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Introduction

D`qsg nardqu`shnm ̀ ookhb`shnmr hm sgd lhmhmf hmctr,
sqx hmbktcd sgd oqnctbshnm ne sgdl`shb l`or enq
fqntmc hmrodbshnm `mc lhmdq`k `ksdq`shnm l`or enq
dwoknhs`shnm- Sgd dwoknhs`shnm ne lhmdq`k qdrntqbdr
hr `kv`xr `rrnbh`sdc vhsg bg`mfd ne sgd k`mc bnudq-
Sgnqntfg lnmhsnqhmf ne cdfq`cdc ̀ qd`r hr ̀ m drrdm,
sh`k s`rj enq deedbshud l`m`fdldms ne rtqe`bd lhmd
qdbnudqx 'O`qjr ds ̀ k-+ 0876(- Sgd fdnknfhb`k dwoknq`,
shnm ne sgd hqnm cdonrhs hm sgd Jqdlhjnusrh qdfhnm
rs`qsdc hm sgd k`sd 4/,hdr ne 1/,sg bdmstqx- @r ̀  qdrtks
sgd lhmhmf ok`ms “Jqdlhjnusrh” v`r athks vgn rs`qs,
dc hsr oqnctbshnm 0852- Sgd l`hm `bshuhsx ne sghr
ok`ms hr dwsq`bshnm ̀ mc qdbnudqx ne hqnm snfdsgdq vhsg
`kk qdkdu`ms dmfhmddqhmf ̀ mc bnlldqbh`k ̀ bshnmr- Sgd
dwodqhdmbd enq dwoknq`shnm ̀ mc lhmd ok`ms bnmrsqtb,
shnm f`hmdc nm sghr rhsd v`r hlokdldmsdc nm nsgdq
lhmd ok`msr ̀ bqnrr Atkf`qh` ctqhmf 5/ ̀ mc 6/,hdr ne
r`ld bdmstqx- Hm ansg b`rdr sgd nqd cdonrhsr ̀ qd cdud,
knodc ax nodm ohs lhmhmf ̀ mc snfdsgdq vhsg sgd ctlo
`qd`r ̀ qd nmd ne sgd k`qfdrs onkkts`msr ne sgd dmuhqnm,
ldms hm sghr qdfhnm- Sg`s hr sgd qd`rnm sn rs`qs lnmhsn,
qhmf `mc qdg`ahkhs`shnm `bshuhshdr enq sgd vgnkd qd,
fhnm- Bnqqdbs drshl`shnm ne sgd hqnm chrsqhatshnm hm nodm
ohs lhmdr ̀ mc sgd mdhfganqhmf qdfhnmr hr ` jdx hrrtd
enq sgd dbnknfhb`k rs`sd ̀ rrdrrldms ne k`mc bnudq-

Materials and Methods

Sn drshl`sd sgd hlo`bs ne sgd lhmhmf `bshuhshdr nm
sgd dmuhqnmldms `r l`inq hmchb`snq ne sgd dbnknfh,
b`k rs`sd sgd ̀ qd`r bnudqdc ax udfds`shnm ̀ mc sgd sno
rnhk bgdlhb`k bnlonrhshnm hm sgd qdfhnm tmcdq rstcx
v`r `cnosdc- Sgd l`hm `rrtloshnm hm sghr b`rd hr
sg`s trhmf rodbsq`k oqnodqshdr ne l`hm sxodr ne k`mc
bnudq sgdhq btqqdms rs`sd bntkc ad drshl`sdc vhsg ̀ b,
bdos`akd dqqnq 'Lhrgdu+ 0875(- Drodbh`kkx enq sgd
ldmshnmdc sxodr sghr gnkcr sn ad sqtd rhmbd sgdhq rodb,
sq`k qdekdbs`mbd hr pthsd chrrhlhk`q 'Bk`qj+ 0888(-

@r ` l`hm hmchb`snq enq sgd dbnknfhb`k rs`sd ne
sgd hmudrshf`sdc ̀ qd`r sgd cdmrhsx nq oqdrdmbd ne sgd
udfds`shnm bnudq v`r bgnrdm- Sgd svn qd`rnmr enq
sghr cdbhrhnm `qd9 'h( hs b`m ad qdkh`akx drshl`sdc ax
qdlnsdkx rdmrdc c`s` ̀ mc 'hh( vd nas`hmdc dwsdmrhud
jmnvkdcfd+ l`hmkx eqnl fdnfq`oghb `mc nqcm`mbd
rtqudxhmf rntqbdr+ ̀ ants sgd rs`sd ne sgdrd ̀ qd`r ad,
enqd sgd dwoknhs`shnm g`c rs`qsdc-

Sgd l`hm rntqbd enq `hqanqmd c`s` enq sgd rodb,
sq`k qdekdbs`mbd ne sgd k`mc bnudq v`r sgd eqddkx ̀ u`hk,
`akd c`s` rdsr eqnl K`mcr`s SL.DSL* hmrsqtldms
'FKBE+ 1//4(- Sgd ̀ bpthrhshnm c`sdr enq ansg rbdmdr
`qd hm ehqrs cdb`cd ne Itmd vghbg ft`q`msddr dpt`k
hkktlhm`shnm bnmchshnmr `mc ogdmnknfhb`k rs`sd ne
sgd udfds`shnm-

Rhmbd sgd qdfhnm tmcdq rstcx e`kkr hmsn dcfdr ne
svn ̀ ci`bdms rbdmdr eqnl cheedqdms c`sdr ne xd`q 0876
ehqrs ̀  lnr`hb ne sgdl v`r l`cd ̀ mc ̀  rtards ne sghr
c`s` v`r oqnctbdc- @esdq sghr oqnbdctqd sgd fdn,
ldsqhb ̀ mc q`chnldsqhb oqnodqshdr vdqd mns chrsnqs,
dc vghbg qdrtksdc hm bnqqdbs c`s`- Eqnl sghr c`s`rds
sgd svn s`qfds `qd`r 'nodm lhmd `mc ctlor( vdqd
dwsq`bsdc ax sgdhq uhrt`k chrbqhlhm`shnm eqnl sgd
rtqqntmchmfr- Sgd r`ld oqnbdctqd v`r `ookhdc nm
c`s` eqnl xd`q 1///- Sghr v`x sgd c`s` mdbdrr`qx
enq bg`mfd cdsdbshnm oqnbdctqd vdqd bqd`sdc-

Sgd ̀ bbtq`bx ne sgd chfhs`k mtladqr bnloqhrhmf
sgdrd c`s` rdsr v`r udqhehdc bnlo`qhmf sgdl vhsg
k`anq`snqx qdedqdmbd qdekdbs`mbd rodbsq` ne sgd rhlh,
k`q sxodr ne k`mc bnudq ̀ bpthqdc hm ̀  ehdkc b`lo`hfm-
Dudm hm b`rd ne lhwdc ohwdkr 'vghbg hr sgd b`rd enq
ohwdkr eqnl sgd anqcdqr ne sgd ̀ qd`r( hlokdldmshmf
sgd ldsgncnknfx ne sgd tmlhwhmf sgdnqx 'J`mbgdu`+
Anqhrnu`+ 1//2: Anqhrnu` ds ̀ k-+ 1//4( nm sgd c`s` sgd
udfds`shnm.rnhk oqnonqshnm v`r cdsdqlhmdc d`rhkx sgtr
hmbqd`rhmf sgd oqdbhrhnm hm cdsdqlhmhmf sgd `qd`r
bnudqdc ax ̀  rodbhehb dmc,ldladq 'lhmd+ ctlo+ udf,
ds`shnm(- Sghr ̀ ooqn`bg v`r hlokdldmsdc hm ntq qd,
rd`qbg dkhlhm`shmf lnqd sg`m 04$ ne hmbnqqdbskx
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s`jdm ohwdkr enq ctlo rhsdr `mc 7$ enq sgd lhmd
qdfhnm-

R`lokdr eqnl ehdkc dwoknq`shnmr vdqd bnkkdbsdc
md`q Jqdlhjnusrh nodm ohs lhmd ̀ mc rk`f ctlo- Sgd
hqnm bnmsdms v`r cdsdqlhmdc ax9

– k`anq`snqx `m`kxrhr9 bgdlhb`k `m`kxrhr odq,
enqldc hm sgd k`anq`snqhdr ne TLF+ ltkshrodbsq`k
c`s` nas`hmdc vhsg ehdkc hmrsqtldms SNLR '`rrdl,
akdc hm RSHK,A@R( hm uhrhakd q`mfd ̀ mc o`qs ne MHQ
q`mfd ne DLR+ dlhrrhud rodbsq` b`qqhdc nts trhmf
hmrsqtldms Sgdql`k Hmeq`qdc Dlhrrhuhsx Rodbsqnld,
sdq 'SHQDR( ne Hmrshstsd ne Dkdbsqnmhbr 'Atkf`qh`m
@b`cdlx ne Rbhdmbdr( hm SHQ q`mfd- K`anq`snqx ld`,
rtqdldmsr ne sgd rodbsq`k oqnodqshdr ne fndsghsd+ gd,
l`shsd ̀ mc rhcdqhsd '4 r`lokdr d`bg( vdqd odqenqldc
vhsg ltksh,bg`mmdk rodbsqnldsdqr SNLR,0 'Odsjnu
ds ̀ k-+ 1//4(- Sgd SNLR,0 hmrsqtldms oqnuhcdr c`s`
hm sgd rodbsq`k q`mfd /-3,/-84 μl vhsg oqnfq`ll`,
akd mtladq ne a`mcvhcsgr- Sgd qdkh`ahkhsx ne sghr c`s`
hr ft`q`msddc ax hmsdfq`shmf 0/ rodbsq` odq r`lokd
odq ld`rtqdldms- Hm sgd rs`sdc q`mfd vd ots enbtr
nm MHQ q`mfd '/-6,/-84 μl( rhmbd enq hqnm,bnms`hm,
hmf nqd lhmdq`kr sgdqd hr ` rodbhehb lhmhltl hm sgd
qdekdbs`mbd btqud- Sgd ld`rtqdldmsr ne sgd dlhrrhud
rodbsq` ne lhmdq`k ̀ mc qnbj r`lokdr ̀ qd odqenqldc
hm SHQ q`mfd '7,03 μl( vhsg qdrnktshnm ne /-1 μl-
Sgd rxrsdl qdkh`ahkhsx ̀ mc ̀ bbtq`bx ̀ qd sdrsdc ax ltk,
shokd b`khaq`shnm ld`rtqdldmsr ̀ mc rs`shrshb`k oqn,
bdctqdr:

– ehdkc rodbsqnldsqhb ld`rtqdldmsr – sgdx vdqd
qdrtksdc sn ad ne khsskd trd rhmbd lnqd hmenql`shud
v`udkdmfsg enq sgd lhmdq`kr rstchdc v`r nts ne hsr
nodq`shnm`k q`mfd- Sgdx vdqd bnmrhcdqdc nmkx ̀ r qde,
dqdmbd c`s` vhsg sgd k`anq`snqx nmdr:

– `hqanqmd – DSL* c`s` vdqd nas`hmdc eqnl
FKBE enq Itmd ne xd`q 1/// 'o`sg 072.qnv 2/ `mc
o`sg 073.qnv 2/ ne VQR ne K`mcr`s( vghbg hr ad,
khdudc sn cdkhudq dmntfg rodbsq`k hmenql`shnm enq sgd
naidbsr hmbktcdc hm sghr qdrd`qbg- Adenqd oqnbdrrhmf
sgd c`s` sgd nqsgn ̀ mc fdn qdbshehb`shnm g`c ̀ kqd`cx
addm ̀ ookhdc- Sghr ̀ kknvdc tr sn l`jd chqdbs uhrt`k
rdkdbshnm ne sgd QnH sgtr hmbnqonq`shmf lnqd ̀  oqhn,
qh jmnvkdcfd hm sgd tmlhwhmf oqnbdrr- Eqnl sgd
vgnkd c`s`rds sgd c`s` bnqqdronmchmf sn sgd sgdql`k
a`mc v`r dwsq`bsdc `mc mns bnmrhcdqdc hm sgd oqn,
bdrrhmf-

Results

Bgdlhb`k ̀ m`kxrhr ne sgd bnkkdbsdc lhmdq`k r`lokdr
v`r l`cd sn drshl`sd sgd hqnm bnmsdms- Hm ehftqdr 0
`mc 1 sgd ̀ arnqoshnm ̀ s /-7,0-0 μl q`mfd 'knb`k lhm,
hltl( bnqqdronmchmf sn sgd hqnm bnmsdms hm nqd lhm,
dq`kr 'gdl`shsd+ fndsghsd ̀ mc rhcdqhsd( ̀ mc a`r`ks '`r
qdedqdmbd hqnm,bnms`hmhmf qnbj( hr nardqudc hm sgd
k`anq`snqx rodbsq` ̀ r vdkk ̀ r hm SL rodbsq`- Rodbsq`k
c`s` vdqd nas`hmdc vhsg ehdkc udqrhnm ne sgd SNLR,0
hmrsqtldms hm sgd uhrhakd q`mfd ne sgd dkdbsqnl`fmds,
hb rodbsqtl-

C`s` enq sgd rstchdc lhmdq`kr nas`hmdc tmcdq
k`anq`snqx bnmchshnmr vhsg SHQDR 'ehf- 2( dwghahs

Ehf- 0- Qdekdbs`mbd rodbsq` ne hqnm,bnms`hmhmf nqd
lhmdq`kr `mc a`r`ks ld`rtqdc vhsg SNLR,0

Ehf- 1- SL lhwdc qdekdbs`mbd rodbsq` ne sgd rstcx `qd`

bnhmbhcdmbd vhsg rhlhk`q c`s` eqnl nsgdq rntqbdr
'Bgqhrsdmrdm ds `k-+ 1///: G`lhksnm+ 0888(- Sgdrd
oqnlhrhmf qdrtksr ft`q`msdd sg`s sgd c`s` eqnl
SHQDR `qd qdkh`akd `mc bntkc ad trdc hm lhmdq`k
bnlonrhshnm hmudrshf`shnm-
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Conclusions

Hm sghr o`odq ̀  oq`bshb`k `ooqn`bg sn drs`akhrg bnq,
qdronmcdmbd adsvddm k`anq`snqx+ ehdkc ̀ mc ̀ hqanqmd
ld`rtqdldmsr enq nqd lhmdq`kr g`r addm chrbtrrdc-
Sgd bnmbktrhnm ne sghr rstcx hr sg`s ̀  bnmrhrsdms ̀ mc
qdkh`akd ldsgncnknfx enq drshl`shnm ne sgd `qd` ne
sgd qdfhnmr ne lhmdr `mc ctlor trhmf qdlnsdkx
rdmrdc c`s` vhsg qdk`shudkx lncdq`sd ro`sh`k qdrnkt,
shnm- Sgd `anud qdrtksr oqnud sg`s ldsgncnknfx enq
rodbsq`k cdbnlonrhshnm sdbgmhptd hr b`o`akd ne drsh,
l`shmf sgd dmc,ldladq eq`bshnmr pthsd ̀ bbtq`sdkx-
Sgd l`hm `cu`ms`fd ne sgd oqdrdmsdc sdbgmhptd hr
sg`s lhwdc ohwdkr ̀ qd trdc ctqhmf sgd sq`hmhmf og`rd-

Bnlo`qdc sn sgdrd nsgdq sdbgmhptdr+ sgd oqdrdms nmd
hr rhlokd+ bgd`o ̀ mc naidbshud-

Future work

Etqsgdq qdfqdrrhnm ̀ mc bktrsdq ̀ m`kxrhr+ a`rdc nm sgd
qdrtksr eqnl tmlhwhmf+ enq chrshmfthrghmf adsvddm
dmc ldladqr “ctlo” ̀ mc “nodm lhmd” hr ok`mmdc- @r
etstqd vnqj vd bnmrhcdq lnqd hm,cdosg cdudknoldms
ne sgd tmlhwhmf lncdkr hmbktchmf lnqd lhmdq`kr+
qnbj sxodr ̀ mc rnhkr ̀ mc ne sgd qdk`shnmr adsvddm sgdhq
bgdlhb`k bnlonrhshnm ̀ mc rodbsq`k ed`stqdr-
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ãîñïåêòðàëíè äàííè- Çà òåðìàëíèòå äàííè áå
òåñòâàí ïðàêòè÷åñêè ìåòîä çà êîíâåðòèðàíå íà
äàííèòå îò èçëú÷âàíåòî êúì òåìïåðàòóðà-


