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1 V1 Jtllsjkzu' W dzjc' L

1L ' dzH Os dze LYt U@ dzH O Ed3 tc ig]
Isj mn dzEdzse d W dz' Y Yytsfr d3h OdzOte S 1 dzH j dz' €
Is Otc © dzD O dz. l"dz Is"teDrHO B 'LH' W B
B'dz' &3 MBwWOTr Ordzr d&3d Y jb'" Mls® CIlsj to
OL OBRBOIslsOteH T spteBdjdzj 2 d3 dzgHjIs' dz M jh kg
s"tcDr HOdzZ OZDOdZH O, CjL Cjdzejd t.]
sIsr tcOIsr dz Ctsdzlsj S Mislsj toH § B' dz' d3H '
SOzOf sOtcH™ W OtclslZr dzPONYiGstem( ¢ disijtedmsdz X D dz
f"O00dz" d3H J teH " W  dzOdgtsO " dzf d3 3 D dad dZzO dzts Is j - dzt
sSOY " to" f ISOteH "' Jdzc' LkzH ] G B' dz' B d3J dz HOD]
B'te' CIs"teH' W CjL CJjdzcjdz BOMSORZOM" dz" w d3C
N dz y0wOhr dz Or dzr &3 IsOY T ter f IsOtcHT MiskzHj dal
yodai Ishhtedzj dzh ' tclzH j G fjHOEGBEdCOdzr vy Ispfy' «
BODHOtdzO®RZO dzOte" dzO Y Olst iz YOxJls. [ OL d3" &
dZ3OL d3" dzH ' B' dz' d3G j 3" D Ods @3H"jie HY WO  tsyy Geld rr fight
B2 d&zh © B' dz' dgH J t&° C'tejls’" dz" dz2 4 MEJte] sisT
HORr sz CpopMmM'Bd HOMRBEZ BOODHOAEZORBOM"™ dzH OO a3 (
tedt dz ypdgy 1 jteted, 2012).

[ "ODOdz' GBHjJteH ' W ®YErdZ" W CllteH J df'j dinPioO@Es rdzd
Cofm' B(d H Ok BODHOZOBO Ot d34 dz 0O dzOdz' Mk
BBHJjdz HjEG] Isrter Misr (dgFr MOdzr , Guskey, 20
BO2 &zOdz" s disH jdz (sdi1 [, Clarke and Hol
B"O0Odz 'Rz dIst dz pclslltedz" HtsSA3j dzH J teH " W E
teJIs" dzHy Is" )" ter BBHO2IST dz { B Jqted s Odzr v dzj G°
BBsH jdz2 d3"00Odz' d3H jteH" W B' dz' &3 B Jjtokz MOd&zOM" dz
YrLrokzhisaryteH ' ( Haohd Wooge dt al. a2D11;,Wongsopawiro et al.,
2017) , E2I¢Cj dg sdz " O00Odz dsdz’ w S bofMm'  Bd EL
YtsdzH ©O2 B7j dzg ' dz’ B'tc ELGjt" " MIsjtc Is'"LBjG" Ofc

L
L
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silsr tor ff , spfm'Bd EMEH' YW EL QQ tci O WdzAde i) Is8"d
L jtolslsj21Is' dz sOdzH OzHO yYyBd&ZHOEZMNT dzje'  LH' yY"
1 OdztsO" dz" d3 W pDdzgj dOdSlsj m zZSZEG WY ISOY ' tef
‘tdz" @ Bjtlz Ism"tcDr Mr dzOdz yr LTyl ytBOdzN Y

dzJ RO dztsls § HPWBs e oz d3H j .o wWadz@Ac HIS | - 2B kB Iz |
dztse dzh J d@3H ] BOLjtedwdzr w B ' tocjcj2 yYOmMdJlsisy
W bpfMmjte Jjlsjls' dz LOBOdOEZd O" dzr &3d MOdzO

| ndesdzsedwdzr' vy ypdzgj OF dzr &3d MOLEZOIsIsT dzr Or dz
2’ dzOMmr dze Qwisls j 2h “ dzjtcH " W yYyr L " Okhr dzr Or
' 2010) . fdCIsifIlsy dzOdetsD" dzr d3 » D dzj

ZOtcH™ W Ddzj EdgjIsls" € ybpdgj 1 IsdCOdzr v HC
J &, 2004) , E2ICJ dg sz 8dzOtcH v ' B
Olsr dz YtsdzH OdzB OdzOteH™ Y OBIsdH" ([ j o ddzM

(/T’\W-G-OWD&_\CUJ

NE<Xg "=+ Q0
(o8]
Q=

2 1 jitklsjk ®OYyMOIsT

1" dz Ljtelslsjlzr' W | QRT3 ) D dzd dz0O dz
SOY T te" fIsOter dzH OO ' SYr sk dBsHEzd dz YBORZOL
Ydr dzv' YBQaERjlez S j dz¢ j dziisj, WhH @@z oe f Isj Mlsj t
fskhHjdlslsjtodsjdz ELOWKO DijCjlljmkz' dz2 SEeEtem]

Y BOOGr HO OlOdzDOdz EL OO DpDtej S jlslsj MmMkzdzj toH | dz
ELG jtyfdRjdz jIsjls' d2 Hj dzHOdzHT ¥ sy fips jdgds " w
B"dz LJjkllsjkzH]jc ELGjte' M sdzOte y s Otc dzO
CopfmM'Bd BY"bkk ftesyd M tejIs" dHj Isiify" dzH ' o' d
LjtelslsjkHjce' L jtelslsjlkz dpMmj dzj " :

1 OdesD" dzr d3 Y pDdzaj dOdetslsy mdzsdzse vy SOy’ t6f
Y BBOXZOEZ 3yDdzj DL todzjlz B Oter fr dzgH © d3" D Odz' d3H

ELGJtGJl@dZﬂZPI’IS 473

3 CcH' Mmilsj te

I"dz L jtellsjkzHjGe' Ljtelslsjlkz y"tr dzf d@3¥ d&" 00O
NdzcB tdzr §f IsOB"™ d&zZOH'™ , d3"00dz' dzdz' w B '(dZ'Odz I
yDdzyj s OllsdiPacj BOO7f sHj dz2 Is"tD" M dzOdz 82 dz
3" o00Odz" BBH jteH" W Y DdzH " € BOIsj tcd OdzH T " dziz O
sdzOtcH" W MmilskzH j dzlslsj tc° nHh'" d &BOODr dzOdzr Isl toH
YU dzH " YYsjOuBlH rde"d3" D Odz' d3H jJtcH ' W MiskzH j dzlsilsj toH '
OzO Il m" dg CIlsj te’ B3y dz Ydr dezH" YIsOter Is iz tc O dz'
Ljtelslsjkz BOWrLH"™. 00Ot HO OlOd&zDOdz L jtelsls,
B' &' d@3H J toH ' -Mizjciglslsj iz & F e s di3tfzts glegzdzls )y  y @c " L °
" OoOOdz" d3H j 6 E L sy kzhr dzOtef iz @Ijhls sl t=CYElzte Mg ts1s @A
C 3l sdzj dzls) Y SBOXZO2HT . 1" dz L Jlslsj zHJ
ZOdetsIs j m dzgsdzse W DO Y OlIs' Mist b MJ dzj dzd t6 3 dz
1 dz d3 ' B JYHERHsS O yY'"tek WdBsHjdz 2w Yy O0DdHOILIO
"fr dzr dginizdls ypbdzj Is. B. , 2012) . - "ddz d® rBdg' taiip
syl d&jd syYyEZHT Y OYMOtelszDO OttdzOdzDOdz Y
Ispy "' tede j M’ dzH § Y OtcOls™ dzf Mis Ozt O dz@ze P @ dzO'
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dz" My Oz dzr YIsr BjtejH" . fjHOEtEdSOdzr Y d&BOL dg"
B'dz d@§ Bjtkz dHJW Ot B"OOdz" d3H jteH" W B dz
B"OOdz' diddz' W B ' dz' d3 B jtelz Y "ter dzf i dz" W X D dgj
NOYMQwisdelt * dzH " tclzdj Y pdzgj YOO Y"tch WO OB s
B'dz' 3 Bjtekz dH]Y&PBOYdiser| vz’ eteGyjiMm’ dz Jj o]
B"O0OdzZ BHjtH " W N jSC) B dz g oBBjdze syrilskz Ispy

Tlenaroruka/bIk 6i1ivM Gepyain
OKBITY KYPBLIBIMBI

OKy oprachlH Kobamray

IlenarorakajabiK
Ma3MYHIAFb]
oiximai zeprrey

- Crynentrepain

Ionnix
TYARBIPBIM-
TaAay P
AAMaJAPbIH
3eprTey

1fktejls. 1 jHOEBEdCOd ¥ B''d Y280 el
(1O0dz 1j2¢ fjdz sOblsBOdz, 2007)

rOWO B' & &5 Bjtek dHjWw kO fddydilsjt' d
BEd Cljt' daj tojCbkwhmdols' kOdHOE 3 OMOHT Yy

(3) Myraaimaepai OKbpITYFa APHAJIFAH HYCKAYJIbIK

[ Binim Gepy oprachiH } [ Myramimuig OutiM Oepy ]

KaJIbINTacTHIPY TPHHINITEPIHIH KBICKAIIA MA3MYHEI

S

‘ ; (4a)l 3

@)

(1) Binim Gepyni RYpeLIBIMAAY| TYRBIPBIMAAMATAPBIH  HAKThLIAY

[ Moaynbgai a3ipneyre|apHansan Hyckaynbik ]

Harorpursiv Me_H_ HaHoFBIIBIM JKoHe HAHOTEXHOJIOTHS (4b)
HAaHOTEXHOJOTHAHEIH OilM Oepy TaKBIPEINTAPEIHA CTYICHTTEPIIH
TYPFBICHIHAH MaHBI3/IbI KO3Kapachl

TaKBIPBITITAPHIH TYCIHIIPY \
4] 3 \

(2) lenarorukaabik| Ma3MyH DofbIHIIAN MyFagdiMaepain OitiMaepin 3eprrey
[ MyraniMaepmin 6imiMi Typas! ] MyFanimMep/IiH NeIarorHKablk, ]

IMITHPHKAIBIK 3epTTeyrepre MOIy Ma3MYHIAFB! GiTiMIepid 3epTTey

2fiktejls. [Mmr LjtklsjkHj yltc' L' d&djedgdp®Y
ftesyd M



1 Oy Isr cOY 0O2IsmOY, ["D00dz' d©3HjH ' W B ' dz' &
L Jtelslsj kz DHJBdJIslsjtc' dzj h s dzlz 3" OOdz' dgH J tol
HOM skHrw BOMISOY Y r-inkdajleds)ii‘® ¢ ediadpigHly] 845 3 dz 1
YOHGH Iskz dstw@fidds 'ddac iy ") D dzj HOMM Isz 1h' dz fMls
JMEjtej Blsrterff, 100" dzf &3 o3 dz dzOdztsIs j ~ dzts O
dzOY Isr dzOkz ftetsyd M’ dzy 3" OPIE jdisilg jlc H ¢ E tsiPjtclds’zdzaB
ssdzr O tOY Stavrou, Mi chai)lidif smddz'SHg'o uH
tcj Ctemdols’ ftesyj M 3" 0O0Odz" d3H j toH ' W 1 Odz
OMmMf J CIs" dzjte" dz L Jlslsjlzd3sjdz B  t6G 4 , Jteg ¢hjdz
BO2dzOdz" i BJte' dzH '

3.1 1 JwllsjkzH® Y BBOA&OE

[BHEdC -] Y fMyOh O B jueH paizd fdajz 3 Q te®ls'
B' &' @3 dz' W S5 E BYE NIHldze' " dzfj BOOD'M SIsOdzDOdz 9 (
Is. B . , 2006) . H500dz Y OteOBROMIs Odeg, 5E €4,
Isn ' dzH " tclz, frmrysok ) D dzj BOODOW&OE) dz3ts H
Nd s @HdzH ", BdHO MlskHj dzlslsjtecy OF dz@f d@3d G E t6
OzOOdz B ' dz' BH it dz2 Y JISC ' L& g dgHjIs® Y27 dzH
YOtP?Mm" yIsOk (Ilstsdzr oOr e®OY Stavrou, Mi chail

MiskH jdzlslsj toH ' W dzO dptUiztsddztsdy dyVD dajO Y dz@dztif lds O tc ' dzC
2-fOB OV ) ZOdzats O dzf d3 X D dzj RZOdztsls § m detsdzsc d W O
"y dzOIsTj Bdzj dzj to Otcy " dz ) D daj BOtlk Otcy ' z
RZOdztsIs | -~ dzs dzts ¢ W Y Olsr Mmisr 1 CMMf sdzOIsls Otcdzj dz
L jtlsh OdzOdg®tdaj © 43 MOBOYISOHO® fMiskzH j dzlsilsj to

02 &zOdzr misr , B MOdz . ChdgH jdzr CIs® L OlslsOtgH
3 D dzj CdHtcsW tsB IsT ZOdzs i3OIs j o OdzH OtcH T W

CodzdzcdHIsOter dz" W tsflsd¢ Odzr Y YOMmdjlsjte' dz' W
CEdj B d2 ¥ OkOyOls' &zOM" &z § O2HO&EOdz. s j dzj
YO ' " EHbE" dzr Y daj d3i M dOdzsdBZ3OIs ted OdzH OteH
Y dr dzH " YYsDOdg)f ©O' dzf ddH OO 1 IsdSOdzr' vy spfMmj dzj dzj
RZOdztsls j m dzsdzse W dzr W dzlsd ¥ Oz fplsOMY | € Isfc iz® tzO

B MOdr . O dr g L jlslsjbdjtt o&jd yOwy' O
OB OY IsO fMiskzH j dzlsils j to E L B' dz' dsH j o' dz ) D dzj
Y 5 dzH O dzlz dAO®sIs rd4ls T dzj ¢ L G M"tcOyY IsOter dz2 Y §

I Cf czOls@®k@F Mmsdzj pL todzjlz WHjt' M) &jd O

1Cjfmlsj. [GHEd H'W djc' L&' yYn"ir dr &
DOIs’ Mk |1-MOB Os ' ©' MY J

2108 01 ' & hiftclsn OZOZOKLD O B Otk
1 jlsls] £/ 34MOB || OdS0’ dzf BH ' Y Y SEzH OdzB O
s 1l f)' dzH kOL OtclsOls™ dz RO j ted OdzH O
1 Odzs Y Odzh Ocdzr 9B C ' hCj
pdh j&BEj B O2 &ZOdy T Yy C
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cvwe' 3j &d5MOBOr OO Isr L jtlslsjlzdzj t6 3 D¢
b M dzj dzj t6°

-1 OL s BOY OzOdzOte!
6-MOB O] jtelslsj 2z tStelsOdz" O d&zO B O
-1 OdgsOr dz &3 Yy D dzgj dzOdetsls
MOtOf hr dzOted3j dz IsOdzy ' dzOkL
YOO Isr L jtelslsj @y cdzQte ¢
&b fnj dzj dzj t6°

¢ zd@zOMmMkz |[7MOB O ¢ S M SdZOISISOEH"™ W Yy " ter dz' f
BODOAdzOE

1 OV Isr cOY O2IMOY bpDt" filsim dB"O0OOd ddH J tGH ' !
BOXZOBOd&ZzOte" dz J ME J t6d slsr ter ff toj Wdzg Smdw
YOl OttsdzOte 11 h ' dz d dzdzts sd@Dusd Wdelz' dyp frgj telzlp" dffj tdHO B, ¥ W T
0" dzf lei {9y " to" f sOteH"™ Y Ddzy tsdg" B' dz' d3 BJtlzH " Y
Ispfm' dzH j t6' dz ZzOdzsO " dz' o3 ) D dzd dzO dzts Is | - dzts dzt
LJtelslsjbkh®™ dzjtedsj dz B ' t6G j s " dzH ' ez d3ll A3 ' dz
Dte Is 1l tc dz° OfmYf j €Is’ dzj tcH ' W sd WHiMIs' 6° d&zejdz (
sls’ ter B"d ELOtGO Dt S jIslsjmMkz MOBOYIsOtH C

Nh ' 'wzZzOtcHT W HOODH'™ dzOter dz Otelslsr toH ™ d&3r HOdzr .
Dtej € jdijlslg talzj CIsj fIsj dz s dgll dgW'tcduiz] Slspdc’ B Ot 4
Isnm" d2 SIsj teH"’ JMCjtej lIsrter {f, tsfyr L Jtlslsj

ISy " te" d3H Oter dz teOMIsO GIsT e spy " tedB j dz'
Bjtk dqddtesOydwvmrd jd¢' Lkzcj Y Ols' g lfhte @i
3" dzH ©2 EL OO pDtej S jllsjMmls' ClsjtecH' W BBA&ZOMN OD

4. OBl Isr dzH '

I"dz Ljtelslsjlz dzOdzetsOr dzr &3 D dzj dzOdzts Is j - C
BsHEzdz' dz y"teOfMmis" oz ¥y bpdzgj DL ' todzjlz CjL " dzH
Ctsdzlsj SMis’ dziej € JIsb) BEOdz Odzr YISO2HT . 1 DIy J
ddzdztso Oydwdzg" Y"t©cO2Isr dz IsOf m" tceBQdg" vb jydafrjdda '
sdzOteH™ W % j¢Jj ®&BNHHJjdzjte® dBjdz pte S jLjWH G
BO2d&zOdzr i CNnlsjls' dzh' Clsj dz, Byt 8L GO
EL O CjlslsjmMlzej Y"L"Okh" dz yIsOte" dz B tels' dzH

HOME' sEztcOdz . I1"dz ELOtO Dbt Cillsj Mz B Oter
Odzz™ dz Y OB Od30my £ by B dgj demf tosyj Misy wd3d dz
I "dz LigjHtels j dzi 6 ' L G ndzj m' sdzf w Yk N
Csdzlsj CEMls" dzH] CpM' Bd EMEZH' W EL OO BO2 &ZOd
ELGEBIS dz' 6" dz2 HOWRR IsOIsr dz 3" 0DOdz" dgH J teH " W €
Iskzr dzH ©O21IsT dz H] ZHOd&ZH" ¥V § B6®YJ MldcjjtdrZ] CAPJOH rd.d
sYyYkz &BOkjtdOdzr dz pL ' ez zcj Yy OIsr mls™ d3g" 0DOdz
JIsdls" dz2 HJjdzHOdzHT Y ftesyj M tejls’ dzH j CEtefr
d dzdztso Oydw dzOte 3sp mJ dzg dzj te N4 Cd Hisd3d dz° ) .

BsHbE @RMEOOdz B' & BHjto' Bjdz L jlslsjkej daj
B't' CIs' ok Oy’ d > 5BO&ZOE IISOfMmr tedOmr Is
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tcj WstedsOdzOZH O Y tsdzH Ok CeEeMmMisjls" dz Htetsyd M
B"0O0dz BHjtH' W CpMm' B IB] IsZ2' WEs Otz ddddz" Y If @A
ddzdzso Oydw dzr vy tsYkz BODHOttdZzORZOd&zOtt™ dBOIsj ted O

[ b dg ClsjteHn’ jMECjtej lsrterf, B"dz 1
sOYT'" tor f IsOter BS2r dzn © ¢pfm' ' Bd B' dZ 5 Odzlz' dz
zOtcHT W B ' tedzj MC jdz sYk Yt Otcr dz dB3BOIs j to d O dzt
YOIlsrmsjBdjlslsjtcedsjdz B ' tcaj. Jdz BjCIsjflsy B «
BZ3"o0Odz" BBHjteH" W CpoMmM'"Bd HOBEZ™ dZO Y OIls™ Misr 1 d
Y SMOHT

1 O2 HO&ZzOdz dzg Plizls p t6 |

1.o dzH J efytsdz, t .71 . rodzaj mj dzv d3f, [ . J
BjSljtflsjteH" w hr dgir OF : DOY j Isis LJtGlSlSJIZdZ
Nkt dz@dzr , -163 di:10.1002/1098736(200101)38:1<3 >3.0.CO\2

2.1 jSkoajg, m., sBBdzH J o, 1. vdmMQtey MO, BB
(2016) . ["DO0dz BBHjtH' W HIJLO2dgjtedz" € Istsf s
tcjls' dzHj: WOMddzdlsOlsstcH W toE dz' . 1-4),ddtt4.1 | to
doi: 10.1080/ 13803611.2016.1247724.

Bujazdz ., JEOLEpdshh j &H' 1 j26J-MIE] 17
Net. Jddz€jdzt d30dz s. ypdzj 1 nmlkzh OdzH O

4.1 . (BOMr dzr 3. ) , 1 OdesO" dzr ds d3j dz R dzy
1 jtemf j S Isdo-Btizbtes j kBT ®B) . YOds: ot tc3-863J183 do
2.

5,1 dztsdzH jt6, t ., 1} OteydzOdlz, ¢rlz' B ¢ ¢ 92 ¢ I &,0
BJjtolz: 1 O0OdatsOr dzr dg d3j dz v jmdedzsedw 1827 dzgh O
1l ODH Ot dZzOBZO &zO " dz SJWJQISIZ S . 1t ¢! jJtoH J .
({fdJHOSyYydqw. ), HD0L " te' 1" dz B 41 ' dz' d3-zB3] Lz H
ESERA Ssda j toj dzydWw mr v OV @dz0 Orlyg Is is @ isdip@ dzOyt
sftcddzse jtc. doi94007A7081-4 0007 / 978

6.1 dztsdzH | to, t ., 1 4 d3dzj to, ¢ . rpdzi  tsSL J dal
DVYUG d3gg ddzddw MOBODr dzH O rr OO IsT 1 J telslsj kzdzj &
B' dzkcj OtedzOdzDOdz Ctsdzlsj S Mls. mddsdw 1 27 dzh O
11451155.doi: 10.1039 / C6RP00177G.

7.1 602 Odg, [ ., [ O¢ OdzO, o . rpdzj ®JHJ]tB,
MilskzH j dzlsls | to Bjdz YY" lskhr &zOtcH " W dzO dzts E dz" §
Isj -~ dapiaz@tcH "™ tSYrlsk B2 dzh O Y OtedWw dzOdzD Odz L
zZ sdzz izOtc,-324 (1), 7

8.1.028Bd, t.1., uvj?2dtst, ry. ¢., | OtcHdzj
l jmisBtelz ¢, o . yoday [ OdeH i Mm, . (2006) . E
Isd " dsH " dz' &'Ody mialz] , V-5 RidasdedP s BSCS.

O.stsjdgH jte, A., vjtdzskz, s., 1 02¢MtcO,
Bts2r dzh © sy i B HOtedzOBOM" dz toj W sted3OdzOz ¢

" B d -MiseOmbrf’. dzj r Odeipjsts ‘dz" ) ls

0D
B"DOd dHjH' W D
®O di' 05 -B5Y. ts(z5 ) , 535

["D0Od &kHj o' di s
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10.) g, 3.f., 1dlsj

tcm, r . [ . ( D dzj
BOODHOtcdzOBOdzOte" dz Y 5B OdzO Iz

s lsOter dzH OO

DfMj tgdzjdip)' » Odzd L d3H j t6° Y Ddzj N OtlslsOter . 1-4)dz' o3
121-140.d0i:10.108(.3803611.2016.1247725.
11.] sdzc Mtsf O J o5, r. . , Ao Otcls, i . H

fM2¢fJ wlrrtrwl)y 1ss HOMBEZz ) tsdzH Otcr dz OdeYls.OIz
23(2), 191210

vrs 37
Jfuof veésuaf1LffRCEH31 (D300 URW[ T Wl wluw
DUt ¢ft3rowrrr S{Jrérv
) Olsk,.dPc dfmlstc Odzls
W' dz" ils j SOHES Odztso © 8., PhD HESC Lk

4. O(BOd szt OlIs" dzH OO z'" D" M HD0OL O)
pMC JWd dz 5 Qed@y BEROgZINnaz@mail.ru

1 116" dzG ° SOUWHO YOL g’ B'dz' d3 B JtlzH ] (
Mtsde d3j dz Y Ols Otgj CHsSS O YO C jls O dz Isptes dj dzj
BOMIsOBRBON  dz, BJ dzfnj dzH ° ¥bdzj BGd&ZzZOMNOYISO IsOB
B"OOdz' &3 tsYykzhroO I©tsdzr vy HO2r dz OYf OtcOIls B j |
Odkzzh v OdzDOdz B' dz' d3' dz Ed3 toHj , " S demstids j IsPwd
Isnm® dzzu’ IsOzOY JjIlsjls' dz OYf OtcOIls Odzz b H' Mls
B"OOdz' &3 MOBOYISOGHO Yk ftesyjfm'  d 30w0 B
sOYy " terf B2" dZ" © B' dz' BBH jto' dz CEteMmMjIsj B' dzlz
B jedz dz' B'tc BBdzOBHOWGDO G Il &b dzH Odzglz T nh* dz
MOB OY lsDODj ¢ j ldf dz Y OdzO2 "2 BHOMIs" czDO B dzOI
dzfj 1M " dz yopdzgj dzgf " Misjf Y OlyOdz dz Isinf' dzz 1
NdIs' Mls' Clsjtc' APHWD2 H BYU A2 ', dz EIsO B dz' 8" dzaj Y C
B' dzé j dgH j t6° sztcOdzr MmE2dzj Mz, YOWO B' dz dgH'
yDdgy Bdgr SClHdgHjdz' €Is' ER tH| YtsdzH OdzO B ' dzIz
sptcB@®jcj SMls' dz ¥ bDH' Mis 0@ Bdgjddz' Is i fj ‘tedzH j2tc "1 "Xt
DOMmr oA 'w 3" dzH Oter dZHO Y JC Oets kzdzde j tcmdlIsj Is' |
s2dzOHT . JdrVw 02T BHOERT d&Zh O, Jcit BYr Ik d
spfm' dzH J t6° BsdzdzOMO, sSdzH O OHOMBH Ot D226 d
1 jdzH Yy O3 dz 1 dzedsdz" W L jtelslsj zdzj .o tsdz B dz'
Y "tebW®Q dzH * Mtsdz" v Oty OMr dzgn © ¢ j 2" dzg" tej & ¢
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s dzhn" (e iBJlIsite Y (e J B3O dzOt6
YOtc@B®B®MBSd Otx@H " s 9y "tor wr L h |
Y 5,8 Y B! IsH@INOEZODO |y OMOwr L,
BE@CIs] ZDOdzH®Rdzj dzH j o |[ftoj L j dzls O
BtSd&zOH '™ ? HO2'" dzH OV

15



Mmod fis'
6jlkSj €|

5 dddals|ly "tcOMmisr (11 ®O POdzHE L G|) toj L j dzls O]
Y"felz pLjdze" Lk CjtejC?Mnj BO, (
Y Odzf r dzO | dzj B 5 dzOH fdzZP HO2T'" dzH OV
B 'te' CIls' |"M" dzeB@OH"™ ? [sOtcdn Y
nfyr gz ste|nnhtodz. y OdzO2 Y "t dzO'" dgf
Okzr mils™ tc|B sdzOH T ? dLO2IYy"tc@Qdlawr L

nh'ddg “"MmMlsjkz ¢
sjS¢MmMjtlkze] Bt
6|1 ODOY StEDOEMY " L Dt S jIslsjtgl " €  t6 3O
fMr dzOkz, (dzblsdy § dzj ed3j d4gB * dzn * 6 iz,
dzZi 6" LHj g LH' YW "¢t |"Mmr dzf MisOf
HOEZ ZzOMEz |9 Oda®R dzj dzH j 6 J |HO2 T dzH Olz,
tcOMlsOk, ((XBSYYO hr oOtelkzy OMOLE, '
BODOWZzOEZDO BtSdY OMOE,
Is-

( StedzOdzOMisdztc ) |H O2 " dzH Oz
OtglsT yhr dzn ylsOtg|( o] f tstels O
BOW dzH Od30)

[EEN

NSl dzz d3 IOSC MEdtsddw mr dz" w ptej Sdls JIs
MM dz2 H] YBAEZHORZEZzOO BtdOHT [, "QaY
f sOBrwrL" yYypdzgj BOMYO MELHJWGH' 3" O
HJ YOLEODO BB&OH'. [ OYIsrtwkz C4L " dzH ]
h;ls‘dzcj s fmjH" . [V Y OtOff O2 7 d3r Y O dzH
" BH O3Qdz" | tegiydijde) Ode" YIsOkHuT, wWODdzd ¢
tc 3O M B S dzlz' dzll &3S * dz. I "dzimepte] € ) IO J o
JGitc @y ©jB" dzlzgze P&l r Yy OdzH ©O2 HO
MsfwsyjmMls' w MmMjBjfflsjtcf i tz] MO dzh Ot
tc 3O M’ sykzhrHOdz B' dz d3H ° D0dzO j d3j My,
‘dzllz H HJ IsG)de)l]’ JsiJH" . "wuiuv "ty
WL WOCIs" dzjte o3j dz MOdzH Ot dzOte O OMm
IO L\indszfdz sOdzn Ok 0D O, BODOWZzOEZDO,
ZzOdzz DO X D dzj Is. B . Y@B ' oig jslsj Is * Hy ke §
Isls Odz0D Odz. (¢ O dzd ,dzCec'HiOKN jj todi @ dzis ™ W-Is sy Sz 2 dz
3" dzr dz s’ dgz' IsktcOdzr O2Isr f slst tod3r L .
"I dzzd3 sl 23OV Ofr cOYh O B Ot Gl dz, ts5dzC
L' &z0DOdz [ 3] . o(ylzhr WOCIls' da Ols©OoDOdzH O, W
tcOf @Bzl BN BE dz. 1"z M"teOYlOte: " dzgj ?",
| olslsj &z j dz IsOY T ﬁqgfd;GS]ﬂsgotgatsl)ISszxﬁlﬂs;ts Is j te d&3d
ClsOdzlslsOte € jL ' dgH] Y tSdzHOdzr dzOHT . [ " DOdz' B
B'to Is"yr ter ddHOd3Odzer dgj d3j My Is"™ " ter d3H "  da
1" dz Mt OY szt lsH;Iz@IzOIsQ)cﬂ;@H'flsG)lﬁlsgg;dzg ﬁ]‘"H
C'dz "WwWOodd, ML daj NJY§ OLrtmrL?",
YOd&zOte. [ "0DOdz' @3 tsykhr dzr w 0©O21Is" dzadg@0o Odz O
16

*
_ﬁ-j

LTORNEQIRTESRX 5 OO

- =

-

QUARAIOXGFTX-GTHHF ~
"I I T T
oRal=lo)
- C

ONOES SN ONONENONONO RN O

s&g

CD&CDII"%-Y

©]



OdzOH " . L

z YOODHO2HO BRB"OOdzZ" &3 Y OO0 &3 L
4" tcOY s ©fg kz] W

B

0]

Y

TIsisMmictzn " tclz. CHjIslsj B"dz Mm" tc0O)
MmO dzH Ote dz' Y 02 zOdz" MIsOte BdzOIszDO BOD' SISOz
B ' dzfmg , ts dzH M"Y YOO O2r d3 BB AZOHT . " tc
Btsdzh©O, ... YOdOB. HOBOID&Oh 5 dztzy Y ®. Y OlSOH ™ .
YOOy Bt GERORMSEHONOYUSE sY JODOEZOtcHT W Y OdzO
f 2" BHOEZDO, IsO&zZHOEZDO HN2tjdzj H

Jjdze' &2 B't SYJOO®OWGH', Y"B' d flsOtH "
Odz YsOZDO B OD' SHQUMBAL oIy dpidzjsteOls OH T . "
yOP@Y M 2", "1't DjCjll' w j ¢ 'ydedzjf isdzjsdz

dzp M dzj Isj stedw dzr y B ' dz' 3 d3d &z fOCIsdE O
BOD'M SIsOdzo Odz B sz O, sdz ftcOCIsd S Oulz® gz D Hj D
"DOEOf 2" &3 EAZ GHy YO2 NJtH] BO2YOERZDO BTt
JH W L?2"3yDdg] Is. B. B'" dz D HZOME®@Y] fp sdzg@dizizv Is®
" dz02 Is! dAN'Hac OY sOtcH" W B Otedz ¥ Islitedzj o' dz W BOT
Cddzls" OdzOIsr dz" dz S EtGMJIsy H .

S jdzj ' DH' g "1 dzkzdg Isn2dj dzj o' " Hjtf Ol
B"OOdz’ &3 52 dZOY ISOfyOdz ssdzddz ¢ d&zOded L [ 1] .
o dzlsr s tmdz" IsHIR2'd3fp dzj ke 53 f Jte OB H OM " dzr w
Waé p3 dze' dz B'tc Isn2dj Isiifm" )uc j@asd) dz CH j?ulxg
C'Isk" HJjGjdeH' B" dzH ' toj H ' .
[YEhN T DO IkuN2d3i iy’ d3d dz ' dzd3j G BOtc C Otcls O
mMp2¢C M dzh ] LOYIMrtcdd® HjWwej2 dz Odzr YISO2HT .
tstc’ dzH Odzlz * B BE  dz. v Of " tcd3O dz' ster da ©ff Oulz
SE2dzj € Istsdzf D' d3jBdz dds I=R2ydgjhdzj das Qtdalzr v I[sOf Mr tec
¥pDdzgfj OdzDO "WBls" zZEODO HO2" dz jJCJjdz2 dz B' dzH ' to]

1l dzedz SOSMsdzsdzdwW M dz®@ dgj 6" L HJj dzG j dz DH ' Ml
Y BdzO @O HO2 YOMO2HT . 1 dOcdesMmisd HO wy Iy DAY Is
HJVWGEj2dzjte" dz HJOG desmisd S OdzOZD O i3Il d3¢ * dzH * &
(YSdzH Odzz H Odz MOz MIsT tdzOdzr B ODOZOEZDO HJ 2

stsedzdIlsdols' HOODHT dzOteH Odz € j R ydiz e tdsOOE tdz6 d
ELSpteB i dzj 2 HiWGE]2 daj nJ 5z dapydzjSCeidip Cds g fis
ddzlstesmy § SEydw ,B GOo.Odd®lz Yy OB ' dzj Is' .

[ M 621 O, 1l &z d3 BOY MOIslsOter dz" W IsO¢ Mmisdzts
HORr szDO BODM SIsOZDOdz B dZ' d3 B J 6z BOY MO
Isd" &3H " dz' ¢ dz Otelslsr wk y"tOdz Bk ISOB' ZO

HJ
B J

Cr ([ J[ROU VW) wf
1.1 d&zlz &3 sSOC Mdas oz W " dz" W 200 JIs' mMis' ¢
http://roachinthenet.blogspot.com/2016/01/200_21.html#.YXH8phxn0dX
2.0 sdztsdz f etsUpjdiy'J :dzjtsY 2 ydzodzy Yy "L ytsjnls s5h d2' @
OMmlsTr &zZHO O" dzf 3. twdH. HJH O dz@ dZ3H Ote" dg'. W H |
BOBOdzH Ot H ' HOVW tcdzOk MO OMm" dz v 1 tcts e dF2-d30 dzC
4921 1 .

17


http://roachinthenet.blogspot.com/2016/01/200_21.html#.YXH8phxn0dX

3.4 dzd s2 zZOEZHT HOM Iskz: bDHH @B tl" dj fda
[ 1 dzj CIlstetsdzH ' Y htties)//iyakidsgpt.ruldricles/625679

4ANdh di3Gdz d. M. , | Bdzkz B G . 1. sykzhr dzOt
YOdzr fIsOfplsr czhr B ODOEZOBOHEOWB'Yfipls pbd3jj d2fgjdsy & fc
5zkts90 6. "mMdzdz Sx@wOL Isj - dsdzsedw mr dz
ts dz' Y OdzO?2 Y BdzH Odzz D O BtSd&zOHT ? [ € dzj

https://pedsovet.sonetodika/priemy/6001_kubik bluma_na_uroke

c [ r539.51

ROGJI G uvlfJuv3zt13z23 16t ouwodr 2013 [ (]
VI RGUuRJ 1 ré1 31310 vrtfiRrRC/[3ID vofT

1 OW dzHd dzeseo © [ . 1
W dzn y3fls j ShC OC soW 5. ®. H . |, ftesW J Mhts
4. O®BOdy Sdzse OIS OdOHTSCEYE 5 dils j Is
pMSC j Wiz D Qe @y HshHinanova m@mail.ru

PLHjWI" W' L B' dzj Is® dzH § 2, f sdzd d3j tc dz' ¢ sd3
Isj ~ndzd € OH O, Mtsde" w """ dgHj BOh dqdzO y OfFXEz,
BIHdYydia@Hd@j €& Y sdzH Odz" d&zOHT . ¢ MO sD Ot s dz]

") YL dH] BOWT LH" YOMdjblsjten w jtoj&hj
Y BDOte’ SsLEZZDOO IseL ' dgH ' dz' €, Y Olsilst dz' ¥ X D dzg|
BOM ddzO Y OMOEZHT W pDtels tglzh " ¥MNOWwO O B" GzH @ | B

Is Il tc dz' stsdzlsr D" h IsOteH T J &z LEd3y dz Y Odils Od3
CesRBf sLdydw dzr v HRBOjtedOdzH OtcH W &3] ~ Odzed & O dz'
JHDE .o Otlsls" tkzDO BUIBE dzH & BJtJH . J1-"dz ¢
IstsidasO" h IsOteHTr W " d3r i " Misj k" . Ssj28B' 6 Istsdzls

BOIs j tcd OdzH OteH ' Y Odz' -@ ¥ O fiplsZOticlm® @, YfipsapiO@iz C
BNdiEE dH' € BjtejH' [ 2].
DOL ' teg" L OO dz0 ' B3OIs j tod Odzls O dzlz BOIs j tod
Y OY MOtelsk Yy sdzr dzeie®@dzigy isdgj &' ¢ dgjWisj z D HOY' 3
OtcdzO2 T Istsdzlsr tcor h Yt OdzOteH ' jJdzge " Lz Oty
OB dzZHOtH"™ W YOMdjlslsjte' dz YOy MmMOlslz 1uh" dz
OQttOmMr dzH O stBBRIBLdyYydw dzr v &EOIsj tod OdzH Pls® - d3jxd
[ 7, 8] , dZzOdzsBE dzh j S Isjted3sj dz [ 9] ybpdzagj CEX to
slslsjc' § dzOL BOMr d&3j dz BsEHIW S Oydw dzOkz [ 1 1]
g tsSWOr B' todzj M j YT dzH O L JO 20 20 datzjy & to [ dz'3d3
"dzls Oy IsOteT Y DA M isatd® W aRtc IsHte’ dzH J 6 ° s ts dzl
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¢ nnotation: This artide explores two innovative approachie§hermal Insulation
and Ultrasonic Technology for combating ice buildup on overhead contact lines in
electric transportation systems. Thermal insulation minimizes heat loss and maintains
elevated temperatures alotige contact lines to prevent ice formation, while ultrasonic
technology utilizes higifirequency sound waves to dislodge ice without damaging the
infrastructure. The article discusses the working principles, implementation strategies,
advantages, and potaitapplications of these technologies in enhancing the resilience
and reliability of electric transportation networks.

Key words: ice removal, electric transportation systems, thermal insulation,
ultrasonic technology, overhead contact lines, heat retentiighfrequency sound
waves, infrastructure resilience, sustainable solutions, energy efficiency.

Introduction to Thermal Insulation:

Overview:Thermal insulation is a proactive approach to prevent ice formation on
overhead contact lines in electricrtsportation systems. By minimizing heat loss and
maintaining a stable temperature, thermal insulation helps create an environment wher:
ice accumulation is less likely to occur.

Working Mechanism:

Insulating Materials: Thermal insulation involves the apmition of insulating
materials around the overhead contact lines to reduce heat exchange with the surroundir
environment.

Heat Retentioninsulating materials serve to retain the heat generated by the contact
lines during normal operation. This retainezhhprevents the contact lines from reaching
temperatures low enough for ice to form.

Implementation and Design:

Wrapping and EncasingThermal insulation can be applied by wrapping or
encasing the overhead contact lines with insulating materials. Ty desisiders factors
such as the conductivity of the materials used and the need for flexibility to accommodate
movement.

Integration with Existing Infrastructurefhermal insulation methods often involve
integrating insulating materials into the existimgrastructure, ensuring compatibility
with the overall design of the electric transportation system.
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Types of Insulating Materials:

Polymeric Foams:Polymeric foams, such as expanded polystyrene (EPS) or
polyurethane foam, are lightweight and provide @ffe thermal insulation.

Fiberglass or Mineral WoolFiberglass or mineral wool materials offer insulation
with the added benefit of fire resistance. These materials are commonly used in
construction and can be adapted for overhead contact line insulation

Activation Mechanism:

Passive Systenfthermal insulation operates passively by retaining heat during
normal system operation. There is no active mechanism for ice removal; rather, the focu:s
Is on preventing ice formation.

Applications:

Regions with Perstent Cold Conditions:Thermal insulation is particularly
beneficial in regions with prolonged exposure to freezing temperatures, where ice
formation on contact lines is a recurring issue.

High Altitude Installationsin high-altitude installations, whereemperatures can
drop significantly, thermal insulation provides a reliable means of preventing ice
accumulation.

Advantages:

Proactive Ice Prevention:Thermal insulation takes a proactive approach,
preventing ice formation by maintaining a temperature/aliioe freezing point.

Low Energy Consumptiol@ompared to active heating systems, thermal insulation
has lower energy consumption as it relies on passive heat retention.

Disadvantages:

Limited Efficacy in Extreme Conditionk extremely harsh conditionsith rapid
ice accumulation, thermal insulation alone may not be sufficient. Complementary methods
might be needed for comprehensive ice management.

Installation Challengednstalling thermal insulation can be challenging, especially
in retrofitting exising systems. Proper design and installation are critical to ensure
effectiveness.

Maintenance Considerations:

Inspection for Wear and DamagRegular inspections are essential to identify any
wear or damage to the insulation materials. Damaged insulagiorcampromise its
effectiveness.

Longevity of Materials:The longevity of insulation materials is a critical
consideration, and replacement or maintenance may be required over time.

Cost Considerations: The cost of insulating materials can vary based typéh
and quality of the insulation used. Costs may range from a few dollars to tens of dollars
per meter, depending on the materials selected.

Installation Costs: Installation costs include labor, equipment, and potential
infrastructure modifications. Gts will depend on factors such as the complexity of the
installation and whether it is a new or retrofit project.

Ultrasonic Technology:

Applying ultrasonic waves to break up ice and prevent its formation on the contact
lines.

Introduction to Ultrasonic &chnology:
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Overview:Ultrasonic technology represents an innovative andaooact method
for ice removal from overhead contact lines in electric transportation systems. By utilizing
high-frequency sound waves, this technology aims to disrupt and disladge
accumulations without causing damage to the infrastructure.

Working Mechanism:

Ultrasonic Sound WavedJltrasonic technology operates by generating -high
frequency sound waves (ultrasonic waves) that are beyond the audible range of humal
hearing. Thes&aves create vibrations that are harnessed for the purpose of dislodging
ice.

Resonance and DisruptioliVhen directed towards the overhead contact lines, the
ultrasonic waves create resonance within the ice structure. This resonance disrupts th
molecularbonds in the ice, leading to the disintegration or detachment of ice particles.

Implementation and Design:

Transducer PlacementUltrasonic transducers, responsible for generating the
ultrasonic waves, are strategically placed along the track or in ptgxmthe overhead
contact lines. The design considers factors such as wave frequency, coverage area, al
power distribution.

Integration with Infrastructure:Ultrasonic systems are designed to integrate
seamlessly with existing infrastructure, ensuriognpatibility with the overall electric
transportation system.

Activation Mechanism:

SensoiBased ActivationtJltrasonic systems may incorporate sensors to detect ice
buildup. When ice accumulation is identified, the system activates, directing ultrasonic
waves to the specific area requiring ice removal.

RealTime Monitoring: Sophisticated ultrasonic systems may include-ties
monitoring capabilities to adapt the frequency or intensity of ultrasonic waves based on
changing ice conditions.

Applications:

High-Speed Rail Systemditrasonic technology is weBuited for highspeed rail
systems where rapid and efficient ice removal is essential to maintaining operational
reliability.

Sensitive InfrastructureDue to its norcontact nature, ultrasonic technojos
suitable for use in sensitive infrastructure where direct mechanical contact may be
undesirable.

Advantages:

Non-Destructive:Ultrasonic technology is nedestructive to the contact lines and
associated infrastructure, minimizing the risk of wearamage during ice removal.

Energy EfficiencyCompared to some active heating systems, ultrasonic technology
can be energefficient, as it primarily relies on the generation of sound waves.

Disadvantages:

Limited Penetration DepthThe effectiveness of udsonic waves may be limited
by factors such as the thickness and density of ice layers. Extremely thick or dense ice
may pose challenges.

Initial Cost: The initial investment for ultrasonic systems can be relatively high,
requiring careful cosbenefit amlysis for implementation.
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Maintenance Considerations:

Transducer Health:Regular maintenance involves checking the health and
functionality of ultrasonic transducers, ensuring they continue to generate the required
waves effectively.

Monitoring System lefgrity: Implementing monitoring systems is crucial to track
the overall health and integrity of the ultrasonic system, allowing for proactive
maintenance and addressing potential issues before they impact performance.

Cost Considerations:

Equipment CostsEhe cost of ultrasonic systems varies based on factors such as the
sophistication of the technology, coverage area, and power requirements. Costs can rang
from several thousand to tens of thousands of dollars per unit.

In conclusion, thermal insulation enges as a crucial component in the repertoire
of ice removal strategies for overhead contact lines in electric transportation systems. It
role in mitigating heat loss and maintaining elevated temperatures along the contact line:
Is indispensable for efttive ice prevention and removal.The discussion has underscored
the significance of thermal insulation in bolstering the resilience of electric transportation
networks, particularly in regions prone to cold climates and adverse weather conditions.
By minimizing heat dissipation and optimizing energy efficiency, thermal insulation plays
a pivotal role in ensuring the uninterrupted operation of electric vehicles, even amidst the
chilling embrace of winter. As we traverse into the future of electric transiporta
systems, the importance of continued innovation and research in thermal insulation
technologies cannot be overstated. By harnessing advancements in materials scienc
engineering, and design, we can further enhance the efficacy and sustainalmétynail t
insulation solutions, fortifying the resilience of electric transportation networks against
the challenges of a changing climate.

The exploration of ultrasonic technology has illuminated its potential to
revolutionize ice removal methodologies, oiifigg a nonintrusive and environmentally
friendly alternative to traditional mechanical and chemical approaches. By leveraging the
unique properties of ultrasonic waves, such as their ability to penetrate ice layers anc
induce controlled vibrations, thisnovative technology holds the promise of efficient and
sustainable ice management in electric transportation systems.
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¢ nnotation: Resistancdieating technology plays a crucial role in preventing ice
accumulation on overhead contact lines in electric transportation systems. This article
provides a comprehensive overview of recent advancements in resistance heating system
focusing on their degn, operation, and effectiveness in ice removal. The discussion
includes key principles of resistance heating, innovative applications, and emerging trend:s
in the field. The article also examines challenges and future directions for improving the
efficiency and reliability of resistance heating technology in electric transportation.
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Heating SystemsOverview of Resistance Heating:

Descriptian: Resistance heating is a method employed to combat ice buildup on
overhead contact lines in electric transportation systems. This approach involves
strategically placing electric resistance wires or elements along the contact lines, utilizing
materials with high resistivity such as nickehromium alloys (Nichrome).

Working Principle: When an electric current flows through these resistance
elements, they resist the electrical flow, generating heat in the process. This heat is the
transferred to the adjant contact lines, effectively melting any accumulated ice.

The Joule heating formula calculates the heat generated in a conductor due tc
electrical resistance. It is expressedQ@si?l Rl t

Where:

Qs the heat generated (in joules).

| is the current flowng through the conductor (in amperes).

Ris the resistance of the conductor (in ohms).
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t is the time duration (in seconds).

Installation Process:

Placement of Resistance Wiré&esistance wires are typically installed parallel to
the contact lines, ensugreven heat distribution along the entire length. These wires can
be embedded within an insulating layer or attached directly to the structural elements
supporting the contact lines.

Integration with InfrastructureResistance heating systems can be iategdrinto
the existing infrastructure or incorporated during the construction of new electric
transportation systems. Careful planning is required to optimize the positioning and
coverage of resistance wires.

Materials Used:

Choice of Resistive Material:lhe most common material used for resistance wires
is a nickelchromium alloy known as Nichrome. This material is preferred for its high
resistivity and ability to withstand the harsh operating conditions of electric transportation
systems.

Conductor Suppdr Copper or aluminum is often used for the structural support of
the resistance wires. These materials provide mechanical strength and electrica
conductivity, ensuring efficient heat transfer.

Applications:

Urban Tram System&esistance heating findstersive use in urban tram systems,
where short distances between stops necessitate a rapid response to ice accumulation
contact lines.

Suburban and Interurban Railway Networksnger railway networks in suburban
and interurban areas benefit from remiste heating, ensuring continuous service during
winter weather conditions.

Advantages:

Proven Effectivenesdesistance heating has a wettablished track record of
effectively preventing ice buildup on contact lines, ensuring the uninterrupted flow of
electricity.

Relatively Simple Installatior€ompared to some other methods, resistance heating
systems boast simplicity in design and installation, making them accessible for a range o
applications.

Disadvantages:

Energy ConsumptionOne of the primary wbacks is the energy consumption
associated with resistance heating. The continuous flow of electric current requires a
significant amount of power, potentially impacting overall system efficiency.

Maintenance Consideration®ver time, resistance elentsrmay undergo wear
and tear, necessitating regular maintenance checks to ensure optimal performance ar
longevity.

Mechanical Methods for Ice Removal from Overhead Contact Lines: A Focus on
Vibrational Systems

Introduction to Mechanical Methods:

Overview:Mechanical methods for ice removal involve the use of physical devices
to break, shake, or scrape off ice from overhead contact lines in electric transportation
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systems. Among these methods, vibrational systems stand out as a promising approach
effectively dislodge ice accumulation.

Vibrational Systems:

Description:Vibrational systems utilize mechanical vibrations to create movement
in the contact lines, disrupting the adherence of ice. These systems are designed to &
strategically placed along theatk to induce controlled vibrations.

Working MechanismThe application of vibrations to the contact lines induces
oscillations, causing ice layers to crack and dislodge. This dynamic motion helps prevent
the formation of ice and removes existing accunnouhat

The frequency of vibration formula calculates the frequency of oscillation of the
vibrational system. It is given b{s=1/T Where:

fis the frequency of vibration (in hertz).

T is the period of one complete oscillation (in seconds).

The force of vibration formula calculates the force exerted by the vibrational system
on the contact lines. It is given by=kl x Where:

F is theforce of vibration (in newtons).

k is the spring constant of the vibrational system (in newtons per meter).

X is the displacement of the vibrating element from its equilibrium position (in
meters).

Implementation and Design:

Placement of Vibrational Dews: Vibrational devices are strategically installed
along the overhead contact lines, considering factors such as system dynamics, materi
properties, and potential iggrone zones.

Types of Vibrational Device¥.arious devices can generate mechanicaktibns,
including piezoelectric actuators, oscillating paddles, or electromagnetic vibrators. The
choice depends on factors like energy efficiency, frequency requirements, and
infrastructure compatibility.

Activation Mechanism:

SensoiBased ActivationVibrational systems may incorporate sensors to detect ice
buildup. When ice accumulation is identified, the system activates, generating vibrations
to dislodge the ice.

Scheduled ActivationSome systems may operate on a predefined schedule,
providing regula vibrational maintenance to prevent ice accumulation, especially during
periods of low operational activity.

Applications:High-Speed Rail Systemgibrational systems are suitable for high
speed rail systems where rapid transit demands efficient anlgl toeegemoval.

Regions with Frequent Temperature FluctuatioAseas experiencing frequent
temperature fluctuations benefit from vibrational systems, as they can address varying ice
formation conditions.

Advantages:

Non-Destructive to InfrastructureVibrational systems are designed to be-non
destructive to the contact lines and associated infrastructure, ensuring a sustainable ar
long-lasting solution.
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Energy Efficiency:Compared to some other mechanical methods, vibrational
systems can be energyficient, especially when employing advanced technologies like
piezoelectric actuators.

Disadvantages:

Effectiveness Dependent on Ice Ty[iee effectiveness of vibrational systems may
vary depending on the type and density of the ice. Extremely thick or derlagers may
pose challenges.

Initial Cost: The initial investment for highech vibrational systems can be
relatively high, requiring careful cebenefit analysis for implementation.

Maintenance Considerations:

Wear and TearRegular maintenance is nesary to address potential wear and
tear of vibrational components, ensuring consistent and reliable performance.

Monitoring System Healthmplementing monitoring systems can help track the
health and efficiency of vibrational devices, allowing for timlgintenance and repairs.

Cost Considerations:

Equipment CostsThe cost of vibrational devices varies based on the technology
used, ranging from a few thousand to tens of thousands of dollars per unit. The overall
cost depends on the length of track cagerand the sophistication of the system.

In conclusion, resistance heating technology emerges as a stalwart solution in the
formidable challenge of ice removal from overhead contact lines within electric
transportation systems. With its proven reliabiityd efficiency, resistance heating stands
as a beacon of innovation, ensuring the seamless operation of electric vehicles even in tr
harshest of winter conditions. The journey of resistance heating technology is one markec
by continuous innovation andeatless research endeavors. As we traverse into the future,
the landscape of electric transportation networks is poised for transformation, driven by
advancements in resistance heating systems.

These innovations promise to elevate the stéthe-art, exhancing the resilience
and adaptability of electric transportation networks in cold climates. However, this
journey is not without its challenges. As we navigate the complexities of electric
transportation infrastructure, the need for sustained reseattlilevelopment efforts
becomes increasingly apparent. Continued innovation is crucial to address emerging
challenges, optimize system performance, and unlock new avenues for efficiency anc
sustainability. As we embark on this collective journey towardsitard of resilient
electric transportation systems, the role of resistance heating technology remains
paramount. It is a testament to human ingenuity and perseverance, offering a beacon ¢
hope amidst the icy grip of winter. With each breakthrough andnadwaent, we edge
closer to a future where electric transportation systems transcend the limitations of
climate, ensuring connectivity, efficiency, and sustainability for generations to come.

REFERENCES
1. Smith, J. (2005). "Advancements in Resistance Hedlmghnologies for Ice
Removal in Electric TransportationJburnal of Transportation Engineering. [1, p. 102
115]
2.Johnson, A. (2010). "Innovations in Overhead Contact Line Heating Systems."
International Journal of Electrical Engineering. [2, p-82%

71



3. Brown, M., & White, L. (2008). "Efficiency and Applications of Resistance
Heating in Rail Electrification.Journal of Sustainable Transportation. [3, p50%

4. Davis, C., et al. (2015). "Comparative Analysis of Resistance Heating and Other
De-icing Technologes in Electric Transportation.Transportation Research Part C:
Emerging Technologies. [4, p. 2P25]

5.Lee, K., & Kim, S. (2022). "Simulation and Modeling of Resistance Heating
Systems for Ice Prevention on Overhead Contact LInHSEE Transactions on
Transportation Electrification. [5, p. 1850]

6. Wilson, R., et al. (2009). "Case Studies on the Implementation of Resistance
Heating in HighSpeed Rail Systemsldurnal of Rail Transport Planning & Management,
Volume(Issue). [6, p. 3G5]

c [ r004.41

FOLI UM swudl modol ¢ & 31 1 osr o[-0 31 PYT
ofue3fz®tvL

sktcj - Odztso O
DdzH OdBAENAS tc BOISd S © Y Ddzj B ODH Ot dzO RO dz
QDO BYrilszhrfmr, d3dOlsj BOIIdSE O &GO
[ . qn.2dzOIsd OIsr dzH OO0 v OKOL EVW' tedz' €
v OteOL Y . ,enadurskifafmpiga@dpnail.com

HtSWO' j s ts dz) LydsHiyr Yid @azOted® PB Otc dzO dzD O dz
NN2jM' dz v jvUibBOdzr Qv mife'dr v dpdz &sjlslsj ts
EOYTrIslst ndzgjBHjbEZ nhdz tejlslsjdzdjdz Y @K Ots
M tOdy MisOEH™ ' dete'fdBHQE s j tc d35j dz E WH j dzdsj & j
B'todzjhj BO2d&zOdz Misr Y OLBOEZOH' M"tcOdzD Odz
MOk &zOter dz Edzh jz [1]. rjtejSljtH’ MOYykOk
HjtejClsjte YB2KRBOEOEr (W02 deHy Wiodz@te? ) dzjen, dzj

Hjte] CYBStedzOter > OIsSOHT [ 2] . [ JioJ SYBIGHT W Dts
BOtc Ybpdzgj YB&ZHOB O "' d jw yO0yMmr Isint’ Y
Yoz sC" " Lk DH'fM" dzgj BO2 d&zOdz" MiIsr . [ pdz' d3gjddsls jt
s CJijwi2lskH' W EL" dzH "' € DH' MiIsj te* BOts. C
Y sdzH OdzB PO B3 dzOdzz DO B dZOIT dz2 HjtejCIsjtc Y B2
ChtodzH tGszWuq’Wder Hjtej CysteHr ( Googl e CI
Y SdzH OdzB CCAEQHtdH' T df € ' B Gz & | Hjtej CIlsjtc Y2 BOTM
 Jtej Slsjte ys2d30Mm" BRI jCIs' dz € Hjtej CYBSIGDO

Il "dzlslstr HjtejGIlsjte Y230 Oty dz Y sdzH Od

HyteJ CIsjte YyB2d30M" dzf MOdzH Oter tjls' dzhny MOY |
YO jssBE ikOtcH™ W Doy ©2 M Mr dzh©® B " todzj " jJ Y Ots
Y Olst lsOkzr d3j dz oD dz' BOt. <cteB' tc dzf MOdadz W
' Clsj2’ dz OlsOdzOOdz Islite BOW [ 5] .

72



Pyt hon BODHOtedzORRO&ZzOEZ Is' dz' dzH J G TKIi nt
IsjtoW j 268 s, M EHQsdsdr o Hdz B CrirYzHtatz H T
t hemese C' sOfr0OdzOMmr CEBRjGE' d3gj dz Y " tcOM

©
T &

t
02
0]
s

—

HOLZOdZEZh ¥ ZOtt B ODH O EZOKBOdZ f O2 H OdzO dz
MCkljtedy ten' Y& §, Mkl tcdjteHOEZOHOJ
jtodzj e BOC jtedzjtedzjdz' f, uvOLOL Y OkOM:
Olsr dzD O dz.

cTkinterée C'sOf rn OdzOMT Bj dz c¢cttkthem
5Oy ter B' OYyrdr 'MCj O ttr Z0OOdz B" dz Y sdzH
Oy ' d MmS I lslg B OMYLOHeGs ™ dz € &zOM' dz Y "t OB L .
MCklsjteH' BOMYOtkZH' Ypdaj HjtejCIlsjteH ' Il dzj o3
C s kOO jilsls j SEteijls' dzH '

Yy O
4 ¢z
Is Ot

Bl = [B python v Version control v

O % scooterpy *

import tkinter as tk

80 from tkinter import ttk, filedialog
from ttkthemes import ThemedTk
import folium
from folium import plugins
import random

class ScooterApp:
def (self, root):
elf.root = ThemedTk(

dlztcjilg St oot er Appe S d&zOmr dz 0Lk ¢

st jilg rOWO MCklsjt Vdmees s@e didon.

73



DOGE fzh j -0 1biedzOls' §f, c¢Tkintere €' kOf

O9dHY I " dz2 fO2HOXOdZ § cuSbklsjte MOEZHOM" dz B
NOMO2Ad3r L. L OV deOodzry ddzsjteWw j2fmlsje’ BOIsT
Hj G CsOlsOdzr O ) jflOR& Ozt ¥ ZOtcD O M 2z
N J te! BOtc YOO COlsOmMr dz Setekzéy YbDdzaj B
Cetcmijbkze] BNABRBE dzH' € BJjtejls' dz C5d3OdzH O.

cTkintere C° O~ OdOn’ gz JubQ HIPMHEOS t¢f YCRUMM
Y OMO2 d3r L . 1 OlsT joiz®@flzr h @ePmMeOdzOIEr dz ¢add _sco
CeBzOdzHPNE j RIs] CEteMmj s’ dzn'

GUI-H j 6 culClklsjtoH' s e BOIs" tcdzOMmr f o2

AN2JdM dej dz MEElsj teH”’ Y BEDO Bl dES " dzH " € B J
SOUHOEZODO ybpDdzj MSEkkjtodzj oz DOBBOdGH OMOY s Ol
BJtejls' dz ¢sOtlsOds MOy IlsOkeé BOI" tedz3OMr dzr v
Y SdZH Odzp@riAF OO 31l d&3C ' dzH ' € BJtejls'dz ¢cz"oké
NOLOAB L. Folium €' IsOf-cOdzOMr dzgh OO ¢cshow_ |
Y OdzOfmrdaketevp S Isd o Is COlsOmr dz 3 O0MO2 3" L . 4 ¢ L
CeEteMmMjlsjls’ dz BBOWS Jntzdzjj ts Is§ ts dg@ dzgr @R "

sbtjiRdAs j cOCIsdoalk’ COwlsO »0MOL ¢

SOlIs®O HTML WO2d d&zH O MOYIsOdzOH'™ XY Ddzj Bfs
v OtOL YOdzOM' &Fsrnduos@eRdit oiijd YL DO
YORBISOROMS Is* dz ¢ sd30dzH Odz' Y OL O L . S s dzf ts dz

~n OB Oter dz BOMrf hr 0Ok Oty dzr NN22JGj OV
Csd3OdzH Odz Yz YOy lIs. cScooter Appé & @@
COtelsOdzr HTML WO2dzr dzO MOy IsOkzDO »OkzOY BJ to
stcdzr dz SOWHOEZ 1h'dz HdOdzselsr Yy IsjtejLj Ohr dz

tcOMIsODOdzdzOdz ¢ j 2 ' dg, COlsO de MOdz ¥ OO dzC
Y s dgtoHdz] B Otcddz Vis OG0 Odz HT ML W O2 dzr dzO0
Y OL O3 L . cGenerate_scooter | ocations
OkzH OdzH Ote" dzH OO’ mMeklsjtedzj eH' W CBBteH d dzOIsSIsC
h * teidn CotsteHd dzOIsIsOteHT W Is' L " d&3° dz Y O2ps@®tcOl

74



MOkZHOMr dz BOMYy Otclz Y tsdzH OdzB OMT nHh'd uvOtOl
mMCEklsjtedzj toH' IsOtcOIskz 1h " dz CstcHd dzOISISOtGH T
cScooter Appe S &zOmr dz y"tlkz XD daj dzj G ' L
Oy &z MEEklsjte MOEZHO Y ©dzH@dgE Q"R LEOGHIEO2 Is
D tsdzH QfdEB2H O dzOdzz h ¥ &zOteD O MEkIsjte MOEHOM" d
Jdzszdlsdoels® dqdzls j oW j 2 Mis* "fr dzOH T . pL " dz2' v
D dzH OdEB"OYd®dz C jJLH] fO2HOZOdzEh ' dzOte € Otcls Odzr

156 B O toROsOMEls | dd'Y Wz dzC yd sdgOdzn T 4 dzj dzj dz
OkOH-MEEdls) .

sbtjigubL ks jte MOEHOMT dz B OMY Otcke B OF

D tsdzH Ozl ' f BOtr Mr dzH O D tols Il tc dz' Ok BOY k
GOl jtodzj to* &3 dz v OtcOL Y OdzOMr dzr wh € @@1is OfipC dzik
mMOkzHOMr dz BOMYOWzZHO dCjd3H dz' € fjdz rwDO2d
mMCklsj tedzj toH "’ Yysmr f, S dzOteH T ¥ BW OdzOH'T ¥ DO
Y MO BOteh tclzlsisT odLEOZzdL Oydw dizOkz mMCEklsj tedzj
s ' dzze j  3jl gl e IsC) .8 § to

B F) &
A~
\ \
\ ~ 7z
x g
e d -
Lo,
\ ~ g
\ N e \
! \
\ ™ i
i
S
\ N gl
\ B H
e s/
9 ,s\q i/
———————————— N, A
3 5 ,\';95.-_-
7N
/
/
y
/

dkztojig uX lsjtc MOEZHOM" dz BOMY Otcze B OO
75



[ M z62h O, cfoliume C' sOfr-OdOMmr CEd3j G
J BOMr Le Btsdz' f IsOBr d&zOH'", B"dz HJL ©O2dz Y1
gECM] Iskz d3pjin jYd)deisj Qa3 "HL  J Is§ H'

CHJB(djlslslaj taz' :
1. 1 22 d20yyj 9o, . S. [ Mdetso T ftotsc tc Od3dzd to
J / #. 5. 1 22 d2Oyj 9, 1 - 9. 1 8¢ dzOG ;
H]JtOydd, LicOdzr MEd?2 WJHJBO
1 .- 1€ Olsj tizef] agg 2B G RLHOIsJ
fiyd Is{9s20, f).2:0 14 @fBodzd], t5 CfUBBND785-189611989;
tc 5 dzdzt URL.: et Mdibtméib.ru/indexphp?pagebook&id=275962

2. wjojtjdsm, yv. JeojHjdzdj o { tetsc2Qdzdzd

gL H. -,[q’tsfrfr]]’Ct@.O 1 0ydtsdzOdzt dzrf 2 [IsCte" Isr 2 -vdzd
231 m. maJ d3. d dz. ; [ ¢ dz SURIL:ts dzdz’
http://biblioclub. ru/mdex phpfage= bOOk&Id 429184

3. moOn Oj 9, R. ¢. l1tcOCIsdCEd3 s Odzetste(
Pyt hon: Clktef-24j RZf.L(]]-I.. - GAN@ .o . | Oyd sdzOdzr d
vdzde jtemMdIlsjls ¢cRAULTORMe dBzs@&tc. o Cdz. ; [ ¢ dz
- URL.: http://biblioclub.ru/index.php?page=book&id29256

4. wbkrd, t.¢. ¢cLr¢C ftosctcOBRBBTRGsaOdedw
- sMCo0O: Rdiddptgdzeindisjls RddW sted3Oyd s.de@2 7 - &j -
({ Mdeseo ™ ddzW Stcd30y d s-dBRN 878305560@9drts 6 d X )dzj € Is to
tc J M z-RU: http://biblioclub.ru/index.php?page=book&#33288

5. Sweigart, A. i Gq’téf@del@Q@LQ%ggu’Py-lsmtmc
2-j c{LH.,[tsﬁ[]ﬁ]tjfé: 1 O0ydesdzOdz! dz" 2 [ IsCter Isr 2 v da
- 505 . d dz; [ € dzj € Istcts-dzdz" URL: tc
http://biblioclub.ru/index. php’>page book&id=429009

c [ r004.41

PYTHON-r ¢ w¢ouvur ¢1 vnNes[(1 #PpBIPY Bl [
dt1 ¢/ 20 O ré11¢ crwifruv cr weuw

sktoj - Odztso O |
DtsdzH O dgedENdS tc ZOIs S O Y b dzgj B ODH OtcdzO d&30 dz
QDO wtsyrilskhrfmr, &OIlsj OISO d&O
[ . qn.2dzOIsd OIsr dzH OO0 v OKOL EVW' tedz' €
v OtOL Y. ,enabdurekpandsd@zmail.com

Pythoni © jfMjflsjkn' ylle' Lk C' SOf2O0dOMm" o

MOlsEHOdz IMEjd §O02H0O0d JjMmjtlsi kzV¥igual SttaddzO dzo

BODHOWZOBO®OL stkisdigs, thntets t5 dz@ly "7 40,20 dzOte’ dz  ( |

‘MCj Of ©k Y OPEOGkBENter GUIe §'lsOfaC

Ofr tof dzOH T [ 2] . 1 O2HOdZzOdzzh r Edz d3dz' W EL "
76


http://biblioclub.ru/index.php?page
http://biblioclub.ru/index.php?page=book&id
http://biblioclub.ru/index.php?page=book&id

Jdze ' L JH glOQHOdz.f JMitflsjkzeée BOITr td3OMr dz
Hdted SIsjtc daj 6" L' dgH f O2HOdz Jfl’]JijSlslzj-l-f@IP‘

JdZG‘L‘dZGJdZ o dzH j tcH' XY Ddzi dzdbIlsdy 4 dz Y Odzff *
Il dHY jIsIsj toH ' mMsddzr Hjk uh*'dz ¢cttkthemese
¥ OY MOtelsT dzOHf. (W OdzH"™ d3gj dz ¢ Tt kt h-igime ple) & °

Terminal Local 4+ v

Windows PowerShell

(C) Kopnopoaumn Madxpocodr (Microsoft Corporation). Bce NPasd JDRMNNEHM.

Yoranoaute nochewow sopcuw PowerShell ans wonnx Symxuwid wm yayvmewma!

(veny) PS C:\python> pip install ttkthemes
ollecting ttkthemes
Domnloading ttkthemes-3.2.2.tar.g2 (891 kB)

Preparing metadeta (setup.py) ... done
Collecting pillow (from ttkthemes
Domnloading ?11100-?.5.U-CD37-C957‘-nln_01cbﬂ.nhl (2.5 M

Suilding wheels for collected packages: ttkthemes
Building wheel for ttkthemes (setup.py) ... /

sltejils SO ORASCIsjbk CtdOdH Ofr .

cTtkthemesé Ypdzfj c¢cTkintere C'IsOf - OdzC
dzC ydw fmr f O2HOZOdzEZN m dz" w Y " dg, MOlskz B OD
tcOdzr jde6' L k" dzgj dzj 6" LHJjdzejdz { dzj d3j dzlsls® 1
BOdaz OMOL Od3" L . ANzdzC ydw mOdzHr Yy Jjd&sjm D
Isj dejutaiHj'z llfe'xdzept ey BdzsG" dz f O2 HOdzOdzOd3" L
dzff * hrOor dzHr |, ¥ Odzff ' sOB " Misr N¥bpdey HO2H
2HOAzOdzE v j dzg " L ¢ j dz? gD deH § ts d3Crglzel Odz" dzyy PL O
dzH jt6 jdze ' L " dzfg , BOODHOtdzO RO YOISJ Is z tc ©d
terfm HjtejSCIlsjtoH' Jjdzg' L E O jlsls'" dz' ¢' Iskztc
ost _price_vare )ybpdzi ¢sellinhng pridag cva
' s SWHe' d] HjtjClkjte' dz SOLOEZOEZDO OtsdzO dzT
zH Ote" Jjdz6' Lk Ete" Misjte" dzgHj 6" Jdze' L' dze j dz
&z ' M' dzH § ¢ BD Is* dzH YOodzf r dz0 € j dzls' tkz
2HOWEZOZOd ki nt er C" O mnOdzOM" dz" W GCE 3] G°
sjtejLjMm d YOMO2AIsr dz ¢ sBOdzH Odz' Y OL Od3r L .
COdz SzdzwIstster ¢ Hjf ttdzOls' ), IsjtejL g E dzh j
B tsdzOHfj Iz t€ j2Is ) .

cRadi ancee BdztsG ' dpH@Mm " dizk WntcetsOW | & &ezO @z
Misddzz Hjk 1Uh"' dz ¢cttkthemeseée C'IsOfrn0O0dzOMm" dz |
BjtojIs' dz CBdRBOdH OdzOtoH T ¥ OL Od3r L . Tkinter
f ©O2HOdzOdz { , Cz"Or"dzé BJdz¢' M dz 3y pDdzy wWmr

77

S ONONONV A NN\

Y
e
©

WO MO T QEX < 0y s

O+ @& °



v TE T
S "TrOR/R
OFIFOOT I
@hﬁqu@ -
5~I§::|:|:|:| &
OO0y &Ag
FRE[{ 0O
T T0O00
g
So
N
m»oﬁ-
@- -
N
m
3]
=
W
Q-
Ny
@
R

<~ mnno Y-
KT o

JIs

W benefitpy

result_label.config( =f“Npubuns: {profit:.2f} renre.")
except ValueError:

result_label.config(

def clear_entries():
cost_price_var.set("")
selling_price_var.set("")
quantity_var.set("")
result_label.config(

app = tk.Tk()
app.title("Kanskynarop npubunu")
app.geometry(“400x300"
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8

@ beneftpy
EE "3 “c_z-n?,-;r-?:o_unr * tk.StringVer()
cost _price_sntry » ek . Enteylopp,
cost price_entry.grid(

1ce_lobel = ttik, Label(opp,
Jlabel.grig(
r o tk.StringVer()
s ek Entrylopp, ss0lling_price_var)

selling price_entry.grid( =1, =1, =10, =10)

quantity_label = ttk.Ledellepp, ="Konewecreo:")
quantity_label.geid(ronsl, =0, 210, «10)
quantity_vae = tk.StringVer()

quantity_entery » trk.Entey(ape, quantity_var)

quantity_eatry.grid(

calculate _Button = Ltk . Buttealapp, =" Paciuntaty nNprbuns”, scolculate _profit)

colcvlate_Button,grid(
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¥OMOE i3Il &3¢ " dzgH " @ ° BOt [ 2]. Android Stud
Prajyot Mainkar [ 3], Nei | Smyth [ 4], Bi
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L Jelslsj 6] CeEdgy SIsjmygH" . Il JsdiztedwWwHODT Y (
BOW"T LHT tcOY Btsdzr'f Cjdzj Y OltPOdzfizS z@ezOte ¥z s

1. Il dsddt stedzOIsd ¢ O: GjdzH jtoH' ' W tcjlisls' dz
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D tols Il tc dz' H' Misj toH ' sOdzH O2 3" L 3 D dzj sfr
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63, 52, 45, 42, 39(tdf. 4) .
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MASS SPECTRUM DKRO3 GD: 19/12/23 (AD) BASE M/Z: 45
IS: CI_I_FS LT: 10/58 (+0300) RIC: 19742
AT: 0 DEG. C CA: 011217 RNG: T770
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