/gridArea.dz2;
return val;

ks
float CGrid: :calcKTsum(int_ijk)

{
float val=0;

val+=(dpTx+dmTx)* (dpKx+dmKx)/ (2*gridArea.dx);
val+=(dpTy+dmTy)*(dpKy+dmKy)/(2*gridArea.dy);
val+=(dpTz+dmTz)*(dpKz+dmKz)/(2*gridArea.dz);

return val;
}
96430900, G gdol wolsbgangds ofwmgds “get”-o0 5509bgdgb 360dgbganmdgdls, 3
396J(3090do godmmgas o6 bpgds.
CArea jaosbol 30m@G™MEG030. 53 jensli'do s g@ommo @oibgomo dopgl
3OMAOEobsRgoo.
class CArea

{
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public:

int start _x,end _x,start _y,end y,start_z,end_z;

float min_x, min_y, min_z, max_X, max_y, max_ZzZ;

float delta, dx, dy, dz,dx2,dy2,dz2;

float vO;

int nx, ny, nz;
public:

CArea(void);

CArea(int end _x,int end y,int end _z);

CArea(int start_x, Int start_ y, Int start _z,int end_x,int
end_y,int end_z);

CArea(float min_x, float min_y, float min_z, float max_ X,
float max_y, float max z, float delta);
public:

fvector getPoint(int i, Int j, int K);};

86



